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RADIO-TECHNICAL FLIGHT SUPPORT MILITARY 

AND CIVIL AVIATION – THE STRATEGIC PROBLEM 
OF RUSSIA ARCTIC ZONE 

 
Nikolai I. Didenko1, Boris P. Eliseev2, Oleg I. Sauta3, 

Artem Yu. Shatrakov4, Alexey V. Yushkov5 
1Peter the Great St.Petersburg Polytechnic University, St. Petersburg, Russia 

2Moscow State Technical University of Civil Aviation, Moscow, Russia 
3JSC "VNIIRA-Navigator" 

4JSC "Concern VKS "Almaz-Antey", 
5"OAK Center com plexitube" 

 
ABSTRACT 

 
It should be noted that a number of countries consider that the Arctic is the property of all mankind and therefore 

the legal regime of the usage of this region territory is necessary to be reconsidered. The intensification of the armed forces 
activities on the northern borders is caused by aggravated international disagreements on the issues of territorial influence 
in this region, by the need to ensure the safety of increasing freight traffic through the Northern Sea Route and also by an 
increase in production capacities of domestic extractive enterprises on the shelf.  
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The article deals with the challenge of the accelerated development in the Arctic region of Russia. It is noted that 
the major role in the solution of this problem belongs to an air-transport complex which is almost the only means to provide 
the operational availability to objects in the region. For the effective usage of the air-transport complex the approach based 
on the concept of radio-technical flight support, founded on the technologies of global navigation satellite systems and au-
tomatic dependent observation is offered. The existence of readymade technical solutions for these technologies implemen-
tation allows to accelerate the solvation of social and economic development problems of the Arctic region in general, 
alongside with the problems of national security of Russia. 

 
Key words: Arctic zone, sustainable development, air-transport complex, national security. 
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Table 1

   
A nine-point scale of verbal assessments

  
  1 

  3 
  5 

  7 
  9 

 2
Table 2

  
SI  N = 1 – 15 

The mean experimental values 
of SI for N = 1 – 15 

N   
1 0,00 
2 0,00 
3 0,58 
4 0,90 
5 1,12 
6 1,24 
7 1,32 
8 1,41 
9 1,45 
10 1,49 
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Table 3 
     

Algorithm for choosing the method of control of the vehicle 

 Wi ij 1 2 3 

1 w1 

11 0 1 0 
12 1 0 1 
13 0 1  
3 1,1 = 1 2,1 = 2 3,1 = 2 

2 w2 
21 1 0 1 
22 0 1 0 
2 1,2 = 1 2,2 = 1 3,2 = 1 

i wi – – – – 

 w  

1 0 1 0 
2 1 0 1 
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THE MODERNIZED METHOD OF A MIXED TECHNICAL STATE 

CONTROL SYSTEM FORMATION BASED ON THE DECOMPOSITION 
OF RADIO AIDS COMPLEXES 

 
Alexander V. Bunin1, Andrey N. Potapov2, Erik E. Bueshev2 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
2The Military Educational and Scientific Center of the Air Force "Air Force Academy named after 

Professor N.E. Zhukovsky and Yu.A. Gagarin ", Voronezh, Russia 
 

ABSTRACT 
 
During the operation of the machinery, units and blocks are constantly affected by a number of characteristics 

which influence its technical condition (T ) in different ways. The choice of the radio engineering complexes of automa-
tion equipment technical state control method for air traffic control (ATC) is determined by a number of constructive, tech-
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nological and operational characteristics. The effect of operational characteristics on objects T  is reflected in the form of 
deviations from the nominal values of their parameters. The stochastic nature and the variety of the operational characteris-
tics impacts on the automation equipment complexes lead to the fact that for the same runtime or duration of operation the 
objects have different actual TC. The operational characteristics of the automation equipment complexes have a number of 
properties, which can significantly influence the choice of the TC control method. The technical operation of the automa-
tion equipment complexes is characterized by the presence of the changing objective process of the TC and the subjective 
technical maintenance process, which is a sequential in time change of various states in accordance with the transition 
scheme. The proposed modernized method of a mixed technical state control system formation is based on the decomposi-
tion of radio aids complexes and it provides the opportunity to take into account not only the rank (significance), which 
characterize the relative importance of the characteristics, but also the influence of the properties of these characteristics in 
the choice of the TC control methods. 

 
Key words: complex of means of automation, method, technical condition, characteristics, control system, de-

composition, radio engineering means. 
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Fig. 2. The values distribution of the pilot’s total hazard indicator  according to the color scale 
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OF THE PROTECTION OF THE AVIATION SYSTEM 
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ABSTRACT 

 
Currently, the security assessment of the primary aviation system from the effects of hazards reduces only the as-

sessment of legality of flight. Such an approach to the assessment of flight safety is not aimed at systemic accounting of the 
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moral and psychological aspects associated with human participation in the aviation system’s management. At the same 
time, the official statistics showed that the absolute majority of aviation accidents occurred due to the influence of the hu-
man factor, most often it was the personal factor of the flight crew. All of the above mentioned determines the necessity of 
the systemic accounting of the negative manifestations of the aviation specialists’ personal factor, who are involved in the 
aviation system, primarily they are members of a flight crew. The article substantiates the application of the personal meth-
odological approach to the assessment of the aviation system’s security from the effects of hazardous factors. The features 
of the application of such an approach are shown in the flight safety assessment model. This model allowed us to develop a 
methodological apparatus for assessment of the aviation system state. The methodological apparatus is a complex of tech-
niques allowing us to assess the security of a particular flight, taking into consideration the impact of the moral and psycho-
logical aspects, which are associated with the personality of a particular pilot, and the state flight safety in aviation  
formation with the impact of flight crew factor. On the basis of the derived integral indicator, which determines the  
total amount of threats to the state of the aviation system from the pilot’s personal factor, the methodology  
for assessment of the flight safety level assurance with the influence of the pilot's personal factor and the methodology for 
assessment of the flight safety state in aviation formation with the influence of the human factor of the flight crew were 
developed. 

 
Key words: aviation system, flight safety, human factor, the total indicator of the pilot's danger, personal factor. 

 
REFERENCES 

 
1. Irmaliev R.E., Zolotykh V.I. Pervichnaya aviatsionnaya sistema kak osnovnoy ob"ekt up-

ravleniya v sisteme bezopasnosti poletov [A primary aviation system as the main control object in the 
flight safety system. Scientific and Technical Council]. Safety issues. Akhtubinsk, Chkalov Flight-
test centre, 2014, p. 132–140. (in Russian) 

2. Vozdushnyy kodeks Rossiyskoy Federatsii. Federal'nyy zakon  60-FZ ot 19 marta 
1997 goda [The Air Code of the Russian Federation. Federal Law No. 60-FZ of March 19, 1997]. M., 
KnoRus, 2014, 80 p. (in Russian) 

3. Federal'nye aviatsionnye pravila proizvodstva poletov gosudarstvennoy aviatsii [Federal 
Aviation Rules for the Flight operations of State Aviation]. FAPPP GA – approved by the Order of the 
Russian Federation Ministry of Defense of September 24, 2004, No. 275. (in Russian) 

4. Federal'nye aviatsionnye pravila poletov v vozdushnom prostranstve RF [Federal Aviation 
Rules for Flight Operations in the Airspace of the Russian Federation]. FAPP of the RF – approved by 
the Order of the Russian Federation Ministry of Defense, the Russian Federation Ministry of Transport 
and the Russian Aerospace Agency 2002, No. 136/42/51. (in Russian) 

5. Federal'nye aviatsionnye pravila po organizatsii i obespecheniyu pereletov gosudarstvennoy 
aviatsii [Federal aviation rules for the organization and provision of state aircraft flights]. pproved by 
the Order of the Russian Federation Ministry of Defense of August 16, 2001, No. 365. (in Russian) 

6. Federal'nye aviatsionnye pravila inzhenerno-aviatsionnogo obespecheniya gosudarstvennoy 
aviatsii [Federal Aviation Rules for Engineering and Aviation Support of State Aviation]. FAP IAO 
GA – approved by the Order of the Ministry of Defense of September 9, 2004, No. 044 Russian Feder-
ation. (in Russian) 

7. Rukovodstvo po predotvrashcheniyu aviatsionnykh proisshestviy s gosudarstvennymi 
vozdushnymi sudami v Rossiyskoy Federatsii [Guidelines for the Prevention of Accidents with State 
Aircraft in the Russian Federation]. RPA-2002 – approved by the Order of the Russian Federation 
Ministry of Defense in 2002, No. 390. M., Military Publishing, 2003, 71 p. (in Russian) 

8. Ponomarenko V.A. Psikhologicheskiy analiz letnykh proisshestviy i predposylok k nim. 
Metodicheskoe posobie [Psychological analysis of flight incidents and their preconditions. Methodical 
aid]. M., Military Publishing House, 1990, 56 p. (in Russian) 

 
INFORMATION ABOUT THE AUTHORS 

 
Boris I. Bachkalo, Doctor of Technical Sciences, Professor, the Professor of the Air force  

Education and Research Center "The Zhukovsky and Gagarin Air Force Academy", bachkalo@list.ru. 



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

42 

Valeri I. Zolotykh, Honored Military Pilot of Russia, the lecturer of the Air force Education 
and Research Center "The Zhukovsky and Gagarin Air Force Academy", zolotykh-valeri@yandex.ru. 
 

   06.06.2017  Received 06.06.2017 
   20.09.2017  Accepted for publication 20.09.2017 

 



 20,  05, 2017    
Vol. 20, No. 05, 2017 ivil Aviation High Technologies
 

43 

 621.396 
DOI: 10.26467/2079-0619-2017-20-5-43-49 

 
   

    
 ,  

      
    

 
. . 1 

1    « », . ,  
 

              -
   ( ),       I,    -

              II  III, 
        .     

     ,       
  .    ,      (  ),   

              
,  ,       , -

            .  , 
        ,    -

   ,            
   .         -

 ,          .  
        .  

 
 :   ,   , , -

,   . 
 

 
 

         
           

           
 [1, 2]. 

         -
      :   -

  ( )   ,        -
   ,      -

  – . 
   ,   -

   ( )        -
        ,     

    -   -
    ,     – 

,     ,       . 
           

  ,         -
     ,       

.       ,    [1, 8],     
 [5, 7]. 



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

44 

      .   
   ,    [9, 10]  

  ( )     –       
 

, (1)
 

  –   ,  – - ,     
    ,   H  -

 ( - ) . 
         

  .  
 

  
 

         
2 :           

         –    
    . 
 1.    

    ,     
 [5, 7].     ,      -

   ,       . , -
,          . 

        N -  
 ( )  X_(1..N)   ,   -

  .  -   -
    ,       
  . 

    
 

, (2)
 

  – ,   N ,     ,  
M ,      1..M . 

        . 
 

, (3)
 

  – ,    ,  –   -
 .         -

  ,     ,    –  
(  ),   –       (  ).  -

       ,     
         .    -

,       ,  . 
          –   

      . 
     

 
. (4)



 20,  05, 2017    
Vol. 20, No. 05, 2017 ivil Aviation High Technologies
 

45 

    ,    
 

. (5)
 

 2.        –  
   –      -

           .  
     –  ( )   

        . ,   
            

    ,  -      8,45  
       .    -

      , 
  . 

   ,      
            

 .          
         ,    

.          -
      .  ,      

         . 
           

      ,   
          . 
          -

  ,      -
      ( )   -

  ( )     .   -
      .      -

 :    ,       
   [8]          -

      [7]. 
  ,       , -

   ,        –   -
        .  ,  

           
  –         . 

       ,  ,  
        . 

    ,       -
      ,         

. ,    (      )   
    (   )     , -

     ,     -
      

 
, (6) 

 
  –   N a m,  m   1..N-    

 .  



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

46 

        -
.           -

  , ,  
 

. (7)
 

          , -
,       –   .   -
   ,      .   

   ,        .  
      –  

 
 (8)

 
         

           
   – .        

   –     , -
   [11].       

 

, (9)

 
  –     ,  –      . 

        -
          .  

         -
 - . 

        c  
           

 
 (10)

 
  – ,    (      )    

   (   );  –  . 
     ,     ½ . -

           -
   – .         

            -
     .      

         – . 
       

           -
 ,       .  

           -
          15  5 %  -

,     0,1–0,2 . 
 . 1      ( )   

 ,     ( ),     
  (  ).       

     ,        . 



 20,  05, 2017    
Vol. 20, No. 05, 2017 ivil Aviation High Technologies
 

47 

 ,        ,   
   ,    -

  . 
         

      -   
     [6]    0,1 . 

        . 1. 
 

 1 
Table 1 

      
Values of errors at influence of the reflected signals 

      
  

   
-  > 30  3,5  

 0,1  14,4  1,09  
 

 
. 1.     ( )   , 

          
Fig. 1. Comparison of the shape of the GLONASS PT signal correlation function (CF), 

distorted by echo impact with the shape of the CF after beamforming 
 

 
 

       –  
   8     ,    .   -

 ,   ,     –    -
    ,     -

    . 
           
         -

       – ,    -
,      .  

         
        [3].   ,  -

 ,     ,   -
         

-           -
   [1, 2]. 

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

, .

 
 



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

48 

        
             

. 
 

  
 
1. .     /  . . . , 

. . . 4-  ., .  . .: , 2010. 800 . 
2. Kaplan E.D., Hegarty C.J. Understanding GPS. Principles and Applications, ARTECH 

HOUSE, 2006, 703 p. 
3.  . .   . .: - , 2000. 270 c. 
4. Sgammini M., Antreich F., Kurz L., Meurer M., Noll T.G. Blind Adaptive Beamformer 

Based on Orthogonal Projections for GNSS. 25th International Technical Meeting of the Satellite Di-
vision of The iInstitute of Navigation, Nashville TN, September 17–21, 2012, p. 925–936. 

5. Ying Chieh (Jay) Chuang, Inder J. Gupta. Two stage beamformer for GNSS receiver an-
tenna arrays. Proceedings of the 27th International Technical Meeting of the ION Satellite Division. 
ION GNSS+ 2014. Tampa. Florida. September 8–12. 2014, p. 2277–2285. 

6. Parkinson B.W., Spilker J.J. (Eds.). Global Positioning System: Theory and Applications. 
Volume I and II. Published by the American Institute of Aeronautics and Astronautics, Inc. 370 
L’Enfant Promenade, SW, Washington, DC 20024-2518. 1996. 

7. Hattich C., Cuntz M., Konovaltsev A., Kappen G., Meurer M. Robust Multi-Antenna Ac-
quisition in Time, Frequency and Space for a Digital Beamforming Receiver. 24th International Technical 
Meeting of the Satellite Division of The Institute of Navigation. September 19–23, 2011, p. 724–731. 

8.  . .,  . .      -
   // . 2008.  7. . 45–50. 

9.  . .,  . .   :   : 
.  . .:   , 1986. 448 . 

10. Harry L. Van Trees. Optimum Array Processing. Part IV of Detection, Estimation and 
Modulation Theory. Wiley-Interscience, 2002, 1443 p. 

11.  . .,  . .     -
        « / » // -

 . 2017.  2. . 11–16. 
 
   

 
  ,     «  « », 

KrinitskiGV@mail.ru. 
 

THE SIGNALS TREATMENT ALGORITHM 
FOR SATELLITE RADIO NAVIGATIONAL EQUIPMENT CONSUMERS 

INTENDED TO PROVIDE A PRECISION APPROACH TO THE RUNWAY 
IN CONDITIONS OF RADIO INTERFERENCE IMMUNITY 

 
Georgy V. Krinitskiy1 

1Moscow Design Bureau “Compas”, Moscow, Russia 
 

ABSTRACT 
 
Currently, a number of countries widely implemented the landing aircraft system according to the signals of satellite 

navigation systems (SNS), providing the approach for category I, and the research and development in the area of improve-
ment to ensure the approach categories II and III are actively conducted, they impose higher requirements on  such characteris-
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tics as accuracy and reliability. An approach to the runway and landing are very crucial stages of flight, therefore, the necessity 
of high reliability landing systems are required with the help of SNS signals. Due to the fact that the SNS consumer equipment 
interference immunity (SNS CE), in which there are no special measures for protection from noise and the provision of 
maintenance at low levels of the received signals is extremely low, so the navigational equipment is becoming easy targets for 
terrorist, sabotage and vandalism actions due to its simplicity and compactness of the device jamming for SNS. In addition, 
due to the continuous expansion of the use of various radio communication facilities, the risk of emergence of the interference 
immunity of the SNS consumer equipment increases, caused by spurious emissions of radio communication means during 
their operation or as a result of their disfunction. The algorithm of signals’ treatment in ground and onboard radio navigational 
equipment designed to ensure a precise landing approach with the help of SNS signals is suggested. The mathematical model-
ing of the algorithm during the conditions of signals multipath distribution was held. 

 
Key words: satellite navigation system, approach, interference immunity protection, multipath, adaptive antenna system. 
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Fig. 8. Functional scheme of the starter-generator 
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Table 1 

     
Physical properties of the main wide-gap semiconductors 

 
Material 

 
 

,  
Bandwidth, 

eV 

 
, 

/  
Breakdown voltage, mV/cm 

 
, 

2/ ·  
The mobility 
of electrons, 

cm2/V·s 

, 
/ /  

Thermal 
conductivity, W/m/K 

Si 1,12 0,6 1,1 150 
GaAs 1,42 0,6 6,0 50 
GaN 3,39 3,3 1,0 130 

3C-SiC 2,2 2 750,0 500 
4H-SiC 3,26 3 800,0 590 
6H-SiC 3 3 370,0 490 

 
Diamond 5,5 6 2200,0 2000 

 
         -

       -
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STARTER-GENERATOR SYSTEM FOR AUXILIARY POWER UNIT 
 

Aleksandr V. Levin1, Sergey P. Khalyutin1, lbert O. Davidov1, Boris V. Zhmurov1, 
Sergey A. Kharitonov2, Maksim A. Zharkov2, Andrey S. Kharitonov2 

1Experimental Laboratory NaukaSoft, Moscow, Russia 
2Novosibirsk State Technical University, Novosibirsk, Russia 

 
ABSTRACT 

 
The article presents a starter-generator system for an auxiliary power unit of an aircraft. A feature of the presented 

system is the use of a synchronous generator with excitation from permanent magnets and a semiconductor converter. The 
main problem of the system is the generation of electric energy of an aircraft on the basis of a synchronous generator with 
excitation from permanent magnets is the absence of the possibility of regulating the voltage and frequency of electrical 
energy, in this connection, a semiconductor converter that ensures the conversion of generated electric energy with signifi-
cant mass-dimensions characteristics. 

The article proposes an approach to designing a starter-generator system with a parallel connection of a synchro-
nous generator with excitation from permanent magnets and a semiconductor converter. This approach makes it possible to 
significantly reduce the part of the electrical energy that needs to be converted, as a consequence, the semiconductor con-
verter has significantly smaller mass-and-batch characteristics. 

In the article the modes of generation of electric energy and the starter mode of operation of the starter-generator 
system are considered in detail, the circuit realization of the semiconductor converter is shown. A scheme for replacing one 
phase of the system for generating electric energy and calculating electric parameters is presented. 

The possibility of creating a highly efficient starter-generator system based on a synchronous generator with exci-
tation from permanent magnets and a semiconductor converter for an auxiliary power plant of aircrafts is shown. Structural 
and basic schemes for constructing a system for generating electrical energy are proposed. The approach to the choice of 
rational circuit solutions is substantiated, basic estimates of the electrical parameters of the system are obtained. The possi-
bility of achieving a specific mass of a semiconductor converter for synchronous generators of 0.21÷0.33 kg/kW is shown. 

 
Key words: starter, generator, electric power system, auxiliary power unit, aircraft, synchronous generator, semi-

conductor converter. 
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. 2.       

Fig. 2. Example of random linking between the particles 
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      K    s = 20   

 . 3. 
 

 
. 3.    n  

Fig. 3. Probability distribution of connections installation 
 

 
  ,          

 K ,       ,    -
 ,  ,          -

. 
        

  : 
//   
… 
//       
… 
//    PSO (  ) 
improvement = 0  
relink = true 
Do 
previous = fp[gbest] 
//      
if relink == true then 
For i = 1 to s  
For j = 1 to s  
if i ==j then L[i][j] = 1  
else L[i][j] = 0  
endif  
Next j  
Next i 
For j = 1 to s  
For k = 1 to K  
i = rand(1, s) 
L[i][j] = 1  
Next j  
Next i 
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improvement = 0  
endif 
//    
For i = 1 to s 
lbest = i  
fmin = fp[i] 
//    
For neighbor = 1 to s  
if L[i][neighbor] == 1 then  
if fp[neighbor] < fmin then  
fmin = fp[neighbor]  
lbest = neighbor  
endif  
endif 
Next neighbor 
//      
For j = 1 to d 
r1 = rand(0, 1)  
r2 = rand(0, 1) 
v[i][j] = w*v[i][j]+c1*r1*(p[i][j] - x[i][j]) 
if (i != gbest) then 
v[i][j] = v[i][j] + c2*r2*(p[gbest][j] - x[i][j])  
endif 
x[i][j] = x[i][j] + v[i][j] 
//       
… 
Next j  
Next i 
//      
…  
//      
… 
//      
iffp[gbest] <previousthen 
improvement = improvement + 1  
relink = false  
else 
relink = true  
endif 
//  ,        
if improvement == threshold then relink = true  
Until     

   «==»     . 
      ,    

  ,   ,     -
     ,    threshold   

. 
         

     .      -
  threshold  ,    . 
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THE EFFICIENCY IMPROVING OF PILOTS AND CADETS TRAINING 

TO SAFETY CONTROL USING THE MODIFICATIONS 
OF CLASSICAL METHOD OF "ROY" (PSO) 
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1The Sasovo Flying school of Civil Aviation (SFSCA), Sasovo, Russia 
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ABSTRACT 
 
The article explains the use of modifications the classical method PSO to optimize the training pilots task on aircraft 

simulators. Model is based on the identification of the specific guarantee of safety in the task of training pilots of the features 
of simulation with the use of modern optimization models for long-term quantitative forecast of random processes. The au-
thor proved that the classical optimization techniques to aircraft supporting function, the input and output variables, and clas-
ses of equations defined by the model author. These circumstances lead to the fact that the obtained models do not have suf-
ficient flexibility that in turn affects their behavior when adding new data points. The increased accuracy and the introduction 
of additional variables in the optimization problem of security is solved based on the methodology PSO. On the basis of 
mathematical simulation shows the potential of the PSO for the identification of quality indicators of a new level for the pur-
pose of guaranteeing flight safety. The method of group accounting of arguments presents an original method for solving 
problems that require structural and parametric identification of models. The author's approach to the problem of optimiza-
tion consists in taking into account qualitative indicators in terms of aviation events at the gym. On the basis of the mathe-
matical apparatus created a dynamic model based on the classical method PSO. The results obtained are of high precision in 
compliance with international regulations guaranteeing flight safety and pilot training ICAO and SHEL. Therefore, the 
method of group accounting of arguments will be effective mathematical tool to build the model and training procedures. 

 
Key words: method of "Roy", PSO method, optimization problem, flight safety, aviation simulators, training of pilots. 
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. 1.         

(     s1(t),   –  s2(t)) 
Fig. 1. Signals at the exit of the left and right IKSO pyrocatechol 

(the thick line represented a signal of s1(t), by the thin line does a signal of s2(t)) 
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Fig. 2. Flow diagram of signals processing algorithms at IKSO with differential turning on pyrocatechol
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Fig. 3. Processed channel and differential signals from the person going with a speed of 3 km/h at distance of 20 m 

from IKSO abeam. The direction of the movement is from left to right 
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  20     .   –   
Fig. 4. Processed channel and differential signals from the person going with a speed of 10 km/h at distance of 20 m 

from IKSO abeam. The direction of the movement is from left to right 
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Fig. 5. Processed channel and differential signals from the UAZ car moving at a speed of 40 km/h in the distance 
of 40 m from IKSO abeam. Driving direction is from left to right 
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ANALYTICAL MODEL OF A DIFFERENTIAL METHOD 
FOR RECEIVING AND PROCESSING SIGNALS 

OF THE INFRARED RANGE OF WAVELENGTHS 
 

Nikolay S. Akinshin1, Jury I. Mamon1, Evgeny I. Staroguk2 
1 CDBAE, Tula, Russia 

2 Bauman Moscow State Technical University, Moscow, Russia 
 

ABSTRACT 
 
One of the classic methods to improve the noise immunity of passive detection of infrared wavelength range 

(IKSO) is a differential inclusion of pyrocatechol, placed at some distance. An analytical model of a differential method of 
receiving infrared radiation from moving objects is introduced. A comparison with experimental results for moving objects 
of different types is made. Differential inclusion of sensors can be used not only to compensate the external interference, 
but also to determine the boundaries of a temporary "slot", inside which the movable object is most likely to be detected. 
The temporal boundaries are used for the decision making about the type and parameters of the movable object in complex-
ional device of object classification.  
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The principle of operation of IKSO, which is to record signals with diversity of pyrocatechol into the appropriate 
memory registers and output detection of the differential signal envelope. Subsequently, from the memory registers por-
tions of a recording signal posted pyrocatechol are selected which are later processed to determine the temporal provisions 
of minimum minimore and maximum maximore. The direction of movement of the object abeam is determined by the de-
lay or advance of the extrema of the signals of one sensor relative to another within a given temporal "slot". 

It is shown that aggregation should be the following – the tool with a maximum radius of the zone of sensitivity 
should be active and the basic, but if there is a more reliable piece of information about the detected object which can im-
plement a more refined classification of the object (for example, a group of people, wheeled vehicles-tracked vehicles, 
etc.). The conclusion is made about the advantages of differential option to include spaced sensors. 

The results can be used in the development of infrared wavelengths passive detection in the conceptual  
design phase. 

Key words: noise immunity, infrared, correlation function, model, mobile object 
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DYNAMIC ERROR OF THE TEMPERATURE SENSORS 
WITH THE SOUNDING OF THE ATMOSPHERE 

 
Eduard A. Bolelov1, Yulia M. Ermoshenko2, Mark B. Fridzon1, Yuri N. Korablev3 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
2LMD «Aeropribor», Moscow, Russia 

3PC «International Aeronavigation Systems», Moscow, Russia 
 

ABSTRACT 
 
Radiosounding of the atmosphere is an essential component constituting the base for prognostic aviation authori-

ties. GPR scanning data are the basis for the mapping of baric topography used in the development of aviation weather 
forecasts. Currently, numerical methods of weather forecast have become especially popular. This is quite justified, as these 
methods allow to increase the accuracy of weather forecasts and these techniques represent the future. However, the era of 
"numerical weather prediction" will not come soon. This is primarily due to imperfect numerical forecast models, which do 
not provide for timeliness and reliability of weather forecasting required for aviation. However, the quality of meteorologi-
cal support of aircraft flights is largely determined by the timeliness and predictability of the aviation weather forecasts. In 
this regard, the network of radiosounding functions require the presentation of the theoretical foundations and providing 
consumers with normalized metrological characteristics of the measuring system of radio sounding, methods of measure-
ment and a reasonable assessment of the reliability of the results of sensing. A number of these problems have been re-
solved nowadays, however, so far the problem of estimating dynamic measurement errors in the sounding is not solved. 
The metrological characteristics and the dynamic error of measurement of temperature with the new temperature sensors of 
foreign production (N  MFB-5000-3220), recently used in the Russian radiosondes still require the detailed studies.  

This article is devoted to one of the most important types of errors of radio sounding – the dynamic errors of 
measurement, to be precise, the dynamic error of the temperature measurement. In the article the problem of determining 
the value of dynamic errors of radiosondes is being solved alongside with the investigation of the role of this kind of errors 
when assessing the reliability of the results of the atmosphere radio sounding. 

 
Key words: temperature sensor, temperature profile, metrological characteristics, dynamic error, atmospheric  

parameters. 
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Fig. 1. Scheme of the onboard radio-electronic protection system of the aircraft: 
RRV – resources of reducing visibility; RRES – resources of radio electronic suppression; LRF – low-reflection forms; 

RAC, RAM – radio absorbing coatings and materials; DMAI – devices for masking air intakes; 
DMA – devices for masking antennas; APF – artificial plasma formation; SAI – station of active interference; 

DR – dipole reflectors; FG – false goals 
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Fig. 2. Solving the problems of different levels of design low-visibility aircraft 
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. 3. -          

Fig. 3. Structural-logical scheme for solving the problem of forming the appearance of a low-visibility aircraft 
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Fig. 4. Block diagram of solving problems of quantitative synthesis of structural solutions 
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THE METHOD OF FORMING A RATIONAL ASPECT OF THE ONBOARD 
COMPLEX OF RADAR DEFENSE UNMANNED AERIAL VEHICLE 

 
Arsen B. Guseynov 1, Anna V. Makhovykh1 

1 Moscow Aviation Institute (National Research University), Moscow, Russia 
 

ABSTRACT 
 
The urgency of the problem of increasing the efficiency by reducing the visibility of aircraft and installing radio inter-

ference on the radio-electronic systems of the air defense complex is substantiated. The main characteristics of the on-board 
electronic radio protection system of an unmanned aerial vehicle are determined. When designing a low-visibility aircraft, it is 
advisable to simultaneously solve three-level tasks – the formation of a technical task for the design of aircraft, technical pro-
posals and design sketches. In solving the problems of the first level, operational-tactical, flight-technical characteristics of the 
aircraft are analyzed and requirements for indicators of visibility are justified, the second one – a matrix of alternative design 
solutions is formed and rational structural solutions for the airborne complex and aircraft appearance as a whole are deter-
mined, the third one determines optimal design -Ballistic, geometric design parameters of technical solutions and aircraft in 
general. The statement of the problem is formulated in the article. A block diagram of the analysis of design solutions for the 
placement of an active noise station on board an unmanned aerial vehicle and optimization of their parameters based on a 
complex "cost-effectiveness" criterion is given. At the same time, it is necessary to take into account the influence of alterna-
tive technical solutions on low visibility and their design parameters on geometric, aerodynamic, energy, ballistic, thermal 
characteristics, mass, cost, indicators of visibility and combat effectiveness. The structural and logical scheme for solving the 
problem for a given technical assignment for the design of an unmanned aerial vehicle includes the following steps: the for-
mation of the initial information and the development of a "support" version of the aircraft structure; formation of a morpho-
logical matrix of design decisions on aircraft; compatibility assessment, constraint systems and identification of feasible solu-
tions; generation of permissible variants of appearance; preliminary analysis of the permissible variants of the appearance and 
selection of the preferred ones; quantitative structural-parametric synthesis of the visually perceptible unmanned aircraft. 

 
Key words: unmanned aerial vehicle, radio visibility, station of active interference. 
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. 1.    58,712  (  ) 
Fig. 1. First resonance frequency of 58.712 Hz (standard method) 
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Fig. 2. Second resonance frequency of 104.34 Hz (standard method) 
 

 . 2        
200  150 ,   : 1790 / ³;  : 2,1·1010 ;  

: 0,15.      .    
       .  -

 ,     ,  1,2446 .  -
       [5, 6],   

       ,    -
     . 

 

1

2

3

4

 
. 3.    104,34  (  ) 

Fig. 3. Second resonance frequency of 104.34 Hz (non-standard method) 



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

112 

 . 3        
200  150 ,   : 1790 / ³;  : 2,1·1010 ;  

: 0,15.      .    
      ,  1  2, 3  4  -

,  1  4, 2  3 , .      -
 ,  33,517 .,        

  ,    ,     
 (67,34 .).  ,       -

       ,   -
       ,    ,  ,  

  [3, 4, 6, 7]. 
 

1

2 3

4

 
. 4.    135,05  (  ) 

Fig. 4. Third resonance frequency of 135.05 Hz (standard method) 
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THE PROBLEM OF IMPROVEMENT 
OF THE AVIONIC EQUIPMENT VIBRATION RESISTANCE 

 
Eugenia A. Danilova1, Catherine A. Kuzina2,  

Aleksej V. Lysenko1, Vasiliy A. Trusov1, Nikolai K. Yurkov1 

1Penza State University, Penza, Russia 
2Moscow Technological University, Moscow, Russia  

 
ABSTRACT 

 
The article gives an approach to a solution of the problem of improvement the avionic equipment vibration re-

sistance. It is shown that the use of the tests, which are provided by the state standards do not insure the required level of 
the failures caused by mechanical damages. Due to the fact that the tests are carried out restrictedly they do not completely 
reveal the main resonant phenomena, which define the structure vibrational strength. It is shown that the main challenges 
of the improvement are to increase the adequacy of test and real modes of vibration, to increase the accuracy of reproduc-
tion of the test modes on shake tables and also to increase the reliability of measuring information about the modes of vi-
bration and dynamic responses of an object of researches and to increase the information capacity of the vibrational tests. 
To ensure the equivalence of the test modes to the modes of maintenance the modes of tests are provided, they are not cre-
ated by in-phase submission of a test signal in points of fixing the printed circuit boards. It is shown that with the help of 
control over the amplitudes and phases of affecting signals on resonance frequencies the displacement of maxima deflec-
tion in the area of the printed circuit board is possible and, thereby, it is enable to increase the reliability. The received re-
sults of mathematical simulation and their correlation with the results of full-scale tests specified on the limitation of vibra-
tion tests by means of standard techniques. The conclusion about the necessity of full-scale tests modifications is drawn. 

 
Key words: avionic equipment, printed circuit board, reliability, vibration resistance, modeling, dynamic charac-

teristics, bench and full-scale tests. 
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FLIGHT EXPERT RISK ASSESSMENT OF AIRCRAFT GROUP 
AT THEIR PROXIMITY USING A PROGRAM-MANAGER 

 
Denis A. Mikhaylin1 

1Moscow Aviation Institute (National Research University), Moscow, Russia 
 

ABSTRACT 
 
The paper presents an approach to solving the problem of aircraft flight safety. External threats in the form of air-

craft-offenders are considered. The algorithm of collision danger coefficients with aircraft-offenders is presented, n the 
basis of which the side-program manager of flight safety monitoring is formed. 

Two danger coefficients in the horizontal and vertical planes are introduced. Based on various flight situations four 
possible decisions are offered: absence of any aircraft activity, flight level change, deviation in the horizontal plane and 
both in vertical and horizontal planes. For each case the formulas of double evaluation are received. They take into account 
different parameters of aircraft relative motion. Based on these estimates it is possible to build a final expert evaluation for 
the considered flight situations. It is implemented in the onboard program-manager. The structure of the program is pre-
sented. At the program-manager output the expected minimized risk evaluation and the selected alternative of the avoid-
ance of aircraft from the meeting point are formed. The paper presents a detailed description of the procedures to test the 
performance of the program-manager algorithms. The initial conditions for different flight situations are provided. The 
simulation results of the algorithm are given. The danger coefficients comparison when performing maneuvers to prevent 
dangerous approach and in their absence is illustrated. It is shown that the maneuver implementation recommended by pro-
gram-manager algorithms decreases the resulting danger coefficient. Particular attention was paid to aircraft landing, espe-
cially if the landing area had several conflicting aircraft. 

 
Key words: program-manager, flight safety, aircraft. 
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. 4.   (  «  »)      

     ,     (  « ») 
Fig. 4. Comparison of the calculated ( aircraft entering) relationship between a probability of entering 
a typical ground object and distance to it with points received during a flight experiment (ground B) 
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Fig. 5. Area of a typical ground object possible detection with assigned probability of R find = 0.7 
for a range of altitude 100–1200m and speeds 200–1200km/h, MRV = 5km, 

linear object size 5m 
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TEST DETERMINATION OF PROBABILITY 

OF AIRBORNE DETECTION OF GROUND SURFACE OBJECTS  
 

Sergey V. Nikolaev1 
1929 State Flight Test Center of the Ministry of Defense of the Russian Federation, 

Akhtubinsk, Russia 
 

ABSTRACT 
 
The article presents the methods, mathematical model and its software implementation for calculating the efficien-

cy indicators of visual and hardware search and detection of ground objects from the aircraft. The methods differ from the 
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known ones in that they use modern information technologies and are adapted to solve practical test problems. In addition, 
finding values of the visual detection probability of ground objects in full-scale experiments is unrealizable due to the huge 
amount of required expenses. The proposed method allows estimating a particular efficiency indicator of an aircraft when 
searching for ground objects in the flight tests – the yield on a generic object. The developed mathematical model takes into 
account the known range of object detection by its linear dimensions. The software implementation allows performing cal-
culations for different values of the meteorological situation. The convergence of simulation results and flight experiments 
is estimated. To determine the convergence, the results obtained in real flight tests on proof ground with different meteoro-
logical conditions were compared with the results of calculations obtained by modeling. The relative discrepancy between 
the indicators obtained in the flight experiment and calculated by the developed program is less than 5%. 

The author proposes new private efficiency indicators for the visual detection task of typical ground objects. This 
is the area of possible detection of the ground object and the area of guaranteed access to it. These indicators allow per-
forming a comparative assessment of the capabilities of aircraft to detect ground objects in tests. These indicators, unlike 
the known ones, have greater visibility and informational content. 

The developed computer program reduces the time spent by the tester on the calculation of indicators and the prepa-
ration of materials to the act by 3 times due to automation and usability. It allows us to perform calculations by varying any 
indicators on which the probability of detecting a typical ground object in the wide range of their change depends on. 

 
Key words: flight tests, detection of ground objects, probability of detection, aircraft. 
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2University Hadj Lakhdar, Batna, Algerian people's Democratic Republic 

 
BSTRACT 

 
This article is devoted to studying the problem of safety management system (SMS) and evaluating safety level of 

an aviation enterprise. 
This article discusses the problems of SMS, presented at the 41st meeting of the Russian Aviation Production 

Commanders Club in June 2014 in St. Petersburg in connection with the verification of the status of the CA of the Russian 
Federation by the International Civil Aviation Organization (ICAO) in the same year, a set of urgent measures to eliminate 
the deficiencies identified in the current safety management system by participants of this meeting were proposed. 

In addition, the problems of evaluating flight safety level based on operation data of an aviation enterprise were 
analyzed. This analysis made it possible to take into account the problems listed in this article as a tool for a comprehensive 
study of SMS parameters and allows to analyze the quantitative indicators of the flights safety level. 

The concepts of Acceptable Safety Level (ASL) indicators are interpreted differently depending on the availa-
ble/applicable methods of their evaluation and how to implement them in SMS. However, the indicators for assessing ASL 
under operational condition at the aviation enterprise should become universal. Currently, defined safety levels and safety 
indicators are not yet established functionally and often with distorted underrepresented models describing their contextual 
contents, as well as ways of integrating them into SMS aviation enterprise. 

The results obtained can be used for better implementation of SMS and solving problems determining the aviation 
enterprise technical level of flight safety. 

 
Key words: safety management system, flight safety level, ICAO. 
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Fig. 2. DERA agency examined composite panel with built-in tribo-luminescent sensors and an example 

of using such panels in aviation design 
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STRESS-STAIN STATE MONITORING SYSTEM 
OF COMPOSITE STRUCTURES WITH THE MECHANOLUMINESCENT SENSORS 

 
Natalia Yu. Makarova1, Boris I. Shakhtarin1 

Bauman Moscow State Technical University (BMSTU), Moscow, Russia 
 

ABSTRACT 
 
At present, the intensive use of composite materials for the creation of various parts of aviation equipment is not-

ed. The irreplaceability of composites is provided by a combination of such important characteristics as high mechanical 
strength, heat resistance, corrosion resistance, low density. Due to its complex structure, composite panels can have the 
intellectual property of self-diagnostics of their condition. Structurally, the composite panel is a matrix reinforced with fi-
bers. Optical sensors embedded into composite matrix transmit radiation trough the reinforcing glass fiber. So, an autono-
mous information-measuring system can be created. To control the stress-strain state of composite structures, it is proposed 
to incorporate mechanoluminescent sensors into the structure of composites. The phosphors of the AIIBVI group possess 
the ability to generate radiation under mechanical loading (mechanoluminescence). Such sensors are light-generating, non-
volatile, solid-state, miniaturized. When the composite structure is deformed, the sensors generate mechanoluminescent 
radiation transmitted along the reinforcing fibers to the photodetector device and to the signal processing unit, in which the 
localization and magnitude of the mechanical action on the composite panel are analyzed. The physical principles of mech-
anoluminescent sensor elements are described in the article, a mathematical model of transformation is presented, which 
allows calculating the output light flux of the sensor under mechanical actions of different duration and magnitude. On the 
basis of the mathematical model, an application is realized in the MATLAB for modeling the optical signal of sensors with 
different parameters when the amplitude-time parameters of the input effect change. According to the mathematical model, 
an algorithm for processing the signal of a mechanoluminescent sensor has been developed, which makes it possible to 
perform an inverse transformation – to restore the parameters of the input mechanical action by the light flux.  

 
Key words: mechanoluminescence, optoelectronic sensors, smart composite structures, monitoring of the stress-

stain state. 
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ABSTRACT 
 
Practical implementation of the concept of a distributed information system requires the implementation of a com-

plex scientific-technical problems related to the choice of composition and use of storage and processing of information, 
creation and use of common data arrays, information security, etc. Fundamentally, a modern distributed information system 
is a system of communication and information transmission as well as a storage and data processing system. Storage and 
data processing system is designed for organization of reliable and fault-tolerant data storage, high-performance servers to 
access storage devices and information processing. The measure of quality, and in some cases indicator of functioning of 
data storage and processing system is proposed. The tasks that need to be tackled when constructing and operating the stor-
age and processing requirements of highly reliable data storage, as well as their following configurations: determination of 
the number and location of centers of data storage and processing in distributed information systems; choice of the compo-
sition of the complex used for storage in the storage centers and data processing, with the organization of a backup subsys-
tem, the backup and restore data. The task of storage structure optimization according to the criterion of maximum values 
of the readiness factor of the storage system is formed. This problem is reduced to the kind of problems of integer linear 
programming with Boolean variables, this fact allows to apply the existing methods for its solvation. A method for deter-
mining the rational level of expenditure on the formation of the complex used for storage in the storage and data processing 
system based on the use of elements of probability theory and the theory of well-being (the principle of Pareto optimality) 
is developed. The optimal solution of the problem by optimizing a linear convolution is obtained. 

 
Key words: mathematical models, distributed information systems, information security, data storage and pro-

cessing system. 
 

REFERENCES 
 
1. Broydo V.L. Vychislitel'nye sistemy, seti i telekommunikatsii [Computing systems, networks 

and telecommunications]. Textbook for universities. SPb., Peter, 2006, 703 . (in Russian) 
2. Kireev V.V. Vychislitel'nye sistemy [Computing systems]. M., Gelios ARV, 2004, 512 . (in 

Russian) 
3. Nike D. Sistemy khraneniya dannykh v Windows [Storage in Windows]. M., Williams, 2005, 

419 . (in Russian) 
4. Nikolaev V.I., Brooke V.M. Sistemotekhnika: metody i prilozheniya [Systems Engineering: 

methods and applications]. L., Engineering, 1985, 199 p. (in Russian) 
5. Voronin A.A., Morozov I.B. Nadezhnost' informatsionnykh sistem [Reliability of infor-

mation systems]. Textbook. SPb., SPbSTU, 2001. (in Russian) 
6. Esikov D.O. Obespechenie ustoychivogo funktsionirovaniya vychislitel'nykh sistem za schet 

obespecheniya vysokonadezhogo khraneniya dannykh [Towards sustainable computing systems by 
providing viscondessa storage]. Papers of the fifteenth international scientific-practical conference 
"Fundamental and applied research, development and application of high technologies in industry", 
Saint-Petersburg. Spb., Publishing house Polytechnic. the unit, 2013. (in Russian) 

7. Kiselev D.V., Esikov O.V., Kislitsyn A.S. Teoreticheskie osnovy optimizatsii informatsion-
no-vychislitel'nogo protsessa i sostava kompleksov sredstv zashchity informatsii v vychislitel'nykh 
setyakh [Theoretical bases of optimization of computing process and structure of complexes of protec-



     20,  05, 2017
ivil Aviation High Technologies Vol. 20, No. 05, 2017

 

170 

tion of information in computer networks]. Ed. by E. Sukhareva. M., Poligrafservis twenty-first centu-
ry, 2003, 198 . (in Russian) 

8. Yesikov D.O. Increase of level of stability of functioning of systems of storage and data pro-
cessing at the expense of realization of actions for ensuring safety of information. Third International 
Conference "High Performance Computing" HPC-UA 2013 (Ukraine, Kyiv, October 7–11, 
2013).Kyiv. 2013, . 416–420. 

9. Esikov O.V., Savateev S.S., Esikov D.O., Strukov A.V., Sukharev E.M. Matematicheskie 
modeli, metodiki i algoritmy obespecheniya ustoychivosti funktsionirovaniya sovremennykh sistem 
khraneniya i obrabotki dannykh [Mathematical models, methods and algorithms of maintenance of 
stable functioning of modern systems of storing and processing data]. Nonlinear world, 2013, 
No. 9, . 621–631. (in Russian) 

10. Esikov D.O. Zadachi obespecheniya ustoychivosti funktsionirovaniya raspredelennykh in-
formatsionnykh sistem [The problem of ensuring stability of functioning of distributed information sys-
tems]. Journal Software and systems, 2015, No. 4 (112). (in Russian) 

11. Ivutin A., Yesikov D. Complex of Mathematical Models to Ensuring Sustainability of the 
Distributed Information Systems. 4rd Mediterranean Conference on Embedded Computing (MECO) – 
2015 June 14–18 2015, Budva. Montenegro, 2015, pp. 106–109. DOI: 10.1109/MECO.2015.7181878 
(Scopus  Web of Science) 

12. Yesikov D.O., Ivutin A.N., Larkin E.V., Kotov V.V. Multi-agent Approach for Distribut-
ed Information Systems Reliability Prediction. Procedia Computer Science, 2017, Vol. 103. . 416–
420. 

13. Yesikov D.O., Ivutin A.N. Rational values of parameters of island genetic algorithms for 
the effective solution of problems of ensuring stability of functioning of the distributed information 
systems. 12–16 June 2016, 5th Mediterranean Conference on Embedded Computing (MECO). 2016, 
pp. 309–312. DOI: 10.1109/MECO.2016.7525769(SCOPUS, Web of Science) 

14. Karpenko A.P. Sovremennye algoritmy poiskovoy optimizatsii. Algoritmy, vdokhnovlennye 
prirodoy [Modern algorithms of search engine optimization. Algorithms inspired by nature]. Textbook. 
M., Publishing house of MGTU im. N.E. Bauman, 2014, 446 p. (in Russian) 

15. Tutubalin P.I., Moiseev V.S. Veroyatnostnye modeli obespecheniya informatsionnoy be-
zopasnosti avtomatizirovannykh sistem obrabotki informatsii i upravleniya [Probabilistic models of 
information security in automated systems information processing and management]. Kazan, School, 
2008, 138 p. (in Russian) 

 
INFORMATION ABOUT THE AUTHORS 

 
Dmitry O. Esikov, Postgraduate student of the Tula State University, mcgeen4@gmail.com. 
Ruslan N. Akinshin, Doctor of Technical Sciences, Associate Professor, Leading Researcher 

of Section of Applied Problems under the Presidium of the Russian Academy of Sciences, 
rakinshin@yandex.ru. 

Pavel I. Abramov, candidate of technical Sciences, associate Professor, Deputy Director  
General for innovation and civil products of JSC "research Institute "Polyus them.M.F.Stelmakh",  
api-03@yandex.ru. 

Lily E. Loutina, Candidate of Technical Sciences, Assistant Professor of Organization of busi-
ness processes in aviation industry Chair, Moscow State Technical University of Civil Aviation 
loutin@yandex.ru. 
 

   06.07.2017  Received 06.07.2017 
   20.09.2017  Accepted for publication 20.09.2017 

 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 05 

 34 
.  2017  

 
 
 
 

    
 20,  05, 2017 

Civil Aviation High TECHNOLOGIES 
Vol. 20, No. 05, 2017 

 
 

          , 
     ( )   77-47989  

27  2011 . 

   23.10.17 . 
   60×90/8 15,1 .- . .

21,5 . . .   229 / 150  70 .

     
125993, ,  , . 20 

     . .  
125167, , 8-   4-  .,  6  

.: (495) 973-45-68 
E-mail: mail@phzhukovskogo.ru 
 

     84254 
©   

  , 2017 


