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TECHNOLOGIES OF INTEGRATED AIR TRAFFIC CONTROL SIMULATOR
DEVELOPMENT

Nowadays the development of aviation leads to the all-time increase of the air
traffic density in the airspace of most countries of the world, which causes the
necessity of solving the problems of flight safety, that’s why the development of
modern air traffic control simulators for support and training on the high level in
conditions of increased intensity of flights is the most important task.

For the professional training, training of air traffic controllers, the research in field
of air traffic management its necessary to apply modern air traffic control (ATC)
simulator systems.

Modules of integrated decision support system of training, teaching tips,
definition of the new additional exercises should be created in modern simulators.
These modules must extend the functions of a simulator and give the opportunity to
conduct training according to the procedures of the work of air traffic controllers. In
addition to this, it should give the opportunity to conduct experiments with display
and new methods of ATC.

We consider the construction technology and features of integrated ATC
simulators, for example the tower simulator with approach controller working
positions. The main functions of tower simulator are: modeling of the airspace within
specified limits; modeling different types of aircraft and ground vehicles; simulation
of radar data; modeling and simulation of meteorological phenomena and
meteorological data processing; simulation of flight data processing; imitation of
communications, voice recognition; modeling of abnormal situations; rating of
controller while performing exercises; connecting the aircraft simulators for
simultaneous training of controllers and pilots.

Tower simulator is integrated simulator that is connected to specialized computer
simulator of the aircraft Yak-18T. The simulator provides a displaying of airfield on
the screen with a viewing angle of 180 °.

Tower simulator is built on a modular architecture. It consists of the main server,
four display servers, four projectors, meteorological environment server and sound
server, as well as four tower controller working positions and six executive controller
working positions for approach. All equipment is connected to a local area network
(LAN). The connection of specialized computer simulator Yak-18T is also realized
through LAN.

Thus the integrated simulator provides simultaneous training of the air traffic
controllers and pilots, and can also be used for research issues to improve elements of
the air traffic management system. Today, an important task is to develop specialized
algorithmic and software applications of controllers decision support and create
intelligent simulators for training critical situations.

Scientific supervisor — V.P. Kharchenko, professor
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ADVANCED BAROMETRIC ALTITUDE CALCULATION USING MOPS
ATMOSPHERIC MODEL

Most of modern integrated navigation systems besides Global Navigation Satellite
Systems (GNSS) and Inertial Navigation Systems have as well barometric altimeter in
their structure since as it effectively addresses GNSS problems in height determination.

The standard approach is to determine altitude above mean sea level from a static
pressure using following equation [1]:
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where temperature T(=288.15 K, pressure P;=101.325 kPa, lapse rate y = —0.0065 K/m

and gravity g=9.80665 m/s* are defined using the International Standard Atmosphere
(ISA) at sea level; the specific gas constant of dry air Rg=287.053 J/(kgK); Py is the
current static pressure (in kPa) read by the sensor.

Here is proposed to use Minimum Operational Performance Standards (MOPS) for
Global Positioning System [2] for calculation standard meteorological data dependent
on latitude and seasonal variations. First, the latitude-dependent mean meteorological
elements and their seasonal variations are taken from correspondent tables [2], and
subsequently denoted as &;, AE. The meteorological values and their seasonal variations
are obtained by linear interpolation:
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where the latitudes @, and ¢,,; are the closest to the latitude ¢ to interpolate data for.
Each meteorological parameter can be computed for the current day using the formula:
27-(DoY - DoY)
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where DoY, is equal to 28 days for northern and 211 for southern latitudes. Therefore,
using MOPS barometric altitude will be more accurate.
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METHOD OF GNSS JAMMER DETECTION USING ONBOARD
NAVIGATION RECEIVER

Nowadays the problem of terrorism is one of the key problems, both on internal and
international levels.

Terrorist organizations are generally well funded and have a modern means of
destruction. Attractive targets for terrorists are objects, damaging which can cause
serious and even catastrophic environmental consequences. Therefore, timely protection
of such facilities from weapons that are constantly improving is relevant. Methods of
destruction continually improved in local wars. Recently, much attention is paid to
unmanned weapons delivery vehicles using satellite navigation. Broad market and the
availability of such funds for any person make the task of navigation, including
unmanned, not difficult to implement. So the question of security in areas, where
satellite navigation is used, is important. Improper or incorrect operation of satellite
navigation equipment can be caused so-called signal jammers. Therefore, it is
reasonable to timely detect and eliminate them.

First time satellite navigation was used in 1991 by USA in Iraq to target cruise
missiles "Tomahawk" when executing "Desert Storm." Resulting damage exceeded 80%
and met all expectations. But once the signals of satellite navigation system GPS (USA)
were opened for civilian users, satellite navigation became more common. In particular,
it was used by the Taliban during the war in Afghanistan.

However, after having passed the surprise effect, were proposed and successfully
applied methods for suppressing radio navigation satellite reception equipment.

Today, satellite navigation system is used in areas such as geodesy and cadastre
control department, GIS applications, navigation of ships and so on. A great deal of
attention is paid to problems of monitoring and controling integrity, accuracy,
availability of signals in space, operational readiness and continuity of service of these
systems.

In my work, the method of detecting coordinates director noise through its direction
finding navigational receiver installed on board of the aircraft. The purpose of the work
is to study the accuracy of detection noise sources using Jung’s formula. When
analyzing the modeling results the statistics of errors of calculated coordinates is
compared to the actual jammer coordinates.

Scientific supervisor —V.V. Konin, professor
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AVIATION IRIDIUM ADS-B COMMUNICATATION LINK
“SATELLITE-AIRCRAFT”

There are different systems to transfer data between aircraft. One of them is
Automatic dependent surveillance-broadcast (ADS-B). The ADS-B system has three
main components: 1) ground infrastructure, 2) airborne component, and 3) operating
procedures. ADS-B consists of two different services: ADS-B Out and ADS-B In. ADS-
B Out periodically broadcasts information about each aircraft, such as identification,
current position, altitude, and velocity. ADS-B In is the reception by aircraft of FIS-B
(Flight information services-broadcast) and TIS-B (Traffic Information services-
broadcast) data and other ADS-B data such as direct communication from nearby
aircraft. But it is more convenient to use satellites for obtaining the information about
aircraft position, velocity etc.

Satellite communication - the use of artificial satellites to provide communication
links between various points on Earth. Satellite communications play a vital role in the
air navigation also. Approximately 2,000 artificial satellites orbiting Earth relay analog
and digital signals carrying voice, video, and data to and from one or many aircraft at
the every moment. Satellite communication has two main components: the ground
segment and the space segment, which primarily is the satellite itself. A typical satellite
link involves the transmission of a signal from an Earth station to a satellite. The
satellite then receives and amplifies the signal and retransmits it back to Earth, where it
is received and reamplified by Earth stations and terminals. A very convenient satellite
system that is situated closely to Earth is the Iridium satellite constellation. It is a large
group of satellites providing voice and data coverage to satellite phones, pagers and
integrated transceivers over Earth's entire surface. The constellation consists of 66 active
satellites in orbit, and additional spare satellites to serve in case of failure. Because of
the unique shape of the Iridium satellites' reflective antennae, the satellites focus
sunlight on a small area of the Earth's surface.

The goal of this research is modeling of “Satellite-to-Aircraft” link for transmission
ADS-B messages. For this purpose Demo “RF Satellite Link” model in MATLAB
Simulink software was used with Iridium constellation parameters (altitude 780 km and
carrier frequency 1,6 GHz).

In used model it is possible to change the following model parameters: satellite
altitude, frequency, transmit and receive antenna diameters, noise temperature, HPA
backoff level, phase correction, Doppler error, phase noise, I/Q imbalance, DC offset
compensation, AGC type. Dependences of Bit Error Rate (BER) on type of signal
modulation, losses on a line, diameter of antennas, nonlinearity of high power amplifier
and satellite repeater gain are received.

Only Iridium’s global satellite communication service allows aviation users to send
and receive voice, messaging and data regardless of their positions on or above the
earth: air-to-land, land-to-air and air-to-air. With equipment options that are compact
and simple to install, Iridium is a powerful, yet practical single satellite solution for
aviation communications needs.

Supervisor — A.M. Grekhov, professor
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ANALYSIS OF OPTIMALITY CRITERIA FOR AIRCRAFT
CONFLICT RESOLUTION

Today the important problem is developing of new methods and systems of aircraft
conflicts resolution which should ensure the formation of conflict-free trajectories in
conditions of high relative dynamics of air traffic according to the selected optimality
criteria.

Optimality criteria for aircraft conflicts resolution are: flight safety, regularity and
economy of flights, maneuvers complexity, aircraft priorities and passengers comfort.

The main criterion is the flight safety. Flight safety level is characterized by the class
of air traffic situation (normal or conflict).

Current trends of increasing the intensity of flights causing the need to take into
account the criteria of regularity and economy of flights. The regularity index is
deviations from the flight plan (deviations from the planned time and deviations from
the planned flight level or altitude), economy index is fuel consumption.

The important criterion for navigation and air traffic service is the complexity of
conflict resolution maneuver. Complexity index is number of flight profile changes
during the conflict resolution.

It is advisable to take into account the individual priorities of aircraft according to
their operating conditions, fuel on board, type of flight.

The criterion of comfort receives much attention from airlines because performing
of turns with large bank angles, abrupt changes of altitude and speed causes the
deterioration of passengers comfort.

Aircraft priorities and passengers comfort are transformed into limitations: aircraft
with engine or equipment failures, aircraft in special flights or aircraft with low fuel on
board can’t make maneuvers; aircraft acceleration and bank angle are limited.
Limitations define the set of acceptable trajectories from which the optimal conflict-free
trajectory must be selected.

For combined aircraft maneuvers (combinations of heading, speed and flight level or
altitude changes) total deviations from the flight plan, fuel consumption and complexity
index have no direct relationship among themselves. Therefore it is necessary to
consider the regularity, efficiency and complexity criteria separate. So, aircraft conflict
resolution is multi-objective optimization problem.

For defined set of trajectories the problem of optimal trajectory selection is
formulated as follows: it is necessary to select the trajectory which provides the conflict
resolution and has minimal regularity, economy and complexity index.

The criterion of flight safety becomes the limitation and optimization is performed
according to regularity, efficiency and complexity criteria. This requires applying the
decision making methods which use qualitative information about the optimality criteria
set.

Scientific supervisor — V.P. Kharchenko, professor
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ONTHUMI3ALISA OPTAHIZAII MOBITPSIHOI'O PYXY
IPU BIIPOBAI’)KEHHI HABITALIIl, 3ACHOBAHOI
HA XAPAKTEPUCTHUKAX PBN

BBenenHss koHmemmii Hapiramii, 3acHoBaHOi Ha xapakrepuctHkax (PBN),
3a0e3MeunsIo 9iTKy METOAMKY BIIPOBAIDKEHHsS CXEM 1 MapHIpyTiB 30HaJIBbHOI HaBiramii
(RNAV) 3 BHKOpHCTaHHSM CTAaHJapTU30BAHOTO B INI0OAIbHOMY Maciitabi Heperiky
HaBiramiifHux crenudikamiif, npu3HadeHux I 3acHoBaHMX Ha RNAV wmapmipyTis,
CTaHIApTHUX MapIIpyTiB BWIbOTY 3a mpuwiagamu (SID), cramgapTHuX MapupyTiB
npubyTTs 3a npwiangamu (STAR) B paiion aepoapomy i 3axony Ha mocaaky. HeoOximui
Hapiraniitni xapakrepuctukd (RNP) cmouatky Oyam po3poGieHi MiKHApOAHOO
opranizamiero 1uBinpHOI aBianii (ICAO) 3 MeTO0 CHpOIIEHHS 3MiHM BHKOPHCTaHHS
MOBITPSIHOTO TIPOCTOPY .

OcHoBHa MeTa 3ampoBakeHHsI RNP — 3a0e3neueHHs1 00CIyroByBaHHS ITOBITPSHOTO
pyxy (OIIP) y Oynme-sikoMy paifoni moBirpsHoro mpocropy. RNP BcraHOBIIOIOTHCS
JiepKaBaMH B 3QJISKHOCTI BiJ] IHTEHCHBHOCTI HOBITPSHOTO PyXY, CKJIaJHOCTI MapIIpyTiB
MOJNBOTIB 1 3 ypaxyBaHHAM BCi€i iHQPACTPYKTYpH CHCTEMH 3B’s3Ky, HaBiraii,
CHOCTepeXKeHHsI Ta oprasizamii mosiTpstHOro pyxy (CNS/ATM). V paiionax i Ha
mapuipytax RNP opranun OITP 3000B's3aHi CTeXHTH 3a TOYHICTIO HaBirauii i, mpu
HEOOXiJHOCTI, KOPEKTYBAaTH TPAEKTOPIIO MOJIbOTY noBiTpsiHoro cyaua (I1C).

Meronuka po3paxyHKy CX€M 3axX0Jly Ha MOcajKy 3a xapakrepuctukamu RNP, ska
mictutbes B gokyMeHTi ICAO-Doc9905, Ga3yerbess Ha KiHEMaTHYHHUX DPIBHSHHAX 1 HE
BPaxoBYy€ AMHAMIKY IIPOIIECy IOJIbOTY Ta BILIMB HaBirariiHUX moxnOok. B mawiit poborti
PO3TIIIA€ThCS. MOXKIMBICT ONTHMI3ALIT po3paxyHKy cxeM 1moiboTiB [1C Ha ocHoBi RNP
AR 3 ypaxyBaHHSIM MOXHOOK HaBiramiiHOro OOJaJHAHHS, [0 BIUTUBAIOTH Ha TOYHICTh
BUTPUMYBAHHS 337aHOI TPAEKTOPIl MOJNBOTY, a TAaKOXX PeabHUX 3aKOHIB TPAEKTOPHOTO
KepyBaHHS.

J1s 1pOro CHMHTE30BaHO NPOCTy 3a (HOPMOIO MaTeMaTH4Hy MOJeNb, SKa Mae
BJIACTUBICTh KEPOBAHOCTI 1 J03BOJSE BHKOPHUCTOBYBAaTH iH(OpMAII0O TPO 3aKOHH
TPAEKTOPHOTO KEPYBaHHS, 1[0 3aCTOCOBYIOThCS B ABTOMATH30BaHUX OOPTOBHX CHCTEMax
KepyBaHHS IIOJIbOTOM, a TaKOXX 3aJaBaTH IOXMOKM HaBiramiifHMX HapaMmeTpiB, IO
(OpPMYIOTH CHTHAIIM KEPyBaHHSI.

[TepeBipka OTPUMAHOrO AJITOPUTMY, NOCIIJDKEHHS HOro BIACTHUBOCTEH 1 OILliHKA
TOYHOCTI TPOBOJMJIACS IUIIXOM KOMI'IOTEPHOTO MOJEIIOBaHHS 3 BHKOPHCTAaHHS
mporpamHoro makery Matlab. PesynbraTh TpOBeOEHHX JOCHTIIKEHb IIOKa3ylOTh
MOXUIUBICTD CTBOPEHHsS BJIOCKOHAJEHOTO alrOPHTMY PO3PaxyHKY CXeM MOJIbOTY
miTakiB. PeamizoBaHa Mozelb Ha OCHOBI 3aKOHIB TPAa€KTOPHOTO KEPYBaHHS Ma€
MOJKJIMBICTh OWIHUTH HMOBIPHICTh yTpHMaHHs Tpaektopiii momsoTy IIC B Mexax
HaBiraniifHux xapakrepuctuk RNP.

Hayxoeuii kepisnux — Bacunves B.M., 0-p mexu. Hayk, npogecop
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3ACTOCYBAHHSI OIITUMAJILHIUX METO/IIB ITPY MYJIbTUPAJIAPHI
OBPOBILI JAHHUX

s onepskaHHs HaiOLIBII TOCTOBIpHOI 1 TOYHOI iHpOpMalii mozao 4D Tpaekropii
JiTaka BUKOPHCTOBYIOTBCS [aHi, $AKi OTpUMaHi HE OJHI€l0, a JeKiIbKOMa
PaIioNOKAiHAMI CTAHIISIM CHOCTEPE)KEHHS Y BHMAIKY MEPEKPUTTS iX 30H OIAAY,
TOOTO BUKOHYETBCSI MyJIbTHpPagapHa 00po0Ka TaHuX.

MynbTupagapHa o0poOka € 3aKJIFOYHUM eTarnoM OOpOOKH NaHHWX PaiojoKaTopiB,
110 BUKOPHCTOBYETHCS B aBTOMATH30BaHUX CHUCTEMaxX KepyBaHHS IOBITPSHUM PYyXOM
(KTIP). IlepeBara MynbTHpagapHOi OOpOOKH MONArae B TOMY, IO BOHA 3a0e3neuye
CYNMpPOBO/DKEHHST JHTaKiB y 30HI 31 3HAYHO OUTBIIMMH pPO3MIpaMH, YHM TpU
MOHOpaZapHOM CYNPOBOJ/DKECHHI; Ja€ MOXJMBICTH IPOJOBXKYBaTH Oe3mepepBHE
aBTOCYNPOBO/KEHHSI TpU Tepefadl KepyBaHHS B cyMibKHHX 30Hax KIIP; mae
MOJKJIUBICTD OJICP>KyBaTH OUIbIIE BUCOKY TOYHICTH BH3HAUYEHHS MapaMeTpiB TPaeKkTopii
MONBOTY dYepe3 OLTBII BHCOKY YacTOTy OHOBICHHS pamioioKamiiHol iHpopmamii
BHACITIZIOK HEOJHOYACHOI JIOKAaIlii TOro X camoro Jitaka pisHumu PJIC; migBumiye
HWMOBIpHICTb BUSIBJICHHS JIITAKiB; 3MEHIITY€ BUIMAIKHU MOSBU «CIIMHIA IIBHKOCTI.

ITpu 006poOui pamionokamiiHUX BHUMIpIB mpu (OPMYyBaHHI JIOKAIBHUX TPEKiB
BPaxoBY€ETbCS TOW (pakT, 110 MEPBHUHHI BUMIPIOBAaHHS PaIiONIOKATOPOM BiJCTaHb 10
miTaka i a3uMyT MaloTh AOCTaTHbO 3HAYHHUN PiBEHb MOXMOOK, IO MAIOTh IMOBIpHICHY
MIPHUPOY, IO MOTPEOYE 3aCTOCYBaHHS ONTUMAIBHIUX METOIB (iIbTparii.

OpHak, Oe3nmocepenHbO TPH MyJBTHpamapHiii 00poOi He 3aCTOCOBYIOTHCS
ONTUMANIbHI METOOHM OIHKH JaHHX. B iCHYIOUMX aBTOMAaTH30BaHHX CHCTEMax
KepyBaHHS MOBITPSHUM PYXOM 3aCTOCOBYETHCS BaroBa 0OpoOKa pajioioKaIiifHuX
JTAHUX, 1110 HAXOMAATH BiJl PI3HUX PaTi0OKAIIIHUX MO3HITIH.

VY naniit poOOTI pO3MIAAAETHCS MOXKIHUBICTH IMiIBUINCHHS TOYHOCTI BU3HAYCHHS
IapamMeTpiB TPaeKTOpil MONBOTY UUIAXOM 3aCTOCYBAaHHSA HOJATKOBO ONTHMAaJbHHX
CTaTHCTUYHHX METOMAIB OLIHKM MpPH MYJIbTHPAJapHii 0OpoOLi TaHMX BHUMIPIOBAHb.
JocnimkeHHs TpoBaIuiInCs A7 IBOX BapiaHTIB OpraHi3amii MyJIbTHpagapHOi 00poOKH.
[epmmit — koM Ha KOXKHIN paniofOKaIiifHii MO3WIii MPOBAAUTHCS BTOPUHHA 00pOOKa
paIioNoKaliiHAX NaHUX 1 JIOKaJbHI TPEKH HAIXOMATh y LEHTpP Ul MYJIbTHPagapHOl
00poOKH, a TaKOXK BapiaHT, KOJIH B IIEHTP HAIXOMAATH JIaHI BUMIPIB BiJ] KOXHOTO
Jokaropa 6e3 BTOPHHHOI 00POOKH.

MareMaTH4HOI0 OCHOBOIO ISl PO3B'S3aHHSI IOCTaBJICHOTO 3aBJAHHS € Teopis
CTaTHCTHYHUX pilieHb. [IpH [BOMY pO3INISAANUCS Pi3HI PEKYypPEeHTHI alrOpUTMU
ONTHMAJbHOI OLIHKK JaHWX 1 iXHBOrO CIOJy4YeHHS TpH pi3HIA opraHizamii
MyJIbTHpagapHoi 00poOku. [lepeBipka 3alpoONOHOBAaHUX aXTOPUTMIB 1 MOPIBHSHHA iX
XapaKTEPHCTHUK 32 TOYHICTIO 3IIHCHIOBAINCS METOJOM CTATUCTUYHOTO KOMITIOTEPHOTO
MOJICITFOBAHHSI 3 BUKOPHUCTAHHAM IporpaMHoro nakera Matlab.

Hayxoeuii kepisnux — Bacunves B.M., 0-p mexu. Hayk, npogecop
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CYIIYTHUKOBA CUCTEMA NOCAJKHU BE3NIJIOTHOI'O
JITAJIBHOI'O AITAPATA

HailineGe3neuyHimmM 1 CKJIQJHMM, Y TEXHIYHOMY IUIaHi, €TarmoM MOJNBOTY €
3a0e3neyeHHs 3axoAy Ha mocaaky it mocaaka BITJIA y ckimagHuX METEOpOJOTidHUX
yMOBax i MpPHU BIICYTHOCTI MPAMOI BUAUMOCTI. YCHillIHE BUPINICHHs 3a1adi Oe3meqHol
mocanku BIUJIA y po3ainpHOMY MOBITPSIHOMY MpPOCTOPI CKIAZA€eThesl y PO3poOLi
cuctemu nocanku BITJIA, mo 3abe3meunTh HEOOXigHWiI piBeHb O€3MEKH IOJBOTIB
BiZMOBiHO 10 BUMOT i crangaptis ICAO.

VYckmagaioe i 6e3 TOro TOCUTh HEOE3NeUHy CUTYAII0 MPH MOCaili Ta 00CTaBUHA,
oo B OCHOBHIN cBoiii maci BIIJIA po3poOmsmce # po3poONSIOTECS B iHTEpecax
BIICPKOBHX BIJIOMCTB, a II€ NPH3BEJIO /O TOTO, IO Ha CHOTOMAHIIIHIN Yac OTpHMAaino
MOMMPEHHST AEKibKa THIIB cucTteM mocaaku BIIJIA, mo BHUKOPHCTOBYIOTH pi3HI
MPHUHIMIK Jii 1 BINIOBIZHO MAaKOTh SK JOCTOTHCTBA, Tak 1 Hemoiiku. HaitOinbmn
LiKaBUMH 3 TOYKH 30py Oe3MiIOTHOI aBiamii € MOOUTBHI MOBHICTIO aBTOMAaTHYHI JIa3epHi
Ta JoKaiiiui cuctemu nocaaku BITJIA, ane Bonu He Bignosigarots SARPs ICAO.

IIpoBenennii ananiz HaBiramiitHoro oOnamHaHHs Outbmrocti BITJIA mokasas, mo B
Haiioinpnmii Maci Ha BITJIA B SKOCTI OCHOBHOI HaBiramiiHOi CHCTEMH 3aCTOCOBYIOTh
I'moGanpHy HaBiramiiiny cymyTHukoBy cuctemy (GNSS). I'moGanmbHa HaBiramiliHa
CYIYTHHKOBAa CHCTEMa pPa30M i3 Ha3eMHOI0 CHCTEMOI0 (DYHKIIOHAJIBHOTO IOIOBHEHHS
(GBAS - Ground Based Augmentation System) i CYNyTHHKOBOIO CHCTEMOIO
¢yHukuionansHoro gomnoBHeHHst (SBAS — Space Based Augmentation System) moBHicTIO
BianosigaoTs BuMoram SARPs ICAO Ta [03BOJISIIOTH BUPILIYBaTH BCi BHIH MOJBOTIB
KpiM TOYHOTO 3aX0/y Ha mocaiky 3a kareropismu 2 ta 3 (Cat II, Cat III).

CymnyTHHKOBa CHCTEMa MOCAJKH CKIAJIa€ThCs 3 TPbOX OCHOBHHUX CETMEHTIB —
HaBiraniitanx cymyTHUKiB GNSS, mudepenuiiinoi crannii GBAS Ta aBioniku Ha 60Ty
BIUIA 4m IIK. Opmniei mudepenuiitnoi cranmii GBAS 3a3Buuail moctaTHBO ISt
3a0e3MevYeHHs 3aX0/Iy Ha MOCA/IKy JUIA BCiX 3TITHO-TIOCAJOYHHAX CMYT B a€poIopTi, abo 3
Oy 1b-sIKOTO HAIPSIMKY Ha HEOOIaHAHKX IUIONIAAKaX MPU3EMIICHHS.

Hudepenmiiina cranmis GBAS 3a6esmeuye Bci BIIJIA Ta moBiTpsiHi kKopabmi B
paifoHi ITocaaKy KOPUTYBAIBHOIO iH(OPMAIIi€Io 10 BCIM HaBIraliifHUM CyIyTHHKaM, SKi
3HaXOJAThCA B 30HI BHJMMOCTI KOHKpeTHOI amdepeHmiiHol craxmii. Kopurysamsna
iHdopmariist mo pagiokanany nepenaersest Ha 6opt BITJIA 4m noBiTpstHOrO KOpabdis st
YTOYHEHHs1 IIyKaHUX KOOpAMHAT. TakoX JuIl KOXXHOTO HAIpsAMKY —MHiIXomy
BU3HAYAETHCS OCTATOYHA IiIsAHKA 3axoy Ha nocaaky (FAS — Final Approach Segment).

3 Touku 30py Oe3minoTHOI aBiamii CyHMyTHHKOBAa CHCTeMa IIOCaakd Ha 0asi
mudepenuiiinux craniiii GBAS npornonye 3Ha4HO BHUILY NPOAYKTUBHICTD y MOPiBHSIHHI
3 KOHKYpYIOUUMH cucteMamu nocagku bITJIA:

- 3a0e3neyeHHs MiX0y 3 ACKITbKOX HAMPSIMKIB;

- 3MEHIIEHHS 00JIACTI KPUTUYHOI 30HU 3aXHCTY;

- 3HaYHA €KOHOMisl KOIITIiB MPH BBEACHHI B €KCIUTyaTallilo Ta i 9ac eKCILTyaTaIlii;

- IpOCTilIe PO3MIMIEHHS 00JaTHAHHS CUCTEMH MOCanKH (MOOITIbHI BapiaHTH).

Hayxosuii kepisnux — Menxkymsn B.I., 0-p mexH. nayk, npoghecop
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METOJIUKA NPOEKTYBAHHSI MIKPOCTPIUKOBOi AHTEHU
MPUMMAJIBHOI CUCTEMH ADS-B

ADS-B (Automatic Dependent Surveillance-Broadcast) € HOBOIO TeXHOJOTi€O
CIIOCTEPEIKEHHS 3a TOBITPSHUM PYXOM, SIKa BIPOBADKYETHCS Ha TepHUTOpPil €BpomH,
CHIA ra immux kpain. O6maguanmit ADS-B mnepenaBauem NOBITpsHHN KopaOensb
MPOTSATOM YCBOTO dYacy IONBOTY Mepefae B peaJbHOMY 4Yaci TOYHI KOOPAWHATH,
LIBUAKICTh, BHCOTY, Kypc Ta iHmy iHdopmarnioo. Joctynm mo ADS-B inpopmamii
0€3KOLITOBHUH 1 BUTBHHH JUIs BCIX, @ TAKOXK, 3HAYHO ITiJIBUILY€ piBeHb Oe3NeKH aBialfii.

Ha panmit yac, npuiimaneHO-niepenaBanbHi OopToBi aHTeHH cuctemu ADS-B
BUT'OTOBIIAIIOTBCS Y BUIVISI INTHPOBHMX aHTEH. IIpoTe, 3 TOUKM 30py aepoAMHAMIKH,
OipLI BAajol0 OOPTOBOIO AHTEHOIO € MIKPOCTPiYKOBa aHTEHa, TOMY IO BOHA, 3a
PaxyHOK BHUTOTOBJICHHS Ha IUIACKid JPYKOBaHIH IUIATi, Ma€ MEHIIWI aepoarHaMidYHHN
cnpotuB. Came TOMy aKTyalbHHM € 3HaXO/DKCHHS METOAWKH IIPOEKTyBaHHS
MIKpOCTpIUKOBOI aHTeHN npuitManbHOT cuctemu ADS-B.

IIpoexTyBaHHS OyIb-KMX aHTEHHUX CHCTEM IIOJISITa€ B MOJIEIIOBAHHI X OCHOBHHX
XapaKTePHUCTHK. [CHY€ BeNnKa KUTBKICTh CIEIiadi30BaHOr0 MPOTrPaMHOro 3a0e3mneueHHs
JUISL MOJICITIFOBAaHHS XapaKTEepUCTHK aHTeH. ABTopamu OyJjio oOpaHO mporpamy Antenna
Magus, Tak 5K ii QyHKIIOHAJBHUX MOXJIMBOCTEH LINIKOM IOCTATHBO JUIS BHKOHAHHS
MOCTaBJIEHO] 3a/1adi.

IlepmmM ertamoM TPOEKTYBaHHS MIKPOCTPIUKOBOI aHTEHH € OOpaHHS (GopMHU
BHINIPOMiHIOBa4a. Hai0iipm yacTo BUKOPUCTOBYIOThCS MPSMOKYTHI, KBaIpaTHi, IHUCKOB1
Ta eNinTuuHi BumpoMmiHioBadi. [ GoproBoi anTeHW mpuiiManbHOi cuctemu ADS-B,
aBTOpaMu OyJi0o 0OpaHO ¥CKOBa (opMa BHIIPOMIHIOBAaYa, TaK SK BOHA 3a0e3nedye
NiHIHHY ToNsIpHU3aLilo Mol 1 € crabKoHampsMieHow. J[pyruM eramoMm € oOpaHHS
Marepialy, 3 KOTporo OyJxe BHIOTOBIATHCSA aHTeHa. JIns JpyKOBaHUX IUIaT
BHUKOPHUCTOBYIOThCSI CJIOICTI MaTepiasu, sIKi CKIAJaloThCs 3 ABOX LIAPiB (OJIBTH, MiXK
SKUMH PO3TalIOBY€THCS AieNeKTpUYHHUI map. J[1s 4acToT, sKi BUKOPUCTOBYIOTHCS B
ADS-B, minxoasts CKIOTEKCTONMT abo ¢roporuract. TpeTiM, 3aKIIOYHUM ETAalloOM €
PO3paxyHOK TE€OMETPHYHHX PO3MIpiB BHIPOMIHIOBAYa, a TAKOX TOYKH IIiJ €IHAHHS
KOaKCIaJIbHOTO 30H]LY, BiJ YOT'0 3aJISKHUTh y3TOPKEHHS OIIOPY aHTEHH 3 OIopoM Qizepa.

3a JaHOI0 METOAMKOIO aBTOpaMH  OyJI0 pO3paxOBaHO 1  BHTOTOBJIEHO
SKCIIepUMEHTAIbHUA  3pa30K  MIKPOCTPIYKOBOI ~ aHTEHH, SKUH B  HaTypHOMY
CKCTICPUMEHTI MIATBEPAMB BIAMOBIMHICTE XapaKTEpPUCTHK po3paxoBanuMm. OTxe,
METO/IHKa MpaIe3/aTHa 1 MOXe BUKOPHCTOBYBATUCS B HABUAIbHUX Ta HAYKOBUX IIIJIAX.

Hayxosuii kepisnux — bapabanos FO.M., kano. mexu Hayk, 0oyeHm
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ORIGINATING REGION CODE ASSIGNMENT METHOD AND
CENTRALISED CODE ASSIGNMENT MANAGEMENT SYSTEM

Today, each Air Navigation Service Provider determines an SSR code, composed of
four digits between 0 and 7, that each individual flight is to use, or squawk in air ground
communications. It is based on the ICAO Originating Region Code Assignment Method
(ORCAM). The ORCAM system is based on strategic allocations of sets of codes to
individual States and the alternate use of transit and local definition of codes per
Participating Areas (PAs): codes use for transit in one PA are used for local purposes in
adjacent PAs. All together they cover the entire ICAO EUR Region. SSR codes were
distributed statically between the States and were allocated to each separate flight by
ANSPs on the basis of a scheme prepared in advance. The limitations on the amount of
codes available (4096), and the increase in European traffic, have started to cause
problems in today's systems. The current static system of codes based on national
allocation is already running out of codes at peak times in some parts of Europe and this
problem will increase as traffic does. New Centralised Code Assignment and
Management System (CCAMS) will eliminate code shortages by making more efficient
use of codes as well as by removing code conflicts that can affect flight safety.

CCAMS is a project EUROCONTROL has launched in December 2006 as a pan-
European solution to overcome the current and future shortages of the SSR codes used
by Air Traffic Control for radar services. It is the service based on a central server to be
located at the Network Management Unit which will provide a unique Mode 3/A SSR
code to each flight operating in the European region. By managing code assignment on a
central basis, the most optimum code assignment can be achieved avoiding code
changes and conflicts while coping with the increased traffic demand. Due to centralized
allocation of a respective code for each aircraft, the usage of SSR codes will be optimal,
and it will reduce SSR codes shortage and conflicts in the CCAMS region. Moreover,
the system responds to code requests received from ATC units in real-time.

On 14 February 2012, by virtue of State Aviation Service of Ukraine Order No. 100
dated February 07, 2012, the Centralized SSR Code Assignment and Management
System (CCAMS) went operational for UKSATSE in Ukraine. Ukrainian State Air
Traffic Service Enterprise is the first air navigation service provider (ANSP) in Europe
to start operating the system. In Ukraine this will allow to increase air traffic safety,
increase efficiency of ATCOs’ and pilots’ work, reduce on-ground delays of flights,
increase air traffic efficiency, optimize costs to the airspace users and minimize the
environmental impact of aviation. Ukraine is the first state to implement CCAMS and
was be followed by 13 other European ANSPs — Albania, Bulgaria, Denmark, Estonia,
Finland, Ireland, Lithuania, Moldova, Norway, Poland, Sweden, Turkey and United
Kingdom that adopted it in the first half of 2012.

Scientific supervisor — G.F. Argunov, associate professor
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APPLICATION OF EUROCONTROL SAFETY ASSESSMENT
METHODOOGY IN UKRAINE

A safety assessment shall be carried out in respect of proposals for significant
airspace reorganizations, for significant changes in the provision of ATS procedures
applicable to an airspace or an aerodrome, and for the introduction of new equipment,
systems or facilities. Topicality of the ANS safety assessment methodology (SAM)
application in Ukraine is proved by a lot of changes that we have in provision of
aeronautical services.

During investigation on the basis of Operational Focus Area Safety assessment
report were developed KPIs for assessing documents concerning safety. During
development was also used SESAR Safety Reference Material (SRM) and Guidance to
apply SESAR SRM. Nine indicators were obtained as a result. These indicators include
all necessary information that should be contained in safety assessment report during
safety assessment provision. Indicators are expressed in qualitative and quantitative
forms. Such reference may be defined between them: indicator is equal to one — good
(all necessary material for assessment is included); indicator is equal to 0.5 —
satisfactory (all necessary material for assessment is not fully included); indicator is
equal to zero — requires action (necessary material for assessment is not included).

Obtained indicators were further applied for assessment of concrete SAR examples.
Four documents were assessed using these indicators. It is: SESAR APV SBAS SAR,
Single Remoter Tower PSAR, SAR — ERATO aspects and Trajectory Management
Framework (TMF) Advanced SPR.

Aim of provision of safety assessment according to EUROCONTROL methodology
will allow standardizing of Ukrainian aeronautical system with European one and to
show that it is equally safe. SAM aims at supporting ANSP to achieve an acceptable
level of safety and applies to air navigation systems considering the three types of
system elements: people, equipment and procedures and their interaction (within the
system and with its environment). An air navigation system may include ground based
(including space-based components) and air based components. It covers the complete
life-cycle of the air navigation system from initial planning to de-commissioning. The
methodology considers only the safety aspects of the airnavigation system, the other
ones like capacity, efficiency are not addressed by this methodology.

Ukraine as the member of EUROCONTROL will need to integrate in European
airspace and to implement new procedures like collaborative airport planning,
improvement of the management of airport surface traffic (which includes aircraft and
vehicle traffic) through the definition of safety nets to prevent conflicts and collisions.
Safe implementation of new procedures, new elements of aeronautical system will need
safety assessment on the basis of existing aeronautical system of Ukraine.

Scientific supervisor — V.P. Kharchenko, professor

87



AEPOHABIT'ALISA

UDC 656.7.052 (043.2)
E. Tsigichko, Y. Chynchenko
National Aviation University, Kyiv

RESEARCH OF AIR TRAFFIC CONTROLLERS LANGUAGE WORKLOAD
IN FLIGHT INFORMATION REGIONS

Air traffic controllers (ATCO) manage aircraft through all aspects of their flight
with the priority of safety, followed by other aspects such as ensuring arrivals and
departures are on time. They use navigation and surveillance to communicate advice,
information and instructions to pilots via radio.

Tasks of area control centre (ACC) controller: keeping radio and/or radar contact
with aircraft; directing the movement of aircraft en route or at an airport; instructing
aircraft to climb or descend and allocating final cruising level;providing information to
aircraft about weather conditions; making sure that minimum distances are maintained
between planes; handling unexpected events, emergencies and unscheduled traffic.

On the work of ATCO influence ACC sector capacity which primarily depends on
the air traffic controllers’ workload (the amount of technological ATCO operations
fulfilled at a certain period of time). It is determined by the number of aircraft that are
under the air traffic controller’s control in certain airspace and at a certain period of
time.

An ATCO’s work improving is reached by the implementation of the Central Flow
Management Unit (CFMU) activities and the Initial plight plan processing system
(IFPS). Air traffic flow management procedures in Ukraine are provided by CFMU with
Flow management position support, located in each ACC and are used for maximum
usage of determined capacity and air traffic flow management optimization.

The main objective of our research is to clarify the role of language workload in
decision making, cognitive processes and overall performance of air traffic controllers.

For this purpose we shall concentrate on following tasks: analyse listings of real
phraseology examples performed by ATCOs in usual and emergency situations; choose
the best practices in industry, suitable methods and algorithms to investigate parameters
of language workload of air traffic controllers; propose the list of practical
recommendations how to improve communication with pilots, adjacent ATCOs and
other units in work of air traffic controllers.

In our research we can use the formula of workload coefficient of ATCO:

K load =((Nagreem* Targ + N av.s.*A*Tcomm/rp+Narg,%Tcom)/(T work) ) *0.65

where: T argeem - time, which is ATCO for one coordination with adjacent ATS
unit concerning entrance and exit of ACFT in/from sector of ATS; T comm - time
expanded by ATCO on contact with crew of ACFT at crossing position report; T com -
number of coordination between crew and ATCO concerning climb/descent of ACFT.

So as we can see that, language workload contributes a big role in workload
coefficient of ATCO .Our researches are expected to be basis on statistical information
of language workload of ATCO provided by the Dnipropetrovs’k Flight Information
Region.

Scientific supervisor — V.P. Kharchenko, professor
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RESEARCH OF SAFETY INFORMATION SOURCES IN UKSATSE
STRUCTURAL UNITS

Every organization should have a formal statement of its safety policy. The safety
policy defines the overall objectives and practices of an organization as regards safety.
The safety policy describes the organization's fundamental approach for managing
safety and the basic principles of the organization's safety management program. The
organization's safety policy should be communicated and cascaded down to all
employees by the highest levels of management: this helps create a "organization safety
culture" by sending the message that every person in the organization is expected to
make a commitment to safety. If top management takes safety seriously, employees will
be more likely to do the same. The Ukrainian State Air Traffic Service Enterprise
(UKSATSE) gives particular attention to ensuring flight safety in the field of Air Traffic
Management (ATM).

The main objective of the research is to find out the main sources of safety
information and determine the real safety level of UKSATSE.

For this purposes we analyzed the UKSATSE Safety Management Policy and
Strategy and find out the appropriate ATM flight safety measures.

On the basis of current Ukrainian legislation and modern approaches of international
organizations such as ICAO and Eurocontrol to flight safety in ATM, UKSATSE has
established the ATM Flight Safety Management System (FSMS) which is now
successfully operating. The development of FSMS has been entrusted to the Internal
Oversight and Audit Inspectorate, which comprises the Flight Safety and Quality
Control Systems Center, the Performance Quality Control Center and the Labor Safety
Unit. At the level of UKSATSE’s Regional Branches, the Labour Performance and
Quality  Control  Units and Controllers-Inspectors  (regional) are  operationally
subordinated to the Internal Oversight and Audit Inspectorate.lIt is important to identify
and involve aviation system stakeholders to ensure that their input and knowledge
relevant to safety risk decisions are taken into consideration before such decisions are
taken. Furthermore, given the broad-ranging nature of SMS activities, input from
multiple sectors to the safety risk decision-making process is essential. The following
is a list of stakeholders that may be called upon to assist in, or provide input to, the
decision-making process on safety risks: aviation professionals, aircraft owners and
operator, manufacturers, aviation regulatory authorities, industry trade associations,
regional air traffic service providers, professional associations and federations,
international aviation organizations, investigative agencies and the flying public.
Stakeholders can assist organizational decision makers by ensuring that communication
about the safety risks under consideration takes place early and in a fair, objective and
understandable way.

Scientific supervisor — V.P. Kharchenko, professor
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THE RESEARCHING OF THE HUMAN-OPERATOR ACTIVITIES
IN AIRNAVIGATION SYSTEM DURING EMERGENCY SITUATIONS

In recent years, the International Civil Aviation Organization (ICAO) is developing
a new comprehensive strategy to improve aviation safety worldwide , thus ,performing
inspection of Member States in the area of security measures , and supporting States in
overcoming limitations in aviation security, including capacity-building measures. First
result was the adoption in 2010 of the Declaration on Aviation Security. The Declaration
reflects the commitment of high-level to strengthen aviation security worldwide,
especially by strengthening international cooperation. It identifies the key areas of work
that require proactive and collective action.

According to statistics from the ICAO, currently account for more than 80 percent of
the serious air accidents is human error. The human factor means a series of individual
and inherent professional (ATCO or Flight crew) qualities and characteristics that are
manifested in the interaction with the aircraft in specific circumstances. Therefore, any
improvements in this area can greatly enhance safety.

The aim of researching is to understand how a favorable outcome of an emergency
situation during the flight depends on competent actions of the flight crew and the ATC.
It’s important to analyze activities of human-operator in order to receive statistical
information about accidents and incidents, thus, to formulate and apply possible
measures which would reduce amount of emergencies and fatal situations in
international aviation. To act properly in the cases of emergency, human-operator need
to practice them, learn the aircraft construction and performance features , features of
automated air traffic control system (AC YBJ]) ,technology of cooperation with other
services providing safety of flight. An emergency case - a situation resulting in sudden
failure or reducing the operational efficiency of aircraft, or entering the aircraft in
conditions requiring crew to action, different from the usual conditions of flight.

Classification of emergency cases:

DISTRESS - the conditions under which there is a serious or imminent threat to
flight safety requiring immediate assistance, and which can later evolve into a dangerous
situation.

URGENCY - conditions relating to safety and requiring timely but not immediate
assistance and which can later evolve into a dangerous situation.

Judging the current situation in Ukraine and worldwide, development and
implementation of decision support system for air traffic controllers, becomes more
urgent, which will greatly facilitate the work of the ATCO and improve safety, including
the activities of air traffic controller in the case of emergency.

Scientific supervisor — V.P. Kharchenko, professor
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WAKE VORTEX TURBULENCE, DETECTION, AVOIDANCE

Wake vortex turbulence — is an air flow in the form of vortices shedding from the
wing tips of an airplane (Fig. 1) .

Fig.1 Aircraft wake vortex turbulence.

Each vortex is formed because of the aspiration of air to flow from areas of high
pressure (under the wing) in a low pressure area (above the wing). Although the vortices
decay rapidly (about 5 minutes), but heavy aircraft’s vortices can stretch for miles. ATC
takes into account this effect in the organization of takeoffs and landings. They maintain
intervals sufficient for dissipatation or wind drift of wake turbulence from the area of the
glide path.

Power of vortex depends on the form and speed of the aircraft and the lift force
generated by the wing. These vortices can swipe another aircraft that flies into them, and
lead to loss of control.

Separation minima is designed to significantly reduce the potential danger which is
created by wake turbulence. The presence and location of wake turbulence can not be
exactly determined.

The main problem of the ATC units is to minimize the impact of such wake
turbulence on aircraft. They should remember about the capacity of the aecrodrome and
their own maximum effectiveness of processing of air traffic.

Today the systems of defining and preventing of wake vortex turbulence are the
next:

1). Vortex Avoiding System (VAS).

VAS is designed to control the critical corridor for landing and provide information
about vortex existence in this corridor for pilot. This system uses a vortex detector,
located about 600 meters from the runway threshold, finds out vortex and watches them
in critical corridor of landing. Information about the location of the vortices is
transmitted on the board of aircraft with the help of lights on runway threshold.

2). Wake vortex avoidance system (WVAS).

WVAS can produce forecasts that allow to set adjustable separation minima, that
contributes the optimization of air flow in different conditions. WVAS has to fill the gap
between the capabilities of VAS and proved ability of the system of air flow.

Scientific supervisor — Yu.V. Chynchenko, associate professor

91



AEPOHABIT'ALISA

UDC 656.7.052Ne351.814.32 (043.2)
P. Muliar, M. Bogunenko
National Aviation University, Kyiv

“GREEN” APPROACH TRAJECTORY AS A PART OF CLEAN SKY
PROGRAM

Clean Sky is one of many European ecological programs launched on the territory
of Europe. Its mission is to develop methods and techniques of less noisy and more fuel
efficient aircraft to significantly reduce the environmental contamination and air
pollution by airplanes and air transport.

Serious work is being done by participant of Clean Sky to achieve this goals,
beginning from improvement of aircraft engines and ending by developing of new
schemes of flight, take off and landing. “Green” approach trajectory is one of such new
schemes of approach and landing operation. Researches which were held in field of
thrust calculation during different stages of flight shows that engine thrust is more less
when aircraft approaches in more obtuse angles. “Green” approach trajectory provides
the change of this glide slope angle from 3° to 4. Aircraft can reduce the thrust of its
engines on 15-30% during the performing of approach under new scheme. So,
implementation of “Green” trajectory can reduce amount of fuel during landing. General

conception of this “Green” trajectory

and approximate fuel economy were

e developed, calculated and represented
claracteristics of alrerafis in computer program (Fig.1).
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Fig 1. Algorithm for calculating the approach
Trajectory

type, change the glide slope angle and
finally see the reduce of engine thrust
and fuel economy for each type of
aircraft, while performing of landing
under “Green” approach trajectory.
This scheme of approach and the
software can be implemented to
improve the approach and landing
operations in airports of Ukraine and
all over the world. Application of
“Green” approach trajectory will
notably reduce the fuel spending and
as a result emissions of harmful
substances in the air, that provides
European Clean Sky program.

Scientific supervisor — V.P. Kharchenko, professor
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IMPLEMENTATION OF CONTINUOUS DESCENT OPERATION

Continuous descent operations (CDO) is an aircraft operating technique aided by
appropriate airspace and procedure design and appropriate air traffic control (ATC)
clearances enabling the execution of a flight profile optimized to the operating capability of
the aircraft, with low engine thrust settings and, where possible, a low drag
configuration, thereby reducing fuel burn and emissions during descent. The optimum
vertical profile takes the form of a continuously descending path, with a minimum of
level flight segments only as needed to decelerate and configure the aircraft or to
establish on a landing guidance system.

It is reasonable to implement CDO in a harmonized way throughout the world
because of such benefits as:

»  more efficient use of airspace and arrival route placement;

. more consistent flight paths and stabilized approach paths;

. reduction in both pilot and controller workload;

. reduction in the number of required radio transmissions;

. cost savings and environmental benefits through reduced fuel burn;

»  reducing the incidence of controlled flight into terrain (CFIT); and

. operations authorized where noise limitations would result in operations being
curtailed or restricted.

Therefore, the EUROCONTROL CDO implementation team is working with
stakeholders to maximize the CDO benefits achievable in the current ATM framework,
whilst also supporting the facilitation of more advanced CDO throughout the network that
will result from the deployment of future ATM tools and procedures. EUROCONTROL
supporting with dedicated CDO implementation team - initial target is the establishment of
CDO at 100+ airports by end 2013 (NOP +200 by end 2014). To date over 115 airports
have declared that they offer CDO.

There are four main types of CDO procedures currently used in Europe: open path
(Newcastle); open/closed path (East Midlands, London Heathrow); closed path (Munich,
Lisbon, Stockholm Arlanda, Paris CDG, Marseille Provence); procedures with CDO-
potential (Budapest).

The optimum vertical path angle will vary depending on: type of aircraft, its actual
weight, the wind, air temperature, atmospheric pressure, icing conditions and other
dynamic considerations.

Considering all above the main goal of our work was to create the model of CDO
procedure. We developed it for the particular Standard instrument arrival (STAR)
procedure in one of the Ukrainian airports (Simferopol).

Scientific supervisor — G.F. Argunov, associate professor
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PREVENTION OF RUNWAY INCURSIONS

Runway safety is a vital component of aviation safety as a whole. With the predicted
growth of air traffic, the actual numbers of incidents are likely to rise, unless held in
check by preventative actions such as those recommended.

A joint runway safety initiative was launched by JAA, ICAO and EUROCONTROL
to investigate specific runway safety issues and to identify preventative actions. The
Task Force that was subsequently formed to carry out this work comprised of
representatives from the JAA, EUROCONTROL, ICAO, IATA, IFALPA, IFATCA and
many other professional organisations, including Air Navigation Service Providers
(ANSPs) and Aircraft Operators.

The aim of this work is to highlight some of the causal or contributory factors that
have resulted in runway safety occurrences, and which were identified during the
runway safety survey; and methods of dealing with these factors, to raise awareness of
the need for immediate action in implementing the necessary recommendations.

Factors that have resulted in runway safety occurrences:

- Issue of en-route clearance: whenever possible an en-route clearance should be
passed to an aircraft before start of taxi.

- Read Back requirements: the flight crew shall read back to the air traffic controller
safety-related parts of ATC clearances and instructions that are transmitted by voice.

- Taxi instructions: for more complicated taxi instructions, divide the message into
segments, placing the clearance and instructions in sequential order, to avoid the
possibility of pilot misunderstanding.

- Multiple line-ups on the same runway: line-up instructions may be issued to more
than one aircraft at different points on the same runway.

- Stop Bars: to maintain the integrity of the stop bars, which are intended in this case
to protect the runway.

- Contingency: contingency plans must be produced locally.

- Take-off procedures: aircraft shall be transferred to the TOWER at or approaching
the holding point

Hand-over: the use of a hand-over check-list should be considered.

The recommendations, when implemented, will enhance runway safety by the
consistent and harmonised application of existing ICAO provisions, improving
controller — pilot - vehicle driver communications and working procedures at the
aerodrome, and by the subsequent increase in situational awareness.

Scientific supervisor — O.E. Luppo, associate professor
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3ACTOCYBAHHS JILJAPIB JJIA JOCILI)KEHHSA IAPAMETPIB
CYIIYTHbBOTI'O CJIIAY

IToBiTpsiHi KOpaOJIi y MOJIBOTI 3aBXK/IH CTBOPIOIOTH BUXOPH Ha CBOEMY LIULAIXY, 1 iX cuima
3poCTae 3 Macoro JliTaka. Y IUIONWHI, NepPHEeHINKYJSApHIA 0o JiHii
NUIIXy JIiTaka, BUXOPH, IO YTBOPIOIOTECS Ha KIiHIIBKAaX KpIUa €
HaiOUTbMu. LI Benmki Macm mOBITpA, IO oOepTaeThes 3
IH/lyKOBaHMMH TAHTCHI{ATbHUMH LIBHAKOCTSAMH, IO JOCSTAlOTh 10
30 m/c. [Jlns Bu3HAUYCHHS XapaKTEPUCTHK  CYIYTHIX BHXOPIB
BUKOPUCTOBYETHCS CKaHyBaHHs Ciify Jigapom. i BHMiproBaHHS
Jly’)Ke BHCOKHMX TAHTCHIIAIGHUX IIBUIKOCTEH CKAaHYETBCS IUIOIIMHA
TIEPIICHANKYIISPHA [0 JIiHIl MUIAXY JIiTaka 3a TOMOMOTORO Jliiapa (puc.
1). O6pobka curHanmy 3a3BHYail TMOB'A3aHA 3 OIYHIM BHUSBJICHHSM.
dyp'e-crieKTpanbHa OLIHKA Ui TeTEePOAMHHOTO CHTHAY —JIa€
BHBKEHUH PO3IIOILT MIBUAKOCTEH (3BaXKEHMX MO BCiil JIiHIT Bi3yBaHHS
JUIs Oe3MepepBHOTO Jiijgapa, ab0 B MeXax CEKTOpYy UL IMITyJIECHOTO
nigapa). BrsnaunBom makcumymu (200 MiHIMyMH) IIBHIKOCTI JUIS
iap KOXKHOI JTiHIl CIIOCTEpEeKEHHS, MH MOXXEMO BH3HAYMTH TIPODiIh
Puc. 1. Cxema LIBUIKOCTI B3OBXK JiaMeTpa BHXpoBoro ciigy. CkaHyBaHHS
JNinapHoro ckaHysauns ~ IMITyJIbCHHH J1a3epOM JO3BOJISIE OTPUMATH IIPOCTOPOBI HOJS BITPY
B3/IOBK TIIPOMEHS CIIOCTEPEKEHHs Ta MoOyayBaTH TouHe 3D-300pakeHHS BHXOpY.
[oB370BXKHE BUSIBICHHS BUXPOBOTO CIIy CKJIAHIIIE, OCKUIBKM paiajibHa CKIIAJI0Ba
mBUAKOCTI (poekiii 3D mBHAKICTH MOBITPS Ha OCi MydKa Jigapa) AyKe Hu3bKa. 3aMiCTh
pajianbHOi LIBHAKOCTI, JIETIIE BHUSBUTH PO3IIMPEHHS CIEKTPY 3a PaxXyHOK BHXPOBOI
TypOynentHocti. CbOrofHi  HPOBOAATBCS IHTCHCHBHI  OCII/DKCHHS — XapaKTEePHCTHK
CymyTHBOTO ciiny. B 3BiTi npo npoBenenHs nocniukeHs «Aircraft Wake Vortex Study and
Characterization with 1.5 pm Fiber Doppler Lidar» 6yio BuKoprcTaHO 3MeHIIEHH MacITab
BUMIpIOBaHHs. BukopucraBmm nommrepiBchkuii  smimap Onera  cTajo  MOKIIMBAM
CIIOCTEPEXEHHsI BChOTO 4acy iCHYBaHHS CIiJly, HOYMHAIOYH BiJl OYATKY HOrO 3apO/KEHHS
Ha KpWJIi, JI0 CTa po3MaxiB. ABTOPH AOCII/DKEHHS 32 OIOMOTOI0 THEBMATHYHOI KaTaIty JIbTH
3aIyCKaTM Bi3KH 3 0E3MOTOPHHMH «BLTBHO JITAIOUMMI» 3MEHIIEHI Mojeni Jitaki. [Ticms
3aITyCKy, MOJIEI BUIBHO «TIPOJITANI 6€3 CTOPOHHBOTO BTpyJaHHs 10 90 M B 1OBXKHHY, 20 M
B mmpuHy 1 20 M, 3HAaXOIMYHCh y 30HI cHOCTepekeHHA. JlimapHi BUMIprOBaHHS Yy
BEPTHUKAIBHUX IUIONIMHAX CIOCTEPEXKEHHS, IIONEPEeK TPAaeKToOpil MOMbOTY MO,
JI03BOJIAIOTh BiJICIIZIKOBYBAaTH PO3BUTOK BUXPOBOTO CIIiTY, IAI0YM TOYHHIT OIIMC BTOPHHHUX
MOJIIB TOTOKY, @ TakoX MNpoQuIB mBUAKOCTI. TpiaHryssimis 2 nizapaMd  BHSBHIACS
YCHIIIHAM CHOCOOOM Il XapaKTepU3yBaHHS ITOBHOMAcCIITaOHOro Ciimy. I[HHoBamiiHa
ycranoBka Onera Oyma po3poOieHa IIi 3aCTOCYBaHHS METOAy TPIAHTYJDINIl IIpH
JOCTI/DKEHHI TpaeKkTopii BUXOpY sK (QyHKHOii yacy (abo Bimcrani). Bona mo3Bomsiia
BM3HAYaTH TMOJIOXKEHHs siiep 1 1X TpaekTtopii 3 mmHOM vacy. CkaHyBaHHs 3AiHCHIOBAIOCS
TIOCJTiZIOBHO KOXXHHM CKaHEpOM 3 BUMIPIOBaHHSM IIBHAKOCTI. Byiio BU3Ha4YeHo, 110 TOYHICTH
TPIaHTYJISAIi 3aICKUTh BiJl TOBKUHH Oa3u (BiZCTaHI MK JBOMAa CKaHEpaMH), a KyTOBa
TOYHICTh BUMIPIOBaHb B CEPEIHBOMY - BiJI UHCIIA CIIEKTPIB CIIOCTEPEIKEHHSL.

Hayxoeuii kepisnux — Xapuenxo B.I1., 0-p mexn. nayx, npogecop
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AEPOHABIT'ALISA

Y]1K629.7.067 (043.2)
IBseBa I''M., Borynenko M.M.
Hayionanvnui agiayitinui ynieepcumem, Kuis

BU3HAYEHHS BUXPOBOI'O CJ1IAY AIMCKPETHUM METOAOM

3rifHO0 3 METOIOM MAMCKPETHHX BHXPIB TiJIO, [0 OMHBAETHCS, 3aMIHAETHCS
CHCTEeMaMH TMpPUKPIIUICHHX Ta BUIPHUX BHUXpiB. B 1maHoMy BUMAgKy y SKOCTI
TiIpOAWHAMIYHUX OCOOJMBOCTEH BHKOPHUCTOBYIOTHCS 3aMKHYTI BHXPOBI paMKH
YOTHPBOXKYTOBOI (hopmu (puc. 1)

I[lo KoHTYpPY KOXHOI MmITSHKH i
PO3MIIeHi BUXPOBI HUTKH, IHTEHCHUBHICTh
SKUX BBa@Xa€TbCSl HEBIZJOMOIO. BHXpoBi
HUTKH IHAYKYIOTHb IIBHUJIKOCTI 3TiTHO 3
3akoHOM bBio-CaBapa. 3arampHe moIe
MIBUJKOCTEH, IO IHAYKYIOTbCA BCiMa
BUXPOBHMH  PaMKaMH, MOJETIOYHMH
MOBEPXHIO TiNA 1 HOTO CiiX 1 MBHIKOCTI
HOTOKY, IO Habirae:

5
ﬁ&} = E IFY15" }W%(ﬁ +

=1

Puc.1 3aMKHyTa BHXpOBa

pamka -+ E“,; T"Lh: Ir".-}mm{'l“::[ + H.‘:“,

Wi = X § |E=7] x dt
AT Nk
IMicnst mporo 3amava 3BOAMTHCS IO 3HAXOMKEHHS HEBIIOMHUX IHTEHCHBHOCTEH
BHXPOBUX PaMOK, IO MOJEMIOIOTH Tino 77 i BuxpoBuil cmin 7,,; a TakoX KOOPAUHAT
KyTOBHX TOYOK BHXPOBUX paMoOK. [l 3HaxXomKeHHs iHTeHCHUBHOcTeH I/ B KOXHIH
BHUXPOBIH paMlli,Criel[ialbHIM YMHOM BHOHMPA€ThCs KOHTPOJNBHA ToYKa (TOYKa
KOJIOKaIlii), IUIs1 SIKOi 3alMCY€EThCS YMOBA HEMPOTIKAHHSI TiJIa B Mil TOYIII.

TakuM 4MHOM 3aJaya BUPINIYETHCS MO 4AaCOBUM KPOKaM JIO 33aJaHOTO KiHIIEBOTO
PO3paxyHKOBOro KpoKy. Ha KOXHIM pO3paxyHKOBOMY KpOILi BHKOPUCTOBYETHCS
interpan Kommi-Jlarpamxka mpu po3paxyHKax HaBaHTaXEHHA. 3a HEOOXiTHOCTI
BHUKOHYETHCS iX OKPYTJIEHHS 1O Yacy. MeTonuKa MpoBeIeHHS PO3PaXyHKIB AUCKPETHHM
MeTogoM HajaHa B MoHorpadii ['maescekoro A. C, XKemannixoro O. I. «Buxpessre
cienpl camoiieToBy. M.:OU3MATIINUT, 2008.- 172 c.

Hayrosuii kepisnux — Xapuenxo B.I1., 0-p mexn. nayk, npogecop
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AEPOHABIT'ALIISA

YK 656.7.086 (043.2)
Jixtipenko 10.M., Bacuiabes M.B.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

PO3POBKA MOJEJI MPUIHSITTS PILIEHHSA
JIOJUHOIO-OINTEPATOPOM Y PA31 BUHUKHEHHSA OCOBJIMBOI'O
BUITIAAKY B IMOJIBOTI

3a cratuctukoio ICAO 7% apiamifHUX KaTacTpod MOB'A3aHUX 3 METEOPOIOTITHIMH
YMOBaMH, BiOyBaeThCs depe3 oOMep3anHs. OOMep3aHHs JIiTaka — IPOIeC BiIKIaTaHHs
IBOy Ha Pi3HUX 4dacTHHax mnosiTpstHOro cynua (I1C). docmin exkcrutyaranii aBiariiHol
TEeXHIKM TOKa3dye, 110 oOMep3aHHs, HapiBHI 3 TypOyneHTHicTIO armocdepH,
CNIEKTPUYHIMHU PO3PSJaMH, SBISIETbCS OIHUM 3 HaWOUIBII HeOe3NMeyHHX MisHb
HaBKOJIMIIIHBOTO CEPEIOBUINA, SIKE 3HAYHO BILIMBAE Ha OE3IeKy MONBOTY.

[Mpodeciitna mismpHicTs aucnerdepa OIIP cTporo pernaMeHTOBaHAa JOKYMEHTaMH Y
chepi MOBITPSHOrO TpaHCHOPTY. Y TakuX [JOKyMeHTaxX 3a(iKcoBaHO MpaBHIIa,
BIJIMIOBITHO 10 SKWX aBiagucIieTdep Ta IMiJIOT NOBMHHI AIATH 32 THX YU iHIIUX YMOB.
JismpHICTS aBialifHUX CTICI[aiCTIB B HOPMAJIbHAX YMOBaX IOJBOTY MOXKHA BBa)KaTH
ITOPUTMIYHOIO, TOOTO aBiagucHeTdep YiTKO IOBHHEH BUKOHYBATH OIHY AiIO 3a IHIIOIO
B IIEBHOMY IOPSIKY, T€ CaMe CTOCYEThCsS 1 pamiooOMiHy. Y BHIAJKy BHHUKHEHHS
0COOJIMBOTO BHUMAJKY B MOJBOTI MisJIBHICTH aBiamifHOro (axiBId TipIIe MiJTaeThCs
ITOPUTMI3allii 32 paXyHOK MPUCYTHOCTI HEBU3HAYCHOCTI.

ITlin 4Yac poO3pOOKH aNroOpuTMy TNPUHHATTS PpIMICHHS aBiaAKMCIETYCPOM MpU
BUHUKHEHHI ocobiuBoro Bumaaky (OB) B mombori — oOMep3anHs Oynu mpoBeneHi
HACTYTHI JOCTIDKEHHS 3aKOHOMIPHOCTEH IisTBHOCTI OmepaTropa aepoHaBiramiitHol
cuctemu (AHC):

1. IlpoBeneHuii aHami3 aHali3 NPOOIEMH — CTATUCTUYHMI aHANi3 BUHUKHEHHS
OB o6mep3anHs;

2. Pozpobneni 610K-cXeMH TEXHOJIOTII pOOOTH AUCIIETYEepa B YMOBAaX PO3BHTKY
OB — o6mep3aHH;

3. Pospobnennii axroput™ i aucmerdepa OIIP mix yac BunukHeHus OB B
MOJBOTI — 0OMEp3aHHS ;

4. IlpoBemeHWil €KCIEPUMEHT M BHU3HAYCHHS 4dacy, SKUM HeoOXigHHI
aBiagucIrieTYepy HAa BUKOHAHHS MPOLEAYp (EKCIIEpTHE ONMUTYBaHHSA).

Jnst  MozemoBaHHS TPOLECY HPUHHATTS pIMICHHS aBiaJHUCIIeTYepOM IIpH
BUHMKHEHHI O0COOJIMBOTO BHIAJKY B IOJLOTI — 0OMep3aHHs, OyJM BUpIIICHI HACTYIHI
3ajaui:

1.  AmnHami3 nilouux KepiBHHX JOKYMEHTIB, SIKi perJIaMeHTYIOTh Jii aucreTdepa
MpY BUHKMKaHHI 0OMep3anHs Ha 6opty I1C;

2. Po3pobmeHo anropuT™ [Iiii OUCTIETYEPCHKOTO CKJIAAy NPH BUHHUKHEHHI
oOMep3aHHs B TIOJIBOTI;

3. MepexeBuil aHami3 IpUHHATTA pimreHb exinaxem [IK y pasi Bunnkaenas OB
B TIOJIBOTI.

Hayxosuii kepisnux — [lImenvosa, T.®., kano. mexw. HayK, OoyeHm
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AEPOHABIT'ALISA

YK 656.7052.001.76 (043.2)
Typao I'.C., Aprynos I'.®.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

MOHITOPUHI' BUKOHAHHSI ITIOJIBOTY ABTOMATHU30BAHUMUAU
CUCTEMAMU

Merta QyHKIiNA 3MiHCHEHHS MOHITOPHHTY 32 BHKOHAHHSM MOJNBOTY € OHOBJICHHS
CHCTEMHOT'0 IUIaHy MOJBOTY (GAaKTHYHMMHM JaHWMHM, IIOAO BHUKOHAHHS IIOJIBOTY Ta
reHepyBaHHs MONEepe/PKeHb I AUCIETYEPiB Y BHUIAJKaX BiIXHJICHb JAHUX TPEKY Bif
JTAHUX CHCTEMHOTO IUIaHy MOJIBOTY.

o cxnany ¢yHKIiH 31iiiCHEHHS] MOHITOPHUHTY 32 BUKOHAHHSM ITOJIBOTY BXOJSTE!

- MOHITOPHHT 32 OOKOBUMH BiJXUJICHHIMH;

- MOHITOPHHT 32 MOB30BKHIMH BiIXHICHHIMH;

- MOHITOPHHT 32 BEPTHKAJILHUMH BiIXUICHHIMU;

- MOHITOPHHT 3a BiAnmoBiaHicTio koaiB BOPJI / inenTudikauiitnoro nomepy I1C.

B pamkax ¢yHKOIiT MOHITOPHHTY 32 OOKOBHM BIIXHJICHHSM CHCTEMa IOBHHHA
MepiOIUYHO 3IMCHIOBATH MEPEBIPKY BiAMOBITHOCTI MiCIEMOJI0KEHHS 3KOPEIHOBAHOTO
Tpeky 10 Tpaektopii nmonpoty SFPL, HamaBaTH mONEpe/PKEHHS MPO BiAXWICHHS Bij
MapIIpyTy HOJNBOTY, 1 TAKOXK JO3BOJISITH BH3HAYCHHS MOBITPSIHOTO IPOCTOPY, B SIKOMY
(YHKIIiST MOHITOPUHTY 32 OOKOBUMH BiIXWJICHHSIMH HE 3aCTOCOBYETHCS.

OyHKIIS MOHITOPUHTY 3a IIOB3JOBXHIM BIIXWJICHHSIM BKIIOYa€ MOXKJIMBICTH
OHOBJIIOBATH PO3PaxXyHKOBHil 4ac MPOJBOTY TOYOK MapLIPYTy BiIIOBIZHO 0 BEKTOPY
CTaHy TpPEeKy, YHUKHEHHS NOMMJIKOBUX OHOBIEHb PO3PaxXyHKOBOIO 4Yacy IPOJbOTY
TOYOK MapHIPYTY Y pa3i HeCTaOlIEHOCTI BEKTOPY CTaHY TPEKY.

OOO0B’S3KOBUMH ~ BHUMOTaMH 110 (yHKIIi MOHITOPHHTY 3a BEpPTHKaJIbHUM
BIIXWJICHHSIM € OHOBIIIOBJICHHS BEPTHKAJIbHOTO mpodimro Tpaekropii momsory I[IC
BIIMIOBIJHO 710 BUCOTH Ta BEPTHUKAIBHOI IIBHIKOCTI TPEKy Ta HaJaHHS MONEPEHKCHHS y
BUINAJIKY, SKIIO CIISIOH BHXOAY 3 CEKTOpY He MOXKe OyTH JOCATHYTO, BHXOISIUM i3
MMOTOYHOT'O MICIICTIONIOKEHHS Ta Xapaktepy pyxy I1C.

ABTOpamu OyJH PO3IJISIHYTI TPH aBTOMATH30BaHI CHCTEMH YIPAaBIiHHS MOBITPSIHUM
pyxom, a came Aeporextika, SELEX Ta INDRA, siki BUKOHYIOTH BHIIENEpepaxoBaHi
(¢yHKIIT BiAMOBIIHO OO BHUMOT, aje B TOW JX€ Yac MalOTh II€BHI iHAWBiAyalbHI
XapakTepucTHKH. Lli BIAMIHHOCTI TpOSIBISIOTECA Y CTPYKTypi pOOOYMX MEHIO
BUINE3a3HAUCHUX CHCTEM.

Hayxosuii kepienux — Xapuenxo B.I1., 0-p mexn. nayx, npogpecop
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AEPOHABIT'ALIISA

YK 656.7.08:656.7.071.13 (043.2)
Topusiii A.B., Illoctak E.B.
Hayuonanvuwiti asuayuonnwiii ynueepcumem, Kues

BJUSTHUE CTPECCOBBIX CUTYAIIMI HA KOYOOUIUEHT
3AI'PY KEHHOCTU JUCHHETYEPA

Crpecc, 3TO OIUH W3 KIIOYEBBIX (AKTOPOB, BIUSAIOIINX Ha pabOTOCIIOCOOHOCTH
moboro genoseka. s aBuagucHeTdepa CTPECC MOXKET TPUBECTH K YTePe «KapTUHKI)
BO3JYIIHOTO JBIDKCHUS, YTO B JaJbHEHIIEM MOXXET IpPUBECTH K aBHAlMOHHOU
katactpoge. CTpecc MmO TpPHPOAE €ro BO3HUKHOBEHHUS NPHUHATO pa3JelsITh Ha
SMOLMOHAJBHBI ¥ HMHQPOPMAIMOHHBIA. ECIM 3MOILMOHANBHBIH CcTpecc CBs3aH C
(M3HOJIOTMUECKUMH M 3MOIMOHAIBHBIMU Harpy3kaMH, TO HWH(OPMALMOHHBII — C
HEBO3MOXXHOCTBIO ~ CIIPaBUThCS ¢ OonpliuM  TOTOKOM — WHGpopMaumu.  J{ns
aBMaAUCIIETYePa TAKUMH CHTYaIUsIMU MOTYT OBITh KaK OONBINON HAIUTBIB BO3TYIIHBIX
CyJieH, BOSHUKHOBEHHE aBapUIfHON CUTyalllK B MOJIETe, INOO Yy CaMoro AUCIeTYepa, Tak
1 00CTaHOBKa B KOJUICKTHBE, HEIOCPEICTBEHHO HAa pabodyeM MecTe aBHAAWCIIeTUepa.
Taxke BO3MOXHO, TTOMHMO BIIMSIHUSI HETaTHBHOTO CTpecca, OBITh M IMONOKHTEIbHBIN
cTpecc, K MpuMepy, pokaeHue peOeHka, JMOo Mpa3fHUK KOTOPHIH KacaeTcs caMmoro
mucnerdepa. Jlrobast mooOHas CHTyausi MOXKET IPHBECTH K YXKACHBIM ITOCIIEICTBUSM,
TaKk Kak BIHMSHHE MOOOYHBIX CTPECCOPOB, OTBIICKAMOLIMX HCIETYEpa, CIIOCOOCTBYET
paccenBaHUIO €ro BHUMAHUsL.

be3omacHOCT ympaBieHus: BO3JIYIIHBIM JABM)KEHUEM CETOJHS SBISAETCA OJHHUM U3
raBHBIX BompocoB. B UKAO u EBPOKOHTPOJIE cneunansHble 0TAensl paboTaloT
HaJ TeM, 9TOOBI MOTOK BO3AYIIHOTO ABHKEHUS ObUT cTabmieH, 06e3 meperpys3ku Jmoo
Oe3nenbs aucnerdepa Ha pabodem mecte. Ha pabodueM Mecte aBuamucreTdepa JODKHBI
cOOMIONaThCS  OINpENENICHHBIE HOPMBI MHKDOKJIMMAaTa, a Takke OOCTaHOBKa B
KOJUIEKTHBE JJOJDKHA OBITH ONarompusTHOH. B ciydae HeraTHBHBIX OTHOLICHUH MEXIY
JHMCIIeTYepaMi B CMEHE MOTYT BO3HHKaTh KOH()IMKTBI, KOTOPbIE BIOCIECICTBHH MOTYT
MIPUBECTH K HEXEJIATEIbHOMY UCXOJY.

B mameit pabGoTe MBI H3yuyMM HACKOJIBKO aBHAAUCIETYEp MHOIDKEH ObITh
CTPECCOYCTOMYMB, KaKoOBa MAODKHA OBITh MHHUMalbHas M MaKCHUManbHas pabodas
Harpyska aBHauCcIeTdepa B TEIEHUN Jaca, YT00BI OH MOT BBIMOJHSATE CBOIO PaboTy Ha
BBICOKOM ypoBHe. CIIeI0oBaTeIbHO, ONMpPEASTUM KaKUM JOJDKHO OBITh MHHHMAIbHOE M
MaKCHMAJBHOE IT0 KOJIMYECTBY BO3IYIIHBIX CYAEH BO3JYIIHOE IBIDKEHHE B CEKTOPE JUIS
3¢ {eKkTHBHOTO BBHITIONHEHHUS paboThl. Tak jke Ha NMmpuMepe MOTYyYCHHBIX NaHHBIX MBI
CMOJKEM y3HaTh KaKUMU MOTYT ObITh MUHUMAaJBHBIM M MaKCUMAaJIBHBIM ITOPOTH CTpecca
Ha pabodyeM MecTe, CIeNaeM BbIBOJ KaK HEOOXOJUMO C HHMH OOpOTbCS IS
MHHUMU3AlIMd  HETaTUBHOTO BIMSIHUSL HA  JUCIeTdepa M HapyHIeHHs  €ro
paboTocrocoOHOCTH.

Hayunvie pykosooumenu — Apeynog I'.@., doyenm, Jlynno A.E., ooyenm
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AEPOHABIT'ALISA

YK 656.7.052.002:621.316.345 (043.2)
Baxpina B.O., Aprysos I'.®.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

BIZIMIHHOCTI BIIOBPAKEHHS IIONEPE?KEHH S
nro KOPOTKOCTP:OKOBPIFI KOH®JIIKT
HA PAJIOJIOKAHIMHOMY MOHITOPI JUCHETYEPA

OyHKIIS KOPOTKOCTPOKOBOTO TotnepemkeHas nmpo KoHGIikT (Short Term Conflict
Alert, STCA) — ¢yHskuis HazeMHOI Mepexi O€3MeKkH, [0 CTBOPEHa 3 HaMipOM HaJaHHS
JIOTIOMOTH JiUcIieTdepy y 3amobiranHi 3iTKkHeHHsM moBitpsHHX cynaeH (IIC) murixom
CBOEYACHOTO IMONEPEPKEHHsI PO MPOrHO30BaHe ab0 (haKTUUHE MOPYIICHHS MiHIMyMiB
emenonyBanHs. Metoro ¢yskuii STCA € momepeauTn aucrerdepa Hpo HasBHICTh
takux [1C s sIKkuX MOXXINBe HeOe3neyHe 30 IMKeHHSI.

Buaya KOPOTKOCTPOKOBHX HONEPEKEHb NP0 KOH(IIKTHY CHTYAIl0 IPYHTY€EThCS
Ha JIaHUX CIIOCTEPEKEHb, L0 BUKOHYIOTHCA (YHKIi€I0, Ky BOYZOBAaHO B CHCTEMY
kepyBaHHA noBiTpsHUM pyxoM (KIIP). [Ipu Bukopucransi ¢pynknii STCA morouni nai
Ta MPOTHO30BaHi AaHi mpo MicuenonoxeHHs [IC y TppoX BEMipaX, KOHTPOIIOIOTCS 3
MeToro BusiBieHHS OnmsbkocTi IIC. SIKIMO NMpOTHO3YETHCSI CKOPOUYSHHS BIJICTaHI MDK
TPUBHMIPHUMH NONOXKEeHHIMH 1BOX [1C 10 BeTHIMHY, MEHIIIe BCTAHOBICHUX MiHIMyMIB
CIIICJIOHYBAHHS, TUCIIETYEPY, Y paiioHi BiNMOBIiTaTbHOCTI SKOTO OYAyTh 3HAXOJHUTHUCS
I1C, G6yne BunaHe 3ByKoBe Ta/abo Bi3yajbHe MONEPEKEHHS.

Hnst toro, mo6 pobora ¢ynkiii STCA Oyna epekTuBHO0O, HEOOXiAHO, MO0
KOH(TIKT BH3HAYaBCs 3 JAOCTATHIM Y4acoM IMOIEPeKeHHsI, 100 AUCIeTYep MaB 3MOTY
MepeHTH 10 aKTUBHHX il 1 BUPIMINTH MOTEHIIHHO KOHQIIKTHY cuTyarito. [lo Toro x
HeoOXimHO, MO0 momepemKeHHsT (yHKIII TpUBEpTaaM YyBary Iucrerdepa, Oyiu
iHpopMaTHBHIMHU Ta JaBanu 3MOTY AWCIIETYepy sSK Mo)kHa mBuame sussuta [IC,
MICIIETIONIOKEHHS SIKHX MOJKe IIepepoCTH y KOH(UIIKTHY CHTYAIIIIO.

Ha cporoguimHiii neHp B YKpaiHi BHKOPHCTOBYEThCS aBTOMATH30BaHi CHCTEMHU
KepyBaHHS MOBITPSIHUM pyXoM 3 pi3HHX BUpOOHUKIB (Aeporexnika, SELEX, INDRA).
Peanizauis Binoopaxenus nonepemkents STCA y kKoxkHil 3 HUX iHAWBIRyansHa. [licns
MOPIBHSHHS METOAIB BiJOOpaXEHHSI KOXKHOI 3 CHCTeM OyJl0 BUSBICHO CHIIBHI Ta ClabKi
croponu iHTepdeiicy monepemkers STCA. [lo Toro x, Oyno 3po0ieHO BUCHOBOK HIO/I0
iHpOpMaTHBHOCTI Ta  3pydyHOCTi  BimoOpaxeHHs mosimomueHb STCA  Ha
pamionokarifHOMy MOHITOpI IHcreTdepa Ta e(EeKTUBHOCTI IX BHKOPHCTAaHHS
JIACTIETICPOM.

Hayrosuii kepisnux — Xapuenxo B.I1., 0-p mexu. nayk, npogpecop
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AEPOHABIT'ALIISA

YK 656.7.022 (043.2)
Casonina H.A.
Kiposoepadcwvra neomua akademis
Hayionanvrozo asiayiiinozo ynisepcumemy, Kiposozpao

JACHETYEPCBHKA 3MIHA, SIK HEBEJIMKA TPYIIA ABIAIIMHUX
OIIEPATOPIB

3a BHU3HAUEHHAM, HEBEIMKA Tpyma — OO0’€IHAHHA JIOJEH, SKi MalTh CHUIBHO
Ba)XJIMBY COIiaJbHY O3HAaKy, OCHOBaHy Ha IX y4acTi y JHesKifl IisUIbHOCTI, 3B’SI3aHOI
CHCTEMOIO BITHOCHH, SKi pErymioloThcsl (GopManbHHUMH abo  HepopMaTbHIMHU
COILiaJIbHUMH IHCTUTYTaMH.

OCHOBHHMMY O3HaKaMH HEBEJIHKOI IPYIH €:

- HasIBHICTB BHYTPIIIHBOI OpraHi3aiii;

- crijbHA (TpyMmoBa) MeTa JisIbHOCTI;

- 3pa3ku (MOJeni) rPyHoBOi IisUTBHOCTI,

- IHTEHCUBHI TPYIIOB1 B3a€MOIi;

- BITYIYTTS TPYIOBOi IPUHATIEKHOCTI 200 UIICHCTBA.

PosrissHeMO 1Ii O3HaKM 3 TOYKM 30py JHCIETYepchbkoi 3MiHH. JlisUTBHICTB
JMCIETICPCHKOI 3MIHM PEerJaMeHTyeThCs JOKyMeHTaMH MiKHapomHOi opraHi3amii
nuBinpHOT aBiamii (IKAO), ska Bumae HOPMH Ta pPEKOMEHAAIlil, 00OB’S3KOBI st
BUKOHAHHS Tpal[iBHUKaMu aBianii. Y OyIb-sKiil AisVIBHOCTI HAsBHICTb BHYTPIIIHBOT
oprasizamii € HeBiJ €MHOI0 4YacTHHOK. Tak sK Bci AucCmeTdepu 00’€IHAHI €JHHOI0
MeTol0 — 3a0e3neyeHHs Oe3NMeYHOro Ta e(EeKTHBHOrO BHKOPHUCTAHHS IOBITPSHOTO
MPOCTOPY, 1I€ TEX JOBOAUTH, LIO IMUCTIETYEPCHKA 3MiHA MA€ IIe OJJHY O3HAKy HEBEIHKOL
rpynd. Y AUCHeT4epchKill 3MiHi, K 1y OyIb-sKiil iHIIIH opraHi3amii, € KEpIBHAITBO Ta
mijrerni. Ponb kepiBHMITBA y IUCHETYEPCHbKiH 3MiHI BHKOHY€ KEpIBHUK IIOJIBOTIB.
Crapmmii qucnerdep € 3acTyNHHKOM KepiBHHMKA MONBOTIB. TakoXk € AucCIeTdepH-
IHCTPYKTOPH, IKi MAalOTh JIOMYCK /IO HAaBYAHHS JUCIIETUYEPIB, SKi € CTaKHCTaMU. MeTonu
IPYNOBOi pOOOTH IPYHTYIOThCSI Ha aKTUBHOCTI KOXKHOT'O Cy0’€KTa MPOIECy, MOKIUBOCTI
CaMOCTiIHO MpuiiMaTy pillieHHsI 1 3AiHCHIOBATH BUOIp, a TAKOX HA CMIBICHYBaHHI PI3HUX
TOYOK 30py i BiIbHOMY iX ob6roBopeHnHi. IIpu rpymoBiii po6oTi peanizyloThCsi OCHOBHI
NPUHIUIN KOOTIEPATHBHOTO HABYaHHS: TO3MTHBHA B3a€MO3aJI€KHICTb, IHIMBILyalbHA
BiJINOBIAAIBbHICTD, CTUMYJIIOBAHHS YCITiXy OAWH oxHOro. Oprasizaiiis poOOTH KOKHOTO
i3 IHcTeTdepiB 3MiHH SIBISIE COOOI0 KOMIUIEKCHHH IPOIEC B3a€EMOJIT TUCIIETIEPCHKUX
MYHKTIB, 10 BH3HAYa€ IHTEHCHBHI TpymoBi B3aeMoxii aucreTdepiB y 3mimi. s
3a0e3neyeHHss ©(EeKTUBHOTO BUKOPUCTAHHS IOBITPSHOTO MPOCTOPY 1 KOHTPOIIO
MOJBOTIB HOBITPSHUX CyJAEH, MOBITPSIHUHA IPOCTIp OIIMThCA Ha Kiachu 1 paifoHn
BIAMOBIAANBHOCTI ANCIETYSPCHKUX MyHKTIB. [ucnerdep cnyx0u pyxy — aBiamiidHumit
¢axiBeup, sKiif 3IIMCHIOE KOHTPOJb 1 OOCIYrOBYBaHHS MOBITPSHOTO pyXy 3
IICTIETYePChKOTO MYHKTY. Lle 1 BH3Ha4ae IMOUYYTTS TPYMOBOi HPUHATIECKHOCTI abo
YJIEHCTBA KOXKHOTO AUCIeTYepa y 3MiHi. TaKUM YHHOM, BUXO/ISUH 3 BUIEBHKIIAACHOTO,
MH 0a4rMO, IO AUCTIETYEPCHKA 3MiHA Ma€ BCI OCHOBHI 03HAKH HEBEMKOI IPYIIH.

Hayxosuii kepienux — Hesuniyun A.M., kano. mexu. nayk, ooyenm
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YK 656.7.022 (043.2)
JAmutpues U.0., bepnoc FO.H.
Kuposeoepaockas nemunas axademus
Hayuonanvnozo asuayuonnozo ynugepcumema, Kuposoepao

ONTUMM3ALUSA PACIUCAHUS 3AHSTUI TPEHAXKEPHOM
NOJArOTOBKU ABUACIIEHUAJIMCTOB

OmHMM W3 OCHOBHBIX HANpPaBICHHH IIOATOTOBKH, SBIAETCS IIOJrOTOBKA Ha
JHUCIETIePCKUX TpeHaxepax. Jucneruepckuii tpenHaxep ([AT) mnpennasnauen st
o0ydeHHs], TOANEPHKKH, MOBBIICHNUS IIPOYECCHOHAILHOTO YPOBHS, CEPTUHHUKAIIMOHHBIX
MIPOBEPOK JAWCIIETYepOB oOCHyXuBaHus Bo3mymHoro neikenus (OBJI), a Ttaxke
MIPOBEACHHMS HCCIIEJOBAaHUH 0 BOIIPOCAM OPraHU3alUH BO3AYIITHOTO JBIKSHUSL.

Cpean myTeld  JOCTMIKEHHs ~ MaKCHMAlbHOTO  ypPOBHS  INOJOOHOCTH U
podecCHOHaTbHOCTH TIOATOTOBKM 3HAYMTEIBHOE MECTO 3aHMMaeT 000pyHoBaHHE
TpeHaXXEPHONH TEXHUKM C OJHOBPEMEHHBIM CHIDKEHMEM 3aTpaT, CBA3aHHBIX C
moaroToBkoi crenpanrctoB OB/l 1 coBepiieHCTBOBaHHE MPOTPaMM MOITOTOBKH. JTH
LIeJI TOCTUTAIOTCS co3anneM TpeHaxEépos OB/l HOBOro mokoeHusl.

C 2010 rona Ha kadenape OBJ] KITA HAY s npoBeneHAs TPAKTHYSCKUX 3aHITHI
MIpUMEHSeTCS HPOTPaMMHBIH MOJIEIHPYIOIMH KOMILIEKC, pa3paboTaHHEIH Haydno-
MIPOM3BOJCTBEHHBIM MHCTUTYTOM a3poHasurauuu KJIA HAY (HIIM AsponaBuranuu
KJIA HAY).

OpHOM M3 COCTaBHBIX 4acTeil Mozaenupyiomero kommiekca (MK) sBnsercs Monynb
uHTerpanmu A rpynnosbix 3aHATHH KJIACC. OH npenHasHaveH A1 OpraHU3alud B
y4eOHBIX 3aBEICHUSX W MPEANPUATHAX 3aHATUH B TPYIIIAX.

IIpoananm3upoBaB CTpyKTypy 0as3bl HaHHBIX MK, ObuUM TOITy4eHBI JaHHBIE 00
YCIIEBaeMOCTH KypPCaHTOB-IHCIETUepoB. [IpoaHamm3upoBaB MONydYeHHBIE JaHHEIE,
BEISICHIJIOCH, YTO yCIIEBAEMOCTh KYPCAHTOB 3aBHCHT HE TOJIBKO OT CIIOKHOCTH 3aJaHUM,
a 1 OT IPOMEXYTKOB BPEMEHH MEX]y 3aHATHAMH.

BoisicHMIOCH, YTO BpeMsi HEOOXOAMMOE JUIsi YCIIEIIHOTO YCBOGHMS 33JIaHHi,
OTIMYHO AT KaXJOoro KypcaHra. JlaHHas OCOOEHHOCTh 3aBHCHUT OT JIMYHOCTHBIX
kadgecTB. M1 ymydmieHHs oOmeidl ycrneBaeMOCTH BCEeX KypCaHTOB, HEOOXOAMMO
ONTHMHU3HMPOBATh PACHICAHNE 3aHATUI TPEHAXKEPHOH ITOATOTOBKH, OCHOBBIBASsCh Ha
JTMYHOCTHBIE KauecTBa.

Heobxomumo  ¢opMupoBaTh pachucaHne B HHIAWBHIyalbHOM THopsiake. B
COOTBETCTBUH C IIOJYYECHHBIMH JAaHHBIMH CJIEAyeT C(OPMHPOBATH IPYIIBI KypCaHTOB
10 HEOOXOIUMOMY NPOMEXKYTKY BPEMEHH MEXIy 3aHATHSAMHU JUIS JIy4IIero yCBOCHHMS
Marepuaia. [ pynmsr 0yayT GOpMHpPOBATECS MO 3-M KaTeTOPHUsIM:

1)  KypcaHTbl, KOTOPBIM HEOOXOIUMBI 3aHATHS C IPOMEKYTKOM HE MeHee 3 THeH.

2)  KypcaHTbl, KOTOPBIM HEOOXOIUMBI 3aHATHS C IPOMEXKYTKOM HE MeHee 5 THel.

3)  KypcaHTbL, KOTOPBIM HEOOXOIUMEI 3aHATHA | pa3 B y4eOHYIO HEAECTIO.

JlaHHas meperpynmupoBKa KypCaHTOB ITO3BOJINT ONTUMH3UPOBAThH OOydeHHE BCEX
KypCaHTOB, BBIBE]ISI €r0 Ha OMHAKOBLIH YPOBEHb YCIIEBAEMOCTH.

Hayunwiii pyxosooumens — Copoxa M. IO.
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YK 656.7.022 (043.2)
T'opmuany U.IO., Cano H.A.
Kuposeoepaockas nemnas axademus
Hayuonanvnoeo asuayuonnozo ynugepcumema, Kuposoepao

ONPEJAEJIEHUE 3JIEMEHTOB NPOUEAYPBI PASPEIIEHUS1
MNOTEHIUAJIbBHO-KOH®JIMKTHBIX CUTYALUU

Jlnst BBUIBICHUS TIEpeXofa CHUTYallMd B HEXETAaTeTbHOE COCTOSHHE BCIIC/ICTBHE
OmMOOYHBIX NeHCTBUH min Oe3nercTBus aucrerdepa YBJl nmpennaraercs paccMoTpeThb
CHUTYaIHIO C BOSHHUKHOBEHHEM MOTEHIIMAILHO-KOH(GIINKTHON CUTyaIun, Kak OJHOTO U3
BapHaHTOB HEXENATEIbHOTO COCTOSIHMA O€30MaCHOCTH MOJIETOB. B KauecTBe KIIFOYEBOro
METOJa MCIOJB3YeTCsl CHCTEMHBIH TOAXOJ M 3KCHepTHHIH ompoc. s ompeneneHus
BpPEMEHH, HEOOXOIMMOT0 Ha BBIIIOJIHEHHE Ka)KIOT0 JJIEMEHTa MPOLEAyphl pa3pelieHus
[IKC Opi1 mpoBeneH SKCHEPTHBIM ompoc. B kauecTBe SKCHEPTOB  BBICTYIHIN
JeiicTByIoNIME AucIeTdepa ciayx0sb! apmxenus: XapbskoBckoro PCII, JIsBoBckoro PCII,
Huenpomnerposckoro PCIIL, Oxecckoro PCII, Honeukoro PCII, PCII «KueBueHtpaspo»,
PCII «Kpsmaspopyx». DmemenTsl pasperrenus [IKC nokazansl B Tabmmme 1.

Tabmauna 1
DIIeMEHTHI pa3pelleHus NOTCHIUATbHO-KOH(QIUKTHON CUTyalluu
Ne | HammenoBaHue Ornucanue
1 Brrssienue I[TKC Omnpenenuts Hanmuuue IIKC u BBIABUTH
BC, B Hell yyacTByIomue
2 Knaccungpuxanus [TKC Onpenemuts T I[IKC mnsg  Beibopa

METOIa pa3penieHns

3 OmnpeneneHne MeTo0B paspemtenust | Beibpats merox paspemenus [TKC

ITIKC
4 [Ipouenyps! paspemenus [IKC BoimosnHuts  HE0OXOAMMBIE — OINEpAIHH,
COTJIACHO BHIOPAHHOTO METOJA
5 Tapuposanne [IKC Bremonnenne skunaxkamu BC  ykazanwmit
o npepotBpamennio KC
6 Otcre)xxuBaHKe pa3BUTHA CUTyanud | MOHHTOPMHT BHIIONHEHUS yKa3aHHUI

Crnenyer y4uTbIBaTh, YTO 3JIEMEHTHI «IIapUPOBAHME MOTEHIHAIbHO-KOH(IUKTHON
CHUTYaIN» U «OTCIEKHBAHUE PA3BUTHS CUTYAI[HN» TPOHCXOJSAT OJHOBPEMEHHO.

B mpomecce mpoBemeHHWs SKCIEPTHOTO OMpoca M B pe3yibTare 00pabOTKH
MIOTyYeHHBIX pe3ynbTaToB »ieMeHTsl pasperrennst [IKC, cBs3aHHBIE C BBIIBICHHEM,
kaccuukanueil u onpeneneHreM MetooB pemenus [IKC, Obumm 00beJMHEHE! B OJJUH
obmuii smemenT, Ha3BaHHEIN «Pemenne [IKCy». D10 pemenne ObUIO CBS3aHHO C TEM,
YTO HE BCErJa YAaBaloCh ONpPEIEIUTh BPeMs Ha BBIIOJIHEHUE KaXIOTo 3JIeMEHTa, HO B
MecTe ¢ TeM, oOIlee BpeMs Ha BBINOJHEHHE BCEX TPeX 3JIEMEHTOB yIaBanoch
OTIPEAEIUTh BCETa.

Hayunwuii pyxosooumens — 3emnanckuii A.B.
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YK 656.7 (043.2)
Pynenko A.C.
Kuposeoepaockas nemnas axademus
Hayuonanvnoeo asuayuonnozo ynugepcumema, Kuposozepao

PACIIMPEHUE CIIUCKA ®AKTOPOB, BJUSIIOIUX HA IPONTYCKHYIO
CIIOCOBHOCTh CEKTOPOB P/II]

B macrosimee BpeMs TJIaBHBEIM BOIIPOCOM B YIPABICHUH BO3MYIIHBIM IBHKEHHEM
MOJKHO BBLAEINTh 3arpy’KCHHOCTb BO3AYIIHOIO JBIDKEHHMS H3-32 €r0 IOCTOSHHOTO
pocra. B pe3ynbraTe KOHKpETHBIX NPUYMH, BIUAIOIIUX HA 3arPYKEHHOCTb, JBIKCHUE
13 HeONaronpusTHBIX JUIS MOJETOB PAifOHOB NMEPEXOAUT B JPYTHE, YBEIMUMBAs MpU
9TOM MX 3arpy’KeHHOCTb. [ln1s1 Toro, 4ToOBl CHU3MTH 3arpyeHHocTh B/l v yBennuuth
MPOIYCKHYIO CHOCOOHOCTB cekTopoB P/IL] cyIiecTByeT HECKOIBKO METOJOB, TAKHE KaK
IUIAHUPOBAHKE, Ha PaHHEM 3Talle, pacyeT HOPMAaTHUBOB MPOMYCKHON criocoOHocTH. IIpn
pacueTe HOPMAaTHUBOB MPOIYCKHOH CIOCOOHOCTHM KOHKPETHBIX IyHKTOB YBJ|
YUUTBHIBAIOTCS  (DAKTOPHI, CYIIECTBEHHO BIMSIONIME HA CIOXXHOCTb YIIPABICHHS
BO3/IYIIHBIM JIBHKEHHEM.

Bmusaue dakTopa MOXET pacnpocTpaHATbCS Ha OOCIy)KMBaHHE BCEro MOTOKA
Bo3xymHBIX cynoB (BC) mmm Ha oOciyxuBaHHe Kakoi-nmibo ero gacti. HopmaTusel
MIPOITYCKHOI CHOCOOHOCTH JUTsl KOHKPETHBIX MyHKTOB Y B/l ycTaHaBIMBAaIOTCS C yueToM
MOCTOSIHHO ~ JieiicTBytonmx  dakTopoB, ocnoxHsronmx YBJ. K mocrosHHO
JOeHcTByomuM  (akTopaM OTHOCSTCS Takue (DaKTOpel Kak: CMEHa CHCTEMBI
SIIETOHUPOBAHUSA, MONETHl C MEPEMEHHBIM TNPOQUIEM, TEXHHYECKOE OCHAIICHHE
nyHkroB YB/I, BeneHne paauocBsS3W Ha aHTIUICKOM SI3BIKE W T.JA. JaHHBIE (HaKTOPHI
HMEIOT OIpeNeNeHHble KO3()(MHUIHUEHTHI, KOTOPhIE YYHTHIBAIOTCS TPU ONpEIeIeHHN
HOpMAaTuBa.

Jns Gonee TOYHOTO ONpeNeNeHUss HOpMaTHBa B CYIIECTBYIOIIMH IepedyeHb
(daxkTopoB, MyTeM MpOBEICHHS aHKETHpOBaHHWsA aucrerdepoB YBJ[, BHocsTCs
JOTIOJTHUTEJIbHBIE: HAIMYUe TOYEeK ¢ OoJiee YeM S5 INepeceKarolIMMHCS MapuIpyTaMH,
HaJIMYMe CXOXKUX MO3bIBHBIX, HATIPABJIEHHUE NTOTOKA BO3/IYILIHOTO JBHXXEHHS, TOJIETHI HAJl
MOpPEM WU pPa3HOPOIHOCTh Tpaduka. B pesympraTe mnpoBegeHHOTo aHamu3a OblIn
BBISIBJIEHBI 3 HOBBIX JIOMOJHHUTENBHBIX KOI(QQUIMEHTa BIUSHUS HOBOBBEJCHHBIX
(haKTOpPOB HAa OCHOBAaHUY CPABHEHUS C YK€ CYIIECTBYIOIUMH JaHHBIMU.

Pacmmmpenne mepedHs (aKTOpOB, BIHMSIOIMMX HA IIPOIYCKHYIO CIIOCOOHOCTD
cextopoB PJILl, mo3BonHMT y4HMTHIBaTH OoJblIee YHCIO (HAKTOPOB BO3MYIIHOTO
JIBIDKCHHUS, a TaKKe ONTUMHU3UPOBATh 3arpy>K€HHOCTb, KaK BO3/YIIHOIO JBIKCHHUS, TaK
W JWCIIETYEPOB, KOTOpPAsl TAKXKE SIBISCTCS OTPAaHUYCHHUEM MPOITYCKHOH CIOCOOHOCTH
CEKTOPOB.

Hayunwii pyxosooumens — Hzeanos A.B., cm. npenodasamens
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YK 656.7.033 (043.2)
YedoTrapsos M. .
Kiposoepaocvka tbomna axkademis
Hayionanvnoeo asiayitinoeo ynieepcumeniy, Kiposoepao

BIOCKOHAJIEHHA CUCTEMHA KPUTEPIiB ABTOMATHU30BAHOI'O
OHIHIOBAHHSA JIM JUCITIETYEPA HA TPEHAXKEPAX
OBCJIYTOBYBAHHSA MOBITPAHOI'O PYXY

[linBuiieHHss O0'€KTHBHOCTI OLIHKK il  aBiagUCIETUEpiB HA TPECHAXKEpax
oOcimyroByBaHHs mOBiTpstHOTO pyxy (OIIP) € omnHuM i3 HaiiBaxIMBIMINX 3aBIaHb
e(eKTHBHOTO YNpPAaBIiHHS PiBHEM IiArOTOBKH aBiamucrerdepiB. TpamuuiiHuil miaxin
IO OIIHKH MJisJIbHOCTI aBiaJWcmeTdepa, MO0 3aCTOCOBYETbCsS Ha TpeHaxkepax OIIP,
LTKOM 0a3yeThest Ha Cy0'€KTUBHIN QyMIIi Ta BUCHOBKAX IHCTPYKTOPA, SIKi 3aJIeXaTh BiJ
oro mocBimy, piBHS mpodecioHamizamy i mcuxodizionoriuHux ocobimuBocTeil. Kpim
TOro, IHCTPYKTOPa HE 3aBXIH MalOTh JOCTYII 10 MEBHUX KiIbKICHO-SIKICHUX MapaMeTpiB,
SIKI XapaKTepU3yIOTh MisUIBHICTh aBiaJIMCIIETUYEPiB HA PI3HUX PIBHAX TEXHOJOTIYHOI
CTPYKTYpH X TiSITBHOCTI.

3acTocyBaHHs aBTOMAaTH30BaHMX 3aco0iB peecTpalii, aHamizy Ta OLIHKH il
aBiamucnieryepiB Ha TpeHaxepax OIIP Ta iX KOMIIEKCHa peaii3ailis B SKOCTI CHCTEMH
migrpumky npuitHaTT pimerns (CIICIP) anst iHCTpyKTOpa TpeHaxkepa 03BoJHiIa O
3MEHIIUTH YaCTKy Cy0'€KTHBI3MY IIpH BHCTaBJICHHI OIIIHKU. TOMy iCHye HEOOXimHICTh y
PO3po0IIi CHCTEMH KPHUTEPIiB OIIHKU, IO MPECTaBIsiE COOOI0 OCHOBY y3arallbHEHOTO
ITOPUTMY aBTOMATH30BaHOI OIIHKHM Jiii aBiaaucmeTyepa Ha TpeHaxepax OITP.

3rilHO0 MPOBEACHOT0 aHai3y ICHYIOUMX CHCTEM KpUTEpiiB OLIHIOBAaHHS [iif
micnierdepa Ha TpeHakepax OIIP MoxHa BHOUTMTH Taki iX HEOONIKK: BiICYTHI abo
cmabko ¢QopmamizoBaHi BapiaHTH TIOBEIHKM B paMKaxX BIANIOBIAHUX KaTeropii
e(eKTHBHOCTI, SIKi BiJMOBIAAIOTh MPABHJIBHUM i MOMUJIKOBUM JisM aBiaJuCHeTYepiB
(HamaHi JMIIe X OKpeMi NPHKIAAN); BIICYTHICTh «IIPHB'S3KU» KPUTEPIiB OLIHKH 1O
BIAMOBIZIHMX EJIEMEHTIB TEXHOJOTIYHOI CTPYKTYpH MisUIBHOCTI aBiagucrerdepa;
BiZICYTHS 4iTKa qupepeHIiaist MiXK KiTbKICTIO TOMIJIOK 32 BiIIOBIHOIO KaTEropi€ro Ta
OLIIHKOIO JIUICIIeTYepa, 10 BiIONBa€ HOro peanbHui piBeHb e(heKTUBHOCTI.

BpaxyBaBum Bce BHIE 3a3HAUCHE MOXKHA 3pOOWTH BUCHOBOK, IO IS TOKPAIICHHS
SIKOCTI 1 TiJJBUIIEHHS 00'€KTUBHOCTI OLIHIOBAHHS MTOTPiOHO:

1)  po3poduTu cHUcTeMy TOBEIIHKOBHX KaTeropiii e(eKTHBHOCTI B paMKax
KpHUTEpilo OE3MOMMIKOBOCTI (32 THIOBHMH TEXHOJIOTIYHMMH OHepaiisM) Uit
3aCTOCYBaHHs B aBTOMaTH30BAaHOMY OLIiHFOBaHHi JIil aBiaJuceTyepis;

2)  po3poOHTH TPEHA-KPHUTEPIl - KPUTEPil OLIHIOBAHHS, SIKi JO3BOJISIIOTH OLIHHUTH i
OXapaKkTepH3yBaTH TEHICHII MOMHJIKOBOI JisUIbHOCTI aBiafucrieTdepa i BHABUTH
HEJIOJIIKY HOTO0 iHANBIAyallbHUX cTpaTeriii moBeninku npu YI'IP;

3)  po3poOHTH MOJIEIi MOMUIKOBHUX JIili aBiaJucIeTdepa:

4)  TpoBECTH eKCIIepTHE ONMTYBaHHs cepe]] iHCTpyKTopchkoro ckiany TL[ OITP
KJIA HAY Ha mpeaMeT afeKBaTHOCTI 3alpONOHOBAHOI CHCTEMH KAaTeropiii OLIHKH
e(eKTHBHOCTI /1iii aBiauicIIeTUepiB i MO0 MUTaHb (POPMYBaHHA MOJIENICH TIOMUIIOK.

Haykosuil kepienux — Ilanvonuii A.C.
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CIEIIIATBHI TETEKOMYHIKAIIIHHI CHCTEMH

VK 004.056 (043.2)
AbakymoBa A.O.
Hayionanvuuii asiayitinuil ynieepcumem, Kuis

EKOHOMIYHA E®QEKTUBHICTD BI/] BITPOBAJI?)KEHH
CEHCOPHHUX MEPEX

CeHCOpHI CHUCTEeMH HHHI IHTEHCHBHO pO3BHBAIOTHCS, YIOCKOHAIIOIOTHCI 1 €
BaXITUBOIO CKIIQJIOBOI0 YACTHHOI 1H(OpMAmiiHOTO CyCHiIbCTBa, 3a0e3Medyroun
MOHITOPHHT PpI3HHX IPOMHCIIOBUX, HPHUPOJHUX, COIANbHUX Ta IHIINX IIPOLECIB.
OG6nacTi BHKOPHCTaHHS CEHCOPHHMX CHCTEM OXOIUTIOIOTH pi3HI Tamy3i HapoaHOTrO
roCroJapcTBa, MeJUILHHY, IPAaBOOXOPOHHI, KOHTPOJIBHI i OXOPOHHI CTPYKTYPH, Y TOMY
4ucIi i cTpyKkTypu MiHicTepcTBa 3 HaI3BUYAWHKUX CUTYAIlii, TPOTHIOXKEKHI, KOHTPOIIIO
HAaBKOJIMIIHBOTO CEPEIOBHIIA, KOHTPOJIO 332 CTAHOM aAMIHICTPaTHBHHX, >KHTIOBHX i
TOCHO/IaPCHKHX CIIOPY .

BCM - me Oe3gpoTroBa CeHCOpHAa Mepeka, Inepenada iHpopmamii B sAKid
MIPOBOANTHCS BiJl OJJHOTO By3Ja [0 iHILIOTO 0 THX Iip TMOKH MaKeT JaHHX HE JIOCATHE
BiJylasieHoro mumosy. Bing mumosy iHdopmamis HaaXoQWTh HA TOJOBHUH KOMITIOTED,
SIKMH BUKOHY€ 00po0OKy iH(popManii abo nepenae ii gai.

be3npoToBi ceHCOpHI Mepexi CKJIAQJAIoThCS 3 MIHIATIOPHUX OOYHCITIOBAIBHO-
KOMYHIKallilHUX 00JagHaHb — MOTIB, abo ceHcopiB. Habip 3acTocOByBaHHMX IaT4YHKiB
3aJIeXKUTh Bix QyHKLIH, 110 BUKOHYIOThCs: BCM.

TonoBHa ¢dyHKIiOHaNEHa 00pOOKa AaHMX, 110 30MPAEThCS MOTAMH, 3/IHCHIOETHCS
Ha BY3J1i, a00 IITI031, AKHUH SABIISIE COOO0 MOTYKHIIA KOMITtoTep. Jiis onep kaHHs TaHUX
BY30J1 OCHAIIY€ThCS aHTEHOI. AJle TOCTYIHUMH VIS By3Jla BUSBJISIOTHCS TUTBKH MOTH,
mo repeOyBaroTh JOCUTH ONM3bKO Bix Hboro. Yepe3 KOMIAKTHICTh, Maie
SHEprOoCIIOXKHBAHHS, a TAKOXX 3aCTOCYBaHHS BCEHATIPABJIEHOI aHTEHH OIOJDKET paliomiHil
yKpai 0OMEeXeHHH, 0 CHPHYHHSIE 32 COO0I0 BUCOKY BipOTiIHICTH TOMHJIKH.

BCM 3a3Buuaii yTBOpIOE IEPEBONOAIOHY CTPYKTYpY, KOPIHHAM SKOi € LIIIO3H, a
JIUCTAM - MOTH.

CyuacHi TeNeKOMYHIKAIliiiHi CEHCOpHI CHCTEMH JOLUIbHO OydyBaTd Yy BHIVI
0araTopiBHEBOI i€pApXIYHOI CTPYKTYPH, € PiBHI iepapXii BiAMOBIIAIOTH MACIITAOHOCTI Ti€l a00
THITIOl AUTTHKHA MEPEKi, a TIPHHIIUIT CAMOOPTaHi3allii peari3oBaHuit Ha BCiX piBHAX. Taki Mepeski
MOXXYTh BHKOHYBATHCS SIK OJTHO-, IBOPIBHEBI, III0 Bi/IIOBIIAIOTh MacIITabaM MepCOHATEHIX
Mepex; IIBO-, TPUPIBHEBI, IO BiNOBIIAIOTE MAcIITa0aM JIOKAIGHUX MEpeX; TpU-, YOTHPH
PIBHEBI, 1110 BiTIOBIZAIOTH MacIITabaM MicTa.

Hayxosuii kepisnux — Ooapuenxo P.C., kano. mexu nayk, doyenm
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AHAJII3 TPOI'PAMHOI'O KOMILJIEKCY JOCJILI?)KEHHS KAHAJIIB
BUTOKY IIEMB

IIporpamumit maxer Wireless Insite OyB po3pobienmii kommanielo Remcom
CMELiaIbHO JUIS OLIHKKM TIOUIMPEHHS eJeKTPOMArHiTHOTO BHIIPOMIHIOBaHHS SIK Ha
BEJIMKHMX IPOCTOPAx: MICBKUX KBapTajaxX, CUIBCHKIM MICIIEBOCTI Ta Ha TipchKoMy abo
piBHUHHOMY JaHAmA(TI, TaK i HA MEBHHUX TOYKOBUX 3aCTOCYBAHHSIX, L0 MepeaAdavyaoTh
TOYHE MOJCTIOBAaHHSA KOHTPOJIHOBAHOI 30HW, NPUMIIMIEHHSA, OyIiBIA, TOIIO.
OcoOuuBICTIO TakeTy € MOXIIMBICTh IIBHAKOTO MOJIETIOBAHHS NPH HASBHOCTI
JIEKITbKOX TepeaBaviB i MpUiiMadiB CUTHAIIIB 3 AHTCHAMH Pi3HUX THITIB.

Pesynbratu, oTpuMani 3a gomomororo makera Wireless InSite, Oynu mepeBipeHi 3a
JIOTIOMOTOI0 BUMIPiB Ha peallbHii MiCIIEBOCTI 3 pealbHUMH 00'€KTaMH, IO IiATBEPANIO
BHCOKY TOYHICTh KOMITIOTEPHOTO aHaji3y. YCHIIIHO BUpIlIeHa 3ajada MOJETIOBAHHS
PO3IOBCIO[DKEHHSI paJiOXBWJIb B YMOBaxX INUIBHOI 3a0yHOBH, IO MHiJIITOBXHYJIO
¢axiBuiB kommanii Remcon Ha po3poOKy iCTHHHO TPHBUMIPHOTO TIAKETy MOJETIOBAHHSI.
VY 1poMy BUIAJAKy TPUBUMIpHAa MOJETIb IPOMEHEBOrO IOLIMPEHHS J03BOJNWIA O 3HATH
Oymp-siKi oOMexxeHHs Ha (OopMy i MO3HIIIOHYBaHHS O0'€KTIB Ha CXEeMi, a MaHIIMyJIAIIT 3
MIOBHUM BEKTOPOM €JIEKTPOMArHiTHOTO MOl J03BoNMiIa O 30epertw i BpaxyBaTH
iHdopmariro npo ¢aszy curHamiB. Y mpOMy BHIAIKy Iporpama 3Morjia O IpaBHIBHO
00pOONIATH KOTEPEHTHI, YacTKOBO KOTEepPeHTHI 1 HekorepeHTHI mnpomeni. OOk
MPHUBAaTHOI KOTEPEHTHOCTI € OpHUTiHAIBHOI po3podkoro kommaHii REMCOM,
HEJIOCTYIHOIO B IHIIMX Cy4YacHHX IPOAYKTax. Y IbOMY BHIIQAKy IPOBOAWTHCS aHAII3
MIPOMEHIB 3 METOI0 BUSIBUTH, Ki 3 HUX B3a€MOJIIOTH 3 OJHHMH | TUMH X NMOBEPXHIMU
00'eKTiB.

B makeri Wireless InSite peanizoBaHo 6arato pi3HHX MOAENEil PO3MOBCIOKEHHS
MpoMeHiB. J{J1s1 BUIIAIKIB KOJHM MPOMEHEBI MOJENI PO3MOBCIOKEHHS HE MOXYTh OYTH
3aCTOCOBaHI, HANPHUKIIA/, KOJIM MiX IepeaBadeM i npuiiMadeM po3TalloBaHO JEKilbKa
OyniBenb abo KOJIM HEOOXiTHO PO3paxyBaTH PO3MOBCIOKCHHS OIS B MEXaxX MEBHOL
Oynisni i mpuiernoi Teputopii, nmporpama Wireless InSite BukopucToBye crerianbHi
craructryni Mogeni Hata, COST-Hata i COST-Walfisch-lkegami.

IIporpama no3Boste 3MiHIOBaTH (hOpMy iCHYIoUHX OyiBenb abo J0JaBaTH HAa CXEMY
HOBI. CriemianbHi 0i0Ii0TEKH MaTepialliB T03BONISIOTH 3aIaBaTH MaTepial CTiH Oy 1iBeb.
Pesynprat aHamizy MOXyTh OyTH TpeiCTaBlIeHi y BUDIAAI JiarpaM, Ha SKUX
BiZIOOpa)kaloThCsl PiBHI CHUTHAJTIB, BTPaTH Ha Tpaci, 3aTPUMKH IMOLIMPEHHS i HampsM
MPOMEHiB. MOIHMBOCTI 0araToBapiaHTHOTO TPOEKTYBAaHHS [O3BOJIIIOTH HAOYHO
BiZIOOpakaTH 1 TIOPIBHIOBATH Pe3yJIbTaTH, OTPUMAHI JUIS Pi3HUX YaCTOTHUX JIiala30HiB,
MO3MIIIH 1 JliarpaM CIpsIMOBaHOCTi aHTEH.

Sk mu Gaummo, nporpamuuii maker Wireless Insight siknaiikparie migxoauts ass
BUpILIEHHS MPOOJIEMH MOJICIIOBAHHS PO3MOBCIO/PKEHHS €JIEKTPOMATHITHOTO OIS ISt
pi3HMX cHTYyamilf po3paxyHKy KoHTposnsoBaHoi 300U [IEMB.

Hayrosuii kepisnux — Mauanin 1.0O., 0-p mexu. Hayk, npoghecop
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TEHEPAIISI BUITAIKOBUX IMMOCJITOBHOCTEM J1JIsI CACTEM
YIPABJIIHHS KJIIOYAMU

Besmeka ingopmanii B iHpoOpMamiiiHO-koMyHiKamidHX TexHonorisx  (IKT)
3a0e3Meuy€eThCsl CYKYINHICTIO OpTaHi3aliiHUX Ta IH)KEHEPHO-TEXHIYHMUX 3aXOJiB,
3ac00iB 1 MeTO/IB 3aXUCTy iH(pOpMaIlii, 0 yTBOPIOIOTh KOMIUIEKCHY CHCTEMY 3aXHUCTY
indopmarii (KC3I). CywacHi MeTonau TeHepyBaHHS KIIIOUOBUX JaHUX IIPHITYCKAlOTh
BUKOPUCTaHHS TeHeparopa (TeHepaTopiB) BHIAJKOBOI IOCTIIOBHOCTI 1 3acobiB
(bopMyBaHHs Ta TECTYBaHHs KJIIOYiB KpunrorpadiqHoi cHCTEMH.

IcHytoun Mertonm reHepyBaHHs Kpunrorpadiyno skicaux BII ymMoBHO MoxHa
MOAIUIUTH Ha: iICTHHHOBMITAKOBI, IICEBIOBMITAKOBI Ta KBa3iBUIIAAKOBI MOCiIOBHOCTI.

IcturHOBHMankoBi mocmigoBHocti (IBII). [dnst oTpuMaHHS iCTHHHOBHIIAIKOBHX
nmocinoBHocteil (IBIT) B skocTi mkepen eHTpomii BUKOPHCTOBYIOTH (i3MUHI SBHUINA
npupoH. Y AesSKMX KpHUOTOrpadiyHMX 3aCTOCYBAHHSAX MOXYTh BHKOPHUCTOBYBATHCS
eK30THYHI (Hecreliani3oBaHi) METOJ OTPHMaHHS [IEPBUHHOI €HTPOIIIi, HAIPUKIIA/:

— TPHBAJICTh HATUCKAHHS KJIABIII HA KITaBiaTypi («MHIIII») Ta MEPioIu Mixk
HATHCKaHHSM;

— TapaMeTpH JOKAIBHOI (TII00aIbHOT) KOMIT I0TEPHOT MEpexi;

— KOJIUBaHHS 4acy JOCTYIY JI0 JKOPCTKOTO JAUCKY Y 3B’SI3Ky i3 TypOyJIeHTHICTIO
MOBITpPsI B IOTO KOPITyCi;

— urymu 3BH4aitHol 1upoBoi kKamepu, po3mimieHol y Tempssi (mpoekT «Lavarndy
online: http://lavarnd.org) Toro.

IlceBnoBunaakosa nocnigoBHicTs (I1BI1). IlceBmoBumaakosa nocminosHicts (I1BIT)
HA3WUBAETHCS TAKOIO, SKIIO BOHA BHIUIAAAE K OE3CHCTEMHa Ta IMOBIpHICHA, XO4a B
IIMCHOCTI cTBOpIOBajiacs 3aco0aMH  IIJIKOM —JETepPMIiHOBAHOTO IIpOLeCy, SIKHH
Ha3WBAETHCS TICEBIOBUIIAKOBHI reHepaTop. Taki reHepaTopy HOYMHAIOTE CBOIO POOOTY
i3 nmepBuHHOI IBII, sika Ha3MBa€eTBCS «MOYATKOBOIO» (200 «BeKTOp iHimiamizamii»), i
JeTepMiHOBAaHO BUpOOIsie 3a 11 Jomomororo Habarato Oinplry 3a nosxuHoro I1BIL
T'eneparist IIBI1 — anbTepHaTHBHUIM, NOMIUPeHUH crocid orpumanus BII mis motpe6
KC.

Hnsa cywsacamx KC, sk mpaBuino, B ocHOBy reHepaTtopiB [IBII mokmameHo
BHUKOPHUCTaHHS QYHKIi noToyHoro mudpysanHs. Kpunrorpadidao CTiiiki reHepaTopu
[IBIT MoxyTs OyTH moOymoBaHI Ha BHKOPHCTaHHI TaK 3BaHMX OJHOOIYHUX (DYHKITIH.
Taxi ¢pyHKIii € 6a30BUM HOHATTSAM JUIS KpUITOrpadii 3 BIIKPUTHM KITIOUYEM.

Hayxosuii kepisnuk — I'opuyvkuii B.M., 0-p mexn. nayx, npogecop

108



AEPOHABIT'ALIISA

YK 621.396 (043.2)
Tonyonuunii O.I'.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

OBECIIEYEHUME 3AIIUTHI CBA3U ITPU OPTAHU3ALIUU BO3AYIIHOI'O
JABU)KEHUS B COOTBETCTBUU C TPEBOBAHUSIMU ICAO

PazpaboTka u BHeApeHHE B JKCIUTyaTallMI0O CETH AaBHAI[MOHHON 3JIEKTPOCBS3H
(ATN), ucnonp3ytomeil craHaapThl ¥ IPOTOKOINBI TTakeTa mpoTokoioB Mutepret (IPS),
a TaKkKe COOTBETCTBYIOIIMX JMHUNA Tepenaun jgaHubix VDL, HFDL, SSR Mode S
(ceromns Taxke ucrionb3yercst st ADS-B) conmpoBoxaarorcst tpedosanusvmu ICAO 1o
00ECIeYeHNI0 3alIUTHl  CBSA3M. OTH TpeOOBaHWS, C OJHOH CTOPOHBI, HMEIOT
KOHILIENITYaJIbHBIH XapakTep, KOTOPBIH ONpeAeNnseT YPOBHH 3allUThl B COOTBETCTBUH C
knaccudpuxamuein OSI/ISO, o0uryro METORONIOTHIO 3aIlUTHL, @ C JPYroil CTOPOHBI,
HMEIOT MMIIEPAaTHBHBIA  XapakTep, ONpPEACNAIONMHA KOHKPETHBIE CIIOCOOBI MU
TeXHUUYECKHe (IporpaMMHoO-ammapaTHele) pemeHus. IIpoGnema 3akmiodaercss B
HMHTETPAIMN PAa3IMYHBIX TEXHWYECKHX PEHICHWH 3alIUTBl ¢ YyIETOM WX BO3MOXHON
JEBUAHTHOCTH TaM, TJIe 3TO HpeJersieTcs KOHIENTyalbHbIM XapakTepoM TpeboBaHuii, a
Taoke OOECIIEYeHHH IIPH STOM HEOOXOAWMOTo YpOoBHS 3amuTthl. HeobxomumocTs
obecriedeHust 3alIUTHI CBSI3M B KaHAJAX «3eMIIS — 3eMJIS» U «BO3IYX — 3eMIISD), a TaKkKe
TpeOOBaHMS M PEKOMEHJAUMH 1O e€ OCYIISCTBICHUIO pErjIaMeHTHPOBAaHBl B
HopMatnBHOM aokymeHTe ICAO Doc 9896 AN/469 (2010 T.). B cooTBeTCTBHU C 3THM
JOKYMEHTOM 3amuTa IP-ypoBHS NpH BeleHHWH CBS3M OCYLIECTBISIETCS C TOMOIIBIO
MpOTOKONa 3aIuTel ceTeBoro Tpaduka (IPsec) u mpoTokona oOMeHa KIIOYaMH B
WnTteprer, Bepcus 2 (IKEv2): [PS-y3mb1 cobmonaroT TpeOOBaHUS apXUTEKTYPHI 3aIIUTHI
it UaTtepHer-mporokona (RFC 4301), ucmons3yror [P-mpoTokon WHKANCYISIUN
samuienHbx gaHbX (ESP) (RFC 4303), moryT ncnionb3oBats IP-niporokon 3aronoska
ayrentnduxamuu (AH) (RFC 4302), ucnons3yioT IpoToKosl oOMeHa KII0YaMH B CETH
Wnrepner, Bepcus 2 (IKEv2) (RFC 4306), cobmonatoT TpeGOBaHUS K HCHOJIB30BAHUIO
kpuntorpapudeckux anroputmoB st ESP u AH, ecnn mpumensirorest AH (RFC 4835),
HCTIONB3YIOT HyneBo# anroputM mmdposanus (RFC 4835), Ho He HyneBoil aaroputm
ayTeHTH()UKALNK, TNPU YCTAHOBJIGHMH acCOLMAalMid IIPOTOKOJNA 3allUTBl CETEBOTO
tpaduka (IPsec), mpuMeHSIOT KpunTorpapuyeckue aaropuTMBL, MTpeIHa3HAYEHHbIC IS
ucnonb3oBanus B nmpotokone IKEv2 (RFC 4307), npu corimacoBaHWH alTOPUTMOB IS
oOMeHa KII0YaMH, JOJDKHBI HCIOJIB30BaTh NMpoduib cepTudukara HHOPaCTPyKTypHI
OTKpHITHIX Kirodelt B opmate MuTepHeT X.509 M cnMcka OTO3BaHHEIX CEPTH(HUKATOB
(CRL) (RFC 5280), ecnu B xauectBe Merona ayreHtudukamun IKEv2 ncnoms3yercs
mudpoBas MOANUCH, JOIKHBI HCIIONB30BaTh OIPEACNCHHBIE CTaHIapToM IHTepHer
X.509 momutuky B obsacté cepTUPHUKATOB HHOPACTPYKTYpPHI OTKPBITHIX KIIOYEH U
pamku npaktuku ceptudukaros (RFC 3647), eciu B kauecTBe MeTO/Ia ay TeHTH(GUKALUH
IKEv2 ucnone3yercst nudpoBas MOAMUCH, Henonb3yeTcs mudposanne AES-GCM c 8-
OKTETHBIM 3HaueHHeM KOHTpois menocTHoctd (ICV) u atpubyrom mmmHBI Kiaroda 128
ont mst mmdposanus n ayrentudukanun ESP (RFC 4106).

Hayunwiii pyxosooumens — Konaxosuy I'.D., 0-p mexu. nayx, npogecop
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OIIHKA 3ABAIOCTIMKOCTI CYYACHUX CTIIBHUKOBUX MEPEXK
3B’A3KY

V 6inpIIocTi BUMAIKIB Pafio3B's30K BEJETHCS 32 BiICYTHOCTI MPsIMO BUAUMOCTI. Y
IMX yMOBaxX MOXK€ ICHyBaTH OiIbllle OJHOTO NUISXY IOMIMPEHHS PaJiOXBHIb MDX
0a30BOI0 1 MOOIJIBHOIO CTaHISIMH. PamioXBWII NPHXOAATH B TOYKY HpPUHOMY B
pe3ynbTati Oararopa3oBoro BimOWTTSA Bifg OyamiBens Ta iHmMUX 00'ektiB. Tpaca
PO3MOBCIOJDKEHHST  PaJiOXBHIb, SK IPaBWJIO, HE CTalliOHapHA, IIO IMOB'S3aHO 3
MepeMillleHHsIM MOOIIBHUX CTaHLiii Ta iHIMX pyxomMux o0'ektiB. IlommpeHHs
PaioXBMWIIb B IOJIOHUX YMOBAaX XapaKTePHU3y€eThCsl HACTYTHUMH OCHOBHUMHU eexTamu:
3aBMHUPaHHIMH, MTOB'SI3aHUMH 3 0araToNpOMEHEBICTIO; 3aTiIHEHHAM (a00 eKpaHyBaHHIM);
YacOBMM  PO3CIIOBAaHHSAM; JONIUICPIBCBKAM  PO3CIIOBaHHAM 1 BTpaTaMd HpH
PO3IIOBCIOKEHHI.

B Takmx kaHamax cuUTHaJI B TOYI HpHHOMY SBIsiE COOOI0 CyMy BEIIMKOTO YHCIIa
eJIEMEHTapHHUX CHTHAJIIB 3 PI3HUMHM aMIUTITy/laMH 1 BUIIQJKOBHM 4YacOM 3aIli3HIOBaHHSI.
OxpeMi IPOMeHi MOXKYTh 3aIli3HIOBAaTUCS OJIMH II0JI0 OJHOTO Ha 3HAYHY BEIUYHUHY, L0
i Buksinkae MCI (MbKCHMBOJIBHY iHTEep(dEpeHILiio). 3ae)KHO Bill CTyIeHsS BUKPUBICHHS
(bopMH IMITyTTbCy PO3PI3HSIOTH BEJUKI 1 Malli MiXXCHMBOJIbHI TIEPEIIKOIH.

e siBUILE HA3UBAETHCS YACOBUM PO3CIIOBAaHHAM CHTHATY.

OCHOBHHMH XapaKTEePHCTUKAMH YacOBOTO PO3CISHHS € BEpPXHS MeXa YacOBOIO
PO3CiIoBaHHS 1 cepeTHbOKBAAPATHYHE 3HAYEHHS YaCOBOTO PO3CIIOBAHHSI.

CryniHb BUKpHUBIEHHS (HOPMHU IMITyJIBCIB HPH HAKJIAJCHHI CHTHAIIB 3QJICKHUTH BiX
PI3HMII Yacy MOIIMPEHHS PagiOXBHJIb 32 PI3HMUMH HUIIXaMH. 3a3BHYail pi3HULS 4acy
MOIIUPEHHST 10 MAaKCHMaJbHOMY 1 MIHIMQJIbHOMY ILUIAXaX HA3WBAaIOTh YacoM
OararonpoMeHeBoCTi (f,). [nd 3BUYaliHMX BiACTaHEW 3B'SI3KY BEIHYMHA JISKUTH B
mexax 0,2-0,5 mkc. SIkiio TpuBanmicTh iMIynbCy (7) MeHIIE Yacy 0araTonpoMeHeBOCTi,
TO BUHHKAIOTH BEJIHKI MDKCHMBOJIBHI TEpemKOAW. SIKIIO XK TPHBATICTH IMITYJIbCY
Habarato mepeBHINy€e yac 0araTONpPOMEHEBOCTi, TO MIXCHMBOJBHI INEPEIIKOAN MAJo
BIUIMBAIOTh Ha PHHOM, OCKIJIKU B JAHOMY BHIAJKY JIMIIC HEBEINKA YACTHHA EIEMEHTY
BHSIBIISIETHCS YPA)KEHA ITEPEIIKOIO0IO0.

KpiMm Toro, y pe3yibrari 6aratopazoBoro BiiOUTTS palioXBWIb Bijl pi3HHX 00'€KTIB
mpu poOoOTi mepenaBaya B PEKHMI Oe3MEpepBHOTO BHIPOMIHIOBAHHS CTBOPIOETHCS
cKJIaHa iHTepdepeHLiiiHa KapTHHA, KA BeAe JO 3aBMUPAaHb CUTHAIY.

3aBMHpaHHS Ha Tpaci MOXHA pPO3AUIMTH Ha JOBroTpuBaii (ycepeaHeHi) i
KOPOTKOTpUBaJi (WBHIKI). SIKIIO ycepemHHTH IIBWAKI 3aBMHPAHHS, TIIOB'S3aHi 3
0araTompOMEHEBICTIO, 3AINIIAETHECS HECEIIEKTHBHE 3aTiHeHH. [IpndnHOI0 IIHOTO SIBHITA
€ 0co0JIMBOCTI perbedy MiCIIEBOCTI B3OBXK TPACH ITOMIMPEHHS paliOXBUIIb.
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AHAJII3 MOXKJ/IMBUX 3BUTKIB BIJI ATAK B MEPEXKI IHTEPHET

IHTepHEeT TMOBHICTIO 3MIHIOE Te, K MH >KUBEMO, MPAIIOEMO, HABYAEMOCS Ta
BiZITOYMBAEMO.

OpHak pa3oM 3 KOJIOCATBHHUM POCTOM TOMYJISAPHOCTI Ii€l TEXHOJOTii BHHUKAE
Oe3mpenesieHTHa 3arpo3a pO3royIocy IEPCOHANBHHX JIAHUX, KPUTUYHO BasKIMBHX
KOPIOPAaTUBHUX PECYpCiB, AEPKABHUX TAEMHHUIB i T. 1. KOXKHOro JHS 3J0BMHCHUKH
MAIAI0Th 3arpo3i Li pecypcu, HaMararo4uch OTPUMATH 10 HUX JIOCTYII 32 JIOIOMOTOIO
CHeliaJbHUX MEpeKeBUX arak. 3 KOKHMM JHeM I[i aTakd CTaloThb Bce OuLIbII
BIPTYO3HHMH i BOJHOYAC MPOCTHMH y BUKOHAHHI.

Hnst  opranizamii KOMyHIKaliii B HEOJHOPIAHOMY MEpPEKEBOMY CEpEIOBHILI
BUKOPUCTOBY€eThcsi Habip mpotokoniB TCP/IP, 3abe3medyroun CyMICHICTH MiX
MIPUCTPOSMH Pi3HHUX THMIB. JJaHnii Habip MPOTOKOJIB 3aBOIOBAB MOMYJISIPHICTE 3aBISKH
CYMICHOCTI 1 HaJaHHA JOCTYIly JO pecypciB Tio0anpHOi Mepexi IHTepHeT 1 craB
CTaH/APTOM JUIS MK MepexeBoi B3aeMoJii. AJle pO3MOBCIOJDKEHHS CTeKa IPOTOKOJIIB
TPC/IP 3pobmino momiTHEMH #oro cmadbki cropoHu. B ocobmmBocTti i3-3a IBOTO
BiJJIAJIEHMM aTakaM IIiITal0ThCsl PO3IMOIIIBHI CHCTEMH, OCKUIBKM X KOMIIOHEHTH
3a3BMYail BUKOPUCTOBYIOThH BIJIKpHTI KaHAJIM Iepenadi JaHHUX, i MOPYIIHMK MOXe He
TIIBKM MPOBOIUTH MACHBHE MPOCIYXOBYBaHHs iH(opMallii, 0 HepeaaeTses, ane i
moaubikyBaTu Tpadik, SKHii epeaacThes.

Taxi 3704iTHHS B 3aJISKHOCTI BULy aTaku, Ta MaTepialiB, M0 aTaKyIOThCS, MOXKYTh
3aB/laBaTH BEJMKOI IIKoAM. Hampukiaa mNOpYIIyBaTH ONTHMaNbHY (DiHAHCOBHX
CTPYKTYp, OaHKIB, CIIPUYUHSATH Pi3HOTO POIY HE3PYUYHOCTI JUIs IIEBHOTO KOPHCTYBaua,
Y1 IPYIH KOPUCTYBAUiB TOLIO.

BaxkicTb BUSBICHHS NPOBEICHHS BiIAJICHOT aTaKu Ta MPOCTOTA MpOBeIeHHs 11 (i3-
3a BHCOKOI (DyHKIIOHAJBHOCTI CyYacCHHX CHCTEM) BHBOJHTH Il BHJI HENPaBOMipPHUX
Iiif Ha mepie Micie Mo CTYIeHI0 HeOe3MeKH 1 He Ja€ MOXKITHBOCTI CBOEYACHO pearyBaTu
Ha 37iliCHeHy 3arpo3y, B pe3yJbTaTi 4YOro y MOPYLIHHKA 30iMbIIYIOTBCS LIAHCH
YCIIIIHOI peati3alii aTaku.

B 2001 pomi miciust anani3y 3adikcoBaHUX BTpaT, MOB'SI3aHUX 3 HAHECCHHSM 30UTKY
indopmarmiiiHiif 6e3nemni, Oyia Bu3HadeHa cyma B 150 Mipa. momapis, IpHPOAHO, IO 3
KOJKHHM POKOM Iupa 1 3pocTae Bee Oibie.

ITpu oMy, TpoMajackKicTh Mae iHpopManiifHuil focTyn aunre 10 15% ckoroBaHMX
B 1[iif oOyacri 31mo4nHiB. BizoMo, mo Benuka gactuHa i3 30utky (70%), 1110 HAHOCUTBCH,
3IIHCHIOETHCS BIIACHUMHU CIiBPOOITHUKAMM KOMIIaHiil B Pe3y/bTaTi CTBOPIOBAHMX HUMHU
BHYTPIIIHIX aTakK.

Came TOMY OZHI€IO 3 KITIOUYOBHX YMOB B 3a0€3I€4EeHHI KOHKYPEHTOCIIPOMOXHOCTI 1
e(EeKTHBHOI JKUTTEMISUIBHOCTI KOKHOI KOMINAaHIi € HasBHICTh AKICHOI 1 PO3BHHEHOL
CHUCTEMH 10 3a0e3MeUeHHI0 iH(OpMaIiitHOT Oe3NeKH.

Hayxosuii kepienux — Odapuenko P.C., kano. mexu. nayk, ooyenm
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HCCJIEIOBAHUE OCOGEHHOCTE MPUMEHEHUS
TEXHOJIOI'M ZIGBEE

3a mocnenHee BpeMsl UETKO OTCIIKHBACTCS TEHJCHIWS YBEIUUCHUS 3HAYUMOCTH
OeCrpOBOAHBIX CEHCOPHBIX CeTeif, B OpPraHM3alud KOTOPBIX  HCIONB3YeTCs
cnerudukanus ZigBee — HaxcTpoiika k cranmapry IEEE 802.15.4.

MHorue NpUIOKEHHS HMEIOT NMOTPEOHOCTE B OECIPOBOMHBIX CETSAX CBS3U, HE
o0JIalatoMX BBICOKOH CKOPOCTBIO Iepefayd IaHHBIX, HO HAJEXKHBIX, >KUBYYHX
(CTIOCOOHBIX K CaMOBOCCTAHOBJICHHIO), MPOCTHIX B Pa3BEPTHIBAHUHM M IOCIEAYIOLIEH
9KcIUTyatanued. He MajoBa)KHBIMM acHeKTaMu SBISIFOTCS M JUIMTENBHOCTh PaOOTHI
00Opy/I0BaHUSI OT AaBTOHOMHBIX HCTOYHMKOB MHTAaHUsS, HU3Kas CTOMMOCTb U
KOMITaKTHOCTb. DTH TPeOOBaHHs MPAKTUUECKU HE COMOCTABUMBI C TEXHOJIOTUSIMU BPOIE
WiFi, GSM, LTE u .. Cetn ZigBee oTBe4atoT BceM BHIIEyKa3aHHBIM TPEOOBAHHAM, B
OTJIMYHUE OT JPYTHX OECIPOBOAHBIX CEeTeH Mepeadn JaHHBIX, & IMEHHO:

1. Sluencras (mesh) Tomomorus ceTu M MCHOIB30BAHHE CIIEIMAIBHEIX aJTOPUTMOB
MapImIpyTH3amud,  obecreumBaloT  cetm  ZigBee  camoBoccTaHOBIeHME M
rapaHTHPOBAaHHYIO JOCTABKY [TAKETOB B CIIy4ae 0OpbIBa CBS3H MEXKIY Y3IaMH.

2. Cnemuduxanus ZigBee nmo3possier UCIONB30BaTh KPUIITOrPAQHIESCKYIO 3AIIUTY
Tpaduka B COYETAaHUU C THOKOW MOJIUTHKOM 0€30MaCHOCTH.

3. Crpykrypa cereil ZigBee 3amaercst mapameTpaMu cTeka KOH(UrypaTopa H
(dopMupyeTcss aBTOMATHYECKM ITyTeM IIPUCOCAWHEHUs K CeTH O0pa3ylommx ee
YCTPOUCTB, YTO 00ECTIEINBAET MPOCTOTY PA3BEPTHIBAHUS H CAMOOPTAaHN3AIINIO.

4. VYcrpoiictBa ZigBee 001agaloT HH3KHM 3JIEKTPONOTPEOIEHHEM, B YaCTHOCTH
JUISL KOHEYHBIX YCTPOUCTB, NMPETyCMOTPEH PEXXUM «CHa», YTO MO3BOJSIET MM padoTaTh
JI0 TpeX JIET OT OJIHO#H OaTapeiiku Thna AA i AAA.

Cesa3p B cersix ZigBee peanmsyercs HyTeM IOCIEAOBATEIBHON PETPAHCIALMN
MaKeTOB OT y3/la HCTOYHHKA A0 y3la ajpecara, MPUYEM B CETH MHPEIyCMOTPEHO
HECKOJIBKO alTOpPUTMOB MapIIpyTU3alUM, KOTOpBIE MOAOMPAIOTCS aBTOMATHYECKH.
CraHmapTOM IpPeXyCMOTPEHO HCIONb30BaHHE KAHAIOB B HECKONBKMX YaCTOTHBIX
nuramnazonax. Camasi BBICOKast CKOPOCTB Iepeiadil M IIOMEXO0yCTOHINBOCTh JOCTHTAeTCs
B nuanaszoHne ot 2,4 1o 2,48 I'T'u, B 3TOM anana3zoHe pa3MelleHo 16 kaHajaoB HIMPUHON B
5 MIn. Yro kacaercsi CKOpPOCTH, TO CpeIHSsl CKOPOCTb Mepefadyd IOJIEe3HOH
nHdopmarmu konebnercs or 5 go 40 x6ut/c. Ilmomanb 30HBI HMOKPHITHS 3a CUET
PETpaHCISALMK TOCTUIaeT HECKOJIBKUX THICSY KBAJPATHBIX METPOB B IOMEIICHUH U JIO
HECKOJIBKMX TEeKTap Ha OTKPHITOM MECTHOCTH. BaXHO MOMHHUTBH, YTO JaHHBIE CETH
MOXHO B 000 MOMEHT pacHIMpUTh IyTeM J[J00aBIE€HHS HOBBIX JJIEMEHTOB WM
HA000pOT Pa3OUTh Ha HECKOIBKO HE3aBHCHMBIX 30H, YTO MO3BOJSIET CHU3UTH HATPYy3KY
1 TIOBBICHTBH CKOPOCTb ITepeladll JaHHBIX.

Hayunuwiii pyxosooumenv — Tkanuu O.I1., kano. mexn. nayk, ooyenm
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Hayuonanvuwiti asuayuonnwiii ynueepcumem, Kues

NPEUMYHIECTBA UCIIOJIb30BAHUSA CWDM-CUCTEM
B I'OPOACKHUX CETSAX

B mocnenHee Bpemsl TEXHWKa CIEKTPaJbHOTO pacrpenencHus kaHamoB (WDM)
CTajga IOHPOKO BHEAPSTHCI B KOMMEpPYECKHE CHCTEMBI Iepefadd JaHHBIX JUIs
TIOBBIIIEHHS] MX MPOIMYCKHOW CIIOCOOHOCTH TOJIe3HOW wuH(opMmamuu. B HacTosmee
BpeMsl HauOoyiee MOMyJSIPHBIMH OCTAIOTCS JBa TUIA CHCTEM CO CIEKTPAIBHBIM
pacmpefeneHueM KaHajoB: 1) CHCTEMbl C IUIOTHBIM CIEKTPaJIbHBIM pa3JielieHueM
kaHaioB, DWDM- cuctemsl; 2) CHCTEMBI C HEIUIOTHBIM CIEKTPAIBHBIM pa3/ielieHueM
kaHasioB, CWDM-cHCTEMEL.

OCHOBHOE OTJIHMYHE 3TUX CHUCTEM B IOJIOKEHUM HH(OPMAIMOHHBIX KaHAJIOB B
cnekTpe pabounx amuH BoiaH BOJIC. CormacHo pexoMeHAanusM MexXIyHapOJHOTO
TeslekoMMyHUKamornHoro coro3a (ITU), paccrosHme mexny coceqaumMua DWDM-
kaHanmamu coctasiser 100 I'TL, gto paBro 0.8 HM. B CWDM-cucTemax CrHeKTpbl
COCEeTHUX KaHAJIOB PAaCIIOJIOXKEHBI Ha Tropa3fo OOJbIIEM PacCTOSHUH, OOBIYHO PaBHOM
20 uM (2500 I'T) nus Tperbero okHa npo3padnoctd. Cnenyromue pasmuanss DWDM- n
CWDM-cucteM MpuBEACHBI B TaOJHIIE.

CWDM DWDM
PaccrosiHue Mexay kaHamaMu 20 M 0.8 M

2500 I'T'LT 100 I'TIY
KonmaecTBo kaHAIOB MakcuMyMm 18 JIECSITKH/COTHHI
Jlnarma3oHsl O,E,S,C, L S,C,L
MouHOCTh Nepeaaoero MoayJIsi Ha KaHal 1Bt 10BT
[ToTpeOHOCTH B TeMIEPaTypPHOIl CTAOMIN3aMU | HET eCTh
["abapuThl MyJIBTHUIICKCOPOB MaJICHbKHE Oopme

Opnum w3 pocrouHcTB CWDM-cuctem Takke SBISETCS  BO3MOXKHOCTb
MOIMGUIMPOBAHMS YK€ WMEIONMEHCsT TOMONOTHM INMHA B TOMOJOTHIO 3Be3Ja C
ucnons3oBanueM OADM (Optical Add Drop Multiplexor) — KOTOpBIH H3BIEKaeT U3
ONTUYECKON JIMHUM CHUTHAJ Ha 3aJaHHOU JUIMHE BOJIHBI, a BCE OCTAJIbHOE W3IIy4YeHUE
npomyckaer 0e3 m3MmeHeHuil. Tak mocturaercs HezaBucumocte CWDM-cuctem ot
MUTaHUS, T.€. MTUTAaHUE HEOOXOUMO TOJIBKO ISl aKTHBHOTO 000Dy JOBaHUS.

BaxxHO OTMETHUTH BO3MOKHOCTH MacIITaOMpoBaHUs yxe cymectByronmx CWDM-
CHCTEM ITyTeM CO3JaHUS THMOPUAHBIX CHCTEM — YBEIMYEHHS UHCIa KaHAJIOB CHCTEMBI
0e3 3aMmeHbl oOopynoBaHms. TeopeTHueckM B AWara3oHe BOJH IS OJHOTO KaHala
CWDM MoxHO pazMecTuThb 10 15 kananoB DWDM c marom mexay Hecymumu 0.8 HM.
DTO MO3BOJISIET YBEIHYUTH eMKOCTh §-kaHanbHOH CWDM-cuctems! 10 120-kaHanbHOM.
IIpakTuuecku yxke pealu3oBaHbl CUCTEMBI, 3anojiHsAromue oxuH CWDM-kanan
BoceMblo KaHataMu DWDM, yBenuuuBas €MKOCTb §-KaHAJbHOM cUCTeMBl 10 64
KaHaJoB.

Hayunvwii pyxosooumens — Tkanuy O.11., kanO. mexH. HayK, OOYeHm
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Opapuenko P.C.
Hayuonanvuwiti asuayuonnwiii ynueepcumem, Kues

CTPYKTYPA JJOMIOMI’KHOi CEHCOPHOI MEPEXI JIJIsI
3ABE3NEYEHHSA AJANITUBHOI 3MIHA BUITPOMIHIOBAHOI
MOTYKHOCTI PAJIONEPEJIABAJIBHUX IIPUCTPOIB
CTUVIBHUKOBUX MEPEXK

s 3abe3nedeHHss pOOOTH CHCTEMH PETYJIFOBAaHHS BHIIPOMIHIOBAHOI MOTY)KHOCTI
pamio mepefaBalbHUX IMPUCTPOIB  CTUIBHUKOBHX MEPEX B  3aJeKHOCTI  Bif
METEOPOJIOTIYHUX YMOB OYyJIO 3alpOMOHOBAHO KOHIICIIiF0 MOOY/I0BH CEHCOPHOT MEPEKi,
ska Oynme 30MpaTH JaHi HPO 30BHIIIHI METEOPONIOTIUHI YMOBH B MeXaX OKPEMHX
CTIJIBHHUKIB Mepexi Ta nepenasath ix 10 BC. KpiM njporo, nana ceHcopHa Mepexa Moxe
OyTu mapaneabHO BUKOPHCTAHA IS peaisallii iHINX KOMEepUiHNX POCKTIB.

KOHCTPYKTHBHO KOJKEH BY30J 3aIIPONOHOBAHOI CEHCOPHOI MepeKi Mae CKIafaTucs
i3 000B’SI3KOBUX JATUUKIB (TeMIIEpaTypHHIL, TiApO MeTeopiB, BosorocTi). Kpim 1poro €
MOJKJIUBICTD MiJKITIOYCHHS OMNIIOHANBHUX NATYUKIB (HAPUKIAL, IUIS BHMipIOBaHHS
CefcMIYHOI aKTHBHOCTI, HAIIPYXXEHOCTI €JIEeKTPOMArHITHOrO Mo Tomo). Bel maTumkn
MAKITIOYAloThCs. 10 (opMyBada cHUTHaNiB depe3 cTaHmapTHi iHTepdeiicn. Hapmani
3i0paHa iH(pOpMAaIlis MiITAETHCS MYJIbTHIUIEKCYBAaHHIO Ta MiJACHJICHHIO, TICIS 4YOro i3
aHaJIoroBoro curHany (opmyerbes mudposuit 3a gornomororo AL Ludposuii curaan
i3 Buxomy AIIl mnomaeThcss Ha BXiI MIKPOKOHTpoONepy, sKHii Oyae mepeaaBaTu
06pobiieHy iH(hoOpMallito mapaneabHO Ha 30epeKeHHS Y CXOBHUILE AJIsS peecTparii TaHnuX
TMYWIBHUKIB Ta Ha BXinm BY TtpaHcuBepa, 3 sikoro 3a momomororo BY aHTeHHOTO
MIPUCTPOIO pagiocurHai Oye mepeIaBaTHCs 10 HACTYITHOTO By3JIa.

OG’eqHaHHS BENHKOTO 4YHCIa TAaKUX BY3JIB B €OUHY MeEpexKy 3abe3nednTsb
MOXJIMBICTb OTPUMAHHS €JJMHOI KapTHHH MO/IH 1 mpoIeciB, M0 BiIOYBAIOTHCS y paMKax
LILOT'O CEHCOPHOTO MOJIs. be3npoBoioBi ceHCcopHi By3nu OyayTh 30MpaTH iHpOpMaNilo i
TepeaaBaTH ii gami A1 oOpoOKH Ta aHami3y.

OCHOBy ceHcopHo'l' Mepexi CKIaJaTuMyTh Oe3lid CEHCOPHUX BY3IMIB, SIKi MOXKYTb
B3aeMOiATH MiX co6oro. CeHcopu OyayTh pO3TAlIOBYBAaTHUCh BCEPEAMHI KOXKHOTO
cTinpHUKA. [X KiNBKicTh MOBHHHA BapilOBaTHCh B 3IEKHOCTI Bifl XapaKTEPy MiCIIEBOCTi,
po3Mipy CTiNBHUKIB Tomio. KoxkeH By30J1 MOXXe BHKOHYBaTH pi3Hi QyHKIii (Moxe
BUCTYIIaTH B SKOCTI KOOpIWHATOpa MEpEeki, MapiipyTH3aTopa 4d OyTH NpOCTUM
CEHCOPHUM By3710M). O00B’I3KOBUM €IEMEHTOM 3aIPOIIOHOBAHOI CTPYKTYPH CEHCOPHOI
Mepexi € nuo3 (Moke OyTH Oinbliie OJHOrO IITI03a B OAHIM Mepexi), uepe3 sIKHi
BinOyBaTHMEThCs Mepenaya 3iopanoi mereoponoriynoi inpopmarii 1o BC.
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IToBxJ1i0 B.C.
Jlepoicasnuii ynieepcumem ingpopmayitino-komMyHikayiiinux mexuonoeit, Kuis

OLIHKA BEJIMIUHU 3ABMUPAHb
B PAJIIOPEJIEMHUX JITHIAX 3B’SI3KY

CyuacHi 0e3pOTOBiI CHCTEMH IIepelJaBaHHS TaHWX MAIOTh PsIl TepeBar Mix dac
PO3IOBCIOKEHHST CHTHATy B MeXaxX MpsMoi BHAWMOCTI Ta 3a ii BiACYTHOCTI B
niamazonax vactoT Hmkde 11 I'Ta. [lo HUX BimHOCSTS i pamiopeneitHi Mepexi. [Ipote B
X MepeXkax MOJJIMBI BTPaTH pajio3B’s3Ky 3a HAsBHOCTI omanaiB. Tomy HeoOXimHO
OLIHUTH BIUIMB TiJPOMETEOpPIiB HA MPOLEC PO3MOBCIOMKEHHS PpaJiOXBWIb Y LHUX
MepeKax.

CriBBiTHONIEHHS MiX MOTOHHMM TIOCITA0NEHHAM , ), (Ab/KM), Ta IHTEHCHBHICTIO
qonty, R (MM/4), OTUCYIOTBCS CTCTICHEBUM 3aKOHOM:
=kR”
VR =
Koeoiuientn k i & MoxyTh OyTH ajbTepHATHBHO BU3HAYEHI B (DYHKIT 4acTOTH 3
piBHSHB, sKi OynM OTpUMaHi METOJOM alpOKCHMAIlil KPHBHX 3a KoeQilieHTaMu
CTENEHEBOr0 3aKOHY, BUBEIEHHM 3 PO3PaXyHKIB PO3CIFOBAaHHSI.

Ha puc.1 BigoOpaxeni rpadiku 3anexHOCTEll BTpaT MOTYXKHOCTI paliOCHTHAIY 3a
HasIBHOCTI ONaJiB i3 Pi3HOIO IHTEHCHUBHICTIO.

8|

¥R(150,)

7R(100,H°

TR(50.5)

YR(20.1) 4

7R10.)

TR0

0 22 8.8 11

Puc. 1. 3anexHicTh TOrOHHOTO 3aTyXaHHS B TiZIPO METEOpax B 3aJICKHOCTI
BiJ YaCTOTH palioOCUTHAITY

I3 OTpHMaHHX 3aJIEKHOCTEH MOXHA 3pOOUTH BHCHOBOK IPO Te, IO 3aTyXaHHS
paniocursany Ha yactoTax Hkdue 6 I'TI[ € He qy)ke 3HAYHUM, HaBiTh, 32 IHTEHCHUBHOCTI
omaniB 150 mm/roa. Ilpore HeoOXiTHO BpaxoBYBaTH II0 BEIMYHMHY 3aTyXaHb IpU
IUIaHyBaHHI CYYacHUX paJiopeNieHHX Mepex, sIKi MpaloloTh B PI3HMX Miama3oHax
YacTorT.
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MOKA3ATEJIM OLEHKHU Y®OEKTUBHOCTHU ATIMAPATYPHOM
HN3BBITOYHOCTHU OBOPYIOBAHUS UMTS/WCDMA

Hcnonb3oBanne anmapaTypHOH H30BITOYHOCTH SIBISIETCSI OCHOBHBIM  ITyTEM
TIOJI/Iep>kaHusl 3aJJaHHOTO YPOBHSI TOTOBHOCTH CHCTEM, OJHAKO BBICOKAas CTOMMOCTB
TKO TpedyeT TeXHHMKO-?KOHOMHUYECKOTO OOOCHOBaHMsSI BBEICHUS JOIOJIHUTEIbHON
anmapatypHoi M30BITOYHOCTH, TII09TOMY TeMa JOKJaja SBISAETCS JOCTaTOUYHO
aKTyaJIbHOH. C  mempto  momydeHHs ~ O(QQEKTHBHBIX  PE3yJbTaTOB I
YCOBEPIIEHCTBOBAHUS CYIIECTBYIOMINX TEXHOJIOT Uit HKCILTYyaTallHOHHOTO
pe3epBHpOBaHHs IPOM3BEAEHA KIAacCU(PUKAIMSA BHAOB M CTPYKTYyp amnmapaTypHOM
n30pIToYHOCTH. B Mokiane paccmatpuBaercs GyHKIHMOHAIbHAs rpymmna oobexroB TKO
- 000pyIOBaHHE CHCTEM YNPABICHMS SJIEMEHTAaMH CETH a0OHEHTCKOTO PaAnOAOCTyMa K
omoproit cetn 3G WCDMA crangapra UMTS/WCDMA. B pamkax 3Toi Tpymist
paccMaTpUBAIOTCS J[Ba OIpPEACNICHHBIX YPOBHSI arperaiy OOOpYyHOBAaHHS: YPOBEHb
MaKpO3JIEMEHTOB CETH abOHEHTCKOTro paauojocTyna (0a3oBble CTAHIMH, KOHTPOJLIEp
0a30BBIX CTalMi, KaHAIBI Mepefadyn AaHHBIX B JAOMEHE MOACHUCTEMBI PaJHOJOCTyNa U
Ip.) U ypOBeHb (YHKIMOHAJIBHBIX MOJIYJeH, KOHCTPYKTHBHO O(OPMICHHBIX B BHIE
THUITOBBIX JJIEMEHTOB 3aMEHEI.

IIpemmoxxeHo  omeHuBaTh  S(QGEKTUBHOCTH  ammapaTypHOH  W30BITOYHOCTH
KOMIIJIEKCHBIM KPUTEPHEM, OCHOBAHHOM Ha MaKCHMH3allUK KO HUIHEHTa TOTOBHOCTH
MPA OTPAaHWYEHHH CTOMMOCTHBIX XapakTepHUcTHK cucteM. OrneHka Kod(duimenTta
TOTOBHOCTH ITIOJIyd€Ha IPH IIOMOIIH ITOCTPOSHHsI MaTeMaTHYeCKOW MOJENH IIpolecca
TexHuueckoil okcrutyatauun TKO, oOCHOBaHHOW Ha TEOPUH PEreHEPUPYIONIUX
cilydaliHbIX TporieccoB. OmpenesieHbl COCTOSHHS, B KOTOPBIX CHCTEMa MOXET
HaXOAUTHCS B TPOIECCE SKCIUTyaTalluH, MOMy4eHbl aHAIUTHYECKHE BBIPAXKEHHS Ul
OIIEHKH cpeHero BpeMeHH HaxoxaeHuss TKO B kaxkaom u3 coctosHuil. Mcnone3ys atu
BEIPAXXEHHS, HalJEHB COOTHOLICHWS JUIS OLEHKH KOd(QHINEeHTa TOTOBHOCTH IIPH
pa3IMYHBIX 3aKOHAX paclpeleieHHs HapaOOTKM Ha OTKa3 M PasHBIX CTPYKTypax
anmapaTypHOil M30bITOUHOCTH. IIOCKONBKY BBEOEHHE aNmapaTypHOH H30BITOYHOCTH
HETIOCPEACTBEHHO CBA3aHO C JOIOJHHUTEIBHBIMH KAaNHUTAJbHBIMH  BIOXKCHUSIMA
(VHBECTHIIMAME) U U3MEHEHHEM JKCILTyaTallIOHHBIX 3aTpaT, B KA9eCTBE CTOMMOCTHOTO
ToKasaTels npeaiaraeTcsi uernoib3onath mokasarens TCO (Total Cost of Ownership —
MOJHYI0 CTOMMOCTH BIQJEHUs). DTOT IOKa3aTelb B HACTOAIIEe BpeMs SBISETCS
Hauboyiee OOLIMM JUIsi OLCGHKH SKOHOMHYECKOH 3(hQeKTHBHOCTH HH(GOPMAIUOHHO-
KOMMYHHKAI[HIOHHBIX CHCTEM H BKIIOYaeT B Ce0S OCHOBHBIE COCTABIISIOIIHE
9KCINTyaTallMOHHBIX M KallUTaJbHBIX 3aTPaT.

Takum 00pa3zoM, NMpeAIoKEHHBIE MOKa3aTeNd U KPUTEPUH MO3BOJSIOT MPOM3BECTH
KOMIIJIEKCHYIO TEXHHUKO-3KOHOMUYECKYIO OLCHKY 3(()EKTUBHOCTH BBECHHS PA3ITUYHBIX
BHJIOB U CTPYKTYp aNIapaTypHOH M3OBITOYHOCTH, YTO JAe€T BO3MOXKHOCTH 00ECTICUUTH
TpeOyeMblil ypoBeHb TOTOBHOCTH U noctyrmHOCTH TKO.

Hayunuwiii pykosooumens — Ynancxuii B.B., 0-p mexn. nayx
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Kumomupcoruii giticoxosuii incmumym imeni C. I1. Koponvosa
Hayionanwnozo asiayitinozo ynieepcumemy, Kumomup

3BIVIBINEHHS E@EKTUBHOCTI PAIIOYACTOTHOI'O CIIEKTPY
CUCTEM BE3JPOTOBOI'O JOCTYIIY WI-MAX

Wi-MAX — me pearmizaliisi TEXHOJIOTI] MIHPOKOCMYTOBOTO O€3/[pOTOBOTO JOCTYILY
Broadband Wireless Access (BWA) crannmapry IEEE 802.16, sika BHKOPHCTOBYETBCS
JUISL BUCOKOIIBU/IKICHOT 1 BUCOKOSIKICHOI ITepeiadi nu(poBUX JJaHUX, FOJIOCY Ta Bileo Ha
BiJICTaHi B JeKiIbKa JAECATKIB KinmomeTrpiB. Y xkoBTHI 2007 p. International
Telecommunication Union BkmounB TexHosnorito Wi-MAX crannapty IEEE 802.16 B
ciM’10 craHAapTiB MoOimbHOro 3B’s3ky 3G, 3aIIaHYBaBIUM BUKOPUCTAHHS JaHOI
TEXHOJIOT1i B MOOIJIbHOMY 3B’ 13Ky HOBOT'O ITOKOJIIHHSL.

Ha 6a3i Texnonoriit Wi-MAX onepatopu pagiofocTyIly MaioTh 3MOTY HaaaBaTH
MOCTYTH 3B’S3KY, AOCTYNMy B IHTEpHET, NOJATKOBO [ONMOBHIOIOYHM IX TEXHOJIOTIEIO
craggapty IEEE 802.11 (Wi-Fi). [lo Toro, omepaTropu CTiIEHUKOBOTO 3B’f3KY,
iHTerpyroun y BiuacHi Mepexxi Wi-MAX, 3MOXyTh 3HaYHO PO3MHUPHUTH KITBKICTH
nocityr. JIocTyI 1o Mepeski MOXIIMBO 3/1iHCHIOBATH 3a JOIIOMOTIOI0 pi3HHX iHTepdeiiciB
pamio noctymy, ane 3 €IMHUM OUIIHFOBUM paxyHKOM Ta TpodileM KOopHCTyBaua.
Texuonoris Wi-MAX 1o3Bojise mpaiioBaT# B yMOBaX IIUIBHOI MiCBKOI 3a0y0OBH,
3a0e3MeuyouH MPU OMY BHUCOKY SIKICTh 3B’SI3KY Ta HIBUAKICTH HEepeaadi.

Texuosoriss Wi-MAX nocTymnoBo 3aBOifoBy€ pHHOK O€3pOTOBHX TEXHOJOTIi. Ae
HE BCi IpOBaiiiepi MOXXYTh JO3BOJIUTH COO1 BIIPOBAKEHHS TaHO1 TexHoorii. B meprry
4epry, Iie MOB’S3aH0 3 BEJMKHMH KalliTATIOBKIAICHHAMH Ta (IHAHCOBUMHU PU3NKAMH.

Jlnst epeKTHBHOTO BHKOPHCTAHHS paliOCIIEKTpa CHCTEMaMH 0€3ApOTOBOrO JIOCTYITY
Wi-MAX, nominsHEM € 3aCTOCYBaHHS METOAY IOBTOPHOTO BHKOPHCTaHHS 4YacTOT 3
BiJINTOBIJTHUM BPaxXyBaHHSIM 30H IIEPEKPUTTSI.

Koxxen omeparop HamaraeTbcsi 3a0e3MeUUTH SKOMOTa OUTBIY 30HY MOKPHTTS JUIs
00CIyroByBaHHs OiNbIIOI KITBKOCTI KOPHCTYyBauiB. Ajie B cuiy pi3HHX (aKkTOpiB, sIKi
BIUIMBAIOTh Ha 30HY IOKPHTTS, 3pOOUTH Lie He BAaeThcs. CaMe TOMY PO3paxyHOK 30HH
o0ciryroByBaHHS 6a30B0i CTaHIIii IPOBOIUTHCS BUXOASYHM 3 EHEPreTHYHOTO PO3PaxyHKy
30HH, KUTBKOCTI KOPUCTYBAYiB Ta JaHUX MIONO0 Tpadiky poOoTH.

B 3anexHOCTI BiJ pe3yibTaTiB OOMPAETHCS BIJIOBIJHA 30HA OOCIYyrOBYBaHHS, a
TaKO)XK BH3HAYAETHCS PO3MIP KIacTepy, KUIBKICTh CEKTOpIB B KOMipIi, KUIBKICTB
YaCTOTHUX KaHAJIB B KJIaCTepi.

B cucremax pasio3B’s3Ky 30HHM OOCIyroByBaHHsS OOHMpPAlOTh TAKUM YHHOM, aOH
3abe3neuyBanocsi MePeKPUTTS CyCimHix 30H. [Ipy 11bOMy aOOHEHTH, SIKi 3HAXOIThCS B
30H1 IEPEKPUTTS JBOX 30H, MOXKYTh OOCIYTOBYBaTHCS OyAb-SKOIO 3 HUX.

Hayxoeuii kepisnux — I[lapgentox B.I'., kano. mexu. Hayk, OoyeHm
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DEVELOPMENT OF AVIONICS SOFTWARE

The term aircraft avionics was first used in the earlier half of 1950’s in USA to
denote the system that depend on as well as exploit electronic technology in the aviation
segment. Today, when we speak about the new age aircraft industry it has an essential
role to play. The expenses of an avionic system are usually the same or as much as one-
third of the overall aircraft expense.

It is estimated, that the global market for aircraft avionics devices in the upcoming
ten years be approximately worth of 30 billion and hence its future importance is highly
appreciated by most.

A well incorporated aircraft avionics infrastructure is crucial to almost every
aircraft. With the modern day technologies, today there is a clear need to set up
development hardware and software designs, testing, execution and integration

Avionics is one of the most complex part of modern aircraft. There is no second
chance in the air — so dependability of avionics operation is a very important for safety
flight operation.

Software — is a set of machine-readable instructions, without which operating of
any computer device is impossible. Terms of avionics development for aircraft systems
are much longer, that for PC. It’s caused by conservatism of developing process. There
is no place for alpha- and beta-versions in avionics. Civil aviation demand complete,
tested systems, which should guarantee continuously and reliably operation.

Modern solutions for control and monitoring of Flight Control Systems represent
complex, which is hard to perfect understanding for everybody, including operators and
developers of these systems. It’s something like nuclear weapon development during
WW2 — everybody know his own part of work, but don’t know how all links are
interacted. Problems of management efficiency causes informational and organizational
deficit. Primary it’s caused by high costs of skilled developers and their education. As
usually up to 2-3 thousands of developers are work at only one Control System in big
projects. Secondary it’s caused by organization of interaction between developers and
work synchronization. So, there is a special regulated technical process of avionics
software developing. Requirements to hardware and software component, process of
testing and requirements to documentation writing are strictly defined.

However, the process is constantly modified and improved, based on the realities of
the project and of the world experience.

It’s necessary to provide minimal probability of failure. The highest level of

avionics dependability define failure probability equal 1079. Also developers lead to
minimize costs of code developing and debuging.

Scientific supervisor — G.A. Polozhevets
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EXPERIMENTAL RESEARCHES OF THE FIRST SIGNS OF THE
PHENOMENON OF FACTOR RESONANCE BY MEANS OF FLIGHT
DIRECTOR'S MAP

The problem of flight safety and human factor is one of the most important
problems of the world aviation at all and it demands principally new methods for
solving this task. These approaches are described in requirements of ISO 9001:2009.
During the analysis of first signs of the factor of the resonance it's necessary to apply
the process approach.

The first signs of the phenomenon of resonance factor includes areas sections) of the
factor vibrations during the flight, which leads to increasing of basic parameters of the
flight with increasing of number of simultaneously acting factors. In fact, the first signs
of IDP it is a "crashes and accidents in the bud."

Structurally, the method of evaluation of the first signs of the resonating factor
means:

- data capture on each working cycle or training;

- construction of a list of data for all cycles of work and training;

- ranking of the data according to time intervals or some selective (custom) ranking
of data;

- separation of data into some groups for a large number of operators or comparison
of several groups;

- tabulation of statistics for plotting;

- construction of the coordinate charts and performance capacity curves of operators;

- evaluation (assessment) of the initial level of efficiency and training of the
personnel;

- comparative analysis of the success of the individual operator and the group as a
whole.

Also there are separation and grouping of normal flights into three categories (by
using the Gauss normal distribution according to 3 sigma): factor-safety flights (zone
OBII), relatively factor-safety flights (zone O®BII) limit-factor-undetermined flights
(zone I1®HIT). The last one group concerns to the zone of the first signs.

Operational cards should be used at the level of crews for individual adjustments on
handwriting of the pilot; at the level of flight detachment, squadrons, foro removing of
undetermined factor flights and caution of accidents and crashes of aircrafts, incidents,
etc.; at the level of aviation companies, concerns, management, departments with the
aim of optimization of flight control and management of flight operation (work).
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PECULARITIES OF INTRODUCTION OF TOUCH SCREEN FLIGHT
DISPLAYS INTO RANGE AIRCRAFTS

The pilot has extremely high informational load. Interaction between the pilot and
indication system is formed of two main processes: process of information acquisition
about current values and dynamics of flight parameters, technical system and control
process state, during which the pilot brings the values of flight parameters into necessary
state correspondingly to the current problem. Instrument image data formation occurs as
the result of pilot's information acquisition and processing during visual scanning of
indication system — accidental, random process of pilot's look movement along
indication system elements. The importance of instrument information for adequate
flight situation image forming is obvious: the indication system should have maximal
ergonomic efficiency. And nowadays it really has. The years of experience in designing
avionics displays have resulted in the level of technical expertise and innovation
required in avionics applications. So, the subject of the following work is touch screen
avionics technology.

The touch screen system has been designed and developed to offer the pilots a more
streamlined and user friendly cockpit, thereby enabling them to focus on their flying
rather than being distracted by instruments. Once operational, this system will provide
the pilots with critical information such as speed, altitude and heading of the aircraft
with just a few touches on the display. The user interface of the system is an icon based
layout that will also offer pilots access to various other information such as aircraft
systems, checklists etc. The flight plan for a particular flight will also be available via
this system and that on a scrollable map too. Pilots will be able to change heading and
direction of the aircraft with swipes, instead of traditional keypads, along with panning
and zooming features that are essential for maps.

Touch screen primary display utilizes empowering human interfaces and high-
integrity software to create a flight deck environment that provides extensive situational
awareness for pilots, adapts to future technology and airspace requirements, and is easy
to manage. It is the only avionics system flexible enough to meet the mission needs of
the full range of business aircraft, from turboprops to intercontinental business aircraft to
the most sophisticated regional jets, and military aircraft.

Now we have three display technologies used in aviation displays and touch screens:
LED backlight LCD, optical bonding and outdoor resistive touch screen. More detailed
consideration will take place on the conference.

It is extremely important that touch screen technology provides a fast and intuitive
interface for the pilots because even in the case of a danger pilot has an ability for quick
and accurate reaction.

Scientific supervisor — O.0.Tryzna, senior lecturer
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GENERALIZATION OF AIRBUS A-320 OPERATING EXPERIENCE BY
METHODS OF PROCESS ANALYSIS

Modern methods of flight training are based on the scientists’ achievement in the
areas of researches like ergonomics, engineering psychology, safety, labor precaution
and others. Now there is a plenty of work to improve the skills of operators in managing
complex systems, training of operators and their actions. Meanwhile, training of pilots
detained reflected movements (opposition) can significantly improve flight safety (FS).
It is found that the number of flights to the lack of anti-factor overlaying reaches 68-
70%. Earlier in the complex plane training panels conducted research on the impact of
failures on complex behavior of the pilot as a way of modeling factor overlaying .

Training of pilots to deal with any unpredictable events during the flight lead to an
increase flight safety (FS) for the human factor (HF). Some authors for evaluation of
counteraction pilots factor overlaying studied the nature of changes the dynamic
reactions of the pilot depending on the number of failures introduced during the "flight"
on complex plane training panels for lasting value and maximum deviation of the
parameters. With identified of the strengthened dynamic stereotype, pilot instructor of
aircraft A-320 recommended to talk to him and repeat the "flight" of complex failures.
Instructors of the aircraft A-320 complex plane training panels must know about the
pilot, the reflected movements and know the signs of the strengthened dynamic
stereotype for understanding the process of removing it and remember that during the
real flight the strengthened dynamic stereotype appears in 1.5 times frequently than
"flight" on the complex plane training panels.

References:

1. Tpuwenxo IO.B. IlonrotoBka MUJIOTOB K IOJIETaM B OCOOBIX CUTYaIlMsSX C y4ETOM
SBIICHUS ~ YCWJICHHsS  JUHaMu4eckoro crepeoruna» // KubGeprernka u
BerurcautensHas Texauka. K.: HAH Vikpaunsi, — 2003. — Bem. 139. C. 81-85;

2. TIpuwenxo [O.B. AHanu3 W3MEHEHHMS IMHAMHUYECKOTO CTEpEeOTHIAa ITWIOTOB B
mpouecce JNETHOM IOATOTOBKM Ha KOMIUIEKCHOM TpeHaxépe camonéra.  //
Kubepnernka u BerancnutensHas Texanka. — K.: HAH Ykpaunsl, 2004. — Beim. 142.
C. 35-40;

3. Hohlov E.M., Grishchenko Y.V. The analytics of flights as the processes of the
interaction between a human and a machine from the point of view of new
discoveries.// The third world congress “Aviation in the XXI century”, “Safety in
aviation and space technology”, September 22-24, 2008. — p. 33.22 — 33.25.

Scientific supervisor — Yu.V.Hryschenko, associated professor
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MOKJIMBOCTI BUMIPIOBAHHS VHEPEJKEHOI BUCOTH
HA TPAETKOPII TOJIBOTY NOBITPAHOT'O CYJHA

Haii0inpm HeOe3neuHUMH, 3 TOYKH 30py 31TKHEHHS JITaKiB i3 3eMIICIO. SBISIOTHCS
Taki eTamu MOJbOTY SIK 3JIT, 3HIDKCHHS Ta MOCajKa, TOOTO MOJIT HAa Masiii BHUCOTI.
3acTocyBaHHS CHCTEM PaHHBOTO MOMEPEPKEHHs 3iTKHEHHs i3 3emuero (mami - CPIIII3)
JI03BOJIA€ 30UIBLIMTH Yac, HaJaHUH eKiNay Uil IPUHAHSATTS PIlleHHS | BUIPABICHHS
noxubok minoryBanHsa. OcHoBHUM matyrkoM CPIIII3 skuii Ge3mocepeHLO BUMIpPIOE
BiZICTaHb 0 3€MIIi € PaJiOBUCOTOMIP MAJIUX BHCOT, ajie BIH MOXK€ BHUMIPIOBaHHS TiJIbKH
icruary Bucoty (HO) mix mitameHmMm amapatoM. Ilpm mompoTax Ha Maiiif BHCOTI
HEOOXiZJHO BUKOHYBaTH PO3paxyHOK IMPOTHO30BaHOI TPAEKTOPIl MONBOTY Ta PO3TIILAATH
MOJKJIUBOCTI 11 MepeTHHY i3 3€MHOIO IMOBEPXHEI0 Ha JEsKii ymepemkeHid BiicTaHi,
JNOCTaTHIM A7 BUKOHAHHS MaHeBpY WIO0 YHHMKHYTH aBapiitHoi cutyauii. IIporHos
MIPOBOJUTHLCS BiTHOCHO BiJIOMHX KOOPJIMHAT JiTaka Ha TPaekTopil Horo mompoTty mo
BiZIOMOMY KypCY, @ TOUKY IPOTHO30BAHOT'O MEPETUHY TPAEKTOPIl MONBOTY i3 perbedomM
3eMJIi pO3PAaxOBYIOTH BINNOBIMHO 10 IM(pPOBOI KapTH AOCONIOTHUX BHCOT pelbedy
3eMHOI TOBepXHI 13 BHKOpHCTaHHSIM iHQopMmarmii oOYHCITIOBAaNBEHOI CHCTEMH
nmitakoBofiHHA. Takum ymHOM poborta CPIII3 3BoAWTBCS 0 MPOTHO3YBaHHS BHCOTH
TPa€eKTOPii MONMBOTY JiTaka B JEAKiH ymepelpkeHii Toumi. [cCHyroua cuctemMa mpoOrHO3Y
Mae psA HelONIKiB, OCHOBHUMH 3 SIKUX € MOXHOKHM BUMIipIOBaHHS KOODJHMHAT JiTaKka Ta
HETOYHOCTI KapTh aOCONIOTHUX BHCOT pelbedy 3eMHOI MOBEpXHi 00yMOBICHI
IITYyYHUMH Ta TPUPOAHIMH 3MiHamu penbedy. [ yCyHEHHsS HETOYHOCTEeH
MIPOTHO3YBaHHS HEOOXiJHO 3aCTOCYBaTH MJaTYMKH O€3MOCEepPeAHBOr0 BUMipPIOBAaHHS
3MIiHH penbe(y 3eMHOT ITOBEPXHI.

Jna  peamizamii  BEMiprOBaHHS
yIIepe/pKeHOT BUCOTH NONbOTY (HY) Ha
T TZesKiit  ynepemkeHii (Oesneuniit 3
TOYKH 30py MaHEBPYBaHHs) BiACTaHi
(4F) mo TpaekTOpii MONMBOTY JIiTaKa,
HEOOXiZHO ~ BHUMIPIOBATH  TOXHITY
JAIBHICTD JI0 yrepepkeHoi Touku (D).
JI1s bOTO TIPOTIOHYETHCS 3aCTOCYBATH
IMITYJTECHUH PaJliOBUCOTOMIp, JiarpamMa HampaBJE€HOCTI SKOTO 3HAXOAWTHCS T AESKUM
(ikcoBaHUM KyTOM (ff) O TIOB3IOBXKHBOI OCi JiTaka. Taka cxema O3BONUTH BUMIpIOBaTH
MOXWTy BincTaub (D) [0 yHepe/pkeHOi TOYKM Ha TPAEKTOpil pyXy Ta pO3paxoByBaTH
yTepeKeHy BUCOTY MonboTy: [, = D sinf.

TaxuMm 4MHOM, 3aCTOCYBaHHS IMITYJIBCHOTO paJiioBHCOTOMIpa B skocTi naTanka CPIIII3
JIO3BOJIUTH TIOCTIHHO BHM3HAYATH yHEpeDKEHy BUCOTY TPAaeKTOpii MOJIBOTYy Ha Oe3ledHii
Bi/ICTaHi, TOOTO BIICIIIIKOBYBATH 3MiHYy peibedy 36MHOI ITOBEPXHI, IO JO3BOJIHTH EKIMaXy
a0 cucTeMi aBTOMATHYHOTO KePyBaHHS YHUKATH HeTlepe0adeHoro 30JIKEHHS 3 36MHOIO
TOBEPXHEI0, TOOTO CYTTEBO BIUTMHYTHU Ha Oe31eKy MalTOBUCOTHUX MOJTBOTIB.

Hayxosuii kepisnux — Yyorca O.0., kaHo. mexu. HayK
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JOCJIKEHHS XAPAKTEPACTHK THEPIIIAMHO-CYITY THUKOBOI
HABITAIIWHOI CHCTEMHM 3 KOPEKTOPAMM B TMHAMIYHHUX
PEXKUMAX POBOTH

InTerpoBaHi iHepuianbHO-CymyTHHKOBI Hagirauiitni cuctemu (ICHC) naOyBaroth Bce
[IMPIIOTO PO3NOBCIOPKEHHS Y 3B S3KY 13 OYPXJIMBUM PO3BHUTKOM OE3MLIOTHOI aBiarlii.
Taki iHTEerpoBaHi CHCTEMH HO3BOJIIOTH IOETHATH MIEPEBArd Ta YCYHYTH HEIOIKH KOXKHOT
okpeMmoi cucremu. Bucoka 3amikaBneHicts B possutky ICHC BumpaBmoByeThcs ix
TIPUHHATHOIO BapTICTIO, MAIIIMH PO3MipaMH, 3HAYHOIO HATiHHICTIO Ta TOYHICTIO.

Po6ora ICHC Bumarae BHCOKOiI TOYHOCTi, HAMIfHOCTI Ta OMEpaTHBHOI BHaAYi
indopmarii mpo KOOpAWHATH, MIBHIKICTH Ta iHIII MapaMeTpH pyxXy JITaJbHOrO amapara.
ToMy BHHHKae 1oTpeda B JOCITIIKEHHS POOOTH TAKHX CHCTEM SIK Y CTATHYHMX, TaK 1y
OUHAMIYHUX peXHMax. B  yMoBax peajbHOr0 TMOJBOTY HAWOUTBII JTOCTOBIPHO
XapaKTepH3yIOTh CUCTEMY AWHAMIUHI PEKUMH.

B naniit po6oTi mpoBeseHO aHAIi3 paHille 3aIPONOHOBAHOI 1HEPLIHHO-CYITyHUKOBOL
HaBiTaliifHOT CHCTEMH 3 KOPEKTOpaMH B IWHAMIYHHX pexknMax poOotH. Takosk BUKOHAHO
TIOPIBHSHHS SIKICHUX XapaKTePUCTHK y JIUHAMIYHUX PEXHMAaX i3 paHillle OTPUMaHHMHU
CTATUYHUMH XapaKTEPUCTHKAMH CHUCTEMH 1 INPOBEACHO MOIIYK T'PAaHUYHUX 3HAYCHb
rapameTpiB TOYHOCTI CKJIAJIOBHX CHCTEMH JuTsl 3a0e3neuenns cradbinpHoi pobotn ICHC.

YV po6oTi OTprMaHO TaKi pe3yIbTaTH:

- CKJAJEHO CXeMy Uil TOCTIDKeHHS AuHaMivyHuX xapakTtepuctuk ICHC;

- NPOBEJICHO MOJIENIOBAHHS POOOTH CHCTEMH B IMHAMIYHUX PEKUMAX;

- TPOBENEHO aHali3 OTPHMAHHUX Pe3yJIbTaTiB MOJCIIOBAHHS;

- 3poOJieHI BHCHOBKM Ta 3allPOIIOHOBaHI IUIIXH HOAAJIBIIOTO BIOCKOHAIECHHS
ICHC.

Jns mocnipkeHHst 0y10 BUKOPHCTAHO MaTeMaTHIHI MeTOIU MozienroBanHs. CKiIaeHo
maremarnyHy mojens ICHC 3 kopekTopamu Ta HMpOBEIEHO MOJENIOBaHHs 1 poOOTH B
PI3HUX IMHAMIYHUX peKUMax. MoienoBaHHsI II0Ka3aJIo, 110 CUCTEeMa SIK B CTATUYHHMX, TaK
i B AMHAMIYHHX DPEKHMax pPoOOTH, € CTiikoro, a il MOXHOKM HaOyBalOTh YCTAICHHX
3Ha4YeHb. B AIMHAMIYHOMY pEeXXHMi BEIMYMHA MOXHOKU OiNbIla HDK B CTAaTHYHOMY, aje Iie
HE 3aBaykKa€ BUKOHYBATH ITOCTABJICHHX 3a/1a4 Ta 30epiraTé HeoOXiHMIA piBEHb TOYHOCTI.

BCTaHOBJIEHO, IO 3alpONOHOBAHA CXEMa KOPEKTOpIB 3abe3ledye BHUKOHAHHS
MIOCTaBJIEHHX 3a7a4 B pisHux pexxumax podoru ICHC. V ninomy ICHC 3 xopexTopamn
BIJITOBiZ]a€ BUMOTaM II[OZI0 TOYHOCTI BU3HAUEHHS KOOPAWHAT Ta MIBUAKOCTI JiTaKa.

VYV nonanplIOMy IUIAHYETHCS BHUKOHATH JIOCHIKEHHS 3alPOIIOHOBAHOI CXEMH
iHepLiaJIbHO-CYITyTHUKOBOI CHCTEMH 3 KOPEKTOpAaMH B AMHAMIYHHX PEKHUMax poOOTH B
YMOBaX THMYaCOBHX BTpAaT CHTHAIY CYMyTHHKOBOI CHCTEMM Ta BUKOHATH IOPIBHSUIbHMIA
anani3 i3 ICHC, B SKMX KOMILUIEKCYBaHHS BUKOHYETHCS 3 BUKOPHCTaHHSAM ONTHMAIIBHHUX
MaTeMaTHIHUX METO/IB Ta aTOPUTMIB.

Hayxosuil kepisnux — Bacunves B.M., 0-p mexu. nayk, npoghecop
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KOMILIEKCHA OBPOBKA BUMIPIOBAHBb KYPCOBOI TA KYTOMIPHO-
JAJIEKOMIPHOI HABITAIIMHUX CUCTEM

Jins  3MEHIIEHHS TOXMOKM BM3HAYEHHS Kypcy TIOJIbOTY HPOMNOHYEThCS —CXeMma
KOMIUIEKCHOI 00poOkn BuMiproBaHb i * Kypcosoi cuctemu (KC) ta BumiptoBanb 6%, p*
kytomipHo-ganekomipHoi  cuctemu  (KIC).  PesynpTar  KOMIUIGKCHOI — OOpOOKH
BHKOPHUCTOBYETBCS ISl KOPEKIiT KypcOBOI CHCTEMH 3 METOI0 BU3Ha4Y€HHs OUIBLI TOYHOTO
3HaueHHs Kypcy.

Y poboTi CHHTE30BaHO CXEMy Ta QITOPUTM KOMIDIEKCHOI OOpoOKHM maHUX
BHUMIPIOBaHb KypCOBOi 1 KyTOMipHO-#aleKkoMipHOl HaBiramiiiumx cucteM. CuHTE3
CHCTEMH KOMIUICKCYBAaHHSI CIPSMOBAHO Ha BHKOPHCTAHHS ONTHMAIbHOrO (inbTpy
Kanmana. Ilpu cuHTe3i cxeMu KommeHcanii Ta ¢impTparii npuitManocs, mo moxubka
JaT4uKa Kypcy Ay alpOKCUMYEThCS BUIAIKOBUM HPOLECOM 3 3aJjaHOT KOpemAliiHol

¢byHkmiero. XapaKTepUCTHKH MOXHOOK KyTOMipHO-AaneKoMmipHoi cuctemu A6,Ap

MpUiMaITics: TAKUMH, 1110 TIPUTAMaHHI paJioTeXHIYHUM CHCTEMaM BUMipIOBaHb.
3anponoHOBaHO IBOETAIIHY CXeMY KOMIUIEKCHOI 00pOOKH.
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Ha nepmomy erarti BHKOHY€TBCSI CHHTE3 CTPYKTYPHOI CXEMH BiTHOBJICHHS 3HAYCHHS
KypCy MOJBOTY 32 JAHUMH BUMIPIB KyTOMipHO-JaJIeKOMIpHOI CHCTEMH.

Ha npyromy erami cHHTE3yeThest GUIBTP JUIsi KOMIUIEKCHOI ONTUMAIBHOI 00pOOKH
JTAHUX BUMIPIOBaHb HABIralliiHUX CHCTEM.

B pesynbrari BUKOHaHUX MEPETBOPEHb OTPUMaHI PIiBHAHHS, IO ONHUCYIOTH IPOLEC
3MiHM TOXHOKM [aT4hka KypCy, 1 PIBHSHHS CIOCTEPEKEHHS, SIKi 3aI0BOJBHSIOTH
MTOCTaHOBIII 3aBJJaHHS KaJIMaHIBCHKOI (ibTparrii.

JocnimpkeHas 3alpOIIOHOBAHOI CXEMH 1 airoputMy OyJI0 BHKOHAaHO IIISIXOM
KOMIT'IOTepHOTOo MopemoBaHHs. [Ipm mpoMy Oyio BIITBOPEHO NPSAMONIHIHHUHA pyx
JiTaka Ta 3MOJENBOBAHO MMOBIPHICHI MOXHOKM BHUMIpPIOBaHb KypCOBOi Ta KyTOMipHO-
najmekoMipHoi cucteM. Komm’roTepHe — MOJENIOBaHHS — IIOKa3ajlo  MOXKJIMBICTB
TiIBUIIEHHS] TOYHOCTI BH3HAUCHHS KYpCy 3 BHKOPHCTaHHSM 3alPONOHOBAHOI CXEMHU
KOMIIJIEKCYBaHHSI.

Haykosuii kepisnux — Bacunves B.M., 0-p mexn. nayx, npoghecop
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OBMEXEHHSA 3ACTOCYBAHHSA CUCTEMMU 3ATIOBII'AHHSA 3ITKHEHHS
JITAKIB TCAS

BoproBa cucrema mnomepemxeHHs 3iTkHenHs JitakiB TCAS mnpusHauena st
MiABUIICHHS PiBHA O€3MEKW TIONBOTIB 1 BUKOHYE POJNb «OCTAHHBOTO 3ac00y»
3armo0iraHHs 3iTKHEHb a00 HeOe3NmeyHnX 30JIKeHb y MOBITPI HUIIXOM BHAAYI MUIOTAM
peKoMeHaMiif 3 MaHeBPIiB y BEPTHKANBHIN IIONMHI IPH BUSBJICHHI PH3HKY 3iTKHEHHSI.

OpHak IMioTaMm i JUcreTdepaM KepyBaHHS MOBITPSHAM PyXOM BapTO MaTH Ha yBasi,
mo TCAS He € JOCKOHANOK CHCTEMOI0, BOHA HE 3/1aTHA BUKIIIOYMTH BCi PU3UKH
3iTKHEHHS i MOXKe MOOIYHO MPHUBECTH A0 BUHUKHEHHS JIOJAATKOBOTO pH3uKy. [Iprnuomy
30iMbIICHHS PiBHSA TOYHOCTI HaBirarii B TOPH30HTANbHIN IUIOMIMHI B CIIOJy4YeHHI 3i
30iMBIICHHSIM PIBHS TOYHOCTI HaBiramii y BepTHUKaJbHIN IUIOLIMHI, 3 OZHOTO OOKY,
JIO3BOJISIE YIIUTFHIOBATH MOBITPSHUH PyX, a 3 1HIIOTO OOKY, IPH BUHUKHEHHI TIOMHJIOK,
MOXYTh TPH3BECTH HE3AJIEKHO BiJ THITy MOBITPSHOTO MPOCTOPY MO OiJBII BHCOKOTO
cTyneHs pu3uKy 3iTkHeHHsA. Sk Bimomo, TCAS Bumae KoHCyIbTaTHBHY iH(pOpMamiio
(TA) i pexomeHzamiio 3 yCyHeHHs 3arpo3u 3iTkHeHHS (RA). V peansHOMy moBiTpstHOMY
pyci MoXIHMBa IIOsBa CHTyamilf, ko pexomeHpaamii RA MoxyTe posrimsmatucs sk
HeOakaHi, a00 BOHM He 3'SBISIOTHCS B MOTPIOHMH yac. IcToTHa yacTMHA HeOaKaHUX
pexomenpanii  RA MoB's3aHAa 3 MaHeBpyBaHHsAM JiTakiB. Ha dQopmyBaHHs
HEJIOCTOBIPHOTO CHUTHANy THONEPEeHKEHHs HaWOUIbIIMA BIUIMB HAAAIOTh MOXHOKH
BUTPUMYBAHHS 33/J]aHOI TPAEKTOPIT MOITBOTY, BUKINKAHI SIK TOYHICTIO pOOOTH OOPTOBOTO
oOnagHaHHs, Tak 1 30BHIHIME (akTropamu. Y maHiii poOOTi po3poONsEThCS cucTeMa
KOMITTOTEPHOTO MOJEINIOBAHHS JUIS JOCHI/KEHHS MOJIIMBOCTI IOSBH OOMEXECHb
3acTocyBaHHs cucteMn TCAS, ki MOXKYTh MaTH MiCIle IIPY BUHHKHEHHI KOHQUIIKTHAX
cuTyalid y moBiTpsHOMY pyci. CucreMa I03BOJIIE MOJETIOBATH PIi3HI BUITAJKH
BUHUKHEHHS 3arpo3 3iTKHEHHs JTakiB. [Ipy 1bOMY pO3IIISAAIOTECS Ta MOAETIOIOTHCS
pi3Hi BHMAnKM 30JIVDKEHHs JITaKiB y IMOBITPSHOMY IPOCTOpi, IO BHHHUKAIOTH IPU
TOPU30OHTAILHOMY TIOJIBOTI 13 PI3HUMHM IHTEpBaJaMH BEPTHKAJIBHOTO CLICNIOHYBAaHHS, 3
NOXMOKaMU y BUTPUMYBaHHI aOCONIOTHOT BHCOTH, IO BKIIOYAE 3CYB y BEPTHUKAIbHIN
IUIOIMHI, a TaKOXX 3 KOJNMBAaHHAMH TpPA€eKTOpii U BIUIMBOM TYpOYJIEHTHOCTI.
PosrmsimaroTbess TakoK CHTyallisi BUHUKHEHHS 30MMDKEHHS JTakiB IpPH BUXONI B
TOpU30HTANBHMH 1MOMIT. KpiM IIbOr0, MOJETIOETHCS OCOONMBUN BUITANOK 30JMKEHHS
MOBITPSIHUX ~ CyJEH, IO XapaKTEepU3YEThCS MO0 IIBHAKICTIO  30JIDKEHHS.
[IpoaHani3oBaHO peaybHi CUTYallil MOPYIICHHS JIITAKAMH IHTEPBAJIIB eIIeJIOHyBaHHS,
SKi TepiOAMYHO BHMHHMKaIM OO 3aCTOCYBaHHS OOPTOBOI CHCTEMH IIONEPE/DKECHHS
sitkHenHss TCAS Bepcii 7.1. ITlomepenHbo mNpoBeleHi AOCTIIKSHHs 3 BHSBICHHS
MOTCHI[IMHO KOH(IIKTHUX CHUTyaliif 3a aaropuT™MoM (YHKLIIOHYBaHHS OOpPTOBOI
CHUCTEMH Tomiepe/KeHHs 3iTkHeHHs mitakiB TCAS BHABWIM CHTyallil, TpH SKHAX
MOJKJIMBA TIO5IBa IOTEHLIHHUX €KCIUTyaTalifHIX POOIeM.

Hayxosuil kepienux — Bacunvee B.M., 0-p mexu. nayk, npoghecop
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YK 629.735.05:621.396.962 (043.2)
Opuyk A.O.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

HOBYAOBA XAPAKTEPUCTUK BUSBJIEHHS CYITYTHUKOBOI'O
CUT'HAJIY 3 HASIBHICTIO E®EKTY BATATOIIPOMEHEBOCTI

CymyTHUKOBI HaBiramiiHi CHCTEMH HHHI IIHPOKO BHKOPHUCTOBYIOTHCS IS
BUDIMICHHS PI3HMX TEXHIYHUX 3aBJaHb, THM a00 IHIINM YHHOM TIOB'S3aHHX 3
MMUTAHHSAMH BU3HAYEHHS IIOJIOXKEHHS Yy MpPOCTOpi Ta dYaci. B sKoCTI CymyTHHKOBHX
pamionasiraniiinux cucrem (CPHC) mepembavaroTbesi cydacHi cepeaHbopOiTanbHi
cucremn - GPS, 'TIOHACC, Galileo i T. z., aje pe3yibTaTd 3aCTOCOBaHI B HUX MOXYTh
BHUKODHCTOBYBAaTHCh 1 B IHIIMX CHCTEMaX 3 CXOXXHMH CTPYKTYpaMH CHTHANIB i
pO3TalIyBaHHSM TX JDKEpedL.

OnHe 3 iCHYIOUHMX 33a7a4 — MiABUIIEHHS TOYHOCTI HaBiraliiHMX BU3HAYCHb, OJHA 3
ICHyIOUHX MpoOJeM Ha [bOMY LUIAXY — 0araTolnpoMEHEBe IIOIIUPEHHS CHTHAIIB.
[Ipobnema mpuiioMy pamiocMTHaNiB B yMOBaX 0araTOMpOMEHEBOCTI THUIIOBa IS
OipIIOCTI Ha3eMHHX CHCTEM pamio3B’si3Ky. Ha BXin mpuiiMada IOTparuisie He TLTBKU
MIPSIMHUIA TTPOMIHb PafioOCUTHANY, ajle ¥ MPOMEHi 3 3aTPUMKaMH, 110 NPUHILIN 3 iHIINX
HampsIMKIiB 332 paxyHOK BiIj3epKaleHb Bill OTOUYYIOYMX pamioTpacy O0'€KTiB, IepeB,
mozaelt, OynaiBenb i 3MiH HampsMy pPO3IMOBCIODKEHHS B atMocdepi. B pesymbrari Ha
BXOJI mpuiiMada BigOyBaeThCS CKIAJaHHS IHPOMEHIB, IO MAalOTh Pi3HI 3aTPUMKH,
aMIuTiTYau, ¢a3u. BaxnmBy ponb y BHUpIIEHHI 3aBAaHb CyYacHHX CYIyTHHUKOBHX
pamioHaBiralifHMX  CHUCTEM  BIiAIrpalOTh NUTAHHS  BHSBJICHHS CHTHAIIB  Ta
XapaKTEePUCTUKK BUSBICHHS. BHSBICHHSM HA3MBA€THCS MPOLEC TNPUAHATTA pillICHHS
00 HASBHOCTI CUTHAITY 3 JIOITyCTUMOIO HMOBIPHICTIO TIOMIJIKOBOTO PillICHHSI.

OCHOBHHMH SIKICHUMH TOKa3HHKaMH paJioJOKAI[ifHOrO BHSBJICHHS € YMOBHI
HWMOBIPHOCTI NMPaBHJIBHOTO BHUSBICHHsS Ta XHOHOT TpuBord. Ski 6 3aBmaHHsS i wimi He
crosii nepe CPHC um Oyap-sSKuM 1HIIMM TPUCTPOEM IO BHKOPHUCTOBY€E HPUHLIUI
pamionokarii, y BCiX BHNagKax OakaHO MIiHIMI3YBaTH TPHUHATTS ITOMHIKOBOTO
PpILlIEHHS, BaXIJIMBOIO IPH L[bOMY € IMOBIPHICTh NPABHJIBHOTO BHUSBJICHHS CHUrHany. B
peasbHii 00CTaHOBI MOPS 3 KOPHCHUM CHT'HAJIOM HasBHI LTyMH, a TAKOX B Oaratbox
BUIMAJKaX MPUCYTHI 3aBafu B caMiil yacToTi curHaiy. 3 pajiosiokaiii BitoMHi MeTo[
BUSIBJICHHSI CUTHAJY, SIKUH 3aJJ0BOJIbHSE KPUTEPIIO ONTUMAIIBHOCTI.

XapakTepUCTHKH BHSBICHHS CHTHAJIy € Ba)XJIUBUM HampsMKoM Yy cdepi
pamionokamii Ta HaBiramii, Je CTaBUTbCS IHTaHHS TOYHOTO Ta TapaHTOBAHOIO
BUSIBJICHHS CHUTHaly (HampHKiaj, pajxioHaBiramiiHoro cursaimy). Tomy moOymoBaHi
XapaKTEePUCTUKH BHSBJICHHS CHMTHATy LUIAXOM KOMII'IOTEPHOIO MOJENIOBAaHHS 0Oe3
HAsSBHOCTI e(eKTy 0araTompoMeHEeBOCTI, Ta 3 HasABHICTIO pi3HOI KiJbKOCTI (Bix 1 mo 4)
nepeBioOpakeHHX CHTHAIIB. Ha SKMX MOXXHAa IOMITHTH, IO YUM OUTBIIMH BIUIUB
edekTy OaraToOpOMEHEBOCTi, THM OUIbIEe XapaKTEPUCTUKH BHSBICHHS PYyXalOThCs
MpaBoOpyY, TOOTO TUM CAMUM 3MEHIIYETHCSI CIiBBIHOLICHHSI CUTHAJ/IIYM 1 IMOBipHICTh
BUSIBJICHHS CHTHAY.

Haykoei kepienuxu — LLlymxo B.M., 0-p mexn. Hayk, npogecop;
Konin B.B., 0-p mexn. Hayk, npoghecop
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AEPOHABIT'ALIISA

PAJIOEJIEKTPOHHI IIPUCTPOI, CHCTEMH TA KOMIIJIEKCH

VK 621.391.832 (043.2)
baouu /I.B.
Hayionanvuuii asiayitinuil yniseepcumem, Kuis

JIOKAJIbHO-ONITUMAJIBHUI PAHTOBUI MICJASIAETEKTOPHHA
ATOPUTM BUSABJIEHHSA ITYMOIIOAIBHOI'O CUT'HAJTY

Ha Buxomi kBampaTypHOTo JeTEKTOpa pO3MOALT CyMilli CHUTHAIYy 1 3aBajad
OIUCYETHCS €KCIIOHEHIIHHNM 3aKOHOM:
f(x) =1 +b)e” "™,
ne b — curHaNBHUN TTapaMeTp, SKUH Mae 3MICT CIiBBIIHOIICHHS MOTY)KHOCTe# aucnepcil
CUTHAJY 1 IIyMy.
JlokanbHO-ONTUMAaNBHUI PAHTOBUI aITOPUTM Ma€ BUTIISL!

S X, 0 ¥,) = Zam(Ri’f) 2V,
i=1
ne R, i=I...n - paHT [ — IO BiJUTIKy BUOIpKH XX, s BiJTHOCHO IIIyMOBOI BUOIPKH A
, Rig{lj.”7 m+ 1}, 3HaueHHs QYHKIIT Bijl paHTiB 06YHCITIOIOTE 3a GOPMYJI00
-1
m—l +o0 B
am(R,-,f)—'n( l lj [J@IF@] 1= Fol™ de=mfxl) -1
ne J(x) — JacTHHHA IOXiJHA LIIIBHOCTI PO3MOAITY BUOIpKM y pasi aJbTepHAaTHBHOI
rinotesn K 3a CHrHaJBHUM mapameTrpoMm b y Ttouri b=0, mk{x,(,f)}, k=12 - k-i1
MOYATKOBUI MOMEHT xr(:) -1 TOPSIIKOBOI CTATHCTHKH BUOIpKH pO3MipoM m 3
EKCTIOHEHITIITHOTO 3aKOHY.

J1J1 eKCTIOHEHIIIHOTO 3aKOHY mk{x(l )} 3BOJUTHCS 10 CyMH TabJIMYIHUX iHTErpasiB

“Ne o (1-1 A
mk{ng)}:m['? 1}2(—1)'[ , jF(1+k)(m—l+i+1) ZP N
—1 )% 1

MateMaTuuHe CIOJiBaHHS Ta MIWUCIIEPCiI0 CTATHCTUKH BHACHIAOK OJHAKOBHX
WMOBIpHOCTEH 3HaYEeHB PaHTIB OOYHCITIOEMO 32 (POPMYIIOI0

_ 1 AR, . . 1 m+l I 1 m+1 ) 2
ml{S}—an;am(z,f), yz{S}—n{m+12am (z,f)—{m;am(z,f)} }

i=1

Iopir npuitHATTA pimenns V, sxuii 3abesmedye moTpibHHII piBeHb iMOBipHOCTI

XUOHOT TPUBOTU (¥ , OOYHCITIOEMO 32 (POPMYJIIOIO:
V,=mAS}+ A4, 1S

Ae A,_, - KBAaHTHIIb HOPMOBAHOTO IayCCOBOIO PO3MOALIY PIBHS | — ¢ .

Haykosuil kepignux — [Ipokonenko LI, 0-p mexn. nayk, npogecop
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VK 656.7.260 (043.2)
I'opsiuxuBckuii A.B.
Kuposoepaockas nemnas akademust
Hayuonanvrozo asuayuonnozo ynueepcumema, Kuposozpao

MOJYJAbHOE ®OPMHUPOBAHUE YIIPAKHEHUI
JUIA JUCIIETYEPCKHUX TPEHAXKEPOB

Jns  peanmm3anuy  METOAWKH HCHONB30BAHMS HMHAWBHIAYAIbHOTO IIOIXOJAa B
0o0y4eHH! aBHAIlMOHHEIX CHENUAINCTOB, B YaCTHOCTH aBHAJUCIIETYEPOB, MOTpedyeTcs
pa3paboTka OONBIIOr0 KOJIMYECTBA Pa3HOOOpPA3sHBIX 3amad 3aJaHHOTO  yPOBHS
CJI0)KHOCTH, Pa3IMYHOM MPONOKUTEIBHOCTH U T.1II.

ITonxoapl K COCTaBIEHUIO YIPaXHEHWH, HCIOJAb3yeMble B HACTOsIIEE BpeMs B
TPEeHaXXEPHBIX LIEHTPaxX PerHOHAIbHBIX CTPYKTYPHBIX MoJpaszeneHuil Ykpaspopyxa U B
TPEeHaXXEPHBIX KOMIUIEKCAX Y4eOHBIX 3aBEIeHUil, pelaloT 3ajJady COCTaBICHMS
TpeOyeMoro KONWYecTBa YMpakHEHWH IJIsi OOIIero MPHMEHEHHUs, YTO He IO3BOJISET
BHEJ[PUTH HHAUBHIYAIBHBIN MOAXOM AT KayKA0T0 U3 00yJaromuXCsl.

B mHacrosmee BpeMs TIPUMEHSIOTCS HECKOIBKO IOAXOJIOB JUIS  CO3JAHHSA
yIpaKHEHUI:

— py4YHOE CO3/1aHHE€ YIPaXXHEHHs C «UUCTOrO JHCTa», T.€. IOJHOCThIO OT Haudala U
JI0 KOHILIa;

— CO3/JaHUE YNPaKHEHUS Ha OCHOBE CYIIECTBYIOLIET0 C BHECEHHUEM W3MCHEHUM
W/WIH IOTIOJHEHMIA;

— aBTOMAaTHYECKOE CO3JaHMe YIPaKHEHHH ¢ IPUMEHEHHEM  CIIEIMalbHbBIX
MIPOTPaMMHBIX CPE/ICTB;

— aBTOMATH3WPOBAHHOE CO3JAHHE YNPAKHEHWH C IPHMEHEHHEM CIICIHAIbHBIX
MIPOrPaMMHBIX CPE/CTB.

C Uempr0 COKpallleHMs BpEMEHM Ha CO3JaHHME YIPaXHEHUH IIpeanaraercs
HCTIONIb30BaTh MOAYyJIbHOE (hopMUpoBaHMe ynpakHeHHH. OCHOBOH Takoro moaxopa
SBJISETCS CO3JaHHue OWMOIMOTEeKH TOTOBBIX (parMeHTOB (MOmyJnel) ¢ 3aJaHHBIMU
XapaKTEePUCTUKAMH TMPOJOJDKUTENBHOCTH M cioxHocTH. [lanee, npu (GopMupoBaHUU
KOHEYHOTO YIpa)KHEHHs, HEOOXOAMMO COBMECTUTh TOTOBBIE MOIYJIH B TpeOyeMoMm
TIOPSIKE ¥ MPOBEPUTH COOTBETCTBHE YIPAKHEHNUS 3aTaHUN.

Jlnst peanu3anuy 3TOH 3a1a4X BBITOIHSAIOTCS CIEAYIONIHE [IaTH:

1. H3ywatoTcss TpeOGOBaHUS JIOKYMEHTOB, PETJIAMEHTHPYIOIUX TPEHAKEPHYIO
MIOJrOTOBKY aBHAJHCIETYEPOB B YKpaUHe.

2. PaccmoTpeHo coctosiHue TpeHaxkepHoi moarorosku B PCII Vkpaspopyxa u B
yueOHBIX 3aBE/ICHUSIX MTOJrOTOBKY aBHAANCIIETYEPOB.

3. BoiBaeHo u KIacCHOUIMPOBAHO METOJbI, TPHMEHSAEMBbIE IIPU CO3JAHUU
yIpaxXHEHUH.

4. Pa3pabaTeIBaloTCsl METOABI, TIO3BOJISIONIHIE CYIIECTBEHHO MOBBICHTH CKOPOCTh H
Ka9eCTBO Pa3pabOTKU yNPaKHEHUH.

5. IlpoBenenne ananmsa 3)(HeKTUBHOCTH IPEUIOKEHHBIX METOIOB.

Hayunwiii pyxosooumens — 3emasauckuti A.B., cm. npenooasamens
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VK 004.94: 656.7.052.002.5: 621.396.6 (043.2)

Kan C.4., Tumomox JI.A.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

JUHAMIYHA MOJEJIb CUCTEMMU ITIOCAJIKHN

Jlnst OLiHIOBAaHHSI IKOCTi (DYHKIIIOHYBaHHS CHCTEMH PafioOTEeXHIYHOr0 3a0e3neyeHHs
Ipyroro eTamy 3axofy Ha mocaaky mositpsHoro cymHa (IIC) posrmsHemMo Mozienb
HagidHOCTI Komiutekcy cucteM mnocankd (CII), mo ckmamaerscs 3 pamioMasdHOl
cucremu nocanku (PMC), pagaproi CII (PCII) Ta o6i1agnanns cninoi nmocanku (OCII).

3rimHo 3 cioyxOoBuMH iHCTpyKIisiMH Tocanaka IIC B aepomopTy no3BoieHa y
BUIMAKY, Koiu poboTo3aatHi 06’exti PMC ta mocankosuii pagap (ITPJI), abo OCII ta
ITPJI, a6o cam ITPJI. ITocanka IIC mo3BoneHa Takox micist Buxondy 3 sagy ITPJI, sixuio
poboto3nmatHi aucrnerdepchbkuii pamap (JPJI) Ta aBTOMaTMUHHIA paioneneHraTop
(APII) MeTpoBoOro Aiana3ony.

SIkIno BigOMHMM JOTiUHMI onuc (YHKIIOHYBaHHS CHUCTEMH, TO MOXKHA BU3HAYHTH
BCI0O MHOXKUHY CTaHIB CHCTEMH, a, TOJIAI0YN KPUTEpiil BITMOBH, MOYKHA TIOJUTUTH BCIO
MHOXWHY CTaHiB Ha JIBi MZIMHOXXHHU: CYKYITHICTh pOOOTO3IaTHUX Ta HEPOOOTO3TaTHUX
CTaHiB.

3a ymoBH, mo Bci cxianoBi 00’ektu CII MOXYTh 3HAXOAWUTHCS TIIBKH Y IBOX
CTaHaX, IHIUKATOp CTaHy IbOro O0’€KTa MpUAMae 3HAYCHHS OJMHUIN, SKIIO BiH
poboTo3maTHuil, Ta HyJss, SKIIO BiH Hepoborosmathuit. Tomi cuctema CII moxe
3HaxoauTHCA TinbkU y 32 ctanax. Homepom crany CII Oyzne necstkoBe 3HaYeHHS KOIY
I’ ITHPO3PSAHOI JBiiKOBOT iHAMKATOpHOI (yHKII, cTapmmii po3ps/ skoi BixmoBimae
crany PMC, nmami — ITPJI, OCII, APJI ta APII. 3Bixcu, CII 3Haxomutbes y crani S31,
KOJIM BCi 00’ €KTH poO0OTO3aTHI, 1y cTaHi SO, KOJH BCi I’ ATh 00’ €KTIB BiIMOBHJIH.

Jlns BUSBIEHHS BIUIMBY MOTOJW AaepoIOPTY Ta THIIB JITAKIB y 3araJbHOMY
TIOBITPSIHOMY PyCi Ha IMOBIPHICTb 3/[iICHEHHS IOCAJKH B a€POIIOPTY, SKUH 00J1afHaHHUH
MMOBHAM KOMIUIEKTOM PaJiOTEXHIYHUX OO0 €KTIB, HEOOXIAHO [0 PIBHAHHS YBECTH
IMOBIPHOCTI MMOTOIHUX MIiHIMYMIB Ta iMOBipHOCTI puOyTTs TOro um inmoro [1C.

Bigomo, mio mocaika MEBHOrO THUITY JIiTaKa MOXJIMBA TiNBKK 32 BiAMNOBIIHOTO
morogHoro MiHiMymy. Ll 3anmexHicTe 3amaetbes st Beix wactkoBux CII, 3 sikmx
cknanaerscs noBHa CII. Tak, 3a curnanamu PMC MoskHa 3miiCHIOBATH MOCA/IKY JIiTaka
3a morogHux ymMmoB ICAO-1, ICAO-2 abo ICAO-3. 3a curnamamu Beix iHmux CII —
mocanky Tutbku mo3a kareropismu ICAO-0, ToOTO 3a Kpammx MOTOJHUX YMOB.
KonkperHi 3HaueHHS BHCOTM NPHHHATTS pIlIeHHS INPO TMOCAAKy Ta BiJCTaHb
ropusoHTansHol Buaumocti ICAO-0 3agaroThest 1U1st KOXKHOTO aepornopty. ToMy JiTak,
SKOMY JI03BOJIEHO poOuTH mocanky 3a ymoB ICAO-1, He 3MOXe CICTH Ha JIITOBHILIE
aeporiopty HaBiTh 3 PMC ICAO-3, sKkmo moroja y Iei 9ac BiAMOBifac ymoBaMm
ICAO-2.

Hayxosuii kepisnux — Cemenos O.0., KaHO. mexH. HayK, npoghecop
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YK 621.396.6:621.314 (043.2)
Kynuyenko B.I'.
Hayuonanvuwiti asuayuonnwiii ynueepcumem, Kues

YHUOHUILIUPOBAHHbIN JIABOPATOPHBIY HCTOYHUK ITATAHUS

IIpu paspabotke pamuosnexkTpoHHoro obopynosanus (PD0), ero MakeTHupoBaHMH,
HACTPOHKE W PEMOHTE IIOCTOSIHHO BO3HMKAe€T HEOOXOTMMOCTh B ITHTAaHHU 3TOTO
obopynoBanms. PazHoe POO mmeer pasabie TpeOoBaHmsa k murtanuio [1]. Tloatomy
HEOOXOJMIM YHHUBEPCAIBHBIH NCTOYHHK, KOTOPBIH JIETKO OBl aJanTHpOBAaJCs K KaXIOMy
ycrpolictBy. Kpome Ttoro ¢ ydetrom TpeOoBaHMIi 0e30macHOCTH HEOOXOAUMO
MIPEyCMOTPETh PEryJINpyeMoe OrpaHH4YeHHe MO TOKY, a TaKKe 3alIUTy OT KOPOTKOTO
3ambikanus (K3). OmauM n3 BakHeWmmx TpeOoBaHMH K ucTouHMKy nurtanus (MIT)
SIBJIIETCSl BBICOKast CTaOMJIBHOCTh HampsbkeHus [1], a Tak jke MHUHHMMH3HMPOBaHHE
KOJIMYecTBa oMeX, kotopsie MII co3maer B ceTH 3MEKTPONUTAHMS.

Ha pemHke cymecTtByer Oonbinoe KoamyecTBO JsabopatopHeix MII, koropsie
OTBEUAIOT NPEIBABICHHBIM TPEOOBAHUSIM, OJHAKO MX CTOMMOCTh OYeHb BBICOKA. B
pe3ynbTaTe OHU HE JOCTYNHBI JUISl ITUPOKOTO NMPHUMEHEHUs. MUHUManbHasE CTOMMOCTD
nabopatopHsix W11 cocrasnsier 6onee 1200 rpuseH. [2]

PazpabGorannsiit UI1 He ycrymaer d¢upmenHsiM maboparopusiM UII, m ero
CTOMMOCTB cocTanisieT He Oonee 250-300rpH.

UII nmeeT ynoGHOE peryMpoBaHNE HAIPSDKEHUSI U OTPAaHUYEHHS MO TOKY, a TaKXKe
CTpEJIOYHbIE WHIUKATOPhl MOTPeOIsIeMOro TOKa M HampspkeHus, 3ammrty oT K3 u
HMHJUKATOP paboThl OTPAaHUUYHUTENS TOKA, OTJACTBHBIN BHIKIIOUaTeNh BbIxoAa. IleuaTHas
IUIaTa BBIIOJHEHA HAa OAHOCTOPOHHEM (DONBTHPOBAHHOM CTEKIOTEKCTONHTE W
H3rOTOBJIEHA ()OTOPE3NCTHBHBIM METOJOM aBTOPOM MOOKJIaja. B kadecTBe cmiioBoro
TpaH3UCTOpa B3AT U3BeCTHbIM Tpansucrop KT-827A, T. K. ero MHOCTpaHHBIA aHaIOr
2N3055 npu TectupoBaHuu He BblAepkan anurensHoro K3. Tpansucrop ycraHoBieH Ha
panuaTope, a TaK)Ke UMEeT CHUCTEMY MPUHYIUTEIILHOTO OXJIaX JCHHS.

BrixonHoe Hampsbxenue perynupyercs B mnpenenax 0..30 B. Orpanuuenue Toka —
oT 2MA 110 3A. Ilynbcarys BEIXOZHOTO HaNpshkeHHs cocTapisieT He 6onee 0,01%.

YcTpolCTBO mpoBepsuiock B paboTe NMpH MaKCUMAajdbHOW BBIXOIHONH MOIIHOCTH
HETIPEepHIBHO B TEUCHHUE 3-X 4acoB, BEIAEPKUBaeT anuTenbHble K3.

CnMcoK JIMTepaTyphbl:

1. bepesun O.K. VICTOYHUMKH DBICKTPONUTAHUS PaJUOICKTPOHHON ammapaTypsbl:
crnpaBouHUK. M.: I'opsiuas nunus — Tenexom, 2000. — 398c.

2. Huxumun A.Il, Illymxos B.I'. VICTOYHHKH BTOPHYHOIO JJICKTPONUTAHUS: yueO.
TTocobue. — K.: HAY, 2007. — 120c.

3. Ulpaiibep, I'epman. 300 cxeM UCTOYHUKOB NMUTaHUA. Bempsamurenu: nep. ¢ ¢p. —
M.: IMK Ilpecc, 2005. —213c.

Hayunwii pyxosooumens — Maneyxuit UK., doyenm
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YK 656.71.06:629.7.08 (043.2)
JlynsoB B.B., JlennoBa M.A.
Hayionanvnuii asiayitinuii ynieepcumem, Kuis

OBPOBKA 30BPAKEHDb Y CUCTEMI KOHTPOJIIO JOCTYIIY
3A BEHAMMU JOJIOHI

Crporogni Bce OUTBII MIMPOKE IOMMpPEHHS HaOyBalOTh OiOMETPHYHI CHCTEMH
izeHTHdiKamil JIOAMHM, SKi IPYHTYIOTbCS Ha i  yHIKQIbHHX  OIOJOTIYHHX
XapaKTePUCTHKAX, SKi BAXKKO TMiIPOOITIOBATH 1 SIKi OJJHO3HAYHO BH3HAYAIOTH KOHKPETHY
oco0y. BiomeTpuuHi TEXHOJIOTIT OCHOBaHI Ha OioMeTpil.

Biomerpist — CyKkymHICTHP aBTOMAaTH30BaHHX METOMIB 1 3aco0iB imeHTH]iKamii
JIIOJTUHM, 3aCHOBAHMX Ha ii ()i310J10T1uHIN a00 MOBEAIHKOBIH XapaKTEPUCTHIII.

OnHuH 13 0IOMETPUYHUX METOMIB € ineHTH(]IKaIis 0coOM 3a pO3TallyBaHHIM BEH
moitoni. 1le HOBa TeXHOJOTIA y ramysi 0ioMeTpii, HIMPOKE BHKOPHCTAHHS 1 110YaIOCh
BChOro 5-10 pokiB ToMy. 3a JONMOMOror0 iH(ppauepBOHOT KAMEPH 3YUTYETHCS MAITFOHOK
BEH Ha TUJIBHIM CTOPOHI JOJOHI a0 KUCTI PYKH; OTpUMaHa KapTHHKA 00poOIsSeThCs, 1
32 CXEMOI pO3TallyBaHHS BEH (opMmyeTbcs nUbpoBa 3ropTka. PHCYHOK BeH
(hopMy€eThCS  3aBISKH TOMY, IO TEMOIJIOOIH KpOBI TOTIHHAE iH(MpadepBOHE
BHIIPOMIHIOBAHHS, B HACII/IOK YOTO CTEIiHb BiJOWBAHHS 3MCHIIYETHCS, 1 BEHH MOMITHI
Ha KaMepi y BUIJISIII YOPHUX JIHIH.

Jlnst 0OpoOkHM OoTpuMaHHX 300pakeHb KOPHUCTYIOTHCS METOAaMH PO3ITi3HABAHHS
o0Opa3iB. Po3mizHaBaHHs 00pa3iB — 1€ BiJJHECEHHS BUXIJHUX JAHUX JI0 TIEBHOI'O Kjacy 3a
JIOTIOMOTO0 BHIIJIEHHS ICTOTHUX O3HAK, 1[0 XapaKTEPU3YIOTh IIi JaHi, i3 3arajbHOI Macu
HECYTTE€BUX MaHUX. HalOinpll MONIMPEHHMMH METOJaMH pO3IMi3HaBaHHS 00pa3iB €
KOpEJLSILIHHNI METOJ, a TaKoX CTPYKTypHHH Meroxn. KopemsuiiiHuii Metos moisrae B
TOMY, IO JUISTHKA KOKHOT 03HAKH MEPIIOTO 300paKeHHsI MOPIBHIOETHCS 3 BiIIOBITHOIO
JITSTHKOIO KOXKHOT O3HAKH Ha 1HIIOMY 300paKeHH.

JIi1st TOJIMIIEHHS aJITOPUTMY MOXKHA MOPIBHATH HE BC1 O3HAKH 1HIIOTO 300paXKEeHHS,
a TUIBKM O3HAaKM IIEBHOI 00JIacTi mepmioro 300paskeHHs. TeopeTHYHO KoepilieHT
KOpeJsiii MpaBHILHO MOPIBHSHHMX O3HAK IIOBMHEH JOPIBHIOBATH OJMHHUIN. Ale
HacnpaB/i KoedilieHT kopensmii Oyme MeHmuM. B ekcriepuMeHTax MOro 3HadeHHs
3a3Buyaii craHoBuTh 0,75. ITlopir 3pocranHst (Koe(illi€HT 301IbIIEHHS) JJI03BOJISIE
3MEHIIUTH KIUTBKICTh MOMIJIKOBUX MOPIBHAHB, MPOTE KUTBKICTh MOPIBHIOBAHHX I1ap
3MEHINY€EThCA. SIKIIO YMOBH TpHIMaHHS HOBHX 300paKEHb BIAMOBITAIOTH YMOBaM
OTPHMaHHs CTaHAApPTHUX (OCBITJIIEHHsS, TOYKAa CIIOCTEPEKEHHS JIFOJWHH, HaXHII,
MOBOPOT, MacimTad, (OH TOIIO), KOpemsiis (BIAMOBIAHICTE) MK HHUMH ONHM3BKA 10
onuHuLi. PiBeHp posmizHaHHs npocsirae 96 %. OpHak, SIKIIO YMOBH 3MiHIOIOTBCS,
NiHIHHA KOPEeJALisl CTae HeHaAidHow. SKIIo omuc 00pa3iB BUKOHYETHCS 3 JOMOMOIO0
migo0pasiB Ta iX BiIHOIIEHB, TO Ui MOOYJIOBH aBTOMATHYHHUX CHUCTEM PO3Mi3HABAHHSI
3aCTOCOBYETHCSI CTPYKTYPHHH TIOXiZ 3 BHUKOPUCTAHHSIM TPHHIMIY CHiBHOCTI
pnactuBocTeil. OOpa3 MoOKHa ONHCATH 3 JIONIOMOTOK 1€PapXivyHOi CTPYKTYpH
migoOpasiB, aHAIOTIYHIA CHHTAaKCHYHIM CTPYKTypi MOBH. Taka CHTyamis 03BOJISIE
3aCTOCOBYBATH IIPH PO3B'SA3KY 3a1a4 pO3Ii3HaBaHHSA 00pa3iB TEOPito POpMaIEHIX MOB.

Hayxosuii kepisnux — 3anicoxuti M.FO., kano. mexu. Hayx
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3AJAYA ONTUMIBALIL IIJT YAC MOHITOPHUHI'Y CTAHY PEA

CTBOpIOIOYM HOBI 200 MOAEPHI3YIOUM MAif04i CHCTEMH MOHITOPHHTY, BHPILIYIOTH
3aBIaHHSA 3 ONTHMi3amii BCiX CKIAJOBHX 3 ONIAAY Ha HOBI HAyKOBI PO3pOOKH,
nepenoBuid nocBix ekciutyaraiii PEA. MoHITOpHHT — IIe KOMIUIEKC omepamiid ado
omepamis 3 MIJTPUMaHHS MPAIe3JaTHOCTI UM CHPaBHOCTI BupoOy Mmix dHac
BHUKOPHCTAHHS 3a MPU3HAYCHHSM, O4iKyBaHHs, 30€piraHHs 1 TpaHCTIOPTYBaHHS BUPOOIB.
OnrtumizaiiiiHi 3aBaHHs BUPIIIYIOTH 33 JOMOMOTOK aHATITHYHUX METOIB, aHATITHKO-
PO3paxyHKOBHX METOMIB ab0 METOMiB Ha MiJACTaBi IMITAllIHHOTO MOJMETIOBAHHS 3
BukopuctanHsM EOM. OctanHi MeTOAM, Ha BIiIMiIHY BiJ IHIIMX, JO3BOJIAIOTH
JOCHIIXKYBaTH JOCUTh CKJIaJHI CHCTEMH MOHITOPHHTY 3 YpaxyBaHHSAM DPi3HHX YMOB
ekcrutyaranii pagioenekrporHoi anapatypu (PEA). OcHOBHI etanyu BUpILlICHHs 3aBIaHb
3 ONTUMI3aMii CTPYKTYPH i ITapaMeTpiB CUCTEMH MOHITOPHHTY TaKi:

1) obcresxkeHHst cucteMu TexHiuHOTO obOcimyrosyBanHs (TO), BU3HAUeHHS CKIamy i
0COOJIMBOCTEH IIi€T CHCTEMH;

2) BU3HAYEHHSI OCHOBHHX MOJeeill BiIMOB, ymKokeHb, pobiT 3 TO i pemonty (P),
YMOB eKCILTyaTauil;

3) mapamerpu3ailisi Mojeiei, 3aBJaHHS 30H NPUITyCTHMHUX 3Ha4eHb IapaMeTpiB
MOJCTICH;

4) Bubip mapameTpiB i 00’€KTiB onTHMIi3allii;

5) BU3HAYCHHS MMOKa3HUKIB eeKTHBHOCTI podoTH cuctemu TO i P;

6) BU3HAYCHHS OJJHOTO a00 IEKITBKOX KPHUTEPiiB eeKTUBHOCTI podoTH cucremu TO
i P abo xputepito ontuMizanii po3ristHyTOro eJIeMeHTa CHCTEMH.

PosrnsiHyTO TpMKiIAn  BHpIOIEHHS 3ajadi  ONTHUMI3allii MapaMeTpiB CHCTEMH
monitopunry PEA. Hexait € BigHoBmoBana PEA. BimMoBH peecTpyroThest
aBTOMaTn4HO. Ilics BiIMOBHM BHKOHYIOThCS POOOTH 3 MOTOYHOrO peMoHTy. CepemHs
BapTicTh oaHOr0 notouHoro pemoHty (IIP) nopisuioe Crp. st PEA npoBogsiTe Takox
TO 3 nepionom yacy fro. Ilpumyckaemo, 110 micist MPOBEICHHS MOHITOPUHTY anaparypa
MTOBHICTIO BiTHOBIIOETHCS. CepeHs BapTicTh ogHOpa30Boi podotu 3 TO mopiBHIOE Cro.
[Toka3HnKOM €(EeKTHBHOCTI CHCTEMH MOHITOPHHTY BBa)Ka€MO CEPEIHI MUTOMI CyMapHi
Butpatd Ha TO i P 3a mepion mpoBemeHHS fro. ONTUMI30BaHUM HapaMeTpoM € dac
nposeneHHs podit 3 TO — tro.

Kputepili epeKTUBHOCTI CHCTEMH MOHITOPHHIY — Ii¢ MIHIMyM CEpeIHiX NMUTOMHUX
cymapaux Butpar Ha TO i P PEA. Takum umHOM, y MeXaX NPUIYLICHb Y LBOMY
NPUKIaAl  PO3MNISHYTO TOPAAOK pO3B’A3aHHS 3aBJAaHHSA ONTUMi3auii OJHOrO 3
napaMeTpiB cuctemu Monitopunry PEA — mepiomy mposenenHs pobGir 3 TO t.(l.%).
OtTpumaHuii MaTepial JOLIIBHO BHUKOPUCTOBYBAaTH JUIl MIATOTOBKM (haxiBLiB Yy
HaBYaJbHUX 3aKIaax.

Haykosuii kepienux — Conomenyes O.B., 0-p mexn. nayx, npogecop
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PO3POBKA EJIEKTPOHHOI'O ITPUCTPOIO

TexHONOTiYHNN TaiiMep € AaBTOHOMHHM MAaJIOTa0apUTHUM TIPHCTPOEM, IIO HAJIae
MOXKIIUBICTB 3/[IHCHIOBATH YacOBY perlaMEHTAIlil0 TIPOBEACHHS ITOCIIIIOBHOCTI Omepariii,
SKi TependaueHi JEsKOI0 TEXHOJOTIYHOI KapTOI OOCIYrOBYBaHHS TEXHIYHOIO
obnagHanHs. HeoOXifHicTh y TakoMy TaiiMepi BHHHMKae y BHIAJKaX, KOJH dYac
MPOBEACHHS TEXHOJIOTIYHOTO OOCITyrOBYBaHHS CyBOPO OOMEKYETHCS BHUMOTaMHU
KOPHCTyBauiB OOJIaHAHHS], a CIEIiabHI 3aCO0M KOHTPOJIIO iHTEPBAJIB 4acy BIICYTHI.
Hanpuxmaxn, me Moxke crocyBaTHCS —(DyHKIIOHAIFHO HEpe3epBOBaHUX  OJIOKIB
BIIOKDEMJICHUX  paJiOCNEeKTPOHHUX CHUCTEM aepoIopTy, IPOBEACHHS TEXHIYHOrO
00CIIyroByBaHHs SKHX BUMara€ 3MCHIIEHHS iHTEHCHBHOCTI MOJBOTIB. Y TaKMX BHIIAJIKax
IHKeHep TOBMHEH KOHTPOJIOBAaTH W MPOTHO3YBAaTH CBi TeMIl pOOOTH 3a OKPEMHMH
omeparisMM, 100 MOBHICTIO II 3aBepIIMTH BIPOAOBXK IEBHOrO dYacy. BoueBunp,
JIOJIaTKOBA KOHIIEHTpAIlisl yBark Ha BiJICTeXKyBaHHs Oiry 4acy HapaJjieJbHO 3 BUKOHAHHIM
TEXHOJIOTTYHHUX OMepaliiii Jelio 3MEeHIIy€e MIIbHICTh iHXKeHepa Ta MPOAyKTUBHICTH HOro
pobotu. TexHomoTriyHMIT TaliMep Hala€ MOXJIMBICTH BECTH KOHTPOJIBHI YacoBi TOYKH, B
MOMEHT SKMX BiH Oyne mojaBaTH Bi3yaldbHi abo aypio-curHand. [Ipu3HadeHHS
TEXHOJIOTIYHOTO TaiiMepy BH3HAYae€ Taki Woro ocHOBHI QyHkmii. Ilepm 3a Bce, e
TOJMHHHUK ITOTOYHOTO Yacy, 3 py4YHUM ab0 aBTOMaTUYHUM HOT0 KOPEeTyBaHHSIM; KPiM TOTO
JOLTBHO TAaKOXK MepeadavynuTH BiZOOpaXKEHHS iHTEpBAIy 4acy 3 JAesKoro (ikCoOBaHOTO
MoMeHTy. CriennigHO0 QYHKITIE€I0 TEXHOIOTIYHOTO TalkMepa € MOXKIIUBICTE PYYHOTO 200
MPOTPaMHOTO  BCTAQHOBJICHHS JIEKUIBKOX KOHTPONBHMX MOMEHTIB dYacy Ta BHIY
curHamizanii st Hux. Taiimep peanizoBano Ha 6a3i MikpokoHTponepa ATtiny2313. ns
Bisyamizawii BiH ocHameHuii PK-mucrieeM, Ha sSKOMY BHBOOWMTBCS OAWH PSIOK 3
IIICTHA/ILATH TEKCTOBHX Ta YMCJIOBUX CHMBOJIIB.

Pa3om 3 "ormpMa GaraTo(yHKI[IOHAJEHIME KHOIIKAMH 3a0€3Iedy€eThCsS MIiHIMAIBHO
JocTaTHiM iHTepdelic KopucTyBaya i€papXiqHOTO YMpaBIiHHA pPeKUMaMH POOOTH Ta
rapameTpamMy MPUCTPOI0. 3alUC MAIIMHHOTO KO y TaM’sITh MporpaM MiKpOKOHTpoJiepa
Ta aTpuOyTiB KOHTPOJNBHUX TOYOK 3aiiicHioeThesi 3 COM-mopry KkoMmm’rotepa fe
CTBOPIOIOTECS 1Ii mporpaMHi Moxayii. [Iporpama 1uist MiKpOKOHTpOJIepa CTBOPIOBANIACH Y
cepenoBumyi AVR Studio 3 BukopmcTaHHsAM MOBH mporpamyBaHHs Assembler. AVR
Studio 3abe3neuye BBeEHHS Ta KOPET'yBaHHS MPOrPaMHM, MOKPOKOBE 1i HaNarokeHHs B
pexuMi iMiTallii, TpaHCIALi0 aceMOIepHOi IporpaMy B MAIIMHHUK KoA. Takox mif dac
PO3poOKH  BHKOPHCTOBYBAIOCH IpOrpaMHe cepeioBuine Proteus, B skoMy Oyia
3MOZIENIbOBaHA Ta BIUTAaro/UkeHa B3a€MOJIS BCIX EJIEKTPOHHMX E€JIEMEHTIB TaiMepa
(mixpokoHTposepa, PK-aucrnest, KHOIIOK yIpaBIiHH).

Cnucok Jirepatypu

1. benos A.B. Co3zmaeMm ycTpoWcTBa Ha MHKpOKOHTpoiutepax.- CII6.: Hayka u
texuuka, 2007,- 304 c.: ui.

Hayxosuii kepienux — Omenvuyx LI1., kano. mexu. nayk
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ANALYSIS OF THE INFORMATION TRANSMISSION SYSTEMS
IN THE ats STRUCTURE

Flights safety in civil aviation in many respects depends on completeness and quality
of informational support of Aircraft (AC) crews and flying controllers of Air Traffic
systems (ATS). In the process of radio information obtaining the main problems are: the
targets detection, measurement of targets coordinates, targets resolution (its separate
target surveillance), the targets identification. Used in practice radio systems can be
classified according to several criteria:

— a signal type;

— an changing parameters of the signal,

— a number of simultaneously transmitted messages

— order of messages exchange.

Depending on the type of messages and signals we can must distinguish discrete and
continuous communication systems.

Message is a set of information that may be transmitted over the communication
channel( through the communication system). Communication events are the primary
source of message, details of which are to be transferred. To transmit message
communication it is used coding. Message coding is called the method of its presentation
in a form suitable for transmission in the channel.

Exponential distribution is a widely used probability distribution in maintainability,
maintenance and reliability work. Two basic reasons for its widespread use are that it is
easy to handle in performing various types of analyses and the constant failure rate of
many engineering items during their useful lives, particularly the electronic ones.

The distribution probability density function is defined by f(¢) = re ™M , where t > 0,

A >0. t — time, f(f) — probability density function, A — distribution parameter which in
reliability work is known as the constant failure rate F(z).

t
F(t)= J'xe*“dx: 1—eM.
0
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CONTROL METHODS AND ALGORITHMS OF LANDING SYSTEM
RADIO BEACONS

Operability of land radio engineering flight support means are characterized by
correspondence of their operational characteristics to the established norms. One of the
correspondence establishment methods is flight control of radio technical support
communication means. It is based on test flights of aircraft-laboratories which are led
according to appropriate programs. During test flights necessary parameters are
measured and data for definition of external land radio technical support characteristics
is processed. Nominal rates of external radio technical support characteristics and
admissible values of their errors are usually defined by requirements of the
corresponding specifications and standards. After comparison of flight tests results with
requirements of specifications and standards the conclusion about correspondence of
external radio technical support characteristics to the established norms is obtained. The
aircraft-laboratories perform planned flight tests of navigation and approach ground
facilities, such as: Instrument Landing Systems (ILS) of ICAO cat. I, II, III, VHF
Omnidirectional Radio Range (VOR), Distance Measuring Equipment (DME), Non-
Directional Beacons (NDB), Precision Approach Radars (PAR), Primary Surveillance
Radars (PSR), Secondary Surveillance Radars (SSR), Precision Approach Path
Indicators (PAPI). The methods searching problem of complex systems state (and
parameters) deviation from nominal modes is actual at choosing a criterion of the means
work efficiency. Finally the problem may be reduced to development of criterion of
complex system state at nominal mode, or deviations from a nominal mode of
functioning in the conditions of influence of a various type of not uniformity. The task
solution general methodology regarding system state in the nominal functioning mode is
possible to illustrate using the algorithm realizing sign test. The sign test is especially
convenient for cases when the nominal mode of functioning is characterized by zero
values of the parameters defining quality of system functioning. We can assume that by
parameters standardization (in most cases) we can reduce to the specified model also
those systems, nominal parameter values of which differ from zero. The sign test
algorithm is next: the random variable of parameter &, characterizing the system state, is
compared to a zero threshold. As a result we obtain 1, if £ > 0 and -1, if & < 0. The
received discrete values are summarized and the absolute sum of n samples is compared
with some threshold V. If next condition is fulfilled Z = Z&i >V the decision on of a

1
system deviation from a nominal functioning mode is made. Of course, decision making
with acceptable probability level is possible at sufficiently big value of n.

It is convenient to install devises, which operate according sign test algorithm, on

ultralight aviation aircrafts boards.

Scientific supervisor — Novikov V.S., professor
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THE BASIC MATHEMATICAL MODELS IN RELIABILITY THEORY
INVESTIGATION

A mathematical model is a description of a system using mathematical language.
The process of developing a mathematical model is termed mathematical modeling.
Mathematical models can take many forms, including but not limited to dynamical
systems, statistical models, differential equations and etc. A mathematical model usually
describes a system by a set of variables and a set of equations that establish relationships
between the variables. The variables represent some properties of the system, for
example, measured system outputs often in the form of signals, timing data, counters,
and event occurrence (yes/no). The actual model is the set of functions that describe the
relations between the different variables.

The exploitation experience of radio electronic systems shows us that in process of
exploitation we can distinguish three main periods:

1. Radio-electronic equipment (REE) shake-down period.

2. Period of REE normal exploitation.

3. Period of a REE intensive wear.

MT) 4

I II 111
T
Fig. Periods of exploitation

In our investigation we checked the correspondence between the experimental
exponential distribution of radio-electronic equipment mean operating time to failure
with the theoretical one. We based our estimation on the Pierson’s fitting criterion x>,
We defined that the divergence measure m has not exceeded the acceptable threshold t
and as the result we concluded that our experimental distribution is really belong to
exponential distribution law.
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AIRCRAFT ACCIDENTS AND CIVIL AVIATION SAFETY ISSUES

An aviation accidentis defined by the Convention on International Civil
Aviation Annex 13 as an occurrence associated with the operation of an aircraft, which
takes place between the time any person boards the aircraft with the intention
of flight until such time as all such persons have disembarked, where a person is fatally
or seriously injured, the aircraft sustains damage or structural failure or the aircraft is
missing or is completely inaccessible.

Aviation safetyis a term encompassing the theory, investigation,
and categorization of flight failures, and the prevention of such failures through
regulation, education, and training. It can also be applied in the context of campaigns
that inform the public as to the safety of air travel.

Foreign object debris (FOD) includes items left in the aircraft structure during
manufacture/repairs, debris on the runway and solids encountered in flight. Such items
can damage engines and other parts of the aircraft. Air France Flight 4590 crashed after
hitting a part that had fallen from another aircraft. Lack of information by the control
tower, or delayed instructions, are major factors contributing to accidents. Boeing
studies have shown that airliners are struck by lightning on average of twice per year.
While the "flash and bang" is startling to the passengers and crew, aircraft can withstand
normal lightning strikes. Ice and snow can be factors in airline accidents. An engine may
fail to function because of fuel starvation, fuel exhaustion, foreign object damage,
mechanical failure due to metal fatigue, mechanical failure due to improper
maintenance, mechanical failure caused by an original manufacturing defect in the
engine, and pilot error. Stalling an aircraft (increasing the angle of attack to a point at
which the wings fail to produce enough lift), is dangerous and can result in a crash if the
pilot fails to quickly react in the proper manner. Safety regulations control aircraft
materials and the requirements for automated fire safety systems. Usually these
requirements take the form of required tests. Bird strike is an aviation term for a
collision between a bird and an aircraft. Fatal accidents have been caused by both engine
failure following bird ingestion and bird strikes breaking cockpit windshields. Aircraft
are occasionally damaged by ground equipment at the airport. In the act of servicing the
aircraft between flights a great deal of ground equipment must operate in close
proximity to the fuselage and wings. Occasionally the aircraft gets bumped or worse.
Human factors including pilot error are another potential danger, and currently the most
common factor of aviation crashes.

In over one hundred years of implementation, aviation safety has improved
considerably.

Scientific supervisor — N.S. Zelinska, lecturer
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AVIATION ENGLISH TRAINING ABROAD

ETC International College is situated in Bournemouth.It is a specialisd English
language school accredited by the British Council and has English language
training and Special Purposes courses.

The ETC Aviation English course uses task-based learning including group
exercises, supervised discussion, role play and presentations presentations to develop the
student's ability in the key skills of speaking, listening, reading and writing and to widen
their understanding of essential Aviation English, language structures, vocabulary,
appropriate common expressions and grammar.

Aviation English course has technical content (themes and language focus).Safety
procedures,aircraft design and structure,tools names. Stress, strain and torsional
forces.The theory of flight — fixed wing and rotary wing.Power plants: turbine /
piston.Aircraft systems.Ground equipment.Servicing.Manuals and handbooks.

The aim of studying-is to satisfy the requirements of ICAO. The ICAO determined
that all airline and helicopter pilots flying internationally,and all air traffic controllers
providing services to international flights, MUST have the ICAO Operational Level 4
Advantages of the college are remarkably favourable and include the following.

Learning Aviation English in a modern business environment-ETC offers you the
possibility to study Aviation English in a modern learning environment, equipped with
Wi-Fi networked PCs as well as a DVD and audiobook library.-Small class sizes mean
faster progress in your Aviation English studies.Maximum group size 14 students per
Aviation English class.

ETC International believes in the benefits of personalised learning. —Flexible
courses.

Then some information about some facilities at ETC Requirments: Minimum
age:18. (Average age on these Aviation programmes is 30). English level: working
knowledge intermediate or above. Pre-test is required.

The visa is needed (if you are not a European).
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LANGUAGE BARRIER AS A THREAT TO AVIATION SAFETY

Along with the development of aviation technology in the leading countries of the
world much attention is devoted to modernization of methods and means for ensuring
safety for long, high-speed flights with many passengers. One of the components of safe
flight is clear and professional radio communication between the crew and air traffic
controllers, between the crews of aircrafts and the members of the crew.

Language barrier means cross-cultural differences in language, which prevent
adequate understanding of other informants. Language barrier in aviation can occur not
only because of the lack of language skills, but also because of the emphasis, differences
in dialect, unclear diction and problems with radio equipment.

The issue of the language barrier is extremely important, because according to the
ICAO from 28,000 reports of flight accidents, investigated by a special commission,
more than 70% include disruptions in radio communication, so communication errors
are the main problems in the field of international aviation.

The history of accidents which have occurred because of radio communication
errors begins with the process of countries’ international integration and continues
nowadays.

The most terrible accident was a plane crash at the airport of Los Rodeos (Canary
Islands) in March 27, 1977, when two Boeings 747 collided on the runway. As a result,
583 people died. The interference of radio reports, misunderstanding of the air traffic
controller commands and permanent wedging pilots in exchanges became one of the
main causes of the tragedy. Because of the incident International Civil Aviation
Organization developed standard phraseology for all international airports. In particular,
the crew must repeat the key points of the received instructions instead of the brief
answers "OK" or "Roger". And the word "Take off" (Rise) should be used only at the
fact of resolution takeoff by controller and confirming the authorization takeoff by the
pilot, otherwise the word "departure" is used.

Despite these protective measures, incidents related to language barriers continue to
occur. An example is the incident in Pulkovo airport, when the controller due to poor
knowledge of English could not competently carry radio exchange with Swiss Airbus,
which had problems with both engines.

These days, everything is being done to avoid similar situations in the future. In
2008, ICAO introduced higher language proficiency requirements for pilots and
controllers, as well as for educational institutions, which teach future specialists in the
field of aviation. Let's hope that these reforms will work in the nearest future.

Scientific supervisor — N. S. Zelinska, lecturer
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PRECONDITIONS AND HISTORY OF AVIATION ENGLISH
STANDARTIZATION

English skills become a concern as global aviation grows.

Misunderstandings involve great complexity in crucial exchanges between pilots
and ATC’s who do not share native languages (e.g. 2006 recording of exchanges
between an Air China pilot and an air traffic controller at Kennedy Airport in New
York).

The list of aviation catastrophes around the world that were caused primarily by
language misunderstandings between air and ground is long and tragic.

Misunderstandings of orders and acknowledgments between the aircraft on the
runway and the air traffic controllers have led to collision of Boeing 747 in 1977 which
caused 583 deaths.

In October 2012, the International Civil Aviation Organization issued new
recommendations to improve English-language training, “in response to fatal accidents
in which the lack of proficiency in English was identified as a contributing factor.”

English was mandated as the language of international flying in the years
after World War II, as commercial aviation expanded worldwide.

Aviation is now inextricably locked into English, and the need for better English
communication skills is clear as more countries become major players in commercial
aviation.

Different companies offer English-language to bring international pilots up to the
Level 4 standard set for English by the International Civil Aviation Organization.

ICAO Level 4 is defined as a level where vocabulary and grammar are good, but
also where “pronunciation, stress, rhythm and intonation” are adequate to communicate
clearly and quickly in English.

English can be very tricky, not just in sound and meaning but in idiomatic forms that
native English speakers take for granted. That’s why a specific software is being created
to assess pilot’s English in terms of their speech, word stress, fluency, grammar,
pronunciation and comprehension.

Scientific supervisor — M.M. Kuleshir, lecturer
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MISUNDERSTANDING AS ONE OF THE REASONS OF AVIATION
ACCIDENTS

Communication errors or breakdowns between pilots and air traffic controllers
(ATC) have been reported to be on the list of the factors commonly contributing towards
aircraft accidents or serious incidents. In fact, according to CAA’s United Kingdom
Airport Statistics (annual) incorrect or incomplete pilot/controller communications cause
approximately 80 % of all aviation incidents or accidents. The most common
misunderstandings appear due to incorrect usage of standard phraseology, poor language
skills or failures of the read-back/hear-back process. Conversation between pilots and
controllers needs to be terse and clear as aviation needs can’t stand any ambiguities, but
English has hundreds of them.

Despite the fact that in 1951 English was designated for international aviation use
and hundreds of standard phraseology rules were established , we cannot easily ignore
the fact that English has some flaws, such as: accented syllable, pluralization,
homograph, affixes, idioms, word order subject, morphology problems. But the most
important problem hides in semantics which helps us understand what a communicator
implies even though the sentence might mean something else. This is most apparent in
idiomatic expressions where meaning is comprehended in regard to a common use of the
expression that is separate from the literal meaning or definition of the words of which it
is made.

Voice has a natural appeal as the preferred means of communication among people.
However, the complexity and flexibility of natural language are problematic, because of
a confusion and misunderstanding that can readily arise as a result of such specifically
linguistic phenomena as ambiguity, unclear references, differences in intonation, etc. In
particular, language-related misunderstanding of various kinds have been a crucial
contributing factor in aviation accidents and incidents . For example, the accident at Los
Rodeos airport Tenerife, the Canary Islands, on 27 March 1977, was a result of
misunderstanding of the phrase at take off, which was used by the flight crew to indicate
that they were ‘in the process of taking off” but was understood by the tower controller
as meaning “at take of point”. This example is a representative of wide range of fatal or
near-fatal aviation accidents and near accidents in which language misunderstandings or
omissions or communication confusion of various other sorts have played a contributing
or even central role. Looking into accident history we notice the impact English plays in
safety, that’s why we need to detail the parameters of human factor problem in flight
safety and outline solutions that can be achieved by organizing and directing available
expertise in linguistics, vocabulary, semantics of English, in order to having a standard
language with terminology that’s used and understood by all operators in the industry is
crucial.

Scientific supervisor — L.P. Korol, lecturer
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