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ABSTRACT

It has been shown analytically and by appropriate numerical methods that the formation and localization of sporadic E
(Es) in the equatorial area can be determined by the height profiles of the ion vertical drift velocity and its divergence.
In this case, the existence of a minimum negative value (maximum convergence rate) in the divergence profile, when ions
converge vertically into the Es layer, is significantly determined by both the neutral wind velocity and the zonal and
vertical components of the electric field.

In the equatorial region, with a constant westward electric field, the maximum vertical convergence rate of ions is in the
region of the height where the ion-neutral collisional (v;,) and ion cyclotron (< ;) frequencies are equal. In case of the

constant upwards or downwards electric field, this rate is located at approximately 0.9H (where H is a neutral scale)
above or below the region where v, = ©;, respectively. The vertical convergence of the ions developed in these regions

and the formation of the Es layer can take place against the background of their upward or downward drift. It localizis
in the node of this drift velocity, or in the regions where this velocity disappears. Such predicted formation and behavior
of Es layers are demonstrated by numerical methods.

The effect of the zonal and vertical components of the electric field, as well as the wind velocity determined by the HWM14
data, on the processes of ion convergence/divergence development is shown. In these cases, the ion
convergence/divergence process induced by the electric field can affect both the formation and disruption (depletion) of
the Es layer formed by neutral wind, as well as can also form an additional layer.

Key words: lower thermosphere, electric field, sporadic E (Es), ion vertical drift velocity, numerical methods.
1. Introduction

Sporadic E(Es) are observed in the lower thermosphere of globe including the equatorial
regions [1, 2]. The Es layers observed in equatorial regions are not always localized in the region of
zonal neutral wind polarization change [3-5], as defined by the windshear theory [6-9]. This indicates
that there is an additional mechanism of convergence of ions in the Es type layer in the equatorial
region, which can be caused by the presence of an electric field [3, 10].

The vertical ion drift (EB drift) caused by the electric field of equatorial electrojet origin [11,
12] penetrate the equatorial ionosphere E and F regions is important for studying the behavior of
ions/electrons in these regions of the ionosphere. Therefore, the electric field can influence the
formation and localization of Es layers in the lower thermosphere [13, 14].

The presented studies will show that the electric field in the equatorial lower thermosphere can
cause the existence of a minimum negative value in the divergence of ions vertical drift velocity
necessary to develop ions vertical convergence [13, 14]. This condition can be fulfilled even when
the electric field is constant and leads to the development of the process of vertical convergence of
ion/electrons into a narrow layer (convergence instability) and thus the formation of a high density
Es layer is possible [15, 16].

By theoretical and appropriate numerical methods, the formation and localization of Es layers in
the height regions of about 90-150 km of the equatorial lower thermosphere will be shown. Along

91


mailto:didebulidze@iliauni.edu.ge

with the electric field, the presence of the neutral wind will be considered. The horizontal wind is
determined by the HWM14 data [17, 18].

2. Theoretical background of sporadic E(Es) formation at the equatorial region.

The condition of ion vertical convergence into narrow thin layer and formation Es layer can be
obtain by solving the continuity equation of ions in the analytical approach, which N;(z,t) in analogy
Dalakishvili et al. [13] and Didebulidze et al. [15] has the following form:

2D 2
Ni (z,) = Ny, E‘Xp{—[F%-diVWivj(t—to)_[z_[Zom +HVYiv(t_to)]J } (1)

Here the small variations of ions drift velocity w;,(0,0,w;,) and its vertical changes aw;,, /oz
during time t—t, << H2/2D are assumed. H;, is the characteristic scale height of ions which at
some initial time t — ¢, determines the main ion/electron layer thickness (2H;.) and the height

region z —z__—+H, , Where their density decreases e-times. H2 /2D is the characteristic time of
the ion density decrease by their diffusion (oc D).

Equation (1) of ion/electron N, (z,t) density (assuming quasineutrality N; = N,) describes the
evolution of their Gaussian type distribution, which at the initial time t =t_, has maximal density
(peak density) N, at height z =z _ (initial peak height). The value of (divw;,)min<0 (or
(—divw;, ) max > 0) is characteristic to ion/electron density increase rate and the value of (divw;,)max >0
to its depletion rate.

In analogy with Dalakishvili et al. [13] and Didebulidze et al. [15], when occurs the conditions:

(divw,., ) min <— 512 )
then the equation (1) shows a tendency of formation of high density Es type layer of ion/electron
N, (t>t
(M >1). The peak height of this layer Z = Zgy + Wiy, (t —t;) moves upward (W;, >0

om
) or downward (W;j, <0) by ions vertical drift velocity W;, and it could be localized at the height
region with W;,, =0 or w;, = 0. According to the equation (2), at the region with maximal ion
N, (t>t,) <1)

om

vertical drift velocity divergence (divw,,)max>0 the ion/electron density depletion (

occurs.

We take a right-handed set of coordinates (x, y, z) with x directed to the magnetic north, y to the
west and z vertically upward.

The effect of electric field E(E,,E,,E,) and neutral wind velocity v, (V,,.V,,.V,,) 0n ions

motion is included in its vertical drift velocity w,,, which at equatorial region (with 1=0 and E, =0),
have the following form [13, 19]:
D, oN;

A\ _—
N; oz

: ©)

i = Wiy
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The quation (3) in case of absence of ions diffusion is the same as given by Abdu et al. [19].
This equation shows an importance of electric field zonal (E,) and vertical (E;) components in
addition with zonal neutral wind (V, ) in ions vertical drift velocity. Here we assume that the ions

diffusion also can influence on ions vertical drift and their layered structure in the lower
thermosphere.

An analogy between the vertical drift velocities of ions at equatorial (I=0) and mid-Ilatitudes
(e.g., 1>30°) described by equation (1) [13] shows that the conditions of their into Es-type layer
vertical convergence (-divw,;,)max>0 or initial layer divergence/desruption (divw;,)max>0 in

accordance with equations (3-7) can be described by the following equation:

_ 1 6E . E v, 16E . E
—diw,;, =C, = —2+C, L +Cp| =L -= =2 [+C,|V, - == | , 8
v VB@Z+VB+h[62 Ba) " B ®)
where
e
C,=—2X, 9
Yoz )
. oC
C. =<=h 10
" a (10)

Equation (8) shows that both in the equatorial area and at mid-latitudes [13,15] the conditions
of vertical convergence ( (-divw;,)max >0) and divergence ( (divw;,)max >0) of ions are significantly

determined by the height profiles of c,(z) and c, (z) factors, equations (5) and (6), and their vertical
change C,,(z) and C,,(z), equations (9) and (10).

Thus, the factors C,,(2), C,0(2), Cyo(z) and C,,(z) are important for studying the influence of
the zonal wind velocity v, , electric field (Ey, E,) magnitude and direction, as well as their vertical

oE : . .
6—;, % ), on the process of convergence of ions/electrons into an Es-type layer in

the equatorial region, equation (4). It is somewhat similar to studying the influence of the magnitude,

v
change (—~,
g (az

. . . . ov, oV - . . .
direction and their vertical shear ( a_zx’ 6_Zy) of meridional v, and zonal wind velocity v, at mid-

latitudes with factors sinlcosl-C, , cosl-C, , sinlcosl-C, and cosl -C,, on the vertical convergence
of ions/electrons into an Es-type layer [13, 15].

In Fig. 1 the height profiles of ion convergence/divergence rate (-divw;,)max >0 factorsa) c, (z)
and c, (z), b) C,(z) and Cy(z) at equatorial regions (I=0), are given.
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Fig. 1 shows that the factor C,(z) has a maximum value at an altitude of about 121 km, which
corresponds to the region at equatorial and mid-latitudes, where x =1 ie v,, =<, . In the absence of

equatorial zonal wind and vertical electric field (v, =0, E, =0) in this height region, the condition

(divw,, ) min = (a\g—z”)min <0 of vertical convergence of ions occurs for the westward constant electric

field (E, =constant>0), and the condition (divw;,)max = (a\g—ziv) max >0 of their divergence takes place

for the eastward electric field (E, <0), see equation (9) . In these cases, the formation of the Es layer
and the depletion of ions are expected respectively, see equation (2).
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Fig. 1. The height profiles of ion convergence/divergence rate —divw;, factorsa) c,(z) and c,(z),
b) C,(z) and C,(z)at equatorial region (1=0).

Fig. 1 also shows that similarly the mid-latitude [15] factor has a maximum positive value
approximately 0.9H below the altitude corresponding to the condition v;, = Q; (h=115km) and a
minimum negative value above 0.9H (h= 129km).

In this case, on the vertical drift velocity of ions in the equatorial region, equation (4), the
combined action (V, -%) of the zonal wind (v, ) and the vertical electric field (E,), it is possible to

. E, . E
form an Es type layer even when the magnitude of V, 'FZ is constant. When V, -Ezzconstanbo

and E, =0, then the convergence processes of ions develop against the background of drift below
them, and the formation of the Es layer is expected in the lower height h<115 km regions. In this case

(v, —%:constanb 0) in the regions of upper heights around h = 129 km ((divw;,)max>0 ) the

depletion of the ion/electrons is expected.

E : : : :
When V, -— = constant<0 and E, =0, then the inverse behavior of ions/electrons is expected:

in the height regions of about h=129 km occurs (divw;,)min <0 and the formation of Es layer is
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expected, and in the lower heights about h=115 km where (divw;,)max >0 the charged particles
depletion is expected.
Thus, the zonal E, electric field can form the Es layer independently of the neutral wind, and

that of the by the vertical electric field E,, is possible in the case when the neutral wind is relatively

E
weak (V, <<-Ez ).

We will demonstrate these and other cases of ion behavior and Es layer formation that can be
predicted by the suggested theory numerically in the next section. Hereafter the vertical coordinate z

represents the residual between some actual h and initial heights h, ( z=h-h,).
3. Results and discussion

To investigate the behavior of the height profile of ion/electron density N, (z,t) (assuming
quasi-neutrality N, = N;(Fe")) under the influence of the electric field e(,E,,g,) and horizontal
wind with velocity v, (v,,.V,,.0) We solve the continuity equation of ions numerically [15, 20-22],

taking into account the ions vertical drift velocity w, for equatorial, equations (3-7), region. We use

the initial conditions of ion/electron distributions in accordance with the analytical approach, equation
(1), of the solution of ions continuity equation.

In this stage of study, we consider the nighttime condition, and the ion/electron production and
loss rates are neglected. In the presented simulation, the neutral particle densities of the lower
thermosphere are used from the NRLMSISE-00 model [23], for the equatorial (7°+ 2°N, 45° + 2° E;
I=0+ 2°) region. Further, we will consider the existence of the horizontal wind velocity v, (v, ,V,,.0)

, of which meridional v,, and zonal v,, components height profiles are determined by the HWM14
data [17,18].

To consider the importance of electric field £,k E,) in formation of a sporadic E we
demonstrate the possibility of its formation even in case when zonal E or/and vertical E,
components of the electric field are homogeneous and the horizontal wind is absent. We will use the
zonal and vertical electric field values E, =+0.4mV/m and E, =+2mV/m  which are about those used by
[5, 19]. For the initial ion/electron layer peak height (h,, ), we consider the upper hy, =120 km and the

lower Ny, =105 km cases. The height of the upper peak is relatively close to the maximum/minimum
regions of convergence C,(z)and C,(z) factors (121 km, 115 km, 129 km), while the location of the

lower peak hy, =105 km is close to the regions of the often observed location of Es layers (about 102-
104 km) [24, 25].

In Fig. 2 the behavior of ion/electron density Ne(Z,t)/Nom at equatorial region with 1=0 (7° N;
45° E) for initial layer peak height (panels a,b,c,d) at hy, =120km and (panels e, f, g, h) hy, =105km,
under an influence (panels a and e ) westward E,=04mV/m (b and f) eastward E,=-04mV/m, (c

and g) upward E, =2mV/m and (d and h) downward E,=-2mV/m electric field in case of absence
horizontal wind (V,, =0) are demonstrated.
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Fig. 2. The behavior of ion/electron density Ne(Z,t)/ N,u at the equatorial region 1=0 (7° N; 45°

E) for the initial peak heights of the layer at hy, =120km (panels a,b,c,d) and hy, =105km (panels e,
f, g, h), under an influence of westward E, =04mV/m (panels a and e ), eastward E, =-0.4mV/m (b

and f), upward E, =2mV/m (c and g) and downward E, =-2mV/m (d and h) electric fields, in case
of absence of the horizontal wind (V,, =0=0) . The dashed and dashed-dotted lines correspond to

the heights of development of ion convergence ( (divw;,)min <0) and divergence ( (divw;,)max >0),
respectively.

(Fig. 2a), Ney !/ Now >15 (Fig. 2¢) and Nen/Non >25 (Fig. 2d) exceeds their magnitudes Nep /Noy >3

(Fig. 2e), Nen/Non =1 (Fig. 2g) and Ney /Ny >16 (Fig. 2h) for the lower location Ny, =105km of the
initial peak.
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Fig. 2 shows that in the absence of wind v, =0 the westward E, > 0 (panels a and e), upward
E, >0 (panels c, d) and downward E, <0 (panels g and h) electric fields can form a high density Es
layer, even when it is homogeneous: Ng, /Ngy >5 (Fig. 2a), Ney / Now >1.5 (Fig. 2¢), Nen/ Noy > 25 (Fig.
2d), Nan/Ngn 23 (Fig. 2e), Nen/Non 1 (Fig. 2g) and Ng,/Ngy >16 (Fig. 2h). In these cases, the Es
layer is formed in presence of conditions of vertical convergence of ions (divw;, )min <0 (C'V)max >0

and (divw;, )min <ooc(C,'1)max>0, equations (4-10) (see Fig. 1b as well), at height about h=121 km
(panels a and e), h=131 km (panels ¢ and g) and h=115 km (panels d and h), respectively. Here, the

E
Es type layer is formed during the downward -C, ?y <0 (panelsaande), —C, % <0 (panels d and

h) and upward —ch%>o (panels ¢ and g) drift of ions. They are respectively localized below

(h<121km and h<115km) and above (h>129km) the height regions of ions convergence development
where w;, —>0.

The densities of the Es layer formed in these cases are higher when the peak height of the initial
layer of ions is located near the region of its convergence development. For example, in the case of
the westward electric field E, >0 (Figures 2a and 2e), as well as for E, >0 (Fig. 2d and 2h) at the

upper location of the ion/electron peak Ny, =120 km | their density Ngy /Ny >5
Fig. 2 also shows that for the eastward electric field E, <0 (panels b and f), at the height regions

around 121 km a divergence condition [— a\g%jmax o (c'v)max >0 occurs and accordingly the initial

layer is depleted/destructed (N./Ng, <<1). The role of the eastward electric field in the destruction

of the observed Es layers is noted by [26].
Here it is also important to note that, in the case of a vertically downward field E, <0 (Fig. 2d

and 2h), the divergence of ions developed in the 129 km height region increases their flow to the
lower h<129 km regions. At the same time, the convergence developed at 115 km leads to the

formation of a relatively high density Es layer with Ney / Noy >25 and N / Ng, >1.5, than it was in the
direction above the field E, >0 (Fig. 2c and 29), as well as in its westward direction E, >0 (Fig.
2a and 2e). It is also important to note that the influence of ion diffusion on their convergence,

equations (4)-(6), and therefore on the density of the Es layer, is noticeable for the upper heights of
the lower thermosphere. In our case (see Fig. 2c and 2g) for the upward electric field g, >0 the Es

layer formed at h>129 km is less dense and lasts for a shorter time (about t-t, <2h) than when it is
formed in the lower regions (see Fig. 2 a, 2d, 2e and 2h).
Thus, in the equatorial lower thermosphere, the Es layer can be formed both westward E, >0

(Fig. 2a and 2e), and upward E, >0 (Fig. 2c and 2g) or downward E, <O of the homogeneous
electric field (Fig. 2d and 2h), which, according to equations (4), (5) and (6), is due to the presence
of the minimum negative value of divergence of the vertical drift velocity w;, of ions (divw;,) min <0

(or (— a‘g—zivj max oc (c'v)max, (C'h)max >0) (see Fig. 1b), equation (10). In these cases (E, =0 or E, =0

and v,,, =0) there is no ion drift velocity node w;, =0, equation (4), and the formed Es type layer is

localized in the regions where w;, —0.

The behavior of ions in the lower thermosphere is influenced by both the electric field and the
neutral wind, equation (4). In order to distinguish the share/part of the influence of the electric field
(see Fig. 2) together with its neutral wind in the vertical convergence of ions and, accordingly, in the
formation of sporadic E, we consider its formation both in the case of wind only (E=0 and V#0) and
during their simultaneous presence (V#0 and E#0) at equatorial latitudes.
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We estimate in ions gontituity equation the vertical ion drift velocity w;, and its divergence
divw;,, for nighttime (t-t, <12h) height profiles in the lower thermosphere at equatorial 1=0 (7° N;

45° E) regions, using neutral wind velocity HWM14 data.
Fig. 3a and 3b show that the vertical drift velocity of ions w,,, caused by the zonal wind

determined by HWM14 data, and its divergence divw;, in certain regions of the lower thermosphere
at 90-160 km height fulfill the condition of vertical convergence of ions (divw;,)min <0, equation (2).
The presence of this condition is noticeable for at least t-t,<3h, and accordingly the vertical
convergence of ions develops and high-density Es layers are formed both at the top of the initial layer
peak Ny, =120km (panel c) and at the bottom Ny, =105km location (panel d). In these cases, the Es layers
are localized in the ion drift velocity nodes w;, =0 (for example, at h=140-150km altitudes), as well
as towards the bottom of the lower thermosphere, where w,, —0 (panels c and d). We estimate in
ions gontituity equation the vertical ion drift velocity w;, and its divergence diww;, for nighttime (
t—t, <12 h) height profiles in the lower thermosphere at equatorial 1=0 (7 ° N; 45° E) regions, using
neutral wind velocity HWM14 data.
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Fig. 3. The behavior of the ion/electron vertical drift velocity Wiv determined by the HWM14 data
(day 102) of zonal wind velocity (panel a) and its divergence div Wiv (panel b) and
correspondingly numerically estimated ion/electron density N,(z,t)/N,, at the equatorial region
with 1=0 (7 ° N; 45° E) for the initial peak height h,,, =120km (panel ¢) and h,, =105km (panel d ).

Fig. 3a and 3b show that the vertical drift velocity of ions w,,, caused by the zonal wind
determined by HWM14 data, and its divergence divw;, in certain regions of the lower thermosphere
at 90-160 km height fulfill the condition of vertical convergence of ions (divw;,)min <0, equation (2).
The presence of this condition is noticeable for at least t-t,<3h, and accordingly the vertical
convergence of ions develops and high-density Es layers are formed both at the top of the initial layer
peak Ny, =120km (panel c) and at the bottom hy, =105km location (panel d). In these cases, the Es layers
are localized in the ion drift velocity nodes w,, =0 (for example, at h=140-150km altitudes), as well
as towards the bottom of the lower thermosphere, where w;, — 0 (panels c and d).
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The formation of the lower Es layer takes place continuously from the convergence region
(about 100-105 km) against the background of the drift of ions below (Fig. 3a) and for these times
they are localizing in the vicinity of h=100 km (Fig. 3c and 3d). It is important to note that for the
ion/electron initial layer peak height (h,, =105km) is located below divergence height region (about
115 km) and close to the lower convergence region (around 110-100km), the upper layer is no longer
formed and charge particles mainly accumulating in the lower Es layer ( Ngn/ Ny 212), where w;, —0

Thus, with the presented theoretical model by use the HWM14 data, it is possible to form Es
layers at the equatorial regions. In these cases (Fig. 3c and 3d), despite the different behavior of the
formed Es layers than it was under the influence of the electric field (Fig. 2), the development of the
vertical convergence of ions and the formation and localization of the Es layer can be determined by
the profiles of the vertical drift of ions and its divergence, equations (2), (4) and (9).

We further show the significant influence of the electric field and the neutral wind combined
effect on the ions drift velocity and their vertical convergence, by consideration the Es layers
formation and behavior for the wind and field parameters discussed above (Fig. 2).
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Fig. 4. That of the given in Fig. 2 in case of presence horizontal wind with velocity (V,, )
determined by the HWM14 used in Fig. 3.
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Fig. 4 shows that sporadic E formation is possible due to the combined action of the electric
field and neutral wind on the behavior of the ions, and it is possible both for the upper (h,,, =120 km)

(panels a-d) and lower (h,,, =105km) locations (panels e-h) of their initial layer peak. Here, sporadic

E can be formed by two sub-Es layers, (e.g., see panels a, b, e and f), which were not formed only in
zonal electric field (see Fig. 2a, 2b, 2e and 2f) or only in neutral wind (see Fig. 5a and 5b). Here, the
behavior of the lower Es layer formed at about h=104 km corresponds to the behavior of the wind-
induced Es layer (Figures 3c and 3d), while the upper one formed at about 130-140 km is determined
by the combined action of both the westward electric field and the westward/eastward wind.

Fig. 4c, 4d, 4g and 4h also show that for the considered vertical electric field (2 mV/m) the
neutral wind has little influence on the localization region of the upper (140-150 km altitude) and
lower (about 90 km) Es layers formed during 1-3 hours (see Fig. 2, 4a and 4b). Here, the neutral wind
somewhat changes the concentration of the formed Es layers.

Fig. 4 c and g also show that in the considered case, the Es layer (see Fig. 4c and 4d) formed by
the zonal wind at about 104 km is destroyed when the ions drift upwards caused by the vertically
directed electric field.

Thus, in the equatorial region, both the zonal and vertical components of the electric field
together with the zonal component of the neutral wind have an impact on the vertical convergence of
ions, equations (4) and (9), and therefore on the formation and behavior of Es layers. We consider
the same in the simultaneous presence of the zonal and vertical components of the electric field and
the neutral zonal wind in this region. In this case, the vertical drift of ions caused by the electric field
(E) and the wind, equation (4), and therefore the convergence/divergence rate, equation (9), are
determined by the total effect of these parameters and the development of the cases discussed above.

Thus, with the presented theoretical model, we have shown that under the influence of the
horizontal neutral wind, homogeneous electric field, and also their combined action on the behavior
of ions/electrons, it is possible to form sporadic E(ES) in the lower thermosphere of equatorial regions
(see Figures 2-4). The obtained sporadic E multilayer structure, the influence of the electric field on
it, the lowering and localization of Es layers towards the lower height h<110km regions, as well as
the relatively low density of these layers towards the upper h>120-130km regions are observed
phenomena [27-29].

4. Conclusions

The formation of sporadic E (ES) in the equatorial region by the electric field, zonal wind, as
well as their joint action on the ions vertical convergence, was studied theoretically and by appropriate
numerical methods.

1. It was shown that the formation and localization of sporadic E (Es) at the equatorial region,
in analogy to the mid-latitudes [13], can be determined by the height profiles of the ion vertical drift

velocity w;, and its divergence divw;, = aazlv . In this case, the presence of a minimal negative value

of (divw;,)min <0 (maximal convergence rate (-divw;,)max>0 ) in the divergence profile, during
which the ions converge vertically into the Es layer, equations (1) and (2), is significantly determined
by the zonal velocity of neutral wind V,,, as well as by the zonal Ey and vertical Ez components of
the electric field, equation (4).

The theoretically predicted formation and localization of Es layer in the regions with w;, =0 or
w;, =0, equation (1), as well as ion/electron depletion, when the condition (divw;,) max >0 occurs,

are demonstrated by numerical methods (see Fig. 2 and 3).
2. It is shown that when neutral wind is absent, then in the equatorial region the westward
electric field Ey>0, as well as the upward E, >0 and downward Ez<0 fields can form an Es type layer

100



(see Fig. 2 and 3), even when the field is homogeneous. For the westward e, =constant>0 (E, =0)

field, the region of convergence development with (—divw;,,)maxec(C,,)max>0, equation (2),
corresponds to the height (about h=121km), where v,, =, (Fig. 1b). For the upward E, =constant >0
(g, =0) and downward electric field the region of development of ions vertical convergence with

(—divw;,,, ) max oc (-Cy,,) max > 0iS usually above or below by about 0.9H from the region where v,, = ©,
In the same cases, an upward E, >0 or downward E, <0Ez<O electric fields can cause

destruction/depletion of the layer at the heights which are 0.9H below (about h=115km) and above
(about h=129 km), respectively, from the region with condition v,, = ;.

3. For the eastward E, =constant>0 (E, -0, V,, =0) electric field in the height region where

vio =; (h=121km, Fig. 1) the condition (diww,,,)max >0 occurs, the divergence process develops
and the initial layer is depleted (disrupted). A similar ion divergence condition occurs for downward
electric field g, <0 in the area of about 129 km height, while for g, >0 the process of ion depletion

develops at about 115 km height and the initial layer is disrupted.
4.In the equatorial region (e.g., 1=0; 7° N, 45° E) only the zonal wind can form the Es layers.
Accordingly, the regions of their formation development ((divw,,,)min <0, (divw;,,)min <0) and

localization (w,;,, =0 or w;,, —>0; w,,, =0 or w,;,, —»0) (Fig. 4), are defined by the magnitude,
direction and vertical shear of wind velocity, equations (8). This is demonstrated for the HWM14
typical data (Figure 4).

5. In the presence of an electric field (with g, or/and E,components) and zonal wind in the
equatorial region (e.g., 1=0, 7 ° N, 45 ° E), the ions drift velocity (w,,) and their vertical
convergence/divergence condition ((divw;,,) min <0/ (divw;,,)max >0) include both the field and the

neutrals factors. Their total effect is manifested in convergence, as well as during the development of
divergent processes. The expression of their joint action is the appearance of an additional Es layer,
the changes in their localization regions (w;,, =0 or w;,, —0) and densities, as well as their

destruction (depletion) (see Fig. 2), unlike the case with only neutral wind (see Fig. 4).
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J9dBOMo 3geol 8608369¢mds 9335¢MOYYE sGgdo
L3mMseo E (Es) 960l gm®3ocmgdsdo

9 035J0d30¢00, 3. EO0IOIVY0dY, 3. XMEYS, T, BHMMOS830(O
69Hovdg

9b5¢r0BMMo© s glsdsdolo MoEbzomo dgomgdom 6583969005, MM 9335GMEMME  s6Mgdo
L3MMsEMo E (ES) 1mM3o6mgds @5 m35¢0boEos gbsdergdgaros gobolisbeg®ml ombgdols
396030350 OH0  ©Mgox0L  LoBJsMol ©s dobo 039096300l Lol  3MMBOEGdOm. 53
990mbgg3sdo,  ©039M39b300lL  3GMmzowdo  dobodscr®o  Metymgomo  360d36gwmdoL
(05gdbods¢M0 306396M96300L LOLHMLEOL) SOBYDIMDS, MMIOL OHMLSE 0Mbgdo 39MEH0ISWMES©
3063960609006 ES 5396500, 8608369c0m3650005 goblisbmz® o, Hmym®a byo@®owm®mo Jstoom,
31939 9w9IGHOM0 3900l DMbsw@mo s 396035 MO 30033MmbgbEJOOM. 9335GHMO s6gdo
003030  LOZEJMOL  JEgBHOIO  39oLLl  0Mbgdol  odlodseIMO  39MEH03OIMO
30b639M96300L LOLEMSGg 0Mb-670EHMoEgdOL EOXIBIOOL (vi,) ©s 0mbgdol (303MEH®MbMEO
LobJoMoL (Q;) GHMWMdOL LoTsEEl Mgaombdos.  dbmermE Hgdmom 96 J9390mo FodsGmmwo
9008030 99dGHMME0 39000l 990mbg935d0 30 0l FEYISMGMBL v, = ©Q; OJ0Mbob Flsdsdolo
asbemgdom 0.9H Bgo@®mogdol d3swom Bgdmo 96 J39dmm, Fglodsdolo.od Mgaombgddo
396300560900  0mbgdol 39MH G035 M0  3mb396M9b30s s ES-Godol 8960l gm@mBocmgds
d9L5dE9g09g0s 308E0bIMYMdPIL Jomo Bgdmm 6 §399mm MHJoBOL BMEDY. Ol WM IsE0BEYdS 53
030300 LoRJsMOL bMmsdo, 96 MHYY0Mbgddo Lowsg g Loty JMgds. Es-Godol 5396900l sdy3s6M0
Bofobslifo®dgE Y3930 BMmOHI0MmGds s ©0bs303d IIMBLEMOMYOME0S o3B30 IgMPIdO.
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65$3969005, HMamO 3 9gdBHOMo 390l HBMbse®mo s 390 G035 M0 3ma3mbgbEYdoU, sig3y
HWM14 9mbs3939000 Pl o) CRR T Ze IOT G TAlo) Jo6ob LoBdoMob 989930 0mbgdol
306396296(305/0039M296300L  49630005MG9d0L  3OM3gLugdBY. 3 Tgdombgg3zgddo  gugdBHOHMo
3900 3odmfi3gwyen 0mbydol 3m6396M96(305/©039MRI6E00L 3BIMEgLL Tgmdeos gogwgbs ogmboml
oo Es-3odol 83960l Gmym®i 3mmI0mgdsle s ©sdwsby (odmzodzsbyg), sbg3g 9gwyderos
§o03mgddbsl TsBHgd0mo G9bo.

153396dm LoGYzgdo: J39s MgMIMbEgMM, gugd@Mwo 39wo, LdmGswwo E (Es), ombol
3963035000 M0zl LoBdsdg, Mogbzomo Igmmogdo.

3HauveHMe NIEKTPUIECKOro 1moJjisi B GOpMHPOBAHUM CIOpaanYecKux E
(Es) B 3xBaTOpPHAJIBHOM 00J1aCTH

I'. JanakmmBuau, I'. {uxedyauaze, M. Toaya, JI. TopuamBuiu

Pe3rome

AHAJIUTHYECKH U COOTBETCTBYIOIIMMH YHCICHHBIMH METOAAaMH ITOKa3aHO, YTO 00pa30BaHUe U JOKATH3ALU
cnopagnueckux E (Es) B sxBaTOpHaIbHOM 001aCTH MOXKET ONPEAEIIATHCSI BRICOTHRIMU PO(QUIISIMUA CKOPOCTH
BEepPTUKaNBHOTO Jpeiipa WOHOB u ee auBepreHnueid. [lpm STOM cyiecTBOBaHWE MHUHUMAJIHHOTO
OTPHUIATENILHOTO 3HAUYCHHUS (MAaKCHMAIBHOM CKOPOCTH CXOAMMOCTH) B IPOQHIIE PACXOIUMOCTH, KOT1a HOHBI
CXOJISITCSl BEPTHKAIBHO B cioil Es, CyliecTBeHHO ompeenseTcst Kak CKOPOCThIO HEHTPaIbHOTO BETpa, TaK U
30HAJILHOM U BEPTUKAJIIBHON COCTABIISIOIIMMH 3JIEKTPUYECKOTO IT0JIS.

B skBaropuanbHON 001aCTH NMPH MOCTOSIHHOM 3allaJHOM 3JIEKTPHYECKOM MOJIe MaKCHMalbHas CKOPOCTh
BEPTHKAJIbHOW KOHBEPreHIMM HOHOB TIIPUXOAWTCS Ha 0O0NacTb BBICOT, T/l HWOHHO-HEHTpaibHas
CTOJIKHOBUTENbHAA (v, ) U HOHHO-LIUKJIOTPOHHA ( ;) 4aCTOTHI PaBHBL. B cilydae HOCTOSHHOIO BOCXOASLIETO

HJIN HUCXOJAALICTO JJICKTPUUICCKOI'O MOJIAA 3Ta CKOPOCTh HAXOAUTCA IPUMEPHO Ha 0.9H (1",[[6 H- HeﬁTpaﬂBHaH
H_IKaJ'Ia) BBIIIIC WJIM HIDKE 00IacTu rae v;, =€Q;, COOTBETCTBEHHO. BepTI/IKaJ'ILHaH KOHBCPICHIIUA HMOHOB,

Pa3BUBAIOIIMXCS B 3TUX 00NACTAX, 1 00pazoBaHue ciost Es MoryT mpoucxouth Ha GoHe ux apeiida BBEpx
niu BHU3. OHa JIOKaNIHU3yeTcs B y3Jie 3TOM CKOpocTH Apeiida nin B 001acTsIX HCUE3HOBEHUS 3TOW CKOPOCTH.
Taxoe npenckazanHoe GpopmupoBaHue U noseaeHue cnoes Es geMoHCTpupyeTcs: YNCIeHHBIMUA METOJaMH.
IToxazaHo BiIMSIHME 30HAIBHOM M BEPTUKAJIBHOM COCTABIAIOLIMX JIEKTPUYECKOTO IOJISA, a TAKKE CKOPOCTH
BETpa, onpe/eNieHHoi no qanaeiM HWM 14, Ha nporecchl pa3BUTHS KOHBEPTEHIIMH/PACXOXKICHUS HOHOB. B
3THX CIIy4asiX Mpouecc COMMKEHUA/PACXOKICHNS HOHOB, HHIYLIUPOBAHHBINA 3JIEKTPHUECKUM TI0JIEM, MOXKET
BIMATH KaK Ha oOpa3oBaHMe, TaK W Ha paspylieHue (uctomieHue) ciosi Es, 00pa3oBaHHOTO HEWTpaIbHBIM
BETPOM, a TaKXKe MOKET 00pa30BHIBATh IOTIOTHUTEIBHBIIN CIIOM.

KioueBbie cioBa: HWkHss TepMmocdepa, djekTpuyeckoe Tone, crnopaandeckoe E (Es), ckopocTb
BEPTUKAIBHOTO Jpeii(a NOHOB, YUCIIEHHBIE METO/IBI.
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