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Abstract. Effective use of ultrasound in specific
manufacturing processes due to the effects of fluctuations
in the environment, manifested in the physical and
chemical effects and their interaction. The most
successful is the use of ultrasound cavitation processing
of liquid and liquid-dispersed environments, because they
have effectively implemented the mechanism of sound
wave energy concentration in low-density high energy
density, which is caused by the formation, development
and slamming cavitation bubbles. The research on the
influence of cavitation on chemical processes in the
liquid, the erosion effect of acoustic cavitation, acoustic
cavitation the action on biological objects in nature and
intensity acoustic noise accompanying cavitation, showed
that methods for measuring parameters of acoustic field
can be divided into direct and indirect. Direct methods
directly measure the cavitation process parameters, such
as measurement of pressure that occurs when slamming
cavitation bubbles. For indirect methods determined by
technological or physical effect of ultrasound cavitation. .
The analysis of existing research found that the most
promising method of measurement configuration and
cavitation field intensity acoustic cavitation process is
being implemented using hydrophones. Measurement of
sound pressure values were made using measuring
hydrophones based on piezoceramic, resulting in the
covers piezoelement appear hydrophone potential
difference, whose value is proportional to the sound
pressure. Measuring the magnitude of the voltage
proportional to the sound pressure, was made rms
voltmeter values resulting measured voltage is
proportional to the pressure not only sound, but also the
intensity of ultrasound vibrations. The basic analytical
dependences for determination of sound pressure,
intensity ultrasound vibrations, radiation impedance made
it possible to build a graph showing the cavitation
processing technology environments. . Experimentally
verified the identity of law ultrasound field distribution in
the water and in the technological mix considering its
extinction. Research resonant actuators installed emitters
that provide quality cavitation treatment mixture is
possible only at a specific distance from the radiation.
Consideration of the conditions for the creation of
technological equipment makes it possible to improve the

parameters of cavitation processing of liquid-dispersed
environments by minimizing energy costs.
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Introduction

Modern treatment processes of technological
environments of chemical, food, pharmaceutical and other
processing industries are inextricably linked with energy
use of different intensity ultrasound fields [1-3].

Ultrasound technology can intensify processes,
increase the degree of utilization of raw materials, change
the source material properties, and create new substances
and environment, to ensure environmental safety and
production [4-6].

Effective use of ultrasound technology in
manufacturing processes due to specific effects of
fluctuations in the environment, manifested in the
physical and chemical effects and their interaction.

The most successful treatment is the use of liquid
and liquid-disperse mediums because in them the
phenomenon - Ultrasound cavitation is an effective
mechanism for concentration of energy of sound waves in
the low-density high energy density, which is caused by
pulsations and cavitation bubbles slamming [8-11].

Formulation of problem

The emergence and development of ultrasound
accoustic cavitation causes changes in the acoustic
parameters of the liquid, which when echoed in turn
influences the parameters of the process [12].

If cavitation is changing acoustic properties and
there is distortion sound field.

Thus, the study of sound field configuration to
optimize key indicators processes associated with the
processing of liquid and liquid-disperse mediums that
take place under the influence of acoustic cavitation.
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Analysis of recent research results

The measurement of the cavitation region can be
made several ways: by the action of cavitation on
chemical processes in the liquid [13]; erosive action of
acoustic cavitation [14]; the action of acoustic cavitation
on biological objects [15]; the nature and intensity of
acoustic noise that accompanies Cavitation [16] and
several others. With this method, measuring the
parameters of the acoustic field conditionally divided into
direct and indirect. Direct methods include methods in
which directly measure the parameters of cavitation
bubbles, such pressure that occurs when slamming
cavitation bubbles. Indirect methods include those for
which examines technological or physical effect of
ultrasound cavitation. Consider in more detail the basic
methods of measuring the parameters of cavitation field.

Ultrasound cavitation in liquids accompanied by
sonoluminescence [17]. This intensity of light depends on
the intensity of the cavitation process. Today there is no
single theory that explains the phenomenon
sonoluminescence but based on measuring the intensity of
the generated light flux can assess configuration
cavitation field intensity and the cavitation process in it.
Measuring luminous flux is carried out using
photoelectric multiplier as the light output is very weak.

The disadvantage of this method is the fact that
measurements can only be made in a completely dark
room, denying access external illumination. This actually
may get only two-dimensional picture of the cavitation
field. Due to the fact that the photoelectron multiplier has
dimensions that are equal wavelength in the liquid,
measuring the depth of the process leading to the volume
of material misstatement of the acoustic field
configurations, respectively, and cavitation field. It should
also be noted that the measure may only be made in
optically transparent liquids. In view of the above
shortcomings, named method of measuring the intensity
of the cavitation process and measurement of cavitation
region has not received distribution.

In [18] the significant influence of ultrasound
cavitation on biological objects. Under the influence of
cavitation bubbles slamming in phase is complete or
partial destruction of microorganisms and bacteria. The
number of inactivated organisms depends on processing
time and intensity ultrasound vibrations. Given that, you
can evaluate a field of cavitation effect, but given method
does not assess the configuration of the cavitation field.

Chemical methods of measuring the intensity of the
cavitation process parameters and cavitation region [19]
based on the fact that under the influence of ultrasound
cavitation is number of specific chemical reactions that
are impossible or occur too slowly in normal conditions.
As an example, the chemical decomposition reaction of
potassium iodide with the release of free iodine and starch
solution color. The degree of coloration of iodine can be
estimated by optical methods. The disadvantages of
chemical methods should include the fact that they can
not be used in those cases where technological
environment are objects that are able to enter into
chemical reaction with reagents indicators. Also, in
general, difficult to visualize chemical methods of
hardware and their use does not allow use of automation

in manufacturing processes, as chemical methods have
not acquired a significant spread.

It is known that under the influence of powerful
ultrasound vibrations and acoustic cavitation degassing is
irradiated fluid [20]. By the degree of decontamination or
volume of gas released, you can judge the intensity of
cavitation processes. However, these methods are
complicated by difficulties with compliance with the
initial conditions and the technical difficulties associated
with the need to measure the volume of gas released.

The above methods give an integrated assessment of
cavitation action and not to judge the configuration
cavitation field.

There is a change of ultrasound cavitation process
fluid volume due to the formation of cavitation bubbles
[21]. Thus the change in volume can judge the amount of
bubbles, but it does not provide configuration information
in the cavitation field.

A perfect method is based on the use sonocapillary
effect [14]. Sonocapillary effect - is an abnormal
elevation of the capillary liquid under acoustic cavitation.
By raising the height of the liquid the intensity of
cavitation can be judged at the point of measurement.
These methods can estimate not only the intensity of the
cavitation process at the point of measurement, but also to
get configuration information in the cavitation field. The
disadvantages of this method include the complexity and
ambiguity of measurement difficulties associated with
measuring complex hardware implementation.

Look for methods that are based on cavitation
erosion activity area. These include the method of sample
contamination [22] and the method of erosion tests [23,
24].

The method of sample contamination places a small
sample of drawing on a coating which has a low adhesion
to the surface, in the cavitation zone. The decrease in
mass of the sample, results in the destruction of a layer of
pollution which can judge the intensity of cavitation
processes and build configuration cavitation field in the
processing volume. The disadvantage of the method
includes its bulkiness and metrological complexity
associated with the need to measure small changes in
mass of the sample.

Erosion test method is the destruction of the samples
with cavitation unstable material under acoustic cavitation
for a fixed period of time. Assessment cavitation intensity
exercise or weight reduction of the sample, or the
reduction of its area. The most widespread use to achieve
that goal became to use aluminum foil. This decrease in
the area of the foil is easily measured by optical methods.
Despite its simplicity, the method has a major drawback —
damaged areas foil is not involved in the demolition,
which makes a significant difference metrology. Also
ideal method is not suitable for process volumes with low
cavitation processes through a small degree of destruction
of the test sample. Also, if a sample of large area
significantly disrupted the interference pattern in the
technological scope, leading to a gradual change in form
cavitation field in the measurement.

The most promising methods of measurement
configuration and cavitation field intensity accoustic
cavitation process applies (using hydrophones) [25]. The
output value of the hydrophone generated voltage
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(charge), which is proportional to the sound pressure.
Mutual correspondence between electrical voltage and
sound pressure can be determined by standard methods of
reciprocity.

During the measurement of small sound pressure,
cavitation mode underdeveloped or precavitational mode,
you can configure cavitation field, when moving
hydrophone technology in volume. Measure the value of
the voltage, proportional to the sound pressure by using ac
voltmeter. By analyzing the spectral composition of the
signal hydrophones can indirectly judge the intensity of
cavitation processes.

The physical dimensions of hydrophones can be
minimized, which allows to reduce the degree of
distortion of the sound field when you use it. The method
allows us to investigate how the shape of the sound field,
and to assess the intensity of cavitation processes.

From the analysis of research methods configuration
cavitation field intensity and the cavitation process
implies that measurements using hydrophones are the
most promising.

Purpose of research

Setting ultrasound liquid processing equipment
disperse technological environment.

Results of research

Measuring the value of sound pressure can be
achieved by means of measuring hydrophones based on
piezoceramic. During the reception mode on the covers of
hydrophones piezoelement there is a potential difference,
whose value is proportional to the sound pressure.
Calibration of hydrophones can be done by various
methods, such as reciprocity standard method [25]. In
particular, hydrophones used in measurements (Fig. 1)
was sensitivity M =7,9.10°°

BlIla-

Fig. 1. based on

piezoceramic.

Measuring  hydrophone

Note that measure the voltage proportional to the
sound pressure can be achieved in various ways,
including: a peak voltmeter, voltmeter average value and
rms voltmeter. This measurement different ways lead to
different results. This is due to the fact that the
appearance of cavitation phenomena form the voltage on
the hydrophone will differ significantly from the
harmonic (Fig. 2).
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Fig. 2. Form voltage at the hydrophones in the event
of cavitation.

Based on the fact that the shape of the measured
voltage differs significantly from the harmonious formula,
and it is advisable to measure the rms voltmeter V3-57
values. This measured voltage is proportional to the
pressure not only sound, but also the intensity of
ultrasound vibrations.

The spread of ultrasound in liquid accompanied by
the absorption of energy in the technological volume,
which reduces the peak value of sound pressure with
distance from the source of ultrasound vibrations. Most
[26] assessed not reduce the amplitude of sound pressure
and intensity ultrasound vibrations change:

I(x)=1(0)-e***, (1)
where:  [(x) — intensity ultrasound vibrations at
coordinates X ; 1(0) — intensity ultrasound vibrations at

the origin; & — ultrasound attenuation coefficient.
Therefore, ultrasound attenuation coefficient can be
calculated by measuring according to the formula:

a:;-ln(l—lj, 2
2'(X2_X1) I2

where: X, and X; — coordinates measurements; |1 and

|2 — intensity ultrasound vibrations in the respective

measurement points.
The intensity ultrasound vibrations associated with
the amplitude of the sound pressure ratio:
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P2
“2.p-c’
where: P — amplitude sound pressure; © — density; ¢—

speed of sound.

Assuming that the change in density and speed of
sound was dependent on the value of sound pressure
(which is true for precavitational mode and mode poorly
developed cavitation), dependence (2) can be written as:

2
az14{HJ, (4)
2‘(X2 _Xl) Pz

G
a=—-—-In 2|
(XZ_X:L) Pz

Turning on the values of sound pressure to voltage at
the terminals of hydrophones, we get the relationship:

a:ilw{uq (5)
(Xz _Xl) Uz

where: y, and U, — the voltage at the terminals at points

hydrophone measurements.

In experiments with liquid-handling technology
dispersed mixture (water-plant material) found that
ultrasound attenuation value is 2.3 cm™. This attenuation
does not depend on the content of the dispersed phase
(plant material) in the mixture and the operating
frequency ultrasound equipment.

Based on the peak value depends on the axis sound
pressure ultrasound transducer:

P(x)=P(0)-e™**,

You can build a dimensionless change of coordinates
of pressure measurements (Fig. 3):

| ©)

where:

E(X) _ P(X) —g X,

P(O)
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Fig. 3. Dependence of normalized sound pressure on

distance from the source of ultrasound.

From the resulting dependence can be noted that the
most significant change in sound pressure observed at a
distance of 10 mm from the radiating surface, which is of
the order of 20 dB. Then change the shape of the sound

field of distance is no longer significant. Thus, the
measurement results in the technological mix and the
water will vary by the amount of the same order.

Distribution of sound pressure and front acoustic
wave in space can be described using the diagram of [27].
This ultrasound transducer can be viewed as a piston
mounted in an infinite baffle.

Diagram of the piston in an infinite baffle in polar
coordinates can be calculated for the potential velocity of
the formula:

2-J,(k-a-sin(9))
k-a-sin(@)
where J, — bessel function; k — wave number; @ — the

¥(0) =

(6)

radius of the piston; 0 —the polar angle.
Due to the fact that the potential speed and amplitude
of the sound pressure related by:

oY
P=p-—+const, (7)
"

where: o — density of the liquid.

For radiation pattern can be seen on the front of the
form of acoustic waves.

Analysis of the radiation pattern of high-cavitator
(radius stroke of 10 mm, the operating frequency of
22 kHz) experimental setup (Fig. 4), the resulting
estimated equation (6) shows that the shape of almost
spherical, hence, can be considered that of high-cavitator
barely has designed properties.
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Fig. 4. Diagram of high amplitude cavitator (plane
radiation lies in XOY).

It should be noted that, in general, are the
considerations are valid only for the remote zone, which
lies at a distance of more than the wavelength of the
radiating surface-drive converter. In the near field pattern
of distribution of sound field is more complicated because
of interference phenomena.

The effectiveness of the ultrasound drive
technological installations, in terms of converting
mechanical energy into acoustic, can be measured by the
impedance of radiation [26] as follows:

/= E , (8)
\Y
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where: F - reaction force environment, V - the
amplitude of vibrational velocity cavitator working
surface.

In general, the radiation impedance complex value is
represented as:

Z:p.c.ﬂ-.az.

1_2-\]1(2-k-a)+_ 2.5,2-k-a)} O
2-k-a 2-k-a
where: S (2-k-a) — struve function, J,(2-k-a) — Bessel

function.

This represents the active part of the impedance of
the energy transmitted in the far zone converter, a reactive
component reflects the energy spent on weight
fluctuations attached liquid.

For cavitator of high-operating frequency of 22 kHz
(Fig. 5) reactive component of impedance of radiation can
be comparable in magnitude with the active component.
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Fig. 5. From the normalized value components of
radiation impedance high amplitude cavitator

It can be assumed that at the radiating surface of
high-intensity acoustic cavitator arise due to the current
value of the associated mass of liquid.

Experimental verification showed that the power
consumption of 130 watts, the acoustic field of high-
cavitator a liquid-medium dispersed quickly fades in the
distance from the radiating surface and at a distance of 10
mm at the level of noise that is consistent with the data of
Fig. 3.

Therefore, the processing of such environments may
be only a small volume and close proximity to the
radiating surface cavitator.

Similar drives with a transformer speed and low
emitting area impractical to use in manufacturing
processes associated with the processing of liquid-
dispersed environments, including extraction, dispersion
and so on.

The ultrasound small-amplitude cavitator mounted
on the wall or bottom of technological capacity. The
operating frequency of about 44 kHz, 50 mm diameter
radiator. Diagram of this over-converter (Fig. 6) is
calculated by equation (6).

08-

0.6 -]

044

02-

05 "

05
455
" X

Fig. 6. Diagram of small amplitude cavitator.

Compared with of high-cavitator (Fig. 4) pattern has
become more elongated in the direction toward the light.

Thus, a drive-converter has a designed properties
that allow intensive process manufacturing environment
in the direction of the axis of radiation.

The value of radiation resistance for small-amplitude
cavitator has a significant active component of the
reactive impedance (Fig. 7).
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Fig. 7. The

impedance drive
smallamplitude converter.

radiation

Thus, the cost of energy ultrasound cavitation field
on the formation of much larger compared to of high-
cavitator.

Experimental study of distribution to small-
amplitude sound pressure cavitator (Fig. 8 and Fig. 9)
confirming theoretical conclusions [18].

Thus, in order to improve the ultrasound processing
of liquid-dispersed environments should be used in the
design of small-amplitude cavitator.

Experimental study of distribution of ultrasound
cavitation field in a cylindrical chamber was performed at
a frequency of 33 kHz, power 140 watts. However, note
was taken analytically calculated distribution of sound
pressure [28, 29], which indicates that the excitation of
radial bending vibrations corresponding fashion in the
center of the cross section of the chamber should expect a
reduction in sound pressure and, therefore, minimal
cavitation (Fig. 10).
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Fig. 8. Distribution of relative sound pressure to
open the cavitation chamber driven radiator at bottom
surface (length).
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Fig. 9. Distribution of relative sound pressure to
open the cavitation chamber driven radiator bottom
surface to the depth in the direction opposite the radiating
surface.

However, this level due to the effect of concentration
of power in the chamber with a cylindrical inner surface
of the profile will be higher than in the case of cavitation
chamber with flat surfaces.

If the excitement in cross-section tubes cavitation
chamber purely radial oscillations of ultrasound energy
concentrated along the central axis of the camera that
achieves high values of intensity ultrasound energy
(Fig. 11).

The results of the pilot study changes in sound
pressure between axis actuators, radiators confirm
analytical, when excited radial bending vibrations
cylindrical surface cavitation chamber pressure drop
occurs in the central part (Fig. 12).

When processing dispersed technology environment
(water and plant material), there is almost 10 fold drop in
pressure in the central chamber, indicating that power the
essential properties of the medium. And found that the
rate of absorption of ultrasound energy is substantially
dependent on the concentration of plant material within its
industrial feasibility (15 ... 30%).

The inner surface cavitation chamber observed
maximum sound pressure level and therefore maximum
cavitation activity that could adversely affect the erosion
resistance of the surface of the camera, but in this area
will ensure maximum effectiveness cavitation effects on
the organic structure.
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Fig. 10. Form ultrasound field in a cylindrical
chamber at excitation radial bending vibrations of surface.
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Fig. 11. Form ultrasound field in cylindrical chamber
with excitation of radial oscillations of different modes.
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Fig. 12. Distribution of sound pressure in the
cylindrical cavitation chamber in axle drives emitters.

Thus, the use of technological equipment for
processing of liquid-dispersion process fluids cylindrical
cavitation chamber with radial bending vibrations need to
be constructive means to separate the ineffective with
cavitation point of view, the central part of the chamber
and ensure passage of the mixture through a zone of
maximum cavitation activity, ie near the inner the surface
of the cylindrical chamber.

When calculating cylindrical chamber at high-profile
radial surface fluctuations can not protect against
cavitation erosion of the inner surface of the chamber and
get maximum cavitation activity in the area of the central
axis of the camera. This focus cylindrical surface
properties ensure the achievement of considerable
intensity ultrasound energy. When using this option in
camera production equipment needed will only flow of
process fluid along the central cylindrical cavitation
chamber.

Experimentally, the law of distribution of ultrasound
field in clean water and liquid-dispersed environment
remains almost unchanged (Fig. 13).
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Fig. 13. Distribution of relative sound pressure
cavitation in a cylindrical chamber with prepositions-
emitters for creating surface.

The results of the measurement of sound pressure
depth model standards cylindrical cavitation chamber
(Fig. 14) indicate that the maximum value observed front-
drive transmitter and gradually fades with distance from
it. This dependence indicates the presence of bending
vibrations along the length of the cylindrical surface of
the chamber.
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Fig. 14. The law changes the relative depth of sound
pressure cylinder cavitation chamber of pretexts-emitters
for creating surface.

Thus, in the case of cavitation in the technological
equipment of several sections drives emitters to ensure a
minimum mutual influence emitters, they must be set on
creating a surface of the chamber should be at a distance
of wavelength of elastic waves and connected to a
generator of ultrasound vibrations parallel and in phase.

In the case of structural separation zone of high
cavitation activity in the volume of the cylindrical
chamber, investigates, and installs additional camera
alignments in the cylindrical tube. For the case of
excitation radial bending vibrations surface of the
chamber, the pipe should have a diameter equal to the
diameter of the line that passes through the wave
antinodes strain, established in the technological mix.

For the case of surface excitation radial oscillations
Camera — separate the central part of the chamber and
have a diameter equal to the line that passes through the
nodal points of the wave deformation, established.

The use of the auxiliary pipe of an accidental size
will lead to the destruction of the sound field in the cell
and, therefore, changes the distribution of sound pressure
(Fig. 15).
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Fig. 15. Distribution of relative sound pressure
cavitation in a cylindrical chamber with an auxiliary pipe
(the axis drives emitters).

Conclusions

1. The analysis of existing research methods

cavitation ultrasound field area.
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2. The use of acoustic measurement method using
hydrophones cavitation configuration allows to explore
the area and assess the intensity of the cavitation process
in liquid-dispersed technology environment.

3. Experimental studies suggest significant
opportunities absorbing liquid mixture of plant material
provided their concentrations within 15...30%.

4. Researched types of high-profile occasions
emitters allow for quality cavitation processing the
mixture only at a distance of 30 mm from the surface of
radiation that must be considered when creating
technological equipment for processing of liquid-
dispersed environments.

5. Experimentally verified the identity of law
ultrasound field distribution in the water and in the
technological mix the light fading, and thus for designing
appropriate technological equipment known to be used in
the field of ultrasound cavitation technique.
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JOCJIIKEHHS ITAPAMETPIB
YJIbTPA3BYKOBOI'O OBPOBJIFOBAJIBHOI'O
YCTATKYBAHHS, ITOIIMPEHOI'O B
TEXHOJIOTTYHHOMY CEPEJJOBUIIIIL
1. H. Bepnux

Anoranis. EQekTuBHe BUKOPHUCTaHHS YJIbTPa3BYKY
B KOHKPETHHX BUPOOHUYNX MPOLIECAX 338 PaXyHOK BILUTUBY
KOJIIBaHb HaBKOJIMIIHBOTO cepeoBuIIa, 10
MIPOSIBIISIIOTECSA ¥ (DI3MYHOMY Ta XiMIYHOMY BIUTHBI Ta iX
B3aemonii. HaiOinmpmm ycmimHUM € BHKOPHCTaHHA
YIBTPa3BYKOBOi KaBiTamiiHOI OOpoOKHM piaKuxX Ta
PIAKOIVCIIEPCHUX CePeIOBUIL, OCKUIBKI BOHU €()eKTHBHO
peaizyBaJii MEXaHi3M KOHIICHTpAlii 3BYKOBOI XBHIII B
YMOBaxX BHCOKOi IIUJTBHOCTI HH3BKOI IMTBHOCTI, IO
BUKJIMKAHO YTBOPEHHSM, DPO3BUTKOM Ta 3aJISIKyBaHHIM
KaBiTaliiuux  OympOamiok.  JIOCHi[DKEHHS — BIUIUBY
KaBiTallii Ha XIMiYHI MPOIECH B PiIUHI, €pPO3iHHOro
edekTy aKycTH4YHOI KaBiTallii, akyCTH4HOI KaBiTawii, Iii
Ha OiosioriuHi 00’€KTM B MOpPUPOII Ta IHTEHCHUBHOCTI
aKyCTHYHOrO INyMy, MO CYIPOBOKYE KaBiTamilo,
NOKa3ajH, IO METOOM BHMIPIOBAaHHS IapaMeTpiB
aKyCTHYHOrO IOJS MOJXKHA pPO3AUIMTH Ha NpsMi Ta
Henpsimi. [lpsaMi Meromm Oe3mocepeHEO BUMIPIOIOTH
mapaMeTpy MpoIlecy KaBiTallii, Taki SK BHMipIOBaHHS
THCKy, IO BHUHUKaE Tpu 3a0WBaHHI KaBiTAI[iHUX
OynpOamiok. JIns HempsiMUX METOMAIB  BH3HAYAETHCS
TEXHOJOTIYHUI 4K (i3uyHuld edekT ynbTpa3ByKOBOi
KaBiTawii. AHa3 ICHYIOUMX JOCIIPKEHb BCTAHOBUB, IO
HAWOIIBII ~ NEpCHeKTHBHMA  Meroj  KoHpirypauii
BUMIpIOBaHb Ta HANpPYXEHOCTI aKyCTHYHOI KaBiTauil B
NoJIi KaBiTalil peanizyeTbes 3a JOMOMOTol0 TiapodoHiB.
BuMiproBaHHS 3Ha4YeHb 3BYKOBOTO THCKY MPOBOIMIM 32
JOTIOMOTOI0  BIMIipPIOBANBHUX TipO(OHIB HA OCHOBI
I’€30KepaMiki, B pe3ysbTaTi 4YOro Ha KpPHUIIKax
II’€30€JIeMeHTa  3’SBIIETBCS ~ PI3HUI  IMMOTEHIlIAlliB
rizpodoHa, 3HAYCHHS SKOTO MPOMOPIIHHO 3BYKOBOMY
THUCKY. BUMIpIOIOYH BEeNMYMHY HANpyrd, NPOHOPLiHHY
3BYKOBOMY THCKY, MPOBOJIMJIM 3HAYECHHS BOJBTMETPIB PM
B pe3yjbTaTi BHMIPIOBAHOTO HANpPYTH, MPOMOPIIHHOrO

TUCKY HE TUIBKM 3BYKY, aje 1 IHTeHCUBHOCTI
yIbTPa3BYKOBUX  KojuBaHb. (OCHOBHI  aHaIITHYHI
3aJI@KHOCTI Uil  BH3HA4YEHHS  3BYKOBOI'O  THCKY,

YIBTPa3BYKOBUX KOJHMBAaHb iHTCHCHBHOCTI, PajialliifHOTO
iMIeaHCcy Jajdd 3MOTY CKIACTH Tpadik, IO IOKa3ye
TexHoJNorii 00poOkm  kaBitamii. ExcnepumeHTanIbHO
I ATBEPAKEHO TOTOXHICTb 3aKOHY posmnojiny
yIBTPa3BYKOBOTO MOJISL y BOJII Ta B TEXHOJIOTTUHIN cymimIi
3 ypaxyBaHHAM Horo BUMHpaHHA. JlocmimHHUIBKI
pEe30HAHCHI IMyCKayi BCTAHOBWJIM BUIPOMIHIOBAUi, SKi
3a0e3medyroTh  SAKICHYy KaBiTalllifHy OYHCHY CyMiIl
MO>KJTMBA JIMIIIE Ha MEeBHIM BiJICTaHi BiJ] BATIPOMiHIOBAaHHSI.
BpaxyBaHHsST ~ yMOB  CTBOPEHHS  TEXHOJIOTIYHOTO
oOnajHaHHA  Jae 3MOry IOKpAaIlUTH  Mapamerpu
KaBiTaliiHOI O0OpOOKHM PIAKOIWCIIEPCHUX CEPEIOBHUII
LIUIIXOM MiHiIMi3amii BUTpAT Ha EHEeprilo.
Karouosi cjaoBa: JIOCITiIKEHHS,
00J1aTHaHHS, TEXHOJIOTIYHE CePeIOBHIIIE.

napamerp,

HNCCIIEJJOBAHUE ITAPAMETPOB
VIJIbTPA3BYKOBOI'O OBPABATBIBAIOIIEI'O
OBOPYJIOBAHUS, PACITPOCTPAHEHHOI'O
B TEXHOJIOTMYECKOI CPEJIE

U. H. bepnux
AHHOTALHS. D¢ dexruBHOE HCTIOJIb30BaHUE
yIbTpa3Byka B  KOHKPETHBIX  HPOM3BOJCTBEHHBIX
nporueccax 3a cuer BO3/IEUCTBUSA KoJIeOaHn

OKpYXKaIoUIeH Cpeibl, MPOSIBISIIONIMXCS B (PU3NYECKOM U
XUMHYECKOM BO3JCHCTBMM W UX B3aUMOJCUCTBHS.
Haubomnee  ycmemHbsIM  SBISiETCS  MCIIOJBb30BaHHE
YIBTPa3BYKOBOI KaBUTAI[MOHHOW OOPaOOTKH JKUIKUX U
PIAKOOMCIIEpCHUX Cpel, MOCKONbKY OHHU 3(deKTuBHO
peann30BaIl MEXaHW3M KOHIICHTPAIlMW 3BYKOBOH BOJIHBI
B YCIIOBHUSIX BBICOKOH IUIOTHOCTH HU3KOW IIOTHOCTH, YTO
BBI3BAHO OOpa30BaHMEM, pPa3BUTHEM M 3allyrHBaHHUEM
KaBUTAI[OHHBIX ITy3bIpbKOB. VccienoBaHWe BIMSHHSA
KaBUTAIlMM Ha XHMHYECKHE TIPOIECCHl B IKHUAKOCTH,
9PO3UOHHOTO  A(PPEeKTa aKyCTUYECKOH  KaBHTAIlHH,
aKyCTHYECKOU KaBUTaLlUH, BO3JICHCTBUSA Ha
Ouonoruyeckue OOBEKTHl B NPHPOJEC M MHTCHCUBHOCTH
aKyCTHYECKOT0 IIyMa, YTO CONPOBOXKAAET KaBHUTAIMIO,
MOKa3ald, YTO METOJIbl W3MEPEHUs  I1apaMeTpoB
aKyCTHYECKOTO IIOJISI MOXKHO pPa3leNUTh Ha TpsIMbIE U
KOCBEeHHbIe.  [IpsiMbIe ~ MeTOABl  HEMOCPEICTBEHHO
M3MEPSIOT IMTapaMeTphl MPOoIecca KaBUTALMH, TaKHe Kak
N3MEpEHNE JaBJICHUS, BO3HMKAIOIIETO IIpH 3a0uBKe
KaBUTAI[OHHBIX ITy3bIPBKOB. [l KOCBEHHBIX METOZOB
ONpEETsIeTCST  TEXHOJNOTHYECKUH WIM  (U3HUYECKUH
ad ekt yIBTPa3BYKOBOU KaBUTAI[HH. Amnanus
CYIIECTBYIOIIMX  HWCCICNOBAaHMH  YCTAHOBWJI,  YTO
HauOoynee  INEPCHEeKTUBHBI  MeTox  KoHurypauuu
U3MEPEHUHN U HANpPSHKEHHOCTH aKyCTUYECKOW KaBUTALIMU
B I10JI€ KaBUTAI[MH PEATU3YeTCsl C MMOMOIIBIO TipodoHiB.
W3mepeHus 3Ha4€HUIN 3BYKOBOTO JIaBJIECHMSI IIPOBOAMIIU C
MOMOIIBI0 HM3MEPHUTENBHBIX TiAPpO(QOHIB Ha OCHOBE
IIbE30KEPAaMHMKH, B pe3ylbTaTe dYero Ha KpBIIIKax
IIE303JIEMEHTA  TOSBJISICTCS  PA3HOCTh  MOTEHIMAJIOB
ruapooHa, 3HAUYCHHWE KOTOPOTO MPOIOPIUOHAILHO
3BYKOBOMY JIaBJICHHIO. V3Mepsisi BEMUUMHY HAIPSDKEHMS,
MPOTIOPIIMOHAIFHOE 3BYKOBOMY JaBJICHUIO, MPOBOJIMIN
3HAUEHMs] BOJILTMETPOB PM B pe3yJbTaTe H3MEPSIEeMOro
HAaIpsDKEHUs], TPOIIOPIMOHAIBHOTO JaBJCHUSI HE TOJBKO
3ByKa, HO ¥ MHTEHCHBHOCTH YJIbTPa3ByKOBBIX KOJICOAHHH.
OcHoBHBIE aHAJMTUYECKHE 3aBUCHMOCTH JUIst
OIpeJIeJIeHUs] 3BYKOBOTO JaBIICHHUS, YJIbTPa3BYKOBBIX
KosieOaHWH MHTEHCHBHOCTH PaJUallMOHHOTO HMIIe/IaHCca

IIO3BOJIMIIN COCTaBUTH rpa(bm(, HOKaBLIBaIOH.[I/Iﬁ
TCXHOJIOTHHU 06pa6OTKI/I KaBUTallUH. 3KCH€pI/IM€HTaJ'H)HO
MOATBEPIKACHO TOXICCTBO 3aKOHa pacrpeaciicHus

YJIBTPa3ByKOBOIO NOJsl B BOJE U B TEXHOJIOTHYECKOU
CMECH C yY€TOM €ro BeIMupaHus. MccienoBarenbckue
PE30OHAHCHBIE IIyCKaTeNId  yCTAHOBMIM  M3JIydaTellu,
KOTOPbIC 00eCIeuYnBarT KaQ4Y€CTBCHHYIO KaBUTAIIMOHHAsA
OYHUCTUTEIIBHY0O ~ CMEChb  BO3MOXHAa  TOJIBKO  Ha
OIPEJEIIEHHOM PAaCCTOSHUU OT U3JIy4EeHHUs. YUET yCIOBUM
CO3JJaHUSI ~ TEXHOJOTHYECKOTO  00OpyHOBaHUS  JaeT
BO3MOXHOCTh YyIYYHIUTH IMapaMETPhI KaBHTaHHOHHOﬁ
00paboTKM PIAKOANCIIEPCHUX CPeJl IyTeM MUHHMHU3AINU
3aTpaT Ha SHEPIHUIO.

KualoueBble ciaoBa: uccinenoBaHue,
o0opyioBaHue, TEXHOJIOTUIECKYIO CpeLy.

napamerp,
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