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The article suggests the ways to improve the methods for evaluating the probability of the 
spacecraft pressure wall penetration caused by meteoroids and space debris impacts. 
The problem of evaluating the penetration probability is viewed in the form of ballistic 
equations, which define the structure resistibility to high velocity impacts in relation to 
the outlet data of spatial distribution models of hypervelocity particles (micrometeorites 
and space debris) in space. Currently this problem is solved with the help of proprietary 
technology which uses the conjunction of distribution particles models with ballistic 
equations. It takes a lot of time to calculate large amounts of the models initial data. 
However, this problem can be solved by the enhancement of algorithms of interaction 
between the output data of distribution particles models and the unit responsible for the 
solutions of ballistic equations. The accuracy of the evaluation obtained is increased due 
to the improvement of calculation methods for conditional probability of the pressure 
wall penetration.       

Keywords: ballistic equations, probability of penetration, spacecraft, space debris, mete-
oroids and space debris impacts, structure elements 

REFERENCES 

[1] Nikolaevsky V.N., ed. Vysokoskorostnye udarnye yavleniya [High-Velocity
impact phenomena]. Moscow, Mir Publ., 1973, 528 p.

[2] Nazarenko A.I., Koverga E.V. Optimization of the Interface between Space
Debris Environment Models and Damage Protection Tools. Proceedings of the
Fourth European Conference on Space Debris, 18–20 April 2005, ESA/ESOC,
Darmstadt, Germany, 2005, pp. 613–619.

[3] Adushkin V.V., Kozlov S.I., Petrov A.V., ed. Problema “kosmicheskogo musora” v
okolozemnom prostranstve [The problem of “space debris” in the terrestrial
space]. Ekologicheskie problemy i riski vozdeystviy raketno-kosmicheskoy
tekhniki na okruzhayushchuyu prirodnuyu sredu [Ecological problems and risks
of space technology impact on the environment]. Moscow, Ankil Publ., 2000,
pp. 382–432.

[4] Nazarenko A.I., Sokolov V.G., Gorbenko A.V. The comparative analysis of the
probability of spacecraft pressure wall penetration for different space debris
environment models. Proceedings of the Third European Conference on Space
Debris, 19–21 March 2001, European Space Operations Centre (ESOC),
Darmstadt, Germany, 2001, pp. 667–672.

[5] Nazarenko A.I. Modelirovanie kosmicheskogo musora [Space debris modeling].
Seri. Mekhanika, upravlenie i informatika [Ser. Mechanics, Control and
Informatics]. Moscow, IKI RAN Publ., 2013, 216 p.

[6] Dobritsa D.B. O metodike rascheta meteornykh potokov na elementy KA
[About the methods of calculating the meteor streams directed against the
spacecraft elements]. Sbornik nauchnykh trudov NPO im. S.A. Lavochkina



[Lavochkin Science and Production Association collection. Collected Scientific 
Papers]. Moscow, 2009, iss. 8, pp. 215‒228. 

[7] Dobritsa D.B.  Vestnik NPO im. S.A. Lavochkina, 2012, no. 5, pp. 53–59.
[8] Christiansen E.L. International Journal of Impact Engineering, 1993, vol. 14,

pp. 145–156.
[9] Dobritsa B.T., Dobritsa D.B. Inzhenernyy zhurnal: nauka i innovatsii —

Engineering Journal: Science and Innovation, 2016, iss. 11. Available at:
http://dx.doi.org/10.18698/2308-6033-2016-11-1554

[10] Inter-Agency space debris coordination committee. Protection manual. IADC-04-
03.Version 3.3. Revision April 04, 2004, 228 p. Available at: http://www.iadc-
online.org/Documents/IADC-04-03_Protection_Manual_v7.pdf (accessed March
15, 2017).

[11] NASA SSP 30425, Rev. B, Space Station Program Natural Environment
Definition for Design, 1994. Available at: http://everyspec.com/NASA/NASA-
JSC/NASA-SSP-PUBS/SSP-30425B_29660 (accessed March 15, 2017).

[12] Kessler D.J., Zhang J., Matney M.J., Eichler P., Reynolds R.C., Anz-Meador P.D.,
Stansbery E.G. A computer based orbital debris environment model for
spacecraft design and observations in low earth orbit. NASA TM 104825,
01.11.1996, p. 55.

Dobritsa B.T., Cand. Sc. (Eng.), Assoc. Professor, Department of Computational Math-
ematics and Mathematical Physics, Bauman Moscow State Technical University. Author 
of over 30 scientific publications in mathematics. e-mail: fs11@bmstu.ru  

Dobritsa D.B., Cand. Sc. (Eng.), Leading mathematician of Lavochkin Research and 
Production Association. Author of over 30 scientific publications on the problems of 
spacecraft protection from meteoroids and space debris impacts.  
e-mail: dobrica@laspace.ru

Yaschenko B.Y., Cand. Sc. (Eng.), Leading specialist of Lavochkin Research and Pro-
duction Association. Author of over 30 scientific publications in the field of thermal 
emission and systems for detecting meteoroids and space debris impacts.  
e-mail: kom501@laspace.ru



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut right edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Right
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     12
     11
     12
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut left edge by 96.38 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     96.3780
     Left
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     12
     11
     12
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut bottom edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Bottom
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     12
     11
     12
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: cut top edge by 76.54 points
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
     1
     0
     No
     1074
     567
    
     None
     Down
     2.8346
     0.0000
            
                
         Both
         27
         AllDoc
         50
              

       CurrentAVDoc
          

     Smaller
     76.5354
     Top
      

        
     QITE_QuiteImposing2
     Quite Imposing 2 2.0
     Quite Imposing 2
     1
      

        
     0
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base



