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Abstract. Fluxes of soft X -ray radiation
(XR) are the most important indicator of space
weather. Currently, the standard is to classify
the power of solar flares on the basis of XR
measurements in 0.1–0.8 nm waverange
onboard geostationary satellites GOES. As a
part of the monitoring of conditions in the
near-Earth space on Russian satellite of series
“Elektro” a Geiger counter with an aluminum
filter was used as the XR detector, the
bandwidth of the detector is 0.05–0.4 nm. We
propose a method of classification of solar flares
and the calculation of the spectrum for the
simulation of the ionosphere based on the
satellite “Elektro” measurements. The method
is based on the algorithm for calculating the
flow of XR in the 0.1–0.8 nm based on the
“Elektro” measurements data, and then use the
model spectra of X -ray emission of the flare.
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Introduction
Results of soft X -ray radiation fluxes (SXR) measured
on board of satellites are widely used in scientific and
applied researches and are one of the most important
indicators of space weather. Systematic monitoring of
soft X -ray radiation has proceeded successfully for more
than forty years with the help of the equipment, installed on the board the American Geostationary Operational Environmental Satellite (GOES) by US National
Oceanic and Atmospheric Administration (NOAA). The
applied X -ray detectors for these purposes are ionization chambers, which make it possible to measure the
intensity of the radiation in the two wide integral channels 1 − 8 Å (1.5–12.4 keV) and 0.5–4.0 Å (3–25 keV).
Soft X -ray radiation measurements still have not
been carried out in Russia. Within the scope of the
creation of space segment of environment monitoring
in the near space, it is supposed to create systems of
the Sun soft X -ray radiation patrol observations. In
particular, the installation is planned on the solar battery panels of the spacecraft “Elektro-L” No. 1, 2, 3
with the purpose of radiation monitoring. In what follows it is also planned to install X -ray detectors on the
spacecraft “Elektro-M”. A Geiger counter with an alu-

Table 1. Classification of Flares According to the Flux Quantity of X -Ray Radiation in the Range 0.1–0.8 nm
Flare
class
C1–C9
M1–M9
X1–X9

Flux in the
Relative
−2
maximum, mW m
frequency, %
1–9
10–90
100–900

67.7
29.3
3

minum filter is applied in the instrument as a detector.
The system of estimated power of solar fluxes according to X -ray radiation is admitted all over the world
and nowadays is based on radiation flux changes in the
range 0.1 − 0.8 nm (Table 1, see, e.g. [Altyntsev et
al., 1982]).
The frequency of major flares (more than 2 ×
−3
10 erg cm−2 s−1 ), which causes sudden ionospheric
disturbances (SID), is a linear function of sunspot area
and a velocity of change area. An importance of a flare
depends on flare area in the group and geometry of the
group: the more it is complicated the more probable is
flare appearance, caused SID.
During solar flares X -ray flux dramatically increased
and, consequently, the rate of ionization of the upper

atmosphere, which leads to significant changes in the
ionosphere (see, e.g. [Nusinov and Chulankin, 1997]).
For calculations of changes in the state of the ionosphere during solar flares (especially the absorption of
radio waves, and the full content of the electrons in
a single column) the spectrum of soft X -rays is required. For this kind of aerodynamic calculations in
[Qian et al., 2011] the aerodynamic spectrum of X ray flares was obtained, in which soft X -ray energy flux
SXR I0.1−0.8 in the wavelength range 0.1–0.8 nm was
the input parameter
D(λ)

I0−λ = C (λ)I0.1−0.8

(1)

C (λ) = C0 exp(−C1 /λC2 )

(2)

D(λ) = D0 + D1 /λ

(3)

where

λ in nanometer, Iλ in mW m−2 , and in (1)–(3) ratios are defined as follows: C0 = 73.8, C1 = 3.80,
C2 = 0.36, D0 = 0.848, D1 = 0.167. The energy flux
in any spectral interval from λ1 to λ2 can be calculated according to (3) how, where Iλ – the total flux of
radiation at wavelengths shorter than λ.

For example, Figure 1 shows the differential energy
spectra for the flares of classes C1, M1 and X1, calculated by the equations (1)–(3). For the convenience of
fluxes divided by 10 for M1 flares and 100 – class X1.

The Relationship Between X-ray Flux
During Flares
Here we consider the relation between the I0.1−0.8
and I0.05−0.3 during solar flares. In both cases the
analysis was performed on the material of long-term
flux measurements onboard the satellite series GOES
USA [Kreplin et al., 1977]. Note that in [Chulankin, 1997] by the results of the measurements onboard the SOLRAD satellite during flares, the relation
1.41
was I0.05−0.3 = 2.67 × I0.1−0.8
mW m−2 . The results of earlier studies [Donnelly, 1976] according to
the SMS-1 satellite, gave a slightly different result:
1.4
I0.05−0.3 = 5.6 × I0.1−0.8
. It should be noted that
the notation I0.05−0.3 and I0.05−0.4 given by different
authors are the same, and differences in the writing
reflect only the views of authors about the differences
between the measured wavelengths.
In processing of the results of GOES satellite mea-

Figure 1. Differential spectra of X -ray flares of different
intensity [Nusinov and Chulankin, 1997]. Due to technical difficulties of measurement in this range is expected in
the framework of geophysical monitoring (SHM) to carry
on the first X -ray flux measurements in the field of 0.05–
0.4 nm implemented much easier. This leads to the need
to convert the measured flare flows in 0.05–0.4 nm in a
flow of 0.1–0.8 nm, which is based on the basis of classification of solar flares and analysis of their effects in the
ionosphere and upper atmosphere (see, e.g. [Nusinov and
Chulankin, 1997]).

surements data are used with a 5-minute averaging.
Only impulsive flares were selected. Monthly periods
were selected for the analysis. When there were at least
a few X -ray flares of class X (the order of 10−4 W m−2
in the band 0.1 − 0.8 nm) X -ray flares of classes X and
M were recorded (the order of 10−5 W m−2 in the band
0.1 − 0.8 nm). For periods when there were no flares
of class X, outbreaks of class M and C were recorded.
(About 10−6 W m−2 in the band 0.1 − 0.8 nm). For
several periods of very low activity, when there were no
flares of class M, small flares of class B were recorded
(about 10−7 W m−2 in the band 0.1 − 0.8 nm). Flares
with simultaneous maximum values, and flares when
the “short wave” band reached a maximum value somewhat (within five minutes) before the “long wave” were
not divided. Both bands were selected with maximum
value. The results of measurements in 1992, 1996,
1999, 2000, 2001, 2002, 2003 are considered.
Figure 2 shows an example of flow depending on the
“long wave” band of the flux in the “short wave” band
for February 1992. Along the coordinate axes on a logarithmic scale flow units are shown above W m−2 . It
has seen that the desired relationship is well approximated by a power function:

Figure 2. The dependence of the flow in the “long
wave” (0.1–0.8 nm) band of the flux in the “short” (0.05–
0.4 nm) GOES satellite data for February 1992. Along the
coordinate axes on a logarithmic scale flow units are shown
above W m−2 .

B
I0.1−0.8 = A × I0.05−0.4

(4)

Table 2 presents the coefficients A and B for all the
considered periods. In the first column – the period
of measurement, in the second and third ones – the
coefficients A and B, in the fourth – X -class flares are
recorded in the periods indicated.
In the last row of Table 2 the coefficients, obtained
from the generalized data of the above measurements
are given. Figure 3 shows this dependence. The results of earlier measurements processing onboard the
satellite SMS and SOLRAD [Chulankin, 1997; Donnelly, 1976] are also presented. Table 2 allows us to
conclude that there is a considerable (up to an order of
a magnitude) scatter of values of the coefficients that
characterize the relative magnitude of flows (factor A).
This can be due to the variability of relative calibration in these bands on the various devices of GOES
series. However, differences in factors B that determine the slope of the line approximating the dependence are small. The same conclusion can come and
while considering Figure 3. It shows the dependence of
the flow in the “long wave” (0.1 − 0.8 nm) band on
the flux in the “short wave” band (0.05 − 0.4 nm) for

Table 2. The Coefficients of the Power Law Characterizing
the Relationship Between the Fluxes of Solar X -Ray Emission in
the Fields of 0.1–0.8 nm and 0.05–0.4 nm
Year and month

A

B

X -ray flare classes

9201
0.0498 0.6037
M and X(1case)
9202
0.0416 0.5934
M and C
9204
0.0421 0.6038
M and C
9206a
0.0708 0.6514
1–24 Feb., B , C, M
9206b
0.1006 0.6724
1–28 Feb., B, C, M
9206c
0.2153 0.7210
1–28 Feb., B, C, M, X
9208
0.1262 0.6804
M and C
9602
0.0281 0.6242
C and B
9604
0.0768 0.6951
M(1 case), C and B
9604
0.0418 0.6622
C and B
9612
0.0836 0.6890
A, B and C
9908
0.1907 0.7160
M and X
0005
0.1041 0.6790
M and C
0010
0.0382 0.6034
M and C
0104
07673 0.8325
M and X
0204
0.5864 0.8129
M and X
0204
0.3060 0.7624
M only
0205
0.0658 0.6471
C, M, X
0205
0.0528 0.6327
M and C
2002 03, 04, 05, 07, 08
0.3310 0.8377
M and X
2003 03, 02, 05, 06, 09, 10, 11 0.77648 0.8376
M and X
[Chulankin, 1997]
0.38
0.709
[Donnelly, 1976]
0.292
0.714
Conditions without flares
0.0019 0.481
All periods,
consolidated in one array
0.2009 0.7204 B, C, M, X (see Figure 3)

Figure 3. The dependence of the flow in the “long
wave” (0.1–0.8 nm) band of the flux in the “short” (0.05–
0.4 nm) for all periods, presented in Table 1 are grouped
into a single file.

Table 3. Coefficients of the Equation (4) for Different Classes
of X -Ray Flares

X -ray flare class
X
M
C

A

B

1.084
0.0775
0.0196

0.872
0.651
0.565

all periods presented in Table 1, grouped into a single
array. All points from the lowest values, which characterize from virtually calm conditions to super flares (of
10−3 W m−2 s−1 ).
However, on a closer inspection you can see the tendency to decrease in the ratio with decreasing energy of
the flare. To test this idea with all the data in Table 1,
flare classes C, M and X were selected individually. In
Figure 4 they are represented by blue, green and red
colors. Obtained coefficients A and B are given in Table 3.
It is evident that there is the trend that was mentioned earlier. However, now it is difficult to determine
whether it is true or is it the effect of more precise calibration of instruments in recent years, as earlier, such
large flares, as in the maximum of 23 cycles, were not

Figure 4. Similarly to Figure 3, but separated by flare
class C (marked in blue), class M (marked green) and class
X (marked in red).

observed, and in 1859, when the biggest solar flare was
observed, it was still very far from the era of satellites.
Figure 5 allows us to estimate the maximum error of the model, constructed using these data. It
gives a diagram with two sets of factors: the maximum
and minimum values. It also presents the results of
previous studies [Chulankin, 1997; Donnelly, 1976].
It is evident that for the flares of class X the error
can reach 100% and P differences are relatively small
(∼ 10 − 15%).
Comparing the 4, 5 and 6 in Figure 5, we can conclude that at different periods of calibration of measuring instruments onboard the satellites series of SMS,
SOLRAD and GOES differed markedly, that leads to
differences of up to 100% between the calculated values
of the flow of I0.1−0.8 , derived on the basis of current
measurements and calculations on the basis of 1970–
1980’s. Starting from (4) and the coefficients in Table 2, we can determine the X -ray class of flares using
planned “Electro-L” spacecraft measurements of the
radiation flux in flares 0.05 − 0.4 nm. Data for the
estimates are presented in Table 4.
Each row of Table 4 corresponds to the class flare
due to the classification of NOAA (C, M or X), and
the column is its numerical characteristics. Data in the

Figure 5. The lines of regression for the dependence (4)
for different classes of flares: 1 – Class C, 2 – Class M, 3 –
Class A, 4 – all flares, 5 – the results of [Chulankin, 1997],
6 – the results of [Donnelly, 1976].

Table 4. Classification of X -Ray Emission Flares 0.05–0.4 nm.
The Radiation Fluxes are in W m−2
1
C
M
X

3

4

5

4.35E-08 1.14E-07 2.00E-07 2.98E-07 4.06E-07
1.06E-06 2.78E-06 4.89E-06 7.29E-06 9.94E-06
2.60E-05 6.81E-05 1.19E-04 1.78E-04 2.43E-04
6

C
M
X

2

7

8

9

24E-07 6.48E-07 7.81E-07 9.19E-07
1.28E-05 1.58E-05 1.91E-05 2.25E-05
3.13E-04 3.87E-04 4.66E-04 5.49E-04

table give us a possibility to compare planned measurements of CMB with the simultaneous GOES measurements.

Conclusions
1. As a result of the analysis of Solar X -ray data flares
for the last two decades it was obtained the relation
which allows in a general way to calculate the spectral
function of solar radiation during flares of an arbitrary
class. The calculation of the spectrum requires knowl-

edge of the source parameters – flare X -ray flux in the
range of 0.05–0.4 nm.
2. The obtained results allow comparing future measurements of soft X -radiation on board the satellites of
space segment monitoring geophysical conditions with
measurements of the X -Patrol NOAA.
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