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HaykoBo-gocnigHum iHCTUTYT loHOChepu
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loHochepa

Communications
Satellites

Ionosphere

F-region
E-region

D-region

HF communications

VLF communications

The effect of the ionosphere on radio waves | The Planetary Society

O6nactb atmocdepun (~“60-1000 Km),
AKA MICTUTb 3apA4KEHI YAaCTUHKMN.
CnNbHO BNIMBAE HA NOLWMPEHHA
pPagioxsunb.

PobuTb MOXXNMBUM paaio3B’A30K Ha
BE/IMKUX BiacTaHAX 6€3 CynyTHUKIB.
HeraTMBHO BNMBAE Ha TOYHICTb
CUCTEM CYNYTHMKOBOI HaBirauii.

€ aye miHameoto (ocobamBo nig 4ac
wTopmiB Ha CoHU,).

JocnipXeHHA KpUTUYHO HeobXiaHi ana:

Po3paxyHKy KaHaniB NOWUPEHHA
pagioxsub.

[1pOrHO3yBaHHA NopyLleHb
pagio3B’A3Ky.

KopuryBaHHA NOXMOOK BU3HAYEHHA
KoopAMHAT 00'eKTIB HaBirauinHMmMmm
cucrtemamm tuny GPS.


https://www.planetary.org/space-images/the-effect-of-the-ionosphere-on-radio-waves

Hepo3ymiHHA cutyauii B ioHocdepi moxke ctatn patanbHUM

'Space bubbles' may have led to deadly battle in Afghanistan |

Science | AAAS

KepaRee

4 nrotoro 2002 poKy yepes aHOMa/IbHe
nopyLeHHs paaio3'asKy BiMcbkoBi CLUA He
3MOI/IN BYAaCHO nonepeanTn pATYBabHY
KomaHay renikontepa MH-47E Chinook npo
Hebe3neyHn panoH B AdraHictaHi. BHacniaok
LLbOro reslikonTep NOTPanuB y 3aciaky Ta bys
36uTtnn bonosmnkamun Anb-Kaign. B katactpodoi Ta
6010 3arMHynun cemepo Bincbkosmx CLLA.

[MpoBeaeHi 4oCNiAKEHHA MOKa3anu, WO WTOPM
Ha CoHU,i, AKMI BiabyBCA TOro AHA, NPU3BIB A0
BUHUKHEHHSA B iOHOCPEpPi Haa perioHom
Nna3moBuMx 6ynbbaLoK, AKI MOMN BiAXUAUTHU
PafioCUrHaNM BINCbKOBUX CYMYTHUKIB HACTINIbKM,
LLIO Lie CMPUYUHWNIO NOPYLUEHHA Paaio3B’A3KY.

https://agupubs.onlinelibrary.wiley.com/doi/full/

10.1002/20145W001081
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Hepo3ymiHHA cuTtyauii B atmocdepi — Tex

Ha noyaTky ntotoro 2022 poKy ogpasy

38 cynyTHuUKiIB Starlink, Aki nepebyBanu Ha
NPOMIXKHIN opbiTi 200 Km, bynn BTpayeHi
yepes3 HeOUiKyBaHO CMAbHE ra/ibMyBaHHS
B aTmocdepi. Lle ctano Hammacosilwow
BTPATO KOCMIYHMX anapaTiB 3a BCIO
Kocmivny epy. MpuunHa — 36inblUeHHS
ryCTUHU aTmocdepu, Aake He By10 BYaCHO
CMPOrHo3oBaHo. 36MUTKM KomnaHii SpaceX
cknanm ~50 minbnoHiB Aonapis.

Puerto Rico: Starlink Satellites Re-entering

CynymHuku Starlink 3zoparoms 8 ammocapepi. /llomut 2022 poky

Figure 1 from The Possible Cause of the 40 SpaceX Starlink Satellite Losses in

February 2022: Prompt Penetrating Electric Fields and the Dayside

Equatorial and Midlatitude lonospheric Convective Uplift | Semantic Scholar
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HAI loHochepu: pocniarKyemo Becb HaBKO/103€MHUIN KOCMIYHUMU NPOCTIp

* |CTOPUYHO NEpPWNIM HaNPAaM
AocnigXeHb — MOHITOPUHT
ioHocdepun 3a A4ONOMOTOH
YHiIKaNbHOro paaapa
HeKorepeHTHOro Po3CiAHHA.

* 3apa3 AoCNigxKyTbCA He e
ioHocdepa, ane n atmocdepa,
nna3smocdepa, marHitocpepa Ta
reoKopoHa — To6TO BCi K/IHO4OBI
CUCTEMW HABKOZI03EMHOIO
KOCMIYHOr0 NpoCTOopy, MOro CTaH
Ta MiHAMBICTb (KOCMiYHa noroaa).

* [lpoTArom ocTaHHix 15 pokKis
BCTaHOB/EHi aKTUBHI Konabopadii
3 NPOBIAHNMMN HAYKOBUMMU
LEeHTPaMM B raaysi KOCMIYHUX
pocniaxeHb 3i CLUA, Anowii Ta €C.

Sy | ) : E 3 S N

[on108HUU padap H/]I loHocgepu, diamemp 100 mempis
5



BiaKpUTTa HOBUX iIOHOCHEPHUX aHOMaANI
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Pe3ynbraTt: KapauHaAbHUM Nepernag
MiXXHapoAHOro ctaHaapTy ioHochepu
International Reference ionosphere

3HauaeHo, Lo
KiNbKICTb 1IerKnx ioHiB
BOAHIO B ioHOCdepi B
nepioa MiHimymy
23/24 unMKny COHAYHOI
aKTUBHOCTI byna B pa3u
6inbwolo, Hix
Oo4iKyBanocs

(nopibHi gani bynu
OAHOYACHO OTPUMaHI
cynyTHuKom Air Force
Research Laboratory,
CLUA Hag ekBaTopoOM).

Night-time light ion

transition height behaviour

over the Kharkiv (50°N,

36°E) IS radar during the

equinoxes of 2006—2010 -

ScienceDirect 6


https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248

YyacTb y cTBOpeHHi HoBUX moaenen ana MixHapoAaHoOro ctraHaapTy ioHocdhepu

Kharkiv, equinox, LSA [PF107av=72) 1500 Kharkiv, equinox, M5A (FF107av=118)

Eharkiv data ERarkns data
¥ proposed Ti model madians progosed Ti model medians

1500

*
¢ Eharkiv data medians ¥ Eharkiv data medians
¥

+  WI-2016 IRI-2016

i "4
= 1000 = 10001
E =

E{FUU 3 6 a 12 15 18 21 24 EDDU 3 & 9 12 15 18 21 24

MLT{h) MLT{h}

Figure 9. Local time variation of Kharkiv Ti data (grey points—individual measurements; black circles—mediansin 1 h
wide MLT bins; error bars represent upper and lower quartiles), corresponding medians and lower /upper quartiles from
the proposed Ti and IRI-2016 models (red and blue, respectively). The left panel represents low solar activity (LSA) and the
right panel represents medium solar activity (MSA).

CtBopeHO rnobanbHy
Mmoaenb Temneparypu
IOHIB ANA MiXKHapoAHOro
CTaHAapTy ioHOChepu
International Reference
ionosphere

(cninbHoO 3 Institute of
Atmospheric Physics,
Yexia ma George Mason
University, CLLIA).

A Global Empirical Model of the lon Temperature in the lonosphere for the International Reference lonosphere



https://www.mdpi.com/2073-4433/12/8/1081

loHocdhepa — e cTapToBUU MangaHUNK

Mnasmocoepa 3emni:

Po3TawoBaHa Hag ioHocpepoto
(~1000-40000 Km).
3anNOBHIOETLCA NJ1A3MOIO, L0
YTBOPHOETLCA B ioHOCHEPI.
MicTuUTb BinbLWiCTb 3apaaKeHUX
YAaCTUHOK B HABKOJI03EMHOMY
npocTtopi (~90%)

BnaneBae Ha COHAYHO-3eMHY
B3aEMO/i0 Ta MarHiTHi bypi.
Bnaueae Ha piBeHb
paAiauinHOro oNPoOMiHEeHHA
aCTPOHABTIB, NiNOTIB NiTaKIB Ta
asianacaxupis.

BnanBa€e Ha TOYHICTb
CYNyTHWUKOBOI HaBirauii.

’

NASA SVS | Tour of the Plasmasphere and Plasmapause



https://svs.gsfc.nasa.gov/3050/

Hawe BigKpUTTA: NNasmocdepa gyxe 4ytamea A0 KiIbKOCTI BOAHIO B aTmocdepi
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Llei1 pe3ynbTaT cNPOCTOBYE MmoAae/ibHI po3paxyHKU BilcbKoBo-mopcbKoi nabopatopii CLUA

F10.7 = 80 ny/2

Baseline

(@]

q;

(b)

e

F10.7 = 160 ny/2

il

Day of Year

Day of Year

Day of Year

80 81 82 83 B84 80 81 B2 83 B4 80 81 82 83 8‘\

Figure 2. Electron density above the magnetic equator at geocentric radii 4R (solid) and 5.2R¢ (dashed) for each case.
The storm occurs on day 80.

The Unknown Hydrogen Exosphere: Space Weather Implications -

Krall - 2018 - Space Weather - Wiley Online Library

CnpoctoBaHoO

h

Hawi pe3ynbrati nokasanu, Wwo
KOHLEHTpaLifA 3apaaXXeHunx
YAaCTUHOK naasmocdepun Ha
NOPAAOK CUNbHILLE 3a/1eXKUTb Big,
KOHUeHTpauii atmocdepHOro
BOAHIO, HIXX NOKa3yloTb OLIHKHK
Koner 3 Naval Research Laboratory.
MpuyunHa — BOHN BUKOHYBaNun
MmoAentoBaHHA, He CNUPAYNCb HA
AaHi cnocTepeXXeHb ioHochepum.

Frontiers | Interhemispheric ionosphere-plasmasphere

system shows a high sensitivity to the exospheric

neutral hydrogen density: a caution of the global

reference atmospheric model hydrogen density
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He meHLW BaXX/MBUI pe3ynbTaT LbOro NPOEKTY:
nepernag 50-piyHUX yaBneHb NPO BOAHEBY KOPOHY 3emni

Hawe BigKkpuTTaA: ryctuHa 6a3u reokopoHu Ha 100% 6inblua, HiXK BBaXKanocs.

* Hamnbinbwa
MaTepianbHa cUcTema
3emni (npocTAraeTbes
3a opbiTy Micaus).

* [lopoarye
nna3mocoepy.

*  KinbKicTb 3apAaaKeHunx
YAaCTUHOK B
nnasmocoepi
NPONOPLINHA NYCTUHI
FEOKOPOHM.

[epwe 30bpaxeHHa 800HeB0I KOPOHU 3emni, 1972 AcmpoHasmu Apollo 16 d)omoepad)yfomb

Geocorona - Wikipedia 2€e0KOpPOHY 3 nosepxHi Micausa, 1972
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Came BuyacHo: NASA notpebye eKcnepTHMX 3HAHb ANA aHaNi3y AAaHUX HOBOI MicCii
NARROW FIELD IMAGER

I ILLINOIS

AAAAAA ~CHAMPAIGN

Far Ultraviolel ' I

ssaujybug

NASA's Carruthers Geocorona
Observatory Reveals ‘First Light’
Images

HoBa micia NASA, cnopsaa)eHa ANna BUBYEHHA FreOKOPOHM.

Lyman-Alpha
(Geocorona)

ssaujybug

[lepwu 3HIMKU 260KOPOHU HO WAXy 8i0 3emri
0o nepwoi moyku JlaepaHxa, 16 epyoHa 2025:

NASA's Carruthers Reveals First Light



https://science.nasa.gov/blogs/carruthers-geocorona-observatory/2025/12/16/nasas-carruthers-geocorona-observatory-reveals-first-light-images/

Hawa ekcnepTtusa Teopiu

Mwu cnpocTtyBanm Teopito rapayvoi 6asm reoKkoOpoHu,
onybnikoBaHy Pl Carruthers Geocorona Observatory B XXypHani Nature Communications.

I ILLINOIS

URBANA-CHAMPAIGN

NATURE COMMUNICATIONS | DOI: 10.1038/ncomms13655 ARTICLE

Escape atoms

'

- '

H

'

Plasmasphe! re1, H

o 7] < [ Mo + i — Mo

Complete
thermalization

Magnetosphere

Energelic H
__ g

CnpoctoBaHoO

Altufye from 200 10 600 km
nospl X050

F10.7 from 200 to 80 | |
—_— | Thermal hydrogen atoms from the and lower |

Figure 3 | The previous geocorona theory and the new physics implied in this study. (a) Only cold hydrogen atoms, with a Maxwellian kinetic
distribution determined by the ambient oxygen temperature, are present in the upper thermosphere, since complete thermalization is assumed.

(b) Incomplete thermalization, due to low oxygen density especially under solar minimum condition, allows the presence of hot hydrogen atoms in the
upper thermosphere. Variation of the atomic oxygen density in the upper thermosphere with solar activity is calculated using the NRLMSISE-00 model'.
We emphasize that in the present work the cold atoms refer to those atoms that diffuse upward from the lower thermosphere (that is, the thermal atoms),
and the hot atoms are the ones that are kinetically energized through processes such as charge exchange and momentum transfer.

Non-thermal hydrogen atoms in the terrestrial upper thermosphere
| Nature Communications

Hydrogen atoms near the
exobase are cold: independent
observations do not support the
hot exosphere concept

Dmytro Kotov!* and Oleksandr Bogomaz'?

!Institute of lonosphere, Kharkiv, Ukraine, ?State Institution National Antarctic Scientific Center of the
Ministry of Education and Science of Ukraine, Kyiv, Ukraine

Haw BMCHOBOK:
6a3a reoKOpoOHM XO0NOAHa.

Frontiers | Hydrogen atoms near the
exobase are cold: independent observations
do not support the hot exosphere concept
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Ecliptic Latitude
L]

Pe3ynbrat: 3anpoLwweHHA A0 y4acTi B MoAeNntoBaHHi reOKOPOHMU
6aratopiuHmm Pl nporpamum aHanisy gaHux miciv Apollo

0.01 Escape Efficiency (log) 40

Solstice - Solar Maximum The role of solar Lyman-alpha in the formation of the

telluric hydrogen corona

_Egape Efficiency

R. R. Hodges', J. D. Huba?, and D. V. Kotov?

!Laboratory for Atmospheric and Space Physics, University of Colorado, Boulder, CO

2Syntek Technologies, Fairfax, VA
3Institute of Ionosphere, National Technical University ” Kharkiv Polytechnic Institute”
0 90 180 270 360
Sun Hour Angle

Bnepwe 3HailaeHoO, WO BTpaTa BoAHIO 3 atTmocdepu 3emni (escape) BiabyBaeTbca maixKe
BMK/IIOYHO Yepe3 XBIiCT reOKOPOHU, Wo POopPMYETLCA iT B3AEMOAIEIO 3 NOTOKOM POTOHIB COHAYHOrO
BUNPOMiHIOBAaHHA. Lle BigAKpUTTA 3MiHIOE YABNEHHA NPO BE/IMKOMACLUTAbHI AoBrotpusani
npouecu BTPaTn pe4YOBMHMU 3 HALLOI N1AHEeTH.

(cninsHO 3 Laboratory for Atmospheric and Space Physics ma Syntek Technologies, CLLIA).
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[iarHocTuKa ioHochepHux 36ypeHb Hag, YKpaiHolo,
BUKJIMKAHUX NPUPOAHUMMU Ta TEXHOFEHHMMM Npouecamu

30Kpema, A0CNiAXKYIOTbCA iOHOChEPHiI ePeKTn BUOYXIB | NOXKENK,
BUKJMKAHUX BoOMoBUMM Aiamn.

MpuKknag — noxkexa B byaisesibHOMY rinepmapKeTi B XapKoBi, AKa
CTanacAa nig yac gpyroro HaAcCTyny pPociaH Ha XapkKi..

[oxcexca 8 bydisenbHoMy 2inepmapkemi “EniyueHnmp”,
BUK/IUKAHA pociliceKum bombapodysaHHAM, XapKis,
24 mpasHa 2024 poky, 13:30 UT:

PakeTHUIM yaap no EniueHTpy B XapKOBi - CKiIbKU It0AeN 3arMHyamn
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Mepuwi B CBiTi AaHi NPO BN/IMB HEBE/IMKUX NOXKEXK Ha HABKO/I03€MHUU KOCMOC

Reference day May 22

Variations of reflection height durin? 22.05.2024 at f = 4.0 MHz
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The fire day May 25
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Kotov et al., AtmoSense/AIRWaveS Conference, April 15-17, 2025, Daytona Beach, FL

Pe3ynbTati npeacrasneHo
Ha KOHdepeHLUii, 3aKpUTIK
ANA WUPOKOI Nybnikm Ta
mepgia, OpraHi3oBaHiu

The Defense Advanced
Research Projects Agency

Registration |
AtmoSense/AIRWaveS |
Conferences | Embry-Riddle
Aeronautical University
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loHocdepHa obcepBaTopia NPoOAOBIKYE pO3BUBATUCS
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OKpemi AaHi HaACMNATLCA A0 CepBicy KOCMIYHOI
norogu €EBponeimMcbKoro KOCMIiYHOro areHTCTBa:

Welcome to the ESA Space Weather Service Network

Please note that all ESA-SWE Services are under review/construction

Expert Service Centres / ESC Space Radiation [/ elte-plasma-federated /

CrBopeHo Ta

Federated products from the Edtvis University (ELTE)

iIHCTanboOBaHO
PLASMA Plasmaspheric
CMCTeMy Aﬂﬂ 4 148 TG bl SRIG products for specification of
AOCﬂiA)KeHb VLF- PLERHERE | = Earth's plasma environment
° | e ‘, i ' N a
CUrHanis AnA ¥ e “"““"“‘"NW‘"‘ [ Home | [ comparemaps | Help |
v SR, Rl i ObservedPlasmaDensity > PD (Plasma Density) > Measurement/Historical
naasmocpepHux

cnocrepekeHb, 2024 PD (Plasma Density) 18



loHochepHa 0bcepBaTOpifA NPOAOBIKYE PpO3BMBATUCA

MpuabaHo Ta iHCTaNAbOBAHO YYT/IMBUIA MArHiTomeTp AN
AOCNiAMeHHA Bapiauiid reoMarHiTHOro nosaf, Wo MOXXYTb
CynpoBOAXYBaTU AeAKi NPUPOAHI Ta aHTPONOreHHi ABULLa,
2024

FLUXGATE
MAGNETOMETER

Jlobosi sapiayii mpbox
OpPMO2OHANbHUX
KOMMOHEHM
2e0MQA2HIMHOR20 oA,
8UMIPAHI MA2HIMOMeMmMpom
8 loHocghepHil
obcepsamopii H/I
loHocghepu

X[oT)

Y[nT]

L

[T
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Ob6/1a0HAHHA
Kosnez 3 [07108H020
ueHmpy
crneyianbHoO20
KOHMPpPOTto,
8CMaHosseHe 8
loHochepHil
obcepsamopii HAI
loHochepu.

BcraHOBNAEHO
AKYCTUYHI Ta
CeMUCMiyHi
ceHcopu, 2024
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Hawa HayKoBO-
TeXHiYHa eKcnepTnsa
— Ha YKpaiHCbKiu
AHTAPKTUYHIN CTaHUii

/8555 Y HALJOHAJIbHUI

'| AHTAPKTUYHWIA
HAYKOBUIA LIEHTP

MiHicTepcTED OCBITH | HaykK Yikpalnu

C.H.c. H/ll loHocpepu
OneKkcaHOp boecomas —
2eopi3uk 27-oi ma 29-oi
YKPQIHCbKUX
AQHMAPKMUYHUX
eKkcrieouuiu

XXIX YKpalHCbKa
AHTAPKTUYHA
ekcneauuia — Bikineaia
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HauBaxknusiwmnit pesynbrat 2025 poKy — B 0o4HOMY 3 HAaMaBTOPUTETHILLMX XKYPHaNiB CBIiTY

Geophysical Research Letters’ e

RESEARCH LETTER
10.1029/2024GL112620

Key Points:

o  For magnetically quiet days, the
observed daytime N_F, values were
~50% larger than those simulated
using the NRLMSISE-00 model

& This implies ~30% larger neutral O
density comparing with the
NRLMSISE-00 model prediction or
the density underestimation by the
maodel

& Similar problem with the O density
prediction happens for some periods
for different years

Supporting Information:

Supporting Information may be found in
the online version of this article.

Correspondence to:

D. ¥. Kotov and M. Q. Reenychenko,
dmitrykotoff @ gmail com;

mregn chk @ gmail com

The Thermosphere Was Poorly Predictable Not Only During
but Also Before and After the Starlink Storm on 3—4
February 2022

M. O. Reznychenko'* , D. V. Kotov' I, P. G. Richards” ", O. V. Bogomaz'* ),
A. L Reznychenko™ ', L. P. Goncharenko® ', T. G. Zhivelup', and L F. Domnin'

'Institute of lonosphere, Mational Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine, :Spw:c
Research Centre of Polish Academy of Sciences, Warsaw, Poland, "Department of Computer Science, University of
Alabama in Huntsville, Huntsville, AL, USA, *State Institution National Antarctic Scientific Center, Ministry of Education
and Science of Ukraine, Kyiv, Ukraine, *Institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv,
Ukraine, "Massachusetts Institute of Technology, Haystack Observatory, Westford, MA, USA

Abstract Observation-based simulations of the ionosphere were performed with the NRLMSISE-00 model
for six locations around the globe during 1-9 February 2022, which includes the so-called Starlink Storm.

Unlike other studies, we focused on the magnetically quiet days around the storm. Unexpectedly, the observed
values of the F2-layer peak density were ~50% larger than the simulated values. We show that this implies that
the daytime O density in the thermosphere was systematically ~30% larger than the NRLMSISE-00 predicts.
Further investigation shows that this discrepancy is not an exclusive feature of the period around the Starlink
Storm and a similar problem happens for some periods for different years. It is unclear if the reason is an actual
increase of the O density or its underestimation by the model. Resolving this problem is critical for providing
accurate predictions of the atmosphere to avoid the degradation of normal operation or even loss of space assets.

The Thermosphere Was Poorly Predictable Not Only During but Also Before and

After the Starlink Storm on 3—4 February 2022 - Reznychenko - 2025 -

Geophysical Research Letters - Wiley Online Library

3anponoHOBaHO HOBUIA NornAg,
Ha NPUYNHN HAUMACOBILLOI
BTPATU KOCMIYHMUX anapariB 3a
BClo KocmiuHy epy.

NokasaHo, Wwo BTparta 38
cynyTHuKiB Starlink Ha nouyaTtKy
notoro 2022 poKy morna 6ytm
CNPUYMHEHA TUM, WO CTaH
atmocdepu 6yB aHOMaNbHUM
we A0 noyaTtky cnabkKoi
KOCMIiUYHOI bypi, AKY binblictb
AOCNIAHUKIB BBaXKanu
NPUYMHOLIO KaTacTpoodm.
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HacnipoK — HauioHanbHe nigepcrteo B Earth & environmental sciences
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Taras Shevchenko National University of Kyiv

Kharkiv National Medical University (KNMU)

Admiral Makarov National University of Shipbuilding

Odessa State Environmental University (OSENU)

Kherson State University

Lviv Polytechnic National University (LPNU)

Yurii Fedkovych Chernivtsi National University
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HAl loHocdepu — eguHa pocnigHULbKa
yCTaHoOBa YKpaiHU, AKa 040NUNA
nybnikauito, wo BkAOYeHa ao Nature
Index B Wit ranysi 3HaHb.

Nature Index — HanaBTOPUTETHILLNIA

PEUTUHT HAYKOBUX AOCATHEHDb B CBITI:

e [lybnikyeTbcs KypHanom Nature.

* Bkntouvae < 0.5 % BugaHb Scopus
(145 ypHanis 3 32193).

 Jlo penTtuHry B Kateropii Earth &
environmental sciences y 2025 poui
noTpanuan nuwe 8 yHiBepCcUTeTIB
YKpaiHu.
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Hacnipaok: mmn — yneH KomaHAau HOBOI AoCNiAHMUbKOI Micii European Space Agency

Space Weather — D3S - 24 Nanosatellite - SAWA Eesa

Phase 0/A1 study contract signed:
* Prime: Creotech Instruments SA (PL)
« Subs: CBK PAN (PL), WUST (PL)

Addressing space weather data complementary to 1st mission,

o Geomagnetism, British Geological Survey (BGS)
] =3 c=rr3
e.g..
B g ot il | |l bt
LEO magnetic field,

= =

Radiowaves - electric field iy s
Neutrals density (atomic oxygen)

Optional: Medium energy particle fluxes

LEO SSO (~550 km), local time TBD, 3 years lifetime, high reliability &
availability (90%), low latency (<60 minutes)

Planned schedule: launch end 2028

ESA-SWE-Deutscher Weltraumwetter Workshop 2024
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Micia SAWA ctaHe yacTuHoto rnobanbHoi Distributed Space weather Sensor System

Distributed Space weather Sensor System (D3S) esa

Obijective esa ESA’s Enhanced Space Weather

L& . Monitoring System
Monitoring of the "Earth space” environment

Near-real time data for operational applications

Cost effective implementation through small
missions and data buy from commercial actors

Missions Overview:

Aurora

Nanosat constellations
SWORD

SHIELD

Hosted Payloads
ERSA, Lunar Pathfinder

= 0 FF m = ===l == > + THE EUROPEAN SPACE AGENCY

ESA-SWE-Deutscher Weltraumwetter Workshop 2024
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Haw BHecOK y cTBOpeHHA KoHuenTy micii SAWA

Acta Astronautica 248 (2026) 281-295

Contents lists available at ScienceDirect

Mu Hapganum eKcnepTHi KOHCYAbTauil
LLO0A0 CY4aCHUX BUK/IUKIB Y
AOCNIAMEHHI Ta NPOrHo3yBaHHI
atmocdepu 3emni, WO A03BONANNO

Acta Astronautica

FR journal homepage: www.elsevier.com/locate/actaastro

Research paper )

Concept of small mission for space weather investigations of e OGI"pVHTyBaTI./I BRKNOHEHHA A0
magnetosphere—ionosphere-thermosphere coupling CKnagy gocnigHuubKoro

Pawel Jujeczko *'“+", Pawel Knapkiewicz "'“, Hanna Rothkaehl *"“, Roman Wawrzaszek *'“, 06 na AH aHHA S AWA BU Mi p IOBa4a
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stronautics.

Keywords: This paper presents the conceptual design and feasibility analysis of the SAWA mission, a Polish small satellite
Space weather initiative aimed at enhancing space weather monitoring capabilities. The mission focuses on investigating . .
Distributed space weather sensor system magnetosphere-ionosphere-thermosphere (MIT) coupling through in-situ and remote sensing measurements. CO nce pt Of sma I I mission fo I space Weat h er

SAWA is aligned with the European Space Agency's S5A and S2P programmes and contributes to the Distributed

Space Weather Sensor System (D3S). The payload includes instruments for measuring geomagnetic field, i nve Stigat i ons Of ma g N etos p h e r‘e_i onos p h ere—

plasma waves, and thermospheric neutral and atomic oxygen densities. The study outlines the scientific back-

ground, technical trade-offs, mission architecture, and operational relevance of the proposed measurements, th ermos p h ere cou p | i ng - SC i ence Di re Ct

highlighting their importance for improving space weather forecasting and infrastructure resilience. 26
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Monynapusauia KOCMIYHUX AOCAIAXEHb

Y4yeHi 3 XapkoBa BUABUNU NpobnemMy y nporHosyBaHHI aTmocdepwu, Wwo npuseena ao
"HaumacoBilWoi BTpaTU" KOCMi4YHMUX anapariB
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BCI HOBUHU EKCK/THO3UBU BOEHHWU ®OKYC MONITUKA YKPAIHA CBIT TEXHOMOTIT CTU/Ib XUTTA EKOHOMI

ByeHi 3 XapkoBa 3'dcyBanu, YoMy Biabynocs
HammMmacosille nagiHHA KOCMIYHMX anapariB B ICTOpIl

HOnisa LLleBueHko | 08.02.2025 B 22:35 | @® 74843 |

Mownpur: @ @ X © om
L] KinbkicTb nepernaais 8 >50 pasis
nepesuLlinNa cepeaHIo KiNbKicTb
nepernagis HOBMH NPO HayKYy i
TexHonorii Ha ubomy pecypci.

BuyeHi 3 XapKkoBa 3'acysasu, Yyomy Biabynocsa
HaMmacoBile naaiHHA KOCMIYHUX anaparTis

B ICTODPII
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XapkiB MonTaBa NbBiB Kuis HoHbac

- 66

Status Quo
‘Motpanuntn go Nature Index - Benuka 4YecTb Ana 6yAb-AKOro
YHIBEPCHUTETY y CBIiTi. A 0YONUTHU HaLiOHaIbHUA PEUTHUHI Y BEeJTUKIN
rany3si 3HaHb - CripaB)XHA Mpis’, - 3a3Ha4YaroTb Haykosui XT1I.

XTIl oyonue ykpaiHcbKun peuTuHr Nature Index
01.06.2025, 17:52

HauioHanbHMn TEXHIYHWI YHIBEPCUTET "XapKiBCbKUIA NOAITEXHIYHUA IHCTUTYT' NOCIB nepLue
Micue cepell YKpalHCbKWUX YHIBEPCUTETIB Y CBITOBOMY PEUTUHIY HayKOBMX [OOCArHEHb
aocnigHMubkikx yctaHoB Nature Index y kateropil "Hayku npo 3emno Ta HaBKONMLLIHE
cepeposuile’ (Earth & environmental sciences). Npo ue nosigomnaeTses Ha canti "X

Liboro peayneTtaTty 6yno AOCArHYTO 3aBAsKW HeLoAaBHIM HAYKOBIA Nybnikauil KonekTuay
HaykoBo-gocnigHoro iHcTuTyTy loHocdepu HTY “XII" B ogHOMY 3 HalaBTOPUTETHILLMX
XYpHanie y uin ranysi aHaHb Geophysical Research Letters.

HosuHM Xapkosa - X[l oyonuns ykpaiHCcbKut pentuHr Nature Index | fonoBHI HOBMHM XapKoBa CboroaHi - Status Quo

29


https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index
https://www.sq.com.ua/ukr/korisno_znati/01.06.2025/xpi-ocoliv-ukrayinskii-reiting-nature-index

AAKyemo 3a yeary!

AHMeHa iOHO30HOY
IHcmumymy ioHocgepu,
mpaseHb 2026 poky
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