NMPABUTENbCTBO POCCUUCKON ®EQEPALIUN

CAHKT-NETEPBYPICKUA TOCYOAPCTBEHHbIA YHUBEPCUTET

MEXOYHAPOOHbIA CAMIMO3NYM

«ATMOCO®EPHAA PAOMALUNA n AUHAMUKA»
(MCAP[ — 2017)

27 — 30 uvioHsa 2017, CankT-MNeTepbypr-NeTtpoasopel

Te3ucol

CaHkT—lleTepbypr

2017



GOVERMENT OF RUSSIAN FEDERATION

SAINT - PETERSBURG STATE UNIVERSITY

INTERNATIONAL SYMPOSIUM

«ATMOSPHERIC RADIATION and DYNAMICS»
(ISARD —-2017)

27 — 30 June 2017, Saint-Petersburg- Petrodvorets

Theses

Saint—Petersburg

2017



MNpoHUKHOBEHWE AKYCTWKO-rpaBWTALWOHHLIX MO OT CBEPX3BYKOBOro
Bo3DyOEHMA HA 3eMHOW MOBEPXHOCTW B BeEpXHWEe cnoW aTtMocdepbl

["appinos HM.' (n.gavrilov@spbu.ru), Kineseuxuit C.I1?
'CarkT -MeT pbyprocuil rocyOapcT BeHHBIN YHUBEPOWUT eT , qua thakysT T , Y eAHoecKan yn 1, J95504
CarkT -MeT epbypr, PoccuA
“BanT wiickii theneparnkHeIi yHuBepcnT eT 1. M. KauT a yn A Hesckoro 14, 236041 KanwHrpan, Pocows

CelicMHYecKkHe BONHbLI, BO30VHMIAEMBIE /10 W [OCHE IEMISTPACEHHH, MOTYT CO30aBaTh
BEPTHEANLHEIE JIBHASHHA 3eMHOI noeepxHocTi. Bo3zMynienns MOTYT pacnpocTpaHaTECA B CPeIHHe
H BepxHHe clion arMocdiephl H BhI3LIBATE KomehaHHd aTMOCHEPHLIX XAPAKTEepPHCTHE HA Pa3HBIX
BricoTax. CpelH MexaHu3MOB TakHX HOHOCEPHRIX BOIMYLIEHMH MomeT OwTh pacnpocTpaHeHHe
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AKYCTHEO-TpaABMTALHOHHEIX BoutH (AT'B) oT celicmuyeckux Bo3MVIISHHIT HA 3eMHOI MOBEPXHOCTH.
OCHOBHEIE TPYIHOCTH NPHM TAKOM OOBACHEHHH CBAAHLI ¢ BRICOKOH CKOPOCTHIO NMOBEPXHOCTHEIX
celicMHYeCKHX BOJH, HAMHOTO NPeBRIUAIOIMIEH cKOpocThs 3ByKA B arMocdepe BOIHZM 3eMHOI
MOBEPXHOCTH. [pagHiHoHHbIE Teopud arMocdepHeix AI'B npenckaseiBaor., 4TO HA HH3IKHX
YACTOTAX TAKHE CBEPX3IBYKOBEIE MOJLI He MOIYT PACIpPOCTPAHATECH 10 BePTHEANM, 4 SBJIAIOTCH
3AXBAHEHHBIME PABHTALMOHHEIMH BOJIHAMH C AMIITHTYIAMH, SKCTIOHEHUHATEHO YOBIBAKILIHMH C
BLICOTOI. DTO CO3AAeT BONPOCK! O BAKHOCTH ceiicMHYeckH BO30VAIAeMEIX CBEPXIBYKOBLIX BOJIH B
(hOPMHPOBAHHH HOHOCHEPHBIX BOIMYILEHHIH.

B wuacrosumem HccneoBAHMH MBI MCIOIE3YeM HEJABHO paspaboTaHHYIO HelHHeiHYIo
yucnenHyw BeeswicotHyvio Axyctoxo-1pasutatmonnyio Bonwosyio Mopens (BATBM) ana
MOZJETHPOBAHKSA PACTIPOCTPAHEHHS CBEPX3IBYKORLIX BOJTHOBRIX MOJ OT 328MHOI NOBEPXHOCTH 2EMIH
B crnon armoctepsl. BAT'BM npencrasnsier coboll TpexMepHYD MOOENE M HCIOILIVET MIOCKYIO
reomerTpuio. OHA BRIYHCIMET KOMIIOHEHTEl CKOPOCTH H OTKIOHEHHS TEMIEpaTyphl, AABIEHHT H
MIOTHOCTH OT MX (oHoBeX sHadenuid. [aspunos u Kweseuxwuit [1] onucann cucremy
HCMOUIBIYEMEIX HEelHHEHHLIX TPEXMEPHBIX VPABHEHHI HenpephlBHOCTH, [ABHIKEHHS H TElIOBOIO
Oananca. Bapuaumy  BepTHEATBEHOH  CKOPOCTH,  CO3[ABASMBLIE  PACTIPOCTPAHSFOLIHMHCH
ceicMHYSeCKHMH BOTHAMH HA 3eMHOH TOBEPXHOCTH, CIVKAT HCTOUHHKAME BOJTH B MOJIEIH.

Monenknre pacnpeneneHHAs BONHOBRIX BO3SMYIUEHHI TEMNEPATYPEl IS CHEKTPATEHBIX
KOMIOHEHT ¢ HHQPAIBYKOBEIMH HACTOTaMH Hepe3 2 4aca Nocie AKTHBALMH HCTOYHHEA
MOBEPXHOCTHOH CeHCMHYECKOH BOJIHLI © TOPHIOHTANLHOH (a3zoBoi cxopocThio | kmis umewoT
PACIPOCTPAHAIOIIHECH BOJHOBRIE (DPOHTHI, HAKIOHEHHLIE NPOTHEOINOIOMHO HATPABISHHID
rOpH3OHTATLHOH (a30B0H CKOPOCTH., KOTOPOE COOTBETCTBYET MAVIIEH BBEpX HMHMPA3IBYKOBRIH
ponHe. CHEKTpankHEIE KOMIIOHEHTHI, COOTBETCTBYIOIIME YACTOTH TPABHTALHOHHEIX —BOJH
OKA3BIBAIOTCH 2AXBAYMCHHBIMM B HWMHEH W cpefHeil armocdepe ¢  KBa3M-BePTHKATLHBIMH
ponmHOBRIME - hpodTamu.  Brime  150-200 kv, ¢poHTHl  rpaBHTALMOHHEIX BOJH CTAHOBATCH
HAKIOHEHHMH K TOPHIOHTY, YT0 CBHISTENLCTBYET O PACTIPOCTPAHEHHH BOIH [0 BEPTHEATH. JTO
O3HAYAET, YTO FHEPrHI CREPX3BYKOBEIX cellcMHYEcKHX BOTH MOMKET IIPOHHKATL B HoHOChepy, rae
cooTeeTcTBYOMHE Moael AlB cranoesTeas Gervinummn w MOTYT co3mapaTh PacTpOCTPAHSIHITHECH
HoHOC EpHEIE BOIMYILISHHS.

Pabota srinonHeHa npe nogfepike Poccuiickoro donia dyHIaAMEHTANEHEIX HecnenoBandi (Mo 17-
05-00458).

. Taspunos H.M., Kmesenwnit C.I1 Uncnennoe MoacnnpoBaHHe PAcTpOCTPAHCHHA HCITMHCHHBIA AKYCTHED-
IPABHTALHOHHEIX BOMH B cpeaHci H Bepxuci atmocepe /f His, PAH, dusuka armociepsr n oxcana. 2014,
T.50, Nz | C. 7683,

Penetration of acoustic-gravity modes from the supersonic surface
excitation to the upper atmosphere

N.M. Gavrilov' (n.gavrilov@spbu.ru), S.P. K shevetskii®
’Sa;'n{-Pc’rersburg State University, Physics Faculty, T Ulvanovskaya str., 198504 Saint-Petersburg, Russia
“I. Kant Baltic Federal University, Physics Faculty, 14 A, Nevsky s, 236041 Kalinigrad, Russia

Seismic waves excited before and after earthquakes can make vertical motion of the Earth’s
surface. The perturbations can propagate to the middle and upper atmosphere and cause variations
and oscillations of atmospheric characteristics at different altitudes. Among the mechanisms of such
ionospheric perturbations could be propagation of acoustic-gravity waves (AGWSs) in the
atmosphere caused by seismic excitations at the Earth’s surface. The main difficulties in such
explanation are connected with high phase speeds of surface seismic waves. much exceeding the
sound speed in the atmosphere near the ground. Traditional theory of atmospheric AGWs predicts
that at low frequencies such supersonic excitation should produce not propagating, but trapped (or
evanescent) gravity wave modes with amplitudes exponentially decaying with altitude. This can
raise questions about the importance of seismic-excited supersonic waves in the formation of
ionospheric disturbances.

205



In the present study, we use the recently developed nonlinear numerical Whole-altitude
Acoustic-Gravity Wave Model (WAGWM) to simulate propagation of supersonic wave modes
from the ground to the upper atmosphere. The WAGWM is a three-dimensional model and uses the
plain geometry. It calculates atmospheric velocity components and deviations of temperature,
pressure. and density from their back ground values. Gavrilov and Kshevetskii [1] described the set
of used nonlinear three-dimensional equations of continuity, motion and heat balance. Variations of
vertical velocity produced by propagating seismic waves at the Earth’s surface serve to force the
waves in the model.

Simulated distributions of wave temperature perturbations for spectral modes with infrasound
frequencies at time 2 hr after activating the surface seismic wave forcing with horizontal phase
speed of | km/s show their propagation with the wave fronts inclined in the directions opposite to
the direction of horizontal phase speed, which corresponds to upward infrasound phase propagation.
Spectral components corresponding to gravity wave frequencies are trapped in the lower and middle
atmosphere with quasi-vertical wave fronts. Above altitudes 150-200 km, the gravity wave fronts
become inclined to the horizon, which shows that the waves become propagating vertically. This
means that the energy of supersonic seismic waves can penetrate to ionospheric altitudes, where the
respective AGW modes become propagating and may produce travelling ionospheric disturbances
(TIDs).

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