Reznychenko, M., Bogomaz, O., Kotov, D., Zhivolup, T., TeokocMIvHiI i TZKEHHS
Martynova, K., Burmaka, V., & Kolodyazhnyi, V. (2026). €okoc loca €

Ionospheric response to the weak geomagnetic storm
of 1-2 February 2025 in the Weddell Sea Anomaly Geospace Research
region: observations from Ukrainian Antarctic Akademik

Vernadsky station.

Ukrainian Antarctic Journal, 24(1), 50—59.

https://doi.org/10.33275/1727-7485.1.2026.757

@OB0

EY MG HD

Ionospheric response to the weak geomagnetic storm
of 1—2 February 2025 in the Weddell Sea Anomaly region:
observations from Ukrainian Antarctic Akademik Vernadsky station

Maryna Reznychenko! % * ®, Oleksandr Bogomaz' 3

Dmytro Kotov! ®, Taras Zhivolup', Kateryna Martynova' ©@,

Viktor Burmaka', Vyacheslav Kolodyazhnyi!

! Institute of Ionosphere, National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, 61002, Ukraine

2 Space Research Centre of Polish Academy of Sciences,
Warsaw, 00-716, Poland

3 Institute of Radio Astronomy, National Academy of Sciences of Ukraine,
Kharkiv, 61002, Ukraine

* Corresponding author: mrezn.cbk@gmail.com

Abstract. The ionospheric response to the weak geomagnetic storm of 1—2 February 2025 was studied within the
Weddell Sea Anomaly region. The behavior of the key ionospheric parameters (N F, and 4 F,) was analysed using
ionosonde observations from the Ukrainian Antarctic Akademik Vernadsky station and vertical total electron con-
tent derived from Global Navigation Satellite System measurements. A pronounced nighttime depletion was observed
in both ionosonde F2-layer peak electron density (N, F,) and the total electron content values on 1 and 2 February
2025. This indicates the development of the negative phase of the ionospheric storm and a weakening of the Weddell
Sea Anomaly under minor geomagnetic disturbances. N, F, decreased by a factor of ~2 on 1 February and by a factor
of ~5 on 2 February, while the total electron content was reduced by ~15—20 TECU and ~25 TECU, respectively. The
negative phase penetrated farther toward the equator on 1 February, whereas on 2 February it remained restricted to
high- and mid-latitude regions. Notably, such a strong depletion in N, F, occurred despite a significant uplift of the
F2-layer peak height (4, F,) by ~60—70 km. No clear signatures of vertical plasma transport driven by the penetration
electric field of magnetospheric origin were found in the observed /4, F, variations. The likely reason for such a depletion
in ionospheric plasma density is storm-time changes in neutral composition associated with upwelling, reduction in
the O/N, ratio, and transport of the composition disturbance zone by thermospheric winds from high to low latitudes.
These results demonstrate that even minor geomagnetic storms can substantially modify the ionosphere—thermosphere
system over Antarctica and significantly impact the Weddell Sea Anomaly.
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1 Introduction and/or high-speed solar wind streams, produce

disturbances in the Earth’s ionosphere known as
Geomagnetic storms and substorms, driven by in- | ionospheric storms. Depending on the balance
creased solar wind energy input into the magne- | between storm-time electrodynamic forcing, neu-
tosphere associated with coronal mass ejections | tral winds, and thermospheric composition changes,
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ionospheric storms can lead to enhancement or
depletion of the F2-layer peak electron density
(N F,) and total electron content (TEC). These
ionospheric responses are commonly referred to
as positive or negative ionospheric storm phases,
respectively (Gonzalez et al., 1994; Buonsanto,
1999; Prolss, 2004; Mendillo, 2006). In many cas-
es, storm-time perturbations are accompanied by
significant changes in the F2-layer peak height
(h F), reflecting vertical plasma transport driven by
storm-induced neutral winds and/or electric fields
(Prolss, 1997). The ionospheric responses depend
on such factors as storm onset time, season, local
time, geographic and geomagnetic location (lati-
tude and longitude), and solar cycle conditions
(Fuller-Rowell et al., 1996; Gao et al., 2008; Fuller-
Rowell, 2011; Borries et al., 2015).
High-latitude regions play a key role in driving
ionospheric storm dynamics. Enhanced Joule heat-
ing and particle precipitation in the auroral zones
lead to thermospheric heating and expansion, in-
creasing the neutral density at the higher altitudes
and driving the upward transport (“upwelling”) of
heavier molecular species (N, and O,) from below,
as well as to horizontal redistribution of disturbed
neutral composition toward the lower latitudes. This
process reduces the atomic oxygen (O) density and
increases the recombination rate, particularly by
converting O* to molecular ions (O,", NO*), which
then rapidly recombine with electrons. As a result,
the F2-layer peak electron density decreases, pro-
ducing a negative ionospheric storm (Fuller-Row-
ell et al., 1994; Buonsanto, 1999; Prolss, 2004).
The Antarctic ionosphere is particularly sensitive
to high-latitude forcing due to its proximity to the
auroral oval. During the Antarctic summer, the
thermosphere is characterised by increased ex-
ospheric temperatures and scale heights, and by
pronounced seasonal changes in neutral compo-
sition associated with summer-to-winter circula-
tion (Fuller-Rowell et al., 1994; Qian et al., 2009;
Emmert, 2015). Storm-time energy input can fur-
ther enhance neutral wind circulation and compo-
sition disturbances, which in turn affect both the
vertical ionospheric structure and plasma density
variations. A prominent feature of the Antarctic

ionosphere is the Weddell Sea Anomaly (WSA),
a persistent summer phenomenon characterised
by enhanced nighttime electron density compared
to daytime values. The WSA is generally caused
by the combined effects of photoionisation, ther-
mospheric winds, and associated wind-driven field-
aligned plasma transport. It is also highly sensitive
to changes in neutral dynamics and composition
(Bellchambers & Piggott, 1958; Dudeney & Piggott,
1978; Horvath & Essex, 2003). Geomagnetic dis-
turbances can therefore modify or disrupt the typi-
cal WSA pattern by affecting thermospheric cir-
culation and composition.

Despite numerous studies of ionospheric storms,
many investigations have predominantly focused
on strong geomagnetic events and on the Northern
Hemisphere (Correia et al., 2017; Mansilla, 2017;
de Abreu et al., 2023; Melendi et al., 2025; Chak-
raborty & Seemala, 2026), while the effects of
weak to moderate disturbances, particularly over
Antarctica, remain less explored. Chen et al. (2022)
suggested that frequent weak geomagnetic activities
modulate the ionosphere from high to low latitudes
primarily through disturbances in high-latitude
thermospheric composition, associated with polar
thermospheric upwelling and altered background
thermospheric circulation.

In this study, we investigate the ionospheric re-
sponse over Antarctica to a weak geomagnetic storm
that occurred during February 1—2, 2025. The
analysis is based on ionosonde measurements at
the Ukrainian Antarctic Akademik Vernadsky sta-
tion (hereinafter — Vernadsky Station) (geographic
coordinates: 65.25°S 295.75°E; geomagnetic co-
ordinates: 55.8°S 6.3°E) and GNSS-based products.
We examine storm-time variations in the F2-layer
peak electron density and height, as well as verti-
cal total electron content (VITEC). These results
provide new insight into the WSA response to
minor geomagnetic disturbances over Antarctica.

2 Data and methods

The data used in the paper were obtained by two
software-defined radio (SDR)-based ionosondes
operating at Vernadsky Station (Koloskov et al.,
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2023). Ionograms were obtained every 15 minutes.
The ionosonde operated in the 1—16 MHz fre-
quency range with 320 discrete frequencies, cov-
ering a virtual height range of 92—655 km with
750 sampling points, and using a transmitter pulse
width of 600 ps (16 sub-pulses of 37.5 ps).

Tonograms were manually scaled using the Iono-
gramViewer2 program version 1.7.1 (https://github.
com/Albom/IonogramViewer2/releases/download/
v.1.7.1/lonogramViewer2-1.7.1.zip). The obtained
critical frequencies of F2, F1, and E layers and
traces were used for electron density profile in-
version using the NHPC program version 4.30
(Huang & Reinisch, 1996) and further calcula-
tion of the F2-layer peak height. The F2-layer
peak electron density N, F, was calculated from
the critical frequency of the F2-layer f F, using
the relation (Piggott & Rawer, 1972):

N F,=124.10". fF2, (1)

where f F, is expressed in MHz.

The vertical TEC data were provided from Glob-
al Positioning System (GPS) measurements by
UPC-IonSAT with a tomographic-kriging tech-
nique (UQRG GIM) (Hernandez-Pajares et
al., 2009; 2011; 2017). The VTEC is measured
in TEC units (TECU), with 1 TECU equal to
10" electrons - m~2.

To determine the solar-wind energy input into
Earth’s magnetosphere, the Akasofu ¢ function was
calculated according to formula (Perreault & Aka-
sofu, 1978; Akasofu, 1981):

Vi B - S0 (8/2) - [
.= )
Ho

where V, is the solar wind speed (km - s7'), and
B, is the magnitude of the interplanetary mag-
netic field (IMF). The parameter 0 is the IMF
clock angle, 6 = arctan(B, /B), with B and B_in
geocentric solar magnetospheric coordinates. The
scale length [ is a length related to the radius of
cross-section of the magnetosphere, estimated to
be /,=7 - R, where R, = 6371 km is Earth’s
radius. The constant p, = 4n - 107 H - m™" is the
permeability of free space.

3 Results and discussion
3.1 Solar and geomagnetic conditions

Figure 1 shows variations in solar, geomagnetic,
and auroral activity indices and the Akasofu func-
tion from 30 January to 4 February 2025. The
analysed interval coincides with local summer con-
ditions in Antarctica. The solar activity during the
investigated period was high (solar radio flux index
F,,, ranged from 184 to 220 sfu). Geomagnetic ac-
tivity was quiet from 30 to 31 January (Kp was most-
ly less than 2+ and did not exceed 3—) and from
3 to 4 February ( Kp < 2—), while during 1 and 2
February 2025, an increase in geomagnetic activity
was observed (Kp o = 41). According to the National
Oceanic and Atmospheric Administration (NOAA)
Geomagnetic Storm Scale, this was classified as a
boundary between active conditions and a minor geo-
magnetic storm (G1), which begins at Kp =5 (https://
WWW.SWpc.noaa.gov/noaa-scales-explanation).

It can be seen that a rapid increase in energy
input (e reaching ~80 GW) began around noon by
UT on 31 January 2025, with a maximum of ap-
proximately 120 GW near 18:00 UT. This enhanced
energy injection is consistent with a magnetopause
compression and the associated sudden storm
commencement (SSC), followed by the develop-
ment of the storm’s main phase at ~01:00 UT on
1 February 2025, during which SYM-H gradually
decreased to about —30 nT. After the passage of
the magnetic cloud, the ¢ value dropped signifi-
cantly around midnight on 1 February and auro-
ral activity began to increase. From 1 February
to the end of 2 February, a series of AE (“auroral
electrojet”) index bursts were observed in auroral
latitudes with values reaching AE__~ 1200 nT,
indicating strong substorm activity. The inter-
planetary electric field component (Ey) fluctuated
significantly from —6 to +6 mV - m™'.

3.2 Results of ionosonde observations
over the Vernadsky Station

Figure 2 shows diurnal variations of the key iono-
spheric parameters (f F, N, F,, and A F)) obtained
using the ionosonde located at Vernadsky Station
during January 30 — February 4, 2025.
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Figure 1. Variations of parameters describing space weather during 30 January — 4 February, 2025. From top to bottom,
the panels show the Akasofu function (g), the solar wind speed (¥, ), the total magnitude of the IMF (B, ) (orange
line), the IMF Bz (black line) and By (green line) components, the interplanetary electric field component (E), the
auroral electrojet index (AE), the 3-hour planetary Kp index (gray bars), the SYM-H index (blue line), and the daily
solar radio flux (F,,,). The time is in Coordinated Universal Time (UT)
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Figure 2. Diurnal variations of critical frequency (f, F,), F2-layer peak electron density (N, F,), and height (4, F,) over
Vernadsky Station during 30 January — 4 February, 2025. The open circles show observations. The solid blue lines show
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A prominent feature of the Antarctic ionosphere
in summer is the WSA, which is clearly evident over
Vernadsky Station during the investigated period.
Under quiet geomagnetic conditions, both prior
to the storm (30—31 January) and after it (3—4
February), the observed N F, at local midnight
was about a factor of 2 higher than at local noon.

The onset of the main phase of the magnetic
storm, around midnight by UT (~20:00 LT) on
31 January — 1 February, 2025, caused an inter-
ruption in the evening increase of N F, and a sub-
sequent decrease to a value typical of the daytime

54

and A F, variations from the quiet reference day (30 January 2025), repeated for other days. The time

quiet period (~6 - 10" m~) on January 30. A clear-
ly pronounced negative phase of the ionospheric
storm was observed, manifested as a dip in the
variations of f F, and N _F,, reaching a local min-
imum at ~04:00 LT. At the same time, 4 _F, in-
creased by ~60 km relative to the quiet reference
day on 30 January 2025. During the daytime
hours (11:00—14:00 LT) on 1 February, a mod-
erate increase in N F, (by ~13%) was observed.
At the same time, A F, increased by ~35 km,
indicating a weak positive phase of the iono-
spheric storm.
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Figure 3. Latitude-time distribution of differential ATEC relative to the reference day (30 January 2025) at 295.75°E
during 31 January — 4 February 2025. The dashed black line shows the latitude of Vernadsky Station (65.25°S)

During the night of 1—2 February 2025, a grad-
ual decrease in N F, was observed beginning at
~22:00 LT on 1 February, reaching a local min-
imum at ~02:45 LT. Compared with the geomag-
netically quiet day on 30 January 2025, N _F, was
approximately five times smaller. During this inter-
val (around 22:00—02:45 LT), A _F, increased by
~70 km. After this, the ionosphere began to return
to its pre-storm conditions, and by ~08:00 LT on
2 February 2025, N F, reached the quiet-time
values (~1.2 - 10" m™3). The nighttime uplift of
the ionosphere by ~35 km on 2—3 February
(00:00—04:00 LT) was accompanied by a slight
decrease in N F, (by ~13%).

3.3 Results of TEC observations

Figure 3 shows the diurnal distribution of differ-
ential ATEC at 295.75°E in the Southern Hemi-
sphere (80°S — 0°), derived by subtracting the
TEC values on a geomagnetically quiet reference
day (30 January 2025) from those obtained from
31 January to 4 February 2025. A pronounced
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depletion in VTEC is observed on 1 and 2 Febru-
ary at the latitude of the Vernadsky Station, rep-
resenting a clear signature of the negative phase
of the ionospheric storm. As can be seen, on 1 Feb-
ruary, TEC values decreased by ~15—20 TECU
from ~02:00 UT to 13:00 UT, while on 2 February
the depletion reached ~25—30 TECU between
~04:00 — 10:00 UT. Notably, on 1 February the
intensity of the negative phase expanded toward
lower latitudes to ~30°S, whereas on 2 February
it was mostly confined to high- to mid-latitudes,
extending to ~55°S.

3.4 Discussion

Given that the austral summer occurs over Antarc-
tica during the boreal winter months, the back-
ground thermospheric circulation is directed from
the Southern Hemisphere toward the Northern
Hemisphere. Additional heating associated with the
substorm activity could further enhance this cir-
culation by strengthening equatorward meridi-
onal neutral winds, thereby lifting the ionosphere
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along geomagnetic field lines during nighttime or
significantly reducing its descent during daytime.
The resulting upward motion of 4 F, during lo-
cal nighttime to higher altitudes, where recombi-
nation rates are lower, allows the ionospheric
plasma to persist longer. Such an uplift of the
F2-layer is clearly evident over Vernadsky Sta-
tion during the disturbed nights of 1 and 2 Febru-
ary 2025. During daytime, enhanced auroral
heating may have modified the background me-
ridional neutral wind circulation, thereby reducing
the downward transport of plasma for approxi-
mately three hours (11:00—14:00 LT) on 1 Febru-
ary 2025. Also, a contribution from the penetra-
tion electric fields associated with substorm ac-
tivity cannot be ruled out (Wei et al., 2015). The
location of Vernadsky Station in a region with a
magnetic dip angle of ~57.5° (https://geomag.
bgs.ac.uk/data_service/models _compass/wmm__
calc.html) also contributes to the sustained influ-
ence of neutral winds within the WSA region.
Although the maximum efficiency of plasma lift-
ing occurs at dip angles near 45° (Dudeney &
Piggott, 1978), at ~60°, this mechanism remains
quite effective for maintaining the evening en-
hancement of N F,. Extended daylight condi-
tions in polar regions during summer addition-
ally maintain photoionisation, further supporting
the persistence of the ionosphere.

Despite the pronounced uplift of 4, F, (by ~60—
70 km) on 1 and 2 February 2025, nighttime
N _F, and VTEC values decreased significantly,
indicating a weakening of the WSA under geo-
magnetically disturbed conditions. The observed
depletion was likely associated with storm-time
changes in neutral composition propagating from
high to lower latitudes, as well as enhanced re-
combination processes during the negative iono-
spheric storms, as discussed above.

Equatorward neutral winds superimposed on the
background thermospheric summer-to-winter cir-
culation produced the observed uplift of the iono-
sphere. At the same time, there are no clear sig-
natures of vertical plasma transport driven by the
penetration electric field of high-latitude origin

in the observed 4 F, variations. In particular, the
absence of 4 F, fluctuations associated with elec-
trodynamic forcing (Buonsanto et al., 1999; Rich-
mond & Lu, 2000; Sojka et al., 2002; Goncharen-
ko et al., 2005), despite significant variations in
the interplanetary electric field (E)) (e.g., after
00:00 LT on 1 February), suggests that this mech-
anism was not the dominant driver of the observed
uplift. Another example is the period after 00:00 LT
on 2 February, when a pronounced uplift of
the ionosphere occurred without corresponding
enhancements or rapid changes in the electric
field, while N F, showed a strong depletion.

Thus, the observed ionospheric response to the
1—2 February 2025 storm likely reflects a compe-
tition between plasma enhancement due to neu-
tral wind-induced uplift and composition-driven
plasma loss. Liu & Yamamoto (2011), in their
study of the mid-latitude summer nighttime anoma-
ly, suggested that as the O/N, composition distur-
bance zone, transported by neutral winds, propa-
gates from high to low latitudes with decreasing
magnitude, its effect is stronger at the poleward
edge of the anomaly. A similar mechanism likely
contributed to the observed ionospheric response
in the WSA region, where the Vernadsky Station
is located close to the poleward edge.

These results demonstrate convincingly that even
minor geomagnetic disturbances can significant-
ly affect the WSA.

4 Conclusions

This study investigated the ionospheric WSA re-
sponse to weak geomagnetic disturbances that oc-
curred on 1—2 February 2025 using ionosondes
of the Ukrainian Antarctic Akademik Vernadsky
station and the GNSS-based data. The main find-
ings are summarised as follows.

1. A pronounced nighttime depletion was ob-
served in both ionosonde F2-layer peak electron
density and GNSS-derived VTEC measurements
on 1 and 2 February 2025, indicating the develop-
ment of the negative phase of the ionospheric storm.
N F, decreased by a factor of ~2 on 1 February and
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by a factor of ~5 on 2 February, despite a strong
uplift of 2 _F, by 60—70 km. The VTEC was reduced
by ~15—20 TECU and 25 TECU, respectively.

2. The simultaneous decrease in nighttime N, F,
and VTEC indicates a weakening of the WSA dur-
ing a minor geomagnetic storm. This depletion was
likely associated with storm-time neutral compo-
sitional changes.

3. The observations demonstrate that significant
plasma uplift at the WSA region does not guaran-
tee enhanced N F,.

Data availability. The IonogramViewer2 program
can be downloaded from the GitHub repository
(retrieved on 23 December 2025, from https://
github.com/Albom/IonogramViewer2). The ion-
osonde data are available at the Zenodo data
repository (Reznychenko et al., 2026). The NHPC
program can be downloaded from the UMass
Lowell Space Science Lab website (retrieved on
23 December 2025, from https://ulcar.uml.edu/
SoftwareUltilities/NHPC/NHPC430.ZI1P). The
Vertical TEC data are provided by UPC Global
Ionospheric Maps (retrieved on 23 December 2025,
from the https://cddis.nasa.gov/archive/gnss/
products/ionex/). The K index was obtained from
the World Data Center for Geomagnetism (https://
wdc.kugi.kyoto-u.ac.jp/aedir/), the F, . solar flux
index from https://www.spaceweather.gc.ca/
solar flux data/daily flux_values/fluxtable.txt,
and the SYM-H index and solar wind parameters
to calculate the Akasofu function were taken from
the OMNIWeb database (retrieved on 23 Decem-
ber 2025, from https://omniweb.gsfc.nasa.gov/
form/omni_min.html).
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Peaxuis ioHocdepu Ha ciaOKy reomarnitHy Oypio 1—2 mororo 2025 poky
y perioni aHomaJiii Mmops Bengenna: cnocrepe:keHHs1 HA YKPaiHChKii
AHTAPKTHYHIA cTaHIii «AKagemik BepHancbkuii»

Mapuna Pe3nuyenko’ > *, Ouekcanap boromas? 3,
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! IHcTuTyT ioHOChepu, HallioHanbHMIT TEeXHIYHUI yHIBEpCUTET
«XapKiBCbKUI MOJITEXHIYHUIN IHCTUTYT»,
M. XapkiB, 61002, Ykpaina

2 [leHTp KOCMIYHUX HochimkeHb [ToabchKoi akagemii HayK,
M. Bapmaga, 00-716, ITonbia

3 PagioacTpoHoMiuHuMii iHCTUTYT HallioHanbHOI akameMii Hayk YKpaiHu,
M. Xapkis, 61002, Ykpaina

* ABTOp MJisi KopecnoHaeHuii: mrezn.cbk@gmail.com

Pedepar. [JocruinxkeHo peakiiito ioHocdepu Ha cliabKy reomarHitHy oypro 1—2 mororo 2025 poKy B perioHi aHOMa-
nii mopa Bemnenna. IlpoananizoBaHO MOBeNiHKY KIIOYOBMX IapaMeTpis ioHocdepu (N F, ta h F,) 3a nanumu
iOHO30H/IOBUX CITOCTEPEXXEHb HAa YKPaAiHCHKill aHTapKTUYHIN CcTaHIii «AKkajeMik BepHaacbkuii», a TaKOX IMOBHOTO
€JIEKTPOHHOI'O BMICTY Y BEPTUKAILHOMY CTOBITi, OTPMMAHOTIO 3a JOIIOMOTOI0 BUMipIOBaHb INIOOAJTBHOI HaBIraliitHOL
CYIyTHUKOBOI CUCTEMM. 3HAYHE 3MEHIIEHHSI KOHLEHTpauii eaekTpoHiB wapy F2 ionocdepu (N F)) Tta moBHOrO
€JIEKTPOHHOI'O BMICTy CriocTepirajiocs B HiuHi roguHu 1-ro ta 2-ro motoro 2025 poky. Lle cBimuuTh Mpo po3BUTOK
HeraTuBHOI (ha3u ioHocepHoi Oypi Ta mocaabdaeHHsT aHoMalii Mopst Benaesuia min yac ciabKux reoMarHiTHUX 30ypeHb.
N F, sMeHmmiacsa npubiusHo B 2 pa3u 1 J10TOro ta npuOIM3HO B 5 pasiB 2 JIIOTOTO, TOMI SIK TIOBHUI €1eKTPOHHUI
BmicT 3meHIuBes Ha ~15—20 TECU Tta ~25 TECU, BinnosinHo. HeratnBHa ¢haza moiuproBaiacs 3Ha4HO Jajli B
HampsIMKy eKBaTopa | JIF0TOro, Tofi SIK 2 JIIOTOrO BOHA 3ajIMIIANacs OOMEXEHOK BUCOKMMU Ta CEPelHIMM IIUPOTAMH.
IIpuMiTHO, 110 HACTIIBKK CYTTEBE 3MeHIUEHHA N, F, BigOya0Ca MONpU 3HAYHE MiAHATTS BUCOTH MaKCUMyMY LIapy
F2 ionoctepu (4, F,) Ha ~60—70 kM. HiTKux o3HaK BEPTUKAILHOTO MEPEHOCY TIa3MH, 3yMOBJICHOTO MPOHUKHEH-
HSM €JIEKTPUYHOrO MoJiA, Y Bapiauiax A, F, He BUsABJIEHO. IMOBIPHOIO MPUYMHOIO TAKOTO 3MEHIUEHHS KOHLIEHTpaLii
ioHOC(epHOI M1a3MU € 3MiHM HEHTpaIbHOTO CKIIady Tl yac Oypi, TOB’sI3aHi 3 anBeJIiHTOM, 3MEHIIIEHHSIM BiTHOILIEHHS
O/N, Ta niepeHeCEeHHAM 30HU 30YyPEHOr0 HEUTPAIILHOTO CKJIady TEPMOC(HEPHUMMU BITPAMM Bill BACOKMX 10 HIXKUYMX
mmpot. OTpuMaHi pe3yabTaT! IeMOHCTPYIOTh, 110 HAaBiTh CJIa0Ki reoMarHiTHiI Oypi MOXYTb CYTTEBO MOAM(DIKyBaTh
cucteMy ioHochepa—TepMocdepa Haa AHTaApKTUKOIO Ta 3HAYHO BIUIMBATU Ha aHOMaliio Mops Bemmenna.

Kmouosi cioBa: ioHo30H 1, ioHOC(epa, ioHochepHa Oypsi, KOHIICHTpallisl eJIEKTPOHIB, HeraTMBHa (a3za, map F2
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