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Abstract. Solar radiation is emitted in the wide fre-
quency range from gamma to radio emission. Hence,
joint observations from different instruments and fre-
quency ranges let us to complete full representation of
the evolution of solar events and confirm authenticity of
data from specific instruments. In this article, we pre-
sent comparative analysis data from Solar Spectropolar-
imeter of Meter Range wavelengths (SSMD) and other
instruments. For the investigation we have chosen three
solar events registered with SSMD in 2019: type Ill
radio bursts on May 6 from 05:05 UT to 05:12 UT, type
Il radio bursts on May 6 from 05:12 UT to 05:19 UT,
and type I radio bursts on April 14 from 05:03 UT to
05:21 UT. For comparison we apply data from the fol-
lowing instruments: SSMD, SRH (Siberian Radiohelio-
graph), SDO/AIA (Atmospheric Imaging Assembly
(AIA) on the Solar Dynamics Observatory (SDQ)),

Wind/WAVES (WAVES investigation on the WIND
spacecraft), ground-based spectropolarimeter
AMATERAS, spacecraft GOES-14. As a result, we can
conclude that they are in good correlation with each
other and correspond to outstanding characteristics for
each event. The investigation also confirms the SSMD
data authenticity.

Keywords: Sun, radio radiation, type Il radio bursts,
type Il radio bursts, solar flares, solar events, instru-
ments.

INTRODUCTION

Solar radiation is detected in a wide frequency range
— from gamma to radio emission. Comparison of data
from different instruments in several frequency ranges
when studying solar activity allows us to analyze select-
ed phenomena, to recreate a complete picture of the
development of solar events, and to verify the truth of
the occurrence of these events. For this purpose, we use
data from both space and ground-based instruments.

The aim of this work is to examine the events rec-
orded by the Solar Spectropolarimeter of meter range
wavelengths (SSMD) [Muratova et al., 2019] together
with other instruments in different frequency ranges and
to confirm their reliability.

In the meter waveband, a huge number of solar phe-
nomena appearing as radio bursts of various types can
occur. Their first observations began in 1942 with the
discovery of solar radio emission. Many papers were
devoted to such observations (for example, [Appleton et
al., 1946; McCready et al., 1947; Payne-Scott, 1949]).
One of the first classifications of radio bursts was pre-
sented by Wild [Wild et al., 1963]. In this paper, we
deal with events associated with type Il and Il radio
bursts [Wild, McCready, 1950]. Type Il includes radio
bursts with a fast frequency drift, which are produced by
nonthermal electrons propagating along open field lines
from the Sun into the interplanetary medium. Type Il

includes radio bursts with a slow frequency drift. Elec-
trons accelerated by shock waves propagating in the
solar corona are involved in their formation. We have
used data acquired with SSMD. We have selected three
events occurring in 2019 for the study: radio bursts of
types Il (at 05:05-05:11 UT) and Il (at 05:12-05:19
UT) recorded on May 6, and a group of type Il radio
bursts (at 05:04-05:20 UT) detected on April 14.

To confirm the events under study, we present data
from AMATERAS in the 100-500 MHz frequency
range. The fact that the events propagate to higher lay-
ers of the solar atmosphere is evident from the data ob-
tained with the Wind/WAVES instruments — RAD1
(20-1040 kHz) and RAD2 (1.075-13.825 MHz). We
present the data from these instruments from 05:00 to
05:30 UT for the events of May 6 and from 05:00 to
05:40 UT for the events of April 14 as combined spectra.

In lower layers of the solar atmosphere, we can ob-
serve the "prehistory" of the phenomena considered. For
this purpose, we have used data from the Siberian Radi-
oheliograph (SRH) [Altyntsev et al., 2020] and
SDO/AIA [Lemen et al., 2012]. The first event associat-
ed with an M1.0-class flare was examined from 05:00 to
05:08 UT; and the second during a C9.9 class flare,
from 05:10 to 05:17 UT on May 6. The third event re-
lated to an A8.0-class flare was analyzed from 05:10 to
05:17 UT and from 05:14 to 05:30 UT on April 14.

For each event, we present X-ray fluxes derived
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from GOES-14 data, as well as microwave emission

fluxes from SRH data at a frequency of 5.125 GHz.
The next section takes a closer look at the observa-

tion instruments and methods involved in data analysis.

INSTRUMENTS
AND OBSERVATION METHODS

The Solar Spectropolarimeter of meter range wave-
lengths is a radio spectropolarimeter designed to ob-
serve solar radio bursts of various types in the 50-500
MHz range. SSMD successfully began regular observa-
tions at the ISTP SB RAS Radio Astrophysical Observa-
tory (the Badary area) in April 2016. The observations
were made from 2016 to 2020. A log-periodic crossed
antenna is installed at the input of the receiver that sim-
ultaneously receives horizontal and vertical polarization
components. The main parameters of SSMD are: 4608
frequency channels, the channel width and the step be-
tween them are 97.656 kHz, the time resolution is 1 s.
We use the intensity (Stokes I). The instrument is de-
scribed in detail in [Muratova et al., 2019]. Note that
observations in this range are complicated by the pres-
ence of various interference effects both of artificial origin
(from other radio electronic devices) and from some natu-
ral phenomena [https://www.slideserve.com/ toussaint/srs-
data-examples-powerpoint-ppt-presentation]. The SSMD
data catalog for the period 2016-2020 is currently under
development. The data can be obtained upon request
from N.O. Muratova.

To clean images, in each frequency channel we
found the median value of the initial signal intensity for
a certain time interval, which was then subtracted from
it; upon which we divided the resulting values by the
standard deviation in the channel. Due to the presence
of interference of different types, the entire 50-500
MHz range was conditionally subdivided into three
parts, each processed and displayed separately. The data
is not calibrated and is presented in relative units.

The Siberian Radioheliograph (SRH) is a multiwave
T-shaped radio interferometer designed to record phe-
nomena on the Sun in the 3-24 GHz frequency range
[http://ckp-rf.ru/usu/73606]. The instrument is developed
in the Badary area. Until 2020, an SRH prototype oper-
ated in the 4-8 GHz frequency band with a spatial reso-
lution of 21'. Since 2021, the radio interferometer has
been working in the test mode in the 3—6 GHz band.
The instrument is currently under construction and it is
planned to put the arrays into operation in the 6—12 GHz
band and then in the 12-24 GHz band [Altyntsev et al.,
2020]. The SRH data provided profiles of microwave
emission fluxes, as well as spatial images of radio
brightness of the solar disk at several frequencies.

GOES-14 (GOES-O) is an environmental satellite
[https://www.noaasis.noaa.gov/GOES/GOES_DCS/goes
des.html], but its observations are also useful in monitoring
solar activity. The GOES-14 data was used to construct
X-ray flux profiles for flares in the 1-8 A range. The
data is available at [https://hesperia.gsfc.nasa.gov/goes].

To visualize the evolution of the events and to con-
struct brightness temperature profiles, we have used
full-disk solar images in the SDO/AIA EUV171, 304,
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and 94 A channels with a cadence of 12 s and a spatial
resolution of 0.6” [Lemen et al., 2012]. The SDO data
is available at [https://sdo.gsfc.nasa.gov/data/aiahmi].

AMATERAS is a broadband meter radio spectropolar-
imeter designed to observe solar radio bursts in a 150-500
MHz frequency range (note that according to the data for
2019 the range was 100-500 MHz). The number of chan-
nels is 16384; the time resolution is 10 ms. The instrument
records right-hand and left-hand circular polarizations
[lwai et al., 2012].

WAVES is an instrument installed in the WIND
spacecraft. It detects plasma and radio waves of solar
origin, using RAD1, RAD2 receivers. The RADI1 fre-
quency range is 20—1040 kHz, the number of channels
is 256, and the time resolution is 1 min. The RAD?2 fre-
quency range is 1.075-13.825 MHz, the number of
channels is 256, and the time resolution is 1 min [Boug-
eret et al., 1995].

We present the AMATERAS, Wind/WAVES data for
each event in the form of combined spectra. To analyze
the events under study, we have developed software
capable of simplifying and automating the visualization
of dynamic spectra in the meter range. The software
automatically downloads data from the instruments’
servers by event date in FITS or SAV format, then reads
and processes the files.

The data processing algorithm works with data arrays
and takes all characteristics of each instrument into account
for further selection of the area of interest for a given peri-
od of time. Then, the data array is processed to improve the
image quality. To do this, a histogram equalization method
is used to increase the contrast of low-contrast areas. His-
togram equalization is performed by distributing the most
frequent intensity values, thereby making it possible to
isolate flares from the general background.

As a result, the software performs the following
tasks: reading files, calibrating (transferring data from
dB-'m to sfu), preprocessing, arranging data from differ-
ent instruments, taking into account their frequency
range and intensity values. At the end of this process,
we get images of dynamic radio spectra in the meter
range at a given time interval.

OBSERVATIONS
AND DATA ANALYSIS

The first two events we discuss occurred on May 6,
2019. Figure 1 shows a dynamic intensity spectrum
(Stokes 1) constructed for the group of type Il radio
bursts recorded by SSMD on May 6, 2019 at 05:05-
05:12 UT. The event lasted for several minutes. This
image displays the fine structure in the form of single
short radio bursts with a duration of 1 s (SSMD reso-
lution is 1 s) with a fast frequency drift from high to
low frequencies at a velocity of -13 to —20.67
MHz's* as the event propagates in upper layers of
the solar atmosphere. In some places, we can see
pronounced continuous emission whose intensity also
changes during the event evolution. This event covers
a wide frequency range from 50 MHz (the lower limit of
the SSMD frequency range) to 360 MHz. All of the above
features are characteristic for type Il radio bursts
[https:/Amww.sws.bom.gov.au/World_Data_Centre/1/9/5].
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Figure 1. Dynamic intensity spectrum of a group of type Il radio bursts obtained from SSMD data for 05:05-05:12
UT on May 6, 2019. The white arrow indicates a weak type 11 radio burst.

Spectral images are not uniform in frequency; for ex-
ample, the presence of interference in the 140-160 MHz
range, which was mentioned above, did not provide a
higher quality image. The event began at 05:05 UT with
single radio bursts, occupying an ever wider frequency
range as it developed. The peak of the event, according to
the obtained spectrum, was recorded at 05:08 UT, and by
05:10 UT it fades away. We also see a weak type Il radio
burst at 05:11:30 UT in the 50-110 MHz frequency range
(white arrow in Figures 1 and 6).

0.02

On the combined spectrum shown in Figure 2 ac-
cording to AMATERAS data, a group of type III radio
bursts is visible in the 100-500 MHz frequency range
from 05:05 to 05:10 UT with a fast frequency drift. The
maximum is at 05:08 UT. In the upper layers of the so-
lar atmosphere, according to the data from
Wind/WAVES RAD1 (05:07-05:16 UT) and RAD2
(05:09-05:30 UT and beyond), a continuous high-
intensity type III radio burst is observed.

Wind/WAVES RAD1

104 4
1.075
Wind/WAVES

"1a T 1075
BN GOES 14

106

Frequency (MHz)

13.8

100.0 +

- 150
- I 5.125 GHz SRH H

Bl 140

130

- 120

- 110

05:20 05:30

Time (UT)

Figure 2. Combined spectrum for two events on May 6, 2019, which shows dynamic spectra derived from AMATERAS and
Wind/WAVES data, as well as the microwave emission flux recorded by SRH at a frequency of 5.125 GHz, and the X-ray flux

profile from GOES-14 in the 1-8 A range
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According to the profile of the total microwave emis-
sion flux presented in Figure 2 from SRH data at a fre-
quency of 5.125 GHz, from 05:07 to 05:12 UT there are
three peaks with maxima from 142 to 149 sfu. As inferred
from GOES-14 data, the X-ray emission at the flare maxi-
mum is 10 W-m.

We also analyze this event, using SRH and
SDO/AIA spatial images. At 05:05-05:08 UT, an
M1.0-class flare occurred on the solar disk near the

active region (AR) NOAA 12740
[https://suntoday.Imsal.com/suntoday/?suntoday_date
=2019-05-06].

Figure 3 presents a full disk solar image for 05:08
UT on May 6, 2019 according to SDO/AIA data at a
wavelength of 94 A. In the northwestern part of the
disk, the white rectangle (270"x246") marks the flare at
its maximum phase.

Figure 4, a—c displays SDO/AIA spatial images of the
flare at the 94, 304, and 131 A wavelengths, which trace
the emission increase; and the maximum phase of the flare
is at 05:08 UT. Contours indicate the microwave emission
of the flare according to SRH data at a frequency of 6.0
GHz at 0.5, 0.7, and 0.9 levels of maxima of brightness
temperature maps.

The second event of interest is a type II radio burst
with a slow drift from high to low frequencies (Figure 5).
The drift velocity is —0.308 MHz's'. This event oc-
curred almost immediately after the type III burst (see
Figure 1) within 2 min of one another (excluding the single
weak burst at 05:11:30 UT), which is a typical situation
[https://www.sws.bom .gov.au/World Data_Centre/1/9/5].
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Figure 3. Full disk solar image from SDO/AIA data at a
wavelength of 94 A for May 6, 2019. The white rectangle
270"x246" marks the region of the maximum stage of the
M1.0-class flare at 05:08 UT

At 05:11:30 UT, we see a short weak type Il burst,
then at ~05:12 UT a type Il burst begins, which lasts for
several minutes, to ~05:19 UT. The type Il burst occu-
pies mainly the lower part of the spectrum from 75-150
MHz; its fragments are also present at higher frequen-
cies from 150 to 230 MHz and at lower frequencies 50—
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75 MHz. In the 150-180 MHz range, strong interference
was observed which prevented the signal from being
isolated in this range. The event considered was more
intense than the previous one.

Having analyzed the combined spectra in Figure 2
from AMATERAS data, we also see a type Il radio
burst in the 100-200 MHz frequency range at 05:11-
05:20 UT. In the upper part of the RAD2 range (from
~10 kHz and above) from 05:15 to 05:26 UT, the event
is faint. We did not manage to detect a response to the
flare from the profile of the total microwave emission
flux. The X-ray emission profile according to GOES-14
data has the form of a gentle slope. The maximum X-
ray emission is observed at 05:15 UT and is 10 ° W-m %

In the northwestern part of the solar disk near AR
NOAA 12740, spatial images show a flare from 05:10
to 05:17 UT, which corresponds to class C9.9 according
to [https://suntoday.Imsal.com/suntoday/?suntoday
date= 2019-05-06]. Evolution of the flare from 05:10 to
05:15 UT according to SDO/AIA data is illustrated in
Figure 6 at wavelengths of 94 (a), 304 (b), and 131 A
(c). All the wavelengths exhibit a gradual decrease in
brightness, and the flare peaked at 05:10 UT. Contours
indicate the microwave emission of the flare according
to SRH data at a frequency of 6.0 GHz at 0.5, 0.7, and
0.9 levels of maxima of brightness temperature maps.

According to [https://aia.Imsal.com//aia_cadence
/aia_0193_rdiff_0144 sum_20190506_0500/AlA_0193
_RDIFF_0144 _SUM_20190506_0500.html] on the
website [ https://suntoday.lmsal.com/suntoday/?suntoday
_date=2019-05-06], at 05:01:28-05:39:28 UT in the
same AR a coronal shock wave occurred which, accord-
ing to our assumptions, is related to the type Il coronal
radio burst [Cairns et al., 2000] detected by SSMD and
AMATERAS in the 50-250 MHz range (see Figures 2, 5).

The last event we analyze (Figures 7, 8) consists of
type Il radio bursts recorded on April 14, 2019.

On the whole, the event has the character of a noise
storm and appears on the spectra as groups and individ-
ual type Ill radio bursts that follow intermittently
throughout the observation day. The event is long, so
we have presented only two fragments of the dynamic
spectra — from 05:03 to 05:09 UT and from 05:14 to
05:21 UT. The former fragment (Figure 7) is a group of
weak type Il radio bursts with continuous background
emission, in which we can isolate a weak fine structure
and an intense burst at 05:05 UT. The latter fragment
(Figure 8) shows a group of more intense radio bursts
(beginning at ~05:15 UT) with a higher level of contin-
uous emission than in the former fragment. Radio bursts
at 05:16 UT and three intense radio bursts at the end of
the group in the period from 05:18 to 05:19 UT are
clearly defined. By 05:20 UT, the event fades. The drift
velocity of individual radio bursts for the two fragments
varies from —13.2 to —26.67 MHz s*. The event occu-
pies predominantly the lower part of the SSMD spec-
trum, from 50 to 160 MHz, and continues for a long
time, manifested in groups and individual bursts.

The combined spectrum (Figure 9) from 05:00 to
05:21 UT, according to AMATERAS data, in the range
of 100-200 MHz exhibits many barely noticeable type
111 radio bursts.


https://suntoday.lmsal.com/suntoday/?suntoday_date=2019-05-06
https://suntoday.lmsal.com/suntoday/?suntoday_date=2019-05-06
https://www.sws.bom.gov.au/World_Data_Centre/1/9/5
https://suntoday.lmsal.com/suntoday/?suntoday_%20date=%202019-05-06
https://suntoday.lmsal.com/suntoday/?suntoday_%20date=%202019-05-06
https://aia.lmsal.com/aia_cadence%20/aia_0193_rdiff_0144_sum_20190506_0500/AIA_0193_RDIFF_0144_SUM_20190506_0500.html
https://aia.lmsal.com/aia_cadence%20/aia_0193_rdiff_0144_sum_20190506_0500/AIA_0193_RDIFF_0144_SUM_20190506_0500.html
https://aia.lmsal.com/aia_cadence%20/aia_0193_rdiff_0144_sum_20190506_0500/AIA_0193_RDIFF_0144_SUM_20190506_0500.html
https://suntoday.lmsal.com/suntoday/?suntoday%20_date=2019-05-06
https://suntoday.lmsal.com/suntoday/?suntoday%20_date=2019-05-06

Results of joint observations

a) SDO/AIA 94

05:04:59 05:06:23

b) SDO/AIA 304

o
05:05:41 " 05:06:29

c) SDO/AIA 131
¥ % e

05:05:54 05:06:18 05:06:30 05:07:42 05:08:06

Figure 4. Spatial images of the May 6, 2019 flare from 05:05 to 05:08 UT according to SDO/AIA data at wavelengths of 94,
304, and 131 A (a—c). Contours depict microwave emission derived from SRH data at a frequency of 6.0 GHz at levels of 0.5
(blue line), 0.7 (light blue line), and 0.9 (white line) of brightness temperature maxima. Frame size is 125"x125"
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Figure 5. Dynamic intensity spectrum of a type Il radio burst, constructed from SSMD data for 05:11-05:19 UT on May 6, 2019
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Figure 6. Spatial images of the May 6, 2019 flare from 05:10 to 05:15 UT, obtained from SDO/AIA data at wavelengths of
94,304, and 131 A (a—c). Contours depict microwave emission derived from SRH data at a frequency of 6.0 GHz at levels of 0.5
(blue line), 0.7 (light blue line), and 0.9 (white line) of brightness temperature maxima. Frame size is 125"x125"
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Figure 7. Dynamic intensity spectrum of a group of type 111 radio bursts, recorded by SSMD on April 14, 2019, for 05:03—
05:09 UT
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Figure 8. Dynamic intensity spectrum of a group of type Il radio bursts, recorded by SSMD on April 14, 2019, for 05:14—
05:21 UT
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Figure 9. Combined spectrum for the April 14, 2019 events, which exhibits dynamic spectra according to AMATERAS

and Wind/WAVES data, as well as the total microwave emission flux from SRH data at a frequency of 5.125 GHz and the X-
ray flux profile from GOES-14 at 1-8 A

In general, the event is a noise storm in nature. Radio  bursts that are above 150 MHz in the range are likely
bursts at 05:06 and 05:15 UT stand out well against to form type | noise storms. Such activity was ob-
the background of numerous bursts. Some small served by the radiospectrograph of the Learmonth
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Observatory all through the day
[https:/Aww.sws.bom.gov.au/World_Data_Centre/1/9/6].
According to Wind/WAVES data, two high-intensity
type 11l radio bursts can be distinguished in the upper
layers (the first begins at 05:03 UT, the second at
05:14 UT), which are continuous.

According to SRH data (green curve), at a frequency
of 5.125 GHz from 05:00 to 05:14 UT there is an inho-
mogeneous increase in the microwave emission flux
with a 16-18 sfu intensity. From 05:15:00 to 05:23:00
UT, there are also several bursts of radio emission from
19.5 to 18.2 sfu.

From the GOES-14 X-ray emission profile (red
curve) at 05:01-05:05 UT, it is impossible to isolate the
flare due to intense background noise at the level of 10
W-m2 However, from 05:15 to 05:22 UT, the flare
profile is clearly pronounced, the value at the maximum
is 10° W-m™. The background emission flux until
05:40 UT changes slightly. Figure 10 shows the full
solar disk according to SDO/AIA data at the wavelength
of 94 A at 05:18 UT. The white rectangle denotes the
flare in the form of a complex system of loops with a
bright narrow filament in its lower right part.

In spatial images (Figure 11), an A8.0-class flare of
complex configuration was distinguished in AR
N12WO00. On panels are SDO/AIA images captured at
wavelengths of 304 (a), 171 (b), 335 A (b). For example,
Figure 11, a shows a bright source at 05:00 UT, which
fades a little at 05:02 UT, then flares up again and hardly
changes further. Contours indicate the microwave emis-
sion of the flare as derived from SRH data at a frequency
of 6.0 GHz at levels of 0.5, 0.7, and 0.9 of brightness
temperature maxima.

From 05:13 to 05:19 UT, the flare was observed,
according to SDO/AIA data, at wavelengths of 304,
171, and 335 A (Figure 12). Figure 12 traces the evo-
lution of the flare (as a bright filament). Contours in-
dicate the microwave emission of the flare as derived
from SRH data at a frequency of 6.0 GHz at levels of
0.5, 0.7, and 0.9 of brightness temperature maxima.

05:18:01 UT SDO 94 A

1000

500

arcsec

-1000 -500 0o
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Figure 10. Full disk solar image from SDO/AIA data for
05:18 UT on April 14, 2019 at a wavelength of 94 A. The
white rectangle marks an A8.0 flare region of 492"x600"
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CONCLUSION AND DISCUSSION

We have used data from several instruments to ana-
lyze three events in 2019 recorded with SSMD: the first
event — on May 6 from 05:05 to 05:12 UT, the second —
from 05:12 to 05:19 UT, and the third — on April 14
from 05:03 to 05:09 UT and from 05:14 to 05:21 UT.

The group of type Il radio bursts occupying a wide
frequency range was considered as the first event. The
bursts feature a fast frequency drift (the drift velocity of
individual bursts ranged from —13 to —20.67 MHz's ).
There is also a fine structure (see Figure 1) in the form
of single short radio bursts with duration of 1 s and pro-
nounced continuous emission. Comparative analysis has
shown the following: a group of type Il bursts accord-
ing to AMATERAS data and an intense type Il burst
according to Wind/WAVES RAD1 and RAD2 data;
responses with maxima from 142 to 149 sfu in the mi-
crowave emission flux, which occurred in NOAA 12740
AR (as derived from SDO/AIA data at a wavelength of
94 A, see Figure 3); one wide response to the M1.0-class
flare in the X-ray flux profile from GOES-14.

A type Il radio burst was considered as the second
event (see Figure 5). This event follows almost imme-
diately after the type Il radio burst and features a slow
frequency drift (-0.308 MHz's*). Comparison be-
tween data from different instruments shows a type Il
radio burst according to AMATERAS data and a weak
manifestation of the event according to Wind/WAVES
RAD2 data; RAD1 did not detect any activity. The
GOES-14 X-ray flux profile reveals a weak response
to the C9.9-class flare. Spatial images according to
SDO/AIA data at wavelengths of 94, 304, and 131 A
exhibit a decaying flare with maximum at 5:10 UT. In
the same period, SDO/AIA difference images at wave-
lengths of 335, 211, and 193 A display a shock wave
in the same AR NOAA 12740. We assume that the
coronal shock wave might have led to the formation of
the type Il coronal radio burst detected by SSMD and
AMATERAS.

As the third event (see Figures 7, 8) we considered
two groups of type Ill radio bursts (in general, the
event lasted throughout April 14 as groups and indi-
vidual radio bursts). This is an event with a narrower
spectrum compared to the first event considered (see
Figure 1). The drift velocity of individual bursts
ranged from —13.2 to —26.67 MHz's *. Against the
background of the bursts there is continuous emission,
which is more intense from 05:14 to 05:21 UT. At the
beginning of each group, individual type Il bursts are
well distinguished; at the end of the second group,
several short-lived narrow-band bursts are visible. In
this case, comparison with other instruments has re-
vealed the following: AMATERAS data shows many
barely noticeable type 11l radio bursts forming a noise
storm, against which a pair of more intense radio
bursts stand out sharply; from Wind/WAVES data, two
intense type Il radio bursts are well traced; according
to SRH data at a frequency of 5.125 GHz the microwave
emission profile exhibits an increase in the flux and two
responses to the flare. Due to the high noise level, it is
impossible to distinguish the flare from the GOES-14
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the flare according to SRH data at a frequency of 6.0 GHz at levels of 0.5 (blue line), 0.7 (light blue line), and 0.9 (white line) of

the maximum brightness temperature

X-ray emission profile. In AR N12WO00, the A8.0-
class flare shown in the SDO/AIA image at a wave-
length of 94 A was observed. Spatial images from
SDO/AIA at 304 and 171 A show a flare of a complex
configuration; and a region in the form of an upward

bright narrow filament is well defined. However, ac-
cording to SRH data, at frequencies of 4.5 and 5.125
GHz the flare changed little.

The results of analysis of data from different instru-
ments show that they correlate well with each other and
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correspond to characteristic features of each event.
Thus, due to the joint observations we have obtained a
complete picture of the development of the events rec-
orded with SSMD and confirmed their validity.
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