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INSTITUTIONAL FOUNDATIONS OF DEVELOPMENT OF THE AIR
TRANSPORT SECTOR AND SUPPORTING INFRASTRUCTURE

O.M. Kyrylenko, O. B. Naumov, V.O. Novak, K.M.Razumova,
National Aviation University, Lubomira Guzara ave. 1, Kyiv, 03680, Ukraine
D.S. Tepnadze
Georgian Aviation University, Ketevan Dedopali Av, 16, Tbilisi, 0103, Georgia

Annotation. This article deals with the author's view on the concept of development of
air transport system, which can be the basis of the branch program documents. The author
presented a preamble and the main directions of realization of the development strategy. The
article identifies the main directions of institutional regulation of the sector development.
Institutional mechanisms for regulating the development of the air transport sector and
supporting infrastructure were outlined. In article also was considered the issues of creating new
integrated cross-sector air-transport associations — strategic alliances.

Keywords: aviation transport, supporting infrastructure, integrating, the concept of

development.

Formulation of problem. Ukraine's economy is demand by the transition from the crisis
to the stages of progressive development. However, the processes of development by economy
sectors are uneven, the crisis is continued in some industries and there is a decline in production.
In the system of social and economic transformations, the exceptional place takes the problem of
underdevelopment of the major sectors of economy to which belong the transport system,
including air transport and all kinds of service for it, where the situation is difficult during to
pandemic crisis.

Official statistics show that passenger turnover of air transport decreased by 67% in 2020
(Figure 1). Cargo turnover of air transport in 2020 increased by 7%, but it is not significant - it

reaches only 316.2 mln.tkm.
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Fig. 1. Passenger-kilometres performed, by air transport, min.Pass.km [1]

The situation with the Ukrainian air transport sector and support infrastructure requires
the development of strategy for interconnected transition of enterprises of the two spheres to
new condition and development of the newly established system.

The problems of the air transport sector and support infrastructure have received
considerable attention from scientists and practitioners, and the scientific and analytical articles
have been dedicated to them [2-6]. In these studies, the problematic aspects of development of
the air transport system have been considered.

State policy documents on the development of the air transport sector are constantly being
developed and improved [7].

However, the problem can not be considered solved, because today there are new
challenges that need to be solved for the development of air transport system and its
infrastructure. Considering this, it is necessary to form a comprehensive view on the development
of air transport sector and support infrastructure.

Research methods. This work was based on the analysis and synthesis of theoretical,
methodological and practical aspects of the development of the air transport sector. The abstract-
logical method was used to form the structure of the strategy of development of the sector,
generalization of scientific provisions.

The work is based on the study of scientific publications, Internet resources, the authors'
own observations.

The main objective of the article. In this article, the authors offer their own perspective
on the concept of development of the air transport sector and support infrastructure, which can
be the basis of branch program documents.

Exposition of the basic material. The experience of economic reform in the Ukrainian

economy has shown that the reforms do not always give proper feedback because of inadequate
6
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regulation of the problems at the state level, lack of the responsible owner, the legislation
unadjusted to the reality of our economic and national outlook. Therefore, only science-based
systematic and consistent approach to the economic problems of formation and development of
domestic economy will enter the real nature of the problem of the one of the leading sectors of
national economy — transport and its supporting infrastructure, taking into account the realities
of their operation.

There are several good reasons for the need of simultaneous rise of the transport sector
and its supporting infrastructure:

- First, the transport sector can’t play its traditional role in the development of the
economy, if not combined its human and material resources and not be developed workable
national policy in the transport development;

- Second, with the development of the transport and support infrastructure, the processes
of specialization and diversification activates, and that will ensure the competitiveness of
domestic transport services;

- Third, there are sectors of the economy, which should not be left in isolation. Insufficient
development of the transport sector leads to a future Ukraine's dependence on foreign carriers.
Joint efforts of transport companies, their infrastructure, and the government is the basis for
freedom of choice in the development of the economy. Accelerated scale use of the potential of
transport sector in the near future would improve the situation not only in these industries, but
also in the industries which use transport services, especially in foreign trade sphere.

1. General of the Concept for the development of the air transport sector.

The Concept must define ways to solve the problems of revival and further development
of the air transport system and its supporting infrastructure, on the basis of the new challenges
set before air transport companies in terms of pandemic crisis and process of international
integration.

The development of the air transport sector and support infrastructure necessitates finding
and implementing new strategies for the management of companies and the sector as a whole.
The insufficient organizational and methodological assistance, the dynamic changes of conditions
of markets and the risk of stagnation due to quarantine restrictions identified the lack of an
integrated approach to the design and implementation of development strategies for the
companies of air transport and support infrastructure.

The basis for the success of the reform of air transport sector should be well-functioning
infrastructural base. It will implement communication between the participants and the
components of the economic organism of the air transport sector. A reliable supporting
infrastructure is central in the development and successful operation of air transport companies
and a prerequisite of growth and stabilization of the economy of aviation transport. Therefore,

the most important at the present stage of development of the air transport sector is the

7
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All this determines the need for complex organizational, legal, economic, technical and
technological measures directed to both the near- and long-term perspective that would ensure
the development of the air-transport-integrated structures in the closest connection with the
processes occurring in the global and domestic economy contributed to the development of
productive forces of the country, social welfare of the population.

2. The goals and objectives of the Concept.

The concept has the following objectives:

- Creating conditions for further development of the air transport system and support
infrastructure;

- Phased implementation of institutional reforms in the air transport sector and support
infrastructure sectors of the economy by improving management, demarcation of functions of
the state and economic management, the development of competition in the market of transport
services;

- Accelerating the modernization of technical base of the air transport sector and support
infrastructure, development of new approaches to innovation and investment policies aimed at
achieving the objectives of the Concept, including raising capital in all forms, which are not
prohibited by the legislation of Ukraine;

- Accelerate the integration of enterprises in the form of strategic air-transport alliances
on the principles of mutual interests, adapting national legislation to the existence of the
integrated structures, closer to international standards, specifications, technical performance and
economic requirements in the area of air transport services.

The main tasks to achieve the objectives of the Concept should be:

- Creation of a common legal field of the air transport sector and support infrastructure
businesses, taking into account national and international standards;

- The introduction of an effective system of the state regulation and control of the market
of transport services to ensure the development of domestic air transport sector;

- Strengthening the coordinating role of the state in the development of integration of
different modes of transport and supporting infrastructure, first of all of joint (international)
value, increasing the efficiency of interaction with companies in other sectors of the economy;

- Create conditions for improving the competitiveness of domestic air transport
enterprises in domestic and foreign markets by implementing a set of measures of the state
support for the Ukrainian transport services;

- The effective functioning of national integrated institutions and consolidation into a
unified system of the multi-transport complex, which taking advantage of the geographical
location;

- Development and implementation of direct and indirect state financial support for the

8
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infrastructure of air transport in accordance with the market economy mechanisms;

- The creation of a common information space of the transport complex on the basis of
modern information and management systems, the development of databases;

- Development and intensification of the scientific potential of the aviation transport, the
development of a forward-looking system of training and retraining for the air transport sector
and the supporting infrastructure;

- Development and implementation of social policy in the air transport sphere as part of
an overall policy of development of the transport sector.

The principles of the policy branch of protectionism in respect of the air transport system
and supporting infrastructure should be the following:

- A policy of credit expansion and investment in respect of the air transport sector. A
higher priority to fund the development process by means of domestic resources, so this policy
should take into account the more favorable conditions for investing industry by the domestic
owners of capital;

- Creating conditions to encourage internal competition of the sector, or eliminate the
negative effects of the lack of competition. This is a necessary condition for the development of
the industry. The experience of protectionism in some countries shows that in the absence of
competition, the enterprises are losing incentives for development [8]. However, there is an
alternative to creating an internal competition —legal, organizational and technological measures
to form development incentives that will enhance the positive processes even in a non-
competitive environment;

- Increasing specialization of transport and supporting enterprises;

- Increasing the level of organization and coordination of the interests of individual
companies with the interests of the whole sector and the interests of the state.

3. The main lines of the Concept.

3.1. Improvement of the state regulation of the air transport sector and support
infrastructure.

State regulation of the air transport sector and support infrastructure in the context of the
modern market and present-day challenges must ensure a balance of national and corporate
interests and be based on the allocation of responsibility for specific areas of activity of the air
transport sector between the state and enterprises.

The competence of the state:

- The creation of the legal framework of air transport system and enforcement of
legislation;

- The establishment and maintenance of a unified multi-transport space coupled with
infrastructure;

- Financing of the air transport sector in an innovative direction of development;

9
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- Implementation of the non-discriminatory actions to protect the interests of the state
and national companies in relation to the transport services;

- Promotion of investment in the air-transport associations.

The main forms of government regulation should be the laws of Ukraine and other
normative-legal acts, the target program for the development of air transport sector and
supporting infrastructure, mechanisms of standardization and control. The tax, credit and
financial, customs and other economic levers are to be used for their effective action.

The priority areas of government regulation in the air transport complex should be the
scope of such activities as the introduction of innovative and resource-saving technologies,
complex automated systems of processes management and quality, development of information
systems.

3.2. The main objectives of the development strategy of the air transport sector and
support infrastructure must be:

- Actions to increase profitability in the short term and in the future;

- Actions in response to changing conditions in the transport sector (changing tax
environment, air cargo tariffs and rules, fuel prices, etc.);

- The application of efforts to build links between the transport, industrial, trading and
supplies structures;

- Efforts to integration in the transport-logistic chain;

- Precautions against external threats;

- Steps in the formation of corporate diversification strategy;

- To improve the quality of transport services;

- Actions to the maximum possible use of the potential of transport and support
enterprises;

- Building relationships between the partners on a mutually beneficial basis;

- Measures to improve the technology of transportation services;

- The integration of science in the air transport sector.

The economy of air transport requires forming a consciously differentiated approach to
the quality of services in order to achieve harmony of the existing resource base with the
transport technologies in the context of its further development. In other words, with the
implementation of the strategy should be created a dynamic complex that provides today and in
the future production of competitive services in the geographical conditions of the Ukraine.

3.3. Organization forms of the development of integrated air-transport association.

In modern conditions for the development of integration structure of air transport sector
and support infrastructure this kind of integration organization as a strategic alliance makes it

easier to solve the problem of achieving the strategic objectives of the domestic air transport

10
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sector.

The air transport alliance is a single economic complex, which has the character of a
network composed of airlines, airport operators, airport on-site enterprises (restaurants and
retail), aircraft manufacturers, and air navigation service providers, research, design and other
businesses.

Creation of such a union can realize the benefits of scale effect. The effect of scale of
integration reduces the so-called interaction costs, which include the costs of searching for
information on a constant exchange of information with partners, monitoring the actions of
competitors and develop on this basis the objectives, strategies and tactics [9]. Added to this is the
possibility of more centralized control over the activities of the structure. Integration enhances
synergies in the implementation of various activities of the alliance members, which leads to
increased efficiency of the system.

The increase in the scale of economic units provides enhanced commitment to our
partners, so it is necessary to provide for a close relationship between the parties that would
enable mutual control. Alliances between major companies should have close ties in the form of
mutual shareholding. Enterprises in addition to the basic operation activities use the goods and
services of each other. Combining at the expense of the companies that are part of it, may acquire
other businesses. But at the same time, these businesses have a certain degree of independence.

The structure of air-transport alliance clearly defined as a network in which all the
constituent objects are on equal cost-organizational settings, meaning they can enter into
contracts and exchange values (ideas, technologies, know-how) on mutually voluntary basis. The
collective basis of alliance management on equal footing is due to cross shareholdings of the
members of the alliance and cooperation of production.

Governance structure of the alliance depends on the size and structure of the enterprise.
Creating mutually beneficial peer interactions in the air-transport alliances will be ensured
through the establishment of the main control center or organization network coordinator.
Therefore, the coordinator assigned operational functions.

Strategic decisions must be implemented by the Council of alliance, which consists of the
directors and presidents of companies and firms. The Council will promote the strengthening of
ties, exchange of information, identifying areas of mutual interest and ways to achieve them.

The effectively developed complex as a single autonomous operating system, which
integrates and balances the needs and interests in the process of transport service, will direct the
alliance for the development of the scope and quality.

The main role of the proposed air-transport alliance is to overcome non-winning positions
in the work of enterprises in the market conditions.

Strategic alliances can solve a number of problems:

- The problem of ensuring the necessary resources;

11
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- The problem of balancing the needs and obligations between the alliance members;

- The formation of the alliance creates the conditions for increasing the productivity of
labor and the quality;

- The problem of implementation of a comprehensive quality management system and the
economical use of resources;

- To ensure the sector of professional staff and the high level of employment. Stable wages
and high production are formed by part of the distributable profits;

- Better financial opportunities of the alliance, which allow to focus significant resources
to ensuring that the investment attractiveness of the sector.

The system of alliance management in our view should include a special structure for the
coordination of all business associations. This structure is designed to provide advice to companies
for a variety of operational and management issues, such as: strategy and tactics competition,
market research, preparation and examination of business plans, evaluation of investment and
marketing activities, etc.

The principles of air-transport alliances:

1. The first and fundamental principle of the alliance is to operate a framework of real
resources. This means that the alliance should provide not only a quantitative relationship
between their units, but also to strive for compliance with the specific use of production assets,
which are part of the alliance. That is, links of the alliance must make the most of their specific
resources and capabilities in solving their problems and challenges, as well as the problems and
challenges of the alliance.

2. The second important principle that should guide the activities of air-transport alliance
is economic independence, which provides systems and economic responsibility for their
performance. Economic independence provides for freedom of disposal of own and borrowed
funds by units of the alliance and by the association in general, free choice of industrial relations,
the disposal of income. The entire risk from operating activities of the alliance, each subject must
assume in part defined in accordance with the principle of risk-sharing by financial capacity of
participants.

3. The third principle is that the alliance relationships with partners are as normal market
relations. Production activity of the alliance is carried out primarily on the basis of market criteria
of profitability, risk and liquidity.

4. The fourth principle — regulation of the alliance can be carried out only by indirect
methods. Alliance Council defines only the "rules of the game" for the links, but does not have
the possibility of direct regulation.

Joining forces on the basis of integration means strengthening of linkages in the formation
and development of transport sector. Ukraine should get as much benefit from national and

regional advantages, so the development of the transport sector is indisputably within the scope

12
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of the current economic policy.

Conclusions. The main ideas in the development of a strategic vision and mission of the
future of the air transport sector and support infrastructure are defined as companies’ cooperation
for the joint use of technical and technological capacity, joint research, exchange and
harmonization of processes, promotion of the services created by the combined efforts in the
market. Such formations will achieve synergies, enhance joint capabilities of all parts of the
Ukrainian air transport sector and support infrastructure in the creation of competitive cervices.
This vision defines the mission and future sector.

The emphasis in this case should be made to:

- Creation of missing links in the economic chain (vertical integration);

- A flexible range policy (diversification strategy);

- Support and expansion of investment activity by attracting domestic and foreign
investment.

The air transport sector has its own characteristics and requires specific approaches and
methods. To develop a strategy of vertical integration in order to create a strategic air-transport
alliance, which would cover the entire process chain, you need to meet new specific objectives:

1. The definition and nature of vertical integration in the air transport sector as an
objective need for development.

2. Substantiation requirements for the development the sector and use of technologies.

3. Substantiation and elaboration of the development models.

4. Determination of the development stages of the air transport sector.

5. Formation of the mechanism for implementation of the program for development of

the integrated structures.
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Modern Technologies & Human Performance Taxonomy in Air Traffic
Management Development.

Polish and Georgian Case Studies

Nika Tikanashvili
Faculty of Engineering, Georgian Aviation University, Tbilisi, Georgia
Antoni Kopyt
Faculty of power and Aeronautical engineering, Warsaw University of Technology,
Warsaw, Poland

Abstract— The Global Air Navigation Plan (GANP) is a flexible global engineering approach
that allows all States to advance their Air Navigation capacities based on their specific operational
requirements. One of the most important problematic part for successful implementation of the
GANP is innovative air traffic management system and aircraft on-board technologies effective
interrelationship taking into consideration human factors.

The research work is focused on the creation of methodology for comparison gap between Air
Traffic Management (ATM), aircraft modern on-board systems and aviation professionals’
competencies. One of the problem in the implementation of the new technologies is that, there
are currently no unified requirements for all categories of ATM, and on the other hand, the
development of modern trends requires new competencies from operational and maintenance
personnel. This problem becomes even more noticeable in countries that have just started an
active modernization of ATM systems.

This paper examines the expertise of human performance specialists and the tools they use
have been recognized as key ingredients to advance ATM infrastructures in the process of
modernizing the national air traffic control systems. Research oriented to the Polish and Georgian
case studies, as in both counties quickly improves the ATM technologies the development of
personnel skills is critical. As a result, taxonomy of key human performance issues for the design

and integration of large-scale future ATM programs is proposed.
Keywords— Air Traffic Management, Avionics, Human Performance, New Technologies.

Introduction
Any national airspace system is dedicated to ensuring the safe, and reliable flow of air traffic

through the integrated largest, most complex air navigation system in the world. The system
encompasses a vast array of air navigation facilities, equipment, and services; airports or landing
areas; aeronautical charts, information, and services; rules, regulations, and procedures; technical
information; human performance and materials. Human factor, in the context of Air Traffic
Management (ATM), refers to the performance of jobs, tasks, and activities by operational

personnel-individually and together. Human factor, as a domain, focuses on optimizing the
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people element in complex work systems such as air traffic management. It covers all aspects of
integrating people into systems.

The GANP represents a strategic methodology which leverages existing technologies and
anticipates future developments based on State/industry agreed operational objectives (ICAO,
GANP 2016-2030). The GANP explores the need for more integrated aviation planning at both
the regional and State level and addresses required solutions by introducing the consensus-driven
Aviation System Block Upgrades (ASBU) systems engineering modernization strategy. The Block
Upgrades will enable aviation to realize the global harmonization, increased capacity, and
improved environmental efficiency that modern air traffic growth now demands in every region
around the world. The GANP also outlines implementation issues involving the near-term
performance-based navigation and Block 0 Modules and the Planning and Implementation

Regional Groups (PIRGs) that will be managing regional projects.

s

Update regional
implementation plans

Update national plans

Implementation

Figure 1. Regional planning process

Investing in human performance will help to reduce industry costs, and improve overall
organizational performance by:

* improving system design, development & implementation processes and outcomes;

- improving selection, recruitment, staffing;

* improving work organization;

* improving procedures and training;

* improving system safety;

- improving transition into operations and the social acceptance of changes.

17
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It is therefore critical that the concepts being developed within the GANP take into account

the strengths and weaknesses of existing and future skilled personnel at every juncture. All actors
with a stake in a safe air transportation system will need to intensify efforts to manage risks
associated with human performance and the sector will need to proactively anticipate interface
and workstation design, training needs and operational procedures while promulgating best
practices.

Key problem in the implementation of the GANP is that, on the one hand, there are
currently no unified requirements for all categories of ATM personnel, and on the other hand,
the development of ATM technologies is far ahead of the pace of training of personnel of
appropriate qualifications. This problem becomes even more noticeable in countries that have
just started an active modernization of ATC systems. In particular, Poland and Georgia are among
the countries mentioned. The figure below shows the progress made so far, per SESAR Essential
Operational Changes, in the implementation of the SESAR phases based on the official statistics
of the European Organization for the Safety of Air Navigation (EUROCONTROL, LSSIP 2021 —
Local Single Sky Implementation, Poland, Georgia).

Georgia Poland Essential Operational Changes
100 % 95% ATM Interconnected Network
23 % 81% Airport and TMA performance
80 % 97 % CNS Infrastructure and Services
100 % 46 % Digital AIM and MET Services
100 % 95% Fully Dynamic and Optimised

Airspace
100 % 100%, Trajectory Based Operations
60 % 70% Virtualisation of Service
Provision

Table 1. SESAR Essential Operational Changes (Georgia, Poland)

At the same time official investigation reports of aviation accidents and incidents during
previous years shows that, there are several aviation incidents, which have the direct connection
with the human insufficient competencies in ATM during the operation.

An additional problem under these conditions is that it is difficult to identify competencies
of personnel that require development in order to meet the requirements of modern ATM
technologies and in the same time it is difficult to understand the gap between the training

curricula outcome and the industry requirements.

18



L59O5IMOOLM LsAYEBOIOM FMMBIEO Ld359MM BHEMBLIMEMEO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Nel(16), 2022

—h
The paper is focused on the creation of a novel methodology for the partial automation of

the comparison competences of ATM personal and synthesis of training courses and modules,

using a formal, taxonomy and ontology-based approach as a tool to solve these problems.

Research Methodology
Human competency gap analysis in ATM and for gap analysis between the university curricula

outcome and the ATM requirements.

The main objectives of the research are as follows:

1. To create ontology for the formal representation of an educational course, its modules,
learning outcomes and keywords.

2. To propose a methodology for the partially automated population of the ontology based
on program specifications and module templates.

3. To design, implement and evaluate an ontology alignment algorithm for ontologies of
the educational courses and modules.

The main research question and the objectives of this work are the following:

1. Which information about educational courses and modules should be used for
comparison with necessary competences of ATM personal and how will it be stored in ontology?

2. How to automate the population of the ontology with the data from the documents?

3. What is the alignment algorithm for ontologies of educational courses and modules?
Which similarity measures should it utilize?

The main contribution of this work is ontology alignment-based methodology for the automated
comparison of education courses and modules, belonging to the cognitive learning domain, for

development necessary competences of ATM personal in new technological environment.

Early Results and conclusions
At the first stage of research the general approach for staff development was proposed (Fig.2).

This approach is based on three models of competencies:

1. The competencies required for GANP implementation;
2. Competence actually available for individuals of ATM staff;
3. Competences that are formed by existing programmes,

courses and modules in the process of education and training (E&T).
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Figure 2. General model of ATM staff development

The input for the first model created on the base of analysis of ATM services taxonomy and
necessary competencies (knowledge, skills, and attitudes) for staff for GANP implementation.

The input for the second model created on the base of analysis and testing of real competences
of real individuals, who work in ATM enterprise, on the base of surveillance and set of questionnaires.

The input of the third model created on the base of analysis of the key components (outcomes)
that are formed in the process of training the staff in the existing E&T courses and modules.

The core element of all three mentioned models is the matrix of competences (Fig.3).

Input | Knowledge Skills Attitudes
Kl KZ Kk Sl SZ SS Al AZ Aa
Il iy | kip Kik | $11 | S12 S1s | A1 | 12 a1,
|2 Ky | ka2 Kok | S21 | S22 Sas | @1 | @2 Aa
Ii k|1 kIZ le Si1 Si2 Sis aj Ch) A,

Figure 3. Matrix of competences

These matrices are formed for each of three models from the sets of necessary competences in
the field of knowledge K = kq, k., Vi, Vk, Vi,Vk , skills S = 57,55, Vi, Vs, and attitude 4 =
11, a,4, Vi, Va formed on the basis of the input requirements of each model.

The set of inputs and matrix for each of three models were converted to the three ontologies.
Ontology was chosen as the data model due to its ability to formally specify semantics, to represent
taxonomies and to make inferences regarding data.

ontology should characterize conceptualization and should restrict the possible values of
predicates and functions in order to agree on knowledge representation in a certain logic-based
language. In this view, ontology refers to a logical theory in which axioms restrict the interpretation
of non-logical symbols of the language.
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Thus, informally, ontology is a description of the system of views concerning a data domain as

applied to a certain task. An ontological description includes the terminology and the imposed rules
that restrict the definitions and the relationships between the terms. Formally, ontology is a system of
concepts and a set of assertions, based on which a system of classes, objects, relations and inferences
can be built.

ontology defined as the following tuple, which is added in the study by set A of axioms:

0=<C,ILLRTVAZS<1,€=>

where

C
I
R

mHEIAN <N

AN

is the set of classes used to store the sets of individuals in a domain of interest,

is the set of individuals, which are particular objects in the data domain of interest,

is the set of binary relations, either between two individuals (known as Object property), or
between an individual and a data type (known as Data type property),

is the set of data types (for example, integers, strings),

is the set of particular values (C, I, R, T, V being pairwise disjoint),

isarelationon (€ X C)U (R X R)U (T XT), called specialisation,

isarelationon (C X C) U (R X R) U (T XT), called exclusion,

is a relation over (I X C) U (V X T), called instantiation,

is a relation over I X R X (I U V), called assignment.

Is a set of axioms, which consist of logical statements that are always true, and the knowledge

that can be.

This definition includes the concepts of classes, objects and data type relations. It enables
the representation of the classes’ taxonomies and hierarchies of properties, the instantiation
of classes and the assignment of relations. At the same time, it is easily readable and clear in
terms of human understanding.

As a result of the research, to form formal procedures for synthesis of content for
courses and modules for upgrade of ATM staff competence be possible.
During the research erected models between personnel competencies and new technological
environment to make them harmonized and as a result have an increased safety, capacity and
efficient level of ATM operation for the future growth requirements of air transportation in

Poland and Georgia.
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Abstract

The possibility of using of the modified nuclear magnetic resonance (NMR) technique for studying
of the domain wall pinning in cobalt micro powders and micro- and nanowires is demonstrated. In
particular, information about the domain wall pinning in cobalt nanowires is useful for the fine tuning
of the magnetic properties of the rare earth-free magnets.

The pinning force of domain walls was studied by NMR two-pulse echo method in combination
with an additional magnetic video-pulse depending on the magnetic video-pulse duration and an outer
steady magnetic field value in cobalt micro powders for the first time. The comparative study of the
two-pulse echo dependence on the magnetic video-pulse amplitude in cobalt micro- and nanowires
was also carried out.

Keywords: Nuclear spin echo, magnetic video-pulse, two-pulse echo, rare earth-free permanent
magnets, domain wall mobility.

Introduction

In order to qualitatively improve the environmental characteristics of modern aircraft (noise level,
toxicity of exhaust gases from internal combustion engines), which is related to the gradual
implementation of strict environmental norms established by IATA (International Air Transport
Association) and ICAO (International Civil Aviation Organization) of the world aviation industry
developed the concept of "all-electric aircraft”.

An "all-electric aircraft" is an aircraft that does not have internal combustion engines and all of its
propulsion equipment is powered by electricity. To create thrust in such aircraft, electric motors are
used, which are powered by on-board electrical energy sources (batteries, supercapacitors, fuel cells,
solar cells, etc.) and transmit mechanical power to propellers (fans).
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Fig. 1 Electric airplane Extra 330LE with Siemens electric engine

The feasibility of creating an "all-electric aircraft™ is due to:

with the development of power electronics and the development of a powerful semiconductor
converter device and non-contact commutation and protection equipment based on them.

By processing new magnetic materials and creating powerful and compact electric motors and
electric generators based on them, their characteristics exceed existing analogs.

o Bearing support
o Gular sections of the rotor
o Scroll with rods . g
. ¥ & 3 \

Magnets ©

Steel plate @
Adjusting the rotor @

Stator gular o

Fig. 2 Synchronous electric motor with built-in permanent magnets

Currently, the field of application of permanent magnets in technology is very wide because they
represent an autonomous source of a permanent magnetic field (without the supply of electrical
energy), which significantly improves the mass-size and operational characteristics of the electric

motor-generator device.
There are natural and artificial permanent magnets. Natural permanent magnets are obtained from

the mineral magnetite. Artificial permanent magnets are used to improve magnetic characteristics
(magnetic induction B, coercive force - Hep, maximum energy product - BHmax, maximum operating

26



L59O5IMOOLM LsAYEBOIOM FMMBIEO Ld359MM BHEMBLIMEMEO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Nel(16), 2022

_—-h
temperature - Tmax, Curie point - Tcur).

Artificial permanent magnets are made from various metals (cobalt, iron, nickel, etc.) and alloys
containing rare earth metals (samarium-cobalt; neodymium-iron-boron) and they are magnetized.
Magnets of this type maintain their magnetized state for a long time.

The negative side of these permanent magnets is their stiffness and sensitivity to temperature. As
a result of strong heating, they completely lose their magnetic properties.

Currently, the country producing permanent magnets containing rare earth elements is mainly
China.

Due to the recent significant increase in the share of electric aircraft in aviation, the demand for
permanent magnets will increase further, and their cost will increase accordingly. Therefore,
theoretical-experimental studies of samples of permanent magnets containing rare earth metals
developed with new technologies are very important.

Magnets containing rare earth metals can be produced using different technologies (chemical,
precipitation method, shock wave hot deposition method, etc.)

In this scientific work, such an actual issue related to the study of domain wall pinning of
permanent magnets not containing rare earth metals is discussed using the nuclear magnetic resonance
method.

Nuclear magnetic resonance (NMR) in magnets is currently a powerful microscopic method for
characterizing various magnetic materials [1-4]. The spontaneous magnetization of a ferromagnet
such as cobalt polarizes s-electrons, creating an effective hyperfine field (HFF) on nuclei through the
Fermi contact interaction (a brief discussion of the origin of the effective field and other features of
the NMR methods in magnets is given in [1]). The existence of an effective field on nuclei makes it
possible to observe NMR in the absence of an external constant field, which is necessary when
observing NMR in non-magnetic materials. The HFF reaches a value of the order of 10° - 10° Oe. The
typical NMR linewidth in nonmagnetic materials is about 1 Oe, while in ferromagnetic materials the
linewidths range from about 10? Oe in iron to greater than 10° Oe for dilute impurities in iron. The
detection of NMR in magnets is greatly facilitated by the fact that the RF field acts on the nuclei
through electronic magnetization. This leads to an RF field amplification by the enhancement factor
nd ~ 10% within the domains and to a much stronger amplification effect in a DWs with nw ~ 10% For
this reason, magnetic NMR spectrometers are in some respects simpler than conventional NMR
spectrometers. However, they must be tuned over a wide frequency range up to 1 GHz due to the
broad NMR lines in magnets. A remarkable feature of the manifestation of NMR in magnets is that
in many cases the main contribution to the intensity of resonant absorption is made by nuclei located
in the DWSs. Since DWs are easy to control under the action of magnetic video-pulses, their use is a
convenient method for studying the features of the formation of additional echo signals arising under
the action of a magnetic video-pulse (MVP) [4].

One of its advantages is the ability to provide valuable information about the properties of domain
walls (DWSs). The inclusion of additional magnetic video-pulses (MVPs) capable of causing a
displacement of DWs makes it possible to study the pinning force (degree of pinning) and the mobility
of the DWs, in particular, in cobalt nanowires used for fabrication of rare earth-free magnets [5],
providing information useful for a fine tuning of their magnetic properties [6,7].

For the first time, the dynamics of DWs under the action of MVP in a single crystal of a ferrite
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sample grown in the form of a frame was studied by Galt [8]. It was shown that the DW dynamics is
described by a linear dependence of the DW velocity v on the amplitude of the applied MW pulse H:

v = S(H - Ho), (1)

where S is the mobility of the DW, Ho is the pinning force (the critical field below which the DW is
fixed).

In [6], the spin echo NMR technique in combination with MVP acting on a lithium—zinc ferrite
sample was used to study the characteristics of DW pinning centers in lithium—zinc ferrite. In
particular, in [6], the effect of a long MVP overlapping the rephasing and reading RF pulses of a two
pulse echo (TPE) and stimulated echo (SE) signals, respectively, was studied, as well as the interval
of their rephasing between these RF pulses and echo signals.

The suppression of echo signals occurs due to the partial loss of phase coherence of isochromats
due to the change in their local fields caused by the displacement of DWs and the RF field
amplification factor 7 under the action of MVP [9].

In [6] (Fig. 3) the dependence of the normalized TPE amplitude on the amplitude of the pulsed
magnetic field is given for two values of the external magnetic field: He= 0 and He = 1000 Oe, and in
[7] (Fig. 1 b) it is given its modified dependence showing that the results of [6, 7] also indicate the
possibility of measuring the DW pinning force Ho by the NMR method, which is determined by the
MVP amplitude, below which the DWs are pinned.

This assumption was tested in [7] using two alternative methods for measuring the DW pinning
strength: the first of them uses the action of a short MVP ~ 1 us long, acting in the interval between
a pair of RF pulses, on a TPE signal [9]. In this case, Ho was determined by the value of the MVP,
after which the TPE signal began to decrease due to the displacement of the DWSs caused by the
exposure to MVP. In the second case. Ho was determined from the amplitude of the MV/P, acting from
a combination with an RF pulse, leading to the formation of a signal of the so-called magnetic echo
signal (ME) [10].

In this work, the methodology of [6,7,10] is used for the study of the dependence of the pinning
force Ho in cobalt on the duration of MVVP 1t m and the magnitude of the external magnetic field He.
As known [11], cobalt and lithium-zinc ferrite are very different in their NMR properties: in cobalt,
the anisotropy of the HFF is an order of magnitude higher than its value for lithium ferrite. In addition,
the value of the NMR amplification factor v in lithium ferrite is about 10° times higher than the value
of amplification factor n in cobalt, which indicates a much greater mobility of DW in lithium-zinc
ferrite as compared to cobalt.

We can obtain a preliminary estimate of the dependence of Ho on the duration of MVP from Fig.
1, obtained on the basis of Fig. 2 from [9], if it is modified similarly to Fig. 1 from [7], taking into
account the presence of DW pinning force Ho.
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Fig. 3 Dependence of TPE (A -sites of nickel ferrite) on the duration of MVP tn at H =2 Oe (1), 4
Oe (2), 10 Oe (3).

Fig. 1 shows the dependence of TPE (for A-sites of nickel ferrite) on the duration of MVP at H =
2(1), 4(2), 10 Oe (3). Analysis of the dependence of Ho on tm in this figure shows that for tm and Ho
(representing the intersection points of dependences 1, 2 and 3 with the axis tm in Fig. 1), the relation
Am = Ho -tm=const takes place, for all Ho, i.e. the pinning force Hpo is inversely proportional to tm. The
value Am, which is the area of the MVP, is constant for all threshold values of tm, when the TPE
intensity begins to decrease due to the tear-off from the pinning centers.

We also note that earlier in [6,7,10] the dependence of Ho on the external magnetic field He was
not studied.

As known [6], the application of a large constant magnetic field reduces the number of DWs, and
the remaining ones are distributed over pinning centers contributing to greater pinning.

The purpose of this work is to study the experimental dependence of Ho on tm and He on the
example of the effect of MVP on the TPE signal observed from *°Co nuclei in the DWs of cobalt
micropowder and compare them with similar results obtained for cobalt micro- and nanowires.

Experimental results and discussion

The measurements were carried out on a phase-incoherent spin echo spectrometer [12] in the
frequency range of 200-400 MHz at a temperature of 293 K. In the range of 200-400 MHz, a
commercial Lecher-type generator with a two-wire line, including two inductors with different
numbers of turns, was used. For pulse lengths in the range from 0.1 to 50 us, the maximum amplitude
of the RF field produced on the sample was about 3.0 Oe, and the front steepness was no worse than
0.15 ps. Receiver dead time ~ 1 ps.

The scheme of the experiment on pulsed magnetic action is given in [7, 12]. The MVP was created
by a gated current stabilizer of adjustable amplitude and an additional copper coil, which made it

29



L59ODSTMOHOLM BsTYFBOYIMHM §MBIEO L35359MM FHEMIBLIMOEH0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(16), 2022

A S

possible to obtain magnetic field pulses of the order of 500 Oe for a sample size of ~10 mm.

Cobalt micropowders were obtained by the alloying method [13] with an average grain size of ~10
w. Cobalt microwire samples were synthesized under the influence of an external magnetic field of
500 Oe using the electroless chemical deposition technique [5].

Commercial cobalt nanowire samples from Plasma Chem GmbH with an average diameter of 200—
300 nm and a length of up to 200 p were also studied by this method.

Characteristic parameters of RF pulses: duration - a few microseconds, a delay between them -
tens of microseconds, a carrier frequency of 213 MHz at T = 293 K coincides with the frequency of
the nuclei in the center of the DW of the face-centered cubic (fcc) phase of cobalt.

The scheme of the experiment is shown in Fig. 2.
RF MVP RF TPE
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Fig. 4. Oscillogram of the TPE signal in cobalt (upper beam), the lower beam is a wave-meter signal
showing the position of the RF and MVP pulse

Let us present the results of the study of the pinning force Ho under the action of an additional
MVP, depending on the duration of the MVP tm, on the TPE signals in cobalt micropowder, Fig. 3.
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Fig. 5. Dependence of the normalized TPE intensity I/l » on the MVVP amplitude H: 1-3 at tm =1, 2
and 3 ps, respectively.

Analysis of the obtained results in Fig. 3 shows that in the case of cobalt the relation Am = Ho
-tm=const, also holds according to which the MVP threshold area is constant for all MVP durations.
This coincides with a similar conclusion for the MVP threshold area in the case of nickel ferrite, Fig.
1.

It should be noted that for the first time such relation was established in the NMR study of the
pinning force Ho of the ME signal dependence on tm [10] in cobalt. Am is the threshold area of the
MVP, corresponding to the beginning of the displacement of the DW under the action of the MVP.
The physical meaning of this result could be understood if one takes into account that, according to
the one-dimensional DW model [14], the DW displacement x under the action of a short MVVP with
amplitude H and duration tm is determined by the relation

x=C-H-tm,

where C is a constant characteristic of the material under study. Thus, the same displacement of the
DWs corresponds to the threshold value of the MVP, and it is natural to associate it with the width of
the potential well in which the DW is located in the initial state.

We also note that a similar relationship between He and tm was established in the study of
permalloy films by the Kerr magneto-optical method [15].

Let us further investigate the dependence of Ho on the magnitude of the external magnetic field He
at a fixed MVP duration tm =1 ps.
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Fig. 6. Dependence of the normalized TPE amplitude I/l on the amplitude of the pulsed magnetic
field at different (1-5) values of the external magnetic field He: 1-5: 0, 0.8, 1.9, 2.3, 3 kOe,
respectively, at tm =1 pus.
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Based on the data in Fig. 4, it is possible to construct the dependence of the pinning force Ho on
the magnitude of the external field He, Fig. 5.
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Fig. 7. Dependence of the pinning force Ho on the magnitude of the external magnetic field He at tm

=1 ps.

Thus, it has been established that up to external fields ~ 3 kOe, a linear dependence of Ho on He is
observed. This indicates that, at higher H., the DWs are distributed over positions corresponding to
the parameters of the potential walls providing stronger pinning. We also note a feature of the data in
Fig. 4, which consists in the fact that the rate of suppression of the TPE signal increases with
increasing He, in contrast to that observed in lithium ferrite [6], which is due to the differences in the
NMR properties of cobalt and lithium ferrite noted above [11].

The method of works [7,12] for the study of the effect of MVP on the two-pulse echo in samples
of cobalt micro- and nanowires polarized in an external magnetic field in a paraffin matrix was used
earlier in the work [5].

The results of the experiment are shown in Fig. 6 having the same character as for the
micropowders studied in this work, i.e. they provide information about the pinning force and DW
mobility in these samples.

Thus, it is shown in this work a possibility of studying the pinning force and mobility of DWs in
micro- and nanowires using this powerful microscopic NMR method to characterize the magnetic
properties of cobalt nanowires, along with the method of RF resonant magnetometry characterizing
the bulk magnetic properties of samples under the study [5], Fig. 6
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Fig. 8. MVP influence on the two-pulse echo intensity from nuclei arranged in the centers of

DWs for cobalt microwires (e curve 1) and nanowires (¢ curve 2), when MVP is directed in
parallel to magnetic wires

Conclusion
In the present work, the pinning force of domain walls was studied by the NMR two-pulse
spin-echo method in combination with an additional magnetic video-pulse in cobalt micro powders.
It is shown that the pinning force is inversely proportional to the length of the magnetic video-pulse.
In addition, the area of the magnetic video-pulse turned out to be constant for all threshold durations
of the magnetic video-pulse.

The dependence of the pinning force Ho on the external constant magnetic field He is studied. It is
shown that up to ~3 kOe there is a linear dependence of Ho on He. This indicates that as the He
increases, the domain walls are distributed over sites corresponding to stronger pinning centers.

The comparative study of the two-pulse echo dependence on the magnetic video-pulse amplitude
in cobalt micro- and nanowires was also carried out showing the opportunity to obtain microscopic
information on the domain wall pinning by this method for cobalt nanowires
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Classification Electromagnetic Interference Impact of VOR, ILS, and GBAS Radio
Navigation Systems Operating in the VHF Band

Ramin Kuchukhidze
Teimuraz Kortua
Georgian Aviation University 16, Queen Qetevan av., 0103, Thbilisi, Georgia

The active use of radio systems in the VHF spectrum and the overloading of this spectrum
have made the presence of electromagnetic interference noticeable especially for systems in
which proper operation is critically important. Radio systems equipment intended for
aeronautical service groups is undoubtedly one of them (VOR, ILS, GBAS). Today, specialists’
main challenge is reducing these interferences, several recommendations have been issued both
by ICAO and ITU. In this study, we investigate possible causes of these errors Such as
intermodulation, wireless attack, and anomalous wave propagation.

In all three regions of the radio regulation voice, radio broadcasting is VHF-band until
78.5-108 MHz and for air navigation services specifically for instrument landing systems ILS and
also for GBAS are assigned 108-112 MHz these systems are under the threat to become vulnerable
from superior emissions which requires prevention to reduce the interference to the minimum.

Spectrum chart for VHF/FM and ILS/VOR bands

3] 104 108 109 118 MH=z

Figure 1 This photo shows the range where interference is most common in VHF spectrum

The main types of interference:

Aircraft’s antennas are vulnerable to electromagnetic interference. These interferences
themselves are not of one kind, but mainly interference occurs in two cases first, when the
operating frequency radio bands of two systems are too close to each other that the transmitter
of one system produces unwanted emissions to the other system's receiver in its broadcast
frequency bands. Or, when the operating frequencies of the two systems are quite far apart but
high-frequency harmonics in the transmitter spectrum may affect the other frequency band for
the receiver. Also, additional electromagnetic interference can be generated from the aircraft
systems themselves due to their high-performance speed. In more detail, the types of
electromagnetic interference are classified as type A and type B interference.[4] These categories
are classified but in practice on radio navigation systems this case is much more complicated and
in many cases, it is difficult to define specific types of interference, since one particular receiver
may be vulnerable to both type A and type B interference. Our research deals with this
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phenomenon and examines the reasons which are: anomalous propagation, intermodulation
harmonics generated from radio broadcasting transmitters or systems working on adjacent
frequencies.

Above mentioned unwanted emissions type Al interference is when one or several broadcasting
transmitters can create superiors emission for the aeronautical frequency band or when they can
produce intermodulation components in the aeronautical band. [4] Type A2 interference happens
when interference is coming from only from the broadcasting transmitters whose working
frequencies are near 108 MHz and in practice has effect only on ILS localizer and VOR service.
[1] Type B interference is when interference is coming from the aeronautical receivers resulting
from the broadcasting transmitter of which frequencies are out of the aeronautical band. [4] Type
Bl interference Intermodulation may be generated in an aeronautical receiver as a result of the
receiver being driven into non-linearity by broadcasting signals outside the aeronautical band

For this type of interference to occur, at least two broadcasting signals need to be present and
they must have a frequency relationship that, in a non-linear process, can produce an
intermodulation product within the wanted RF channel in use by the aeronautical receiver. One
of the broadcasting signals must be of sufficient amplitude to drive the receiver into regions of
non-linearity but interference may then be produced even though the other signal(s) may be of
significantly lower amplitude.[4]

We will carry out this research using the CAM (Common Assessment Method) CAM is a proven
method for calculating all possible incompatibilities on the aeronautical systems at multiple
points. This method has already been used in many similar studies, [11,[3 ]

Wireless attack

We consider interference attack two types, overshadow attack where the attack transmits
specially crafted powerful signals level where the reference signal will be overpowered at the
receiver the main reason why this attack work is the receiver is locked and the strongest signal is
processed by the receiver. Figure 2 shows how is this process in the CDI
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Figure 2. This photo shows how an attacker sends a false signal and how the CDI reacts
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Second type is signal tone attack, where there the attack transmits only one of the sideband tones

(90Hz or 150HZ) to create deflection on the CDI it does not require high-power spoofing signals.

Spoofing is Cyber-weapon attack that generates false signals to replace valid ones.
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Figure 3: Schematic of the single-tone attack. Attacker constructs a DSB-SC signal without
the 90 Hz component and the carrier. The blue line represents the needle position without the
attack

Both methods were very dangerous. This study was conducted in a simulated environment and
both attacks resulted in the aircraft missing the landing point due to the wireless interference
attack. In overshadow attack the aircraft landed 18 meters away from the center line and 800 m
beyond the safe touch-down zone as figure 4 shows and it is very dangerous because such a small
deviation from the runway may not be detected by ATC. But the single-tone attack will more
dangerous because of the power required to case CDI deflection as the attacker only transmits
one of the sideband components without the carrier. [3]
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Figure 4. This photo shows the touch-down points obtained by the error resulting from the
attack
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Anomalous propagation VHF wave

Sporadic E propagation in the ionosphere, makes it likely that additional disruptions will occur.
[ ] These processes\ are taking place mainly at the E level of the ionosphere It has been known
for a long time E layer can cause anomalous propagation for VHF frequency waves that normally
can pass through the ionosphere. But during certain anomalies, it is possible to reflect the VHF
waves from ionosphere, which can cause anomalous propagation and it has a negative effect on
aeronautical infrastructure should be noted that this phenomenon can cause both type A and type
B interferences for ILS, GBAS, and VOR Because the wave that is reflected in specific layers of
the ionosphere can be from a radio broadcasting transmitter or from any aeronautical
infrastructure. And this reflected wave can spread thousands of kilometers and affect the radio
navigation systems located at the airport. Figure 5 is a schematic diagram showing such
anomalous propagation in the case of VOR signals. [2][6]

Due to the VHF wave properties, they are so-called Line of Sight waves(LOS) Since they are not
reflected in the ionosphere, the operating distance of these waves is approximately 200 nm from
the radio transmitter. However, when Es appears and the electron density at around 100 km is
high enough to reflect VHF radio signals with larger incident angles, the waves can propagate
beyond a certain distance It is known that such anomalous propagation occurs in a distance of
600-2500 km from the radio transmitter, which has a potential to cause interference with normal
propagation signals (Sakai et al. 2019). And distances between 200 and 600 km from the source
are skip zone (Davies 1969) . Continuous observations of anomalous long-range propagation of
VHEF radio waves due to Es allow us to evaluate the impact of Es on the aeronautical NAV systems.
And also it is possible to map the 2D spatial distribution of Es, which can affect the NAV
systems.[6]

Sporadic E Mid-Point (Reflection Point)
100 km Altitude f

Normal Propagation

<200 km lj_l':'_:jil 600 - 2000 km A
B

Ground VOR Station: Tx Receiving Station: Rx

Long-Range “Anomalous” Propagation

Figure 5 is a schematic diagram showing such anomalous propagation in the case of VOR signals
Intermodulation

Unwanted interference affects all systems that are placed on the aircraft, but the most vulnerable
to interference are navigation systems, especially those systems that operate in the VHF range,
such as ILS 108.1 - 111.95 MHz System Localizer VOR 108.00 - 117.975 Mhz and GBAS 108 to
117.975 MHz. It is also important to interfere with radio communication systems that are also
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located in the VHF frequency spectrum and are the main communication between them and
dispatch services. Therefore, in the area of any airport and near it, it is necessary to study the
sources of interference, because superior emission on these systems may cause incorrect
measurement and system failure.[11][9]

Operating in the non-linear region can create distortion in the form of harmonics and
intermodulation products usually amplitude of a harmonic decrease as the harmonic order
increases Intermodulation is the same but it occurs when two or more signal mix in the non-

linear device, the mixing produces new signals at the sum and difference of their two frequencies
[11]

Harmonics and intermodulation products

1% order (fundamentals)

>

>~

2" order (products)

3" order (products)

2fi— [z 2f 2i v S 2[4 [,

Figure 6 the form of harmonics and intermodulation products

Harmonics and intermodulation always are undesired signals that can produce leakage
into adjacent channels, noise, and distortion undesired intermodulation is often referred to as
intermodulation distortion (IMD) Interference can also be caused by corroded cables and other
metal objects located near receivers and transmitters. Some problems are easy to deal with, for
example: higher order harmonics have very low amplitudes and usually be ignored also higher
frequency products often fall outside of amplifier bandwidth, filter passbands and etc. Filtering is
effective to avoid this problem but it is difficult when the products are very close in frequency to
the desired (fundamental) signals in this picture No 2f1-f2 and 2f2-f1 is a problem and near the
fundamental signals. Besides the filtering issue, third-order intermodulation products present an
additional complication. For every 1 dB increase in the fundamental signals the third order
intermodulation products increase level by 3 dB so it would appear these two lines on the picture
would meet at some point but in reality output power no longer increases linearly with the input
power and gain lines begin to curve or flatten out as the device use into compression. [11] [10]
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That is why intensive radio monitoring is crucially important. The corresponding frequency band
is particularly vulnerable in the range of 104-109 MHz because this represents marginal
frequencies where the frequency band starts for aeronautical services and ends the frequency
band for civil radio sound broadcasting and those systems that use these frequencies especially
need observations and studies.

Having these systems together increases the chance of interference, and these systems can
interfere with each other. In fact, in the ICAO and FAA recommendation, it is written that in
America and Europe there are interferences from the localizer and VOR to the GBAS system, this
problem is naturally due to the following things Since we know that the localizer, VOR, and
GBAS systems, all three systems are placed in the VHF frequency spectrum where problems
mentioned above are at work.[5][7]

Conclusion

Today, when the VHF spectrum is very overflowing and most of the radio navigation systems are
in this spectrum, the risks of interference are really high. That is why we should think about
minimizing the risks of this interference. This very important issue is discussed in the paper
above. In addition to the overloading of the spectrum, interferences may originate from certain
layers of the ionosphere, so it is desirable to create observation stations. If we have information
that there is a composition in the ionosphere at a particular location that is likely to cause
anomalous propagation that will have an effect on radio navigation systems hundreds and
thousands of kilometers away from that location, the problem will be solved if the information is
available. It is also necessary to study the sources of interference in the airport area in order to
minimize superior emissions to radio navigation systems.
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On Some Measures to Ensure Nuclear Safety During Utilization of Aircrafts and
Helicopters

Robert Khachidze
Georgian Aviation University 16, Queen Qetevan av., 0103, Thbilisi, Georgia
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Abstract

The Article discussing the situation for application of radioactive materials in flight appraises.
They purpose for their utilization are quite different. An article describes some widely used cases
focusing the attention ion the requirements to be met for ensuring of nuclear safety and radiation
protection. Same can be said for storing of aircraft parts containing radioactive materials. Especial
attention should be paid when aircraft become exhaust and removed from the operation, when
radioactive materials should be managed as radioactive waste. Another case refers to accidents
involving radioactive materials requiring implementation standards for radiological emergency
situation

Key words: nuclear safety, nuclear security, radioactive waste, exemption level, depleted
Uranium

As it is known some types of aircrafts and helicopters have different parts containing
radaioacative substances. For instance, clock faces of a number of measuring equipment are
covered by 2Ra. All these surfaces are protected by glass to prevent direct contact with
radioactive substance, but no shielding is applied for ionization radiation. The purpose of using
of 2%Ra is its luminescence property allowing to identify the numbers on the surface even in
darkness without additional lighting. At the same time radiation beam has negative influence on
the health of the pilots sitting near the surface, therefore the using of sources of ionization
radiation should be justified as required by international standards [1,2] and national Georgian
legislation [3,4]. It means that the profit from the using of the radiation should exceeded the
harm. Meantime it also should be considered that radiation level for such devices are low — even
in some cases the nuclide concentration meets the exemption requirements [4,5], but in many
cases the exemption level is exceeded (especially for Soviet production aircrafts). When the
source activity exceeds the adopted exemption level, the special regulations should be applied
for using of radioactive source as defined by the Georgian legal acts. After the ending of the
operation period, the clock face becomes radioactive waste, which also requires defined treatment
[6-9]. The concentration of radionuclide is very low, but considering its long half-life (1600 years)
of ?26Ra , the waste can be assessed as LLW [4,10]. Unfortunately, Georgia is still developing its

capacity for radioactive waste treatment, therefore such waste should be safely stored at the
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storage facility, when especial attention should be paid not only for the source shielding, but also
for possible leakage of radionuclide. Another subject related to these clock faces is their
inventory. Usually these parts are not marked with radiation signs, therefore strong control on
their use and father treatment should be established including keeping inventory for tracing the
situation with radioactive substances.

Another case for radionuclides application in flight apparatuses is freezing control devices using
for measuring of ice thickness on the surface of the flight apparatus. Many former soviet
construction aircraft, like AH-24/26 has freezing control device P1O-3 containing radionuclide
2Sr/*Y (with initial activity is 999 GBq) (Fig.1).

Fig.1 general view of ice thickness control device

The half-life of the parent radionuclide *Sr is 29 years. The nuclide by betta decay transforms to
Y, which also characterized by beta decay (half-life 64 hours). It should be emphasized that
radionuclide has only “pure” beta decay and produces gamma rays only due to braking radiation,
which makes impossible to assess the nuclide activity or even identify it by gamma spectroscopy.
Although the source belongs to the fourth category (its activity is near the border of the third
activity group) [11], it is not proper utilization can cause the serious damage to human health.
Such type control devices are also used on MI-2 and MU-8 helicopter. The principle used in the
devices is very simple — beta flux is absorbed by generated lay of ice. The absorption is depends
on the thickness of ice. This phenomena allows to use such control device for effective
measurement of ice thickness on the surface of the aircraft.

Especial attention should be paid not only to ensuring of safety during the operation of the device,

but also to ensuring of safety during the storing of spare parts. Usually on the territory of airports
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the special ware houses are arranged to store all necessary parts for aircraft. The storing of
freezing control devices containing of radioactive sources requires especial attention and
measures such as establishing of control and supervise areas, providing of radiological monitoring
of workplace and individual doses, applying of experienced personnel and establishing all
necessary measures for radiation protection as considered by issuing authorization.. Another issue
is nuclear security, which measure should apply for warehouse (storage), where radioactive
sources are kept [12]. It is very important to prevent any intrusion and illegal using of radioactive
sources, including terroristic purposes (for instance such as production of s.c. dirty bombs).

Another case of using of radioactive materials in flight apparatuses refers to the depleted Uranium
(DU). Usually DU contains very low concentration of 2°U (less than 0.719%), which prevents its
using as a nuclear material. At the same time Uranium is characterized with high density (the
density of Uranium is two times beiger than density of lead). Uranium is used in the aircrafts
especially for this purpose. For instance, Boeing- 747 contains DU with weight of 1 500 kg used
to keep the balance. It should be emphasized, that DU is widely used also different areas of human
activity. For instance DU is used as shielding material for high power radioactive sources in
radiotherapy and as part of projectiles and rockets in weapon industry. It should be considered
that radiation level of DU is quiet low and could not cause serious damage to human health, but
at the same time in case of dispersion of DU and consequence inhalation, DU could provoke

serious harm to human health.

Conclusion

1. Utilization of radioactive substance in flight apparatuses requires implementation of some
measure to ensure nuclear safety and radiation protection. Especial measure also should
be applied for storing of spare parts containing of radioactive substances.

2. After removing from the operation of the flight aperture using the radioactive substance
a, the special activity should be conducted to dismantle the device containing radioactive
substances and managing it as radioactive waste

3. If aircraft uses radioactive material, in case of accident (especial aircraft crash), response
on the accident and mitigation of its consequences should be conducted considering

requirements for response on nuclear emergency or radiological accident.
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Impact of Russia-Ukraine conflict on global economy
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Abstract

In March 2022, the Versailles declaration was developed, within the framework of which the leaders
of the 27 EU countries agreed to gradually overcome the EU's dependence on Russian fossil resources
as soon as possible. At the European Council, measures were set to reduce the impact of high prices
on energy resources and ensure supply of energy resources.

Also, on June 23-24 2022, EU leaders discussed the causes of rising energy prices. Ways of
containment of energy prices were outlined, the possibility of introducing a temporary price limit was
discussed. In 2022, on July 26, EU energy ministers reached a political agreement on a voluntary
reduction in demand for natural gas by 15% this winter.

On August 5, 2022, the council adopted a regulation on reducing gas demand by 15% by written
procedure.

Russia is also responsible for the global food crisis.

The actual problem is the supply of fuel and the increase of fuel prices, as well as logistical challenges
associated with border crossings and airspace restrictions. In addition, the import of goods and the
large flow of Ukrainian refugees to the EU countries caused some difficulties.

Keywords: economy, economic crisis, import of goods, rising prices, inflation, escalation of the
conflict.

Introduction
The Russia-Ukraine conflict has caused turmoil in financial markets and sharply increased
uncertainty of the recovery of the global economy. The world has changed, as well as risks.
High prices for commodities heighten the threat of long-term high inflation, which increases the risks
of stagflation and social mess.
Russia ranks 3" in the world by oil production. Natural gas production is on the 2" place and is 5%
top producer of steel, nickel and aluminum. It is also the largest exporter of grain in the world (almost
20% of global trade). Ukraine, on the other hand, is the producer of corn (6th), grain (7th), sunflower
(1st) and is in the top ten in terms of sugar beet, barley, soy and rapeseed production.
Since the beginning of the war, prices of oil, natural gas, metals and food products have risen in
financial markets in whole world. After the latest features, the price of oil for the first time since 2014
has gone beyond $ 100 per barrel, while the European gas price on March 4 increased to a record -
192 euros.
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Despite the global challenges and the risks arising from the war in Ukraine, Georgia's strategic
location and the new perspective of the middle corridor, combined with high economic growth and
irreversible stabilization, make the country a kind of gateway for investors seeking to secure supply
chains between Europe and Asia.
An important detail is the optimistic attitude towards the medium and long - term prospects of the
country's economy, according to official data, 70% of investors interested in Georgia are optimistic
about the economy, which is significantly higher than the global average - 55%. This indicator shows
that decision-makers give even higher assessments of the country's investment opportunities.
According to the same study, 57% of global investors allocate an average of more than $ 50 million
for each investment project. This figure is higher for investors interested in Georgia - 23% of them
consider USD 100-200 million for a separate project.

Main part

The escalation of the conflict increases the probability that commodity prices will remain high for
much longer.

The crisis is clearly having a strong impact on the already strained automotive sector due to various
shortages and high prices for goods and raw materials: metals, semiconductors, cobalt, lithium,
magnesium... Ukrainian automobile factories supply major automakers to Western Europe: the war
led to the suspension of factories in Europe. Many factories around the world are already experiencing
a shortage of raw materials. Herewith a large Ukrainian aviation engine manufacturer company
"Motor Sich" has signed an agreement with the Turkish UAV manufacturer company "Baykar".
Based on it, the UAV equipped with Ukrainian engines would have been able to stay in the air
continuously for 24 hours, but due to the conflict, the implementation of this project has been
postponed at this stage.

Airlines and shipping companies will also be affected by high fuel prices, with airlines most at risk.
Fuel accounts for a third of their total costs. The air transport industry is a vital engine of global socio-
economic growth and catalyst for economic development. The industry creates direct and indirect
employment and supports tourism and local businesses as well, thereby stimulating foreign
investment and international trade as well. ICAQO's aviation data/Statistics program provides accurate,
reliable and consistent aviation data, and states, international organizations, the aviation industry,
tourism and other stakeholders should be able to:

o Making accurate predictions;

o Control of costs and risks;

o Improvement of business quality;

o ensuring the fulfillment of plans.

European countries, the US and Canada have banned Russian airlines from accessing their territories,
and Russia has also banned European and Canadian aircraft from entering its airspace. This has led
to higher costs as airlines take longer routes. Transportation of railway freight is also affected:
European companies are prohibited from doing business with Russian Railways, which hinders
freight activity between Asia and Europe through Russia.
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North America's trade and financial ties with Russia and Ukraine are rather limited, the impact of the
conflict is less felt. Despite slowing economic growth and the prospect of higher inflation, it is not
expected that the Russian-Ukrainian war will hamper monetary policy in North America at this stage.
Russia became opposite by the Western countries, which produces more than 40% of the gross
domestic product of the world economy, actually determines the world order, and until now Russia's
regional success was only the result of total ignorance by the west rather than the desire to restore the
Russian neo-Empire.

Openly supported by the West, both financially and militarily, we are getting Ukraine as a sharply
anti-Russian European state, which can become even a new face of Europe in the near future.

Conclusion

The depth of the impact on the global economy depends on how long the war will last and the extent
of destruction caused by it. Russia's unjustified and motiveless war against Ukraine has greatly
affected the energy and food markets. Shortage of raw materials and increased transportation costs
greatly affect production. EU countries are actively working to regulate rising prices and to deal with
shortage of supplies. In particularly, these directions are:

Energy prices and supply security;

Food markets;

Mobility of people and goods;

Energy prices and security of supply;

Further diversification of energy supply sources and routes;

Accelerating the spread of renewable energy;

Further improvement of energy efficiency;

Improving the interconnections of gas and electric networks;

Strengthening the sustainability of the transport sector;
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Ways of measuring the number of foreign particles in the gas turbine engine air
intake

Robert Khachidze, Andro Maisuradze, Vazha Kelikhashvili,
Georgian Aviation University, 16 Ketevan Dedopli Ave., Tbilisi, 0103, Georgia

Resume

The article analyzes the problems of creating a device for measuring the physical and
geometric parameters of foreign particles in the air intake device of aircraft gas turbine engines

and suggests possible solutions based on various physical principles.

The flow in the air intake, which contains solid bodies together with the air, is considered as the two-
phase flow in the pipe (gas / solid bodies) and the appropriate method is selected to measure the solid
phase parameters in the flow under the above conditions. The measures required to establish a device for
measuring the total number of masses of foreign bodies in the air intake equipment of aircraft gas turbine

engines.

Keywords: Gas turbine engines, air intake equipment, two-phase flow, measuring device,

concentration of heavy and light components in the flow.

Introduction
As it is known, a certain number of aircraft air turbine engines are removed from the aircraft
before the warranty period is exhausted, the main reason being damage to the compressor,
combustion chamber and air turbine and other parts of the engine as a result of objects falling
into the engine air intake device. External items may include: small particles of dust or sand of
various sizes, pebbles, runway and pavement concrete products, ice fragments, surface cleaning
machine brush wires, etc.
Atmospheric air pollution with dust occurs as a result of the movement of air masses both
horizontally (wind) and vertically (ascending currents).
As the flight altitude increases, the concentration of dust in the air decreases. The average
value of dust concentration in the air is: 1 mg/ m3 above the sea, 3 mg/ m3 above the mountains,

5 mg / m3 above the large industrial cities, 10 mg / m3 above the runways.

The maximum concentration of dust is observed in the lower zone of the bearing screw rotor
of the aircraft at a distance of 15-30 m from its axis and reaches 5 g / m3 for sandy runways.
During the operation of the helicopter, the concentration of dust at the altitude of 2-2.5 m
decreases and does not exceed 0.5 g/ m3. At this time, coarse dust particles (above 200 mg) make
up about 20% of the mass and 2-3% of the mass at 2-2.5 m at height. If the distance between the

helicopters on the runway is less than 50 m, then the dust from one helicopter due to the
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movement of air currents significantly affects the performance of the engines of the other
helicopter.

It is known that during the operation of aircraft turbine engines, they are periodically
inspected in accordance with the established regulations to determine the degree of damage to its
components. If it is determined that damage to the engine is dangerous for its further operation
and it is impossible to repair it, then the engine is removed from the aircraft and replaced with a
new one.

But if the aircraft takes off before the engine inspection time has elapsed so that the degree
of engine damage was above or close to the limit, then there is a risk not only of the engine
malfunctioning but also of the aircraft crashing. Therefore, it is advisable to equip the aircraft
with a device that will detect dust and other solid particles as they enter the engine air intake
device, also evaluate their composition and concentration, as well as their number during the
flight (s) and display the data on the appropriate screen.

Using such a device, it is possible to operatively determine the degree of damage to the engine,
the level of approach to the limit of the warranty resource and decide on the need for its repair,
thus avoiding premature engine failure, as well as the risk of impending catastrophe.

To create a device for measuring the physical and geometrical parameters of foreign particles
in the air intake equipment of aircraft gas turbine engines, the air intake in the intake manifold,
which contains solid bodies together, can be considered as a two-phase flow in the tube and select
the appropriate flow method in the above-mentioned flow method. As can be seen from the above
data, in our case the solid phase parameters (dust concentration, particle size and density,
velocity, etc.) will not be uniform along the trajectory of the aircraft, as well as across the air
intake device, for different flight time intervals, which complicates Determine the type and

number of foreign particles in the device during the long life of the aircraft.
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Fig. 1. A photo that shows how a non-uniform flow is going into the aircraft engine air intake device

In the case of any substance flow, including two-phase flow, the mass or volume of substance
per unit time per tube, or flow rate - Qm or Qv, depends on flow parameters such as mixture
composition and heterogeneity, component phase velocities (usually different from each other).
) Structure and concentration of substances in each phase, etc. Often the concentration of a single
phase of the mixture varies along the length of the tube, so instantaneous flow measurements will
never be relevant to the actual flow. In this case, the average value of the flow in a defined time
interval is used to characterize two-phase flow. The average velocities of the heavy phase (in our
case solid particles) are usually less than the velocities of the light phase.

Depending on the method of measurement (mass or volume) the concentration of the
substance can also be mass or volume.

The actual concentration over a section of pipe of a certain length, i.e. the share of one of the
constituent components in a mixture, such as a heavy component, is its volume V (heavy comp)
or mass M (heavy comp) = V (heavy comp) p (heavy comp) Is proportional to the total volume V
(s) =V (heavy comp) + V (light comp) Or to the total mass M (s) = V (heavy comp) p (heavy comp)
+ V (light comp) p (ms. K). Here V (light comp) is the volume of the light component of the
mixture, while p (heavy comp) And p (light comp) Are the densities of the heavy and light
components of the mixture. The relationship between the concentrations of both components is

expressed by the equations:
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@v=1-1w; Pm=1- Nm,

Where: @v and ¢m are the volumetric and mass concentrations of the light component, while
nv and nm are similar concentrations of the heavy component [1, p. 622].

If we are interested in determining the total mass of the heavy components of the mixture M
(heavy comp) that can be trapped in the aircraft turbine engine air intake unit before take-off,
flight time T Should be divided into n equal sections Ati, during which it will be possible by any
selected method to measure the mass of heavy components in the receiving device in each i-th

time Mi (heavy comp) and sum them for the entire time of engine operation:
M:(heavy comp) = X Mi(heavy comp)

Since the magnitude of the Ti part of the selected time is known, the mass flow rate of the
heavy components Qim (heavy comp) must be measured and multiplied by Ti to determine the
mass of the heavy components in the receiving device at this time.

As it is known [1, p. 632], for a two-phase flow where the velocities of the heavy and light
components of the flow are equal to each other, the mass flow rate of the heavy components Q™
(heavy comp) can be determined by the formula

Qi™(heavy comp) =ki (pi(mix) — pi(light comp)) Qi"(mix),
where ki = pi(heavy comp)/(pi(heavy comp)- pi(light comp)).

In the case when the velocities of the heavy and light components of a two-phase flow differ

significantly from each other, then

Q™ =ki(pi(mix) - pi(light comp))Fvi(heavy comp),
where F - Is the cross-sectional area of the pipe.

It follows from these equations that to determine the Q™ mass flow of a heavy component in

two-phase flow, we need to know for each i-th period of time:

» A) in case of equal velocities (in case of dust the average velocities of the heavy and light

components of the flow can be considered equal to each other)
» pi(mix) - The flow density of the mixture entering in the air intake device;
> pi(heavy comp)-Density of heavy components in the mixture stream;
» pi(light comp) - Density of light components in the mixture stream;
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» Qi"(mix)- Volumetric flow rate.

B) in case of different speeds
» pi(mix) - The flow density of the mixture entering in the air intake device;

» pi(heavy comp)- Density of heavy components in the stream (in most cases - dust, sand or

their mixture);
» pi(light comp) - Density of light components in the flow (in our case - air);

> vi(heavy comp) - Average speed of movement of heavy components (in case of sand or
other heavy particles, the average speed of their movement will be different from the

average speed of air flow entering in the air intake device);

> F - The cross-sectional area of the pipe (in our case it is equal to the cross-sectional

area of the air intake device).

By measuring the above values and then delivering them digitally to the appropriate computing
devices, a device can be created to measure the total mass of foreign bodies in the engine air

intake (see Fig. 2).
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Fig. 2. The total number of masses of foreign bodies in the air intake equipment of aircraft gas turbine

engines, Block diagram of the measuring device

The following problems need to be solved for the design and practical implementation of a
device for measuring the total number of masses of foreign bodies in the air intake equipment of

aircraft gas turbine engines:

Problem 1. Find and develop technical principles and methods and digital measuring
instruments based on these methods (or modernize and use ready-made instruments if they are
available) that can measure the flow of airborne equipment and its components within the above
parameters. , In the conditions of dynamic processes of flight and landing.

Such necessary tools are:

e Measurements of mixture flow as well as heavy and light components in the flow;
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e Volumetric flowmeter of mixture flow;

e Measure the speed of heavy components;

In addition, it is necessary to use the altimeter, the data of which must be taken into account
to determine the density of the light component (or air) in the flow of the engine intake device,
because the determinants of air density p - pressure p and temperature - T depend on altitude -
h.

It is known that the change in p density of air according to the altitude h above sea level is

expressed by the formula [3]

pM pﬁf{ pﬂM (1 Lh )yﬂ’f.lllRL'_l
p= — _

RT ~ RTy(1- Lh/T,) RI Ty

>

Where p0 is the standard atmospheric pressure at sea level, 101,325 kPa;
To-The standard air temperature is 15 K°;
R - Universal gas constant, 8,314 J / mol kelv;
M - Molar mass of air, 0.0289;
g - Free fall acceleration, 9.81 m / s2;
L - Temperature gradient, 0.0065 kV /

Below is a table from the same source, showing how atmospheric temperature, pressure, and

air density change with altitude (0 to 10 km).
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altitudeh,m | temperature T, K° pressure p, Kpaskal | Density p, kg / m3
0 288,150 101,325 1,225
250 286,525 98,876 1,196
500 284,900 95,461 1,167
750 283,276 92,635 1,139
1000 281,651 89,876 1,112
1500 278,402 84,560 1,058
2000 275,154 79,501 1,006
2500 271,906 74,692 0,957
3000 268,659 70,121 0,909
3500 265,413 65,780 0,863
4000 262,166 61,660 0,819
4500 258,921 57,752 0,777
5000 255,676 54,048 0,736
5500 252,431 50,540 0,697
6000 249,187 47,218 0,660
6500 245,943 44,074 0,624
7000 242,700 41,105 0,590
7500 239,457 38,300 0,557
8000 236,215 35,652 0,525
8500 232,974 33,154 0,496
9000 229,733 30,801 0,467
9500 226,492 28,825 0,440
10000 223,252 26,500 0,414

As can be seen from the table above, when the aircraft is flying at an altitude of 10 km above

sea level, the air density can be reduced from 1,225 kg / m3 to 0.414 kg / m3, three times.

There are many physical principles and methods based on them for measuring the density of

heavy and light components in a stream as well as for measuring the flow rate of the mixture and

the velocity of the heavy components.

The problems posed in Task 1 can best be solved by the physical methods used in contactless

and non-invasive control tools. Consider some of them.

A) Use of radioisotope gamma radiation
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As is well known, the intensity of monochromatic and parallel rays of gamma radiation passing

through a substance changes according to the following Lambert-Berry law.

1=1loexp(-pd),

Where 10 is the initial intensity of the gamma-ray flux and p is the linear absorption coefficient,
depending on the type of substance and its p density, is the thickness of the d-substance in which
the gamma-ray passed under partial absorption.

The above principle is used, for example, to determine the dissipient characteristic of the
volumetric content of gas in a two-phase flow (water-gas) = Q (gas) / (Q (gas) + Q (water)),
where

By =1 -1n (I (gas)/I)/ In (I(gas)/I(water)),

Where I is the intensity of the measured gamma radiation passing through the substance I, and
Q s the volumetric consumption [4]. The authors of the latter designed a three-phase (gas-water-
oil) flow parameters in the pipe to determine the parameters of the isotope gamma-density
measurement, which used ammonium 241 (Am241) and cesium 137 (Cs137) radioisotopes.

It should be noted that the use of radioisotope gamma radiation to determine the parameters
of the components in a multiphase flow in a pipe is better than others because its use does not
change the dynamic and kinematic characteristics of the flow or the geometric dimensions and
mechanical characteristics of the pipe. . Because of these properties, radioisotope tools are widely
used for a variety of scientific research and technical tasks in a variety of industries and services,
including aviation. One example of this is the radioisotope indicator RIO-3, which contains a
radioisotope source - strontium 90 + yttrium 90 (90Sr / 90Y).

But the disadvantage of this method is that during the operation of radioisotope equipment it
is necessary to strictly adhere to radiation safety measures, which primarily involves placing the
radioisotope in a protective container made of high-density substances (lead, tungsten, etc.),
which will inevitably increase the load. In addition, when equipping an aircraft with a
radioisotope device, there is a possibility of radiation pollution in the event of an aircraft crash.

In addition, in some cases, when there are limitations on the volume and weight of the
measuring instrument due to its technical requirements and operating conditions (such as aircraft
constructions and weight minimization requirement when installing additional equipment), it
becomes unreasonable to use this method if this requirement is not satisfied.

B) Use of ultrasound method

The flow of air in an air intake device, which is mixed with outside objects, is treated as a two-
phase flow - a mixture of gas and solid phase. In practice, a similar flow of air containing solid
particles takes place in pipes that transport cement, flour, fuel coal dust, and other similar

substances through pneumotransport.
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During the passage of acoustic oscillations in fluids, effects are generated, the parameters of
which depend on the density and velocity of these substances.
At present, three methods are used to measure the flow rate in a pipe using ultrasonic

oscillations.

1. A method based on the measurement of changes in the displacement characteristics of
ultrasonic oscillations in the direction of flow and countercurrent. Fig. Figure 3 shows three
variants of this method: temporal (when the time difference between the corresponding pulses
of the ultrasonic oscillations is measured, Fig. 3a), phase (when the difference between the phases
of the ultrasonic oscillations is measured, Fig. 3b) and frequency (when the frequency of the

ultrasonic oscillations is measured). Difference, Fig. 3 c).

ot i ot e ot o v o rw At e e ang i oo o

Fig. 3. Variants of the method of measuring the change in the characteristics of the movement of ultrasonic

oscillations in the direction and in the flow: temporal a), phase b), frequency.

1. A method in which ultrasonic oscillations are directed perpendicular to the direction of
flow and are measured from the initial state of the oscillations when the oscillations between
these oscillations as they pass through the environment.

2. A method based on the Doppler effect.

Radiation and receiver elements made of piezoceramic materials are used to inject ultrasonic
fluctuations into the flow, as well as to measure the parameters of the output fluctuations, the
characteristics of which are of great importance for the selection to be used in the given specific
conditions.

Devices based on the ultrasound method are varied according to both the primary converters
as well as the measurement circuits and the conditions of use [1]. For example, high frequencies
(0.1-10 MHz) are typically used to measure the flow rate of clean liquids, while in the case of
contaminants, tens of kilohertz frequencies are used to prevent the scattering and absorption of
acoustic oscillations by contaminants. It is essential that the wavelength be one order of
magnitude greater than the diameter of the solid particles. Low frequencies are also used to

measure gas flow.
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Due to the variety of devices based on the ultrasound method, in this article we will not
discuss the physical foundations of the construction of each type of device and the functional
schemes of their operation. Let's just say that they can be used to measure the volumetric flow
of airflow into an aircraft. As for the light and heavy components of the flow, as well as the total
densities of the flow, their measurement will require the production of special emitting and
receiving ceramic piezoelectric elements, as well as the processing of a measuring circuit.

Today, many countries around the world produce ultrasound screens for various purposes,

which are used in the transportation of crude oil products by oil companies, in the transportation
of various hazardous substances in chemical plants by special pipes, in the pneumatic transport
of coal dust, and more. The leading manufacturers of ultrasonic density measurements and cost

measurements are - ExAir Corporation, USA; Georg Fischer; Emerson et al.
C) use of radiofrequency (radar) method

The phase velocity of the radio wave propagation at the inlet of the air intake and the
absorption coefficient are directly related to the composition of the propagation medium [2]. An
interesting option from measuring devices is therefore the registration of objects without the
radio frequency method.

The phase velocity of the radio wave propagation at the inlet of the air intake and the
absorption coefficient are directly related to the composition of the propagation medium. In

particular, the initial amplitude of a wave decreases with distance r by the following regularity:
Ay _wxr
A=—e ¢
T

Where y is the absorption rate and is calculated as follows:

1
X = Es(\/l +tg?6—1)

® - Is the angular frequency of the radio wave, c is the speed of light, tgd is the tangency of the

loss angle, ¢ is the electrical constant.

The phase of the radiated electromagnetic wave changes with the following regularity:

wnr
Y=ot ——
c

Where n is the refractive index;

1
n= Es(\/1+tg28+ 1)

In our case we must assume that the propagation environment is of a dielectric nature and at this

time tgd << 1. The values of tgd and € depend on the frequency of the radiation, the temperature

and the structure of the environment. These values should be determined experimentally. In this
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case, typical samples such as dust and sand particles, runway decay products, water and ice

particles, etc. should be used as an environment.

Knowledge of the frequency dependence of the parameters of external particles allows to
determine their composition by radiation of several frequencies. Dimensions of objects can be

determined using high-frequency range radar methods:

v" The development of modern technology has made it possible to utilize high-frequency radio
frequencies (20-120 GHz) that were difficult to use in the past. We consider it expedient to

use the technologies of radar systems in this range to solve the posed problem.

Using this method it will be possible to determine the composition of substances, for
example: rain, fog, ice debris, sand, volcanic ash, salts, etc. Sh. Since each type of molecule
has specific absorption frequencies in the specified radio frequency range. Substances will
be classified according to the absorbed frequencies. And the amount of energy absorbed
determines mass and volume. Because the wavelength of the radiation is in the micrometer
range, this allows the geometric dimensions of the particles to be measured.

D) Optical (laser) method

One of the most interesting options for creating a device for recording objects and measuring
parameters in the air intake without an air intake is the use of an optical method, in which
information is transmitted using fiber-optic means.

With the optical-fiber method it is possible to "see" the objects of observation, as well as to
transmit the relevant information with reliable accuracy to the device for receiving and
processing information. If the gas stream contains small particles with two beams of laser pointing
at it. When the particle passes the first laser beam, it is scattered and hits the photodetector,
which generates the corresponding electro-pulse signal. When the same particle passes through
a second laser beam, it is also scattered and hits the photodetector, which generates a second
electropulse signal. If we measure the time interval T between these two signals and know the
current F through the distance and the distance L between the sources of the first and second
laser beams, we can calculate both the flow velocity v and the volumetric flow Qv with the
classical formulas

v=L/T, Q=v"F.

Laser flowmeters measure the velocity of a moving and flowing particle, which does not depend
on the physical properties of the particle or the gas composition and composition. Therefore, laser
measurement technology provides more accurate data than other methods when they cannot be
used or are measured with large errors (at high temperatures, pressure and humidity, or during
vibration and acoustic noise. Laser flowmeters can measure flow velocities of 0.1 m /s). From 100

m/s.
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In addition to the methods discussed above, there are many other methods on the basis of which

density and cost measurements of different types and purposes are created [1]. Most of them can
be used in their current form or it is impossible or inappropriate to solve the problems posed in
the article.

Problem 2. Find and determine the space and locations required for the placement and
installation of experimental samples of measuring instruments in the air intake equipment of air
turbine engines so as not to alter the aerodynamic characteristics of the aircraft.

In our opinion this can be solved by adding a pipe or other structural element of the same
diameter to the inlet of the air intake device, on which it will be possible to further install the
measuring instruments (see Fig. 4). The dimensions of the additional tube or other structural
element shall be determined on the one hand by the technical conditions necessary for the
installation of the handled equipment and on the other hand limited by the principle of

inadmissibility of deterioration of the aerodynamic characteristics of the aircraft.

Fig. 4 Aircraft engine air intakes for one type of aircraft
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As shown in Figs. Figure 4 shows that there is some space in the air intake device from its
start to the fan where specially designed or existing devices can be arranged so that their
placement does not alter the aerodynamic characteristics of the engine. As much as possible to
install them, these are technical problems that will be solved taking into account the design
features of a particular device.

Problem 3. To process the electronic circuit of the device for measuring the total number of
masses of foreign bodies in the air intake device of aircraft turbine engines and to connect and
supply the devices for measuring the flow and parameters of its components in the air intake
device.

The practical implementation of the block diagram presented in Fig. 2 of the total number of
masses of foreign bodies in the air intake equipment of aircraft turbine engines is a problem in
the sense that each element of the processed measuring device must ensure their reliable
operation in the aircraft. In the range of air temperature and humidity during operation of the
equipment, it must withstand mechanical overloads and noise during flight, etc.

Conclusion

To create a device for measuring the total number of masses of foreign bodies in the air intake

equipment of aircraft turbine engines, it is necessary to:

1. Selection of methods for automatically measuring the flow characteristics of the air
entering the air intake device and the accompanying foreign particles, such as average
flow density and velocity or volume flow, as well as the densities of the light and heavy
components;

2. Processing of individual measuring instruments (velocity or volumetric flowmeters, flow
and its heavy and light component densities) included in the total number of foreign body
mass measuring devices included in the engine air intake device and receiving-processing

units;
3. Development of a general electronic circuit of the device for measuring the total number

of masses of foreign bodies in the air intake device of engines;

4. Processing of design and installation documentation to accommodate the device for
measuring the total number of masses of foreign bodies in the air intake device, taking
into account the design and technical capacity of the air intake device of each type of

engine.
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Quantitative assessment of aviation emissions for international airport zones in
Georgia

Robert Khachidze, Kartlos Chokheli, Avtandil Svianadze

Georgian Aviation University, 16 Ketevan Dedofali avenue, Tbilisi, 0103, Georgia
Abstract

This article discusses the ICAO-recommended method for determining the amount of
pollutants emitted from the engines of civil aircraft aircraft and calculates the levels of carbon
monoxide (CO/COz), unburned hydrocarbon (C:Hm) and nitrogen oxides (NOx/NO:2) emissions
for international airport zones in Georgia, which will be emitted during 2022 summer flight
schedule. Our research addresses the necessity of investigating and assessing the ecological

hazards in the airport zones caused by the pollutants emitted from the engines.

Keywords:Air emissions, air pollution, mass of pollutants, airport area, standard take-off cycle,

aircraft engine operating mode, exhaust gases, emission index.

During the movement of aircraft both on the territory of the aerodrome, as well as during
their take-off and landing - the so-called During the take-off (landing) cycle (ADC), as well as in
the horizontal movement at the last altitude in the air, air pollutants are released from the
engines, which according to the requirements of the International Civil Aviation Organization
(ICAO) are grouped as follows: Carbon oxides - CO/CO2, Unburned hydrocarbons - CnHm,
Nitrogen oxides - NOx/NO2 and airborne solid particles in the form of smoke- SN.

Each of the above substances, individually and collectively, has a negative impact on both the
environment and climate. Carbon dioxide (CO2) is the most viable (about 100 years), interferes
with the lower layers of the atmosphere and accumulates there, which helps to increase the
greenhouse effect. Carbon dioxide CO is produced due to incomplete combustion of fuel. It is
poisonous to humans and warm-blooded animals when it enters their body through the
respiratory tract. It plays a role in the formation of ozone in the troposphere. Nitrogen oxides
(NO«/NQ) in the exhaust of the aircraft engine are also one of the most harmful substances. They
negatively affect humans (respiratory organs) as well as vegetation and the ecosystem in general.
Solid weighted particles SN, which are emitted directly from the engine or after secondary
processes, form a complex mixture of particles containing various substances (heavy metals,
sulfates, nitrates, ammonium, organic carbon, etc.) with dimensions of 2.5 micrometers or less.
obobo They have a negative impact on human health (damage to the respiratory system and blood
vessels, increase the risk of death and the development of oncological diseases), as well as

vegetation, polluting and contaminating soil and groundwater.
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Data on which aircraft engine emits each of these substances per kilogram of fuel burned per

second are provided in the relevant ICAO guidance document. [1].

The total impact of the listed components of the emissions on the environment and the
planet's climate is not insignificant. The percentage of pollution from aviation engine emissions
is about 3% of the total anthropogenic greenhouse effect (14% for road transport, 3.8% for rail,
sea and other transport). In 2016, the ICAO Committee on Aviation Environmental Protection
(CAEP) reached an agreement on the Carbon Offsetting and Reduction Scheme for International
Aviation (CORSIA) for international aviation [2] and according to that fact the aviation industries
from all around the world from 2020 year should not increase hydrocarbon emissions, and by
2050 it should reduce it twice compared to 2005 levels. Currently, CORSIA unites 73 countries,

which control 88% of the world's airlines.

Air pollution caused by air emissions is unevenly distributed in the airspace and covers both
the lower part of the stratosphere - the surrounding area and areas of the airport, as well as its
upper part and reaches the ozone sphere.

Exhaust from the engine generated during the take-off and landing cycle of the aircraft
primarily pollutes the environment surrounding the airport, where usually there are settlements
and agricultural land. In addition, as the engine operates in different modes at different altitudes,
the exhaust emissions are different, both in terms of composition and quantity.

Figure 1 shows the conventional flight stages of the aircraft adopted by ICAO, and Table 1
shows the characteristics of the operations performed by the aircraft in the airport area and
indicates the operating modes of its engine.

Figure 1. Aircraft standard take-off and landing cycle according to ICAO

Table 1. Landing Take-Off (LTO) cycle definition according to ICAO databank
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Operating mode Duration (min) Engine power | Remark
(%)
Take-off 0,7 100
Climb 2,2 85
Approach 4,0 30
Taxi 26 7 Before take-off - 19 minutes,
after take-off - 7 minutes

As stated in the ICAO Guidelines [3], in the airport area and the surrounding environment air
pollution from aviation emissions occurs during the standard take-off and landing cycle, ie up to
900 m above the aerodrome surface. As the aircraft moves at higher altitudes, emissions from its
engine are no longer present in the airport area.

It should be noted that the concentration of harmful components of aircraft emissions in the
air and the characteristics of their spatial distribution in the atmosphere and in the airport area
largely depend on both local and global meteorological conditions at the time. The wind direction
and speed play an extremely important role in concentrating harmful components of aircraft
emissions in the air. The influence of other factors (air temperature and humidity, solar radiation)
have less influence and has a more complex dependence on these factors. The methodology for
assessing aircraft engine emissions is set out in the International Civil Aviation Organization
Guidance Paper [4], which states that the mass of each pollutant emitted into the atmosphere
during the run-off of the standard take-off cycle operations is due to the mass of each pollutant
in Mi (kg):

Mi=2 EL; * G* Ti.
Where i - is the number of the contaminant;
j - is the number of engine operating mode during the Landing Take-Off (LTO) cycle;

nsn

El; —is "i" pollutant emission index during "j" engine operation mode;

Gj- is the amount of fuel consumed by the engine (kg / s) during "j" engine operation
mode;

Tj- is the duration of operation of the engine during "j" engine operation mode.

Based on the ICAO database of air emissions of different types of aircraft engines, using the
above formula and Excel spreadsheets, it is possible to calculate the individual and total mass of
exhaust pollutants from air engines for any airport at any time during its operation. If the flight
schedule and number of flights performed (or to be performed), types of aircraft and their engines
are known. There are seven operating civil airports in Georgia. Three of them are international -
Thilisi, Kutaisi and Batumi, whose operating loads are much higher than the others.
Consequently, the air pollution rates caused by the operation of international airports will be
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much higher than those of the locals, so the article discusses only the international airports

mentioned above. Using the methodology described above, the share of emissions from aircraft

engines involved in changing global climatic conditions (creating a greenhouse effect, promoting

the emergence of ozone holes, etc.) was calculated. In particular, the amounts of carbon monoxide
(CO/COz2), unburned hydrocarbons (C:Hm) and nitrogen oxides (NOx/NO:2) for the zones of

international airports in Georgia. For instance, we used the flight schedule of summer 2020 . The

results are given in the table below.

The aircraft and Number of Landing Aviation emissions, kg
. engine to be used Take-Off (LTO)
Airport
cycles HC coO NOx Sum
A320, CFM56-3C2 2493 5234 32640 35287 73161
A321, CFM56-3C3 1237 2498 15886 19218 37601
Thilisi A223, PW1519G 124 7 617 664 1287
International
. B737, CFM56-3C1 2637 1513 29488 25370 56370
Airport
E190, CF-10E 434 924 7854 4172 12950
Total in Thilisi Airport Zone, kg 10175 86484 84710 181370
A320, CFM56-3C2 1172 | 2460.55 | 15344.65 | 16589.16 | 34394.36
A321, CFM56-3C3 62 125.1 796.21 963.21 1884.63
Kutaisi B737, CFM56-3C1 88 50.48 984.04 846.63 1881.15
International
. E290, PW1919G 310 16.52 1601.24 1720.26 | 3338.02
Airport
Total in Kutaisi Airport Zone, kg 2650 18730 20120 41500
A320, CFM56-3C2 667 | 1400.33 | 8732.83 | 9441.10 | 19574.26
A321, CFM56-3C3 336 678.55 | 431496 | 5219.97 | 10213.48
Batumi B737, CFM56-3C1 381 21856 | 4260.44 | 3665.54 | 8144.54
International
Ai A223, PW1519G 51 2.69 253.71 272.90 529.30
rport
Total in Batumi Airport Zone, kg 2300 17560 18600 38460
In all three international airport zones, t 16 122 123 261

As it can be seen from the table, during the summer period of this year (approximately 8

months) the air of Thbilisi International Airport will be polluted with 181 tons of air emissions,
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Kutaisi - 41 tons, Batumi - 38 tons. Also, the emissions from vehicles used in aircraft maintenance
services at the airport will be added to that, however the report of that vehicles is a separate issue
and is not discussed in this article. To clarify the results, it is indicating to mention again that this
article also does not discuss aviation emissions that are emitted into the atmosphere during the
flight of an aircraft at altitudes above 900 m (so-called cruising speed flight conditions), as the
emissions emitted at such times do not reach the airport area.

According to the Georgian Civil Aviation Agency, monitoring of carbon dioxide emissions
released into the atmosphere annually after January 1, 2020 has started by airlines registered in
Georgia. The results presented in the aviation emission calculations will be relevant to the
implementation of the measures required to comply with CORSIA requirements.

Moreover, additional studies are to be conducted to determine how the above-mentioned
emitted harmful substances are distributed in each airport and the surrounding environment -

considering the meteorological and climatic conditions in the air, soil and groundwater.

Conclusions

1. It is necessary to determine the amount of aviation emissions in the international airport zones
of Georgia according to the data for 2019/2020 and to determine the relevant level of
environmental threat in the vicinity of the airports for comparison with the data of the following
years;

2. In order to meet the requirements of CORSIA, it is necessary to develop a computer program
to determine the amount of annual aviation emissions and the consequences of the emissions to

the environment;
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The intelligent systems of aircraft flight control

Demuri Vepkhvadze
Georgian Aviation University, 16 Ketevan Dedopli Ave., Tbilisi, 0103, Georgia

Abstract
The general structure of flight control intelligent systems, the structural scene of intelligent
systems and the working process of board consulting intelligent systems are discussed in the
article. The running scheme of onboard consulting intelligent system in the onboard information
control system and its functions are defined. It is supposed that future generation intelligent
expert systems within their increasing functions will be able to obtain optimal decision in the
unlimited conditions and solve the difficult tasks of aircraft flight control in extreme situations.

Keywords: flying machines, intelligent control system, dynamic expert system, artificial intelligence,

real time scale.
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Abstract

The article investigates the vibro-acoustic processes of the test object in the wind tunnel, which constantly
occurs during the initial tests of the aircraft. Two-channel oscilloscope and different types of modern
(MEMS) sensors are used for the study of the mentioned processes, with the help of which different types

of vibro-acoustic signals are studied, they are visually observed, analyzed and logged.

Key words: aerodynamic pipe, vibro-acoustic diagnostics, air flow speed, flutter effect.
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Analysis in a rectangular coordinate system rigidly fixed round plate along the

contour

S.N. Bliadze, S.S. Bliadze, N.S. Bliadze, I. Loladze
191 Monk Gabriel Salos Ave. 0144, Tbilisi, Georgia

Abstract
An image of the deflection function in a rectangular coordinate system is obtained, as well
as formulas for calculating bending moments and shearing forces along both axes, a geometric
interpretation of the solutions is given, and formulas for calculating deformations along the ox

axis at small mixing are given.

Key words: circular plate, stresses, bending function, bending moments.
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Abstract
The article experimentally studies the change of air flow velocities in an wind tunnel in the
border zone of the tube wall using a pitot tube. The methodology provides accurate and spot
measurements of air flow velocity in both the central and peripheral areas of the test zone of the
wind tunnel in the direction of X, Y and Z coordinates.

Keywords: aerodynamic tube, pitot tube, air flow rate, test area.
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Systems and Pervasive Networks. 2019. Portugal: Procedia Computer Science.

(2] Ciresan, Dan; Meier, U.; Schmidhuber, J. Multi-column deep neural networks for image
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(4] Torch7: A Matlab-like Environment for Machine Learning // Neural Information
Processing Systems. — 2011.
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Abstract

The article discusses the existing reality and prospects of the process of introduction of

artificial intelligence in aviation and related issues, which involve solving primary and secondary
tasks. Five open source machine learning software libraries and their capabilities are discussed.
The concept of creating a virtual stand using open software is proposed, which has two main

modes of operation, both in the virtual environment and with real devices.

Keywords: Artificial Intelligence, Machine and Deep Learning, PyTorch, TensorFlow, Microsoft
Cognitive Toolkit.
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Ls300bols 3608369 Md0EL god8mI0bstrg doBsbdghmbowros, obgmo 9gdbmemaogdols
5696935, HMIGEms 1bHIMBS3WM godmygbgdols 3m@HgbiEoswo s 39MLi3gdEH03d WOEOS.

1533960m  Bo@yggdo:  0obsdaBogdmemo  LobEgds, Lo3sghHm  bmdswo, bBogogssos,
©59™36900L O™, BHEMBBOGHo M.

dglsgsemo

L5359 bMBowgdoll B0dMmbgws 5EB-sb Jolmzol 2sb3Mmzboer Loymdsdg o
30600Jom, 53609039 5305¢3976030L 95 R0YdS 35J9bBY, YM39wM30L 3538060 YdM0s
396033990 LEbolb  LOOPMEGIOMB,  OMMOE (9603 MM-B9IbmMmyoM®o,  Sb939g
50580569)M0 7odBHMM00 49dmfi3gmEo bszombgdom. s0bodbre 3MmEgldo BsOmMME0s
3d6535c00  Lobob  gargdgb@o. 99MHMEOOHMABY FMIOMBOL  M3EH0T0DsE0s A olbImdL
36 3960L 256339 o 53GMAoGHO0DBOMYOIL O MLsBMMbMYdOL ToEgdol Loodgmmdol
©mbol  2oBOEOol  abom.  BH9dbozme  Ls3oMbgdMb  ghmeo©  ymzggwm3zol
2oLOmM35olHobgdgwos  0bmgszomMo  GHgdbmemyool 53065bLM0 oM gdMWgdy,
909©000019656056mds s LMoz 2odmygbgdol 39ML3gJE035, 0Ly MM FoW3gMEO
290909 909396390 96 56 396 9bEIbbIb DgYo3wgbsl 0D STMFbIDY. 5oLy,
590HMOMIBY  Bo3sghHm  bmdowwol, olggg Mmameda bbgs ygzgws  @sbs@Bgbo 9300
GOBL3MOGHOL 25550 gdolL  Mm3EH0T0BS300L Logobo 9GO MG0S O
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9939900090560905  9HIYym-Lodmdsgem  39ML3gJBH03900L M35 LYBGOOLom  sbggfho-

296300056M9d5b.

do60050 bsfjogmo

dsb 990099, M5 Lo359MM bl LsEAMIBY, 564560 b b3gE0sEX MM A963MMN3bo
AIO0GHMM05Dg MEIMJdS obloBzMMEo Lsbol  [oboslogMmabmlibm 3GHmEIMGIdo, ob
80905600905 5QB-BY, SLBMIB, b EIFM9boL dgMg, bLo3sgmm bmdsero bsdodmligem
00¢003900m, 56 003900l 25053390000 OOEOL FobM30L A963MM3boE Loymdby
d3D93M900L s 3H306MHMOL FoLOMYdS®, L3530l OLLTIEJOWSI® @ 5.0.

59m 3965 3M3oM9gMdL 08530, MM 1B5359MHM BMI>WO. BLoEYMIOIH SBOBOYE-sLITROY6
bmwsdg 303094356Mm0 MLOBOMbME, BHMORSW, COHMOMO EIB5356Mgd0l dobodobsgoom
@5 0lg, MHMI oIGH3060HMo  FMIMIMBOLLL 5300 35Jobbg 96O Tmbgl LoMdIdOL
o63mgdbs.  aobomzocobfjobgdgros,  GMI  Gog MYROM  OEOS  99OHMEOOH™IOL
39996 b5605bMds, oo  N@Mm  dgBo  dsbodbgdeol s  FMJusbsmo Lol gdgdol
0bLEGomozos  bgds  sM3owgdgwo. gl 30 BOOL  BsLEIMGOgo  Bodwmdsmgdol
OGO gISL,  IMEMYWMBISL, OMOM  BIbIOIXIOL s 905F0bol  GodBHmEom
3900390 99g3MIGO0oL  5EdsMMBSL  L3sghHm  BHEMIBL3MMEOLY, vy s9MMEM™MIOL
93B3 MsEHSEO0LSL.

30633933 omemo  LobEGgdolb  dmddggdol  3M0bEodo,  MMIgGEoE  oY39HTMYOS
B90mbligbgdmmo  Logombgdol  dma356Mgds-m3BH0dobsgosdo  dbyoglos  GBAS-ol
9409000001b56056MmBdObY.

6ob.1.-%Bg bsbBg969005 GBAS (Ground Based Augmentation System) 9cmgdgwgdol 300bi030,
bo0sbog PBobL, GMI  Ls3sgMm bmdsero  gdmEmdl  Loaborgdl  mdmswmeo GPS
056583H930M9000 5  9953OMNMEs© 03039 Lobsgdo  FooEgds  SgMHMEOMMIbY
3965900 56396900l 99839MdO0>.

Ground station

bsb. 1. Ground Based Augmentation System, dm509900b 36065030
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50Lsb0dbs305, OMI  LssgMHMEOHMIAM 56396900l  3MmmEmEObs@gdo obslfio®  3bmdowos,
0930 M9bs3xBI3OMo  Logbowgdol  Jomgdom s 3MMOHObsEJdo  bgwsboo
390Mmm3wgdom d00Mgds Bb3sMds FJFFoM0@d) s MsbsdyBoz3OIo LobBgdol d9dzgmdoo
5PIB0  300MMHObIBHJIL  FmOOL, o3 B0mOMGOL  SGHIMLRBIOVI  MGROOJ305DY,
Il 2oblobEg®ms 1o3sgHm bmdswrby 99mdegdgwros. S3MH0PS®, MZ0MIFOHODBSZ0
996bmds Mo GPS Logbowgdl, dob 90 dgdsdmgmodsl LogmEgdo ymggurmazol 9dbgds
30MOHE0bs30Mwo  3MI0Eds  MgROMSIE00L  (339¢9dIPO 3M953033096@0L  A5Tm.
590MmOOMIBY 25603900 96FGHIBJIOL 50T YOIMGMDOL  QBLODBEOIMS 35393l
99L5d g™ ©5350030bMmm M9x6J300L 3M9803096¢)0 90090569
AIO0GHMM00BsM30L s FBsdsdolo, 9.0. 3MmO®ObsEBHIOOL Fo30mMgdGH0MYdgwo Loabswo
3905L(39L bedoeEL, HMIgEOoE 250m35¢olobgdl 58 35658369l GPS-0l godmygbgdolsls
3M6309@ M 5G9 do IxMg6olsM30U.

bodmdogm  39ML39dBH03900L  FJmbg  3MbBEgBEOOL  Aom3owolfobgdom  Ladsgem
bm3seol 59OHMEOHMIDY 4900500 gds MBS 0ymb MLsBMMbM, 0m35¢oLobgdgl
3505 2593H9OMBsM0sbMBIL,  GMIgoi  2obBMYsIdMEos  LsBoIMBZEXM  EOMOL
M33H0d0Bs300m. GBAS-0b dbs3Lo, dgLsdergdgE0s 59MMEOOMAOL GHJOOEHMM0sDY, SB-
b9, L4¥FIMVBZEM B0 0390DYg, 35JdobLs S XdMsME FHYMT0bs D3 30 F9M339ME0 Labols
390590 -19gbLMMGIOL  gobMs3Lgds, MMIJWMS 4gMPIBOIMHO 3MMOHOBsEJd0 04bgds
§0obsLHo 45BLYBOZOMEo.

o

AdAd44
e

bsb. 2. bs3s9600 beadsemool bogkpgdo c6G096906980b 3Gobzodo

Bob. 2.-%Bg BsB3969000 Lo3sgHm brmdsgrol LogmEgdo 3MMmMOmObs300L JgmmEOo, GMIgeos
300olbdMAL  30MmOEOboMIdMo  Mmd309]BH0B  Fobgmogbg  Qobensggdgem
19gbLMM 9359 F56d0EgdOL FM535WR IO JOBMIZSL.

Ground Based Augmentation System b GBAS-006 000560093530 gobboengolsl,
D90mblgbgdme 96396mEm 2osdHM©IdL 96 5930 9MBI0MO 395300600 9BITYBIZOE
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L5B530530M LOLEFGILMSB, olobo GMHMTsbgmTo Logbsergdol Folbogzgdol LobdMMmboBbsools

©5(33000 dmddggdgb. Logbowgdl MgdIMdL MMaMOE LY3sghm, 1939 S9MHMPOMIbY
dmd6530  GHEMBL3MOEG0. 0300008006530 FoqomomDBg  Fgodwgds  500bodbml, ®mJ
d0Bsbdgfimboeo 04b69ds B0dwgdo  bEIEMMO  LgblmMgdol gobmogligds FoBgwssby,
39060dm© 30 bmdswol  3b30Ms  bs3zgmm@do, FO®MOL  30MGSs  Bofoggdls s
ROMLLINMDSBY. gl ©oa39bdoMgds  B.b.  300FHMS0B30500 s FgbydsToLO©
300G M)390Dg Sbob35T0. 90bodbme Fgdmbggzsdo Mm3EGHodobogos 3wobgds
5emom3ol 39y bol FglodEgdeMdsd0, HMIgEOE BsMmMYIE0 046935 565 5sd0sbgdom,
5059900  L3gEoseMo  3m330E Mo  LobR)dgdom. gu  4odMOOELIZL 5060
R9dBHMOH00  250m3gME  BsM39DIRL. 9xMgm3g  FoBZ9eolH0bgdgW0s,  SgMHMEOMMIbY
dmdGsMds  30MFGHMOMMH0 0939005 s 85603690 gdols  godmygbgdom, Mol
99L5dgdMBLOE 33993l MobsTgM™gq Virtual Reality (VR) ¢gdbmeomaos.

bsb. 3. 300650655 980L 3365999 9cr0 RoJbsc0s

50 d90mbgg3sdo  Tgbodengdgero bgds 85dobBg  MLsgOMbMgdol @Mmbol  FoEgdol
39m35¢0olLfobgdom Lododmlizerm EMH™MOoL Mm3EGH0dobsEool dsB30690w0l 9B LolGgdsdo
139305MM0  SERMOHOMIJIOL  sfglgdol  gBom. gl 435093l TGLoAEYGOIMBL,
806008135809 53093560 LYsgOMOOHMIM F5608bgdqw0 LoliEgdgdo.

L5930530M AMBL3MOEHOL LodMds3e ™ 249630056930l 396L399EGH039d0L
3935 0olLobgdom, slsbodbsz0s, G®MA bligbgdrwo LoliEgdol 3m@gbaoswo M30wgRbm©
©OEOY, MMaMOE3 ©YEsdofioll 3wsbgdocme, olg 3mbAmbyOo LERgOML  dslidEsddo,
0009bs, 58obssg dobo  AsdmYygbgdom  BsGEH03wYds L0359 bmdowgdols
3s6Hm30L50d0  bgedolsfzmdmds. 3063393190 LEdMISZW M GHOMIBLEMGOEGO
6ob3969000 39-4 LYYOSNDBY.
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Bob.4. bLsdMTsgm GHOMIBL3MOEOL 3mEH IO F9630MMYOOL 0gMLsbY

33365
590HMOOMIBY 300mOObsE30Io LOBMLEOL oBgds GBAS (Ground Based Augmentation

System) &9dbmarmaools dbgogl 3G0b30393%bg sgMbmdom, HmIgedos sdmygbgdwyero
096995 ,d9000b3930000 301063039000 bR MO, Fo®sd YHBMLEBHILO 3MBoEOMIdOL
3om35¢olLobgdom, 808¢9d-35sdfm©gdo, 8my339dL TgbodwgdEmdsl Lofyol 9@e3bY
35063, 96 250m3094qbmm Lsdodmbzwm d0e0390Bg 2oL3EOLM30L Fom3zsolobgdmwo
35603b98gd0. dgLodergdgero 0gdbgds 39ad 59MHMEOMH™IGdBY LoMIBbL3MOEGHM Fodmlgerol
IONEOMNO 306GHOMEO S 3OS (3539090 B9dEMMgdoL. Lobdgwgomm LssgPmEOMIM
dmfymdomdgdol, dog. 8999 Lsbsomo LoLEBHIIGOOL 530 GIMBS SVIG 05MLYOOL, 53
99L5dgdMBSL IMY3(399L I3BMAMM R0BBLMEOO botrxgdo. gb 356513690 godmofi393L
0dsls, ®MmId  59MHM3MOEGHGIOL  Mm3JMOGMMO  3MI35609d0  363MMIBEHMbIM0SD  Aomgdmdo
095930609996 5305M90L900L B0bIBLYYMHO A5ELILILOU.

5939 9060365305 LOLEBYIOL JIgEO0NMBsMOEMBdOL MLsBPIO™ 3MmAEHYBE0sWO, BMmyme3
3obg@o  BsMlol  3mEmbobogom®o  dologdols gl gdobsl, 1939 IEsdofaby
GO50E0E0 53GM BHMBL3MOEGHOL I8M06530 LoGEMbL3MOEHM MHMBIdom Rsbo33wgdol
d9dombgqggzsdo.

[1] “Airport operations: A system-of-systems approach” - Saeid Nahavandi, Doug Creighton — 2015;
[2] “Assessing GNSS Integrity Augmentation Techniques in UAV Sense-and-avoid Architectures” —

Roberto Sabatini, 2022;

[3] “Aerodromes Exempts” — Ministere Charge Des Transports; 2021

[4] “Essentials of Satellite Navigation” — Jean-Marie Zogg; U-blox, February 2009.

[5] «YmpaBieHue BO3AYIIHBIM JBIDKEHHUEM Ha BO3AYIIHBIX TPACCAX X MECTHBIX BO3ZYIIHBIX JIUHUIX» -
. A. Kuasesckuri, M.B. Cruoros; YiasaaoBck 2010.
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Abstract

The Global Navigation Satellite System is an integral part of one of the leading sectors in the
development of modern technologies. The area of its use is also expanding and has a certain share of space
in the modern aviation industry.

The movement of air transport on land, airfields or air platforms of airports is associated with many
elements that may be of different danger and risk.

The use of precise positioning systems on air platforms and aircraft will give us the possibility of safe and
optimal movement of air transport in terms of time.

Based on the issue, it is advisable to introduce such technologies, which are great in their potential and
prospects of future usage.

Keywords: satellite system, aircraft, navigation, delay time, transit time.
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