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Abstract—The problem of aircraft control is considered for certain class of situation, namely when
aircraft enters GPS-denied zone with significant disturbances of different nature which may cause the
constructive damage and the loss of control. The only source of information is from inertial navigation
system that need to be aided by correlation extreme navigation system, for example. In the paper the
control problem is solved by using particle filtering technique for correlation extreme navigation system
which outputs form the control vector. Further the structural reconfiguration is done by redistributing
control or changing the control law in order to create the necessary control forces and moments,
maintain acceptable control quality and return for the desired track. The lack of reliable navigation
information is compensated by correlation extreme navigation system working by terrain filed of the
Earth to be included into control contour. The researches have been conducted by mathematical
modeling of the developed algorithms in mathematical software package MATLAB using terrain field (the
part of Carpathians territory). The results proved the high accuracy of navigation solution and stability
of control estimated by error of closing loop.

Index Terms—Correlation extreme navigation system; particle filtering; relief field; control uncertainty;

control reconfiguration.
I. INTRODUCTION

Aircraft performance characteristics undergo
significant changes during the long-term operation.
More significant aerodynamic changes occur while
the sudden damage of external contour of the aircraft
due to collision with its surface at high speeds,
mechanical, biological, electrical or other foreign
objects. The danger of such damages is that they are
random in nature and their occurrence can not be
foreseen. The result of these collisions, depending
on the speed and mass of the object can be as minor
dents, and the catastrophic destruction of the aircraft
structure or its systems. Unfortunately, existing
methods of monitoring and diagnosis [3], [10] does
not allow to register changes of the external contour
of the aircraft itself in flight. At the same time, the
availability of complete and accurate navigation
information about the actual aircraft position and
velocity allows us to objectively evaluate the
development of an emergency situation and take
necessary action to prevent its development by

reorganizing the aircraft flight control or change the
aircraft flight mode.

The main source of navigation information is
satellite radio navigation systems like Global
Positioning System (GPS). But it has the
disadvantage of relying on information broadcasted
to the aircraft. This information could be
deliberately jammed in a hostile situation, or the
transmitters could be destroyed, leaving the aircraft
without navigation support, or the reception can be
complicated, for example, in polar regions. Thus,
GPS provides the position and velocity information
with high accuracy used for correction of inertial
navigation system (INS) and for controlling the
aircraft, but still it has to be complemented with
alternative backup systems using other navigation
principles.

Such alternative system can be correlation
extreme navigation system (CENS). It is the system
of processing of information, which is represented as
random functions (geophysical fields). Correlation
between realizations of random functions and
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reference map is the basic feature. The
determination of coordinates is done by finding the
extreme point of correlation function of current
measurements with reference map [7].

Geophysical fields are divided depending on their
physical origins (magnetic, relief, gravitational, etc)
and on the level of informativity. Here and further in
consideration the relief field will be used. It is
characterized by the mutual arrangement of heights,
that is, the changes (elevations) in the terrain relative
to a certain level, for example, mean sea level
(MSL). To measure the field parameters on board of
the aircraft the radio altimeters or range finders
together with barometric altimeters and INS are
used. The aircraft altitude over MSL is measured
with the barometric altimeter and the ground
clearance is measured with a radar altimeter,
pointing downward. The terrain elevation beneath
the aircraft is found by taking the difference between
the altitude and ground clearance measurements.
The navigation computer holds a digital reference
map with values of the terrain elevation as a function
of longitude and latitude. The measured terrain
elevation is compared with this reference map and
matching positions in the map are determined.

The relief (terrain) field of the earth's surface is a
natural geophysical field that is considered to be one
of the most stable in time (small influence from
human activity on it). One more advantage is
availability of good databases for this field with
good resolution (1 arc-second~30 meters at equator).
Today, the main way of representing the shape of
the earth's surface is the digital model of the relief
(DEM), a regular grid of heights, which can be
obtained by space surveying using high-tech
methods for remote sensing data processing. To
create such products, sterecopair images or
interferometric pair (radar data only) are required to
obtain information on terrain, as well as specialized
software for further processing of the information.

To obtain current data of the relief field
(elevations), an information on the difference
between the absolute altitude and above MSL
(measured by barometric altimeters) and the true
altitude above the earth's surface (measured either by
a radio altimeter or by laser / ultrasonic / infrared
rangefinders) is used. It is clear that the displays of
absolute height will change with the corresponding
change in atmospheric pressure. Therefore, for the
correlation analysis of the current implementation of
the relief heights gradient is used more often instead
of the height itself.

Thus, terrain based navigation uses information
of the variations of the terrain to bound the errors of
inertial navigation system. It is a self-contained

technique, in the sense that no external aiding
signals or devices are needed. It’s worth mentioning
that this field was the first one used in correlation-
extreme navigation systems, like TERCOM for
example [11]. However, its drawback is that for
some areas it has much less informative content in
comparison with above mentioned fields.

II. PROBLEM STATEMENT

As reconfiguration we will understand the control
redistribution on controls for the purpose of creation
of necessary control forces and moments for
restoration of airplane controllability and stability of
aircraft in flight. Implementation of reconfiguration is
possible for the airplanes with redundant controls. So,
in [1] it is marked that for high-maneuverable
airplanes with the decreased static stability, quitting
on critical values of attack angle, for successful
reconfiguration in case of failures eight independent
governing bodies are necessary at least. The modern
and perspective high-maneuverable airplanes possess
a large number of controls: elevons (section with
independent control of each section), front horizontal
empennage, spoilers, rudders, turning nozzles, etc.

In the airplanes developed earlier, there are no
means of  automatic  implementation  of
reconfiguration, these functions are completely laid
to the pilot. Therefore the result of reconfiguration
completely depends on experience and ability of the
pilot though essentially reconfiguration would allow
to prevent 70% of cases of incidents due to failures
of actuators and controls (this inference is made in
[8] based on the analysis of the flight incidents
which were taking place in the USA).

In paper [1] two examples of successful and
unsuccessful implementation are given by the pilot
of reconfiguration. In the first case the left section of
the elevator of the Delta L1011 airplane appeared is
clamped in situation 19° in case of take-off. The
pilot prevents failure by reconfiguration. The second
case is connected to DC-10 airplane failure on May
25 1979 in Chicago, called loss of section of the flap
of the airplane. The subsequent simulation of a
situation showed that the pilot could avoid failure by
means of reconfiguration.

In this regard it is expedient to put at a
development stage of AFCS of airplanes in system
of means of automatic implementation of
reconfiguration. In this direction in 1994 the U.S.
Air Force laboratory of flight dynamics began
development of the SRFCS program (Self-Repairing
Flight Control System) [2] which purpose is
implementation by development of AFCS of the
modern and perspective airplanes of the actions
providing reconfiguration and diagnosing of system
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and directed finally on reliability augmentation, fail
safeties, survivability. The SRFCS program provides
two basic approaches [2]. The first is connected to
the automatic reconfiguration, the second with
creation of the expert diagnostic systems making
recommendations to the pilot depending on the
developed flight situation.

Development of methods and models of
reconfiguration of controlling influences aboard the
plane in the conditions of origin special situations in
flight operation [4] is devoted. For reconfiguration
of controlling influences in case of failures of drives
and governing bodies two approaches [4] are used:

parametric and structural.

The basics of proposed CENS (Fig. 1) is given in
[6] and its reduced version includes the following
elements: sensor (s) of the geophysical field;
correlator;  automatic  optimizer;  map-based
referencing block; inertial navigation system (INS)
or other navigation system to be corrected; data
fusion block.
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Fig. 1. Generalized Block-Scheme of Correlation-

Extreme Navigation System

The geophysical field sensor outputs information
in the form of the current field realization /', which

is represented as discrete point data, extended linear
or in the form of a frame, depending on the type of
anomalous geophysical field.

For the first measurement option, the field
parameter is taken in the form of a scalar value at
each time point; both types of fields can be used,
surface and spatial. For the second sensing option,
the sensor measures field parameters along an
arbitrarily selected line instantaneously or over a
short period of time. For the third option, the field
parameters are measured from some part of the
earth's surface during a short scan cycle ("frame").

The cartographic unit contains information about
the reference (template) implementations of the field
l,l,,...,I , which are presented as a regular or

irregular grid, in the form of an isoline or as an
analytical model.

The correlator performs the calculation of the
value of the correlation function f;(/;,//) for each

template stored in memory, or, if there is a priori
knowledge of the flight route, the calculation of the
correlation function for only one template.

In the latter case, the presence of the automatic
optimizer is optional, since there is no need to look
for the extremum (maximum) of the correlation
functions of the pairs of reference and current field
implementations.

The INS provides a priori information about the
current location of an object. Taking into account the
INS errors on the input of the correlator, the a priori
probability of the location of the object arrives in the
form of the probability of coincidence of the current
implementation of the field with some template
p,(I). Also, INS provides the estimate of state

vector XINS into data fusion block, where it is
corrected using the previous navigation information
from CENS }ZCENS (map-based referencing block).

The hypothesis about the possible location of a
moving object is checked according to information
from the INS. The reliability of each hypothesis is
determined by the value of the functional as a
measure of proximity (similarity) between the on-
board measurement of the field and the realization of
the field obtained from the memory of the
cartographic unit. In the presence of significant
inaccuracies in cartographic information, the risk of
making a false hypothesis increases.

The reliability of each hypothesis is determined
by the value of the functional as a measure of
proximity (similarity) between the on-board
measurement of the field and the realization of the
field obtained from the memory of the cartographic
unit. In the presence of significant inaccuracies in
cartographic information, the risk of making a false
hypothesis increases, and it is necessary to make a
correction of the map.

In operational practice there may be some
deviation of the quality of the systems operation of
the aircraft which do not lead to the loss of their
ability to work, i.e. permissible changes occur in a
whole aircraft state. These deviations assign change
the aerodynamic conditions of the external contours
of the aircraft in flight. Permissible changes in the
state of the external contours of the aircraft form a

subset of states {N,}, in which the aircraft is

operational. In the future change of aerodynamic and
technical condition of the aircraft shall be regarded
as a change in the degree of disability or the stock of
aircraft performance. In addition, if these changes do

not exceed prescribed limits, N; € Ny, where N, is
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the stock performance object. If the change in the
degree of disability beyond the permissible N, ¢ N,

then the object loses its efficiency, i.e. brings a state
of failure. It is obvious that the stock performance of
the object is determined by the conditions under
which the { NV, } does not go beyond N, .

Aerodynamic surface of the aircraft will submit
the three main components: the carrier surface
(aerodynamic wing surface), the fuselage (the
acrodynamic surface of the fuselage), tail surfaces
(aerodynamic surface of the tail).

Let us consider the damage in wing to difficult
the control of aircraft. Wing is the basic element that
creates lift aircraft. But with the lifting force of the
wing is always a source of resistance and the
longitudinal moment.

Evaluation of changes to the aerodynamic
conditions of an airplane wing in flight provides the
definition of storage conditions, stock performance,
the choice set of variables, allowing to check the
status of an airplane wing in flight, the identification
of methods for measuring and monitoring these
values and the search for methods of determining the
extent and time of occurrence of an injury. It is
known that any damage to the external contour of
the aircraft leads to the instantaneous change in the
aerodynamic forces and moments acting on it.
Therefore, to monitor in-flight condition of the
aircraft aerodynamic surface and determine its
damage, which occurred suddenly need a check
number, in general, interrelated parameters that
characterize these changes.

For control the aerodynamic surfaces condition
of aircraft in-flight of and determine the place of
injury is needed testing a number of generally
interdependent parameters:

Zo = [l’lx,I’lxo,l’ly,l’lyo,nz,nzo,(ﬂx,(on,
T
©,,0,,0_,0,],

nominal value of each of which is ensured by a
certain subset ;. Each parameter is evaluated by

testing the reaction in pre-selected points on the
surfaces of a mechanical or electro-dynamic forcing.
We denote a test that checks the status of a subset of
surfaces Q., i=1,m. As a result of each test can

only be two outcomes: "no damage" if
&(k | k) =Z(k) - Z(k) =0, 0
&(k/ky=2Z(k)-Z(k)=0,

where e(k / k) is the discrepancy, which appear due

to violation of an aerodynamic surface Z(k) is

estimate Z(k) which includes measurements on the

k th step, Z(k) is estimate to measure on k th step —
"damage", if appeared damagedat least one point
belonging to the aerodynamic surface €2, :

{é(k 1 k)= Z(k) - Z(k) # 0, .

&(k / k)= Z(k) - Z(k) = 0.

Estimate vector Z(k), the satisfying requirements
(1) and (2) is the conditional mean

Z(k k) =M {Z(k)/ Y, }. 3)

Changes in the aerodynamic forces and moments
acting on aircraft in flight, are due to changes in
local aerodynamic forces and moments of change in
their coefficients. Dimensionless aerodynamic
coefficients of forces and moments in the case of
sudden damage to the external contours of the
aircraft is a function not only of angles of attack and
slip, the Mach number, altitude, alignment,
proximity to land, deviations of control and
configuration of the aircraft, but also the functions of
the damage location and nature.

III. SOLUTION OF THE PROBLEM

Estimation of state vector is done using novel
approach of probabilistic filtering namely particle
filter [11] and extra estimation of measurement vector
for diagnostics of possible wing damages is done by
proposed approach of control reconfiguration [5].

Therefore, in further consideration, such CENS
model and mathematical apparatus must be used for
data fusion of navigation information, which are
minimally sensitive to the following limiting factors:

1) multimodal distribution of the probability of
matching between of the reference and the current
realizations of the field;

2) the  significant  nonlinearity  of  the
measurement equation for CENS, in particular, the
correspondence between the measured values of
geophysical field and the current coordinates is
presented as map database, and in most cases cannot
be analytically approximated,;

3) the initial uncertainty of the current
coordinates due to the INS errors increase in time
and significantly affect the area of initial search, and
accordingly influence the time efficiency and
accuracy of the navigation solution.

Obviously, for the evaluation of in-flight changes
in the aerodynamic state of the external contour of
the aircraft, including in instances of sudden damage
to the external contours, it is necessary to expand the
state vector X for the cases that are investigated:
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X =(A + BK)X + HZ, 4)

where A, B, H are corresponding to the matrices of
arguments, K is the matrix, which is positive
solution of the algebraic matrix Riccati equation.

The expression (4) shows that the relevant forces
and moments get a big change, the more damage
inflicted by the external contour of the aircraft in
flight. In addition, it is clear that for the aerodynamic
moments is of great importance not only to the
nature of damage, but also a place of its occurrence.

Thus, extending the state vector to its values at (4),
we can take into account the effect of mechanical
damage to the external contours of the aircraft in
flight. However, for diagnosing the state of
aerodynamic aircraft in flight, it is necessary that the
extended state vector (4) was fully observed, that is
the minimum dimension of the vector:

Y =(C+BK)X, (5)

where C, B is the matrix of the coefficients, which
provides full observability of the aerodynamic state
of the aircraft.

For particle filtering let us suppose that statistic
properties of process and measurement noises are
supposed to be known, and the noises are considered
as white and independent.

The particle filter with fixed grid is based on the
statistical methods (Monte—Carlo method) with grid
state-space approximation. The state vector is
defined along the finite grid of discrete values

VN
(points). There is a deterministic grid {xﬁj)}izl of the

state space over N number of points (particles). The

posterior  distribution density from (4) s
approximated by the sum:
N y
p(x; |Z,) = Z W,E')wa (Xk )a (6)
i=1 :

where 8, (x,) denotes the Dirac impulse function,

and the weighting coefficient .’ corresponds to

the probability that x\” will have the value close to

the true one.

Operation of particle filter is based on Bayes
theorem and wuses the posterior distribution
determination by likelihood function:

p(X;(i-:] |Z, ) = p(xﬁf:)-l X}, 2, )p(ng) | Zk)
p(x ") iy (7

— (D) (i) (i)
= Wk\kp(xkn | x; )

Resampling is a crucial step in the particle
filtering. Without resampling, the particle filter

would break down to a set of independent
simulations yielding independent trajectories with
(i)

relative probabilities w,” . Since there would then be

no feedback mechanism from the observations to
control the simulations, they would quite soon
diverge. As a result, all relative weights would tend
to zero except for one that tends to one. This is
called sample depletion. Research of the efficiency
of different resampling techniques for CENS particle
filtering is done in [7].

Here and further the following conditions will be
assumed. The aircraft is performing the planned
flight according to the given trajectory with known
terrain field map.

The DEM data was selected for Ukrainian region
and downloaded from Global Data Explorer
(GDEX) web site [12].

IV. RESULTS

Here one tile is a file covering 1° x 1° Earth area.
The file has 3601 rows and columns. The names of
individual data tiles refer to the latitude and
longitude at the geometric center of the lower-left
(southwest) corner pixel. The rows at the north and
south edges, as well as the columns at the east and
west edges, of each tile overlap and are identical to
the edge row and column in the adjacent tile.

The example of selected DEM data visualization
in Matlab using built-in functions is presented in
Fig. 2. Resolution of DEM data is 0.0002777777 deg,
that corresponds to ~ 30 m on ground surface.

498"N |

&

310°E

%f"*\ 1 S 3

Fig. 2. Relief field of Ukrainian region used for
simulation

The trajectory is set by parametric discrete
equations in terms of 2D coordinates x and y:
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x, =V, siny, +x,_, +&_,

(®)
Y =V,cosy, +y,, +§,,

where V; and v, are speed and heading of UAV in
time moment k, respectively, &,, &, are system noises
of state vector [x, y] selected here to be distributed
by normal law.

The control method of aircraft lateral motion is
selected to the route method when the control is
performed by cross-track error between the desired
track and current coordinate. The regulated parameter
is track angle to be determined analytically. The
simulation was performed for circular trajectory in
order to estimate the quality of control and navigation
by closing loop errors, that is, how precisely the
aircraft is returned to initial waypoint.

The trajectory simulation was done for 300
conditional time intervals. In the time 71 the
emergency situation was imitated, the control failure
occurred due to the constructional damage because
of strong turbulence and loss of the aerodynamic
properties. It was also supposed that there is no
satellite signal and the only one source of navigation
information is INS aided by CENS.

The control failure lasted for certain period of
time 71<t<7T2 and in time moment 72 the control
is restored due to reconfiguration and reliable data
from CENS. The control failure was realized as
significant increase of noise levels &,, &, in (8). In
time interval T1<¢<T2 the trajectory becomes the
trajectory of random walk.

The most accurate and stable is residual
resampling that is rather expected since the most
probable particles (with larger weights) correspond
to the best fitting of measurement to relief database
and they are not lost by transition to the next step of
iteration.

The results of simulation are represented in
Figs 3-6.

The value of error in time of data absence was
expected to be increased due to accumulation but it
remains on the same level because of random nature
and mutual compensation. But anyway the trajectory
in the time interval T1<t<T7T2 is tended to be the
trajectory of random walk.

Algorithm with particle filtering and restoring the
control was running 500 times for 71 = 50, 72 = 100,
noise level increased in 5 times in order to
investigate errors. Deviations AX, , AY for last 10%
of trajectory were accumulated and studied.
Assuming normal law of resampling errors
distribution the mean and variance parameters were
fitted to results of simulation using Matlab. The
proposed distribution of errors is given in Fig. 7,
mean values and error variances are p, =-0.1025,

u,=0.0084 and 6, =0.1350, c,=0.1460.

0 5 100 150 20 20 30
Time moments.

Fig. 3. Errors on the trajectory for the following
parameters: 71 = 50, 72 = 100, noise level increased in
5 times

&0 T T T T T

Fig. 4. Errors on the trajectory for the following
parameters: 71 = 50, 72 = 100, noise level increased in
10 times
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Fig. 5. Errors on the trajectory for the following
parameters: 71 = 50, 72 = 150, noise level increased in
5 times
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Fig. 6. Errors on the trajectory for the following
parameters: 71 = 50, 72 = 150, noise level increased in
10 times
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Fig. 7. Error distributions on the trajectory for the
following parameters: 71 = 50, 72 = 100, noise level
increased in 5 times

V. CONCLUSIONS

The proposed solution for restoring the control
after constructional damage of aircraft and loss of
reliable navigation data from GPS has demonstrated
the acceptable quality even with increasing the time
of blackout and noise level. The experiments have
been conducted for terrain field with high
informativity that provides the efficiency of CENS
operation. Particle filtering has been proposed as
basic navigation and control algorithm in order to
eliminate the problems with tabulated dependence in
measurement  equation and preventing the
accumulaion of errors for INS. Quality of control
restoring has been estimated by accuracy of closing
the loop in circular trajectory, i.e. the possibility of
aircraft to return back in initial point in case of
damage, and for 500 experiments it was in the
percentage range of 13.5 ... 14.6%.
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[IpoGriema kepyBaHHsI JiTaJIbHUM anapaToM pO3TIISIAacThCs Ul IEBHOTO KIIACy CHUTYallii, a caMe KOJIH MOBITPSHE CYAHO
MOTparuIsie B 30HY, J¢ BiacyTHil curHan GPS, 31 3HauHMMU 30ypeHHSIME Pi3HOIO XapakTepy, M0 MOXKYTh CIPUYUHHUTH
KOHCTPYKTUBHI IIOIIKO/DKEHHS Ta HaBITh BTpaTy KepyBaHHS. €JMHHMM JpKepelloM HaBiramiiinoi iHdgopmamii e,
HaNpHKIaA, IHepLiaJlbHa CHUCTEMa HaBiramii, sKka KOPETyeThCS BiJ, HAIPUKIAJ, KOPENSIiHHO-eKCTpeMabHOT
HaBITAI[IHHOT CUCTEMH. Y CTAaTTi 3aBJIaHHS KEPYBaHHS BUPIIIYETHCS 32 TOMIOMOTOF0 METOIMKH TOYKOBOT (inbTparii st
KOPENAIIHHO-eKCTPEMAJIbHOI  HABIraI[ifHOT CHCTEMHM 13 BKJIIOUCHHAM BEKTOpa yIhpaBiiHHA. Jlami CTpyKTypHa
KOH(QITypallisi TPOBOJUTHCS IUIIXOM IEpPepo3Noily KepyBaHHsS a00 3MiHM 3aKOHY YIIPABIIiHHS 3 METOI0 CTBOPEHHS
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pilleHHs HaBiramii Ta cTaOUIBHICTh KepyBaHHS, OLIHEHY ITOXUOKOI0 Ha 3aMKHEHIH TPaeKTopii.
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[IpoGnema yrpaBieHUs JeTaTeNbHBIM aIllllapaToM PacCMaTpUBAETCS AJIS ONPENESICHHOrO KJIacca CHTYallMH, & UMEHHO
KOTr'JIa BO3YIIIHOE CYJIHO MOMaaaeT B 30HY, IJie OTCYTCTBYeT curHai GPS, co 3HaunTeNbHBIMU BO3MYILIEHUSIMU PA3HOTO
XapakTepa, KOTOPhIE MOT'YT BBI3BaTh KOHCTPYKTHUBHBIE TOBPEXICHUS U JlaXKe MOTEepIo yIpaBieHus. EAMHCTBEHHBIM
HCTOYHHKOM HABUTAIMOHHON WH(pOpPMAIMA MOXET OBITh, HAIPUMEpP, HMHEPUIHUAIbHAS CHCTEMa HABUTAIWH, KOTOpas
KOPPEKTUPYETCS OT, HANpuUMep, KOPPENSIHOHHO-IKCTpEMalIbHON HAaBUTallMOHHOM cucTeMbl. B cratbe 3amaum
VIPaBJICHUs] PEIIAIOTCS € IOMOINBI0 METOMUKH TOYCYHOH (QUIBTpAIMUA U1 KOPPEIAIMOHHO-3KCTPEMAaIbHON
HABUTAIMOHHON CHCTEMBI C BKIIOYCHHEM BEKTOpa ympaBicHus. Jlajgee CTpYyKTypHas KOH(QUrypamus IpOHU3BOIUTCS
IyTeM TMepepaclpeesicHs YIPaBJICHUS WIA W3MCHCHHMS 3aKOHA YIPABICHHS C IIENBI0 CO3IaHUSA HEOOXOIMMBIX
YIPaBISAIONUX BO3JCHCTBHIM, CUJT U MOMEHTOB, MOJIZIEp)KaHUE MTPUEMIIEMOT0 KauecTBa YIPaBIICHUS U BO3BPAIICHHUS HA
3aIaHHYIO JTUHUIO TyTH. OTCYTCTBUE TOCTOBEPHON HABHTAIIMOHHOW HHPOPMAIIMH KOMIICHCUPYETCS 32 CUET BKIFOUCHHS
B KOHTPOJIbHBIH KOHTYP KOPPESAIMOHHO-IKCTPEMaIbHOW HABUTAIIMOHHOW CHCTEMBI, paOOTAONIHIA MO MO0 pelbeda
3emun. MccaemoBaHus MPOBOJUINCH C MOMOIIBI0 MaTeMaTUYECKOTO MOJICIUPOBAHUS pa3pabOTaHHBIX AJTOPUTMOB B
nporpammaoM makere MATLAB ¢ ucnonb3oBanueM Moyt penbeda (dacte Teppuropun Kapmat)., PesymbTarhbl
MMOKA3aJId BBICOKYIO TOYHOCTH PEIICHUS HABUTAWMH W CTAOWJIBHOCTH YIIPABJICHUS, OLCHCHHYIO IOTPEIIHOCTBIO Ha
3aMKHYTOH TPaeKTOpHUH.
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