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Abstract

Purpose: Two algorithms have been considered in this article. Both of them make possible to improve
aircraft navigation efficiency during landing by satellite navigation system signals. The first algorithm
describes creation of two reference planes in space using measured coordinates of four points on the runway
and the subsequent calculation of the aircraft horizontal and vertical angular deviation from these planes.
The second algorithm describes an autonomous integrity control in the aerodrome area when four satellites
are visible. Methods: methods of experiment planning, analytic geometry and linear algebra have been used.
Results: obtained a new experimental data. Discussion: The results of experimental research of the first
algorithm showed the principal possibility of deviation calculation in this way. It is shown that
implementation of this technology will make it possible to increase the efficiency of small aircrafts
navigation during landing at aerodromes and landing areas that are currently not equipped with radio
equipment for instrument landing. The results of research of the second algorithm showed that it allows
reducing the number of satellite navigation system failures and also enhances navigation efficiency. These
results can be used in the aerospace sector for reducing the number of small aircraft non-flying periods.

Keywords: aircraft landing; global navigation satellite system; instrument landing; integrity; navigation
efficiency; precise landing.

flights, avoids unnecessary costs for aerodrome
radio equipment, certification of the air fleet for
instrumental flights and air navigation services.

1. Introduction

Small aircraft is in demand in many branches of the

national economy - forestry, agriculture, firefighting,
etc. The leading role is played by small aviation in
the training of flight crew members. Low
requirements to the quality and geometric
dimensions of the runway allow small aircraft to
have a wide geography of flights and to carry out
promptly. But since flights are performed mainly on
unequipped airfields, this imposes significant
restrictions during landing.

Landing of the aircraft is a decrease along a
rectilinear trajectory inclined to the horizon at an
angle of 2.5-3.5 ° (for mountain airodromes this
value can reach 5 °). Currently, at most classified
and unclassified aerodromes for small aircrafts the
visual landing is usually performed. This, along with
the implementation of VFR (visual flight rules)

However, VFR flight and visual landing have
significant restrictions on meteorological conditions,
which lead to frequent downtimes. The equipment of
airfields and landing areas with means ensuring
vertical and horizontal guidance of aircraft would
significantly reduce the number of non-flying
weather conditions and increase the efficiency of the
use of the air fleet. Obviously, the use of the radio-
navaid system like Instrument Landing System (ILS)
for this purpose is inadvisable due to the high cost of
its installation (at least $ 800,000) and maintenance
(about 10% of the installation cost annually), as well
as the long duration of the deployment process. The
problem can be solved by guiding the aircraft by the
signals of satellite navigation systems.

Copyright © 2017 National Aviation University
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2. Analysis of latest research and publications

The Global navigation satellite system (GNSS)
technologies are being rapidly introduced in all
industries where the time and coordinates detection
is needed. The European Agency for GNSS
periodically publishes detailed reports about the
development, production, use of satellite navigation
devices and the elemental base for their creation. A
fragment from one of these reports [1] is shown in
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GNSS technologies are practically not applied in
Ukrainian aviation despite their proved economic
and technical attractiveness. One of the reasons is
the lack of a regulatory framework. Some economic
and technical aspects of the effectiveness of GNSS
technologies for navigation in Ukrainian aviation
were considered in [2 - 5].
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Fig. 1. Distribution of services between different categories of GNSS users.

The GNSS Guide [6] emphasizes that states
implementing satellite navigation technologies in
aviation take responsibility for safety at all stages of
the flight and provide supervision and control of
satellite  signals in space. The wide-scale
implementation of GNSS should be preceded by the
development of the operational concept (CONOPS)
and a detailed business case that takes into account
interests of all stakeholders. In particular, the
advantages, costs and benefits of using space and
terrestrial functional additions (SBAS and GBAS),
dependent surveillance systems (ADS-B/C). The
document [7] outlines some of Ukraine's intentions to
implement GNSS technologies. However, they have a
very general nature and outline only strategic goals.

3. Research tasks

The research task is to develop ways of increasing
aircraft navigation efficiency during landing using
satellite system signals. For this purpose, it is
necessary to develop an aircraft guidance technique
during landing and an algorithm for ensuring the
navigation field integrity.

4. The solution of the problem

To provide aircraft guidance, the coordinates of
some points on the runway have to be measured and

a block of relevant data has to be transmitted to the
aircraft, allowing the formation of reference surfaces
and calculating the deviations of the aircraft from
these surfaces. The data block can also be pre-
entered into the on-board computer database. One of
the algorithms for deviations calculating is
considered in [8]. To determine the spatial position
of the runway and reference planes, it is necessary to
measure the three-dimensional coordinates of four
points on the runway (Fig. 2).

The point L is set at the intersection of the central
axis of the runway and its landing threshold. The
point T is set directly above the point L at the
desired height of the aircraft flying above the
threshold of the runway. Point P (the point at which
the glide path is projected) is selected on the central
axis of the runway in such a way that allows to set
the glide path slope angle within acceptable limits.
The point K is selected at the edge of the runway in
such a way that the segment PK is perpendicular to
the axis of the runway and parallel to its ends. In
contrast to the methods for aircraft deviations
calculating presented earlier by Rockwell Collins [9]
and The Boeing Company [10], the presented
method allows defining the reference surfaces in
space as intersecting planes, which greatly simplifies
calculations.
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Fig. 2. Tllustration of the selection of 4 points on the runway

The equation of a plane in space can be defined
as follows [11]:

X=X, Y=y Z—Z
Xy =X Va—W Z,—z|=0 (1)
X3=Xp V3=V Z237%

In the equation (1) (X[ Vi Z]), ()Cg V2 Zg), (X3 V3 23)
are the coordinates of points which are not lying on
the same line. The determinant of the third order of
the square matrix is found according to the rule of
Sarrus.

As aresult, we obtain the equation of the plane in
the form Ax + By + Cz + D = (. The course plane is
given by the coordinates of the points T, L, P, the
plane of the glide path is given by coordinates of the
points K, P, T. The on-board GNSS receiver
measures its own coordinates (x, y, z) and substitutes
them into the plane equations. If the result of the
coordinates substitution in the course plane equation
becomes a positive value, then the aircraft is to the
right of the reference trajectory. The negative value
means that aircraft is to the left of the course plane.
For the glide path plane, a positive value
corresponds to an upward deflection, a negative
value corresponds to a downward deflection. The
quantitative measurement of the linear deviation can
be performed using the equation (2):

A-x+B-y+C-z+D
d =

()
JA*+B*+C?

The angular deviation of the aircraft can be
calculated using the equation:

|AXI+Bxm+Cxn|
A+ B+ C* I +m* +n?

sino =

3)

In the equation (3) 4, B, C are the coefficients of
the equation of the plane, /, m, n are the coefficients
of the directing vector of the line which connects
points M and P (the center of mass of the aircraft
and the point at which the glide path is projected).

The next stage is ensuring required navigation
performance. Navigating by satellite navigation
systems requires continuous monitoring of the
operational characteristics of the signal in space.
Monitoring is subject to such parameters as:

- accuracy - the difference between calculated
and true position of the aircraft;

- integrity - the probabilistic measure of trust in
the correctness of information issued by the entire
system. Integrity provides the ability of the system
to alert the user that it should not be used for the
intended flight operation. The integrity of GNSS is
determined by on-board equipment through
performing complex computing operations. The
system has integrity if the error in the calculated
location does not exceed the maximum allowed
value for the operation being performed;

- continuity of service - the ability of the system
to function without unplanned interruptions during
the flight operation;

- availability of service - the period of time
during which the system simultaneously provides
required accuracy and integrity.

Table 1 shows some requirements for the
accuracy, integrity, availability of service of the
satellite radio navigation system for various landing
categories in accordance with [12].

The integrity of satellite navigation systems is
usually controlled by the GNSS control segment.
However, it may take several minutes before the
control segment detects a satellite’s pseudorange
measurement error and excludes the faulty satellite
from the navigation solution. This time period which
is uncritical for most GNSS users may be critical for
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aircraft during the landing phase. Therefore GNSS
navigation is not possible without integrity control
performed directly in the on-board receiver (RAIM)
or in the on-board computer using aid of other
navigation devices (AAIM). For RAIM algorithms
that are currently in use redundant measurements are
required, i.e., at least 5 navigation satellites of one
system should be visible to the on-board receiver if
GNSS is used as a subsidiary navigation aid and at
least 6 if GNSS is used in as the main navigation aid
[13]. There are usually from 8 to 11 satellites in a
well-viewed area. To determine the coordinates in
4D with one system, 4 satellites are sufficient. When
small aircraft performs landing on an unequipped
landing field, it is possible to reduce the number of
visible navigation satellites to 4 due to terrain

features or radio interference. The group of 4
satellites ensures location (according to [14], in 12%
of cases dilution of precision (DOP) will have an
acceptable value for landing), but standard RAIM
algorithm will detect a non-alternative failure. Since
landing is usually conducted in the local area,
integrity can be controlled by the ground receiver.
This will also make it possible to predict in advance
which subcombinations of 4 satellites from the entire
visible set of satellites will provide acceptable
navigation accuracy. Information about all possible
subcombinations and the geometric factor provided
by each of them can be broadcasted using the radio
data channel or pre-entered into the onboard
computer.

Table 1
Requirements for the accuracy, integrity, availability of service of the satellite radio
navigation system for various landing categories
) Accuracy i Integrity Alert !Jimit o o
Phase of flight (95% error) Time to Pr (HMI) (H: horlz?ntal, Continuity Availability
Alert V: vertical
LPV (APV 1.5) | H: 16 m 10 sec 2*107/ approach | H: 40 m 5,5%107/ approach 0.99 to 0.99999
V:20m V:50m
APV-2 H: 16 m 6 sec 2#1077/ approach | H: 40 m 5,5%10™/ approach 0.99 to 0.99999
V:7,6 m V:20 m
CATI H:16m 6 sec 2*107/ approach | H: 40 m 5,5%10”/ approach 0.99 to 0.99999
V:41t07,6m V:10to 12 m
CATII H: 6,9 m 2 sec 2%10”/ approach | H: 17,4 m 4%10°%/ approach 0.99 to 0.99999
V:2.0m V:53m
CAT III H: 6.1 m 1to2sec | 2*¥10/ approach | H: 15,5m H: 2*#10°/ 30 sec 0.99 to 0.99999
V:2.0m V:53m V: 2*%10°% 15 sec

The proposed integrity check algorithm, like the
standard RAIM algorithms, consists of two stages.
At the first stage the geometric factor of the visible
satellites is determined. If the DOP value is
unsatisfactory, computer doesn’t perform further
calculations and declares integrity failure. If DOP
value is satisfactory, computer determines the test
statistics.

In a second step computer calculates a pseudo-range
discrepancy for each of the visible satellites, - the
difference between the measured pseudo-range and the
pseudo-range value which was predicted from the base
receiver location data and ephemeris data.

According to [15], the connection between the
discrepancies of pseudoranges to satellites and the
error in users location determining is described by
the equation:

6, =0, XDOP 4)

In the equation (4) o; is the standard error
characterizing the accuracy of plan coordinates,
height or time measuring, o, is the standard unit
weight error characterizing the accuracy of the
pseudo-range (or phase) measurement.

If computer detects a satellite whose pseudo-
range error exceeds the threshold calculated for a
particular DOP value, it excludes such a satellite
from the navigation decision. Since the elimination
of the satellite entails a change in the geometric
factor, computer calculates a new threshold for the
new DOP value. The cycle is repeated until the
value of the discrepancy (residual) for each of the
satellites involved in solving the navigation task is
less than the threshold, or until the number of
satellites becomes less than 4 (in the latter case, a
satellite navigation failure is declared). The scheme
of the algorithm is shown in Fig. 3.
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Fig. 3. The scheme of the integrity check algorithm

If flight management computer uses navigation that the minimum number of satellites

equipment in which combined signals from GPS, coordinates measurement is:
GLONASS, GALILEO, COMPASS are processed, Min=N+3

the task of integrity control can be solved according
to the scheme described above, taking into account

visibility of the satellites of the four systems.

HOOP roop voor Toor coop
0544 0972 0808 0479 1505

a b

Fig. 4. Visibility of the satellites: a — Instantaneous visibility of the satellites of the four systems;

b — Geometric factors of visible satellites

In the equation (5) N is the number of satellite
systems being in use. Fig. 4 shows the instantaneous
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In Fig. 4 there are 32 GPS, GLONASS,
GALILEO and COMPASS satellites. Satellites 18
(GPS) and 43 (GLONASS) are not operable and
they are excluded from the calculations. If we
assume that during landing some of the satellites
will be blocked, we can create a database of all
combinations which contain 4 satellites out of
visible 30, calculate geometric factors and select
those combinations of satellites that provide the
required accuracy and integrity (as a selection
criteria we can take the value of DOP close to the
values shown in Figure 4, b). Note also that the

P— L i e
Rockwell Colling |-+
Uy Our method .

Coli i R Bl Rl e

database can be expanded by using only two (three)
systems. This approach to integrity control allows
significant increasing the efficiency of evaluating
the accuracy of determining the coordinates of
integrity.
5. Results and discussion

An experimental study of the considered guidance
algorithm showed insignificant discrepancies
between the deviations obtained and the results of

deviations calculating using the methods considered
in [9-10] (Fig. 5).

Yrnceoe OTENOHEHWE DT MNOCKOCTH MWCCAAbI ¢ YHETOM 3H3Ka OTKNOHEHHA

I — T T 1G]
Baeing
Our method

LR L ab

Fig. 5 The result of comparison of the obtained aircraft deviations from the reference surfaces
with deviations obtained by: a - the Rockwell Collins method; b - the Boeing Company method

These results show principal possibility of
considered technique implementation. But what is
the impact of satellite landing system on the
navigation efficiency?

The assessment of airline activities from an
economic point of view is usually being performed
according to the following criteria. One of the main
indicators  for firefighting, sanitation, ice
reconnaissance, air defense and other industries,
according to [16], is the total adjusted number of
flying hours which is calculated by the equation:

Wil = WixK,, (6)

In the equation (6) K, is the modular ratio of

various types of aircraft hour performance which is
calculated by the following formula:

i
— Ahaur (7)
adi = JAN-2

Ahuur

K

In the equation (7) 4;,,, is the hour performance

AN-2
Ahour

our

i1s the hour

performance of the An-2 aircraft taken as a
comparison base. In addition, when performing
aviation chemistry, the area of cultivated land is also
taken into account. The criterion for passengers and
cargo transportation is the volume of traffic. The
main indicators that characterize the performance of
the airport are the number of take-offs and landings
served, as well as the number of shipments divided
by type and destination. An essential role in the
calculation of the profitability index is played by the
utilization factor of aircraft in the flight hours. It can
be calculated by the formula:

of i-th type of aircraft,

;W
Ky =—— )
calendar

In the equation (8) ijh is the average annual

flying hours per one aircraft of the i-th type,
T is the annual calendar fund of time in hours

calendar



14 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2017. N4(73): 8—17

(365 x 24 = 8760 hours). In turn, the utilization
factor of aircraft is greatly influenced by the
percentage of aircraft serviceability - the ratio of
flying hours in good condition to the total number of
aircraft hours. It should be borne in mind that even
in good condition, aircraft can stand idle. Downtime
in good condition includes, in addition to parking in
intermediate and final airports and reserve,
downtime due to meteorological conditions - periods
of forced breaks in the functioning due to
inconsistency between actual weather conditions and
meteorological minima of the aircraft or aerodrome.
The downtime due to meteorological conditions
negatively affects the coefficient of aircraft usage

per hour productivity, which is expressed by the
formula:

i
i — Ahour (9)
Ahour A i(max)

hour

In the equation (9) 4, and 4" are achieved

and maximum possible hourly total productivity of
the i-th type of aircraft respectively.

We will illustrate the effect of meteorological
conditions on the small aircraft performance using
example of the METAR weather report for the
period from 1 to 30 November 2015. In Fig. 6 there
is an analysis of statistical data about actual weather
in the Kiev area (Borispol airport) for the specified
period.

Fig. 6 Horizontal visibility in the Boryspil Airport area in the period from 1 to 30 November 2015

Such a parameter as horizontal visibility in
kilometers was considered. It follows from Fig. 6,
that 96 out of 1265 time periods (30 minutes each)
were unsuitable for VFR flights in the take-off and
landing zone in the conditions of flat and hilly
terrain (horizontal visibility is less than 2000 meters)
and 233 periods were unsuitable for VFR flights in
mountainous terrain - (horizontal visibility is less
than 5000 meters). Meanwhile, if the aircraft were
equipped for IFR cat. I landing, there would be only
64 non-flying periods (horizontal visibility of less
than 800 m). Cat. III landing would give us 0 non-
flying periods. It can be concluded that the
introduction of the presented method of horizontal
and vertical aircraft guidance will reduce by 30% the
number of non-flying meteorological periods with
minimal financial and time costs.

6. Conclusions

The algorithm for the formation of virtual reference
surfaces for calculating the horizontal and vertical
aircraft deviations aircraft from the desired
trajectory allows providing technical conditions for
an instrument landing by GNSS signals at minimal
costs. The ability to perform an instrumental landing
allows crew to switch from VFR to IFR flights if
needed, which reduces the number of non-flying
meteorological periods by 30% and significantly
improves performance.

The algorithm of autonomous integrity control,
also considered in the article, allows monitoring
integrity in the landing area using ground-based
station with 4 visible navigation satellites of one
system. It is shown that in 12% of cases 4 visible
satellites provide sufficient accuracy for completing
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the landing, while standard integrity control
algorithms give a non-alternative failure under such
conditions.

The potential use of a multisystem navigation
receiver for improving navigation efficiency in
conditions of limited satellites availability is
illustrated.

Thus, the considered algorithm of integrity
monitoring reduces the number of satellite
navigation system failures and also contributes to
increasing of flight performance and navigation
efficiency.
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Mera: VY 11iii cTaTTi NpeACTaBICHO JBa AJITOPUTMH, IO JO3BOJISIOThH MIABUIIATH €()EKTHBHICTh HaBirarii
MOBITPSIHOTO CyAHA TMiA Yac 3axoQy Ha MOCAAKY 3a CHUTHANaMH CYMYTHHUKOBOI HaBiramiiHOi CHCTEMH.
[Mepmmii anropuT™M ONHCY€E CTBOPEHHS B HPOCTOPI BIPTyaJdbHUX ONOPHUX IUIONIMH 33 KOOPAHHATAMH
YOTHPBOX TOYOK Ha 3JITHO-MOCANKOBIM CMy3i Ta TOAaiblle OOYMCIECHHS TOPHU3OHTAIBHOTO Ta
BEPTUKAIBHOTO KYTOBOT'O BiIXMJICHHS JITANLHOTO anapaTy Bif HUX. J[pyruii anropuT™ onmcye aBTOHOMHUH
KOHTPOJIb IUTICHOCTI HAaBITAIIfHOTO TOJISl B palioHI aepopoMy 3a HAsSBHOCTI B 30HI BUAMMOCTI YOTHPHOX
CYHyTHUKIB onHiei cuctemu. MeToam JOCTizkeHHs: BHKOpPHCTOBYBanmnMCh METOOW IUIAHYBAHHS
EKCTIIEpPUMEHTY, METOAM aHANITUYHOI TeoMeTpii Ta miHiiHOI anreOpu. PesyabratH: OTpuMaHO HOBI
eKCTiepuMeHTanbHI  AaHi. QOroBopenHsi: Pe3yiapTaT eKCIEPUMEHTAIBHOTO JOCHIIKEHHS IEpIIOro
ANTOPUTMY TIOKa3aJId TPHUHITAIIOBY MOJKIIUBICTh OOYHCIICHHS BiIXWICHBb JITAJLHOTO arapaTy BKa3aHUM
crocooom. [lokazaHo, 1110 BIPOBAPKEHHS 3alIPOIOHOBAHOT TEXHOJIOTIT JO3BOIMTE MiJBUIIUTH €()EKTUBHICTh
HaBiramii MOBITPSIHUX CyAeH Manoi aBiamii mix yac mocaJkd Ha aepoapoMmax, SKi Hapas3i He oOyamHaHi
pamioHaBiramifHUMU 3aco0aMu JUIA IHCTPYMEHTaJIbHOI NOCaAKH. JIOCHIIDKEHHS Ipyroro airopuTMy
ITOKa3aJio, Mo 3a3Ha4eHUM CIIOCOOOM MOJKIIMBO 3MEHIUTH KiIbKICTh BiZIMOB CYNYTHHKOBOI HaBirariiHoi
CHCTEMH, IIO TaKOXX MO3WTUBHO BIUIMBAaE Ha €QEKTHBHICTh HaBiraumii. Lli pesynbpraTd MOXyTb OyTH
BHKOPHCTaHI y aBiaKOCMIYHIM Tamy3i IJisi 3MEHIIEHHS KiTbKOCTI HEThOTHUX IEPiOJiB MOBITPSHUX CYyACH
MaJioi aBiarii.

KirouoBi ciioBa: riobansHa HaBiraliiiHa CymyTHUKOBa CHCTeMa; e(peKTHBHICTh HaBITallil; IHCTpyMEHTalIbHA
mocajka; TMocaKa JiTalbHOTO anapaTy; TOYHa I10CcaIKa.

B. I. Xapuenko', B.B. Konun®, T.A. OneBunckas’

Iloppimenue 3Q(PeKTUBHOCTH HABMIALMH BO3AYLIHOIO CyJHAa BO BpeMsl IOCAJAKH IPH IOMOILH
CIMYTHMKOBOW HABUTAIHOHHOW CHCTEMBbI

Haunonanbublif aBUallMOHHBIA yHUBEpCUTET, Ipoctl. KocMonasTa Komaposa 1, Kues, Ykpauna, 03680
E-mails: 'kharch@nau.edu.ua, *konin2v@gmail.com, *olevinska-ans@yandex.ru

Henb: B nmanHOW craThe NpeACTaBICHBI JBa ajlrOpUTMa, ITO3BOJIAIONIUE TOBBICUTH 3I(PPEKTUBHOCTH
HaBUTAIlMd BO3AYIIHOTO CyIHA MpPH 3aX0Je Ha MOCAIKy II0 CHUTHAJaM CITyTHHKOBON HaBHTAIlMOHHON
cUCTEMBI. [IepBBIi aITOPUTM OIMHKCHIBAET CO3/IaHUE B MIPOCTPAHCTBE BUPTYAIBHBIX OMOPHBIX IIOCKOCTEH MO
KOOpIMHATaM dYeThIpeX TOYEK Ha B3JETHO-MOCAJOYHOM IOJIOCE M TOCIEAYIONIee BBIYHCICHUE
TOPU30HTAIBHOTO W BEPTUKAIBHOTO OTKJIOHEHHS JIETaTeIhbHOTO amnmapata OT HUX. BTopoil amroputm
OTIHCHIBAET aBTOHOMHBIM KOHTPOJIb IIETOCTHOCTH HaBUTAIIMOHHOTO TIOJI B pallOHE adpopoMa Ipy HaATHIUU
YETBIPEX CIYTHUKOB B 30HE BUAUMOCTH. MeToabl ucceqoBanusi: [I[puMeHAIUCh, METOIBI TUIAHUPOBAHUS
JKCIIEPUMEHTa, AHAJUTHYECKOW TeOMeTpHH W JHUHEHHO# anreOpel. Pe3yabstathi: [lomydeHsl HOBBIC
JKCIIepUMEeHTallbHbIe AaHHbIe. OOcyxnenue: Pe3ynbTaThl 3KCIEPHMEHTATBHOTO HCCIEIOBAHHUS MEPBOTO
aNropuTMa IOKa3ajdd MPUHLUMIHAIBHYI0 BO3MOYKHOCTh BBIYHMCIICHMS OTKJIOHEHHH JEeTalbHOTO armapara
yKazaHHbIM crocoOoMm. [lokazaHo, YTO BHEAPEHHE MPEIUIOKCHHON TEXHOJOTHH IO3BOJUT IOBBICUTH
3¢ (heKTHBHOCTh HABHUTAIMH BO3IYIIHBIX CyJIeH MaJIOM aBHAaIlMX BO BPEMsI TIOCAAKH Ha a’pOJIPOMBI, KOTOPBIE
B HACTOSIIEE BpeMs HE OO0OPYIOBaHBI PATUOHABUTANMOHHBIMH CPEACTBAMHU IS HWHCTPYMEHTAIBHOMN
nocajku. VccienoBanue BTOPOTo alirOPUTMA IOKa3ajio, YTO MPEUI0KEHHBIH CIIOCO0 MO3BOJISET YMEHBIIUTh
KOJIMYECTBO OTKA30B CITyTHUKOBON HABUTAIIMOHHON CHCTEMBI, YTO TaKXe MOJOXKUTEIHHO BIHAET Ha
3¢ (eKTUBHOCTh HaBUTAIIMU. DTH PE3yJIbTAaThl MOTYT OBITh IPUMEHEHBI B aBHaKOCMHUYECKOH OTpaciu ais
CHUKCHUS KOJIMYECTBA HEJIETHBIX MEPUOI0B IS BO3AYLIHBIX CYJICH MaJON aBUAIIUU.

KiroueBble cioBa: TIIOOQNbHAsS HABUTAMOHHAS CITYTHHKOBAas CHCTEMa; WHCTPYMEHTaJIbHas IOCANKa;
[OCaJIKa JICTATSJILHOTO aIllapara; TOYHast mocaaka; 3((eKTHBHOCTh HABUTAIIMH.
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