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Abstract

Purpose: The aim of this study is to research features of navigation provision of civil aviation aircraft using
satellite navigation systems under heligeophysic disturbances. Methods: The analysis of requirements for
civil aviation aircraft navigation support in terms of implementing the concept of ICAO CNS / ATM using as
the primary means of global navigation satellite systems and organization of space weather data provision
for air traffic. The analysis of the main ways for modeling the values of total electron content of the Earth
ionosphere. The analysis of problems of navigation support of civil aviation aircraft while using satellite
navigation systems in terms of quiet and disturbed space weather. Development of a generalized complex
model of satellite navigation systems functioning under the influence of external destabilizing factors.
Results: A generalized complex model of satellite navigation systems functioning under the influence of
external destabilizing factors was developed. There were proposed the main mechanisms of functional
stability of aircraft navigation aids operation in terms of heligeophysic disturbances distructive impact on
them. Discussion: Exploring of the possibility of taking into account ionospheric parameters variations
under space weather heligeophysic disturbances and clarifying the correction of satellite navigation system
ionospheric errors based on the analysis of sygnal parameters of navigational sygnals that passed by the
ionosphere in order to ensure the steady functioning of navigation aids under heligeophysic disturbances.

Keywords: aeronautical system; aircraft positioning errors; air traffic services; destabilizing factors; civil
aviation; concept CNS / ATM; functional stability; heliogeophysic disturbances; mathematical ionosphere’s
model; model of satellite navigation system functioning; navigation support; safety of flights; space weather

1. Introduction

Due to implementation in the system of air traffic
management the concept ICAO (International Civil
Aviation Organization) CNS/ATM
(Communication, Navigation, Surveillance / Air
Traffic Management) [1, 2] about creation of Global
Navigation Satellite System there were significantly
increased the quality requirements to civil aviation
aircraft navigation support, leading to the need to
improve the accuracy and reliability of their
positioning using Global Navigation Satellite
System (GNSS).

Numerous researches show that under any
conditions the main contribution to the positioning
error of civil aviation aircraft with technically good
satellite navigation system is made by environment
transformation of navigation systems signals

distribution (ionosphere and troposphere) under
heliogeophysical space weather disturbances.

Thus in the current conditions of particular
importance for Ukraine becomes general scientific
and applied problem of provision of sustainable
navigation aids functioning under the influence of
destabilizing factors of space weather. Applied
research results in this area have dual use for both
civilian and military aviation; have special
importance to enhance defense and national security.

2. Analysis of latest research and publications

Principal points of functional stability theory were
developed in the numerous works of O.A. Mashkov,
0.V. Barabash, Y.V.Kravchenko, S.M. Nedilko,
D.M. Obidin and others.

The authors have carried out the research of
negative impacts of geophysical fields, leading to
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temporary failures of biological navigation
mechanisms in space and time for their
consideration to solve problems with new

intellectual autonomous navigation systems creation
on biological basis [3]. In addition, the authors
[4, 5, 6] have developed the technological basis for
provision of functional stability of automated air
traffic management system, which is based on
mathematical modeling process to identify areas of
redundancy and optimal use of existing resources to
counter the emergency situations. The studying of
the process of navigational support functioning of
civil aviation aircraft under the influence of
destabilizing factors of space weather is one of links
of above-mentioned research direction, but in the
area of developing ways to improve the quality of
navigation provision in terms of the need for high
positioning precision of moving objects under the
influence of dynamic variables geophysical fields,
primarily to ensure the safety during the flight in
aerodrome area and during categorical landing.

3. Purpose of the research

The aim of this study is to research features of
navigation provision of civil aviation aircraft using
satellite navigation systems under the influence of
destabilizing factors of space weather and to identify
new approaches to solve them.

4. Results

Despite the current serious scientific results of the
functional stability theory the mathematical models
of complex systems investigated in them cannot
adequately describe the functioning of all existing
systems. The system of functional stability provision
should be considered for each system separately, be
created at the design stage and be given to the
features of construction and functioning in the
conditions of different destabilizing impacts. This
circumstance required to develop a comprehensive
model of satellite navigation system functioning
under the influence of a set of destabilizing factors.
For the first time we have developed a
generalized comprehensive model of the satellite
navigation system operation which considers the
formation of an optimal functional structure and
determines the plurality of functions of provision
and management of its functional stability,
particularly under conditions of heliogeophysical
perturbations influence. In this model there are
descriptions: 1) the satellite navigation system

resources; 2)the satellite navigation system
morphology; 3) the set of information services from
user navigation provision; 4) models of destabilizing
impacts on the system; 5) models of the navigation
signal medium; 6) technologies for determination of
the positioning with compensation of ionospheric
and other errors that arise under the influence of
heliogeophysical perturbations and technological
links of their implementation.

According to a concept CNS/ATM in the near
future aircraft navigation support will be built on the
basis of Global Navigation Satellite System [, 2].
The requirements for civil aviation aircraft
navigation support in terms of implementing the
concept of ICAO CNS/ATM are primarily
determined by the need of high-quality aircraft
navigation provision and flight safety in conditions
of increasing intensity of flights, and in the near
future by the flights refusal on strictly regulated
corridors and transition to flight at so-called the
most profitable trajectories [1].

Base of navigation subsystem in the concept
CNS/ATM are global acting Global Navigation
Satellite System GPS and GLONASS; and European
navigation satellite system Galileo which gradually
puts in place.

According to ICAO recommendations we need to
continue efforts to solve the problem of vulnerability
of the Global Navigation Satellite System to space
weather; to use optimally information about space
weather to ensure high performances of global
navigation satellite system [7].

In accordance with the decisions of the governing
bodies of the International Civil Aviation
Organization in 2016 air traffic support by space
weather data should be included in regulations of the
ICAO, which regulates traffic rules ConOps
(Concept of Operations for the Provision of Space
Weather Information in Support of International Air
Navigation) [7]. As required ConOps since 2016
each ICAO member should establish national space
weather services for airlines, which must provide to
operators, air navigation services and flight crew
reports about geomagnetic storms or storm sunlight
occurring and are expected, which could affect
communication, navigation, aviation electronic
equipment and endanger human health.

The main types of consequences of space weather
phenomena negative impact for the safety of aircraft
operations are as follows: 1)the increase of the
positioning errors during ionospheric disturbances
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due to appearing changes in electron density towards
the spread of the signal from the transmitter to the
receiver; 2)the loss of the signal due to the
emergence of the scintillation during strong solar
storms; 3)the appearance of radiosplashes at
frequencies that coincide with the frequencies which
are used by satellite navigation system during solar
activity; 4) the significant radiation exposure at civil
aviation aircraft flight altitudes; dielectric
breakdown of aircraft technical devices; failure of
aircraft electronic devices; errors in the flight
instrument readouts; false geolocation as a result of
solar proton events.

Ionospheric ~ disturbances are the main
destabilized factor of GNSS operation and the main
cause of its failures [8]. The processes that occur in
the ionosphere have complex non-linear character.
In addition to signal transmitting space (state of the
ionosphere and troposphere) navigation support
precision is affected by another various factors such
as quality of navigation signal, receiver design flaws
and others [9]. However, their impact on the
navigation support precision can be reduced to the
required user level using different technical
solutions, while influence of signal transmitting
space because of its nature cannot be reduce by
technical means.

The data processing system of navigational
signals GPS contains Klobuchar’s  empiric
ionosphere model [10]. This model takes into
account not irregular, random  variations
(fluctuations) of ionospheric parameters influenced
by changes in space weather. As a result, the
Klobuchar’s model gives the average error which
reaches 50% [10,11]. In recent years, it was
developed an empirical Gemtec model of the
ionosphere [12]. The authors of this model for
representative volume data have obtained the value
of the relative error are 19.6% [12]. Mathematical
model IONEX (IONEX - IONosphere map
Exchange) allows more precisely compensate the
impact of the ionosphere. In the model IONEX the
value of the relative error of time definitions is about
30% [13]. Currently there are several ionospheric
models that are able to reproduce the electron
density profile to navigation satellites orbit heights
and they have global character. These models are
IRI (IRI — International Reference lonosphere) and
NeQuick  (NeQuick — Network  Quick-run
ionospheric electron density model) [14]. However,
according to [13] IRI model is right to the heights of

~ 2000 km and model NeQuick is right to the
heights of ~ 20,000 km, the accuracy of models is
different and low [14].

The implementation of the elements of the
concept ICAO CNS/ATM in the air traffic
management system requires improving of the
aircraft navigation support quality. With regard to
satellite radio-navigation systems there is primarily
the need to improve precision of positioning,
integrity and reliability.

Requirements for navigation support precision at
every stage of the flight are different. To solve the
problems of categorical landing using satellite radio-
navigation systems it is necessary to improve the
precision of setting out of spatial coordinates by
reducing of satellite radio-navigation systems
positioning errors. In this situation there is possible
compensation of satellite radio-navigation systems
navigational error in the aerodrome area using
single-frequency navigation equipment of GPS users
with provision of sustainable navigation aids
functioning under external destabilized factors.

Functional stability of civil aviation aircraft
navigational provision it is ability to perform
functions and provide the basic parameters within
the established norms under the influence of external
and internal factors [4, 5, 6, etc.].

In a general way ehe complex model of satellite
navigation system functioning under the influence of
destabilized factors can be represented as:

G=(M.y),

where, M is the model of satellite navigation system
functioning; y is the model of influence of external
destabilized factors.

In turn, the model of the satellite navigation
system functioning can be represented as:

M=(AU,LpB),

where 4 is multitude of satellite navigation system
resources which contains the infrastructure of
hardware and software support which consists of the
orbital grouping, complex of system management,
user equipment, software and information support,
means of communication for users (particularly for
civil aviation aircraft);

U are the models of navigational signal
transmitting space (such as ionosphere and
troposphere);

L is the description of GNSS structure,

organization of its operation, quantitative value
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requirements for navigation satellite system,
indicators within the established norms (in
particular, in compliance with the ICAO, the Radio-
navigation plan of Ukraine, the concept CNS/ATM);
[ is the description of technology of positioning
determination (particularly for civil aviation aircraft)
with compensation of ionospheric and other errors
which appear under the influence of destabilized
factors, hardware and software support methods for
satellite navigation system ionospheric errors
determination using resources of multitude 4 and U.
The general model of influence of external
destabilized factors can be described as follows:

v=(R,0),

where R is the multitude of influence of external
destabilized factors; a is the space-time structure of
influence of external destabilized factors.

Multitude R is a set of factors which influence the
satellite navigation system operation resulting in
aircraft positioning errors, malfunction of systems
and failures.

Space-time structure o of influence of external
destabilized factors of multitude R on satellite
navigation system operation characterizes the start
of influences, their time duration for regular and
non-regular space weather disturbances, the spatial
distribution of their impact on navigational signal
transmitting  space, particularly the uneven
distribution of ionospheric disturbances (latitudinal
and longitudinal changes of influence) the uneven
distribution of troposphere refraction, impact on
receiver-transmitter ~ radio  equipment  tracts,
artificially created environment impact (created by
the enemy), immediate enemy actions on the system
elements. Can be represented as:

o=(nm,),

where n = <4, R, N> is the binary relation
(N € AxR), which determines the distribution of
destabilized factors influence of multitude R on
multitude of satellite navigation system resources A;

m = <U, R, M> is the binary relation (M < UxR),
which determines the distribution of destabilized
factors influence of multitude R on the models of
navigational signal transmitting space;

7 is the parameter that determines the duration of
influence of destabilized factors and the start
moments of their impact.

The mutual influence of external destabilized
factors on each other and on the stability of
navigation components operation has a very
complex nature.

Furthermore in order to solve the navigation task
it is necessary the availability of the constellation of
at least four visible satellites that enough to
determine four parameters x,y, z, AT, where AT is
receiver clock error relative to the satellite clock
which are four unknowns in the system of four
algebraic equations. Geometric essence of the
solution means that two defined points are belonged
to three spherical surfaces simultaneously with
centers that coincide with satellites position and with
radii that are represented as pseudoranges without
clock errors.

Errors of satellite navigation system positioning
of hardware nature that appear on transmitter-
receiver radio equipment tracts (and during
hardware signal processing) can be eliminated by
improving equipment [2, 9]. Errors associated with
the condition of the environment, especially of the
ionosphere, aren’t eliminated by technical means
because of their natural character. This results from
the fact that neutral and ionized components of the
upper Earth atmosphere change the speed of radio
wave propagation. Existing methods of ionospheric
error compensation largely (to 95%) remove only
regular part of total electron content (TEC)
variations in the ionosphere [13].

The ionosphere is the only cause of non-technical
malfunctions in the work of satellite navigation
system, which is also particularly evident
demonstrated during heliogeophysical disturbances.
It should be noted that in the two-frequency user
equipment, the problem of ionospheric error
compensation has been solved with sufficient
accuracy. However, due to a number of economic
and technical reasons, navigational support of civil
aviation aircraft is based on the use, as standard
equipment, of single-frequency receivers for which
the problem of compensation of ionospheric errors
under the influence of heliogeophysical disturbances
remains very relevant.

It is expected that the creation of functionally
stable satellite navigation system to the impacts of a
plurality of destabilizing factors will enable to
significantly expand the ranges of conditions for
their effective application with constant significant
changes in the parameters of the ionosphere; to
provide complex optimization of the implementation
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of the assigned to systems functions; to substantially
reduce the time and material costs of development
and harnessing of individual hardware and software
samples to ensure accurate positioning of aircraft.

5. Discussion

This study includes the analysis of the
requirements for navigational support for civil
aviation aircraft in the context of the implementation
of ICAO CNS / ATM concept; which assumes the
global satellite navigation systems as the basis of the
navigation subsystem. Currently the requirements to
the quality of aircraft navigation support have
significantly increased, which leads to the need to
improve the integrity, reliability, functional stability
and accuracy of the satellite navigation systems
positioning.

We have analyzed the problem of determination
of the GPS satellite navigation system errors which
has showed that the main source of system errors in
determination the coordinates in the single-
frequency mode is the signal propagation
environment. Results show the main contribution to
positioning errors is made by the ionosphere due to
two factors: 1) low accuracy of the Klobuchar’s
empirical model of the ionosphere integrated into the
data processing system of a single-frequency GPS
receiver, 2) the presence in the ionosphere of
irregular variations of ionospheric parameters,
mainly due to the influence of heliogeophysical
disturbances on it under the influence of space
weather variation.

The developed in the study generalized
comprehensive model of the satellite navigation
system operation is the basis for creation of the
system for provision of its functional stability. Our
proposed mechanisms for provision of the functional
stability of the satellite navigation system operation
are the content of the organizational and technical
level and a range of means, organizational measures
and methodological points. They are aimed at active
or passive counteraction to the threats to the system
disruption or its individual elements under the
influence of a variety of destabilizing factors.

This presents study points to the need for
additional research of the methods of correction of
satellite navigation system ionospheric errors based
on the analysis of signal parameters of navigational
signals that passed by the ionosphere in order to
ensure the steady functioning of navigation aids
under heliogeophysical disturbances.

We are planning to determine the impact on the
navigational provision of civil aviation aircraft of
disturbed by the wave activity ionosphere in terms
of the middle latitudes through range research using
group of single-frequency receivers for satellite
navigation system signal and their combinations
with multiple dimensions in terms of quiet and
disturbed heliogeophysic environment on the basis
of exiting model of the system ‘“ionosphere-
plasmasphere”.

Upcoming studies include the following stages:
1) the holding of range research at the aerodrome of
Flight Academy of National Aviation University to
assess the impact of various factors of space weather
on the value of civil aviation aircraft positioning
errors in GPS satellite navigation system in terms of
quiet and disturbed space weather; 2) the analysis of
satellite navigation system error that are entered by
transformed environment (ionosphere, troposphere)
under disturbed space weather on navigational signal
transmitting track; 3) theoretical justification of
possibility to determine civil aviation aircraft
positioning errors in technically serviceable satellite
navigation system in terms of distribution of
navigation signal on the level of geomagnetic and
solar activity; 4) the development and experimental
testing of the model that allows to determine satellite
navigation system errors and influence of non-
regular variations of space weather parameters on
the civil aviation aircraft positioning precision.

The expected results are creation and testing of
the model that allows to determine satellite
navigation system errors under the influence of non-
regular variations of space weather parameters on
the civil aviation aircraft positioning precision that
subsequently will allow:

-to predict failures in the satellite navigation
system operation under the influence of non-regular
variations of space weather causing the ionospheric
errors of radio signal transmitting space under
various space weather disturbances;

- to affect the accuracy and reliability of civil
aviation aircraft navigation support by identifying
errors in positioning under the influence of space
weather variations causing the ionospheric
transformations of radio signal transmitting;

- to provide the level of civil aviation flight safety
by improving positioning precision using single-
frequency receivers of satellite navigation system as
onboard equipment.
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6. Conclusions

To solve the problem of provision of sustainable
navigation aids functioning under disturbed space
weather it is necessary primarily study the
possibility of determination of the impact on the
navigational provision of civil aviation aircraft of
disturbed by the wave activity ionosphere in terms
of the middle latitudes through range research using
group of single-frequency receivers for satellite
navigation system signal and their combinations
with multiple dimensions in terms of various
conditions of heliogeophysic environment. The
determined patterns will allow to upgrade the
existing physical-mathematical and hardware and
software methods for determination of ionospheric
errors of GPS satellite navigation systems using
signal single-frequency receivers; to develop and
experimentally test the methods for correct
determination of GPS GNSS ionospheric errors
through the determination of the most optimal
location for single-frequency receivers on board
aircraft under disturbed heliogeophysic environment
that will be used in further research.
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Meta: MeToro 1i€i CTaTTi € AOCTiIKEeHHsT 0cO0NMMBOCTEl 3a0e3neueHHs cTanoro (GyHKLIIOHyBaHHS 3ac00iB
HaBiramii MOBITPSAHUX Cy/AEH IMBLIBHOI aBiamii, SKi BUKOPHCTOBYIOTh CHCTEMH CYIyTHHKOBOI HaBiraiii B
yMOBax BIUIMBY TerioreodiznuHux 30ypeHb. MeToau aociaigxeHb: AHaJi3 BUMOT JO HaBiramiifHOTO
3a0e3MeyYeHHs MOBITPSIHUX CYAEH LMBLIBbHOI aBialii B ymoBax peamizauii koHuenuii ICAO CNS / ATM 3
BHKOPHCTaHHSM B SIKOCTI OCHOBHOTO 3aco0y HaBiraiii rio0anbHHX CHCTEM CYIYTHHKOBOI HaBirarii Ta
opranizamii 3a0e3MedcHHs aBialepeBe3eHh JAHUMH IIPO KOCMIYHY TOTOay. AHali3 OCHOBHHX CIIOCOOIB
MOJICITIOBaHHsI 3HAYCHb MMOBHOTO EJIEKTPOHHOTO BMicTy ioHochepn 3emiti. AHami3 mpobieM HaBiramiifHoro
3a0e3MeYeHHs] MOBITPSIHUX CyAEH LUBUIBHOI aBialii Ipy BUKOPHCTaHHI CYNMyTHHKOBHX CHCTEM Hapiramii B
yMOBaX CIIOKiMHOI 1 30ypeHOi kocMiuHOi moromn. CTBOpPEHHS y3araJlbHEHOI KOMIDIEKCHOI MOJIei
(YHKIIOHYBaHHSI CYyIyTHHKOBMX CHUCTEM HaBiramii IijJi BIUIMBOM 30BHIIIHIX JecTalimi3ytounx (akTopis.
Pe3yabTaTu: Po3pobiieHa 3aranbHa KOMIUIEKCHA MOZAEb (PYHKI[IOHYBaHHS CYIyTHHKOBHUX CUCTEM HaBiramii
ITiJ] BIUTHBOM 30BHIMIHIX JeCTabuTi3yl0unx (akTopiB. 3ampONOHOBAHO OCHOBHI MeXaHi3MH (DYHKIIOHATBHOI
CTiiKoCTi poOoTH 3aco0iB HaBiramii JiTaTBPHUX amapaTiB B yMOBaX IECTPYKTHBHOTO BIUIMBY Ha HUX
remioreodizuunux 30ypeHs. OQOroBopenHsi: BuBueHHS MOXIMBOCTI BpaxyBaHHS Bapialliii mapameTrpiB
i0HOC(epH Tif Ai€r0 TenioreoiznyHux 30ypeHb KOCMIYHOI IMTOTO/IX 1 YTOYHEHHSI KOPUTYBAaHHS 10HOCHEPHHUX
MMOXHOOK CHCTEM CYIyTHHUKOBOI HaBiraiii, BUXOIIYH 3 aHAJI3y CaMHX IapaMeTpiB CHTHAIIB HaBIiramiiHUX
CUTHAJIB, 110 MPOUIIIK 10HOCHEPY 3 METOI 3a0e3IMEUCHHS CTAjIoro (PYHKIIIOHYBaHHS 3acO01B HaBiraifii mii
BILTUBOM TeJlioreoi3uuHuX 30y PEHb.

KarouoBi caoBa: aeponapiraiiiine 3a0e3leUeHHs; aepoHaBiraifiiiHa cucrema; Oe3leKka IOJbOTIB;
remioreodizuuni 30ypeHHs; AectaOimizyroui Qaktopu; koHmemnmis CNS /ATM; kocmiuyHa morona;
MareMaThdHa MOJAENb 10HOChEepH; MOAeTb (PYHKITIOHYBAaHHS CYIYTHHKOBOI CHCTEMH HaBiTarlil; MOMUIKA
MO3HIIIOHYBaHHS TIOBITPSHOTO CyAHA; GYHKIIOHANbHA CTIHKICTh; IUBIIbHA aBiallisl.
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Hean: Llenpto naHHOW CTaThM ABJSETCS HCCIEAOBaHHE OCOOEHHOCTEH OOecneueHHus YCTOWYHBOTO
(YHKUMOHUPOBAHUS CPEICTB HABUTallMM BO3MYLIHBIX CYAOB TIPaXIAHCKON aBHAIMM, HCHOJIB3YIOMINX
CHCTEMBI CITyTHHKOBOI HaBUrallM{ B YCIOBHSAX BO3AEHCTBUA I'€IHOreo(U3NIECKUX BO3MYIIeHUH. MeToabl
uccaeAoBaHuii: AHanu3 TpeOoBaHUI K HABHTAI[MOHHOMY O0ECIEYEHHIO BO3AYIIHBIX CYAOB IPaKAaHCKOMN
aBHauuy B ycnoBusix peanuzanun koHuenuun ICAO CNS / ATM c ucnonbp3oBaHHEM B Ka4€CTBE OCHOBHOTO
CpeACTBAa HABUTAlMM IJIOOAIBHBIX CHUCTEM CIIyTHUKOBOM HABHUTALlMM W OPTaHU3alMU O0ecHeueHHs
aBHAINEPeBO30K JaHHBIM O KOCMHYECKOH Toroje. AHajan3 OCHOBHBIX CIIOCOOOB MOJICITUPOBAHUS 3HAUCHUH
MOJTHOTO 3JIEKTPOHHOTO CoAepkaHusi noHocdepsl 3emnu. AHanu3 npo0ieM HaBHTalMOHHOTO OOecTieYeHus
BO3AYIIHBIX CYIOB TPaXJAaHCKOH aBHALMM IPU HCIHONb30BAaHUM CIYTHUKOBBIX CHUCTEM HABUTALMH B
VCIIOBHSIX CIIOKOWHOW W BO3MYIICHHOH KOCMHYECKOW moroasl. CosmaHue oOImedl KOMIUIEKCHOW MOIETH
(YHKIMOHUPOBAHUS CIyTHUKOBBIX CHCTEM HAaBHTallMW TOJ BJIWSHHEM BHEUIHUX JeCTaOMIM3HPYIOMINX
takropoB. Pe3yabTtaThi: Pa3pabGoraHa 000OIIeHHas KOMIDIEKCHass MOIENb (YHKIIMOHHUPOBAHUS
CIIyTHMKOBBIX CHCTEM HABUTALMH I10Jl BIMSHUEM BHELIHMX JecTabuinn3upyommx ¢axropos. Ilpeanoxens
OCHOBHBIE MEXaHH3MBI O0ecCIieueHHsI YyCTOWYNBOro ()YHKIIMOHUPOBAHUSI CPEICTB HABHUTAIMU JIETATEIBHBIX
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anmapaTtoB B YCJIOBHAX JECTPYKTHBHOTO BO3ACHCTBHA Ha HHUX TelHOreO(QH3MYECKHX BO3MYIICHUH.
Oocy:xneHue: l3ydeHne BO3MOXXHOCTHM YydeTa BapHWalldii IapamMeTpoB HWOHOC(EpPHl IOJa JAeHCTBHEM
renuoreo(pu3MuecKnx BO3IMYIIEHHA KOCMHUYECKOW IOTONBI M YTOYHEHHS KOPPEKTHPOBKH HOHOCGHEPHBIX
MIOTPEIIHOCTEH CHUCTeM CITyTHHKOBOW HaBMTallMM, MCXOAS W3 aHajlu3a CaMbIX I1apaMeTpoB CHUTHAJIOB
HAaBUTAIIMOHHBIX ~ CHTHAJIOB, TMPOIMIEANINX HOHOChEpy C IeNbl0  O00ECleYeHHs  YCTOHYHMBOTO
(hyHKIIMOHUPOBAHUS CPEICTB HABUTALIMH TI0]] BIUSHUEM TeINOTe0(pHU3NIECKUX BOSMYIIICHHAN.

KamoueBble cj10Ba: a’pOHABHTAIlMOHHAs CUCTEMa; a’pOHABHTAIIMOHHOE OO0ecleyYeHue; O0e30MacHOCTh
MIOJIETOB; Tenuoreo(r3mdecKue BO3MYIICHHUS; TpaKIaHCKas aBHAIUs; IecTaOWIM3HpyroImue (QaKTOpsL;
kourenuuss CNS /ATM; kocMuueckas TMOroia; MareMaTHUecKas MOJACIb HOHOC(Ephl, MOICIb
(hyHKIIMOHUPOBAHUS CITyTHUKOBOW CHUCTEMBI HaBUTaI[UH; OIIMOKH MMO3UIIUOHUPOBAHUS BO3AYIIHOTO CYJHA;
(hyHKIIMOHAIbHAS YCTOWYUBOCTh
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