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Abstract—This research is to solve a problem of
sustainability of a balancing robot controlled by an artificial
neural network. The mentioned network acts as a regulator
and calculates at its output layer a control action for the plant.
Online training of such a network is necessary to improve the
quality of the robot control since it changes its parameters or a
mode of functioning in the course of operation. Implementing
such training, the question of the learning rate limitation arises
sharply. It is directly related to the assessment of sustainability
of the control system under consideration. That is why a
method based on the second Lyapunov approach is proposed to
calculate the upper allowable limit of the online learning rate
for the neural network controller under various conditions at
each moment of its functioning. This method does not require
the plant mathematical model. The efficiency of the approach
is proved by experiments with a real balancing robot based on
the EV3 platform.
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1. INTRODUCTION

Among all the challenges of modern control theory, the
problems of control and stabilization of mobile robotic
systems under the conditions of changes of their parameters
and an environment state are becoming more and more
actual [1, 2]. This parameters non-stationarity is caused
either by uncontrolled external disturbances or change of the
mobile robot electrical and electromechanical components
parameters during its long-term operation. All such robotic
complexes can be divided into several groups according to
the method of movement: wheeled, crawler, walking. As far
as kinematics is concerned, the most maneuverable and
simple to implement are wheeled robots with a small number
of wheels N (in this study N =2). But at the same time, the
task of their stabilization and position control is very
complex since there is the need to control several state
coordinates with the help of only one or two actuating
mechanisms.

A great number of control schemes and methods for such
unstable objects have been developed [3, 4, 5]. In the studies
[6, 7] a comparative description of the majority of existing
control algorithms for the considered class of objects is
given. In most cases, linear quadratic (LQ) and PID
controllers are used to solve the considered problem. The
values of their parameters are calculated by optimal control
methods using the obtained mathematical model of the robot,
which parameters are constants calculated on the basis of the
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geometric dimensions and weight of the robot itself and the
nameplate data about the values of the electric motors used
to rotate the robot wheels.

As it is mentioned above, the parameters of the robot
may change their values over time. In particular, considering
a two-wheeled robotic loader, the weight of the transported
load may change, as well as, the center of inertia might be
shifted. All these can lead to a deterioration in the control
quality or even the instability of the robot.

Therefore, it is advisable to use adaptive control systems,
which is able to adjust the parameters of the controller in the
course of functioning. In general, all such systems can be
divided into two large groups: classical and intellectual [8].

Considering application of the classical adaptive systems,
it is necessary either to have a reference model or
permanently repeat the identification procedure for the plant
using test signals. Both ways are difficult to be implemented
for an unstable two-wheeled robot.

The disadvantages of the intelligent control methods,
which are mostly based on the fuzzy logic and the neural
networks [7], are as follows. As for systems using offline
training, there is the difficulty of obtaining a training set
(either an object model is needed, or samples are formed
using an existing controller, but that does not allow to
improve accuracy of the regulator). Considering the fuzzy
logic, there is the complexity to provide the online
adjustment of the normalization parameters used for the
fuzzy controller input and output signals. As for systems
using the online training, there are no restrictions on the
learning rate value. Moreover, such systems do not usually
take into account a priori knowledge of the particular control
object [7]. Due to these reasons the considered methods can
be applied to control models of an inverted pendulum, but
not a real one. However, the neural networks are supposed to
be the most promising approach because of their ability to
both approximate and be trained online.

Having made such an analysis of the shortcomings of the
existing control methods for the two-wheeled balancing
robots, we have proposed our own direct neural network
control algorithm [9, 10]. The network is not trained offline,
but online at times that are strictly determined by a system of
rules and restrictions, which takes into account the features
of the balancing robot operation. A method to adapt the
controller to the current robot operation mode is also
proposed.
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Abstract — The aim of this research is to develop an
adaptive control system of a two-wheeled balancing robot
based on a reference model and the second Lyapunov
approach. Solving this problem, the following questions are
considered: 1) a mathematical model of the robot reference
dynamics is developed, 2) using the optimal control theory, a
calculation of LQ controller parameters is made, 3) applying
the second Lyapunov method, an algorithm to adjust the
parameters of such controller is proposed. The step size is
calculated in accordance with the proposed formula and
depends on the current and previous setpoint values of one of
the robot state coordinates. A real balancing robot and its
model are used to conduct experiments, over the course of
which the mass of the robot is increased by several times. The
obtained results show that, despite the robot non-stationarity,
the developed adaptive control system is able to follow the
reference model output keeping the transient quality close to
the desired one.

Keywords — adaptive control system; second Lyapunov
method; two-wheeled balancing robot; LQ regulator

[.  INTRODUCTION

A problem of a two-wheeled balancing robot control is
considered in this research. Such plants are unstable,
multidimensional, non-stationary and characterized by
several types of nonlinearities [1-3]. These facts are to be
taken into account in order to develop an effective regulator
for such a plant. The existing methods of balancing robots
control, in most cases, are based on an assumption that the
control object linearized model is known, so the regulator
parameters can be calculated using optimal control methods
[4, 5]. Such parameters are not adjusted in the process of the
robot functioning [6]. These methods guarantee the required
transients quality only in a small neighborhood of a point, at
which the model linearization has been made (in many cases,
this is the point of an unstable equilibrium) [7]. Moreover,
such regulators cannot fully compensate the plant non-
stationarity (the robot mass variation, center-of-gravity shift,
etc.). At the same time, in order to make the balancing robots
more widespread in people’s everyday life, it is necessary to
guarantee their effective control from the points of view of
transients quality and energy consumption for a wide range
of the robot parameters variation [8, 9].

A possible solution of the problem involved is the
application of adaptive control methods [8]. Having excluded
from consideration approaches supposing that the balancing
robot model and possible variations of its parameters are
known, since the identification of such plant in real time is
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rather a complex task, methods based on the reference model
[10] are analyzed. The balancing robot is initially an unstable
control object, so the main task is to make it stable. In this
regard, the application of the adaptive control method based
on the second Lyapunov approach is supposed to be
promising [11]. Published books and papers having been
analyzed, some works in which the Lyapunov method is
applied to stabilize an aircraft and solve the Wing Rock
problem were found [12, 13].

In this research, the method involved is proposed to be
applied to control the balancing robot. This requires its
adaptation and improvement. In particular, the regulator
obtained in this study is able to control unstable plants. It
adjusts its own parameters in both modes of functioning
(stabilization and setpoint tracking), while the version from
[12, 13] is able to do that only for the first of them.

The development of such an adaptive controller includes
the following steps: 1) calculation of a mathematical model
of the robot according to its known physical characteristics
(model of the robot initial (nominal) state), 2) calculation of
the nominal values of the parameters of the LQ controller for
such model, 3) development of a controller online
adjustment system with an adaptive step size, which depends
on the value of the setpoint. Such system is based on the
Lyapunov method and does not require subsequent re-
identification of the robot. It is described in details in the
following sections.

II. BALANCING ROBOT DESCRIPTION

The kinematics of the balancing robot is shown in Fig.1.
Its mathematical model is obtained with the help of the
second Eulerian-Lagrangian method [14]. It is linearized in
the point of the unstable equilibrium and shown as (1).

z

Fig. 1. Balancing robot kinematics.

Full-scale experiments are conducted on the basis of the
LEGO EV3 balancing robot.
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Abstract—The scope of this research is to compare
performance of two main methods of feedback linearization of
plants with internal dynamics for the problem of a two-wheeled
balancing robot control. The considered methods of linearization
include: 1) approximate feedback linearization; 2) partial
feedback linearization with stability assessment of the plant
internal dynamics using Lyapunov approach. In this case,
considering both algorithms, pseudo-control signal value is
calculated by an optimal state controller (linear quadratic — LQ —
regulator). Experiments with the synthesized nonlinear
controllers are conducted using the plant mathematical model in
Simulink and the real LEGO EV3 balancing robot. Experiments
demonstrate the performance efficacy and the effectiveness of
both methods of feedback linearization of the plant under
consideration. Taking into consideration that the aim of the
future research is to develop an adaptive controller for the robot,
the approximate linearization method is chosen as the basis of
such regulator, since the partial linearization approach
potentially increases its dimension.

Keywords—nonlinear  control;  feedback  linearization;
approximate linearization; partial linearization; balancing robot.

I. INTRODUCTION

A problem of nonlinear optimal control of a two-wheeled
balancing robot is considered. Such plants are characterized by
several types of nonlinearities, which can be found in their
mathematical description. For an instance, the rising of state
coordinates to a power, their multiplication and application of
trigonometric functions to them [1, 2]. However, existing
methods of control of the balancing robots are mostly based on
the plant model linearization near a certain point by means of
Taylor series expansion. This allows to synthesize linear
controllers like PID and state (linear quadratic — LQ) regulators
[3, 4], which are able to guarantee the required control quality
only in some small neighborhood of the linearization point (as
a rule, it is the point of unstable equilibrium) [5]. At the same
time, it is known that the application of nonlinear control laws,
in some cases, allows to achieve both a significant
improvement of the control performance and the expansion of
the above mentioned neighborhood around the linearization
point in comparison with linear regulators [6, 7]. In particular,
considering the balancing robots, the nonlinear controller can
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stabilize the plant for the high values of a pitch angle, when the
influence of nonlinearities is great. The aim of this research is
to develop such a nonlinear regulator.

A well-known and developed approach to solve the above
considered problem is to use a transformation known as the
plant feedback linearization [6, 8]. It implies transition from a
nonlinear system to an equivalent linear system, written in the
Brunovsky canonical form [9]. In this case, the original control
action is replaced by a new pseudo-control, and the state (in
particular cases — the output) feedback is applied to the plant.
Under such conditions, a regulator forming pseudo-control
signal is usually a LQ controller, which parameters are
calculated for a linearized plant. The resulting control action is
linear for the system in the canonical form, but nonlinear for
the initial system. In this paper, the LQ regulator parameters
are obtained as a result of analytical optimization by solving
the Riccati equation.

In some cases, the development of the nonlinear controller
in accordance with the linearization approaches is complicated
due to the plant internal dynamics [10, 11]. As a result, the
feedback linearization splits the differential equations of the
system into the equations of the external (linearized by
feedback) and internal (non-linearized by feedback) dynamics.
In this case, the validity of the obtained linear pseudo-control
law depends on the stability of the internal dynamics [6, 12]

Two-wheeled balancing robots belong to a class of objects
with the internal dynamics [10-12]. There are two main
methods of such plants feedback linearization. The first is an
approximate linearization proposed by Kokotovich in [13-15].
The main idea of this method is to find some output function
that depends on state coordinates of the plant and maximizes its
relative order. Having differentiated the obtained output
function with Lie derivative, the transformation of the state
coordinates into the canonical form and the linearization
control law can be found. The second approach is a partial
linearization [16], in which the linear controller is calculated
for the state coordinates describing the linearized dynamics of
the plant. Asymptotic stability of the control object internal
dynamics is guaranteed by means of an additional regulator
developed according to the second Lyapunov method.

978-1-7281-0061-6/19/$31.00 ©2019 IEEE
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B Pasnen 1. MoaenupoBaHue ClIOKHbIX OOBEKTOB H CHCTEM

1. MOOEAHPOBAHHE CAOXHBIX OBBEKTOB

H CUCTEM

YK 681.5, 004.8

Lnymenko A.W., ITerpos B.A., Jlacroukun K.A.
HEMPOCETEBAS AJATITAIIMS LQ 3AKOHA YITPABJIEHUA
JABYXKOJIECHBIM BAJIAHCUPYIOIIIUM POBOTOM

CTapoocKoIbCKHil TEXHOIOrHYeCK il HHCTHTYT HM. A.A. Yraposa (¢puamax) ®T'AOY BO
«HanmoHAIBHBII HCCIe10BATeILCKHI TexHoorndecknii yausepeurer «MUCuC»

B pabome pewaemcs 3adaua ynpaenenus 6a-
JaHCupyiowum pobomom npu HecmayuoHapHoCmu
20 napamempos. IIpeonooicen nooxoo x Heupoce-
meagoi adanmayuu LQ ynpasiaiowe2o o3oeucm-
sus. Ilpumenenue makozo peyisimopa Ha Mooeiu
poboma noszsonsem obecneuusamov 3a0AHHOE Ka-
yecmeo ynpasienus npu yseiudeHuu maccol pobo-
ma 8 5 pas.

Hccneooseanue npoeedeHo npu (PuUHAHCO6OIL
noooepaicke Poccuiickozo  (ponoa  ynoamen-
manpuplx uccaeooeanuil  (cpaum N 18-47-
310003 p_a).

Beenenue

BOABIIHHCTBO OOBEKTOB, PACCMATPUBAEMBIX B
MPUKJIAIHBIX 337a4aX COBPEMEHHOMH TEOpHH aBTO-
MaTHYECKOro YIpaBJieHHs, SIBJISAIOTCS HeCTaLHO-
HapHBIMU W HeJHHEHHbIMH. TeM He MeHee, KOHTY-
pa yrnpasieH!s TAKHMH 00BEKTaMH MPHHSTO CTPO-
UTh C HCIMOJIb30BAHUEM KJIACCHYECKHX METOIOB
CUHTE3a JMHEHHBIX peryssTopos [1, 2]. Jng storo
MPOU3BOIUTCS JIMHEAPHU3aLMs HeJIHMHeHHOro o0b-
eKTa B OKPECTHOCTH HEKOTOpPOH TOYKH, a HEH3-
BECTHbIE HECTALHOHAPHBbIE MapaMeTpbl 00beKTa
MNOAMEHAIOTCA MX TEKYyLIUMH WIN K€ HOMHHAJIb-
HBIMH 3HaueHUIMHU. TeKyliue 3HaueHHs napamer-
POB MOJIy4alOT, MPOBOAA HAEHTH(HHKALMIO, a HO-
MHUHAJIbHBIE MapaMeTpbl 00beKTa OOBIYHO NMPHUBO-
JSTCSl B TEXHUYECKOH JOKYMEHTAalUW MW B Kara-
JIO’KHBIX JaHHBIX. [ToyueHHbIE OMHUCaHHBIM 00pa-
30M peryJisaTopbl MpH QYHKIHOHHPOBAHHH O0bEK-
Ta B TOYKE, OTJIMYHOM OT TOUKH JIMHEApH3aLMH, B
obuem ciyuae He crnocoGHbl obecrneyuTh Tpedye-
MOE KauecTBO YIpaBJieHHs, a B MpPeJeJbHOM Clly-
yae - He rapaHTHPYIOT aCUMITOTHYECKOH YCTOM-
uypsocTH [3]. AHanoruyHass CHTyalHs CKIaabiBa-
eTcd M ecjH mapaMeTpbl 00beKTa H3-3a AECHCTBHA
napaMeTpUYeCKUX BO3MYIIEHHH CTaad J0CTaTou-
HO CHJIBHO OTJMYaTbCcd OT HCIOJb30BAHHBIX IS
CHHTE3a KOHTYypa ynpasieHus [4].

[IpeososnieTb onmucaHHble NPOOIEMbI MO3BOJISET
NpUMEHEHHE aZaNTHBHBIX CHCTEM YIPaBJICHHS, KO-
TOpbIE CMOCOOHBI 33 CUET HACTPOIHKH KO3puLmeH-
TOB peryJisTopa HUBEIHPOBAaTh MPOSBIEHHE HElH-
HelfHocTel, a Takke KOMIMEHCUPOBATh yXYALIEHHE

KauecTBa TMEPEeXOJHbIX TMPOLECCOB, BbI3BAHHOE
apetihoM napaMeTpoB 00bEKTa YIPaBJIEHHS.

Ha ceroausiiHuii 1eHb HanOoJiee MOMyJIAPHLIM
W 3apeKOMEH/IOBABIIMM ce0s MOAXOJ0M K CHHTE3Y
aJanTHBHBLIX CHCTEM YIpaBlIeHHs sABIAOTCA Oec-
MOUCKOBBIE  MPsIMbIE  CHUCTEMBbI  adanTHBHOIO
yIpaBlieHus ¢ 3TaoHHoii mozensio (Model Refer-
ence Adaptive Control Systems - MRAC) [5]. Pe-
LIEHHEe 3aJa4yHi aJanTHBHOTO YMpPAaBJIEHHsA B TaKHX
chcTeMax Mpou3BoAMTCs B noctaHoBke B.A. SIky-
Oouua [6, 7], korma ansd 3aJaHHOIO KOHTypa
yMpaBIeHUS BbIBOJATCSA AHAJIMTHYECKHE 3aKOHbI
ajlanTalyy ero napameTpos. I1pu 3ToM H3MeHeHHe
napaMeTpoB MPOU3BOJUTCA TaK, YTOOBI NOBEACHHE
OV cTpeMHIIOCh K MOBEJSHHIO 3TAJIOHHOH MOJE/H

(DM). ApanTep, C MOMOLIBIO KOTOPOIro U peayusy-

ercs aganTauus KodpdUIHeHTOB, 0OBIYHO CTPOUT-
cd C MOMOUIBIO I'PaJIMEHTHBIX METOJOB IEPBOrO
WJIM BTOPOTO MopsaakoB [8, 9] uau BTOporo metoaa
Jlsnynosa [10, 11].

B npanHoii paboTe mnpeasnaraercss MNPUMEHHTHL
HeiipoceTeBOl MOAXOM [l CHHTE3a ajamnrtepa B
MRAC cucTteme ynpaBiieHUS! HEJIMHEHHBIMH U He-
craupoHapHbIMU cuctemamu. [Ipu aTOoM nipennara-
eTCsl BCTPauBaTh HEHpOCETb B YK€ CYLIECTBYIO-
LM KOHTYP ynpaBieHHA OOBEKTOM ¢ KiacCHye-
ckuMm TTUJT unu LQ perynsropom. Toraa Ha cBoeM
BBIXOJHOM CJIO€ HeiipoceTb OyIeT BbIUHCIATH He-
06Xx01uMYI0 100aBKY K YIPaB/IAIOLIEMY BO3IEHCT-
BHIO, C MOMOLIBIO KOTOPOi M OyJET BBINOJIHATLCA
KOMIIEHCALMs HeNMHeHHocTel W JEHCTBHS BO3-
myuenuii. Beuay nokasannoii B [12, 13] cnoco®-
HOCTH HEHpOHHBIX ceTeil anmpoKCHMHPOBATh
rIagKue HeJMHelHble (QYyHKUHH, 0XKHIAeTCHd, 4TO
UX NpHMEHEeHHe B aJanTHBHON CHCTEME ymnpaslie-
HHS MMO3BOJIUT 00ecneunTh 001ee BBICOKOE KayecT-
BO PEryJIMPOBaHHs M0 CPABHEHHIO C rPAMEHTHBIM
METOAOM M BTOpbIM MeToaoM JlsmyHoBa W mpH
KOMIIEHCALIHH NapaMeTPHUYECKHX BO3MYLUEHHH, H
npu pabore 0OBeKTa B 30HE MPOSBJICHHS H3BECT-
HBIX H CKPBITBIX HETHHEHHOCTEH.

OObekTOM VhpaBiaeHHs IS TECTHPOBAHHA
npeanaracMoii  HelipoceTeBOH CXEMbl MNPAMOro
GecnoMCKOBOro a1anTHBHOTO YNpaBieHus B pabo-
Te Obi1 BeIOpaH IBYXKOJECHBI GanaHCHpYIOLIHii
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AnnHoranusi: B pabote pemraercs 3amada ynpapieHHsT OaIaHCHPYIOIMM POOOTOM Ha OCHOBE
MIPUMEHEHHs HEHPOHHOI ceTn. OHM BBICTYNAET B POJM PETYNATOpPA U (POPMHUPYET HA CBOEM
BBIXOZJHOM CJIO€ YIPaBIISAIOIIEE BO3ACHCTBUE I 00beKTa (HaNpsDKEHUS IJIs1 JIEBOTO U IIPABOTO
neurateneit). OnepatuBHOe 00ydeHHE TaKOi HEMPOHHOW CETH HEOOXOMUMO IS YIIyqLICHHUS
Ka4yeCTBa yHIpaBJICHUA pOGOTOM B YCJIOBUAX U3MEHCHHA €ro napamMeTpoB UM CMCHBI pEKHUMa
pabortsl. [Ipu peanuzaimu takoro o0y4eHUs! aKTyaJIbHBIM SIBIISIETCSI BOIIPOC O BHIOOpPE MOMEH-
TOB BPEMEHH, KOT/Ia OHO HEOOXOAMMO, M BEIMYMHBI €ro 1iara. IMeHHO 1mo3ToMy B paboTe Obl-
Jla paccMOTpeHa mpoOdiieMa BhIOOpa MpelesbHOM CKOPOCTH OINEpaTHBHOTO OOydYeHHMs, HEmo-
CPE/ICTBEHHO CBSI3aHHAsi C OLEHKOM YCTOWYMBOCTH HM3y4aeMOH CHUCTEMBl YNPABIICHHMS, II0-
CKOJIbKY M3JIMILIHE BRICOKHE CKOPOCTH 00yUYEeHHUSI MOTYT IIPUBECTH K MEpeXoy 00beKTa B HeyC-
TOWYMBOE COCTOSHUE. B paboTe mpemiokeH MOaX0, OCHOBAHHBIA Ha BTOpoM Mmertone Jlsamy-
HOBAa W TIO3BOJIIIONINNA, HE UMEsS MOJENH OOBEKTa YIIPABIEHHS, ONPEACIATh BEPXHUH JOITycC-
TUMBIH TIpeIeN Ui CKOPOCTH OOyUYeHHsT HEHPOHHOM CETH B TEKYIIM MOMEHT BPEMEHH B Pas3-
JUYHBIX CUTYaLHUsX.

1. BBeaenue

Panee, Ha OCHOBE aHaNIM3a HEJOCTATKOB CYIIECTBYIOIUX METOAOB YIPABICHUS ABYXKO-
JIe€CHBIM OalaHCUPYIOIIUM POOOTOM, KOJJIEKTUBOM aBTOPOB JAaHHOW paboThl ObLT MpEAIOKEH
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BBenenne

B pabore pemraercs 3amaya yrpaBieHHs IBYXKOJIECHBIMH OaJlaHCHUPY-
omuMHu pobotamu. PaccMaTpuBaeMblii Kilacc OOBEKTOB XapaKTepH3yeTcs
HEYCTOMYHMBOCTBIO W HAIMYHEM B MAaTEeMaTHYECKOM OITMCAHMM HECKOJIBKHX
BUJIOB HEJIMHEWHOCTEH: BO3BeAeHNe (ha30BBIX KOOPAMHAT B CTENEHb U INPU-
MEHEHHE K HUM TpuroHnomerpuueckux ¢pynkuuii [1]. Kpome toro, npu npu-
KJIaJJHOM HCIIOJIb30BAaHUU I10/I00HBIX OOBEKTOB BO3ZHHMKAET M3MEHEHHE 3Ha-
YEeHHUH ero rnapamerpoB (Macchl, NMOJOKEHHS LEHTpa Macc U Kod(ppHUIneHTa
TPEHHsI KOJIEC O JOPOXKHYIO TOBEPXHOCTB), YTO, B IEJIOM, M OIpeHessieT
HEOOXOIUMOCTh MPUMEHEHHS aAAlITHBHBIX AITOPUTMOB YIIPaBICHUS.

[IprMeHnsiemMple Ha CETONHSIIHINA ACHb CHCTEMBI YIIPaBIeHHs OaJaHCH-
pPYIOIIUMH poOOTaMH, a B OOJBIIMHCTBE CJIydaeB 3TO ONTHMaibHBIE LQ-
anroputmbl 1 [TN]-perynsaTopsl, He CHOCOOHBI O0ECTIEYUTH KOMIICHCAIIHIO
CYIIECTBEHHBIX MapaMeTPUIECKUX BO3MYIIECHHUH, XOTS M O0JNaAafoT ompese-
JICHHOM pOOACTHOCTHIO MO OTHOLICHUIO K HUM [2].

Jns pemeHnst maHHO mpoOieMbl B paboTe INpearaercsi cCHcTeMa
aJIalTHBHOTO YIPaBJICHHs, OCHOBaHHasi Ha BTopoM Mertone JlsmyHoBa [3] u
UCIIOJIb30BAHUHU 3TAIIOHHON Mozienu [4]. [Iist TOCTpOeHUs TaKoTro peryisiropa
B HCCIIEIOBaHHUHM: 1) MOIyYE€HO MaTeMaTHYeCcKOoe ONMCAaHUe STAJIOHHON AMHa-
MUKH po06oTa (IIpU HOMMHAJILHBIX 3HAYEHUSX €ro apaMeTpoB), 2) BHIIIOJIHEH
pacuer LQ-perynsropa, 3) Ha ocHoBe Broporo merona JlsmyHoBa paspabo-
TaH aJTOPHUTM AJaNTalll{ MAapaMeTPOB PETryIATOpa, HEe TPEOYIOUIHA 3HAHUS
3HaYEHUH 2JIEMEHTOB MaTPHIIB KOYPPHUITMEHTOB yCUIICHUST 00BEKTA.

Onucanue cucTeMbl A1IaANITUBHOTO yYrnpaBJieHus1

HOJ'Iy‘ICHHaH B HCCJIICAOBAHNU CUCTEMa aBTOMATHYCCKOI'O YHIPAaBJICHUS
npeacTaBjicHa Ha pUC. 1.
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Puc. 1. Cmpykmyphnas cxema KORmMypa ynpaeienus

* MceneoBanne MpoBeeHo pu GHHAHCOBOI moanepx ke PODU (rpant Ne 18-47-310003 p_a).



