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Abstract—Vertical geomagnetic cutoff rigidities are obtained for the stations of the global network of neutron
monitors via trajectory calculations for each year of the period from 1950 to 2020. Geomagnetic cutoff rigid-
ities are found from the model of the Earth’s main field International Geomagnetic Reference Field (1IGRF) for
1950—2015, and the forecast until 2020 is provided. In addition, the geomagnetic cutoff rigidities for the same
period are obtained by Tsyganenko model T89 (Tsyganenko, 1989) with the average annual values of the Kp-
index. In each case, the penumbra is taken into account in the approximation of the flat and power spectra of
variations of cosmic rays. The calculation results show an overall decrease in geomagnetic cutoff rigidities,
which is associated with the overall decrease and restructuring of the geomagnetic field during the reporting

period, at almost all points.

DOI: 10.1134/50016793216040046

1. INTRODUCTION

The magnetospheric effect of cosmic rays, i.e., the
response of the cosmic ray flux variations to the
changes in the state of the magnetosphere, was discov-
ered during latitude measurements conducted by
J. Clay in 1927 and has by now been quite well studied.
Modern development of the experiment requires more
rigorous studies of magnetospheric effects in terms of
both the duration of observations and the accuracy of
the experimental data. This is associated, for example,
with the fact that the geomagnetic field has decreased
by about 4% for the sixty-year period of cosmic ray
observations, and it decreases at a different rate in dif-
ferent regions. Overall, the magnetic field has changed
dramatically since 1900. In (Xu et al., 2000), it was
noted that, while the dipole moment has decreased by
6.5% since 1900, the contribution of the quadrupole
and octopole has increased by 95 and 74%, respec-
tively. In general, the contribution of higher harmon-
ics of the field during the same period has increased by
~30%. The dipole center shifted by 200 km in the
direction of the Pacific Ocean. In addition, certain
features were observed in the behavior of the expan-
sion coefficients of the higher order magnetic field.
Thus, a jump in the expansion coefficients of higher
order (>7) in 1945—1955 was discovered but was not
observed either before or after this period.
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In order to estimate the impact of such a large mag-
netic field adjustment in terms of magnetospheric
effects of cosmic rays, it is necessary to obtain the
planetary distribution of the geomagnetic cutoff rigid-
ities for the entire observation period, with an
accounting of at least the internal current systems.
According to preliminary estimates, changes in the
basic energy characteristic of the incoming particles,
the geomagnetic cutoff rigidity, reaches ~2 GV (>10%
for the equatorial detectors) in some regions, which is
very important in the study of long-term variations of
cosmic rays.

Two key concepts, such as the geomagnetic cutoff
rigidity (for the description of isotropic variations) and
the asymptotic particle reception cone (for the
description of anisotropic variations), make it possible
to describe all of the magnetospheric effects of cosmic
rays. In the description of the long-term variations, it
is sufficient to consider only the isotropic approxima-
tion. An accurate determination of the geomagnetic
cutoff rigidity is crucial for the determination of spec-
tra of primary cosmic ray fluxes.

Studies of magnetospheric effects were rapidly
developing in the 1950s within the Stormer theory
(Alfven and Felthammar, 1967). The discrepancy
between the theoretical and experimental data (the
equator of cosmic rays, latitudinal variation, and east-
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west anisotropy of cosmic rays) showed that the dipole
approximation of the geomagnetic field is too rough.
In order to increase the accuracy of the results, the
higher harmonics of the geomagnetic field should be
taken into account in the calculation of the cutoff
rigidities of cosmic rays. The generally accepted defi-
nition for cutoff rigidity is currently the numerical
integration of motion equations of charged particles.
Cutoff rigidities can be calculated by this method with
an arbitrarily high degree of accuracy. Both internal
and external sources of the geomagnetic field can be
taken into account in the geomagnetic field approxi-
mation, which is of paramount importance in the
analysis of solar cosmic rays.

An overview of magnetospheric effects at an early
stage was given in (Hofmann et al., 1968; Dorman
etal., 1971; Smart et al., 2000; Kudela and Bobik,
2004; Bobik et al., 2006). A review of recent works can
be found in (Dorman, 2009).

An extensive and most comprehensive and system-
atic investigation of magnetospheric effects of cosmic
rays, including long-term changes, was carried out by
Shea Smart (1967—2007). Global distributions of the
vertical geomagnetic cutoff rigidity in steps of 5° x 15°
by latitude and longitude for the epochs of 1955, 1965,
1975, 1980 (Shea and Smart, 1967, 1975a, b, 1983) and
1990, 1995, 2000 (Smart and Shea, 1997, 2007a, b)
were computed for the respective epochs and trajec-
tory calculations based on the geomagnetic field
model. Vertical geomagnetic cutoff rigidities were
obtained for all stations of the global network for nine
five-year epochs in 1955—1995 (Shea and Smart,
2001).

Shea and Smart (1975b) noticed the uneven distri-
bution of changes in the planetary distribution of geo-
magnetic cutoff rigidities for 20 years from 1955 to
1975, especially in the northern and southern parts of
the Atlantic Ocean. In the southern part of the Atlan-
tic Ocean, a decrease in rigidity was observed, while a
comparable increase in the vertical cutoff rigidity
occurred in the northern part.

Such calculations were not conducted for the exist-
ing network of detectors over the past four epochs. In
addition, over the past 20 years, about a third of the
new neutron monitors were added to the system and a
network of multidirectional muon telescopes was cre-
ated; the geomagnetic cutoff rigidity and asymptotic
reception cones for these should be determined for the
first time for all detectors.

2. METHOD OF CALCULATION
OF GEOMAGNETIC CUTOFF RIGIDITY

The geomagnetic cutoff rigidity calculations were
based on the solution of equations of motion of
charged particles in the geomagnetic field. As is
known, there is no analytic solution of the equations of
motion of charged particles even in the magnetic
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dipole field (except for trajectories lying in the equato-
rial plane). The first calculations of the trajectories of
cosmic rays in the dipole approximation were carried
out on an analog computer (Lemaitre and Vallarta,
1936a, b), and the transition region of the penumbra of
cosmic rays was found. By developing the Stormer
theory and the forbidden cone concept, they intro-
duced the concept of the allowed cone, when all the
trajectories are allowed, and the concept of the main
cone, which includes the allowed cone and penumbra
region. This transition region is a complex alternation
of irregular forbidden and allowed directions of arrival
of particles. The calculations of the trajectories of cos-
mic rays in an approximation to the real geomagnetic
field represented by six spherical functions were car-
ried out in (Jory, 1956). Currently, the generally
accepted and the most accurate way to determine the
geomagnetic cutoff rigidity is the method of trajectory
calculations based on the solution of the equation of
motion of charged particles in the geomagnetic field.

The problem of motion of charged particles in the
magnetosphere of the Earth was solved as described in
(Shea et al., 1965). The equation of motion was solved
numerically by the Runge—Kutta method on the
fourth order of accuracy with adaptive step (Forsythe
et al., 1980). The initial data were the geographical
coordinates of the station and the components of the
initial vector of the particle velocity. The particles start
from a height of 20 km. Integration is completed in
three cases: either a particle penetrates to a depth of
less than (R; + 20) km (R is the radius of the Earth)
(the particle returns back into the atmosphere, trajec-
tory 0, Fig. 1), the integration is completed at the end
of the target time (the particle is considered captured,
trajectory [), or the particle crosses the surface of the
magnetopause (moves beyond the magnetosphere,
trajectories 2—5). In the latter case, the trajectory is
defined as allowed, otherwise, as forbidden. As a result
of the calculation, a discrete penumbra function g(R)
is formed; it takes values “0” or “1” for all rigidity val-
ues with the selected step of 0.001 GV. When selecting
the integration step, we proceeded from the fact that
the calculation error at each step should be an order of
magnitude lower than the expected result, and accord-
ing to our estimates and data from other works the
expected result is 0.01 GV.

Geomagnetic cutoff rigidities were calculated with
an annual resolution from 1950 through 2020. For this
purpose, a model of the main magnetic field IGRF
was used. This model is developed until 2015 for every
five years. It takes into account secular variations of
the magnetic field. The model continues until 2020
(IGRF-12 model, 2015). The field is represented by
ten or 13 spherical harmonics, but we limited ourselves
to ten harmonics for the entire period and to eight har-
monics for the predictive model of the field. In addition,
in order to estimate the effect of long-term changes in the
external magnetic fields, geomagnetic cutoff rigidities for
Tsyganenko model T89 (Tsyganenko, 1989) in which
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the Kp-index determined by the average annual values
of Ap-index was used as a parameter were calculated,.

An important consideration when calculating the
geomagnetic cutoff rigidities is the account of the pen-
umbra region, which is made by the introduction of
the effective cutoff rigidity.

The effective geomagnetic cutoff rigidity can be
defined in different ways. In the simplest case, it is
possible to carry out a simple summation of the
allowed and forbidden regions defined by the penum-
bra region. This summation can be carried out more
correctly with use of the expected spectrum of cosmic
rays as a weighting function. This is true outside the
atmosphere. In order to account for meteorological
factors, the effect of the atmosphere should be addi-
tionally included in the weighting function, which is
convenient to do with coupling functions.

In the general case, with the spectrum of variations
oJ / J and the influence of the atmosphere (which is

taken into account by the method of coupling functions
W(R, h)), the effective rigidity of the geomagnetic cut-

off R_ is determined by the following equation
Ry

[ wRmSI [ (RYIR
o (1)

Ry
= j g(RYW (R3] |J(R)dR,
R
where Ry, and Ry are magnetic rigidities of the main
and Stormer cones and g(R) is the penumbra function,

which is equal to “0” or “1” for the forbidden or
allowed regidities, respectively.

In order to solve the equation with respect to R g,
the spectrum of variations is approximated by a power

function &J / J = aR™", and the atmospheric influence
is taken into account through the coupling function,
which in a relatively small region of the penumbra is
well approximated by the power function W(R) = cR"
(Fig. 2). Then, by integrating we obtain

Ry
RE™ = RE™ —(y+n+1) [ gWR™AR ()
Ry

In the particular case of the primary spectrum
independent of the energy of cosmic rays (white or flat
spectrum, i.e., Y= 0) and by neglecting the atmo-
spheric influence (i.e., 1 = 0), we obtain an expres-
sion for the effective geomagnetic cutoff rigidity

Ry
R = Ry — j g(R)YIR. 3)
Ry

The case of the white spectrum of variations of cos-
mic rays is not physically implemented, but when
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Fig. 1. Example of the possible trajectories of particles in
the geomagnetic field.

10! s~ ?/I/hm'mum
P M aximum
> 10° ._-N -
S o
S VTS AN\
1072 ' fie ] N
.. 'l |
10-3 : w1
1 |
Lol Lol Lol Lol
107! 10° 10! 10? 10°
R, GV

Fig. 2. Illustration of a methodology for the estimation of
the effective cutoff rigidity taking into account the penum-
bra (at the lower part of the figure) of cosmic rays. Cou-
pling function for three types of detectors are given: N is
the neutron monitor, M is the muon telescope, and S are
the stratospheric measurement.

there are no strict requirements on the accuracy of
such calculations, effective cutoff rigidities are conve-
nient and often used.

It follows from the above that the penumbra width
influences the result of the calculation of the effective
rigidity of the geomagnetic cutoff, both with exclusion
of and accounting for the range of variations and the
effect of the atmosphere. This circumstance leads to
the fact that it is impossible to characterize any point
on the Earth by some universal geomagnetic cutoff
rigidity. It is different for different instruments and
changes with time.

The planetary variation of the penumbra width
(right scale in the GV) as calculated by the IGRF
model for the epoch 2015 is shown in Fig. 3.

Figure 3 shows that, in the real magnetic field, the
structure of the penumbra region and the planetary
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Fig. 3. Planetary variation of the penumbra region width (right scale in GV) for the 2015 epoch in the IGRF model.

change of its width are very complex. In the eastern
part of the Northern Hemisphere, the width of the
penumbra reaches 4 GV, while the width is much
smaller in the eastern part of the Southern Hemi-
sphere but the penumbra is observed up to the polar
latitudes. Figure 4 shows the dependence of the pen-
umbra width on the geomagnetic cutoff rigidity. It is
interesting that an almost deterministic relationship is
observed between the width of the penumbra and the
geomagnetic cutoff rigidity. In (Shea and Smart,
1975b), this dependence was also given, but it was
much less deterministic, apparently, because of the
use of the integration step in the penumbra of 0.01 GV.
Interestingly, the rigidity dependence of the penumbra
width for the two given epochs remained almost the
same, even though there have been great changes in
the overall magnetic field for this time scale in over a
hundred years.

3. RESULTS AND DISCUSSION

Before proceeding to the calculation of the geo-
magnetic cutoff rigidity for the network of stations of
neutron monitors, the planetary distributions of geo-
magnetic cutoff rigidities were calculated for the
IGREF for all epochs from 1950 to 2020 with a steps of
five years for the grid 5° X 15° in latitude and longi-
tude. Digital and graphical results can be found on the
website (Magnitospheric effect 2015). Such distribu-
tions make it possible to visualize the dynamics of
changes in geomagnetic cutoff rigidities. In addition,
planetary distributions by the interpolation make it
possible to simply obtain geomagnetic cutoff rigidities

GEOMAGNETISM AND AERONOMY  Vol. 56

for any points, if it is possible to confine ourselves to
the accuracy of a few tenths of GV. The interpolation
can be carried out, for example, based on the Lagrange
interpolation formula for the four points. Changes in
the planetary distribution of the vertical geomagnetic
cutoff rigidity for the epoch 2015 relative to the epoch
1950 is shown in Fig. 5, i.e., during the entire period of
continuous monitoring of cosmic rays. Figure 5 shows
anomalies of changes in the geomagnetic cutoff rigid-
ities in the northern (increase of rigidity) and southern
(decrease of rigidity) Atlantic.

In analysis of Fig. 5, a significant increase in geo-
magnetic cutoff rigidities from the east coast of North
America down to Gibraltar and a significant decrease
in geomagnetic cutoff rigidities in the area of South
America, as well as the formation of two big features
concentrated mainly in the northern and southern
waters of the Atlantic Ocean, can be noted. There are
no cosmic ray detectors at the epicenter of these for-
mations, where changes in geomagnetic cutoff rigidi-
ties reach almost 3 GV, but the changes in the cutoff
rigidity are significant even at the periphery of these
structures. Thus, the periphery of the region in the
North Atlantic includes many American and Cana-
dian stations and part of the European stations. In
general, for all of these points, the rigidity increases to
1 GV. In the southern part of the Atlantic Ocean, the
decrease of geomagnetic cutoff rigidities is even
greater and reaches 2 GV.

The isolines of the vertical geomagnetic cutoff
rigidity for the epoch 2015 are shown in Fig. 6.

No. 4 2016
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Fig. 5. Changes in the planetary distribution of the vertical geomagnetic cutoff rigidity for the epoch 2015 with respect to the
epoch 1950.

Changes in the geomagnetic cutoff rigidities of the  of continuous monitoring of cosmic rays for four
global network of cosmic ray stations are given in Fig. 7, groups of stations of cosmic rays. The temporal
the results of which were obtained for the IGRF. The changes of geomagnetic cutoff rigidities of high-lati-
figure shows the changes in geomagnetic cutoff rigidi-  tude detectors (<3 GV) reach 0.5 GV, with different
ties with respect to the epoch 1950 for the entire period  signs. For the American, Canadian, and European
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Fig. 7. Changes in vertical geomagnetic cutoff rigidities for four groups of stations of cosmic rays with respect to the epoch 1950
(in the approximation of the IGRF and the flat spectrum of variations).

stations, a systematic increase of cutoff rigidities is
observed. This is because of the influence of the
peripheral abnormal region in the northern part of the
Atlantic, as seen in Fig. 5. For other detectors, there is
a slight decrease of cutoff rigidities. For intermediate
values in the range of 3—8 GV, geomagnetic cutoff
rigidities generally decrease, with the exception of sev-

GEOMAGNETISM AND AERONOMY  Vol. 56

eral detectors of the western coast of Europe, an area
that is the periphery of the North Atlantic anomaly. In
low-latitude regions up to the equatorial, a significant
decrease in geomagnetic cutoff rigidities is also
observed for all detectors. Thus, there is a global
decrease in geomagnetic cutoff rigidities with the
exception of the North Atlantic anomaly.
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Fig. 8. Changes in the cutoff rigidity for Hermanus and Tsumeb stations and Tibet and Beijing stations. The IGRF magnetosphere
model takes into account the penumbra in the approximation of the flat (y = 0) and power (y = —1) spectra of variations of cosmic rays.

More detailed vertical geomagnetic cutoff rigidities
for each year of operating or long-operating neutron
monitors of the global network in 1950—2020 were
obtained by trajectory calculations. The total number
of stations is 123. Geomagnetic cutoff rigidities were
obtained based on the IGRF model for the period
from 1950 to 2015 and the predictive model up to 2020
The results for all detectors can be found on the server
(Magnitospheric effect 2015).

GEOMAGNETISM AND AERONOMY Vol. 56 No.4

In Fig. 8, as an example for some of the detectors,
a more detailed time course of the cutoff rigidity is
shown, and the calculation results are compared with
these of other authors. In each case the pair of curves
refers to calculations by the IGRF model and takes
into account the penumbra in two approximations: in
approximation of flat (y = 0, dashed line) and power
spectra of variations of cosmic rays (y = —1, solid
curve). This pair of curves is almost identical for the
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Fig. 9. Changes in the geomagnetic cutoff rigidity for the Lomnicky Stit station for two magnetosphere models (IGRF and T89)
taking into account the penumbra in the approximation of the flat (y = 0) and power (y = —1) spectra of variations of cosmic rays.

Hermanus but differs greatly for Tsumeb. This is
because of the large width of the penumbra for the
Tsumeb station (Fig. 8), which leads to a greater sensi-
tivity to variation spectrum. The estimation of accu-
racy gives a value of ~0.1 GV (the graph shows the
error only for a single point, the 2002 epoch). For each
of the detectors, the station operating period is grayed
out on one of the upper curves. The results are com-
pared with the data of the first trajectory calculations
(Shea et al., 1965) obtained for the expansion of the
magnetic field on the first six harmonics of the 1955
epoch (square). The circles show the results obtained
from trajectory calculations (Shea and Smart, 2001)
for all stations of the global network. The integration
step of motion equations is 0.01 GV, and the penum-
bra is taken into account in the approximation of the
flat spectrum of variations of cosmic rays. Our calcu-
lations give ~0.1 GV less rigidity, which we associate
with a more accurate integration of the equations of
motion in the penumbra region (integration step of
0.001 GV). As an example, another pair of detectors
from Tibet and Beijing stations, which also vary in the
penumbra width, can be cited.

The accuracy of the calculation of geomagnetic
cutoff rigidities depends on three factors: the accuracy
of the geomagnetic field representation, the error of
the integration method of equations of motion of par-
ticles in this field, and the accuracy of the account for
the penumbra region. The main contribution to the
error is made by the error of accounting for penumbra,
then the quite well-controlled error of the integration
of equations of motion of particles, and finally the

GEOMAGNETISM AND AERONOMY  Vol. 56

accuracy of the geomagnetic field representation. The
overall calculation error in the rigidity range of 5—12 GV
is 0.15 GV and a little smaller outside this interval.

At this stage, we took into account only the internal
magnetic field and its variation. However, the external
field is also subject to long-term changes that should
be estimated.

5. CONTRIBUTION OF THE EXTERNAL
MAGNETIC FIELD IN LONG-TERM
CHANGES OF THE THRESHOLD RIGIDITY

The Earth’s magnetosphere is subject to long-term
changes caused by solar activity. In order to estimate
these changes, the Tsyganenko model of the magnetic
field can be used, for example, T89 (Tsyganenko,
1989). The input parameter of this model is the
Kp-index. Since the Kp-index is the logarithmic index,
annual average values of the Ap-index were used in
order to obtain annual averages of the Kp-index with the
corresponding recalculation.

In Fig. 9, the results of calculations for mid-lati-
tude station Lomnicky Stit are compared by models
IGRF and T89. The notation is the same as in Fig. 8.
The top of Fig. 9 also shows the result of calculations
by the IGRF model and a comparison with the results
of other authors (marked with circles).

The middle part of Fig. 9 shows geomagnetic cutoff
rigidities by the Tsyganenko model T89 (Tsyganenko,
1989). The values of the Kp-index (from 0 to 4 points)
show the possible corridor of changes of geomagnetic
cutoff rigidities, within which the actual values change

No. 4 2016
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depending on the value of the Kp-index. The lower
part of Fig. 9 shows the average value of the Kp-index.
For the period from 2015 to 2020 marked by the bold
line in the lower part of Fig. 9, we used predicted val-
ues of the Kp-index.

The calculation shows that an accounting for the
influence of the outer magnetosphere on long-term
changes of cutoff rigidities reduces geomagnetic cutoff
rigidities by a few tenths of GV and reaches about 0.3 GV
for high-latitude detectors, for example, Kerguelen,
Deep River, Durham, and Apatity stations. All
observed changes in the cutoff rigidity are in opposi-
tion to the changes of the Kp-index. For mid-latitude
stations, this influence is reducesd(Fig. 10) and van-
ishes for low-latitude detectors.

6. COMPARISON WITH THE RESULTS
OF OTHER AUTHORS AND ESTIMATION
OF THE ACCURACY OF CALCULATIONS

In the study of solar cosmic rays, it was necessary to
carry out individual trajectory calculations for each
event. These calculations were carried out by many
researchers. In the case of galactic cosmic rays, it is
sufficient to carry out trajectory calculations for the
annual averaging for the global network of detectors.

In Figs. 8—10, the results of different authors were
compared for the individual stations. On the global
scale, it was carried out in Fig. 11 for the 1980 epoch in
a comparison of the calculations of this paper with the
calculations in (Shea and Smart, 1983). A slight differ-
ence in a few tenths of GV is observed only in the pen-
umbra. This is probably because of the different inte-
gration step of equations of motion of particles in the
penumbra region (0.001 GV in this paper and 0.01 GV
in (Shea and Smart, 1983)).

During the trajectory calculations of geomagnetic
cutoff rigidities for the period of 2015—2020, the pre-
dicted Earth’s magnetic field was used; this is also the
result of the IGRF-12 model (IGRF-12 Model, 2015).
A question about the accuracy of geomagnetic cutoff
rigidities determined based on predictive models
arises. For this purpose, the difference between geo-
magnetic cutoff rigidities R, (based on the IGRF-11,12
model for 2015) and R, (forecast) (based on forecast by
the IGRF-11,12 model for 2015) was found. This dif-
ference does not exceed 0.1 GV, i.e., the accuracy of
numerical calculations. The planetary distribution of
this estimation is shown in Fig. 12.

In recent years, Internet projects of online calcula-
tors of geomagnetic cutoff rigidities have been actively
developed, for example, (Zreda, 2012) and (Boschini
et al., 2014), although such projects do not allow for
massive calculations. The project in (Zreda, 2012) is
based on the IGRF model, and the result for some
detectors is shown in Fig. 10 (large hollow circles).
There is a large discrepancy with the results of other
authors, especially for equatorial detectors. The sec-
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Fig. 10. Changes in the cutoff rigidity for Newark, Herma-
nus, and Tibet stations. Notation is the same as in Fig. 9.
Transparent circles are the results of an online calculator
(Zreda, 2012).

ond project (Boschini et al., 2014) is based on more
complex magnetosphere models T96 (Tsyganenko
et al., 1996). This project also makes it possible to cal-
culate geomagnetic cutoff rigidities for T02 models
(Tsyganenko, 2002a, b) and T05 models (Tsyganenko
and Sitnov, 2005) with automatic use of the necessary
input parameters of the interplanetary medium for the
magnetosphere model. Therefore, it is impossible to
carry out a valid comparison for our case. An overview
of the models can be found in (Tsyganenko, 2013).

7. CONCLUSIONS

The reason for the significant change in geomag-
netic cutoff rigidities in 1955—2020 is a general
decrease in the magnetic field of the Earth, against the
background of which a certain “contrast” increases
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Fig. 11. Difference in geomagnetic cutoff rigidities (the right scale in the GV) calculated in this paper and in (Shea and Smart,

1983) for the 1980 epoch.
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Fig. 12. Errors in the calculation of geomagnetic cutoff rigidities according to the prognostic magnetic field of the IGRF-12

model for the 2015 epoch.

with the presence of regions with a sharp change in the
field near the poles and magnetic anomalies, as well as
changes in the displacement vector of the poles and
anomalies.

The long-term changes in effective geomagnetic
cutoff rigidities for the global network of neutron
monitors are significant and generally lead to a
decrease. It should be taken into account when esti-
mating the spectrum of long-period variations.

GEOMAGNETISM AND AERONOMY  Vol. 56

The effect of the outer magnetosphere on long-
term changes in cutoff rigidities leads to a slight
decrease in the geomagnetic cutoff rigidity. The
observed 11-year cut-off rigidity changes are in oppo-
site phase with the change of the Kp-index, are insig-
nificant, and do not exceed 0.1 GV.

All of the obtained results are published in the
graphic and digital forms on the website (Magnito-
spheric effect, 2015).
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First of all, these are computations of the planetary
distribution of geomagnetic cutoff rigidities for the
IGRF model with the grid of 5° in latitude and 15° in
longitude for periods from 1955 to 2015 in steps of 5
years and the forecast for 2020. The penumbra region
was taken into account for the flat spectrum of varia-
tions of cosmic rays. In order to study the dynamic
changes of the planetary distribution of geomagnetic
cutoff rigidities, AnimationGRID.gif was created and
can be found on the same website.

In addition, the geomagnetic cutoff rigidities for
123 detectors of the global network of neutron moni-
tors are published on the website (Magnitospheric
effect, 2015) for the entire observation period in steps
of one year. Results were obtained for the detectors
operating at the moment or long-operating detectors
in the previous period. Geomagnetic cutoff rigidities
were obtained for IGRF and T89 models. The penum-
bra region was accounted for the flat and power spectra
taking into account the atmospheric influence. For ease
of viewing of the changes in geomagnetic cutoff rigidi-
ties, AnimationSTATION.gif was also created and pub-
lished on the website (Magnitospheric effect 2015).

In this paper, we restricted ourselves to long-term
changes in geomagnetic cutoff rigidities, which is suf-
ficient for the description of isotropic variations. The
problem of long-term changes of asymptotic particle
reception cones for the description of anisotropic vari-
ations of cosmic rays should be further investigated.
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