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Abstract—Results of BV R observations of meteors in the Perseid, Taurid, Orionid, Geminid, and Lyrid
showers, as well as sporadic meteors, carried out with the Mini-MegaTORTORA system are presented.
Two-color diagrams for the brightness maxima are constructed. It is shown that meteors in the Perseid,
Taurid, and Geminid showers form clusters in the two-color diagrams. Variations in color with a temporal

resolution of 0.1 s are considered for some meteors.
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1. INTRODUCTION

Meteor astronomy is one of the few areas of sci-
ence in which visual observations still have impor-
tance to this day. One of the important characteristics
derived in observations of meteors is their color [1].
Detailed descriptions of the colors of meteors are
present in European, Chinese, and Japanese histor-
ical chronicles starting from the 11th century [2, 3].
Statistical studies of the visual colors of sporadic and
shower meteors have been carried out [4, 5]. Together
with the colors characteristic for thermal blackbody
radiation and the colors of normal stars, such as blue,
white, yellow, orange, and red, meteors sometimes
also display green, pink, and violet colors [5—7].

At the same time, the perception of colors by the
human eye is very subjective, especially when the
illumination is weak. Known instrumental and semi-
instrumental methods from astrophysics are applied
in meteor astronomy to the extent this is possible.

In [8, 9], the color index of a meteor was taken
to be the difference between its photographic and
visual magnitudes at the brightness maximum. A
dependence between the color index and magntiude
was detected, without any dependence on velocity.
[t has been suggested that this could be due to the
physiological Purkinje effect—the shift of the spectral
sensitivity for human sight with the brightness of an
observed source. To test this hypothesis, photoelec-
tric observations with blue and green, and also with
green and red, filters were carried out simultaneously
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with photographic and visual observations [10, 11]. It
turned out that the Purkinje effect can only partially
explain the magnitude dependence of the colorindices
of meteors. Most subsequent multi-color photometry
of meteors has confirmed these conclusions.

A statistical method was used to find the mag-
nitude dependences of the color indices of meteors
found on photographic plates of the Palomar atlas
obtained with blue-sensitive emulsion and with a red
filter [12]. Color indices of meteors have been de-
termined using visual observations of meteors with
binocular telescopes simultaneously with no filter and
with blue and red filters [13], and also using visual [14]
and photographic [15] observations obtained simulta-
neously with no filter and with blue, yellow, orange,
and red filters. Qualitatively the same magnitude
dependence for the color indices was found for points
on meteor trails away from the maximum brightness,
but with different numerical parameters [16]. Differ-
ences between photometric systems used in various
studies of meteor color indices have been discussed
in the literature [17]. Visual color estimates were
used with a statistical method to determine the color
indices for meteors with various magnitudes in var-
ious showers [18]. Narrow-band color indices have
been considered as an alternative to spectroscopic
observations of meteors [19]. A velocity dependence
for meteor color indices was detected only in [20],
with this dependence being much weaker than the
magnitude dependence.

Spectroscopic observations of meteors have an
even longer history than multi-color photometry.
Meteor spectra consist of a relatively weak continuum
together with atomic emission lines and molecular
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bands. The traditional standard classification is
based on the character of a spectrum at maximum
brightness, and also incorporates informaton about
the strongest features detected. This system has four
main types of spectra: Y—the H and K lines of Ca Il
are the strongest features in the blue—violet; X—

either the D-lines of Na I, or the lines near 5180 A

or 3835 A of Mg I, give the strongest feature in either
the orange—green or the blue—violet; Z—the lines of
Fe I, or those of Cr I, give the strongest feature in
either the orange—green or blue—violet; W—peculiar
spectra [21, 22]. It was later elucidated that meteor
spectra have two components: a main component
with a temperature of about 4000 K and a secondary
component with a temperature of about 10000 K. The
standard classification reflects the variable intensity
of the high-temperature part, which forms from 0.02
to 5% of the vapor envelopes of meteors [23]. Video
spectra of meteors have low resolution, and usually
only Mg, Na, and Fe lines can be resolved. Therefore,
another classification based on the positions of the
intensities of these lines on a ternary Na—Mg—Fe
diagram is also used, enabling the identification of
the following classes: normal, Na-poor, Fe-poor,
Enhanced-Na, Irons, Na-free, and Na-rich. The
majority of meteoroids fall into one of the first four
of these classes [24].

An absence of a correlation between the visual
colors of meteors and their spectral type was noted
in [25]. Meteors with different types of spectra can
belong to the same shower. A correlation between
the velocity of a meteor and the degree of excitation
of its atoms (i.e., the relative intensities of different
emission lines) was found [21]. These results ob-
tained in earlier studies, in general terms, are still valid
today [26, 27]. However, it remains unclear whether
spectroscopic observations can provide information
about the nature of meteors [28].

The use of non-standard photometric systems
in many studies hinders the ability to reproduce
and compare different results. In particular, it is
not possible to drawn conclusions about the mean
color indices of meteor showers based on earlier
observations. For example, it follows from [15] that
the mean color indices grow by more than 1.5™ in
the sequence Taurids—Orionids—Perseids, whereas
a similar growth occurs in the sequence Geminids—
Perseids—Taurids—Orionids according to [18], and
the mean color indices of these four showers differ
by only 0.1™ according to [20]. The contradiction be-
tween the presence of a dependence of the intensities
of spectral emission lines on the meteor velocity but
an absence of such a dependence for the color indices
has also been discussed [14, 20].
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Thus, the development of instrumental methods
for studying meteor colors that would enable compar-
isons with visual data, and would be free of subjectiv-
ity and easily reproducible, remains topical.

2. TWO-COLOR DIAGRAM METHOD

Two-color diagrams are well known in astro-
physics as a means of analyzing color excesses.
From the very start of multi-color photometry, they
have been used to describe the intrinsic radiation
of stars [29]. Two-color diagrams also lie at the
basis of the spectral classification of asteroids through
an analysis of their reflected light [30]. The same
method is widely applied to objects in the outer solar
system [31—33]. Two-color diagrams have also been
constructed for artificial Earth satellites [34].

A line corresponding to the thermal radiation of
perfect blackbodies with various temperatures can
be drawn on two-color diagrams. The sequence of
normal stars on diagrams constructed for the visible
range is located not far from this line, since only a
small fraction of the radiation is absorbed in lines in
this spectral range, and the absorption lines are dis-
tributed fairly evenly in wavelength. If an astrophys-
ical object deviates strongly from these sequences,
this immediately identifies it as unusual.

We should especially mention the B—V vs. V—R
diagram constructed for a wide range of applications
in astrophysics, since the transmission bands for all
three of these filters lie in the visible range. These
filters are close to, but not identical to, the RGB filters
of the Bayer system used in consumer electronics to
obtain and reproduce information about visual col-
ors [35]. In essence, the RGB system copies the
principle behind human cone vision. Consequently,
the BV R system is standard in astrophysics, and can
be used to obtain information about the colors that are
perceived by a human observer.

3. OBSERVATIONAL MATERIAL

The observations for which results are presented
in this paper were carried out at our request using
the Mini-MegaTORTORA (MMT-9) multi-channel
monitoring telescope of the Kazan Federal University,
located at the site of the Special Astrophysical Ob-
servatory of the Russian Academy of Sciences [36].
This system has nine cameras installed in pairs on
five equatorial mounts. The main elements of each
camera are a Canon EF85/1.2 lens, an Andor Neo
sCMOS sensor, and a coelostat mirror. The tem-
poral resolution of MMT-9 is 0.1 s. BVR filters
in the Johnson—Cousins system can be introduced
into the light path of each camera, as needed [37].
The channels operating with B filters have the lowest
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sensitivity, and those operating with the R filters the
highest sensitivity.

A detailed description of the MMT-9 photometric
system is given in [38]. The MMT-9 software es-
timates the intensity along a meteor trail extracted
using a Hough transform [39]. Both the integrated
(i.e., calculated from the intensity integrated along
the meteor trail) brightnesses in individual frames [40]
and the intensity profile along a meteor trail are en-
tered into a database. Note that, in [8, 9, 11], where
photographic emulsion was used as a light detector,
the frames were taken with a slow shutter speed;
therefore, the actual exposure time for a meteor was
much shorter than the exposure times for the com-
parison stars, and deriving the magnitude of a me-
teor required a correction for the velocity. This does
not pose difficulties, since the apparent velocities of
stars are determined by the known angular rotational
velocty of the Earth, and the apparent velocity of the
meteor can be measured using a rotating shutter [41,
42]. It is obvious that the correction for the velocity
does not depend on the photometric band used, and
so cancels out when a difference of magnitudes of
the same meteor obtained with the same lenses and
detectors, but different filters, is taken; i.e., it is not
present in the color indices [15, 16]. Modern detectors
are able to take frames with shutter speeds that are
shorter than the duration of a meteor event, so that
the exposure time for stars in a single frame becomes
equal to the exposure time for the meteor trail, and
no correction for the velocity is needed to determine
the magnitudes [43], all the moreso for determining
color indices. We used the integrated magnitudes of

meteors in individual frames accessible in the MMT-
9 database.

The BV R observations of meteors were obtained
primarily during the major meteor showers from May
2015 through April 2016. As for other observations

of meteors carried out with MMT-9, preliminary re-

sults were automatically entered into the database! .
During these observations, the channels were syn-
chronized in time. Lack of synchronization between
the time stamps in the database does not indicate
that the channels are physically out of synch, as is
demonstrated by an analysis of astrometric data. In
our current study, we considered meteors observed in
all three filters when the maximum V' brightness was
observed. Observations in which the color indices
could potentially be determined incorrectly due to
the registration of different parts of the meteor track
in different filters were excluded from our analysis.
First and foremost, this corresponds to cases when
the image of a meteor crosses a frame boundary. In

"http://www.astroguard.ru/meteors

USANIN et al.

addition, the MMT-9 software automatically mea-
sures only one continuous part of a trail, making it
necessary to note cases when the image of a meteor
trail is intermittent (separation of a persistent train
in the meteor wake; a weak meteor observed at the
sensitivity limit). Table 1 presents a list of identifiers
for 66 meteors in the MMT-9 database that were
included in our sample.

Based on the principles considered in [44], we
verified the membership of the meteors in the major
showers: n-Aquariids, Southern §-Aquariids, Per-
seids, Draconids, Southern Taurids, Orionids, North-
ern Taurids, Leonids, Geminids, Ursids, Quadran-
tids, Lyrids. As a result, eight meteors were identified
as Perseids, six as Southern Taurids, one as an Ori-
onid, two as Northern Taurids, 15 as Geminids, and
one as a Lyrid; the remaining 33 were not identified
with any of these showers. The identification results
for individual meteors are also given in Table 1.

4. BRIEF INFORMATION
ABOUT THE STUDIED SHOWERS

Based on general considerations, we expect the
color of a meteor to depend to some extent on its
velocity and the chemical composition of the mete-
oroid from which it arose. The velocity of a me-
teoroid depends directly on the orbital elements of
its parent body (comet or asteroid). The chemical
composition could also be related indirectly to the
orbital elements: the loss of volatile matter from a
small body depends on the intensity and frequency
of heating of the body when it approaches the Sun.
Therefore, comets (small bodies that emit a large
amount of volatile matter) and asteroids (small bodies
that emit almost no volatile matter) are usually found
in appreciably different orbits. We will now present
some briel information about the meteor showers we
have identified in the BV R MMT-9 observations and
their origins [45, 46].

The parent body of the Perseids (PER) is Comet
109P/Swift—Tuttle. Its perihelion distance is ¢ =
0.96 AU, aphelion distance is @ = 51 AU, period of
revolution around the Sun is P = 133 yrs, and the
inclination of its orbit to the plane of the ecliptic is
i = 113°. Thus, this is a Halley-type comet. The
mean velocity with which the meteoric bodies enter
the Earth’s atmosphere is 60.1 km/s.

The Southern (STA) and Northern (NTA) Taurids
are a branch of the large Taurid complex (TAU),
whose main body is Comet 2P/Encke. The orbital
elements of this comet areq = 0.34 AU, Q = 4.1 AU,
P =33 yrs, ¢ =11.8°. It differs from the Jupiter-
family comets in its smaller aphelion distance, and
it is currently classified as an Encke-type comet. A
large number of asteroids were also discovered in this
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Table 1. List of studied meteors

No. Id B
1 7616498
2 8292831
3 8293684
4 8316513
5 8339660
6 8344020
7 8356932
8 8358097
9 8358347
10 8359289
11 8363316
12 8365630
13 8369150
14 8370806
15 8370871
16 8371360
17 8372337
18 8373345
19 8378202
20 8378429
21 8388492
22 8396589
23 8397092
24 8403654
25 9032882
26 9034032
27 9041258
28 9050887
29 9051567
30 9053143
31 9055178
32 9165236
33 9165926

COLORS OF SHOWER METEORS AND SPORADIC METEORS

dV
7616500
8292834
8293686
8316514
8339663
8344018
8356934
8358101
8358349
8359291
8363318
8365632
8369151
8370808
8370873
8371362
8372340
8373347
8378203
8378430
8388493
8396590
8397094
8403656
9032884
9034034
9041260
9050888
9051568
90563145
9055182
9165238
9165928

IdR
7616501
8292832
8293685
8316512
8339661
8344019
8356933
8358100
8358348
8359290
8363317
8365629
8369152
8370810
8370872
8371363
8372338
8373346
8378204
8378427
8388494
8396591
8397093
8403655
9032883
9034033
9041259
9050889
9051569
9053146
9055179
9165237
9165927

Shower

PER

PER

PER

PER

PER

PER
PER

PER

STA

STA
STA

STA
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No.

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
ol
52
53
o4
55
o6
o7
o8
59
60
61
62
63
64
65
66

Id B
9167226
9178196
9187883
9187922
9188079
9188119
9442888
9477959
9523610
9697469
9697483
9698051
9701729
9701813
9702155
9705210
9705823
9705858
9705863
9706791
9706850
9706975
9709172
9710964
9711658
9720197
9720350
9722168
9804765
10025040
10054057
10397610
10397723

IdV
9167228
9178199
9187884
9187923
9188080
9188121
9442890
9477957
9523609
9697471
9697482
9698052
9701733
9701814
9702156
9705211
9705824
9705859
9705865
9706792
9706852
9706977
9709175
9710965
9711659
9720201
9720353
9722169
9804766

10025039
10054060
10397613
10397725

Id R
9167227
9178197
9187885
9187924
9188081
9188123
9442891
9477960
9523611
9697470
9697484
9698053
9701732
9701815
9702157
9705212
9705825
9705860
9705864
9706793
9706854
9706976
9709174
9710967
9711660
9720200
9720355
9722170
9804764
10025041
10054062
10397614
10397726
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Shower

ORI

NTA

STA

NTA
STA

GEM
GEM
GEM
GEM

GEM
GEM
GEM
GEM

GEM
GEM

GEM
GEM
GEM

GEM

GEM

LYR
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complex [47]. The mean velocity of these meteors is
28.8 km/s for STA and 30.1 km/s for NTA.

The Orionids (ORI) are one of two showers
(together with the n-Aquariids) formed by Comet
1P/Halley. This is the prototype of Halley-type
comets: ¢ =0.59 AU, Q =35AU, P="T5yrs, i =
162°. According to an old classification, it is part of
the Neptune family. The mean velocity of entry into
the Earth’s atmosphere is 67.2 km/s.

The parent body of the Geminids (GEM) is be-
lieved to be the asteroid Phaethon (3200). The orbit
of this asteroid has the elements ¢ = 0.140 AU, Q =
2.4 AU, P = 1.43 yrs, and ¢ = 22°, suggesting it be-
longs to the Apollos. Signs of cometary activity were
observed during one of the perihelion passages of this
asteroid [48], however, its aphelion distance is much
smaller than those of comets that manifest activity in
each apparition. The structure of this shower sug-
gests a cometary model for its formation [49]. These
meteors have a mean velocity of 35.6 km/s.

Lyrids (LYR) are associated with the long-period
Comet Thatcher (C/1861 G1), which has been ob-
served during only one return to the Sun in 1861 and
has the orbital elements: ¢ = 0.92 AU, @ ~ 110 AU,
P ~ 415 yrs, i = 80°. The mean velocity of these
meteors is 48.0 km/s.

We will refer to meteors that were not identified
with the above showers as sporadic meteors (SPO).

5. TWO-COLOR DIAGRAM
FOR BRIGHTNESS MAXIMA

Figure 1 presents the two-color diagram for the
brightness maxima in the V filter for all 66 mete-
ors considered. To help with orientation, the line
corresponding to thermal radiation of perfect black-
bodies of various temperatures [50] and the main
sequence [37] are shown. The background of the
diagram was constructed by comparing the BV R
colors with the corresponding RGB colors without
corrections for the transformation between the photo-
metric systems [35] (these corrections have meaning
if the spectrum of an observed source is known at
least approximately), white color corresponds to the
Sun [51], and the gamma correction (which deter-
mines the semitoning) was taken to be equal to the
standard value of 2.2. Note that the boundaries of
the region in the two-color diagram occupied by all
the meteors could be determined by observational
selection effects.

As Fig. 1 shows, meteors of the Perseid, Taurid,
and Geminid showers form clusters in the two-color
diagram, in accordance with their membership in
these showers, while the sporadic meteors are scat-
tered throughout the diagram. The color indices of
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the mean point of the Perseid group are B —V =
4+0.76™ and V — R = +1.02™, the rms distance of
the meteors from the mean point on the diagram is
o =0.22", and the largest distance from the mean
point is 0.34™. The mean point for the Taurid group
is B—V =+40.68,V — R = 40.44™; the rms dis-
tance of the meteors from the mean point is o =
0.10™; and the largest distance from the mean point
is 0.15™. The mean point of the Geminid group is
B -V =+053", V — R=+40.49"; the rms dis-
tance of the meteors from the mean point is o =
0.21™; and the largest distance from the mean point
is 0.30™. The distance between the mean points
for the Perseids and Taurids is 0.58™, between the
Perseids and Geminids is 0.57™, and between the
Taurids and Geminids is 0.16™ (Fig. 2). Since the
distance between the mean points for the Perseids
and Taurids is larger than the sum of their radii, these
two groups are fully separate from each other. Also,
since the distances between the mean points for the
rest two pairs of groups are larger than the individual
radii of some groups of these pairs, the mean point
for the Geminid group lies beyond the Taurid group
and the mean points for the Perseid and Geminid
groups are each beyond the other group. Other
factors, such as the individual characteristics of the
meteors, including their magnitudes, and uncertain-
ties, including uncertainty in the determination of the
brightness maximum, did not lead to scatter of the
clusters formed by the showers.

Both the Northern and Southern Taurids are lo-
cated closest to the line for a perfect blackbody, in
white color, which corresponds to a temperature of
5000—6000 K and stellar spectral type G. The Gem-
inids partially overlap with the Taurids, and are also
located in the directions of violet and orange colors.
The Perseids and one Orionid are located in the right
part of the diagram, between the pink and orange
colors. Note that another meteor in the Orionid
shower (identifiers in the MMT-9 database 9188219,
9188222, 9188220) was not included in the final sam-
ple, since it was not clear whether it had reached
its maximum brightness before the separation of the
persistent train. The color indices calculated from the
last frames before the separation could also place it
amongst the Perseid group. The only meteor from the
Lyrid shower that was observed in three filters ended
up in the left part of the diagram, in the region of blue
colors, although other Lyrids that were not observed
in the B filter, and therefore did not make it into our
sample, do not have negative V —R values.

[t is usually supposed that the temperature of a
meteor grows with its velocity; since hundreds of lines
are emitted simultaneously in a meteor, we would
expect the appearance of some sort of Wien’s dis-
placement law, with the color index decreasing with

ASTRONOMY REPORTS Vol.63 No.8 2019
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Fig. 1. Two-color diagram for the brightness maxima.

increasing velocity. However, the earlier observa-
tions indicated the opposite tendency [20], and we
can see the same result in Fig. 1: meteors of the
high-velocity Perseid and Orionid showers are much
redder than those of the lower-velocity Geminid and
Taurid showers. A meteor of the Lyrid shower with an
intermediate velocity is located on the opposite side of
the diagram from the high-velocity showers, and not
between the high-velocity and low-velocity showers.

The Taurids are close to the Geminids in the di-
agram, and both these showers could have a mixed
comet—asteroid origin [47, 49].

The differences of the locations of the shower me-
teors in the two-color diagram from their locations in
the Na—Mg—Fe ternary spectral diagram are appre-
ciable [27]. For example, meteors of the Lyrid shower
are located on the opposite side from the Perseids and
Orionids in the two-color diagram, but these three

ASTRONOMY REPORTS Vol.63 No.8 2019

showers are located in the same region of the Na—
Mg—Fe diagram. At the same time, the Taurids and
Geminids are located in the same region in the two-
color diagram, but in opposite regions of the Na—
Mg—Fe diagram. Thus, the color classification of me-
teors does not agree with their spectral classification
in these cases, and contains other information that
requires additional study.

6. TWO-COLOR DIAGRAMS
FOR INDIVIDUAL METEORS

The high temporal resolution of the MMT-9
makes it possible to trace variations of the colors of
a meteor in time steps of 0.1 s. Figures 3—26 present
tracks on two-color diagrams of meteors whose color
indices were determined over the entire time from
their appearance to their disappearance, with no
intersections with frame boundaries, according to the
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Fig. 2. Two-color diagram for the Perseid, Taurid, and Geminid showers. The mean points of the groups, rms distances of the
meteors from the mean points, and the largest distances from the mean points are shown.

least sensitive channel and based on no fewer than
four successive frames. The order of the figures is:
sporadic meteors (Figs. 3—12), Perseids (Fig. 13),
Taurids (Figs. 14—16), Geminids (Figs. 17—25),
Lyrids (Fig. 26); within each group, the figures are
sorted in ascending order of V' — R, i.e., from leit to
right in the diagram. The chronological sequence of
frames is denoted by the numbers around the points
in each figure.

Let us first consider the diagrams for the shower
meteors.

Note the move of the meteor of the Perseid shower
(Fig. 13) from the upper right to the lower leit in the
diagram, in the direction of green colors. The same
tendency for B —V to grow as V' — R decreases is
inherent to other observed meteors in this shower,
which didn’t satisfy some criteria for constructing
these diagrams. An inspection of the images of
meteors in the MMT-9 databases showed that the
Perseids are characterized primarily by the formation
of persistent trains that are brighterin the V" filter than
in B and R; i.e., that have green colors. [t is known
that this represents emission of the auroral line of

neutral atomic oxygen with wavelength 5577 A [52].

None of the observed meteors of the Geminid
shower (Figs. 17—25) had seli-intersecting tracks on

the two-color diagrams, while such self-intersections
are present for the Taurids (Figs. 14—16).

The tracks for sporadic meteors on the two-color
diagrams (Figs. 3—12) have very diverse forms. We
can find analogs for meteors No. 6 (Fig. 10) and No. 3
(Fig. 11) amongst the Geminids—Nos. 49, 43, 50
(Figs. 17,22, 23) and No. 58 (Fig. 25), respectively—
but these were both observed in August, which rules
out membership in the Geminids, which are active
only in December.

Given that the number of observed meteors in each
group is modest, these conclusions must be consid-
ered tentatively for the moment.

7. CONCLUSION

The BV R observations carried out at our request
with the Mini-MegaTORTORA system and the ap-
plication of two-color diagrams leads to the conclu-
sion that the main factor determining the colors of
observed meteors in the Perseid, Taurid, and Geminid
showers in the visible is their membership in a given
shower. The magnitude dependence of the colors
and measurement uncertainty, including uncertainty
in determining the brightness maximum, did not act
to scatter the clusters formed by the showers in the

ASTRONOMY REPORTS Vol.63 No.8 2019
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Fig. 10. Two-color diagram for meteor No. 6 (SPO).
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Fig. 20. Two-color diagram for meteor No. 57 (GEM).
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Fig. 26. Two-color diagram for meteor No. 66 (LYR).
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two-color diagrams. Comparison with the Na—Mg—
Fe ternary diagram shows that the color classification
of meteors does not repeat the modern spectral clas-
sification.

Nevertheless, the specific form of the dependence
of the colors on the dynamical characteristics of a
shower remains unclear. It is planned to carry out
additional studies, in order to better understand the
character of this dependence. BV R observations of
the same and other major and minor meteor show-
ers whose mean orbits are known may help elu-
cidate which dynamical parameters of the showers
yield similar colors, and which bring about color dif-
ferences. Conducting double-station observations
(on the MMT-9 are now in an experimental regime)
simultaneously with BV R observations should help
determine the orbital elements of sporadic meteors,
enabling studies of which elements unify meteors in
a given shower with sporadic meteors located in the
same region of the two-color diagram. Calculation
of synthetic color indices using spectra of meteors
known from the literature will enable comparisons of
the color and spectral classifications, and identifica-
tion of emission lines of various elements that make
the largest contributioin to the visible colors.
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