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~YMq.QNH ~KE~A~H HM-KYMATQN AIIO ANOMOlorENEIE~
IIAA~MATO~ ~THN IIEPIOXH E TH~ rHINH~ IONO~q.AIPA~

Xp. XaAOOimll<;

IIEPIAHWH. H 10XUPOl€:PTJ OKEOaOTJ OlTJV Y~lVTJ iovooqxnpc nnprrrnpeitm UJ[O OP1-
0l1EVt=:<;OUV9~Kt=:<;OlOV paOlOKUl1Qla VHF KOl UHF npoonimouv Ku8t=:la 010 l1aYVTJl1KO nt=:oio
lTJ<; YTJ<;010 OlPWl1a l1t=:la~u 100 KOl 115 km OlTJV lOVOOCPOlP1K~ nt=:plOX~ E. ~lQ u'i'TJ aU1U
TJ K1VTJUK01TJla lWV TJAEK1POviwv KOl lOV1WV EAEYXE10l uno OlOCPOpt=:UKE<; OUVUl1t=:l<;, acpou
110VO sxei EXOUl1E Vi > > Di KOl Ve < < De, E101 coots nupouoiu evoc TJAt=:K1P1KOU nt=:oiou
va 0TJl1lOUpYOUV10l lOXUpU 0p1COVl1a psuputu E X B (lunou Hall) AOYW lTJ<; OAi08TJoTJ<; lWV
TJAt=:Klpoviwv Ku8t=:la 010 TJAt=:K1P1KOKOl l1aYVTJUKO nEoio KOl lTJ<; OXt=:UK~<;OUOK1VTJoia<;, AOYW
ouxvwv KPOUOt=:WV11t=:tn OUOElt=:pa, lWV lOV1WV. ~~l1Epa 1ll01t=:Ut=:10lOU tu peuprnn nutu sivm
01 KUp10l evep ysicxoi lpOCPOOOlt=:<;nou OOTlYOUV 01TJ YEVWTJ KOl aU~TJOTJ, l1EOW l1TJxaVlOl1WV
aOla9t=:lWV nAUOl1QlO<; KOl l1TJ ypal1111KWV Olt=:pya01wv, TJAt=:KlpOOlaUKWV nAa0110KUl1U1WV nou
olaoiooV10l Ku8t=:la 010 l1aYVTJl1KO nt=:oio npOKaAWVla<; oirl!CPWVTJOKEOaOTJ oe Eva npoon in tov
paOlOKUl1a KQlaAA~AOU OUXV01TJla<;. Ta nAEov svtovc CPOlVOl1t=:vaOKEOaOTJ<;lOU urnou mr tou,
tc onoiu Olt=:pWVOUVlOl EV10l1KU tn It=:Awlaia xpov1a, nupurnpouvtrn OlTJV Ot=:AOlK~ CWVTJKOl
010V yt=:wl1aYVTJl1KO lOTJl1t=:plVOAOYW lTJ<; unap~TJ<; 0TJl1QV11KWVTJAt=:K1P1KWVnt=:oiwv exei, t=:vw
ctn l1Eoa nAU1TJ, onou sivm 111KPOlt=:pTJ<;EVlaOTJ<; KOl OUXV01TJla<; t=:l1CPUVlOTJ<;,TJ speuvc KOl
KQlQVOTJOTJ lWV CPOlVOl1EVWV uutorv sivcn npoc 10 nupov nspiopiouevn. ~lTJV Yt=:V1K~ aUl~
EllloKOnTJoTJ 9a OWOOUlJ.t=:OPlOl1EVa paolKu-ElOaywY1Ku 0101xt=:ia 10U 8El1alO<; l1E El1cpaOTJ OlTJ
CPUOlK~ orjjruoin lWV l1TJxaVlOl1WV lWV cctolleuov nAuOl1QlO<; nou uneiospyovtm KOl OTJl1lOUp-
youv 11<; TJAt=:KlpOOlallKE<; O\OlO{)aXE<; 010 01PWl1a E lTJ<; iovooqxnpuc.

1.0 EI~ArQrH

Ta nAEov lOXUpU CPOlVOl1EVa oupqxovou lOVOOCPOlP1K~<; OKEOaOTJ<;, Yla HM-Kul1ala OUXVO-
lTJla<; UVW lWV 30 MHz, Aapaivouv xwpa OlTJV nt=:plOX~ E lTJ<; iovooqxnpnc ('" 100 - 115 km),
xupicoc OlTJV CWVTJ lOU YEwl1aYVTJl1KOU lOTJl1t=:plVOUKOl OlTJ Ot=:AOlK~CWVTJTJ onoic t=:vlOniCt=:lOl
o tn l1t=:YUAa yt=:wl1aYVTJUKU nAU1TJ l1t=:la~u 65° KQl 80°. 0 AOY0<; PpiOKt=:lOl acp' svoc OlTJV 1-
OlOllOpcpia lOU lOVOOCPQlP1KOU nAU0l10l0<; 010 l1EYlOlO 10U OlPWl1QlO<; E, nspi tu 105 km, nou
xapaK1TJpiCnOl ana 11\0 lOXUp~ cviootponiu OlTJV 0p1Covlla TJAt=:K1P1K~ aywYl110lTJlQ, KOl acp'
E1EPOU OlTJV unap~TJ sxei 0Xt=:l1KU lOXUpWV TJAEK1P1KWV nEoiwv Ka9Elwv 010 l1aYVTJl1KO nEoio
lTJ<; YTJ<;· ~av an01EAwl1a, 011<; nt=:plOXE<; aU1E<; PEOUV lOXUpU 0p1Covua TJAt=:KlpOV1KU psupnta
Ku8Ela OE al1CPolEpa 10 TJAEK1P1KO KQl l1aYVTJUKO nt=:oio, nou sivm YVWOHJ. w<; electrojets, tu
onoiu jiovu lOU<; site os OUVO\o0l1o 11t=:un opyouoec Pa811iot=:<; crnv TJAt=:KlpOV1K~ nUKVOlTJla,
napEXouv lTJV dt=:u8EpTJ evepysic nou xpt=:lUCElQl y\O lTJV unootcfieponoinon lOU nAUOl1Olo<;
KOl lTJV YEVWTJ TJAt=:KlpoolallKwv aV01101OYEVt=:lWVTJAt=:KlpOV1K~<; nUKVOlTJlO<;. 01 aV0l10l0YE-
Vt=:lt=:<;aU1E<;, 01 onoisc ~haoioovlOl 0XEOOV Ku8t=:la 010 l1aYVTJllKO nt=:oio, sivm KOl unt=:u8uvE<;
Y1U lTJV OUl1CPWVTJOKEOaOTJ lWV npOOmll1WVlWV paOlOKUlJ.U1WV (11t=:OUXV01TJlt=:<;OlTJV nt=:plOX~
VHF KOl UVw). H Olt=:pt=:UVTJOTJlWV CPOlVOl1EVWV OKEoaOTJ <; anopAEnt=:l, 11t=:PUOTJ u<; apXE<;
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lTj<; TjAEKlpOOUVa111KT]<; KQ1 <pU01KT]<;nAaOl1QlO<;, OlTjV KQlaVOTjOTj lWV <pU01KWV l1TjxaVl011WV

ygVEOTj<;-Q\i~TjOTj<;-KOpOU Ka6w<; KQ1 aAATjAEniopaoTj<; lWV aV0l1010YEVE1WV l1E 10 nAaOl1a, OE

OUVaP1TjOTj nuvtc l1E U]V KQlaOlQOTj lOU WpU1EPOU lOVOO<pQ1P1KOU l1g00U KQ1 U]V OuCW~T] lOU

l1E tu KQlW1Epa KQ1 aVW1Epa Ql1100<pQ1P1Ka otpropntn.
~Q1VOl1EVa OKgOaOTj<; naPOUOlaCOVlQ1 KQ1 OE ilia lOVOO<pQ1P1Ka otpcoprnn KQ1 u'fri. I:lO

nupov ap6po Bu nsptopto toupe 110VO OU]V nEplOXT] E U]<; iovootpmpnc KQ1 6a OWOOUllE 0-

piopsvu, nOAU Pa01Ka, OlO1XEia 10U npOpAT]l1QlO<; lTj<; 0Ull<PWVOU OKgOaOTj<; HM KUl1alWV

ana TjAEKlpOOlaUKg<; aV0l101oygVE1E<; nAaOl1alO<;. rEV1Ka l1E lOV opo cute, nou ern 01E6VT]

opoAoyia anOOiOE1Q1 11£ 11<; Ag~El<; 'ionospheric irregularities', EVVOOUl1E KUl1aUKT]<; <pUOTj<;

XWPO-XPOV1Kg<; 01alQpaxg<; lTj<; TjAEK1POV1KT]<; nUKV01Tjla<; N, 10U l1g00U ana 111a l1g0Tj 1111T]

No, 01 onoisc jntopsi va gXOUV xapaK1TjplO11Kg<; 01aOlaOE1<;, OlTjV ouoiu l1T]KTj KUl1Qlo<;, nou

KaAUnlOUV p in supein KAil1aKa ana l1EP1Ka exorooru l1gXPl KQ1 EKQlOVlaOE<; l1g1pa. Bs-
palU EOW, nrpou Evola<pEp0l1a01E xupiroc Yla OUXV01TjlE<; nEplOXT]<; VHF (30-300 MHz) KQ1

uvco, 01 aV0l101oygVE1E<; nou UnEl0gpXOVlQ1KQ1 npOKaAOUV rnv OUl1<PWVTjOKgOaOTj gXOUV l1T]KTj

KUl1Qlo<; 01TjV nEplOXT] ana l1EP1Ka l1g1pa l1gXPl l1EP1Ka EKQlOOla.

I:lO ap6po nutu, 10 onoio anOlgAEOE l1gpo<; 111a<; ER10KOnTjoTj<; nou naPOUOla01TjKE ow

OUVgOPlO lTj<; 3av6Tj<;, EivQ1 aouvQlo va KaAu<p60uv OAE<;01 nwxg<; lOU aVllKEll1gVOU 01 onoisc
naPOU01aCOUV OTjl1aVllKT] eupirrntu KQ1 OUV6EloU]la. To ap6po anOpAgnEl OlOV l1Tj El01KO,

xupiroc <pOHTjlT] lTj<; <pU01KT]<;, 0 onoioc YVWpiCEl EAaXlOlQ lOV Xwpo auto lTj<; lOVOO<pQ1P1KT]<;

EPEUVTj<;. Tru aU10V nou EVOlU<PgpE1Q1 va l1a6E1 nEp10001Epa KQ1 va l1EA€1T]OEl tnv onjicoiu
EVO<; nAT]60u<; 0XEllKWV napQlTjpT]OEWV l1E radar KQ1 GAAa opyovn, Bu npsnei va KQla<puYEl

01TjV 01E6vT]. PlpAlOypa<pia, 011<; ER10KOnT]El<; nou unaPXouv KQ1 011<; EpyaoiE<; nou ava<pgpo-

vall EKEi. M£lQ~u lWV smoxonnoecov ovuqiepoupe 11<; nAgOV npooqxnsc : Farley (1971),
Fejer (1979), Fejer and Kelley (1980), Hanuise (1983), Fejer (1985), Fejer and Providakes

(1987), Haldoupis (1989).

2.0 rENIKA BAI:IKA I:TOIXEIA

I'm va opiooups KaAAilEpa 10 npOpATjl1a, Bu ER1XE1PT]00Ul1E npeotu Ilia nOAu OUVlOl1Tj E1-

oaywyT] 01Tj yT]lVTj iovooqxnpn KQ1 01Tj OUVgXElU Be ava<pEp60ul1E OE PU01Kg<; npOpAg':!'El<; lTj<;

l1aYVTjlOlV1KT]<; 6Ewpia<; Tj onoiu nEplypa<pEl tnv 01aOOOTj lWV paOl0KUl1alWV (llE OUXV01Tjla

xmeo lWV 30 MHz) ow l1EP1KW<; lOVlOl1£VO 10VOO<pQ1P1KO 11£00. Etoi, KQ1 a<pou 6g00UllE 10

nAai01o, 01Tj OUVgXEla 6u uva<pEp6oul1E OE Pa01Ka olO1XEia lTj<; lOVOO<pQ1P1KT]<;OKgOUOTj<;.

H lOVOO<pQ1pU OpiCE1Q1 oav Tj lOVlOl1gVTj nEpl0XT] U]<; aVW1EpTj<; urpooqxnpnc ornv orroiu Tj

OUYKgV1PWOTj lWV EAW6gpwv TjAEK1POviwv EivQ1 OTjl1UVllKT] WalE va EnTjPEaCEl U]V 01aOOOTj

1WV HM-KUlla1WV. I'm npaKUKOU<; oxonouc Tj tovoo qimpu opiC€1Q1 W<; Tj nEplOXT] l1€la~u

60 km KQ1 lOU u':!'ou<; sxsivou (OlQ 600 11£ 800 km) onou tu RPW10VlU yiVOV1Q1 1U RAgOV

nOAURATj6T] 10VlQ. H paolKT] RUpallE1PO<; ROU xapaKU]piC£l U]V iovooqicnpu EiVQ1 Tj TjAEK1PO-

V1KT] RUKV01TjlU (aKplp£olEpa Tj OUYK£VlPWOTj lWV TjAEK1POviwv eve 1l0VaOa 0YKOU), sire
nUKV01Tj1a nAaOl1alO<;, Ne, U]<; onoiuc svn WR1KO Rpo<piA (l1£lQPOAT] 1Tj<; N, l1E 10 U':!'O<;),

<paiV£lQ1 ow I:XT]l1a 1. I:lO iOlO 0XT]l1a PA£ROUl1E 11<; 01a<pOP£<; lOVOO<pQ1P1Kg<; REPlOXg<;, 1TjV

<pW1010viCouoa TjAlUKT] oxuvojiokiu, Ka6w<; KQ1 tu ER1KPQlgOl£PU OE Ka6£ u':!'o<; iovtu. H

iovooqxnpu o<pEiAA€lQ1 OU]V RAgOV £V£PYTjUKT] TJAlUKT] aK11vopoAia 11£ <pW10VlU £VgPYElU<; >

2



12 eV, KaGooov 10 OUValUKO lOV10110U 1WV KUP1WV cepicov OU01aUKWV unnrtei aKuvo{loAia 11e:
11T]KTIKUl1Ul.O<;11e:1a~u 50 KUl 150 nrn. KUla OUVEJIe:la, TI ux 11VoJ3oAia JIOU eivrn UJIe:uGUVTI Yla
"tOY Ul1100CPQ1P1KO CPW1010VlO110 e:iVQ1 01 nx tivec X (0.1 - 17 nm) KQ1 10 11aKp1VO UJIe:P1WOe:<;
aJIO 17 - 170 nm, EVOe:1KUKa avacpEpou11e: OU ylU 1T1VJIe:PlOXT] E, 0TlAaOT] 11e:1a~u 90 KUl 150
krn, 0 CPWl010VlO110<; Ocpe:iAAe:1Q1011<; TlAlaKE<; oxrive-; X 01T1V JIe:PlOXT] aJIO 1 11EXPl 10 nm 01
onoisc KUl lOviCouv oAa tn xupiu OUOlaUKa JIOU sivcn to O2, N2 KUl O.
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NUMBER QENSITY (em')

1:XTllla 1. TUJI1KO 10VOOCPUlP1KO JIPOcpiA TlAe:KlPOV1KT] <; JIUKV01Tl1a<; KUla 1T1V01aPKe:la
lTl<; Tl11Epa<;. AJIO "to J31J3Aio 1WV Banks and Kokarts, (1973)

BE.I3Ula"tO TlAe:K1POV1KO JIPOcpiA JIOU e:11CPaviCe:1Q1o to ~XT]l1a 1, uvtmpooccneuei juu e:~loa-
V1KW11EVTI 11EOTIKUla01aOTl· Aoyw XWP1KWV KUl XPOV1KWV 11e:1aJ3oAwv (KavovlKwV KUl 11Tl)
"to lOVOOCPUlP1KO JIPOcpiA 11JIOpe:i va EXe:l OUXva 1110 EV"tOVTI11e:1aJ3ATllOlTl1a KQ1 ouvGe:101T1la TI
onoiu eivui OUOKOAO va e:P11TlVW1e:i TI JIpoj3Ae:CPle:i e:JIaKplj3w<;. AU01T1pa, Yla "toy KaGoplO11o
IT]<; OUllJIe:P1CPOpa<; 1T1<;N; os Eva lOVOOCPQ1P1KOoy~o OlQ u'l'o<; h, JIPEJIe:l va 01e:PWVTlGEi TI
E~iowoTl OUVEXElU<;

o», )- = Q - L - V' . (N Vat e , (1)

OJIOU Q eivm 0 puGllo<; JIapaywYT] <, L 0 puGllo<; anWAEla<; EVW 0 opo-; V' . (Ne V) EKcppaCEl
"toy puG110 11ElUj3oAT]<; 1T1< OUYKEV1PWOTI< 1WV TlAEKtpovieiv AOYW 11E1aCPOpa<; lWV oro Xwpo
KQ1 yiVE1Ul 0TlllUVUKo<; ylU u'l'TI aVW 1WV 250 km. 1:1a KUlW1Epa orpcojrcnu OE KUla01aOTl Tl11l-
100PPoJIia<; ExoU11E oNe/ot ~ 0 onere Q = L, 0TlAaOT] CPWl.OXTl111KT]ioopporria, KQ1 TI AUOTI
1T1< E~ioW01I < aU1T] < 11JIOpEi va EKcppaOe:l aVaAU11Ka trjv 11e:1aJ3oAT] 1T1< OUYKEVlPWOTl < 11E "to
u'l'o<;, ECPOOOVEKcppaowuv aVaAUUKa 01 puG110i napaywyTj<; KQ1 aJIWAe:lU<; TlAEK1poviwv. To
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nporto \KaVOnOlTlllKO 9EWprrUKO 1l0VlEAO "11~ \OVoOq)Q\P\KTJ~OOllTJ~0cpEv..AElm 010V Sydney
Chapman, 9EllEA\W1TJlOU KAUOOU"11~Aepovojriac, OllAaOTJ"11~CPuO\KoXllllEia~ 111~uvrotepnc
ntpooqimpnc. I'ru AEnlO11epE\E<; sni lOU ovuxeqrevou pAenE n.x. 10 P1PAio lWV Risbeth and
Garriot (1969).

H tovooqxnpn "11<;Yll<; anold.Ei 10 nAeov KOVllVO 010V uv9pwno CPU01KOEPyaOTTJp10
nAuol101os. 0a npsnet va lOV109Ei ollW~ 011 10 nAuolla aUTO eivm xallllATJ~ EvepYE1a<; (9Ep-
jioxpuoiec lllKPOU KAuol101o<; lOU eV) xm a09Evw~ \OVlOl1eVO, acpou 0 OUOE1EPO~nAll Buojioc
unEplOxuE1 "11~ N'; aK0l111 xrn 010 l1EYlOlO "11~ nEplOXTJ~ F2 onou ExoUllE KaHll11v llllEpa U~
ml'llAolEPE<; OUYKEV1PWOE1~llAEKlpoviwv. Enionc 9a npensr va lOVlOTEi OU 11 unup~ll nAu-
011010<;npounollstei rjjnouderepornrc qioptiou xwpou, OllAaOTJ N, '" Ni, 0 OWXWplO110~ "11~
111110UOELEP01111O<;ana nATJPll OUOE1Epol11TaeXE1cnp.ooic YWTi 11npeorq emrpensi 111v \;TIlPiw-
011' 010 nAUOl1a llAEKTpOOlallKWV nEoiwv rn orroic onw<; eXE1 anooE1X1Ei 10 lEAEulaia xpovw
nai~ouv onpnvtuco POAO 0111VllAEKlpOOUVa111KTJxrn CPUOlKTJJIAUOl101O~"11<;iovooqxnpuc.

Krn Eva TEAEulaio 0XOAlO. Ilprv "11VoEKaETia lOU '70,11 JIPOOJIU9E1a 0111Vtovoo qxnpncq e-

psuvu TJlav ETIlKEV1PWl1eVllsni 9El1U1WViovooqxnpucnc OOl1TJ<;,TWVl111xaVlOl1WVCPW10l0VlO110U
xm CPWlOXlll1Eia<;,l1ETUCPOpU<;10VlO110Uxrn 111<;O\UOOOll<;paOlOKUl1ulWV U'f1lAWV OUXV01TJ1WV
(HF). Ta lEAwlOia xpovw ol1W~, l1E "11VaVUJIW~ll "11<;OW011111\KTJ<;xm lWV EJIi 10JIOU (in
situ) llELPTJoEwv l1E oopucpopou~ xcn mrpnukouc xrn \OWilEpa l1E1U 111VEKPllKUKTJ avumu~ll
w~ OWYVWOllKTJ~ lEXV\KTJ<;"11<;l1E9000u "11<;noupqxovou oKEoaoll <;l1EOWl1EYUAWVlEAETIlOKO-
TIlKWVpaolOouol1111U1WV (incoherent scatter radars), 11 El1cpaoll "11<;iovooqxnptxrp; epsuvuc
l1E1010JIi0911KE OE 9El101a llAEKlpOOUVa111KTJ< (JIEoia xrn pEUl101a) xrn CPUOlKTJ<;JIAuOl1alO<;. H
YTJWll iovooqxnpu 9EWPEi101, OJIw<;EiJIal1E, 10 KOVUV01EPO 010V uv9pwJIO CPUOlKOepyuo rnpio
JIAuOl101o<;, EVW 11 a)..AllAEJIiopaOll l1ELa~u iovooqxupncov ETIlOlll110VWVxrn CPUOlKWVEpya-
0111PWKOU JIAuol1alO<; yivElm OAOxrn JIEPlOOOTEPOlaKUKTJ xrn al1cpiopol1a WEPYEL1KTJ.

2.2) Iovooqxnpucq tnuoooll Pudioxujmtcov. ~101XEia

To aVllKEil1EVO "11~ OlUOOOll<;lWV HM KUl1U1WV0111Vtovooqxnpc xrn tu olucpopa cpmvo-
psvu JIOU "11VOleJIOUV, l1EAnulm uno "11VMayvlll0l0V1KTJ Oscopiu lWV Appleton-Hartrey l1E
pUOll l11V KAa001KTJ llAEKlpOOUVal1\KTJ. H iovooqxnpu 0111V 9EWPllOll aU1TJ Aal1PuVElm oav
aVOl1OloYEVE<;l1eoo, AOYW"11< 01PWl1U1WOll<; "11< l1E 10 uto<;, xrn aVlll1E1WJIi~ELm oav OlllAE-
K1P1KO yw 10 llEya)..U1EPO l1epo<; lOU cpuOl1alO<;lWV HM KUl1U1WVKa9w~ xrn w<;aVlOOlpOTIlKO
l1EOOAOYW "11<;UJIap~ll~ lOU l1ayvllUKOU JIEoiou 111<;Yll<;· ~lllV YEV1KW1EPll JIEpiJI1WOll, oi
OUVUl1E1<;JIOU UJIElOepXOvlm xrn ETIlOPOUVEJIi lWV llAEKlpoviwv lOU l1EOOU(11 EJIiopaOll EJIi
lWV 10V1WV eivrn al1dll1ea AOYW111<;l1EYUAll~ lWV l1u~a<;) sivoi 11 llAEK1P1KTJ OuVal111 JIOU
eXE1 oav aJI01EAWl1a tu llAEK1POVW va laAaVlOUVlffi JIEpi "11V9EOll ioopponiuc lWV l1E l11V
OUXV01111OlOU KUl1aLO<;,11l1ayvllUKTJ OUVal111Lorentz, Vex B JIOUE~avaYKu~E\ 10 llAEK1PO-
V1a va nepictpstpovtcn JIEpi 10 l1ayvllUKO JIEoio, OJIw<;xrn 111a aVaOXEL1KTJOUVal111JIOU eivoi
avUAoy0<; 111<;lOxul11la~ Ve lWV llAEKlpoviwv xrn ocpEi)'AElm OU~ EAaouKe<; KpOUOE1~ lWV
llAEKlpoviwv l1E tu papulEpa OuoE1Epa oeoprru a. H AUOlll11<; E~ioWOll<;xivnorp; K01aATJYE1OE
111a OUV9El11OXeoll yw lOV oEiKl11 01u9Aaoll~ lOU l1EOOU(0 cnoioc 0111YEV1KW1EPllJIEpiJI1WOll
eivrn 11\ya01KO<; ap19110<;)

J.L2 = (C/V)2 = f(X, Y, Z,B), (2)

OJIOU X = w;)w, Y = Oe/W, Z = Ve/W xrn (3 = arccos(B . k) eivrn 11 ywvia l1ElO~U lOU
l1aYVllUKOU JIEoiou xrn lOU KUl101OOWVUOl1alO<;k lOU JIPOOJIiJIlOVlO<;KUllalO<; OUXV0111la<;W.
01 JI0001111E<;Wpe, Oe xrn u; sivm xapaK111plOllKE<; OUXV01111E<;LOUl1eOOU, xcn OpiCOVlm aJIO
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elJ
De=-,

1ne
N Tl/2,Ve ex It e , (3)

onou e sivm 1.0 01.01XE1WOE,T)lEKlPl1<'O cpoplio, me T) T)lEK1POV1KfJ lHi~a, B T) EV1.aOT)1.01l
p.ayvT)1.1KOU nEoioll 1.T)' YT)" Nn T) mrxvo rmu lWV 01lOE1EPWVouotuuxrov xm Te T) K1VT)-
l.lKfJ Bspp.oxpuoi« 1.WVT)lEKlpoviwv. wPe sivcn T) OUXV01T)la nluop.a1.o, nou EKCPPU~El1.T)v
lOlOOllXV01.T)1.atou 10VlOP.EVOUP.EOOU,oT)laofJ 1.T)VOUXVOT)laP.E IT)V onoia to T)lEK1.pOVla tu-
Xuvtouvun nepi IT)V OEO'l icopponiuc lWV o urv T) apX1KfJ lOU, Ka1.UOla0'l Ola1.apaxOEi. De
sivm T) YUPooUXVO"IT)la "IWVT)lEK1POviwv (OUXV01'lla nEp101poCPfJ' nspi "IOp.aYVT)1.1KOnEoio),
EVW Ve eivm T) .9JlXV01T)la ElaouKwv KPOUOEWVlWV T)lEK1POviwv P.E tu OUOE"IEpa owp.ul.la
(EOW1.0 anolE1EOp.a 1.WVKPOlrOEWVCoulomb p.E"Ia~UT)lEK"Ipoviwv xm 10V1.WVeivrn ap.EAT)1.EO
EnEloTi 1.0 nAuop.a sivm aOeEVW, 1.0VlOllEVO,O'lAaoTi Nn » N; rv Ni). AEn1.01lEPE1E' Yla 1.T)V
MaYVT)10\0V1KTi 0Ewpia lInuPxollv OE olucpopa p\plia llE1.a~U nuuov pAEnE Ratcliffe (1972),
Risbeth and Garriot (1969), Yeh and Liu, (1972).

H OlEPEUVT)OT)1'lC:; E~iowoT), (2) eivrn upxstu OlrVOE1.T)xm nolunlwpT). Miu paO'\KfJ
op.w, sucova jmopei va owOEi, xwpi, llEy<ilEC:;anwlE1EC:;, 01'lV anlOU01EpT) lWV nsprmcooecov
otnv ayvOfJoOUllE 1.T)VOpuOll 1.01lllaYV'l11KOU m:oiou KaOwc:;xrn 10 ano"IE1Eolla "IWVKPOUOEWV
O"IT)Vx.ivnor] lWV T)lEKtpovierv, oT)laofJ ayvofJOOUllE rnv OpUO'l IT), oup.avT)' Lorentz xrn 1.T)V
unap~'l anwAElwv KlIlla1.lKTic:;EVEpYEla, AOYWnnopporpnorp; llEOWlWV KPOUOEWVT)lEK1.poviwv
llE tn OllOE"IEpa. ~lT)V nspimcooq aUlfJ T) llaYV'llO\OV\KfJ Becopiu npoplEnEl Yla l.OV OEiK1.T)
oluOlao'l' IT) ox EOll

w2 Nee2
J.L2= 1- ~ = 1- ------::-

w2 Eomew2'

onou EOE1Vm T) OlT)AEK1P1.T)KTi01aeEpU 1.01IKEVOU. ~Ullcpwva llE IT)V (4) 0 OEiK1T)c:;O\UeAaOT),
eivm icoc llE IT)V1l0vuoa EK10, 1.T)C:;lOvoocpmpa,( y\a1.i N, rv 0) a).AUllE1WVElm olaOlaKullE
1.0 uto, EV1.0, IT), rovooqxnpuc oujupeovn llE 11lValr~T)oT) "IT)C:;T)lEK1.POV1KfJ, nllKV01T)1a, Ne•

(4)

~n--------------------------------------

~r------------------~~~~-----------

~XfJlla 2. ~1aOlaKfJ OlUeAaOT) xcn avuKlaoT) HM-KIi.lla1.OC:;01T)V tovooqxnpc

H ~huoooT) 10U KUllaW, ollvoti(E1al O"IO~xTilla 2 onou W E\oEPXOllEVO nAUY\Q KUlla
lIcpi01a1al, KaeW, E\OEPXE"ImO"IT)Viovooqxnpn, 01aOlaKTi 01UeAaOT) ana tu lInEpKEi1l6Va 01PW-
pcnu llEXP1, orou lIn0016i OA1KTiaVOXAaOT)emo rperpovtuc OUVEXW,01aeAW1l6VO 01T)VPUOT)
1.T)' iovootpcnpuc xrn 01T) OUVEX61a n ioeo 01T) YT). M6 "IT)V6cpaplloyTi 10U V01l01l WlI Snell
(J.Llsiwh = J.L2sin<P2) Yla OlaOOX1KU 0101XE1W0'l o rpcojicnu PpioKOUllE 011 W KUlla avaKlulm
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010 u'l'o, exsivo yw LO onoio <P= 900 ElOl WalE va 10XUElJ.L = sin<po. I'm Ko.9ElTj npoomoon
EXOUl1E<Po= 00 onere Tj OUV9TJK~Yla aVo.KAaOTjyiVElUl

(5)

H lEAWlQia 0XEOTjOLOOU01Tjl1a SI nuipvei 1TjVanATJ 110PCPTJfe = 9 ..jJl;, onou fe sivrn Tj
OUXV01Tj1a10U KUl1UlO, (J = w/27r) nou aVaKAo.lQl 010 u'l'o, sxsivo 010 on oio TjTjAEK1POV1KTJ
nUKV01Tj1a E\VUl Ne. Ecpapl10YTJ lTj, OXEOTj,aU1TJ' yw 10 l1EYlO1O10U 01PWl1QlO, E onou N, :::::
1O-llm-3 KUlo. rnv Tjl1Epa OiVEl foE::::: 3.3 MHz EVWYla 10 Tjl1EpTJOlOl1EYlOLOlTJ, nEplOXTJ,
F2 (onou N, :::::10-12 m-3) EXOUl1EfoF2 = 9 - 10 MHz. 01 l1EY101E, OUXV01TjlE, foE KUl foF2
nou avaKAWV1Ul uno LO l1EYlO1OLOU 01PWl1QlO, E KUl F2 aV1i010\xa OV0l1o.COV1UlKpi01l1E,
OUXV01Tj1E,. ~lTjV nepimcoon nAo.yw, npoomcoon c 0\ Kpi0111E, OUXVOlTJ1E,aKOAou90uv 1TjV
0XEOTjfe = 9..jJl;/cos<po, onou <Posivcn Tj nAo.yw ywvia npOOn1WOTj, 010 ~XTJl1a 2. I'm <Po""
600

- 700
, 01 Kpi01l1E, OUXV01Tj1E, yw 10 Tjl1EpTJ01ol1EYlO1O1Tj, F 2 eivrn l1Ela~u 18 KUl 25

MHz.
~n, nupcmrvco 13a01KE, npo13AE'l'E1' lTj, l1aYVTj1OlOV1KTJ'9Ewpia, 01TjpiCE1Ul Tj AEnoup-

yia 10U lOVOOCPUlP1KOUpaow13oATj1TJ (IONOspheric SOuNDEer = ionosonde) nou ncpujrevei
KUl oTJl1Epa Tj napaOo01aKTJ l1ovuoa napaKOAOu9TjoTj, KUl 01EPEUVTjOTj,1Tj, OUVa111KTJ,ou-
l1nEp1cpoPo., 1Tj, xutnxoputpou WVOOCPUlP1KTJ,OOl1TJ,(OTjAaOTJlOU npocpiA 1Tj, TjAEK1pOV1KTJ'
nUKV01Tjla, Ne). 0 WVOOCPUlP1KO,paow13oATj1TJ' eivrn Eva naA111KOradar nou xpTj0111onolEi
jun xspnin eupeinc CWVTj, OUXVOlijlWV ylU tnv xntnxopurpo EKnOl1nTJ paOlOKUl1o.1WV oupco-
VOV1a, lTJV CWVTjOUXV01TJ1WVuno 1 l1EXP1 20 MHz OE Eva tumxo xpovo .....,20 s. ME 13o.oTj
tnv l1aYV'lL010V1KTJBscopin, npOKURlEl on 10 ionosonde OEV pnopsi va Ko.VEl napQl'lPTJOE1,
lWV WVOOCPUlP1KWV01PWl1o.1WVnspcv lOU u'l'0u, 10U l1EyiolOU lTj, nEplOXTJ, F2, OTjAaOTJ0Xl
neve uno 250 l1E 350 km. Ilcpuv lOU u'l'0u, outou sivcn OUVUlOVva yivouv napQlTjPTJOE1,
l1aKp09EV, ECPOOOV0 paOWOOATj1TJ' 13pioKE1UlOE Eva oopucpopo KUl nupcrrnpei npo-; to Ko.1W
(topside sounding), TJuno 1TjVYTjl1EOW1WVl1EYOAWVOU01Tjl1o.1WVradar aoul1cpwvou OKEOaOTj,
1WVonoieov Tj lEXV1KTJOEV KaAUnlE1Ul ana 1TjVl1aYVTjlOWV1KTJBeeopiu aAAU ana 1TjV9Ewpia
WVOOCPUlP1KTJ,OKEOaOTj,.

2.3) IOVOOCPUlP1KTJ~KEOaOTj Hlvl-Kuumev. ~lO\xEia

~Ul1cpwva l1E lTj l1ayvTjlO\oV1KTj 9Ewpia ylU pudioxupcnu l1E OUXV01'lla o.VW1WV 20 MHz
J.L ::::: 1, EnE10TJw;e < < w2, KUl 10 npoonimov KUlla 9a OWnEPo.OE1 1TjViovooqxnpc xwpi,
va un001Ei OTjl1avllKTJ 01o.9AaOTj KUl va En101pE'l'E1 01Tj YTj. H 110VTjaAATjAEniopaoTj l1E 10
lOVOOCPUlP1KOnAo.Ol1a nou emtpenst Eva nOAu 111KPOl1EPO, 1Tj, EVEPYElU, lOU KUl1UlO, va
Elll01pE'l'E1 KUl npoc 1Tj YTjE\VUl Tj OKEOaOTj.H OKEOaOTjyivE1Ul ano tn EAEu9Epa TjAEKlpOVW
10U l1EOOU, to onoiu EUPlOKOl1EVa uno 1TjVsniopocn 10U TjAEK1P1KOUnEoiou EllllaXUVOVlQl
KUl OUVEnw, aKllvo13oAouv 01TjV OUXV01Tj1alOU npoonimovtoc KUl1alO,.

To CPUlVOl1EVOlTj, WVOOCPUlP1KTJ,OKEOaOTj, olUxwpiCE1Ul OE aoul1cpwvTj (incoherent) KUl
OUl1CPWVTj(coherent) OKEOaOTj. H npW1Tj nepimroorj acpoPo. OKEOaOTjuno 9EP111KE,olUlOpaXE,
OlTjVTjAEK1POV1KTJnUKV01Tj1a 10U l1EOOU,oUOlUOnKo. npoxertrn yw KUl1Qla nAo.Ol1QlO, EKCPU-
AlOl1EVOUEUPOU" O'lAaOTJ 10 nAo.Ol1a sivm OEKQlo.OlOOTjw01o.9EW" ouvsmoc 10 oKEOaCOl1£vo
onpu eivrn nOAu 111KPOUnAo.1OU, KUl OUVQlUlva aVlxvw9£i 110vo l1E unepeuuio Sntc ouo rn-
putu radar nou xpTjOl110nOWUv lOXUpTJ£KnOl1nTJ KUl l1£YOA£, xepuisc ATJ'l'Tj,. H aoullcpwVTj
WVOOCPUlP1KTJOKEOaOTjEX£l nOAu rxuvonom nxf 9EWPTjUKTJEPl1'lVEia KUl yw aU10 10 AOYO
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ecpaPllOCElUllle emtuj iu OlTJV lOVOOCPUlP\KTJEpWVa W<;11\0 ouvexw<; pd.uoulleVTJ o\Oyvwou-
KTJ 1eXV\KTJ lWV ncpcqistpov 10U nAUOlla10<;. Eow 06V Bu avacp6peOulle nspiooorepo OlTJV
aoullCPwVTJ OKEOaOTJ KUl ea napanEll'l'0u1l6 10V 6vO\OCP6P01l6VO avaYVW01TJ ala KaAU upepa
emOKOnTJOT]<; lWV Evans (1969) KUl Farley (1971).

~lTJV nepimcoon lTJ<; OUllCPWVOUOKEOaOTJ<;,10 nAo.olla eivm aOlaeE<; KUl TJ OKEOaOTJ OcpdA-
AetUl 06 lOXUPE<; ovopoioyeversc lTJ<; TJAeKlpOV\KTJ<; nUKV01TJla<; (lOXUpU Kir!la1a nAo.Olla10<;)
116 an01EA6011a 10 oK60aC01l6VO OTJlla va eivm \OXUPO KUl va aV\XV6UelQ\ etiKoAa lle ll\KPO-
tepu pa0100U01TJllala. Ta EV10va cpUlvolleva OKEOaOTJ< nou napa1TJpOUV1Ul OtTJV nep\OXTJ
E lTJ<; \OVoocpUlp"a<; aVTJKOUV oe aU1TJ lTJV xcrnyopic KUl ocpeilloVlUl oe lOXUPE<; KUllaUKE<;
O\olapaXE<; OlTJV TJAeKlpOV\KTJ nUKV01TJla, 0\ onoisc, oncoc Bn OOUlle, o\aOiOOV1Ul KUeela 010
llaYVTJuKO neoio lTJ<; YTJ<;.H paO\KTJ CPUo\KTJKa1aVOT\OT\ lWV CPUlVOllEVWVaU1WV e£ll£A\WVelUl
jrs lTJV Beoipin OKEOaOT\<; HM aKl\VopOAia<; ana Eva O\o.XU1O \OV\OllEVO llEOO (n.x. pAEn£
Farley, 1971). Euv 10 neoio 10U oK6oaCollEvoU KUlla10<; sivrn nOAu 1l\KP01£PO 10U npooni-
n1OV1O<;, KUl TJ anOOlaOTJ 10U napa1TJpT]10U uno 10 llEOO noxu 116YaAU16Pl1 lWV o\a01UO£wV
10U OK60UCOV10<; OYKOU Vs (WOl6 va Exo1l6 6nin60a Kir!la1a) , 1016 TJ e6wpia npo{3AEn6\ ou,y\U
Eva npocnimov HM KUlla OUXV01T\la<; ui;

Ei(t) = Eoexp{ i(wrt - kr . r} (6)

Es(t) exJ b..Ne(r, t)exp{ -i(kr - kg) . r }d3r,
V.

(7)

onou b..Ne(r, t) uv unpooconeuet U<; O\a1apaXE<; T\A6K1POV\KTJ<;nUKV01T\lU<; uno juu llEOTJ UllTJ
No KQ\ kr, k , eivm tu KUllUlOO\oVUOlla1U lOU npoorcimovtcc KUl oKeouCollevou (Aall!3avolle-
you) xupuroc, ovtiotoryu.

To OAoKATJPWlla OlT\V (7) uvunpooroncuei 10 XWP\KO 116lQOXTJlla1\OllO Fourier lTJ<; TJA£-
K1POV\KTJ<; mrxvormuc 10U llEOOU npocoiopvopevo 0llW<; Y\O 11\0. 1l0VO XWP\KTJ O\v\OlWOa
Fourier 116 KUlla100\UVUOlla kir = k; - k ,; I'm mOWOKEOUOTJ, OTJAUOTJY\O Eva jiovoctunxo
OU01T\lla radar onou 0 nojirroc KUl 0 OEKlTJ<; ervm OlO iow oqp.sio, k, = - k.., El0\ WOle kiT
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= 2 k; ~ Air = Ar / 2. M6 UlAa AOYla, 01T]V O"K£OaOT] OUl11161£X61 110VO 11la OUYK6KP111£VT]
XWP1K~ OUV101woa ana 10 OUVOA1KO cpao11a lWV xuprmxcrv olUlapaxwv 010 nAo.o11a. AU10

6ivU1 ouvensiu 11']<; 9611K~<; 6naAAT]Aia<; 1161a~u lWV smjiepouc KU11Ull0iwv nou emnpootifle-
V1U1 oupqxovu ( OT]AaO~ 116 11']V i01U cpo.OT]) 01T]V xepuin 10U 0£K1T] 110VO 6CPOOOVnpo£PXOV1Ol

ana OUYK6KP111£V6<; 01aOOX1K£<; 11HwmK£<; KUllallK£<; 6mcpo.v616<;. ~u11n6pao11allKo., 01 116-

lP~061<; OK£OaOT]<; 116 Eva pa0100U011']l1a OU01UOllKo. acpopouv XWP1K~ avUluoT] Fourier lOU

OK60o.COVlO<; 0YKOU, 116 10 radar vu 6Ua109T]lOn06ilU1 110VO 06 1110.Ka90p1011£VOU l1~KOU<; KU-

11alO<; KU1 016U9uVOT]<; 01o.OOOT]<;KU11auK~<; 01alapax~<; T] onoic 6ivU1 T] 110VT] 06 OAO lOV OyKO

nou OUV61OCP£P61 anOAU1W<; 9H1Ko. 01T] O~CPWVT] OK£OaOT]. H eucovn aUl~ 016UKP1ViC61U1 nu-

pno trruxu 010 I:X~l1a 3 onou T] Y6w11npia 6K6i 6ivU1 Ylo. IT]V Y6V1KW16PT] nepin'uoon 6VO<;

0101UllKOU ouo rqprnoc radar (0 nojnroc KU1 0£K1T]<; 6ivU1 06 01acpop611K£<; 9£061<;) on016 10

l1~KO<; KU11alO<; 11']<;OK60o.Couoa<; aV011010Y£V61U<; 6~aplo.101 0Xl 110VO ana 10 l1~KO<; K~UlO<;

lOU paolOKu11UlO<; aAAo. KU111']V ywvia OK£OaOT] < 0 = arccosf kv- ks) (0 = 1800 Yla IT]V ncpi-
n1WOT] mOWOK£OaOT]<; 06 110VOO1UllKO OU01T]l1a). I:1T] Y6V1KW16PT] nepimeoon lOU I:X~l1alO<; 3,
T] OK£OaOT] ocp6iAA61U1 ctu KU11a1U nAo.o11UlO<; nou 01UoioOV1U1 KUla l1~KO<; IT]<; 01X010110U IT]<;

ywvia<; n011nOU-0K60o.COVlO<; 0YKOU-O£KlOU KU1 £Xouv l1~KO<; K~UlO<; Air = Ar /(2sin(0/2)).

3.0 I:KELlA~H AnO ANOMOIOrENEIEI: I:TO IONOI:~AIPIKO I:TPQMA E

Oncoc avacp£pa116 KU1 01T]V 61Oaywy~, T] nA£OV lOXUp~ lOVOOCPU1P1K~ OK£OaOT] nopcrnpeiroi
01T] n6plOX~ E lOU y6w11aYVT]l1KOU 1OT]116P1VOUKU1 01T] Og)..U1K~ CWVT] (POp610 KU1 VOll0 nOA1-

KO o£Aa<;). 0 AOyO<; 6ivU1 T] unap~T] o uc n6plOX£<; aUl£<; lOXUpWV OP1COVliwv T]A6K1POV1KWV

P6Ullo.1WV (electrojets) lWV onoicov 01 11napoA£<; aV1XV6UOV1U1 116 euuioflntu 11aYVT]1011Hpa

01T]V enupnvern IT]<; YT]<;. Ta lOXUpo. uutn peirprnn 0cp6iAAOV1Gl: 1) 011'] unap~T] 6VO<; 0XH1Ko.

lOXUpOU T]A6K1P1KOU n6oiou T] £V1UOT] KU1 npO£AWOT] lOU onoiou 6ivU1 01UCPOp611K~ Yla lOV

1OT]116P1V0 KU1 IT] Og)..U1K~ CWVT], 2) 011 T] K1VT]UK01T]la lWV T]A6K1POviwv KU1 lOV1WV 6ivU1

onprrvtucn 01acpop611K£<; (la 116V T]A6K1POV1U 6iVQl 'l1aYVT]U011EVa' KU1 T] xivnor] lOU<; Ka90-

piC61U1 ana IT]V OUVa11T] Lorentz 6VW 1U lOV1a 06V ''pA£nouv' 10 11ayvT]l1KO n60io AOYW lWV

OUXVWV KPOU06WV 116 tu OUO£16pa tu onoin KU1 tc 6~avaYKo.CouV vn aKoAou90uv IT]V X1VT]Oli

lOU<;),KU1 3) T] xapaK1T]plOUK~ ronoxoyiu lOU y6w11ayvT]11KOU n6oiou o uc n6plOXE<; aUl£<;

(OlOV 1OT]116P1V0 B 6ivU1 0P1COVll0 6VW 010. Od.U1Ko. nAo.1T] 0X600V xcncxopuoo].
M1U OT]l1avllK~ 101011']10 IT]<; OK£OaOT]<; lWV paolOKUllo.1WV ana 10 01pw11a E 6ivU1 T] lOXUp~

cviootponiu 11']<;£VlaOT]<; lOU oK60aC011£VOU O~l1UlO<; 06 0X£OT] 116 1TIV Ol6U9UVOT] npOOn1WOT]<;

lOU KU11UlO<; 00<; npoc IT] KUl6U9uVOT] lOU 11ayvT]UKOU n6oiou, OT]AaO~ uno.PX61 11la 116yUlT]

WU109T]oia 11']<; OK£OaOT]<; 116 IT]V ywvig 11nq~u lOU olaVU011U10<; k KU1 lOU B. To nsipcua
06iXV61 011 T] lOXU<; lOU oK60aCo11£voU xuputoc 1161WVf;101 lo.XlO1U Olav T] ywvia aUl~ uno-

Kliv61 ana 11<; 900 (0 opoc nou xpT]0l110n016ilU1 y1U 11']V n6plypacp~ IT]<; l0101T]la<; aUl~<;

6ivU1 'magnetic aspect sensitivity'). AU10 0T]l1aiv61 011 01 avo11010Y£V616<; T]A6KlpOV1K~<; nu-

KV01T] 10<;, OT]AaOTJ ru KU11Ula nAo.o11U10<;, £Xouv 6V6PYO 01U1011TJ OK£OaOT]<; nou 6ivU1 svtovu
aVlO01pomKTJ KU1 011 10 11ayvT] uxo n60io IT]< Y1l< naiC61 onpovtuco POAO 01T]V cviootponiu
cum. Buoucc, 01 avo11010YEV616<; jmopei va '6mCTJOouv' lLOVO Olav 01aoiOoV1U1 Ko.9na 010

B Y1U1i alA01W<; 6KCPUAiCoV1U1 yp~yopa AOYW IT]<; lOXUp~<; Olo.XUOT]<; lWV T]A6K1POviwv xrrtu
11TJKO<;lWV 11aYVT]l1KWV ypa1111wv AOYW lWV 111KPWV napUlAT]AWV 010 B T]A6KlpOolallKwv

n60iwv lWV aV011010Y6V61WV. AVli9na T] Olo.XUOT] Ko.9na 010 11aYVT]UKo n60io 06V 6ivU11000

an016AW11allKTJ 000 napillT]Aa 06 aU10 Y1Uli ocp6ilAHU1 01a 10Vla nrpou tu T]A6KlpOVla 6ivU1

lOXUpW<; 11aYVT]11011£Va 01T] Ol6U9UVOT] aU1TJ·
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MlU PUO\KT] OUVEn€\U IT)<; \OXUPT]<; cviootponiuc lWV UVO}lO\oy€V€\WV nAUO}lUlO<; W<;npox
to }lUYVT)UKO n€oio 010 Ol.pW}lU E, eivm 01.1 T) JIUpm:T]PTjOTj lWV <pQ\VO}lEVWVOKEOUOT)<;}l€ EVU

radar eivm OUVU10V VU yiv€\ povo €<POOOV10 KU}lm:OO\UVUO}lU k; €iVQ\ 0X€OOV KU9€lO 010 B.
AU10 €JI\PaAA€\ jnu OUYK€KP\}lEVT) Y€W}l€1piU €KJIO}lJIT]<;KQ\ JIUp U1T]PT)OT)< T) on oin OlU<PEP€\

onpov mcc ylU IT)V n€plOX1i lOU lOT)}l€p\VOV KQ\ tOU OEAUO<;. H Y€W}l€lpiU UU1T] O€\KVV€lQ\ 010

:EXT]}lU 4, UP\ol€PU ylU tOV lOT)}l€p\VO KQ\ O€~lU y\U tnv O€AQ\KT] CWYT). :ElOV y€W}luyVT) UKO

\OT)}l€p\VO, onou T) ywviu EYKA\OTj<; (}l€1U~V IT)<; 0P1COVliou KQ\ 10U B) sivcn OX€06v }IT)OEV,

T) OEO}lT) IT)<; npoon imououc UKllVOPOAiu<; npensi vu PpiOK€lQ\ 010 eninsoo lOU \OT)}l€p\VOV

OV1W<; W01€ vc €iVQ1 KU9€1T) 010 B. A Vli9€lU 01T] O€AQ\KT] CWVT), T) ywviu EYKA\OT) <; €iVQ1

UPK€lU }l€yaAT) (70° -80°) onots ylU IT)V €nilW~T) IT)<; €V AOYW Ku9€101T)lU<; }l€lU~V k; KQ1 B
Bu npsnei 10 pUOlOOV01T)}lU VU PpiOK€lQ\ VOllU KQ\ vu €KnE}ln€l uno }ltKPT] ywviu UVU1fWOT)<;.

Equatorial Zone Auroral Zone

h-IOO km

Eos!
I

South Nor!hWest

Hpiv npoxwpT]oou}l€ 01TjV nupouoiuon lWV uOlu9€tWV JIAUO}lm:O<; JIOU OT)}ltoupyovv u<;

UVO}lOt0YEV€t€<; 010 10VOO<pQ\ptKO 01PW}lU E, 9u uvu<p€p90u}l€ OUV10}lU 01T) <pUOT)lWV T)A€-

KlptKWV nsoicov JIOU €JI\KPULOUV 010V \OTj}lEP\vO KQ\ lTjV OEAQ\KT] CWVT).

3.1) Peupn r€W}lUYVT)l\KOU IOT)}lEp\Vou

To \OXupo PEU}lU 010V \OT)}lEP\vO eivcn PEU}lU TjAEK1POviwv 10 orroio PEEt nupUAAT)AU

JIPo<; 10 EOU<pO<;OlT)V OtEu9UVOT) UVU10AT]<;-OUOT)<;,JIEplOP\CO}l€VO xupio»; 010 01PW}lU U1fT)AT]<;

UYWy\}lOlTjlU<; }l€lU~U 100 KQ\ 110 km. To PEU}lU UU10 ouvrnpeiroi }lEOW EVO<; T)AEKlptKOV

JI€oiou 10 onoio KU1W9uVE1Q\ OlTJV KU1QKOpU<pO. To nEoio eivm O€U1EPOYEVE<; KQ\ npoxumsi
UJIO tnv UVUYKTj onw<; 10 OUVOA1KOpeujiu J O€ EVU 01OtXEtWOTj OYKO 010 Xwpo €\VQ1 €A€u9€po

unOKA\OTj<; (\7 . J = 0). H PUOtKT] JITjyT] €VEPY€lU<; ylU rnv Olm:T]PTjOTj 10U n€oiou 'UUlOU OlOV

\OTj}l€p\VO EiVQ1 0\ 9€P}l00<pQ\PtKOi UV€}lOt KQ\ 0\ JIaAA1Po\UKE<; laAUVlWO€t<; lOU m:}lOO<pQ\PtKOU

}lEOOU, n€ptooou 12 wpwv, JIOU OT)}llOUpyOUV UPX\KU EVU 'OUVU}lO-TjA€KlptKO JI€oio' V n X B
(OJIOU VlI EiVQ1 11 1QXU1Tj1.U lOU OUO€lEPOU }lEOOU) }l€yaATj<; KAi}lUKU<; (global) 01Tj ot€u9uvoTj

UVUlOAT]<; OUOTj<;01TjV n€plOXT] E. H OXE1tKT] 6€wpiu lTj<; m:}lOO<pQ\PtKT]<; TjA€K1POOUVUll\KT]<;

}l\KPWV KQ1 }lEOWV nAQ1WV eivrn yvwolij w<; L\uvu}l0-6€wpiu JIEPlOXT]<; E (E-region Dynamo

Theory) KQ\ neprypcqie rcn O€ Otu<popu P1PAiu, JI.X. Risbeth and Garriot (1969), Yeh and

Liu, (1972)' Kelley (1989).
H T)A€K1POOUVU}l\KT] KU1UOlU011 OITjV JIEPlOXT] E lOU lOT)}lEptVOU JI€P\YPU<P€lQ1 O€ Ouo PT]-

}lU1U }lEOW 1.T)< €~tOUVtKW}lEVTj < E\KOVU<; 10U :EXT]}lULO<;5. To PEU}lU nEplOpiC€lQ\ PUO\KU OE
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EVU Xsmo OXe:UKU a lPW11U (rre:plOXT] I ow 0X111J.U)U'fT]AT] < OP1C0V1iou UYWY1}101Tjlac; xupicoc
01Tj 01e:u6uVOll UVULOAT]~-OUOll~ Ku6C:1U ow }1UYVTjllKO rre:oio. H UYWY1}101TjlU KU1W UlIO 10

01PW}1U UU10 psuovetm AOYW UU~TjOT]~ lWV KPOUOe:WV }1e: lU OUOE1C:PUrrou OOTjye:i oe }1eiwoTj
1:Tj~ K1VTjl\K01TjlU~ lWV <pOP1l0}1EVWV ocopcnicov, e:VW ncvco uno 1:0 01:PW}1U UU1:0 0\ KpOUOe:l~

}1e:1WVOV1at Kat lU \OV1U 01UO\UKU yiVOVlat llaYVTjl\OllE}1a (Vi < 51i) ElO\ Wale: U}1<pOle:pU 1:U
<POP1\OllEVU OW}1UllU (TjAe:K1POVlU xui \OV1U) oA\06aivouv oxeoov }1C: lTjV iOlU 1:UXUll11U }1e:
urrolEAe:O}1U 10 psujm vu }1e:\WVe:lat OTj}1UVUKU. ErrUIAEov, ow 01PW}1U 1:OUelsctrojet Tj uyw-
Y\}101TjlU Hall aH, 01TjV KU1eu6uvoTj E X B, sivm OT]}1UVUKU }1e:yaAUle:pTj tns UYWY1}10tTjLU~

Petersen rrUpUAATjAU 010 E.

I 1
+ -\- + + -I' + + -+ + + + +

IT

~XTjlJ.U 5. LlTj}1\oupyiu TjAeKlplKwV rreoiwv Kat PW}1U1WV 010V \OTj}1epWO

0u rre:p\YPU'fOUlle: rrw~ OT]}1lOupye:ilat 10 electrojet 1:0U ionjieprvou. APX1KU (<pUOT]A 010

OXT]}1a), AOYW lWV rraAlppOlUKWV KWT]OeWV 10U U1}100<patP1KOU }1EOOU(OUOc:1EPWV Kat 10V1WV

u<pou sxsi u; » 51j) 01:TjV KU1e:u6UV01] +Z Kat OAi061]01]~ 10U rrAUO}1U1O~ }1EOU uno U~ OU-
VU}1\KEe; YPUll}1E~ 10U }1UYVTjUKOU rre:oiou, svspvei cn i lWV <pOP1:\O}1EVWVoroprrtiov 11 OUVU}11]
Lorentz F = qV X B Tj onoic Kat e:rruYC:l Eva V X B 1]Ae:K1P1KO rreoio Ex rrou KU1W6uve:1:at
rrpoe; uVU1oAue;. To rre:oio UU1:0 eivor 10 iolO eKU1Epw6e:v lWV snupuvsuov rrou olUxwpiCouv 1:0
uywY\}10 01PW}1U }1C:10Ue; xwpoue; KU1W6e:v Kat uvw6e:v uutou. To rre:oio npoxuxsi EVU pe:U}1U
Petersen Jp K~~ Eva pe:U}1u Hall J'H O\OU o u > o» evw e:Kloe; 10U 01pW}1U10e; lU ov rio rorrc
pe:U}1U1U srvcn jnxporepc e:rre:10T]a I > all. H OlU<pOpU lWV PW}1U1WV oOT]yc:i os OUYKEV1PW-
OTj <pop1:iwv 01U opi c 1:WV 01:PW}1U1WV E101 Wale: sxsi 1:0 peU}1U VU }1Tjv unoxouci otryjuuiu
trjv OUV6T]K1] V . J = 0 onots oev urrupxel ouvExelU p£UlLU10e; lLe:LU~U lWV emqxrveicov rrou

olUxwpiCouv tu OlPWlLU1U OlUCPOpe:llK~~ uYWyllL011]la~. ~uv anolEAwlLa lOU cpopliou xwpou

001]YOUlL£6u 011] CPU01]B 010 ~X1]}1a 5 onou pAEnoulL£ va 01]lLlOUPye:ilU1 EVU TjAe:K1P\KO n£oio
nOAWOTje; Ez nou KU1W6uvc:1at xcnuxopuqxr npox tn nuveo Kat npoxuxci, onwe; cpaive:lat 010
OXT]}1a, VEU peU}1UlU Hall Kat Petersen E101 Wale l£A\KU 010 OPlO OlUXWP\OllOU lWV 01PW-
llU1WV VU unOKU1U01U6e:i 1] OUVEX£lU peujicnoc n ou e:mpUAAe:l 0 vojioc V . J = O. Pin tnv

KU1UOLU01] nou e~c:1UOalL£ 010 ~XT]}1a 5 Kat 1] ortoin \OXU£l KU1U trjv OlUPK£lU lTj ~ 1]lLEPU~,

svco ov nctperpetm KU1U lTjV 01UPKe:1U lTj ~ VUK tuc, W le:A1KO unolEA£olLU nou npoxumsi lLe:1U
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(8)

nou aVl.mpOOWm:UE\ l.0 \OTjl1EP\vO 11AEKl.POV\KO PEUl1a (equatorial electrojet).
0a npsnsi va noujre 01.\ l.0 npWl.OYEvE<; nEoio Ex eivm l.Tj<; l.o.~Tj<; l.OU 1 mV [txx, EVW

LO OEU1:EPOYEVE<; nEoio nOAWOTj<; eivm 01Ulav1.\Ko.l1EyaAUl.EPO, 0\01.\ Ez = (CTHICTp)Ex, KQ\
nuipvst 1.\l1E<; 1:Tj<; l.o.~Tj<; l.WV 10 - 15 mV [tu, To nEoio nu to eivm \KaVO va npoKcU..EOE\

laxul.TllE<; OAi09T]01l<; l.WV llAEKlpoviwv Ve = IE X BI I B2, IT]<; l.o.~T]<; lWV 350 l1E 550 xa]«
(B = 0.3 Gauss) 01T] 0\Eu9uvoT] aVUl.OAT], OU011<;. 0\ 1l11e<; cutsc, onw<; Bu OOUllE nupuxntco,
sivcn l1EyaAulEpE<; IT]<; 10vlO-aKOU011KT]<; lUXU1T]la<; LOU nAOOl1Ul.o<;, OUV9T]KT] T] onoin civm

unupnirntr; Y1a IT]V unooroueponoiqon 10U nAOOl1alO<; KQ\ tnv au90PlllllT] yev£OT] KQ\ aU~T]-

011 T]AeKlpOOlallKWV KUl1a1.\KWV 01Ul.apaxWv 111KPOU l1T]KOU<;KUl1Ul.O, nou olaoiooVlU1 Ko.9Ela

0l.0 B KQ\ eivcn unsufluvsc y\a rnv OUll<PWVTjOKEOaOTj.

Ta 10XUpOl.Epa 10VOO<pQ\P1Ko. peuprnn PEOUV Ol.T]V nEplOXT] E 111<; OEAQ\KT]<; CWVT]<;KQ\
EiVQ\ YVWOlo.l1E 10V opo auroral electrojets. To aVUl.OA\KO (poT] T]AEKl.poviwv npoc OUOl1o.,)

OEAQ\KO psujm ER1KPUl.Ei nprv 10 l1aYVll1.\Ko. l1EOo.VUKtu EVW l.OOUllKO psujiu (oAi09T]0T] T]AE-
xtpovicov npoc aVUl.OAo.<;), KUl.o. po.OT], l1Elo. 10 l1aYVllllKO l1EOOVlrKUO. Eow Bn avacpepOUl1E

EAo.X101a OlO1XEia Y1a 1T]V T]AEKlpOOUVa111KT] IT], oeAQ\KT]<; CWVll<;, Eva OUV9E10 yewcpu01KO

ouo1T]l1a l1E Eva OT]l1aVl\KO ap19110 cpQ\vol1evwv nou PpiOKE1U1 uno ouveXT] 01EPEUVT]01l. I've
nAT]pe01:Epa o1:O\xEia ER11T]<; T]AEKlpOOuVa111KT]<; KQ\ CPU01KT], nAaOl1Ul.o<; IT]<; nEplOXT]<;, pAenE

10 npocqxno P1PAio 10U Kelley (1989).

SUN
t

12h

50'

Westward Electrojet
Southward S

Harong -' "",-_E ~ NJ~Discontinuity J <- '01'

Hw<

H 0101o.0101T] E\KOVa lWV PWl1o.1WV 010 0P1COVl.10 EninEOO, onw<; npOKUnl.E1 uno l1ayvT]-

tooqxnpucec Eyypacpe<; 010 eoacpo<;, cpaivEl.U1 010 ~XT]l1a 6 10 on oio cnotskei 111a npOpOAT] lOU
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.pOP€lOU Tll110q>01piou 010 lOlll1€PWO €nin€oo 11€10 K€:V1POva ovnororyci 010 l1aYVllllKO nOAo.
H 9€:01l lWV OPlCOVliwv O€A01KWVPWl1alWV O€lKVU€lm 010 OXT)l1a11€10 toviojrsvc 'pall 01OU<;
cvriotorrouc XPOVlKOU<;1011€i<;lWV 1€lOP111110piwv npiv xni l1€la 10 l1aYVllllKO psoovincuo.
H 9€:01l xni €:v1aOll lWV PWl1cllWV €~aplcllOl uno 11lV Y€Wl1aYVllUKT)OpaOlllplOl1l1a 11 onoiu
OUVOO€U€1Ol11€ l1€lO'pOA€:<;011lV evtcon (OUYK€:VlPWOllKOl €v€:PY€la) 111<;''pol1'papoiCouoa<;'
11lV n€plOXT) OWl1allOlOKT)<;aKuvl'poAia<; xrn lWV llA€K1PlKWV n€oiwv. Ta llA€K1PlKcl n€oia,
O€ aVli9€Olll1€ lOV lOlll1€PWO onou 0lll1lOUPyouvlm romxc, sivoi l1aYVlllOoq>01PlKT)<;npoexeu-
011<;, 0llAaOT) €~wY€VT). H y€:v€Oll xrn OlalT)P1l01l lWV n€oiwv cuuov Oq>€W€lOl 0111 OAi091loll
(convection) lOU llAlaKOU nvspou (nAT)pw<; tovtopsvou nAaOl1alO<; llAlOKT)<;np0€:AWOll<;) l1€:oa
uno U<; OUVal1lK€:<;ypal1l1€:<; lOU l1aYVllUKOU n€oiou 111<;Yll<; 011lV l1aYV1l100q>01pU. Buoucu
npoxertm Yla enuyojievu V X B llA€K1PlKa n€oia nou 0lll1lOUPYOUVlm 011lV l1aYV1l100q>01pa
xrn 11€laq>€:POV10l 0X€OOV uutouom 011lV iovooqimpu l1€:OWlWV aVOlK1WVl1aYVllllKWV ypal1-
l1WV nou OUVO€:OUV11lV O€A01KT)CWVll 11€ 11lV l1aYV1l100q>mpa. AU10 Oq>£iAA€101010 ou 11
llA€K1PlKT) aYWYl11011l1a KOla l1T)KO<;lWV l1aYVT]UKWVypal1l1WV ervm nOAU l1€yQAll sror W01€

oi l1aYVllllK€:<; ypal1l1€:<; va €V€PYOUV oav llA£K1PlKE<; 1000UVal1lKE<; ypal1l1€:<;. Ta €~WY€VT)
llA€K1PlKcl n€oia (convection fields) 011lV O£A01KT)CWVll, lWV onoiov 11 nOAlKo1111a €iV01 a-
vli9€11l npw (q>Opcl n€oiou npox 'poppa) xrn l1€1a (q>opa n£oiou npos vow) 10 l1aYVllUKO
l1€OOVtiKllO, 0lll1lOUPYouv K01 OlOlllPOUV 10 lOXUpO aVOl0AlKO K01 OUllKO P€Ul1a wnou Hall
(E X B) 011lV O€A01KT)CWVll, onw<; q>aiV€lm 010 ~XT)l1a 6.

Oi evtcosvc lWV llA€K1PlKWV n€oiwv l1£lO'pilloVlm OUV€Xw<;11€ lOV xpOVO, lOlOil£pa O€
KOla 11lV OlclPK€lO lOXUpWVK01 '.Pi01WV' Y€Wl1aYVllllKWV KOlmyiowv, xrn nuipvouv lll1€:<; ana
jisprxu m V 1m l1EXPl K01 aVW lWV 100 m V [ti». Oi 1l11€:<;aUl€:<; aVl1010lXOUV O€ laXU1111€<;
OAi091l01l<; (E X B/B2) lWV llA€K1POviwv cmo jieprxec O€KaO€<;ui]« l1€XPl xrn oveo lWV 2000
txx]«. Onw<; K01 010V Y€Wl1aYVT\llKO101l11€PWO,Olav 11 laXU11l1O OAi091l01l<; lWV llA€K1POviwv
unspjlei nspinou 10 400 ra]«, 0llAaOT) 111VlOVlo-aKOUOllKT) laXU11l1O lOU l1€:OOU,101€ 10 nAa-
ojm anoola9€pOnOl€i10111€ an010 •.€011a va ovun nrooovtcn llA£K1P001OllKcl KUJ:LOlanAclOl1alO<;
tu on oiu olaoioovlO1 Kcl9€1a 010 l1aYVllllKO n£oio xrn npoxc.Xouv OKEOaOll lWV npoommo-
V1WVKUJ:lalWV n€plOXT)<; VHF K01 UHF lOU HM q>cl01LOl0<;.

4.0 MHXANI~MOI A~TAeEIQN IIAA~MATO~ ~THN IIEPIOXH E

To €P€UVllllKO uvtuceiuevo nou olOnpaYl1Ol€U€lm 10 ap9po outo 9£11€AlW91lK€K01 ava-
nux 9T]K€ xupio»; 010 l1€:oa 111<;O€Ka£lia<; lOU '60 ana €PWVT]l€:<;lOU Ilovemornjriou Cornell
01T]Vnpoonulleur lOU<;va KalaVOT)OoUV t«; nportec nopurqpnosic nou €:ywav 010V Y€Wl1ayvll-
UKO lOT]l1£PWO11£ 10 l1€yQAO Doppler radar nou £YKOlaOla9T]K€ 010 Chihamarca lOU Ilepou
10 1958-1960. Or nfYw1€<;-napalT]pT)0€l<; q>aOl1alWV Doppler nou oOT)YT]oav 0111V 9€WPT]llKT)
aVclnW~ll 111< OUl1q>WVOUiovooqxupucf <; OKEOaOT]<; naPOUmaCOVlOl 010 ~Xlll1a 7. Or napa-
11lPT)0€l<; aU1E<; €:ywav ctu 50 MHz (OT]AaOT)oUJ:Lq>wva11£ 10 ~XT)l1a 3 Air = 3 m), 11€ IT]V
01£VT) OEOl1ll 111<;xepninc lOU radar va xrvsitcn nuveo 010 lOT]l1£PWO£nin£oo K01 va oopco-
VEl 01T]V Kal£u9uVOT] aVOl0AT)<;-OUOll<;.M£ tu nponu neipcucnn napOlllPT)91lKaV 'paOlKcl OUO
OlOl1£lPlKcl OlOq>OP£llKOi tunoi q>aOl1alWV Doppler nou OV0l1a01T]KaV nmoc I K01 II.

Ano 10 ~XT)l1a 7 'pAEnOUl1€ou 0 q>aOl1anKo<; tunoc I nupurnpeitm Yla C£vl9lOKE<; ywvi£<;
nspov lWV rv 30° otov T] OEOl1ll IT]<;xspuiuc KOlw9uv£lOl npoc OUOl1a<;T] aVOl0Acl<;, MAa
11£ aVli9£11l nOAlK011l1O (9€llK€:<; 11€1Ol0nW£l<; Doppler onpuivsi xivnon npoc 10 nuputnpnrf
K01 npvn nxec 10 nvtifIeto]. 0 umo-; I OUVi01Olm ana Eva 01€VO q>a01La Doppler lOU orroiou
11KOpUq>i}eivcn uercnomouevn otu ± 120 Hz nspinou, nou ovnctoryei O€ lna nx uvrxf laxu-
11l1a ± 360 mls 11 onoic sivcn OX£oov iOT]lL£ 11lV iov to-mcouo nxn laxu11l1a lOU nAclOl1alO<;
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o LO U'f0~ rv 105 km. ~TJ1LUVUKi] URi]p~E: 1] RUPUll]PTJOTJ OU 10 q>aOllU lUROU I uncmouoe jriu
£AuXiolTJ C£vl9lUKT] ywviu yLQ vu RUPU1TJPTJ9E:i, UAAa REPUV lTJ~ ywviu~ UU1T]~ TJ 1l0Pq>T] 10U

q>aOllUlO~ KUl TJ KOpUq>T] 10U RUPEllEVUV Ull£laPATJ1U llE: IT]V UU~T]OT] IT]~ CEVl9lUKT]~ ywviu~.
AU10 T]lUV £VOElKllKO IT]~ URUp~T]~ E:VO~ KUlWq>Aiou ROU T]lUV uvcyxuio vu UR£PRT]0T]9Ei Yla

IT]V YEV£OT] lWV UVOllOlYE:V£lWV lUROU 1. TEAO~, YlU lllKPE~ CE:vl9lUKE~ YWViE~, OT]AUOT] YlU
RpOOR1WOT] nspi IT]V KU1QKOPUq>O, 10 RupulT]pt19EV q>aOllu T]lUV lUROU II XUPUK1T]PlCOllEVO
URO lllKPE~ llEO£~ llE:1Q10RioEl~ Doppler KUl EVU q>UOllUllKO EUpO~ OT]llUVllKa llE:yaAU1£pO URO
UU10 lOU lUROU 1.

I • 49.92 MHz

POWER
I

POWER
I

•'00 0 100 200
DOPPLER SHIFT (Hzl

·200 -100 0 100 200
DOPPLER SHIFT( HIIPO ER

I

-200

POWER
I

POWER
I

-200 -100 0 100 200
DOPPLER SHIFT (Hz)

-100 0 100 200
DOPPLER SHIFTlHII

~XT]lla 7. TUROl q>aOllalWV Doppler OUllq>WVOUOKEOaOT]~ uno lTJV REPlOXT] E lOU

y£wllaYVT]llKOU lOT]llE:PlVOU o tu 50 MHz (Cohen and Bowles, 1967)

H ncprrrnpnon lWV Ol£VWV q>aOllalWV lUROU I, lWV onoiov oi KOpUq>E~ cv'nororyoirocv O£

lliu lUXU1T]lU Doppler RAT]oiov IT]~ tovto-uxouo nxf < lUXU1T]la<; lOU RAaOllmO<; unolEA£Oav

10 svuuopu IT]<; lOEa<; OU Ol UVOllOlOYEV£lE<; UREU9uVE<; Yla IT]V lOXUpT] OKEOaOT] OlU 50 MHz
eivm LOVlO-aKOUOUKa xup atn RAaOllalO<; lllKPT]<; 0XEUKa OUXVolT]la<; ROU 0T]llLOUPYOUV1Ul

llEOW KaROlOU llT]XaVLOllOU aOla9Ela<; RAaOllUlO<; (plasma instability). 0 llT]xaVloll0<; ROU

RpOla9T]KE KUl uvaR1Ux9T]K£ jie £RllUXiu yLQ 10 LOVOOq>UlPlKO RAaOlla IT]<; R£PLOXT]<; E T]lUV
uutoc lTJ<; 'aola9£la<; OmAT]<; OEOllT]<;' (two stream instability) a orroio-; T]lUV YVW010<; uno

10 £PYU01T]PlO. rlU IT]V £~T]YT]OT] lOU q>aollUl\KOU lUROU II RpOla9T]K£ apyolEpa(llE REplO-

PlOllEVll-011W<; E:Rnuxia) a 11llxuVLOll0<; IT]<; 'UOla9Ela<; pu911ioa<;-oAL09T]01l<;' (gradient drift
instability) a onoioc EntOT] ~ T]lUV YVW010<; 010 epvuctpqptuxo RAaOllU KUl a onoioc eivm

OUVUlOV vu AaPEl xwpa o tu iOla iovoorpmpncc U'fT]. KUl Ol OUO nuroi llTJXUVlOlloi, Ol orroioi
oT]llE:pa aR01E:AOUV IT]V paoT] IT]<; q>UOlKT]<;KUlUVOll0T]<; lWV q>UlVOllEVWV OKEoaOT]<; aRO OlT]V

RE:PlOXT] E, on cuouv IT]V URap~ll 010 RAaollU evoc OUVEXOU<;T]A£K1PlKOU REOiou, 10 onoio

ORW<; £~T]YT]oullE OV1W<; URaPX£l 010V ionpspwo KUl 11lV OEAUlKT] CWVT].

Ilpiv R£paOOUllE OlT]V EntOKORT]OT] IT]<; E:VOROlT]llEVT]<;YPUlllllKT]<; 9E:wpia<; lWV EV AOYW
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U)V \OVlO aKOUOUKTJ laXUlTJla 010 nAaOJ:1a

C'~= J((Te + Ti)
< Tni > (9)

onou Te, T; eivm 0\ Beppoxpuoisc TJA£K1POviwv Kat \OVIWV ( 0\ onoisc y\a J:1\Kpa TJA£Krp\Ka
n£oia KOlW lWV 40 J:1£ 50 m V /m eivm iosc J:1£ auriJ lWV OUO£lEPWV OUO"IaUKWV Tn), K eivcn
TJ olaO£pa Boltzmann Kat < Tni > eivrn TJ J:1EOTJ\OV\KTJ J:1aCa 010 nAaOJ:1a. Miu WRtKTJ l\J:1TJ
ITJ<; CS ala 105 km eivcn 360 m/s. Onw<; tovioups npOTJYOUJ:1EVW<;,10 TJA£KIP\KO n£oio O"ITJV
n£p\OXTJ E lOU \OTJJ:1£PtvOU Kat "ITJ<;O£AatKTJ<; CWVTJ<; nuipvei lElO\£<; "I\J:1E<;WO"I£ TJ laXU"ITJla
OAioOTJoTJ<; lWV TJA£K1POviwv va sivrn ouxva J:1£YaAU1£PTJ lWV 350 J:1£ 400 m/s y£yovo<; nou
emtpensr ITJV cnootcseponoion lOU nAaOJ:1Olo<;, psoco 10U J:1TJxaVtOJ:10U "ITJ<;aO"IaO£\a<; OmATJ<;
OEOJ:1TJ<;,-£.10\ W01£ va EXOUJ:1£ YEVWTJ xni aU~TJOTJ lWV TJA£KlpOOlaUKWV O\OlOpaxWV OU<; 0\-
£uOUVO£\<; exsivec y\a U<; onoiec VdcosB ~ C~.

BV BV

o J:1TJXnvtojio ; "ITJ< aOlaO£\a<; paOJ:1ioa<;-OAioOTJoTJ <; (gradient drift instability) nsprypc-
<p£"Iat noio uxa 010 ~XTJJ:1a 9. Eow 0 opoc I paOJ:1ioa' uvuqispe un O£ paOJ:1ioa TJA£KIPOV\KTJ <;
nuxvotntuc \lNe, TJ onoiu npcnsi va unapx£\ Kat va £X£\ "ITJViota <popa J:1£ 10 TJA£KIP\KO
n£oio y\O ITJV cmootussponoinon lOU nAa0J:1010<;. ~10 ~XTJJ:1a 9, TJ ypaJ:1J:100K\a0J:1EVTJ n£p\OXTJ
sivcn J:1\a CWVTJ aU~TJJ:1EVTJ<;TJA£KPOV\KTJ<; nUKVOITJla<; (n.x. TJ n£p\OXTJ E O"ITJVxcnuxopuqio
O\£uOUVOTJ). EOIW o u 0PX\Ka unapxouv KUJ:1aUKE<; O\QlOPOXE<; lOU \oiou supouc O"ITJv TJA£-
KIPOV\KTJ nUKVoITJla OlTJV KalW Kat nuvo emqxrvsm lOU OlPWJ:1QlO<; onou tu o\aVU0J:1Ola E Kat
\lNe, sivrn napQ)..ATJAa Kat oVUnOpillTJAa uvtio toryu. T01£, onw<; <paiV£lat 010 OXTJJ:1a, AOYW
lWV O£Ul£POY£VWV TJA£KlpOOlaUKWV n£oiwv nou OVORlUOOOV"IQ\ £VIO<; "ITJ<;KaO£ O\OlapaXTJ<;,
Oa £J:1<pavwOouv 10RtKW<; peupcnu tunou Hall, a<pou onw<; cinupe TJ aywY\J:10U)la Hall eivrn
TJ £RtKPOlE01£PTJ 010 OlpWJ:1a E, tu onoiu Kat 00 npOKaAEOOUV YEa OAioOTJoTJ lOU nAaOJ:1Olo<;
KaO£lO OlTJV npwlOy£vTJ laxulTJla OAioOTJoTJ<;Vd, onw<; <paiv£lQ\ 010 0xTJJ:1a. IIapOlT)poUJ:1£ OU
TJ KUJ:1aUKTJ O\OlapaXTJ 01T)V xntco £Rl<pav£\O, onou Ell \7 Ne, Bu £vwXue£i a<pou ouc n£p\oXE<;
10U KUJ:1alO<; onou EXOUJ:1£ nUKVWOT) (on > 0) TJ nUKVO"ITJla Bu aU~T)e£i £VW OU<; n£p\oXE<;
ortou on < 0 TJ cpoioon snioqc Bu aU~TJe£i (instability), £vw 10 ovtifleto ea OUJ:1P£i O"ITJV
neve smqxrvsiu onou 10 TJA£KIP\KO n£oio sivcn J:1£ IT) poeJ:1ioo OlT)V TJA£K"IpOV\KTJ nUKVOITJla
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eivm UVltRapa),),TjAU 11€ unolEA€Ol1U 10 eirpoc rn e; OlUlUPUXll e; exsi vu €Kq>UAlOl€i YPllYOPU
(stability).

Eivcn OTj11UVllKO VU uVU<PEPOU11€BOW on Tj uOla9€lU Pu911ioue;-oAi09TjoTje; jmopsi vu A€l-
lOUPYllO€l OlTjV n€plOXll E YlU lUXU1Tjl€e; OAi09T]0T]e; lWV T]A€K1POviwv O€ 0XEOT] 11€ UU1T] 1WV
lOV1WV, jnxpotspec IT]e; lOVlO-UKOUOllKlle; 1UXU1T]lUe;, OT]AUOll xcrco lOU KUlW<pAiou lTje; note-
9€lUe; OtRAlle; OE011T]e; (Vd < Cs). Onwe; npoxumci 0l1we; uno IT]V 9€wpiu, OlT]V nepimcoon
UU~ "tn nupUY011€VU Kir¥UlU nAa011Uloe; EXOUV 11llKT] KU11ulOe;, YlU tumxec lll1Ee; 1WV E KOl
VN; 01T] n€plOXll E, l1€yalUl€PU lWV 10 11€ 20 m, KUla OUVEn€lU O€V jnropsi T] uOla9€lU
UU~ vn OUllll€lEX€l all€Ou OlT]V OKEOUOT]HM xupuuov CwvT]e; VHF KOl nvro u<pou unurreitcn
T] unup~T] KU11alwv 11€ Air < 5 m. 1:Ulln€pu011UUKa, T] uOla9€lU Pu911ioue;-oAi09T]0T]e; O€V
jnropsi vn €~T]YllO€l lOV <PUOIlUUKO nrno II, YlU lOV onoio ot«; olw9uVO€l<; nou ncputnpsitcn
EXOUll€ Vd < cS, O€ uVli9€OT] 11€ IT]V uOla9€lU omAlle; OE011T]e;T] onoiu eivm opxstc €nnUXlle;
01T]V €P11T]v€iu lOU <PU011UUKOUtunou I nou nnpurnpeitru 0Xl 110VO OlOV lOT]l1€PlVO alAa KOl
OlT]V O€AOlKll CWVT]. Onwe; Bu OOU11€ 010 €n011€VO €Oa<plO, tu <Pa011UlU urnou II 0<P€iAAOV10l
O€ UV011OlOYEV€l€e; nou motsustcn OU OT]111OUPYOUV10lOW1€poY€Vwe; 11EOW11T]YPU11lllKWV 11T]-
XUVlO11WV010 nAa011U.

5.0 0EQPIA A1:TA0EIQN IIAA1:MAT01: 1:TO ION01:<pAIPIKO 1:TPQMA E

Ano IT]V €nOXll lWV nprotov l1€A€lWV IT]e; uOla9€lUe; omAll e; OEOIlT]< OlOV y€W11UYVT]UKO
lOT]l1€PlVO KOl ue; npcotonopiuxe-; spynoiec lWV Farley (1963) KOl Buneman (1963), unapXEl
svuc 11EyaAOe; upl9110e; 9EWPT]llKWV EPYUOlWV sni lWV ypu1111lKWV KOl 11T]9EWPlWV lWV UOlU-
9ElWV nAao11ulOe; OlT]V nEplOXll E IT]e; iovooqxnpuc. Eow Be EnlXElPllOOUllE juc nOAu OUVlO11T]
EnlOKOnT]OT] 1WV nAEov PUOlKWV OlOlXEiwv xupio»; IT]e; YPull11lKlle; 9Ewpiue;.

1:1T] OT]l1EPlVll 110P<Pll lTj < YPU1111lKll< 9Ewpiue; nEplAu11PavovlOl KOl ot ouo 11T]XUVlO110i
uOlU9ElWV 1WV onoicov T] <pUOlKll ElKOVU 009T]KE npOT]YOUllEvWe;, T] uOla9ElU omAlle; OE011T]e;
KOl 1T]e; Pu911ioue;-oAi09T]0T]e;, ct«; onoisc T] €AEU9EpT] EVEPYElU ylU IT]V nrrootufieportoinor]
lOU nAaolLUlOe; nUpEX€lOl uno uncpxovtn T]AEKlplKa nEoiu KOl Pu911ioEe; OlT]V T]AEKlpOVlKll
nUKV01T]lU. H YPU1111lKll Becopin EXEl uvunlUx9Ei OE Ola<popEe; epyccisc OlT]V PlPAlOypu<piu
(n.x. pAEnE Rogister and D' Angelo, 1970, Fejer et al., 1984 KOl aAAEe; epyuoicc nou
UVa.<pEPOV10l EKEi). To npOpATj11U EXEl UVU11E1Wnl01Ei uno IT]V 11lKPOOKOnlKll nAwpa 1T)e;
KlVTjllKlle;- 9Ewpiue; 11EOW1Tje;E~iowoTje; Boltzmann KOl uoxpooxonucc 11EOWlWV E~lOWOEWV lTje;
PEUOlO11T]XUVlKlle;. Tu unolEAEo11UW 1WV ouo OlUOlKUOlWV eivm oUYKpiOl11U ylU 11llKT] KU11ulOe;
Air ~ 1 m. 1:1T]V nepin troon nou 10 nAaolLU 9EWPEilOl we; PW010, EXOU11E10 nAWVEK1T]l1U
OU OOT]YOlI11U01EOE uvaluuKEe; EK<ppaoEle; YlU IT]V E~iowoT] OlUonopae; ot onoisc smtpenouv
11lU mo KUlUVOT]lll -ipUOlKll ElKOVU KUl EUXPTjOlTj UVaAUOT] lWV 9EWPT]llKWV npopAEIjtEWV. 1:w
En011EVU Bo uKoAou9ll00U11E IT]V PWOlOIlT]XUVlKll UVaAUOTj.

H YU1111lKonoiT]oTj lWV E~lOWOEWV OUVEXElUe; KUl xivnonc ylU tn T]AEK1POVlU KUl 10V1U
OOT]YEi ornv UKOAOu9T] 0XEOTj OlUonopae; (ylU nAT]pE01EpT] UVaAUOT]pAEnE Fejer et al., 1984)

. w + 2iaNo - k· Vd = 1jJ [(woo+ 2iaNo)(iwo - vi) - ik2C;][1 - iDe 1 (10)
~ ~kLN

onou .
k2n2

VeVi IIHe
1jJ = n n _(1+ k.2 2)'

~'eH, .ll/e

1:ue; nupunuvro EK<ppaOEle; k eivrn 10 KU11UloOlaVU011U lOU KU11UlOe; nAa011UlOe; KOl kll, k.l
sivm oi OUV101WOEe;lOU nUpaAAT]AU KUl Ka9E1U 010 11UYVT]UKOnEoio. H lUXU1TjlU V d eivrn T]

Wo = w + if, L _ NoE
N - VNe' E (11)
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0XE1XKTJlUXU1T)lU OAi09T)0T)~ lWV T)AEK1POviwv W~ npox tu 10V1U T) onoin OE nporrn npooey-
y10T) OlT)V nEplOXTJ E lTJ< lOVOOq>UlpU~eivrn V d ~ Ve = E x B IB2 EnE10TJ tn iovtu AOYW
KPOUOEWVeivm 0XEOOV npoooprnpsvu oro ouoelEpa. No OUllPOAiCE1jnu lleOT) UllTJ IT)~ T)-
AEKlpOV1KTJ~nUKVOlT)la~ EVWLN = No/(8Nel8x) EiVQl 10 xapaKlTJp10UKO llTJKO~pa911iou~
OlT)VT)AEK1POV1KTJnUKV01T)lU OlT)VKUlEU9uvoT) lOU T)AEK1P1KOUnEoiou E. 0 OpO~ 2aNo ovu-
npooconeuer to lleoo pu9110 anWAE1a~ lWV T)AEK1POviwv AOYWEnavaOUVOWT)~ llE tu 10Vla, llE
10 a va OUllPOAiCE1lOV OUV1EAW1TJenuvcouvdeonc lWV T)AEK1POviwv 010 otpcojm E. C, eivm
T) 10VlO-UKOUOUKTJlaXU1T)lU T) onoin OpiOlTJKE 010 nponyoupevo EOOq>lO. TeAo~ i = H,
EVWtu UnOAOlRa oUllPoAa exouv OPlO1Ei nponyoupsvc»; OE illE~ geoE1~ 010 KEillEVO.

H npooEYY10UKTJ AUOT)IT)~ E~iowoT)~ olUonopo~ oOT)YEiOU~ aKoAou9E~ oxeoE1~ ylU IT)V
ywv1aKTJ OUXV01T)la W KUl pu9110 aU~T)oT)~ (growth rate) ,1WV KUll01WV nAoollUlo~

k·Vd
w=---1+1/J (12)

1 1/J 2 2 2 WVi, = --.,,[ -(w - k Cs) + kL D] - 2aNo, (13)
1+ 'f/ Vi • N ;

llE IT)V un09wT) AU, < < W KQl k > > ko onou ko = v;j(D;(l + 1/J)LN), un0geOE1~ 01 onoisc
10XUOUVylU uvoporysveiec nAoollUlo~ llE llTJKT)KUllUlO~ jnxpotspu ana llEp1Ke~ OEKOOE~
llelpa.

01 nupunuveo EKq>pOOE1~IT)< ypallll1KTJ < 9Ewpia~ nEplAallPOVOUV OUO 0T)llavl1Ke~ OlW-
Buvouncsc E~apltioE1~ 01 onoisc rrvtutpoocmsuovtrn ana rnv 'ywvia pOTJ~' (flow angle) () =
arccos(k .Vd) KUl IT) 'llaYVT)UKTJ ywvia npoontcionc' (magnetic aspect angle) ¢ nou OpiCElUl
oav T) ywvia llElU~U lOU OlUVUOllUlO~k KUl IT\~ KagelOu 010 lluYVT)UKO nEoio, OT)AaOT)sin¢
= klllkl.., e101 W01E

VeVi ( n~. 2 )
1/J = n n. 1+ -2 Stn ¢ .

~~eH, u;
(14)

Onox npoxumsi ana IT)V nuponuvco OxeOT\0 eAEYXO~1T\~ ywvia~ ¢ EiVQl Ka90plOUKO~ OlT\V
UllTJ lOU 1/J T) onoiu llE IT)V OE1POlTJ~ OpiCE1 10 unurtovpevo KUlWq>AlOY10 vn exoUllE aU~T\oT)
lOU KUllalO~ (J > 0) xui ouvsncoc aOl09Ew. EnE10TJ 0 opox D~/v; eivrn nOAu llEYOAO~,
aq>ou DelVe'" 102 -103 010 otpcopu E, lllKpe~ QROKAiO£l~ 1T\~ ywvia~ ¢ ana u~ 0° eXE1
oav anOleAwlla IT\V ll£yOAT) aU~T)oT\ lOU opou 1/J nou oOT\YEi EniOTJ~ O£ ll£YclAT) aU~T)oT\ lOU
cnunouuevou KUlWq>Aiou Y10 a0109E1a. BA€nOUllE Aomov AU T\ Beeopin aU1TJ emtpensi 010
nAoolla va yiVE1 aOla9€~ 1l0VO Y10 KUllUla 11£kll ~ 0, npoYlla 10 onoio 0Ullq>WVEillE 10 nsipu-
pu, OT\AaOTJAU 10 oKEoaCOllEVO onjro AapaivE1 1l€ylO1E~ 1111e~Olav 10 paOlOKUlla npoon imei
K09E1U 010 llaYVT)UKO nEoio. Ana q>Uo\KTJ~ono'¥T\<;, KUl EnE10TJ 0 llT\XaVlOll0<; q>9ioT\<;lWV
avollOlYEVE1WV eivrn T) OlOXUOT),auto 0T)lluiVE1 AU TJ OlOXUOT\aU~OVE1 10XlOla KUlO llTJKO<;
lOU B (ambipolar diffusion) Olav 10 KUllUlOOtOVUolla k €xn €OlW KQl 1110 lltKPTJ OUV10lwoa
napOAATJAa 010 llaYVT\UKo nEoio.

I'iu xwp1Ke~ KAillaKE~, llEyaAU1EPE~ 1T)< 1l€0T\< £AEU9£PTJ< OlUOPOllTJ< lWV 10V1WVTJ IT)~
lOV1KTJ<;uxtivuc L armor , onoio 1l€YE90~ E~ UU1WVeivm jnxporepo. ~lT)V nEplOXTJ E 10
OPlO auto PpiOKE1Ul nspinou 010 1 m, on01E yw juxpotspc llTJKT\ KUllUlO~ (oUXV01T)lE<;
llEyaAU1£PE~ lWV 150 MHz) 9a npsnst va Eq>UPllOCOV1UlKtVTJUK€<;OtOp9WOE1~. EK10<; uno
lTJVPWOlOllT)xaV1KTJ aVclAUOT\,unupyouv OlOq>Op£~KtVT\UK€<;9£wpiE~ nou avan1Ux9T)Kav Y10
u~ aOl09E1E<; 010 ctpcopu E (n.x. Farley, 1963; Lee and Kennel, 1973; Ossakow et al.,
1975; Schlegel and St-Maurice, 1982, Schlegel, 1983) 01 onoisc KUlaATJYOUVOE ouyxpioiuu
an01EA€01lUla 11£ IT)V Bscopin PW01WV aKOllT\ KUl yw llTJKTJKUllalO<; ice llE 1 m.
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~1:0 OE~lO llEPO(, lTl(' E~iowoTl(, (13), 0 10(' KQl 0 30(' opoc cvunpooconsuouv aU~Tlu-
KOU(' opouc lTl(' aOlu9Ela(' olTI:A:ri<;OEOl1Tl<;KOl pa911ioa('-oAi09TloTl<; cvtio toryu, EVW0 20(' KQl
40(' uvunpooconeirouv apVTlUKoU<; opouc (decay terms) nou ovuororyouv 01:Ou(' llTlXOVlOllou<;
OlUXUOTl(,KQl EnavaOUVoEOTl(,. 0 lEAEUlaio(, opoc EiVQl OV1W(,nOAu jnxpo-; ylU ll~KTl KUlla-
1:0(, juxporspc lWV 10 llE 15 m KQl pnopei va napaATlcp9Ei acp~vovla<; lTl OlUXUOTloav 1:OV
KUPlO llTlxaVlOllo '0109EpOnoiTloTl('' 1:OUnAUOlla1:O('. Tao(',o opox lTl<; aOlu9Ela(' pa911ioa('-
OAl09TloTl(' nou nEplEXEl 1:0 LN, jmopsi va eivrn onocrolleponomrncoc Tl 0109EpOnOlTlllKo('
ECPOOOVTl pa911ioa 01T\VTlAEKlpOVlK~ nUKV01Tlla V N'; EXEl qiopu napaAATlATl Tl aVUnapaAATl-
ATllTl<;cpopu<; 1:OUTlAEK1PlKOUnEoiou, cvriororyu. I'rn lTlV ERlPiwoTl KOl aU~TlOTllTl(, aOlu9Ela<;
uncmcitoi onw(' I ~ 0, onote Tl KUllallK~ olalOpax~ EVlOXUE10lllE 10 xpovo. To KU1WCPAt
aOlo9ElU<; (instability threshold) Opi~E10l ana lTlV (13) ylU I = 0, KQl OiVE10l ana tnv 0XEOTl
(n.x. pAEnE Fejer et al., 1984)

(15)

onou F = v1f(2nik2CsLN7J;). 0 opoc F nEptAallPUVEl 10 anolEA£olla lTl<; pa911ioa(' VN;
Ol~V E~iowoTl. ~1T\V nepimeoon nou L ~ 00, 101£ F = 0 KQl Tl OUV9~KTl KU1WCPAiou, av
ayvo~ooUllE 10 an01EAEOlla lOU opou EnavaOUVOEOTl<;,nuipvei rn 1l0PCP~

(16)

Tl onoiu lOXU£l 1l0VO YlU tnv aOlu9Eta OlTIA~(,OEOllTl<;.H aOlu9£la uurn, Tl onoin cnrntei 010
KU1WCPAtO1T\< onw(' Tl ouviotrooc 1T\<;1OXU1T}la<;Vd OEllta otEu9uvoTl va EiVQl llEYaAU1£PTl IT}<
lOvlO-aKOUOllK~(, 1OXU1Tl1O<;C, (acpou 7J; < < 1 010 105 km u'l'0<; yta KUllOla nou olaoioov101
Ku9E1O 01:0 llaYVTlllKo nEoio) E~T}YEiIT}Vau96PllT}1T} KQl ullEOT}YEVEOT}lWV ovojioioyeveucv
cpaollauKou turtou 1. AU10 sivru KOl 10 nAEov onpcvuxo 0101XEio £Rll.uxia<; 1T\<;9Ewpia<; acpou
PpiOKE1Ql O£ rxnvonorq uxn oujiqxovin 11£ 10 neipnpn.

Olav VdcosB « Cs{1 + 7J;), T}EVOnOlT}llEVT}Bscopiu lWV a0109E1WV OlTIA~(, OEOllTl(' KQl
pa911ioa('-OAi09TlOT} <;sivcn aVEnnux~ < 01T}VnpopAE'l'T} KUl1allKWV aVOllOlOYEVE1WVllE >'ir < 10
m KOl laXU1TllE<; CPOOTl<;opxsrc K01W IT}<;CS, OT}AaO~ aU1E<;nou aVllnpOOWnEUOV1Ql arro 1:OV
cpaollallKO urno II. Ta Kir!lU1a aU1U nupurnpouvtcn yta llEYaAE<;YWViE<;pone, 0XEOOVKu6E1a
01Tl OlEU6UVOTllTl<; laXU1T\lO(, OAi06T}OTl<;lWV TlAEK1POviwv, OT}AaO~Ku6Ela 010 psujin Hall.
To npOpATllla lTl<;OTllllOupyia(' KUllulWV urnou II 010 nAUOlla aVll11E1Wni06T}KEapX1KU llEOW
EVO(' llTlxaVlOllOU 2-PTlllU1WV rrou npotcflrpce ana lOV Sudan et al (1973). ~10 llTlXaVlOllO
aU10, KUllallK~ EVEPYElU nportoysvrov KUllu1WV ll£YaAOU ll~KOU<; KUllOlO<; ERlllEpiCE10l OE
OEU1£POYEV~ xuprren lllKp01EPOU ll~KOU<; xupnto ; llEOW lTl<; OpUOT}<;lWV T}AEKlp001U11KWV
nEoiwv KQl Pa611iowv TlAEK1pOV1K~<;nUKV01Tlla<; 1WV npW1:OYEvWVKUllU1WV. Kmu PUOTl 01
Suban et al. (1973) ECP~Pllooav tnv ypalLlllK~ Becopin yta Ellll£OTl oT}lllOupyia O£U1EPOYEVWV
KUllU1WV, OEXOllEVOl llla T}llnOVO£lo~ OtalOpax~ OlTlV N; Yla 10 npenoyevsc Kir!la llEYaAOU
ll~KOU(, xup cno«; (>'ir apKE1E<; OEKUO£<;psrpu].

MlU KaAAi1EPTl CPUo\K~erxovu 1:OUnopcnuvco llTlXaVlOllOU jntopei va OW6EiEUV 6EWP~00U-
11£10 nEoia nOAWOTl<;KQl tu nvtictorru peuumu nou 0TllllOupyounOl 010 npeotovevec KU1la. H
oup.nepupopu 1WV nooorntcov aU1Wv, cpaivE10l 010 ~X~lla 10 svtoc EVO<;npcotovevouc (AOyW
xupieic 1Tl(' a01u6Eta(, pa611ioa<;-oAlO6T}0T}<;)njntovosidouc xup.cno ; 10 orroio olUoioE1Ql OlTlV
ol£u6uvoT} +5:, OTlAaO~ OlTlV iota OlEU6uVOTlll£ IT}VlOXU1Tlla Yd. ~1TlV m:plox~ A onou 8n >
o (nuKVWOTl) Tl aywYlll01Tlla Be sivm Aiyo llEyaAul£pT} O£ OXEOT}11£ 10 llEPO(, B 1:OUKUlla1:O<;
onou 8n < 0 (apaiwoTl). AU10, uno IT}V£niopaoT] lOU apX1KOu nsoiou E, Bu npOKaAEOEl
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y\U loyou, OUV€:XI':tU,peupmoc IT)VellCPa.v\OT)evo.Xaooopevcov T)leXlp\XWV neoiwv nolwoT),
lle IT) cpopa. nou oe\xvunat ow 0XTJllU. I:lTJ ouv€:xe\u, tu neoiu cute Bu OT)ll\OUPYTJOOUV
tomxn peirputu Petersen (OlTJV o\euSUVOT) +5; Kat \OxupOlepu psuputu Hall nupillT)lu xrn
unmupaAlT)lu ow neoio E. Olu 'tn peupntu Bn sivor \OXUpOlepu OlT)V nep\OXTJ A nupc
OUIV B loyw IT), U,¥T)lOlepT), uYWY\llOlT)lU, (ene\oTJ T) T)leXlpOV\XTJ nUXVOlT)lU sxsi sivm
lleycU..U1.epT))' cU..la. OlT) O\Uxwp\OUXTJ emcpa.ve\u lWV OUOnep\Oxwv la. peupmc Be sivru ion
wOle vu \Oxue\ V' . J = O. AUla onnrtsi au

JHA. - J~A = JHB - J~B'

on au tu WV\011€:VUOUll'polu avUCP€:POVlU\01.UoW1.epoyevTJ nsoic nolwoT)'.

(17)

y

f ®U r0A > 00t', ~ )11
•. j

t~\. t\ IIA 0

On
no

B

x

.,

(' ·1

J'- -r t I
PA P8 1

I\) I,

I:XTJ11U10. Hlexlp\xa. neoiu, 'puSllioe, T)lex1.pov\XTJ, nUXVOlT)1.U' Kat psujrcnn
oe svu npcoroyevec XUllU lleYaAOU llTJKOU, xlillmo,

AUll'pa.VOVlu, uno'¥T) au nA = no + 6n Kat »e = no - 6n xcn xpT)o\llonO\wvlu, IT)V
e~iowoT) (17) Kat WV yeV\XWll€:VO vopo tou Ohm (J = CTE)xmcU..TJYOUlle OlT)V uxolouST)
0XEOT)yta W llEyeSo, lWV oWlepoyevwv neoiwv

Ep = ±ECTH 6n,
CTp no

(18)

onou CTH ICTp eivni a loyo, lWV wmKWV uywytl101.TJ1.WVHall Kat Petersen. Me oeoollEVO
01.\ 0\ xWTJoe\, Hall eivm 0\ emxpmsotepsc Ol1F nep\OXTJ E lTJ, tovooqxnpnc 0\ oeulepoye-
veic lUxulT)le, olioST)oT), lWV T)leXlpOviwv sv toc tounponovevouc XUllU1.O, 01.0 I:XTJllU 10
jnropouv vn excppuowuv uno IT)V 0XEOT)

Vds = ±Vd CTH Asinq>::::: ±Vdn (Vi 1/»Asinq>,
CTp i 1+

orrou A sivcn to supox 1.OUnponoyevouc KUllU1.O, nla.0lluw, xm q> eivm jnu ywviu cpa.OT)'
OlO OUOlTJllu ouvtsrcypsvcrv 1.OUKU}!Ul.O,. I'm WV npoooiopiopo WU loyou CTHI CTp Kat
uv uxruuo tnof 1.OUOlT)V (19) plene n.x. Risbeth and Garriot (1969).

(19)
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KalORlV aVllKalU01:aOT](, 1:CilVVd jrs 1:0 Vds Kat ri/ llE ](pAcos<p oric (12) KQ1 (13) nuip-
VOup.E 11(, E~lOWOE1(, OlaOnOf>u(' Yla l:T]VYCilvlaKi) OUXVOl:T]1:a

Vi VdCOS(} .
Ws = ks Di (1 + ,p)2Asm<p (20)

Kat f>U9110 Q\i~T]OT](, (growth rate)

,p [(w~ - k;C;) DewskpAcos<P]
IS = -- + ----'----

1+ ,p Vi ksve

1:CilVOEU1:Ef>OYEVWVKUllU1:CilV. 01 OEiK1:E<;P Kat S 011(, nopuncvco E~lOWOE1(, avapE:f>OV1:at 01:0
nf>Cil1:OYEVE:(,(primary) KQ1 OW1:Ef>OYEVE:<;(secondary) KUlla, cvtiotoryo. Eav 1:0 OW1:Ef>OYEVi}
nEoia nOACilOT]<;KQ1 !3a911ioE<; T]AEK1:f>OV1Ki}<;nUKV01:T]1:O(' eivm af>KE1:U lOXUf>U (T] evtaon WU(,
!3E:!3ata E~af>1:U1:01 ana tic af>X1KE:(, nnpnjretpouc ano01:09Ef>0noiT]0T]<; tou nAuOllalO<; KQ1 to
lli}KO(' KUllalO<; l:T]<;npcotoyevouc ovopotovsveiuc}, 1:01E jmopsi va OE1X1:Ei 011 OW1:Ef>0YEVi}
xuputn nAuOllalO(, IllKf>OU Ili}KOU(, KUllalO<; (n·x· .\r < 10 m ) jmopouv va OT]1l1OUf>YT]90uv
01:0 nuxvcopntn KQ1 npmroprnu tou npcotoyevouc KUllOlO<; ps ani9nT] p0f>u 01UOOOT]<;, OE
llEYUAE<; YCilviE(, Cil(,npoc 1:T]VOXEllKi} 1:axul:T]1:a OAi09T]0T]<; Vd T] W peupu J = qVdNe.

01 OUV9i}KE<; aOlu9ElO<; nou nT]YuCOUV ana 1:1<;nnpnncvco E~lOWOEl<; E:XOUV01Ef>EUVT]9Ei OE
010<P0f>E(, neipupcmxec spyuciec 01:OV ionjrsprvo (n.x. Farley and Balsley, 1973, Fejer et al.,
1975) Kat 01:T]oEAatKi} CWVT] (Greenwald, 1974; Tsunoda, 1975; Haldoupis and Sofko, 1976;
Moorcroft, 1979; Haldoupis et al., 1984) ylO l:T]V spjmveic trov nnputnpnoscov <paollauKou
unrou II. Meoco 1:CilVepvaouov nutrov anooEix9T]KE 011 T] Becopin ourq 1:CilVOW1:Ef>0YEVWV
KUllU1CilV OEV jmopsi va E~T]yi}OE1111O OElf>U uno ncpornpnos«; onCil<; l:T]V11Of><pi}10U PUOllalO(,
Doppler KQ1 1:T]Vunaf>~T] xujurrcov llE nOAu lllKf>E:<; 1:aXU1T]lE(, <pUOT]<;01 onoisc oup.!3aivEl va
1:au1:iConat llE tu nAE:OV lOXUf>U oi}llala OKE:OaOT]<;tunou IT. ~UllnEf>aOllaUKu, 0 nupcncvco
llT]xaVlO110<; EiVQ1110VO EVOE1KllKO<; 1:OUtpon ou llE1:OP0f>u<; EVE:f>YElO<;anOIlEYUAa npcc 11lKf>U
lli}KT] KUllalO(' aAAU OEV sivcn encpxn <; Y1U IT]V E~i}YT]OT]1:T]< T]AEK1:f>001:allKi) < 1:uf>!3T]< nou
oxniCnat llE 11(, ncputnpnoevc umou IT nou 9ECilf>0UllE 011 ovunpooconsuouv 1110 KalOOl:aOT]
010100l:a1:T](' 1001:f>0RlKi}(, 1:Uf>!3T](,nAuollOlO<; (plasma turbulence).

Ta 1:EAW1:Oia Xf>OVlO E:XOUVyivEl onprrvtucsc nf>00nu9E1E<; ylO 1:T]V9ECilf>T]llKi} eppnvsic
IT](, T]AEK1f>001:allKi}(, 1:Uf>!3T]<;nAuollOlO<; ow 10VOOpatf>lKO crpojm E uno 1:T]v 0lluoa tou
Ka9T]YT]1:i} Sudan ow ncvemotnjno Cornell (n.x. Sudan and Keskinen, 1979; Keskinen et
al., 1979; Kursrud and Sudan, 1982; Sudan 1983). 0 !3aolKo<; llT]xaVlO110<; nou oOT]YEi Ol:T]V
Wf>!3wOT] KalUOl:aOT] EivQ1 T] llT] Yf>alllllKi} OuCW~T] 1110. 1:f>lUoa<; T]AEK1:f>001:011KWV KUl101CilV
IlE oUYKf>iOll101J<; KUllalaf>1911ou<;, OT]Aaoi} OUO KUllOla IlE kl ,....,k2 aAAT]AERl0f>0UV ylO va
OWOOUV EVE:f>YElO OE svu If>i1:O KUlla k3 W01E va lOXUEl k3 = kl + k2' Kat T] 01001Kaoia
au1i} OUVEXiCElat nteppovu OOT]ywv1:a(, OE 1001f>0RlK01:T]1:a 01:0 sninsoo 01UOOOT]<; Ku9E1:O ow
llaYVT]11Ko nEoio. Af>1911T]11K£<; npooojioucos«; (McDonald et al., 1975; Ferch and Sudan,
1977; Keskinen et al., 1979) paiVE1:at va ERl!3E!3atWVOuv 1:T]Vnupunuveo 01Ef>yaoia 01:001OKOU
ERlllEf>101LOU EVEf>YElO<;ll£OCil KUlla11Kf}<; ouCW~T]<; (wave energy cascade), KQ\ l:T] OT]lllOUf>yia
1001:f>0RlKf}(, 1:Uf>!3T](,.H Becopin curn, T] onoio £YWE ylO tov YECilllaYVT]llKO ionjiepivo aAAU
E<paf>lloo1T]KE Kat ow o£Aa(" <paiVElat va E~T]yEi cpxstu aAAu 0Xl oAa tu xaf>aK1:T]f>1011KU tcov
avollOlOYEVE1WV unrou II (n.x. !3A£nE Farley, 1985).

H Yf>alllllKOn01T]ll£VT] 9ECilf>ia 1:CilVaOl:a9€lWV nAUOllalO<;, nou aVaAU9T]KE llE xcnom 0XE-
11Ki} Xsmopsperc ow nupov uf>9f>0, nEf>E:XEl 1l0VO llEf>lK£(, an ani} OE1(,. I'm naf>uOElYlla T]
Bscopiu uurn jmopsi va E~T]Yf}OEl IT]V YE:VEOT]uov avollOlOYEVE1WV KOl 11(, 1111E:('torv 1:aXU1:i}lCilv
<pUOT](, KOl f>u91lwV aU~T]oT] (, 1:CilVKUllU1:CilVnAT]oiov trov af>X1Kwv 01:aOiCilV IT](, aOlu9Ela(,. H

(21)
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U;)..lKi) KalaOlaOTJ iSev jmopsi nupc va Ka90plOlei uno 11TJypa11111K€:, iS1epyaoie, 0\ onoisc
opiCouv KQ\ 10 leA1KO supoc lWV KUllalWV orrw, KQ\ 11, urrOAome, ncpupetpouc lOU KU11alO,
orrw, rr.x. lTJ lUXUlTJla q>aOTJ, .. Ta leAWlOia XPOVlU €:xe1 yive1 evnc OTJ11avllKO, ap19110, sp-
yaOlwv OlTJ 11TJypa11111Ki) Becopiu, 10 arroleA€:Ol1alO lWV onoiov 0l1W" orrw, KQ\ 0\ urr09€:oe1,
01 onoisc Ul0gelOUV1Q\ exsi, eivoi rroAU iSuOKoAo va em'pe'pQ\w90uv neipcqnrnxu.

EiSw 9a avaq>ep90U11e oUVlO11a oe 1110.vsu OXellKa Beeopiu TJonoiu erre~epyaCelQ\ 10 9€:l1a
lTJ,l1TJ ypa11111Ki), e~€:A~TJ' lWV xuprrtcov urnou I (Sudan 1983; Robinson 1986; St-Maurice
1987). 1:1TJVBeeopiu curn , 0 'paOlKo, llTJXavlOllO, rrou urrelOEpxelQ\ dVQ\ TJllTJ ypa11ll1Ki) aA-
ATJAerriiSpaoTJ lWV TJAeKlp001Ol1KWV KUllalWV 11e tn TJAeKlpovlU 010 rrAa011a KQ\ TJ aVlaAAayi)
ev€:pye1a, KQ\ oP11i),. Eva rrpo'pATJlla rrou npoonusei va epjmvsucei TJ Beeopin cnrrn dVQ\
uuto lTJ' 010gep01TJla, lTJ' laxulTJla, cpaOTJ' (Vph = wjk) lWV KUllalWV umou I TJ onoia
nnipvei llll€:' rrATJoiov lTJ' iovro-uxouorucnc 1OXU1TJla, C, oe aVli9eoTJ jrs 11, rrpo'pA€:'fe1,
lTJ' ypallll1Ki), gewpia, oU11q>wvalle lTJVonoiu TJlaxulTJlO cpaOTJ' 9a npensi va aU~aVelQ\ oe
aVaAoyia 11e lTJV lUxulTJla OAi09TJoTJ, lWV TJAeKlpOviwv w, rrpo, tu 10V1O V d (E~iowoTJ 12).
Me 'paOTJ lTJV 1iS€:a lTJ' 'lPOXlUKi), iS1axuoTJ,' (orbit diffusion) rrou nopouoiccrrpce uno 10V
Dupree (1968), 0 Sudan (1983) av€:rrlU~e evo 1l0VlaO 10 onoio e~TJyouoe lTJV e~€:At~TJ 010
xpovo lOU supouc lWV xujiutcov umou IKQ\ lTJV01agepi) lOU, laxulTJla cpaOTJ' KOVla OlTJ Cs.

1:1TJgewpTJoTJ lOU Sudan urrelO€:PxelQ\ pin eVlOXUll€:VTJiStaxuoTJ ll€:OWllta, aVWllQAOUaU~TJoTJ'
OlTJVOUXV01TJla KPOUOTJ, lWV TJAeKlpOviwv AOYWaAATJAerriiSp aoi) < lWV lle tn TJAeK1POOlallKa
rreiSia lWV KU11alWV Wale 0\ lPOXt€:, lWV rrept 10 llaYVTJllKO rreiSio va unoxtouv eve aU~TJ11€:VO
'pa9110 KtVTJllKi), lUXQ\OlTJlU, orrw, KQ\ OlTJ nepimcoon llTJxaVtKWV xpouoscov.

1:e avli9eoTJ lle rnv rroAurrAOK01TJla lOU OUVOAOUlTJ' gewpia, 10U Sudan (1983), TJ leA1Ki)
(l1TJ ypa11111Ki)) OX€:OTJis\Qorropa, eivm arrAi) KQl npoxumsi av all, e~lOwoe1' (12) KQl (13)
uvttxutno rnoouue Vejie v;. EiSw v; uvunpoocmeuer juu svspvo lllli) KPOUOTJ, lWV TJAeKlpO-
viov AOYWllelaCPOpa, OPlli), KOla lTJV aAATJAerriiSpaoTJ TJAeK1POviwv-KUllalWV rrAaOllalO'. H
Beeopin rrpopA€:rret 011 0 KOPO, 10U supouc lWV xuputcov rrAaOllOlO,( amplitude saturation)
Aapaivet xwpa Olav 0 pu9110, aU~TJOTJ'llTJiSeviCnQ\ (,N L = 0) onere TJlaXU1TJlO cpaOTJ' yivelQl
iOTJ11e lTJV tovro-uxouo uxf lUXU1TJla Cs, oe oupqxoviu lle 10 neipcqiu, iSTJAaiSi),

v: w VdcosB rv C
ph = k = 1+ 'lj; + 'lj;* - s, (22)

onou 'lj;* = v;Vdneni.
EmrrA€:OV geWpTJllK€:, aVaAUOe1, €:XOUVnupouoiuotsi leAWlOia OlTJ 'p1pA\Oypacpia uno

lOU, Robinson (1986) KQ\ St-Maurice (1987) KQ\ mo npocqxrtc uno lOU, Hamza and St-
Maurice (1993), y\Q lTJVe~i)YTJoT)QAAWVq>Q\VOll€:VWVKQ\ ncpurqpnoecov 10 onoin arrOV1WV101
010 oeAQ\Ko rrAaOlla (rr.x. aVWllaAO, 9€:PllOVOT)lWV TJAeKlpOviwv, iSwlepoyevei, avollO\O-
y€:ve1e, AOYW lOXUpi), KQ\ llT) ouCW~TJ' T)AeKlp0010llKWV xujurrcov, V€:O\ CP00110llKOi tun or,
151aiSooTJKUllalWV rrAaOllalO, ex.to«; lOU enm€:iSou Ka9810 010 B, K.a.). Tlpoc 10 nupov, 0\
epsuvn tsc lOU XwpOU PplOKOV1Q\ 010 010.15\0118A€:1T),KQ\ 8KlillTJOT), lWV rrpopA€:'f8WV lWV 98-
WP1WVaU1WV 118 oxono lTJV Kpn1Ki) lOU, ovupsrccmon KQ\, 010iS10Ka, lTJV neipuprrnxn lOU,
em'pepaiwoT) .
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6.0 ~YMIIEPA~MATIKA ~XOAIA

To nupov ap9po anou:Aei p.ta anAouolwp.evT} etoaywyi) 010 uvnxsipsvo OKeOaOT}<;HM-
KUP.alWV uno Kup.a1tKi)<; q>UOT}<;avop.OloyeVete<; nAaOP.U10<; 01T}VneptOxi) E 1T}<;yi)tvT}<; to-
vooqxnpuc. To ap9po unsulluvstor OlOV p.T}etOtKO lOU XwpOU Kat napexet p.ta yeVtKi) em-
OKonT}OT}13aOT}<;1T}<;geWpT}UKi), aV1tp.e1WmOT}<;lOU uvuxeijievou p.e ep.q>aOT}OlOU<;q>UOlKOU<;
p.T}XaV10P.OU<;a01age1WV nAaOP.U10<; nou uneto£pXOV1at. Ilnpu IT}VapX1Ki) npoueon, oev xu-
1£01T} OUVU10Vloyw XwpOU va yivet avaq>opa. 010 ap9po mrto sni IT}<;nAT}9wpa<; lWV nsipu-
p.a1tKWV ano1eAeop.a.1WV Kat nopurqpnoscov nou unapXOUV Y1a lOV yewp.aYVT}1tKO tonpspwo,
IT}VOeAatKi) CWVT},aAAa Kat tu p.eoa yeWP.aYVT}1tKa nAalT}. I'm aU10V nou Bn ev01aq>epgei
va P.age1 nepiooorspu, unapXe1 q>UOlKaT} 01e9vi)<; 13113AtOypaq>iaKat juc osipc emoxonnos-
WV (nou Oo9T}KaV 01T}Vetoaywyi)) 01 onoisc nupouoicfouv p.e IT}Vunupcritn rn Xsmopepem
nOAAe<; nwX£<; lOU uvrucerpsvou.

To ovuxeipcvo IT}<;oupqxovou tOVOOq>atP1Ki)<;OK£oaOT]<;eivrn OXe1tKa V£O Kat naPOUOtaCe1
tu leAwwia XPOVta OT}P.avllKOeVOtaq>epov. H epWVT}1tKi) npocncflein eivrn OlT}VKU1eu9uv-
aT} IT}<;KU1avOT}OT}<;lWV ouvflercov a01agetwv Kat p.T}ypap.p.tKWV p.T}XavtoP.Wv nAaOP.U10<; nou
Ol£nouv 1T}VY£VWT} Kat e~£A1~T} lWV Otaq>OpWV KU1T}YOPlCDV(llinwv) cvouoioveveuov Wale
va yive1 OUVU1i)T}gep.eAiwoT} Kat anoooxi) p.ta, eVOnOlT}p.£VT}'Bscopiuc. To CT}lOup.evo eivoi
T} Becopin aUli) va jmopei va owoet 1KaVOn01T]1tKa aKpt13ei, np013A£1fet<; Wale T} oUp.q>wvo<;
iovooqxupucq OKeOaOT}va xntco tsi, onw<; Kat OlT}Vnspimcoon IT}<;coujiqxovou OKeOaOT}<;,p.ta
anoleAW1LU1tKi) olayvW01tKi) p.£9000, OlT}Vtovooqxnpixn epsuvn Kat IT}V1T}AemOKonT}0T}lOU
tOVOOq>atp1KOUnlaop.U1o<;. Ilpoc to nupov, 0 cxonox outoc oev q>aiVelat va yivnat eirKoAa
eq>tKlo<; AOYWIT}<;nOAunAOKolT}la<; nou naPOUOlaCnat Kat IT}<;svtovou p.T}ypallp.tK01T}la<; lWV
q>atvop.evwv. ~lT}V npooncfleru aUTT)Kat OlT]Vnopeic, p.eow evtouxnc epWVT}1tKi)<; OOUAeta<;
to leAwlaia 20 XPOVta, exet ennwxgei Kat ouyxevtpcoflei oi)p.epa jnu a~lOAoyT} n0001T}la
YVWOT]<;T}ortoin exel13eAUwOe11T}V q>UOlKi)sucovu lWV qmrvopevorv onpuv nx«. H KU1aVOT}OT}
lWV np013AT}P.alWVop.w<; an£xe1 cpxstu ana lOU va eivm nAi)pT}< Kat unaPXOUV noAAa. 9£llU1a
nou nnrutouv enmA£ov geWpT}1tKi) Kat nsipupcruxf OlepeUVT]aT}.

Me IT}Vsuxmpin lOU ap9pou outou em9up.w va euxaptOli)ow lOU<;otOpyavwle<; lOU ~up.no-
oiou IT}<;3av9T}<;, Kat tOtailepa lOV n. r. AvaYVW01onoUAo Kat E. I:appi), yta 1T}Vgepp.i)
q>tAo~eveia lOU<;.
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