p-ISSN 1607-3274. PanioenextpoHika, iHpopmaruka, ynpasiinuas. 2017. Ne 3
e-ISSN 2313-688X. Radio Electronics, Computer Science, Control. 2017. Ne 3

UDC 519.714: 622.7

Morkun V. S.", Morkun N. V.2, Tron V. V.3

Dr., Professor, Vice rector for research, Kryvyi Rih National University, Kryvyi Rih, Ukraine

2PhD, Associate Professor, Associate Professor of Economics Cybernetics and Projects Management Department, Kryvyi Rih
National University, Kryvyi Rih, Ukraine

3PhD, Associate Professor, Associate Professor of Computer Science, Automation and Control Systems Department, Kryvyi Rih
National University, Kryvyi Rih, Ukraine

AUTOMATIC CONTROL OF THE ORE SUSPENSION SOLID PHASE
PARAMETERS USING HIGH-ENERGY ULTRASOUND

Context. The authors have solved the urgent problem of controlling automatically the parameters of solid ore suspension aimed for
conversion thus increasing the end product quality and facilitating the choice and adhearance to the concentration specifications.

Objective. The research aims at developing the method of obtaining operational data as to iron ore characteristics while concentrat-
ing, namely distribution of solid pulp particles as to their sizes and estimated grade applying multi-channel ultrasonic measurements.

Method. In order to solve the problem of controlling automatically the parameters of solid ore suspension, the authors suggest the
method of measuring the intensity of high-frequency bulk ultrasonic waves covering a fixed distance in a measuring chamber containing ore
suspension under the influence of ultrasonic vibrations and in case of their absence. The calculated correlations of the measured values make
it possible to determine the parameters of solid ore suspension. Besides, while measuring we can observe the formation of gamma-radiation
and low-frequency bulk ultrasonic waves in the ore suspension flow. It is possible to measure the intensity of gamma-radiation and low-
frequency bulk ultrasonic waves covering the fixed distance if the measuring chamber contains some reference fluid and the ore suspension
flow under ultrasonic vibrations and in the absence thereof. The intensity of ultrasonic vibrations influencing the suspension flow is changed
according to the relevant law.

Results. The dynamic effects of high-frequency ultrasound provide a theoretical basis and a practical approval of the method
controlling the solid phase of iron ore pulps in order to displace the particles of the required grain-size class to the measuring zone and to
determine the grade in ore particles.

The developed purpose-designed programme realizes a numerical analysis and graphical representation of simulation results of changing
solid pulp particle-sizes under the controlled influence of high-energy ultrasonic radiation pressure.

Conclusions. The authors have devised the method for controlling the distribution of the grade in crushed ore particle-size classes in
the pulp flow by means of measuring the changes in the distribution parameters of high- and low-frequency ultrasonic waves as well as
gamma-radiation. The method is different from the existing ones by the fact that in the course of measuring, the crushed ore particles of
the required size and density are displaced to the measuring zone by exposing the pulps to the high-energy ultrasound influence thus
increasing the measurement accuracy by 0.76%.

Keywords: automatic control, ore, suspension, solid phase, particle size distribution, crushed ore, high energy ultrasound.

NOMENCLATURE W is a volume fraction of ore particles in suspension;
S(¢) is the signal, which is generated,
S is the measured value S in the presence of high
intensity ultrasonic oscillations influence;
S, is the measured value § in the absence of this

E is a time average energy density in the incident wave;
o, is a effective cross sections of scattering;

G, is a effective cross sections of absorption;

1, is a value of the scattered wave intensity at an angle v; influence;

n (Z, t) is a the concentration of pulp solid phase particles; k, is a proportionality coefficient.
R is a radius; INTRODUCTION

Z is a coordinate Z in ultrasonic field;

One of the most important parameters, which has a
decisive influence on the qualitative and quantitative
indicators of separation beneficiation technology is the

T is a time;

V,.(Z,t) is a particle displacement speed;

I is a intensity of ultrasonic waves; degree of minerals disclosure at every stage of the process.
Vg is a frequency of the sound; For operational control of this parameter during the
o is a attenuation coefficient; technological process it is proposed to use measurable
n.(Z,t) is a concentration of particles redistribution of pulp solid phase particles under the

influence of the dynamic effects of high-energy ultrasound.

P, is a particle density; Due to the radiation pressure of the high-energy

¢, is a velocity of ultrasound in the material of particle; ultrasound in the measurement zone there is a redistribution
p is a density of investigated medium; of crushed ore particles by size. At a constant pulp flow rate
¢ is a ultrasound velocity in investigated medium; the characteristics of this redistribution are determined by
W is a mass attenuation coefficients of suspension ore  the intensity of the ultrasound field and the concentration
material, and the characteristics of the pulp solid phase.

Ly 1s a mass attenuation coefficients of water; Thus a method of ore suspension parameters automatic
Py is a density of water; control allows to increase the stability and reliability of
ps is a density of suspension ore material particles; measurement results of ore suspension solid phase.
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1 PROBLEM STATEMENT

The object of the invention is to improve a method of
ore suspension parameters automatic control by increasing
the stability and reliability of measurement results.

The problem is solved by the fact that the method of
automatic control of the ore suspension solid phase
parameters, which comprising the forming of ore suspension
material flow and the reference fluid in the measuring chamber,
periodic influence of ultrasonic vibrations on suspension
flow, formation of high frequency bulk ultrasonic waves in
the ore suspension flow, intensity measurement of high
frequency bulk ultrasonic waves, which are passed a fixed
distance in the presence of reference liquid and ore
suspension flow in the measuring chamber in periods of
ultrasonic oscillations influence on suspension flow, and
for its absence, and calculation of measured values ratios,
according to which the parameters of ore suspension solid
phase are determined.

2 REVIEW OF THE LITERATURE

Three types of controlled parameters, which
characterizing respectively the quality and quantity of
processed ore materials, and the production situations, the
state of the technological equipment are necessary for
effective concentrating factories process control [2—4, 7,
11]. The known ultrasonic testing methods of the pulp
parameters allow to identify two of its main characteristics —
density and particle size distribution [2, 3, 8, 1013, 16].

In [1, 12, 15] several methods of ultrasonic testing of
mineral disclosure degree (useful component) during ore
grinding are proposed and investigated. It is noted that the
mineral disclosure degree control with the known fineness
of analyzed particle may be reduced to measuring of this
particle density.

One of the proposed methods is based on the action of
a powerful (high-energy) ultrasound on the particle during
its motion. The strength of the radiation pressure on a particle
in a plane wave is determined by the formula, which was
obtained by Westervelt [2, 5]

Fr:E(GS+6p)—E§1vcosvdS. 0))

For estimation of particles displacement under the
influence of high-intensity ultrasound the change in the
value of ultrasonic probe signal with frequency v in a
direction perpendicular to the motion of pulp is determined.
In [7] the ratio of two probe signal values was studied, one
of which S is determined without the influence of a powerful
ultrasonic field, the other S, — with the presence. It is
concluded that the density of the pulp solid phase particles
can be determined by value of S/S.

However, this determination method has its
disadvantages. First of all, it should be noted that the
ultrasonic attenuation coefficient of the probe signal o
depends on the volume fraction of solids in the pulp,
therefore change of this value can have a greater effect than
the change in particle density. Furthermore, the expression,
which defining the value of §/S,, is strong enough
approximation, since it does not considers a number of
factors, such as changes in particle size distribution law by
a coefficient o etc. It should be noted that the use of high-
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intensity ultrasound of given intensity is a promising
direction for a preliminary purposeful redistribution of
crushed material particles in a controlled pulp flow at
development of its parameters control systems.

The closest technical solution, which is selected as a
prototype, is a method of automatic control of the ore
suspension solid phase parameters [6]. The disadvantage
of this method is that the Love waves intensity in the
measuring chamber wall, which contacts with the controlled
medium flow varies according to condition of the metal film
on the measuring chamber wall, which is in constant contact
with the ore suspension abrasive medium. Wear and
removing of the metal film leads to ambiguity of measured
values, which are determined according to the parameters
of the ore suspension solid phase. Thus, the known method
requires constant monitoring and determining the state of
metal film on the wall of the measuring chamber, and in the
existing production is impossible. This fact leads to errors
and, consequently, reduces the stability and reliability of
measurement results.

According to the invention, gamma radiation and low
frequency bulk ultrasonic waves in the flow of ore material
slurry is formed, the intensity of gamma radiation and low-
frequency bulk ultrasonic waves is measured.

3 MATERIALS AND METHODS

To solve the problem of the automatic control parameters
of ore solid slurries is proposed the method, which consists
in measuring the intensity of the high frequency bulk
ultrasonic waves transmitted at a fixed distance in the
measuring container during periods ore slurry flow to affect
the suspension with ultrasonic vibrations and in their
absence. In this case, the calculated ratio of the measured
values allows to determine the parameters of the solid phase
of the ore slurry. Also, during the measurement are formed
gamma radiation and low-frequency bulk ultrasonic waves
in the ore slurry flow and are measured the intensity gamma-
radiation and low-frequency bulk ultrasonic waves
transmitted at a fixed distance in the presence of the reference
fluid in the measuring chamber and the ore slurry flow during
effect on the slurry flow with ultrasonic vibrations and in
their absence. At the same time, the intensity of ultrasonic
vibrations during their effect on the flow of suspension is
changed under the relevant law [8—10].

Functional scheme of automation, designed according
to the stated principle of operation, is shown in Fig. 1.

Scheme of automation control product processing
industry (Fig. 1) consists of three circuits. The circuit 1 is
designed to generate directed high-energy ultrasound and
consists of elements: 1A — control device (BC); 1B —
switchgear (NS) of ultrasonic phased array. The contour 2
is designed for measurement of the pulp density on the
basis of the ultrasonic signal to determine the concentration
of ore particles in the pulp.

The circuit consists of the following elements: 2A —
transducer ultrasonic signal transmitter (BE); 2B — indicating
and recording secondary transducer of the ultrasonic signal
(BIR); 2C — control device (BC); 2D — switchgear (NS) source
of ultrasonic vibrations. Contour 3 is designed to measure
the iron content in the ore particles on the basis of gamma
radiation. The circuit consists of the following elements: 3A —
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primary transducer of gamma-radiation signal (RE); 3b —
indicating and recording secondary transducer of ultrasonic
signal (RIR); 3b — control device (RC); 3G — switchgear (NS)
source of ultrasonic vibrations.

The character of concentration and particle size
distribution change in the field of high-energy ultrasound
depends on the density of the particles themselves, the
frequency and intensity of the incident radiation [4, 9, 13,
14, 16]. Let’s estimate the influence of ultrasound radiation
pressure to concentration change of particle with radius of
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Figure 1 — Functional scheme of automation control product
processing industry
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. Suppose that in a positive direction of x-axis pulp flows at
a rate of V. Let’s denote by n (Z, t) the concentration of the
particle radius of  at a depth of Z at time ¢.

oz __ 0
at__&MQmmzﬂ )

In this equation V,.(Z,t) — is the particle displacement

speed with radius 7 and coordinate Z in ultrasonic field. Speed
is directed along the axis z, ie perpendicular to the flow of pulp.
Generally, it depends on the time 7, as the concentration of
particles changes as a result of ultrasound action, and this
leads to a change in the intensity of the ultrasound, which
ultimately affects the particle displacement speed. However,
this greatly complicates the solution of the equation (2), therefore
we will assume that speed depends only on the coordinate Z.
Position of the particle in relative units is determined by the
axis of ordinates, as well the number of'its steps by the abscissa
axis. Considering that the intensity of ultrasonic waves /
changes exponentially (initial value /), its attenuation
coefficient o depends on the frequency of the sound v, and
considering the analysis carried out in [7], the concentration of

particles n,.(Z,t) is determined by the formula
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Displacement of ore suspension solid particles leads to
their redistribution by size and concentration in zone of
high energy ultrasound influence (Fig. 2) [8—10].
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Figure 2 — The particle size measurement in controlled volume of pulp under the influence of the high-energy ultrasound radiation pressure:
pulp density — 1250 g/l, the initial class content —74 L m — 80% (a) and 70% (b)
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With increasing of high energy ultrasound intensity from
zero to a certain value and at a constant pulp flow rate all or
only certain crushed material size classes can be removed
to the measurement zone. In the low-frequency region
(v £10° Hz) the ultrasonic attenuation caused mainly by
viscous inertial losses, so ¢~ G,,.

Consequently about the pulp density or solid phase
content in it can be judged by the magnitude of the signal
S,. In accordance with the above, we will control the value
S, in measurement zone at each current moment of time.
Then, with known law of change of high energy ultrasound
intensity we will obtain the particle size distribution function
of the crushed material in pulp flow.

4 EXPERIMENTS

The method is implemented as follows [8—10]. First, the
reference liquid (water) is fed into the measuring chamber.
Gamma radiation in the measuring chamber is formed, and
passes a fixed distance in it. The obtained result is
attenuation of the gamma radiation intensity. It is reference
(basic). In operation condition, the ore material suspension
flow in the measuring chamber is formed. Gamma radiation,
which passes a fixed distance in the measurement chamber
in the presence of ore material suspension flow is formed.
The attenuation coefficient of gamma radiation, which
passed a fixed distance in ore suspension material flow is
determined by expression

n=~1-W)pgup +Wprur. “)

The intensity of gamma radiation, which passed a

distance / in ore suspension material flow, can be presented
as follows

I=Toexpl-[(1-W)pyuy + Wpu, I} ®)

If water is present in the measuring chamber then the

intensity of gamma radiation will be determined by the
formula

I" = Iyexp(- pyyl)- ©)

Considering (5) and (6), the intensity of gamma radiation
can be represented as

[=1"exp{-Wlprur —ppugll}- Q)

This value does not depend on the particle size of solid
phase ie ore slurry material, and determined only by the
slurry solid phase concentration and its particles density.
According to the proposed method the value S, for the
gamma radiation is formed

*

1
Sy =1HT=AW[(PTHT —pphp)l]. ®)

This expression shows that the density of the controlled
medium, which depends on the ore suspension solid phase
concentration and its particle density is determined by
logarithm of intensity ratio of the gamma radiation in the
presence of water flow and ore suspension in measuring
chamber. Similarly, the value S, is determined for high
frequency and S, for low frequency bulk ultrasonic waves,
which passed a fixed distance through the flow of water and
ore suspension.
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According to the proposed method the value S, is
determined as

S, =k 2850, ©)
Sp

To obtain a signal which depends on the useful
component content of ore suspension solid phase fractions
of corresponding size, ie disclosure of useful component,
the ratio of S, is calculated

Sk :kzﬂ. (10)
S

r

All or only certain size classes of the crushed material ie
a certain solid phase size fraction can be displaced in the
measurement zone by increasing the intensity of ultrasonic
oscillations from zero to a certain value and with ore
suspension constant flow rate.

F(r)= jl Fyrldr+ f Fydr+ .+ ff(r)r3dr] / j FyBar. (11)
0 0

i Tm-1

Thus, the value S, which is calculated at a certain
ultrasonic oscillations intensity in the ore suspension flow
determines the density of solid phase particles or useful
component concentration in ore suspension solid phase
fractions of appropriate size. Since all calculations are made
on the basis of measurements relative to characteristics of
the reference material, the obtained results are protected
from various disturbing factors, which reduce the accuracy
of measurement parameters of ore suspension solid phase.

5 RESULTS

Below are the simulation results of the crushed ore
particles concentration redistribution in the pulp under the
influence of high-energy ultrasound radiation pressure in
accordance with the above expressions. The developed
program realizes a numerical analysis and graphical
representation of simulation results of changes in the pulp
solid phase particle size characteristics in form, which is
illustrated in Fig. 3.

The density of crushed ore particles may vary within a
predetermined range (in model example 1.8-3.2 g/cm? is
accepted). Geometry of measurement, source position and
intensity of the ultrasonic oscillations, solid phase particles
concentration and their size distribution are set before
starting the simulation. The simulated measurement zone is
represented by a segment of the pipeline, the length and the
diameter of which may vary depending on the task and is
directly correlated with the strength of the ultrasonic radiation
pressure, which in turn is determined by the intensity of its
radiation generated by the source (emitter).

The measuring range is a defined number of sections of
the pipeline, in which the counting of number of particles,
which are caught in them is carried out.

The y-axis (Fig. 3) shows the number of processed
particles, moreover the deducible scale is automatically
extended with an increase in simulation time, ie, the number
of passed particles.
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Figure 3 — The simulation results of ore particles coordinates
change in the pulp with increasing of steps number

Figure 4 shows the simulation results at different time
points, which demonstrates the independence of particles
size distribution law on their number and simulation time.

6 DISCUSSION

Measurement of the useful component content can not
be reduced to the determination of specific weight (density)
of solid phase particles, which are located in the ore
suspension. In the measuring chamber section, where the
value S is determined the flow of enriched material
suspension is periodically exposed to high intensity
ultrasonic waves. Due to the radiation pressure and acoustic
flows, there is a displacement of ore suspension solid phase
particles from the trajectory of their normal movement in the
flow in the direction of high-intensity ultrasonic oscillations
influence. Displacement of ore suspension solid phase
particles leads to their redistribution by size and
concentration in the high intensity ultrasonic oscillations
influence zone. The value of this redistribution for the same
particle size is determined only by the mineral composition
(the ratio of the useful component and gangue) and specific
weight (density) of each component. For solid phase
particles of the same size, which are crushed to a particle
size of useful component inclusions, the value of the
displacement is proportional only to their specific weight.

Thus, the intensity measurement of high-frequency
ultrasonic vibrations, which have passed through a

controlled pulp volume, in the process of impact on it of
high energy ultrasound with a given intensity allows to
evaluate its solid phase particle size distribution.

CONCLUSIONS

Developed a method of evaluating the distribution
function of the useful component by grade of particle size
iron ore pulp using a high-frequency and low-frequency
ultrasonic radiation and gamma radiation, which differs from
existing ones that in the process of the measurement is
carried out displacement of the particles of a given grade
size in the measurement area by acting on the pulp with
ultrasonic radiation of high intensity; the measurement
results are compared with the reference substance
characteristics, which improves the measurement accuracy
by 0.76%.

The proposed measurement method does not require
preliminary pulp degassing, because under the ultrasound
radiation pressure influence the gas bubbles are removed
from the measurement zone. The invention relates to acoustic
measurements and can be used for automatic control of the
main characteristics of the ore solids in suspension, in
particular the concentration of solids, its size distribution
and the useful component disclosure degree.
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influence of the high-energy ultrasound radiation pressure
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ABTOMATHU3O0OBAHE YIIPABJIIHHS TIAPAMETPAMM TBEPJOI ®A3U 3AJII30PYIHOI MYJAbIIU 3 BAKOPUCTAHHSM
BUCOKOEHEPTETUYHOI'O YJIBTPA3BYKY

AKTyaabHicTb. BupillleHo akTyanbHe 3aBJaHHS aBTOMAaTHYHOTO KOHTPOJIIO NapaMeTpiB TBepol (a3u pyaHOi CycreH3ii, 1o HaJXOAUTh Ha
30arauyBanbHuiA nepenin. Lle cripusie MiIBUILEHHIO SKOCTI KIHIIEBOTO NPOAYKTY 1 moserurye BUOIp 1 JOTpUMAaHHS TEXHOJIOTIYHOIO PENIAMEHTY
mporecy 30aradeHHs.

MeTta — po3pobka METONy OTPUMAHHS ONepaTHBHOI iH(popMalLii PO XapaKTEPUCTUKH 3alli3HOI PyAU B IpoLEci 30arauyeHHs: pPO3IOALl
4acTOK TBepAoi (a3H MyIbIH 33 KPYIHICTIIO 1 3MICTOM KOPUCHOTO KOMIIOHEHTA 3 3aCTOCYBAHHAM OararokaHaJdbHUX YIBTPAa3BYKOBUX BUMIpIO-
BaHb.

Meton. s BUpIlIEHHS 3aBJaHHS aBTOMAaTUYHOIO KOHTPOIIO NapaMeTpiB TBepaoi a3y pyaHoi cycHeHsii 3arnpornoHoBaHuil crocid, 1mo
HOJIATA€ Yy BUMIPIOBaHHI IHTEHCUBHOCTI BUCOKOYACTOTHHX 00’€MHHUX YIBTPa3ByKOBHX XBMIIb, 110 NpoHIIIM (hiKCOBaHy BiJCTaHb B BUMIpIO-
BaJIbHIil €MHOCTI 3 PYJHOIO CYCIIEH3i€l0 B I1€pio[M BIUIMBY Ha MOTIK CyCHeH3il ynbTpa3ByKOBHX KOIMBAHb 1 IpH iX BincyTHocti. IIpu npomy
OTpHMaHi CHiBBiIHOIIEHHS BUMIPSIHUX BEIUYHUH J03BOJIAIOTH BU3HAYMTH [TApaMeTpH TBEPOI (pa3u pynHoi cycrnensii. Takox, B Ipoleci BUMIpIo-
BaHHSA 3[[iHCHIOETBCS (QOpPMyBaHHS raMMa-BUIIPOMIHIOBAHHS 1 HU3bKOYACTOTHHX 00’€MHHX YIbTPa3ByKOBHX XBHIIb B IIOTOLI CyCIIEH3ii pyZAHOrO
Marepialiy, 1 31iCHIOIOTh BUMIp IHTEHCHBHOCTI TaMMa-BUIIPOMIHIOBAHHSI 1 HU3bKOUYACTOTHUX 00’€MHHX YIBTPa3ByKOBUX XBWJIb, IO MTPOHIILIA
(pikcoBaHy BinCTaHB IIPH HASIBHOCTI y BUMIPIOBAJIbHII KaMepi €TaIOHHOI PiINHY 1 TOTOKY PYAHOI CyCIeH3ii B Iepioy BIUTUBY Ha MOTIK CycHeH3il
YABTPa3BYKOBHUX KOJMBAHB 1 IPH iX BiICYyTHOCTI. [HTEHCHBHICTD YIBTPa3BYKOBUX KOJMBAHb B IIEPiO] iX BIUIMBY Ha MOTIK CYCIIEH3ii 3MiHIOIOTH 3a
BIJIIOBITHUM 3aKOHOM.

PesynbraTtun. Ha oCHOBI IMHAMIYHUX e(EeKTiB BHCOKOCHEPTETHYHOIO YIbTPa3ByKy TCOPETHYHO OOTPYHTOBAHHUH i eKCIIEpUMEHTAIbHO
anpoOoBaHUI MeTO]] BIUTHBY Ha TBepAy a3y 3ami3opynHOl IMyIbIu A 3MilIeHHS YaCTHHOK IIEBHOTO KJacy KPYIHOCTI B 30HY BHMIpIOBaHb i
BU3HAYEHHS 3MICTY KOPHCHOTO KOMIIOHEHTA B PYJHUX YAaCTHHKAX.

Po3pobniena cremiaizoBaHa mporpama, sika peaji3ye YHCeNbHUI aHami3 i rpadidyHe MpencTaBIeHHs Pe3yNbTaTiB MOJEIIOBAHHS 3MiHU
IPaHyIOMETPHYHOI XapaKTePUCTUKH TBepoi a3y MyIbIH MiX KePOBAHHM BIUTHBOM PaJialliifHOIO THCKY BUCOKOGHEPTETHYHOIO YIbTPa3BYKY.

Bucnosxu. IIpornonyetsest MeTox OLIHKU (YHKII po3HOIiTy KOPHCHOTO KOMIIOHEHTA IO KJIacaX KPYMHOCTI YaCTHHOK MOApiOHEHOI pynu
B IOTOLI ITY/IBITH HA OCHOBI BUMIpIiB IapaMeTpiB IPOLECy MONIUPEHHS BICOKOYACTOTHHX 1 HU3BKOYACTOTHHX YIBTPa3BYKOBUX XBUIIb, @ TAKOX
raMMa-BHIIPOMIHIOBAHHS, SIKHH BIIPI3HAETHCS Bi ICHYIOUMX THM, IO B MPOLECI BUMIPIOBaHb 3IHCHIOIOTH 3CYB YAaCTHHOK MONpiOHEHOT pyan
HEeBHOI KPYITHOCTI i IUIBHOCTI B 00JIACTh BUMIPIOBaHb IIUIIXOM BILIHBY Ha ITyIbITy BUCOKOCHEPTE€THYHOTO YIBTPa3ByKY, IO TO3BOJLIE MiIBUITUTH
TOYHICTh BUMiptoBaHb Ha 0,76%.

KirouoBi cj10Ba: aBTOMaTHYHE yIPABIiHHSA, pyla, MyIbIa, TBepAa (asa, pO3IOLLT YaCTOK 33 pO3MipaMu, IpOOICHHS PYIH, BHCOKOCHEpTe-
THYHHH yIbTPa3BYK.

Mopkys B. C.!, Mopkyu H. B.2, Tpous B. B.?

!I-p TexH. Hayk, mpodeccop, IpOopeKTop Mo HaydHou pabote, [BY3 «KpuBOpOXKCKHH HAallMOHAIBHBIH yHUBepcuTeT», Kpusoii Por,
VYkpauna

*KaHz. TeXH. HayK, JOLEHT, JOLEHT Kadeapsl SKOHOMUYECKO KHOSPHETHKH U yIpaBieHus npoektamu, I BY3 «KpuBopoxckuil Harmo-
HaJbHBIA yHUBepcuTeT», Kpusoii Por, Ykpanna

SKaHz. TexH. HayK, JOLEHT, IOLEHT Kadenpsl HHYOPMAaTHKH, aBTOMATHKH U CHCTeM yrpasieHus, [ BY3 «KpuBOpOKCKHUii HA[MOHATBHBIH
yHuBepcurer», Kpusoit Por, Ykpanna

ABTOMATHU3UPOBAHHOE YIIPABJIEHUE ITAPAMETPAMU TBEPIOM ®A3bI )KEJIE30PYIHOM IYJIbIIbI C UCHOJIb-
30BAHUEM BBICOKOSHEPIETHYECKOI'O YJIBTPA3BYKA

AKTYya/IbHOCTBb. PelieHa axkTyanpHas 3ajjada aBTOMaTHIECKOTO KOHTPOJIS apaMeTpOB TBEpAOH (ha3bl pyIHOH CyCHEeH3HUH, MOCTyMAoImen
Ha 00OTaTHTENBHBIN Mepesiel], YTO CIIOCOOCTBYET MOBBIIICHUIO Ka9eCTBa KOHEYHOTO MPOAYKTa U o0JerdaeT BIOOp M COOMIOICHUE TEXHOIOTH-
YECKOTO pemiaMeHTa Iporecca 00oramieHus.

181
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Henap — pa3paboTka Merona MONy4YeHHs ONEPATMBHONH MH(OPMALMU O XapaKTEPUCTHKAX JKEJIE3HOH pyIbl B Ipolecce 00OTralleHHs:
pachpe/eneHue JacTull TBEpAOH (a3bl MyIbIIbl 0 KPYMHOCTU U COAEPIKAHMIO TI0JE3HOTO KOMIOHEHTa C IPUMEHEHUEM MHOTIOKAHAIIbHBIX
YIIBTPa3BYKOBBIX U3MEPEHHIA.

Meton. [ns pelieHus 3a1a4 aBTOMATHUECKOTO KOHTPOJISL ITapaMeTpoB TBEpAOoi (a3bl pyHOH CyCIEH3HU NPEIIOKEH CIIOCO0, 3aKIIF0Ualo-
IIUHCS B U3MEPEHUH HHTEHCUBHOCTU BBICOKOYACTOTHBIX 00BbEMHBIX YIBTPa3BYKOBBIX BOJIH, IPOIIEAMNX (PUKCUPOBAHHOE PACCTOSHUE B U3MEPH-
TEIbHOM EMKOCTH C PYIHOM CyclIeH3HeH B IIEpHO/bI BIMSHUS Ha IIOTOK CyCIIEH3UH YIbTPa3ByKOBBIX KoJeOaHUMH U 1pu ux oTcyrcTBuu. IIpn sToM
BBIYHCIIEHHBIE COOTHOILIECHHS U3MEPEHHBIX BEIMUHH MO3BOJISIOT ONPEAEIUTh TapaMeTpsl TBepAoi (a3bl pynHoii cycnensuu. Takxke, B mpoluecce
U3MEpEeHus ocyllecTBisiercss GopMHUpOBaHUE raMMa-U3IIy4eHUs] U HU3KOYACTOTHBIX OOBEMHBIX YIBTPA3BYKOBBIX BOJIH B IIOTOKE CYCIIEH3HU
PYAHOIO MaTepuana, 1 3aMep MHTEHCUBHOCTH IaMMa-M3JTy4eHUs] U HU3KOUaCTOTHBIX 00BEMHBIX YIBTPa3BYKOBBIX BOJIH, IIPOIIEIIINX (PUKCUPO-
BaHHOE PACCTOSHME NPH HAIMYMU B U3MEPUTEIbHON KaMepe STAJOHHOH JKHIKOCTH M IO0TOKA PYIHOH CyCHEH3HU B NEPHOABI BO3AEHCTBUS HA
MOTOK CYCHEH3HHU YIbTPAa3BYKOBBIX KOJNEOAHUH U MPH MX OTCYTCTBUH. MIHTEHCUBHOCTD YIBTPA3BYKOBBIX KOJNEOAHHH B NMEPHOJ MX BIMSHUS HA
MOTOK CYCIIEH3UM MEHSIOT IO COOTBETCTBYIOIIEMY 3aKOHY.

Pe3yabratel. Ha ocHoBe nuHamuueckux 3(Q(eKTOB BHICOKOIHEPIETHYECKOTO YIBTPA3ByKa TEOPETUUECKH OOOCHOBAH M KCIIEPHUMEHTAIIb-
HO anpoOHpoBaH METOJ BO3JeHCTBUS Ha TBEPLYIO (ha3y HKeNe30pyAHOH MyIbIIbI U1 CMELLEHUS YaCTULL OIIPEIENEHHOTO KJIacca KPYITHOCTH B 30HY
U3MEpPEHUI U ONpeieIeHus] COePHKaHHsl I0JIE€3HOr0 KOMIIOHEHTA B PYJHBIX YAaCTHLAX.

Pa3paboraHa crennanM3upoBaHHas IporpaMma, KOTopas peajn3yeT YUCIeHHbIH aHaIu3 U rpauuecKoe IpeICTaBIeHUe PE3yIbTaToB MOjie-
JIMPOBaHMS U3MEHEHHUS IPAHYIOMETPUUECKOH XapaKTepUCTHKU TBEPOH (ha3bl My/bIIbl O] yIPaBIIsEMbIM BO3IEHCTBHEM PaJUallHOHHOTO 1aB-
JIEHUSI BBICOKOIHEPIETHUECKOTO YIBTPa3BYyKa.

BriBoasl. IIpennaraercs Merosn oueHKH QYHKIHMU pacHpeeneHus MOoJIe3HOTo KOMIOHEHTA 10 KJIaccaM KPYNHOCTH YaCTHULl U3MENbUEHHON
PYIbl B IIOTOKE IyJIbIIBI HA OCHOBE U3MEPEHHI TapaMeTPOB IPOLIECCa PACIIPOCTPAHEHHUS BBICOKOUACTOTHBIX U HU3KOYACTOTHBIX YIBTPa3ByKO-
BBIX BOJIH, @ TAK)KE TaMMa-U3JIy4eHUs, KOTOPBIH OTIMYAETCs OT CYIIECTBYIOIIMX TEM, YTO B IPOLECCE U3MEPEHHI OCYLIECTBIISIOT CMEILEHHE
YaCTHUL U3MEJIBYECHHON PY/Ibl ONPENENCHHOH KPYITHOCTH U IJIOTHOCTU B 00NAcTb U3MEPEHHH ITyTeM BO3IEHCTBUS HA IIyIIbITy BHICOKOIHEPIeTH-
YECKHUM Y/IbTPa3BYKOM, YTO I103BOJISET IIOBBICHTh TOUHOCTh H3MepeHuil Ha 0,76%.

KutoueBble cj10Ba: aBTOMAaTHUECKOE yIpaBlIEHHE, py/a, Mynblia, TBepias (a3a, paclpeneleHue YacTull 110 pa3Mepam, JIpoOieHne pyasl,
BBICOKO?HEPIeTUUECKUH YIbTpa3ByK.
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