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Ionospheric response to the February 27, 2023 intense geomagnetic
storm over Kharkiv and the Akademik Vernadsky station

Abstract. This study aims to investigate ionospheric responses to the February 27, 2023 intense geomagnetic storm over 
Kharkiv and the Akademik Vernadsky (hereinafter – Vernadsky) station using ionosondes. The behavior of the key 
ionospheric parameters (hmF2 and NmF2) before, during, and after the geomagnetic storm was investigated. The obser-
vational F2-layer peak electron density and height were compared with those derived by the International Reference 
Ionosphere (IRI-2016) model. Significant negative ionospheric storms were identified over Kharkiv during all the 
nights after the geomagnetic storm beginning (up to ~70% decrease of the NmF2). At the same time, during the daytime 
hours of February 27, a moderate positive ionospheric storm (up to ~40% increase of the NmF2) was registered. Over  
Vernadsky Station, during the main phase of the geomagnetic storm, a very strong negative ionospheric storm (up to a 
factor of ~4 reduction of the NmF2) was observed both during daytime and night-time. We offer hypotheses of the possible 
physical mechanisms (electrodynamics, changes in the neutral composition, partial depletion of the plasmasphere, and 
a shift of the ionospheric trough) responsible for the observed ionospheric effects. Further investigations with physical 
models of the coupled atmosphere, ionosphere, and plasmasphere are necessary to identify the dominant drivers in each 
case. Comparison of the observed ionospheric parameters with the predictions of IRI F2-layer peak sub-models shows that 
neither hmF2 (AMTB-2013 and SHU-2015), and NmF2 (URSI and CCIR) sub-models can qualitatively reproduce strong 
storm-induced ionospheric variations over Kharkiv. Over Vernadsky Station, both hmF2 sub-models underestimate the ob-
served hmF2 during the storm period, whereas the NmF2 sub-models are more sensitive to the changes in geomagnetic activ-
ity. Under geomagnetically quiet conditions, the qualitative agreement between observations and the model is satisfactory, 
but further improvements of the empirical models are required to reach acceptable accuracy of quantitative predictions.
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1 Introduction

Although the ionospheric effects of geomagnetic 
storms have been actively investigated for deca des 
and the key physical mechanisms responsible for 
them have been found, every storm has its unique 
features and effects, which cannot be fully repro-
duced by the existing empirical models (Prölss, 
2008; Fuller-Rowell, 2011; Borries et al., 2015). 
More observations of new storms and additional 
comparisons with the models are required to im-
prove the models further. 

The February 27–28, 2023 geomagnetic storm 
is particularly interesting for models’ testing. The 
storm occurred at relatively high solar activity 
(F10.7 ~160), the highest for the last ~20 years. 
During this period, new empirical models for the 
F2-layer peak height (hmF2) have been developed 
and are widely used as commonly accepted op-
tions of the International Reference Ionosphere 
(IRI) model (Bilitza et al., 2017; 2022). H ow-
ever, there is a lack of studies devoted to testing 
the accuracy of these models under high solar 
activity conditions over Antarctica compared to 
other regions of the Earth. Furthermore, it is un-
clear whether the standard IRI models of the 
F2-layer peak electron density (NmF2) based on 
the data obtained for previous solar cycles can 
predict NmF2 during the maximum of the current 
25th solar cycle with acceptable accuracy.

This study focuses on such validation efforts. 
We analyse variations of the ionospheric F2-lay-
er peak in mid-latitudes of the European longi-
tudinal sector, Northern Hemisphere, and in the 
sub-auroral latitudes of the American longitudi-
nal sector, Southern Hemisphere, during the pe-
riod of 25–28 February 2023, which encompasses 
the pre-storm days, main storm phase, and be-
gin ning of the recovery phase.

We employ observations by ionosondes at Khar-
kiv (49.6N, 36.3E) and the Ukrainian Antarc-
tic Akademik Vernadsky (hereinafter – Vernads-
ky) station  (65.25S, 295.75E) and compare them 
with AMTB-2013 and SHU-2015 sub-models for 
hmF2 and CCIR and URSI sub-models for NmF2 (Zal-

izovski et al., 2018; Koloskov et al., 2019; 2023; 
Bilitza et al., 2022).

This paper is structured as follows: The first 
sec tion provides a short overview of the problem 
associated with ionospheric modeling under high 
solar and geomagnetic activity levels. The second 
section describes the space weather conditions, 
data, and methods used in this paper. The results 
and discussions are presented in the third sec-
tion. The last section concludes the paper.

2 Data and methods
2.1 Solar and geomagnetic conditions

Figure 1 shows variations in solar and geomagnetic 
activity indices from February 25 to 28, 2023. The 
solar activity during the investigated period ranged 
from medium to high level (solar radio flux index 
F10.7 = 152–161 sfu). Geomagnetic activity was 
enhanced from ~18:00 UT on February 26 to 
03:00 UT on February 28 with a maximum value 
of the planetary index of geomagnetic activity 
Kpmax = 7– on February 27; the rest of the period 
was relatively quiet (Kp did not exceed 4). Accor d-
ing to the National Oceanic and Atmospheric 
Administration (NOAA) Geomagnetic Storm Sca le, 
the February 27, 2023 geomagnetic storm was 
classified as G3 (Strong) event. The symmetric 
disturbance of the horizon tal component of the 
geomagnetic field (SYM/H index) reached –161 nT 
around February 27 noon, which indicates sig-
nificant ring current dis turbances.

2.2 Ionosonde measurements

The data used in the paper were obtained by three 
ionosondes, two located at Vernadsky Station 
and one at the Observatory of the Institute of 
Ionosphere 50 km southeast of Kharkiv (near the 
city of Zmiiv).

The hardware and software of the IPS-42 and 
SDR-based ionosondes operating at Vernadsky 
Station are described in (Broom, 1984) and (Kolos-
kov et al., 2023). The modified ionosonde VISRC-2t, 
operating at the Observatory of the In stitute of 
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Ionosphere, has a transmission power of about 
400 W, uses Barker-coded pulses, and provides 
sounding every minute (due to the high complex-
ity of manual processing of ionograms, the current 
research is based on data obtained at 5-mi nute 
intervals).

More parameters of the ionosondes’ operating 
mode are listed in Table.

Ionograms of all three ionosondes were manu-
ally scaled using IonogramViewer2 version 1.6.3 
(https://github.com/Albom/IonogramViewer2/
releases/download/v1.6.3/IonogramViewer2-
1.6.3.zip). The obtained critical frequencies of F2, 
F1, and E layers and traces were used for elec-
tron density profile inversion using NHPC pro-
gram version 4.30 (Huang & Reinisch, 1996) and 
further calculation of the F2-layer peak height. 
The validity of such a technique was proven by a 

number of investigations (Bogomaz et al., 2019; 
Shulha et al., 2019; Reznychenko et al., 2022; 
2023). Due to the time-consuming process of the 
ionogram scaling, the calculation of h

mF2 over the 
Antarctic Peninsula was performed only using 
the SDR-based ionosonde data. It should also be 
noted that some lack of echoes in the ionograms 
from both ionosondes at Vernadsky Station (SDR 
and IPS-42) was detected during a strong storm 
period on February 27, 2023. The probable reason 
for such complete or partial radio signal fade-out 
was the intense absorption of high-frequency (HF) 
radio waves. Such ionograms were discarded from 
the analysis.

2.3 F2-layer peak models

In this study, we compare the ionosonde obser-
vations with the F2-layer peak electron density 

Figure 1. Variations of the parameters describing the solar and geomagnetic conditions during February 25–28, 2023. 
The panels from top to bottom display the daily sunspot numbers, the daily value of the solar activity index F10.7, the 
3-hour Kp index (green and yellow bars indicate low and moderate levels of geomagnetic activity, respectively), and 
the SYM/H index (blue solid line). The time is UTC
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Table. Operating mode parameters of the ionosondes

Parameter The SDR-based
ionosonde

IPS-42
ionosonde

The modified
VISRC-2t ionosonde

Frequency range 1–16 MHz 1–22.6 MHz 1–16 MHz

Number of frequencies 320 576 750

Virtual height range 92–655 km 0–800 km 80–800 km

Total heights 750 512 1110

Transmitter pulse width 600 μs (16  37.5 μs) 41.7 μs 455 μs (13  35 μs)
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and height (hmF2 and NmF2) predictions for the 
same dates by sub-models of the IRI-2016 model 
(Bilitza et al., 2017; 2022). The Comité Consul-
tatif International pour la Radio (CCIR) (Inter-
na tional Radio Consultative Committee, 1967) and 
Union Radio Scientifique Internationale (URSI) 
(Rush et al., 1989) sub-models were used to ob-
tain NmF2. Both NmF2 sub-models depend on the 
solar activity indices and were configured with 
the “foF2 STORM model” option (Fuller-Rowell 
et al., 2000), which was activated for this study. 
The SHU-2015 (Shubin, 2015) and AMTB-2013 
(Altadill et al., 2013) sub-models were used to 
obtain hmF2. Both hmF2 sub-models are also gov-
erned by solar activity indices but insensitive to 
changes of the magnetic activity.

3 Results and discussion
3.1 Results of observations over Kharkiv
and Vernadsky Station

Figure 2 shows diurnal variations of the key iono-
spheric parameters (hmF2 and NmF2) obtained us-
ing ionosondes at Kharkiv and Vernadsky Sta-
tion and calculated by the IRI-2016 model. It 
can be seen that for the period of February 26–
28, the NmF2 trends obtained with the SDR-based 
ionosonde and IPS-42 demonstrate a good 
agreement in determining the critical frequencies 
(foF2) and complement each other.

3.1.1 Variations of the F2-layer peak parame-
ters over Kharkiv. It is worth mentioning that 
variations of both peak electron density and peak 
height over Kharkiv are representative of high 
solar activity conditions. The hmF2 and NmF2 val-
ues are significantly higher than those obtained 
for the same region, local time, and near seasons 
under low solar activity conditions (e.g., Kotov et 
al., 2016; 2018; Panasenko et al., 2021). The smal-
lest values of hmF2 were ~250 km, and they ap-
pea red in the early morning hours as expected 
(Prölss, 2004). Then, hmF2 values increased until 
reaching a daytime maximum around noon 
(~280 km du ring quiet geomagnetic conditions, 
while for the disturbed day on February 27, 

hmF2max was ~310 km). On February 25, around 
sunset, hmF2 values experienced a reduction of ~5– 
10 km and then started to increase at ~16:30 UT 
and reached a maximum of ~425 km by ~18 UT. 
On February 26, the post-sunset increase of hmF2 

also started at 16:30 UT, but reached the maximum 
(~ 470 km) ~3 hours later than the previous day. On 
February 27, by 18 UT, hmF2 reached ~525 km. 
On February 28, during the storm’s recovery phase, 
hmF2 variations closely mirrored those on Febru-
ary 25. Similar variations were independently 
observed by ionosondes in the European region 
(Bojilova & Mukhtarov, 2023; Aa et al., 2023). 

The daytime uplift of the F2 layer in the early 
hours of February 27 caused a positive iono-
spheric storm: a ~40% increase of NmF2 (from ~7 
to ~14 UT) compared to the corresponding pe-
riod of a geomagnetically quiet day on February 
25. The uplift could result from daytime penetra-
tion of the eastward electric field (e.g., Kotov et 
al., 2019).

Significant negative ionospheric storms (~70% 
decrease of NmF2 compared with the pre-storm 
values on February 25) were seen during all three 
nights after the magnetic storm started. During 
the first night (February 26–27), the NmF2 reduc-
tion was probably caused by the mid-latitude 
ionospheric trough’s motion towards lower lati-
tudes (Matyjasiak et al., 2016) or by partial de-
pletion of the plasmasphere, which led to the 
reduction of the downward H+ ion flux which is 
responsible for the increase of NmF2 at middle 
latitudes during winter nights (Kotov et al., 2016; 
2018). Enhanced recombination by increased 
molecular nitrogen density is not a likely cause 
because not enough time had passed since the 
storm’s beginning. During the second night 
(February 27–28) and the third night (February 
28–29), all three mentioned factors could con-
tribute to the NmF2 reduction. 

In general, the changes observed during the 
geomagnetically disturbed period over Kharkiv are 
consistent with the existing knowledge regarding 
the effects of geomagnetic storms on the iono-
sphere. In particular, the effects of the penetra-
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Figure 2. Comparison of the experimental results obtained for Kharkiv and Vernadsky Station with the IRI-2016 
model values during February 25–28, 2023. Open circles show the VISRC-2t ionosonde data (Kharkiv). Full blue 
squares denote the SDR-based ionosonde data (Vernadsky Station). Full pink triangles denote the IPS-42 ionosonde 
data (Vernadsky Station). The dotted green lines show hmF2 variations from the SHU-2015 sub-model, and the dashed 
black lines are from the AMTB-2013 sub-model. The solid red lines show NmF2 variations from the URSI sub-
model, and the dot-dashed blue lines are from the CCIR sub-model. The time for the considered stations is 
UTKharkiv  LT-2hours and UTVernadsky  LT+4hours
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tion of short-time electric fields of magnetosphe-
ric origin, heated neutral atmosphere (Prölss, 2004; 
Arslan Tariq et al., 2024), and partially dep leted 
plasmasphere (e.g., Kotov et al., 2018). A more 
detailed analysis of the possible physical mecha-
nisms responsible for the effects observed in the 
ionosphere over Kharkiv for this event will be 
the subject of further work.

3.1.2 Variations of F2-layer peak parameters 
over Vernadsky Station. Regular variations of 
F2-layer peak parameters at Vernadsky Station 
differ from those at Kharkiv. It should be noted 
that February is the end of Antarctica’s local 
summer, when the ionosphere is sunlit most of 
the day, which is in contrast with the winter 
conditions over Kharkiv.

Given the larger tilt of the Earth’s magnetic 
field in the sub-auroral latitudes, even small en-
hancements of high-latitude convection, which 
typically occurs permanently at low enough mag-
netic activity (K

p > 2), can have a noticeable 
effect on the variations of hmF2 and NmF2 para m-
eters over Vernadsky Station. Hence, the NmF2 
behavior is much more variable than that for 
Kharkiv, even within the pre-storm period of 
February 25–26.

Unfortunately, due to the strong ionospheric 
absorption of the ionosonde radio signals, there 
are no data for Vernadsky Station for most of the 
storm period of February 27. Nevertheless, exa m-
ining the accessible data reveals that, in contrast 
to Kharkiv, a strong negative ionospheric storm 
developed during the daytime of February 27 
(both for SDR-based ionosonde and IPS-42). 
The main source of such a strong (up to a factor 
of 4) reduction of NmF2 is likely a decrease in O/N2 
ratio caused by the increased thermosphere tem-
pe rature in high latitudes by enhanced Joule hea t-
ing and precipitation of particles in the auroral 
zone (Prölss, 2004). The equatorward shifts of the 
mid-latitude ionospheric trough by enhanced high-
latitude convection can be an additional possible 
reason for strong negative ionospheric storms (a de-
crease in NmF2 at least 3 to 4 times) observed during 
the nights of February 27 and 28 (Yang et al., 2022).

3.2 Comparison of observations
with empirical model predictions

Figure 2 shows that the IRI hmF2 sub-models rep-
re sent the average behavior of hmF2 and are insensi-
tive to the storm over both Kharkiv and Ver-
nadsky Station. This is unsurprising for the hmF2 
models because they are independent of the mag-
netic activity and governed by the F10.7 index only. 
The IRI NmF2 sub-models reproduce the iono-
spheric storm effects over the Antarctic Penin-
sula very well. At the same time, they do not 
show the real storm-related changes in variations 
of NmF2 for mid-latitudes of the European region 
despite the “STORM” option being turned on.

3.2.1 Results of comparison for Kharkiv. The 
SHU-2015 sub-model shows poor agreement with 
the hmF2 observations over Kharkiv, even for the 
pre-storm days, both during daytime and night-
time. The AMTB-2013 sub-model agrees better with 
the observations during the daytime before and after 
the storm-timed period (on February 25, 26, and 
28, respectively). In contrast, during the daytime of 
the disturbed period (February 27), AMTB-2013 
underestimates the hmF2 values by ~30 km. During 
the night-time, AMTB predictions are unsatisfac-
tory. Discrepancies between the observations and 
sub-model predictions vary from ~50 to ~200 km, 
depending on the level of geomagnetic activity.

Both the IRI NmF2 sub-models (URSI and CCIR) 
provide quite good qualitative agreement with the 
Kharkiv ionosonde observations during the day-
time and night-time of the pre-storm day of Febru-
ary 25. At the same time, large discrepancies 
(~2 times) are seen for the night-time periods of 
February 26 and 28 and during the daytime of the 
disturbed period (February 27). Notable differences 
between the observations and sub-model predic-
tions are also seen during the daytime of Febru-
ary 26 and 28, when the NmF2 sub-models un-
deres ti ma te the NmF2 by ~35%.

3.2.2 Results of comparison for Vernadsky 
Station. The F2-layer peak height predictions ob-
tained by the AMTB-2013 sub-model are more 
consistent with the daytime observations than the 
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SHU-2015 sub-model. The latter, in turn, shows a 
better agreement with observations during the night-
time of quiet days. Both hmF2 sub-models signifi-
cantly (by ~100 km for SHU-2015 and ~120 km for 
AMTB-2013) underestimate the F2-layer peak 
height during the disturbed period of February 27.

The IRI NmF2 sub-models provide a relatively 
good agreement with the daytime Vernadsky iono-
sonde observations, including the intense storm 
period. Unfortunately, large gaps in the iono-
sonde data for February 27 do not allow to draw 
detailed conclusions on the observations/model 
differences for the storm day. At the same time, 
some underestimations (by ~40%) during the af-
ternoon hours for the pre-storm and post-storm 
days of February 25 and 28 are observed, as well 
as in the evening hours (around 22:00 UT) at the 
onset of the geomagnetic storm on February 26.

4 Conclusions

The behavior of the key ionospheric parameters 
(F2-layer peak electron density and height before, 
during, and after the strong (Kpmax=7–) magnetic 
storm of February 27, 2023, was investigated us-
ing the data from ionosondes located at Kharkiv 
and Vernadsky Station. The main results are as 
follows:

1. Over Kharkiv, significant negative ionosphe r-
ic storms (up to ~70% decrease of the NmF2) were 
observed during all nights after the storm’s begin-
ning. A moderate positive ionospheric storm (up 
to ~40% increase of the NmF2) occurred during the 
main phase of the magnetic storm in the day time 
of February 27.

2. Over Vernadsky Station, the NmF2 behavior 
was much more variable than that for Kharkiv, 
even within the pre-storm period of February 
25–26. Despite data gaps for most of the storm 
period for Vernadsky Station on February 27, a 
very strong negative ionospheric storm (up to a 
factor of ~4 reduction of the NmF2) was detected 
during the daytime. Strong negative ionospheric 
storms (a decrease in NmF2 at least 3 to 4 times) were 
observed during the nights of February 27 and 28.

3. The results of observations over both Khar-
kiv and Vernadsky Station agree well with the 
current understanding of the magnetic storms’ 
impact on the ionosphere. The vertical and hori-
zon tal motion of the ionosphere driven by pen-
etration of the magnetospheric electric field, 
chan ges in the neutral composition, and partial 
deple tion of the plasmasphere, which all were 
caused by the magnetic storm, are speculated as 
the likely key drivers of the observed ionospheric 
storms. Further investigations with physical models 
of the coupled atmosphere, ionosphere, and plas-
ma sphe re are needed to understand which driv-
ers were dominant in each case. 

4. Comparison of ionospheric parameters ob-
tained by ionosondes with predictions by the mo d-
ern sub-models of the International Reference 
Ionosphere model shows that neither h

mF2 nor 
NmF2 sub-models can qualitatively reproduce storm-
induced changes in the ionosphere over Kharkiv. 
Over Vernadsky Station, the AMTB-2013 mo del 
showed a better agreement with the daytime ob-
servations, whereas the SHU-2015 agrees well 
with measurements during the night-time of qui-
et days. At the same time, both hmF2 sub-models 
significantly underestimate the observed hmF2 du r-
ing the storm period, especially because, for this 
ionospheric parameter, the IRI model does not 
provide a “STORM” option. On the contrary, 
the IRI NmF2 sub-models, for which a “STORM” 
option is provided, are more sensitive to the geo-
magnetic activity changes. The reproducing of 
the quiet-time variations is good enough qualita-
tively. However, more improvements of the em-
pirical models are still needed to achieve accept-
able accuracy in quantitative predictions.

Data and software. The IonogramViewer2 pro-
gram can be downloaded from the repository on 
GitHub (retrieved December 5, 2023 from https:// 
github.com/Albom/IonogramViewer2). The NHPC 
program can be downloaded from the UMass Lo-
well Space Science Lab website (retrieved De-
cember 5, 2023 from https://ulcar.uml.edu/Soft-
wareUtilities/NHPC/NHPC430.ZIP). Interna-
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tional Reference Ionosphere (2016) online ver-
sion is available on the Community Coordinated 
Modeling Center website (retrieved December 
15, 2023, https://ccmc.gsfc. nasa.gov/modelweb/ 
models/iri2016_vitmo.php). Sunspot number da-
ta are provided by Solar Influences Data Analy-
sis Center (a part of the Royal Observatory of 
Belgium) and available on SIDC website (re-
trieved December 5, 2023 from http://www.sidc.
be/silso/DATA/SN_d_tot_V2.0.txt). The Kp in-
dex was obtained from the World Data Center 
for Geomagnetism (https://wdc.kugi.kyoto-u.ac. 
jp/aedir/), F10.7 solar flux index via FTP Server 
(retrieved June 19, 2024, ftp://ftp.swpc.noaa.gov/ 
pub/indices/old_indices/), SYM/H index was 
taken from the OMNIWeb (retrieved December 
5, 2023, https://omniweb.gsfc.nasa.gov/form/omni_ 
min.html).
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Ðåàêö³ÿ ³îíîñôåðè íà ³íòåíñèâíó ãåîìàãí³òíó áóðþ 27 ëþòîãî 2023 ðîêó
íàä Õàðêîâîì òà ñòàíö³ºþ «Àêàäåì³ê Âåðíàäñüêèé»

Ðåôåðàò. Ìåòîþ ðîáîòè º äîñë³äæåííÿ ðåàêö³¿ ³îíîñôåðè íà ³íòåíñèâíó ãåîìàãí³òíó áóðþ 27 ëþòîãî 2023 ðîêó 
íàä Õàðêîâîì òà ñòàíö³ºþ «Àêàäåì³ê Âåðíàäñüêèé» çà äîïîìîãîþ ³îíîçîíä³â. Äîñë³äæåíî ïîâåä³íêó êëþ÷îâèõ 
ïàðàìåòð³â ³îíîñôåðè (hmF2 ³ NmF2) äî, ï³ä ÷àñ ³ ï³ñëÿ ãåîìàãí³òíî¿ áóð³. Ïðîâåäåíî ïîð³âíÿííÿ ðåçóëüòàò³â 
ñïîñòåðåæåíü âèñîòè ìàêñèìóìó øàðó F2 ³îíîñôåðè òà êîíöåíòðàö³¿ åëåêòðîí³â íà ö³é âèñîò³ ç äàíèìè, 
îòðèìàíèìè çà äîïîìîãîþ ìîäåë³ International Reference Ionosphere (IRI-2016). Âèÿâëåíî çíà÷í³ íåãàòèâí³ 
³îíîñôåðí³ áóð³ (äî ~70% çíèæåííÿ NmF2) íàä Õàðêîâîì ïðîòÿãîì óñ³õ íî÷åé ç ïî÷àòêó ãåîìàãí³òíî¿ áóð³. 
Âîäíî÷àñ ó äåíí³ ãîäèíè 27 ëþòîãî ñïîñòåð³ãàëàñÿ ïîì³ðíà ïîçèòèâíà ³îíîñôåðíà áóðÿ (äî ~40% çá³ëüøåí-
íÿ NmF2). Íàä ñòàíö³ºþ «Àêàäåì³ê Âåðíàäñüêèé» ïðîòÿãîì ãîëîâíî¿ ôàçè ãåîìàãí³òíî¿ áóð³ ñïîñòåð³ãàëàñÿ 
äóæå ñèëüíà íåãàòèâíà ³îíîñôåðíà áóðÿ (çìåíøåííÿ NmF2 ïðèáëèçíî ó 4 ðàçè) ÿê ó äåíí³, òàê ³ â í³÷í³ ãîäè-
íè. Íàâåäåíî ã³ïîòåçè ùîäî ìîæëèâèõ ô³çè÷íèõ ìåõàí³çì³â (åëåêòðîäèíàì³êà, çì³íè íåéòðàëüíîãî ñêëàäó, 
÷àñòêîâå ñïóñòîøåííÿ ïëàçìîñôåðè òà çì³ùåííÿ ³îíîñôåðíîãî ïðîâàëó), â³äïîâ³äàëüíèõ çà ñïîñòåðåæóâàí³ 
³îíîñôåðí³ åôåêòè. Äëÿ âèÿâëåííÿ äîì³íóþ÷îãî äðàéâåðà â êîæíîìó âèïàäêó íåîáõ³äí³ ïîäàëüø³ äîñë³äæåí-



50 ISSN 1727-7485. Ukrainian Antarctic Journal, 22(1), 2024, https://doi.org/10.33275/1727-7485.1.2024.726

Maryna Reznychenko, Dmytro Kotov, Oleksandr Bogomaz et al.: Ionospheric effects of geomagnetic storm over Kharkiv

íÿ çà äîïîìîãîþ ô³çè÷íèõ ìîäåëåé ïîâ’ÿçàíèõ ì³æ ñîáîþ àòìîñôåðè, ³îíîñôåðè òà ïëàçìîñôåðè. Ïîð³âíÿí-
íÿ ñïîñòåðåæóâàíèõ ïàðàìåòð³â ³îíîñôåðè ç ïðîãíîçàìè ñó÷àñíèõ ñóáìîäåëåé ìàêñèìóìó øàðó F2 ³îíî-
ñôåðè ìîäåë³ IRI ñâ³ä÷èòü, ùî hmF2 (AMTB-2013 ³ SHU-2015), òà NmF2 (URSI ³ CCIR) ñóáìîäåë³ íå çäàòí³ 
ÿê³ñíî â³äòâîðèòè çì³íè â ³îíîñôåð³, ñïðè÷èíåí³ ãåîìàãí³òíèìè áóðÿìè íàä Õàðêîâîì. Íàä ñòàíö³ºþ 
«Àêàäåì³ê Âåðíàäñüêèé» îáèäâ³ ñóáìîäåë³ hmF2 íåäîîö³íþþòü âèñîòó ìàêñèìóìó îáëàñò³ F2 ³îíîñôåðè ïðî-
òÿãîì çáóðåíèõ ïåð³îä³â, òîä³ ÿê ñóáìîäåë³ NmF2 ïîêàçàëè êðàùó ÷óòëèâ³ñòü äî çì³í ãåîìàãí³òíî¿ àêòèâíîñò³. 
Ó ãåîìàãí³òíî ñïîê³éíèõ óìîâàõ ÿê³ñíå óçãîäæåííÿ ì³æ ðåçóëüòàòàìè ñïîñòåðåæåíü òà ìîäåëþâàííÿ º çàäî-
â³ëüíèì, àëå äëÿ äîñÿãíåííÿ ïðèéíÿòíî¿ òî÷íîñò³ ê³ëüê³ñíèõ ïðîãíîç³â ïîòð³áí³ äîäàòêîâ³ âäîñêîíàëåííÿ 
åìï³ðè÷íèõ ìîäåëåé. 

Êëþ÷îâ³ ñëîâà: âèñîòà ìàêñèìóìó øàðó F2, ãåîìàãí³òíà áóðÿ, åìï³ðè÷íà ìîäåëü, ³îíîçîíä, ³îíîñôåðà, êîí-
öåíòðàö³ÿ åëåêòðîí³â
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