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NON-CONTACT MEASUREMENT METERS OF MICRO-SIZES
ON CORONARY DISCHARGE

Abstract. The basis for non-contact cores micrometers on corona discharge is the results of studies of the high-
frequency (HF) conductivity of the plasma of the corona discharge case, the method for determining the radius of
curvature of the surface of the corona electrode, methods and devices for monitoring and measuring the diameter of
micro wires. The investigations were carried out when a large constant voltage and a small HF alternating voltage are
applied simultaneously to the discharge gap, which is carried out by supplying an additional high voltage between
the electrodes with an amplitude lower than the value of the high-voltage DC voltage, while in the plasma of the
corona discharge case the mode of the resonant oscillatory process is established.

Keywords: corona discharge, radius of curvature, HF conductivity, microelectrodes, crown cover, electronic
component.

Introduction. The presence of a measuring probe in the ionization region of the corona discharge
greatly violates the distribution of the field density and space charges. In this connection, a method for HF
diagnostics of a corona discharge plasma was developed, when a low-amplitude HF alternating voltage is
applied to the discharge gap. Probing with HF alternating voltage with a small amplitude makes it possible
to determine the dependence of the HF conductivity on the parameters of the discharge gap and electrical
characteristics of the discharge [1].

In the device, a fully formed corona discharge, i. developed corona, is subjected to an additional al-
ternating voltage with a frequency in the range from 200 Hz to 1.5 MHz with an amplitude of 10 to 100 V.
By supplying an alternating voltage with adjustable frequency and with a small amplitude to the corona-
discharge gap and measuring the high-frequency (HF) conductivity of this gap, we, as it were, perform HF
probing of the developed corona, similar to the method of microwave plasma diagnostics. In this case, the
most sensitive to the effect of the HF-field is the corona layer (cover) of the discharge, where, in fact, all
the basic ionization processes in the corona discharge occur. Therefore, it is natural to assume that the
electron density (n.) and their collision frequency with neutral conductors (v,,) in the corona cover can be
determined from the values of the HF conductivity of the discharge gap by passing a small microwave
field used as a probing signal.

The HF-conductivity of the corona-discharge gap is determined by the ratio of the value of the high-
frequency current of the corona to the value of the applied alternating voltage. In view of the fact that
the probing HF-field has a small amplitude (10~100 V) in comparison with the main constant voltage
(3+4 kV) supporting the corona discharge, the measured conductivity is called the dynamic differential
HF-conductivity (qq) as opposed to the static, determined from the current-voltage characteristic of the
corona. When measuring qq of the developed corona in a wide range of frequencies (from 200 Hz to
1.5 MHz), a number of anomalies were found in the dependences of g4 on the probing voltage frequency,
frequency location of which also depends on the magnitude of the corona current, on the atmospheric air
pressure and on the dimensions of the corona and external electrodes. All measurements were carried out
for a positive corona on a micro wire in a coaxial cylinder.
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To exclude the effect of the geometric capacity of the discharge chamber, it is also necessary to
measure the differential HF-conductivity of the chamber (q.) in the absence of the corona discharge. To do
this, we determine the bias current through a given gap at a value of the probe field voltage equal to qq.
Knowing the total current of the corona gap and the current of its geometrical capacity, it is possible to
determine the current called the "compensated" current, which makes it possible to calculate the
differential HF-conductivity of the corona itself (qq-qe).

From the experimental data it follows that the total qq (f) in the frequency range up to 200 kHz has a
plateau (minimum), the location of which depends mainly on the diameter of the outer cylinder. With
increasing frequency, the qq (f) curve slowly increases, reaching a maximum and at a certain frequency,
depending on the diameter of the corona wire and the value of the corona discharge current, crosses the
conductivity straight line of the geometric capacity of the discharge chamber (qq = q.), decreasing to a
minimum, and then again increases [2].

Figure 1 shows the functional diagram of the device for diagnosing the plasma of a corona discharge
case. The proposed device comprises two identical chambers 1 and 2 with identical in shape and size elec-
trodes 3 and 4, a high-voltage power supply 5 and a high-frequency voltage generator 6. The signal out-
puts from the two current converters 7, which are the resistors, are connected to the inputs of the balance
circuit of the difference voltages 8, while the output of the balanced circuit 8 is applied to one of the inputs
of the microprocessor 9. The signals from the two arms (points "a" and "b") of the chambers 1 and 2 are
fed to the other inputs of the microprocessor via the separation capacitors C;. High voltage is supplied to
the main corona discharge chamber 1 through the ballast resistance Rs, and high-frequency voltage is
applied to both chambers 1 and 2 through the separation capacitors C,. The second ballast resistance Rg,
connected to the point "b" of the additional chamber 2, serves to create the symmetry of the two measuring
arms of the device, which also leads to mutual compensation of high frequency pickups on them.

|

Figure 1 — Functional diagram of the device for diagnosing the plasma of the corona discharge case

When a sufficiently high voltage of negative polarity is applied to the outer cylinder of the main
chamber, a corona discharge occurs between it and the corona electrode in the form of a micro wire, a
stable shape of the positive unipolar corona shell is formed. When high-frequency voltage is applied to
both chambers, the corona cover in the main chamber is probed, while in the additional chamber a capa-
citive current flows. High-frequency current components, passing through the chambers, are registered by
current converters, then they enter the inputs of the balance circuit, where their differences are determined.
These differences, only in the cases of Qmax, qo(dd = Je)> qmin, are measured by a microprocessor and
simultaneously the corresponding resonant frequencies fi,x, fo, finin are determined. When the experimental
values of the characteristic points qq and f on the qq (f) curve are known, the microprocessor calculates the
values n. and vy, according to the given program, corresponding to the corona discharge case plasma.
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Method for determining the thickness of the corona discharge case [3]. In this case, HF-diag-
nostics of corona plasma is also used, only with the difference that resonant oscillatory processes are
created in the plasma of the corona discharge case by adjusting the frequency of the high-frequency
voltage and then calculating the thickness of the corona discharge case by the calculation method.

When constructing the frequency dependence of the HF-conductivity of the corona, it was estab-
lished from the arithmetic difference between the total current and the displacement current (capacitive)
that the values of qq may be greater or less than or equal to the value of the HF-conductivity of the dis-
charge gap in the absence of a constant corona current (qe).

For us, of greatest interest is the region when g4 = q., which is primarily the electronic component
of the current in the corona discharge case. In this situation, as it were, a plasma resonance occurs in
the corona case, i. e. the resistance of the corona case to the alternating voltage becomes minimal (vol-
tage resonance) and the value of qq is compared with q.. It is established that the frequency f;, at which
dd - e =0, is very sensitive to changes in the thickness of the corona electrode and the corona discharge
current. This means that f, will primarily depend on the velocity of the electron mean free path in the
corona layer of the discharge gap.

Based on the obtained experimental data and theoretical calculations for the positive corona in the
cylindrical system of electrodes, the calculated formula for the thickness of the corona layer (case) was
derived:

)

where 1y ., R — radii of the corona and outer electrodes, cm; K. electron mobility in the corona case,
cm?/ (B-c); fo— resonance frequency at qq = q., Hz; Uy— alternating current voltage, V.

Thus, if the value of the corona discharge current is constant and for known values of R, 1y, Uy, K.
and fp, the derived calculation formula makes it possible to determine the thickness of the corona case for
a given electrode configuration. In other sizes and shapes of the electrode system, a calculation formula is
also derived for determining L., starting from the distribution of the electric field and the drift zone of
electrons in the corona layer, taking into account the location of the corona case in the area with a field
density of 31 kV/cm (minimum breakdown voltage between the electrodes at a distance 1 cm).

To determine the thickness of the corona case, discharge chambers in the form of a cylinder with a
diameter of 2 to 36 mm were used, and a microcircuit from tungsten with a diameter of 5 to 50 microns
(um) served as the central corona electrode. From the I'C-100U type of generator, an alternating
sinusoidal voltage is applied to the chamber with an adjustable frequency from 200 Hz to 1.6 MHz. High
voltage to the chamber is supplied from a high-voltage source of the BC-23 type. Parameters of the output
AC voltage are measured at a load of 1 kOhm using the JI9CO-2 oscilloscope, the B3-2A tube voltmeter
and the frequency meter 43-22. The current of the corona was set beforehand on the microampere No.
1244 of class 0.2, which was then switched off in order to eliminate the influence of parasitic capacitances
and pickups on the accuracy of measuring the main signal. The amplitude of the variable high-frequency
voltage was chosen in the range from 2 to 100 V, depending on the steepness of the characteristics of the
positive corona and the geometric dimensions of the discharge gap.

The value of f; (qs=q.) for a given configuration of the electrodes and with the constancy of the coro-
na discharge characteristics (constancy of the discharge current and atmospheric conditions) is as follows:
firstly, the dependence of the HF-conductivity of the discharge gap (q. - capacitive) on the frequency of
the alternating voltage in the absence of corona discharge is determined. Then the dependences of the
HF-conductivity are constructed in the presence of the corona discharge (qq) and by coincidence q4=q. the
value of f; is found, which is the calculated value for determining the thickness of the corona discharge case.

The calculated values of the thickness of the corona case are given in Table 1.

The experimental values of fy were determined for the corona discharge in the cylindrical electrode
system when R=0.2 cm, Up=10 V, [=20 pA, and for K;=540 cm?/(V - s) its mean value in the corona case
under normal conditions of atmospheric air in Almaty (p=690 mm Hg, T=20 °C). The table shows the
values of f;, obtained for different ry and the calculated values for the thickness of the corona case L., and
for comparison, the values of L, calculated from the empirical formula 1.56 1, **® are presented.
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Table 1 — Calculated values of the thickness of the corona discharge

Io, €M 5-10-4 15-10-4 30-10-4 50-10-4
fy, Hz 1450-103 1250103 810-103 300-103

L., cm 20.63°10-3 24.15°10-3 30.1-10-3 56.13:10-3
1.56 1o, cm 11.1:10-3 22.82:10-3 28.02:10-3 52.4:10-3

The data of the table show that the resonance of the corona case plasma occurs at different frequen-
cies, depending on the value of 1y, which determines primarily the thickness of the corona layer (case) of
the corona discharge. As was to be expected, the L. values obtained by the proposed method slightly
exceed the known L. data for the same series of radii ry,.

Thus, there is a solution for the task to develop a method for determining the thickness of the corona
discharge case, which provides high measurement accuracy due to fixation of the resonant frequency,
when the influence of the high-frequency alternating voltage on the measurement results is excluded.

Method for determining the radius of curvature of the surface of the corona electrode [4]. The
development of the method for determining the radius of curvature of the surface of the corona electrode
is also based on the results of studies of the high-frequency (HF) conductivity of the plasma of the corona
discharge case, when a large constant voltage and a small HF alternating voltage are applied simulta-
neously to the discharge gap.

Before proceeding to the consideration of the method for determining the radius of curvature of a
corona surface of arbitrary shape, to establish the correctness of its application for solving this problem, it
is necessary to check it for electrodes with a simple geometric shape, for example, coaxial cylinders.

For comparing the measured values of the thickness (L.) of the corona case according to this method,
the value of the thickness of the corona layer, determined by the Peak formula, can serve as the first
approximation. In normal atmospheric conditions (6=1), it shows that when the corona discharge is

ignited, the electric field strength at the distance A=O,308\/r_0 (cm) from the corona electrode remains con-

stant for any r0 and is equal to 31 kV/cm. Neglecting the influence of the space charge in the corona layer
(Eoro=Er), we really get

E 1+().308 To
A:%_m:@—m:os Tos ()

which indicates that the thickness of the layer is independent of the discharge current. Apparently, the
formula (2) is valid only in the case when Eoro=Er.

At comparable times of the electrons range and the half-period of the probing voltage, the decrease of
da to negative values is already observed. To calculate the time range in the first approximation, a distance

can be achieved as 0,3 [r, , but when applied externally. Therefore, it is more correct to determine the shift

of the apparent boundary, starting from the values of the half-periods of the alternating voltage E~.
The distribution of the field density of an alternating voltage in a cylindrical system is described by
the formula

= 3)
E= b 3
(r,+L,)In R

o

where L.— thickness of the corona layer.
For the range time of the electrons of the distance L. it is valid

R
L(r,+L)n—
= . @)
kU ’
taking t=T/2 and indexing the frequency fy at qs=q. we determine the dependence of L. from f;, with the
help of the formulas (3) and (4)
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R
L,(ry+L,)In—
- L )
2f, kUN2
where Uy— the active value of the alternating voltage, which is equal to ~10, ~30V.
The solution of the equation is in the form of

¥, 7, ? kU, V2
Le = - 3 * 3 + —R . (6)
2f, In—
r
. 2
Substituting the value K;=540cm2/V-s and negleting (on , we get the final formula
7
L,=—-2+19,7 (7)

where L, R, ro—in cm; U —in V; f;— in Hz.

Thus, if the value of the corona discharge current is constant and for known values of R, ry, Uy, K,
and fy, the derived calculated formula allows to determine the thickness of the corona case for a given
electrode configuration. With other dimensions and shapes of the electrode system, the calculation
formula is also derived for determining Le, starting from the distribution of the electric field and the drift
zone of electrons in the area with a field density of 31 kV/cm (minimum breakdown voltage between the
electrodes at the distance of 1 cm).

The experimental values of fO0 were determined for the corona discharge in the cylindrical electrode
system when R=0.2 cm, Uy=10 V, I=20 uA, and for K,.=540 cm2/(V-s) its mean value in the corona case
under normal conditions of atmospheric air in Almaty (p=690 mm Hg, T=20°C).

The expression (7) allows to make qualitative estimates of the value L, with the distance 0,3,/7, . the

calculations show, that the value L, is closed to 0.3,/7, , at frequencies f;, though it is L,> 0.3\/1”_ , with a
decrease in the diameter of the corona wire. For example, L,=0.029 c¢m for the values R=0.2 cm, r,=0.005
cm, f=1070 kHz, Uy=10 V, and the distance 0.3,/7, is equal to 0.021 cm with decreasing radius

r¢=0.001 cm, L,=0.022 cm, and 0.3,/r, =0.0095 cm.
Table 2 shows the values of f; obtained for various r, and the calculated thickness values of the
corona case L. by the formulas (7) and 0.3\/5 )

Table 2 — Calculated values L, for various r,

7y, Ccm 5-10-4 15-10-4 30-10-4 50-10-4
fo, Hz 1450-10-3 1250-10-3 810-10-3 300-10-3
L, cm 20.63-10-3 24.15-10-3 30.1-10-3 56.13-10-3
0,3,/19, cm 6.71-10-3 11.62-10-3 16.43-10-3 21.21-10-3

The data obtained for L, show that the resonance of the corona case plasma occurs at different
frequencies, depending on the values of ry, which determine, first of all, the thickness of the corona layer
(case) of the corona discharge. As expected, the L, value obtained by the developed method far exceeds
the calculated data for the same range of radii r0 by the formula 0.3\/7‘—0 . As mentioned above, this is due
to the appearance of the buildup of electrons by a high-frequency field, which leads to an intensification of
the ionization processes in the corona case.
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When determining the radius of curvature of the surface of the corona electrode of arbitrary shape, a
constant high and variable high-frequency voltage is applied to the second electrode in the form of a flat
disk (D~2 cm), closely located (4-5 mm) to the corona electrode (Figure 2).

KD BD

Figure 2 — Scheme for determining the radius

of curvature of the surface of the corona electrode: —D
KD — corona electrodes of various shapes;

BD — external electrodes; Rg — ballast resistance; _|>
A — AC microarammeter; B — AC millivoltmeter;

C — blocking capacitor; UIT — source of power;

I" — high-voltage generator

U

A variable sinusoidal voltage with an adjustable frequency from 200 Hz to 1.6 MHz is applied to the
discharge gap from the 'C-100U generator and a high-voltage is supplied from the high-voltage source of
the BC-23 type. The parameters of the high-frequency voltage are varied with a microammeter and an AC
voltmeter. The amplitude of the alternating high-frequency voltage was chosen in the range from 2 to 100 V,
depending on the steepness of the characteristic of the positive corona and the geometric dimensions of the
discharge gap.

The corona discharge arises at the top of the surface and, with a further increase in voltage, propa-
gates through the rest of the surface.

In order to determine the initial strength of the corona discharge, in the case of electrodes of arbitrary
shape, a connection is normally used between the change in the strength of the electrostatic field in the
immediate vicinity of the electrode surface and the radii of curvature of this surface

_d_Ez(i_}_i)dx (8)
E R Ry

where R, ;¢ Ry — the main radii of curvature of the surface at the given point, i.e. minimum and maximum
radii of curvature; x is measured from the surface of the electrode in the direction of the normal. As a
result of integration and substituting the obtained expression for the field strength in conditions of dis-
charge independence and subsequent integration, we obtain an equation for determining the initial
intensity E,.

For determining the initial tension corresponding to the given point of the corona electrode of
arbitrary shape, the equation for cylindrical wires can be used, if the equivalent wire radius is calculated
by the formula

R R
ro'rd:—lR' 1+0,2 R_l )
1+ il 0 3
2

The simplest way is to calculate it when the electrode is a ratation surface, for example, if the needle
is approximated by a hyperboloid of rotation. In this case, the maximum radius of curvature (R;) is equal
to the radius of curvature of the curve, with the rotation of which electrode is obtained, and the minimum
(R;) is equal to the length of the normal to this curve from the axis of rotation to the point under consi-
deration.

The radius of curvature of the top of the electrodes is precisely determined at the initial stage of the
corona discharge. Indeed, for the top of the electrode of arbitrary shape we can admit R; << R,, then with a
certain error according to the formula (6.11), the resonant frequency f0 for the electrode of arbitrary shape
is determined at the beginning, with the condition q4=q., and then at this frequency the calibration curve is
determined by the radius of curvature of the corona surface of the electrode of arbitrary shape.

The value of f;(q4=q.) for the given configuration of the electrodes and with the constancy of the
corona discharge characteristics (constancy of the discharge current and atmospheric conditions) is as

— 213 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

follows: firstly we determine the dependence of the HF-conductivity of the discharge gap (q. - capacitive)
on the frequency of the alternating voltage in the absence of corona discharge. Then dependences of the
HF-conductivity in the presence of the corona discharge (qq) are constructed and, by the coincidence
dd=qe, the value of f; is found, which serves for determining by the calibration curve, which corresponds
to the radius of curvature of the surface of the electrode of arbitrary shape.

To construct the calibration curve (Figure 3) of dependence of the equivalent radius of micro wires
from f;, discharge chambers were used in the form of a cylinder with a diameter of 2 to 36 mm, and micro-
fibers made of tungsten with a diameter of 5 to 50 microns (um) served as the central corona electrode.

V0 55car - MKM

150 "\\
40 1
30 4
20 |
10 |
N
D T
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2 4 6 8 10 12 14 fo+10°T1Yy

Figure 3 — Dependencies of the equivalent radius from f;

The experimental values of f0 were determined for the corona discharge in the cylindrical electrode
system when R=0.2 cm, Uy=10 V, =20 pA. It should be noted that in the case of determining the radius of
curvature of the surface of stationary parts of high-frequency equipment, the load resistance of 1 kOhm
was located in a high-voltage circuit.

Methods and devices for measuring the diameter of microwires (MW). Thin and ultra-thin wire
(5-100 microns) of various metals and alloys are widely used in the vacuum and electronics industries.
The hogeneity of the parameters and the reliability of the operation of electric and radio tubes depend to a
large extent on the quality of the tungsten wire, electrical characteristics of which, with a constant compo-
sition of the metal, are determined mainly by the geometric dimensions of its cross section. Therefore, the
development of new methods and devices for the precise control of the MW size in production is of great
practical importance [1].

Method for monitoring the MW diameter [5]. The main distinguishing feature of the new proposed
method is that a negative corona pulse mode is used to control the MW diameter, which takes place when
corona wire is cored to a diameter of up to 100 microns, whereby a stabilized negative-corona current is
provided to increase the noise immunity of the measurements and the amplitude of the carrier pulses is
measured.

The device implementing the proposed method comprises an annular electrode surrounding the
controlled MW, a high voltage power supply source with an adjustable stabilized output current, a load re-
sistor, a separation capacitor for removing impulse signals and a pulse voltmeter. When a sufficiently high
voltage of positive polarity is applied to the annular electrode, conditions are created for the appearance of
a pulsed regime of the negative corona, and ionization and excitation processes of atoms and molecules of
the gas proceed in the vicinity of the corona laser, which in turn lead to the formation of numerous
electron avalanches. It is established that for the pulsed regime of the negative corona, the amplitude of
the pulses is directly proportional to the run length of the electron avalanches in the corona layer, the
thickness of which is determined by the Peak formula and is equal to A = 0,3\/r— , Where ry is the MW ra-
dius. Hence, by measuring the amplitude of the current pulses with the developed corona (10-50uA), the
radius () of the corona MW is determined, at this, the amplitudes of such pulses that have the largest
density (carrier frequency) in the frequency spectrum of the corona current pulses are measured. The
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Figure 4 — CW based on the frequency dependence Figure 5 — Dependences of the amplitude of current pulses
of the differential conductivity of the developed corona on the MW diameter

output signal is removed from the load resistor and fed through the separation capacitor to the input of the
pulse voltmeter. During the measurement, the high voltage power supply operates in the stabilized current
mode with its value set at the source output: 10, 20, SOpA.

Figure 5 shows the dependence of the amplitude of the carrier-frequency current pulses (A) on the
diameter (d) of the corona MW for different values of the current of the negative corona. Herewith, the
inner diameter of the outer annular electrode was 1 cm with a working length of 3 cm, the load resistance
was 1.2 kOhm, the separation capacitance was 1 mkF. The pulse lengths varied depending on the MW
diameter and lie in the range from 30 to 100 microseconds.

Experimental measurements have shown that a change in atmospheric air pressure within + 20 kPa
and wire vibration within *+ 2.5 mm do not significantly affect the accuracy of measuring the MW diame-
ter, which according to this method, as in all known CWs, amounts to approximately 0.5-1% of measured
diameter. The existence of a fracture on calibration lines and its location is determined by the ratio /nD/d
(D is the diameter of the outer annular electrode), which is included in the formula of the current-voltage
characteristic of the corona discharge. Therefore, if necessary, to change the measurement range and the
shift of the fracture point on the calibration curves in one direction or another, the question is solved by
selecting the value D.

Device for measuring the diameter of micro wires. The main drawback of the known device [5] is
related to the complexity of performing the object measurement: to find the resonant frequency, first of all,
the capacitive conductance of the discharge gap is measured, and then, in the presence of a corona dis-
charge, the high-frequency conductivity of this gap, after this, when these conductivities are equaled along
a graded curve of equivalent radii, the radius of curvature of the surface of the corona electrode is deter-
mined. As follows from here, the impact on the accuracy of measuring the state of the environment will be
significant.

The objective of this device is simplification and automation of the measurement process to ensure
continuous monitoring of the diameter of the moving micro wire during its manufacture.

The technical result is continuity of control at high accuracy of measuring the diameter of the micro
wire, which is provided by eliminating the influence of the state of the environment on the corona
discharge zone.

At this device, the determination of the radius of curvature of the corona surface is ensured by fee-
ding an additional high-frequency DC voltage between the electrodes and adjusting its frequency, creating
a resonant oscillation process in the corona discharge plasma, then, at equality of the values of the high-
frequency conductances of the discharge gap with the corona discharge and without it, it is possible to
determine the radius of curvature of the surface of the corona electrode along the gradient curve of the
equivalent radii obtained in the values of resonant frequencies (f).
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In this case, two chambers in the form of cylinders of the same size are used, and if a high-frequency
low-amplitude voltage is applied to both chambers, then a high voltage is applied omly to one of the
chambers at the same time. Thus, the values of high-frequency conductivities are measured simulta-
neously and the difference is immediately determined using a balance circuit.

In addition, in the device, the frequency control unit, under the influence of the resulting difference in
high frequency conductivities, regulates the frequency of the generator and finds an automatically resonant
frequency when this difference tends to zero.

Figure 6 shows the functional scheme of the device. The device contains two parallel chambers PK
and CK, which consist of measuring 1 and security 2 electrodes, measured wire 3, dies or holders 4 of
micro wires, separation capacitances C;-C,, ballast R, and load resistors R,-Rs, diodes Dy, D,, power
supply unit (BII), generator (I'), frequency counter (1) and frequency control unit (bPY).

Thin and ultra-thin wires (5-100 microns) from various metals and alloys are widely used in the
electrovacuum and electronics industries. The uniformity of the parameters and the reliability of the opera-
tion of electro-radio devices depend to a large extent on the quality of the tungsten wire, the electrical
characteristics of which, with a constant composition of the metal, are determined mainly by the geometric
dimensions of its cross section. Therefore, continuous measurement of the diameter of the micro wire in
the process of its manufacture is of wide practical importance. Micro wires are produced in the process of
their hot (tungsten, molybdenum) or cold (nichrome) drawing through diamond dies. Most wire diameter
meters do not provide the necessary measurement accuracy due to the effect of possible wire misalign-
ment from the main axis and the resulting vibration when it moves. In view of the fact that in the proposed
device the occurrence of resonant frequencies is directly related to processes in the corona layer or in the
corona case, the influence of these factors on the accuracy of the measurement is minimal. In addition, the
use of two measuring chambers and a balanced measuring circuit further reduce the influence of these
factors.

The high voltage of the set value and the negative polarity from the BII is fed through the ballast re-
sistance R to the discharge chamber PK, where the corona discharge occurs, and simultaneously an alter-
nating sinusoidal voltage with an adjustable frequency from 200 Hz to 1.6 MHz is fed to both chambers.
Variable signals from the discharge and signal (CK) chambers pass through R4C; and RsC, - the chains are
rectified by diodes D, D, and their difference is fed to the BPY. The frequency control unit of generator,
depending on the polarity and the value of the potential difference on the capacitors Cs, Cg, regulates the
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Figure 6 — Functional diagram of the device

—216 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 4. 2017

frequency of the generator in one direction or the other. When the potential difference becomes zero, the
BPU finishes the adjustment and at this point the oscillator frequency is fixed by the frequency meter,
which is the resonant frequency (fy) of the discharge chamber.

The high-voltage is supplied from the BC-23 type high-frequency source, and the I'C -100U type
generator is used as a high-frequency generator. Frequency meter U3-22 is taken to measure voltage. The
amplitude of the alternating high-frequency voltage was chosen in the range from 2 to 100 V, depending on
the steepness of the characteristic of the positive corona and the geometric dimensions of the discharge gap.

To construct the calibration curve (Figure 3) of dependence of the diameter d of the micro wires from
fo, discharge chambers in the form of cylinders with the diameter of 2 to 36 mm were used, and the central
corona electrode was microfibers made of tungsten with the diameter of 5 to 50 microns (um).

The experimental values of f0 were determined for the corona discharge in the cylindrical electrode
system when R=0.2 cm, Uy=10 V, =20 pA. It should be noted that load resistances of 1 kOhm are located
in the high voltage circuit.
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III. A. bBaxraes, I'. B. boukapesa, I'. JI. Mycanuposa
AJMaThI SHEpPTeTHKA JKoHe OaiflaHpIC YHUBEpCHUTETi, KasakcraHn
TOXKJIEVYIII PA3PSJITAFbI MUKPOOJIIIEM/IEPAI )KAHACIIAH OJIIIEYIIITEP

AnHoTtanus. Toxzaeymn paspsaTarkl MUKpOJILIEeMAEPIi KaHacIai eNeyimrep Heri3iniae TOKIeIyIi paspsa
KaObl I1a3MachIHbIH KOFaprbl KULTIKTI (KOK) OTKI3rimTIriH, TOKAETYIi IEeKTpo OCTiHIH KHCHIKTBIK PaJnyChIH
aHBIKTAy 9/1iCi, MUKPOCBIMHBIH JHAMETPIH OJIIIeY KYPBUIFBICHI )KOHE TICUIIEPIH 3epTTeyJiep JKaThIp.

3epTTeynep pa3psATHIK KAIIBIKTHIKKA Oip YaKbITTa YIIKCH TYPaKThI KoHE a3 skoraprbl xuinikTi (OKK) aliHpiMa-
JIbI KepHey OepreHsie, JIEeKTPOATap apachlHla KOCHIMINA aMIUTUTYAChl >KOFAPFBI BOJIBTTHI TYPAKTHl KEPHEY [IaMachl-
HaH a3 MOH/ADKOFapFbl BOJBTTHI KEpHEY Oepy apKbUIbl iCKE acaibl, >KOHE OHBIH XMITITIH ©3repTe OTBHIPBIT TIXKIIK
Pa3psIATHIH IU1a3Ma KaObIHA PE30HAHCTHIK TepOeIMENl PEXXUM KaJlbIITaCThIPaIbl.

Tyiiin ce3mep: TOKIIK pa3psan, KUCHIKTHIK paguychl, AOK-eTKI3rimTiK, MUKPOIIIEKTPOATAp, TOHK KaObI, dJeK-
TPOHABIK KYPaMBbI.

III. A. baxraes, I'. B. Boukapesa, I'. JI. Mycanuposa
ATnMaTUHCKUI yHHBEPCUTET SHEPTeTUKU U cBA3H, KazaxcTran
BECKOHTAKTHBIE UBMEPUTEJIN MUKPOPASMEPOB HA KOPOHHOM PA3PAIE

AnHoTanus. B 0CHOBY OECKOHTAKTHBIX M3MEpHUTENCH MUKpPOpPa3MepoB HAa KOPOHHOM pa3psle IMOJIOKEHBI pe-
3yJBTAaThl HMCCIEAOBAHMI BBICOKOYACTOTHOH (BY) mpoBOIMMOCTH IUTa3MBI 4exJia KOPOHHOTO pas3psia, CHocod
OIpeJIeNICHUs PaJyca KPUBU3HBI IOBEPXHOCTH KOPOHUPYIOUIETO AIIEKTPO/Ia, CHOCOOBI M YCTPONCTBA Il KOHTPOJIS
U W3MEPEHHs IuaMeTpa MHKPOIPOBOJIOK. VcciemoBaHUMs MPOBOAMINCH, KOTAA HA Pa3psAHBIA IMPOMEXYTOK IIO-
JIAI0TCSI OAHOBPEMEHHO OO0JIbIIOe MOCTOSHHOE HamnpshkeHre U Manoe BU nepemMeHHoe HanpskeHne, KOTOpoe Ocylie-
CTBJIACTCA IMYTEM IOAa4YU MECXKAY JJICKTpOoAaMU AOIIOJIHUTCIIBHOTO BBICOKOBOJIBTHOT'O HAIIPSAXKCHHSA C aMHﬂHTyﬂOﬁ,
MEHbLIEH BEJIMYMHBI BHICOKOBOJIBTHOI'O MOCTOSIHHOTO HAMPSLKEHUs, IPU 3TOM B IJIa3Me 4eXJja KOPOHHOTO pas3psja
YCTaHABJIMBACTCS PEKUAM PE30HAHCHOTO KOJIeOATEIIEHOTO MpoIiecca.

KuioueBble ¢ji0Ba: KOPOHHBIN pa3psi, paauyc KpuBu3Hbl, BU-poBoIMMOCTb, MUKPORJIEKTPOIbI, YEX0J KOPO-
HBI, JIEKTPOHHAS COCTABIISIOMIAS.
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