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YucneHHoe mopenupoBaHue pacnpocTpaHeHUs HecCcTauMOHapPHbIX
aKyCTUKO-TPpaBMTaLMOHHbLIX BOJIH Yepe3 KPUTUYECKUe YPOBHU B BEPXHIOHO
aTmocdepy
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Banmuiickuii pedepanvmviii ynusepcumem um. Humanyuna Kanma, xag. meop. gusuxu, A. Hescxozo yn. 14,
236016, Kanununepao, Poccus

C ucnonp30BaHUEM UYHCIEHHON MOJENN BBICOKOIO pa3pellieHHs BHIIOJHEHO MOJEIMPOBAaHUE
pacrpocTpaHeHHsi B BEpXHHE CIOU aTtMoc(epbl aKyCTHKO-TPaBHTAIMOHHBIX BONH (AI'B), mns
KOTOPBIX (DOHOBBII POQIIIE BETPA COAECPIKUT KPUTHIECKUE YPOBHU, I/I€ TOPU30HTAIbHAS CKOPOCTh
BeTpa paBHA TOPH3OHTATBHOW (hazoBoii ckopoctu AI'B. CormacHO TpaaWIMOHHOW TeOpHH
aTMOC(epHBIX BOJH BONM3M 3TUX YPOBHEH CTPEMHUTCA K HYJIKO BEpPTHKATbHAs IJIMHA BOJHBI,
pacripocTpanstomuecs u3 Tpornocdepsl AI'B CHIBHO IUCCHMUPYIOT W HE MOTYT OOXOIUTH [0
BBICOKMX CJIO€B arMocdepbl. YKa3zaHHas TeOpWs NPEANoyiaraeT CTAMOHAPHOCTh BOJHOBOTO
mpoluecca, Korjna aMIuTyasl U apyrue napamerpel AI'B He meHsroTcs Bo BpeMeHu. YUucneHHoe
MOJEIUPOBAHNE BBINOJHAECTCA [JJI BOJHOBBIX HCTOYHMKOB B BHUAE IUIOCKMX BOJIHOBBIX
BO3MYILIEHNN BEPTUKAIBHON CKOPOCTH, PACIPOCTPAHSAIOIIMXCA BAOJIb 3€MHOI oBepXxHOCTU. Ilocne
BKJIFOUEHHUS BOJIHOBOIO HMCTOYHMKA BO3HHMKAaeT MepBOHauyanbHbIl umnyinsc AI'B, kxoTopsiii B
TE€YEHUEe HECKOJIbKUX MUHYT pacnpocTpansaercsa 10 BbICOT 100 KM U BbIIIe M TUCCUMUPYIOT TaM MOJ
JNENCTBHEM CHJIBHON BA3KOCTU WU TEIUIONPOBOAHOCTH. Bcemen 3a 3TUM BO3HMKAaeT WHTEpBal
YCTaHOBIIEHHSI BOJIHOBOTO IPOLIECCA HA BCEX BBICOTaX arMoc(epbl, KOTOPBIN MOXKET IUIUTBCS IO
HECKOJIBKUX JECSATKOB MEPUOJ0B BOJIHOBOIO MCTOYHMKA. BO Bpems 3TOro mepexogHOro mepuoja
BOJTHOBOM NMPOLECC UMEET HECTAMOHAPHBIN XapaKTep.

Pe3ynpTaThl YHCIEHHOTO MOJIEIHPOBAHUS MOKA3bIBAIOT, YTO KPUTHIECKUE YPOBHH (HOHOBOTO
BETPa HE SBIIAIOTCSA HEMPOHULIAEMBIMU OapbepamMu U HECTAMOHAPHBIX HeycTaHOBUBIIMXCS AlB.
Takme BOTHBI MOTYT PaCIPOCTPAHATHCS 10 OONBIINX BBICOT U OKA3bIBATh CYIIECTBEHHOE BIHMSHHE
Ha JMHAMHYECKUI U TETJIOBON PEKUM BepXHEll aTMOC(hepEHI.

HanHoe uccnenoBanue ObU10 monpaepkaHo Poccuiickum GoHAOM (yHIAMEHTANBHBIX HCCICAOBAHHUN
(rpanT Ne 17-05-00458).

Numerical simulation of the propagation of nonstationary acoustics-
gravity waves through the critical levels into the upper atmosphere
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The high-resolution numerical model is used to simulate the propagation of acoustic-
gravitational waves (AGWs) to the upper atmosphere layers for which the background wind profile
contains critical levels, where the horizontal wind velocity is equal to the horizontal AGW phase
velocity. According to traditional theories of atmospheric waves, vertical wavelengths approaches
to zero near critical levels and AGWs propagating from the troposphere are strongly dissipated and
they cannot reach the upper atmosphere. The mentioned theories assume stationary wave process,
when the amplitudes and other AGW parameters do not change in the time. Numerical simulations
are carried out for the wave sources in the form of plain wave perturbations of vertical velocity,
which are propagating along the earth's surface. After the switching on the wave source, initial
AGW pulses appear, which during several minutes may propagate to altitudes 100 km and above,
where they dissipate under the action of strong viscosity and thermal conductivity. Following
interval of the establishment of the wave process at all heights of the atmosphere, can last up to
several tens periods of the wave source. During this transition interval, wave process is non-
stationary.
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Results of the numerical simulation show that the critical levels of background wind are not
barriers for unsteady AGW. Such waves can propagate to high altitudes and have an essential affect
the dynamic and thermal conditions in the upper atmosphere.

This study was supported by the Russian Basic Research Foundation (grant #17-05-00458).

UccnepgoBaHne BRMAHUA COJSIHEYHOW aKTUBHOCTM Ha CTauUOHapHble
nnaHeTapHble BOJIHblI B cpegHen aTtmocdepe
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[lepeHoc 3HEprum aTMOC(EepHBIMH BOJHAMHU IUIAHETAPHOIO MacmTada SBIAETCS OOHHUM W3
Hanboyee BaxHBIX (DAKTOPOB [AMHAMUKHA M TEIJIOBOTO pexuma arMmocdepbl. B maHHOM
WCCIIEIOBAHNH MBI BBITIOJIHAEM YHCIEHHOE MOJAETMPOBAHME OOIIEl LUPKYIANH aTMochepsl ¢
UCIOJIb30BAHNEM TPEXMEPHON HENMHEHHONW Mopaenu oOmell LUPKYISIUH CPeAHed M BepxHel
armocdepsr MCBA. MoaennpoBaHre OUPKYISIAHA POU3BOAUTCSA HA BBICOTAX OT MOBEPXHOCTH 10
300 kM. UTOOBI ydecTh U3MeHeHHs coTHeYHOU akTUBHOCTH (CA), B MOAENN 33aJat0TCsl pa3InIHbIC
3HaUeHUs MoToka pamuomdnydeHus ComnHna Ha mauHe BOMHBI 10.7 cM. UTOOBI y4ecThb BIHSIHHE
3apspKeHHBIX dYacThi B HMoHochepe, B MCBA BHeapeHsl HMOHOC(EpHBIE MPOBOIUMOCTH MJIS
pasnuuHbIX ypoBHel CA, 1 yuTeHbl UX NPOCTPAHCTBEHHbIE U BpEMEHHbIE 3aBUCUMOCTU. OCHOBHOE
BHUMAaHHE YAEIeHO M3YYeHNI0 N3MEHEHNI aMIUTUTY] CTalMoHapHbIX miaHerapHbix BoaH (CIIB) ¢
30HAJBHBIMU BOJHOBBIMU uuciamu 1—4 B cpemHell atmocdepe MpPH Pa3IUIHON CONHEYHOM
aKTUBHOCTH s sHBaps—QeBpand. [lna aHanm3a pes3ynbTaTOB YHCIEHHOTO MOJAEIHPOBAHUS
paccuntansl nokazarenu npeaomienns CIIB n moroku Dmmaccena-Ilanpma.

UncneHHoe MoIenupoBaHWe MoKa3bpiBaeT, uto ammuutyasl CIIB B cpemneit armocdepe
3HAYUTEIBHO PA3JIMYaOTCA JJA Pa3HbIX YPOBHEW COJHEYHOW aKTUBHOCTH. MakcuMabHbIE
mmeHenusa ammumatyn CIIB pocturaror 10% HA cpegHMX MIMPOTaX CEBEPHOTO TMOTYIIAPHS.
Pasnuuns B mpoctpaHcTBeHHBIX CTpykTypax CIIB cOOTBETCTBYIOT pacCUMTAHHBIM HM3MEHEHMSIM
nokasareneit npenomiienus 1 CIIB u motokam Dnmaccena-Ilansma.

Investigation of the influence of solar activity on the stationary
planetary waves in the middle atmosphere
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Energy transfer by atmospheric planetary-scale waves is one of the important factors of
atmospheric dynamics and thermal regime. We perform numerical modeling of the atmospheric
general circulation using improved three-dimensional nonlinear circulation model of the middle and
upper atmosphere MUAM, covering the altitudes from the surface to 300 km. In order to take into
account changes in solar activity (SA), various values of the solar radio emission flux at a
wavelength of 10.7 cm are set in the model. To include the influence of charged particles in the
ionosphere on the neutral gas dynamics, conductivities of the ionosphere and their longitudinal,
latitudinal and temporal dependences are calculated for different SA levels and implemented into
the MUAM. We focus on changes in amplitudes of stationary planetary waves (SPW) with zonal
wave numbers of 1-4 in the middle atmosphere under different solar activity for January—February.
To analyze the results of the numerical simulation, the planetary wave’s refractivity indices and
Eliassen-Palm fluxes are calculated.

Numerical simulations show that SPW in the middle atmosphere vary significantly for the
different solar activity levels. Maximum changes in SPW amplitudes reach 10% at middle latitudes
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