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There was a great deal of research in recent years related to the generation of electromagnetic
waves in the VLF/ULF frequency range at high latitudes. These oscillations are commonly
observed at all local times by both ground and satellite observations of electric and magnetic
fields. A special attention is paid to the generation of such waves in the so-called ionospheric
Alfven resonator (IAR). Using the realistic model of the topside ionosphere, we have reanalyzed
the physical properties of the IAR interaction with the magnetospheric convective flow. It is
found that in the absence of the convective flow the IAR eigenmodes exhibit a strong damping
due to the leakage of the wave energy through the resonator upper wall and Joule dissipation in
the conductive ionosphere. The maximum of the dissipation rate appears when the ionospheric
conductivity approaches the IAR wave conductivity and becomes infinite. However, the
presence of Hall dispersion, associated with the coupling of Alfven wave mode with
compressional (magnetosonic) perturbations, reduces the infinite damping. The increase in the
convection electric field leads to a substantial modification of the IAR eigenmode frequencies
and to reduction of the eigenmode damping rates. For the given perpendicular wavelength the
position of the maximum damping rate shifts to the region with lower ionospheric conductivity.
When the convection electric field approaches a certain critical value, the resonator becomes
unstable. This results in the IAR feedback instability. The physical mechanism of this instability
is similar to the Cherenkov radiation in the collisionless plasmas. The favourable conditions for
the instability onset are realized when the ionospheric conductivity is low, i.e., for the nighttime
conditions. This effect may result in the decrease of the critical value of the electric field of the
magnetospheric convection that is necessary for the formation of the turbulent Alfven boundary
layer and appearance of the anomalous conductivity in the IAR region. The artificial generation
of these waves using ionospheric heaters such as EISCAT, HIPAS and HAARRP is also reviewed.
Modelling the ground signatures of such waves is complicated by the fact that at these
frequencies, the collisionless skin depth is comparable to the ionospheric thickness and thus the
vertical structure of the ionosphere must be resolved. Furthermore, the Hall conductivity in the
ionosphere couples compressional (magnetosonic) waves to shear Alfven mode providing a
complex scenario for the wave dynamics. The present report describes a novel model for
generating magnetosonic waves by F-region modulated HF heating that does not depend on the
presence of electrojet currents and can thus be generated even by facilities located away from
electrojet regions as well as in the absence of electrojets. The report presents the theoretical
foundations of the model and concludes with a discussion of future experiments and an outline of
the relevance of the model to space science.
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B nocnennue roapl 0oiblioe BHUMaHHUE YIEISETCS M3YYCHUIO Te€HEpaluu 3JIEKTPOMArHUTHBIX
BOJIH B BBICOKHX mmporax B YHUY/CHY muamazone. DT KonebaHus 0ObIYHO HAOIIOAIOTCS KaK
HA3eMHBIMH, TaK U CIIyTHUKOBBIMHU CPEJICTBAMU B pa3HbIE MEPUOIbI MECTHOrO BpeMeHH. Ocoboe
BHUMaHUE YJEIseTCsl TeHepali TaKUX BOJH B TaK Ha3bIBAEMOM MOHOC(HEPHOM AJIbBEHOBCKOM
pe3oHarope (MUAP). Hcrmonb3yss peaqMCTHYHBIC MOJACAH HIDKHEH HoHOchepsl ObUIH
npoaHanm3upoBanu (pusudeckue cBoiicTBa B3aumojneilcTBus WMAP ¢ MaraurochepHbIM
KOHBEKTHBHBIM OTOKOM. [I0Ka3aHO, 4TO B OTCYTCTBHE TAKOTO MOTOKA coOOCTBEHHBIE MOl AP
MOJIBEP’KEHBI CUJIIBHOMY 3aTYXaHUIO M3-3a YTE€UKU BOJHOBOW HEPIUU UEPE3 BEPXHIOIO CTEHKY
pe30HaTOpa M JKOYJIEBOW AUCCUIAIMKM B MPOBOJIICH HoHOCepe. MakcuManbHOE 3aTyXaHHe
BO3HUMKAET KOrJa HOHOC(EepHas MPOBOAMMOCTh COBMAJAET C BOJHOBOH MPOBOJUMOCTD
pe3oHaTtopa U cTaHoBHUTCA (opManbHO OeckOHEUHbIM. Hamnuue ke XOJIJIOBCKOM AHMCIIEPCHH,
OOyCIIOBJICHHON 3alleIVIEHHEM allbBEHOBCKOM M MAarHMTO3BYKOBOM MOJ, CHHMAeT »J3Ty
CHUHTYJISIPHOCTh M 3aTyXaHHE CTAHOBUTCS KOHEYHBIM. Y CHJICHHE MarHUTOC(EpPHON KOHBEKITHH
IPUBOJUT K CYLIECTBEHHOW nepecTpoiike coOcTBeHHbIX Moa WAP u yMeHbLIEHUIO HX
3aryxaHud. s 3aJJaHHOrO MOMEPEYHOI0 BOJHOBOIO YKCIIA MOJI0XKEHUE MAKCUMyMa 3aTyXaHus
C/IBHTAETCs B 00JIACTh MEHbIICH HOHOC(EepHOH poBoauMocTH. Korja BenmuurHa BETMYHHA OIS
KOHBEKIIMM JOCTUTAET OMNPEIECIICHHOT0 KPUTHUYECKOTO 3HAYCHHUsS] PE30HATOpP CTaHOBUTCS
HEYCTOMYMBBIM. JTa HEYCTOMUMBOCTH MOJIY4YHJIa Ha3BaHHE HEYCTOMYMBOCTHU C IOJIOKUTEIBHON
oOpaTHOW cBs3bt0. DU3NUECKUH MEXaHU3M STOH HECTaOWJIBHOCTH CXOAEH C MEXaHU3MOM
YepeHKOBCKOTO H3IydeHHs B OecCTONKHOBUTENbHOW Tia3Me. Haumbosee OnaronpusiTHble
YCIOBUSL AJI1 €€ BO3HUKHOBEHMSI PEINM3YIOTCA B IJIa3M€ C HU3KOM INPOBOAMMOCTBIO, T.€. B
HOYHBIX YCJIOBUSX. Pe3ynbTaToM HEYCTOWYMBOCTH MOXKET CTaTh YMEHBIICHHUE 3JIEKTPUUECKOTO
1oJisi KOHBEKLUH HEOOXOAMMOro Ijisi 00pa3oBaHUs TYpOYJIEHTHOTO ajJbBEHOBCKOIO CJOS U
MOSIBJIICHHUS aHOMaJbHON MpoBoguMocTH B oOiactu jokanuzauuu MAP. Jlan Takxke o030p u
HCKYCCTBEHHOHM IeHepalfy dTHX BOJH C IMOMOIIBI0 HarpeBHBIX cTteHnoB tuna EISCAT, HIPAS
and HAARP. MopaenupoBaH#e Ha3eMHOTO OTKJIMKA YCIIOKHSCTCS TeM 00CTOSTEIbCTBOM, YTO Ha
paccMaTpUBaeMbIX YacTOTaX CKMHOBAas JUIMHA CONOCTaBMMa C TOJIIMHOM HOHOC(EpHl U
HE00XO0/IMMO YUUTHIBATh MPOCTPAHCTBEHHYIO BEPTUKAIBHYIO CTPYKTYpY HoHOchepsl.  Kpome
TOr0, M3-3a Hajau4uusg XOJIJIOBCKOW IPOBOAMMOCTH MAarHUTO3BYKOBBIE M AJIBEHOBCKHE BOJIHBI
3aIleTUICHBI IPYT ¢ APYroM oOecrieunBasi CIOKHBIM XapaKTep MX B3auMMOJEHCTBUs. B maHHOU
MOJIeJIM TeHepallii MarHUTHOTO 3ByKa B F-o0nactu MoaynupoBaHHsiM BU HarpeBoM He 3aBUCUT
OT HaJW4us DJJEKTPOKEeTa M MOXET MPOUCXOAUTh B 00NAcTAX JaleKux OT o0nactu
aBpPOPAIBHOTO JIEKTPOJIKETA.
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