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AHHOomauyusi — QKCnepuMeHTanbHO C UCMOMNb30BaHUEM Me-
TOAa YaCTUYHbIX OTPaXEHU UCCrefoBaHbl BapuaLum KOHLEH-
TpauMn 3MNeKTPOHOB B cpeaHewwmpoTHon D-obnactn noHocde-
pbl B Aekabpe 2006 r B nepuop marHutHon 6ypu. MpoBegeHo
CpaBHeHVEe C pesynbTaTtamu, NonyvYeHHbIMU B Aekabpe [0 1
nocre MarHUTHol 6ypu B HEBO3MYyLLEHHBIX ycrioBusx. ObHapy-
XeH KBasunepuogmyeckuin poct bonee, yem Ha 50 — 100 %
KOHLIEHTpaLUuM 3nekTpoHoB B D-o6nactn B TeueHue OecsTKoB
MUHYT ¢ nepuogamm T > 30 — 60 MuH. Ha ocHoBe runoTtesbl o
BbICbINaHWN BbICOKOSHEPIUYHbIX 3MEKTPOHOB U NMPOTOHOB Bbl-
MOMHEHbI OLIEHKU SHEPreTUYECKUX XapaKTEPUCTUK MOTOKOB 3a-
PSPKEHHBIX YacTuL, caenaHbl U3MEHEHUSI CKOPOCTU NOHM3ALMN.

|l. BBepeHue

Peakuns cpegHewmpoTtHoit D-obnactn (Hwxke 100
KM) noHocdepbl Ha MarHuTHele Bypu (MB) HocuT cnox-
HbIi U1 HEOOHO3HAYHbIN XapakTep U u3dyvyeHa HepocTa-
TOYHO (cM., Hanpwumep, [1-10]). ObycnoeneHo 3To, B
nepByld o4Yepedb, CIOXHBIMU  (PU3NKO-XUMUYECKUMMU
npoueccamu, npoTeKawwmmMn B 3ToM obnact MOHO-
cdepbl, a TaKkKe 3NM30ANYHOCTBIO MPAMBIX U3MEPEHUI C
NMOMOLLbIO PAKETHbIX METOAOB W CMOXHOCTAMM MpU UC-
Nonb30BaHNW KOCBEHHbLIX ANCTAHLMOHHbLIX METOOB.

B HacTosiwel paboTe B npoforkeHue uccrnegosa-
HuM [2, 3, 8] NpMBeAeHO M3NoXeHne pesynbTaToB 3KC-
NnepuMeHTanbHbIX UCCNEeAOBaHWN METOOOM YaCTUYHbIX
oTpaxeHuin (HO) Bapuaumii KOHLEHTPaLMKN 3IEKTPOHOB
N(z) B cpegHewmpoTHon D-o6nactn Bo BpeMsi CUIbHON
mMarHutHow Gypu B gekabpe 2006 r. u cpaBHeHME UX C
pesynbTatamu, Nony4yeHHbIMM 4o 1 nocne MbB B HeBO3-
MYLLIEHHBIX YCIOBUSIX.

Il. OcHOoBHaA YacTb

OKcnepuMeHTanbHble  UCCMNEeLOBaHMS  BbIMOMHEHbI
BOnMM3n r. XapbkoBa (reorpadwmyeckve KoopauHaTbl:
wupoTa 49° 38'N, gonrota 36° 20' E, MarHnTHoe Hakmo-
HeHne 66° 36,8', marHMTHOe CcKroHeHue 6° 19,6', BO3-
BbllLEHWE HaZ YpoBHeM Mops 156 M) Ha annapatype
[11] ¢ ucnonb3soBaHnem metoga YO. N3amepeHuss amn-
nutyg YO curHanoB 1 paguoLlyMOB BbINOMHEHbLI B Ae-
kabpe 2006 r. B TeveHve 13 gHen uuknamu 4o, B nepu-
oa v nocrie MB. Mo 3TMM AaHHBIM NOMyYeHbl BbICOTHO-
BpeMmeHHble 3aBucnumoctun N(z,t). BaxxHo Takke, YTO JKC-
NepUMeHTbl NPOBOAMIUCE M B NEpPUOAbl NMPOXOXOEHWUN
YTPEHHETO W BEYEPHEro COJIHEYHOr0 TEepMWHaTOPOB
(YCT n BCT cooTBETCTBEHHO).

CunbHot MB 14-15 pekabpsi (MakcumanbHoe 3Ha-
YeHWe MHAOeKca reoMarHWTHOW akTMBHOCTU 15 pnekabps
coctasnsano Ap = 104) npepluectsoBanu npoueccl B
obnactn sugumon vactn ConHua 930 (S05, L = 010).
OCHOBHble OCOGEHHOCTM BbLICOTHO-BPEMEHHbBIX Bapua-
unin N(z,t) B paccmatpuBaeMblil NepUo, 3akIiovarnTcsa B
crnepyoLwem:

1. Mo4Tn BO BCEX IKCMIEPUMEHTAX B HEBO3MYLLIEHHbIX
YCINOBUSIX B CBETIIOE BPEMSI CYTOK COXpaHsinacb OT4eT-
nvMBasi 3aBUCMMOCTb KOHLIEHTpaLUWX 3MEKTPOHOB OT 3e-
HuTHoro yrna ConHua N(z, y).

2. Bo BpeMs reoMarHUTHbIX BO3MYLLEHUN OHEM Tak-
Xe npocnexueanacb 3aBucumoctb N(z, y). 3HaveHus
N(z) npy aToM NpeBbIany COOTBETCTBYHOLLME 3HAYEHNS
KOHLIEHTpauun 3MeKTPOHOB B HEBO3MYLLEHHbIE HU.

3. XapakTtepHble cyliecTBeHHble Bapuauum YO cur-
Hanos, wymoB n N(zt) B nepuog npoxoxaeHuns BCT,
HaYMHanNMCcb 3a AecATKNU MUHYT Ao momeHTa BCT n npo-
JomKanncb B TeYEeHWe OEeCATKOB—COTEH MWHYT MOCheE;
nepuogpl Bapuaumi obinu, kak npasuno, T ~ 30-50 mMuH;
Benm4ymHa BosmyLleHuin N(z,t) — nopsaka n 6onee 100%.
B nepnog MB Bapuaumm Obinu Gornee BblpaXKeHHbIMMA,
YeM B HEBO3MYLLEHHbIE OHN.

4. B TemHoe Bpems cyTok B nepuog Mb u B TedeHune
HeCKOIbKMX OHelN nocne Hee anusoaunyeckn Habniogan-
csa pocT N(z,t) Ha 50-150% OANUTENBHOCTLIO B AECATKU —
COTHU MUHYT.

5. B Bo3myLlleHHble OHKU nocne npoxoxaeHus YCT
XapaKTepHbI POCT 3HAYEHWN KOHLEHTpauun 3eKTpo-
HOB HayMHancs npumepHo Ha 10-50 MUH paHbLUe, Yem B
HEBO3MYLLIEHHbIE IHU.

6. Hannune kBasunepuogunyeckmx sapvauni N(zt) c
nepuwogom T = 60 mMuH 1 amnnutygon 6onee 100% B
CBETINOE BPEMSI CYTOK.

7. B nepnog MB B TeuyeHne OeCATKOB-COTEH MWHYT
Ha BblcOTax z < 72 KM Habnwoganucb MHTEeHcuBHble YO
curHanel. VMoHusaumsi B STOT Nepuos BpPEMEHM, MNOo-
BMAMMOMY, B 3HAYUTENbHOW Mepe KOHTPONvpoBanacb
NMOTOKaMM BbICbINAKLWMUXCA NPOTOHOB. OLEHKN Ha OCHO-
BE 3KCMEepMMEHTanbHbIX AaHHbIX Mokasanu, 4To nnoT-
HOCTb MOTOKOB COCTaBnsna p ~ 10-108m2 ¢,

8. B nepuogbl MB 1 B psge akcnepMMeHTOB nocne
MB B TemMHOe BpeMsi CyTOK MouYTU Bo Bcel D-obnactu
noHocdepbl Habnwganucb anM3oguyveckne n Keasune-
puoanyeckme Bapuauumn N(z,t) nopsigka 100% n 6onee B
Te4YeHue OeCHATKOB — COTEH MUHYT ¢ T~ 40-50 muH. Be-
posATHO, Takne Bo3mylueHuss N(z,f) BbI3BaHbl NMOTOKaMu
BbICBINAKLLMXCA 3apsKeHHbIX YacTuy. OueHkn nokasa-
1N, YTO NIIOTHOCTb NOTOKOB Bbina p ~ 108m2 ¢,

Habntopaemoe B paccmaTpuBaeMblixX 3KCNIEPUMEHTaX
B nepuog marHutHou Gypu u nocne Hee yBenudeHne N
MOXeT ObITb BbI3BaHO MOHU3aLMeEl MoHocdepHO nnas-
mbl B D-obnactn cpegHux WMpOT NOTOKaMy BbICkINalo-
LWMXCA M3 MarHMTocepbl 3HEPIrUYHbIX 3apPsSKEHHbIX
yacTtul. B nonb3y runotesbl O BbIChINAHMN 3aPsKEHHBIX
YacTuy B CPeOHELUMPOTHYI0 MOHOCEPY roBOPUT U TOT
dakT, YTO paHee (cMm., Hanpumep, [2, 8]) Mbl HeoOHO-
KpaTHO BM3yanbHO Habnioganu (B OCHOBHOM B HOYHbIE
yacbl) BO BpeMst MB xapakTtepHoe, — Tuna «mnonsipHoro»
CUsIHUS, — CBeYeHne atMocdepbl (MMeTcst (POTOCHUM-
KM Takux siBNeHUn) anntenbHoCcTbio 20 — 60 MUH.

[Ona paccmatpuBaeMbIX 3KCMEPUMEHTOB Kak B yT-
pEHHME, TaK U B BEYEPHME Yacbl NMPOXOXOEHUST TEPMU-
HaToOpOB COMPOBOXAANVCb KBa3WNepuognyeckumy Ba-
puaumammn N(z,t) nouTn Bcerga. BenuumHa OTKIOHEHUN
KOHLEeHTpaLuumn oT hOHOBbIX 3HayeHun coctasnsana 10—
100% (B BO3MYLLEHHbIX YCMOBMAX BEMMYMHA Takux OT-
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KINOHEeHUN, kak npasuno, B 1,2-2,5 pasa 6onblue, 4em B
HEBO3MYLLEHHbIX).

XapakTepHO Takke, YTO 3Ha4YeHWsi OTHOLUEHMWS CKO-
poOCTEN MOHM3ALMM B BO3MYLLEHHbIX M HEBO3MYLLEHHbIX
YCNoOBUSIX Q/qo AOCTATOYHO GomnbluMe, OHU COCTaBnsoT
OIS PACCMOTPEHHbIX 3KCMEPUMEHTOB q/q, = 5—46. Mpu-
ynHa Takmx mameHeHun N(zt) noka HesicHa. EctecTBeH-
HO, YTO OHW CBSI3aHbl C U3MEHEHWEM TEepMOAMHaMu4e-
CKOro pexuma. Ho npu 3TOM HemocTaTouHO U3yyeHa
pOrb BOMHOBbLIX MPOLECCOB U BbICbINAHUN BbICOKO3HEP-
MMYHbIX YacTuL.

lIl. 3akno4yeHmne

MpuBeneHHble pe3ynbTaTbl AKCNEPUMEHTaNbHbIX UC-
crnefoBaHWin METOOOM YaCTUYHBIX OTPaXXeHW Bapuauumn
KOHLIEHTpauun 3MeKTPOHOB BO BCE BpPEMEHA CYTOK,
BKIItOHAsi MepexoaHble nepuodsl, B cpeaHelumpoTHomn D-
obnactu noHocdepbl BO BpeMS MarHUTHbIX Bypb B Ae-
kabpe 2006 r. n cpaBHeHWe UX C pe3ynbTaTtamu, Nony-
YEHHbIMW [0 WM MOCrne MarHUTHbIX Bypb B HEBO3MYLLEH-
HbIX YCINOBWSIX, MO3BOMNWMN YCTaHOBUTb HOBble OCODOEH-
HOCTU M NOATBEPAUTL BO3MOXHOCTb M POfb BbIChINaHWN
BbICOKO3HEPIMYHBIX 3NEKTPOHOB 1 NPOTOHOB. CBefeHus
O BbI3BaHHOM Oypel CUIbHOM BO3MYLLEHUWN NIIOTHOCTU
ANEKTPOHOB B CPEAHELUMPOTHOM HWXKHEN WoHochepe
npeacTaBnsoT 6onbLIOK MHTEpeC BBMAY MarnouvucrieH-
HOCTU NoJo6HbIX CCrnenoBaHUN.

AsTopbl 6narogapat putunHa A.L. 3a nomouwb B
NpoBegeHNN IKCNEPUMEHTArbHbBIX NCCNEA0BaHNUN.
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Abstract — The changes of the electron density in the middle
latitude ionospheric D-region during the magnetic storms in
December, 2006 are investigated by the partial reflection tech-
nique. The quasi-periodic (with periods of T>30-60 minutes)
50-100% increase of electron density during tens of minutes
was found.The estimations of the ionization rate of change were
made. On the basis of the experimental data of electron density
changes over the electron and proton precipitation periods,
corresponding fluxes were estimated, being p ~10® m?sec™.

I. Introduction

The results of experimental investigations by the partial re-
flection technique (PR) of the electron density variations, N(z),
in the middle latitude D-region before the magnetic storm (MS)
in December, 2006, during the MS and after the MS are con-
sidered.

Il. Main Part

Experimental investigations are made near Kharkiv (geo-
graphical coordinates: latitude - 49° 38'N, longitude - 36° 20' E)
by the partial reflection technique. The measurements of the
partial reflection amplitudes and radio noises are made in De-
cember, 2006 during 13 days. The height-temporal depend-
ences of N(zt) are resulted from these data. The morning and
evening sun terminator (MST and EST) were passing over the
site of the PR facilities. The processes within the area of visible
part of the Sun, 930 (S)%, L=010), preceded the strong mag-
netic storm on December, 14—-15.

The increase of N in the period of MS and during several
days after the MS was registered. This increase may be caused
by ionization of ionospheric plasma in the middle latitude D-
region by the energetic charged particles fluxes precipitating
from the magnetosphere.

It is worth pointing out that both MST and EST passings
were accompanied by quasi-periodic N variations in the most of
experiments. The above mentioned N increase is more than
~10-100% of N-magnitude; at the disturbed conditions this
increase, as a rule, is much more larger than that at the undis-
turbed conditions.

The ratio of the rates of ionization change in the disturbed
and undisturbed periods, q/q., is large enough: for the consid-
ered experiments g/q, = 5—46. So far the nature of such N(z)
changes is not clear.

lll. Conclusion

The obtained results of experimental investigations by the
partial reflection technique of the electron density variations in
the middle latitude ionosphericD-regionduring magnetic storms
in December, 2006 and the comparison with the similar results
obtained before and after magnetic storms in the undisturbed
periods, allowed to set new important features and to confirm
the possibility and the role of high-energetic electrons and pro-
tons precipitation. The data about the electron density strong
perturbations in the middle latitude lower ionosphere caused by
the magnetic storm may be of interest because of lack of such
investigations.



