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CONTROL REGULARITIES OF THE USEFUL MINERAL EXTRACTION
FROM ORE FEED STREAM WITH AUTOGENOUS GRINDING.
SPECTRAL ANALYSIS

Purpose. Summing up the results of a comprehensive study aimed at substantiating the fundamental decision-
making base of the control channel of “useful mineral content in ore — useful mineral content in concentrate” in
automatic mode for plants, enriching poor iron-containing ores.

Methodology. Comparative analysis of objective indicators of the dispersion spectra, autocorrelation and correla-
tion functions, technological variables, as well as amplitude-frequency characteristics of objects controlling the iron
ore dressing processes and general provision synthesis of the mineral processing control system structure.

Findings. Substantiation was initiated regarding the fundamental decision-making base without the participation
of the technological process operator based on the relationship between the many states of the control object and the
final series of indicative events determined with the combined use of the correlation analysis method of the process
variable values and object spectral analysis of iron ore dressing control. The control strategy of these objects, indepen-
dent of the useful mineral liberation technology, has been determined.

Originality. It was shown for the first time that for all control objects of the poor iron-containing ores dressing, the
automatic control system must be built according to the reaction on the deviation of the useful mineral content value
at the control object output. For the first time, to substantiate the fundamental decision-making base, the finite series
of indicative events was determined with the correlation and spectral analysis method, which are necessary but not
sufficient to describe the set of states of the dressing objects of poor iron-containing ores in the control channel of
“useful mineral content in ore — useful mineral content in concentrate”.

Practical value. The obtained results can be the basis of a promising automatic control system of dressing technol-
ogy objects for poor iron-containing ores.
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Introduction. Regardless of the useful mineral dis-
close technology at a processing plant, all ore prepara-
tion stages are faced with the cyclical change character
of the enriched raw material properties. This change
character is primarily associated with the beginning and
end of such ore production in a quarry, which has vari-
ous dressing properties that affect the concentrate pro-
duction. It also has a certain ore supply periodicity to
the crushing plant entrance with various transport types.
This situation gives rise to the problem of influence of
the previous ore preparation stages on the controllability
of OCP with autogenous grinding through the “useful
mineral content in ore — useful mineral content in con-
centrate” channel. This should be taken into account for
the top level building of the OCP (ore concentration
plant) control system, which excludes the operator from
the control loop.

It is necessary to note that this work completes a cy-
cle of four articles that with correlation, spectral and fre-
quency analysis offer a problem solution of the subjec-
tive current production situation perception by the pro-
cess operator. The desire to eliminate the “human fac-
tor” influence on the technological dressing process is
long overdue. The technical base for this solution is
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available. The automation level, which is embedded in
the already implemented local systems of automatic
control and management of individual technological
parameters, can be the basis for building a fundamental
decision-making base without an operator’s participa-
tion. The cycle of articles proposes and substantiates the
authors’ approaches to two problem solution of the top
level building: the managing strategy for the poor iron-
containing ore objects and the set of the control object
state description with a finite series of indicative events.
Literature review. Foreign and Ukraine mining and
processing enterprises have always faced the problems of
technological process control, caused by the operator
presence in control circuits. At the heart of these prob-
lems, there is subjective perception of the current tech-
nological situation based on the knowledge and experi-
ence of the decision maker (DM). In this regard, a ret-
rospective analysis of the development vectors of auto-
mated control systems used in Russian mining and pro-
cessing plants (MPP) [1] is indicative, which fully cor-
responds to the situation at Ukrainian mining and pro-
cessing plants. Attention is drawn to the fact that the
same situation also exists in foreign mineral processing
industries [2]. Thus, the modern development of theo-
retical and proven solutions for closed cycle control of
autogenous grinding does not depend today on the geo-
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graphical location of the control object and the re-
searcher and engineer teams.

As the practice of autogenous grinding and semi-
autogenous grinding mill exploitation shows, the main
problem is the optimum loading of the mill drum with
the grinding material, which allows obtaining the maxi-
mum given size class yield. In theoretical conclusions, to
determine the loading level of autogenous grinding
mills, it is simultaneously proposed to apply indications
of “intellectual” pressure sensors in centralized oil lu-
brication systems of 2 support bearings of the feed and
discharge mill pins and the acoustic characteristics of
the noise emitted with the grinding material [3]. It is ar-
gued that the same goal is achieved with the use of a ma-
terial stock stabilization circuit in a mill according to the
power sensor data consumed by its drive motor and one
according to its weight [4]. However, the described
methods do not make it possible to exclude the DM
from the control circuit of the autogenous grinding mill
operating in a closed cycle, since ultimately, for chang-
ing the grinding conditions inside the mill drum the
DM has to make decisions to adjust the control circuit.

The world leading companies engaged in the devel-
opment and implementation of integrated solutions for
the mining industry, supply modular control systems for
grinding and semi-autogenous grinding closed cycles.
The functionality of such systems varies widely and de-
pends on customer requirements. They are based on
monitoring devices that estimate the values of techno-
logical variables (soft sensors). For example, they deter-
mine the particle size distribution of the initial mill feed:
VisioRock™, which can be used both in local mode and
as a component of a modern control system [5, 6] or a
similar solution RockSenceTM |[7]. There are control
devices that determine the particle size distribution of
the ready class (OUTOTEC PSI) [7]. Sensors have been
developed based on various indirect methods, evaluat-
ing the drum loading with the grinding material: Au-
dioMill™ [5, 6] and MillSence™ [7].

The SmartMill™ [2] and BrainWave™ [8] control-
lers are the next step in functionality. They are designed
to work with individual grinding units and implement
the target control function: maximum mill productivity
for a given size class. SmartMill™ realizes predictive
control based on a non-linear model. The control algo-
rithms are embedded in the mill drive with varying
speed. To bring the system into an optimal state, two
control actions are used: the feed of the grinding mate-
rial and the rotation speed of the mill drum. The Brain-
Wave™ optimization algorithm is based on the patented
model-predictive adaptive control technology, whose
essence is not shown. The target control function is sim-
ilar to SmartMill™,

Control systems possess the greatest functionality
and are described by developers as integrated solutions
for the whole processing of mineral raw material. In
such systems, multifactor control of the autogenous and
semi-autogenous grinding is used due to the complex
use of some indirect methods for measuring technologi-
cal variables. For example, at one of Swedish copper
mining factories, ABB introduced predictive control
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based on a non-linear facility model, which is config-
ured depending on the objective technical and techno-
logical limitations of the control object on which they
are implemented [2].

Metso company offers to mining companies distrib-
uted control systems for whole process from ore mining
to extracting the useful mineral [5, 6]. A block system
diagram and the interaction diagram between its main
components are given, the center of which is an expert
system with fuzzy logic. According to the diagram in it,
the expert system gives the settings to local control sys-
tems based on measurements and other received infor-
mation [6]. The interaction principles and features of
the component and local control systems with the expert
system are not written. Outotec grinding automation so-
lutions are based on the “Outotec ACT platform” — an
advanced control platform that can be connected to any
existing enterprise control system [7]. The system is
based on linear regression links and an extended Kal-
man filter and fuzzy logic [9].

Unsolved aspects of the problem. A generalized anal-
ysis of materials provided by leading world companies,
engaged in the automation of mineral processing tech-
nologies, shows the relevance of the problem of elimi-
nating decision makers from control circuits. Today
there are no definite statements that the disclosing pro-
cess and especially mineral raw material dressing, is car-
ried out without the participation of the technological
process operator. At best, the problem is solved either
for a particular case or for a narrow range of technologi-
cal variable values, beyond which the DM has to inter-
vene in the control circuit.

For plants with autogenous grinding mills, enriching
the poor iron ore, such solutions are completely lacking.
Trends in the control system development are aimed at
the load increasing on the technological process control
at the processing plant, which falls on the DM. This is
due to the fact that the control circuits of all typical fac-
tory objects, dressing sections, are set on one operator.
This situation makes DM do compromise decisions in
cases when the process variable values change into more
than one dressing section. As a result, the factory begins
to work with increased specific energy consumption for
the valuable mineral liberation, reducing the productiv-
ity on the initial ore.

One of the key points that allow removing DM from
the control circuit of the dressing section and the whole
factory is determining the moments of strategy change
and control tactics on the “useful mineral content in
ore — useful mineral content in concentrate” channel.
A correlation analysis of the control laws of mineral re-
covery from ore flows showed that the upper control
level of the second ore concentration plant (OCP-2) of
the Inhulets Mining and Processing Plant (InMPP) and
its separate dressing section on this channel can be based
on a number of indicative events [10]. The positive re-
sults of using the frequency and spectral analyses for the
dressing section with ball grinding and the whole factory
for determining indicative events [ 11] give us reasons for
conducting similar studies in the dressing sections with
autogenous grinding.
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Results. Above, the reason was described for the cy-
clical change character of the useful mineral properties
at the processing plant inlet with autogenous grinding,
which is the control object. Thus, the frequency control
object characteristic determines its frequency proper-
ties. In our case, for the control channel, “the mineral
content in the ore — the mineral content in the concen-
trate”, it should show by how many times the total iron
content amplitudes determined by the natural field con-
ditions and its transport features at the processing plant
input, are reduced.

The strength and size of the useful mineral impreg-
nation may have their own frequency characteristics,
which do not coincide with the frequency characteristics
of the mineral content in the ore. Their study is beyond
this study scope because these properties of the initial
ore affect only the productivity of the concentrating
plant and the concentrate yield for a given useful min-
eral content in the product concentrate.

Previously, in accordance with the technological
scheme of connecting OCP-2 devices, we obtained the
transfer function of the entire process dressing line
(PDL) [10]. We use it to obtain the amplitude-frequen-
cy characteristic of the dressing section with autogenous
grinding, transforming it into the relation of two poly-
nomials using the software “Mathcad”

2 21
_Gy+apHay Pttty p

w .
(p by+b - p+by-p*+--+b,y- p?

Further, the polynomial coefficients ¢ and b were
found (Table 1)

The polynomial coefficients were used to construct
the logarithmic amplitude-frequency characteristic of
the dressing section of the OCP-2 InMPP (Fig. 2). To
build the characteristics, the software package
“Mathlab” was used. Further, only that part of it was
considered, on which o, is visible — a cutoff frequency
equal to 0.68 rad/hour. The obtained cut-off frequency
value corresponds to the fluctuation of total iron content
in the initial ore at the dressing section inlet with a pe-
riod of one and a half hours (7= 1/w,, = 1.47 hours).

Thus, the logarithmic amplitude-frequency charac-
teristic of the OCP-2 dressing section of InMPP showed
that, according to the control channel, “the useful min-
eral content in the ore — the useful mineral content in
the concentrate”, it is necessary to react to the change in
the total iron content in the concentrate not earlier than
in one and a half hours after fixing this change by means
of control. Thus it follows that, theoretically, control
strategy for the dressing section with autogenous grind-
ing can be based on a significant deviation of the useful
mineral content in the product concentrate.

Let us estimate the filtration properties of the con-
centration plant with the autogenous grinding of OCP-2
InMPP at the “mineral content in ore — mineral con-
tent in concentrate” channel. For this purpose, we de-
termine the amplitude-frequency characteristic, based
on the known dispersion spectra ratio of the output sig-
nal — Sy(w) to the input signal — Sy(w), which we used
for OCP-1 [11]. For our case, Sy(®) is the dispersion
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Table 1

The polynomial transfer function coefficients of
dressing section

Index Indication
a b

0 6.4021 - 102 5.5465 - 107"
1 1.7756 - 107! 2.7509

2 1.7979 - 107! 5.7203

3 8.7236 - 1072 6.5554

4 2.1559 - 1072 4.5854

5 2.617 - 1073 2.048

6 1.359 - 107 5.9388 - 107!
7 1.8981-10°° 11174 - 107!

8 1.1433- 1078 1.3448 - 1072
9 3.3684 - 107" 1.0037 - 1073
10 4.9446 - 107 4.4147 - 107
1 3.4879 - 1077 1.0902 - 107
12 9.4489 - 102! 1.6462 - 1078
13 3.5214-107% 1.6314- 1071
14 1.8075 - 107 1.1085 - 107"
15 6.3142- 1073 5.287 - 1079
16 1.5118 - 1073¢ 1.7846 - 1077
17 2.463-107% 4.2449 - 10720
18 2.6668 - 107+ 6.9964 - 1072
19 1.8275-107% 7.7433 - 107%
20 7.1486 - 10°% 5.4479-107%
21 1.2135 - 1072 2.1897 - 10732
22 0 3.8147 - 10736

spectrum of total iron in the initial ore (Fig. 2), and
Sy(w) isthe dispersion spectrum of total iron in the con-
centrate (Fig. 3).

For each series of observations, the average value of
the total iron content in the concentrate and its disper-
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Fig. 1. Logarithmic amplitude-frequency characteristic
of the OCP-2 dressing section of InM PP
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Fig. 2. The dispersion spectrum of the total iron content in the initial ore for OCP-2:

a— Sy(w), series 1; b — Sy(w), series 2
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Fig. 3. The dispersion spectrum of total iron in concentrate for OCP-2:

a— Sy(w), series 1; b — Sy(w), series 2

sion are constant. This made it possible to carry out
spectral analysis using autocorrelation functions. It is
known that the autocorrelation function is even. There-
fore, before the spectral analysis, it was supplemented
with the corresponding values, which are located to the
left of the ordinate axis. Taking into account these val-
ues, the implementation length for the first series of ob-
servations was 128 hours, and for the second — 86. The
sampling frequency for the observation series is the
same and is one hour™'.

The form of the dispersion spectra (Figs. 2, 3) shows
that the low frequencies have the greatest amplitude for
all series of observations. Moreover, the amplitude of the
iron content in the initial ore at low frequencies has sig-
nificant fluctuations: from 16 to 2 %. However, the main
part of the spectrum has amplitude in the range of 2 %.
The amplitude of the low frequency spectrum of iron
content in the concentrate is not more than 4 %. It rang-
es from 2.5 % for the first observation series and 3 % for
the second observation series. For both observation series
of the dispersions spectra of the total iron content in the
concentrate, there is a tendency for the amplitudes to fall
from low to medium frequencies at an exponential law. In
all dispersion spectra the amplitude of the high-frequen-
cy component is present; however, it is closed to zero.
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According to the dispersion spectrum form of the to-
tal iron content in the initial ore, it is possible to hypoth-
esize that it displays the ore preparation operation fre-
quencies that precede the OCP-2 storage bin feeding
with the initial ore, from which the ore enters the dress-
ing sections. The lowest frequencies most likely corre-
spond to the raw material formation processes in the
quarry. The right side of the low-frequency spectrum for
the first observation series corresponds to the natural av-
eraging of the raw material properties in the OCP-2
storage bin. It occurs because of the ore mixing due to
the transverse shift of its layers relative to the longitudi-
nal bunker axis. The shift of the ore layers is a conse-
quence of its uneven production at the dressing sections.

Pairwise comparison of the dispersion spectra of to-
tal iron content in the initial source ore and concentrate
for both observation series suggests that low frequencies
corresponding to the ore preparation processes at the
recovery stage and ore transportation to the crushing
unit inputs pass to the OCP-2 output. However, the am-
plitude values are significantly smoothed and, as noted
above, they descend to higher frequencies (the right side
of the low-frequency spectrum) according to an expo-
nential law. Consequently, the amplitudes of the fre-
quencies, which, according to our hypothesis, corre-
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spond to the processes occurring in the OCP-2 bunker,
are substantially smoothed, having five times smaller
amplitude than at the factory input.

The total spectrum of the output signal OCP-2 was
obtained for each observation series according to the fol-
lowing algorithm. For each individual frequency, the av-
erage spectra amplitude values of the input signals for all
sections were calculated. Further, for each observation
series the amplitude-frequency characteristic of OCP-1
was obtained using the control channel of “mineral con-
tent in ore — mineral content in concentrate” based on
the characteristics of the initial data (Figs. 4, a, b). The
features of the source data and the expression used to ob-
tain the amplitude-frequency characteristic were de-
scribed earlier [11].

The type of amplitude-frequency characteristics ob-
tained for the first observation series shows that the con-
stant component of valuable mineral content in the ini-
tial product has the most significant effect on the quality
indicators of the concentrate. The right part of the mid-
dle spectrum part shows the effect on the dressing indi-
cators of the initial ore flow formation, primarily due to
the unevenness of the initial ore indicators, coming from
the OCP-2 storage bin to the dressing sections with au-
togenous. In our case, we define the maximum spec-
trum amplitude at the boundary of its low and mid-fre-
quency part as the interference, the nature of which we
could not establish.

The amplitude-frequency characteristic of the sec-
ond observation series has a number of significant differ-
ences from the first observation series:

- the maximum amplitudes of the first observation
series, which we did not identify as interference, are 1.5
times smaller than the maximum amplitudes of the sec-
ond observation series;

- the amplitude of the constant component tends to
zero, which means that the useful mineral content in the
raw material does not affect the concentrate quality;

- the maximum amplitudes are absent in the low-
frequency part of the spectrum.

Such features of the amplitude-frequency character-
istics allow saying that the spectrum formation of the
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Fig. 4. Amplitude-frequency characteristics of OCP-2:

a — the first observation series; b — the second observation series
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second observation series is not influenced considerably
by the useful mineral content in the raw materials. The
spectrum is formed by the processes of OCP-2 incorpo-
ration into the operation, which entail changes in the
dressing process parameters initiated by the staff in or-
der to bring the dressing process to regular operating
modes.

Summing up the research. This publication is the last
in four article cycle devoted to the control laws of the
useful mineral recovery from ore flows, which take place
in the processing dressing lines of poor iron-containing
ores of the Inhulets MPP [10—12]. The cycle begins with
an article devoted to the study with the correlation anal-
ysis method of the results of the iron ore dressing pro-
cess line, in which ball grinding is used for useful min-
eral liberation [12]. Further, for the same line, the re-
sults of iron ore concentration with the spectral analysis
method [11] were investigated. In the third [10] and the
present article, similar studies were carried out for dress-
ing units in which autogenous grinding mills are used for
useful mineral liberation.

In the course of these studies, the work of 10 sections
of OCP-1 (ball grinding) and 13 sections of OCP-2 (au-
togenous grinding) of the Inhulets mining complex was
analyzed. For each section, two observation series were
analyzed. The first and second observation series were
carried out in one period of time for all sections of the
iron ore dressing. All sections operated in the normal
mode of production exploitation in the stationary sea-
son (summer) conditions. The observation duration is
five days, the discreteness is one hour.

Correlation (Table 2) and spectral (Table 3) analysis
of the OCP-1 and OCP-2 dressing sections operation
showed that the control object behavior on the “the use-
ful mineral content in ore — the useful mineral content
in concentrate” channel weakly depends on the struc-
ture of the technological iron ore dressing lines and a
method for useful mineral liberation.

This permits us to speak about the unified flowchart
of the dressing control object not only of poor iron ores,
but also of any other mineral, where this process begins
with the mineral liberation, continues with the libera-
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Table 2

The correlation analysis results of total iron content in
the initial ore, concentrate and tailings for OCP-1 and

Table 3

Parameters of logarithmic frequency characteristics
of dressing sections of OCP-1 and OCP-2 of the

OCP-2 of Inhulets MPP Inhulets MPP
Ne Object of study OCP-1 | OCP-2 Object name
Ne Parameters
1. | Transition time in the processing 16 20 OCP-1 | OCP-2
line, hours 1 | Polynomial numerator degree 22 23
The observation series 1 | 211 | 2 2 | Polynomial denominator degree 21 22
The decay time of the autocorrelation function of 3 | Cutoff frequency LAFH, dB 0.22 0.68
total iron, hour: . 3
4 | Oscillation period of the raw 4.54 1.47
feedstock (ore) S5 113(122(5 material properties, h
depleted product (tails) 20 13| — | —
4. | The decay time of the autocorrelation function of total B
iron content in an enriched product (concentrate), A CcO — >
hours: C
: |~ >
minimum 3131412
maximum 518117115 Fig. 5. Unified flowchart of the control unit of the poor

5. | The equivalent delay time of the correlation function
of the total iron content in the enriched product from
its content in the initial raw material, h:

minimum 17 1 20| 54 | 30
maximum 3413859 37
6. | The correlation function sign of + |-+ |-

the total iron content in the
enriched product from its content
in the initial raw materials

tion result classification and ends with the useful min-
eral recovery (Fig. 5).

Thus, we can draw a flowchart of a concentrating
plant consisting of unified control units of iron ore
dressing (Fig. 6).

In the present study, the control laws of a useful min-
eral recovery from ore flows were established for the
control channel of “the useful mineral content in the
ore — the useful mineral content in the concentrate”.
According to the unified flowchart of the control object

Concentration plant

iron-containing ore dressing:
A — initial ore; B — enriched product; C — depleted product

of the poor iron-containing ore dressing (Fig. 5) and the
generalized flowchart of the concentration plant (Fig. 6)
we take the following name for the control channel, cor-
responding to the flowchart: “the useful mineral content
in the raw materials — the useful mineral content in the
enriched product”.

All of the following generalizations are valid for all
control objects, which can be represented by the flow-
charts shown above (Figs. 5, 6), if the type of autocor-
relation functions of the useful mineral content in the
raw materials and enriched product makes it possible to
conclude that all processes in the considered technol-
ogy are stationary and ergodic for any observation se-
ries.

1. The weak correlation between the useful mineral
content in the enriched product and in the initial raw
material or its absence suggests that the control object is
operating in the steady mode.

Dressing section 1
A A A B
» Stagel —B—> Stage 2 T» ——>» StageN >
“y 3! VAl
B »
i» Dressing section 2 C g
B
A . . >
—r Dressing section N C

Fig. 6. A generalized flowchart of the concentrating plant as a control object:

A — initial ore; B — enriched product; C — depleted product
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2. The positive correlation between the valuable
mineral content in the initial minerals and the enriched
product suggests that the dressing operates in a steady
mode according to the dressing index of initial minerals.

3. The negative correlation between the valuable
mineral content in the initial minerals and the enriched
product corresponds to the transitional mode of the
production line due to the staff actions to give the de-
sired direction to the process.

4. If the decay time of the autocorrelation function of
the useful mineral content in an enriched product is less
than the time of the transition process, then by the time
of its termination the initial information is hopelessly
outdated, therefore, the deviation control becomes im-
possible.

5. If the time of the equivalent delay of the correla-
tion function of the a useful mineral content in an en-
riched product from its initial raw material content is
longer than the transient process time, then the disturb-
ing effect due to a change in the dressing raw material
characteristics does not affect the useful mineral content
in the enriched product, although the technological
process continues to work out the static relationship be-
tween the useful mineral content in the initial minerals
and in the enriched product.

6. If the correlation function type of the useful min-
eral content in an enriched product from its content in
the initial minerals does not correspond to the classical
ideas about it, then it can be claimed that the control
object is operating in a transitional mode.

7. The cutoff frequency values and the oscillation pe-
riod of the useful mineral in the initial raw material (Ta-
ble 3) confirm the theoretical possibility of the control
system design for the control objects (Figs. 5, 6) accord-
ing deviation on “the useful mineral content in the ini-
tial raw material — the useful mineral content in the en-
riched product” channel.

8. Hypothesis. The left part of the low frequency dis-
persion spectrum of the useful mineral content in the
initial minerals describes the formation processes of its
concentration characteristics directly in the quarry.

9. Hypothesis. The right-hand part of the low fre-
quencies of the dispersion spectrum of the useful min-
eral content in the raw materials describes the formation
processes of its dressing characteristics due to accumu-
lation and segregation in the bunker, which feeds the
control object input.

10. Comparison of the dispersion spectra of the use-
ful mineral content in the raw materials and enriched
product allowed asserting that only low frequencies are
transmitted to the control object output, corresponding
to the formation of the dressing characteristics of the
raw materials directly in the deposit. The formation of
dressing characteristics caused by the accumulation and
segregation of the raw material in the bunker feeding the
control object, are not observed at its output in the en-
riched product stream.

11. If the constant component of the valuable min-
eral content and the unevenness of its indicators, deter-
mined by the amplitudes of the middle part of the spec-
trum of the amplitude-frequency characteristic, in the
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initial product have corresponding effects on the useful
mineral content in the enriched product, then the con-
trol object operates in a steady state.

12. If the amplitude of the constant component is al-
most zero and the amplitude maximum values belong to
high frequencies of the amplitude-frequency character-
istic, then the control object operates in a transient
mode, which is caused by changes in the parameters of
the dressing process initiated by the staff.

Conclusions.

1. Analysis of the logarithmic amplitude-frequency
characteristic of the dressing section of the OCP-2
InMPP leads to the conclusion that theoretically the
control strategy of the dressing section at the “mineral
content in ore — mineral content in concentrate” chan-
nel coincides with the section control strategy OCP-1
[11]. It does not depend on the dressing scheme and the
useful mineral liberation method and should be based
on fixing a significant deviation from the specified prop-
erties of the market concentrate.

2. If we take into account the fact that OCP-2 with
autogenous grinding, as well as OCP-1 with ball grind-
ing [11], are parallel working same-type sections (in our
case there are 13 ones for OCP-2 and 10 for OCP-1), the
control strategy for a separate section extends to the fac-
tory as a whole, regardless of the method of the useful
mineral liberation.

3. Analysis of the dispersion spectra of total iron
content in the initial ore and concentrate and the ampli-
tude-frequency characteristics of the OCP-2 showed
that the control capabilities of the “the useful mineral
content in the ore — the useful mineral content in the
concentrate” channel to ensure the specified mineral
content in the concentrate is determined by the mineral
content in the initial ore, formed in the deposit. They
are weakly dependent on the processes of ore prepara-
tion, which precede the ore feeding from the factory
storage bunker to the dressing sections inputs.

4. The amplitude-frequency characteristic type of
OCP-2is an indicator of the operating mode of the pro-
cessing plant on the control channel of “the useful min-
eral content in the ore — the useful mineral content in
the concentrate” regardless of the liberation method
and the dressing circuit (see the corresponding conclu-
sion [11]).

5. The steady-state signs of OCP-2 operation mode
with autogenous grinding and signs of its operation in a
transient mode completely coincide with those that
were previously defined for OCP-1 with ball grinding
[11] according to the type of its amplitude-frequency
characteristic. They can be used in the automatic con-
trol system of the processing plants as indicative events
that determine their operation modes without the par-
ticipation of staff.

6. For any control object of mineral processing,
which corresponds to a unified and generalized flow-
chart (Figs. 5, 6), the following signs can be listed, cor-
responding to its operating in the steady mode on the
control channel of “the useful mineral content in the
raw materials — the useful mineral content in the en-
riched product”:
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- weak or positive correlation between the content of
valuable mineral in the initial ore and the enriched
product;

- the constant component of the valuable mineral
content and the non-uniformity of its indicators, deter-
mined by the amplitudes of the middle spectrum part of
the amplitude-frequency characteristic, have corre-
sponding effects in the initial product on the useful min-
eral content in the enriched product.

7. For any object control of mineral processing,
which corresponds to a unified and generalized flow-
chart (Figs. 5, 6), you can list the following signs corre-
sponding to the transition process on the control chan-
nel of “the useful mineral content in the raw material —
the useful mineral content in the enriched product”:

- negative correlation between the valuable mineral
content in the initial ore and the enriched product;

- the type of the correlation function of the mineral
content in the enriched product from its content in the
initial ore does not correspond to the classical ideas
about it;

- the constant component amplitude is almost zero
and the maximum amplitudes belong to the high fre-
quencies of the amplitude-frequency characteristic.

8. The control system of any mineral processing fa-
cility that corresponds to a unified and generalized flow-
chart (Figs. 5, 6) can theoretically be and should be
based on a significant deviation of the mineral content
in the enriched product.
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3aKOHOMIpPHOCTI KepyBaHHSI BUJIYYEHHSIM
KOPHCHOTO MiHepay 3 pyJIONnoOTOKIB
i3 camononpionenHsM. CrekTpajbHUil aHATI3

1. K. Maadeyvkuii', 4. I. Kysaes', H. C. IIpadko®
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Mera. IlinBeaeHHs MiACYMKiB KOMILJIEKCHOTO 10-
CJIIJIDKEHHSI, 1110 CIpsSIMOBaHe Ha OOIPYHTYBaHHSI (DyH-
JJaMeHTaJIbHOI 0a3U MPUHATTS pillleHb 110 KaHaly Ke-
pyBaHHS ,,BMIiCT KOPMCHOTO MiHepaay B pyldi — BMICT
KOPUCHOTO MiHepaly B KOHUEHTpPATi“ B aBTOMaTUYHO-
My pexXumi 1151 hadpuK, 1110 30arayyroTh OilHi 3a1i30-
BMICHi pynu.

Metoauka. IlopiBHSIBbHUIT aHali3 00’ €KTUBHMX
MOKA3HUKIB CIEKTPiB AUCIIEPCiii, aBTOKOPETSALINHUX i
KOpeIsIUiiHuX (YHKIi, TEXHOJOrYHUX 3MiHHUX, a
TaKOX aMILTITYIHO-YaCTOTHUX XapaKTEPUCTUK 00’ €K-
TiB yIIpaBJliHHS TIpoliecaMy 30aradyeHHs 3aj1i3HOI pyau
I CHHTEe3 3arajlbHUX IIOJIOXEHb CTPYKTYPU CHUCTEM
yIIpaBJIiHHS 30arayeHHsIM KOPUCHUX KOITaJIMH.

PesyabraTu. [ToknaneHo noyatok oOrpyHTYBaHHIO
¢dyHaaMeHTaabHOI 023U IPUAHSATTS pillleHb Oe3 yJacTi
orepaTopa TEXHOJIOTIYHOTO MPOLIeCy Ha OCHOBI 3B’ 3Ky
MixX 0e3/1iuyio cTaHiB 00’€KTa KepyBaHHS i KiHIIEBUM
PSAOM iHAMKATUBHUX MO, 1110 BUBHAYAIOTHCS CITiJIb-
HUM BUKOPHUCTAHHIM METOIY KOPESIiHHOTO aHali3y
3HaUYE€Hb TEXHOJIOTIYHUX 3MiHHMUX i CIEeKTpalbHOTO
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aHajizy 00’€KTiB KepyBaHHSI 30aradyeHHSIM 3ajli3HOI
pymu. BusHaueHa cTpaTeriss KepyBaHHS TaKUMU
00’€eKTaMM, 1110 HE 3aJIEKUTD Bil TEXHOJIOTii PO3KPUTTS
KOPHUCHOTO MiHepaJy.

HaykoBa HoBH3HA. YTiepiile MoKa3aHo, 1110 JUIST BCiX
00’€eKTiB KepyBaHHsI 30arayeHHsIM OiTHMX 3aJ1i30BMicC-
HUX PYJI CUCTEMY aBTOMaTUYHOTO KepyBaHHsI HEOOXiI-
HO OyayBaTWM IO peaklili Ha BiIXWUJIEHHS 3HAYEHHS
BMICTY KOPHMCHOTO MiHepay Ha BUXOi 00’€KTa Kepy-
BaHHS. Yrepiie 1js1 OOrpyHTYBaHHS (hyHIaMeHTaslb-
HO1 0a3u MPUHSATTS pillieHb METOAOM KOPEJISLIHHOTO
Ta COEKTPAJbHOTO aHaJli3y OYyB BUSHAYEHUI KiHIEBUIA
psii iIHOIMKATUBHUX MOil, HEOOXiTHUX, aJie He JOCTaT-
HiX, U OITUCy 0e3J1ivi CTaHiB 00’ €KTIB KepyBaHHSI 30a-
rayeHHsIM OiTHUMX 3a1i30BMICHUX Py[ 110 KaHay Kepy-
BaHHS ,,BMICT KOPMCHOI'O MiHepaly B py/li — BMIiCT KO-
PUCHOTO MiHEpay B KOHIIEHTpaTi®.

IIpakTuuna 3HaunMicTh. OTpUMaHi pe3yabTaTu MO-
KYTh CTaTU OCHOBOIO TMEPCIIEKTUBHOI CUCTEMM aBTO-
MaTUYHOTO KepyBaHHSI 00’€KTaMu TEXHOJIOTiil 306ara-
YeHHs OiIHUX 3aJ1i30BMiCHUX PYII.

KmouoBi cioBa: induxamueni nodii, cumyauiiine
VAPABAIHHA, CNeKMPANbHUI AHANAI3, YACMOMHUU aHANI3,
KYAb08e NOOpiOHeHHs, camonoopiOHeHHsl

3aKOHOMEPHOCTH YNPABJIeHUs W3BJIeYeHHEM
N0JIe3HOr0 MUHEPAJa U3 PyAONOTOKOB
¢ camom3mesbueHneM. CneKTpajibHblii aHAIN3
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Ieab. [TogBeneHre UTOroB KOMIUIEKCHOTO HCCIIe-
JIOBaHUsI, HaMpaBJIeHHOro Ha OOOCHOBaHUE (QyHIa-
MEHTaJbHOI 0a3bl NMPUHSATHS PEUICHUI I10 KaHay
yIpaBJIeHUsT ,,COIEpKaHUE IT0JIE3HOTO0 MMHepaja B
pyIe — comepkaHMe IMOJIE3HOr0 MUHepajia B KOHIICH-
Tpare“ B aBTOMaTMYECKOM pexume st (padbpuk, 060-
ralaromnx OeqHbIe XKeJIe30CoaePXKAIINe PyIbL.
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MeTtoauka. CpaBHUTEIbHBIN aHATU3 OOBEKTUBHBIX
rnokasaTejiell CIeKTPOB AUCIEPCUIl, aBTOKOPPEISILI-
OHHBIX U KOPPESIINOHHBIX (DYHKIIWI, TEXHOJIOTNYE-
CKHUX TIEpEMEHHBIX, a TAKXKe aMIUTUTYIHO-YaCTOTHBIX
XapaKTePUCTUK OOBEKTOB YIPaBICHUS IIpolieccamMu
o0oraIeHNs KeJIe3HOM pyabl M CMHTE3 OOIINX IT0JI0-
KEHUI CTPYKTYpPHI CUCTEM YIIpaBJIeHUST 00OTaleHueM
ITOJIC3HBIX MCKOITAeMBIX.

Pesyabratbl. [lonoxeHo Hayago OOOCHOBAHHWIO
¢dyHIaMeHTaNbHOM 0a3bl MPUHSTUS pellleHiT 0e3 yJya-
CTUS oIlepaTopa TeXHOJOTMYECKOIo IMpoliecca Ha Oc-
HOBE CBSI3U MEXKIYy MHOXKECTBOM COCTOSIHUI 0ObeKTa
yOpaBiIeHUsI U KOHEUHBIM PSIIOM MHAUMKATUBHBIX CO-
OBITHIT, OTpeAeNIIeMBIX COBMECTHBIM KCITOJTb30BaHM-
€M MeTOoAa KOPPEJSILIMOHHOIO aHa/Iu3a 3HaUYeHU M Tex-
HOJIOTMYECKMX TTEPEMEHHBIX M CIIEKTPAIbHOTO aHAIH-
3a OOBEKTOB YIIpaBJICHUS OOOTAIICHUEM KeJIe3HOM
pynoel. OmpenmenieHa CTpaTerust YIpaBICHUS STUMU
00BEKTaMM, HE 3aBUCSIIAS OT TEXHOJIOTUU PACKPBITHS
ITOJIC3HOTO MUHEpaIa.

Hayynas noBusHa. BriepBbie moKa3aHo, 4TO 111 BCEX
00BEKTOB YIpaBIeHUsT odoraleHueM OeTHBIX JKeae30-
ConepXKallux pyA CUCTEMY aBTOMATUYECKOTO YITpaBjie-
HUST HEOOXOIMMO CTPOUTH MO Peaklii Ha OTKJIOHEHUE
3HAYEeHUsI COACPKaHMSI TTOJIE3HOIO0 MUHEpPaJla Ha BBIXO-
e oO0bekTa yrpasieHusi. BriepBbie 17151 000CHOBaHMUS
(byHIaMeHTaIbHOM 0a3bl TIPUHSITHS PEIICHUIT METOIOM
KOPPEJSIIMOHHOTO W CIIEKTPaJbHOIO aHajiu3a ObLl
orpeneI€H KOHEYHBIN psl WHIWKATUBHBIX COOBITHIA,
HEOOXOMUMBIX, HO HE JOCTATOYHBIX, IJISI OIMCAHMS
MHOXECTBA COCTOSIHUII OOBEKTOB YIIpaBJICHUS 0OOra-
LIeHUEeM OeIHBIX KEJIe30COAepKAlIMX Py MO KaHay
yIpaBIIeHUS ,,CONEPKaHe IMTOJIC3HOTO MUHepaJja B pyie
— coliepxKaHMe MOJIE3HOro MUHepalia B KOHILIEHTpaTe .

IIpakTHyeckas 3HaYMMOCTb. [lonydyeHHBIE pe3ysib-
TaTbl MOTYT CTaTh OCHOBOM MEPCHEKTUBHOM CUCTEMBI
ABTOMATMYECKOTrO YIMpaBIeHUsS O0BbEKTaMU TEXHOJIO-
Uil oboramieHust 6eIHbIX XKele30CcoaepKalluX pya.

KimoueBbie cioBa: undukamugHwie cobbimus, cumya-
YUOHHOe YnpaeieHue, CHeKMpaabHblil aHaAu3, 4acmom-
HbLI AHAAU3, WAPOBOE UMENbYEHUE, CAMOU3MeNbYEeHUe
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