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ABSTRACT

Context. Consideration of the transient process characteristics under current industrial conditions, i.e. a controlled object’s static
and dynamic characteristics when forming controlling impacts in automatic control systems of ore grinding and sizing is one of the
advanced ways to increase their efficiency.

Variations in characteristics of initial materials and equipment conditions while changing a command value in closed-loop
automatic control systems (ACS) result in transient processes when the granularmetric composition of output products of grinding
and sizing aggregates change in a wide range. It leads to additional losses of the recovered grade.

Duration of transient processes depends on how the controlled object’s current condition (its static and dynamic characteristics)
corresponds to the controller’s adjustment in the ACS. It causes the necessity to readjust the controller’s parameters from time to
time that is done in the adaptive ACS to the best advantage.

The authors suggest an algorithm of noise immune correction of the controller’s parameters in the closed-loop automatic control
system, which is based on preliminary identification of the controlled object’s static and dynamic characteristics in accordance with
parameters of the transient process starting in the closed-loop ACS of the transient process. There are determined limits to its
applicability at concentration plants.

Objective. The research aims to develop a noise immune algorithm of adaptive control over objects with variable static and
dynamic characteristics on the basis of the controlled parameter value and the rate of its changes on the initial stage of transient
processes in the closed-loop ACS.

Method. Current approaches and methods of improving ore concentration control are analyzed to substantiate the research
topicality, goals and objectives. The adaptation algorithm for local ACS of ore concentration is synthesized and analyzed by methods
of analytical design and computer simulation.

Results. Correction of the PI-controller according to the suggested algorithm reduces the transient time in the closed-loop ACS.

It should be done at the moment determined by the condition X (t,) =0 even in case of the optimal adjustment. The polynomial

presentation degree of the filter should not be lower than 2, i.e. m>2. In this case, filtration is satisfactory if fluctuation of the output
signal does not exceed 25% of its absolute value because of noises.

Conclusions. The theory of forming specified parameters of transient processes in the closed-loop ACS by means of objects with
variable static and dynamic characteristics on the basis of the controlled parameter value and the rate of its changes on the initial
stage of these processes is developed in the present research. It allows synthesizing adaptive ACS, in which the error ratio in the
transient process reaches zero in a minimum of time without changing its sign subject to disturbances and noises.

KEYWORDS: closed-loop system, regulation, control, algorithm, transient, adaptation, validity limits.

ABBREVIATIONS X, is a filtered value of the input value;
ACS is an automatic control systems; Y, is a filtered value of the measured value;
NFN is a neuro-fuzzy network;

PI is a proportionally integral: Fj(¢) is a orthogonal j-th order polynomials;

t, is a shift moment;

NOMENCLATURE G is a noise intensity.
K,i fficient of th trolled object transfi
s 01;.21 coefficient of the controlled object transfer INTRODUCTION
T is ’a time constant of the controlled obiect transfer Variations in characteristics of initial materials and
functlion' ) equipment conditions while changing a command value in

closed-loop automatic control systems (ACS) result in
transient processes when the granularmetric composition
of output products of grinding and sizing aggregates
change in a wide range. It leads to additional losses of the
recovered grade. Duration of transient processes depends
on how the controlled object’s current condition (its static

T" is a time constant of the controller transfer and dynamic characteristics) corresponds to the
function; controller’s adjustment in the ACS. It causes the necessity

T is a time delay;

Y(?) is a measured value;

XO() is a input value;

T is a measurement interval;

K is a coefficient of the controller transfer function;
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to readjust the controller’s parameters from time to time
that is done in the adaptive ACS to the best advantage.

The object of study is to develop a noise immune
algorithm of adaptive control over objects with variable
static and dynamic characteristics on the basis of the
controlled parameter value and the rate of its changes on
the initial stage of transient processes in the closed-loop
ACS.

The purpose of the work is to increase efficiency of
control of ore grinding and sizing processes.

1 PROBLEM STATEMENT

Current flow sheets of automation of grinding and
classifying aggregates of concentration plants are based
on local automatic control systems, which maintain
designed values of controlled parameters. Efficiency of
such control systems is conditioned by initial information
on a controlled process.

Research works [1-3] present the objective function of
controlling ore grinding and classifying as follows:

Qp —> max Qp Z Qp sets (1)

B 0,074 = B 0,074 set » 2

i.e., there is a formulated requirement of maximum (or no
lower than the desired one) efficiency of ore processing
equipment and the limit of the content (yield) of the
control size class of the ground material is introduced.

The most efficient automatic control systems are those
based on regulation or maintenance of the desired content
of the control size class of the solid material in slurry
considering granulometer signals. Research works [4-6]
indicate that such ACS allow applying grinding capacities
more efficiently due to permanent load, maintenance of
the circulating load value necessary to obtain the required
grind and improving concentration quality due to
manufacturing the product of the grinding circuit with
desired characteristics. In case of using an automatic
granulometer in ACS, the regulation strategy is based on
two approaches:

— maintaining the permanent size of the ground ore in
the classifier overflow product cnmBa kaccugpukaTopa;

— regulating the power value in the grinding circuit
LUKJIE N3MeIbUYeHns to maintain the maximum load of the
grinding aggregate.

One of the conditions of the objective function (1)
0,20, 5ot can be fulfilled by current control systems to
stabilize the grinding aggregate filling or the quantity of
the initial raw materials coming to the grinder. To make
technological aggregates more efficient it is necessary to
influence the command value, i.e. to change the
stabilization level of these control systems.

The second condition of the objective function (2) —
B.0,074=P-0,074set 15 fulfilled more efficiently by ACS with a
granulometer realizing the measuring method presented in
[7, 8]. The exact value of the control size class content of
the ground material in slurry is determined by the useful
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component content, which is measured by methods
presented in [9, 10].

The changed command value in systems of automatic
stabilization of technological parameters and various
disturbances cause transient processes the character and
duration of which are determined by current
characteristics of the controlled object. During transient
processes, the condition (2) of the reduced criterion is
fulfilled with considerable errors.

Thus, consideration of transient characteristics for a
current production situation, i.e. actually static and
dynamic characteristics of a controlled object in forming
controlling impacts in automatic control systems is one of
the promising ways to increase efficiency of ore grinding
and classifying.

2 REVIEW OF THE LITERATURE

Adaptive control algorithms realizing this approach
provide for preliminary identification of static and
dynamic characteristics of the controlled object and
further correction of the controller parameters according
to obtained estimates [10—12].

This approach allows reducing the operation time of
technological aggregates in transient modes when there
are considerable deviations of qualitative and quantitative
characteristics of their end products from optimal values.

Research works [9, 13] and some others investigate
variations of static and dynamic characteristics of
grinding aggregates by command links under the
influence of disturbing factors. For example, according to
the command link “water consumption in the classifier —
the content of the control size class of solid materials in
the classifier overflow” the range of the changed static
transfer coefficient makes +75-80%, that of the time
constant is 10-16% and that of delay time is +5%.

Optimal conditions of correcting PI-controller
parameters presented in works [14—16] indicate that the
transient process caused by changing the command value
in closed-loop ACS will be completed in a minimum of
time under the absence of its oscillation or its minimum.

Works [17-20] provide mathematical expressions on
the basis of which an adaptation algorithm for automatic
control systems is synthesized, the transfer function of
which is approximated by

ep
3 Ke

W (P)= s
P

3

where K, u T, are the statistic transfer function and the
time constant of the controlled object; t is time delay.

The adaptation algorithm is based on preliminary
identification of static and dynamic characteristics of the
controlled object by parameters of the transient process,
which started in the closed-loop ACS in accordance with
the following expressions

2
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Niohy =N A
K. = 10”0 00’ (5)
Nign—24
where
N+1 X X
= % X x
k=1
N+1 )
A= XY
k=1
N+1 )
n=> Y.
k=1

Y(¢) and X(f) are measured values and if the transient
process is initiated by abrupt changes of the input value

Y(t)=—K{X(x)+%jX(t')dt}, (6)

u o

If the command value is changed

t
Y(t)=K{(g—X(t))JrTLI[(g—X(t’)]dt}a (7
u o

The values of ¥(7) and X(f) functions are changed in
discrete moments of time in some period (O,NT), where T
is a measurement interval.

In arbitrary time moments ¢, parameters of the
PI-controller are corrected so that the following condition
is fulfilled:

a) the control error function &(f) should not be
alternating;

b) the control error should reach the zero value in the
shortest time.

In case of abrupt changes of the input value, the PI-
controller parameters are corrected according to

if 1=0

K+t" =2 K_tn M _L
" { T X K, ®
4K K
Tn+tn =T, "—02’ )
(1+K™K,)
if 10
2{KX(t,)+g+Y ()
K:“ = ~ ) -
X(t)-X(@ )t
(t,)—X(,) (10)

LX)+ X))
K, X(t,)-X(,x
where X (1)~ X(1-1).

In this case, the value of 7 is also determined by

formula (9).
If the command value is changed, the controller
parameters are corrected in accordance with the following

expressions
if 1=0
XK, '-Y (¢
Kl::»t“ :2 Kn—t“+ (n) 0 _(n) +L’ (11)
e(t,) K,
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TH":TO (1+K K+tn)2, (12)
if t#0
K" X )H)K'-Y
K =22 e(t)+X()K, () +L, (13)
e(t, —7) K,

In this case, the value of T is determined according

to expression (12).

The Purpose of the Article. The research is aimed at
determining validity limits of the given adaptation
algorithm, i.e. conditions under which the satisfactory
quality of condition (2) fulfillment remains if there are
changed static and dynamic characteristics of the
controlled object and various disturbances and noises in
the input signal.

3 MATERIALS AND METHODS
The above mentioned adaptation algorithm is aimed at
applying in the system controlling the object the transfer
function of which is approximated by one relaxation
circuit with time delay. Yet, for some technological

aggregates of concentration plants, the following
expression is true
Ke?
w,(P)= - ; (14)
(T, P+I)(T,P+1)
the ratio 7,; and 7, does not always meet the condition

Tor>>To.

The inverse Laplace transformation for X(P) from
expression (14) leads to the integral representation of X(¢)
value

K -1 t=t-u t=t-u
X() = o J' el _po
T TE)Z o

0

}Y(u)du , (15)

-
The conducted research is aimed at determining the

limit value of the ratio T, - T 0_11 under which correction

by formulae (8) and (10) is possible. This task is solved
by modelling the transient process of the object with the
transfer function (14) accompanied by further correction
of the controller parameters according to (8)—(10).

Some analysis results are given in fig. 1, which
reveals transient processes and corrected parameters of
the controller in various time moments under different
ratio of values T, and To,.

As is shown in the figures under 7, 7,;<0.2, the
controller parameters corrected by formulae (8) and (10)
generally meet correction requirements, namely, they
greatly reduce the transient duration. It should be noted
that, in this case, the alternating character of the
controlled value X(¢) cannot be avoided, yet, its oscillation
amplitude is not great.

The controller parameters should be corrected even if
they are optimal, i.e. they meet the conditions

KO‘KHZI; TOlzTH-
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Figure 1 — Correction of the controller parameters:

1 — Tyo/Ty=0; K;l“ =5.62; T,=48.6 sec; 2 — T;»/Ty,=0.1;
K" =5.63; T,=48.6 sec; 3 — Tyy/Ty=0.2; K™ =5.72; T,=48.4

sec; 4 — T,/Ty1=0.3; K;t" =5.97; T,,=48.1 sec; 1=10 sec;
K,=0.25; K,=1; T,,=50 sec; T(;=50 sec

It is shown in fig. 2, which depicts the transient
process of an object with optimal controller parameters.
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Figure 2 — Correction of the controller parameters:
1 — Tyy/Ty;=0; K;=9.31; T,;=42.0 sec; 2 — T»/T;=0.1; K;=9.0;
T,=42.6 sec; 3 — Tpo/Ty,=0.2; K,=9.73; T,=41.3 sec; 1=10 sec;
K,=0.25; K,=4; T,=50 sec; T,;=50 sec

Correction can be more steady if it is conducted in the
moment when the controlled value X(¢) reaches its
maximum. This moment can be determined from the
condition X(#) = 0. While performing the correction in

the given moment, the oscillations of X(#) will occur with
the minimum amplitude. It is shown in fig. 1 which
presents dependencies of X(f) after correction of the
controller parameters in various time moments.

As the analysis results reveal, it is also true for applied
expressions (11)—(13).

4 EXPERIMENTS

The above principles are realized while synthesizing
the noise immune adaptive control algorithm of ore
concentration.

In this case, in order to determine the system
parameters the values of x(¢), y(¢), (f) in discrete time
moments of 0, 7, 27,..., NT are measured. Corresponding
values of x(¢), y(¢), €(f) in these moments form arrays of
X1, [e], i=1,2,.... N+1.
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To filtrate random processes x(7), y(f), &(f) and
determine the system parameters of K, and 7, K, v and

T ; ' three matrices of coefficients are specified: 4 =[a;],

C =[c;] B =[b;].
For N =8 and m=3

1 1 1 1
1 3/4 14 -1/2
1 12 -2/7 -13/14
1 /4 -17/28 -9/14
A=l 0 -5/7 0o | (16)
1 —1/4 -17/28  9/14
1 -1/2  -2/7  13/14
1 -3/4  1/4 1/2
1 -1 1 -1
B =19 15/499/28 495/98 |, (17)
0 -1/4 ~6/7 ~181/84
0 -1/4 ~9/14 ~19/21
0 -1/4 ~3/7 ~1/84
0 -1/4 ~3/14 11/21
c=1l0 -1/4 0 59/84 |. (18)
0 -1/4 3/14 11/21
0 -1/4 3/7 ~1/84
0 -1/4 9/14 19/21
0 -1/4 6/7 ~181/84

The system parameters K, and T, and those of the
controller K/» and T/ are determined in the following
sequence:

1. The values of the coefficients oy, f3; and y; are found
by formulae

9
0,] :leal] /bj’
i=1
9
Bj=2%a,/bj, (19)
i=1
9

'Yj :Zglalj /b].
i=1
2. Filtered values of the measured X, 7, and

derivatives X, are determined in the same time moments
4

)?l' = z ajaij,
=1

_ 4

Y= X Bja (20)
=l

= 1 4 .

X; =T,§1°‘./Cij»’ =12,...9.

Linear filtration is used with representation of the
average value of the signal f{¢) in some time interval as
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a;F;(t)
<=0

where F() are orthogonal j-th order polynomials; a; are
real coefficients.
3. The system parameters K, and 7, are determined.

_ (Rn-A)
CT MR

_ (No}\‘l _xl}\‘o)
OOV

(e2))

Where

(22)

Time moments (#) can coincide with measurement
moments of the value of (f), ¥(¢) and y(¥), i.e. (,)=iT,
4+ 1=G+1)T, etc.

4. The controller parameters are corrected, i.e. their
optimal values are determine by

K" :L+2{
KO

where ¢, is the shift moment which can coincide with the
last measurement moment, i.e. #,=N¢ (the time reading
starts from the first measurement moment).

mwmnxmw&—Ym?,(B)
et, —1)

5 RESULTS

Fig. 3—4 reveal correction results after preliminary
filtration and identification of the object characteristics.
Identification was performed in the manner described
above.

The results in Fig. 3-4 correspond to the noise
intensity of 6=0.01; 0.05. The change in the command
value corresponds to the unit step (g=1).
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Figure 3 — Correction results of the controller parameters after
preliminary filtration and identification of the object
characteristics. The noise intensity is 6=0.01

x(t)
12
10 - /;;\_%y_
w4 —
08 —
0.6 .y/
04 - -
- // I’// o I
| ’/:// * i i t
,C
100 200 300

Figure 4 — Correction results of the controller parameters after
preliminary filtration and identification of the object
characteristics. The noise intensity is 6=0.05

6 DISCUSSION

Under the noise intensity of 6=0.01 corresponding to
5% fluctuations of the value X(¢) filtration (under m>2)
and further identification produce good results (fig. 3).
The increased noise intensity finally affects correction
results. In this case, correction also reduces the transient
duration, but the controlled value appears in the new
established mode oscillating with the amplitude the value
of which greatly depends on the noise intensity (fig. 4).

As the observed value of Z(?) is measured within the
time interval (0, N7) in the discrete time moments
0,7,27,...,NT, the filtration quality depends on the
number of observations and the value of the measurement
interval T.

Results in fig. 34 are obtained under N=40 and

T-T,' =0.04.

CONCLUSIONS

Thus, we can draw the following conclusions from the
above:

1) correction of the controller parameters according to
expressions (8)—(13) reduces duration of the transient
process in the closed-loop ACS;

2) for an object approximated by two relaxation
circuits, the controller parameters can be changed
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CHUHTE3 IEPEHIKOJO3AXUINEHOI'O AJITOPUTMY JUISI AJAIITUBHOI'O KEPYBAHHS ITPOHECOM
3BAI'AYEHHSA PYJIN

MopkyH B. C. — 1-p TexH. Hayk, mpodecop, MpOpeKTop 3 HaykKoBoi po6oTu KpHBOpI3BKOro HAIiOHAJIBHOTO YHiBEPCHUTETY,
Kpuswii Pir, Ykpaina.

MopkyH H. B. — 1-p TexH. HayK, IOLCHT, 3aBiayBad Kadeapy aBTOMATH3AaLlil, KOMIT FOTEPHUX HayK i TexHosoriit KpuBopizpkoro
HanioHaJbHOTO yHiBepcutety, Kpusnii Pir, Ykpaina.

I'pymenxo C. M. — kaH. He/. HayK, 3aBiayBay acmipaHTYypH Ta JOKTOPaHTYpU KpHBOPI3bKOro HaIliOHAIBHOTO YHIBEPCHTETY,
Kpuswii Pir, Ykpaina.

Tponsb B. B. — kaHZ. TexH. HayK, JOLEHT, AOUEHT Kadeapu aBTOMATH3aLlii, KOMII IOTEPHUX HAYK i TeXHOJIOTiH KpuBopiszpkoro
HaIllOHaJILHOTO yHiBepcuTeTy, Kpuswmii Pir, Ykpaina.

AHOTAIIA
AxTyanbHicTh. O0JIIK XapaKTEepUCTHK MIEPEXiTHOTO MpoLEecy IS TOTOYHOI BUPOOHMYOT cuTyaii, To0TO (JaKTUYHO CTaTUYHHX i
JUHAMIYHUX XapaKTepUCTHK 00’€KTy yIpaBiiHHS NpH (GopMyBaHHI KEpYIOUHMX BIUIMBIB B CHCTEMax aBTOMATHYHOI'O PETYIIIOBAHHS
nporieciB noapiOHeHHs-Kacupikaii pya € OJHUM 3 MePCIEeKTHBHUX NIISIXIB MiIBUIIEHHS X e()eKTUBHOCTI.
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B pe3ynbraTi KOJMBaHb XapaKTePUCTUK BHXiJHOT CHPOBHHH 1 CTaHY TEXHOJOTIYHOTO O0IaAHAHHSI, @ TAKOXK MPHU 3MiHAX BEIHYUH
3aBJaHHSA B 3aMKHYTHX CHCTeMax aBTOMaTH4HOro perynoBaHHsS (CAP) BHHUKAarOTH mepexigHi OpOLEcH, 3aBISKU SKUM
TpaHyJIOMETPUYHHUH CKJIJ BUXIIHUX MPOAYKTIB I MOAPIOHEHHS Ta KIACH(IKYBaIbHUX arperaTiB 3MiHIOETHCS B IIUPOKHX MEKaX.
I oGcTaBMHA IPU3BOAUTE 0 HOJATKOBUX BHTPAT KOPHCHOTO KOMIIOHCHTY.

TpuBanicTh MepexiHUX MPOLECIB 3aJIEKUTH BiJl TOr0, HACKLIEKM TOYHO NOTOYHMI CTaH 00’€KTa yHpaBiiHHS (HOro cTaTW4Hi Ta
JUHAMIYHI XapaKTepPUCTUKH) BiANOBijac mnapameTrpaM peryisitopa B 3AP. 3Biicu BuIUIMBaEe HEOOXIIHICTH INEPiOJMYHOTO
1 JUTAIITYBaHHS IIApaMETPIiB PErysaTopa, 10 HaAHKpaIMM YHHOM 311iICHIOEThCS B afanTHBHUX 3AP.

3anponoHOBaHO AITOPUTM IEPELIKOI03aXHIIEHOCTI KOPEeKLiil mapamMeTpiB peryisTopa 3aMKHYTOI CHCTEMH aBTOPEryJIIOBaHHS,
3aCHOBAaHHI HA MONepeHill iTeHTU(IKAIil CTAaTHYHHUX 1 AUHAMIYHUX XapaKTePHCTUK 00’€KTY YHpaBIiHHS 3a MapamMeTpamu, sKuil
moyascs B 3aMkHYTiH CAP mepexigHoro mpomecy. BusHaueHo Mexi H10ro 3acTOCOBHOCTI B yMOBax 30aradyBajibHOI paOpuKy.

00’ext. Po3poOKa MEpemKo103axiUCHOTO aNTOPUTMY aIalTHBHOTO YTPABIiHHA OO0 €KTaMW 31 3MIHHUMH CTaTHYHHMH Ta
JIUHAMIYHUMU XapaKTepUCTHKaMH Ha 0a3i iH(popMamiii mpo BeIMYMHY KOHTPOJFOBAHOTO IIapaMeTpy i MIBHAKOCTI HOro 3MiHH B
TIOYATKOBIH cTaxii mepexigHux mnponecis B 3aMKkHyTiit CAP.

Metoa. BuxonaHo aHaymi3 iCHYIOYMX WiIXOJIB 1 METOJIB ONTHMIi3auii YHpaBIiHHSA IpouecoM 30aradeHHs pyau s
OOIPYHTYBaHHSl aKTYyaJbHOCTI, LJIEH 1 3aBIaHb JOCITIIPKEHb. MeToaMH aHaNiTHYHOTO KOHCTPYIOBAHHS Ta KOMII IOTEPHOTO
MOJICITIOBaHHS BUKOHAHO CHHTE3 Ta aHaJli3 aroputMy ajxanTtauii juis nokansHux CAP npouecis 30araueHHs pyau.

PesyabraTn. Kopekuiss nmapamerpis Ill-perymstopa BigmOBiAHO [0 3alpOIIOHOBAHOTO AaIrOPUTMY 3HAYHO CKOPOYYy€E Hac
nepexigHoro mporecy B 3amkHyTiii CAP. Kopekmiro OOUiNbHO 3IOiMCHIOBAaTH B MOMEHT Yacy, SKHH BH3HAYAETHCS 32 YMOBHU

X(t,) =01 npoBoauThcs HaBiTh B pasi Horo onTUManbHOI HacTPoiKH. CTYIiHb IIOJIIHOMHOTO YSBJICHHs (iIbTpa IOBUHHA OyTH HE

HIDKYE 2, TOOTO m>2, IpH LbOMY (QUIBTPALlisl BUSBISETHCS 33I0BUIBHOIO, SKIIO (UIYKTYallis CHOCTEPE)KYBAaHOTO BUXITHOTO CUTHATY
3a paxyHOK IIyMy He nepeBuinye 25% iHoro abCoOTHOTO 3HAYCHHS.

BucHoBku. OTpumaBuid B po0OTi MOAANBIINKA PO3BUTOK Teopis (HOpPMYyBaHHS 3aJaHUX MapaMeTpiB MEPEeXifHUX IPOLECiB B
3aMKHYTHX CUCTEMaxX aBTOMATHYHOTO YIPaBIiHHA 00’ €KTaMy 31 3MiHHUMH CTaTHYHUMH Ta JMHAMIYHUMU XapaKTePUCTUKaMU Ha 6a3i
iHpOpMaIii mpo BEeIWYWHY KOHTPOJIBOBAHOTO MapaMeTpy 1 MBUAKOCTI HOTO 3MiHM Ha MOYATKOBIM cTalii IMX MPOLECIB, JO3BOJISE
cuHTe3yBaTu agantuBHi CAP, B SKHX 1 py HAasIBHOCTI BIUTHBIB, IO OOYPIOIOTH 1 MEPENIKO B KOHTPOJIFOBAHOMY CHUTHAINI BEJIMYMHA
HEY3TODKEHOCTI B XO/Ii HEPEXiJHOrO MPOIECy JOCITae HyIbOBOTO 3HAYEHHS 32 MiHIMaJIbHUH Jac 0e3 3MiHU CBOTO 3HAKY.

KJIIOYOBI CJIOBA: 3amkHyTa cHcTeMa, PeryII0OBaHHs, KOHTPOJIb, AITOPUTM, epeXiJHa, afanTamnis, Mexi JiHCHOCTI.
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AHHOTALUA

AKTYaJIbHOCTh. YYeT XapaKTepHUCTUK MEPEeXOIHOTo Ipolecca JIs TeKyled MPOU3BOICTBEHHOH CHTyauuH, T.e. (pakTH4ecKu
CTaTHYECKUX M JTMHAMUYECKHX XapaKTEPUCTUK 00BEKTa yHpaBieHHs NpH (GOPMHPOBAHUM YHPABISIOINX BO3ACHCTBHH B CHCTEMax
aBTOMaTHYECKOTO DEryJIMPOBAaHHs IPOLECCOB HM3MENbUCHUS-KIaCCH(UKAIMU Py SBISETCS OJHUM M3 TEPCHEKTUBHBIX IyTeit
MOBBIICHUS UX Y()(HEKTUBHOCTH.

B pesynbrate koneGaHMH XapaKTEPHCTHK HCXOIHOTO CHIPhS M COCTOSIHHSI TE€XHOJIOTMYECKOro OOOpYAOBaHMS, a TakXkKe IpH
W3MEHEHUSIX BEIUYMHBI 3aJaHUsl B 3aMKHYTBIX CHCTeMax aBTomarmdeckoro perymuposanusi (CAP) BO3HMKAiOT mepexoiHbIe
MPOLECCH, B XOJA€ KOTOPHIX I'PAHYJIOMETPUYECKHH COCTAaB BBIXOAHBIX MPOAYKTOB H3MENBYUTENBHBIX U KIACCH(HIIMPYIOIINX
arperaToB U3MEHSETCS B IIMPOKHUX Hpejesiax. ITo 00CTOATEIbCTBO IPUBOAUT K JTOIOIHUTEILHEIM ITOTEPSIM HOJIC3HOTO KOMITOHEHTA.

JUTHTETbHOCTD TIEPEXOAHBIX MPOIECCOB 3aBHCHT OT TOrO, HACKOJIBKO TOYHO TEKYIIee COCTOSHHE OOBEKTa yIpaBIeHHs (ero
CTaTUYCCKUE U JMHAMHYCCKUAC XapaKTEPUCTHKH) COOTBETCTBYET HacTpoiikam peryisitopa B CAP. U3 atoro cnenyer He0OX0UMOCTh
MIEPHOIMYECKON MOCTPOUKH ITapaMeTPOB PEryJisITopa, YTO HAMIy4IIuM 00pa3oM ocylnecTBisieTcs B ananTuBHbIX CAP.

IIpennoxen anropuTM NOMEXO3aUIUILEHHON KOPPEKLMH MapaMeTpPOB PEryJsaTOpa 3aMKHYTOH CHUCTEMbI aBTOPETYJIMPOBAHUSA,
OCHOBaHHBIH Ha IpPEJBAPUTENILHON HMACHTH)HKALNM CTATHYECKUX M JUHAMMYECKHX XapaKTEPUCTHK OOBEKTa YIPABICHHUSA IO
nmapaMeTpaMm HadaBmerocsi B 3aMkHyToii CAP mepexomHoro mponecca. OnpeneneHsl TPaHHUIBI €T0 MPUMEHHMOCTH B YCIOBHSIX
oboratuTenbpHON (habpHKH.

O0bekT. Pa3paboTka MOMEX03aNUIIEHHOT0 allTOPUTMA aJallTHBHOTO YIIPABIECHUS! O0BEKTaMHU C NIEPEMEHHBIMH CTAaTHIECKHMH H
JUHAMUYECKUMH XapaKTepUCTHKaMU Ha 6aze MH(OpPManuy O BeIWINHE KOHTPOIMPYEMOTo IapaMeTpa U CKOPOCTH €ro H3MEHEHHUS B
HayaJIbHOM CTaJuy NEePexOIHbIX IPoLeccoB B 3aMKHYTOH CAP.

Mertopn. BrinonHeH aHaiM3 CyIECTBYIOIIMX [TOJX0A0B U METOIOB ONTHMHM3ALMH YIIPABJICHHS IIPOLIECCOM O0OTaICHHS Py IbI JUIs
000CHOBaHHS aKTyallbHOCTH, IeJell M 3a1au HcClefoBaHMN. MeToJaMH aHAIUTUYECKOTO KOHCTPYHPOBAHUS M KOMIIBIOTEPHOTO
MOJIENIMPOBAHHUS BHINOJIHEHBI CHHTE3 U aHAIN3 adropuT™Ma afanTtanuu st nokaiabHeix CAP nporeccos oGoraieHust pyasl.
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Pesyabrarbl. Koppekuust napamerpo IIM-perynstopa B COOTBETCTBHM C IPEIUIOKEHHBIM aJITOPUTMOM

3HAYUTCIIBHO

COKpall[aeT BpeMsl InepexofHoro mporecca B 3aMkHyTod CAP. Koppekuuro menecoo0pa3sHO OCYLIECTBISATH B MOMEHT BPEMEHH,

onpenensiemblit n3 ycnosus X (f,)=0, u npoBomuTh Jaxe B Cllydae €ro ONTHUMAJbHOH HacTpoiiku. CTeneHb NOIMHOMHOIO

IIpe/ICTaBIeHUs] (GUIIbTpa JOJDKHA OBITH HE HIDKE 2, T.e. m>2, NpU 3TOM (QUIBTpaLysi OKa3bIBACTCSl yIOBJIECTBOPHTEILHOM, €CIIU
¢urykTyanus HabN0AaeMOT0 BEIXOAHOTO CUTHANA 3a CUET IIyMa He MpeBbImaeT 25 % ero abCoN0THOrO 3HAUSHUSI.

BoiBoasl. [TonyuuBiuas B paboTe fajbHelilee pa3BUuTHe TeopHs GOPMHUPOBAHUS 3aIaHHBIX IaPaMETPOB IEPEXOIHBIX IPOLECCOB
B 3aMKHYTBIX CHCTEMax aBTOMATHYECKOIO YIPABICHUS OOBEKTaMH C HW3MCHSIOLIMMHUCA CTaTHYECKUMH M JHHAMHYECKHMHM
XapaKTepUCTUKaMK Ha 6a3e MHGOpPMAaLUM O BEIUYMHE KOHTPOJIUPYEMOIO MapameTpa M CKOPOCTH €ro M3MCHECHHs B HadaJbHOM
CTaJN¥ 3TUX IIPOLECCOB, MO3BOJSIET CHHTE3NPOBaTh aganTuBHble CAP, B KOTOPBIX ¥ IpH HAIWYNH BO3MYIIAIONINX BO3ACHCTBUH H
IIOMeX B KOHTPOJIMPYEMOM CHTHAJIC BEJIMYMHA PACCOTIIACOBAHUS B XOJI€ IIEPEXOJHOTO IPOIecca JOCTHraeT HyJICBOTO 3HAaYeHHS 3a

MUHHUMAJIbHOC BPEMA 0e3 U3MEHEHHsI CBOETO 3HaKa.

K/IIOYEBBIE CJIOBA: 3aMmkHyTasi cucreMa, peryjiupoBaHMe, YNpaBICHUE, allOPUTM, HNEPEXOJHBbIM mpolecc, aganTanus,

npeacibl JOYCTUMOCTH.
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