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Profiling Methods in Airport Security: Balancing Efficacy and Civil Liberties

David Alania
Associate Professor of Georgian Aviation University
Ketevan Dedopali Ave. 16, 0103, Tbilisi, Georgia

Abstract

The purpose of this research: is to shed light on the critical and complex issue of utilizing profiling
methods in airport security. We aim to explore the science and practice behind these methods, which
include behavioral profiling, demographic profiling, and document verification, while emphasizing the
need to strike a delicate balance between their efficacy in enhancing safety and the preservation of civil
liberties. By delving into the scientific foundations and applications of profiling methods, I seek to provide
a comprehensive understanding of how these tools operate and their importance in ensuring the safety of
travelers. Ultimately, this research serves as an informative guide to navigate the complex landscape of
airport security profiling, offering insights into both the advantages and challenges posed by these
methods.

The results of research: applications, ethical considerations, and the ongoing evolution of these
security practices. The conclusion emphasizes the delicate balance that must be struck between the
efficacy of these methods and the protection of civil liberties. It underscores the importance of anti-
discrimination policies, transparency, oversight, and data privacy to ensure responsible implementation
while adapting to the ever-changing security landscape. This research offers a well-rounded perspective
on the complex issues surrounding airport security profiling, providing valuable insights for those
interested in the topic. It recognizes the critical importance of enhancing security while respecting
individual freedoms and human rights, setting the stage for informed discussions and responsible practices
in this critical domain.

Keywords: airport security, profiling methods, behavioral profiling, demographic profiling, biometric
profiling.

Introduction

Airport security has undergone significant transformations in the wake of evolving global threats. One
such transformation involves the use of profiling methods to identify potentially dangerous individuals.
Profiling is a complex and often controversial technique, but when implemented responsibly, it can
significantly enhance airport security. In this article, we explore the science and ethics behind profiling
methods used in airport security.

Profiling Methods: An Overview

Profiling involves the systematic analysis of various factors to assess the potential security risk posed by
an individual. The factors considered can be broadly categorized as follows:

7
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1. Behavioral Profiling: This approach examines the behavior, body language, and responses of
passengers to detect signs of nervousness, deception, or unusual conduct.

Behavioral profiling involves the systematic observation of individuals as they move through the airport.
Trained security personnel look for subtle indicators that might suggest a passenger poses a security risk.
These indicators can include: Nervousness, Deception and Unusual Conduct.

Excessive sweating, trembling hands, or erratic movements can be signs of nervousness, especially when
disproportionate to the situation. Individuals engaging in deceptive behavior may avoid eye contact,
provide inconsistent responses to questions, or appear evasive in their communication. Suspicious
behavior can encompass actions such as loitering, spending excessive time in certain areas, or avoiding
standard security procedures.

Behavioral profiling draws on principles from psychology and neuroscience to interpret passengers'
actions and reactions. Some of the key scientific elements include: Behavioral Psychology and Pattern
Recognition.

Understanding human behavior in stressful situations is crucial. Passengers may exhibit unusual behavior
when faced with the stress of traveling, and distinguishing normal anxiety from something more
suspicious requires a deep understanding of behavioral psychology. Training and technology enable us to
identify potential threats based on deviations from normal behavior.

Behavioral profiling, like other security methods, raises ethical concerns. It's important to ensure that
profiling is conducted without bias and that passengers are treated with respect and dignity. Striking a
balance between security and civil liberties is crucial to the responsible implementation of this method.
Effective behavioral profiling requires rigorous training and continuous improvement.

2. Demographic Profiling: This method considers demographic characteristics, such as age, gender,

nationality, and travel history, to identify individuals who may fit certain risk profiles.

Demographic profiling relies on the statistical analysis of certain traits to identify potential security risks.
Key demographic factors include: Age, Gender, Nationality and Travel History.

Younger passengers, particularly those in their late teens and early twenties, are sometimes considered
more likely to engage in risky behavior or exhibit signs of suspicious conduct. Statistical data may suggest
that males have been involved in a higher proportion of security-related incidents, leading to gender-
based profiling in some cases. Travelers from countries with known terrorist associations or higher crime
rates may undergo additional scrutiny. Frequent travelers or individuals with a history of traveling to
high-risk areas may be subject to more extensive screening.

Demographic profiling is seen as a valuable tool in airport security for several reasons: Risk Assessment
and Resource Allocation.

It allows security personnel to focus resources on passengers who may have a higher risk of engaging in
suspicious activities. By concentrating efforts on individuals who fit certain risk profiles, security agencies
can make more efficient use of their resources.

However, demographic profiling is not without criticism: Ethical Concerns, False Positives and Changing
Threat Landscape:

Profiling based on age, gender, or nationality can lead to discrimination and stereotyping. This may
infringe upon individuals' civil rights and personal privacy. Relying solely on demographic characteristics
can lead to a high rate of false positives, potentially inconveniencing innocent travelers. Demographic
profiling may not be effective in identifying threats from individuals who do not fit established risk
profiles.
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The responsible use of demographic profiling in airport security requires a delicate balance between
enhancing security and respecting civil liberties. Key considerations include: Non-Discrimination,
Transparency and Oversight and Data Privacy.
Profiling must be conducted without bias and in accordance with anti-discrimination policies. Strict
oversight and accountability mechanisms must be in place to ensure responsible implementation.
Protecting the privacy of individuals' personal data is essential to uphold human rights.
The efficacy of demographic profiling largely depends on the accuracy of the risk profiles used. Given the
dynamic nature of security threats, continuous research and refinement of these profiles is essential to
adapt to new challenges.
3. Document Verification: Checking the authenticity of travel documents, including passports and visas,

helps identify individuals using fraudulent identification.

One of the pivotal methods employed to maintain safety which is document verification entails
scrutinizing the authenticity of travel documents, including passports and visas, to identify individuals
who may be using fraudulent identification. We explored the science and significance of document
verification in the realm of airport security.

Document verification is a multifaceted process that focuses on the examination of travel documents to
establish their legitimacy.

The science underpinning document verification combines several key elements: Security Features,
Machine-Readable Zones (MRZ) and Biometric Verification.

Modern travel documents are equipped with a range of security features, including holograms,
watermarks, microprinting, and UV ink. Document verifiers use advanced technology to inspect these
features for signs of tampering or counterfeiting.

The machine-readable zones on passports and other documents contain encoded data that can be read
electronically. Verifiers use specialized equipment to check the MRZ against the printed information for
consistency.

Biometric data, such as facial recognition, fingerprint scans, or retinal scans, may be cross-referenced with
travel documents to confirm an individual's identity.

Document verification plays a pivotal role in airport security for several reasons: Identification of
Fraudulent Documents, Screening Travelers, Border Control and Identification of Lost or Stolen
Documents.

Document verification is a robust method, but it is not without challenges too.

Fraudsters continually develop more sophisticated methods of document forgery, requiring constant
advancements in verification technology. Also, the process should be conducted with respect for
individuals' privacy and in compliance with ethical standards, to prevent discrimination or profiling based
on race, nationality, or other factors.

4. Biometric Profiling: The use of biometric data, like facial recognition and fingerprint analysis, to

verify the identity of passengers and cross-reference it with watchlists.

Biometric profiling involves the collection and analysis of unique physical and behavioral characteristics
of individuals to confirm their identity. The primary biometric data used in airport security are:
- Facial Recognition: This technology captures and analyzes an individual's facial features, such as the
arrangement of eyes, nose, and mouth. It then matches this data to a database of known individuals.
- Fingerprint Analysis: Fingerprint scanning is a classic biometric method that has been adapted for use
in airport security to confirm an individual's identity.
9
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Biometric profiling has a wide range of applications, it ensures that passengers are who they claim to be,
reducing the risk of fraudulent travel documents or identity theft. Biometric data is cross-referenced with
watchlists of individuals with known security concerns, allowing for early identification and intervention.
The technology can streamline the passenger experience, reducing wait times and enhancing security
simultaneously.

Biometric profiling relies on a combination of science and technology to achieve its goals.

Biometric data is collected through sensors and cameras at various points within the airport, including
during check-in, security checks, and passport control. Advanced algorithms analyze the collected data
and compare it to existing records. They look for specific patterns and features unique to each individual.
Also, the effectiveness of biometric profiling is due to its high accuracy and precision, enabling it to
identify individuals even in crowded or challenging conditions.

While biometric profiling offers substantial benefits, it also raises important ethical and privacy concerns.
The secure storage and management of biometric data are critical to prevent misuse or breaches. The
collection of biometric data should be done with the explicit consent of individuals, who must understand
how their data will be used and protected. Ensuring that the technology is used without bias or
discrimination based on factors like race, ethnicity, or gender is essential.

Balancing Efficacy and Ethics

The use of profiling methods in airport security is not without controversy. Critics argue that profiling
can lead to racial or ethnic discrimination and infringe upon individual civil liberties. To address these
concerns, it is essential to strike a balance between effective security measures and respecting human
rights:

1. Anti-discrimination policies: Profiling methods should be implemented without bias, and anti-

discrimination policies must be in place to prevent racial or ethnic targeting.

2. Transparency and oversight: Profiling should be conducted transparently, with strict oversight
and accountability to ensure responsible use of the method.

3. Data privacy: Safeguarding personal data collected during profiling is crucial to protect individuals'

privacy rights.

The science behind profiling is constantly evolving. Advanced technologies, including machine learning
and artificial intelligence, are being integrated into profiling methods, making them more accurate and
efficient. These technologies enable security personnel to identify patterns and anomalies more
effectively, reducing the likelihood of false positives.

The future of profiling methods in airport security holds great promise. Continued research and
development in the field of artificial intelligence will likely enhance the accuracy of profiling, making it
an indispensable tool in thwarting security threats. However, ethical considerations and responsible use
remain paramount.

Conclusion
The use of profiling methods in airport security represents a double-edged sword, with its utility in

enhancing safety balanced against potential ethical and civil liberty concerns. While these methods, such
10
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as behavioral profiling, demographic profiling, and document verification, offer significant advantages in
identifying potential security threats, their application must be executed responsibly.
Striking a delicate balance between efficacy and civil liberties is essential. Robust anti-discrimination
policies, transparency, and strict oversight mechanisms are required to ensure responsible
implementation. Additionally, protecting personal data and privacy rights is paramount to uphold
individual freedoms.
As the aviation industry and security landscape continue to evolve, the responsible and ethical use of
profiling methods remains a critical challenge. The future lies in ongoing research, technological
advancements, and a commitment to upholding civil liberties while safeguarding travelers and aviation
infrastructure. Only through a judicious application of these methods can we effectively enhance airport
security while respecting the fundamental rights and dignity of every passenger.
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Modeling of a plate with an elliptical hole under axial load considering plastic
deformation
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Abstract

One of the problems in the study of rupture theory is the study of the stress field in the area of
specific concentrators. From the point of view of practical application, stress concentration is mainly
found, not only in the area of sharp change in stiffness, but also in the area of holes. The solution of the
concentration problem is further complicated by the physical nonlinearity of the material resulting from
the loads. In this article, an infinite plate with a central longitudinal hole, specifically elliptic, under axial
load is discussed. The purpose of the article is to create a diagnostic model in the software complex FEMAP,
the solution of which will allow us to estimate the concentration zone (spreading area).

Keywords: stress, concentrator, stiffness, finite element.
Main part

Consider a plate with an elliptical hole on which a tensile force acts along the axis (Fig. 1), where
| and b the semi-axes are equal to 50 and 25 mm, respectively, if the semi-axes of the hole are several
times smaller of the width of the plate, then we can consider that we have an infinite plate that is stretched.

Analytical solution field see Fig. 2, and Fig. 3 where represents the plate according to the Kolosov-
Ingles theory of the average stress without a hole, it was found that the most dangerous peak stresses are
determined by the curvature of the hole, and at the vertices A.
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Fig. 1. The geometry of the plate to be constraint, load and mesh

Where the curvature is maximum, they can reach values that are many times higher than stress

. . 2| . . .
values in a solid plate: o, =0, (1+ Yyl According to the given formula, the stress at the vertices of a
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narrow ellipse (1/ b —is large) can become very large. If we enter the quantity p in the formula, which is
called the radius of curvature at the vertex of the section, we get
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Fig. 2 stress distribution

Solution was found that the calculation of stress concentration by this formula is used not only for
elliptical holes, but also for holes of any shape, on the contour of which there are points with a small radius
of curvature. Of course, in real materials the stresses may increase to certain limits and the above formula
cannot be used without further analysis. Stress concentrations must be carefully considered in strength

REREREEE

calculations.

bbb

F

Fig. 3 Analytical solution

Stress concentrations must be carefully considered in strength calculations. Professor K. Thanks
to England, the concept of "stress concentration" was introduced. The number that shows how many times
the local voltages exceed the nominal is called the voltage concentration factor. Consider an example:

Given a steel plate with an elliptical hole at the center of 400x200x2mm, whose semi-axes are
50 mm and 25 mm, is subjected to a tensile force of 150 KN. (See Fig. 1.) Mechanical characteristics of the
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material: modulus of elasticity is equal to E =200000 MGP. Poisson's ratio is 4z = 0.3 and the relationship
between deformation and stress for a given material is given by the following formula:

2000005, & <[0;0.005]
-~ |2000, ¢ €(0.005;0.02]

FEMAP, an engineering calculation program created on the basis of finite elements, build a plate
of appropriate geometric dimensions (see Fig. 1). Let's model it with a 4-node quadrilateral finite element.
Make an ellipse around the elliptical hole with semi-axes of 65 mm and 35 mm, divide the created area
into the smallest possible rectangles, where the ratio of the sides will be less than 2, and increase the grid
on the remaining area (Fig. 1).

Material and property assignment

Create a functional relationship to describe the characteristics and properties of the material. To
describe the stress and deformation relationship, enter the graph coordinates (0;0), (0.005;1000),
(0.02;1000). During the calculation, if the deformation exceeds 0.02, extrapolation is required to calculate
the remaining points. Also, we indicate that the material is nonlinearly elastic, does not obey Hooke's law.
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Constraints and loads

Fix the plate in such a way that its nodes on the left side are restricted from moving along the X-
axis, and at the same time cannot rotate. All but one of the nodes will be able to move relative to the Y
axis, which means that the plate can bend, during stretching, it will be possible to compress the plate in
width. FEMAP has the ability to apply force to the line with a total load of 150,000 N, and the program
itself will distribute it to the nodes.

15



L59M5dMOHOLM LEFYEBOIOM MBSO L5359MM BHEBLSMOEH0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT»

Ne1(17), 2023 ‘

—“
Solution

Software results of nonlinear analysis of the given problem:
Case 1 Time 0.1 0.1*150=15KN load deformation is 0.099 mm and Mises stress is 213.4 MGP.

213.4
ZDDEI
187.5

1746 —

161.7 ——p

148.8

135.9

122.9

A single element in the concentration area includes no more than two colors, which indicates that the Se
grid is well constructed. Also, it can be seen that there are different widths of bars in different elements,
this means that we have a non-linear distribution picture.

Case 2 Time 0.2 0.2*150=30KN load did not change the picture, the voltage increased to 426.6 MGP. And
the deformation will be 0.199 mm.

Case 3 Time 0.3. The load is equal to 0.3*150=45KN, the picture is the same, only the value of voltage 639.7
MGP has changed. And the deformation will be 0.298 mm. until the equivalent Mises voltage exceeds
1000 MPa. This image will not change.

Case 4 Time 0.4 0.4*150=60 KN, and the equivalent Mises stress is equal to 852.6 MPa. After that, the
image will change qualitatively.

Case 5 Time 0.5, 0.5°150=75 KN. The equivalent Mises voltage on the load is exactly 1000 MPa. The
deformation is equal to 0.496 mm. The image will change qualitatively and on all subsequent cycles the
image will change and the voltage will be unchanged at 1000 MPG. The deformations will increase on the
tenth stage (at the final stage) and I can see the picture visually:
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The deformation is equal to 1.026 mm. As can be seen from the picture, plastic flow of the material
took place.

Summary

Based on the numerical experiment, we can make the following conclusion, if we approximate the
surface of the plate with 4-node quadrilateral elements of different sizes (it is not necessary to use
parametric e.g. 8-node quadrilateral elements), the error with respect to the analytical solution is
practically equal to 0, and also if the ratio of the semi-axes of the hole is equal to two, then The voltage
value at the vertices of the parabola increases seven times.
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Abstract: According to EUROCONTROL research, by 2035 year, airports across Europe are expected
to be handling 14.4 million flights and 1.4 billion passengers. However, the current air traffic management
(ATM) system is not adequately prepared for this volume of air traffic. The system cannot handle such a
large number of airplanes in a timely manner, resulting in congested airspace and causing delays for
aircraft on the ground and in the air. This situation is economically inefficient and has a significant
negative impact on the environment due to carbon emission and noise pollution. For this reason,
continuous development and modernization of the air traffic management system is necessary. The Global
Air Navigation Plan (GANP) is a flexible engineering-technical methodological document, that allows all
International Civil Aviation Organization (ICAO) member states to advance their air navigation capacities
based on their specific operational requirements. One of the most problematic parts for successful
implementation of the GANP is an innovative air traffic management, and aircraft on-board modern
technologies effective interrelationship, taking into account ergonomic factors. System operator-machine-
environment main effective functionality is determined by the characteristics of the human operator and
depends on a level of process automation and a number of main technical parameters.

Paper is focused on the Latvian and Georgian case studies, as in both counties ATM technologies and
automatization level continuously grows and becomes more advanced. Consequently, the development of
aircraft on-board systems and new skills of aviation professionals becomes even more critical. As a result
of research, methodological approach and general model for effective interconnection of on-board and
innovative ATM technologies taking into account human factors is proposed.

Keywords: air traffic management, avionics, innovative technologies, ergonomics.
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Introduction

ATM significantly contributes to the safety and efficiency of air traffic management. The regulation
of air traffic flow further enhances the quality of air navigation service and improves the operational
effectiveness of the ATM system. It also has a positive impact on the environment, reducing operational
and fuel costs. Ultimately, air traffic flow regulation enables effective airspace organization, maximizing
its utilization and providing dynamic and flexible flight routes to customers. Airspace organization
involves optimizing the structure of airspace, its classification, air traffic service routes as well as visual
and instrument flight procedures. These optimizations are conducted in accordance with standards and
recommended set by ICAO GANP [1]. It is becoming clear that the currently existing navigational aids
are gradually becoming outdated and, as a result, they cannot meet modern requirements. The next stage
of the development of air navigation is closely tied to the utilization of GPS, GLONASS and GNSS for civil
purposes. This advancement allows for the reception of signals from space satellites, enabling the
determination of object coordinates anywhere around the globe. It become cleat that these systems
provide much greater reliability and accuracy. They are also stable against atmospheric conditions,
increase airspace capacity, offer economic benefits and reduce the impact of human factors. Additionally,
an innovative concept Performance-Based Navigation (PBN), is utilized to enhance aviation security,
improve aircraft flight performance, increase airspace capacity and enhance air navigation services [2].

Under these circumstances the development and implementation of innovative on-board
technologies becoming critical, and it requires more proactive approach and further enhancement, which
might also include new functionalities, new technologies, such are: On-board Automatic Dependent
Surveillance — Broadcast/Contract (ADS-B/C), Controller and Pilot Data Link Communication (CPDLC),
Electronic Attitude Direction Indicator (EADI), Electronic Flight Instrument System (EFIS), Electronic
Horizontal Situation Indicator (EHSI) and others.
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Figure 1. ATM logical architecture

Ground based satellite navigation and innovative technologies are in active phase of implementation
global, regional and national levels proposed by the GANP activities, in order to achieve increase capacity,
efficiency, and accuracy level of ATM system. Every ICAO member state is requested to fulfill GANP
requirements and implement the best international practices on national level in their Air Navigation
Service Providers (ANSP’s) operation [3].
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GLOBAL STRATEGIC
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NANP
TEMPLATE

NATIONAL

Figure 2. Multilayer Structure of the GANP on National Level

With other priorities, human performance-related considerations in the following areas should be
taken into account for effective modernization of ATM on regional and national level:
¢ Quality of initial training;
e Adaptation developed procedures for new staff;
e Requalification smooth and effective process for active professionals;
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e Implementation of new knowledge, skills and attitudes;

e New roles, autonomy, and responsibilities;
e Social factors and management of the cultural changes linked to increased automation [5].

Main problem in the more active implementation of the GANP is that, there are currently no unified
requirements for all categories of ATM personnel, and also, the development of ATM technologies is faster,
than training of personnel with appropriate qualifications. This problem is more visible in countries
which, just have started an active modernization of ATM infrastructure. In particular, Latvia and Georgia
are among these countries. The figure below shows the progress made so far, per Single European Sky
ATM Research (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 2022 — Local Single Sky Implementation, Latvia, Georgia) [4].

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

Latvia Georgia Essential Operational
= == Changes in ATM system
100% 100 % Interconnected ATM
Networks
91% 84 % Traffic Management

System (TMA) and
Airport Performance
87 % 82 % Infrastructure and
Services of

Communication and
Navigation Systems (CNS)
100 % 100 % Digital Aeronautical
Information Management
(AIM) and Meteorological

(MET) Services
100 % 90 % Fully Dynamic and
Optimised Airspace
100% 100 % Trajectory Based
Operations

Additional problem in this situation is that, as investigation reports and statistics of aviation
accidents and incidents proves, there are still exist several facts, which have the straight connection with
the human incomplete competencies in ATM maintenance [9].

Research Methodology

To fulfill the objectives, the research based on the following methodology: literature analysis, in
particular, the theoretical works of scientists in aviation field common area of the research. Also the
synthesis of information from reports, plans, broadcasts, analytical documents, and useful data from
international aviation organizations (ICAO, EUROCONTROL, SESAR), the processing official
investigation reports on aviation accidents and incidents. Basically in order to achieved aim of the research
used analysis, synthesis, qualitative, statistical, deductive and comparison methods.
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The aim of the research is to develop a methodological approach based on gap analyzes and
modeling, that automatically determines the air traffic management system and on-board innovative
technologies logical relationship and also will be connected through implementation to the learning
outcomes of the proper educational programs of the educational institutions for human performance
development.”]

The main objectives of the research are as follows:

1. To create taxonomy of ATM innovative technologies, on-board modern systems and human
performance;

2. To propose a methodology for assessment of gap between the implementation of ATM and
avionics innovative technologies taking into account human factors;

3. To design, implement and evaluate an algorithm for educational courses syllabus and modules
development of ATM and avionics technicians educational programs.

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

1. Which main parameters are enhanced by implementation of innovative technologies in avionics
and ATM systems operation?

2. How affects the technologies development on the reliability and safety level of flights assurance?

3. What theoretical and practical part should utilized in educational courses and syllabus in parallel
of technological environment changes in this area of aviation?

4. What technical characteristics should be developed in cockpit systems to catch up ATM
technologies development in order to achieve more effective interrelationship?

5. What type ergonomic factors are activated after active modernization of technologies on-board
and ATM systems?

The main contribution of this work is, that by putting of developed models into practice together
with enhanced ergonomic factors in new technological environment of ATM and on-board systems, it is
possible to harmonize them effectively, which represents the scientific value of the research results and
provides an increased level of flights safety, better throughput and enhanced efficiency of the air traffic.

Early Results

At the first stage of research presented methodology for assessing the accuracy and reliability of
the radio navigation and radar systems widely used for today, in particular, Very High Frequency Omni
directional radio range (VOR), Distance Measuring Equipment (DME), the Instrument and Microwave
Landing Systems (ILS-MLS) and their proper on-board systems. Mathematical calculations, as well as
methods of analysis and synthesis were used to determine compliance with modern technical
requirements and norms of international aviation organizations, and a taxonomy of the main problematic
issues were classified.[']

A methodology for partially solving the above-mentioned problematic issues is proposed,
including ways to increase the accuracy of the VOR radio beacon.

The formula for the dependence of phase on azimuth is given:

U=Upy[l+mcos(2t —a)]coswt (8]

Where mis the modulation coefficient; (2 - rotation frequency of the moving antenna; a - azimuth
of the aircraft; @ - angular frequency of high frequency oscillations.
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Several modifications to improve the accuracy of a VOR radio beacon using the formula are given
in Table 2.
Table 2. VOR radio beacon modifications

Radio Beacon Azimuth Note
measurement
error
(degrees)

VOR 25 P-Precision
DVOR 1,5 D- Doppler

PDVOR 0,8 H- High
PDVOR(H) 0,5 M-Medium

PDVOR(M) 0,3

Mathematical calculations have established practical approaches to extend the DME and bring it
into line with ICAO requirements:

D2, =R?+ (R + H)? — 2R(R + H)
cosn = 2(1 — cosn)(R? + RH) + H?

)
D%, = llsinzg(R2 + RH) + H? > sinzg = 4?;(21;:;) 3)

Arc of spherical length at distances of no more than 600-700 km n = %
So sinzg = sin? f—; = %‘; than % = 74?;;1;:; ;> D = JpZq-H? (4)

Based on the research as well compared to the metric range ILS and MLS systems with following
main advantages: increased accuracy and protection from obstacles; great reliability; providing wider
airspace coverage, take-off management; runway and ground traffic management. The MLS device
operates in the 5 GHz band. Compared to the ILS system, the MLS system provides an azimuth overlap in
the forward sector up to +60"0, with an elevation angle of 10-200.

Different methods of increasing the effectiveness of ground radar and on-board systems has been
also investigated during the research, however, the implementation of the mentioned techniques in
practice, based on the data of international aviation organizations, is insufficient to meet the airspace
requirements expected by GANP 2016-2030.011]

That is why the research work focused on analysis of the implementation of alternative innovative
technologies necessary to meet the increased requirements caused by the growth intensity of flights, in
order to successfully solve the given problems: lower material costs, provide easy technical service,
increase accuracy, reliability and meet the safety requirements imposed on the system. In particular, the
ways of automatic solution of navigation tasks are classified below, which should ensure the quality of
adjustment of flight modes, especially the quality of transition processes.

- Frequency (aperiodicity);
- Shortness (short time constant);
- Astatism (absence of systematic error after the end of transient processes);
- Sustainability.
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In order to fulfill these tasks, it is necessary to implement the following innovative technologies
in the air traffic management system, on ground and in the cockpit. Alternative radio broadcasting
technology of aircraft navigation service ADS-B, ADS-C and Multilateration (MLAT) system, in the work
mathematically developed, algorithm of operation of each system and classified their advantages in
relation to existing analogues.

The closed form of the lateralization algorithm allows to establish linear relationships between the
parameters as a result of mathematical transformations, and does not require prior knowledge of any
information about any aircraft. For these reasons, the closed form of the lateralization algorithm is adopted
in practice. Determine how aircraft coordinates are obtained using the hybrid time of Time Difference Of
Arrival (TDOA) lateralization algorithm. Let's assume that the first stage has already been completed and
time readings have been received from the antennas.('?]

If t; is TDOA measurement performed by the principle, which is defined by the i number of
antennas whose coordinates are: (X;, ¥j, Z ; ). Then, the equation that defines X = (x, y, z) from the
transmitter to the antennas TDOA measurement of received signals will have the following form

c

J(x —x)? 4 (7 = y)? + (2 — 2)?
Ti =

(5)
Where ¢ =3 x 105 km.

Eqg. (5) describes the non-linear relationship between aircraft location (x) and TDOA measurement (z).
If we square both sides of the equation, then equation (1) will take the form:

(Tixe) = (x—x)"+@—y)?*+ (2~ 2)> (6)
By further simplifying formula (6), will have:

(ri X €)% = (% 4 y? 4 22) = (2xx; + 2yy; + 222) + (x + Y} + 27)

()
Designation:

T, Xc=Ry, R=x*+y?+2%), K; = (x? +y? +27) (8)

If enter the formula (8) into (7), then will get:

R? = R — (2xx; + 2yy; + 2zz)) + K;

(9)

In the case of 4 receiving antennas, will have:
R? = R — (2xx; + 2yy, + 2zz;) + K, (10a)
R = R — (2xxy + 2yy, + 222,) + K, (10b)
R3 =R — (2xx3 + 2yy; + 2223) + K3 (10c)
R2 =R — (2xx4 + 2yys + 22zz,) + K, (10d)

Large-scale use of the MLAT and ADS-B, ADS-C and other innovative ATM technologies system
compared to primary and secondary radars significantly reduces material costs, facilitates maintenance
work required for system operation, and increases the level of reliability and efficiency of the air traffic
control system. The advantages of the these systems are expressed by meeting the requirements of
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EUROCONTROL [6] and ICAO, technical testing showed that mentioned systems significantly exceeded
the previous systems in detecting defects, this number reached a percentage of 98%, and the accuracy and
quality of work were also improved.

\\. g \
Innovation Modern avionics
technologies inATM . systems
/_'_7_,_,-—-"’ -\““\

\\ 7 ‘ . .»/ g
i /
v /
\ y -
. S — _

Human factors/ergonomic
in system design

Figure 3. Vienne diagram for graphic representation main aim of research

Table 3. Gap analyses and taxonomy of ATM system complex operation

Taxonomy of avionics | Taxonomy ATM innovation | Principles for a better integration of
modern technologies for | technologies implementation | human factors/ergonomic (HF/E) in

better integration in system | in system design system design

design

On-board Automatic | Optimization of approach | Build joint design teams and don’t
Dependent Surveillance - | procedures including vertical | treat HF/E as a mandatory add-on
Broadcast (ADS-B) guidance, by using of

performance-based navigation
(PBN) and  ground-based
augmentation system (GBAS)

Control and Pilot Data Link | Increased runway throughput | Make a coherent user centred
Communication (CPDLC) through  optimized  wake | design logical HF/E product
turbulence separation Improve
traffic flow through sequencing
(AMAN/DMAN)

Electronic Attitude | Safety and efficiency of surface | Trying for a short, iterative user-
Direction Indicator (EADI) | operations and enhanced vision | centred design process
systems (EVYS)

Electronic Flight Instrument | Improved airport operations | Develop objective HF/E criteria
System (EFIS) through. Increased | instead of follow on user opinions
interoperability, efficiency and
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capacity
ground integration

through  ground-

Electronic Horizontal
Situation Indicator (EHSI)

Service improvement through
digital aeronautical information
management

Assess as early as possible with the
help of different prototypes

On-board
Dependent Surveillance -
Contract (ADS-C)

Automatic

Meteorological ~ information
supporting enhanced
operational  efficiency and
safety

Select convenient conditions for

assessment: Evaluate daily

operations as well as critical

decisions and solutions

Improved operations through
enhanced en-route trajectories.
Improved flow performance
through planning based on a
network-wide view

Help to be organized the problem-
solving process
implementation by facilitating trade

offs

during

Initial capability for ground
Air traffic
situational awareness (ATSA)

surveillance.

Do a proper problem design in the
first place when it’'s possible to
understand real problem and the
find mechanisms and necessities

Be part in strategic decisions and
provide a purpose focused view of
technology

Conclusions - Innovation technologies: new opportunities and risks

A case studies have been handled in order to identify possible gaps in training of aviation personnel

involved- air traffic controllers, pilots and ATM engineers/technicians. The case studies have identified

and have considered examples of recently developed and introduced new technologies which either are

already used or might be used in the nearest future in Latvia and Georgia.

The technologies considered are summarized in a table:

Table 4. Methodological approach and general model for effective interconnection of on-board and ATM

systems taking into account human factors

Change: new system Impact on ATC’s Impact on pilots Impact on ATM Risks
or technology engineers/technicians
Cockpit layout - A No impact Better quality Different principle of Incompatibility with

liquid-crystal
displays (LCD)

picture

operations

other systems

New functionality-
CPDLC

Additional tool to use
when air traffic
intensity is low

Additional tool to
use when air traffic
intensity is low

Complicated
programming of the
system, necessity to

Missed information due
to inappropriate
programming of
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New operational
procedures
New functional window

One more system
to pay attention to
New operational

understand key issues,
functions required by
ATC and pilots (layout,

messages
Inability by technical
personnel to fix issue

to pay attention to procedures message types, formats due to lack of
of messages, response knowledge in pilotage
times etc.) or ATC
New flight No impact Additional New parameter to Inappropriately shown
parameters displayed parameter distinguish, calculate parameter
or available — angle available which and fix if necessary
of attack might influence
safety of a flight
New software tool New ATC tool which Possibly shorter New software Air traffic controllers
for air traffic helps in approach phase | approach functionality which can | unable to work
controllers- AMAN | to organize air traffic. trajectories become inoperative normally without this

But needs additional
training to start using it
and training when
system becomes
operational so that
controllers are able to
control traffic in case of
failure of this system

system.

Engineers unable to
understand problem of
system’s functionality
which is vital for
controllers because of
lack of knowledge in air
traffic control

Circle around radar
blip to indicate

Faster response time to
a call from a pilot

Possible faster
reaction from

New item on list which
should be checked

ATCOs get used to the
indication, unable to

which aircraft calls Easier to determine ATCO New item on the list keep time of response

Air Traffic which aircraft calls which can malfunction | within normal limits

Controllers (ATCO) when the function is
not available

New navigation aids | New approach New flight Use of additional Systems incompatible

available trajectories, which are trajectories systems (Global

- Ground Based
Augmentation
System (GBAS)
Landing System
(GLS)

- Performance Based
Navigation (PBN)
approaches

more flexible to
environment and layout
of an aerodrome

Positioning System GPS
+ GBAS), system
compatibility

In the research six different technologies have been analysed and the conclusions have been made:

- New software technologies or tools are designed to make operational processes more flexible, to

make air traffic controllers more reliable by introducing more automation, where automation

analyse parameters and give solutions. Risk: air traffic controller step by step gets used to

automation and loses skills in manual operation, consequently- unable to complete tasks without

automation, not enough skills for manual operations;

- New radio navigation tools introduced to increase accuracy of systems and reliability of service.
Risk: GLS is based on GPS, PBN is based on GPS. Might experience some difficulties of GPS is lost;
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- New specific functionalities for air traffic controllers and pilots require more detailed
understanding of operational procedures of air traffic control or pilotage of aircraft to keep systems
operational. Risk - technicians unable to fix problems due to lack of knowledge in pilotage of
aircraft or air traffic control procedures.

As aresult, this research shows that on the one hand every new system, tool or function introduces
more reliable parameters of characteristics, but on the other hand - more attention should be focused on
personal training and maintenance procedures. More harmonized interconnection of main three research
tasks provides increased safety, capacity and efficient level of ATM operation for the future growth
requirements of air transportation in Latvia, Georgia and globally. With the fast-growing and high-density
global air traffic, ensuring efficiency and air transportation safety becomes a critical challenge. Innovative
technologies and automatization is already revolutionizing the way air traffic management systems are
manufactured and hence is believed to play a key role in optimizing air traffic flow [13].

In the gained recommendations of the research obtained international experience and is possible
to be provided, for both, as for aviation training institutions as well, for the air navigation service
providers, and have a positive impact for the further development of aviation industry.
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An Updated Method for Determining the Rheological Parameters

of Composite material

Bidzina Abesadze, Vaja Kelikhashvili, Saba Kopaliani
Georgian Aviation University, 16 Ketevan Dedopali Ave. 0103, Tbilisi, Georgia

Abstract

The paper discusses the improved methodology for determining the parameters of the influence and
relaxation functions of composite materials with elastic-plastic properties, on the example of nonlinear
deformation. The approach is based on the so-called on the application of the heredity theory. Due to the
existence of a complex mathematical apparatus, the parameters of the rheological functions of the material
(4, a and p) today, it is determined by combining theoretical and experimental graphs [1, 2]. This method
is outdated and associated with certain inaccuracies. In particular, the determination of the strength
characteristics of a specific material and the coefficient of theoretical and experimental time displacement
gives a significant error during further calculations.

In the presented improved method, parameters of material influence and relaxation functions (4,
a and ) the selection for the given phase of the research is done using the existing methodology, based
on the simple similarity (combination) of the graphs of the functions. Also, subsequently, theoretical and
experimental curves are approximated to a polynomial of any degree, using the least squares method. In
the example discussed below, approximations are made to 4th and 7th degree polynomials. In the
corresponding polynomial expansion of the theoretical curve, based on the consideration of greater
smoothness of the graph of the function, two additional parameters are calculated, which ensure the
displacement of this curve on the horizontal and vertical axes, which should coincide as much as possible
with the corresponding graph of the experimental polynomial.

The mentioned parameters will be determined by a procedure similar to the least squares method. In
particular, the sum of the squares of the differences between the theoretical and experimental values at
specific points of the functions arguments should be minimal. The task of finding the minimum of a
function of two variables should be solved. The corresponding calculations are made using the computer
program "Maple" and the corresponding solutions are obtained. Based on a specific example, the results
obtained by the existing and improved method are compared.

Keywords: composite, deformation, relaxation, influence function, nonlinear theory.
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Quantum computers and their application prospects in aviation

Demur Vepkhvadze
Georgian Aviation University, 16 Ketevan Dedopali Ave. 0103, Thbilisi, Georgia

Abstract

The article discusses the basic principles of building a quantum computer, the purpose, description
and main types of their basic information unit qubit. The principle scheme and working principle of a
quantum computer are presented. Basic algorithms of quantum computing are discussed. A comparison of
quantum computers with classical computers is given and the advantages of classical computers compared
to them are shown. The possibilities and principles of optimal solution of a wide range of complex aviation
tasks (optimization tasks, modeling and analysis of complex systems, processing of new aviation materials,

air traffic management, etc.) are proposed in the case of using quantum computers in aviation.

Keywords: quantum computer, qubit, superposition, coherence, quantum algorithm, air traffic

control.
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Study of operating conditions and determination of technical requirements for the

creation of protective nets to prevent birds entering into aircraft engines

R. Khachidze, B. Abesadze, A. Maisuradze, V. Kelikhashvili
Georgian Aviation University, Ketevan Dedofali Ave. 16, 0103, Tbilisi, Georgia

Abstract
The paper discusses the issues of installing a bird protection net in the air intake device of aircraft
turbojet engines, establishes technical requirements that must be taken into account when designing and
manufacturing experimental samples of an effective protective net, determines the approximate values

and ranges of its parameters.

Keywords: aircraft, turbojet engine, safety net, technical requirements.

69



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

_——~h
Wcnonp30BaHMe yIBTPa3ByKOBOrO METO/A AJIS BBISAB/IEHNS YCTAIOCTHBIX TPEIIMH B
MeTaJIO'KOHCTPYKIJ;I/IﬂX

Wpaxmii Takagse!, I'mopru Takazze?
!O61ecTBO TEXHUYECKOM ZUATHOCTUKY 1 Hepa3pyLIaloulero KOHTPOJIA.
O. Hunomsuu 42, 0102, Témnucu, I'pysus.
Teodusmyeckas HeHTPOHHO-KOCMUYecKas obcepsatopus. Y. Hymy6uzse, 77a,
0160 T6mnucu, I'pysus

AnnHoranus

PaccmMoTpensl  OCOGEHHOCTM  BBIABJIEHHWS  yCTJIOCTHBIX TpEUIMH METOZAMH  YJIbTPa3BYKOBOH
ToMmuHOMeTpuU. IIpoBemeHBI TeopeTumuyeckuwe pacdyeTsl Kod(PPuIlMeHTa OTpakeHUA YJIbTPa3ByKa OT
paszena TOHKOI Cpelbl «CTaab-BO3LyX». [IpoBeseHBI SKCIlepHMeHTaTbHBIE U3MEPEHHS II0 BBIIBICHUIO
YCTJIOCTHBIX TPEIIVH B MeTA/UIMYECKUX H3JeIHAX. YCTAaHOBJIEHO, UTO MMeeTCA 3aBUCHMOCTh MEXIy
K09} PHUIIMEHTOM OTpaKeHHA YIbTPa3ByKa M MIMPHUHBI IIPOCIOWKU B TPeIlWHe, KOTOpasd B CBOIO OUepenb
MOXeT H3MEHATCA OT TeMIIepaTyphl M3JeHi U CTelleHM MeXaHHYeCKOTO HAIIPKeHMS BBI3BIBAIOIIUX
JTedopMaluio KOHTPOJIUPYeMOH JeTasu.

Kurovessre cmoBa: mMerajiyIoKOHCT, 'PYKIHA, YCTA/ZIOCTHAA TpPEILIHHA, Y/IbTPA3BYKOBAA TOJIIJHHOMETPHA,
dKYCTHY€CKdA SMHCCHA.

T's1aBrag Yacts

Opnolt U3 OCHOBHBIX IIPUYMH CHIDKEHHUsA pecypca MeTaJo-KOHCTPYKIIMHM, MallWH, COCY/IOB BBICOKOTO
ZlaBJIEHNUA U allIIapaTOB, ABJIAETCA 00pa3oBaHUe U POCT YCTAIIOCTHBIX TpeluH. VcciemoBaHma MOKa3bIBAIOT,
YTO IIPH YCTaJOCTU IMPOMCXOIUT IIOCTeIIeHHOe HaKOIUIeHHe MHKPOIIOBPEXeHHM, IIePexXoiAlluX B POCT
paspyIIaKIINX MaKpPOTPeIIHH.

Hapamy c 2TuM, ZOCTaTOYHO CIOXHOHM NpoOIeMOIl ABIAETCA IIpeJCKasaHHe WIN BbIABIEHUE
MUKPOIIOBPEXIEHNY HAa HAYAJIbHON CTafAWM KX Pa3BUTHA. B 3aBUCHMOCTH OT 3HAKOIIEpEMEHHOTO
HaTrpy>KeHHd, CTaJHUA YCTOMIMBOIO POCTa MaKPOTPeLIMHBL 1 IIOJHOTO pa3pylleHusA KOHCTPYKIUU MOXeT
OXBaTHIBAaTh He NIpeJicCKa3yeMblil 10 BpeMeHU IePHOJ.

OzmHuM ©3 MeTOZOB BBIABIEHUA Pa3sBUBAOIIMXCA M CKJIOHHBIX K Pa3BUTHUIO YCTAJIOCTHBIX TPeIIVH,
TIPOSBJIAIOIINXCA B IIPOIleCCe HM3MEHEHWs HAarpysKH, fBJIETCS KOHTPOJIb MeTOAOM AKyCTHYeCKOH
smuccuu (AD). Heo6xoAMO OTMETUTH, YTO 3HAYUTENBHBIM (PAaKTOPOM CHIDKAIOWUX 3G deKTUBHOCTS AD
SBJIAIOTCS TPYZOEMKOCTh IIPOBeieHUs KOHTPOJA [1,2] M mrymsl, OCHOBHBIMM HMCTOYHHMKAMHU, KOTOPBIX
SBJIAIOTCS MEXaHUYeCKUe BO3ZeCTBUA, BUOPALUK U DIeKTPUYECKHE IIOMEXH.

B cBsa3u ¢ 9TUM, CBOE€BPEMEHHOE BBISABJIEHUE SHPO,HBIMEﬁ YCTaJIOCTHBIX TPEIIWH IBJISIE€TCA aKTyaHBHOﬁ
3a;1aqe131, 1 IIO3BOJIAET CYIECTBEHHO CHHU3UTh PYCKHN BOSHMKHOBEHUA aBaprIHBIX CUTyallu1 [3, 4]
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B pmamHO#i pabGoTe paccMaTpHUBaeTCs OCOOEHHOCTH BBIABIEHWS BHYTPEHHUX TpEIIUH, B TOM YHCJe
YCTaJIOCTHBIX, METOJAMHU YJIbTPa3ByKOBOH 59X0O-UMITYJIbCHON TONIUHOMETPUH.

®usnyeckoil OCHOBOM yJIBTPA3ByKOBOW TOJIIIMHOMETPUM SIBISETCS PETHCTPALUS OTPAKEHHOW DHEPruu
yJIBTPa3ByKOBOTO MMIIyJIbCA OT pa3fiela IIOBEPXHOCTH «MeTAaI-BO3Ayx». KoTopasd, B cBOlO ouepens
ornpegesnieTcs KOaQpPUIHEeHTOM OTPOKEHUS YIbTPa3ByKa.

JlJ1s1 TOHKOTO €101 C BOTHOBBIM cOIpoTuBieHrneM Zc=pc Cc B 06e CTOPOHBI OT KOTOPOTO PaCIIOIOKEHBI
OJVHAKOBBIE€ CpPeZIbl C BOJHOBBIMU COIPOTUBJIEHHAMH Z=7! K03bGUIHNEeHT OTpaKeHUA YJIbTPasByKa
OIpefesIseTcs 3aBUCUMOCTBIO [5]:

511
R=|1+ (Zc-Ce/m-f-h-z)" | (1)
T'me:

7. c- BOJIHOBO€ COIIPOTHBJIEHUE BO3LYLIHOTO CJIOA

P ¢ —IJIOTHOCTH BO3ZYLIHOM IIPOCIOUKY T/cM3

C c—CKOpOCTH yIBTPa3ByKa B BO3ZYILIHOM CJIO€ KM/CEK
f - YacroTa ynpTpasBykoBsIX Kosmebanuit MI'n

h- TonmuHa BO3myUIHOM IPOCIONKY MM.

B peanpHBIX YCIOBHAX, TOJIIUHA BO3AYLUIHON ITPOCIOWKH TpPeUIMHBI h He MOXeT OBITH ITOCTOSHHOM
BeIMYMHON ¥ OyJeT MeHATbCA B 3aBUCHUMOCTH OT TEMIIEPAaTypsl M MeXaHWYeCKUX HaINpsDKeHHH,
BBI3BIBAIOMMX JedOpPMAIMIO «MeTaJ0-KOHCTpyKiuu». Hamp. BHyTpeHHee u30BITOYHOE /[aBieHUE
ImpoAyKTa B TpyOompoBoze. IIpuMeuarenpHO, YTO M3MeHEHHE TeOMETPUYECKUX pa3Mep BHYTPeHHUX
TPeIIMH B T.4. IIMPHWHA PACKPHITHA BO3LYLUIHONW IPOCIOMKHU, MOTYT OBITH B TeX IpefiesiaX, KOTOphIE
OKa3bIBAIOT CYIIECTBEHHOe BJIHAHMe Ha KOdD(UIMEeHT OTpaXeHud YJIbTpasByka. B Takom ciyuae,
TedeKTHbIe yYaCTKM [JII HCIIOJIb3yeMBIX METOJOB U TEXHHYECKUX CPeACTB KOHTPOJIA MOTYT OBITH
«CKPBITBIMM» JleeKTaMH T.e. He BBLIBJIAeMbIMHU.

Jluneiinoe pacmIupeHune CTaain IO AeﬁCTBHEM TeMIIEpaTyPhl OIIpenesaeTCsa 3aBHCUMOCTBIO;

AL=La(T-To) (2)
I'me:
Lo — Koaddunuent nuneiinoro pacuupenus craiau pasaas s Cr3cm — 11,5710 M.
(T-To) — Pasuocts Temueparyp.

Ha puc. 1. IlpuBenens! pacueTHble 3HAYeHWs JIHHEHHOrO M3MeHeHMs pasMepoB craimu mapku Cr3cm
tonmuHoi 30 MM., IIpu U3MeHeHUH TeMIIepaTypsl B AuamasoHe +(1 + 70)C
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3aBUCUMOCTb LUMPUHDBI PACKPbITUA BHYTPEHHbIX
TPELLMH OT TemnepaTypbl.

= N~
= " N " w

LLnpurHa pacKpbITUA MK

o
"

1 2 3 4 5 6 7

Temneparypa Co

Puc. 1. amenenue muHeiHOTO pasmMepa craau TormuHON 30 MM IIpy M3MeHEeHUU TeMIIepPaTyphl

Kax BugHO, kosre6anue temnepatyps B mepezenax +(1 + 7°) C moxer meHaTs pasmeps! cranu ot 0,5 10 2,5
MK. Ecim momyctuTs, uTO mMpHHA IPOCIONWKM B TpemuHe uMeeT Onam3kue K 2 + 2,5 MK 3Ha4eHHUHd, TO
BIIOJTHE BO3MOXKHO, UTO ITPY ITPOYMX PABHBIX YCIOBHAX M MIMPHHA IIPOCIOHKY OyZeT MEHATHCA B OTHX XKe
Impejesiax.

Cornacro 3aBucumoctu (1) koaddUIMeHT OTpaKeHUA 3aBUCUT TAKKe M OT YACTOTHI YJIBTPa3ByKOBBIX
KosebaHuY f ¥ IIOTHOCTH Pe BO3ZYLIHOM CpesbI B TPEIIUHE.

Ha puc. 2. [Ipusenens! pacuyerHsle 3aBrucuMocTH (1) KoadduurenTa oTpakeHus yIbTPa3ByKa OT TOJIIIVHBI
paszesia «CTajIb — BO3LyX», /I YaCTOT yJIbTPa3BYKOBBIX Konebauuu 2,5, 5,0 u 10,0 MI'n., mpu cremyrourix
Ha4YaTbHBIX YCIOBUAX:

CKOpOCTB yIbTpasByKa B CTaIU - 5920 m/cex
CKOpoOCTh yIBTpa3ByKa B BO3ZIyXe - 340 m/cex
ILroTHOCTH CTANK -7800 r/cm3
[TnoTHOCTH BO3ZMyXa -1,2 xr/m 3
TonmuHa MPOCIONKY B TPellHe -0,1-22wMmk
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3aBMCMMOCTb KO3PULIMEHTA OTPAKEHMA YNIbTPA3BYKA
OT TO/ILLMHbI MPOC/IONKM B TPELLMHE

%

100

90
80

77
70
60 Iiiiiiniiiiiiesimiesfe mnisiebos misis s
50
40
30

20

10
ToAnwmHa NPOCNONKU MK

0.1 0.2 0.3 0.5 0.8 1.2 1.5 1.8 2.2

Puc. 2. PacuerHsble 3HaYeHNA K03 dUIMIEHTa OTPAXXEHU YIBTPa3ByKa B TOHKUX CJIOAX OT paszesia
CpeJbI «CTaIb — BO3/YX», /I 3HAUeHWH YacCTOTHI yIbTpasByka 2,5, 5,0 u 10,0 MI'm,.

V3 pacueTHBIX 3HAaYeHWM BUJHO, YTO €CJIM yCJIOBHO IIPUHATH KodpduimeHT oTpakenus Y 3=60%, mpu
KOTOPOM, €Ile BO3MOXXHO PeTHMCTpalys BHYTPEHHUX HEOJHOPOAHOCTEH, TO IPH HEKOTOPBIX 3HAYEHHUAX
TOJIIIMHBI IIPOCIOHKU, OHH MOTYT CTAHOBUTCH «CKPBITHIMH» AedekTaMu. I sTOT mopor BhIABIIEMOCTH
CHIDKAeTCd IPU yMEeHbIIeHMM YaCTOTHI yJbTPa3ByKa. YUHTHIBag 3aBUCHMOCTH IIMPUHBI PaCKPBITHA
TPeIIVH OT KOoJeGaH!A TeMIIepaTyPbl, CTAHOBUTCA OUeBHUTHBIM BaXKHOCTD Y4eTa TEMIIEPATyPHOTO (paKTopa.

B peanpHBIX yCIOBUAX, Ha IOPOT BBIABIAEMOCTH BHYTPEHHUX TPeIIMH, KpOMe TeMIlepaTypHoro dbaKropa,
MOTYT OKa3bIBaTh BJIHMAHHE IIEPOXOBATOCTh IOBEPXHOCTH KOHTPOJHPYEMON IIOBEPXHOCTH, ILJIOCKOCTH
HaKJIOHA TPeIIUHEI U paccesHUe yIbTpasByKa Ha HEPOBHOCTAX AedekxTa.

CymecTBeHHOe BIMAHME HA BBIABIAEMOCTh OTKDBITBIX K IIOBEDXHOCTH TPEIIUH MOTYT OKAa3bIBaTh
3aII0JIHeHUe ITPOCIOMKY BOZOM MJIM MacIoM. B Takux cirydasax, i yIbTpa3ByKOBOTO KOHTPOJIA, TPelHBI
CTAHOBATCA IMPAKTUIECKH «CKPBITEIMU» JeeKTaMHU.

C HEKOTOPBIM HPI/I6]II/DK6HI/IEM, 9T BBIBOJABI MOJKHO IIPOBEPUTH SKCIIEPHMEHTAJIbHBIM HMN3MEpEHHEM

MHTEHCUBHOCTH OTPR)XEHHOTO Y/IbTPasByKa OT TPEIIXH, B 06pa3iie BEIPE3aHHOTO U3 Ae(eKTHOTO U3eIns.
Puc. 3.
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Puc. 3. Tpeuuss! BUAHBI Ha G0KOBO# TIOBEPXHOCTHU BBIPE3aHHOTO 00pasua ToxuuHoH 30 M.

Ha Puc. (4, 5, 6 u 7) IlpencraBieHs! yIbTpa3ByKOBbIe a-CKaHbI IIOTy4YeHHBIE IIPY M3MEPeHHH ITyOUHBI
3ajleraHus TpeIlIUH Ipu TeMueparype obpasua (+20° u +3°) C. Vizamepenns nposezeHs! 1eheKTOCKOIIOM —
tonuuHOMepoM Y 19812 mpu mOCTOAHHBIX 3HAYEHUAX yCHJIeHUd, Ha yactore 5 M1, c mpumeHeHHeM
paszieIbHO COBMeIIeHHBIX TpeoOpa3oBaTesiei.

Uznyuarens|

B0

a0 [
enex'ron mym(u“u

# o gponTy d

-1- -2-
Puc. 4. Cxema usmepeHus ToIUUHEI 6e3nedeKkTHOTO n3menus (-1) ¥ COOTBETCTBYIOMIMIT
yIBTPa3ByKOBOI a-CKaH -2-

f -04,3 aB (ACA#1) | 80,0 +00.0 8 CENEKTOR .4_ £ +03.3 ab (AC0#1) | B 50,0 +00,0 8 CEAEKTOP I<-
== B dr . 7= 1T, Orara o
= &, Orara : - - : Mﬁ-E‘ W= 23, Griea . - - :

.......... T ‘ : ez -

20 30 40 50 60 F0

e 0 10 20 30 d0 50 B0 70 e

kapTa JiCenekTop: kapTa JCenekTon’
naMﬁng o cppu:!HTn ml’“““““ I'IaMHTKg‘ o g;pchTgl? EmyHK“HH§
Temmeparypa +20°C TeMnepaTypa +3°0C
IIpu cEmXeHUN TeMIIePaTypsI TPEIluHA Ha rJIy6HHe 4,0 MM CTaHOBUTCH «CKPBITBIM».

Puc. 5. Mecto usmepenus Nel
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A +05.2 oF [ACA#1) | p80,0+00,0 8 CENERTOP ok A +00,0 aE (ACA#1) | P 80,0 +00,0 8¢ CENEKTOP B2
=B, Trim oT. MM = B B Yot MamepeHii
ool Thar - - - f 4, drara - - o s s e

20 30 40 50 B0 7O red

R R R L

E RanTa gcenummgw%

Ik natAaT L N0 hPOHTY

0
CEHEHTQD’gﬂJynxu‘Hué

MO ppOHTY I

Temmneparypa +20 0 C Temmneparypa +30C

ITpu cHXeHUU TeMIIepaTypsl TpellrHa Ha rryonHe 9,0 MM CTaHOBHUTCA «CKPBITBIM».
OzHOBpeMeHHO BO3pacTaeT YpOBeHb OTPAXKEHHOTO yJIbTPa3ByKa OT TPEIIHUHBI Ha ITyOuHe 4,7 MM U

ZIOHHOM IIOBEPXHOCTH.
Puc. 6. Mecro nsmepenus Ne2

A -00,2 oB TACAH#T)

& +04.3 aF [ACA#) I)ﬁﬂ 0+00, DAE CENEKTOP El2 %= 8, Bram _’ 5D’D+DD‘DAE e
¥= 0 Tram y S . HoT, MamepeH

f < ) T

70

50 B0

e 0 10 20 304050
: xanTﬁECenexTnn DYHRLHH  thaii enex‘rnn. O YHEL HH
Mo pOOHTY X N no ‘-_EF‘DHT}'

L N3kAT

Temneparypa +20 0 C Temneparypa +30C

Cumxaercs YPOBEHB OTPAKEHHOT'O YJIBTPA3BYKd OT TPEIIMHBI Hd I‘JIY6I/IHe 9,4 MM.

Puc.7. Mecto namepenus Ne3
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BriBogsr:

e lwmeercs pusmueckas 3aBUCHMOCTD MEXIY KO3(QPUIHEHTOM OTPAXKEHUS YIBTPA3ByKa U UIMPUHEI
IIPOCJIONKH B TPelliHe, KOTOpas B CBOIO O4Yepesb MOXKeT U3MEHATCA OT TeMIIepaTyphl U3felud 1
CTeIleHN MeXaHWYeCKOTO HaIPSXKeHH BBI3BIBAIONINX JeOopMaIiio KOHTPOIUPYEMOH eTaIH.

e Jlna ymydimeHUs BBIABIAEMOCTH BHYTPEHHUX TPEIUH B T.Y. YCTAJIOCTHBIX METOJaMH YJIbTPa3BY-
KOBOH TOJIIIMHOMETPUU KOHTPOJb HEOOXOAMMO IIPOBOZUTH IIPH IOJIOXKUTENBHBIX 3HAUEHUAX
TeMIlepaTyphl, Ha YacTOTe yJIbTpasByKa He HinKe 5 MI'm.

e /4 HOBBIEHH JOCTOBEPHOCTHU BBLABJIEHUA YCTAJIOCTHBIX TPELUH, I1eJIeCO00pa3sHo IIpOBeieHue
KOMILIEKCHBIX H3MEpPeHHM MeTOJaMM YJIbTPasByKOBOM TONIIMHOMeTpHH, AD U HU3MepeHHUd
CKOPOC-TH YJIBTPa3ByKa.
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Sing the Ultrasonic Method to Detect Fatigue Cracks in Metal Structures

Irakli Takadze!, Giorgi Takadze?
1Society of Technical Diagnostics and Nondestructive Testing of Georgia,
E. Ninoshvili 42, 0102, Tbilisi, Georgia
2Geophysical Neutron Cosmic Ray Observatory. 77a Nutsubidze St., 0160
Thilisi Georgia

Abstract

The features of identifying fatigue cracks using ultrasonic thickness gauging methods are reviewed.
Theoretical calculations of the ultrasonic reflection coefficient from the «steel-air» interface of a thin
medium were carried out. Experimental measurements were carried out to detect fatigue cracks in metal
products. It has been established that there is a relationship between the ultrasonic reflection coefficient
and the width of the layer in the crack, which in turn can change depending on the temperature of the
product and the degree of mechanical stress causing deformation of the controlled part.

Keywords: metal structure, fatigue crack, ultrasonic thickness gauging, acoustic emission.
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Changes in the definition of bodily injury in the Montreal Convention as a result

of the new practice of the Court of Justice of the European Union

Beka Khitiri
Georgian Aviation University, Ketevan Dedofali Ave. 16, 0103, Tbilisi, Georgia

Abstract

The Montreal Convention of May 28, 1999 on the Unification of Certain Rules of International Air
Carriage (hereinafter referred to as the Montreal Convention) is the main document that defines the issue
of responsibility of airlines to passengers and cargo carriers within the framework of international civil
aviation. One of the issues regulated by the mentioned convention is the compensation of the damage

caused by the airline company, its volume and the prohibition of the possibility to refuse it in advance.

The Montreal Convention defines four main types of damages that are compensated within its scope -
death of the passenger, bodily injury, destruction or loss of baggage and flight delay. In case of any damage
of this type, the convention stipulates that the airline is obliged, within the predetermined limits, to
compensate the damage in full. As for any other type of damage that may, for example, occur to a passenger

during an international commercial flight, the Montreal Convention does not apply to them.

Accordingly, it can be said that in the case of the existence of the mentioned four types of damage, the
main normative act in international civil aviation is the Montreal Convention. Despite the great
importance of the mentioned document, there are still various ambiguities today, the practices related to
which are constantly evolving, which have a significant impact on the development of international civil

aviation.

Keywords: bodily injury, judicial practice, convention, emotional suffering, passengers' rights.
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Personal Data Protection

Gulnara Kotrikadze
Georgian Aviation University, Ketevan Dedofali Ave. 16, 0103, Tbilisi, Georgia

Resume

The purpose of personal data protection is to ensure the protection of human rights and freedoms,
including the inviolability of personal life, during the processing of personal data.

Personal data (hereinafter - data) is any information related to an identified or identifiable natural
person. A person is identifiable when it is possible to identify him directly or indirectly, namely by an
identification number or by physical, physiological, psychological, economic, cultural or social
characteristics of a person.

Keywords: security, protection, data types.
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Studies and practical steps for the development and improvement of Georgian

aviation technical terminology

S. Tepnadze!, N. Tikanashvilil, R. Khachidze!, V. Kelikhashvilil, M. Osadze?
! Georgian Aviation University, 16 Ketevan Dedopali Avenue, 0103, Thbilisi, Georgia
2TSU Arn. Chikobava Institute of Linguistics, Pavle Ingorokva Street 8, 0108, Tbilisi, Georgia

Abstract

As a result of the rapid development of aviation and the aviation industry, completely new
technologies and technical means have been developed in recent years, which have been introduced and
are successfully used all over the world. Accordingly, new aviation terms and concepts of international
importance came into use. It has become necessary to find their Georgian equivalents or to create new
ones, which has recently been implemented by various agencies and organizations in parallel, but without
agreement with each other. The joint work of aviation specialists and linguists in this direction became
necessary.

The article discusses the stages of development of aviation terminology in Georgia, examines its

current state and outlines the ways of its further development.

Keywords: aviation terminology, dictionary, translation, term bank.

102



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

_——~h
230¢0E M BsgM960 535M33JdoL BMYboL FoMrmnZol 3Mmiglols
0530L9016MH93900

5. 5g83bs0dg!, .bMAB ™02, b. bedEsMm05?
5domm39wmb Los305:30M MboggMLOEG GO
J. ©9MBEolL 359 N16, 0103, ®doobo, bods@mzgem

L5d5M0039mU 3996039960 mboggdLodgdo
3. 30bGo35L § N77, 0107, :0dogrolo, LodsGomgganm

69bowdg

Bod®Mddo  obbomEos  M3ommBH™m  LogMgbo  535M5EJdoL  (OMbBYdOL)  JoGrz0L
1539950 9d9d0L  3MIMEILOL  MHBOHMBIGEYMRs.  3MOEOBLEHJOOLS s TMIMHMOOL  35601509EHEMJOOL
d9Lobgd IMbs399900L gaMmggds MbsdYHBIZMIE0 3530060l sMOL 2odmygbgdoom bme309wgds
doM0mMO0 96 LGoE0MmbsMmo dmdMHomdol JsMmmM30L  364EH06. olEBE0MMs© FsOrM3o©
056599060M39 OMHIOL Jowowo 356593M0M9BOL 250 FooBbosm Bs3dom BMHgbol bobyMderogzmds o
LodmE3, M3 BOHEOL Fo00 JodMmYgbgdol sGgoels.

2956bom@os EM™MboL BMHIBOL ol BsBs MMEILsE FoMMZ0L 30HBHYsE0DsEooL LoLiEGds 56
3990099690s. 8999853909905 ©93md96@30900 OHMbOL BMY6OL BsBYdOL OHM.

bs,335602 bodgagdo: ommbo, 30b9scr0s0s, bsdmamd e 300030299900 bolidgds, bobgsty,
ds6030b ogb5¢1980, 3565999980, 056588 3362900 35300640.

dglsgsemo

©OILEEIMO0  @OMBYdoL  IM35dbMHogz0  A9dMYgbgdommdol FglodergdEMmds
9dmIbTo9deqdL 5deg3l Lo sEgdSL IMIbOEISE O FoMMM FoBIEHdOM Ho®BoEHd0m s by3wgdo
DoM50m 5MIMGBHEOB 35GIBEGHOMBId0 s 935000 Fg8mb393900. OMBIdDY ToYMYdIEO
30009™359965 3609369036500 BOEOL 535M5G0L BMbI30MbsEE Tglodwgdwmdgdl, 306506
(950 EOMOL 3009030 oIMLEIAL BLoG 30l Tgbsdm[dgdgEwo BMmbosb. LoyMMoYdMs
OMHYdOL 45dMmYgbgds, MMYMM3 LodbgEM™ slig39 Lobswbm Igm@byMdOL bLggdmdo.

MBSO 93MMYPONOO  35BVAOMAIO0 XIJOXIOMO0m 56 TgodBbg3zs, Foa®ed 25393l
Lo3MAd39E0  30L5BPOM®  JoMYBML  BMIsEME  BEYMTsMYMdsDY,  MMIgwoi  Fgodergds
39050DIMOEML 3O0BOLEdo M) 56 046905 FJ0GdIMEO Lomsbsm Bmdgdo.

39M90mbg  Bgdmgddggdol  sldBHodgdo  bb3oalibgoagzoos. gl Bgdmddggds gloderms
3000M0005©  094mb  9900920:  WMISWM0, (oMb Mwo,  AWMBSXGO.  50b0T6MEMSY
399030056 25609dmbg Bgdmddggdol gobloloBrg®magzs FJobsbdgfimbowos s8moynbgdmeal
©OH™bgdo.

obobo §om3sGgdom 2s0m0ygbgds gocgdmdo bsbdMol s0wdEIdsMHIMBdOL IRIBOLMZOL,
9o0dero dsd30L 9583990 bsbgdol dymdstgmdols dglobfogurs®, domLggMH™ml Esd0bdmEmadOL,

103



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

e
06@MLEHO0ME0 5 FoMHBI LIBEGIMWO M50MbYd0IL BHMIL0 MM b5MPIbgdOL 06 blOMo©
39303909008 39bgbiEool 9dmbgbolmgzol, Lmgwol dgmmbymdsdo 85369d¢gd0l Fobsswdwgy
0" IM0oLOM30L, 0o JoLorfigz Md0YJBHYOMB GHZ0M™MOL oGOl MBEMBlgElsymRs,
39029b0MM0  15dMFomgdols LB gdol EOMOL  30DMsE0BsEGoGmO  3OMEgbol  Fgmmol
©6gMa30L™M300.
@OMHYBOL  EobTsMgdom 3000 353953MBEOMEM®m Md0gJBHOL, OmamOE GH9dbozmMo
daMdsMgmds, 51939 500 MBsROMLMYdS s Fb30Mmb0MYds. 5996 49dMIOBIMY MHMBIdOL
RoOOM  35dMmYygbgds Lodmdowsdm LgdBmEmol 93mbmdogzsdo Homdmmyqbgwos LodgsboghHm o
A9J603mM0  s0mEabgdol,  slg3g  LO3BMBIIPIWM-bMGOIsGHoMmo s MMPBOBIFOMWO
36MHMd93900L gosfiy39@ 0L 399y
1565305300 0683MMT5300L SOUYGOIMDS, HMIGEroE b33 BIgMMwo  LolEgdosb Joowgds,
©OMmBoL  LOgOHIBMULBM-39dbozmMo  dsbsboomgdargdol  sMlgdMo  0530L90MMGOgdOL
3°035¢0b{i069ds IMoMbMgl Ly3sgHm LogMgdo JsMMZ0L IGNMEIOU.
OLEEIMO0m, EOMBYIBIOL FMHIool MEOYIBOBIGoSL Loghomm Ladsghm bogdEgdo gmImds
QOO Y)M5MYds. SOBGOMBL Lodsgmm LogMEILMD 06GYAMIE00L SeEEIMbsGHOMWwo 3mbiEgn0gd0.
300390  3mb39B300L  MbsbBs  EMMBOL  gJudwsBeEos  La3dsgmm  LbogMgdo b
39bmdgb 9999 oMM 3MH0bE039dL:
1.99L50530L  MbgbBg Mbs MBOHMBIgEYgml  MLsgmmbMm BMIBs Lodsgdm LogMEgbs ©s
©3LObEGdME 399693H90T0, BTGl IMOMBMIL Lo3sgHm bmdswgdols MLsROMbMYds;

2.m30mm@GHm Bsg®gbo 93505300 Mbs 0gmlb obgmo LolEgdom s©FMYM30w0, MMIJEO3
5993l LEFMOgdSL  EEOMBL  LY0FIOM  5Y3bML  MZoYMBmO S O30 HIMHOEML
30b68wodGHme Lodsogdl bbgs Bodsgmm bmdswgdol dodsGo.

do®omso bsfjowo

©OJoLM30L B1359MH M bMdorEIdHY s330M3900LM30L 39MHL3GJEHOI IJNMPI® 33930 ds
500359919490 Mmd5Hg IMZ0YOO 53EMTGHYIM0 IMBOEHMOObY0, HMIol EOHMLSE OH™bo
933M35GHMOM5©  2oob3gL  FMIMOMOOL FoMmM30L  39BGHOL  5YHOEWTYOIMYIMOOLS s BMgbob
35659936900l JgLobgd HBMLE S MEAYO 300MHEO0BsEJOL, 51939 LbZs LoFoMm 0bBMOTs300L. gy
06830635305 3000gds LEdMOEM - LBs30Ys30M LOLEJIOIB s Y39 OBBMEOTs305 F9SY390S
LolEgdol Ubgs  ImfymdowmdIRL, MHMIWIdoE 00539 39MH0MPIO  FOIOSPYOWEIds  Bo3sgMHm
bogMgdo.

Mbs 50060dbMmL, MMI OHMBYdOL BH03MOO 3MI3gd300l FoMM30L LAHMYIIGHOS Mbs
dm0393gL  dmbogdms  ystrml, M@Iwol  2sbbmM309wgdolmzol  godmoygbgds  sBJotndob,
3oobmemo  LoBJotol  4s8Bmdo  0bgMEoswmMmo  49sfm©gdo,  3H9d3gMsdmeol, B30l
39053(m©gdo .

dmEgdueo  bobGgdol 89950 9bermdsdo  dgol  dofiolBbgs do@mzol Loym®o (L),
OHIgo3 S0 FIOZ30005 30O MMO Jmfgmdow™mdgd0m.

30050bs3o0ol  IMfymdommdgdo  5dwg3l  Bsdegdsl  Jom@ - m39MdGHMOL

104



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

e
39530MbGHOMML OMBOL M6 LTYEBMI0EGB06O LOBMGHBOMGdsEO F5TMLEBNEgdom, BMgbol
OO OMBOL LsdMOGHM LobGHgds e300 0IBEO0RB0IIGHMMOL Bsd s gd0? 3JMHOMPYISD
9bgbl BHMBbLEP0MYOL 50 AYIIMYMOOL, LOTSMOLS S YBOTMEOL Tglobgd.

@OMbosb  Jomgdmeo  Imbs399980  30BeobsEool Lol dsdo  a9bgMoM©ads o
39900Lsbgds IMBoGMOHBY 0bxZM®Ts305 COMbOL 0MY303 5EAO0WTYIMGMIOL Tgliobgd.

30M@ - M3gMH5GHMO0 5565e0BYdL dmEgdMee 4odmlsbwyagdsl s Bgdmgdggdl BEM96oL
domm»30L LoLEJIob MOYBMGdBY, MMIolL Logbswrgdo GMIBLEPOMPYds 356 POMEDY.

@O™boL BMI6oL obgmo BsBol d0dEObsMYMIOL OML, GMEs JsMM30L 30BsW0DsEool
LobGHgds 9O  459m0yYygbgds, GMYbs  LEOMEIds  F03OMIMBEBHOMEIOHDY 0390w LHdOMEOEM
303303H9Owo  LobGHgdoom. 3939000 b3sgH™M dMIMHMIOL JoMM30L  OL3GKYOMB s Lbgs
335653900l 30 MEHJOMID MHBOHNMBIIYMBOWOs TGHJO0MO sObOom, 8500 306HI30MHO 3538060
59300 30CME)-Mm3gMH5EGMMYGOMb. OHMbYdOL Fsemn3zol  LobGgdgddo Tgbodergdgwos 3Jmbgl
99900920 895396MHbgd9gd0:

1. ©@M®bgdols dommz0lL LobGHYIgddo 2odmygbgdmewo Jsemz0L Logbswrgddo 4sdm0Yygbgds
BIOOMDBM0sb0  Moombsbo, MmIgmwoi bolosmgds dgscmgdoom Jzocdg bgwrol
990090 0900920000 s 530@™I 506036 0sb  250mI0bstry  Fmombmgl
53539300 dmbsigdoms sObL;

2. ©@MH™bol Js(10035 bmM3090©Yds 30MH30M0 MrE0MHYE30L 5MJT0 S 56 259Mm0Yygbgds
Log3M9gbo  935M5G0L  IRMYHOLOMZ0L, 306506 53BHMISGHMIOO  IRMYBs 396
bmM(309000 905 35BMIZ30L OO (30MTOGIOL QoM

3. 3bmdowos, ®MI dofoliBgos LoEMIOLS s MBTFBHZ3MYOL FmEOL oo dsbdool
3990 0565835MEMdS Lodbswo/bIsmMo J0d0gdbg OO.;

4. 35300608  Loabool  oym3bgds  ©393006MYOME0S  MobsdYBOgMOL  Loabowrols
9GHOBLE0MYIBMD. oym3bgds BHmaeros 250 93/§0.

39bLobogq 58M3565L sligzg FoMTMoEYIL 2o0BIMEML EMMbOL o030l 9339dEOHMDY,
390600dn©  BMbol LoIMOg MoEOMbYE35MdOL  BMbOEB  olgErol GOML.  A5dMYgbgdYero
056593 H530M@0 35300608 OB 25053990 FsOMZ0L  0BFMOTs30000  2obbMM309wYdS
bMGO ImEgdmw H96H G080 MLOROHMBM oxcgbs.

50b0dbmo 39960360 ©35gds J0w(935005 0dom, GMI EOMBO 50 FMMZ0E0s: BodMOEHM
30330GH9Owo  LobGgdom, sbsdyHag o bsgoyszo®o LbobGgdom, wmMoL bgblmMoo,
O0Igeroi Homdmoygbl dsmso LoBMLEHOL bssmol LobEgdsl MmOl Lobdmmbobsigoolimzol.

095MH0  OMOL 950900 OMBOL FoOM30L  dMAsbgdgdoL, IMbs399930L  FMAMSMBOL
390539 BHMO0Ls O 3MMMEO0bsEHIOOL  oo39ds MBOWD39WYmal ol MLOIBOHPBM  IFOMIOU,
(90l EOMBSE3 HgE39WMd5To F00MIds Fos(3gdol SGBOL sym3b6930L 3mA3gblogos.

@OMBO BNLBHO IROIBOLOMZ0L BMbs3E990L GOIEEMAL LEdMGOEM 3MB309YBHIHOEID s

30009™ 359960q5b.

105



L59M5dMOHOLM LEFYEBOIOM MBSO L5359MM BHEBLSMOEH0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

Lo (efMmbob badmMmEGm dmHymdogmadgdn)

gocadfmeegdal 015658gBa3M7m0 0nBmod-
(b9BLmegdol) Baz0gsonl 390093900 -
ogmm3n ogmm30 dMm30
v . 4
33Em3>ENTYdPma dafmanznb bobGyds 0156593ba3My-
| (LadmGm 3md3nyGofn) — 90 3330000
sfabo
A
890bLfyydgmo 390mbabyymgdal Mmydal
oemmgn 3523280l fyanb@magonl
ogmm3n oemm30

90f0bBgs 3ngnm@E-m3gMa@miob bagyMo

26@3760L demm3n BMmabl3mbeogn dmbo@men

. 5
93&am - dngfmimbBhmen dsfmozol
bagyMo afn ATMEGA 256-  [* 3m@n

MU 3m8307&aMo -

LY. 1 EOHMBYBOL T30l LTI gdOL MgoE0DsEOOL dem3-Ldgds.

90{olBgs 30WME-M39MmoGHMOMmOL Loy MHBOHW639WYMRL 353806ML dofolBgs FsMM30L
LoYOSD:
- 9b639bols dEm30, MHMIgEois MBOHNMB3gwYmRL 3538061 dofoliBgs FoMm30L LoYMOMB;

106



L59M5dMOOLM LsAYEBOIOIM FMMBIEO Lo359MM BHEMmBLSMEMEHO0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

e

- 9939mboyMm0 0dwg3s ($H9gd3gMs@E«Icol, Jomol 1LoddwsgzMol, d0dsMmEgdols s bbgs
939G 9™ dmbs39dgdLs;

- B®BL3MBEYMHOLYLD, HMIgEoE 0dEg3zs BodwoEdIl FoBLLDBPIMHMUL 5305 OL3ghgMOL Joge
Lo3ogMHm  BMBoePEIOOL 5RO IPIISMIMDs. 0 45L3g  OHMBOL dmGEOL  BMIgM,
RM96boL Lodsgls, LoBJsMgls s GPS 3MmMmM©0bsdgdl;

- 003003063 OMmwgH ATMEGA 256 AV-MU 590990 3033093900 §o0dmowagbl 8/16
0030sb 256 33503056  M30m3MMYMdoMgds FLASH dgbloghgdol, 4-8 335030560
d9bLogM9d0L dJmbg dMFYMdOWMdLL. dolo BMbdE30MmboMgdol dmds Hgddgeodwes 55...+125
36500ML0 39ELoMLO. dogdlodse@o dw9ds dsd3s - 3,6 3MEO.

Q@OMBOL BdMOEHM FMFYMOOEMDS FgPqds 9990 dEPMIJIOLY6:
- 390590mgd0oL (LgblmMgdol) derm3o;
- 0965935300 65304530090 dE™30;
- 000090/9505933000 dem30;
- 9996 EXgOYO dEMIO;
- 3990bobmEgdol gowoEgdol derm3o;
- OMIO0L M9ROLEHMSG00L dEM30;
- 39OHm30L 533HMI5EIM0 LoLE YIS (LSdMOEHM J0IMMIMBEHOMEIOHO).

513369

65300 3do gobbowrmwos OHMboL BoMm30l 3OMEqLO. dmbso3gdgdo MHMIWGdOE FobLsDBLIMH3L
dob gMmgbol 339l d98gQ0s: Mmbs39dgd0 5RO BEYBMIYMOOL 3MMEOEODBIEGHIOOL, IMdMSMdOL
390599 BHM9ool  dglobgd  JoM0mOEOo  BEOE0MbIw MO 6 FmdIMsg0  BoOM30L  3MEEH0I6
bm® 30900905 05659gH9300 3530060l sMbOL 259mygbgdom.
©@OMHYBOL FoMMZ0L 3MIM(39BA0 BoOIMIE05 9890 653035309M0 IMbs3999d0:

9omIOMEGOL  dmbggzol  31bdBHol  ggma®ezgommo  3mmGmEobs@gdo,  dmEgdao
MODMEOOMbMmo aBob JMmbggdom, obligds azgdomo dmbgzgzol sliGMom, dmbgzgzol
3608369cmds, 3963035060 BLoBJsMg s BM59JBHMOOOL IBEOL 3MbY. ImEgdeo Imbs39dgdol
(339093500 Md0L IMIg6EHJOOL sm3es LogMmM EMMOL L3s¢ol dobgz00.

3590996909990 @OoGEHIMHGHOS:

1. Murphy, Robin R. Disaster Robotics (Intelligent Robotics and Autonomous Agents) The MIT
Press 2015

2. L. bmd@omos, M. JoOmzgwodzowo, 9. 3593500dg7, b. bmdGHocos wdowm@m Logcgbo
33565300l BMHgbol  FoMmM30L  3OHMEILYdOL  YBOHMB3gWYMRBS. 3OMG  3:MbLE6E0bY
390358000l 35900l  90-9 {ierolsdo dodpgboo  LsgMmsdmEmolem  bsdgboghm
306396096305 ,308OWWwOo Fgdbmemyngdo: ®I356YEMds s godmf)393990°. MdoEOLO,
2018 §, 288-291493,

3. http://avia-simply.ru/vozdushnij-vint/.

107



L59M5dMOHOLM LEFYEBOIOM MBSO L5359MM BHEBLSMOEH0»
INTERNATIONAL SCIENTIFIC JOURNAL «AIR TRANSPORT» Ne1(17), 2023

e
Peculiarities of the flight control process of unmanned aerial vehicles

A. Apkhaidze, S. Khoshtaria N. Khoshtariya
Georgia Aviation University
St. Dedopali Avenue N16, Thilisi 0103, Georgia,
Georgian Technical University
M. N77 Kostava St., Tbilisi 01071, Georgia

Abstract

The paper discusses the process of providing the means of managing unmanned aerial vehicles
(drones).

The collection of data on coordinates and movement parameters using the satellite communication
channel is carried out from the main or stationary control point. Remotely controlled modern drones, in
addition to high maneuverability, have a sufficient flight duration and distance, which increases the area
of their use.

The phase of drone flight when the control visualization system is not used is discussed.

Recommendations have been developed during the phases of drone flight.

Keywords: drone, visualization, on-board computer system, speed, control signals, parameters, satellite

connection.
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Analysis of The Statistics of Injuries Caused by Birds Getting into The Engine

When They Collide with Aircraft and Estimation of The Costs to be Incurred for

Their Elimination

R. Khachidze!, A. Maisuradzel, G. Tsutskiridze 2
1Georgian Aviation University, 16 Ketevan Dedofli Avenue, Tbilisi, 0103, Georgia
?Revenue Service of the Ministry of Finance of Georgia,
V. 16 Gorgasli Street, 0114, Thbilisi, Georgia

Resume

The article discusses the statistics of injuries caused by the collision of birds with aircraft and its
analysis is carried out.

The research is based on analytical, structural, trend, grouping and comparison methods. During the
dynamic analysis, a comparison of each indicator of individual parameters with the previous period is
used. Basic indicators are used for the analysis, in particular, the data of any past period, which may be
presented as a percentage. At this time, each subsequent year is compared to the base year and deviations
are determined. Dynamic analysis is also called horizontal analysis.

Air incidents and their consequences caused by birds getting into the aircraft engine are isolated
and studied. Estimated direct and indirect costs for restoration and repair of damaged engine parts or
entire engines. The initial data required for the example calculations are taken from a database created
by the US Federal Aviation Administration (FAA) for aviation incidents during the years 1990-2022.
Statistical materials are widely used in the work, published in Georgia and from the database of foreign

publications.

Keywords: aircraft, bird strike, engine damage, economic loss, expenses incurred
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Propeller with High Efficiency and Reduced Noise Emission

N. Tabatadze!, B. Mazanishvili!, A. Maisuradze!
1Georgian Aviation University, 16 Ketevan Dedofli Avenue, 0103, Thbilisi, Georgia

Abstract

In modern electronic vertical take-off and landing (eVTOL) multi-rotor aircraft, the air propeller
is the main unit required for flight, and therefore the main part of the electricity available on board the
machine is used for their operation. One of the main problems with such machines is the short duration
of the flight, which is about 20-30 minutes, and the high noise generated by them. These two important
problems of these machines, short flight duration, and environmental noise pollution, are directly related
to the efficient operation of propellers.

The article presents the positive effects achieved by geometrical changes in the design of modern
propellers and their impact on the technical characteristics of aircraft. Based on the widely used propeller
design in practice, we have developed 5 different conceptual propeller designs and both simulation and
experimental studies were carried out on them. Research shows that a promising propeller design can

achieve up to 15% improved energy efficiency and 5-7 dB reduced noise.

Keywords: propeller; drone; energy efficiency; noise pollution.
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