Diszuxa ammocghepu ma ceokocmocy, 2, 2, 271-38, 2021
https://doi.org/10.47774/phag.02.02.2021-3

© M. V. Lyashenko, V. V. Kolodyazhnyi, 2021.
gloce

AL [ (]

UDC 550.388, 550.385

ESTIMATION OF THE ELECTRIC FIELD ZONAL COMPONENT VALUE
AND PARTICLE TRANSFER VELOCITY DUE TO ELECTROMAGNETIC
DRIFT IN THE IONOSPHERE DURING MAGNETIC STORM ON
SEPTEMBER 25, 2016 OVER KHARKIV

M. V. Lyashenko, V. V. Kolodyazhnyi
Institute of lonosphere, NAS and MES of Ukraine, Kharkiv, Ukraine

e-mail: intercosmos80@gmail.com

Background. Dynamic processes in plasma play a significant role in the formation of the spatial structure of the
ionosphere at altitudes above the main ionization maximum. During geomagnetic disturbances, the dynamic mode of the
ionospheric plasma noticeably changes, and these changes in the variations in the physical process parameters directly
affect the spatial-temporal distribution of the main parameters of the ionosphere. One of the mechanisms affecting the
behavior of the dynamic process parameters in the ionosphere is the penetration of electric fields of magnetospheric
origin into the mid-latitude ionosphere during magnetic storms. The effects of the electric field, which are practically
absent in quiet conditions, during geomagnetic storms lead to an additional transfer of charged particles due to
electromagnetic drift. Accounting for these effects in variations in the dynamic process parameters and, as a
consequence, in variations in the parameters of the ionosphere, is necessary for a more adequate prediction of the
behavior of geospace parameters during geomagnetic disturbances. Development of ionospheric models of the disturbed
ionosphere for solving applied problems in the field of radio communication, radio navigation and uninterrupted
operation of telecommunication systems for various purposes.

The aim of this work is to estimate the magnitude of the zonal component of the electric field in the ionosphere over
Kharkiv during a weak magnetic storm on September 25, 2016, as well as to calculate the neutral wind velocity taking
into account plasma transport in crossed electric and magnetic fields.

Materials and methods. To calculate the parameters of dynamic processes in the ionosphere, the experimental data of
the Kharkiv incoherent scatter radar were used.

Results. The value of the zonal component of the electric field E, was calculated during a weak magnetic storm on
September 25, 2016. The maximum value of E, took place around 23:00 EEST on September 25, 2016 and was equal to
5.9 mV/m. Calculated values of particle transfer velocity due to electromagnetic drift vgg during the September 25, 2016
magnetic storm are obtained. Variations in veg correlate with variations in E,, and the maximum velocity was —52 m/s.
The calculation results showed that during weak magnetic storms (K, = 4) it is necessary to take into account the
plasma transfer due to electromagnetic drift. The contribution of the velocity vgg to the total velocity of charged particle
transfer is significant. The neutral (thermospheric) wind velocity v, is calculated without and taking into account the
particle transfer velocity in crossed electric and magnetic fields.

Conclusions. As shown by the results of the comparative analysis, taking into account the influence of the electric field
made it possible to refine the values of the velocities v,, during a magnetic storm, which, in turn, makes it possible to
explain the behavior of the main parameters of the F2 layer of the ionosphere under disturbed conditions.
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1. Introduction

Under quiet heliogeophysical conditions, the
contribution of magnetospheric sources to
electric fields and currents at middle and low
latitudes is small. In studies [1-5], based on
theoretical calculations and experimental results,
it is shown that the magnitude of the electric
field in the ionosphere of middle latitudes in
undisturbed conditions is several units of mV/m.
In turn, the charged particle transport caused by
these fields plays an insignificant role, in
contrast to the plasma transport due to ambipolar
diffusion and neutral (thermospheric) winds, and
its contribution to the total velocity of plasma
motion is rather small [2, 3]. However, the
situation changes dramatically during strong
geomagnetic disturbances. During magnetic
storms, electric fields penetrate to the altitudes
of the mid-latitude ionosphere and, as a
consequence, increases in the plasma transport
velocity due to electromagnetic drift. Such a
change in the dynamic mode of the ionospheric
plasma during periods of the geomagnetic
disturbances noticeably affects the spatial
distribution of the main parameters of the F2
region of the ionosphere (primarily, in the
electron density) [6-12].

The aim of this work is to estimate the
magnitude of the zonal component of the
electric field in the ionosphere over Kharkiv
during a weak magnetic storm on September 25,
2016, as well as to calculate the velocity of the
neutral wind taking into account the transfer of
plasma in crossed electric and magnetic fields.

2. The observation means

For modeling of the neutral wind parameter
variations were used the Kharkiv incoherent
scatter radar (ISR) (geographic coordinates:
49.6° N, 36.3° E; geomagnetic coordinates:
45.7°, 117.8°) data. At present time the Kharkiv
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ISR is the only reliable and most informative
data source of the geospace plasma state at the
mid-latitudes of Central Europe.

Radar allows measuring with high accuracy
(usually error is 1 — 10%) and acceptable
altitude resolution (10 — 100 km) the following
ionospheric parameters: electron density N,
electron T, and ion T; temperatures, a vertical
component of the plasma drift velocity v,, and
ion composition. The investigated altitude range
is 100 — 1500 km.

3. Space weather condition

In fig. 1 shows the variations in the parameters
of the solar wind (SW) and interplanetary
magnetic field (IMF) during a weak magnetic
storm on September 25 and the reference day on
September 23. Weak magnetic storm (MS)
began on September 24, 2016 at 17:11 UT
(20:11 EEST). The transition to the active phase
of the magnetic storm began with a change in
the sign of the IMF component B, and its
rotation to the south.

Solar wind (SW) parameters during the
period under consideration were not extreme.
The SW speed on September 23 decreased from
440 km/s to 380 km/s. Over the next day of
September 24, the speed v, varied in the range
of 360-380 km/s. On the disturbed day of
September 25, an increase in the solar wind
speed was observed from 360 to 410 km/s.
Density of the SW particles Ng, on September
23-24 did not change much. On the control day
of September 23, the value N, changed in the
range (3.6 — 6.6)-10° m. After the MS began,
the charged particle density of the SW increased,
and in the main phase of the storm, the
maximum value of N, was 21.5-10° m™>.

The solar wind pressure Pg, did not change
much during the quiet day of September 23 and
until the beginning of the MS on September 24.
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After the beginning of the storm, the SW
pressure began to increase from 2 to 3.3 nPa and
reached its maximum values in the MS main
phase to approximately 5 nPa.

The value of the interplanetary magnetic

field (IMF) B,-component was —7.6 nT. The K,
index of geomagnetic activity during the MS
main phase reached magnitude 4 and Dsmax=
-32nT. The auroral activity index AEmax =
645 nT.
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Fig. 1. Space weather condition parameters during magnetic storm September 25, 2016 and reference
days on September 23-24, 2016

4. Theoretical relations for calculating
the zonal component of the electric
field and dynamic process parameters
in the ionosphere

As noted above, during geomagnetic storms in
the mid-latitude ionosphere, electric fields are
enhanced due to magnetospheric convection,
which significantly affects the dynamic mode of
the ionospheric plasma. Taking into account the
fact that in middle latitudes the influence of the
declination of the geomagnetic field can be
neglected, the main contribution to the vertical
motion of the ionospheric plasma is made by the
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transport caused by the zonal electric
field [1, 13]. In this case, the electric field
directed to the east causes the upward transport
of charged particles, and the field directed to the
west causes the downward plasma drift. To
calculate the vertical component of the plasma
transport velocity due to electromagnetic drift
Ues, It IS necessary to estimate the magnitude of
the zonal component of the electric field E,.

To calculate E, we use the following
expression [14]:

E, = (0.55 - 0.01AE)-10°®,
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where AE — auroral activity index (in nT). The
experimental data of AE index were taken from
the World Data Center Kyoto
(http://wdc.kugi.kyoto-u.ac.jp/wdc/Sec3.html).
This method for estimating the value of the
zonal component E, is in good agreement with
the calculation results obtained by other authors
[2, 3, 10-12].

Neglecting  declination  effects, the
expression for calculating the plasma transport
velocity due to electromagnetic drift has the
form [13]

ves ~ (E,/B)cos I,

1)

where B — the geomagnetic field modulus, | —
the geomagnetic field inclination. For Kharkiv
city | = 66.5° and B = 4.43-10* nT at the altitude
of 300 km by the IGRF Geomagnetic Field
Model [15].

In general, the vertical component of the
wind drag velocity arising as a result of charged
particle collisions with moving particles of a
neutral gas has the form [13]

(), =0y Sinlcosl cosD - @
v, sinlcoslsinD+v,,sin’ |’
where vny, vny and vn, — meridional, zonal and
vertical components of the neutral gas velocity
in the Cartesian coordinate system, D — the
geomagnetic declination.
Neglecting the effects of declination of the
geomagnetic field at mid-latitudes and, taking
into account the fact that usuallyo ,v, >7

nx? nz’

the expression for the vertical component of the
plasma wind drag veg takes the following form

(), o, sinlcosl .

The total velocity of vertical transfer of
charged particles v, is determined by the
velocity of plasma transfer due to ambipolar
diffusion vq4, neutral wind velocity v, and
particle velocity due to electromagnetic drift. In

30

this case, the value of the neutral wind velocity
vnx Can be found using an expression of the form

Unx = (v.— vg — ves)/(sinlcosl),

where v, — the vertical component of the plasma
velocity (Kharkiv ISR experimental data), vq —
the vertical component of the plasma transport
velocity due to ambipolar diffusion, vgg — the
velocity of plasma transport due to
electromagnetic drift from ().

The transfer velocity of particles due to
ambipolar diffusion can be calculated using the
formula

ol
v, =-D,sin’ | i+£@ i—p
H, Na T a
where D, - longitudinal component of

ambipolar diffusion tensor, H, = kT,/m;jg — the
plasma scale height, k — Boltzmann constant,
Tp= Te + Ti — the plasma temperature, T and
T; — the electron and ion temperatures (Kharkiv
ISR experimental data), m; — the oxygen ion
mass, vin — the total ion collision frequencies
with the major components of the neutral gas,
g — the free fall acceleration, N — the electron
density (Kharkiv ISR experimental data), z — the
altitude.

5. Calculation results and discussion

In fig. 2 shows the results of calculating the
zonal component of the electric field E, and the
particle transport velocity due to the
electromagnetic drift vgg at the altitude of
300 km above Kharkiv. As can be seen from the
figure, variations of the E, correlate well with
variations in the auroral activity index AE. An
increase in Ey in absolute value starts from the
moment of an increase in the AE index.
Maximum “bursts” of the |E,| took place at
01:00, 06:00, 14:00 and 23:00 EEST on
September 25 with the corresponding values 3.5,
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4.6, 4.4 and 5.9 mV/m. The values of the
velocity vgg at the considered moments of time
were —31, —40, —38 and —52 m/s respectively. In
quiet geomagnetic conditions, E, values are in
units of mV/m, and the drift velocity vgg is close
to zero.

Calculations have shown that with an
increase in the electric field strength under

disturbed conditions, there is a noticeable
change in the dynamic mode of ionospheric
plasma. The contribution of the velocity veg to
the total velocity of plasma transfer becomes
significant, and it begins to play an essential role
in the formation of the altitudinal structure of
the ionosphere during periods of geomagnetic
disturbances.

24.09.16

SC

25.09.16

Fig. 2. Temporal variations of the auroral activity index AE (http://wdc.kugi.kyoto-
u.ac.jp/wdc/Sec3.html), the magnitude of the zonal component of the electric field E, and the plasma transfer
velocity due to electromagnetic drift vgg during a magnetic storm on September 25, 2016 and reference day
on September 25, 2016 at the altitude of 300 km

In fig. 3 shows the modeling results of the
dynamic process parameters in the ionosphere
during a magnetic storm on September 25, 2016
and a reference day on September 24, 2016.
The figure shows the temporal variations of the
vertical component of the plasma transfer
velocity v, (Kharkiv IS radar data) and the
calculated values of the plasma velocity due to
ambipolar diffusion vy, the plasma transfer
velocity due to the electromagnetic drift vgg, and
the neutral (thermospheric) wind velocity vpy.
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The neutral wind velocity vn is represented by
two curves. The dashed line shows the temporal
variations in v, without taking into account the
electric field effects and the absence of plasma
transport in crossed magnetic and electric fields.
The solid line shows the change in velocity vny
taking into account the effects of the electric
field in the ionosphere during a magnetic storm.
As can be seen from the figure, in the storm
main phase there is an increase in the upward
plasma motion velocity v,. At about 08:30 and
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15:00 EEST, the total transport velocity v, was
25 and 10 m/s, respectively. The diffusion
component of the plasma velocity vy in the
considered time intervals was small and
fluctuated around zero. In comparison with the
reference day, during the storm main phase, an

ionospheric plasma was observed. In the interval
14:00-17:00 EEST, the magnitude of the charge
particle transport velocity increased noticeably
and was equal to about 5-7 m/s, while in the
undisturbed period in the considered time
interval, vy was close to zero.
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Fig. 3. Temporal variations in the vertical component of the plasma transport velocity v, (Kharkiv
ISR experimental data), the plasma transport velocity due to ambipolar diffusion vy (calculation), the plasma
transport velocity due to electromagnetic drift vgg (calculation) and meridional neutral wind velocity v,
(calculation) during the magnetic storm on September 25, 2016 and reference day on September 26, 2016 at
the altitude of 300 km

As can be seen from the figure, taking into
account the effects of the electric field during a
magnetic storm made it possible to significantly
clarify the picture of the behavior of the
meridional component of the plasma transport
velocity and estimate its contribution to the total
plasma transport velocity. In the absence of

disturbances on September 24, the neutral wind
had a direction from the equator to the pole and
the maximum velocity v, did not exceed
—70 m/s. Such variations in vy are typical for
equinox periods and are confirmed by earlier
results [13]. Under disturbed conditions, due to
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Joule heating of charged particles and increased
ion convection in high-latitude regions, a global
rearrangement of the thermospheric wind system
takes place. As the calculation results performed
in this study show, with the penetration of
electric fields into middle latitudes and, as a
result, the appearance of additional transport of
particles due to electromagnetic drift, a change
in the direction of the neutral wind and an
increase in its velocity are observed. During
disturbed periods, the neutral wind is directed
from the pole to the equator, which is confirmed
by the studies of other authors [9-12]. In our
case, in the variations in v, on September 25,
2016, there were “bursts” that correspond to
variations in the zonal component of the electric
field Ey and the velocity vgg. The maximum
increase in un, was observed at about 01:00,
06:30, 14:00 and 22:00 EEST and was
approximately 104, 148, 93 and 122 m/s,
respectively.

It is a well-known fact that plasma transport
along magnetic field lines is caused by
variations in the meridional component of the
velocity of the horizontal motion of a neutral
gas. A neutral wind directed from the pole to the
equator causes the ionospheric plasma to move
upward along the lines of force of the magnetic
field, and the wind directed from the equator to
the pole causes the downward transport of
charged particles [6]. As seen from fig. 3, an
increase in the thermospheric wind directed to
the equator leads to a decrease in the velocity v,
in absolute value (as compared to the reference
day) at the first “burst” of v, at about
01:00 EEST. Then, after 06:00 EEST, a change
in the sign of v, is observed, which corresponds
to a change in the direction of plasma motion
along the magnetic field lines. After
10:00 EEST, v, again changes its sign and the
downward plasma transfer takes place. At the
next uvnx “burst” at about 14:15 EEST, upward
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particle transport is again observed. It should
also be noted that at night hours at the altitudes
of the F2 region of the ionosphere, there is a
transfer of charged particles from the
plasmasphere to the ionosphere. In this case, a
neutral wind can either enhance the drift of
particles into the ionosphere, or hinder this
process.

Let us consider the behavior of the main
parameters of the F2 layer of the ionosphere
(electron density NmF2 and the height of the
maximum hmF2) during a magnetic storm on
September 25, 2016 and their relationship with
variations in the meridional component of the
neutral wind velocity (see fig. 4).

With an increase in the wind velocity v, at
01:00 EEST, an uplift of the F2 layer was
observed with a maximum value of hmF2 =
337 km at 01:45 EEST, which is about 43 km
more than in quiet conditions. The electron
density NmF2  decreased insignificantly
compared to the reference day and amounted to
approximately 2.2:10"* m=. At the next “burst”
of vy at about 06:30 EEST, hmF2 was 258 km,
which is about 10 km more than on a quiet day.
Although, for a given moment in time, such a
sharp increase in the wind did not lead to an
increase in the height of the maximum of the F2
region of the ionosphere. The value of the
electron density at the maximum of the layer at
the considered time moment is NmF2 =
2.28:10" m3, while under quiet conditions
NmF2 was about 38.7% more. At 09:15 EEST,
in the diurnal variation of hmF2, an atypical rise
in the height of the layer maximum is observed.
For this time moment, hmF2 was 240 km and
this increase in hmF2 can be correlated with an
increase in the neutral wind velocity to 62 m/s at
08:30 EEST. Under undisturbed conditions
hmF2 was 209 km. The concentration at the
maximum of the F2 layer is approximately equal
to 4.15-10" m and in quiet conditions for the
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considered moment of time NmF2 ~ 4.7-10* m™®
(about 12% more than during a magnetic storm).
For the considered time interval, a negative
ionospheric storm took place in the geospace.
As can be seen, the electron density at the
maximum of the F2 region of the ionosphere
was noticeably lower compared to the same
period on a quiet day. After 11:00 EEST, the
storm phase changed from negative to positive.
Subsequent sharp increase in neutral wind
velocity (at about 14:00 EEST to values v, =
93 m/s) caused the rise of the F2 layer to a
height hmF2 =~ 257 km (16:00 EEST). In
variations of the electron density, an increase in

its values was observed up to 6.3-10* m

(16:30 EEST), which is about 34% more than in
quiet conditions. Further, the electron density
NmF2 begins to decrease, and the maximum of

24.09.2016

the F2 layer was located at an altitude of 257 km
until approximately 20:00 EEST. After the
increase in the neutral wind velocity at 22:00
EEST to v = 122 m/s, hmF2 increased to
303km and NmF2 density decreased to
2.15-10" m™=. On an undisturbed day at the
considered moment of time, the value of hmF2
was 384 km, and NmF2 =~ 3.25-10* m™3,

In general, it can be concluded that there is
a correlation between variations in the neutral
wind velocity and the main parameters of the F2
layer of the ionosphere. Thus, in calculating of
vnx during magnetic storms (even weak ones), it
IS necessary to take into account the effects of an
electric field of magnetospheric origin and the
electromagnetic drift of charged particles caused
by it.
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Fig. 4. Temporal variations in the F2 peak electron density NmF2, the F2 peak height hmF2 and
neutral wind velocity vy, during the magnetic storm on September 25, 2016 and reference day on September
26, 2016 (marked with a dash line on the graphs)
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6. Conclusion

1) The value of the zonal component of the
electric field Ey during a weak magnetic storm
on September 25, 2016 was calculated. The
maximum value of E, took place at about 23:00
EEST on September 25, 2016 and amounted to
5.9 mV/m.

2) Calculated values of particle transfer rate
due to electromagnetic drift vgg during a
magnetic storm on September 25, 2016 are
obtained. Variations in wvgg correlate with
variations in Ey, and the maximum velocity was
—52 m/s. The calculation results showed that
during weak magnetic storms (K, = 4) it is
necessary to take into account the plasma
transport due to electromagnetic drift. The
contribution of the velocity vgg to the total

transfer velocity of charged particles is
significant.
3) The wvelocity of the neutral

(thermospheric) wind vy is calculated without
and taking into account the particle transfer
velocity in crossed electric and magnetic fields.
Accounting for the influence of the electric field
made it possible to refine the values of the
velocities vn during a magnetic storm and, in
turn, to explain the behavior of the main
parameters of the ionospheric F2 layer under
disturbed conditions.

4) It is shown that during a magnetic storm
the dynamic regime of the ionospheric plasma
changes significantly.
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OniHKa BeJIMYNHH 30HAJILHOI KOMIIOHEHTH
€JIeKTPUYHOIO MOJIsl TA IBUAKOCTI NMepeHocy
YACTHHOK 32 PAXYHOK €JIEKTPOMATrHITHOIO
apeiidy B ioHocdepi mix yac maruitHoi Oypi
25 BepecHsi 2016 p. Hax XapkoBoM

M. B. JIamenko, B. B. Kogoas:kuuii

Inemumym ionocgpepu HAH ma MOH Ykpainu,
M. Xapkie, Ykpaina

AKTyanbHicTh. JIMHAMIYHI TpOIECH B IUIa3Mi TParOTh
ICTOTHY pojib Yy (OpMyBaHHI HPOCTOPOBOI CTPYKTYpH
ioHOC(epr Ha BHCOTax BHINE TOJOBHOTO MAaKCUMYyMY
ionizamii. Ilix wac reoMarHiTHUX 30ypeHb IMHAMIYHHNA
pexxuM i0HOC(hEpHOT IIa3MH MOMITHO 3MIHIOETBCS Ta I
3MIHM B Bapialisx mnapamerpiB (i3M4HUX TpoleciB
OesrocepeHbO  BIUIMBAIOTH HAa POCTOPOBO-4ACOBHH
pO3MOJIT OCHOBHUX TNapaMeTpiB ioHochepu. OpHuM 3
MEXaHi3MiB, SKHH BIUIMBa€ HA IIOBEIIHKY ITapaMeTpiB
JUHAMIYHHUX TpoleciB B ioHocdepi MiJ 4Yac MarHiTHHX
oyp, €
Mar”iToc()epHoro MOXOKEHHS

TIPOHUKHEHHS SNICKTPUIHHUX TIOJTiB
y CepelHbOIIUPOTHY
ioHocepy. EdexTn emekTprudHOTo mojs, sSKi MPaKTHIHO
BIZICYTHI B CHIOKIHHHMX YMOBaX, IiJl 4aC T€OMarHiTHUX Oyp
NPU3BOJATE IO JIOJATKOBOTO IIEPEHOCY 3apsKeHHX
YAaCTMHOK 3a PaxyHOK eJEeKTPOMArHiTHOro Japeidy.
VYpaxyBaHHs nux edekTiB y Bapialisx mapameTpiB
MUHAMIYHUX TIPOIIECIB 1, SK HACIIAOK, y Bapialisx
napameTpiB HEeoOXiTHO OinbII

ioHOC(eEpH, VTS

aJIEKBaTHOT'O IIPOrHO3Y MTOBEIIHKH mapameTpiB

T€OKOCMOCY TiJl Yac reoMarHiTHHX 30ypeHb. Po3BHTOK
ioHOC(hepHHUX Mojenel 30ypeHoi ioHOchepr HeoOXiaHmi
JUIL  pO3B’SI3aHHS NPUKIAIHUX 3a7ad B oOJacti
pamio3B’si3Ky, pamioHaBiraiii Ta Oe3mepebiitHOi poOOTH

TEJICKOMYHIKAI[IHHUX CUCTEM Pi3HOTO IPU3HAYCHHSI.

Dizuxa ammocghepu ma eeokocmocy, T. 2, Ne 2, 2021

MeTo10 pOOOTH € OIliHKa BETMIMHA 30HAITLHOI CKIIaI0BOT
SJISKTPUYHOTO 110JIs1 B ioHOC(epi Hajy XapKOBOM IMija 4ac
cmabkoi MarHiTHOI Oypi 25 Bepecus 2016 p., a Takox
IIBUJIKOCTI BiTpY 13

PO3paxyHoOK HEUTPaJIbHOTO

ypaxyBaHHSM  IIEPEHOCY IUIa3MH Y  CXPCIICHHX

SJICKTPUYHOMY Ta MarHiTHOMY IOJISIX.
Martepianu Ta Meroau. [Ins po3paxyHKy mHapamerpiB

JUHAMIYHUX TPOLECIB B  10HOC(Epi BHKOPUCTAHO
eKCIIepUMCHTAbHI naHi XapKiBCHKOTO pamapa
HEKOT€PEHTHOTO PO3CISHHSL.

Pesyabrarn.  BuUKOHaHO  PO3paxyHOK  BEJIWYUHHU
30HAJBbHOI KOMIIOHEHTH eneKTpuyHoro mons Ey, mix uac
cmabkoi wmarHiTHOI Oypi 25 Bepecus 2016 p.
MaxkcumanbHe 3HaueHHs E, Mamo Micie Onusbko

23:00 EEST 25 Bepecns 2016 p. i nopisafoBaino 5.9 MB/m.

OtpumaHno PO3paxyHKOBI 3HAYEHHS IIBHIKOCTI
MEPEHECCHHSI YAaCTHHOK 33 PaxyHOK €JICKTPOMAarHiTHOTO
npeiidy vgg mix gac marHiTHOI Oypi 25 Bepecus 2016 p.
Bapiariii vgg kopentoroTs i3 Bapianismu Ey i MakcuManbHa
=52
PO3paxyHKIiB MOKa3ajd, IO IiJ 9ac CITa0KUX MarHiTHHX
oyp (Kp =
IUIa3MHU 33 paxyHOK eJIeKTpOMAarHiTHoro npei¢y. BHecok
Uep Y

HYaCTUHOK €

LIBHJKICT  JIOpIBHIOBaJa Mm/c.  Pesynpratn

4) HeoOXiTHO BpPaxOBYBAaTH IEPEHECEHHS

LIBHKOCTI CyMapHy MLIBHIKICTb IIEPEHOCY

3apsIHKEHIX CyTTe€BUM. Bmuxonano
PO3paxyHOK WIBHJIKOCTI HEHTpaibHOTrO (TepMochepHOro)
BITPY Unx 0€3 Ta 3 ypaxyBaHHSM IIBHIKOCTI IepeHecy
YaCTHHOK y CXpPELICHHX EJEKTPUYHOMY Ta MAarHiTHOMY
TIOJIAX.
BucnoBku.  Pe3ynbTaT  MOPIBHSUIBHOTO — aHAJ3y
MOKa3ay, IO BPaxyBaHHsS BIUIMBY E€JIEKTPUYHOTO MOJIS
JI03BOJIMJIO YTOUHUTH BEJTMUMHHU IIBUJKOCTEH Uny MiJ Hac
MAarHiTHOi Oypi, IO, Y CBOIO 4Yepry, Iall0 MOXJIHBICTh
HOSICHATH TOBEAIHKY OCHOBHHX MapamerpiB miapy F2
ioHOCdEepH y 30ypeHNX YMOBaX.

Kniouosi cnosa: ionocdepa, reomartitHa Oypsi, 30HaJIbHE

eJIEKTPUYHE T0JIe, AMHAMIYHI TPOIIeCH, Apeid mia3mu.

Onenka BeJJMYHHBI 30HAJIbHOH KOMIIOHCHTBI
3JIEKTPHYECKOTr0 MOJIsl U CKOPOCTH IepeHoca
YacTHUIl 32 CYET JJIEKTPOMATrHUTHOIO aperida
B HOHOC(epe BO BpeMs MATHUTHOM OypH 25
ceHTsA0ps 2016 r. Hax XapbKOBOM

M. B. JIsmenko, B. B. Konoas::kHblii

Hnemumym uonocghepvr HAH u MOH
Ykpaunwi, 2. Xapvkos, Ykpauna
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AKTyaJII)HOCTI). Z[I/IHE[MI/I‘ICCKI/IC npoueccsl B IJIa3ME

WTPAIOT  CYNIECTBEHHYIO pOib B  (OPMHPOBAHUHU

MPOCTPAHCTBEHHOW CTPYKTYpBl MOHOC(EpHl Ha BHICOTaX
BBIIIIE TJABHOTO MAaKCHMyMa HOHM3amuu. Bo Bpems

TCOMArHuTHBIX BO3MyHIeHHﬁ JTUHAMUYECKUHN PEKUM

HOHOC(EPHOH IuIa3MBl 3aMETHO MEHSAETCI M OTH

U3MCHCHHA B Bapualudax MapaMEeTpoOB (1)I/I3I/I‘-IGCKI/IX

TIIpOIECCOB HETTOCPEACTBEHHO BJIMAIOT Ha

MPOCTPAaHCTBEHHO-BPEMEHHOE pacIpeielieHHe OCHOBHBIX
mapameTpoB HOHOC(eprl. OmHUM W3 MEXaHHU3MOB,
BIMSIOIINM Ha TOBEACHHE IapaMeTpoB JHHAMHYECKUX
MPOIIECCOB B HMOHOC(Eepe BO BpeMs MarHUTHBIX Oypb,
SIBIIETCS noJien

MMPOHUKHOBCHUE QJICKTPUUCCKUX

MarHuToc(epHOTO MPOUCXOXKICHUS B CPEIHEIINPOTHYIO

nonocohepy. Oddexthr INEKTPUICCKOTO oJIs,
MPAKTHYECKA OTCYTCTBYIOIIME B CIIOKOWHBIX YCIIOBHSIX,
BO  BpeMs TE€OMarHUTHBIX Oypb  MHPHUBOAAT K

JOIIOJTHATEIEHOMY MEPEHOCY 3apsDKSHHBIX YacTHIL 32 CUET
JJIEKTPOMAarHuTHOro aperda. Yuer 3tux 3¢ ¢exToB B
BapHalMsAX NapaMeTPoB TMHAMHUYECKUX MPOLECCOB U, KaK
CIIEACTBHE, B BapualMsAX [apaMeTpoB HOHOCHEpHI,
HeoO0XoauM 11 Goiee aIeKBaTHOTO MPOTHO3a IOBEICHHS
[apaMeTpoB IEO0KOCMOCa BO

BpEMs T'COMAarHuTHBIX

Bo3MymieHHH.  Pa3BuTHe  HOHOCQEpHBIX  Mojenei
BO3MYILEHHOW HOHOC(Epbl Uil peIleHHs] NPHKIAIHBIX
3agad B 0ONacTH paguoCBs3H, pPAJUOHABUTAIMN U

OecriepeboitHOM padoThI TEJICKOMMYHHKAI[HOHHBIX
CHCTEM Pa3IMYHOTO Ha3HAYCHHUS.

Leabio padoThI SBISIETCS OLICHKA BEJIMYUHBI 30HAJIBHOM
COCTaBJIAOIICH AIEKTPHUYECKOTO MO B MOHOC(epe Haf
XapbKOBOM BO Bpems ciaboi MarHMTHOW Oypu 25
2016 1., a

HEUTPaJBbHOTO BETPa C YYETOM TEPEHOCA IIIa3Mbl B

CeHTH6p$[ TAKKE€  pacyeT CKOPOCTH
CKPCUICHHBIX JICKTPUYCCKOM U MAIrHUTHOM IIOJIAX.

Marepuanbsl M Meroabl. J[[nsg pacuera napaMerpos
JTMHAMHYECKUX IIPOIECCOB B MOHOC(Epe HCIOIb30BaHBI
9KCIEpUMEHTAIbHBIE JaHHbIE XapbKOBCKOTO pajapa
HEKOTE€PEHTHOTO PaCCEsHUsI.

Pesyabrarel. BbilOIHEH pacueT BEIMYUHBI 30HAIBHOM
KOMIIOHEHTBI 2JIeKTpuueckoro nons Ey Bo Bpems crnaboii
MarHuTHoit Oypu 25 cenrts6ps 2016 r. MakcuManbHOe
3HayeHne E, umeno mecro oxomo 23:00 EEST 25
cenrssops 2016 . u paBusiocs 5.9 mB/m. TlomyueHsr
pacueTHbIE 3HAYEHUS] CKOPOCTH IEPEHOCca YacTHl] 3a CUET
9JIEKTPOMAarHUTHOTO Jpelia Ugg BO BpEMsi MarHUTHOM
Oypu 25 centsiops 2016 r. Bapuanum vgg KOppeTUpPYIOT €
BapuanuaMu E, ¥ MakcMMajbHass CKOPOCTb PaBHANACH —
52 wm/c. Pe3ynbpTaThl pacueToB NOKa3aJld, YTO BO BpeMs
(K
YUUTBIBATh MEPEHOC IIa3MBbl 3@ CYET 3JIEKTPOMArHUTHOTO

npeiida.

cnabBIX MAarHUTHBEIX  Oypb 4) Heobxommumo

Bkmaxg B CyMMapHyI CKOpPOCTh IIepeHOca

38

3apsHKCHHBIX qacTHuIl CKOpOCTH ABIIACTCA

UEB

CYLICCTBCHHBIM. Brimonnen pacyer CKOpPOCTU

HEHTpaLHOTO (TepPMOCHEPHOTO) BETPa Uny 0€3 U C YUCTOM

CKOpOCTU nepeHoca qacTuIg B CKpPCLICHHBIX
QJIEKTPUIECKOM U MarHuTHOM II0JIAX.
BoiBOABI. Pe3yJ’ILTaTLI CPaBHUTCIBHOT'O aHaJiu3a

TIOKa3ajid, 4YTO Y4YET BJIIHAHUA DOJICKTPUUYCCKOIO II0JIA
TIO3BOJINJI YTOUYHUTH BEJINYNHBI CKOpOCTeﬁ Unx BO BpPEMs

Oypu,
OOBSACHUTH

MAarHUTHOMH 9TO, B CBOIO OdYepenb, JaeT

BO3MOXHOCTb MOBCACHHUC OCHOBHBIX

mapameTpoB ciosi F2 wmoHOchepsl B BO3MYIICHHBIX
YCIIOBUSIX.

KiaioueBble ciaoBa: wnoHOC(epa, TEOMarHUTHas Oyps,
30HaJIBHOE  BJIEKTPHYECKOE

10Je, JUHAMHYCCKHEC

TIPOIIECCHI, APei] MmIa3Mbl.

Cmamms naoitiuina oo peoaxyii 01.12.2021
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