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Abstract—The key actions for the implementation of the global navigation satellite systems are described
in this article. At the testing stage, the conformity of the system with the operating standards is established, its
accuracy characteristics are proved, the temperature of the control bodies and the units are measured, in
addition, the composition of the aircraft explores the electromagnetic compatibility of the navigation satellite
systems with the equipment of the aircraft. Failure to recognize the deficiencies at the testing stage will lead to
significant economic losses in the implementation and refinement of already certified fleet of aircrafts, and
worsening of safety flights. Therefore, it is very important to consider all the factors that may affect the work
of the system, such as: the temperature of the outside air, the position of the aircraft in space, the connection
of the navigation satellite systems with the equipment of the aircraft with partial and complete failure of this
equipment, etc. The main but not the only parameter of the navigation satellite systems is precision
characteristics, which together with the precise characteristics of manual or automatic control of the
aircraft, allow us to meet the requirements of the concept of zonal navigation, which greatly expands the
technical capabilities of the aircraft. Therefore, the article pays special attention to the precision
characteristics of the navigation satellite systems, methods for increasing the accuracy of statistical
analysis of data by: 1) the method of maximum likelihood or nonlinear least squares; 2) the method of
simultaneous determination of state variables and Kalman filtration parameters and nonlinear estimation.

Index Terms—Navigation systems; exact characteristics; concepts of area navigation; horizontal

separation.
I. INTRODUCTION

The global navigation satellite systems (GNSS)
benefit aviation by enabling aircraft to fly direct from
departure to destination using the most fuel-efficient
routes and to navigate complicated terrain at low
altitude. Satellite navigation provides the flexibility
to design new procedures that enable aircraft to fly
closer together to increase the arrival and departure
rates and fly continuous climb and descent operations
to minimize fuel consumption, noise, and carbon
emissions. Using the language of the aviation
community, GNSS enables performance-based
navigation, which consists of area navigation
(RNAV) and required navigation performance
(RNP). Both RNAV and RNP enable unrestricted
point-to-point flight paths. RNP differs from RNAYV,
because it also provides a monitoring and alerting
function to warn the pilot when a correction is
required, enabling aircraft to fly tighter flight paths.
GNSS is the only navigation source approved for
RNP operations.

Testing procedures comprise an important
element in the development, manufacturing, and
integration of GNSS devices. Essentially, everybody
involved in GNSS will be involved in or affected by
testing at one time or another.

Global Navigation Satellite System that is used for
certification of aircraft process navigation systems
includes a set of accurate tests. Flight test is an
integral part of certification of navigation systems.

Satellite navigation systems (SNS) testing of the
aircraft establish stability at receiving satellite data
that contain the maximum operating values of the roll
and pitch, system availability failures partially of
both the SNS and the systems that affect its operation.

That is why; test is incredibly complicated,
multi-stage process, which includes stages of
in-flight (flight) tests, half-test (bench) tests and
statistical modeling.

Multi-stage process of tests, planning and
organization might be considered satisfactory for
each subsequent stage of the tests if it confirms the
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results of the previous stage. Empirical evidence for
test conformity and correctness of test stages, allows
using experimental information obtained at all stages
in order to enforce compliance with requirements set
of the experimental information.

Thus, volume testing can be determined according
to required reliability of results and degrees of their
adequacy.

According to volume flight testing, its accuracy
and reliability one can elaborate the required volume
testing, semi-natural stands, math modelling.

The statistical and natural modeling cannot give a
complete assessment of SNS in general, though it
provides actual information about the system. Precise
assessment could be given only after specialized
flight testing as the structure — ‘aircraft — devices —
pilot — environment’ has a great amount of factors
hard to simulate. The hardest thing to do is
stimulating such complex segment as “pilot”.

Thatis why; ergonomics and manual mode testing
are carried out by six pilots. They give assessment of
the simplicity and convenience of system control,
intelligibility of the information that system induces
the recognition of various failures during takeoff.

To determine the accuracy of the SNS, the aircraft
is equipped with a trajectory measurement system.
This system, in combination with ground control
station, gradually produced positioning accuracy up
to 3 ft. which makes it possible to determine the true
value of lateral vibration parallel to a line across
specified path.

II. PROBLEM STATEMENT

The model will be used to evaluate the likelihood
that an aircraft remains within a containment volume
based on lateral, vertical, and along-track position
error data. An important aspect of the containment
modeling is the nature of the random variation in
TSE, NSE, and FTE. The frequency and magnitude
of these errors, measured as the aircraft moves along
its route, influences the likelihood estimate that the
aircraft remains in the containment volume for a
prescribed confidence interval. The errors are
measured in three-dimensional space such that there
is an along-track error, a horizontal position error
taken perpendicular to the track heading (i.e., the
lateral error), and a vertical error taken perpendicular
to the altitude profile at a position on the route. The
FTE for a set of B747 simulations were analyzed,
where the FTE is the difference between the indicated
position and desired route (RTCA, 2002). The NSE is
the difference between the actual and defined routes
and the TSE is a combination of the FTE and NSE.

The statistical analysis of the FTE provides
important information for the containment surface

modeling because FTE is typically larger than NSE.
Therefore, it is necessary to accurately characterize
the probability density function and the parameter
estimates for the FTE. Inappropriate analysis can lead
to the overestimation of the required containment
surface dimensions, which is inefficient. The
underestimation of containment surface dimensions
given a stipulated probability causes unsafe conditions.
The statistical analysis is more accurate with an
adequate sample size, the correct use of analysis
techniques, and suitable probability density functions
(pdfs), such as Johnson curves. The Johnson curves
can be used to model FTE data, which typically are
skewed and which have more mass under the
distribution tails than a normal distribution. The
selection of the Johnson curve is guided by an
algorithm (Hill et al., 1976) based on the sample
estimates from the data set. These estimates become
more accurate given larger sample sizes. The sample
size for analysis can be increased if the lateral and
vertical data are uncorrelated (i.e., cross-correlation)
and the use of marginal data can be avoided [16].

III. MAIN PART

A. Stages of exact characteristics analysis

There are three groups of the methods of exact
characteristics. They are experimental, analytical and
staticmodeling. The last two groups are being joined
by general concept of modeling.

B. Navigation Performance Analysis Procedure

Monte Carlo simulations were performed for each
formation to quantify the expected distribution in the
absolute andrelative solution errors as a function of
variations in the random measurement errors. The
following ensemble errorstatistics were accumulated
for the ensemble of navigation solutions obtained by
processing 25 sets of simulatedGlobal Positioning
System (GPS) pseudorange measurements that were
created by varying the random number seeds used for
the GPS ephemerisand clock, receiver clock, and
random measurement errors:

— The ensemble RMS/maximum error, which is
the RMS/maximum of the true error (difference
betweenthe estimated and the true state) at each time
computed across all Monte Carlo solutions.

— The steady-state time-wise  ensemble
RMS/maximum error, which is the RMS/maximum
of theensemble true errors computed along the time
axis, omitting the initial convergence period.

— The extended Kalman filter algorithm
available in the GEODE flight software was used to
process thesemeasurement sets. The filter was
“tuned” by adjusting the process noise parameters
and measurement standarddeviation to produce an
estimated state error root variance that was consistent
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with the ensemble RMS state errorobtained in the
Monte Carlo analysis. Table 3 lists the GEODE
processing parameters common to all cases.

Atmospheric drag and solar radiation pressure
forces were included in the state propagation using
atmospheric dragand solar radiation pressure
coefficients that were offset by 10 percent and 5
percent respectively from the valuesused in the truth
ephemeris generation.

The absolute navigation errors were computed by
differencing the truth and estimated absolute state
vectors. Theestimated relative state vectors were
computed by differencing the estimated absolute state
vectors for the twosatellites. The relative navigation
errors were computed by differencing the true relative
state vectors and theestimated relative state vectors.
Static modeling stage consists of realization of the
dynamic model within computer or analog-digital
complexesin the conditions of the action of random
influences, multiple modeling of the system and the
subsequent processing of the solutions for obtaining
probability characteristics of ccoordinate system.

Monte Carlo Statistical Method is a universal
method of statistical modeling. Advantages of the
method of statistical modeling; a wide range of
statistical material possibilities, the flexibility of test
conditions, priori probability and fair value less cost
to realize results are but a few of the factors that make
it one of the basic accuracy analysis of SNS.

This does not mean that the statistical modeling is
the only method for the proof of accuracy. Full
compliance with the actual operating conditions, high
accuracy and reliability of the results can be achieved
only on the basis of pilot experiment.

Consequently, the analysis and certification
process ends with a phase of system pilot tests and
confirm results of modeling [15].

An important aspect of modeling is to develop
experiment planning models. This stage includes a
range of modeling techniques, coherence process, the
required rate of testing, modeling results and pilot
test. The optimal solution for these problems is to
minimize the cost of temporary, material and human
resources in order to achieve the goal of model
restrictions. Research properties of disturbance
influences are one of the major issues to be solved at
this stage. A large range of variation factors, those
affecting the determination of accuracy test leads to
heterogeneous experimental data content. This
seriously complicates the ability to use classical
mathematical statistics methods for accuracy
processing and evaluation of SNS. In some cases
different shape forms of distributed processing
modeling results may be incorrect or just wrong.

For this reason, application of mathematical
experiment planning methods makes possible to point
out homogeneous groups (factor complex) powerful
features models of external conditions that apply in the
factorial space. Distribution law belongs to a number
of selective values of the output coordinate system.

The solution of the problem is based on the
methods of dispersion and factor analysis and
experiment planning.

The factorial space of powerful features that is
divided into homogeneous groups and accuracy
assessment of SNS must be performed separately for
each group. Accuracy evaluation of the process is
presented as a function of powerful features
complexes. If probability of occurrence of such
factors in airports is known, the accuracy model can
be obtained by using total probability formula.

C. Flight Test Stage

Satellite navigation systems testing is carried out
in exploitation of real estate with subsystems
interaction of the object and the impact of
environmental factors complex.

Determination of particular characteristics of
mathematical statistics methods are made on the basis
of experimental data output coordinates.

The confirmation of the hypothesis adequate for
output coordinated distribution for SNS accuracy
analysis builds upon the parametric methods of
determination of the accuracy characteristics
automatic landing process analysis and accuracy of
onboard systems of flight automatic control tests [15].

Consequently, one should use integral methods.
On the basis of the theory, a probability is depicted by
P = 0.96 with a confidence probability 0.9. It is
necessary to conduct ny = 3x106 tests in the absence
of outputs for tolerance or n; = 4.76x106 tests with
one output. At y = 0.99, these volumes are
respectively ny = 5.3x106 and n; = 7.43x106
landings. Real time volume testing may always be
achievable. Consequently, a full-scale experiment
cannot be established on the basis of accuracy
characteristics statistics.

D. Flight Data Processing methods

While processing Flight Data one should exclude
regular traps from the trajectory parameters of the
aircraft, especially this is important for the
parameters that is used to configure general
parameters of calculation in the power dependence;
then a slight error of one parameter will essentially
affect the result of the calculation. We consider two
methods:

1) Method of maximum likelihood or nonlinear
least squares.
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2) The method of simultaneous determination of
state variables and parameters of Kalman filtering
and nonlinear estimation.

Equation of motion for the center of mass is given
by (Axe Connected).

dv. .
=0V, -0V +g(n —sin). (1)
dt ’ ’ ’
av,
7: oV, oV + g(ny —cosScosy). 2)
ddiz =0V, -0V, +g(n, —cosdsiny). (3)
Euler kinetic relation
a8 _ o, siny + ®, cosy, 4)
dt ’
d—wzcos’] S(m,cosy+oaz siny), (5)
dt ’
dy O .
—=cos I (®, cosy+w, siny). 6
= (o, cosy+a, siny) (6)

There may be other kinematic relations according
to appropriate dimensions, such.

o =0A, +1,, n,=nA +1n,,
O, =032sz +N,., I =nZAnz +M,.,

where MNor, Moy, Moz, N May, NrzaT€ assuming white
Gaussian noises which are not correlated with each
other. It is assumed according to state variables that
their measurement models are given by

V=(1+k )V +V+V2+A,,

o =—(1+ka)arcsin—y+Aa,
NSRS
Bz—(1+kﬁ)arcsin Ve +A

" (10)

lez +V3 i sz

H=(1+k,)H, S=(1+ky)9+A,,

7=(1+k,)y,

These formulas characterized by absence of error
related to the measurement signal delay. Although, it
is known that delay can be significant at speed
changing V. We make assumptions that AH 1 Ay
equals zero because any starting point is set
arbitrarily.

Substituting the equations (1) — (6) with values .,
O.,0, Ny, N, n. expressed by formulas (9), state

\T]=(1+kw)\|l.

a;’_l;lz V.sin®+V cosBcosy—V_cosOsiny, (7)
. v,
a=9-0, sino=-—2——,
J+r)
v ®)
sinf3=— =

Jrzevievz)

Equations V,, V,, V. are projection of motion for
the center of mass; n,, n,, n, is the multi-weight
vector projection; ®,, ®,, ®, is the projection of
aircraft angular-velocity vector; 9,y,y are angles of
pitch, course, roll; H is the height; a, B are angles of
attack and yaw. According to Klein, all variables are
divided into two groups: one — conventionally called
a group of variables “state”, the other -
conventionally called a group of variables
“management”. Projection of angular-velocity and
multi-weight vector projection are given in the text
above by control variables ®,, ®., ®,, n,, n,, n.. The
measurement model is taken as z = (1+k)x+ A + 1.
Different methods are used for different variables.
Therefore, it is proposed that variables
“management” measures with additive systematic
error and additive noise.

®,= oayAwy tMN,,» 1, = nyAny +n,

©)

variables expressed by measurements and unknown
measurement errors, equation (1) — (6) formally
becomes a nonlinear stochastic differential equation.
To obtain grades in Klein’s papers and others, the
technique of maximum likelihood, or the technique of
an extended nonlinear Kalman filtering is used. The
weak link between stated methods is feeling of
unsureness about static characteristics (dispersions)
of the noise components m;, particularly relating to
formulas (9).

Algorithms of the aircraft dynamic and kinematic
motion parameters based on aperiodic link types (1) —
(8), can be called algorithms of coordinate measuring
of results with existing kinetic constraints. In Figure 1
is showed the results of the coherence of some
parameters of the longitudinal motion according to
one of the medium-haul aircraft operation modes.

The arrays of pitch 9, angular velocity o,
measuring speed deviceV.y, attack angle a, overloads
n,, mregistered by onboard measurement system,
were taken as output arrays. Well-specified
consistent arraycan be competed witharrays obtained
by direct integration according to measurement data.
The solid lines indicate the output (uncoordinated)
results of measurement. Assessment of the pitch 3
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was obtained by integrating the longitudinal equation
where overload and angular velocity are considered
as “management” [15].

b Q,0,0Q [
; Y
' 7Q
—~

4 7,
An\\,\ﬁs 75/ -Q t(:)

Mo \%70 S 8
§ | u-ﬂg_,/. Pe

Fig. 1. Results of the coherence of some parameters
of the longitudinal motion according to one
of the medium-haul aircraft operation modes

Free distribution methods remove limitations of
adequacy, but such criteria (especially fast-track
criteria) has very little power, in comparison to/with
parametric methods. A rational approach to solving
the problem of choosing a processing method is as
follows. In accordance to well-known criteria
(Kolmogorov—Smirnov), the hypothesis of the
adequacy of the law of PC source coordinates
distribution is performed under selected complex of
external influences.

Methods that meet the accurate analyses of
hypothesis of normality with selective data are good
for accuracy analysis, like that presented at our work.
It is indeed unreasonable to expect methods of
normal theory to maintain their efficiency under
methods free of distributions in case of rejection of
hypothesis of normality [15]. It is necessary to use
asymptotic and nondistributional methods taking into
account possibilities of statistical modeling method in
the set of statistical material. Possible consequences
of deviations from normality hypothesis for solving
the problem of modeling processing results and
accuracy analyses according to flight control system
criteria can be concluded as follows.

A mistaken assumption of normality of the
distribution typically assumed to be dissimilar in
different tasks [15]. Deviations from normality on
distribution “tails” to some extent have not a strong
influence on hypothesis significance criteria. For
example, rejection of the hypothesis on the
significance level equal to 0.001 is not able to
influence the quality of statistical conclusions.
Important to admit that adequate distribution
provides a center reasonable approximation for
number of random variables, but it is not suitable for
large deviations values.

IV. CONCLUSION

Conditions of the work of dynamical systems are
themselves still not completely known, at least part of
the impact cannot be determined in advance. At the
same time it is possible to obtain not precise
description of motion, but only general Laws of
Probability. Hence, regularities which happen not in
each exact event but in a set amount of events should
be described statistically. Then influence which is a
set of valued probability measure is given as a
random process. Statistical characteristics should be
followed by multiple realization traced to averaging
and information relating to the reserved
characteristics for its future use.

That is, the initial data must be taken for the same
range of external conditions changes. The system
should work without “reformation” (the general
scope of the sample that is used for statistics should
coincide with the general scope of decisions they are
based on). In fact, it is almost impossible to hope that
there will always be an item in a range that matches
external conditions changes; obtain the initial data,
and evolve these data to statistical processing.

Flight tests provide information about the
behavior of the system in conditions and are likely to
be duplicated close to the conditions of real
operation, however, they cannot yet copy them
completely. Unfortunately these tests comes with a
number of potential disadvantages, which affects the
accuracy of the estimates because of conditions
difficult to regulate. It is useful to spend some time
studying materials and results of similar studies at the
preparation stage.

Particular attention should be paid to an analysis
of all the capabilities of the material base. Its
compliance with the necessary conditions and
resources which should ensure the possibility of
recording tests results with the necessary accuracy of
their measurements.

Calculation and analysis of flight data to exclude
systematic errors should be followed by Method of
maximum likelihood, nonlinear least squaresor
Kalman filtering.

In this process, particular attention should be
given to analyzing parameters where a minor error
affects the result of calculationsignificantly.
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d. O. MleBuyk, M. II. KpaBuyk, JI. B. Ilynuyk, C. M. T'aabueHko. MeToauka BU3HAYEHHSI TOYHiCHMX

XapaKTePUCTHK CHCTEMH CYIyTHUKOBOI HaBiramii

B craTTi onucaHo KIIFOYOBI eTany BUIPOOYBAHHS CHCTEMH CYIyTHHKOBOI HaBiraiii, siKi € 3aBepIIaIbHUM 1 BOAHOYAC
BiJINIOBITAJILHUM €TarioM po3poOku cutemu. Ha erami BHIIPOOYBaHb BCTAHOBIIIOETHCS BiINOBIJHICTH CUTEMH IIFOUMM
HOpMaM, JOKa3yeThCsl il TOYHOCTHI XapaKTEpUCTHKH, €PrOHOMIKa, 3aMipsS€eThCsl TEMIIepaTypa OpraHiB KepyBaHHS Ta
OJIOKiB, IOAATKOBO, B CKJIaJ JiTaka AOCIIDKYEThCS €IeKTPOMAarHiTHa CyMiCTHICTh CUCTEMH CYITYTHHKOBOI HaBirarii 3
o0JiaiHaHHAM JliTaka. HeBHsIBIEHHS HENONIKIB Ha eTami BUNPOOYBaHHS MIPU3BEAE [0 3HAYHUX €KOHOMIUHHMX BTpAT MpH
BHECEHI J00NpaloBaHb y BXKe CepTU(IKOBaHHUI MApK JIITaKiB, Ta NOTiPIIEHIO OE3MEKH MONbOTiB. ToMY JyXe Ba)IIUBO
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BpaxyBaTd BCl ()aKTOpPH sIKi MOXYTh BIUIMHYTH Ha POOOTY CHTEMHM TaKHX SK: TEMIIEpaTypa 30BHIIIHBOTO IMOBITPS,
TIOJIOXKEHHSI JIiTaka B TPOCTOPI, 3B'S30K CHCTEMH CYIYTHHKOBOI HaBiramii 3 oOJiaJiHAaHHSAM JTaka MPH YacTKOBIH Ta
TIOBHI# BiIMOBI JjaHOTO 00NaqHaHHs Tolo. OCHOBHMM ajie He €IMHUM IapaMeTpOM CUCTEMH CYITyTHHKOBOI HaBiralii e
TOYHOCTHI XapaeTPUCTHKH, SKi B CYKYITHOCTI 3 TOYHOCTHHMH XapaKTEPUTCHKAMH PYYHOro abo XK aBTOMATHYHOIO
MJIOTYBaHHS, JO3BOJLSIFOTH BIANOBiAAaTH BHUMOraM KOHIENIIi 30HAJbHOI HaBiramii, 110 3HAYHO PO3IIMPIOE TEXHIYHI
MOXITUBOCTI JliTaka. TOMy B CTaTTi OCOOJIMBY yBary NpHIiJI€HO TOYHOCTHUM XapaKTEPUCTHKAM CHCTEMH CYITyTHUKOBOT
HaBiramji a caMe MeTo/iaM ITiIBUIIEHHS] TOYHOCTI CTATUCTUYHOIO aHAII3Y AaHUX Ha MPUKIai: 1) MeToay MakCHManbHOT
MIPaBJOMOAIOHOCTI 200 HENMHIMHUX HAMEHIIMX KBaJpaTiB; 2) METOJY OIHOYACHOTO BH3HAYCHHS 3MIHHHX CTaHy Ta
napameTpiB QingpTparii Kanmana Ta HeniHIHHOTO OIiHFOBaHHS.

Koaro4osi ciioBa: HaBirauiliHi CHCTEMH; TOYHICTHI XapaKTEPUCTHKH; KOHIIEIIisl HaBirailii; TOpu30HTaIbHA HAaBIraIlis.
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. O. llleBuyk, H. II. KpaBuyk, JI. B. Ilanuyk, C. H. I'anbuyenko. MeTonuka omnpeaejeHUusi TOYHOCTHBIX
XapaKTEPUCTUK CUCTEMBbI CITyTHUKOBOI HABUT AIMHU

B craThe omucaHbl KIIIOUEBBIE STAIbl UCTILITAHUS CUCTEMBI CITYTHUKOBOW HaBUTAIIMHU, KOTOPBIE SBIIAIOTCS 3aBEPIIAOIIUM
Y OJHOBPEMEHHO OTBETCTBEHHBIM 3TAarloM pa3pabOTKH cUTeMbl. Ha sTarme uchblTaHul yCTaHABIUBACTCS COOTBETCTBUE
CHUCTEMBI JIEHCTBYIOIIUM HOpPMaM, JOKa3blBA€TCS €€ TOYHOCTHBIE XapaKTePUCTHKH, JPrOHOMHKA, 3aMepsieTcs
TeMIlepaTypa OpPraHoB YIpaBJIeHHs] U OJIOKOB, JOMOJHUTENHHO, B COCTABE CaMoOJIeTa UCCIEAYeTCsl DIIEKTpOMarHUTHasI
COBMECTHUMOCTh CHCTEMBI CITyTHHKOBOI HaBUTaIlMK ¢ 000pYIOBaHHEM caMojieTa. HeBbISBIICHHUS HEJOCTATKOB Ha 3TaIe
WCTIBITAHUS TIPU3BEICT K 3HAYUTEIBHBIM SKOHOMUYECKUM MOTEPSIM ITPH BHEAPESHUHUU TOPAOOTOK B Y)KE CEpTUDHUIIMPOBAH
MapK CaMoJIETOB, M yXYIIICHHUS 0€30MacHOCTH MOJeTOB. [103TOMY OUeHb Ba)KHO YUECTh BCe (PAKTOPBI, KOTOPBIE MOTYT
MOBJIUSATh HAa pabOTy CUTEMBI TaKHMX KakK: TeMIlepaTypa Hapy)KHOTO BO3[yxa, MOJOKEHHE caMoJieTa B MPOCTPAHCTBE,
CBsI3b CHCTEMBI CITyTHUKOBOW HABUTAIMH C OOOpYJIOBAaHMEM CaMojieTa IPH YACTUIHOM M TIOJIHOM OTKa3e JaHHOI'O
obopymoBanus U T.m.. OCHOBHBIM HO HE SIMHCTBCHHBIM IMMapaMETPOM CHUCTEMbI CITyTHUKOBOW HABHTAIlMH SBJISCTCS
TOYHOCTHBIE XapPAETPUCTUKH, KOTOPhIE B COBOKYIIHOCTH C TOYHOCTHBIMHM XapaKTEPUTCUKAMU PYUYHOTO WU
aBTOMATHYECKOrO YIPABJICHUS CaMOJICTOM, IIO3BOJIAIOT COOTBETCTBOBATh TPEOOBAHHMSAM KOHIICIIIUU 30HAJIBHOU
HABUTAIIMH, YTO 3HAYUTEIHHO PACIIMPSACT TEXHHYCCKHE BO3MOKHOCTH camoJiera. [1o3ToMy B cTaThe 0c000€ BHUMaHHE
yEIE€HO TOUHOCTHBIM XapaKTePUCTHKAM CHUCTEMbI CIYTHUKOBOM HABUTAIIMHM & UMEHHO METOJ[aM IMOBBIIIEHUS TOUHOCTH
CTaTUCTHYECKOr0 aHaiW3a JaHHBIX Ha IpuMepe: 1) MeToAa MaKCHMAaJIBHOI'O MPABIONONO0MS WM HEITWHCHHBIX
HAUMCHBIIIMX KBAJApaToOB, 2) METOIAa OJHOBPEMEHHOTO OINPEICICHUS IEPEMEHHBIX COCTOSHHS W IapaMeTpoB
¢bwipTpanuu KanmmaHa u HETMHEHHOTO OI[CHUBAHUSL.

KuioueBble c10Ba: HaBUTAIIMOHHBIE CUCTEMBI; TOUHOCTHBIE XapaKTEPUCTUKH; KOHIETIINS HaBUTAlIMH; TOPU3OHTATIbHAS
HaBUTaIusl.
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