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The nature of the Tunguska explosion, occurred hundred years ago, in the morning of June 30, 2008,   0
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 LT) [Voznesensky A.V. 1925; Astapovich I.S. 1933; Kulik L.A. 1939; Krinov E.L. 1949], remained mysterious during many decades, and scientific investigations were carried out in the direction of accumulating the data on the parameters of this event. The estimation of the initial mass of the exploded cosmic body M
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 , made on the basis of  observations of reduction of the solar radiation due to atmospheric opacity, is of the order of 10
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 ton [1. Fesenkov V.G. 1949]. From analysis of barograms and crushing of the taiga the energy of explosion E
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 erg or the trotil equivalent from 10 Мt to 1 Gt were derived while the initial kinetic energy of the body E
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 erg. The geocentric velocity of the body being considered as a fragment of Comet Encke, is about 30 km/s, the inclination angle of the trajectory of flight of the body/bolide to the horizon  
[image: image16.wmf]a

 = 30-45
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 , the height of explosion of the bolide h
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 = 5-10 km [2. Korobeinikov V.P., Chushkin P.I., Shurshalov L.V. 1991 and references therein].

The hypothesis on the Tunguska body as a cosmic body of very small density (< 0.01 g/cm
[image: image19.wmf]3

) at which the generation of strong shock wave becomes possible, due to rapid aerodynamic deceleration of the evaporating gas-like body and the fully dissipation of its large initial kinetic energy in the atmosphere, is theoretically considered in 1975. However, the theory was not applicable because of the unacceptability of the starting hypothesis on the extremely low density of the cosmic body [3. Petrov G.I., Stulov V.P. 1975; 4. Bronshten V.A., Stanyukovich K.P. 1979]. 

The analytical theory of the Tunguska explosion, taking into account both the aerodynamic fragmentation and the transverse expansion of the fragmented mass under the action of pressure gradient on the frontal surface of cosmic body, was developed in 1976 - 1979 [5, 6. Grigoryan S.S. 1976; 1979]. This theory was used, with applying the numerical methods of integration and mathematical modeling, also for a quantitative estimation of events, occurred at the entry of fragments of the nucleus of Comet Shoemaker-Levy 9 into the atmosphere of Jupiter on July 16-22, 1994 [7, 8. Grigoryan S.S. 1994; 1996; 9. Fortov V.E., Gnedin Yu.N., Ivanov M.F. et al. 1996].

To the development of this theory an analytical approach is proposed below for finding, in the explicit form, the law of variation of the kinetic energy of the fragmented matter in the explosion zone that is necessary for determining the position of the point of maximal deceleration, energy releasing, and solving thus the problem of analytical finding of the height and other parameters of “explosion” of cosmic bodies in the atmospheres of planets.

The equations of deceleration and mass loss of the body in the atmosphere have the form
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where M, V, S, Q  are the mass, velocity, midel area, effective heat of evaporation of the body, C
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 , C
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 are the dimensionless coefficients of aerodynamic drag and thermal flow to the body, 
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r

 is the density of the atmosphere
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 exp (-z/H) ,                                                        (3)

z is the height above the planetary surface:

                                        dz = - V sin
[image: image27.wmf]a

 dt,                                                             (4)
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r

 is the density of the atmosphere at zero height,  H is the height scale of the atmosphere, 
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 is the angle between entry velocity  of the body into the atmosphere and the horizon.

The loss of the kinetic energy by evaporating body in the atmosphere is determined, taking into account (1) and (2), as
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Here 
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Q is the ablation parameter of the body.

The estimates show that at heights in the terrestrial atmosphere z 
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 40 km for C
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= 1, C
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 < 0,01 – 0,001 and Q = 8x10
[image: image37.wmf]10

 erg/g we have 
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< 10
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 g/erg and, hence, for the bodies under consideration here with dimensions more than several  tenths meters at  V 
[image: image40.wmf]³

 20 km/s  the role of  energy loss for evaporation in the decreasing  the kinetic energy of the body is negligibly small [6. Grigoryan S.S. 1979 pp. 877 – 878; 10. Grigoryan S.S., Ibodov F.S., Ibadov S. 1997].

    On this basis, using (3), (4) and (5), the law of variation of the kinetic energy of the body in the atmosphere can be determined:
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where R is the radius of the body.

The law of rise of the transverse radius of the body, which undergone to aerodynamic fragmentation and expansion of the fragmented mass in the direction perpendicular to the motion, as is known [6. Grigoryan S.S. 1979], has the form:
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where R0 is the initial radius of the body;
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 are the characteristic values of r , z  and  V  , which correspond to the value R = 2R
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 , i. е. the time moment when the body is fully fragmented and its radius is equal to the doubled value of the initial radius, V
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 is the initial entry velocity of the body to the atmosphere, 
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s

 is the strength of the body material.

The equation for the deceleration of the fully fragmented, transversely expanding body in the constant-mass approximation can be presented as 
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where 
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r

 is the density of the body.

The estimates show that for the large icy and stony bodies according to (8) we have conditions b << 
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 << 1 and in the region close to the end of the deceleration trajectory, i. е. for z
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 >> 
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~

 >> z, we get r >> 
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~

 >> 1 [11. Grigoryan S.S., Ibadov S., Ibodov F.S. 2000]. Hence, the law of variation of the velocity of the fully fragmented body in the region z  << z << z according to (7) and  (9) has the form:
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Substituting (10) into (6) with the help of (7) and (8) we have
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Equating to zero the derivative over z of  (11), we find the value of r in the point of maximal energy release:
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Using (8) and (12) we find the height at which the maximal energy releasing and explosion of the fragmented body occur:
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On the basis of (7) and (11) with the help of (12) we find the radius and the specific energy releasing of the fragmented body at its explosion:
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Assuming for the Tunguska cosmic body М
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 = 4x10
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    It should be noted that the theoretical values of “explosion” height of the cosmic body z
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, calculated with (13) will correspond to the height of explosion h
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obtained from observations of the Tunguska cosmic body as well as to the mass and the radius of the body М
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 and R
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 of the order of 10
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g and 100 m, respectively, to the initial kinetic energy of the body Е
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The obtained density of the exploded Tunguska cosmic body is characteristic for the density of nuclei of comets [12-15]. Hence, our consideration of the problem indicates also that the Tunguska cosmic body had the cometary nature.
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