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Bonvuue omxnonenus om oyeu 601vui020 kpyea paouocuenaios KB ouanazona,
PACNPOCMPAHSAIOWUXCSL YePE3 BbICOKOUUPOMHYIO UOHOCHEPY 8 HANPABLEHUU NPUXOOA UMEIOM
cepbesHble NoCIe0CmaUs 05 NAAHUPOGAHUS U IKCIIYAMAyuy cucmem cesasu u paouonroxayuu. Ouens
OonvuLLe OMKIOHEHUSI 0CODEHHO PACNPOCIPAHEHbL 8 NONAPHBIX U CYOABPOPATLHBIX 00IACMAX, 20e
CUCHATBL 4ACTO NPUXOOM HA NPUEMHUK C NeeH2AMU, CMEeUjeHHbIMU Om dyeu OOIbUI020 Kpyea Ha
+100° unu 6oaee. B cmamve npedcmasieHvl pe3yibmamol Usmepenull, 8bINOJHEHHbIX HA HeCKOJIbKUX
€y6aspopanbHbIX pAOUOMpPAccax, U ORUCAHbL OCHOBHbBIE NPUYUHbBL PACHAPOCMPAHEnUs 8He dyau
b6obUL020 Kpyea.

Kniouesvle crosa: gvicokowupomuas u cybaspopanvhas uoHocgepa, dyea 60avuio2o Kpyaa.

Features of shortwave radio wave propagation in the high-latitude ionosphere
(review)
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Large deviations in the direction of arrival of ionospherically propagating radio signals from the
Great Circle Path (GCP) have serious implications for the planning and operation of communications
and radiolocation systems operating within the HF-band. Very large deviations are particularly
prevalent in the polar and sub-auroral regions where signals often arrive at the receiver with bearings
displaced from the great circle direction by up to £100° or more. Measurements made over several
paths are presented in this paper, and the principle causes of off-great circle propagation outlined.

BBenenne

Bosbiine OTKIOHEHUS B HANpPaBJICHUU MPUXO0Ja PAJMOCUTHAIIOB, PACIPOCTPAHSIOIIMXCS
yepe3 wuoHOchepy oT ayru Oonbmioro kpyra ([ABK), umeroT BaxkHOe 3HaYeHHE MpuU
IJJAHUPOBAaHUU M IKCIUTyaTallUM CHCTEM CBSI3M W PAJMOJIOKAllMM M PaguOIeNIeHraluu,
paborarorux B BU-mmanazone. Hambonee sipkum mpuMepom siBisieTcss paboTa cucTeM
paauoOIIeNIeHTallii, KOTOPBIE W3MEPSIOT HAIPABICHMUS IIPUXOJAa CUTHAlIa B HECKOJBKUX
MIPUEMHBIX MYHKTaX. 3aT€M MECTONOJIOKEHHE MepeaTurKa OLEHUBAETCS IO IMEPECCUCHUIO
OT/AENbHBIX JIMHUI NEeJIeHTa OT KaXJ0ro NPUEeMHOr0 MyHKTa, U 03TOMY OTKJIOHeHus oT JIBK
OyIyT OTpHIIATETIbHO BIMATH Ha OLEHKY MECTOIMOJOKEeHHUs TepeAardyuka. BakHOCTH
pacipocTpaHeHUsT BHE JAyrd OOJBIIOTO Kpyra HE OTrPaHUYMBAETCA TOJBKO CHCTEMaMH
paauoIIeNIeHTallii, HO M MpakTU4ecku Ha Bce BU-cucrtempl, B KOTOPBIX HCIOJIB3YIHOTCS
HAlpaBJIEHHbIE AHTEHHbl. B TakuxX cucTeMax CYIIECTBYET 3HAYUTEIbHASI BEPOSTHOCTH
YXYILIEHUS] XapaKTepPUCTUK B MOMEHTBI, KOTJa IYTh PACIIPOCTPAHEHUS PAJUOBOIH IIPOXOJIUT
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B HANpaBJICHUAX, 3HAUYUTEIBHO YJAJIECHHBIX OT OCHOBHOTO JIETIECTKA OJHOM Wi o0enx
IepealoINX WIH IPUEMHBIX aHTEHH.

OTkiioHEHUS B HECKOJIbKO TpaxycoB oT JIBK cBsizaHbl ¢ HakjIoHamu, BBI3BaHHBIMH,
HampuMep,  COJIHEYHBIM  TEPMHUHATOPOM M TEPEMENIAIOIIUMUCT  HOHOC(HEPHBIMU
BosmymieHusmMu (I[TMB) [1]. Ouenp Oosble OTKIOHEHHS OCOOCHHO PacCIpPOCTPaHEHBI B
CEBEPHBIX pEruoHax, T[J€ CHUTHajJbl 4YacTo MPUXOASIT C HANpaBJIEHUH, CMEIIEHHBIX
otaHocutensHo JIKb Ha +£100° wim Gosiee. B mpenmenax riaBHOTO MOHOC(HEPHOTO IpoBajia
(T'UIT) Gonbmne otkimoHeHUs: oT JIBK BO3HUKAIOT W3-32 YMEHBIICHHS] Tam 3JIEKTPOHHOMN
IUIOTHOCTHU U MOCJIEYIOIIEr0 YMEHbIIEHUSI MaKCUManbHOU npuMeHumoit yactotsl (MIIY) s
pamuotpaccel Baoab JBK. PacnpocTpaneHne MOXET MPOUCXOJWTHh 3a CUET pacCesiHus Ha
HEOJHOPOJHOCTSX, Haxoaduuxcs Ha ceBepHoii crenke I I unu aBpopanbHO# 30HBI (KOTOpBIE
MOTYT COBIAJIaTh), OTPAKEHUS OT OJJHOM MM OT 00enX HakJIOHHBIX cTeHok ['UIT [2, 3] wu 3a
CUeT paccesiHusI OT TpaHuIlbl 3eMis/Mope [4]. B mpeaenax nossipHO# MIanku pacnpocTpaHeHne
BHE 00JILIIOTO Kpyra 0ObACHSAETCS HaJIM4YieM KOHBEKTUBHBIX 00J1acTel U AYT C MOBBIIIEHHON
ANIEKTPOHHOW IUIOTHOCTHIO [5]. BakHO OTMETHTh, YTO MEXaHU3MBI PACIPOCTPAHCHHUSI
paguoBosiH BHE JIBK npuBOAAT K BpPEMEHHBIM 3aJE€pKKaM, KOTOPbIE HE YYMTBIBAKOTCS
CYILIECTBYIOIIMMHU MOJIENIIMH paJliOKaHalla, ¥ TO3TOMY HE0OX0IMMbI METO/Ibl y4eTa Mo J00HBIX
MEXaHHU3MOB PacCIpOCTPAHEHNUS.

Curyauus ycyryossercs TeMm, 4YTO B JIONOJHEHHE K  KPYMHOMAcIITaOHBIM
HEOJHOPOJHOCTSIM, KOTOPbIE BBI3BIBAIOT CUJIbHBbIE OTKIOHEeHUs curHana oT JBK, cpeane u
MeJIKOMAacIITaOHbIE HEOJHOPOIHOCTH B PACIPEIEIIEHUH JIEKTPOHHOMN TUIOTHOCTH PUBOJAT K
TOMY, YTO CUTHAJIbI, CBA3aHHbBIE C KAKJIOW MOJON pacpoCTpaHEeHHUs, IPUXOAIT Ha IPUEMHUK
IO/l Pa3HBIMU YIJIAMU 110 a3UMYTY U BBICOTE. Takoe HallpaBIE€HHOE PaCIPOCTPAHEHUE DHEPTUU
IIPUHUMAEMOI0 CUTHaJIa SBJISIETCS BaXKHBIM IapaMeTpOM, KOTOPbIM HEOOXOAMMO YYHUTHIBATH
IIPY IPOEKTUPOBAHNN MHOTO3JIEMEHTHBIX IIPUEMHBIX PEIIETOK U COOTBETCTBYIOIIMX METOMIOB
0o0pabOTKM CHUTHAJIOB, HCHOJb3yEeMBbIX, HANpUMeEp, B CUCTEMax paUOJIOKAUM WU
aJanTUBHOrO Inpuema. lIpm HmpOeKTHpOBaHMM TAaKMX CHUCTEM 4YacTO IPEAIOJIAracTcs, 4YTO
IIPUHATBINA PaJUOCUTHAT COCTOUT U3 OTPAaHUYECHHOTO YHMCJIA 36PKAJILHO OTPa’KEHHBIX CUTHAJIOB,
MOCTYIAIOIIMX Ha AHTEHHYIO PEIIETKY C YETKO OIpPENEICHHBbIX HampabiieHud. OIHaKo s
CEBEPHBIX TPACC ATO YACTO HE TaK, B YACTHOCTH, Ha Tpaccax MOJISPHOI anky OblIIM U3MEPEHbI
a3MMYTaJbHBIC CTAHJAPTHBIC OTKIOHEHHUS B HECKOJIBKO JIECATKOB IpaaycoB [6].

O6meit ocobeHHOCTHIO pacnpocTpaneHuss KB-curuaaoB B BBICOKOIIMPOTHOM HOHOCHEpE
ABJII€TCSL OOJIBIIOE YUIMPEHHE MAOIUIEPOBCKOrO CIIEKTpa, a Takke Oojbllas BpeMEHHas
JUCIIEPCUs 3a[CpKEK IPHUXO0JA Pa3IMYHBIX MOJ CUTHAJIA. JTO, B CBOIO O4Yepenb, CHIBHO
OrPaHUYMBAET MPOITYCKHYIO CIIOCOOHOCTh IaHHBIX, JOCTHXUMYIO B cucreMax BU-cBs3u n3-3a
CYILECTBYIOIIUX TEXHOJOIMYESCKUX OTPAaHMYCHHH B KOHCTPYKUMH MOjAeMOB [7]. YiumpeHue
JOIUIEPOBCKOIO CIIEKTpPAa CHUTHala 4YacTO CBSA3aHO C HAalpaBICHHBIM PacIpOCTPAHEHUEM
Pa3IMYHBIX MOJ CHTHaia, B padore [8] mokazaHo, 4yTO alanTHBHOE YIPABICHHUE OCHOBHBIM
JIETIECTKOM JMarpaMMbl HalpaBiICHHOCTH (ha3MpOBAHHOM AHTEHHOW PEIIETKH MOXKET ObITh
UCIIOJIb30BAHO JJI CO3JAHMs HAINPABICHHOIO paJUOKaHAJa W YMEHBIIEHUS ULIMPUHBI
JOTIEPOBCKOTO CIEKTPA HA BXOJIE MOJIEMA.

B Hactosmeil craTthe mpuBeAEH KpaTKUil 0030p pe3ylbTaTOB M3MEpPEHUIl MapamMeTpoB
panuocurHanoB KB nuamazona, pacrnpocTpaHSIOIMXCS B BBICOKOLIMPOTHOM HOHOChepe,
nosydeHHbIX B JlectrepckoMm yHuBepcutete (BenunkoOpuTaHus) B Tepuo]  JIeHCTBHS
nporpammbl COST-271, yacTh U3 KOTOPBIX ObLIA MOJIy4eHA MPU HEMOCPEICTBEHHOM Y4acTUH
aBTOPOB JOKJIA/a.

Pacnpocrpanenue B10/Ib INIABHOI'O HOHOC(EPHOIo poBajia

Jns uccrnenoBanuil ocobeHHOCTeH pacnpocTpaneHus paauocurHanoB KB nmanasona
BJIOJIb T1aBHOTO MOHOC(epHoro nposaia (I'MIT) O6buta oprann3zoBaHa paguoTpacca Y mrmcaia
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(IlIBeuns) — Jlectep (BemukoOputanus), npotsukeHHocThio 1400 kM (puc. 1). Ilepenatuuk,
pacroyio)KeHHBIH B Ymrcasne, paboTaq TPEXMUHYTHBIMU IMKJIAMH, B TEYEHUH KOTOPBIX
MOCJIEI0BATENLHO U3JIyYaIuCh CUTHAJIBI Ha IIECTH YacToTax oT 4 10 18 MI'1. MHorokanaiibHast
npuéMHasi cucTema, pacrosiokeHHast B Jlectepe, Obljla MOAKIIIOYEHA K aHTEHHON peléTKe ¢
pa3HecEHHOU anepTypoll U MO3BOJIsIa U3MEPATh BpeMs pacrpocrpaHeHust curnaina (BPC),
YIJIbl IPUX0/1a, IOTUIEPOBCKUM CABUT YAaCTOTHI U YIIMPEHHUE JOIIEPOBCKOro cnekTpa. Kpome
aToro, ocyuectisuics npuém JIYM-uonorpamm. M3MepeHuss npoBOAMINCH KPYIJIOCYTOYHO
Ha npotsokeHuu Beero 2001 roma. bosiee moapoOHO 0COOCHHOCTH JKCIIEPUMEHTA, a TaK Ke
MOJIy4eHHBIC PE3YJIbTaThl PACCMOTPEHBI B padoTax [9, 10].
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Puc. 1. Cxema 3xcnepuMeHTAIbHBIX paguoTpace. I'ojy0bIMU JIMHUAMHI MOKA3aHO MOJI0KEHU e
ceBepHoii u 10xkHo# cTeHok I'UIL, mocTtpoenubie mo monean Xaiabkpoy u Huxoenra (1977) nas
00:00 UT 11 mapra 2001roaxa, Kp = 3.

Ha puc. 2 nokazanbl HEKOTOpbIE pe3yabTarhl u3mMepeHuii BPC u a3uMyTalibHBIX YIJ0OB
MPUXO0/1a, MOJyYEHHBIE B TeUeHUHU TpEX nHer Hos0ps 2001 r. Ha vacrote 10.4 MI'. Kak BugHO
U3 puc. 2 B JHEBHOE BpeMs 4YacTo HaOJIOaeTcsi OJHO-, JBYX- MU TPEX CKAuKOBOE
pacnpocTtpanenue curHanoB Braoab JIBK uepe3 F-crmoit wmonocdepsl. B 310 Bpems
JOTLIEPOBCKOE YIIMPEHHUsl CIIEKTpa CUTHaja He HaONoJaeTcs, ypOBeHb CUTHAJIa JOCTATOYHO
BBICOKHMI M yMEHBIIIAETCS TOJIBKO 3a CYET moruoimeHus: B D-o0mactu B nonyneHHoe Bpems. B
MEPBYIO HOYb (IeHb 324-325) a3uMyTaibHBINA yroJl IPUXOIU OTKIOHSIETCS HA CEBEp Ha 3aKate,
a MOTOM CMEHSETCS MPEPhIBUCTHIM pacnpocTpaneHueM Bronb JIBK uepe3 E-o6macts. Cuia
curtHana npuMmepHo Ha 20 n1b HuXke JTHEBHOTO 3HAYEHHUsI, JOIUIEPOBCKOE YIIUPEHUE CIIEKTpa
HeBennKo. Bo Bropyro Houb (meHb 325-326), cpasy moclie MOJIYHOYH, PacHpOCTpaHEHHE
HPOUCXOIUT Yepe3 PeKUM ¢ OTHOCUTENbHO Oonbiumu BPC (8-10 mc), a3uMyTanbHbie yriibl
npuxoja cmemarorcs k cepepy Ha 40°-60°. Curnan npumepHo Ha 20 nb cinaGee JHEBHBIX
3HaYeHUH, KpoMe 3TOTO, HaOIIoAaeTcss JOMIEPOBCKUNM CABUT yacToThl 10 5 I'm. Haubonee
SIPKOE MOBE/ICHUE MOYKHO HAOMI0aTh Ha TPEThIO HOUb (eHb 326-327), koraa BPC mocturaer
13 mc B 20:30 UT. B Teuenue cnenyromux 6 uacos BPC ymensmaercs, nocturas yCTOW4MBOTO
3HaueHus: okoyio 7 mMc k 02:30 UT. BpemenamMu OKOJIO MOJTYHOUYH TOSBISETCS BTOPOi Oosee
cnalbiii curHan ¢ 6ousbiieit 3agepxkoit (~11 mc). [lo mepe ymensiienus BPC, oTkinonenue
azuMyTanbHbIX yrios oT JIBK ymensmaercs ¢ npumepno 40° B 20:30 UT no 20° B 02:30 UT,
yroJ1 MecTa yBenuuusaercs ¢ npuMepHo 10° no 15-20°, a ypoBeHb cUrHana JOCTUraeT ypoOBHS
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npumepHo Ha 10 nb nwmxe nueBHoro 3HaueHuss Ha JIBK. Bwictpoe ymenbmienne BPC
CONPOBOXKIAETCA  CUJIBHBIM  IIOJIOXHUTEIbHBIM  JIOIUIEPOBCKUM  caBurom (~20 I'm).
JlomnepoBcKoe yIIMpPEHUE CIIEKTPa BbIIIE THEBHBIX 3HAYEHUN 10 TEX MOP, [T0KA HAIIPABIECHUE
Mpuxo/ia He OTKJIOHUTCS Ha ceBep (0kos0 03:00 UT), koraa oHO CTAHOBUTCS MPUMEPHO TaAKUM
e, KaK U JIHEM.

BpeMs pacmipocTpaHeHHs CHTHaNA (Mc)
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Puc. 2. Pe3yabTarsl u3mepenuii Ha yacrore 10.4 MI'u, mosryueHHble Me:xxkay mojagnem 20.11.2002
(nenb 324) u monanem 23.11.2001 (nens 327). Ha BepxHeii maHe/ iy MOKA3aHO BpeMs
pacnpocTpaHeHusi CHTHaIa (Mc), HA HHUKHeH MaHeIu a3uMyTajlbHble YIJIbl NPUX0Aa JJIs
Han0oJiee MOIIHOI MOJBI CHTHAJIA.

Jst onpenenenus mosioxenust ['UIT 3a ocHOBY Obuna B3ATa SMIUpPUYECKas MOJEIb
Xanekpoy u Hmx6enra [11]. JTannas moaens naér raaakue creaku ['UII, uto He mo3BossieT
BOCIIPOM3BECTU PE3YJbTAThl, MOJIyd€HHbIE B OJKcrmepuMmeHrte. lloaToMy K MOAETbHOMY
npodUII0  AJIEKTPOHHOW  KOHIIEHTpAIlMd Ha CTEHKaX IMpoBaja ObUIM  J00aBJICHBI
HEOJHOPOAHOCTH C MEHBIIMMU MacuTabaMu, KOTOpbIe OBLIM BBITAHYTHI BJOJb CTEHOK
npoBana. Takum oOpazom Ha crenkax [MII Obum co3manbl HeGonblIne 00JaCTH C
MOBBILIEHHONW AJIEKTPOHHOM KOHIIEHTpAIMel, KOTOpble MO3BOJISAIOT 3(P(PEKTUBHO OTpa)KaTh
MpOOHBIE PATUOBOJHBL. YMEHbILIEHUE 3JIeKTpoHHOrO conepkanus B ['UII ompenensiercs
COJIHEYHON aKTUBHOCTBHIO. J[J11 BHICOKOW COJIHEYHOW aKTUBHOCTH DJIEKTPOHHAs IMJIOTHOCTH B
I'UIT ymensmaercs Ha 20-30%, a 1711 HU3KOM COJTHEUHOM aKTUBHOCTH — 60%. JlaHHBIC cpeHue
OIICHKH OBLIM ClIelaHbl Ha OCHOBE aHajin3a HOHOIPAMM, IOJYYEHHBIX Ha HOHOC(EpHOi
CTaHIIMM, PACIOJIOKeHHON BOnM3u tokHOM creHku [UII. HeobGxoaumo ckazaTh, 4TO
MOJIy4Y€HHBIE OLICHKH YMEHBIIeHHUs AIeKTpoHHOH m1oTHOCTH B [ YT oTnvaroTest oT 3HaYSHHUIH,
MPUHATBHIX B OpUTHHANBHOW Monenu Xanbkpoy W HwmxOeara — 75%. 3mech HeoO6Xxoaumo
OTMETHUTH, YTO MOJIeNb Xanbkpoy U HmkOenra cozmaBanach Ha OCHOBE IaHHBIX, OJTYYEHHBIX
MpU TOMOIIM CHYTHUKOBOTO HOHO30HJAA. Pe3ynbrarhl HamokeHus MOAU(UIMPOBAHHOMN
MOJEeNH Ha Ha0Op MOTYYEHHBIX SKCIIEPHUMEHTAIBHBIX JTaHHBIX IPECTABICHbBI Ha puUC. 3.

Kpome storo, momauduimpoBaHHas MOJENb TakKe BKIOYala U aBpOpalbHBI oBan. B
WCIIOJIb3YEMOM MOJIEN aBpOPAJIbHOIO OBaja €ro K0KHas paHUIla COBIAJAET C CEBEPHOMU
crenkor ['MII. BeichllaHMs DHEPrUYHBIX YacCTHUL, IIOTOK KOTOPBIX BapbUpyeTCi B
COOTBETCTBUU C (Pa30ii COTHEUHOTO ITUKJIA 37IeCh HE YUUTHIBAIOTCS.
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HOMep AHA, 2001 1.
Puc. 3. lIIupoTsl TOYEK OTPAKeHHs paguocurHaia u creHok moaeau I'UII mexxay mosayanem 26
nexaops 2001 roga (nennb 360) u konuom 31 nexadpsi 2001 roxa (nensb 365). Bepxusia naHeanb —
7.0 MI'u; cpexusisi naneiab — 10.4 MI'u; Huxusist naieib — 11.1 MI'u. I'opu3oHTaNbHOIM JIMHH el
HA MaHeJIsIX OTMedeHa mupora 56.5°N cpeaneii TOUKH paaHOTPaCChL.

Jlns pagnotpaccesl Yrcana - Jlecrep (cm. puc. 1) orpaskenus Ha ctenkax ' UIT oka3piBanu
He3HauuTeNnbHoe BiMsHUE. OTKIOHEHUS B a3UMYTaJbHBIX yIjaxX MPUX0Ja MOTYT ObITh
O0OBSCHEHBI TOJBKO pPACCESTHUEM OT MEIKOMACIITa0HBIX HEOJIHOPOJHOCTEH B aBpOpaibHOU
30He. JlaHHBII pe3yapTaT 3aMETHO KOHTPACTUPYET € MOJEIMPOBAHUEM H3MEPEHHU,
npoBeneHHbIX B Kanane Ha pagunorpacce ['anudaxkce - Jleitrpum (cM. puc. 1) BOIUM3M MUHIMYMa
COJIHEUHOM aKTUBHOCTH. 31€Ch OTPAKEHUS MPOUCXOIWIN KAK OT CEBEPHOM, TaK U OT HOXKHOU
cteHok ['UII, yto oObscHseTcs Goliee TITyOOKUM YMEHbBIIEHUEM 3JIEKTPOHHOU IIIOTHOCTH B
I'UII B 3T0i#1 haze COHEUHOTO MUKIIA.

TpaHc-oBaJIbHbIE PaANOTPACCHI

B mepuoxg c¢ 2001 mo 2004 roasl mpoBoaMIach SKCIEPUMEHTAbHAs KaMIIAHUSA C
pasmerenneM npuémuoro nyHkra B Kupyne (IBenus). [llectukananbHas npuémMHas cucrema
MIO3BOJISIA U3MEPATH CIEAYIOIME IapaMeTpbl PAaJUOCUTHAIOB: BPEMsI pPacIpOCTPaHEHUs
CUTHAJIa, IOTUIEPOBCKUI CIIBUT YACTOTBHI, JOIIEPOBCKOE YIIMPEHUE CIEKTPA, a3UMyTajbHbIE U
BEpTUKAJbHBIE YIJbl Mpuxona. llepenatomme cucremsl pacnonaranuch Ha llnunOeprene
(nmuHHA paguoTtpaccsl 1152 km), Henaneko ot Kupkeneca B Hopseruu (JUIMHHA paguoTpacchl
430 kM), KaK 3TO MOKa3aHo Ha pHc. 1. B TeyeHnn KOpOTKOTO MPOMEKYTKA BpeMEHH (IIPUMEPHO
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IIOJITOPA MeECsIa) M3MEPEHUs TaKKe IPOBOAMIMCH Ha paauoTpacce Ynmncana — KupyHna
(mpoTspx€HHOCTB Tpacchl 880 KM).

[lepenartunk paboTan MUKIAMH, B TEYCHHE KOTOPBIX U3JIyJaIUCh CUTHAIIBI C UMITYJIbCHO-
kojoBoii Mmoxymsimuerr (MKM), komupoBanHble 13-OmTHBIM KojoM bapkepa Ha Habope
pa3NUYHBIX (PUKCHPOBAHHBIX YACTOT B KOPOTKOBOJIHOBOM Juamna3oHe. PaanocurHaisi
MIPUHUMAJIMCh IIECTUJIEMEHTHON aHTEHHOMW PENIETKON, KaXKIbIi U3 BUOPATOPOB KOTOPO ObLI
MOAKIIIOUEH K WHJIMBUIYaJIbHOMY BXOJy MHOIOKAHAJbHOTO HPUEMHOT0 YCTPOMCTBA.
[IpueMHBI ¥ TEepearoNii KOHIBI PaAMOTPACCHl OBLIM CHHXPOHU3HUPOBAHBI 10 BPEMEHU
nocpenctBom GPS. HakinoHHble HOHOTpaMMBbI, TOJYYEHHBIE B pe3yiabTaTe H3MEPEHUH,
WCIOJIb30BAJIUCh  JUISI ~ MHTEpIpeTallMiM  AKCHEPUMEHTalIbHBIX  JaHHbIX. M3MmepeHus
MIPOBOJIMIINCH €KETHEBHO, KPYTJIOCYTOYHO Ha 8-MU (PUKCUPOBAHHBIX YaCTOTaX B JUANIA30HE OT
4 o 20 MTI'n.

Tunuuselil npuMep cepuu U3MEpeHUH, caenaHHelx Ha yactore 11.2 MI'm 30 centabps
2002 roja, KOTOPBIH MOKa3bIBAET YIIUPEHHE JOIIEPOBCKOTO CIIEKTPa, IPE/ICTaBIeH Ha puc. 4.

11 MTI'n, IITimbepren - Knpyna
30092002,Ap=28,SSN:=64,Fm7=14OJ
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Puc. 4. Bapnauuu napameTpoB pagjuocurdainos Ha yactore 11.2 MI'u ajst paamorpaccsl
IInunoepren-Kupyna 30.09.2002. Asumyransublii yroa IBK - -7°. Bepxusisi nanean —
CHEeKTPAJIbHAA NJIOTHOCTh MOLHOCTH B 150 0THOCHTE/ILHO MAKCUMYMA NIPHHSITOI0 CUTHAJIA
(uBeTHAs NaHeJb — 3HAa4YeHUs1 MOIIHOCTH B 1b0). Hu:kHsAs naHe/ b — a3UMyTaJIbHbIE YIJIbI
NMPUX0/a PA3JIMYHBIX MOJ] CHTHAJA. YTJIbI 0TOOPAKAIOTCSH NMPH MOMOIIH HUKHEl [{BETHOMH
naHeyu (KpacHble nBera — oTkjJ0HeHus oT JIBK Ha BocTok; cuHMe BeTa — 0TKJIOHeHus1 0T IBK
HAa 3anan).

Bepxuss nanens puc. 4 mokasbIBaeT JOMJIEPOBCKOE YIIMPEHHE CIIEKTpa Hanboiee MOITHOM
cocraBisronieil curnana B nepuog ¢ 09:00UT no 21:00UT, HukHAA maHeNnb MOKa3bIBaeT
HanpaBjeHUE a3UMYTaJbHBIX YIJIOB MPHUXOJA Ul KaKJIOW KOMIIOHEHTHI B JIOTIJIEPOBCKOM
CreKTpe HanboJiee MOIIHOM cocTaBistoIIel curnana. M3 pucyHka Xopolo BUAHA 3aBUCUMOCTh
MEXJly JOIUIEPOBCKOM YacTOTOM W W3MEpPEHHBIM HalpaBlIeHMEM NpUX0Ja KakJou
KOMITOHEHTHI CUTHalIa (HIKHSs manens). Haunnas ¢ mectHoro mosaas (09:00UT) mo 11:00UT
KOMIIOHEHTHI CUT'HaJla IPUXOISIINE ¢ BOCTOKa OT HanpasieHus [IbK numeroT nonoxxurenbHble
JIOTJIEPOBCKHE YacTOThI, a KOMIIOHEHThl CHTHasa, mpuxojsdumme c¢ 3amaaa ot JBK, umeror
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OTPHILIATENIbHBIEC JIOTICSPOBCKUE YaCTOTHI, YTO CBHJCTEIHCTBYET O ABIKEHHH HMOHOC(HEPHBIX
HEOJTHOPOJHOCTEW B 00JIACTH OTPAKEHUS PAJIMOBOJIH C BOCTOKA Ha 3armall.

Opmno#l W3 3a7a4  JAaHHOMW OAKCIEPHUMEHTAJIBHOM KOMIAHMU OBUIO HAXOXJACHUE
COOTBETCTBUM MEXJy BapualusAMU [apaMeTPOB pAJUOCHUTHAJIOB, IIOJYyYEHHBIMU Ha
HAKJIOHHBIX PagHoOTpaccax ¢ mHapaMeTpaMH HOHOC(EPHOW IJIa3Mbl, IMOJYYCHHBIMH MpPHU
MOMOIIMA  TeO(PHU3MUECKOW  BBICOKOUIMPOTHOW  CETH  pPajgapoB  BO3BPATHO-HAKIOHHO
3opupoBanuss SUPerDARN. BrisiBieHHEe YETKO ONpEICTCHHBIX B3aUMOCBS3EH MOMKET
MI03BOJIUTh OLIEHUTh XapaKTEPUCTUKU HAKIOHHOTO PaJMOCUTHANA JUIs JUINTENbHBIX IEPUOJIOB
(T.e. mEpUOJOB, HE OXBAYEHHBIX JAHHBIMH OSKCIIEPUMEHTAMM, HO OXBAYCHHBIX JPYTMMH
npubopamu) Ha JPYrux paguoTpaccax MyTeM U3y4eHHs JaHHBIX, IOJYYSHHBIX MTPH MTOMOIIBIO
MOCTOSTHHO paboTaromux reodmmnueckux KB-pamapoB. Takum 00pa3om, pe3yibTaThl,
MIOJIyYEHHBIE B X0J1€ JAHHON 3KCIIEPUMEHTAIbHON KOMIIAHUH, MOTYT ObITh UCIIOJIb30BaHBI JIs
MIPOTHO3UPOBAHUS W HWHTEPIPETAlMM PE3yJIbTaTOB TPAHC-OBAJIbHOIO PacHpOCTPAHEHUS
JeKaMeTPOBBIX PpAJWOBONH Uil OOMIMPHON reorpaduveckoil 001acTH, MOKPHIBAEMO
pamapHoii cetbio SuperDARN. Takum o0Opa3om, MOTYYCHHBIE SKCIIEPUMEHTAIbHBIC JTAHHBIC
CPaBHHMBAJIHCH C JaHHBIMH BbIcOKOIMpoTHOU ceti KB pamgapos (SuperDARN) [12].

APL MODEL
6<BT<12
Bz-IBy+

Puc. 5. Ouenka nonocgepHbIX KOHBEKTUBHBIX IOTOKOB C IOMOIbI) CeTH BHICOKOIIUPOTHBIX
reopusnyecknx KB pagapos SuperDARN. 30 centsops 2003 roaa, 12:10 UT.

W3 puc. 5. Buano, uro B TeueHue paccmarpusaeMoro nepuoga SUperDARN moka3sbeiBaer
HaJIMYMEe JIBUKEHHUS HOHOC(HEPHBIX HEOJHOPOJHOCTEH B0Jb KOHBEKIIMOHHBIX MOTOKOB CO
CKOPOCTSIMU MOPSJIKAa HECKOJIBKIX COTEH METPOB CEKYH/1y B HAaIlpaBJICHUU C BOCTOKA Ha 3amaj
M Ha LIMPOTax, COOTBETCTBYIOIIMX IIMPOTE CpeAHEeH TOYKH Tpacchl. Takum oOpasom,
HKCTIIEPUMEHTAIbHbIE PE3yIbTaThl, HOJYUYEHHBIEC Ha JIBYX HE3aBUCUMBbI CUCTEMAX, MOKa3bIBAIOT
XOPpOIIEEe COOTBETCTBUE MEXIY COOOM.
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PacnpOCTpaHe}me BHYTPH l'[O.TIﬂpHOﬁ IHIanKu

N3mepenus Bapuanuii mapaMeTpoB pajHOCUTHAJIOB, PACIPOCTPAHSIOIIMXCS B IOJIIPHOMN
LIanke, IpoBOAMUINCH Ha paguoTpacce Ukanyur - Anept npotsk€HHOcThI0 2100 kM (cM. puc.
1) B Teuenue mpumepHo 2.5 ser ¢ gexadps 1993 mo wmaii 1996 ronma [4]. B 3umuue u
PaBHOJICHCTBEHHBIE MECSIbl HAOJIIOAIOTCS 3amaJHble OTKIOHEHHS a3UMYTalbHBIX YIJIOB
npuxoja ot JIBK B BeuepHue yachl (JI0KaibHas MOJHOYB B CpeiHel Touke Tpacchl - 04:30 UT),
B YTPEHHHE 4achl a3UMyTaJbHbIE YIUIBI IpuUxonaa cMemarorcs K Boctoky or JIBK. Ilo Bcen
BUJJIMOCTH, 3TO CBSI3aHO C HAIMYHEM KPYITHOMAcIITAOHBIX HOHOC(EPHBIX HEOHOPOIHOCTEH
B TOJISIPHOM MIarlKe, TEHEPUPYEMBbIX B 00JacTH CONHEYHOTO TepMmuHaTopa. Ocobo ciemyer
OTMETUTh BOBHUKHOBEHHE OBICTPBIX KOJIEOaHH yriI0B IPUX0/ia ¢ IeprogamMu 0koJio 30 MUHYT,
KOTOpbIe OOBACHSAIOTCS KOHBEKIMEH 3JEKTPOHHOW IUIOTHOCTH B MOJIIPHOW HOHOCdepe, a
TaK)Xe MOSBJICHUEM KPYIHOMACIITaOHBIX MOHOC(HEPHBIX HEOJHOPOJHOCTEN C TMOBBIIIEHHOM

SHGKTpOHHOI\/JI IJIOTHOCTBIO, BBITAHYTBIX B HAlIPpaBJICHUH COJ'IHIIa.

a3NMYyT, IPA.

(nT) Bz (GSM) (nT)

By (GSM)

Puc. 6. U3mepenusi a3uMyTAIbHBIX YIJIOB IPUX0Ja I paguoTpaccsl Ukanyurt — Aseprt
(4acrora 9.292 MI'n) 3a nepuoa 21-24 ¢pespans 1994 rona. Ha HHoKHMX MaHe X JaHbI
TpéxuacoBoii unaexc Ap, By u Bz koMmoHeHThI Me:KNIaHETHOr0 MarHUTHOTO moJist (MMII).
Yrisl npuxoa H3MepeHsbl B rpagycax 1o 4acoBoM CTpeJIKe OT ceBepa, a BpeMsi/1aTa yKa3aHbl B

ITpumep ObIcTpbIX KOJeOaHHS a3UMYTaJIbHBIX YIJIOB NIPUX0/1a, HAOIIOIaeMbIX Ha 4acTOTe
9.292 MI'u 3a nepuon 21-24 pespans 1994 rona npeacrasiieH Ha puc. 6 BMecTe co 3HAUSHUSIMU
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Wxanyut - Anepr, 9.292 MI'ny, 21-24 ¢eppansa 1994
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TpéxuacoBoro unjekca Ap u napamerpos By u Bz MMII. Kak BunHO u3 puc. 6, 21-22 despans
HabOmromaeTcst reomMarHutHas Oyps. HaumOosnee cuiibHbIE Bapualy a3UMYTAJIbHBIX YIJIOB
npuxoja HaOmomaroTcst B HOUb ¢ 21 Ha 22 ¢eBpais, KOra UMEIOT MECTO Hanbojiee BHICOKHE
uHaekcsl Ap u roxHoe HarpaieHne MMIIL. Bapuanuu yrios nmpuxona yMEHbLIAKOTCS B
HOYHOE BpeMs 3a IIeCTUYacoBoil nepuoa a0 MectHoi noxyHouu (04:30 UT). B Houb ¢ 22 Ha
23 ¢eBpans Taxke HAOIIONAIOTCS MOCTATOYHO OOJBIIME BapUalMd a3UMYTaJbHBIX YIIIOB
puxojaa B mepuoj ceBepHoro HampasieHus MMII npu A0CTaTOYHO HUBKUX 3HAUEHUSAX
uHaekca Ap, KOTOpbl€ YBEIMUMUBAIOTCS B YaChl [10CJIE MECTHOM MOJIYHOUH.

B pa6ore JlokByna [13] ommcana MoJielib KOHBEKTHBHBIX OTOKOB B MOJISIPHOM IHATIKE.
Onupasch Ha IaHHYIO MOJIEJIb MOKHO INPEATONOXKUTh, 4To, Koraa MMII nanpasieno Ha ror
(Bz < 0), obnactu noHM3aIMH, AperyoNIHe MPOTHB COJHIA, MPUBEAYT K YMEHBIICHUIO
BapHalil a3UMYTaJIbHBIX YJIOB IIPUX0JA B MPEANOIYHOUHBIE Yachl U YBEIIMUEHHUIO BapUalui
YIJI0B MPHUXO0/1a B Yackl JI0 MOJIYHOUYH | NOJIyHOUYH. M3 puc. 6 BUIHO, 9TO 3TO Tak, eciu By < 0,
onHako npu By > 0 HaGnto1aeTcst sBHOE OTCYTCTBHE YMEHBIIAIOIMIUXCS BapUalluii B CEKTOPE 10
MOJIyHOUH. BaXHO OTMETUTh, UYTO KOHBEKTHBHBIE IIOTOKH, IpHUBeAEHHbIEe JIokByIOM,
MPEACTABIISIIOT COO0M HEKOTOPYIO OOIIYI0, YCPEAHEHHYIO KAPTHHY TOTO, YTO MOYKHO OKUJIATh.
B kaxnoM KOHKpeTHOM ciy4yae QakTudyeckas KapTHHa IIOTOKOB MOKET 3HAYUTENIbHO
OTJIMYATHCS OT MPEACTaBIeHHBIX Ha pucyHke. Korma MMII nampasnero Ha ceep (Bz > 0),
OCHOBHbIE KPYITHOMACIITAOHbBIE CTPYKTYPHI 3JEKTPOHHOH INIOTHOCTH B HOHOC(hepe MospHOI
IIanKy TPEICTaBISIOT CcOOO0N BBHIPOBHEHHBIE 110 COJIHIYY AYTH (IJIa3MEHHBIE IIOJIOCHI,
MPOCTUpAIOIIMECs Ha THICSYM KUJIOMETPOB B TPAHC-TIOJIIPHOM HAIPaBJICHUU TIOJ/IEHb-
MOJIHOYB, U 0o0Jiee Y3KHE HEOJHOPOJHOCTH C macmrTabamu okojio 100 kM B HampaBiIeHUU
paccBer-cymepku) [14]. Cepust ayr, ycTOWUMBO ApeidyOMMX Yepe3 MOJSPHYIO MIAIKY OT
paccBeTa 10 3aKara, IPUBOJAUT K YBEIMYEHUIO BapHallMi a3UMyTaJbHBIX YIJIOB MPUXOJa B
nepuo ¢ 18:00 mo 06:00 LT, mpu 3ToM HanOOIBIINE BapHAIIUHU YTIIOB MPUX0]1a HAOIIOIa0TCS
B TOJYHOYHBIH IEpUOJA. YMEHBIIAIOIIMECS BapHALMU a3UMYTAlbHBIX YIJIOB HPHUXOJa
Ha0mogatorcs B nepuos ¢ 06:00 mo 18:00 LT ¢ HanGonpmuMu BapHausiMy B MOTYJCHHOM
CEKTOpE.

3akiroueHue

[IpencraBieHHble B CTAThE pE3yIbTATHI TOKA3BIBAIOT BAXKHOCTH yueTa 3P (ekToB pacnpocTpaHeHUs
PaJMOBOITH BHE JYI'W OOJNBIIOro Kpyra MpH IIaHUPOBAHWU pabOThl H OCTpOeHHH paauocpencts KB
Irarna3oHa B O0JIACTH BBICOKMX IMMPOT. YacTo, OCMBICTICHHE STHX 3(PQPEKTOB HEOOXOAMMO TIpH
MOCTPOCHUU PaJIUONOKAIIMOHHBIX CHCTEM, TAK KaK OTKIOHCHHS MPUHSTHIX PaJUOCUTHAIOB OT JIYT'H
OONBIIOr0 Kpyra MOXKET NPUBOIUTH K CEPbE3HBIM OIIMOKAM B TPHAHTYISAIUHM Iieied. Takxke
3aCTy’)KWBaeT BHUMAaHUS TOT (akT, YTO B CUCTEMaX, HCHONB3YIOIINX aHTCHHBIC MMOJIs, HATIPABICHHBIC
BJIOJTb yT'M OOJBIIOTO KPYra KaueCTBO MPUHUMAEMBIX CUTHAIOB, MOXKET OBITh YXYAILICHO B TO BpeMs,
KOTJIa pacipOoCTpaHEHUE PAIMOBOIH OCYIISCTBISACTCS Yepe3 MOJIbI, IPOXOISIIHE BHE JTyTH OOJBIIOrO
kpyra. [TogHsThIe MPOOIEMBI 3aCITyKHBAIOT CAMOI'O MPUCTAIBLHOrO BHUMAHUS CO CTOPOHBI HAY4HOU
OO0IIECTBEHHOCTH, U MOTYT ObITh BBITOJHEHBI TOJIBKO B IIIMPOKON KOOTEPAIIMH HAYUHBIX YUPESHKTCHHHA
Pa3IMYHON BEIOMCTBECHHOM MPUHAICHKHOCTH.
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