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O BOBMOXHOCTWU rEHEPALUUU HU3KOYACTOTHbIX BUCTIIEPOB
B HWXKXHEN MOHOC®EPE B NEPUOAbI BO3MYLUEHUA
PA3JIM4HOU NMPUPOADbI

FokoB A. M., TeipHOB O. .2
! XapbKogCKull HayUOHasIbHbIU SKOHOMUYeCKUU yHusepcumem
men.: 057-7021831, e-mail: amg_1955@mail.ru
? XapbKoBCKUL HAUUOHAMbHbIL yHusepcumem umeHu B. H. Kapa3uHa
2. Xapbkos, . Ceobooki 4, YkpauHa, 61077
men.: 0567-7051251, e-mail: Oleg.F. Tyrnov@univer.kharkov.ua

AHHOMayuss — JKCMepUMEeHTaNbHO MoKasaHa BO3MOX-
HOCTb reHepauun HU3KOYACTOTHOrO BUCTIiepa MHMPAa3ByKOM,
reHepypyeMbiM B aTMOCEEpe CUIbHBIMU PO3aMU Y MOLLHLIMM
aTMocdepHbIMU (POHTaMK B nepexofHble ce3oHbl roga. On-

pefeneHbl YacToTbl BUCTNEpoB f; = 7— 29 kI'L, XopoLuo corna-
CyloLLMecs C TEOPETUYECKMMMN pacyHeTamu.

|. BBepeHue

M3BECTHO, YTO MpY CUIbHBIX FPO3ax, B3pbiBax, 3eM-
NETPACEHNSIX U OPYrUX BO3MYLLEHUAX PasfMYHOM npu-
podbl B aTMocdepe reHepupylTcs WHGPasBYKOBbIE

BOMHbI B AnanasoHe 4vactoTr 0,01 My <f,< 20 Iy (cm.,

Hanpumep, [1]). Takve BOMHbI AOCTAaTOMHO CBOOOAHO
npoHuKaT Ao BbicoT E-obnactn noHocdepsbl, 4To Npu-
BOOMUT K MOSIBIIEHMIO OOMNOSHUTENbHbLIX TOKOB UM BO3MY-
LLIEHWIO AMNEKTPUYECKMX M MarHUTHbIX MOMen, T.e. K reHe-
pauun unu ycuneHumo pasnuyHbIX BOMH. M3BecTHO Tak-
e, YTO BUCTNEpbl NpeacTaBnalnT cobow aneKkTpomar-
HWUTHbIE BOJIHbI, pacrnpocTpaHsowmecs B cnabonoHnsu-
pOBaHHON Nna3me, Ansi KOTOPOW BLINOMHSAOTCS YCMNOBMS:

Ven<< Wge, Vin<< Wgj, (1)
(Be, WBj— TMPOYACTOTbI, Vep, Vinp — 4ACTOTbI COyAAPEHMi
C HeWTpanamu 3reKTPOHOB U MOHOB). OTW YCMOBUS Bbl-
NnomnHsTCa Ha BbicoTax E-obnactu moHocdepsbl. MNpu-
CYTCTBME TaKWX BOSH B 3NULEHTParbHON 30HE M Ha He-
KOTOPOM yAaneHun OT UCTOYHMKa BO3MYLLEHMS 0BHapy-
XMBanocb 3KCnepMMeHTanbHoO (CM., Hanpumep, [2]). Bo-
Npocbl PacnpoCcTpaHeHUs1 HM3KOYACTOTHOrO BUCTNEpa B
3TON 06nacTu BbICOT 4OCTATOYHO MOSTHO PACCMOTPEHbLI B
[3]. B [4] peweHa 3agaya reHepaumn Takmx BONH B E-
obractu noHocdepbl akyCTMYeCKMMM BofIHaMu, a B [5] —
WHpasBykom. B [6] akcnepumeHTanbHO nokasaHa BO3-
MOXHOCTb MOMyYeHUs1 CBEAEHUIA O reHepaLmn HU3Kovac-
TOTHOrO BUCTIEpa BO BPEMSI CUIIbHOW MPO3bl.

B HacToswen paboTe akcnepumeHTanbHO NnokasaHa
BO3MOXHOCTb reHepauun HU3KOYacTOTHOro BUCTNepa
WH(Pa3BYKOM, reHeppyembiM B atmoccepe CunbHbIMU
rpo3amMv U MOLLHbIMKM aTMocdhepHbIMU bpoHTamMu B ne-
pexofHble Ce30HbI roaa.

Il. OcHOBHbIe pe3ynbTaTbl U
ux obcyxaeHume

B [5] ana paccmatpuBaemoro cryyas MoryyeHo
ONCNepcnoHHoe ypaBHeHne B obuiem Buge. M3 atoro

ypaBHeHVs ANA BOMH C 4yactoTamu @g; << @ << @ge
(HM3KOYACTOTHBIE BUCTMEPLI) onpeaeneHo AUCNepPCUoH-

Hoe ypaBHeHue B Buge: n’(w)= a),f/a)a)Be cos 6, U3 Ko-
TOPOro CNEKTP BOMH: @, (k) =| @, cos @ | k?c? | w’. Cob-
CTBEHHOE peLleHUe MocneaHero ypaBHEHUS Mo3BonsieT
onpeaenuTb CBS3b Mexay f, U yactoTamu reHepupye-

MbIX B 3TO obnacTu BbICOT BUCTNepos f; [5]:
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2 f2
C1Be

f, = —-12%cosdcosd,, 2
= 1 @
3pecb 61 — yron Mexay BepTUKanbk U HanpasreHuem

PacNPOCTPaHeHUs! MHPa3BYKOBOM BOMHLI, kB=60 ,C —
CKOPOCTb CBeTa, ©; — CKOPOCTb WH(passyka, f —

nnasmeHHas JacToTa.

M3BecTHO, 4TO KONebaHusa NNOTHOCTU aTMocdepHo-
ro rasa (MH(pPa3ByKOBbIE BOMHbI) 4OCTAaTO4HO CcBOBOAHO
pacnpocTpaHaTca A0 BbicoT F-obnactn moHocdepsl.
EcTecTBeHHO MpeanonoXuTb, YTO MPU BbICOKOYACTOT-
HOM 30HAUpOBaHuWM (Hanpumep, B AuanasoHe 2 — 10
MI'y) noHocdepbl pagnoBonHbl ByayT UchbITbIBaTL AM-
dpakumio Ha WH(Pa3BYKOBOM BOMHE, YTO NPUBOAMUT K
CMELLEeHNIO 30HAMPYIOLWEN YacToTbl Ha BENWYMHY, paB-
HYl0 YacToTe nHdpasBykosBow BonHbl f, = f,. Vicxoas n3

3TO0 MOXHO MO M3MepPeHWAM [ONnepoBCKoro casura
4acToTbl MPU BEPTUKANbLHOM 30HAWPOBAHWUU B 3NULIEH-
TpanbHOW 30HEe WCTOYHMKA BO3MYLLUEHWA OnpeaenuTb
4YacToTy MH(Pa3BYKOBLIX BOMH kak f, =f,. M3 cooTHO-
LWEHMS (2) MOXHO NOMyYUTb YMCIEHHbIE 3Ha4YeHWns 4vac-
TOT f, U f, 1 onpeaenuTb UX ANUHY BOMHbI A, = v, /.

OKkcnepuMeHTanbHble UCCnegoBaHUs Mo npepasio-
>KeHHOW Bbllle cxeme Obinv NpoBeAeHbl BO BPEMS YeThI-
pex CUMbHbIX FPO3 U B MEpUOA MPOXOXAEHUS YeTblpex
MOLLHbIX aTMocdepHbIX opoHToB B 2005 — 2009 rr. npwu
NoMOLLM KOMMEeKca annapaTypsbl [7] meTogammn Yyactuy-
HbIX oTpaxeHun (HYO) n BepTMKanbLHOro AONNEPOBCKOro
3oHgupoBanust (BA3) B6nu3n r. XapbkoBa B Paguodm-
3nyeckon ObcepBaTopum XapbKoBCKOro HaumnoHaneHoro
yHuBepcuteta. WM3mepeHus BbINOMHANUCL CeaHcamu
HenpepbIBHO AnuTenbHocTbio 1 — 10 yacoB go, B nepu-
04 1 nocre rpos 1 HenpepbIBHO B TEYEHNE TPeX CYTOK B
nepuop NpoxoxaeHusa atmocdepHbix poHToB. Pelua-
nuce Tpu 3agaun: 1) No M3MepeHusiM J0nnepoBCKOro
CABMWra 4acToTbl NpU BEPTUKaNbHOM 30HAMPOBAHUN WO-
Hocdpepbl B anNuUEHTpanbHOW 30He BO3MYLLEHWUS Onpe-
AennTb 4acToTy UHPPa3BYKOBLIX BOMH kak f, =f,; 2) no

nsmepeHusam metogom YO amnnutya obpaTHo pacce-
SHHbIX PaguOCUIHaNoB M PaguoLLYMOB 3KCMEPUMEH-
TanbHO NOMy4YnTb NOATBEPXKOEHWE BO3MOXHOW reHepa-
LUUKM MHpPa3BYKOBbIX BOMH B aTMocdepe BO BpeMs BO3-
MYLLEHUA 1 onpedenuTb 4acToTy MHAPa3BYKOBOW BOJ-

f,; 3) Npn OOHOBPEMEHHbLIX M3MEPEHUSX MeTodamm
YO v B3 cpaBHWTL NOMYyYEHHbIE 3HAYEHUS YacTOT UH-
dpa3syka f, 1 NO COOTHOLIEHUIO (2) BLIYUCIUTL YacTo-
Tbl FeHepupyeMbIX B 3TOW 0BnacTn BbICOT HU3KOYACTOT-
HbiX BuCTnepoB f,. [ina pacyetoB nonaranu: ¢ = 3
10°mlc, v,= 500 M/, w,,= 8:10%", w,= 17,6:10° ¢,
OLIeHKa BbICOTbl OTpaxeHus h B3siTa N0 MOHOrpammam
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BEPTMKANbHOIO 30HAMPOBaHUS. PacuyeTbl NpoBefeHbl B
npeanonoXeHnn, 4YTO BUCTIIEp pacnpocTpaHsieTcs
BAOMb HanpaBneHns reomarHuTHoro nons 6 = 0°%; uH-
pa3BykoBas BOIIHAa PacnpoOCTpPaHSETCs BepTUKamNbHO
BBepx 1 6,= 30° 4YTO COOTBETCTBYET MArHUTHOMY Ha-
knoHexuo ~60° B cpedHunx wupoTax. PesynbTaThl pac-
YyeToB npuBeaeHbl B Tabn. 1. MNony4yeHHble akCnepumeH-
TanbHO 3Ha4YeHWs 4acToT MHdpPasByka f, XOpPOLUO cor-
nacyloTcs ¢ TeopeTu4eckuMmmn pacyetamu [5].

Tabn. 1. PacyeTbl 4aCTOT HU3KOYACTOTHLIX BUCTIEPOB

Table 1. Calculations of the frequencies of whistlers

[NaTa h, kM £oTy ‘ f, KTy
po3bl
01.07.97 170 0,5 11,3
07.07.98 160 0,5 11,3
08.09.01 160 0,5 11,3
25.09.01 170 wn 160 04 n 0,8 72 wn 289
ATmocepHble PPOHTHI

02.02.05 170 0,4 7,2
29.03.06 170 0,4 7,2
08.02.07 160 0,5 11,3
22.03.07 160 0,4 7,2

lll. 3akntoyeHue

1. lNpepnoxeHa MeToAuKa oOnNpeaeneHust 4vacToT
HU3KOYaCTOTHbIX BUCTNEPOB, reHepupyemblx MHpasBy-
koM B E-06nactu noHocgepbl B6NMM3M anuuUeHTpa Cunb-
HOW rpo3bl B atMocdepe 3emnu 1 B NepUOAbI MPOXOX-
OEeHNs1 MOLLHBLIX aTMOCMepPHbIX (POHTOB.

2. OKcnepuMMeHTarnbHO C UCMOSMb30BaHNEM METOO0B
B3 1 YO nogTBepaeHo, 4To BO BpEMS CUITbHON rpo3bl
BO6NM3M anuUeHTpa 1 B Nepuoabl NPOXOXKOEHNST MOLLHbBIX
aTMocepHbIX PPOHTOB BO3MOXHA reHepaums nHgpas-

BYKOBbIX BOMH ¢ yactotamu f; ~ 0,4 — 0,8 ', koTOpbIE

NPOHMKalOT A0 BbiCOT E-06nactu noHocdepsbi.

3. Ha ocHoBe mexaHu3Ma TpaHcdopmaumm MHdpa-
3BYKOBbIX BONH B E-obnactn mnoHocdepbl B HU3ko4ac-
TOTHblE BWUCTNEPbl U OUCMEPCUOHHOINO COOTHOLLEHWS

onpepgeneHbl YactoTel BUuctnepos f, =~ 7— 29 «l'u, xo-
POLLO cornacyLmecs C TEOpeTUIECKUMU pacHeTaMu.
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ON THE POSSIBILITY
OF GENERATING LOW FREQUENCY
WHISTLERS IN THE LOWER IONOSPHERE
DURING THE DISTURBANCES
OF DIFFERENT NATURE

Gokov A. M.1, Tyrnov O. F.2
" Kharkiv National Economic University
e-mail: amg_1955@mail.ru
2 V. Karazin Kharkiv National University
Svoboda Sq. 4,Kharkiv, 61077, Ukraine

Abstract — It is experimentally shown that low frequency
whistlers can be generated using the infrasound produced by
heavy thunderstorm in the atmosphere and by powerful atmos-
pheric fronts during the seasonal changes of the year.

|. Introduction

The results of experimental investigations near Kharkiv with
the use of the partial reflection technique (PR) (using time-
height registrations of the PR-signals and radio-noises at 2,4
MHz) and by the vertical Doppler sounding technique (using the
Doppler shift of frequency) in the regional middle latitude D-
region the possibility to generate of low-frequency whistlers by
infrasound, generated in the atmosphere during heavy thunder-
storms and in the powerful atmospheric fronts during the sea-
sonal of changes of the year are considered.

Il. Main Part

Experimental investigations have been made near Kharkiv
(geographical coordinates: 49°38'N, 36°20' E) by the PR and
VDS techniques. The measurements of the PR amplitudes and
radio noises at 2.2 — 2.4 MHz and the Doppler shift of frequency
have been previously made before, during and after the strong
thunderstorms 01.07.1997, 07.07.1998, 08.09.2001, 25.09.2001
and before, during and after the passage of powerful atmos-
pheric front 01 — 03.02.2005, 28 — 30.03.2006, 07 — 10.02.2007
and 21 — 23.03.2007. Measurings were performed by sessions
continuously over the period of 1 to 10 hours, and after thunder-
storms and continuously during three days in the period of the
passage of atmospheric fronts. Three tasks were fulfilled: 1)
measurements of the Doppler shift of frequency at the vertical
sounding of ionosphere in the epicentral area of disturbances to

define the frequency of infrasonic waves as f, =f,; 2) on the

measurements by the method of PR amplitudes of the partially
reflected radio signals and radionoises experimentally to get the
confirmation of possible generation of infrasonic waves in the
atmosphere during disturbances and to define infrasonic wave

frequency f,; 3) the simultaneous measurements by the PR and
VDS techniques to compare the obtained values of frequencies of
infra-sound f, and the use of relation (2) to calculate the frequen-

cies f,of the low-frequency whistlers generated in this height
region. The experimental results are given in Table 1.

I1l. Conclusion

1. The methods for determining of the frequencies of low
frequency whistlers, generated by infrasonic waves in the E-
region of ionosphere near the epicentre of heavy thunderstorms
in the atmosphere and over the periods of passage of powerful
atmospheric front is proposed.

2. It was confirmed experimentally with use the Vertical Dop-
pler Sounding and Partial reflection techniques, that during the
heavy thunderstorms near the epicentre and during the periods of
the passing powerful atmospheric fronts of the infrasonic waves

can be generated at the frequency of f, ~ 0.4 — 0.8 Hz, which

penetrates to the heights of E-region of the ionosphere.

3. Based upon the mechanism to transformations of infra-
sound waves in the E-region of the ionosphere in low frequency
whistlers and dispersion correlation the frequencies of low fre-
quency whistlers 7- 29 kl'u, are determined. The experimental
results are in good agreement with theoretical calculation.
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