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Abstract: The experimental dependences of
electrical resigtivity and real and imaginary components
of relative permittivity of metals hydrosols on their
temperature as well as on applied dectric fidd and its
frequency have been investigated. Approximants for
those dependences have been offered and their optimal
coefficients have been calculated for wide range of
arguments’ values. Range constraints of eectric field
intensity and its frequency as wel as solutions
temperatures have been recommended in order to
significantly diminish the dectrochemical effect of
discharge pulses in a water-submerged metal granules
layer in the course of their plasma-erosive processing.

Key words. dectric fidd intendty, eectric field
frequency, resistivity and permittivity of hydrosols.

1. Introduction

The method of plasma-erosive processing of
biol ogically-active metal granules (Ag, Cu, Zn, Fe, Mn,
Co, Mo) submerged in a bidistillate is currently one of
the most effective techniques used for producing their
sedimentation-resistant  hydrosols and their further
utilization in crop and livestock farming and medical
industry [1, 2]. Decreasing of the size of dispersion
phase particles, increasing of ther electro-kinetic
potential, and increasing of dispersion phase resistivity
contribute to hydrosols resistance to aggregation and
sedimentation [1, 3, 4].

In the course of plasma-erosive processing of
dispersion phase - as a result of emergence (in the
presence of eectric current) of disperse particles and
metal ions - a considerable decreasing of its eectric
resigtivity is observed [3]. That fact causes current’s
redistribution through the liquid and plasma channels,
which dgnificantly influences the hydrosols resistance
to aggregation and sedimentation. It isimpossible to find
optimum conditions for producing such hydrosols
without analysis of electromagnetic phenomena both in
plasma channels between the metal granules surfaces
and in the surrounding liquid.

A physical model and an dectrical equivalent circuit
representing a layer of metal granules submerged in a
liquid were proposed in [5, 6]. However, they do not

take into account the influence of dectric field
parameters and hydrosols' temperature on their eectric
properties. The influence of eectrostatic field intensity
and hydrosols temperature on their specific conductivity
was aready discussed [3]. The purpose of thiswork is
research of the influence of electric field intensity and its
frequency as well as hydrosols temperature on their
electrical resistivity and dielectric permittivity.

2. Resear ch technique, equipment, materials

To achieve the objective, severa direct experiments
have been conducted. Liquids under study, techniques
and equipment for investigation of their DC properties
were described in details [3]. Totaly 11 liquids of
different extent of purification and ther solutions
(corresponding to basic types of liquids used for
producing metals hydrosols) have been investigated.
The denotations used in Table 1 have the following
meaning: H,Oc — is tap water, H,Od — is digtillate,
H,Ob — is hidigtillate, Cui d0 — is fresh solution of
cuprum ions in didillate, Cui d7 — is 7-day solution,
Cupd—iscolloida solution of plasma-erosive cuprum
particles in digtillate, Al pd — is colloidal solution of
plasma-erosive aluminium particlesin digtillate, Agp b —
iscolloidal solution of plasma-erosive argentum particles
in bidistillate, Agp + Cuib —is colloidal solution of
plasma-erosive argentum particles and cuprum ions in
bidigtillate. The concentration of dispersion phase and
dissolved impurities does not exceed 0,1 ¢/l in al the
solutions.

Fig. 1 depicts eectric circuit for measuring the
hydrosols resistivity and dielectric permittivity com-
ponents under sinusoidal current, and Fig. 2 shows a
photograph of the measuring stand. For heating the
hydrosols in the measurement cell without changing
their chemistry a fan hester has been utilized (it can be
seen in Fig. 2 behind the measurement cdl). Tem-
perature control in the measurement cell is performed by
means of a spirit thermometer. To avoid measurement
errors caused by uneven heating of the measurement
cel, recording of the hydrosols eectro-physical
parameters in their dependency on temperature has been



78 Nataliya Shydlovska, Serhiy Zakharchenko, Oleksandr Cherkaskyi

performed during periods of their slow self-cooling after
full completion of their heating procedure.
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Fig. 1. Circuit for measuring the hydrosols e ectro-physical
parameters at sinusoidal current.

The denotations used in Fig. 1 have the following
meaning: G- is dshusoidal voltage generator of
controlled frequency and amplitude; Ug — is generator
output voltage;, MC— is measurement cell with a
hydrosol under investigation; which has a form of a
rectangular parallelepiped with the width of cuprum
electrodes b, =24 mm, their height h =76 mm, the inter-
electrodes distance 1, =52 mm; Uyc — is measurement
cel output voltage, O— is oscillograph; R — is
resistance-type current transducer; Ug — is current

transducer voltage. Such parameters are optimal for
producing metals' hydrosols[1, 3, 6].

Fig. 2. The stand for measuring the hydrosols dectro-
physical parameters at sinusoidal current.

The amplitude of measurement cell voltage U,,.,.

(Fig. 1) can be calculated on the basis of the measured
amplitude of generator output voltage U the

measured amplitude of current transducer voltage U
and their phase difference j . asfollows:
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The angle of phase displacement between the
measurement voltage and the current can be obtained as
follows:

i ve =i g tacsinUg,sinj ¢/Uyen) @

Taking into account the geometrics of the
measurement cell as well as (1) and (2), one can cal-
culate the active component of specific impedance of the
hydrosols under investigation at sinusoidal current:

rFAC:(UMCm)q_)hL)/(RdIMCm])IL): (3)
= (UMCm >ebL >4’]L)/(I MCm ><IL >COSj MC)
where lycm, A isthe measurement cell current amplitude.

As aresult of applying the sinusoida voltage to the
measurement cell electrodes, such kinds of current flow
arise: 1) loss current Irre due to conductivity, that does
not depend on frequency and can be found at DC voltage
on the electrodes; 2) displacement current Igcq due to a
hydrosol capacitance that depends on the real (active)
component of a hydrosol permittivity Re[e]; 3) re-
laxation losses current |r due to the imaginary (reactive)
component of a hydrosol permittivity Im[e].

In practice for the hydrosols under investigation, the
loss current due to conductivity is approximately equal
to the full current at low frequency (less than 50 H2).
The possibility to measure a current at a low frequency
instead of measuring a direct current considerably
simplifies the experiment procedure. Taking into account
the foresaid facts, an equivalent hydrosol’s eectric
circuit at sinusoidal current consists of a resistance Repc
(representing losses due to conductivity) and a non-ideal
capacitor Cr with dielectric relaxation losses, connected
in paralld. The non-ideal capacitor is represented, in its
turn, by parale connection of capacitance Cr and
resistance Rer (Simulating relaxation losses in the
dielectric). For such circuit, the sinusoidal current ¢ of
the non-ideal flat capacitor can be written in the form:

fec =--12p f@MCbLhLeo(Re[e] +ﬂ>4m[e])/lL (4

where €=8,85:10"? F/m is absolute vacuum permit-
tivity. The formula takes into account the dependence of
the capacity on geometrics and dielectric properties and
the dependence of the reactance on frequency f.

The imaginary part (4) represents the hydrosol’s
displacement current; its effective value can be
caculated as product of effective value of the full
measurement cell current |,c and sine of the angle of

phase displacement j wc between the current vector and
voltage vector of the measurement cdll. Therefore, the
real part of the relative permittivity can be calculated as
follows:

Re[e] = MmN mc AL _ Wivmec ()

2 fUyicm 60 0L . 2 fepr pac

The real part (4) represents the active current of
dielectric relaxation losses |gg arising due to imaginary
part of the hydrosol’s relative permittivity Im[e]. That
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current is in phase with the loss current (arising due to
conductivity) lrre and their sum forms the active
component of the measurement cell current that is
expressed as |, XC0S] ¢ -

Iwem€0S) me = lerom * 1 erm =

(6)
= Yuen 1 oty 2 ime]
DC IL

where R, W is the resistance of the hydrosol in the
measurement cd| at direct current.

Solution of (6) and taking account of (3) gives us
imaginary part of the hydrosol’ s permittivity:

mem C08] e = Yniem/ Reoe | =
2pfU yemb i€y -

:j/RFAc'j/RFDC| :]/rFAc'j/rFDc:’ )
2pfb h e, 2pfb h e,
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where R.,.,W is the active component of hydrosol’s

impedance at sinusoidal current.

For practical purposes to simplify the experiment
procedure, we have replaced the hydrosol’'s electrical
resigtivity (arisng due to its conductivity) at direct
current by the hydrosol’s electrical resistivity modified
at low frequency (1 Hz).

3. Results of experiments conducted at direct
current and their discussion

The dependences of eectrical resistivity (at direct
current) of bidigtillate (H,Ob), argentum hydrosol in
bidistillate (Ag p b) and argentum hydrosol in biditillate
with cuprum ions (Agp + Cui b) on the measurement
cell voltage at room temperature and high temperature T
are shown in Fig. 3 a) and b), respectively. Experimental
results for other liquids are similar in appearance and,
thus, not shown. If we assume that eectric fied is
uniform within the whole hydrosol’s volume, it can be
calculated using the voltage between the eectrodes as
E=U,./(e¥,). Inour case at the voltage U, =100 V

the dectricfieldis E=23.74 V/Im.

It can be seen in Fig. 3 that electrical resistivity for
al the objects under investigation tends to decrease
when electric field increases. Especially clearly it can be
observed by low values of voltage applied to the
measurement cell eectrodes (below 200V), which
corresponds to intensity E=47.48 V/m of quasi-uniform
eectric field in the cell. The more pure and cold water is,
the more clearly the considerable decrease in the
electrical resistivity is observed even at high intensity of
eectricfied.
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Fig. 3. Dependences of eectrical resigtivity of bidigtillate
and Ag-hydrosols on the applied dectric field at
a) room temperature and b) high temperature.

The observed decrease in the electrica resistivity of
the objects under investigation accompanying the
electric fiedd intensity increase can be explained by
following reasons. Firgly, by the presence of electrode
potentials of soluble eectrodes [7], whose influence is
especially evident at low voltages. Secondly, by possible
decrease in degree of hydration of theions[7] in strong
eectric fields, that leads to increase in their mohility.
Thirdly, by possible increase in dissociation degree [7]
of the electrolytes under investigation in strong fields,
that leads to increase in concentration of free charge
carriers.

The most appropriate approximation function for
nine solutions out of eleven ones (i.e. except distillate
and colloidal solution of plasma-erosive aluminium
particles in didillate) is a function comprising hyperbole
raised to arational index of power:

rFDC(U)N :rFDCO+rFDC1N/UaF2N ! (8)
where r .., Wxm is the approximation function coeffi-

cient having physical meaning of a constant component
of eectrical resistivity, defining its value at voltages

below breakdown of liquid; r ..., W< is the

approximation function coefficient whose physical
meaning is an increase in eectrica resistivity at a
voltage of 1V as compared to its value at high voltages,

a.,, isthe power of approximation function.

The most appropriate approximation function of
electrical resistivity dependence on applied DC voltage
for distillate and colloidal solution of plasma-erosive
aluminium particlesin distillate is a function comprising
exponential:

r FDC (U )E =r FDCO +r FDC1E >exp[- U/U FE] ! (9)
where r ... Wxm is the approximation function
coefficient whose physical meaning is an increase in
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electrical resigtivity at avoltage of 0 V as compared to its
value at high voltages; Ug is the approximation function
coefficient that is egua to the voltage increase
accompanied by the decrease in the second term (9) by a
factor of e.

To find the approximation function coefficients (8),
(9) that are appropriate for the whole range of
argument’s change a criterion of minimum value of
integral residual parameter b, was developed [8]; the

parameter is caculated as one-haf of the sum of two

terms.  firdly, relative standard deviation of N
approximated values Yy, from ther experimental
counterpartsy,

uly, y,]=100%5s [y, y,J/M[y] =

8 o [N
=100% x Nxa(yj- YA;) ay;:
j=1 j=1

secondly, average sum of modules of the relative errors

10|80/O él(yj - YAi )/yj|;

d Hy’ yA|] =

b,ly.val=Wly.y+dly. vz (10

For the solutions under investigation (except
digtillate and colloidal solution of plasma-erosive
aluminium particles in digtillate) the values of the
integral parameter of discrepancy b, (10), obtained by
approximation of the dectrical resistivity dependence on
the applied voltage using the discussed function (8), fall
within the range from 0.13 % to 1.22 %. For two
remaining solutions the value b, egualsto 5.95 % and

6.1 %, respectively. However, if the above-mentioned
function (9) is used for approximation, the values b,

fall within the range from 0.25 % to 2.84 %. The
obtained values of b, serve as verification that the

proposed formulae (8), (9) provide high approximation
accuracy for the dependences in fairly wide range of the
argument’ s change.

It should be noted that the application of the
approximation formulae (8), (9) for analytica
description and analysis of transents in circuits
(comprising the elements under investigation) of the
second and higher ordersis complicated [9]. The values
of the coefficient agoy (8) obtained as a result of

approximation calculations fall in the range from 0.02
(for colloidal solution of plasma-erosive Ag-particlesin
bidigtillate at the temperature T=55 °C) to 0.72 (for tap
water at room temperature). To simplify analytical
computation of transients in circuits comprising the

elements, the discrepancy error has been studied for the
event of applying the approximation function (8) with
fixed values of the parameter ag,y =0.5and agoN =1.
As a result of performed calculations for the
solutions under investigation, except tap water with
relatively high concentration of different ions, the value
of index of power of the approximation function (8)
power for agopn =0.5 ismore suitable than 1. Table 1
shows optimal values of approximation function (8)
coefficients (for ag,n =0.5) obtained for all solutions
under invedtigation at DC
min[b, ] -criterion for approximation of their electrical

in compliance with

resigtivity dependences on the applied voltage as well
as the obtained values of the integral parameter of

discrepancy b,.

Table 1
Approximation function parameters
for the solutions electrical registivity dependences
on the voltage on the electrodesin the case
of applying a hyperboleraised to theindex

of power -0,5
No.| Typeof solution " Foco’ Frocio” b [r r ],%
ype Wxm W>‘TTI><\/\7 PIRSREN
1. H.O ¢, T=23°C 24,32 14,4 2,2
2. HOd, T=24°C 385,21 1097,68 13,7
3. [Cuid0, T=24°C 133,51 117,24 2,62
4. |Cuid7, T=24°C 340,87 608,24 1,79
5. |ICupd, T=23°C 338,05 139,33 1,51
6. JAlpd, T=23°C 165,87 273,36 12,3
7. HOb, T=19°C 277487 894,15 2,86
8. [H,O b, T=52 °C 509,72 36,46 1,45
9. [Agpb, T=19°C 83332 | 142,68 0,91
10.|[Agp b, T=55 °C 435,97 52,12 1,06
1L |Agp + Cui b, T=46 °C| 400,24 3345 0,66

As one can see from Table 1, approximation errors
in case of applying the function (8) with a_,,, =0,5 does
not exceed 3% for all solutions under investigation
except No. 2 and No. 6, which is quite sufficient for
engineering analysis, and the values of the coefficient

I epce INCrease accordingly to increase in disperson
degree of purification and decrease in solution
temperature.

The dependences of electrical reddivity on
temperature a DC for severa solutions under
invedtigation were given in [3]. The dependences for other
solutions in case of the applied voltage range from 1V to
300V are dmilar as in [3]. It was shown that dectrical
resgivity dependence on temperature for al solutions
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under investigation could be with high accuracy
(b, <3%) represented by the known formula [7]:

r (T) = rT25/(1+aT1(T - Tzs))’ (12)
where r.,, Wxm is eectrica resstivity of highly
diluted solutions at temperature T»s=25°C; a,,, U/°C is

temperature coefficient of solution resistivity.
Our research shows that the temperature coefficient
a;, in (11) increases with decrease in ion concentration

in water, i.e. with increase in degree of purification. Its
averaged values for the solutions under investigation are:
biditillate — 0.0256 1/°C, distillate — 0.021919 1/°C,
colloidal solution of plasma-erosive cuprum particles in
digtillate — 0.02084 1/°C, 7-day saturated solution of
plasma-erosive cuprum particles in didillate -
0.01502 1/°C, solution of plasma-erosive Ag-particles in
bidistillate — 0.0136 1/°C, fresh saturated solution of
cuprum ionsin distillate — 0.009236 1/°C, fresh solution
of ions and plasma-erosive aluminium particles in
digtillate — 0,008675 1/°C. This can be explained by the
fact that in the case of weak concentration of highly
mobile carriers (i.e ions of dissolved impurities)
electrical conductivity of water is caused mainly by ions
H* u OH". Their concentration depends on dissociation
constant that, in itsturn, depends on temperature [7].

The change of voltage on e ectrodes within the said
range practically does not influence the temperature
coefficient of the solutions under investigation; only for
some solution its dight upward trend is observed in the
course of voltage increase. On the other hand, for all
solutions under investigation, the voltage increase leads
to significant decrease in electrica resigtivity r,, at

temperature 25 °C.

4. Results of experiments conducted at alter native
current and their discussion

Fig. 4 shows dependences of eectrica resistivity
[ e (3), OF red Rele] (5) and imaginary Imle] (7)
components of dielectric permittivity on applied voltage
frequency for colloidal solution of plasma-erosive
argentum particlesin bidistillate at temperature T=20 °C.
The dependences are to a large extent dictated by
corresponding dependences for pure bidigtillate. We can
observe that, in low-frequency band, the electrical
resistivity of argentum hydrosols is less that the latter of
initial bidigtillate by 18.5 % at voltage amplitude U,=1 V
by 3.86 % a voltage amplitude U,=10V; in high-
frequency band, the eectrical resistivity of argentum
hydrosols is less that the latter of initia bidigtillate by,
on the average, 2.6 % a al investigated voltage
amplitudes.
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Fig. 4. Dependences of a) eectrical resistivity,
b) real component of relative permittivity, ¢) imaginary
component of relative permittivity on applied voltage
frequency for bidistillate Ag-hydrosols.

For colloidal solution of plasma-erosive argentum
particles in bidigtillate the increase in temperature up to
T=50 °C leads, in low-frequency band, to a decrease in
its resigtivity by a factor of 2.89 at U,=1V and by a
factor of 2.83 at U,=5 V and 10 V; on the other hand, in
middle- and high-frequency band, it leads to an increase
in imaginary component of permittivity by a factor of
1.1. Other parameters are only dightly influenced by
such temperature increase. For pure bidigtillate, such
temperature increase leads, in low-frequency band, to a
decrease in its resigtivity by a factor of 3.31 and in
middle- and high-frequency band, it leads to an increase
in imaginary component of permittivity by a factor of
1.07. It should be noted that electrical resigtivity of pure
bidigtillate is larger than the latter of corresponding
argentum colloid by a factor of 1.23; imaginary
component of permittivity of pure bidistillate isless than
the latter of corresponding argentum colloid by a factor
of 1.22.

One can see from Fig. 4,a) and experimental results
that an increase in frequency of the applied sinusoidal
voltage leads to decrease in electrical resistivity of all
solutions under investigation (didtillate, bigtillate, Ag in
bidigtillate at temperature 20 °C and T=50 °C). Up to
frequency =100 kHz that decrease is not sgnificant
(from 8 to 20 %), after 500 kHz it amounts to 40 %, and
at frequency 3 MHz it exceeds 90%. It should be noted
that, the purer the solution is and the lower its
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temperature is, the more significant a decrease in its
resistivity due to increase in the frequency is (Fig. 4).

The phenomenon of decreasing of water and water
solutions' electrica resigtivity accompanying an increase
in frequency of applied sinusoidal voltage is explained
by increasing of active component of dielectric losses
due to repolarization [10]. Among different types of
dielectric losses in polar liquids (including water),
dipole-relaxation losses are those most substantial in RF
band [10].

At relatively low frequencies (up to 10 kHz in our
case) the decrease in eectrical resistivity and red
component of relative permittivity (Fig. 4,b) as well as
increase in its imaginary component (puc. 4,c) are not
important. This fact allows us to conclude that average
equivalent time for orientation of water polar molecules
and molecules of other polar impurities in sSnusoidal
eectric field in the explored conditions is significantly
less than half-period of the applied sinusoidd voltage, in
our case 50 us. Taking into account that a local ex-
tremum of imaginary component of relative permittivity
is observed by frequencies close to 500 kHz (Fig. 4,¢),
we may conclude that average equivalent time for
orientation of water polar molecules and molecules of
other polar impurities in sinusoidal dectric field under
the explored conditionsis of about 1 us.

In the case of further frequency increasing thelag in
orientation of water moleculesin sinusoidal eectric field
in accordance with its vector increases. It means that the
number of molecules managing to rotate in compliance
with changesin an externa eectric field (i.e the number
of molecules whose eectric fidd is aligned along an
externa eectric field) is decreasing. As a consequence,
in that frequency band (0.5-3 MH2) real and imaginary
components of relative permittivity decrease and descent
rate of water electrical resistivity drops down (Fig. 4).

At low eectric fidd intensity, its high frequency,
high water temperature, and low degree of water
purification one can observe some discrepancy between
experimental data and P. Debye theory [10]. Namely,
P. Debye theory does not predict the existence of alocal
extremum of imaginary component of relative
permittivity of the solutions under investigation at
frequencies close to equivalent orientation frequency of
water polar molecules and molecules of other polar
impurities in sinusoidal eectric field (about 500 kHZ)
(Fig. 4,c). Disadvantages of P. Debye theory regarding
anaysis of permittivity dependence of polar liquids and
gases on applied voltage frequency was discussed in [11]
and explained by neglecting internal eectric fieds,
which leads to poor accuracy in high-frequency band as
well as by existence of polar impurities.

Although there is a lot of didectric polarization
theories and formulae for its dependence on frequency

(P. Langevin-P. Debye, P.Debye, H.Lorentz- L.Lo-
renz) [10], we failed to find mathematical approximation
of those dependences for water of low degree of
purification and for its colloidal solutions due to
complexity and peculiarity of such a problem. That is
why it is reasonable to utilize for anadysis of
electromagnetic transients in such media the values of
electric resigtivity, real and imaginary components of
relative dielectric permittivity obtained experimentally
for an appropriate frequency band (Fig. 4).
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Fig. 5. Dependences of e ectrical resigtivity on temperature
for colloidal solution of plasma-erosive Ag-particlesin
bidigtillate at current frequency a) 300 Hz and b) 3 MHz

Fig. 5 shows dependences of eectrical resistivity for
colloidal solution of plasma-erosive Ag-particles in
bidigtillate on temperature at frequency 300 Hz and
3MHz The dependences of electrica resistivity on
temperature for colloidal solution of plasma-erosive Ag-
particles in bidigtillate at low frequency alternative
current are fairly similar to those at direct current [3]. At
high frequencies those dependences are hardly observed.

Table 2 comprises values of temperature coefficient
a;, (11) and electric resistivity r at temperature

25 °C for pure bidigtillate and corresponding Ag-colloid
obtained on the basis of experimental data for applied
voltages frequency =300 Hz and 3 MHz and amplitudes
Un=1V, 5V and 10 V. The values have been obtained
using the criterion min[b,[r -, r ]| (10).

T25

Table 2
Values of temper atur e coefficient and electric
resigivity for bidistillate and corresponding

Ag-colloid
Bidistillate Agin bidistillate

Um | =300 Hz f=3 MHz =300 Hz f=3 MHz
Viris| @nr | Frest| @me | Fros| @me | Frosr | @7

wwm | 1°C [wsm | 1°C [wsm| 2°C | wsm | 1/°C
1 [1059 |0,0242| 157 |0,00372]798,5|0,0223| 134,2 |0,00388
5 | 963 |0,0244]| 129 |0,00387(720,1|0,0211| 104,2 | 0,00345
10 | 920 |0,0247] 123 |0,00427671,1]|0,0233| 96,1 |0,00337
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Asit can be seen from Table 2 and above-mentioned
results, the values of temperature coefficient and
electrical resigtiviy for ditillate, bidistillate, and Ag-
colloid in bidigtillate at direct current are close to those
at aternative current of low frequency. Moreover, the
values increase when conductivity of the discussed
systems decreases.

Values of temperature coefficient and eectrical
resistivity in high-frequency band (3 MHz) are one order
less than those in low-frequency band (300 Hz). Thisis
explained by the fact that at high frequencies active
losses due to dipole-relaxation polarization contribute to
hydrosol’s conductivity much more than ion con-
ductivity (that is highly influenced by temperature) does.
In all cases electrical resigtivity dependence on tem-
perature for the discussed liquids and hydrosols can be
described with high accuracy by the dependence (11),
but values of its parameters depend both on water degree
of purification and current frequency.

Fig. 6 shows dependences of a) real and b) ima-
ginary components of relative permittivity on tem-
perature for colloidal solution of plasma-erosive Ag-
particles in bidistillate. Corresponding dependences for
pure bidistillate are similar in appearance.

It can be seen from Fig. 6 that the decrease in real
component and increase in imaginary components of
permittivity for colloidal solution of plasma-erosive Ag-
particles in bidistillate accompanying the temperature
increase is observed to the largest extent at low voltages,
which is explained by peculiarities of its dipole-
relaxation polarization.
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Fig. 6. Dependences of a) real component of relative
permittivity and b) imaginary component of relative
permittivity on temperature for colloidal solution of plasma-
erosive Ag-particlesin bidigtillate.

5. Conclusions

1. Asaresult of direct experiments, for colloidal and
true solutions of plasma-erosive particles and ions of
metals their dependences of electrical resistance as well
as real and imaginary components of permittivity on

electric field intensity and its frequency as well as on
their temperature have been defined. On the basis of the
experimental dependences the eectrical parameters of an
equivalent RC-circuit representing the working liquid in
systems of plasma-erosive processing of metal granules
have been computed for a wide range of change of
parameters of discharge pulses.

2. It has been shown that application of a hyperbole
raised to an arbitrary index of power for approximation
of the electrical resistivity dependences of water metal
solutions on eectric field intensity provides the best
approximation accuracy. It has been explained for which
solutions it is possible, for the purpose of simplification
of analytical calculation of transients in the solutions, to
assume that theindex of power equalsto 0.5.

3. The application of the electric parameters
dependences of the water solutions on their temperature
and electric field parameters received at direct current
instead of those for sinusoida current with frequency up
to 100 kHz has been justified.

4. With intent to significantly diminish the eectro-
chemical influence of unipolar discharge pulses in a
water-submerged metal granules layer it has been
recommended the electric field intensity cutoff value of
25 V/m and the temperature cutoff value of 25 °C. That
recommendation has been done owing to nonlinearity of
dependences of the eectrical resistivity of solutions on
their temperature and intensity of applied electric field.
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BIIVIUB TIAPAMETPIB
EJEKTPUYHOTI'O MOJISI
TA TEMIIEPATYPHU I'IITPO3OJIEN
IJIASMOEPO3IMHUX YACTUHOK
METAJIIB HA IXHIH OIIP TA
JIEJEKTPUYHY MIPOHUKHICThH

Haranis IIumiosceka, Cepriit 3axap4eHko,
Onexcanap Yepkacbkuit

JloCTiKEHO eKCIIepUMEHTaIbHI 3aJIe)KHOCTI ITUTOMOTO
€JICKTPUYHOT'O OIOpY, AiHCHOI Ta YsIBHOI CKJIaJI0BHX BiJHOCHOI
JlieIeKTPUYHOI MPOHUKHOCTI Tifipo3oiiell MeTalliB Bij iX Temie-
paryp, a TakoX BiJl HAIPY)KEHOCTI Ta YaCTOTH MPUKIATIECHOr0
€JICKTPUYHOrO NOJIsL. 3alpOHOHOBAHO (yHKLIT, 110 alpOKCUMY-
0T 11i 3AJIEKHOCTI, Ta 3HANJICHO ONTUMAJIbHI 3HAUCHHS 1X Koe-
GbiLieHTIB y MUPOKOMY Jiana3oHi 3MiHU apryMeHTIB. 3 METO

ICTOTHOrO 3MEHIIEHHS EJEeKTPOXIMi4HOI Aii pO3psAIHUX M-
IYJbCIB y 3aHYPEHOMY Y BOIY LIapi METAJEeBUX I'PaHyl IPH iX
1a3Moepo3iiiHiil 00polLi, pekoMeHI0BaHO Aiana3oHH oOMe-
KEHHS IX HAIPYXKCHOCTi, YacTOTH, a TAaKOK TEeMIepaTypu
PO3YHHIB.
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