IHOOPMAIIHHI
TEXHOJIOTI'I,
CUCTEMHUMU AHAJI3
TA KEPYBAHHS

VK 681.5.015:622.7-52

V.B. Khotskina, Cand. Sci. (Tech.), Associate Professor State Higher Educational Institution “National University of Kri-

voy Rig”, Krivoy Rog, Ukraine, e-mail: valentina.hockina@mail.ru

AUTOMATIZATION OF CONTROL PROCESSES
AT THE FIRST STAGE OF ORE ENRICHMENT
USING QUICKLY ACTING REGRESSIVE MODELS

JepxaBHui BUIMK HaBYalNbHUH 3akian ,,KpuBopizpkuit
HanioHaJmbHUH yHiBepcuteT™, M. Kpusnii Pir, Ykpaina,
e-mail: valentina.hockina@mail.ru.

ABTOMATHU3ALIA ITPOLHECIB KEPYBAHHSA ITEPIIOIO
CTAAI€I0 3BAI'AYEHHSI PYJIU 3 BAKOPUCTAHHAM
HBUJIKOAIIOYUX PETPECIMHUX MO/JEJIEHU

B.b. XoukiHna, kaH/a. TeXH. HayK, JOII.

Purpose. Development of high-speed multi-regression models for the operational management of the first stage of
ore enrichment.

Methodology. Multifactor regression models of controlling of the first stage of grinding - classification - magnetic
separation were obtained on statistical material which had been obtained in the result of passive experiment of the first
stage of ore enrichment. Methodology of the research of the models of grinding mills charging optimization has been
worked out taking into account the composition of complex ores and evaluation of the mass fraction of 0.056 mm class
in industrial product classification.

Findings. The developed software allows us to build the model of the first stage ore enrichment and control bounda-
ry limits of input factors by projecting inception of the problem situation, correcting the models of grinding mills (ball
mills) charging and classifying the process of the first stage of ore enrichment.

Originality. We have established cause-effect relationships of technological variables of enrichment facilities de-
pending on physical and mechanical properties of ores. Dependence of process parameters on the properties of ore de-
termined by the “production rules” input and output matrices of Petri nets. The main purpose of Petri nets is to identify
problematic situations and create “production rules” which form the set of recommendations for the effective operation
of the system based on the cause-effect relationships.

Practical value. The research resulted into the control system, database and software for automation of ore treat-
ment. The methods of development of management decisions in robot and adaptive control systems of the first stage of
enrichment were implemented. The practical recommendations for the effective management of the first stage of ore en-
richment based on our algorithms and software have been developed.

Keywords: process control, adaptation, decision making model, regression, forecasting

Background. The main strategic objective of the Pub-
lic Joint Stock Companies Metinvest Group till 2020 is the

process control systems APCS production [2]. Modern
APCS of ore enrichment work under conditions of uncer-

increase of production of the ore concentrate that contains
mass fraction of iron up to 66.5% and the reduction of the
specific cost of electrical energy by 15-20% [1]. These
tasks are performed by an integrated management of con-
centrate production and business processes based on the
modern automate control systems ACS and automated
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tainty caused by difference in textural properties of ore to
be processed and temporal variation of dynamic character-
istics of the controlled objects (ball mills, classifiers, mag-
netic separators, etc.). The operational personnel give
questionable assessment of manufacturing situations ac-
cording to the types of ores to be processed. In order to
meet consumers’ requirements to the concentration prod-
uct they deal with load redistribution between technologi-
cal sections and stages that requires constant adjustment of
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the local control systems of ball mills of the first stage of
enrichment and time identification of excitation field aris-
ing during ore concentration process [2].

When the quality of the product is determined by the
order portfolio of the metallurgic plants, we can increase
the concentrate production efficiency by reducing the un-
certainty associated with the evaluation of textural prop-
erties of the ore through introducing of the intelligent
APCS for enrichment combined with (robust-adaptive)
control systems [2]. The main objective of APCS is to
define the moment of change of crude ore type and iden-
tify technological process of ore production by n-factors
being the fast-acting modeling elements of control sys-
tems of the first stage of ore enrichment based on instru-
ments of fuzzy modeling, fuzzy logic, “production
rules”, and Petri nets.

In this case, the impact of ore properties on the opera-
tion modes of ball mills should be defined by “produc-
tion rules” of input and output matrices of Petri net,
based on which the matrix of changes in logical func-
tional blocks should be compiled that can increase the
accuracy of the changes (disturbances) of the properties
of the ore and reduce their impact, using combined con-
trol system of the first stage of enrichment as a precondi-
tion for stabilization of the processes of flotation (PAT
“Inguletskyi GZK”), agglomeration (VAT “Pivdennyi
GZK”), pelletizing (PAT “Tsentralny GZK”, PAT
“Pivnichny GZK”).

Problem. The development of complex control algo-
rithms of ore-dressing processes are covered in scientific
papers of Ye.V.Kochura, A.I. Kupin, V.I. Kornienko
and others. They used in their researches various mathe-
matical models oriented on improvement of the quality
of the concentrate through optimal controlling of the first
stage of enrichment [3-5].

The authors’ researches of the methods of identifica-
tion of the complex technological processes based on the
fuzzy set theory, the theory of Petri net and the theory of
R-functions allow us to project modern intelligent auto-
mated systems of control of technological processes at en-
richment plants provided that the well-known computing
systems phi-RMI “Siemens” (Germany) with software of
high quality are used [2]. At the same time the lack of ex-
perience of personnel does not allow using such software
at enrichment plants for technological sections control.

Consequently, the development of software products
based on the known methods of regression modeling of
complex processes using knowledge and competence of
the operational staff is the way to introduce cheaper
software and it can be performed at the level of engineer-
ing personnel of the enterprise.

Main part. We have conducted researches of techno-
logical sections at the plant of PAT “Tsentralny GZK” in
order to develop the software “Modeling of the First
Stage of Ore Enrichment”. Details of the results are
shown in Table. 1.

Table 1
Results of the Research of Technological Section Operation at PAT “Tsentralny GZK”
Solid Solid component .
Content-of hard- Mill component in induslzrial Wate'r qu.antlt.y Water amount . Mass .
processing productivity of mill products drain supg)hed in mill in the charge fractlon'of Cl.a s
o . . ownload . 3 classification
ore (%) (t/h) discharge classifier (m*/hr) of classifier (m’/hr.) products (%)
(g/D) (g / liter)

1 2 3 4 5 6 7

66 193 1935 1377 54 113 56,2
66 192 1935 1377 55 114 56,3
66 194 1942 1381 55 113 56,2
65 196 1946 1383 56 114 56,2
68 191 1931 1374 54 113 56,3
67 191 1929 1372 55 114 56,4
67 187 1924 1368 53 113 56,3
68 189 1928 1371 56 113 56,2
68 189 1928 1371 55 114 56,2
66 190 1928 1371 53 114 56,4
68 192 1933 1374 56 113 56,2
68 192 1934 1373 56 115 56,1
66 193 1935 1377 54 114 56,2
66 194 1937 1377 56 113 56,2
66 195 1942 1382 56 116 56,8
66 199 1951 1388 58 116 57,3
63 201 1957 1393 60 116 57,3
63 199 1957 1392 59 115 57,4
65 201 1964 1398 58 116 58,3
63 205 1971 1403 60 118 58,3
63 205 1971 1403 59 116 58,3
62 206 1971 1403 60 119 58,3
63 206 1972 1405 61 119 58,3
64 206 1971 1405 62 119 58,3
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Based on the experimental data we have developed
the software for the first stage of ore enrichment in the
mode of “advice to dispatcher.” Outline flow chart of the
task in hand is shown in Fig. 1 as an algorithm of the
software development.

]

Data base (baza.mdb)| 3 .
2 initialization < > Petri net
: ]
Information model -
4 formation and Choice of parameters ‘_1 0
choice (tab. BD) for calculation
; I
Choice of modeling Calculation of
5 method (factor Y) forecast result§ based
on modeling 1
Choice of modeling
6 method (factor X)
IS (Extant
v checking)
; Modeling
Y =1(X)
NG
8 -
YES
9 Model
derivations Y =
f(X),R,R?

Fig. 1. “Modeling of the First Stage of Ore Enrich-
ment” software development algorithm

The software allows us to build models of the first
stage of ore enrichment. We can build two multifactorial
models with the following modifications:

1. The dependence of the mass fraction of a class by
industrial products classification, % (Y) on the input fac-
tors (productivity of the mill t / h. (x1), solid content of
mill discharge g/ liter (x2), solid content in the discharge
of industrial products classifier g / 1 (x3), the quantity of
water supplied in the mill charge m® (x4), water flow in
classifier charge, m’. (x5).

2. The dependence of the mill productivity ¢/ A. (Y)
on the input factors (solid content of mill discharge g/
liter (x1), solid content in the discharge of industrial
products classifier g / liter (x2), quantity of water sup-
plied in the download mill m® (x3), water flow in the
load classifier m*/hr. (x4), mass fraction of industrial
products in the class-certification by classes, % (x5).

To receive a modification of the model we can re-
place one of the input parameters (first model parameter
x2 or x1 parameter of the second model) by index con-
tent of hard-processing ore, %.
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During the formation of these models, we can select
any number of input factors (from 1 to 5). Indices, as an
information models, are given in Table. 1. These tables
were obtained during studies of technological sections in
the factory of PAT “Tsentralny GZK” for the period
from 6.00 a.m. to 11.45 a.m. with a 15-minutes interval.
So these figures represent the primary configuration of
the system.

Fig. 2-8 is graphic representation of the data of Table 1
in the form of time series. Each division of the x-axis cor-
responds to 15-minutes interval of the study.

Content of complex ores, %
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Fig. 2. Time dependence of the hard-processing ore con-
tent: 1 is hard-processing ore enrichment data; 2 is
the 3rd degree polynomial model
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Fig. 3. Time dependence of the mill performance:
1 is mill performance data; 2 is the 3rd degree pol-
ynomial model
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Fig. 4. Time dependence of the solid component in
mill discharge: 1 is the data of the solid compo-
nent in mill discharge; 2 is the 3rd degree poly-
nomial model
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Fig. 5. Time dependence of the solid component in

industrial products: 1 is the data of the solid com-
ponent in drain classifier; 2 is the 3rd degree pol-
ynomial model
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Fig. 6. Time dependence of the water amount sup-

plied for mill charge: 1 is data about the amount
of water supplied to the mill; 2 is the 3rd degree
polynomial model

Water flow in downloading classified, m*

in the classifier charge, and mass fraction in industrial
product classification. The figures show the polynomial
model dependence of these parameters on the time. We
have calculated corresponding coefficients of determi-
nation R? and correlation R of the parameters under re-
search. The correlation coefficient R is within the range
of 0.868-0.965, which is quite high. This proves the
probability of the studies. This serves an input data to

construct multivariate models.

Mass fraction ofthe class in industrial products classification, %o

B
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Fig 8. Time dependence of the mass fraction of the
class in classification of industrial products: 1 is
the mass fraction of the class in classification of
industrial products; 2 is the 3rd degree polynomi-

al model

All the input data of the parameters of the ball mill
must meet technological requirements of the first stage of
enrichment. For this purpose, each of the indicators
should be measured by the appropriate sensors and
should be in the range. Threshold limits for each parame-
ter information model are shown in Table 2.

Table 2

Threshold limits for information model indices

L] Lower | Upper
r=n.nnns-"n;n::-;-!:.nw- ERILED ,f’ \/ Index bound b(f)fnd
=i [ X/
AN AN _\7/ N 7 = Hard-processing ore content, % 50 70
, . , , L Mill productivity t / h 180 250
Soliq component in mill discharge, 1900 2100
Fig. 7. Time dependence of water consumption in the g/ liter
classifier charge: 1 the data about water con-
sumption in the classifier charge; 2 is the 3rd de- Solid component in industrial products,
gree polynomial model g/ liter 1350 1500
We have chosen the optimal model of time depend- Quantity of water supplied in the
ence for each of the chosen indicators. It is a polynomi- Mill charge m® >0 80
al model of the 3rd degree. The Fig. 2—8 shows the time
dependence of the study parameters such as content of Water amount in classifier charge, m® 110 130
hard-processing ore, mill productivity, content of solid
component in mill discharge, content of solid compo- Mass fraction of class in industrial 50 62

nent in industrial product of classifier discharge, the
amount of water supplied to the mill charge, water flow

148

products classification, %

ISSN 2071-2227, HaykoBui BicHuK HI'Y, 2014, N° 3



IHOPOPMALIWHI TEXHONOTII, CACTEMHUN AHANI3 TA KEPYBAHHA

If a parameter is outside the boundaries, the corre-
sponding sensor is activated. Once the corresponding
sensor is activated, a problem situation arises, to
which the Petri net reacts immediately. It characterizes
the different versions of the enrichment process and
produces a matrix of coefficients that characterize the
corresponding reduction (factor -1), an increase (factor 1)
or stay in the current state (rate 0) of the relevant in-
dex.

After this, the input data given in Table 1 is adjusted.
Thus Petri net reacts immediately to the problem situa-
tion and changes the input model.

All incoming data is stored in the database baza.mdb,
which is the default directory. Database consists of two
tables of input Model and Model2. Table Model storages
incoming data from PAT “Tsentralny GZK”. Table
Model2 has simulation data (data obtained by means of
simulation). When adding input data, we have an option
of removal, correction or adding new entries to the mod-
el.

The signals Petri net result into the input data change.
Each parameter decreases, remains constant or increases
by one step. The change of the step in absolute terms is
determined by the operator during the analysis of the re-
sults.

In case of any problem situation the Petri net has sev-
eral options for further development of the process. Each
of them is inserted as input data into the simulation mod-
el and is calculated. We analyze the correlation for both
the single factor (analysis of input factors depending on
the time factor) and the model index calculated.

The choice of maximum correlation coefficient (in
the range from 0.9 to 1) suggests the optimal variant of
the enrichment process through modeling by the Petri
net.

In constructing the first model Y = f (X), where Yis a
mass fraction of a class in industrial products of the clas-
sification; the input factors X (from 1 to 5) are chosen.
Then both the linear dependence of the selected function
Y on descriptive factor X and the coefficients of determi-
nation R’ and correlation R are displayed. It is recom-
mended to build a model based on five factors, where the
correlation coefficient is the highest.

In our case, the factors x1, x2, x3, x4, x5 are selected.
And the linear model has the form of this dependence:

Y=-0,156 xxI + 0,002 xx2+ 0,122 xx3—-0,011 x x4 +
+ 0,137 x x5 —99,408.

The coefficients of model determination and correla-
tion let to 1. This reflects the maximum level of depend-
ence of Y on the input X (x1, x2, x3, x4, x5). In our case
the coefficient of determination R’ = 0.94089, and the
correlation coefficient R = 0.96999.

After receiving the multifactor model Y = f (X), let us
calculate the mass fraction of the class —0.056 mm for the
parameters set by a user.

Factors are inserted manually or are generated ran-
domly. When data are inserted manually, control for en-
tering a number of local data and the corresponding
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ranges for each indicator is provided. If you pass the
mouse over the box on any kind of indicators, the infor-
mation on its thresholds is displayed.

When data are generated randomly, a random number
is generated from the range limit for each parameter. In
such a way the user can change the input data to calculate
the mass fraction of the class.

At the last stage, if the button “Calculate” is pressed,
the screen displays the calculated value of the mass frac-
tion of a class in industrial product of classifier, as well
as corresponding hard-processing ore content (bounda-
ries from 70 to 50%) and the circulating loading (bound-
aries from 100 to 150%)

=-0,156 xxI + 0,002 xx2 + 0,122 x x3 - 0,011 x
Xx4 + 0,137 X x5—99,408 = 56,17160.

If the calculated index does not belong to the range
from 50 to 62%, a report about correction of input pa-
rameters is displayed in order to continue the technologi-
cal process. Thus, a user seeing positive or negative re-
gression coefficients, can adjust the input data to obtain
the result within given range.

In addition, the software provides the graphical inter-
pretation of Y function for each X parameter.

According to the principle described above, the
model of mill capacity depending on the input factors is
built.

Based on real data obtained during the control by the
first stage of the ore enrichment process at PAT “Tsen-
tralny GZK” the models of ball mill performance and
mass fracture of the class —0.056 mm have been built.
Decisions on correction of loading of ball mills of the
first stage are performed by an operator using both the
Petrie net and the “Modeling of the First Stage of Ore
Enrichment” software.

The study of the models for control of the first
stage of ore enrichment in conditions of PAT “Tsen-
tralny GZK” resulted into the following: water con-
sumption has been reduced by 6%; ball mills capacity
of the first stage ore enrichment has been increased by
3%; and energy cost per one ton of concentrate has
been decreased by 10% in comparison with manual
supervisory control.

Conclusions. The algorithm and software for the first
stage of ore enrichment controlling allows:

1. Building up multifactor models of mass fraction
class -0.056 mm of products classification and mill
productivity which depend on factors selected by a us-
er.

2. Computing the simulation results for a given input
parameter, thus predicting results of the chosen mill
productivity of the first stage and the yield of preparation
products -0.056 mm.

3. Adjustment and control of the input and output fac-
tor values and the parameters calculated, using boundary
limit factors.

4. Visual inspection of the data of a single factor
model and get the result in graphical mode for each indi-
vidual parameter model.
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Mera. Po3poOka mBuaKoxiounx Mopenel OaraTo-
(bakTOpHHX perpeciii [Uis OMEPAaTUBHOTO YIPABIIHHS
TIEPIIIOI0 CTAI€0 30aradeHHs Py Iu.

Metomnka. Ha craTrctuuHOMy Matepiaji, OTpHMa-
HOMY B Pe3yJIbTaTi MPOBEJACHHS MACHBHOTO EKCIIEPUMEH-
Ty mepmIoi crafii 30aradeHHs pyad, moOymoBaHi 6arato-
(akTopHi perpeciifHi Momenmi KepyBaHHS MEPIIOIO
CTalli€ro: MoApiOHEeHHs — Kiacu(ikallis — MarHiTHa cerna-
pattisi, Ta po3pobieHa METOIUKA TOCIIPKEHHST MOJIenei
ONTHMI3allil 3aBaHTAXKEHHS KYJIbOBHX MIIMHIB 3 ypaxy-

150

BaHHSM BMICTy Ba)XK030arauyBaHHMX pyJ Ta OLIHKH Ma-
coBoi yacTku kiacy -0,056MM y mpoMIpoayKTax Kiacu-
¢ikarii.

PesyabsTaTn. Po3pobinene nporpamue 3abe3nedeHH
Z03BOJISIE OymyBaTH MOJENi MepmIoi cTafmii 30aradeHHS
pPyOH Ta KOHTPOJIOBATH TPAHWYHI MEXi BXITHUX (DakTo-
piB IUIIXOM IPOTHO3YBaHHSA MOMEHTY BHHUKHEHHS IIPO-
OmeMHO1 cUTyaIlil Ta KOpeKIii Mojaenel 3aBaHTaXKCHHS
KyJILOBOTO MJIMHA ¥ mpouecy kinacudikanii nepioi cra-
Iii 30arayeHHs.

HaykoBa HoBU3HA. PO3B’513aHO aKkTyallbHy HayKOBY
3a/a4y 31 BCTAHOBJICHHS MPUYUHHO-HACIIAKOBOI 3aJIeXK-
HOCTI TEXHOJIOTIYHHMX IapaMeTpiB 3MIHHUX KOMIUIEKCY
30araueHHs BiJ (Di3MKO-MEXaHIYHUX BIIACTUBOCTEH DPYI.
3aJeKHICTh TEXHOJOTIYHUX ITapaMeTpiB BiJ BIACTHBOC-
TeH pyJl BU3HAYAETHCS ,,IPaBHIIAMHU MPOAYKIIi™ BXiTHUX
1 BuXigHUX Matpunb Mepex [lerpi. ['omoBHa MeTa Mepex
[eTpi — BUSIBIICHHS MPOOIIEMHOI CUTYAIIil Ta CTBOPCHHS
»[IPaBMJI TPONYKIII“, IO HA OCHOBI NPUYMHHO-
HACIIIIKOBHUX 3B’S3KiB (POPMYIOTh Ha0lp peKOMEHIAIii
U1 epeKTHUBHOT pOOOTH CHCTEMH.

IIpakTnyHa 3HauYMMicTh. PesynsTatn poboTH pea-
JII30BaHO y BUTJIAMI PO3pOOJIEHOI CHCTEMH KEpYyBaHHS,
0a3u aHUX 1 MPOTPaMHOTO 3a0e3MeUCeHHS 3 aBTOMATH-
3amii TeXHOJIOTIYHUX MPOIleciB 30aradyeHHs pya, Y TOMY
YpCcai 3HAWHIUIM BUKOPHCTAaHHA METOXM PO3POOKH
VIOPaBIiHCHKHX PIIICHh ¥ poOacTHUX 1 aIaNTUBHUX CH-
CTeMax KepyBaHHS MEpIIOI0 CTali€lo 30aradeHHs, po3-
poOneHi mpakTUYHI peKOMeHIaIil moao0 e(heKTUBHOTO
KEepyBaHHs NEpUIOI0 CTajielo 30aradeHHs pyIu Ha oc-
HOBI CTBOPEHOT'O AJIITOPUTMY Ta MPOrpamMHOTO 3abesre-
YECHHS.

KuouoBi caoBa: npoyec, repysanms, adanmayis,
NPULHAIMMS Piltersb, MoOeli, peepecii, NPocHO3Y8aAHHS

Hean. Pa3zpaboTka OBICTPOACHCTBYIONIUX MOJENEH
MHOTO(AKTOPHBIX PETPECCHI AJSI ONEPATHBHOTO yIPaB-
JICHUS! TIEPBOM CTaaneil 00oraeHus pyIsl.

Metoanka. Ha cratuctudeckoM Martepuaine, HOmy-
YEHHOM IpU MPOBEAECHUH IIACCUBHOIO 3KCIEPHUMEHTa
NepBOi cTajiuk 00OTAIEHUsI PYHbl, TIOCTPOSHBI MHOI'O-
(baKTOpHBIE PErPECCHOHHBIE MOJENM YIPaBICHUS IEp-
BOH cTagueil n3MenpbuYeHus — KTacCu(QUKaI — MarHuT-
HOH cemapanuy, 1 pa3paboTaHa METOANKA UCCIICAOBAHUS
MoOJeNel ONTUMM3ALMU 3arpy3Kd IIapOBBIX MEIBHUIL C
YUETOM COJEpKaHUs TPYAHOOOOTaTUMBIX PyI M OLEHKH
maccoBoil ponu kiacca -0,056 MM B IpoMIpoAyKTax
KIIacCH()UKAITIH.

Pe3yabsTaThl. PazpaboranHoe nporpaMMHoe odecrie-
YeHHEe TI03BOJIET IMOCTPOUTH MOJENU TEePBOH CTaguu
oboraliieHus pyJasl U KOHTPOJIUPOBATh TI'PAHUIIBI BXOJ-
HBIX ()aKTOPOB IyTEM MPOTHO3MPOBAHUS MOMEHTA BO3-
HUKHOBEHUS NMPOOJIEMHON CHUTyallMH, KOPPEKIMH Moje-
JIel 3arpy3Kud 1IapoBOM MENBHMIBI U IIpoliecca
KIIaCCU(HKAINH TIEPBOH CTaINN 000TaICHHUS.

Hayunasi HoBu3Ha. Pemena akTyanbHas HaydHas
3a[a4a 0 YCTaHOBJIEHUIO NPUYMHHO-CIEICTBEHHON 3a-
BHCUMOCTH TE€XHOJIOTMYECKHX NapaMeTPOB MEPEMEHHBIX
KOMIUIEKca o0orameHus OT (PU3NKO-MEXaHHYECKUX
CBOWCTB pyJbl. 3aBUCHMOCTh TEXHOJOTMYECKHX Iapa-
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IHOPOPMALIWHI TEXHONOTII, CACTEMHUN AHANI3 TA KEPYBAHHA

METpPOB OT CBOMCTB Py ONPEIEIICTCS ,,IPaBUIaMH IPO-
IYKIUU BXOIHBIX M BBIXOIHBIX MaTpul cereit Iletpu.
I'maBHas mens ceteit [leTpu — onpenenenne mpooOIeMHON
CUTYyallud ¥ CO3AaHMUE ,,IPABIII MPOIYKINU “, KOTOPHIE Ha
OCHOBE NPHUYMHHO-CIICACTBEHHBIX CBs3eil (OpMHUPYIOT
Habop pekoMeHaanuii 1 3 HEKTHBHON pabOThI CHCTe-
MBI.

IIpakTHyeckasi 3HAYUMOCTb. Pe3ynpTaTel paboThHI
peaM30BaHbl B BUJIC pa3pabOTaHHON CUCTEMBI yIpaBiie-
HUs, 0a3bl JaHHBIX U MPOTPAMMHOTO OOECHCUCHUS IO
ABTOMATH3aIlMM TEXHOJOTHYCCKUX MPOIIECCOB oOorarie-
HUSL PYIBI, TAKXXE HCIOIB30BaHBI METOABI pa3pabOTKu
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YIPaBICHYECKUX PEHICHUH B POOACTHBIX aJaNTHBHBIX
CHUCTEMaxX VIpaBJICHUS TEPBOM cTaauedl OOOTamIcHHUs,
pa3paboTaHbl TNPAKTUYECKHE PEKOMEHJIAIMH OTHOCH-
TenbHO A(H(DEKTHBHOTO YIpPABICHUS TIEPBOM CTaguei
oboraIeHust py/ibl Ha OCHOBE CO3/IaHHOTO alropuTMa U
MPOTPAMMHOTO 00ECTICUEHNSI.

KawueBble ciioBa: npoyecc, ynpasienue, adanma-
Yust, NPUHAMUE peuleHull, MoOenu, pecpeccu, NPOcHO3U-
posaHue

Pexomendosarno 0o nybrikayii O0okm. mexH. HAYK
€.B. Kouyporw. [lama naoxooacenns pyxonucy 02.07.13.
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