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The book includes abstracts submitted to the conference “100 years since Tunguska 
phenomenon: Past, present and future”, Moscow, June 26-28, 2008. The abstracts presented in 
the book embrace a wide field of problems related to the Tunguska phenomenon, studies of small 
bodies of the solar system, and the problem of hazards due to comets and asteroids. 
 The abstracts are divided into three sections: Tunguska Event, Small Bodies, Comet-
Asteroid Hazard.  
 The abstracts are published in English, and the texts of Russian-speaking authors – in 
Russian and in English (in the versions submitted by authors). A small part of Russian-speaking 
participants could not provide an English version and we publish only Russian variants in these 
cases. 
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Dispersion of Tunguska projectile 
 
N.A. Artemieva, V.V. Shuvalov 
Institute for Dynamics of Geospheres RAS, Moscow, Russia.  
E-mail: nata_artemeva@rambler.ru, shuvalov@idg.chph.ras.ru 
 

The most enigmatic effect of Tunguska is an absence of meteoritical material near the 
impact site. We study Tunguska plume evolution and dispersion of the projectile material, 
using 2D-3D SOVA code complemented by equations of state for air and chondritic material. 
We start with 50-m-diameter asteroid entering the Earth’s atmosphere with velocity of 20 
km/s at 45° (total energy of 10 Mtons). At an altitude of ~6-8 km above the surface, where the 
projectile is transformed into a vapor-air jet and is totally decelerated, we interpolate all 2D 
distributions into 3D mesh (with the Z-axis along the trajectory). At the same time moment, 
continuous distribution of the projectile material is substituted by particles of various sizes 
(usually in the range from 1mm to 1mm). Initial velocity of any particle is equal to local gas 
velocity. 

While shock waves generated during the entry reach the surface and create the forest 
fallout, hot wake itself is buoyant and begins to accelerate upward, carrying away the 
particles. Strong material motion along the wake results in formation of a well defined bubble 
at the moment of about 30–40 s. Further the plume expands ballistically. The lower part of the 
plume (below 100 km) is quite narrow with diameter of about 20 km, while the upper part is 
practically spherical and extends to hundreds of km. The downward motion of ejected gas 
(and particles) begins approximately 3-4 min after the impact. The falling mass is decelerated 
at different altitudes because of different sizes of re-entering particles. However, the bottom 
boundary of the falling plume is almost horizontal and is located at an altitude of ~100 km, 
near the boundary between strongly stratified (below 100 km) and weakly stratified (above 
100 km) layers of the Earth’s atmosphere. The collapsing plume also compresses atmosphere, 
initiates its strong oscillations, which lead to additional lateral dispersion of the projectile 
material. 

Our model clearly shows that no one piece of Tunguska “meteorite” strike the surface 
within the area of “butterfly” fallout, Instead, it was dispersed in uprange direction up to a few 
thousand km away from the impact site. Its final deposition (and concentration) depends on 
particle size distribution and on local atmospheric conditions. 

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026). 
 

 
 
 
Fig.1 Distribution of the 
projectile mass (left) and 
velocity (right) with altitude 
at various time moments: 
black line – 30 s; gray line 
120 s; dotted line – 600 s. 
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Estimation of mass of meteoroid matter in the body of Tuguska fireball 
 
A.V. Bagrov1, G.T. Bolgova1, A.P. Kartashova1, V.A. Leonov1, A.K. Murtazov2 
Institute of Astronomy RAS1, Moscow, Russia,  
� -mail: abagrov@inasan.ru, � -mail: gbolgova@inasan.ru,  
� -mail: akartashova@inasan.ru, � -mail: leonov@inasan.ru 
Ryazan State Pedagogic University2, Ryazan, Russia, E-mail: akm@ttc.ryazan.ru 
 

Supposing that the body of Tunguska fireball was a fragment of comet nuclei, it is 
possible to estimate total mass of its refractory meteoroid matter. After total decay of comet 
there are a number of particles on its orbit, that are refractory hard moldings, producing 
meteoroid stream. In the Earth's atmosphere some meteor showers are observed and 
connected to parent comets no doubts. For five comets masses of comet nuclei were obtained 
to be from 5·1013 to 6·1019 kG. Long-time study of the input meteor matter flux allows 
estimating of total mass in observed meteoroid streams. Particularly, for young and strong 
Perseids it is believed to be about 1013 kG. Supposing that its parent comet had nucleus with 
common to other comet's mass, it would be about 1016 ÷ 1017 kG, and the ratio of volatility 
matter mass to refractory one inside comet nuclei may be from 200 to 2000. As mass of the 
Tunguska fireball was 2·109 � G, we may estimate its possible refractory matter fraction as 
107÷108 kG or from 104 t�  105 tons. This is hundred or thousand times more than the Sikhote-
Align meteorite was. All this material has to be fallen on the earth, because the kinetic energy 
of comet nucleus collision would mostly be spent for evaporating of volatility components 
when refractory particles would be decelerated without any mass lost. Even if we suppose that 
mass distribution of refractory fraction did not seriously differ from square low, there would 
be fallen some tons boulders to the center of the Tunguska explosion. But they were not 
detected by any of numerous expeditions, so this hypothesis contradicts to reality. So the 
ordinary comet nucleus does not seem to be an origin of Tunguska Phenomena.  

Described above approach to the mass estimation of meteor fraction in the body of 
Tunguska fireball was based on suggestion that all comets are parent bodies of meteoroid 
streams. Besides that numerous primary planetesimales that contain exclusively mixture of 
frozen gases and dust particles similar to interstellar ones have to remain in the Solar system, 
as well as comet nuclei of the second generation that contain intrusions of meteorite matter 
[1]. Any primary planetesimales after evaporation of its volatiles has to produce at least 0,1% 
primary mass remnants in the form of sub-micron dust particles that cannot be detected in the 
epicenter. Moreover, dispersion of nearly 100 thousand tons of the dust over Earth's surface 
would be comparative to one-year meteor dust influx to the Earth, so it could not de detected 
even in Antarctic glaciers or other ones. So the total absence of any refractory fragments of 
the Tunguska fireball in its explosion epicenter has to be an argument for the Tunguska 
phenomena nature as hitting of planetesimal of the first generation, i.e. of the primary 
protoplanetary matter. 

 
References 
[1] Bagrov A.V. The two generations of comet nuclei and observable differences in results of their decay. // Near-
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Complex Initiative Expedition - 50 (CIE-50) 
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After the expedition organized by the Committee for meteorites (CMet) under the 
Academy of Sciences of the USSR in 1958, which proved the absence of the meteorite crater in 
the region of the Tungus Catastrophe (TC), which did not find a considerable amount of 
magnetite balls in the soils there, and which officially corroborated the legitimacy of suppositions 
concerning the air explosion, there emerged 3 groups of people who continued the TC 
investigations: 

1. The Committee for meteorites (CMet) under the Academy of Sciences of the USSR 
continued during 1961-62 the search of the traces of the gigantic meteorite, but did not find them 
and stopped further field explorations. At the same time the specialists in gas dynamics began the 
calculation works in order to substantiate the feasibility of the air explosion of the meteorite body 
in the atmosphere. 

2. The proponents of the alternative hypotheses who tried to substantiate the nature of the 
TC by the new mechanisms so far unknown to science. 

3. The CIE seeking to collect reliable facts about the event in order to describe HOW the 
TC took place and on this basis to answer the question: “What is it?” 
To ascertain the anomalies occurring during the event inquiries were sent to many world 
observatories, which enabled them to discover a geomagnetic effect of the TC, to collect and 
analyze the materials which characterized meteorologic conditions at the time, to study the 
archives and newspaper publications in Tomsk, Irkutsk, Krasnoyarsk, Leningrad, Moscow, to 
question the witnesses of the event. 

During the 50 years more than 60 expeditions went to the TC region and the areas being 
monitored. Much research work has been accomplished, which has been completed by 
presentation of the concluding documents. (Only the names of the leading workers are given): 

1. Catalogue of the forest fall (V.G. Fast, 1960-80); 
2. Catalogue listing the fire damages of trees which had survived the TC in the centre. (G.M. 
Zenkin, A.G. Ilyin, V.A. Vorobyov, 1960-90); 
3. Catalogue of morphometric anomalies on pines (L.G. Plekhanova, 1963-78); 
4. Catalogue of silicate spherules in peat (N.V. Vasiliev, Yu.A. Lvov, 1964-80); 
5. Map of the fire after-effects (I.K. Doroschin, N.G. Abramov, 1959-2006); 
6. Map of rapid forest growth (Yu.M. Emelyanov, 1960-66); 
7. Repeated questioning of witnesses (L.A. Epictetova, 1959-80); 
8. Isotope studies of peat ( E.M. Kolesnikov, 1974-98); 
9. Thermoluminescence of minerals (B.F. Bidiukov, 1974-98); 
10. Metallometry and florometry (V.K. Zhuravlyov, 1959-2006); 
11. Magnetoprospecting (A.F. Kovalevsky,1960); 
12. Electric prospecting (Yu.A. Grishin, 1988); 
13. Estimation of the state of marshes in the centre of TC (Yu.A. Lvov, 1960-88); 
14. Prospecting of meteorite parts (D.F. Anfinogenov, I.K. Doroshin, 1965-2007); 
15. Radioactivity of the TC region (E.V. Kirichenko, 1959-60); 

There are still more than 30 of other lines in these investigations. At different periods of time in 
order to impart the CIE an official status it often appeared on behalf of the Tomsk department of  
AUGS, AUAGO, the Siberian commission for meteorites and cosmic dust, or as a problem 
laboratory of Tomsk State University. Under their aegis the CIE published 14 collections of 
scientific papers, issued 16 numbers of the journal “Tungusski vestnik”, more than 25 
monographs, popular-science and fiction books.   

More than 1000 people had been members of the CIE at different time. In 2008 the CIE-50 
is starting with the same targets. 
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Development of dusty-vortical model of final stage of Tunguska phenomenon  
 
E.I. Vasilev, A.S. Demin 
Volgograd State University, Volgograd, Russia.  
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Stulov V.P. (2006) has executed the analysis of an ablation of the most known meteoric 
phenomena and has shown, that known Tunguska phenomenon of June 30, 1908 in effect was 
a huge micrometeorite, i.e. the body was shattered and has burned down in atmosphere 
without the essential deceleration. A distinctive feature of this phenomenon was only scale of 
a body, due to which one the body has burned down not in high layers of atmosphere (as most 
micrometeorites) and at the altitude 10-11 km, i.e. has achieved boundary of a troposphere. 
The braking of the combustion products has generated a huge cloud. The impact of this cloud 
with a surface of the Earth has caused a fall of a forest on the large area. 

The weak place of this script is final stage. Whether the hot cloud can achieve a surface 
of the Earth and cause destruction on that area and specific configuration, which one took 
place in a reality?  

The authors of the given paper show as all doubt are removed, if to take into account, 
that the atmosphere in an impact area was in overheated (i.e. in unstable) condition, and cloud 
of combustion products of a body has a specific ration close to unit. The information of the 
eyewitnesses allows conclude, that at the end of June, 1908 above Eastern Siberia the vast 
anticyclone placed, therefore thesis about transformation of the vertical temperature 
distribution of atmosphere to the instability (i.e. about an overheating of the sub-troposphere) 
has confirmation. At high speeds of flight in a track behind an intensively evaporating body 
there is an opposite process of condensation and formation of micro-particles. For this reason 
the cloud of the combustion products may be considered as the equilibrium mixture of dusty 
gas. The heat ratio of such mixture depends on the dusty concentration and much below heat 
ratio of a pure gas.  

The problem about motion of a toroidal vortical cloud (vortex ring) in atmosphere and 
its impact with a surface is considered. The atmosphere is non-uniform and was set by 
distribution of temperature on an altitude. It was supposed that in the initial moment the 
vortex ring of dusty gas is arranged at the altitude 11 km and goes with some initial velocity 
bevel way 15° to horizon. In such statement the problem is essentially three-dimensional. 
The numerical modeling implemented 3D-version of the W-scheme on a curvilinear adaptive 
grid. The calculations have shown, that: 

1. Because of gravity and stratification of atmosphere the trajectory angle of a vortex ring 
is fast augmenting, and the dusty cloud is falling on a surface of the Earth almost 
vertical; 

2. At a spreading of a ring on a surface the intensive cylindrical vortex (vortical roller) is 
forming. This vortical roller is an initial reason of a fall of a forest, and it also spawns 
an intensive vertical convection in atmosphere; 

3. The convection in atmosphere results in formation secondary, of more strong air 
vortical roller, which one plays main role in formation of the observed configuration of 
a forest fall, i.e. in the "butterfly" shape. 



 24

�4  	0����1���
8  ��  .�	��	#�5  �  #$	�	#�5  ���0�##$	0	  ����  # �1��	-   
6���$�	%  2-0	  .	�
�$�  
 
� .� . �
��  
"�(	!3;  (!�6 �%� ), " .-�����(��� , $
���� . E-mail: genk_av@mail.ru 
 

�  ��(��
  ���������"�/���  �
��
���
���
  �������
���  ��  ��������0  (���  
*�	�����  �������� ) ���  ��  �������0  (���  *�	�����  ��������� ) ,
��
������  
������
�����  �
��  (,�, ), ���
�
��#
  �  
�
���  "*����	
���"��  "*�#"���  �  
(��������
����  
	���#�  "���  (1��
��  2-��  ����	�� ) ��  ����"
  ������
����  	���#�  ��  
"#"��
  �
�� . &��  1���  ��	  1��
����  1-��  ����	��  ������
���  �(.��  �������  
��	���0����0  �  ���
���"�
  ������"���  "#"���  �
�� .  

��������0���  �
��	���  �+
���  �
*
�0����"  1����  "*����	
���"��  (�����#�  �#  �  
��
	

�  �  *	
�0 , �  "  [1]) (#��  "�
�"#
  ��
	��)
��  "  [2]. ��)
  
���  ���
���"����0  
(��������
����  
	�����  "���#  (#��  �����  �
�0-
  "*�#"���  �  �
	����������  	��  
"#"���  �
�� , (��������
����   "����  �
�*(
)��  ����"��
�  �(;
���"�#�  ��
	  "  ������
  
"#"��� , ����*"
	
�����  "*�#"���  "����� . 3���  ��
	  �������  "  ��"����
  "
�����"  

��"-��  	
�
"0
" , - �
�  (��

  ���0��� , �
�  ���0�

  (��������
����  "���� . &�"����  
(
	
�  ��
�0  �
���  ���/	0  �
  "
*	
 , �  ���0��  "  	"
�  �
������ , ����
�����#�  
�������
�0��  ���
�+��  ���
������  ��*�	�  1��+
���� . �����* , ���"
	
��#�  "  [2] ��  
����"
  ���������
����  �(��(����  	���#�  �*��
��"  (��

  30 �#� . 
��"-��  	
�
"0
"  
����*�� , ���  ��
	���  
���  ����
�����
�����  ������
���  "
�����"  ��  1��+
����  "  

��*���#�  �
������  	
���"��
�0��  
��0  �   ��"
�  "�
��  ��-0   8� .  

����  ��
	����)��0 , ���  "*�#"  ,�,  �  "�
  ��*�
-
���  "  ����
  ����*�-��  *�  ��
�  
���
���
����  1�
����  1����  �
�� , ��  ���	�  �*  �*"
���#�  ����
�  	��  +����	���
�����  
"*�#"�  ��)��  "#��*��0  *���
��
  �������0��  "�*��)���  ���������  �
��  (���  
*�	�����  
��  �������� ): =�  min =6,86>10-2( �  )3/2(E� /r

3a3)(?P/P)-4v>@, �	
  �#  ""
��  
1��
���"�#�  ��1���+�
��  @, 
���#"�/.��  "�����
  �
�	����	�����  ������
�# . &�  
	���#�  [3]  �  ����
	
/.��  ��(��  "
������   @ ��)
�  ���
(�
���  "  ��
	
���  0,05-0,2. 
&���+�����0��
  ������
  ��-��  �+
���  ��  [2] �  [3] "  ��� , ���  �#  ���  ����
�
  =�  min 

���#"�
�   1��
��  2-��  ����	��   – 
���  ��"�����  �����"�
���  
��"-��  	
�
"0
"  "  
"#-

��*���#�  �
������  *��#  "#"���  	��)
�  (#�0  ��� ! ���  ����*���  "  [2], 
��(�/	�
���
  
��
  ��"�����  "  8�  ����"
���"

�  	�"�
��
  (��������
����  "���#  �����  
��  ����	��  �
�0-

 , �
�  �������
��
  1-��  ����	�� , � .
 . <P A 0,006-0,007 �� /�� 2. 
��
���  1��  *���
��
  �  ��
	

�  ��	���"���0  "  ����
�
  	��  ���
	
�
���  �������0���  
��������� , ���  
"
����"�
�  �+
��
   =�  min "  	
�����  �  �����  ��*  ��  ���"�
��/  �  [2,3]. 

�����0*�"���
  �������
���  1-��  ����	��  (<P A 0,05 �� /�� 2) [2,3] "  	�����  ��
��
  
�
	��
�����  – ���  ����"
���"

�  	�"�
��/  (��������
����  "���#  ����  �  �
�0-
�
 , 
��  (��*���
  �  �����
  ������"���  "#"��� . �  1��  "  �"�/  ��
�
	0  �
�*(
)��  "
	
�  �  
(��0-��
  (20� -40� !) 
��
  ��"�����  �����"�
���  
��"-��  	
�
"0
"  ��  ��	���0����  "  

��*���#�  �
������ , ������
  ��  �
(�5&
����  "  	
���"��
�0����� . ��
����  ���"��� , 
���
����
  �(#����  ���������  �
��  1-8 � /�� 3 �  (��0-��  �������0/  (����	��  30 �� /� ) - 
���  
���"��  "*�#"�  *�  ��
�  
��  ���
���
����  1�
����  - 4�
���
��2��  )
���2���
��  
�
����
��  ��  "#"��
 . &���
�  ������  �
��  ��  "#���
  ����	��  10 ��  �
�*(
)��  ���"
�  
(#  �  
��
  ��"�����  �����"�
���  
��"-��  	
�
"0
"  ("  �
�����#�  �(������  *��#  
"#"��� ), ��
�
��
��
  4���'�
57���  ��(�/	�
�#� !    
�����
���
  
[1] 	���  � .� . �  �( .: 100 �
�  ,
��
�����
  ���
����
  �
�
 .   .-&
�
�(
�� , 2008.  . 38-45  [2] +
�
�
�  � .� . 
&��(�
��  ,
��
�����  ���������#  1908 � . !���� , 1969. [3] ��
���=�  � .� . ��*	
-�#
  "���#  ,
��
������  
�
�
�����  // ������ . "
��� . 1969. , . 3. B 4.  . 214-222; ������ . "
��� . 1972. , .6. B 1.  . 22-28. 



 25

About limitations for density and velocity of Tunguska meteor with calculations of 
the 2-d order effects  
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Theoretical  limitations for density (with fixed velocity) or for velocity (with fixed 
density) of Tunguska space meteor (TSM) are considerate in this paper. It was received with 
calculations of explosion and  ballistic   shock waves interaction (2-d order effect) based on 
actual dates of  forest overturned. In this consideration the 1-t order effect is exact radial 
direction of the overturned and the lack of ballistic cylindrical forest overturned. 

The original estimation method of this interaction results (which we are following here 
and in [1]) was suggested first in [2].  Even if the intensity of ballistic shock waves was much 
less then explosion one and it was insufficient for forest overturned, the ballistic shock waves 
inevitable retaining objective trace in explosion shock waves forest overturned. This trace is 
turning of overturned trees directions. And this turning will more if the ballistic shock waves 
will powerful. This turning will take place not in all area, but only in two sectors behind 
epicenter that is symmetrical to trajectories projection. The analysis (performed in [2] and 
based on statistical dates processing of more than 30 thousands overturned trees) show, that 
the average angle of systematic direction divergence from epicenter in marked sectors is 
actually and it equal only 8o. 

We assume now, that explosion of TSM and all destructions in taiga is the result of the 
kinetic energy transformation. Then it may be expressed the value of minimal meteor density 
(with fixed velocity) from the well know correlations for cylindrical explosion: =�  min = 
=6,86>10-2( �  )3/2(E� /r

3a3)(?P/P)-4v>@, where we introduce effective coefficient @ for 
calculation influence of atmosphere inhomogeneous. The value of @ may change in the range 
0,05-0,2  from the dates [3] and another papers. Principle difference of our calculation =�  min 
from [2, 3] is that we calculate 2-d order effect – direction divergence angle of overturned 
trees in marked sectors must be small! As it shown in [2], observed divergence angle (8o) 
correspond to the pressure of ballistic shock waves almost for the one order less, then 1-t 
order limitation, i.e. ?P A 0,006-0,007 kg/sm2. Just this value it is necessary to substitute in 
formula for minimal meteor density, that increases the quantity =�  min  in tens and hundreds to 
compare with [2, 3].  

To use 1-t order limitation (?P A 0,05 kg/sm2 ) [2, 3] in this case inadmissible. It 
corresponds to pressure of ballistic shock waves also less, but near to the border of cylindrical 
forest overturned. And this inevitable leads to the large (20o-40o) angle of turning overturned 
trees directions in marked sectors, that’s no observed in reality. Another words, the 
combination of real density of meteor (1-8 g/sm3) with a large velocity (approximately 30 
km/s) - and condition of the only  kinetic energy transformation – is contradict to actual dates 
of  forest overturned. The flight of such body on approximately 10 km  height inevitable lead 
to the  angle of turning overturned trees (in some marked sectors of overturned trees region) 
mach more real observed! 
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About identification of a comet of Wolf -1908�  and about absence of influence on 
global warming of explosion on Tunguska 
 
B.R. German 
Department of Low Temperature and High Pressure, Phys.-Tech. Institute Academy of Sciences, Donetsk, 
Ukraine. E-mail: borisgerman@hotmail.com           
 

Some researchers already considered the comet of Wolf-1908� , lost by astronomers in 
January, 1908, how source of the Tunguska meteorite. Recently V.Romejko [1] had 
undertaken such attempt again. However else in 1919 year Wolf's object has been 
unequivocally identified with an asteroid 516 Amherstia [2].  
V.Shajdurov [3] has put forward a hypothesis of change of balance of water in mesosphere as 
a result of Tunguska-1908 explosion, proposing it as alternative to global warming as a result 
of increase in greenhouse gases. He wrote that it has correlated with growth of observation of 
silvery clouds. But after Tunguska-1908 explosion up to 1930th years so much increase of 
silvery clouds were not marked, and before 1908 year they were observed even more often 
than in 1908 year [4, fig.15]. Researchers registered a loss of synchronism of change of 
temperatures in both hemispheres of the Earth only in the first 10-year period after Tunguska-
1908 explosion [5]. During other 10-years periods, from 1884 to 1978, similar changes is not 
present. Therefore no exists alternative variant of global warming 'Tungus-1908'.                    
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Interpretation of pulsations in Kiel both magnetogram from Irkutsk and a new 
direction in researches of the Tunguska phenomenon  
 
B.R. German 
Department of Low Temperature and High Pressure, Phys.-Tech. Institute Academy of Sciences, 
 Donetsk, Ukraine. E-mail: borisgerman@hotmail.com           
 

Calculations have shown, that the strange magnetic pulsations, which registered in Kiel 
29-30 June, 1908 by prof. L. Weber [1], correlated with the infrasonic waves which are 
starting in an epicentre of the future explosion on Tunguska. In a similar way, characteristic 
variations on magnetogram from Irkutsk conforms to arrival of a surface Rayleigh waves 
from an epicentre which also are correlating with an infrasound. The vertical component of 
these waves was the reason of registration of a magnetic substorm in Irkutsk [2, s.38]. 

In end of the report I would like to pay attention, that parameters (weight, height) and 
time of move to Siberia of atmospheric front (i.e. mascon - concentration of masses), which 
probably arisen in the area of a lunar shadow during a solar eclipse on June, 28th, 1908 [2, 
s.29], correspond to height (8,5 km) and to time of explosion of potential cosmic Tunguska 
bolid. Possibly, it is necessary to continue scientific researches and a modelling in this 
direction. 
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Evidence of comet structure of the Tunfuska body 
 
Dr. O.G. Gladysheva 
Ioffe Physical-Technical Institute,  
Olga.Gladysheva@pop.ioffe.ru 
 
Isotopic analyses of peat sediments made by Yu.A. L’vov and E.M. Kolesnikov with 
colleagues showed that peat levels located at a shot distance to the catastrophe time contain  
interplanetary organic material. From this fact we draw fallowing conclusions. 1) The organic 
fragments, which had a mass of C10-3 kg, reached the earth’s surface. 2) The organic 
composition of the Tunguska body has the following properties: a) Solid or sufficiently 
viscous for the earth’s surface temperatures; b) Carbohydrates were a part of its composition; 
c) In paying attention to the elemental composition of the organic substance, we can note that 
it contains less than < 44% carbon; d) The organics of the space body were decomposed and 
assimilated by plants for a long period of > 10 years. An interesting peculiarity of the 
allocation of the Tunguska body remnants on earth’s surface is the fact that in peat samples 
the amount of organic compounds exceeds the amount of dust (silicate) particles many times 
over. This contradicts the well-known ratio between organic and silicate components in 
comets and meteorites. It is obvious that dust particles had no direct contact with the organic 
fragments, otherwise, they would have been retained by viscous organics. The TM structure 
model as adglutinated ice grains (~ 100 Dm in size), covered with organic, having dust 
particles as their cores, is offered. Such structures could be formed in the initial 
protoplanetary nebula. Under the reducing temperature, the water vapour started condensing 
onto the dust particles. During the subsequent temperature decrease, the surface of these that 
were covered by ice grains became the place for precipitating organic molecules, which 
existed in the initial nebula and froze such gases as NH3, CO2, H2S, and so on. The influence 
of radiation and thermal processes as well as irradiation by fast neutrons on the transformation 
of organics on astrophysical ices led to the polymerisation of a simple species. As a result 
organic substance, which was transported to earth by the Tunguska body, was formed. Using 
this model we can explain the grouping of separate granules in gigantic bodies (comets), 
along with the explosive injection of particles and gases as a result of the heating of a space 
body, as well as the considerable strength of a sufficiently brittle object. 
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Geological questions for solution of the Tungus phenomenon  
 
B.N. Golubov 
Institute of Dynamics of Geospheres of the Russian Academy of Science, Moscow.  
E-mail: bgolubov@mail.ru 
 

The Tungus event fixed 30.06.1908, had character of powerful explosion and has been 
initially connected with falling a meteorite near the Stoykovich Mnt. But long-term search of 
fragments of space substance has appeared unsuccessful. Judgements about a place of falling and 
the nature of body from another planet remain as hypothesis only. In a counterbalance hypotheses 
about the terrestrial nature of Tungus explosion in the form of earthquake, emission from depth of 
natural gases, break of a fireball etc. are put forward. The outcome of a tangle of these riddles is 
seen in the decision of two groups of geological questions. First of them, "space", is reduced to a 
dilemma: or the rests of the Tungus meteorite will be found near the Stoykovich Mnt., or the 
meteorite here did not fall also its search it is necessary to conduct in other place. The second 
group of questions, "terrestrial", conducts to the analysis of features of modern geodynamic 
activity, and also unloading of underground fluids of Tungus depression and, at last, to 
paleomagnetic analysis of Siberian traps which can keep memory of fireball impact.  

Fascination of riddles of Tungus event has led to threat of infringement of the wild nature 
of this territory because of the tourists who have rushed here, and also prospecting of 
hydrocarbon deposits, underground nuclear explosions accompanied by a series in the Evenkyia, 
etc. In 1985 this area has been declared as Academic Reserve and in 1996 is reorganized in the 
Tungus National Park playing the important role in social and economic life of the Evenkyia. 
Appeals to maintenance of radiating safety of local population, founded a motive that Tungus 
explosion was ostensibly accompanied by annigilation of space substance with allocation of huge 
quantity of a nuclear energy are characteristic.  

The purpose of the report – to plan ways of a unequivocal solution of the Tungus 
phenomenon that is connected with the decision of three problems. First of them - an estimation 
of methodical miscalculations in a solution of the nature of Tungus event which is based on the 
data of field investigations, the petrographic analysis of rocks " John's Stone ", the spectral 
analysis of microscopic particles of native iron, the analysis of the organic substance containing 
in samples of this "Stone". It is shown, that for " the melted off small balls of body from another 
planet" have been accepted fine quartz spherolytes, characteristic for volcanic rocks of region. 
Raised contents of Br, Zn, Pb, Hg, Na, Au, Mo, Rb, Co and other elements in a layer of peat 
completely corresponds to a set of earth's crust elements. It denies opinion on delivery of such 
elements from space in 1908. The revealed here high activity of isotopes 14  and 39Ar is wrongful 
for connecting with a neutron stream of Tungus explosion as such point of view does not consider 
effect of global fall of radionuclides as a result of tests of the nuclear weapon. The horizon 
marking event 1908, in case of its reality, should be observed clearly in a section of a soil, i.e. 
search of this horizon is necessary for conducting by mapping, instead of calculation of " year 
layers " moss cover. The second problem is reduced to the analysis of geological features of an 
epicentre " Tungus explosion " on the basis of geological field investigations and decoding of 
space photos. It is established, that crater like form of "epicentre" corresponds to the ancient 
Permian-Triassic volcanic-plutonic structure. The third problem is reduced to definition of the 
scheme of systematic geology-geophysical, geochemical, and also soil and biochemical 
researches in epicentral zone of a prospective place of falling of the Tungus meteorite.  
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Reanimation of a hypothesis of L. A. Kulik about fiery jet the Tungus meteorite 
 
E.V. Dmitriev 
Astronomical Society, Moscow, Russia, E-mail: evdmitriev@gmail.com 
 
The lead researches firmly established fact of presence in grounds an epicenter of accident of 
a plenty comet markers – “streamerglasses” [1]. Their occurrence could occur only as a result 
of the massed loss comet dust that allows considering Tungus meteoroid as a fragment of a 
kernel erupt comet [2]. However at once there is a question how comet dust has settled in an 
epicenter, instead of all has been born in a stratosphere by ascending streams of hot air, heated 
by explosion of meteoroid? For the decision of this problem, it was offered, that the space 
body was not ice, and represented whom frozen together an aerosols [2]. The basis body was 
fine-grained sandstone - aleurolite [3], it and was a source of comet dust. Mechanical 
properties of such sandstone are those that at achievement of ultimate loads, it, passing a stage 
of fragments, at once were broken on fine particles [4]. The offered model well explains 
almost instantly destruction of the Tungus body at height of 5-10 km therefore it is formed 
strongly heated look like meteorite cloud of an aerosol which, despite of a heat, apparently, 
because of a high saturation of air heavy dust particles, possessed negative buoyancy. 
Similarly to fiery classical to a stream, it, in any measure moving by inertia, has directed 
downwards and has caused a unusual burn of vegetation which as approved L. A. Kulik, is 
not peculiar to fires. And it is unimportant; as it was formed ����
��
  a cloud - from 
explosion of a volcano or explosion meteoroid - it will possess high amazing influence on 
district. Here pertinently to recollect, how killing �����������
���
  streams of volcano 
Bonpele in 1902 have instantly ruined 29500 person (2 inhabitants have escaped only!). 
Action of a hot stream of an aerosol in area Tunguska was not so catastrophic. It is connected, 
apparently, with greater height of formation of a cloud and through passage of the bottom 
layers of an atmosphere of a stream lowering to the ground that promoted mixing with it of 
cold air. By presence of traces of a universal burn, the temperature of a stream was above 300 
0 . Full absence in tests of a ground melted off or bent “streamerglasses”, having 1400 0  
means temperature of a softening, that the cloud of explosion could not be heated above this 
temperature. Externally the picture of processes occurring in an atmosphere should be similar 
to a powerful cumulus cloud of dark grey color with wide crater as at a tornado in which there 
was a lowering to the ground heated an aerosol. In the further it spread a wide stream on 
district, burning a crone and trunks of the trees tumbled down and costing on a root, ground 
vegetation and a wood lying. Therefore, in the further, bolides’ jet of an aerosol by analogy 
with piroclastical streams we shall name bolides’ stream of an aerosol (BSA). Thus, the found 
mechanism of formation BSA confirms L. A. Kulik's verdict, born to all seen in an epicenter 
of accident still in 1927� . -«By jet fiery of the heated gases and cold bodies the meteorite has 
struck in a hollow with its hills, tundra and bogs». 
 
References:  
[1] Dmitriev E.V. “Tunguska collection, (2end edition), Moscow, 2000; 
[2] Dmitriev E.V. “Near-Earth astronomy -2005” Kazan, 2006; 
[3] Dmitriev E. Technics-youth, 2006, B  4 and B  5.  
[4] Zotkin I.T.  The Astronomical calendar for 1990 - ! .: the Science. 1989.  
The note: E.V.Dmitriev's clauses are placed on K.A. Khajdarova's site <http: // bourabai.kz/dmitriev/index.htm>.  
Translation in V.A. Prudnikov's edition
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About an unusual explosive structure near the Tunguska tree fall 
 
V.A. Dorofeev 
FSUGE “Urangeo”, Moscow, Russia 
 
From 1976 to 1979, several geologic parties searched for Iceland spar in the country between 
two rivers the Chunya and the Chamba, including two sites: in the middle coarse of the 
Nizhnyaa Dulushma stream and, 30–40 km to the north, at a narrow watershed of the Kimchu, 
Nizhnyaa and Verhnyaa Dulushma rivers. One of my reconnaissance routes passed along a 
left side of a brook valley with latitudinal stretch, a left confluent of the Yuzhnaya Chunya 
river (several tens of kilometers to the northeast form the epicenter of the Tunguska 
explosion). The route run through the field of development of grey-colorful loosely 
consolidated silt-psammitic tuffites of early Triassic age, very typical for the upper part of a 
stratigraphic section of the Korvunchana suite. An isoline of relief on the other side of the 
valley made a distinctive bend at one of the sections of my route. Such situation in locality 
must be connected with a terrace. But river terraces for upper reaches of small streams are 
extremely atypical. One could most likely expect to meet there an outcrop of a bedded body 
of magmatic rocks – dolerite or metasomatic rocks with quartz-carbonate composition. 
However I found a turfy terrace made from a breccia – a result of a powerful explosion. The 
breccia consisted of debris of basaltic lava from 1 to 10–15 cm in size. I was astonished by a 
variety of colors from grey-green to violet-brown, with predominance of various hues of red. 
The debris were consolidated by a chemical cement – zeolite (heulandite), and this was also 
unusual (because analcime is typical for cements of tuffs at that location). The breccia 
represented a dense and strong rock, which, judging by the terrace, lied subhorizontally. 
Father, the route run in the field of development of these breccias consolidating a gently 
sloping watershed. At a distance of 2–3 km I found a hole similar to a crater which had one 
wall destroyed by erosion, so that in view from above the structure had a shape of a sector 
covering 300–330 degrees. Its upper diameter was 100–150 m, the diameter at the bottom was 
about 50 m, and the depth was about some tens of meters. I saw the same breccia at the slopes 
and bottom of the crater but the debris reached 1–1.5 m in size there. A spring welled out at 
the bottom, and a streamlet flowed out through a narrow mouth of the destroyed wall and fell 
into the main valley. Along the periphery of the structure, I found several outcrops of quartz-
carbonate metasomatites, which were bow-shaped in view from above, with a curvature 
center coinciding with the bottom of the hole. Later, during office studies, analyzing 
geophysical data, I found that the field of the breccia spreading is associated with a magnetic 
anomaly of high intensity. The information about this finding is in the Report of the 
geological party on the works of 1978–1979, which is kept in the archives of expedition 
“Spar” and in Federal funds. (1) I could not determine, even roughly, the area of breccia 
spreading, however, I think that it is longer than 3 km in linear dimension. A lower boundary 
is early Triassic, but the upper one is not determined because there are no dated sediments 
which would intersect the breccia, and the thickness of modern (Holocene) sediments is 
minor. (2) The explosion, to all appearances, was of near-surface character, because rocks of 
pre-volcanic substrate are absent in breccias structure, as well as tuffites embracing them. (3) 
A clear negative shape of relief was evident. There is a rule in geomorphology: if a structure 
is older, it is worse expressed in relief, and vise versa. Therefore, the suggestion about a 
relatively young age of the structure does not contradict the actual situation. (4) Connection 
between the Tunguska “meteorite” and the explosive structure is unclear, however, it seems 
quite possible because the finding is extremely uncommon. 
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Physical parameters of the fall train of the Tunguska meteorite matter in the 
territory between the rivers Tetere and South Chunja 
 
I.K. Doroshin1, S.V. Krivjakov1, D.V. Yashkov2 

Tomsk State University, Tomsk, Russia2, E-mail dik59@mail.ru  
Novosibirsk state University2, Novosibirsk, Russia 
 

Uncertainty of actual parameters of the fall train of TM matter - the direction, density 
of fall, the size of particles and so on – has lead to necessity of carrying out of such work 
which would be independent of this uncertainty, if it is possible, but nevertheless 
guaranteeing positive result of searches. In particular, it was decided to accomplish the 
sampling of peatmoss with step about 5 km around of the epicentre on distance of not less 
than 80 km. Moreover the new technique of processing of the samples was applied. It 
excludes the producing of the spherical particles in the course of processing. By present time 
we have completed the sector making up ¾ from planned. Despite of the incompleteness of 
the work there is necessity of the preliminary discussion of the obtained results. 

The analysis of the spherical particles maintenance in the layers of peatmoss allows to 
outline the area in the territory between the rivers Tetere and Southern Chunja which is 
suitable on its parameters to the fall train.  

1. The width of the area with the increased concentration of globules is about 30 km. 
2. It is confirmed by two profiles of samples crossing the train. 
3. The maximal concentration of globules is in the center of the train, the minimal ones 

are along the edges. 
4. The modal size of particles in that profile, which passes more closely to the epicentre, 

is essentially larger than the modal size of particles from the samples of more remote 
profile (11,7 micron and 9,1 micron accordingly). 

5. The direction of drift from the epicentre is E-S-E. This fact corresponds to the direction 
of the winds determined from the fire data. 

6. Globules have got similar morphology, this suggests their uniform origin. 
7. Procedures similar the schliching show the greater density of globules in comparison 

with grains of quartz. 
8. The train is confirmed by the samples of peat collected in the course of the program 

“Globule” in 1969-1984. Using these samples we can outline the area around the upper 
Vanavarka-river where there is an increased concentration of magnetite globules 
having size of about 30 micron. 

It is necessary to test the found globules for belonging to the space matter. Difficulty 
consists in the small size of these globules and the necessity to carry out numerous 
measurements. It would be quite reasonable to analyze each globule separately, as among 
found, possibly belonging to ,! , globules there are obviously the background ones which 
were generated by sporadic meteors. All our attempts to make the chemical analysis of 
globules including appeal to foreign firms have been unsuccessful up till now. 
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e 0,693 (?t / T)  – 1 = ?N / N = 0,075 M*��  / 0,47 !����  =  0,16 M*�� /M����  
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���  ���
�
���  �������  "�
�
�����  «����
��� » �����  ��  900 �
�  	���������  
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?E = (E2 – E1) / (m1/m2 + 1)  = (E2 – E1) / ((M1/M2) * 6,27 + 1) 
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On the interpretation of the � 13 and � 14 isotope shift in the peatmoss  
of the Tunguska meteorite impact area 
 
I.K. Doroshin 
Tomsk State University, Tomsk, Russia, E-mail: dik59@mail.ru 
 

Abundance of carbonates in the soil of the Tunguska Meteorite impact area causes their 
high concentration in the peatmoss ashes. While analyzing the amounts of C13 or C14, one 
needs to either eliminate the carbon of the soil carbonates, or take its influence into account 
and make necessary adjustments. Actual measurements of the  � 2 content in the carbonates 
of peatmoss ashes yield 25-30% of the initial weight of ashes, that corresponds to the C 
content of 12/(2*16+12) = 6,8 - 8,2% by weight. This is slightly lower than the theoretical 
figure of 11% assumed in [Doroshin, 2002], probably due to the presence of other minerals 
besides calcium carbonate. 

[Lvov, 1984] discusses the reasons of overstating the age of peatmoss horizons as 
determined by the concentration of C14, and conjectures massive fallout of the space-born 
carbon on the peatlands. However, the same "aging" may be achieved by injecting terrestrial 
soil carbonates into the peatmoss. The decision of the problem of "aging" by injection of 
additional "ancient" carbon into the peatmoss yields the following equation: 
 

e 
0,693 (?t / T) – 1 = ?N / N = 0,075Mash/0,47! peat = 0,16 Mash/Mpeat, 

 
where ?t is the false aging; T is the half-life period =5600; ?N is the weight of the added 
"ancient" (soil) carbon within the carbonates; N is the initial weight of the carbon in the 
organic matter of the peatmoss; Mash – the weight of the ashes; Mpeat – the weight of the 
peatmoss material. 

In order to obtain a false “aging” of 900 years, it is enough to inject into the pure 
peatmoss 73% of a cindery substance by weight, that yields just 42% of the ash content in 
natural peatmoss. Similar and even greater ash content can be found everywhere at edges of 
the peatlands at depths of 40cm and more. Similarly, it is possible to solve the problem of 
isotope shift of  13 when introducing soil carbon into the peatmoss, and receive: 
 

?d = (d2 – d1) / (m1/m2 + 1) = (d2 – d1) / ((M1/M2) * 6,27 + 1), 
 

where ?d is the isotope shift; d1, d2 – the concentration of isotope  13 in d13CPDB in the 
peatmoss material and ashes, m1, m2 – the weight of carbon in the peatmoss material and 
ashes accordingly; M1, M2 – the weight of a peatmoss material  and ashes accordingly. 

In order to obtain an isotope shift of +4 units [Kolesnikov, 1996] at d2 = 0 �  d1 = –28 it 
is necessary to have the ratio M1/M2 = 1,32, that yields the ash content of only 51%. 

Thus, all the results of the carbon isotopism received so far can be explained by the 
pollution of the bottom peatmoss horizons by natural cinders. 
 
References: 
[1] Doroshin I.K. About interpretation of data of isotopism of carbon in peatmoss of area of falling of the Tungus 
meteorite // the Tungus Bulletin. 2002. B 15. P. 29-30. 
[2] Lvov J.A. Carbon in composition of the Tungus meteorite // Meteoric researches in Siberia. Novosibirsk: 
Science. 1984. P. 83-88. 
[3] Kolesnikov E.M., Boettger, Kolesnikova N.V., Junge F. Anomalies in isotope composition of carbon and 
nitrogen of peatmoss of area of explosion of the Tungus Space Body 1908 y. // Reports of the Academy of 
sciences. 1996. V. 347. B 3. P. 378-382.
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  ����*����  ��
"�	+
" , ����	�.����  ��  
����������  "  ����"���  	�  500 ��  ��  �
���  ���������#  (j  = 60,9° l  = 101,9°). 
:��0-����"�  �*  ���  ��
/�  �
���*��
����  ������
�  (*"
�� , ������
��� , �
���"#
  
1��
��#  �  	� .). ������
������� , ��
/.�
  ��*�+�����
  (�
�	
*��
���
 ) *���
��
 , 
"���
��/���  �
	�� . ���  ��
	
�0��  ��
(# , 	��
���/�  ��*�����
  �����"���
 . 3��  �  
�"��
���  ����"���  ��������  ���"�
���  �
.
��"
���  ��*����#�  ���
������  
  ��*�#�  
�"����" . 

�*"
���#  ���  ��	����0�#�  "�������  �*��
��  ���
������ : /)�#�  �  » 192°, /�� -
"������#�  �  » 137° �  "������#�  �  » 100°. ���0  �  	�
��
  "������# . �	���� , �(.��  
�
	��������  �"�����0  ���"�*��  ����7��"  �  �
������  �����
��#�  
��*����� . 

����  (#�  ����
�7�  �
��	 , ����-�  ����"	�"-��  �
(�  "  ��
��
   ����
 -
���������  ��	
���  (1947 � .). ��  *���/��
���  "  ������
���  ��������
� , �����	�.��  
�
�
*  	"�  "
����� -�����"�
���  �*  	������  �
����  ��  1��+
���  �  ���
/ -��(�  ����
  
"�	����  ���
������ . :#��  "�*��)����0  ���"
���  �����  ���  �����  ������
��� . &���
  
1����  ��  3�!  �
�7�  ��	(���  (#��  ���
	
�
��  ���(��

  "
������
  �����"�
��
  ���  
1����  �
���  ��������
� . �  �
*
�0���
  ���
��/���  ����
  *���
��� : �  = 120°, h = 20°, s  = 
± 12°. ��

���  ����-

  �������
  �  ������  "#"���  �
�� . 

���  "#����
���  ��(��#  ,
��
������  �
�� , ����
  ��	�����  (�����"�
��� ) 
�
�(��	���  *���0  "
�����
  �������� , �  ��)��
��/  �
�*"
���
/ . 2�	�"��  ����
 -��  
��*
��#
  *���
���  ��������  "���
��  �  2
��7� , ������
� , �����  30 �� /� , ��)��  
���
���0  ��(��# , ������
��#
  	��  ��������
���	��
����  ���
� , �  �(��)�/.����  �  
2
��7�  ���
���	�" . 

�
�0��  "�)�#�  �"��
���  ���  ���� , ���  ��	����  ,�,  �  ����-
�  �������0/  ��  
����)
��/  �  	��
  ��"��	�
�  �  ��	������  ���
���"����  	�
"����  �
�
������  ������  
:
�� -��"���	 , �  ���)
  �  ����7��#�  ��	������  ���
�#  3��
 . 



 44

�4  �������1�#$	2  ��	���  ���0�##$	0	  %+�3%�  
 
 . �(�	�"   

!�������  
���
)�����  ��  �
&,�����
�
 , #��
�(� , �
&,�����
� .  
E-mail: ibadovsu@yandex.ru  
 
4 . . �(�	�"  
	
��&
�������'/  
���
�
��2����/  ��������  �� . � .� .�����(���
 , �
��
����/  
�
��&
�������'/  �����������  �� . � .� .�
�
�
�
�
 , �
���
 , $
���� .  
E-mail: mshtf@sai.msu.ru 
 
 . . ��������  
!�������  ���
���� , �
��
����/  �
��&
�������'/  �����������  �� . � .� .�
�
�
�
�
 , 
 �
���
 , $
���� . E-mail: grigor@imec.msu.ru 
 

��������
����  �
����  ,
��
������  "*�#"�  1908 ��	� , 
���#"�/.��  
�1��	������
���
  	��(�
��
  �  ���
�
���
  ���-��
��
  	��(�7���  ����#  ��	  
	
���"�
�  ���	�
���  	�"�
���  ��  ��(�"��  ��"
�������  ������
�����  �
�� , (#��  
��*"���  "  1976-1979 ��	�� . 3��  �
����  (#��  �����0*�"���  ���)
  �  	��  �����
��"
����  
�+
���  ��(#��� , �������	�"-��  ���  "��	
  �����
���"  �	��  ���
�#  '
�
��
��" -
$
"�  9 "  ������
�
  5���
��  16-22 �/��  1994 ��	� . 

�  ��*"���
  1���  �
����  ����  ���	
�#  "  �"���  ��������
����  "�	
  "#��)
���  
	��  ��������  	"�)
���  �  �����)
���  	��(�7���  ����#  "(��*�  «"*�#"��� » *��#  �  
*����  ���
��  
/  ���
���
����  1�
����  "  1���  *��
 .   ����.0/  ���
�
��#�  
������-
���  �
-
��  *�	���  ��  1����
�
�  �   ���
�
�#  ����
�#  	��  ���
	
�
���  �
���  
�  "
�����#  ��������0����  1�
���"#	
�
���  ��  ���
������  	"�)
��� , �  ���)
  �  	�
��
  
�����
��#  ������
�����  �
��  ���  
��  «"*�#"
 » "  ������
���  ����
� .  

�
*
�0���#  �����0*�"��#  �  	��  ����
	�"����  «"*�#"� » �	
�  ����+
+�����/.��  
���
�  "  ����
����  ������
�
  �  �"�*�  1����  �"�
���  �  ����
��#��  "��#-���� . 3��  
�
*
�0���#  ��
	���"��/�  ���
�
�  ���)
  ���  �*
�
���  �����	#  "��#-
����  
����"�����  ����	#�  *"7*	 , �"�*�����  �  �����)	
��
�  ���
����	�(�#�  �
�  �
�
*  
��.�#
  ��*��#�
"#
  �(������  �����  *"
*	 . 



 45

On the analytical theory of the Tunguska explosion 
 
S. Ibadov 
Institute of Astrophysics, Tajik Academy of Sciences, Dushanbe, Tajikistan. 
E-mail: ibadovsu@yandex.ru 
 
F.S. Ibodov 
Sternberg Astronomical Institute, Moscow State University, Moscow, Russia. 
E-mail: mshtf@sai.msu.ru 
 
S.S. Grigoryan 
Institute of Mechanics, Moscow State University, Moscow, Russia. 
E-mail: grigor@imec.msu.ru 
 

An analytical theory of the 1908 Tynguska explosion, which takes into account the 
aerodynamic fragmentation and the transverse expansion of the fragmented mass under the 
action of the pressure gradient on the frontal surface of the cosmic body, was developed in 
1976-1979. This theory was also used for quantitative estimation of events occured at the 
entry of the fragments of Comet Shoemaker-Levy 9 into the atmosphere of Jupiter on July 16-
22, 1994. 

To the development of this theory we found expressions for the velocity of motion and 
deceleration of the fragmented mass near "explosive" zone as well as the law of loss of the 
kinetic energy of the mass in this zone in the explicit analytical form. Extreme problem is 
solved using obtained relations and the formulae are obtained for determining the position and 
the value of the maximum energy release along the trajectory of motion and also other 
parameters of the "explosion" of cosmic bodies in the atmospheres of planets. 

The results are used for investigation of "explosion" of nuclei of sungrazing comets in 
the solar atmosphere and, besides, the relation of this phenomenon to the solar flares. Also 
these results are of interest for studying the nature of flare activity of young stars connected 
with passage of comet-like bodies through dense gas-dust envelopes of such stars. 
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Some few results and present-day problems in exploring of magnetoionospheric effects of the 
June 30, 1908 Earth-Tungus Cosmic Body impact are reviewed. Once more we pay attention 
to their phenomenology, interpretation, simulation, and comparison with others local 
magnetoionospheric effects, man-made and natural. 
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Main problem of the giant explosion took place on 30th June, 1908, in Tunguska tayga, 
central Siberia, is discrepancy between high explosion energy equivalent to 1500 Hiroshima 
bombs and absence of any fragments of the Tunguska cosmic body (TCB). The problem may be 
resolved if the TCB was a comet core [1]. It is known to be icy conglomerate consisting of 
volatile compounds of H, C, N, and O frozen together. But the same elements can be found in soil 
and plants everywhere that is why it is rather difficult to reveal traces of comet material fallen 
down on Earth. Besides, there are dust particles in the comet core close in its chemical 
composition to carbonaceous chondrites CI [2]. According to our calculations [3] they are only 
about 0.5 Dk in size that is why it is difficult to extract them from soil and peat. We analyzed 
Sphagnum fuscum peat columns in which the peat layer grown up in 1908 can be dated by 
botanical method. The presence of the comet material is proposed to show up by change, or shift, 
of isotopic composition of the light elements. In the nearcatastrophic layers of the five peat 
columns from the explosion epicenter the shifts in the carbon and hydrogen isotopic composition 
have been revealed. They represent sites at the explosion area enriched in the TCB material fallen 
down on Earth highly inhomogeneously [3-6]. The shift of isotopic composition for carbon ?13C 
was up to +4.3‰ and for hydrogen ?D up to –22‰. They are opposite in sign and couldn’t be 
caused by the terrestrial processes: fall out of terrestrial mineral and organic dust, humification of 
peat, emission of hydrocarbon gases from the earth and so on. These isotopic shifts have been 
revealed in the catastrophic and nearcatastrophic layers, at the same time they are absent at the 
uppermost and lowest peat layers, below the permafrost boundary in 1908, and in the control peat 
columns in other places as well [4-6]. Iridium and other platinoids, being detectors of the cosmic 
material presence on Earth, have peaks of their concentration at the same peat layers as the 
isotopic shifts did [7, 8] that corroborate cosmic origin of the last. Cosmic carbon in peat is very 
heavy in its isotopic composition: from +51‰ up to +64‰ [3, 6]. It is absent both on Earth and 
in typical meteorites and may be met with individual mineral phases of carbonaceous chondrites 
CI. Very high C/Ir ratio in peat points to the low concentration of mineral dust in Tunguska 
comet as compared to Halley’s comet [9]. The absence of smoky track among eyewitness’s 
evidences corroborates the conclusion. Chemical composition of the TCB in peat points to its 
cometary origin as well [10]. The TCB material is depleted of Fe and other siderophile elements. 
At the same time, it is specially enriched with hundred times of Si and eight hundred times of Na, 
with another alkaline metals Li, Rb, Cs and other volatiles Cu, Zn, Ga, Br, Ag, Sn, Sb, Pb, and 
Bi. These characteristics of the TCB chemical composition don’t contradict up-to-date data of the 
comet composition [1]. 

Thus, the shifts in isotopic composition of carbon and hydrogen and as well sharp increase 
in concentration of number of elements, mainly volatile, clearly point to cometary origin of the 
TCB. 
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Acid rains at the 1908 Tunguska explosion site 
 
N.V. Kolesnikova1, E.M. Kolesnikov1, P. Gioacchini2, T. Böttger3 
Moscow State University1, Moscow, Russia;   k_e_m@mail.ru,    evgenkol@geol.msu.ru 
Bologna University 2, Bologna, Italy;  
UFZ Leipzig University3, Leipzig-Halle, Germany  
 

While meteors were moving through the atmosphere, high temperatures arose resulted 
in reactions of oxygen with nitrogen from the atmosphere. These reactions produce NO and 
NO2, nitrogen oxides, which after reaction with water vapors form acids HNO2 and HNO3.  
Then they fall down as acid rains. Traces of acid rains have for the first time been found in the 
sediments at the Cretaceous-Tertiary (K-T) boundary 66 MY ago when, due to the Earth’s 
collision with a giant cosmic body, most of living organisms including dinosaurs have 
become extinct (1). In the K-T deposits nitrogen concentration was eight–ten times as many 
as its concentration in other layers. In the K-T layer an enrichment with nitrogen and a 
positive shift up to +10‰ in nitrogen isotopic composition have been accompanied with sharp 
increase in iridium concentration that points to cosmic origin of the above effects. To reveal 
traces of acid rains at the Tunguska explosion area we analyzed the same peat columns we 
had used before for the carbon and hydrogen analyses. They are: three peat columns from the 
explosion epicenter area and two columns from remote sites served as control for the carbon 
and hydrogen analyses (2, 3, and 4). The least nitrogen concentration and the slight shift in its 
isotopic composition we found in the catastrophic layer of the peat column sampled near 
Vanavara settlement 65km southerner of the explosion epicenter. It was control one due to the 
absence in it the isotopic shifts in carbon and hydrogen that meant that the Tunguska material 
didn’t fall down near Vanavara. In the peat columns from the explosion epicenter the nitrogen 
concentration and the shift in its isotopic composition were much more than the same ones in 
the Vanavara peat column. Moreover, quantity of heavy nitrogen in the catastrophic layer of 
three columns from the epicenter depends on not only of the peat bog distance of the epicenter 
but also on its distance of the supposed TCB trajectory (3). It was concluded that in peat the 
main source of heavy nitrogen fallen down is acid rains. Another source of the nitrogen 
enrichment in peat is anthropogenic pollution. For example, in the peat column sampled near 
Tomsk, large industrial center in Siberia situated 1000km of the explosion epicenter, the mean 
nitrogen concentration is twice as many as its concentration in the Vanavara column. 

According to our calculation (3) about 200 000 tons of nitrogen fell down over the 
forest devastation area. It is just one third of the amount estimated by Rasmussen et al. – 
600 000 tons (5); the rest nitrogen scattered in the atmosphere. 
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The Tunguska meteorite explosion and flattened forest origin with  
consideration for the wind velocity gradient 
 
P.F. Korotkov 
Moskow Institute of Physics and-Technology, Dolgoprudny, Russia. 
E-mail: PFK @ physics. mipt. ru 
 

No material of cosmic origin was found after the Tunguska explosion, but a vast region 
of flattened forest arouse whose formation details can play an important role in the study of 
the origin of this colossal phenomenon. Using the method of ray acoustics developed for 
shock waves by the author of this paper, the forest devastation caused by the high-altitude 
explosion of the Tunguska meteorite was calculated with allowance for the wind velocity 
gradient. The resulting shape of the region extended in the wind direction is in agreement with 
the observed havoc region. The energy release region, a shock of shock waves, is assumed to 
be small in size, and, therefore, it can be simulated by a concentrated explosion without 
regard for a ballistic shock wave. Such a model is consistent with a fast meteorite breaking its 
disruption due to the increase of the frontal area caused by the velocity head of the airflow. 

The inverse problem on the shock source, i.e., on the explosion parameters specifying 
the shape and the size of the source (extended or concentration), should take meteorological 
conditions into account. They can affect the shape of the flattened forest boundary so strongly 
that sometimes the influence of the ballistic wave on the flattened forest is doubtful. There is 
no evidence of the existence of such a wave. At any rate, this is not a boundary shape (which 
for the Tunguska explosion could arise without such a wave in the presence of the proper 
wind in the troposphere). By its effect, an approximately concentrated explosion can take 
place not only under exotic conditions (such an encounter with an antimatter body or a 
collision with a small black hole or an explosion of a UFO) but also for a short path of the 
meteorite braking due to the fast increase in its cross section. The shape of the flattened forest 
region is not an adequate indication that the concentrated explosion hypothesis should be 
rejected. 
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About nature of the “Light spot” in the Tunguska meteorite fall area 
 
S.V. Krivjakov, E.V. Khammatova, I.K. Doroshin 
Tomsk State University, Tomsk, Russia. E-mail dik59@mail.ru 
 

In the spectrozonal cosmic pictures of the Tunguska meteorite fall area, we can see a 
spot of light colour having an unusual form, which is obviously non-connected with the area 
topography. The spot outlines are similar to an oval with the axes of 12x9 km, the big semi-
axis angle of inclination is near 95 degrees from the North. Light colour is traced on any relief 
types. Only in some cases there are dark parts within this spot, usually they are connected to 
the valleys of streams and ravines. Different hypotheses had been suggested, but none of them 
had answered the whole of known facts. Our work is devoted to the clarification of this 
enigmatic formation nature. 

The colour spectrum change in that places of geological profiles passing, which differ 
from the other parts of the area only by the absence of stand, allowed to suppose that the 
“light spot” has been formed by some peculiarities of the vegetation. We carried out such 
field study for finding these peculiarities. At the end of May 2004, before the trees became 
foliated there were carried out forest observations from high hills and along foot routes which 
crossed “light spot”. It was noted that chlorine parts of the spot corresponded to localities with 
larch predominance and brownish parts – to localities with the common pine predominance. 
Standard landscape descriptions of several plots was accomplished to specify and confirm this 
preliminary conclusion. Ratio of the plant species was characterized by the projective 
coverage, expressed in percentage. Four pairs of plots were choose in such a way that one plot 
from the pair was located in the chlorine part and the second – in the brownish part. The 
distance between two plots of the pair did not exceed 400 m. Accomplished study had 
completely confirmed initial assumption – in the spectrozonal cosmic pictures brownish 
colour is caused by the predominance of pine, and chlorine – by the predominance of larch 
stands. 

The weak influence of the relief forms on predominance of the larch in the “light spot” 
becomes understandable if we consider the after-conflagration forest state described by L.A. 
Kulik: “…complete destruction of the alder, birch, aspen, and, in the centre of the zone of 
destruction by fire, the pine, too”. In contrast to the pine, the larch had partly survived – both 
single big trees and the numerous groves of small-dimension larches. Estimation of the forest 
composition during the numerous foot routes and observation from the hills confirms that 
before-catastrophe live pines are virtually absent in the localities of the “light spot”. Thus, in 
the course of the after-fire forest renewal the larch had the initial advantage. And then, in the 
course of the spreading from the remote localities the leaved trees and the light-requiring pine 
hardly rival with the mature larch stands. This had resulted in the present-day larch 
predominance in all “light spot” territory. 
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Possible mechanism of formation Tungus tree fell 
 

V.M. Kuvshinnikov 
Tomsk, Russia. E-mail: tov@iao.ru 
 

The tree fell is a very informative phenomenon which has not exhausted all potentialities for 
analysis and obtaining of new results up to now. The symmetry of butterfly form gives an azimuth of 
the fell trajectory but mechanism of formation of some fell peculiarities is not clear. A fact of the 
rather strict radial fell of trees is in a certain conflict with a non-circular form of the fell zone. A 
reason of creation of the axisymmetric deviations from the radial direction both in the east and west 
quadrants of the fell territory still stays obscure. It is not clear why a symmetry axis of these 
deviations does not coincide with the symmetry axes of the fell “butterfly”. The patchiness, 
polymodality of directions of three falls in the central zone around the fell epicenter is not explained. 
It seems possible to us to justify several of these peculiarities by distortion in direction of blast wave 
caused by an effect of the meteorite form and existence of fragments and clasts in the explosion zone.  

Evidently, the ballistic wave only could not evoke the radial fell; the blast wave propagated 
from the central point or small zone should participate in this phenomenon. In accordance with the 
comet hypothesis, such blast wave was created as a result of an explosion-like breaking of the 
celestial body after fast increase of the body’s effective cross-section due to avalanche-like 
progressive fragmentation. At that the body was transformed into the disk composed of small pieces 
and then quickly broken in the co-called breakpoint with creation of the power blast wave. This wave 
can bump into the other large fragments which could effect on the wave force and its propagation 
direction; i.e. a pin-point blasting effect could take place. Several variants of similar processes and 
possible corollaries are presented in the paper. 
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Variations of geomagnetic field caused by 1908 Tunguska event 
 
T.V. Losseva, M.Yu. Kuzmicheva 
Institute of Geospheres Dynamics, Russia. E-mail: losseva@idg.chph.ras.ru; kuzm@idg.chph.ras.ru 
 

The analysis of the magnetograms of Irkutsk observatory on the 30th June, 1908 
showed that the explosion of Tunguska bolide was accompanied by the Earth’s magnetic field 
, which were being continued for several hours [1]. Irkutsk geophysical observatory was 
located approximately in 950 km to the southeast from the point of impact and it was nearest 
to the trajectory of the bolide by the observatory, where the continuous photo record of the 
components of the geomagnetic field was conducted. This geomagnetic effect they relate with 
the distortion of the regular current system in the E- layer of the ionosphere [2]. 

Contemporary views on the development of the gas-dynamic flow, which appears with 
the flight of meteoroid in the atmosphere and its subsequent explosion, make it possible to 
explain both the formation of the region of the increased ionization in E layer and 
comparatively rapid - for several minutes - the transfer of the excited region to 900 km. 
 As a result of the formation of the hot rarefied channel with the fall of cosmic body in 
the atmosphere, the hydrostatic distribution of pressure is disrupted [3, 4]. The particles of the 
gas jet and atmospheric air, implicated in the motion, move along this channel upward. In the 
rarefied layers of the atmosphere they begin to move along the ballistic trajectories in the 
gravitational field. With falling back kinetic energy of gas braking in the dense layers of the 
atmosphere is converted into thermal energy. The reflected shock wave is formed. The gas 
heated in it rises into the overlying layers of the atmosphere and this process is repeated 
initiating the initial, substantially nonlinear stage of formation and propagation of acoustics- 
gravitational waves. The effects of heating and ionization of gas at heights on the order of 100 
km, caused by such oscillations atmosphere, lead to the distortion of the existing current 
system [5]. 

The changes in the geomagnetic field obtained in the represented work coincided in 
order of magnitude with its variations, fixed in the Irkutsk observatory. The equations of 
chemical kinetics together with the gas-dynamic equations were solved numerically. As the 
initial data were used the fields of velocity, temperatures and densities, obtained in the work 
[6] with the numerical simulation of Tunguska bolide plume. 
 
�����
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About a possible nature of similarity of geomagnetic effect of Tunguska  
meteorite and geomagnetic effect (SFE) of a powerful x-ray  
flare (X = 18) of 04.11.2003  
 
V.A. Parkhomov 
The Baikal state university of economics and law. 
Irkutsk, Russia. E mail - parhomov@irk.ru  
 

The comparison of geomagnetic effects caused by ionization of the ionosphere as a 
result of explosion at fall Tunguska of a meteorite and geomagnetic  effect, caused by 
ionization of the ionosphere by arrival of rigid electromagnetic radiation (x-ray and F-ray) 
from powerful (ball X> 18) x-ray flare of November 4, 2003 is executed. As a result of 
comparison, is shown, that there is a similarity in structure and dynamics changes of 
geomagnetic variations observing on magnetic observatory of Irkutsk at registration of effect 
Tunguska of a meteorite and on magnetic observatory, solar flare, which has registered 
geomagnetic effect, and taking place from focus of current system on distance equal to 
distance of Irkutsk up to epicenter of explosion. In both cases identical three-phase temporary 
dynamics (changes) of geomagnetic variations recorded in both cases within four hours with 
close importance of amplitudes (~ 50nT) is observed. 

The model supposing a similar nature of observable geomagnetic variations is 
examined as a result of occurrence subionospheric layer (at heights 20 - 40 kms) source. In 
case of a meteorite the ionization occurs as a result of absorption of energy of explosion at 
atmospheric heights (flow of energy is directed upwards). In case of flare (the flow of energy 
is directed downwards) absorption scale - radiation also occurs at the specified heights, where 
as a result of absorption the F – quantum occurs a chain of the ion - molecular interactions 
resulting in creation positive and negatively charged clasters of ions. These phenomena result 
in occurrence conducting current of a layer. The arisen system of currents owing to diffusion 
will be distributed lengthways along of a layer gyrotropic with speeds close to speed of 
internal gravitational waves. 
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Paradoxes of Tungus meteorite  
 
G.F. Plekhanov 
Tomsk State University, Russia. Email: G_Plekhanov@mail.ru 
 

The principal paradox of the Tungus Meteorite (TM) lies in the fact that the meteorite 
itself has not been found yet. For many years L.A. Kulik had been trying in vain to find a gigantic 
iron meteorite in the region of the Tungus Catastrophe (TC). The attempts made by K.P. 
Florentsky to explain the discovery of the magnetite balls in the soils at the distance of hundreds 
kilometers from the TC region as a consequence of an explosion cannot be considered to be final 
as it was not proved that they belong to the TM. This can be explained firstly by complete 
uncertainly of the background on which the anomaly was revealed by means of magnetite balls; 
secondly, by the fact that the period of preservation of such balls in the soils was not known. The 
investigations carried out under the leadership N.V. Vasiliev in the region of the TC with the aim 
of revealing the regularities of silicate balls distribution within a corresponding peat layer also 
does not allow one to consider them as the substance belonging to the TM, because the total fall 
of the forest and the fire should have inevitably risen up the local ground into the air and polluted 
the corresponding layers of peat with its particles. A similar criticism may be referred to J. Longo 
who found traces of pollution in the tarred twigs of 1908 as well as to the data presented by 
V.A. Alexeyev who found particles of the substance incorporated in the trunks of dead trees. The 
most careful and promising work made by E.V. Kolesnikov on isotopy of the peat layer dated by 
1908 is also not free from errors, the principal one is insufficient study of the local background. 
N.L. Sapronov proves in his papers that the TC centre coincides with the crater of the 
paleovolcano. And therefore all the substance anomalies of this region should be compared with 
the aftereffects of its activity. 

But even if all the revealed anomalies belong to the TM, their total mass does not exceed 
several tons, which obviously does not correspond to the scales of the TC which is estimated by 
the trotyl equivalent by tens of megatons. All this makes one assume the presence in the space of 
bodies which consist of pure water or frozen gases not including considerable amounts of 
refractory components. These facts should inevitably introduce important corrections to our 
concepts of the evolution of the Universe. 

The second group of paradoxes is associated with the series of calculations carried out 
using model objects without taking account of reliable consequences of the TC. To bring the 
calculations closer to reality one should answer these questions: 

1. By what factors can one explain the existence of the two symmetry axes in the internal 
structure of the fall, which pass through its centre: along the area (the azimuth 111-115° ) and 
along the axially symmetric deviations from the radial disposition (the azimuth 90-95°). 

2. What factors gave rise to the axially symmetric deviations from the radial disposition of 
the fall in its Eastern and Western halves? If in the Eastern half of the fall they may be considered 
as a consequence of the ballistic wave, then, what caused them in the Western half of the fall? 
(Might it be a ricochet or its analog?) 

3. Why is the Southern half of the forest fall displaced with respect to the line of the 
axially symmetric deviations essentially longer in area than the Northern one and why is the 
amount of axially symmetric deviations there much greater and reaches about 20° when in the 
Northern half it does not exceed 8°? 

4. Why was the explosion resulting in the forest fall rather “soft”, i.e. it gave rise to falling 
trees at the distances up to 40 km away and preserving a part of living trees in the central zone? 

5. Why was the fire occurring as a result of the TC “spotty” and, in fact, did not touch 
separate sections of the centre? At the same time some isolated spots of the 1908 fire were found 
in the East behind the zone of the fall. 
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Structure of the forest fall caused by the Tungus Catastrophe in 1908    
 
G.F. Plekhanov 
Tomsk State University, Russia. Email: G_Plekhanov@mail.ru 
 

The most obvious local consequence of the Tungus Catastrophe (TC) in 1908 is the trees 
fall having its own internal structure which is characterized by the following: 

1. Radial disposition of fallen trees. There is a calculated centre (with the coordinates: 
G=101° 51,5I, H= 60° 53,5I) to which the trees fallen in 1908 are turned with their roots. 

2. In its shape the area of continuous fall with the size of 2150 km2 is close to an obtuse 
triangle directed with its obtuse angle along the azimuth 291°. 

3. The centre of the fall is disposed asymmetrically with respect to its area. The distance 
from the centre to the boundaries of the fall makes up: to the West – 16 km, to the North – 18 km, 
to the East – 28 km, to the South – 32 km, while the distance to the acute-angled vertices is about 
35 km NE and about 40 km S-SE. 

4. In the central part of the fall there is a “chaos zone” with the diameter about 7-8 km, 
where a unidirectional fall in one section does not correspond to the radial disposition of the fall 
in the other, and the rest of the trees were fallen in different directions. 

5. In the same zone there is a great number of dead trees with broken-off branches whose 
number was essentially greater at the time when L.A. Kulik organized his expeditions there. With 
time a great number of trees fell down, which aggravated the picture of chaos in the internal part 
of the fall. 

6. While moving from the centre of the fall to its boundaries at first the dispersion of the 
average values of the fall direction decreases and then increases. The minimum dispersion is 
marked at the distances of 6-11 km from the centre. 

7. There are regular deviations of the direction from the radial disposition with respect to 
the East-West line drawn through the centre of the fall: in the NE and SW quadrants these 
deviations have a “minus” sign, and in SE and NW quadrants – a “plus” sign. 

8. The manifestation of these deviations in the Eastern part of the fall is much greater and 
amounts to 8-10° in the NE quadrant and to 18-20° in the SE quadrant. 

9. In the Western part of the fall these deviations are manifested weaker and do not exceed 
8°. 

10. The size of the fall area with respect to the EW line or the axially symmetric deviations 
is one and a half as large in the Southern part as compared with the Northern.  

11. In the central zone of the TC there are many growing trees and entire groves which had 
survived the catastrophe. Especially there are plenty of them in places with a thicker soil layer: in 
river valleys. 

At the same time there are a number of errors in description of the structure of the fall: 
– A “curl” according to V.G. Fast or a clockwise rotation of all the mean values of the 

azimuth of the fall through 2.5° is the result of non-coincidence of the coordinate grid on the map 
with the magnetic azimuth with respect to which the data of the fall were entered on the map. 

– The same can be said about the distortion of the “isoclines” (according V.G. Fast) which 
were mapped at an accuracy to 1°, while the measurements themselves had the accuracy to 2-3°. 

– “Energy-active” zones according to D.V. Demin are the consequence of the ordered 
disposition of trial areas on the coordinate grid and cannot be interpreted as lines of the 
predominant direction of a shock wave. 

In accordance with the above any mathematical model of the TM as an example of an 
explosion of a cosmic body moving through the earth atmosphere should take into account the 
objective characteristics of the internal structure of the fall. 
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Impact of Tunguska cosmic object: Facts, models, understanding of observations 
 
V.V. Svetsov 
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Physico-mathematical models of the fall of cosmic objects in the atmosphere allow us to 
understand the main generally recognized facts connected with the Tunguska event: (1) 
absence of impact craters and meteorites around the epicenter, (2) tree fall with its specific 
features, (3) surface seismic waves, (4) aerial acoustic-gravity waves traveled over the whole 
Earth, (5) thermal effect which was felt by eyewitnesses, caused a fire, burn of vegetation and 
animals. Computer numerical modeling shows that both an asteroid and a comet from 50 to 
100 m in size can produce the explosion in the atmosphere at altitudes 5–10 with mechanical 
effect conforming to the Tunguska catastrophe. The entry angles to the horizontal are from 
30º to 45º. Both an icy and a stony object fully vaporize, and the chances of survival of a 
meteorite fragment, which could withstand the explosion and fall on the ground, are very 
small. Less well understood specific properties of the event – (6) geomagnetic disturbance 
originated in several minutes after the explosion and (7) anomalous atmospheric phenomena 
observed during several days over a spacious territory of Russia and Europe – are associated 
with the development of a plume. That is, after the deceleration of a vaporized cosmic object, 
an expanding mass of gas and vapor with condensed particles flies along the rarefied wake 
upward to altitudes of hundreds of kilometers with velocities of the order of several 
kilometers per second and then this mass moves ballistically in the rarified upper atmosphere 
and falls on the ionosphere. Numerical modeling of the Tunguska event shows that the bulk of 
ten-micron-diameter particles of condensate is concentrated at altitudes 30–50 km in several 
hours, and a huge amount of smaller grains spread in the atmosphere at altitudes above 100 
km. Being caught by latitudinal easterly winds blowing in the lower thermosphere at speeds 
above 100 m/s, the microparticles could propagate over the vast territory in the west and reach 
England. Comparison of computational results with the reports of eyewitnesses (8), who 
observed a luminous object, shows that at distances about hundreds of kilometers from the 
epicenter the eyewitnesses of the Tunguska event could see only sunlit microparticles lofted 
by the plume to the upper layers of the atmosphere rather than a bolide. Microparticles of 
various compositions have been found in several investigated trees around the epicenter, in 
resin of rings dated to 1908 (9). Their cosmic origin remains under question, however the 
numerical modeling of the event shows that the terrestrial origin is more likely – the grains of 
the Tunguska cosmic object 1–10 microns in size would be raised by the plume and dispersed 
in the atmosphere. Analyses of peat layers formed around 1908 have revealed peaks in 
concentrations of a variety of elements and isotopes (10). Relationships between 
concentrations of sequences of elements correspond to the similar relationships in 
carbonaceous chondrites and also in dust component of comets; but the composition of 
condensate fallen on the ground cannot directly correlate with the composition of the 
vaporized cosmic object. High concentration of carbon isotope 13  suggests that the Tunguska 
object was an asteroid with high content of carbon – vaporized organic compounds and 
carbon oxides of a comet could not condense and fall on the ground around the epicenter.  
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Mechanical effect of Tunguska airburst: Tree fall, earthquake, energy estimates 
 
V.V. Svetsov 
Institute for Dynamics of Geosphere, Russian Academy of Sciences, Moscow, Russia. E-mail: 
svetsov@idg.chph.ras.ru 
 

The Tunguska cosmic object has been decelerated in the atmosphere, its kinetic energy 
transformed to thermal energy, the shock wave reached the Earth surface and caused a tree 
fall and an earthquake similar to aerial explosions. The area of damaged forest is 
approximately 2000 km2, which corresponds to a radius of 25 km, and the area of entirely 
felled trees is about 600 km2. Besides, standing trees remained around the epicenter in the 
area 3–5 km in radius. The magnitude of the earthquake determined by the horizontal 
component of displacement in a Rayleigh wave registered after the Tunguska catastrophe is in 
a range from 4.7 to 5. Numerical modeling carried out for aerial point explosions made 
possible determination of the range of explosion energies and altitudes which produce 
mechanical effect conforming to the Tunguska catastrophe, having regard to specific features 
of the tree fall pattern. Computer modeling was based on the equations of gas dynamics and 
radiation transfer. Distances, which correspond to certain horizontal velocities behind the 
surface shock wave, have been computed. Earthquake magnitudes were calculated from 
pressure spectrum on the ground obtained in the computations.  

Airburst energies, which yield mechanical effect similar to the Tunguska catastrophe, 
vary from 7 to 18 megatons TNT, the altitude range being rather narrow for each energy: 
6.5<h<7.5 km if E=8 ! t, 6.5<h<8 km if E=10 ! t, 7.5<h<9.5 km if E=12.5 ! t, 8.5<h<9.5 km 
if E=15 ! t and 9.5<h<10 km if E=18 ! t. For all this range, the magnitudes of earthquakes 
vary from 4.8 to 5.0. It turns out that the peculiarities of the tree fall pattern impose more 
rigorous limitations on the parameters of the source of the Tunguska event than the registered 
magnitudes of the earthquake. Energies of point explosions above 20 Mt TNT do not fit the 
tree fall pattern – either the area of tree fall proves to be too large or, for airbursts at low 
altitudes, the radius of an area with standing forest at the epicenter proves to be too small.  

Deceleration of a meteoroid in the atmosphere does not represent a point source of 
energy; velocity losses and release of cosmic object energy occur in some interval of altitudes, 
which can be of the order of the atmospheric scale height. When the body falls in the 
atmosphere it deforms, breaks up, vaporizes and disperses. The computations of the falls of 
cosmic bodies show that the pattern of the motion of a jet of vaporized material is 
substantially different from a point explosion – there is a wake with low density behind the 
meteoroid, and the heated material, after aerodynamic braking, rises along this wake. 
However, if the airburst energy is equal to the entry kinetic energy of a cosmic body, the 
parameters of shock waves at the ground and distances, which correspond to a certain degree 
of tree fall, turn out to be close in both cases if the altitude of deceleration of the bulk of a 
vapor jet approaches the altitude of a point explosion. Energy losses by radiation during the 
fall of cosmic objects with energies 10–20 Mt TNT turn out to be almost the same as for the 
aerial nuclear explosions. The magnitudes of earthquakes generated by the falls of cosmic 
bodies are slightly lower than for the point explosions with the same energy but are still 
within the range of magnitudes determined for the Tunguska event.  
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Modeling of forest destruction with a shock wave, due to the fall  
of the large cosmic body 
 
V.V. Sitnik  
CMC, MSU after M.V. Lomonosov, Moscow, Russia, E-mail: oz@angel.cmc.msu.ru 
 

Our goal was to study the process of evolution of highly intensive perturbations of the 
type «explosion in flight» [1, 2] during its movement in atmosphere. Main interest is paid to 
the final stage of the process of interaction of perturbation with earth surface and to the 
process of forest destruction. Results of computational simulations of perturbations 
propagation through forest canopy based on the complete Euler’s equations set are shown in 
this paper. The influence of vegetation is represented with the mass-force of resistance taken 
into the account in the volume occupied with a forest. The approach had been already used by 
author in his simulations of the propagation of the wave fronts through vegetation without 
forest destruction taken into account [3]. Simple threshold-based models of destructible forest 
were used to study the influence of the dynamic pressure on the process of destruction of 
vegetation. More sophisticated models were created to study the process of tree-stand 
reconfiguration allowing the fall of the vegetation to be taken into account. Influence of this 
process on the dissipation of disturbance was also studied. 

The initial disturbance of the type «explosion in flight» was given as a high-pressure 
area at the different heights above the forest top. The gas velocity within the area was chosen 
in a way to provide the required ratio between kinetic and internal energy of perturbation. 

The numerical resolving of the equations set was performed using Godunov’s method. 
The implementation uses technologies of the parallel programming. The described approach 
was used to perform simulations for various types of vegetation, distance between a source 
and a forest belt, its width, different amplitudes of a disturbance. 

The influence of the near surface wind on the noise propagation through a stand of 
trees was also studied. Obtained results were analyzed and compared with the known 
experimental results. 

As a result of our modeling some effects of shake wave propagation through vegetation 
were found. The ranges of destructed areas on surface were evaluated for various values of 
the initial energy of the perturbation and its initial height above the surface. It was shown that 
the speed of dissipation of the disturbance is higher in the case of more precise model, which 
took into account the redistribution of vegetation with height, than in the case of simple 
models. 
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Tunguska cosmic body motion in the Earth’s atmosphere: final decision 
 
V.P. Stulov 
Institute for Mechanics Moscow Lomonosov State University, Moscow, Russia.  
E-mail: stulov@imec.msu.ru 
 
When meteorites move in the atmosphere, the relative role of evaporation is characterized by 
a mass loss parameter. In this work, it is shown that the properties of solutions for the main 
system of equations of meteor physics, along with the results of the independent numerical 
experiment, provide the conclusion that the well-known Tunguska impact event that happened 
on June 30, 1908 was a giant micrometeorite, i.e., an ordinary phenomenon that differed from 
daily micrometeorites only in the scale expressed by the huge mass of the meteorite. 
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The problem of Tunguska meteorite on the eve of its fall centenary 
(Aerothermoballistics of bolides) 
 
G.A. Tirskiy  
Moscow Institute of Physics and –Technology (State University),  
Moscow, Russia, tirskiy@imec.msu.ru 
 

The quantitative scientific researches of Tunguska meteorite has been developed since 
the sixties of the last century. Physical theory of meteorites (hydraulic, zero-dimensional 
theory), which has been developed since the thirties, relates to small meteoroids; this theory 
takes into account ablation due to aerodynamic heating and does not take into account 
fragmentation of a meteoroid in the atmosphere. 

For the first time fragmentation of a meteoroid under the influence of inertia force at 
braking in the atmosphere was considered in the paper of Yu.I. Fadeenko in 1967. At present 
there is no doubt (by theory and by observations) that sufficiently large meteoroids of various 
materials (iron, stone, coaly chondrite, ice and others) on reaching dense atmosphere always 
progressively crush to enormous number of fragments. If at the end of fragmentation the 
increasing strength of fragments with decreasing of their size exceeds aerodynamic loads and 
the size of fragments remains sufficiently large, then meteorite “rain” would fall (Sihote-
Alinskiy meteorit
 , 1947). At fragmentation up to small fragments (for ice it is about 1-5 cm), 
the fragments under the effect of convective radiant fluxes in high-temperature shock layer 
(tens of thousands of degrees) melt and evaporate during a fraction of a second. At that a 
cloud of hot gas is forming and this cloud expands very rapidly like a strong explosion with 
forming together with ballistic wave explosive shock wave (ESW), which on reaching the 
surface of a planet brings down trees and set them on fire in the epicenter. 

Remained behind the ESW a cloud of hot gas with solid particles rapidly brakes and 
emerges (free convection) in the form of plum jet at a speed of a few kilometers per second. 
At that residuary solid particles are scattered (dispersed) about tens of kilometers far from the 
epicenter of ESW fall. 

In the presentation this scenario is described quantitatively. The analytical solution of 
thermoelastic problem of mode of deformation of spherical body and size of fragments before 
the beginning of thermal “explosion” is obtained. The beginning of explosion and following 
evolution of  flying in atmosphere gas cloud  with solid particles, moving of ESW, convection 
of a plum jet, bringing down of trees and there setting fire has been calculated in the 
framework of 3D ideal gas model with using of  dynamically adaptive grids. The comparison 
with data of consequences of Tunguska meteorite fall.  

This work has been supported by grants: “Scientific Schools” 397.2008.1 and RFBR 
06-01-00695. 
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Aerial bursts in the Earth’s atmosphere 
 
V.V. Shuvalov 
Institute of Geospheres Dynamics RAS, Moscow, Russia. E-mail: shuvalov@idg.chph.ras.ru 
 

There is an intermediate and rather poorly studied class of impact events, aerial bursts, 
associated with “burning out” of comparatively large (from tens of meters to a few hundred 
meters) cosmic bodies in the atmosphere. The aerial bursts differ from the crater-forming 
impacts in that the entire energy of a meteoroid is released in the atmosphere (not in the 
ground) and no observable crater is formed. The aerial bursts differ from meteor events in that 
they strongly affect the Earth surface. The radiation emitted by a fireball can result in fires 
and even can cause melting of a ground surface; the shock wave from “the air explosion” can 
lead to strong devastation. The Tunguska catastrophe of 1908 is an example of such an aerial 
burst. 

In the aerial bursts a projectile is strongly affected by atmospheric drag. Several typical 
stages can be distinguished in the evolution of a projectile: deformation under aerodynamic 
loading, progressive disruption due to development of hydrodynamic instabilities, evaporation 
of fragments and formation of gaseous air-vapor jet. It is important that both fragmentation 
and total evaporation occur at high velocity (closed to the initial pre-entry projectile velocity). 
This scenario is typical for both stony and cometary projectiles. Later the gaseous jet 
decelerates in the atmosphere or strikes the Earth’s surface. This alternative determines the 
two possible types of aerial bursts: Tunguska-like phenomena (high altitude aerial bursts) and 
surface aerial bursts. In the first, Tunguska-like phenomena, the gaseous jet decelerates at 
some altitude and a resulting fireball (not touching the ground surface) rises due to buoyancy. 
In the surface aerial bursts the gaseous jet strikes the ground surface, however, no craters and 
shock induced modification of target material are produced because of low bulk density of the 
jet. If the debris jet strikes the surface before total evaporation of solid fragments it can 
produce a crater. Such impacts are not included into the class of aerial bursts. 

Numerical simulations were performed to define what type of impact (crater-forming 
impact, surface aerial burst, high-altitude aerial burst or meteor phenomenon) is realized at 
different projectile sizes and impact angles. The simulations were based on the SOVA multi-
dimensional multi-material hydrocode. The results have shown that the impact angle is a very 
important parameter. In particular, solid fragments of cometary meteoroids with initial 
diameter exceeding 70 m reach the ground in a vertical impact whereas a 1000-m-diameter 
comet is totally burnt away in the atmosphere in a very oblique 5 degree impact. The 
simulations also show that 30 to 45 degree oblique impacts of both a 50 to 60-m-diameter 
stony meteoroid and an 80 to 100-m-diameter cometary meteoroid could produce effects 
similar to those observed in the 1908 Tunguska event. 
Main conclusions: 
-Aerial bursts are produced by comets and asteroids with sizes ranging from tens of meters to 
about one kilometer (energies from 10 Mt to 100 Gt of TNT equivalents). 
-Aerial bursts are more frequent in the Earth’s history than crater forming impacts (they occur 
on average once in 100 to 1,000,000 years depending on the energy). 
-The Tunguska impact is an example of a low energy aerial burst, produced by a 50- to 100-
m-diameter comet or asteroid. 

Acknowledgement. This work was supported by RFBR (project no. 07-05-00026). 
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Trajectory of Tunguska Cosmic Body on the basis of witness testimonies 
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The problem of the Tunguska Cosmic Body (TCB) trajectory is disputable till now. 
The trajectory coordination on the bases of witness testimonies and of the forest-fall has not 
been achieved. 

In this paper the trajectory was defined on the follow grounds: crossing of trajectory 
projection with Lena river near by Mironovo village and possible deviation of forest-fall 
region from original trajectory [3����
��"� , 1976]; possibility to calculate the point altitude 
of trajectory vertical projection in the direction to the Sun from some sites, where darkness on 
the terrain was observed after TCB fall [3����
��"� , 2003]. 

The full base of the witness testimonies from the primary documents of interrogation 
later on 1958 year and more early ones was considered. Most of them are published in the 
catalogue [�����0
"  et al., 1981]. The Razin’s program, from this catalogue, for calculation 
of arc lengths and angles on the spherical surface was used. Altitude of trajectory points was 
calculated by the formula in the paper [2�����  et al., 1991]. 

In the result of calculation, supposition about the deviation of the forest-fall epicenter 
from the original trajectory was confirmed. The true terrestrial point of TCB is displaced 200-
250 km NW from the epicenter. It is located in the region of ground samples rich in magnetite 
small balls [4���
����� , 1963].  Azimuth of trajectory TCB, crossing Lena river near by 
Mironovo village, is approximately 126°, its angle of inclination relating the horizontal flat of 
proposed terrestrial point TCB is 28°-29°. 

The forest-fall was made by some fraction of TCB, which formed branch of trajectory 
with azimuth 115° on terminal part. The reason for deviation this fraction was, obviously, its 
strong braking in the atmosphere owing to “sheaf” shape with compact group of pieces in the 
head. Most probably, the forest-fall structure was determined by the general shock wave from 
this group of pieces and their interaction.  

Destruction of TCB started more than thousand kilometers from epicenter, in the Upper 
Vitim, on the altitude of local vertical 1000-1300 km, and, obviously,  was similar explosion. 
The fall of TCB pieces on the ground took place on large area, along the primary trajectory 
and the deviated branch, and also between them as a result of some pieces separation from 
compact group during the “sheaf” motion. This determined the character of the magnetite 
small ball distribution [4���
����� , 1963]. 

The TCB matter dissipated in the atmosphere formed shadow on the earth surface and, 
evidently, was the reason for the light night appearance.  
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Chemical signature of the Tunguska Event in Greenland Ice 
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In analyzing the chemistry of the various Greenland ice cores, study was restricted to a 
limited suite of ions; one of these was ammonium. Interpretation of the ammonium record 
concentrated on the issue of biomass burning, consistent with the idea that the main source of 
ammonium was likely to be forest fires (1, 2). 

However, the presence of a significant spike of ammonium at AD 539+/-1 in the GRIP 
ice core (3) essentially coincident with the global tree-ring downturn around AD 540 (4) 
hinted at an extraterrestrial cause. This led to the recognition that a large concentration of 
ammonium at AD 1908.48 in the detailed GISP2 ice record (5) appeared to be closely 
coincident with the 30th June 1908 Tunguska impact.  

It is clear from the published record on biomass burning that no consideration was 
given to the possibility that some ammonium, and related nitrate, spikes in the ice cores 
might, in fact, be signatures for extraterrestrial impacts; despite the close coincidence in 1908 
noted above.  This issue raises the question whether the ammonium, and associated chemistry, 
at 1908.48 was a primary or a secondary effect of the Tunguska event, i.e. was it brought in or 
produced by the Tunguska impactor or was it due to the partial burning of the forest? This is 
something that obviously requires further study.   

For anyone interested in this ‘ammonium as a signature for impacts’ scenario it can be 
pointed out that ammonium occurs at potentially significant dates such as AD 1740.05 
coincident with the coldest known year in England, and 1491.15, not very far from the closest 
known approach by a comet on 20th February 1491.  There is also an occurrence around 1348 
and another around 1014 when, again, a close comet is recorded (6, 7). 

This paper will demonstrate that a more detailed study of ammonium/nitrate 
occurrences might be rewarding, especially when comparison is made with the historical 
record. As the earlier sections of the ice-core chronologies are further refined towards 
historical precision, an eventual shocking scenario cannot be ruled out. 
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New Simulations Suggest that Tunguska Yield has been Overestimated 
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New simulations of airbursts in the Earth's lower atmosphere from hypervelocity 
asteroid impacts suggest that a re-evaluation of the impact hazard is necessary to properly 
account for the enhanced damage potential relative to point-source approximations. The intent 
of these simulations was to explore the phenomenology associated with low-altitude airbursts 
and to determine whether the altitude of maximum energy deposition can be used as a 
reasonable estimate of the equivalent height of a point explosion. The simulations suggest that 
this not a good approximation, because the center of mass of an exploding projectile is 
transported downward in the form of a high-temperature jet of expanding gas. The jet 
descends by a significant fraction of the burst altitude before its velocity becomes subsonic. 
The time scale of this descent is similar to the time scale of the explosion itself, so the jet 
simultaneously couples both its translational and its radial kinetic energy to the atmosphere. 
Because of this downward flow, larger blast waves and stronger thermal radiation pulses are 
felt at the surface than would be predicted for a nuclear explosion of the same yield at the 
same height. For impacts with a kinetic energy above some threshold, the hot jet of vaporized 
projectile (the descending "fireball") makes contact with the Earth's surface, where it expands 
radially.  The results of these simulations, combined with a reexamination of the surface 
conditions at Tunguska in 1908, reveal that several assumptions from the earlier analyses 
have led to erroneous conclusions, resulting in an overestimate of the size of the Tunguska 
event.  Because there is no evidence that the Tunguska fireball descended to the surface, we 
argue that the yield must have been about 5 megatons or lower. 
 

Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed 
Martin Company, for the United States Department of Energy under Contract DE-AC04-
94AL85000.  This work was funded by the LDRD and CSRF programs. 
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Figure 1 Crater versus impactor diameter for a 
stony asteroid impacting wet soil, based on scaling 
laws (lines) and numerical impact simulations 
(symbols; friction coeff. k), for different low 
impact velocities vi. 

Numerical simulations of low-velocity impacts into weak soils:  
implications for the formation of Lake Cheko 
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London, SW7 2AZ, UK. Email: g.collins@imperial.ac.uk 
 

Gasperini et al. (2007) suggested that Lake Cheko, a ~300-m wide lake situated a few 
kilometres downrange from the assumed epicentre of the 1908 Tunguska event, is an impact 
crater. Their hypothesis is based on the lake’s unusual morphology for the area, its location 
downrange of the blast epicentre, and evidence that the lake may be ~100 years old.  In 
response, Collins et al. (2008) also showed that a tensile strength of 10-40 MPa is required for 
an asteroid fragment to traverse the Earth’s atmosphere and reach the surface intact and with 
sufficient velocity to excavate a crater the size of Lake Cheko.  Inferred tensile strengths of 
large stony meteorites during atmospheric disruption are 10-100 times lower.  The impact 
hypothesis for the formation of Lake Cheko does not fit with our current understanding of 
atmospheric entry of small asteroids. 

Putting the issue of impactor survival to one side, several lines of observational 
evidence are also inconsistent with the impact hypothesis for the lake’s origin: the ellipticity 
of the lake; the absence of an uplifted rim and proximal ejecta deposits; the lack of impactor 
material in and around the lake; and the presence of apparently unaffected mature trees close 
to the lake (Collins et al., 2008). Gasperini et al. (2007; 2008) propose that the survival of 
proximal vegetation, and the absence of an uplifted rim and ejecta deposits, might be 
explained by a low-velocity, impact into a weak, wet target.  I have explored this possibilty by 
numerically simulating the formation of a crater the width and depth (and volume) of Lake 
Cheko, for different assumed impact velocities and low target strengths (Figure 1).  At an 
impact velocity of 1 km/s, an asteroid ~40-m in diameter is required to form a crater that has 
the same volume as Lake Cheko. This is half 
the estimated diameter of the Tunguska 
bolide. A larger impactor diameter is 
required if the impact velocity is lower. All 
impact simulations that produce a final 
crater profile consistent with Lake Cheko 
also predict that a large volume of material 
ejected from the crater should land within 
100-200-m of the crater at ~25m/s (90 
kmph).  Collapse of the uplifted rim may be 
explained by a very weak near surface layer, 
or rapid erosion, but it is very hard to 
reconcile the violent  ejecta deposition with 
the observed tree survival. 
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Lake Cheko: a crater left by a fragment of the Tunguska Cosmic Body ? 
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Several expeditions explored the site on the 1908 Tunguska Event (TE), starting with 
those led by Leonid Kulik in the late twenties and thirties. Kulik identified the epicenter of the 
explosion in a heavily forested area from the radial distribution of flattened trees. He also 
found many trees that were left standing directly below the explosion, although deprived of 
their branches and partially burned (the so called telegraph poles). Kulik reached the 
conclusion that he had discovered the remains of a large impact crater now hidden by a 
swamp and  a number of secondary bowl-shaped holes of different sizes (from few meters to 
tens of meters in size, less than few meters deep) covered by peat bogs. This pattern could 
have been caused by a meteorite that fell in a swarm of separate fragments. Other authors 
questioned this interpretation, suggesting that the circular features observed in the area of the 
epicenter were not necessarily related to extraterrestrial impacts, but probably to seasonal 
thawing and freezing of the ground. Two observations favored this second interpretation: 1) 
circular features of similar size are common at these latitude; 2) these depressions were found 
in low-lying areas, but not on the slopes of hills or on any of the relief occupying a 
considerable part of the epicenter region. All attempts at finding macro-remnants of the 
cosmic body by digging these circular depressions were unsuccessfull; therefore, the 
hypothesis of an impact with the ground was abandoned. Subsequent expeditions have been 
devoted mainly to the study of the tree patterns in the devastated taiga and to the search of 
microparticles of the cosmic body, under the assumption that it exploded  in the atmosphere.  
The TE is far from being completely understood, although it occurred less than a century ago 
and has been the object of several studies. The most probable hypothesis is the impact with 
the Earth of a cosmic body that exploded about 5-10 km above the ground, releasing in the 
atmosphere 10-15 Mton of energy. However, fragments of the impacting body have never 
been found, and its nature (comet or asteroid) is still a matter of debate.  

We report here new data on the TE derived from the study of a small (~350m diameter) 
lake (lake Cheko), located about 8 km NNW of the inferred explosion epicenter. Its funnel-
like bottom morphology, revealed by high-resolution bathymetry, and the structure and the 
composition of its sedimentary deposits, studied through acoustic imagery and direct 
sampling, suggest that the lake fills a crater created by the impact of a secondary fragment of 
the cosmic body onto alluvial, swampy ground. The size and shape of the crater may have 
been strongly affected by the swampy nature of the ground, and by impact-related melting and 
degassing of a permafrost layer.  
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We have measured excesses of Ir, Rh, Pd, Sc, Co, Ni, Sr and REE at the event layers in a peat 
column (KEM-21) from the center of the 1908 Tunguska explosion site. In order to find the 
cause of excesses of these elements, the background peat column (2F), which was sampled 
from Vanavara which is 65 KM away from the center of explosion area and situated the south 
of Tunguska area, was analyzed and distinct change of the concentration of these elements in 
the background samples can not be found. In the event layer (30~63 cm) of KEM-21 peat 
column, the average concentrations of PGEs, indicators of cosmic material, show a factor 4~8 
higher than the background value (0~30 cm). In addition, there are not correlation between Ni 
vs Co, Ni vs Pd and Ir vs Pd in peat 2F samples and those above 30cm in peat KEM-21 
(background layer). However, there are good correlations between these siderophile elements 
in the event layer samples of peat column KEM-21 (lower 30 cm). These results indicate they 
might have the same source, i.e. the Tunguska explosive body. Further more, the siderophile 
elements ratios gives evidence that the Tunguska explosive body was likely a carbonaceous 
asteroid. 
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Geochemical studies of spherules from the Tunguska site 
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Soil samples collected from the devastated area at Tunguska yielded magnetic and silicate 
spherules. Nine samples of these spherules were obtained by B. Glass in the 1960s from the 
collection of E. Krinov for examination. All nine of the spherules are about 80 to 100 µm in 
diameter. They are all spheroidal in shape, but a few are irregular with conical protrusions. 
The spherules are transparent and colorless. In transmitted light most of them contain dark 
areas due to numerous small bubble cavities; two of the spherules contain no bubble cavities. 
Four of the silicate spherules were analyzed by B. Glass for microprobe analysis (Glass, B.P., 
1969, Science 164, 547-549). The 1969 results showed that the silicate spherules are 
somewhat heterogeneous. Of the elements, K, Fe, and Na seem to be the most heterogeneous, 
and Mn, Mg, and Ca seem to be the most homogeneous. Silicon is fairly homogeneous in all 
four samples and Al is somewhat heterogeneous. No definite conclusions could be obtained 
by Glass (1969) regarding the origin of the spherules. To study the possible relation with the 
Tunguska event, or to try and find data that would indicate that these spherules are some form 
of contamination. The samples (all 9 spherules) were newly analyzed by electron microscope, 
electron microprobe, and ion probe (secondary ion mass spectrometry) for heterogeneity, 
major element composition, and trace element composition, respectively. The new 
microprobe data gave a range in SiO2 content of 35-69 wt%, Al2O3 content of 7.9-18.7 wt%, 
FeO 0.2-6.9 wt%, MgO 0.1-12.8 wt%, CaO 0.4-35.8 wt%, Na2O 0.4-5.9 wt%, K2O 0.9-6.1 
wt%, TiO2 0.01-1.3 wt%, and MnO 0.01-3.3 wt%. These values are a wide spread, although 
the main compositions are more restricted – the outliers are indicating heterogeneities in the 
spherules. The trace element determinations (by ion microprobe) are currently in progress and 
will hopefully help to decide if these are natural products or some type of industrial 
contamination. The spherules are not of volcanic origin, but the silicate spherules are also not 
similar to any major group of stony meteorites, including carbonaceous chondrites. An impact 
origin is also unlikely, as no large impact crater has been formed at Tunguska (the 
identification of Lake Cheko as an impact-related feature is disputed and probably the impact 
velocity would have been too small to cause wide-spread melting anyway). Several natural 
processes (including forest fires) may form spherules, but also a large variety of artificial 
spherules, produced by various melting and manufacturing processes (e.g., fly-ash, 
metallurgy, road materials), have recently been recognized as contaminants in geological 
samples and laboratories. To find such products in a remote area in the early 20th Century 
would be an interesting result as well. 
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We have plotted a new map of the Tunguska tree fall on the basis of three datasets: 1) revised 
Fast data collected on-site during 12 different expeditions from 1958 up to 1979, 2) data from 
the 1938 aerophotosurvey, directed by L.A. Kulik, 3) data collected in 1967 by Anfinogenov 
group. To analyse Kulik’s data and to link the 1938 photographs to the ground, the 
“Tunguska99 expedition”, in collaboration with the Russian “State Research Institute of 
Aviation Systems” (GosNIIAS), carried out a new aero-photographic survey. The 1999 survey 
covered a surface of ~300 km2 between the latitudes 60° 50' 00" N and 60° 58' 30" N and 
between the longitudes 101°45' 00" E and 102° 05' 00" E, corresponding to an area a little 
larger than that of the 1938 aero survey. We have measured on the digitalized photographs the 
direction of single fallen trees and we have obtained an averaged azimuth for each trial area. 
For the first time, 19,106 singletree azimuths have been measured on 350 trial areas of the 
1938 survey. Moreover we have assigned a reliability degree for each trial area averaged 
azimuth. The reliability degree has been introduced on the basis of the percentage of 
singletree azimuths that lay in a sector of 15° centered on the averaged azimuth. The azimuths 
obtained give information on the direction of the blast wave. Assuming that the Tunguska 
Event was caused by the explosion in the atmosphere of a single body, we obtain a final 
trajectory azimuth J = 110° ± 5°. However, on the basis of the tree fall data and earlier 
eyewitness testimonies, we consider that the Tunguska Cosmic Body was a multiple bolide 
formed by at least two bodies of similar mass. The same tree fall data are compatible with the 
hypothesis that two bodies entered the atmosphere very close to each other following parallel 
trajectories with azimuths J ~135° and an inclination of the total combined shock wave axis 
between 30° and 50°. The first body, with a greater mass, emitted the maximal energy at a 
height of about 6-8 km. The second, of minor mass, flew a little higher, on the right side and 
behind the first body, following the azimuth J ~135° in the direction of the lake Cheko.       
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Simulation of the orbit of Comet Encke suggests that its node crossed earth’s orbit ca. 1750 
and 2100 years ago, with prior, similar events roughly 2700 years beforehand. At such times, 
one can expect earth to encounter cometary debris, while during intervening periods, one can 
expect the sky to be ‘quiet’. The Tunguska event occurred in 1908, at a time when Comet 
Encke and its debris were remote, and harmless for earth. Furthermore, interpretations of 
certain myths, such as the Iliad, suggest that these are describing the effects of an Encke-type 
comet, but again at a time when Comet Encke was remote. Does this mean that the Tunguska 
object was not part of the Taurid system? 
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1. In September / October 1997, the 1st Russian - German Tunguska meteorite expedition 
started with the priority task for the investigation, in the epicenter of the explosion, the so-
called «Tunguska-peat layer». It was located at 38 to 43 cm deep in the mire. At the time of 
the Tunguska disaster this marsh area was at the marsh surface and therefore could reflect 
some changes caused by the Tunguska disaster. With a special drill about 480 peat samples to 
a depth of more than 1 m were taken from the epicenter area, as well as from the mire in it’s 
vicinity. The samples had a diameter of 50 mm according to the diameter of the drill.  
 
2. The investigations in laboratories in Moscow and in Zwickau included the qualitative and 
quantitative microscopic examinations and statistical analysis in the individual peat samples 
regarding unicellular microorganisms -  the testate (shell bearing) amoebae. 
 
3. As a result a novel effect on the testate amoebae was discovered -  the modification of their 
shell geometric structure depending on the ecological environment conditions change.  
 
4. The environmental conditions in the epicentre of the Tunguska disaster changed in such a 
way that some new morphotype kinds of testate amoebae arose. After a few decades they 
disappeared back because the original environmental conditions reinstated. It has been for 
some decades when the original type of testate amoebae biocenose and their morphotype 
composition also reinstated. 
 
5. Besides that the mapping of existing telegraph "trees" and tree ring width measurements on 
the tree cross sections were done. The latter showed a previously known faster tree growth 
after Tunguska explosion. 
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A depletion of the radiocarbon content measured in plant remains in the impact layer at 
the N19 site near the central Tunguska impact site made Rasmussen et al. (1999) suggest that 
the plants assimilated a considerable amount of cosmic carbon in the day(s) after the 
Tunguska impact event. This scenario relies on two postulates: 1) a sizable fraction of the 
impactor carbon was present as CO2, and 2) that the CO2-plume was not removed 
immediately from the impact area by advection of high winds. Rasmussen et al. (1999) 
predicted that between 24 and 48 hours of stability in the weather system would be sufficient 
to account for the measured uptake of cosmic carbon. 
 Based on the meteorological data available we have conducted a reconstruction of the 
weather system in the days after the Tunguska impact event in Eastern Siberia. 11 
meteorological stations from the impact area, Irkutsk, and around the Lake Baikal have been 
included in the study. The weather has been reconstructed for 6 days starting on the morning 
of the 30th June 1908. Our reconstruction has been verified by a reconstruction made by the 
German Wetterzentrale for Europe and Russia until the Ural Mountains in the same time 
period. Our results show that the weather was generally calm with wind speeds below 4 to 5 
m/s. The temperatures were high – with a daily maximum of ca. 25oC. The cloud cover was 
between 2 and 5 1/10 from the 30th to the evening of the 3rd July, where it grew to 6 to 8 1/10. 
For most stations there were prolonged periods with clear sky and sunshine. The relative 
humidity was high throughout the period, between 50 and 80 % RH. On the 3rd of July a low 
pressure passed Doudinka, but this probably only affected the outskirts of the Tunguska 
impact area. It is possible that thunderclouds can have passed over the area – the weather 
stations only report data 3 times a day. But even so the winds would in these circumstances 
have had a turbulent nature causing vertical mixing and not caused a large scale advection 
removing the air from the Tunguska impact area in a systematic way. 
 Our weather reconstruction thus shows that the weather was indeed stable with calm 
winds, a lot of sun, and no large advection term acting for ca. 2-4 days. The weather 
reconstruction therefore renders credibility to the suggestion of Rasmussen et al. (1999) that a 
sizable fraction of the Tunguska Impactor mass was present as CO2 and that the plants did 
experience a large uptake of cosmic carbon.  
 
References: 
Rasmussen K.L., Olsen H.J.F., Gwozdz R. and Kolesnikov E. Evidence for a very high carbon/iridium ratio in the 
Tunguska impactor // Meteoritics and Planetary Science. 1999. V 34. P. 891-895. 
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Reconstructed weather map for 1st July 1908. 
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2D and 3D visualization of the Tunguska central area  
 
C.A. Volpicelli 
INAF-Osservatorio Astronomico di Torino, Italy 
 
M. Di Martino 
INAF-Osservatorio Astronomico di Torino, Italy 
 
G. Longo 
Dipartimento di Fisica – Università di Bologna, Italy 
 
R. Serra 
Dipartimento di Fisica – Università di Bologna, Italy 
 
During the Tunguska99 expedition we carried out an aereo-photographic survey of the central 
part of the area devastated by the Tunguska explosion. We present here the composite  2D and 
3D images, obtained by using a Digital Elevation Model (DEM), of an area covering about 
350 km2 centered on the epicenter. The 3D model will can be used to apply explosion models 
in order to verify the effects of the orography on the devastation and compare these results 
with the map showing the trees fallen by the shockwave. This kind of analysis will help to 
determine with a high level of accuracy the energy of the explosion and the altitude at which 
it occurred. 
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Mathematical modeling of the asteroids motion based on Adams methods  
with a variable step size 
 
V.V. Abramov 
Samara State Technical University, Samara, Russia. E-mail: vva85@mail.ru 
 

Adams methods with divided differences were used in this work to study the asteroid 
orbit evolution. This notation permits to perform a numerical integration with a variable step 
size. 

Building of an integration array was carried out at the initial moment only to start the 
multistep method. If there are no close approaches of smaller bodies to bigger planets, the 
numerical integration was performed with a fixed step size of 0,2 days. At the moments of 
approaches the step size was gradually decreased simultaneously with the reduction of the 
distance between bodies. Upon completion of the approach the step size was increasing 
smoothly up to initial size of 0,2 days. 

The calculations were performed using formulas of Adams the methods with divided 
differences both at the moments of close approaches and without them. But in the second case 
the step size remained stable. It was done for optimize purposes because in this case the 
recalculation of coefficients of Adams methods with divided differences is not required. 
Therefore it is necessary to recalculate coefficients at the short-time moments of close 
approaches only since the step size smooth changes take place at such moments. The 
coordinates and celestial bodies velocities components calculation results well enough agree 
with the corresponding results obtained using Adams methods with a fixed step size and 
modified Everhart method. The numerical integration is carried out 1,5 and 4 times faster. 

Higher performance is achieved due to the smoothness of step size change and because 
it is not necessary to build the integration array and perform any other additional calculations 
with the change of the integration step size using Adams methods with divided differences. 
Smooth step size changes simplify criteria of selecting the optimal integration step size. Thus, 
the conclusion is that Adams methods are much more preferable.  
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The modelling of asteroid streams approaching with planets  
 
E.S. Bakanas, S.A. Naroenkov  
INASAN, E-mail: alena@inasan.ru 

 
Research of properties of the orbital evolution of the asteroids approaching with the 

Earth, Mars and Jupiter is spent. For each asteroid group a number of streams of the virtual 
asteroids corresponding to different subgroups of approaching bodies is created. Statistical 
research of evolution of streams of the asteroids having close rapprochement with planets is 
spent. 
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About observations of bodies with the sizes of the Tunguska meteorite 
 in some meteoric streams 
 
S.I. Barabanov, E.S. Bakanas  
INASAN, E-mail: sbarabanov@inasan.ru 

 
Density of population by bodies of decametre sizes in the near-Earth space is 

considered on the basis of the observational data. The result of search for such bodies 
supervision spent by employees INASAN on three observatories (Simeiz, Zvenigorod, 
Terskol) on approach to the Earth on distances to several tens millions kilometres is denote. 
On base of data base of small bodies and statistics of the detection the analysis of density of 
the population by these bodies of the selected meteor streams is carried out. Comparison with 
results of researches by other methods is spent with use the program of software developed in 
INASAN. 
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Micrometeorites from the Glacier Sheet of the Novaya Zemlya 
 
D.D. Badjukov 
Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Moscow, Russia. 
E-mail: badyukov@geokhi.ru 
 

Ice of Antarctic and Arctic glaciers is a well-known collector of a dust. A fraction of the 
buried in ice dust is present by micrometeorites (MMs). During last 35 years a huge number of 
MMs were derived from glaciers of Greenland and Antarctica both directly by melting of ice and 
collecting micrometeorite-rich deposits in specific areas (e.g. glacier lake sediments). The glacier 
sheet covers Northern Island of the Novaya Zemlya archipelago and, hence, can be also a place 
for collecting of MMs. The Triassic sedimentary bedrocks are black and gray siltstone, shale, and 
fine-grained sandstone. We studied both clayish matter that have been accumulated on a glacier 
surface at margins at the northern-eastern end of the glacier and end-moraine material. The 
samples were washed in water for removing of clay and sieved. Standard mineralogical methods 
were used in the study like optical microscopy, ASEM, and EPMA. Selection and classification 
of different types of MMs were performed using well-known criteria like the morphological and 
optical characteristics as well as the chemical compositions. Most interesting particles were 
sectioned and studied using ASEM and EPMA. 

Samples of moraine do not contain any MMs although there are numerous black particles 
of spherical shapes that are framboidal pyrite. On the other hand, samples of clayish matter 
contain high concentrations of MMs that are as high as 100 – 300 particles per 1 gramm of a dry 
sample that is comparable with MMs concentrations in glacier lake deposits from Greenland. The 
< 30 um fraction of our samples contains numerous droplets and spherules that have unknown 
origin, perhaps anthropogenic, although I can not exclude their cosmogenic sources. 

In the collection there are all three known types of MMs, namely melted MMs, 
scoriaceous MMs, and unmelted MMs which differ in degrees of their heating during passes of 
meteoroids through the Earth atmosphere. Melted MMs are present by obvious cosmic spherule 
types like barred, porphiritic, cryptocrystalline, glassy, and iron as well as by particles seem to be 
unusual due to their morphology and structures. Although there are modifications of their primary 
chemical compositions due to loss of volatile elements during the atmosphere pass, the Mg-Al-
Ca-Si relationships correspond to chondritic. Particles that have the carbonaceous chondrite 
precursors dominate among scoriaceous MMs, ordinary chondrites are less common. Most 
unmelted MMs are completely or partially enveloped by iron oxide rims. Among studied UMMs 
vast majority consists of pure phyllosilicates sometimes with iron oxide and pentlandite, saponite, 
phyllosilicate(s) with low-Ca pyroxene and/or olivine, and pure pyroxene and/or olivine 
sometimes with glass matrices. These particles have the carbonaceous (mostly) or ordinary 
chondrite precursors. However, there are particles that can not be attributed to chondritic. They 
are composed of augite and Ca-plagioclase or are close to Ca-Al chondrules. 

I suggest that the Novaya Zemlya MM collection characterizes composition of the global 
MMs flux to the Earth in full. The MM flux composition is different from the composition of the 
meteorite flux due to predominating of carbonaceous chondrite MMs that can be connected with 
different sources of MMs and meteorites. The data can be important by studies of  Tunguska 
event spherules and establishing a composition of the Tunguska body.  

Acknowledgements: The work was supported by RFBR (grant 07-05-92165-�9�! _
 ) and 
Program :  18 of RAS. 
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Modeling of the movement of meteoroid fragments. An estimation  
of separation distance  
 
N.G. Barri 
Institute of Mechanics, Lomonosov Moscow State University, Moscow, Russia.  
E-mail: n_barri@imec.msu.ru 
 

A meteoric body has great loading during its passage through the atmosphere with a 
velocity from 11 to 72 km/s. A meteoroid collapses when aerodynamic pressure on a front 
surface reaches the critical value equals to durability of a body material. Its fragments 
separate in a transverse direction as a result of interaction of shock waves. Besides, smaller 
fragments decelerate more than large ones. Thus, there is a separation in a longitudinal 
direction also.  

A modelling of two fragments movement in the atmosphere is carried out in this work. 
Two cases are considered: scattering of two identical fragments in a transverse direction and 
scattering of two fragments of different radii simultaneously in a longitudinal and transverse 
direction. A quite simple analytical expression of transverse velocity of fragment Uf  through 

parameters of the body material (strength ts  and density mr ) and repulsive force 

coefficient for two identical fragments is obtained: ( ) mtf dCU rs ×+= 8/25.03 00 .  
Values C0  and d0 define an approximation of the repulsive force coefficient. This 

coefficient is used as an approximation result of the numerical simulation of the flow past two 
identical spheres (Zhdan I.A., Stulov V.P. and Stulov P.V. (2004) Aerodynamic interaction of 
two bodies in a supersonic flow. Doklady Physics) and two spheres of different radii 
(Zhdan I.� . (2005) The aerodynamic resistance of the bodies system in a supersonic flow 
(abstract) Lomonosov conference).  

In the case of fragments of different mass a smaller fragment decelerate more in 
comparison with large one and a smaller fragment more separates from the trajectory of a 
main body in transverse direction. The last statement relies on results of the work (Zhdan, 
2005) in which the repulsive force coefficient is calculated for two spheres of different radii in 
a supersonic flow. A following model is proposed in the present work. A smaller fragment 
moves in transverse direction at right angle to a plane formed by the trajectory of a main body 
and its projection on the horizontal. A large fragment does not deviate from the trajectory of a 
parent body. That is, separation of fragments takes place due to strong deceleration of smaller 
fragment and its deviation in orthogonal direction. In the case of different fragments a 
transverse velocity depends on a quotient of fragments radii 

( ) mtf dCRRU rs ×+×= 8/23)/( 0021 , where R1  is a radius of a large fragment, R2 is a radius of 
a smaller fragment.  

A numerical solution of combined equations of deceleration and ablation is used for 
description of a longitudinal movement of a parent body and fragments. Calculations 
according to proposed models and an estimation of separation distance of fragments are 
carried out in the work.  

This work was supported by the Russian Foundation for Basic Research, project no. 
07-01-00009. 
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Asteroids and comets from Oort cloud in near-Earth space 
 
E.E. Biryukov 
Department of computational and celestial mechanics, South Ural State University, Chelyabinsk, Russia. 
E-mail: caesare@susu.ac.ru 
 

The capture of comets from the Oort cloud and their dynamical evolution to the near-
Earth space and physical evolution is investigated. The predicted steady-state number of 
Halley-type comets (HTC) and Jupiter-family comets (JFC), arising from the observed near-
parabolic cometary flux with perihelion distances q < 1 AU and absolute magnitude brighter 
than H10=7 are roughly equal 103 in each cometary family. This estimate is many times more 
than the number of known HTCs and JFCs. A possible resolution of this discrepancy may by 
found by introducing a fading function of comet. Our investigations have shown that active 
comets fade in brightness over many orbits after they reach q ~ 3,5 AU, the mean physical 
lifetime of comets with q < 1 AU is ~140 revolutions. This model shows good agreement with 
the observations of active HTCs, but distribution of dormant comets is not consistent with 
observations. Only one asteroid on Halley-type orbits with q<1 AU have been discovered. 
� steroids on JFC-orbits with q < 1AU not observed. Our model predicts that there should be 
990 dormant HTCs. To determine whether comets become dormant or disrupt, we should 
suggested, that the fading behaviour depends on the perihelion distances of comets. Thus, for 
our best fit model we predict that the steady-state number of Damocloids with q<1 AU is 9-13 
and other cometary nuclei must have disrupted. Also we found, that all faded JFCs with q<1 
AU must have disrupted.  

This work was supported by RFBR Grant 06-02-16512. 
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Long-term numerical theories of cometary motions 
 
Yu.S. Bondarenko, Yu.D. Medvedev  
Institute of Applied Astronomy, Saint-Petersburg, Russia. 
 E-mails: jurabo@yandex.ru, medvedev@ipa.nw.ru  
 

Complex program for the calculation of the long-term numerical theories of motions 
comets is developed. The motion equations are integrated with extended-precision. The 
modification Encke method is used. Osculation epoch is changed at each integration step. The 
nonperturbed orbit is calculated with quadruple precision (32 decimal digits). The sets of 
Marsden’s nongravitational parameters A1, A2 and A3  for every observed appearance can be 
defined by this program. The impulse change of cometary velocity for selected moments can 
be also calculated. The complex program allow to take account of fotocentre displacement 
along the cometary radius-vector.   

The new long-term numerical theories of motions comets Kopff and Encke are 
obtained.  
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The comet 73P/Schwassmann-Wachmann 3 (SW3) is classified as the gaseous comet 
with a very low dust-to-gas ratio (about to ten times less, then for the well-known gaseous 
comet 2P/Enke [1]). It belongs to comets with very low content of carbonaceous molecules. 
The comet had splitted into three fragments on 1995 and for the approaching to perihelion on 
2006 it splitted to about of 50 fragments again [2]. 

During April - May of 2006 were carried out the polarimetric observations of B and C 
fragments of the comet SW3. We used the 70-cm telescope of Institute of Astronomy of 
Karazin Kharkiv National University equipped by a single-channel photometer-polarimeter. 
Two continuum narrow-band filters BC (G4845/65 Å), RC (G6840/90 Å) and wide-band filter 
WRC (G7228/1140 Å) were used. 

We have measured the linear polarization and obtained the polarization phase angle 
dependence of the nucleus C in the range of phase angle from 47º,6 to 95º,2 deg. The 
measured part of phase dependence is close and a little bit lower then the average one of dusty 
comets, but it is a far above than for so called gaseous comets. This fact intensified doubts in 
correctness of division of the comets on dusty and gaseous groups according to polarization of 
continuum [1]. The polarization of nuclei B and C in red continuum are close one to another 
within the errors of measurement. This points on the similarity of physical properties of dust 
of the B and C nuclei.  The estimate value of spectral gradient of polarization gives quantity 
of SI(BC,RC)=-0.96% per 1000Å for nucleus B. The similar anomalous negative spectral 
gradient observed earlier for the comet 21P/Giacobini-Zinner [3], and C/1999 S4 (LINEAR) 
[4] under the disintegration last one. 
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VEGA mission: first in situ studies of near cometary space 
 
M.I. Verigin 
Space Research Institute of RAS, Moscow, Russia.  E-mail: verigin@iki.rssi.ru 
 

Twenty two years and three months ago two soviet spacecraft VEGA 1 and VEGA 2 
approached P/Halley nucleus as close as ~10,000 km on March 6-th and 9-th, 1986, 
respectively. After VEGA 1 this comet was visited on March 8 and 11 by Japanese Suisei and 
Sakigake probes, respectively, and on 14-th of March by European Giotto spacecraft. Before 
VEGA’s flybys P/Halley nucleus position uncertainty was as large as 1500 km. TV 
observations of VEGA’s spacecraft decreased this uncertainty to 40 km thus providing 
comfortable Giotto flyby at ~600 km from cometary nucleus. 

Scientific institutions of nine countries participated in 14 experiments aboard each of 
VEGA. It is for the first time cometary nucleus was directly observed with its irregular shape 
and with dimension about 15.3 �  7.2 �  7.2 km, and very low albedo of ~ 4%. Rotation period 
of the P/Halley nucleus turned out to be 2.2 days while rotational axis precession period was 
about 7.4 days. In the period of observations cometary nucleus lost ~ 40 tons of water each 
sec.  

Cometary plasma mass spectra were in situ measured at closest approach of VEGA 2 to 
nucleus. Fe+ ion peak was the most unusual part of these spectra. This heavy ion was never 
observed in optical specra of P/Halley, while Fe+ lines were observed in spectra of other 
comets much closer to the Sun at heliocentric distances << 1 a.u. 

Solar wind deceleration due to its loading by cometary ions was revealed. This process 
led to the formation of a new type of the bow shock at ~1,000,000 km from P/Halley nucleus.  
The second order Fermi acceleration of cometary ions was found as far as ~10,000,000 km 
from cometary nucleus resulted in cometary ions acceleration up to energies of > 100 keV. 

At a distance of ~160,000 km from P/Halley nucleus VEGA 2 revealed theoretically 
unpredicted plasma boundary – the cometopause, characterized by fast changing of solar wind 
proton distribution function, accompanied by an increase of heavy cometary ion density.  
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Origin of asteroids of the Solar system 
 
A.V. Vityazev, G.V. Pechernikova  
Institute for Dynamics of Geospheres RAS, Moscow, Russia, E-mail:  avit@idg.chph.ras.ru 
 

In the framework of the standard scenario of the origin of the Solar system (SS) 
formation of ice and stone asteroids finds a natural explanation – they are some kind of the 
rests of a building material of the Solar planetary system. 

1. The asteroid belt (2.17-3.64 � .
 .), consisting of several solid large spheroidal (Ceres, 
Pallas, Juno, Vesta, …) bodies and numerous debris, is considered as a relict of the stage of 
planets formation on border of the feeding zones of terrestrial planets and giant planets («not 
taken place planet»). In this zone has remained no more than several percent of primary 
substance. The observable gradient of composition of so-called «S», «C» etc. asteroids 
indicates of incomplete mixing of substance in this zone, or of features of late condensation 
on surfaces of the generated bodies. 

2. Comet nuclei K some kind of «ice asteroids» K were formed in the giant planets zone 
owing to gravitational instability in a subdisk of "a dirty ice dust» and the same as primary 
stone condensations, have passed through stages of coagulation, consolidation and 
fragmentation. With growth of the massive bodies relative velocities of small bodies have 
increased in the giant planets zone so that eccentricities and inclinations of their orbits have 
reached some critical values ~ 1/3 that has led to their ejection to periphery of SS and to 
formation of the Kuiper-Edgeworth belt and the Oort cloud. 

3. What new does the last modification of standard scenario of forming of SS bring in 
this picture, which examines formation of SS in close surroundings of young active stars and 
episodically flashings supernovae (SN)? Characteristics of planets orbits do not give the 
grounds to speak about possible superclose passages of stars. It is essentially another. At 
powerful streams of star winds from young giant, meetings with extending shells of SN in the 
substance of a disk at the different stages some fresh portions of short-living nuclides (26Al, 
60Fe, …, 182Hf …) can be added. Landing in the surface of a dust and small particles, they 
could change the "initial" abundances and caused the "rejuvenate" kosmo- and geo-
chronometers. "The pollution" factor by fresh material from nearest (~0.1 pc) SN is 
determined by three parameters: by the relation of the area of the disk surface to a square of 
distance to SN, by the relation of mass of thrown off extending shells of SN to the disk mass 
and by optical thickness of gas-dust or dust disk. Extreme case is the breaking down of a disk. 
It is probable for SS contamination of the disk by material of SN to 1-10 %. 

4. The close flights (~0.01 pc) of the stars can influence on external areas of a disk K 
perturbation of the Oort cloud and strengthening of dissipation of bodies from it. The nearness 
of other forming planetary systems can lead to delivery of some ice and stone asteroids to the 
young SS. 

5. Presence of appreciable quantities of short-living radionuclides can lead to heating of 
interiors of large asteroids, sufficient for melting and differentiation in intervals between their 
destructive collisions. 

In summary we will notice that life expectancy of star-formations areas (type of Orion) 
covers some hundred million years. Time of existence of open clusters of young stars is of the 
same order. It is necessary to investigate carefully the relic formations generated in first 
hundred million of years on the Earth and planets for the purpose of detection of possible 
influence of a close star environment on early stages of evolution of planets, comet nuclei and 
asteroids. 
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The investigation of motion of the asteroids coming upon gravitation  
sphere of the Earth in next 120 years 
 
T.Yu. Galushina 
Applied mathematics and mechanics scientific research institute of Tomsk state university,  
Tomsk, Russia. E-mail: sunny@sibmail.com 
 

In recent decades asteroid hazard problem has become topical. The investigation of 
motion of the asteroids having close approaches with the Earth in the near future plays 
important role in solution of this problem. 

We have revealed the asteroids coming in gravitation sphere of the Earth in next 120 
years. Initial parameters of orbits were taken from Bowell's catalogue at the epoch of 
4.02.2008. The motion equations of 5293 near-Earth asteroids have been integrated 
numerically by Everhart method in the permissible time interval. A permissible interval of 
prediction was determined by the admissible accuracy equal 10–7 AU. In the process of the 
numerical integration perturbations from the major planets, Pluto, the Moon, 3 asteroids 
(Ceres, Pallas, Vesta) and the Earth oblateness have been taken into account. 

The list of the asteroids coming upon gravitation sphere of the Earth in next 120 years 
is presented in table 1. The date of close approach and the minimal distance to the Earth d are 
shown for each object.  
 
Table 1. The list of the asteroids coming in gravitation sphere of the Earth in next 120 years 
 

The date of close approach Object 
year month day 

d, AU 

99942 Apophis 2029 4 13 0.0003 
153814 2001 WN5 2028 6 26 0.0017 
1994 WR12 2090 11 24 0.0011 
2005 YU55 2011 11 8 0.0015 
2006 QV89 2019 9 9 0.0005 
2007 UD6 2048 10 18 0.0006 

 
For each asteroid the probability motions domain has been constructed and 

investigated. The probability motions domain has been constructed as ensemble of trajectories 
of some set of test particles from initial probability domain. Initial probability domain has 
been defined with the help of error ellipsoid which has been received from observations by 
least-squares method. The set of test particles has been generated with the help of random 
number generator in relation to the selected center on the basis of the normal law of 
dispersing and a corresponding covariation matrix. The number of test particles has been 
selected for each asteroid by means of numerical experiments. 

The evolution of trajectories of the ensemble has been constructed by means of 
numerical integration of differential equations of motion of test particles by Everhart method. 
The results of investigation of the probability domain are shown stepwise change of orbit 
elements of the asteroids after coming in gravitation sphere of the Earth. 

This research was supported by the Department of Education and Science of Russian 
Federation (code of project is RNP.2.2.3.1.1537) and RFBR (grant N 08-02-00359). 
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An analysis of results of Earth observations of meteors and fireballs 
 
M.I.  Gritsevich 
Institute of Mechanics, Lomonosov Moscow State University,  
Michurinskii Ave., 1, 119192, Moscow, Russia. E-mail: gritsevich@list.ru 
 

A great volume of data has been accumulated thus far related to the photoregistration of 
the paths of meteor bodies in the terrestrial atmosphere. Most images have been obtained by 
four fireball networks, which operate in the USA, Canada, Europe, and Spain in different time 
periods. The approximation of the actual data using theoretical models makes it possible to 
achieve additional estimates, which do not directly follow from the observations. 

In the present report, an analytical model of the atmospheric entry is calculated using 
the data of actual observations, by selecting the parameters describing deceleration and 
ablation of meteors and fireballs along the luminous segment of the trajectory. The main 
difference from previous studies is that the given observations are approximated using the 
analytical solution of the equations of meteor physics. Note that, for the limited values of the 
mass loss parameter, analytical solution is usually replaced by the simpler expression (e.g., 
Stulov et al., 1995). In particular, this approximate solution was earlier used as a trial function 
during the implementation of the least-squares method. An analytical model presented in the 
report was applied to a number of bright meteors observed by the Canadian camera network 
and by the US Prairie network. Results of such calculation are partly presented. 

The correct mathematical modeling of meteor events in the atmosphere is necessary for 
further estimates of the key parameters, including the extra-atmospheric mass, the ablation 
coefficient, and the effective enthalpy of evaporation of entering bodies. In turn, this 
information is needed by some applications, namely, those aimed at studying the problems of 
asteroid and comet security, to develop measures of planetary defense, and to determine the 
bodies that can reach Earth’s surface. 
 
References 
Stulov V.P., Mirskii V.N., Vislyi A.I. Aerodynamics of Fireballs. Moscow: Nauka, 1995 (in Russian). 
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Creation databank of the asteroids which having approaching with Earth 
 
S.S. Denisov 
Samara State Technical University, Samara, Russia. E-mail: denisovsergey777@rambler.ru  
 

Differential equation of motion taking in consideration gravitation and relativistic 
effects in barycentric coordinate system are used as mathematical model describing 
movement of asteroids. This system from 72 equations was solved with the help of Everhart’s 
modified method of 27th order with variable integration step. 

A number of the programs automating the process of creation and updating database is 
developed. Applications carry out calculation evolution of orbit’s elements, and add new 
information to the database, receiving information about the asteroids closely approaching the 
Earth.  

The database consisting of approximately 4000 asteroids belonging to Apollo, Amor 
and Aten groups is created. During the research period that lasted from 1800 to 2204 years the 
objects closely approaches with internal planets is identified. Among them 291 asteroids are 
pass through the Earth’s sphere of influence. 

The application which gives an opportunity to view movement of evolution   any 
asteroid in any period of time is developed. An evolution of orbital elements is presented in 
graphics and the table. The table of asteroid’s close approaches to major planets of solar 
system and the Moon is made and the 3 dimensional model of solar system is built during the 
research period. A user can set parameters of received graphics and tables for their best 
presentation. The application saves received results in binary files. The opportunity of tables 
and graphics to export Microsoft Excel and representing them as web pages is realized. 

Database is periodically updated because orbits of asteroids are eventually specified 
and new object can be found out. 
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(Exact solution of the problem of thermo-elastic breakup of meteoroids,  
L.A. Egorova, V.V. Lokhin) 
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Dynamical evolution of comets from the outer Solar system to near-Earth space 
 
V.V. Emel'yanenko 
Department of Computational and Celestial Mechanics, South Ural State University,  
Chelyabinsk, Russia. E-mail: vvemel@susu.ac.ru     
 

A dynamical model for the distribution of cometary objects in the Solar system has 
been developed. The model is consistent with the broad characteristics of the observed 
cometary populations in different regions of the Solar system.  It is shown that the majority of 
observed high-eccentricity trans-Neptunian objects, Centaurs and short-period comets have 
visited the Oort cloud (semimajor axes a>1000 AU) during their dynamical history.  The new-
comet flux from the Oort cloud per unit perihelion distance is an order of magnitude higher in 
the near-Neptune region than in the observable zone q<5 AU.  The present number of high-
eccentricity trans-Neptunian objects (perihelion distances q>30 AU and 60<a<1000AU) 
originating from the Oort cloud is in the approximate range 1–3x1010. A substantial fraction 
of these have a>200 AU and/or q>40 AU. The number of Centaurs produced from the Oort 
cloud is smaller by a factor of 20–30. About 90 per cent of these Centaurs have a>60 AU.  
Objects that have visited the Oort cloud represent a substantial fraction of the Jupiter-family 
comet population, achieving short-period orbits by a process of gradual dynamical transfer, 
including a Centaur stage, from the outer Solar system to near-Earth space. A similar 
mechanism produces Halley-type comets, in addition to the well-known diffusion process 
operating at small perihelion distances.  

This work was supported by RFBR Grant 06-02-16512 and RFBR-Ural Grant 07-02-
96002. 
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The study of probability of asteroid encounter with a big planet by  
Monte Carlo method 
 
N.B. Zheleznov  
Institute of Applied Astronomy of RAS, Saint-Petersburg, Russia. E-mail: znb@ipa.nw.ru 
 

The probability of asteroid encounter with a big planet can be estimated by Monte 
Carlo method. The main problem of random choice of initial conditions is presence of 
nonzero non-diagonal elements of covariance matrix which are consequence of correlation 
between orbit parameters. As matrix is symmetrical it can be transformed to diagonal form. In 
this coordinate frame the value of each coordinate can be generated independently. Then 
generated initial values for each coordinate are transformed to the initial coordinates frame to 
be used for numerical calculation of asteroid orbit.  

To transform covariance matrix in diagonal form we used the QL-algorithm with a 
shift.  

The close approaching of asteroid (99942) Apophis with the Earth in April 13 2029, 
and 2007 WD5 with the Mars in January 30 2008 have been researched taking into account 
the sets of observations giving maximal estimation of encounter probability. Our estimations 
of probability are resemble that of NASA. For considered examples, it is shown, that 
neglecting the correlations lead to much worthier results for predicting probability collision.  
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Determination of dispersion ellipsoid of parameters orbit for bodies  
approaching the Earth and their probabilities of a collision with the Earth  
 
A.S. Zabotin, Yu.D. Medvedev  
Institute of Applied Astronomy, Saint-Petersburg, Russia. E-mails: shooreek@gmail.com, 
medvedev@ipa.nw.ru  
 

At the moment, the problem of orbit determination depending on observations is 
generally solved by the least-squares fit, which is the linear method. This method provides a 
mean value calculated from a nominal orbit and a dispersion ellipsoid following the normal 
distribution of the observational errors. The dispersion ellipsoid has been calculated on the 
assumption that there is a linear correlation between the observational errors and the nominal 
orbit errors. In many cases, the initial values of the parameters for more reliable orbits 
calculated from several (at least three)  observed orbital oppositions, to extend the observed 
arc of the orbit,  are outside the region of the initial values calculated from short arc based on 
the linear correlation. This has very serious consequences for the determination of the 
collision probabilities of the celestial bodies, like a collision of an asteroid with Earth. Finding 
a body that is potentially dangerous to Earth must be supported by the calculation of every 
possible region of the body's motion. The linear method, as discussed above, can lead to an 
underestimate of the probability of such a collision or to a false alarm. The main goal of this 
work is to develop a new method for calculating the orbit from the observations, based on the 
nonlinear correlation between the observational errors and the calculated orbital parameters. 
Calculation of the nonlinear correlation is done using the Monte Carlo method. The 
approaching circumstances of Apophis (99942) with the Earth in 2029 are calculated by this 
method. 
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Evolution of the orbits of Apollo, Amour, Aten group asteroids  
approaching the Earth 
 
A.F. Zausaev 
Samara State Technical University, Samara, Russia. E-mail: zausaev_af@mail.ru  
 

To study of evolution of the orbits of Apollo, Amour, Aten group asteroids in the 
differential equation of motion, gravitation effects as well of relativistic effects and non-spherical 
of the planets were considered. To solve of the differential equations of motion, the Everhart 
method is used. Out of 3823 Apollo, Amour, Aten group asteroids 291 object are founded 
approaching  the Earth at the distance of 0,01 a.e. Orbital elements for  each of the asteroid at the 
interval time from 1800 to 2204 are presented in the catalogue. The calculation results are 
compared with the results on the websites  
(http://www.cfa.harvard.edu/iau/lists/Closest.html), and NeoDys  
(http://hamilton.dm.unipi.it/cgi-bin/astdys/) are presented. Comparison of the results of close 
approach of asteroids with the Earth are indicated at the well satisfy similarity by other 
researchers.  
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Evolution of the orbits of short-period comets from 1800 to 2204 
 
A.A. Zausaev 
Samara State Technical University, Samara, Russia. E-mail: ZausaevAA@mail.ru 
 

Modification of the Everhart method algorithm allowing one to increase the order 
approximating the formula with numerical integration of the differential equations system to 
31 order are presented. The study of convergence, stability and error of the approximating 
formula modified Everhart method for various integration orders and steps is carried. A 
mathematical model describing the motion of the short-period comets by Newhall X.X, 
Standish E.M., Williams I.S. and other in view of gravitation and of relativistic effects. 
Evolution of 190 short-period comets from 1800 to 2204 has been studied. Catalogue of the 
evolution of 190 short-period comet of orbit has been publicities. There are graphs showing 
orbital element changes on the time interval from 1800 to 2204 in the catalogue. 



 

 124

��0��
�
  $	-��  ��  	�4��3  ��&  �  %��	
��	#��  �8  #�	�$�	%���2  # &�-��2   
 
 .� . �����"  1,2 
1%�&������  ����
�
  �
�������
  !�������
  �
�����  �  �
�����
�� , "�� ; 2!�������  
�
���2�����  !����&
�
��/ , �
���
 , $
���� ; E-mail: siipatov@hotmail.com 
 

���
�����"����0  [1-6] 1"��/+��  ��(��  30,000 �(;
���" , �����0�#
  ��(��#  
�����#�  (��*��  �  ��(����  ���
�  �
�
���"�  5���
��  (� 5 ), ���
�  ����  ���
�#  
����
�  �  	���� -�
���	��
����  ���
� , �  ���)
  20,000 �#�
"#�  �����+ , ����*"�	��#�  
1����  ���
���� . �#��������0  "
���������  �������"
���  1���  ���
�  ���  �����+  (*�  
"�
��  ��  	������
����  )�*�� ) �  ����
���� . &��
�
�� , ���  �
����0��  �(;
���" , 
�����0�#
  ��(��#  �����#�  (��*��  �  ��(����  ���
�  2P/Encke, 10P/Tempel 2, 
44P/Reinmuth 2 �  113P/Spitaler, ����(�
����  ��(��# , �
�
�
��/.�
  ��(��
  2
��� , �  
(��0-���  ���
�����  ��(��  a<2 � .
 . �  ��
����#��  ������������  Q<4.2 � .
 ., �  ����	�  
	�)
  ��(��# , �
)�.�
  "�
���  ��(��#  2
���  (Q<0.983 � .
 .), ��(��#  ��
��#  �����  ���  
������#
  ��(��#  ���
���	�"  ���"����  ����� , �  	"������0  ��  �����  ��(����  (��

  
��������  �
�  (	�  	
�����"  ���  	�)
  ���
�  ��������"  �
� ). :��0-����"�  (#"-��  
������
��
��#�  �(;
���" , �����#
  ��
��  ��(��#  ������#�  �(;
���" , �(��)�/.����  
�  2
��
� , (� 2 ) 	"������0  ��  �����  ��(����  "  �
�
��
  ��������"  �
�  �  ��1���
  
(��0-
/  ����0  "�
�
��  (#��  "#���-���  ���
���� .   	������
����  �����  *�
��� , 
	���  "#���-��  ���
�  ��
	�  � 2  ��)
�  	�������0  	
�����"  ���+
���" , �� , "
������ , 
�����
  ���
�#  ��������0  ��  ���� -���
�#  (�	��  �*  �����  ���� -���
�  �����  ����	��0  
,
��
�����  �
���
� ) �  �#�0  *�  �
�0-
/  ����0  	������
����  "�
�
�  ��  )�*�� , 
���  
1��  "�
�
��  (#��  (��0-��� . �
��������0  �������"
���  ���
�#  10P �  2
��
�  *�  
	������
���
  "�
��  )�*��  ���
�#  ��"��  PEL1.4>10-4, ��  80% 1���  "
���������  
�����	����  ��  �	��  �*  2600 ��������
��#�  �(;
���" , �  ��(����� , (��*����  �  ��(��
  
���
�#  10P. ���  ���
�#  2P ���
�
��  PEL(1-5)>10-4, �  	��  (��0-����"�  	�
���  
��������
��#�  � 5  10-6<PE<10-5. ���  ���
�  22P/Kopff �  39P/Oterma, PEL(1-2)>10-6; �  
	��  ���
�  9P/Tempel 1, 28P/Neujmin 1 �  44P PEL(2-5)>10-6. ���  "�
�  ��������
��#�  
� 5  PE>4>10-6. !
��	  ���
�����"����  :
���-� -'�
��  �  �����
����
����  �
��	  	���  
(��*��
  �
*
�0���# . �����0*
�  PE=4>10-6 �  ������� , ���  �
�������  �����  
����
�
*����
� , �
�
�
��"-��  ��(��
  5���
�� , ����	��  ���  ����  2
��� , �  
����
�
*�����  ��������  ������"��
  �*  "�	# , ���
��
� , ���  �
�������  �����  "�	# , 
	����"�
����  �*  *��  �������  ����
� -�������"  ��  2
��/ , �����  (#�0  ����	��  ����#  
"�	#  "  *
��#�  ��
���� . ����-
���  "
��������
�  �������"
���  � 5  �  �
�
���  �  
!�����  �  ����
  ����
�#  (#��  �(#���  �
  �
�0-
 , �
�  	��  2
��� . ���  �#�
"#�  �����+ , 
����)	
��#�  ���
����  �  ���
���	��� , PE (#��  ��������0��  	��  	���
���"  d~100 Dm. 
3��  ��������0�#
  *���
���  PE (#��  �(#���  (����
  ���
�#  2P) (��0-
  ��  �����
�  
�
�
  ��  ����	��  "
�����# , �
�  	��  ��	��
�0����  ���
� .  
�����
���
  
[1] Ipatov  S.I. Comet hazard to the Earth // Adv. in Space Res. 2001. V. 28. B  8. P. 1107-1116. [2] Ipatov S.I., 
Mather J.C. Migration of trans-Neptunian objects to the terrestrial planets // Earth, Moon, and Planets. 2003. V. 92. 
P.89-98. [3] Ipatov S.I., Mather J.C. Migration of Jupiter-family comets and resonant asteroids to near-Earth space 
// Annals of the New York Acad. of Sciences. 2004. V. 1017. P. 46-65. [4] Ipatov  S.I., Mather J.C. Comet and 
asteroid hazard to the terrestrial planets // Adv. in Space Res. 2004. V. 33. B  9. P. 1524-1533. [5] Ipatov S.I., 
Mather J.C. Migration of small bodies and dust to near-Earth space // Adv. in Space Res. 2006. V. 37. B  1. P. 126-
137. [6] Ipatov  S.I., Mather  J.C. Migration of comets to the terrestrial planets // Proc. of the IAU Symp. B  236 
“Near-Earth Objects, Our Celestial Neighbors: Opportunity and Risk”, ed. by A. Milani, G.B. Valsecchi & D.D. 
Vokrouhlický, 2007. P. 55-64. 



 

 125

Migration of comets into NEO orbits and probabilities of their collisions  
with the Earth 
 
S.I. Ipatov 1,2 
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The orbital evolution of 30,000 objects with initial orbits close to those of Jupiter-
family comets (JFCs), Halley-type comets (HTCs), and long-period comets and also of 
20,000 dust particles produced by these comets was integrated, and probabilities of their 
collisions (during dynamical lifetimes of objects or particles) with planets were calculated [1-
6]. For initial orbital elements close to those of Comets 2P/Encke, 10P/Tempel 2, 
44P/Reinmuth 2, and 113P/Spitaler, a few objects got Earth-crossing orbits with semi-major 
axes a<2 AU and aphelion distances Q<4.2 AU, or even got inner-Earth (Q<0.983 AU), Aten, 
or typical asteroidal orbits, and moved in such orbits for more than 1 Myr (up to tens or even 
hundreds of Myrs). Most of former trans-Neptunian objects that have typical near-Earth 
object (NEO) orbits moved in such orbits for Myrs, so during most of this time they were 
extinct comets. From a dynamical point of view, the fraction of extinct comets among NEOs 
can exceed several tens of percent, but, probably, many comets disintegrated into mini-comets 
(one of such mini-comet could produce the Tunguska phenomena) and dust during a smaller 
part of their dynamical lifetimes if these lifetimes were large. The probability of the collision 
of Comet 10P with the Earth during a dynamical lifetime of the comet was PEL1.4>10-4, but 
80% of this mean probability was due only to one object among 2600 considered objects with 
orbits close to that of Comet 10P. For runs for Comet 2P, PEL(1-5)>10-4. For most other 
considered JFCs, 10-6<PE<10-5. For Comets 22P/Kopff and 39P/Oterma, PEL(1-2)>10-6; and 
for Comets 9P/Tempel 1, 28P/Neujmin 1 and 44P, PEL(2-5)>10-6. For all considered JFCs, 
PE>4>10-6. The Bulirsh-Stoer method of integration and a symplectic method gave similar 
results. In our runs the probability of a collision of one object with the Earth could be greater 
than the sum of probabilities for thousands of other objects. Using PE=4>10-6 and assuming 
that the total mass of planetesimals that ever crossed Jupiter’s orbit is about a hundred of 
Earth masses and water fraction in comets was about 50%, we obtain that the total mass of 
water delivered from the feeding zone of the giant planets to the Earth could be about the total 
mass of water in Earth’s oceans. The ratios of probabilities of collisions of JFCs with Venus 
and Mars to the mass of a planet usually were not smaller than that for Earth. For dust 
particles produced by comets and asteroids, PE  was maximum for diameters d~100 Dm. These 
maximum values of PE were usually (exclusive for 2P) greater at least by an order of 
magnitude than the values for parent comets.  
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It is probable that the Tunguska event was caused by a small comet. Evaporation of 

cometary material produces a cometary tail. Another source of cometary comma and tail are 
collisions of a comet with small bodies. The cloud of material that surrounded the nucleus of a 
comet can enter the Earth’s atmosphere before and after the nucleus. Studies of velocities of 
ejection of material from a comet allows one to understand better the size of a cometary coma 
and of a meteor flux that was produced by a comet. In this presentation we study velocities 
and relative amounts of particles ejected from Comet 9P/Temple 1 after the Deep Impact 
impactor has collided the comet at velocity of about 10 km/s. These studies are based on 
analysis of the images made by the Deep Impact cameras during the first 7 min after the 
collision. We considered velocities v of the particles that give the main contribution to the 
brightness of the cloud of ejected material, i.e., mainly of particles with diameter d<3 Dm. Our 
studies [1] do not contradict to a considerable continuous ejection of material during 7 
minutes after the collision, but the time of the ejection could be smaller. The rate of 
production of observed ejected material probably had a peak at 0.5-0.7 s. The amount of 
particles with d<3 Dm ejected per unit of time at 8<te<20 s could be greater than that at 4<te<8 
s. It was about the same at different te~20-40 s. The rate probably mainly decreased with time 
te after the 1st minute after the ejection, but this decrease could be slower at te~6 min. 
Velocities of most of observed material ejected at te~0.2 s were about 10 km/s. Some particles 
ejected during the first three seconds had velocities greater than 1 km/s, but the contribution 
of such material to the total amount of material ejected after the impact was small. Velocities 
of most of material that contributed to the brightness of the cloud and was ejected at te>4 s 
were smaller by an order of magnitude than those at te<1 s (hundreds of m/s instead of several 
km/s). Our estimates of projections (onto the plane perpendicular to the line of sight) of mean 
velocities of the fast material that mainly contributed to the brightness of the observed dust 
cloud were ~200 m/s and are in accordance with the previous estimates based on various 
ground-based observations and observations made by space telescopes. The excess ejection of 
material to a few directions (rays of ejected material) took place mainly during the first 100 s. 
At v>100 m/s, characteristic velocities v of observed material ejected at time te can be 
considered proportional to te

-0.6, as it was suggested by theoretical models, but ejection with 
velocities greater than 100 m/s could last for a longer time than it was predicted by theoretical 
models and could take place when there was ejection with smaller velocities. Analysis of 
observations made by Deep Impact cameras testifies in favor of a model close to gravity-
dominated cratering (i.e., in favor of greater amounts of ejected material and greater size of a 
crater) and that particles with different velocities and masses could be ejected at the same 
time. This work was supported by NASA DDAP grant NNX08AG25G. 
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Optical characteristics and equations of state of vapors of cosmic bodies  
invading the Earth atmosphere 
 
I.B. Kosarev 
Institute for Dynamics of Geospheres RAS, Moscow, Russia, kosarev@idg.chph.ras.ru 

 
Estimates of atmospheric protective properties determining penetration of cosmic 

objects into the Earth atmosphere are an important problem in connection with a problem of 
asteroid danger which is being widely discussed now. Optical and thermodynamic property 
calculations were � onducted for various types of bodies with appreciable differences in 
chemical composition: H-, C-chondrites, ice and cometary material. Calculations were carried 
out on the base of 16 elements: Fe-O-Mg-Si-C-H-N-S-Al-Ca-Na-K-Cr-Mn-Ti-Ni. The 
average percentage of chemical components for every type of cosmic body material was taken 
from published data. Chemical composition for every pair values of the temperature and 
density was determined in the thermodynamic equilibrium approximation from the solution of 
chemical and ionization equilibrium with conservation of nucleus number and 
electroneutrality. The algorithm of the phase and chemical equilibrium thermodynamic 
analysis for complex systems based on extremal principles was used.  All the main radiative 
processes were taken into account. Modern published spectroscopic data are used in 
calculations along with the update version of the atomic physics program. The last one uses 
configuration interaction (CI) methods and random phase approximation with exchange 
(RPAE) to take into account correlations in many electron atomic shells. For heavy elements 
relativistic variant of self-consistent field Dirac-Fock approximation was also used. 
Absorption in molecular bands was calculated in the just overlapping line approximation. 
Influence of plasma non-ideality on optical properties in the case of high densities was 
determined by using the microfield model. 
 

 

 
 

Fig. 1.  Dependencies of Rosseland paths on the 
temperature T for various densities H-chondrite 
vapor. NL = 1.08>10-3 g/cm3.  

Fig. 2.   Mass  absorption  coefficients  for a  
H-chondrite vapor layer. 

 
Tables of optical and thermodynamic properties of cosmic body material vapors in the 

ranges  T = 2-40 kK  and relative density  E = 10-5-10 (E = N/NL,  where  N  is the total 
number of nuclei in the mixture,  NL  is the Loschmidt number) were calculated. Obtained 
results show that the strong shielding surface regime occurs for all types bodies with a size 
more 10 m at pressures in a vapor layer near 10 MPa and more.  

This publication is based on the work supported by RFBR (project no. 07-05-00026). 
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Experiment ‘INTROSCOPE’ on discovery of small celestial bodies in the internal 
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4 Institute of Applied Astronomy Russian Academy of Sciences. St. Petersburg, Russia.  
E-mail: shor@ipa.nw.ru 
5 Lavochkin Association, Khimki, Moscow reg., Russia. 

 
One of the least investigated regions of the Solar system is its internal part which is 

inside the Earth orbit. The cause of the limited knowledge is the difficulty of observations of 
the area with ground-based astronomical instruments. The same time, within this region a lot 
of asteroids belonging to the near-Earth asteroids type are moving. Some of them are 
potentially hazardous for the Earth.  

The most effective means for discovery of such asteroids are observation fulfilling 
from the board of space apparatus moving inside the Earth orbit, for example, near-by the 
orbit of Venus or Mercury [1, 2]. Such an opportunity is offered in the course of realization of 
space mission ‘INTERHELIOZOND’ aimed to study of the Sun and near-Solar medium from 
close distance [3, 4]. 

The lay out of experiment ‘INTROSCOPE’ is presented in the paper, the main 
characteristics of the telescope and possibilities of discovering and studying small bodies and 
interplanetary dust are discussed. The estimations of efficiency of observation, the expected 
volume of on board information, the algorithms of its processing with the aim to derive 
physical characteristics and orbits of celestial bodies are described. 

The scheme of installing of the ‘INTROSCOPE’ instrument on board the 
‘INTERHELIOZOND’ spacecraft is presented. The opportunities of international cooperation 
on realization of the experiment are discussed. 

Realization of the experiment makes it possible not only to solve some fundamental 
problems of structure and evolution of the Solar system, but such practical tasks as lowering 
the asteroid-comet hazard and micrometeor hazard for spacecraft as well.  
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Comets and meteoroid complexes evolution 
 
N.V. Kulikova, V.I. Tishchenko, D.A. Kalinin 
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kulikova@iate.obninsk.ru 
 

Comets are the objects of great interest as they are the one of the origins of the 
replenishment of the cosmic space not only by the fragments of their disintegration but also as 
small celestial fading bodies. 

The valuation of the quantity of the comets moving near Earth is very difficult due to 
no stability and variation comet orbits. One of causes is the decrease of their masses. This 
leads to the destruction of the comet nuclear and the appearance of the new formations. The 
comets are the small part of the objects near Earth, but they have significant destructive 
potential of the cosmic threat due to their dynamic characteristics. 

At present impossibility to perform a field experiment or its high cost the development 
of computer technologies created by the modulus principle is considered to be the most 
promising trend. It allows to expand the range of applied mathematical models of 
disintegration, algorithms of the evolution development of appearing meteoroid complexes, to 
assess the quantitative and qualitative characteristics of developed identification criteria for 
some meteors as elements of concrete fluxes and so on. The paper presents most interesting 
results obtained with the help of a computer technology developed to study space population 
with disintegration products of the certain comets in the process of their observations. 
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Exotic materials of HED meteorites 
 
C.A. Lorenz 
Vernadsky Institute of Geochemistry and analytical chemistry RAS, Moscow, Russia. 
E-mail: � -lorenz@yandex.ru 

 
The meteorites of HED group (Howardites, Eucrites, Diogenites) are range of 

genetically-linked pyroxenites, gabbros, basalts and polymict breccias of these rocks, coming 
to the Earth from one of differentiated asteroids, most probably, from Vesta. The HED 
polymict breccias (PBs), howardites and polymict eucrites, are fragments of parent body 
regolith. Among the regular components they contain interplanetary dust particles, meteorite 
debris and inclusions of deep sited igneous rocks, excavated to the surface by large impact 
events. Investigations of these meteorites allow studying the composition and evolution of 
surface and internal parts of its parent body. Exotic meteorite materials of PBs are mainly 
carbonaceous CM chondrites (i.e. Zolensky et al., 1996). Here we demonstrated that PBs also 
contain the particles of ordinary chondrites and enstatite meteorites. The flux of interplanetary 
particles on the orbit of HED parent body was qualitatively similar to the modern flux of 
micrometeorites to the Earth. We showed that particles of carbonaceous chondrites are 
components of low-velocity population of near-Solar dust bands, probably the comets’ dust 
traces. The meteorite particles of other types represent the high-velocity dust population of 
asteroidal origin. These suggestions are consistent with results of study of near-Solar dust 
cloud provided by IRAS satellite (Divine, 1992; Renard et al. 1995). Concentrations of  
siderophile elements of PBs correspond to abundance of 2-3 wt% of carbonaceous chondrite 
material, that is not correlate to abundance of meteoritic particles. Probably, the main mass of 
meteoritical material in PBs is finely dispersed and inaccessible to mineralogical 
investigation. The flux of chondrite material to the surface of HED parent body is similar to 
that of the Moon during the intensive meteorite bombardment 4.5-3.7 b.y. ago. Exotic 
meteorite particles are documented the qualitative composition of ancient meteorite flux, that 
was similar to modern flux on to the Earth. Exotic igneous inclusions in PB represent deep-
sited and rare magmatic rocks, wich are not found among the meteorites. We found and 
studied one inclusion of high-magnesium peridotite that could be a fragment of upper mantle 
of differentiated asteroid. Recently found inclusions of exotic acidic rocks are products of 
intensive igneous differentiation. We showed that the process of igneous differentiation on 
HED parent body resulted in formation of significant amounts of Si, Ca, Fe – rich melts as it 
had taken place on the Moon. 
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Small bodies: Migration and implications 
   
M.Ya. Marov 
Keldysh Institute of Applied Mathematics of Russian Academy of Sciences, 
E-mail:marov@keldysh.ru 
 

Small bodies ranging in size from microns to a few hundreds of kilometers are the most 
dynamical solar system objects. They played continuously an important role in its evolution 
because of mainly their migration followed by the numerous collisions with the planets. For 
the cosmogony, small bodies are of interest from the viewpoint of cosmochemistry as the 
carriers of primary matter from which our solar system built up.   Comets and carbonaceous 
chondrites presumably encapsulated most pristine particles of the protoplanetary nebula 
because they did not experienced significant changes in due course of evolution. Comets are 
reasonably associated with planetesimals that have been thrown out due to tidal perturbations 
from the region of giant planets formation to the periphery of the solar system where 
transneptunian Kuiper belt and Oort cloud formed. Comets are also addressed as the bodies 
probing the closest to the solar system Galaxy regions.  

Small bodies orbits characterize both regular and chaotic processes in the solar system 
and migration confirm these dynamical properties. Migration manifests itself explicitly 
through numerous collisions of comets and asteroids with the planets. These processes are 
responsible for the permanent transport of interplanetary matter and dramatic events caused 
by large bodies impacts. Such catastrophes occurred many times throughout the Earth’s 
geologic history, Tunguska event serving as the recent brilliant example.  Migration-collisions 
underlie the problems of NEO asteroids threat that draws growing attention. Numerical 
modeling brought quite convincing evidence that intense bombardment of early Earth and 
other inner planets by comets and asteroids could contribute substantially to volatiles 
inventory and therefore, to compensate volatiles deficiency in the region of the terrestrial 
planets formation, invoking the mechanism of heterogeneous accretion. This allows us to 
explain sufficient bulk of volatiles to store in the inner planets atmosphere and hydrosphere. 
Finally, migration of small bodies, interplanetary particles including, might be intrinsically 
related to the intriguing problem of life origin, comets being addressed as the most probable 
original biotic seeds carriers.  
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On the density of dust in the Kuiper Belt region  
 
S.A. Meshcheryakov  
TSNIIMASH, 141070, Moscoe region, Korolev, Pionerskaya 4, 
E-mail: SMeshcheryakov@mtu-net.ru, phone: (495) 513 4860 
 
The investigations of the trans-Neptune region and the Kuiper Belt attracts a great attention 
nowadays. These works have a great importance for solution of the problem of Solar System 
evolution. They have a great applied significance in development of the meteoroid 
environment models. The last thing become of great urgency due to increased meaning of 
spacecraft protection problem. Also the Kuiper Belt plays a part in the asteroid hazard for 
Earth. Measurements of drag .in missions Pioneer-10 and Pioneer-11 have used in evaluation 
of density of dust substance in this region. There are done new estimations of the dust density 
based on solution of the physical kinetics problem for gravitating medium. 
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Accounting dynamic resonance effects in the statistical distributions of orbital 
parameters of the minor planets of Solar system  
 
B.R. Mushailov, V.S.Teplitskaya  
Sternberg Astronomical Institute. Moscow State University, Moscow, Russia. VeraTeplic@yandex.ru 
 

1. A distribution of semi-major axes, eccentricities and corners inclination orbits for 
Centaurs and Scattered-Disk objects, as well as Kuiper belt objects are adduced. 

2. It was found that, Kuiper belt objects eccentricities were mostly small. 
3. The difference of maximum in the distribution of the semi-major axes for Kuiper belt 

objects with precise orbital resonance was interpreted. 
4. A wavelet transforms for distributions of a semi-major axes are constructed. 



 

 139

�  ��$	�	�38  	4/�8   +�$	�	-���	#�
8  ����-�1�#$	2  6%	�"
��   
6$+	.�����  �  .�����  �	���1�	2  #�#��-3  
 
: .� . !
-����" , $ .! . �"���"����  
	
��&
�������'/  
���
�
��2����/  ��������  �� . � .� . ����(���
  �	;  �� . � .� . �
�
�
�
�
 , 
�
���
 , $
���� .  E-mail: ilm1655@yandex.ru 
 

1. &��
�
�#  ����
���#
  �����
	
�
���  (����������# ) 1�*�����
��#�  ����
�  ��  ��  
��(����0�#�  �����
����  ((��0-��  ���
���� , �
���	�� , 1��+
�������
��� ) �  
��*��
����  ������
��������  (����
 , ��
�����0���
  �����
 ). 

2. %�����"�
�� , ���  *�����
�0�#
  ����#  ��
	"#����
��#�  1�*�����
�  �"��/���  
��
	��"�
�  �
������#  ����
��
�#�  ��	
�
� . 

3. &���*���  �����������
�����0  ��(����0�#�  �
*������"  "  1�*�����
��#�  
����
��� . 

4.  ��������
����  �����*  ��(����0�#�  �����
���"  1�*�����
��#�  ����
�  �  
 ���
����  ����
�#  �"�	
�
�0��"

�  �  
	����  (
��"
����0��� ) �
����*�
  ��  
�������"����  �  1"��/+�� . 

 
 
About some general regularities of dynamic evolution  
extra solar planets and Solar system  
 
B.R. Mushailov, L.M. Ivanovskaya 
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1. We obtain the correct distribution (histograms) of extra solar systems on their orbital 
parameters (semi-major axes, period, eccentricities) and physical characteristics (mass, 
spectral class).  

2. It was found that significant mass predictional exoplanets due to the incompleteness 
used models. 

3. We shown the prevalence of orbital resonances in extrasolar systems. 
4. Statistical analysis of orbital parameters extra solar systems and the Solar system 

shows a single (universal) mechanism of their formation and evolution. 
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Space mission of visiting of asteroid Apophis 
 
V.G. Pol, M.B. Martynov, A.V. Simonov, M.N. Hailov  
Lavochkine Association, Khimki, Moscow Region, polvad@laspace.ru 
 

Report is dedicated to the problem of asteroid threat (AT), evaluated today in light of 
the new information, which is accumulated on the concrete threatening asteroid Apophis. The 
latter should be considered as the object, on which it is possible and simultaneously necessary 
to begin to master the elements of entire complex of the design active measures for 
opposition, dictated by very essence of problem AT as a whole. These measures consist, first 
of all, in the guarantee of the precise forecast the motion of this asteroid, to the evaluation of 
its physical chemistry and structural characteristics and the determination of the composition 
of the permissible means of opposition to impact on the Earth. The discovered possibility of 
resonance recoveries of Apophis leads to the need for forecasting the motion of asteroid with 
the accuracy, unattainable with the traditional methods of determining the orbits of small 
celestial bodies.  

Therefore in connection with to specific case of Apophis is posed the problem of 
developing the space mission. It must ensure the refinement of the trajectory of asteroid, the 
evaluation of its physical and structural characteristics, and also the conducting demonstration 
experiments with respect to a change in the orbit of asteroid by small prolonged energy 
action.  

In the report are examined different plans of overflight, existing technical limitations 
and is done the substantiated selection of the preferable plan of mission, on the basis of its 
conducting the period of 2012-2014 years. Separately are analyzed the trajectory 
consideration of prolonged existence of asteroid satellite, as the condition for the detailed 
determination of the real orbit of asteroid and precise forecast of its flight past the Earth in 
question in 2029.  

Is examined the appearance of the automatic spacecraft of the mission, which solves 
these tasks. Is given the concrete version of flight to the Apophis with the tying to the existing 
means of conclusion and the automatic spacecraft for development by Lavochkine 
Association. Proposals on the assembly SC are given by scientific gear, is based the concrete 
plan of conducting mission in the period of 2012-2014 years. The results of the proposed 
mission they will be: the possibility of a substantial increase in the accuracy of tracking of the 
concrete threatening asteroid Apophis, the reliable prognostication of real threat from it and 
the demonstration of the possibilities of the withdrawal of this asteroid from the damaging 
trajectory. Furthermore, it is intended to obtain new scientific results throughout the small 
bodies of the Solar system. 



 

 142

�  .	���
���5�	2  �	1�	#��  	.��������
  	�4��3  �#���	���   
�  	0����1�%�"/�8  ��  ��$�	��8  
 
� .� . &��0   
�	;�  ��%  �� . " . � . �
�
2���
 , � .0���� , polvad@laspace.ru. 
 
� .� . '��   
!�������  4����
&�
/  
���
�
���  $�� , " .-�����(��� , shor@ipa.nw.ru 
 

����
	�"���
  	"�)
���  �
	�"��  �(���
)
�����  ���
���	�  ������  �	
����  
�����	���  ��������0  (��*����  �����)	
���  ���
���	�  "  ���
�������  2
���  	�)
  "  ���  
��
��
 , ���	�  �
����
	��"
���
  �������"
��
  ����/�
�� . &��  �(��)
���  �
��  �  2
��
�  

��  ��(���  ���#�#"�
�  ���0�#
  ���"���+����#
  "�*�
.
��� , �����#
  ���
�  "
���  �  
��"����#�  �(��)
����  2
���  �  ���
���	�  "  �
  ��
�0  ��	��
����  (
	
.
� . &��  1���  
���
�+�� , ��
"-��  �
���  "  ��
	#	
.
�  �(��)
��� , ��)
�  	�)
  
�
	-��0�� .  ,��	� , "  
�
*
�0���
  �
�
*  �
����0��  �
�  "�
���  �
�����  �(��)
���  ����*��	
�  �������"
��
  2
���  
�  �����#�  �
��� . ���  �����
�����  �
��  ���  *�	���#�  
���"���  
��  �(��)
���  �  2
��
�   "  
���
	
�
��#�  ���
�"����  �������0�#�  �
�+
�����
����  ����������  �
.
��"
/�  *��#  
�
*���������  "�*"����  (2�� ), �����)	
��
  �
�
*  �����#
  ��������

�  �������"
��
  
��������  �
��  �  2
��
�  �
�
*  ���
	
�
���
  �����  �
� . ������
  *��  �
*���������  "�*"����  
�������
�0��  ������  ��*�
��  (2��  	��  ������� , �����)	
��
  �
�
*  �����
/  "#*#"�
�  

��  "�*"��.
��
  �  2
��
  �
�
*  �
�0  �
�  "  2036 �  �  �������"
��
  �  �
/ , ��

�  ��*�
�#  
�
�

  �	����  �����
��� )  ��
(

�  "
�0��  �������  ������*�  	"�)
���  ���
���	�  ��  	
���0 -
	"�	+��0  �
�  "�
�
	 . �  ��������� , 	��  ��
���  �������  ��������0��  	��
������  �-�(��  
���
	
�
���  
��  �
�
.
��  �
��� , ��������
/.��  �
����	���
  ���
���	�  "  �����
��
/  
�����
/  *��
 , �����"��
�  "
�����
  ����	��  �
������  �����
���" . &��  1���  
��*�����  
�������0  	��)��  (#�0  �(
��
�
��   ��  	���������  	���
�0�#�  ����  ������*� . 

 
.
��"
/.�
  ���	�+����#
  ����������
���
  ��
	��"�  ��(�/	
��� , "  
���(
������  ���  �����  ����
  ��	������+����#�  ��(�/	
��� , �  �
��	���  ���
	
�
���  
��(��  ���
/  �-�(�
  �(
��
���0  �
  ���
� , �  	
��+��  ��������  �����"��
�  �	�� -	"�  
����	�� . &��������  ������  ����)
���  �"��/��� , "� -�
�"#� , �������
����  �������0  
�����
����  ��(�/	
��� , �����"��/.��  "  �
�
��
�
  ��  �
�
.�
  ����������"
��#
  
����	����#  �����  �����
���" . ������  ��������  ��
)��  �
	����������  �������0  
�����0*

�#�  ��	
�
�  	"�)
���  �  �
���
	
�
�����0  ��*��
����  �
����*��"  "
�0��  
���#�  "�*�
.�/.��  
����
��� , �
�  �
  �
�

 , ���0��  ���*#"�/.����  ��  (��0-��  ������  
������*� , "  ���(
������  ����
  �
��#�  �(��)
��� .  �  �
*
�0���
  �������
�0���  �-�(��  
������*�  	"�)
���  ���
���	�"  �
��	��  ��

�  ����	��  1·10-6. 

3��  )
  ��
	�����  ��
/�  �
���  ���  
���"�
���  ���
���"
��#��  ������
�����  
�(;
����� , �	����  ���  ��
�	��
"�/���  ����
�
��
�  ��	���
����
����  ��
	��"  
�*�
�
���  ���
������ . ��������
�0�#��  �
*
�"���  ��"#-
���  ��������  ��
)��  �   
�
��	������  ����
	�"��
�0��  
�����
����  "
�����  ��������� , "��/��/.
��   
	�������
�0�#
  �����
��#  ��	
��  	"�)
��� . �  ��"��
������  1��  �
�#  ��*"�����  
��"#���0  �������
�0�
/  �������0  ���
	
�
���  	"�)
���  ������
����  �(;
���"  ��  
����	��  �  (��

 . 

�  	����	
  ���������"�
���  "�*��)����0  �
�
�
�
���  
��*�����  "#-
  �
��������   
��  *�	��
  ��
)
���  *�  �
�
.���  ����	�������  ���#�  �
(
��#�  �
� , 	
��/���  �+
���  
��*����#�  ��
�  
����
���  ��(�� , 	�/���  ����
�#  �  �
���
�	�+��  ����
���
�0��  �  
���(�
�
  ���
���	���  ��������� . 



 

 143

About potential accuracy of the determination of the asteroid’s orbit  
and its limiting factors 
 
V.G. Pol  
Lavochkine Association, Khimki, Moscow Region, polvad@laspace.ru 
 
V.A. Shor  
Institute of applied astronomy, St-Petersburg, shor@ipa.nw.ru  
 

Recent detection of dangerous asteroid Apophis has revealed a remaining reality of 
impact on the Earth even in case of reliably certain close pass of the asteroid which directly is 
not menacing by collision. Presence of zones of resonant return (keyholes) concerning the 
small size, arising at excessively close flight by the Earth, but which lead to repeated 
dangerous rapprochement with the Earth, leads to necessity to have rather exact forecast of 
movement of an asteroid for ten-twenty years forward. In particular, for case of Apophis as 
much as possible admissible error of definition of its current place, guaranteeing clearness of 
a dangerous situation, makes size nearby 1 km. Thus specified accuracy should be provided 
not less, than for ten years of the forecast. 

The existing traditional astronomical observation facilities and procedure of the 
determination of orbits cannot ensure this error, but the scarcity of accuracy composes one-
two orders. The reasons for this position they are the, in the first place, limited accuracy of 
optical observations, which composes in the conversion to the current space coordinates many 
hundreds of kilometers. The insufficient accuracy of the utilized models of motion serves as 
the second reason and the uncertainty of the physical mechanisms of the completely small 
disturbing accelerations, nevertheless, which are strongly affected the large periods of 
forecast. As a result the relative error of the forecast of the motion of asteroids today is of the 
order 1·10-6. 

The same difficulties were located in the technology of control of artificial space 
objects; however, they are overcome by the application of radio equipment of the 
measurement of trajectory. As the additional reserves for an increase in the accuracy serves 
the methodology of that consecutively refined the state vector, which includes the additional 
parameters of the model of motion. In the totality these measures made it possible to increase 
the relative accuracy of the determination of the motion of space objects by an order and 
more. In the report the possibility of transferring the above-indicated technology of the 
determination of orbits by the task of measuring the moving coordinates of small celestial 
bodies is examined, the estimations of different diagrams of the refinement of orbits are 
conducted, are given examples and recommendations in connection with to the problem of 
asteroid threat. 
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The determination of the small meteoric bodies sizes 
 
N.V. Popelenskaya 
Institute of Mechanics, Lomonosov Moscow State University, Moscow, Russia.  E-mail: 
aero.natap@mail.ru 
 

The dynamic method of the determination of the small meteoric body’s parameters is 
based on the analysis of the trajectory shone site at movement in an atmosphere with use of 
the given observation of speed and height [1]. Dynamic method has essential restriction - 
impossibility of its application for small meteors which speed does not vary at an atmosphere 
movement, or varies it is not enough, as it is based on change of speed. The solution of a 
weight definition problem of small meteoric bodies with use of some principles of a dynamic 
method is considered in current research. 
 Movement of small meteoric bodies occurs in a free molecular mode and partially in a 
transitive mode at which the thin viscous boundary layer of the fused material of a body and it 
vapor is formed. The basic mechanism of destruction for small meteors is evaporation. The 
solution is based that at such flow of small meteoric bodies a blackout condition means full 
destruction. Expression for a determination of the body size at an atmosphere input turns out 
from a condition of zero weight in last point of an observable site of a luminescence. For 
constant speed this expression turns out from the equation of weight loss, and at little change 
of speed is used asymptotic expression at great values of the ablation parameter for the 
decision of the meteoric physics equations. For determination of the body size values of heat-
transfer coefficient, drag coefficient and heat of ablation are calculated. 
 For calculations values of blackout height and speeds were used at movement in an 
atmosphere from the given observation Canadian and Prairie cameras networks [2, 3]. It is 
supposed, that meteoric bodies have the spherical form and the density corresponding a stone 
(3,73 g/sm3). It is shown, that for small meteors the radius of a bodies does not exceed one 
centimeter, and at absence of braking - no more than 3 mm. The drag coefficient at a free 
molecular flow is equal to two, in a transitive mode varies from 1,5 up to 2. Thus the heat-
transfer coefficient exchange in a range from 0,1 up to 0,2. All this allows to allocate small 
meteors in a separate class with following characteristics: movement in an atmosphere can be 
registered by photogauges, the entry speeds makes not less than 18 km/s, the blackout heights 
not below 66 km. Comparison of the results received in work with data about weights of the 
small meteors calculated on observable luminosity and resulted in tables of the Canadian and 
Prairie cameras networks supervision is lead [2, 3]. 
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Satellite and ground based observations of bolides and superbolides 
 
O.P. Popova  
Institute for dynamics of Geospheres RAS, Moscow, Russia. E-mail: olga@idg.chph.ras.ru 
 

Large events similar to the Tunguska meteoroid (50-100 m in size) occur rarely enough 
(once in 300-1000 years). Smaller meteoroids – bolides and superbolides (up to 1-10 m in 
size) enter the Earth atmospherer much more often (about 10 -20 times a year).  These events 
differ from Tunguska meteoroid mainly by scale. Observations of these meteoroids allow us 
to learn about their properties as well as about the properties of larger meteoroids, to estimate 
the entry frequency distribution on meteoroid energy. 
 Methods of bolides and superbolides observations are described (photographic and 
satellite networks, infrasound and sejsmic registrations). Interpretation of observations is 
discussed, the energy-frequency distribution obtained is compared with distributions 
determined based on other observational data. 
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Anormally fast infrasound of Vitim bolide 
 
Yu.S. Rybnov, O.P. Popova  
Institute for dynamics of Geospheres RAS, Moscow, Russia. E-mail: rybnov@idg.chph.ras.ru 
 

Acoustic station had recorded anormally fast infrasound produced by the entry of Vitim 
meteoroid. We determined the sound speed distribution on the altitude of acoustic waveguide 
based on observed conditions of spreading. The trajectory of infrasound signal was 
determined in the frame of ray approximation. The source characteristics were obtained and 
compared with other estimates. Satisfactory agreement with other estimates was found.  
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Regimes of evaporation of large meteorites in dense layers of atmospheres of planets 
 
V.S. Sazonov 
Central Scientific Research Institute of Mechanical Engineering, Pionerskaya 4,  
Korolyov, Moscow region, Russia, E-mail: astron@tsniimash.ru 
 

Most intensive evaporation of large meteorites with their entry in dense atmosphere 
layers occurs under the action of thermal fluxes caused by the radiation of shock wave (SW). 
Gas – and thermodynamic properties of evaporation (in frame of thermal model) of large 
meteorites, with sizes no less then Tunguska meteorite, are investigated in this work. By 
means of consideration of full conservation laws system taking place on the phase transition it 
is shown that high-sonic as well as up-sonic regimes of meteorite vapor motion may occur 
depending on determining physical task characteristics, such as body velocity, its size, 
material properties and surrounding medium density. The regimes eventually depend on 
contact surface boundary conditions between the vapor and atmospheric gas, namely, – on 
one parameter of opposite pressure to be equal the ratio of suitable pressure and thermal flux 
from SW. As an example the limiting case is analytically considered when the radiation of 
heated air is “locked” by the preceding layer and hydrodynamic flux is fully converted in 
radiant that at the contact surface (i.e. KF =1). 
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New restrictions on nucleus mass density of some short-periodic comets 
 
Ju.A. Snetkova, Ju. Philippov  
Department of general and theoretical physics, Samara State University, Samara, Russia.  
E-mail: JSnet@mail.ru,   e-mail: yuphil@ssu.samara.ru 
 

Today one of the main problems in research of the comet nature is a determination of 
mass density of comet nucleus. On a way of definition of the given parameter there is a set of 
serious difficulties. An estimation of nucleus mass is rather difficult task owing to the small 
effects of gravitational interaction of comets and planets. Determination of the nucleus size is 
also not easy task. The huge distances from a nucleus and dense comet coma interfere to the 
decision of last problem. Till the present moment the attempts of spacecraft to land on a 
nucleus surface for gathering a comet substance have been not successfully achieved. Today 
there are some rough estimates of nucleus mass density, characterized by wide intervals of 
possible values [1], [2]. 

According to the previous talk the new algorithm of determination of mass density 
restrictions  for comet nucleus is represented in the given work. For decision of the given 
problem we developed new multicomponent model of a spherical comet nucleus. 
New stronger restrictions on the interval of allowable values of nucleus mass density for 
comets 1P/Halley and 81P/Wild 2 are received with use of the new algorithm.  

 
1P/Halley:  310 £ r N £ 1151 (�� /� 3), 

 
81P/Wild 2:  310 £ r N £767 (�� /� 3)  . 

 
It is shown, that new restrictions depend from Bond albedo nucleus and are in good 

agreement with the estimations of mass density received by predecessors [1], [3]. It is 
important to note, that new intervals of allowable values of nucleus mass density are 
essentially less that ones received by previous authors. Undoubtedly, it is a new step in the 
decision of the specified problem. The received restrictions on mass density of comet nucleus 
81P/Wild 2 are consistent with the data of space mission StarDust [4]. It also proves validity 
of the offered algorithm. 
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Near Earth objects resonance orbits 
        
L.L. Sokolov, A.A. Bashakov 
Saint-Petersburg State University, E-mail:lsok@astro.spbu.ru 
        

The important property of NEO is the possibility of repeated close approaches before a 
collision; hazard asteroid Apophis demonstrates this property. After known approach in April 
2029 Apophis jumps on the near-resonance orbit and the probability of collision in April 2036 
is more than zero. Each approach is accompanied by trajectories’ scattering and loss of 
accuracy. As a result it is impossible now to derive a deterministic Apophis trajectory after 
2036. 

To receive possible trajectories with hazard approaches and collisions after 2036, we 
use methods of indeterministic celestial mechanics: symbolic dynamics, point-like gravitation 
sphere, quasi-random intermediate motions. The possible hazard trajectories characteristics 
received by the Everhart numerical integrator and the Solar System models DE403, DE405. 

We discuss the loss of accuracy, conditions of indeterministic motion, size of hazard 
initial conditions regions, depending on approaches characteristics. We consider the values of 
minimum geocentric distances corresponding to intermediate collision motions.      
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A calculation of gas and dust flux densities of inner coma for  
67P/Churyumov-Gerasimenko in the vicinity of the comet perihelion  
 
Ju.P. Philippov, Ju.A. Snetkova 
Department of general and theoretical physics, Samara State University, Samara, Russia.  
E-mail: yuphil@ssu.samara.ru,  e-mail: JSnet@mail.ru 
 

A calculation of gas and dust flux densities of inner coma for 67P/Churyumov-
Gerasimenko in the vicinity of the comet perihelion is shown in the given work  with use of 
results of inner coma model [1]. General Euler equations system of hydrodynamics is used for 
calculation of gas flux at the approximation of coma axial symmetry. The system of boundary 
conditions have been defined for the decision of the differential equations system considering 
available phenomenological data for the comet. It was supposed, that the gas fraction of coma 
has two components (H2O-gas, CO – gas). 

Dust fluxes from a surface of comet nucleus are characterized by a wide spectrum of 
possible values of particle mass. The algorithm of work [1] has been used for calculation of 
dust flux densities. It is based on splitting of a mass spectrum of dust particles into a plenty of 
small intervals and use of cumulative mass distribution [2]. The new results for a temperature 
of dust particles and nucleus surface have been applied. Production rates of dust mass both for 
separate mass classes, and for total mass spectrum have been calculated here.  

In the numerical analysis of results it is shown, that carbon monoxide gives main 
contribution to number density and flux of gas molecules on the night side of nucleus. The 
given fact specifies basic necessity of the account of CO-component in precision modelling of 
gas fraction of coma. Distributions of radial and tangential velocities of gas molecules are 
received. It is shown, that gas and dust propagate almost spherically symmetric. Similar 
character of gas propagation has been found out in theoretical modelling of coma for comets 
46/PWirtanen, 81/PWild 2 [3], C/1995Hale-Bopp [4]. The distribution histograms of number 
and mass flux densities for various classes of dust particles are also submitted here. Limiting 
values of a phase angle for which massive particles of the given class still can be lifted from 
nucleus surface are calculated.   
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[3] Muller M. A model of the Inner coma of comets with applications to the comets P/Wirtanen and P/Wild 2: 
Dissertation for the degree of Doctor of Natural Sciences.  Heidelberg, Germany, 1999.  97 p. 
[4] Combi M.R., Kabin K., DeZeeuw D.L., Gombosi T.I. Dust-gas interrelations in comets: Observations and theory 
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How precise is our knowledge of (99942) Apophis orbit and what is probability  
of Apophis collision with the Earth after 2029 
 
V.A. Shor, O.M. Kochetova, Yu.A. Chernetenko 
Institute of applied astronomy of RAS, St. Petersburg, Russia. E-mail: shor@ipa.nw.ru 
 
Potentially hazardous asteroid 2004 MN4 subsequently numbered 99942 and named Apophis 
has the orbit of Aten type with semimajor axis less than that of the Earth and only in the 
vicinity of aphelion going out of the Earth orbit. The orbit has small inclination to the ecliptic 
and unusually small MOID (minimum orbit intersection distance) with respect to the Earth 
orbit equal to 0.00027 A.U. This determines possibility of very close approaches of the 
asteroid with the Earth which take place when the Earth crosses the node line of the asteroid 
orbit on ecliptic approximately simultaneously with the asteroid being in ascending node. The 
nearest in time close approach will happen 13 April 2029 when the minimum distance of the 
asteroid from the Earth center  will be as small as 38000 km. Such close pass by will result in 
substantial perturbations of the asteroid orbit which will be transformed into Apollo type orbit 
with  semimajor axis greater than 1 A.U. and revolution period  longer than one year. The 
perturbations critically depend on minimum distance attained during the approach. Among 
possible transformations are those which lead to new dangerous approaches with the Earth 
and even to collisions with it starting from 2036. Dimension of Apophis (~270 m) and 
peculiarities of its orbit are such that it is difficult to wait for new ground base observations 
before 2012. At the moment there are 989 optical and 7 radar observations made at the time 
interval from 15.03.2004 to 16.08.2006. Radar observations are more informative as 
compared with optical and they can substantially improve precision of the orbit determination 
even if their number is small. At present at least four solutions are known for the Apophis 
orbit which are obtained using all radar and most of available optical observations [1, 2, 3, 4].  
In all instances orbital parameters were found by the weighed lest square fitting. At least in 
three cases the sets of improving parameters were different. The equinoctial elements, the 
rectangular coordinates and velocities, the comet orbit elements (T, q, e) were used, as such. 
In addition, in all cases assigning weights to different observations were distinct. Also the 
model of motion varied to some extent in different cases. It is of great interest to compare 
parameters found and estimations of their precision. The more so as small differences in 
initial values of orbital parameters lead to great changes of prediction of Apophis motion after 
2029 and to different estimation of  collision probabilities in 2036 and in subsequent period. 
An attempt is made in the presentation to estimate how close to each other are found solutions 
and their mean errors and what differences in prediction of collisions stem from distinctions 
of models and neglected factors exerting some actions. 
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Investigating the circumstances of the 2002 Vitim bolide fall  
 
S.A. Yazev 
Astronomical Observatory of Irkutsk  State University, Institute of Solar-Terrestrial Physics SB RAS, 
Irkutsk, Russia. E-mail: uustar@star.isu.ru 
 
V.S. Antipin 
Institute of Geochemistry SB RAS, Irkutsk, Russia, E-mail: antipin@igc.irk.ru 
 
On the night of September, 25, 2002 in northern Irkutsk region a bright bolide accompanied 
by powerful light, acoustic and electrofonic phenomena was observed. At our suggestion, it 
was named the Vitim bolide. The Institutes of the Irkutsk Scientific Center SB RAS and the 
Irkutsk State University in 2002-2003 sponsored three expeditions to the area of the 
meteoroid's conjectural fall. The eyewitnesses were interviewed, the area along the fall line 
was surveyed, the bolide's radiant was determined. Analysis of the cosmogeneous particles 
(spherules), picked up in the snow samples close to the flight line projection during the 
second expedition (April 2003) was carried out. Numerous damages to the wood presumably 
owing to the blast effect were established, some conflicting data on the radioactive 
background increase on the day of the bolide's fall were obtained. The high power of the 
bolide's by-phenomena is, probably, associated with the high velocity of its entry into the 
Earth's atmosphere. The comparisons of the Vitim bolide with the Tungus event, widely 
spread in some mass-media, appear ungrounded: the energy release of the events differs, at 
least, by 4 orders of magnitude, the woodfalls, assigned to the bolide, were formed long 
before 2002. The bolide flight in northern Siberia confirmed inability of the present-day space 
monitoring devices to detect high-velocity meteoroids when approaching the Earth, thus 
confirming a high urgency of organizing the work to predict and prevent the asteroid-
cometary danger.   
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Fall of the Q2 secondary nucleus of comet Shoemaker-Levy 9 as “the Tunguska 
meteorite” phenomenon in the jovian atmosphere on 20 July 1994 
 
K.I. Churyumov,V.G. Kruchynenko, V.V. Kleshchonok  
Astronomical Observatory, Kiev Shevchenko National University, Kiev, Ukraine. E-mail: 
klim.churyumov@observ.univ.kiev.ua 
 
L.S. Chubko  
Kyiv Aviation University, Kiev, Ukraine. E-mail: larisa_ch@inbox.ru 
 
On the basis of speed photoelectric observations of the Io flash from the fireball in the 
atmosphere of Jupiter during the fall down of fragment Q2 of comet SL-9 was registered. The 
flash of the Q2 fragment July 20 with the amplitude 0.11 mag and the continuity 1.0 sec, was 
registered during observations of Io. Analogous parameters of this flash were obtained at the 
Vatican Observatory. The data allowed to estimate energy of the flash and the fragment 
radius. We accepted two values of the coefficient k of part of the total kinetic energy 
transformed in light radiation k = 1% and k = 0.1% and obtained the following estimates for 
the size of the secondary nucleus Q2 of SL-9: for k = 1% R(Q2) = 0.65 km for �  = 0.3 g/cm3 
(0.43 km for �  = 1.0 g/cm3) and for k = 0.1 R(Q2) = 1.2 km for �  = 0.3 g/cm3 (0.86 km for �  = 
1.0 g/cm3). The total amount of dust observed in the upper layers of the Jovian atmosphere 
was injected through by heat burst from the lower atmosphere simultaneously with the plume 
output to the level of the upper layers of the clouds. Possible origin of comet SL-9 is 
discussed.
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� n collision of the copper-aluminium impactor as an artificial meteoroid  
with the 9P/Tempel 1 nucleus on 4 July 2005 
 
K.I. Churyumov, V.G. Kruchynenko  
Astronomical Observatory, Kiev Shevchenko National University, Kiev, Ukraine. E-mail: 
klim.churyumov@observ.univ.kiev.ua 
 
L.S. Chubko  
Kyiv Aviation University, Kiev, Ukraine. E-mail: larisa_ch@inbox.ru 
 
The copper-aluminium impactor of the spacecraft Deep Impact which had mass of 372 kg, 
collided with the 6-km icy nucleus of short-periodic comet 9P/Tempel 1 at velocity of 10.2 
km/s on July 4, 2005. As one of results of collision an artificial impact crater was formed on 
the surface of the comet Tempel 1 nucleus. Using theoretical model (Opik’s model) of 
collision of the copper impactor with the cometary nucleus the possible crater diameter on the 
nucleus of comet Tempel 1, formed by the impactor, must be equal from 22 to 57 m and its 
depth must be equal from 4.8 to 5.6 m. Maximal value of a diameter crater equal to 80 km for 
sp= 1 � N/m2. Unfortunately the real sizes of artificial crater in the course of the Deep Impact 
mission was not determined by direct measurements. 
The dependence of strength sp of superficial layers of the cometary nucleus of comet 
9P/Tempel 1 from diameter D of the formed crater is given by  
 

sp = 5.17×1020 D-4.286 
 
At the same time, in the work (� ’Hearn, et. al., 2005) from the analysis of emission of very 
fine (micron) particles which make a surface of a comet as authors approve, by depth in tens 
meters, strength of such substance it is certain as extremely small - less than 65 P�  = 65 N/m2. 
If to accept such strength in our model we receive, that diameter of a crater can be the order of 
150 m.  
 
References: 
Opik E.J. Interplanetary encounters. New York: Elsevier scient. Publ. Comp, 1976. 155 p.  
A'Hearn M.F., Belton M.J.S., Delamere W.A. et al. Deep Impact: Excavating Comet Tempel 1 // Science. 14 okt. 
2005. B  310. P. 258-264. 
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Curuça 1930: a Mini-Tunguska? 
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The explosion of meteoroids in the atmosphere is a well documented phenomenon. 
Most of them are objects of few meter diameter whose explosions are harmless but, when the 
object has a diameter of several decameters, the burst can destroy vast areas bellow it, as it 
was the case of the Tunguska event. 

In August 1930, Father Fedele d’Alviano arrived to the Curuça river area in order to 
fulfil his annual mission. At his arrival, he found that the local people was terrified because 
some days before they have witnessed fall of ash, fireballs and explosions that make them to 
think the world was ending. The missionary realized that this event must have been the result 
of the explosion of a large meteoroid and he sent a report about it to L’Osservatore Romano. 
This report was almost forgotten for many years until 1995 when Bailey wrote a paper about 
Curuça where he suggested to work about it. 

Since 1995, Ramiro de la Reza and coworkers have been looking for evidences of 
Curuça event. Angel Vega has found a seismic record in the San Calixto Seismological 
Observatory at La Paz, Bolivia in the same day and approximately the same hour as the 
Curuça event. From the seismogram, and assuming that the amplitude of the signal was 
produced by the Curuça explosion at a distance of 1307 km he concluded that the magnitude 
of the quake was Ms ~ 4.7 in the Richter scale, somewhat smaller than Tunguska’s (Ms~5). 
At about the same time Paulo Serra claimed to have identified in LANDSAT images, 
corresponding to Father Fedele 1930 site, a circular structure of about 1 km diameter. De la 
Reza proposed that this structure could be the trace of an impact crater produced by the 
Curuça event. 

In this work we study de la Reza’s hypothesis. After calculating the energy necessary 
to create a one-kilometer diameter impact crater (8 MT) we estimated that the 8 MT ground 
explosion could have generated a 6.4 magnitude quake; such a quake would have been 
registered in most seismic stations around the world; since there is no evidence of such 
seismic record we conclude that Reza’s circular structure is not an impact crater. Moreover, 
an inspection by Cinna Lomnitz (to whom we are very grateful for his comments) of the 
original seismogram from La Paz revealed that the published digitalized seismogram used by 
Vega was not a faithful reproduction of the original record, which revealed instead a local 
event and not an earthquake as far as Curuça. In fact, P.M. Descotes S.J., at that time (1930) 
director of the La Paz Observatory, identified such a record as due to a small local event at a 
distance of 210 km from La Paz Observatory. 

Since there is not doubt that the Curuça event was real then we can conclude that the 
bolide exploded in the atmosphere, similarly to Tunguska’s. Assuming that the circular 
structure is the trace of the limits of the forest destruction, we can infer, following Hills and 
Goda’s treatment of the Tunguska event, that the energy liberated in the atmospheric 
explosion was about 2 MT, produced by a 23 m diameter object entering the atmosphere at 
15 km/s.
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Light curve and photometrical peculiarities of periodic comet 17P/Holmes 
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Comet Holmes was discovered by Edwin Holmes on Nov. 6, 1892 during a large 
outburst. On Jan. 16, 1893 a second outburst occurred. During the following appearances in 
1899 and 1906 the comet was faint (only 13m and 15m, respectively). The comet was last 
observed on Dec. 7, 1906. After the 1906 apparition the comet was lost. B. G. Marsden found 
that a close Jupiter passage on Dec. 9, 1908 changed the comet's orbit considerably. He 
predicted the next comet's appearance in 1964. The comet was recovered on July 16, 1964 
using Marsden's prediction. The comet has been observed at every return since 1964. 

During the appearance in 2007 the comet had shown a unique outburst of amplitude 
about 15m on Oct. 24, 2007. Authors constructed and studied the light curve of integrated 
visual brightness of comet 17P/Holmes during appearance in 2007. The values of 
photometrical parameters H0, n, and H10 were computed for all observed comet's appearances. 
The secular variation of cometary brightness was studied. The quasi-periodicity of the 
cometary activity is discussed. The total light curve and light curve of outbursts were 
compared with variation of solar activity indexes. The results of our observations of comet 
Holmes are discussed also. The results obtained by authors are important for development of 
outburst mechanism of this comet. 
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The Patom crater in Eastern Siberia:  
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The paper includes the results of the new complex investigations of the Patom crater 

discovered by V.V. Kolpakov in northern Irkutsk region in 1949. We present the data of 
videofilming and photography, analysis of its zonal structure based on the compiled 
geological map, the crater's dimensional characteristics, radiative and magnetic surveys, and 
also the data of dendrochronological studying the larch slices sawn off on the crater. 
According to these data, A.M.Portnov's hypothesis about the connection between the 
formation of the deposition cone and the impact of the Tungus space body's fragment is 
proven wrong, since the crater's age is over 300 years. All the analyzed rock material both 
within the crater and in its environment testifies to the absence of any signs of meteoric 
substance presence or any related geochemical anomalies. Geological investigations 
established the Patom crater to be a zonal ring structure whose individual zones are non-
simultaneous formations: the early ring swell, the late ring swell, the ring trench and the 
central hill. Geochemical research of all the rocks composing the crater testify to the deep-
seated flow of gas components of endogenous origin effecting them. Inflow of gas and fluid 
components along the fracture zone of higher permeability, evidently, was the main factor in 
the formation of the deposition cone. We discuss a probable model of the crater's origin. 
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Tunguska Meteorite was the first phenomenon in our history that had all features of 
collision with space body, but without of detection any meteorite material in the epicenter. 
Terrible disaster of taiga at the region of Podkamennaya Tunguska and serious reasons to 
believe them to be result of collision of space body to the Earth became in the late XX-th 
century the most valuable evidence of “asteroid hazard” reality. The very rough estimations of 
the Tunguska body before its penetration to the Earth’s atmosphere lead to its diameter to be 
from 50 to 80 meters. So a simple existence in the neighborhood of the Earth’s orbit of 
kilometer-sized asteroids could not be ignored and provoked extrapolations of the Tunguska 
disaster to kilometer-sized bodies fall. The very serious hazard of such collision, mortals to 
our human civilization, became the base for campaigns of total detection and catalogue of 
“dangerous asteroids” and of inventions of methods to push them away from collision 
trajectories. Really the Tunguska phenomenon is a key to proper understanding of the 
“asteroid hazard”, that has no direct connection to true asteroids. An analysis of soils inside 
astroblems – huge craters of no doubt impact origin, - did not reveal any sample of meteorite 
matter. To produce impact and left no tracks of impactor only comet nuclei can, exclusively 
being comet nuclei of the first generation. They consist of ices of volatile matter and sub-
micron dust particles only, that must be totally diluted after explosion produced by impact at 
space velocity. As the comet nuclei of the first generation are relicts of primary matter of 
proto-planetary disk that formed all the Solar System planets, the chemical composition of 
primary dust is identical to the chemical composition of the Earth, and any possible 
differences between impactor and the Earth after dispersion of explosion products over the 
Earth will be impossible to detect. So the Tunguska phenomenon is not only a sample of 
disasters produced by impact of space body, but an indicator of nature of dangerous body. 
Taking in account that there are about 40 impact craters on the Earth with diameter exceeds 
20 km, and their ages that separate them by 10…20 billion years, one can estimate necessary 
comet flux through central part of Solar System (inside Jupiter’s orbit) to explain astroblems. 
It is about 1 comet per year. This estimation is strangely close to observed comets flow: 
during written history about 600 comets were observed. They have revolution periods from 3 
to thousands years, and several comets at any year passes near the Sun. Some of them are 
comets of the second generation, i.e. producing meteors or bolides streams of refractory 
particles. The observed flux of the first generation comets may be less then 1 per year, and it 
is a reason to suppose existence of comet nuclei that do not reveal comet properties, but 
nevertheless being hazardous objects for the Earth. 
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Geological and geochemical role of impact processes in evolution  
of planets and small bodies of the Solar system 
 
A.T. Basilevsky and O.I. Yakovlev  
V.I. Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy  
of Sciences, Moscow, Russia. E-mail: atbas@geokhi.ru; yakovlev@geokhi.ru 

 
Tunguska event of June 30, 1908 was a demonstration that celestial bodies can impact 

our Earth and cause large-scale catastrophies. However such impacts and features produced 
(e.g., crater Meteor) were considered as something exotic and different from “normal” 
geological events and features. The true role of impacts among other geological processes 
started to be understood only in the 20th century 60’s, mostly due to findings of terrestrial 
features bearing mineralogical evidence of very high pressures (100’s kbar) which were 
interpreted to be formed by the high-velocity meteoritic impacts. But real break-through in 
understanding of great role of impact processes happened only in early 70’s when samples 
brought by the Apollo and Luna missions showed that lunar materials are highly depleted in 
volatiles. This excluded origin of lunar craters due to volcanic explosions and in combination 
with presence of meteoritic matter in lunar highland breccias proved that majority of lunar 
craters were formed due to meteoritic impacts. Isotopic dating of the returned samples showed 
that lunar highlands saturated with large craters were formed within the first 600 m.y. of the 
lunar history suggesting period of heavy bombardment. It became obvious that Earth being a 
close neighbor of the Moon also had to be inevitably exposed to such bombardment. Soon 
after, space missions showed presence of heavily cratered terrains on Mars and Mercury and 
then on some other Solar system bodies, suggesting that heavy bombardment was an event 
affected all the bodies within the planetary system of the Sun. Later studies showed that 
structure of impact craters depends on local environments such as gravity, parameters of 
atmosphere and enrichment of target materials in volatiles. Some impact features on planetary 
surfaces, such as splotches on Venus (Figure left, arrows) and clusters of small primary 
impact craters on Mars (Figure right), show analogies with Tunguska event. 

 

 
 

Studies of lunar samples, terrestrial impactites in combination with model experiments 
showed that high-velocity impacts can result not only in fragmentation, transportation and 
solid-phase transformations, but also in geochemical differentiation through differences in the 
high-temperature volatilities of chemical elements leading to their spatial separation. In 
particular, impacts into ultramafic and mafic targets could be resulted in segregation of vapor 
enriched in silica and alkalies thus making possible an appearance of granitoid materials very 
early in the history of Earth.  
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Simulation of the unique Patomskiy crater formation 
 
Yu.K. Bivin and I.V. Simonov  
Institute for Problems in Mechanics of RAS, Moscow, Russia. E-mail: simonov@ipmnet.ru 

 
In 1949, some strange and unique (by form and by spatial arrangement) crater from the 

fractured rag has been revealed by one of Russian geologists in Siberia and in 2005 – 06 the 
scientific expeditions have been organized. Geometry of the crater, sizes of its constituent 
pieces, magnetic field and radiation   have been under investigation during these expeditions.  
The strange crater dated at about 250 years has only positive relief  and  is shaped as an 
artificial mound of  70 �  height and mass about 1 ml  t with size of rag pieces from 
centimeters to   7-9 m. There are a caldera or a cone of depression on its top having 76 m in 
diameter and in its center a rising in the form of hemisphere of 15 m in radius. The question is 
what is the reason of such crater formation ?  In this work, a mathematical model which try to 
clarify this event is suggested on the ground of the following two physical promises:   1) 
Impact of  a high-density and high-strength (unique) meteorite as a rigid projectile has 
fractured the rock  in  volume of a longitudinal cylinder. 2) This fractured zone advances to 
the depth an underground cavity containing gas under anomalous pressure and this gas ejects 
the rock from the fractured zone quasi statically without explosion feature on the free surface.  
According to this model and invoking the theoretical-experimental results on high-velocity 
penetration, the projectile and gas cavity parameters are estimated as reasonable values. 
Moreover, the experimental simulation of the second phase of the fractured rock ejection was 
carried out on the laboratory scale. Sand or (in another experiment) quartz grains were placed 
into a long metal tube and then was ejected from the tube on the artificial inclined surface (as 
far as the natural crater is placed on a gentle slope) by hand with the help of a piston. The 
formation of dome-shaped height in the centre of the crater that presumably is the secondary 
effect induced by a gas oscillation is supported by experiment. It can be observed that the 
geometry of the natural crater is in good agreement with its reduced experimental counterpart 
(see figures below). These results validate the hypotheses and the mathematical model  
proposed.   
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About hypothesis of Edmund Halley and attributes for impact origins  
of the Southern Caspian Sea basin in pliocene 
 
B.N. Golubov*, S.G. Gevorkjan**  
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Till now does not find a satisfactory explanation an originality of separate pages of 

geological history of the South-Caspian newest tectonic basin in pliocene. From here there is 
an opportunity for interpretation of some characteristic tectonic, morfostucture, lithology-
geochemical and paleontologic features of the South-Caspian basin from positions of its 
hypothesis impact (shock) origin. This hypothesis was formulated for the first time by English 
astronomer Edmund Gallej in the end of XVII century. 

In the report the history of statement of a question about impact origin of the South-
Caspian basin is given. It is analysed geological features of a tectonic basin of Southern 
Caspian Sea which can serve as its attributes of his impact origins. Calculation checking of 
impact hypotheses is executed within the limits of cratering mechanics. 

If the South-Caspian basin is really was formed as result of falling of an asteroid, that, 
according to our calculations, similar event should take place not further, as 6 – 7 million 
years ago. Thus the hypothetical South-Caspian crater should have in the beginning of the 
existence about 210 km in a diameter and depth about 30 km. The settlement weight of the 
fallen asteroid makes 8,8.1018 kg, the sizes – from 130 up to 180 km in a diameter. Energy for 
forming of crater appears equal 2,58.1025 Joule. 

For the decision of a question on legitimacy or illegitimacy of a hypothesis about 
impact origin of the Southern Caspian Sea basin it is necessary: to specify an age interval of 
formation of red-colour Pliocene deposits; to investigate composition of debris material from 
red-colour deposits in order to find the minerals of a space origin.  
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The aeroballistic forecast of areas of falls of celestial bodies  
such as Tunguska meteorite  
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The report describes the results of analysis of probable accuracy of prediction of 

regions of asteroids’ and comets’ falls onto the Earth. The provision of such prediction is very 
important due to non-availability of the system of the Earth defense against collisions of these 
objects at present. Therefore in case of collision danger occurrence the only way to avoid bad 
losses is evacuation of people, materials and other valuables.  

The software has been developed by the authors of this paper and simulation of motion 
of dangerous celestial bodies (DCB) in the Earth atmosphere has been carried out taking into 
account the possible variations of physical, aerodynamic and atmospheric parameters of entry.  

For three variants of DCB – ice, stone and iron – the parametrical analysis of the 
effects of deviations of corridor and angle of entry, variations of parameters of atmospheric 
model, mass-overall and aerodynamic characteristics on fall points dispersion has been made. 
The analysis of DCB energy losses due to atmospheric effects has been made. 

It is shown that the greatest variations of final parameters are observed for decametric 
objects such as Tunguska meteorite. 

Using the method of statistical simulation (Monte Carlo) the analysis of sizes of 
ellipses of dispersion of points of DCB falls has been made taking into account the possible 
zones of destruction depending on impact energy. 

The conclusion on necessity of formation of reliable initial data for increasing of the 
accuracy of forecast of regions of falling of probable celestial bodies has been made. 
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Potential danger to the Mankind existence is concealed in a possibility of global 

explosion of thick (~800 km) ice envelope of Callisto – the fourth Galilean satellite of Jupiter. 
The explosion cause is an accumulation in ice, in the solid solution form, of 15-20 wt.% of 
2H2+O2 – products of the volumetric electrolysis of ice containing foreign inclusions with 
electronic or hole-type conductivity (the ice itself is a protonic conductor). The electric 
current needed for the electrolysis is generated by the satellite motion in Jovian 
magnetosphere. In the past, similar explosions had place on three other Galilean satellites (in 
total, 5-6 events during 4.5 aeons). That explains their features [1] as well as origin and 
known properties of irregular satellites and Trojan asteroids of Jupiter [2]. Saturn’s satellite 
Titan exploded as recently as ~104 years ago what gave birth to its atmosphere, and to rings 
and long-period comet family of Saturn [3]. The icy fragments of such explosions are nuclei 
of typical short-period (SP) comets. They also contain 2H2+O2 what makes understandable 
numerous up to now puzzling manifestations of comets. Data of recent Deep Impact and 
Stardust space missions to SP comets are in a rather poor agreement with traditional 
condensation-sublimation cometary scenario, while strongly favoring our paradigm on 
planetary origin of comets [4]. 

We do not know what is a degree of Callisto’s ice envelope saturation with 2H2+O2. If 
the envelope explodes, about 109 icy fragments of C0.3 km size will appear in orbits of SP 
comets of Jovian family. After several decades, a body causing an explosion with C1 Mt TNT 
will strike the Earth every day, with C103 Mt – once a year, and once in a man’s life, C105 Mt 
[5-7]. Apart from purely impact effects (supertsunami, heating of atmosphere) and poisoning 
of the air by such components as HCN, CO, NO etc., impacts in excess of 105 Mt TNT could 
produce a “nuclear winter” phenomenon resulting from the appearance of huge amount of 
dust in the atmosphere. 

Such repeated climatic catastrophes will be devastating for the Earth’s biosphere and 
Mankind. Hence, it is obvious a necessity of organizing and assigning the highest priority to 
the space mission aimed on determination of the electrolysis products 2H2+O2 content in the 
ice envelope of Callisto. 
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That the Tunguska event had been initiated by a tangential impact of a small comet 
nucleus or an asteroid was a hypothesis put forward long ago. The problem consists 
essentially in how to convert the energy of the body motion (~10-40 Mt TNT) into that of an 
atmospheric explosion (there are witness accounts of a turn in the body’s trajectory) without 
at the same time leaving fragments left on the ground (their absence makes us to reject the 
asteroid version). Turning now to the hypothesis of an icy comet nucleus, drawing upon 
standard concepts of comets as products of condensation in cold trans-Neptunian regions, it is 
unclear what could have forced ice to explode, with its vapors, expanding in the transverse 
direction as well, increasing sharply the cross section of interaction with the air to an extent 
where the force of resistance of its large volume would be able to accommodate the initial 
kinetic energy of the nucleus. 

Data amassed in the two recent active missions to Tempel 1 (Deep Impact) and Wild 2 
(Stardust) comets are in many respects in conflict with the condensation-based cometary 
paradigm. They rather should be considered as supporting the New Explosive Cosmogony 
(NEC) of comets which assumes them to be fragments of global explosions occurring in 
massive icy envelopes of Ganymede-type bodies. Their dirty ices saturated to form essentially 
solid solution of the products of their volumetric electrolysis, 2H2+O2, to a concentration of 
up to ~20 wt.% are prone to detonation initiated by an impact. Such an explosion of a Pluto-
like body with a satellite had created 3.9 aeons ago the Main Asteroid Belt [1]. The Galilean 
satellite system of Jupiter underwent a few explosions (5-6 events altogether; Callisto did not 
yet explode). The ices on Titan did explode ~104 y ago, thus creating its atmosphere, and 
rings and young LP comet family of Saturn [2]. The NEC suggests that cometary ices also 
contain 2H2+O2, that catch fire when becoming gases at the ice sublimation. The existence of 
the internal energy source sheds light on many events that seemed strange (bursts and 
breakups of comet nuclei correlating with Solar activity, the appearance of ions and radicals 
close to a nucleus etc.). The excess energetic of ejecta from the Deep Impact crater had been 
predicted by us in advance and confirmed by this experiment [3]. The dust collected in the 
Stardust, as well as Deep Impact observations reveal indications of dust particles having been 
involved in burning in oxygen deficiency conditions, likewise in agreement with the NEC [3]. 

Therefore, when a small (~50-100 m dia.) comet nucleus entered in 1908 nearly 
tangentially the Earth’s atmosphere with V ~ 20-30 km/s, the shock wave generated in it by 
air resistance transformed in its 2H2+O2-containing ices into a detonation wave [1]. The 
energy of the burst itself reached hardly ~10% of the nucleus kinetic energy. But the 
expansion of the explosion products increased dramatically the object cross section from ~103 

to C106 m2. As a consequence, the energy of its motion became converted to an extremely 
strong shock wave in the air, with the ensuing massive felling of trees, scorching radiation, 
disturbances of the Earth’s magnetic field etc., while the dust dispersed in the atmosphere 
caused its unusual glow. As we see, all the three active experiments, starting with penetration 
of a comet nucleus into the Earth’s atmosphere in 1908, argue persuasively for the validity of 
the NEC. 
[1]  Drobyshevski E.M. Moon & Planets. 1980. V. 23. � . 339-344; A&ATrans. 1997. V. 12. � . 327-331. 
[2]  Drobyshevski E.M. Mon. Not. Roy. Astron. Soc. 2000. V. 315. P. 517-520. 
[3]  Drobyshevski E.M. Icarus. 2008 (in press); arXiv:astro-ph/0702601
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Space telescopes for the small hazardous celestial body detection as well as their 
motion parameter determination 
 
V.A. Emeljanov 
TSNIImach, Korolev, Russion  
E – mail: ChernovaNA@yandex.ru 

 
The reasons of the absence of small celestial body observations being carried out by the 

Earth-based telescopes as well as the urgency of the space-based telescopes use are described. 
The principles of their creations are considered. The requirements to the efficiency of the 
space telescopes system for small hazardous  bodies detection and observations (the minimum 
detection size, the time before  the body falls on Earth, the accuracy of the motion parameter 
determination), as well as  the requirement parameters of the space telescopes have been 
obtained. The long – duration (up to 25 years) imitation modeling of supervision sessions of 
Apophis asteroid have been carried out by the two space – based telescopes (ST), placed in 
the Earth orbit. At the work of ST in automatic search survey mode the asteroid stay in vision 
zone time equals 4,25 years, the stay in the dark time equals 3,75 years. Modeling of 
synchronously – basic supervisions of Apophis by two space telescopes and accuracy in 
determination of orbit elements, radius and velocity vectors as well as fly-by distance from 
Earth center at the moment of subsequent asteroid passage through the ecliptic plane have 
been evaluated.  



 

 180

���..�  -	�	�38  -���	����38  $�����	%  ��  %	#�	$�  �	#$	%#$	2  	4��#��   
 
 .5 . �����#�
"   
����
���/���/  �
�2�
 -�����&
�
�������/  ��
�
��2����/  ��������  
 �� . � .� .�
�4����
�
  (�" 	 ! ), "
��� -�����(��� , $
���� . E-mail: sleng2005@mail.ru 

 
��  "�����
  !����"����  �(�����  "  '��
�����  �����
  ("  140 ��  ��  ����	�  !���"# ) 

�����  ����	�  ��-��0  �������)
��  ��
���  �*
�  -  �
�	��0
 , $
�
-
����
  �  �����"���
  
(�����"���
 ). ���  ���
���"�  ����"��/�  ��  ��
�����"#�  �������  �  �1�������������  
	�����  �
�������� . ��
  �*
��  ��
/�  ���"��0�
/  ��
��
/  ����
  �  (��0-
/  ��
(��
 . 
%	�"��
�0�� , ���  ���  �������)
�#  ��  �	���  �����  (��  �*��
�
  36°  � ). �����  "  	�����  
�����
  �
  ��*"��  �  �*
��  �������)
�#  ��  �
����� -�������#�  ����)
����  �
*�*�� . �  
������.��  ���
��  ��)��  �  (��0-��  	��
�  
"
�
�����0/  ��"����0  �  �
�
�������  �����	
  
1���  �*
� . 

�*
��   �
�	��0
  �*
�
��  ���(��

  ����-�  ��

�  ��
(��
  	�  31,4 �  �  	���
��  270 
� . �*
��  ���
)
��  ���0+
"#�  "���� . �#����  "���  �����"��
�  �����  4-5 �  ��	  
��"�
�  
"�	#  �  1-2 �  ��	  
��"�
�  ���
)�/.
�  �
������� . ���  ���)
�  ���0��  	����+���"���#��  
�
�������#��  ������� , �����#
  �
�
��#"�/�  �#��#
  �
	����"#
  �
��� . &���	#  "���  
��	
�)��  �(�����  ��
��
� , ��*"��#�  ��  ��
(��
  40-50 � . �  �	
����#�  -
����  ��  "��
  
(#��  �(���
)
�#  ����	# , ��	
�)�.�
  ������"�
���
  ��������
  ��
��� . �  
������"�
��#�  ����	��  (#�  �(���
)
�  �
	���  ���
���  �
�������  (SiC), ���	
��#�  "  
������.

  "�
�� , "  ���*������  �
�
�������  ����
�
  ( '� ) �  "  �
�����#�  �
�
������ . 

�*
��  $
�
-
����
  �������)
��  "  4,4 ��  ��  �* . �
��	�0
�� . ���  ��

�  ��
��
/  
����
 . ����
��  �*
��  �����  290 � , ���  ��
(��
  �����  15 � . ,��)
  ��(�/	�
���  ���0+
"��  
"��  ���)
��#�  �
����#��  ����	��� . ��  (
�
�
  �*
��  ���	
�#  �
*#����#
  �������#
  
��
��� . 

�*
��  �����"���
  (�����"���
 ) �������)
��  /)�

  ��  ����������  "  4,8 ��  ��  �*
��  
$
�
-
������ . ����
��  �����  280 � , ��
(���  17,5 � . ����
�  �*
��  ��(�/	�
���  �
  
"#�����  ���0+
"��  "�� . �  �
�0
�
  	��  ����
���"
/�  ���0+
"#
  �
����#  �  
��
�# . ��  
(
�
�
  �*
��  (#��  ���	
�#  �(�����  �
�����  �
*#�������  ����������  ��
��� . 

:#��  ���"
	
��  ���"�
��
  ����������
����  �����
���"  1���  �*
�  �  ���������
�  
�*"
���#�  �
�
�����#�  ����
��" , ������
  ����*���  ��  *�����
�0��
  ���	��"� . ��
"�	��  
�����"��#  1���  �*
�  �(��*�"����0  ����
  
��	�  �  1���  �
��������  �
	���� , �  ��
/�  
"�*����  ����)
  10 �#� . �
� . �
  ����/�
�� , ���  
.
  �
�����#
  �*
��  "���������  
&�	�����"0�  ���)
  ��
/�  �
�
������
  �������)	
��� . 

&�	
���  ������
�����  �
��  �  �(��*�"���
  ����
��"  ��
��  �����������
���
  
����
	��"��  	��  "�
��  �
����� . ,��  ��  ���"
	
��#�  ����
���  "*�#" , "  �
*
�0���
  ��������  
�(��*�"����  ���0��  �	��  ����
�  « �
�	��0
 », (#�  1�"�"��
��
�  "*�#"
  10 �����#�  (��(  
�(��-
��#�  ��  �������
 .  �
	#  1����  ��(#���  (�����������
����  ���� ) 
.
  ��
	�����  
�����  "  �
�"
�����#�  ����)
����  ������ . 3���  ����  ��)��  �����0*�"��0  	��  �
�����  
����
��+��  ��*�
*�"  �
�"
�����#�  �����
	����"#�  ���	���#�  ����)
��� . ��
���  ��  
����"
  �����*�  �
�"
�����#�  ���	���#�  ����)
���  ��	
�)�.��  �����������
����  ����  
��)��  ����*"
���  �����
  ���
	
�
��
  "�*����  1���  ����
��" . ,���
  ��(��#  "  ������.

  
"�
��  "#����
�#  "  ���������  	��  ����
��"  �����  "  3������ . 

��)����0  	�����  ����	��  	��  �
�����   �
	�
�  �����#  ������  ���)��  �
�
�+
���0 . 
�  +
���  ������
���  ����
��  +
�
���(��*��  �����0*�"��0  
��
-�#�  ��#�  �����#  
�
�
�����#�  ����
��"  "   '� , �
������  �  3������ . 



 

 181

Group of young meteor craters in the east of Moscow area (Russia) 
 
S.J. Engalychev 
Russian Geological Research Institute of A.P.Karpinsky (VSEGEI). St.-Petersburg, Russia. 
E-mail: sleng2005@mail.ru  

 
A group of lakes Smerdyacheye, Lemeshenskoe and Karpovskoe is located in the East 

of the Moscow district in Shatura region nearby the town Roshal’ (140 km from Moscow). 
They are apparent in satellite images and aero- photographs of the territory. All lakes are of 
the regular round shape and of great depth. It is surprising that all of them are located along 
one line (from azimut 36 NE). Carst is not developed in the area and the lakes are located in 
Mezozoic sandy-clay sediments. At present, we may surely state meteoritic (impact) nature of 
the said lakes. 

The lake Smerdyacheye is the mostly investigated; it has the depth of 31.4 meters and 
diameter of 270 meters. The lake is surrounded by ringed hill. The height of the hill is around 
4-5 m above the water level and 1-2 m above the surrounding land. The hill is composed of 
strongly dislocated sandy-clay deposits, which cover mellow glacial sands. Deposits of the 
hill contain fragments of flint, developed at the depth of 40-50 m. We found deposit 
containing melted impact glass in the pits drilled in the hill. In impact glass were found 
crystals of moissanite (SiC). This rare mineral is formed in conditions of high pressures. This 
mineral was found in Meteor Crater (Arizona, USA) and in several meteorites. 

The lake Lemeshenskoe is located in 4,4 km from the lake Smerdyacheye. It is of the 
round shape. Diameter of the lake is 290 m, the depth is around 15 m. Ringed hill may also be 
observed here and the hill is composed of sandy deposits.  Blister impact glasses were found 
on a coast of lake. 

The lake Karpovskoe is located to the south from the lake Lemeshenskoe at the 
distance of 4,8 km. Diameter of the lake is around 280 m, its depth is 17,5 m. Low ringed hill 
is observed around this lake. The bottom relief is made of ringed terraces and benches. We 
found fragments of black blistered impact glass on the shore of the lake. 

We implemented the Comparison analysis of morphological parameters of these lakes 
with the morphology of the known meteor craters, the analysis revealed the significant 
similarity. Evidently, basins of the lakes were formed after glacier drifted from the territory 
and their age is less than 10 thousand years. It is not excluded that some other lakes of the 
Eastern Moscow region are also of meteor nature. 

Falling of a cosmic body and formation of craters had catastrophic consequences for 
the whole region. Thus, according to the estimates, the explosion, which resulted in the 
formation of only one crater Smerdyacheye was equivalent to the explosion of ten atomic 
bombs dropped on Hiroshima. Traces of this event (catastrophic layer) are to be found in 
Quaternary sediments of the region. This layer may be used for the local correlation of the 
Quaternary post-glacial sediments. The exact age of the craters may be determined based on 
the analysis of the Quaternary post-glacial sediments, containing the catastrophic layer. Such 
works have been implemented for a group of craters “Kaali” in Estonia. 

It is difficult to overestimate the importance of the founding for the Midland Russia. To 
preserve the craters it is expedient to apply the successful experience of meteor craters 
protection of the USA, Germany and Estonia. 



 

 182

�4  	�$�3���  �	%38  -���	����38  $�����	%  % ��	#��%#$	2  	4��#��  (�	##�
 )  
 
 .5 . �����#�
"   
����
���/���/  �
�2�
 -�����&
�
�������/  ��
�
��2����/  ��������  �� .� .� .�
�4����
�
  
(�" 	 ! ), "
��� -�����(��� , $
���� . E-mail: sleng2005@mail.ru 

 
&��  ����
	�"����  �
������
�����  ����
���   
"
�� -2���	�  ������  ��  ����"
  

������
����  ������" , �"�����  (#��  �(���
)
��  �
����0��  ���0+
"#�  ���
��
�  ��  
�
"
�
  �#(�������  "�	��������.� . ����
�#  �������)
�#  "  /)���  �����  !������� -
'
����������  �
�
-
���  ��  ���.�	�  ���"�������  (����
�����  *���"
	����  – ���(�  
������
���  �
��������  ������ . �
�����

  "�
��  1��  ���
��
�#  ��
	���"��/�  ��(��  
��������  1��	���"���#
  �
�
�����#
  ����
�# . ��  ����
	�
��  "�
�
��  	���#
  
�(��*�"����  �
  (#��  �(���
)
�#  �  ��  ��
+���0��
  �*
�
��
  �
  ���"�	����0 . 

���	
��#
  ���0+
"#
  ���
��
�#  �������)
�#  "  /)���  �����  *���"
	����  ��  
��(
�
)0
  �#(�������  "�	��������.� . ���  ���
���"�  ����"��/���  ��  ������
����  
������� . ��
��  (#��  "#�"�
��  ���  ���
��
�#  - «,������� », «�����"�� » �  «8*��� ». 
 ��
��
�#  ��
	���"��/�  ��(��  �*��
�����#
  ���0+
"#
  �(��*�"����  (��*����  
	���
���  (�����  2,5 �� ). �"
  ���
��
�#  («,������� » �  «�����"�� ») �������)
�#  ��  
/�
  �  ��
/�  ���	�#
  �����
��# , �  ��
�0�  �
����0��  �
"
��
�  �  ��

�  �
�0-�
  
��*�
�# .  
����  �����"��#  ����
��"  *�����
�#  �����#��  ���	���� , �  ��  (
�
��  
*�(����
�# . �  ��"�
�
����  �
�0
�
  ���
���"�  "#��)
�#  ���0+
"#
  "��# . �#��#�  
��
"�� -�
����#�  �����"  ����	  ��*"��#�  ��  �*
��� -�
	����"��  ��*�
������ , �	
  
�������)
�#  ���
��
�#  �  �(.��  ���0���  �("�	�
�����0  �
�������� , �����(��"
/�  
���
���"���  1��*��  	���#�  �(��*�"���� . ��*����  	���#�  ���
��
� , "
�����

  "�
�� , 
	���������  ����	��  - �����
	����"#� , �  �
�  �"�	
�
�0��"

�  "#��)
�����0  �(;
���"  
"  ��"�
�
����  �
�0
�
 . 

 ��
��
��  «,������� » (58º34´56,6�N, 37º42´58,3�E) ��

�  	���
��  2,7 �� . 
���
���"�  ����"�
�  ���0+
"��  "��  -������  �����  200-300 � , ���  "#���
  �����  15 � . 
����
�  «�����"�� » (58º36´0,74�N, 37º45´39,0�E) ��

�  	���
��  2,3 �� .  ��
��
��  
�
����0��  ���/.
��  "  /�� -*���	���  �����"�
���  �  ��

�  ��+
"�	�
/  ����
 . 
'�����  ���0+
"���  "���  �����  150-200 �
���" .   �
"
��  "  ����
�  "��	�
�  �
��  �
��� . 
����
�  «8*��� » (58º35´59,8�N, 37º40´13,1�E) ���(��

  ���0��  1��	���"�� , 
��  	���
��  
�����  2,0 �� . '�����  ���0+
"���  "���  100-150 � . �  
��  +
�����0���  �����  
�������)
��  �	����
���
  �*
��  �  *�(����
��#��  (
�
���� . &�  ���"�
��/  �  	�
����  
���
��
���� , ���  �����*��
���  ��
	�

 , �  ����
��#�  "��  ����"�
�  ���(

 .  

��
����  �����  "�
�  ����#"�
�#�  ����
��"  �"�	
�
�0��"
/�  �  ��
��� , "
�����

  
"�
�� , "
������0���  ��	
���  �
�
��������  �
�� . �
  ����/�
�� , ���  ��  	�
  �#(�������  
"�	��������.�  �  "  (��)��-��  ���
��������  ���
�  ����	��0��  	�
��
 , �������#
  
���
��
�#  �
�0-
��  ��*�
�� . 

�  ���0*
  �
�
��������  �������)	
���  ���
��
�  ��"����  *�����
�0��
  ���	��"�  
����������  �(���
)
��#�  �(;
���"  �  �*"
���#��  �
�
�����#��  ����
���� , �  ���)
  
�
"�*��)����0  ��������
���  	���#�  ���
��
�  "  ���
��"
  "
������
����  �(��*�"����  
���  �(;
���"  �"�*���#�  �  	
��
�0����0/  �
	����  ���  ����� -��  ��#��  �
������
�����  
���+
����� . 

�
����
��� , "#�"�
��#
  �(;
��#  �"��/���  
�����0�#�  �
������
�����  
�(;
�����  ��  �
��������  ������ , �  ��
(

�  	��0�
�-
��  "�
�������
��  ����
	�"���� . 

 



 

 183

About discovery of new meteor craters in the Yaroslavl area (Russia) 
 
S.J. Engalychev 
Russian Geological Research Institute of A.P.Karpinsky (VSEGEI). St.-Petersburg, Russia. 
E-mail: sleng2005@mail.ru  

 
In the course of the investigation of the geological structure of the North-West of 

Russia, based on cosmic images, the author found several circular structures in the North of 
the Rybinsky storage pond. Circular structures are located in the Southern part of the Mologa-
Sheksninsky isthmus in the territory of the Darvinsky biosphere reserve, a territory that is 
specifically protected in Russia. Most likely, these structures represent partially eroded meteor 
craters. These structures were revealed recently and no investigations have ever been 
implemented. 

The revealed circular structures are located in the Southern party of the Darvinsky 
biosphere reserve on the shore of the Rybinsky storage pond. They are quite apparent in 
cosmic images. Three structures have been revealed - «Timohino»(58º34´56,6�N, 
37º42´58,3�E), «Osinovik»(58º36´0,74�N, 37º45´39,0�E) and «Yasino»(58º35´59,8�N, 
37º40´13,1�E). The structures are isometric circular formations of neighboring diameter 
(around 2,5 km). Two structures («Timohino» and «Osinovik») are located in the South and 
have similar parameters, the third structure («Yasino») is located to the North and has smaller 
sizes. Now the basins of the craters are filled with sludgy sediments and the banks of the same 
are swamped. The contemporary relief contains clear ringed hills. Mellow siltstone and sandy 
sediments deposits of the glaciolacustrine lowgrounds where structures are located and strong 
watering of the area provide for intensive erosion of these structures. The structures are 
possibly quite young – of the post-glacial age, and intensiveness of the objects in the modern 
relief testify to the above fact. 

The diameter of the structure «, imohino» is 2,7 km. Ringed hill is clearly visible, the 
width of the hill is around 200-300 m, the height is around 15 m. The diameter of the crater 
«Osinovik» is 2,3 km. The structure is slightly flattened out in the south-west direction and 
has the egg shape. The width of the ringed hill is around 150-200 meters. The river Vetka 
flows into the crater from the north. The crater «Yasino» is mostly eroded, its diameter is 
around 2 km. Width of the ringed hill is 100-150 m. A lake with the same name is located in 
the central part of the crater; banks of the lake are swamped. It is more difficult to distinguish 
in comparison with other structures and the crater hill is less exposed.   

The round shape of all described craters testifies about high, probably vertical lapse of 
the meteor body. It is not excluded that other impact structure of smaller size may be located 
at the bottom of the Rybinsky storage pond and on the adjacent dry land. The significant 
similarity of the morphology of the found structures with the known meteor craters testify in 
favor of the meteor nature of the structures’ origin, as well as the impossibility to consider 
these structures as igneous formations or objects related to the glacier activity or other 
geological processes.  

Undoubtedly, the revealed objects are unique geological objects in the territory of 
Russia and they require for the further all-sided investigation.  
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The analysis of time numbers (lines) of impact events in the historical past 
 
N.V. Zadonina1,2, K.G. Levi1,2, S.� . Yazev3,4  
1Irkutsk state technical university 
2Institute of the Earth's crust of the Siberian Branch of the Russian Academy of Science 
3Astronomic observatory to the Irkutsk state university 
Institute of solar-terrestrial physics of the Siberian Branch of the Russian Academy of Science 
levi@crust.irk.ru 

 
The created base of historical certificates on flight of comets and bolides, falling of 

meteorites and meteoric showers totals more than 840 messages from the past. These data are 
borrowed from lines of annalistic sources of the European and East Asian origin for past 
2000.  

The data resulted in annalistic sources have been distributed on three groups of the 
data. In the first - supervision of bright comets, in the second - falling of meteorites and 
flights bolides and in the third - intensive meteoric streams. The analysis of the data shows 
presence of fluctuations in frequency of occurrence of space "wanderers". From XVII century 
it is possible to explain increase in number of messages on falling meteorites growth of 
number of witnesses or eyewitnesses of these events, perfection of means of registration and 
transfer of the information. Variations of number of the global phenomena such as the comets 
observed simultaneously from huge territories and invariable finding responses in annals, look 
more cyclically. Are observed obvious periodicity fluctuations comet’s activity in rather 
recent historical past of the Earth. Intervals 0-500, 1000-1250 and 1450-1750 abound 
messages on occurrence of comets. It is curious, that in them known minima of solar activity 
Oort, Volf and Maunder are stacked.  

What communication between comets, meteorites, bolides and meteoric streams? The 
claster-analysis of mutual relations of three groups of the space objects placed in a database, 
clearly shows a close ratio between comets and their derivatives - by meteoric streams 
whereas meteorites and bolides only is remote are connected to the main set. It completely 
corresponds to existing representations that meteoric streams are the rests collapsed comet’s 
nucleus.  
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Scientific and technical, organizational-legal and moral aspects of ensuring  
defense of the Earth from asteroid-comet dangers 
 
A.V. Zaitsev1, A.A. Klapovsky2 

1 NPP «Planetary Defense Center», Khimki, Russia. E-mail: pdc@berc.rssi.ru 
2 The Ministry of Foreign Affairs of Russia. Moscow. Russia. 
 

The brief review of a state of works in Russia and abroad in the field of 
prevention of asteroid-comet danger is presented. It is marked, that from all variety 
of problems, first of all it is necessary to solve the most important problem a moral 
one. It consists in necessity of comprehension by power structures of our planet of 
their general responsibility for preservation of mankind and biosphere of the Earth, 
and also cultural, spiritual and the material assets, by work of billions inhabitants of 
the Earth created.  

The recognition of the fact of existence of asteroid-comet dangers leads to 
necessity of acceptance of measures on its prevention. The Planetary Defense 
Center's works, which founded by a number of the organizations of Russia, testify 
to a practical opportunity of creation of the Planetary Defense System (PDS) from 
this threat. But it will demand, certainly, to solve wide range of problems.  

Creation of a layer of short-term reaction of the PDS «Citadel-1», intended 
for protection against asteroids, is possible on the basis of already existing 
technologies, in the report is shown. At the same time, creation of a layer of long-
term reaction, intended for protection, mainly, from comet's nuclei, will demand 
development of new powerful rocket engines, means of influence for dangerous 
celestial bodies, etc. Their creation could be an impetus to technological 
development of Russia and mankind, for example, to form a basis for colonization 
of Solar system. At the same time, it is necessary to consider, that some 
components of the future PDS also can have a military application. Under pretence 
of creation PDS, new samples of the weapon can be tested in space. That can lead 
to transformation of space into new sphere of placement of the weapon and a 
potential battlefield. 

Authors suggest a complex of measures to be done at the state and 
international level to prevent such situation. In particular, the structure and the 
scheme of functioning of the regional Planetary Defense Centers are offered and 
questions of legal regulation of their work are considered. The analysis of possible 
scenarios of the succession of events connected with the advent of space threat and 
questions of the notification about it, is done 

It is offered to accept a unit of measure «Tunguska» as an estimation of 
scales of accidents as a result of falls of celestial bodies. 
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The international project «Citadel-1» is a real basis for guarantee  
of planetary safety 
 
A.V. Zaitsev1, D.V. Petrov2, O.N. Shubin2 

1 NPP «Planetary Defense Center», Khimki, Russia. E-mail: pdc@berc.rssi.ru 
2 Rosatom, Moscow, Russia. 

 
In the report presented results of studies of design appearance of an echelon of short-

term reaction «Citadel-1», executed on the basis of the Conceptual project of the Planetary 
Defense System (PDS) "Citadel" [1-3]. This echelon PDS is intended for defense of the Earth 
against asteroids and nuclei of comets in diameter from tens meters (like Tunguska) up to 
hundreds meters with warning time from several day and above.  

The schematic of architecture and operation of the echelon is developed. It provides, 
after detection of dangerous object, launch to it of reconnaissance spacecraft (SC) and behind 
them interceptors SC with devices of mitigation on-board [4]. With their help this object will 
be deflected from the Earth hitting trajectory or destroyed. 

The design appearance of the basic components of an echelon - SC for detection, 
investigation and interception of dangerous celestial bodies, and also means of launch these 
SC is determined.  

The project is based on the Russian-Ukrainian technologies [5], but use of all best 
achievements of mankind for development of international project of PDS provided for in it.  

The opportunity of interaction of an echelon of short-term reaction with means of 
Missile Space Defense systems [6] is marked. 

The opportunity of operative defense from asteroids in the size up to hundreds meters, 
on an example of a deviation of a trajectory of asteroid Apophis, is demonstrated  

It is shown that under condition of acceptance of the corresponding agreement at the 
international level and providing of financing, echelon «Citadel-1» of the PDS can be created 
within 5-7 years. It will help to solve completely a problem of defense of the Earth from 
asteroids and, partially, comets' nuclei 
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On prevention of possible collision of asteroid Apophis with Earth 
 
V.V. Ivashkin 
Keldysh Institute of Applied Mathematics, RAS, Moscow, Russia.  
E-mail: Ivashkin@Keldysh.ru 
 
C.A. Stikhno 
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The Tunguska event of 1908 showed importance of the space hazard problem for the 

Earth [1]. The forthcoming approachings of the asteroid Apophis to the Earth, which can lead 
it into collision with the Earth for essentially higher energy of the impact, not only confirm 
the reality of this hazard but also require to perform scientific and technology analysis of the 
problem and to take some arrangements in mitigation of this hazard [2]. 

A hazard mitigation problem for the possible Apophis-Earth collision is analyzed in the 
paper. According to the asteroid observations performed and the asteroid orbit calculated on 
the base of these observations [3], the asteroid Apophis will fly in 2029 at ~ 40 thousand km 
distance from the Earth without the collision. However, a “tube” of its trajectories that is 
defined by the errors of the observations and by the errors of the orbit determination has some 
its trajectories, which are close to the nominal one, but will lead to an impact on the Earth in 
2036. Because of this, it is important to analyze the characteristics of the possible prevention 
of this collision. The paper gives an analysis of the Apophis orbit correction problem to 
prevent this collision.  

A method to find the asteroid orbits in its “tube”, which have the impacts on the Earth, 
is proposed. On this base, there is determined a set of the asteroid’s trajectories that collide 
with the Earth in 2036 [2]. There are investigated the characteristics of these trajectories, the 
consequences of this possible impact.  

The necessary correction of the asteroid orbit to deflect it from the Earth in 2036 is 
analyzed. Some correction strategies are investigated: for the cases of one-two impulsive 
short-term effects [2] and slow long-term ones. It is shown that the correction is desirable to 
be performed before the asteroid-Earth approaching in 2029. In this case, the energy 
consumption for the correction will be less considerably than after this approaching. 
Parameters of the impact-kinetic effect, nuclear one as well as slow gravity influence 
(“gravity tractor”) for this correction are estimated.  

The study is supported by the Russian Foundation for Basic Studies (Grant :  06-01-
00531) and by Program for the Support of the Leading Scientific Schools (the Grant NSh-
2448.2006.1). 
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On the possibility of a second explosion in the antipode of a large  
meteorite falling place 
 
P.F. Korotkov  
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At long distances blast waves of great explosions transforms into a number infrasonic 

oscillations because of dissipation and scattering of high frequencies. They propagate a long 
way owing to atmospheric acoustic waveguides. Approaching the antipodes amplitudes of 
infrasonic oscillations increase and because of non-linear effects may be transformed into 
shock waves that is the second explosion. Conditions for such phenomena obtained in this 
paper. It was investigated the infrasonic waves caused the by Tunguska meteorite falling and 
the waves from the great nuclear explosions. 
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Ecological and socio-techno-natural aspects of asteroidal-cometary hazard  
and protection against it 
 
S.V. Krichevsky 
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Basic ecological aspects of asteroidal-cometary hazard (ACH) and protection against it 

are: 
1) risks, impacts and consequences of ACH for human being, society, state, 

environment (Earth, its biosphere, as well as, near-Earth space, etc.).  
2) risks, impacts and consequences related to technical counteraction to ACH as well as 

active Earth protection system (EPS) creation and usage. 
There is a complicated problem of risks aggregate, impacts and consequences of ACH 

& EPS minimizing in a field of Earth and near-Earth space (NES), including the Moon and 
Earth gravitation field within R~1 mln km, particularly connected to mankind space 
expansion and NES research in XXI century. 

It is reasonable to consider and solve ACH problem and protection against it as a global 
ecological problem applied to hypercomplex and superglobal socio-techno-natural (STN) 
systems including social and technical infrastructure and components of environment. It is 
necessary to carry out environment impact assessments, autonomous international 
environmental impact audit of programs and projects of EPS realization, protection against 
ACH technologies, covering corresponding STN-systems in aerospace activity sphere, 
considering economical, technical, ecological and others limits in order to minimize various 
risks, impacts and consequences based on alternative and top accessible technologies usage. 

In the long view, as mankind space expansion & Solar system colonization (Mars, etc.) 
intensifies, a field of protection against ACH should be sufficiently widen, considering 
ecological and STN-aspects. 
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Protection against asteroidal-cometary hazard as a priority of activity  
strategies for Russia and world community in XXI century 
 
S.V. Krichevsky 
Russian Academy of Public Administration under the auspices of the President of the Russian  
Federation, Moscow, Russia. Email: svkrich@mail.ru 

 
In XXI century a problem of asteroidal-cometary hazard (ACH) is being accepted and 

evaluated more and more sufficiently in Russia and world community. At the same time, the 
global problem of protection against ACH has not yet became a priority in national and 
international programs and strategies of space exploration, aero-space activity (ASA), state 
and whole mankind evolution & safety. 

A project of Federal Target Program upon ACH problem, elaborated in Russia, having 
low priority is aimed on its research, but not on accelerated solution. 

Current UN Space Committee have started and further discussions upon protection 
against ACH in recent years but still is inefficient in solving the problem. 

It is reasonable to emphasize a mission of protection against ACH as a strategic priority 
for Russia and world community, integrating efforts and resources together with the leading 
world states (European nations, Russia, USA, etc.) in order to create international system of 
Earth protection (ISEP) by uniting existing and further aerospace defense system segments 
(subsystems) to fight against ACH. 

It is necessary to: 
1) develop and realize common new “rules of the game”, united strategy and system of 

ASA sphere management to solve priority task of protection against ACH both on national 
and international levels, including a creation of special operating body such as International 
aerospace agency under the egis of the UN (similarly to and in cooperation with IAEA) as an 
ISEP system integrator, considering complicated collisions of strategic safety security, non-
proliferation of nuclear arms, et� ; 

2) start a phased creation of active ISEP from ACH for Earth and near-Earth space,  R 
~ 1 mln km; 

3) provide ISEP practical use to protect against threatening ACH objects by 20-30s 
years of XXI century. 

Protection against ACH has to become one of the highest priorities in realizing 
transition strategy of sustainable development in Russia and the world in solving global 
problems of mankind. 

It is suggested to initiate an International conference under the egis of the UN upon a 
problem of protection against ACH. 
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Biological crisis of late Pleistocene - early Holocene: Space catastrophe? 
 
K.G. Levi 
Institute of the Earth's crust of the Siberian Branch of the Russian Academy of Science,  
Irkutsk, Russia. E-mail: levi@ crust.irk.ru 

 
In 2007 in the foreign periodical press the hypothesis explaining fast destruction 

mammoth’s fauna on a boundary of pleistocene - holocene, followed was discussed as a result 
of explosion comet’s nucleus above Northern America in vicinities of Great Lakes. However 
impact structure corresponding to this event it has not been founded. 

The author of the report, having an extensive collection of radiocarbon dates of various 
geological, geoarchaeological and biological objects, has decided to check up this hypothesis 
on the basis of the statistical analysis 14  datings. In result it was found out, that in Northern 
Eurasia catastrophically fast extinction of mammoths began about 10-11 thousand years ago. 
It was accompanied by strengthening mood flow and landslide activity both co-phase display 
of seismicity and volcanics activity shown usually in an antiphase. Begun holocene warming 
was sharply replaced by a cold snap continued about 1000. In our opinion, the reason of such 
sharp natural reorganization explosion comet’s nucleus, but not over Northern America, and 
above Northern Eurasia really could be. After this accident it is necessary to count impact 
crater Zhamanshin near Aral sea, in details investigated by E.P.Izokh in 90th years of the last 
century. Explosion comet nucleus was accompanied by loss tectite’s "rain". Diameter of a 
crater - 14 km, capacity of explosion - 1018-1020 J. Time of explosion - the end late 
pleistocene - the beginning holocene (10-11 thousand years ago). 
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Asteroid-comet hazard: state of the problem  
 
D.F. Lupishko   
Institute of Astronomy of V.N. Karazin Kharkov National University, Ukraine.  
E-mail: lupishko@astron.kharkov.ua 
 
About 5500 near-Earth asteroids (NEAs) are discovered to-date and the rate of their discovery 
continues to increase. They are objects of special interest primarily from the point of view of 
Solar system cosmogony (their origin, life-time in the Earth-crossing orbits, possible genetic 
relation with comets and meteorites, etc.). In recent years the applied aspects of NEA study has 
become more and more evident, and they can be of critical importance for the Earth’s civilization 
in the future. On the one hand, the NEAs are considered to be a potential source of metal and 
other raw materials in the nearest to the Earth space. On the other hand, the fast-increasing 
number of discovered objects in near-Earth orbits and estimated their total number poses the 
problem of the impact hazard as an urgent one. There has always been a regular threat of asteroid 
or comet collisions with the Earth but only now we begin to understand its reality. According to 
the current estimates, the number of Earth-approaching asteroids larger than 1 km in diameter is 
1000±50. The collision of each one with the Earth would be an extreme hazard to the climate and 
life on our planet on the global scale. The number of NEAs larger than 100 m (local or regional 
catastrophe) is about (1¸ 2)×105. The problem is that at present the orbits are know for about 80% 
of NEAs with D³ 1 km, and for much fewer objects with D³ 100 m. The probability of collision of 
any of them with the Earth is extremely low. However due to a very large number of them the 
estimated collision frequency is 10- 6¸ 10- 7 for D³ 1 km and 10- 3¸ 10- 5 for D³ 100 m objects (10- 2 
for an asteroid of about 30 m in size). The frequency of collisions with the bodies like Tunguska 
(50-60 m in size) is equal to one chance in every 300 years. The famous Meteor Crater in Arizona 
(USA) and many other ancient craters on the Earth, the Tunguska event of 1908 (Russia), a great 
number of impact craters on the Moon, Mercury, Mars and its moons, and even on the small 
asteroids -  all of these are the direct evidence of cosmic catastrophes on our planet or close to it. 
The unique event of July 1994 -  the Shoemaker-Levy comet's crash into Jupiter, a beautiful 
spectacle of nature that was successfully predicted one year in advance – was a serious warning 
for us that such catastrophes are the reality of nowadays. After that the problem of asteroid-comet 
hazard has been transformed from a theoretical curiosity into a very distinct reality. Over the last 
decade the activity of international scientific community in solving of asteroid-comet hazard 
problem has greatly increased. Some efforts are also undertaken at the level of national 
departments (NASA, Space Agencies of some countries), interstate organizations (Europe 
Council), and some of the governments. In reply to the U.S. Congress’ directive, NASA in 1998 
has set a task of discovery and cataloging 90% of NEAs larger than 1 km in diameter over a 
period of 10 years. A number of dedicated surveys (Spacewatch, LINEAR, LONEOS, NEAT and 
others) has been started and, as a result, the number of discovered and catalogued near-Earth 
objects is greatly increasing. The new important step in the problem solving was made in 2007. 
The USA Government appropriates funds for beginning the new Survey Program of detecting, 
tracking, cataloging and characterizing 90% of all potentially hazardous objects greater than 140 
meters by the end of 2020. The execution of the Program will be able to reduce the risk from 
smaller sub-km NEAs by 90%. The problem of the potential cosmic hazard is international in its 
nature. One significant issue is that the level of science and technology is already high enough to 
protect ourselves from a collision with dangerous space bodies. Whether or not we will take this 
chance it depends not so much on the scientists as on our governments. 
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Conception of perspective device for generation of directed and  
coherent gamma-radiation of high power as an element of the  
Earth defense system from asteroid and comet hazard 
 
V.N. Motorin 
Non-commercial organization supporting technical science and social programs “Russian Fund”, 
Moscow, Russia, www.rufund.ru, 
E-mail: motorin@rufund.org 
 
S.K. Krikalev  
space pilot, E-mail: krikalev@rufund.org 
 

In 2004 in the opened for public patent of Russian Federation RU 2243621 «Method 
and device for generation of directed and coherent gamma-radiation” there have been 
proposed a science-based conception of a perspective method for deflection hazardous space 
objects and a device which potentially is capable to overcome problems of mass and impact 
effectiveness of an interceptor on a hazardous space object.  

The results of preliminary analysis of the suggested technology for interception and of 
the  device itself show a range of advantages in comparison to other impact methods on 
hazardous objects (including nuclear and kinetic methods), in relation to:   

- conversion of nuclear explosion energy into a deflection impact; 
- ability to accomplish an interceptor mission;  
- probability of successful interception of a dangerous space object; 
- safety; 
- cost effectiveness. 

In case of complex scientific approval of the suggested conception equipped with such 
a device space interceptors could be a key element of the prospective system for Earth-
defense from asteroid-comet hazard.  
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The Flux of Lunar Meteorites onto the Earth 
 
M.A. Nazarov 
Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow, Russia. 
E-mail: nazarov@geokhi.ru 
 

Numerous finds of lunar meteorites in Oman and Antarctica allow some constraints to 
be obtained on the intensity of the transfer of lunar matter to the Earth. Our estimates show 
that the annual flux of lunar meteorites in the mass interval from 10 to 1000 g to the whole 
Earth’s surface should not be less than several tenths of a kilogram and is more likely equal to 
tens or even a few hundred kilograms, i.e., a few percent of the total meteorite flux. This 
corresponds to several hundred falls of lunar meteorites on the Earth per year. As compared to 
the general meteorite population, small falls are probably more typical in the lunar meteorite 
flux. Even small impact events producing craters on the Moon less than 10 km in diameter are 
capable to eject lunar matter to the Earth. In this case, the Earth may capture between 10 to 
100% of the mass of high-speed crater ejecta leaving the Moon. Our estimates for the lunar 
flux imply rather optimistic prospects for the discovery of new lunar meteorites. There should 
be more than 50*106 tons of lunar matter accumulated on the Earth for the Phanerozoic 
history (500 My). However the lunar meteorite flux did not pay any significant role in the 
formation of the chemical composition of the terrestrial crust, even during the stage of the 
intense meteorite bombardment. 

Lunar meteorites are representative samples of the lunar crust and, therefore, give an 
opportunity to estimate the composition of highland, mare, and transitional (highland--mare 
interface) regions of the lunar surface. The databank used in the research comprises data on 
44 meteorites weighing 11 kg in total, which likely represent 26 individual falls. Our data 
demonstrate that the lunar highland crust should be richer in Ca and Al but poorer in mafic 
and incompatible elements than it was thought based on studying lunar samples and the first 
orbital data. The Ir concentration in the highland crust and the analysis of lunar crater 
population suggest that most lunar impactites were formed by a single major impact event, 
which predetermined the geochemical characteristics of these rocks. Lunar mare regions 
should be dominated by low-Ti basalts, which are, however, enriched in LREEs compared to 
those sampled by lunar missions. The typical material of mare--highland interface zones can 
contain KREEP and magnesian VLT basalts. The composition of the lunar highland crust 
deduced from the chemistry of lunar meteorites does not contradict the model of the lunar 
magma ocean, but the average composition of lunar mare meteorites is inconsistent with this 
concept and suggests assimilation of KREEP material by basaltic magmas. The newly 
obtained evaluations of the composition of the highland crust confirms that the Moon can be 
enriched in refractory elements and depleted in volatile and siderophile elements. 
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Last decades the reliable data for mass extinctions over last 600 million years of the 
life-time of the Earth are obtained. In the left figure on summary evidence the solid line 
indicates percent extinction of marine genera, impact terrestrial craters (solid dots) and the 
five worst extinctions in Earth’s history (stars) are shown. The causes of these five 
catastrophes are widely discussed and up to the end are not clear.  

The first, Cretaceous-Tertiary extinction, about 65 million years ago, probably caused 
or aggravated by impact of several-mile-wide asteroid that created the Chicxulub crater.  

The second, End Triassic extinction, roughly 199 million to 214 million years ago, 
most likely caused by massive floods of lava erupting from the central Atlantic magmatic 
province – an event that triggered the opening of the Atlantic Ocean.  

The third case is Permian-Triassic extinction, about 251 million years ago. Many 
scientists suspect a comet or asteroid impact, although direct evidence has not been found. 
Others believe the cause was flood volcanism from the Siberian Traps. Still others believe the 
impact triggered the volcanism. This catastrophe was Earths worst mass extinction.  

The fourth, Late Devonian extinction, about 364 million years ago, cause unknown.  
The fifth, Ordovician-Silurian extinction, about 439 million years ago, caused by a 

drop in sea levels as glaciers formed, then by rising sea levels as glaciers melted.  
In the present work we search for interrelation of events in biosphere and geospheres of 

the Earth from comparison of the data on mass extinctions and impacts (the left figure) and 
the data on geological activity (the right figure*) for the same period (last 570 million years). 

 

     
 *The figure was reproduced from data reported by J.A. Balashov in «Time concept in 

a geological history of the Earth», [Geology and minerals of the Kola Peninsula, V. 3. «New 
ideas and approaches to studying of geological formations» - Apatity: Izd. "Polygraph", 2002, 
P. 51-75.] 
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On the possibility of applying laser technologies to solving problems of  
comet and asteroid impact hazards 
 
V.P. Savinykh1, V.P. Vasiliev2, I.I. Krasnorylov1 
1 Moscow  State University of Geodesy and Cartography 
2  Research Institute of Precision Instrument Making 
E-mail: svp@miigaik.ru 

 
A successful solution to the problem of the comet and asteroid impact danger as it is 

shown, in particular, in [1], needs resolution to a number of problems. They include 
acquisition of data on physical and chemical characteristics of asteroids, forecasting of their 
motion and development of methods for their influence, allowing comet and asteroid impacts 
with the Earth to be prevented or their consequences to be minimized. 

The report discusses the possibilities of applying laser technologies to potentially 
hazardous asteroids (PHAs) for force impact on them and as informational and measuring 
means. 

The calculation results are presented that support the conclusion that practical 
application  of laser destructive methods or laser methods for changing the trajectory of PHAs 
is connected with significant difficulties and hardly expedient now. 

Laser techniques hold much promise as informational and measuring means. In this 
case (after detailed study) the solution to the following problems is possible: 

-transfer of high resolution images of heavenly bodies (� B) with the help of laser 
communication lines, 

-research of spectral characteristics of heavenly bodies, 
-trajectory measurements for predicting the motions of a heavenly body, through 

observations from a space vehicle (�� ) whose attitude, in its turn, is determined  by the 
method of laser location from ground stations; 

-research of the structure of a heavenly body. 
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Model of transient action of concentrated energy flux on hazardous for  
Earth cosmic objects for their diverting 
 
V.S. Sazonov 
Central Scientific Research Institute of Mechanical Engineering, Pionerskaya 4,  
Korolyov, Moscow region, Russia, E-mail: astron@tsniimash.ru  

 
An analytical model of action of concentrated energy flux, in particular, of laser 

radiation, on hazardous asteroids and comets is proposed for their deflection from the Earth. 
On the base of three conservation laws occurred at the surface evaporation wave and of 
detonation analogy with the combustion of solid rocket fuel, the differential equation for the 
temperature of phase transition was obtained in the time region. The equation accounts non-
stationary effects caused by change of the incident flux and by the heat inertia of condensed 
matter. The results of model calculations are presented in the cases of continuous and impulse 
action. Possible analytic decisions are also considered. The knowledge of the temperature 
mentioned allows easy to estimate the reactive impulse and other parameters to be important 
for investigation of diverting hazardous celestial bodies. 
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The possible use of missile-space defense systems as part of the «Citadel»  
Planetary Defense System for neutralizing hazardous space bodies of decameter scale 
 
B.I. Semyonov1, V.V. Treckin1 and A.V. Zaitsev2 

14-th Central Scientific-Research Institute of Ministry of Defense of RF, Yubilejnyj, Russia. 
2 NPP «Planetary Defense Center», Khimki, Russia.  -mail: pdc@berc.rssi.ru 

 
The asteroid-comet threat most probably can be caused as a result of encountering of 

the Earth with hazardous space objects (HSO) of meters which can be detected several days or 
weeks before encountering [1,2]. 

The paper is dedicated to the analysis of the two-fold use of Missile Space Defense 
(MSD) systems as a component of the regional short term reaction tier (STRT) of Planetary 
Defense System (PDS) [3] which is in a constant alert for defending central regions of Russia 
from HSO of decameter scale. In spite of highly low probability of the similar situation the 
cost of the detriment connected with it is very high. So if the asteroid of small sizes (DL40-60 
m) falls to Moscow, more than 10 million people will perish and the damage will amount to 
200 trillion rubles [4]. The threat of such encounters arises both when our planet meets with 
separate HSO of decameter scale and when it encounters with decameter fragments of larger 
asteroids or cometary nuclei dispersed in STRT of PDS short term reaction tier of the distance 
of some hundreds of thousand km from the Earth [3]. It is expedient to consider the problem 
using Tunguska decameter body as an example as this event has been investigated in detail in 
literature, and therefore all initial data are available for such analysis. 

The obtained estimates show that the problem of defending against bodies with the 
scale of Tunguska meteorite for Moscow region in principle can be solved if HSO are 
detected by means of sensors of STRT of PDS in time and preliminary tasks to systems of 
MSD are set, but in will be done at the expense of changing the mode and condition of 
radioelectronics devices [5]. 
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Hazardous impacts prevention with the help of nuclear explosions:  
opportunities and problems 
 
V.A. Simonenko 
Russian Federal Nuclear Center – Zababakhin Institute of Technical Physics 
sva@snezhinsk.ru 
 

It is generally recognized that there is a real threat of catastrophic impacts of small 
space objects – asteroids, comets and their fragments – with the Earth. An optimistic opinion 
is prevailing now among the scientific community that the frequency of the impacts is rather 
low. It is based on estimates of the flow of asteroids approaching the Earth. Observational 
programs planned and under development now are aimed to detect the threatening objects and 
to decrease a probabilistic part of such prognosis. Knowledge of the orbit of threatening 
object will allow to study additionally its properties and to organize efficiently actions for  
impact prevention. The technology most prepared currently to correct the orbit of dangerous 
asteroid is based on use of nuclear explosive devices. Various applications of this technology 
are presented. The most favorable application is the case with long warning time (of several 
rotations before the impact). Extreme cases are possible when the threatening object is 
discovered directly before the impact. The only option to prevent the impact in this case is to 
emplace an essential specific pulse. It results in destruction of the object and in dispersion of 
fragments. 

Estimations of threat of comet are less reliable. It is prevailingly accepted now that the 
risk comprises about 10÷20% of similar values for asteroids. However some researchers 
including astronomers point out on possible essential deviation from these estimates. In 
particular, there are evidences of more frequent impacts during Quaternary and its modern 
epoch Holocene. It emphasizes additionally an importance to study comet properties and 
possible mechanisms to correct their orbits. It is possible to transfer directly rather low pulse 
during the explosion but change essentially the surface matter properties along extended area. 
As Deep Impact experiment with Temple 1 comet has shown such changes cause an intensive 
subsequent outflow of matter. It will result in changing the dynamic characteristics of object 
and parameters of its orbit. However we are on initial stage of similar studies now.  
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Some estimates of impact on asteroid by a gas cloud 
 
I.V. Simonov  
Institute for Problems in Mechanics of RAS, Moscow, Russia. E-mail: simonov@ipmnet.ru 

 
Astronomers and, in particular, NASA believe that asteroids or comets will sometimes 

hit the Earth hard enough to disrupt life worldwide. They argue this that such blows are in the 
past, a million or so years apart, and that there are many so-called near earth objects (NEO) 
that crossed the earth’s orbit. General principle of the hazard mitigation involves the delivery 
of “something” to an approaching celestial body, and by means of direct interaction with the 
body, to either deflect or disrupt it. A lot of ideas with regard to “something” have been 
advanced, from an explosion to a laser beam.  But   among these ideas,  the deviation of   
trajectory of an asteroid  on an collision course using  a nuclear explosion or kinetic impact in 
order to change the NEO’s momentum and provide its passing  by the Earth is considered  

preferable for large asteroids of the significant dimensions of ~10
2
-10

4
m. To use for this 

purpose such kinetic-energy means as a gas cloud created artificially seems  by the promising 
idea of Hermann  Burchard  from the University of  Oklahoma, about which much was 
written in the media last year. Its attractiveness lies in the fact that the asteroid-gas collision 
will be “soft” in comparison with those previously proposed, pointed nuclear explosion or 
kinetic impact.  Effectiveness of the latter during their use against a strongly porous NEO or 
the one of type of “rubble piles” (asteroid from fragments and dust) is in question because of 
the strong energy absorption. This paper sets the problem of high-velocity collision between a 

solid body and a gas cloud of  R  and  R0  in radiuses with the velocity 0v , which is intriguing 
itself.  An effort to estimate the lower bound for the mass of gas required for changing NEO’s 
momentum in order to eliminate the threat of its encounter with the Earth is made. The rough 
assessment is built under assumptions of centric impact and the steady state gas flow around 
the body with the strong shock wave attached to the body, neglecting the edge effects. By  
using the upper bound for the time of  gas-body interaction and the shock wave thinness, the 
change in  speed of body resulting in the impact, vD , is  derived from the  law of momentum 
conservation. Before the collision, we assume that the danger object moved along the normal 

to the orbit of the Earth with the speed 1v   and its position was at a distance H  from the 
meeting point with our planet. The cloud itself moved to the encounter along the line of its 
motion for the purpose to transmit a pulse and to reduce the speed of asteroid so that the Earth 

would have a time to shift along the orbit at the distance of several its radiuses,  EnR . If so, 
we obtain another estimate of vD  using the condition of the given displacement of the Earth 
in the delay time.  By equating these two expressions for vD , we  deduce  the required lower 

bound for the   mass  of gas, 0m ,  and its density. If we take  
7

0 2 , 6 10R R H> < ×  km, 

1 10v ³  km s
1-
, 0v £30 km s

1-
, and n>4, then for the asteroid of  R=100-1000 m and   

7 1010 10m t= -   it follows that 
3 6

0 1.2 (10 10 )m t> - , i.e. the mass of gas has to be 
extremely large. Therefore, the technology against the threat to be hit by asteroid based on the 
gas cloud attack method, sounded repeatedly, remains controversial.  
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On the fundamental reality of the organization of opposition to the asteroid threat 
 
A.V. Simonov, V.G. Pol  
Lavochkin  Association, Khimki, Moscow Region, alex.simonov@laspace.ru 
 
V.A. Shor  
Institute of applied astronomy, St-Peterburg, shor@ipa.nw.ru 
 

It is today considered that the elimination of space threat with the condition sufficiently 
early detection and advance conducting of the operation is most actual the withdrawal of 
asteroid from the dangerous course.  In this case appears the need for the space mission of the 
visit of asteroid for the purpose of conducting the detailed studies of its characteristics, and 
also for conducting the very operation of the opposition of one or other form or another. It is 
clear that the accomplishment of these objectives requires the use of space means of the 
deliveries of a certain payload, whose possibilities are limited by the technological level of 
rocket engineering. 

It is at present accepted to determine potentially hazard by the asteroid ([PHA]) such, 
for which the minimum distance between its orbit and orbit of the Earth (MOID) comprises 
less than 0.05 astronomical units (7.5 mln. km), and absolute stellar magnitude - is less than 
22 (which approximately corresponds to objects with the diameter of more than 100 m). To 
this criterion [PHA] today correspond about 950 objects, moreover the parameters of their 
orbits are characterized by significant spread. Thus, the range of the semimajor axes of orbits 
[PHA] is within the limits from 0.5 to 2.0 AU, and inclinations can reach 50°. This 
circumstance leads to the wide variety of the trajectories of overflight. Consequently, 
requirements for the means of delivery (energy characteristics of the means of removal) for 
different objects change between very wide limits and they exceed the scope of the located 
possibilities. 

On the basis of some assumed payloads and existing means of delivery (or appearance 
of which is possible during the next two-three decades), in the report is examined the class of 
the orbits of the asteroids, whose reaching is actual. For different plans of the elimination of 
asteroid threat are done the conclusions about the composition of the subset of the potentially 
dangerous asteroids, for which reaching objects in is actual and, therefore, possible in 
principle of planning the organization of opposition. Are given to recommendation regarding 
the methods oppositions for the asteroids, the delivery of payload to which at the 
contemporary technological level of space technology is impossible. 
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Material evidence of comet falling to the Earth in Shaturskii region 
 
N.A. Filin 
JSC "Central Telecommunication Company", Moscow, Russia. E-mail: filinnik@mail.ru 

 
As early as in the middle 80s, it was conceived by the author that Smerdyacheye Lake 

is probably of a meteorite nature. By his invitation, a research team from Estonia headed by 
Yu.V. Kestlane had two visits to this lake. The assumption made by the author was supported 
by the results of the pursued investigation. The formal activities had then been stopped, but 
the author kept on episodic studying of Smerdyacheye Lake and the neighboring ones. The 
depths were measured, and the lakesides were explored. As a result, several dry craters were 
discovered, and a few glasses were found at 1.5 km from Smerdyacheye Lake. Their impact 
origin was verified by a further examination conducted at V.I. Vernadsky Institute of 
Geochemistry.  

Following the acquaintance with the works of E.V. Dmitriev on comet meteoritics 
(http://bourabai.kz/dmitriev/index.htm), the procedures suggested by him were used in testing 
the soil samples for the purpose of revealing the traces of comet dust. The first sample showed 
the presence of a great deal of comet markers (streamerglasses) in the soil. Those activities 
were continued in 2007. The check samples were taken at different places of Shaturskii 
region, their number averaging from 3 to 30 pieces per square centimeter on the microscope 
slide. On the sides of Smerdyacheye, Lemeshenskoye, Vlasovskoye (Karpovskoye) Lakes, 
Beloye and Chernoye Lakes near Borduki village, Svyatoye Lake near Shatura town the 
amount of streamerglasses varied from 100 to 800 pieces per square centimeter. The 
distribution of streamerglasses into the depth was studied beside three lakes. Their largest 
content occurred at 3 to 7 cm below the surface and it was gradually decreasing to the depth 
of 0.5 m. At lower depths only several streamerglasses were met. The sampling procedure 
was followed by the work on studying the distribution of streamerglasses in the vicinity of the 
lakes. The examination revealed a mosaic pattern of their fallout. The most streamerglasses 
were found near the lakes, their number being reduced away from the lakes. An increase in 
the amount of streamerglasses to the north or north-west of the lakes can be attributable to the 
wind direction at the moment of catastrophe or to the action of shock waves. 

The revealed traces of cosmic dust around the above-cited lakes enable us to assume a 
fall of a swarm of comet fragments on the Earth, and the lakes themselves have an impact 
origin. It has not yet been explained whether those fragments resulted from the destruction of 
a comet nucleus in the upper atmosphere or they were the parts of a multiple comet nucleus 
and were falling independently of one another. 

To have a clear picture of the comet catastrophe, it is required that widespread 
investigations should be carried out: 

1. target search of comet fragments in the zones of ejection from the crater; 
2. measurement of streamerglasses density throughout the area of their fallout, 

having regard to the drift of explosion products by the wind, with the aim to 
determine the scope of catastrophe. 

A variety of craters, from purely explosive to large depressions, make the crater field in 
Shaturskii region a unique area for investigating the processes which accompany the fallout of 
comets on the Earth surface and for elucidation of the phenomena which took place near 
Podkamennaya Tunguska early in the last century. 
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Comparative analysis of impact and volcanic hypotheses of the mass extinctions 
 
V.M. Khazins 
Institute of Geospheres Dynamics, Russian Academy of Science, Moscow. 
E-mail: khazins@idg.chph.ras.ru 

 
The Tunguska event, characterized by an enormous released energy (about 10 MT of 

TNT), has caused considerable destructions in the vicinity of its epicenter and initiated long-
lasting perturbations in the atmosphere. However, the after-impact recovery of the ecosystem 
was not too long in this case. The increase of the impactor mass obviously intensifies its 
effect on the ecosystem and, according to at least one theory, an impact of  an outer space 
body of 10-km size (about 108 MT of TNT) some 65 million years ago caused the mass 
extinction of the Earth biota. The theory is supported by three following arguments. First, 
there are markers typical to the outer space body impacts (iridium anomaly, micro-spherules 
of some evaporated and then condensed matter, and granules of shocked quartz). Such 
markers have been discovered in about a hundred of places in the thin (about 1-cm thick) 
layer at the Cretaceous-Tertiary boundary. Second, the huge (180-km diameter) Chicxulub 
crater at Yucatan, Mexico, could be created as a result of a 10-km outer body impact at the 
time of the mass extinction. Third, the Cretaceous-Tertiary layers appear as boundaries 
separating different types of the fossils. The main drawback of the impact theory of the mass 
extinction is the lack of geological footprints in the stratigraphic units corresponding to other 
mass extinction events in spite of more the ten of them have been discovered so far. There are 
also a number of alternative hypotheses on mass extinction, among which an assumption of a 
correlation between the mass extinction events and periods of the volcanic activity hold a 
central position. The volcanic activity leaves after itself spacious and thick flood basalt 
provinces that make it easily recognizable after many millions of years after the eruption. 
However, the volcanic activity does not leave any footprints in the areas remote from the 
igneous provinces that exclude any possibility for connecting of the stratigraphic unit contents 
with the given period of volcanic activity. 

Our comparative analysis of the impact and volcanic hypotheses allows defining 
similarity and differences in the mechanisms how these two phenomena affect the 
environment. Particularly, numerical simulations demonstrate principal possibility of such a 
complex impact of the large outer space bodies on the environment that could inflict the mass 
extinction of some species. On the other hand, our understanding of the huge lava eruptions 
from the wide continental cracks in the past (their power exceeds the contemporary volcanic 
activity by many orders of magnitude) is not good enough to make any reasonable conclusion 
on their effect on the environment. However, the remarkable time correlation between the 
flood basalt eruptions and the main mass extinction events was established at least for four 
mid-Phanerozoic examples and this fact looks very intriguing. In the same time a direct 
relationship between flood basalt eruptions and intensity of mass generic extinctions escaped 
detection for other events despite the fact that volume certain of flood basalts is comparable or 
greater than for case of correlating events. 
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The first finds of silica glass from the Cretaceous-Paleogene 
(K/T) boundary clay layer in the Gams stratigraphic sequence, Eastern Alps 
 
V.A. Tselmovich1, A.F. Grachev 2, O.A. Korchagin 3 
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afgrachev@gmail.com 
3 Geological Institute, Russian Academy of Sciences, Moscow, Russia. E-mail: okorchagin@rambler.ru 

 
In the given work we bring the first finds of quartz sticks from the Cretaceous-

Paleogene (K/T) boundary clay layer in the Gams stratigraphic sequence, Eastern Alps, 
consisting on 99% from SiO2 (fig.1, fig.2), which we identified as silica glass 
[http://bourabai.narod.ru/dmitriev/dragon.htm)]. Silica glass were allocated from a transitive 
layer by means of a heavy liquid. They were investigated by means of optical microscopy 
(microscope « Olympus BX51») and the microanalysis (microprobe "Camebax"). Except for 
silica glass, in this layer a plenty of minerals which can have a space origin was revealed: 
diamond, moissanite, corundum, awaruite, nickel phosphide, pure nickel. We believe, that the 
joint presence of minerals of a space origin and silica glass can testify for the benefit of 
comets hypotheses of impact which took place on border K/T. 

 

   
 
Fig.1. Silica glass1     Fig.2. Silica glass2 
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Topography of large impact craters of the far side of the Moon 
 
M.I. Shpekin1, B.N. Rodionov 2, R.A. Sitdikova 1 
1 - Kazan state university, Kazan, Russia.  
       E-mail: msh@ksu.ru, raida-s@yandex.ru 
2 - State university on land management, Moscow, Russia. 

 
The results received by authors on the basis of photogrammetry of the orbital pictures 

of a lunar surface delivered to the Earth by space vehicles "Zond" and crews of spacecrafts 
"Apollo" during with 1968 for 1972 are presented in the report. 

 
>  
 

Name Center 
coordinates 

Location 

1 «South Pole-Aitken» basin 180W,  50S South sector of far side 

2 Orientale basin                 95W,  20S Central region of West 
hemisphere  

3 Aitken crater                        173� ,  17S Near far side center 

 
The reference points of IKI and TsNIIGAiK catalogues, LTO topographical maps, 

Watts’s maps of Marginal Zone of the Moon, geocentrical coordinates of the Moon from the 
Astronomical Year-book of the USSR (for pictures with the image of the Earth) have been 
used for orientation of pictures in near-lunar space. Selenocentrical positions of the «Zond»  
for the moments of shooting found by photogrammetry way were approximated by kepler 
orbit. It has allowed to specify the elements of the external orientation of the pictures and to 
raise the accuracy of the topographical characteristics of the relief. 

 Some numerical results describing topographical properties of «South Pole-Aitken» 
basin, Orientale basin and Aitken crater are presented in the table. The data in the table are 
given in columns: column 1 - the name of object, column 2 - diameters of rings, column 3 - an 
average level of the bottom, column 4 - the maximal and minimal values of high-altitude 
marks, column 5 - an average corner of an inclination of slopes of wall (external and internal 
slopes). Diameters and heights are given in kilometers, corners of wall inclination are given in 
degrees. 

 
1 2 3 4 5 
 Outer Inner  Max. Min. Outer Inner 

«South Pole-Aitken» 
basin 

2500 1400 -5,2 +9,6 –7,1 – – 

Orientale basin                 930 320 -4,0 +4,6 –5,2 20 25 
Aitken crater                     130 – -2,9 +1,2 –4,0 15 16–32 
 
«South Pole – Aitken» basin is considered as one of the most ancient formations on the 

Moon whereas Orientale basin is considered to be the youngest impact multiring basin. 
Apparently, Aitken crater is even younger, than the Orientale basin and represents one of the 
few craters in diameter more than 100 km with well kept wall and the central peak.  
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The asteroid-comet hazard problem and the Tunguska phenomenon 
 
B.M. Shustov 
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L.V. Rykhlova 
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For the last 15-20 years in scientific community as well as for the last few years in 

public spirit, the treatment of the problem of possible Earth’s collisions with cosmic bodies or   
so-called Asteroid-Comet Hazard (ACH) Problem  undergoes significant changes. If earlier 
ACH problem had considered to be some exotic and very rare event, now it is in the list of the 
most important global factors threatening all the humanity. The special attention that is being 
paid at ACH problem on the annual sessions of the Scientific and Technical Subcommittee of 
the UN Committee on the Peacful Uses of Outer Space can be considered  as the evidence of 
this new approach. Such a change in the scientific and public opinion is the result of 
unexpected discoveries made with modern detection facilities. Among them the discovery of 
the asteroid Apophis and of other potentially hazardous bodies, detection of decametric bodies 
in meteor flows etc. These discoveries show the scarcity of our knowledge on density of 
population of cosmic space with small bodies and thus serious underestimation of the ACH 
problem. 

Tunguska Phenomenon is the direct and relatively recent evidence of the hazard from 
the collision of a minor body of the Solar System with the Earth. According to modern 
knowledge, bodies of the Tunguska body size (50-100 m) are of the most threat on the scale 
of the civilization lifetime (some hundreds of millenia). Collisions with very large bodies 
(more than 1 km) threatening with global catastrophe are rather rare while collisions with 
Tunguska-size bodies are significantly more frequent events – one event per 100-300 years. 
The integral effect of such events dominates and that is why the projects under development 
are aimed at the hectometric-size bodies search. The number of observed Near-Earth objects 
grows rapidly. 

This paper deals with the current status and perspectives of studies  on the main 
directions of the ACH problem in Russia:  

· Detection, remote characterisation, orbit determination and cataloguing of potentially 
hazardous objects.  

· Estimation of physical and chemical properties of potentially hazardous objects.  
· Development of space missions to study Near-Earth objects. 
· Study of possible ways to prevent collision of a hazardous body with the Earth and 

mitigation procedures. 
Special attention is paid at coordination of work inside Russia as well as at the international 
level. 
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Near Earth Objects in the Context of the United Nations  
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Near Earth objects (NEOs) present many challenges, both on a scientific and technical 

level, but also in terms of the policy framework required to deal with the potential threat they 
pose to the Earth. This was recognized in the late 1990’s and resulted in the establishment of 
Action Team 14 within the United Nations Committee for Peaceful Uses of Outer Space 
(UNCOPUOS) Scientific and Technical Sub-Committee as an outcome of UNISPACE III 
held in 1999. In 2007, UNCOPUOS established a Working Group on NEOs to improve 
coordination of activities related to the response to the asteroid and comet threat. A key input 
to this Working Group will be the draft protocol being prepared under the auspices of the 
Association of Space Explorers Panel of Experts, and being introduced into COPUOS in 
2009.   

The paper will provide the international policy background to NEOs and propose a way 
forward both at national and international level. 
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NASA’s Near Earth Object Observation Program – Past, Present and Future 
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Near Earth Objects are the naturally occurring remnants from the formation of the 

Solar System which are left in orbits approaching the Earth’s, and therefore represent a 
natural collision hazard for our home planet. Within the next year or two the Spaceguard 
Survey, a loose network of ground-based optical sensors mostly funded by NASA’s Near 
Earth Object (NEO) Observation Program, will achieve 90% completeness in detection and 
tracking of all NEOs larger than 1 kilometer in size. To date, over 800 of an estimated 940 
objects have been cataloged, along with almost 5,000 objects of lesser size. This paper will 
discuss the origin of the program in the 1990’s, it’s progress to date, the current operation and 
capabilities of the system, and most importantly, how these capabilities must evolve and be 
enhanced to address the more sizable population of NEOs down to 100-200 meters in size that 
represent a more likely, regionally catastrophic impact threat for planet Earth. 
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A comprehensive program for countermeasures against potentially  
hazardous objects 
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A new search program to be initiated by NASA will identify, track, and catalog 90 % 

of potentially hazardous objects (PHOs: asteroids and comet nuclei that could collide with 
Earth) larger than 140 m in size.  However, just as smaller objects less than 1 km in size were 
found in the first survey for objects larger than 1 km, so much smaller objects will be found in 
the new survey. Objects smaller than a few hundred meters are of significant interest because 
they are several 100 to 1000 times more abundant than kilometer-sized objects and are fainter 
and more difficult to detect, which may lead to much shorter warning times. Yet, even the 
smallest of these PHOs can have devastating effects, as the 30 June 1908, Tunguska event has 
shown.  In addition, threats from long-period comet nuclei, although relatively rare but large 
(sometimes tens of kilometers in size), cannot be accurately predicted because of their long 
orbital periods and quick passes through the inner solar system.  Comet C/1983 H1 (IRAS-
Araki-Alcock), for example, has an orbital period of 963.22 years, was discovered 27 April 
1983, and had a close encounter with the Earth only two weeks later, on 11 May 1983, at a 
distance of 0.0312 AU. Two other long-period comets came even closer to Earth:  D/1770 L1 
Lexell: 0.0151 AU and 55P/1366 U1 Tempel-Tuttle: 0.0229 AU. Highly capable 
countermeasures always at the ready will be needed to defend against objects with such short 
warning times, and therefore short reaction times between discovery and impending impacts.  
We will present a comprehensive plan that includes countermeasures against smaller than 
Tunguska-sized objects and long-period comets, concentrates on short warning-times, uses 
non-nuclear methods (hyper-velocity impactors and conventional explosives) whenever 
possible, and launches from the ground.  The plan calls for international collaboration for 
action against a global threat. 
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Rim morphology of the Kärdla crater based on reflection seismic  
and ground penetrating radar investigations    
 
A. Jõeleht and J. Plado   
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Introduction: An impact into a shallow Late Ordovician sea, covering ~150 m thick 

layer of siliciclastic rocks and crystalline basement, produced the 4-km complex Kärdla crater 
[1]. The post-impact marine sedimentation buried the crater causing good preservation. 
Earlier drilling and gravity data have revealed that the crater’s crystalline rim is not uniform. 
In some locations (NE, SW and NW) crystalline rocks have been found at a depth of few tens 
of meters, i.e. about 200 m above the pre-impact basement level, but there are also places 
where the rim height is moderate or low. It has been proposed [2] that the lows of rim in the N 
and S are gullies that were eroded by the backsurging seawater. However, drilling and gravity 
data allow to speculate that erosion of rim was widespread and not limited only to the lows.  

 

Methods: We performed reflection seismics and ground penetrating radar (GPR) 
studies on more than 10 rim crossing profiles with the aim to study the crater’s morphology in 
more detail. We used 24-channel Summit CU seismometer with 40 Hz geophone groups at 10 
m separation. An 8-kg sledge hammer source was applied inline with near-offsets up to 360 
m. Usually, vertical stack of 20 was used to improve the signal to noise ratio. The data were 
processed with Seismic Unix. The GPR Zond-12e by Radar Systems Inc., Latvia, was used at 
frequency of 100 MHz. The data were processed with a software package „Prism2“. 

 

Results: The GPR data that revealed boundary between the post-impact Ordovician 
sedimentary layers and Quaternary soil allowed to identify the exact position and width of the 
rim. Also, these data were used to process the seismic profiles by revealing the exact 
thickness of low seismic velocity overburden. Seismic profiles agree with the drilling data 
showing also that the rim of crystalline rocks is not morphologically uniform. In the NE 
segment the rim is wide both at its base and top, and higher than elsewhere rising more than 
200 m above the basement level in surrounding area. In the eastern segment, the rim becomes 
less prominent and shows signs of collapse by including the inward dipping reflectors and 
several peaks. In the SE segment the rim is lower and may have several peaks. In addition to 
collapse features, the rim seems to be strongly eroded as well. In the western segment the 
crystalline rim is relatively low, usually with relative altitude of less than 100 m. However, 
some profiles suggest that the crystalline basement is raised over a considerable distance. 

 

Discussion and conclusions: The data indicate that the rim was not formed uniformly 
leading to differential erosion by resurging sea. In the NE segment the rim has remained high 
as it is not collapsed as much as elsewhere. However, in other parts the rim is lower and, thus, 
has being more easily erodable. The variations in the rim morphology can be attributed either 
to the oblique impact from the NE or differences in the properties of the crystalline target. 
Lowering of crystalline rim by its collapse created favorable conditions for a widespread 
erosion, which is not limited to the previously proposed resurge gullies in the north and south.  

Acknowledgements: We are grateful to all the members of field crew. This study was 
financed through the Estonian Science Foundation grant no. 5851. 
References:  
[1] Puura V. and Suuroja K. (1992) Meteoritics, 216, 143–156. [2] Suuroja K. et al. (2002) Deep Sea Research II, 
49, 1121-1144.  
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100 years have passed since Tunguska phenomenon and the hazards posed by Near 

Earth Objects (NEOs) have attracted more and more attention. The Chinese Near Earth Object 
Survey (CNEOS) program has been carried out in China as a part of the international joint 
survey. CNOES is composed of a 1.0/1.2 m Schmidt telescope, equipped with a 4K by 4K 
CCD detector, and a NEOs risk assessment and prediction system. After adjusting the 
telescope and test observations, CNEOS has begun its NEOs survey from December 2006. 
Until February 2008, we have found an Apollo-type NEO — 2007 JW2, a comet — P/2007 
S1 (Zhao) and other 332 new asteroids.   

 

  
 
Fig.1 The 1st and 4th images to distinguish 2007 JW2 from the star field. Herein, the 

exposure duration of each image is 60 s, and the object at green cross is 2007 JW2. 
 
Table 1 Detailed information of 2007 JW2 in the 4 images, including exposure time, 

position in the sky and magnitude. 
 

Image UT Alpha Delta Mag 

1st 2007 05 07.59725 15h30m07.39s -16°33?10.3@ 18.6 

2nd 2007 05 07.61661 15h30m03.78s -16°33I13.0M 19.1 

3rd 2007 05 07.63422 15h30m00.46s -16°33I15.9M 19.3 

4th 2007 05 07.65026 15h29m57.44s -16°33?17.9@ 19.5 
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Impact crater statistics, Galactic perturbations and giant comet disintegration 
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The flux profile of comets into the planetary system from the Oort cloud, arising from 

Galactic tides and encounters with nebulae, is computed. Both periodic and sporadic 
bombardment episodes, with amplitudes an order of magnitude above background, are 
expected to occur on characteristic timescales ~25 – 35 million years. Statistical analysis of 
the age distribution of well-dated terrestrial impact craters of the past 250 million years 
reveals that the history of bombardment is indeed characterised by impact episodes, during 
which the Earth is heavily bombarded, interspersed with relatively quiescent periods. A weak 
periodicity of ~36 million years is evident, consistent with the Sun's recent passage through 
the Galactic plane. We appear to be in a bombardment episode now, implying that the current 
impact hazard is about an order of magnitude greater than the long-term average. Evidence is 
presented that, in addition to impact episodes, dust from the disintegration of exceptionally 
large comets – such as the Taurid progenitor – may constitute a significant celestial hazard. 
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Ground penetrating radar imagery of the Estonian meteorite impact sites 
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Introduction: Ground penetrating radar (GPR) enables to image soil and rock structure 

at high resolution by introducing short electromagnetic pulses into the ground and receiving 
the returned reflected signals. Reflection of the pulse is caused by contrasts in the 
conductivity and dielectric properties across the interfaces within/between the soil and rock. 
We have studied three Estonian sites for which the meteorite impact origin has been proved 
(Kärdla, 58º57’N, 22º40’E; 455 Ma; 4 km in diameter [1], and Ilumetsa; 57°57’N, 27°24’E; 
6600 yBP, 75 m [2]) or not proved (Tsõõrikmäe; 58°04’N, 27°27’E; 40 m). The two post-
glacial structures, Ilumetsa and Tsõõrikmäe, are formed into the Devonian sandstones covered 
by Holocene sand and till. Nowadays, these structures are partly (Ilumetsa) or almost fully 
(Tsõõrikmäe) filled by peat. 

 

Methods: The GPR Zond-12e by Radar Systems Inc., Latvia, was used at frequencies 
of 100, 300 and 500 MHz. The data were processed with a software package „Prism2“. 

 

Results: In Kärdla the GPR data that revealed boundary between the post-impact 
Ordovician sedimentary layers and Quaternary soil allowed to identify the exact position and 
width of the crystalline rim below. The sedimentary layers were found to dip towards the 
structure at the inner slope, and outwards at the outer slope, referring to sedimentation at slope 
and differential compaction. 

 

The bigger of the two Ilumetsa craters, Sügavhaud (Deep Grave) reveals several 
features / groups of features in GPR profiles as: (i) a bowl-shaped boundary between the 
sandy infill and peat, (ii) moderately strong subhorizontal reflectors in crater-fill peat, (iii) an 
area of chaotic reflectors (lack of prominent reflectors) below the rim and peat, (iv) specific 
lens-like area outside the crater at the foot of the rim that includes ejected and eroded 
material, and (v) disappearance of the groundwater surface that is observable outside the 
crater. 

 

Radar-based “anatomy” of the Tsõõrikmäe structure is very similar to the Ilumetsa 
case. It shows (i) a similar lens-like feature outside the structure, (ii) steep inward sloping 
reflections starting from the top of the rim, and (iii) lack of prominent reflections under the 
rim. As the structure is almost fully filled with peat and water, we were not able to identify 
the deep reflections from the bottom of the peat body. By an analogy with the proven 
structure at Ilumetsa, our studies support a meteorite impact origin of Tsõõrikmäe structure as 
well. 

 

Conclusions: GPR provides a fast and reliable means for mapping the shallow 
subsurface morphological features that are related to the meteorite impact structures. 
However, it does not serve as a tool to prove an impact origin, but to describe the impact-
related / impact-suggested geological features in a case of their own electrical contrast 
compared to surroundings. 

 

References: [1] Puura V. and Suuroja K. (1992) Meteoritics, 216, 143–156. [2] Raukas A. et al. (2001) Meteoritics 
& Planetary Science, 36, 1507-1514.  
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The Chiemgau strewn field in the Alpine Foreland comprises more than 80 craters in a 

roughly elliptically shaped area of the order of 60 km x 30 km. Crater diameters range 
between a few meters and a few hundred meters. Unless leveled by, e.g., farming activities, 
the craters exhibit more or less pronounced rim walls, and on average, the diameter-to-depth 
ratio is 7.5. Geologically, the craters occur in Pleistocene moraine and fluvio-glacial 
sediments (gravel plains). The craters and surrounding areas so far investigated in more detail 
are featuring heavy deformations of the Quaternary cobbles and boulders, abundant fused 
rock material, shock-metamorphic effects, and geophysical anomalies [1, 2, 3]. The hitherto 
established largest crater of the strewn field is Lake Tüttensee with an 8 m-height rim wall, a 
rim-to-rim diameter of about 500 m and a depth of roughly 30 m. About 50 excavation pits 
around Lake Tüttensee have revealed a layer that reflects all aspects of a catastrophic event. 
The up to 1 m thick layer basically is a polymictic breccia of heavily shattered cobbles and 
boulders of Alpine lithologies mixed with largely undeformed however abundantly scratched 
and polished cobbles. The layer is rich in organic material like charcoal and splinters of wood. 
Animal bones and teeth, tufts of (possibly human) hair, and archeological Stone and Bronze 
Age artifacts like pottery shards and stone implements are intermixed. Silica melt rock 
fragments similar to pumice contribute to the breccia as well as abundant deeply corroded 
skeletal-like carbonate and silicate clasts. Shock metamorphism is indicated by PDFs in 
quartz and feldspar from breccia clasts. The stratigraphic context of the breccia deposit, 
radiocarbon dating and the dating by Stone and Bronze Age artifacts exclude any relation 
with Alpine glaciations, and since any Holocene geological endogenetic processes can be 
eliminated, too, a meteorite impact to have formed Lake Tüttensee, the surrounding breccia 
layer as its ejecta blanket, and the whole crater field is most reasonable. Additional 
thermoluminescence [4] and radiocarbon dating [5] in the field of the other craters, and 
further dating by archeological finds confine the impact event to have happened in the first 
millennium B.C., most probably between 600 and 400 B.C. The impact is substantiated by the 
abundant occurrence of metallic, glass and carbon spherules, and of exotic matter in the form 
of iron silicides like gupeiite and xifengite, and various carbides. A gupeiite analysis from the 
Chiemgau strewn field closely resembles meteoritic suessite. Nanodiamonds and fullerene-
like material have been reported to occur in the melt crust of cobbles from the strewn field 
[2]. The find context for the exotic matter is in most cases hardly compatible with an 
industrial production, and an origin from the impact process or/and as constituents of the 
impactor must be considered. The impactor is suggested to have been a low-density 
disintegrated, loosely bound asteroid or a disintegrated comet in order to account for the 
extensive strewn field.  
References.   
[1] Hoffmann, V. et al. (2004) Geophysical Research Abstracts, 6, 05041    [2] Hoffmann, V. et al. (2005) Abstract 
Int. Met. Soc. Conf., Gatlinburg  [3] Ernstson, K. (2006) www.chiemgau-impact.com/gravimetrie/html 
[4] B. Raeymaekers, pers. com. [5] Fehr, K.T. (2005) Meteoritics Planet. Sci., 40, 187-194. 
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