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Abstract⎯The Earth’s radiation belts discovered at the end of the 1950s have great scientific and practical
interest. Their main characteristics in magnetically quiet periods are well known. However, the dynamics of
the Earth’s radiation belts during magnetic storms and substorms, particularly the dynamics of relativistic
electrons of the outer belt, when Earth’s radiation belt particle f luxes undergo significant time variations, is
studied insufficiently. At present, principally new experiments have been performed and planned with the
intention to better study the dynamics of the Earth’s radiation belts and to operationally control the space-
energy distributions of the Earth’s radiation belt particle f luxes. In this paper, for spacecraft designed to mea-
sure the f luxes of electrons and protons of the Earth’s radiation belts at altitudes of 0.5–10000 km, the opti-
mal versions for detector orientation and orbital parameters have been considered and selected.
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INTRODUCTION
At present, to estimate the radiation conditions in

satellite orbits, the averaged empirical models of the
space-energy distributions of the particle f luxes of the
Earth’s radiation belts (ERBs) are used, for example,
American AE8 [1] and AP8 [2] and Russian [3, 4]. In
these models, the spatial distributions of ERB parti-
cles are symmetric over MLT and stationary, solar-
cyclic ERB variations are only reflected for periods of
the minimum and maximum solar cycle.

butions of the ERB particle f luxes are asymmetric over
MLT. During storms and substorms space-energy dis-
tributions of ERB particles vary greatly and, during
strong geomagnetic storms, electron ERBs can com-
pletely reform (see, e.g., [5]). This can lead to signifi-
cant errors when calculating the radiation doses in sat-
ellite orbits, but is not adequately reflected in the cur-
rent empirical ERB models.

Let us consider the main characteristics and the
dynamics of ERBs in detail.

SPACE-ENERGY DISTRIBUTIONS
AND VARIATIONS OF THE EARTH’S 

RADIATION BELT PARTICLE FLUXES
ERBs fill the entire region of geomagnetic trap and

consist of mainly electrons and protons with energies
from ∼100 keV to several hundreds of MeV. Heavier

charged particles contribute slightly (several percent)
to the total number of ERB particles (∼1029–1030).
ERB electrons and protons are major contributors in
the radiation doses on satellites.

Due to the conservation of the adiabatic invariants
of motion, particles injected into a point of geomagnetic
trap gradually occupy a closed toroidal surface, a drift
shell. The meridional section of the shell coincides with
one of the magnetic lines and the equatorial section
with one of the magnetic isolines. Therefore, the exper-
imental distributions of ERB particles are most simply
systematized in the McIlwain coordinates {L, B}: L is
the drift shell parameter and B is the local induction of
magnetic field. For the dipole field L is the distance
from the top of field lines to the Earth’s center in terms
of Earth’s radii.

In the region of the dipole magnetic field the drift
shells are symmetric over longitude and local time
(surface of revolution), and in the outer part of geo-
magnetic trap (during quiet periods at L > 5), these
shells are asymmetric and depend on the equatorial
particle pitch angle α0 (the angle between vectors of
the magnetic field and the particle velocity at the top
of the magnetic tube), i.e., in this region, the drift
shells split [6].

In the night hemisphere, the value B(λ) for this field
line is minimum at the geomagnetic latitude λ = 0, and
in the near-noon sector at L > 9, this dependence has
local maximum at λ = 0 and local minimum at λ ∼
40–50° (the result of the magnetospheric compression

However, during the geomagnetic storms, and at
– during the qiuiet periods as well, the distri-large L



80

COSMIC RESEARCH  Vol. 55  No. 2  2017

PANASYUK et al.

by the solar wind). During the drift of trapped particles
in this region, the second invariant is violated and the
belts are split into two branches (in the northern and
southern hemispheres), the effect of branching of the
drift shells [7].

In contrast of protons, electrons form in geomag-
netic trap two belts: inner and outer. In quiet periods,
electron belts are separated by a deep gap at L = 2.2–
3.5 (depending on the particle energy). The gap depth
increases with the increase of the energy of electrons.
In comparison with the proton belt, the maximum of
the outer belt of electrons of the same energies is
located at larger L. With increasing the solar activity
the maximum of the outer belt of electrons with E >
0.1 MeV is shifted to the Earth from Lm ∼ 5 to ∼3.7 [8].
After every storm, a new belt of energetic electrons is
formed and, in this case, Lm is the smaller the greater
max|Dst| during the storm [8].

Compared with protons, ERB electrons have much
shorter lifetimes and, for a sufficiently long duration of
the quiet period, almost all electrons with E > 0.5 MeV
can disappear from the outer belt. Therefore, the outer
electron belt is much more sensitive to the geomag-
netic activity than the proton belt. In the geostationary
orbit (GSO), storm/substorm bursts of the relativistic
electron fluxes are often observed by an order of mag-
nitude or more. The possibility of these bursts is max-
imum in periods of minimum solar activity. Thus, the
integral annual f lux of electrons with E > 3 MeV in
GSO for the year of the minimum solar activity (1984)
was greater than for the year of maximum (1979) by a
factor of seven [9].

The electron fluxes of the outer belt undergo also
27-day variations [10] and semiannual (seasonal) vari-
ations that correlate with the average velocity of the
solar wind [11].

During geomagnetic storms, ERB proton fluxes
are weakened and then restored. On the other hand,
the outer belt of nonrelativistic electrons becomes
stronger in the main phase of the storm is moved to the
Earth and the gap between the belts is partially or fully
(during fairly strong storms) filled. At the end of the
storm, the radial profiles of the f luxes of nonrelativis-
tic electrons, as well as protons, are fully restored.

However, during strong (Dst < –100 nT) storms,
the dynamics of the relativistic electron belt is princi-
pally different; in the main phase, the old belt of rela-
tivistic electrons is significantly weakened or even dis-
appears and, in the phase of the storm restoration, a
new belt of relativistic electrons is formed that is more
intensive and located closer to the Earth. Immediately
after the formation, the maximum of this belt is
located at Lm ∼ 2.5–5.5, in this case, Lm is the smaller
the greater is S ≡ max|Dst| of the storm [8]. The loca-
tion of the maximum of this belt over L does not
depend of the energy of relativistic electrons [12].

Decreasing the relativistic electron fluxes in the
main phase of the strong storm reaches 1–2 orders of

magnitude. New belt of relativistic electrons is formed
in the beginning of the phase of the storm restoration
and next 1–2 weeks gradually increases and shifts to
the Earth. At high altitudes, Lm ≈ 12.8S–0.25 [13]. At
low altitudes, this dependence is stronger, i.e., Lm ≈
12.8S–0.41 [14], which indicates the considerable
deviation of the geomagnetic field from the dipole
configuration, even in the depth of ERB during
strong storms.

This dynamics of the outer belt of relativistic elec-
trons is characteristic of strong storms. For weak and
moderate storms, the dynamics of this belt is less pre-
dictable. Thus, in approximately half of the 276 mod-
erate and strong storms in 1989–2000 considered in
[15], the relativistic electron f luxes to the end of the
storm increased, they were reduced in one-fourth of
events, and nearly unchanged (restored to initial lev-
els) in 1/4 of storms.

As a rule, the f luxes of relativistic electrons of the
outer belt are generated in periods, when strong geo-
magnetic disturbances (Dst < –100 nT) are combined
with the high velocity of the solar wind in the vicinity
of the Earth [12, 15, 16] and the substorm activity in
the phase of the storm restoration [13]. A new belt of
relativistic electrons begins to form through approxi-
mately 2 days after a sharp increase in the velocity of
the solar wind (up to the value of >450 km/s) or com-
ing dense clusters of solar plasma (coronal mass ejec-
tions) to the geomagnetosheric boundaries; in the first
case, the incipient new belt is very narrow and, in the
second case, it is much wider [16].

In the modern physics of ERBs, the problem of the
dynamics of the relativistic electron belt holds a special
place. They are also making considerable and almost
unpredictable contribution in the radiation dose in the
satellite orbits.

For each ERB component, the particle f lux is a
function of many variables. When considering the
dependence of the f luxes from one of these variables,
the following distributions are considered: the radial
dependence, i.e., the dependence on L; the diurnal
dependence, i.e., the dependence on LT or MLT; the
energy spectra, i.e., the dependence on E; the pitch
angle distributions (PAD), i.e., the dependence on
equatorial α0 or local pitch angle α; and the altitude
dependence, i.e., the dependence on B/B0. These dis-
tributions vary during the geomagnetic activity and
depend on the phase of the solar cycle, conditions in
the interplanetary space, and other factors.

The radial dependence of the ERB particle f luxes is
considered above. The diurnal dependence of the
ERB particle f luxes manifests well in the geostationary
orbit and is closely associated with the asymmetry of
the magnetosphere (see, e.g., [17]). Let us briefly con-
sider the energy spectra, PADs, and altitude depen-
dences of ERB protons and electrons.
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At fairly high energies, the ERB proton spectra have
the power form j(E) ∝ E–γ at E > (35 ± 11)L–3 MeV,
where γ = 4.25 ± 0.75 at L > 3.5; at lower energies, the
ERB proton spectra are f lattened and the local maxi-
mum is planned at Em = (17 ± 3)L–3 MeV [18, 19].
With an increase in the mirror ratio B/B0 (decrease of α0
of particles) at the given L the ERB proton spectra are
softened, and the maximum in the spectra is shifted to
lower energies and narrowed (see, e.g., [20]).

In the quiet periods, the energy spectra of nonrel-
ativistic electrons of the outer belt can be approxi-
mated by the Maxwell distribution with temperature
T = (6 ± 1) (6.6/L)3 keV [21]. In the inner belt, the
spectra of relativistic electrons can be approximated
by an exponential function with E0 ∼ 300 keV and
higher [22]. In the gap between the belts in the elec-
tron spectra, the deep dip is formed at ∼0.5 MeV,
which is filled during storms.

Typical PADs of ERB protons have the maximum at
α0 = 90° (“normal”). These PADs correspond to the
altitude dependence decaying to the Earth. The average
parameter of the PAD anisotropy of ERB protons
increases with decreasing L and with increasing particle
energy (see, e.g., [23]). At larger L (in the region of
splitting and branching drift shells), PADs of ERB pro-
tons can have the butterfly form (see, e.g., [24]).

PADs of ERB electrons are very diverse in form
and vary greatly during geomagnetic disturbances. In
the outer belt, on average, these distributions are
more isotropic than in the inner belt and vary much
more. At L < 5, they usually have a normal form and
the average anisotropy parameter increases with
decreasing of L, achieving A ≈ 6 and more at L ≈ 1.6
[25]. At L > 5–6 (in the region of splitting and
branching drift shells), PADs of ERB electrons have
diverse, often normal or butterf ly form [26].

Hereafter, great attention will be given to the alti-
tude dependence of the ERB particle f luxes. There-
fore, here, we consider this question in detail.

Using the Liouville theorem, the altitude depen-
dence of the ERB particle f luxes is unambiguously
associated with particle PADs. When applied to ERBs,
this theorem is strictly satisfied for stationary condi-
tions when the magnetic field does not change with
time, there are no electric fields, and particles do not
lose energy by interaction with other particles or
waves. It is also satisfied for quasi-stationary condi-
tions when the magnetic field is changed, but rather
slow and first two adiabatic invariants of the ERB par-
ticle motion are preserved; there are electric fields,
waves, and other particles, but their action on ERB
particles in the period of oscillations of the latter
between mirror points can be neglected. Under the
conditions of ERBs, indicated conditions of quasi-
steady state are almost always satisfied and can only be
violated during very strong geomagnetic disturbances.

According to this theorem, at each point of a given
magnetic tube for particles with the same energy and α0,
the value of the ERB particle flux (differential j or inte-
gral J) is identical. In this case, it is necessary to take
into account that, during oscillations, the ERB particle
energy and their α0 are preserved, and the magnetic
field B and local particle pitch angle α increase with
particle approaching to the Earth (to mirror point)
according to the law derived from the conservation of
the first motion invariant:  where
B(L, h) is local magnetic induction and B0 is its induc-
tion at the vertex of this tube (in the equatorial plane).

For practical purposes, in wide intervals of pitch
angles, PADs of ERB particles are well approximated
by the function  where А(L, E) is the
anisotropy parameter of this PAD. For these PADs,
according to the Liouville theorem, the altitude
dependence of the f luxes for particles with the given
energy at given L has the form 

In different altitude intervals (intervals of B/B0) the
slope of altitude dependence (the A/2 index) can be
different. Therefore, the altitude dependence of the
ERB particle f luxes can be approximated by a power
function with different exponents in different parts of
this dependence or with some unified function.
Because a break occurs in the altitude dependence
(sharp exponential steepening) at large values B/B0,
we can use, e.g., the following dependence as a unified
approximation function:

where a, n, and m are positive parameters, which differ
for different L and particle energies.

Fundamentals of the ERB physics are presented in
the monographs [6, 27–30]. A modern systematic pre-
sentation of the ERB physics, main experimental
results on the ERB structure and dynamics, the mech-
anisms of their formation, and the mechanisms of
acceleration and particle losses can be found in the
review [31].

MEASUREMENTS ON MULTIDISCIPLINARY 
RESEARCH SATELLITES

A typical instrument construction for measuring
the energy spectra of ERB electrons and protons is
assembly as a telescope, including several semicon-
ductor and scintillation detectors of different thick-
ness located coaxially one under the other. Similar
telescopes were installed, e.g., on the Electro space-
craft [32]. Charged particles that pass through the
input telescope window and enter into a detector
release energy in it, which is transformed into an elec-
trical impulse with intensity proportional to the energy
released. The assembly of several detectors and elec-
tronic logic schemes that operate according to the

0sin sin ,B B 0α = α

sin Aj ∝ α,

( ) /2
0 .Aj B B −∝

( ) ( )( )0 0exp ,n mj B B a B B−∝ −
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principle of the coincidence–anticoincidence of
impulses in different detectors allows to determine the
particle type (electrons, protons) and exclude lateral
particle passage (through the telescope body). The
angle of the telescope aperture should be limited by
the value ∼60°, because in the instrument with wider
field of view it is impossible practically to separate
electrons and protons.

In the simplest version, on the multi-disciplinary
research satellites one spectrometer for measuring the
ERB particle f luxes can be installed. In this case, it is
desirable to orient the telescope in such manner that
when passing ERB it recorded particles with local
pitch angles of ∼90°, for which the particle f luxes are
maximum.

For example, we consider a low-orbit satellite that
has, in particular, instruments for studying the Earth’s
surface or atmosphere. One of the axes of these satel-
lites is directed to the Earth’s (to the nadir), while, in
the case of three-axis orientation, the other is directed
along the satellite’s velocity vector. On these satellites,
the spectrometer of energetic particles is usually ori-
ented to the nadir, e.g., on the Universitetsky-Tatiana
and Meteor-M spacecrafts. However, this detector ori-
entation is nonoptimal, especially when measuring the

particle f luxes of the outer radiation belt. L-profiles of
the f luxes of electrons with E = 0.3–0.6 MeV in the
outer belt obtained on the Universitetsky-Tatiana
spacecraft during several orbits around the Earth in
the magnetically quiet period (the end of April 2006)
are presented at the top of Fig. 1. The Universitetsky-
Tatiana spacecraft was launched in January 2005 in
orbit with an altitude of ~940 km and an inclination of
~83° [33]. For comparison, at the bottom of Fig. 1, we
present L-profiles of corresponding electron fluxes
calculated according the AE8 model (for recalculating
the model values in the unidirectional f lux, the multi-
plier 2π was used).

It can be seen from Fig. 1 that the f luxes measured
on the Universitetsky-Tatiana spacecraft are, on aver-
age, lower than the model values and vary ten times
more from the latter. Moreover, at L > 6–6.5, accord-
ing to the data of the Universitetsky-Tatiana spacecraft,
the f luxes decrease up to the background level of the
detector count, whereas in the AE8 model, there are
the f luxes at this altitude up to L = 8–9. The obtained
result can be explained by the fact that the detector on
the Universitetsky-Tatiana spacecraft was oriented to
the Earth and at the latitudes of the outer belt detected
particles with small pitch angles.

Figure 2 shows a map of distributions of the angles
α between the detector axis and the magnetic field line
for the telescope orientation to the Earth, as for the
Universitetsky-Tatiana spacecraft, (at the top of Fig. 2)
and perpendicularly to the orbit plane (at the bottom)
for circular orbit with an altitude of 800 km and an
inclination of 80°. The value of the angle α is shown by
the arrow direction: the vertical corresponds to the
angle of 90° and the horizontal to 0°.

It is seen from Fig. 2 that, for the detector orienta-
tion to the Earth, near the equator α ~ 90°, but with
increasing distance from the equator the value of the
angle also decreases in the region of the outer belt at lat-
itudes of 40°–80° depending on the longitude, α < 40°.
For the detector orientation perpendicular to the orbit
plane α ~ 90° at almost all parts of the orbit (the mini-
mum value α = 70°). The orientation of the detector
perpendicular to the orbit plane is optimal for measur-
ing the ERB particle fluxes in the indicated orbit. This
orientation is also achieved, e.g., in a solar-synchronous
orbit with the orientation of the satellite to the Sun.

On multidisciplinary research satellites it is inter-
esting to use an instrument for measuring charged par-
ticle f luxes that consists of several telescopes with dif-
ferent directions. This allows to perform measure-
ments of the particle f luxes and their distributions over
pitch angles with just small increase of mass and
energy consumption.

For example, it can be proposed to use an instru-
ment with four telescopes: the 1st telescope axis is
directed to the Earth; the 2nd – perpendicularly to the
orbit plane; the 3rd – along to the spacecraft velocity
vector; the 4th – along the major diagonal of a cube

Fig. 1. L-profiles of the f luxes of electrons with E = 0.3–
0.6 MeV in the outer belt obtained on the Universitetsky-
Tatiana spacecraft (at the top) and calculated according to
the AE8 model (at the bottom). 
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constructed on the axes of first three. The distribu-
tions of the angles α between the axis of 3rd and
4th detectors and the magnetic field line for circular
orbit with an altitude of 800 km and an inclination of
80° are shown in Fig. 3; and for the 1st and 2nd detec-
tors – correspondingly in Fig. 2. Like Fig. 2, Fig. 3
was constructed for ascending parts of orbits. Similar
figures are obtained for descending orbits.

It follows from Figs. 2 and 3 that, for this four-axis
instrument, for ∼90% of points of the orbit, we have
no less than three pitch angles that differ by more than
10° and, for the remaining points, two different values
of pitch angles. Thus, the proposed instrument with
the given telescope orientation allows one to perform
more detailed measurements of the particle f luxes at
all orbit points. In principle, it can also be used on sat-
ellites with the orientation different from the three-
axis “orbital” orientation.

SPECIALIZED SATELLITES 
FOR STUDYING THE RADIATION BELTS

The goal of specialized satellites for studying the
radiation belts is to obtain a picture of the current
space-energy distribution of the ERB particle f luxes in
terms of L, B-coordinates. Measurements are needed,
which allow one to construct the altitude dependences
for the f luxes for different L-shells. This goal can be
solved in several ways.

One of the ways is to measure the pitch angle distri-
butions of the ERB particle f luxes near the plane of
the magnetic equator in detail. Using these data in
accordance with the Liouville theorem, the f luxes
along entire drift shell of the particle motion can be
calculated depending on the value of the local mag-
netic induction (see above). To cover the considerable
range over L, it is necessary to select an elliptic orbit

Fig. 2. Map of the distributions of the angles α between the detector axis and the magnetic field line (arrow direction) for the
telescope orientation to the Earth (at the top) and perpendicular to the orbit plane (at the bottom) for circular orbit with an alti-
tude of 800 km and an inclination of 80°.
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with a perigee altitude of ∼500–800 km and an apogee
in the region of the geostationary orbit.

At present, in these orbits there are two Van Allen
Probes satellites for studying ERBs [34]. These satellites
include several detectors for measuring the fluxes of
electrons with the energies from 20 keV to > 50 MeV and
protons with the energies from 20 keV to > 200 MeV, as
well as detectors of plasma, magnetic and electric fields,
and waves. Detailed measurements of the pitch angle
distribution of the particle fluxes are provided by rotat-
ing of the satellites with the period of ∼11 s around the
sunward axis. The resolution over pitch angles in the
measurements of the ERB particle fluxes on the satel-
lites is 11°–16°.

However, this procedure of measurements is asso-
ciated with large cost of spacecraft launching into
highly elliptic orbit. Also measurements at every given
L are separated by long time intervals that, in many

cases, do not allow one to trace the dynamics of the
ERB particle f luxes during magnetic storms with suf-
ficient detail.

It is possible to propose a different, less costly
method based on measuring the omnidirectional f lux
of energetic particles at different points of the L-shell
and constructing the f lux altitude dependence accord-
ing to these data. For this it is necessary to launch the
satellite into such orbit, in which it will cross the drift
shells at different altitudes. For example, the elliptic
orbit with altitudes of a perigee of ∼700 km and an
apogee of 8000 km, an inclination of 63.4°, a perigee
argument of 310° and the period of ∼3 h. The projec-
tion of this orbit on the plane of geomagnetic meridian
is shown in Fig. 4. As seen from Fig. 4, this orbit
crosses the inner and outer belts at altitudes of 700–
1500 and 4000–8000 km, where a principally different
slope of the f lux altitude dependence is observed. It is

Fig. 3. Map of the distributions of the angles α between the detector axis and the magnetic field line (direction of the arrow) for
telescope orientation along the spacecraft velocity vector (top) and along the major diagonal of a cube constructed on the axes of
the first three telescopes (bottom) for circular orbit with an altitude of 800 km and an inclination of 80°. 
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important for an adequate approximation of the alti-
tude dependence according to measurement data. The
choice of the value of the orbit inclination of 63.4° is
due to the fact that, for this inclination, the perigee
argument does not change (under the influence of the
second zonal harmonic of the Earth’s gravitational
field). According to our calculations, for the time reso-
lution of 6 s at L ≤ 7, the measurement resolution over L
for this orbit ∆L ≤ 0.2; ∆L ≤ 0.1 at L ≤ 4.5.

Some disadvantage of the proposed measurement
ideology is the need to extrapolate the altitude depen-
dence of the fluxes to altitudes of >8000 km, e.g., to
orbits of the GPS and GLONASS satellite or geostation-
ary satellites. However, in this region, the altitude
dependence of the fluxes has a simple power law form
and the extrapolation error should not be very large. We
can slightly increase the apogee altitude of proposed
orbit, for example, up to 10000 km; in this case, the
extrapolation accuracy of the fluxes at L = 4–6 is
improved by ∼10%.

The alternative “intermediate” elliptic orbit may
have: altitudes of a perigee and an apogee of 700 and
18000 km, an inclination of 32°, and initial value of a
perigee argument of ∼300°. The spacecraft in this
orbit will observe ERB up to L = 7 and at higher L
will be closer to the geomagnetic equator plane that
will decrease the extrapolation errors. But for this
orbit the perigee argument will vary with the speed of

∼1.13 deg/day. At the worst value of the perigee argu-
ment equal to 0°, the ERB region crossed by the
spacecraft is limited by L = 4.

In our ideology, it is necessary to obtain omnidi-
rectional particle f luxes from measurements. How-
ever, as mentioned above, in a detector with a field of
view of >60° the electron and proton f luxes are
hardly separated. One solution is to use a configura-
tion with several multidirectional telescopes (see the
previous section) and then according to the data of
their measurements to approximate the pitch angle
particle distributions and calculate the omnidirec-
tional f luxes.

Another way of the practically precise measure-
ment of the omnidirectional f luxes of ERB particles
can be carried out via three detectors that form the
field of view in the sector of hemisphere (Fig. 5a). The
rotation axis (vertical line) corresponds to the major
satellite axis. If, in this case, the satellite is quickly
rotated around its axis, this device provides an over-
view of the whole hemisphere.

Fig. 4. Projection of elliptic orbit on the plane of the geo-
magnetic meridian. Lines denote the magnetic shells L = 2,
3, 4, 5, 6, and 7; shades of gray denote the values of the
fluxes of electrons with E > 2 MeV according to the
AE8 model. 
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For easier practical implementation of this idea the
detector cross-sections were selected slightly diferent
(see Fig. 5b). The aperture of the top (center) tele-
scope has a conical form with a viewing angle of 36°,
and the cross-sections of apertures for lateral tele-
scopes have the form of trapezoids. The area of cross-
sections of apertures for all detectors is the same.

Lateral detectors can be located on opposite sides
from the rotation axis for centering the satellite mass.
It can be used also five detectors by placing two pairs
of lateral detectors symmetrically relative to the rota-
tion axis. In this version, the hemisphere will be
scanned for satellite half-turn around the axis, i.e., the
spatial resolution of measurements will double. The
period of the satellite rotation around its axis can be
equal to several seconds. If multiple smaller time inter-
vals of measuring the particle f luxes are used, data can
be obtained on the pitch angular distributions of the
fluxes; for this, a three-component magnetometer is
necessary onboard the spacecraft.

The proposed orbits and measurement methods
allow us to create a fairly simple and compact satellite
for measuring the space-energy distributions of the
ERB particle f luxes.

CONCLUSIONS
1. The space-energy distributions of the ERB par-

ticle f luxes are asymmetric over MLT and highly vari-
able during geomagnetic storms and substorms, as well
as in connection with the level and the type of solar
activity. Therefore, the use of available averaged
empirical ERB models is not sufficient to estimate the
radiation conditions in the satellite orbits.

2. We analyzed different variants for installing detec-
tors of energetic particles on satellites. We presented
examples of fairly successful configurations with single
or multiple telescopes, which allows us to measure the
ERB particle fluxes at all orbit points in detail.

3. We analyzed different versions of orbits and
measurement methods of specialized satellites for
studying ERB. We proposed some versions of orbits
and detector location, which allow one to create fairly
simple and compact satellite systems for the operative
monitoring of the space-energy distributions of the
particle f luxes in the Earth’s radiation belts.
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