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Earlier, on the basis on the combined data from satellite and ground-based observations, we have calculated the
radiant, velocity, orbital elements, heights of the beginning, peak, and end of the trail, stellar magnitude (−20.3m),
and the values of deceleration at several points of the trail. However, the photometric mass and density of the
superbolide have not been studied.

Using the results of the combined data of satellite and ground-based observations of the Tajikistan superbolide
(July 23, 2008), the mass was calculated by three methods: a) photometric, based on the light intensity at the
height of maximum brightness, b) graphics (on the basis of published data of cars), c) using the kinetic energy of
the superbolide. The calculated values of the mass superbolide are respectively 25.3 tone, tone and tone 19.9, 18.9.
The average value of the mass, which we calculated on the three methods, it is 21.3± 2.1 tons.

The superbolid density was evaluated on: a) drag equation, b), equation density of atmosphere at the heights
of the maximum and beginning train and c) criterion-PE. The density is calculated by the three methods is equal
to 1.1 g/cm3, 0.53 g/cm3, and 0.95 g/cm3.The average superbolide density is calculated by the three methods is
0.86± 0.15 g/cm3.
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introduction

Populations of meteoroids, asteroids and comets that
cross the Earth’s orbit can not only bring immense
danger and colossal damage to a national economy,
but also pose a threat to the vital activities of all
living beings. Of particular concern and worry are
the collisions of decameter and kilometer-sized ce-
lestial objects with hydroelectric dams and nuclear
power plants, where the consequences of the impact
will not only cause catastrophic damage to the econ-
omy of a particular state or continent, but will also
greatly endanger the Earth’s very existence. The de-
structive consequences of a collision with a celestial
object will primarily depend on the kinetic energy
and their physical and chemical properties (chemical
composition, strength, porosity, etc). Consequently,
the study of the physical parameters of small bod-
ies and, in particular, of the bodies generated by a
superbolide, which often end with the fall of a me-
teorite, are not only of great scientific importance,
but also essential for expanding the human outlook
on celestial bodies.

general information [?!]

Let us recall that on July 23, 2008, many residents
of the central and south-western regions of the Re-
public of Tajikistan witnessed the flight of a very
bright fireball, which was accompanied by a massive
sound blast. Fig. 1 shows the photos: a) the initial
stage of fireball trail and b) the dust trail of the su-
perbolide, curved by the turbulent movements of the
atmosphere over 30 minutes of flight.

At the time when the superbolide appeared, the
weather in Dushanbe was cloudy. Despite this, a
number of citizens (including some employees of the
Institute of Astrophysics: O. Alimov, M. Gulyamov,
U. Khamroev, etc) managed to record the dynam-
ics of developing shape of the superbolide trail us-
ing a video camera and telephones, some of the
results were presented on the web site. The dust
trail, according to our observations, continued to ex-
ist until the sun set completely (more than 1 hour
25 minutes). The flight of the superbolide was ac-
companied by a powerful explosion, the sound of
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which was heard by the people of a vast territory
starting with the east of Dushanbe, including the
residents of Romit valley, village of Ziddy in Varzob
district, town of Vahdat, Rudaki, Hissar, and Shahri-
nav districts, city of Tursunzade, and some border
districts of Surkhandarya region of the Republic of
Uzbekistan, as well as the southwestern regions of
the Khatlon region, that is, from the city of Kulyab
and Mir Said Ali Hamadoni district to Shaartuz and
Beshkent districts.

In the beginning of this incident, the first of the
authors was at the park of the Tajikistan coat of
arms, where he heard and precisely recorded the
course of propagation of a sequential directed blast
wave. The sound of the superbolide was perceived as
comprising three consecutive explosions. Moreover,
we clearly recorded the direction of the propagation
of the sound wave relative to the terrain. The az-
imuth of the directions of the explosion was located
on the line from the point in the north to the south-
west (Mount Bobomalik in Hissar district), and its
azimuth from the point in the south to the west was
67◦ ± 5◦.

The strength of the sound of the explosion resem-
bled a strong thunder, coinciding with three flashes
in the light curve obtained by a satellite. That is,
every flash was accompanied by an explosive sound.
The intensity of the sound of the explosion was ap-
proximately in the range of 120-130 decibels.

The Tajikistan superbolide was registered using
the optical sensors of NASA military satellites sys-
tem Satellite Network (SN) at 14:45 UT. The first
scientific reports on the superbolide and some of its
physical characteristics in the media are presented
in [8]. According to the data published on the In-
ternet site, the superbolide had a stellar magnitude
of −20.7m, the altitude of the main maximum of
the explosion was equal to 35 km, and its speed was
16 km/s. The radiation energy of the superbolide,
according to this source, was 2.1 · 1011 J, and the
weight of the bolide was estimated at 15-20 tons (see
Table 1).

The opinion of another researcher, O. Popova, re-
garding the data on the kinetic energy and initial
mass of the superbolide is somewhat different. In
his opinion, the initial kinetic energy of the bolide
was 2.1×1012 J, and its mass is estimated at 20-
25 tons [3], which is equivalent to 0.53 kilotons. Such
large variations in the estimate of the superbolide
mass require the use of additional methods in their
evaluation. Meanwhile, the density of the super-
bolide was not studied at all.

Data on the radiant, speed, height of the be-
ginning, maximum, and end of the trail, as well as
the value of deceleration given by [5] were obtained
from the interpretation of satellite and terrestrial
photographs obtained simultaneously at HisAO and
Dushanbe.

To determine the data on the atmospheric tra-

jectory and to predict the region of the fallout of
the superbolide fragments, the authors in [4] used
the photographs of the trail obtained at HisAO and
Hulbuk, which are located 100 km apart. As ex-
pected, the accuracy of measuring the parameters
of the bolide trajectory significantly improves with
the use of a long base. However, the use of pho-
tographs of the trail obtained with a time difference
of 15minutes somewhat distorts the resulting results.
Therefore, to calculate the physical characteristics of
the superbolide, we used the average values of the
atmospheric parameters (including the height of the
beginning, the maximum, and the end of the trail
that are shown in the last row), calculated from the
results of satellite and ground observations.

Table 1 shows the results of interpretation of the
data of the atmospheric trajectory of the car accord-
ing to the results of ground and satellite observa-
tions [3, 4, 6, 8]. In this table, αr, δr are the coor-
dinates of the radiant, ϑ0 is the velocity, zr is the
zenith distance of the radiant, hb, hm, he are the
heights of the beginning, maximum and end of the
trail of bolide, Mm is the apparent stellar magnitude
determined from the light curves obtained by the
satellite [3], E is the kinetic energy and m is the mass
of the bolide. The data on the parameters of the at-
mospheric trajectory of the superbolide according to
the data of combined the satellite and ground obser-
vations from different sources, carried out in Table 1,
allow us to evaluate the physical characteristics of
the superbolide.

evaluation of the photometric
mass of the superbolide
The estimates of the superbolide mass were produced
using three methods: a) the photometric, based on
the luminosity at the height of maximum luminos-
ity, b) the graphical (using the graph of the stellar
magnitude as function of the mass, based on the pub-
lished bolide data) and c) using the kinetic energy of
the superbolide.

The meteoroid’s mass according to the photo-
graphic method is determined by: a) by integrating
the luminosity along the trail and b) by the luminos-
ity at the height of maximum luminosity. Since the
results of ground-based observations did not contain
the trail at the stage of formation, we used the lu-
minosity data at the height of maximum luminosity
obtained by satellite observations. Usually, to deter-
mine the preliminary photometric mass of a mete-
oroid, the following known formula is used [7]:

mp =
9H∗Ip

2τpϑ3
0 · cos zr

, (1)

where H∗ is the height of the homogeneous atmo-
sphere, τp is the luminosity coefficient, Ip is the lu-
minosity at the height of maximum luminosity, ϑ0
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is the velocity, and zr is the zenith distance of the
radiant. The equation (1) is based on the theory of
evaporation, and it does not take into account the
fragmentation of the meteor. To take into account
the effect of fragmentation on the result of the deter-
mination of mass, we used the technique described
in [1], where, based on the results of the determina-
tion of the mass of bolides, the correction coefficient
was obtained using the methods mentioned above,
which takes into account the approximated influence
of crushing and other factors on the result of deter-
mining the mass. The semi-empirical formula has
the form:

mp =
3H∗Ip

4τpϑ3
0 · cos zr

In calculating the photometric mass of the su-
perbolide, we used the data on the average stellar
magnitude at the height of the luminescence maxi-
mum, which is −20.4m. However, to determine the
photometric mass, it is necessary to move from the
apparent stellar magnitude to the absolute one. The
absolute magnitude, reduced to a range of 100 km is
−20.3m. The transformation from the absolute stel-
lar magnitude M to the luminosity Ip was carried
out according to the well-known equation [2, 7]:

M = 24.3− 2.5 lg Ip,

τp = 1.05 · 10−18 × (ϑ0 − 7 · 105)× 5.25 · 109[?!],
When calculating the mass, the average values of the
velocity ϑ0 = 15 · 105 cm/s, the height of the homo-
geneous atmosphere H∗ = 7 · 105cm, the zenith dis-
tance of the radiant zr =7.60 and Ip = 1.9·1017 erg/s
were used. According to calculations, the photomet-
ric mass is 25.3 tons.

In order to estimate the mass by the second
method, using the data published in the catalogue
of fireballs of the Prairie Network, we selected the
meteors with velocities of 13-16 km/s and plotted
the graph of mass as a function of stellar magni-
tude. Based on the absolute stellar magnitude of
the bolide (−20.3), the mass of the bolide was found
on the graph to be 19.9 tons. The mass calculated
by the kinetic energy equation was 18.9 tons.

Thus, the average value of the mass, which we
calculated by three methods, is 21.3±2.1 tons. These
values are close to the boundary values of mass esti-
mated in [3, 8].

determination of superbolide
density
The data of the atmospheric trajectory of the bolide,
such as the height of the beginning, the maximum,
and the end of the trail, the magnitude of deceler-
ation, velocity, and zenith angle of the radiant, ob-
tained from the combined satellite and ground obser-
vations and the average values of mass obtained by

us, allowed us to estimate the superbolide density by
the following methods: a) using the value of atmo-
spheric density at the height of maximum luminosity,
b) using the measured values of deceleration, and c)
using the PE Criterion. The most important param-
eters that are necessary for calculating the density
are the altitude of appearance, maximum and disap-
pearance of the meteoroid.

To determine the data of the atmospheric trajec-
tory and, in particular, the coordinates of the radiant
and the altitude of the superbolide [6] used images
taken at HisAO and in the city of Dushanbe. The
difference between the times of photographing the
trail at these two sites is less than 1 minute. This
discrepancy is negligible and will not greatly affect
the final results.

The data on the altitude and radiant obtained
in [4] with regards to the results of [3, 6] somewhat
differs. These differences are due to the fact that [4]
used images obtained at HisAO and Hulbuk, which
differ by more than 15 minutes in the time of record-
ing. On the other hand, in [5], based on ground ob-
servations and several images obtained at HisAO, the
wind speed was calculated to be 18 m/s. This wind
speed for 15 minutes shifts the trail of the bolide by
more than 13 km, not accounting for which distorts
the final results.

In [8], analyzing the data of the infrasonic signals
received by two stations, the possible heights of the
beginning and the end of the track were estimated at
55 and 15 km with an accuracy of ±5 km. According
to the images obtained in HisAO and Dushanbe, and
Brown’s report, the maximum height is very close
to the height of the beginning of the trail. There-
fore, the values on the height of trail’s beginning,
as estimated by Popova, is clearly overestimated.
Meanwhile, the altitude of the disappearance of the
bolide is close to the similar height obtained in [4].
Therefore, to calculate the bulk density, we used
the averaged data obtained from combined satellite
and ground-based observations. In Table 1, from the
graph of [4, 8] the average heights are given.

To determine the density of the superbolide, the
first method uses the formula that relates the density
as a function of the initial parameters of the Bolide
and the atmosphere [7], taking into account the frag-
mentation according to [1]. The initial formula has
the form:

δ = γ1γ2

[
3AλH∗ϑ2(ρm − ρb)

6Qm1/3 · cos zr

]3/2
,

here ρm is the density of the atmosphere at the height
of the maximum luminosity, ρb is the density of the
atmosphere at the height of the beginning, A is the
form coefficient, λ is the heat transfer coefficient,
and γ1, γ2 are the correction coefficients that take
into account the effect of fragmentation on the de-
termination of density. The calculation assumed that
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A = 1.21, τp = 0.08, Q = 8 · 1010 erg/g, and m was
the average mass of the superbolide. As a result of
the calculation, density δ = 0.53 g/cm3 was obtained
for the bolide. The formula that makes it possible to
determine the meteoroid density from the measured
values of deceleration has the form [2]:

δ =

[
AΓρϑ2

m1/3(−dϑ/dt)

]3/2
,

here Γ is the coefficient of resistance, (−dϑ/dt) is
the deceleration of the superbolide. When using the
end-of-bolide height h = 16.3 km and the decelera-
tion value according to [6] (−dϑ/dt) = −8 km/s2,
the density of the bolide is 1.1 g/cm3, which differs
slightly from the previous values of density.

To determine the density according to the
Criterion-PE, we used the following known formula,
which is related to the superbolide parameters ac-
cording to the following equation [2]:

PE = log ρE + 0.42 logm− 1.49 log ϑ0+

+ 1.29 log cos zr, (2)
where ρE is the density of the atmosphere at the
height hE of the trajectory of the bolide. PE crite-
rion characterizes the strength or destructibility of
meteoroids. According to the classification of Ce-
plecha and McCrosky, the fireballs are divided into
four groups: group I includes bodies similar in com-
position to ordinary chondrites with a density of
3.7 g/cm3; meteoroids of Group II have a density
of 2.1 g/cm3 and are carbonaceous chondrites; me-
teoroids of group IIIA with an average density of
0.6 g/cm3 consist of cometary material; meteoroids
of group IIIB have a density of 0.2 g/cm3 and repre-
sent loose cometary substance of the Draconid type.

Depending on the types of fireballs, the values
of the PE criterion vary within the following limits:
for the type I PE > −4.60, for type II −5.25 < PE
≤ −4.60; for type IIIA −5.70 < PE ≤ −5.25, and for
type IIIB PE ≤ −5.70.

From equation (2) it follows that in the case of us-
ing the averaged initial parameters of the bolide, the
value of the parameter PE = −5.08. This value of PE
belongs to group II, where the density corresponds to
0.95 g/cm3. Thus, the average superbolide density
calculated by the three methods is 0.86±0.15 g/cm3.
This bulk density is characteristic of the group II of
the asteroid type. These orbital characteristics of
the superbolide, obtained in [6], also indicate the as-
teroid origin of the superbolide. On the other hand,
inside the asteroid belt and inside the orbit of Jupiter
there are numerous comets whose orbits are located
between the asteroid belt and the orbit of Jupiter.

conclusions
The data of the atmospheric trajectory of the su-
perbolide, obtained both from ground-based obser-
vations and from the light curves obtained by a satel-
lite, indicate that the height of the maximum lumi-
nosity is close to the height of the beginning of the
trajectory. Among the meteorites that have light
curves similar to the light curves of a superbolide,
there is only one case – the Bunburra Rockhole mete-
orite of type LL. The height of the main flare of this
meteorite is located close to the height of appear-
ance, which is also the case with Tajikistan bolide.
The close location of the height of the maximum to
the beginning of the trail is characteristic of those
meteorites that have porous structure. It is possible
that the superbolide had granular structure.

Thus, in accordance with the obtained results
on the bulk density of the superbolid, it should be
concluded that the superbolide has an asteroid ori-
gin. Obviously, the loose structure of the superbolide
caused the explosion at an altitude of 35 km, close to
the height of the beginning of the trajectory, where
the aerodynamic pressure was 1.6 MPa.
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Table 1: The data on the atmospheric trajectory of the Superbolide according to the results of combined satellite and
terrestrial base observations.

[1] [2] [5] [4] Averaged values
αr, deg 221.3± 2.1 – – 234.8 228.1

δr, deg 32.4± 2.1 – – 34.0 33.2

ϑ0, km/s 14.3± 0.5 16 14.5 – 14.9

zr, deg 10 – – 5.1 7.6

hb, km 38.2± 0.5 – – 43.4 41.05

hm, km 35.0± 0.5 35.0 31.5 37.5 34.9

he, km 19.6± 0.5 – 15.0 14.3 16.3

Mm – −20.0 −20.3 −21.0 −20.4

E, J – 2.1 · 1011 2.1 · 1012 – 2.1 · 1012

m, ton – 15-20 20-25 – 20

Fig. 1: Left: The initial trail of the bolide, recorded at 19:46:20. Right: Dust trail of the bolide after 30 minutes of
flight.
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