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The accuracy of measuring the information parameter of the signal by a 
tracking meter in aviation and rocket and space technology against the 

background of additive and multiplicative interference. 
Measurement of arrival time. Part III 

 
V.M. Artyushenko, doctor of Technical Sciences, Professor, 

head of the Department of information technologies and control systems, 
State Budgetary Educational Institution of Higher Education of the Moscow Region 

«Technological University named after twice Hero of the Soviet Union, 
pilot-cosmonaut A.A. Leonov», Korolev, Moscow region, 

V.I. Volovach, doctor of technical Sciences, associate Professor 
head of the Department «Information and electronic service», 

State budgetary educational institution of higher education 
Volga region state University of service, Tolyatti 

 
The influence of multiplicative interference acting simultaneously with additive 
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interference on the accuracy of measuring the time of arrival of the information signal 
by the tracking meter is considered and analyzed. The dependences of the ratio of the 
variance of the arrival time measurement in the presence of multiplicative and additive 
interference to the variance of the arrival time measurement in the presence of only 
additive interference are analyzed. 

 
Tracking meter, multiplicative and additive interference, accuracy of measuring the 
time of arrival of the information signal, measurement variance. 
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Problems of multiple use of liquid rocket propulsion systems 
 

V.A. Bershadskiy, Doctor of Technical Sciences, Professor at Department, 
State Budgetary Educational Institution of Higher Education of the Moscow Region 

«Technological University named after twice Hero of the Soviet Union, 
pilot-cosmonaut A.A. Leonov», Korolev, Moscow region 

 
The disadvantages of single-use liquid-propellant rocket propulsion systems 

for transporting the necessary cargo to near-Earth orbits and returning it to Earth are 
formulated. 

As a result of the analysis of a number of publications in the scientific and 
technical literature, the problems of creating and repeatedly using liquid rocket en-
gines and scientific and technical tasks that require priority solutions are established. 

The main directions of solving problems at the conceptual and operational 
levels in terms of ensuring reliable and safe flight operation of multiple-use propulsion 
systems, their survivability and inter-flight maintenance are determined. 
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Propulsion system, multiple use, trouble-free operation, guaranteed service life, main-
tainability, safety and survivability of the engine. 
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Multiple sun-synchronous orbits for full coverage of the Earth  

 
D.Yu. Vinogradov, junior researcher, 

Branch of Precizionnogo navigationno-ballisticheskogo obespechenia branch, 
AO Nauchno proizvodstvennaya korporazia Sistemy precizionnogo priborostroenia, 

Korolev, Moscow region 
 

In this article the systematization and development of the materials described 
in [1] on the design of multiple sun-synchronous orbits of the full coverage of the 
Earth is carried out. An algorithm for forming a catalog of satellite constellation in the 
first approximation on multiple near-circular sun-synchronous orbits is developed. A 
fragment of the orbit catalog for specific source data is given as an example. 

 
Multiple orbits, sun-synchronous orbits, periodical Earth coverage, satellite constella-
tion designing. 

 
 

   [1; 2]     
  ( )  ,   

       -
.          
           

.      ,  -
   ( )     -

.    ( )    -
 ,  ,    -  -

 ( ). 



,   
    

 

  
-    4(30) 2021 

 
29

         
    ( )    , 

        
( ,       

)         , -
     ,   . 

   ,    -
  ,      (  

,    )    
   (  )   ,  -
     .     -
      -

        .    
         -

         -
 ,       . 

,         [1], -
         -

   ,       
       . 

  
   [3]     -

           , 
. . 

 (1) 

    ; 
   . 

        , . .  
   . -     

        -
         -

  .         -
 (  )      -

: 

 (2) 

         
[3]: 

 (3) 

      ,   
 [27]: 



,   
    

 

 
-    4(30) 2021 

 
30

 (4) 

     ,   -
: 

 (5) 

     . 
  (5) ,        

.          
      [1]. 

,           
     ( ) .   -

  1-   -       
      : 

 (6) 

     ,     -
     .     -

    [3]. 
      : 

 (7) 

    –  ,       (   
)   ,      .  -

    (  )    ,   
  – . 

  ,      
,       .   -

,          -
   .  ,   [1],   

 ,        
.         -

  ,      ,  «  
 – »,       . 

  ,   D-  , -
         ,    

  ,        
       -

 [1]. 
                            



,   
    

 

  
-    4(30) 2021 

 
31

.     ,     
 : 

 (8) 

        : 

  (9) 

 

 (10) 

 –   ,    
            -

          .  
       .   (9) -

         : 

 (11) 

        
.        -

  [1]: 

 (12) 

,    ,    -
 : 

 (13) 

 (13)     : 

 (14) 

  (9),    : 

 (15) 



,   
    

 

 
-    4(30) 2021 

 
32

 (15)  ,     -
   . ,      

  . 
   (6), (7)  (11)  -

: 

 (16) 

  (16) ,       
 .      , . .   

 ,          -
 . 

         [1]. -
     ,  -

          
,      ,    , 

,         -
,       ,     , -

  . 
       

        (   
).  

        -
     ,   -

            
 [1]: 

 (17) 

    ,    . 
 (17)   ,  .     
    –    . 

,     ,     
 ,       . 

         
          -

       [1]: 

 (18) 

  ,   ,      
       : 

 (19) 

         



,   
    

 

  
-    4(30) 2021 

 
33

      : 

 (20) 

        
      ,     : 

 (21) 

       ,   -
     ,  : 

 (22) 

,    ,  -
     [1]. 

   .       
   ,   ,   -
   : 

 (23) 

       ,   -
  . 

  (23)       
         

. 
         

    : 

 (24) 

 (23)   (24)   . 

 (25) 

,       , -
    .  ,   

          (  
,   )    , . . .   ,  

 ,       -
   .       -

,            



,   
    

 

 
-    4(30) 2021 

 
34

 .  ,   f-    
 ,    f        
   .       

 ,    f-       
 [1]. 

   .       
         , 

 ,   ,     -
  . 

         
 .         : 

 (26) 

           
   ,       

. 
      : 

 (27) 

   ,  

 (28) 

       ( -
)  . 

          
       .  

        -
 ,      (  -

),    (   ).  
       -

    ,    
        ,  

 [1]: 

 (29) 

 



,   
    

 

  
-    4(30) 2021 

 
35

 (30) 

     .  
   ,  ;   ,                     

. 
 ,         -

 ,     ,    : 

 (31) 

 ,    (31),    -
      ,     -
,          
.         -

       .   -
        ,  

   ,       -
 ,       -

  .     
 . 

         -
         

  ,        (   
). 

 (27), : 

 (32) 

  (29)  (32)     
       ,  

   .     -
        -

 ,          
  . 

        -
,    ,    -

         -



,   
    

 

 
-    4(30) 2021 

 
36

  . ,      
  ,       . 

        
       .   

 (33) 

  ,      , -
        . 

 .        
      . 

1)       -
     ,    -
 ,   ,      -
 .     ,    

    .   -
   

 (34) 

    .      
.  

2)         
,          . 

3)   ,      
:        

(      )    
    . 
4)      .    -

      ,     
. 

5)       
.       .  

  ,        . 
  ,         . 

 .       
       . 

       (26). -
   .   : 

1)   ,    : 

 (35) 



,   
    

 

  
-    4(30) 2021 

 
37

2)       -
 j-  ,      

. 
3)   : ,   -

 . 
4)  ,      .    

       . 
   , ,    , 

  [1],       -
    ,     . 

 ,  (29)  (32)      
    : 

 (36) 

     ,    ; 

 (37) 

     ,    . 
     -

        -
  -   

      : 
1)     . 
2)      . 
3)         ( -
)   . 

4)     . 
5)      , %. 

       -
 ,        

  ,   : 



,   
    

 

 
-    4(30) 2021 

 
38

1)          ; 
2)        . 

: 
–         ; 
–     ; 
–      . 

        . 
          -

 .        -
 (   ), . .      

        -
,          , 

   .         -
    [4].    -
         

[5],   . 
         

       -
   : 

1)   (15)        
         -

    ; 
2)        

  ; 
3)         

; 
4)        

      (11); 
5)       -

         [5]; 
6)   (13)       -

 ,    ,     .7,  
        1, 2, 3; 

7)     ,     
    (17), (18)  (24)    
    ; 

8)   (36)      -
     ; 
9)        (31); 
10)      -

    ,  : 



,   
    

 

  
-    4(30) 2021 

 
39

–   :   ,   
; 

–        , 
    ,     
  

 (38) 

      ;    
  ; 

–     ; 
–   (27)      

  ;    -
       -

. 
      -
  ,     -

.     ,     
  . 

   
      -

 : 
1)     . 
2)       . 
3)        -

 . 
4)                          

 . 
  1    ,  -

 . 
   367   -

 .       . 
        -

.      ,  
   ,    ,  

         
.     2-    -
   29   (  19   1). 

          
     2 ,     

 180    . 



,   
    

 

 
-    4(30) 2021 

 
40

 1 –        
   

S h , D, m n n b , min, % T , a, 
1 2 700,8 26 15 14 379 1374,6 0,00 98,786 7082,2
2 2 702,6 7 4 14 102 1378,4 0,23 98,824 7084,0

18 2 719,8 27 14 14 392 1414,4 2,42 99,184 7101,2
19 2 725,8 2 1 14 29 1427,1 3,17 99,310 7107,2
20 2 731,9 27 13 14 391 1439,8 3,90 99,437 7113,3
139 2 881,7 28 1 14 393 1760,3 18,90 102,595 7263,0
140 2 906,4 28 27 13 391 1814,3 20,91 103,120 7287,7
141 2 906,9 27 26 13 377 1815,3 20,95 103,130 7288,2
211 2 998,5 27 19 13 370 2018,1 27,55 105,081 7379,8
212 2 999,8 10 7 13 137 2021,1 27,63 105,109 7381,1
213 3 500,7 23 5 15 350 964,6 8,99 94,629 6882,2
214 3 501,7 14 3 15 213 966,4 9,15 94,648 6883,1
264 3 555,6 27 1 15 406 1075,5 17,40 95,764 6937,1
265 3 556,0 28 1 15 421 1076,3 17,46 95,772 6937,5
266 3 578,1 28 27 14 419 1121,2 20,38 96,229 6959,5
267 3 578,5 27 26 14 404 1122,0 20,43 96,238 6959,9
365 3 697,2 17 10 14 248 1367,0 33,01 98,710 7078,5
366 3 698,7 12 7 14 175 1370,3 33,15 98,743 7080,1
367 3 700,2 19 11 14 277 1373,3 33,28 98,773 7081,5  
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Conceptual foundations of the numerical expert method of synergetic 

optimization of complex rocket and space objects during their research 
advance design 
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The article outlines the basics of the proposed method for selecting the param-

eters of complex projected objects in the specified ranges of their values, which are 
found based on the condition that the leading performance indicators will reach the 
maximum values, and the accompanying indicators will be in the specified ranges of 
values. 

The method is, in essence, a tool for computer support of designers in the 
search and research design of complex technical objects, aimed ultimately at choosing 
synergistically optimal design solutions and reducing labor costs at the stage of 
searching and forming preferred variants of the technical appearance of the designed 
products of rocket and space technology. 

 
Complex technical objects-products, research design, synergetic optimization, ranges 
of changes in object parameters and performance indicators, numerical and expert op-
timization algorithm procedures. 
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Statistical Control of the Reliability of Rocket and Space Technology 
Systems with a Consistent Structure at the Stage of Ground Testing 

 
V. . Rudakov, Advisor of the Director, PhD, Professor, 

Scientific Research Institute of Space Systems Named After A.A. Maksimov – the 
Brunch of Khrunichev State Research and Production Space Center in the City of 

Korolev (Maksimov SRC of SS), Korolev, Moscow region 
 

In the article it is considered the statistical control of reliability of complex 
systems of rocket and space technology (RST) consisting of independent sequentially 
connected components. At the same time, it is carried out the control of the sets of set 
values of the technical parameters for the components and the system as a whole pre-
ceding the control of the set value of the reliability indicator of the system. For the first 
time, mathematical dependences were obtained to determine the reliability of reliabil-
ity control of systems with a sequential structure, which take into account the results of 
the previous structural and hierarchical control of their technical parameters. The 
practical use of these dependencies leads to an increase in the reliability of the control 
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of the specified requirements for the reliability of systems with a consistent structure, 
reducing the risks of making erroneous decisions and reducing the economic costs of 
ground testing. 

 
ierarchy, reliability, optimization, parameters, planning, losses, risks of the 1st and 

2nd kind, statistical control, requirements, objective function, economic costs, RST 
product. 
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   (1),       ,  
 ,    ,   -

    (n*, *, *, =0).   –  
   (  ),    -
   .  

   ,    -
 ,       -
  ,      .  -

  ,       
 (    )     
 (    ). , ,  
  ,        

(n*, *, *, =0).  ,        -
    .  

     -
  [1,2]   :    

  n>0        ,  
    (1),  : 

 
                                            (5) 

 
 

1

(1 ) ( )n

P

P f P dP ,                         (6) 

0

( )
P

nP f P dP ,                          (7) 

   

,min min 1 1 1, , , ,
C C C C nkn n



,   
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 0,  >0, 0<n N,                                                                                   (8) 
 f(P) –   (4). 

         
[1,2]   n,     (n=1,2,…, N), 

       -

 * * *( , , , 0),n c        -
     1  2  *  *,   -

       -
.    ,    [1,2]  

  (n, , , =0) –      ,  
 ,     . -

   (  )    
,    1  2    ,    -

 .        -
  D,      -

        -
    ,  : 

D = 1 – ( + ).                                                                     (9) 
   (5)...(8)     -

   .      
    :    , 

       [1,2].  
        

 ,  :       
        -

   ,   
,   ,    ? 

,    (l+1)-     k -
    l-  .  ,  

   (l+1)-     
 N       {xj}, 

1,j N ,    r-   l-   – -

 {xri} , 1, ri N ; 1,r k .  
         

.  
      , -

    ,   – ,  
  .    ,    (  

  )  ,    – ,  
     . 

        -
     (   l-  



,   
    

 

 
-    4(30) 2021 

 
54

    (l+1)-  )   .  
  r-   l-      

N r ,    .  -
    k   l-   
      , ,   -

  (l+1)-  . 
   (l+1)-      

 , . .    N   
 ,     . 

        
,    1,     

  [1,2]. 
 

 
 1 –   (l+1)-      

 
      -

   ,    [1,2],     
 : 

1.       
          -

. 
2.      ,  -

        1  
2  [3-5],         -

,   –  .     -
  1  j  2  j,    i-   

j-       , , 

j = ( j)P( j / j)= ( j) j ;    j = ( j )P( j/ j )= ( j ) j, 
    [6]. 

3.    N r  N     -
    1  2 ,     

   (l-   (l+1)-  )    
   1  2 .  , ,    

   N r  N ,    1  2  ( , j, 
j),     .  ,   -

  l-   (l+1)-      : 
 r-     l –  : 

      r = r  ( r, i, i);                                                                           (10) 
r = r  ( r, i, i),   1,r k ; 1, ri N ;                                         (11) 
    (l+1) -  : 
= {N , ( nj, j), ( nj, j); r( r, i, i),}, r( r, i, i)}, (12) 
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 = {N , ( nj, j), ( nj, j); r( r, i, i),}, r( r, i, i)}, 
1,j N , 1,r k ; 1, ri N .                                                       (13) 

  « r»  «  r-   l-   »,  
 « »  «   (l+1)-   ». 

     1  2 : 
       l-   (l+1)-    
      l-   (l+1)-  .  

       
    (l+1)-  ,    -

 l-          -
  l-  ,        -

    (l+1)-  .    -
         

  .  , ,    -
     .    

,   .  
  .  

,       l-   -
.   -      , 

 , ,     . . ,  -
 ,       (l+1)-   -

 k  ( 1,r k )  l-  ,    -
   (l+1)-  .  

   l-        
   ,       .  
      [1,2],  1  r, 1,r k ,  

 , r=0,    2  r,    -
 ,       

r = P( r), 1,r k .  ,  r = P( r)    
 l-     ,      -

. 
  ,   1  2      -

   (l+1)-      -
  r,      l-   . 
       -

 , . . (l+1)-  ,   : 
 (l+1)-  : 

 = {N , ( nj, j), ( nj, j); r ( r, i, i)},                   (14) 
 = {N , ( nj, j), ( nj, j); r ( r, i, i)},                   (15) 

      ,    -
  (l+1)-  ,      

 r,      l-   ,   -



,   
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,      . 
  (14), (15) - : 

N , r –       
(l+1)-    r-   l-  , ;  

r –   2 ,    r-    l-
 , 1,r k ;   

nj, j, i, i –   1  2 ,   -
      (l+1)-    

 l-  ,       -
, 1,j N , 1, ri N .      [6].  

  2  r,    r-    l-
  , 1,r k ;    [1,2]    -

 

1 1 1
( ) 1 ( ) 1 , ...... 1, ..............

r r

i i i

r

i i i

N N

r i i

N

P P r k (16) 

      r-   l-  
 . 

       
       -

      .   -
    .  

 -       l-
 , . .     N r , 1,r k .  

,  ,      -
,  ,   . .      -

  (l+1)-    k    ,  
    . 

        -
 (  r =0),        

 2  r .  :       
    (l+1)-      r,   -
   l-  ?        

  : 
 –  (l+1)-    .    
     : 
 = 1 2,  

 1 – ,   ,    l-  ,  
 ,  ; 

2 – ,   ,     (l+1)-  -
   (     ). 
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-    4(30) 2021 

 
57

 ,   1   2   
  . 

: 

= 1 2  –  ,   ;  
 – ,   ,   (l+1)-     
  ;  

B  –   (   );  
r – ,   ,  r-   l-    -

;  

r  –  ;  
r – ,   ,  r-   l-    -

   ;  
B r –   (  l-     
  ). 

       r  -
,   k  l-       -

 (l+1)-  .     P( r) = 1,   
B r   ,  ( B r) = 0. 

    (l+1)-  ,    k -
  l-  .       

 ,   :   
 (l+1)-    ,    k  l -  

,           
  . , ,  (l+1)-    -
,  ,     l-  ,    
,          -

 .        [7]: 

= 2
1

.
k

r
r

A .                                                                                   (17) 

  1    (l+1)-  .    

=P(A B )=P(A)P( B / A) . 
   1  2   r-   l-  : 

r =P(Ar)P( B r / Ar ),                            r=P( r)P(Br / r ) 
   r-   l-   ,  : 

P( B r/ Ar)=0  P(Br/ r)=1,   r = 0  r =P( r), 1,r k . 
,   l-    : 

P(A)= ( 2)
1

( )
k

r
r

P = ( 2)
1

k

r

[1-P( r)]= ( 2)
1

(1 )
k

r r
. 

        1  , 
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    (l+1)-   :     

= ( 2) P( B /A2)
 1

(1 )
k

r r
.                                                    (18) 

   2     

=P( 2 B)=P( 2 )P(B/ 2 )=[1-P(A2)]P(B/ 2 )  

 = ( 2 )P(B/ 2 )[1- 
1
(1 )]

k

r r
,                                     (19) 

  « »  «  ». 

 ( 2) P( B /A2)  ( 2 )P(B/ 2 ),   (18)  (19), 
      , -

      (l+1)-   -
.     ,    [1,2],  -
 ,      N   (l+1)-  . 

     (18)  (19), :  

1 1 1

( ) 1 1 (1 ) ,j

N N

j j

k
A

j r
r

P                           (20) 

1 1 1 1

( ) 1 ( ) 1 1 (1 ) ....j j j

N N N

j j j

k
A

j j r
r

P P ,(21) 

 N  –      (l+1)-  
 ; 

(Aj) = 1 - ( ( j ) –  ,  j-     
(  j); 

j = ( j/Aj) –   ,     j-
     (  j ),      

  (  j); 
yj = P( Bj / j ) –   ,     

j-      (  Bj),      -
  (  j ). 

j = ( j )P( j/ j )= ( j ) j –   ,  j-  
       .  

  ,     -
  (l+1)-   ,    

[6]. 
 ,    (20)  (21)  

  ,       
       

(l+1)-     ,    -



,   
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       l-  . 
 ,  (21),  ,       -
       -

        2 ,   
    : 

      . 

 ,       
    :    –   

    (1 - ),    –   

     . 

,   
1

(1 )
k

A
r

r 1

1 (1 )
k

A
r

r
,   

(20)-(22)  ,     –  -
     l-    

        -
 (l+1)-  .  

       –   
. 
        

,     ,   
–    .   , -

    . 
 –          -

  ;  –  .  
 –        ;                  

B  –  .  
   1  2      

 : 

 = (  B ),                                                              (23) 

 = ( ),                                                              (24) 
     ,  

            
 ,   ,     ,  

    
( ) = (1 –  ) ( ).                                                                     (25) 
  ,    ,   

1 1 1 1

( ) 1 ( ) 1 1 (1 ) ,........(22)j j j

N N N

j j j

k

j j r
r

P P
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( ) =  [1 – ( )],                                                                   (26) 
 ( ) –  ,        

         
 ;  (1 -  )       

        
        (22);  
( ) –  ,         -

. 
,      (23),(24), 
 ,    (2), (3)  (25), (26),  -

      1  2 ,  
   :  

1 1
1 1( )(1 ) 1 (1 ) (1 ) (1 )

( ) ( )
n n b a

P

a bf d P P P dP
a b

, (27) 

1 1

0 0

( ) (1 )
( ) ( )

P
n n b aa bf d P P dP

a b
,                     (28) 

 (27)  (28)     -
        -

         
.    (9), (27)  (28)     

        
1

1 1 1 1

0

( ) ( )1 (1 ) (1 ) (1 ) (1 ) ,.
( ) ( ) ( ) ( )

(29)
P

n b a n b a

P

a b a bD P P P dP P P dP
a b a b

   2     (22). 
         

     (  ),   = 
0.     (29)     -

         

D  = 1 -   . = 1 1

0

( )1 (1 )
( ) ( )

P
n b aa b P P dP

a b
             (30) 

  « »  ; 
 –   2 ,      -

        ,  
   .  

 (30)    ,  
        -

         -
         

   . 
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  (27)-(30)   -
     (n, , , =0). 

        
 (n* , * ,  

* ,c=0)     (5)-(8),   -
                         

(27)-(30)   
D = 1 – {(1 -  ) *  +   * },                                                              (31) 
D  = 1 –   * .                                                                                         (32) 

 ,   ,  -
    -  -

         
  ,       

          
,         . 
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Numerical and expert-oriented method of choosing the parameters 
of Sun-synchronous orbits for wide-scale monitoring 

Northern Russia regions 
 

G.N. Stepanov, candidate of technical sciences, lead scientist, 
department «Control and information technologies in space systems», 

State Budgetary Educational Institution of Higher Education of the Moscow Region 
«Technological University named after twice Hero of the Soviet Union, 

pilot-cosmonaut A.A. Leonov», Korolev, Moscow region, 
NII KS named in honor of .Maksimov – branch of JSC «M. Khrunichev GKNPZ», 

Korolev, Moscow region 
 

Among the variety of orbits, sun synchronous orbit holds a special place. They 
are traditionally employed by Earth surveying spacecraft. Article covers evaluation 
results and parameters analysis for circular sun synchronous orbits - to ensure optimal 
illumination along satellite ground track, Earth surface observational conditions, sat-
ellite visibility from ground stations with related requirements and limitations.  
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Circular sun synchronous orbits, track repeatability, local satellite time, ground track 
illumination, Earth surface view, visibility of SC from ground stations. 

 
 

       -
    (  )    
        -

      -
          
 : 
       ; 
          ; 
    -   -

     . 
        -

  : 
       300 . . 

 750 . .     100 . .  1800 . .; 
        -

         50; 
      -

     3 ; 
         -

   5 ; 
 -      900 .; 

        
 -    100  400. 

        -
    . 

  -   -
 .        -

        3 .  
     [2]. 

  : N –    -
  1  (86400 ), T  –      ,                   

N  –      , N  –     
 , i –  ,  –     

   6371,032 , L  –     
 , LN –       N  (  

   ), T  –  , n  –    
«  », m –  . 

   «  » –    N .   
    m = N  – *n  
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     N =14…16, T  = 1…3  
     1    .  

 
 1 –   -    

 
/  

N, 
 

T
 
 

N
 
 

N , 
 

i 
. 

H , 
 

L , 
. 

LN, 
. 

T , 
. 

n  
. 

m 
 

1 16 1 16 16.0 96.5878 285.067 -22.5615 0 90.0 16 0 
2 16 3 47 152/3 96.9210 379.071 -23.0416 -7.6805 91.9149 15 2 
3 16 2 31 15.5 97.0967 427.335 -23.2893 -11.6447 92.9032 15 1 
4 15 3 46 151/3 97.2789 476.472 -23.5425 7.8475 93.9130 15 1 
5 15 1 15 15.0 97.6640 577.470 -24.0656 0 96.0 15 0 
6 15 3 44 142/3 98.0791 682.283 -24.6126 -8.2042 98.1818 14 2 
7 15 2 29 14.5 98.2989 736.193 -24.8955 -12.4477 99.3103 14 1 

14 3 43 141/3 98.5274 791.146 -25.1850 8.3950 100.4651 14 1 
14 1 14 14.0 99.0124 904.317 -25.7846 0 102.8571 14 0 

 
  1      -

         . 
        -

   0.001   . 
        5-7  -

   550  750       1  3 . 
        

  .       
 t  = 12  + ,   –     -

 ,       24  = 360º. 
,         

      12  -
 . 

 
 2 –         

       
i, 

 
H  = 577.470  H  = 682.283  H  = 736.193  

. 
 

t  – t  
,  

. 
 

t  – 
t  ,  

. 
 

t  – t  
,  

. 
t  – t  

,  

.  
t  – t  ,  

 

. 
 

t  – 
t ,  

 
30 -0.294 0.294 -0.312 0.312 -0.320 0.320 
40 -0.420 0.420 -0.454 0.454 -0.466 0.466 
50 -0.611 0.611 -0.645 0.645 -0.664 0.664 
55 -0.734 0.734 -0.775 0.775 -0.797 0.797 
60 -0.893 0.893 -0.943 0.943 -0.970 0.970 
65 -1.112 1.112 -1.175 1.175 -1.208 1.208 
70 -1.438 1.438 -1.521 1.521 -1.566 1.566 
75 -1.997 1.997 -2.120 2.120 -2.185 2.185 
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         -

  (     )    
(     ) ,     

            
  .   2    -

     i (     
 30º  75º . .)       . 

  2 ,          -
           -
 .             

            
  ,   0,05  (3 .)      ,   

0,19  (11,4 ).      H  = 682.283   
       ,  

       0,12  (7,2 .),  
        

        . 
      . 

,        -
,         , 

.       
      ,    -

      65º  75º     -
    12 , . .        

      .   -
 2,        -

    : 
     : 

 : t 75 = 12 ; 12  – tmin  = 2.120 ;                     
tmin  = 9.880 ; 

 : t 65 = 12 ; 12  – tmax  = 1.175 ;                     
tmax  = 10.825 ; 

     : 
 : t 65 = 12 ; 12  – tmin  = -1.175 ;                     

tmin  = 13.125 ; 
 : t 75 = 12 ; 12  – tmax  = -2.120 ;                     

tmax  = 14.120 ; 
 ,   2     

  : 
      –  9  53   10  50 

   , 
      –  13  09   14  06 

   . 
,         -

       ±4 . (     -
        ,   16 ), -



,   
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      ,  -
          

     : 
         –  10  

09   10  34 , 
         –  13  25 

  13  50 . 
 

 3 –         
 , 

. 
30 40 50 55 60 65 70 75 

21.03 , 
. 

54.64 46.95 38.51 34.09 29.55 24.90 20.08 14.96 

t , 
 

10.68 10.82 11.01 11.14 11.31 11.54 11.89 12.49 

21.06 , 
. 

72.34 68.53 61.51 57.37 52.97 48.36 43.51 38.31 

t , 
 

10.77 10.91 11.11 11.24 11.40 11.64 11.98 12.58 

23.09 , 
. 

56.24 47.95 39.03 34.42 29.70 24.88 19.91 14.64 

t , 
 

10.93 11.07 11.26 11.39 11.56 11.79 12.14 12.74 

21.12 , 
. 

33.89 24.88 15.65 10.96 6.23 1.42 < 0 < 0 

t , 
 

10.83 10.97 11.16 11.29 11.46 11.69 - - 

 
 4 –         

 , 
. 

30 40 50 55 60 65 70 75 

21.03 , 
. 

54.60 46.91 38.47 34.05 29.51 24.86 20.04 14.92 

t ,  13.32 13.18 12.99 12.86 12.69 12.44 12.11 11.51 
21.06 , 

. 
70.00 66.95 60.64 56.77 52.59 48.16 43.47 38.41 

t ,  13.42 13.27 13.08 12.95 12.78 12.55 12.20 11.60 
23.09 , 

. 
52.50 45.43 37.49 33.29 28.95 24.48 19.84 14.91 

t ,  13.57 13.43 13.23 13.11 12.94 12.71 12.36 11.76 
21.12 , 

. 
32.44 23.82 14.94 10.43 5.85 1.21 < 0 < 0 

t ,  13.47 13.33 13.14 13.01 12.83 12.61 - - 
 

            
  ,   , -

: 
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      –   27.75   
21.50 .   , 

       21.25  27.50 .  -
 . 

       
     . 

  3  4    -
         -

         
       .  

         -
 -24.5º  24.5º,        .3 

 . 
  3, 4 ,      

         -
 .       -

   ,            
 0,5º.        -

 70º    0,4   12 . 
  5, 6       

         -
          -

      ,       5 
  10 . 

 
 5 –        -

     
 t      t     ( c>5º) ( c>10º) 

21.03 22.37  155.51º 10.37  -24.50º <81.77º <79.20º 
21.06 22.46 156.92 10.46 -23.08 >66.10 >70.94 
23.09 22.61 159.21 10.62 -20.78 <81.62 <78.86 
21.12 22.52 157.78 10.52 -22.23 <61.28 <56.02 

:        -
   « »         . 

 
 6 –        -

     
 t     t      ( c>5º) ( c>10º) 

21.03 13.63  24.50º 1.63  -155.50º <81.76º <79.17º 

21.06 13.73 25.94 1.73 -154.06 >65.38 >70.31 

23.09 13.88 28.24 1.88 -151.75 <81.83 <79.28 

21.12 13.80 26.58 1.80 -153.02 <60.91 <55.45 

:        -
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   « »         . 
  5  6 ,        

 61º c <5º, . .        61 
 66 .    ,   66 . -
  .   ,     , 

      75º      
23.02  18.10. 

       -
     .  

 : 
 –       

   , (  – -  ,  – ); x –  -
 ,       (    
  ,  –   ); L  –    

    ; Dmax –      
      (    

); d –          -
    . 

      -
     [3]. 

  7       
      ,  40º, 20º  10º 

 
 7 –       

,  , . x, . L  ,  Dmax ,  d,  
 

577.470 
40 4.511 1003.21 779.60 0.350 
20 1.902 422.98 618.27 0.072 
10 0.917 203.95 587.21 0.017 

 
682.283 

40 5.367 1193.57 927.122 0.356 
20 2.250 500.38 731.297 0.072 
10 1.084 241.072 693.966 0.017 

 
736.193 

40 5.813 1292.67 1003.792 0.363 
20 2.429 540.23 789.533 0.073 
10 1.170 260.11 748.898 0.017 

 
  8     L  min  
            

   .       
=577.470        -

,        .   
-        -
          LN ( . . 1). 

        -
-       L   L  min( ). 

       7,8  -
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          ,  
. 

 
 8 –      

   (  ) 
,  =0º =30º =40º =50º =60º =70º 

577.470 2675.99 2317.47 2049.92 1720.09 1337.99 915.24 
682.283 912.27 790.05 698.84 586.40 456.13 312.01 
736.193 1384.13 1198.69 1060.30 889.70 692.06 473.40 

 
    =577.470     

=10º, 20º     .  =40º  
      70º.   -

,         68,0º. 
      =682.283   

   =10º      -
.  =20º       60º  70º. -

  ,       -
  56,7º.  =40º       

 ,      . 
      =736.193   

   =10º      -
.  =20º       70º.  

 ,        
 67,0º.  =40º        

,   30º      .  
 ,        21,0º. 

 ,      -
         

   =682.283 .  =40º     
   .  =20º   -

      56,7º. 
 

 9 –       
  

,    min, . Dmax ,  d,  
577.470 

 
. 61.62 1509.57 1.614 

  30º 59.36 1339.33 1.319 
682.283 . 33,12 834.12 0.223 

  30º 29.61 798.88 0.171 
736.193 . 41.75 1037.18 0.409 

  30º 38.06 970.78 0.319 
 

  9      ,  -
         : 

     ; 



,   
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       -
    30º. 

     Dmax  d. 
       -

       .   -
          5º.  -

      , -
     1 .     

 3-      =682.283 . 
  10      -

   –       -
  ,      -

   1 .       
.    ,     

      –    -
    .     -
          -
  (     24.613º),     -

        (   – 
« »),  –   (   – « »). 

 
 10 –     ,     

 
 

 
B, . 

 
L, . 

.  .  
 

.  .  
 

      
 55.95 37.96 16.29 53.98 100.72 167.59 214.21 251.81 

.-
 

59.71 30.19 6.37 48.19 107.51 145.14 204.46 246.28 

 61.98 129.66 104.13 149.32 - - 302.28 347.37 

.  66.08 76.68 46.85 99.79 - - 245.84 298.78 

 
  10 ,     ,   

    .     
.-   2        

.     . ,  ,  
     ,     (  

 )       ,   -
 (   ) –  .    , 

         -
  ,    61,25º. 

    : 



,   
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Assessment of the Readiness of the Equipment of the Launch Space 
Complex at the Early Stages of its Creation 

 
L.V. Ertman, Head of the Scientific Research Complex, PhD, 

Senior Scientific Researcher, 
V. . Rudakov, Advisor of the Director, PhD, Professor, 

Scientific Research Institute of Space Systems Named After A.A. Maksimov – the 
Brunch of Khrunichev State Research and Production Space Center in the City of 

Korolev (Maksimov SRC of SS), Korolev, Moscow region 
 
Assessing the readiness of the equipment of the launch space complex (LSC) at 

the stage of its creation causes significant difficulties due to the lack or insufficient 
amount of experimental data on the characteristics of its reliability. In the article, we 
propose to evaluate the readiness of the LSC based on such characteristics as: reliabil-
ity characteristics of its elements, a structural diagram of reliability at the level of ele-
ments, an algorithm for its operating during duty, project values of indicators for re-
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storing the operational state in the event of a failure, project characteristics of the di-
agnostic system. In addition, we propose mathematical dependencies and simulation 
methods used these LSC characteristics for calculating of the LSC readiness coeffi-
cient. 

 
robability, recovery time, readiness, duty, readiness coefficient, mathematical expec-

tation, equipment, reliability indicator, operability, elements. 
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Quality assessment of digital processing of images obtained by aerial 

photography with unmanned aerial vehicles 
 

D.S. Areshev, Director of children's technopark, 
State Budgetary Educational Institution of Higher Education of the Moscow Region 

«Technological University named after twice Hero of the Soviet Union, 
pilot-cosmonaut A.A. Leonov», Korolev, Moscow region 

 
Aerial photography and aerial photogrammetry with unmanned aerial vehicles 

provides photo quality not worse than the quality f ground photography, however 
unmanned aerial vehicles provides more potential for getting 3D images of various 
objects than ground photography. Digital processing of video information obtained 
with a camera mounted on an unmanned aerial vehicle requires a great amount of cal-
culations therefore quality assessment of the resulting images is an actual task to opti-
mize processing algorithms. 

 
UAV, unmanned aerial vehicle, onboard photo/video fixing system, digital image pro-
cessing. 
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In the article a solution of a task of developing a recommendation system for 
determining of scientific article relevance is presented. An algorithm for calculation of 
relevance and applied methods of machine learning for text data processing are 
considered. Usage of word embeddings and clustering are justified. 

 
Recommendation system, word embeddings, key words, clustering, relevance 
determining. 
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Methodology for constructing a static regression multifactor model from 

experimental data with factor scheduling of a fiber optic gyroscope 
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The article substantiates the use of a full factorial experiment as the main one 

for the study of fiber-optic gyroscopes. The stages of constructing regression multifac-
tor models obtained based on an active experiment are shown. Also, based on the fi-
ber-optic gyroscope model built in the Matlab/Simulink computing environment, the 
analysis of the selection of the main characteristics that can act as factors necessary 



 ,     
 

 
-    4(30) 2021 

 
104

for conducting a complete factor experiment and obtaining an adequate mathematical 
model is carried out. 

 
Static regression multivariate model, fiber-optic gyroscope, experiment planning. 
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Study of neural network approach application in face detection problem 
 

I.A. Krysin, senior lecturer of the Information Systems and Networks Department, 
. . Gavrilov, student of bachelor, 

Kaluga Branch of Moscow State Technical University named after N.E. Bauman, 
KB of BMSTU, Kaluga 

 
The article brings study of convolutional neural network with various struc-

tures application in face detection problem. Tests and effectiveness comparison to Vio-
la-Jones algorithm are carried out in terms of accuracy and speed of processing. Ac-
curacy on face detection with glasses is tested. Results proved the ability of neural 
network approach application. The article describes possible options of using neural 
networks with Viola-Jones algorithm to improve performance on the solution.  

 
Convolutional neural network, Face Detection, Computer Vision, Viola-Jones Cascade 
Classificator. 
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Modelling of the process to determine credibility of texts using methods of 

natural language processing 
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In this paper the problem of determination of credibility of texts is considered, 

and an algorithm to calculate a degree of credibility, that uses the text and its metada-
ta, is proposed. Approaches to build performance metrics for the algorithm are con-
sidered. Results of computational experiments that show applicability of existing NLP 
tools for data extracting that is needed by the algorithm are presented. Further re-
search steps and ideas to improve the algorithm are discussed. 
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he development of the global economy leads to the emergence of various lo-
gistics tasks to optimize both delivery routes and the need to meet the specified time 
intervals for each of the customers. Completely full search with a large number of cus-
tomers, as is known, might to cause certain problems even on a modern computing 
base. Therefore, methods for solving the classic traveling salesman problem remain 
relevant, especially since specialized software environments are emerging that allow 
not only displaying the found route, but also linking it to a real map of the area. An 
additional advantage associated with simulation modeling of the optimization of deliv-
ery processes is the ability to find not one route, but a whole set with different but simi-
lar optimality criteria, which can help to analyze the current task in depth in the event 
of any unforeseen situations. The article analyzes the capabilities of the software envi-
ronment for simulation AnyLogic and proposes a new search algorithm based on the 
selection of individual groups of clients. Combining the proposed algorithm with the 
capabilities of AnyLogic will create a complete information application that can be 
used in practical work in logistics companies. 

 
ptimization on graphs, multicriteria enumeration, traveling salsesman problem, soft-

ware, simulation, heuristic algorithms. 
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Prospects for the use of composite flame-retardant materials 

for fire-fighting purposes 
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O.V. Tokareva, Associate Professor of the Department 
of Mechanics and Engineering Graphics, 
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«Academy of GPS of the Ministry of Emergency Situations of Russia», Moscow 
 

The article presents an overview of existing fire-retardant materials and coat-
ings for the purposes of fire protection of structures and personnel of fire brigades. 
The mechanisms of action of the components of flame-retardant coatings under the 
action of convective heat energy flows are considered. A review of modern fire-
resistant screens for the protection of firefighters in extinguishing man-made fires has 
been carried out. The ways of developing fire-resistant materials for creating protec-
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tive shelters for extinguishing forest fires are proposed in extreme conditions. 
 
Composite fire-resistant material, fire-resistant coating, inertial graphite, thermal ex-
pansion, foam, convective. 
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Mechanical activation of zirconium with a degradable polymer in various 

atmospheres 
 

V.A. Titova, p st-gradu te stud nt, 
V.P. Reva, Ph.D (Tech), assistant professor, 

Far Eastern Federal University (FEFU), Vladivostok 
 
The article discusses the mechanochemical processes realized as a result of 

mechanical activation of zirconium with a degradable polymer using different working 
atmospheres. The phase composition of powder materials is considered. 

 
Polymethylmethacrylate, mechanochemical synthesis, zirconium carbide. 
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Analysis of uncertainty and error of results in measurement of physical 
and mechanical parameters of materials 

 
S.V. Frolov, candidate. phys.-mat. of Sciences, Associate Professor, 

Head of the Department of Mechanics and Engineering Graphics, 
Federal State Budgetary Educational Institution of Higher Education 

«Academy of State Emergency Situations of Russia», Moscow 
 

The article presents the analysis of the measurement results of physical and 
mechanical parameters of metal products (direct single hardness measurements and 
indirect single strength measurements) based on calculations of error limits and ex-
tended uncertainty in accordance with the requirements of national and international 
standards. Quantitative calculations of the extent of increased limits of extended uncer-
tainty of the result of indirect measurements of ultimate strength are given taking into 
account sensitivity factors, which is important when assessing product compliance with 
established requirements. 

 
Physical and mechanical parameters, standard uncertainty, extended uncertainty, error, 
sensitivity factors. 
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