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BOTHOCTH U PEIICHNE MTOJTyICHHOM KpaeBoil 3a1aum.

Metomuka. [IprMeHeHME M3BECTHBIX MHTErPasib-
HBIX TIpeoOpa3oBaHuii Jlamnaca, Dypwe, a Takke pas-
pabOTaHHOTO HOBOTO MHTErpaJibHOTO IIpeobpa3oBa-
HUSI [UIS1 KYCOUHO-OIHOPOIHOTO IMPOCTPAHCTBA.

PesynbTatel. HaiineHo HecTalroHapHoe TeMIlepa-
TYPHOE T0JIe CIJIONIHOIO KPYTOBOrO IUJIMHIPA BHEII-
Hero paanyca R B moJisipHOI crcTeMe KOOpAWHAT, KY-
COYHO-OTHOPOIHOTO B HAIpaBJICHWU IOJISIPHOTO pa-
Jyca r, KOTOPBIN BpallaeTcs ¢ ITOCTOSTHHOM YTIITOBOM
CKOPOCTBIO BOKPYT ocu OZ, ¢ yIeTOM KOHEYHOI CKO-
pPOCTH pacIpocTpaHeHUs Teruia. Terropu3ndecKue
CBOICTBa B KaXXIOM CJIO¢ HE 3aBUCST OT TEMIICPaTyphI
TIPY MIEaTbHOM TEIIOBOM KOHTAKTe MEXIY CIIOSIMU, a
BHYTPEHHUE WCTOYHMKHU TeIula OTCYTCTBYIOT. B Ha-
YaJbHBI MOMEHT BpPEMEHHU TeMmIlepaTypa IIWJIUHApA
TIOCTOSIHHASI, @ Ha BHEIIIHEN MOBEPXHOCTU LIUIUHAPA
WU3BECTHBIY TETJIOBOW MOTOK.

Hayunasa noBu3Ha. BrniepBbie pa3zpaboTaHa MateMa-
TAYECKasT MOJIEIb paclpeiesieHUsT TeMIlepaTypHOro
TOJIST B KyCOYHO-OTHOPOIHON WIMHAPE B BUIE Kpae-
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Purpose. To define the indicative events characterizing a process state on “useful mineral content in ore —useful
mineral content in a concentrate” control channel at an ore concentrating plant with ball grinding using correlation
analysis method with the purpose of an operator exclusion out of a control circuit.

Methodology. Correlation analysis of the control object parameters.

Findings. According to the mutually correlation function a range of indicative events is determined which charac-
terize a process state on “useful mineral content in ore —useful mineral content in a concentrate” control channel.

Originality. Comparison of numerical values of recession time and the equivalent delay of autocorrelation and
correlation functions of the general iron content and a time constant of a dressing process line obtained in the normal
operation of ore concentrating factory with ball grinding has been made out for the first time.

Practical value. The indicative events obtained by the type and parameters of the correlation functions between the
content of a useful mineral in the feedstock and concentrate can be used for automatic system creation for situation-
dependent process control of ferrous and non-ferrous ore dressing as both at separate ball grinding sections, and at

separate plants which include these sections.
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Introduction. Difficulty of controlling concentrating
processes consists in their random and unsteady charac-
ter. The concentrating technology devices are objects
with variable parameters and, moreover, with random
parameters. At Ukrainian plants an operator determines
the choice of vector components of the controlling in-
fluences, their values and the issuing moment on “useful
mineral content in ore —useful mineral content in a con-
centrate” control channel for all dressing sections. For
his exclusion from a control circuit it is necessary to un-
derstand response of a control object to the change of
controlling influence values.

Analysis of the recent researches and publications.
The greatest interest in the concentrating process auto-
mation was in the early seventies of last century when
there was a problem of the automated process control
system creation. Theses for a Doctor’s degree were writ-
ten on the subject of concentrating factory technology
control by Arshinsky V. M. (Irkutsk), Kozin V. Z. (Yeka-
terinburg), Maryuta A.N. (Dnipro), Horolsky V.P.
(Kryvyi Rih). In Kozin’s work the method was taken
only from statistical dynamic view and correlation anal-
ysis, therefore, it hardly featured any sufficient general-
izing force. Arshinsky V.M. and Horolsky V.P. ap-
proached the control object description from classical
view of the automatic control theory — transfer func-
tions. Maryuta A. N. relied on the determined descrip-
tion of technological devices.

The practical value of these works consists in appli-
cation of regulation and control for local systems of the
key technological parameters at ore concentrating plants
(OCP): automated mode with processing tasks in tech-
nological operations in the enrichment section and the
collection of information in a database for its display at
the level of concentrating factory dispatcher [1], the
gradual build-up of integration and interaction between
various control subsystems [2], controlling each step of
the ore grinding process to the finished concentrate de-
watering [3]. In the last decade this fact and develop-
ment of computer techniques allowed bringing up a
question of on-line information use by the operator for
task output to operators of local system regulation and
control: the first stage of ore concentration [4], feeding
ore in ball mill of first stage load concentration [5], the
process of loading ore and balls, depending on the ore
properties [6], technological complexes “ball mill —
classifier” [7]. Some researchers have evenly brought up
a question of excluding a person from a control circuit of
separate ore dressing technological units: closed-cycle
of wet grinding ball [8], the processes of crushing and
grinding of ore [9], nonlinear dynamic objects [10].

Unsolved aspects of the problem. To make it possible
for the OCP automatic management system to “under-
stand” the control object response on the value change
of the controlling influences it is necessary to define the
indicative events characterizing a process state on “use-
ful mineral content in ore — useful mineral content in a
concentrate” control channel.
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Presentation of the main research and explanation of
scientific results. For extraction of the useful mineral
from ore feed stream with ball grinding, technological
di-agrams with the following features are used at Ukrai-
nian mining and processing plans (MPP) (Fig. 1):

- at least ten similar sections work in parallel within
one ore concentrating plant;

- each section consists of three ore dressing stages;

- a finite number of operations is carried out in each
dressing stage: disclosure (Fig. I, unit 1), division
(Fig. 1, unit 2), extraction (Fig. 1, unit 3) of the useful
mineral (division according to the useful mineral con-
tent) and filtering saleable concentrate (Fig. 1, unit 4);

- all back couplings on the material flows do not
cross boundaries of separate dressing stages.

The initial ore arrives from the bunker, saleable con-
centrate is transported to a ware-house, and rejects are
transferred to the rejecting storage.

The basis of this research is data obtained by results
of normal technological approbations of all sections of
ore concentrating plant No. 1 (OCP-1) with ball grind-
ing of Inhulets Mining and Processing Plant (InMPP)
for stationary season (summer). The observation dura-
tion is five days, resolution is one hour. In total more
than 1200 values for each of the following technological
parameters were obtained: ore processing (t), produc-
tion (t/hour), concentrate output (%), moisture in a
concentrate (%), the general iron content in ore (%),
the magnetic iron content in ore (%), the general iron
content in a concentrate (%), the general iron losses in
rejects (%), magnetic iron losses in rejects (%), mag-
netic iron extraction in rejects (%), general iron extrac-
tion in concentrate (%).

The obtained basic data have the following features:

- the initial ore with the identical content of the use-
ful mineral feeds all OCP-1 section input;

- general and magnetic iron content in rejects is de-
termined as the same one for all sections: in their final
agitation place;

- general iron content in a concentrate is determined
for each section;

- during data accessing OCP-1 did not operate with-
in five hours; therefore, each observation series consists
of two observation series: 64 and 43, respectively;

- in addition to the general hours of OCP-1 down-
time, Section 6 stood idle within seven hours that di-
vided the first observation series into two ones, and the
second observation series had identical duration with
the appropriate observation series at the rest of sec-
tions.

Based on these data there were designed autocorre-
lation functions of the general iron content in the initial
ore (a) (Fig. 2), in concentrate (B) (Fig. 3) at each sec-
tion output, in rejects (v) (Fig. 2) and correlation func-
tions of the general iron content in a concentrate from
its content in the initial ore for each section (Fig. 4). It
allowed estimating key parameters and distribution laws
of recession time and the equivalent delay of autocorre-
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Fig. 1. The diagram of OCP ore feed stream with ball grinding
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Fig. 2. The autocorrelation functions of useful mineral content in ore feed stream and in rejections
lation and correlation functions of useful mineral con- vations (K, ,). For rejects this value is 20 for the first
tent in OCP-1 ore feed stream (Fig. 5). (K, ,) and 13 hours for the second series of observations
The dip time of an autocorrelation function of gen- (Ks, ), respectively.

eral iron content in the initial ore is 5 hours for the first For the first and second observation series the dip
series (K, ) and 13 hours for the second series of obser- time minimum of autocorrelation function of general
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Fig. 4. Correlation functions of the general iron content in a concentrate from its content in the initial ore

iron content in a concentrate was fixed at the third sec-
tion (K, gg3, Kso p3) and was equal to 3 hours. The dip
time minimum for the first observation series was fixed
at the fifth section (K, ggs) and was equal 15 hours, for
the second one — at the sixth section (Ks; gg¢) — 8 hours.

The autocorrelation function type allowed making
the conclusion that all processes in the considered tech-
nology are stationary and ergodic: both for the first ob-
servation series and for the second one. All of them are
comparable with each other. However, the first series
characteristics completely differed from those of the
second series. For example, autocorrelation functions
dip time of the first series has a rather stable value (with
some acceptable dispersion). The dip time of the same
function for the second observation series also has a
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steady value, but it is much less than for the first series.
This fact shows that dressing process is influenced by
absolutely different parameters, conditions and actions.
As a result, it is possible to draw such conclusions in first
approximation. In the first series the perturbations were
shown slowly, and the frequency of their appearance was
rather small. In the second series perturbations appeared
much more often, and their influence was more essen-
tial.

Minimum equivalent delay time of the correlation
function of general iron content in a concentrate from
its contents in the initial ore was 17 hours for the first
observation series at the third section (K, .43), and for
the second series it was recorded 20 hours (K, ) at the
first section. The maximum equivalent delay time for

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 4



IHOOPMALIWHI TEXHONOTII, CUCTEMHUN AHANI3 TA KEPYBAHHSA

Concentrate

12
10

10

4 AN
2 2\1
JE L

1-4 5-8 9-12 13-16
T - dip time B, hours

The number of recorded values
[=)]

a

The number of recorded values

Initial ore - concentrate

10 5
9
: / AN
’ / N
/ 5
5 a
4
3
2
1
0 T T ]
17-24 25-32 33-40
T3 - equivalent delay time af, hours
b
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the first observation series was registered at the ninth
section (K, o9), and for the second series — at the third
section (KS2 af34), it was 34 and 48 hours, respectively.

The research of correlation functions of the general
iron content in a concentrate from its content in the ini-
tial ore for the first observation series has found out that
there is a close positive correlation between valuable
mineral contents in the initial raw materials and a con-
centrate that is quite naturally. For the second series a
steady negative correlation between these parameters is
observed. This phenomenon shows that the factors
which are not connected with raw materials properties,
affected technological index formation. These could be
subjective actions of a technological staff for giving the
desirable direction to process.

An observation duration value order for both series
is identical. It gave the possibility to use all observation
series duration of 43 and 64 hours for creation of dip
and the equivalent delay time distribution function of
autocorrelation and correlation functions of the general
iron content in a concentrate. Proceeding from extreme
values in their distribution (3 and 13 hours) for creation
of a dip time distribution function the interval is ac-
cepted to a half of a shift duration (Fig. 5, @), and for
function creation of the equivalent delay time distribu-
tion an interval length is equal to one shift duration
(Fig. 5, b).

It is known that the laboratory test analysis selected
from the appropriate material streams is applied for ef-
ficiency determination for separate sections and con-
centrating plant in general. Even in case of manual se-
lection, delivery to laboratory and chemical ore feed
stream test analysis the results are received in 2—3
hours. It is less than the minimum dip time value of an
autocorrelation function of general iron content in a
concentrate (Fig. 3, a). Results of such approbations
usually come at the end of shift, i.e. in 6—7 hours after
its beginning. As we see, concentrating process goes
quite steadily, and information-processing time is
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much less than equivalent delay and dip time of corre-
lation functions. Thus, the operator has an opportunity
to obtain information which does not become outdated
by the submission time of the controlling influence ac-
cording to target control function on the “useful min-
eral content in ore — useful mineral content in a con-
centrate” channel, both for a separate section, and for
the plant in general. Automatic control is rather effec-
tive in such conditions as time for the analysis is re-
duced practically to 0.

Let us estimate a possibility of wet ball grinding sec-
tion control on the “useful mineral content in ore — use-
ful mineral content in a concentrate” channel by com-
paring the dip time t. of the appropriate correlation
functions and equivalent delay time ted of correlation
function of general iron content in a concentrate on its
content in the initial ore (Fig. 5) with the transient pro-
cess time 7.

Each device has the system characteristic according
to which an input flow quality index conversion is car-
ried out. For grinding it is the grinding characteristic of
A, and for separating devices there are separation char-
acteristics of Pi. According to laws of device connection
we obtain the connection characteristic (Fig. 6)

A-P-P-P,

ity

The device transfer functions have the form:

1 Y Y
=— Wi=riad— W,=/—"2— W, =
AT p+l ' Tp+l P Tp+l .
=1 ;Tsz_i§ 125; Tzzﬁ; T3=£
Tp+1 o o) 0, 0,

We add transfer functions instead of P;in (1)

Wi(p) =W, - W, -Wy - W) [ 1-W, (1=, ) -

W (W)W i-w) ]
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Fig. 6. The diagram of the concentrating technological
unit

After substitution in (2) expressions for transfer
functions, some identical conversions, removing the
brackets in a denominator and bringing similar mem-
bers, we receive, where

ay=v\YyYs; Gy =T TT);

a, =TTy + 17Ty + TPT) v +
+ILT, -TLT, +2- 17T,
a, =2TTy + T T, (1+y, +7,73 )+ T2T, (1475 )+
+IT, +TT, =211y, + 17 +
20T -1, -7,);

ay =T, (4+275 +713 +7, = Va¥3) +
T, (1427, +7,)+ T3 (147,

as=2+y3+y +v1v3+ 272 F Y1723 — VY2

Based on this expression the form and the period of
transient operation in a technological process are esti-
mated. According to the technological diagram of
OCP-1 device connection that is given in the third part
of “The reference book on ore dressing” by Bogda-
nov O.S. edition, transfer function of all dressing pro-
cess (DP) has the following form

W(p)=W< )FBI ( ) (p)
W (p), W (p), () w(p)

x(W(p

W(p), W () g,
9W(p 10 (pllx (4)
W )13W p)14><

FB3 4) p
)W (2,

( )FBS ( 15

1

FB‘ZI—W(p)lW(p)Z_l is back con-

where W ( p)

WD) ks

nection at the first grinding stage;
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1
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second grinding stage;
1
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the third grinding stage; W(]))FB4 =1/[1—W(p)oc3x

XW(p)IO W(p)n W(p)13 W(p)m W(p)ocs W<p)16_2:| is

back connection for filter overflow; W(p)ocs =
1

1- W(p)IS W(p)IGJ

The complicate function terms (4), which are trans-

fer function of separate technological devises, have the
form
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is back connection for filtrate.
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Coeflicients in above-stated function denominators
are received as the ratio of technological device volumes
to their volume productivity. The device volumes of the
OCP-1 iron ore dressing process are known and their
numbers correspond to numbers of transfer functions in
expression (4): 1 is the first grinding stage mill (V, =
=45 m?%); 2 is double-helix qualifier (¥, = 33 m?); 3 and
7 stand for separator CBW-90 x 250 (V5 = V,= 0.4 m%)
(CBW — Constant magnetic Ball Wet); 4 is a middling
sump (¥, = 19 m%); 5 and 11 stand for hydro cyclone
GH-710 (V5= V;; = 0.4 m%); 6 and 12 stand for the sec-
ond and third grinding stage mills (V; = V}, = 60 m%); 8 is
MD-9 (Magnetic Deslimer) deslimer (V; = 138 m%); 9
and 14 stand for separator CBW-100 x 300 (Vo = V4 =
= 0.5 m%; 10 is technological sump (V;, = 37.2 m?); 13
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and 15 stand for MD-9 deslimer (V5 = V5 = 40 m%); 16
is vacuum filter (Vs = 2 m).

Adding to expression (4) the equations of transfer
device functions, and executing identical conversions
for getting the proper algebraic fraction (Mathcad pro-
gram) from this expression, we obtain in a denominator
a polynomial representing a characteristic equation of a
differential equation of transient process in TDL (Tech-
nological Dressing Line). The conversion result turns
out in the form of the proper algebraic fraction of rather
high order (the denominator turned out more than the
20" order concerning p argument). As a result, the tran-
sient process time 7 for OCP-1 was defined and was
equal to 16 hours.

Calculation of transient process time by means of
transfer functions assumes that influence happened ow-
ing to volume productivity change in case of concen-
trating devices regime parameter change. When change
occurs owing to a deviation of concentrating character-
istic indices then in a dressing process there are static
changes which change correlation connections and
therefore can be found by means of mutual correlation
functions.

So 1. < T (Fig. 5, a); therefore, by the time of tran-
sient process end the initial information hopelessly be-
comes outdated and, consequently, control according to
comparing these parameters becomes impossible. On
the other hand, the input influence — change concen-
trating characteristics — did not prove itself on concen-
trate quality since t,;, > T (Fig. 5, b) though technologi-
cal process continues to fulfill static connection of valu-
able mineral content in the concentrate from its content
in the initial ore. And the concentrate quality change
continues the trend according to initial ore quality which
entered the TDL time T back. Therefore, time for deter-
mination of control application need is more than
enough.

Observing the concentrate quality change according
to operation technological approbations (the approba-
tion period Ar), we see tendency of this index change.
And if during 2 - At time the quality increments has the
same sign, then it is possible to make the decision on
control expediency, but it is required to define what
quality of the initial ore was at the time of 7+ 2 - At back.
According to series of observations, we determine the
concentrating characteristic value of the initial raw ma-
terials, then model technological conversions and the
control need problem is solved. Thus, control is carried
out on a deviation.

Conclusions and recommendations for further re-
search.

1. Comparing the dip time and the equivalent delay
of autocorrelation and correlation functions of the gen-
eral iron content and a constant time of dressing process
showed that on the “useful mineral content in ore —
useful mineral content in a concentrate” channel con-
trol is possible on a rejection of the useful mineral con-
tents in a concentrate from the set value.

2. By form of the mutual correlation functions be-
tween the useful mineral content in the initial raw mate-
rials and in a concentrate it is possible to select the next
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indicative events characterizing a process state on the
“useful mineral content in ore — useful mineral content
in a concentrate” control channel:

- weak correlation or its absence means that the use-
ful mineral extraction process from the initial raw mate-
rials proceeds in the steady mode;

- the positive correlation indicates the natural con-
centrate quality dependence on ore quality;

- the negative correlation signals about transient
process connected with subjective technological staff’s
actions for giving to process of the desirable direction or
about change of ore grindability;

- the type of function which does not correspond to
classical expectations of it shows that the effect of con-
centrating process control was not neutralized, and con-
centrating process proceeds in transient regime.

3. Spectrum analysis and determination of OCP-1
amplitude-frequency characteristic should be the fol-
lowing step in determination of indicative events, char-
acterizing a process state on “useful mineral content in
ore — useful mineral content in a concentrate” control
channel.
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MerTa. /1151 BUKITIOYEHHSI oIlepaTopa 3 KOHTYpY Ke-
pPYBaHHSI METOJOM KOPEJSILiifHOTO aHali3y BUSHAYUTU
iHIMKATUBHI MOii, 1110 XapaKTepU3YIOTh CTaH MPOLECy
10 KaHajy yMpaBIiHHS ,,BMiCT KOPUCHOTO MiHepaly B
PYAi — BMICT KOPUCHOTO MiHepasly B KOHIIEHTpATi“ py-
J0-30arayyBajibHOIO (PaOpUKOIO 3 KYJbOBUM MOAPiO-
HEHHSIM.

Meromuka. KopensauiiiHuii aHaliz mapaMeTpiB
00’eKTa KepyBaHHSI.

Pe3ynbTaTi. 3a BUIOM Ta ImapaMeTpaMy B3a€EMOKO-
pensuiitHux (YHKIINA BUOIAECHO psia iHAWUKATUBHUX
MOMil, 110 XapaKTepU3yIOTh CTaH IPOIIECy IO KaHaly
VIpaBIiHHS ,,BMIiCT KOPUCHOTO MiHepaly B pyai —
BMICT KOPUCHOTO MiHepaly B KOHLIEHTPATi .

HaykoBa HoBHM3HA. YTiepiile TPOBEAECHO MOPiBHSH-
HSI YMCEJIbHUX 3HAYEHb Yacy CIaay Ta eKBiBaJIGHTHOTO
3aMMi3HIOBAaHHSI ABTOKOPEJSLIIAHUX 1 KOpensiiHuX
(yHK1il BMiCTy 3arajJbHOTO 3aJli3a i MOCTiifHOI Yyacy
TEeXHOJIOTIYHO1 JIiHi1 30araueHHsI, OTpMMaHUX Y MPoLie-
ci HOpMaJIbHOI TPOMUCIIOBOI €KCILTyaTallil pyno30ara-
qyBaJIbHOI (PaOpUKY 3 KyJTLOBUM MOAPiOHEHHSIM.

IlpakTnynHa 3HauMMmicTh. [HIMKATUBHI TOAdii, 11O
olepKaHi 3a BUTJISIIOM Ta 3a TlapaMeTpaMu B3aEMOKO-
pensuiitHuX (YHKIIiN MiXXK BMICTOM KOPMCHOTO MiHe-
pajy y BMUXiIHilfi CMpPOBHHI Ta KOHIICHTPATi, MOXYTb
OyTH BUKOPUCTaHI JIsl MOOYIOBM aBTOMaTUYHOI CHC-
TEMM CUTYaLilfHOTO yIpaBJIiHHS MPOLECOM 30aradyeH-
HSI Pyl YOPHUX i KOJTBOPOBUX METATIB SIK HA OKPEMUX
CEKIIisIX 3 KYJIbOBUM IOAPIOHEHHSIM, TaK i Ha dabpu-
Kax, 0 CKJIaay SKUX 1li CeKIlii BXOASITb.

KmouoBi cioBa: asmomamusauis, inouxkamueéni no-
dii, cucmema cumyayilinoeo ynpasainus, KopeasyiliHui
ananiz, 306aeavenHs 3anizHoi pyou, pydosbaeauysanvHa
ghabpuka 3 Kyabosum noOpiOHeHHAM
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Hens. s mMCKITIOUEHUST oIlepaTopa M3 KOHTypa
VIpaBlIeHUST METOIOM KOPPEISIIUOHHOTO aHajln3a
OIPeaeINTh MHINKATUBHBIC COOBITHS, XapaKTePU3Y-
IOIIMe COCTOSIHME TIpoliecca IO KaHajy YIpaBIeHUS
,,COJIepXKaHue TMOJIe3HOr0 MUHEepaia B pyne — Coaep-
JKaHUe I10JIe3HOr0 MUHepajla B KOHLIEHTpaTe” pyn00-
ooraTuTenbHOM (pabpUKOI ¢ APOBLIM U3MEJIbUEHU -
eM.

Mertomuka. KoppesiimoHHbII aHaI13 TapaMeTpoB
00beKTa YIpaBaeHUSI.

Pesyabratbl. [To Bugy u mapameTpaM B3aMOKOD-
PEeSIMOHHBIX (DYHKIIMI BBIIEICH PSII MHINKATUBHBIX
COOBITHI, XapaKTePU3YIOIINX COCTOSTHIE TIpollecca 1o
KaHaJly YIIpaBIICHUs ,,COmeprKaHMe IT0JIe3HOTO MUHE-
paja B pyne — coaepxKaHue IT0JIe3HOTO MHHepaja B
KOHIIEHTpaTe".

Hayunas HoBu3Ha. BriepBbie IpoBeIeHBI CpaBHE-
HUS YUCJICHHBIX 3HAYEHUI BPEMEHM CIiana U d9KBUBa-
JICHTHOTO 3ara3iblBaHUS aBTOKOPPEISLMOHHBIX U
KOPPEJISIIMOHHBIX (DYHKIIMI comepKaHust 00ILero xe-
Jie3a M TOCTOSTHHOM BpEMEHM TEXHOJOTUYEeCKOW JIM-
HUU 00OTaIIeHUsI, TTOJIyYeHHBIX B TIPOIIecCe HOPMaJlb-
HOU MPOMBILIJIEHHON 3SKCIUTyaTaluu pyao00oraTu-
TeJIbHOM (paOPUKU C IIAPOBBIM U3MEIIBUYCHUCM.

IIpakTuueckas 3HAYMMOCTh. MIHIMKATUBHBIE COOBI-
THSI, TIOJTYYCHHBIC TI0 BUAY U ITapaMeTpaM B3alMOKOP-
PEISIIIMOHHBIX (DYHKIIMI MEXIY COmepKaHUEM T0JIe3-
HOTO MUHEpala B MCXOTHOM ChbIpb€ M KOHIICHTpATe,
MOTYT OBITh UCIIOJb30BAHbI I MTOCTPOSHUST aBTOMa-
TUYECKON CUCTeMbl CUTYalIMOHHOTO YIIpaBJIeHUS MPO-
LIECCOM 000TallleHUs Py YEPHBIX U LIBETHBIX METAJUIOB
KakK Ha OTIEJIbHBIX CEKIIMSIX C IIapOBBIM M3METbUEHMU-
€M, TaK 1 Ha (habpUKax, B COCTaB KOTOPBIX 3TU CEKIINU
BXOJISIT.

KiioueBbie cioBa: asmomamusayus, UHOUKAMUB-
Hble cOObImuUsl, cUcCmeMa CUMYAUUOHHO20 YRPABAeHUs,
KOpPeAsiyUuoOHHbLI anaaus, oboeaujeHue Jicene3Hol pyobl,
pyoooboeamumenvras Gabpuka ¢ waposviM usmenvue-
Huem

Pekxomendosano 0o nybaikauii dokm. mexH. HayK
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