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The article discusses methods of experimental research of broadband ultrasonic therapeutic piezo trans-
ducers, and devices that provide these methods. The broadband piezo transducer under investigation has a
frequency band from 1 MHz to 3 MHz, and consists of a plate piezo element with a large mechanical quality
factor and electromechanical coupling factor with one transition layer of duralumin, and two correcting elec-
trical links. The method of monitoring acoustic contact with the patient's body, which is used in narrow-band
piezo transducers, is not suitable for wide-band ones, so a high-frequency wattmeter was developed, which,
together with the radiometer, is designed to control the effectiveness of the therapeutic procedure in ultra-
sonic therapeutic devices of the new generation for contact control and simultaneous measurement of con-
sumed electrical and emitted acoustic power. The operation of the high-frequency wattmeter is based on a
simplified quadrature multiplication scheme, which does not require additional power sources. The radiom-
eter for measuring the radiated acoustic power is implemented in the form of a free float, which ensures the
high sensitivity of the radiometer and the portability of the design. The scheme and ratio of the method of
measurement and analysis of their amplitude-frequency characteristics, which are important for broadband
converters, are given. In the process of manufacturing or operation of piezo transducers, deviations of their
parameters from the calculated ones may occur. In this case, it is necessary to measure the main electrical
parameters. For this, a method of two voltmeters and a phase meter was developed, which is based on ob-
taining and processing the amplitude-frequency characteristic of the active and reactive components of the
electrical impedance of the piezo transducer, which is also described in detail in the article. In addition, the
results of an experimental study of a broadband therapeutic emitter using the specified devices and based
on the proposed methods are presented.
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1. INTRODUCTION

Ultrasonic therapeutic emitters are widely used in
medicine [1]. They are usually made in the form of disks
of high-quality piezoceramic zirconate — lead titanate, for
example, RZT-8 [2], and are placed in a waterproof case,
the reverse side of the piezoceramic disk borders the air.
Contact of the emitter with the human body is made
through a thin layer of contact liquid (gel). The radiation
mode can be either continuous or pulsed. The operating
frequency range from 1 MHz to 3 MHz was initially over-
lapped with the help of single-frequency narrow-band
emitters. The permissible intensity of ultrasonic vibra-
tions is 1.5 W/cm? in continuous and 3 W/ecm? in pulsed
modes of radiation. Ultrasound therapeutic devices are
intended for the treatment of: peripheral nervous system,
musculoskeletal system, internal organs, dental, urologi-
cal, obstetrics and gynecological, ophthalmological, they
are also widely used in cosmetology. Accordingly, we have
a wide variety of emitters.

It should be noted that for the generation of oscilations
with frequencies of 1 MHz and 3 MHz, plate piezoelectric
transducers are used, only for the generation of 3 MHz -
the third harmonic. At the same time, to emit the same
power as at the first harmonic, three times the amplitude
of the voltage of the high-frequency generator is needed.
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A significant disadvantage of therapeutic single-fre-
quency emitters, especially when working with maximum
intensity, is the need to move them during the procedure.
This is due to the need to avoid local damage due to the
possible formation of standing waves.

In order to obtain a more homogeneous cross-section
of the ultrasonic beam, it was proposed, as it is used in
acoustic non-destructive testing and in ultrasonic medical
diagnostics, to use transducers with a wide spectrum of
radiation. And as transducers, piezoelectric transducers
were proposed, which are used in flaw detection — piezoe-
lectric transducers of variable thickness [3]. They have a
number of disadvantages, namely, with their help, it is
difficult to create a broadband emitter of sufficient inten-
sity in a continuous mode. In addition, different areas of
biological tissue in the cross-section of the ultrasound
beam are irradiated with different frequencies, which is
unacceptable for therapy.

Based on the analysis of the methods of constructing
broadband piezoelectric emitters [4], the requirements for
the bandwidth (from 1 MHz to 3 MHz) and the power of
the emitters, as well as for the materials used in the de-
sign of the transducer, an electroacoustic system was de-
veloped, consisting of a lamellar isoelement with a high
mechanical Q factor and electromechanical coupling coef-
ficient, with one transition layer made of duralumin, and
two correcting electrical links (Fig. 1).
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Fig. 1 — Developed therapeutic device(a) and broadband plate
piezo transducer(b)

Since the method of monitoring acoustic contact with
the patient's body, which is used in single- and multi-
frequency piezo transducers, is not suitable for broad-
band ones, a device for monitoring contact and simulta-
neous measurement of consumed electric power was also
developed.

The purpose of the article is to describe such a device
— a high-frequency wattmeter that allows you to meas-
ure electric power, as well as another device — a radiom-
eter that measures acoustic power. The article also de-
scribes the method of measuring and analyzing the am-
plitude-frequency characteristics (frequency response)
of converters, which is important for broadband convert-
ers.In the process of their manufacture or operation, de-
viations of the parameters of piezo radiators from the
calculated ones may occur. It was for measuring these
parameters that the method of two voltmeters and a
phase meter was developed, which is based on obtaining
and processing the frequency response of the active and
reactive components of the electrical impedance of the
piezo transducer, which is also described in detail in the
article. In addition, the results of an experimental study
of a broadband therapeutic emitter (Fig. 1) using the
specified devices and based on the proposed methods are
given.

2. THE METHOD OF TWO VOLTMETERS AND A
PHASE METER

The scheme of the method is shown in Fig. 2.

High-frequency voltage from a generator with a given
frequency and constant amplitude Ui through a ballast
resistor Rs is fed to the piezo transducer. The voltage am-
plitude on the piezo transducer is measured Uz and phase
shift between voltages Ui and Uz using a phase meter
(Fig. 2).

Next, we will consider the frequency response analysis
method of the piezo transducer.

A piezoelement is a system with distributed parame-
ters. But for its analysis, an electrical equivalent circuit
with concentrated parameters, shown in Fig. 3a, is often
used.

Here:

Co — static capacitance of the piezo element;
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Fig. 2 — Scheme of electrical structural measurement of the to-
tal electrical resistance module of the piezo transducer: 1 — gen-
erator; 2 — phase meter; 3 — frequency meter; 4 — oscilloscope;
5, 6 — voltmeter; 7 — ballast resistor; 8 — experimental sample
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— dynamic resistance to radiation losses;
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were k: — coefficient of electromechanical coupling of pi-
ezoceramics; k1, k2 — relative wave resistances of the air
load of the piezo element from the rear side and the bio-
logical tissue with which the working side of the piezo
element is in contact.

W=y ®W=Wo
% Cv% R(o1) Co R(o1)
L
Co— C 0<0<2wy

0<w<2m,
R @R(m) : i E R(w)
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The scheme in Fig. 3a is the most accurate when
(ky + k;) < 1, in accordance with that at the frequency
w41t 1s a parallel connection of the capacity C, and equiv-
alent load resistance R(w;) (Fig. 3b), and on the frequency
w, — serial connection of the same capacity C, and re-
sistance R, (Fig. 3c):

tg(mwq/2wp) _ 1 )

or

Fig. 3 — Electrical equivalent circuit

14k 1 1
woCop T ki+ky ~ (woCoR)

RaO = (3)

Then parallel and series connection schemes of active
and reactive resistances for the entire frequency range
are possible 0 < w < 2wy.
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R = Uy cos p—U, /Uy
a ™ by, sin? p+(cos p—Uy/Up)?’
' U, sin @
X =R 4

~ by, sin? g+(cos p—Uz/U7)?"

Moving from the diagram in Fig. 3a to the diagram in
Fig. 3b, we will get:

_— RaU
Re = ey
- R40Qq(1/x—x) _ 1 (5)
1+(Qa(1/x-x))?  xwoCo'
where
_f _ __ ™ -
X = Qq = woCoRyo = ORTAL ki +ky = 200 (6)

From the analysis of expression (5) it follows:
1. Anti-resonant frequency f; is determined by the
position of the maximum R,,.

1 ’
2. Xo=g5-=X (fo)-

R 8k?
3. X—”z = n—;Qa, whence:
C
2
2 _ T 1 Rgo
k7 =T LR Q)
8 Qa Xco

4. Rq=Rqo/2, with |Qq (ff—‘)—fio)| =1, whence f =~ f,

follows: Qq = fo/(2Af), where Af = |f — fu| (the
frequency band is determined by the curve R, (f)
at the level of 0.5 because K}, ~ \/R—a).
5. Marking X = X'/X,, and finding the derivative of
X on x (in case the frequency x = 1), we get: Qq(s) =
1+dX/dx
2(Rao/Xco)’
The Q-factor value is found according to the formulas
of points 4 and 5, k; — according to formula (7), and the
acoustic load from expression (6).

3. METHOD OF HIGH-FREQUENCY WATTMETER

The expression for the time-averaged power con-
sumed by a linear passive two-pole at a sinusoidal volt-
age has the form:

W=1/T- [ 1(t)- U(t)dt 8)

This value can be obtained by multiplying the cur-
rent and voltage values and then integrating over time.
The most common scheme for multiplying two voltages
is determined by the dependence:

UUp = 1/4 - [(Uy + Up)* = (U; — Up)?]. 9

The ring balance circuit (Fig. 4), which is widely used
in radio engineering as a frequency mixer on semicon-
ductor diodes, allows the power source to be excluded
from the circuit.

In the mixers, it is recommended to use HF silicon
diodes, which have a higher ratio of reverse and forward
resistance and a small capacitance of the pn junction. All
four diodes must have the same characteristics, and es-
pecially VD1-VD2, VD3-VD4. Specially selected pairs of
diodes are made for such mixers. In addition to the di-
odes themselves, the level of balance depends on the
equality of the arm resistances.

Provided U,,; < U;, U,, the amplitude of the output
voltage is equal to Uy = V2U-:
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Fig. 4 - Ring balance circuit
Uput = 8Ra,Uyy, cos @ = 4RayUy, Uy, cos . (10)

In radio engineering, one of the voltages, usually U,,
is the voltage of the local oscillator, which is conven-
iently chosen as the maximum possible to maintain a
constant value of the quadratic coefficient a,, and de-
pendence U,,; from U, — linear. With U, « U;, therefore
the above condition takes the form:

8Ra2U2 <L 1. (11)

In our case, condition (11) is not fulfilled. In addition,
there is an unevenness in the frequency band of the pi-
ezo receiver U, < U; can, through equality U; ~ U,,
change to the opposite U, » U;. However, relation (9)
must hold.

Value U;/2 and U, should not exceed values of 1 V.
To obtain the value U; ~ I,,, we will use a current trans-
former. In the classic version, it is a closed solenoid
wound on a ferromagnetic core, through which a conduc-
tor with a current to be measured is passed, and the be-
ginning and end of the solenoid winding are connected
to a resistor R,,.

Connection U,,; and I is obtained from Maxwell's
equation, which has the following form in the SI system:

$H-dl=)1, (12)

where H — magnetic field strength, >, I — the sum of the
currents penetrating the surface based on the integra-
tion curve. Multiplying both parts of equation (12) by uS
(u — magnetic permeability of the frame material, S —
branch cross-section) and taking into account that dl =
In/ N, where [— contour length; n,N — the number of
turns per unit length and the total number of turns, and
taking the time derivative, we obtain the value of the
e.r.s. ¢ at the ends:

£ = 4mu(S/DN2(1/N) - dl/dt = (L/N) - (dl/dt), (13)

where L — inductance of the toroidal winding.

Provided that R,i < L - di/dt (or R, < wL, where w —the
frequency of the harmonic current, or the lower fre-
quency of the non-harmonic current):

& = Ldi/dt, (14)
So,
(L/N) - L(di/dt) = L(di/dt);i =I/N. (15)

In accordance
Upur = (Rp/N)
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Condition (14) determines the bandwidth of the cur-
rent transformer.

For the manufacture of the transformer, a carbonyl
iron core was taken, which has the following parame-
ters: the length of the middle line of the magnetic drive
Lpmiqa = 6.8 cm became determined by the size of the core
and the properties of the magnetic material, m = 4.4; coil
inductance L and the number of turns N connected by
the formula: N = mvL.

One incomplete turn serves as the primary winding
of the transformer (for ease of inserting and removing it
from the core). They were located in the window N = 11
turns of the secondary winding. So:

L =(11/44)? = 62 uH

Which coincided with the value that was measured
using a universal digital bridge.

A practical scheme of a HF wattmeter (Fig. 5) was
developed for the experimental study of the broadband
emitter of the therapeutic device [5].

- Tl = L
I
I =
R3 | R4

L—UU)}——I

Generator

Fig. 5 — Practical diagram of a HF wattmeter with a piezo-
emitter (PE)

Elements of the scheme satisfy the conditions [5]:
1. L > R, = 2Ry = 2R,(R; = R,);
2. R3+ R, > |Zi|,but Ry + Ry K R,y = 1kQ;

3. R3 K Ry+Rs=R,; =100Q (determined by the
choice of diode brand),(Rs = R¢);

4. Y + Upp < 1V, to work on a quadratic area;
2
Up/2 K Ugp. (16)

The calibration of the HF wattmeter was carried out
according to the power released by the resistor (which is
turned on instead of the piezoemitter) and is determined
by the formula:

VVe = pze/Rls

where Uy, .is the effective voltage on the resistorR,.

The obtained calibration dependence has a linear
character in the interval 0,24 W <K W, < 3,29 W:

W, = 0,065 - 1_(uA). [W]

Sufficient balancing accuracy by selecting the same
diodes, pairs of resistors R1, R3 was checked by shorting
the secondary winding of the current transformer
(Up = 0), while the microammeter showed 0.

Thus, by measuring the value of the current I_, then
it is possible to convert it into the desired value of the
electric power consumed by the piezo emitter based on
the measured calibration dependence of the high-fre-
quency wattmeter of the ultrasonic therapy device,
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which is presented in Fig. 6.

The high-frequency wattmeter is connected to the pi-
ezo radiator of the ultrasonic therapy device (Fig. 5)
through the primary winding of the current transformer
T1, which is a closed solenoid wound on a ferromagnetic
core, through which a conductor with the current flow-
ing through the piezo radiator is passed. The current is
measured to determine the electrical power consumed
by the piezo emitter. The start and end of the solenoid
winding are connected to resistors R1 and R2, respec-
tively. The balance circuit multiplies the value of the
current from R1 and R2, flowing through the piezo emit-
ter, and the value of the voltage applied to the piezo
emitter from the generator of the ultrasonic therapy de-
vice, to determine the electrical power consumed by the
piezo emitter. Voltage dividers of the balanced circuit
R1-R6 provide the necessary voltage values of the ring
circuit according to relations (16). As a result, the read-
ings of the DC microammeter indicator are proportional
to the electrical power consumed by the piezoemitter.

In the event of a change in the readings of the direct
current microammeter indicator, which indicates a vio-
lation of the contact of the piezoemitter with the pa-
tient's skin, a decision is made to interrupt the operation
of the ultrasound therapeutic device until the contact is
restored.

4. ACOUSTIC RADIOMETER METHOD

The simplest construction of an acoustic radiometer
is a float. The connected float was successfully used to
control physiotherapeutic devices [6]. The developed de-
sign of the free float is simple and easy to use (Fig. 6) [7],
and its general appearance is shown in Fig. 6b.

The diagram of a radiometer for measuring the
acoustic power of a piezotransducer with a piezoelement
6 and a lens 5 is shown in Fig. 6a. The radiometer con-
sists of a housing 2, which is filled with air, with a diam-
eter of 12 mm, a lead mass 3, a measuring tube 4 with a
diameter of 3 mm with a scale. In the absence of acoustic
radiation, the float is balanced in such a way that the
zero of the scale coincides with the water level that fills
the housing 1. This level is adjusted so that the bottom
surface of the float is at the level (rf —Ars/ 2), whereryis
the focal length of the converter, A7y — the size of the
focal zone. In the case of unfocused radiation, the bottom
surface of the float should be within the near zone of the
piezo transducer.

In the case when the ultrasound beam with time-av-
eraged acoustic powerWfalls on the float, the latter, un-
der the action of radiation force F,, rises to a height h
such that:

F = pgSh, 17)

where p — specific integrity of water; S — cross-sectional
area of the tube with the diameter d; g = 9.8 m/s2— grav-
itational acceleration.

For the case of a plane wave that falls perpendicu-
larly to the surface of a body with a reflection coefficient
0<R<1:

E,=K-W/c, (18)
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[=]
\

Arpf?

(b)

Fig. 6 — Diagram of a free float radiometer (a), general view of
the original radiometer (b)

where ¢ — speed of sound in water; K =1 for R = 0 and
K = 2 for R = 1 (R— amplitude reflection coefficient).
From (17) and (18) it follows:

W = cpSh/2 ~ 6,05 - 106d2h. (19)

The power required to test the float on h =1 mm,
that is, sensitivity, for K = 2 with different d, given in
Table 1.

Table 1 — Power required for float tests on h = 1mm

d, mm |1 2 3 4 5 6 7 8

w, 6.05 (24.2 |54.5 |97 |151 |212 |296 (388

In the left part of the expression (17), we neglected
the additional force of the acoustic flow, which occurs in
the ultrasound beam in the presence of wave absorption.
It can be shown that under the condition al > 1
(where [ is the length of the ultrasound beam,a is the ab-
sorption coefficient), this force is equal to:

Fom = Walc = E,(al/K) < F,. (20)
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It should be noted that the method of measuring ra-
diation pressure for calibrating hydrophones is adopted
by the IEC (International Electrotechnical Commission)
in addition to the reciprocity method.

5. RESULTS OF AN EXPERIMENTAL STUDY OF
A BROADBAND THERAPEUTIC EMITTER

We will present the results of the development, crea-
tion and experimental research of a sample of a broad-
band therapeutic emitter (Fig. 1, b).

Consider the acoustic system (Fig. 7) and determine
the parameters that provide the widest bandwidth of the
piezoemitter, with the maximum possible power trans-
mission coefficient of the piezoemitter.

To do this, we will use the power transmission coef-
ficient:

Py 4QReY,

pp=ta—-_ &%
E7 Py T t@+zin vy

21
h =Y p =1yzRey,, My <1;

where P —@, P, = EUPReYP’ B<1;

P, — electric power;

Up, — voltage on the piezoelement;

Y, =i0C, A‘% = wyC,Y, — conductivity of the converter;
041

' . A w
Y, =ix——; x=—;
Ao—4q wo
.m?

Y, = - conductivity of inductive shunt L1;

—i
i (x 1 . . . .
Zpy = a—z(m—%— ;) — electrical impedance of the circuit

L2C2;

W .
m, =w—2— setting parameter (w, — resonant fre-
0

quency of the circuit L2C2);
a, = % — relative capacity of the circuit L2C2.
0
R, L G

T

(“)Ug LRz ,/Zo 123 | z
%

Z

Fig. 7 — Electroacoustic calculation scheme of a piezo element
with a transition layer and electrical correction circuits

Using the theoretical methods for calculating the
transmission coefficients of broadband piezo transduc-
ers described in [4] and expression (21), we will deter-
mine the parameters of the piezo emitter's structural el-
ements:

e a transition layer made of aluminum with a rela-
tive thickness ns = 0.27 and a wave resistance
2z3=17.5-108 Pa s/m;

e piezo plate made of PZT-8 ceramics
(z0= 35108 Pa 's/m) with a large mechanical @ fac-
tor @ = 1000 and electromechanical coupling coef-
ficient k; = 0.51;

e electrical correction circuits with setting parame-
ters m1 =0.75, m2 =0.79, @ = 1.44 and relative ca-
pacitance of the second circuit a2 = 0.5.

03029-5



V.F. ONYSHCHENKO

Under these parameters, the operating frequency
band of the piezo emitter ranges from 1 MHz to 3 MHz
(Fig. 8).

In Fig. 8 shows the frequency response of the power
transmission coefficient Pg, under the condition of opti-
mal values of the matching layer thickness and Rg.

07 O el
Pa
06
05
oA
03
02
01
MHz
0O o 2Z5
o 05 1 15 2 25 3 35 a

Fig. 8 — Frequency response of the power transmission coeffi-
cient I1g piezo emitter for optimal matching layer thickness

In Fig. 9 shows the optimal calculated — 1 and meas-
ured — 2-3 (with a discrete change of one of the parame-
ters of the second link) frequency dependence of the ra-
diated acoustic power P,, at low generator voltage values
Uy. It can be seen that by selecting the parameter of the
second link, these dependencies can be brought closer
together.

120
Ras, MW

80
60

40

. MHz

o
o 05 1 15 2 25 3 35

Fig. 9 — Frequency dependence of the radiated power at a low
value of the generator voltage

The degree of non-uniformity of the frequency re-
sponse in the formed frequency band, as in the case of
bandpass electric filters, depends significantly on the
value of the resistance R;. To demonstrate this in Fig. 10
shows the experimental frequency response of the ratio
of the measured power to the square of the generator
voltage at emitter parameters close to optimal, but at
R4 = 0, obtained at lower (curve 1) and higher (curve 2)
values Uy. In this case, all the active power taken from
the generator goes into the radiated power, but the fre-
quency response unevenness is greater. It can be seen
that in the band from 1 MHz to 3 MHz, four well-defined
peaks of approximately the same magnitude are ob-
served (curve 1), so that in this mode the emitter can be
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used as a four-frequency with a switching frequency. At
the same time, its efficiency at a frequency of 3 MHz is
much higher than the efficiency at the third harmonic of
a narrowband emitter with a fundamental frequency of
1 MHz, which, as is known, is 9 times less than at the
first. In addition, the width of the corresponding peak is
much larger than that of a narrow-band emitter, which
ensures that the frequency of the generator falls into it
(for example, when the temperature changes).

40
W/UZ,
(O

]
o o5 1 15 2 25 3 35

Fig. 10 — Experimental frequency response of the ratio of the
measured power to the square of the generator voltage, pro-
vided R;= 0 and close to the optimal emitter parameters

From Fig. 10 also shows that in the region of
2.2 MHz, the height of the peak is 2.7 times lower at
higher values of Uj. (curve 2) than at 5 times lower Uj,.
(curve 1).

In Fig. 11 frequency response ratios are given P,/UZ
(curve 1) and the amount of current consumed
at Uy= const (curve 2), as well as the average value over
the frequency band P,/UZ at Uy= const for close to the
optimal emitter parameters. It can be seen from them
that the frequency response of the consumed current does
not correlate with the frequency response of the acoustic
power, as in the case of a converter operating at one fre-
quency. It follows that the broadband emitter cannot be
coherent with the generator over the entire frequency
band, and the voltage on the transducer cannot be used to
indicate acoustic contact with human skin.

8 b, 2,
RUE

70

60

50

a0

0 05 1 15 2 25 3 35

Fig. 11 - Frequency response ratio P,/ ng (curve 1) and the
amount of current consumed at Uy = const (curve 2)
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From the value of the average value, it is possible to
determine the voltage of the generator necessary to ob-
tain the given acoustic power.

6. CONCLUSIONS

The developed and experimentally researched thera-
peutic emitter can be used to carry out medical proce-
dures without moving it, since the occurrence of standing
waves is excluded (eliminated). The consumed HF power
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MeToau eKCrIe prUMEeHTAJIBHOIO JOCIIIKEeHHI MU POKOCMYTOBUX
II’€30€/IEKTPUYHMX BUIIPOMIHIOBAYiB /1A MEeIUIIUHHI

C.A. Haiima, T.M. Hemsacrosa, A.B. Hapuyk, M.C. Haiina, A.C. Haiina, I''A. Kaonraiuesko

Hauionanvruti mexniunuli ynisepcumem Yrpainu “Kuiscokuii nonimexniunut incmumym
imeni Izopa Cikopcorozo”, np-m Bepecmeticokuil, 37, 03056 Kuis, Ykpaina

V¥ crarTi po3ryIsganThCsa METOIU eKCIIePUMEHTAIBHOTO JOCIIIPKeHHS IIIMPOKOCMYTOBUX YIBTPA3BYKOBUX
TepameBTUYHUX IT'€30IIePEeTBOPIBAYIB, 1 MPUCTPOI, AKl 3a0e3medyioTs i Metonu. IllupoxocMyroBuii r'e3ome-
PEeTBOPIOBAY, SIKUH JIOCIKYEThCs, Mae cMyry vactoT Bix 1 M mo 3 MI'w, 1 ckiamaerses 3 IIaCTUHYATOTO
II’'€30€JIEMEHTY 3 BEJIUKOI MEXaHIUHOI0 JOOPOTHICTIO 1 Koe(iIlleHTOM eJIeKTPOMEXaHIYHOr0 3B'I3Ky 3 OQHUM
HepexiHUM IAPOM 13 T0PATIOMIHI, 1 JBOMA KOPUTYIOUNMU €JIEKTPUYHUMU JaHKaMu. MeTo 1 KOHTPOJIIo aKy-
CTUYHOTO KOHTAKTY 3 T1JIOM HAII€HTAa, SIKUI 3aCTOCOBYETHCS y BY3bKOCMYTOBHUX IT'€30II€PETBOPIOBAYAX, JIJIS
IIUPOKOCMYTOBUX He IIXOJUTH, TOMY 0YyJIO pO3pO0JIEHO BUCOKOYACTOTHUM BATMETD, KU, Pa3oM 13 pajioMe-
TPOM, IIPU3HAYEHMUH JIJIs1 KOHTPOJII0 e()eKTHUBHOCT] TePAIIeBTUYHOI IIPOIIEyPU B YIIBTPA3BYKOBUX TEPAIIEBTHU-
YHUX IIPUJIAIAX HOBOTO TOKOJIIHHS JIJIST KOHTPOJII0 KOHTAKTY 1 0IHOYACHOTO BUMIPIOBAHHS CIIOKUBAHOI eJIeK-
TPUYHOI 1 BUIIPOMIHIOBAHOI AKYCTHYHOI ITOTYKHOCTI. B 0CHOBY pOoOOTH BHCOKOYACTOTHOTO BATMETPA IOKJIAEHA
CIIPOIIIeHA CXeMa MHOKEHHS uepe3 KBaJIpyBaHHs, KA He 1motrpelye T0JaTKOBUX JKepeJ sKUBJIeHHs. Pasio-
MeTp JJIsi BUMIPIOBAHHSI BUIIPOMIHIOBAHOI AKYCTHYHOI ITOTYKHOCTI Peai30BaHUI Y BUTJIS/I] BIIBHOTO II0ILIA-
BKAa, 0 3a0e3Iieuye BUCOKY YyTJIHUBICTH paJioMeTpa Ta IOPTATUBHICTD KOHCTPYKIi. Hasemeni cxema 1 crmiB-
BIJHOIIIEHHS] BAaKJIMBOTO, CaMe IS IIMPOKOCMYTOBUX II€PETBOPIOBAYIB, METOy BHMIPIOBAHHS 1 aHAI3Y iX
aMILTITYTHO-4YACTOTHHX XapaKTepUCTUK. B mporieci BUTOTOBIEHHS 200 eKCILIyaTAallil I'e30IIpeTBOPI0BAYIB MO-
SKyTh BUHUKHYTH BIOXWJIGHHS X IIapaMeTpiB Bif po3paxoBaHMX. B Taxkomy BHIAIKy HEOOXIIHO IIPOBECTH
BHUMIPIOBAHHA OCHOBHMX €JICKTPUYHUX mapamMeTpis. JIjisa mporo 6yB po3pobieHIi METOI ABOX BOJIBTMETPIB Ta
dasomerpa, Akl 0a3yeThCA HA OTPUMAHHI Ta 00pOOIl aMINTYIHO-YACTOTHOI XapaKTePUCTUKN AKTHUBHOL Ta
PEAKTUBHOI KOMIIOHEHT eJIEKTPUYHOIO IMIIeIAHCY II€30[I€PeTBOPIOBAYA, SIKUU TeyK JIeTAJIbHO OIKMCAHUU B
crari. KpiM Toro, HaBoasaThCS Pe3yJIbTATH €KCIIEPUMEHTAIBHOTO JOCIIIMKeHHS IIIHNPOKOCMYTOBOI0 TE€PAIIEBTH-
YHOI'0 BUIIPOMIHIOBAYA 34 JOIOMOI0I0 3a3HAYeHHNX IIPHCTPOIB, 1 HA OCHOBI 3aIIPOIIOHOBAHNX METOIIB.

Kmrouogi ciora: ITe3oemexrprunmii mepersopioBad, [1’e3oesiekrpudnmii Bumpomitiosad, MeTo 1 JBOX BOJIBT-

MeTpiB Ta dasomerpy, Barmerp, Pamiomerp.
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