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Anomayia — po0oTa nNpHUCBAYEHA PO3IISALY MpPodIeMH
0opoTHOM 3 0e3MiIOTHMMH JiTAJLHMMH anapatamu. B po0ori
npoBeieHUii  aHaJdi3 edeKTHBHOCTI MeToxiB OopoThOH 3
JUCTAHUiHO MiIOTOBAHUMH MOBITPSIHUMH KopadasamMu. Takox B
po0oTi po3rIsAHYTO MPodieMy 3iTKHEHHS 0e3MiTOTHUX JiTaIBHUX
anapartiB Ta NiJIOTOBaHUX NOBITPSIHUX CyIdeH.

Knwuoei cnosa — oOesninomuuii  aimanvHuil  anapam,
Knacughikayin, uinboee nNpusHAYeHHA, asapiiina  cumyauis,
Memoou bopombou.

L Bcryn
OCTaHHIM dYacoM CTPIMKOTO pO3BHTKY OTPHUMYE

Oe3miioTHa aBiaiist. Po3poOiicHHsT OE3MiIOTHUX aBialliifiHUX
kommiekciB  (BAK) Ha OCHOBI OE3MUIOTHUX JITAJBHUX
amapartie (BIIJIA) mpoBoauThCs B Iieil yac (akTHYHO BCima
IH/IyCTpialbHO PO3BMHEHMMH KpaiHamu cBiTy. JloHenaBHa
BITJIA manu BilicbKOBE NMpPU3HAYECHHS, Hapasi 3aCTOCYBaHHS
BAK ehexkTuBHO 5K y BifiCbKOBUX 3aBIAHHSX, TaK 1 3aBIaHHIX
OUBUTGHOTO TIPU3HAYCHHS, HANpPUKIAN, Ipu O0poThdi 3
HACNIZKAMH HaJ3BHYAMHUX CHUTYallil, CTUXIHUMH JHXaMH,
CIITbCBKOTOCIIOAAPCHKOTO  3aCTOCYBAaHHS, [UIi PO3BIAKK i
aepodorositomku [1].

AMepuKaHChKU excrepT, JoH YopaeH nIpopokye, o 10
2025 poky Omusbko 90% umniTakiB OymyTh Oe3miloTHHMH, 1
Tinbkn 10% - miJOTOBaHWUMH, a MUIOTH OynyTh "30J0TUM
3amacoM" JUIsI HAWOULTBII BaXIJIMBHUX 1 BaXKKWUX 3aBIaHb [2].
AHaJioriyHa CUTYaIlisl COCTEPIraeThesl 1 B 3B'I3KY 3 PO3BUTKOM
BAC nmnst BUKOpHCTaHHS Yy IUBIMPHEX MUBIX. Lle mo's3ano 3
HU3KOI0 BaXJIMBUX TepeBar. Ilepmr 3a Bce, BiACYTHICTBH
ekinaxy Ha 0oprty moiTpsiHOTO cymna (IIC), i, TakuM YrHOM
YCYBaIO4YH PH3HMK CMEPTi. MOXKIIMBICTh BUKOHYBAaTH MaHEBPH 3
BEJIMKHMH  TEPEBAHTAXCHHAMH  IICPCBHIILYE ¢iznaHi
MOXJIMBOCTI MiJIOTa, BEJIHKY JOBXHHY 1 [iama3oH Yy
BIJICYTHOCTi €Kimaxky (akTop BTOMH. I, HapemiTi, BiIHOCHO
HEBEJIMKA BapTICTh Oe3mMiIoTHHX mitanbHuX amapaTiB (BITJIA),
SKIi MOXYTb MaTH HEBEIMKI pPO3MIpH 1 HHU3bKa BapTICTh
eKcruTyaTartii. [2].

BesminoTHa aBiamist mMae psii TepeBar, a came: HH3bKa
BapTICTh eKCIUTyaTallii, J00pe NPUXOBYBaHHS, CTIHKICTH i

Mapmranok J1.0.
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THYYKICTb, TIPOCTOTA 1 JOCTYIHICTh TEXHOJIOTII B MOPIBHSHHI 3
MMIOTOBAaHMMHU TOBITPSIHUMH cynamu, Takox BIIUJIA moxe
BUKOPHCTOBYBATUCSI B THX BHIIaJKaX, KOJM BHKOPHCTaHHS
MTOTOBAHOI  aBiamii € HENpPakTHIHAM, JOPOTHM  abo
pusukoBanuM [1; 2].

II. TIOCTAHOBKA ITPOBJIEMU

VY 3B'3Ky i3 3pOCTaHHSM MOMYJISPHOCTI JFOOUTEIBCHKHUX
OC3IUIOTHHX JITaTBHUX amapaTiB pi3ko 30LIbIIIIIACS KUTBKICTh
3arpo3 BUHUKHEHHS aBapiiHUX CHUTYyaliil B moBitpi. OcTaHHIM
gacom BITJIA i aBiakaTacTpou HYacTo CTalOTh IMPEIMETOM
JMCKYCiil 1 MPOTHO3iB, JOCTIIHUKAMHU Ta KOHCTPYKTOPaMH
3BAXYIOTBCSI IIAHCH 1 MOJEIIOIOTHCSl CHTYyallii BIUIMBY BCE
3pOCTAIOYOro 4ucia Oe3MUIOTHHX amapariB Ha Oe3meky
1moab0TiB. OCOOIMBY 3aHENOKOEHICTh BUKIJIMKAE MOMKIIUBICTH
BIUTA Oyt BTATHYTUMH B peakTHBHHI NBUTYH. KpiMm TOTO,
HIMPOKE TOIIMPEeHHs] HaOyso MPHIYIIEHHS Mpo Te, L0 ynap
JPOHIB TI0 ABUTYHY Oy[e 3HA4YHO TipIle, HDK yaap NTaxiB, sKi
caMi MO co0i MOXYTh SIBJIISITH CO0OIO 3HA4YHy HeOesneKy,
OCKIJIBKH TIPH yJapi iCHye MOXITHBICTD 3aTOPSHHS iX JITi€BUX
aKyMyJsTopis. [3].

OmnepaTopu—mo0uTeni SK MPaBWIO ITHOPYIOTH IIpaBHIIA
HOJIBOTIB 1 CTAHOBJISITH BEJIMKY 3arpo3y JUIsl MOBITPSIHUX CYyJICH
B paifoHi aepoapomy!

III. OCHOBHA YACTHHA

JocnijpkeHHsT TIOKasajid, L0 CTaHAapTH BUPOOHUITBA
JiTaKiB, SIKUMH Tlepeq0aveHi 3iTKHEHHsS 3 MTaXaMu, Terep He
3aJIOBUIBHSIOTh 3a0e3MedeHHs] Oe3NeKH MOJIbOTIB JITAKiB.
Cynsanm i3 3asiBu FAA, Ge3neka moipoTiB OyJe 3alekaTH Bifl
BUPOOHHMKIB OE€3IIOTHUX JIITAIBHUX arnapaTiB. BoHu MOBUHHI
JOTIOMOTTH B PO3pOOII TEXHOJOTIH BHSBICHHS JITaKiB i
3ano0iranHsl 3iTKHeHb 3 HuUMH. [[ns pobotu B paiioHax
no6sm3y aepornoptiB oneparopam BITJIA noTpiOHi crienianbHi
no3soi. He pami, sk MuHynoro wmicsus FAA 3pobmia
odimiiiHy 3asBy MPO Te, IO OMEPATOPU OE3MIIOTHUX JTITaKiB
4acTO HAJA3BOHIOIOTH B JWCHETYEPCHKI IMyHKTH YIPaBITiHHSA
MOBITPSHUM PYXOM, MO0 3alMTaTH J03BLT HA MisUIBHICTH Y
aeporopTiB, IO CTBOPIOE MOTEHIIHHY 3arpo3y Oesmert,
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BiJBOJIiKaroun (haxiBIiB BiJ] YIPaBIiHHA MOTOKOM JIITaKiB.
Kpim TOTO, OLIBIIICTH OMEPATOPiB JIOOUTENIB YaCcTO irHOPYE
noBizoMuTH BinnosigHuit opran OIIP. ¥ BenukoOpuranii 3a
2014 pik BimOynocs 6 HebesnmeyHmx 30mmkeHn, 2015 — 29
30mmxkenb, 2016 — 71 Bunanok, 2018p. — 157 punajkis.

Pisko 30impmmiacs  KiBKICTH  TMOBIMOMJICHHA  IIPO
HeOe3neyHi 30JIMKeHHAX OE3MJIOTHUKIB 3 aBialiaiiHepamHu i B
[iBuiunii  Amepumi. lomicans B po3NOPSIKCHHS
OenepanbHOoro  ympasiiHHA ~— nuBUIbHOT  aBiamii  CIIA
Haaxomuth Oimpme 250 mosimomiens npo BIUIA, sxi
MPEJCTABISIIOTh MOTCHIIIAHI pU3MKK Ui JiTakiB. KaHanceki
grHOBHHUKH Y 2017p. odimiitHo 3asBumu mpo 3itkaeHHs BITJIA
Ta YapTEepHOro JliTaka, LI0 MEPEeBO3UB BICIM YOJOBIK 3
Kgebeka.

Ha nanumii MOMEHT HaiOUIbIl e(EeKTHBHUM METOJ0M
3HW)KEHHSI pU3UKy 3arpo3 3iTkHeHHs BIIJIA Ta mositpsiHOTrO
Kopalis sABIgeThCs nepexoruieHHs BITIA.

IcHye nexinpka MeTOAiB OOpOTHOM 3 JIFOOWUTEIHCHKUMHM
BIUTA, npu3HavueHUX 17151 aepo(hOoTO3HOMKH:

1. BopoTthba 3a JONOMOTOK XIKUX MTaXiB;
2. Bopotsba 3a gonomororo inmmx BIIJIA;
3. Bopotnba 3a 10MOMOroI0 TCHET;
4

BopoTb0a 3a TOMOMOTOI0 pajIionepeXxoTyIeHHs, Ta
iH.

5. Bopotsba 3a 1omOMOro0 KiHSTHYHHX MTaTPOHIB

Byno mnpoaHnanizoBaHO e(eKTHBHICTh YCiX METOHIB 3a
TaKUMH IIapaMeTpaMu:

1. EKOHOMIYHIYTH

2. Be3neunicts

3. Eddexrusnicts
4. JlemeBu3Ha

OntuManbHUM — BapiaHTOM — BHUSBWIOCS — 3aCTOCYBAaHHS
CHeniaJbHO HATPEHOBAaHMX MPTaXiB Ta KIHETHYHI MaTpOHH!

IV. BUCHOBKU

B craTTi 3ammponoHOBaHO NeKiJbKa METOJIB 3a0e3MeUCHHS
00poTEOM 3 IpOoHAMHU SKi CTBOPIOIOTH 3arpo3y mius IIC.B
paifioni aepomopry. Lli Meromm MOXYTh IIOTEHIIHHO
MIBUIMUTH O€3MeKy IONBOTY MOBITPSHOTO CyOHA TMiA dac
37IeTy Ta 3axO/KCHHS Ha Tocaiky. Takoxk B po0OoTi
PO3TJISIHYTO TpoOJIeMy 3ITKHEHHS OE3MiOTHHX JIITaIbHUX
amapariB Ta MUJIOTOBAHUX MOBITPSHHUX CyIEH.
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The Indra Advance Air Control Automation System
suggests one of the most progressive automated
airtraffic control systems which International Civil
Aviation  Organization (ICAQ) standards and
recommended practices in airtraffic management deal
with. The demanding requirements relatively air traffic
safety and high reliability of the equipment are met by
the modern use of state-of-the-art technology.

Introduction

The system covers en-route control, approach control and
tower control. The Air Traffic Control System contains all
the important elements and equipment to carry out the ATC
services.

Body

The goal of The Indra Advance Air Control Automation
System is to increase the safety of the flights by supplying
the Air Traffic Controllers with information about air
movements from Radar/ ADS-B/WAM/MLAT sensors,
direction finders, flight plans and air-ground data-link
messages (ADS-C/CPDLC). It also provides a high level of
automation of the control tasks, with flight plan
management tools, automatic flight tracking system,
automatic coordination between control position and control
centers, safety nets, medium term traffic prediction tools
among others.

Having safety and reliability as the comes true of Indra’s
Automation System has served to make a easy-to-use and
easy to mantain system.

System overview

* Flight Data Processing (FDP)

« Surveillance Data Processing (SDP)

* Radar Data Compressor Unit (RDCU)
* Data Link Server (DLS)

« Situation and Flight Data Displays
(SDD/FDD)

* Data Recording Facility (DRF)

* Control & Monitoring Display (CMD)
* Data Base Management (DBM)

* Simulation Subsystem (SIM)

* Safety Nets (SNET)

* Flow Management (ATFM)

* Electronic Flight Data Display (EFSD)
* Arrival Manager (AMAN)

* Data Analyzing Tool (AAT)

Indra's Air Traffic Automation System is the conclusion of
100 years of experience in ATM products installed global,
and it is recognized as the most advanced integrated solution
in terms of end-to-end flight plan management and 4D
trajectory calculation.

There is more than 4000 installations in all over the world.
Indra propose a detailed product list for the safe, efficient
and beneficial management of all flight stages, giving Air
Navigation Service Providers the answer to address the
continuous and significant air traffic increase which is
making Air Traffic Management more complex every day.

KEY POINTS
* Puts safety and efficiency in ATM at the very heart of any
design and technological system solution.

* Supports civil-military coordination within a continuum
airspace.

* Supports the increasing complexity of air traffic control
through the integration of heterogeneous data sources into a
unique traffic picture

* Provides a continuous and consistent update of trajectory
data after controllers’ inputs thanks to sophisticated
prediction algorithms
* Represents a modular and flexible solution able to follow
any local procedures and site-specific requirements

REFERENCES
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[2]http://aviationknowledge.wikidot.com
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Airport CDM (A-CDM) is about partners working together and making decisions based on more accurate and
higher quality information, where every bit of information has the exact same meaning for every partner involved.
More efficient use of resources, and improved event punctuality as well as predictability are the target results. Put
simply "It ensures that the right partners get the right information at the right time"'.

Key words - Airport Operator, Aircraft Operator, AMAN,
Air Traffic Control, Airport Capacity, DMAN, Decision Making, Economy, Flexibility, Ground Handler.

L INTRODUCTION

Airport Collaborative Decision Making (Airport CDM) is now embedded in the ATM operational concept as
an important enabler that will improve operational efficiency, predictability and punctuality to the ATM
network and airport stakeholders. It is expected that Airport CDM will have an impact on the operating
efficiency of airport partners, and may eventually contribute to reduced buffer times for resource planning and
flight times due to enhanced predictability. It is recognized that the implementation of Airport CDM will
transform many of the communication policies and procedures that have historically dominated the airport
operations environment, bringing substantial improvements to all partners.[1]

II. MAIN PART

Airport CDM is often equated with nothing more than better information sharing. The A-CDM concept is
divided in the following elements:

Airport CDM Information Sharing — defines the sharing of accurate and timely information between
the
Airport CDM Partners in order to achieve common situational awareness and to improve traffic predictabilit
y. It is the core A-CDM Element and the foundation for the other Airport CDM Elements.

CDM Turn-round Process — Milestones Approach — this describes the progress of a flight from the initial
planning to the take off from a CDM-A by defining Milestones to enable close monitoring of significant
events for each flight. The CDM Turn-round Process combined with the A-CDM Information Sharing
Element is the foundation for the other A-CDM elements.

Variable Taxi Time Calculation — this consists of calculating and distributing to the Airport CDM
Partners accurate estimates of taxi-in and taxi-out times to improve the estimates of in-block and take off
times. The aim is to improve the traffic predictability.

Target Time — target time relates to the time of an airport milestone and serves as a “contract” between
partners who are thus committed to achieving the milestone at this time. The time is derived only through a
collaborative process and is used for milestone monitoring.

Collaborative Management of Flight Updates — this consists of exchanging Flight Update Messages
(FUM) and Departure Planning Information (DPI) messages between the Network Manager and a CDM-A to
provide estimates for arriving flights to CDM Airports and improve the ATFM slot management process for
departing flights. The aim is to improve the coordination between Air Traffic Flow and Capacity
Management (ATFCM) and airport operations at a CDM-A.

Collaborative Pre-departure Sequence —is the order that aircraft are planned to depart from their
stands (push off blocks) taking into account partners’ preferences (note: It should not be confused with the
pre-take off order where ATC organize aircraft at the holding point of a runway). The aim is to enhance
flexibility, increase punctuality and improve slot-adherence, allowing the airport partners to express their
preferences.
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CDM in Adverse Conditions — this consists of a collaborative management of the capacity of a CDM-A
during periods of a predicted or unpredicted reduction of capacity. The aim is to achieve a common
situational awareness among the Airport CDM Partners, including better information for the passengers, in
anticipation of a disruption and expeditious recovery after the disruption.

Advanced CDM - as yet undefined, this will enhance and extend common situational awareness and
increase collaboration between airport partners by utilizing advanced technologies and linking with advanced
tools, i.e. A-SMGCS, AMAN / DMAN.[2]

A-CDM Benefits

Implementation of A-CDM allows each A-CDM Partner to optimise their decisions in collaboration with
other A-CDM Partners, knowing their preferences and constraints and the actual and predicted situation.
The decision making by the A-CDM Partners is facilitated by the sharing of accurate and timely information and
by adapted procedures, mechanisms and tools. [3]

A-CDM Partners
The main A-CDM Partners are:

The Airport Operator

Aircraft Operators

Ground Handlers

De-icing companies

The Air Navigation Service Provider (ATC)

The Network Manager

Support services (Police, Customs and Immigration etc)

General Airport CDM Implementation Process
In short, to start the Airport CDM project, the following steps are taken:

Get all partners on board
Set the Objectives

Set the Organisation
Write the Plan

Start Implementing

In Figure 1 the general process for airports deciding on Airport CDM implementation is presented. It shows
the airport decisions in blue boxes, external consultation in yellow boxes, Network Operations decisions in
green boxes and arrows linking the boxes as they all form a process to be completed, starting from interest
expressed for Airport CDM to CDM Airport status.

In Figure 1 it becomes clear that there are four phases from the moment it is decided Airport CDM may be
of interest for their airport until full implementation.[2]

Alrport interest . Information
|_ Analysis
Gap analysis Phase
1 not ready advice
ot L - Implementation
Validation Analysis 1 Phass
— Local Airport ’
CDM Operating
L Operational Siul_us CDM DPIO pgratlona\
Evaluation Alrport Evaluation Phass

Implementation

Figure 1: General process for Airport CDM
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III. CONCLUSIONS

Full implementation of the Airport Collaborative Decision Making will give opportunity to the ATM
system, handling companies, aircraft and airport operators increase capacity and also efficiency of the whole
airport system, in all stages of passengers and aircraft servicing through the more accurate, timely sharing of
information about airport operations. This concept allows airport operators to set more accurate time borders for
each aircraft, under operating, due to more predictable traffic and situation awareness. Eventually A-CDM
provides benefits not only for airport operation but also for all airspace usage in a region by dint of reducing
possibility of delays in departure and arrival operations which makes it possible to serve more aircrafts in a
whole airspace for the same period of time.

REFERENCES
[1] Airport CDM Operational Concept Document, Edition 3.0, September 2014, EUROCONTROL.
[2] Airport CDM Manual, Edition 5.0, March 2017, EUROCONTROL.
[3] A-CDM Recommendations Version 1.0 Aug 2017, IATA.
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Abstract

Runway safety is periodically evaluated National and Regional runway safety program. Analysis will focuses
on the ICAO strategies and FAA plan for the safety of runway and all the stakeholders in outlined. The
purpose is to improve and generate the possible ways that will enhance the runway safety by decreasing

incursions, excursion and other related incidents.

Key Words: Runway safety, ATC, Incursion and Aviation Authority.

1. Introduction

The 2015-2017 National Runway Safety Plan (referred to
herein as the 'Plan') directly supports the Administrator's
Strategic Priorities including the initiatives to make aviation
safer and smarter on the nation's airports by moving to risk-
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based decision making; enabling the safe and efficientf
integration of the Next Generation Air Transportationé
System; and demonstrating global leadership in improving%
air traffic safety and efficiency through data-driven®
solutions that shape international standards.

Broadly speaking, runway safety awaken the ICAO

supervision and dividing it into three categories;

Operational,Pilot and Vehicles deviations. The key safety

issues is to differentiate runway safety approach and landing

from runway safety conflict.

2. Runway Incursion

Runway Incursion is a significant aviation hazard. In 2001

ICAO took action to address the problem and 2007-Doc

9870 Manual on the prevention of runway incursions

published. There is a fine line between anticipation and

assumption. The difference is that anticipation is an active

process whereas assumption is passive and can lead to down

the road to complacency.

A runway incursion prevention programme should start with

the establishment of runway safety teams at individual

aerodromes. The primary role of a local runway safety team,

which may be coordinated by a central authority, should be

to develop an action plan for runway safety,

advicemanagement as appropriate on potential runway

incursion issues and recommend strategies for hazard

removal and mitigation of the residual risk. These strategies

may be developed based on local occurrences or combined

with information collected elsewhere(with the exception of
those involvinghelicopters or pedestrians). (Fig. 1).
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Fig.1 —Runwayincursions statistics by Eurocontrol
These scenarios definethe parties involved (e.g., two aircraft
or an aircraftand a vehicle), the action of the parties at the
point of the incursion (landing, taking off, crossed the
holdshort line, etc.). Each scenario has a specific set of
factors associated.

3.Runway excursion
Worldwide, runway excursions are the highest single
occurrence category of all accidents for commercial &
general aviation operations.

Data shows, we are being effective in preventing runway
incursion accidents, but the number of incidents and severity
stillindicates a very high risk. And data shows that runway
excursions are the most common type of runway safety
accident.

Runway Excursions - Type

Counts (n=548)
N
&
&

Takeoff

Landing
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Fig.2 —Runway excursions statistics by Eurocontrol
(96%)and the most common type of fatal runway safety
accident (80%).
The likelihood of common accidents at airports are been
counted by informing the airports to improve the safety of
RSAs (Runway Safety Areas). Referring on the report made
by ACRP (Report 50); it expands on the earlier report to
incorporate several additional methodologies for improving
RSAs. Four primary alternatives were mentioned to improve
an RSA;
» Extend the RSA laterally and longitudinally;
» Modify or relocate the runway to expand the RSA;
» Reduce the declared distance available for sudden
stops or take-offs; and
» Install an engineered material arresting system
(EMAS).

The report analyses these alternatives, individually and in
combination, to provide guidance to airport operators
looking to improve the safety of their RSAs. Using some
Mathematical model (data from the ACRP Report 50 [7]
will be utilized.) it can be easily proven on how and what
happen on the runway and the best strategies to prevent the
incursions or excursion of course in accordance with the
Civil Aviation Authorities in all the regions around the
globe.The probability density function of the distribution is:

0, x =0
f&) _Lﬁ‘e's‘r. x=0
The ICAO standards can be considered satisfactory for the
current situation, but in the scope of airport expansion it is
desirable to consider larger safety areas than only those
defined by regulations. It is always recommended to be
ahead especial in the safety area since it is considered as one
of the keys in aviation. Infrastructure expansion planning
and land use and compatibility planning require defining
areas in close proximity to the runway, which are exposed to
an increased risk for accidents.
4. Conclusion
Runway safety should be the priority list of the aviation
industry by Limiting the physical possibility to mistakenly
enter runways and Implement a Safety Management
System and undertake Annex 14 Provisions especially
markings, lighting, signage for easy navigation. And there
should be name of taxiways in accordance with Annex 14,
all moving objects; Vehicle drivers, Aircrafts must contact
ATC when uncertain of their position.
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Anomayia — ONUCYETHCSI PO3NOJiJIEHA CHCTeMA YNPABIiHHSA
rpynoo BIIVIA B cepenoBumi 0e3 aocTymy 10 IJ100aJdbHUX
HaBiramiiiHux cucreM 3 Jokajdizaniel0o mapkepiB i nmodyaoBoro
KapTH MapkepiB B 3akpuToMy npumMimeHHi. Cucrema 3acHOBaHa
Ha mozeai 4D/RCS i miuardopmi ROS. 3aBnanns kapTyBaHHs
BUpiLIY€ThCs 32 fonomoroxo peasinii anroputmy EKF-SLAM.

Knrwouosi cnoea — asmonomna Hagizayis, Oe3ninomuuil
aimanvHuil  anapam, po3nodileHa - cucmema  ynpaeiiHHA,
naam¢popma ROS, QR-x00, noxanvna Kapma, mapkep,
aoKanizayis.

3a nanumu NASA tineku B CHIA 150 ¢ipm 3aiimMaroThest
po3po0KoI0 Ta BUroToBIeHHIM BITJTA.

CyyacHi 0€3MiIOTHI JiTalbHI amapaTH KOWITYIOTh COTHI
THUCSY, & TO 1 MIIBHOHU JToapiB. A 3pOCTaHHS IX YUCEIBHOCTI

3 KOXHHM pOKOM 30UTBIIyeTBCS 1 3apa3 B  CBITI
crocTepiraeTbes cupaxHiin Oym BITTA.
Cucrema aBToMathuyHoro kepyBaHHs bBIIJIA — 1ne

CYKYNHICTB TIPUCTPOiB, TNPHU3HAYEHHX JUII aBTOMAaTHYHOL
3MiHH OJTHOTO 200 JIEKiTbKOX MapaMeTpiB 00’€KTa KepyBaHHS
3 METOO BCTAHOBJICHHS MOTPIOHOTO PEKUMY HOTrO poOOoTH.

Kepysanns rpynoro BIIJIA — me opranizamist pyxy rpymnu
BIUUIA mno 3amaHiii TpaekTopii, 1m0 3abe3rneuye HaWOUIBII
e(eKTUBHE JOCSATHEHHS IOCTABJICHOI METH.

Bupimenns nmpobnemu kepyBanus BIIJIA B cepemoBumi 6e3
JOCTYIy IO INIOOATbHUX HAaBIralifHUX CHCTEM € aKTyaJbHOO
3a7auero Uil iHKCHEePHUX (DaXiBIIiB.

OnHi€ro i3 TeHISHINH PO3BUTKY cucTeM KepyBaHHS BITJIA
€ MiBUIIECHHS aBTOHOMHOCTI 1 PO3IOILTY.

Po3risHyTa po3nojijieHa cucTeMa KepyBaHHsI Ta
HaBiramii, mo (QYHKIIOHYIOTP B yMOBax BiJCYTHOCTI
curHaniB Hagiramiitaux cuctem (GPS/TJIOHACC).

Pearizauist npeacTaBieHoOT CUCTEMH IEMOHCTPYETHCS Ha
MPUKIaAl 3ajadi MOOYAOBH KapTH, IO BHUPIMIYETHCS
rpynoto BITJIA. N-kBagpakonrtepiB (BUKOPHCTOBYBAIHCH
AR.Drone 2.0) pyHKIIIOHYIOTb B 3aKpUTOMY IIPUMIIICHHI 1
KepyroThcs Ha Bincrtani (mo Wi-Fi) mporpamHoi cuctemu
VIOpaBIiHHSA 3 Ha3eMHOI cTaHmielo (HoyrOyka ¢ OC
Linux). B mpumimerHi po3MilieHHi AeKiIbka MapKepiB-
KyOHKIB 3 HAHECEHUMH Ha cTopoHu QR-kogamu.

Koxuuii BITJIA BUKOHYE TOIIYK MapKepiB, BUPAXOBYE
iX TOJOXEHHS BIJHOCHO iX crapToBOi mo3uuii (Oymye
JIOKaJIbHY KapTy), MapaieabHO [IbOMY JIOKAJIbHI KapTH BiJ
pisaux BILJIA iHTerpyrothcsi B TJ00aibHy KapTy i
YTOYHIOIOTBCS 3 TUIMHOM 4acy

[pencraBneHa KOHLENTYallbHA CTPYKTYpa apXiTeKTypa
CHCTEM KEpyBaHHs], OIMCYe pealli30BaHi AITOPHUTMH
Ppo3Mi3HABaHHSA MapKepiB, Ji¢ BUPAXOBYIOTHCS KOOPIMHATH
MapkepiB 1 BimOyBaeTbcs moOymoBa KapTH. Takox,
PO3TIINAETECS pealizalis CHUCTeMH KepyBaHHS Ha 0asi
wiatopmu ROS (Robotic Operation System).

3arnpornoHoBaHa peaizallis alropuTMy H00YI0BU KapTH
JaHa B SKOCTI imocTpauii BHOpaHOi apXiTeKTypH i
nporpamHoi  peamizamii B CHCTeMi  PO3MOJIJIEHOTO
kepyBanHs i Hairauii BIIJIA npu BigcTHOCTI AocTyna o
robanbHux cuctem nosuiionysanns (GPS,I'JTOHACC).
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Anomayia — NpoBeeHO NOCTITKEHHS TOYHOCTHHX
XapaKTePUCTUK aJropurMmy d¢iabTpanii Ha OCHOBI
¢inbTpy Kanmana pgas 0e3mioTHHX  JIiTaNbHMX
amaparis.

Knrwuoei cnoea — 6e3ninomnuii nimanvuuii anapam,
anzopumm  pinompauii, Koeapiayiiina mampuys, Qinomp
Kanmana, nceedodanvnicms, Komniecysamus, hinompayisn,
KOMNEHCY8AHHA.

BecmimoTHi  miTanpHI  amapaTH = MOYalld  ITUPOKO
3aCTOCOBYBAaTH B Cy4acHOMY cCBiTi. IcHye Oarato omepartii,
SKI MOXYTh BUKOHYyBaTH BIIJIA, sk B aBTOMaTHYHOMY TaK i
B IMCTAHIIHHOMY PEKUMI.

Jns  BIIJIA  HeoOXxigHa BelHMKa TOYHICTh, SKa
JOCATAETHCSI KOMIUICKCYBAHHSIM HABITaIliHUX CUCTEM.

s BUpilIeHHS 3aBaHb BUKOPHCTOBYETHCS iH(pOpMAIIis,
gKa CTa€ JIOCTYIHOIO, TICIs TMpoIleca BHPIMICHHS
CTaHJApTHOI HaBiramiifHo-yacoBoi 3amadi. BukopucranHA
¢inpTpanii 3HWXKYe BUMAAKOBI MOXHMOKM NpPU BH3HAYEHHI
KOOpJMHAT, 1[I0  BHUKJIMKAHI  HAsSBHICTIO  TMOXWUOKHU
BUMIPIOBaHHSI IICEBJIO AAIBHOCTI.

T'0JI0BHOIO 3a/1a4€H0 ITiABUIICHHS TOYHOCTI € po3po0Ka Ta
JOCTIKCHHST HaBiramiiiHoro ¢uibTpa, 110 MOKpaIlye
METPOJIOTIUHI XapaKTEePUCTUKN KOILIeKca.

Jns  BHpimIEHHS TIOCTAaBICHHOI 3aJadi IPOMOHYETHCS
¢ineTp Kammana.

QimeTp Kammana Bupinrye HaBiramiiHy 3amady 3
¢binprpanii ncesnonansHocTel BuMipstanx HAIT CPHC.

Haiibinpmoro 3actocyBaHHS KOMIUIEKCYBaHHS HaOyH 2
CXEMHU:
-KOMIIeHcaIlii
-impTparmii

3a paxyHOK (inmbTpamii Ta KOMIIEHCAIlil 3MEHIIYIOThCS
MOXHOKN BHMIipIOBaHb BHU3HAUEHHS IIPOCTOPOBUX
KOOpJAUHAT, i (e} BUKJIMKaHI HasIBHICTIO MMOXHOKHU
BUMIPIOBAaHHS TICEBJI0AIBHOCTI.

ANTOpUTM KaJMiHIBCHKOT (ibTpamii CKIAIAETHCS 3 2-0X
eTalliB:
-eTalry IporHa3yBaHHS
-eTalry KOpUTyBaHHs

OimeTp Kanvana wae 5 craHiB [BeCHOAATHHOTO
pexxumy: TpH 3 IKkux € koopanHatamu BIIJIA, a nBa inma —
€ TIOIIPaBKH MIKAIH Yacy.

BupimeHss piBHSHHS 1 CIY>)KHTh OCHOBOIO JJISI OI[IHKH
Micrg po3ranryBanHs BITJIA.

OinpTpariss MOYMHAETHCS, KOMM Ha BUXIL (LIBTpa
NOCTyNae Ieplle 3HAYeHHs BEKTOpa CTaHy, SKUil
OTPUMaHUI TIcis BUPINICHHA HAaBITalifHOI  3ajadi.
KoopaunaTtu 06’ €KTy Ta Pi3HUII IIKaJI Yacy HOPIBHIOIOTHCS
B 3aJIeXHOCTI 3 pIiBHAHHAM ekcTpanoisimii. IloTim
BU3HAYAETHCS KOBapialliiHa MaTpHLsl NOXUOOK OLIHKH.
BukoHyeTbCcsl  pO3paxyHOK, a Jali  OOYMCIIIOETHCS
koe(ilieHT miacuieHHs GpuIbTpa HA HACTYNHUI Kpok. [licns
OO (BUIBTP MPAIIOE B CTAIOMY PEKUMI.

Oinptp KanMmaHa BHKOPHCTOBYETBCS B IIUPOKOMY
CIEKTpi 3aBIaHb BiJ pagapiB A0 CHCTEM TEXHIYHOTO 30Dy, 1
€ BOKJIUBOKO YaCTUHOIO TEOPii yIPaBIiHHI CHCTEMaMH.

[pu po3poO1ii inkTpa BU3HAYAOTHCS MOYATKOBI OIIHKH
KOOPAWHAT IIBUIKOCTI Ta IPUCKOPEHHS 00’ €KTA.

T'onoBHa mepeBara ¢inbTpa Kammana mossirae B TOMy,
IO PIllIeHHs] BU3HAYA€ aKTYyaJIbHICTh pe3ysbTaTiB. MOMXKHO
peanidyBaTH  IOCHiIOBHI  anroputMu  ¢inbTpauii B
peasbHOMY MaciiTabi vacy. Jlucmepciss MOMMIKH MOXKe
OyTH BHKOpUCTaHa MJIsl KOHTPOJIFO TOYHOCTI HPOLEAYpH
OLIIHFOBAHHS.
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Abstract — in this work we consider system, the main aim of which is assisting the ATC-controller in detecting, on a planning base
aircraft conflicts, airspace penetrations, and ground proximities. Also in this work you can see scheme of Typical MTDC Procedure,
that show how it works.

Keywords — air traffic control, prediction theory, flight path separation conflicts, navigation, surveillance.

V.

Medium-Term Conflict Detection (MTCD) is a flight data processing system designed to warn the air traffic controller of
potential conflict between flights in his area of responsibility in a time horizon extending up to 20 minutes ahead. MTCD is a
planning tool that which also assist the controllers in identifying situations in which a problem may occur, providing the
controller enough time to assess the severity of the situation, and, if necessary, to resolve the conflict in a deliberate fashion.

The aim of MTCD is to balance more evenly the workload of tactical and planning tasks, enhancing sector team efficiency and
providing an even safer and better service to airspace users. By maximizing the opportunity of pro-actively solving problems
during sector planning, we reduce tactical workload.

INTRODUCTION

VI. FORMULATION OF THE PROBLEM
One of the main task is to evaluate what is the position of an Air Traffic Controller in the aspect of conflict solving. Secondly, we
do have to elaborate the list of tasks and working methods to use MTCD tools in order to define, analyse, monitor and resolve
problems in a stripless environment. At last, we are aimed to identify areas of direct application of MTCD for time saving issues of
Air Traffic Controller’s actions in order to estimate the potential impact on his workload.

VII. OPERATIONAL ASPECT OF MTCD

MTCD ground system functions:
e  Trajectory prediction: responsible for creating, in the system, future trajectories for each aircraft.

e Conflict detection: responsible for identifying in the system potentially conflicting trajectories. Potentially conflicting
trajectories are those trajectories for which the future position of 2 or more aircraft might fall below specified minima,
given the uncertainty in the prediction;

e Trajectory update: responsible for updating in the system the predicted trajectories whenever this occurs — this functions
is performed following an external input (i.e. human intervention) or due to a change in aircraft trajectory and/or
automatic integration of detected aircraft position;

e Trajectory edition: responsible for allowing the human interaction with the predicted trajectory of one or more aircraft.

Planning Controller MTCD
Monitor Operational Data | Inspect predicted
Issue Clearances | trajectories for
Adapt Flight Plans | conflict situations
Observe Inform
conflict display | controller
: | about conflict
Estimate ;
gravity SRR - -
of conflict | necessary
| conflict data
Acknowledge | | Transfer Create conflict |
conflict conflictto TC | resolution | Delete
| conflict data
Resolve the 1
conflict
Table 1.Typical MTDC Procedure
Benefits of MTCD
. Provides better service to users —from direct routes to free routes optimum profiles even when busy;
. ‘Safety’- at a planning level finds the conflict that might be missed;

. Early conflict detection with less uncertainty leading to optimum resolution;



. Re-balance sector team- improve efficiency in sector team;
. Improves air traffic awareness;
. Provides future decrease in workload.

VIII. OPERATIONAL ASPECT OF SHORT TERM CONFLICT ALERT

Short Term Conflict Alert (STCA) is one among many different alert systems preventing airplanes from colliding in the air.
STCA communicates with air traffic controllers while there are other systems like TCAS that communicate directly with the
pilots. STCA is a short-term alert system, there are other alert systems foreseeing dangerous situations in the longer term.

Within radar-controlled airspace STCA provides defense against either controller error or pilot error in adherence to clearance.
STCA’s role is to warn if two planes come too close and a conflict is probable. It is important that there is enough time for the
pilot to do an avoidance maneuver. It is also important that STCA does not cause nuisance alerts. The number of alerts should be
kept to an absolute minimum without missing any vital alerts.

When the STCA foresees, in real-time, an abnormal proximity to occur within less than two minutes, it warns the controller with
a visual warning on his radar information display terminal. The STCA is a last resort backup tool, not a control support tool. In
other words, the controller is not supposed to wait for an STCA alert before detecting a conflict risk and starting the resolution
procedure. The controller is alerted by the STCA when he has not detected the risk of a conflict early enough.

IX. CONCLUSIONS

MTCD is a complete set of tools that will assist the ATC controller in detecting, on a planning basis, aircraft conflicts. MTCD
supports direct routing. It is a flexible tool, based on operational requirements of administrations in different countries. The
experiences from the MTCD implementation show that this important functionality can be implemented with promptness and
ease, and be well received by the ATC controllers.
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bararokpuTeplaibHE OLIIHIOBAHHS €TaIMlB IIOJbOTY
MOBITPSTHOTO CyJIHA
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Anomauia — podOTa NpPHUCBSIYEHA OLIHIOBAHHIO eTamiB
NOJIbOTY MOBITPSIHOr0 KOpaGisi B TaKHX AacCNeKTax, SK

CKJIAHICTh BHKOHAHHSI KOKHOIO e€Tamy, eKOHOMIYHicTh Ta
Oesnexa. By/o nmpoBeseHe ONMUTYBaHHsSI eKCIepTiB i MpoBeaeHa
NOPIiBHSVIbLHA XapaKTePUCTHKA Pe3yJIbTATIB.

Knwuoei cnosa — pyninna, 3nim, nonim Ha ewienoni, Hadip
6uUCOMU, 3HUMCEHHA, ROCAOKA, MeMO0 eKCHEPMHUX OUIHOK,
koeghivienm Kenoanna, mampuuys zpynogux ynooooamns

XI.  BcCTYIl

IcHye mIiCTh OCHOBHHX €TalliB MOJBOTY IOBITPSIHOTO
KOpalOJsi: pyJiHHA, 37T, HaOip BUCOTH, MOJIT Ha EIICJOHI,
3HIDKEHHS, mocaaka. KojkeH 3 HEX Ma€e CBOI 0COOIMBOCTI, aie
MeTa poboTH Oyna — B ILUIOMY PO3IIISHYTH KOXKEH eTam 3
MIpKyBaHb CKJIQHOCTI TX BUKOHAHHs, OC3MEKH IS ITaca)KHpiB
1 eKkimaXy Ta CKOHOMIYHICTP B IUIaHI BHUTPAT IIajHBa.
3HauymlicTh eramiB monsoTy  moBiTpsHoro cyana (IIC)
BU3HAYAETHCS 3a IOTIOMOTOX0 METOIY €KCIepTHOT orfinkw [1-3].

MeTon eKCIiepTHOI OIIHKK - Il CTPYKTYPOBaHHU CIOCIO
KOMYHIKaIlii, CcHmo4atky po3poOJeHH sSK CHCTEMHU,
IHTEpPaKTUBHUA METOJ IMPOTHO3YBaHHS, SKUH CIHPAETHCS Ha
rpyny ekcrepriB. ExcriepTy BigOBifaroTh Ha ONMTYBAaHHS 3a
nBoMa 4d Outeime paynaamu. [liciisi  KOXHOTO — Typy
eKCIIEpUMEHTATOp II0/1a€ aHOHIMHE pe3l0Me MpO MPOTHO3U
eKCIIEpTIB 3 NONEPEIHbOr0 PayHIy, a TaKoX MPHYMHH, SKI
BOHHM HAJaJIX JJIs IXHBOTO piIeHHs. TakuM YMHOM, eKCrepTam
MIPOTIOHYETHCSI MEPErJITHYTH CBOIO IIOTIEPEHIO BIANOBIAL 3
ypaxyBaHHSM BiQIOBifed IHIINX WICHIB CBO€i TpPyIH.
BBaskaeTncsl, 110 i Yac I[bOr0 MPOIECY JAiana3oH BiANOBiAeH
3MEHIIYBATUMEThCS, @ TpPyOH MOKPHUBAIOTH 'MpaBUIIbHY"
BiAmoBige. HapewTi, nponec 3ynuHs€ThCs MiCiIss BU3HAYEHOTO
KpUTEpif0  3yMUHKH  (HANpPUKIAL, KUIBKICT  payHIB,
JIOCSITHEHHsSI KOHCEHCYCYy Ta CTaOUIbHICTh pe3yJsbTaTiB), a
cepenHi abo cepemHi Oanm (QiHATBPHUX TYpIB BH3HAYAIOTH
pe3yJIbTaTH.

XII. TIOCTAHOBKA ITPOBJIEMU

CKIIQIHICTh KOXXHOTO €Tally BiHOCUTBCSA IO IIUIOTIB Ta
BHPOOHUKIB JIITaKiB Ta aBiOHIKMA. AJDKe MiATOTOBKA MiJIOTA 1€
Iy’Ke CKIQJHUM Tpolec TakK, SK i BHPOOHHITBO JiTaka Ta
CHCTEM, IO 3a0e3MeuyroTh aBTOMATHUYHHUE momiT. B maHii
po0OoTi mMoOKa3aHO SKWH 3 eTamiB € HaWCKIAIHIIIUM.
ExoHOMIUHICTH KOXKHOTO 3 eTalliB OiIbllle po3paxoBaHa I
aBiaKOMITaHiH, 3aBIIKH IIMM pO3paxyHKaM, SKi 0a3yloThcs Ha
JIIyMKaxX €KCIEPTiB, BOHU MOXYTh PO3paxyBaTH CBOI BHTPATH
P eKCIDIyaTalii Toro YW iHmoro jitaka. besmeka Oinmbrme
migiiae Uil macakupiB i aBiakommanid. HeoOXigHO mpoBecTr
OaraTokpuTepiaabHe OIIiHIOBaHHSI eTarmiB MOJIOTY
MOBITPSIHOTO CY/AHA 33 KPUTEPISMH: CKIAJHICTh BHUKOHAHHS
MOJIBOTY Ha KOXKHOMY €Talli, eKOHOMI4HICTh BUKOHaHHA [IC
MOJIBOTIB Ta Oe3MeKa MOJIBOTIB.
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XIII. OCHOBHA YACTHUHA

Po3ristHeMO anropuTMHU 3aCTOCYBAHHS METOY €KCIIEPTHHX
OLIIHOK Ta BH3HAYEHHS BarOBMX KOE(III€HTIB I TTOCTaBICHOT
3amayi [4].

Aneopumm Nel
3aCmMOCy8ants, Memoody eKCnepmHux OYiHoK

0. Po3poOneHHS aHKETH Ui €KCIEPTHOTO ONMHUTYBAaHHS
(mpuximamn B JlomaTky A) 1 TpPOBENSHHA EKCHEPTHOTO
OTIUTYBAaHHS

1. bBynosa marpuui iHAuBiAyanbHUX TepeBar A,=(a;)
(i=1,n)

2. Bu3HaveHHS CHUCTEMHU IHIUBIAYaJbHUX TEpeBar j-ro
eKcrepTa:

Rj. =R =R, =;>...,j=ln

3. ByznoBa marpuili rpyloBHX MEpeBar:
Ag=(ay) (i=1,n, j=1,n)

4. BuzHaueHHs CHUCTEMH TpYyIOBHX nepesar

Rap = R1 - R2 et R4 - R5 > ... 32 CepemHIM 3HAYCHHSIM

paHriB napameTpiB rpyIu:

5. BuzHaYeHHS MipH Y3TOIKEHOCTI TPYIH EKCIIEPTIiB

5.1 ducnepcis:
C 2
Z (Rgrj — R, )
DJ — i=1
m—1
5.2 CepenHLOKBAJIPAaTUIHE BiAXUICHHS:

5.3 KoedimieHT Bapiariii:

O .

v, =—_100%
7R,
grj

Sxmo v < 33 % - TyMKH eKCIEpTiB y3roJUKEHI, SIKIIOo v >

33 % - AyMKH €KCIEPTiB HEY3TOKEH1, HEOOXiTHO MMOBTOPUTH

eKCIepTHE ONMWTYBaHHSA ab0 CKOpPHCTaTHCA  KoediieHTOM

KkoHKopaanii Kengamia 11 BU3HaAUEHHS y3TOJKEHOCTI TyMOK

eKCIIEePTiB 3a yciMa nmapaMerpamu (IIpoLeaypam):
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m*(n’ —n)—mZTj
Jj=1

W =



t S
Je / - 4hCII0 OHAKOBHX PAHTIB B j-M PAAKY, IO BUCTABHB
J-Ul excriepr:

T, =2 =1),

JcTiepcis (3arajibHa):

S = Z(iR,.j —R)?

CepelHs CyMa PaHTiB 32 KOXKHHM I1apaMeTpOM:

— 1
R= —ZR[
ij
n o
Axmo W = 0,6..0,7 - y3romkeHicTh AYMOK €KCHEpTiB -
BHCcOKa, AKIO0 W < 0,6 — HEOOXiZHO TOBTOPHUTH EKCIIEPTHE
OIUTYBaHHS.

6. Bu3HaueHHS CTaTUCTHYHOI 3HAYYIIOCTI Koe(ilieHTy
. 2
KOHKopnauli W 3a kpurepieM )

2 S 2
Xp = > X

1 1 m
“mn+) - YR
2 12(n-1)5
7. 3HaxomKeHHA KoedillieHTa paHTOBOi KOpPEJAIii
CripMeHa I BU3HAYCHHS Y3rOJDKEHOCTI j-TO eKcriepTa Ta

IpYIH EKCIEpPTiB:

62 (x; — yl)z
-1

y =]1- =
. n(n* —1)
Panru [TapameTpw, 1110 OLIHIOKOTHCS
I I I3 T4
Rrp- paHru | xi
rpYINU
Ri—panru i-ro | yi
eKcIiepTa

8. CrarncTnyHa 3HAYYmCTh KoeQillieHTa pPaHTOBOL
kopersiii CripmeHa 3a kputepieM CThIOICHTa

9. OrtpumaHHS MOz

3HAYYIIOCTI
mapaMeTpiB 3a Y3rOKCHOK CHCTEMOIO TPYIOBHX
repeBar eKCHepTiB:

JOCITIIKYBaHIX

R,=R =R, == R, >R >..

10. Kineus 3agaui
Aneopumm Ne2

YUHHHUKIB HaWOIbml cyTTeBHd. B 1poMy Bumanxy
OTPUMYIOTb paH208y WKALY — IIKaNA, KA MICTUTh €IEMEHTH,
110 PO3TAIIOBaHi 32 MOPSAKOM 3HAYyIIOCTI.

[Ipu panxyBaHHI €KCHEPT MOBHHEH PO3TALTYBAaTH O0'€KTH
(mapameTpn) B TOPSAKY, SKAH TPEICTABISAETHCS HOMY
HaOLIBII palioOHaIBHNAM, 1 IPUMICATH KOXKHOMY 3 HUX YHCIIa
HATypaJbHOTO psxy - paHrd. IIpum mpomy pawe I orpumye
HaOLIPII TIPUHHATHA aNbTepHATHBA, a paHe N - HalMEHII
nepeBakHa. OT)Ke, MOPSAAKOBA IIKana, IO OTPUMYETHCA B
pe3ynbTaTi paH)XyBaHHs, TOBHHHA 33J0BOJIGHSTH yMOBI
piBHOCTI uMcia paHriB N uuciy 00'€KTiB 7, IO PAHXKYIOTHCSL.

BU3HAYEHHS 8A208UX KOeiyicHmis

1. BusHaueHHS  CHCTEMM  IDYNOBHX  IepeBar
excriepris R,, = R, > R, ;...3a anropurvom Nel

2. Bu3HaveHHS BaroBHX KOCQIIiEHTIB:

G
0, =—

4 n
2C
i=1

R, -1
ne, C; =1 ———— - oninxa, mo orpumana 3a
n

MIPUITYIEHHAM TiITOTE3H PO JiHIHHY 3aJIeKHICTh MK paHTOM i
BiZTHOCHOIO ITIHHICTIO TIAPAMETPY;
R;; - panr i-ro mapameTpy J-To excriepry (Rip — panrn
IPYIH EKCIEPTIB ).

m
S =1,
i=1

3. T'padiuna inTepmpeTanis BaroBux KoeQimieHTiB

4. Kimens 3amaqi

[Ticis  mpoBeneHHS  ONMUTYBaHHA TPYINH  SKCIEPTiB
3IIHCHIOETBCS 00poOka pe3yIbTAaTIB. [ouarkoBoto
iHpopMarliero 11 0OpOOKH € YHCIIOBI JaHi, M0 BHPAXKAIOThH
TepeBaru eKCIepTiB, i 3MICTOBHE OOIPYHTYBaHHS IHX IEpeBar.
Metoro 0OpOOKH € OTpHMAaHHS y3arajJbHEHHX JaHWX 1 HOBOI
iHdopmarlii, 10 MICTUTBCSI B IPUXOBaHiH (OpPMi B €KCIIEPTHUX
ouminkax. Ha ocHOBI pe3yibTaTiB 00poOKM  (OpMYEThCS
BUpileHHs npoOnemu. HasBHICTD, SIK YMCIOBUX JaHUX, TaK i
3MICTOBHHMX  BHUCJIOBJIIOBaHb CKCIICPTIB  MPU3BOIUTH 0
HEOOXITHOCTI 3aCTOCYBaHHS SIKICHMX 1 KiUJIbKICHHX METO/IIB
00pOOKH pPE3yJIbTAaTiB TPYMOBOr0 EKCIEPTHOTO OIIHIOBAHHS.
I[MuToma Bara IMX METOMIB ICTOTHO 3aJ€XKHUTh BII KiIacy
npo0JIeM, 110 BUPIIIYIOTHCS SKCIIEPTHUM OL[IHFOBAaHHSM.

3ajexHo BiJ il €KCIEPTHOTO OIIHIOBAaHHS i BHOPAHOTO
METONy BHMIpYy Tpu o0O0poOLi pe3yibTaTiB  ONUTYBaHHS
BHUHHUKAIOTh HACTYITHI OCHOBHI 3aBIaHHS:

1) moOynoBa y3arajbHeHOI OLIHKM OOQ'€KTIB Ha OCHOBI
IHAMBIyaTbHUX OIIHOK €KCIIEPTIB;

2) noOynoBa y3arajlibHEHOI OIIIHKM Ha OCHOBI IapHOIO
HOPIBHSHHS 00'€KTIB KOXKHUM EKCIIEPTOM;

3) BU3HAYEHHS BiTHOCHUX BAXKJIUBOCTEH 00'€KTIB,;

4) BU3HAYEHHSI y3TO/PKEHOCTI JYMOK €KCIIEPTiB;

5) BU3HAUCHHS 3aJIC)KHOCTEH MIXK PaH)KyBaHHIMU;

6) oLliHKa HAJIIHOCTI Pe3yIbTaTiB 00POOKH.

[lpu pimeHHi O0araThOX NPAKTUYHUX 3aBJaHb YacTo
BUSIBJSIETBCS, 1[I0 YMHHHMKH, IO BH3HAYAIOTh KiHIEBI
pe3ynbTaTdH, He MiAZAalThCS 0e3[NOoCepeHbOMY BHMIDY.
Po3ramyBaHHs LUX YUHHHUKIB B MOPAAKY 3pOCTaHHA (4H
3MEHILICHHS)  3HAYYIIOCTI  HA3UBAETBCS  PAHIICYBAHHAM.
PanxyBaHHs J103BOJIsSIE BUOPATH 3 JIOCIIJKYBaHOI CYKYITHOCTI

Koedimient Kenpanna BUKOPUCTOBYETHCS Juis
BU3HAYCHHS! KOOpAMHALII MiX €KCIepTaMH Ta iX OI[IHKaMH.
3aranbHUIl BHCHOBOK POOMTBCS IIPHU PO3PaXyHKY BaroBUX
KoeiIieHTiB.

B Tabmmmi | HaBenmeHi pe3yibTaTH IIPOBEJICHUX
PO3paxyHKIiB MIOAO OaraTOKpUTEpialbHOTO  OI[iHIOBAHHS
€TamiB TONBOTY IMOBITPSHOTO CygHA 3a KPUTEPIsIMH:
CKJIaJHICTh BHKOHAHHA IIOJBOTY HAa KOXXHOMY  eTarli,

exoHoMmiuHicTh BHKOHaHHSA [IC momsOTIB Ta Oe3meka

I10JILOTIB.



I'padiuna

IHTEepIIpeTaIist

KoeiIieHTiB HABEICHO HAa PUCYHKY 1.

ArperyBaHHsT KpUTEpiiB BH3HAYa€THCS SK aJUTHBHE

PO3paxyHKiB

BaroBux

TOPU3OHTAIBHUN  TOMIT i

3HIDKEHHS MaroTh HaWOLIbIIi

MOKa3HUKH €(PEKTUBHOCTI 3a TPEACTABICHUMHU KPHUTEPisIMU

(tabmn.1).

MYJIbTUIUTIKATUBHE OLiHIOBaHHs eTamiB monaboTy IIC. Etann

On Route

FyniHHA AT Hahip encoty |[Nonit Ha map|3HusedHa |Mocanka
Bezneka 028571429 0104762 01333333330, 2159047619 02 0057143
EkOHOMINHICTE 020952351 0057143 0,104761905( 0 266060EEY | 0209524 | 015235351
CrkNagHICTE 005714286] 0228571 01714285710 095238095 0 180952 0 2bbbR7
BWCcHoEOK 055238095| 035390476 0409525381 |0 580952381| 05590476 047619
Tabu. 1. Barosi koedilli€HTH KOXHOTO €TaIry HOJIbOTY
Taxing
Landing Take off
——safety

——efficiency

complexity

. s S 1L 1T
Climb

Puc. 1. Barosi koe¢inieHTH Ta 3arajibHa OI[iHKa KOXKHOTO
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