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iron ore raw materials, the financial and economic situation of the mining and processing
enterprises in Ukraine has significantly worsened. Thus, the problem of effective control and quality management in mining has become
of maximum importance. The availability of timely and reliable information about the content of the useful component will allow
responding quickly, forming an integrated final ore cargo flow of the plant of exact quality required by the mining and concentration
complex. The need to create a common quality management system is dictated by the fact that the iron ore has a heterogeneous
distribution of the useful component content within the deposit, the extraction and transport equipment operates irregularly, resulting
in ore cargo flows of various degrees of integration have significant amplitude and frequency oscillations, both by quality and quantity
indicators. The instability of the useful component content in the ore cargo, which is aimed at enrichment, leads to a decrease in
concentrate output, increase of losses in the tails, costs increase, decrease of the enterprise profit and decrease of its competitiveness.
The mathematical model of ore cargo flow formation, which has a range of limitations on quality characteristics, is given. The structure
and functional scheme of the quality management system of the mining and processing plant are substantiated. As a result of theoretical
studies, the possibility of using radiometric and magnetometric methods for the operational quality control of the iron ore raw materials
in the conditions of mining and processing plants by geophysical devices developed by the staff of the problem-branch laboratory of
the Kryvyi Rih National University and Rudpromheofizyka LLC is substantiated. The basic technological characteristics of devices
and systems are given, information on their introduction into production is provided. It is concluded that the researches carried out and
the devices introduced on their basis have created objective prerequisites for substantiating the quality management system at mining
and processing plants. The devices and operational control systems based on geophysical methods allow to cover all major stages of
mining and processing, to receive timely and reliable information on the condition and dynamics of changes in the useful component
content, to efficiently quality management at mining and processing plants, to increase the enterprises competitiveness and profitability.

Keywords: operational quality control, quality management system, useful component content, ore cargo flow, chemical analysis,
logging.
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KOMOIHATIB Ha OCHOBI Treo()i3MYHUX METOJIB ONEPATUBHOTO KOHTPOJIIO SKOCTI MiHEpaJIbHOI CHPOBHHH. BHaciOK MajiHHs LiH HA
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CBITOBHX PHMHKAX 3aJi30pYyIHOI CHPOBHHH (hiHAHCOBO-EKOHOMIUHE CTAaHOBHINE TipHUYI0-30aradyBaIbHIX KOMOIHATIB YKpalHU 3HAYHO
MOTiPLIMIIOCS, TOMY MpobJeMa 3/1iHCHEHHS €(pEeKTUBHOTO KOHTPOJIO Ta YIPABIiHHS SKICTIO B yMOBaxX FpHMYOT0 BUPOOHUIITBA HaOya
MaKCHMAaJIBFHOTO 3HaueHHs. HasBHICTH cBO€YacHOI Ta JOCTOBIpHOI iH(pOpMaIil IPO BMICT KOPHCHOTO KOMIIOHEHTY JIO3BOJIMTH OIlepa-
THUBHO pearyBaTH, GOpPMYIOUH IHTETPOBaHUH (HiHATBHUN PYAHUNA BaHTAXKOMOTIK KOMOIHATy caMe Takoi SKOCTi, IKoi moTpedye 30arauy-
BabHUI KoMIulekc. HeoOXiIHICTh CTBOPEHHS 3arajlbHOI CHCTEMH YIIPABIIHHS SKICTIO MPOJUKTOBAHA THM, IO 3aJ1i30pyIHa CHPOBHHA
Ma€e HEOTHOPIJHUH PO3IOIiI BMICTY KOPHCHOTO KOMIIOHEHTY B MeXaX POJIOBHIIA, BUIOOYBHE Ta TPAHCIIOPTHE YCTATKYBaHHS IIPAIIOE
HEpUTMIYHO, BHACIIIOK YOTO PyIHI BAHTaKOIIOTOKH PI3HOTO CTYIICHIO iHTErpallii MaloTh 3HaYHI aMILTITy THO-4aCTOTHI KOJMBAHHS SIK
3a SKICHAMH, TaK i 3a KUIbKICHUMHU NOKa3HHKaMu. HecTabinbHICTh BMICTY KOPHCHOTO KOMIIOHEHTY B PYZHOMY BaHTa)KOIOTOIIi, IO
CIPSIMOBY€EThCSI Ha 30aradeHHs, IPU3BOANTD 1O 3HIKEHHS BUXOMY KOHILIEHTpPATy, 30UIBIICHHS BTPAT Y XBOCTAX, ITiABUICHHS BUTPAT,
3HIKEHHS NPUOYTKY MiINpUEMCTBA Ta MaJiHHSA HOTro KOHKYpeHTo3naTHOCTi. HaBeneHo MaTeMaTHyHy MOAeb (GOpMyBaHHS PyIHOTO
BaHT)KOIOTOKY, III0 Mae J[ialta30HHI 0OMEKEHHS 110 SIKICHUX XapaKTepUCTHKAX, OOIPYHTOBAHO CTPYKTYpY Ta (QyHKI[IOHAIEHY CXeMy
CHCTEMH yTIPaBIIiHHSA IKiCTIO TipHUY0-30aradyBanbHOr0 KOMOIHaTy. B pe3ypTaTi TeOpeTHIHHX JOCTIPKEHb 00IPYHTOBAHO MOKIIUBICTD
3aCTOCYBaHHS PaJiOMETPHYHHUX Ta MAarHITOMETPHUYHHUX METOMIB IS 311HCHEHHS ONEPAaTHBHOTO KOHTPOJIIIO SIKOCTI 3ai30pyAHOL CHPO-
BUHHM B YMOBaX I'ipHHY0-30araqyBalbHUX KOMOIHATIB re0(hi3HIHIMH IPHIIaIaMH, 10 PO3POOIIEeH] KOJIEKTHBOM IPOOIEMHO-TaTy3eBOl
naboparopii KpuBopizpkoro HanioHansHOro yHiBepcuteTy Ta TOB «Pynmpomreodizukay. HaBeneHi OCHOBHI TEXHOJOTIYHI Xapak-
TEPUCTHKU MPUJIALiB Ta CHCTEM, HaJaHi BIIOMOCTI IIOAO iX BIPOBAHKEHHS Y BUPOOHHUITBO. 3pOOJICHO BUCHOBKH, IO NPOBEAEHI
JOCIIJDKEHHST Ta BIPOBA/DKEHI Ha 1X OCHOBI y BUPOOHMITBO MPHJIAAHM CTBOPHIM 00’ €KTHBHI IEpeIyMOBH JUIsl OOIPYHTYBaHHS CH-
CTeMH YOPaBIIHHS SKICTIO TpHUYO-30aradyBaibHUX KOMOiHATiB. [IprcTpoi Ta cucTeMu ONEpaTHBHOTO KOHTPOJIIO, SIKi OCHOBaHI Ha
reoi3MYHIX METO/axX, 03BOJLIIOTH OXOMUTH YCi OCHOBHI €Taly TipHUYOr0 BUPOOHHITBA Ta MEPepOOKH, OTPUMYBATH CBOEYACHY Ta
JOCTOBIpHY iH(OpMaIilo PO CTaH Ta AWHAMIKY 3MiH BMICTY KOPHCHOTO KOMIIOHEHTY, 3JIiICHIOBAaTH €()eKTUBHE yNPABIIHHS SIKiCTIO
ripHIY0-30aragyyBaibHIX KOMOIHATIB, iIBUIIUTH KOHKYPEHTHO3IaTHICTh Ta MPUOYTOK IUX ITiJIPHUEMCTB.

Kniouosi cnosa: onepamugnuii KOHmMpoOns AKOCMI, cucmema YNPAGNiHHA AKICMIO, 6MICM KOPUCHO20 KOMHOHEHmY, pPYOHULL

B8AHMANCONOMIK, XIMIUHULL AHANI3, KAPOTALC.

Introduction. In the conditions of fierce competition
of the world iron ore producers, against the background
of deterioration inmining and technological conditions
of development of deposits, quality decrease of raw
material base in Ukraine and increase of production
cost, the problem of effective control and quality
management in mining production has become of
maximum importance.

Quality fluctuations of iron-containing raw
materials within the deposit, due to the morphology of
the ore bodies and the presence of many varieties of
ore, lead to instability in the useful component content
of the ore cargo flow, which is directed to the mining
and concentration complex (Joukov, Azarian, 2017).

It is known that ore-concentration plant (OCP)
are high inertial production systems tuned to a
specific quality index in a given range of oscillations.
Excessive fluctuations in the useful component
content in the ore at the inlet of OCP, which go
beyond the specified calculation range, lead to a
decrease in concentrate output, increase in losses
in the tails, increase the cost of processing. That is
why the instability in the quality characteristics of
iron-containing raw materials causes such negative
consequences as the decrease in the profit of the ore-
dressing and mining and concentration complex
(MCC) and the fall of their competitiveness (Azarian,
Joukov, & Stricha, 2017).

Quality control in the mining and processing of
iron ores is to determine the useful component content
— that is, raw material quality, as well as to establish
other characteristics: density, presence and content of
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harmful impurities, humidity, etc. For technological
control, the main indicator is the content of the useful
component, i.e. raw material quality.

Quality control can be carried out either by
chemical analysis or using geophysical methods of
operational control. The main factor distinguishing
the first methods from the second is the speed of
information retrieval: chemical analysis methods
allow to establish qualitative indicators of minerals
over a period of 2 hours, which often increases to 4-6
hours under production conditions, and operational
control of one sample is carried out, usually within a
few seconds to 3 minutes.

Chemical analysis methods are carried out in
accordance with the state standard, so information
about the quality characteristics obtained using these
methods can be included in the quality certificates,
which are the official supporting documents for the
shipment of iron ore or products of its processing
(concentrate, pellets) under internal or external
contracts.

Geophysical methods of operational quality
control for iron-containing raw materials are used
as technological control, however, due to the speed
of obtaining information, their results can be used
in the management of extraction, transportation
and processing. These methods are indirect control
methods: their calibration and tuning are based on
chemical analysis data. However, the main advantage
of geophysical methods of control in the conditions
of iron ore deposits development is their promptness,
which allows receiving timely and objective
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information about the quality of raw materials at
different stages of production.

The need to create acommon quality management
system in mining enterprises is dictated by the fact
that iron ore has a heterogeneous distribution of
useful component content in the deposit, mining and
transportation equipment is not rhythmic, resulting
in ore cargo flows of varying degrees of integration,
and often significant by quantitative indicators, which
is extremely negative for such indicators as the
concentrate output, its cost and the losses in the tails.
The purpose of the research presented in the article
is to substantiate the possibility of using devices of
geophysical operational quality control for iron-
containing raw materials to create a common quality
management system for mining and processing
enterprises.

Research methods. The basic methods of mining
and the following theories were used to substantiate
the quality management system: control, interaction
of gamma radiation with rocks, magnetic fields,
mathematical statistics and synergetics. Probabilistic
and statistical methods were also used, which were
applied in the study of the interactions process of
gamma-quanta with rocks, as well as in the study of
the synergistic effect arising from the combination of
operational quality control system with the system of
mining and transport dispatching.

Research results and discussions. Modern mining
enterprise is a complex system with a developed
hierarchical structure, which main purpose is ore
extraction. Based on this purpose, requirements for
the quality of the raw materials are being formed. The
distribution of the useful component content in the
mine is often chaotic (Byzov, 1991). However, the
final or total ore cargo must have a certain amount of
useful component content that does not go beyond the
range at any point of time, which is dictated by the
requirements of the processing complex.

The mathematical model of control for the
formation of the final or total ore flow can be
represented in the form of requirements implemented
through the quality management system of a mining
enterprise. Functional diagram of the ore cargo flow

formation is shown in Fig. 1. The total volume of
ore is mathematically determined first of all by the
capabilities of the ore-dressing complex, and it is a
given value:

N
Z m, =m @
where m— the volume of ore specified at the
input of OCP for processing, t
m,— quantity of ore delivered by transport from
the k-th mine, t;

In turn, according to the technological
requirements, the useful component content in the ore
after averaging should meet the set value, so there is an
equality in quality, which relates these characteristics
in the ore in the mines and ore flow:

()

N
Z Cpmy =my ¢,
k=1

where c,— the specified ore content after

averaging,

¢, — useful component content in the ore
delivered from the k-th mine.
A priori requirement is also the limitation of the
ore volumes delivered by transport from the mine in
the form of local ore flows:

(3)

where m, — the maximum possible volume of ore
delivered by transport from the k-th mine, t.

Formulas (1), (2) and (3) represent a mathematical
model that is a part of the mining management system
of a mining enterprise.

Another formulation of this model is possible, in
which condition (2) is replaced by the limitation in
the amplitude of oscillations for the useful component
content in the ore after averaging, that is, after the
formation of the ore flow:

0<m, <m, (k=l,2,...,N)

N
cmin ' n?() < Z Ckn?ff = C.max : mO.
k=1

(4)
where C_ ., C .. — Mminimum and maximum
allowable content indices of ore cargo useful
component, that is, OCP requirements range limits.

1- stope
Ore
k — stope concentrating
plant
N —stope

Fig. 1. Functional diagram for the ore cargo formation
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It is known that the management process is
a specially organized influence on the object of
management in order to obtain the desired result.
A device or means producing a control signal to a
control object is a control device or control means
(Meskon, 1998).

In the MCC quality management system for
iron-containing raw materials, such a device is a
central server, and the object of control is the process
of ore flow formation with the values of the useful
component content specified within certain limits.

The control signal (command) produced by
the control device (server) is transmitted through
the communication channels to the production and
transportation facilities, thereby influencing the
control object. The set of control object, control device
(control mean), information means and controls forms
the control system (Meskon, 1998).

In Fig. 2 shows a general scheme for collecting
and transmitting prompt information on the useful
component content in mining and processing
enterprises.

Exploration (logging)

quality management for iron-containing raw materials
is shown in Fig. 3

The functioning of the quality management
system is based on the principle applying averaging
as a management method based on reliable and timely
information about the useful component content in
the mines, ore depots and the final cargo flow, which
is obtained through operational control.

In the first stage of quality control logging
(additional exploration) of the explosive unit is
carried out, which is carried out after the completion
of drilling, but before the wells are filled. Logging is
a detailed study of the section of the well using the
descent-lifting of geophysical probe in it. Gamma-
gamma logging (GGL) refers to nuclear methods of
geophysical exploration. The essence of the method
is that the rock is irradiated with a source of gamma
radiation, after which there is a secondary (scattered)
radiation, which allows more efficient study for the
parameters of the rock (Artsybashev, Ivanyukovich,
1975). According to the physical basis of the gamma-
gamma method, the magnitude of the integrated flux

Fe {total)s Fe {magnetic)
Logging station Ore concentrating plant
"Quarry-Krivbass"; Fe (magnetic)
Fe (magnelic)PAKS'SKKr DZHM-K
DZHM-4 DZHM-4
/ !
\ |
Ore warehouse v
Fe (total) PAKS-5M \ \ Shipmmt
Fe (maEnEﬁC]DZHM- \\‘ Fe (total)
Y 4 rapa
/
—=——Z-Z-=-=====
FEFEZIIIILNNS
— uarrying
“‘-—-\\ Se T N Central server of the
P Aggfrs'el'\lﬁg mining transport
dispatch system

Fig. 2. General scheme of collection and transmission of operational information on the useful component content
in the mining and processing enterprises

The quality management of iron-containing
raw materials is based on the synergy of control and
management systems, consists of quality control
systems in mines and transport communications,
operational information channels and a central
server, which analyzes the situation using the special
software, forming a controlling influence in the
form of commands to mining and transport means
(Azarian, Joukov, 2016). Functional diagram of

intensity of scattered gamma radiation, in addition to
the effective atomic number, is affected by the density
of the investigated medium (p). If this parameter does
not correlate with the useful component content, due
to its change, there will be significant distortions
in the final results (Morkun, Azarian, & Azarian,
2015). It has been found that Kryvbas iron ores are
characterized by a high correlation between p and

Fe,, Which is a favorable precondition for the use of
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Fig. 3. Functional diagram of quality management for iron-containing raw materials

gamma-gamma logging to determine the total iron in
the solid mass. (Morkun, Azarian, & Azarian, 2015)
A significant factor affecting the accuracy of
Fe,, determination using gamma-gamma method
is the natural humidity of the rocks. According to
the statistics, the rich ores of the Kryvyi Rih iron-
producing area contain up to 12% H,O, while the
humidity of the main solid ore varieties ranging from
2 to 8% (Azarian, Azarian, & Trachuk, 2016).
Determination of the useful component content
using gamma-gamma method is possible not only in
the form of logging, but also in piles of blasted rock
mass, as well as in laboratory conditions, on pre-
prepared samples (crushed and with a particular level
of humidity). In the course of the research, it was found
that the intensity of the gamma radiation detected by a
receiver depends essentially on the magnitude of the
distance between the surface of the ore mass layer and
the radiation receiver. The nature of the dependence
for the intensity on the distance is largely determined
by the design parameters of the sensor: the area of the
sensitive surface of the radiation receiver, the diameter
of the collimation window of the collimator of the
radiation source, the relative location of the receiver
and source. Based on the fact that the thickness ofthe
ore layer can vary from 0 to 15 cm, with the stationary
placement of the device sensor above the conveyor,
the air gap between the radiation receiver and the
surface of the ore layer will change within the same
limits. This process was modeled, and as a result, the

intensity of the scattered gamma radiation recorded
by the receiver at different values of the air gap was
obtained. The analytical dependence was obtained and
plotted using these results (Fig. 4) (Azarian, Azarian,
& Cherkasov, 2015).

The process simulation used an ore sample with an
iron content of 58.39%, which is closest to its average
value in the ores subject to control. The analysis of
the obtained dependence shows that only within the
range H=5+1.5 cm, with some approximation, it can
be assumed that the intensity of the registered gamma
radiation does not depend on the magnitude of the air
gap. In other words, when changing the thickness of
the layer within 3 cm, the error made in measuring
the iron content does not exceed +1%. At higher
values of change in the air gap, this error reaches the
intensity of N~500 imp/cm or AN=~12%/cm, which
is equivalent to an error in the iron content of about
~7-8% (Azarian, Azarian, & Trachuk, 2014).

Equally important is the control of the iron content
associated with magnetite, which is also carried out
in a solid mass (logging), in the heaps of destroyed
rock mass and in laboratory conditions. Without
quality control of ferrous quartzites, it is impossible to
fully operate the MCC quality management system,
given that the ore is mainly enriched by magnetic
methods. The study of the factors affecting the quality
control of ferrous quartzite begins with the study of
the magnetic susceptibility of samples. It was found
that the specific magnetic susceptibility of magnetite

7
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Fig. 4. The dependence of the intensity of the scattered gamma radiation on the distance between the source
and the rock mass

(Fes04) can fluctuate within (0.63-1.2)x10° m®kg due
to the presence of isomorphic impurities of copper,
zinc, manganese and other metals (Azarian, Azarian,
& Cherkasov, 2010). The shape, structure and size of
magnetite grains have a significant influence on the
measurement, which affects its magnetic susceptibility
and coercive force. In addition, changes in the texture
and structure of the ores (magnetite grains in non-
magnetic cement or non-magnetic grains in magnetite
cement) also affect the magnetic susceptibility of the
rock mass. The measurement accuracy is influenced
by the change in the conductivity of the magnetite,
which ranges from 10-102 ¢cm/m, the conductivity
of non-magnetic metals and the humidity of the
controlled sample (Dryga, 2013).

p, Om/cm
40

2 p=F(t°C)

In solenoid type coil, a homogeneous magnetic
field can be created only at the ratio of the length and
diameter 1/d > 50. The change of inductance occurs
when the magnetite is introduced into the sensor
cavity, or when the probe is placed in a solid mass
of ferruginous quartzites (Dryga, Shvydky, 2008).
When measuring the qualitative characteristics of
ferruginous quartzites, it is imperative to adjust the
ambient temperature and to provide a constant
current value through the coil of the inductive sensor
(Gzogyan, 2013) to ensure the required accuracy
level.

The main dependencies reflecting the relationship
of resistivity to electric field voltage and ambient
temperature are shown in Fig. 5; the dependence of

20 25 30

I E, B/cm

10 20

30 40 50 60  (°

Fig. 5. Dependence of iron ores specific resistance: 1 — from the electric field voltage; 2 — from the temperature
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Fig. 6. Dependence of specific magnetic susceptibility y of the ore on external field magnetization /

the specific magnetic susceptibility y of the ore on
the external magnetization of the field # — in Fig. 6,
the frequency dependence of the specific resistance
of magnetite quartzites — Fig. 7. These dependencies
were obtained during studies of ferrous quartzites of
the Kryvyi Rih iron-producing area (Azarian, Azarian,
& Cherkasov, 2013).

p, Ohm-m

Rudpromheofizyka LLC and implemented in the
production: PAKS-5 M, PAKS-5 MK, PAKS-
5 KK, Quarry-Kryvbas logging station, sensors for
magnetic iron DZHM-4 and DZHM-3 M1, powder
samples analyzer PAP-1, as well as of continuous
quality control systems of total iron on the NAKS-PK
conveyor and magnetic iron control — DZHM-K.

1 | i } } | } f ¥ ] f
0 100 200 300 400 500 600 700 800 900 1000

Fig. 7. Frequency dependence of the magnetite quartzites specific resistance

The accuracy of raw material quality
measurements for ferruginous quartzites is influenced
by the reliability of the correlation between the
measured magnetic susceptibility and the magnetite
content, as well as the reliability of this relation within
individual sections of the deposit (Dryga, 2013).

Hardware of the operational quality control
for the content of general and magnetic iron can
be geophysical devices, developed by the staff
of the problem-branch laboratory of the State
Technical University of Kryvyi Rih together with

Well logging is carried out by the Quarry-Kryvbas
logging station (Fig. 8). The multifunctional mobile
station is used for simultaneous operational control
(logging) of the magnetic and total iron content
using the method of testing the rock mass in wells
up to 100 m deep (Azarian, Vasilenko, Borodavkin,
& Boyko, 2001). The principle of action is based on
the registration of the secondary (reflected) gamma
radiation from the walls of the well and simultaneous
control for the change of the magnetic field, which
occurs in the solid mass as the probe moves. The

9
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Fig. 8. Quarry-Kryvbas logging station

results of measurements of the useful component
content are displayed (as a percentage) on the digital
scoreboard of the PAKS radiometer or on the laptop
screen. Information on the screen is formed as a table
or graph for the dynamics of changes in the useful
component content (Azarian, Azarian, Gritsenko,
Dryga, & Miroshnik, 2018). The logging step is
variable, it is possible to choose from 0.1 to 1.0 m
depending on the conditions.

The Quarry-Kryvbas logging station provides:

- the exact connection of the well depth and the
corresponding value of the useful component content;

- logging for watered wells;

- automatic data recording (date, current time,
well depth, total and magnetic iron content values).

The Quarry-Kryvbas logging station controls the
useful component content in the range of 1 + 75%,

with an error of £2.0% for the total iron and £1.0%
for the magnetic iron. Power is supplied from the 12
V on-board network; continuous operation time isnot
less than 10 hours. Well test after roller-bit drilling
in the mines of the Mining Department of PJSC
“ArcelorMittal Kryvyi Rih”, PJSC “Pivdennyi MCC”
and PJSC “Ukrmekhanobr MCC” is being conducted
today using the Quarry-Kryvbas logging station.

Logging for magnetic iron can also be carried
out separately using a PAKS-5 KK portable device
consisting of a measuring console and a log device
(Fig. 9).

The criterion for determining the magnetic iron
content is the magnetic susceptibility magnitude of
the rocks (Azarian, Tsybulevsky, Sharov, Dryga, &
Lisovyj, 2008). The device is paired with the PAKS-
5. The principle of the device operation is based on

Fig. 9. PAKS-5 KK portable device

10
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the registration of changes in the artificially created
magnetic field when moving its probe in ferrous
guartzites. The measurement results of the useful
component content are displayed (as a percentage) on
a digital scoreboard and are automatically stored in
the device memory. Logging data allows to construct
a distribution model for the useful component content
in the block prepared for blasting by explosives, and
thus to predict the dynamics of quality change in the
further exploitation of the mine. Measurement error is
+1.0%. The PAKS-5 KK portable device is used in the
quarries of PJSC “Pivdennyi MCC”, PJSC “Inhulets
MCC” and in the quarries of the Mining Department
of PJSC “ArcelorMittal Kryvyi Rih”.

After blasting, the ore mas is mixed, which
predetermines the technological control for the iron
content related to magnetite in the mine using the
PAKS-5 MK device (Azarian, Dryga, Tsybulevsky,
& Krivrenko, 2004) (Fig. 10). The principle of its
operation is similar to PAKS-5 KK, the index of the

A microprocessor-based NAKS-PK quality and
weight control system (Azarian, Byzov, 1993) can be
used to control the total iron content in the ore flow
on the conveyor ore transportation. The NAKS-PK
system is designed for the operational control of total
iron content and the mass of mineral raw material
with an accuracy of £1.5%. The operation of NAKS-
PK is based on the principle of a local information
and measurement network with a central device
(server), which uses a computer with special software,
and peripheral measurement units (communication
terminal) (Fig. 11).

Smart NAKS-PK transmitters are used as
communication terminal. Communication of the
server with communication terminals is carried out
on a two-wire protected physical line using the main
line principle. Communication terminals (smart
transmitters) NAKS-PK are microprocessor devices
providing control for the technological parameters
of raw materials and the information exchange with

Fig. 10. PAKS-5 MK portable device

useful component content is not investigated in the
wells, but on the surface of the mine, in the destroyed
rock mass. The depth of the information layer is 0.5
m. The data obtained using PAKS-5 MK is used for
current compliance control of actual quality indicators
with the calculated data used in the solution of the
mixture calculation problem for determining the
variable task. The measurement error is +1.5%.

The PAKS-5 MK portable device isimplemented
and is successfully operated at PJSC “Pivdennyi
MCC”, PJSC “Central MCC”, PJSC “Inhulets MCC”,
PJSC “Poltava MCC” and the quarries of the Mining
Department of PJSC “ArcelorMittal Kryvyi Rih”.

the server system. The principle of their operation is
based on the registration of the flow reflected from the
surface of the ore mass moving along the conveyor,
using the center-shifted or lateral geometry of the
relative location of the ionizing radiation sources
and detectors. The recorded intensity indicator is
converted into the value of the useful component
content over the set measurement period. The NAKS-
PK control system was introduced and operates inthe
conditions of the surface complex of PJSC “KZRK?”,
PJSC “SUKHA BALKA” and PJSC “ArcelorMittal
Kryvyi Rih” at the entrance to the crushing and sizing
plant.
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Quality control at the run-of-mines and during
the shipment allows consumers to determine the total
iron content (using a PAP-1 powder analyzer) and
magnetite-related iron (using a magnetic DZHM-4
iron sensor) discretely, with higher accuracy.

A powder samples analyzer is designed to
determine total iron content in ferrous  metal
samples provides accurate measurements at the

Fig. 11. Peripheral measurement unit of the NAKS-PK system

R i A AL

as preliminary grinding of the measured material is
performed, which significantly improved the accuracy
of control. PAP-1 was applied at the open quarry of
PJSC “Ukrmekhanobr MCC”, PJSC “Central MCC”.
From 2018 a new modification of the powder samples
analyzer of PAP-2 is applied on the open quarries of
PJSC “ArcelorMittal Kryvyi Rih”.

The magnetic iron sensor DZHM-4 is intended

Fig. 12. Powder samples analyzer PAP-1

level of chemical analysis (Fig. 12) (Azarian,
Azarian, Gritsenko, Dryga, & Miroshnik, 2017). The
measurement time is up to 60 seconds. It should be
emphasized that the cost of one analysis performed
using PAP-1 is two orders of magnitude lower than
using the chemical analysis.

The principle of operation of the powder
analyzer is similar to PAKS-5 M, but it has an
improved geometry of the measurement area, as well

12

for the express determination of the mass fraction of
magnetite in iron ores (Fig. 13). DZHM-4 enables
long-term storage of the obtained results in the
database and their processing (the average values
determination for the useful component content,
graphical representation of the content distribution
over time and other data processing operations).
The DZHM-4 consists of a magnetic susceptibility
sensor, a sample weight sensor, an electronic circuit
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Fig. 13. Magnetic iron sensor DZHM-4

structurally assembled as a monoblock, and a
measuring console. The measurement error is +1.0%.

The magnetic iron sensor DZHM-4 is operated
at PJSC “Inhulets MCC”, PJSC “Pivdennyi MCC”
and the quarries of the Mining Department of PJSC
“ArcelorMittal Kryvyi Rih”.

At the entrance of the processing plant, before
grinding, the magnetic iron content in the ore flow
on the conveyor lines is controlled by the DZHM-K

measuring coil relative to the magnetic field artificially
created by induction coil in the measuring area. The
DZHM-K system consists of magnetic susceptibility
sensors, transducers, electronic boards, ore layer
height sensors and central server height and operates
on the OCP-1 sections of the Mining Department of
PJSC “ArcelorMittal Kryvyi Rih” since 2007. The
measurement accuracy is +1.5%.

Control for the total iron content is carried out by
a PAKS-5 M integrated device (Fig. 15). This device

\ .///
' e
/' =

Fig. 14. DZHM-K continuous control system

continuous monitoring system (Fig. 14) (Azarian,
Azarian, Dryga, Lisovyj, Tsybulevsky, Sharov, &
Shvydky, 2008).

The DZHM-K system provides real-time
magnetite content determination, enables long-term
storage of the obtained results in the database and their
processing (the average values determination for the
useful component content, graphical representation
of the content distribution over time and other data
processing operations). The principle of operation is
based on the registration of the signal change from the

has a precision measurement of total iron content
lower than the PAP-1 (TTAII-1) powder analyzer
(£1.5%), however, it requires less sample preparation
and can be used both in laboratories and in main
loading and transportation drifts and run-of-mines
(Azarian, Azarian, & Trachuk, 2012).

Comparison of the of measurements accuracy of
devices and systems for operational quality control,
developed in the problem-branch laboratory of Kryvyi
Rih National University was carried out using the
data of the standard chemical analysis of ore, which

13
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Fig. 15. Integrated device for controlling the total iron content PAKS-5 M

was performed by the State Inspectorate for Quality
“Pivdenruda”, as well as chemical laboratories of the
Mining Department of PJISC “ArcelorMittal Kryvyi
Rih”, PJSC “Inhulets MCC” and PJSC “Pivdennyi
MCC”.

Conclusions. Theoretical works on the control and
quality management for iron-containing raw materials
and the practical development of the scientific team
of the problem-branch laboratory of the Kryvyi Rih
National University created objective prerequisites
for substantiating the quality management system
of mining and processing plants. Developed and
implemented in the production of operational control
devices cover all the basic stages of mining, provide
timely and reliable information on the status and
dynamics of the changes in the useful component
content and to perform effective quality management
on its basis and to generate MCC ore cargo traffic
according to the requirements of the concentration
complex, which gives an opportunity to increase
competitiveness and the profit of these enterprises.
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