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Fig. 2. The authenticity of aircraft components 
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THE PROBLEMS OF PERFORMANCE MONITORING TO TAKLE 
THE TASKS OF THE AIRCRAFT CONTINUED AIRWORTHINESS 

 
Yuriy M. hinynchin1 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
 

ABSTRACT 
 
Improving of the aircraft continued airworthiness system is currently becoming of particular importance applied 

both to aircraft of domestic and foreign production, used in civil aviation of Russia. 
This article discusses the background and content of the tasks for long-haul aircraft continued airworthiness, which 

presents a challenge directly related to the provision of intensive, regular, economically viable, and safe operation of as-
signed airline fleet. 

A special place among the problems of continued airworthiness is held by the creation and organization of mecha-
nisms and methods of resource status and age of the assigned airline fleet monitoring to manage its forecasting and timely 
updates. Not least important among the issues of resource and age structure monitoring to be considered is the need to im-
prove the design of aircraft, taking into account preliminary technical and economic feasibility assessment of its modifica-
tions in the interests of the operator. 

A deep study of the contents of the monitoring allows to develop up-to-date methodological and scientific basis 
for building an integrated system of aircraft resource management and timing services. This system is developed based on 
the integrated approach that allows to provide a solution to the entire set of problems presented in this article and faced by 
professionals and scientists involved in the aircraft maintenance programs development on the stages of their design and 
manufacturing and long operation of aircraft continued airworthiness. 

 
Key words: aircraft, continued airworthiness, monitoring, resources, service life, prediction of resource state, 

management and renewal of aircraft fleet. 
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AVIONICS TECHNICAL OPERATION SYSTEM 
AND SCIENTIFIC BASIS FOR ITS FORMATION 

 
SERGEY V. KUZNETSOV1 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
 
Avionics Technical Operation System (ATOS) is a set of objects and subjects of technical operation such as avi-

onics itself as an object, personnel, carrying out procedures and organizing technical operation processes, as a subject, 
hardware and software for technical operation and maintenance and repair programs as well. 

ATOS is subordinated to Aircraft Technical Operation System (A/C TOS), which determines its goal and re-
strictions. The quality of ATOS is characterized by a set of properties that determine its ability to meet the maximum eco-
nomic efficiency of the needs of A/C TOS, while ensuring the required levels of avionics reliability and availability. Avion-
ics Maintenance System, Avionics Repair System and Avionics Operation Test System are the systems of a lower level of 
hierarchy in relation to ATOS, which defines the goals and restrictions of these subsystems. 

Based on the analysis of ATOS as an object of research, analysis of mathematical modeling as  
a research apparatus and the developed hierarchy of efficiency criteria for ATOS and the systems interacting with it,  
we formulate the overall task of the research as follows. On the set of parameters of ATOS, we have to find such  
parameter values that the system costs in process of technical operation reach the minimum when all the required  
tasks are fulfilled and all the restrictions on the system own parameters and indicators of its technical  
efficiency are met. 

To solve the general task it is necessary to solve successfully a lot of tasks, formulated in this article. The theoreti-
cal results obtained during the research can serve as a scientific basis for solving practical problems of the formation and 
improvement of ATOS. Formation and improvement of ATOS is a long and laborious process, requiring the usage of the 
most advanced mathematical methods. Thus, mathematical modeling of ATOS should significantly reduce the costs of the 
system's formation, since it allows us to introduce certain adjustments in the early stages of its operation on the basis of 
available and constantly updated information. 

 
Key words: mathematical models, processes and systems, technical operation, aircraft, avionics, on-board com-

plexes, functional systems 
 

ANALYSIS AND FORMULATION 
OF THE RESEARCH PROBLEM. 

AVIONICS TECHNICAL OPERATION SYSTEM 
AS SUBJECT OF RESEARCH 

 
Structure of avionics technical operation system. Avionics Technical Operation System 

(ATOS) is a set of objects and subjects of technical operation such as avionics itself as an object, per-
sonnel, carrying out procedures and organizing technical operation processes, as a subject, hardware 
and software for technical operation and maintenance and repair programs as well. It is shown  
on Fig. 1. 

Avionics, as an object of technical operation, is a complex of measuring, computing, control 
systems and information display systems intended for solving tasks of manual, automated, semi-
automatic and automatic flying from take-off to landing and providing information to all the onboard 
and external consumers. Avionics can be analyzed at several levels of detail identified by the research 
objectives [1, 2]. 

Installed on board of the aircraft equipment is combined into avionics complexes (AC) or 
flight-navigation complexes (FNC), as a set of functional avionics systems (AS). Outside the aircraft 
avionics systems can be considered as a set of demountable units, devices and aggregates or Line Re-
placeable Units (LRU), which, in turn, can be considered as a set of constructive-functional modules or 
Line Replaceable Modules (ARM). 
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Avionics complexes (AC) are combined by solving a variety of piloting and navigational tasks 
based on functional system integration and extensive intersystem connections. 

Avionics functional systems (AS), as components of AC, are combined by solving some specif-
ic piloting and navigational tasks on the basis of structural-block complexation and wide interblock 
connections. 
 

Avionics Technical Operation System (ATOS)
Avionics

Complexes (AC) 
Systems (AS) 
Line Replaceable Units (LRU) 
Line Replaceable Modules (ARM) 
Electrical and Radio Elements (ERE) 

Avionics Maintenance Facilities (AMF) 
Aerodrome Facilities (AF) 
Avionics Test Equipment (ATE) and Re-
covery Facilities (ARF) 
Spare Parts, Tools and Accessories (SPTA) 
Consumables  

Aircraft Maintenance and Repair Pro-
gram (AMRP) 

Methods of Technical Operation 
Strategies of Maintenance 
Maintenance and Repair Periodicity 
Maintenance and Repair Volumes and 
Technologies 

Crew and Maintenance Personnel (CMP)
Crew Personnel 
Aircraft Line Maintenance Engineers  
Aircraft Base Maintenance Engineers 
Components Maintenance Engineers 
Overhaul and Repair Engineers 
Engineering Centers Personnel 

Fig. 1. Structure of avionics technical operation system 
 
Avionics Line Replaceable Units (LRU), as parts of AS, are combined with the  

solution of some particular tasks of a certain function of the system within the framework  
of a construct providing an autonomous installation of LRU on board and its disassembly from  
the aircraft. 

Avionics Line Replaceable Modules (LRM), as components of LRUs, are designed  
to solve some particular tasks of a certain function of the LRU within the framework  
of the construction, which ensures the installation of the LRM in the LRU and its disassembly  
from the unit. 

Finally, Electrical and Radio Elements (ERE), as constituent parts of LRM, are elementary 
constructively finished units that ensure the functioning of LRM and do not involve non-destructive 
installations and dismantling works. 
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Avionics Maintenance Facilities (AMF) include Aerodrome Facilities (AF), Test and Avionics 
Recovery Facilities (TARF), Spare Tools and Accessories (STA) and Consumables intended to solve 
the tasks of technical operation of all the avionics objects installed on the board of aircraft: avionics 
complexes, systems, LRU, LRM and ERE. 

Aerodrome Facilities provide avionics electrical and hydraulic power on the ground and are the 
parts of general Aerodrome Facilities for aircrafts maintenance. 

Avionics Test Equipment (ATE) include on-board Built-in-Test Equipment (BITE), on-board 
Registration and on-ground Decryption Equipment (RDE), as well as Control and Testing Equipment 
(CTE) for Line Maintenance. 

Avionics Recovery Facilities (ARF) are LRU onboard and LRM or ERE in laboratories for 
substitutions of LRU, LRM and ERE which are in fail. Spare Parts, Tools and Accessories (STA) and 
Consumables are also used for maintenance.  

Aircraft Maintenance and Repair Program (AMRP) includes separate chapters for avionics 
maintenance. There are Methods of technical operation for every LRU, Strategies of Maintenance for 
every AS, Maintenance and Repair Periodicity for AC and AS, Maintenance and Repair Volumes and 
Technologies for AC, AS and LRU. 

Crew and Maintenance Personnel (CMP) carry out procedures and organize processes of tech-
nical operation in accordance with the requirements of operating manuals and regulatory documents in 
order to ensure flight safety and high cost efficiency. It includes Crew Personnel – pilots, providing 
preflight tests and using of avionics in flight; Aircraft Line Maintenance Engineers – mechanics, tech-
nicians and engineers providing avionics Line Maintenance; Aircraft Base Maintenance Engineers – 
mechanics, technicians and engineers providing avionics Base Maintenance in hangars; Components 
Maintenance Engineers – technicians and engineers providing Maintenance of avionics LRU in labora-
tories; Overhaul and Repair Engineers – mechanics, technicians and engineers providing avionics 
Overhaul and Repair in external organizations; Engineering Centers Personnel – technicians and engi-
neers working with maintenance documentation and providing help for all the maintenance personnel 
who need it. 

Structure of avionics technical operation processes and its states. Quality of ATOS mani-
fests itself in processes of technical operation (PTO) – sets of operating usage processes in flight, op-
erational control, maintenance, recover and repair (Fig. 2). 

The use of avionics for its intended purpose – Operating Usage in Flight, – includes  
its work in preparatory and unloaded modes that provide availability for immediate use, and work  
in the major loaded modes that ensure the performance of functional tasks. The use of avionics  
for its intended purpose leads to failures and malfunctions that are detected in the operational  
control processes: Build-in-Test in Flight, Post-flight, Pre-flight Tests and Tests of dismantled equip-
ment (LRU). 

Operational Control Test is a part of Maintenance which include Line, Basic, Season, Special 
and Storage Maintenance. Another component of maintenance in an Aircraft Maintenance Organiza-
tion (AMO) is recovery – emergency and preventive. Repair includes three types of processes: Planned 
Current and Capital, Non-planned on-Condition. 

Avionics technical operation processes as processes of avionics technical states changing occur 
in time under the influence of many factors that have as random as non-random nature. These include 
the occurrence of failures, defects and malfunctions, quality of maintenance, trustworthiness of test, 
the provision of spare parts, etc. (Fig. 3).  

The Set of Avionics Operating States includes On-board in Flight (for avionics complexes and 
systems) states, On-board on Ground (for avionics complexes and systems) states, Dismantled from 
Board (for LRUs) states. Depending on the type of technical condition we can distinguish Perfect and 
Up State, Imperfect but Up State, Imperfect and Down State of Avionics. Depending on the test results 
we can distinguish Detected Perfect and Up State, False Imperfect and Down State, Undetected Imper-
fect and Down State, Detected Imperfect and Down State. 
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Transitions of the operation processes from state to state occur both at random and at determin-
istic instants of time. Such transitions are generated by event flows (for example, failures, recoveries, 
test procedures, etc.). 

 
Avionics Technical Operation Processes

Operating Usage in Flight 
Work in preparatory and unloaded modes 
Work in the major loaded modes 

Operational Control Test 
Build-in-Test in Flight 
Post-flight Test 
Pre-flight Test 
Dismantled LRU Test 

Maintenance 
Line Maintenance 
Basic Maintenance 
Season Maintenance 
Special and Storage Maintenance  

Recovery 
Emergency Recovery 
Preventive Recovery 

Repair 
Planned Capital 
Planned Current 
Non-planned on-Condition 

Fig. 2. Structure of avionics technical operation processes 
 
That is why an avionics technical operation process can be considered as a random  

process, which is determined on the set of operating states by the probabilistic characteristics  
of the transitions. This circumstance allows us to solve the problems of avionics technical  
operation process analyzing with the help of the well-developed apparatus of the theory of random 
processes. 

Avionics technical operation process in its essence is a controlled process. The possibility of in-
tervention in this process has both an objective deterministic nature, conditioned by the operation 
manual and the maintenance and repair program, as well as the subjective random nature caused by the 
unlawful or erroneous actions of the personnel. 

That is, an avionics technical operation process can be regarded as a controlled random process 
determined by a set of control actions and external perturbations with probability characteristics. This 
allows us to solve the problems of process optimization and the synthesis of an avionics technical op-
eration system using the apparatus of the theory of controlled random processes and the theory of au-
tomatic control. 

Hierarchy of ATOS. The Aircraft Technical Operation System (A/C TOS) is a system  
of a higher level of hierarchy in relation to Avionics Technical Operation System ATOS (Fig. 4).  
The quality of A/C TOS is characterized by a set of properties that determine its ability  
to meet the needs of the Aviation Transport System (ATS) with maximum economic  
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efficiency while ensuring the required levels of flight safety, flight regularity and aircraft availa-
bility [3, 4]. 

 
Set of Avionics Operating States

On-board in Flight (AC and AS)
Perfect and Up State 
Imperfect but Up State  
Imperfect and Down State 

Detected Perfect and Up State 
False Imperfect and Down State 
Undetected Imperfect and Down State 
Detected Imperfect and Down State 

On-board on Ground (AC and AS) 
Perfect and Up State 
Imperfect but Up State 
Imperfect and Down State 

Detected Perfect and Up State 
False Imperfect and Down State 
Undetected Imperfect and Down State 
Detected Imperfect and Down State 

Dismantled from Board (LRU) 
Perfect and Up State 
Imperfect but Up State 
Imperfect and Down State 

Detected Perfect and Up State 
False Imperfect and Down State 
Undetected Imperfect and Down State 
Detected Imperfect and Down State 

Fig. 3. Structure of avionics operating states set 
 
ATOS is subordinated to A/C TOS, which determines its goal and restrictions. The quality of 

ATOS is characterized by a set of properties that determine its ability to meet the maximum economic 
efficiency of the needs of A/C TOS, while ensuring the required levels of avionics dependability and 
availability. There are also Airframe Technical Operation System (AfTOS), Power Plant Technical 
Operation System (PPTOS), Mechanical and Electrical Equipment Technical Operation System  
(METOS) with their own goals and restrictions.  

Avionics Maintenance System, Avionics Repair System and Avionics Operation Test System 
are the systems of a lower level of hierarchy in relation to ATOS, which defines the goals and re-
strictions of these subsystems. 

Thus, ATOS has all the features inherent in complex technical systems, namely: the hierar-
chical branched structure, the subordination of goals and restrictions, wide interrelations in the process 
of functioning. This allows us to conclude that the formation and improvement of ATOS should be 
carried out on the basis of Systems Analysis of the processes occurring in it using modern mathemati-
cal methods of the theory of Complex Systems [5, 6, 7]. 

In accordance with the hierarchy of goals and restrictions of systems interacting with ATOS we 
can suggest the hierarchy of the criteria for the effectiveness of A/C TOS and ATOS. To do it, it is 
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necessary to formalize the tasks they solve, their characterizing parameters, as well as the processes 
taking place in them. 

 
Aircraft Technical Operation System (A/C TOS) 

Goal Meeting the needs of the Aviation Transport System (ATS) with the 
maximum economic efficiency 

Restrictions Required levels of flight safety, flight regularity and aircraft availability
Airframe Technical Operation System 

Power plant Technical Operation System 
Mechanical and Electrical Equipment Technical Operation System

Avionics Technical Operation System 
Goal Meeting the needs of A/C TOS with the maximum economic 

efficiency 
Restrictions Required levels of avionics dependability and availability 

Avionics Maintenance System 
Avionics Repair System 

Avionics Operation Test System (AOTS) 
Goal Meeting the needs of ATOS with the maximum economic effi-

ciency 
Restrictions Required levels of avionics test  trustworthiness 

Fig. 4. Structure and hierarchy of goals and restrictions of systems interacting with ATOS 
 

 – to be the set of tasks solved by A/C TOS. The system of a higher level of the hier-
archy – the air transport system (ATC), imposes a number of required tasks * for the implemen-
tation of A/C TOS. 

={  – to be the set of parameters of A/C TOS determined by its structure,  
connections, resources, and characteristics. The set of restrictions on the parameters of A/C TOS 
( )* = [{ *] defines the limits of the parameter change , based on the conservatism  
of the structures and connections, limited resources and maximum attainability of A/C TOS cha-
racteristics. 

(t, ) as a function of time t and of the set of parame-
ters , which proves itself in economic and technical indi-
cators. Let  – to be the indicator of economic efficiency of , determined 
in , for example, operating costs. 

The set of values of technical performance indicators of  will be denoted by  
 = { . 

 = (t, ) is a function of time t and of the set of parameters . 
ATS as hierarchy higher-level system presents the required values of the set of technical efficiency 
indicators ( )* = [{ *]. 

Then the criterion of the effectiveness of  is the set of objective function and re-
strictions 

 
min [ { (t, )}], 

 TOS
AC  

 
* –  = , * )*, 
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  { *,   , 
 

   { *, , ( )*  . (1)
 
That is, the criterion for the effectiveness of A/C TOS is to achieve the minimum value of the 

economic efficiency index at the given set of system parameters in the process of technical operation, 
provided all the required by ATS tasks are fulfilled, and all the restrictions on the system parameters 
and indicators of its technical efficiency are met. 

ATOS solves a set of tasks .  as a system of higher level of the hierarchy imposes 
a required set of tasks *, and *  *.  

={  – to be the set of parameters of ATOS determined by its structure,  
connections, resources, and characteristics. The set of restrictions on the parameters of  
ATOS ( )* = [{ *] defines the limits of the parameter change , based on the conserva-
tism of the structures and connections, limited resources and maximum attainability of ATOS cha-
racteristics.  

(t, ) is embedded in the process of technical operation 
(t, ). It is also a function of time t and of the set of parameters  

The economic efficiency of ATOS is characterized by operating costs , determined 
in  (t, ). 

The technical effectiveness of ATOS is characterized by a set of indicators  = { , 
with each indicator  = (t,  to be a function of time t and a set of parameters .  
A/C TOS as hierarchy higher-level system imposes the required values of the set of technical efficien-
cy indicators ( )* = [{ *]. 

That is, the criterion for the effectiveness of ATOS is to achieve the minimum value of the eco-
nomic efficiency index at the given set of system parameters in the process of technical operation, pro-
vided all the required by A/C TOS tasks are fulfilled, and all the restrictions on the system parameters 
and indicators of its technical efficiency are met. 

 
min [ { (t, )}], 

 TOS
A  

 
* –  = , * )*, 

 
  { *,   , 

 
   { *, , ( )*  . (2)

 
Thus, the hierarchy of criteria for the effectiveness of ATOS and A/C TOS has been construct-

ed. In the same way, the hierarchy of criteria for the effectiveness of ATOS and Avionics Operation 
Test System (AOTS) is constructed [8, 9, 10]. 

Statement of the general task of the research work and its decomposition into compound 
tasks. Based on the analysis of ATOS as an object of research, analysis of mathematical modeling as a 
research apparatus and the developed hierarchy of efficiency criteria for ATOS and the systems inter-
acting with it, we formulate the overall task of the research as follows. 

On the set of parameters of the Avionics Technical Operation System (ATOS), we have to find 
the parameter values such that the system costs in process of technical operation reach the minimum 
when all the required tasks are fulfilled and all the restrictions on the system own parameters and indi-
cators of its technical efficiency are met. 
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To solve the general task it is necessary to solve successively the following tasks: 
– analyze avionics process of technical operation (as for existing avionics, as for new designed 

avionics) on the basis of operational statistics using modern statistical methods for the subsequent val-
idation of mathematical models; 

– develop mathematical models of the characteristics of process of technical operation, for 
which to modify the traditional methods of determining the failure flow parameter and the failure rate 
function; 

– develop mathematical models of process of avionics technical operation on the basis of the 
results of analysis of operational statistics and to carry out appropriate revision of the mathematical 
apparatus taking into account the features of models; 

– develop mathematical models for optimization process of avionics technical operation with 
deepening of the capabilities of the mathematical apparatus and carry out optimization; 

– develop mathematical models for the synthesis of Avionics Technical Operation System with 
the deepening of the capabilities of the mathematical apparatus and carry out synthesis. 

The theoretical results obtained during the research can serve as a scientific basis for solving 
practical problems of the formation and improvement of Avionics Technical Operation System. 

 
CONCLUSION 

 
Analytical and simulation modeling of ATOS in processes of technical operation. Formation 

and improvement of ATOS is a long and laborious process, requiring the usage of the most  
advanced mathematical methods. This is explained by the fact that, firstly, ATOS are complex  
systems, for the analysis of which until now no general mathematical and engineering methods  
have been created. 

Secondly, the quality of ATOS shows itself over fairly long time interval, often spanning sev-
eral years. The required quality is achieved only at the stationary stage of the technical operation pro-
cess. Control influences on the system are very limited due to its conservatism. In addition, the system 
itself has a high cost, and any changes in it can affect the safety of flights. 

Thus, mathematical modeling of ATOS should significantly reduce the costs of the system's 
formation, since it allows us to introduce certain adjustments in the early stages of its operation on the 
basis of available and constantly updated information. 
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Fig. 1. Model of management of educational cluster activity 
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. 2.     
Fig. 2. Primary functions of higher educational institution activity 
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Fig. 3. Model of hierarchical management 
of modernization process of an educational cluster 
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Fig. 4. Structural scheme of modeling and decision-making while choosing modernization events  

on the basis of expert and monitoring analysis 
 

 
 

 ,      -
     -    

        -
,         -

         

   
   

  
  

   
    

  

    

     

      

    

       

      

   -
   

   
   

  

   
  

     



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

34 

         -
      . -  -

          -
 ,   ,    -

,    –      . 
 

  
 
1.  . .      -

 / . . , . . , . . . - - : , 2003. 234 . 
2.  . .     . .: , 1996. 284 . 
3.  . .    / . . , . . , . . . .: 

. ., 1997. 421 . 
4.  . .   -    -

           / 
. .  //     . 2017.  2.1 (24). . 188–194. 

5.  . .      . .:   
, 1984. 288 . 

6.  . .,  . .    . .: 
, 2008. 197 . 

7.  . .    -  :  / 
. . , . . . :  «  », 2010. 140 . 

8.  . .     –  
    . . 1 / . . , . . , . . -

 //   . 2015.  6. . 37–46. 
 
   

 
  ,   , ,   

   ,          
 , a.borzova@mstuca.aero. 

 
MODELING AND DECISION MAKING DURING 

THE CIVIL AVIATION INDUSTRY-SPECIFIC EDUCATIONAL CLUSTER 
MODERNIZATION PROCESS 

 
Anzhela S. Borzova1 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
 

ABSTRACT 
 
The article deals with the civil aviation industry educational cluster which consists of the civil aviation educational 

establishments of the Russian Federation, comprising structural divisions (constituents) that provide specialist training for 
both higher and secondary vocational educational programs. Innovative requirements for aircraft maintenance specialist 
training challenge for a complex of modernization measures intended to provide educational system compliance with the 
needs of the aviation enterprises. In order to formulate the mentioned measures, the research separates basic structural 
components of the educational cluster, which change within the modernization process under the influence of the external 
environment. The article suggests the hierarchical model of the educational cluster modernization process management. 
Basing on the expert monitoring assessment principles, the educational establishment structural-functional model represent-
ing the hierarchical relations of the industry educational cluster objects is developed. Considering that these relations ele-
ments interact ambiguously which results in the system properties uncertainty, the research demonstrates the need to create 
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an algorithm for the educational system integral quality assessment system. On the grounds of integral assessment compar-
ative analyses for both the functioning and modernization modes, the work suggests the decision-making mechanism for 
the measures to be taken. A conclusion is made that the model-based approach allows to choose the best option among the 
modernization measures (synchronized with the current functioning and at the same time providing civil aviation educa-
tional cluster innovative development) step-by-step for a certain calendar period. 

 
Key words: industry-specific educational cluster, civil aviation, educational process, vertically-integrated training, 

aircraft maintenance, model-based approach, aviation enterprise, employment. 
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INTEGRAL SECURITY OF AIR TRANSPORT 

 
Lev N. Elisov1, Nikolay I. Ovchenkov2 
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ABSTRACT 

 
The paper presents the authors’ view on one of the most important issues of civil aviation under current conditions – 

ensuring aviation security of civil aviation objects. The authors understand "aviation security" in terms of the definition 
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given in the Air Laws and Regulations. The authors consider it possible to speak and use nothing but the term "aviation 
security" since the term "transport security", introduced relatively recently, does not fundamentally contradict the term 
"aviation security" insofar as it concerns civil aviation. 

An original approach of the authors to the functional-essential understanding of air transport security is proposed. 
The approach is based on the analysis of sufficiently new security-related terms that have not been used so far in air 
transport security studies. It is bodily security, common security and indivisible security. As a result of the implemented 
study, the authors propose a new term: integral air transport security. Besides, the authors give the definition of integral 
security term, structure the term and provide an analysis of the functional relationships of the structure elements. 

The statement of the issue of modeling the security (danger) of the object in the format of a hypothetical field that 
represents some state of the environment as a security space is presented. It is shown that the methodology of the study of 
integrated security is reduced to assessing security level and deciding the issue of its acceptability. For this reason, it is nec-
essary to solve the issues of formalization and modeling. The authors believe that the mathematical apparatus of the theory 
of boundary value problems,  that are described by a system of partial differential equations, is the most adequate for for-
malization out of the many methods that field theory offers. 

 
Key words: aviation security, integral security of air transport, definitions, formalization, modeling, boundary value 

problem, partial differential equations. 
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Fig. 1. Diagram of off-grade aviation fuel that caused aviation incidents and accidents due to engine malfunctions: 
1 – off-grade aviation fuel (without specifying off-grade causes) 43,5 %; 
2 – contamination of aviation fuel with mechanical impurities 20.5 %; 

3 – out-of-spec concentration of anti-icing additives in aviation fuel 16.7 %; 
4 – contamination of aviation fuel with water 9.0 %; 5 – chemical contamination in aviation fuel 7.7 %; 

6 – product nonconformity 2.6 % 
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DEVICE FOR CONTINUOUS MONITORING OF AVIATION FUEL PURITY 

IN THE TECHNOLOGICAL SCHEME OF AIRCRAFT FUEL SUPPLY 
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ABSTRACT 
 
Currently, special attention is paid to the aircraft fuel quality as a component of safety to ensure trouble-free opera-

tion of the fuel system. The existing system of quality control involves periodic sampling of the fuel in the container and 
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their subsequent control by the normalized quality indicators that do not identify possible reasons for the deterioration of 
these indicators to remove them for trouble-free operation and do not identify the factors of pollution sources. The monitor-
ing system generally ensures the implementation of measures to preserve the quality of aviation fuel and flight safety of ser-
viced civil aviation airlines at current level according to regulatory requirements. The article describes the mathematical 
model for calculation parameters of indicator filtering partitions based on cascade filtration theoretical studies of mechanical 
impurities. Pores of indicator filtering partitions calculated by means of mathematical model have been experimentally tested 
on simulator stand and showed a good convergence of calculated and experimental results. The use of cascade filtration of 
fuel with different indicator partitions parameters made it possible to develop a device for fuel purity monitoring, allowing 
continuous (inline) monitoring the level of liquid flow contamination at various points of technological equipment (for ex-
ample, after the pump, at the inlet and outlet of tanks and units, the output of the filter, etc.) and to carry out functional diag-
nostics of units condition process equipment by monitoring changes of particle parameters and the wear occurrence. 

 
Key words: indicator partitions, cascade filtration, continuous fuel purity monitoring, device for continuous monitoring. 
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Fig. 1. A method of assessing the adequacy of simulating equipment operators of radio electronic means 

on the basis of a flight experiment 
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IN RADIO ELECTRONIC MEANS OPERATORS TRAINING FACILITY 
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1Moscow State Technical University of Civil Aviation, Moscow, Russia  
2Military Educational Scientific Center Air Force "Air Force Academy 
named Professor N.E. Zhukovsky and Y.A. Gagarin", Voronezh, Russia 

 
ABSTRACT 

 
The research determines the problems of pilot studies to assess the adequacy of the results of simulation in simula-

tors operators of radio electronic equipment for air traffic control. Hardware requirements to conduct flight experiments to 
assess the adequacy of training facilities by members of the flight management group for air traffic control in the near field 
zone are formulated. For the probabilistic assessment of simulation adequacy in training facility radio electronic means 
(REM) operators the generalized criterion "Fisher - Chi-square" is selected, which allows to obtain the updated value of the 
significance level using the Fisher criterion, and based on this, using the goodness of fit Chi-square to produce a quantita-
tive assessment of the adequacy of the simulation in the training facility radio electronic equipment. In order to improve the 
quality of training of the trainees (members of the flight management group) and a greater degree of approximation of pro-
cesses that are modeled in training facilities at the ATC in the near field zone to the real conditions, the research proposes a 
method to evaluate the adequacy of the simulation results in training equipment operators REM ATC on the basis of the 
flight experiment. It is shown that when implemented on the basis of the flight experiment of the proposed method of as-
sessing the adequacy of the equipment operators REM ATC, the reliable values of accuracy can be obtained simultaneously 
for ground and in-flight tracking of air objects that are used in their simulation models in training facilities for the traffic 
controllers training procedures. Experimental assessment of the air traffic control equipment operators adequacy allows the 
authors to come to the conclusion that the results obtained on the basis of the Fisher-χ2 and on the basis of the generalized 
distribution law can be used to form areas of implementation of means of conflict-resistant automated control system for 
RES operators training management. 

 
Key words: simulation, radio electronic means, training facility, operator, experiment, radio electronic security, air 

traffic control. 
 

REFERENCES 
 
1. Potapov A.N., Pasmurnov S.M. Matematicheskaya model’ kolichestvennogo kriteria  

otsenki adekvatnosti imitatsionnogo modelirovania v trenajorah operatorov ergotehnicheskih sis-
tem [Mathematical model of quantitative criterion of the estimation of adequacy of the simulation modeling 
in training apparatus of operators of energotehnichesky systems]. Vestnik Voronezhskogo gosudarstven-
nogo universiteta [Bulletin of Voronezh State Technical University], 2012, Vol. 8,  3, pp. 4–8.  
(in Russian) 

2. Potapov A.N. Optimizatsia trenajornoy podgotovki operatorov slozhnih informatsionnyh radi-
oelektronnih sistem upravlenia vozdushnim dvizheniem [Optimization of simulator training  operators of 
complex information radio electronic systems of air traffic control]. Materialy 11 mezhdunarodnoy nauch-
no-metodicheskoy konferentsii “Informatika: problemy, metodologiya tehnologii” [Proceedings of the 
11thInternational scientific and methodological conference «Informatics: problems, methodology, technol-
ogy»], Vol. 2. Voronezh, VSU, 2011, pp. 216–222. (in Russian) 

3. Potapov A.N., Moiseev S.N. Matematicheskaya model’ processa issledovaniy tochnostnih 
harakteristik radiolokatsionnyh sistem soprovozhdenia vozdushnih tseley [Mathematical model of the re-
search process of accurate characteristics of aerial targets support’s radiolocation systems]. Vestnik Ka-
zanskogo tehnicheskogo univresiteta [Bulletin of the Kazan Technological University], 2013, Vol. 16, 

 23, pp. 235–241. (in Russian) 
4. Kleinman D.L. On an Iterative Technique for Riccati Equation Computation // IEEE Trans.  

On Automatic Control, 2008, Vol. 13,  1, pp. 20–25. 



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

62 

5. Lambert M. Training the Ariline Pilot. M. Lambert, R. Lopez. Interavia, 1982,  12, p. 127. 
6. Grewall M., Weill L.R., Andrews A.P. Global Navigation Satellite Systems, Inertial Na-

vigation, and Integration. N.Y., John Wiley & Sons, Third Edition, 2013, 608 p. 
7. Potapov A.N., Ovcharov V.V. Otsenka adekvatnosti imitatsionnogo modelirovania v infor-

matsionnyh avtomatizirovannyh sistemah osvoenia ergotehnicheskih kompleksov, imeyushih ier-
arhicheskuyu strukturu postroenia [Assessment of the adequacy of the simulation in simulators ergo-
tehnicheskih operators with hierarchical structure of building]. Vestnik Voronezhskogo gosudarstvennogog 
tehnicheskogo universiteta [Bulletin of the Voronezh State Technical University], 2013, Vol. 9, . 3-1, 
pp. 45–48. (in Russian) 

8. Potapov A.N., Bunin A.V. Sistemnaya model’ formirovania konfliktno-ustoychivih oper-
atsiy upravlenia ergotehnicheskimi radiolokatsionnymi sredstvemi [Systemic Model of Formation 
Conflict-Sustainable Management Operations Ergotechnical Radio-Electronic Means]. Zhurnal Sibir-
skogo federalnogo universiteta. Seria “Tehnika i tehnologii” [Journal of Siberian Federal University. 
Series "engineering and technologies"], 2016, Vol. 9, No. 8, pp. 1207–1216. (in Russian) 

9. Potapov A.N. Otsenka adekvatnosti imitasionnogo modelirovania v trenazhorah operatorov 
informatsionnyh ergotehnicheskih sistem, imeyushih ierarhicheskuyu strukturu postroyenia [Assessing 
the adequacy of simulation modeling in training equipment operators of ergo technical information 
systems with hierarchical structure]. Proceedings of the 13th International scientific and methodologi-
cal conference "Informatics: problems, methodology, technologies". February 7-8th, 2013, Vol. 3,  
Voronezh, VSU, 2013, 480 p. (in Russian) 

10. Powell David E. Modular Aircrew Simulation Systems. David E. Powell, James W. Dille. 
AIAA Flidht Simul. Tech. Conf and Exhib, 1989, pp. 237–242. 

11. The certificate of the official registration of a computer program 2013610592 of the Rus-
sian Federation. The system of operative objective control of operators’ actions of air traffic control 
information systems. / A.N. Potapov, E.S. Sysoev (RU). Application 2012619942, 19.11.2012; reg. in 
the registry of computer programs of Rospatent 09.01.2013. 1 p. 

 
INFORMATION ABOUT THE AUTHORS 

 
Alexander V. Bunin, Candidate of Technical Sciences, Associate Professor of the Air Traffic 

Radio Electronic Equipment Maintenance Chair, Moscow State Technical University of Civil Aviation 
a.bunin@mstuca.aero. 

Andrew N. Potapov, Candidate of Technical Sciences, Associate Professor, Deputy Head  
of Operation of Radio Equipment (mission operations to ensure safety) Chair VUNTS VVS "VVA" 
(Voronezh), potapov_il@mail.ru. 
 

   31.08.2017  Received 31.08.2017 
   23.11.2017  Accepted for publication 23.11.2017 

 



 20,  06, 2017    
Vol. 20, No. 06, 2017 ivil Aviation High Technologies
 

63 

 629.735 
DOI: 10.26467/2079-0619-2017-20-6-63-72 

 
    

  RVSM, PBN, CATII  CATIII 
     

 
. . 1 

1      , 
. ,  

 
         

(RVSM – Reduced Vertical Separation Minimum),     ,   
 (PBN – Performance-based Navigation),      

CATII  CATIII         .   -
     ,      

     .      
           

.     ,       -
         ,  

    .          
    –         

  -   ( ),      -
          -

 . 
,            , 

            . -
          -

     RVSM, PBN, CATII  CATIII     , -
     ,     

. 
 

 :   ; ,   ; 
  ,  ,  ,  . 

 
 

 
      -

     ,  : 
1)         

 (RVSM – Reduced Vertical Separation Minimum);  
2)     ,    

(PBN – Performance-based Navigation);  
3)      CATII  CATIII . 

       [1–6].    [7] -
 -       RVSM, PBN, CATII  

CATIII.         -
           . 

    ,     -
          -

 ,      . 
     –    

 .      , -



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

64 

        -
.     ,   

  ( ),   ,    -
 .  

 
  

    
  

 
        

       ,  
     .     -

 ΔΖ(t),      ( ) Z (t)  -
 Z(t)    -   ( )   

 . 
 ,   ,       « -

»,     ,   ,    -
    « ».      -

  M[ΔΖ(t)]         
M[ΔΖ 2 (t)]   . 

         -
        , -
     ,    -
 .         -

      . 
          -

      ,   
   , ,   -

     . 
 ,     , –   

         . 
   ,   , 

  : 
–   ; 
–    ; 
–      ; 
–    . 

 ,   ,      -
     ,    

          -
     . 

    –   , -
           -

 . 
            

  –         
   , . .       

        -
 . 



 20,  06, 2017    
Vol. 20, No. 06, 2017 ivil Aviation High Technologies
 

65 

    
  

 
    ,  ,  -

     . ,   -
  , .       -

      .   -
     : 

–    -     ; 
–       ; 
–        -  -

 ; 
–      . 

          
      ,   -

    .  
      : 

–     ,  -
    ; 

–     ; 
–      -     

 ; 
–         

       -
 ; 
–      ,   -

    ; 
–       -

 ,     , -
          -

  ,      -
    . 

         -
        , -
        -
  .       -

        . 
         -

 : 
–  ,     ; 
–  ,   ; 
–   ; 
–     . 

      :   ,  
         , 

  ,    ,     -
.    ,      -
        -   

 .     ,      -  -
    . 



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

66 

,      -     -
            

       ,  -
 ,          -

   .        -
     ,  , -

   . 
, ,    .     

     .      
     .  ,  -
        

  -       -
. 

        -
  .     –     -

    .   , 
      ,  -
    ,         

. 
         
,  ,      ,   -

         -
.    ,      . 

         
     (      

). 
       -

        ,    -
        

      . 
         -

         
: 

–  ; 
–     ; 
–    ; 
–    ; 
– ,     ; 
–    ; 
–     ; 
–        . 

       -
 -  ,    -

    . 
          -

     -   ( ) 
        -

        . 
        -

        «  -



 20,  06, 2017    
Vol. 20, No. 06, 2017 ivil Aviation High Technologies
 

67 

», « », «   »  « »,      -
    ,     -

  . 
     -      

           -
       ,   

,           
   . 

         -
   . ,     -

    ,     30–40 % 
.    -  . 

         -
        : 

–     ; 
–    ; 
–         . 

   ,   (   
- ), ,         

,      ,       -
     . 

    ,      
     . - ,   

    - ,   ,      
     . - ,  ,     

          
 - ,        -

. 
 

   
    

    
 

     ,    
      -      -

   .       
  [8]. 

         -
   ,     -

      -  , 
           

    .     -
    -     -
,      ,  

   . 
   .         -

          -
    (RVSM),    -

 ,    (PBN),     
    CATII  CATIII.    -



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

68 

    (      15    
 ).  

  ,     .  
 .      , 
  ,        -

.     . 1. 
 

 1 
Table 1 

   
Grouping the source data 

k  1 2 3 4 5 6 

 iy  –0,4307      

3 iε  3,0000 0     

 iω  0,3764 –0,7527     

 iy  –0,6745 0     

4 iε  3,4040 0,8694     

 iω  0,7623 –0,7623     

 iy  –0,8416 –0,2533     

5 iε  4,3607 1,6570 0    

 iω  1,1424 –0,6678 –0,9491    

 iy  –0,9674 –0,4307 0    

6 iε  5,2793 2,4035 0,7468    

 iω  1,5139 –0,5330 –0,9809    

 iy  –1,0676 –0,5659 0,1800    

7 iε  6,1636 3,1211 1,4375 0   

 iω  1,8766 0,3780 –0,9481 –1,1009   

 iy  –1,1503 –0,6745 –0,3186 0   

8 iε  7,0243 3,8191 2,0958 0,6738   

 iω  2,2307 –0,2116 –0,8809 –1,1382   

 iy  –1,2206 –0,7647 –0,4307 –0,1397   

9 iε  7,8590 4,4983 2,7303 1,3058 0  

 iω  2,5769 –0,0385 –0,7927 –1,1305 –1,2377  

 iy  –1,2816 –0,8416 –0,5244 –0,2523 0  

10 iε  8,6722 5,1620 3,3469 1,9099 0,6226  

 iω  2,9158 0,1389 –0,6909 –1,0949 –1,2689  

 iy  –1,3352 –0,9085 –0,6046 –0,3488 –0,1142  

… … … … … … … …… 
 

     -     . -
    . 1, . 
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Fig. 1. Histogram of the test: 
a – according to Pearson's criterion; b – according to Nikulin’s criterion 
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EVALUATION OF FLIGHT QUALITY 

BY RVSM, PBN, CATII, CATIII STANDARDS BASED 
ON NIKULIN MODIFIED CRITERION 

 
Leonid O. Marasanov1 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
 
Flight operations with the use of standards Reduced Vertical Separation Minimum (RVSM); Performance-based 

Navigation (PBN); auto landings on CATII CATIII ICAO categories have become common practices in relation to the rel-
evant requirements of ICAO. In this case, operators should receive special operational permits, due to that the task of de-
termining the feasibility of such operations became operational. Increasing the reliability requirements to estimate the accu-
racy characteristics quality of flight operations requires the development and improvement of methods for their evaluation. 
First of all, the application of methods based on more accurate representations of error models with more correct models of 
the error probability density distribution is required, especially in the field of large, rare errors. This article solves one of 
the tasks of this complex approach to estimate the accuracy characteristics – the task of processing flight information in 
order to determine the estimates of the accuracy characteristics of the flight-navigation complex (FNC), since the problem 
solving provides the possibility of obtaining an integral estimate of the accuracy characteristics based on the application of 
combined methods. 

It is shown that the power of the Nikulin criterion is almost twice as high as the Pearson power criterion, which in 
some cases excludes the acceptance of incorrect hypotheses about the form of the hypothetical distribution function. The 
use of Nikulin criterion makes it possible to significantly improve the assessments accuracy of flight quality performance 
characteristics according to RVSM, PBN, CATII and CATIII standards by increasing the criterion power. It significantly 
increases the estimates accuracy of the accuracy characteristics obtained during the deciphering of flight information. 

 
Key words: Reduced Vertical Separation Minimum, Performance-based Navigation, ICAO Landing Category, 

landing categories, accuracy characteristics, Nikulin criterion. 
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Fig. 1. Micrographs of the first layer of the filter septum of Velkon filter-monitor after operation 
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Fig. 2. Micrographs of impurity particles at FG-120 entrance
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. 3.      : 

1 –   , 2 –  , 3 –  , 4 –  15 ,  
5 –  , 6 –    

Fig. 3. Diagram of a fuel transfer on depot-to-depot pipeline: 1 – tank of the receiving depot, 2 – transfer pumps, 
3 – depot-to-depot pipeline 4 – filters of 15 micron, 5 – water extractors, 6 – tank of active storage 
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Fig. 4. Diagram of the balance of fuel contamination during the execution 
of technological process of the aviation fuel supply 
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THE KINETICS OF CONTAMINANTS ACCUMULATION 
IN THE JET FUEL DURING THE TECHNOLOGICAL PROCESS 

OF ITS PREPARATION FOR AIRCRAFT REFUELING 
 

Anatoly A. Brailko1 
1Moscow State Technical University of Civil Aviation, Moscow, Russia 

 
ABSTRACT 

 
Much attention is payed to the tasks for ensuring domestic and international aircraft safety and regularity, which 

are multifaceted and complex. One of them is the system of ensuring the quality of aviation fuel for refueling aircraft at 
airports. A significant influence of the quality, chemical composition and fuel range on the reliability and lifetime of com-



 20,  06, 2017    
Vol. 20, No. 06, 2017 ivil Aviation High Technologies
 

79 

ponents and parts of the aircraft fuel system was studied in the process of development and experience accumulation of 
aircraft operating, processes of aviation fuel production, as well as during storage, quality control, transportation, refueling 
preparation and aircraft refueling. Currently, work is being done to study the influence of fuel quality on the units of the 
technological scheme of fuel-filling complexes, which provide the required cleanliness of the fuel according to the regula-
tions. The article describes the trend level of aviation fuel cleanliness at the stages from receipt to issuance to the refueling 
station. The evaluation of compliance with existing regulations on the level of jet fuel cleanliness and the efficiency of fuel 
cleaning facilities is carried out. It is stated that one of the problems of insufficient level of aviation fuel cleaning quality is 
a violation of the acceptable contamination level of the fuel before the filter. It was found that the disadvantage of the used 
filter paper is the fiber wash out process. According to this research it was found that while cleaning fuel from mechanical 
admixtures it is necessary to take into account the technical condition of the filtering element, and proposal was developed 
for fuel-filling systems to ensure aviation fuel cleanliness in compliance with regulations. 

 
Key words: the filter element, the balance of fuel contaminants, water in fuel, fiber wash out process. 
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ABSTRACT 

 
Dispatch reliability – is one of the key criteria of aircraft technical operation process efficiency which reflects eco-

nomic efficiency of airline activity. The higher the operational reliability, the better the level of aircraft operation in airline, 
the higher maintenance quality and safety policy is more effective. Due to the lack of unified procedure of dispatch reliabil-
ity control both for aircraft manufacturers and Russian Federation aircraft operators and based on international experience it 
was concluded that there is a need for dispatch reliability specification by introducing a number of parameters, definitions 
and development, thereby the unified updated methodic of calculation.  
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In this work six basic and three auxiliary parameters are introduced, the following terms and definitions are estab-
lished: dispatch reliability, operational reliability, ground operational interruptions, operational interruptions, in-flight  
interruptions. 

A unified actualized methodic of dispatch reliability and operational reliability calculation is developed, which is 
reasonable and more accurate. 

Since the aircraft dispatch reliability includes the notion of Regularity and Punctuality, definitions and criteria cal-
culation are given.  

The detailed example of criteria calculation is shown: dispatch reliability, dispatch regularity, flight punctuality, 
operational reliability, flight delays for a hundred landings, aircraft changes for a hundred landings, flight cancellations for 
a hundred landings. 

 
Key words: dispatch reliability, operational reliability, regularity, punctuality, operational interruptions, 

delays, cancellations, A/C changes, aborted take-off, air turnback, diversion (diverted landing, in-flight engine  
shut down). 
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TECHNICAL MAINTENANCE EFFICIENCY 

OF THE AIRCRAFT MAINTENANCE-FREE ON-BOARD SYSTEM 
BETWEEN SCHEDULED MAINTENANCES 

 
Andrey M. Bronnikov1 

1JSC MRPC «Avionica», Moscow, Russia 
 

ABSTRACT 
 
The avionics concept of the maintenance-free on-board equipment implies the absence of necessity to maintain 

onboard systems between scheduled maintenance, preserving the required operational and technical characteristics; it 
should be achieved by automatic diagnosis of the technical condition and the application of active means of ensuring a fail-
safe design, allowing to change the structure of the system to maintain its functions in case of failure. It is supposed that 
such equipment will reduce substantially and in the limit eliminate traditional maintenance of aircraft between scheduled 
maintenance, ensuring maximum readiness for use, along with improving safety. The paper proposes a methodology for 
evaluating the efficiency of maintenance-free between scheduled maintenance aircraft system with homogeneous redun-
dancy. The excessive redundant elements allow the system to accumulate failures which are repaired during the routine 
maintenance. If the number of failures of any reserve is approaching a critical value, the recovery of the on-board system 
(elimination of all failures) is carried out between scheduled maintenance by conducting rescue and recovery operations. It 
is believed that service work leads to the elimination of all failures and completely updates the on-board system. The pro-
cess of system operational status changes is described with the discrete-continuous model in the flight time.  

The average losses in the sorties and the average cost of operation are used as integrated efficiency indicators of 
system operation. For example, the evaluation of the operation efficiency of formalized on-board system with homogene-
ous redundancy demonstrates the efficiency of the proposed methodology and the possibility of its use while analyzing the 
efficiency of the maintenance-free operation equipment between scheduled periods. As well as a comparative analysis of 
maintenance-free operation efficiency of the on-board system with excessive redundancy and on-board system with rational 
redundancy serviced by the strategy of "to failure" is carried out. 

 
Key words: maintenance-free avionics, operational status, excess, redundancy, methods of maintenance, simulation. 
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. 1.        

Fig. 1. The model system of storage and processing a flight experiment data 
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Fig. 2. Possible schemes of technological realization for automatic control systems in a flight experiment  
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Fig. 3. Software requirements 



     20,  06, 2017
ivil Aviation High Technologies Vol. 20, No. 06, 2017

 

104 

  ,      
,        

 ,   ,    .    /  
15408      ,   -

,  ,     ,   
,   .      -

          , -
         . 

           :  -
 ,    ( )    -

    [0].      -
         .  -

     . 1. 
 

 1 
Table 1 

      
Security threats of a mobile modular measuring system 

    
   

  ( )  -
 

 , , -
  

  ( )  -
 

 , , -
  

 , , -
,   

     

   
,     

  
 , , -

  
,    -

  /  (BIOS) 
 , , -

 .   -
  

,     
 

 , , -
  

,    -
    -

    

 , , -
  

     , , -
 .    

 «   »    , -
  ,    -

    
 ,   -

    ,  -
  . 

 ,   -
 ,   -
 ,   , -

    
        . -

    ,  -
  

     
  -

  

  - -
 ,     

,    



 20,  06, 2017    
Vol. 20, No. 06, 2017 ivil Aviation High Technologies
 

105 

  1 
  «   »     , 

  . -
   -    

  ,     
     , , -

  
      

   ( ) -
 

   

   ( ) -
 

   

     
 

   

 
        

:   ,      -
 ,   –       

 [5].  ,       -
:         -

      .  
  ,        

. 4.           
    (  ).   -

      ,  -
    .       

         .     
 ,         

 .              
 ,   .  ,    -

         -
   ,            [0]. 

 

 
. 4.      
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ABSTRACT 

 
A special aspect of aircraft test is carrying out both flight evaluation and ground operation evaluation in a structure 

of flying aids and special tools equipment. The specific of flight and sea tests involve metering in offshore zone, which 
excludes the possibility of fixed geodetically related measuring tools. In this regard, the specific role is acquired by ship-
based measurement systems, in particular the mobile modular measuring systems. 

Information processed in the mobile modular measurement systems is a critical resource having a high level of 
confidentiality. When carrying out their functions, it should be implemented a proper information control of the mobile 
modular measurement systems to ensure their protection from the risk of data leakage, modification or loss, i.e. to ensure a 
certain level of information security. 

Due to the specific of their application it is difficult to solve the problems of information security in such com-
plexes. The intruder model, the threat model, the security requirements generated for fixed informatization objects are not 
applicable to mobile systems. 

It was concluded that the advanced mobile modular measuring systems designed for flight experiments monitoring 
and control should be created due to necessary information protection measures and means. The article contains a diagram 
of security requirements formation, starting with the data envelopment analysis and ending with the practical implementa-
tion. The information security probabilistic model applied to mobile modular measurement systems is developed. The list 
of current security threats based on the environment and specific of the mobile measurement system functioning is exam-
ined. The probabilistic model of the information security evaluation is given. The problems of vulnerabilities transfor-
mation of designed information system into the security targets with the subsequent formation of the functional and trust 
requirements list are examined. 

 
Key words: mobile modular measuring system, flight experiment, information systems design, information secu-

rity, security threats, security requirements, trust requirements. 
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Fig. 1. Prototype of distributed SINS 
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Fig. 3. Scheme of complex information processing in distributed SINS 
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ABSTRACT 
 
The current state of airborne measuring-and-computing complexes (MCCs) is characterized by the inclusion of 

distributed strapdown inertial navigation systems (SINSs) as components of these complexes. This is associated with the 
necessity of the provision of navigational support not only for aircraft (Acft), but also for airborne Earth surface surveil-
lance systems in which the SINSs are included as components. Among such systems are radar systems, video monitors, 
laser scanners (lidars), and other surveillance devices. At the same time, when the DSINSs are united into a single struc-
ture, new functional possibilities for such integrated navigation systems appear, namely: redundancy and mutual support of 
SINSs, and also an increase in MCC information reliability on this basis; mutual monitoring and mutual diagnosis of 
SINSs; optimization of DSINS structure for providing the required accuracy of navigation and attitude control under severe 
conditions of Acft operation. Such conditions are connected with Acft maneuvering, with a loss of the signals of satellite 
navigation systems (SNSs). The purpose of this paper is to study the capabilities of DSINS which are built around fiber-
optic and micromechanical sensors when they are united into a closely connected information-measuring structure. In the 
solution of the problem formulated above, an object-oriented modular technology for the creation of integrated navigation 
systems was taken as a basis. The use of such a technology has permitted us to realize the new functional possibilities of 
the DSINSs, and also to take into account the following features of the construction and functioning of DSINSs as compo-
nents of MCCs: need for mutual information exchange among DSINS modules via an MCC airborne top-level computing 
system; synchronization of measuring-and-computing procedures that are realized in the DSINS. In addition, due to re-
strictions on overall dimensions and weight, SINSs of surveillance systems are built on the basis of microelectromechanical 
sensors (MEMSs). Such sensors have a wide insensitivity zone and low accuracy. Taking into account the above-mentioned 
features, SINS-MEMSs must rely on a base high-accuracy SINS which forms part of an Acft navigation complex. Moreo-
ver, the SINS-MEMSs cannot execute the initial alignment from attitude angles in the autonomous mode. Because of this, 
the initial alignment of such SINSs is realized from information obtained from the base system. Mutual support of integrat-
ed inertial systems which include satellite receivers is necessary not only for continuous updating of SINS-MEMSs coordi-
nates but also for the refinement of attitude angles of the places where surveillance systems are mounted. It should be noted 
that the frequency of updating the coordinates that are determined by an SNS is several units of hertz, and that are deter-
mined by a SINS is several units of kilohertz. The features mentioned earlier were taken into account in a DSINS devel-
oped by the NaukaSoft Experimental Laboratory, Ltd. (Moscow) and by the Bauman Moscow State Technical University 
in cooperation. A breadboard model of the MSINS includes the SINS-500NS system based on fiber-optic gyros developed 
jointly by the “NaukaSoft EMNS” and by the “Optolink” RPC (Zelenograd); micromechanical SINS-MEMSs built on the 
basis of the ADIS16488 measuring modules developed by the Analog Devices Co. The paper presents the results of full-
scale experiments performed at the Ramenskoye Instrument-Making Plant. 

 
Key words: inertial navigation system, fiber-optic sensors, micromechanical sensors, system integration, Kalman filter. 
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Fig. 1. The original structural scheme of the nonlinear actuator 
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NONLINEAR MODEL 

OF STABILITY STUDY OF SYSTEM "SURFACE CONTROL – ACTUATOR" 
OF MANEUVERABLE UNMANNED AERIAL VEHICLE 

 
Vladimir N. Akimov1, Dmitry N. Ivanov1,2, Andrei S. Oparin1,2, Sergey G. Parafes'2 

1 Dolgoprudny Research and Production Enterprise, Dolgoprudny, Russia 
2 Moscow Aviation Institute (National Research University), Moscow, Russia 

 
ABSTRACT 

 
One of the important problems of the designing of maneuverable unmanned aerial vehicles (UAV) is to ensure 

aeroelastic stability with automatic control system (ACS). One of the possible types of aeroelastic instability of UAV with 
ACS is loss of stability in the system "surface control – actuator".  

A nonlinear model for the study of the stability of the system "surface control – actuator" is designed for solving 
problems of joint design of airframe and ACS with the requirements of aeroelasticity. The electric actuator is currently the 
most widely used on highly maneuverable UAV. The wide bandwidth and the availability of frequency characteristic lifts 
are typical for the modern electric actuator. This exacerbates the problem of providing aeroelastic stability of the UAV with 
ACS, including the problem of ensuring the stability of the system "surface control – actuator". In proposed model the 
surface control, performing bending-torsion oscillations in aerodynamic flow, in fact, is the loading for the actuator. Exper-
imental frequency characteristics of the isolated actuator, obtained for different levels of the control signal, are used for the 
mathematical description of the actuator, then, as dynamic hinge moment, which is determined by aeroelastic vibrations of 
the surface control in the air flow, is calculated. Investigation of the stability of the system "surface control – actuator" is 
carried out by frequency method using frequency characteristics of the open-loop system. 

The undeniable advantage of the proposed model is the simplicity of obtaining the transfer functions of the isolat-
ed actuator. The experiment by its definition is a standard method of determining frequency characteristics of the actuator 
in contrast to time-consuming experiments for determining the dynamic stiffness of the actuator (with the surface control) 
or the transfer function of the actuator using electromechanical simulation of aeroelastic loading of the surface control, that 
also used in research stability problems of the system "surface control – actuator". 

 
Key words: unmanned aerial vehicle (UAV), surface control, electric actuator, aeroelastic stability, system "sur-

face control – actuator", nonlinear model. 
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ON THE QUESTION OF MASS-ENERGY CHARACTERISTICS 
OF VARIOUS AVIATION SOURCES OF ELECTRICITY 

 
Alexander V. Kechin1, 2 
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2LLC «Experimental laboratory NaukaSoft», Moscow, Russia 

 
ABSTRACT 

 
The article raises the issue of the synthesis of power supply systems for new generation aircraft, which is under-

stood as: the power supply system (complex) of the aircraft, which includes the power and information structures closely 
integrated. Using this method, the power generation, transformation and distribution functions are assigned to the power 
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structure, and the information structure provides work algorithms. The problematic of the synthesis of the described sys-
tems is formed and its relevance is justified. The main work done abroad and on the territory of the Russian Federation 
aimed at solving this problem are analyzed. As a solution to the problem, it is proposed to use the actual, from the point of 
view of the authors, method – the structural-functional method. It is shown that the structural-functional method is applica-
ble to solving complex engineering problems, as shown in the examples [16, 18]. The chosen method of solving this prob-
lem, like any other one, requires a sufficient number of bench-mark data. When applying the structural-functional method, 
which is data of the "constraint" type, i.e. GOST (All-Union State Standard) and OST (All-Union Standard) requirements, 
technical specifications, supplemented by data on possible elements of the synthesized scheme. This article is mainly de-
voted to the choice of parameters of possible elements of the synthesized circuit, namely primary electric power sources. 
The article defines a technique for converting discrete values of primary energy sources into functional dependencies, as 
well as restrictions imposed on their approximating functions. The example shows the obtaining of functional dependencies 
for mass-energy indicators of nickel-cadmium storage batteries produced by VARTA and SAFT. The analysis of the ob-
tained results is shown, which showed their sufficient reliability and, as follows, their applicability in the development of 
aircraft power supply systems. 

 
Key words: aircraft power supply system, structural-functional method. 
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. 2.      

Fig. 2. Algorithm of calculation of resonant EPR BO 
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Fig. 3. Interface of the computer system: 
a) visualization of BO; b) geometrical and radar parameters; 

c) tables of the tabulated values of results of the experimental samplings and the current values of results of computation 
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Fig. 4. Comparative indikatrisa of the BO simulator 
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Table 1 
  

, 
 

  
( ) mσ , 2 

1 0–40 810–6
m

4σ  – 0,0007 m
3σ  + 0,0206 m

2σ  + 0,2611 mσ  + 1,35; 
2 40–90 510–6

m
4σ  – 0,0013 m

3σ +0,121 m
2σ +4,8181 mσ + 71,42; 
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m

4σ  – 0,0063 m
3σ  + 1,071 m

2σ  – 80,487 mσ  + 2261,5; 
4 130–170 –110–5

m
4σ  + 0,0072 m

3σ  – 1,5851 m
2σ  + 154,39 mσ  – 5619,7; 

5 170–190 –0,0057 m
2σ  + 2,059 mσ  – 185,07; 

6 190–230 –910–6
m

4σ  + 0,0079 m
3σ  – 2,527 m

2σ  + 359,62 mσ  – 19149; 
7 230–260 –910–7
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3σ  – 0,28 m
2σ  + 44,532 mσ  – 2581,6; 

8 260–280 –0,026 m
2σ  + 14,036 mσ  – 1891,4; 

9 280–310 0,0009 m
2σ  – 0,5557 mσ  + 82,653; 

10 310–340 0,0017 m
2σ  – 1,1205 mσ  + 185,07; 

11 340–360 1,0252 mσ  + 1,1819; 
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Table 2 
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MODEL AND ALGORITHM 

FOR CALCULATION OF THE RADAR SIMULATOR OBJECT 
EFFECTIVE SQUARE OF SCATTERING 

 
Ruslan N. Akinshin1, Andrey A. Bortnikov2, 

Stanislav M. Tsibin2, Yuri I. Mamon2, Evgenii I. Minakov3 
1SSP RAS, Moscow, Russia 

2CDBAE, Tula, Russia 
3Tula state University, Tula, Russia 

 
ABSTRACT 

 
To reduce the cost of field tests of the ballistic objects (BO) simulators reflection properties, it is advisable to de-

velop a model and algorithm for calculation of the radar objects effective surface scattering. As a simulator of ballistic ob-
jects a complex radar reflector, made of a lossfree dielectric is chosen. It looks like a spherical Luneburg lens with a coat-
ing of high-conductivity alloy as well as a truncated cone, disk, and cylindrical elements. The stages of aperture version of 
reflection from the inner surface of the Luneburg lens are proposed. A physical model of the reflection on the elements of 
design and the technique of modeling with a calculation algorithm of the effective surface scattering are developed. The 
algorithm of calculation of the ballistic objects resonance effective surface scattering is worked out. This algorithm is pre-
sented in a graphical form. The interface of the computing complex is presented. As a simulator of ballistic object we se-
lected a complex radar reflector, made of a lossfree dielectric sphere with a coating of high-conductivity alloy as well as of 
a truncated cone, disk, and cylindrical elements. The comparative indicatrices of ballistic objects simulator are presented. 
The conclusion on the comparative analysis of the results of measurements in situ and modeling results is made. The exam-
ples of numerical calculations of the ESR of the head part of the BO simulator with increased ESR and increased all-aspect 
view are given. The options of the BO simulator head parts with increased ESR and increased all-aspect view with optimal 
placement of radar dielectric reflector and a corner unit with sectional placement of dielectric reflectors are analyzed. 

 
Key words: effective surface scattering, ballistic object, radar reflector. 
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Fig. 1. Remote method of measuring the atmosphere temperature 
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Fig. 2. Remote sensing with elliptical mirrors 
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REMOTE MEASUREMENT OF THE ATMOSPHERE LOWER LAYERS 
TEMPERATURE PROFILE BY MEANS OF RADIO POLARIMETRY 

 
Eduard A. Bolelov1, Anatoly I. Kozlov1, Victor J. Maslov2 

1Moscow State Technical University of Civil Aviation, Moscow, Russia 
2Moscow Technology University, Moscow, Russia 

 
ABSTRACTS 

 
Air temperature is one of the most important parameter of the atmosphere. The air temperature, especially in the 

lower atmosphere can have a significant effect on the aerodynamic characteristics of aircraft and is one of the main ele-
ments for the preparation of aviation weather forecasts. Methods of air temperature measuring in the atmosphere can be 
divided into two groups. The first group which combines the methods of contact measurement assumes the direct contact of 
the meter with the environment. The second group of methods, is now rapidly developing, combines the methods of remote 
measurement of the temperature. The problem of remote measurement of air temperature in the lower atmosphere is an 
important task, since the contact measurements, though highly accurate and informative, are held through certain and large 
enough time intervals (up to two times per day). To solve the problem of remote measurement of air temperature many 
different theoretical solutions and technical devices developed on their basis are proposed.  All the proposed methods and 
techniques have limitations on their use imposed primarily by the precision with which you can define certain characteris-
tics of the studied objects. The article considers a method that opens up the possibility of solving the problem of remote 
measurement of temperature in non-uniformly heated environment without losses of atmosphere type. It is based on radio 
emission own reception, intensity of which depends on its temperature. The proposed method of air temperature remote 
measurement is based on the well-known formula of S. T. Egorov and Y. M. Shestopalov. The article gives reasons for the 
possibility of using elliptical antennas for air temperature remote measurement in the lower layers of atmosphere. 

 
Key words: the temperature profile, remote sensing, elliptical antenna, phased array antenna. 
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 1 

Table 1 
     

Parameters of radar and measurement conditions 
  9  9  18  35  70  95  

1  ,  40 250000 700 20 10 8 

2  ,  1,83 4,5 1,0/0,2 0,92 0,92 0,92 

3  ,  112 450 80 106 197 300 

4   1,2  0,5  10,4  0,68  0,34  0,24  

5  ,  0,7 1,0 0,4 0,2 0,085 0,080 

6  ,  625 830 263 312,5 250 250 

7  ,  4 – – 6 14 20 

8 - ,  10 – 18 13,4 18 28 

9  ,  0,7 5 1,2–1,8 0,7 0,7 0,7 

10   (L),  105 125 60 30 13 12 

11   (T),  1,83 5 4 0,92 0,92 0,92 

12  ( LT2/4) .  276 2500 ~400 20 8,6 8,0 

13   (L/T) 57 25 15 32 14 13 
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Approximation of the envelope density at the input and output of the detector 
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. 1.      
     (  ,  RU09  

           ) 
Fig. 1. The experimental first distributions of the envelope fluctuations on the linear 

and the semi-logarithmic scale (for readability, RU09graph is depicted 
with deviations from the accepted method of normalizing the mode maximum and dispersion per unit) 
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Fig. 2. Comparison of experimental and theoretical distributions 

a – the approximation of the lognormal distribution on data obtained in small scattering volumes on millimeter wavelengths 
(the fluctuations of the logarithm of the signal envelope at the input of the logarithmic detector, which leads 

to its lognormal distribution (solid line) at its exit, are of Rayleigh character (dashed line); 
b – Rayleigh approximation (dashed line) of the experimental distribution obtained 

at centimeter wavelengths in "small" volumes (solid line) and a similar experimental distribution obtained 
at the same wavelengths in a "large" volume (dash-dotted line) 
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ABSTRACT 

 
The basis of modern radar techniques is the direct use of radio-physical data on the power of backscattering. At the 

same time, the data volume received from the radar allows us to form new estimates and essentially specify classical ones. 
Significant steps have been made in this direction, using, for example, phase (Doppler) methods. The "modified Rayleigh 
model" used in radar meteorology to form a scattered field on rarefied medium particles is called the Kerr-Rice model. The 
main advantage of the Rayleigh model is its simplicity. But it itself contains a deep contradiction, consisting in its logical 
completion. Based on the statistics study of the first distribution in the rains of varying intensity the authors on a large sta-
tistical material have determined the fact of their not Rayleigh form and extreme stability of the latter in relation to natural 
changes of precipitation intensity. The first distribution is different from the theoretically expected one in the Kerr-Rice 
model, which makes it possible to use linear-logarithmic detection. It is concluded that the width and the mean of the spec-
trum of the same signal have the expected dynamics with respect to changes in precipitation intensity and dynamic process-
es in them. Tables with experimental data are presented. Two main distribution models are considered: lognormal and 
"logo-gamma-functional". It is concluded that, despite the absence of qualitative differences, the difference in the form of 
the distributions obtained with different equipment can be a natural consequence of significant discrepancies in the peak 
power and / or the width of the antenna pattern. The graphs of the first experimental distributions of envelope fluctuations 
on a linear and semi-logarithmic scale are presented. 

 
Key words: radar, pulsed mode, rarified medium, Kerr-Rice model, radar meteorology. 
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