
74 ISSN 1027-9636. Ðàä³îô³çèêà ³ ðàä³îàñòðîíîì³ÿ. Ò. 26, ¹ 1, 2021

Ðàä³îô³çèêà ³ ðàä³îàñòðîíîì³ÿ, 2021, Ò. 26, ¹ 1, ñ. 74–89

V. N. MELNIK 1, A. A. KONOVALENKO 1, V. V. DOROVSKYY 1, 
A. LECACHEUX 2, H. O. RUCKER 3 and M. V. SHEVCHUK 1

1 Institute of Radio Astronomy,
  National Academy of Sciences of Ukraine,
  4, Mystetstv St., Kharkiv, 61002, Ukraine
  E-mail: melnik@rian.kharkov.ua
2 LESIA, Observatoire de Paris, CNRS, PSL/SU/UPMC/UPD/SPC,
  5, Place Jules Janssen, Meudon, F-92195, France
3 Komission für Astronomie,
  Österreichischen Akademie der Wissenschaften,
  6, Schmiedlstrasse, Graz, 8042, Austria

EXPLORATION OF THE SOLAR DECAMETER RADIO EMISSION 
WITH THE UTR-2 RADIO TELESCOPE

Purpose: The overview of the scientifi c papers devoted to the study of the solar decameter radio emission with the world’s largest 
UTR-2 radio telescope (Ukraine) published for the last 50 years.
Design/methodology/approach: The study and analysis of the scientifi c papers on both sporadic and quiet (thermal) radiation of 
the Sun recorded with the UTR-2 radio telescope at the decameter wavelength range.
Findings: The most signifi cant observational and theoretical results of the solar radio emission studies obtained at the Institute 
of Radio Astronomy of the National Academy of Sciences of Ukraine for the last 50 years are given.
Conclusions: For the fi rst time, at frequencies below 30 MHz, the Type II bursts, Type IV bursts, S-bursts, drift pairs and spikes 
have been recorded. The dependences of these bursts parameters on frequency within the frequency band of 9 to 30 MHz were ob-
tained. The models of their generation and propagation were suggested. Moreover, for the fi rst time the fi ne time-frequency struc-
tures of the Type III bursts, Type II bursts, Type IV bursts, U- and J-bursts, S-bursts, and drift pairs have been observed due to the 
high sensitivity and high time-frequency resolutions of the UTR-2 radio telescope. The super-fi ne structure of Type II bursts with 
a “herringbone” structure was identifi ed, which has never been observed before. New types of bursts were discovered: “cater-
pillar” bursts, “dog-leg” bursts, Type III bursts with decay, Type III bursts with changing drift rate sign, Type III-like bursts, 
Jb- and Ub-bursts, etc. An interpretation of the unusually high drift rates and drift rates with alternating signs of the Type III-like 
bursts was suggested. Based on the dependence of spike durations on frequency, the coronal plasma temperature profi le at the 
heliocentric heights of . S1 5 3R  was determined.
Usage of the heliographic and interferometric methods gave the possibility to start studies of the spatial characteristics – sizes 
and locations of the bursts emission sources. Thus, it was shown that at the decameter band, the Type III burst durations were 
defi ned by the emission source linear sizes, whereas the spike durations were governed by the collision times in the source 
plasma. It was experimentally proved that the effective brightness temperatures of the sources of solar sporadic radio emission at 
the decameter band may reach values of 14 1510 10  K. In addition, it was found that the radii of the quiet Sun at frequencies 20 
and 25 MHz are close to the distances from the Sun at which the local plasma frequency is equal to the corresponding observed 
frequency of radio emission in the Baumbach–Allen model.
Key words: UTR-2, Sun, decameter radio emission, radio bursts, corona

1. Introduction

Solar observations with the UTR-2 radio telescope 
(Ukraine) have begun right after its commissioning 
in 1970. Before 2000, all observations were made at 
a limited number of fi xed frequencies, typically at 25, 
20, 16, 12.5, and 6.25 MHz. This fact signifi cantly 
narrowed down a variety of studied events mainly 
to Type III bursts, drift pairs and thermal radio emis-
sion of the Sun. The possibility to observe the Sun 
in the heliographic mode allowed to determine the 
spatial characteristics of the received radio emis-
sion sources – their angular sizes and locations in the 
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corona. Equipping of the UTR-2 radio telescope with 
the 30-channel and 60-channel radiometers and espe-
cially with a broadband digital spectrum polarimeter 
(DSP) of high temporal and frequency resolutions 
considerably improved the instrument’s capability. 
Thus, a number of events, such as Type II and Type IV 
bursts, U- and J-bursts, S-bursts and spikes as well as 
their fi ne structure were fi rst observed at the frequen-
cy below 30 MHz. Carrying out the observations in an 
interferometric mode by using some separate sections 
of the UTR-2 radio telescope opens new possibilities 
in studying the events occurring in the corona at dis-
tances of 1.5 3 SR  ( SR  is the solar radius).
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Below, the main results obtained from observa-
tions of the solar radio emission with the UTR-2 ra-
dio telescope for the last 50 years are presented.

2. Type III Bursts

The Type III bursts are the most striking manifesta-
tion of the sporadic radio emission of the Sun. They 
were classifi ed as a separate class of solar bursts by 
J. P. Wild in 1950. Since then, much attention has 
been paid to the study of this phenomenon. These 
bursts can be observed in a wide frequency band 
from 1 GHz down to tens of kilohertz. The fl ux den-
sities of their emission can reach values of 510  s.f.u. 

22 2 1(1 s.f.u. 10 W m Hz ).      The burst typical 
dynamic spectrum looks like a track of radio emis-
sion drifting from high to low frequencies with the 
characteristic rate. The frequency drift rate depends 
on frequency and decreases towards lower frequen-
cies. On the contrary, the durations of Type III bursts 
increase with frequency decrease. It is common-
ly accepted that the Type III bursts are generated 
by electron beams accelerated in solar fl ares and 
moving along the open magnetic fi eld lines away 
from the Sun.

Observations of the Type III bursts with the UTR-2 
radio telescope began right after its commissio-
ning and have been continuing until now. Properties 
of these bursts have been studied in two directions. 
The main direction is the determination of the Ty-
pe III bursts spectral characteristics within the fre-
quency range from 8 to 32 MHz. And the second one 
is the determination of the spatial properties of the 
bursts sources, namely their locations and sizes at 
different frequencies. The last task is solved by using 
heliographic and interferometric methods.

In 70–90s, the research work at the UTR-2 ra-
dio telescope was mainly focused on studying the 
properties of standard Type III bursts at fundamen-
tal and harmonic frequencies, their drift rates, dura-
tions and fl uxes. Until 2000s, all observations were 
made at fi xed frequencies, typically at 25, 12.5, and 
in some rare cases at 6.25 MHz. The locations and 
sizes of Type III bursts sources were also deter-
mined at these frequencies. It was found that the 
drift rates of decameter Type III bursts in most cas-
es were equal to 1 3  MHz/s [1, 2], whereas the 
bursts durations were of a few seconds. The drift 
rate dependences on frequency for the fundamen-
tal and harmonic bursts were found to be similar. 

In addition, it was shown that during the 11-year 
cycle of observations (1973–1984) the mean drift 
rates of the Type III bursts remained the same [2]. 
Moreover, the drift rate dependence on frequency 
f  for a large number of bursts follows the power 

law as 1.7~ .f f  Comparison of this dependence 
with the analogous dependence for the hectometer 
bursts leads us to the conclusion that the hectome-
ter Type III bursts are most likely generated at the 
fundamental frequency. Similarity of the drift rate 
dependence on frequency in the IIIb–III pairs (de-
scription of the Type IIIb bursts see below) allowed 
to conclude that the components of the pairs were 
harmonically related [3]. Properties of the indivi-
dual Type III bursts observed in storms were ana-
lyzed for the fi rst time in [4]. The authors showed 
that the observed storm was associated with an 
active region, which was moving across the solar 
disk from East towards West. It was found that the 
average drift rate of these Type III bursts depended 
substantially on the active region location on the 
solar disk. The highest drift rates were recorded on 
the days when an active region was located near 
the central meridian, whereas the lowest value 
(approximately twice as low) was observed when 
the active regions were close to the solar limb. 
This fact pointed that in the fi rst case the Type III 
bursts were generated at the fundamental frequen-
cy, while in the second one, the harmonic emission 
took place. This conclusion became an important 
argument in favour of the plasma emission mecha-
nism of the Type III bursts, since according to this 
mechanism, the fundamental radio emission source 
has a narrow radiation pattern in the direction of 
the fast electrons movement, whereas the harmonic 
emission source radiates in a much wider pattern, 
and thus can be observed when the electron beams 
travel at large angles to the observer.

Using the observational data obtained with the 
UTR-2 radio telescope at 25, 12.5, and 6.25 MHz, 
the delays between fundamental and harmonic com-
ponents of the Type III harmonic pairs observed at 
the same frequency and at the harmonically related 
ones were analysed. Within the framework of the 
plasma emission mechanism there should be the 
delay differences due to different group velocities 
of the fundamental and harmonic emissions [5]. 
The analysis showed that this difference became 
noticeable when the speed of the Type III exciter 
was equal or less than 0.1 c (c is the speed of light). 
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If the exciter was faster, the delay difference became 
negligible. This was one more confi rmation of the 
hypothesis that the typical velocities of the Type III 
bursts sources equal to 0.2 0.3 .c

First heliographic observations of 130 Type III 
bursts with the UTR-2 radio telescope [6] showed 
that the fundamental emission source size was 
smaller than 10  at 25 MHz. At the same time, the 
harmonic emission source size equalled to 20  at 
25 MHz and 40  at 12.5 MHz. The remarkable 
fact is a spatial coincidence of the fundamental and 
harmonic emission sources in the plane of sky.

Yet more important result was obtained by Abranin 
et al. [4]. The authors determined the locations of 
the fundamental and harmonic emission sources of 
the Type III bursts at 25 MHz during the Type III 
storm, when the associated active region was cros-
sing the solar disk from the limb towards the central 
meridian. The heliocentric distance appeared to be 
2.3 ,SR  when the active region was on the eastern 
limb, and 1.8 SR  for the active region central lo-
cation. Moreover, the locations of the fundamental 
and harmonic emission sources at 25 MHz coin-
cided. The authors considered this observational fact 
as an evidence that the Type IIIb bursts were precur-
sors of the Type III bursts.

After the UTR-2 radio telescope was equipped 
with the multi-channel receivers of high spectral and 
temporal resolutions, the capabilities of the instru-
ment in studying the Type III bursts were improved 
considerably. Thus, in 2001–2002, the Type III bursts 
with the fi ne frequency-time structure were obser-
ved [7]. This fi ne structure had an appearance of short 
sub-bursts, whose drift rates were smaller, equal or 
greater than that of the “parent” burst. Occasional-
ly, the fi ne structures with the negative and positive 
frequency drift rates were simultaneously observed 
within one Type III burst. Durations of these sub-
bursts equaled to about 1 s, i.e. several times shorter 
than that of the “parent” burst. Sometimes, the solar 
S-bursts and drift pairs (discussion of these bursts 
see below) were observed on the background of the 
Type III bursts and were strictly limited by the Type 
III burst boundaries.

In 2002–2004, more than 1000 Type III bursts with 
abnormally high drift rates were recorded [8]. These 
bursts were called the Type III-like bursts. Frequen-
cy drift rates of typical decameter Type III bursts did 
not exceed 4 MHz/s. The Type III-like bursts had 
the drift rates of about 5 10  MHz/s. In rare cases, 

the drift rates of these bursts reached the value of up 
to 42 MHz/s. The Type III-like bursts durations were 
about 1 s, being several times shorter than in the 
standard Type III bursts. These bursts occurred on 
the days when the associated active region was lo-
cated near the central meridian. Their fl uxes as a rule 
did not exceed a few tens of s.f.u. High drift rates of 
Type III-like bursts could not be explained by the in-
creased exciter speed, which should be superluminal 
in this case. Thus, the model was suggested in which 
abnormally high drift rates could be observed when 
the exciter speed was close to the group velocity 
of the electromagnetic wave. If the exciter speed is 
slightly lower than the group velocity, Type III-like 
burst with high but negative drift rate is observed. 
And if the exciter speed exceeds the group velocity 
the drift rate may turn to positive. Melnik et al. [9] 
reported about observations of the Type III bursts 
with changing the drift rate sign. In the model sug-
gested, this fact meant that the fast electron beams 
successively moved through the regions of different 
temperature, where the electromagnetic wave group 
velocity dependent on temperature could be higher 
or lower than the exciter velocity resulting in the 
drift rate sign change.

In observational data of July–August 2002, the po-
werful (fl uxes 310 s.f.u.)  Type III bursts (Fig. 1(a)) 
were identifi ed and studied [10] in order to fi nd 
their specifi c properties compared to standard Type 
III bursts, whose fl uxes did not exceed 1000 s.f.u. 
About 400 such bursts were selected for deep ana-
lysis. Their characteristic properties were as follows. 
Frequency drift rate increased with frequency almost 
linearly following the equation f Af  with fac-
tor A ranging from 0.08 to 10.12 s .  Thus, the ab-
solute drift rates varied from 1.2 MHz/s at 10 MHz 
to 3.6 MHz/s at 30 MHz. Generally speaking, such 
drift rates were inherent in normal Type III bursts. 
Durations D of the powerful Type III bursts depen-
ded on frequency approximately like 2 360 ,D f   
which is also typical for the normal Type IIIs. No 
systematic dependence of the fl uxes of powerful 
Type III bursts on frequency was found. There were 
cases when fl uxes were monotonically increasing 
with the frequency decrease, as well as cases of the 
opposite trend and even mixed dependences. The oc-
currence rate of powerful Type III bursts didn’t show 
any dependence on the longitude of the associated 
active regions, which were equally distributed be-
tween 60   and 60 . 
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From the extended UTR-2 observational data of 
2002–2006, the unusual Type III bursts having no-
ticeable jump in their drift rates dependence on fre-
quency were selected. The drift rates of such bursts 
in general monotonically decreased with the frequen-
cy decrease similarly to the normal Type III bursts 
until the frequency below which the dependence 
steepness stepwise decreased by several times of 
magnitude [11]. These bursts were called the “dog-
leg” bursts. The jumps in a drift rate were mainly 
observed at frequencies between 12 and 21 MHz 
with the maximum occurrence rate at the frequency 
of 20 MHz. Since the exciter speed cannot change 
stepwise by such a value, this phenomenon may hap-

pen when the burst exciter successively crossed the 
regions with substantially different coronal plasmas, 
including those with different inhomogeneities.

On basis of UTR-2 data, the model of Type III 
bursts emission propagation from their sources 
to the observer [12] was worked out. The model 
showed that the standard Type III bursts are gene-
rated by the electron beams moving with veloci-
ties of about 96 10  cm/s, while the electrons with 
velocities of 1010  cm/s were responsible for the fast 
Type III burst generation. Moreover, it was shown 
that the standard Type III bursts durations were de-
termined by the spatial sizes of the emission sources. 
According to the model, the drift rate of Type III 

Fig. 1. Powerful Type III burst (10:06 UT) on the background of Type III bursts storm (a) and Type IIIb–III pair (8:37 UT) 
accompanied with chaotically spread short and narrow-band spikes (b)
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burst decreased with increasing of the longitudinal 
angle at which the electron beam propagated with re-
spect to the observer. The observed fi ne structure of 
the Type III bursts in this case could be explained by 
an inhomogeneity of the density distribution inside 
the associated electron beam.

In addition to heliographic observations made 
with the UTR-2 radio telescope, the interferomet-
ric observations were also carried out. In such ob-
servations, the UTR-2 antenna separate sections 
formed the interferometer baselines. The latters 
allowed to determine the decameter bursts sources 
sizes ranging from several arc minutes up to one 
degree. In May–June 2014, the interferometric ob-
servations of rather powerful Type III bursts asso-
ciated with the on-limb active regions were made at 
fi xed frequencies of 20 and 25 MHz [13]. The sizes 
of the bursts sources at the frequencies of 20 and 
25 MHz were found to equal 27 29  and 20 22 .   
The sources distances at these frequencies were 
45 49  and 39 42  respectively. This counted 
in favor of bursts generation at the harmonic fre-
quency in the Newkirk corona model. The results 
obtained allowed to determine the effective bright-
ness temperatures of the emission, which appeared 
to be 9 1010 5 10 K.   Comparison of the Type III 
bursts durations with the sizes of their sources re-
sulted in determination of the linear velocities of 
the exciters, which appeared to be 0.2 0.3 .c

3. Type IIIb–IIId Bursts

Bazelyan et al. [14] have identifi ed two additional 
sub-classes of normal Type III bursts, the so called 
Type IIIb (Fig. 1(b)) and Type IIId bursts. By the 
general appearance and frequency drift rate these 
bursts resembled normal Type III bursts, however, 
unlike the former, they consist of a fi ne structure 
in the form of stria bursts. Striae are short and nar-
row-band bursts, which can be observed either as 
single bursts or as doublets and triplets. In addition, 
the striae themselves are divided into normal and 
diffuse bursts. According to [15], normal striae had 
durations of about 1 s, spectral bandwidth of about 
70 kHz and typical drift rates near –70 kHz/s at the 
frequency of 25 MHz. At the same time, the diffuse 
striae did not drift in frequency having durations 
and bandwidths of 10 s and 120 kHz respectively. 
Another difference was the value of frequency split 
in doublets and triplets, which equaled to 100 kHz 

for normal striae and 180 kHz for the diffuse ones. 
Nevertheless the striae of both types can gather in 
structures, the so called chains of bursts drifting 
from high to low frequency with the drift rates typi-
cal for normal Type III bursts. The chains composed 
of normal and diffuse striae were called Type IIIb 
and Type IIId bursts correspondingly.

As a rule, the Type IIIb and Type IIId bursts were 
observed simultaneously with the normal Type III 
bursts. However, the Type IIIb bursts often precede the 
normal Type IIIs forming the so called Type IIIb–III 
pair (Fig. 1(b)). In turn, the Type IIId bursts usually 
followed the normal Type III bursts thus making up 
the Type III–IIId pair. The question of the relation 
between the bursts in these pairs has been repeated-
ly raised by a number of authors [14, 16, 17]. Deep 
analysis of the observational data of different years 
allowed the authors to show that the instant frequen-
cy ratios in the Type IIIb–III pairs varied from 1.65 
to 2.35 with an average value being 2.03. In authors’ 
opinion this fact counted in favor of the assumption 
that the leading burst in pair was generated at the 
fundamental and the trailing one at the harmonic fre-
quency. Similar results were obtained for the Type 
III–IIId pairs. The frequency ratio appeared to be 
1.94 pointing out that the Type IIId was likely har-
monic component in pair with the normal Type III 
being fundamental.

Analysis of the Type IIIb–III pairs drift rates 
showed that the normal Type IIIs drift rates were al-
ways noticeably lower than those of the Type IIIb 
chains when measured at the same frequency. The drift 
rates of the former were found to be 0.6 1.4  MHz/s 
and the latter drifted as 1.0 1.46  MHz/s. In the 
plasma emission mechanism this fact might evi-
dence that the Type IIIb bursts were generated by 
faster electron beams as compared to the normal 
Type III bursts [14].

Observations of the Type IIIb–III pairs in the he-
liographic mode at the frequency of 25 MHz [18] 
showed that the angular sizes of the sources of both 
types of bursts were close and equaled to 20 40 .  
It was also found that apparent locations of the Type 
IIIb and III bursts sources practically coincided with 
mismatches (if any) considerably less than 25  [6]. 
Moreover, Abranin et al. [16] noted that the size of 
the source of an individual stria burst remains con-
stant during the burst lifetime. No systematic depen-
dence of the stria bursts duration on its source size 
was found. It was just reported that the bursts, whose 
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source sizes were 20 50 ,   had mean duration equal 
to 0.38 0.59 s.

It was shown that the Type IIIb bursts were pre-
dominantly observed simultaneously with the Type 
III bursts and consisted of a number of separa-
te striae [19, 20]. The total amount of individual 
striae in one Type IIIb burst in the frequency range 
of 8 32  MHz could exceed 95. In some cases, this 
amount was so large that it was diffi cult to distin-
guish the neighboring striae one from another. The 
obtained parameters did not differ too much from 
those reported in [15]: the durations were within the 
range of 0.46 1.4 s,  the spectral bandwidths were 
about 20 100  kHz and the emission fl uxes va-
ried from 20 to 100 s.f.u. However, a consider-
ably wider frequency band of available observatio-
nal data allowed to determine the dependences of 
striae durations and bandwidths on frequency. Thus 
it was found that the straie durations decreased with 
increasing frequency as 1~ ,d f   whereas the band-
widths increased as .f Af   On basis of the results 
obtained and assuming the plasma emission mech-
anism the authors supposed that the durations and 
the bandwidths of stria bursts were apparently de-
termined by the temperature and the magnetic fi eld 
in the place of generation, just as it took place for 
the decameter spikes [20]. The mean temperature 
obtained under such assumptions equaled to 0.28 K, 
and the magnetic fi eld was approximately 1.8 G at 
the distance of 1.9 .SR  

4. U- and J-Bursts

Since the very discovery in 1958, the solar inverted 
U-bursts were considered as a subclass of the nor-
mal Type III bursts due to similarity of their sources. 
The main distinct feature of U-bursts is that the ac-
celerated sub-relativistic electron beams move along 
the closed magnetic fi eld lines, known as coronal 
loops. The name of these bursts came from the simi-
larity of their dynamic spectra and inverted letter 
“U” (Fig. 2(a)). Analogously, the bursts with the 
descending branches being not visible were called 
the J-bursts. The U- and J-bursts were observed in 
a wide frequency range from 1 GHz down to hun-
dreds of kilohertz. At the same time, it was reported 
that these bursts more often occurred in the frequen-
cy band of 25 30  MHz and thus could be reliably 
observed with the UTR-2 radio telescope. It is reaso-
nably believed that the U-bursts with such turn over 
frequencies can serve as a tool for diagnostics of 

high coronal loops, which cannot be studied by other 
methods. Reliable identifi cation of solar U- and 
J-bursts requires observations in a wide continuous 
frequency band, that is why these bursts were fi rst 
observed with the UTR-2 radio telescope only in 
2003 after being equipped with new broadband back-
ends [21]. During 2003–2004, about 50 such bursts 
were observed, among which only 7 events could 
be identifi ed as the U-bursts. The observed bursts 
distribution by their turn over frequencies showed 
that about 90 % of them had turn over frequencies 
below 24 MHz. The U-bursts with well-developed 
descending legs were exclusively observed as iso-
lated events, while the J-bursts used to gather in 
groups by 3 10  bursts. The turnover frequency in 
a J-bursts group might remain constant for a whole 
group or steadily decrease with time. The group of 
three J-bursts with drifting turnover frequencies was 
observed on 26 June 2004. All bursts in group were 
morphologically identical and their turnover fre-
quencies were sequentially decreasing with the rate 
of –2 kHz/s. This drift rate may point out that the 
associated with these bursts coronal loop was rai-
sing in the corona with the velocity of about 70 km/s. 
Such a low velocity of coronal loops raising was 
identifi ed for the fi rst time.

The U- and J-bursts were often observed in the 
form of harmonic pair in which the components of 
the pair represent the emission at fundamental and 
harmonic frequencies almost simultaneously. The 
harmonic pairs of the J-bursts analogous to the well-
known Type IIIb–III pairs were observed with the 
UTR-2 for the fi rst time. In such pairs, the leading 
burst consisted of narrow band sub-bursts – striae. 
Such pairs were called the Jb–J pairs [21].

Due to the fact that the U- and J-bursts turnover 
points were unambiguously determined on the time–
frequency plane it became possible to determine the 
real frequency ratio and the time delay between the 
components of a harmonic pair. Thus, on basis of 
joint observations with the radio telescopes UTR-2 
and GURT (Ukraine) held on 8 August 2012 it was 
found that the turnover frequencies ratio in the har-
monic pair was close to 2 [22] (Fig. 2(a)). In addition, 
the fundamental component of the pair was delayed 
by 7 s with respect to the harmonic one. According 
to the developed model, the delay occurred due to 
the low group velocity of the fundamental radio 
emission while propagating through the dense and 
hot plasma of the coronal loop. The given model also 
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allowed to fi nd the relation between the loop height 
and the confi ned plasma temperature in dependence 
on the observed delay between the components of 
the associated U-burst harmonic pair. According to 
the model for a given time delay, the hotter the con-
fi ned plasma, the lower the loop and vice versa.

5. Type II Bursts

Though the Type II bursts were classifi ed yet in the 
50s of the last century, in the decameter band these 
bursts were fi rst observed with the UTR-2 radio tele-

scope only in 2001 [23] (Fig. 2(b)), owing to new 
highly effective back-ends. The Type II bursts main 
parameters at 10 30  MHz were determined with the 
UTR-2 radio telescope for the fi rst time [23]. The total 
duration of the Type II bursts varied from a few minu-
tes up to half an hour while the frequency drift rates 
were 30 110  kHz/s. Sometimes the Type II bursts 
did not drift in frequency. It was shown that assuming 
the plasma emission mechanism the measured drift 
rates corresponded to the radial velocities of coronal 
mass ejections (CME) propagating in the corona at 

Fig. 2. U-bursts harmonic pair by the UTR-2 data at the frequencies below 32 MHz and the GURT data at higher frequencies (a) 
and the decameter Type II burst with a fi ne structure in the form of short irregular sub-bursts (b)
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heliocentric heights of 1.5 3 .SR  A wide continuous 
working frequency band allowed to retrieve a variety 
of Type II bursts features such as the band splitting, 
the harmonic structure consisting of two and even 
three harmonics of the local plasma frequency and the 
fi ne time structure [24]. It was shown that all deca-
meter Type II bursts had a fi ne structure (Fig. 2(b)). 
This fi ne structure could be either of cloudy appea-
rance or in the form of short fast-drifting sub-bursts. 
The sub-bursts in turn were observed as a non-regu-
lar sequence or as a quasi-regular structure called 
the “herring-bone” structure. Typical durations of 
non-regular sub-bursts were near 1 s. Their frequen-
cy drift rates varied from 0.45 to 3 MHz/s with both 
positive and negative drift sign. These observations 
allowed to suppose that at the shock front the elec-
trons were accelerated not as a whole, but rather as 
a number of separate beams having different linear 
sizes, velocities and directions.

For the fi rst time at the decameter band, the “her-
ring-bone” structure of Type II bursts was observed 
with the UTR-2 [23, 25]. Such bursts consisted of 
a “back-bone” resembling the normal narrow-band 
Type II burst, and short sub-bursts drifting from the 
“back-bone” towards higher and lower frequencies. 
Extended statistical analysis, made separately for the 
forward (negative drift rates) and the reverse (positive 
drift rates) sub-bursts, showed the similarity in their 
distribution by the absolute drift rates [25]. Moreover, 
the average drift rate of the reverse sub-bursts ap-
peared to be by 50 % larger than that of the forward 
sub-burst. Also, for the fi rst time, the dependence of the 
“herring-bones” drift rates on frequency was obtained. 
The dependence for the forward sub-bursts appeared 
to be close to the normal Type III bursts dependence. 
The drift rates of the reverse sub-bursts showed the 
less steep dependence on frequency. This fact allowed 
to suppose that the electron beams associated with the 
forward and the reverse sub-bursts travelled through 
the plasmas with different density gradients. Due to 
unprecedented sensitivity and resolutions, the fi ne 
structure of the “herring-bone” structure was dis-
covered [25].

Observations showed that the Type II bursts with 
this structure did not drift in frequency. Moreover, the 
“back-bone” of such bursts may have wavelike ap-
pearance. This fact allowed to suppose that the Type 
II bursts with a “herring-bone” structure were gene-
rated at the fl anks of the shock wave created due to 
the CME transverse expansion. In this case, the Type 

II bursts sources traveled obliquely to the density gra-
dient. It was also assumed that the wave-like varia-
tion of the “back-bone” in frequency occurred when 
the shock wave intersects some dense coronal struc-
tures (streamers or loops). Under such assumption, 
the measured period of these wave-like variations are 
determined by the transverse sizes of these coronal 
structures. They were equal to 0.1 0.2 SR  [23].

For the fi rst time, the main spatial properties of the 
Type II burst with a “herring-bone” structure were ob-
tained at the decameter band [26]. Spatial analysis of 
interferometric data allowed to confi rm the hypothe-
sis that the sources of different lanes in split Type II 
bursts were located on the opposite sides of the shock. 
Also, it was shown that the forward “herring-bone” 
sub-bursts were generated by the electrons moving 
outwards the Sun, whereas the reverse sub-bursts 
were generated by oppositely moving electrons. 
Angular sizes of the Type II burst sources at the deca-
meter band did not exceed 20  yielding the effective 
brightness temperature up to 1410  K.

6. Type IV Bursts

Type IV bursts (Fig. 3(a)) are those of the main com-
ponents of the sporadic radio emission of the Sun. 
As a rule, they are observed simultaneously in a 
wide frequency band and lasting from half an hour to 
several hours. New broadband receivers installed at 
the UTR-2 radio telescope have allowed not only 
to identify the Type IV bursts for the fi rst time at 
the decameter band, but also to deeply analyze their 
properties [24]. The fl uxes of the Type IV bursts as 
a rule vary between 10 and 100 s.f.u. with the maxi-
mum values reaching as high as 1000 s.f.u. The typ-
ical time profi le of the burst reveals rather fast raise 
and comparatively slow fall of the emission inten-
sity. On the contrary, the polarization degree slowly 
increases and then rapidly falls. As a rule, the burst 
intensity peaks earlier than the polarization does. In 
most cases, the degree of Type IV polarization was 
about 40 %, though there were cases of higher and 
lower values. The leading edge of the Type IV bursts 
sometimes drifts from high to low frequencies with 
the rates typical for the decameter Type II bursts. Such 
bursts, called the moving Type IV bursts, were usu-
ally associated with the CMEs. On the contrary, the 
stationary Type IV bursts did not show any frequency 
drifts. Their emission was believed to be connected 
with coronal loops. The classic scheme, in which 
the Type IV bursts were usually observed, had the 
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following sequence. The event started with a group 
of powerful Type III bursts followed by the Type II 
burst sometimes revealing a double or even triple har-
monic structure. And then, the Type IV burst began 
(see Fig. 3(a)). Nevertheless, there were exceptions 
when either the Type III group or the Type II burst 
or both were absent. This might be connected with 
the geometry of the source–observer locations or with 
an energetic issue. All Type IV bursts observed at the 
decameter band had a fi ne time-frequency structure 

in the form of the so-called fi ber bursts [27]. Fiber 
bursts morphologically resembled the normal Type 
III bursts, at the same time being more diffuse and 
sometimes having positive drift rates. In addition, the 
fi ber bursts in absorption were also observed inclu-
ding those lasting for several minutes [28]. The so-
called “zebra” structure was often observed at deci-
meter waves. On 22 July 2004, the decameter “zebra” 
structure was observed with the UTR-2 radio tele-
scope [24]. Unlike its decimeter counterpart, the deca-

Fig. 3. The group of Type III bursts (8:53 UT), Type II burst (8:54–9:02 UT), and the moving Type IV burst (9:10–10:30 UT) (a) 
and the storm of short lifetime decameter S-bursts (b)
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meter “zebra” was quasi-periodic rather in time than in 
frequency. This unique “zebra” structure was interp-
reted by the model based on the double plasma resonan-
ce [29]. On the one hand, this model explained the 
periodicity in time, and on the other one, it allowed to 
independently estimate the magnetic fi eld in the place 
of generation, as well as the plasma density and mag-
netic fi eld radial profi les.

7. Solar S-Bursts

The solar S-bursts identifi ed by Ellis in 1969 in the 
frequency band of 40 80  MHz have the appea-
rance of thin emission tracks drifting from high to 
low frequencies (Fig. 3(b)) with the characteristic 
drift rates being several times of magnitude smaller 
than those in the normal Type III bursts. These bursts 
are observed exclusively at the meter and decame-
ter bands and only under the conditions of increased 
Type III activity [30–32]. They are the shortest bursts 
known at the meter and decameter bands with dura-
tions smaller than 1 s. The drift rate of one individual 
S-burst is not constant and decreases with decrea-
sing of frequency. At frequencies below 40 MHz, the 
S-bursts were fi rst observed in May 2001 with the 
UTR-2 radio telescope [29]. The analysis of three 
S-burst storms of 2001–2002 allowed to fi nd out that 
the decameter S-bursts can only be observed when 
the associated active region is located near the cen-
tral meridian [32]. It was shown that the parameters 
of S-bursts of the same storm are distributed in a nar-
row range, however the difference in bursts of dif-
ferent storms is noticeable. This fact shows that the 
coronal plasma is different in different times. Thus, 
the durations of the S-bursts observed in May 2001 
were about 0.3 0.4  s, whereas for the storm of July 
2002 they equaled to 0.5 0.7  s. The fl ux densities 
of the S-bursts, as a rule, do not exceed 20 s.f.u. 
It was shown that the velocities of the S-burst sour-
ces were 5 9 ,TeV  where TeV  is the electron ther-
mal velocity. It was supposed that these bursts were 
generated in coalescence of the background Lang-
muir turbulence and fast magnetosonic waves. The 
latters, in turn, were excited by the electron beams 
with the velocity equal to phase and group veloci-
ties of these waves [32]. It was found that the instant 
spectral bandwidth of S-bursts was defi ned by the 
angular width of the Langmuir waves and the mag-
netic fi eld strength in the place of generation in such 
a way that under the given S-bursts bandwidth, the 
wider the Langmuir waves spectrum, the lower the 

magnetic fi eld. In addition, it was shown that the 
characteristic velocities of the S-bursts sources cor-
responded to the Langmuir waves isotropy degree 
of about 50 60   that yielded the value of the mag-
netic fi eld of about 2 G at 25 MHz [32]. According 
to the obtained experimental data, the magnetic fi eld 
decreased with height.

Joint observations of the faint S-burst storm with 
the UTR-2 and LOFAR (The Netherlands) radio 
telescopes have been made on 9 July 2013. Interfe-
rometric methods of observations implemented at the 
UTR-2 allowed to record extremely weak S-bursts 
with fl uxes of an order of 0.2 s.f.u. As a result, more 
than 1000 S-bursts were identifi ed by the UTR-2 ra-
dio telescope in the frequency range of 9 32  MHz, 
whereas only a few tens of S-bursts were observed 
with the LOFAR in the same frequency band [33]. 
In addition, the chains consisting of 4 15  short-life-
time S-bursts were observed with the UTR-2 for the 
fi rst time. These chains had positive drift rates of 
1 5  MHz/s. The analysis of the joint observations 
data made in a wide frequency band allowed to de-
termine the radial profi le of the magnetic fi eld at dis-
tances of 1.3 2.2  solar radii [34].

8. Drift Pairs

The solar bursts, called drift pairs, have been known 
since the 50s of the last century. As a rule, they con-
sist of two separated in time by 1 2  s bursts drifting 
in frequency with the rates of about (2 8)   MHz/s 
(Fig. 4(a)). The drift rates of the elements of one 
individual drift pair are equal and don’t depend on fre-
quency. The drift pairs are divided into two groups – 
the forward bursts with negative drift rates and the 
reverse bursts with a positive drift. According to the 
previous study, the drift pairs are observed at frequen-
cies below 70 MHz with an evident trend of their oc-
currence rate to increase towards lower frequencies. 
From this viewpoint, observations of these bursts with 
the UTR-2 radio telescope having excellent sensitivi-
ty at lowest frequencies were of great interest.

Drift pairs were fi rst observed with the UTR-2 
in summer 1974 in two narrow frequency bands of 
12 13  and 24 26  MHz [35]. By that time, no obser-
vations at frequencies below 20 MHz were reported. 
The total amount of the drift pairs observed equaled 
to 288. A more extended analysis in continuous fre-
quency band 10 30  MHz was made in July 2002 
by using new back-ends. The total statistical sample 
amounted to 774 drift pairs including 404 forward 
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bursts. It was shown that the quantitative proportion 
between the forward and the reverse drift pairs was 
not a constant value and varied from day to day [36]. 
It was found that the amount of reverse drift pairs 
steadily decreased at frequencies below 25 MHz, 
whereas the forward bursts were more uniformly dis-
tributed within 10 30  MHz. The forward drift pairs 
distribution by the drift rates appeared to be much 
narrower than that for the reverse ones. The average 
absolute values of the drift rates for the forward and 
the reverse drift pairs equaled to 1 and 1.5 MHz/s re-
spectively. Abnormally high drift rates ( 8  MHz/s) 

were observed in the reverse drift pairs only while ex-
tremely low drift rates ( 0.3  MHz/s) were inherent 
to the forward ones. A wide continuous working fre-
quency band allowed to determine the dependences of 
drift pairs parameters on frequency. It was in partic-
ular shown that the absolute drift rates of both kinds 
of drift pairs increased with increasing of the burst 
median frequency. Moreover, this dependence for the 
reverse bursts was steeper than that for the forward 
ones. It was found that the value of the delay between 
the pair elements had a low dispersion averaging 1.7 s 
for the forward and 2 s for the reverse bursts.

Fig. 4. The storm of the forward and reverse drift pairs (a) and an unusual “caterpillar” burst (12:10 UT) on the background of 
the standard Type III bursts (b) 
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The given facts made interpretation of these bursts 
diffi cult. One of the suggested models was based on 
the double plasma resonance theory according to 
which the generation occurred at specifi c ratio be-
tween the local plasma frequency and the electron cy-
clotron frequency [35]. However, the high resolution 
observations of 2002 showed an exclusive morpho-
logical similarity of the two elements within each pair.

It was determined that the mean drift rates of drift 
pairs corresponded to the radial source velocities of 

9(1 2) 10   cm/s. It was substantially smaller than the 
Type III electrons velocity and considerably higher 
than the thermal electron velocity in the corona. 
However, this velocity was close to the phase and 
the group velocities of the fast magnetosonic waves. 
This fact gives reasons to suppose a mechanism, in 
which both elements of the drift pairs were genera-
ted in coalescence of the background Langmuir tur-
bulence with the fast magnetosonic waves, when the 
Cherenkov resonance conditions were met, i.e. the ve-
locity of the fast electron beam equaled the phase and 
the group velocities of the fast magnetosonic wave. 
Then the two elements of the pair could be generated 
as the O and the X mode electromagnetic waves re-
spectively and the time delay appeared due to diffe-
rent group velocities of the O and the X waves near 
the emission source [36].

9. Spikes

The spikes belong to the class of the fi ne structured so-
lar radio bursts. Melnik et al. [37], defi ned the spikes 
as the bursts observed exclusively on the background 
of increased solar activity and regardless the frequen-
cy band, short durations, and narrow spectral band-
widths compared with other types of solar bursts. One 
more spikes distinction is their chaotic distribution on 
the dynamic spectrum (Fig. 1(b)). Apparently the pos-
sibility of recording and identifi cation of spikes with 
the UTR-2 radio telescope appeared when the DSP 
and DSPZ broadband digital receivers were installed 
[37, 38]. Analysis of the obtained data have shown 
that at the decameter band the spikes were similar to 
the striae by a number of parameters, such as mean du-
rations, bandwidths and fl uxes, which equaled to 1 s, 
60 kHz and 70 s.f.u. respectively. The dependences 
of these parameters on frequency obtained from the 
extended statistical sample differed insignifi cantly for 
the two cognate bursts.

The spikes durations decreased with frequency as 
1~ ,d f   and the bandwidths linearly increased as 

~ .f f  No systematic dependence of fl ux density 
on frequency was found. One more important and 
confi rmed fact was the stability of the spikes du-
rations and bandwidths for different days and even 
years of observations. This fact evidenced that the 
specifi c conditions must be satisfi ed to enable spikes 
generation. To fi nd these conditions it was supposed 
that the spikes durations were apparently determined 
by the particle collision time (and thus by the tem-
perature), and spectral bandwidth was determined 
by the local magnetic fi eld [37]. The model sugges-
ted have allowed to obtain the temperature profi le at 
distances 1.6 3.3 .SR  This profi le showed that the 
temperature decreased at these distances from 0.6 to 
0.1 MK [38]. At the same time, the magnetic fi eld at 
these distances equaled to 1.6 2  G. The obtained 
results give reasons to suppose that spikes and striae 
are apparently the same type of solar bursts and thus 
both could be used as a tool for remote diagnostics 
of outer solar corona parameters. However, the prob-
lem of different character of their location on the dy-
namic spectrum needs further study.

10. Unusual Bursts

Starting from the very fi rst observations of the solar 
radio emission with the UTR-2 radio telescope there 
were many attempts to detect the unusual events at the 
decameter band. It was reasonable due to the UTR-2 
outstanding characteristics – wide frequency band, 
high sensitivity at the lowest frequencies and rather 
narrow antenna beam comparable to the size of the 
Sun. In the 70–80s of the last century, the observations 
of unusual slowly varying radio emission sources 
were made. This emission was thought to be connec-
ted with the coronal condensations at 0.05 0.2 SR  
above the active regions. Such emission at the centi-
meter and decimeter bands was reliably recorded and 
thus it was believed to exist at the meter and decame-
ter bands and even was detected by the Clark Lake 
radio telescope (USA) at the frequency of 26.3 MHz. 
The lifetime of these slowly varying components las-
ted from several days up to 2 3  months. Repeated 
attempts to detect this emission with the UTR-2 radio 
telescope were unsuccessful [39].

At the same time, the unusual short lifetime bursts 
were repeatedly observed at the decameter band. 
One of the brightest examples of such bursts was 
the burst resembling a “caterpillar” on the dynamic 
spectrum (see Fig. 4(b)). The distinctive feature of 
this burst was a high frequency cut-off [40]. For the 
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observed burst, the cut-off frequency was 28 MHz. 
In addition, the burst duration equaled to 80 s, being 
several times of magnitude longer than that of the 
typical Type III bursts. The burst had the negative 
frequency drift rate at frequencies below 22 MHz 
and the positive drift at higher frequencies. The 
radio emission fl ux density of the burst was high, 
reaching 103 s.f.u. It was weakly polarized with 
the degree not exceeding 10 %. Similar bursts have 
been repeatedly observed with the UTR-2 [41] and 
URAN-2 [40] radio telescopes (Ukraine). The theo-
ry of these unusual bursts generation was suggested, 
in which the radio emission of these bursts being 
generated in the sources behind the solar limb passed 
through the corona on its way to the observer [40]. 
In this case, the value of the cut-off frequency would 
depend on the direction in which the source moved.

Another explanation of this phenomenon can be 
done in the framework of a recently suggested theo-
ry of solar corona [42], in which unlike in standard 
models, the temperature is supposed to change with 
distance from the Sun. One of the solutions of the 
corresponding hydrodynamic equations is the dis-
continuous solution similar to a shock wave. As is 
known, densities of the coronal plasma at the both 
sides of the break can differ considerably. In this 
case, if the electron beam responsible for the Type III 
burst intersects this break, then a burst with the cut-
off (see, Fig. 4(b)) is observed. The cut-off can occur 
both at high and low frequencies.

11. Quiet Sun

Together with the sporadic component of the solar 
radio emission, the continual thermal radio emis-
sion was also studied. The broadband thermal radio 
emission of the Sun originates due to the particles 
collisions in plasma. From this point of view, the 
decameter band is of great importance because the 
radio emission of this band carries the information 
about the state of the outer corona at distances of 
1.5 3 ,SR  which cannot be studied by any other 
method.

The fi rst observations of the solar continual radio 
emission with the UTR-2 radio telescope were made 
in July 1976 at fi xed frequencies of 20 and 25 MHz 
[43]. For the fi rst time, at such low frequencies a 
two-dimensional distribution of the effective bright-
ness temperature of the solar thermal radio emission, 
as well as its total fl ux and the source size, were de-
tected (measurements at 20 MHz were made in the 

equatorial direction only). It was found that during 
the maximum of the solar activity cycle the total fl ux 
and angular sizes of the radio Sun were not constant 
and changed from day to day. Thus, the total fl ux 
varied from 770 to 990 Jy while the sizes were with-
in 37 43  in the polar direction and 56 58  along 
the equator. It was confi rmed that similarly to the 
higher frequencies the radio Sun at the decameter 
band has an elliptical shape with the mean compres-
sion factor of 0.72 [43, 44].

Observations of the solar thermal radio emission 
in a wide continuous frequency band of 16 33  MHz 
during the minimum phase of solar cycle were made 
in 2010 [45]. The spectral index of the thermal deca-
meter radio emission was found to be –2.1. The ra-
dio Sun sizes were measured. It was shown that the 
polar and equatorial sizes of the Sun increased with 
decreasing of frequency following the power law 
with indexes –0.27 and –0.26 respectively. In addi-
tion, these dependences appeared to be very close 
to the plasma frequency dependence on the distance 
in undisturbed corona model by Baumbach–Allen 
[46]. The effective brightness temperature of the so-
lar thermal radio emission was found to be equal to 

52 10  K, which is several times smaller in magni-
tude than the kinetic plasma temperature. This fact 
was explained by the electromagnetic wave scatter-
ing in the coronal plasma.

It was shown that the UTR-2 radio telescope 
working as a short-baseline interferometer was an 
effective tool for determining the coronal plasma pa-
rameters at distances 2 3 SR  [47].

12. Conclusions

The results obtained with the UTR-2 radio telescope 
for 50 years of observations of solar radio emission 
are new and foreground. This applies primarily to 
observations of the Type II and Type IV bursts at 
the frequencies of 10 30  MHz, short decameter 
S-bursts, drift pairs and spikes, distinguishing of 
fi ne and superfi ne structures in the Type III, Type II, 
and Type IV bursts, U-, J-, and S-bursts, discoveries 
of new types of bursts such as bursts in absorption 
and “caterpillar” bursts with high frequency cut-off. 
Solar observations in heliographic and interferomet-
ric modes of the UTR-2 operation allowed to obtain 
the pioneer results, which were extremely important 
for understanding the processes of radio emission 
generation and its propagation in the solar corona 
through the analysis of the sizes and locations of 
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the emission sources within the frequency band of 
10 30  MHz. Further observations of solar radio 
emission jointly with the other ground-based radio 
telescopes such as URAN-2, NDA, LOFAR, Nenu-
FAR, LWA, as well as the space-borne instruments 
Parker Solar Probe, STEREO and Solar Orbiter, will 
allow to considerably improve our understanding of 
both the generation processes in a wide frequency 
band and the physics of solar fl ares, solar corona, 
coronal mass ejections and their effect on space 
weather.
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ДОСЛІДЖЕННЯ СОНЯЧНОГО ДЕКАМЕТРОВОГО 
РАДІОВИПРОМІНЮВАННЯ 
ЗА ДОПОМОГОЮ РАДІОТЕЛЕСКОПА УТР-2

Предмет і мета роботи: Огляд наукових статей щодо 
вивчення сонячного декаметрового радіовипромінювання 
за допомогою найбільшого у світі радіотелескопа УТР-2, 
опублікованих за останні 50 років.

Методи і методологія: Вивчення та аналіз наукових пу-
блікацій щодо як спорадичного, так і спокійного (тепло-
вого) радіовипромінювання Сонця, зареєстрованого на 
радіотелескопі УТР-2 (Україна) у декаметровому діапа-
зоні довжин хвиль.
Результати: Наведено найважливіші результати спосте-
режень та теоретичних досліджень декаметрового радіо-
випромінювання Сонця, отримані у Радіоастрономічному 
інституті НАН України за останні 50 років.
Висновки: Уперше на частотах нижче 30 МГц спостеріга-
лись сплески II типу, сплески IV типу, S-сплески, спай-
ки та дрейфуючі пари. Отримано залежності параметрів 
цих сплесків від частоти на частотах 9 30  МГц та за-
пропоновано моделі їх генерації. Крім того, завдяки ви-
сокій чутливості та високій частотно-часовій роздільній 
здатності радіотелескопа УТР-2 були уперше зареєстро-
вані тонкі частотно-часові структури у сплесків III типу, 
сплесків II типу, сплесків IV типу, U- та J-сплесків, дрей-
фуючих пар та S-сплесків. Уперше ідентифіковано над-
тонку структуру сплесків ІІ типу з “ялинковою” струк-
турою. Були відкриті нові типи сплесків: сплески типу 
“caterpillar” та “dog-leg”, сплески ІІІ типу з розпадом, 
сплески ІІІ типу зі змінним знаком частотного дрейфу, 
ІІІ-like сплески, Jb- та Ub-сплески тощо. Запропонова-
но інтерпретацію виникнення надзвичайно великого ча-
стотного дрейфу сплесків ІІІ типу та швидкості частот-
ного дрейфу з різним знаком. За залежністю тривалості 
спайків від частоти визначений температурний профіль 
корони на висотах (1.5 3) .SR
Використання геліографічних та інтерферометричних 
методів дало змогу почати дослідження просторових 
характеристик – розмірів та місцезнаходження джерел 
випромінювання сплесків. Так, показано, що тривалість 
сплесків ІІІ типу у декаметровому діапазоні довжин хвиль 
визначається перш за все розміром джерела випромі-
нювання, тоді як тривалість спайків визначається часом 
зіткнень частинок у плазмі. Експериментально доведено, 
що ефективні яскравісні температури джерел сонячно-
го спорадичного радіовипромінювання у декаметрово-
му діапазоні можуть сягати значень 14 1510 10  К. Крім 
того, було знайдено, що радіуси спокійного Сонця на 
частотах 20 та 25 МГц близькі до таких відстаней від 
Сонця, на яких місцеві плазмові частоти дорівнюють від-
повідним частотам радіовипромінювання в моделі Баум-
баха–Аллена.
Ключові слова: УТР-2, Сонце, декаметрове радіовипромі-
нювання, радіосплески, корона
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