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SYNTHESIS BY USING THE SLIDING-MODE CONTROL THEORY
FOR THE FUZZY LOGIC CONTROLLER OF THE DIRECT TORQUE
CONTROL SYSTEM

Purpose. Improvement of the direct torque control algorithm and thereby increase in the efficiency of the electric
drive on the basis of the squirrel cage induction motor.

Methodology. The use of the theory of sliding-mode control and hysteresis regulators allows considering the tra-
ditional direct torque control algorithm as a special case, which is obtained for certain values of the weight coefficients
of deviation from the given regimes. Changing these coefficients leads to a change in the sector boundaries of the
switching table. The analysis of system behavior on the basis of the established quality criterion gives the possibility to
determine the necessary changes of sector boundaries for improving the characteristics of the drive and to synthesize
a fuzzy controller that implements the sliding mode control with variable weight coefficients. The efficacy of the pro-
posed control algorithm was investigated by use the modified MatLab model of the direct torque control and the
necessary computer experiments were performed.

Findings. On the basis of the established criterion, the influences of the change in the switching table sector bound-
aries on the characteristics of the electric drive with direct torque control were analyzed. The fuzzy controller was
synthesized based on the theory of sliding mode control. The behavior of the direct torque control system with fuzzy
controller was investigated.

Originality. The scientific novelty of the proposed approach is in further development of the theory of fuzzy con-
trollers synthesis based on the methods of classical control theory and improving the direct torque control algorithm
at low speeds, as well as in the high speeds with load close to the nominal.

Practical value. The proposed structure of the fuzzy controller can be easily implemented in existing systems of direct

torque control and will provide an improvement of the technical and economic performance of the electric drive.
Keywords: induction motor, fuzzy logic controller, direct torque control, sliding mode control

Introduction. Modern electric drive systems are char-
acterized by high performance requirements, accuracy of
the processing of regime coordinates, robustness as well as
efficiency and economy. In view of the widespread use of
an asynchronous electric drive in modern industrial pro-
duction, the improvement of existing control algorithms,
in particular, the direct torque control algorithm (DTC),
can provide a significant economic effect. Consideration
of the DTC as a partial case of the sliding mode control
theory makes it possible, by means of changing the weight
coeflicients of surfaces, at the intersection of which the
sliding mode is implemented, to form a controlling influ-
ence with regard to the peculiarities of each area of the
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system state. Taking into account the fact that the change
of the weight coefficients of surfaces under the use of hys-
teresis flux and torque controllers is transformed into the
change of the switching table sector boundaries, it is an
actual task to find an optimum angle of the sector shift, in
terms of increasing the efficiency of the electric drive, as
well as the synthesis of adaptive control system, which will
provide the necessary change of these angle.

Unsolved aspects of the problem. Direct torque con-
trol algorithms, offered in the late 80s of the last century
by Isao Takahashi and Toshihiko Noguchi and Manfred
Depenbrock, despite their functional simplicity provide
high flux and torque performances and robustness to
change in the induction motor parameters. However,
the DTC switching table (Table 1) is not equally effec-

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 5



POWER SUPPLY TECHNOLOGIES

Table 1
Direct torque control algorithm switching Table

-30°,130°, | 90°, | 150°, | 210°, | 270°,

¥ +30° | 90° | 150° | 210° | 270° | 330°

d¥=1 | dn=1 110 | 010 | O11 | 001 | 101 | 100
dm=0 | 111 | 000 | 111 | 000 | I1I | 000

dm=-11 101 | 100 | 110 | 010 | 001 | 001

d¥=-1| dn=1 | 010 | 011 | 001 | 101 | 100 | 110

dm=0 | 000 | 111 [ 000 | 111 | 000 | 111
dm=-11 001 | 101 | 100 [ 110 | 010 | O11

tive at different rotation speeds and at different load of
the induction motor [1, 2].

In particular, the influence of the voltage vector on
the stator flux vector decreases substantially in the
switching region between sectors, which leads to so-
called weakening of the flow at the sector boundaries.
This problem is especially noticeable at low speeds.

On the other hand, at high rotational speeds and
loads, close to the nominal, efficacy of the use of the
voltage vectors, indicated in Table 1, also decreases.
This is primarily due to the fact that in the classic DTC
algorithm at high speeds, providing of a given value of
the flux becomes priority. Decreasing the pulsations of
the electromagnetic torque and flow in the steady state
regimes also remains important.

Accordingly, it is necessary to synthesize such an al-
gorithm for induction motor direct torque control which
will adapt to the operation conditions. The use of the
theory of fuzzy sets is proposed to solve this problem.

Analysis of the recent research. Different approaches
are used to eliminate disadvantages and enhance the ef-
fectiveness of the classic DTC algorithm [3]. In general,
many authors apply the space-vector modulation to
solve the problems of the hexagonal flux trajectory and
distortion of the current shape at low speeds. A rather
detailed analysis of the influence of voltage vectors on
flux changes at low speeds and near the switching sectors
boundaries is given in [4]. In [5], the advantages of
space-vector modulation are proposed to combine with
the use of the theory of predictive control in order to
improve the electric drive characteristics. However, the
application of such an algorithm requires on-line identi-
fication of motor parameters and precise estimation of
controlled parameters (moment and flux) as well as pre-
diction of their change in a few steps forward. In [6], to
improve the quality of the trajectory of the flux vector, it
is proposed to use the fuzzy logic controller instead of
the hysteresis flux controller and an extended switching
table for significant fluctuations of the flux from the giv-
en value.

The flow estimation method also has a significant ef-
fect on the quality of DTC operation. The efficiency of
using a traditional flux estimator, which is based on the
stator’s voltage and current, decreases at low speeds [7].
However, incorrect flux identification, which leads to
erroneous sector identification, in some cases, at low ro-
tational speeds, gives the possibility to avoid the flux and
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current distortions and thus improves the characteristics
of the electric drive. Some researchers try to use this pe-
culiarity to improve DTC. For example, the modified
control algorithm with variable boundaries of the
switching table sectors is proposed in [8], and in [9], the
fuzzy control theory is applied to determine the sector
shifts. The complexity of the proposed approaches has
not facilitated their further application in the direct
torque control systems.

Considerable attention of researchers is also paid to
the use of the sliding mode control theory in the direct
torque control systems. However, most of these studies
focus on the application of classical PI regulators in slid-
ing mode control systems and the synthesis of flux and
torque estimators based on the sliding mode control
theory [3, 10]. In [11], the influence of the switching
table vectors near the switching sector boundaries is
considered and on the basis of the theory of fuzzy sets
and sliding mode control an algorithm is synthesized
which allows reducing the torque pulsations.

In [12], it is approved that the use of the theory of
sliding mode control and relay regulators of flux and
torque gives possibility to consider the classic direct
torque control algorithm as a partial case, obtained with
the certain ratio of weight coefficients for the formed
switching surface. Change in the ratio of these coeffi-
cients, which is equivalent to change in the boundaries
of the switching sectors of the classical DTC algorithm,
provides the increase in the tracking accuracy of torque
and flux.

Objectives of the article. On the basis of the estab-
lished optimality criterion, the effect of the change of
switching sectors of the DTC algorithm at different
speeds and with different loads operation will be ana-
lyzed. Based on the result of the conducted analysis and
applying the theory of fuzzy set, the regulator, which
will provide the necessary change in the boundaries of
the switching sectors, will be synthesized. The system’s
behavior with proposed control algorithm will be inves-
tigated in different operational regimes.

Presentation of the main research and explanation of
scientific results. Let us consider the law of switching of
control influences u,, up, uc for the DTC algorithm,
which is synthesized on the basis of the sliding mode
control theory (in particular, described in Utkin V.I.
“Sliding Modes in Control and Optimization”) and re-
alizes the sliding mode on the surfaces

SI:c1~(TZ—T) ; S2:c2-(‘I’Z—‘I’);

S, =—j(uA+uB+uC)dx, =
0

where T, and T are the given and real values of the in-
duction motor electromagnetic torque; |V, and || are
the given and real flux vector amplitudes; ¢, and c, are
the weight criteria coefficients, the equations of which
determine the deviation from the given regimes. Taking
into account that u, + ug+ uc-= 0 (inverter voltage forms
a three-phase symmetric voltage system), the control
law mentioned above will be as follows
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where r, is the resistance of the rotor winding; L,, L, are
the inductance of the stator winding and the stator-re-
ferred inductance of the rotor winding; L,, is the mutual
inductance; p, is the number of pairs of poles; ‘¥, ¥,
are the components of flux vector;

“2-(L-L,-13,) 3L, L,-12)
I AT

¥

v .
cos(y) :ﬁ; sm(y) = ﬁ

V=

L,-p,-

By using the torque and flux hysteresis regulators, in
which the connection between the output and the input
signal is described by the relations

dm=1ifT,- T>AT: d¥=1if¥,—|¥|>A/¥[;
dm=0if|T,— T|<AT; d¥=-1if¥,—|¥|<A¥|;
dm=—1if T,— T<-AT,

we can obtain, as shown in [12], the switching table in
which the boundary of the switching sectors depends on
the ratio of the coefficients ¢, and c,.

Evaluation of the efficacy of the proposed modifica-
tions of the direct torque control algorithm is tradition-
ally performed using such criteria as the root-mean-
square error of the torque or flux (RMSE) and the total
harmonic distortion (THD) of the stator current [7, 11].
At the same time, the following criteria apply to assess
the energy efficiency of the electric drive: 1 — minimum
of stator current; 2 — minimum of total losses; 3 — the
maximum of efficiency factor; 4 — maximum of the
power factor. In particular, in [14] the advisability of ap-
plying the criterion of the maximum of the power factor
is substantiated. Taking into account the above men-
tioned, the following criterion is proposed to be used to
evaluate the efficiency of the change of the ratio of weight
coeflicients ¢, and ¢, for different operation points

cosQ
1 =
o[ ) ®

where ®; and 7; determinate the operation point of elec-
tromechanical system.

The research was carried out using the MATLAB
software for the ratio of the coefficients ¢; and c,, which
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ensure the implementation of the classical DTC control
algorithm (Table 1) and the algorithms for which the
sector boundaries were shifted by £30 and +15° relative
to the classical algorithm at the given speed values:
o = o, 0.8w,, 0.6w,, 0.40,, 0.20,, 0.10,, and loads:
r=17,,0.75T,,0.5T,,0.257,, 0.1T,. The induction mo-
tor model, taking into account the magnetic circuit sat-
uration, is used in the research. Necessity to take into
account the magnetization characteristic at high speeds
operation is shown in [10]. The parameters of the induc-
tion motor model and the no-load saturation curve (Ta-
ble 2) are given below.

Parameters of the induction motor model include:

nominal power — P= 11 kW,

nominal voltage — U=220V;,

nominal frequency — f= 50 Hz;

the number of magnetic poles — p = 3;

moment of inertia — J = 0.12 kg x m?;

resistance of the stator and rotor winding — R, =
=0.364 Om, R.=0.4 Om;

leakage inductances of the stator and rotor win-
ding — L,,=L.,=0.0032 H.

The analysis of the results confirms the effectiveness
of the changing of the sector boundaries in the classical
DTC algorithm switching table according to Table 3.
The application of the shifting of sector boundaries by
+30° in most cases leads to a significant distortion in the
flux hodograph and only in the case of high speed and
large load or at low speeds and small loads makes it pos-
sible to obtain a slight improvement in comparison with
the shifting by +15°, respectively.

So, there is a problem of synthesis of the control in-
fluences, when the weight coefficients of switching sur-

Table 2
No-load saturation test of induction motor

I,A| 0.00 |10.16 | 10.71 | 11.28 | 11.92 | 12.60 | 13.30 | 14.12
E, V| 3.50 | 220.5|230.1|240.7 | 251.0 | 262.8 | 272.2 | 281.3
I,A | 15.35]16.41 | 17.70 | 19.57 | 21.87 | 24.55 | 27.68 | 33.85
E,V|292.0|300.5 | 309.7 | 320.0 | 330.4 | 341.6 | 351.1 | 371.4

Table 3
Shifting of the sector boundaries”
o M oar, | 02st, | 057, |05, | T,
®, 0 0 +15 +15 +15
0.8w, -15 0 +15 +15 +15
0.6, -15 0 +15 +15 +15
0.4, -15 0 +15 +15 +15
0.20, -15 0 0 +15 +15
0.1o, -15 0 0 +15 +15

* 0 — corresponds to the standard DTC system; —15 and +15 —
corresponds to DTC systems with shifting the boundaries of sectors in
the control vector switching table for the corresponding angle
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faces (1) change. As shown in [15], use of the theory of
fuzzy sets enables to solve this problem effectively. The
structure of a separate rule for the fuzzy controller,
which provides adaptation of the control law (2) to the
conditions of the induction motor operation, is as fol-
lows

R:IFwe A" and T e B' thenc¢, =c{ and ¢, =¢}, (4)

where A', B’ are linguistic variables that determine the
fuzzy sets of the rotational speed o and torque 7 of the
induction motor; ¢{,¢ are the values of the coefficients
that realize the corresponding shift of sector boundaries
of the classical switch table for the definite angle.

The outputs of fuzzy controller (4) are the values of
the coefficients ¢, and ¢,, which, after substitution in (2),
form a control influence that fulfills the criterion (3).
The implementation of such algorithm requires signifi-
cant changes in the existing DTC systems.

At the same time, change in the sector boundary of
the classical control algorithm by —15° is equivalent to a
change by 15° of y angle, and vice versa. This allows sim-
plifying the implementation of the proposed control al-
gorithm in existing control systems significantly (Fig. 1).

The structure of a separate rule of the fuzzy control-
ler in this case will be as follows

R: IFweA" andTeB' thenAy=Ay, (5)

where A’, B’ are the linguistic variables that determine
the fuzzy sets of the rotational speed m and torque 7 of
the induction motor; Ay’ is the corresponding displace-
ment angle of the angle of the flux vector position y.

In the case of applying the gravity defuzzyfication
method, T-norms of the type of product and member-
ship functions of the linguistic variables represented in
Fig. 2, the output signal of the fuzzy controller (5) has
the form shown in Fig. 3.

To study the proposed control algorithm, a block
which realizes the fuzzy controller (5) is added to the
model of the DTC system of the SimPowerSystem ex-
tension package of the MATLAB. The output of the
fuzzy controller enters the Simulink Sum block, as

» switching [ S,
o] table Sy

il
'em

¥y L=|E| E
(-1

4 "e
slw

Torque and Flux
calculation

Fig. 1. The structure of the direct torque control system
with fuzzy controller, synthesized on the basis of the
theory of sliding mode control
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0 20 40 60 80 100 0 20 40 60 80

a b

Fig. 2. Membership functions of the linguistic variables:
a — the rotation speed; b — the electromagnetic torque

Fig. 3. Output signal of the fuzzy controller

shown in Fig. 1, and provides corresponding displace-
ment of the angle of the flux vector position, which is
equal to shift of the sector boundaries of the classical
DTC switching table. Investigations of the system with
the fuzzy controller (5) were carried out at low and high
speeds and variable loads (Fig. 4). MATLAB software
tools are used to analyze the results.

Results of Fourier series analyses of the stator cur-
rents (Fig. 5) and the values of the coefficients of total
harmonic distortions (Table 4) demonstrate the reduc-
tion of harmonic levels, which as outcomes also de-
creases the level of the torque pulsations and improves

120 — . .

Fig. 4. The change in speed, load and electromagnetic
torque of the induction motor in the system with the
fuzzy controller
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the value of the first harmonic = 25.32

0 100 200 300 200 500
frequency [Hz] a

the value of the first harmonic = 25.32

2 2au.ul ANonta
"= 100 200 300 400 500
frequency [Hz] b

Fig. 5. Stator currents harmonics at the rotational speed
of 91 rad/sec and load of 65 Nm:

a — classic DTC algorithm; b — algorithm with a fuzzy con-
troller
Table 4

The values of the first harmonic of the stator current
and the total harmonic distortion coefficient

Classical DTC Proposed control

algorithm algorithm
IL,A | THD, % I,A | THD, %

o=84rad/sec | 1225 | 21.02 | 12.09 | 19.18
Tioa= 20 Nm

o =91 rad/sec
Tioaa= 65 Nm

25.32 4.48 25.32 4.20

the accuracy of maintenance of the given flux value, es-
pecially at low frequencies (Fig. 6). It should also be
noted that there is a slight change in the stator current
frequency compared with the classic DTC algorithm,

o5 00 05 5 00 s
¥y Wy

a b

Fig. 6. Hodographs of the flux vector at the rotational
speed of 8.4 rad/sec and load of 20 Nm:

a — classic DTC algorithm; b — algorithm with a fuzzy con-
troller
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which is more pronounced at high speeds. This can be
explained by the change in the type of mechanical char-
acteristics of the induction motor on which the operat-
ing point is placed.

The obtained results confirm the efficiency of the
synthesized fuzzy controller in transient and steady state
modes of operation.

Research conclusions and recommendations for fur-
ther research. The equivalency of the change in coeffi-
cients in the control law by the corresponding correction
of the determined angle of the flux vector position en-
abled to substantially simplify both the structure of the
fuzzy controller and the implementation of proposed
control algorithm in existing systems.

The use of modified algorithm of direct torque con-
trol of induction motor provides a reduction in the har-
monic distortion up to 10 % depending on the operating
point and thereby improves the efficiency of electric
drive.

Consideration of the direct torque control algorithm
as a separate case obtained from the sliding mode con-
trol theory for the certain ratio of weight coefficients for
the formed switching surface allows expanding further
research to improve performance of electric drive with
induction motor, in particular, use of a three-position
flux controller and the replacement of zero voltage vec-
tors in the switch table of the classical algorithm.
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CunTe3 HA OCHOBI Teopii po3pUBHOrO
KepPYBaHHSI HEYiTKOTO peryJisiropa CHCTeMH
NpPsAMOro KepyBaHHS MOMEHTOM

M. A. Meavruuyk, A. O. Jlosuncokuii, O. FO. Jlozuucokuil,
A. C. Kyyuk

HauionanbHuii  yHiBepcuter ,,JIbBiBCbKa IOJiTeXHiKa®,
M. JIbBiB, YKpaiHa, e-mail: andriy.o.lozynskyy@lpnu.ua

Merta. IlokpallleHHSI aJropuTMy TpPSIMOTO Kepy-
BaHHSI MOMEHTOM i TUM CaMUM TiABUILEHHS e(eKTUB-
HOCTi pOoOOTH €JIEKTPOTNIPUBOY Ha 0a3i aCHHXPOHHOTO
JIBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM.

Metoauka. 3acToCyBaHHSI TE€OpPii PO3PUBHOIO Ke-
PYBaHHS Ta TiCTEPE3UCHUX PETYIISITOPIB Ja€ 3MOTY PO3-
IISIIATH TPAIMIIMHWN aJTOPUTM TIPSIMOTO KepyBaHHS
MOMEHTOM K OKPEMMI BUIIAAOK, III0 OTPUMAHUIA IS
TMEBHUX 3HAYE€Hb BAroBUX Koe(illiEHTIB BiIXwiaeHHS
BiIm 3amaHoro pexmmy. 3MiHa IMX KOeMilliEHTIB Mpu-
3BOJUTH IO 3MiHU MEX CEKTOpiB. AHalli3 IMOBEIIHKU
CUCTEMM Ha OCHOBi C(DOPMOBAHOIO KPUTEPilO SIKOCTi
JlaB 3MOTY BM3HAUUTHU HEOOXiAHiI 3MiHU MEX CEKTOPiB
TSI TIOKpaLIEHHST XapaKTEePUCTUK MPUBOIY I CUHTE3Y-
BaTW HEUITKUI PETYIISITOp, IO pealli3ye po3puBHE Ke-
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pyBaHHS 31 3MiHHUMU BaroBUMM KoedilieHtamu. st
MOCTimKeHHsI ¢(PEKTUBHOCTI 3aIIpOTIOHOBAHOTO aJIrO-
PUTMY KepyBaHHS MonMdiKoBaHa HasiBHA B CEPEIOBH-
i cucremu MatlLab Monenb mpssMOro KepyBaHHS MO-
MEHTOM i BUKOHAHi HEOOXiTHI KOMIT IOTEpHi eKCIepu-
MEHTHU.

Pe3ynbTat. Ha ocHOBi cchopMOBaHOro KpuUTepilo
MpOoaHali30BaHO BILUIMB 3MiHU MEX CEKTOPiB Ha XapaK-
TEPUCTUKU €JEKTPOIPUBOLY 3 MPSIMUM KepYBaHHIM
MoMeHTOM. Ha ocHOBI Teopii po3puBHOTO KepyBaHHS
CHHTE30BaHO HEUiTKU perynsaTtop. JlocmiakeHa nmose-
IiHKAa CUCTEMHU MPSIMOTO KepyBaHHS MOMEHTOM 3 He-
YiTKAM PETYISITOPOM.

HaykoBa HoBu3Ha. [losigrae B mogajiblioMy po3Bu-
TKY TeOpil CUHTE3y HEUiTKUX PeryJsiTopiB Ha OCHOBI
METOMIB KJIACUYHOI Teopil KepyBaHHSI Ta BIOCKOHA-
JICHHi METOy TIPSIMOTO K€PYBaHHSI MOMEHTOM IIpY PO-
0O0Ti Ha MaJIMX LIBUAKOCTSX OOEPTaHHS, a TAKOX Y 30Hi
BUCOKUX IIBUIKOCTEN 00epTaHHS i OJIM3bKOIO 10 HO-
MiHaJIbHOTO HaBaHTaXKEHHSI.

IIpakTryHa 3HAYMMiCTb. 3alTPONTIOHOBAaHA CTPYKTYpa
HEYiTKOTO PEryJIToOpa MOXe OYyTH JOCTaTHBO JIETKO pe-
ajlizoBaHa B iCHYIOUMX CHCTeMaX IPSIMOTO KepyBaHHS
MOMEHTOM i 3a0e3MeUYuTh NOKpalleHHsI TeXHiKO-eKO-
HOMIYHUX MOKA3HUKIB pOOOTHU eJIEKTPOIIPUBOY.

KimouoBi cioBa: acunxponnuii dsueyn, Hevimkuil pe-
2YASIMOp, Npsame Kepy8aHHs MOMeHMOM, meopis po3pus-
HO20 Kepy8aHHs

CuHTE3 HA OCHOBE TEOPUH PA3PLIBHOTO
ynpaBJieHHs1 HEYeTKOTO PeryJisiropa CHCTEMBI
NpsAMOTO yNpaBJieHHsI MOMEHTOM

M. A. Meavuuuyk, A. O. Jlozunckuii, O. FO. Jlozunckuil,
A. C. Kyuyux

HauuoHanbHbil yHUBepCcUTET ,,JIbBOBCKasi MOJIUTEXHUKA®,
r. JIbBOB, YKpauHa, e-mail: andriy.o.lozynskyy@lpnu.ua

Henb. YiaydimeHue aaroputMa IpsIMOTO YIIpaBiie-
HUS MOMEHTOM 1 TeM CaMbIM IOBBIIIeHUE 3 (HEKTUB-
HOCTU pabOThI 2JIEKTPONPUBOAA HAa Oa3e aCUHXPOHHO-
IO IBUTATEJIsI C KOPOTKO3aMKHYTBIM POTOPOM.

Metomuka. IIpriMeHeHUE TeOpUM pPa3pPbIBHOTO
yIOpaBJIeHUST U TUCTEPE3UCHBIX PETYJISITOPOB JaeT BO3-
MOXHOCTh PacCMaTpUBaTh TPATUIIMOHHBIN aJTOPUTM
MPSIMOTO YMPABJICHUS] MOMEHTOM KaK YaCTHBIU Cly-
Yali, KOTOPBIH MOJYICH P OIpeae/ICHHBIX 3HAUYCHM -
SIX BECOBBIX KO3((MUIIMEHTOB OTKIOHEHUS OT 3a/aH-
Horo pexwuma. HM3meHeHUMe 3THX KO3(POUIIMEHTOB
MIPUBOIUT K M3MEHEHMIO T'PAaHUI] CEKTOPOB. AHAIIN3
TMOBEICHUSI CUCTEeMbI HA OCHOBaHMU C(HOPMHUPOBAHHO-
ro KpUTEpUsI KauecTBa MO3BOJIUI OMPEISTUTh HE00X0-
IHUMble U3MEHEHMSI TPAHULL CEKTOPOB LISl YIIyUIIEHUS
XapaKTepUCTUK MPUBOJIA U CUHTE3UPOBATh HEUETKUIA
PeryyisiTop, KOTOPhIil peanu3yeT pa3pbIBHOE yIpaBe-
HUE C TIEPeMEHHBIMU BECOBBIMM KO3 (PULIMEHTaAMMU.
Hunst vuccnenoBaHus 3¢ GEKTUBHOCTU MPEIIOXKEHHOTO
aJIrOpUTMA YIpaBjieHUs MOAUMULIMPOBAHA UMEIOLIAS-
cd B cpene cucteMbl MatLab Moznenb mpsiMOro yrpas-
JICHUSI MOMEHTOM W BBITTOJTHEHBI HEOOXOIUMbBIC KOM-
ITBIOTEPHBIC SKCITEPUMEHTHI.
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PesympTatel. Ha ocHoBaHuu chOpMHPOBAaHHOTO
KpUTEpHUsl MPOAHATM3UPOBAHO BIUSHUE W3MEHEHMSI
rpaHUI] CEKTOPOB Ha XapaKTePUCTUKU DJIEKTPOIIPUBO-
Jla ¢ TIPSIMBIM yIipaBjieHueM MoMeHToM. Ha ocHoBe Te-
OpYM Pa3pbIBHOTO yIpaBJIeHUsI CUHTE3UPOBAH HEYeT-
KUl peryiasTop. MccienoBaHO MOBEAEHUE CUCTEMBbI
MPSIMOTO YIIpaBJIeHUsSI MOMEHTOM C HEYETKUM PErysi-
TOPOM.

Hayuynas nosuszna. HayyHasi HOBU3HA TIpeaI0OXeH-
HOTO B paboTe IOAXOJa 3aK/IF0YaeTCs B HaJbHEHIIeM
pPa3BUTUM TEOPUM CHHTE3a HEUYETKUX PETYISITOPOB Ha
OCHOBAaHMH METOIOB KJIACCUYECKOI TEOPUHU YIIpaBIe-
HUS 1 COBEPIICHCTBOBAHUM METOAA IIPSMOTIO yIIpaB-
JIHUsT MOMEHTOM TpU paboTe Ha MaJbIX CKOPOCTSX
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BpaIlleHUsI, a TAKKe B 30HE BBHICOKMX CKOPOCTEH Bpa-
IIeHUS 1 OJIM3KOM K HOMMHAJIBHOM Harpy3Ke.

IIpakTuyecksa 3naunmoctb. [IpemioxeHHast CTpyK-
Typa HEYETKOTO PETYJIsITOpa MOXET ObITh TOCTAaTOYHO
JIETKO peajn30BaHa B CYIIECTBYIOIIMX CHCTEMax Ipsi-
MOTO YIIpaBJeHUs MOMEHTOM 1 00ECTICUMT YIydllleHre
TEXHUKO-9KOHOMMYECKMX TToKa3aTeseil paboThl dJ1eK-
TPOIPUBOIA.

KimoueBble clioBa: acuuxpouHulil 0sueamens, Hevem-
KUil pe2yasimop, npsamoe ynpasienue MOMeHmoMm, meopus
DPa3pvl8HO20 YNPasAeHUs

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk
A. B. Mansipom. Jlama naoxodoucerns pykonucy 27.09.17.
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