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METHODS AND INSTRUMENTS FOR NONCONTACT DIAGNOSTICS
OF THE TCAS SYSTEM

This article is devoted to an investigation of the TCAS (Traffic Collision Avoidance System) diagnostics and
self-diagnostics problems. The aim of the current research is to prepare the TCAS system built-in diagnostics
aid and to build a model of a device for non-contact monitoring of the TCAS unit operational status. The
tasks of the research are the following: to conduct analysis of the features and capabilities of the TCAS
diagnostic techniques and aids, to develop a model which can detect the spurious actuation of the system and
false decision-making, to prepare techniques which can detect such behavior of the system during a flight; to
construct a model of a device for built-in diagnostics based on an non-contact monitoring of the TCAS states.
The applied techniques of the researches are the following: application of signs, facts, and heuristic
information about faults, implementation of an instrumental approach and diagnostic techniques based on an
estimation of measured and monitored parameters. The system state monitoring method was proposed to
carry out non-contact diagnostics of the system and to monitor the operating modes. This method is based on
operating current variations by means of current measure using non-contact meters. It was proposed to
apply the Hall sensor and the Rogowski coil to carry out such diagnostics. The schematic model to monitor
the operation of the TCAS receiving and computing unit is developed considering Hall sensors’ capabilities
to measure both direct and alternating currents. It was proposed the method and schematics to monitor
TCAS system transmitter operating modes due to the fact that Rogowski coil is capable to measure both pulse
and HF currents. This promotes to carry out diagnostics of the system proper operation. Several model
versions of Rogowski coil are developed. Researches were carried out applying self-contained testing device
(AKHUII — 3407/2A4) and Tektronics TSB digital oscilloscope.

Conclusions. The novelty of the carried researches is follows: it is proposed a method for monitoring the
variations of operating currents applied by the TCAS basic units for providing the self-contained diagnostics
system, it is proposed a method for monitoring the system state according to the operating current
variations, based on current measurements applying the Hall sensor and the Rogowski coil to provide the
TCAS non-contact diagnostics. The research includes analysis of the laboratory measurements which were
performed applying several versions of the Rogowski coil. Functional diagrams of the coil connections to the
circuit are developed applying MultiSim14. The logical unit of the TCAS electrical modes built-in monitoring
device is developed applying MatLab and MultiSim14.
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schematic, which is
measurement methods.

Actuality of the problem formed by the established

Diagnostic of the TCAS system is particularly Solutions of the problem

important as the TCAS system on all aircraft is designed
to prevent mid-air collisions. Thus, considering the
possibility of errors and the possibility of problems
occurring within the TCAS system, development of an
autonomous diagnostic method for this system is one of
the reasonable solutions. Design of an autonomous
diagnostic device based on this method is important for
the implementation of the proposed autonomous
diagnostic method. As a result of considering false
decisions and fault cases that could present in the TCAS
system, we can prevent these possible problems using
autonomous  diagnostic unit, having prepared
operational algorithm of this project and its functional

As you know, the TCAS system works in super
high-frequency range and consists of several parts such
as transmitter-receiver and computing unit which
provides data exchange. In accordance with the
secondary radar principle, the system performs
operations such as observation and communication
using existing equipment and software. The TCAS
system makes certain decisions to ensure the operational
safety of the flight. Thus, it is possible that correct
decision in particular situation depends on TCAS
system's operating parameters and can be controlled. It
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is necessary to determine whether the TCAS system
operates properly to provide safety when the aircraft is
in flight and for this purpose, the solution of the
problem can be performed by controlling the situational
change in the TCAS system operating -electrical
parameters’ certain values.

Technical diagnosis is known to be a process of
estimating the state of any system by its indirect
symptoms. The purpose of TCAS built-in diagnostics
development and designing of the device for non-
contact monitoring of the system state is to define the
reliability and validity degree of the information
received via TCAS.

To solve this problem, the tasks are set to analyze
the features and capabilities of the TCAS diagnostic
techniques and aids, to develop a model for detecting
the system false actuation and false decision-making, to
develop techniques to detect such states of the system
during the flight, and to construct a model of a device
for independent (built-in) diagnostics based on a non-
contact monitoring of the TCAS state.

For this purpose, the suggested technique provides
the early detection of the TCAS false actuation and the
following decision-making, enabling to predict or to
eliminate their progress and thereby to exclude actions
and maneuvers resulting from the system false
responses which can result in harmful consequences.

Typically, the diagnostics of a technical state
consists of two procedures: fault detection and
diagnosis. Each of them is based on certain techniques
and approaches to carry out a diagnosis versus system
behavior and the following conditions. The diagnosis
procedures of a technical state are based on the analysis
of the analytical and heuristic symptoms. In most cases,
diagnostics is based on an estimation of the parameters
measured and monitored by a human operator [12].

In the case of automated diagnosis, analytical
knowledge of the process is required; to estimate the
values observed, the human operator’s expert
knowledge, called heuristic knowledge, is required.

In simple cases, troubleshooting is based on single
measurement of a signal and is carried out by limit
testing or testing against trend; or, in more complex
cases, by operating with the signal specific model, via
extraction of the signal’s features and by varying the
detection techniques.

When checking the limits of absolute values, as a
rule, two preset values (maximum and minimum),
called thresholds, are used. The process is in a normal
state if the variable remains within the specified limits.
Exceeding one of the thresholds indicates a fault (a
trouble) in the process.

Testing against trend includes calculating the first
derivative of the monitored signal and checking whether
it is within acceptable limits. If small limits are selected,

a trouble signal can be received much earlier than in
case of limit testing.

Applying the special mathematical models for the
signal measured, we obtain the required properties such
as amplitude and phase, frequency spectrum and
correlation function to define the signal bandwidth.
Then, the properties obtained are compared with the
normal values of the process to detect any changes.

Different  approaches to fault detection
(troubleshooting) with the process models have been
developed over the past few decades. Their task is to
carry out detection of faults in processes, actuators, and
meters, using dependencies between measured signals.
These dependencies are expressed in the process of
mathematical models. Methods based on the process
model require knowledge on the process dynamic
model, on the model’s mathematical form and
parameters.

For some technical processes, the basic relations
between faults and their symptoms can be partially
known. Then the knowledge is represented in the form
of cause-and-effect relations: fault — event — symptom.
The advent of these cause-and-effect relations results
from analysis of fault tree which starts from a fault and
extends via supporting events to the symptoms, or,
based on the analysis of the fault tree which starts from
the symptoms and extends to a fault [11].

In the classical version, the analysis of a tree of
faults, symptoms, and events is considered as binary
variables, and conditions as a part of rules can be
obtained with logical equations for a parallel-series
connection. However, this procedure didn’t succeed due
to the continuous and gradual behavior of a fault.

Geometric methods are based on the analysis of
the graphical representation of fault symptoms (in
numeric terms) with the values of the analyzed variable.
The difference between statistical or geometrical
methods is in applying the probability function.

Neural networks used in performing diagnostics
enable to approximate the non-linear equations and to
define wide regions of solutions in a continuous or
digital form [5].

In most cases, the process control charts are used,
which represent the graphical aids of analysis using
statistical data. This does not require the deterministic
model of the process. However, assumptions, with
respect to statistics of variables which are to be
monitored, are required.

In the course of the research conducted, the
following methods were chosen: 1) application of fault
symptoms, facts and heuristic data; 2) instrument
approach, and 3) diagnostics based on an estimation of
parameters under measurement and monitoring.

To implement the system non-contact diagnostics
and to monitor the operation modes, the 3rd method, the
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method of the system state monitoring, was chosen.
This method is based on monitoring one of the basic
operating parameters for operating current variation by
means of current metering with non-contact meters.

It is possible that this system proper operation, true
and exact decision-making for aircraft's maneuver is
based on controlling operating current of TCAS system.
This problem can be solved with application of the
Rogowski coil and Hall sensor [8].

In this article it was intended to control the values
variability of the actual electrical parameters of the
system such as evaluation criteria, to determine whether
the TCAS system is functioning properly or not during
the flight.

It is possible to check the system's operating
performance by controlling its operating current. For
this reason, when TCAS is in standby mode, the
operating currents of its receiver and the computing
units have the minimum values of Ireceiver min. a0d Tcomputing
min, and the operating current of the TCAS transmitter is
Tiransmitter~ 0. Operating currents of the active TCAS
system during the flight, which is intended to be
monitored, is much higher than the values in the standby
mode due to the interaction with other TCAS systems
[4, 7]. It is possible to provide autonomous diagnostic
based on contactless control of these currents operating
parameters change. The Hall sensor, the Rogowski coil
and other types of current sensors can provide such
control [1, 6]. The main purpose of this work is to check
the real performance and decision-making of the TCAS
system by contactless control of the current rate increase
or decrease.

Hall current sensors differ from other sensors due
to the absence of conductivity loss and ability to
measure both direct current and alternate current. The
Hall sensor is isolated from the measured current circuit
which automatically provides galvanic separation.
Disadvantage is a necessity of an external energy
source. When measuring high currents (10-2000A), the
Hall sensor can be placed closely to the cable without
using additional magnetic core. Linear Hall sensors also
allow to measure high frequency currents and when
located near to the current conducting cable, the output
voltage of the sensor is proportional to the arisen
magnetic field induction and eventually the
current [1, 13].

The simplest Hall current sensor implementation is
when the Hall sensor is located near to the measured
current conducting cable. The induction of the magnetic
field generated by the current conducting cable can be
defined by the following formula [1]:

B = 1/ 47r), (1)

1, is the distance between the centers of the Hall sensor
and the cable. When selecting the linear Hall sensor's
position relative to the cable, it is important to notice
that the highest sensitivity is achieved when the
magnetic field lines cut the sensor's plane at the straight
angle. The main disadvantage of this sensor is that any
external magnetic field source affects the order of the
sensor. Therefore, in order to increase sensitivity and
reduce external influences, precision sensor based on an
integrated circuit is placed in the intermediate part of
the magnetic core and the current conducting cable is
transmitted from inside the toroid as in the transformer
sensor [1].

In addition, during the research, measurements of
the current in the range of 0.1 - 10A were performed via
transistor, operational amplifier and optocoupler based
amplifiers to achieve the required amplification to
reduce generated extra noise in the Hall sensor, to
provide measurement of the smaller currents and to
avoid the wuse of special magnetic cores and
microelectronic circuits. According to this, the current
control was carried out by placing the Hall sensor near
to current conducting cable. The Hall sensor allows
measuring the currents up to 100 kHz. It is impossible
to use Hall sensor to measure the transmitting current of
TCAS system due to transmitting frequency being very
high - 1030 MHz. Therefore, Rogowski coil may be
considered as the most applicable sensor to control
transmitting current of TCAS system. The main feature
of this sensor is that electromotive force in its signal
winding is directly proportional to the derivative of the
measured current and allows to measure high frequency
currents [1, 2, 3, and 10].

Due to above mentioned characteristics Rogowski
coil is widely used as current sensor in variable current
circuits. Known Rogowski coil contains toroid which is
made of dielectric material that has winding with equal
turn. Electromotive force occurs when closing the loop
in the surrounded coil with the measured current
conducting cable. According to the Ampere's law, the
linear integral voltage of the magnetic field is equal to
the total current on the restricted surface within this
closed loop [9, 14].

ZH-cosa-dl =1L )

Here, H — is the magnetic field vector and o — is
the angle between the normal direction and turn’s
surface of the elementary section with length dl.

The correlation between magnetic flux (®) and
magnetic field voltage (H) is determined by the
following expression [9]:

(D:”;,LO-HdS=p0-A-n®H-dl. 3)
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Where, dS = Axnxdl (A — is the width area of the
elementary section; n — is the amount coils, dl — length
of the single coil in the section.

Electromotive force occurs according to the
induced electric field during the magnetic field change
in the closed loop [9]:

g=——= —MOXAXH% =—-MdAr/dt. 4)

Here, M = poXAxn — is the mutual inductance
between the coil and the cable. This sensor cannot be
used to measure the direct current, because
electromotive force is induced during the magnetic field
change. Evermore, is the most important case being to
follow equal distribution of turns along length during
wrapping of the winding.

The Rogowski coil is highly susceptible to the
external magnetic fields and in order to reduce the
impact of this harmful factor, equal wrapping of the
windings in the circular toroidal core is to be performed
which will balance influence of the external equal
magnetic field inside the coil.

In addition, Rogowski coil is placed inside an
electrostatic screen and in the result external
electromagnetic  fields  effects are  removed.
Furthermore, one of the effective methods is to use an
opposite winding which eliminates the effects of
external variable magnetic fields.

The main advantages of the Rogowski coil:

- the current change is the linear function, which in
turn enables expansion of the measured current range;

- it allows measurement without interrupting the
current line and it has a disassembled design;

- winding inductive is low and so on [9].

Under laboratory conditions, we practiced several
measurements based on Rogowski coil with AKHUIT -
3407/2Amark signal generator and Tektronix, TSBmark
digital oscilloscope and obtained necessary parameters.
During the measurements, three different types of
Rogowski coil were examined and the results of the
obtained measurements were analyzed with both MS
Excel and MATLAB.

Firstly, measurements were performed in
sinusoidal signal modes. In order to avoid the use of
additional amplifier units, the operating frequency range
was selected relatively high scaled and considering that
EMF is proportional to the frequency in low frequency
range, it was determined via calculation.

During the measurement the effective value of the
operating current was taken at [ = 50 mA.

Based on obtained parameters from measurement
results and obtained the graphs through the MATLAB
program, it seems that,

1) When using ordinary Rogowski coil:

When using Rogowski coil wrapped on the
toroidal plastic frame (current conducting cable passes
through winding), signal amplitude appropriate to signal
frequency 400 kHz (Figure 1) is Uy,= 18 mV.
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Figure 1. Plot of results obtained using MATLAB
(when using wrapped Rogowski coil on the toroidal
plastic frame - current conducting cable passes through
winding) in the first case

2) When using ordinary Rogowski coil, but
current conducting cable is in different position:

When we use wrapped Rogowski coil on the
toroidal plastic frame (current conducting cable is
wrapped on the coil, approximately 10 windings), signal
amplitude appropriate to signal frequency 400 kHz is
Um =190 mV (as shown in Figure 2). In this case, signal
amplitude increases according to amount of wrapped
current conducting cable's windings on the Rogowski
coil (according to the transformer principle) and is 10
times more: 19 mV x 10 =190 mV.

3) When using Rogowski coil with an unordinary
design (a form is made by us):

In the third case — Wrapped Rogowski coil with
non-standard form gives the 54 mV amplitude in
response to 400 kHz signal, so that in this case it is 3
times more when comparing to first case samples
(Figure 3).

In the first and the third cases, we can do
measurements without breaking the current conducting
cable. Thereby, we make it possible to evaluate the
current flowing in circuit bringing the Rogowski coil
closer to the current conducting cable. It is possible to
increase the sensitivity n times by wrapped current
conducting cable’s winding on the Rogowski coil
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(current conducting cable is wrapped as n times of
windings on the coil) in the second case.
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Figure 2. Plot of results obtained using MATLAB
(when using wrapped Rogowski coil on the toroidal
plastic frame - current conducting cable
is wrapped on the coil) in the second case
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Figure 3. Plot of results obtained using MATLAB
(wrapped Rogowski coil with non-standard form)
in the third case

However, in this case the circuit of the current
conducting cable should be broken and the wrapped
current conducting cable's n times windings on the

Rogowski coil should be made using wires that are
appropriate to the operating current. For example, if the
current in the circuit is 100A, thus this winding's cable
should be calculated for this current, so that it should
have diameter relevant to 5-10 mm? surface.
Consequently, this causes extra weight and complex
construction.

When the operating current is 50 mA (100 mA)
and 400 kHz in the current line, the obtained signal
amplitude is 18 mV (in the first case), 190 mV (in the
second case), and 54mV (in the third case) with the
Rogowski coil. This means that, we can obtain values
appropriate to the same cases when the operating
current is 50 A (100 A) and frequency is 400 Hz as in
modern aircraft AC circuits, so that the operating
current is 1000 times more than values we used and the
operating frequency is 1000 times less than values used
during the experiment.

We can develop current sensor with the
implementation of the Rogowski coil and the sensor
based on Hall Effect to control an operating mode
according to the current. System’s diagnostics and its’
model synthesis is possible in this way.

It is possible to build circuit of an autonomous
control unit based on new types of current sensor which
are Hall sensor and Rogowski coil.

The logical block-diagram of an autonomous
diagnostics unit was built using MATLAB Simulink to
provide autonomous control of the TCAS system
operating process implementing the Rogowski and Hall
sensors based on the accomplished analysis and
research. Following the circuit, if there is a failure, false
launch and false decision cases within the TCAS system
during the flight, it is possible to obtain the information
about it and this block-diagram is shown in Figure 4.

In some cases, it is also important that both the
medium value of the current and its shape are known.
Therefore, integrator must be used for turn the current to
initial shape, because obtained electromotive force with
Rogowski coil is appropriate to the derivative of
current.

To simulate Rogowski coil current sensor's
operation in Multisim 14, the coil was substituted with
RC differentiating circuit, the current converter unit's
circuits were formed using integrator on the basis of
ordinary RC circuit and operational amplifier as
integrated circuit.

Continuation of the Figure 4.1 is shown Figure 4.2.

The simplest RC integrator's circuit and its
operating modes’ simulation for the Rogowski coil
using MultiSim is shown in Figure 5. Here, R;C; is the
differentiating circuit (substitute circuit for Rogowski
coil) and R,C; is the ordinary integrator circuit.
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Figure 4. Logic block-diagram of autonomous diagnostics unit based on Hall and Rogowski sensors developed
using Matlab Simulink (4.1, 4.2)
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Figure 5. The simplest RC integrator's simulation in MultiSim for Rogowski coil
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Simulation of the integrator based on operational
amplifier for the Rogowski coil was performed using
MultiSim as shown in Figure 6.

According to the limit value of current, amplifier-
comparator block's circuit in MultiSim 14 provides “0”
and “1” logical levels to evaluate ranges of the current
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appropriately to the TCAS system's false decision cases.
This unit’s block diagram is shown in Figure 7.

This circuit can be used separately to amplify the
signals obtained by both of the Hall sensor and
Rogowski coil and to compare with comparator based
on the standard level (level of warning).
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Figure 6. Simulation of the integrator based on operational amplifier for the Rogowski coil in MultiSim
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Figure 7. Amplifier and comparator unit’s diagram
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Conclusion

The main results of the accomplished work are as
follows:

1. Control method to operating currents change of
TCAS system's main units was proposed to provide the
autonomous control of the TCAS system.

2. TCAS system operating current control methods
were investigated.

3. Considering the necessity of the proposed
autonomous diagnostic method, measurements with
Rogowski coil were performed under laboratory
conditions for TCAS system.

4. The results obtained during measurements were
analyzed using MatLab and were compared for various
conditions.

5. The main functional block diagrams of
autonomous diagnostic unit were developed using
MultiSim 14 according to the intended method to solve
design issues of autonomous diagnostic unit for TCAS
system.
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METO/JIbI U CPEJCTBA JJISI BECKOHTAKTHOM JUATHOCTHKHU CUCTEMBI TCAS
U. A. Hckenoepos, C. M. Kepumos, H. I'. babaesa

JlanHass paboTa MOCBSIIIEHA WCCIICAOBAHHIO MPOOJEM IHATHOCTHKA M caMOAuarHOCTHKH cucteMbl TCAS
(Traffic Collusion and Avoidance System) u pa3paObOTKe MOJAETH YCTPOWCTBA aBTOHOMHOW THATHOCTHKH JaHHOU
cucreMbl. 1ebl0 JTaHHOW PadoOTHI SABIIECTCS pa3pabOTKa METONOB aBTOHOMHOM JuarHoctuku cucteMbl TCAS u
MOJIENTH YCTPOMCTBA OECKOHTAKTHOTO KOHTPOJISI COCTOSIHHS CHUCTEMBL 3aJayl, MOCTABJICHHBIC B paboTe: aHAIH3
0COOEHHOCTE M BO3MOXKHOCTEW MeTofoB M cpeacTB muarHocTukd TCAS; paspaborka Mopenu oOHapyKeHUs
JIOXKHOTO CpaOaThIBAHUA M JIOKHOT'O PEIICHUS B CHUCTEME; pa3padoTKa METONOB OOHAPYKEHHs TaKUX COCTOSHUMN
CHCTEMBI B ITI0JIETE; MOCTPOCHHUE MOJICITH YCTPOMCTBA aBTOHOMHOW JUArHOCTHKYA HA OCHOBE METO/a OECKOHTAKTHOTO
koHTposst coctosiHuii cuctembl TCAS. Hcnonp3yeMbIMH MeTOAAMH JJIS UCCIEJOBAHUM SIBJSIOTCS: METOJbI
HCIIONB30BaHUS MPU3HAKOB, (DAKTOB M 3BPUCTUYCCKHUX ITAHHBIX O HEUCIPABHOCTSIX; HMHCTPYMEHTAJLHBIA METO.;
METO/BI JMAarHOCTHKH, OCHOBAHHBIC Ha OICHKE U3MEPSIEMBIX U KOHTPOIHPYEMBIX MapameTpoB. J[ist peanusaiuu
OCCKOHTAKTHOW MUATHOCTHKU CHUCTEMBI M KOHTPOJISI PEKHUMOB PaOOTHI MPEUIOKEH METOI KOHTPOJS COCTOSHHUS
CHUCTEMBI 0 HM3MCHCHHIO pPadOYero TOKa IyTeM H3MEPCHHS TOKOB C IIOMOIIbEO OCCKOHTAKTHBIX JaTYHUKOB.
[IpemtokeHpl CXEMBI peau3allid TaKoW JAMATHOCTUKA TPUMEHEHHEM JaTduKa XOjUla U KaTYIIKd PoroBckoro.
Paspaborana Momenb CXeMbl KOHTPOJIS MPHUEMHUKA M BhIUUCIUTEabHOro Onoka TCAS ¢ yderoM BO3MOXKHOCTEH
JaTduka XoJula W3MEPHUTh KakK IOCTOSHHBIN, TaK W TEepeMeHHbIH TOK. C ydeToM OCOOCHHOCTEH KaTYIIKU
PoroBckoro u3MepuTh UMIYJILCHBIN, a TAKXKE BBICOKOUACTOTHBIN TOKU HPEAIOXKCHA METOAMKA M CXeMa KOHTPOJIS
PEXUMOB PabOTHI MepeAaTyhKa CUCTEMBI, TEM CAMUM JHATHOCTUKH MPABUIIbHON PpadOThI CHCTeMBI. Pa3zpaboTaHb
HECKOJIPKO MAKETHBIX BapHaHTOB KaTYIIKH POrOBCKOrO M MPOBEACHBI HCCICIOBAHUSA C HCIONIb30BAHUEM
reHeparopa curnanoB AKHUII - 3407/24 u mudposoro ocipuniorpada Tektronix, TSB. BeiBonbl. Hayunas HOBH3HA
paboOTBl COCTOUT B CJCOYIONIEM: MNPEJIOKECH METOJ KOHTPOJSA H3MEHEHHsS pad0YMX TOKOB OCHOBHBIX OJIOKOB
cucreMbl TCAS mist oOecriedeHHss aBTOHOMHOW JHUATHOCTUKHM CHCTEMBI; Ui OOecreueHHs OECKOHTAKTHOM
nuarHocTUKU cucteMbl TCAS mpeioskeH METOI KOHTPOJISI COCTOSHHUS CHCTEMBI 0 M3MEHCHHIO pabodvero TokKa,
IyTEM H3MEPEHHsS TOKOB C IOMOINBIO MaTuyuka XoJla M KaTymkd Porosckoro. IIpoBeseH aHanmu3 pe3yinbTaToB
JTa0OPaTOPHBIX M3MEPEHHUI C MCITOIH30BAaHUEM HECKOIBKUX BapUAHTOB KaTYIIKA POroBckoro u cOpMHUpPOBAHBI B
cpene MultiSim14 ¢yHKIIMOHANIBHBIE CXEMBI BKIIOYCHUS KAaTYIIKU. Pa3paboTaH Jormdeckuii OJOK aBTOHOMHOIO
YCTPOMCTBA KOHTPOJIS DJICKTPUYECKUX pexuMoB cucteMbl TCAS, koropeiii chopmupoBan Ha MatlLab u
MultiSim14.

KiroueBnie cioBa: TCAS; jokHBIC pellieHHs; pabounii TOK; OCCKOHTAKTHAs TUATHOCTHKA; MATUYUK XOJUIa;
Katymika Porosckoro.

METO/IA TA 3ACOBH JJI51 BESKOHTAKTHOI JIATHOCTHKH CUCTEMM TCAS
1. A. Ickenoepos, C. M. Kepimoes, H. I'. babacea

Jlana pobota mpucBsiueHa JOCHTIHKEHHIO MPOOJIeM MTiarHOCTUKU Ta camoniarHocTuku cucreMu TCAS (Traffic
Collusion and Avoidance System) i po3po0I1i MOJielTi IPUCTPOI0 aBTOHOMHOI JiarHOCTUKH JaHOi CHCTEMH. MeToro
JTaHOT Po0OTH € po3po0Ka METOMIB aBTOHOMHOI JiarHocTHKH cucteMud TCAS i Mozmeni mpucTporo Oe3KOHTAKTHOTO
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KOHTPOJIIO CTaHY CHCTEMH. 3aBJIaHHs, IOCTABJICHI B poOOTI: aHaJIi3 0COOIMBOCTEH 1 MOKITUBOCTEH METOIIB 1 3aC00iB
niarHoctuku TCAS; po3poOka Mojeii BHSBJICHHS MOMHIKOBOTO CIpAllbOBYBAHHS 1 IOMWIJIKOBOTO pIllIEHHS B
cHCTEeMi; po3po0Ka METO/IIB BUSIBICHHSI TAKMX CTAaHIB CUCTEMH B IIOJILOTI; MTOOY0BA MOAEINI IPUCTPOIO aBTOHOMHOL
JIarHOCTUKM Ha OCHOBI MeTONy O€3KOHTaKTHOro KoOHTponto craHiB cucreMmu TCAS. BukopucToByBaHHMH
METOJaMH JUIsl JOCHTIDKEHb €. METOJY BHKOPUCTaHHS O3HaK, (akTiB i €BPUCTHYHUX JaHUX MPO HECIPaBHOCTI;
IHCTpYMEHTAJbHUI METON; METOAW JIarHOCTHKM, 3aCHOBaHI Ha OIIHII BUMIPIOBAaHHX 1 KOHTPOJIILOBAHHX
napamerpiB. [ peanizanii 0€3KOHTAKTHOI JIIarHOCTUKU CUCTEMH 1 KOHTPOJIIO PEKUMIB POOOTH 3alpOIIOHOBAHHI
METOJl KOHTPOJII0 CTaHy CHUCTEMH 31 3MiHH POOOYOro CTpyMy ULISIXOM BHMIpIOBAaHHS CTPYMIB 32 JIONIOMOTOIO
0€3KOHTaKTHUX JAaT4YMKIB. 3alpOIOHOBAHO CXEMHM peaizallii Takoi JiarHOCTHKH 3aCTOCYBaHHSIM JaTdvka Xojuia i
KOTyIKku Poroschkoro. Po3poOieHo Mojenh CXeMH KOHTPOJIO mpuiiMada i oOumciroBanbHoro 0moky TCAS 3
ypaxyBaHHSM MOMJIMBOCTEH Jaryvka XoJula BUMIpSATH SIK MOCTIHHHMH, Tak 1 3MiHHHMH CTpyM. 3 ypaxyBaHHSIM
0COOJIMBOCTEH KOTYIIKA POroBCHKOr0 BUMIPSITH IMITYJILCHHH, a TAaKO)XK BUCOKOYACTOTHHH CTPYM 3aIlpOITOHOBaHA
METOJIMKA 1 CXeMa KOHTPOJIIO0 PEXKHMIB pOOOTH IepeaaBaya CUCTEMH, THM CaMUM JiarHOCTUKHU MPaBUIILHOI poOOTH
cucremMd. Po3po0iieHO Kijdbka MaKeTHHX BapiaHTIB KOTYIIKA POTOBCHKOro 1 MPOBENCHI JOCIIKEHHS 3
BUKOpHCTaHHIM reHepatopa curHainiB AKUII - 3407/2A i uudposoro ocumnorpada Tektronix, TSB. BucHoBku.
HaykoBa HOBH3Ha poOOTH MONATae B HACTYIIHOMY: 3aIllpOIIOHOBAHHN METOJ| KOHTPOJIO 3MiHH POOOYHX CTPYMIB
ocHOBHUX OnokiB cucreMn TCAS s 3a0e3redeHHss aBTOHOMHOI JIIarHOCTUKM CUCTEMH; ISl 3a0e3leueHHs
Oe3koHTaKTHOI AiarHOCcTHKU crcteMu TCAS 3anpornoHoBaHUi METO KOHTPOIIIO CTaHy CUCTEMH 31 3MiHH poOO4oro
CTpyMy, IUISIXOM BUMIpPIOBaHHSI CTPYMIB 3a JIONOMOrOI0 AaTdmka Xomia 1 korymku Poroecekoro. ITpoBemeno
aHaJi3 pe3yNbTaTiB JJaOOPaTOPHUX BHUMIPIOBAHb 3 BHKOPHCTAHHIM JIEKUIBKOX BapiaHTIB KOTYIIKH PoroBckoro i
chopmoBani B cepenoBuili MultiSim14 (yHKIIOHAIBHI CXEMH BKIIFOYCHHS KOTYIIKH. Po3po0ieHo yoridyauii 070K
aBTOHOMHOTO YCTPOIO KOHTpPOJIO eNeKTpuuHux pexuMmiB cucremu TCAS, sikuit cpopmoBanuii Ha MatLab i
MultiSim14.

Karwuosi cioBa: TCAS; moMuikoBi pimieHHs; poOouuii cTpyM; OE3KOHTaKTHA JIarHOCTHKA; AaTYUK XOJUIa;
KoTymka Poroscexoro.
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