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Abstract: The method of the analysis of data on vertical rigidities a$mic rays cutoff is presented
based on the particle trajectory calculations in the georetig field described by the Tsyganenko-89
model. The essence of the method consists in the fact thathetexperimental data and the calculation
results are described in the form of change of their valugtired to the values related to IGRF. The value
of these relative changes depends quite certainly on thditsigtself and on the level of geomagnetic
field disturbance (thé,-index). The proposed model describes well calculatioa datl agrees with the
results of cutoff rigidity measurements carried out by bités.

Introduction less labor-consuming ECR calculation techniques,
such as interpolation ones. So, Smart et al have
The effective cutoff rigidity (ECR) is an impor-  calculated a set of EVCR tables for various condi-
tant parameter, that characterizes the given point of tions and developed the tools for interpolation [5].
the near-Earth space, and defines the fluxes at this
point as both galactic cosmic rays, and solar ener- L.
getic particles (SEP) generated during solar flares. P_rOposed EVCR determination tech-
These fluxes, along with trapped particles of the NIquUe
Earth’s radiation belt, determine the radiation situ-
ation onboard the spacecraft. In addition, the ge- The approach we propose is based on interpola-
omagnetic cutoff effect allows one to study SEP tion of a basic set of ECRs calculated with us-
spectra and fluxes using the data from both neu-ing a series of physical concepts and computa-
tron monitors (NM), and spacecraft situated inside tional models. The changes of the EVCR value
the magnetosphere. under an effect of magnetosphere disturbance (de-
In practice, the vertical ECR is usually applied SCribed byk,-index) and local time (T) using the

(EVCR), which represents a fine estimate averaged | SY9anenko’s-89 geomagnetic model [6] are used
over the total ECR body angle [1]. in the given technique as corrections, whose val-

ues are described by the attenuation faciorde-

The ECR calculations are based on numerical inte- termined by Nymmik [7] as:

gration of the equations of motion of charged par-

ticles in the geomagnetic field described by any Ro

model. Till now, the ECRs were calculated by A(Ro, Kp, T) = R(Ro K, T) -1 (1
this technique both for the points of the global 0 e

NM network, and for many typical orbits of space- where R, is the initial rigidity calculated for the
craft, the International Space Station for instance |GFR model. The reverse conclusion follows from
[2, 3]. Note thatthe ECR depends both on geomag- this statement, namely: if the value( R, K, T')
netic disturbance level, and on the local time [4]. is known for the given point, then the real EVCR
The possibilities of direct ECR calculation perma- can be determined by the same formula. The anal-
nently grow due to growing power of computers; ysis of the results of particles trajectory calcula-
however, some practical tasks require simpler and tions, carried out according to Tsyganenko’s mag-
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Figure 1: The values of factors of attenuation of ef-
fective vertical rigidities in terms of initial rigidity

0.2 + 0.6 GV has the value o2 hours approxi-
mately.

Formulas (3) and (4) are applicable for determining
EVCR at

Rg > Reri = 0.238- K% (5)

At smaller rigidities, the zero rigidities appear in
the evening-night sector - during these periods
the given point becomes accessible for penetrating
of particles with rigidities smaller than the initial
value of the rigidity range looked through, that is
equal to0.001 GV.

Formulas (1-5) determine the EVCR value for any
point of the near-Earth spacecraft’s orbit as a func-
tion of coordinates, magnetosphere disturbance
level and local time value. The use of these formu-
las allows one to avoid the necessity of perform-
ing resource-consuming trajectory calculations of
charged particles in the magnetosphere. The va-

IGRF and magnetosphere disturbance levels (from lidity of this model is confirmed by the results of

below upwardsk, = 0, 1, 3, 5). Calculation data
(points) and their approximations (lines).

our numerical calculation of trajectories of charged
particles in the geomagnetic field described by
the superposition of the IGRF and Tsyganenko-89
models. One of difficulties of such calculations is

netosphere model, leads to the conclusion that thethe verification of numerical integration results. In
attenuation factor can be presented as two multipli- addition to standard techniques of checking the ac-

ers:

A(Ry, K, T) = A1(Ro, Kp) - A2 (Ro, Kp, T)
(2)
HereA, is the mean value of the attenuation factor,
which does not depend on the local time (T):

A; =0.174- Ry - exp(0.034- K,,)  (3)

wherey = 1.7atRy > 1 GV andy = 1.7- Ry **

at Ry < 1 GV. Figure 1 presents the calculated
values of the correction quantitx;, which are
well described by formula (3). The second mul-
tiplier describes the time dependence of EVCR on
the mean value of rigidity/<,,-index, and on the
local timeT":

As(Ro, K, T)=[1+A-B-C] (4
where A = (0.025 + 0.0344 - K,) , B =

Ry @700 and ¢ = sin(28(T + AT))
and whereAT for the range of rigiditiesR =

curacy control, we have compared our calculations
at fixed points with the Smart’s et al data [2, 3]. So,
we convinced in well coincidence & > 0.5 GV'.
The certain distinction lies in the fact, that, with the
purpose of increasing the accuracy, in determining
the penumbra parameters we have used both the
more detailed scale of rigiditiesA R = 0.003 GV
(andAR = 0.001 GV in separate cases), and the
algorithm of the fifth order of accuracy [8] for tra-
jectory integration with accounting for the time de-
pendence of the geomagnetic field.

Our calculations of EVCR for the epoch 2005 for
the IGRF model are presented in Table 1. Due to
calculation’s perfomance limits some values in this
table with R < 0.01 GV are not real EVCRs,
but their's upper possible values. The EVCR
values from Tsyganenko’s model for calculating
A1(Ro, Kp) (see Eq. 3) were determined by av-
eraging the data calculated for the set of local time
moments” = 1,2, .. .24 (hours).
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Table 1: Basic EVCR table calculated for IGRF epoch 2005.

A, ° Geographic East Longitudg, J)
0 30 60 90 120 150 180 210 240 270 300 33
85 0.004 0.004 0.007 0.007 0.010 0.010 0.010 0.013 0.000 0.013.0070 0.007
80 0.004 0.004 0.004 0.025 0.031 0.016 0.004 0.007 0.010 0.010.0070 0.004
75 0.040 0.109 0.154 0.178 0.196 0.178 0.127 0.004 0.007 0.007.0040 0.004
70 0.220 0.316 0.373 0.421 0.454 0.469 0.352 0.169 0.004 0.004.0040 0.079
65 0.486 0.666 0.741 0.810 0.888 0.951 0.756 0.408 0.144 0.018.0750 0.282
60 0.990 1.203 1.330 1.426 1.579 1.705 1.408 0.846 0.356 0.174.2640 0.615
55 1.778 2.018 2.165 2.357 2.588 2,711 2.339 1.460 0.713 0.389.5600 1.166
50 2.808 3.150 3.351 3.615 3.933 4.101 3.540 2.379 1.262 0.743.0281 2.010
45 4.223 4.472 4.733 5.084 5471 5.630 4.739 3.527 2.059 1.285.7171  3.356
40 6.043 6.244 6.697 7.381 7.850 8.057 6.640 4.768 3.124 1.987.6412 4.669
35 8.234 8.237 9.098 9.497 9.944 9.635 8.114 6.628 4.387 2.932.7873  7.063
30 9.766 10.174 10.981 11.663 12.086 11.432 9.955 8.356 5.818.7893 5.136 9.046
25 11.197 11.779 12.586 13.420 13.324 12.535 11.377 10.057 277.9 5.236 7.006 10.27¢
20 12.117 12.873 13.678  14.356 14.125 13.209 12,108 11.052 539.1 6.440 8.664 11.204
15 12.634 13.348 14.254 14.950 14.638 13.681 12.673 11.758 2840. 7.683 10.188 11.77¢
10 12.682 13.480 14.497 15.217 14.875 13.954 13.078 12.280 1221. 9.535 10.840 11.950
5 12.427 13.291 14.413 15.157 14.836 14.017 13.306 12.625 7311. 10.510 11.152 11.85]
0 11.908 12.802 14.017 14.770 14.518 13.849 13.339 12.781 0522. 11.113 11.248 11.53
-5 11.140 12.067 13.330 14.062 13.903 13.417 13.147 12.745 1542. 11.335 11.167 11.02
-10 10.231 11.131 12.379 13.027 12.976 12.679 12.691 12.508 07Q02. 11.356 10.936 10.354
-15 9.111 9.921 10.956 11.500 11.194 11.353 11.935 12.061 41.821.188 10.527 9.561
-20 7.718 8.352 9.051 9.381 9.186 9.156 10.374  11.388  11.412 89Q0. 10.050 8.544
-25 6.337 6.934 7.255 6.634 6.619 7.312 8.392 9.742 10.843  00.459.328 7.417
-30 5.262 5.413 5.058 4.635 4.593 5.079 6.682 7.678 10.090 9.828.533 6.334
-35 4.246 3.949 3.706 3.100 3.004 3.625 4.798 6.802 8.396 9.134.6847 5.602
-40 3.436 3.088 2.539 1.933 1.867 2.317 3.541 4.780 6.997 8.234.7066  4.915
-45 2.777 2.272 1.714 1.165 1.000 1.336 2.275 3.659 5.264 7.218.0866  3.983
-50 2.229 1.673 1.100 0.611 0.488 0.722 1.424 2.508 3.960 5.440 .8544  3.222
-55 1.718 1.199 0.686 0.294 0.188 0.326 0.806 1.682 2.843 3.924 .6873 2.570
-60 1.297 0.828 0.405 0.111 0.006 0.111 0.405 1.038 1.939 2.851.8542 1.990
-65 0.948 0.546 0.222 0.000 0.006 0.006 0.195 0.600 1.257 1.866.9801 1.464
-70 0.640 0.352 0.100 0.004 0.004 0.007 0.046 0.328 0.757 1.163.2681 0.985
-75 0.415 0.205 0.022 0.004 0.004 0.004 0.004 0.169 0.424 0.664.7540 0.622
-80 0.229 0.109 0.000 0.004 0.004 0.004 0.004 0.064 0.223 0.347.3890 0.341
-85 0.106 0.037 0.000 0.004 0.004 0.004 0.004 0.022 0.088 0.139.1750 0.151

Calculation results and comparison  Conclusion

with experiments

This model represents the first approximation to
As noted above, the model is correct for EVCR the version of the express-calculation technique
values, which are greater than some quantities, called for providing a possibility of fast (online)

whose particular values depend éf),. We have determination of fluxes of particles penetrating to
estimated this critical value rigidityR.,;; (see the Earth satellite and orbital stations. In addition,

Eq.5). We have compared the calculated val- the model is designed for fast determination of the
ues of quantityA with EVCR values obtained function of particles penetration to projected Earth
in various experiments, determined from obser- satellite orbits. This model does not cover the sit-
vations of the boundary of penetration of SEP uations, where, along with the magnetosphere dis-
(protons and alpha-particles). Figure 2 presents turbance described by thi€,-index, the ring cur-
the model approximations of attenuation factors rent, described by th®;-index, is simultaneously
for the magneto-quiet conditions, characterized by strengthened in the magnetosphere. In our opinion,
valuesk, = 0 andK,, = 1. A small arrow stands ~ such extreme situations occur rather rarely and can
at the place of critical rigiditie®R.,;;. The set of  be neglected in the first approximation. Besides,
experimental data is well described by model func- some parts of the model need updating.

tions, as arule.
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Figure 2. Model dependencies of the time aver-
aged attenuation factor on the;orr value, for
K, = 0 and K, = 1, and theA; values cal-
culated from the results of experiments on deter-
mining the boundaries of penetration of particles
of various rigidity to the near-Earth satellite orbits.
The sources of information [9, 10, 11, 12, 13] are
deciphered in the Figure by the first author's name.
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