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This paper investigates the stabilization of electrical discharges in gases by means of external
ionizing radiation. Discharges in a gas-filled surge arrester model were studied in both passive
and active regimes of the device. An originally developed model of the gas-filled surge arrester
was used. Gas pressure and the interelectrode gap were the variable parameters in our mea-
surements. Applied radiation types included a-particles, y-rays, X-rays, and neutrons. Mea-
surements were performed under highly controlled laboratory conditions. The combined
measurement uncertainty of the applied procedure was estimated as being under the 5% level.
The results obtained are followed by a theoretical explanation. The crucial result is the conclu-
sion that ionizing radiation does not necessarily degrade the gas-filled surge arrester’s func-
tionality but that it, rather, improves it under certain conditions.
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INTRODUCTION

Sensitivity to overvoltage increases signifi-
cantly with component miniaturization. Reliable
overvoltage protection of modern electronic devices
is, therefore, of major importance. If the devices are
not properly protected against overvoltage, compo-
nents can suffer damages leading to partial or com-
plete destruction [1].

Overvoltage components are either linear or
nonlinear. Linear overvoltage protection components
include various types of filters consisting of coils and
capacitors. Non-linear overvoltage protection compo-
nents include gas-filled surge arresters (GFSA),
metal-oxide varistors (MOV), and transient suppres-
sor diodes (TSD) [2]. GFSA are made of a glass or ce-
ramic housing, with a gas-insulated symmetrical two-
or three-electrode configuration. Noble gases at pres-
sures close to the Paschen minimum are mostly used
for insulation [3]. The operation of a GFSA rests upon
the electrical breakdown of the insulating gas. The
breakdown is a consequence of a self-sustained ava-
lanche process which depends on the competition of
electron generation and loss processes [4, 5]. The ad-
vantages of a GFSA over other overvoltage protection
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components are its ability to conduct high currents (up
to 5000 A), its low intrinsic capacity (~1 pF), and low
cost, while its drawbacks are the irreversibility of
properties after an electric arc [6-9].

Radiation environments that require proper
functioning of electronic devices are diverse. For in-
stance, a nuclear explosion produces a strong pulse of
gamma rays that lasts several nanoseconds and a de-
layed pulse of fast neutrons that lasts several hundreds
of microseconds. Depending on the type of nuclear ex-
plosions (surface, air, or high-altitude bursts), other
kinds of ionizing radiation can also appear, such as the
secondary y pulse in the air, or high-altitude bursts. In
nuclear power plant devices — continuous and pulse
nuclear reactors — the process of fission is accompa-
nied by the generation of neutron and gamma (n + 7y)
radiation. In research circles, there is a widespread use
of modelling devices: continuous and pulse nuclear re-
actors, pulse Roentgen and y devices, continuous y de-
vices, pulse and continuous electron and proton accel-
erators. Space is a natural environment for various
radiation sources: galactic radiation (protons, alpha
particles, and other heavy nuclei), solar radiation (es-
pecially during periods of high solar activity), as well
as radiation from the Earth’s radiation belts. This short
review of radiation environments and sources illus-
trates the diversity of radiation conditions and factors
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that affect electronic devices in actual operating condi-
tions.

Since it is necessary to provide reliable protec-
tion for the electronic devices from the effects of tran-
sients (such as the electromagnetic pulse following a
high-altitude nuclear burst) in above mentioned condi-
tions, the influence of ionizing radiation on gas-filled
surge arresters needs to be investigated.

The aim of this paper is to examine the effects of
ionizing radiation on the stability of volt-ampere and
volt-second characteristics of components with gas in-
sulation, performing in short time intervals.

EXPERIMENT

The operation of a GFSA is based on the mecha-
nism of gas pulse breakdown which is characterized
by the same order of magnitude of time constants de-
scribing the applied voltage change and elementary
gas discharge processes. The value of the pulse break-
down voltage is, therefore, a stochastic quantity,
which also makes the properties of a GFSA stochastic.
Since the stochasticity of the pulse breakdown voltage
random variable arises mainly from the stochasticity
of'the initiatory electron appearance [10-12], it is to be
expected that a rise in the number of free electrons (
potentially initiatory ones ) stabilizes GFSA’s charac-
teristics.

The investigated GFSA model, consisting of a
gas chamber and an electrode system that provide a
homogeneous electric field, is presented in fig. 1. The
gas chamber was connected to a gas circuit shown in
fig. 2. Both the chamber and the gas circuit were de-
signed to provide stable gas pressure during each se-
ries of measurements. A Walace & Tiermon Dipon 2
digital instrument, with 0.1 mbar resolution, was used

Figure 1. The GFSA mode (gas chamber and electrode
system); 1 — electrode system, 2 — radioactive source
carrier, 3 — fitting the interelectrode gap, 4 — fitting the
distance between the radioactive source and the
interelectrode gap
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Figure 2. The scheme of the gas circuit; 1 — absolute in-
strument, 2 — relative instrument, 3 — chamber, 4 —
vacuum pump, Vay, Vaz, Vas, Vas, and V,e are
two-position valves, and V,4 is a micrometer dosing
valve

for monitoring the value of the pressure inside the
chamber. Measurements were recorded with a Dipon 2
and then configured by the FA-129 device of the same
manufacturer. The constancy of the set pressure
throughout each measurement was achieved by suit-
able valves.

A collimated >*' Am o particle source, moveable
along the radial direction, was installed at the opposite
side of the interelectrode gap. Its position was adapted
during the experiment, so that the maximum of the
Bragg curve (relative specific ionization vs. range,
e. g. the number of created electron-ion pairs vs. the
distance from the radioactive source) [13, 14] for any
set pressure, was located at the centre of the
interelectrode region. The Bragg curve maximum
marked the exact position at which o particles created
a maximum number of electron-ion pairs [15]

The gamma radiation field used for testing the
GFSA model was a ®°Co field, with average gamma
ray energy of 1.25 MeV. The absorbed dose rate in the
airwas 96 cGy/h, 960 cGy/h, and 1920 cGy/h. The dis-
tance between the radioactive source and the exam-
ined over-voltage components was 272 cm, 86 cm, and
60 cm, respectively, for the three dose rates.

X-rays used in our experiments were obtained
from the Philips MG-320 X-ray generator, set to fol-
lowing values of parameters: the high voltage for nar-
row spectrawas 300 kV, average energy 250 keV, elec-
tric current 15 mA. Three different filters were used,
resulting in X-ray energies of 45 keV, 115 keV, and
250 keV.

Noble gas Ar was used as a filling. Pressure was
varied from 1 mbar to 2.5 mbar, the interelectrode gap
from 0.1 to 2 mm. The applied voltage had a 8 V/s rate
of rise in the case of the DC load, and a 1.2 kV/50 us
waveform in the case of the pulse voltage load. Ablock
diagram of the measuring system is to be found in [ 16].

In order to examine the effects of neutron radia-
tion on the GFSA model, it was exposed to the radia-
tion of a 2> Cfneutron source [17] that has a peak in the
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Figure 3. Block diagram of the apparatus for activation
analysis (a); block diagram of the test circuit for
measuring the dependence of the pre-breakdown cur-
rent on the voltage (b)

neutron spectrum at the energy of 0.8 MeV, while the
spectrum extends to 20 MeV.

The analysis of the y-spectrum, arising from the
isotopes created during neutron irradiation of the
GFSA model, was performed with the apparatus rep-
resented by the block diagram in fig. 3(a).

The measuring equipment consisted of: (1) a
gas-vacuum chamber, (2) pressure gauge SPEEDIVAC,
(3) steel cylinder with Ar gas under pressure, (4) vacuum
pump EDWARDS 5, (5) DC high-voltage source CAN-
BERRA, (6) AVO meter ISKRA MI 7006, (7) digital
multimeter LDM — 852 A, (8) variable resistance MA
2110, and (9) coaxial cables and connectors.

The experimental procedure was comprised of
following steps: (1) assembling the GFSA model by
placing the electrodes inside the gas-vacuum chamber
and adjusting the interelectrode distance; (2) connect-
ing the gas chamber to the gas-vacuum system (via
suitable valves, with a vacuum pump on one side and a
gas supply from a steel gas cylinder on the other), as
well as to the pressure gauge; (3) vacuuming the sys-
tem and establishing a stable pressure by using valves
leading to the vacuum pump and valves for fine tun-
ing; (4) positioning the gas chamber at the exact spot
corresponding to the desired absorbed dose rate, i. e.
positioning the  source at an appropriate distance, so
as to locate the Bragg peak within the interelectrode

region; (5) connecting the GFSA model to the electric
circuit; (6) conditioning the electrode system by keep-
ing it in the discharging state for a period of time, in or-
der to obtain stable operating conditions that insure the
repeatability of measured results; (7) measuring the
pre-breakdown current as the applied voltage is being
gradually increased; (8) conditioning the electrode
system with 50 consecutive electric arc breakdowns,
(9) measuring 1000 consecutive pulse breakdown
voltages with a 1 kV/us load voltage rate of rise, (10)
measuring 20 consecutive dc breakdown voltages
with a 8 kV/us load voltage rate of rise; (11) changing
experimental conditions (interelectrode gap, gas pres-
sure, o source position, dose of y and X-rays). The
block diagram of the test circuit for measuring the de-
pendence of pre-breakdown current on voltage is
shown in fig. 3(b), while fig. 4 shows a block diagram
of'the test circuit for determining the values of random
variables dc and pulse breakdown voltage and a sim-
plified diagram of the output circuit.

Measurements for determining random vari-
ables dc and the pulse breakdown voltage of the GFSA
model by using the test circuit represented in the block
diagram, fig. 4(a), started with the PC selecting, (via a
D/A converter), the appropriate working mode (cur-
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Figure 4. Block diagram of the test circuit for
determining the values of random variables DC and
pulse breakdown voltage (a); simplified diagram of the
current impulse forming circuit (b)
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rent source) whose output circuit for current impulse
formation is represented in simplified form by the dia-
gram in fig. 4(b). After the selection comes the setting
of the voltage at a high DC voltage source output, fol-
lowed by the charging of the capacitor C,. After that,
the KN-22 krytron is triggered (a cold-cathode
gas-filled tube, used as a high-speed), forming the
voltage impulse through the circuit comprised of C,
R,, and L. The signal from the voltage probe is then fed
to the digital oscilloscope and, further on, to the PC for
processing. The procedure is then repeated. DC
(static) testing of the GFSA model was conducted with
a unipolar load voltage with a 8 kV/us rate of rise.

The procedure of processing experimental re-
sults comprised: (1) plotting the pre-breakdown cur-
rent against voltage by means of dose, energy and type
of radiation as variable parameters; (2) eliminating
spurious results from the statistical sample of the pulse
breakdown voltage random variable by using
Chauvenet’s criterion [18]; (3) plotting volt-second
characteristics by using the Area Law for an equal ra-
diation dose, gas pressure and interelectrode gap as pa-
rameters [19]; (4) testing if the experimentally ob-
tained results, with or without radiation, belong to an
unique statistical distribution, by means of the U-test
[18-21].

RESULTS AND DISCUSSION

Influence of radiation on volt-ampere
characteristics

Figures 5, 6, and 7 show the volt-ampere charac-
teristics obtained at different values of gas pressure
and interelectrode gap, with the Bragg peak position
and the doses of y-rays, X-rays, or « radiation as pa-
rameters, respectively.

Figure 8 shows the dependencies of the
pre-breakdown current on the applied voltage without
neutron radiation, during neutron irradiation, as well
as 1000 s, 4252 s, and 100000 s after irradiation.

The common feature of the Results in figs. 5, 6,
7, and 8 is that the position of the curve’s saturation
plateau and the voltage value at which the avalanche
multiplication of ion-electron pairs is established de-
pends on the type of radiation, its intensity and depos-
ited dose. Figure 5 shows that the increase of the satu-
ration plateau (/ = const) at low values of the
interelectrode gap and smaller gas pressures is more
prominent. Under the same conditions, it is evident
that the earlier appearance of multiplicative processes
doesn’t depend on the interelectrode gap and gas pres-
sure. This effect can be explained by a lower concen-
tration of free, potentially initiating electrons, in the
interelectrode area when the interelectrode gap is
small and pressure value low. For this reason, the ef-
fect of ionization by y-radiation significantly increases
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Figure 5. Pre-breakdown current versus applied voltage
in the g ray field (/; = no radiation, I, = 0.96 Gy/h, I;=9.6
Gy/h, and I,=19.2 Gy/h); (a) interelectrode gap 0.5 mm,
pressure 60 mbar; (b) interelectrode gap 0.1 mm,
pressure 300 mbar

the number of available ion-electron pairs, resulting in
a higher saturation level. This effect is less noticeable
in the case of larger interelectrode gaps and higher
pressure values. Despite the differences in the satura-
tion level position, the multiplicative process occurs in
a similar way, regardless of the interelectrode gap and
gas pressure. This is due to the absorption of high radi-
ation doses causing a rise of kinetic energy of free ion-
ization carriers, which results in avalanche ionization
beginning at lower voltages for higher doses.

Influence of radiation on
volt-second characteristics

Figure 9 shows volt-second characteristics cor-
responding to 0.1% and 99.9% probability quantiles,
obtained by using the Area Law [19], the experimen-
tally determined dc breakdown voltage, and the statis-
tical sample of the pulse breakdown voltage random
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Figure 6. Pre-breakdown current vs. applied voltage in
the X-ray field (/; = no radiation, I, =45 keV, I, =115 keV,
and I, = 250 keV); (a) interelectrode gap 0.5 mm, pres-
sure 60 mbar; (b) interelectrode gap 0.1 mm, pressure
300 mbar

variable for load voltages with a 1 kV/us rate of rise,
for the non-irradiated surge arrester, surge arrester ir-
radiated by p-rays, as well as those irradiated by
X-rays.

Results obtained in fig. 9 show that the effects of
radiation lead to a narrowing of volt-second character-
istics, i. e. their improvement in regarding practical ap-
plications. Narrower volt-second characteristics indi-
cate a lesser dispersion of the impulse breakdown
voltage random variable which is of considerable im-
portance for predicting the behaviour of gas filled
surge arresters in practice. Effects of radiation also in-
crease the number of free, potentially initiating elec-
trons, and thereby decrease the value of the impulse
breakdown voltage, bringing it close to the nominal
values of the dc voltage. As can be seen from fig. 9, the
same effect was more pronounced in the case of X-ra-
diation than in the case of y-radiation. This is due to the
fact that X-radiation (due to its wavelengths), most of-
ten interacts with the whole atom, imparting to it the
energy that often leads to ionization, while y-radiation,
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Figure 7. Pre-breakdown current vs. applied voltage in o
the X-ray field (; = no radiation, I, =45 keV, I, =115 keV,
and I,=250 keV), (a) interelectrode gap 0.5 mm, pressure
60 mbar; (b) interelectrode gap 0.1 mm, pressure 300
mbar

(due to its wavelength), reacts directly with bound
electrons, causing ionization. The first process is char-
acterized by a larger effective cross section and its ef-
fect is, therefore, more pronounced.

Figure 10 shows volt-second characteristics for
the non-irradiated surge arrester, and for the surge ar-
rester irradiated by neutrons. This figure clearly shows
the narrowing of the volt-second characteristics
bounded by 0.1% and 99.9% quantiles, caused by a
higher probability for an ionizing particle or a y quan-
tum to be found in the interelectrode region.

Gamma radiation significantly affects the
pre-breakdown current of the GFSA model. With no
gamma source present, before the breakdown voltage
is reached, the pre-breakdown current doesn’t change
with the rising voltage. When there is a gamma source
present, there is a noticeable steady rise of the
pre-breakdown current with the rise of the load volt-
age. The rise of the pre-breakdown current is more ex-
pressed for larger radiation doses, as well as for higher
gas pressures at a constant value of the pd (gas pres-
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Figure 8. Pre-breakdown current vs. applied voltage in
neutron radiation field (/; =no radiation, I, =1000 s after
irradiation, I3 — 4252 s after irradiation, and Z,— 100000 s
after irradiation); (a) interelectrode gap 0.5 mm, gas
pressure 60 mbar; (b) interelectrode gap 0.1 mm,

pressure 300 mbar

sure x inter-electrode gap) product. In the case of
X-rays, the pre-breakdown current has a constant
value that is higher for larger X-ray energies, the effect
being more pronounced than when p-rays are con-
cerned. This can be attributed to the higher ionizing ef-
ficiency of X-rays, which, owing to the higher wave-
length (commensurable to atomic dimensions)
interact with an atom as a whole, transferring to it an
energy higher than the electron binding energy, while
y-rays interact with individual electrons (through pho-
toelectric or Compton effect), which makes the energy
that corresponds to ionization by y rays lower than the
energy that corresponds to ionization by X-rays. Al-
pha radiation has the greatest influence regarding the
pre-breakdown currentrise. This can be explained by a
much higher ionizing efficiency of a radiation, com-
pared to X-rays and y-rays, especially in the conditions
of our experiment, i. e. when the Bragg peak is posi-
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Figure 9. Volt-second characteristics without radiation
( ), with a 19.2 Gy/h dose rate y-ray field present
(----), with 250 keV X-rays present (------ ); (a)
interelectrode gap 0.1 mm, gas pressure 100 mbar; (b)
interelectrode gap 0.01 mm, gas pressure 1000 mbar
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Figure 10. Volt-second characteristics of the surge
arrester without irradiation (—), immediately upon
neutron irradiation (----), and 30 min after neutron
irradiation (----- - ); interelectrode gap 0.5 mm, gas

pressure 200 mbar

and X-rays, in the case of & particle irradiation, the ob-
served effects are much more pronounced for higher
values of the pd product, i. e. when the requirement for
the validity of the Similarity Law for gas discharge is
fulfilled [22]. This can be explained by a shorter mean
free path in case of higher pressures.

tioned within the interelectrode region. As for y-rays
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The influence of all three radiation types, (7, X,
and &), on the DC breakdown voltage value is negligi-
ble. On the other hand, the dynamic breakdown voltage,
represented by the volt-second characteristics, behaves
in the same manner as the pre-breakdown current.
Namely, the higher the ionizing efficiency, the smaller
the area in the volt-second plane limited by the 0.1%
and 99.9% quantiles, which makes the gas discharge
more stable. This can be explained by the shortening of
statistical time [23], (i. e. of the interval between the ad-
vent of a free electron and its transformation into an ini-
tiatory one), caused by the increase of free electron den-
sity in the interelectrode region due to the passage of
ionizing radiation.

Static load voltage tests of neutron radiation ef-
fects on the GFSA model showed that irradiation causes
a significant reduction of the statistical dispersion at-
tributed to the static breakdown voltage mean value, as
a consequence of the rise of the probability for ioniza-
tion process initialization, i. e. due to the rise of ionizing
particle and y-ray fluxes in the interelectrode region.
The change of the static breakdown voltage dispersion,
followed by increasing neutron fluence, is presented in
fig. 11. It can be noted that the static breakdown voltage
dispersion falls to a certain value after which it remains
almost constant. The mean value of the static break-
down voltage remained unchanged in the irradiated
GFSA model, equal to the value before irradiation.

Pulse load voltage tests performed on the GFSA
model showed that it reacted more promptly after irra-

0.2+
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0.1+

3 6 9 12 15
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Figure 11. Change of the statistical dispersion attributed
to the static breakdown voltage mean value with the
rising neutron fluence

diation, had narrower volt-second characteristics, i. e.
alower dispersion of the dynamic breakdown voltage.
Namely, before irradiation, the dynamic breakdown
voltage dispersion was 3.11%, while after irradiation
to neutron fluence of 5.4148-10' 'neutrons/cm?, it fell
to 1.84%.

The quicker reaction of the GFSA model is
caused by the shortening of statistical time that stems

from the rise of the ionizing particle flux in the
interelectrode region. Figure 12 presents a chronologi-
cal sequence of dynamic breakdown voltage values
for the non-irradiated GFSA model as a histogram,
while fig. 13 shows the same characteristics for the ir-
radiated GFSA model (F, = 5.4148-10'") new
trons/cm?.

The differences between the chronological se-
quences of the dynamic breakdown voltage random
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Figure 12. Chronological sequence of dynamic
breakdown voltage values for the non-irradiated GFSA
model

UiVl

630 | £ 2

610
590 7

570

550 ; ; "
5 10 15 20 25 30 35 40 4p.q

Figure 13. Chronological sequence of dynamic
breakdown voltage values for the non-irradiated
GFSA model

variable shown in figs. 12 and 13 are a result of the ion-
ization effect. The effect of ionization increases the
number of free electrons in the interelectrode gap, sig-
nificantly decreasing the dispersion of the dynamic
breakdown voltage random variable. This is due to the
fact that, in a homogeneous electric field, almost the
entire interelectrode volume is critical, i. e. a space
within which a free electron progressing along a mean
free path can obtain enough energy from the electric
field to start the avalanche process in the next colli-
sion, i. e. could become the initiatory electron.

The effect of neutron radiation on the GFSA
model can be explained in a similar way. Although
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neutrons produce little or no direct ionization, neu-
tron irradiation affects the characteristics of the
GFSA model by activating its constructive materi-
als, fig. 14. The radiation that comes from the deacti-
vation of the structural materials of the GFSA only
increases the number of free electrons (predomi-
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Figure 14. Results of the activation analysis performed
on the GFSA model immediately after irradiation (dura-
tion of measurement: 1000 s)
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Figure 15. Results of the activation analysis performed
on the GFSA model 6 hours after irradiation (duration of
measurement: 4252 s)
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Figure 16. Background radiation measurement results
for the GFSA (duration of measurement: 100000 s)

nantly initiatory, due to the homogeneous geome-
try), leading, in turn, to the narrowing of impulse
characteristics. As the activity of structural materi-
als decreases, so does the effect of their radiation on
the concentration of free electrons. Finally, it can be
concluded that neutron irradiation improves the
characteristics of the GFSA (by narrowing its im-
pulse characteristics) for a period of time (deter-
mined by the half-lives of radioactive nuclei in the
activated materials). This improvement is lost over
time, figs. 10, 14, 15, and 16.

CONCLUSIONS

This paper investigates the influence of ionizing
radiation fields on the properties of a gas-filled surge
arrester model. Our experiments were performed with
a, 7, X, and neutron radiation fields, in well-controlled
laboratory conditions, with combined measurement
uncertainty lower than 5%. The obtained results point
to the fact that all types of ionizing radiation improve
the active characteristics of the gas-filled surge ar-
rester, while degrading its static properties. Both ef-
fects are more pronounced at higher gas pressures and
smaller interelectrode gaps, with the value of the pd
product (gas pressure x interelectrode gap) kept con-
stant. The observed effects are most expressed for ¥
particle radiation, and least for y-rays (not counting
neutrons, which belong to indirectly ionizing radia-
tion). The said effects can be explained by a higher
concentration of free electrons, which are potentially
initiatory, and whose presence in the interelectrode re-
gion shortens the response (i. e. pre-breakdown) time.
This improves the active characteristics of the
gas-filled surge arrester. However, the same effect (in-
crease of free electron concentration in the
interelectrode region) causes a rise in the pre-break-
down current which, for an ideal gas-filled surge ar-
rester, should be zero. The higher efficiency of X-rays
compared to y-rays is attributed to the higher ionizing
power of X-rays, which stems from their wavelength
being comparable to atomic dimensions, making them
react with an atom as a whole, instead of with individ-
ual electrons like y-rays do. A similar explanation ap-
plies to the high efficiency of o -radiation, especially
since the experiment was designed so that the peak of
the Bragg curve was located inside the interelectrode
region. Neutron effects are somewhat different.
Namely, neutrons do not represent ionizing radiation
directly. Their effect is seen in the activation of the
gas-filled surge arrester’s construction materials,
which then ionizes the active gas through secondary
de-excitations and increases the number of free elec-
trons in it. The fact that these effects are more pro-
nounced at higher gas pressures (i. e. higher densities)
is explained by the effective cross-sections for ioniza-
tion being larger in that case.
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Hparan B. BPAJOBU'hR, Muiiom Jb. BYJUCUh, Mupko H. CTOJKAHOBUHR
Ypou [I. KOBAYEBUHR, Anekcanapa U. BACUh

CTABMIN3AIIMJA KAPAKTEPUCTUKA TACHHUX OJABOJHUKA
INPEHAIIOHA ITPUMEHOM JOHU3YJYREI 3PAUYEIHLA

Y pagy ce pa3maTpa crabunm3anyja eJeKTPUYHOI MpaXmelma Yy TacoBUMa NPUMEHOM
CHoJbaIIkET jJOHU3Yjyher 3pauema. PasmaTpaHo je mpaxkimeme Mofiesa FacHOT Of[BOHHUKA ITPeHANoHa
[IAaCUBHOM M aKTHBHOM pagHoM pexxuMmy. KopuirheH je opurusHanHo pasBujeH MOJEJ FaCHOT Of|BOJHHUKA
npeHanoHa. [Tapamerpu Mepewma cy Ounu npuTHcak raca u MebyenekTponHo pacrojame. [lpumemeHo
3paueme je Ouio: a-3paueme, y-3pademhe, X-3padehe U HEYTPOHCKO 3paueke. Mepemwa cy BplleHa MOof
NOOGPO KOHTPOJUCAHUM JTa0OpaTOpHjcKUM ycrnoBuMa. KoMOMHOBaHA MepHA HECHUTYPHOCT NPUMEHCHOT
MOCTYTKA NPOLeHheHa je Ha Mambe off 5 % . [lobujeHnM pe3ynTaTiuma je JaTo TEOpHUjcKo TymMauewmhe. OCHOBHU
pe3ynTart je ma joHusyjyhe 3paueme He MOpa HYXKHO fa OrpaHmyaBa (PYHKIW]y TaCHHX OJIBOJTHUKA
npeHanoHa, Beh fia je, moy ogpebeHnM yciaoBuma, no6osbIaBa.

Kwyune peuu: ilacuste u axiliugHe Kapaxkilepuciiuke, 2ZacHu 00800HULU PeHANOHA,
Jorusyjyhe 3apauerse, HeYIIDOHCKO 3payerbe




