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Observation of the ionosphere by ionosondes in the Southern
and Northern hemispheres during geospace events in October 2021

Abstract. The paper presents the results of ionospheric observations performed over the Ukrainian Antarctic Akademik Vernadsky
station and Millstone Hill (USA). Tonospheric parameters such as peak electron density and height (4, ., and N, ) in October
2021 are shown and discussed. The results of the comparative analysis between observations and predictions of the Interna-
tional Reference Ionosphere 2016 (IRI-2016) model are presented. The main objectives of this work are an investigation of the
ionosphere response to space weather effects in the Northern and Southern hemispheres in the American longitudinal sector
using ionosondes located at the Vernadsky station and near the magnetically conjugate region — Millstone Hill, and a compari-
son of observations with the model. The F2-layer peak height was calculated from ionograms obtained by ionosonde using
subsequent electron density profile inversion. Diurnal variations of 4, and N, ., were calculated using a set of sub-models of the
IRI-2016 model for comparison with experimental results. A strong negative response of the ionosphere to the moderate geo-
magnetic storm on October 12, 2021 was revealed over the Vernadsky station and Millstone Hill. During October 21-31, 2021,
the gradual night-to-night increase in N, _, (by a factor of ~2) was observed over the Vernadsky station. It was found that the IRI
h, ., sub-models (SHU-2015 and AMTB-2013) provide a relatively good agreement with the observed variations of /., in the
daytime and nighttime for almost the entire investigated period over both the Vernadsky station and Millstone Hill. The largest
deviations for both IRI 4, _, sub-models occurred during the nighttime of geomagnetically disturbed periods. The IRI N, sub-
models (URSI and CCIR) generally agree with the observations. However, observations and model predictions differ somewhat
in the geomagnetically disturbed periods. According to the results of the standard deviation calculations, it cannot be concluded
that any of the IRI-2016 sub-models is better than the others. The hypotheses on the possible reasons for the differences in the
modeled and observed variations of /., and N, are proposed and discussed in the frame of well-known ionospheric storms’
mechanisms. The results obtained in this paper demonstrate the peculiarities of the ionosphere in different hemispheres of the
American longitude sector under geomagnetically quiet and disturbed conditions and provide one more validation of the mod-
ern empirical international reference models of the ionosphere.
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1 Introduction

The vertical sounding of the ionosphere (VSI) is an
indispensable remote sensing technique that provides
operative information about the ionosphere and its
coupling with the upper atmosphere. The vertical
sounding is carried out by means of ionosondes —
high-frequency (HF) pulsed radars designed to ob-
tain altitude profiles of the electron density up to the
F2-layer peak height. The relatively low cost of the
equipment, low power consumption, and continuous
operation are key advantages of the ionosonde for
ionospheric study (Reinisch et al., 2009).

The ionospheric study has been provided at the
Ukrainian Antarctic Akademik Vernadsky station
(hereinafter — Vernadsky station) for many years using
ionosonde, which is one of the few instruments for
geospace research at high geographic latitudes of
the Southern hemisphere (Zalizovskiy et al., 2018;
Koloskov et al., 2019). Location of the ionosonde
at Vernadsky station is 65.25°S, 295.75°E, with
L ~ 2.74 as calculated at the height of 4 = 250 km in
2021 from https://ccmce.gsfc.nasa.gov/modelweb/
models/igrf vitmo.php. The ionosonde at Millstone
Hill (MH) (42.6°N, 288.5°E, L ~ 2.64) is located
in the region that is close to the Northern end of
the magnetic flux tube passing over the Vernadsky
station. That allows studying the reaction of the iono-
sphere to space weather effects simultaneously for
the magnetically conjugated points in the North-
ern and Southern hemispheres in the American lon-
gitudinal sector.

Shulha et al. (2019) conducted multi-instrumen-
tal studies of the ionospheric response to a weak
geomagnetic storm in the American longitudinal
sector during the equinox on March 21-23, 2017.
For our study, the period of October, 2021 was se-
lected because this is a transition period to the sum-
mer/winter solstice conditions, which occur in the
Southern/Northern hemispheres in December. More-
over, given the location of the Vernadsky station,
this period is interesting to study manifestations of
seasonal variations of the Weddell Sea Anomaly
(Bellchambers & Piggott, 1958; Dudeney & Pig-
gott, 1978).

2 Data and methods

Information about the state of the ionosphere at the
Vernadsky station was obtained by a digital ionosonde
designed jointly by the Institute of Radio Astronomy
of National Academy of Sciences of Ukraine and the
Abdus Salam International Centre for Theoretical
Physics (Koloskov et al., 2019). It is based on the soft-
ware-defined radio concept that provides good system
flexibility. The ionosonde consists of the USRP N200
kit, ZX80-DR230+ antenna switch, ICOM IC-718
transceiver (used as the 100 W power amplifier), SP-
200-13.5 power supply unit, and a personal computer.

The ionosonde operating mode parameters are
listed in Table 1.

Critical frequencies and traces of F2, F1, and E lay-
ers obtained by the ionosonde installed at the Vernad-
sky station were manually scaled for electron density
profile inversion using NHPC program version 4.30
(Huang & Reinisch, 1996). Ionograms were scaled
using the IonogramViewer2 software. The validity of
such a technique was proven by a number of investi-
gations (Bogomaz et al., 2019a; 2019b; Shulha et al.,
2019). The F2-layer peak electron density N . was
calculated from the critical frequency of F2-layer
f.p, using the relation N, ., = 1.24 - 10" f %), where
J.r, is expressed in MHz.

Tonospheric characteristics at MH were obtained
by the digisonde DPS-4D. This digisonde is a part of
the Global Ionospheric Radio Observatory (GIRO)
(Reinisch & Galkin, 2011). The digisonde operating
mode parameters in October 2021 are listed in Table 2.

Table 1. Operating mode parameters of the ionosonde
at the Vernadsky station, October 2021

Parameter Value
Frequency range 1-16 MHz
Number of frequencies 320
Virtual height range 90—800 km
Total heights (related to the sam-
pling rate of 200 kS/s) 942
Transmitter pulse width (16 code
chips) 600 ps (16 x 37.5 ps)
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Table 2. Operating mode parameters
of the digisonde at Millstone Hill

Parameter Value
Frequency range 1—10 MHz
Number of frequencies 360
Virtual height range 80—1360 km
Total heights 512

Tonograms obtained by the MH digisonde were pro-
cessed using the SAO Explorer program version 3.6.1.
It contains the Automatic Real Time Ionogram Scaler
with True height (ARTIST) software (Galkin et al.,
2008) and the NHPC program version 4.34. All the
results of ionogram scaling by the ARTIST software
were additionally verified and edited manually before
applying the electron density profile inversion. At the
time of writing this paper, the GIRO database con-
tained data only for October 6 to 29. The Interna-
tional Reference Ionosphere model (IR1-2016) was
used to compare the observed ionospheric parameters
h .,and N _ with the model predictions. An overview
and information about the latest modifications of this
model are presented in (Bilitza et al., 2017).

Electron F2-layer peak density N, . and electron
F2-layer peak height 4 _, were obtained using sub-
models implemented in IRI-2016. The Comité Con-
sultatif International pour la Radio (CCIR) (Inter-
national Radio Consultative Committee, 1967) and
Union Radio Scientifique Internationale (URSI) (Rush
etal., 1989) sub-models were used to obtain N . Both
N, .,sub-models are governed by the solar activity in-
dices and have the “F-peak storm model” option (Full-
er-Rowell et al., 1998; 2000) aimed to reflect an aver-
age storm behavior in N _, based on the a, history
over the preceding 33 hours. The SHU-2015 (Shubin,
2015) and AMTB-2013 (Altadill et al., 2013) sub-
models were used to obtain z__.. Both 4 _, sub-mod-
els are also governed by solar activity indices, but they
are insensitive to changes of the magnetic activity.

3 Results and discussion

For a study of the space weather influence on the ion-
osphere in the Northern and Southern hemispheres

in the American longitudinal sector, the period of Octo-
ber 1—31, 2021, UTC time, was selected (Fig. 1). The
solar activity level during October 1—22 was low and
stable (£, solar radio flux index did not exceed 90 sfu),
while the period of October 23—31 was characterized
by moderate solar activity (£, > 100 sfu). The geomag-
netic conditions were relatively quiet (the planetary in-
dex of geomagnetic activity KP did not exceed 4), except
for October 12, 2021, when Kp reached 6. At the same
time, significant changes in variations of solar wind pa-
rameters were observed. Due to the effect of the M 1.6
solar flare event and the Coronal Mass Ejection (CME)
on October9, 2021 (https://blogs.nasa.gov/solarcycle25/
2021/10/), the solar wind velocity (V,) sharply
increased from 400 to 500 km/s on October 12, 2021.
These intervals of V,, increase are notable for en-
hancements in solar wind proton density (N,,) and
increase in the amplitude of the interplanetary mag-
netic field (IMF) B_component (—6< B < 6 nT). The
minimum SYM/H geomagnetic index was —60 nT,
indicating a moderate geomagnetic storm (Gonzalez
et al., 1994; Shinbori et al., 2022).

The diurnal variations of the ionospheric parame-
tersh _,and N _, over the Vernadsky station and MH
are shown in Figures 2 and 3. It is seen that 4 __, vari-
ations over the Vernadsky station and MH represent
the quiet conditions. Over the Vernadsky station, for
the entire investigated period, the minimum value of
h, ., during the daytime was ~230 km, except for Oc-
tober 10—11 and 28—31, when an increase in 4, by
~20 km was observed. During the nighttime, the
minimum value of /__, was ~360 km. A comparison
of 4 ., variations for the Vernadsky station and MH
revealed some differences. During the entire study
period, the nighttime 4 __, values over Millstone Hill
were ~15% lower than over the Vernadsky station.
During the daytime, variations in & __, over the Ver-
nadsky station and MH were almost indistinguish-
able. These results indicate that during nighttime in
the middle latitudes of the Northern hemisphere, the
ionosphere was lower than in the Southern hemi-
sphere over the Vernadsky station.

Comparing the state of the ionosphere over the
Vernadsky station and Millstone Hill, the daytime de-
crease of the critical frequency (f.,) was observed on
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Figure 1. Variations of the parameters describing space weather during October 01—31, 2021 (from top to bottom): daily solar
activity F,, index, the north-south (B) component of the interplanetary magnetic field (IMF), solar wind velocity (¥, ), solar

wind proton density (N, ), SYM/H index, 3-hour Kp index and 3-hour a, index
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Figure 2. The critical frequency of the F2 layer £/, obtained by scaling ionograms of ionosonde at the Vernadsky station (top), cal-
culated electron F2-layer peak density N, ., (middle), and the evaluated electron F2-layer peak height /2, ., (bottom). October, 2021
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Figure 3. The critical frequency of the F2 layer /., obtained by scaling ionograms of ionosonde located at MH (top), calculated
electron F2-layer peak density N, ., (middle) and evaluated electron F2-layer peak height 4, ., (bottom). October, 2021
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Figure 4. The thermospheric O/N, ratio obtained from the TIMED/GUVI instrument for a quiet day of October 9, 2021 (left
panel) and a stormy day of October 12, 2021 (right panel) (http://guvitimed.jhuapl.edu/guvi-galleryl3on2)

October 12, 2021. At the same time, N, _, decreased
almost three-fold compared to the preceding days of
quiet magnetic conditions, indicating the presence of
the negative ionospheric storm. Such significant day-
time decreases of N, _, were likely caused by a strong
heating of the neutral atmosphere and, consequently,
an increase in the molecular nitrogen density (N,),
which is responsible for the recombination of plasma
in the ionosphere (Rees & Fuller-Rowell, 1992; Rish-
beth, 1998). The thermospheric O/N, ratio obtained
from the TIMED/GUVI instrument for ggomagnet-
ically quiet (October 9, 2021) and disturbed (October
12, 2021) days is shown in Figure 4; a decrease in the
O/N, ratio occurred during the storm-time period in
the high latitudes of the Southern hemisphere near
the Vernadsky station and the mid-latitudes of the
Northern hemispheres near MH.

Unfortunately, due to the lack of observational data
on A ., during the daytime on October 12, it is diffi-
cult to make reliable conclusions about the effect of
changes in plasma transport (variations of thermospheric
winds or magnetosphere electric field) on N__.

The nighttime N _, values during October 11—12
and 12—13 also decreased almost twice compared to
the previous nights over Vernadsky station and MH.
The probable reason for such a decrease in N, _, is the
heating of the neutral atmosphere too. Another prob-
able reason is the partial depletion of the plasma-
spheric flux tube and, consequently, the decrease of
nighttime plasma fluxes into the ionosphere, which,
in turn, led to a decrease in N, _, (Richards et al.,

1983; 2000). A similar result of the N _, response to
a moderate geomagnetic storm was described in (Ko-
tov et al., 2018).

The October 21—31, 2021 period deserves special
consideration. Starting from October 21, the gradual
night-to-night increase in F2-layer peak density was
observed over the Vernadsky station, which peaked
between October 28 and 29. The nighttime N _ in-
creased ~2 times and was almost equal to the daytime
N, ., values. It should be noted that such an in-
crease in N _ followed the enhancement in F, , in-
dexvalues (Fig. 1). Such an increase of N, _, over MH
was not observed. The probable reason for the N, en-
hancement above the Vernadsky station during the
nighttime is that October is the period of transition to
the summer solstice conditions in the Southern hem-
isphere when the Weddell Sea anomaly is pronoun-
ced over the Antarctic Peninsula (Dudeney & Pig-
gott, 1978; Horvath & Essex, 2003). The observed
decrease in the difference between daytime and
nighttime N _ values can indicate gradual develop-
ment of this anomaly.

Figures 5 and 6 show the diurnal variations of the
ionospheric parameters /., and N _, calculated using
the IRI-2016 model for the Vernadsky station and
MH. Generally, the IRT N, _, sub-models reproduce
the negative ionospheric storm on October 12, 2021
well. At the same time, the sub-models predict a de-
crease in N by ~20 % for the Vernadsky station and
MH. It should also be noted that URSI and CCIR
sub-models are a good fit for the changes in night-
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Figure 5. N and /1, simulations for the Vernadsky station, October 01—31, 2021. Black lines: URSI and SHU-2015, gray

lines: CCIR and AMTB-2013

time variations of N, _, during the October 21—31,
2021 period over the Vernadsky station.

The IRI 4, sub-models show a realistic average
and typical behavior for the Vernadsky station and
MH. There is good agreement between the SHU-2015
and AMTB-2013 models during nighttime for the Ver-
nadsky station and during daytime for Millstone Hill.

The diurnal variations of ionospheric parameters
h .,and N _ obtained using IRI-2016 model calcu-

Table 3. Standard deviations of the experimental
and modeled data differences for different IRI-2016 options

IRI-2016 b sD
sub-model Vernadsky station for Millstone Hill
SHU-2015 24.92 km 18.98 km
AMTB-2013 27.93 km 23.13 km
URSI 1.14- 10" m=? 1.04-10"m=?
CCIR 1.02-10"m=3 1.06 - 10" m=3

24

lations and observational data of ionosondes located
at the Vernadsky station and MH are shown in Figures
7 and 8. The standard deviations (SD) of the differ-
ence between experimental and modeled data for the
h .,and N, _ sub-models were calculated (Table 3).

The SHU-2015 model shows a good agreement
with the observed variations of 4 __, for almost the en-
tire investigated period, both during the daytime and
nighttime. The largest deviations are observed dur-
ing the nighttime of the geomagnetically disturbed
period (October 12—13), when the SHU-2015 mo-
del underestimates the nighttime value of 4 _, (by
~40 km) over both the Vernadsky station and MH
and during the nighttime of October 17—18 over the
Vernadsky station.

The F2-layer peak height obtained using the AMTB-
2013 sub-model is much closer to the observed values
during the nighttime of October 12 and 13 at mid-
latitudes over MH. However, over the Vernadsky sta-
tion, the sub-model overestimates the values of F2-
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Figure 6. N _ and 4, simulations for MH. Black lines: URSI and SHU-20135, gray lines: CCIR and AMTB-2013
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Figure 7. Comparison of the experimental results obtained for the Vernadsky station (circles and rhombs) with model values
(lines) during October 10—19, 2021. Black lines: URSI and SHU-2015, gray lines: CCIR and AMTB-2013
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Figure 8. Comparison of the experimental results obtained for MH (circles and rhombs) with model values (lines) during Octo-
ber 10—19, 2021. Black lines: URSI and SHU-2015, gray lines: CCIR and AMTB-2013

layer peak height during the daytime (by ~20 km) and
significantly underestimates (by ~40 km) the 4
values during the nighttime on October 12, 13, and
18, 2021. The obtained results demonstrate that the
ionospheric layers over the Vernadsky station are lo-
cated higher during the nighttime of geomagnetically
disturbed periods compared to the AMTB-2013 mo-
del predictions.

Based on the SD calculations for the 4, sub-
models, it cannot be concluded that any sub-model
is preferable to use (Table 3).

The IRI' N, _, sub-models (URSI and CCIR) gen-
erally agree with the observations for the Vernadsky
station and MH. However, some discrepancies be-
tween observations and model predictions are ob-
served during the daytime on October 10, 11, and 17,
2021 over MH, when the N, ., models underestimate
the experimental values by a factor of ~1.5. Both IRI
N ., models overestimate the N ., values during the
nighttime for a geomagnetically disturbed period of
October 12—13, 2021 by a factor of ~2. The probable
reason for the difference between the observed and
model results on October 12, 2021 is that the IRI
N ., sub-models do not reproduce the real processes
with a probable heating of the neutral atmosphere or
partial depletion of the magnetic flux tube. Due to

the lack of experimental /., and N, _, data, it is im-
possible to make reliable conclusions about the dif-
ferences between the observed and modeled data
during the daytime of October 12, 2021. Similar to
the case of the 4 __, sub-models results, it cannot be
concluded that some ofthe N__ sub-models are pref-

mF2
erable for the period under consideration (Table 3).

4 Conclusions

The main results are the following:

1. Diurnal variations in the ionospheric parameters
h ,and N _ obtained fromionosondes in the North-
ern and Southern hemispheres in the American lon-
gitudinal sector for October 2021 were analyzed.

2. A strong negative response of the ionosphere to
a moderate geomagnetic storm on October 12, 2021
was revealed over the Vernadsky station and MH. There
is a three-fold decrease in the F2-layer peak density
N ., during the daytime of the disturbed period. The
probable reason for this decrease in N, _, is the heat-
ing of the neutral atmosphere in the auroral regions.
TIMED/GUVI observations of the O/N, ratio sup-
port this hypothesis. A two-fold decrease in N, val-
ues during the nighttime of the disturbed period may
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be caused by the partial depletion of the plasmaspher-
ic flux tube.

3. During October 21—31, 2021 the gradual night-
to-night increase in N, _, was observed over the Ver-
nadsky station. At the same time, the N _, values in-
creased by a factor of ~2. The probable reason for
this N _, enhancement is that October is a transi-
tional period to the summer solstice conditions in the
Southern hemisphere when the Weddell Sea Anoma-
ly is pronounced over the Antarctic Peninsula.

4. The observations were compared to the IRI-2016
model predictions. The SHU-2015 sub-model showed
a good agreement with the observed variations of 2,
for almost the entire investigated period, both during
the daytime and nighttime. The largest deviations were
observed during the nighttime of geomagnetically
disturbed periods. The AMTB-2013 model agrees well
with the observed results for MH during the night-
time of October 12 and 13, 2021. However, there are
some discrepancies for the Vernadsky station, where
the model overestimates the F2-layer peak height val-
ues during the daytime (by ~20 km) and underesti-
mates (by ~40 km) the #__, values during the night-
time of geomagnetically disturbed periods. Accord-
ing to SD calculations for the 4 __, sub-models any of
the sub-models is not preferable to use for the inves-
tigated period.

5. The IRI' N, _, sub-models (URSI and CCIR)
generally agree with the observations. However, the
predictions differ from the data for geomagnetically
disturbed periods. Both IRI N _, sub-models overes-
timate N _, values during the nighttime for a geo-
magnetically disturbed period of October 12, 2021 by
a factor of ~2. The probable reason for such a differ-
ence between the observed and modeled results is
that the IRI N _, sub-models do not reproduce the
real picture with probable heating of the neutral at-
mosphere or partial depletion of the magnetic flux
tube. As in the case of the 4, sub-models, it cannot
be concluded that any of the N, _, sub-models is bet-
ter to use for the period under consideration.

6. Overall conclusion is that N and & _, sub-
models of IRI still cannot reproduce variations over
American sub-auroral regions with acceptable accu-
racy. Despite this, the N _, sub-models qualitatively

reflect key features of the variations during the quiet
and disturbed periods. This is less valid for /__, sub-
models, which are utterly insensitive to changes in
magnetic activity.

Data and software. The lonogramViewer2 program
can be downloaded from the repository on GitHub
(retrieved February 3, 2022, https://github.com/Albom/
TonogramViewer2). The NHPC program can be down-
loaded from the UMass Lowell Space Science Lab
website (retrieved February 3, 2022, https://ulcar.uml.
edu/Software Utilities/NHPC/NHPC430.Z1P). Space
weather indices were taken from the OMNIWeb
(retrieved February 6, 2022, https://omniweb.gsfc.
nasa.gov/form/omni_min.html). International Ref-
erence lonosphere (2016) online version is available
on the Community Coordinated Modeling Center
website (retrieved April 30, 2022, https://ccme.gsfc.
nasa.gov/modelweb/models/iri2016_vitmo.php). Sun-
spot number file used in the lonogram Viewer 2 pro-
gram is provided by the Solar Influences Data Analy-
sis Center (a part of the Royal Observatory of Belgium)
and are available on the SIDC website (retrieved Febru-
ary 4, 2022, http://www.sidc.be/silso/DATA/SN_d_
tot_V2.0.txt). The authors thank the University of Mas-
sachusetts at Lowell for making available the GIRO
data resources (retrieved February 4, 2022, http://
spase.info/SMWG/Observatory/GIRO) and the SAO
Explorer program (retrieved February 4, 2022, http://
ulcar.uml.edu/SAO-X/SAO-X.html). The authors ac-
knowledge the Global Ultraviolet Imager (GUVI) for
the thermospheric O/N, ratio data (retrieved May 1,
2022, http://guvitimed.jhuapl.edu/index.php/guvi-
galleryl3on2).
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Crnocrepexkenns ionHocgepu 3a 1onomororo iono3ouaiB y Ilisaenniii ta IliBHiuniii miBKymsax

mia yac noiii y reokocmoci B k0BTHi 2021 poky

Pedepar. Y cTaTTi npeacTaBieHo pe3yabTaTH CIIOCTepeKeHb i0HOCGhEepH Hall YKPaiHChKOI0 aHTAPKTUYHOIO CTaHIIIE€I0 «AKaie-
Mik BepHancbkuii» Ta o6cepBaropieto MinictoyH Xinn (CLLA). PosrisiHyTo Bapialiii Takux mapameTpiB ioHochepH SIK BUCO-
Ta Ta eJIEKTPOHHA KOHIIEHTPallist MakcumyMy obsiacti F2 ionocdepu (4, ,ta N, ) y )x0BTHi 2021-ro poky. HaBeneHo pesyiib-
TaTH MOPiBHSJILHOIO aHAJTi3y Pe3yJIbTaTiB CIIOCTEPEXEHb Ta MPOrHO3iB Mojesi ioHochepu International Reference lonosphere
2016 (IRI-2016). MeToto poGOTH € TOCTiIKEHHS peakiiii ioHocdepu Ha BILUTUB KocMiuHOT oroau B ITiBHiuHi Ta TTiBneHHii
MiBKYJISIX aMepPUKAHCbKOTO JOBIFOTHOTO CEKTOPY 3a JOMOMOIOI0 i0OHO30H/AIB, pO3MillleHUX Ha CTaHIIil «AKaneMik BepHan-
CBhKMI» i MOOIM3Y MarHiTOCHpsKeHOTro perioHy (MinacToyH Xinn) Ta MOpiBHSHHS pe3yJbTaTiB CIIOCTEPEKEHb 3 MOAETbHUMM
3HauyeHHsIMU. Bucota o6nacti F2 ioHochepu po3paxoByBaiacst LIJISIXOM PEKOHCTPYKIIiT BUCOTHUX MPOdiaiB KOHIIEHTpALIil
€JIEKTPOHIB 3 iOHOTpaM, sIKi OTPMMaHO 3a JOITOMOTO0 iI0HO30HIiB. 1151 TOPiBHSIHHS 3 pe3yJIbTaTaMu CITOCTEePEXKeHb BUKOPHC-
TOBYBaJIMCsI 100OBi Bapiawii #, ,ta N, _,, iKi Oy po3paxoBaHi 3a 1omomoroio Hu3ku cyomoneneit moneni IRI-2016. Busase-
HO CUJIbHY HETaTUBHY peaklilito ioHochepu Ha ToOMipHe reoMarHiTHe 30ypeHHs 12 XOBTHS SIK HaJ| CTaHIli€0 «AKaneMik Bep-
HaJIChKMit», Tak i Hax MimutctoyH Xiut. CriocTepirajaocst mocTyrnoBe HivHe 30iIbIIIeHHsI KOHLIEHTpAIIii eIeKTPOHIB (MTpHUOIn3-
HO yaBiui) mpoTsirom 21—31 X0OBTHS Haj cTaHli€o. Bussneno, mo cyomonesni Bucotu makcumymy obnacti F2 ionocdhepu
(SHU-2015 ta AMTB-2013) B 1itoMy 106pe ONUCYIOTh OTPUMaHi eKCIIEPUMEHTAILHKUM LLIAXOM Bapiallii 4, ., K y IeHHi, TaK
i B HiYHI TOAMHU TIPOTSITOM Malixke BChOIO JOCTIIKYBAHOTO Tepioay sSIK Haj cTaHLielo «AKaneMmik BepHaacbKuii», Tak i Haf
MimncroyH Xinn. HaitGinbiii BiaxuaeHHs 111 000X cyOMoIesei CrocTepiraloTbesl B HiYHI TOAUMHU MarHiTo30ypeHux mnepio-
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nis. Cyomoneni konuenrpauii enekrponis (URSI ta CCIR) 3e6ibimoro 1o6pe BilTBOPIOIOTL CIOCTEPeXKyBaHi Bapiawii NV, .
YV Toii e yac, CrocTepiraloThCsl BIAMiHHOCTI MixX pe3yJIbTaTaMU CIIOCTePEKEHb Ta IIPOrHO3aMU MOJIEJIei il yac MarHiTo30y-
PEHUX YMOB. 3a pe3yibTaTaMK PO3paxyHKiB CEpeTHbOTO KBaAPAaTUYHOTO BiAXUJIEHHS HE MOXHa 3pOOUTH BUCHOBOK, 1110 SIKaCh
3 cyomonedneit IR1-2016 € xpaioio y mopiBHSIHHI 3 iHIIMMU. HaBeneHo Ta 00roBopeHo TinmoTe3u MIoA0 WMOBIPHUX MPUYUH
BiZIMiHHOCTEHN Y €KCIIEPUMEHTAIIbHUX Ta MOJIEIbHUX Bapialisx /, ., Ta N, . B paMKax BiloMMX MEXaHi3MiB ioHochepHux Oyp.
PesynbraTu, oTpuMaHi B JaHiit poOOTi, 1€MOHCTPYIOTh OCOOJIMBOCTI CTaHY i0HOC(hEPU B Pi3HUX IMiBKYJISIX aMePUKAHCHKOTO
JIOBIOTHOTO CEKTOPY B MATHITOCTIOKIMHUX i 30ypeHUX YMOBAX Ta € 1€ OHI€I0 MEPEBIPKOIO CYyYaCHUX EMITIPUYHUX MiXKHAPO/I-
HUX JOBIIKOBUX MoJeieit ioHochepu.

KiiouoBi ciioBa: BepTMKalibHE 30HAYBaHHSI ioHOC(hepU, BUCOTa MakcuMyMmy 1apy F2, reokocmiuHa Oypsi, KOHUEHTpaLis
€JIEKTPOHIB, MOZieJIb ioHOChepu
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