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INFORMATION SYSTEM OF MINIMIZATION CONSUMPTION REACTIVE
POWER IN ASYNCHRONOUS ELECTRIC DRIVE WITH VECTOR CONTROL

Abstract. It is known that the energy performance of asynchronous electric drives is extreme nature. However, when stabilizing
the magnetic flux of the asynchronous machine at the nominal level and reducing the load moment on the shaft, the power factor
becomes less than the nominal, and this reduction can be significant. Therefore, the paper proposes to improve the energy perfor-
mance of asynchronous electric drives with a fan mechanical characteristic of the production mechanism by changing the magnetic
flux as a function of the moment of resistance forces on the shaft of the asynchronous machine. Thus, to optimize the energy process-
es in the electric drive when regulating the performance of turbomechanisms, it is necessary to build a system with independent
speed control and magnetic flux of an asynchronous machine. Since the control systems of turbomechanisms are designed to stabilize
the speed in long-term operation, it is first necessary to ensure the maximum energy performance in steady-state operation. In this
work, the increase in energy efficiency is achieved by implementing a vector field-oriented control system of an asynchronous ma-
chine with the addition of an extreme control circuit. In the article the information system of two-channel vector control of the asyn-
chronous electric drive with the fan moment of loading which contains a contour of extreme regulation on criterion of a minimum of
consumption of reactive power is developed. The dependence of the values of the magnetic flux of the rotor, which are extreme for
the reactive power function, mainly on the moment of loading and insignificant on the speed, is substantiated. A synthesized state
observer, which estimates the moment of static load, is needed to determine the extreme values of the magnetic flux of the rotor on
the basis of the obtained functional dependence. Thus, the idea is to use the reactive power channel of an asynchronous machine not
to stabilize the magnetic flux, as was the case in classical vector control systems, but to adjust the modulus of the magnetic flux vec-
tor as a function of static load by the minimum stator reactive power. A mathematical model in the Matlab/Simulink environment has
been developed and the efficiency of the synthesized information system of minimization of reactive power consumption by an asyn-
chronous electric drive with vector control has been confirmed by mathematical modeling.

Keywords: asynchronous machine; vector orientation; objective function; control law; state observer; functional converter;
reactive power; functional scheme of information system

Introduction. In connection with the rapid de-
velopment of information technology in science and
technology in recent years, special attention is paid
to the modeling of information systems that imple-
ment the function of control complex technical ob-
jects. Such information systems are synthesized on
the basis of a set of known physical and mathemati-
cal descriptions, and their modern algorithms allow
to solve current multifactor technical problems. One
of the main areas of application of information tech-
nology in electromechanics is the development and
creation of systems that increase the energy efficien-
cy of existing or projected facilities. A special case
of such information systems can be considered as
vector control systems for asynchronous electric
drives, synthesized in order to minimize power loss-
es, reactive power consumption or improve other
energy performance [1-5].
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The structure of the vector control system of an
asynchronous machine (AM) with constant flux
coupling may be irrational because the stabilization
of the control system of the modulus of the flux
coupling vector at the nominal value leads to a de-
crease in power factor at load times less than nomi-
nal. Adjustable electric drives of mechanisms with
fan mechanical characteristics have this disad-
vantage [6-8]. Analytical expressions that allow de-
termining the value of the electromagnetic flux of
the rotor of an asynchronous electric drive (ED), at
which its energy characteristics reach an extreme,
were obtained in [9]. However, in this work, the cal-
culations were performed without taking into ac-
count the phenomenon of saturation of the magnetic
circuit, which is expressed in the influence of the
electromagnetic flux on the value of the inductances
of the AM windings. When forming the target con-
trol functions and in the algorithms for finding their
extreme values to increase the accuracy it is desira-
ble to take into account effect of the saturation of the
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magnetic circuit, [10-13]. It is possible to improve
the energy efficiency of an asynchronous electric
drive by changing the modulus of the reference vec-
tor of electromagnetic flux as a function of the load
moment on the AM shaft [14-18]. In [19] it was
proved that to optimize the energy efficiency of the
ED with rotor control it is necessary to build a mul-
tichannel system with independent speed control and
electromagnetic flux AM, which can be implement-
ed in a vector field-oriented control system with the
addition of an extreme control circuit. The purpose
of control is to achieve the extremum of some objec-
tive function and to observe the displacement of the
extremum point under variations of the state varia-
bles of the ED under the action of external coordi-
nate perturbations.

The purpose of the article. The purpose of the
article is to develop an information system to mini-
mize the consumption of reactive power by an asyn-
chronous electric drive with vector control.

To achieve this goal it is necessary to solve the
following tasks: to form quality functions of static
modes of operation the AM with a short-circuited
rotor, which reflect the energy performance of the
ED; perform an analysis of the properties of these
functions to obtain the results necessary for the syn-
thesis of the control information systems, optimal in
terms of energy efficiency; to synthesize as a part of
vector control system of ED of the mechanism with
the fan mechanical characteristic a contour of
searchless extreme control; applying methods of
mathematical modeling to explore the process of
two-channel control of the stator’s state variables of
asynchronous ED in the mode of ensuring the lowest
consumption of reactive power by the stator circuit
AM.

Results of work. Take as a source the follow-
ing system of equations of the steady-state operation
of an asynchronous machine, written in orthogonal
axes uv, oriented by the vector of electromagnetic
flux of the rotor, [9]:

' ' k
Usu =|suR _kaslsv

_T_rylru;

r
Usvzlsz' +a)kl-'slsu +k No ¥y ;
P =Lnlsy:

R.k.1
o =No, + rrs.
3 ru ’ (1)
MSIZENkry/rulsv’

where: T, =L, /R, ; k, =L, /L, ;

=Ly, +kL,; R =R;+kZR,; N — is the
number of pairs of poles.

Dependencies for the components of the elec-
tromagnetic flux of the rotor have the form:

P =Lmla + L1y 2
Yo=Lnly +L 1. (2)

When orienting the coordinate system on the
electromagnetic flow vector of the rotor ¥,, =0,

Y =‘Y7r‘. Then from (2) after simple transfor-
mations we obtain:
Tru

—Kelsvi T = L kel - (3)
r

From equations (1) follow the relationship:

2M
lsu = ru/Lm; Isvze)Nk—;t,- (@))
rfm

Since the rotor parameters in equations (1) are
given to the stator and the rotor is not connected to
the mains, the active power consumed by the AM is
equal to:

3

- =] 3
PSZEREI:LJSXIS]:E[USUISU +Usv|sv]' (5)

The components of the stator voltage vector af-
ter the replacement of currents 1, and I, by rela-
tions (4) in expressions (1) will take the form:

m r-ru r
_ 2R My L L%,
3Nk, ¥, L,

(6)

+kNo, ¥, .

NY

Substitute the relations (4), (6) into (5) and after
the transformations we obtain:

3R¥2 2R'M3
- 2 v 2wz |
212 3NZk2w2

P

S @ Mst' (7)

r

The reactive power of the AM is determined by
the formula:

3 -  —«] 3
Qszzlm[usxls]za(usvlsu _Usulsv)' (8)

Substituting relations (4) and (6) into (8), after
transformations we obtain:
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Ly ¥2 2L apM2 Substituting in (11) instead of the parameter
= 22 3N 2K 2y 2 L, its expression (12), after the transformations we
" ) o (9)  obtain the objective function in the form:
3k No ¥ Mg
+ +

Qs

- 3L, +3k
2L NT, Q. :(#jmgrtgz(b ¥, )+
The rotation speed of the coordinate system is a
taken from equations (1) and is equal to: N LR M, tg?(b Y/r)Jr Rk Mg tg(b¥,) .
2 2
o, = Noy, +m =N, + 2RrM;t . (10) Na v, Na #,
e 3Ny, D , 3
N 2L Mo, N 4L R, My
Substitute the obtained expression in (9), sim- 20,2 31 20,4 "
olifying which, we will have: 3Nkr#" ONTk ¥y
NLyo, %2> LR My 2Lo,M2 ~ Fig. 1 and Fig. 2 show the dependences in rela-
s = > 3 > tive units of reactive power AM on the modulus of
2L, NLG, 3Nky#y (11) the magnetic flux vector of the rotor for different
ALRME 3Nk o, ¥2 L My speeds and loads: w, =¥, /¥,,, @ = @, |y, . The
ON 3k 2y 2L, NT, graphs show that the extremum of characteristics

shifts upwards with increasing speed, and to the

Expression (11) can be considered as a quality  right with increasing load. At low speeds, the reac-
function of static regimes asynchronous ED. To re-  tive power function in the vicinity of the minimum is
search this function, it is necessary to introduce the acclivous. As the speed increases, the minimum be-
dependence of the inductance of the magnetizing comes obviously pronounced. Reactive power is due
circuit on the magnetic flux L, = (%, ). Asaresult to two types of magnetic fluxes: the magnetization

approximation of the universal magnetization curve flux and the scattering flux. The increase in reactive

[6] the form of the function L, = f(%,) and its pa- POWer to the right of the minimum is due to an in-
rameters are determined: crease in the reactive magnetizing current at satura-

tion of the AM. The increase in reactive power to the

Ly =1504L 0 (#ry /)t (P / ) = 1o left of the minimum is caused by an increase in the
—a¥,, ctgb¥,,), (12) fi(i/egtsglvr;%rmagnetlc fluxes and the associated reac-

where: a=1504L,,,/%,; b=1¥,

2 0.5
QS /Sn QS /Sn
04
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a=0,2
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Fig.1. Graphs of changes in reactive Fig. 2. Graphs of change of reactive
power at different speeds and M =M, power at different speeds and M =0,4M ,
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Let us find the extremum of the objective func-
tion (13). To do this, differentiate it by ¥, , equal

the obtained expression to zero and obtain the fol-
lowing equation:

dQ, _30bNeo, (L' K ) tg(b ¥, )
s = O (L K, L
d¥, a cos’(b¥,)
_ALo,ME  16LR MG

3NK/P? ONPkFwp

2bLR My tgb?,)
+
Na’#? cos®(b¥,)

(14)

2L R,M bRk, M
_ 52r 3stt Z(bY’r)+ r rzst _
Na’¥; Na ¥, cos?(b ¥, )

_ RrkrMStt

b¥, )=0.
Nal[/rz g( r)

As a result of solving this equation at given speeds
@ and different moments of static load M, , a stirps

of graphs extreme values of rotor’s magnetic flux
¥, from the load moment and rotor speed, at which

the reactive power of the stator circuit AM reaches a
minimum (Fig. 3). The close arrangement of the
curves indicates that the values of the rotor magnetic
flux extreme for the reactive power of the stator cir-
cuit slightly depend on the rotor speed (speed range
a=02+1).

11

=1
(=19

Mst

=}

0 1 -
L] ]

Fig. 3. Dependences of extreme values
¥, for Qg from the moment of loading

Uy =M /M, at different speeds

To avoid stepwise algorithms for finding the
extremum, which can lead to self-oscillations and
reduce the margin of stability of the electric drive, it
is advisable to approximate the characteristics in
Fig. 3 by analytical expressions and use them in the
information control system of the rotor magnetic
flux module. To approximate all the curves, it is
most convenient to use the arctangential function of
the form:

w, =d; +dyarctg(d; ) - (15)

The coefficients d; are found by the method of

least squares and, for example, for the second curve
from above (a=08) in Fig. 3 are equal to:

d, =0273, d, =058, d, =1691.

Relay regulators with rigid settings implement
control algorithms, which are synthesized for the
nominal parameters of the ED according to the
method described in [20]. Algorithms for controlling
stator reactive current and rotor magnetic flux mod-
ule have the form:

Urcr = UmSignl_Ury/ - Iqu' (16)

Urw = I:uSignlyjr* -¥ —-np¥ Jv (17)

where: 7, :TI'Tr/(T,' +Tr).
The level of limiting the reactive current of
the  stator is assumed to be equal

Iy, =31y, =3%,,/L,, . The nominal value of the
magnetic flux module of the rotor is equal to:
U
¥, = 5 :
" w0(1+ LSO‘/Lm)

(18)

where: U —stator voltage vector module; @, —
circular frequency of the power supply network.

The relay regulator of the active component of
the stator current implements the algorithm

UrCa =UmSign[Urw - Isv]'

The relay speed regulator in the coordinate ba-
sis of the first derivatives implements the control
algorithm

(19)

U,, = I:\,Sign[a): -0 — 7> pa)r], (20)

where: y, =L /R ; 15, =4Mg, /3NK, ¥, .

The vector control system is two-channel with
the implementation of the method of subordinate
control in each channel. The external adjustable var-
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iable in the active power channel is the speed, and in
the reactive power channel — the modulus of the
magnetic flux vector of the rotor.

To generate the task signal of the magnetic flux
regulator of the rotor (17) by expression (15) it is
necessary to estimate the moment of static load,
which is not amenable to instrumental measurement.
Therefore, it is necessary to use a monitoring device
that identifies not only the variables of the state of
the control object, but also inaccessible to direct
measurement of external influences. The following
system of equations, obtained by the method de-
scribed in [21], determines the structure of the ob-
servation device and its algorithm:

3Nk - M -
wr:#Iw—Tﬁ+kl(ls\,—ls\,);
prsv =- Nk':y/r CBr _R_-Asv +k2(|sv _rw)_
Ls Ls
R kIl (21)
r°r-sv SU_N rlsu+ .SV;
Y, L
~ 3Nk ¥.b b - ~
pMst: 2rJ : sv JMst+k3(|sv Isv)

Analytical expressions for coefficients of cor-
rection feedbacks:

R b
Ky = Ay ————;
2 =A%y
k1=SNerVr bR . 22)
2J INK, ¥,
Lk, AQZL Q3L
+b52 _M2=20 S;k3=bk1+ 0 s,
INK, ¥, Nk, ¥, Nk, #,

Z(M stn — M 0 )a)
X

ies in proportion to the speed of rotation of the rotor;

2, =(1+2)Nk, ¥, 3 geometric mean root
23L,

of the characteristic equation of the observation de-
vice; A = A, =2 for distribution by Butterworth.

To correct the values of the state variables
(CO), the moment-releasing component of the stator

current ISV is controlled, which is compared with a

where: b = T _ coefficient that var-

similar variable calculated |, by the observer, and

their difference is fed through the blocks of correc-
tive feedbacks to the inputs of the integrators of the

observation device (k; K,k ) to adjust the observer

parameters. As can be seen from formulas (22), the
coefficients of corrective connectionsk,, k,, ks de-
pend in the magnetic flux and rotor speed, and also
depend on €2, . The dynamic errors in estimating

the state variables of the object will be smaller the
larger the value £2,. However, the possibility of in-

crease is limited because it causes an increase in the
feedback coefficients CO, which will lead to fluctua-
tions and further to the loss of stability of the auto-
matic control information system (ACS) with the
identification of the moment of static load.

The functional diagram of the information sys-
tem of automatic control of asynchronous ED is
shown in Fig. 4. It represents a relay vector control
system of the AM with an additional self-tuning cir-
cuit based on the functional converter FC, which
implements the dependence (15).

In the functional scheme it is possible to allo-
cate power and regulating parts. The power part con-
tains an asynchronous machine AM and a transistor
converter TC. The control part includes a speed con-
troller and regulators of states variable in the rotat-
ing frame of reference, the executive part of the
ACS: coordinate transducers for communication
parts of the control system synthesized in different
reference systems, a calculation device for calculat-
ing variables entered into the controlled part of the
ACS, speed sensors, currents and voltages. The con-
trol devices are a speed regulator (SR), a regulator of
the modulus of rotor magnetic flux (FR), as well as
regulators of reactive (RCR) and active (ACR) com-
ponents of the stator current.

Consider the elements of the functional diagram
designed to organize feedback in a rotating coordi-
nate system. Signals from the sensors of the phase
currents of the stator are fed to the phase converter
PC3, which determines the projections of the vector
of the stator current on the axis &, by the ratio

1
I = lsas Isﬂ=E(ISB_IsC)' (23)

The vector transformation subsystem includes
a vector analyzer VA, designed to determine the
modulus of the reference vector of the magnetic flux
and its location in space in the form of sine and co-
sine guides.
The calculation of the modulus and the angle
turn of the flow vector of the rotor is in the vector
analyzer VA by the formulas:

78

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)



Applied Aspects of Information Technology

2020; Vol.3 No.2: 74-84

Information Measuring and Control Systems

7| =2+

¥,

i

(24)

ra

7

C0So = sind =

The coordinate converter CC2 translates the
stator current vector in the axes «,f in its projec-

tion on the coordinate axes u,Vv. Transformations
are carried out by ratios

I
Iy = 155080 — I, sinG .

o =15,C080 +1558In5;

(25)

Coordinate converters CC1 and PC1 convert
the control voltage vector U: from the coordinate
system U,V to the phase coordinate system ABC.

U,, =U, coss-U_ sing;

* * - * (26)

Uy =Ug, sIN6 +Ug, c0so .

Next, in the PC1 coordinate converter transi-

tions from a two-phase system of variables control

voltages to control signals in the phase axes accord-
ing to the expressions

*

U,=U,;
UB:%(\/—?’UZ/)’ _U:a); (27)
Ue = {Vauy, +UL, ).

The following calculations are implemented in
the PC2 coordinate converter

The transformations take place in two stages: U =E(U E(U +U )J
. . L sa SA sB sC/ |
first in CC1 the projections of the control voltage 3 2 (28)
from the system u,Vv are converted into projections 1
in a fixed coordinate system ¢,/ according to the Uss :ﬁ(UsB U )
formulas
Network
. FR RCR
¥y, * .
> J_ - > U
> I
|—> LN J_ U:OL Ua
* . ACR I CC i PC UB
S PRI |—> 1 | Uy | 1 TC
> J_ > J_ Uc
> N U:V A
UsA
ISV . Usﬁ h
sin & cosd U PC UsB
0)1— SO 2
< UsC
FC ] v F <
‘Pr
VA CD
M, sin s ‘Prﬁ 7 |
< I cosd L2 D
< PC | s
< 1 C
~ CO ) cc sa | g ;
T X sC P
Ly 2 Iy
USV
AM
O)r
SO
Fig. 4. Functional diagram of the information system of extreme vector control of an
asynchronous electric drive
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In the calculation device CD projections
¥, and ¥, are defined by expressions

o ZI(Usa _Rslsa)dt;
¥ = [Ugs — Rl M.

Here is the definition of the projections of the
magnetic flux vector of the rotor on the axis «,f

by formulas

(29)

2
yjraziyjsa_LrLs Lm Isa;
L, L, (30)
L L L —L32
P, =L, s
rg I—m sp I—m sp

The speed is measured by the speed sensor SS,
the information from which is transmitted to the re-
lay speed controller SR and to the functional con-
verter FC.

In the simulation used passport data AM with a
phase rotor type 4AK160S4U3, which is used as a
short-circuited motor by closing the rotor rings:
B, =11kW, U, =380V, lsn =224A,

l,, =22A, ng=1500 rpm, J4 =0125kg-m?.
The GTLF1-040 fan with power 9kW and moment

of inertia 014kg-m? is accepted as the loading

mechanism.

Fig. 5 shows the transients in the developed in-
formation system to minimize the consumption of
reactive power by an asynchronous electric drive
with vector control. For comparison, there are also
transients in the classical vector control system with
stabilization of the magnetic flux vector.

The dynamics of such electric drives at start-up
to the nominal speed with two consecutive decelera-
tions to lower speeds has been studied.

The ED state variable control subsystem is a
two-channel vector control system with relay con-
trollers that implement control algorithms (16), (17),
(19), (20). The internal regulators of the active (19)
and reactive (16) components of the stator current
are subject to the speed regulators (20) and the mod-
ulus of the rotor magnetic flux vector (17), respec-
tively. The external subsystem of extreme control
consists of the identifier CO which calculates the
moment of static loading, and the functional con-
verter (15) which puts size of magnetic flux in func-
tional dependence on the moment of loading on a
shaft AM.

The method substantiated in the article mini-
mizes the consumption of reactive power by the sta-

tor circuit of the AM and, therefore, increases the
power factor of the ED. In a system with regulation
of magnetic flux in all steady modes the smaller re-
active current of a stator is consumed than in system
with stabilization of flux coupling. It should be not-
ed that in the nominal mode due to the positivity of
the objective function of the reactive power in the
vicinity of the extremum there is almost the same
power factor for both systems, despite the fact that
the magnetic fluxes are different. The positive effect
from the extreme control is manifests itself in steady
modes at speeds below nominal, when the moment
of static load is also much less than nominal. In such
modes, the power factor is significantly increased by
reducing the reactive current of the stator and the
reactive power consumed. The active component of
the stator current increases, which indicates that the
stator current vector rotates closer to the stator

voltage. As can be seen, the redistribution of the
components of the stator current is carried out in
such a way that the reactive power reaches a mini-
mum, which confirms the achievement of set goal.

Conclusions. The article solves the following
problems:

1. Taking into account the phenomenon of satu-
ration of the magnetic circuit, received expression of
the reactive power of the AM (13) is obtained,
which is accepted as a target function for extreme
control of asynchronous ED.

2. As a result of solving equation (14) for the
production mechanism with fan mechanical charac-
teristics the values of magnetic flux of the rotor AM
are found, at which the objective function (13)
reaches a minimum. The dependences obtained in
this way (Fig. 3) of the extreme values of magnetic
flux from the moment of loading are best approxi-
mated by arctangent dependences with three pa-
rameters.

3. In the system of extreme control stepwise al-
gorithms for finding the extremum of the objective
function can be replaced by a functional converter
that implements the expressions of the form (15) and
is used in the construction of the extreme control
system for achievement the minimum reactive pow-
er of the stator.

4. The efficiency of the developed system is
confirmed by mathematical modeling taking into
account the influence of the dynamics of the CO
coordinate identifier on the speed control processes
in order to minimize the consumption of reactive
power from the power supply network under varia-
ble load moment on the AM shaft.
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Fig. 5. Graphs of transients in an asynchronous electric drive with vector control:
1 — system with stabilization of magnetic flux at nominal level;
2 — system with a contour of extreme regulation of magnetic flux by the criterion of minimum
reactive power of the stator circuit
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TH®OPMAIIHHA CUCTEMA MIHIMI3AIIT CIIOJKUBAHHSI PEAKTUBHOI
HOTYXHOCTI ACUHXPOHHUM EJIEKTPOIIPUBOJAOM 3
BEKTOPHUM KEPYBAHHAM

Anomauia. Bioomo, wo enepeemuuni NOKA3HUKU ACUHXPOHHUX eeKMPONpU8oodie marms excmpemanvruti xapakmep. OOHax
npu cmadinizayii NOMOKO3YEenIeH s, ACUHXPOHHOT MAWUHU HA HOMIHATALHOMY DIGHI | 3MEHUIEHHT MOMEHMY HABAHMAICEHHS HA GATLY
KoeqhiyieHm nomys’CHOCMI Cmae MeHuwe HOMIHAbHO20, | ye 3MeHuleH s Modice bymu 3naunum. Tomy 6 pobomi nponoHyemvcs no-
JRWUMU eHepeemuyHi NOKA3HUKYU ACUHXPOHHUX eNeKMPONpUso0is 3 6eHMUNAMOPHOIO MEXAHIYHOIO XAPAKMEPUCMUKOIO BUPOOHUYO20
MEXAHIZMY WLIAXOM 3MIHU NOMOKO3UENIeHHs 8 (YHKYIT MOMEHmY CUll ONOpPY HA ALy ACUHXPOHHOI Mawwunu. Takum yurom, ons on-
mumizayii enepeemuiHUx nPoyecie 6 eleKmponpueoodi npu pe2yuo8anti RPoOYKmMuUeHOCMi mypoomexanizmie HeoOXiono nooydyeamu
cucmemy 3 He3aNeHCHUM KePYBAHHAM WEUOKICMIO | NOMOKO3UenIeHHAM acUHXpoHHoi mawuny. OCKitbKu cucmemu Kepy8anHs myp-
boMmexaHizmMie npusHayeHi 01 cmabinizayii WEUOKOCMI 8 MPUBAIUX PEXHCUMAX pobOmMU, MO 6 nepuly yepey HeoOXioHo 3abe3neuumu
SPAHUYHI eHepeemUYHi NOKA3HUKU 8 CINAIUX DeXcUMax excnayamayii. Y oawili pobomi niosuujenus enepeoegpekmusHocmi docsaea-
e€mvca npu peanizayii 6eKMOpPHOL NOLEOPIEHMOBAHOI CUCEMU KePYBAHHS ACUHXPOHHOIO MAWUHOIO 3 000ABAHHAM 00 ii CK1a0y KOH-
Mypy eKCMpemManibHO20 pecyniosanis. Y cmammi po3pobiena ingopmayitina cucmema 080KAHATLHO2O EKIMOPHO20 KePYBAHHA ACUH-
XPOHHUM e1eKMPONPUBOOOM 3 6EHMUNAMOPHUM MOMEHINOM HABAHMANCEHHS, AKA MICMUMb 8 CB0EMY CKIAOI KOHMYP eKCMpeManbHO-
20 pe2yn08anHa 30 KpUmepiem MiHIMYMY CHONCUBAHHA peakmugHoi nomyscnocmi. OBIPYHIMOBAHA 3ANIeHCHICMb eKCMPEeMATbHUX 015
QyHKyii peakmuenoi nomyxcHoCmi 3HaueHb NOMOKO3UeNIeHH POMOpPA 20JI06HUM YUHOM 810 MOMEHMY HABAHMANCEHHS | He3HAUHA
610 weuokocmi. Cunme308aHull cnocmepieay CMawy, AKULL OYIHIOE MOMEHM CIMAMUYHO20 HABAHMANCEHHS, HeOOXIOHUL O 8U3HA-
YeHHs eKCMpeManbHUX 3HAYeHb NOMOKO3UeNIeHHs POmopa Ha niocmasi ompumanoi QyHKYioHanvHoi 3anexcnocmi. Taxum YyuHoM,
ioes pobomu nonseae 8 Momy, Wob BUKOPUCMOBYEAMU KAHAT PEAKMUBHOT NOMYHCHOCMI ACUHXPOHHOT MAWMUHU He 0151 cmabinizayii
NOMOKO3YEeNnIeHH s, AK ye OVI0 8 KIACUUHUX CUCMEMAX 6eKMOPHO20 KEPYBAHHA, d O Pe2ynt08aHHs MOOYIsA 6eKMOpa NOMOKO3Yen-
JIeHHA pomopa 8 (PYHKYIi MOMEHMY CMAamuiyHo20 HABAHMANCEHH 34 KPUMEPIEM MIHIMYMY PeaKmueHOi NOMYHCHOCMI cmamopa.
Byno pospobneno mamemamuuny modens y cepedosuwi Matlab/Simulink i wwisixom mamemamuunozo modenosanns niomsepodxicena
npaye30amuicmes CUHMe308anol iIHGhopmayitiHol cucmemu MIHIMI3ayii CROJMCUBAHHS PEAKMUBHOT NOMYHCHOCIE ACUHXPOHHUM eleKN-
PONPUBOOOM 3 BEKIMOPHUM KEPYBAHHIM.

Knrwouosi cnosa: acunxponna mMawuna, opicHmayis 3a 6eKmopom; yinboea YHKYis; 3aKOH Kepy8anHs, cnocmepieai Cmawy;
@yHKYioHanbHIT nepemaoprosay; peakmueHa NOMYHCHICMb
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HH®OPMAIIMOHHAS CUCTEMA MUHUMMW3ALIAN MIOTPEBJIEHUS PEAKTUBHOM
MOINHOCTU ACUHXPOHHBIM JJIEKTPOIIPUBO/IOM C
BEKTOPHBIM YIIPABJIEHUEM

Auuomauuﬂ. Hzsecmmuo, umo OHepeemudecKue nokasameiu dCUHXPOHHbIX 3/zel<mp0npueodoe umerwom 3KCmp€MaﬂbelZZ xXa-
pakmep. Oonako npu cma6uﬂu3a14uu nomokocyenjieHus acupronHoﬁ Mawunobl HA HOMUHAIBHOM YpO6HE U YMEHbUIEHUU MOMeEHmda
Hacpys3Ku Ha eaty Koad)dmuuenm MOWHOCMU CMAHOBUMCA MEHbULEe HOMUHAIIbHO2O, U MO YMEHbUIeHUe MOodHcem Oblmb 3HAUUME]Ib-
HbIM. HoamOMy epa6ome npedmzaemc;z YAyuuiums dHepeemudecKkue nokasameiu aCUHXpOHHbIX 3ﬂeKmp0npu60608 C 6eHmMUuisimop-
HOU MexaHu4eckoul xapakmepucmukod np0u360()cmeem-toeo mexanusma nymé'M U3MEHEHUsl NOMOKOCYENJIeHUsl 6 (bynkuuu MomeHnma
CUJl conpomueileHus Ha eaty acuprOHnoﬁ Mmawunsvl. Taxum 06])6130}1/1, ons OnNMuUMU3aAyUU SHEPSeMmuU4ecKUx npoyeccos 6 d1eKmponpu-
600¢e npu pecyiupoeanuu np0u3600umeﬂbﬁocmu myp60MexaHu3M06 Heobx00uMo nocmpouns ()enyaHaJley}o cucmemy ¢ Heaeucu-
MbIM ynpaejleHuem cKopocmbsio U nomoxocyenienuem aCuHXpOHHOlZ MAUUHDBL. HOCKO]ley cucmemsl ynpaeilenus myp60MexaHu3Ma-
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MU NpeoHA3HaAueHbl 011 CMaduUIU3ayuL CKOPOCMu 8 OUMENbHbIX PedNCUMAax pabomvl, mo 6 nepsyro ouepedb HeobX0ouUMo obecne-
Yyumob npedenvhble IHePLemuiecKue NOKA3amenu 8 YCmaHOSUGLUUXCS PeXCUMAX dIKChIyamayuu. B dannoil pabome nosvluienue suep-
209¢hghexmusHocmu docmuaemcs npu Peanu3ayuu 6eKMOPHOU NOLCOPUCHMUPOBAHHOU CUCEMbL YNPAGIEHUS ACUHXPOHHOU MAULU-
HOU ¢ 000aGleHUeM 8 e€ COCmag KOHMYpa IKCMPEeMaibHO20 pe2yiuposanus. B cmamve paspabomana unghopmayuonnas cucmema
08YXKAHANLHO20 6CKIMOPHO20 YNPAGICHUSL ACUHXPOHHBIM DNEKMPONPUEOOOM C BEHMUIIMOPHBIM MOMEHIMOM HAZPY3KU, COOCPHCAUAsL
6 CBOEM COCMABEe KOHMYP IKCMPEMATbHOLO Pe2yIUpO8aHUs N0 KPUMEPUIO MUHUMYMA nRompebienus peakmuenou mownocmu. Q60 c-
HOBAHA 3A6UCUMOCTb IKCMPEMATbHBIX OIS (DYHKYUU PEAKMUGHOU MOWHOCMU 3HAYEHUL NOMOKOCYENIeHUsL POMOPA 2A8HbLIM 00pa-
30M OM MOMEHMA HA2PY3KU U HesHauumeavbras om ckopocmu. Cunmesuposan HabuoO0amenb COCMOHUS, OYCHUBAIOUUL MOMEHIN
CMAMUYecKol HAZpy3KU, HeOOX00UMbLLL OlIsk ONPEOeleHlst IKCMPEMALbHBIX 3HAYEHUL NOMOKOCYENIEHUs. POMOpA HA OCHOBAHUU NO-
YUEHHOU (PYHKYUOHANLHOU 3a6ucumocmu. Takum oopazom, udes pabomvi cOCMoOunm 8 mom, Ymoodbl UCHOIb306AMb KAHAL PeaKmié-
HOU MOWHOCMU ACUHXPDOHHOU MAWUHBL He OISl CMAOUIU3AYUY NOMOKOCYENIeHUsl, KAK MO0 ObLIO 8 KIACCUYECKUX CUCMEMAX GeKmop-
HO20 ynpaeienus, a 05 pe2yiuposanusi MOOYIs 6eKMopa NOMOKOCYENACHUS. POMOPA 6 (PYHKYUU MOMEHMA CIMAMUYECKOU HAZPY3KU
10 KpUMepuo MUHUMYMA PeAKMUBHOU MOWHOCIU CIMAMopa.
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