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ITPOAOI'OX

H ®vown Koopikng AxtivoPoiiag dwddoketar kot’ emloyn otovg [pomruytakote
Kot Metamtoylokovg eortmtég tov dvoikov Tunquotog tov Ilavemotnuiov g AOMvog
COLPOVO. LE TO TPOYPOULE 6Tovd®V. To PipAio avtd YpaeTnKE GOUPOVA UE TIG O0AEEELC
nmov 60Onkav ota miaicle avtov tov padnpoatos. O Sdrhoyoc pe tovg PortnTéc Kot ot
TOPATNPYGELS TOVG NTOV TOAD YPTOLLLES.

Kvplog oxomdc tav n swcaymyn kot evnuépmon tov eortntov otn ducoikn tov
KOGUKAV 0KTIVOV, EVOG OO TOVG TAEOV YONTELTIKOVG Kot £vePYovs KAddovg otnv Iotopia
™™g Duotkng. Zuyxpoves epueaviCoviat Kot ot TAEOV GUYXPOVES OVTIANYELS Kl YVOUES TAVE®
6’ ovtd 10 TEdio Kot cL{NTOHVTOL 01 GVYYXPOVES OVOKAADYELS GE GYECT UE TIG WO10TNTEG TOV
cOUOTIOV VYNA®V gvepyeldv kot g Puoikng Atactiuatog. Emiong pmopet va kivioet 1o
EVOLQEPOV GE POITNTEG OV  eVALPEPOVTOL Yo Actpoeuoiky, [Mupnviky duvown ko
Aotpovopia, Onwmg emniong Kot 6€ VEOLG EPEVVNTEG TOV AGYOAOVVTOL [UE VT TO. EPEVVITIKA
nedia.

H vAn xoAdmteton o okt® xepdiowo. Iyvoypaesitor kot apynv n €£EMEN Kot ot
oyxetkég Bewpiec amd 10 YpOVO AVOKAALYNG TOV KOCUIKAOV OKTIVOV TOv TEPAaUPdvovy TV
AVOKOAVYT TOV VEOV COUATIOIMV, TNV avtidpach Tovg e TNV VAN, TO EVEPYELNKO TOVLG
eaopo péxpt tov onueiov mov €ywve yvootrn M oxéon HetaLd TG MPOTOYEVOLS Kot
devtepoyevog Koopukng Axtivoforioc. Xtn cuveyeln HETE TNV OVOKAALYN TOV PECOVIWV
apyiouv o1 pHEAETEC Yo TNV TPOEAELOT TMOV KOCUIKAOV OKTiVOV, TO TPOPANUA TNG
EMTAYVVONG TOVG KoL TIS TOOVEG TNYES TOVG.

Y10 mhoicw G Bempiog TOv MAKOD GVEHOL €PELVATOL M LOKPOXPOVH KOl
Bpoyvypovn cuumepLpopd TG KOGUIKNG OKTIVOPOAING Kot TO PACHN TOV GOUOTIOIWV TOAD
YNAOV EVEPYELDY TTOV €lval LITELOVVA Y10 TOVG EKTETAUEVOLS KATOYIGHOVG. Ot GYEGELS TOV
(QAGLOTOG TNG TPOTOYEVOVS KO TNG EMIYENG KOGUKNG aKTIVOPOAING SIOUOPPAOVETAL OO TO
YeopoyvnTikd medio kot peretdton otn ocvvéyela. Evdlapépovoa kot moAd emikoipn givor M
HEAETN NG doung TG YNvNg payvntocseorpag. Ot ypovikéc petaforég emiong TS KOGUIKTG

aKTIVOPoAlNG, OTMG KATOYPAPOVTOL GTOVG EMIYEIOVG HeTpNTéG, e&etdlovTal AETTOUEPDG.



Ta pecovio ko to verpiva, Omm¢ emiong kot Béuata HAektpopayvntiopov oev
nephapPavovral, yoti koAvrtovtol and dAlo pobnipata. Ot nNMokéG KOOUKESG OKTIVES Kot
TOL OVI(VELTIKO GUGTILLOTO KOl Ol TEPOUATIKEG SLOTAEEIS TOV YPTCLUOTOOVVTOL CTLEPD Y10
v aviyvevon mg Koopukng aktivofoliog O mepidinebovv ce endpevo topo.

[Tepiocotepn oe Pabog pedétn ota Odpopa Oépoata yiveton pe epyacieg mov
enefepydlovion Ol QOITNTEG KOl HE EPOPUOYEC TAV® OTO OEOOUEVO TNG KOGUIKNG
axtivofoAiag mov Aapfdvovtor amd To ZTaOUd cvveyolC KATOUETPNONG TNG KOOUIKNG
axtivofoAiag tov IMavemotnuiov g A6fvag (Super 6NM-64) kot mapéyoviar oT0
Awdiktvo og “mpaypatikd ypovo” Kol omd UETPNOEIS OLOGTNUOTAOIMV KOl dOPLOOPM®V.
[Ipdopata o otaBuog avtdc £yve 10 01EBVEG KEVIPO GLALOYNG Ko emesepyaciag dedopuévav
LETPNTOV VETPOVIOV KOl S0pLPOPIK®Y dedopévav o€ ‘mpoyuatiko xpovo’ (Athens Neutron
Monitor on Data Processing-ANMODAP Center). komd¢ tov KEVTIPOL aVTOV E&ivar 1
OVLGLOCTIKY) GUUPOAN TOL OTIC HEAETEG Yo TNV TPdYvmon Tov ‘Atactnuikov Koipov’ kot mo
CLYKEKPIUEVA 0 AP’ €VOG 6TOV KPP TPOGOOPIGUO TNG APIENG EVEPYNTIKOV GOUATIOIMV
oV TPoépyovtal amd Oldpopeg diepyaciec otov ‘HAo emkivouvov yuo ta TEYVOAOYIKE
cvoThUoTe Kot TNV avlpadmivn vyelo Kot o’ €TEPOV GTN TPOYVOCT KOGUIK®OV Kot
veopoyvntikov katoryidov.  Ilpog evnuépoon mapatifetan oe IMapdptnuo mpoéceoTo
onpocigvpa g Evoong EAAMveav Quoikov.

®a N0eia va guyapiotiom v Oudda Koopkng AktivoBoriog tov Tavemomuiov
g ABNvog mov pe kaBe TpoTo cVVEPaLE Kol GLUPBAAAEL TNV OVATTLEN AWTOV TOL d1EBVOLG
EPELVNTIKOD KEVTPOL GTO OO0 EKTTAOEVOVTOL TPOTTLYIOKOT KO LETAMTVUYLUKOL POLTNTES, TNV
dwaktopa tov Topéa [Mupnvikng Gvoikng kot Xtoyewddv Zopotwiov lodvva Toayyodpn
Y0 TIG EVOTOYEG TOPOTNPNOELS Kot Wwaitepa v cuvepydtdod pov Iaydva Niyopitov yuo

NV EMPELELD KOL TT) CLYYPOPT TOV KEWWEVOV.

ELévn Xprotomovrov-Mavpopyardxn
Avami. Ka. Tpqpatog ®voikiig

Havemotnpiov AOvov



KED®PAAAIO 1

KOXMIKEX AKTINEX

1. Ewayoyn

Me tov 6po “Koouikég Axtives” evvoolie coUTIOW TOAD YNADOV EVEPYELOY TOV
npoépyovtal and eEwyniveg Tyés. Me ta tnieokomia TV Koopik®v aktiveov (KA) propodpe
VO LETPNGOVUE TPOTOVIA, NAEKTPOVIO, TUPTVEG KOl TO AVTICOUATIOL TOLG TTOV gfvat oTabepd
TPMTOYEVY] COUOTIONO.

Emniéov oty emopdveia g I'mg mapatnpodpe mdvia Kot Povia LE TIG EVEPYELES TV
KA, mov mpoépyovtal amd v ovIidpooct TV TPOTOYEVAOV COUATIOIMV LE TOVS TUPTVEG TOV
ATOU®V TNG OKNG LOG ATHLOGPALPOS, OAAN aLTE EXOVV HIKPO XpoOvo (mng.

H ovVotaon tov apotoyevov KA eivor 90% mpotovia, 9% a-copdtio ko 1%
Baputepol mLPNVEG Kol Ol EVEPYEEG TOVG KLUOEVOVTOL GTNV €VPEio TEPLOYN EVEPYEIDV
10%V-10%eV. Tehevtaia g&youv mapatnpnBel kot oaxdpo ynAotepeg evépyetes. Ta
TEPLGGOTEPO EIVOL GYETIKIOTIKE COUATIOWL LE EVEPYELEG GLYKPIGIIES 1| Kol AYO HEYOADTEPES
amo Tig ndleg Tovg. Afya givol VTEPCYETIKIGTIKA e EVEPYEIEG TAV® OO 10%ev (mepimov 20
Joules), dnhaon 11 ta&eig peyéBovg peyalvtepeg amd v evépyela g Lalog npepiag Tov
npwtoviov. Eved dpwg éva copatidoo pe evépyela 10%V TPOEPYOUEVO OO OTOLONTOTE
dtevbuvon mepva omd lem? 610 VoG TG atudSPapag kébe devtepdAento, £vo cOUATIOO HE

evépyela 10%%V TEPVE GE LI ETPAVELD 10km? ka0 xPOVO.

Ta otoyeiddn epotuata g Pvowkng tov KA eivar katd kbpo Adyo “And mov
gpyovtar;” ko Katd ogvtepo “Tlmg emraybvovtal o 1060 YNAég evépyetes;”
H mpoéhevon tovg ivan axdpa dyvmortn. Eivar cagpég 6Tt oxeddv Ola T copotidlo

tov KA épyovian é€m amd to nAokd cvotnua aArd péca omd tov I'ahaio. Ta Alya, nAtaxng



npoélevong, oyetilovtar dpeco pe cEOSPE NAKA YEYOVOTa, EVA OvTifeTa 1 por| Tov KHpPLov
puépovg twv KA ovoyetifeton apvntikd pe v nAtokn opactnpiotnta. To moAd peydang
evépyelng ocopotiowr tov KA ota tomkd Foradlokd payvntikd medion mopovstalovv
YupookTiva mov givor peyoAvtepn amnd tn odpetpo tov I'ohaia, yeyovdg mov odnyel oto
CLUUTEPOC O OTL AVTA TTPETEL VOl Elval EEWYOAAEIOKNG TPOEAEVLONC.

Méypt T Aettovpyia twv enttayvvidv, ot KA fitav 1 kbpla Tnyn TANpopopidV Yo To
OTOLYELMON COUOTIOW, EVO OKOWUO KOL CIUEPO TO TTOAD EVEPYNTIKA GOUATIOW PEAETOOVTOL
uovo and tic KA og aotpopuoikd nepipariiovia. H yvoon tov avtidpdoemv Tov couatidiov
TAVTOG EIVOL ATOPOITNTN YO TV KOTAVONOT TOV 0OTPOPUGIKMV EPAPUOYDV TOV OES0UEVOV

™G KOGHIKNG aktvofoliog. ' mapdostypa:

1) Hopayowyn oevtepoyevav KA o6mwg avrumportovie and npmrtoyeveic KA mov
GUYKPOVOVTUL UE UTOUIKOVG TUPTVES GTOV OLATAAVITIKO Y APO. ATO TIG oXeTIKES apbovieg
TETOLOV TPOIOVTAOV TOipVOLLE TANPOPOpPIES Yo TNV 01ddoom Twv KA 6Tov £vo00osTpiKd ymdpo

KOl UGIKE Yol TN VO] TG VANG KOl TV TEGIWOV TOL TOV ATOTEAOVV.

2) Hopaymyn eoToviov, VETPIVOV Kol GAA®OV CORATIOIOV 00 TIC GLYKPOVCELS TOV
KA pe mv 9An kovtd oty Béom evog emrayvviov KA Tlapammpoviog onueiokés mnyég

TETO1OV GOUATOIOV-Tpocdlopilovpe eW0éS Tnyég emtdyvvong KA

3) Aweiodvon KA kGto omd 10 £00900¢ KOl GVIYVELOTN HIOVIOV KOl VETPIVOV GE
vdyeovg aviyvevtés. Tétown copotiow pmopet va elvar onuelaxkd (signal) onwg vetrpiva
amo onpelokes myég N vroPddpov (background) 0nmg o TE TOL YPNGIUEVOVY YO TNV EPEVVA

SAGTAON G TOV TPMTOVIOL 1) LAYVNTIKOV LOVOTOAWYV.

4) Xy€61 OTHOGQUIPIKADV KOTALYIGHOV Kol TOV gegpyopévov KA mov mapdyovv.
Ta peyding evépyelag copatiow eivar tO60 ondvia MCTE 0gv HETPOLVTIOL HE LUKPOVG
OVIYVELTEG TTAVD TNV aTUOGEALPO, OAAG peAETOOVTOL EUUECH LE TNAECKOTIO KOTALYIGU®OV
extebelpéva ylo peydlec meptodovg oty empaveln. Etol pmopodpe va €govpe mAnpopopieg

Yol TN UOT| TOV TPOTOYEVOV COUATIOIMV OO TOLG OEVTEPOYEVEIS KATUYIOLOVS TOVG.

5) ‘Epevveg Yo e€OTIKA oOPOTIOW KOU VEES OVTIOPACES OTNV  KOGUIKN

oKTIvoPorio.



Ot mapomdve ovtidpdoels mapovstdlovy TOAAL KOwd HETAED TOVG: Ot 101eg EEI0MOELS
OV TEPLYPAPOLYV GTOLG KOTAYIGHOVUS Tov KA oty atpoceapa g I'mg meprypdpovv Kat
TNV TOPAYOYT COUATIOIOV 0md KOOUIKES OKTIVEG EMTOYVLVOUEVES OO KOTAPPEOVTO OGTEPOL
OV GLYKPOVOUEVEG OTOV TEPIPAALOVIO YDPO TOL VIEPKAVOPOVOLS OOTEPO 1) OTNV
ATUOGPALPO YEITOVIKOD GVVodoy actépa. Ot 1d1eg evepyég datopég mpoadiopilovv to onpa
TOV VETPivoL Gg VITHYED KotapeTpnt Kabopilovv emiong moOON EVEPYELD QTOPPOPATAL OO
éva. oLVod0 aoTEPA AOY® TOV AVTIIOPACE®MY TOV VETPIVOV TOL TAPAYOVTOL OO KOGUIKES
OKTIVEG EMTAYVVOUEVEG GTO GUGTNLOL.

Ievikd €yovpe Vv 10100 GLUTEPLPOPE TNG VANG TOCO OTIG HKPOTEPES JOCTAGELS TV
VTOOTOUIK®OV GTOYEIMV OGO Kol GTIG UEYOADTEPES OAGTACEL TOL Xvumovtog (Pomerantz,

1971).

1.1 Iotopio T PUOIKNS TOV KOGUIKOV OKTIVOV

111 Avexkdivyn T@V KOGUIKOV OKTIVOV

H 1otopia g Koouikng aktvoPoiiog apyilel otig apyés Tov ormva pog oA, Omwg
(QOIVETOL KOl GTY GUVTOUN 1GTOPIKY] avaoKOTNo™ Tov aKoAovbel, mépacav mepimov 30 ypdvia

péypt va katavonBei 1 ehon Kot ot 10T TEG TG :

1900- Tlepdpota mov TpoyHaToTomOnKay Katd T O1GPKEL TOV TPONYOVUEVOD OLDVO Y10l
Tov  viopd kot v oyoyotta tov aepiov (Crookes, Thomson, RoOntgen,
Becquerel, Rutherford) éyovv emiPefordoet Tnv VapEN VITOATOLIKOY COUATIOIMV Kot
€xel ewoayfel MO N évvoln TG PUOIKNG padtevepyelag (a-, B-, v- aktvoPoria). To
Kovovplo ototyeio Kot 1 IpdTn £voeldn yuo v Vopsén HoG Kovovplog oKTivoBoriog
glvol 1 TapaTHPNoN TG EKPOPTIONG NAEKTPOGKOTIOL OKOMO KOl GTO GKOTAAL LOKPLAL

Ao TNYEG PLGIKNG PAOIEVEPYELNG.

1901- O C.T.Wilson amodeikviel v dmapén axtivoPforiag mov dacyilel v atpudseopa,
aQov T MAeKTpookOm ekpoptilovtov akOpo Kor Otav Ppiokoviav péca ot

onpayya tov cdnpodpopkod otafuod Caledonian. Agv vrdpyetl Kapio oanddeiEn yo



1910-

1912-

1925-

1929-

1.1.2

OO0 TOTE PEIMOT TOV PLOUOL TOPAYDOYNS WOVIMV GTN| GLGKELY, OV KOl VITAPYOVV

TPLYOp® Bpayot pe mhyog TOALDY TOdMV.

O Wulf pe ta mepipnuo niektpouetpd tov mapotnpel 0Tt 0 10VIGpdg TEPTEL 0md 6
wvto/em® og 3.5 Wvto/em® kaBd avéBorve otov THpyo Tov Eiffel (330 m). Av frov
Y-OKTIVEC TOV TTPOEPYOVTAY OO TNV EMPAVELN TNG VNG KOL TAV Ol MO OEICOVTIKEG
amd T PEYPL TOTE YVMOOTES 1 TLUKVOTNTO TOV WOVTOV Ba meplopldTay 610 PIcd GTO

Vyog Tov 80 m.

Ot Hess ot Kolhorster mpaypatonoodv nepdpoto e aepdotoTo Kot divovv v
TpOTN emionun anddeén yuo TV VmapéEn KOOCUKADV OKTIVOV: 0 HECOG 1OVIGUOG TOV
aépa AVEAVETOL LE TO VYOG oTNV aTHOceatpa ond to 1.5 km wéve amd 1o eninedo g
Odhaccag. To cvunépacpo givar 0t vVTapyel axtivoBoiia mov Epyeton €€ omd v
atpdoeapa. O cvvrereotic eEacBéviong avtng g axtvoPBoring vroroyileTor va
givat: o = 10° cm™, evé o avtiotorog te aktvoPoriog -y eivat: a, =4.5- 10° cm™.
[Tpdkertan Aowdv yio aktivoforior TOAD o JEGOVTIKY omd TV aKTvoBoAio -y Tng

(ULGIKNG PASIEVEPYELOG.

O Millikan vrootpilel 6TL o1 “Koouikég aktives” eivor axtiveg-y, mo O1EI0OVTIKEG
amd oVTEG NG QUOIKNG POOIEVEPYELNS KOl O EMTALOV 1OVIGUOC TOV TPOKOAOVV

opeiletal o EAAOTIKY] OKEOON LE TO ATOUIKE NAekTpOVIoL (Zy. 1.1).

Both xot Kolhorster amodsikvoovv pe aviyvevtég Geiger-Miller 6t mpdxetton yio
ocopatookn  oktvoPoAia. Av nNtav  axtivofoiia -y dev Ba  pmopovoav Vo
OgLTEPOYEVT] MAEKTPOVIOL TTOL TOPAYOVTOL OO TG {O1EG OKTIVEG -y VO XTLTNCOLV
TOVTOYPOVOE, GE SVO AVIYVELTEG (TOVTOYPOVES AMOPOPTICELS). XMUELOVOLV EMIONG OTL
TPOKELTOL Y10 TOAD EVEPYNTIKA coUATOW, AOY® NG HeYOANS O1dpoUng TOvG 6TV

oAn, pe evépyetee 10°-10%%V.

AVOKAAVYT] OTOLYELOMODV CONATIOIOV



H ovpPoin g KA oty perétn 1ov atopukol Tupiva Kol GUVETNOS GTNV AVOKIAVYT

“Kovovplov”’ copatdiov vmpée Kaboprotikr. 'Hon and to T€An Tov TPONYOUUEVOL MV

NTov yvooty n vmapén vro-atopkdv copatidiov. Tlepdpata dpmg mhveo otn pedétn g

doung tov mouprva cvveyilovror péypt To 1930 ko 0dnyovv toug Rutherford kor Chadwick

oTNV VIOBEST EVOG VEOL 0VOETEPOL GOUATIOION, TOVL veETpoviov. ['a v mepiodo 1920-1950 1)

KOGUIKN axTivoBoMMa elval piol QUOIKT TNy COUATIOIOV TOAD YNAGV EVEPYEIDOV TOL Elval

OPKETE EVEPYNTIKA Y10 VO O1EIGOVGOVY GTOV TLPNVA, Kol ovTH €ival 1 factkn TEXVIKY UE TNV

omoio. avaxkoAidmTovtar copotiolw uéxpt to 1950. Ot mpdTEG avaKaAVYELS £pyovTal omod

BeAtidoelg og modaotepa melpdpata tov Skobeltsyn pe Bahdpovg agpiov kot akoAovdodv

Kot TOAAG dAla. TTio cuykekpluéva Exovpe:

1920-

1930-

1933-

1936-

O Rutherford kot o cuvepydtng Tov Chadwick emeonuavav 6Tt  ovdétepn pdlo tov
mopnva givor €vag vEog TOmog cOUOTOION oL potdlel Le TO TPMOTOVIO, OAAG £xel
ovdétepo @optio. Ilpoomdbnoav, avemTuydc OU®S, vo Ppovv TéTOol GOUATIOW.
Apyotepa petpnOnke n pdlo g ovdétepng aKTivoPoAiog Kot TPOGOOPIGTNKE TO

VETPOVI0.

Ot Anderson kot Millikan ypnotpomoldvtog nAekTpopayviTn 06K PopEG 1GYXVPATEPO
amd avutdv Tov Skobeltsyn yia v mopatnpnomn Tpoyldv copatidiov péco oe Bdiapo
aeplov TOPATNPOVY KOUTLAMUEVES TPOYEG oopatdiov mov eivar idw pe to

niekTpovia aArd £xovv avtifeTo poptio.

[Mewpdparta Paciopéva oe Pedtiopévn texviky tov Blackett-Occhialini emiBepoidvovv
mv moparave ovakdioyn. H texvua avt) Pocileton oto ot 0 OdAapog aepiov
gvepyomoteitar HOVo a@ob eivarl ciyovpo OTL pia KOGHIKN okTiva mépace. Me avtdv
TOV TPOTO KATAPEPAY VO TAPOVV UEPIKEG TOAD KOAEC QMOTOYPAPIES TV “OeTik®V
niektpoviov” (molitpoviov). H avaxdivyn avt copnintel ypovikd pe m Bewpio Tov
niektpoviov tov Dirac. Xe o omd TIC 7O HEYOAES €MEKTAGELS NG KPAVTIIKNG
punyoavikng, o Dirac €édmoe ) oyeTKioTiKY| ££i6mMON KOLATOG TOL NAEKTPOVIOL TTOL O)L
poévo mPoPAETEL TO Spin KO TN HOYVNTIKY pomn OAAG tnv Omapén emiong evog

“avticopatidion” Tov niektpoviov, Tov molitpoviov.

Ot Anderson ka1 Neddermeyer cuvveyilovroc to mepduota pe Boddpovg aepiov

avakdloyoav copatiow pe pdlo eVOIAUESN OVTAG TOV MAEKTPOVIOL KOl TPOTOVIOV.



1947-

1952-

1953-

1960-

Ta copotidia avtd to ovopdlovy “mesotrons” kot tonobetovv ™ pala tovg ota 200
Me. H avakdAvyn avt) courintel pe 1 Bewpio tov Yukawa yio 11 1030pEG SLVAUELS
OV VIOYPEDVOLV TPMTOVIA KOl VETPOHVIO VO, GLVLTTAPYOVY GTOV Tuprva. Ot duvapelg
aVTEG KATOVOOUVTOL UECH avTOAAAYNG copatdiov palag mepimov 250me. ‘Etotl ta
“mesotrons” @aivetar va tovtiCovior pe to copotiow tov Yukawa. Ouwg to
“mesotrons” &yovv MKpY oAANAEmiOpaon pe Tov mupNva  oto OdAapo, Otav To
COMOTIOW avTaALOyNG ovapévovior vo €ovv 1oyvpn oAAnAemidopacn. Xnuepo
E€povpe OTL WAGPE Yo VO OloPOPETIKA cmuatidle. Ta p-pesovio (Lovia) twv

Anderson kot Neddermeyer kot ta T-pecovia (movia) tov Yukawa.

Apyiler 1 avokdAivyn o vEaG GEPAS COUOTIOIMV YVMOGTNAG GOV TOPAEEVE COUOTIOW
KaOhg To TEPAUATO ETAVOAAUPAVOVTOL GE HEYOAVTEPO VYT UE UEYOAVTEPES POEG
KOGUIKNG  OoKTVOBOAOC.  AVOKOAVDTTOVIOL OLOETEPO KOl (QOPTICUEVH TOPAEEVA
copotiole. Ta meprocdTepa amd avtd £xovv palo oyeddov 10 oed ¢ palag tov
npoToviov. Avagépoviar cov kaovia (k', K, k°). Ta ovdétepo coportidia pe pala
HEYAAVTEPT] OWTHG TOV TPMTOVIOL avaEEpovTal cav copatiow Aduda (A), pe xpdvo
Comg 10% - 10 sec mov eivan ToAMEG TAEelc peyéBovg peyoAdTepOC amd 1T

YPOVOKMUOKO TOV 10YVPOV avTdpacemv (Xy. 1.2).

210 TupnviKd yoloktopoto (emulsions) mov givalr potoypagikég mAdKeg gvoicOnteg
€ QOPTICUEVO, COUOTIOW KOl 7O TUKVEG amd 10 aéplo Tov Baidpov Wilson,
omote 1 TBovoTNTO aAANAETIOpaoNG elvarl peyaAdTePT, ovoKaAvTTOVTOL TOVIK (T

, M), E ko X

[Tpoywpel n avdmtuén TG TEYVOLOYIOG TOV EMTAYVLVIAOV, MOTE EVEPYEIEG GUYKPIGILEG
pe avtéc tov KA va mapdyovior 6to gpyactiplo. 'Etot éxovue déopec copatidiov
YVOOTNG T EVEPYELNS Vo KotevBuvoviorl e otdyovs. To evilopEpPoV OTIG KOGHIKEG
oxtiveg oTplenke ota TPoPANUOTA NG TPOEAELONG KOL TNG O1d0oNG OTo

AGTPOPLGIKA TEPBEALOVTA amd TIG TYEG TOVG TTpog T ).

Aviyveutég copatiov KA torobetodvionr oe d0pupopovg Kot divouv TANpopopieg
vy v KA younAdv evepyelidv, KobmMG 1 Topatipnon Yo YnAOTEPEG EVEPYELES
yivetar amd T0 £30p0G UECH TV OEVLTEPOYEVOV COUOTIOIIWV TOL TOPAYOVIOL KOt

@Bdvouv oty gmedvela g I'ne.



1.2 Koouwkég axtives amé to Ardotnpo kor to ‘Edagog

H aotpopuoikn perétn yia v mpoéievon kot T dtdooon tov KA Eekivnoe to 1960,
otov katopuetpntés KA métalav pe dopvedpovs. To kupldtepo AmOTEAEGUO OVTNG TNG
HEAETNG NTOV OTL TO EVEPYELNKO PAGLO TOV COUATIOIOV glvar TO 1510 LE TO TUTTIKO AU TMV
YNA®OV  evepyeldv copotdiov tov yoloSokov Kol eE@yoroSlokav  padtonnyov. To

adLHOPP®TO evePYELakO pacpa Tov KA pmopel va teptypagel amd ) oyéon

N(E)dE = kE"dE (1.

omov y=2.5-2.7. H oyéon avt) epappoletor o mpOTOVIO, MAEKTPOVICL KOU TUPNVEG LE
EVEPYELEG 10%-10"eV. H oY£0TM 0TI TNG PONG TOV COUATIOIMV LE TO GYETIKIOTIKO OLEPLO TOV
VILAPYEL GTO EVOOOCTPIKO 0EPLO, TPOKLATEL HECH OVO TUT®V TOPATHPNONG TNG GLYYPOTPOV
aktvoPoAiag Tov niektpoviov tov KA mov petpiéton oty padto-kKopotikny {ovn kot g
YOAOEIOKNG eKTOUTYG Y-akTivov o evépyeteg E > 100 MeV mov anodidetan otn didomaon
tov ©° oL dnuovpyovvror amd TG cvykpovoelg Twv KA pe ta dropa kot o poplo tov
evooaotpikov aepiov. To 61t awtol ot dvo drpopetikol THTOL TAPATNPNGEDV UTOPOVV VL
epaprocBodv emtuymg OnAdvel 0Tt Ta copotiol KA 6to 0p1o g atpndseaipag eivatl pépog
pévo tov mAnbucspov twv KA oto IN'odaio.

‘Eva aGALo evdwapépov amotéreopa ivor 0Tt 1 ynukn ovotaon tov KA powalet pe tig
apBovieg Tov otoyeiov otov 'Hiwo pe eEapéoelg ota ehappd ototyeia. Ot mapatnpnoelg
VTG Lo OTvouv TANpoPopies yia T d1ddoomn Twv KA amd tig mnyéc tovg.

H pon tov yniov evepyeidv KA onwog petpiétor and 10 £50¢pog mapovstaletan
LGOTPOTIKY], TAPOTPNON 7oL 0dNyel 6T0 cvumEPacua 0Tt avtég givor eE®yaAasiokng
npoéhevong. O pnyoviopdg emtdyvvong tovg sivor okopo aféfotog kot éva amd To

TPOPAN AT TNG AGTPOPVGIKNG YNADV EVEPYELDV.



Yyqpoe 1.1 [pot eotoypapikny kotaypaen aeiéng copatdiov amd tov Skobeltsyn to

1929. To iyvog 0V copatidiov dNiovetar and ta 600 Acmpo PEAN otV MOV

ooToypadia.



[D.V. Skobeltsyn (1985) Early history of cosmic-ray studies, eds. Y.Sekido and H. Elliot]

}ﬁ "‘;‘: ‘e

0 u.t’;‘s‘.;. ,;4-1‘

Yyqpo 1.2 Téooepa mopadsiypato S16omaong moviov o€ uidvio akoAovBodueEVo amod )
S1oTOGT TOL UIOVIOL 6€ NAEKTPOVIO. AVTEC 01 d10d1KaGiEg avoKaADPONKaY amd Tov
Powell kot Tovg cuvepydteg TOL GTA TVPNVIKE YOAUKTMOLLOTO.
[C.F. Powell, P. H. Fowler and D. H. Perkins (1959). The study of elementary
particles by photographic method]



Iivaxag 1.1
AvakdAloyn TV oToEOOV copatdiov. Daivetor Tog Kot TOTE avaKaADPONKOY
10 OYeTIKd otabepd otoryel®on copatidw. Ot évioveg ypauués deiyvouv ta

ocopatidln Tov avakaAveOnkay and 11 Kooukés aktiveg (Hillas, 1972)

Quarks? not found with accelerators;

being sought in cosmic rays

Date
1-900 Particle Sou'r ce. of Instrument used Specific observation
radiation made
1930 «
1931 * :
1932 N #.(v.) nuclear reactor liquid scintillator Capture by proton
1933 v, accelerator spark chamber Production of x and
1934 not e
1935 e discharge tube fluorescent screen Ratio ¢/m
1936 e’ cosmic rays -+ cloud chamber Charge, mass
1937 wut, p~ cosmic rays cloud chamber Absence of radiation
1938 loss in Pb; decay at
rest; mass
1939 at cosmic rays nuclear emulsion - u decay at rest
1940 ~ cosmic rays nuclear emulsion Nuclear interaction
1941 at rest
1942 piet? accelerator counters Decay into y-rays
1943 K cosmic rays nuclear emulsion K.; decay
1944 K- COSMIC rays nuclear emulsion Nuclear interaction
1945 at rest
1946 K° cosmicrays cloud chamber Decay into 7"~
1947 in flight
1948 7 accelerator bubble chamber  Total mass of decay
1949 products
1950 4 discharge tube spectroscopes; Charges and masses
1951 mass spectrometers  of ions
1952 P accelerator Cerenkov counter e/m measured;
1953 annihilation
1954 n radioactivity  ionization Mass from elastic
1955 chamber collisions
1956 n accelerator counters Annihilation
1957 A cosmic rays cloud chamber Decay to pz~ in flight
1958 A accelerator nuclear emulsion Decay to px~ in flight
1959 zT cosmic rays nuclear emulsion Decay at rest
1960 z- accelerator diffusion chamber Decay to a7~ in flight
1961 20 accelerator bubble chamber Decay to .1y in flight
1962 Z<  cosmic rays cloud chamber Decay to .12~ in flight
1963 =° accelerator bubble chamber  Decay to .17° in flight
1964 02- accelerator bubble chamber  Decay to Z°1~ in flight
1965 Very many “resonance” particles with -
1966 lifetimes ~ 10723 to 10~1% s
1967 accelerator bubble chambers Total mass of decay
\ products
?“Fireballs” cosmic rays nuclear emulsion Angles of meson
emission

Charge } or 3e
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KED®DAAAIO 2

POH THX KOXMIKHX AKTINOBOAIAX XTO OPIO THX
ATMOXODAIPAX

2.1 Tsvika

Amd ta dedopévo TV TEAELTOI®V &€lkool YPOVOV UTOPOVUE VO TOOUE OTL TO
COUOTION YNADV EVEPYEIDV TOV PTAVOLV GTO OPLO NG ATUOGPALPOS amoTeAoVVTUL 0md 98%
TPOTOVIOL Kot TUpNveS Kot 2% nAektpdvia. Amd Ta TpOTOVIO Kot TOVS TupNveS £xovpe 87%
npotovia, 12% moprveg niiov kot 1% Bopdtepovg muprves

Eivar yvooto 6t yo copoatidwn pe evépyeteg uéxpt 1000 GeV/mvpnva €xovpe
dedopéva am’ gubeiag and dopLvPOPOVS, EVA YO COUOTIOW e EVEPYELEG LEYOAVTEPES OO
10%eV 10 dedopéva, eEAyovtol amd PEAETN TOV KATOIYIGLAOV, TOV OVTA TPOKOAOVV, Kabmg

draoyiCouv tn ynvn atdseapa divovtag dEVTEPOYEVT] KOGUIKN aKTIVOPOALM.

2.2 Evepyewoko @Aopo KOGUIKOV OKTIVOV

2.2.1 OroKINPOUEVO EVEPYELOKO QAGHO,

To peyoAdtEpo MOCOGTO COUOTIOIMV OV OVIXVEVETOL OTN YN &ivor YoAaELoKNG
TPOEAEVOTG, YIOTL TO LUKPNG EVEPYELNS COUOTION OTWS aVTE TOL TPoEPyovTaL amd Tov HAlo
ATOPPOPAOVTAL OO TNV ATULOGPALPO KL TO YEMUAYVNTIKO TESTO.

H pon KA pe evépyela peyorvtepn and 1GeV ghattdvetar éviova avEavouévng g

evépyewnc. H oyéon mov ekppdalel ™ petaporn g éviaong J (>E) tov koopkodv axtivov,

11



TOV 01 EVEPYELEG TOVG LVITePPaivouy éva optopévo KaTmdTEPO Oplo evépyelag E, cuvapthiost g
evépyelng Olvel TO OAOKANPOUEVO €VEPYELOKO @AGHO. ALTO akoAovBel v ekBetikn
KOTAVOT TNG HOPPTiG

JCGE)=KE” (2.1)

omov k, vy otabepéc.

T T

—E E Flux ¢= 1 Particle /cm?/ sec
2 -

JPEVKETS

JEVHETRR

=1Particle /m¥/year

-12 ) b
s} _ ., .
- FREIGE -

N,
S \
| ¢ =1Particle /1000 krdfyeor N

-|B:/ X1 @;

s
10 12 4 16 18 20 22
Primory Energy:tog £ in eV

N
L%

Integrol Intensity: Log / (>£) in Particles /m2/sec/ster
T

Yyqpoe 2.1 To 0AokANpoUEVO QAGE, TOV TPMOTOYEVMOV KOGUIK®OV OKTIVOV.

AoyapiBuilovtag ) oyéon auty maipvovpe 1o ddypappa tov oxfuatog 2.1, 6mov n kiion
™¢ evbeiog IogJ(E):f(Iog E) divel 10 paopatikd ekBétn y. H tun tov y petafdrieton
kaBhg petafdrlovion ot evépyee tov KA omd 10%V éwg 102%eV. o ovykekppéva

EXOVLLE:

10°-10%eV > y=16
10"°-10% eV > y=2.2
>10%eV > y=16

H piucpry onpaveikh petaBoAr mov vadpyel oty khion oty mepoyny 10°-10%eV opeideton
mBavotata otn evon tov KA. Koatd tov Weeks (1969) n petafoir avt opeidetar oe dvo
Srpopetikég mnyéc tov KA m.y. o yodaSokn Ko pio eEoyalasiokn, mov Tepva 1 o HEca

amd TV GA® Kot 1 GAAN pésa omd to 01oKo Tov YoAasio Kot £X0VV SUPOPETIKA PAGLLOTO.
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Ta mepopoticd dedopéva OUMG amaltobv Vo EKAEYETOL KOTOAANAQ TO Y YO TIG
OLAPOPEG EVEPYELNKEG TTEPLOYES KOl TOVG OLAPOPOLS TVTTOVG cmpatdiny. Katd tov Ginzburg

Exovv kp1Bet Gov TAEOV KOTAAANAEG O1 TIHEG TOV Y oL divovtot otov [Tivaka 2.1

IMivaxkag 2.1.

Evepyelokn meproym ,
) ) Twn tov y

VA TUPNVa

0.5 - 1GeV ~2
0.35 -20GeV 19-22
10%° - 10" eV ~25
107 - 10" eV 2.7-3
avo 2 GeV 2.5

M GAAN LopeY] TOV OAOKANPOUEVOL EVEPYELOKOD PAGLOTOS TV KOGHK®V OKTIVOV
dtveton oto oynua 2.2. To ynidv evepyel®dv TUNHO TOL QAGLOTOS OVIITPOGMTEVEL TOV
apOpd TV copatdiov oMkng evépyelag E avd mupniva, apov o d1oympiopiog Tov ¢optiov 6’
aUTEG TIC evépyeleg elvar OVOKOAOG OmOTE UETPATOL M OMKY| EVEPYELD, EVAD TO YOUNADV
EVEPYEIDV TUNHO TOV QAGHOTOG OlyveL TOV aplBUd TV VOUKAEOVI®OV GOV GLUVAPTNOT TNG
EVEPYELNG OVOL VOUKAEOVIO.

Eivoar @avepd amd 1 HEAET TOL OAOKANPOUEVOL EVEPYELNKOD (QAGHOTOS OTL

ATOLTOVVTOL JPOopa €101 aviyvevtdV Yo T peAétn tov KA oe 0Ao 10 evepyelokd QAGLLO.
211G YOUNAEG EVEPYELEG, OTOV 1| pon elval peyahdtepn, To Tpdypato eival o g0KOAN KaODG
oV evepyelokn| mepoyn tov 1GeV mepinov 110cmp./sec mepvovv and Eva TMAESKOTIO TOV
amoteAEiTOl amd VO OVIYVELTEG  EMPOVEING 100cm? o¢ OmOGTAO) 20cm? HETOED TOVG
(Zy. 2.3). 'Et01 évog HikpOg aviyveuTtig 6To Oplo TG ATUOGPOLPOS TPOGUPLOGHEVOS GE £V
umoAdve (balloon) 1 éva StooTUOTAOI0 €ivol OPKETOC YO TN AETTOUEPELOKT WEAETN TNG
ovvBeong tov KA oty meployn tov 1GeV.
Avtibeta o aviyvevtng tov Ilavemotnuiov tov Chicago (Xy. 2.4) mov Ppiokdtav
tonofetnuévog oto dractnuomioto tov Challenger (IovAwog 29 - Avyovstog 6, 1985) Ntav
evaiocOntoc oe copatioln KA peyoAdtepmv evepyeldv Kot TOAD UEYIAVTEP®OV OLOCTAGEMV.
e 94 wpeg amoteleopatikng ttnong kotapétpnoe 100.000 copotidlo pe evépyeleg g tééng
tov 1TeV kot poévo 50 copatidln pe evépyeteg peyorvtepeg twv 100 TeV.
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Yyqpe 2.2 Evepyelokd oAcHO TOV KOGUKOV OKTIVOV

Mo ™ perét KA pe axopn peyahdtepeg VEPYELEG OMOLTOVVTOL OVIYVEVLTEG UEYOA®V
dlothoev eKTEDEUEVOL Yo LEYAAN XPOVIKE O1OCTALOTO GTNV EMIOPACT] TG aKTVOPoAl0C.
[Ipog t0 mapdv 1 povNn Avom oto TpOPANUe @aivetar vo givol 1 €YKATAGTUGT] OVIYVELTAOV

KOTOUYIGULAOV OTNV ETPAVELD TNG I'MC.

Yyqpoe 2.3 Zynpotiko Stiypoppo vOg Kpod TNAECKOTION

Mo pkpéc ko ToAd peydheg evépyeleg ta PAGHOTA Elval E0IKOD EVOLOPEPOVTOS TL.Y.

Y apya oxetikd copatioln pe evépyeteg v Ex< 1GeV/mupiva 10 gacpa dev ekepaleton
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a6 ™ oxéon (2.1), yati n pon mavel va av&dvel 6co ghattdveton N evépyela. H amovoio
COUATIOIMV TPOTOYEVOVS KOGUIKNG OKTIVOBOAMOG YOUNAGV evepyelmv mAnciov g Img
ovopdleton “katdeAl” (cut-off) Tov PAcHATOg Yo YNAGL YEOUAYYNTIKA TAATY. ZOUOTIOW LE
Ex < 1GeV/mupiva pmopovv va pBdcovv otn I'n povo oe ymAd yeopoyvntikd midrn. Tétola
YOPOKTNPIOTIKA NG pong tv KA ¢aivovior mo koAd Kotd T HeAETN TOL SpOPIKoD

EVEPYELNKOV PAGLOTOG TNG KOCUIKNG OKTIVOBOATNG.

GAS CERENKOV C1

cl

/ \

SCINTILLATOR Ti / ' = [ Photomultiplers
e e sdiovs
TRANSITION ’
RADIATION :
DETECTORS WP Mativiee
4 > Propor tionol
|| Chombers
_JLL
T2

SCINTILLATOR T2 -

4 / irm
c2 K
i
GAS CERENKOV C2

~_

20m -
oo - 27m

L

Xyfqpa 2.4 Kaben topn tov Cosmic Ray Experiment tov Ilav/piov tov Chicago oto

dwaotnuomiolo Challenger [Grunstedd et al (1988) Astrophyscal Journal]

2.2.2 Avo@opiko evepYELOKO Paopa

Awpopilovtag ) oxéon (2.1) maipvovpe to avtiotoryo d10.9optkd PAGHA, TO 0TOio
delyvel mowg petaPdrietor n éviaon tov copotiov g KA og pia cuyKekpipévn evepyeloK|

nepoyn petald E xon E+HAE pe v evépyela E:

dJ(E) = —kyE"dE (2.2)
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To @dopa yio dtdpopa cToryeio TOV KOGUIKAOV 0KTIiVOV @aivetal 6to oynua 2.5. Mia
aEL00MUELMTN TOPATIPNOT TOV TPOKVTTEL OO TN UEAETT TOV SLOPOPTIKOV PAGUATOG Eival OTL
10 @dopo tov B eivor mo amdtopo amd ta @dopata tov O kor tov C oand to omoia
npoépyetal. I'evikd ot devtepoyeveig mupnveg Oivovv MmO omdTOHO QACUOTO OO TOLG
oqua  (2.6) evd 1n  avoroyio

devtepoyeveic/mpwrtoyeveic KA peidveror avoavouévne g evépyelog. Avtod onpaivel 0Tt ta

TPpWTOYEVElG, OM®MG @aivetar mo KabBapd o©TO

YNNG evépyelag copatidw dtoyéoviot o ypriyopa oto Iaraio.

T 1 T T
o protons
3 e ® Helium 4
‘—"1 -]
8 .'o °°
2 2F [ ] q o
g L]
c e |O
> it J° 1
(1)
o c s
‘lﬁ OoF ° ] e
. -
e | B °
E 2 | % SLOPE
< -1} © e o
$ O . =2,7120.05
[ = \ o °
E -2t ~ \ o -
o o .
a o °
l__J_ 3 L o ™ J
o °
Lo XYGEN
- ¢
-4} ' i
BorRoN \ ‘IRON ¢
3 N ' R .
I 10 100 1000 10
Kinetic Energy (GeV/nucleon)

Zypa 2.5 Evepyeloakd @acpo Slopopov GUVIGTOOHV TOV KooMKOV oktivov [Ormes and Freier

(1978)]. T'a evépyeleg WIKPOTEPEG TNG KOTAKOPLPNG YPOUUNG M pon MeToPaAleTOL

0VGLOOTIKG KATA TN O1EPKELD TOL NALAKOD KOKAOL TTOL 0QEILETOL GTNV NALOKT SOUOPPOOT).

To dwpopikd evepyelokd QAGHO Ylo. TPOTOVIO, Kol TUPNVEG NAlov, dvBpaka Kot
CONPOL GOV GLVAPTNON TNG KIVNTIKNG EVEPYELNG OVA VOVKAEOVIO divetarl oto oynua (2.6 ).
To edopa dev eivar Maxwellian oAAG avamopdyeTol amd SLVVOUIKES EVEPYELOKES KOTOVOLES.

[ToAAEG Kot EVOLOPEPOVTEG TAPAUTNPNCELS TPOKVLITOVV OO TN LEAETT] TOL PACUOTOC.
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Zympa 2.6 Aapopikd evepyelokod QAGHLO KOGHK®OV OKTIVOV OT®M¢ LETPNONKE 6T Y1 amd
TOPOTNPNCELS TAV® 0td TNV atudsearpo, TG yns. H ocuveyng ypouun divet to
adUOPPOTO PAGUE. TOV VOPOYOVoV. o evépyeleg <60MeV/nucleon gaivetal n

avopan cvvictdoa tov “He [J.A. Simpson (1983) Ann. Rev. Nucl. Part. Sci. 33, 330]
[Ipota an’ 6Aa mapatnpovpe OtL ot yauniéc evépyeleg (E<1GeV) vmbpyer éva

KatdeA (cut-off) Kot T0 PAcpHo amoKAivel amd TN HOPEN TG KOTAVOUNG TOL £XOVUE OTIG

ymidtepec evépyeteg. H evépyela ko 1o oynua tov Katweiiov e&aptdrol and T edon Tov
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NAOKOD KUKAOL KOl PAAIoTO TTopatnpninke OTL YOUNAEG POEG EVEPYELONKAOV COUATIOIMV
YOUNANG EVEPYELOG EYOVUE KATA TO HEYIOTO TNG NALIKNG OpACTNPLOTNTOC, EVE GTNV avTifet
nepintwon mapovstalovior avéEnuéves poéc. [lapatnpovpe nAadn pwa Eviovn eEdptnon and
™V nAokn dpactnprotnta. H eEdptnon avtn éyketton otnv aAANAETidpaoT Kot d1d Lo TV
KA and tov nAaxo dvepo katd v mopeia tovg tpog ) I'm. To pawvopevo avtd ovopdletal
nAlaxn oapopewon (solar modulation) g pong tov KA. @aiveton 6Tt 660 mo évrovn glval
N Ak dpactnPLOTNTO TOGO MO EVTOVES £Ival O SLOTAPAYES TOV SOTAAVITIKOD LLOyVTIKOD
nediov mov eumodifovv ™ O01dd00oT TOV cOUATVIOV YaunAdv evepyelinv (E<1GeV) wg v
emoavelo g I'mc. 1o oynua (2.6) n cuveyng YPouun otvel to adtapdpe®MTO EVEPYELNKO
QAGLLO. TOV TPOTOVIMV, TO0 GAcHA ONANOYT] OTMG AVOUEVOTOV VO €lval OV OyVOT|GOVUE TNV
NAMoK” S10pOPP®ST, 0TS Y10 TOPASELY O GTOV EVOOAGTPIKO YMDPO.

H dvvapkn eopticpévou copatidiov péca oe payvntikod medio e€aprator amd Eva
uéyeboc mov ovoudletar poyvntikn dvokapyio Kot opiletar R=pc/Ze 6mov p 1 oyETIKIGTIKN
opun Kot Ze to NAEKTPIKO QOPTio TOV COUATIOOL. Xopatido Pe OPOPETIKY Hala Kot
eoptio oAAd pe TNV 101 dvokapyio €govv TV 0 CUUTEPLPOPE GE OMOLOONTOTE
SWUOPE®OT  HOyVNTIKOV TEdIOV. AV EKQPPAGOVLUE TIG EVEPYEIEC TMOV COUATIOIOV ooV

OLUVAPTNOT NG KWWNTIKNG TOLG EVEPYEWNG OVOL VOUKAEOVIO, TOTE M UOYVNTIKY SvoKapyio

-

omov A o palikog kot Z o atopikog optog Tov copatidiov, a@ob 1 KIVNTIKY EVEPYELD EVOG

dtvetar oo v oyéon:

copoTdion glvarl evoekTikn g TayvTTdS Tov 1| Tov cuvteleotn Lorentz. Onwg @aiveton
amd TV TeEAELTALlN GYEC, Yo TV 10100 KIVNTIKY| EVEPYELDL 1] LOLyVNTIKY dvoKapyio eEopTaTon
amd 10 Adyo A/Z. O Adyog awtdg eivar oyedov mavta icog pe 2 yia o otoyyeio uéypt to Fe.
‘Etot 1o otorgeia avtd avapévetol vo moapovctdlovy v 10100 GUUTEPIPOPE KOl GUVETHDS TO
1010 evepyelaxd eaopa. AenTouepEoTEPOL VITOAOYIGHOL £3€1EAV OTL AKOLA KOL GE EVEPYELOKES
TEPLOYEG OOV M MAMOKT SUOPP®ON €lval 1GYLPT, Ol CYETIKEG apBoviec TV daPdp®V
oToEl®V TapoLGtalovTat TOAD KOAQ amd T0 AOY0 TV PODV TOV COUATIOIMV TOL GaivovTal
oto oynua (2.7).

"Exetl eniong mapamnpnBel 6tL oe Mo youniéc evépyeteg (E<60MeV/mup.) vrdpyet

po a0ENoN O0TO EVEPYEINKO QACHO TV Tupnvev He. Avti 1 cuviotdoo avagépetal oV
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AVOUOAN *He-cuvictdoo. [MopatpnOnke povo 1o 1972 kou m évtacn g Gpyloe vo

petoveton o 1981. Iapatnpndnke dnAadn 610 ELAYIOTO TS NAOKNG OPACTNPLOTNTAS, EVOD

dev vmhpyel Kapio €vOelEr TG 6TO TPOMYOLHEVO NAaKO eAdyloto. H @Oon avtig g

oVVIOTOoOGC Oev glvarl axkoua Eexdbaprn, aALL dE00UEVOD OTL O1 POEC VTMOV TOV COUATIOIWV

avéavovtal pe v ondotaon amd tov 'HAo kot 6t dev akolovBovv Kavéva omd to. omAd

TPAOTLTTO, TNG NAMOKNG OUOPPMOONC, Oa TPETEL VOL TPOKELTOL Y10, COUATION TOV EMLTAYVLVOVTOL

oV e€mTEPIKN NALOGPALPOL.

Arbitrary units

{a)

Fe (normalization)
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Yyqpo 2.7 oapodetypota g HETOPOANG TOL SLOPOPIKOD EVEPYEINKOD PACUATOS TMV KOOUIK®DV

axTivov oto ddpopa ctoysia.

a) Aweopikd edopata C, Ti, B wg mpog tov Fe

B) Awgopwd gdaouata Ar, C, Ti, Ni, K, Sc, V ¢ npog tov Fe. To @dopa tov Ni

TOPOTNPOVUE OTL €ivon Opoto e tov Fe

2.2.3 Evepyeuoko ¢aopa nhektpoviov
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To evepyswokd @dopo tov niektpoviov g KA mpocsdiopileton pe mepdapoto omnd
aepoOoTaTO Kol 00pLOpovs. To TpoPAnua pe ta mepdpato ond acpdototTo eivar 0Tt HEYAAES
PoéG YNAG evEPYELDS MAEKTPOVIMV TOPAYOVTOL GOV OEVLTEPOYEVH] COUOTION Omd TIg
oVYKpovcelg Tov KA pe Toug TuprveS ToV aTOU®Y KOl TOV HOPI®MV GTO OVAOTEPO CTPOUOTOL
¢ atuoéseaipoc. H kaidtepn cvidoyn dedopévov mov cuykevipodnkav omd 1o Webber
(1983) €de1&e 611 Oha T dedOUEVA AKOAOVOOVV TN YPOUUOCKIOGHEVT] TEPLOYT] TOV PAGHATOC
nov divetan oto oynua (2.8). To dwpopkd evepyelokd @dopo ep@aviCeTor pe tov TOTO
E3N(E) £TG1 1] KOTOVOUY] TOV EVEPYELDV TOV NAEKTPOVI®DV N(E)ocE'3 Ba avtioTolyovoE GE pia
evBeia ypapun mopdAinin otov x-a&ova. aivetal Aoumdv apecsms 0Tt Yo evépyeteg <1GeV
10 @dopa ennpedleTor Aueca amd TV NAOKN Spdpe®o, eved givar mhovo ot poévo yo
E>10GeV ot mapatmpnoeic eivan amorlaypéveg amd té€toto yeyovota. AvTéG Ol TapatnpNGELS
(QOIVETOL VO TEPLYPAPOVTOL AT EVO PAGLLOL TNG LOPONG :

N(E) dE = 700E*dE (particles/m2 S -st) (2.3)
To @dopo avtd glvar Alyo mo amdOTOUO G0 TO OVTIGTOUXO TMV TPOTOVIOV KOl TOV

TUPNVOV KoL EMNPEACETOL OO TIC ATAOAEIEG AOY® TNG GLYYVOTPOV OKTIVOBOALG.

2.3 XV06T001 KOGUIKIG OKTIVOfoAiag

H xoopkn axtvoPorio poig ekmepedel amd t1g mnyég ¢ veiotatol ETOPAcEls amd
v VAN Kot o poyvnTikd medio péso omd ta omoia O1EpyeTaL. AlOKPIVETAL GE TPOTOYEVY| KO

devtepoyev axtivoBoiia.

2.3.1 llpoToyeviig KooK akTIvofoiia

Yav tpwtoyevi] KA Bempodpe v aktivoPoAia mov e16EpYETOL GTN YV ATUOCPOLPO.
amo 1o €Em dwotnuo. H akpiPng ko Aemtopepng yvoorn e evong kol g ocvvleong g
npotoyevodg KA eivor amapaitnmm yu v €€nynon ¢ mpoéievong tov KA kot tov

TUPNVIKOV OAANAETIOPAGEDY TOVG KAODS TEPVOHV OO TNV ATUOGPALPOL.

Electrons
T T T T T T T P T T
- - -

3| . - -
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Yyqpo 2.8 ddopo tov nAekTpovioy Tov Kocukov oktivav. Katl ota 600 oynuato to gacuoto
eivan g poperic (AN/dE)E™
a) by Lund (1984) Cosmic-radiation in contemporary astrophysics (ed) M.M. Shapiro
B) by Webber (1983) Composition and origin of cosmic-rays (ed). M.M. Shapiro

SOUPOVE UE SIPOPES UETPNOELS amO TLPAVAOVS Kot dopveOpovg Ppébnke OTL N
npwtoyeving KA anoteieitan and tpmtovia 85%, copdtia -a 5%, otoyeia Li, Be, B 0.1%, C,
N, O, F 0.42%, Fe wxou vrepPapéa vmepovpdvia otoyeio 0.04%. Emiong PpéOnkav
niekTpdvia, oKTiveg -y Kot verpovia oe mocootd 1-2%. Ta verpdvia g mpotoyevong KA

elval duvato va mTeTeEHOLUE OTL Eival NAOKNG TPOEAELONG AOY® TOL HIKPOV XpOvoL (mNg T®V.
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Eivatl dvuvatdv Opmg verpoévia ToAd ynidv evepyeldv va £ovv peydro ypovo Long Aoywm

SLOIGTOANG TOV YPAVOL, OTATE VO TPOEPYOVTAL OO YOAAEIKES TN YEG.

2.3.1.1 Xnukég a@0ovieg 6TIC KOGMIKES OKTIVEG

O ymucég apbovieg tov KA ocvykpvopeves kopimg pe Tig ynukég apbovieg 6to
NAMokd cHGTNUO UTOPOVYV VO dDOGOVY TANPOPOPieg TOGO Yo TIG TNYEG TOVG OGO KO Y10l TOVG
unyoviopovs d1adoong tovg omd TIic mnyéC Tovg mpog TN Im. H minpéotepn cviloyn
dedopévov KA og mpog 115 ynukés apbovieg TV oTotyelov o€ SUQOPES EVEPYELNKES
TEPLOYEG GLYKPIVOUEVEG LE TIG apBovieg 6TO NAMOKO GOUGTNHO KOt TI VITOAOYIGUEVES apBovieg
0T0 TOMKO €VOOUOTPIKO WHEGO 060NKke amd tovg simpson (1983) war Meyer (1985). Ta
OMOTEAEGATO TOV TPAOTOV cvvoyilovion otov mivaka (2.2) kot gpgoviCoviol ypaptkd 6to
oynua (2.9). Ta meprocodtepa and ta dedopéva mpoépyovrar and 1o HEAO-C2 meipopa kot
oo TEWPAUOTO LE AEPOTTATA GE OLAPOPO VYT).

Meletmdvtag mpooekTikd 10 oynua (2.9) mpokOnTouLV EVOPEPOVGES OUOIOTNTEG Kot
ONUOVTIKES SL0POPES OTIC aPOovieg TOV GTOYEIMY TOV KOGUK®OV OKTIVOV KOl TOL NALLKOV

GLGTNWLATOG, Ol 0Toieg cuvoyilovtotl og EENG:

(1)  Ovkopveéc ota otoryeio C, N, O kot Fe epgavilovtat 1600 o115 apbovieg e KA 660

KOl G” 0UTES TOL NAOKOD GLGTNHLATOG.

(i) To Gptio-EPITTO PAUVOUEVO OTIG GYETIKEG GTAOEPOTNTEG TOV TVUPNVOV G TPOG TOV
atopkd  aplfud, yvootd 0Tl vmdpyel ot aebovieg Tov MAOKOD GULGTNUATOG,

enpaviCeton kKot 611G aphovieg tov KA oArd oe pukpdtepo Padpo.
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Yype 2.9  o)Zyetikég agbovieg Tov otoryeiov otig KA oto 6plo g ynivng aTpOCOaApOS OF
oxéon pe Tic apbovieg Tov MAOKOL GUOTNUATOG KOVOVIKOTOMUEVT) ®G TPOS TO
| Si | =100 [Simpson (1983) Ann. Rev. Nucl. Sci. 33, 326]
B) Ta id1a dedopéva cuykevTpmTIKA (G TTpog To Hp (Lund, 1984)
o  Xoauniav evepyeidv dedopéva (70-280 MeV/nucleon)
O HMoké cvotpa

° Ynlov evepyeidv dedopéva, (1-2 GeV/nucleon)

(iii) To ehappd otorgeio Li, Be kou B vreptepoiv otic KA oyetikd pe tig apbovieg Toug 610

NAMokd GUGTNLA.
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(iv) Z1ic xoouKéES aKTiveg LITAPYEL piar oYeTIKN avéEnon ot apbovieg Tov otoryeimv pe

atopkovg Kot polkovs aptuots pikpdtepovg tov Fe dmiadn peta&d Ca ko Fe

(Sc, Ti, V, Cr, Mn)

(V) Ymapyer o EAAenyn Ha ko He otic KA o€ oyéon e ta fapéa otoygia.

Av ka1 vTdpyovV SPOPES, M YEVIKT KaTtavoun Tov ototyeiov otig KA dev gival 1660

JSPOPETIKN omd avTHV ToL NAakoV cvotiuatos. Kamoteg dtapopéc, kupimg ot (iil) ko (iv),

oyetiCovion dueco pe tov Opvupatiopd (spallation) tov npwtoyevov KA Ta mpwtoyevi

otoyeio g KA

AoV emrTayvLvOoLV OTIC TNYEG

TOVG TPEMEL v, 0100000V PEG® TOV

EVOOUGTPIKOV aepiov TPOKEIEVOL Vo pOdcovv ot I'm. Xy mopeio Tovg aVTH GLYKPOVOVTOL

pe To dropo Kot To HOPLOL TOL HEGOACTPIKOD 0EPIOL KOL TO OMOTEAEGUA OLTAOV TOV

OoLYKPOLGE®V gival 1 Tapoywyn ehappotepmv otoyeinwv. Ot ouddeg tov otoyeiov (Li,

Be, B) xot (Sc, Ti, V, Cr, Mn) mtpoépyovtot amd T1g GuYKpovoelg tov apbovov mupnvav C

ka1 O xon Fe avtictoryo.

10°

10°

10

Relative Abundance

107

102

T T T T T

_'Z’r"lmllIllT_rll‘T[lll'_‘_[TTIII1"]||' :
F2n

Ge Se Kr St Zr Mo Ru Pd Cd Sn Te Xe Ba Ce Nd Sm Gd Dy Er Yb Hf W Os Pt Hg Pb 4
N ]
%
PGaAs Br Rb Y Nb Tc Rh Agin Sb | Cs Lta Pr Pm Eu Tb Ho TmLu Ta Re Ir Au Tl Bi .
T TR T DWW BN I I R W s s I eres Sasee e S

30 35 40 45 50 55 60 65 70 75 80 85

Atomic Number

Xyqpo 2.10

(1988) Genesis and propagation of cosmic-rays eds. M.M. Shapiro and J. P Wefel]

AopbBoviec tov otoyeiov g KA pe peydlovg atoptkovg apibuovg [J. P. Wefel
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MMivoxog 2.2

ApBoviec v otoyeiov Tov yolallok®v KoouKov aktivov otnv 1 AU kavovikomomuéveg

o¢ mpog 10 Si=100 o6& cOyKpion HE TO MAMOKO GUGTNUO KOl TIG TOMIKEG OVOOOUOTPIKEG

apBoviec (MeV/nucleon [Simpson, 1983; Cameron, 1973]

KOXMIKEX AKTINEX
Méom TN oe Méon tiun og Méon Ty oe HMoko Tomuoi
Sroyela 70-280 600-1000 1000-2000 Yvompa Toho&leg
He 41700£3000 27030+580 (0.27+0.06)x10°
Li 10046 136.33 5.0x10°®
Be 45+5 67+2 69.4+10 8.1x10°
B 21049 23314 212410 3.5x107
Cc 851+29 750£16 684+27 1110 1300+300
N 194+8 20845 188+6 231 230£100
0] 777128 707+15 607128 1840 2300500
F 18.3£1.3 17.0£1.1 13.5+2.3 0.078 0.093(1.6)
Ne 112+6 1133 100+£3 240 270(1.7)
Na 27.3x3.4 25.8+1.1 21.3+3.2 6 5.6+0.9
Mg 143+6 142+4 125+12 106 105+3
Al 25.2+3.0 28.2+1.2 22.2+3.2 8.5 8.4+0.4
Si 100 100 100 100 100+3
P 4.0£0.7 5.3+0.5 5.3+1.6 0.65 0.96+0.20
S 16.4+1.2 23.1+1.1 19.6+0.9 50 45+13
Cl 3.6x0.5 6.4+0.5 4.7£0.4 0.47 0.47(1.6)
A 6.3+0.6 10.2+£0.7 8.2+1.2 10.6 9.0(1.7)
K 5.1+0.6 7.2+0.5 6.3+0.4 0.35 0.36+0.12
Ca 13.5+1.0 16.1+0.9 13.1+1.2 6.25 6.2+0.8
Se 2.9+0.5 4.5+0.5 3.3t1.1 0.003 0.0035+0.0005
Ti 10.7£0.9 10.2£0.7 9.1+0.9 0.24 0.27£0.04
\Y/ 5.7+0.6 6.7+0.5 4.6+0.3 0.025 0.026+0.005
Cr 10.9£1.0 11.8+0.8 9.1+0.8 1.27 1.30+0.12
Mn 7.2+1.2 8.2+0.7 6.3+0.4 0.93 0.79+0.17
Fe 60.2+£3.2 69.8+2.0 60.5+7.6 90.0 88+6
Co 0.2+0.1 0.4£0.2 0.22 0.21+0.03
Ni 2.9+0.4 3.7+£0.5 2.8+0.6 4.78 4.8+0.6
Cu 0.038+0.006 0.052(1.6)
Zn 0.035+0.005 0.135(1.6)
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Ot apbBovieg Tov otorgeiov mov divovtal otov mivaka 2.2 a@opoldv Ta GTolXEld
uéypt Atyo petd 1o Fe. Ta mepdpota HEAO-C3 ka1 BUGS (Ariel-VI) oyedidotnkay
€101KA Yo TN péTpnomn Tov apbovidv Tov otoyeimv tépa and to Fe kot péyxpt otoyeia,
omwg 10 U. Ta 600 mepdpato E0wG0V 0moTEAECUATO GE TOAD KOAN GUUPOVIN LETAED
TOVG, T 0Toia Guvoyilovtal oto oynua 2.10 .

Ewdwotepa onwg aivetor oto oynua 2.10, vrdpyel E0PETIKY] GUUEMOVIN OTIG
agBovieg otoyeiwv pe atopkovg aptfpove puéypt 42, oty kopven 50<Z<58 kot v
ymAn kopver] 78<Z< 84. Avaueca oTiG dvo KOPLEEG ol mopatnproelg Tov Ariel-VI
dtvouv Myo peyoardtepeg apBovieg amd Ott or mapatnpnoels tov HEAO, aidd ot
dwpopés tvon pikpég (Meyer, 1985). Eniong gaivetor 01t avapesa 6tig 800 KOPLPEG Ot
apBovieg otic KA eivon peyoddtepeg amd TiC avIioTOl(EG TOL NALKOV GUGTNLOTOG,
napatnpnon mov e&nyeitor mdAl pe To @avopevo Tov Bpvppaticpov. 'evikd mhvimg ot
apBovieg tov Papitepmv og tpog 10 Fe otoryeiov oty KA elvarl dpoteg pe awtéc tov
NAakov cuotuatos. Apa ta copatiown g KA €yovv emtayvvOei amd vAkd g idtog
oYEOOV YMNUIKNG GVOTAONS LLE ALTO TOL NAOKOD GUGTYLLOTOG.

‘Eva Baocwd gpdmua ©g mpog ™ ovotaon s KA eivoar n mapovsio 1 Oyt
otoyeimv g opddos Tov aktvdiov. To neipoapo HEAO-C3 divel Alyeg amodeilelg yuo
™V Vmopé TOVG, VM TEPLEGOTEPES EVOEIEELS Yo TNV VOPEN OTOYXEI®V LE ATOMKO
apOuo 92 diver 1o meipapa Ariel-VI. To copmépacpa miviog kot ard ta 600 mepdpato

etvar 611 dev vmhpyel miedvaoua axtvidiov otigc KA, oe avtifeon pe 0t1 motevdtay

HEXPL TOPOL.

2.3.1.2 Iootomkéc apBoOvies TOV KOGUIKAV UKTIVOV

H avantuén aviyvevtov gvaicOntov 1660 o1 pdlo 660 kot oto optio v KA
ékove duvatn TNV TOPATHPNGCT GOTOTIKMV aPBovidv yio dtbdpopa €0 copatdiov,
YE€YOVOG TOV 001 YNGE GTNV €£AYMYT] GUUTEPAGULATOV E101KOV EVOLAPEPOVTOG,.

Hpdhro an’ 6ha, o ehoppdtepa otadepd otoyeio TH, ’H, *He ko1 *He omotehotv
po. omovdaion opdda 160toOT®Y. ATd aWTd pOVo "H o “He Bpiokovtor oe peydieg
apBovieg 610 evoouoTpikd péco. Elvar yevikd amodektd 0Tt 10 TeplocdTEPO 0md TO A0
oV XOumovtog cuvtifeton katd ™ ddpkelo e Meydang ‘Expnéng (Big Bang) péow

¢ dwdwkaciag pp-chain, kabmg 1 Oeppoxpacio VANG ko axtivofoAing mEPTEL KAT®
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7 9 s ’ ’ ’ r 2
a6 tovg 10°K. Xav vrompoiovra tng idwog dwadikaciog mapdyovral kot to ioodtoma “H
kot *He 10 omoia OUMOC OTN GLVEYELD LAAAOV KOTAGTPEPOVTOL TTopd dnptovpyovvtatl. Ot

’ r 2 3 . ’ 1 4 )
agBovieg Tov 1otonwv “H kot “He og oyéon pe 11g agbovieg tov “H ko "He paivovral
otov mivoka (2.3). Xtov 1010 mivako divovtol Kol o1 GYETIKEG apboviec Twv oTol iV

. r . , r . ’ 2 3
aVT®V 610 gvdoaotpikd pnéco. Iapatnpode 6t o1 oxetikég apbovieg Tov “H kot “He
elvarl peyorvtepeg otig KA, mapatpnon mov emiong e€nyeitor HEGm TOL PAVOUEVOD

0V OpVUUATIGHOD.

Mivaxag 2.3 Iootonikoi Adyot vOpoyOVOL Kot NATOV.

60 MeV 80 MeV 200 MeV Koopim

Aoy nucleon™ nucleon™ nucleon™ agOovia
100TOTTOV

H/*H (4.4+0.5)x10% | (5.7£0.5)x1072 1.0x10°®

*He/*He (99.5+1.5)x107 | (11.8+0.7)x107 3.0x10°

2HI*He 0.21+0.09 0.31+0.03 1.0x10™

Mo 0e0TepT EVOPEPOVCA EQUPLOYY TOV 1GOTOTIKAOV apBovidv elvar Tto
yeyovog OtL pepikd oamd ta €0 MOV OMUIOVPYOVVTOL KOTA TIS OVTIOPACELS
Opvppaticpov sivor padievepyd. ‘Etor av etvar yvootdg o puBuog moapaymyng tov
OLLPOPETIKMV 160TOT®V €VOG GTOYEIOV UTOPOVUE VO TAPOVLUE TANPOPOPIES YIOL TO
xpovo mov ypetdlovror ta detypota va eBdoovv ot I'm and 11g myég tove. To mo
YVoOotd amd avutd to “‘cosmic-ray clocks” givon 10 16dtOMO %8¢, 10 omoio €xel xpovo
nuong 1.5-10° ypovioL Kot gtvor €tol évag TMOAD XPNOHOG OYMPLOTNHG Yo TOV
TPOGOIOPIGUO TOV TLTKOV ¥pdvev (mNG T®V TPOoidvVIwV OpLUUATIGHOD GTN YELTOVIA
me Img.

M tpitn evolapEPOVco TOPATAPNON TMOV 1COTOTIK®V aPOovidv apopd Tig
mYEC TOV KOGWKAV OKTIVOV Kol TPOKOTTEL amd TNV UEAETN TV a@Bovidv Tov
160TOnTWV TV Popémv otoryeiov. Ta cuvndn 16oToTa TV GToYXEIWV TapovsidlovTon e
115 101e¢ oYEdOV apbBovieg 1000 otig KA 000 kat 6To nAlakd cHotnua, aArd ot apbovieg
TOV O OTAVIOV 160TOT®V Tovg euaviovior oto oynua (2.11). Eriong Bpédnkoav
evioyvpéveg otig KA ot apBovieg Twv epmAovTIGUEVOV GE VETPOVIL 1I00TOTWV GE GYEOT)

HE TIC avTioTolyes Tov NAMokod cuotiuatog. o mopddetypo mn avaioyio 22Ne/*Ne
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0V oy. (2.11) eivon Téoo0pec POPEG LEYOADTEPT OO TNV OVTIGTOLYN TN TOL NALOKOD
cULGTAROTOC, Eve ot avaroyiec 2Mg/**Mg, *Mg/#*Mg,  ®Mg/PMg kar *°Si/?Si sivor
1.6 popég peyarhtepeg oTig

c

£

2 | X

S 100

< i Al Si [ Ar Ca
S

3

(=%

210. -

o

=

o

) L M

! 14 1517 19 21 23 25 26 27 29 31 33 36 40 40 44
15 16 18 20 22 24 26 27 28 30 32 34 38 42

Mass number

Yyqpoe 2.11 IMopadetypota iootomikav agpboviav otov otoryeiov N, O, Ne, Mg, Al, Si,
S, Ar kot Ca [W.R. Webber, J.C. Kish and D.A. Schrier (1983) 19" ICRC,
La Jolla, 2, 88]

KA o’ 611 610 nAlakd cvompa. O gumiovtiopdg avtds divel otoryeia yuo o onueio
emrdyvvong tov KA, apod telkd Bo mpénet va avalnmOel o yn mov va euvoet v

TOPAYWOYT GTOYEI®MV EUTAOVTIGUEVOV GE VETPOVIQL.

2.3.1.3 Iootpomia Tov Koopik®v Aktivov

“Onwg £xet non avaeepbel n pon tov KA pe evépysieg pukpotepeg tov 10GeV
emmpedleton dueca omd ™ Sdkacion TNG NAOKNG SUOPPOONG Kol £TGL OVTA TO
COUOTION OEV UTOPOLY VAL dMGOLV TANPOPOPIES Yo TS d1evBiveelg aeiEng Tov KA,
0710 NAKd cvotnuo. MOvo YynAng evépyelag TpomToOVIa Kol TUPNVES SEIGOVOVY MG TNV
Tpoyld ¢ I'mg yopig va ektpémovtar amd 10 SomAovnTIKO poyvnTikd medio. Avtod
UTOPOVUE VO TO OlOMIGTMOCOVUE OKEPTOUEVOL OTL éval UETPO TNG EKTPOTMNG T®V

COUOTVIOV amd TO SMAAVNTIKO HoyvnTikd TTedio eivat 0 AOYOS TG YUPOUKTIVOG TOVG
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TPOG TNV KAlpoke Tov mMAlkoh ocvotiuoatos. o éva oYETIKIOTIKO TPOTOVIO 1)

YupookTiva divetar amd T oyéon

r, =3-10% ( J m (2.4)

10°T

omov 1o B petpiéron oe Tesla ko y = (1-V2/C2)'1/2 elval o cuvtedeotng Lorentz.
AgyOPEVOL OTL TO TOTKO payvTikd Tedio otov dtomhovntikd ydpo eivar B=10° T, ta
OYETIKIOTIKA TPOTOVIN LUE y=103 (evépyeteg 10126V) £€YOVV YUPOOKTIVLL rg=3-1012 m=20
AU, dnhadn 20 popéc peyorvtepn and v andctacn Img-HAlov kot mepimov ion pe
mv aktiva ¢ tpoytds tov Ovpovod yopw amnd tov ‘Hiw. ‘Etol ta copatidw pe
eVEPYEEG NG TAENS TOV 10%2eV ka HEYOAVTEPEG €lval OLTA TOL dLATNPOVY TNV
TANPoeopia Yo TG O1eEVBVVOELS APIENG 6TO NAOKO GVGTNHO OTOV PTAVOLY GTO OPLO TNG
ATULOGPALPOG.

[Mopatmpnoelg tov devBhvoewv AEIENG TOV YNADV EVEPYELOV TPOTOVIOV
UTOPOVLE VO KAVOVUE LE DITOYEIOVS AVIXVELTEG LOVIMV. AVTO Yot To TP®TOVIO, Kot Ol
TUPNVES HEGH TOV GLYKPOVGEDV TOLG HE TA ATOMO. Kol To HOpo TNG OTUOGOAPOG
dtvouv movie. Ta @opticpéva movia S10oTOVIOL G UOVIO. TO. omoio £xovv ¥pdvo
Nulong T€1010 OGTE VoL S10CTAOVTAL TPV POAGOLV GTNV EMPAVELL TNG YNG EKTOS KL OV
elvan vepoyetikiotikd (y>20). Ot aviyveutég avutol evatsOnronotovvrol o pdvia Tov

TPOEPYOVTOL ATTO TPOTOYEVT] TPOTOVIN LLE EVEPYELEG E>10"2%V.

P
0N L} 10"
§ 0 7 5
s w
h=4 X
i 2.47 +\ x
E 1 L B 110° 2
> s
Q -
g ;
2 10} 110 €
< }\( o
199 10” 10° 10" 10" 1:)“ 10”7 10" 10" 10”°
Energy/eV

Yyfqua 2.12  TTAdtog ¢ avicoTpomiog oty katavour tov dievbiveemv apiEng tov KA
oav cuvaptnon g evépyelac. [A.M. Hillas (1984) Ann. Rev. Astr. Astrophys.
22, 425]
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Agdopéva and tétoleg mapatnpnoelg pali pe dedopéva copotdiov ynidtepwv
evepyeldv gaivoviar oto oynua 2.12, 6mov divetor to mAdtog avicotpomniog (%) cav
ocuvéptnon g evépyelas. Daivetar apécmg OtL 6TV TTEPLOYN 101-10%eVv n
KaTovoun TV Slevdivoemy AeiEng TV YNNG evépyelag copatidiov eivarl eEoapetikd
opotopopen. Avtd odnyel oto ovumépacpo OTL 1 kabopn TOYLTNTO PONG TOV
copatdiov g KA og oyéon pe 1o tomkd ocvotnuo avaeopds tov INodalia elval
LIKPY], GUUTEPAGHO TOAD YPNOUO OTN HEAETN TNG OYLONG TOV YNANG EVEPYELNG
COUATIOIMV GTOV EVOOUCTPIKO YMPO Kot TNG OpoméTevong Tovg amd to [N'adatia.

O Elliot ka1 o1 cvvepydteg ToL £6€1E0V OTL 1 IGOTPOTIO TOV KOGUK®OV OKTIVOV

sivat:

=1
=™ M <9%10™ (2.5)
.+

max min

Av10 delyver 611 o KA dev mapovoidlovv kabapn pony ©g mpog 1o nAakd cuotnpa. Ot

KOGUIKES OKTIVEG Elval TPOLOKTIKA 1GOTPOTEC.

2.3.1.4 Evepyeloki] TUKVOTITO TOV KOGUIKOV UKTIVOV

H tomun evepyelokn mukvotnTa TV YNAdV evepyEldY copotdiov egaptdtotl and Tig
vroBéoelg mov vioBetode YOp® amd 10 Pabud cTov omoio o1 Poéc TV GCOUATIOIWV
empealoviat omd v Ak Stopopewon. ‘Eva kdtw 6po avtictolyel oty vodeon
OTL M pon TOV COUATWVIOV TOL Tapatnpeitol 6To Oplo NG ATHOCEOPOS Elval
OVTITPOCHOTEVTIKT VTG GTOV EVOOUGTPIKO XDPo. AV kal 10 eacpa tov KA ekteivetan
o€ MOAD YNAEG evépyeleg M oMKM evépyeln eivon pkpr) e€ontiag g KAlomg tov

(QAGLOTOS TOV COUATIOIMV

dN ~ E*°dE

To péyioto Tov PACHATOG TOV TPOTOVIWV AVTIGTOLKEL 68 2 TPOTOVIK. / m?s-stMeV Yo
evépyeleg g 1aéng tov 1GeV. Or Wdowcezyk ka1 Wolfendale (1989) vrordyioav 6t

ohkn| evepyetaxy mokvotta tov KA pe E>1GeV sivon nepimov 1MeV/m® (1eViemd).
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H mokvémra avt) sivor g ovtig TaENG He TNV TLUKVOTNTO EVEPYELNG TOL
EVOOUOTPIKOD  HayVNTIKOD  TESIOV (B2/2uO=O.ZeV/Cm3), TNV TOTMIKN EVEPYELOKN
TUKVOTNTA TOV PAOTOG TOV OGTEPMV (0.3eV/em™) kot LLE TNV EVEPYELOKT] TTUKVOTNTO TOV
UIKPOKVUATOV (0.3eV/cm'3). Ol mopamave “counT®oels” 0ev Umopel mopd Vo EYouv
TEPACTIA PLGIKY| CMHLOGTLA.

Otav n nAaxn dtopdpemon AneBel vtoyY™M, 1 TOTIKY EVOOUGTPIKY| EVEPYELNKN
TUKVOTNTO OVOIEVETOL VO €fval peyaAddtepn, av kot 0tav ayvonbdet n dtopdpewon, 1o
ASLOLOPPMTO PACHLO CVYKAIVEL GE gvEpYele kTm Tov 1GeV. Ta mapardve propovv va
TekunPwbodv Kol HEG® TNG OYEONS EVEPYELONKOD (QAGUOTOS KOl EVEPYELOKNG
TUKVOTNTOG. AVTH TPOKVTTEL Amd TN oY€om Hetalh pong Kot optfunTikig TukvotTas p

Tov KA.

Flux( paztlcles ]: p-Bc 2.6)
cm®-s-st 4nt

Omndte 1 gvepyelokn mokvotnTo elvar:

g ANdE _ 4nE*dN

dE Bc = Bc dE dinE @)

pe =4n|

Me Bdon v televtaio oyxéon upmopovpe va €xovpe o€ MUAOYoPOUKo
YPAPMUO TNV KaTovoun g evepyelokng mukvotntog tov KA. Tlapdderypa divetal oto
oynua  (2.13) 6mov eaiveTor M KOTOVOUN TNG EVEPYELOKNG TUKVOTNTOS Y10 TO QAGLOL
TpOTOViov og meEPLOdoVg péyotg (érog 1982) won eddyiomg (étog 1977) mAwokng
dpacTNPOTNTOS, OTMG HETPETOL amd TN I, Kabdg kot T0 avTicToro PAGLN GTO TOTKO
evooaotpikd péco (LIS). To tedevtaio mpokvmter amd ™ Oewpio ™G MAOKNG
SUOPPMONG TPOCUPUOGUEVIG OTIC TOPUTNPNOEL GE OAPOPES EMOYEG TOV NALOKOV
KOkAov. Qaivetor KabBapd Aomdv 10 OGO emnpedleTon 1 EVEPYEINKT TUKVOTNTO TOV
KA amd v nAok Stopdpemor, Kabdg Kot 1 opvnTikn GLUGYETION TG KE TNV MALNKY

dpacTNPLOTNTAL.
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Xyqpo 2.13 Koazavour tg evepyelaxig TukvoTnTag TV KOGUKOV OKTIVEOV

H neproyn xdto and v LIS kaumdin tpotoviov divel 0.83eV/em®, evéd o NAo Kot ot
BapOtepol mupnveg GLVEICPEPOLY aKOUO. TTEPiTOV 0.27eV/em®. Zuvvolikd Yy To
copatiow g KA &yovue 1.1eV/em®, 600 onAaodn oivouv ko ot Wdowcezyk o
Wolfedale. To yeyovog 6Tt avti 1 TN €lvol GLYKPIGIUN LE TNV EVEPYELOKT] TUKVOTITOL
TOV €VOONCTPIKOL HOyvnTIKOL mediov delyvel 01t 1 aAinAeniopaon petoy KA ko
poyvntikov tediov oto Iolatla etvor apoPaio pe to yeyovog 0t n Slopdpemon twv

nediov emmpedletal amod Tig KA kot 1o avtiotpoo.

2.3.2 AgVTEPOYEVIIS KOGUIKT] OKTIVOPOALD

O mpotoyeveig KA aviidpovv pe ta popla g aTHOGEAPOS KOl TopAyovTol
eAapoTEPA BPAHGLOTO OO TOVG APYIKOVG TVPNVEG OTMG TPMTOVIA, VETPOVIQ, LEGOVIQ
(m, ), oxtwvoPorio-y kot mAektpoévia. Mmopovue vo Slakpivovpe TPES KOPLEg
OLVIGTOGEG TNG 0eVTEPOYEVONS KA:!

1. NovKAg0VIKI] GVVIGTAGW, TOV OTOTEAEITOL ATO TPOTOVIA Kol VETPOVIA. Ady® NG
ToKIMoG TV avtidpdcewv umopet va mpoodiopiobel dvokora, aAdd eival 1 mo

otafepn GLVIGTAOGO.
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2. Xkinpn N HECOVIKN] GUVIOTAOGAE TOV OMOTEAEITOL Omd OV Kot givar oAy
OEIGOLTIKN. XopaKTNPoTikO eivar 0Tt LOALPOOG TAYOLG EVOG UETPOV EANTTAOVEL
v évtaot] ¢ LOvVo 6To HGo

3. Moiokn 1] NAEKTPOVIKI-QMOTOVIKT] GUVIGTOGO TOL AMOTEAEITAL OO NAEKTPOVIOL

KO OTOVIO, KO 1] OTTOi0. amoppopatol 6YedOV TeAeimg amd pnoivBoo mhyovg 10 cm.

H dgvtepoyevic KA oty emopdvela g Bdraccag omoteheiton omd povia
(80%), nAextpovia (18%) kot Tpwtovia kar vetpovia (1-2%) (Simpson, 1953)

H pedét tov avtdpdoewv mov ovpPaivoov kotd T ocOykpovon Tov
TPOTOYEVOV GOUATIOV HE TO. HOpla TG atuds@apag Oglyvel OTL €OVV TH LOPON
AoTEPOV KO TAL PEV COUATIO. cuvexilovv va Kivovvtonl mpog v avtr devbuvvon, o
aplOpdc UGS TOV TOPAYOUEVOV GOUATIOV gival TOGO UEYOADTEPOG OGO UEYOADTEPT
elvat 1 evépyela Tov TPooTinToVTog cOUATION. To TEAKO TPOIOV TV AVTIOPAGEWV Elval

T-UecOVIN, TPMTOVIO, KOL VETPOVIL.

Primary cosmic ray

—

3
[+ ]
+
‘__(;'_-— 4

Electromagnetic
shower
Nucleonic cascade

Depth of atmosphere, 10000 kg m-2

Electromagnetic
shower

Electromagnetic
shower

Yyqpe 2.14  Eymuotikd Sidypoppo mov delyvel Ty eEEMEN EVOG VOUKAEOVIKOD
KOTOUYIGLLOU GTNV OTLOGOALPO.
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211 GLVEYXELD T POPTICUEVA TTLOVIOL SIUCTTOVTOL LE TIG EENG AVTIOPAGELG:
> u+ +Vy
(Zhnpn ovvictdon)
T —>n tV,

ue péco ypodvo Long ~ 2.551 - 10°%s, evo ta ovoETEPA TIOVIA OivOoLV:

- 2y >e' +e (MaAoxn cuviethoo)
pe péoo ypdvo Lome ~ 1.78 - 10 s,
Ta wdvia pe ™ oepd Tovg divouv Tig €ENG AVTIOPACELS:

W et Ve ty,

W—>€ +Vetv,

pe péoo ypodvo Long = 2.201 - 10°s

Me avtov tov 1pomo kébe copatidlo mpwtoyevoug KA mapdyst katappditn
OAVGLOMTAOV OVTIOPAGEDY TOL ATOTEAELTAL OO HOVIK Kot vOukAeovia. TToAld pmTtovia
HeyOANG evépyewog mpootifevtar  Pobupoicn oTIC  avTIOPACEIS Kol £T61  HEC®
NAEKTPOLOYVNTIKOV OVTIOPAGEDV  (S1000YIKEG VAOTOMGELS, TAPOYWYT NAEKTPOVIWV)
TapayovTon nAekTpopayvntikoi katoyispoi (electromagnetic showers). H éktaon tov
KOTOLYIGUAOV GtV em@dveln g yng stvor g té&ng tov 1 km?, evé o apBudc Tov
COUOTIOV TOV GLUUETEYOLV glval TG TAENG TOV 10*°. Eivar Aowdv eavepd OTL M

gvépyela etvar tepaoTia.

H xotavopn tov yming evépyslog copatidiov OA®V TOV TUTOV GTNV ATHLOCEOLP
dtveton oto oynuo 2.15 (Hillas, 1972) mov divel Tig poég v dopdpwv TOHT®OV
copatdiov KA cav cuvaptnon pe 1o Oyog péca oty atpocseorpa. YrevOopileton oti
Ol KOTOVOUES OVTEG elvon OmOoTEAESUO. TG OAANAETIOPAONS TNG PONG TGOV YNANG
evépyelng copotdiov 6to Oplo NG aTUOCOOIPAG HE TO HOPlOL Kol TO GTOU TNG
ATUOCPULPOS. MEAETAOVTOG TO TOPOUTAVE® OIAYPOLLLO UTOPOVUE VO ETICTULAVOVUE TOL

eEng onueio:

1) O apBpdg tov tpoToviov TEETel ekBeTIKA Kot POAveL Tov aplfud TV Tovioy Kot

VETPOVI®V.

2) O apBudc tov nrektpoviov avEavel apyikd ekBETIKA - Vo YOPOKTNPLOTIKO TOV

KOTOUYIGLOV NAEKTPOVIOL-QOTOVIOV - KOl GTY] GUVEYXELN LEIMVETAL OOTOUA. AVTO
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ONUOIVEL OTL OKOUO KOl OTO YNAOTEPO GTPAOUATO TNG ATUOCPALPOS EYOVUE LEYAAES
POEC OELTEPOYEVAV, GYETIKIOTIKOV NAekTpoviov KA kot xatd cuvéneia vrdpyovv
TPOPANLOTA GTOV TPOGIOPIGO TOV TPMTOYEVOLS PAGLOTOC TMV NAEKTPOVIOV TNG

KA &k10¢ K1 av 0 oviyveutig etvar £E® amd TV aTHOcQOPaL.

3) Ta yming evépyelag povia TEQPTOVY HOAAOV O0pYd, €V TO YOUNANG EVEPYELOG

Hovia £gouv ypovo va dloemasTovV TPV eBAcovY oty emtpdvela g I'mg.

l | | |
muons E > 0.22
Hard protons >3
,1 rn\ Component |neutrons >3
108 ”””” :. pions > 0.4 ]
Soft electrons > 0.01
_ Component 4 mMuons 0.027-0.22
d ; - 3 protons  0.4-3
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Yympo 2.15  Kotoxdpoeeg poég tov Sopopmv TOTOMV TOV KOCUK®OV OKTIVOV C€

dtapopa vym péoa oty atpudceaipa. [A. M. Hillas, 1972 Cosmic-rays]

2.3.2.1 Padievepyol mopnveg 6Ty ATROCOULPO

Mia evolapépovoa epapuoyn Tov oAAniemdpdocmy tov KA eival n mapaymyn
POSIEVEPYDV 1GOTOTMV OTO OAVATEPA GTPOUATO NG otpdseapas. Ta mepiosoTepa

VETPOVIOL OTOPPOPOVVTAL ATtd TUPTVES N SLOUUEGOL TV OVTIOPACEWV:

UN+n="Y"C+'H Kol UN+n="C+°%H (evd6Bepun)  (2.8)
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Xty tehevtaio avtiopaon maipvouy HEPOG T0 5% TmV VETPOVIMV TOv £XOVV EVEPYELES
peyoAvtepeg amod 4MeV.

O ohkdc puude oynuatiopod Tov C oty atpdceopa sivar ~2.23-10'm™?s™ ko
tov °H 2-10°m%s* (ovumepriopPavopévonr Kot tov TpLtiov mov oynuatileton om’
evbeiog cav mpoidv BpuppaTIGHOD). AVTA Ta padievepyd Tpoidvia oynuatilovtor ynAd
oTNV ATUOGPOIPA KOl 0TI CLVEYELN 0EEWODVOVTOL GE YC0O,, Kkon *HOH kot dlay€ovrat
otV atpoceopa pe 10 CO2 ko to HyO. O ypdvor nuicelog Lomg  tav YC ko *H
etvan 5568 xon 12.46 ypovia avrtictorya. O xpOVOG TAPOUOVIG GTNV OTHOGEOPA Elval
poévo 25 ypoévia mpv  amoppoenfovv amd opyavikd LVAIKE M TEGovv cav Ppoyn 6To

£00.pog Kot ot Bdracoa.
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Xyqpo 2.16 Hpepounvieg tov padiodvOparo cuykptvoueves e nuepounvieg pe  pébodo
Tov dévipo-daktuiimv. [P.E. Damon, J.C. Leman and A. Long (1978)
Ann. Rev. Earth Planet. Sci 6, 457]
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Ot agbovieg tov C  «at *™ pmopovv va ypnoomombotv oty ypovoréynon

aypoTIK®V Tpoidvtewv. O e YPNOOTOIEITOL GE APYOLOAOYIKEG UEAETES Ko givan M
Baon g xpovordYNoNS TOV padtodvOpoKa.

H emrvyia g pebooov e€aptdror and ™ Pabuovounon tov nAKidvV Tov YC oe
oxéon pue nlkieg vmoloyiopéves pe aveEdptnreg texvikéc. Ot Damon, Serman kot
Long (1978) &dei&av 0t1 M ypovordynon pe tn péEBodo Twv devipo-duKkTuAMmV (tree
ring) pmopei va Bubpovoprioet ™V KAipoka tov AC péypt kar 7500 ypévia mpv amd
onuepa. H dwdwkacio mov axolovOncoav €xel cav apyn ™ HETPNON TS avaAoYiag
YC/MC oe daxtoriovg dévipav N Mhkia TV onolev Pmopel Vo TPocdopIoTEL TOAD
KoOAQ pe v péBodo TV dévipo-0ukTtuAlmyv. Ot mhikieg ovtég 6T CLVEXEW
ovykpivoviot pe Tig nAkieg tov padiodvOpaxa, ot omoieg vwoloyilovtal vroBETovTog
otafepd pvOUd mapaywyng “c. H KopumoAn Bodpovounong twv Damon et al., diveton
010 oyfua (2.16). @aiveton 611 M pon Twv KA 610 6pro g atpdocearpog eivar otabepn
aPOV VILAPYEL KOTATANKTIKY GOUNTOGT HETAED TOV dVO MAIKLOV, 0V Kol 01 NAKieg Tov

YC eivan Myo peyoadvtepeg tor tedevtaio 2500 ypdévia. H amdxkiion awt) pmopel va
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Yyqpoe 2.1 Metoforég oto péyebog g HoyvnTikig SUTOAKNG POTTNG TNG YNG OGS

TPOEKLYOLV OO TOACIOLOY VI TIKEG LEAETES
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Tyina 2.18 MetaPoréc oy atpospapikyy agdovia tov “C ta tedevtoioa 1000
xpovio. [M. Stuiver and P.D. Quay (1980) Science 207, 11]

E&nynOet av AaPoope vdym pog modotopoyvntikés HeAETES ol omoieg delyvouy Ot N
£VTOoN TOV HayvnTiKoD duroAkol ediov g NG Tapovctdlel onUOVTIKES LETABOAES TO
tedevtaio 9000 ypovia (Zyx.2.17). Ot perafolréc avtég emnpedlovv v pon g KA oto
opo ¢ atpdcealpas. AcBevéotepn viaon cuvemdyetol HeYOADTEPT POT] COUATIOIOV
YNAOV EVEPYELOV GTO OPlO0 NG ATUOCPOIPOS OTOL TOPAYOVTIOL VETPOVIK Gpo Kol
avénuévn mopaywyn YC. Ta oynpoto 2.17 ko 2.18, Bpiokoviar ce avIIGLGYETION.
Otav AneBodv v’ oy ot LeETAPOAES TNG LOYVITIKNG POTNG, M pon TV KA mapapévet
otafepn v ta teAevtaic 1000 ypdvia. Ymdpyovov mepPlox€s YOUMANG MALOKNG
Spaotnpiotrog 6mov m apbovia ov C* eivar peyalvtepn. Eivar amotéleopa g
NALIKNG SIOUOPP®CNG OTTOV COUATIO YNADV EVEPYEIDV EUTOOILOVTOL VO TEPAGOVY TPOG
™ YN oo Loy TIKEG avVOUOAES KaTd TN dtdpKeLn TOV gvepyod NAov. Mia GAAN mhov
eEnynon eivar 0T AMOy® TV TUPNVIKOV OOKIU®V 1 PON| TOV e avénbnke Koatd Eva
napdyovta 2 péca og 000 xpovia 6To PoOpelo Muoeaipto egattiog TV VETPOVIKV TOV
elevbepdvovtal amd TIC TVPNVIKEG ekpNEeELs, YeYovog mov emnpealel Le TN GEPE TOV

NV KOUTOAn Badpovounong.
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KEDAAAIO 3

IHHI'EX KAI ITPOEAEYXH

3.1 Ewayoyn

Exatd mepimov ypdvia Exovv mepdost and v avakdivymn tov Koopuikov aktivov
(KA) kot 10 mpdPAnua. ™ mpoéAevone Tovg MAPOUEVEL GAVTO. YTAPYOLV OKOUO TO
aKOAoVOO OVATAVINTO EPMOTHLOTOL
[T6te dnpovpyndnkav;
[Tov dnpovpynOnkav;
[Tdg dnovpynnkav;

Tt ovpPaiver amd to1¢;

3.2 TInyéc

Katd tovg Ginzburg kot Syrovatskii vépyovv ot mapakdtm kdpieg Tnyéc yora&lakng
KOGUIKNG aKTivofoAiag.
1) XtaBepoi actépeg-iiog
2) Kowooeaveig - vreprovopaveic aotépeg (Novae - Supernovae)
3) Aotépec EKMIUYEDY - TOALOUEVOL OGTEPEG KO

4)  Awotpikn OAN.

3.2.1 Xta0gpoi aotépes-nirog

O M\og kar ot dAAot otabepol aoTépeg TOoL Yohalio HOG EKTEUTOVY COUOTIOW PEYAANG

EVEPYELOG KATO TN OPKEW TOV YPOUOCOUPIKOV ekAduyenv. Ymoloyiletor Ot 1)



TapEXOUEVT 1oYVG 0md Evav 0oTEPQ, OTMG 1 NA10G, Eival TG TAENS Tov 1024erg/sec, omoTE 0o
TOVG 10" aoTEPEG TOL YoAaLio LOg TOV TOTOV TOV NAOV EXOVUE 1033erg/sec. H 1oy0¢ avt)
etvar 30 Qopéc pkpdTEPT OO QTN TOV OMOLTEITOL Y10, TNV KOOGUIKY 0OKTVOPoAa, evd 1M
EVEPYELD, TOV COUATIOIMV TOV EKTEUTOVTIOL Eivol WKPATEPT NG HéEong evépyelog tov KA
Hhaké copatidu pe evépyetes e taéng tov 10V érovv napatnpndei pévo pio gopa.
Enopévmg o nAog kot ot GAAotl otafepol aoTtépeg dev LmopovV va. Elval 1) TNYN TOV KOGUIKOV

axTivov pe ToAd YnAég evépyetec.

3.2.2 Kowvo@aveic Kol VTEPKULVOPUVEIS 0.6TEPES

[ToAAéc vroBéaelg avapépovv oL ot KA yevvdvton og e1dwkd onpeia tov yoraSio pog,
KUpI®MG OTO VTOAEIUUATO TOV KAVOPOVOV Kol VIEPKOVOQPavaV actépwv. Katd v éxkpnén
EVOG KOVOQOVOUG OGTEPO TAPEYETOUL EVEPYELXL 1042-1044ergs OV OVVATOL VO GLVTNPNCEL TNV
KA vy 50 ypdvia mepimov, eved amd v £kpnén evog vepkovopavovg tomov Il mapéyetan
evépyela 1050-1051ergs nov dvvatot vo cuvinpnost v KA yia 1000 wepinov ypodvia kot va
TOPAYEL TPMOTOVIOL UE EVEPYELL 10%%V. Avtég ou ekpnéelg dlvouvv 1oyv 1039erg/sec otV
TEPIMTOON TOV KOUVOPAVAOV KO 10*erg/sec GTNV TEPIMTMOOTN TOV LITEPKALVOPOVOV TTOV
Bpioketal 6 cupPVia pe TV 1oL 1oL ararteitol vo cuvinpnoet v KA (amapaitntn péon
woyde 10°%erg/108ypovia~10*erg/sec) (Ramakrishnan, 1962).

To @avopevo oV VIEPKOUVOPAVOVS GUUPAIVEL GE YNPACKOVTEG AOTEPEG OV EXOVV
KOTOVOADGEL TO. TUPNVIKA Tovg kowowwo He, kot Hy Metd v apykn cvotoln tov
VIEPKAVOPAVOLG EEKIVA amd Tov Tupnva. Eva petomikd kopa (Shock wave) to omoio amoktd
OYETIKIOTIKEG TOYLTNTEG OTO Opold €EMTEPIKA OTPAOUATO TOV 00TéPa. To KOHO ovTO
EMTOYOVEL COUATIOW TOV amoKTOOV TOAD peydleg evépyeleg. Katd  dwdpreto e Ekpnéng
ONpovpyoLVTaL EVTOVEG POEG VETPOVIOV Kot pmopohv vo mapayBodv voukAidia pe toyeio
oVAMANYT veTpoviov amd vrepPapéa cToryeia.

Eniong éyovpe C xou O moAd mepiocotepo oamd He wor Hpy. H vrepagbBovia
vrepPapémv  otoyeiov kor 1 mbavn VmoapEn vrepovpaviov otoyyeiowv oty KA
vroopiovv 10 MPOHTLIO NG VTIEPKOIVOPAVOVG Tpoéhevons. To mpodTLTO aVTO €ENYel
KOVOTTOMTIKG TTOAAG amtd T, YopaKkTNPLoTikd Tov KA Kot &xet avtéEel Tnv KPLtikn yio ToAAd

YPOVIQL.
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Yrdpyer 6pmg pio apvntiky €voeiEn v to mpdétumo avtd. Emedn o ypodvog mov
amouteiton ywo T Swomopd twv KA omd to vmoleippota tov ekpnéemv Y. TGV
vrepkovopavav  eivar 1000 ypdvia, Aydtepo amd £vOG LIEPKAUVOPOVIG TPOCPEPEL
0Vol0OTIKA 6T cvvtpnon ¢ KA. Avto cvpfaiver yiati og ke ypovikn oTryun vTapyovv
uévo 30 mepimov vrepkatvoQaveic aoTépeg 6TO YoAaSio TOV GUVEIGPEPOLY GTNV TOTIKY|
évtaon tov KA kot té€totov €idovg expnéelg cvppaivoov kébe 30 ypoévia. Emopévmg sivon
dVOKOAO Vo EENYNCOVUE TNV HEYAAN 100TPOTIO Kot 6TAOEPHTNTA TG TLPNVIKNG GUVICTMOGOG

Tov KA.

3.2.3 Aotépeg veTpovimy

To televtaio o6TAd0 TOV VIEPKOVOPOAVOV OCTEPMV €lval Ol ACTEPES VETPOVIMV, Ot
omoiol AOYy® NG POSIOEKTOUTNG TOVG omd TNV omoio mopatnpnOnKav yw TpdTn POopd
ovopdotnkav maAldpevol actépeg (Pulsars). Ot aotépeg vetpoviov xovv axtivar 10 km kot
pélo 0.2-2 Mo, eivor OnAodn mOAD peydAng moukvotntog iomg pHe TNV mukKvOTNTo £VOC
atopkoy muprva. H evépyeld GuGTOANG TOL AOTEPA TEPIKAEIETOL GOV EVEPYELN TTEPIGTPOPNS
nov pmopel va pBdoet o 10°2 ergs oe éva aotépo axtivac 10%cm (Heisenberg, 1975).

Amd 1 ovumieon TOL ACTPIKOL HAYVNTIKOD eSOV TIGTEVLETOL OTL ONUIOVPYOLVTOL
EVTOVOL NAEKTPIKA KO HoryVITIKA TTedio amd o Omoio EMMTOYVVOVTOL T0 COUOTIOW. Aldpopot
vroAoylopol dgiyvouv OTL o1 TAAAOUEVOL aOTEPES pHmopolv va dnmuovpynocovv KA pe
EVEPYELEG 10*eV kot move. Onwg Opmg Ko 6TV TEPITTOON TOV LIEPKAVOPAVAOV o€ KAOE
YPOVIKY] OTLyUn vdpyovv Alyeg mbavég mnyég Yo va, SnUovpycovy 10 onuaviikd Podud

ootpomiag Ko otabepdtnrog tov KA

3.2.4. Agvkoi vavor

Enedon n wotpormia toov KA pe evépyeleg péypt ~10%%eV  eivar ONUOVTIKN,
onpovpyeitor N vroyio. 6TL 01 HAAAOV AEMTOL EMTAYVVIIKOL UNYOVICUOL TV TUALOUEVOV
AOTEPOV UTOPOVV VO AEITOLPYNGOLV G€ TOAVTANOEoTEPEG Ko acBevéotepeg mNYEG TOL
yoha&io v va mopaxfoov KA pe evépyea 10°-10%° eV. Ot 1o avicoi vroymeuot ivor ot

Agvkol vavot Tov TponABay amd T GLGTOAN KOVOVIKOV aoTéEP®V HeEXPL 1% e apyikng Tovg
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oaxktivag, Ta 8¢ poyvnTikd nedio motedetan 6Tt £xovv avénbei oe 10* Gauss. Te o andotaon
avOiAoyn TPOG TNV OKTIiVoL €VOC AELKOL VAVOL 10%cm ot KOOUKES OKTIVEG UTOPOLV V.
emtayLvhoHV Kt va POAcoLV GE evEpyELn 108 ®G Ko 10" eV. O EVEPYELEC TEPLGTPOPNS TMV
AEVKOV vavov glvol 1046-104gergs. Me 10% AEVKOVC VAVOLG UTOPOVUE VO, £YOVUE TNV
arortovpevn oxd tov KA ot dudpkela g (oMg tov yora&io. H emodveln tov Asvkmv
vavov opwmg dev meptéyel Papéa otoryeio, omdte 1 6VvOeoN TV TupNViK®V KA eEnyndnke pe
po oadtkacio Katd v omoio doTpikd aéplo, 10 omoio Epyetan £€® amd T0 Aevkd VAvVo,

EMTOYOVETAL PLE ADENOT CLYYPOVAOS TNE TEPLEKTIKOTNTAG O Papéa GTot el

3.2.5 AwoTpikni VAN

O Aavog Epstein npdoeota mpdteve 0T N Tpoéhevon twv KA umopei va evromiCeton
0TOVG KOKKOLG OKOVING GTO daoTpiko HéGo. Ta mopatnpodUeEVE GLUGTATIKA G OLTOVE TOVG
KOKKOLG gival ovvent| pe ekeiva tov KA. O Epstein mpoteivel 6Tt o1 kKOKKOL GOp®VOVTOL Kot
emroybvovtal omd  Eva  PETOMO KPOVOMG 7oL  TPoEPYeTol oamd TV €kpnén  &vog
vreprovoPavovs. Ta mAekTpdvio TV KOKKOV TOPOGVPOVTIOL OO TO 0EPL0 TOL KVUATOG
KPOVOTG KOl 01 VEOL 1OVIGUEVOL KOKKOL IOV TTIPOKVTTOLY UTOPOVV Vo EMTOYLVOOLV GE TOAD
YNAES ToOTNTEG KOl Vo SlooTaeToVV € éva aptBpnd Bapéwv 1dviov. Avtd To 1dvTo Hropovv
vo Eavapmovy 6To UETMTO KPOUoNG Kot vo emtayvvloiv mepattépm mAncialovtag tnv
ToYVTNTA TOV EMTOGS. 'ETol evdd o1 maAég Bewpieg mov amodidovv tig KA kat’ gvbeiav otig
EKPNEELS TOV VIEPKAVOPAVAV OEV POIVOVTAL VO EIVOL GOUPMOVES LE TO TPOGPOTO TEPALATO,
etvat Opmg axodpa dSvvaTov AVTEG o EKPNEELS va gfvarl LITEVBVVESG Yo pepicés TovAdyiotov KA
aAAG e évar eVIEMDG dlapopeTikd Tpdmo an’ 011 tiotevav (Wallac and Tucker, 1982).

‘Evag éleyyoc g 10éag 0Tt ot KA mpoépyovtar amd ekkpnEelg vmepKatvopovmy
TPOYLOTOTOIEITOL LEGM TNG CYETIKNG AVAAOYING OOPOPETIKAOV PapEé®mV TUPNVOV GTN POY| TOV
KOGUIK®OV OKTIVOV.

‘Evag tomog moupnvikdv oaviidpdcemv mov ovoudletar “diadikacio-r” (process-r)
moteveTo 0Tl cvuPaivel pOvo oTig eKpNEELS TV vepkavopovmv. H r-dadikacio mapdyst
optopévovg Papeic muprveg oe mocootd kabopiopéva and ) Bewpia. Eqv ot KA mpoépyovton
a6 Tovg VIEPKALVOPAVEIS B TapovctdlovTal EUTAOVTICUEVES e GTOLYELD TOV TTAPAyOVTOL

KaTd TNV OladtKacio-r.
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Ta nepdpato g NASA pe 1o dopvpdopo HEAO-3 (Third High-Energy-Astronomy
satellite) £€de1Eav OTL dev LLAPYEL ONUAVTIKOS EUTAOVTIGUOG GE GTOLXELD TNG T-O100IKAGTOG
ot KA.. Ta oyetikd mocootd towv otoyeiov otig KA elvar oyeddv opota pe avtd tov
otoyeiov tov Huakob Xvotnuatoc, aAld vTdpyovy KAToleS dlopopéc Tov divouv VOEIEELS
oxeTIKA pe TV mpoérevon tov KA. Mia an’ avtég eival to yeyovog 0Tt Ta oTotyeio Tov givar
dVOKOAO va. 1oVIeTOVV givorl Alyotepo apbBova otic KA 6mm¢ yio mapddetypo to oxeTikd moco
tov O ovykpwopevo pe 10 mocd tov Fe otic KA eivan mepimov 10 od 10U 6YeTIKOV
T0G00TOV oL VILdpPyeL oto HE ko E€povpie OTL yperdletar dSuTAn evépyeLd Yia va. 1OVIGTEL Eval
dropo Oz an’ 6t éva atopo Fe.

Avt N yevikn katevbuvon elxe mpotabel and mepdpata Kot emPePormOnke amd o
HEAO-3 yia éva peydro odcpo otoyeiov, and 10 Oz €oc 10 {pkdvio Ko €Tot TibeTon
KkaBapd évo mpdPAnpa oty Tpoéievon tov KA. Av n dwdikasio 1ovicpol ywvotav Kotd )
dupketa pag Plong Ekpnéng Tov vrepKavoeavons, OAa To nAekTpdvia Ba uTopovcay va
poéABovv amd ToV 10VIGHO TV oTotyelwv aeov dev Ba vanpye Kapio SuoKOAMA OVIGHOD
tov KA.

Amd v dAAn mhevpd av ot KA mpoepydtav amd Eva meptBdAlov youning eveépyslog
ue Ogppoxpacio 10.000° K, to yeyovdc 0Tl 01 S10QOPETIKEG EVEPYEIEG ATAUTOVVTOL Y10 VO,
ovicovv dapopetikd otoyeion Ba elye cav amotéleopa v Vmapsn SNUAVIIKOD Kavova
emaoyns. 'Etotl yia mapdoetypo peyordtepo mocootod atopwv Fe an’ 6t atopmv O, Ba glye
yboel le’. Otav €éva dtopo yaoel éva € KATOoTPEPETOL 1] NAEKTPIKT OLOETEPOHTNTA TOL KO
yivetal £va 0eTikd 16v. AvTO €xEl ONUOVTIKEG GUVETEIEC GTNV EMTAYLVON TOV COUATIOWV,
a@OD OVOLTEPO ATOUO GE NAEKTPIKA TTESIOL OEV EMTAYVVOVTAL, EVO AVTIOETA EMITOYHVOVTOL TOL
wvto. Avtd onuaivel 6t av aéplo mov amoTeAEITON 0O 0VOETEPO GTopa Ko 10vta Bpebel og
NAekTpikod medio, Oo emrayvuvhodv pdvo ta 16vto. Idaitepa dtav to aépro éxer T=10.000°K
161E OYETIKA TEPIoCOTEPOG Fe am’ 611 O, Oa emtayvvOel, apov Ba £yovpe meprocoTepa 16VTO
Fe, an’ 611 Oy. Avtd 10 GeVAp1o Ba pmopovce va eEnynoet  cvotaot tov KA.

O1 KA @aiveton telkd vo punv mpoépyovtor amd meplPAAAov YNNG evépyelog Kotd
mv ékpnén evog aotépa. Ta niextpkd media mov ypedlovratl yio vo emraydvovv tic KA
umopel va Bpickovion ot Oeppud veapd actépia 1 YOP® amd To AGTEPLY EKAAUYEDY 1] GTO
Eextvnua evOg KPOLGTIKOL KOUOTOS TTOL JO0iOETOL GTO SLOGTPIKO HEGO Y10l EKOTOVIAOES M)
YIMAOES YpOVIA Ko £xEL xboel TOAD amd TV évtact Tov. To apvntikd ototyeio Opwg etvan ott
VAoV Alyeg mMYEC Y va Onpovpynocovv 1o onuavtikd Pabud otabepdtnrog Kot

wootpomniog Tov KA mov mapatnpeitat.
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Ext6g Tov Khaoowdv KA €yovue eniong v mopovsio. goTOVIOV HIKPNG EVEPYELOG
7OV TTPoEpyovTal amd T “peyain ékpnén” (Big Bang) oxinpd ewtovia (aktivoPforio -X kot
v) xou vetpiva. Eni mAéov vmapyet evépyela amobnkevpuévn ota poyvntikd yoroSlokd media,
oTN QOTEWN OKTIWVOPOAID TOV OGTEP®V KOl OTIC TUYOIEG KIVIOEIS TOV AEPi®V VEQDY TOV
yora&io pog.

Ye mOAD piKpn KAIHoKO LEdpyovv Kol copotiow, To omoio emTayOVOVIoL GTO
YEOUOYVNTIKO TEd0 TG YNNG Kot UEPIKE o’ avTd €KTOEEHOVTIOL GTO OATANVNTIKO Y(DPO,

omote O UTOPOVGOLE VO TOL OVOUAGOVLE “YNIVI) KOGLIKT akTvoBoAia”.

3.3 [Ipotvma wpoélevong

211c Bewpleg yio ™ @Oon Kot Tpoérevon Tov KA vrdpyovv 0o tOmol TpoTOT®V: TO!
lNoAa&roxkd kot ta EE@yaiadlokd mpoTumaL.
211 yora&rakés Oempieg aviovv ot Bempieg:
a) 1oL yohallakob 0ioKov Kot
B) ¢ yora&rokng Ghmg
Y115 eEoyaraélakég Bempieg Exovpe:
o) 7o eEmyarasiokd OpOYEVEG TPOTLTO KO

B) 7o e&myaralokd Tomkd TpATLITO

3.3.1 Toroluoxa mpoétvma

O Tlara&iog pag (Milky-Way) péoa otov omoio Bpicketat To NAakd pog GOGTHO ival
®G YVOOTO o TEPOTPEPOEVT HAlo amd 10t 00TEPEG e OKOVN Kot a€Plo kol HACEC
TAAGpatog evotduesa. Arotedeiton amd tov dloko katl v dAm. O dykog ¢ GAwg ivon 50
QOpEG LEYOADTEPOG TOV OYKOL TOL diokov. H aktiva Ry kot to méyog hy tov dickov eivan
nepimov 50.000 (10-15kpc) kar 3000 (300-500 kpc) £tn pwtdc avtictorya. O HAl0c Bpicketon
ota 2/3 g andoTaons amd Toug onelpoedeic Ppayioves (oy. 3.1). 1o dStamAavnTIKO YDPO 1

mokvomta eivar ~10%gricm® (1Hz/cm®) oto Sioko ko mepimov 1% avtod oty dAw.
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Ynrdpyovv 6pmg kot “vnoideg” pe dactdoelg 10 étn ewtdg 6mov 1 wukvotnta eivon 100-1000

@opég peyarvtepn. To yora&lokd poyvntikd medio etvar g TaENG twv 10°Gauss 10 dicko

kat 10°Gauss oty dhw. Epgavilovron dpog kot 1wyupdtepo media oe Stakpttéc padtomnysc.
Ta mpoOTLIOL TOL OloKOL KO TNG AAMS JAPEPOVY GTOV OYKO TOL KOTOAAUBAvVOLY Ot

KOGUIKES 0aKTives. Evd oty mpadtn mepintwon o 0ykog eivan

Yyqpoe 3.1 Xaptng tov [N'odaia

V, ~R’h, ~10°cm®
oT1 0€VTEPT TEPITTMOT EYOVUE
V, ~R} ~10%cm®
Avrtiotoya 1 oAkt evépyela tov KA drapépet katd pio taén peyébovg
E, =WV, ~10%ergs E, ~wV, ~10°°ergs

OOV W 1 EVEPYELOKT] TUKVATITO 1072 erg/cm3.

Ot mapomdve evépyeleg duvatal va cuvtnpnoovy (Taywevcovy) tig KA 10° xPOVIOL
ot0 dioko kat 10° xPOVIO 6TV GA®, TO 0010 GLVETAYETOL TV ELVKOAOTEPT] OPOTETELGT TOVG
a6 o 6ioKo, aPoL M 1oYLS eivat 10*erg/sec o0 dioko ka 104°erg/sec oV GA®.

Av n mopoyn ™g KA 7ftav dtoKomtopevn, 1 OAKY €vépyelol TOL cuoTiuatog o
petaforrdtav actntd. o va vrdpéet iooppomia Oa mpémer ) evépyeta g KA oto yoraio

040

va éxel woyd TovAdylotov 107erg/sec, evd M 1oyd¢ TG MMOKNG axTvoPoliag eival

10**erg/sec.

45



"Eva evbdoyo mpoTumo yuo tnv Tpoéhevon tov KA Oa mpémet va Exet:

Axrtiva = 3-5.10%cm
Oyxog =10% cm
OlMkn evépyelo KA = 10> erg
Xpoévog Lomg =3.10° ypovia
kot Ioydg tov Tnyov =10% erg/sec

3.3.1.1 “IIlepropropévog 6ykog”

Ta vynAng evépyelag copatidl TVmKd PTopovV Vo d10vOGoVY SOkg-m‘2 (5gr/cm2)
(path length) tng VANC. Av d10vDGOLV TEPLIGGOTEPO, OL AVTIOPAGELS TV GLYKPOVGE®V Ol givort
OPUCTIKEG MOTE TO TPWTOYEVI GTOLYEIN VO KATOGTPEPOVTOL KL VO O10PHDMVOVTOL Ol GYETIKES
apBovieg TV KOGUKOV TVpNveV Ttov Oa Tapdyovral.

[Mo va petarpéyoovpe avtd to PNKog dadpopns oe xpovo dpamétevong (escape time)
Te, OgYOMOOTE OTL P €lval M HESM TokvOTNTO TG VANG St HEGOL TNG omolag TaEOELOVY Ol
KOGUIKES OKTIVEG, OTOTE

X=p-C-T,

Mo TUTIKY T TUKVOTNTOG Yo TOV SleTPKd ydpo givor N =10° m?, onote 10 Gvo oplo
0V Ypdvov mov ot KA pmopovv va tapapeivovv péco ¢° vt T TUKVOTNTO TOL 0EPIOV Elvarn
1.=3-10° rpovio. Av mopapeivouy Kot 6€ TEPLOYEG UIKPOTEPNS TUKVOTNTOG, O OAMKOG XPOVOG
dpamétevong Oa etvan peyoldtepog ympig va emnpedalet Tic aphovieg TV KOGUIKOV GTOLYEI®V.

Enopévog to copatiown 0gv pmopovv vo, guyouvy avepnoorota and to I'aralio.

Av dgytovpe pa dudotaon 1-10 kpe yio to Toda&lo pog to ymAng  evépyslog
copotidia ypedoviar va dpametedoovy amd 10 ovomua 3-10°-3-10% ypdvia, mov eivar
UIKPOTEPOG Omd TO YPOVO TOL YPEWLETAL YOO TNV TOPAY®YN TOV TPOIOVI®V TOL
Opvppoticpov. Apa akoAovBoHV EMKOEIOEIG TPOYLES KOl OVOPEPOLUOTE GE “TEPLOPIGUEVO
6yko” (confinement volume) 6mov o1 KA dwdidovtar mpv @Oyovv amd 1o INoha&io. Eivor
ATOPOITNTOG OVTOG 0 GYKOG (MOTE VO, LETPNCOVUE Kot  €vBegia T YNMUIKA GLGTACT, TOLG

xPOVOLG {oMg, TIC 1O1OTNTEC TOV GYETIKIOTIKOV MAEKTPOVIOV K.A.T.
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3.3.1.2 “Leaky box Model”

Ta evepyntikd copatidn 1 dayéovror and Tic TyEG Toug 1 teplopilovial 6€ KATOo0
oyko otov yoloSlokd yopo. H katovoun towv pnkov O00pouUng yuo TNV TOpOymYN
OELTEPOYEVMV CTOXEI®MV TTEPLYPAPETOL OO Ui eKOETIKN cuvapTon Tov Yvwotolh Leaky box
model tov mepropiopod Twv KA. Ta copatidwo dioyéovior eledbepo kol ovakidvtol oTo
opa Tov. Yrapyet po PePaio mboavotnto 61Tl To copatidi pedyovv amd Tov dyKo avtd oe

KGOe CLUTAOKT LE TO OP1O KOl ALTO OIVEL TV KOTAVOUN

(3.1)

= .. N e ]
\\\ R NN e E‘\;\\%\Q\\\N\\\\\‘\Q}:_\\:\\\\
\ R A . N

NN

N '\.\.\ : \“:‘:\\\\‘\\\‘i\i\\ N \\\\\\‘Q‘\\'\;\Q\\\ NN
.
A

\ \ \ \\:,\\\\;\\\-\x\:\ N \\\"\\\‘}\:_‘-‘Q..\_‘\'\\Q\\\:;\Q§\\\

Tyqpa 3.2 ‘Leaky box model’

OOV Te YOPAKTNPLOTIKOG YpOVOG dpoamétevong. O dykog pésa otov onoio meplopiloviot ta
couatiow givat o diokog tov Nada&io Tov eivar Temhatvouévog kKOAVIpog axtivag 10-15 kpe
Kot wéyovg 300-500 pe. Avtdg 0 dykog d1adoykd ovapépeTot Kot 6TV dA® tov oraéia.
Yrdpyovv dtapopot Bewpntikoi Adyotr yio TV VIapPEN TG GAW®G:
O Parker (1965) £de1&e 611 0 agplddNg diokog tov INoratia pog elvar actabng otic
STAPOYES TOV HOYVITIKOV YPOUU®V oL Bpiokovtal mopdAinAia 6to yoAaSloKd emimedo.

Mio and 11§ omovdaieg TapATNPNCELS EIVaL 1) 1IGOIVVAUIN TOV EVEPYEINKMY TUKVOTHTOV TOV
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CONOTVOIOV YNAOV evEPYEIOV Kol TOL YoAaSlokoy poyvntikov zediov. H evepyelokm
mokvotnta Tov [odaélakod poyvntikov mediov B2/2 Lo Yo B-3-10° T givon 2-10° eV-m™ kot

, . , p 6 -3
TOV KOGUKOV axtivov givor tepinov 10° eV-m

Buoyancy
torces

Cosmic rays

Cold matter

L 204 O a% Y% O ; v Gt
X
s’ DR SAE XSS NH A IOITH I DR N OOOAAIOOARNARES
~¢‘:$’0't's‘:‘:‘?030’Q'.’:"‘:’:‘:‘:‘?0’0‘0‘0 X \ /' SORIOOCGERIIMIOER R IIIIEMIE
Galactic plane .
P Magnetic tield
lines

Yyqpoe 3.3 ZynmUoTiopog HoyvnTiK®OV Bpoyxov Kol EKTOVMGT TOL GYETIKIGTIKOD 0EPIOL 0o TO
yora&lokd dioko Aoywm g actdBeiag Parker. Eival yvootoi cav Bpdyyot Tov

Parker. [Parker (1965) Astrophys. J. 142, 584]

Ymv avdivon tov Parker yio v actdbeia tov dickov tov IN'oraéia, ot adtatdpakteg
KOTOGTAGELS GLVIGTOVTOL OO HOyVNTIKEG YPOUUES TapdAAnieg oTo eminedo TOL SioKOL
YOUEVEG GE “TIOYOUEVO” aEPLO TTOV €ivorl €V HEPEL LOVIOUEVO, KOl GE “OYeTIKIOTIKO aéplo”. To
poyvntikd medio ocvledyvotal pe t0 “Tayopévo 0€plo” mov eivor adpovég Kol ETOUEVOG
Kpatdel To poyvnTikod medio “katw”. To oyetikiotikd dpmg aéplo oynuatilel g LGaAidn
(bublle) Bepuov mAdopatog n omoia avePaivel avodikd mpog T dvvopkn Paduida ko EEm
amd 1o YoAa&loko EMIMESO KO TPOKAAEITOL EKTOVOGT. AT 1| aotdbela eivor vrevbovn yia
T0 CYNUOTICUO TV YOAASWOKOV Bpdyywv Kot T Onpovpyios GAMG HE YNADV EVEPYELOV
ocopotiow.

H oaotdBeia eniong vmobéter por guown outio ywo v tomikn e&locwon Ttov
EVEPYELOKADV TUKVOTNTOV TOV KOCUK®OV OKTIVOV KOl TOV HayVNTIKOO TEdiov. Av ecr<< &g 1
nieon emnpedleTon amd To poyvnTiKd medio To 0moio TaPAUEVEL OEUEVO GTNV TOYOUEVT] VAN).
Av gg<<ecpr. M mieon emmpedleTon amd TO CYETIKIOTIKO OEPLO OMOTE ONUOLPYEITOL TOMIKN
¢€apon mieong oty dAw. [ avtd cvvnBmg sivorl egrecr, Kot TO PAKOG KAMUOKOG VTS TNG

aotdfetog eivon TG TAENG Tov Vyovg Tov dickov (200-300pc).

48



3.3.1.3 “Cosmic - ray clocks”

Mia mpocéyyion oty KAlpaxa xpdévov yioo v mayidevorn tov KA mpokvntel amd
TOUG PASIEVEPYOVG TLPNVEG TOL  YPNOLUOTOOVVTOL Yo, xpovordynon tov KA mov
wapatnpovviotl 61N yn. To mo omovdaio eivar 10 podievepyd 16OTOTO TOV 108¢ He xpovo
nuiceoe Cofe 1.=3.9-10° ypévia. Av To copatidio eival oyeTKIoTiKd, 0 XPovog eivon yt,. To
Be mapdyeton and Opvppoticpd tov C kot O, 6mov 1n oMkn evepydg STOUn Yoo TV
TOPOYMOYN %8¢ givan 10% ™G OMKNG evepyol dtatoung yu v mapaywyn B. Q¢ yvootdv to
10 pe B-otbomacm dlvet 10,

Ot agBovieg Twv 160tén®MV ToV Be kot B pog mAnpogopodv yia to av S106mdotnKe T0
B¢ kot emopévmg vroloyifovv ) péon nlkio tov KA ot I'n. Zuvdéovtog avtn v niwio
He 1o piKkog Sadpopfic tov KA 50kg-m?, pmopodpe vo Ppodpe T péon SOUATISLIKN
nmukvotnTo oL dracyilovv ot KA oto ta&idt toug péypt ) I'm. Ondte oty e€icmon dudyvong
(diffusion-loss) mpémnel va tpocbécovpe Eva 6po Yo T padlEvEPYd S1AGTAGT TOL GTOXEIOV 1
pe otabepd drdomaong 1/t dnA. Tov 6po Ni/t;

H g&iowon didyvong (diffusion - 10ss) diveton amd ™ oyéon

ON. 2 0 N; P;
—=DV°N,+— | b(E)N, ——+X —N. 3.2

! J

omov DV?N  givon o ouvnng 6pog d1dyvong

éiE [b (E) N, ]aivou TO KEPOOG KO 1] ATADAELD EVEPYELNG OO TO EVEPYELOKO PACLLOL
Q. M pon ékyvons copatdiov TOTOL 1 amd TG TYEG / Lovada GyKov
N, /7, eivor To képdog KoL N amdAEL EVEPYELNS amd OPLUUATIONO Kot

gLl N;n mbovotnta o mopfivag j va dnuovpyncel ctoyeio 1 6g o ovEAAGTIKN

Ts

GLYKPOLOT).
Av 0 TUTIKOG YPOVOG Y10 VoL POAGOLV BT Y1 TOL COUOTIONN YNADY EVEPYELDV tvar <Ty, TOTE O
AOyoG [*°Be]/['Be+°Be+'"Be] avTIOTOlXEL 0TO GYETIKO PpLOUS Tapaymyg mov ivarl 10%. Av o

¥POVOG dradoong tval >T, T0TE 0 AdY0g awTog elvan <10%
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T Tov vohoytopd e avapevopevnc apdoviog tov °Be oto “leaky box model”,
omov o INoAa&lag etvar évag dykog pe xpOvo OPOTETELONG TV COUATIOIMV Te, KAVOLLE TIC

TOPOKATO VTOOEGEIS oTNV EIo®ON ddyLONG

1) DV?N, :—li_
7.(i)
2) Ytafepr| KATAGTAGT GTO GUGTNLO, OTOTE % =0
3) Ta wotona Be mapdyovtor 6Aa amd Bpvppaticpd tov M otoryeiov

P.
4) PuOuédg mapayoyng C, =% -+ N

T

i

Ondte pmopodpue vo yphwoovpe ywo otabepn aebovia €vOg Un padlevepyol 1GOTOTOL THV

EKQpaon

Ni +Ci _ I\Ii
Te(i) Tspal(i)
C.

[/, ()]+ 1/ 7,0 (0)]

Omov Tspal(l) €tvor M ypovikn KAipoko mépav g omoiog KOTAOTPEPETAL TO IGOTONO 1 0o

0

Kot N. =

(3.3)

AVEAIGTIKEG GLYKPOVGELS. AV TO 1GOTOTO | €lvail padlevepyo, £XOVE

N, N; N;

1 +C. — - =

o) ) x0)

C.
Ko N. = . (3.4)

D) ] [ )]+ [ 7 ()]

O AOyoc TOL padleveEPYOD TPOC TO Un padlevepyd oTOKEl0 T.). YO TO Be kot 'Be

TEPYEVOLLE VO ETVOLL

N(Be)  Brn(Bellc,(Be)]l (@)
N('Be) [t/x.(Be)+[1/r,(Be)}+ L/ x.,.(°Be)] C ("Be)

Av n ypovikn KApoKo KotaoTpoeng tov ooténwv Be sivar peyoaridtepn omd 1o ypdvo

JPATETEVLONG TOV COUOTIOV (Tr YVOGTO), EXOVUE
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N (“Be) _ 1/1,("Be) C (“Be) 35)
N(Be) [1/7,(Be)+ [t/ (Be)] C ("Be)

Number of Events per Moss Bin

60.‘ —i20
() £
- q’, -
0§ o 1%
3 3
" Z1
201 S —{40
i &
S —~7—0

Atomic Mass Units

Yyqpe 3.4 o) Ieotomik polikn Kotovoun TV 1I60ToTmVv Tov Be dnwg mapatnpnnke ond to
mAeckono. KA otoug dopvedpovg IMP-7 kar IMP-8. ) Babuovounon g katavoung
OVTAG GTO EPYOGTNPLO TTOV divel TN SVVATOTNTO TOV TNAEGKOTI®V VO, SLKPivouVy Ta,

ootona *Be [M. Garcia-Munoz et al (1977) Astrophys. J. 217, 859]

Y10 oynuo (3.5) 1o wodtoma tov Be éyovv dwywpiotel (Chicago Group) kor o Adyog
[10Be]/[7Be+9Be+1OBe] etvor 0.028 (Simpson, 1983). Tote Ppiokovpe amd v e&icwon
Siipong =107 xpoévia. Av mhpovpe v’ Gyn OTL TO pKog Stadpopnic eivor SOkgr-m'2

Bpiokovpe OtL 1 péom SWOTPIKN TLUKVOTNTO  Eivon 3.10°m>.

Av «évovpe emiong
SPOPETIKOVS VTOAOYIGHOVS Y1 TIS OAPOPEG TEPLOYES TLKVOTNTOG Yol TO JCTPIKO OEPLO
Bpiokovpe 6TL N péon TukvoTNTO Eivor 2:10°m®  «xa o xPOVOGg dpamétevong eivor 10

YPOVILL
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0.6
Ratio for no '°Be decay
-—

0.5F at100 MeV amu™
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Tynpe 3.5 Zoykpion tov Aoyov Be/’Be mov petpiétar otn y1 pe bIoAoylopong d1doong oe

Sapopec TUKVOTNTEG TOL JACTPLKOD agpiov

[J. Simpson (1983) Ann. Rev. Nucl. Particle Sci. 33, 359]

Ta arotelécpato avtd propodv va ypncipomomBolv yia m d1édoon copatdiny 6to

dloko ko otnv Ghw. ‘Exovue mlpel onUavtikég TANPoeopieg Yoo TO0 HEGO YPOVO T®V

COUOTWIOV YNA®V vePYEIDY TTOL TAEOEV0LY amd TIg TNYEG TOVG ot I, aAld Oyt apketd

v v Ao tov FoAdaéia pog. Extdg and 1o Be vmdpyovv kot dAla 1c6Tomo padlevepyd

onwg:

Isétoma

Xpovog
npicsiag Lo1g

26A|
36C|
53Mn
54|\/|n
59Ni

7.4 x 10° years
3.1 x 10° years
3.7 x 10° years

303 days
8.0 x 10” years
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Element Cosmic ray source Local Galactic abundance
abundance
(1990 update)

H 89+22x 104 2.7+0.3 x 10°

He 2.4 x 10* 26+0.7 x 10°

C 431 + 34 1260 + 330

N 19+9 225490

o 511420 2250 + 560

F <25 0.09 + 0.06

Ne 64 + 8 325+ 160

Na 6+4 55+ 1.0

Mg 106 + 6 105 +3

Al 10 + 4 8.4+04

Si 100 100

P <25 09+02

S 126 +20 43 + 15

Cl <16 05+0.3

Ar 1.8+06 11+5

K <19 0.3+0.1

Ca 51409 6.2+ 09

Sc <08 3.54+0.5x 103

Ti <24 0.27 + 0.04

Y <11 0.026 + 0.005

Cr 22406 1.3+01

Mn 1.7+ 1.7 0.8+02

Fe 93+6 88+ 6

Co 0.32+0.12 0.21 +0.03

Ni 51+0.5 48+0.6

Cu 0.06 + 0.01 0.06 +0.03

Zn 0.07 + 0.01 0.10 + 0.02

Ga 56+28 x 1073 ~ 3.7 x10"3

Ge 744 1.0 x 1073 ~ 114 x 1073

Mivaxkag 3.1 Agbovieg tov KA ovykpwwopeveg pe Tig tomikég yohablokés agbovieg
KOVOVIKOTOINUEVES GTO |Si|=100 [J.P. Wefel (1991) Cosmic Rays, Superrnovae

and the Interstellar medium]



Am6 tov mivaxa 3.1 @aivetal 01t ta 166TOMA TOV €AAPPOV oTolxeimv Li, Be, B givan
dEVTEPOYEV TOPAY®YO TV BN, Y0, F ko !Ne. YNUOVTIKE TOGOGTA TOV GTOXEIV TV
pikpotepwv tov Fe eivar mapdywyo tov Opvppaticpod tov Fe kot onpovtikd mo6ootd tmv

ocvvnBov otoyeiov C, O, Ne, Mg, Si eivor TpmTtoyeV o0TIg TNYEC.

3.3.1.4 Iocotpomio KOGUIKAV OKTIVOV

Ov KA mopovotdlovv moAd  peydAn 160Tpomio. GTNV TEPLOYN 10'-10"eV "Etot
YPNOUYLOTOIOVUE £VOL IGOTPOTIKO HOVTEAO SLAYLONG Y10 ol OOV TEPLYPAPT TNG OVUVOUIKNG
TV coUaTiov 610 dioko tov oraéia. Xe avt v mepinTmon, 1o coUATIOW UIToPoHV Vo,
StauBohv péypt o HUIGL ToL ThoVS TOV dickov, dnadh 300 pe mepinov oe 107 ypovie.

Tote av Te 0 TVMKOS YPOHVOC dpaméTenong

pveN=-N_p

Te

Av L 1 KMpoka Tov GUGTHROTOC, TOTE 0 GVVTEAESTNG d1dyvong D sivan

2
DN _ N omoTE DzL=3-1023m2-s‘l

2
L© 1 T,

AoV D=1/3 = A =0.1pc (mean free path)

Avt elval 1 TVMIKN KATHOKO TOV OVOUOIOYEVELMV GTO EVOONCTPIKO HEGO KOl LITAPYOVV
avopoiies oe oty TN KAIHOKO OV GLVIEOVTAL UE KEADQN VIEPKAVOPOVADV, TEPLOYES
oviocpévov Hy kA, Znueidvovpe 0Tt 1o PNKoS 0100 popng etvat ToAd peyahdtepo amd ekeivo
™G duadoons tov KA oto dtomhavntikd péco.

H wotpomia tote ¢ porig Teov KA givan

Dd—N=VN = \Y

dx

N

b =10"%c
L

omov V n kabap1| tayhtnto pone.
Otav Bpokdpacte 6TV GKkpr oV YoAaokoD diokov 1 Tayvmta V=10"¢ divel o
aV1IcoTpOTia TNG 1010 TAENG 10*. H akppng oyéon eiva
3 = (Imax - Imin) / (Imax * Imin), 67OV & 1 AviIcOTPOTiOL KOL
v=[d/(y+2)]c, O6mOV LN TAYVTNTA PONG TOV COUATIOIOV Kot

Y O QOGUOTIKOG EKOETNG.
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Tovto ogeileton oe pkpéc petaromioelg Doppler, 6mov copatidw pe evépysia E
TapaTNPOLVTIOL HE EAaPP®G OlapopeTikeég evépyeleg (Compton-Getting effect). Tlaipvovtag

8=6-10" ka1 y=2.5, Bpiokovpe v=10"c, mov eivar idio pe TV TapambvVed aviivon.

AT SOURCES

| SURVIVING
180 38~ H PRIMORDIAL
180 q 2k ARRIVING
SECONDARIES _
140 — 28—

120 24—

100~ ‘ 20} f
80— F i) o
SOL 12
|
o 8-
20 ‘- .
Ll_LIJJ_LLLLLI;_H]_I A hhh lﬂﬂﬂ PﬂmMmrﬂ
6 7 7 9 10 10 11 12 13 1415 16 17 18 19 2021 22 23 24 25 26 27 28 29 30 31 32 33 34 36" 40 52 54
Li Li BeBeBe B B C C NN O O O F NeNe Ne Na MgMg Mg Al Si Si Si P S S S Ar Ca Cr Fe 22

Yyqpoe 3.6 Zyetkég ootpomikéc agbovieg tov KA mov mopatnpovvior ot I'm kor Omowg
Tapovstalovial oTig NYES Tovg, AapuPdvoviag v’ Oyn To QovOpeve OpPLUHOTIGHOD
pnetald tov mydv kot g I'ng. Ot agBovieg £xovv kavovikomomBei ota 100 yio *C+ *C.

[M.M. Shapiro (1991) Cosmic Rays, supernovae and the Interstellar medium]

3.3.2 Efoyoralrokéic Ocowpieg

H evepyeloxn mokvomnta oto dioko tov Nodalia eivar peydin. 'EEo opwmg yiveton
oAy pkpdtepn. To avtifeto ocvpPaivel oto [Maykdouo e€wyarasiokd mpdTLTO, OTOL M
TOTIKY evepyelakt) Tuokvotnta tov KA givor idia mavtod oto Zoumay.

Zav “meplopiopévo 6yko” tov KA pmopel va deytodpe

™mv dAo tov T'odaéio (~10 kpc)
Local group of Galaxies (~2 Mpc)
Local Supercluster of Galaxies (20 Mpc)
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H emloyn peta&d yora&lokng 1 eEoyaraélokng evong tov KA ompiletal 6to av ot
supernovae Kot ot EKPNEELG TOVG AP’ VOGS 1) Ol PASIOTNYEG O’ ETEPOV Elval O1 KUPLOTEPEG

myéc tov KA To kiedi yuo v eEmyaradlokn vtdbeon eivor ot Quasars.

o) Opoyevég eEoyoraérloké Tpotvmo

Extetvetan oe meployn dwouoctdoewv R=5-10%" cm 6mov 1 EVEPYELOKT TLKVOTNTO TOV
KA 10*2ergicm® (1eV/iecm?®) Eenepvd 1o opotd Topmav. TOTe 1 OMKH EVEPYELL GYNUATIOHOD
tov KA sivor peyaddvtepn on’ GAovg Toug TOTOVG GYNIATICUOD EVEPYELNG EKTOG amd TN 1ala
TOVL ZOUTTOVTOC.

AoV glval Opol0YEVEG TO TPOTLTIO £YOVILE
&cr =Ecr " Po
OOV Py M TLKVOTNTO TOV TNYDV.

H mokvémra tov dvvatodv padio-yoraSidv eivar 4-10780m'3(~10'5Mpc'3). Apo  xotd
néso 6po kabe padioyorotiog mopdyst KA pe ohkn evépyesia 10°
12/4.10"8ergs=2-10%ergs=10"" M2. "Evag padoyohatiog 107 M, diver 2-106Sergs g nalag
npepiog. H pala tov peyardtepov Toraia eivor pikpdtepn amd 10 M, kot N HeEYOADTEP
TIUN EVEPYELOG Elvar 1061-1062ergs Ll 10" M2,

Avt n evépyela OpmS dlvel mukvotTo  HUIKPOTEPT OO 10'16erglcm3

B) Tomké eEmyorailokd TpoTLTO

[TeprhapPdvel meployés pe O10.6TAGELS 10%cm>R>10%"cm. H TANGLEGTEPT OLVOLUKN
mnyn tov Keviavpov A eivar ce amodctoon 12-10%cm. T v yeptoooupe tov OyKo ovtod
(10”cm®) pe moxvomra 10%erg/em® ypewniopacte 10%%ergs. Awrifeviar opoc pdvo
10°%rgs.

IMa va mapayBodv 1063ergs omouteiton 10 M,, evd vy 6Ao 1o [Noda&io etvar pévo

2.10" M.,

3.3.2.1 Evoeigeig Yo “IIeplopiopévo 0yko ” TOV KOGUIKAV OKTIVOV

Avtoc 0 0yKog pmopet va gtvar o diokog tov INoAaia, | ToAda&lokr dimg, Local
Supercluster 1 otnVv dxpa eEwyaraliokn vrdOeon, 60 T0 ZOumOV. AVOEEPOLLE KATOES OO

T1G eVvOei&elg mov vdpyovv:
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1) Hiexktpovia ynrov evepyarov

Ta oyetikiotikd niektpovia vrokevion oe ondieleg Compton okedalduevo amod
YoUNANG evépyetog emtovia. O ypdvog nuicetog Long evog NAEKTPOVIOV G TETOLES AMMAELES
glvan

| 2.3-10%

T LpOoVIQ

Ia E=100GeV, Bpiokovue pio andotacn 3.6 Mpc, av to nAekTpovVia TaEOEV0oVY 6 io1eg
ypoppéc. Onmg Kot T Tp®TOVIO, KOl Ol TUPTVEG, £TGL KO TO NAEKTPOVIO S1oYE0VTOL OO TIG
my£ES Toug Tpog T I'm Kot o1 mnyéc toug Ba mpémet va givar Kovtd. Aev pmopovv Aoudv vo

vepilovv 1o ympo evdg Supercluster, aArd givor IN'oadadioxkng mpoéievonc.

2) X1NuK1 60V6TAGT TOV KOGUIKOV OKTIVOV

O Opvppatiopnds otov S1ayora&loKd YMPO OVLGLUCTIKG SUOPPAOVEL TN YNUIKN
ocvotaon. Xe mTAovotla Opmg clusters tov Falo&udv, vrdpyet pucpr| Evoegn yuo drayoloSioko
aépro. Mmopel va eivar e€oyora&lokng mpoEAevons Eveka Tov Evtovov OpuUUATIGHOD GTOV

StryaAa&lokd ydPo Ta TELELTALN 10% xpoVIO.

3) DaopaTo TOV TNYOV KOGUIKAV OKTIVOV
Padio mopoatnpnoelg Tov VTOAEUUATOV VIEPKAVOPAVAOY Kol TOV EEWYOAAEIKMV
paolo TNymV delyvouv ATt elvar duvatég mYEG YNADV gvepyeldv niektpoviov. To pacpa twv

npwTovioV Kol Tov nAektpoviov eivat id1o oe INoladlokés kot eEoyarasarég mnyéc.

4) “Cosmic-ray clocks”

Amo 1o 16o6Toma Tov Be ovumepaivovpe 6t m tomikn pon tov KA mponibe ta
tehevtaio 107 xpovia Kotd 1o peyoddTepo 10606T6 amd to Fohakia.

Av dgytovpe 6TL pdvo 25% g Tomikng pong twv KA sivan yoda&iokng ¢bong kot to
voromo e€wyaragiokng, Tote Ba vMpye o eEoyaragioky cuvieTdco Tov Ba mepieiye Alyo
%8¢, Aev UTOPOVUE OU®G VO dEXTOVHE OTL YOAASIOKES Kot eE@YOAAELNKEG GLVIGTMGESG £XOVV

10 1010 péyebog oto HE map’ 6T poépyovtat omd StapopeTIKEG TNYES.

5) y-aKTives amd nt° Srucmacelg
Yoppova pe v eEoyarallokn vrobeon n pony KA Ba mpémer va givor otabepn

dwpécsov tov [Nouaa&ia kot Tov TepiPdarovtoc. (Xy. 3.7, 3.8)
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6) Iootponio TOV KOGUIKAOV OKTIVOV
o XTIC YOUNAEG EVEPYELES 10"<E<10%ev Eyovue pEYAAN 100Tpomion TOV €lval GLVETNG

pe ) pon tv KA and tig tnyég péca oto Iaraio.

-

S
N
o

TY TV T LR RARAS] T T !lll'li

9
3

s 113l

-

<
N
P
1

o atanl

1 0—28 -

(y-ray volume emissivity of interstellar gas/cm™s™' MeV™")

A A i FOR | ll e ' A 1 o I
1 10 10°
(E,/MeV)

Yyqpe 3.7 Poég temv y-axtiveov amd S1dpopovg unyovicpovs EKTOUTNG Y10l TUTIKEG OLUGTPIKEG

oLVOTKEG

And 11g mapatmpnoelg tov COS-B Satellite Ppiokovpe ™ yopikn katovoun tov
YnMAoV evepyelidv mpmtoviov kol nAektpoviov dtopécov tov INoraéio (oymua 3.8). Ztig
yopnAég evépyeteg E<100MeV ot axtives-y xupimg opeilovtar ot okédacn Compton Ttov
QOTOC TOV ACTEPOV KOl GTNV AKTIVOBOAMO TEONG TWV NAEKTPOVIOV YNADV EVEPYEIDV. XTIG
ynAég evépyeteg E>300MeV ot aktivec-y opeilovtal 6Tic GuyKpovoelg Heta&h TpmToviny Kot
TUPNVIKOV GLVIGTOCHOV TTov Tpoépyovtal and diuondoeic ©°. O Wolfendale (1991) £6eite
OTL Kot ToL NAEKTPOVIOL KO TOL TPOTOVIL KOl O1 TUPTVIKEG GUVIGTMGES TAPOLGLALOVY EAATTMOT)
TOV PODV TOVG GLVOPTNCEL TNG amOoTaoNG and To kévipo Tov ['adaéia, vrobétovtag Ot

npoépyovtal péca amd to IN'oradia.
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70-150 MeV
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Yyqpoe 3.8 Babpuida g pong e KooUKng akTivoBoliog amd avaldGELS TV YOpTOV
tov COS-B yio v yoAa&lokn eKmTouny| axTivev-y.

[A.A. Wolfendale (1991) in Cosmic Rays, Supernovae and the interstellar medium]

o XTI YNAES evépyereg 10"<E<10"eV N avicotpomion avidvel oyeTlOUEV HE TO
YEYOVOGS OTL T0L COMOTIO dpameTEVOVY Mo VKoL amd to [N'oAadio pe avEavopevn evépyeta.

Av16 oyetileTon pe TNV OKTIVOL KAPUTLAGTNTOS GTNV TPOYLE TOL COUATIOION

¢ _ MoV Sile_[EjSile_RSine
® ze B \ze) Bc Bc

omov R n dvokapyio Tov copatidiov Kot

0 m pitch angle Tov avbcopaTog TOV COUATIOOL.
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Rigidity 'y

10®° GV | 0.36 pc
10YGV 36 pc
10Y°GvV 3.6 kpc
102GV | 360 kpc

Mo oyetkiotikég evépyeteg, M evépyelo. o€ eV elvarl mepimov ion pe ) dvokapyio
oe GV.

270 HOVTEAO TOL OIGKOV 1 YUPOOKTIVOL COUOTIOON EVEPYELOG 10"V eiva ion pe to
ndyoc tov diokov (300pc). H axtiva g dhwg eivon 3-10Kpce. Emiong to ¢dopo tov KA
né@tel amdtopo méve and 10°eV. O Ginzburg katr Syrovatskii édeiav 6L 1 yopoaktiva
TPOTOVIOL UE 10"eV givor ion pe v kAMpoxko tov oavopolov mov givoar vrevbuves yio
™ okédoaon tov KA pe A=0.1pc

¢ H avicotpornia v moAd yniov evepysumv KA givat to omovdaidtepo emyeipnpa yio

eEwyoraéloxn cuviotooo Tov KA.

7) P OTOVIO-TIOVIO KOl QOTOVIKT didvun yéveon
Ynrdpyovv 600 Opla ta omoio. pmwopovpe vo. PAAovpe o1 UM TOV TOAD YnA®vV
EVEPYELDV KOOUIKAOV 0OKTivev. Avtd €ovv moAd peydAovg ocvvieheotég Lorentz mote
QOTOVIOL TNG OKTWVOPOAING TOV HKPOKVUATOV EXOVV TOAD UEYOAEC EVEPYEIEG GTO GUGTNLLA
npepiog tov KA, 1660 peydreg dote n photo-pion kot 1 photo-pair mapaywyr propovv vao
ovpPovv kot va avaPaduicovv v evépyea g KA.
Av mpotovio BouPapdiletan pe ynAng evépyelag axtiveg-y onpovpyohvtot movia Kot
TO KATMOOAL Y10 VTN T Oladkacio etvon £=200 MeV
y+pon+n
YHpo>p+n’o>ptyty
YytTp—>ptnm
H evepyog dwatopn eivar 200 mbarns. H xoopikn aktivoBoiio pikpokvpdrmv yepilet
O6A0 t0 YOpOo ko ot KA dev umopodv va dpamerehcovv and avtd. H evépyesia tov potoviov

£,=6-10%eV (V=1.5-1011Hz) omoOTE 6TO VoMU Npepiag Tov KA €yovv evépyela

E=¢g,Y (1+ % COSO) RYE,
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To KatdEAl yio Tapayyn TovIioy avTioTOl EL GE EVEPYELN

E=ym|oc2 Yo TPOTOVIO, OOV Y=€¢/€, ONA. y=3-1011

E=3.10"eV

Av ohokknpdhoovpe 610 @aopa tov Planck oe dAeg Tic yovieg Ppiokovpe 5x10%V, oty
EVEPYELNKT| TEPLOYT) TMOV EKTETAUEVOV KOTOLYIGULDV.

H péon elevbépa dradpoun yuo pio Lovadikn okédaon eivat
A= (an Nphoton)-1

Nphoton:5-108m'3 (LkpokdpoTa), an:2.5-10'32m'2—>k=1023m OV OVTIOTOWEL O UNKOG
duadoong 3 Mpc 1 o€ ¥pdvo 614606MG 10 xpoviO.

. ’ 3 2 ’ . . ’
H evépyela Tov moviov glvol ym,C” Kot 1 TOGOCTIOH0 ATMOAELN EVEPYELOS TOV TPOTOVIOV

AE/E=m_/m, ~ L
10
'V avtd eivar oavepd Ot 1 oAk péomn erevBépa dLodpPOoUn Yo TO KOGUIKO TPMOTOVIO VoL
Y0oel OAN TNV €VEPYELDL TOL OVTIGTOL(EL OF 108 rovia. Av KA avtig g evépyelag
dtaoyiCouv To SAGTNLA KOl VTAPYOLY Yo 10% xPOVIOL TPETEL VO VTTAPYEL £V KOTOPAL GTO
eVeEPYEWKO QAo YOp® oTa 5.10%%V ko Sev eaivetol va mopatnpeitol. Avti 1 TopaT)PN o
vroBétel OTL ot MOAD ynAdv evepysuwv KA dev pmopodv va €éABovv omd amootioelg
peyoAvtepeg twv 30Mpe. Mo tpoéhevon akdpa ko amd tov Supercluster Virgo Ba ntav

QOOEKT).
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Galactic theories

Galactic theories

Extragalactic theories
Confinement volume

Extragalactic theories

Evidence )
Disc Halo Supercluster All space
1 Cosmic ray electrons
consistent probably inconsistent inconsistent
2 Chemical composition of consistent
light cosmic ray nuclei consistent consistent consistent consistent
3 Spectra ray of cosmic ray
sources consistent consistent consistent consistent
4 Cosmic ray clocks
5 Transuranic elements consistent consistent inconclusive inconclusive
0 A ) : - -
6 y-rays from nt decayS consistent consistent inconclusive inconclusive
7 Isotropy of cosmic rays consistent consistent inconclusive inconclusive
10 eV
15 . . H
107 eV consistent consistent consistent consistent
19 . . H
>107 eV consistent consistent consistent consistent
8 Photo-pion and Photo-pair | inconsistent inconsistent consistent consistent
production consistent consistent probably inconsistent probably inconsistent
for protons
9 Energy sources for consistent for Fe nuclei
cosmic-rays consistent with consistent with very powerful extremely powerful

supernovae

supernovae

sources needed

sources needed

MMivaxkag 3.2 Ilivakoag aAnBeiog yio TV TpoEAELOT| TOV KOCUIKOV OKTIVOV



KEDPAAAIO 4

MHXANIXMOI EINITAXYNXHY TON KOXMIKQN AKTINQN

4.1 Tevikéc apyég

To tepdotio mpoPAnua eivar n emtdyovvon tov KA oto yoloSokd ydpo Kot 1
OmOKTINGN TOV TEPACTIOV EVEPYELDV, OTMOS PAIVETOL OO TO EVEPYELNKO PAGHLAL.

O unyaviopoi emttdyyvvong TaEvopobvTol GE TPELS KOTNYOPIES:

1.- Hlextpopayvntkoi: Zopoatido emraydvovror amd nAektpikd media, dmwg neutral

sheets, niekTpopoyvnTikd KOHOTO TAAGLOTOG KOl OTIG LAyVNTOGPOAIPEG TV OOTEPMV

VETpOVI®V.

2.- Avvapikoi: H emtdyvvon yivetan pe tn cbHykpouon TV COUATIOIOV LE LOYVNTIGUEVO
“Vé(pn”'

3.- Yopopayvnrikoi: Emtdyvvon OAwv TV OTpOUATOV TOV TAACUOTOS O WYNAEC
TaXOTNTEC.

H dudkpion petald tov katnyopidv dgv eival caeng, 10Tt Ta copatiow, agod gival

(QOPTICUEVA, GLVOEOVTAL LLE TIG LOYVITIKES OUVOLLKES YPOLLLLLES.

H yevikn ékppaon yioo v €MTAYLVON QOPTIGUEVOL GOUOTIIIOV GE NAEKTPIKA Kol

poyvntikd medio etvon

%(ymo):e(Eﬂ)xB) (4.1)

Y& aoTPOPLGIKA TEPPAAAOVTO OTATIKA NAEKTPIKA TTEdiO OEV HITOPOVV VA GLYKPOTNHOHV AdY®
™G HEYOANG Ooy®YOTNTOS TOL ovicpévov aepiov. Kdbe miextpikd medio otiypaio
KOUTOADVETOL amd TV Kivnom ehevBepov @optiov. I owtd o pnyovicuds emtdyvvong

umopel vo cuvogetan ite Pe PN oToTikd NAeKTPKd medio, OT®G NAEKTPOUAYVNTIKA KOLOTOL



HEYOANG EVEPYELOKNG TLUKVOTNTOC, 1 UE YPOVIKA peTafoAAdpeva poyvntikd medio. Av to
HayvnTikd medio eivor oTaTiko, 0ev mopdyeTal EPYo 6TO COUATIO. AV TO LayvnTikO Tedio eivon

YPpOoVikd petafordopevo, TOTE TapAyETAL £PYO OMO TO TPOKOAOVUEVO MAEKTPIKO Tedio

(e&lowon Maxwell).
curlE=-0B/ot (4.2)

YmoBétovpe, onAadt|, 6Tt patvopeva, 6nwg to PritaTpo, UTopodv va. epapuochodv ce
acTpoPLGIKd mepBdriovta. [a mapdaderypa, 1 cOYKpovon VoS VEQPOLG LOVIGUEVOL aEPIO
pe “mayopévo” payvntikd medio odnyel o€ €mMTAYLVON QOPTIGUEVOV COUATISIOV, 0QOD
dttnpovvtol ot adtafotikég otabepés o€ ypovikd petafordiopevo poyvntikd medio. Aegv
etvat caeng Op®S 0 TPOTOG OOV AVTOG O UNYXOVIGLOS Umopel va TaiEeL Eva pOAO GE TEPLOYES
omov yvopilovpe 6T To copatiow emttaybhvovial o€ YNAEG EVEPYELEG, OTTMG TAL KEADPT T®V
VTOAEUUATOV TOV Ssupernova.

Emiong eviapépovoa sivar n emitdyvven amd niektpikd medio ota neutral sheets,
xopic Opmg va gtvar caenc. Xnuepa 1 LEAETN TNG EMTAYLVONG TOV COUATIOIMV £YEl oTpaPEl

o710, 1oyVPa KopoTo kpovong (strong shock waves).

o | R

a \"S .
CONN .
8175
apy N
Mg T
S " |
2f ] i !
oFe'—'T___ '

- L 1
12 % 20 24 28 32 3 40 44 48 52 5 60 64 6B

Yyqpo 4.1 Evepyelakég (ovec yio to “kticiuo” tov atdépov oto “Bdbog tov dtootiuatos”

Apywca o Millikan véBeoe 611 1 evépyeia tov KA avtimpocdneve ) dtopopd HeTaEy
TOV 0TOpK®OV poldv Tov cuvifov otoryeiov Kot Tov peyaidtepov abpoiouatog twv palov
tov Hy mov evobnkav otov dwamlovntikd ydpo yi va oynuoaticovv tig KA (mopnvikég
avtwpaceg). Ot Millikan kot Cameron Oiékpivav téocopeg evepyelokes (MVES Yo TO

“ktioto Tov atdpov” oto Pdbog Tov dactatog. Ot {dves avTég SlakpivovTol avaAOYa LE
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m Opdon tov Hy oto oynmuoticpnd tov cuvnbov otoryeiov He, o&uydvov (C,N,0) kot
nmoprriov (Na, M, Al, Si ko S).

4.2 Hlektpopayvntikoi Mnyoviopoi: Bijtatpo

O pidteg TpoomdBeleg Yoo TOV LITOAOYICUO TV evepyelmv Tov KA Bdoel tov 101
YVOOTOV QUGIKAOV apydv otnpilovtav otnv 10te KAACOIKY NAekTpopayvntiky Bewpia. O
Swann to 1933 £6e1e 611 petafarlopeva acTpkd poyvnTikd medio Umopovv HECH TNG
NAEKTPOUOYVITIKNG EMOYy®YNG va. avEnoovv 115 evépyeteg tov KA Emeonuave 61t onuoacio
dev &yel 10 péyebog tov mediov aAAG M xpovikn HeTAPOAN TOL Kot £J€1EE OTL NAEKTPOVIL
EMLTOYVOVOVTOL GE EVEPYELES 10%%V ono ta NAEKTPOUOYVNTIKA TESiO TOL TOPAYOVTOL KOVTA
OTNV EMPAVELL TOV NAOL Kot TV aoTtépav. Eival yvootd ot poyvntikd media move amd
apketd kGauss ocvvdéovtor pe TIg NAaKES KknAdeg ot omoieg eppavifovtol Yo péEPES M
Boopddeg oTov MAL0.

H apynq avt) ypnoyworombnke oto Ptatpo. Popticuéva copatioln emxttoyyvvovTol
oo OHOYEVES LayvnTiko Tedio, To omoio aw&avet pe 1o ypovo. Eivor avdioyo pe éva obvnbeg
HETOOYNUOTIOTH, OTOV UETAPAAAOVTOC TO HayvnTiKO TeEdio OMUIOLPYEITOL MAEKTPEYEPTIKN

dvvaun €€ emaymyng mov Kvel 1o pevpa LECH 6TO KOKAMLLAL.

4.3 Avvapikol pnyoviopot

4.3.1 Mnyoviopog emrdyvveng kota Fermi: 1n dmroyn

O unyoviopdg Fermi mpotadnie to 1949 cav pa otoyaoctikn Oewpio dmov copation
ouyKpovOUEVA HE “VEQN” OTO €VOOOOTPIKO HECO UTOPOVV VO EMTAYLVOOLV GE YNAEG
evépyeleg. Oa eEetdoovpe dVO ATOYELS TOV UNYOVIGHOD emtTéyvvong Katd Fermi.

2y apyikn Tov gwova, o Fermi @ovidotnke QOpTIGUEVE COUATION VO 0VOKADVTOL
amd “poyvntikovg kabpénteg” (magnetic mirrors) wov £40VV GXECT PUOIKA LE OVOUAAIES GTO
yoro&lokd poyvntikd medio. Ot KabBpépteg avTol KIvOUvVToL G€ TPAOTN TPOGEYYIoT] TUYI0 Kot

o Fermi £0e1&e 0T1 T0 cOUATIOWN 6° AVTEG TIG EKTPOTEG GTATIOTIKG KEPSILovV vépyeta. Av tal
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oOMOTIO TAPOUEVOLY HOVO HEGO GTNV EMLTAYVVOUEVT] TEPLOYN Y10 KATOLO YOPAKTNPICTIKO
YPOVO Tesc, TPOKVTTEL U0, SUVOULIKT KATOVOUT TMOV EVEPYEIDV TOV COUATIOIWOV.

Kotd 115 ovykpoHoelg avtég vdpyovv dvo THmol Guykpovcemv (Xy. 4.2).
0) T0 copatiol eliooetarl YOp® omd Hol HOYVNTIKY SUVOULKY] YPOLUTY, ELCEPYETOL GE QL
nmeployn peyarvtepng évtaong avEdvovtag étol v pitch angle (yovio g taydnTog TOU
ocOUOTIOON e TO poyvnTikd medio) €mg 6Tov T0 emimedo MEPIOTPOPNG Yivel KAOBeTO OTN

devBvveon Tov mediov mov KabpePTilel Eva TaydeLUEVO GOUATIOW (Mirrors).

Mirror Region

/N
N

/v

Yyqpoe 4.2 TOmotr cuykpodoe®mv POPTICUEVOL COUATIOION LE HayvnTiKA Tedio

O éMhog toToC €ivor eKeIVvOg OV TO COUOTIOD OIMADVETOL KATA UNKOG TWV OLVOUIKOV
YPOUU®V Gav Cmv.

2T1G HETOMIKEG KPOVOELS HETaED evog cwpatidiov evépyelag E kot evdg vépoug to
copotidlo kepdilel evépyswo. Xdver OU®G evEPYELD OTOV CLUMIMTEL 1) QOPH KIWNGEWG
COUATIOON Kot TEGIOV. ATOSEIKVIETOL OUMG CTATICTIKA OTL Ol KOTO HETOTO GLYKPOVCELG

elval TEPLoCOTEPEG KOl GUVETMS TO. GOUATIOW KEPIILOVV GTATIGTIKG EVEPYELQ.
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Yyqpoe 4.3 Zoykpovorn copoatidiov paleg m Kot evog cuvvepov pualog M

o) Metomikn cOykpovon b) mpog v 1610 dievBvvon

Ol TBavOTNTEG LETOTIKNG KOl TPOG TNV 101 d1evBuven cuykpoveng ivatl avaloyeg TV
OGYETIKAOV TAYVTNTOV TPOGEYYIONS TOL couatiov kot tov (v+Vcosd kat (v-Vcosd)

avtiototya. Otav v=c ot mBovotnteg eivar 1 + (V/c) cosh, omov 0 < 0 < 7.

E&etdlovpe tov apyikd vmoroyiopud tov Fermi, 6mov 1 oclOykpovon peta&d TOL
oOUATIOON Kol €VOG COUVVEQPOL GLUTOYOVG YiveTol MOTE M yovio HETOED TNG OPYIKNG
devBovvong tov copaTdion Kot TG KaBETov otnv empdveia Tov kabpéptn etvon 0 (Zy. 4.3).
Oo vmoloyicovpe TN HeTAPOA] NG EVEPYEWS TOV OCOUOTIOIOL GE O GUYKPOLON|
(novodibotatn mepintwon). O aplBuodg TV KOUOPEPTOV 1 TOV HOYVNTIKOV GOVVEQ®V TTOV
KvoOVTOLl TPOS TO COUATIO0 gival mepimov 10106 e Tov aptBpd ekeivav mov amopakpHvovTol
ar’ ovtd cvppova | éva eEmtepikd mapoatmpnt. Emopéveg eEetdlovpe v mepintmon
OOV £VO COUOTION GLYKPOVETOL HETOMIKEA 1 Katd TV 101 d1ehBvvon pe avtd 10 GUVVEPO.
OepOVTIONG OTN GLVEXELNL TN OYETIKIOTIKN TEPIMTMOOT LROOETOVUE OTL TO GUVVEQPO Eglval
AmEPO, CLUTAYEG, MOTE PETA TNV KPovoN 1 TaxOTNTA TV Tapapével apetdfAnm. (To kévipo
OpUNG TOL GLOTAUATOS Elvan eKeivo Tov chvvepov Tov kiveiton pe tayvtnta V). H evépyeia

oV copatdiov B 6’ avtd 1o svomua givor (Lorentz petocynuatiopo)

E'=y(E+Vpcosh) (4.1)

V2 -1/2
omov Y= (l— —Zj Ko
c

E 1 evépyela tov copatidiov o¢ mpog Tov axivnto mopatnpnti
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H x-cuviet®oa g 6YeTIKIoTIKG 3-0pUnG 6TO0 GUGTNO OpUN|§ Elval dpoto:

P, :p'cose'zy(pcose+%j 4.2)

2TV KpovoT| 1 EVEPYELL TOL COUATISIOV dtaTnpeitan

E npwv=E" petd

KoL 1] OpuY| 6T X-01e06vvon

!

5x = _ﬁ;
AV eMOTPEYOVILE GTO GUOTNHA OVOPOPES TOV aKIVITOV TOPOTNPNTH
E"=y (E'+Vp,) (4.3)

o6mov E”" 1 evépyetla Tov copatidiov g mpog To adpavelokd GUGTNILO OVOPOPAC.

Avtikofotavrog oty (4.3) v (4.1) kot (4.2) Kot KoAOVToS

p,/E=vcos0/c’

Bpiokovpue
2
E"=y?E {1+%+GJ (4.4)
Emexteivovtag o 2n t6én oc mpog V/C, Exovpe
2
E'—E=AE= ZVU—SOS@+2(X) }yZE (4.5)
c c

2t ovvéyew vrohoyilovpe ™ péon Tl g yoviag 0. Adyo g okédoong pe
VOPOUAYVNTIKG KOUATO 1] OVOUOMEG TOL poyvnTikoy mediov, @aivetor OTL T0 cOUATIO
okedaletan Eapvikd HeTald TOV GLYKPOVGEMY UE TO GOVVEQQ, OTOTE UTOPOVLLE VO fpovLe
™ péon avénon g evépyelag, Ppiokovtag ) péon tiun g yoviag 8 oty e&icwon (4.5).
"Eva. onpavtikd onueio elvar 6Tt 1 mhovOTNTO TOV UETOTIKOV GLYKPOVGEWV givol gEAaQpd
HEYOADTEPN OO TIC GLYKPOVCELS TNG 1010¢ 01eV0VVONG. Mowalet pe TN okédaon PMOTOVIMY 6N

okédaon Compton. H dtapopd ivar 6Tt T copatidio Kivovvtal g pio toyhTnTa. v.
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Mo amlovotevon, Bewpodue TV TEPITTOON GYETIKIGTIKOD COUATIOOL 6oV V = C,
. , , , . . V
t61E M MOAVOTNTO GVYKPOVOTG 6T Yovia O givar avdAioyn tov y|1+| — [c0SO |.
C

Amo6 10 oynqua 4.3 PAémovpe OTL M CLYVOTNTO GLVAVTNONG TOV COUOTIOIOV LE TO
VEQPOG eival avaAOYN TNG OYETIKNG TOLTNTOG TOV COUOTIOON Kot TOL VEQPOLS. AnAadm|
avdAioyn Tov [v+V cos] yio petomkny kot [v-V cosB] yuo g 1diag dievbuvong cuykpovoELC.

H mBavotra g Pitch angle va Bpebet otnv meproym 6 ko 6 +dO eivon avdroyn tov
sinfdf. OloxAnpadvovtog oe OAeg TIS Yovieg amd 0 — T tOTE 0 TPDOTOG Opog otV e&icmon

(4.5) ot0 6p10 v — ¢, Yivetan

1x + v X | dx 2

6mov X = c0s0. 'ETo1 6T0 GYETIKIOTIKO OP10 TO HEGO EVEPYELKO KEPDOOG oVl Kpovom eivat

AE\ 8(VY
(E-5(%) &

"Etot mpoxintel 10 omovdaio cuunépacpo tov Fermi 6t n péon avénon g evépyetlag
givanr 2a¢ tééng kou mpog V / €. Avtd odnyel oe ekbetikry avEnom g evépyslag Tov
ocopatidiov, apov 1 idte Tocootiaio avénon cvpPaivel og KOs Kpovon.

Av m péon ehevBépa dradpopn HETAED VEQEOV KOTE UNKOG OUVOUKTS YPOouUnG elvar L,
0 xpovog petal&d tov cvuykpovoemy eivor L / €os ¢, 6mov @ n pitch angle Tov copatidiov g
TPog 1 01evBuvor Tov payvntikov mediov. H péon tiun g Cos ¢ og 6An ) yovio ¢ divel 1o

HEGO YPpOVO PETAED TV oLYKpoVoemV, oV givar 2L/C. Tote 0 puOUOS adENONC TG EVEPYELNG

sivo:
2
d—E:ﬁ V— E=aE (4.8)
dt 3{cL
onote
E(t)=E,exp (at) (4.9)

omov E; evépyela éxyvong (injection energy), oniodn kOmolo otofepn opyikn EVEPYELD TOV

cOUOTO0V.
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YnoBétovpe OTL T0 GOUATIOWO TOPOUEVEL GTNV EMTOYVVOUEVY] TEPLOYN Yol £val
YOPOKTNPLOTIKO YPOVO Tese. I phoovue v e&iomon O1dyvong yu To EMTAYLVOUEVO
ocopotidle  N(E) ko Bpiokovpe tn Adon 6tav Ppickoviar ce tcoppomicn dnAadr €xovv
emroyvvOel 6Aa ko dev petafdrrietor o N(E).

dN(E) o

2 N( )
= — b _
DV2N(E) + — [b(E) N(E)] E

T

+Q(E) (4.10)

esc

o6mov  N(E) mukvomta copatidiov, D cuvtedeotng dudyvong
b(E) = _(?j_ltE dnAdvet to yaoo (b(E) Betikd) 1 o képdog evépyetag (D(E) apvnticd)

kot Q(E) pubudg éxyvong copotidiov amd kdmota Tnyn.
Evdwpepopaote yio pio ototikn Avon, ondte dN/dt =0
Aev pog evolapépel n dudyvon otov 0yko dV, omote DVN =0
Oswpodpe OtL dev vapyovv mnyég. onote Q(E) = 0
Eneion dE/dt=aE (To ydowo evépyetag Ady® kpovong divetot amd v
b(E) = - a E, omdte 1 (4.10) yiverau:

d

E [«EN(E)]- NE)

T

0

esc

Awgpopilovtag Ppiokovpe

dE at E

dN(E):_[lJr 1 JN(E)

Kot

N(E)=C- E_[ha;] (4.11)

Apo KOTOANYOVLE GTO YVOOTO WOG EVEPYEWKO QAcpa, 6mov y=1+1/art,, kot pmopei va
avtiotoyynOel pe v mepapatikn Ty y=2.5 yio E = 10%°-10% eV.
O Fermi otnv apyikn mpotact vaédece 0TL 01 KPOVOELS LE TO AoTPIKA VEQT Ba etvar 1)

KOplo Ty kpovoewv. Ta kuprdtepa TpoPApaTA TOV TPOKHTTOLY Eivon Tar akOAovOa:
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a) Ot tovmteg TV vepov oto FNoradio pog elvar moAd Hkpéc o€ cOYKpIon pe TV
Toyv™To ToV POTOS, V/C<<10™ . Alwote Eépovpe OTL 1 mokvoTTa Tov [odaéiakon

Siokov eivar 102 gr/cm® xar ot mpwtoyeveic KA mepvodv amd 3 gr / cm? vine. ‘Etoun
amdoTaoT oL TPEMEL va. dtavubel amod Tig KA etvan

~3/10%cm=3-10cm kot 0YPOVOC Tese = 3 - 102 /¢ =3-10° ypovia
> lNoAagoxm GAo avtictotya sivot

~3/10%cm=3-10%cm kot 0 ypdvoc Tesc = 3 - 10%° / ¢ = 3. 10° ypovia
Kotd ) dwdwacio Fermi yperdlovran 3 x 108 ypévia apopovig Tov KA oto lNodaia, evo
oTN TPAYLATIKOTNTA 0 XPpOVoG avTdg eivarl 100 popéc pkpoTePOG,.

Eni miéov m péom erevBépa owodpoun tov KA ot0 evdoaotpikd pHECO €xel
vroAoylotel 0Tt eivan ™ TaEng Tov 1 pe (3 x 10'8 cm) Kot £T61 0 aplBUOg TV GLYKPOVGEWDY
etvan 1/étog, dpa éxovpe éva mOAD HKPO KEPOOG EVEPYELNS OO To. cmUaTiow. Apo vdpyet
HIKPY EATIO0 Y10 VO TAPOVY OLGLOGTIKY €MTAyVVOT omd To pnyoviopd Fermi. Tlpéner va
oTPAPOVIE OE KPS KAlpakaG dtotapayés, OnMmMG To “KEADEN” TOV LTOAEUUATOV TOV

VIEPKALVOPAVDV OGTEPMV.

B) Aegv éxer cvumepiinebel 10 ybowo evépyelag tov copatdiov Adym oviopod. Ta
copatiow ybvoovv evépyela AOyY®V 10oviopolh kot kepOilovv evépysla KOTé TIG KPOVGOELS
(netomukég). O1 andAele Ady® 10VIGHOD TOPEUTOSILOVV TV EMTAYLVOT TOV COUATIOIOV
amd TIG YOUNAEG EVEPYELEC.

Av 0 unyoviopog emtayvvong eivol omodoTikos, To COUATIOWw TPEMEL Vo, EKYVOOHV
OTNV EMITAYVVOUEVY] TEPLOYN HE EVEPYELEG UEYOADTEPES OO TIC OVTIOTOL(EC OTO WEYLOTO
pLOUO ammAglag, | N apyikn dwdikacio emrdyvvong vo gtval EAQVikd amodoTikn mépa amd
anoAeieg evépyetag. Eivan mpdfAnua yio OA0vG ToVG UNYavIoovS EMLTAYLVONG.

To onueio mov avtictoyyel otV eAdIOTN EVEPYELDL OV OTOLTELTOL Yol VO apyiceL M
dwdwacio Fermi Aéyetan evépyeia €xyvong (injection energy). Av kol 1 eVEPYELD 0VTN Elval
vy to. TpoTtovia poévo 200 MeV, yua Bapidtepovg mopnveg €& artiog tov peydiov pubudv
LOVIGHOV TTOV £YOLV, AMOUTMOVTOS TOAD HEYOADTEPES EVEPYELEG Ekyvong - tepimov 20 GeV Y
10 o&vuyovo kot 300 GeV yia to Gidnpo.

AVTOC 0 UNYaviopOg OOVAEVEL KOAG Yo TO TPOTOVIA, OAAL OKOWMO KOL OV 1| LEYEAN
evépyela £kyvong mov amarteital, TpounfevdTay amd GAAOVG UNXOVIGLOVG, OEV UTOPOVLE VO

€ENYNOOVLE TO TOPOUTNPOVLEVA YOPOAKTNPLOTIKA PopOTEP®V TUPVOV.
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Sufficient
acceleration

insufficient
acceleration
dE

dt

lonisation losses

E

Yyqpoe 4.4 Zoykpion tov  puBuod  emitdyvuvong Kol TOV

ATOAELOV AGY® 1OVIGHOV Y10 GOUATIO YNANG EVEPYELNS

Y) Agv vrdpyer timota otn Oewpio mov va e€nyel yati o evepyelaxkog exBétng sivon
nepimov 2.5 mavtov. Oa Ntav a&ooNUEI®TO oV 0 UNXOVIGUOS EMTAXVVONG GE SLAPOPOVS
TOTOVG TTNYADOV NTOV TETOL0G MOTE O YOPOUKTNPIOTIKOG YPOVOG Tesc Kol O PLOUOG amdAELNG

EVEPYELOG, OTMG AVTITPOSHOTEVOVTAL 0td TN 6TadEPd o, eivar pia TayKOoa otafdepd.

4.4  Yopoovvouikoi pnyoviopoi

441 Emtayoven copatiov 6€ 16vpa KPOVGTIKA KOPATO

Mnyoviepog Fermi 2n aroyn

2t devtepn exdoyn g 206 taENg emtdyvvong Fermi ta copotidie aviidpodv pe
SPOPOVG TOTOVE KLUATOV TOL TAACHATOS Kol Kepdilovv evépyeln apoy oKeSAGTOOV
OTOXAOTIKA om’ avtd To Kopato. “Etor mpémet v acyoAnbovpe pe VIPOUOYVNTIKES
dadkaciec, To poyvnrovidpoduvapikd unyoviopod Alfven.

O Alfven to 1959 £dei&e 611 copatiolr MOV KWWOLVTOL CE UAyvnTIKO Tedio pe
OVOUOAIEG TOV £YOLV OlOGTACELS TOAD  HUKPOTEPES OO TN YVPOOKTIVOL T®OV COUATIOIWV

umopovv vo kepdicovv opur (Mayvnrikny avtiia).
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Méoa oe payvnrtikd medio B copatioo pe gykdpoia opun pr oatnpet otabepd 1o
Aoyo c=p’ /B, omdte av 10 medio awédver omd 100 y — 10000 y 1 p. owédver katd 10

@opés. Tovto odnyel ototioTikd o avEnomn ¢ evépyetas. To dapopikd edopa etvor

Jp)dp=ptdp (4.12)

Kot av AdBovpe v’ Oym T S1dyvon TV COUATIOIOV LETE TNV EMTAYLVOT)

Jp)dp=p?" (4.13)
omov J dyvootn mocdtta oty mepoyn] -1 <J <+1. Agv GUHQ®VEL LE TNV TEPAUOTIKY TIUN
vy = 2.5 (mepdpoata tAdopatog). [lapatnpnoeig padoyoraludy kKot Quasars dgiyvouv Ot Kot
o yora&lokn KAMpoka ovufaivovov  emtaydvoels. Mayvntobdpoduvapkés aotdbeleg
TAGCLOTOG UTOPOVV VO OONYGOLV GE OOTOUN UETAPOAN TNG HOYVNTIKNG EVEPYEWNG GE
KIyNTiKn evépyela copatdiov (Mnyoviopol Aapidac).

"Exel Bpebel 011 1oy0pd kpovoTikd Kopato mailovy oUaVTIKO pOAO GTNV EMTAYLVOT)
tov KA. Mg autd 10 onueio aoyoAeitar n devtepn exdoyn Fermi.

Mmnopovpe va Eavaypdwyovpe v ovcio Tov unyovicpov Fermi oe por amdovotepn
popon, av Bewpnoovpe E = B E, 1t péom evépyeta tov copatidiov petd amd pio Kpovon Kot
P mv mBavoétto va mapopeivel To copotidlo Héco oty TEPLOYN EMTAYVVONG UETE amd Lo
kpovon. 'Etot petd and k kpovoeig, vwdpyovv N = N, pX copatiow pe evépyeteg E = E, Bk.

Anaieipovtag to k &éyovpe

InP/InB
In(N/N,) InP . N {E]
= OTOoTE N_: —_—

E

0

v mpaypatikotnta avt) N T N etvar N(= E) apov o ap1Bpog avtdg eivar ta copotiow

oV PTAVOLV TNV evépyeta E kot kdmoto puépog o YnAOTEPES EVEPYELES, OTOTE EYOVLLE

N (E)dE = Cx E H("/m)gE (4.14)
®aiveror 0t Ba katoAnyovpe 6° éva ekbBetikd pdopa. H woodvvapio petald g mpdng Ko
devtepng exdoync g Fermi emtdyvvong eaiveton amd 1 oxéon (4.11) kou Tov opiopd T0V
B= [1+ (OL/ M)] ,0mov /M glvan 1 abEnom g evépyetag ava kpovon kot P oyetileton pe to T.
Yy mpotn ekdoyn tov Fermi 1o a givan avdroyo tov (V / C)2 €€ artiog Tov emPpadvvtikon

(QOVOLEVOL TMV UN LETOTIKOV Kpovoewv. ['t avtd 1 apyikn ekdoyn g Bewpiog Fermi eivon
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YVOGTH ooV de0uTeEPNS TAENG emtdyvvon Fermi kot elvar évag modd apydg punyaviopdc. Oa

Nrav KOAHTEPO TO TPAYLOTO, OV DITPYOV LOVO HETOTIKEG KPovGelS. Mia e€taom g oy€ong

2
AE 2Vvu cose+2(X]

c? C

delyvel 6° autn TV Tepintwon ot adéEnomn g evépyelag ivat

A—EE ~ 2X (Y’<<, ems1dn v<<c) (4.15)
C

A, mpmdtng taENg g mpoc V/C ko emopévog ovoudletar mpdT™g TENG EmtTdyvLVeN TOL

Fermi.

Yyqpoe 4.5 Avvopkn tov copotidiov SNAGV evepyeldVY o€ va 1oYVPO KPOVGTIKO KOLLO

a) Ioyvpd kpovotikd kvpa daddopevo pe vrepnyntiky toydvmto U og otatikd
€VO00OTPIKO 0GP0 [E TUKVOTNTA Py Tigon Py, ko Beppoxpacia Ti. (pz, P2, To
avtioTolyo TPy T0 PHETMTO KPOoLONG ).

b) Pon tov gvdoaoTpiKod agpiov GTNV TPOYLE TOV UETOTOL KPOVGNG GTO GVUGTILO
npepiog tov. Tote o A0yog tv ToyvtHTeV £ival vi/v,=(Y+1)(y-1). [ Tékero
OVIGUEVO TAGG U gfvat Y=5/3 Kot 0 AOY0G T@V TaYLTHT®V gival V1/v,=4.

c) Pon tov agpiov oe GVOTNUO AVOPOPAG OTOV TO TAV® PEVLO. EIVOL GTATIKO KAl M
KOTOVOUN TNG TAYVTNTOS TOV COUATIOIMY YNAOV EVEPYEIDV EIVAL IGOTPOTIKY.

d) Avrtiotpoon nepintmon g C

[Ipdéopata pia TOAD evOAPEPOLGO EKOOYN YO TV TPATNG TAENG EMTAYLVGT TOL

Fermi pe tv mopovcio 1oyvpodv ootik®dv Kopdtov £xel avortuyfel and tov Bell kot amd
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tovg Bladford ka1 Ostriker. H Exdoyn tov Bell divel kaAdtepa ) @LOIKN €1KOVA TOL
0€patog, evd 1 AGAAN elvarl po Lo paTikn TpocEyyion.

H Bacwkn) evowkn g dwadikaciog emtdyvvong ewova divetar and v Omapén evog
1OYVPOV MOTIKOD KOUATOG OV OladiOETAL GTO EVOOACTPIKO HEGO KOl TO OMOI0 MO TEPIEYEL
HEPIKA cOUOTIOW YNANG evépyelag. Me tov 0po 0oTikd KOO, €VVOOVUE OTL 1 dlotapoyn|
OL0010€TOL LEGO GTO EVOOOCTPIKO GEPLO LE 0L TOYVTNTO TOAD HEYOADTEPT OO TNV TOYVLTNTO
TOV 1Myov. Avtd &ivor oiyovpa m mepintwon ektdEgvong palag o ekpnéelg TV
VIEPKALVOPOVAOV, OTOV 01 TaVTNTESG Elvol TEPITOL 10* km / sec kat ot TOYVTNTEC TOL NYOV Kol
tov Alfven 7tov evdoaotpikov agpiov eivar mepimov 10 km / sec. To mo amiovotevpévo
YOPOKTNPLOTIKO TOV SLVOTOV OGEMV glval 0Tl 1 avEnomn g mukvotnTog dlacyilovtag To
pétwmo divetor amod T oyéon

Py ¥+l (4.16)
pr -1
OmOV p1, P2 Ol MUKVOTNTEG UMPOCTH Kol TOW® amd TO KOUM Kol Y O AOYOS TMV EKOV
Oeppomtov. (Ilpokdmtel omd T Swtpnorn ¢ ndlog JpéSOL TOL KOUOTOG KPOHONG

p1V1 = p2 V). [laipvovtac y =5/ 3 yua éva mApes 1ovicpévo aéplo Bpickovpe

p2/p1=4 KOl ETOUEVOGS v/ V=4

Oa dovpe TL cvuPaivel 6TO AEPLO KOGUK®DOV OKTIVOV KOVIQ GTO HETOTO KPOVGOTNC.
Mnpoctd amd To HETMTO, 1] KATOVOUTN TV COUATIOV eivat icotpomikn (o). 4.6).
Mepucég and 11g KA mepvoldv péca amd 10 HETOTO Kol GTN GLVEXELD OMOKTOVV 1GOTPOTiL
MOy okédaongs, €€ autiog TV AVOUOAOV TOV VIAPYOLV THG® amd T0 PHETmmo. Ag onuelmdel
ot Katd T dadikacio avt 10 aépro KA amoxtd kivntikn evépyela and 10 aéplo micm amd
10 pétno. Mepikd and To copatidln akolovBovv 10 aéplo Tom ond 10 HETMTO, EVAD GALN
KwvoOvtal Katd avtifetn dievbvvon and to pevpa kot dacyilovv moAM T0 PHETOTO KPoHoNg.
Avt) n avtiBen pon tov KA otapatd Adyw tov cuvibov dtadikacidv okédaong kot 1 KA
yivetar ko oA eotpon. Ta copatidle mov CGLUUETElYOV G° OVTOV TOV KOKAO, £YOLV
OTOLTNOEL OPIGUEVO TTOGO EVEPYELNG AOY® TNG TPAOTNG TAENS emtdyvvong tov Fermi (pudvo
HETOTIKEG oLYKPOVOoELS). To pétomo mpolapuPavel Ta copatiow kot o KOKAog Eavapyilet.
H opopoid avtod tov punyavicpov givat 1 TAnpn CLUUETPIC TOV VIAPYEL GTN OLEAEVLOT| TOV

COUATIOIMV O TO PEVUO TPV Kol LETE TO LETOTO KO TO avTifeTO.
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K.A.

!

HmnpooTa

m
T looTtporiko agplo
K.A.

!

Tynpae 4.6 Kivnon 1ov KOGUK®GV 0KTIVOV 6TO LETOTO KPOVGT|S

Me amlég vroBéoelg katd tov Bell umopovue va Bpovue ta B, p yi' avtdv tov KoKro.

IMo opard yeyovata, 1 avénon g evépyelag copotdiny Kotd Eva kOkAo givat:
<A—E> =2 Av (4.17)
E c

omov 10 Av givar 1 aoVLVEXELD GTN POT) TOYXVTNTOS UITPOG Kol Tow omd To péTmmo. YmotifeTon
OTL T0 PETOTO deV givor oYeTIKIOTIKO V<< ¢ kot Y =1, aAAd ta copatidw eival oYeTIKIGTIKA.

¥’ évo o EKAEMTLUGUEVO LTOAOYIOUO, Oa mpémel va. mAPOVUE TN HECT TIUN TOV
SUVATOV YOVIOV KOl TOV YEYOVOT®V Katd T0 TAnciacue tov KA mpog 10 pétwmo kpovong
amd omowadnmote d1evbvvon. Apov 10 couatiolo kepdilel evépyela katd 2/3 (V/ C) o€ k0Oe
TEPAGHO OO TO HETOTO KPOVOTNG, G€ Vo KOKAO UITPOg Kot TGm and 10 PETOTO KPovong M

péom avénom g evépyetag Ba etvan

AE\ 4V E 4V
— ) == =—=1+— 4.18
< E > 3c o b E 3c (4.18)

0

[Tpokeévov va vroAoyicovpe v mbavoTta dpamétevons P ypnotponoodpue kot
A éva emyeipnuo tov Bell. Zoppova pe v Khoowkn  kivntikn Oewpia o apBudg tov
copaTdiov mov dacyifovv ) povade empaveiog ava devtepoiento givar 1/4 N,C, 6mov T
N péon tayvtTo Kot N1 1 TokvotTnTo TV COUITIOmY. TNV TEPITTOCT VIEPCYETIKICTIKOV

copotdiov C=C. Avtdg eivar Aoudv o aplipndg Tov copatdinv Tov d1acyilovy 10 HET®TOo
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Kkpovong pe pa axpifeta V/e, 6mov V etvar n taydra tov petdmov. EmmAéov micm and 1o
HETOMTO, cmuatioln pe t pon palag onpoyvovtal pokpid. [licw and to pétmmo ot KA eivar
emiong wwotpomikéc. 'Etol ot ototikn Kotdotacn 6mov 10 pétwno  Bewpeitar akivnrto, o
aplOpog TV copatdiov ta oroio mpémel vo Eavayvpicovv avtiBeta 6to pevua dlo LEGOV

TOV LETMOTOV &ivat:

1
2 N,c—v, N, (4.19)
"Eto1 n mbavomta dtapuyng P elvan
1 N,c-v, N,
4
P= T
4 N, c
V2 TaxvTTo 0epiov mow amd T0 PETMTO
N, TUKVOTNTO COUOTIOV TIo® od TO HETOTO

Ta copdtio g KA oty npdén 60cKoAa mapatnpodv 10 HETOMTO KOl £TCL GE O KOAN
npocéyyon O6mov N1=Ny, ondte

Inﬁzln(l— 402j:—402
c

InP 3v,
Ko =—
Inp v, — L,

Ao T doTpnomn TG poNG UECH GTO HETMTO EXOVUE  P1 V1=P2 V2 KOl ENELON

InP
p2/p1:4:>1)1/02:4:>m:—1 (4.20)
n

To drapopukd evepyelarod gdopa yivetat

1 InP

dN(E)=CxE " dE
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dN(E)=C-EdE (4.21)

BéPata 10 2 dev améyel moAv amd 1o 2.5 mov eivor m T ToL evepyelakov ekBétn. Eivan

a&loonpeioto 6t eoptdatal amd 1o yeyovog OTL 1o puétmmo o mpémel va ivar 1oyvpo. O

UNYOVIOHOG  0VTOC €lval ONUOVTIKOC KOTé TNV EMITAYLVON COUOTOIOV  OTaV  €VOg

VIEPKALVOPOVIG EKTOVOVETAL GE £VOL CTIUOVTIKO péyebog,

800
_ ; - r T
@ 800 -
E A
<
>
i3]
2
3 400ttt
200
% [~ 306 keV
>
e 10° 4= -t
T . ._.’._.-""-_..d
—
« F 7 875 kev -
E »'
L] LLL T seenaRety,
g .'..- L T Sesrerna,,,,
£ o
S . 112-57 keV
£ 10°4 -T
=3
T !
AJ L] ALl 'I T L] I L] T ] L] T
0000 0030 UT 0100

Yyqpo 4.7 Koatovoun tov evepyntikov cOUATISIOV 6TV TPOYI0 TOV SLOmAVITIKOD KOUATOG
Kpovong mov wapatnpinke omd Tov dopvedpo ISEE-3 otig 12 Noguppiov 1978.
270 TOVO OLAYPOUILO QOIVETOL 1) TOYXDTNTA TOV NALOKOD GVELOL TTOL OWEAVEL OTIC
28:16 UT xabmg 10 pétomo mepvd to dopveopo. H pon twv evepyntikdv
apotoviov ovéavel ekbetikd mpwv o pETOTO UE aLEAVOUEVT] EVEPYELN TMV
cOUOTIOV. META TO TEPUGLN, TOV UETMOTOV, Ol POEC TOV EVEPYNTIKOV COUATIOIMV
napapEvouy otobepéc oto Tom uépog Tov petmdmov kpovorng [F. Kennel et al
(1986) J. Geophys. Res. 91, 11, 917]

oA og andotaon S-10pc mepimov. Ot KuP1OTEPES AMOUTHGEL ALTOV TOV UNYOVIGUOD €ivor M

TaPoVGio EVOG dVVATOD UETMOTOV KOl LEPIKA CGYETIKIOTIKA copatidwn yo va Eekvioet. 'Etot
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mOovadg o punyavicpds va epappdletal 6° Eva TAATY PAcpHa amd dopopeTikd meptBdilova,
ooumepthapupovopévov Kot Tov  YOAoSloK®OV  TOPNVOV Kol TOV  AETTOV  KNMOwV

(eEmyara&lokég padtomnyLg).

4.4.2 KpovoTiKd KOPOTO 6TO VTOLEIPPRATO VEOV VAEPKALVOPUAVOV

Muw AN mBavn Bewpio oxetildpevn pe ta kKopaTo Kpovons cvlinmoinke ond tovg
Colgate ko Johnson (1965). Eavayvpilovpe oto TpdTa oTAd TNG £EEMENG £VOG supernova,
otav 1 Kapdid (TVPNVOG) TOL BGTEPLOV EYEL LOALG KOTAPPELGEL Ko 1) bTepPaAlovca VAN glvat
éroun va Katappevoet. Or Golgate kot Johnson mpdtevay 61t HOAG 0 TPNVOS KaTappeVoEL,
N evépyeln GOVOESNG TOV aOTEPO VETPOVIMV ameAevbepdveTol Kot omobnkevetol oty
Kkatappéovca VAN. H amoBnkevpévn evépyeia elvar modd peydin, dote €va 1GYupod OGTIKO
KOpo Kweitar mpog ta (€@ micw amd 10 pétwmo kpovons. Kabwg 1o xdpa kpodong @Odaver
oT0 EEMTEPIKA UEPN TOVL OOTEPQ, 1 TLUKVOTNTO EAATTOVETOL KOL 1) TOVTNTO TOL KOLOTOG
Kpovong mANGLALEL TV TOYVLTNTO TOL POTOG. APECMG To® amd TO KOU 1 EVEPYEWD aVEL
dropo yiveror mOAD PEYOAN Kot 1 EVEPYEWDL TOL KOUOTOS KPOLONG YIVETOL GYETIKIGTIKN UE
TOKVOTNTA TTEPITOV 30gr/cm3. Kabog 10 xdpo mepvd amd to mo opotd oTpdUaTo, TO

couatid amoKTouV o KABe oTtpdua moAD peydleg evépyeleg 0G0 M TLKVOTNTO TG VANG

EAATTAOVETOL.
T.X. OF 1 gr/cm?® n evépyela ava copatiow yiveton 10 GeV
10 gr/cm?® N evépyeto avé copatido yivetow  10°GeV
102 gr/ecm® 1N evépyelo avad cOUOTIO0 YiveTal 10° GeV

YmoloyiCovv 611 1O 10 ™G oMkng palog tov aotepov pmopel vo extivoyBel pe
OYETIKIOTIKEG ToyVTNTEC. O pnyavicpds avtdg divel eacpo GO0 Pe TO ToPATNPOVUEVO. Agv
ToPAyEl OUMOC TIC TOAD YNAEG evEPYELES, O10TL TO KVOUO, KPOoOoNG O100KOPTiLETOL TPOTOV
OTOKTNGEL VTN TNV evEPYELD. Mryavikd avaroyo gival to “poctiylo”, 6mov ondel oe Kémotlo

OTIYUY| OTT®G O10010ETAL 1] OlaTOPOLYY].
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4.4.3. “KaOwepmpévo potvmo”

To Béua g emtdyvuvone TOV cOUATIOIMV 6€ OLVOTO KPOLOTIKG KOUHOTO E£XEL
avantuydel Tpopepd amd 1dTE TOL TO TPONYOVUEVA GVUTEPAGHOTA 0t TNV emttdyvvor Fermi
Exovv  koOiepwbel. Aemtopepel OVOKEQPOAMMDGES OLTOV TMOV  OVOKOADYE®DV £YOLV
napovolootel amd tovg Drury (1983), Blandford xot Eichlec (1987) wot Volk (1987). H mo
EVOLPEPOLGO EPMTNOT EIVOL TOG O PACUATIKOS OEIKTNG TNG EVEPYELOKNG KOTOVOUNG TMOV
copotiov petafdriietor kabdg petafdAroviat o1 1OTNTES TOL KPOLGTIKOD KOUOTOC.

Mo mepiAnyn avtig g emokomnong £xet dobel amd Dr. Alan Heavens,
[Movemomuo tov EdyPovpyov. To oynua (4.8) cvvoyilel tov 1pOTO TOL 0 €vEPYELOKOG
exfétnc g poadlo - EKTOUTNG NG GVUYXPOTPOV  aKTIVOPoAiag
petafaiietor pe OQopes VTOBECELS OTIC QUOIKEG CULVONKEG TOV  UN-CYETIKIGTIKOV
KPOLOTIK®V KLUATOV, OOV 1) TECN TOV EMTAYLVVOUEVOV GOUATOIOV givol apeAntéa. Av
VILAPYEL LOYVNTIKO TENT0, TOTE TOL OMOTEAEGLOTO TOV KOOEPMOUEVOL TPOTVTTOL EPaPLOlOVTaL
otav 10 Tedio givon opoloyevég Kan 1 01evBvveon Tov mediov KABeTog 6TO PETMTO.

O Bell (1978) £de1E&e 611 0 mPoPAremoOUEVOS evepyelaKOg ekBETNG TV MAEKTpOViLV
mapapével 10106 (y=2, a=0.5) otav 10 pétmmo 01adideTon 6 o yovia og Tpog 1 dievbuvon
TOVL LOyVNTIKOV TEdIOV.

Av 10 medio eivan acBevég, 0 Adyog cvumieong p2/p1<4 Kot 1 AGVVEXELD TNG TOYVTNTOG
etvar pkpdtepn. Tote L1/V2<4 Kot pe VTOAOYIGHOVG TpoKkVUTTEL 0=3/[2(Ta-1)]. AvTO onuaivel
ot £yovpe amdTOpo PAca yio acbevh kbpato kpovong (a>0.5)

To amotélecpua NG GYETIKIGTIKNG TEONS TO®V cOUATOIOV givan va yivel eninedo to
eaopa (0=0.25-0.5)

‘Evac tpémog yioo va peyodmdoet 1 KAIoN ToV QACHOTOC TV MAEKTpOVimV gival va
AaPovpe v’ OYM TIG ATAOAEIEG GVYXPOTPOV TMV EMTUYLVOULEVOV COUATIOIWV. AV 0 ¥pOVOG
OTOAEG GUYYPOTPOV TOV MAEKTPOVIOV givor pkpdtepog omd v MmAKio g myng, To
eaopo otafepng katdaotaons yivetor amotopo pe Ao=0.5. ¥’ ovty v mepintoon, To
EVEPYELKO PACLO TOV COUATIOIMV GE Ho OEOOUEVT] OMOGTACT) TIGM OO TO HETOTO KPOVONG
€xel éva OmOTOUO KATOOAL 6TV €vépyel Omov o ypovoc CoNg TOV COUATIOIOV OTIg
OTOAELEC GVYYPOTPOV Eival 100G LE TO XPOVO TOL ETTAYVVONKAY TO COUATIOW GTO
pétono kpovong. Iaviog étav Aappdvovpe vedym to EAGHOTO OAOV TOV COUATIOIOV GE

OLAPOPEG OMOCTACELS TOW® ANO TO HETOMO KPOVONG, TO OMOTEAECUON TOL KAMEPOUEVOL
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Oblique shocks
o =05
Bell 1978a, b

r

Tangled Fields
o =05 Weak shocks
o >05

+ cut-off
Achlerberg 1983 Bell 1978a, b

Non-relativistic strong
shocks o =0.5

Bell 1978a. Krymsky 1977 Axford etal 1977
Blandford and Ostriker, 1978

Sec_ond-order . \ Reaction effects oﬂ
Fermi acceleration particle pressure
o <05 o=025-05
Schlickeiser and Furst .
1989 S '
Synchrotron losses
and finite emission
region
v
S X =05 Drury and Véik 1981,
o = 1 Heavens 1984, Achterberg 1983

A%
Heavens and Meisenheimer 1987
Bregman 1985 , Biermann and
Strittmatter 1987

Yyqpoe 4.8 Ilpocappoyn oto kabiep@pévo TPOTLTO TNG EMTAYLVONG TOV UETOTOV

KpPOoOOoNG Yo Un GYETIKIOTIKA Kpovotikd kopato (Dr. Alan Heavens)

TPOTOTOL €ivar dekTd. ALTH TV amdTOUN KAIGT UTOPOVUE VO TN OOVUE GTOVG TOHTOVG TV
poacpdtov og pepikég Oeppég kniideg (hot spots) tov eEmyarasiakdv pado-tnyadv (o). 4.9)
2116 TOAD YNAEG EVEPYELES OVOUEVETAL VAL OTOTOHO KATAOOAL Yo Ekelva Ta coUATiOW OTTOL 0
YPOVOG OMMAEWG TNG CLYYPOTPOV oakTVOPBoAing, €ivol 100G HE TO YOPOKTINPIOTIKO YPOVO
EMTAYVVONG TOV COUATIOV GTNV TEPLOYN TOV UETOTOL KPOVONG. XTIS YOUNAES CLYVOTNTES

0=0.5, mov eivar 0 KabepoUEvog evepyelaKOs OEIKTNG.
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Yyqpo 4.9 To edouo tov Oepudv knAidwv otig padionnyéc (a) Pictor A (Avtikd) (b) 3C 273
(c) 3C 123 (Avoatohkd wor (d) 3 C33 (Notw). Avtol ot TOTOL TOV QOCUAT®V
umopovv vo e€nynbovv amd v Kabiepouévn Bewpia enttdyvvong [eptiapufdavovrog

KOl TIG ATMAELEG GVYYPOTPOV.

H nepintwon 1ov oxeTiKioTiK®V petdnov Kpohong ival mo noidmiokn (oy. 4.10). Ot

amAol LTOAOYICHOT TOV KAVOUE UETOPEPOUEVOL GTOVG PASIO-PUCHATIKOVG O&iKTEG divouv
0=0.35-0.6 dniadn to @doua eivar mo eminedo and To TVMIKO Qdopo Tov KA kot tov
eEwyorhallok®v padlo-tnydv. Amdtopo @dopa gpeaviCetal ota aclevr] poyvntikd medio
(0>0.5). Xy mepintoon 1OV TAAYIOV HETOT®OV GE HKPEG YOVIEG HETOED TG KaOETOL 6TO
LETOTO KOL TOV HOyvTIKOD Tediov, T0 HETOMO OadidETOl KOTA UNKOG TOV  OUVOULK®OV
YPOUU®V HE MG, TO SOUOTIONW YVPILovV YOp® amd TIC SUVAUIKES YPOUUES Kot OV dtacyilovv

10 pétomo. O Tég tov o eivan 0.0-0.5
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Weak shocks Oblique shocks
o >0.5 oa=0-05

Kirk and Schneider 1987a. b Kirk and Heavens 1989

Relativistic shocks
| 5

o =035-0.6

Peacock 1981, Kirk and Schneider 1987a, b, Kirk 1988
Heavens and Drury 1988, Ellison et al 1990

e N

Tangled fields Reaction effects

o =06-1.1 . Steeper, concave spectra?
P - o correlation Perpendicular shocks ~ Baring and Kirk 1991

Ballard and Heavens 1992 Kirk and Schneider 19874, b

B

No power-law but

acceleration
Begelman and Kirk 1990

Yyqpo 4.10  IIpocoppoyn tov kadlep®UEVOL TPOTOHTOV TG EMLTAYVVOTG TOV KPOVGTIKMDV

Kopdtov yio oyetikiotikd kopato (Dr. A. Heavens)

Mmnopovpe vo SOKUYLAGOVUE OVTA TO TPOTLTO OKOAOLODVTOG TO AVOGUOTO OPICUEVOV
COUATIOIMV TOV O100{id0VTOL PO KOl TOW KATO KOS TOV HETMTOL KPOVOTC. XTO GYNLA
4.11 otveronr éva mapdaderypa Tpoylis cmpatidiov To omoio otnv apyn owcyilel Kot PETA
emotpépel miow ot1o pétowmo kpovong. Ilaipvoviag t péon Ty oe peydio aplBud
copotdiov, uropel vo Ppedel to evepyelard eaoa. XTovg vIToAoyiopovs Toug ot Ballard ko
Heavens Bprkov 61t a=0.5 yio taydmteg o0 pet®dmov v<0.5 ¢, aAld 10 edcoua divel a~0.6-
1.1 yio peyoddtepeg taydTeG TOL HETOMOV. AVTA To omoteAéopoto potdlovv pe To
eaopota Tov Jets o eEoyarallokég poadlo-mnyEg, OTOL Ol TO POTEWVEG TNYEG £YOVV TO
T omdOTOPO PAd0-QEAcHN. XTIV TEPITTMOY TOV CGYETIKIOCTIKOV KLVUATOV, TO COUTIOW

Exovv peydia k€pom evépyetag kibe opd Tov TEPVOVV TO PHETOTO KPOVONG
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E'=yE (1+%cos e)

Particle orbits: xz plane

Yyqpa 4.11  Tomkh Tpoytd GYETIKIGTIKOD cmUATISoN 68 S0Tapayprivo payvnTiko medio.

To
copdtio apyilel va kveitol amd de&1d Tov daypapIOTOS Kot TEPVE TO

GYETIKIOTIKO pétomo oto x=0. H tuyaio dtadpoun tov copatidiov tpokarel Eva

Eovomépuoo avTov amd TO LETMTO.

[K.R. Ballard and A.F. Heavens (1992) Mon. Not. R. Astron. Soc. 258, 89]

444 Mnyoviopdég Syrovatskii
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O unyaviopds avtdg ompiletoar oto Tt cvpPaivel dtav coudtio enttayvvOoLy g
Swtapayuévo péco. X’ €vol TETOO0 HEGO TOV GLVICTATOL KLUPIMG Oomd  STaPOyUEVO
(TupPddec) mAdopa M evépyELR PETOPEPETOL HECH TNG Kivnong tng VANG AOY® mapovciog
LOYVNTIKGOV TTEdIMV To 0oio. oTpmY VoLV TV VAN. Avto Ba cuveylotel, €9’ OGOV VITAPYOLV
amofépata evépyelag 1060 6To HayvnTiKd medio, 660 kot 6to dtatapaypévo mAdcpa. Omote
HUTOPOVLE VO TOVUE OTL EYOVUE IGOKATAVOUT EVEPYELOG

Umag = Uwm

Av ot unyaviopol emrdyvvong dovievovy, Ba cvveyicovv €wg 6tov ot KA amokticovv
KIVNTIKN evépyelo. ion pe ekelvr] TOL JTOPAYHEVOL TAAGUOTOS TOL ONUIOVPYEL TNV
emtdyvvon. 'Etol
Uieg = Y = U, =>U=3U. =3NE (4.22)
omov E n péon evépyewn tov KA.
Av voBécovpe 6t To copatiow Eepedyovv and v meployn (Sray€ovtar) kot givor o
UOVOG TPOTOG e TOV OTOlo YAveTOl EVEPYELD, TOTE O UNYOVIGUOS VTOG Eival opKETE 1KOVOG

MOTE VO EMAVAPEPEL TNV ooKatavoun evépyswoc. Tote Ba vmapyer pikpodtepn mocodHTNTA

EVEPYELAG VO LOPACTEL HETAED TOV TPLOV pepdv (mag-turb.-CR) kot poxvmtet

dN =E*°dE (4.23)

Enedn 10 peyodhtepo HEPOG TG EVEPYELNS OVIKEL GE COUOTIOW YOUNANG EVEPYELNS TOTE

E=E xot 10 pdopa

dN(E) = E2°dE

elvat OO0 pe To TapatnPovpEVO. Agv UTOPEL OLMG VoL LITAPYEL GLYOLVPLA GTNV IGOKOTOVOLT

EVEPYELOC.
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445 Avtopaotipog 6Tpofriiopod TAACHOTOS

AAMN  QIAO00EN TPOCEYYIoN Yoo TNV EMTAYLVON QPOPTICUEVOV COUTIOIMV CE
TUPPMOEG-OraTapayrévo mAacpo £xetl dtatummbel and tov Tsytovich (1972). Aev aoyoindnke
pe tov ouvnNOGHEVO VOPOSVVOUIKO GTPOPIMOUS, OAAL UE TNV TEAEI®G OLOPOPETIKY LOPPN
oTpoPIMGHOL oL avopévetal 67 €va TAAGHO TOV omoiov ot oTpOPthol glvarl ot dapopeg
HOPPES TMV KUUATOV TAAGLOTOG TTOV LITOPOVV VO, DTAPEOVY GE LLayVNTOEVEPYO TAAGLLOL.

To moldmhoxko givor 6Tt vVITdpPyoLY TOAAOL THTTOL KLHATOV TOL TAACoHATOG. EpeuvnOnke
10 PAGLO 1GOPPOTIOG TOV VPIGTATAL LETAED AVTAOV TOV KVUATOV, OTOV AVTIOPAGELS KOUATOG-
KOUOTOG EMTPETOVY UETACYNUATIGUO amd Eva TOTO KOpatog o€ dAlo. To pdoua icoppomiog
nov mpokLITEL Ayetan edopo Langmuir.

O Tsytovich efétace 10 TPOPANUO €0ywYNG TOL QACUATOS 1GOPPOTIOG Yo
OYETIKIOTIKA GOUATION TTOL OVTIOPOLV LLE TO PAGLLO 1IGOPPOTLNG TOV oTpofthcpov Langmuir.
Telucd vrootpiletl 6t Pprike Pdouato 160pPoTiag TV copatidiov KA mov égovv m Hopen
ekBeTicoD VOLOL pEe PUoUATIKOVS OETKTEG {010VG LLE TOVG TEPAUOTIKG LETPOVLEVOVC.

H dvokoAia 6° avt ™ dwdwocio eivor 6tL Tpémel va. cvpPaivel 6° €va PEGO TOL
elvar ontikd mayd o1 GVYYPOTPOV aKTVOPOAic. AVTO UTOPOLUE VO TO KOTOAGPOLLE
dwuentikd, Aéyovrog Otl amouteiton TOAVG YPOVOS Yo T COUATIOW VO OVTIOPACOVY LE TO
KOHOTO TAGGUOTOG KOl HE TN OKN TOLG MAEKTPOMAYVNTIKY axTvoPBoAin (aAnAAemidpacm

tov¢). 'Etoln mepoyn mpémetl va givon ToAd cupumoryng

446 MayvTocQalpes TALOREVOV AGTEPOV.

Ot ToAAOLEVOL OOTEPEG EIVOL ATOTEAEG LA TG KATAPPELOTG T®V “CTAdY VOV (TupnvaL)
evog aotépa. Eivar duvatdv €vag aoTépoc VETPOVIOV Vo TEPIGTPEPETOL YPTIYOPO KO VOL [T
dwvetatl. H Baputikn evépysta ouvoeong evog aotépa vetpoviov aviiotoryel oto 10% g
evépyeag ™¢ pdlog npepiog Tov Ko 0ev LAPYEL TimoTo, MOV Vo, EUTOOILEL TO AGTEPL VA
TEPICTPEPETOL [LE EVEPYELD TTEPIOTPOPNG TNG 101G TtéEng. E@’ doov m pala evdc actépa
vetpoviov etvar mepimov 1M,, ot onpaivel 0Tt | AmoUTOOUEV EVEPYELD TEPIGTPOPNC KATA
TO GYNUOTICUO TOV AGTEPMV VETPOVIQV glval Tepimov 1053ergs.

O aoTtépag VETpOVIMV TPETEL VO EIVOL LAYV TIGUEVOS Y10, VO, TOPOTIPTICOVLE TTOALOVG

6> auTdv. Av VIdpyet Eva poyvntikd medio g taéng 10'°-10' Gauss oty empdveto Tov
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aoTEPQ VETPOVIMV UmopoOE va ENYHGOVUE TO pLOUS emPpAadvvong ToL TAALOUEVOL OGTEPO.
ooV CLVAPTNOT TNG EKTOUTNG o’ AVTOV NAEKTPOUAYVNTIKNG OKTWVOPOAING GTN GUYVOTNTO
TEPIOTPOPNG TOV HayVNTIKOD O1torov. Otav 0 TOAAOUEVOS OOTEPAG TPOTOCYNUATICTNKE,
EMPETE VO TEPLOTPEPOTOV AKOUO O YPNYOPQ. AV TEPIGTPEPOTOV LE TN YOVIOKT TAXLTNTO
Swihvong (=10°Hz), 6mog eEdyetal omd TV TOpaTHPNoN Tov aoTépe 610 Ne@EAMLLO TOV
Koapkivov, Ba énpene 1 ekmepmOUeEV] NAEKTPOLOYVNTIKT OKTVOPBOAID va. Tav €vIovoTeEPN
1OTE MOPE TOPO.

To mpoPAnua etvar 4tL 1 cLYVOTNTO TOV EKTEUTOUEVOV KLUATOV gival povo 30Hz,

OMAadn o pKp” od T CLYVOTNTO TOV TAAGHOTOS GTOV EVOOUGTPIKS YDPO.

[og dwdidovror 10T 0VTa To KOpOTe; 1660 WoYVPA civan;

To poayvntkd medio oto kbte pépog g {dvNg KOUATOG (KLUOTOTAKETOV) glval 10°
Gauss, evd O0TOV TPOTOCYNUOTIOTNKE O TOAAOUEVOS OOTEPOS NTOV 10" Gauss. Apa 10
poyvntikd medio dev amotelel amAdg por dtatapoyr oV Kivion tov copatidiov, oAl
pEmEL va ANeOei v’ OYN O Kot To NAEKTPIKO TEDTO.

To niextpcd nedio ot Pdon g kvpatikng {dvng eivan
E=cB=3-10"V-m™*

O yxpovog mov Ba ypelactel To GOUATIOW Yo va emTayLvOel 6TV TaLTNTA TOL POTOS Elvarn

rn—dU:eE = m:eE
dt T
ondte
T=-C_10%4sec
eE

O ypévoc avtdg elvar apeAntéog oe oyéon pe TV eAdylotn dvvarn mepiodo Tov
Pulsar, t=10sec. Enopévmg dev pmopet €va pn oYeTIKIOTIKO GOUOTION0 G NAEKTPOUOYVITIKO
nedio va exmepeBel and éva mepiotpepdpevo payvnticpévo aotépa vetpoviov. Kabmng opwmg
N TOOTNTO TOL COUATIOIOV YIVETOL GLYKPIGIUN HE TNV TOYVTNTO TOL PMTOC, Aapfdvovue v’
oyn 10 poyvnTikd medio, 10 omoio MEPIOTPEPEL TN OlevBvvon NG Kivnong yup® amd 1T
dtevbuvon Tov KOUOTOG Kol TO COUATIO cuveyme emroyvverol. [lpdaypott eBaver oy
TOYVTNTO TOL POTOC, TO 0Toio onuaivel po otabepn edon pe 1o kopa. H copmepipopd tov

ocopatdiov otpileTor TV 6T AN LE TNV OTOI0 TO COUATIO EKTEUTETOL GOV 1GYLPO
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kopa. [avimg eaivetar 6Tt dev VITAPYEL KATOLOL OLTiOL TOV EMTAYVVEL GVTE TO. GOUATIO GE
ymAég evépyeteg o° antd Ta cuotiuata. O Syrovatskii £yl ddoet Eva yevikd emyeipnuo Ott
umopel va yiver emtdyvvon oKOUO Kol OTIC TOAD YNAEG €VEPYELEC OTNV TEPLOYN TV
TEPIOTPEPOUEVOV ACTEPMV VETPOVIMV.

Ynohoyilovpe TNV OAIKN EVEPYELL TOL LITOPEL VO, ATOKTIGEL GCOUATIONO GE LLOYVITIKO
neodio évraong B ko unkovg L.
To péytoto niektpikd medio mov maipvovpe petafdrroviag 1o B o meployn punkovg L eivan

(In e&lowon Maxwell)

V><E:—§§
ot
onote E=——>E=C
L L/c

Tote 1 oMkn evEpyELn TOL TAUPVEL TO COUATION Eivart

[ZeEdx = ZeBcL
oniaon
ymc? = ZeBcL

[Na TpotdévVIa 6TV EMPAVELL TOV OGTEPA VETPOVIOV OOV
B=10°T, «m L =100km, EYOLLLE

E,. =5J=3x10"eV

‘Etol copatidioe pmopovv vo emtoyvvBoOv oe TOAD YnAEG EVEPYEIEG OTNV TEPLOYN TMOV

TOALOUEVOV OGTEPWV.

45 Xuvprmépoopo
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To wpdPAnpa ™G EMTAYLVONG TOV COUATIOIMV OTIC EVEPYEIEG TV KOGUK®OV OKTIVOV
dgv €xel AvBel axdpo, ov Kot 1 TOPoVco KATASTAOT OeV ival apvnTIKN OO NTOV UEPTKA
ypovio prv. Daivetar O6TL VAGAPYOLV UNYAVICUOL OTOL £Vo. JUVOIKO EVEPYELNKO (QACLOL
copatdiov pumopel va mapoydel, n O emrdyvvon oVTOV 6 SVVOTE KOUOTO KPOVONG
EMKPOTEL CUEPA TEPIGGATEPO GTNV GKEYT TOV AGTPOPVGIKAOV YNADV eVEPYELDV. Agv ADVEL
BéPara To yevikd mTpoPANpa, oAAd umopel voo AneBel v’ dym Yo TIC TOAD YMAEG EVEPYELEG
E>10"eV, 6mov N Yvpooaktiva givat tng 010G TAENG Le TO VTOAEULN TOV VIEPKOLVOPAVOVG.
Eni miéov ov mapammpoduevolr @oopotikoi oeikteg umopodv va, egoybBovv amd avtny ™
dwdwoacio. [MBavév kamolog dAAOG punyavicpog mpémel va vdpéel yu TG ToAD YNAEG
EVEPYELES Kl OMMOG QOIVETOL Ol HayvnTtOGQAPEG TV THALOUEVOV aoTépwV elvar mBavodg
voyneog. YmoBétovpe OTL 01 TOAD WYNAEG €VEPYELEG TMOV KOGHIK®OV OKTiveov glval

KOGLLOAOYIKNG (VOTG.
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KED®PAAAIO 5§

HAITAKOX ANEMOZX KAI H EHIAPAXH TOY XTHN TOIIIKH POH
TQN KOXMIKQN AKTINQN

51 TI'svika

To enduevo mpoPAnpa mov €yovpe va eEetdoovpe gival 1 6140001 TOV KOGHUK®MV
COUOTVIOV amd TOV £VOOUGTPIKO YMOPO 6To Opto TG oTpdceapas. To mpoesdpyov BEpa
etvat n SLVOUIKN TOV POPTICUEVAOV COUOTIOIMV GE LayvnTIKA TTedia. XNV dpeon Teployn g
NS M KaTovoun Tov payvntikol mediov eivar dmoikr kot amd 1o 1929 o Clay eixe Ppet o
GLOYETION AVALEGO GTOV aplOUd TOV POPTIGUEVAOV GOUATIOIOV TOL POEVOLY GTNV EMPAVELN
™G YNG Kol Tov yewpoyvntikov mAdtovc. 'Etor peietdviag ) S1dd00m QOPTICUEVOV
COUATIOIOV GE OUOMKO HOyvNTIKA eSO YPNOIUOTOIOVUE TO YNIVO UAYVNTIKO Tedio cav
SyveOoT Y10 TG O1OTNTES TOV EIGEPYOUEVOV COUATIOIMV YNADY EVEPYELDV.

To ywvo poayvntikd medio dpmg eivar SUTOAKO PHOVO KOVTIA GTN Y1, EVO € UEPIKEG
wveg axtiveg emnpedaletar amd tn pon tov Beppod aepiov amd TOV NA0, TOVL YVOGTOV
nAlaxkov avépov (solar wind). O nAlakdg dvepog emnpedlel T por TOV COUATIOIOV YNADV

evepyewwv pe E>1GeV nov mapatnpeitoan 6to 0p1lo g aTosOapags.

5.2  HMokog vepog

To emtepcd Tunpo TOL NALOL PpiokeTon oe a€PLO0 KATAGTAOT Kol TO ovopdlovpe
nAokn atpdseapa. Aroteleital and tpio cTpOHOTA
o) @OTOSPUIPA. B) YPOUOCPOLPO KOL Y) CTEULN

H ootéceaipa tov MAov elval 10 KOTOTEPO TUNUO TNG OPATHG EMPAVELNG, £)EL
ovvexéc eaopo kor Ogpuokpocio 5800° K 6nmg e€dyetar amd TIg Ypoppés amoppOenons Tov

nAakov edopatog. Xapaktnpiletar and TV KokKioo.



H mokvotmra g ootdcpapag LEWOVETOL KOl GUVEXELX EIVOL 1) XPOUOGPOLPO. LLE KVPLO
ovotatikd to Hp. Exnépumer ) ypappun Ha (6563 A) xou yapoxtnpileton and vrepkokiioon.

EEo omd 10 em@avelokd OTPOUOTO TOL MNMAOL TopoTNPEiTal aéplo  YNANg
Oeppokpaociog (IOGK) Kot gival yvootd cov niokd otéppa. To otéppa eaivetor kabopd otig
NAKES eKAElYELS Kot 1) ynA BepLoKpacio TOV GUUTEPOIVETAL OO TIG OIEYEPUEVES YPOLIES
o0V @dopatog 0nmwg FeXIIl, FeXIV kA.m. (oteppatikég ypappés). O unyaviopds 6éppaveng
TOV OTEUUOTIKOD aepiov elvar aviikeipevo Sopovidv, oAAd eivor oyeddv PéPato ot
OLVOEETOL LE TN HETAPOPA EVEPYELNG A0 LOPOUAYVNTIKG KOHOTO 1) KOHOTO KpovoNS, 1
EVEPYELL TMOV OTOIMV TPOEPYETOL OO T EMPAVELNKE GTPMULOTO TOV NALOV.

O Parker ypdopovtog Tic €£16MOCELG TG VOPOSVVOUIKNG YO TN SLVOLKY] TOL Bgppov
TAACLATOG G€ PapuTikd media Tov NAOL £0e1Ee OTL eKel TPEMEL VAL VLAPYEL LKL GUVEYNS POT
VAKOV amd ToV A0 TOL AEyeTon NALKOS AveNOG. (1958)

To 1959 o Lunik II, évag amd Toug TpdTong LoPletikovg SopueOPOLS LETPNCE T PoN
cOUATISIOV OTOUaKPVVOUEVOY 0O Tov AAo kot to 1962 o US Venus probe Mariner-2
LETPNGE GLVEYDG TNV APOUNTIKY TLUKVOTNTO TOV GOUATII®V, TIG TaXOTNTEG TOVS Kol TNV
£VTOoN TOL HoyvnTikov mediov otov damhovntikd ydpo petald I'mg kor Appoditng. Xy
amootaon g yng amd tov HAlo (r=1AU) ta xopaktnpioTikd Tov NAKoD OVELLOD Yo OUNAN

NAlokn dpactnprotnta divovrol otov mivoka S.1.

O1 Baotkég artieg PeAETNG TOL NAOKOV OVELLOD KOl TOL YEOUAYVNTIKOV TTediov givar Ott

1.- 10 eminedo NG NAKNG dpacTnPlOTTOG EMNPEALEL T POT| TOV KOGUK®OV GOUATIOIMV

YOUNADV EVEPYEIDV

2.- 0 MMoakog Gvepog kot o mepPaiiov g I'mg elvar éva 18avikd epyastiplo yo

HEAETN TOV KOGUIKOD TAAGLOTOG KO ETOUEVMG TNG ACTPOPUCTKNG YNADV EVEPYELDV.

3.-  TloAéc amod Tig 01001KaGIEG TOV TOPATNPOVVTAL GTOV SOTAOVITIKO YDPO £YOoVV KT
evbelo avaroyieg pe ta COUOTIOW KOl TO HLOyvnTIKA TTedio. oL TapaTnPOVVTIOL KT

gvbeio.

Hivaxag 5.1
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XopaknploTikd Tov NALKOD AVELOL Yo YoUNAN NAaK dpacTnpLOTNTO

200100

TPOTOVIN, NAEKTPOVIA KOl Alya 0-copatiow

Taydmto copatdiov

~ 350 km - sec?

Pon copatidiov

~15-10% m?. sec?

[Tukvétta copatidiov ~10"m?
Evépyela mpmtoviov ~500 eV
Evepysiokn mokvotnta tpotoviov ~4.101°). m?
Ogpuokpaocio ~10°k

"Evtaon payvnrtukod nediov

5.10° T (5-10° G)

Evepysloxn mokvomta

TOV HoyvnTikoV mtediov

2
Upnag = 5 _10y.m
24,

Ta péoa yapakmmploTikd Tov NAlKoD avépoL gival To TopaKATo:

[Mokvoémta pevpatog Oetikmdv

Tayovmra 320 <v <700 km/sec e

Ocppokpacio T, =3x10°-6x10°-K

Mukvémto.  n=02x7.0cm™

Mayvntieéd nedio B = (1—10)x10°Gauss

7 r - +
Oeppkn avicotpomio. €, P o=

[Tieon Aoy K.E
Moyvnrikn migon

Tp

P~ B?/8m

wWvtov pe E>150eV (1960) = 2x10%cm2sec™

5 =505 KM
Sec

(T, =1.5x10°-K)
(M=55cm™)

(B=5x10"°Gauss)

max

T

min

=8mnT,B2

1
Toydtra Alfvén v, =B (@4nmn ) ?

ApBpog Mach tov Alfvén M, =v/v,
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5.3 Ozopio NAokov avépov

H ewdva tov nAtakov avépov mov mpotewve o Parker (1965) ompiletal 6 éva oyeddv
OTOTIKO TAGGUO 7OV OMOUAKPOVETOL Oomd TOV NAI0 pHE ToyVTNTO pepkov km/sec. Ze
andotaon 1, @O4vel pon ToydTNTO HEPIKMOV EKATOVIAOMV km/sec Kol G€ HEYOAVTEPES
OTOCTACELG OOKTA [l otobepr] TaydTNTo. X& avtiBeon Qe TNV OTOTIKN 1GOPPOTIi0 TV
TAOVITIKOV ATHLOCOOLP®V, 1 OTULOGPOIPO TOL A0V KIVEITOL LLE VITEPNYNTIKT TOYVTNTOL.

Amaiton vy vo otafel To HoVTELO €ivol TO EKTEVOUEVO GTEUUO VO, GUYYOVEDETOL UE
T0 EVOOUGTPIKO VAIKG OTav —>00. Ot £vO0UGTPIKES GLVONKES Elvan Alyo YveoTéC ahAd 1) Ttieon
TOV €VOOAGTPIKOD 0EPIOL KOl TOV KOGUIKOV aKTiVoV givat 10'12-10'13dynlcm2. Apa n mieon
KOl 1] TUKVOTNTO TOV €VO0NGTPIKOD VAKOV Tetvouy 610 0, OTay r1—>00.

Emedn to otéppa dev pmopel va fplokeTon 6€ VOPOSTOTIKY 1IGOPPOTIO GE TOAD PEYAAES
amootdoelg, o Parker mpdtewve 1 dwopkn €KTOVOON TOV GTEUUOATOS GOV GLVAPTNOT NG

OmOGTACENMG GE dLAPOPES TIUES BeproKpaciog TOV GTEUUATOG.

5.4 IIpoTvma EKTOVOGTG

Ta omovdadtepa TpdTLITA EKTOVAOGCTG TOL NALOKOD GTEUATOG Etvat:
1. Movopevoto
2. Aumthdpevoto
3. AumAopevoTo pe abepuikn Tyn eVEPYELOG

4. TloAbpevota

5.4.1. Baowoé Movépevoto [IpoTomo

OewpoLE TO CTEUUN GOV EVO LOVIGUEVO, OAAL TEMKA 0VOETEPO NAEKTPIKE TAAC O TOV
KIveitan mpog o €£® aKTVIKGA KOl GQOPIKE GUUUETPIKA Kot TO 0oio omoteAeiton and evidg
gldovg copatioln (Lovopevoto). Av 1 ektdovmon Bewpnbel aveEaptntn Tov ¥pdvov KoL Oev
INeBovV v’ dyn ot poyvnTKEG EMOPACELS, TOTE o1 EEI0DGEL  HAL0G, OPUNG KoL EVEPYELNG
elvat:

a) Awetypnon Malog
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Av vrapyel cuveyng pon o€ Eva ceAPIKO KEAQOG giva:

dm daVv dr
o=9M_o 0V _ a2 8 Sanro
T TR I

Eneon n pon eiva avedptntn 100 KEADQOVG

dd d(47'cl’2pl))_ id(rzpu)
2

=0 (5.1)

="
4rridr 4rridr r dr

B) Awatipnon oppig

Ye oTolyelmdes epPadov ds n cvuvolikn dvvaun wov ackeitol oe palo dm givon

F=—F,+Pds—(P+dP)ds

omov dm@:—FB—des Ko pud—uz—ﬁ—pGM

> (5.2)

r NAMOKEVTPIKN omdoTact, p Tokvotnta, P mieon, v tayvnta pong, G otabepd Papvtroc, M,

naco tov NAov

v) E€icmon dwatipnong evépyerog

1dl, (1, 3P 1d, GM
— —|r’pu| = vi+—||=—= —Ir’pv)-pv < +S(r 5.3
rzdr[p(z Zpﬂ - (Fpv)—po =22 8(0) (53)

O 06pog S(r) mapotd KaBe mnyn M kataPobpa evépyelag (my. aymyn axtivofoiiag Kot
Bepuomrag). Xe avtiototyia pe to poviédo tov Chapman ov Bewp|GOLLE LOVOEVEPYELOKES

mYEG Aoy aymyng Beppdtntog

S(r) = —r—:;%(rzfc) (5.4)

omov f; etvat 1 akTVIKY TLKVOTNTO POTG BEPUOTNTAS.
A@o¥ Bewpodpe 10 oTéupa Gov £va NAEKTPIKG OVOETEPO ALEPLO TPMOTOVIMV KO NAEKTPOVI®V,

N mokvotnta pndlog stvar
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p:n(me+mp)znm (mp >>m,) (5.5)

KoL P=nk(T,+T))

O0TL Ta. TPOTOVIOL KOl TO MAEKTPOVIO, TOL MAOKOD avEROV €XOVV GLVNOME SLPOPETIKEG
Oepurokpacieg, aALG 16eC TLKVOTNTEC. L& TPDTY TPOCEYYIoN

T=T,=T, 4 T=2(T.+T,)
2

e p

H tavtdypovn Aon tov 1piov eElomcemv dtotnpnong omotehel 00GKoA0 TPOPANLLOL.
2tov apykd gopuroiiopd tov o Parker stonyaye v vwdOeon amlomoinong 6t 1| wieon kot M

TUKVOTNTO GLVOEOVTOL LE TOV TOAVTPOTIKO VOO

P= P{ﬂJ (5.6)
P

OmOV 0. 0 “TOAVTPOTIKOG deikTNG”

H nmopamdve Bedpnon divel o Aoom yio v eElomon evépyelng Pe AmOTELECLLA OVTT
va amaieipetal amd to cvotua TV eélowcemv. [leptypdpoviag otn cvvéyela ) Bewpio Tov
Parker tov gktovoOpevoy oTéRpaTOg B TEPLOPIGTOVLE GE L0 LOVODIKT OPLoKT TTEPIMTOON
omov 10 =1 Kou 1 omoio avtictoyel oe 1600epuo otéppa (akpPéotepa ¢° Eva otabepd

dBpotopo TV BEpLOKPAGIOV TOV NAEKTPOVIOV KOl TPOTOVI®V).

P=2nkT
O e&omoelg palag Kot opung yivovron
1dy,
— —\rrnm)=0 5.7
r’ dr( ) &7
nmud_‘):_szd—U—nmGI\Z/IO (5.8)
dr dr r

Me ohokAnpwon 1 (5.7) yiveton
4nnor? =1 =ctab.

Ie 4 , + - Ie , ,
TOL TOPLOTAVEL TN OTABEPOTNTO PONG TOV P Kol € o€ KOAOE MALOKEVIPIKY COUIPIKY|

eMPAveLd. XPNOLOTOLDVTOG aVT Kot TNV (5.8) KOTAAYOVLE Yio TNV S10T PN ON EVEPYELNG
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ld_o[oz_ZKTijT_G'\z"o (5.9)
v dr m mr r
[Tepropilovpe v mpocoy pog o€ Beppokpacieg
GM m
T< (5.10)
4kr,

OTOVL I, €lval M ECOTEPIKT OPLOKT| EMPAVELD TNG UIATEPNS TEPLOYNG To<I<0 TAV® OO TNV
omoia epapuoletar 1 (5.9). To 1o elvar n Bdon Tov GTEUUATOC TOL Y10 TO TOPOV LOVTELO EXEL
po Ty Alyo peyaAddtepn omd v nAloKn aktivo onA. r,=10"cm N 1.4 nhokég axtiveg kot
emopévmg ot Beppokpacies Bo mpémet va givar pkpdtepeg amd 5x10°K

GM,m

r<r<r g r.= . 5.11
o ¢ u T (5.11)

To 1c>1, €€ autiag tov meplopiopol g Beppokpaciog mov Bewpnoape mapardve. Eivol o
Betikd Yo 1e<r<co. I'a r=r; 10 010 pEAOG NG oyéong undevileral, dpo Kot To aploTEPO
yivetar pndév 6° avtr t B€om mov ovopdletan “kprrikn| axtiva” (critical radius)

Tote cvpPaivel Eva and to axorovbo

o vi(r)=0? :2‘% (5.120) (Avoec 2, 3)
ldo 0 (5.12b) (Avoeig 1, 4)
v dr

Evdwpepdpoote yio povotipeg AGES OTov

do ,
U(r) Kot _d glvon cvveyeic.
r

Av woavornoteitar 1 (5.12a), tote n do/dr €xetl to 1610 Tpdonpo yia OAa Ta 1, n, V(r) Kot givon

{a. povotovn avéovoa | poivovsa. Av ikavorotsitar 1 (5.12p), toten v =2k T/m £ysi 1o
1010 Tpoonuo yia 6Aa ta r. H v(r) €xet éva

HéYIGTO KOVTd GTO =T, 0*(r)(2kT/m

c

gAB(16T0 KOVTE, 61O =T, v(r.)) 2k T/m

c
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AvTég o1 duvatodTTeG 0dNynoav og 4 owkoyéveleg AMoewv g eicmong (5.9) pe Tig 1dTeg

oL Qaitvovtol 6to oynuoa 5.1

1 1 T 1 i 1
3F ‘ ]
Katnyoplad /
Katnyopla
2 2 n

u/u,

hatnyopla 3

Yyqpe 5.1 Zynuatikn Topdotacn Tov Lopeav TOV AVGE®V TOV EEIGMOCEMY TOV NALIKOD OVELOL

v 1660gppo otéupa (Hundhausen, 1971)

Taén 1:

Taén 2:
Taén 3:

Taén 4:

Hvo(r) avEdverpeto 1, 1y (rr.

[Maipvet pa péyrom tyuq <2KT/m,  otav  r=r, Kot
eEMITTOVETOL HETO I, YOl [, <[ <O

Mo povadiky Abon, 6mov v(r) ovéovsa, L (r,)=2KT/m

Mo, povadtn Avon, 6mov v(r)  @bivovoa, vL(r,)=2KT/m

Ho(r) ehottdvetor yo I, <r<r,, Aapufavel po eAytotn T LeyordTepn Tov

(kT/m)¥2 ovtd o0 T = I, kot ovEGveL pe To Iyl I, < <oo

Kabe po amd tig Adoelg ikavomotet £va GHVOAO 0pLoK®V GLVONK®VY Y10 T = T KOl T—>00

Metd v oAoKAp®OT| Kot Tov VToAoYIGHd TG otabepdc, n (5.9) yiveton

(U—Uc)z—ugln[iJ =4U§In[LJ+2GMO {Llj (5.13)

U, r ror

c c
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Ot Moeig (3) kot (4) pmopodv va amokAelotobv Yiati 0ev pmopovv va Bewpnbodv cav
aAnBopavn povtélo Tov NAOKOD GTEURATOC, YTl Ot ADGES 67 aVTEC TIC TAEELS £YOLV

v()>@2kT/m)"? ow T,

0
Anhadny yio T=10*K = v=10"cm/sec, 1o omoio onuaivet modd peyédn taydto Padid
070 oTéUpA. TETOEC OUM®G TOVTNTEG OEV £XOVV TOPOTNPNOEL POGULATOCKOTIKA. .

O1 Moelg (1) ko (2) mopapévouy dekTd HOVTELD, oV Kot TOPOVGIALOUV SLOPOPETIKEG
CLUTEPIPOPEG GTO T—>00 KOl 1 OTOO0YN TOVG EEAPTATOL 0T’ OUTY| TY) GLUTEPLPOPAL.

O1Moelg (1) yuo peydleg 0mooTacels, 6mov vV<v (Yo r>1¢ ) divovv

2 2
1
In (1] >> (EJ = |vr— (5.14)
L, [0 r

Téte dev 1oydeL | Sotrpnon g pong yati

2 L2
4nnmvur =otaf. >4nnm=octad., apovvr- =1

ONA. M TokvoTNTA Elvon 6TOOEPT KO TEMEPAGILEVT] Y10 ATELPES ATOGTAGELS OO TOV NA10, OTTMG
Kot M wieon. Avtd dpwmg dnpovpyel Suokories, S10TL TO EvA0ASTPIKO aéPLo Ba Tpémet va givat
TOAD TUKVOTEPO O’ OTL TGTEVOVUE Y1 VO EICOPPOTEL Lol TETOW TTiEo.

Ot Moelg g popeng (2) etvar amodektég yroti 1 toyvTnTo £XEL THEG LEYOAVTEPES OO

™MV KLtk Ty (v > Ve Yo r > 1)

v=2v,/Inr (5.15)

e ovvdvacud e TN OaTHPNON NG OPUNG OtveEl UNOEVIKN T TNG TLUKVOTNTOG GE OMELPES

. . , . 2
OmOGTAGELS Amd TOV A0, EMEWN L 1° =cT00.

n=1/r’lntr  ya r—o (5.16)

‘Etolr pmopovpe vo meTOYOLUE TN GLYXDOVELCT TOV EKTOVOVUEVOL GTEUUOTOS HEGO GTO
evdoaotpikd mepiPdAiov yauning mieong. o dwbpopeg Oeppokpacieg tov 1660gppov

OTEUUOTOG EXOVLLE L0, OIKOYEVELD AVCEWV.
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1200 T T | I' l T -
= L x 10% K ﬂ
1000} 3x10% K | -
]
— l —]
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< 600 | —
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Yyqpe 5.2 Koumdreg petafoAng g taydTTog Tov NALIKOD OVEIOL GOV GLUVAPTNOT TNG

ATOGTACEMG A0 TOV HAL0 Yo d1dpopec Bepprokpacieg TOV GTEUUATOC.

3

120 r

1w \

t/oM
L —

ATOMA YAPOT

-
=

< \
<
I
-
O 4
z \
"4
=
£ \
= 2
-
[*4]
= \
\ H
—
[ ]| -
'] kL) [ 1] 50 120 150
ANOITAIH AMO TON MAIO.  10° kM

Yype 5.3 Koumoin petafoing g Tukvotntog ToL MAOKOD OVELOD GOV GUVAPTNOT TNG

AmTOGTOOTG OO TOV NAL0.
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Aoyikég TiéG g Beppokpaciag 0dnNyodv G€ ToVINTEG EKTOVOONG TS TAENG TOL

10’ cm/sec otnv mhovntiky epoyn. Kobde n toydTnta tov fyov 610 eKTovovpevo ThAoua

P 1/2 2 kT 1/2
C, Z(v —J Z{v l ) =y"%v, (5.17)
p nm

Omov Y 0 AOYOG TV €WIKOV BeppoTiTOV, Ol AVGELS TNG HOPONS 2 TPOUNVLOLV Lo

sival

VIEPNYNTIKY EKTOVOGT] TOL GTEUNIOTOC TOV ovopace o Parker nAwokd dvepo.
I'a T =10°°K éyovpe L =170 KM/seC kar 1} Pon TOL NALIKOD AVELOL YIVETOL VITEPNYNTIKN

o€ andotaot 3.5 1o.

5.4.2 Baowé dirhopevoto mpotvmo (Sturrock-Hartle)

H vrndBeon g iong Beppoxpaociog mpotoviov-niextpoviov oydel 0tav to 600 €ion
COUATIOIOV OAANAETIOPOVY AdY® duvdpemy Coulomb yuo va dtotnpeiton kovr Beppokpacio.
Avto ovpPaivel 6to otéupa Aoy g peydAng Bepupokpaciog kot mokvotrag. AAAG otav
KIWVEITOL TTPOG TN YN WYOYXETOL KO OPOLADVEL LE OTTOTEAEGUOL 1) GLYVOTNTA OAANAETIOpAONG TOV
TpoTOViOV Kol TV NAektpoviov va givar ToAd pkpr|. Ot Sturrock-Hartle vroompi&av 6t n
oLYVOTNTO OVTOAAXYNG EVEPYELOG Elval TOAD piKpn wote 1) Oepprokpacio va unv eivar iom.

"Etotlm mieon

P=P,+P,=nk (T, +T)) (5.18)

H e&lowon dwmpnong pélag mapapével idwo (mp>>me) kot n e&iomon evépyelag eivan

Eexmplot yuo o TpOTOHVIOL Kot EeYmplot Yo Ta nAekTpovia. [ ta tpwtdvia Exovpe

dT T dT
no| Sk Lo _g.e 40 :izi 2k, e |4 3 hok (T,-T) (5.19)
2 dr n dr| r*dr Pdr) 2 P

Kol pa avtiotoyn eElomon ylo ta nAeKTpOVIaL.

O B’ 6pog 610 devTEPO HELOG TV EEICDCEWMV Elvat 0 OPOG AVTAALNYNG TNG EVEPYEWDS OOV V

=9.10?nT*"?
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(T zr72/71T zr6/7)
€ p

Onwc eaivetar otov mivako 5.2 10 TpOPANUA GTIC VITOAOYICUEVEG 1O10TNTEG TOV MALOKOD

avépoL Paor Tov SITAGPEVGTOL TPOTHTOL £Vl 1] LEYAAT TLKVOTITO KOL 1) LUKPT| TOYVTNTO.

5.4.3 AwuhopevoTto pe a0eppuIkn) TNYN EVEPYELOG

H evépyera mov amorteiton yio v eKtOVOOT T0L 6TERHOTOS Elvar To 10% g evépyetag
mov amatteitol yio T cvvripnon tov (Parker, 1965). To 1066 awtd pmopel va TpocPEpeTan
a0 VOPOLAYVNTIKA KOUOTO G TNV ATOCTUCT =21, Tpv dlayvBodv (kdpovon g éviaong
tov MLIL. Tov TAdGpHaTOG)

O Barnes £0¢€1&e 0Tt T0L Yp1yOPO VIPOLLOYVITIKG KOLOATO S1O(EOVV TO UEYOADTEPO HEPOG
NG EVEPYELNG GE OMOCTAGELS LEPIKAOV NAMAK®V aKTivev. Tote ekTOG amd v ent mAéov mieon
(TokvoTnTO eVEPYELNG TV KVPATWV) VITAPYEL to_tpdcaBetn mnyn evépyelac. [a ta mpoTovia

CLUTANPOONKE 0 OPOG

D=D, L g tn’ (5.20)
n

0

omov Do, a kot b otafepég mov opifovv Vv oYL, ™ 0éom Ko T SlcTOPA TNG TNYNG
evépyeog kot D n “aBepuikn myn” evépyetag.

Me 1o TpOTLTO AWTO M TOYLTNTO POTG KO 1 Bepuokpacio Twv TpwToviov Tavtilovrol
HE TIG MEWPOUOTIKEG TWWEG, M O€ TN TNG TLUKVOTNTOG TOL TAACUOTOS TANGLAlel TNV

TEPOLLOTIKT TIUT.

5.4.4 MoAvpevota npdTLTO.

Televtaio mpotdOnkav mpoéTLROL TOL TANCLALOVY T TEPAPATIKG  dedouéval
Aoppdvovtag v’ Oyn OlPopo QUIVOUEVO GTOV MAOKO GVEHLD, OTMG TNV CLGYETION
vOpOUAYVNTIKOV KLpdtov pe v wieon, 10 E.MIL ywoo tov vmoAoyiopd Oepuikng
ayOYUOTNTOG, TNV €0MTEPIKY TPIPN TOL NAKoD avépov K.A.m. To TputAdpevcto TPOTLTO

AapPaver v’ dym tov Tpio €0 copATOI®V €, P Kol 0-COUATIOWL.
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IMivaxag 5.2

Tipég TV SlmAavVNTIKOV TOPOUETPOV GTO SLAPOPA TPOTVTA

MeTpn0. Movépevoto AumAOpEVOTO AumhOpEVOTO
pe a0gppuikn
[vkvort. (cm™) 9 8 15 13
Tay. (km/sec) 320 260 250 320
O¢py. port. (°K) 4x10* 1.6x10° 4.4x10° 3.7x10"
@epp. niekt. (°K) 1.5x10° 1.6x10° 3.4x10° 3.4x10°

5.5 Amooe&ieig Yo MoK S1epopemon

Kvpotepeg anodei&elg yo v dapdpewon tov KA and tov niaxod avepo givor:

1.- To yeyovog 6Tt 0 NAokOG dvepog emnpedlel T poN TOV KOGUIK®OV OKTIVOV QaiveTol
amo TNV avticTpoPn cLGYETIoN HeTaEy g évtaomg Tov KA oto 0plo ¢ atpudceopag
KOl TOV EMTEOOV TNG NAKNG Opactnplotntoc. Métpo g nAakng dpactnpldtnTog eival
ot NAokég KNALdES.

O nMokog kokAog elvar 11-gm¢ mepiodog dmov 0 apfuog Twv kKNAdwV Kot Yevikd M
NAoK” dpactnPoTNTo Kupaivetal Hetalld pog HEYIoTNG Ko g eEAoTS TiunG. Métpo
oV Pabuod g dutapayng oto emimedo TG EKAEIMTIKNG diveTanl amd TO YEOUOYVNTIKO
delktn oo

Yopotiow pe v 01 dvokapyio (R =pc/ ze) EKTPEMOVTOL KoTd TO 1010 TOGOV Kol
&xouv Opotleg tpoyég oe dedopévo payvntikd medio. ‘Etor n dvokapyio givor pétpo tov

Babuov droupdppmong tov KA
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Year 19[51-1-J55L L 60 65 70 75 80

Solar t Solar t Solar
minimum Solar minimum  Solar minimum
1 maximum i maximum !

300
200 +

Relative sun-spot number

100

0

Sun-spot number

Mount Washington neutron monitor intensity
2400

Relative
intensity

2200
2000

40 aa Index

30+
20

Index number

10

Yyqpoe 5.4 Xvoyétion peta&d tov apipol Tov nMaKdV KnAowy, Tng EVIOoTg TV VETPOVIMY
a6 0 otabud vetpoviov tov Mt. Washinghton kot Tov yeopoyvntikod Oeiktn

act. (Shea and Smart, 1985 Proc. 19" ICRC, La Jolla, 4, 501)

2. Tlopatnpodvtar HETOPOAEG GTO GYNUE TOV (QAGHOTOS TOV TPOTOYEVAOV KOGHIK®OV
OKTIVOV GTO Oplo NG OTUOCOUIPOS GTIS OAPOPES (AGEIS TOL MAlokoy KOKAov. O

NALKOG AVELOG OTOPPOPEL TIG KOCUIKEG OKTIVES YOUNADY EVEPYELDV.

3. M tpitn péBodog €pevvag g NAKNG Spopemong elvar ot mAnpoopieg mov
naipvovpe amd 10 eacua Tov niektpoviov e KA Yrdpyovv 600 tpomol yi' avty v
TANPOPOPNON.

[Ipwro, kot evbeia peTpNoES GTO OPLO TNG ATULOGPALPOS LOG STVOLV TO OLOUOPPMOUEVO
eaopo Tov niektpoviov g KA

Agvtepo, TOo 1010 MAEKTPOVIOL GTOV  EVOONOTPIKO YDPO EKTEUTOLY  GUYYPOTPOV
aKTIVOPOAIDL GTNV TEPLOYN TOV PUSIOKVUAT®OV KOl TO PAGUN TOV POUSIOEKTOUTAOV LG
dtver T duvaTOHTNTO VO GUUTEPAVOVLE Y1 TO EVEPYEINKO QPAGLO TOV NAEKTPOVIOV GTOV
EVOOUOTPIKO Ydpo €€ amd TO MAKO cvoTnuo. Xvykpivovtog ta 000 GACHATO,
naipvoope 10 Pabud Stoupdpemong kot evbeio cov cuVAPTNON TG EVEPYEWNG OVA

mopnva (1 SuoKapYin) TOV COUATIIIOV Kol TOV PAGEDV TOL NALOKOD KUKAOV.
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Kinetic energy/GeV nucleon-!
Yyqpe 5.5 Metofoléc tov pdopatog tov tpotoyevav KA oto 6plo g atpoéceapog oTig

SAPOPES PAGELG TOL NALOKOV KOKAOL GUVOPTAGEL TNG KIVITIKNG EVEPYELONS TOV

COUOTOIOV.
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HYDROGEN

100 —

HELIUM

-2 |-
0 NUCLE!

CARBON+
OXYGEN

103 -

Particle flux/m-2s-1sr-1 MV-!

10-8 -

Yyqpoe 5.6 Metafolég Tov eacpaTog TV Tpomtoyeveay KA 611G d1dpopeg pAcELg TOV NALKOD

KOKAOL GUVOPTNGEL TG SVOKAUYING TOV COUOTIOIMV.

IV ovtd mpémel vo KATOVONGOLE OTN GUVEXELW TN JOU| TOV HAyVNTIKOL Tediov GTOV

STAOVITIKO YDPO KO TS ETOPE 0T S1A000N TOV COUATIOIOV and To ddotnua otn I'.

5.6 Ioyopévn pon (Flux freezing)

To mAdopa, g yvmoTdv, £xel LEYAAN NAEKTPIKY] Ay@YILOTNTA SNA. TOL COUATIOW EYOVV
TOAD peydiec erehBepeg O100popég. XT0 OpLo TG ATMEPNS AYOYIUOTNTOS TO HOyVNTIKO TTedio
CUUTEPIPEPETOL GOV VO NTAV TAYOUEVO HEGO GTO TAAGHA. AVTO TO PAVOUEVO Eival YVOGTO

oo ToyoUEVn po).
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H @voum npocéyyion tov 0Epatog LEAETE TV GUUTEPLPOPE TNG PONG CLVOESEUEVTG UE
KAelotd  pedpato o€ Teheimg woviopévo mAdoupo, Otav  To  pedUOTO  KIvoUvTOl M
TOPOLOPPOVOVTOL.

To mpoPinua tibetan ®g €&ng: Otav 10 poyvnTikd medio avTmpooomeveTal omnd
HOYVNTIKEG OUVOUIKES YPOUUES £TG1 MOTE 0 OPlOUOG TOVG avd povada empaveiag KAOeTNg
TPOG TIG YPOUUEG va givan ioeg o péyebog pe v évtaon tov mediov, 10TE OTAV VILAPYOVV
HETOKIVOELS GTO TAAGLO, Ol OUVOLIKES YPOUUES LETOKIVOUVTOL KOl OAAGLOVY TO Gy TOVG
oav vo Ntav “moyouéveg” néoca 6° auTo.

Ag dwré€ovpe éva Bpoyyo C oto mAdoua Kot Tov akolovBcovpe KaODS To GYNLL0 TOL

0AAGCEL AOY® TOV KIVI|GEDV TOV TAACUOTOG

.JB-ds = constant (5.21)
6mov ds M TPocaHENGT TNG EMPAVELNG KOt § T OAIKN EMPAVELNKT] £KTaoT Tov Bpdyyov C. Av
ThpovpE Eva UKPO KUKAIKO GUPLLOL KOl 0PT)COVLE TO TAAGHLO VO EKTOVOOEL OpotOpopea, TOTE

B - A =B mr® = constant, Inhaon

Br~r? (5.22)

‘Etol oe po opoldpopen €KTOVOON, 1M EVEPYELOKN TLKVOTNTO TOL HOYVNTIKOV 7ediov

LLELDVETOL

B2/2p, ~r™* (5.23)

Avto elvan 1o 1010 amotéhecpa pe v adwPatikny ektOveoon aepiov OTOL 0 AOYOG TMOV
edk@v Oeppotntav eivar y=4/3. Ilpokodel aicOnon 0Tl Eva VIEPOYETIKIOTIKO O.EPLO EXEL
v=4/3. Eva té1010 0ép1o cvounepipépetal Katd moAlove TpOTOVG Gav aEPL0 COUOTIOIMmV
yopic pdlo kot to poyvntikd medio elvan éva eEapetikd mapdderypa t€totov agpiov. Ola
avtd oyetiloviol He TO SMAAVNTIKO KOl €VOOUCTPIKO TAACUO 0pov &lval TAdoua Yopic
GLYKPOVGELS KO Ol OUVOUIKES YPOUUESG KIVOUVTOL LE TO TAACUN GOV VO NTOV TOYOUEVES G’
avTo.

H pobnpoatikn mpocéyyion ypnotponotel Tig e£loM®OEg TG LayvnTohdpoSLVOUIKNG TOV

siva:
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1. E€iocmwon ocvveyeiog
‘2—‘t°+v- (pv)=0 (5.24)

OmoL p N KoK TUKVOTNTO KoL D 1) TOVTNTA GE £VoL OMEL0 pong

2. Avvopui eicoon

pdv

y =-VP+JIxB+F +pg (5.25)
t

omov P n mieon, j n mukvomta pedpatog, B n mokvotta g payvntikng pong, Fr mapiotd
duvauelg ohobnong kot g n emtdyvvon ™¢ Papvtnrog. H ddvoun pdu/dt dpa oe e1dkd
onuelo ¢ pong o€ GLUOTNUA AVOEOPAS TOL Kiveitor pe To MAQopo. Xyetileton pe v

elowon mov mepLypdpel pHeTafoAn o€ pio WOTNTO TOV PEVGTOV GE OEOOUEVO GNUEID OTO

dloTn .
i:£+U-V (5.26)
dt ot
3. ESiomogig Maxwell
vxE=_28 (5.27)
ot
VxB=-,J (5.28)

Agv vrapyel pedpo petatomong D, 010t £xovpe apyd petaforiiopeva eavopeva v<<c. [V
avtd dgv LILAPYOLY EUVOUEVO POPTIOV GTO SldoTnua, dNANdN To couaTid Exovv Tavta
OPKETO XPOVO YloL Vo 0LOETEPOTOMGOVY KABE d1apopd poptiov oty KAlpoka Kiviiong Tov

TAGGLLOTOG,

4.  Népog Ohm

J=c(E+vxB)

OmOV G M MAEKTPIKY AYOYUOTNTO TOL TAAGUOTOC. XPNOULOTOUOVTOG TIG EEICADGELS TOV

Maxwell katairyovue
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oB

Esz(oxB)+ ! v (5.29)

O Mo

To ocbomua tov eglodoewv (5.24), (5.25), (5.27) kar (5.29) amnoterel 115 Pacikég

eElomaoelg ™G LoyvntohopoSVVOUIKTG.

"Exovpe 600 Adoeic: Av 1o mAdopa npepel, Oniaon v=0

9B__1 vgop (5.30)

ot o,

Avt glvar  cuvnBiopévn e&icmon dbyvong. Mmopole va Tpocdtopicovpe 10 ypdvo
dtbyvong tov poyvnTikod mediov o€ o mepoyn ypdooviag OB/ot~B/r, o6mov r o
YOPOKTNPIGTIKOS XpOVOC didyvong kou V2B =B/ L?, 6mov L 1 KAipako Tov GGTARaTOC.

E:—1 Ez = |’=c5uOL2 (5.31)
r op, L

Av16 10 TEQVOSHO doVAEDEL O TAEN HeYEBoVS Kat 0 ¥pOVOS T Eivar 0 XPOVOG TOV aalLTEITOL

va dtoyvBet to poyvntikd medio og o teployn dlactdoemy L.
Av Bswprocovpe AmepT oy@YHOTNTO G=00 TOTE

(Z—?:Vx(ux B) (5.32)

Av Beswpnoovpe tote €va Bpdyxo S o610 TAAGUO, VIAPYOLV dVO GLVEIGPOPES OTN
petafoAin tov B pe 1o ypévo. Kat’ apydc vmapyovv HETABOAES OTN HOYVNTIKY TUKVOTTO
MOy eEmTepkdV artiov Kot deHTEPO VILAPYEL LUK CLVIGTAOGO TNG TVKVOTNTAG PONG AOY® TNG
kivnong tov Bpoyyov.

H npod cvveiocpopd eivor

[ ==.ds (5.33)

Kol 1 OgVTEPT] TPOKVTTEL OO TO YEYOVOS OTL AdY® NG Kivnong tov Ppoyyov elcdyetor Eva
niextpikod medio E=vxB. Tote eneidn VXE=—-0d /0t vadpyet pa npécbetn cuveiopopd

TNV OMKN HOYVITIKY pOT} SIOUEGOL TOV BPOYYOV.
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_[?j—lts-dS:—_[Vx(oxB)-dS (5.34)

[IpocHétovtag T1g 500 GLVEIGPOPES £YOVLE
%js-dsq% -dS—[Vx(uxB)-dS=] (%—VX(UXB))USIO (5.35)

onAadn M poyvntiky pon o pécov tov Ppdyyov eivar otabepr, aVTO TOL EVVOOVUE

“nayopévn pon”

5.7 Eq@oappoyn 6tov nAloko avepo

To mhdopo kot 1o poyvntikd medio sivar otevd cuvdedepéva kat 1 duvapukn eEaptdton
and 10 MO Oamd ovuTd £xel TN peyoAvtepn evépyewe 1 polikny mokvotnta. Omog
TOPOTNPACALE 1 KWWNTIKN EVEPYEIL TOV TPOTOVimV elvar oAy mo peydAn omd tov
poyvnTiko\ tediov Kot y' ovtd To payvntikd medio “oépveTor’”’ yOpm amd To GOUATIOW.

O NMAog meprotpépetar KABe 26 pEPEG GTOV AEOVE TOL Kol 0 NALKOG AVELOG dtodideTaL
OKTVIKG TPOg Tal € HE TEPIETOTEPO 1N AYOTEPO oTOOEPT AKTIVIKY] TayOTNTO TG TAENG TOL
350 km/sec Ocov apopd 10 oNUEI0 TOL NAOL TOL EKTEUTETAL, O NAOKOS AVELOG 0KOAOLOEL
pa omeipa tov Apyuunom (oy. 5.7) Ta copotiow etvor OAa deHEVa OTIG LOYVITIKEG OUVOLKEG
YpappéES mov Eektvouy amd Tov A0 Kol £T61 TO HoyvnTikd Tedio 6Tov NAKO dvepo moipvet
po onelpogdn doun. H dvvoapkn tov copatidiov mov eknéumoviot e otofepn aKTIVIKN
ToYOTNTO OO TOV MA0 KaBDG mePloTpEPeTal, HOALEL e TEPICTPEPOUEVO TOTIGTNPL
(ITpdtvmo knmov).

A@od 10 payvmTikd medio eivor SutoAkd Oa TEPUEVOLUE T TOAIKOTNTO TOV
payvntikoH mediov vo dpépel oe KAOe TAELPA TOV EMUTESOL TNG EKAEIMTIKNG. AvTtn 1
KOTOVOUN TOV HOyVNTIKOV TTEdiov 6ToV damhovnTikd Ydpo Ppeénke va Exel omelpoedn ooun
and toug Wilcox ko Ness (1965), aAld PBpédnke cuyypdvmg OtL vtapyovv Betikol Ko
apvntkol Topeig (0nwg gaivetar oto oynua 5.8a). 'Etor n doun kotd topei mpémet vo AneOet
v’ dym av 1 TtoAkotnta Bopd-Notov tov nhokod poyvntikov mediov owatnpeitonl Ko emi
TAé0V TO 0VOETEPO otpdpa (current sheet) Eexmpilovtag Tig 000 TePLOYES Tapovotdlel kKAion

He to emimedo NG exAewmtikng (o). 5.8b).
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(a)

Ecliptic plane

(b)

Yyqpe 5.7 o) Xrelpogldng oo Tov Hayvntikob Tediov Tov niakov avépov. To oyfua deiyvet
TNV SLVOLIKT] TOL TAGGLOTOG TOV GUVOEETOL LLE L0 SVVAUIKT YPOUUT TOV Tediov,
EVM 0 NAOG TEPIOTPEPETOL GE LUOT TEPIGTPOPN. ZE UEYUAEC OMOCTAGELG 1) LOPPT|
elvar omeipa Tov Apyunon.
B) Aopn Tov poaryvntikov tediov ££® omd To emimedo g ekAemtiknG. ‘Exet avtifBetn

TOAKOTNTA GTIG OV0 TAEVPEG TOL HAVODO PEVILOTOG,
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{a)
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(b)

Yyqpoe 5.8 o) Aoyl Kotd TOUEIC TOL HayvnTIKOD TTEGiOL PETPOVUEVO KOVIO GTO EMIMESO TN
exhemmtikng . (J.M. Wilcox and N.F. Ness (1965) J. Geophys. Res. 70, 5793)
B) Ipdtomo TOV MAOGEAPIKOL pavdva pedpotog mov Eeyopiler Tig avrtibeteg
TOAKOTITEC TOV LOyVNTIKOD 7tEdiov oTo BOpetol Kot vOTI NUIGL TOV NALOKOD aVEUOV.

[J. R. Jokipii and B.T. Thomas (1981) Astrophys. J. 234, 1115]

[Ipoopateg perpnoeig and tov Pioneer-11 kabBmg talideye oe Popetdtepa mAGTN

petald tov Ala kot tov Kpovov éyovv emPefaidoet avtn t doun (Simpson, 1989). To
KOUATIOTO KEKAMUEVO 0V3ETEPO oTpOLO. EYel TpoTabel omd Tovg Jokipii ko Thomas (1981). H

dopn| Katd Topelg opeileTon 6TO GTPOUN AVTO TOV TEPVE OO TOV TOPATNPNTH OV0 QOPES GE

Kké0e meprotpoen Tov "HAwov.

5.8 AwmhovnTiko payvnTiko nedio
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Y’ éva, chotnua cvvietaypévav (r, 0, @) Tov otpépetar pe tov HAo (0=0° katd pAKog

1OV GEOVA TEPLGTPOPTC TOV NALOV) Ol GLVICTMCEG TNG TAYVTNTAS TOV NALOKOD aVELOV Elvarn

v (1,0, 9)=v
Yy (T, 0, @) = - orsind (5.36)
Ve (1,0, 9) =0

01OV V TAYVTNTO EKTOVAOGCTC KOL M YOVIOKT TOYOTNTO TEPICTPOPNG
H ypoapun pong tov mAdopatog eivat

ldr v _ v (0 =octa9epn) (5.37)
rdp v, -—orsind

Av v = 0100. 08 OMOGTACN UEPIKAOV OEKAOMV NAOK®OV OKTIVOV 1) OVOAVTIKY TEPLYPUPY| TOV

YPOUU®V pong_elval
L
®sin®

r=rp=———(0-9,) (5.38)

OTOVL Ty, Pg CLVTIETAYUEVES GTN PAOT TOV GTEUUOTOG.

Amo v e&icmwon tov Maxwell V B = 0 ko B = a v €govpe yio 6Qaipikn GUUUETPIKN

YEOUETPIO TIC GUVIGTMOGES TOV LYV TIKOD TTediov
2
r
B,(r,0,¢) =B (r,,0,9,) (?Oj
B, (1,0,¢) = B (1y,0,0,) 22" sin© (5.39)
v r

Be:O

IMa 8Y0 dopopeTikéc amoosTdcelS amd TOV A0 £XOVLE

B, (r0,9)=B (1.,0,9,) (:_Oj

B(P(I‘,O, (P) =B (rli e' (Pl) (%j (540)

Be (1,6, 0)=0

113



Xyqpo 5.9 Ipappn pong tov mAdopatog (omeipa Tov Apynon) HEc 6To omoio PEPeTL

TOYOUEVO TO LoyVNTIKO TTEdio.

SiedBuvom
payvnmixot wediou

nhiog

Yyqpo 5.10 H dedv0vvon pog poyvntikig SUVOUIKNG YPOUUNG 67 £ve GOGTN L0 AVOPOPAS 1oV

TEPLOTPEPETAL LLE TOV NAL0.

Av 0 NM\og dev mepiotpeotav Ba eiyape oyxeddv evbeieg dSLVOIKEG YPOUUES UEoa OTNV

€0MTEPIKN NMAOGQalpa. Emedn Opmg TeploTpéPetal o HOyvNTIK YPOUUy omd  pio
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OTOWELMON EMPAVELL 0KOAOVOEL TNV Tpoyld OéouNg pevoTtov amd v dla empavelo.
Yopotiot mov eKTEUTOVTAL LE TaxOTNTO L oo Ta onueia 1- 4 Tov A0V oL TEPIOTPEPETAL
LE YOVIOKN ToLTNTO © o€ 6o dtwotnuata At gtdvovy ota onueia 1°- 4 o ypdvo 4At (oy.
5.9)

H yovia pgdpatog (stream angle 1 garden-hose angle) otnv tpoyd g yng eivan
. or
vsSine=rcose = tanp=— (5.41)
v

o ©=2.7-10"rad/sec, v=400km/sec, =1 AU 1 oneipa Tov Apyidn éxet khion mepinov 45°
®¢ TPOg TNV aKTviKn dtevbuvon kot dlvel tn péon devBvven Tov poyvnTikov mediov ce

nuepnowa Bon (oy. 5.10).

5.8.1 Toe&woépnon katd Burlaga

Mo v keATEpPN KaTtavonon TV W10THTOV TOV COUTIIOY TOL NAOKOD AVELOL Kot
mv taSvopnon tov dedopévav ot Burlaga xor Ness eionyoyav v 10éo T0V UNKOLG
KMpaxog (scale length, ypovog). YnéBecav 0tL 10 punkog pmopet va petatpanel oe ypodvo
SPAOVTOS E TNV KOTAAANAN ToyhTnTa Tov NAlakod avépov. o copatiow evépyslag > 2
GeV poévo ot 1010tTeg ™G Mdkpo- ko Méco- khMpoakag elivar evoloQéPovceg, evd ot
1010tNTEG TS Mikpo-khipakog tapldlovy oe copotidn yapmiov evepyeiov (< 1 GeV)

(mivoxag 5.3).

Iivaxog 5.3
Ta&wounon katd Burlaga kot Ness tov payvntikov nediov

t f (sec™) E L (AU)
1 ypévoc 3x10°
100 hr 3x10° Maoakpo-rAipoio 200 GeV 1
(Zmepoeidnc-xotd topeic ooun)
1hr 3x10™ Meco-rAipaxa (Qotikd kdpaTo) 1 GeV 1072
30 sec 3x 107 Miukpo-khipoka (Acvvéyeieg) 1 MeV 10
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Yyqpoe 5.11  Aoun katd Topelc TOL SLomAAVITIKOD ¥®POL OTw¢ HeTadodnke amd tov IMP-1
10 Agk. 1963. H amdxhion and ™ dopn katd tnv 2a Agkepppiov opeiletar oe
poayvntikn kotoryido. To pikpd BEAN deiyvouv amokAIGEL TOV MUEPGLOV

avOGLOTOG KO TO TECOEPO, BEAN delyvouv TN HECT) NUEPTIOLO. AVIGOTPOTTIC.

o) Maxkpodopr] (6TEPOEONS-KOTA TOREIS dopT])

Metpricelg mov €ywvav amd dwoctnuomiole oty amdotacn e 1AU €deiav v
Omapén pog peyaing kKAipokag dounc. To poyvnrtikd medio mpocavatoAiletol Tpog Tov Ao M
amd TOV A0 OVEL XPOVIKG SCTHUATO UEPIKAOV Muepdv. H evolhiayn avti g @opds pe
nepiodo 27-nuepdv €0e1&e v Vmopén pog SoUNG HayvnTIKOV Touéwv (Sectors) tov
dramAavntikob ediov meptotpe@opévav pe tov Ao (o). 5.11)

H xatoavoun tov poyvntikod mediov 6to eMmedo TG EKAEWTIKNG TapoLSldlel péylota
otig yovieg 150° kar 310° ko kdbeta 670 eminedo g exhewmtikyg otig 30° mepimov KAT® amd

TO EMMEDO TNG EKAEWTIKNG, 0TS PoaiveTon 6T0 oyua 5.12.
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Yyqpoe 5.12 TToAkd S1dypapio TOL TPOGOVATOAGHOD TOL SIOTAVITIKOD Hay VN TIKo Tediov
6710 eninedo TG eKAeMmTIKNG Kol KABeTO 6° avTd. O S1OKEKOUUEVES YPAUUESG

OVTIGTOLYOVV GE IGOTPOTEG KOTAVOUES.

B) Meoodoun (QLoTIKG KOpATA)

Yndpyovv pedpato MAOKOL ovVEHOL UEYEANG TOYVTNTOS TOL OmodidovTal GtV
OVOLLOLOYEVT] OOUN TNG EKTOVOONG TOV GTEUUATOS KOU MG TPOG TO XPOVO Kol G TPOG TO
nAMokd yeoypaewd pnkog. ToOte ol HOyvNTIKEG OLVOUIKES YPOUUES — OEV GLVOEOVTOUL

TEPLGGOTEPO LE TIC YPAUUEG pONG TOL TAAGaTOG (o). 5.13).

Apyég

~ Nemeopevoy
psiga  aveusy

'f]A'.zv.og gvep

Teyog
FALINDG
avEHO

Yyqpe 5.13  Aoun tov SomhovnTIKoD PoyvnTikoD Ttediov (oynuoTikd) Tov

GUVOJEVETAL OO OLVOLOLOYEVT EKTOVMGT TOL ALOKOV OVELLOV.
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H nepintoon A tov oyfuatog 5.13 avtiotogel og avtiopaon peta&d pevpdtov. Pedua
HEYAANG TOYVTNTAG KOAOTTEL TPONYOVUEVO UIKPNG TaxOTNTOC Kol ov €yovpe otabepn
KOTOVOUN TOV TNYOV EKTOVOONG TOV OTEUHOTOS Bo £yovpe adEnon g TuKvVOTNTAG TOV
TAAGLOTOG Ko TOV pueyEBoug tov.

Av 1 100 meployn OMoel MAKO GVEHO TOV Ol TOYOTNTEG EKTOVMOONG TOIKIAAOLY
OUVOPTNOEL TOV YPOVOL EYOVUE TNV OVATTLEN OmAOD KOUPoL Kot TN Onpovpyior £vOg
®oTikov kopartog (Blast wave) (nepintmon B)

Eivor dvuvatd opmg va dmpuovpyodvionl Kol TEPLGGOTEPOL KOUPOL avVTIGTPEPOUEVOL
(Solar-wind dwell). Ztig tpig dootdoelg to TpoPAnua givor mTolvmioko. ‘Eyovue pnépdepo
TOV SUVOUKAV YPOULDV, OTOL dNUOVPYOVVTOL AGVVEXELES KO £XOVLE PAULVOUEVA OVIKANONG

(nepintwon B').

v) Miuwkpodopn

H omnepogiong dopun petafdAreTon OVGLOGTIKA AOY® TNG TOPOVGING OVOUOAIDV LKPNG
KMUoKoG ouveyovs KaTovoung 1 TV KOUPoV Tov Suvoutkov ypaupov. Exovue v kivnon
TPoeEOY MV TG POTOcPUPOS (KOKKOl-VTEpKOKKOoL). [Tapovsibletar petatomion amd ™ péon

dtevBuvon g oneipag Tov Apyunon to moAv katd 0.1 AU (oy. 5.14).

5.8.2 Merpnogig poyvnTikoy €diov amwd 60pvPOpPovg

Ol TPpMOTEG HETPNOELS TOV TUWMV TOL OOTACVNTIKOD HayvnTikoO mediov &yvav amod
tovg Coleman, Davis kot Sonett (1960) oto dopvpdpo PIONEER-V, 6mov petpnnkay tipég
Tov Tediov amd 3y ¢ 60y. Ao TOTE. £ytvav Kol YIVOVTOL GUVEYELD LETPTCELS TOV LYV TIKOV
nedlov pe Pertiopévo petpntikd cvotpota. Avagépovpe tovg HEOS-T wor HEOS-II
(Hedgecock, 1975) PIONEER-6 (Villante, Mariani), MARINER-5 (Rosenberg, Coleman,
1973), PIONEER-10 (Rosenberg et al, 1975), MARINER-10 (Behannon, 1976) kA.w. Ot
vepuavikoi nitokevipikoi dopvedpor HELIOS-I ko HELIOS-II, pétpnoav v évtaon tov
JSTAVNTIKOL HoryvnTikoD Ttediov Kovid otov Ao, o€ amootdcelg péxpt 0.3 AU. H avdivon
TOV HETPNOE®V aLTOV £0€1&e TNV 110 akpIP®OG HETABOAN TV GLUVIGTOGMOV TOV HOYVITIKOV
nediov GLVOPTHGEL TNG OTOGTOONG Amd Tov Ao Onmg elxe TpoPréyel Bewpnricd o Parker.
Anhodn ywoo T HETOPOA TNG OKTIVIKNG ouviotdcog Ppédnke By = 2.55 yr"z'o Kol NG

alipwovdiokng cvvictacag Ppébnke By=2.22 yr 1o,

118



= SENSE OF
£ SOLAR ROTATION

PR
RADIAL /{;
FLOW OF * X
SOLAR
WIND
SMALL SCALE
IRREGULARITIES
\//

CORRELATIOI’? 7~
LENGTH Y, NOMINAL

2 ARCHIMEDES
/ 3 SPIRAL
/"/ // )

Yype 5.14 Zkitco tov SomAavnTikoD poyvinTikoD Tediov Tov @aivetol 1 Toyaio Kivion
TV Suvapkadv ypouudv. H téhela oneipa tov Apyiundn opeiletor og

OLOI0YEVY] EKTOVMOT] TOV NALKOD AVEHOV.
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Zypae 5.15  Xyxéon g pESTS TAYVTNTAG TOV NAKOD GVEHOL Kol TV SEKTOV K, Tov

yYeopoyvnTikov mediov. Eivor eppavig n dtaxopoven katd 27-uépeg.
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210 oynua.  5.16 @oivovtal ot HETPNOELS TNG €VTAONG TOV HOYVNTIKOV Ttediov Og
SLUPOPETIKEG AMOGTAGELS OO TOV A0, OIS KAAVEONKavV amd tovg dopvedpovg HELIOS-I
kot PIONEER-10. H ovveyng koumbin mopiotdvetl ) Bewpntikny kapmoin tov B katd tov

Parker (1963).

H cOuntmon e to Telpapoticd 0e0opuéva. Vot TpoQavi.

T L3 T
0
o} -
wh Be i i 4
(Parkar)
" Iwzuos- ! T — ]
- Jricnzer 10 S
@ e J
HELIOS-1 —— PIONEER 10
o b R
03 Qi &5 a:  as 18 2.0 36 Lo
R. AM

Yyqpoe 5.16  MetaPoin g évtaong B tov poyvntikov mediov cuvaptioEl TG amdcTUoG
amd Tov NA0 pe petpnoelg tov dopveodpwmv Helios-T kar Pioneer-10 og

obvyKkplon e v puetafoln mpo mpoPrénetar amd tov Parker.

Y10 oyfqua 5.17 o@aivetor M petafoAn Tov peyebdV TOL poyvnTikoy 7ediov
GULVOPTNOEL TOV XPOVOV, OTTmG peTpriOniay amd tov HELIOS-II. Aiveton
a. To péyebog B g évtaomg Tov poyvntikov mediov.
B. H andxion 6 tov aviopotog B wg mpog v ekieumtiky).
v. H yovia ¢ mov oynuotiletor and v tpofoin tov avdcpatog B oty exiemtiky and
v gvbeia nAiov-yng Kot
3. H mieon tov apmtoviov tov mhdcpatog (NK<T>) 6mov N 1 aptOuntikny TokvoTnTa TOL
mAdopotog, K n otabepd Boltzmann kot T 1 Oeppoxpacio tov TAdopatoc.
210 oynuo. avtd pe TOAD UEYAAN coeVED OlKpivovTol Ol HoyvnTikol TOEIS
EVOALOKTIKNG TOMKOTNTAG KAOMG 0 NA0G mepioTpépetan mepi Tov dEova tov. ‘ETot, pmopovpe
vo. Tpocdlopicovpe T OldpKelo Kot Ty €vtaon kdbe poyvntikod Topén 6To EMIMESO NG

EKAEUTTIKNG,.
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Yyqpoe 5.17 Tpiopeg péoec TéG TS petafoing g évraong tov payvntikov mediov (B, 6, )

Kol g mieong tov mAdopatog (nk <T>) oo tov Helios-11.

5.9 Aopnpévog nMokog avepog

[ToAAég @opéc mapatnpeiton avEnon g ToydINTAG PONG KOl TNG TLKVOTNTOS TOV
NAoakoy avépov Kot akoAovBel pia tepiodog yapuniotepov mukvotitov. [lpdteg petpnoelg
gywav a6 tov Mariner 1l (1962). H molkdtnta tov MLIT. mopapével idio katd ) Stdpketo
eVOG TETO10V PEVUOTOG PEYAANG ToOTNTOG, emavaiappdvovtat og KaOe 27-nuépes.

Ymépyovv d1apopot optGpot Yo To pELIATO LEYAANG ToyuTNTAGS. XVVvNOmg opilovtol mwg

egig:

OOV Vinax 1 LEYIOTN HEGT] NUEPN O TAXDTNTO KO
Vo 1 péon tiun g toyvnTog Evapéng kot ANENg Tov pedpatog

2.-  H oAl dudpketa tov pedpotog givar peyolutepn amod 2 Pépe.
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O1 Baotkég 1010TNTEG TOV PELHATOV HEYIANG TayVTNTOG ivot:

a.  AvEnon ¢ taydTNTOG POoNG o€ o uépa Kot katd péco opo amd 400-700 km/sec. H

amokotdotaon yiverotl fabpaio petd and apketég LEPES.

B.  Amdtoun avénon g TuKVOTNTAG TOV NAOKOD AVELLOV

Y.  Metafol) g Beppokpaciog Tov peOIOTOC TOPOUOL LE TNV TOYVTNTO POoNG. AToppést

amd TV olatnpno” Lalog Kol EVEPYELNG TOV TAAGUATOC.

800 100
600} ‘/H 10
r‘\ -
400 3] 1
BOO T 100
600 10 a_
3]
8 £00 1 ‘}
0
7] [
SN 800 100 2
; [
o 600 o 2
=2 =
.5 S
?U_( L00 1 f—_'
800 100
60C}H 10
400t 1
800 100
600'& i 10
400 1

Yyqpoe 5.18 Xpovikn petaforn tng toydTNTag Kol TG TUKVOTNTOS TOL NAIUKOD OVELOL KOTA
™ odpkewn 4.5 mepiotpoedv tov NAov. Iapatmpeitar 6t vedpyovv apketd
peopote o. B. Yy Kot & wov emavolapPdvovior apkeTéc @opég kabe 27-pépeg
TEPITOL TOL VOl | GLVOAIKT] TTEPI0DOG TOV NALOL GE GYEGT LE TO SLOGTNHOTAOLO.

[Snyder and Neugebauer (1966) J. Geophys. Res. 71, 4469]
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5.9.1 IIpoéievon TOV PpEOPATOV PEYAING TAYVTNTOS

H emavodnmtikdtnto TV payvnTik®ov TOHEDV Kol TOV PEVUATOV LEYOANG ToVTNTAG G
27-pépeg deiyvouv 1t oxéon tv 600 dopmv. H vmopén pog vrepioybovsos HoyvnTikng
TOOTNTOC OTO PELUATO OVTA €ivor £vOeEn OTL 1 HAyVNTIKY OOUN TOL CTEUUOTOS €lval O

KOPL0g PLOUIGTAG TOV YUPOUKTNPIGTIKMY TOV NALKOD OVELOL.

AIOENHI
IIXYFOL HAIAKOZ N .
IZXYP
HAIAKOL ANEMOZL ox

) //

HAIAKOZ

\\ \ ]‘I /;NEMOI

1 |
OPIO TOMEQE S YA
ENOMEND TMHMA NPOHITOYMENO TMHMA
2¥ TomEn: TOMEOT
NPOZI TON HAIO ANO TON HAIG

—== ILOBEPMIKEL EMI®ANIEL
T FPAMMEZ MArN. NEAIOY

Yyqpoe 5.19 Iopdderypo evog avorktoD poyvnTikoD Tediov Tov omoKAIveEL.

Katd ™ owdpxelo g amootorrg Skylab (Mdawog 1972 - ®ef. 1974) Bpébnke 611 o1
oteppatikég omég (coronal holes) peyding éxtaong mov Ppickovrol 6Tov 1IoMUEPVO TOV HALOV
glvalr mmyég avtdv TV peopdtov. ZymuatiCovior o mePoyxEg acHevdv HOVOTOMK®OV
LLOyVNTIK®OV TESIOV TOL OTOKAIVOLV.

Ao T1c petpnoelg tov Skylab Bpébnie o1
a. H ovoyétion tov gufadod TG GTEUPOTIKNG OMNG Kol TNG MUEYOADTEPNG TG NG

TayvINTag pong etvar 96%

B.  H ovoyétion g moAuotntog tov EMIT 611G 0még mov mpoépyovton to peOLLOTO KoL TNG

moAkdTnTog ToL NAMakod MIT givon 0.84.

‘Eva. and 1o omovdaidtepa TpOTLIO, TOL NAOKOD GLGTHWOTOS £vol TO TPOTLTO NG
UTOAOPIVOG KOl 1OYVEL OTO EAGYIOTO TNG MAKNG OpaoTNPOTNTAS OOV £YOVUE TIC
LEYOADTEPES KO TEPIGGOTEPES CTEUUATIKEG OMEG. Ot TOAIKES TpOTEG TOL oTéEUATOG YepilovV

TO YOPO YOP® omd Tov Ao Kot opilovv 10 0p1o ™ NAdcearpas. To Oplo avapeso oto 6Ho
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PEVULOTA TOL NALOKOD OVELOV OVOUALETAL EMPAVELN PELLATOG 1) OVOETEPN EmPdveLla. Apyilet
KOVTO OTOV 1omuePVO Tov MAlov Kou ekteiveton mpog to €€m. Eivar wopatiot) ot

TEPIOTPEPETOL KOOMG 0 NAOG TEPIOTPEPETAL TTEPT TOV EAVTO TOV.

TAXYTHTA  HAIAKOY ANEMOY,

HAIAKO
NAATOL’

1E0*
HAIAKO MHKOX

Yyqpoe 5.20  XEyéon g ToydTNTOGC TOV PEVUAT®V TOL NAOKOD OVELOL e TO gUPaddv TV
OTEURATIKOV OOV, Ol TEPLOYES TOV GTEUUATIKOV OTAOV (CKOVPO ETLPAVELXL)
GUUTITTOVY GE MALOYPAPIKO LNKOG UE TIG TEPLOYES MEYAANG TOXVTNTAS VO

PEVUATOV TOL NALOKOD UVELLOL.

Emedn n yn xweiton move o610 emimedo G EKAEMTIKNG OV oynpatilel pkpn yovio
(7°-25) pe tov 1onuepvd Tov HAov Ppicketan dradoyikd TV Kol KAT® amd TNV ovdéTepn

emeavela (0TiKog 1 apvnTIKOS TOUENS).

5.9.2 Koartnyopieg peopatov

Awaxpivoope 600 katnyopieg YpNyop®V PELUATMOV NALOKOD AVELOL:

a. ‘Hovyo pedpota mov mpoépyoviar amd TIC CTEUUATIKES OTEG KO TIG NOVYES TEPLOYES
TOV A0V KO

B. Alotapoaypévo peOOT TOL TPOEPYOVTOL OO NALUKES EKAGUWELS KOl EVEPYEC TEPLOYEC

TOV NAL0V.
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Yyqpe 5.21  IIpdtvmo g “urarapivoc”. aivetal 1 mopapdp@moT TG OVOETEPTC EMLPAVELNG

OTAV 1M GTEUUOTIKY 0T TOL POPEIOL TOAOL EKTEIVETOL GE WIKPA NALOYPAPIKH

AU Kol KAT® akopo amd Ttov onuepwvo. 'Etol évag mopatnpnmg movu

Bpioketoaw ot yn Ppioketar o€ QLT TV TEPITTOON GE HOYyVNTIKO TESIO

OPVNTIKNG TOMKOTNTOG.

Iivaxkog 5.4
I'PHI'OPA PEYMATA HAIAKOY ANEMOY

HXYXA

ATATAPAT'MENA

(ZreppoTikég omés-
novyes meproyég tov "'HAiwov)

(Evepyég meproyég tov Hiov-
NAOKEG EKAALLYELS)

ATAITAANHTIKEX

MAPAMETPOI YV, B, n, T

a. H petaporr g éviaong tov EMII (B)

elvar avdioyn pe 1t petofoin g
tayvtrog tov HA. H moAwotnta tov
MIT mopoapével otabepr] o’ OAN 1M
SLAPKELN TOV PEVUOTOC.

H mokvomta (n) tov mpotoviov
peTOPAAAETOL  OVTIOTPOQMOS OVAAOYQ
g toyvnTog V.

H Oeppoxpacia (T) tov mpotoviov

axolovbei T cvumeprpopd g V.

a. H toyomta V, n évtaon tov EMII (B), n
mokvotto (n) kor m OBgpuoxpacio (T) twv
TPOTOVIOV gu@aviCovy TEePImov TOVTOYPOVEG
aLENCELS Kot napovcstalovy  peydileg
dtakvpdvoelg oty mepiodo ™S Vmax-

B. H moAwomta tov EM gpoavilel avtiotpopég
Kol avopoAieg Tov dtapkovv 3-4 dpeg.

y. H ovunegpipopd g Oepuoxpaciog etvon
ave€dptmn omd TNV GLUTEPLPOPA NG

tayvnrog V.
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Yynpa 5.22  Aidovior Ol YOpaKTNPIOTIKOL TOPAUETPOL TV OV0 KOATNYOPLOV PEVUATOV
HeYOANG ToybTNTag TOov mMAlakol ovépov. Emiong oaivetar m évtaom g
Koopikng Axtwvofoliog kou otig 000 mepurtmoelg (Mavromichalaki and

Vassilaki, 1998 Solar Phys. 183, 181)
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A) 'Hovyo pedpoata

¥’ éva oOOTNUO TTEPIOTPEPOUEVO LLE TOV NAL0 Ol YPOUUES PONG €ivol Kol SVVOUIKES

YPOUUES LoryvnTikoD tediov. Amd v e&icmon

v
r—1r,=——(¢—09,)
®sin®

yuoL OOpEVO I, av M @ glvar pukpdTeEPT omd TN HEST TN, TO pedpa HeydAng tayvtntag Ho
TPOCTEPAGEL KOl Bt GLYKPOVGOEL OTWGONTOTE e TOV APYOTEPH KIVOOUEVO NALOKO AVELO TOV
nepPaAlovtog. Ady® G UEYAANG MAEKTPIKNG ayoyudtrag eumodiletor n avauén tov

pELLLATOG UE TO TEPPAAAOV TAGGHL TOV GLUTLECETOL.

pérome
KpOUCLWE

: OUPTEOREVOG
e ). GVEROG
el . -

peipa peyding

/1/ = TeRUTnTOS

Yympa 5.23  Oeopntikd TpdTLTO TOV “NoLY®V”’ PEVUATOV LEYAANG TOYVTNTAG

H ovumnieon mpokaiel avénon g mokvotntog tov tpwtoviov tov HA katd v évapén
TOV PELUATOV LEYOAANG TOOTNTOG KOl EAATTMOT OVTHG oW O’ 0VTO.

To cvpmelopevo mhdopo Kot To pedpa toxdTag dtaywpilovtal amd Hio ETPAVELL
OV OV OUMEPVATOL OVTE A0 YPOUUES PONG OVTE OO OLVOLUKES YPOUUES Kol ovoudleTan
epantopevikn acvvéyela (tangential discontinuity). Av n toydtTa TOL PEOLLOTOG EIVOL TOAD

HEYAAN, TOTE oYNUATICETOL TO HETOTO KPOVOT|G.
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B) Awrtapaypéva pgoporta

210 dlTopayréVa  PEVUOTO

NMokod avéPov €yovpe o aovveyn avénom g

opilovtiag cvuvictmcag tov MIT tov NAov mov dtopkel APKETEG HEPES KoL TPOEPYETOL OO

nAlaxéc ekpnéets. ‘Exyovpe t xopoktnploTiki SoUn Tov OOmANVTIKOD YMPOL UETA Omd pio

Nl Ekpnén.

Bcon cxancug ™
onypn TG adigews
ToU pe'runcu om Y
(2-3 Tip. pere v Expngn

/ TS

(S1apkeia TouhaxioTov 2 R

>N

’
HETWITO KPOUCEWS

-15»-—-—- otplpa épmioutiopeve ot HE

/4} ébamnTopeviky aouvexela
peEupa pcyu.)\qg Tuxuﬂ]'rog

Bcon éxpriZewg T oTiypA
™S expridewg

Tyqpa 5.24 Ozopntikd TpdTLTO Yo

NAaKoD avELOV

Ta “Olotapaypéve” peOOTO LEYAANS TAXDTNTOS TOV

To vMko mov ektofevetal ot ddpkeln TG EkpnENG otov NMo cvumiélel pe v

EKTOVOON TOVL TO TAAGLO TOL NAOKOD OVELOV Kot TG SUVOLIKEG YPaUpES Tov mediov. To

VAMKO avutd gumodiletar va oaAvOel

ToyVTNTA TOV €KTOEELOEVTOG VAIKOV

AMOy®m ™G peyding nAektpikng ayoypdttoag. Otav 1

Eemepaoel TV tayvINTo TOVL TTEPPAALovtog HA katd

MV TN TG TOMIKNG TaydTnTog Tov Myov (toydvmta Alfvén) oynuotiletar to péromno

KPOVOTG GTO TPOTOPEVOUEVO GKPO TOL GUUTIEGIEVOL PAOLOV TOL TEPPAAAOVTOG TAAGLATOG.

21 Ol ®PLOTIKY  EMOAVELL

gxovpe OPOPETIKEG DEPLOSVVOLIKEG KO YMUKEG

1010 TEC OTIC OVO TAEVPEC. O SLVOLIKES YPAUUES TOV TTESIOV EMOVOGVVOEOVTOL GTO oNUEio

™G EkpNéENG Kot oynuatilovton KAEIOTEG HoyVNTIKEG SOUES HECH GTNV TEPLOYN TG EKPNENC.
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5.10 Kvporta kpovong

Ta wopato kpovong €xovv Ppebel mavTov GTNV AGTPOPLGIKN YNADV EVEPYEIDV KoL
noilovv pOAO-KAEWT 0 TOALL SLPOPETIKA OGTPOPLGIKA TTePBaAlovTa. o HEAETICOVLE
HEPIKEG amO TIG POCIKEG 1010TNTEG Ol OTOIEG £YOLV EPAPLOYN OE Odpopa Tedia, OTWS GTO
OYNUOTICUO AGTEP®Y GTOVG OTEPOEElS AEoveg TV YOAAELDV, TIG POEC LEYAANG TOYVTNTOGC
amd VEAPOVG OOTEPES, EVOOYOANELOKEG PASIOTNYES KOL GTNV OVTIOPOCT TOV NALIKOD OVELOV
pe 1o payvntikod medio g I'me.

1. Fluid mechanisms by Landau and Lifshitz
2. Physics of shock waves and high-temperature hydrodynamic phenomena by Zeldowich

and Raizer)

Mo yevikn d10tta Tov dtatapay®v gival 0Tt dtadidovtal Tpog ta £E® amd TIC TYEG
TOVG LE TNV TOYLTNTO TOV YOV 6T0 PéEGO. [V avtd av pia dratapoyn dwadideton pe toyvTnTo
HEYOADTEPN QMO TNV TOYVTNTO TOV NXOL, TOTE Ogv SLUTEPLPEPETAL KAOOAOV Gav MyNTIKO
KOpo. Ymapyer pio acUVEYEW HETOED TOV TEPLOYDV TPV KOl UETO TN O0TOPO)N KoLl M
televtaia meployn] 0ev yvopiler v emkeipevn aei&n, 010TL Ta OKOLGTIKA KOUOTO 7OV
LETAPEPOVY TNV TANPOPOpia dtadidovtar pe toydTnTa PIKpOTEPN NG dratapayns. Avtég ot
acvvéyeleg ovopdloviot KOpota Kpovons. Zuvinbmg dNUIOVPYOLVTIOL GE KATOGTAGELS, OTMG
expn&els KA. To Bacikd @avdpevo gtvat n por| aepiov e VIEPNYNTIKY TOYVTNTO GE GYEOT)
LLE TNV TOTKN TOVTNTO TOL NYOVL.

YroBétovpe Ot vVIAPYEL O ATOTOUN OGVVEXEWD LETAED TV dVO TEPLOYDOV THG PONG
TOV PEVOTOV. ZTNV OOUTAPUKTN TEPLOYN UTPOCTA OO TO UETMTO KPOVONGS, TO 0EPLO MPEUET
pe mwieon P1, mokvota p1 ko Oeppokpacia Ti. [Ticw to aéplo kiveitar vrepnymrikd pe Pa, p2
kot To. MetaoynuatiCovpe 6° éva choTNUO AvaQopdg TOv KIVEITOL e TOYVTNTO V, OOV TO
pétono kpovong eivar otatikd. ToTe T0 ASIATAPAKTO AEPLO KIVEITOL TPOG TNV OGVVEXELD LIE
tayvmto  Vi=|u| ko Otav 10 mEPAGEL 1 TOYVLTNTA YIVETOL V2 GTO KIVOUUEVO GUGTNUO
avapopags.

H ovumepipopd tov aegpiov mov mepvd amd 10 KOHO KPOVONG TEPLYPAPETOL LUE
e€lomoelg daTnpnone.

H dwatpnon g palag mov tepvd tv acvvéyela ival

P1Y1 =P2Y, (5.42)
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u
P: P
P . (a)
Ty ————— T
Stationary gas
Shock
wave
V2 vi=|U

P2 P
T T

Yyqpe 5.25 o) Métomo kpobong S10d100UEVO GE GTATIKO OEPLO UE VTEPNYNTIKY TaxvTnTa v. H
TaxHTNTO L VOl VITEPYNTIKY] GE GYECT HE TNV TOXLTNTO YOV TOV GTOTIKOV
Hécov.

B) Pon agpiov péca amd 10 ETOTO KPOoOGNG OTOV TO HETMTO EIVOL GTOUTIKO.

Agbtepov, M evepyelakn pon ONA. M evépyswo avd povada ypoOvoy Kot emupaveiog
TapAAAANG oto Vi glvar cuveyns. Eivar amd ta ciyovpo amoteAéopato g SUVOIIKNG TV

pevotov. Oeopodvrog Hovo emimedo KOHOTA KPOOLONG 7oV gival KAOETA GTO V1 KOl V2 1

ST PNON TNG EVEPYELKNG POTG Olver
1, 1,
P1Y1 501 W, [=P2L; EUZ W, (5.43)

omov w givol 1 evBoAmio avd povada paloc xor Oyt n evépyewn  avd  povado  pdlog
(w=¢e+pV, 6mov &= olokAnpouévn evépyelo avd povaoda pdlog kot Vo €101K0G 0YKOG
V=p™). Anhodi mépa omd TV OAOKATPMUEVT EVEPYELD DIAPYOLY KOl SUVALE TEOTG OTN
pon (e&icmwon Bernoulli)

Telucd n opun| g pong dto LEGOL TOV KVUATOG Kpovong etvat cuveyne. [ ta kaBeta

Kopota dtveton omd P+pl)2 Kot apo
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P+ plof =P, + pzog (5.44)

Aniadnq n mieon P=F/S ovvelopépel oty opun ¢ pong tov agpiov. Ot Mo movo
elomoeig (5.42), (5.43), (5.44) eivan o1 cuvOnKeg TOoL peT®@nov kpovong (shock conditions).
INo amlovotevon, Bo pELETHCOVE TNV TEPITTMOON TWV KPOVGTIKOV KUUATOV GE TEAELO

aépto 6mov N evhaimio eivar

w=yPV/(y-1)
61OV Y 0 AOYOG e0IK®V OepLoTRTOV Kot V 0 €101KOC OYKOG V=p'l. OpiCovpe ™ pon| pdlog
avé povada em@aveiog j=p101=p2V2 Kol ypnotponowwviog v (5.44) mov meprypdpel v
dotpnon g opung Ppickovue
=P, —P)I(V,-V,) (5.45)
Eni mAéov n dtopopd tov tayvtnTov Ba elval
v, =0, = (V= V,) =[P, -P) (V, -V, )I* (5.46)

1 ovvéyeto Bpiokovue 10 Adyo Vo/Vi cvvopthoet tov Py kot Po. Apyilovue pe v

elomon dlatnpnong g evepyelakng pong (5.43) kot £xovpe TéAEL0 0€PLO

1, 1.

Wl+5 v, =W, +E L,
w, + 1 PVZ=w, + 1 YA
2 2

Xpnoworowwvtog Vv (5.45) éxovpe

1

(Wl_Wz)"'E (M +V,) (P,—P)=0 (5.47)

Avtikabiotdvtag TV EKppact Tov téAelov agpiov w =y P V (y - 1) éxovpe

— Pl (’Y+1)+P2 (’Y—l) (548)
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oy Jivel T0 AOYO TOV TEGEMV KOl TOV EOIKAOV OYKOV OTY W0 TAELPA TOV KPOVOTIKOD

Kouatog. Amd to vopo Py Vi / Ty =P, Vo / T, Bpiokovpue

T, BV, PP (Y"'l)"'Pz (V_l)

-2 — =-2 (5.49)
T, PV, PP (V _1)+ P, (V _1)
A7 10 AOY0 TV OYK®OV UITOPOVLLE VO OTOLOKPVVOVLE TO V7 apoD
i = (Y_l) P1+(Y+1) P, (5.50)
2V,
Ao autv BploKovpe TIg TOYLTNTEG TOL AEPIOV TPV Kol LETA TO KOUOL KPOVOT|G
2 2 2 Vl
o =f W= -1 R+l + 1P, (5.51)
2 _ 2
Ug e V22 :ﬁ [Pl (Y+1)+ P, (Y 1)] (5.52)

2 P (y-1)+P,(y+1)

Avtd ta amotedécparta Ta eKppdlovpe koAvTEPO 6€ Opovg Tov apBpov Mach M tov
KOPOTOG Kpovong mov opiletor cov Mj=v1/Ci, 6mov ¢; eivor M toydTNTO. TOL MOV GE

adlTAPOKTO AEPLO C1= (yPl/pl)l/ 2 "Etot
M12 = Uf / (Y Pl/pl)= Uf A (5.53)
Ao T1g ekppdoelg (5.51) kot (5.52) o Adyog tov mEcewv givat

P, 2yM:-(y-1)

2
= (5.54)
P, (Y + 1)
Kol 0 AOY0G TV TUKVOTHTOV Elvat
&:&: (y_l) P1+(Y+1) I:)2 — (y+l) (5.55)
pp v, (P +(-UP,  (y-1)+2/ M7
Tehwcd amod tig (5.54) ko (5.55) Bpickovpe T0 Adyo TV BepLOKPACIDV
T, _ [ZVMf_(Y_l)][Z"'(Y"'l)MlZ] (5.56)

T, (y+1) M:
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Ot Adyo1 awTol 6TO OP10 TOV TOAD IGYLPOV KPOVCTIK®V KVUATOV, M1>>1 yivovtat

P,/P, =2y M?/(y+1) (5.57)
p,/py =(y+1)/(y-1) (5.58)
T, /Ty =2y (y=)MF /(y+1) (5.59)

Avtd 1o oamoteAéopato delyvouv OTL OTO TOAD 1GYVPA KPOLOTIKG KOUATO, T
Oepuokpacia ko n mieon propovv avbaipeta vo peyorh®covV, 0ALA 0 AOYOG TV TUKVOTITMOV
naipvel v opopévn T (y+1)/(y-1). o mapdaderypa, Eva povootopkd aépto Exet y=5/3
KoL ETOUEVOG P2/p1=4 6T TOAD 10YLPE KPOLOTIKA KOUATO. AVTO deiyvel OTL IGYVPA KOUATO
KpovoNG UmopovV va. Beppdvouv aéplo oe moAD YnAég Bepupokpacies, Omwg cupPaivel oTig
EKPNEELS TOV VITEPKALVOPOVDV AGTEPOV KO TOV VITOAEYUUATOV TOVG, TOV €lval TOAD ¥pNGLUO
ocvunépaopa. E&etdlovtag tt cvpuPaivel oto pétomo kpobong, eEdyetal Tl T0 adlATAPOKTO
aépro OeppaiveTon cLYXPOVAOS Kl EMLTOYOVETOL OTAV TEPVE A0 TO HETOTO KPOHONG Kol avTod
TPOEPYETAL OO TO OTOUIKO 1 Tupnvikd 1Emdeg tov aepiov. Mmopel va deyybel o6TL M)
emréyvvon kot  Oépuavon tov aepiov ocvuPaivel o o PULOIKY KAMPOKO TG TAENS TNG
péong eAevBEPUG SLAOPOUNG TOV ATOU®V, TOV HOPioV N TV 1OVIOV Tov aepiov. Avtd €yxel
euvowkn onuocio ywri copPaivel oty KAlpoKo OmOvL gvépysln Kol OpUn) UTOPOLV Vo
petapepBovv peTa&L TV popiov tov aepiov. 'Etot, 10 pétomo kpovong avapévetot va givor

TOAD 6TEVO KoL 1) OEpLOVGT TOAD 1GYLPT] GTNV TOAD LUKPT QVTY| ATOGTOG.

Yrepnymriko éppoio

Mia cuviOng xotdotocn oty acTPoPLGIKN €ivol OtV €va avTiKeipevo odnyeitat
VIEPNYNTIKA GE £vol OEPL0 1N €V LIEPMYNTIKO 0a€Plo Kivelital TV o€ £vol GTOTIKO
avtikeipevo. ‘Eva mapaderypa givon exeivo tov guforov mov odnyeitan LIEPNYNTIKA GE Wi
dtodo mov mepiéyetl otaTkd aépio. Eva kopa kpovong dnuovpyeitar prpootd amd 1o Epporo

KOl TO a€P10 TIom Kveital pe tnv toyuTnTa ToL EUPOAOD L.
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Vs

x“\§\\
L

Yyqpe 5.26  Pon aepiov oty mepintwon epufdrov mov Kveltor pe taxdTnTo v TOL gival

VIEPNYNTIKY GE GYEON LE TO GTATIKO HEGO.

210 GUOGTNUA OVOQOPES TOL UETMTOV KPOVUONG MOV KIVEITOL pE o ToydTNnTo Vs, M
TaXOTNTO TG PONG GTO GTOTIKO 0EPLO gfvat v1= ‘ Vs ‘ Kol 1o aéplo miow amd To shock Kiveiton
HE TayOTNTA V2.

"Etot 0ev yvopilovpe TG TaydTNTES L1 Kot L2, 0AAL Yvopilovpe T d1aQopd TOVG V1 - V2
= v. Zoueowva pe toug Landau kai Lifshitz 1 Ao eivor modd kaBapn pe ami ototyemon
A yefpa.

Xpnoonobvtog tv ékppaon J2=(Pa-P1)/(V1-Vs) Bpickovpe

L —L, =L = [(Pl_PZ)(Vl_VZ)]1/2 (5.60)

Xpnoworowwvtog v (5.48) kou v (5.60)

& 2_ & 02 _(y_l)oz ~
BEN ST R.

Ipégoviag YRV, =c2

) 2 5 1/2
Py D yo D (5.62)
P, 4¢? c, 16¢;

H taydmro v1= | Vs | omo mv ékepaon (5.51) yivero

- l-0ns boirl- 00| e
Y 1

Avtikadiotdvrog 1o Po/P1 g (5.62) kat ypnoponoidvrog v (5.61)
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S

2 2 1/2
L. = M L+ {Cf + w} (5.64)
4 16

Avtd 10 amotélecua mTPocdlopilel T0 WAYOG TOV OTPOUOTOS TOV GEPIOV KPOLOMG
UTPooTd amd To EUPOAO Yo KATOLO LITEPNYNTIKN TOOTNTA V. XTA 10YLPE KPOLGTIKA KOLOTOL

(shock waves) 6mov v>>¢; yiveton

v, =(r+1)7 (5.65)

O Aoyog g Bomg Tov petmdmov Kpovong mpog T BEon Tov eufodrov eivar
vs/v=(y+1)/2

Mo povoatopkd téheto aéplo y=5/3 ko v, /v=4/3

‘Etol 6ho 10 aépro mov Ntav apywkd oto coAinva petald x=0 ko g 0éong Tov peTdmOV
Kpovong cvumiéletor o P pKkpdtepn amdctaot (Vs-v)t. Avtd onuoaivel 6t n avénon g

TUKVOTNTOG GTO AdlATAPOKTO 0EPLO Etvart

p2 / p1="s/ (sv) = (y +1) /(v -1) (5.66)

omwg Ppédnie ko otnv Tponyoduevn tepintmwon (5.58)

H nepintowon tov vrepnymrtikod gpforov gival avarioyn pe avtd mov pmopei va cvopPel
OTaV £VOG VITEPKAVOPOVIG OCTEPOS EKTEUTEL Lot Gpaipa Bepod agpiov GToV EVOOUGTPIKO
y®po. Emiong amodeikvietal 0Tt VITAPYEL MO OTAGIUN ATOGTACT) TOV UETMOTOV KPOVONG Ao
éva amdTopo avtikeipevo tomofenuévo ot pomn kot ovtd cvuPaivel otV mEPiTT®OON TG

PONG TOL NAMOKOD AVELOL TTEPO OO TO YNIVO LoyvN Tk Simolo.
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KE®DAAATIO Vi

I'HINH MAI'NHTOX®AIPA

6.1 TI'svika

H I'm éyer éva onpovtikd poyvntikd medio omnv em@aveld TG mov EANTTMOVETOL
KaOd¢ amopakpuvopacte an’ avty. O y®pog HEGa 6Tov 0moio To PayvnTiko medio e yng
e€axorovbel va emikpatel Tov StamAovnTikod poyvntikov mediov kaAeitor Mayvntdéoearpa.
H poyvntéceapa g I'mg sivon pa axaving poryvntikn Koot to HEco otV omoio vapyeL
AOY® TOL NAOKOD AVELOV.

To paywmtwd medio g I'mg dpa cav €vag teEpACTIOS QUCUATOYPAPOS HAlog Kot
evépyewng oto Qopticpéva copdtio g KA kot €101 ypnolpedel yoo T HEALTN TV
eowvopévov e KA. Mropet va mpoceyylotel pe £vo EKKEVTPO HayvnTIKO SUMOAIKO eSO TOL
Bpicketan og andotaon 433 km amd 10 ké€vipo NG YNG pe yeoypoaptkd mAdrog 15.3° B ko

unkog 151.1° A.

6.2 Anuovpyic TG YMIVIIS HOYVITOGQOIPOG

H perém tov yeopayvntikod nediov £xet apyioet amd moAd maAd. O William Gilbert
10 1600 d6éyeton 6TL 10 poyvntikd medio g I'mg eivon duroAikd, Odpoto pe 1o medio evodg
pafoopopeov payvitn. I'evikd to payvntikd medio tov Thavntadv BeopniOnkKay cov Kevipikd
dtmoda yia v dtievkoAvvOovv ot vrodoyiopol. Avti 1 TPOGEYYIoN Elvol OTOOEKTY Yl TO
pHayvnTikd medio ToAAOV TAavnTOV, Omwc 1 I'm, Yo Ta omoio 1 cuvelsPopd amd ToAHTOAN
peyoAvTeEpNG TAENG Ppédnke TOAD pikpdTeEPN O’ ALTH TOV STOLOV.

O d&ovag tOoL YewpoyvnTiKOy OmOAov oynuatilel yovia ~11.5° pe tov d&ova

TeEPLOTPOPNG TG I'M¢ Kou tépvel v empdvela g oto onpeio (78.5°B, 291°A). H nyn tov



nediov evromileTon 610 e0wTEPIKO TOV WAV TY. [ToAatopayvntikég peréteg deiyvouv Twg to
Ye®UAYVNTIKO TESI0 TOPOLGINCE AVTIOTPOQES OTN O1EVBVVOT TOV OPKETEC QPOPEC OTNV
otopia ¢ I'mc. H tpé€yovoa popd tov dumdrov givarl amd voTo mpog Boppd Kot 1 TeEAgvTaiol
QVTIGTPOPT] EYIVE TPLV EVO EKATOUUVPLO POVLAL.

I'evikd 10 poyvntikd medio B evog mlovintn oto e€mteptkd avTov Kol G€ GTAGLUN
katdotoon (steady-state) meprypdoetar amd t oyéon VxB=0, omdte divetar pécwm &vog
Babumtod poayvntikov duvapkod ¥ (B= -V W).I'a 10 dmoikd poyvntikd medio 10 Suvopko

0€ CQUPIKEG CLVTETAYUEVEG OlveTo amd TN oYEon:

M <
po_ Koyl HoMcos_ poM sink 6.1)
47 r 47 r At

o6mov M 1 payvnrtikn pomn tov mAavitn pe 6 =m /2 - A (6 10 cLUTNPOUATIKO TAATOG) KoL A
10 mAGToC. Tehkd ol cUVICTMGES TOL payvnTiKoD mediov B evog durdiov divovion amd Tig

oY£0E1G:

O M sink
B

B, (1)=— ¥ _ oM coSh

6.2
ror  4n  r® (62)

H Bqy(9) ocvvictdoa tov mediov givar undevikn Adym cvppetpiog og tpog ¢. I'a v

évtaomn Tov mediov £yovpe T oyéon:

B(r,x)=z;’t—l:/3[(1+35in 0)? (6.3)

r . ) . Je -3 r ,

H évtaon tov dumoAikod mediov HEIDVETOL GOV GLVAPTNOT TOL I'~ KOl GOV GUVETELD QLTOV
elval LKpOTEPT GTOV 1OTUEPIVO KOl AVEAVETOL TPOS TOVS TTOAOVG.

[ToAbTHEG Yoo TN HEAET TOL YEOUOYVNTIKOU 7ESIOL MTAV Ol  SICTNUIKES

TopaTNPNGES oL dpyioav To 1958. H mpd™ onuavtikn tAnpogopio an' 1o Sidotnua oy

138



0Tl T0 Yo poyvnTikd medio oe peydrec amootdoelg on’ T I'm cvumepipépetal TOAD
StapopeTikd art' 6tL TpoPAénetar an' To dimoMKkd mpotvmo. T cuykekpiuéva, n Evtacn Tov
poayvntikob mediov g I'mg axorovbel T dutoAikn cvumepipopd mg mepinov 5 Rr, evod oe
HEYOADTEPES OMOCTAGEIS 1) £VTOOT TOL HoyvnTikov 7ediov eivar peyoAdtepn om’ v
avopevopevn (Cahill and Amazeen,1963). H devtepn onuoavtikn mAnpoeopio. om' To
dwaotnua nTav 1 vmopén g yeopayvntikng ovpdg (Ness et al., 1963). Ot mapoamdvem
OTOKAICELS o’ TIG avapevopevesg TIEG opeilovtal oty vmapén pevpdtov eEmtepikd g
I'mg. Ta peduato ovtd givar peyding KAMPoKG, apketd 1oyvpd Kot eivol amoTEAECUA TNG
OAANAETIOPOAOTNG TOV YEOUAYVITIKOD KOl TOL OLOMAOVITIKOD UOYVNTIKOD TESIOV Tov &ivan
NAMOKNG TPOEAEVCEMC.

Ot H.D. xa1 H.W. Babcock 10 1952 edpaimoav tnv amoyn 6t1 0 'HAlog €xetl yevikd
évol Solkd payvnTikd medio péong évraonc 10T, 1o onolo davépetar Tave oty oparth
ootoceapa. O dEovag Tov durdAov amokAiivel amd tov dEova meptoTpoPns Tov ‘HAtov kot
N yovio andkiong petafdAreTor ot ddpkela Tov NAakov kKukAov. H @opd tov dimoiucon
nediov aAlalel kéBe 11 ypodvia pe ) yevikn e£EMEN TOV KOKAOL ToV NAlok®V knAidmv. O
Parker (1958) og pio Bewpnrikr] perétn tov katéAnée oto 6tL 0 'HAlog ekméumel cuveydg
VAMKO G6€ KOTAGTAOT PELGTOV OmMO TO GTEUUON TOV TPOG To. EE® pe TePAOTIOl TOYLTNTO.
[Ip6Preye emiong 6Tt 10 pevotd ovtd mePEyel 160 aplBpd BeTIKOV Kol OPVNTIKOV
ocopatdiov, etvar OMAadN HOKPOGKOTIKA 0VOETEPO, KOOMS £MioNG KOl SLAUPOPES LETPNOULES
TOPAUETPOVG TOV, TOL MPEPotdONKAV apyOdTEPA OO SOCTNKES TOpaTnPNoES. To pevotd
oavtd pmopel pe mOAD koA mpoodyyon va Bewpnbel ©¢ mAAoUa, 0QoL 1Kavomolel Tig
npovimobécelc.

Ot MAekTpOOTOTIKEG OAANAETIOPACELS OVAULECO O©TO COUOTIOW €VOC GLVOAOL

COUATIOIOV GTNV KOTAGTOGT TOV TAAGUATOC TEPLYPAPOVTOL A0 VA SLVOUIKO TNG LOPPTG

S (6.4)

- dme,r
kaBmg kdbe poptio “Bwpakiletar” and o TAdopa. To r givon n amwdoTOGT 0O TO POPTIO KO
Ad 10 uMrog Debye mov opileton wg e&ng
KT

2 =
No Qs

(6.5)

6mov k 1 otabepd tov Boltzmann, Te (°K) 1 Oeppokpacio tmv nhektpoviov, €, N SINAEKTPIKN
otafepd Tov KEVOD, Np 1) TLKVOTNTA 1GOPPOTIAG TOL TAAGHOTOS 61T Oeprokpacio Te Kot ge TO

@optio Tov niextpoviov. Amo v (6.4) paiveton 0Tt Yo r <<Ag TO SLVOUIKO €lval TNG LOPPTS
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tov dvvapkov Coulomb, evd Yy r > Ag T0 dSLVOUIKO pEIDVETAL eKOeTIKG, “Ompaxilovtoc”
€101 T0 GNUELKO QOPTIO.

O apBpog Ny tov copatidiov mov mepiéyoviat ot oeaipo Debye sivat

3
N, = Amnedy (6.6)
3
EVO M TOPAUETPOG TAAGLOTOG opileTon ooV
1
= 6.7
9=, (6.7)

H mpocéyyion tov mAdopatog ivar ikavomromrikn ov g<<1 xabmg t0te 0 apOudS TV
copotdiov ot oeaipa Debye gival T6T010¢, GOTE VO LITOPOVV VO EPOPLOGTOVV GTUTIGTIKES
apyés. H ovvOnkn g<<l eivar emiong yvootm) oav mpocéyyon mAdouatog (plasma
approximation).

[No to nAoxd pegvotd 1o pnkog Debye vmoloyiomnke o6tt givon ~10m (Kavanagh,
1972), omote yioo TV TapdpueTpo TAGGHoTog wyvel | oxéon g<<1 (plasma approximation).
To NAMaKd TAACHO TOV EKTOVAOVETOL OKTIVIKA TPOG To £E®, dNANON 0 NMAMOKOS AVELOG OTTMG
tov ovopace o Parker Oswpeitar o1t éyet peydn OBepuikn ko niextpikn aywypomro. H
poyvntobopoduvapukn Bewpio yioo v oAANAemiOpacn €vOG TETOOV GULGTHUOTOS LE
HayvnTikd medio amodelkviel OTL 1) 1 po1| TOL HayVNTIKOD TeEdiov péEGH amd &va KAEIOTO
Bpoyyxo mov Kiveiton pe 10 pevotd elval otabepr], YEYOVOS TOL LITOINADVEL OTL Ol COANVEG
pong (flux tubes) kwvovvtor pe v dto ToybTNTO PE TO PEVOTO Kot 11) To. oToLXElD. PELGTOV
nmov Ppiokovtor mAve o pio poyvnTikny ypouuy 0o mopapeivouv otnv idto poyvnTikn
YPOU.

H oAMnAenidopoaon tov Otamiovntikod pHoyvnTikov 7ediov, 7oL  UETOPEPETOL
“ToyoUEVO” HEGH OTOV NALOKO GVELO KOl TOL YEMUOYVNTIKOD SUTOAIKOV Tediov €xel, Omwg
NN avaeépOnke, cav OMOTEAEGLO TNV TOPALOPP®ST ToV Televtaiov. TTo cuykekpiuéva To
veopayvntikd medio couméleTon cuvex®dg amd Tov NAKO dvepo Kot meplopileton 6”7 €va
00L0 YvooTO ¢ payvntoceapa, (magnetosphere).

Avo givar ot kOpleg dradikacieg Tov AopPavouy Ydpo KT TO GYNUATIGUO TNG YNIVIG
poyvntoéceopag kot Eyovv mpotabel Mo and to 1961. H mpdtn sivor n aAinAenidopaon
1EmOovg (viscous interaction) avAUESH GTO YIVO HOYVNTIKO TESIO KO GTOV MAMOKO AVELO.

Me 1 dadikacio avTr £XOVUE LETAPOPA OPUNG OTTO TOV NALIKO AVELO GE KAEIGTEC OUMOAIKEG
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HOYVNTIKEG YPOUUES TNG HOYVITOGQALPOS, Ol OToieg Kvovuvtal Katd tn oevBuvon kivinong
TOV NAKOV avépov. ‘Eva amotélespo ovtig tg Kivnomg tvarl 1 eKTpony| TV SUTOMK®OV
HOYVNTIKOV  YPOUU®DV TPOG M0 KOUNTOEWN Olpdpe®on KOl O GYNUATIOUOS TNG
YEOUOYVNTIKNG 0vpag (Layvntoovpd). H payvntoovpd oynuatiCeton enedn o nAakdg avepog
yivetal OAO KOl TEPICCOTEPO EPAMTOUEVIKOG GTO HoryvnTiko medio g I'mg kabmg péet yopw
om' TOV TAOVITY HOG KOl KOO0 GTLYUY] TTOV OEV UTOPEL VO CUUTIECEL TEPIGGOTEPO TO TTEDTO,
10 "oépvel" oe peydieg amootdoelc. EmmAéov g eKTPOMNG TOV SUVOK®OV YPOUUDV, 1
kivnon tovg opilet Kot Eva cvoTNUO LoyvnToc@optkng petagopds (Axford and Hines,1961).

H devtepn odwdikacio eivor ooty TG MOyvnTiKng €movacvvoeons (magnetic
reconnection) He TNV Omoio 1 HOYVNTOCQOIPO OTOTEAEL £val avOolTO GUGTNU OVTOAAXYTG
EVEPYEWOG ME TOV MAOKO GVELO KOl €YEL EMIONG OOV OMOTEAEGUO TN OMpovpyia €vog
LOyVITOGQOIPIKOD GLOTAHOTOS HeTopopds (Dungey,1961). Kot ot 8bo dwadikacieg ivan
TOAD CNUAVTIKES TOGO GTN SLUUOPPMOOCT TNG LOYVNTOCPOIPOS OGO KOl GTOV TPOGOLOPIGUE TNG
yveopoyvntikng dpactnpromtoag. H dwdwacio g poyvntiknig emavacivoeong yivetor mo
ONUOVTIKN Katd TN S1dpKelo TEPLOd®MV OOV 1 YEOUAYVNTIKY dPacTNPLOTNTA TAPOLGLALETOL
évtovn (Cowley, 1982). Kot pe Tovg 600 punyovicovg Tov mTeptypaenKoy Topamave EVEPYELL
pmopel vo e16EADEL 6N LOyVNTOGOALPO 0INYOVTAG TNV €EEMEN TOAADY [LOYVITOCPOIPIKMV
eowvopévev. Opmg povo to 10% g evépyelag mov HETAPEPETAL AT TOV NMAOKO AVEUO OTN
poayvntoceapa divetar HECcm TG aAANAEnidopaonS EDO0VG, evd To volowro 90% diveton
Hécm NG dradkaciog Tng HoyvnTikng emovocvuvdeons (Baumjohann and Haerend, 1986).

Y10 povtédo g "avoytig" unoayvntoéceapag mov gonyaye o Dungey (1961),
npoPAémetor 0Tl KéBe POPA MOV 0 MAKOG AVELOG QEPVEL HOyvNTIKO Ted0 oL €yl pia
ouVIoTOoO pe katevBuvon amd Poppd mpog voto, avtifetn dnAadT amd avTi ToL SUTOAKOD
nediov, TOTE AVTO TO HOYVNTIKO TEdio OAANAETIOPE pe TO yeopayvnTikd medio HEC® NG
JLdKAGIOGg TNG LAYyVNTIKNG EMAVAGUVOECNG OTO EMMESO TOV oMpePvoy, 1 omoia gaivetal
070 oyfua 6.1. Mo SUVOLIKT YPOLLLY TOV SOTACVITIKOD HOyVITIKOD TESIOL LETOPEPETOL OTT'
Tov NAokd avepo mpoc ™ I'm (o). H aAinAemidopaon ¢ pe v OLVOUIKT VPO TOV
Ye®UAYVNTIKOD TTEdiov €xEl oav amotéAecua T Onpovpyia pag dtupdpemong tomov X (B)
Kot T omuovpyia evog Levyoug Suvakadv ypappav (v). Otav to dtomdavntikd medio givon
TPOCAVOTOAGUEVO TPOS VOTO, M S1adIKaGio T AaUPAVEL YDPO GTN POTEWN TAELPE TNG
payvntoceopoc. Koabog xwveiton o mAokdg GVEHOC Ol EMOVOGUVOEOUEVEG UOYVITIKEG
YPOUUES TOPOGVPOVTOL TPOG TN OKOTEWN TAELPA NG HoyvnTtoOc@opag Omov yivetow 1M

avtiotpoen ddtkacia (9, €, ot) (Akasofu, 1977).
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YyMpo 6.1 ZyMUOTIKY oavoTopdoTacn TG SLodIKaGiog TNG LOYVNTIKNAG EMAVOGUVIESNS OTN

eotewn (a, B, v) ka1 6t okotewn (8, €, 6T) TAELPA TNE LOYVYNTOGOULPAS.

Méca amd 1 OdKaGio ETAVAGVVIESNSG TOV YEOUAYVINTIKOV YPOUUDV HUE TIG
SUVOLUKEG YPOUUES TOV SOTAAVNTIKOL TTESIOV, 1 LoyvNTOGEALPO. OTOTEAEL AVOLYTO GUGTNLLA.
H Bewpia avt enttpénel 610 NAMoKO TAAGHO VO EIGEADEL TN LOyVIITOCPOLPO, LETOPEPOVTOS
pali v amoitobuevn evépyela Yoo T OMovPYiol TOAADV LOYVITOCPOIPIKMY QOLVOUEVMV,
KaO1oTOVTOG £TGL TN HOyVNTOGEOPO. L0 LotyVITODOPOSVVOLLKT YEVVITPLO TOV UETOTPETEL
TNV KIVNTIKY EVEPYELD TOV NALIKOD TAACUATOG GE NAEKTPIKN EVEPYELL..

Ag g€etdoovpe ™V amAoVoTEPT TEPITTMOT), OOV TO SLAVUGLO TOV OOTAAVITIKOD

A
nediov eivon TANpwg TpocavatoAicpévo tpog voto (Bir=-Byz ). Tote  popen tov mediov
OV TPOKVTEL OO TNV VILEPOHEST TOL OLATAAVTTIKOD KOl TOV YEOUOYVNTIKOV TTediov paivetal

010 6).6.2. To BaBumtd dvvapikd mov meprypdeet 1o dtumAavntikd wedio sivar
Y,ue =Boz=B,rsini (6.8)
omoTE
Bime ()==BysinA kot B,y,:(A)=—B,cosr (6.9)

Yuvovalovtoag Tig (6.2) kat (6.9) maipvovpe Yo TIC GVVIGTMOGES TOL OAMKOD LOYVNTIKOV TESIOV

TIC GYECELS
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; 3
B, (r)=— Mo Msmk{LL 2nB,r j

2nr pno M
o Mcosi(, 4nB,r?
B, (A)= 04nr3 (1— HO'S/I (6.10)

EVD Y10 TNV £VTOGT] TOL OAIKOV LOyVITIKOD TTEdiov TNV £K@poon

2 2
B2 (r,.)= 12;2 '\:'—6 (1+3sin22)+ B2 - % (1—3sin?2) (6.11)

H e&icmon tov payvntikod nediov mov tpokvmtet omd ) oxéon dl x B elvan

r D (6.12)
4TCBO r3 l+ 47'[80 r3

2poM 2peM ’

1+

OmoV 1y M oTABEPE OAOKANPOONG OV OVTIGTOLXEL GTNV OKTIVIKY OTOGTACT] TNG OLVOUIKNG
ypapung v A=0. [Mopatnpodpe 61t yio r—oc (e peydAeg amooTdoEL Amd TOV TANVITY)
&xoope Bt =By eved yuo r—0 givor Bt —By. Ot dvvapukée ypopupés avtov tov mediov
OVIKOLV G TPELS KOTNYOopiec:l) TIC SLVOUIKES YPOUUEG TOV dtamlavnTikoy mediov, i) Tig
QUVOLUKEG YPOUUES TOV OuTOAOL Kot 1il) TIg SLVOUIKES Ypaupés mov Eekwvodv am' Tov
dtmhovnTikd yopo kot kataAnyovv ot I'm. IHoapoatnpodpue, Aoutdv, 6TL o1 TEPLoYES PEYEAoL
TAATOVG tvar avoytég mpog to ddotnpa. [t avtn) ™ yeopetpio mediov amodekvieTar OTL TO
oAKO medio undeviCetar yio A=0 Ko 6€ amdGTAOT

= (MJ (6.13)

4nB,

AvTd onuaivel 0Tt 610 WONUEPVO EMIMESO M LAYV TOGQALPO TEPIPAALETOL OO 1Ol LLOLYVITIKGL
ovoETePN Ypapun mov tepva amd ta onpeio Ni,Na (Zy. 6.2) (Akasofu, 1977), xatd puxog g
omoiag ot PMOTEWN TALPE AapPAVEL YDPA 1 LOYVITIKY ETOVACOVOEST. AV QOVTAGTOVUE
po emQAavelo, omd YEOUAYVNTIKEG SUVOIKEG YPOUIES, TOV TEUVOLV OUTH TN YPOUUT, TOTE
OLTN M EMPAVELD 010X WPILEL TNV TEPLOYN TV OVOLYTOV SUVAUIKAOV YPOUUDV O’ TNV TEPLOYN
TOV KAEIGTOV OLVOLUK®V YPOUU®V, EVO 1 TPOPOAT TNG 0VOETEPNC YPUUUNG KOTH UNKOG TMV
YEQUOYVNTIKOV OVVOUIKOV YPOUU®V TEVO GTNV TOMKN tovoceopa ivor po (ovn pe
WOEWEG oYNILOL TOL OVOALeTal WOEWES Tov 6éAaog (auroral oval) Kot ametkovilel To 6p1o Tov
TOAKOU keADeovg (polar cap). Katd pnkoc avtig mmg moegwdovg (ovng, eEeiicoovtan
owapopeg  dwdkacieg ovlevéng peta&d Tov  SOmANVNTIKOD  HOyvnTiKOU Tediov, TNg

LoyVNTOGOOPAG KOt TNG LOVOSPOLPUS, TO OTO{0 TOKOAOVVTOL QAUVOUEVH GEANLOG.
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H tomoloyi tov poayvmrtikod mediov mov mpokvmTEL amd TNV vmIEPHEcn TOL
YEOUAYVNTIKOD OITOAOV KOl TOV SLOTAOVITIKOD UOyVNTIKOD ediov Otav Tto TeAevTaio €ivar

TANP®G TPOGUVOTOMGUEVO TTPOG Poppd divetanr 610 oy 6.3. ' avty ™ yeouetpio mediov

A
&xovpe Bivp =B,z ko

Byume (r)=Bysin & kot B,y,e (A)= B, cosA (6.14)

Yuvdvacpdc twv (6.2) kot (6.14) divel OTmg Kot TPOonyoupéEVmG

2

M? ) u, MB .
B2 (r,A)=—% = (1+3sin? 1)+ B2 + 2020 (1-3sin? A 6.15
L JeBg b ) 619
eV 10 medio meptypapetar amd v e€lowon
' = cos? A (6.16)

0
_ 4TCBO r3 1_ 4TCBO r3

1 0
2peM 241 M

Tehkd og aum TV Tepintwon Exovpe 600 HOVo poyvntikd ovdétepa onueior N1 kot No o€
amdGTAoN

= (ﬂJ 6.17)

2B,

a6 T0 KEVIPO TOV HTOAOL Kot Yo A=£1/2. O1 SUVOUIKES YPAUUES TOV TTESIOL dlaKpivovTal GE
dvo koanyopieg: 1) ot dvvapkés Ypappég TOTOV SUTOAOL otV TEPLoyN r<I* Kot ii) oTIg
OLVOUIKEG YPOUUES TOV OlamAavnTIKOD Tediov otnv meployr] r>r*. v tpoyid r=r* to
HayvnTIKd Tedio QOIVETAL KOUTVAOUEVO. TNV TEPITTOGN ALTH 1) OOIKAGTO TNG LOYVITIKNG
emovachvoeong oev umopel va AdPel ydpa ot eotewvny mAevpd g Img, evépyewa dev
QOIVETOL VO EIGEPYETAL OTN HOYVNTOGPALPO, T OTolo TP QaiveTal va amotelel KAEGTO

GUCTN LA
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Yyqpe 6.2 TomoAoyio TOV YE®UOYVNTIKOD TESIOL OTOV TO SlomAoVTIKO LoyvnTikd TTedio eivort

TpocovaToMouévo mpog voto (Parks, 1991).

55

Yyqpoe 6.3 H tomoloyia tov yewuayvntikod mtediov 6tav To SamAavnTiko medio givar

TPOcavVaTOMGEVO TTpog PBoppd (Parks, 1991).

6.3 Tomoloyia TNG YNV HOYVITOGPULPOS

H wéa g payvntdéceaipag eicdyeton omd tovg Chapman kon Ferraro (1931). And
tote dpopec Bewpleg avamtOyOnrkav kol TOAAE TPoOTLTAL  SHOPPO®ONKAV Yo Vo

TpomononBovv oTn cuvEyEln omd TEPARATIKG dedopéva. H tomoAoyio TG poyvntooeaipog
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elval éva Oépa avorytd oKOHO KOl CONUEPO, TOV OPK®OG TPOcaPUOlETOL GE KOvovpyla
0edoUEVOL EVD Ol TPOOTADELEG TMV EPELVNTAOV EMIKEVIPMVOVTOL GT] dNUIOVPYIN PEOMOTIKMV
TPOTUT®V OV B UTOPOVV  vaL TPOPAEYOLV TO GYNLOL TG LLOYVITOGOOLPAS Y10 OTOL0ONTOTE
"ouumeplpopd” Tov NAlaKoD avépov. Xfquepo o mpotumo tov Lui (1987) divel ta yevikd
YOPOKTNPIOTIKG TNG TOTOAOYING TNG LOyvNTOCQOPOS Kol ival YEVIKA Topadektd o' Tovg
EPEVVNTEC. ZYMUATIKT AVATOPACTOCT TOV TPOTHITOL OV TOL TAPOVSIALETAL 6TO oy 6.4.

O nMAokdg dvepog kabog minowaler ™ I'm pe vrepnynTikn ToOTNTO GLVOVIQ TO
"eumod0" TV YEOUAYVNTIKOL TEGIOV Kol TO TOPUKAUTTEL GOV PELOTO YOHP® AMd KLPTN
emdvela. Emedon n taydtro tou nAokod avépov givor moAd peydAn (peyoAvtepn TG
tayvntoag Alfven) pumpootd oan' ) @otewvny mAevpd g I'mg dnpovpysiton éva pétomo
KOMHOTOC, OV ovopdletol kpovaTikd kvpa (bow shock). MOAG 0 NAaKOG Gvepnog TEPATEL TO
KOUO. KPOUONG M TOYVTNTO TOL UEWMVETAL KOL 1] KIWWNTIKY] TOV EVEPYELD UETOTPEMETAL OE
Oepukn omodte avédvetor mn Beppokpacia kor m mokvotro. H mepoyn ovtn kaAeiton
poayvntobnkn (magnetosheath). To €bpog g payvntobnkng eivar 2-4 Rr mave oty
devBvvon 'Hiov-I'mg kot peyordvel 660 amopakpuvopacte an' outh ) devbvvon. To 6pro
™G poyyntobnkng mpog v mhevpd e I'mg eivar  payvntoémavon (magnetopause).

H poyvnténavon eival o ye®peTpKOg TOTOGC TV GNUEI®V OTTOL 1 TTEGN TOL NALKOD
aVELOL €EICAMVETAL LE TN Tieon Tov yeopoyvnTikoD mediov. Av dgybovpe 0Tl To cOUOTIOW
TOV NAOKOD AVELOV OVOKAMVTOL EAAGTIKE TAV® GTN LOyVNTOSQOLPA, 1GYVEL:

B’

8n

=2N,_mv?cos® 0 (6.18)

omov By: 1 évtaom tov poyvntikov mediov og Eva onueio K TG LayVNTOTALGNG,.

0 : n yovia mov oynuatiCeton petald g YPOUUNS TOL EVOVEL TO K He T I'm kow g

ypappig HAiov-I'mg.

Ni: N 6OUATIOOKT TUKVOTNTO GTO OMUEID K.

V: 1 TOYOTNTA TOL AOKOD OVELOV.

m: 1 péla Tov copatdiov.
To apiotepd pérog g (6.18) diver v migon oL payvnTIKOD TESIOVL TNG LOYVNTOCPULPOS
otV omoia BewpovLE AUEANTEN COUATIOIOKT TUKVOTNTA, EVA TO 0e&10 néAOG divel TV mieom
G UayVNTOONKNG OV GE TPOTN TPOCGEYYIoT €ivan 1 TEON TOV COUATIOIMV TOV NALLKOV
avépov (Chapman and Ferraro, 1931). Mg 11 mapadoyéc avtég vmoAoyionke Ot 1) amdoTOCoN
™m¢ payvntémavons an' o k€vipo g I'mg kot katd pixog tov d&ova I'mc-HAwov givor 10

¢mw¢ 10.5 Rr.
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> oxkotewn mAevpd ™¢ I'mg, n ocvveyng pon Tov NAMoKoH avEROV GTN HoyvnTodnKm
EXEL, 0OV OMOTELEG O TN “CAP®ON” TOV TOMK®OV SUVAUIKOV YPUUUOV KOl TO GYNUOTICUO TNG
payvntoovpds (magnetotail) mwov exteiveton péypt mepimov 1000 Rr. Onwg @aivetan kot 6to
oynuo 6.4, ot EOTEWV TAELPE Kol OTO PEYAAQ TAATY, TOpOINPEITOl €VOG OmTOTONOG
SYOPICUOE TOV  HOYVINTIKOV  OLUVOUK®V  YPOUU®V 7oL  Bpiokoviol o1  QOTEWVN
HayvnTOoQOIPO, Om' TIC OUVOUIKES YPOUUES HEYAAOVL TAGTOVS TOL TPOEKTEIVOVTOL OTN
HoyvnTooupd. AVTO SNUOLPYEL HICL GYIOUN OTN GOTEWVN TAELPA TNG HOYVNTOTAVGNG TOL
ovopdleton Tolkn oyioun (polar cusp).

Mnpootd amd ™ payvntomavon Kot kovid oty ypouun HAlov-I'mg onupiovpyeiton
Lo TEPLOYN AOPOVOVG TAACLLATOG OV AEYETOL ONEl0 oTacLOTNTOS (Stagnation point). Ed®
N ToyOTNTO TOL NAOKOD OVEHOL €Yl EAATTOOEL GNUOVTIKA Kol 1 TUKVOTNTO TOL TAAGLOTOG
glval moAD pikpn. Avto yiveral yiati To HEYOAVTEPO HEPOG TOL NAOKOD OVELOL TTOPEKAIVEL
NG OKTIVIKNG TOV Topeiag LOAG GUVAVTIGEL TNV LAYVNTOTOVGT Kot PEEL YOP® O’ QLT V.

H poayvntonovon eivor pia un wovikn acmido mov emtpénet ¢' Eva PiKpO TOGOGTO
copotdiov (<1%) oto mAdopa ™¢ poyvntobnkng voa v dwamepvd, mbavotota amn' v
ToAKT oywopn. To mAdopa avtd dnuovpyel éva Aemtd eAod mov "epanteTtan" KATd UNKOG
™G LOyvnNTOTOnonG Kot eivatl yvomotd cov oplokd GTpdU Loyvntomavong (magnetopause
boundary layer). Ataxpivetal 6T0 0plaKO GTPAOUN LOYVNTOTOVONG OTO HEYOAD TAATY NG
payvntoovpds, mov ovopdletan pavovag mhdopatog (plasma mantle) kot 6to oprokd oTpdpQ
NG UOYVNTOTOLONG OTO XOUNAG TAATN OV OVOUALETOL OPLOKO GTPOUO XOUUNAOD TAATOVG
(low latitude boundary layer, LLBL). £’ avtd 10 oTpdpa yiveTol HETOQOPE OPUNG Kot
eVEPYELNG amd TOV MAOKO AveENO OTN HayvNnTOGQaApo LECH NG OAANAETIOpacS 1EDOOVG
(Axford and Hines, 1961 ; Miura, 1984 ; Manuel, 1993). Mo d1a@opd avapecao otic 600
TOPOATAVE® TEPLOYES EIVOL OTL O1 SUVOUIKES YPOUUES TNG TEPLOYNS TOL HOvOVO TAAGHLOTOG Elval
OVOLYTES, EVA Ol OLVOLLIKES YPOUUES TNG TEPLOYNG TOV OPLOKOD GTPAOUATOS YOUNA0D TAATOVG
etvar KAeloté.

To peyoddTepo TUNUOL TNG HOYVITOOVPAS OMOTEAEITOL OO OLO TEPLOYEG YOUNANG
COUOTIOOKNG TUKVOTNTOC, YVOOTEC cav poyvntikoi AoPoi (magnetic lobes), éva oto Bopelo
NUIGL NG HOYVITOOVPAS Kol £vav oto vOTIo NUIoL ovtg. Ot SuVoUKES YPOUUES TOV
TEPVOVV AT’ TOVG LAYVNTIKOVG A0Povg eivar avorytés. 1o BOpelo AoBO ot SLVOUIKES YPOLLLLES
katevBuvovton tpog Tov 'HAo, eved 6to Notio Aofo Exovv avtiBetn opd. Ot copatidiakol
TANBLGLOL AVTOV TOV TEPLOY®V ATOTEAOVVTAL OO 1OVTA TNG TOAIKNG GYICUNG, 0md 10Vt TG
TOMKNG TEPOYNG TOL ECYWPOVV GE YOUNAG CTPOUATO TNG HOYVNTOOEUPOS KOl OO

NAEKTPOHVIOL TOL NALOKOD AVELOL TTOV EIGEPYOVTOL O TIG OVOLYTES OLVVOULKES YPOLLLLLES.
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Avaueca otovg dvo Aofolg ™G poyvnToovpds Ppioketar To 0plokd GTPOUO TNG
{ovne mhdopatog (Plasma Sheet Boundary Layer). Edod mapotnpodvior moAréG am' Tig
dpaCTNPLOTNTES TOV TAUCUATOS, Ol OTOIEG HEWMVOVTOL KOODS TANGIALOVIE GTO KEVIPO NG

payvntoovpdg émov Ppicketan | kevipikn {dvn TAdopatog (central plasma sheet).

& onr
“x%\* / MAGNETOSHEATH

\
\ / B e
\ \ S "< . BOUNDARY LAYER

————_____ GEOMAGNETIC TAIL

RADIATION BELT AND
RING CURRENT

\ \ NS }
\ R it R
\ —— N i SN »A: .
\ \ \ MAGNETOPAUSE
NG

Tyqpa 6.4 Zymuoticd SudypopLpe. TG YRVNG LOyvnTOGQapaG 6To LECUPPIVO eminedo
(Parks, 1991).

H {ovn mldopotog oo chvoro elvar mo Aentn YOP® GTO TOMIKA PECAVLKTO KO EXEL
nepinov duAdclo mhyog kabmg TAncialovpe oTig TAELPEG TS payyntoovpds. To mAdopa 6
OLTH] TNV TEPLOYN TPOEPYETOL AT’ TOV MAOKO OGVERO OAAL Kol amd TV ovoceopa. H
napovsia g (dvNg TAAoUATOC LETAED TV AOPAV NG HOyVIITOOLPAS EIVOL TTOAD GMUOVTIKY|
amd TV Aoy amofnkevong evePyELag.

210 kévtpo g {dvng mAdopotog Bpioketan n ovdétepn (mvn (neutral sheet), 6mov to
poyvntikd medio eivar acBevég.  Kotd pnkog tg ovdétepng {dvng mapotnpovviot
OVOCTPOPES TOL LOYVNTIKOV Tediov mov pia TpocavatoAMigTon mpog tov ‘HAlo kot pio mpog
™ HoyvnToovpd.  Xtnv meproyn ovty AapPaver ydpo M SodKocio TG HOYVNTIKNG
emovaochvoeong (magnetic reconnection), OmMOV HOYVNTIKEG YPOUUEG He avtifetn @opd
EVAOVOVTOL. XTO CTUELN TNG HOYVNTIKNG EXOVOGVUVIESTG TO HayvNnTiKO edio pundevileton ko
o0V OTTOTELECHOL £YOVLE TN UETATPOTN TNG HOYVNTIKNG EVEPYELNG GE KIVNTIKY EVEPYELD TWV

eopticpévoyv  copotwdiov (Eastman et al.,, 1984). Xto unyoviopud g HOyVNTIKNG
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EMOVOCVVOEONC OPeilovTonl TOAAE amd To PoIVOUEVO OTEAELOEPMONG TNG EVEPYELNS TTOL
TOPOUTNPOVVTIOL GTT) PLOIKT] OLOGTHLOTOG KO GTIV AGTPOPUCTKTY].

Zoyva oty mepoy] ¢ LOvng MAAGHOTOS TopaTNPOVVTIOL oOVOETEG SOUEG, OTMG
otpoPimopol (flux ropes) kot poyvntikég vnoideg (magnetic islands). Ot otpofilicpol
ovoyetilovtol He woyvpd PEOUOTO KOTE UNKOG TOV HOYVNTIKOV OLVOUK®V YPOUU®OV TOV
SLLOPPOVOVV TIG OVVOUIKEG YPOUUES o€ popepn Elka. Ot poaywmrtikég vnoideg eivon
OTTOKOUUEVES LLOYVNTIKEG YPOUUES TTOL £0VV Lopen Ppoyxov Kot Bempeitor 6TL Tapdyovtan
a6 otpofiiiopone.

H poayvmroovpd cOppwva pe moAd mpoceoteg mopatnpfoel; omd tov d0pueopo
GEOTAIL mov ektoevtnke ota t€An tov 1992, aviyvevetar moAd kord péypt ta 250 R,
OOV UTOPOVV Vo TPOcdoplshovy OAEC Ol TTEPLOYES TOV TAAGHOTOC KOOMG Kol KATOlEg
ovvleteg OOUEG, TOVL TOPATNPOVVIOL OTNV E€CMTEPIKY HoyvnToovpd. H amoctoAn Tov
GEOTAIL egmPefainoce v dmapén mhacpocdav (plasmoids), mov apykd siyav aviyvevtel
pe t1g mapatnpnoelg and v aroctoAn ISEE 3. [Ipoxetton yio poyvntikég dopés pnrovg 50-
100 Ry xAe10TéC 0TO KEVIPO TOVG, TV OTOIMV Ol EEMTEPIKES SLVVOUIKES YPOUUEG GLVOEOVTOUL
HE TNV 10VOCOOIPO KOl KIVOUVTIOL TTPOG TN Hoyvntoovpd pe taxdtnta g tééng tov
exotovtadmv km/s kot oyetilovral dueca pe v anelevBépwon g evépyelog (Baker et al.,
1996 ; Belehaki et al., 1996 ; Belehaki et al., 1997 ; Belehaki et al., 1998).

2115 SIAPOPEG TEPLOYES TNG LOYVNTOOVPAS TAPOTNPOVVTOL UETAPOAEG GTO HETPO TOV
payvntikov mediov B, otnv taydtra V, ot Ogppokpocio T kot otnv apBuntikny mokvotnta
N 1ov mAdopatog. Xto ddypoppa 6.5 @aivovtal ot HETAPOAES AVTEG GOV GLVAPTNGOT TNG
aOCTOCNG TOV onueiov TapaTnpNnong an' v ovdétepn (ovn kot og andotacn 20-30 Ry and
™ I'm. Ot tipésg tov peyebov avtdv mowiAlovv Kabaog petafdiietor n amodctaon o' ™ I,
oG M popPnN TOV SwypappdTeov mopapével 0w oe OAn TN payvnroovpd. Ot

OLOKEKOUUEVEG KOUTOAES OVTIGTOLYOVV GE KEVA OEQOUEVMV Kol GUVETMG o€ afePfardtnroa.

6.4 Kivnon tov tAdopatog ot poyvnrocoarpa

2V mEPLoyN TG HOYVNTIKNG EMOVAGUVOESTG TO TAAGHO EMTAYVVETAL TPOS TO Poppd Kot
TPOG TO VOTO, LOKPLYL OO TNV TEPLOYT EMAVAGVVIESNG. AVTH 1 pon TapaTNPNONKE Yo TPDOTN
@opd amd toug dopveopovg ISEE-1 kar -2, to 1978 (Frank et al.,1979; Anderson,1978).

AvTtol o1 avorytol COAVEG PONG LETOPEPOVTOL TTPOG TN LOYVITOOVPA, £ QUTIOG TNG POTIE TTOV
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ovpPaivel péoa otn poryvntodnkn (oy.6.6). 1n cuvExelo Kot 6TO KEVTPO TNG HOLYVIITOOVPAG,
01 avoLyTol COANVEG pong KAEIVOLV Kol TAAL €& oTiog TOV EOVOUEVOL TNG emavacvvoeons. H
dwdkacio ovt) onpovpyel KAEGTOOE GOANVEG pong omd TN po TAELPE TG TEPLOYNG
emovacHvoeong, ol omoiot cuatéAlovtol Tpog T [ kot TEAOG HETAPEPOVTAL TTPOG TN PMTELVY|
TAgLPA, OOV N SLdIKOGIN ETAVOAAUPAVETAL TN LOyVITOOUPd, amd TNV GAAN HEPLL NG
TEPLOYNG EMOVOGVVOECTC OL LOYVITIKES YPOLULES TTOV OITOGLVOEOVTOL ETLTAYVVOLV TO TAAGLLOL
nicw otov nhakod dvepo. To kpico onpeio otn Bewpia ™G avorytig payvntdéseapag givarl

0l GOANVEG POTG TTOL SNULOVPYOVVTOL LE TN SLUOIKAGTN TNG LAYV TIKNG ETAVOGVVIEST|G.
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Yyqpoe 6.5 Awypdppota PeTaffoAng Tov poyvntikod mtediov B, g mukvomrag Tov TAGGHOTOC
N, ¢ tayxvmrtag V kot g Oepuokpociog Tmv wvieov T oTn poyvntoovupd e amrdcTooT

20-30 yweg axtiveg amo ) .

H poyvmrocoeaipikn pon avtikoatontpiletor oty 10vOGQapa, Omwg Qaivetol GTo
0%.6.7, moL delyvel TNV 1OVOGEALPO OTTMOG PAiVETAL OO £VOV TAPOTNPNTH OV KOITALEL KAT®,
po¢ tov Poplo moéA0 TG I'mg. v wovocpapa dnptovpyodvtal dVo otpdPirol, dmov 1N pom
&xel katevBuvon avtifeto and tov 'HAMo oto peydio TAATN TOL 01 SUVAUIKES YPOUUES vt
avoLyTéS (TEPLOY] TOAIKOD KOAVUUOTOG), EVED GTO YOUNAG TAGTN TOV Ol SLUVOUIKES YPOLLILES
etvar KAeotéc, 1 pon €xel katevbuvon mpog tov ‘HAo. H ovocpaipiki pon €xet taydtnreg

™G TAENG LEPIKADV EKATOVTAOWV HETPOV TO OELTEPOLETTO. [0 var oOAoKANpwOEL 0 KOKAOG TNG
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pong omv 1ovécoeapa ypewalovtor 12 mepimov mpeg, Ko amd OovTO TO OTOUKELD
ocvumepaivovue OTL 1 poryvntoovpd éxel unkog mepimov 1000 ynveg axtiveg (Dungey, 1965).
O KdKlog avTog gival Yvmotdg cav kbkAog pong tov Dungey (Dungey, 1961) .

To Mo oNUAVTIKO GTOWXEID GTNV UAYVINTOGPOIPIKT] - 1OVOGQALIPIKTY por €ivor 0Tl TO
pétpo g e€aptdror omd TIc peETaPoArEG TG O1evHBLVONG Kot TOV UETPOV TOV SLOTACVNTIKOV
payvntikod mediov. O pvOUdC HOyVNTIKNG ETAVACHVOESTG KOl EMOUEVMG KOL 1] LOYVITIKN
PON TOL EIGEPYETOL OTN HOYVNTOOQOIPQ, €ival TOAD avEnpéva Otov To SomAovnTikd
poyvnTikd medio €xel eopd mpog voto, dNAadN avtifetn amd T POPA TOL YEMUAYVNTIKOL
eSOV 6TO EMIMESO TOV 1ONUEPIVOV.

Otav 1o domAavnTtikd poyvntkd medio €xel popd mpog Poppd, T0Te dev pmopel va
cLuPel payvnTiky emovacHvoesn oTov IoUEPVO Kol 0 KOKAOG pong Tov Dungey diaxomtetan
avtopota. I[lpémer €0 vo onUEIOOOVLUE OTL 1) HOYVNTIKY] PO 7OV EIGEPYETOL OTN
poyvntoéceopa €€ otiog TG HOYVNTIKNG ETOVOGVUVIECNG OTY QMTEWVY] LayvNnTOTOLGT, 08V
vrepPaivel moté 10 20% NG HoyVNTIKNG PONG IOV HETAPEPETOL OO TOV NAOKO AVELO O
eoteVn poyvnroceorpa. To peyoddtepo HEPOS OU®G QLTINS TG PONG EKTPETETAL YOP® OO
™ poyvnroéceopa 0nmg £dei&av ot Chapman kat Ferraro. Opmg avtd 1o pikpd mococtd g
POTG OV EIGEPYETOL OO TN LAyVNTOTOLGT LE TN OAOIKOGTO TG LOYVITIKNG EMOVACVVOESTC

nailel kaBopiloTikd poro otn duvapkt g I'Mivng Mayvntdsearpag.

" Solar wind
direction

Yyqpo 6.6 EE attiog Tov @ovouévou g Loy VNTIKNG EMAVAGOVOESTS, Ol SUVOUIKES YPOUUES TOV
UoyVNTIKOD eSOV avadlUUOoP@@VOVTOL KOl KOAOLOMVTOG T1 POT| TOL NALLKOD OVELOL

EKTPEMOVTOL TPOC Ta TIo® SYNUOTICOVTOG TN HayVITOOVPE.
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O xbdxhog ponc tov Dungey mov mopatnpeitor 6ty 10vOG@Apa amd T 01EIGOVOT TOL
NALOKOD OVELOL OTN HOyvNnTOoQOIPO, OV OMOTEAEL TN HOVAOIKY Ty PONg oI YNvn
poyvntoéseotpa. YIapyEl Kot T0 10VOSQUPIKO TAAGHO TTOL 0KOAOVOEL TAVTA TNV TEPIGTPOPY|
™m¢ I'mg. Otav oe avt ™ pon €€’ aitiog ¢ TEPIOTPOPNG, TPOsOHEGoLE TN pon omd TOV
KOokAo Tov Dungey, tote domiot®vVoLUE OTL 1 PO} TAAGUOTOG TOL dNUovpyeital omd TOV
KOKkAo tov Dungey emikpotet 6T0 €OTEPIKO TUNUO TG HOYVNTOGQALPOS, EVE 1 pon €€ autiog
™G TEPIOTPOPNG  TOV  LOVOCOUIPIKOL  TAAGHOTOG  Teplopiletar  oTnNV  €0MTEPIKN
HoyvnTOsQOIPa, EKEL OOV Ol QUVOUIKES YPOUUEG TOL HOyVNTIKOV Tediov eivan dutoAkéc. H
TEPLOYN OVTH, OTO EMMEOO TOL 1ONUEPIVOV, eKTEIVETAL UEYPL TIC 4-6 YNveg axtiveg amd T I
kot ovopdletonr miacpdoeapa. H mAacpdcoopa mepiéyet woypd mAACHO  HEYAANG
TLUKVOTNTOG, OTOTEAOVUEVO Omd VOIPOYOVO Kot NAL0 TTOL TPoEPYETOL 0mtd TV 1ovOSPapa. EEm
Ao QLT TV TAAGUOGEOLPM, 1 TUKVOTNTO TOV YLYPOoU TAAGLOTOS LELMVETAL OPACTIKA, €5
ottiog g Oépuavong kot TG SeLYNG 1OVOoEUIPIKOD TAACHATOG o€ KABe KOKAO poMg
Dungey. Zmv eotepikn| payvntdécoapa 1o TAdcpa gtvol katd koplo Adyo Bepud kot apaid.
To péyebog g mAacpdoeapag dev eivar otabepd. Xe meptddovg MOV TO SOTANVITIKO
poyvntikd medio £xel TposavaToMoud Tpog foppd,  pon €& artiag Tov kKukAov Tov Dungey
elvar moOAD pikpn kou t0TE M mMEPoy mov emikpatel 1 pon €€’ outiog TG TEPLOTPOPYS
emektetvetat. Otav n por| mov dnuovpyel o kuxhog tov Dungey avénbel (o meprddovg mov
TO OOTAOVNTIKO HoyvnTIKO TESo €YEL TPOGOVOUTOAGUO TPOG VOTO) TOTE 1 TAAGUOGPOLPO.

OVLOTEAAETAL.

dayside
cusp

boundary

layer

18 05

v L.
B L O el

plasma sheet /

polar rain ring current

24

Yyqpe 6.7  TIpofoAn TG 10vOcQUIpOC GTO IOTUEPIVO EMINEDO, OTTMS PaiveTal omd To POpelo
oA0. Ot ypappég pe ta to&a deiyvouy T por| Tov TAACUATOS COUPMVO UE TO KOKAO

pong tov Dungey.
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H «xivmon tov @opticuévov copoatidiov péoa ot Hoyvntooealpo Xl ooV

amotédecpio, T dnuovpyio tov (ovov Van-Allen kot g {dvng tov 6élaog.

a) Ouv {odveg Van-Allen eivan  6vo {dvec pe moydevpévo coOUOTIOWN TOL
avakaAveOnkay to 1958, and tov James A. Van Allen kot tovg cuvepydteg Tov. 10 eninedo
TOV 1OMUEPIVOV, Ol TEPLOYEG OVTEC MOC KLUKAMVOLV o péon amodotaon 1.5 kot 6Rp
oynuatiovtog v eova evOg AOVKOLLA TOV 6TV TPLTO. ToL givor ) I'n. H ecotepkn {ovn
Van-Allen givar "yopévn" péoa oty mhacpdceapa, eved 1 eEntepiky] givarl EEm am’ avTh.
H mhacpdéceapa aivetor va mailel Kdmolo poAo otnv eueavion evoc "opiov" petald tomv
dvo Covav. Kat ot dVo cuvictavtot amd TpmTtovia Kot NAEKTPOVIO DYNADY EVEPYELDV OV KoL
Ol EVEPYELEC TOV COUATIOV SOQEPOVY Omd TNV €0MTEPIKN otV eEwteptkn] {Ovn kabmg
petafdrirovtar pe v amoctoon amd ™ Im.  Tevikd omv eowtepikny {dvn €yovue
VYNAOTEPES EVEPYELES O’ OTL TNV EEMTEPIKT.

Ta copoatidw tov (ovdv ovtdv O0QEPOLY amd TO TPMTOYEVY] GOUATIOW TOL
NAMokoy avépov kat g ovoseapas. Ta mo evepynTikd copatidlo elval KOGUIKES OKTIVEG
KOl TO TPOIOVTO SLACTOONG TOV VETPOVIOV TOL TAPAYOVTaL OO TIG KOGLUKEG OKTIVES TTOV
avTopodv pe Vv atpoceopa. Mepikd amd ta verpdvia, TaEOeVOVY GTO JAGTNUA UE T
Hoyvn Tk medio Kot Olom®dVTOL 6€ TPMTOVIOL Kot MAeKTpdvia (Kot avTveTpiva) mov
ocvAhapfavovior omd To mAOVNTIKA poayvntikd medio. H evepyntiky] ocvvictdoo Tng
EC0MTEPIKNG HayvnTOGQOPAS TG VNG, N eomtepikny {ovn Van Allen, e&nysitan pe avty ™
dadikacio mov givar yvoot) cav Cosmic Ray Albed Neutron Decay (GRAND).

OuvapL®n
YPapuN

Sdvon

NARTUVAWS Y

) ToWTOoVLOY

HAYVTTLXO \

ompepivo Badnida 7

ETLTESO oALadioTg L ayVMTIXOG
TPWTOVIOU g dpeptyc

TyMuo 6.8 Zynuotikn TopdcTacT) TV KIVIIOEMY TOV TOYIOELUEVOY COUOTIOIWV
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H @von tg mieiovottog tov copatidiov pEoNG Kol YoOUNANG  EVEPYEWNG TOV
Bpiokovtar oty e£mTEPIK] pLoryvntocpoipa dev eivarl yvootr]. Yrapyovv evoei&elg ot eivon
NAMOKOD OVEHOL KOl LOVOGQAIPIKE COUATIOW TOv TOyldehovTIoL Kol EMITOYVVOVTOL UE TIG
Jld1Kaciec Tov GEANOC.

H xivnon tov taydevpévov copotidiov onng gaivetol 6to oyfua 6.8 cuvictatot
o TPELS GLVIGTMOGES KIVIGELG:

1. Elxko€01 tpoytd yOpo ond T1G SUVOUKEG YPOUUEG TOL HoyvnTikoD mediov (kivnon
obyypotpov). H kivnon avt) eivon vaépbeon pog mepiotpoeng (gyration) yopow amd éva
KEVTPO 00Myo (guiding center) kou pior HETOQOPIKNAG Kivniong, Tov kévrpov odnyov. H @opd
TEPIOTPOPNG EaPTATAL Ad TO POPTIO KO 1) SLYVOTNTA OO TNV 16XV TOV PayVNTIKOD TTEGIOV.
H xivnon avt givon gvtovotepn Kovtd ot 1.

2. Tolavtoon prpog-mic® PeETEED V0 KUTONTPIKOV oNuEi®V mov to Kabéva Pploketal
o€ JOPOPETIKO MUIGPAiplO pHE TePiodo TG Tééng Twv Sec-min mov efaptdtor amd v
TayVTNTA ToVS. H cuyvétra e€aptdtar amd 1o mOGo ypryopa Kiveital T0 copUatidlo Kot amd
T0 PAKOG TNG SUVOUIKTG YPOppAG.

Kot avt ) ToAdvtoon gival cuvénela g d1atnpnons g Loyvntikng pomne. Kabwg

T0 GOUATION0, KATA UNKOG TNG OLVOUIKNG YPOUUNG, TANGLdlel Tpog T I'm To payvntikd medio
av&avel. Apa 1 kdOetn cvvicTOoa TG TaxVTTAg avEdvet Kt avtr). 'Etot avédver n evépyeia
otV KaBetn o1evbvvon oe PApog OUW®G TNG EVEPYELNS OTNV TOAPAAANAN Tpog T0 B cuvictdoa
g kivnong (Aoyw owatnpnong g evépyelng). o kbdmowo B n evépyela oe avtiv v
ouviotdco yivetar unoév. To copatidolo 1dte dev umopet va d1€1600GEL AAALO GTO LOyVNTIKO
nedio Kot vrd Vv emidpacn g dvvaung avaykaletot vo yopicetl Ticwo.
3. AvokOkimon yope® omé to poyvnTiké dfova. Etor ¢aiveron to copatidw va
oMcOaivouv katd yewypoaewd mAAToc. Ta MAekTpOVIO KIvoOVTal TPOG OVOTOANS Kol T
TPp®TOVIO TPOG duopds. H cvyvomta e€aptdton amd ) Padbuida tov payvnrikov mediov kot
TNV KOUTLAOTNTO TOV SUVOUIKOV YPOUU®V KOOGS Kot amd v evépyela Tov copatdiov. H
oAloOnom cvvnbwg dlapkel amd peptkd AETTA £0G LEPIKES DPEG.

Eneon to medio dev eivon otatikd, to copatidw umopodv vo okedalovion 1 va
SL€0VTOL AKTIVIKA TTPog To. PEc 1 TPpog T £ eapTdueva amd TV OKTVIKN Paduida.
Otav dwyéovtar mpog ta péoa avaykdloviar va kwnBobv oe 1oyvpdtepo medio Ko
UIKPOTEPEG OLVALIKES YPOAUpES, omdTe kepdilovy evépyela. AvtiBeta ydvovv evépyela Otov
dway€ovron Tpog o €. O uNyaviocpog o Tog apopd Kupimg Tor YNANG eVEPYELNG COUOTIOWL.

E&dALlov 10 mAexktpikd medilo €xer peydreg ypovikég petaforés kot emnpedlet Tic

TPOYLEG TV YOUNANG EVEPYELNS COUATIOIMV KOpla oty eEmTtepikn payvntoéceaipa. Etot ta
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COUOTIOW UTOPOLY VO KIVOUVTOL OO KAEIGTEG QUVAIKES YPOUUES GE OVOLXTES OLVOLIKEG
YPOUUES, TPOg TV eEmTEPIK payvntoceopo. 'V avtd to younAng evépyelog copotiot
etvat ToA0 evpeTafanto.

[Mopdra avtd vEapyel TepinTOon KAmolo amd To cOUATIOW TOV (OVAOV akTvoBoiiog
va "Eepuyouv" kal va amoppoenBodv amd v atpudcealpa Tov TAoviTr. o v tepintoon
™G I'mc, elval ta copatidla ekeiva Tov ot TpoyLEg Tovg 0pilovy To KOTOTTPIKG TOVG GNUEin
og Dy1 kato tov 100 km and v emeavelo e I'ng. H oprobétmon tov oprakod vyovg ota
100 km givar kotd kdmolo tpomo avbaipetn. L’ avtd TO VYOS 1 ATHOCOUIPIKY] TUKVOTNTA

elval apketd peydAn wote va "dlackopmicel” To coUATIOWN.

B) Xehoikn Covn. To peyohdtepo HEPOG TOL GOUATIOWKOD TANOLOUOD NG
payvntoovpds Ppioketon otn {Ovn mAdopotoc. Ta copatiow £0® €lval Kot 10VOSQOIPIKIG
Kot MAokng mpoéievonc. ‘Eva peydhog pépoc tov copatdiov g (dvng mTAGCUATOG
doyeteveTal oToL YNAG TAATN NG 10VOGEOPOG KOTA TN OUIPKELD  YEMUOYVNTIKOV
dPACTNPOTATOV, ONUOVPYADVTOS TA POTEWVE EAVOUEVO TOV GEANOG. Me Tov 0po GEAOG
EVVOOUE PMTEWVOVG CYNUATIGHLOVG 7OV YIVOVIOL OVTIANATOL GTO VLYTEPWVO O0VLPOVO CE
apkTikd (Bopeto Gérac) Kot avtapktikd (votio céhag) kupiog mAdtn. H gupdvion tovg ce
xopnAotepo yeoypoewd mAdtn (my. EAAGOa) elvan efapetikd omdavio. O pnyoviopodg
OYNUOTIGHOD TOL GEANOG Umopel vo cuvoylotel ®G €ENG: HOYVITOGQAIPIKA MAEKTPOVIQ

YNANG EVEPYELDG TPOGTIMTIOVV GTINV OVAOTEPT OTUOGPALPO KOl GLYKPOVOVTOL HE HOPLOL

SUN

i
|

14 7 o .
60"
m 8 FLUX =10* (Cm?-Sec)”
18 | ) A
W

a \ TRAPPED ELECTRONS
L (£3240 Kev)

FRANK, VAN ALLEN,
e 8 CRAVEN

\ AURORAL OVAL (75~90%)
(FELDSTEIN)

Yyfqura 6.9 To woegdég Tov 6éAa0G, OTmS Tpocdlopiotnke and tov Feldstein (1963).
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Kol ATopd NG, To omoia dleyeipovtal Kol amodleyelpOUeVa aKTIVOBOAOVY GE S1APOpPO UNKN
Kopatog. Ta @awvopeva céhoog (BOpeto kot voTio GEANG) eppavifoviar péca ota opla 600
Lovov oynuatog ofai mov kKolodvior woedn Tov célaog (auroral ovals) kot kevtpdpovrot
Tave omd Toug payvntikoug moAovg ¢ Imeg. H pedém toug €oei&e Ot dev givar akpiPag
CULUUETPIKES YOP® amd TOVg TOAOVG, aAAG ivar Kotd 3° HETOTOMOUEVEC TPOC TO GKOTEWVO
nueeaipto. To mpog Tovg TOAOLG OGP0 TOL WOELBOVE TOL GEANOG TaVTILETOL [IE TO OPLO TOV
ToAMKoV Kolvupatog (polar cap), evéd to mpog Tov onpuepvo 0plo tov e&aptdrarl amd v
TUKVOTNTO TNG HOYVNTIKNG PONG Kot TNV B€om tov ecmtepkol opiov ¢ {dvng TAdcuaTog.
IMa péon poyvnrooeaipiky dpactnprotnto 1o TAdtog g {dvng tov céhaog eivol mepinov 6°

(oy. 6.9).

6.5 MoayvnTtoo@oipiKn) SOVVONIKN

To poywntikd medio g yNvng Hoyvntocealpag mpoépyetar omd v vrépbeon
HOyVNTIK®OV TedloV amd S1popeg TYEC. LTV EMPAVELN TNG YNG 1) TLO oTovdaic Tnyn eivot
10 KOP10 medio mov mapdyetot and ta peHIOTO HEGH GTO GTEPED PAOLO TNG. LTO LOVOGPALPIKE
oyn tov 120km, mAektpikd pedpato mov TEPIAAUPAVOLY TO NAKO SLVAUO, TOV 1oTUEPVO
NAEKTPOYEILAPPO, TOVG MAEKTPOYXEWUAPPOVS UETOPOPES KOl TOVG MAEKTPOYELUAPPOVS TOV
vrokaToyidwv givor omovdaieg myES Tov poyvntikov mediov. Ipappikd pedpoata cvuvosovy
OUTO TO 1OVOGQOIPIKA  PEVUOTO HE GAAD TUNUOTO TNG YNVNG MHOYyvNnTOGOOIPOS KOt
petafipdlovv SuVALELS amd TNV eEMTEPIKT] LayvnTOGPALPO. GTNV 10VOCPULPO TPOKOAMDVTOG
YEYOVOTQ GTY| YN OV OEV UTOPOVV Vo, SoKPBoLV amd €KEVOL TOV TAPAYOLV TO. GUGTNHHLOTA
PELUATOV TTOV PEOVYV POVO TOVS OTNV 1OVOcEatpa. X115 3-5 Rr copatidie mov olcHaivouv
otig Coveg Van Allen mapdyovv €va mpog SuoUAS dOKTLVAMOEWES (ring current) peduo, TO
omoio €apTOUEVO amd TNV OAIKY €VEPYEIL TOV COUOTOIOV, €AATTOVEL TNV oplovTia
GLVIGTAOGO TOL LETMMIKOV TESIOV. LT POTEWVN TAEVPE TG YNG otV andctoon twv 10-15 R
0TO Opl0 PETOED TOL NMAOKOV GVEHOL KOl TOV KUPLOV  TEGTIOL LITAPYEL £VOL AETTO GTPOUQ
PEVUOTOC, TO pedpo NG poyvntomovons. To pedpo g poyvnroémovonsg oyxeddv ko’
oAoxAnpia mepropilel 1o medio TG YNG TPOG TNV UAyvNTOGEOPA Kot LEAVEL TO HOyvnTIKO
nedio mavTov péca oty poayvntonovot. Epantopevikég tdoeig petah tov nAlakov avERov
Kol TOV YNvoL mediov "cépvouv" TiG YPOUUES TOL YHIVOL TTEGIOV KOl TOV TAAGLOTOG ovTifETOL

and Vv devbuvon tov MoV oynuoTiovTag Ho LoyvnTiky ovpd miow omd ™ yn. Avti N
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dadwasio Topdyel To peO TS LAYVNTOOLPAGS, TO 0010 PEEL KATA LKOG TOL HECT|UPPvOD
TOV HEGOVUKTIOVL KOTA TNV 1010 d1evBuvon e To daKTVAL0EWEG pevpa. H khpla enidpact| Tov
OTNV EMPAVELD TNG YNG ElvaL 1] EAATTOOT) TOV OAIKOV TTEGIOV.

JOVOTTIKG M YRV payvntoceapo  dtopéetor amd  €vo TOADTAOKO GUGTNLO
NAEKTPIK®OV PELUAT®V, TOL dMUOVPYOVLVTOL OO UETAPOAEC OTNV Kivnom TV COUATIOIOV.
SOUPOVO LE TO OYOPIOUO TOV HOYVITOCPAIPIK®OV  PEVUATOV TOV TPOTAdnKe om’ TOV
Poterma (1984) éyovpe: T0 S0KTUAOELDEG PEVILA TTOV PEEL GE PEYAAO VYOUETPO YOPW OTTO TOV
WoNUEPIVO, TO PELLA TNG poyvntomavong i pevpo Chapman-Ferraro, mov cvvdéetal pe v
OLUTIEST NG LAYV TOGPOIPAG OO TOV NALIKO GVELO GTN GMTEWVY TNG TAELPA, TO £YKAPGLO
peEvLUO TNG HOyVNTOOVPAS Kot TéA0G ta pevpata Birkeland, mov péovv cuyypappkd pe tig
HOYVNTIKEG QUVOUIKES YPOUUES TTPOG N amd TIS TEPLOYES TG LOVNG GEANOG KOl £XOVV oV
OULVETELDL TN OMUIoVpYiol €VOG OELTEPOYEVODS GUOTNUOTOC PEVUATOV TOL Oloppeéel T
poayvntoéseapa, Onmg mapovstdletat oto oynua 6.10.

Ta pedpota v and v wvoécseapa eréyyovior ond tov nAakd dvepo. Ot mo
ONUOVTIKOL TapdpeTpot eAEyyov elvar  duvapukn mieon, 1 omoia e€aptdral and TV TaydTNTA
KOl TNV TUKVOTNTO, TOV NALIKOD OVELOL KOl 1) GLVIGTAOGO TOL NAEKTPIKOV Tediov, 1 omoia
e€aptatot amd Vv TovTNTO Kot To and opd TPOG VOTO TPOGAVATOMGUEVO LAYV TIKO TTedio.
Otav aAAdlel kdmola amd ovTég TIg LETAPANTES, VILAPYOVV vTioTOKES HETAROAEG GTNV 10D,
mv Béon kol Vv Katavoun tov pevpdtov. Ot peTtaforéc oTo PELUATO OVTAVAKAODV GE
peTofoAég TOL pOyVNTIKOL TEdlov oV EmMPAvE NG YNNG, Ol omoiec ovopdloviot
veopoyvntiky dpactnpdmra. H oyéon tov mlokod ovéov Kol TNG YEOUOYVNTIKNAG
dpactnpromtag (ovlevén niakov avépov-payvntoéceopag) peietdror and v HAokn-
I'Mwn ®vown (Solar-Terrestrial Physics). H yeopayvntikn dpactnprotnto endpd oe pog pe
TOALOVG TPOKTIKOVG TPOTMOVS. Padio-tnAemkovmvieg, mopatnpfoelg poavtdp, MAEKTPIKESG
EPAPLOYES, GLYYPOVOL dOPLEOPOL gfvarl HETAED TV cuaTnUdTeV Tov emnpedloviol OTav 1
YEOUOYVNTIKY] OpacTnplotnta OAceL oe peydieg TIIEG.

H perém g o0levéng tov nAakod avépov ekva pe T PEAETN TNG oYEoNG TG
YEOUAYVNTIKNG OpaoTNPOTToS HE MAOKA yeyovoto. Ot HETPNOEIS TOL YNVOL TEDIOV
yivovtor pe poyvntopetpo to omoio apyikd Pacifoviav 6e HOyVATEG KoL (POTOYPUPIKY
KOTOypoen. ZNUEPO TO TPMTOVIOL TOL TPONYOUVTOL HETPLOVVIOL HE HOYVNTOUETPO LE
dwapopeg e100d0vg pong (fluxgate magnetometers) kot divouv yneuokd OCNUATO TOL
KATOYPAPOVTOL GTOVG LIOAOYIOTES. Emedn Opwe ta apykd dedopéva amd odpopeg 0écelg
oV OMKY| ceaipa eivar moAvTAoKa, £xovv optobel payvnrikoi deikteg mov aviikafioTobv Ta

JedOUEVO LLE OVETEEEPYAOTES LETPNOELS TNG EVTAOTG TV d1apdpwv Tymv. Ot deikteg avtol

157



| ;

| | B

‘ i ‘

QOEIAET TEAAOL [MATNHTIKEZ|
| {ATYNAMIKEZ |

|

| TPAMMEX

[
NAAIMA

‘ HAIAKOT
i ANEMOY
|

| PEYMATA
BIRKELAND

—

Yyqpe 6.10  XvvomTikn avorapdoTac TOL GLGTHUNTOC PEVUATOV TOL SLOPPEEL TN YHIVY

payvntooceapa (Akasofu, 1989).

oyetilovrot ToAD KoAG pe To YEYOVOTA TOL A0V, OTIMG TOV EVOEKOETT] KUKAO KO TIG KIVIGELS
™G YNG GTNV TPOYLE TS YOP® amd Tov NA0. AV Kot 0 A10G etvan 1 apykn artion OANG GYedOV
NG YEOUAYVNTIKNG OpAGTNPLOTNTOS, TO LEGOV LE TO Omoio ackel TV emidpacn tov givat o
NAOKOG GVvEHOC. TN YN 0 MAMOKOG AVELOG KIVEITOL OKTIVIKA TPOG T £E® UE TAXOTNTES TV
300-1000 km/sec petapépovtoc copatidw pe mokvotnree 1-50 cm™. “Ilayopévo” péoa otov
nAokd avepo etvor 1o poyvntikd medio to omoio Kavovikd Ppicketor 610 emimedo Tng
exhemtikng pe o évroon 3-30 nT. 'Exet Bpebel 611 o1 deikteg Kamolag dpacTtnploTnTog
av&avouy pe To TETPAY®OVO TNG TOYVTNTAS TOL NAloKoV avépov. Tlaviwmg, Kapio poyvntikng
OpacTNPOTNTA eV PAIVETOL £mG OTOV TO JOMANVNTIKO HayvnTiKO Tedio HEGH GTOV NAOKO
dvepo €xel o TPOg VOTOV GLVIGTAOCN, OVTITAPAAANAN GTO YIVO HOyVNTIKO TESI0 KOVTA GTO
vronAokd (subsolar) onueio o eoTEWV) TAELPA TG poyvnTOTOLGeNS. TovTo TpokHITEL OO
T0 mpoTLTTO OvOPOBwoNg Nuicewg kKopatog (half-wave rectifier model) mov givon 1 kaAvTEPN
TPOGEYYIoN. ZOUP®VA pe avtd to TpodTLTo, O0Tav To E.MLIL. €Y1 ot Tpog vOTO GUVIGTAOGA, M
dpactnprotnTa eivar avdAoyn pe 1o cvvnuitovo g yoviog peopatog tov E.MLIL yopw amd

™ ypouun yng-niiov. Aev mpoPiémetal dpactnplotnTa Yoo TNV TPog Bopd cuVIGTAOGO TOV
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EMII. Otav axépa to EMII elvarl xotd pnkog g omeipag tov Apyunon, pio mpog voto
OLUVIOTMOGCO, UTOPEL VO LITAPYEL AOY® TOL TPOGAVATOAGLOD TOV HOYVNTIKOV dEova NG Yne.
Hlmokég — exhdpyels, oteppotikés  ekmoumés  MAlog,  TMEPIOTPEPOUEVES  TEPLOYES
aAAnAemidpaong petald YPNYop®V Kol apydV PELUATOV MAOKOD OVELOL UTOPOVV Vi
dmooVV 0VGlaoTIKEG Poppd-votov cuvictdoec tov EMII ‘Exyouvv yiver mpoomdbeiec yio va
optotoHv akpPeic mapdpeTpol cHLELENG TOV NAOKOD AVELOV YPNCILOL Yo TV TPOPAEYT TG
évtaong ¢ payvntikng opactnpotnroc. Ot dadikacieg delyvouv OTL M poyvntoésQopa
OVTOTOKPIVETOL GTOV NAOKO GVELO GOV VoL NTOV £vo, GOGTNLO 031 YOVUEVO OO TOV NALOKO
dvepo. Abpopeg TEYVIKEG Exouv ypMnoilpomondel yio vo TPocdopicovy TG KOAVTEPES
EVEPYELOKES TAPAUETPOVS CVLEVENG KOl TIS KOAVTEPEG YPOUUIKES GLGYETIGES UE TNV
yeopayvntikn opactnplotta. . Téroleg peAétrec kaTaAnyovv OTL GE  YPOVIKEG KAILOKES
pikpotepeg amd 3hr, Ldvo 1o MIGL TNG SAGTOPAS GTOVG OEIKTEG LAYVNTIKNG O POCTNPLOTNTOG
etvar  mpoPréyipo. To vmorowmo oyetiCetor pe Swkprtd  yeyovoto OmOL  EVEPYELL
amoOnkevpévn péca ot poyvntoceopa amd TNV avtidpacn TOv NAKOL OVELOV LE TNV
payvntooeopo, eievbepovetor  Eagpvikd. Avtd  to  yeyovota  givor  yvomotd  cov
LLOYyVI TOGQOUPTKES VTTOKOTALYIOES,

Yta endpeva o cuINTNoOLLE ATOOEIEEIS Y10 TOV EAEYYO TNG EIGEPXOUEVNG EVEPYELOG
HEG® TOL MAMOKOD OVEHOL TOL KOTELOVVEL TNV YEOUAYVNTIKY OpacTnpotnTo kot Ha
TPOGO0PIGOVHE 1010TNTES TOV NALOKOD OVELOVL Ol OTOIEC €ival GTEVEL GUVOEDEUEVEG IE TNV

LYV TOCOOLPOL.

6.5.1. TOmol poyvnTIKNg 0pacTNPLOTNTOS

6.5.1.1. Opwopoi

HAextpkd kon poayvntikd medio mopdyovtal amd Ty oTotyeldon 1010t Ta TG VANG, TO
niektpikd poptio. HAextpwcd nedion pmopovv  va  mopaybBodv amd axivnta  ¢option M
KIVOULEVOL GE GYEOT LE TOV TTopaTnPNT N oo Ypovikd petaforiidpeva nedio. To poyvntikd
nedia  yperalovion kwvovpeva @optio. Ta ovo medio elvor dSopopetikés Oyelg g
NAEKTPOUOYVITIKNG OVUVOUTG.

H oyéon tov yeopoyvnTIKOV CUGTNUATOV GUVTETOYUEVOV GTH YN KOl TO OUTOAKO

poyvntikd medio gaivovior oto oyfua 6.11. To oyfua deiyvel évo mapoatnpnripo oe 30°
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HayVNTIKO TAGTOC GTO YEMUAYVNTIKO peonuPpivo. Atevbiveelg avapopds vapyovy amd 1o
oplOVTIO EMIMEDO EPUNTOUEVO GTN YN GE OLTO TO GTAOUO KO OO TO GKTIVIKO GVUGHLOL TTOV
dtevBHveTal 610 KEVIPO NG YNG. X€ AVTO TO HESUPPIVO 0 AEOVAG TOVL SO0V TNG YNG £XEL
KAomn 11° ©g Tpog ToV YEOYPAPIKO 1GTUEPVO.

Ol d1BQOopEG CLVICTMOOEG TOV OVOCUOTOS TOV YEMUAYVNTIKOD Tediov divovion 6To
oynua (6.12 ) 6mov B givar 10 dvuopa tov poyvntikov wediov, F n ohkny dvvaun, X, Y, Z ot
TPELG KOPTEGLAVES GLUVIGTAOCEG TOV TTEGIOV, O TPOG TO YEWYPAPIKO GVGTNIO GUVIETOYUEVOV,
X wpog Poppd, Y avatoAiikd kot Z kabeta mpog to kévrpo ¢ yne. H mpofoin tov pétpov
oV ediov oto opldvtio emimedo Aéyetoan H. Avtiy m mpofoin oynuoatiler o yovie D
(declination) mov petpiétan Oetikd amd Boppd mpog v avatorn. H yovia I (inclination) eivon
N YOVio TOV OAKOV poyvntikol mediov pe 10 optldvTio enimedo Kot givar OETIKN KATO amd TO

eminedo x,y. Elvar 10 ocvpumpopo TG ovvnbovg TOMKNAG YOVIG TV GEOUPIKOV

GUVTETAYUEVOV.
11°/
I Geographic
it W North
X
B X v Magnetic
pCIE North
: Geographic e f
Z Equator East
Dipote | /) el
Magnetic '
Equator ' :
z .-~} .- B(F
‘L:: _____ K
Down
Yype 6.11 I'eopetpia TOL YHIVOL HOYVNTIKOV Yyqpe 6.12 TuvicTOoEg TOV YEMOHOYVITIKOD
dudAov nediov oTa S1APOPU CLGTHLLOTA
GUVTETAYUEVOV

6.5.1.2 Metafoin Tov 116VY0V A0V

O mo akpPng Kot KOADTEPA KOTOVONTOG TOTOG TNG YEMUOYVNTIKNG OpacTnplOTNTOG
gtvar m muepnowo petofoin Sq. Xe Movyxeg pépeg kdbe pECOL TAATOVG TAPATNPNTHPLO

KATOYPAQEL (o GLOTNUATIKY UETAPOAN o KAbe cvvict®oa Tov mediov (X, Y, Z), Ommg
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eoivetal oto oynua 6.13. Etabuoi pe to 1010 payvnTikd mAGTOG, OAAG SLOPOPETIKO KOG

KATOYPAPOLY OLOIEC HOPPEG LE XPOVIKT| OU®G KaBLaTéPNon AdYm TG TEPIGTPOPNC TNG YNG.

North X EastY Down Z
nT

NN 100

{50
0

Nurmijarvi
60.5°N

Valentia
51.9°N

Tashkent
41.4°N

Tucson
32.2°

Honolulu
21.3°N

Guam
13.4°N

Tatuoca
1.2°8

Luanda
8.8°S

Tananarive
18.9°S

i
S 100

Watheroo —\_ -
30.3°S

Amberley
43.2° _’\/‘-
Port Aux

Francais ""\/‘" e —
49.4°S

Argentine |
65.2°5 —/\/_ —_ T N\

M N M N M N

=

Yype 6.13  TIpoPorég v yemypapik®v cuvictoo®v (X,Y,Z) Tov payvntikov nediov o€
ot1afpovg og ddpopa mAdTn oto pesovoktio (M) kot to peonpépt (N) (Parkinson,

1983)

To oyquo mapovstalel BewpnTikd GLUUETPIO OC TPOG TO LAYVNTIKO 1OTUEPVO KOL TO TOTIKO
peonpépt, vrobétovrag OtL M NuepNo HETABOAN TOPdyETOL OO TO 1OVOGPAIPIKO GUCTNHO
PEVUATOV MG TPOG TOV NA0 YOpw amd Tov omoio yvpilovv ot otabuoi. Avtd 10 cuoTNUA
pevpdtov oty wonuepia divetor oto oynuae 6.14 6mov dvo KEAOEN PELUATOV GTPEPOVTAL
YOopw and eotieg Tomobetnuéveg ot 30° poyvntikd mTAGTOG. TTov 1omuepvd Kot o dHo
PEVUOTO KIVOOVTOL OTO TV 0VYT GTO GOVPOVTMLAL.

Avaivon xoatd Fourier ¢ mupepnowog petafoAng otver 0tL givon xvpiwg mAtokn
nuePNoLO LETOPBOAN HE [0 LIKPOTEPT NUMUEPN O GLVIGTAOGCA. Enl mAéov vdpyet o pkpn
ceanviakn numpepnote (12h 25min) cvvictdoa. H kdpia artio g nuepriolog petofoing
glvar 1 kivnon 1oV MAEKIPIKOV QOPTIOV NG 10VOCOUPAS KATO UNKOG TOV YNVOV
HOYVNTIKOV  Ypappdv. Avti mn kiviion oonyeitor amd ovEHOLG oIV 10VOGEALPO TOV

Tpoépyovtal amd NAakn BEpLoven Ko amd GEANVINKES KoL NAIOKES TAAIPPOLES.

161



% oh 6h 12h 18h 24h
¢ LOCAL TIME Contour interval 25-0 kA

Yype 6.14 Iovoopapikd cHGTNHO pELHAT®V VTEHOVVO Y10 TIG YVOOTEG PayVNTIKEG LETAPOAEG

Sq (Parkinson, 1983)

6.5.1.3 MayvnTtoo@uipikég VTOKATULYI0ES

O mAéov ocvvnOng TOTOC HOYVNTIKNG OpOCTNPOTNTOG Elval 1 HOYVITOGQOIPIKN
vrokatotyida. Mio vrokatoryida gival po Kavovikn oelpd yeyovotmv mov cupfaivouv otnv
LoyvnTOGQOPa Kot 10vOSQoIpa OTav péel amd ToV MAOKO GVELO TPOG TNV LOYVNTOCOOIPQ
(McPherron, 1991; Akasofu, 1979, Rostoker et al, 1980). H mo @avepr| ekdniwon g
vrokaToyidag ivorl 1o oA 6oL NoVYA GEANTKE TOE EapVikd ekpryvLVTOL LE AQUTPOTNTO
Kot yivovtol apécme evepyd Kot YpOUATIOTAE. Z€ OAGTNLO LING OPOS OVATTOGGOVTIOL GE L0
dwteTaypévn oelpd mov e€aptdtar amd 1o povo Kot tn B€om. Emiong poayvntikég dotapayés
oLVVOOEVOLY TO GEAOG. XTNV EMPAVELD KAT® 0omd TO GEANG £val poyvntopetpo Oa ypdayet
EVTOVEG O10TOPAYEG TTOV TPOEPYOVTOL OO NAEKTPIKA PELLATO GTNV 1OVOGPAIPO. ZTO GYL0L
6.15 mopovctdleTol 0 GYNUATIGHOS AVTAOV TOV HOYVNTIKOV OTOpUy®V ooV o vTépheon
TV dtapay®v ¢ H cuvictocag oe mapatnpnriplo g {ovng tov céhaog. Ztabuoi mov

Bpiokovtol 6To amoyevuaTvo-Bpadivd Topéa Kataypdpovy BeTikég dtatapayis, evd otadpol
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KOVTO GTO LLEGOVUKTIO KOTAYPAPOLV OPVNTIKES d10TapoyEG. Tow peOOTO KIVOUVTOL OVOTOATKE
Kol OLTIKA TPOG TO PLECOVUKTIO Ko ovopdalovtor nAektpoyeipappot (electrojets), d10tt péovv
0€ CLYKEVIPOTIKA KOvAAo YNnANg aywyotntog tpoepydueva ota 120 km and copotidia
TOV TTOPAYOLV TO PMOS TOV GEANOC. TETO1EG TUTIKES dATOPUYEG KULOIVOVTOL OTNV TEPLOYN TOV
200-2000 nT kou £xovv dtdpketo 1-3 hr.

H or X Component {n'T}

00k ]

I ) O SO
D 2 4 6 8 10 12

Universal Time (Hours)

Yype 6.15  Mayvnticég datapoyég e H ovwviotdoog mov petprinke amd otabpods g
Lovng oéhaog otig 3 Moaiov 1986 Betikég Sratapayég TPoEPYOvIaL amd TOV TPOG

OVATOAGG NAEKTPOYEILOPPO KOL APVNTIKES OO TOV TPOG SUGUAG NAEKTPOYEILAPPO.

O paocelg g vrokatalyidog dlakpivoviol o TPES: PACT avamTLéng, ETEKTACTG KOt
eravapopds (growth, expansion, recovery). O McPherron (1970) onueimoe 6t1 Tpornyovvtal
TOAAG QovOpEVO amd TV Evopén TG PACNS ETEKTACNG TG VITOKATALY1d0G TNV 10vOSPALPa,
Omwg aoBevn BeTIKA Kol OpVNTIKA QOTEWVA QALVOUEVO, Opolo e gKetva mov cvuPaivouy
apyotepa ot @don eméktaong. Emiong vmdpyer po avEnpévn mbavoétnta va cvpfodv
aoBevelc Ko HIKPNG OLAPKEWNG EVIACGES TOV GEAOOC KOL TOV MAEKTPOYEWLAPOVL TTOL
ocvvodgvetan and ekpnéelg twv ULF wopdtov ovopaldpeveg Pin exkpnéels. Mo Bobumt
avénon tov peyéBouvg tov mMoOAMKOD KeEADQOVS emiong umopel vo cupPel mpv TV @dom
enéktaons. Oha ovTd T PAVOUEVE OVOUAGTNKAY (PACT) OVATTUENG TNG VTOKATOLYIONG Kot

elval To YPovIKO SLAGTNUO TPV T GACT EMEKTOONG, OOV EVEPYELD UETAPEPOUEVT] LE TOV
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NAOKO dvepo amobnkevetal otn poyvnroceopo. H @dorn eméktaong aviiotoyyel otnv
OmEAEVOEPWON-EKPOPTOOT NG ATOONKELUEVNG EVEPYELNG Kl 1 (ACT] ETOVOPOPAS OTNV

EMGTPOPT TNG HOYVNTOSPALPOS O OEUEMMDIN KOTAGTAGT] TG,

600 ' — —— — : . :
Stat  Onset; . Begin Recovery . End
400 - Substorm: o : :Substorm|
‘ * Intensifications :
~ N ;
200 | i . Nvf/ ‘ g
0 L
'S 200
D
2 -400
™
-600 f o : |
1000 i Growth Expan:;it:m1 Recovery : |
1020 1104 1137 |
-1200 — . 1054 1124 L X 1300
10 1 12 13

Universal Time

Yyqpe 6.16 Ot tpeig eaocelg g vrokatotyidag oe 0povg tv AU kot AL deiktmdv. Ot kdbeTeg
YPappéC delyvouy ypdvoug 6mov 11 B, cuvictd®co Tov TEdiov TS 0VPAS EAUTTOVETOL

Eaovikd.

Ot 1peig pdoeig g vrokatatyidag oe Opovg Twv AU kot AL deiktdv divovtol 610
oua 6.16. AU xour AL eivaw ot mpoPorés tg H-ovvictdoog oamd pio aAvcidn
payvnTopéTpwv e {mdvng tov célaog kaTm amd Tovg nAekTpoyeappovs. H évapén kot n
MEN (oG pepovopévng vrokototyidoog opifoviot amd TNV amoydpnomn Kol ETLGTPOPT TOV
dVo dekt®v o1n otdbun tov vVIoPabpov mov opileTton amd TIG PETAROAEC TOV NOLY®V

NUEPDV.
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6.5.1.4 MayvnTikés KaToyideg

Otav 1 oblevén tov NAloKoD avéHOL HE TNV UHOYVNTOGOALPO YiVETOL 1oYLPN Kot
TOPOTETOUEVT] KOL 1] LOYyVITIKY OpacTnplotnTo yivetor £vtovn, T0Te avoantvooetal po Kotd
™ OldpKeElD [og Katalyidog To PEVUATE TOV GEANOG Eivol GLVEX(DS OlTOPAYUEVE OTTMG
eoaivetal oty Katoryida g 3 Maiov 1986 tov oyfuatog 6.15. H avarntuén g kotonyidog
opiletar kaAvtepa ot péca TAATN omd Tov Dst deiktn mov gival 1 otiypoio Toykdsuo Héon
T G wonpepwvng dtatapoyng H. Zto oynua 6.17 eaiveton pio katoryidoo, 6mms Koteypaen
and tov Dst delktn. Mia kotoryida Eexvad omd po Eoevikny avénorn Tov HoyvinTikov mediov
mov Jwopkel pepkés dpec. AkorovBel [ amdToun Kot UEPKEG (QPOPES dOTOPOYUEVN
eldttmon tov Dst mov amotedel v kOpra edon. X cvvéyela, o Dst apyilel po amdtoun
oTNV apyn EmOVOEOPE Tov akolovdeitor apydtepa and po pakpld Ko apyn emovoeopd. H
Jupkeln TVTIK®OV kaToyidmv givarl 1-5 pépec. Ot kopleg Acels dtopkohv Tepimov o pHépa
Kol Ol QOACEIS emOvaPOpAs TOAAEG pépes. H kotavour tov peyebov tov vrokoatoryidwmv
axolovBet exBetikd vopo. Kartaryideg pe Dst g tééng tov 50-150 nT cvpPaivouv oyeddv
Ka0e unva. Apketég popég ato ypovo 1 dwatapayr eOavel ta 150-300 nT kot pepikég @opég
o dugpkela Tov NAtakol kKokAov Eemepva ta 500 nT.

Meléteg TG KATOVOUNG TOVL SLOTAPAYUEVOL TTEGIOV TNG KoTonyidag KaTd TN SLdpKeELl
™G KOplag @dong delyvouv OtL avt gival oyxeddv OpoloYeEVIG G€ OAOKANPM TN YN Kot
katevBuvetol mapdAinia Tpog Tov dZova Tov Yfvov owmoAov (m.y. mpog Poppd). Térola
dwatapoyn Hmopel vo TpoépyeTon amd T0 SAKTVALOEIOEG pevpa (ring current) TOV KUKAMDVEL TN
M. Avtd 10 pedpa dnpovpyeitor and copatiow mov oMcbaivouv otig Ldveg Van Allen cg
arootdoelg 3-5 Rr. H apyikn @don mpoépyetar amd to pedpa g poyvnrorovons. Mia
avénon otn SLVOUIKT TLEGT TOL NAMOAKOD OVELOV SVVAUMVEL QVTO TO PEVLLLO KOVTAQ GT Y1 Kot
avéaver v €vtact| tov. To poyvnTikd medio ¢ STapoyns oTnV ETPAvELR KoTevhoveTat
npog Poppd. H emdvodoc mpokoAeiton amd omdAeld TV copatwdiov oand T {Oveg
axtivofoAiog mov 0dnyel og po AATTOOT NG €VTAONG TOV dOKTVALOEWD0VG PEVIOTOC. XTO
oynua 6.17 m ovoyétion petaEy ™G SVVOUIKNG TEONS KOl TG apylkng edong Dst eivon
eavepn. Emiong, n eAdttoon g koplag eaong mopovctdletl pio kabvotépnon amdkpiong 6To

ddotnpa 6mov To EMII etvan 1oyvpd mpocovatolcévo tpog voto (apvntkd Ey).
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Yympoe 6.17  Avvopukn mwigon tov nAoKoy avEROV P, GUVIGTAOGCO TOL NAEKTPIKOL TEGiOV TOV

NAakov avépov (Ey=-vB cos 0 kot o 1onuepvog deiktng Dst (Burton et al, 1975)

6.5.1.5 ULF xvpoata

H poaywmtwn odpactmpromta pmopet va mhper emiong T HOPON  TEPLOSKADV
dwtapoy®v Tov payvntikod mediov pe meptodovg 1-1000 sec mov ovopdlovion poryvnTikeg
TaAavTOoelS (magnetic pulsations). Ot TopatnpNoElS TV S0PLPOPMY £XOVV 0dNYNOEL TNV

KOTOVOTGT TOV UNYAVIC LMY TOVG,.

6.5.2 Merproeig Yye@poyvnTikng opaotnprotnros-I'eopoyvnrikol deikteg

O1 payvnrikol ogikteg elval evpémg SLOOEOOUEVOL OTIG HEAETEG TNG NAOKNG-YNIVNG

euvokne. I'evikd évag deiktng eivarl HovoTovn GLUVEPTNOT KATONG PLGIKNG TOPUUETPOV TOL
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(QOLVOLEVOL TTOL TTPOKAAEGE TN dloTapoyn Kol UTopel vo Tpocdiopiotel anid. Me v tapodo
ToV ¥PpOVOL TPocdOPifovTal TOKIAEC GLVIGTMOES TNG MOYVNTIKNG OpAcTNPLOTNTOS Kot

ouvey®s opilovtotl vEol SEIKTES Y10 VO AITOLLOVMOGOVV Ta, S16.PoPa PALVOUEVOL.

6.5.2.1 Xapaxtipes CI xar C9

"Evog amd toug amloboTepoug Kot LokpOTEPNS KATOYPAPNS LayvnTIKOVS deikTeg elval
0 yopaxtipag C. ZuvioTatol 6TOV AVIIKEWEVIKO TPOGOIOPIoUO TNG GTAOUNG TNG O1TOPOyNG
nov mapoatnpeital og kébe pépoa Greenwich oe kdbe mapatnpnipro. O apOuog (0, 1, 2)
ONAmvel av N Kataypoen €lvar novym, UETpLa dtoTapaypévn, | ToAd dtatapaypuévn. H péon
T o’ Ola To TapaTnpnTnpe divel Tov d1ebv yapaxtipa CI. Mo avopotoyevig petapopd
avToL TOL HEGOL og M KATpaka omd 0 émg 9 diver tov CI delktn. Zto oynua 6.18 diveton
éva mopaderypo. vtov Tov JEIKTN Yo éva S1A0TNH TPLOV ETOV YOP® ard TO NAIKO UEYIGTO
10 1980. Ta peyén tov copPforwv avEdvouv pe to aptdunTtikd Tovg uéyebog kot £161 divouy

L0 GUECT] OTEIKOVIOT TMOV YPOVIK®V OOGTNUATOV TNG S10TOPOYNG.

6.5.2.2 Acikteg e0povg Kk, kp, A kan A,

O k-d&ikng eivon delkTng TNG CLVIGTMOGAG TOL LAYVNTIKOL TTEdiov 6 €va oTaBO Kot
petpd 1o pEyefog TV daTOPUYDOV TOL TPOEPYOVIOL OO GAAL QUIVOUEVO EKTOG OO TNV
NUEPNGLOL LETAPOAT KO TIG LOKPOYPOVEG CUVIGTMOGES oG Katatyidag. O tpdmog mov e&dyeton
o0 deikng awtdg aiveral oto oynua 6.19 yia to otabpd Fredericksburg.

Ta 6pla mov ypnoipomotovvtal yioo avtd to otabud divovror otov wivoka 6.1. O
domhavntikog deiktng kp mov opiletar wg o apOuntikdg pécog tov k v and 13 npdtuma
TopATNPNTAPLY, APOD TPAOTH KavovikomoBovv ot Tiuég kdbe otabpod otovg ks dsiktec.
Avto yivetar péca omd mivakeg mov Sivouv 160d0vapEeg KoTovoués Tov Ks Tiumv Kabe

ota0uob o€ Kabe 3-wpo dbotnua Kébe emoyng.

[Tivaxag 6.1
K 0 1 2 3 4 5 6 7 8 9
min 0 5 10 20 40 70 120 200 330 | 500(nT)
max 4 0 19 39 69 119 199 329 499
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Yyqpoe 6.18 O owebvrg yapaktipag C9 oe pa tomomouévn popen. H mpmt

KOAMVA Olvel TpMUEPES LEGEC TIUEG TOV 0p1BLoD TV KNAId®Y Rg
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IMa paxpodypoveg peréteg eivor ypnotpo va vdpyovy nuepnotot deikteg. Emeton opwmg
ot k deikteg elvar AoyoapBpukol mpémel va opicovue ypopptkovg dgikteg evpovg. O Ak
delktng evog otafpod opiletar mMOAAUTAAGIALOVTOS TNV KEVIPIKY TN TNG TEPLOYNG OV
YPNOLOTOOVUE Yoo v opicovpe Tov k deikth pe éva mapdyovta mov mPokLNTEL ATO TNV
dwaipeom tov Tave opiov NG meEPLoYNS mov aviiotolyel o€ k=9 pe to 250. Emedn o apOuog
avtog etvor g Taéng tov 2, 0 Ak delktng eivar to NMAGGIO TOL HEGOV TANTOVS TNG
datapayng oto ddotna. Me tov 1810 TpOTo TpoKvITEL KOl 0 TAUVNTIKOG OeikTNg Ap OO TOV

Kp dgikn.

3 6 9 12 15 18 21 24 3 6 9 12

L T e T T T T T T L T T T T T T T T T T S S|

_____ 100y

Yyqpe 6.19 Ymoroyiouog tov k deitn amd to otabud Fredericksburg.

6.5.2.3 TloMkog dgiktng PC

O d¢eikmng tov Tolkov keAvpovg PC €xel mpotabel mpdopata. OpileTon g 10 PETPO
™G £VTOoNG TOL HovODa PEVUATOG TOV PEEL ATd TOV NAL0 KOTE UHKOG TOV TOAIKOD KEAD(POLG
Kielvovtag toug 000 mAekTpoyepdppovg tov 6élaog. 'Etol divel éva pétpo g dieiodvong
TOV NAEKTPIKOD PEVUATOC TOV NAOKOD aVEROL TN poyvntoéseoipa. YmoAoyileton amd tov
axoiovfo tomo tov AF.

AF = AHsinB+ADcosf B=A+5+UT+¢)

6mov AH kot AD givai n dtaomopd g H kot D cuvictdcog amd to novya enineda, o  péon
amOKAON TOL GTOOLOV, A TO YEOYPAPIKO TAATOC KOt @ 1) YOVIO TOV OVOGUATOS TOV PEVUATOC
pe to tomkd peonuépt. O PC dgiktng opileton wg PC=AF/a, 6mov a o otobepd. Ta

TAEOVEKTNLLATO, 0LTOV TOV deiktn etvan apketd. [Tapéyet v 01 TANpoopia Yo TOV NALOKO
dvepo, 0mmg o AL delktng pe tov omoio cvoyetiletor moAd KaAd, vroroyiletan pe dedopéva

amd éva povo otafuod Kol HeTpd TV AUEST amodKplon S poyvntoceoipag (driven process).
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To pewovékmuo etvar 6Tt emmpedleton amd ™V ayoyipdmro kor eaptdror and Tig

uetaforég tov By cuvictmoag tov EMIL Zvinteitar va opiotel og moykoOcpog 6todepd.

6.5.2.4 Asikteg AE

O deiktng AE opiotnke cov 10 PHETPO NG £VIAONG TOV NAEKTPOYEILAP®V TG LdVNG
oéM00g, e BAon Ta LayvNTOYPAULOTO TNG OPLLOVTLNG GUVIGTOGOS TOV TEGIOV Omd Lo OpAdQ
poyvnTikov otafumv mov Ppickovtal opotdpopea kataveunpévol ot {ovn céiaog (Davis
and Sugiura, 1966). H opil6vtio cuvictdoa Bewpeitor 1 TAEOV KATAAANAN omtd To GTOKEl
TOV HOyVNTIKOD TTESI0L Yo TV TAPOKOAOVON O™ TV ¥POVIKAOV HeTaoAmv. Avtd eényeiton av
okePBovpe Tog 1 opldvTio GVVIGTOGH 1 avaAveTol 6€ 000 dAleg: v X kou v Y. H'Y
ouvioTOco etvan exeivi mov €xel aueomn oyxéomn pe 1o e€gtaldpevo @avouevo, aeol eival
OeTikn OTOV £YEL POPE TPOS TNV AVOTOAN Kot apvnTikn Otav €xel @opa mpog T dVoT. LTV
otafpotg g {ovng céhaog ot amokAicels AH ¢ opllovriog cuvicTdoas Tov HayvnTikon
nediov amd 10 medio avagopdc, oyetilovtal dueco pe T0 HETPO TOL NAEKTPOYEILAPOL TPOG
avatordg 0tav AH>0 1 pe 1o pétpo tov miektpoyeipapov mpog dvcpdg étav AH<0. Av 1
Katavoun tov otafudv ot {dvn céhaog elxe Amelpn mwokvotnTo, TO LREPTIOEUEVA
payvntoypaupato g opilovriag cvvietocag Ba opilav éva dve kot £va kdtm 6pro. To dve
opwo avtiotoryel otov ogiktn AU kot 10 kbt Opro otov oeiktn AL. O deiking AE €xet
opobel cav 1 amdctaotn peTad TOL Aved Kol TOV KOTM TEPLYPALLATOS TOV LIEPTIOEUEV®OV
LYV TOYPOULATMV:

AE=AU+AL

Ot deikteg AU kou AL ekppdlovv 10 poryvnTikd medio mov endyetol otV EMQAVELN
™G YNG OO TOV NAEKTPOYEILAPO TOV PEEL TPOG AVATOANG Kol SLGUAG avtioTorya. Eival dpwg
duvatd M eMOPACT TOL KLKAIKOD PEVUOTOG, TAPOAO TOV OTA TANTN Tov Ppickovrol To
TapoatnpNTPLo €ivorl Katd 000 QopEg KpOTEPN G€ GYEON UE AAAN TAATY, VO AAAOUDCEL TIG
petpnoetg twv dektdv AU kot AL To akyefpikd aBpoiopud tovg Opme, mov divel tov deikn
AE, elvar amoAiaypévo om’ autéc TIg aALOIMGELS KOl oVTOg givol 0 Adyog mov opiotnke o
deiktng AE.

E@’ 6cov o1 vmokatatyide cuvodedovion amd o peydAn avEnomn g £vtaong Tov
NAEKTPOYEILAPOV TPOG SVGUAC, TOV PEEL OO TN GKOTEIWVN TAEVPA TOV WOELGOVG TOV GEANOG, O

deiktng AL amotedel éva oA KaAd HEGO TPOGIOPIGHOD TNG EvTadng Kot TG avATTLENG TOV
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vrokatoyidwv. O deiktng AU, aviiotol el 6ToV NAEKTPOYEILOPO TPOG OVOTOALS TOL PEEL
amd TNV QOTEWVY] TAELPA TOL MOEWOVE TOL GEANOG KOl GLIEDYVLTOL PE TO PEVUOL TNG
payvntomavone. O deikng avtdg eivar éva moAd kaAd PETPO NG GUECSNS OmOKPIONG TNG
Hoyvntoéoeopag ot UETAPOAES TOv dtamAavntikov ywpov. O deiktng AE ekppdlet v
OMKY] OpaoTNPOTNTO TOV MAEKTPOXEIWAP®Y TOL GEAOOC Kl £TCL HOG EMITPEMEL VO
VTOAOYIGOVUE TNV OAIKY] EVEPYELX TTOV KATAVOADVETAL GTNV 10VOGPOIPO GEANOG,.
O téraptog deiktng AO opileton wg:
AE=AU+AL

Kot eatveton va "eumepi€yel TG acvupetpieg HETOEL TV 000 MAEKTPOYEWWAP®V GEANOG
KoODC Kol TNV EMOPOCT TOL KUKAIKOD pedUATOS Kot £T0L divel £va LETPO TOV GLVOAIKOV

pevLOTOC IOV péet ot LOvn 6EA0OG.

6.5.2.5 Dst dciktng

O Dst deiktng divel mAnpoopia yio T1g poyvntikég kotoryideg (disturbunce of the
storm) kot €£QyeTon amd TOL LOYyVNTOYPAULOTE TOV LEGHOV TAATOVS Kol IGTUEPIVOV CTAOUDV.
EnUedVETOL 0 aPlBUOG TOV GTOOUMVY TOL KATEYpaWay TV £vapén Tng Kotoryidog Kot ot THEG
OV poyvnTikov mediov amd kébe otabud Koataypheoviog oe oelpés apyiloviag omd v
katoryida. Tote maipvovpe T péses TIHEG amd 0Aovg Toug otafuovs. To péco amotéhespa
™G YPOVIKNG METAPOANG TG Kotonyidag eivor eAdTT®omn TG opllovIG GUVIGTAGOS TOV
veopoyvntikov mediov. ‘Etor o Dst givar yevikd apvntikdg Kot PHeydAeg apvnTikég TILES TOV
onpaivouv évtovn kataryido. Xto oynua 6.17 diveton €va delypo tov Dst tyuov yuo éva

YPOVIKO SLAGTN O OTTOV VITAPYOLV Lo KOPLL Kot V0 OEVTEPEVOVGES KATOULYIOES.

6.6 Emidopaocn Tov y1ivov poyviTikov 7€éiov

Méypt to 1929 mictevav OTL N SIMOAIKY] GUVIGTAOGO TOV YNIVOL HOYVNTIKOD TESIOV
emnpedlel T por| ™G KOOUIKNG okTvoPoAiag. Apydtepa mapatnprinkay petafoAés otov
aplOpd TOV POPTIGUEVOV GOUATIOIMV Tov eBAvoLY ot I'M cuVaPTHGEL TOL YEOUOYVITIKOV

TAATOVG. ZNUEPO TIGTEDOLLLE OTL O EMIYELOL HETPNTEG KOGHIKNG OKTIVOBOAIG HeTPOhV YNANg
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T4ENG TapAy®YD TOV TPOTOYEVAV KOCUIKOV 0KTivov mov @Bdvouv oto Oplo g
atpocealpas. To mpoOPANUE TG TEPLYPOUPNS TNG OLVOLIKNG TOV COUATIIWV GE OUTOAMKO
poyvntikd medio peletinke omd to NopPnyd @uowd Stormer otnv mpoomndbeld tov va
e€nynoetl to moAko céAag. Avapépetal cav Bempio Stormer kot ot TPOYIEG TOV COUATIOIMV

ooV TPOYLEG Stormer.

(a)

Yyqpe 6.20 o) Zootnuo cuvtetaypévav 0mov opileTot 1 SLVOLIKY TOV COUATIOIMV YNA®V

EVEPYELDMV GE OUTOAIKO paryvnTikd Ttedio. ) oplopog g yoviog 0.

6.6.1 Avvopiki TOV QOPTICREVOV COUATIOIMV OE OITOMKO payviTIKO TEdio

To mpdfinua ToLV TPOGIOPIGHOL TG TPOYES cwUoTdiov Tov mANcLalel To
payvntikd oimolo oamd to dmewpo eivor Khooowod. H e&icmon g xivnong @opticpévov
copatdiov pdlag npepiog mo, @optiov Ze kot cvvieheotod Lorentz y=(1-1)2/C2 )'1/2 o€

OTOTIKO HoyvnTikO medio giva:

ymoz—l::Ze (5xB) (6.19)

XPNOHOTOUDVTOS TOV OPICUO TOV YEMUOYVITIKOD TAATOVS A Ol GUVIGTMGCEG TOV LYV TIKOV
nedilov etva:

B, =—2u,Msin A/ 4nr® KoL B, =-u,McosA/ 4nr’ (6.20)

omov M givo 1 payvnTikn SUToAKT pomy).
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Agv vrapyetl yevikny AOon tov TpofAnpatoc, aAdd n Bewpia 0€tel Opla 6TIC TEPLOYES
TOV HOyvnTIKoU 7ediov mov o€yovtor cmpatiol. I'’ avtd opilovion emtpemdueveg Kot
amoyopevpéveg Coveg Yo kde cmpdtio Tov eOAvVEL amd To ATELPO.

Kot apynv petpdpe tic oamootdoelc o€ povadeg Stormer. H povada Stormer eivon m
KUKMKN TPOYWL OTO 1OMUEPVO EMIMESO TOL OUTOAOL Yo COUATIOW OPUNS P=MgYV.
E&lomvovtog tnv KEVTPOUOAO KoL TNV OKTIVIKE SUVOUTN EXOVLE

ym_ v’

r° =Ze <6>< B)

oMoV T M ATOGTAGT Ad TO KEVTIPO TOL duwdAov. OToTE YpnoomoldvTag TV (6.2) éxovpe

ym,v’/r=Zevu M/ 4nr’

Kol 1 povado Stormer

Z M 1/2
r, = [—e Ho ] (6.21)
4np

H andotaon rs eivarl yvoot| cav povada andotacng Stormer yio. GOUATio opung p
Kot omAomotel Tig eE16MoELS TG Kivnong.

2 ovvéyela eKppalovpe TIC EEIGMOELS TNG KIVONG G GUVTIETAYUEVEG T, A Kl
(oy. 6.20) ko elodyovpe N yovia 6, 0mov 6 eivon n yovio peta&d g otrypiaiog tayhtnTog v
TOV GOUATIOION Kot TOV pHeSUPBPvOD EMTESOD TOL OKOAOLOEL TO COUATIOO GTNV TPOYLE TOV.
H Mom tov e€iochoemv divet

cos? A
r

2b =-rsin®cos A — (6.22)

omov r Kot b o€ povadeg Stormer

O 6pog b givor o otabepd g kivnong kot 6tav 1o r yivel ToAd peydro, tote 0 -2b/cos A
etvatl ) TopApUeTPog KPOVLONG, OTMG Kol GTNV NAEKTPOCTATIKY| AVTIOPACT] TOV QOPTICUEVAOV
copatdiov. Av 1 kivnon eival 6to onuepwvd eminedo A=0°, 1o1¢ N TOPAUETPOG KPOVOTG
elvar —2b. Xg dAda yeopoyvntikd TAdtn to —2b/cos A givor 1 mopdpeTpog Kpohong w¢ mpog
Tov G&ova tov dumdAov. Eivar yvwotd ot SinO  Ppioketon petagd 1 ko —1 ko O€ter dpla
OTOVG EMTPENTOVG GLVOLOGUOVS TV T KOL A Y10 OEOOUEVT TN TG TAPoUETPOL b. Mepikd
TOPUOELYLLOTO EMTPEMOUEVOV KO OTTOYOPEVUEVOV TTEPLOYDV divovtarl 6to oynua 6.21. Apov

exepalovpe 1o r Ko b o€ 15 povadeg Stormer oev eppaviletor n opun.
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£ i)
(a) 1 2—x
(iii)
(i)
b=—0.5
£ (i
(b) 2—|x
(iii)
(i)
b=-—0.999
z 7 (i)
(e) 2 x
(iii)
(i)
b=-—1.001

2ympo 6.21 AL0ypAUUOTO TOV TEPIOYDY GE TOAKES GUVIETAYUEVEC TOV JEPYOVTOL COUATIOW
YNA®V EVEPYEIDV HECH amd TO YIVO MayvnTiko tedio. Ot YPapUOOKINGUEVES TEPLOYES
&yovv | sin 0]>1 ko emopéveg etvar amayopevpéves. H meprpépeta g I'ng divetan ota
Swayphppotoe pe Tpelg TS TG dvokapyiog Tov tpotoviov (i) R=59.6 GeV/c, (ii) 4R
wou (iii) R/4.

210 orypappaTo Tov oynuatog 6.21 opiovpe v opun T@V copatdiov Kot Ensrta
oyxedralovpe ™ I'm. OnodTe divovpe ta dtarypappato yio Stapopeg TIéEG e b. 1o dplo b=-1 ta
"slayovia Tov Kapyopia' e amoyopevpuévng meployns kieivovv oty r=1. I' avtd vrapyet
Qo Kprtikn opuny 6mov 1 aktiva Stormer yivetan ion pe v aktiva g I'mc. Av Bsmpncovpe
mv mepintowon tov mpotoviov z=1, n kprtiky opun eivor p=59.6GeV/c (M=8.1x
10%°Gauss/cm®, rS:rp:6.38><1080m). 2NV VIEPGYETIKIOTIKY TEPITTMOOMN 1| OpUN| avTh €ivarn iom
pHe v oMKN evépyeld Tov copatdiov. H onuoacio tg kprtikng opung eivar 6t pévo
copotidla pe opun 59.6 GeV/e pmopodv vo pBAcGoVY 6TV EMPAVELD TG YNG Y10 TOPAUETPOV

Kpovong b>-1. T o apvnTikég TYES, To carydvio KAEIVOLV Kol OV TEPVEA KOVEVO GMUATIONO.
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E&etalovtoc to copatidlto 6mov 1 opun Toug ivat To TETOPTO TNG KPLTIKNG OPUNGS, M
povada Stormer tOTE givarl SuTAGGLO Ko 1 aKTiva TNG YNG o€ povadeg Stormer lvatl 1o NGV
™G mponyovuevng mepintmonc. Ildd 1o b wpémel va eivon >-1 ko pepikd copoatiow poévo
UTOPOLV VO EICYOPNCOLY GE UEYAAN TAATY, OT®G Qaiveton oty mepintmon b=-0.5. Otav
nopatnpiOnKe avtd oV apyn, eavnke 0Tt d0OnKe o e&nynom otV UEAVIoN TOV GEANOG
o€ YNAQ YEOUOYVITIKA TAATY), 6T1 (OVN oéAaog. AAAG dev etvar avT 1 otio.

Mo copotiow pe TeTpomAdoio KPITIKn opun mn axtivo g yng eivol SumAdoio Tng

axtivag Stormer Kot To GOUATIOW GE Lo EVPEIN TEPLOYN TUPAUETPWV KPovong Odvouy ot

m-

6.6.2 Aldyvoon copoTidiov pe 10 Y1Ivo payviTiko wedio

Xpnowonowwvtag v e&icwon g kivnong (6.22) uropodpue vo Bpovpe v meployn
TOV yoviov 0 am’ Omov to copotidlw @eBdvovv GTOV TOPATNPNTH GLVOPTHCEL TOL
YEOUOYVNTIKOV TAGTOVS, TOL POPTIOL Kot TNG OPUNS.

Evdwpépovca eivar n mepintoon 6tav 1o copotidia eBdvouv katakdpvea. Avtd
Bpickovtol 6to peonuPpvo eminedo mov opiletan 6to oyfuo (6.21) kot éxovv 6=0°. T’ owtd

T0. cOpOTiow givort
2b=—cos*A/r

Zopatidi Tov eBdvovy oty empdveto e I'mg og povddeg Stormer givan

1/2
' 'r P
r=-—= P =
r, (Zep,M/4np)® (59.6ZGeV

H xprricn tun tov b elvat

1 cos® \
b=-=> 6.23
2 (p/59.6Z GeV)"? (6.23)

H avaykaio cuvOnkn yio to copatiole yio va propovv vo eBavouy otn yn oV ol OpuES
Toug gival pikpotepeg amd 59.6 GeV/e eivar 0tL mpémetl va Exovv mopduetpo Kpovong b=>-1.
Yopotiot Aomdv mov EOAVOLY KATAKOPVEO TPETEL VO, IKOVOTOLOVV TNV 0kOA0VON oyéon

1 cos’ A

2 (p/59.6ZGeVvf? ™

Kot

p>14.9Zcos*\ GeV/c (6.24)
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‘Eto1l uoévo copatiow pe opuéc peyardtepec amod pio Befaio tipun pmopovv va phacovv

ot I'm og d1dpopa TAGTH.

MMivaxkog 6.2
[TAdtog Opun Kuwnric Evépyela
Z=1 A=0° cp > 14.90 GeV 14.00 GeV
%= 40° cp> 5.10 GeV 4.30 GeV
A =60° cp> 0.93 GeV 0.48 GeV

Mo copatidw pe peyaddtepo eoptio ot opuég KatweAiov Ba eivar peyolvtepeg, aAld
N payvntikny dvokoapyio (pe/ze) Ba eivan id1a dnA. 14.9, 5.1 ko 0.93 GV

e Kabe onueio g emaveiog e I'mg, Aomdv, vapyetl Eva KOTOPAM EVEPYELNS KAT®
oo 1o omoio dev pumopovv va eBdcovy copatidw ot I'n. To yeopayvntkd medio dpo cav
éva OIATPO Yo T0 COUATIOW TOV S0POPOV EVEPYEIDV Kol Umopel va ypnoiponombel ota
UTOAOVIO, KOL OTO OLGTNUIKA TEPAUATO 6T YoOUnAn tpoyd g Img vy va Eeywpioet
COUOTION O10POPOV EVEPYEIDV. LNUEPO VIAPYOLV YOUPTEG TOV YEMUAYVNTIKOV KOTOOM®OV
OV UTOPOVV va, ypnooromBodv, 6mov kOUPol Kot avOUOAEG TOV KATOEAOL EVEPYELOG
avaKAOOV TIG OVOUAAIES TOV LOYVITIKOD TESTIOV.

Enéxtaom atng g avaivong pog divel IAnpo@opieg yio TV EVEPYELNKT] KOTAVOUT TWV
ocopatiov ond v Katavourn Tov oevbiveemv dpiénc. Zopatidw mov eOdvovv ot I'm
&xovv b>-1. And v ékppaon (6.22) £yovpue

cos’ A .

—Lsinecosk— >-1
2 2r

2 COSA
rcosh  r?

sinf <

(6.25)

Otoav yivovtal mopatnpnoel; 6€ OEO0UEVO YEMUAYVNTIKO TAGTOG Bor umopovue vo
TOPATNPOVUE COUATIOW OEdOUEVNG EVEPYELOG LEGO OE [0 TTEPLOYN YOVIDV oL opiletat amod
™ oyéon (6.25). Enpeidvoope 0Tt o1 devbvvoelg dpiEng Ba umopel va givor avtifeteg yu
TPOTOVIO Kot NAeKTpOVIA. OAeg avTég 01 TPOGOOKIES EIVOL GUUPMVEG LLE TNV TAPOTHPNON.

H mpng avdivon oavtod tov zmpoPAnuotog elvar moAd ovvOern, yati yo
TEPLOCOTEPEG TPOPAEYELS TPEMEL VO VTOAOYIGOVLE TIG TPOYLEG TV coUaTdiwV. To Kupldtepo
TPOPANLa glvar OTL TO YAIVO LayvNTIKO Tedio eivat SUTOAIKO HLOVO KOVTH GTNV EMPAVELL TNG
I'mg, d0edopévov OTL € OMOGTACEIS UEYUAVTEPES OO UEPIKEC YNIVEG OKTIVEG, TO OImTOAO

KOTOGTPEPETOL LE T POT} TOV NALOKOD AVELLOV.
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KE®DAAAITIO VIl

AYNAMIKH TQN ®OPTIEMENQN XQMATIAIQN
XE MAI'NHTIKA IIEAIA

7. T'evika

Topa ma elvar yvoot) ota Pacikd g onpeio TovAdylotov 1 S10pUOPP®CT TOL
poyvntikod mediov dapécov Tov omoiov T COUATIOW YNADV evepyeldv Ba tdcovv ot I').
Kabag ot KA ynlov gvepysuimv tagidevovy mpog t I'm, npénel va kivnbodv avtibeto oto
PEVLLO TOV NAOKOV OVELOV KOl TPOS [0 CLYKAIVOLGO SIOUOPPMOOT) LOYVITIKOV SVVOUIK®OV
ypoppmv. H ypnowdmmra g avédivong avtig Ppicketor modd mépa amd TV KATovOonoT ToV
Baburov ctov omoio To gvePYEIKO PACLA TV KOGUK®OV OKTIVOV MNPedleTot omd ToV NALoKO
dvepo. Ta amoteléopotd g e@aprdlovtol EVPEMS GTNV UGTPOPLGIKT YNADY EVEPYELDV UE
TO TAEOVEKTNUA OTL GTNV TEPIMTOOT TOV KOGUIK®OV OKTIVOV T OTOTEAEGUOTO TNG EMIOPACTG

TOV HOYVNTIKOV TESIMV Elval TopaTnp |G,

7.1 Opoyevég 6TOTIKO POyVNTIKO TEHIO

H e&lowon g xivnong copoatidiov pe pdlo npepiog me, poptio Ze Kot Topdyovto

Lorentz y = (1-v%/c?) ™2 6¢ opoyevéc payvnuco nedio B eivau
d - =
o trm,5)=ze (5xB) (7.1)

To apiotepd pépog g eicmwong ypapetal



V-Q do
c? dt

m, < (9)=m, s

aeov o mapayovtog Lorentz pmopet vo ypagtei og v = (1— v-0/c? )_
Y& poayvntikd medio m emrtdyvven a=do/dt  eivor whvta kabetn ot0 U EMOUEVOC

U -a =0.Eton e€icmon kivnong tov copatidiov divetor and m oyéon:

4 _ 7e(5x8) (7.2)

m =
y Odt

| - s 4 A
/ N\ y AN

y N—o—

A
N4

Yyqpoe 7.1 Avvopukn eopticuévoy GOUATIOI0N 08 OUOYEVEG oYV TIKO TTEdi0

Avodvovtag v toxdtte. U o€ 000 GLVICTOOoEG TAPUAANAC Kol KAOeta GTO
poyvntucd medio, vy ko vy avtictoya (Xy. 7.1), n pitch angle 6 tng Tpoyég Tov cwpatidiov,
mov opileton cav 1 yovio petadd g ToxdINTHG L Kot Tov mediov € eivar tan@=v, /v

Agob n v eivar tapdAinin oto B, n e&iowon (7.2) pag diver v otadepo. I'a v emtdyvvon
TOV COUOTIOON EYOVUE:

—

ymoc;—:)=Z§UlB (ivxiB)= Zev BSine(ivxiB)

Eivat dnhadn kéOetn 610 eninedo mov mepiéyel 1o U kat T d1evvvon Tov payvnTikoy Tediov
€ Kol a@ov To medlo eivor opoyevég sivol kot otadepn. AVTO CUVETAYETOL O KUKAIKTY

kivnon tov copatidiov yopw and to payvntikod nedio. EElcdvovtag avt v emtdyvvon pe

TNV KEVIPOUOAO EMTAYLVON £XOVLE

v’ /1 =2ZevBsinB/ym,

onrodn
r=ym,usind/ZeB (7.3)
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Emopévog n kivnon tov copatidiov cuvvictator ond puo otabepn toydnTa Kotd
UNKOC TOV HOyvnTIKOU TESiov Kot po KUKAKY Kivnomn yopm omd avtd PE okTiva 1. Avtd
onuoivel 0Tt To copoTidlo Kveitor og po ko pe otabepn pitch angle 0. H axrtiva r givan n

YupookTiva Tov copatdiov. H yoviakn yopo cuyvotnta 1ov copotidiov divetal amd v

oyxéon
ZeB
0, =V, [T=—
m,y
KOL 1] YOPOGUYVOTNTA OO T GYXECT
ZeB
v, =0, /2t =
2mym,
, , ] , ZeB
LMV TEPInTOON LN GYETIKIGTIKOD 6OUOTISI0N Y=1 Kot GUVETDG L, = 5
m,

2’ oot TV oA TEPINTOoT, 0 AE0VaS TG TPOYLIG TOV cOMOTIOoV givar TapdAiniog ot
devBvvon tov poyvnTikov tediov Kot givar yvmotog cav k€vipo odnyog (guiding centre) g
kivnong tov copatidiov.

H axtiva g dtadpopng tov copatidiov ypaeetat kot oG EENG:

r:ymo Usm6: pc |sin® (7.4)
Ze B Ze ) Bc

OTOV P 1M CYETIKIGTIKT OPLLT] TOL COUOTLOIOV.

Avto onpaivel 0Tt av Egovpe copatiow pe Tov 1010 Adyo pe/Ze oe poyvntikd medio
€ oty idw yovia 6, Tote 1 duvopikn Tovg Tapovoldlet Ty idwa copnepipopd. H mocodtTaL
pc/Ze Aéyeton poyvntikn dvokopyia (rigidity) Tov copatidiov. Aeov 1o yvopevo pe divetat
0€ LOVAOEG EVEPYELNG KO TO € GE LOVAJES popTiov 0 AOYOC pc/Ze éxel daotdoelg Volts.

Yt peréteg tov KA ot evépyeiég toug exppalovior cav dvokapyieg mopd cov
evépyeleg/mopnva. Eivar evotopépov va cuykpivovpe Toug Sdpopous TPOToNS EKQOPOCNS TOV
EVEPYELDV TOV TPOTOVIOV, TOV TLUPIVEOV AvOpaKo Kol Tov cdnpov Yo y=2 kot 100, émwg

oaivovtar otov [livoka 7.1.
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7.2 Xpovikd peTofairlOpevo poyvnTiko Tedio

Oewpole ™V TEPIMTOON OOV TO PAYVNTIKO Tedio petafdAletar TOAD apyd pe TO
xpOvo, Tov onuaiver 6t N Khaouatiky petafoin AB/B tov poyvntikoy mediov givar moAv
HIKpY Kotd TN OdpKelo piog meptodoov T =v;l NG KUKAKNG Kivnong Tov copatidion Kot

TOPVOLLLE TNV UN GYETIKIGTIKY) TEPITTOON.

Hivaxag 7.1 [816tteg mpwtovioy, mupivov avBpaka Kot Tov cdnpov o y=2 kot y=100.

[potovia IMopnveg avBpaxa ITupnveg o1dnpov
Yvvteleotg Lorentz , y 2 100 2 100 2 100
TaydnTa, v (V3/2)c  0.99995¢ (V3/2)c  0.99995¢ (V3/2)c  0.99995¢c
Moalwog apBpog, A 1 1 12 12 56 56
Atopkog apbpog, Z 2 1 6 6 26 26
Méa npepiog, mc? 1GeV 1GeV 12 GeV 12 GeV 56 GeV 56 GeV
Ok evépysta, yme? 2GeV 100 GeV 24 GeV 1200 GeV 112 GeV 5600 GeV
Kwnrtwkn evépyewa, (y-1)mc 1GeV 99 GeV 12 GeV 1188 GeV 56 GeV 5544 GeV
Kwnriknevépy. ava mopnva 1GeV 99 GeV 1GeV 99 GeV 1GeV 99 GeV
Opun, pe=(ymo)c* V3CeV 99.995GeV | 20.8GeV 1199.9GeV | 96.99 GeV 5599.7 GeV
Avorapyio, pe/Ze V3CV  99.995GV | 2V3GV 199.99 GV 373GV 2154GV

To copatidlo 101 TEPIGTPEPOUEVO YOP® OO TO LOYVNTIKO TTESTO 1GOdVVOEL e Eva
, , . . . , , 2
Bpoyo pevpatog, 6mov i=Zev, /2xnr, eved n éktoon tov Bpdyov sivor A=nr

H poyvntucn pomn tov Bpdyov ivon

Zevsin® _, Zev,
=—————ar° = r

_iA
H 2nr 2

KOl ETETN OTO UN-CXETIKIOTIKO Oplo '=mv, /ZeB, n poyvntkn pomn yivetat:

p= ook — S (7.6)

o6mov W | 1 KivnTiki evEPYELD TOL COMOTIO0V Gg dlevBuven KABETN 6TO 001 Y0 KEVTPO.
Oewpodpe o pikpn petafoinn AB oto B xotd ™ dSdpkeln o tpoytds. Tote
enpaviCeton évo niektpopoyvntikd medio A0yw g peTofoAng Tov poyvntkol mediov dB/dt,
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10 0moio0 emdyel 6TO PPOYO Lo NAEKTPOLOYVITIKY SUVOLT KOt £TGL TO COUATION GTNV TPOYLd
Tov aioBavetan pra emtdyvvon. To €pyo 101e 6€ po TpoyLd vt
dB AB
ZeE =Zenr’ — =Zenr*— (7.7)
dt AT
omov AT=2nr/v, eivou 1 TEPI0DOG UIAG TPOYLAC.
H petafoin oty kivntikn evépyeta elval
B Zemnr? m,v2 W

2
=Z§’” = AW, =TTy, AB= et AB= T AB (7.8)
mr mr

AW,

EVO 1 HETOPOAN OTN HOyYNTIKY pOTT| TOV Bpdyov pedaTOg Eivat

= 0 (7.9)

apma( W) AM:AWL_WL?B_AWL_AWL:
B B B B

H poayvnrucn ponr] dnAadr tov copatdiov elvar po otabepd (invarian) g kivnong tov
péoa oe payvntikd medio mov petofdidetal apyd pe to ypovo. To coumépacua avtd odnyel
0E LEPIKA YPT OO ATOTEAEGLOLTOL:

H oyéon Ap=0 eivon 160d0vvaun pe mv oxéon A (W,/B)=0 ko apod W, =p?/2m,
elval woodvvoun pe v oxéon A (pi / B): 0. Avto elvar éva evol0QEPOV AMOTELEGUO. TTOV
TOPOTEUTEL GTO POLVOUEVO TOL poyvnTikoD kafpepticpol (magnetic mirroring). Av 10
COUOTION KIVEITOL TTPOG [0l TEPLOYT] GLYKAVOLGAV UOYVITIKGOV YPALL®V, To B avgdver kot
TO pi emiong owéavel 1 Bapog g P’ , 0pod N OMKY KIVNTIKY EVEPYELD TOV GOUATISOD
napapével otabepn kabmg dev mapdyetal £pyo am’ 1o poyvntikd medio. Avtd onpoivel 6t
P2 0o pmdeviotei otav p2 =p?, Omov p’ TO TETPAYOVO THG OMKHG OPUTG TOL COUOTISIOV.
Téte t0 copatid avakidtol Tiow Katd pKog ¢ SLpOpP®ong Tov poyvntikol nediov. To
yeyovog ovtd ovufaivel ota copotiowe mov eivar maywevpéva otig Loveg Van Allen ko
npooeyyilovv 10 GuYKAIvov payvnTikd medio Kivovpeva mpog Tovg moAovg ¢ Ime. Tehwd
aQov

r=myp,/ZeB  kou  p?=(ZerB)

TOTE A(pi / B):O.
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avTO cvvendyeTal A (B r? )E 0

oniadn to copatidl akoAovBodv 1o 0dNYO KEVTPO £T61 MOTE 0 APOUOS TOV SVVOUIKOV
YPOUU®OV TOL TEPKAEiETOl amd TV TpoYld Tovg va givar otabepodg (oy. 7.3). Avtég ot
EKQPAGCELS Elval YVOOTEG GOV TPMTES adlPaTikég oTafepEC TS Kiviiong ToL cOUATIOON O

HoyvnTiko medio.

Mirror point

/

Mirror point

Yyqpoe 7.2 Eymuotikd Sudypoappe. wov Ogiyvel To UayvnTIKO KAOPEQPTICUO QPOPTIGUEVDV
oOUOTVOIOV 0€ OMOAMKO pHoyvnTikOd medio otov omoio oesiletan M vroapén
Lovov oktivoPoriog otnv ovooeapo g I'mg [H. Friediman 1986 Sun and
Earth, 167 New York: Scientific Anerican Books].

Yyqpe 7.3 AVVOUIKT QOPTIGUEVOV COUATIOIMV O 0Py LETUPAAAOUEVO LoyvNTIKO TTEdio.
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Ot ek@pdoelc avtég amoppEéovy kol omd Tov apyn TG adPatikig otafepodTnTOg
(adiabatic invariance). AvtO¢ &ivoar Kot 0 KOADTEPOC TPOMOG Yoo TNV €EQY®YN T®V

CYETIKIGTIKOV YEVIKEVGEWMV, TOV E1vaL

A (Br?)=0 r=ymg, /ZeB
Ap?/B)=0  p, =ymu, (7.10)
A (yp)=0 p=ym,’ /2B

7.3 AlGyvomn TOV YNA®OV EVEPYELDV COUATIIIMV GTO SLOTAUVITIKO Y OPO

‘Eva. oavikd mepifaiiov yio va dokipudacovpe tn Bewpio d1ddoong TV KOCUIKOV
copoTiov oe poyvntikd medioa pe ocvvOnikeg mov mpooeyyilovv TIC TLTIKEG KOOGUIKES
ouvOnKeg lvar 0 SMAAVNTIKOG XDPoc. Méypt tdpa Bewpricape 0Tl 1 SWWUOPOMOOT) TOV
SmAVNTIKOD payvnTikod mediov eivar avTy TV orEpdv Tov Apylundn To omoio PBéPata
emPefordveTor Kot amd TIC TOPATNPNOELS. X’ QLTI TV TEPIMTOOT TEPIUEVOVLLE TO COUATIONL
VO EKTEAOVV OTELPOELON KIvom YOP® amtd TIG SUVOUIKES YPOUUES KOTE T S100POLLY| TOVS TPOG
™ I'm, avtiBeta and ) pon tov nAakov avépov. Opmg avtd 1o cevaplo dev eényel
SLUOPP®OT) TNG PONG TOV KOGUIKAOV OKTIVOV 6oV GUVAPTNOT TG NAOKNG 0pacTtnploTnToC.
H andvtnon ¢’ avtd sivor 6Tt n popen tov damhovntikov tediov dev givar 1 WOVIKNY LOpON
™G omelpag Tov Apywnon oAAd vrdpyovv HIKPNG KApoKoag avopoieg tov mediov
OUVOEOEVEG LE TN PON TOL MAKOL OVEHOL, OMMG EMionNG Kot KOHOTO KPOOGNG TOL
OLVOEOVTOL [LE HEYAANG TaXDTNTOG PEVUOTOL TTOV TPOEPYOVTOL OO YEYOVOTO YNADV EVEPYEIDV
oTNV NAMOKN ATHOGPALPA, OTWS NAMOKEG EKAAUWYELG K.A.TT.

Yrapyet Opmg apeiBoAio wg TPOS TNV GYETIKY] CTOVINOTNTA TOV UIKPNG KO LEYAANS
KMUOKOS OVOUOA®MY OV TPOKOAOVV TN SWUOPO®OT TNG PONG TOV YNAMV EVEPYELDV
COUATIOLOV.

To mpoétvIo (“TumMKS™) TG NAKNG SpdPP®ONG VIToBETEL OTL vt M dradikacio
OUVOEETOL UE TI OVOMOMEG MIKPNG KAMUOKOS TOV NAOKOD OVELODL Kol OTL 1 SldyvoT T®V
COUOTOIOV KOTA UKOG Kol KABETO TV LAyVNTIK®OV SUVAUIK®V YPOULOV TEPTYPAPETOL OO

éva tavootn ddyvong ki (Parker, 1965). Zopewva pe tov McKibben (1986) n mpocéyyion
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aLT SIVEL LI IKOVOTTOMTIKY TOTKT) TEPLYPOPT TNG ddYLONG, AL 01 oTabepés TG e&iomaong

dldyvong TPEMEL va. ivat GuVEAPTNOT TOL YPOVOL Kot TG BEoNC HEG GTOV NAAKO GVELLO.

7.3.1 E&iocowon owayvong

Oewpole apykd TV ATAOVGTEPT LOVOIIAGTATY Aoy Tov TpofAnuatoc. H pon tov
copotdiov N ava povada enpaveiog otn x-0evbvvon givat
on

N=-k — 7.11
x (7.11)

o6mov n givar n apBuNTIKN TLVKVOTNTA TOV cOUATVOiOV Kol k 0 cuvteleotig dudyvong. Xtnv
pog ta. péca didyvomn Tov copotdiov aviitiBetor n Tpog ta £ HETAPOPE TOVS amd TOV
nAokd avepo. H pon tov copotdiov mov cuvoéel autn T HeTapopd givar nv, 6mov v
TayOvTTo TOL NMAMOKOD  avéRov Kot £€Tct M kKobopn pon TV copaTdiov avd povéda
empaveiog og kiBe onueio givan

on

N=nuv-k — (7.12)
OX

Ye otabepn (steady state) xoatdotaon N=0, omdte vrobétovrag v ToydINTA TOL

NAakov avEépov otadept|, £xovpe

nov=Kk on
oX
f n=n, exp {E (x—R)} (7.13)

OTOL Ny M APOUNTIKY TLKVOTNTO TOV COUATVIOV o Kdmow amdotacn R, mov pmopel va
Bewpnbel o Oplo avapesa GToV EVO0UTTPIKO YMOPO Kol TOV NAaKo dvepo. ‘Etot n aptBuntikn
TLUKVOTNTA TOV SOUATWIOV 61N 06on x=0 mapovcialetal eAattouévn Kotd Evav Tapdyovta

exp (— LR/ k)cuprwéusvn ue avtv og andotacn R.
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2TIC TPElG JoTACELS Ypapovpe TV €&lomorn ddyvuong € GOUIPIKEG TOAKES
OUVTETAYUEVEG KOl TOV GUVTEAECTN OLIYLONG TOV COUATOIOV oTnV 1-01eVBvvoT og oyéon
e tov ouvtedeot kij mov meprypdpetl T okédoon tov copotdiov otny i-dievduvon and mv

j-61ev0vvon. 'Etol

N; =nv; —k;on/ox; (7.14)

Omov vovogitan 1 cVVNOIGUEVN ABPOLoT TAVE® GTOVG EMOVOAAUPOVOUEVOVS OEIKTEG.
Awgpopifovtag avtn v e&icmon éxovpe
ON, © 0 on
L= () -2 (K

20 L 7.15
oX; 0X, ox; " ax,.) (7.19)

Av Bewpnicovpe T pon TOV cOUATWOIOV péoa kol E£® omd £va GTOLEIDNOES OYKO
dxdydz, 161¢

divN _oNi__on
OX, ot

N PON TOV COUATIOIOV GUVAPTNCEL TS APOUNTIKTG TOVG TUKVOTNTAG Elval Kot

I 9 ()2 |k, 2 =0 (7.16)
ot 0x, o0X, 0X,

Oewpdvtag OTL M poT| Etvol Geaptkd GUPUETPIKY, Oexdpaote ki=k kot v=ct00epd, TOTE GE

OQOPIKEG TOAIKES GUVTETUYUEVEG £YOVLE

@Jrii(rzn)—ii krza—n =0 (7.17)
ot r® or r2 or or

Oa mpémel va onpewmbel 6tTL av) dev etvan n TAPNG e&iocmon Sidyvong apov dev £xovpe
AGPeL vITOYN TIG ATMOAEIEG 1] TOL KEPON EVEPYELNG TV COUOTIOI®V .

Y& otabepn katdotacn Egovue on/ot=0. Tote
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omoTE on - (7.18)
or k

OGS aKkpP®G 6T LOVOIIACTOTN TEPITTWOT).

7.3.2. AdwPatikn emPpadovvon TOV CONATIIIMV VYLDV EVEPYELDV

2y mePInTOON TOL NAMOKOD OVELOL, TO GOUATIOW YNAOV EVEPYEIDV dtoyEovtal
TPOG T LEGO OO TOV EVOOOCTPIKO YMPO KoL TNV 10100 GTIYUN HETAPEPOVTOL TTPOG TO. £E® OE
po gktovovpevn por. Me avtd tov TpOmo To copatTid LIOKEWTOL G “adloPaTiKn

emPpdovvon” kot ovtn M dadikacio andAelag evépyelog Oa tpémetl vo AneBel voy.

y
Ivy«dr
L
i
[}
: dy
: Vx y Vxrdx
V"*"’A/IV Yy
A L R
-~

Yyqpo 7.4 Oykog evog kbPov mhevpmv dx, dy, dz kivoduevog pe T pon
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Oewpovpe un oxetikiotikd Maxwellian aépro. H andiein g ecotepikng evépyetag U Tov

aepiov mov eKTovVOVETAL 6TOV OYKO TOL Katd dV etvan

dU=PdV

6mov P m mieon tov agpiov. e Wovikd aépro U :(3/2)nkTV kot P=nKT, 6mov n n
aplOunTIKn TUKVOTNTA TV couaTwinv kot T 1 Beppokpacio Tov aepiov. Emedn n péon

evépyela kabe copatidiov givar (3/ 2) KT , Bpiokoupe

dU=anE=—§nEdV

Tote y1o Tov oAk ap1Bpd copatidiov N=nV, Bpickovpe

dE__2nEdv (7.19)

dt 3 N dt

Topoa dV/dt eivar o pvOudc ektovmong tov 6ykov V mov kabopiletar and v

tayvTNTa V(1). Av Bepnoovpe Tov 0yKo £vog KOPov migvpov dx, dy, dz mov kiveiton pe to
pevpo ko TpocBicovpe T HETOPOAEG TOL OYKOL ADY® TMOV SOPOPIKMV TOYVTATOV GTO TP

Cevyn TV petdnov Tov KHov

dVv

E = (Dx+dx — Uy ) dde + (Uy+dy - Uy)dXdZ + (Uz+dz -V, ) dXdy

Kot avantvecovtog katd Taylor

R y+
dt

dv 80X+5U ov,
ox oy oz

jdxdydz =(V- o)V (7.20)

Avtikofotavrog v (7.20) oty (7.19) éxovpe

dE 2 nV 2
-_*c E(V-v)=—2(V-0)E 7.21
=3 EVu)=-5 (V) (7.21)
Avt glvar 1 yeEVIKT €KQPOOT TNG ATMOAEWNG EVEPYELNG AOY®D OOLOPOTIKMOV ATOAEUDY

U1 GYETIKIOTIKOV COUATIOON GE |10 EKTOVOVLEVT POT).

AV p 1 opun 10V GOUATIOIOL Kot E=p2/2m ToTE
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P__L1v.o)p (7.22)

21 oyetkiotikn nepintoon Egovpe U=3nkTV ko p= (1/ 3) U éyovpe

dE 1, _
a3 Ve
(7.23)
dp 1, _
e~ (v.
= 3V-o)p

Ocwpovpe TV 0dPaTIK EKTOVOOT OGS GPAIPOS 0O OLOIOUOPPO 0EPLO, OIS GTNV
EKTOVOON amd TO VITOAEILLATO TOV VIEPKALVOPAVAV 1) TOL ZOUTOVTOS (GTN GYETIKIGTIKY Kot

UM GYETIKIGTIKY TEPITTOOT)). € pol TETON EKTOVOGT POV L =V, (r/ r ), N e€mTeEPKN aKTiva

I'o TOV OYKOL OVTOV EKTOVMVETOL LLE TOYVTNTO Vo.

X€ GQAIPIKES TOMKEG GUVTETAYUEVEG

Vo= _12 2(r’zsineoor) =3| 2
rsin“ 0| or r

[No pun oxetikiotikd copotidw

dE _ 2v,
dt r,
2
dE__2E E= Eo(r_oj (7.24)
dr, r, r
[Ma vrepoyetiKiotikd copoTiow
gE__E
dr, r,
r
E= E"[_OJ (7.25)
r

Avt) 1 oxéon mEPLYPAPEL TO TAYOUN TOV VIEPCYETIKICTIKOV COUATIOIMV GTN COUPIKY
EKTOVOON Kot 00Nyel 610 TPOPANUA TG Ad1PaATIKNG OTOAELNG G UN-0epUikég pad1omTnYES.
2TV TEPITTMOOT TOV NALKOD avEROV TPoceYYifovpe TNV TohTNTO TOV TEGIOV LE V=V,

otafepn, aveEdptnn g axtivag omd tov nMo. Tote
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V.v=2—=2

Avtikabiotdvtag oty (7.21) égovpe ylo un oYETIKIGTIKO 0.€pLo

1dE__4v,
E dt 3r
dE_ _4dr (7.26)
E 3r
r 4/3
-sf2)
r
Opowa yio vTePoYETIKIGTIKO 0EPLo Bpickovile
2/3
1AE_2v, g g [k (7.27)
E dt 3r r

Yuykpivovtog Tig teAevTaieg OYEGELS, SOMIGTMOVOLHE OTL TO COUOTION TOV PEOLV TTPOG TO.
€€ amd tov MAMO, vEIoTOVTOL UEYOAES EVEPYEWNKEG OMMAEIEG £vEKO NG aOLOPATIKNG
emPpadvvong, o€ ovTifeon e TOL GYETIKICTIKG COUATION TOV Ol EVEPYEINKES AMMAELES TOVG
napovctdlovtar Aydtepo éviovec. To mapamdve copmépacio eival Aoyikd av oKeTOVUE OTL
TOL GYETIKIOTIKA GOUATIOW S1oXE0VTOL OO TOV EVOOUCTPIKO YMPO TPOG T LEGO LLE TOLTNTO
KOVTO GTNV Toy0TNTA TOL QMOTOG KOl OV VIAPYEL XPOVOG Y10, EVEPYELOKEG AMMAEIES AOY®
HETOPOPALG.

Ag g€etdoovpe ™ @HON OWTOL TOL OMOTEAECUOTOC e TOV akOAovBo Ttpdmo. H Avon
(7.13) odeiyver O0TL M aPWOUNTIKY] TLKVOTNTO TOV COUOTOIOV EAATTOVETOL KOOMG 0T
SY€0VTOL GTO ECMTEPIKO TOL NALOKOD GUGTIATOS OTd TO OLAGTPIKS YDPO.

Mo copatidw pe evépyeieg~1 GeV/oopdrto, Oa mpémet v,R/K~1 mov eivar to

TAATOG TNG SOUOPP®AONG Atd TO NAMOKO PEYIGTO 0T0 EAdyloTo. TOTE, umopovpe vo Bpodue To
POVO OV YPELLOVTOL TO COUOTIOWN Y10 Vo OACGOVY GTO E0MTEPIKO NAOKO GUGTN LA,
Ao ) Bewpio dudyvong Exovpe

k=(1/3)Av,
Omov A M péom eAevBépa SLadpopT| KoL L M TAXHTNTO TOV COUOTIZIOL TOV GTNV TEPIMTWON OGS
etvar ion pe v taydmta 0v eeTog. TotE 0 XPOVOS t Yo va dtayvBovV T COUATION GE

amdotaon 1 ivat o ypodvog Tov ypetdletal va yivouv N okeddoels, dote =N ko
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t=NA/v=r’/3K (7.28)

O ypdvoc Yo va YoEL TO COUOTION TO IO TNG EVEPYELAS TOL £ivat

T-g/[9E]_ 30
dt ) 2v,
onote

2
T_ |3 . =9L v =R (7.29)
t | 2v, 3k) 2rv

0

AMG K/ Ru, =1 kot eTopévms To GoUaTionn dev YAVouv mpayatt HeyGAo népog amd
TNV EVEPYELA TOVG GTO YPOVO OV JLAXEOVTOL HEGO GTO E0CMTEPIKO TOL NALOKOD GLGTHIOTOG.
Apa ot adwPatikés ammAeles etvar pkpég 6° ot TV epintwon. ' va teptidfoope avtég

TIG amwAeleg oty e&lowon ddyvong (7.17) m ypaeovpe wg e&Nc:

N0 0 (2n)-22 0 (ng)-K O ln]_g (7.30)
ot r? or 3r 0E r? or

Eivar 0 xAaocoikdg tomog g e€iomomng yioo ™ SdyLuon TV YNADV EVEPYEUDV
copotwinv ot nAoko cvommua  (Parker, 1965)
AV vapYEL AVICOTPOTIKY] SLIYLOT KATO UNKOG TOV OLVOUK®V YPOUUOV 1 e&icmon

yivetal

My 2 o)+ [nb(E)]_i[ku ﬂ}:o (7.31)

o€ oQUIPIKEG TOAKEG cvvTeTaypéves. To n etvor n aplOuUnTiKy TLKVOTNTA TOV COUATIOIOV HE

evépyeleg petaéd E ko E+dE.
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7.3.3. Epmeipiko mpoTtomo pneTa@opas-oldyvong yio Aokt olepopeacn

‘Evag tpoémog yio v peretnBeit 1o mpoPAnpo e S1dyvons Tov copatidiov eivor n
eCaymyn eumelptkov Tpotvmov, Tov Ba Paciletal oe TOPATNPOVUEVA OIVOUEVO TNG NAIOKNG
Slpopemons. Avtd to poviélo Ba Opdcel cav odnyoc yio T Onuovpyio BewpnTikmdv
TPOTUTMV TOV PVOIKAOV JAOTKAGIDV TNG NALUKNG SLUUOPPOOTG.

‘Eva mopddetypo T€T010¢ AVIILETOMTIONG TOV TPOPANUOTOS €lval TO TPOTLIO TOV
Everson et al (1983) kot Garcia-Munoz, Pyle and Simpson (1985) wov e&dyetot and dedopéva
EVEPYELOKADV QAGUATOV DOPOYOVOL Kol NAOL GTIS d1APOpES PAGES TOV NAloKOL KOKAov. To
TPOTLTO VTO KAVEL TIG £ENG VIoBEaEs:

Kotapymv, n owpdpomon meprypdoetor and o otabepn kotdotacn onov dn/dt=0
Kot OgvTEPOV, 0 OYKOG SOUOPPMOONG EIVOL GOOIPIKE GUUUETPIKOS YOP® amd TOV MAL0.
OMobnoelc kot pun-otatikd @awvopeva, OmmMg HeYIANg toydTnTag pevpato Bempodvtan
apeAntéa. Xkomdg eivor va PBpebel €va eumelpikd mpoéTLIO TOL VO AouPdvel VTOYN TN
petagopd, TN Owyvon kot v adwPotikn emPpdovvon tov copatdiov. Tovto
EMTLYYAVETAL OTAV TPOGOOPIGTOLV Ol €COPTNOELS A TNV EVEPYELD, OvoKoyio Kot OEom
OTOV MAKO AVELO TOL GLVTIEAECTOL dudyvong k, €161 dGTE M apBUNTIKY TLKVOTNTA TOV

COUATIOIOV 0E00UEVNG EVEPYELOG 1| OvoKoyiog vo dlveTol amd TV amAn Avon g e&icwong

dtbryvong (7.22) (g—: = E n] mov pmopet va ypopel
LV
n=n,e ——dr 7.32
| 5] )

omov V' 1 todTnTO TOL NAEKOD AVELOV Kot

o M e€OTEPIKN AKTIVA TNG SULUOPPOUEVIG TEPLOYNG.

‘Etol oe xd0e evépyela, Bempdviag v todTNTO TOL NAOKOD OavEROL otabepr|, N
aplunTIKn TUKVOTNTA TV COMHOTVOIOV Olvetar  omd €vo OAOKANP®UO TOL EUTEPIKOV
ovvteleotod Oudyvong. Emedn k=1/3hv,t0 mpoPAnuo petagépetar oto va Ppebodv
KOTOAANAES €E10DGEIG TG HEONG €AEVOEPOG O1OOPOUNG TOV COUATIOIMV GUVOPTNOEL TNG
evépyewag M g ovokopyiog. ‘Exel oeyybel 6t1 1 duvopiky] ToV COUOTIOIMV G HoyVNnTIKE
nedlo elvar Kuplowg ocvvapTNon TOV OLVCKOUYIOV TOVG, OQOV COUOTIOW HE TIG 101€G
dvokapyieg veiotavtol OHolEg emTayOVOELS 6 KAOE SOUOPPMON HoyvnTikoD mediov. Xt

npocéyyon tov Everson et al (1983) ov efaptioeig tov k omd ™ Svokopyio kot tnv
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amooTOon oo Tov NAlo gival pobnpatikd dwywpiopes. To amoteléopata ¢ adtoPatiknig

emPpdovvong ommpilovtor otnv €£APTNON TOV GLVTEAEGTOV OldyVoNG omd TV OmdGTACT T

a6 Tov AL0.

AvoAdbovtag T UETOPOA] TOV EVEPYEINK®DY QPUCUATOV TOV TPOTOVIOV KOl TOV
TUPNVOV NAIoVL amd T0 NAaKd eAdyloto oto NAakd péyioto (1977-1981) ko cuykpivovtag
T0 YOAOEIOKO padlo-QAGHLO KOl TO TOTIKO GYETIKIOTIKO QAGHO TV NAEKTpoviwv, Ppédnke oti

0 GLVTEAECTNG O1dyvong k Teptypdeetat IKavomomTikd and ToVg TOTOVG:

k(r)=§R“ko(r)

(7.33)
K, () =k, exp [(r—1)/29]

6mov R =pc/Ze n dvokapyio Tov COUATIOON KOl 0 0 EVEPYELONKOC EKOETNG OV TToipVEL

POPETIKEG TYEG OTIG dLAPOPES TEPLOYES duokapyiog, rn andotoon oe AU.

k (vey 1107 m2 s

r o1 e sl L I

10° 10
Rigidity/MV

Yyqpe 7.5 EEGpnon tov cuvteleotol didyvong k amd v dvokapyio yio v mepiodo 1977-

1981 ocOupmva pe 10 eUmMePKd TPOTLTO HETAPOPAS-O1dyvong [M. Garcia-Munoz,
K.R. Pyle and J.A. Simpson (1985) 19" ICRC, La Jolla, 4, 409]

O exBeTiKOG OpOG OIVEL [0l EUTEPIKT TEPLYPAPT] TOV OTOTEAEGUATOV TNG OO10PATIKNG

emPpdovvong. Ot petaforég tov ko pe ™ dvoxkapyio divovtal oto oynua (7.5) o ddpopeg
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@Aacel; Tov MAokoy KOKAov. Ot cvyypagelg ovtod Tov mpotvmov tovilovv OTL gival
a&100MUEIMTO OTL TO OAOKANP®UE GTOV TOTO TOL GLVTEAEGTOV dtdryvong k(r) kot emopévmg 1
TOKIAD TV S10pOPOV TOTMV £IVOL GUVETNG LLE TO TOPATIPOVUEVO QAC AT,

To oynuoa 7.5 umopel va pag ddaoet ) peTafoin e péomng ehevbépag d1adpoung Twv
cONOTWIOV YyNA®V evepyeldv pe T OvokKapyio péco oto MAokd ovotnua. Omwg
OVOUEVETOL, TO COUATIOW HE TIG UEYUAVTEPES SVOKOUYIEG EXOVV TIC UEYOADTEPEC UEGEC
OLOPOUES KO TOL COUOTIOW HE TIG UIKPOTEPES dvokapyieg €xovv TG  kpotepes. Ot
OUVOPTNOELS OTIG OLAPOPES PACELS TOL MALIKOL KOUKAOL Oelyvouv mw¢ M péom eAevBépa
dwdpoun petafdrietor Kabdg petafairetor o BabUog e doTapayng GTOV SUTANVITIKO
Y®po. Avtoi ot TVTOL TOV GLVTEAEGTOD JBYLGNG UTOPOVV EMLTLYMG VO XPNOLLOTOMOOVV Yo
OAEG TIG TOPATNPNOELS TOV NAEKTPOVIOV, TPOTOVIOV Kol TUPNVEOV NAIOL Kol TOVG GYETIKOVG
Babuovg drapdpemong oty mepiodo 1977-1981, dmov o Pabpog e nAak”g dpacTnpLOTNTOS

HETAPAAAETAL ONUOVTIKAL.

7.4  Audyvon cOROTIOIOV DYNADV EVEPYELDOV GE NAYVITIKES AVOUOMES

2V TepInTOOT TOL NAOKOD AVELOL TOAD YPNOLUES Etvat o1 amevBeiog LETPNGELS TOV
(QAGLOTOG TOV OVOUOAM®Y TOV SOITACVITIKOV TTESIOV TOV TOUPVOLUE OO TIC OLUCTNIKEG
OTOCTOAEG. ZaV TOPAOELY LDl TETOUDV LETPTOEMV GTO GYNUaL 7.6 diveTar 1 QUCUATIKY ovOAVOT)
NG EVEPYELOKNG TUKVOTNTOS TOL HOYVNTIKOL TEHIOv ovd HOvAdo cuyvotntos, Ommg
KOTOYPAPNKE OO TO LayVNTOUETPO TG SOGTNKTG AmOGTOANG Mariner 4 otov Apn.
H ¢acpatikn avdivon tov dwokvpdvoewv tov poayvntikod mediov Ppioketor pécwm evog

petacynuoticpov Fourier tng petafoing tov 6Bévoug tov poyvntikov mediov pe to ypdvo:

[ B dt=] B*(o)do

o6mov B(m) elvan o petaoynuatiopndg Fourier tng mopatnpovpevns KoTovVouig TOL Loy VI TIKOU
nediov pe 1o ypovo B(t). Ot cuyvomTteg avapépoviol 6To GOGTNIA avapopds 6To 0moio o
NMog eivar akivntog Kot €161 ot ovtiotoyes Quowkég kAipokes sivor A=V/v, pe V v

tayvTNTa Tov HA kot v tn cvuyvotnta
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Yyqpoe 7.6 @ocpatikn  aviAvon NG TUKVOTNTOC TOL  HOYVNTIKOD TEediov avd  pHovada

oLYvOTNTOG OTTMG petpnnke omd to payvntoueTpa tov Mariner-4.

(1nT 10° T=10"° G=1y)

(Jokipii (1973) Ann. Rev. Astr. Astrophys. 11,1)

MG ovviot®woog Fourier. XTiC HETOOYNUOTICUEVEG TOPOTNPNCELS, TO QGACUO UTOpel va

epLypaet omd T1G GYECELS

o6mov o Kpioog Kvupataplduds ke=wc/Vv, otov omoio oAlalel to Ao, eivol 6x10°m™.

i >,

e ©< o,

-1

Y10 emdueva, vroloyiletatl 1 péon ehevbépa S PO GOV GLVAPTNON TNG OLOKAUYING Yid

To. VYNNG evEpYELOG copatidl mov dtadidovtat péca oe poyvntikd medio pe T€totov idovg

OVOUOATEG.
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{a)

(b)

Yyqpe 7.7 Avvopukn Tov QOpPTIcUEVEOV COUATIOIOV G6€ HoyvnTikd 7medio o) OTov ot
avOUUAiEG TOL payvnTikod 7ediov ival moAD UikpoTEPNG KMUOKAG omd TnV
YUPOOKTIVOL TNG TPOYLAC TOV GOUATIOIOD 6TO UEGO UayvnTikod medio kat B) otav

glvar g 1010g TaENg peyéboug

Av n yvpooxtiva TV copatdiov eivor moAD pkpdtepn amd TV KAMHOKO TOV
dwkvpdvoemy, o copotiol akolovfodv amAd v Kivnorn Tov KEVIPOL 0dNyoL TOVG
(guiding center motion) aAldlovtag pdvo v pitch angle tovg cav cuvéneio g dwTnpnong
TV adPotik®dv otafepmdv ¢ kivnong tovg. Ztnv avtifetn mepintwon mov 1N yvpoaxtiva
TOV coUATiov elval ToOAD peyaAdtepn g KAMUOKOG TOV OOKVUAVEE®V, TO. COUATIOW
KwvoOvtol o€ TPoYlEG mov mpocdlopilovtol amd 10 HEGO payvnTikd medio to omoio otV
nepintwon tov HA elvar moAd 1oyupdtepo amd v oLVIGTOGO TNG SOKOUOVOTG,
“ayvodvtag” ™ Aemth doun Tov poayvnrtikov mediov. ‘Etot, pdvo oy evdldueon mepintmon
TOV 1) YUPOOKTIVOL TV coUoTdiov glvar g 1010g TAENG He TV KAHOKO NG SoKOUAVOT|S,
TOPATNPEITAL ONUAVTIKY 0KEOAOT TV copatidiov. H dadikacio mapovstaletol oynuotikd

oto oynua 7.7.

Y10 {0100 GLUTEPACUOTO UTOPOVHE VO KATOAEOVUE KOl UE AETTOUEPECTEPOVS
VTOAOYIGHOVG, GULVOEOVTOS TN MHOYVNTIKY] OvoKOpwio HE TIG QUOIKES KAMUOKES TV
HayvnTIK®Ov ovopoiov. o va deiovpe 0T 1) 10€a vt ivol GOLE®VN TOVANYIGTOV UE TIC

TOPATNPACES TNG QPOCUATIKNAG OVAALONG TOV UAYVNTIKOV OVOUOA®V, UTOPOVUE Vo
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vroAoyicovpe TN Svokouyio. oV Omold OVOUEVETOL VO, EYOVUE EMTTMOOCEL, OTO
dwpoppopévo edopa e KA amd éva “ombdoyo” (break) oto @dopo TV pHoyvnTIKGOV
AVOUOADV.

H yvpooxtiva 100 copatidiov cov cuvaptnon e OLGKAUYING TOV YPAPETAL:
r-|PC|1_R
® (Ze)Bc Bc

Av 1=Ac=2x10°m (av onAadn M yvpoaxtiva yivel iom pe TO UAKOC KOUOTOG GTO OMOi0
TOPOTNPEITAL TO OTMAGIUO TOL QPAGUOTOS TMOV UOYVNTIKOV avopoAldv) kot B=3nT, tote
R=2GV. Ilapatnpovpue 0Tt n Tiun vty givor moAd kovtd otnv adhoyn g KAlong g péong
erevBépag dadpoung tov KA 6nwg mpocdiopiomnke amd T0o UMEPIKO TPOTLTO O1AYVONG-
petapopdc. Mmopobdue tdpo va mpocdtopicovpe v tdén peyébovg g péong erevbépag
SLOPOUNG TOV YNADV EVEPYELDV COUATIOIMV GTO SAMANVNTIKO HoyvnTikd medio Kot vo Tnv
OLYKPIVOLLE LE TNV TOPOTIPOVUEVT.

H mo onuavtikr] vrdBeon mov kdvovpe mpog avtr v kotevBouvon eivor 0tL o1
avopoiieg Tov poyvntkod mediov eivor tuyaieg (random). H @acpatikry avdivon tov
00évoug Tov payvnTikol mediov dlvel v evépyelo mov eivar dabéoun oe KB cuvieTOGN
Fourier tov mediov kot avtd mov vrovoeiton givar 6Tt o1 PAGELS TOV KVPATOV gival Tuyaies.
Av16 onpaivel 6TL kKGBe cCOUOTION dEYETOL TNV ETPPOT UG CVYKEKPILEVIG GUVIGTAOGOS TOV
nediov ylo mepimov £val Pikog KOUOTOG TPV GUVOVTNGEL £V AAAO TLYONG PACNG GE OYEoN e
TO TTPONYOVUEVO.

g €va 0e00UEVO UNKOG KOUATOG 1 HEOT OmOKAIGT] TV SUVOUKADV YPOUU®Y amd 1
péon devbuvon g Adym TV HoyvnTiKov avopoiov etval ¢=B1/B,, 6mov B, 10 60évoc Tov
pésov payvntikov mediov kot By to mhdtog g tuyoaiog cvvictdoag. 'Etotl ot pitch angles
TOV copoTiov pe yopooktiva 1¢=A aAddlovv mepimov katd ¢ avé PAKOg KOROTOG. XTO
EMOUEVO UNKOG KOUOTOG TO COUOTION GLVOVIOUV éva GAAO KVpo TG 10tg mepimov
EVEPYEWONKNG TTLKVOTNTAG, OAAG 1M oAAayn otnv pitch angle elvatl tuyoio ce oyéon pe v
TOPOTPOVIEVT Kot £TCL T cmpatiown okedalovtat toyaia. o va okedaotel £va copatidlo
katd 1 rad amortovvion N okedAoELS [LEe NY 2¢ =1, evdd n amotovpevn amodotaon eivot A= N
A=Nrg=1y 0% Avti givan 1 evepyoc péon erevdépa Sadpopn copatidiov mov Styxéetat

KOTA UNKOG TOL HoryvnTikov mediov otov HA.
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Mmnopovpe Tdpa va vroroyicovpe v péorn erevBépa dadpopr| cav GuVAPTNON TG
dvokapyiag R. Mag ypetaletor 1 TukvOTNTO EVEPYELNG TOV LAYVNTIKOD TTESIOV MG TPOS [

OLYKEKPIULEVN QLOIKN KATpaKa A, Tov 1) TaEN peyébovug tng eivan

B? (o)
2u,
T'o o<, Bf (03)2 otabepo.
Oumg A=rg=R/Bc. Ankadn kobag pewdveror n ocvyxvotnto aviaveror 1 dvokapyio tmv

copotiov pe ta omoia “cuvnyovy” ta kopata. 'Etot yio <o R>R. éyovpe:

2
r_g:r BO 2

A
¢ B0 "

N

-3/

Opoing Y1 0> : B? ((o) ~ 0¥ kot N Héon eAevBEPa SLOOPOUN YO T YOUNANG EVEPYELOG

copotiote R<Rc stvau:
B,
RO

~ _pl2
A =T, ~R

Ta mopoandve amoteléopata powalovv pe avtd mov divel 10 eUmEPKO TPHTLTO
duduong-peTapopas kot eival evlappuviikd OTL N TAPOUTNPOVUEVN TTOLOTIKY €EdpTNnom TG
péong Swdpoung and ™ dvokopyio pmopel va eoybel amd avtd TO ELOIKO TPHTLIO NG

dadkasiog e OpdpeOoNC.

7.5 Xopoatiowe vYnrlov EVEPYELOV 6TV EEOTEPLKI NAMOGPULPU

Mo uoIKNY GLVERELN TNG NAOKTG SLapOpe®oNg etvat 6Tt KaBmG Kivovpeba St LEGOL
TOV NAKOV GUGTNUOTOG, TEPIUEVOVUE 1| pon TV couatwiov pe gvépyeteg 0.1-1 GeV va
avéavel kobmg mpooeyyilovpe tov evdoaotpikd ydpo. Tovto €xer dwumotwdel and €va
oLVOVAGUO TOPATNPNOEMY TOL £ytvay amd Tovg Voyager -1 kot -2 Kot tovg Pioneer -10 ko -
11 mov exto&evTnKov 610 eE®TEPKO NAoKd cvotnua. Ot dopveodpot avtol mepAapfdvovy
peTpNTEC copaTinv gvaicntovg o Tpmtovia pe evépyeleg E > 67 MeV (oy. 7.8). H péon

eVEPYELD TOV GOUATIOIOV TTOV KaTEYpoyav ftav mepinov 1 GeV.
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4+t Periods near solar cycle minima

Yyqpe 7.8 Tpoyiég tov dopvedpwv Voyager -1 kot -2 kot Pioneer -10 ko -11. Ilepiodor
KOVTA 6T0 €AAYIOTO TOL NAOKOD KOKAOL OnAdvovTol pe xovipés ypoupés. [J.A.

Simpson (1989) Adv. Space Res. 9.4.5]

To oyfua 7.9 deiyvel v mocootiaio akTviky Badpida g pong TV cOUATIOIWV e
™V andotacn omd Tov Mo dnwg kataypaenke and tov Pioneer-10 og anoctdoeig petalo 10
ka1 45 AU and tov HAo. H adénon g porg tov copatidiov pe v andotact and tov Ao
avtioToyel og o mocootioda avénon peta&o 2-3 % AU™,

Oewpovtog TV otabepn KATACTACT TOV HOVIEAOD UETAPOPAS-OIL(LONG Yol TN
J1d00™ TV COUATOIOV PITopovLLE Vo VTTOAOYICOVLE TN HECT AeVBEPA dradpopn apov

D Z—rr] =nNv

Omov N aPOUNTIKN TLKVOTNTA TOV YNADV EVEPYELDY COUATIOIMV

D o ocvvteleotng dibyvong Tovg, 6mov 6e oyéom pe tov péon elevBépa dradpoun A

divetar amo ) oyéon D = (l/ 3)%0 Ko
V M TOYOTNTO TOV COUATIOIMV HETAED TV GUYKPOVCEMV.

H Babpuida tov koouikdv aktiveov pe v andctoon givol

ldn 3V

ndr_E
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®¢tovrag V=300km/sec kot v=c, Ppiockovpe A=0.1 AU. Avtiy 1 elevBépa dadpoun dev

elval ToOAD SLPOPETIKT Ao TIG TYES TOL Oivel To Bewpntikd mpdtumo dmov A=0.3 AU.
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Yyqpoe 7.9 Tlocootioio axtivikny Pabuido g aplBunTiKng TUKVOTNTOC TOV TPOTOVIOV HE
E>67MeV koavovikomomuévn og Tpog TV aptOunTiKn TuKVOTNTO TMV TPMOTOVIOV UE
E > 106 MeV oty tpoyid ¢ yng omd tov dopuveopo IMP-8. Kabe onpeio sivor 27-
Nuepadv pécog 6pog [J.A. Simpson (1989) Adv. Space Res. 9, 4, 11]

‘Eva omovdaio onueio mov gaiveton amd T mapatnpnoels eival emiong ot vapyet
onuavtikny dtapdpemon akoun kot oe andotacn 45 AU and v 'Hio. Apketol cuyypageig
&xovv dgiletl 6TL | Teploy M VEVOVVN YL TN OLAUOPPMOOCT TPEMEL VO EKTEIVETOL TOLAXYIGTOV
oe 60 AU amo6 tov nAto.

Ta 10w dedopéva TapEyovv TOAAES TANPOPOPIES Y10 TIG SLOOKAGIES OOUOPPMOONG
oTOV JSmAVNTIKO Ydpo. o mapddetypa vIdpyovy OVCIICTIKEG XPOVIKES HETAPOAEG GTO
Babud g Slopdpe®oNng TEPAV TNG YEVIKNG GLOYETIONG ME TN PAom TOL NAKoD KOKAOUL.
Avtég ovoyetifovtol yio mopddetypo pe avENGES otV OpacTnPOTTE TOV EKAGUYEDV.
Emniéov, pepikéc avénoelg mopatnpoivial cuyypdvmg Gty TEPLOYN TS YNG KOl GE TOAD
LEYOADTEPES NALOKEVTPIKEG 0mooTdcels. H cuoyétion avtdv tov petaforomv £xet deiget 6Tt ot
artiec Te avEnong ot Stapdpemon ddidoviar pe pa toxdnTo ~300 Km - sec™ dnhodh pe
TNV TOYOTNTO TOL NALOKOD OVELOV.

Nuepa etvarl yvootd 0t o1 petaforéc ot Stopopewon cvuPaivovy Katd “Prpota’”
to. omoia eivor pdAdov amodtopo mapd Pabuaio. Ta Ppato ovtd cvvdcovtor pe Heyaing

TaYOTNTOGS POEC KOl KOUATO GTOV NALIKO Avepo. Avtdg 0 10xvpOG CVUVOECUOG UETAED T®V
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KOUATOV KOl TOV aLENCEDV TNG doUOpemong Exel emPePormbel pe peréteg g cvoyETiong

™G £VIOoNg TOL HayvnTikoy 7ediov oTov MMOKO AveRo HE UETOPOAEG TNG PONG T®V

COUOTIOIOV YNADV EVEPYELDY KO TNG TOTIKNG TOYVTNTOS TOV NALUKOD OVELLOL.

Solar Wind
velocity/km s™'

Magnetic field

o
L)}
(1

e
-
©

§

J i :I‘p"' s
Wt
Yoy
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0.41

0371

Intensity of particles/counts s'

0.33

ks

strength/B/B,

- N W

N

Yyqpo 7.10 [Mopompnoslg e OAOKANPOUEVNC EVTOONG COUATIOIMY YNADV EVEPYEIDV WE

E>75MeV/muopfiva amtd tov Voyager-2 6€ GUYKPLOT LE TAVTOYPOVES UETPNGELS TOV
poyvn kol mediov Kot ¢ TadTNTAS ToL NALakoD avépov. Exovue tavtdypoveg
0VENCELG TG TVKVOTNTOS TV COUOTOIMV, TOL HoyvnTiKoD 7ediov Kot g
toyvTag tov nAtakod avéuov (R.B. McKibben (1986). The Sun and the

heliosphere in three dimensions ed. R.G. Marsden, Dordrecht, 361]

Ta dedopéva amd tov Vogager-2 deiyvouv 0Tt 0Tav 1 £vTOoT TOV HoyvnTikoD mtediov

avéavel Adym g Otéhevong kopdtov M GAAOV  SlTapoy®V TOL MAOKOD aVEROL T

SUOPO®OT NG PONG TOV COUTOIOV eniong avédvel. Emopévag n nAtaxn Stopdpemon dev
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etvar por opadr] cuveyng dtadikacio, aAAd po Sadkacio OTov o YeYovOTo GUVOEOVTOL LE
NV LIEPETMIOEGT EVEPYDV TEPLOYDY ALENUEVOL LaryvnTIKoD Ediov Tov umopel vor opeihovtal
o€ Uo TOIKIAI OAANAETIOPOONG EVEPYNTIKOV QOVOUEVAOV. AVTEG Ol TEPLOYES OVOLPEPOVTOL

oav “ovyyoveopéveg meployés” (Merged interaction regions).

1970-1980 \

Yyqpe 7.11 Zynpotikd Sidypoppo Tov oAcBNocemv BeTIK®OV Kol apVNTIKOV QOPTIGUEVOV
cOMOTVIOV 0T0 TPOTLTO TNG NAOGEAPAG TOV TEPIAAUPAVEL TOV KLUOTIOTO
povdva pedpatoc. Ov ohoOnoelg eivan oe oavtifeteg katevBdvoels. Znv
nepiodo 1970-1980 o PBopelog mOAOG Tov NAov €xel Betik) moAwkdtTa (J.A.
Simpson (1989) Adv. Space Res. 9,4,13]

Mio amd TIC KLUPLOTEPEG EPMTIOELS CNUEPA OPOPA TNV EMOPOCT TNG AVIIGTPOPNG TNG

TOMKOTNTOG TOV NAKOD HoyvnTiKoy 7ediov otn dwdikacio g opdpemons. Av dev

VINPYOV UIKPNG KAMUOKOG OVOROAMES 0TO HoyvnTiKO edio Tov NAOKOD aVEHOL, 1) SLVOLLIKN
TOV POPTICUEVOV cOUATIOIMV Oa akolovBovoe TV Katavouq Tov HeYdAng KAlpaKog tediov.
To wpéPfinua eivar ot oAMoONoeElS TOV COUATIOIMY TOL AVOUEVOVTOL OTIS OOUEG TOL

HayvnTikoV mediov, 101K OTaV AaUPAveTal vIOY™N 1 KLUATIOTH KEKAMUEVN ovdétepn (ovn. O
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Jokipii  dnimver 6T BeTIKA Ko apvnTIKG QOPTIGUEVO GOUATIO £Y0oVV TEAElC avTifeTeg
oMo oelg oe T€Tol dopT| payvnTikod mediov. Otav VIApYEL OVTIOTPOPN TS TOAKOTNTOG
TOV payvnTikob ediov, 0nme cuvéPnke to 1980 avapévovtar d10popég oTig poég BeTik®dV Kot
apyNTIKOV copatdiov. To apdtumo £6moe KATOLN TKOVOTOMTIKE OTOTEAECUATO Yo, TNV
avEnomn g Sapdpemong pe v Kiion g ovdétepng (ovng, oAAG Ta oXETIKA HEYEON TV
aKTWVIKGOV PBabuidov €viaong yioo YnANng evEPYELDG TUPNVEG TPV KOL UETO TNV TMALOKY|
avtiotpoen Tov 1980, ftav avtifeta pe Tig TpoPAEYELS TOV TPOTHTTOL.

H epomon om oxetik] omovdoudtnro tov UEYIANC KApokaG oAlcOncemv
CLYKPIWVOUEVAOV LE TN S1AYLCT GTO TPOTLTO UETAPOPAS-O1iYLONG TG NAMOKNAG SLOUOPPMONG
gtvon to B&po g peAETNG ™G amocsToANG Tov OJVGGEN TOV OTOTEAEL KOWVO TPOYPOLLUO TOV
ESA xair NASA. T wpd™) @opd eivor dvvatdov va petpioovpe kKot' egvbelav poég
copoTwiov Kot doun payvntikov mediov €€ amd To eminedo g exAewmtikng. Ot
TOPOTNPNOELS QVTEG HaG STVOUV TANPOPOPIES YOl TN GYETIKN GTOVIULOTNTO TV OMGONcEMV

KOl TNG OKEDOONG TOV YNADV EVEPYELUDYV GOUATIOIOV HECH GTNV NAMOCOUPAL.
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KE®DAAAITIO VII

ATIAMOP®QXH KOXMIKHXYX AKTINOBOAIAX

8.1 TIsvika

H «xoopikm axtivoforio mapovcsialer peydAn icotpomion kol otabepdtnta o€
yoroa&rokn kKApoko. O NA0¢ OU®S Kot 0 SLOmANVNTIKOG ¥DPOG amd 0oV TEPVA Yo vo, pOAcEL
ot yn aokovv Bodud emidpacrn akdpo Kot o€ NMAMOKEVIPIKEG amootdoelg epimov 10 AU.
"Eto1 mapovcidlovton avicotpomieg kot LeTAOAES TOGO GTO evepPYELkd PACHA OGO Kol GTNV
évtaomn g KA. Onwg 1o cetopkd kdpota xpnotedouy yia m UEAETY] TOV ECOTEPIKOD TNG
MG, €101 Kol 1 HEAETN TV peTaformv Tov KA ypnoiuevel cav evepyos SEIYUOTOANTTNG Yo
NV €PELVO TOV OATAAVITIKOV HETEMPOAOYIK®V cuvOnkav. Eniong o1 kivroeglg Touv nAiov kot
™G YNG Onovpyolv a&doroyeg petafolrés g éviaong g KA cuvaptioet tov ydpov.

Ov petroPoréc g KA ovvoptiost tov yopov, Tov ¥pOVOL KOl TNG EVEPYELS
ovopalovtot S1opdpemoT AT,

H pedétm tov petofordv tg KA yivetar amd TiC mopotnpnoels TV Eniysimv
otofuadv. Tote n yn xpnopevel cav SOGTNUOTAOLO TOV TEPIGTPEPETAL TEPT TOV EAVTO TOV
Kol PETAPEPEL TOVG eMiyEONg HeTpNTEC. O oLVOLOCUOG TNG OTUOCEUPAS OTOL YiveTal 1
avapeltn tov tpotoyevav KA kot tov ynvov payvntikol mediov e Toug eniyElong LETPNTES
TapEYeEL £vo OTTIKO cVOTNUO LE TOALEC cuvioT®oeS. H pedétn tov ypovikdv petaforlmv £xet
TpowbnOel pe uecES LETPNGELS TOV S1OGTNHILOTOG,

Ymovdaio yopaxktnplotikd kdbe dradikaciog dtopdpemong eivar n eEdptnon g and
™ HoyvnTiky dvokapyio, 010Tt Ol avTIOPAGELS TOV COUATOIOV pE dlamAavnTikd media eival
N kopa otio. tov oavicotpomdv. H oyéon g petaforng g éviaong thg KA AJ(R)
(R) xou g payvntiknig dvokouyiog R diver 10 @dopo tov petaformv (variational
spectrum).

"Evag 1Omoc avtol tov pdopotog givat:



AR)_ g (8.1)

J(R)
otav y=0 onuaivel 0Tt £rovue ion OmOppPOPNOoT TNG £VIOONG Y10 TO. COUATIOW OA®V T®V
SVGKOUYIDV.
Ot petaforéc draxpivovian 6€: 16OTPOTEC LETAPOAES, OTTMG
0 €VOEKOETNG KUKAOG (LAKPpOYPOVI SLUUOPP®OT))
1N ueiowon katd Forbush kot
27-uepn SlopoOpPOoN
Kol ovViIcOTPOTEG LETAPOAES, OGS
N NUePNCLO LETAPOAN
N NUMUEPOLOL LETABOAN Ko
o1 HKpNG KAMpoKag Hetaforég

8.2 Muakpoéypovn dwopépemon (11-e11g KVKAOG)

Koatd ) ddpkelo tou kOKAOL NAlaKNG dpactnplotntos cvopPaivouy petaforég twv
nécmv yapakmpiotikev e KA. Tovto opeiletor otn pokpoypovn dwapodpewon (long-term
modulation). Ipmtog o Forbush to 1958 £dei&e 6t1 KA Ppioketarl o apyntiki cuoy£Tion
pe ™ dpaotnprotnra Tov ‘HAMov pe por ypovikn voTéPNon apKeETOV Unvav, av Anedel cav
HETPO TNG MAMOKNG OpacTnNPOTTOS 0 OplOUOS TV NAMOK®V KNAd®V, | 1-2 unvav ov
GUYKPIVOULLE [E TH YPOLUY EKTOUMNG TOV NAtakoy otéppatog ota 5303 A. Televtaio &xovv
Bpebel kan peyodtepes TIHEG TOV YPOVOV VOTEPTONG .

To mAdtoc ™¢ 11-£100¢ TEPLOIKOTNTOG TNG VOLKAEOVIKTG cuVioT®oag TG KA elvan
™¢ tééng tov 20% Yy dvokapyieg <1GV kot ¢ pecovikng sivor 5%. Oleg ol cuvieTdoeg
napovctalovy avarioyn dwpdpemon. H peyaddtepn dwopdpemon cvpPaivel otig youniés
EVEPYELES OKOLOL KOL OTO EAGYLOTO TNG NALKNG OpacTNPLOTNTOG.

H peiwon g évtaong mg KA oesideton oe  petaforég g Ooung tov
StmAovnTikov poryvntikov mediov. Kot autd yati o poyvntikdg Bmpokag e nAOcSpopog
yivetal Ayotepo damepaTds, OTOV TO HOyvNTIKO TEdl0 OV QPEPETAL TAYOUEVO HEGOH OTO
mAdoua, glvarl wyvupotepo. Tovto €xel cav amotélecua 1660 AydTEPA GOUATIO VO LTOPOVV

va eBdcovy oty mEPLoyn TG YNG 660 1 NAdceapa Katolapupdvel peyoAdtepn EKToo.
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Yyqpoe 8.1 Metafoin g éviaong g KA pe tov apiBud tov niokov kniidov yuo mévte
NAakovg KokAovg (180 — 220¢)

O unyaviopog g 11-grodvg dapdpemong dev umopel va yivel aviiAnmrog Kotd
mnpn tpoémo. H Bewpio tov nitakod avépov gpunvedel povo tn peTafoin Tov nMAlokov
KOKAOL. Baotkdg unyoviopog etvat o pnyovicog petagopdac—otdyvong tov KA. Zopemva pe
avtdv ot yorallokég KA petapépouv Tic poayvntikég avopoiies £E@ omd tov MAo pe to
otafepd NAoKko dvepo. H mokvomnta tov KA péca oto nAokd chotnuo Tpokuntel ond v
ooppomio pHeTalh TG MPOg To EEM UETAPOPAS TOVG KOl TNG TPOS TA UESO O1dL(LGTG TOVG.
Téte axdpa Kol 6T0 EAAYIGTO TOV NAEKOV KOKAOL TO TOpATPOVUEVO PACL dEV €ival TO
oaopo tov yorollokdv KA. To yoha&okd odopo mpooeyyiletor omd To TEWPOUATIKA
dedopéva pe ™ Pondeta evog Bempntikov mpotdmov. Xto oynua 8.2 gaiveton 10 yorlaSlokod
QACUO  OWHOPPMUEVO HE TEWPOUATIKO OTOTEAEGUOTO KOl TPES TPOGEYYIGES TOV
adlapoOpe®TOL GAouatog oto MAakd eldyioro. H xoumdin n minciéotepn mpog To
SLUOPOOUEVO GACLO. GAivETOL VO VOl 1] TTLO TTEIGTIKT).

H e€dptnon g paxpdypovng Oopdpemong omd Tn HoyvnTikn OLCKOUyio Twv
copatiov €xel peydAn onuacio yoo v enéktacn tov mopatnpnocwv oto [oloéio. Adyw
™¢ Tpog Ta €€ Kivnong Tov nAakov avépov, n pon tov KA glattdveral otadtokd Kadng o
NAog amopaxpvveTat. Anladn vrdpyet po faduido mokvotTag Kot cOpeova e T Bempio
duyuong n ovvaptnon petafoing g mokvotntag N Tov KA ovd povado oKTvikng

andotaong omd Tov Ao givat
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1m_ 3V

(8.2)
n or VLA

6mov V n toydTTo TOL MAEKOD OVELOV, D 1 TOYVTNTO TOL COUATIOON Kot A 1 péon

elevBépa d1adpoun TV CLYKPOVGE®VY HETAED EVOG COUATIOON Kot EVOG KEVTPOL GKESOONG,.

T T
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Yypo 8.2 Awpoppopévo Kol TPEL HOPPEG OOOUOPO®TOV

yora&lokod eacpatog Tov KA oto nAakd erdyioto.

OLokAnpmdvovTag T oYE0M QVTH TaiPVOLUE TO AGYO TNG TAPOTNPOVUEVNG TUKVOTNTOG
n(r) mpog v mukvotnto N(r,), OOV T, €ivat To OPLO TG SAUOPPOUEVNC TEPLOYNG. Mia amdn

EKQPOoN oTOL TOL AdYOL givat

n(r)

o) =exp(-D, /k) (8.3)

6mov K 0 cuvieleaTng d1dyvong mov TEPLYPAPEL TNV KIvNon TOV GOUATIOOV 6To ALK
LOyVNTIKG  TEdiDL OV SMEPVOVV TOV Srmhavntucd YOPo kot D, mocodTTO OYETIKN HE TNV
ToOTNTO TOV MAMOKOD TAACUOTOS OVEEAPTNTY OTO TIS TOPATAVE® TAPAUETPOVS, EVO N
AmOALTY TN TNG OEV EXEL VTOAOYIOTEL OKOUT TTEIPOLLLOTIKL.

Av oty eicwon (8.2) Barovpe V=500 km/sec, 2=0.05 AU kot v=c, tote Ppickovpe
OtL oV TPOoYd TG YNG M Pabuida TukvoéTTOG Yoo cCOUOTIOW pe dSuoKayio 6TV TEPLOYN

tov GV etvar 10% / AU. Av ko o1 petprioeig and dopvpdpovg mov exteivoviat mépa amod 0.4
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AU ooppovovv pe TNV avopUeVOUEVT TIUN, EVTOVTOLS VITAPYOLV OUPOPETIKA GUUTEPAGLOTOL
oT0 014pOoPa TELPALLOTOL.

O Charakchyan (1977) édwoe v e&aptnon g évtaonc g KA kot tov mapapétpov
NG NALOKNG SPACTNPLOTNTAG LE TNV GYEOT

1=1,exp(- An°p*?) (8.4)

omov N gival 0 apBRdS TOV OUAdOV TOV NAMOKOV KNMO®V Kot ¢ TO HEGO NAMOYPAPIKO TAATOG
aLTOV TOV ouddmv. Av kol ol mapauetpor I, kot A eivon dtopopetikol oTig O1dpopeg
EVEPYELOKEG TEPLOYEC, 1 TPocapuoyn G oxéong (8.4) toydel yuo po peyddn meploym
evepyewwv 0.1 < E < 15 GeV/nucleon.

1 (103 m=2 571 sterad1)

.0

- ; 1 A

1 1 1 1 !
7858 7962 7966

Yypoe 8.3 Zvoyétion g éviaong ¢ Koopkng axtivoBoiiog pe mopapéTpovg TG NALKNG
dpaotnprotnrog (Charakhchyan, 1977) coupwva pe petprosic oto Muransk (povpot
KOKAo1) kou Mirny (avowktoi kvkAot). H ypoappookiacuévn meployn Ogiyvel tnv

€vtooT Tov avopéveTal oo Ty oxéon (8.4) pe TapaTnpodUEVEG TILEG TV N Kol O.

2uykpivovtog v kopmOAn e oxéong (8.4) pe otpatospaipikd dedopéva amd To
Muransk kot Mirny n copeovia givor ToAd 1KovomomTiky ektog and v nepiodo 1957 kan
1958 won amd 10 1971 péypr 1973, 6mov 1 avticvoyétion PeTa&d Tov apBpod Tmv KnAldmv
Kot G €vtaong g KA katactpiéeetal.

H oyéon avt ko dAleg mapdpoteg dev Aappdvouy v’ dyn 115 KaBuoTEPNOEIS TOV
SLOOIKOGLDY GTOV SUTAOVNTIKO YDPO CYETIKA LE TIC OOOIKOGIEG OTOV VEEG EVEPYEG TEPLOYES

onuovpyovvrot. Ilpaktikd, té€toeg kabvotepnoelg tpdypatt cvpPaivovy, wote yvopilovtog
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10 pé€yeboc ¢ KaBvoTEPNONG Kl TNV TOYDTNTO TOV SLUTUPUYDOV TOV TAACUOTOS UTOPOVUE
va vroloyicovpe 10 pEYEDOC ™C SUOPP®UEVNG TEPLOYNS. APOV OUMC Ol TOPAUETPOL TNG
nMokng dpactnpomrag ot veevbuvor yoo v dwpdpemon tov KA eivar aféBatot, ot
vroAoylopol €yovv peydAeg amokAicels. Aldpopotr cvyypapelg tomobetobhv 10 Oplo NG

dwpoppopévng tepoyng ard 100 AU uéypr 15-20 AU.

1 (m=2 571 sterad~1 Mev-T)
2.0 4

( +’*_’H +{*- y/d
1.0F -

N\
”«5:‘ ++ 5 2 %\,
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,*_—-;—-_*/
a2l S ) ¢
< ‘*’\
a7E 7 + 2
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Yyqpo 8.4 ddopo TV TPOTOVIOV Kol 0-COUATIOIMY 6TO EAIYIOTO TNG NAKNG OpacTNPLOTNTOS
10 1965 (kapumdreg 1) Kot kovid 6to péyioto to 1968 (kapmdieg 2) pe dedopéva Tov

Williams (1969)

Nuepo pe TG UETPNOELS dopdpemong otic 22-23 AU e€dyeton 0tL a&loonueiot
dwpopemon cvppaivel mépa amod tig 22 AU touddyioto oto 1ompepvo eminedo tov HAlov.

Ot Lockwood kot Webber avagépovv 0tL 1 dtopopeopévn meployn exteivetol Kot’
erdyoto ota 65 AU. O McDonald (1981) édeiée o kaBapn GUoYETION TOV EVIAGEDV TOV
yora&lakov Hy ko He yuo v meproyny 100-200 MeV/nucleon oty 1AU (Helios —1 kot —2)
kot 23 AU (Pioneer-10). Z11g S10pOpPETIKEC AMOGTAGEIS TO. PAIVOUEVO. Elyav TNV 1010 TAEN
pey€0ovg oAAG KaBVOTEPOVGOV G TTPOG TO XPOVO GOV Vo d1adidoVTaY 01 dLUTaPA)ES OO TOV
NnAo pe toydvra 550 km/sec. ¥’ avti ™ odvdeon o McDonald divel épeoon otov mbavo
POAO TOV KLUAT®V KPOLONG TOV NMAOKOV EKAAUYEMY TOV UETOPEPOVTIOL OO TOV NALOKO

Gvepo o€ PEYAAEC OMTOGTAGELC.

208



[Tpaypatikd dedopéva yio Tt SoUn TS OUOPPOUEVNG TTEPLOYNG Oev vapyovv. H
TEPLOYN VTN OV &lval HAAAOV CQOIPIKT S1OTL M OOUOPE®OT OTo UEYOAN TAQTN &ivol
acBevéoTtepn AOY® TOV YOUNA®V S0TOpay®V Kot AOY® NG €vbuypduuonsg tov peyaing
KMpoKog  poyvnTikeov  mediov oty aktvikny  oevbuvvon. Emiong vmdpyel  Sapopd
dpacTNPOTNTAG 6TO POPELO KO VOTLO NUICOOIPTO TOL NALOV.

H e&lowon (8.4) dev AauPdvel v’ Oyn Kot TO GOVOUEVO TN VOTEPNONG, ONANON TN
Jpopad TOV eVTACE®MV OTIC OVEAVOUEVEG KOl EANTTOVUEVES TEPLOOOVS GTO 1d10 emimedo
NAoKNG dpactnproTTag. TovTo TPOKHTTEL Ao TN SLOPOPE GTA PACLATO TOV TPOTOVIMV Kol
0-COUATIOIOV LLE TN GACT] TOL NAKOL KUKAOL, OTImG aivetal 6to oynua 8.4.

AoV N avamTuén TV NAIKOV KNAMO®V cuvodedeTal Kol omd avEnon TV peLUdTOV
TOV NAMOKOD OVELOV GTOV SLOAOVITIKO YMPo €ivar ETOUEVO OTL HETAPOAEG GTO EMIMEDO TOV
dwrapayov tov EMII eivar m wdpa outic g 11-et00¢  dapdpowone g KA. Ot
Charakhchyan et al eEnyovv avtd Ta @avopeva Gov amoTELEGIO TOV GLVOAKOD LLOYVNTIKOD

nediov mov veiotatot LETOPOAN TG TOAMKOTNTAS TOV otV £E€TAlOUEVT) TEPLOYT).

8.2.1. EEopcimon ¢ £vtaong TS KOGUKNGS aKTIVOforiog

Onwg givar yvootd n dwopopewon g Koopkng axtvoBoriag copfaivet Aoym g
avtidpaong TV YOAOSWK®OV KOCHKAOV OKTivoOv HE To PEOUOTO TOV TAAGHOTOS TOV
EKTEUTOVTOL OO TOV A0 KO LETOPEPOVTOL LE TO LOYVNTIKA TTEdi LE TN HLOPON KOVOVIKDV
HEYAANG KAMPOKOG TEST®V KO TUXAIMV HAYVNTIKOV OVOUOAIDOV. ZOUATIOW Tov £pYovTal and
tov ['oAa&io cuvavtobv autd ta pedOTO KOl EKTPETOVTOL OO TO SOTAAVITIKGE Loryvn Tk
nedia. 'Etol 1 éviaon tov yoradlokdv copotdiov péca oty nAtopayvntoéceopa yivetol
pikpotepn amd ovtiv tov loro&io. H dwapdpewon emopévmg otnpiletoar 6e 014popovg
TaPAYovTeS, Om®G To PéEYehog Kot TN O1evbuvon TV HoyvTIKOV TTEdi®mV, TO EMIMESO TMOV
LOYVITIKOV S0TOpoy®V, TNV TaOTNTO TOV NAOKOL avEROL, TO UEYEBOC KOl TO GO TNG
NAOUOYVITOGPOLPAG.

H Oewplo petagopdc-otdyvong kot adofotiknig emiPpadvvone tov yorollokmv
KOGUIK®OV OKTIVOV GE £V GOOIPIKO GUUUETPIKO NAIOKO GveERO 0dNYel GE poL LaKpOYpovn
petafoln). Zopeova He avtd TO TPOTLTO Ol JUOPPOCES £ENYOVVTIOL KOADS Bétovtag
KOTOAANAES PLOIKEG KOTUGTAGEIS OTN OLUOPPMUEV TEPLOYT], OALG dev gival TOGO GUPES
TG Ol KATUOTACELS OVTEG GLVOLOVTOL LE TIG NAMOKEG dPACTNPLOTNTES. ZOUPMOVO, LE OVTY TN

Bewpio. Torhoi epevvntég (Nagashima and Morishita, 1980; Mavromichalaki et al, 1990)
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HEAETMOVTOG O1APOPOVE MAMOKOVG KOKAOLG €xovv JOeilel OTL 1 SapdpemOON NG KOOUIKNG
axtivoPfoAiag pmopel va meptypopel and v axoilovdn oloxkAnpopévn egicmon, n omoia
TPOKVTTEL OO TV YEVIKELGT) TOL TPOTVTOV TOL SIMPSON Yo TOV ALK AvENO.
1(t)=1 —If(r)S(t—r)dr (8.5)

omov I ko I(t) elvan avtiotorya 1 yora&lokn (ad1opuope®n) Kot SIUopPOUEVT £VTOCT THG
KA, S(t-r) elvoaw n anyaio. GuvapTNON MOV OVITPOCMTEVEL KATOOV KATAAANAO Seiktn
NAMokne dpaotnplotntoag otn ypovikn otiypun t-r (r>0) ko f(r) sivor n yopoaktnplotikn
ouvapTNoN TOL  eKPPAlEL TN ypovikny €&ApTnomn  TOV MAMOKAOV  SloTopaydVv  TOL
avtimpoownevovtot amd v S(t-r).

‘Etoun diopdpemon g évraong e KA meprypdoetan epnelpikd oe unviaio Béon yuo
tov 22° nMokd kokAo omd v mnyaio cuvdptmon g e&icwong (8.5) mov eivor évag
YPOUUIKOG GLUVOLOOUOG TECCAP®V OEIKT®V: TOL aplBpoy TV MAOKOV KnAdwv R, tov
nAMokov ekhdpyewv onovdordttag >1B, Ni, g évtaong Tov SmAavnTikoy HoyvnTikoD
nediov B kot tov yeopoyvntiko deiktn Ap. H yevicevpévn avt eumeipikn oyéon eivorn

1=C-10°(,R, +a,N, —a,A, +a,B) (8.6)

omov C givar 1 otabepd mov avimposmmedel TNV adtapdpemtn évraot g KA kot eEaptdrton
and ™ poyvnTikny dvokapyio tov otabpod kotopétpnong. Ot cvvtereotég a; (I = 1.2.3.4)
vroroyiCovton pe Tnv RMS pébodo elayiotomoinong kot yio tov 220 nAtako kokio Bpédnkav
a:=1.80, a,=1.08, a3=1.60 o @a4=5.50

Oudeikteg R;, Nf, Ap xou B ypnopomolodvron pe TNV povikh Toug voTépnomn EvovTt
g évtaong g KA, n ool Bpicketat amd Tov KOADTEPO GUVTEAEGTI] GLUGYETIONG OLTAV TOV
dewtmv pe v éviaon e KA yia didpopovg ypodvouvg votépnong (time-lag). Xto oynua 8.5
dlveton 0 cvvteheotng cuoyétions g éviaong e KA pe toug deikteg R, Ni, B, Ap v
dapopovg ypdvovg votépnong otov 220 niakd kvkio. H votépnon mov avtictolyel otov
KaAOTEPO cvuvteleotr cuayétiong (best correlation coefficient) eivar o ypdvog votépnong.

"Etot 0 ypdvog vatépnong tov aplfod tov nAilokdv KnAdmv Kot Tov aptBpod Tov nMokov
exKAdpyev Moy YU ovTtOv Tov KOKAO 4 pMveg, Tov NAoKoD  payvntikol mediov 2 Pnveg
Kol Tov yeopoyvntikoh ociktn 0 pnveg. AapPdavoviec v’ Oyn owTEG TIG LOTEPNOELS
vroroyiCovpe Pacet g e&icmong (8.6) v évtaon g KA, énwg eaivetar 6to oynua 8.6.
[Tapatnpodpe 6Tl 01 OmOKMOELS HETAED TTAPUTNPOVUEVAOV KOl VITOAOYICUEVOV TIL®OV Elval
TOAD pkpég (tumikn amokiion 7%). ‘Eror m dwpopoopévn Adym tov 11-g100¢ KdKAov

évtaon g KA 1covton pe v yorooxn KA (adtapdpemtn) o€ pio TETEPAGUEVT OTOGTAOT)
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dopBopévn e KatdAANAo ETAEYUEVOVE NALIKOVG, SLOUITANVNTIKOVS KOl YILVOLG OEIKTEG, OTTOV

Exel ANeOei v’ GYM 1M YPOVIKY TOLS VOTEPNON EvavTl TG Eviaong g KA.

22, SOLAR CYCLE

o8 f CR-F,

0sf CR-N,
[

hEWS R—B

S o o i e e et e I

R

(IS s IR S I P SN WS
-10 -5 C S 10 15 20
L. A G (Months)

Yyqpoe 8.5 Xvvteleotég cvoyétiong g évraong e KA. pe toug deikteg R, Ny, B,

Ap 1o Tov 220 nAakd KOKAo

8.2.2 22-g1M|g O10pnudpQ®G TS KOGUIKNG OKTIVOoATag

Eivar yvoom m avrtiovoyétion petald g évraong mme KA kor ™¢ mAlakng
JpPaCTNPLOTNTOG EKPPAGUEVT] ald SLAPOPOVG OEIKTES, OTMG 0 apPlBLOG TV NAOKOY KNAId®V
nov Bewpeitarl 1o ouvnBeg iyvog g NAaKNG dpactnpoTTag. 10 oYnua 8.7 mapovcialetal
avt] M ovtiovoyétion g €vtaong e KA otig evépyeteg tov Metpntdv Netpoviov pe
oV 0plud TOvV NAleKOV KnAdov yia téooepig nAtakovg kokiovg (19, 20, 21 wo 22).
AGQopol  pELYNTEG £YOVV ONUEUDGEL OOPOPEG  OVAPESO GTOLG (PTIOVS KOl TEPLTTOVG
NAMoKoVG KOKAOVS EKTEPPAGLEVOVG LLE TOV AP0 TV KNAIO®V Kot avapEépovtal o€ 22-£T
petafoAn g mAaxkng opactnpotnrog (Hale-cycle). Tehevtaio pior cophg O1popeTIKY|
oVUTEPIPOPE HETAED APTIOV KOl TEPUTTOV KOKA®V gU@ovileTor Kol oTo OedoUEVA TV

Metpntav Netpoviov mov KoOAOTTOUV CNUEPE TEPIOCOTEPOVS OMO TEGCEPOVS MALOKOVG
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Yyqpo 8.6 Ilapatnpodueveg kol vwodoyiouévee, Pdoet g e&iocwong (8.6), tywés e K.A yia
Tov 220 MAaxd kdkAo, yio tpelg otabuodg Metpntov verpoviov (Deep-River,

Climax, Hermanus)

212



The Univwersity of Clicago /LLASR  Simpson Gmoup Cosmic Physics Instrumernts in Space
EEETRAEEZERBEAE R EE LR EER DTS AR R DR ED B U vy
a mmtmm“ . PR [ :Z':ﬁ'si E_E. Do
lsr,nr Uiprtes ool pla pemass criassz i EREEE B &
5;22 :Ei: S.'d:'ia:s‘aa: Y . s e .:: S Tel &
PEEE LT ety kgl | bt} |
| Didamire | | Vet Glmbeitn 0§ 1 13 1§11 DaebeiZdes

-E-E-i-&-—:-:-'-+--:-:—a--a-—:-5-44--;-;-::2—-:—-3-3-.3—-."pfs-é-f--1-3-5-3---3-5-5-:.---‘-5-3-3---3-5-5-5--

H J"!i*:l' ‘h“ﬂ 200

R THEEHE I I b o 2
fivci TR
Bl

R
49 OO} it 1M i} | D D P

NOARIZ: |

Earth Orhiting, Interplanetary

LML B I A 9% P . it BN A I B |

g g
Rqump pdsung paypoows .-+

lljlll

o legn s

Minimum Modulation Level
]

— Caosmic Ray Intensity, Percent of 1954

Yypa 8.7 Avticvoyétion g éviaong g KA otov otafud tov Climax (2,96 GV) e tov aptfud tov nhokdv kniidov yio Toug TE66Epovg

teAevTOiong nAtokovg kbxkhovg (19, 20, 21, 22). @aivovtal Ol AvTIGTPOPEG TOAIKOTNTOS TOV NALUKOD LOYVITIKOV TEdIoV.
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KOKAOVG. AvTn glvon o TpdTn €voelsn yio v Ymapén pog 22-e100g TEPLOOKOTNTOS GTNV

évtaon g KA eni mAéov g yvootig 11-eto0g petafoine. Ztov mivaka 8.1 mapovoidlovral

0l KUPLOTEPES LOPPOAOYIKES SLaPOPES OV eppaviCoviat ot dapdpepwon e KA og dptiovg

Ko TeprtTong kokAovg (Mavromichalaki et al, 1997).

H ypoviki votépnon oe unveg e KOGKNG axTivoPoAiag oe oyxéon pe tov apopd

TOV NMOK®OV KNAIO®V Yia Tovg KOkAovg 17-22 diveton otov mivaka 8.2 6mov paiveton kabopd

N LEYOAN VOTEPNOT GTOVE TEPITTOVS KUKAOLG KO 1] UKPT GTOVG GPTIOVG KOKAOVG.

IMivaxag 8.1

Mop@oroyikég dtopopég LeETaED dpTimv Kot TEPITT®V KUKA®V TG KA.

IeprrToi kdKAor

ApTi01 KOKAOL

e ’'Eva péyeto

070 EAAYLOTO TOV KUKAOV

e "Saddle-like" oynua

e "Mesa-type" péyioto

e  Meydin ypovikn votépnon

o Ambtoun Gvodog Kot UEYIGTO KOVTAL

e Emavagpopd dwapkeiog (6-8 ypovia)

Avo peyota

H pon yivetan peydin apécmc petd to
HEYIGTO TOL KOKAOL KOl TOPOUEVEL

Y10 LEYOAO XPOVIKO O1AGTNLLOL

"Peak-like" oynuo

"Point-type" péyioto
Amotoun enavapopd (2-3 ypovia)

Mikp1| ypovikn voTépnon

MMivakag 8.2

Xpovikn votépnon g K.A. pe tov aptfpd tov nAakov kniidov

Hlokdg korkiog 17 18 19 20 21 22
Xpovuvotépnon | g | 1 | 1041 | 2 | 16 | 4
(Mrveg)

H dwgpopetikn ovumepipopd peta&h aptimv Kot TEPITTOV NAOKOV KOKA®V oyeTileTon

HE TNV oAAOYN] TNG TOAMKOTNTOG TOL MAOKOD HOyVNTIKOL TTediov mov cvpPaivel yop®w 6To

nhoko péyioto (oy. 8.7). Ou Otaola et al (1985) éyovv deifel 611 vt N cLUTEPIPOPE.
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0PeileTAL OTIC SLOKPITEG KATAGTACELS TOV OVTIOTOLYOVV GTIG TOUPAAANAES KO OVTITOUPAAANAES
KOTOOGTACELG TNG TOAIKOTITOG TOL NALOKOD TOAIKOV LUAYVNTIKOL TEGIOV (¢ TPOG TO YOAAE10KO
poyvntikd medio. Tovto ompileton oty vedBeon 6TL dTaV TO TOAMKSO HOyVNTIKO TEDIO TOL
NAov etvar oxeddv TopdAANAo e TO YOAOSIOKO HoyvnTikd Tedio, ol YOAUEIOKES KOGUIKES
OKTIVEC EWOIKA OWTEG UE TIG MIKPES SVOKOAUWYIES, UTOPOVV VA EIGYWOPNCOVV T EVKOAN GTNV
NALOLOYVNTOCOOPO, KOTA WAKOC TNG MOYVNTIKNG OLVOWKNG YPOUUNG, OE OYECN HE TNV
AVTUTAPOAANAT KOTAGTOON TOV HLOYVITIK®OV TESTWV.

To wpodTLIO TG KAEGTNHG Kot avolktc nAdoeatpac (Ahluwalia, 1979) mov dideton
oto oynuo 8.8 umopet va eEnynoet avtn ™ cvumepipopd g évraong g KA. Zouewva pe
avtd dgyopacte OTL VILAPYEL YOAOELONKOG AVELOS GTO NMAOKO GUGTNUO 0OV TO NAOKO oG
ocbomua Kwveiton pe tayvtnto 20 Km/sec og mpog v £vooaoTpiky VAN, OOV TO HOyVNTIKO
nedio eivan 3uG (Heiles, 1976). Tote 10 poyvntikd medio €xel Hiol ONUOVTIKT] CUVIGTOGH OC

TPOG TO NALKO LLoyVITIKO OimoAO.

GALACTIC
WIN 4 & A

o{l

f |
{o) CLOSED HELIOSPHERE

GALACTIC
WiIN

{b) OPEN HELIOSPRERE

Yympo 8.8 Ilpdtumo khelotng (o) kot avorytig (b) nAdcpaipag

Otav &rovpe Betikd Popeto méAo Tov 'HAlov 0dnyodpacte e avoryti NAOCEOLPO TOL
onuaiver kot’ gubelay €1600Y KOCUIK®OV OKTIVOV O0TOV €vO0oaoTpkd ympo. Tote or KA
EIOYOPOLV KOl 0 WIKPG MAMOYpapikd mAdtn ®ote 1 ddyvon mailel eAdyloto polo o1n
petapopd tovg uExpt T YN (dptiot kuxAor). Avtifeta o apvntikdg Popetog moAoc Tov HAtov

oonyel oe KAelot] MAoOceapa, 6mov ot KA ewsépyovror and 10 lonuepvd eminedo tov
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‘HAwov. H o1dyvon mailer to6te omovdaio poro (meprrtol kOKAOL). AV TO0 QOIVOUEVO NG
OAAOYTG TOMKOTNTOG TOV MALOKOD TOAIKOD LOyVNTIKOD 7Ediov LIepTifETOl GTO PUIVOUEVO
VOTEPNONG, M KOUTOAN VLOTEPNONG KOTA TN OlUPKE €vOG KOKAOL OvOAVETOL o€ OVO
Bpoyyovs. Ot Gve kot kKdte Ppodyyol OvTIGTOWO OVIITPOCMTELOVLY TIS TOPAAANAES Kol
AVTUTOPAAANAEG KATOOTAGELS TG TOMKOTNTOG TOL YoAaSlokod poyvnTikov mediov. Kabmg
Oume N avtiotpodn cvpPaivel yopw amd kdbe niakd péyioto (Babcock, 1961) n uetagpopd
amod ToV Ave oToV KAT® Ppdyxo Kol oviioTpo@o ovopévetor vo cvpPoivel  evolAdE
kéBe 11 ypoévia. Av yopiGOLUE TNV KOUTOAN LOTEPNONG G VO TUNUOTO, OTO NALOKE
eMdiyota £T61 OoTE KOBE KAPTOAN Vo avTioTolKEl o KABe mepiodo Tov apBpov Tov NAEKOL
KOKAOVL, TOTE Ol HOPOCUEVES KOUTOAEG —TEPLYPAMOLY  OVTICTOLYO.  EVPVTEPOVS KO

ot1evoTEPOLS Ppoyyovg (oy. 8.9) .

Cosmic Ray Intensity
—_—

R —

Solar Activity
b
=
0
c
]
=
T ‘ l x
©
o
L
E
w
o
o
Solar Activity

Yyqpe 8.9 Zynupoatikn €£GpNon omd Tov NALNKO KOKAO TV KOUTVAMY VOTEPNONG TNG EVTAOTS
g KA amd v nioxn dpactnpotnta A0ym TG oAAayng Tng TOMKOTNTOG TOV

NAakov poyvntikov wediov [Nagashima and Mosrishita, 1980] .

Ol TapaTNPOVUEVEG KOUTOAES VOTEPNONG TOV TEGGAP®V NAlOKOV KOukAwv (19, 20, 21, 22)
amd ta dedouéva tov Climax Metpntr Netpoviov (2.96 GV) didovtar oto oyfua 8.10. Ot
AVTIGTPOPEG TNG TOAMKOTNTOG At TOPAAANAN GE QVTITOPAAANAN KATAGTOGT TOV LAYV TIKOV
nedlov Kot ovtiotpoea @aivovior kaBoapd. Ot koumdreg meprypdoovyv gvpHTEPOLS KoL

OTEVOTEPOLG PPOYYOVS GTOVG TTEPITTOVS KOl APTIOVG KOKAOLG aVTIGTOLYOL.
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Yyqpo 8.10 Tlopommpodueveg KOUTOAEG LOTEPNONG Yo TOLg KOKAovg 19, 20, 21 ko 22.
Xpnoonoiwvrag dedouévo tov  otabuod Climax [Mavromichalaki et al,
Astrophys. Space Sci. 246, 7, 1997] (P: mopdAinin, A: avtuwapaAnin,
R:avtiotpoon)

8.3 Mawwosig katd Forbush

H peioon xatd Forbush eivar pia Bpoydypovn petaforn tg KA mov avaxeivgdnke
amd tov Forbush kot eivon @awvopevo moykoouiov ypovov (U.T.). Tlopovcidleton pe
andtoun eAdttoon g évraong ™ KA xatd tovddyiotov 5% oe didlotnuo Alyov opodv
péyptl 2 pépeg kot emdvodo oe pepikéc pépec N Poopnddss. ‘Exovv mapatnpnbel peidoeig kot
15-20 %. H emoAiniia pepwcadv pewwoewv Forbush ovopdaleton xatoryida. Eivou
OUVVUQOCUEVEG GLYVO HE HOYVNTIKEG Kotoyideg oAAG Oev elvol OUELLOVOCTHUOVT 1
avtiototyio. Kot ta dvo @avopeva gpeaviCovron 1-2 pépeg Hetd amd po nAokn EKAay.

Eivor @owopevo e&oynuvng mpoélevong o010t ep@avifeTor Kol GTOVG TOAIKOVG
otafpovg. Ot dapopés ogeilovtal OTO KOTOQOAL HOYVNTIKNG OvoKapyiog Kot oTig

OCVLUTTOTIKEG O1ELOVVOELS TV CTAOUDV.
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Yympe 8.11 Tlapdaderypa peimong Forbush amd 19-23 Tavovopiov 1957 oe 4

otafpote. Aiveton emiong 1 opilovTia £VTAoTN TOL YEMUOYVNTIKOD TESIOV.

H peiwon Forbush ogeiletor oe pnyoviopd avéroyo pe tnv 11-etf petoforr. To
payvntikd medio mov eEpPETOL TaywUEVo otov nAakd avepo Bmpakilel poyvnrikd ™ yn kot
o popTicuéva couatiowe g yoraSlokng KA extpémovion mpog ta €. H extpomn elvan
1060 PeyaAvTEPT 060 gvtovoTtepn ival 1 EKTOUT TOL NAaKoV TAdopatos. Eivar avénpévn
Katd 10 péyoto g 11-e100¢ TEPLOG0L TOL NAOV Kt KOTA TIG EKTOKTEG OPUGTNPLOTNTEG TOV
nAov. H dwpopd €ykertar otn ypoviky] OGPKED TOV QOIVOUEVOV KOl OTN YEMUETPIKN

£KTOOT KO LOPPT] TOVG GTO YMPO TOV OCTNHLOTOG.

8.3.1 Hhoxkég eKAAPWYELS KOl ZTEPUNOTIKEG EKTOUTTEG NAL0g

Eivar yvwotd onuepa 0t1 o peiwoelg Forbush oyetiloviar éviova pe tig nioxég
exhapyelc (solar flares). M  nlaxn ékhopyn ocvopPaiver O6tav ekAvetor Eopvikd m
HoyvnTIKY evépyeld Tov €xel ovykevipwbel otnv Mok otpoceoipoa. Tote exdveton

aKTIVOPOAlD GYEdOV G OAO TO MAEKTPOUAYVNTIKO (QAGHO, OO TO POOLOKVUOTO HEYPL TIC
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aKtiveg -X Kot —y. ZoPatidle 0nme Tpotdvia, NAEKTpOvia Kot Bapeic mupniveg Bepuaivovton
KOl ETTOYVVOVTOL GTNV NAWKY atpdcealpa. H evépysia mov exAvetal ivor e 1aéng tov
10%" glsec mov pmopei va pOGoet ko péypt 10% erg/sec. Tvvidac cupPaivovy oe tpia oTédio
OV S1oPKOVV Ao PePIKd devTEPOLETTO HEYPL pia wpa. H ouyvotnTtd Toug cuvdéeton pe tov
EVOEKOETT] KUKAO TOL MAov, kabdcoV o1 evepyéc meployég (active regions) omd Tig omoieg
TapAyovTal, Eivol LKpES Kot AMyeg 6T0 EA(IOTO TNG NAOKNG OpOsTNPLOTNTOC.

Ot oteppotikég ekmopnég nalog (Coronal mass ejections-CMES) eival tepdotieg
TEPLOYES aepiov GUVOESEUEVO HE HOYVNTIKEG YPappES Tov ektoégvoviot and tov 'HAo og
dwpkela pepikav opov. To aéplo Ppiokeror o KaTtdoTaon TAACUOTOS Kol OmOTEAEiTOL
Kuplwg amd vVOPoYOVOo, éva HKPO TOGOCTO NMALOL Kol TOAD HKpES mocdtNTeg PapvTepmv
otoyeiov. Xvvdéovtar ocvyva pe TIc nAokés expnelg kot tig mpoeEoyég (prominence
eruptions) av kot pmopovdv vo cupPovv kol yopic ovTEC TIG dadIKaciec. Xe TEPLOSOVG
péytotng nAaxng opactnpotrag éxovpe 2 pe 3 GMES «dbe pépa, evd oto ehdyioto
nepimov o 6t POopddn KATAGTPEPOLY TN (LGLOAOYIKY] PO TOV TMALNKOD OVEHOL Kol
npokaiovv Owatapoyés ot I'm. Amnd 10 1996, or  yvooeg pog v tig GMES éyouv
eumhovtiofel pe 11g perpnoeg tov LASCO oteppartoypdeov and to SOXO. IMaviog ta
YOPOKTNPLOTIKE TOVG GLUPMVOVV LLE TPOTYOVUEVES TOPATNPNCELS oteppatoypdomv (St. Cyr
et al., ESA SP 415, 103, 1997).

Ot nAokég ekAapyelg mpokalovy HETAROAES TG Padl0aKTIVOPOAING TOV A0V TTOL
ovopalovtor padioegapoelc (radio bursts). Ou padioeEdpoelc ofuepo Katatdocovtal 6g
téooepig tomovg (I, 11, 1L, IV) avdioya pe v cuyvotnTo TOLG Kot SOPKOLV OO HEPLK
devtepOrenta oG Alyo Aemtd. Zyeddv Oleg ot padwoegdpoelg tomov II oyetiCovron pe
oteppotikég ekmounés pdloag. Emiong ot mMoxéc exAdpyel mov  GuvodgvovTal oo
padroe&apoetg Tomov II 1 kar IV oyetiovion pe pewwoeig Forbush. Xta 600 tpita towv anidv
pewwoewv Forbush, ot nlaxég exhapyelg mov Tpokadovv avtég eupavifovrar 600 pe Tpelg
uépeg mpov amd avtég. O Harang (1968) katéinée 0,11 amlég pewvoelg Forbush mapdyovron
amd po povo EKAoyM HECH TNG EKTOUTNG VEPOLS COUATIOIMV.

[dwitepo evolapEpov onuepa amOTEAOVY Ol 1GYLPEG EKAGUWELS TOV KATOYPAPOvVTOL
a6 Toug Metpntéc Netpoviov. Ot ekKAApWELS aVTég dlvouy PeYIAN TPMTOVIKA YEYOVOTO GTNV
TPOYLE TNG YNGS, UEPIKA TOV OTOI®MV KATOYPAPOVTOL GOV OVENGELS TNG EVTAOTG TG KOGUIKNG
axtivoPfoAiag otovg otabpovg peydlov madtovg kot ovoudlovioar GLES. 'Eva mopddetypo
eaivetal oto oynua 8.12. To €roc 2001, péyioto tov MAakod KOKAOL 23, KOTAYPAPT KOV
téooepa yeyovota (15 Ampikiov, 18 Ampidiov, 4 NoguPpiov kar 26 AexeuPpiov). Ta

yeyovota avtd cuvnbmg cuvodevovtal pe peydieg pewdoelg Forbush (oy. 8.12).
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Yruepa N peimon Forbush opiletat oav £va MAOG@APIKO GAVOUEVO TOV
wePAapUPavel LETOPOAES TNG TLKVOTNTOG KOl TNG OVIGOTPOTIOG TV YOAAELOK®Y KOCUIKOV
AKTIVOV TOL TPOKAAOVVTOL OTTO SLAOIOOUEVES OLOTAPOYES TOL NALOKOV OVELOV LEYAANG
KAMpoakog. Atakpivovtor dvo Bactikol THTOL HEIMGEDY

e Mn meplodikég peuvoelg (non-recurrent decreases) mov oQEIAOVTOL GE TOPOSIKA
dtmhavntikd yeyovota oyetilopeva pe CMES and tov nho. IMapovsidlovv pia
Eapvikn €vopén, eOBAvovy 61O HEYIOTO TEPITOL OE Mo UEPQ KOl £XOVV 0L O
OTOOLOKY] ETAVOPOPAL.

o Xmopadikég pewwoelg (recurrent decreases) (Lockwood, J.A. Space Sci. Rev. 12,
658, 1971) mov £€yovv val mo oTadlokn Evapén, ival TO GUUUETPIKES OTO TPOPIA

Ko oxetilovrotl pe NAOKO AVELO HEYAANG TOYOTNTOG.

Iotopikd, OAec ot pkphg TaENg pewboelg ovopdlovton "Mewwoeig Forbush". TIdvtmg
TOALOL EPEVLVNTES XPNCIUOTOLOVV QLTHY TNV EKPPACT LOVO Yo Un TEPLOOKES HeTaBoAEG OV
oyetiCoviot pe Tapodikéc droTapayEs Tov nAtakoy avépov. Eva mapddetypo pog KAUGOIKNG
ueimong Forbush omd tpig Metpntég Netpoviov pe oOpoteg omokpicelg (Deep River,
Kerguelen, Mt. Welligton) kot tomofetnuévovg oto 1610 yemypapikd pnkog divetar oto
oynua 8.14. Tapatnpodue v mapovsio dVO Pnudtwv ( Steps) mov to Tp®dTO eppaviletal
otV TPPDON TEPLOYN TOV TEDIOV TOV dNUIOVPYEITAL TIG® Ao TO PETOTO Kpovong (Shock)
mov dnpovpyel  ypiyopn ekmount] palog (ejecta) oto péco micw omd avtd. Méca otmv
exkmounn ot cvpfaivel emiong po pel®orn TG TLKVOTNTAG TNG KOGUIKNG aKTvoBoiiog
AOY® TG YEOUETPIOG TOV KAEIGTMOV SUVAUIK®OV YPOUUDV.

[ToAMoi epevvnTég TPOSPATA GLVOEOLVY TIC pelmoelc Forbush pe 600 cuvietdoeg, ywpig
OU®G Vo umopovv va dtatvmwBovv Bewpntikd mpdtvma otnpldpeva 6To Yeyovog OTL
VIAPYOLY SVO SLAPOPETIKOL PVOIKOTL UNYOVIGHOT OV TPoKaAoVV Tig pewdoelg Forbush, ommg
TO OMOVPYOVUEVO SOMAVNTIKO HETOTO KPOVOTG Kol 1 dtamAovntiky ekmoun pdloc. H
HEYAANG KAILOKOG OOUN LUOG EKTOUTNG KOL TOL GLVOOEVOUEVOL UETMTOL KPOLONG KOl 1
amdKplon G OlEpyOUEVNS KOOUIKNG akTvoPfoliog divetar oto oynua 8.15. M pukpn
EVEPYNTIKN EKTOUTN OV dev dNUOVPYEL HETOTO KPOHONG TPOKAAEl LOVO HI0G GUVICTMOGOG
EAMATTOOT LUKPYG OldpKELaG KOOMG TEPVAEL TNV EKTOUTT. AVTEC Ol LEUDGELS VOl TTOAD LUKPES
v va wapatnpnfodv oand tovg Metpntéc Netpoviov. Otoav 1o pétomo Kpovong £xovv
HEYOADTEPN £KTOOT OO TNV EKTOUTT €lval SuVATOV VoL S10GYIGOVY TO HETOTO KPOVGNG, ALY

Oyt ™V exmoumy, 6mov epeaviletal yeyovog Adym tov petdnov kKpovong. H exmoumn mOel
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TOV TPONYOVUEVO MALOKO dvepo, cvumiélel kol Oepuaivel owtov Kol ot 1d1eg dVVOUIKES
YPOUUEG TEPITVAYOVTOL YOP® OO TNV EKTOUT. AVTO 001YEL GE OAGVUUETPT dOUN oL Elval
vevbbovvn yoo TNV ooLUUETpio. oTo. pEYEON ko TNV mopovcio pewdoewv Forbush cav

GULVAPTNOT TOV UNKOLG TOV GLVOIELOUEVOL NALOKOD YEYOVOTOG,.

5l[TT'l'I_rTTlT_r_FIII-llIlllllllllIIlll‘!

first slep (shock)

ﬁ second step (ejecta)
E s |
0
e
L
'_
g 3
10 kB
A5
¥ i A CLASSICAL FORBUSH DECREASE 1
op ety NP PP P BN T B TP T

13 14 15 16 17 18 18 20 21
July 1982

Yyqna 8.14 Klooown peimon Forbush 660 Babuidmv

‘Etot ot pewdoeig Forbush g KA mov oyetiCovran pe oteppatikég ekmoumés naloc,
etvat TPV €10®V: AVTEG TOV GLVOOEVOVTAL OO PETMTO KPOVLONG Kol EKTOUTEG PAL0G, AVTEG
OV GLVOOEVOVTOL UOVO OO UETMOTO KPOVONG KOl OUTEC TOL GLVOOEVOVTIOL HOVO oo
exnmounég paloc. H mietovomra (80%) tov anhov peidcewnv peyoidtepov and 4% eival tov
TOmoL péTmmo Kpovong kot ekmoumne palag (Cane H., Space Science Rev. 93, 55, 2000).
Movo moAd evepyntikéc CMES onpuovpyodv pétmona kpovongs, Ta onoio eival apketd 1oyvpd
YL VO TPOKOAODV OVLGLUCTIKEG UEWMGELS TNG KOOUIKNG aktivoBoMag. Toéte ta pétomo
KpOovo™ G ONUovpyodv HeYOLeG aVENCELS EVEPYNTIKOV NAlakdV couatidiov (Solar energetic
particles-SEPS). Ta evepyntikd copotidio amotelodv emPePaioon 6t 1 peioon g KA
TPONADE amd PETOTO KPOVLONG OO CTEUUATIKY] EKTOUM LALAG Kot Oyl amd TEPICTPEPOUEVO

pevpo NAtakoD avEov. Avtol o1 000 THTOL EAaTTOGE®Y gpavilovtal 1101, KaBOTL 01 TOTIKEG
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ovvOnkeg Tov MMoakoL ovéuov elvar 10eg. Tldviog to meprotpepdueva pedpote Oev

TPOKAAOVY HETPNOIUEG ALENCES COUOTOIWV TV and ~ 20 MeV - amu™ otmv 1 AU.

2 SHOCK

SUN

Tyfqua 8.15 Meyding khipakag doun wiag ypryopne ekmounnc (ejecta) kot evog PETOTOL
kpovong (shock) daivovtar dbo dwadpousés pe dapopetikd omoteAéopata. O ypdvog Tov
TEPACUOATOG TOV UETMITOV KPOVOTG dnAdvetal pe S kat ot ypdvol Evapéng Kot AoV Tov

TEPACUATOG TG eKTOUTNG dnAmvovton pe Ty kot Ty,

Avtifeto evepynTKéG OTEUNOTIKEG €KTOUTEG MALOG OGLUVOEOVIOL WE EVEPYNTIKA MALOKA
copatidw (Kahler et al., Proc. 20" ICRC, Moscow, 3. 121, 1987) ko1 n évopEn Tov
yeyovotog cvpfaivel cuvnBmg péca oe pia ®pa amd TV GLVOSELOUEVT NALOKY] EKAapym. H
oxéon tov pewoewv g KA kot tov avénoeov Tov YounAng evépyelog copotdiov ce

téco0peg evépyeteg (~1, ~2.5, >2 GeV) epaivetar oto oyfua 8.16
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Yympo 8.16 Agdopévo copatdiov ce Téooeplg eVEPYEIEG UE OLPOPETIKODS TOTOVG PONG

NAokod avépov. Ot KaTaKOPLEES YPAUUES SNADVOLV TOVG YPOVOLS TV UETMOTMV
Kpovomg Kot ot optdvTieg Tovg ¥povous tev eknoun@v. Ot ehattdoeg g KA ota

aplotepd kot 6eE16 oynpata SnAdvouy Tic dStadpopég A kot B avrtictolya.

8.3.2 Iowtqreg ™ peiwong Forbush

I'evika ot pewwoelg Forbush epeaviCovv Tic mapakdto 110t TES:
1. TIponysitan pikpn peiowon (1-3%) (mpopeiowon) mov cvpPaiver 3-18 pépeg mpv v
KOPLOL PAGT TOL YEYOVOTOG .
2. IIpw m pelwon vrapyet tpoavénon (1-2%) mov mpoépyeton amd v avdxiaon KA oto

ooTikd kopa tov HA.
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3. H avédinyn axolovBei exBetikn popen, eviote gvbeia
Allt)=Ale™

omov Al(t) n pelwon oe ypovo t Al, peiwon oe ypovo 0 ko r otabepd ypodHVoL
avaAnyems. Toybtepn avdAnymn £xovv To QOIVOUEVO e UEYOAO KP TOL TPOEPYOVTOL
amd ekAAUYELS TANGiov Tov Kevrpkol peonuPpvov Tov NAov. Yrdpyovv emiong
Qowvopeva e ypodvo avainyng r—»oo.

4.  To péyeboc g peimwong Forbush e€aptdror and ™ @don tov NAakoD KOKAOV.

5. Ot otafBuol mov aviyvebovy GOUATIL HIKPNG EVEPYEWNG TOPOLGLALOLV UEYUAVTEPT
peimon o péyebog Kot dtapreta.

6. Ymhpyovv pewdoelg Forbush mov emavolopfdavovror petd amd 27-puépec. (Fd ex

TEPLOTPOPTG).

8.3.3 Mnyoaviopoi Tov perdoemv Forbush

a) [péTomo payvnTikig erding

Katd tov Dorman kot tov Gold 1 diapopd peta&d tov peivcewv Forbush ogeileton
oToV 01dpopo TpoOTo 6oL N YN PpiokeTon pEca ot SEGUN TOV NAOKOD TAACUOTOS KO OTN|
SPOPA TOV TOYVTATOV TOL NAAKOD OVELOL TTOV LETAPEPEL TAYOUEVO TO poyvnTikd medio. H
petafoln g évtaong tov KA efaptdrol amd v eK0oTOTE MUKPITEPT AMOGTAGT TNG YNG
amd 10 mAnolEéotepo yethog g déoung. 'Etol copoatidio pukpng poyvntikng dvokapyiog
eumodifovion va €16éA00VV 6T YADGGO TOL NALOKOD OVELOL, EVA TTAYIOELOVTOL GOUOTIOW
NAOKNG TPOEAELONG OO TIG OLVOLUKES YPOUUEG TNG YAMGOAS. AV Ol SLUVOLIKEG YPOLIES
ntav teheimg Kovovikég, copatidi HiKpng evépyswog ogv Ba mepvodoov kaBoOAov ©TO
E0MTEPIKO TNG PLAANG, 0ALL AOY® OVOUOMOV TOVL eSOV oKeEIALOVTOL LE OMOTEAEGLO VO
E10EPYOVTOL LEPTKA.

H eldyiot kou n péyrotn dvokapyio mov mpémel va £xouyv copatiow Tov ehdvovy ot vn
etvan
~300M 1 300M

TR T Ga) R

6mov Re n amdoToon ™G NG 0o TO KEVIPO TOL dimoAov.

P
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HAICZ

Yyfqna 8.17 TIpdétomo ¢ @dAng tov Gold 6mov @aivetal | avakiaon tov yola&lokdv

COUOTIOI®V Kol 1 TayidELoT TOV NAOKNG TPOEAEVONG COUATIOIMV.

B) lpoTLVTO MOTIKOV KOPATOG

Katd v andtoun extévmon tov NAeKoy GTEUNATOG LETE amd [ NAOKY EKAQUY
onpovpyeitar éva KOHO GEAPIKO OV OadIdETAL OKTIVIKA GTO SAmAovVNTIKO Ydpo. TotE
Eyovpe avénon mg alipovBlokng GLVIGTMOGOS TOV HOYVNTIKOV TTediov Tow amd TO0 HETOTO
Kpovoems. Avti M petafoln dnuovpyel éva kouPo (link) oe kdbe dvvapukr ypouur tov
payvntuob wediov. H mapovsio Tov 1oyvpovd payvntikod tediov Bmpoakilel T0 e0TEPIKO NG
opaipag, 00Tt ot dvvapukés Ypopupués sivor oyxeddv mapdAAnior TPog TV EMPAVEIR NG
oQOIPOG KOl GUVETMG OVOKAODV T OpTIcHEVH copatiown g KA mpog ta £ ywoti ogv
UTopovV vo TEPACOVY KAOETA OTIC OLVOLIKES YPOUUES KOl ETOUEVEOS OVOKAMVTIOL E
amotéAeG Lo, T dnuovpyia pog petwoewg Forbush.

Avdroya Tov TPOTOL PETABOANG TNG TOOTNTOS TOL NALKOD AVELOL GUVOPTHOEL TOL YPOVOV
EYOVUE OLAPOPEG HOPPEG WOTIKAOV KLUAT®V. XVUVNOME TO KOVOVIKO GTEIPOEOES UAYVNTIKO
nedio ovpméletor omd T0 WOTIKG KOpa Katd déka @opés. ‘Etor epmodilel onpaviikd v
€l60d0 KA oy 6miebev tov kdpatog meproyn. O Adyog tov mukvotntov g KA evidc ko

EKTOC TOV KEADPOLG TOL MGTIKOV KOUOTOS Elvar
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N’ 1N mokvotnTa. evtdg KoL 1 1 TUKVOTNTO €KTOC TNG eKTOVOVUEVNC Tepoyne, T mapdywv
CLUTEGEMG, V TODTNTA TOL MOTIKOD KOLLOTOG V TOVTNTO COUATOIOV (V=C).

H mopauerpoc mapapdpewong A=Mg(a)/kT(a) eoptdtar amd v evépysia Ady®
BapOtnrag Kot T Beppuxn evépysta (oy. 8.18).

Yympo 8.18 [Topapdpemor Tov SLTAVNTIKOD LoyvnTikoy Tediov yio TPELS 016.popec TIUEG TG
napapétpov A [Parker, 1963].
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8.4 27-fuepn owpdpemon

H 27-pepn dwpdpemon ogeiletor oty 27-npepn oLvodlky] TePiodo Tov NAOV CE
oxéon pe ™ yn. To E.M.IL. mepiotpépeton pe tov MAo kot emedn oev €xel alipovbiakm
ootpomia M yn PpiokeTan oe mEPLOYEC Le HETABaAAOUEVES LETA TOV allovBiov 1010TNTEG TOV
poyvntikol mediov pe amotéleoua petofoin g entysiag KA. Zav mnyég €xel dpaoctnpieg
TEPLOYEC TOL NAOL (HOVOTOMKES HayvnTIKEG TEPLoy€g) mov €xovv ypoévo (ong moAv
LEYOADTEPO TNG GLVOOIKNG TEPLOOOL TOL MAOVL, OTOTE Ol 101eC UAYVNTIKESG CLVOTKEG
07O JmAVNTIKO dtdotnuo epgaviovtol pe meprodikdmra 27-nuepdv. Avtd coppaivel o

NPEUES TEPLOYES TOV NALOV TTOL GTEPOVVTOL OO EKTOKTY dPAGTNPLOTNTA.

. N=0
Preceding Days,V=-n | Following Days, NV=+n
|II1II|IIIIII llllll}lllll![llllll YIYYII{IIIIIIIITIIH‘llllll FTTTTY
) ; %l :
2.0E |Intensity Higher than Average . ' ! 3
- - 9 " N 9 SInTensnTy Lower than Average 3
] = y N 5 o S -
S1sE | INTYN k_\}/ y 3
L = L / - i VA : ( \ 3
ik |/ 4 B R ]
&E $ Difference =High-Low 3
30.5; 3
3 F ]
u,0.0: 3
& = | 3
c — i 3
= 05F ]
- ’ E
Ll rdeeeer Jyreynp byt fgrrnatiorrars Ly ity II“H'IIHII

-140 -112 -84 -56 -28 0 28 56 84 112 140
Days from Selected High and Low Days

Yyqpo 8.19 MéOodoc g vépHeong meptddmV yio TN HUEAETN ETOVAAAUPOVOUEVOV QUIVOUEV®V.

To mAdtog KOpavong g 27-nuépov petafoing ivor ~5%. [oAréc popég dpmg
durhacialeTot.
Mua tomikn| 27-uepn petafoAr mov ompkece 18 cuvodikég mepLodovg TapoTnpnOnKe

amo6 27 Avyovotov 1962 — 25 Askepfpiov 1963.
INo v avéivon ypnoponoteitor  péBodog g vaépbeong emoydv (Superposed

epochs 1| Chree analysis), n uébodog tng avtocvoyétiong (autocorrelation), Tg poacuatikig

avéivong k.A.w. (o). 8.19).
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8.5 Hpeprow avicootpomia

Ao 1o 1938 €xer avaeepBel n vmapén evdg peyiotov oy €viaon g KA katd tig
TPAOTEG OMOYEVUATIVEC DPEG. XTNV OPYN VIAPYE OVYYLON UE TOVG HUETEMPOAOYIKOVS
napayovieg. H idpvon Oumg tov diktvov Metpntdv Netpoviov kot GAA®V HETPNTOV
VIOYEl®V, OTMG EMIONG KOl Ol LETPNOEIS TOV SlGTHTOS Pondncav otnv Kotovonorn g
eVoNg avtg ™ petofoing. Eivar petaporn meprodikotnrog 24 hr. Eivar petafoin tomikod
xpovov. EEGyovpe cuumepdopota Yoo TNV ovVicoTpomia TG TpmToyevovg KA amd v omoia
nponABe n nuepnoa petafoir ot yn. H avicotporia €xet petafAntd yopoktmpo kot to
HEGA ETNOLN YOPOKTNPIOTIKA TAPOLSLALOVY EVTLTMGIOKT GVGYETION e ToV 11-£11) KOKAO.

To péco mAdrog tng nuepnowg avicotporiag eivar 0.4 % wo pmopel va pBacel To
1.5%. H d1evbvvon g péyiotg évraong givar n 1800hr og mpog ™ ypoupn yng-niiov. To
onepoedég MII mepiotpépetonr yOpw oamd v NAo cav €va cOUHO LE OVTOV Kol £TGL
avVoTOPAoGEL TO 0EPLO TOV 160TPOTIKOYV KA pe o taydtnto Hepkov ekotoviadwv km/sec.
E@’ 6cov n taydmmra avt sivor peyordtepn amd v toydnTo Kivnong g yne, n €vtaon
and v devdvvon 90° A g ypapung I'mg-Hhiov givon avénuévn. (oy. 8-20)

H nuepnowo petafoin mapiotdvetot pe €vo GvuGHa UNKOLS 0VOAOYOL TPOG TO TAATOG
kol dtevBuvopevo mpog ™ O1evBuvon ¢ péylomg évraons. Avtd 1o VUGN TOPIGTAVEL

OVIGOTPOTLOL YMDPOVL.

T T T T T LI T T T T

040 r

0.30
020

010

o——
|
'
-010F | .
-020F | A
m :
-030+ | .
i
L

-040 ' -
60° 120° 180° 240° 300°
T Tl T ol W
0400 0800 1200 1600 2000 2400
Hour, Local Time

Deviation of Intensity from Daily Mean & N(f)/iv_ in Percent

Yynpo 8.20 Zynuotikn TOPACTOON TOV Yypo 8.21 24-opmv petaforn g EvViaong
UNYOVIGUOD TTOL TAPAYEL TIV NALOKY| NG KOGIKNG aKTIVOPOAOG.

nuepnoe PETOPOAN.
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Y& wo ovdAvon koatd Fourier m mpmdTn apuovikni eivor M muepnota, M OvTEPT
OPLOVIKY Elvar n Mumuepnotla kot TeEAevTaio £El TopaTnpnOEl Kot TpINUEPTIOLO GUVIGTOGO

H andéxiion g pong amd tn péon nuepnota Tiun o€ xpovo t Bewpeitor petafint kot
dtveton amd v e&icmwon).

AN(t)=acost+sint

omov t o€ poipeg ko a, b cuvtedestéc Fourier mpdg taéne. H e&icmon petaoynuariCeton

AN(t)= Asin(t +¢)
omova=Asing xou b=Bcose
‘Etot 10 AN(1) maipvetl ™) péytot tiun A o€ xpovo ty émov (tyt+e)=n/2. 1o oynua eaivetor n
OPLOVIKT OTEIKOVIOT| TNG NUEPNOLOG LETAPOANG 6€ mporoyloko dudypapo (clock diagram)

dtvetan oto oyfua 8.22.

24%0 hr. 16 17 18
° A} T T
= ZaE E
7 L Dec1958 o
- ‘ R Diurnal Variation
& b\f B Summation - Dial
I N\ Churchill
/ a A \€ 4
1800 hr | i g%(zom.
oo b | Dec.1965
\‘
\
\ | / — I6Y
N ; P 14h - 1asy
S
180°
1200hr 19
13k Radial Scale
0 o4 -
12+ Jon,GSj
Jo
LA >
T 10

Yympo 8.22 ApUovikn amelkovVioT TG Yyqpo 8.23  IMopdderyuo anelkoviceme g
NUEPNOG UETAPOATG. NuePNoLag LETAPOANG yio KGOE

unva tov étovg 1965.

Ta avdopata e nuepnoag HETafoANg mopioTavtol Ypaptkd pe 500 TpdTovs:
a) H apyn tov avdcopatog g nuepnota petafoing me KA ya éva xpovikd dtdotnpa Eekivd
amd 10 TEAOG TOV OVOGHOTOG TOL TPOTNYOLHEVOD Ypovikoy dwnothnuatog (vector addition

diagram) (oy. 8.23)
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B) Ta ovocpata €yovv v apyn Tovg o€ éva otabepd onueio evog ®Poroylokov

LY PAUIOTOC OTTOTE TOL AKPA TOVS SIVOLV TNV EVIVTTOOT £VOG VEPOLS onpeiov (oy. 8.24).

22 0
\ AY T ¢ Za 7
20k Swarthmore Diurnal Variation 44
1965 Harmonic - Dial
L . .
¢ . e ® g « Radial Scale
. g Jisg 18 2 [ g g
oy . 0 04 02 03%
18k o. ..'. r':_..-. lued ‘_._.__. . 46
. 38Ty ' S L,
(X3 ° ..' Y3 o} S . "
. e ?“ L "‘f:-‘ ce *
. 5""*§¢.- » Ji!&i.. “, o . J
L o ® L] ° :ﬁ. ’:?é. *d ] .
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¢ N o 0 .o . .“. .o o - .'
* * Y * - ':'. 0 o
. I} ” . . \
16 . = . 8
L =& 1 e L] S
14 12

Yymno 8.24

Avicpota nuePNoLag LETAPOANG OpIGHEVAOY NUEP®Y 6To £T0G 1965. To Péhog

delyvel v péon eTo1a TN T LETAPOANC.

NEUTRONS
30 %

MESONS

30 %

Yympo 8.25 TIoAKd 10TOYPOLLLA TG KOTAVOUNG TOL Xpdvov TG UEYISTNG (Tmax) Kot TG

elayotg (Thin) évtaong yia 1o otafud o) TV vetpoviov kot B) Tov pecovimv Tov

Deep River ( Kavodag).
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Tn péon nuepniolo LETAPOAN UTOPOVLE VO TOPACTHGOVUE EMIONG HE TO YPOVO TNG
péytotng évraong (Tmax) kot g eddyiog évtaons (Tmin) ™ KA og kd0e pépa. 'Etot £govpe
TNV KOTAVOU TOV TNYGV 1 TOV “KataBoOpwv ” oTig dtdpopeg dievbivoelc. (oy. 8.25).

‘Eva evolagépov gatvopevo gtvatl 1 avEnom 1ov TAATOVS Kol GLYXPOVMG 1 LETOTOTION
™G edong emi oelpd MUEP®Y KATA TN OLIPKELDL TOCO JOTUPAYUEVOV OGO KOl NOLY®OV
neplodwv (large amplitude wave trains) (oy. 8.26).

AlGpopotl epeuvnTéc €xovv cuumepdvel OTL KOTA TN OGPKELD KVUOTIKOV TPOivev
UEYAAOVL UNKOVE 1 avicoTpomior Umopel va TpoéABel amd aENGELS 1] EMATTIOCELS TNG EVTOOTG
mg KA xatd t péon dievbuvorn tov mediov kot koatd T Oievbuvorn ek TEPIGTPOPTNG.

3

Tehevtaio deiybnke OTL pmopovdue vo €xovue “myés” M “xoatafobdpec” KA kot oe GAAeg
devBvvoeric, 6mmg tov 10.00 hr kon 4.00 hr avtictoyo.

H Bewpia petapopds-didyvong onmg £xet enektabel onpepa kKot ot1g yoraSakés KA diver pia
KOVOTONTIKY €ENYNOT OTIG LETAPOAEG Kot TN TOKIALL TOV YPOVOV TNG LEYIGTNG EVTOONG TG
avénpévng nuepnotag avicotponiag. To dvoopa g didyvong akoAovdel T devbvvon Tov
avoopatog Tov MII 610 eninedo g ekAemTIKNG, eKTOG 0md TIC NUEPES OV YapaKkTnpilovtan
and oAlayn poyvnTik@v Topémv. Awtnpel palota ) dievbvvon g 21.00 hr (anti-garden
hose direction) kot 6tav to payvntikd medio aAlaler molkotntoa. H petatomion tov ypovov
™G HEYLOTNG EVTOONC TNG NUEPNOLOG OVIGOTPOTIOG TPOG UIKPATEPEG MPEG Umopel va TpoEADet
elte and v adEnon tov avOCUATOG UETAPOPAS €ite amd TNV €AATTMOOY TOV OVOGLOTOG

dudyvong (oy. 8.27).

8.6 Hpwmpepnowo petafoin

Eivaw petaporry mepodikdmrag 12 hr. Asv éxer amoderyfel mAnpwg 1 eEmynqvn

TPOEAEVOT).

Ta xuprdtepa yapaktnplotikd g eivol:

a) To emolo mAATOG TNG MUEPNOWG OVIGOTPOTIOG OTOV  OMAAVITIKO YMOPO &lvan
0.11+0.02% pe péyioto ) devbvvon g 3.00 hr mov sivon kdBetn ot devBuvom ToV
péoov avoopatog tov EMIL.

B) To mhdtog kot 1 edon g eivor ypovikd aveEapTnTec.

y) H avicotporio e€optdror and ™ poyvntikny dvokopyio katd to véuo R démov y o

evepyelakog ekBéc pe tyég 1.0£0.1. H mapoatnpodpevn nUinpepnolo GUVIGTOGH GTOVG
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Tyfqua 8.26 Kvupatikd tpaiva pe peydlo kot pikpd nuepnotla madtn [Mathews et al., 1969]

T os

r

Bxy
00

Yynpo 8.27 Toumikd mopddery o e TapatnpoOUEVTIC NUEPTOIG avicoTpomiag (O) , TNG
VICOTPOTIOG A0 LETAPOPA (J¢) KOl TNG avVISOTpomiag amd oudyvon (Oq) yio pio
toyaio nuépa. Emiong divetot kot o dvoouo tov payvntikod nediov (B ) oto

EMMES0 TN EKAEIMTIKNG.
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0)

onpepvodg otafuotc Ba sivor peyoddtepn amd TNV TOPATNPOVUEVT] GTOVG GTAOIOVG
YnAol Kot HEGOV TAATOVG.

To mAdtog g avicotpormiag e&aptdTon amd TO cos’A, 6mov n>2 kar A 10 HéGO
ACLUMTOTIKO TAATOG Tov otabuod. Ta mepapatikd dedopévo Oetyvouv o oo

eEdptnon amod 10 cos?A.

€) Ol TEPAPATIKES TAPOUTNPNOELS OELYVOLV OTL VTLAPYEL £VAL AVED OPLO LAYVNTIKNG SOLuoKAUYiog

Rmax Tépav tov omoiov ta copatidwn dev deiyvovv nuiuepnota avicotpomnio. Ot Rao kot

Agrawal vroloyilovv 01t givot Pmax =200 GV yio 1o 1966.

0.01 .

®dopo loxveg (avHaLpETES NOVADES)
5

() 1 2 3

Tuxvétnta — (c1p./uépa)

Tyqpno 8.28  dacpatikn availvon g EVTOoTg TOV KOoUIKGV aktivov tov Deep River yuo

10 £10g 1964. O1 600 KOPLPEG AVTIGTOLYOVV GTNV MLEPNGLOL KO T|LUNLEPTOLOL

UETOPOAN.

H nummuepnota petaforn mpoépyetatl and po fabpidoo TukvoTiTOV TV COUATIOIMV

6’ éva emimedo KdAOeto o©TO emimedo G exkiewmtikng. Omdte €vag emiyelog UETPNTNG

couaT©ioV Tov Kortalel Katd PNKog TV dvvapukdv ypoupov tov EMIT (garden-hose

direction) petpd pon YOPOKTINPIOTIKA TOL IONUEPIVOL EMTESOV TOV NMAOL. Avtifeta o

HETPNTNG oL KoTdlel o devbuvon KABETO TPo TO UAYVNTIKO TTEdI0 HETPA COUATIO TOL

@BAvouv amd ynAotepa NAOYPaPIKd TAATN. AVTE LEIoTAVTOL LIKPATEPT] SLOUOPPMOT) OO TO.

234



COUATLO TOV IOTUEPIVOD EMTESOV TOV NALOV AGY® TNG OTEPOEOOVS LOPPNG TOV LYV TIKOD
nediov. Oco peyoddtepn eivor n evEpYELD TOV GOUATIOIMV, TOGO HEYOAVTEPO TO NALOYPAPLKO
TAATOG TTOV TPOEPYOVTOL. LVVERMC N BeTikn Pabuida mukvotntag tov KA pe to av&avouevo
NMOYPaPIKO TAATOG divel Eva NUINUEPNOLO HEYIOTO [e dlevbuvon kdBetn ot dievbuvon tov
E.MLI1. Avto mpokvmtel and to 4Tt M YN Kabdg meploTpépetar mepi Tov dEova g Katd T
duapkela pag puépag petpd v évraor e KA 600 @opég katd unkog kot 000 opég kabeta

7POgG TN d1evhuVoT TOL HoyVNTIKOU TTEdiov.
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IMAPAPTHMA

ITPOI'NQXH AIAXTHMIKOY KAIPOY ME TO ITAT'KOXMIO AIKTYO
METPHTQN NETPONIQN TOY INANEIIIXTHMIOY THX AOHNAX

EIZAT'QI'H

And tov NoéuPpro tov €tovg 2000
Aertovpyel  oto  Ilavemotiuio g
ABMvag  ovyypovog oTabrdc cuveyoig

KOTAUETPNONG ™me 0OPOVIKNG
GLVIOTMOCOG ™mg KOGUIKNG
aKTvoPoMaG  TapEyoviag OEOOUEVA

“mpaypatikov ypovov” (real-time) oto
Awdiktvo  (http://cosray.phys.uoa.gr).
Ot LETPNOELG TOV ota0poh
eneEepydlovion  owTOMATO  UE TN
Bonbe  €101KOL  AOYyloUIKOD KOt
aAyopiBumv Kot amoKTovV KOTAAANAN
popen kKot ocoppotdémro  pE  TO
dedopéva GAAOV otafumy, £Tol OOTE Vo,
GUVEKTIUOVTOL  OTNV  Tpoomddeia
TPOYVOONG TOVL YivETOl GE TOYKOGLLO
eninedo. H dwokprtiky] wavdémta tov
petpioewv tov otafpov g ABnvag
glvor  péypt  evdg  devTEPOAETTOUL,
povadlkn  oe  moykOGHo  KAIpOKOL.
[Ipoécpata o otabuoc g Adnvag £yve
t0 kévipo tov llaykoopiov Awktoov
Metpntoov  Netpoviov  “Tpoypotikon
xpOVoL” oe cuvepyacio pe TV opdoa
KOGUIKNG aKTvoPoAiog TOV
[otwvtodtov  I'Mwov  Mayvnticpov,
lovospapag Ko Padioxopdrov
(IZMIRAN) t¢ Poowrg Axadnuiog
Emotuov. Xtov kevipikd Server tov
otafpov g AbMvag kateBaivouv Kabe
5min ta, dedopéva ikoot éva otabudv
Katovepunuévov o OAn ) I'm, pe myv
TpoonTikn vo emektafel oe GAOVS TOVG
otafuovg “mpaypatikov ypdvov”. O
SlopKAOG avEavopevog apliuog otadumv
"TpayPLaTikov ypoévov” (TovAdyiotov 25
onuepa) amotelel po TOAD KA Bdon
Yo TV Agttovpyic avToH TOV SIKTHOV.

To oiktvo pmopel va ypnoyomomBOel
cav €vo moAvkatevduvopevo cHGTN U
nhvo ot I'm yu Tov Ttpocdiopiopd g
évapéng  tov  emiyeiov  peydawv

EMOVENCEWMV TNG EVTOONG TNG KOGUIKNG
EAévn Xprotomoviov-Mavpopiyoidxn

Av. k0. Tpiqp. ®voucig Mavemotnpiov Adqvag
Yrev0vvn Tov Xtafpod Koopkig Aktivoforiog

axtvoBoAiiag (GLES) kot g Gueong
TpOPAeEYMG ™G APIENG SOmAOVITIKNG
dwrapayns. Efvor  povadikd kot
TPOTOTOPLOKO Kot Oivel o KoAn
gukopio Yo TPOYVOON ™m¢
emKivouvng pong copatdiov ond v
nAoxn Kol STAOVN TIKY)
dOpaoTNPOTNTA UECH TOV KOGUK®OV
OKTIVOV OV  UETAPEPOVYV  YPNOULES
TAnpoeopiec. Ot epaproyES TOV EYovV
oKOmO TNV TPOPAEYN  HAYVNTIKOV
Katoylidmv Tov AlGTNUKoD Kopov
OV £YOVV EMTTAOCELS GTO SOPLVPOPIKE
Kot emiyglol TEYVOAOYIKO GULGTHLLOTO
Kot otnv avOpomivn {on kot vyeio.

OI KOXMIKEX AKTINEX

Q¢ yvootd n I'm etvan Pubiopévn oe
éva eoupetikd Aemtd  ‘Aovtpd’  amd
QOPTICUEVE. COUOTION TOAD VYNAGDV
EVEPYEL®Y, TOL AEYOVTOL KOGUIKEG
axtives. Ta meplocodtepo copatiow
£€PYOVTAL GTO MAKO HOG GUCTNHO OO
10 Tara&io, Omov MAOKES exAdpyElS
Kol GAAES SLoTaPOYES KIVOVLEVES LE TOV
NAMokd GVEHO €VEPYOTTOLOUV COUOTIOWL
oty Owdpouny TovG. Ot KOGUHIKEG
aKTiveg Tov maPAyovToL Amd TO NAKO
cuoTNUO  amoTEAOVV TV KOploL
cuvelopopd Kovtd ot I'm. Av xou 10
yNnwvo payvnTikd medio dpa cav Vg
Bopakag mov avakAd OAo To. YPNyopd
cOHOTIOW, — aKOpO KOl YOUNADV
gvepyel®v  copotiow  @Bavouv  og
Heyolo mAGTN OTIC TOMKEG TEPLOYEGS,
OmoOv TO YN0  HOYVNTIKO  Tedio
cuvoéetar pe to  Swmiavntikd. Ta
TAEOV gvePYNTIKA copatiow @Oavouy
ot0 eminedo tv vepav (10 km vyoc)
OmoL MOPOVV 6TOV EENAEKTPIGUO TOVC,


http://cosray.phys.uoa.gr/

Cosmic Ray
Energy Spectrum
at Earth orbit
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Window
opened by

Intensity of Cosmic Rays

Eiwx. 1. Evepyeioxn meproyn twv Aopopdpwv ka
v Metpntwv Netpoviov yio v kotoypopn
G KOOUIKNG axTivofoliog

eved pepwkd dAlo @Bdvovv Kot GTO
£€00pog M OMovpyodV devuTEPOYEVT
HEGO GTNV ATULOGPALPQL.

Ot emotmpoveg onuepa deiyvouv éva
eEapeTikd EVOLUPEPOV OTIG KOOUIKES
axtiveg Yo ToAAOVG AOYouc. Tomg yia
TAPASELY LD, EMEWON 1| TPOEAEVCT| TOVG
elvar dyvootn, emedn ovaKaAHeonKoy
AOY® TOL 10VIGHOV TTOV TOPEYOVV GTNV
aTHOGPALPO, EMEWN TAPOLSLALOVY €val
eEapeTik@  €upy  TEdIO  EVEPYELNKOV
QAGLOTOG (10°-10%e¢V) 10 omoio
emrpénel  otovg  Duvoikovg  va
UEAETNCOVY  SLAPOPO  ETICTNUOVIKA
nedion TOV OEV EPELVAOVIOL HE AAAOVLG
pomovg. O NMAog  SlopopeOVEL
(modulate) éva onuoavtikd PEPOS VTMOV
TOV QAYVOOTNG TPOEAELONG  LYNADV

EVEPYELOV COUATIOIOV (galactic
cosmic-rays), &v® MMOKEG KOOUIKEG
OKTIVEG (solar cosmic-rays) mov

TPOEPYOVTOL OO TN YPOUOGPULPO KO
oyetilovion pe TG NAMOKEG EKAAUYELS,
emdpodv o Im «xor  mpoxorodv
HETOPOAEG GTOV KOUPO SNUIOLPYDVTOG
TOVG YVOGTONG KOTOLYIGLOVG
ocopatidiov (cosmic-ray showers).

O Metpntég Netpoviov givan emiygion
otafuol mov Kataypdeovv pHeTAPOAEG
MG  KOOWIKNG  aktwvoPfoAiiog otnv
TMEPLOYN TOV TPWOTOYEVOLS (PAGHOTOG
TOV KOGUK®OV axtivov arnd 500 MeV
uéxpt 20 GeV. H evepyeioxm meploym

tov Metpntov Netpoviov apyiler and
TO GV OPLO EVEPYELNG TV OVLYVELTMDV

Cosmic Ray Neutron Monitors, 2000

Turku Apatity

Cape Thite

SR X Mf Washington
y  Durham

7
mmq———ﬂwm T
AthensZesiz /Neﬁ-—*&unmn 1o

constant vertical cutoff McMurdo

K.R.Pyle
rigidity (Labelled in GV) South Pole

Ewx. 2. llayxdouio Aiktvo Metpntav Netpoviwy

KOGLUKNG OKTWVOPBOAlOG 7OV VTAPYOLV
otovg dopvpdpovg (Ewdva 1). Me 10
HeYOLo pLOUO KOTAUETPNONG TOV £XOVV
Kol TNV UEYOAN evepyd  emQAvVELN
(nepwcd  teTp. pETPO) UmOpovV  va
HETPOVV KOl pKphg  KAMpokog
HeTABOAEG NG KOGWIKNG aKTVOPoAlag
€101KA OTav avTég givon avicdtpones. To
TUNUO. 0VTO TOL KOCUIKOU (QAGHOTOG
mov EB&vel oty atpodseapa g Img
OLOHOPPOVETOL OO TO YEMUOYVITIKO
KatOEAl  dvokapyiog, mov molkiAdet
and undév GV  otovg  payvntikovg
morovg péxpt 15GV otig 1omuepivég
TEPLOYEG.

To Toykdéopo diktvo Metpntdv
Netpoviov  mov amoteheitar amd 60
nepinrov  (Ewova  2)  otabuotg
Katavepunuévong o€ OAn t I'm pe
LETPNOES Y YpPOVIKO  ddoTnuo
onuepa avo tov 50 etdv elvor éva
woyvpd  OlyveoTiKO  gpyadieio  TOL
QACUATOC TOV KOOUIKOV OKTIVOV OTIC
YOUNAEG TPOTOYEVEIG EVEPYELES, TOL
YPNOWOTOlEl TO YNIVO HoryvnTikd medio
cov  QacuoTopeTpo.  Metpntég  pe
peydro KOTOKOPLPO KOTOOAL
dvokapyiog, Omwg o  Metpnig
Netpoviov tov TMav/piov g Adnvog
glvar Alyor kot oAV YpNoHOL ylo TN
perétn  tov  Awomnukod  Kaipov
(Simpson, 2000), omwg ovoudletan
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onuepa.  n  Metewporoyia  TOL

Awotpotoc.

METPHTHX NETPONIQN THX
AOHNAX

O otafuog KOGUKNG
axtwvoBoAiag tov IMavemomuiov tng
Abfvag  umke og  Agrtovpyio. TO
Noépuppro tov 2000 perd amd moAAL
xpévio  SloKomnG. 0 oTaOpdC
petapépOnke omv [Havemotnpiovmoin
g ABNvoc, emektdbnke og €6l KavaAln
Kol AEITOVPYNGE LE TNV O GUYYPOVN
TEYVOLOYIDL YAPLG OTIC GLVIOVICUEVEG
TPooTadelee TV  OUAd®MV  KOGUIKNG
axtwvoPoriag tov Touéa IMupnvikng
duowmng Kot ZTorElmomv ZmUoatidinv
TOL Tunpotog dvokng TOL

[Movemotpiov g Anvag ( EY Av.
kaf. E. Movpopyardkn) Kot TOL
[otwvtodtov  I'Mwov  Mayvnticpov,
Iovoocpaipag kot Padtoxvpdtov g
Pooume Axadnuiog Emomuov (Drs
V. Yanke, A. Belov, E. Eroshenko)
(Ewova 3).

Ewx. 3. Awudtio epyociosc  tov Ztabuod g
ABnvag. Mokpivovior ot Pioor ovvepydtes uog
Drs. A. Belov kaz V. Yanke

O otafuog avtdg ocvvoédnke pe 1o
IMayxoouo Aiktvo Metpntav
Netpoviov pe  mapoyr “real-time”
O0edoUEVmVY, €TOL MOTE VO EKTTANPDOVEL
Oheg TG oUyYpoveG  OMOLTNGELG
TopoVCiaonG 0E00UEVOV KOl Vo glvart
€0UKOAN KOl GLEST M YPNON TOVS GTOVG
Olpopovg KAAOOLG TG AGTNUKNG
£pevuvoc.

O véog o©TOOUOG KOGHIKNG
axtwvoPoAiag elvar tomoBetnuévoc oe
E0IKA  KOTOOKEVOOUEVO YMPO  OTNV
opopn tov Ktipiov Dvowng oy
[Movemotovmoln  tov EBvikov ko
Koamodiotprakot [Movemotnpiov
ABnvov oe vyog 260m mdve amd v
emedveln ¢ 0diaccag (Ewdva 4)

"Exetl kataKOpueo KOTOOAL Loy VI TIKNG

Ewc. 4. 2taBuds koouixng Axtivofolios oro
xtipio Puoikng tov Hovemiotnuiov AGnvav

dvokapyiog  8.53GV kot elvan
Hovadkog oTNV  TWEPLOYN]  TOV
BoAkaviov kot g AVOTOAIKNG
Meooyeiov Odracoas. To aviyveutkd
ocvotuo  omotedeiton omd €61
avoAoywKovg amapuntég tomov BP28
Chalk River Canada mov mepiéyovv BF3
EUTAOVTICUEVO  HE TO  16OTOTO BY
(Ewova 5). Ta vetpdvia mepvovv amd

Ewc. 5. H aviyvevukn didroln tov otalduov g
ABnvag.

mAbkeg  moivoBuAieviov kol - €101KN

poAvPotvn Bwpdkion mov petpldlel Tig
EVEPYELES TOVG. XT1 GLVEXELD OVTLOPOHV
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pe  tpupboprovyo  Poplo, divovrtag
omyepuévo ABo kot coudtio-o. H
KATOYPAPT] TOV COUATIOV-0. 00 TOVG
amoplOuntég  divet T pon  TOV
vetpoviov (Ewova 6). Mo Aemtopepng
UEAETN TV UETABOADV TNG KOGLUKNG
aKTWVOPOAlRG Kol TV GLVONKAOV TOL
AlGTNUIKOD KopoL omortel chykpion
TV 0edOUEVAOV €VOG aplBpod oTabUdV
peydanc ovokapyioc pe eSopeTIKNG
mowdntog dedopéva. O otabpds g

¥

E, = 147 MaB
fuaama

; ; (94%)

3 N

o @ ) @ i)

WDB g

*oew
reee

i
t~10"2 cex

E,;= 084 MaB

Ewc. 6. Avtidpaon kotaypogns twv vetpoviwmv
0ToVG OTOPIOUNTES TOV 0TABUO0D

Anvag eltvarl o0 TpdTOg pKpov TAGTOLG
KOl O €KTOC OVOUECOH GTO TAYKOGLLO
oiktvo  Metpntov  Netpoviov  mov
TapEXEL dedopéva “TPOryLLATIKOV
xpovov” ( Ewova 7).

® GRAPHIC and DIGITAL
@ InProgress

D Only DIGITAL

18 G Only GRAPHIC

4
2 Maoscow
o

1997 1998 1999 2000 2001 2002 2003

Ew. 7. EZhén tov ‘real-time’  Metpnrdv
Netpoviwv. Daiveror 6t1 0 otabuog e AOnvog
EIVaL Ao TOVS TPATOVS GTAOUODS TOYKOTUIWG.

H mpodtn oelida tov Web Site tov
otafuod divetaw oty ewkdéva 8
(http://cosray.phys.uoa.gr). H avamtuén
avtng ™¢ pebodov mapovciaong TV
dedopévov Eexivnoe and to 1997 and
t0 otafuo ™c Mooyoc kot €xel TOAAG
TAEOVEKTNUATO YO TIG HEAETEG TOL
Al0GTNUIKOD Kapo.

- e 3
e seluny  snep
Ty € vmwe Reisteg

N
o P T ’w’“'\"\"" M\,J,.«w
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Eix. 8. lotooelioa tov o10610D KOOUIKHG
aktivofoliag tov Hov/uiov AGnvaov.

O  &KOLYYPOVIOCUOG TOV GLOTNHHOTOG
KOTOYPOPNG TOV LETPNTY| VETPOVIOV TNG
ABMvag kot 1 Tavtdypovn eneEepyacio
TOV JEOOUEVMV GE TTPAYLLATIKO XPOVO

6 NEUTRON MONITOR CHAMBERS
A

BP28 CHALK RIVER CANAD,

Temperature Sensor
Pressure Sensor

—=
C 6 Amplifiers
&= inator: "
- =
(C_AD Converters (6 Digital Counters 32 Bit )
o)

Registration

Web Server RS
—TNTERNET

ftp Server = e

f

Ewc. 9. Zynuotikd oaypouua tov otobuod
KOOUIKNG axTivoforiog

glvar moAd onuoavtikn, kabmg onuepa
OM0 KOl TEPLGGOTEPO  TEPOLOTIKA
dgdopéva gppaviCovror oto Awdiktvo
ce mpaypotikd ypoévo. To oynuotikod
OlWIyPOLLILO TOV GULOGTHUOTOS QaiveTol
otV Ewova 9, omov ot é€1 Eeymprotol
OVIYVEVTEG VETPOVIOV GUVOEOVTAL LUE TO

GUOTNUO  KATOYPAONG HE  €101KOVG
TPOEVIGYVTES Kol OlEVKPIVIOTEG
peyaang otafepoTNTOog oL

Kataokevdomkav oto Ilavemotuo
™mg ABnvag amd Tov TEYVIKO XWOTNHPLO
Téton kol €yKotaoTOONKOV Kol GTO
otafud ¢ Mooyoc kol og GAAAOLG
ovvepyalOUEVOLC oTaOpovG. To
GUOTNUO  OVTO  KATOYpPAQEL  €miong
Oeppokpacio Kol ATHOCEUIPIKY Tieon
pe  awnmpeg  MPX4115A g
etopeiog MOTOROLA mov mapéyouvv
peTpnoel  peydAng  oxpifelag Ko
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otafepodTNTOG Ko amoTELOVV
TPOTOTLTTIO TV HETOTTUY KOV
oty pog X. ZapAdavn wor I
YovBatloyhov. To  obvoro 1OV
UETPNOEWV CLAAEYETAL HE KOTAAANAEG
ynoewKkeés Kapteg o€ TomkO  SikTLO
vToAoYIoT®V.  Avamtdybnkav kot
AELTOLPYOVV  TPOYPAUUATO OVTOUOTNG
enefepyaciag TOV  UETPOE®V  GF
mpaypatikd  ypévo.  Eykortactabnke
emiong Ko Aertovpyel o€
gwoottetpdopn Paon Web Server ko
FTP Server o omoiog mpoPdidler to
OMOTEAECUOTO TV UETPNCE®V  GTO

T T .
dwadikTvo OKEEVOD va
YPNOLOTOLOVVTOL o€ ToYKOGLO
emimedo.

Awypbppoto  pnvioiov, nUEPNCLOV,
oplaiov kot 1-min dopbopévov pe mv
TEST TIUAOV TNG EVINONG TNG KOGUIKTG
aktvoPoAiag didovtor oto AtadikTvo
pécm tov Server.

s =
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Ewx. 10. Hoapaderyuo eéyyov twv dedouevmy yio.
Kabe kavdldi Eeywpiord,

H avéivon yivetar oe kaBe aviyvevm)
Eexoplotd  pe T Pondewr  evog
mpoyphupotog  emeCepyaciog  TOV
TPOTOPYIKDOV dedopévmv Kol
VTOAOYIGUO NG TOOTNTOG OLTMOV Yol
kébe wovéAl.  Ewdwd  mpoypoppo
Baciouévo oe akydpBpo emtpénel tov
vroAoylopd TG oamddoons yw kébe
Kavil  Bétoviag  extdg  Asttovpyiag
KavaAle kot Sopbdvovtog dedopéva
ovtov TV kovolov.  Emiong
voAoyilovTol To CTUTIGTIKA COAALOTOL
amd TO YOPOKTINPIOTIKA KAOE KovaAloh

KOl OAOKANPOL  TOL  OVIYVELTIKOV
ocvotiuatos. ‘Eva  mopdoetypo  tov
eAEYYoL TV dedopévev TapovstileTot
omv Ewéva 10. Alkoyn oty
NAEKTPOVIKY oTdbun 600  Kovolmv
emeépel  petaforés g omddoong
avtdv. To TeEMKO OU®OC OTOTEAEGUO
glvor cwoTO AOY® NG  OLTOUOTNG
dwpbwone. H dadikacio Tov eAéyyov
Kol TG €k000MG TV dedopuévev givarl
WOwiTEPO GNUOVTIKY Y10l TNV TOPOLGIN
O0edoUEVDV OE TPOYUOTIKO ¥pOVO, OTOV
Ol OTOUTNGES Yo TNV 7ot TOV
dedopévov etvor eEapeTikd LEYAA.
H mapovcioon tov dedopévav
ce  ‘mpaypatikd  xpovo’ kol M
tavtdypovn emefepyacio  diver Vv
gukopia yo:
e 'Eleyyo g mowdt0g TOV
dedopévev
o Koatevbeiav GUYKPLoN pe
dAlovg  otafuolc  KOGUIKNG
axtivoPoAiog
e ’'Eleyyo «ar Ow0pbwon tov
HeTABOADV TV 0pydveV
e  AwpbHwon yio HETEMPOLOYIKOVG

TOPAYOVTEG

e Avtépato éleyyo OlwV TV
KAVOALDV

O VEOG ot1a0uog KOGUIKNG

axtwvoPoAiag g ABnvag gaivetar vo
€xel TOAEG OLVOTOTNTEG KO UTOPEL VoL
ypnowonomBel  yio  ddaxTiKovg,
EMOTNUOVIKOVG KOl  €PELVNTIKOVG
GKOTOVG.

Ot mopatnpnoelg Tov oTafpon G
AbMvag ota mhaicwa tov Tlaykoouiov
Awtoov  Metpntov  Netpoviov  Oa
BonOnoovv oty KoAHTEPN AmMEIKOVION
™m¢ ynwng ATHLOGPALPOG Kot
nMméceapag  ommv  WEPOYN  TOV
Boikoviov kot g AVOTOMKNG
Meooyeiov Odhaccoc, kabBotL elvar
povadikdg oty mEPoOY  ovTn.
Kohbdmter peydro evepyetokd kevo (8.53
GV) an6 10 otafud g Poung
(6.32GV) uéypt 1o otabud tov ESOI
(10.80GV).
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Ewc. 11. Mia dwrmlovyurn Odwozopoyn, o
ueyaln  ueiwon Forbush wor o poyvyii
Kazoryioo kotd tov Xewtéufpio 1998

Eivonr ot00u6g oe pikpd vyouetpo
Kol HEYAAO  KOTOOAL  dvoKopyiog
amopoitntog 7y T UEAET  TOV
avicotpomdv ¢ KA (11-emg ko 22-
etdv petaPoréc, 27 muepov, Forbush
effects xAm) (Ewodva 11). Eivou
dvvotdv  va  mpocdloplotel  TO
EVEPYEWKO OPlO0 TOV COUATIOIOV GTA
peyaio TPOTOVIKA yeyovora,
dgdopévor 0Tl T0 Qv  OplO  TOV
COUATIOIOV 7OV  EMLTAYVVOVIOL GTOV
nAo kopaivetor amd 5-10GeV molv
KOVTA otnVv  eAd(loTN EVEPYEWL T®V
cOUATVIOV TTov Kotaypaeovial GtV
Abnva.

Etvon peta&d tov 10 otabuov
KOGHKNG oKTvoBoAiog mov pmopel va
ypnooromBet yio v Katoypagn Kot
perétn tov nAokov vetpoviov (Solar
neutron  enhancements) kot pe
OPICUEVEG  EMEKTACES  Umopel  va

ypnooromHet Yo Tpdyvmon
kotowyidog — MAoxkov  copatdiov
(GLEs).

Mo omovdaic €Qapuoyr TOL
otafuod elvar  OTL  dVvatol  va
ypnowonomBel  yio ™ SOpOwon
oedopévov GAMwv otafumv amd v
eMidpaon TOL YOVIOV, N omoio Umopet
vo  ewoqyel  oedipo  4-5%  oTig
LLETPNOELG.

Eniong ota 1éccepa ypovia
aveAMmovg Aettovpyiag tov otafpod
HOyVNTOCQOIPIKG YEYOVOTOL TTOL  €ivon
OMOTELECUO  LOYVNTIK®OV  KoTotyidmv
Katoypdpovtal 6to otalfpd e Abnvag
pe 10 pEYOADTEPO TAATOG Oamd OAovg

toug otabpovg g Ing, Omwg To
yeyovoe g 20" NogupBpiov 2003, tng
29" Maptiov 2001 A

[Iépo  oamd 16  mopomdveo
EQOPUOYEG M OVOAVOT] TV JESOUEVMV
™G  KOOWIKNG  akTwvoPoAiag o€
TPAYHOTIKO YpOvo Ba eivar ypnotun yio
TPOYVOON QULVOUEV®V TOL
SloTHOTOC oV givol emikivovva yia
TO. NAEKTPOVIKGL TV S0pLOOPMV, OTMG
eniong yo v avlpomvn vyeio Ko v
teyvoroyia mhve otn yn. OvolooTtikn
TPO0dog TPog TNV KoTevBuvoT QLT
OVOUEVETOL OO TS UETPNOELS SIKTV®V
Metpntov Netpoviov peyarov
mhdtovg. Tnv  mpotofoviia  avtr
KATOTY GUUQOVIOG UE TOVS GAAOLG
cuvepyalopevoug otafuotvs avélaPe m
opado poG Kol E€YKOTECTNGE OTO
otafud g AOMvoc 1o Ilaykodcopo
Aiktvo Metpntaov Netpoviov
‘TPpayHaTikov ypodvov’ pe oKomd Tnv
TpoPAeyM QOLVOUEV®V TOV
Ao TnUIKOU Kopov.

IMATKOXMIO AIKTYO ETPHTOQN
NETPONIQN ‘mpaypoatikov ypévov’

Tov  Askéuppro 100 2003
Aeutovpynoe  oTO otofud 1oV
[Mavemomuiov g ABMvag yo Tpd
@opd  €éva cOoTUO  GLAAOYNG Kot
enefepyaciag TV PETPOEDV KOGUIKNG
axtvoPoAiag oe "mpaypoatikd ypovo"
antd  Metpntég  Netpoviov — mov
Bpiokovtat oe dapopa onpeto e I'ng.
Ta mwpoypbppota ovtd  €yovv 1
SuvaTOTNTO GULAAOYNG OEOOUEVDV OF
oyeocwkeég Pdoelg pe  mEPLOSIKOTNTA
ukpdtepn  amd  €va  Aemtd,  amo
OTO100NTTOTE otafuo KOGUIKNG
axtivoPoAiog OLVOEOEUEVO e TO
Awdiktvo. Tty mapovco  @don
GUAAEYOVTOL  UEGEC LETPNOELS AETTOV
kot opaies. H  xoatookevn tov
TPOYPAUUATOV  £Ylve  €TGL  (OOTE O
aplOudg otabudv mTov  PITopovV Vo
GUUUETEYOLV VO givol amEPLOPLOTOS LE
amAn avaBaduion Tov AoyIGUIKOV.
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Ta yapaxtnprotikd peyéon kdbe
otafuod KOGUIKNAG aKTivoBoMMag mTov
OLUUETEYEL  OTO  OIKTLO  GLAAOYNG
amoOnkevovtal oe Pdaon OedouéEvov.
mv e Baon oamobnkedovror kol ot
TOPAUETPOL YO TOV  YPOVIGUO  TNG
GLALOYNG dedopévev amd Kabe otabud
oL  amofnkevetal  oTov  mivoko
ypoviopob “Global Configuration Table
(GCT).

Mo 10 ypovioud 1tV KAcewv
onovpynonke TO TPOYPOLLLOL
Xpoviotg  “Scheduler” mov dwafalet
ta mepeydpeva tov mivoko GCT kdbe
Aemtd ko amooociler av  elvor M
KATOAANAT  YPOVIKY] OTYUR 7Yoo va
EVEPYOTOMGEL Ta TPOYPALLLOTO
cLALOYYG  dedopévev  amd  TOvG
amopaKpLoUEVOVS oTabpovs. o kKabe
otafud  Ceyoplotd  vmapyxer  éva
TPOYPOUUO GLAAOYNG Oedouévav Tov
avoAapUPAveEL TN HETOPOPA TOLG Omd
KkéOe otabud otv tomikny Pdaon. Avtd
0 TPOYPAUUOTO  KOTOOKELAGTNKOV
MOOTE VO AELTOVPYOVV  TOVTOYPOVA
(multitasking) elatt®vovtag to ¥pOVO
OV OMOUTEITOL YO. TN GLAAOYN TOV
dedopévaov. Kdabe mpdypappa Exet v
wKavoTNTOL Vo QEPVEL  TOL  VEOTEPQ
ogdopéva e mEPLOJIKO TPOTO 1 Vo, To
LETOPEPEL  GE  OMOLOONTOTE  YPOVIKY|
nepiodo  amd TOV  AMOUOKPLGUEVO
otafuo. H pébodog cuaroyng eoptdton
dpeco amd TV LIWOJOUN TOL EKAGTOTE
otafuov. Evdewtikd avagépovpe Ot
VAOTOWON KOV TPOYPAULOTO GLAAOYTG
péow FTP, péow ASP 1otoceridmv kot
pécm mpdcsPaocng oe PAcelg OdOUEV@V.

Metd ™ oLAAOY TOV HETPNOE®V
EVEPYOTOLOVLVTOL GAAC TTPOYPALLOTO TO
omoio Pacilovtal oTig HeETpNoEl; OA®V
TV otofu®v  tov  dKTHov, OGS
TPOYPALLLOTO OTEIKOVIONG TV
LETPNOEDV TOV dOPOP®V GTAOUDV TOV
"real time" Awtoov TV Metpntdv
Netpoviov (Ewdva 12), mpdypapipio

xogsacesn: B
- :

p—

e

LMS

i

1u'xepEs

Kp-ndex

Ewx. 12. To Hoyxéouo Aiktvo twv real-time
Metpnrav Netpoviawv g AOnvag. Tlpoypduuaro
ameikoviong twv real-time uetprioewv dAwv twv
otabudv kooukng axtivoffodias kar GAlwv
0E0OUEVV YPROIUMV VIO, THY TPOYVWTH.
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Ewc. 13. Ilpddpoun rorouétpnon owuatidiomv
oToVG  ETIYEIONG  0TOOUODG OE  oyéon HE T
EMKIVOLVO. dWUATION0, TOV KOTOYPEPOVIOL GTOVG
oopvpopovg GOES kara tov Arpitio 2001.

Tpocolopopoy TtV peyaiov  GLE
veyovotov (Ewéva 13) ko mpdypopipio
VTOAOYIGLLOV TV (QOGLATIKOV
TOPOUETPOV TNG EVTACTC KOL TOV TPLOV
GUVIGTOOCMY TNG  OVICOTPOTIOG NG
koopkng axtvoBoiriag (Ewova 14).

§

&

Ewc. 14.  Ilpoypouuo.  vmoloyiouod  twv
POCUOTIKDV TOPOUETPOV THS EVIOONS KOI TV
IOV COVIGTOOOV  TOD  OlOVOOUOTOS — THS
OVIGOTPOTILOS THS KOOUIKHG OKTIVOPOAIOS (TpadTh
opuoviKn)
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E®APMOI'EX TOY AIKTYOY

To Aiktvo t@v Metpntdv Netpoviov
KOTOYPAPEL TOVTOYPOVA YOAUEIOKES KO
NAMoKEG Koopikeg  oktiveg. O
TPOGOIOPIGUOC TV TPOYUOTIKOV
HETAPOA®DV TV YOAAEOKOV KOGUK®OV
oKtivov eglvor  omopaitntog 7y T
HEAET  TOV  MAOK®OV — KOGUIK®OV
eawvopévov.  H xataypoaen mMoxov
KOGUIK®V oxtivov otovg Metpntég
Netpoviov — dev elvar  obvnbeg
eawvopevo (GLEs), ta yopoktnplotikd
OHog TV YoANSlOKOV  KOGUK®OV
OKTIVOV OVTOVOKAOUV TIG Ol00IKOGIES
TOU NAMOKOL OVELOL KOl UTOPOVV VL.
ypnoworombovy  yoo TpOYvmon g
dpiéng ot yn  SwmlovnTiKOV
dwTopaydv kKol TopaKoAovOnon
poyvmtikeov  katoryidov.  Avtég ot
wpoPAéyelg eivar €§ ioov omovdaieg,
omwg N mpoPAeYn TOV KWOOVOV Oamd
aktwvoPoria. H €Zodog evdc tétolov
GUGTNHOTOG TOV  GUYKEVIPOVEL KOt
avoADEL  TOVTOYPOVO. OEJOUEVO TMOV
Metpntov  Netpoviov  om'6A0  tov
KOGUO TPEMEL VAL TOPEYEL:

1) To «xVplo YOPOUKTNPIOTIKA TOV
petaformv TV KOGUIKOV
oktivov  (éviaom, olakvpavon,
EVEPYELOKO eaoua Kot
aVIGOTPOTi).

2) Tlpdyvoorn UeEPIKOV ®POV TOV
OALOYDV  TOV  YOPOKTNPIOTIKOV
TV KOPLOV yoAaEloK®OV
KOGUIKQOV aKTivov.

3) Ipdyvoon yo Ty AeiEn oty yn
TOAVAOV KPOLGTIKOV KUHATOV Kot
STAPOY®Y  TOV  SLOTTACVTTIKOD
poyvntukod mediov.

4) Extiunon m™¢ oAlayng  tov
KOTOPAIOV ™mg HOLYVINTIKNG
dvokapyiag o€ OLOLPOPETIKOVG
otafuovg Katd v Jbpkeln
HeYAANG YEDHOYVITIKNG
Katoyidag yioo TNV omotipnon
KATOOTPOQAOV  oTa VYN 7oL
KIVOUVTOL 01 S0pLuQOpOL.

5) Evtomioud pn = QUGLOAOYIK®OV
OWKVUAVOE®Y  TNG  KOGHIKNG

axtivofoAiag mov KoToyplenKov
omd aVIVELTES EMUPOVELNG.

6) IMapaymynq oNuoTog GuvayEPLOD
ywo to GLEs, amotiunon tov
PACUATOC TOV KOGUIKOV OKTIiVOV
Kol VROAOYIOUO  TOV  KOPLOV
TAPOUETPOV TPOYVMOOTG.

H mnpoéyvoon 1ov eniysiov
WKpNG  Oldpkelag avénoemv NG
évioong NG KOOWIKNG  aKTtivoPoAiog
(GLESs) etvan moAAEG popég KaBOpIoTIKN
Yoo YEYOVOTOL 1TNng KaOnuepwvng Hog
Cong, O6mwg ot TmAemiKowvmvies M 1o
Okt SLoVOUNG MAEKTPIKNG EVEPYELOC.
v e tov avantuén Ba Aappdvet
VITOYN TOL T OedOUEVO TOLAGYIGTOV
PV otabudv pETPNoNG VETpovimv
TPAYUATIKOD  ¥pdvov (000  vymAov
YEQYPOPIKOL TAATOLS Kot €vOC 1 VO
YOUNAOTEPOVL), dvo EexwploTadV
S0PLPOPIKMOV KOVOAMY TO OTOi0L GTNV
mePimTOON TOV OoKTivov —X M g
TPWOTOVIKNG PONG TPOEPYOVTAL OO TIG
uetpnoelg v dopveopmv GOES-10
kot GOES-12. To mapoaydpevo omuo

gykoupng mpogwomoinong  Aaupdvel
VTOYN  TOL  TO.  OgdOpEVO  TNG
GUUTEPLPOPAS TV tereLTAIOV

TOLVAGYLOTOV 5 MIN Kot KAveL TpdyvoOoN
tov ypoévov Evapéng TV pEYOA®V
TPOTOVIK®OV  yeyovotmv. Ta  péypt
oTIYUNG omoteAéopato omd Tov EAEYYO
HEHOVOUEVOV  OTOOU®V  pHe  dueon
npdcsPacn omv Pdon mwov Swwbétovpe
Kpitvovtor Mol evBappuviikd yuwo v
GUVEYIOT KOl OAOKANP®ON TG OANG
TpooTadelogc.

MEQ®OAOX ITPOI'NQXHX
ATAXTHMIKOY KAIPOY

Yougpwvo ue to US National Space
Weather Program tov 1995 opilovue
cov “AlaoTnukd Koapod” TIC cLvOnKeg
otov ‘HAo kot otov mAlaxd dvepo,
Hoyvntoceopa, 1vocpoPa Ko
Oeppdcpalpo  TOL  PUTOPOLV VO
EMOPAGOVY oIV Agltovpyion Ko
a&lomotio TV SIGTNIKOV Kol YHIVOV
TEYVOAOYIK®V  GLOTNUAT®V Kol Vo
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Bétouv og kivovvo v avBpomvn {on
Ko vyeio. Yrapyet wo oepd and Web
sites (vmdpyovv Kol 6NV 16TOGEAISO
Tov otafuov) 6mov umopel Koaveig va
evnuepwOei Yo TOPUTNPNCELS
AlGTNUIKOD Kopov, OTMG KOl Yo, TV
TapoHoo KOTACTACN Kol TIG TOWKIAES
TPOGEYYIGELS Y10 TPOYVMOOT).

Kotd v 06webvy  Biprloypaeia
(Dorman et al, 2000) to emkivévva
Qavopeva OV pumopovv va
mapakorlovdnbovv kot va mpofAiepbovv
YPNCLOTOIOVTAG OEOOUEVO KOGUIKNG
akTwvoPoAlag  vymAng avéAivonc,
ocopewve  pe v tavopnon g
NOAA, egivar ot kAipokeg S5 (Extreme
Solar radiation storms), S4 ( Severe
Solar radiation storms) kot S3 (Strong
Solar Radiation Storms). Ot kototyideg
aVTEG EVEYOLV  PLOAOYIKOVG KIVOUVOUG
(vynAég docelg  aktvoPoiiog Yo
TANpOUATO JoTNUOTAOI®V Ko
aEPOTAGVOV pE eMPapuvon avdioyn pe
100 axtwvoypaeieg Bmpaxog). Emiong
TPOKAAOVV KOTOGTPOPIKA
AmOTEAECLLOTOL oV Aertovpyio
00pLEOP®Y Kol  OEPOMAGVOV.  XTO
TapelBOV  KoTOypAONKOV  OTMOAELES
dopLeopwv egoutiog TG KATAGTPOPNS
™G UVAUNG TOL TUAWOTOG TAOMYNOTG,
povipeg  PAaPeg  otovg  CLAAEKTEC
NAMOKNG  EVEPYEWG, OMMAEL HF
EMKOWVOVIOG Kol  GQAALOTE  GTOV
TPOGOOPIGHO TG oKPlPovg Béong Tov
d0pLEOPOL.

O péypr onuepa mpoomdBeleg
npdyvoong Poaciotnkov oce UETPNOELS
amd  owonmpeg  dopvedpav. Ot
aoOnmpec avtol €yovv Vo Pacikd
pelovektuata.  Agv pUmopovv  va
avveHGOLV TO TOAD LEYAANG EVEPYELOG
COUATLO, TO, 0010 OLLOG ATOTEAOVV KO
tov¢  Pactkdtepovg TPOHOPOUOLS TOV
QovouéVOL Kol Ogv  €yovv  HEYOAN
gvepyod  dlatopn| KOl EMOUEVMG
TapEXOVV LETPNOELG Heyoiov
GTATIGTIKOV COAALATOC.

H dvokoAia va evtomiotovv £ykoaipa
Kol pe peyddn axpifelo ta copotiow
mov elvar mpddpopor evdg  peEYAAOL

TPOTOVIKOD  YEYOVOTOG  Umopel  va
EemepaoTEL YPNOLUOTOIDOVTOS LUETPNOELS
oo TOVG EMIYEIONG OTAOUOVG KOGUIKNG
axtivoPoAiag. Exuetaiievdpevor v
HeYOAN Tovg evepyd empdvela (LEPIKOV
T.J.) KOl TO Yg€Yovog OTL UTOpovv va
KOTAYPOYOUV GOUOTIOW UEYOADTEPNG
gVEPYELDNG amd OQLTA TOV KOTOYPAPOVV
oL dopuvpopol, eivor  duvatd  va
gvtomotel ypnyopdtepa n opyn €VOG
TETOOV YEYOVOTOG KOl EMOUEVOS VO
emrevybel mo Eykoupn Tpodyvoon.

H nébodog mpoBreyng mov apyioe vo
epopuoletar oto otafud e ABMvog
£xel dV0 GKEAN:

a) IIpocdiopiopd tov ypdvov
évapéng tov GLES kot

B) TpdPreYn TOV pOyVNTIKOV
Katoryidowv.

H Boaown 10éa tov tpdtov cKkéAovg
ompiletar oto TpdéTVOo Dorman (2004)
Katd T0 0moio cEOUATIOW TOAD VYNADV
evepyeiwv (> GeV/nucleon) mov
opellovtor  oe  peybreg  mAlakég
EKAGUWELS,  €QOUV TOAD HEYOADTEPO
cuvteleoTn O1dyvong kol eHdvovy o1
I'm 8-20 min petd v enttdyvvon Toug,
eV 0 peydAog OYKog TV GOUTIOIMV
WIKPNG Kot pecoiog  €VEPYEWNS OV
TPOKOAOVV  EMKIVOLVES  KOTUGTAGELS
GTA NAEKTPOVIKA GLGTHUATO OOAVOLV
30-60 min apyotepa ( Ewova 15).

— | |

= > 4
Internet )

1
= [ms]
I

Ewx. 15. Znjua mpoegidomoinons yio.  mpofieyn
emiyeiog avénons Koourns Axtivofoliog

To 0debtepo okéhog otnpileton  oTIg
Tpoondbeleg mov €yovv yivel amd TV
opdoo tov IZMIRAN v mpoPreyn
tov  pewwocewv  Forbush  (FDs)
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UEAETMOVTOG TNV OVIGOTPOTiO TV
KOCUIKOV okTivov — 7ov gpavileton
pwv amd ovtd o yeyovota (predecrease
Ko preincrease effects)
ypnoonowvtag v péBodo g
“global spectrographic survey” «o
“ring of stations” tov Ilaykdcuiov
Awtoov Metpntov Netpoviov (Belov
etal, 1995) ( Ewova 16)

Costic rays variations(%).

] il
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2 % 7

1
October2003 - November/2003

Ewc. 16. Ta évrova yeyovora tov Oxtwfpiov-
Noeuppioo 2003 omews kotaypagpnkoy omo To
otabué e Abives. H  kotoryida g 29™
Oxtwfpiov nrav povadiky oty 10Topio. TV
Metpnraov  Newpoviov  (mharog  21%  omyv
ABnva)!

Ot petpntég vetpoviov (Super NM64)
€yovv peydio pvBuod xoatapéTpnong Ko
etvar oAb evaicOntor ko agdmotot
Kol Kafiotovv duvath TNV TopoTPNon
Kot pukpng kAipoxkog petafoimv. H
TomofETNon TOAOTA®Y  AVIYVELTOV
610 otofuo g ABnvag Exel avénoet
oV pLOUO KaTAUETPNOTG.

‘Eva emmAéov kprtplo emioyng
™G nefddov avtrg amotelel ko n B€om
tov otafuov g ABnvag. O otabudg
€XEL KATOKOPLPO KATOPAL OLGKOUYING
8.53 GV mov avtiotorgel oe evépyeteg
10 éo¢ 30 GeV mpwtoyevdv KOGHIK®V
OKTiVOV KOl ETOUEVOC UTOPEL Vo
owkpivet mMMoxkd and  yoAoSloKd
vetpovia, dedopévov 0Tt T0 Gved Oplo
TOV COUOTIOIMV TOV  EMTOYVVOVTOL
otov MAl0 Kvpaivovtor and 5 €wog 10
GeV (ueydia mpoTOVIKA YEYOVOTQL).

H pébodog Pacileron oe Mom
VIAPYoLVGO VTOdoUn, TOL oTafuov o
omoiog Owbéter v omapaitntn real
time enelepyacio Twv peTpNoemv Kot

EMOUEVMG GIv] cupPdiet omv
alomoinon TV UETPNOEDV TOV OFE
Oebvég emimedo. 'HOM 10 mpotewvdpevo
£€PYO amoTELEL LEPOG TOVL TPOYPAULOTOG
International Cosmic Ray Service cto
OMOl0  UETEYOLUE KOTOMY  EMIOTUNG
cuUEOViog.

XYMIIEPAXMATA

To Ilaykoomwo Aiktvo TtV
entyelwv otabuov pmopel va  divet
a&l0moTH TANPOEOPIL Y10 TIC KOGUIKES
oktivec,  OAAAL €va €10 META TIC
TOPOTNPT|CELG Kol yperalovat
TOLAAYIGTOV VO XPOVIA YLl T GLAAOYN
TOV 0£00UEVOV KO TOV VTOAOYIGUO TNG
SLOPOPIKNG TUKVOTNTOG Kot
OVIGGOTPOTHIOG TOV KOGUIKAOV OKTIVOV.
H ypnon emopévog oavtov tov
dedopévov oe 100  kabvotepnuévn
popo1| etvar addvorn yw v dpeon
mapokolovOnon  Tov  AlGTNUIKOD
Kapov. H egykatdotaon ovyypovev
oTaOUOV KOGUIKNG akTvoBoAiag arnd to
1997, 6mov ocvAAéyovtal, ovoALOVTOL
Kol mopEyovtor ot UETAPOAEC  TNG
KOGUIKNG aKTIVOPOAMAG GE ‘TporyoTiko
xPOVO’ amotérece TO apyKO Prinor Yo
mv évtaén ToV YOAOSIOKAOV KOGHIK®OV
aKTivov oTic peréteg Tov AlooTnKoD
KOpov. H poulenl dedopévev
‘Tpoypatikov  ypovov  givar  teAeing
OllPOPETIKN amd To  opyeofetnuéva
dedopéva kot mo  omodotikn. M
cvoTnuatiky mpdodog Ba yiver Otav
ocopuminpwbel to Ilaykdéopo Aiktvo
Metpntoov  Netpoviov pe  apketolg
otofpovg peydiov midrovg (Bieber et
al, 1999)

H dnuovpyia tov diktdov twv
Metpntoov  Netpoviov — “Tpoaypotikov
xp6voL’ Tov vAomoOnke otov oTafUo
™¢ ABMvog Kot Tapéyel avT ™ oTIYUN
dgdopéva 21 otabumdv ce mpoyuatikd
xPOVO, OIvEL [ LovadlKn gukoupio Yo
mv  TPOYVOOoT  EMKIVOLVOV  podV
copatwiov  oto  dloTnuo Kol
EKTTOUTNG  TPOEWOOTOMTIKOD  GNHOTOG
ce KOs evOlPEPOUEVO  QOPEN  UE
agohoyn akpifela. Ov grapeieg Space
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Imaging Europe (SrooTnIKNG
amEKOVIONG HEC® TOL  OOPLPOPOL
IKONOS) «or Com-Tonet (petagopdg
dedopéEvmv EUTOPIKOV OIKTH®V)
GUUUETEYOVV  OTA  TPOYPAUUATO TOV
otobuov, evd to Space Radiation
Office g NASA evéta&e 10 otabud
OTO. TPOYPAUUATA TNG UETE amd TNV
eniokeyn TO0C TO  TEPUGUEVO
KoAoKaipt.

H Opdda xooukng oxtivofoliog
amoteAeiton  omd  HETOOOOKTOPIKOVG,
HETOTTUYIOKOVG KOl TTPOTTLYLOKOVG
eountéc  tov Tunuotog Puoikng, ot
omoiot €yovv dnuovpYNoEL OAN TNV
nmpoPoin tov Ilavemotnpiov pog otnv
debvn EMOTNUOVIKTY KOWVOTNTA.

TA EKTAKTA T'EI'ONOTA TOY
OKTQBPIOY-NOEMBPIOY 2003

Tnv mepiodo Oxtdfprog - NouPpilog
2003 10 TaYKOGO OIKTLO UETPNTDOV
VETPOVIOV KATEYPAYE LECH GE YPOVIKO
dwwlomuo. 6 muepadv  ota.  TEAN
OxtoBpiov-apyég Noguppiov 2003 tpia
yeyovota emilyelwv  emavénoemv g
évtoong NG KOOUIKNG  aKtivoPoiiog
(Ground Level Enhancements). Ot
eniyeleg eMAVENCELG OV OMUELOONKAV
GTOVG UETPNTEG MNTAV OMOTEAECLO TNG
TAPOYWYNS  OEVTEPOYEVAV COUOTIOV
KOTA TIC OVTIWOPACES OCYETIKICTIKMOV
NAMoKOV copoatiov pe to poplo. g
atpoceapas. Ot MMOKEC KOGUIKEG
axtiveg mopydnocav katd  diapkela 3
peydiov exkdapyeov  (otig 28, 29
Oxktoppiov ka2 Noguppiov)
emroyvvOnKay, dad 6K GTO
dwmlovnTikd  YOPO KOl TEAIKA
eloéParay on YNVN ATLOGEALPQ
EVEPYOTOLOVTOG Uit GEPA KOATOLYIGULDV.
Ta tpia yeyovota (GLE 65, GLE 66,
GLE 67) mov epeaviotmkav Vv
nepiodo OktmPprog-NoéuPprog 2003

28 OkTwppiou 2003

—APTY —CAPS —INVK —MCMD —NRLK —S0PO
—THUL _— YKTK

L]

" 12 13 14 15 16 17
hours of 10/28/2003

‘ExAapyn X17.2 amo v opdda
knAidwv 486, aTeppariki
eKTOEEVON pdgag u~2459kmis GLE65 : Greek effect

Eiwx. 17. I'syovog GLE 65 << Greek effect >>
otig 28 Oxrwppiov Hhiaxy éxiopwn X17,2 ano
™mVv ouade knlidwv 486 ue oteuotikn extolevon
uadog ue tayvmnra mepirov 2459 m/s

glvar  ekdnidoelc g acvvhdiota
€VTOVNG MAIKNG dpacTnpldTnTeS 7OV
éhaPe yopo T doedouévn mepiodo. H
HeAéT Kou 1M Katavomon tovg Ha
ocuuPaiAel laitepo 0T HEAAOVTIKY
TPOYVOOT]  OVTIGTO®MV  QOLVOLEVOV.
To GLEG65 ovopdotnke oiebvag cav
‘Greek effect’” kabmg mopotnpnOnke
™V Opa TG OVIKNG pog mopéAacng Kot
£€puye amd €00 M avayyeAio TG TPMOTNG
TOPATNPNONG.

Katda ™  dbpkela  tov
tereLTAIOV  ETOV mapotnpOnKoy
XOPOKTNPIOTIKG YEOUAYVNTIKG

yeyovoto,  HETOEL TV OTOl®V
Sakpivovtar  owtd g 31" Moptiov
2001 ko to mpdopata TG 29"
Oktwfpiov 2003 o g 20™
Noguppiov 2003. Ta yeyovota avtd
Kataypaenkav pe péyloto madrtog 4%,
5% xon 7% avtiototya oto otafud g
AbBMvac. To tehevtaio Bewpeitar kot to
HEYOADTEPO  OTNV  1oTOPlOL  TOV
Metpntov Netpoviov. H cvveispopd
tov otafuod ™G AOMvag ot peAétn
aVTOV TOV  Qowvouéveov o€ debvn
KMpoko Kpivetor TOAD GNUOVTIKY Yo
mv  TPOPAEYM TOV  UOYVNTIKOV
KoToyidwv Tov AlGTNUIKOD Kopo.
Kotd ™m JLpKeL TOV
LAYV TOGOOIPIKOD Qatvouévoy thg 20™
Noeuppiov 2003 (Ewéva 18) vanpée
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Ewx. 18. To poyvnroopoipid yeyovég e 20™
Noguppioo 2003, 10 omoio onueiowoe 70
ueyalotepo wharog 7% oto oTaOuUO KOGUIKHG
akxtovofoliog e ABnvas. H katw eixova diver
™MV éviaon TG KOOUIKNG aKTIVOPOAIOG UETA T
010pBwan tov yeyovotog

HeTABOAN TOL Kat®@Aiov dvokapying ,
N omoio. Kol vwoloyiotnke omd TNV
opada Koopkng AxtwvoPoriag  tov
[Tavemompuiov AOnvav ce cuvepyaocia
pe v avtictoyn opdada tov IZMIRAN
Yoo Kabe oToOUO Yo OlLOPOPETIKES
YPOVIKEG OTIYMES KATO TN SIUPKELD TNG
HOyVNTIKNG  Kotonyidag tng mepLddov
19-23 Noepppiov 2003. To
HOYVNTOGQAIPIKO  QOLVOLEVO  GTNV
Kooukn  aktwofoAdio g 20™

1 N 20ZI0 U7 AT
i1 2

- ] i
! o i 7
“‘N:_ #or L b 4

.|y s
: 7

Eic. 19. Merofol tov karwpliov dvokouyiog
oe 30 otauods xookng axtvofoliog KoTd. to
yeyovég g 20" Noeupfpiov 2003. n ueyalitepn
uetafoln maparnpnOnke ota 8-9 GV, onladn
oty weproyy s AOnvog

Noepppiov 2003 ftav pEYIOTO Y100 TOVG
oTafHovg KPOV YEWYPAPIKOD TAATOVS
Kol Oyt yw Touvg otafuovg pecaiov
YEQYPOAPIKOL TAATOVS, OT®MG GLVNHBWG
ovpPaivel (Ewova 19). Zrovg otadpote
avtobg 1n  peiwon  Forbush g
0edoUEVIC TEPLOOOL VITEPKAAVPONKE

Estimated Planetary K index (3 hour data) Begin: 2003 Oct 28 0000 UTC
T 11

Kp index

st

a
8
7
el
5
4
3
2

1
a

oct 29 oct 30 oct 31 Mov 1
Universal Time

Updated 2003 Nav 1 02:45:03 UTC NOAA/SEC Boulder, CO USA

Ewx. 20. l'sopoyvnuxn opactpidtra e 29™
Oxtwfpiov 2003

amd v avénon oty €vtaon e&outiog
TOV YEOUOYVITIKOV YEYOVOTOG.

[Topd tO YEYOVOG OTL GAAOL oTafuol
(my. o otabudc tov Jungfraujoch)
&yovv peyaAdtepn «evaicOnoio» oe
YeEOUOyVNTIKE  @owvopevo  omd  TO
otabud g AOMvag, TO Yeyovog g
20™ NoguPpiov éyve 800 @opéc mo
aetntd amd 10 otafud g Abnvoc.
Eveo omiadn ovvmboc mn  péylom
HETAPOA OTO KOTOOAL SLGKOUYING
TOVG TOPOUTNPEITOL GTOVG GTAOUOVG e
dvokapyieg 4-5 GV, oty mepintmon
g 20™ NoguBpiov 1o mapotnpridnke
and tovg otafuohg pe  SLoKOMIES
katoeiiov 8-9 GV. To pawvdpevo avtd
gpunveveton Pacet g Wopopeiog g
GLYKEKPLUEVNG LOYVNTIKNG KaATOLYid0g
(Ewova 20). To daktuloedéc peoua,
COUPOVO UE TO OTAOVGTEPO LOVTEAO
Treiman (1953), éyer katovoun xotd
TAOTOC avAAOYN LE TO CLVNUITOVO TOV
YE@YPOPIKOV TAATOVG Ko POPA TPOG TOL
OVTIKG. TNV TEPIMTMOOT TNG LOYVNTIKNG
katoyidoag tov NoeguPpiov 2003 10
OOKTUA0EWEC  pevpa  Bplokotay  og
KOVIIVOTEPT amOOTOON Omd TO KEVIPO
™m¢s yme (3 Rr) (Tsyganenko, 2003).
Amotédeopa NTav va peavicdel GEAag
omv AMva! (Ewéva 21) O deiktng Dst
TPE TNV TPOTOEAV TN Tov -486
nT. Tnv endpevn pépa MOV
TPOTOGEMOO OTIG OVOKOWVMGELS 1TNG
NOAA.
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2éhag oTtnv ABrva : 20 NoguBpiou 2003 !

Ew. 21. Xélag omv Abnva: 20 NosguPpiov
2003

Avopeiopnmta 1o étog 2003 Oa eivan
10 €T0G NG MO ACLVNOIGTNG MALKNG
KoL YEOUOYVNTIKNG dpacTnploTTaS, oV
kot mpdopata otic 9 NoguPpiov 2004
ouVEPN éva  avaiAloyo yeE®MOYVNTIKO
YEYOVOG LE TO UEYUADTEPO TAUTOS GTNV
AbMva. Apa n Tpocmadeln TPOYVOONG
TOV HOYVNTIKOV KOTOYid®V HE TOVLG
Metpntég Netpoviov mov yivetar 610
[Mavemomuo g ABnvag Kot elpoaocte
GUVTOVIGTEG OUTOV TOL TPOYPAULOTOG
oe moykoouo KAipako eimilovpe OTL
Bo ddoel TOAD YpYyopa EVIVTOCIOKA
ATOTELEC LT
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