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This paper considered the possibility of reducing the dissipation of the trigger time of the
three-electrode spark gaps with a separated triggered electrode. The work is of a theoretical,
numerical and of experimental nature. The experiments were performed on a spark gap model
under well-controlled laboratory conditions. It was determined that the results obtained with
the model can be applied to the spark gap prototype. Unlike the previous research in this area,
the computer-designed spark gap that was used can be triggered with one mechanism only.
Also, as opposed to the previous study, a mixture of SF, and He gases and the third electrode
with a double ionization effect were used. The obtained results showed the optimal combina-
tion of the construction solution, insulation gas, triggered impulse, and the triggered elec-
trode's shape, reduce the stochastic dissipation of a random variable far in the sub-microsec-
ond field. This result is of great significance for the parallel triggering of current and voltage
generators to obtain the best superposition signals.

Key words: three-electrode spark gap, statistical dissipation of the trigger time,

the mixture of SFs and He gases

INTRODUCTION

A synthetic circuit for testing high power
switches, an energy injecting system into nuclear fusion
plasma, parallel operation of voltage or current impulse
generators, efc., can only be achieved by high-synchro-
nization trigger switches [1, 2]. Such switches must not
be exposed to stochastic processes, i. e. when determin-
ing their parameters, the measurement uncertainty type
A should be zero (or approximately zero) [3, 4].

The spark switches have been used to achieve
these overly demanding conditions [5, 6]. The function-
ing of the spark switches is based on bringing the exter-
nal energy with a two-electrode system isolated with re-
versible dielectrics, thus causing the breakdown. In this
way, the spark switch becomes controlled.

The control of the spark switch is performed
with a computer system, which, in addition to the
spark switch, controls and co-ordinates the whole se-
ries of the system parameters in which the switch is in-
stalled [7, 8].

There are two controlled spark gaps triggered
methods: 1 — usage of an additional (third) electrode
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and 2 — laser injection of the energy into the electrode
space [9-11]. Since the usage of a third-electrode has
shown a satisfactory degree of synchronization and
controllability with easier fitting into the control sys-
tem and certainly a lower price, it is more commonly
used [12-14].

This paper examined and compared the methods
for minimizing the statistical dissipation of the trigger
time or minimizing the jitter, for the superposition of
signals from the simultaneously triggered generators.

THE TRIGGERING MECHANISM FOR
THE THREE-ELECTRODE SPARK GAPS

The choice of the three-electrode spark gaps
type is reduced to the position choices of the triggered
electrode. Specifically, the construction solution of the
three-electrode spark gaps can be performed with a
triggered electrode separated from the main elec-
trodes, fig. 1(a) and a triggered electrode inside one of
the main electrodes, fig. 1(b). This paper examined the
characteristics and principles of functioning, a type of
three-electrode spark gap with a separated triggered
electrode from the main electrodes.
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Figure 1. The three-electrode spark gap:
(a) the triggered electrode outside the main electrode
and (b) the triggered electrode in the main electrode

In order to explain the mechanism of operation
of'this spark gap type, it will be assumed that one of the
main electrodes is located at a positive potential (high
voltage main electrode) and the other one is grounded
(grounded main electrode). The third, triggered elec-
trode, in this case, should be placed at the potential of
the equipotential line on which it is located (easily
achieved by an ohmic voltage divider).

The triggering of such a three-electrode spark
gap is realized by bringing a negative impulse to the
trigger (third) electrode. Three breakdown mecha-
nisms are then possible depending on the rations of
voltage Uy, Up,, and Upy, shown in fig. 1.

If Ug > Up,, after triggering the third (triggered)
electrode, in some time ¢, it will reach the value of Uy,.
This creates a condition for a breakdown between the
main high voltage electrode and the triggered electrode.
This breakdown leads to an increase in the voltage of the
trigger electrode. When the triggered electrode reaches
the value of Upy,, after some time ¢, the breakdown occurs
between it and the main grounded electrode. This termi-
nates the spark gap breakdown. Time, ¢, is the time re-
quired to form a spark [15]. Figure 2(a) shows the pro-
cess of this breakdown mechanism (Mechanism I).

If Uy < Up,, after triggering the third (triggered)
electrode, for some time, ¢, it will reach the value of Uy.
This creates a condition for the breakdown between the
main high voltage electrode and the triggered electrode.
The triggered electrode is retained at the UR voltage until
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Figure 2(a). The trigger Mechanism I
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Figure 2(b). The trigger Mechanism I1

the breakdown voltage between the triggered electrode
and the main grounded electrode does not drop to the Uy
value due to the photoionization induced by the previous
breakdown. At that point, the breakdown occurs between
the main electrodes. This terminates the spark gap break-
down. Figure 2(b) shows the process of this breakdown
mechanism (Mechanism II).

If Up; # Upy,, the triggering of the three-electrode
spark gaps will be possible only if the triggered electrode
is not located in the middle between the main electrodes,
otherwise, the breakdown occurs first between the main
grounded electrode and the triggered electrode. In this
case, after triggering the third (triggered) electrode, after
some time, ¢, a breakdown occurs between the main
grounded electrode and the triggered electrode. After the
breakdown between these two electrodes, the triggered
electrode has a grounded potential. As in the previous
case, this breakdown leads to photoionization, which re-
duces the breakdown voltage value between the trig-
gered electrode and the main high voltage electrode. At
that point, a breakdown occurs between the main elec-
trodes. This terminates the spark gap breakdown. Figure
2(c) shows the process of this breakdown mechanism
(Mechanism III).
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Figure 2(c). The trigger Mechanism I11
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Since the triggering, in all three described mech-
anisms, is performed by impulse voltage of the trigger
voltage value and the trigger time, these are stochastic
magnitudes [16]. In the case of Mechanism I, which is
the least stochastic as, in that case, the spark triggering
does not depend on the stochastic occurrence of elec-
trical discharge in the interelectrode space as a conse-
quence of the first breakdown step [17, 18].

A measure of the quality of the three-electrode
spark gaps is the statistical dissipation of the trigger
time. The smaller it is, the greater the spark gap. This is
important because the spark gap during the application
should perform the triggering at the right time. This is
particularly pronounced when multiple identical spark
gaps simultaneously perform the triggering by multi-
ple parallel-coupled voltage (or current) generators in
order to substitute sub-microsecond width output sig-
nals with minimal jitter (in high energy physical ex-
periments) [19, 20]. For this purpose, it is advisable to
use a spark gap in which the triggering is performed by
Mechanism I (for the reasons stated above).

The trigger time of the three-electrode spark gaps,
t, 1s the expiring time from the moment of bringing the
impulse voltage to the triggered electrode until the mo-
ment of the spark gap breakdown-ends. The components
of the trigger time Mechanisms I are: 1 —dc time, 7 (the
expired time from bringing the impulse voltage to the
triggered electrode to achieving a potential difference be-
tween the triggered electrode and main high voltage elec-
trode equal to the dc breakdown voltage value of that
interelectrode gap); 2 — statistical time, #, (the expired
time from the appearance of a free electron in the space
volume, the so-called critical volume, within which a
free electron can absorb enough energy at one medium of
the free path from the electric field to perform ionization
and thus become an initial electron), 3 — the time of ava-
lanche formation ¢, (the expired time from the formation
of the first avalanche and terminates terminated by bridg-
ing the interelectrode space with the first streamer), and 4
— the formative time, # (the expired time from the
thermo-ionization beginning of the streamer to the end of
the breakdown) [21-24]. Figure 3 shows the components
of the trigger time.

As the triggering of a three-electrode spark gaps
consists of two approximately symmetrical steps, it
can be shown by the eq. (1)

ty =tpc+2,+2t, +2t; 1)

In eq. (1) all magnitudes are stochastic, so the
trigger time is also stochastic.

To the statistical nature trigger time contributes
the most to the and at least to the (which for a constant
form of the trigger impulse is almost a deterministic
magnitude). The times and are stochastic magnitudes
with less pronounced statistical dissipation than the
time [25-27].

Considering the previous explanation, it can be
concluded that to optimize the characteristics of the

Figure 3. The trigger process by Mechanism I and
components of the trigger time

three-electrode spark gaps, the following is required: 1 —
construct the three-electrode spark gaps which are 100 %
triggered by Mechanism I, and 2 — minimize the statisti-
cal dissipation of the trigger time by selecting the trigger
impulse shape, electrode processing, choosing the mate-
rial of the electrode and the insulating gas [28-30].

COMPUTER DESIGN OF
THREE-ELECTRODE SPARK GAPS

The initial phase for the computer design of the
three-electrode spark gaps triggered by the Mecha-
nism I is the basic form of the three-electrode spark
gaps with the triggered electrode midway between the
main electrodes, fig. 4 (i. e. with the standard triggered
electrode). The calculation parameters were: the ra-
dius of the main electrodes, R, the interelectrode dis-
tance, d, the diameter of the central cavity of the trig-
gered electrode, &, the thickness of the third electrode,
e, and the radius of curvature of the edge of the third
electrode, r.

The electric field in the interelectrode space was
calculated by the charge simulation method. The num-

(a) (b)

Figure 4. The general form of a three-electrode spark
gap for triggering by Mechanism I: (a) the standard
form and (b) the parameters for calculation
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Figure 5. The calculation of spark gap dimensions
for triggering by Mechanism I; - fictitious charges,
e checkpoints, ---- field lines

ber of contour and control points were set automati-
cally depending on the desired accuracy (which was
high). Figure 5 shows an example of an electric field
calculation described by a three-electrode spark gap
method that accomplished the trigger requirement by
the Mechanism I [31-33].

Following the calculation of the electric field,
the breakdown voltage was calculated according to the
condition for the streamer breakdown mechanism, as,
according to the product value pd (gas pressure x
interelectrode distance in the spark gap), only this
mechanism could be expected [34, 35]. Tausend's co-
efficients for the applied gases and gas mixtures were
determined based on the assumption of Maxwell's
free-electron gas distribution [36].

EXPERIMENT AND PROCESSING
OF EXPERIMENTAL RESULTS

The idea of the experiment was to determine the in-
fluence exerted on the statistical dissipation of the trigger
time of the numerically designed spark gap in the unsta-
ble equilibrium (i. e. at a voltage between the main elec-
trodes 5 % lower than the spontaneous breakdown volt-
age) of the following parameters: 1 — composition of the
working gas mixture x SF, + (1 —x) He, 2 — shape of the
trigger impulse, and 3 — shape of the inner edge of the
triggered electrode.

For the purpose of this experiment, a flexible
model of optimal dimensions determined by the numer-
ical procedure (R =18 mm, d=0.55 mm, @ =0.25 mm,
e =2.5 mm, and r = 0.25 mm) was made, fig. 6. The
small dimensions of the spark gaps model made it possi-
ble to experiment with spark gap characteristics that
could not be captured by the computer design proce-
dure. The results obtained on the spark gap model
could, under the law of similarity, be transmitted to the
prototype and the final product of the spark gap [37].
Such a procedure, i. e. suitably reduced spark gap

Dl ¢+
w0

Figure 6. The flexible experimental model
of the three-electrode spark gap

model, simplifies the experiment, and the results ob-
tained provide reliable guidance for the further
construction of the final spark gaps.

The spark gap model is connected to the gas cir-
cuit, after multiple vacuuming and rinsing with SF6
gas, filled with a gas mixture x SF6 + (1 —x) He of the
desired composition and pressure (i. e. 5 % less than
the spontaneously triggered pressure determined nu-
merically and experimentally). The composition of the
mixture was determined according to the law of addi-
tive (partial) pressures [38, 39]. During the experi-
ment, the percentage of the SF6 gas in the mixture was:
90 %, 80 %, 70 %, and 60 %. Figure 7 shows the gas
circuit for the vacuum and the model of the three-elec-
trode spark gaps gas filled.

Figure 8 shows the circuit for the trigger time
measuring. The circuit for triggering of the three-elec-
trode spark gaps in the circuit shown in fig. 8 had a DC
output (DC voltage rise rate of 8 Vs™') and linear im-
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Figure 7. The main system for filling the
three-electrode spark gaps with the gas mixture;

1 — chamber, 2 — SF6 gas, 3 — He gas, 4 — vacuum gauge,
5 —two position valve, 6 — air, 7 — manometer, 8 — irradi-
ation, 9 — vacuum pump, and 10 — precision vacuum
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Figure 8. The circuit for trigger time measuring

pulse output (for impulse rise rate 1 kV(us)!, 5
kV(us) ™!, 10 kV(us)™, 20 kV(pus) ™!, 50 kV(us)™!, and
100 kV(us)™'. The impulse voltages were the dou-
ble-exponential amplitude type, significantly larger
than the breakdown voltage value. The trigger time
was measured by a fast nanosecond compensated ca-
pacitive divider [40]. During the measurement, the
measuring and control instruments were placed in a
100 dB protection cabin that was galvanically sepa-
rated from the measuring circuit. The experiments
were performed under well-controlled laboratory con-
ditions. The combined measurement uncertainty was
less than 5 % [41-43].

The SF insulation gas is very commonly used in
electroenergetics. The usage of this gas has prevailed
because of its good insulation characteristics as a re-
sult of its electronegativity, as well as other properties.
The use of SF4 gas enables a significant reduction in
the dimensions of individual electroenergetic compo-
nents. Accordingly, the SF is the basic insulation gas
in the three-clectrode spark gaps. However, with the
gas tendency to generate negative ions, it reduces the
number of free electrons and significantly extends the
statistical time (and thus its stochastic dissipation).
The SF, gas also prolongs the formative time and its
statistical dissipation as the large SF, molecule by its
inertia slows down the thermo-ionization process. To
reduce these two effects that increase the statistical
dissipation of the trigger time, the three-electrode
spark gaps were isolated by a gas mixture of SF and
He. The He is a monoatomic gas of extremely low ion-
ization energy (it releases electrons easily), of low
mass, i. e. high mobility and no vibrational and rota-
tional quantum mechanical states. These properties
create a positive synergistic effect in the three-elec-
trode spark gaps in the SF gas mixture. Namely, its
casy release of electrons compensates for the loss of
electrons due to their capture by the electronegative
SF, gas and thus prevents the increase of statistical
time. The mobility of helium ions accelerates the heat
transfer in the strimmer and significantly shortens the
thermo-ionization process and therefore the statistical
dissipation of the formative time. The lack of vibra-
tional and rotational states of the He atom prevents the
shift of the free electron gas spectrum towards lower
energies and increases the probability of their capture

by SF¢ molecules. Finally, the application of the
SF¢/He mixture also has the effect of reducing the
greenhouse effect, since the SF¢ gas is one of the most
responsible gases for its formation [44, 45].

From fig. 3 it is obvious that the shape of the trig-
gered impulse affects the statistical time. The too fast
impulse reduces statistical time but increases its statis-
tical dissipation. It is similar to the too slow impulse.
The too-slow impulse increases statistical time, but
also increases its statistical dissipation. During the ex-
periments presented in this paper, using a wide range
of the triggered impulse rate, the optimal form of the
trigger impulse was searched for the operation of the
three-electrode spark gaps with minimum statistical
dissipation of the trigger time.

As noted, the biggest contribution to the statisti-
cal dissipation of the trigger time originates from the
statistical dissipation of the statistical time, 7. In order
toreduce it, the concentration of free electrons near the
triggered electrode (cathode) should be increased. In
addition to that, the experiment was performed with
three types of electrodes (the standard triggered elec-
trode, the A type electrode, and the B type electrode,
fig. 4 and fig. 9. The idea of applying the electrodes in
fig. 9 A type electrode was that its sharp edge (the ra-
dius of curvature which tends to zero) would cause a
large local increase in the electric field (i. e. of critical
volume) and cause the cold electrons' emission. The B
type electrode of fig. 9, from its side with two such
edges, assumed to increase the concentration of cold
electrons' emission (and further increase the critical
volume), and the cavities located between the sharp
edges were intended to provide the additional emis-
sion of free electrons by the hollow cathode effect [46,
47]. These cavities in the triggered electrode had di-
ameters greater than the mean electron path length in
the applied gas mixture (at a given pressure), and they
had been coated with an electron alloy (due to small
values of possible output work). In these cavities, an
— radioactive 2*! Am source was also added during the
experiment, for the purpose of increasing the ioniza-
tion in the cavities (time and the hollow cathode ef-
fect).

The experimental procedure was performed in the
following steps: 1 — measurement of 1000 values of the
trigger time of the dc trigger voltage (voltage rise rate 8
Vs!, 2 — measuring 1000 values of the trigger times of
pulse voltages rates 1 kV(us) ', kV(us)™, 10 kV(us) ',

>C XY

Figure 9. Tested third electrode shapes: (a) A type and
(b) B type; 1 — cavities with or without the **' Am radioactive
source

1
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20 kV(ps)™, 50 kV(us)™, and 100 kV(us)™, 3 — mea-
surement of 100 values of the trigger time with variation
of the percentage of He in the insulating mixture, 4 — a
measurement of 100 values of the trigger time with a va-
riety of trigger electrode types, and 5 —a measurement of
100 values of the trigger time at pressures of 1 bar, 2 bar,
3 bar, 4 bar, 5 bar, and 6 bar. A mixture of 0.8SF,+ 0.2He
atapressure of 4 bar, a 50 kV(us)~! trigger impulse and a
standard triggered electrode were used for all measure-
ments when it was not particularly emphasized. The pro-
cess of measuring and processing the results was fully
automated.

The processing of the results obtained by the ex-
perimental procedure included the following steps: 1 —
all random variables of the obtained statistical samples
were examined according to Chauvenet's criterion, in or-
der to (if possible) reject doubtful measurement results, 2
— all statistical samples of random variables trigger times
were tested by applying the y? test and the Kolmogorov
test for belonging to the Normal and Weibull distribu-
tions; 3 — each statistical sample of 1000 values of a ran-
dom variable of the trigger time obtained by DC voltages
and impulse voltages were divided into 20 chronological
sub-statistical samples and tested by U-test for belonging
to a unique statistical distribution of random samples
trigger time of individual statistical samples, and 4 — for
statistical samples of 50 random variables obtained by
other experiments, the statistical disposal of the random
variable was determined by the moment method, de-
pending on the parameters of the experiments under
which they were obtained.

RESULTS AND DISCUSSION

As already mentioned, the experimental proce-
dure was performed under well-controlled laboratory
conditions. A well-planned and computer-controlled
process has produced consistent results. Namely, of all
the random variables that have been measured, the
trigger time of all experimentally determined statisti-
cal samples of Chauvenet's criterion did not detect any
result as suspicious and marked for rejection.

Regarding the affiliation of experimentally ob-
tained random variables, the trigger times of all statis-
tical samples of the Normal and Weibull distributions,
the obtained results indicate that the tested distribu-
tions can be applied equally. More specifically, testing
of the experimentally obtained statistical samples
showed that about 3 % of the statistical uncertainty be-
longs to the Weibull distribution, and about 5 % to the
Normal distribution. This is a relatively surprising re-
sult since the random variables which are characteris-
tic of an electrical breakdown usually belong to the
minimum value distributions (Weibull distribution is
the most common example) since they cannot be sym-
metrical by the logic of the observed phenomenon (the
gas breakdown).
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Figure 10. The results of the U-test for the affiliation of
all random variables with the trigger time of the same
statistical sample: (a) dc triggering and (b) trigger
impulse; I —the hypothesis is accepted, Il — the hypothesis is
rejected

Figure 10 shows the result of the U-test with a
statistical uncertainty of 2 % of the statistical sub-sam-
ples of a random variable, the breakdown times ob-
tained by dc triggering and trigger impulse. The U-test
was primarily intended to determine whether all trig-
gers of the three-electrode spark gaps occurred by
Mechanism I. Namely, the computer algorithm ap-
plied to the experimental designed model of the spark
gap was based on dc breakdown mechanisms. How-
ever, in reality, the trigger mechanism is exerted by an
impulse voltage. Since the value of the dc breakdown
voltage is a deterministic magnitude and the value of
the impulse breakdown voltage is stochastic, it could
be expected that in the case of impulse triggering,
sometimes a deviation from the triggering of Mecha-
nism I would occur. The results which are shown in
fig. 10 and the sizes of the tested sample confirm (with
a statistical uncertainty, the order of the size of per
mille) the justification of the applied design method of
the three-electrode spark gaps.

Figure 11 shows the effect of the percentage of
He in the insulating mixture on the mean value and the
statistical dissipation of the random value of the trig-
ger time, obtained at a pressure of the mixture of 4 bars
by a spark gap with a standard electrode. It is obvious
from fig. 11 that the mean of the triggered voltage and
the statistical dissipation of the trigger time decreases
with an increasing percentage of the mixture. This ef-
fect is stabilized for a percentage composition of He
about 20 %. The further increasing of the percentage
composition does not reduce the significant statistical
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Figure 11. The influence of the percentage of He in the
mixture on the mean of the statistical dissipation of the
trigger time; rise rate of 50 kV(us)™, standard trigger
electrode
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Figure 12. The influence of the trigger impulse rate on
the mean value of the statistical dissipation of the trigger
time; mixture of 0.8 SF; + 0.2 He, standard triggered
electrode

dissipation of the random variable of the trigger time,
but decreases the value of the voltage breakdown. For
this reason, and considering both the economic as-
pects and the sustainability of the composition of the
mixture for a long time, 0.8SF, + 0.2He proved to be
the optimal percentage composition of the mixture.

Figure 12 shows the statistical deviations of the
random variable obtained by applying different trigger
impulse rates. A standard trigger electrode was used.
Based on fig. 12 it can be concluded that the least sta-
tistical dissipation of the random magnitude of the
trigger time is the one obtained by impulses of the ve-
locity of 50 kV(us)~.

Figure 13 shows the influence of the triggered
electrode shape on the mean value and the statistical
dissipation of the random variable of the trigger time. It
is also obvious from fig. 13 that the least statistical dissi-
pation of the random variable is when the B-type trigger
electrode whose cavities contain a small amount of
24 Am is applied. In case the cavity of the triggered
electrode is only alloyed with an electron, the statistical
dissipation of the random variable of the trigger time is

Figure 13. The influence of the triggered electrode shape
on the mean value and the statistical dissipation of the
trigger time; mixture of 0.8 SF¢ + 0.2 He, rise rate of
50 kV(ps)™'; 1—the standard third electrode, 2 — the third
electrode type A, 3 — the third type B electrode with no
radioactive source, 4 — the third type B electrode with a
radioactive source

slightly higher (but with the ecological advantage of un-
used radioactive sources). Figure 13 also clearly shows
the synergy of the influences of all the effects tested on
the random variable. It is positive. The statistical dissi-
pation of the random magnitude of the trigger time is the
breakdown time in the case of the B-type electrode with
cavities containing a small amount of *' Am triggered
by an impulse of 50 kV(us)™! about 5 ns.

Figure 13 The influence of the triggered elec-
trode shape on the mean value and the statistical dissi-
pation of the trigger time; mixture of 0.8SF, + 0.2He,
rise rate of 50 kV(us)™'; 1 — the standard third elec-
trode, 2 — the third electrode A-type, and 3 — the third
B-type electrode with no radioactive source, 4 — the
third B-type electrode with a radioactive source

It should be mentioned here that the application
of different pressures, 1 bar, 2 bar, 3 bar, 4 bar, 5 bar,
and 6 bar, did not affect the results, i. e. identical re-
sults were obtained.

CONCLUSION

Owing to new solutions applied for the construc-
tion of the three-electrode spark gaps with a separate trig-
gered electrode, the statistical dissipation of the random
trigger time variable that accomplish the requirements of
high-energy physics (i. e. located in the sub-microsecond
field) have been obtained. This is mainly due to the com-
puter designed solution, which allows only one, optimal
trigger mechanism. Furthermore, the application of a
mixture of SF, and He contributed to increasing in a
number of free (initial electrons potentially) since He
readily rejects one electron and does not slow down the
spectrum of the free electron gas by arousing the vibra-
tional and rotational quantum mechanical states of its
atom (thereby increasing the probability of producing
negative SF6 ions). The increasing number of free elec-
trons, especially in the critical volume, is contributed by
the third electrode with a double-ionization process. The
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increase in the number of free electrons significantly
contributes to the decrease in the statistical dissipation of
the statistical time, which contributes most to the statisti-
cal dissipation of the trigger time. With its presence, gas
He also helps to reduce the statistical dissipation of the
formative time as it accelerates the thermo-ionization
process with its small molecule. It is important to point
out that experiments at different pressures have shown
that the results obtained are not dependent on the pres-
sure. This indicates that the optimal construction solution
obtained in the reduced model, can be transferred to the
enlarged prototype according to the law of similarity
without taking, as a geometric parameter, the mean free
path length of the electron (which is often a limitation for
the application of the law of similarity).
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Teopopa M. HE[IU'R, Hophe P. TASAPEBUH,
Kosuirka h. CTAHKOBWh, Henag M. KAPTAJTOBUR

OIITUMU3AIINIJA BP3UX TPOEIEKTPOIHUX
NCKPUIITA N30JOBAHUX CMEIIOM SF¢ U He

Y oBoM pafy pasmaTpaHa je MOTYhHOCT cMamema pacHuiiamka OKHJHOT BPEMEHA TPOEIIEK-
TPOJTHOT MCKPIITA Ca M3[[BOjEHOM OKHWIHOM eJIeKTpooM. Pajn je Teopujcke, HyMEpHIKe W €KCIepUMEH-
TanmHe npupofe. ExcnepuMenTu cy pabeHum Ha Mopeny MCKpHIITa Moj AOOPO KOHTPOJUCAHUM J1abo-
paTopujcKuM yciaoBuMa. [Joka3zaHo je 1a ce pe3yaTaTu JoOujeHl Ha MOJIesTy MOTY IPUMEHHUTH Ha IPOTOTHIT
WCKPUIITA. 32 pa3yinKy Of IOCaallllbUX MCTPAXKUBamba y OBOj 00JacTh, KOPUITheHO je KOMIIjyTepPCKH
IN3ajHIPAHO MCKPUINTE KOje MOXKe OMTH OKMHYTO camo jeqHHM MexaHm3MoM. Takobe cy, y omHOCY Ha
IpeTXOfHa UCTpaxkuBamwa, kopulrthere cmetre racosa SF, 1 He kao u Tpehe enekTpope ca ABOCTPyKUM
joHm3anoHuM edekToM. [JoOujeHn pe3yaTaTh cy MoKasalld Jla ONTUMajHa KOMOWHaIUja KOHCTPYK-
IIIOHOT pelIeHha, N30JIAIMOHOr Taca, OKUHOT MMITyJIca W OOJIMKa OKUHE eJEKTPONE CMamyjy CTOXa-
CTUYKO paculame CilydajHe MPOMEHJbUBE aleKo y cyd MUKpOceKyHAHY oOnact. OBaj pe3yniTar je of
BEJINKE BaKHOCTH 3a MapajieJTHO OKUJAaKke CTPYjHUX M HANOHCKHX TeHepaTopa y UMby CYIepHO3UIdje
CHUTHaua.

Kmwyune peuu: iipoeaekitipoOHO uckpuuiitie, CIlaiiuCiuYKO pacuilare 8pemena OKuoara,
cmewa 2acoea SFg u He



