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OCOBEHHOCTU BAPUALIUA XAPAKTEPUCTUK YACTUYHO
OTPAXEHHbBIX KB-CUTHANOB, PAOUOLLYMOB U KOHLUEHTPALIUU
ANEKTPOHOB B CPEAHELULMPOTHOMN D-OBJIACTU MOHOC®EPLI B

NEPUOA CUJNIbHBIX MATHUTHbIX BYPb B 2004 - 2006 rr.

NokoB A. M., TeipHoB O. .
XapbKkoscKuli HayuoHasnbHbIlU yHUgepcumem umeHu B. H. KapasuHa
2. Xapbkos, rn. Ceoboodnbl 4, YkpauHa, 61077
men.: 8057-70561251, e-mail: Alexander.M.Gokov@univer.kharkov.ua

AHHOMauusi — JOKCNepuMeHTanbHO WccneaoBaHbl Bapua-
LUK YacTUYHO oTpaxeHHbIX KB curHanos, paguoLLyMOB U KOH-
LeHTpaLun 3r1eKTPOHOB B cpeaHeLwmpoTHon D-obnactu noHo-
cchepbl B NEPUOA, NATU CUMbHBIX MarHUTHbIX B6ypb. BeinonHeHo
CpaBHEHMWE C pesynbTaTaMu, NoNyYeHHbIMU A0 M Nocne MarHu-
THOW Bypu B HEBO3MYLLIEHHbIX YCNOBUSIX. HaaexHo yctaHoBneH
KBasunepuoanyeckuii poct 6onee, 4em Ha 50 — 100 % KoOHUEH-
Tpauuu anekTpoHoB B D-obnactu B Te4yeHWe OECATKOB MUHYT C
nepuogamu T > 30 — 60 MuH. Ha ocHoBe rMnoTesbl O BbiCkiNa-
HUW 3MEKTPOHOB M MPOTOHOB OLIEHEHbI 3HEPreTUYeckne xapak-
TEPUCTUK MOTOKOB 3apshKEHHbIX yacTuy (p ~ 10"- 10® m? c'1),
BbIYMCMEHbl MI3MEHEHUSI CKOPOCTW MOHM3aLM.

|. BBepeHue

OTknuk cpegHelwmpoTHon D-obnacTtu (Huxke 100 km)
noHocdepbl Ha MarHUTHble Bypu (MB) HOCKMT CNOXHbIN U
HEOAHO3HAYHbIN XapakTep U U3y4eH HeLOCTATOYHO (CM.,
Hanpumep, [1-7]). OBycrnoBneHo 37O, B MEPBYHO O4e-
pedb, CIOXHbIMU (U3MKO-XMMUYECKUMW MpoLeccamu,
npoTekalwWMm B 3To 06nactu noHocdepsl, a Takke
3MW30ANYHOCTbLIO SKCNIEPUMEHTaNbHBLIX N3MEPEHUIA.

B HacTtosiwel pabote B npogorkeHue [2, 3, 6] us-
NOoXeHbl pe3ynbTaTbl 3KCNEPUMEHTarbHbLIX MccrneaoBa-
HAA METOAOM YacTu4HbIX oTpaxeHun (YO) Bapuauun
YaCcTMYHO OTpaxeHHbIX KB curHanos, pagunollymMoB Ha
yactotax 2,2-2,4 MIL ¥ KOHUEHTpauuW 3NEKTPOHOB
N(z) B cpegHewwupoTHo D-o6nactu BO BpemMsi NSATM
CUMbHBIX MarHnTHbIX 6ypb B 2004—2006 r. n cpaBHEHME
UX C pesynbTatamu, MonyvyeHHbiMn o u nocne Mb B
HEBO3MYLLIEHHBIX YCITOBUSIX.

Il. OcHoBHaA YacTb

OKcnepuMeHTanbHble UCCNefoBaHUSA BbINOMHEHbI C
ucnone3oBaHnem metoga YO B6nu3m r. XapbkoBa (reo-
rpaduyveckne koopauHathbl: wupota 49° 38'N, gonroTa
36° 20' E, marHuTHOEe HaknoHeHue 66° 36,8', marHuTHoe
CKkrnoHeHve 6° 19,6', BO3BbilLEHNE HA4 YPOBHEM MOpS
156 m) Ha annapatype [8]. N3amepenusa amnnutyng YO
CUrHanoB M paguollymMoB Ha 4vacTtotax 2,2-2,4 Mly
nposefdeHbl B nepuodbl NATM cunbHbiX MB (3HayeHus
WHOEKCA reOMarHUTHOM aKTMBHOCTM COCTaBnsanu Ap =
100-190) B HosAA6pe 2004 r, aHBape n ceHTabpe 2005r,
nekabpe 2006 r. B TeyeHme 13— 25 gHen umknamum no
24-72 vaca pgo, B nepuog v nocne Mb. Mo atum pax-
HbIM  MOJlyYeHbl BbICOTHO-BPEMEHHbIE  3aBUCUMOCTU
N(z,t). BaxHO Takxke, YTO 3KCMEPUMEHTbI MPOBOAMITUCH U
B Nnepuoabl NPOXOXOEHUIN YTPEHHErO N BEYEPHEro Ccor-
HeyHoro TepmuHaTtopos (YCT u BCT cooTBeTCTBEHHO).

OcHoBHble, xapakTepHble Ans Bcex natu MB, oco-
GEeHHOCTM BbICOTHO-BpPeMeHHbIX Bapuauuin N(zt) B pac-
cMaTpuBaeMble Nepuoabl 3aKmnoyatTCs B CrneayroLem:

1. B HEBO3MyLLEHHbLIX YCIOBUSIX B CBETMOE BpeEMS
CYTOK MOYTU BO BCEX SKCMEPUMEHTAX, Kak 3MMON, TaK 1
OCEHblO, B BbLICOTHOM AmanasoHe 78-90 kM coxpaHsi-
nacb oT4yeTnMBas 3aBMCMMOCTb KOHLIEHTPALMK 3NEKTPO-
HOB OT 3eHuTHoro yrna ConHua N(z, y).

2. B nepuoabl reomMarHWUTHbIX BO3MYLLEHWA OHEM
MOYTU Ha BCEX BbLICOTHbIX YPOBHAX B D-o6nactu Takke
npocnexuvsanacb 3asncumocTtb N(z, y). 3HaveHns N(z)
npu 3TOM MpEBbIWANM COOTBETCTBYIOLUNE 3HAYEHUS
KOHLIEHTpauun 3MeKTPOHOB B HEBO3MYLUEHHbIE OHU Ha
30-100 %.

3. B nepuopg npoxoxaerna BCT xapakTepHbie cylue-
cTBeHHble Bapuaumm YO curHanos, wymoB n N(z,t) Ha-
YMHanNUCb 3a OEeCSTKM MUHYT o momeHTa BCT u npo-
JOoMmKanncb B TeYeHuWe [EeCATKOB—COTEH MUHYT nocrne
Hero; nepuogbl Bapuaumi 6binn T ~ 30-50 MuH; Benu-
ynHa Bo3mylleHun N(zf) — nopsgka u 6onee 100%. B
nepuvog Mb Bapuauun 6binu 6onee BbipaXeHHbIMU (Kak
npasuno, B 1,3-2 pasa Gonblue), 4eM B HEBO3MYLLEH-
Hble OHW.

4. B TemHOe Bpemsi CyTOK B Nepuog paccmaTpuBae-
MbIX MB 1 B Te4eHMEe HECKOMbKMX AHEN NOCMe HUX NoYTH
BO Bcen D-o6nactu moHocdepbl Habnoganucb anu3o-
Avnyeckue u kBasunepuogmyeckue (¢ T~ 40-50 muH) Ba-
puaummn N(z,t) nopsgka 100% n 6onee B TeueHne aecar-
KOB — COTEH MUHYT. BeposTHo, Takne BoamyLeHus N(z,t)
BbI3BaHbl MOTOKAaMMW BbICHINAKLLMXCS 3apshKEHHbIX Yac-
Tny. OueHKM nokasanu, YTo NIOTHOCTb MOTOKOB COTaB-
nanap -~ 108m2 ¢

5. MNocne npoxoxaeHuss YCT B BO3MYLLEHHblE OHU
XapaKTepHbIA POCT 3HAYEHWI KOHLIEHTpaUWUWM 3MNEKTPO-
HOB HaymHancs npumepHo Ha 10-50 MUH paHbLUe, YeM B
HEBO3MYLLEHHbIE.

6. B cBetnoe Bpemsa cytok B nepuogbl MB yacto
uMenu MecTo kBasunepuogmyeckue Bapuaumm N(zt) c
nepuogom T = 60 MyH 1 amnnutygown 6onee 100%.

7. Bo Bpemsa Bcex paccmaTpuBaemblx MB B cBeTnoe
BpPEMS CYTOK (MHOrda U B HOYHbIE Yacbl) B TEYEHUE [e-
CSITKOB-COTEH MWHYT Ha BbICOTax z < 72 kM Habnwoga-
nMcb WHTeHcuBHble YO curHanbl (B HEBO3MYLLEHHbIX
ycnosusix YO curHambl Ha 3TUX BbICOTax OTCYTCTBYHOT
unn GblBalOT MeHbLUe YpPOBHSA LWYyMOB). VoHu3aums B
3TOT Nepuo BPEMEHW, Kak nokasarn aHanua reousnye-
CKUX [aHHbIX, B 3HAYUTENBHOW Mepe KOHTporpoBanach
NOTOKaMW BbICbINAKLWUXCA NPOTOHOB. OLEHKN Ha OCHO-
BE 3KCMEepMMEHTAalbHbIX AaHHbIX Mokasanu, 4To MnoT-
HOCTb NOTOKOB MPOTOHOB cocTaensina p ~10'=10° w2 ¢

AHanu3 paccmaTpvMBaeMblX — IKCMEPUMEHTANbHbIX
OaHHbIX (aHanNM3MpyeMbix B 3TOM COOGLLEHUM U APYTnX
n3 B6aHka gaHHbix XHY, nonydeHHbix ana gpyrux Mb
MEHbLLEN BEMWUYMHBI) U CBEAEHWUIA O KOCMWYECKOW MOro-
e nokasan, 4To HabnogaeMoe B 3KCNepuMeHTax B ne-
pvog MarHuTHown Bypu u nocne Hee ysenuyeHve N Mo-
XeT OblTb BbI3BAHO MOHU3aUMEl MOHOCHEPHON Nnasmbl
B D-obnactn cpeaHMx WMPOT NOTOKAMU BbIChINAKLLMXCS
M3 MarHUTOCHEpPbl 3IHEPTUYHbIX 3APSPKEHHbBIX YacTul,.
MopTBEpXAeHVEM TMNOTE3bl O BbIChINMAHUM 3aPSHKEHHbIX
YacTuy B CPeOHELUMPOTHYI0 MOHOCEPY roBOPUT U TOT
dakT, 4To paHee (cM., Hanpumep, [2, 6]) Mbl HeogHO-
KpaTHO BM3yanbHO Habnioganu (B OCHOBHOM B HOYHbIE
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yacbl) Bo Bpemsa MB xapakTtepHoe — Tuna «nonspHoro»
CUSIHUS — cBeYeHne aTmocdepbl AnnTenbHOCTbio 20 —
60 MUH.

XapakTepHblM OKasanocb, YTO BO BCEX paccmarpu-
BaeMbIX aKcnepumeHtax B nepuodbl MB B yTpeHHue u
BEYEpHMEe Yacbl MPOXOXAEHNS COMTHEYHOro TePMUHATO-
pa COMpOBOXAAanUChb KBa3UMEPUOANYECKUMMN Bapuaums-
mn N(z,t) noutn Bcerga. Npn aTOM 3HaYEeHWSA OTHOLLEHNS
CKOPOCTEN MOHM3ALUUW B BO3MYLLEHHBIX U HEBO3MYLLLEH-
HbIX YCMOBUSIX /o ObIMM JOCTAaTOYHO GOMbLLIMMM, OHM
COCTaBNAT AN PACCMOTPEHHbIX SKCNIEPUMEHTOB q/qo =
5-56. MNpwnymHa Taknx nameHennn N(zt) octaetca Hesc-
HOW: NMOHATHO, YTO OHWU CBHA3aHbI C U3MEHEHNEM TepMo-
AVHaMUYeCcKoro pexvmMa B nepexoaHble Nepuoabl CyToK,
HO NPV 3TOM HEAOCTaTOYHO M3y4YeHa pofib BOMHOBbIX
MPOLIECCOB U BbICbIMNAHUIA BbICOKOSHEPTMYHbBIX MPOTOHOB
N 3NEKTPOHOB.

lIl. 3aknoyeHune

PesynbTaThl 3KCNepuMMEHTarnbHbIX UCCNeLoBaHWN
Bapuauun YO curHanoB, paanoLlyMOB Ha YacTtoTax 2,2—
2,4 MI'y 1 KOHUEHTpaUun 3NeKTPOHOB BO BCe BpeMeHa
CYTOK, BKIMOYas nepexofHble nepvofbl, B CpegHeLun-
poTHol D-obnacTtu noHocdepbl BO BpeEMS NATU CUIbHbIX
MarHuTHbIX 6ypb oceHbto 1 3umow B 2004 — 2006 rr. u
CpaBHEHWE UX C pe3ynbTaTtamu, NonyyYyeHHbIMU 40 U MNo-
Cne MarHUTHbIX Bypb B HEBO3MYLLEHHbIX YCIOBUSIX, MO-
3BOMUNN YCTAHOBUTb HOBblE OCOBEHHOCTW U MOATBEp-
OUTb BO3MOXHOCTb U POSib BbIChINAHUI BbICOKOSHEPTUNY-
HbIX 3NIEKTPOHOB W MPOTOHOB. YCTaHOBMEHHbLIE 3JKCMe-
pYMEHTanbHO CBEAEHWs O Bbi3BaeMOM Oypen CurbHOM
BO3MYLLEHNMN MMAOTHOCTU 3MEKTPOHOB B CpPEeAHEeLUMpoT-
HOW HWXHEN MoHocdepe NPeACTaBNAT UHTEPEC BBUAY
MarnoYnCreHHOCTN NOAOGHbBIX UCCNEeaOBaHWIA.

ABTopbl Gnarogapat putunHa A.W. 3a nomoub B
npoBegeHUN 3KCnepuMeHTanbHbIX nuccnegosaHui, ap-
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Abstract — The changes of the partial reflection signals, radio-
noises at 2,2-2,4 MHz and the electron density variations in the
middle latitude D-region before, during and after five magnetic
storms in 2004—2006 are investigated by the partial reflection
technique. The quasi-periodic (with periods of T>30-60 min-
utes) more than 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 over the electron and proton precipitation periods, corre-
sponding fluxes were estimated, being p ~10” - 108 m?sec™.

I. Introduction

The results of experimental investigations near the Kharkiv
by the partial reflection technique (PR) of the PR-signals, radio-
noises at 2,2-2,4 MHz and the electron density variations, N(z),
in the middle latitude D-region before, during and after five
magnetic storms in 2004-2006 are considered.

Il. Main Part

Experimental investigations are made near Kharkiv (geo-
graphical coordinates: 49°38'N, 36°20' E) by the PR technique.
The measurements of the PR amplitudes and radio noises at
2.2-2.4 MHz are made in November, 2004, January and Sep-
tember, 2005 and in December, 2006 during 13-25 days. The
height-temporal dependences of N(z,t) are resulted from these
data. The morning and evening sun terminator (MST and EST)
were passing over the site of the PR facilities. The increase of
N in the period of MSs and during several days after the MSs
was registered. The quasi-periodic (with periods of T>30-60
minutes) more than 50-100% increase of electron density dur-
ing tens of minutes was found. 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 during magnetic storms. 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 undisturbed conditions. During
MSs in the daytime (sometimes at night) during ten-hundreds of
minutes on the heights of z < 72 km there were registered in-
tensive PR-signals (in the undisturbed conditions the PR-
signals have noises of less level on these heights). lonization in
this period, as follows from the geophysical data analysis, to a
great extent was controlled by the fluxes of precipitating pro-
tons. Corresponding fluxes were estimated on the basis of ex-
periments , being p ~10" = 108 m?sec™.

lll. Conclusion

The obtained results of experimental investigations by the
partial reflection technique of the electron density variations in
the middle latitude ionospheric D-region during five magnetic
storms in 2004—2006 and the comparison with the similar re-
sults obtained before and after magnetic storms in the undis-
turbed periods, allowed to set new important features and to
confirm the possibility and the role of high-energetic electrons
and protons precipitation. The data concerning the electron
density strong perturbations in the middle latitude lower iono-
sphere caused by the magnetic storm may be of interest be-
cause of lack of such investigations.
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