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MOHOC®EPBLI HA MPOXOXAEHUE MOLLHOIO
ATMOC®EPHOIO ®POHTA

NokoB A. M., TeipHoB O. .
Xapbkosckuli HayuoHasbHbIU yHUgepcumem umeHu B. H. Kapa3uHa
2. Xapbkos, rn. Ceoboodsi 4, YkpauHa, 61077
men.: 057-7051251, e-mail: amg_1955@mail.ru

AHHOomayusi — YCTaHOBMNEHO, YTO NMPUMEPHO B MOMOBUHE
crnyvyaeB BO BpeMmsi MpOXOxaeHwss aTmocdepHoro ¢poHTa B
OTNnM4YMe OT BpeMeHu A0 W nocne Hero, HabnogalTcs KBasu-
nepuoanyeckme U3MeHeHVUs1 amnnuTyd YacTUYHO OTPaKEHHbIX
KB curHanoB A,«(z,t), pagnowymoB A, «(z,t) B TeueHne gecar-
KOB MWHYT, OOYCNOBMEHHblE, MO-BUANMOMY, MPOXOXAEHNEM
MH(Pa3BYKOBbIX BOJH. YCTaHOBMEHO TaKkXe, YTO B HWXHEN
yactu cpegHewmpoTHon D-obnactu noHocdepbl (z < 80 km)
3HaYeHVs SMEKTPOHHOM KOHLEHTPaLuu OKa3anucb 3aHMKeH-
HbiMn B 1,2 — 2,2 pa3a B CpaBHEHUN C KOHTPOSIbHBbIMU OHSMU.
MexaHn3m Takoro cHwxeHus N(z,t) npeactaBnseTcs B BO3gen-
CTBUW TPOMOCEPHOro BO3MYLLEHNS C MOMOLLIbIO CITOXHON Lie-
MOYKM MPOLIECCOB, 3aTparvBaloLMX Kak OMHAMUYECKUiA KaHan,
TaK 1 KaHan nepepacrpefeneHunst MarbiX COCTaBMSOLLMX.

|. BBegeHune

EctecTBeHHble BO3MYLLEHNS B HWXHEN MOHOcdepe,
BbI3bIBAEMbIE, HanpuMep, CUIIbHbIMW 3EeMIETPACEHUS-
MW, COMHEYHbIM TEPMUHATOPOM, BYIIKaHaMu, CUINbHbIMU
rpo3amu, MOLLHbIMU aTMOCHEPHBLIMU SIBAEHUSIMU (NpO-
XOXaeHue aTMocdepHbIX (OPOHTOB, LIMKIOHbI U aHTULK-
KNOHbl M T. A.), 3aTMeHuamn ConHua, B HacTosuee
BpeMS u3yyeHbl ele HegoctatodHo. OHM YacTo oka3sbl-
BalOT CyLLECTBEHHOE BNUSIHNE Ha aTMmocdepy M MOHO-
chepy 3emnu 1 NO3TOMY NPeACTaBMAT 3HAYUTENBHbIN
WHTEpeC ANs NoHUMaHus U3MKN MoHocdepbl U pelue-
HWUA psida NpUKNagHbiX 3agad paguocBsi3v, pagvMoHaBu-
raumm v T. . Ona nsydeHust ssBNEHU, BO3HUKAIOLLNX B
3TUX CNny4yasix B HWKHENW MOHocdepe Haubonee vacto
NpMMeHsIeTC MeTod YacTUYHbIX oTpaxeHun (HYO) (cm.,
Hanp., [1]). ObycnosneHo 3TO NpYemMNeMON TOYHOCTbIO
nornyyYeHnsi CBEAEHUA O BbICOTHO-BPEMEHHBIX Bapuaum-
SIX OCHOBHbIX MapameTpOB HWXHEW noHocdepbl n pa-
OVOLLIYMOB, BO3MOXHOCTBIO MPOBOAMTbL HEMNpepbIBHbIE
OnuTenbHble (0ECHATKM 4acoB-CYTOK) HabniogeHus ¢
BPEMEHHbIM pa3peLleHNEM eANHNULbI CEKYHA — €ANHNLbI
MUWHYT 1 paspelueHvem no Bbicote 1,5 — 3 kM. Kak us-
BECTHO, €CTECTBEHHble BO3MYLLUEHUS MMEOT LUMPOKUI
AnanasoH NPOAOIMKUTENBHOCTU: €AVHULbLI CEKYHA — Ae-
CATKM 4acoB. B aTon cBs3u B HacTosilen pabote pac-
CMaTpvBalOTCA pe3ynbTaTbl 3KCMEPUMEHTarNbHOro UC-
crnepoBaHusa OTKIMKa cpepHewmpoTHow D-obnactu Ha
NPOX0oXAeHNe MOLLHOro atMocdepHOro opoHTa a Takke
BapvaLun XapaKTepuCTUK 4acTUYHO OTpaxeHHbix KB-
CVrHarnoB 1 paguoLLyMOB B 3TV Mepuoabl, NOMyYeHHbIe
metogom YO ¢ nomousto annapatypsl XHY umenn B. H.
KapaauHa [1] B nepvog 2000 — 2010 rr. B6nmn3n r. Xapb-
KoBa.

Il. OCHOBHbIE pe3ynbTaTbl U

nx obcyxaeHue

[MoBeneHMe KOHLEHTpaUMM 3NEKTPOHOB Ha pasHbIX
BbICOTHbIX YPOBHSX B cpeaHelnpoTHon D-obnactu pac-
CMaTpMBanocb BO BPEMSs, 4O W MOCMe MNPOXOXAEHUS
TENnoro M XonogHoro armocdepHbix GpoHToB (AD)
(KOHTpOMbHbIE AHU) B pasHble ce30Hbl. Luknbl Henpe-
pbIBHbIX HabntogeHun metogom YO coctaenanm 3 — 3,5
cyToK. VX yncno coctasuno 12.

OTmMeTUM, YTO HabMAEHMS BLIMOMHANUCH B CMOKOW-
HbIX renMo-reoMarHUTHbIX ycroBusx. BpemeHa Havana u
OKOHYaHMsA npoxoxaeHna AP onpeneneHbl ¢ TOYHOCTLIO
~ 10 — 30 MyH. BpemeHHble nHTepBarnbl Havana un cnaga
A® cocTaBnsanu ecatkm MUHyT U G6onee. BpemeHHble
napameTpbl AD onpenensanucb No MeTeoposiormyecknm
rnokasartensam: U3MeHeHUsIM TemnepaTypbl U OaBleHus
aTMoOC(EepPHOro Bo3ayxa, HanpaBeHNI0 U CKOPOCTU BET-
pa, n3amepeHHbIMK BONM3n nosepxHoctn 3emnu. Ceepe-
HMS O renMo-reoMarHUMTHbIX YCroBUsAX 1 napameTpax A®
nony4eHHbl No cetn NHTepHeT 1 B XapbKOBCKOM r1apo-
METEOLIeHTpE.

Ha puc. 1 npuBegeHbl BpeMEHHbIE U3MEHEHUS KOH-
LeHTpaLUN SNIEKTPOHOB Ha Pa3sHbIX BbICOTHbLIX YPOBHSAX B
cpepHelmpoTHon D-obnactm noHocdepsbl B Nepunoa Ao,
BO BpeMS 1 Mocre MPOXOXAEHWS TEeNsoro 1 XorogHoro
aTMocdepHbIX (PPOHTOB B pasHble CEe30Hbl (B OTHOCU-
TenbHbIX eanHuuax). [ns cpaBHEHWs B3ATO OTHOLLEHWE
N/Nao ycpeaHeHHbIx 3a 30 MuH. 3HadeHu N(z,t), nony-
YEHHbIX B KOHTPOIbHbIA AeHb N 1 B OHU NPOXOXAEHUS
AD Njo.

3]

22.03.2007

g — - T
1 1 1 2I — 85 En
MR
gES 10 T 12 14 T 16 LT, 1ac

=2]

mT 12 14T 16 LT, uac

Puc. 1. BpemeHHble U3MEHEeHUsI KOHUeHmpauuu 3reK-
MPOHO8 Ha pa3HbiX 8bICOMHBIX YPOBHSAX 8 cped-
HewupomHol D-obnacmu npu eo3delicmeuu
ammocghepHbix ¢ppoHmos 11.05.2006 2. u
22.03.07 a. (cmpenkamu yka3aHbl spemeHa AD).

Fig. 1. Temporal changes in the electron density at
different altitude levels in the midlatitude D-region
under the effect of atmospheric fronts,
05.11.2006 and 22.03.07 (the arrows indicate the
periods of atmospheric fronts)

AHanua akcnepvMeHTanbHbIX OaHHbIX MOKasasn, 4YTo
OCHOBHblE OCOOEHHOCTU BbICOTHO-BPEMEHHbBIX N3MEHEe-
HAA amnnuTyd 4YacTUYHO oOTpaxeHHbIXx KB curHanos
Aox(z t), uymoB Anox (t) u N (z, t) Ikz BCcex paccMoTpeH-
HbIX 3KCMEPMMEHTOB CBOASATCA K crniegywowemy: 1) Bo
Bpems npoxoxaeHma A® n B TedeHne 1 — 5 yacos nocne
Hero (nHorga u 6onblue, HO naeHTUUKauns 3aTpyaHe-
Ha BO3[4ENCTBMEM COMHEYHOro TepMuHaTopa) HecTa-
unoHapHocTe YO-curHanoB u paguoLllyMOB 3aMeETHO
bonblue, YeM B NEPUOAbI A0 NPOXOXOEHNA PPOHTOB; 2)
NPYMEPHO B MOSIOBUHE PACCMOTPEHHBIX CIly4YaeB BbIsB-
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neHbl HeKoTopble pasnuuusa B MoBedeHUn A, x(z,t) BO
Bpemsi npoxoxaeHus AP B oTnuume OT BPEMEHU OO U
nocrne Hero: HabnwogarTCs KBasunepuoanyeckne name-
HeHust Aox(z,t) B TeyeHne [ecAaTKoB MUHYT. [Mpu aTom
nMeeT MeCcTO MepeMelleHne 3Toro npouecca rno BbICO-
Te. Kak nokasan aHanus3 nepBu4Hbix peructpauui YO-
CUrHamoB, CKOpPOCTb MEpeMELLEHUsI npoLecca COoCTaB-
nana ~ 300 — 350 m/c. OTMeTUM, YTO NoaobHbIe n3Me-
HeHust Habnganuce M B Nepuoabl CUMbHbIX rpo3. Cnek-
TpanbHON 06paboTkoW YCTAaHOBMEHO 3aMETHOE YyBenu-
YyeHne sHeprum Ha 4dactote 0,5 Ny, YTO cooTBETCTBYET
UHpa3BykoBoMy AnanaszoHy. OTMETUM, YTO B POHOBBIX
U3MEPEHUSX B KOHTPOMbHbIA A€Hb MOAOOHBIX M3MEHe-
HWUIA He OTMeYeHO; 3) KaKk BUAHO M3 puc. 1, Ha BbICOTax
HxHel Yactn D-obnactu (z < 80 km) 3HadeHuss N oka-
3annCb 3aHWKEHHBIMW B CPaBHEHWWM C KOHTPOSbHBIMM
AHaMK. 3aHmkeHune coctasuno B 20 — 120%. MexaHnam
Takoro ymeHblueHuns N(zt) npeacraensetcs B BO3fen-
CTBMM TPONOCKHEPHOrO BO3MYLLEHUSA C MOMOLLIO CIOX-
HOM LenoYKn MpOLECCoB, 3aTparmBarowmnx Kak AMHaMm-
Yeckui KaHamn (ropusoHTanbHbIM U BepTUKanbHbIM MNe-
peHocoM), Tak W KaHan nepepacnpegeneHus Marbix
COCTaBnALWMX (YyBENUYEHMEM KOHLIEHTpauuM oTpuua-
TenbHbIX MOHOB, Hanpumep, Oz); 4) B BepxHen Yactu D-
obnactn 3ameTHbIX pasnuuuii B nosegeHun N(zt) He
YCTaHOBMNEHO. BnusiHne atMocdepHOro Bo3myLLeHUst Ha
HKHIOI MOHOCEpY 4Yepe3 BCH CIOXHYIO LIEeNoYKy
B3aMMOLENCTBUIA OCYLLIECTBNSAETCA CPaBHUTENbHO Obl-
CTpPO (nopsiaka COTEH MUHYT U, BO3MOXHO, ObicTpee).
Mcxopga 13 pesynbTaTOB HA3eMHOrO WMCKYCCTBEHHOTO
aKyCTO-31EKTPOMArHUTHOro (CpaBHUTENbHO MaroMOLL-
HOro) HapyLleHust noHocdepbl (MPaKTUYECKN «MIHOBEH-
HOro») [2], MOXHO cuuMTaTb, YTO Takas BO3MOXHOCTb
«ObICTPOro» HapyLUeHWs1 CyLLecTBYeT U B PacCMOTPEH-
HbIX €CTEeCTBEHHbIX ycnoBusax. OgHako Heobxoaum ae-
TanbHbI aHanu3 No YTOYHEHWUIO KaHaroB TaKOro BIivsi-
HMS Ha NOBEAEHWE HDKHEN NOHOCMEpDI.

Ill. 3akno4yeHue

OKCnepMMeHTanbHO M3y4YeHbl OCOBEHHOCTW BbICOT-
HO-BPEMEHHbIX M3MEHEeHWN aMniuTyd 4acTU4HO oTpa-
XeHHbIX KB curHanoB Agx(z,t), pagnowymoB Anox(zt) n
KOHUeHTpauun anektpoHoB N(z) B cpepgHewmpoTHow D-
obnactn uoHocdepbl BO BpeMs MPOXOXAEHWUS aTmo-
chepHbIX (PPOHTOB W YCTAHOBMEHO, YTO MPUMEPHO B
MONOBKHE Cry4YaeB BO BpeMs npoxoxaeHus AP Habnio-
[aloTCA KBasunepuoguveckne mnaMeHeHuss Aoy (zt) wu
Anox (zt) B TeyeHne OeCATKOB MUHYT. DTN M3MEHeHUA
06ycrnoBneHbl, BEPOATHO, NPOXOXAEHNeM WMHpasByKo-
BbIX BOMH. [py 3TOM MMeno MecTo nepemeLleHne aToro
npoLecca no BbICOTE C KaxyLuencs ckopocTbio ~ 300 —
350 m/c. YcTaHoBnEeHo Takke, YTO B HwkHen yactu D-
obnactu (z <80 KM) 3HaYeHUS 3MEKTPOHHON KOHLIEHTpa-
UMM OKasanucb 3aHwkeHHblMu B 1,2 — 2,2 pasa B cpas-
HEHWMN C KOHTPOMNbHbIMU AHAMW. MexaHn3M Takoro CHu-
xeHusa N(z,f) npeactaBnseTca B BO34ENCTBAM TPOMO-
CcepHOro BO3MYLLEHUSI C MOMOLLBIO CHIOXHOMW LIenoYkm
npoLeccoB, 3aTparvBaloLMxX Kak AMHaMWYeCcKun kaHan,
Tak M kaHan nepepacnpefeneHus ManbelX COCTaBMsio-
LLIMX.
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Abstract — It was experimentally found that about in half of
cases of atmospheric front (AF) passages quasi-periodic
changes in A,x(z,t) and A () take place, due to the passage
of infrasonic waves. This processes changed its height with a
velocity of 300 — 350 m/s. It was also established that during
the passage of AF in the bottom of the D-region (z < 80 km)
electron density values N (z,t) were underestimated by a factor
of 1.2 — 2.2 as compared with control days.

I. Introduction

Natural disturbances in the lower ionosphere caused by
large earthquakes, severe thunderstorms, strong atmospheric
phenomena (atmospheric fronts, cyclones and anticyclones,
typhoons, etc.), sun eclipses, is now understood is not enough.
They have often a significant influence on the atmosphere and
ionosphere of the Earth and therefore are important for
understanding the physics of the ionosphere and for solving a
number problems.

It is known, that natural disturbances have a time duration
from several seconds to tens of hours and even days. In this
regard the results of experimental investigations of the
midlatitudinal D-region response on the passage of strong
atmospheric front and variations of partially reflected HF signals
and radio noise during these periods which was obtained by
partial reflection technique using the V.N. Karazin Kharkiv
National University equipment [1] in 2000 — 2010 are discussed.

Il. Main Part

The variations of the electron density at different altitude
levels in the midlatitudinal D-region was investigated during
periods before and after the passages of warm and cold air
fronts (control days) during the different seasons of the year.
Cycles of continuous observations were 3-3.5 days. Their
number was 12. The observations were made in quiet
geomagnetic conditions.

Start and end time of AF passing were determined with an
accuracy of ~ 10 — 30 min. Time intervals of AF beginning and
recession were estimated as tens of minutes or more. The
characteristics of AF were determined by the meteorological
parameters: temperature and pressure changes, air wind
direction and speed measured near the Earth's surface. The
information about the geomagnetic conditions and parameters
of AF were obtained by the Internet and at Kharkiv
hydrometeocenter.

I1l. Conclusion

The characteristics of heght-time variations of partially
reflected signals, radio noise and the electron density in the
midlatitude ionospheric D-region during the passage of AF are
studied experimentally. It was experimentally found that about
in half of cases of atmospheric front (AF) passages quasi-
periodic changes in A,«(z,t) and An.«(z,t) take place, due to the
passage of infrasonic waves. This processes changed its height
with a velocity of 300 — 350 m/s.

It was also established that during the passage of AF in the
bottom of the D-region (z < 80 km) electron density values N
(z,t) were underestimated by a factor of 1.2 — 2.2 as compared
with control days. This N(z,t) decrease is supposed to be due to
tropospheric  disturbances through a complex chain,
implemented by a dynamic channel, and by the channel of
redistribution of small components as well.



