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Abstract

Purpose: The aim of this study is to research applied models of qualitative estimation of air traffic flow and
capacity in terminal control area (TMA) under uncertainty conditions. In this work the theoretical
framework descripting departing and arriving air traffic flows in order to regulate capacity and decrease
delays in terminal control areas airspace is proposed. Methods: Optimisation of terminal control area
formal description based on composite model of typical airspace elements and operational procedures,
reduction of delays on runways and in the airspace in vicinity of aerodrome using the airport and terminal
control area operations optimisation model, assessment of various types of uncertainties and associated
factors by application of terminal control area queueing analysis uncertainty model. Results: Terminal
control area descriptive model, airport and TMA operations optimisation model and TMA queueing analysis
uncertainty model were obtained. Principles of estimating of quantitative parameters of air traffic flows and
capacity in terminal control areas under uncertainty conditions were proposed. Discussion: Composite
elements of terminal control area descriptive model, principles of delays reduction as a result of application
of airport and TMA operations optimisation model and assessment of impact of uncertainty factors in air
traffic control and flight operations by TMA queueing analysis uncertainty model.

Keywords: aeronautical system; air traffic flows models; air traffic flow and capacity management; air
traffic services; safety of flights; terminal control area descriptive model; uncertainty factors.

1. Introduction arriving to and departing from airports using
Standard Instrument Arrival routes (STARs) and
Standard Instrument Departure routes (SIDs).

One of solutions how to reduce delays and cope
with increased air traffic flows is to expand the air
transportation infrastructure and provide efficient
network management. However, it is very expensive
and would take many years to successfully
implement it.

Therefore, in order to reduce delays, optimizing
departure and arrival procedures is vital to regulate
air traffic flow in the vicinity of aerodrome taking
into account a wide variety of contributing factors
[1-3]. With reduced delays, shall also decrease
negative impact on environment, as a result of
reduced emissions, as well as it makes possible
improved management of flight safety.

Nowadays, delays and flight cancellations in air
traffic management are the significant problems,
which are mainly connected with capacity limits,
particularly in Europe and Northern America where
the flight volumes are high. Reducing of these
delays and appropriate costs represents a significant
challenge for the civil aviation industry and in
particular  Eurocontrol and Civil Aviation
Authorities of European countries.

The air transportation in most of European, South
East Asia and North America countries has reached
saturation. The increase in air traffic flow results in
traffic congestions in terminal control areas, which
affects the optimal flight operation. TMA is
considered as one of the most complicated portions
of airspace, as far as it designed to operate aircraft
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In the article we propose set of models devoted to
qualitative estimation of air traffic flows and
capacity in TMA under uncertainty conditions in
flight.

2. Analysis of the latest research and publications

The air traffic flows and capacity management in
TMA is an important and dynamic research area in
Air Traffic Management (ATM), which regulated on
international and national levels [4,5]. In [6], an
optimization algorithm is proposed for designing
departure and arrival routes at a strategic level in
3D, which is helpful for regulation of air traffic
flows in TMA. The authors [6] propose method to
design automatically the SIDs and STARs for a
given TMA configuration, taking inti account
number of entry/exit points, forbidden areas and
significant operational constraints. The influence of
fluctuating meteorological conditions on TMA
operations performance studied in [7].

The airport operations optimization problem
regarding co-ordination of TMA flights and
aerodrome operations in a tractable and unified
manner is discussed in [8]. This includes solving the
air traffic flow and capacity management (ATFCM)
problems faced at an airport, such as: selecting a
runway configuration sequence, assigning flights to
runways and determining the sequence in which
flights are processed, determining the gate-holding
duration of departures and routing flights to their
assigned runway and onwards within the TMA and
the near-terminal airspace.

Applied models of air traffic flows in TMA are
considered in such works as: continuous flow
Eulerian model for air traffic networks [9] to
describe optimal control principles and alleviate
airspace congestion through the optimal routing of
flights; stochastic air traffic flow models [10] based
on queuing network models; aggregate dynamic
stochastic model for an air traffic system [11] and
computer-aided Eulerian air traffic flow model
[12,13]. These models allow taking into account a
wide variety of uncertainties such as delays due to
weather deviation, air traffic control actions, aircraft
performance, navigation system precision and flight
control. In [14, 15] the major problem of air traffic
flow management under uncertainty is investigated
in detail.

3. Terminal control area descriptive model

In the beginning, for quantitative analysis of air
traffic flows in terminal control area, we need model
which describes main elements, departure and

arrival routes and technological operations (the air
traffic controller activities) [6]. Let N be the total
amount of flights arriving at and departing from the
certain airport. Aircraft enters/exits the TMA on
several  predetermined  fixes on  borders
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points are the arrival points and the remaining n,,,

ones are departure points. As TMA is generally
designed in a near circular configuration with airport
control point in the centre, we assume it is composed

of two concentric circles C; and C,, with radius R
and R, respectively (Fig. 1).

The arrival and departure routes (standard
instrument arrival and standard instrument

departure) connect some points on C1 to some other
points on C,. Let K € ©XI be the subset which
contains the pairs of points to be connected on C,
and C,.

Given (i, ])e K, a route connecting points O,

and /; can be defined as a function y; : [0;1] — R,

where 7, (0) represents the starting point and Yy (1)

is the ending point.

Os

Fig. 1. Example of TMA model

There are two possible situations: route 7y, either
starts from an entry point on C, and ends at an
arrival point on C,; or it starts from a departing

point on C, and ends at an exit point on C,.
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This statement can be expressed by the following
equations:
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We denote the components of 7y, in axis

(xay,Z) by (Yi,x,v,-jy,vi,z) respectively.
The separation minima are expressed as follows,
Y(i,j),(k,l)e K,V (1, 10,)€ [0;1] (it depends on

national horizontal and vertical separation criteria):

\/[Yijx () =Y (1 )]2 +[ijy (M) = Vi (1 )]2 2 H i
‘Yijz (M) = Vi (M2 )‘ 2V min (2)

We minimize the total distance flown by all the
flights during a certain period:

L= ek Wy Nl » 3)

where [, is the length of route y; and wj, is the

proportion of flights on route ¥, .

4. Airport and TMA operations optimisation
model

The airport and TMA operations optimisation model
can be characterized by the technological sequence
of operations for every departure [8]:

- a pushback time (including a gate-holding
time);

- a runway assignment and departure fix
assignment;

- a route from gate to assigned runway, and then
to departure fix;

Also for every arrival.

- a time at arrival fix (which may require a speed
control before reaching the fix);

- arunway and gate assignment;

- a route from arrival fix to appropriate runway,
and then to gate, with timing.

The elements influencing capacity in the near-
terminal area are the gates, taxiways, runways and
the airspace in the vicinity of aerodrome.

We consider a time horizon Tz{l,...,T} of
approximately one hour, discretized into small
intervals of 20 seconds, being small enough to
satisfy requirements of lateral and longitudinal
separation minima. We have a set of F' flights, with
each having a weight class w (heavy, large or
small) regarding wake turbulence characteristics and
direction of flight O (arrival or departure).

The pair i = (w,o) will be referred to as a flight
type, belonging to the set of flight types C (the
index i will always refer to a flight type). Flight
types are defined in order to calculate the minimum
separation time required between two flights on the
same runway. There is also a set of runway
configurations K. Each configuration £ is
described by a set of pairs {(7’1,7111 ),...,(rN,mN )}, a
pair comprising a runway » and a mode of
operation m (i.e., arrivals only, departures only, or
mixed mode).

Our objective is to minimize a weighted sum of
delays:

min¥ =¥, (8
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This can be summarized in words as a summation
over all flights of the following terms: (weighted
time from first time period until touchdown/take-off) —
(weighted time from first time period until start
time) + (weighted time from touchdown/take-off to
destination) — (weighted gate-holding duration) +
(configuration change penalty).

We define the following binary decision
variables for the model:

1,if config kis active at timet;
- W =
h 0,otherwise;

v Lif flight f is assigned torunway r;
(pr - .
0,otherwise;
.| Lif flight of typei arrives at runwayr at timet;
- (prt = .
0,otherwise;
{l,ifchangeofconﬁg occurs at timet;
- Xt =

0,otherwise.
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We note that one of the key ideas behind this
model and its tractability is that we have chosen to
define the variables i by flight type, rather than by

flight, capitalizing on the fact that separation
depends only on flight type, and greatly reducing the

number of variables to OQCHR”T ‘+‘F ||R ), rather

), and the number of constraints to

than OQFHR”T

OQCHR”T), rather than OQFHR”TU.

In this model we suppose that the aerodrome
taxiway/runway and near-terminal area airspace has
infinite capacity. In this case, all flights can fly along
their shortest flight tracks without
obstruction/separation infringement and hence arrive
at their assigned runway within their time-window

Flight management
system/Pilot

Power plant

specified in the input data, and in particular at their
assigned time (this can be derived from ¥ and @).
Then, it gives an optimal solution to the airport
and TMA operations optimisation model, including
the optimal configuration schedule (through @), the
optimal runway assignments (¢), the optimal

sequencing of flights (¥ ), and implicitly an optimal
routing of flights.

5. The TMA queueing analysis uncertainty model

The objective of the uncertainty modelling process is
to determine the impact of various uncertainties on
the service times (air traffic control and flight
operation) in the queuing theory models (Fig. 2)
[10,12,13].

Atmosphere

Climb, cruise, descent
performance

A

Control systems Aircraft >
A yY
Air traffic ioati
Traffic > control sys) Navigation
density and system
intensity

Global positioning
system/Inertial system

Fig. 2. Aircraft trajectory uncertainties in TMA

Some of these uncertainties influence the climb
and descent flight segments, while others affect the
cruise segment of flight. Ambient winds,
thunderstorm areas, navigation systems and flight
plan deviations due to airspace regulations and air
traffic management are major contributors to cruise
segment of flight uncertainties.

A simplified / — D dynamic model of the aircraft
is considered for the uncertainty modelling. This
model is represented as a system consisting of the
aircraft position x, aircraft speed v and random

acceleration n, [12]:

X 0 1fx 0
= + )
v 0 Ofv n,

The random acceleration term n, ~ N (0, o’ ), is

assumed to be white-Gaussian, approximating the
uncertainty from the onboard inertial sensor system.
The resulting position error is a random process.
Periodic position fix inputs are used to correct the
drift in the random process. Although very high
frequency omnidirectional range/distance measuring
equipment (VOR/DME) has traditionally been used
for aircraft navigation, the recent trend has been to
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move towards the use of the Global positioning
system (GPS) for obtaining the position fixes. A
position fix measurement model can be represented
using a measurement model:

z=]i o]mmx (6)

. 2 .
The measurement noise 7, ~ N (0, O'x)_ is also

assumed to be white-Gaussian.

This model can be used to formulate an algebraic
Riccati equation that provides the error covariance
matrix due to sensor process and sensor noise
components as:

O=AP+PA" +Q—-PH"R'HP (7
The solution to this equation can then be obtained

as:
P =|:Rl RZ:| — Vzo-iav O-xo-v (8)
Y olB P 0.0, +20.0°

A similar approach might be used to model the
uncertainties due to aircraft flight control. The
modern commercial aircraft are equipped with the
flight management system (FMS) and autopilots.
Control inputs commanded by the autopilot are
calculated based on the state estimate containing
navigational uncertainty errors. Hence, the sensor
uncertainty components are fed-back into the system
through the feedback control loop, and causes
additional output uncertainty.

6. Conclusions

In this work we considered the model for
quantitative analyses of air traffic flows in terminal
control area, which describes general TMA elements
and parameters. Also we analysed the model, which
takes into account airport operations jointly with air
traffic flows in the vicinity of acrodrome.

Application of such models taking into account
uncertainty factors will decrease number of air
traffic delays and improve safety of flights in
national airspaces. This is also results in increased
capacity of terminal control areas, less congestion of
the airport surface and near-terminal airspace and
reduced fuel costs and associated emissions.

References

[1] Wang Bo, Kharchenko V., Chynchenko Yu.
(2016) Principles of safety management of air traffic
flows and capacity under uncertainty conditions.

Proceedings of the National Aviation University,
vol. 3, pp. 7-12.

[2] Kharchenko V., Chynchenko Yu. (2015)
Estimation of effect of uncertainty factors on safety
of air traffic flows in terminal control areas.
Proceedings of the National Aviation University,
vol. 4, pp. 22-27.

[3] Kharchenko V., Chynchenko Yu. (2014)
Integrated safety management system in air traffic
services. Proceedings of the National Aviation
University, vol. 1, pp. 6-9.

[4] ATFCM Operations Manual (2015) Brussels,
Eurocontrol Publ., 196 p.

[5] Complexity challenges
Brussels, SESAR JU Publ., 48 p.

[6] Zhou Jun, Cafieri Sonia, Delahaye Daniel,
Sbihi Mohammed (2014) Optimization of Arrival
and Departure Routes in Terminal Maneuvering
Area. ICRAT 2014, 6th International Conference on
Research in Air Transportation, Istanbul, Turkey.

[7] Michalek Pfeil Diana (2011) Optimization of
Airport Terminal-Area Air Traffic Operations under
Uncertain ~ Weather  Conditions.  Doctor  of
Philosophy in Operations Research, Massachusetts
institute of technology, USA, 158 p.

[8] Bertsimas Dimitris, Frankovich Michael
(2013) Air Traffic Flow Management at Airports: A
Unified Optimization Approach. Tenth USA/Europe
Air Traffic Management Research and Development
Seminar.

[9] Strub Issam S., Bayen Alexandre M. (2006)
Optimal Control of Air Traffic Networks Using
Continuous Flow Models. AIAA Conference on
Guidance, Control and Dynamics, Keystone,
Colorado.

[10] Menon P.K., Tandale Monish D., Kim
Jinwhan, Sengupta Prasenjit (2010) A Framework
for Stochastic Air Traffic Flow Modeling and
Analysis. AIAA Guidance, Navigation, and Control
Conference, Toronto, Ontario Canada.

[11] Roy Sandip, Sridhar Banavar, Verghese
George C. (2003) An Aggregate Dynamic Stochastic
Model for an Air Traffic System. The 5th
USA/Europe Air Traffic Management Research and
Development Seminar, Budapest, Hungary.

[12] Menon P.K., Sweriduk G.D., Lam T., Diaz
G.M. (2004) Computer-Aided Eulerian Air Traffic
Flow Modeling and Predictive Control. A4/4A4
Guidance, Navigation, and Control Conference,
Providence, USA.

[13] Menon P.K., Sweriduk G.D., Lam T., Cheng
V.H.L., Bilimoria K.D. (2003) Air Traffic Flow
Modeling, Analysis and Control. 4/AA Guidance,
Navigation and Control Conference, Austin, USA.

in ATM (2016)



12 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2016. N 4(69): 7-13

[14] Clare G., Richards A. (2012) Air Traffic [15] Bertsimas D., Lulli G., Odoni A.R. (2011)
Flow Management Under Uncertainty: Application An Integer Optimization Approach to Large-Scale
of Chance Constraints. 2nd  International Air Traffic Flow Management. Operations
Conference on Application and Theory of Research,vol.59,no. 1, pp. 211-227.

Automation in Command and Control Systems
(ATACCS’2012), pp. 20-26. Received 15 December 2016.

B.IL. Xapuenko', }O.B. Unnuenko®

Mogesi KiNbKiCHOI OLiHKH NMOTOKIB NMOBITPSIHOIO PyXy Ta NPOMYCKHOI 3JaTHOCTI B TePMiHAJbHUX
JMCIETYEPCHLKUX pailoHax

HarmionansHwmii aBianiiinuil yHiBepcuteT, npoct. Kocmonasra Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: 'kharch@nau.edu.ua; *chynchenko@gmail.com

Mera: MeToro 1i€i cTaTTi € JOCHIHKCHHS MPUKIATHUX MOJEICH KiJIbKICHOI OIiIHKM MOTOKIB TOBITPSHOTO
PYXy Ta MPOIMYCKHOT 3MATHOCTI B TEPMIHAIBHHUX TUCIETUYCPCHKUX paOHAX B yMOBaX HEBH3HAYEHOCTI. Y
JaHii poOOTi 3ampOIOHOBAHO TEOPETHYHI OCHOBU (hOPMAJHLHOTO ONMHUCY IOTOKIB IOBITPSHOTO PYyXy, IO
BWIITAIOTh Ta MPHUJITAIOTh B TEpMiHAJbHI TUCIETYEPCHKI PaioHM 3 METOI0 PEryJIIOBaHHS MPOIYCKHOI
3MATHOCTI Ta 3MEHIICHHS 3aTPUMOK TOJIOTIB B TMOBITPIHOMY TMpocTopi. MeToaum JOCIizKeHHs :
OnruMizariss GopMaNBHOTO ONMKCY TEPMIHAIBHOTO JHUCIIETYEPCHKOTO paiioHy, IO IPYHTYETHCS HA MOJIENI,
sIKa CKJIAJIA€THCS 3 TUIIOBHX EJIEMEHTIB CTPYKTYPH IMOBITPSIHOTO MPOCTOPY Ta EKCILTyaTamiiHUX MpOUeayp,
3MEHILEHHS Yacy 3aTPUMOK Ha 3JiTHO-TIOCAIKOBHX CMYTaxX Ta B HOBITPIHOMY IPOCTOPI MOOJIH3Y aepoapomy
3 BUKOPHCTAHHSIM OINTHUMI3aIlifHOI MOJIeN omepariiii Ha aepoapoMi Ta B TEPMIHATEHOMY IHCIIETICPCHKOMY
paiioHi, OLlIHKA PI3HUX THUIIIB HEBU3HAYCHOCTI Ta MOB’SI3aHMUX 3 IUM (aKTOPIB 32 JOIMOMOIOI0 MOJIEII aHaI3y
HEBU3HAYCHOCTEH B TEPMIHAJBHHUX JAWCIETYEPCHKHX palloHaX MeTojaMu Teopii yepr. PesyabraTm:
dopManbHa MOJIENlb TEPMIHAIBLHOTO TUCIIETUYECPCHKOTO pPaldoOHy, ONTHMI3alliiiHa MOJENb omepamiii Ha
aepoapoMi Ta B TEPMIHAIBHOMY IHCIETYCPCHKOMY paiOHI Ta MOJENh aHajli3y HEBH3HAUYCHOCTEH B
TEpPMiHAIBHUX JHCIETYEPCHKUX paiioHax MeToAaMu Teopii depr. 3amponoHOBaHO NPHHLIMIHM OLIHKA
KITBKICHAX XapaKTEePHUCTUK TIOTOKIB TMOBITPSHOTO PyXy Ta TMPOIYCKHOI 3JaTHOCTI B TEPMIHAIBLHUX
JTUCTICTICPCHKUX pailoHax B yMoBaxX HeBH3HaueHOCTI. Oo0roopeHnsi: CKiIamoBi eleMeHTH (HOpMabHOT
MOJIeTIi TePMIHANBHOTO JHMCIETYEPChKOTO palioHy, MNPUHIMIIA 3MEHIICHHS 3aTPUMOK B pPe3yJbTari
3aCTOCYBaHHS ONTHUMI3aliifHOI Mozesi omepaniii Ha aepoApoMi Ta B TEPMIHAIBHOMY IHUCIETYEPCHKOMY
paiioHi Ta oIiHKa BIUIMBY ()aKTOpPIB HEBU3HAYEHOCTI Ha OOCIYrOBYBaHHSI MOBITPSHOTO PyXy T4 BUKOHAHHS
NOJBOTIB 32 JOMIOMOTOI0 MOJENi aHaii3y HEBM3HAYEHOCTEW B TEpMIiHAJIBHUX TUCIETUYEPCHKUX palioHax
METOAaMH Teopii uepr.

KuarouoBi ciaoBa: aepoHaBiramiiiHa cucTema; Oe3leKa ITOJBOTIB, MOJENI IOTOKIB TIOBITPSHOTO PYyXY;
00CITyTOBYBaHHS TOBITPSHOTO PyXY; YIPaBIiHHS MOTOKaMH MOBITPSIHOTO PyXy Ta MPOMYCKHOIO 3JaTHICTIO;
(axTopu HEBU3HAUCHOCTI; (popMaIbHA MOJIENh TEPMIHAIBHOTO JUCIETYEPCHKOTO palioHy.
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Mopgenn KOJUYECTBEHHO! OIEHKH TOTOKOB BO3IAYIIHOTO JBHKEHHsI M NMPOMYCKHOIH CIMOCOOHOCTH B
TePMUHAJIBHBIX TUCIIETYEPCKHUX PailoHaX

HannonanpHBIN aBUaIMOHHBIA YHUBEpCHUTET, TTpoctt. KocmonasTa Komaposa, 1, Kues, Ykpanna, 03680
E-mails: 'kharch@nau.edu.ua; *chynchenko@gmail.com

Heap: Ilenbto MaHHOW CTaTbU SABJISIETCS MCCIEAOBAHUE MPUKIIATHBIX MOJEIEH KOJIMYECTBEHHON OILIEHKU
MIOTOKOB BO3JYIIIHOTO JBHXCHHUS U MPOIMYCKHOW CIIOCOOHOCTH B TEPMHHAIBHBIX JUCIIETYEPCKUX pailoHax B
YCIIOBUSIX HEOIPEACICHHOCTU. B 1aHHOW paboTe NpeIOKEHBI TEOPETHYECKUE OCHOBBI (HOPMAaIbHOTO
OTIMCAaHW TOTOKOB BO3AYIIHOTO IBIDKEHUS, BBUICTAIONIMX W TPUICTAIONUX B TEPMHHAILHEIE
JUCTICTICPCKUE PaNHOHBI C IENBI0 PETYIUPOBAHUS MPOIMYCKHON CIOCOOHOCTH W YMEHBIIICHUS 3aICPIKEK
MIOJISTOB B BO3JYIIHOM MpocTpaHcTBe. MeToabl ucciaenoBanHusi: OnTumuzanus (OopMaabHOTO OMHCAHUS
TEPMHUHAIBHOTO AUCIIETYEPCKOTO pailoHa, OCHOBAHHAS HAa MOJIENN, KOTOPas COCTOUT U3 THIIOBBIX 3JIEMEHTOB
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CTPYKTYPBI BO3QYIIHOTO NPOCTPAHCTBA M JKCILTyaTallHOHHBIX MPOLEAYDP, YMEHBIICHHE BPEMEHH 3aJEPIKEK
Ha B3JIETHO-TIOCAJOYHBIX I10JIOCaX W B BO3AYLIHOM IPOCTPAHCTBE BOJIM3U a’3pOAPOMA C MCIIOJIb30BAHHUEM
ONTUMHU3aLMOHHON MOJENN ONepaluii Ha a3poJpoMe U B TEPMHHAIBHOM JHUCIIETYEPCKOM PAWOHE, OLCHKA
Pa3IMYHBIX THUIIOB HEOIPEIEICHHOCTH U CBA3aHHBIX C 3TUM (PAaKTOPOB C IIOMOILBI0 MOJEJIN aHalIu3a
HEONPEJEICHHOCTEN B TEPMUHAIIBHBIX JUCIETYEPCKUX paliOHaX METOAAMU Teopuu odepencii. Pesyabrarsi:
®opmanpHas MOJENb TEPMUHAIBHOTO AHUCHETUYEPCKOro pailoHa, ONTHMMM3ALMOHHAs MOJENh Olepalnui Ha
a’polpoMe U B TEPMHUHAIBHOM JUCIETYEPCKOM palilOHE W MOJENb aHalIu3a HEONPEIEeNEHHOCTEH B
TEPMUHAIBHBIX JUCIETUYEPCKUX PallOHax METOJaMH Teopuu ouepeneu. IIpennoxeHbl NPUHLAIBL OLIEHKU
KOJINYECTBEHHBIX XapaKTEPUCTUK TOTOKOB BO3AYLIHOTO [BIJKEHHS U TPOMYCKHOW CIIOCOOHOCTH B
TEPMHUHAIBHBIX JUCIIETYEPCKUX palOHax B YCIOBHAX HeompeneneHHocTH. Ob6cyxnenne: CocTapisomuye
UIEMEHTHl (OPMANbHOW MOJENN TEPMHUHAIBHOTO JAWUCIETYEPCKOr0 paioOHA, HPUHIMIIBI YMEHBIICHUS
3aIepKEK B pe3yibTaTe IPUMEHEHUS ONTUMHU3ALMOHHOM MOJEIM Olepaluil Ha a’poApoMe U B
TEPMHUHAJIBHOM TUCIIETYEPCKOM paiioHe U OLEHKa BIUSHUA (PAKTOPOB HEONPEAEICHHOCTH Ha 00CTYKHUBaHUE
BO3QYIIHOTO JBIDKCHHSA M BBIIOJHEHUS IIOJIETOB C TIOMOIIBIO MOZEIH aHAN3a HEONPEACIECHHOCTEH B
TEPMUHAIBHBIX JTACIETYEPCKUX PAHOHAX METOAMU TEOPUN OYEPENCH.

KiroueBble cjioBa: a3poHaBUrallMOHHAS CHUCTEMA; O€30IIaCHOCTh II0JIETOB; MOJENN ITOTOKOB BO3IYLIHOTO
IBUKEHUS; OOCITy)XKMBaHHE BO3AYIIHOTO JBWKEHHS; YIpPaBJIE€HHE MOTOKaMH BO3AYIIHOTO JBUXKEHHUS U
MIPOIYCKHON cIOCOOHOCTHIO; (hopMaiibHass MOZENIb TEPMHHAJIBHOTO AMCHETYEPCKOro pailoHa; (akTopbl
HEOIIPEIEIICHHOCTH.
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