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ABSTRACT. Possible changes in the electron density, N , in the middie latitude
ionospheric D-region were investigated expenmentally by a partial reflection technigue
over periods of lounchings and flights of the vanously typed rockets for different
distances from launching sites, Rockets of medium and great powers were found to be
able w produce shon-time pulsed disturbances in the lower ionosphere electron density
over distances up to several thousands of kilometers. It seems likely that these effects
have been cuused by stimulated pulsed electron flows coming from the magnetosphere
into the lower ionosphere of the Eanh, with their energy of =10° — 10 KeV and flux
density values of p~10"- 10"m’s™

INTRODUCTION

Launchings and flights of space vehicles (SVs) with running engines and falls of
SVs causc a number of processes in the ionosphere (see, e.g., [1 — 35])
Phenomena accompanying the rocket launchings, are remarkable for their
variety, spatal-temporal, energetic, and other characteristics. They depend on the
distunce to a wajectory of the SV, its height, fuel type, engine powers and
conditions of the ionosphere both over a launching site and a place of the flyving
SV, and at the observation station.

A classification of the ionospheric plasma disturbances occurring over the
SV launchings and flights 15 usually made using their spatial scales. Disturbances
with honzontal scales of L, < 100 km , £, ~ 100 - 1000 km and L, ~ 1000 -

| 0000 km are called the localized, large-scale and global, respectively.

The localized disturbances are closely adjacent to the rocket bady, depending
on its velocity, I, and engine thrust, £ ; they move with the rocket along the
flight trajectory. Such disturbances were observed by many mvestigators afier
first launchings of the high-alttude rockets (in the late 19405 and early 1950s).

H.G. Booker was the first to record the large-scale disturbances in 1959
when the Vanguard - 11, an artificial satellite of the Earth, was launched [1].
Blowouts of many tons of water and molecular hydrogen at the moment of the
rocket launching were found 1o lead 1o decreasing the electron density, N, in the
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ionospheric plasma. This phenomenon bears a name of an wnospheric hole. Its
size in the ionospheric F-region is =100 — 1000 km, & becoming 2 - 3 umes
smaller about 30 — 40 min after a rocket launching. The hole lifetime is several
hours. A horizontal size of the lower density increases, being ~10 — 1000 km for
=~ 100 - 300 km, respectively (2 being the height above the Earth surface).
Forming of the lower density is accompamied to produce the density waves with
the effective velocity of ¥~ 0.1 - 1 kmv's and the periods of 7'~ 10 ~ 100 min.
Such disturbances are reviewed in [15].

The global disturbances in the wonosphere seem to have been discussed in
[14, 20, 21] using the measurements by the techmiques of the incoherent
scattering and vertical sounding. Then the observations of such disturbances
became complex [10 - 13, 18, 19, 22 - 28, 30 - 34]. Considerable attention 1s
paid to seeking effects in the E- and F-region of the onosphere, caused by
influencing it with launchings and flights of the rockets and space vehicles.
Owing to efforts of a number of investigators [10 - 13, 18, 19, 22 - 28, 30 - 34],
at present there have been rather well (but far from a complete manner) studied
main tvpes, magnitudes and characters of the plasma disturbances in the
ionospheric E- and F-regions, mechamsms of the disturbances transported over
the global disturbances and their propagation velocity having been found out
The ionospheric plasma disturbances appear as a result of generating acoustic
shock waves and waves having an electromagnetic nature (magneto-
hydrodinamic waves of vanious types) (see, e.g., [24 - 26, 34]). This generation
is caused by supersonic motions of a SV and its jet stream (fuel combustion) in
the atmosphere and jonosphere, and a supersonic expansion of ionized matter of
the stream in the Earth magnetic field. At the same time in the vicimity of the SV
there appear quasi-periodic disturbances of the electron density, N . of the
magnetic, AB , and electric , AE | fields with the amplitudes of ~100%,
5 — 50 nTesla and ~5 mkV/m 5 mV/m, respectively. These disturbances
propagate at the heights of the ionospheric E- and F-regions in quasi-horizontal
directions, weakening mainly due to the wave divergence of no more than 1 or 2
orders of the magnitude. At the same time, the ionospheric plasma disturbances
develop at the observation site, having the amplitude of AN/ N = 107, which are
experimentally recorded [24 — 26, 34].

Quite another thing is going at present with investiganons of the lower
wonosphere (the De-region) reaction to launchings and flights of SVs. The
publications show only sporadic experimental investigations [18, 28-249, 31-32].
In the first place 1t 15 explmned by mntricacy of the composition and
physicochemical processes occurring in the D-region, and also by difficulties in
conducting prolonged experimental investigations. Therefore up to nowadays,
investigators have an incomplete information on the characters and disturbance
types of the ionospheric plasma parameters, mechamsms of the disturbances (if
those are present) transporied over the global distances, their propagation
velocities, values of disturbances in the ionosphenc D-region.

The paper presented shows experimental investigation results obtained by a
partial reflection (PR) technigue, concerning possible varations in the electron
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density of the middle latitude jonospheric D-region at the moments of distant
launchings of vanous types rockets.

EQUIPMENT AND METHODS OF EXPERIMENTAL
INVESTIGATIONS

For a number of years, experimental investigations were carmed out at the V.
Karazin Kharkiv National Umversity Radiophysical Observatory situated in the
vicimity of Kharkiv City by the facility for investigating the lower ionosphere by
the PR technigue [36] (see Table 1).

Table I: Coordinates of V. Karazin  Kharkiv  National University
Radiophysical Observatory

Creographic Cieomagnetic
Elevation | Lottwde | Longitude | Latitude | Longitude | Inchination | Declmation L
imj (N (E) i) (E] W)
£56 497 318 67 2 4577 11R7" bhe" 36,8' 6" 16.6' =1.0

The main parameters of the PR technique facility when carrying out the
investigations were as follows: the sounding frequencies being f= 2.1 and
2.31 MHz, the pulse duration being =25 mesec with the repetition frequency
of F =1 Hz, the pulse power being P = 150 kW, the antenna gain coefficient
being (r =40,

In the expeniment height-time amplitude dependences of the mixture of the
partially reflected signals and radio noise, A _(z.f), (where f is the time, “o”

and "x" comespond to the ordinary and extraordinary polarizations, respectively)
were recorded from 14 or 22 height levels, beginning from 45 or 60 km every
Az=13 km. In order to select the amplitudes of partially reflected signals,
A _(z.t), there were also recorded those of only radio noise, A4 (z,1), (2-6

!-I-'H'Ifl]‘.lllf!-. within the 50 kHz frequency band) at the moments preceding the
radiation of a sounding pulse. The measurements of 4 (2,¢) and A (21)

were conducted in the course of the continuous observations lastung units-tens of
howurs,

Tkl

Estimating of the mean values of PR signal intensities, < .*l:_t >, and of the

b | i " 1
noise, < A >, was made by means of 60 realizations over a time interval of

60 sec. A statistical error in the estimating was not more than 10%. The height-
time dependences of < A-.:‘.r >(z.1) and < "!:...1 = (f) were calculated.

Using the < ‘-.I:.r > data obtained, their ratio, R(z)=< ;1f }.-'-c:‘{f > Was

calculated. The height profiles R{z)were calculated over the averaging intervals
of Ar=3 and 10 min m the fixed heights with a step of Az =3 km, Thereupon
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by means of the ditferential absorption techmique [37, 38] this ratio was used to
obtain height profiles of the electron density, N(z). Calculating of the N(z)

profiles was carmmed out by means of the methods from [39, 40] using a
regularization algorithm.

When obtaining the N{z) profiles, there was used a model profile of the
¢lectron-neutral molecule collision frequencies, v(z), [41]. The errors in the
Niz) profile calculation over the averaging intervals of 10 or 5 mun did not
exceed 30% or 509, respectively

In order to estimate periods of rather slow variations in < 4° > (z,¢) and

the electron density, N{z). a gquick Fourier transformation algorithm over the
time intervals of 32, 64 and 128 min was used. At the same time, the time series
was formed out of the every-second values of A_ (z.¢) . A (z.f) and

A (1) . Height-ume variations m the -r:.rlfH = (2.8}, <A> >(1) and

< A >(z,1) values obtained were analyzed,

The distance between the launching rocket site and the observation site was
K, = 700 - 10000 km. 200 experiments were analyzed. About 150 experiments

out of them were made dunng the night SV launchings and over the periods of
moming and evening solar terminator passes. The analysis of these mass data has
shown that in these experiments we cannot unambiguously relate changes in
charactenstuics of the PR signals and radio nowse, and also of the ionosphenc
parameters (o the ionospheric disturbances caused by the SV launchings and
fhights. Therefore we separately analyzed the data obtained duning the daytime
when possible changes in characteristics in the PR signals, radio noise and
onospheric parameters might be identified with the disturbances considered.
Table 2 shows the main information on the experiments conducted durmg the
daytime; the SV information has been taken from URL: http//www space.com.

Table 2: Information on experiments for rocket launchings

Luunching siie | Geogra- Min,
[rata Vehile | (Cosmodrome) | phyeal Dis- | wend | Launching
type latitude, | tance, | max. time,
longi- k. orbit UT
tude, incl-
degree M-
tion,
dlerg-
FEE
15051997 | Sovuz Baikonur 4536N | 2050 49 12:10
{Russia, 63,26 E 99
Kazichsian)
13,08 [908 / / f - i - - (LSRN
26,02 2001 / / - - = 08:09
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28,04, 2(H1 - - - = -1 = —f= | == 07:37
2504, )2 —f — =1 — = N —f— 626
2,106, 20412 e o f - - —f= | == ] 05:36:02
02.02.2003 - f = i f = ca s i f = f= 12:59:44)
15051997 | Atlanti Cape 845N | 9330 28 08:07-48
5 Canaveral, 2153 E 37
{LSA)
2405, 19497 —J B — /= —f— | =/= 12:33
0710, 242 -1 - - o |R-45:4]
12072000 | Proon Baikonur 4536 N | 205 44 04:56:36
{Russia, 6326 E 99
Kazachstan)
20,11, 9% ot - - = f = G40
| 7, 102002 -] = -/ = - = - = ol 04:41
20102000 | Zenit | Launched from 05:52
sca level
{ Ukraime,
LISA)
| 7.07, 1996 ot o b =] i | == 06:38
25081997 | Dela-2 Cupe 2B45N | 9330 b 14:39
Canaveral, BOS3E 57
(USA)
24,10, 1998 / - = - e e 12:08
106G, ]t o — - = i - f = 13:48:43
3001 2001 ot = mf= | =f= 07:55
|8 102001 - = o f = e e —Fes || i 18:51
(4,05 2002 - — o - = e o (35458
(3 07 2002 [ = o e el = - (hG:47-4 1
20.11.2002 / oy = gy || = 2230
20122000 | Ariane Kourou 52N O5(H) 5 12:26
{ France) 273 E 100
(9 (6 2001 - Sy o ey =ibe ) e 05:45
(k5. (W, 20002 - = o -} = = | =/= (M d4d
14.07 2000 Atlas Cape 2845 N | 9330 28 05:21
Canaveral, 8051 E 57
{LUSA)
21.02.2002 -{= -/ = -/ = -l | =I- 14:41
23071999 | Colum (4:28
bia
16.01 2043 - f ws f = o i f o o 15:39
07081997 | Discoy 1441
ery
19,08, 1 99T —_ - - - - - —_ - o P1-08
17.03. 20402 Rokot Baikonur 4536 N | 2050 49 0921
{ Russia, 63.26 E 99
Kazachstan)
10,06, 2003 " = i —1- | == 14:15
06,08, 204 ] Titane Cape 2845 N | 9330 28 07:28
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heavy weight SVs, their engine powers being ~10'" — 10"'W, and their released
energy being not less than 10" 1.

300 F
July 15, 2000
T —
E 0T g1 wm "Kosmos"
< 200 ,
S0
po— Em
400 gl em
300 . —
1000 ;—
S00 B 87 um
0k i
2000 F ap o
LLRIEIEN o ﬁ_,.-—"—"/qxﬂ\“‘_\ /
| i H
1420 1520 urT
1500 -
1000 < h‘ﬁkﬁf'“ﬂj&ﬁ&h
.- E.I
500 4 A 4\ November 28, 2002
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FIGURE 1. Height-time electron density vanations in the middle latiude ionospheric Deregson
over the launching period of 8Y “Koesmos™ (the time of 5% lounching 15 marked by arrow),

Over the launching period of “Zennt™ on 17.07.1998 at &7 - 90 km
10 — 15 min after the launching, the N value decreased by ~50% for about 30
min, then {about 45 — 55 min after the launching) throughout the D-region, quasi-
penodic N changes with the ~30 — 100% amplitude were observed for about 3
hours (see an example of Fig. 2b). The total weight of this type rockets was about
480 wons, the starting thrust being about 770 000 kgf, The burming time of the
first and second stages was 150 and 315 sec, respectively, The “Zenit™ rockets
belong to the heavy weight SVs, their engine powers being ~10™ — [0"'W and
their released energy being not less than 10" 1.
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FIGURE 1. Height-time electron density varsations in the middle latimde ionospheric D-region
over the launching petiod of §Ys “Proton™ (n) and “Zenit™ ().

For the launching “Soyuz” SV there were found the following main special
features in the N changes (the total weight of this type rockets was about 300
wons, the starting thrust being about 4 10 (W0 kgt, the burning time of the first and
second stages was 150 and 315 sec, respectively. The “Soyuz™ rockets belong
rather to the heavy weight SVs, their engine powers being ~10" — 10''"W, and
their released energy being not less than 10" 1.}

- 26,02.2001: quasi-periodhe N changes at 81 - 84 km with the ~30 min
amplitude 40 - 50 min after the launching for about 3 hours;

- 02.02.2003: guasi-periodic N changes throughout the D-region with the
= 50% amplitude and the ~50 min peniod 40 ~ 30 min after the launching for 2 -
2.5 hours;

- 1 3.08.1%98: quasi-periodic N changes at z 2 93 km with the ~50 — 100%
amplitade and the ~ 30 — 40 min period 10 nun after the launching, An example
of such Niz, 1} vanations is shown in Fig 3

‘T': b - : ; )
o 07 5@1'1 10 50 uT
=
45100
L
1500 - August :;T;BI?‘

08 55 J"II'\ 085 Ur

FIGURE 3, Heght-ime ¢lectron density variations o the middle lattusde ionosphenc Deregion
over the lnunching period of 5V “Soyuz”.
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For the launching “Delea-11" 8V, the following characteristic of the special
features in the V changes were found: quasi-periodic N changes at z = 84 km
with the ~50 - 100% amplitude and the ~ 30 - 40 min period 10 after the
launching, An example of such variations 15 shown in Fig. 4. The total weight of
this type rockets was about 230 tons, the starting thrust being about 360 000 kgf.
The bumning time of the zeroth, first, second and third stages was 64, 265, 444
and 880 sec, respectively. The “Delta-11" rockets belong rather to the medium

weight 5Vs, their enﬁme powers being ~ 10" 10'"W, and their released energy
being no less than [0°°),

1500 4

L]

1000 A October 18, 2001 WS . ... .
il ¥ o - H""-\.\_ il = -
500 _:-.-._ W P x._‘_.f,.r'.'\.\\“‘\.
& 0 - ; 5 |
E 1738 1835 M e
=
1500 4
October 24, 1998 i —rve
1000 - i MT_J
. ta-11"
500 — il 1 :
13.40 i 14-40 UT

FIGURE 4. Height-time clectron density variabions in the middle latitude ionosphenic D-region
over the laimching penad of SV " Delia-117.

For the launching “Atlas™ SV on 21.02.2002, the electron density at 84 km
[} - 15 min after the launching increased by about 30% within 25 - 30 min with
a subsequent typical diurnal variation. The total weight of this type rockets was
234 tons, the starting thrust being about 362000 kgf. The burming time of the
zeroth, first, second and third stages was 56, 172, 283 and 393 sec, respectively,
The “Atlas” rockets belong to the medium weight SVs, their engine powers
being ~10"- 10'"W, and their released energy being no less than 10 ],

For the launching “Anane™ 5V on 05.06.2002, the electron density at 84 km
35 — 45 min after the launching increased by about 100% within 25 - 30 min
with & subsequent quasi-periodic changes having an amplitude of ~50 - 1H®5
{see an cxample of Fig. 5). The total weight of this type rockets was 470 tons, the
starting thrust being about 550 000 kgf. The burning nime of the zeroth, first,
second and third stages was 142, 2035, 325 and 759 sec, respectively, The
“Anane” rockers belong to the heavy weight 5Vs, their engine powers being
= 10" — 10""W, and their released energy being no less than 10" ).

Over the launching periods of the “Columbia™ and “Atlantis™ SVs, the clear-
cut N changes related to the launchings were missed as the launchings occurred
near the period of the terminator passing over the observation station, and
therefore it was not possible to identify unambiguously the observed N changes.

Searching for effects caused by a launching heavy weight rocket (400 tons)
GSVL is of great interest. The rockets of this type were launched from a
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launching site in India, the distance to the observation site being about 5600 km.,
For the launching 8V on 18.04.2001, the following characteristic features were
tound i the N changes: quasi-periodic V' changes at z 2 84 km with an ~50 -
| (¥ amplitude and ~30 — 40 min period are about 10 min after the launching.
An example of such variations 1s shown in Fig. 5,

j X e . June 05, 2002
e

e ane’ RWW
E‘. 08 49 03449 ur
1000 "GSLV-D1* mﬂf km April 18, 2001
a""h -‘»/.'J'l,r VA srens
. ‘L.I-_ '5._..]""-.____,.. " J.. Hlt khm
fran A o4 15:04 uT

FIGURE 5. Height-time electron density variations in the middle lstinude ionospheric D-rejrion
over the Inonching period of 5Ws “Anane" and “GSLY™

Orwver the launching periods of the light weight rockets “Rokot™ (the total
weight of this type rockets was 97 wns, the stating thrust being about
| 60 004 kgt |, “Titane™ (the total weight of this tyvpe rockets was about 150 tons,
the starting thrust being about 194 000 kgf) and “Discovery”, N changes related
to the launchings were not found.

Thus, 1t was established that some special features for the electron density
changing in the wonospheric D-region occur over the peniods of distant launchings
and flights of the rockets belonging to various types. Nevertheless, in order to
have detatls and clear the matter wp, one should conduct additional
investigations, store larger mass data, and carry out a statistical analysis.

DISCUSSION

Over the periods of distant launchings of the SVs, the following special features
in the height-time changes in the ionospheric D-region electron density were
experimentally established:

1) guasi-periodic N changes at z > 81 km with an ~50 - 100% amplitude
and an =30 - 40 mun period about 10 min after the launchings;

2) quasi-periodic N changes at 81 — 90 km with an ~50%% amplitude and an
=30 — 50 min period 40 — 50 min after the launching during about 2 - 3 hours;

i) for the launching “Kosmos™ SV, 45 — 50 min after the launching, the N
value at =2 84 km decreased by 30 — 100% within 40 — 50 min with a
subseguent recovery to the diurnal vanation.
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On the whole, behaviour of the clectron density (the response) is ambiguous,
which seems to have been caused by a whole number of the factors mentioned
ahove.

It is experimentally shown in [24 — 26, 34] that the VS launchings are
accompanmied by the large-scale and global disturbances in the ionosphere, In the
near-Earth atmosphere { 2 <90 - 100 km), operating rocket engines and SV
flights with a supersonic velocity lead to generating and intensifving of shock-
acoustic waves (SAWs), The power of such SAWs is P, = 10" - 10" W for

4

heavy and superheavy rockets {(about a 10" - 107 fraction of the jet stream
power), A height range in the lower onosphere E-region (100 - 130 km)
provides most favourable conditions under which SAWSs are generated, since this
wnospheric plasma region is situated above the mesosphere wave guide which
effectively captures and canalyzes acoustic waves over great distances. The
atmosphere at these heights is sull rather dense, causing a SV to move with a
supersonic velocity, which completely satisfies the conditions of generating
SAWs, According to the experimental investigations [42], an SAW, in a place of
Its generation, gives rise (o relative changes in the electron density within =10 -
[{H%, The shock wave 15 a source of the acoustic-gravitational waves (AGWs)
propagating at heights of the ionospheric E- and F-regions over distances of not
less than 2000 km.

supersonic plasma expanding of a jet stream of the rocket engine and
supersonic plasma moving under the influence of an SV in the gyrotropic
wnosphere give rise to generating clectromagnetic and magneto-hydrodynamic
IMHD) waves belonging to various types [43 - 48].

I'he disturbances experimentally founded in the electron density in the
muddle lattude D-region of the ionosphere 10 - 15 min after the SV launching
may be related to generating MHD disturbances in the ionospheric plasma, which
- under certain conditions - having effects on the Earth radiation belts may cause
pulsing precipitating electrons of high cnergies. Such pulsing precipitating
electrons, in their turn, may canse the experimentally observed changes in the
clectron density over great distances from the SV launching site. Earlier a similar
mechanism was proposed to explain the experimental results obtained at the time
of distant powerful earthquakes and strong thunderstorms (see [49 - 52])

The electron density disturbances 45 — 50 min after the SV launching seem
to be related to the correcting rocket engines. It is little likelihood that such
considerable disturbances are related to the waves (in particular, AGWs)
propagiating in the lower jonosphere. It 15 more probable that these electron
density disturbances were caused by the pulsing particle fluxes from the
magnetosphere. These precipitation processes may be caused by the correcting
rocket engines being turned on.

As in the case of the earthquakes in [50, 51] using the methods from [35] on
the basis of a mechanism for precipitating high-energy particles (electrons,
protons), we shall estimate parameters of the electron flows for the experiments
discussed.
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Using the electron density values under the undisturbed ( NV, } and disturbed
( N ) condiions, there were cstimated ionmzation rates of q, =1:1,,Nﬁ1 .

g =a N°, where @, and e are the corresponding recombination coefficients.
For the simplicity of the procedure, we shall neglect the atmosphere heating at
the moment of precipitating particles and assume that @ = . It 15 also assumed
that at the lower heights there Fredurq:inn!cs a recombination of electrons with
won-bonds, for which @ = 10''m'sec”’. This is valid at = < 75-90 km under
conditions of a weakly disturbed sonosphere for the day- and night- nme,
respectively [35]. At the hugher heights, the & -value decreases from 107" down
o 2-107" m'sec”’ . The latter value 15 characteristic of the recombination of
electrons with ions NO7 and @ . If we neglect the precipitanng particle
distnbution in energy, which is unknown for the ground observations, the power
particle flux demsity is F = 28 AzAg, where Ag=g—gq,, &£ =35 eV is the
encrgy lost in one 1omization act, Az 15 the height range where the flow of the
particles of the given energy £ 1s absorbed. Further we assume that Az = 10 km,
On the other hand, the F| parameter is connected with the particle flow

p: P=gp When having £ , one can estimate the power and energy of the
particles precipitating over the area §: P=FRS, E=PAT where AT is the

precipitation duration. The methods of estimating the particle flow parameters
consist in calculating first the Ag value and then F |, p, P and E values.

The calculation results are given in Table 3. In the calculations we assumed
that § = 10"m". There was also assumed that the flows of electrons with £ =40
KeV have the most effect on the D-region plasma, which was quite reasonable
{see, e.g.. [35])

Table 3: Parameters of electron flows

Daie 5062000 | Z011. 1998 | 26.02.2001 P08 19098 | 24 |0 1998 180 201 |
=z, ki = AT Rl oy Bk Hl
T 2l " 1 ik 10N B " i |1 R B
N om" 4210 T s [ 18x 100 11 5«10" 2.1
G, O BOC 1Hx10" 2,0 10 T 2= At | Ew 0 7.2x10"
. Mg 12.3x10° 5. 2x 100" 14w 107 24 4x10' 105 i 5.7s10°
Mg, m eee ! B 5a10" 3200 2710 L =10 BTl § ]
.0 m sex 13s10" [NER 3 i0” § 40" 3= 0 L7x10"
pomsec’ | 21x)0* 9310 2= 45410 2 1=10" Li=10"
o Mev | i | 110K 0.1% L] ik | .l
I P }2a00" WL 930" S4a 0" LRI 1. 7=10"
. E | 7.7=10" 13107 2.6x 10" i S 10" S 10" 3.i=10"
| AT sec 24%10" | 2x10' Loy 12a 10 | Bx10" I .R=10"

It appears that the quasi-periodic N{z) varations observed in the lower
wnosphere mav  be  caused by  the pulsing  electron  flows  with
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p~10~10" m7sec’’ with the energy of 10° — 10 keV. Such electron density

values are similar as to their magnitude to the flows over the penods of different
natures (see, e.g., [35, 50 - 51, 53 — 57]), being not large under the middle
latitude onosphere conditions. In the high latitudes, the p values are known to

be lorger by several magnimde orders [58].

CONCLUSION

Thus, the rockets of medium and high powers are capable of causing short-time
pulsing disturbances in the lower ionosphere electron density over distances up to
several thousand kilometers or even more. These effects seem to have been
stimulated by the pulsing electron flows coming from the magnetosphere into the
Earth ionosphere with about 107 — 10 keV with the flow values of
p~ 10" - 10" mPsec”’. These precipitation processes might be caused by
correcting rocket engines turned on.

The authors are grateful to Gritchin Al for lus help in the experimental
investigations and to Garmash K.P. for s program of calculating the N(z)

profiles with applying the regularization method.
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