IIpumenenune ancam01eBOro mMoaxoAa JAJist
MCCJIeIOBAaHUH HOHOC(hepbl HA 0CHOBE Pe3yJILTATOB
YHCJIEHHOr0 MOJAeJTMPOBAHUSA

Kaumenko M.B.}?, Knumenko B.B.12, Beccapaé ®.C.!2, Parosckmii K.I'3,
Cyxonouos T.B.12, Po3anos E.B.12

L Canxkm-ITemepoypzckui zocyoapcmeennwiit ynueepcumem, Canxkm-Ilemepoype, Poccus
2 Kanununzpaockuii punuan Hucmumyma 3smnozo maznemusma, uonocgeput u
pacnpocmpanenusn paouogoan um. H.B. Ilywmxkoea PAH, Kanununzpao, Poccus

3 Hnemumym conneuno-zemuoiu pusuxu CO PAH, Hpkymck



Kparkoe onncanue mogaenu I CM THUII

TepmocdepHbie TapaMeTpHI.
T., O, N,, O, NO, N(*S),N(°D)
IJIOTHOCTH; BEKTOPaA CKOPOCTEN;

(or 80 xM 10 526 KM)

HMonocdepHbie mapaMeTpHI.
rwioraoctu O, HY, Mol™:
T,ul,

BEKTOPA CKOPOCTEHU MOHOB
(or 80 kM 1o 15 pamgmycoB 3emiin)

DJIEKTPUYIECKOE MOJIE!
B Mozenn ucnonb3yeTcs HOBBIM OJIOK
pacyeTa dJICKTPUYECKOTO

IMOTEHIHAIA
Knumenko u op., 2006, 2007.

\ 4

I'nobanpHass CamocoriacoBaHHas
Mogaenb Tepmocdepsl,
HNonocoheper u IIporoHochephl
(I'CM THII), pazpaboraHHas B

30 USMHUPAH. Monenr I'CM
TUII neransHO onMcaHa

Hamzanaoze u op., 1988,
Kopenwvkoe u op., 1998.
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ConepxkaHue 10KjIaaa

1. Mopgenb Bcen atmocdepbl EAGLE kak BO3MOXHOCTbL “HOBOW
XU3HU" [nobanbHom CamocornacoBaHHOM Mopgenwu
Tepmocdepsbl, MoHochepsl, NpoToHocheps! (TCM TUTT)

2. OTKNMK noHocdepbl Ha COMHEYHblE MPOTOHHbIE COOLITUA WU
BbICbINaHNUA MarHUTOCAEPHbIX MPOTOHOB BO BPEMS CIOXHOIO
ABMeHns Kocmmnyeckon noroaebl B aHBape 2005 roaa

3. AHcambneBble MOodesfibHble pacdeTbl — HOBasi Nnapagurma ang
Moaernen atMmocdepHo-noHocdepHbIX B3aUMOCBS3eN



HoBas moaesb Bcel aTMoc(ephl

HAMMONIA GSMTIP

ERA- Stratosph Solar
Interim eric irradian D, E, F1 lonosphere

80-175 km
Mostly molecular ions, electrons
lon-involved reactions

Thermosphere lon, electron/neutral interactions
Physics & Chemistry 80-520 km, L30 S Aui ral

nudging aerosols ce

Dynamics 48 species 5°-5° ar precipita
: : i .
0-180(280) km, L119 107 neutra.l reactions Neutral chemlsjcry EU F:ZIT:I/— Electric
1.9°-1.9° T63 46 pho.toly?sls reactions Neutral dynamics T e field
18 ion-involved 5

Column physics y
reactions

Tracer transport

curient

F2 lonosphere,

Protonosphere
175-100000 km
Mostly atomic ions, electrons
Quasihydrodynamics

Seaice Lan lonizati
Sea d on rates

temperature use (MA)

Kiaumenko u ap., 2017, 2018; Bacuabes u ap., 2019 -




Honochepa Bo BpeMsi BHICHIIIAHUT IIPOTOHOB

Dmitriev et al., 2006
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Fig. 1. Solar radiation, ionospheric and geomagnetic conditions
preceding the Bastille Day from 11 to 15 July 2000 (from top to
bottom): solar X-ray fluxes with wavelength 0.5-4 A {gray line)
and 1-8 A (black line); integral fluxes of the interplanetary protons
with energies =5MeV (black line), =30MeV (dashed line) a{:d
= MeV (gray line): average temperature (K), density (cm™),
and vertical 1on drift velocity measured in the top-side wnosphere
by the ROCSAT-1/ IPEI during sunlit {gray circles) and night-
side passes (black tnangles): geomagnenc indices Kp (dashed his-
togram, right axis) and 1-min Dst (solid line).

Galand et al., 2000
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CIIC u BbICHIIAHUS MATHUTOC(EPHBIX IPOTOHOB

Proton Flux Measurements by GOES 11 (Particles cm2s1srl)
(Edgar A. Bering et al, 2015)
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Otkimmk I19C Ha coJIHEYHOE IPOTOHHOE COOBITHE
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AHcaMOJieBble pacueThl B cpeHed atMocdepe
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AHcamMOJieBbIe pacueTsbl B HOHOC)epe

Equatorial Average Total Electron Content
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53 Pedatella, H.-L Liu,
2018
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Bosmymenus I19C B 8 ancamO/1eBBIX pacuerax
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AHcaM0J1eBble MOJeJIbHbIE pacuyeThbl — HOBas
apagurMa B MoAeJJMPOBAHUM HOHOChePHI
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o o I len e e T ETETETET

3aKJII0YeHHEe

* B pamkax rpanra PH® co3nana nepBasi Poccuiickasi Moaejb Bcei
atMmocepsl - EAGLE, oxBaTrbiBaromasi BbICOThI OT MOBEPXHOCTH 3eMJIH /10

100 000 km

* [TlonTBepKkaEHA BaKHas PoJIb aTMOC(hepHO-MOHOC(EPHOTO
B3aUMOACHCTBUS NPH ONMCAHMM HOHOC(EPHBIX BOZMYLICHUHA BO BpeMd
CJIOYKHOTO SIBJICHUS KOCMHYECKO MOroabl

* [IpeacraBjieHa OLEHKA POJIM BBICHINAHMI MPOTOHOB HA JUHAMHUYECKHUE
NpoLEeCcChl H BADMATUBHOCTH MapaMeTPOB BepXHeHl aTMoc(epnl
Il1anbI

Pacuer 31010 co0bIiTHA ¢ Y4eTOM 3(p(PeKTOB reOMarHMTHbIX BO3MYILIEHU A
na moneasnx I'CM THUII u EAGLE.

Pa0ora BbImosiHeHA npu (uHaHCOBOM momaepxkke rpanrta PH® Ne 21-17-
00208.



THANKS FOR YOUR ATTENTION!
Welcome to Kaliningrad in 2023 (AlS and MIAC)

’v | Yo : Ee e - B i
AIlS — Atmosphere, lonosphere, Safety conference
MIAC — Magnetosphere-lonosphere-Atmosphere
Coupling School for Young Scientists



- PRE un 4-nnxoBasi CTPyKTypa B 30HAJILHOM M0JI€

EAGLE
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CoJiHeYHBbIE IPOTOHHBbIE COOBITHUSA

Reames, 1999

Bbibpoc kopoHanbHOM Macchl = yckopeHue nrnasmbl - CornHe4yHoe NpoToHHOoEe
CobbiTne (CI1C)

NHTerpanbHbIM NOTOK NPOTOHOB C 3aHeprnamu Bbie 10 MeV npesbiwaeT 1 pfu =1 cm2
sl srl

Patterson et al., 2001

ConHe4Hble MPOTOHbI BbICbINAKTCA B MaFHVITOCC*)epy B OCHOBHOM B 0obnactu NONAPHbIX
LHarnokK

[TpOTOHBI MOTYT MMETb OYEHb BbICOKME aHeprumn (0o aB)
Haunbonbliee KonmyecTBoO SHEPrMn BbicBODaXkagaetca B me3ocdepe n crtpatocdepe
C 1976 no 2017, 267 CI1C 6bIno 3apernctpupoBaHo

B cpegHem okono 80 cny4daeB 3a 11-NIETHUN CONMHEYHbIN LMK
(http://Jumbra.nascom.nasa.gov/SEP/).



OTkiauk Ha crparocdepHoe norervienue 2009 r.
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Atmospheric lonization Module Osnabriick (AIMOS): A 3-D model to determine atmospheric ionization by
energetic charged particles from different populations

Satcllite Obscrvations
e.g.
GOES
POES
Interplanetary Sat.

Polar Satellie
kp index [or Spatial
Precipitation Pattern

Sorting Algorithm

Precipitating Particles
sorted by
Horizontal Cell

Interplanctary and
Geostationary Salellite

Frecipitation inlo
hean Polar Cap

-‘

I Spatial and
Temporal
Ionization Pattern

Monte Carlo Simulation
264 mongenargelic beams
3 pacticle species
wide energy range
4 scasons
4 latitudes

3 solar activities

Model Almosphers
(HAMMOMNMIA)
&7 vertical layers
48 x 96 horizontal cells

GEANT 4

F10.7 index for solar activity

Journal of Geophysical Research: Space Physics, Volume: 114, Issue: A6, First published: 16 June 2009, DOI: (10.1029/2008JA013884)




In ensemble calculations, the initial conditions of the
temperature fields at altitudes of 0-90 km randomly changed
by 1 K. These temperature changes at different heights and
different points In space were not systematic but rather
represent a spatial white noise. Calculations were carried out
from January 1 to January 31 for quiet and disturbed
conditions. In the quiet conditions runs, the precipitation of
protons was prescribed on the January 1 level, while in the
perturbed conditions runs the proton precipitation changed
every 2 hours according to the AIMOS model.

Based on calculations for each ensemble member, we obtained zonal mean values of the
different thermospheric and ionospheric parameters (Te, n(O) and n(N>) at 250 km altitude and
TEC) for quiet. f, ; (@, t). and disturbed. f4;(¢, ). conditions. Here i 1s the number of ensemble
members, @ 1s geographic latitude, ¢ 1s a tune in UT. Then we calculated of 8 anomalies of the
zonal mean values of these thermospheric and 1onospheric parameters:

Afi(p,t) = fai(@.t) — fg:(@,t)



AtMochepHo-noHochepHbie CBA3H B hopMHUPOBAHUN
M3MEHYHBOCTH HOHOChEPDH
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Hcnojib30BaHue aHCAMOJIEBbIX PACYETOB
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Fig. 7. Sensitivities of tropical mean hydroxyl, ozone and temperature to 1% change in 1205, Sensitivities are derived using a linear regression method at a lag of maximum positive
correlation. Thin lines represent results obtained from separate ensemble members; thick lines represent results obtained from ensemble mean cases, reanalysis and observations.
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Fig. 5. Cross-correlation functions of tropical mean (215-21N) zonal mean temperature versus the solar irradiance at 205 nm, obtained from the ensemble mean NoSun mn), ensemble

mean RefSun run, ERA-Interim and MERRA? reanalysis, and NOAA SSU observations for the 2003-2004 years period. Contour lines are plotted at 0.1 intervals; red represents positive
correlations, blue negative.
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