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The pos si bil ity of sub sti tut ing the us age of a ra dio ac tive a-source to im prove the char ac ter is -
tics of the gas surge ar rester is con sid ered in this pa per. The so lu tion to this prob lem is sought
in the en gi neer ing of the char ac ter is tics by ap ply ing dif fer ent elec trode ma te ri als and vary ing
elec trode sur face to pog ra phy. Ma te ri als that dif fer in the out put work value were ex am ined.
The elec trode sur face to pog ra phies were ei ther pol ished, or with en graved reg u lar spikes, or
with pol ished cav i ties. The pa per is mostly ex per i men tal in na ture. The ex per i ments were per -
formed un der well-con trolled lab o ra tory con di tions. The mea sure ment un cer tainty of the ex -
per i men tal pro ce dure was sat is fac tory. Ex per i men tal re sults were pro cessed by so phis ti cated
sta tis ti cal meth ods of low sta tis ti cal un re li abil ity. The ob tained re sults show that it is pos si ble
to avoid the in stal la tion of a ra dio ac tive source in the gas surge ar rest ers and how it should be
done. In this way, a pos si ble con tam i na tion of the nat u ral en vi ron ment with ex tremely dan -
ger ous a – ra dio ac tive sources would be avoided.
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IN TRO DUC TION

The de vel op ment of semi con duc tor com po nents
of a multilayer struc ture and their min ia tur iza tion re -
sults in a sig nif i cant re duc tion in their du ra bil ity. The re -
duc tion in the du ra bil ity of semi con duc tor com po nents
with a high de gree of min ia tur iza tion is most pro -
nounced in re la tion to the oc cur rence of overvoltage.
The rea son for this is a sig nif i cant re duc tion in the thick -
ness of the in su la tion lay ers. For that rea son, more and
more at ten tion has been ded i cated to overvoltage pro -
tec tion, i. e. co-or di na tion of in su la tion at a low volt age
level [1, 2].

The co-or di na tion of in su la tion at a low volt age
level should pro tect elec tronic com po nents, and as sem -
blies, from the oc cur rence of overvoltage in the net -
work. The overvoltage in the net work can be of at mo -
spheric or commutational or i gin [3, 4]. The overvoltage 
of at mo spheric or i gin has a rise time of the or der of mi -
cro sec onds, and overvoltages of com mu ta tion or i gin
have a rise time of the or der of mil li sec onds.

In ad di tion to overvoltage of at mo spheric and
com mu ta tion or i gin, there is the pos si bil ity of in duced
overvoltage due to, hope fully un likely, the ex plo sion
of a nu clear bomb in the at mo sphere. Such volt ages
would be char ac ter ized by a rise time of the or der of
nano sec onds and would be in duced in all wire struc -
tures of the elec tronic com po nents or the as sem blies.

In lab o ra tory prac tice, the overvoltages are sim u -
lated by so-called dou ble-ex po nen tial im pulses, which
are char ac ter ized by a rise time and a fall time [5, 6].
Drain di odes, varistors, and gas surge ar rest ers are used
as com po nents for elec tronic com po nents pro tec tion [7, 
8]. All these com po nents have such char ac ter is tics that
up to a cer tain volt age value they have a very high (the o -
ret i cally in fi nite) re sis tance, and af ter that value, they
have a very small (the o ret i cal zero) re sis tance. With
such char ac ter is tics, the overvoltage pro tec tion com po -
nents are con nected in par al lel to the pro tected elec -
tronic com po nent, or as sem bly, and so con nected
should con duct a volt age, higher than the nom i nal, to
the mass. In ad di tion to the above-men tioned char ac ter -
is tics of the overvoltage pro tec tion com po nents, they
should n't ca pac i tively or in duc tively load the elec tronic
com po nent or as sem bly which they pro tect. In ad di tion
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to all the above char ac ter is tics of the com po nents for the 
overvoltage pro tec tion, the most im por tant are the re -
sponse speed time, sta ble con di tion ing, and the pos si -
bil ity of a larger num ber of trig gers with out the oc cur -
rence of ir re vers ible changes in char ac ter is tics. In
prac tice, the com po nents for the overvoltage pro tec tion
par tially and dif fer ently ac com plish these con di tions
[9-13].

The drain di odes have char ac ter is tics sim i lar to
the Zener di odes. They have the best re sponse speed of 
all overvoltage pro tec tion com po nents, do not load the 
ca pac i tively or in duc tively pro tected com po nent, or
as sem bly. They are al ways con di tioned. Their dis ad -
van tage is that they are de stroyed by higher val ues of
the overvoltage power that they drain [14, 15].

The cur rent-volt age char ac ter is tic of the varistor
is sig nif i cantly worse than the cor re spond ing drain di -
odes char ac ter is tics. The varistor also does not load the
ca pac i tively and in duc tively pro tected el e ment, or as -
sem bly. Dur ing mul ti ple pro cess ing, min i mal ir re vers -
ible changes in the char ac ter is tics of the varistor have
been ob served. The varistor is al ways con di tioned.
Their re sponse time is lon ger than the drain di ode re -
sponse time. The varistor can con duct an overvoltage of 
higher power than the drain di ode, but at high
overvoltage pow ers, it leads to per ma nent dam age or
de struc tion [16, 17].

The gas-filled surge ar rester (here in af ter GFSA)
has a weaker cur rent-volt age char ac ter is tic than the
varistor. The GFSA min i mally loads the ca pac i tively
pro tected com po nent, or as sem bly, but does not load it
in duc tively. Sig nif i cant ir re vers ible changes in GFSA
char ac ter is tics oc cur dur ing mul ti ple pro cess ing. Af -
ter a time of sev eral hours, GFSA is deconditioned. Its
re sponse time is sig nif i cantly lon ger than the re sponse
time of the drain di odes and varistors. The GFSA can
take overvoltages of al most un lim ited power. This last
fea ture of GFSA makes them in dis pens able com po -
nents for overvoltage pro tec tion. The GFSA are used
ei ther sep a rately or in hy brid com bi na tions with the
other overvoltage pro tec tion com po nents [18-21].

Since the overvoltage pro tec tion com po nents
have good and bad prop er ties, a lot of ef fort has gone
into im prov ing their char ac ter is tics. The GFSA have
been most com monly tested to im prove their char ac -
ter is tics. One of the so lu tions, which sig nif i cantly
con trib uted to the ac cel er a tion of the GFSA re sponse, 
is the in ser tion of a ra dio ac tive a – source into its in -
te rior. How ever, this so lu tion has a se ri ous en vi ron -
men tal short com ing since its ap pli ca tion in tro duces a 
large num ber of com po nents into the en vi ron ment
with built-in ra dio ac tiv ity that is im pos si ble to con -
trol, mon i tor, and prop erly dis pose of. The aim of this
pa per is to ex am ine the pos si bil ity of ra dio ac tive a –
source sub sti tu tion in GFSA by the choice of elec -
trode ma te ri als and the man ner of their sur face treat -
ment [22-25].

THE GAS-FILLED SURGE AR REST ERS

The GFSA works on the prin ci ple of elec tri cal
break down of gases. Struc tur ally GFSA con sists of
two gas eous iso lated elec trodes. One elec trode is
banded for a point pro tected from overvoltage and the
other one is grounded. The GFSA elec trodes pro vide a
ho mo ge neous elec tric field (they are of ten made in the
Rogowski cloud to avoid the edge ef fects). The elec -
trodes are usu ally made of tung sten be cause it has a fa -
vor able ra tio of melt ing tem per a ture and ther mal con -
duc tiv ity. No ble gases are used as an in su lat ing gas (in
Ger man-speak ing ar eas they are called fuses with no -
ble gas) [26, 27].

The no ble gas in GFSA is un der pres sure. The
cham ber con tain ing the elec trodes and the no ble gas
must be well sealed as the no ble gases are monoatomic
and they could eas ily dif fuse from the cham ber (re -
gard less of whether they are un der pres sure). Since the 
law of sim i lar ity is in dis put ably valid for such a con -
fig u ra tion, the work ing point is de ter mined by the
prod uct of pres sure p and interelectrode dis tance d (on
the ab scissa) and nom i nal volt age (DC break down
volt age on the or di nate) [28, 29].

The GFSA work ing point is set near the Paschen
min i mum on the Paschen's curve. It is usu ally placed at 
points to the right of the min i mum where the break -
down has oc curred by a streamer mech a nism. Re -
cently, it has been sug gested to place the GFSA work -
ing point at points to the left of the min i mum at which
the break down takes place by an ab nor mal Paschen
mech a nism. This sec ond so lu tion pro vides greater sta -
bil ity of the work ing point in a lon ger pe riod of ex ploi -
ta tion [30, 31].

ELEC TRI CAL BREAK DOWN
MECH A NISM

The elec tri cal break down of gases is di vided ac -
cord ing to the shape of the ap plied volt age into DC,
AC, and im pulse break down. Based on the mech a nism 
by which the break down takes place, it is di vided into
the Tausend's and the streamer's mech a nism (there are
also some com bi na tions of break down mech a nisms,
such as the men tioned ab nor mal Paschen's mech a -
nism). As re gards GFSA func tion ing, the DC and the
im pulse types of break downs are in ter est ing, as well as 
both break down mech a nisms [32].

The DC break down of gases is achieved by in -
creased DC volt age whose rise time is sig nif i cantly
lon ger than the time char ac ter is tic for the el e men tary
pro cesses of the elec tri cal dis charges in gases. The DC
break down volt age value is a de ter min is tic mag ni tude
(when mea sur ing the mea sure ment un cer tainty type A
is zero). The DC break down volt age can be nu mer i -
cally cal cu lated for a cer tain elec tronic con fig u ra tion
and for cer tain gas pres sure. The im pulse gas break -
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downs are achieved by a DC im pulse volt age whose
rise time is of the same or der of mag ni tude as the time
char ac ter is tic of the el e men tary pro cesses of elec tric
gas dis charges. The im pulse volt age break down value
is a sto chas tic mag ni tude which, as a rule, be longs to
the three-pa ram e ter Weibull dis tri bu tion. In con trast to 
the DC break down volt age value, the im pulse volt age
break down value can be cal cu lated. How ever, it is
pos si ble to de ter mine the prob a bil ity of a cer tain
quintile that the im pulse volt age break down value
falls at a cer tain point of the volt age-time plane. This is
ob tained by cal cu lat ing the im pulse (volt-sec ond)
char ac ter is tics of the gas in su la tion, which are also the
best in di ca tors of the GFSA rate re sponse [33, 34].

IM PULSE CHAR AC TER IS TICS

The elec tri cal break down of gas is a self-sus tain -
ing two-stepped pro cess. The main con di tion for ini ti -
a tion of the elec tri cal break down of gas is the ap pear -
ance of a free elec tron in the part of the elec tric field in
which it can as sume enough en ergy, at one mean free
length path, to ion ize a neu tral atom or mol e cule (the
so-called ini tial elec tron). Af ter the first ion iza tion
col li sion, an av a lanche is de vel oped, which ends with
the ar rival of a geo met ri cally pro gres sive mul ti plied
elec tron beam at the an ode. This com pletes the first
stage of the elec tri cal break down. The sec ond stage is
cru cial. It rep re sents the pos i tive feed back of the first
(ini tial) av a lanche and sub se quent av a lanches. This
so-called sec ond ary pro cess oc curs ei ther at the elec -
trodes or in the gas. If sec ond ary pro cesses of elec tri -
cal dis charge in the gas oc cur at the elec trodes, the
break down mech a nism is the Tausend type. If sec ond -
ary pro cesses of elec tri cal dis charge in the gas oc cur in
the gas, the break down mech a nism is of the streamer
type [35].

As men tioned, in the case of the DC break down
there are nu mer i cal al go rithms that al low the break -
down volt age val ues to be cal cu lated. For that pur pose,
it is nec es sary to cal cu late the val ues of the elec tric field
and know the so-called av a lanche co ef fi cients. In the
case of an im pulse break down, this is not pos si ble, but it 
is pos si ble to de ter mine the im pulse char ac ter is tic that
de ter mines the de pend ence of the im pulse volt age
break down on the time of in crease of the im pulse volt -
age with the prob a bil ity quantile as a pa ram e ter [36].

The im pulse volt age break down is achieved by
im pulses whose rise time is the same or der of mag ni -
tude as the time char ac ter is tic of the el e men tary pro -
cesses of elec tri cal dis charge. For this rea son, time af -
fects the value of a ran dom vari able pulse break down
volt age. Fig ure 1 shows the time de pend ence of the
im pulse break down of gas.

In fig. 1, tS sig ni fies the sta tis ti cal time that rep re -
sents the pe riod from ex ceed ing the DC break down
volt age, UB, to the ap pear ance of the ini tial elec tron, tL

de notes the av a lanche time, i. e. the pe riod that be gins
with the first av a lanche and ends with the for ma tion of
pos i tive feed back of the elec tric dis charge, and tF de -
notes the for ma tive time, which in di cates the pe riod
from the move ment of the interelectrode rise by mul ti -
ple av a lanches to the spark chan nel ther mal ion iza tion.

In or der to de ter mine the im pulse char ac ter is tic,
the start ing as sump tion is that the plasma in the in ter -
me di ate elec trode space moves at a speed u that is lin -
early de pend ent on the elec tric field

u( Sx t k E x t E x, ) [ ( , ) ( )]= - (1)

where k is a fac tor that de pends on the po lar ity of the
volt age at the elec trodes, ES (x) is the elec tric field that
cor re sponds to the DC break down volt age, Us. Since a
ho mo ge neous and pseudo- ho mo ge neous elec tric field 
can be ex pressed as a prod uct of two com po nents, one
of which de pends on time and the other on spa tial co -
or di nates

[ ( . ) ( ) ( )]E x t u t g x= (2)

in sert ing eq. (1) into eq. (2), the fol low ing is ob tained

V x t k u t U g x( , ) [ ( ) ] ( )= - S (3)

Af ter sep a rat ing the vari ables and in te gra tion
over time, the fol low ing is ob tained

1

1

1
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g x
u t U t P
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t t
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t ta ad
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( )
[ ( ) ]

+ +
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where t1 is the time af ter which the im pulse volt age
reaches  the  value  of  the DC break down  volt age and
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Fig ure 1. The im pulse volt age with which the gas
in su la tion break down was per formed



t1 + ta is the time af ter which the Tausend elec tric dis -
charge mech a nism is changed into a streamer elec tric
dis charge mech a nism. As can be seen from eq. (4) the
im pulse break down has oc curred af ter the value of the
sur face P, which is con stant, is reached be tween the
im pulse volt age and the line u(t) = Us [37]. Fig ure 2
sche mat i cally shows the law ob tained by eq. (4) for
two dif fer ent forms of im pulses.

Equa tion (4) is used to de ter mine the im pulse
char ac ter is tics of GFSA in the fol low ing steps:

1 – Based on a large num ber of mea sure ments
(³1000) with the same volt age form the sta tis ti cal dis -
tri bu tion of the ran dom vari able “im pulse volt age
break down” is de ter mined.

2 – On the ba sis of such a sta tis ti cal dis tri bu tion,
the quantiles of the im pulse break down prob a bil ity x
and y are set (usu ally x = 0.1 % and y = 99.9 %).

3 – Based on the val ues of these quantiles, the
cal cu lated (or mea sured) val ues of Us de ter mine the
sur faces PX and PY.

4 – Based on cer tain val ues of PX and PY and the
law of their con stancy, the ran dom vari able quantiles
for ar bi trary im pulse volt age are de ter mined [38].

EX PER I MENT

In or der to ex per i men tally ex am ine the pos si bil -
ity of re plac ing the a-ra dio ac tive source in GFSA by
choos ing the elec trode ma te ri als and the way of pro -
cess ing their sur faces, a cham ber rep re sent ing the
GFSA model was used. The cham ber used was also

con structed in such a way that it was pos si ble to
change the elec trodes, the type of gas, the gas pres sure, 
and the interelectrode dis tance. The same flex i ble
cham ber was used as in the pa per [39].

The flex i ble cham ber (GFSA model) was in -
cluded in the gas cir cuit, which en abled the ad just ment 
of the pres sure value in the work ing gas cham ber. The
pres sure was set to cor re spond to the value at 20 °C.
The mul ti ple vac u um ing and fill ing with work ing gas
of the cham ber guar an teed the high pu rity of the work -
ing gas. It was used as the work ing gas. The same gas
cir cuit was used as in the pa per [39].

The interelectrode dis tances were 0.1 mm, 0.2 mm, 
0.5 mm, and 1 mm. Pres sure val ues var ied from 1 mbar
to 1 bar (1 bar = 105 Pa). The elec trode sys tem was
formed from Rogowski-shaped elec trodes. In the case of
mea sure ments us ing a ra dio ac tive a-source (241Am)
placed on the wall of the cham ber across from the
interelectrode gap. The tung sten elec trodes used were
the same as in the pa per [39].

The DC volt age source of 8 Vs–1 and the im pulse 
volt age source with a vari able rise rate and am pli tude
sig nif i cantly higher than the ex pected im pulse volt age
break down value (which means that the break down al -
ways oc curred at an in creas ing part of the im pulse
volt age) were used as a volt age source. Dur ing the
work, the im pulses rise rates of 1 kV(µs)–1, 2 kV(µs)–1, 
5 kV(µs)–1, 10 kV(µs)–1, 50 kV(µs)–1, 100 kV(µs)–1,
and 200 kV(µs)–1 were used. Fig ure 3 shows the DC
volt age cir cuit di a gram and fig. 4 the im pulse volt age
cir cuit di a gram.

In or der to ex am ine the in flu ence of the elec trode
ma te rial on the GFSA char ac ter is tics, elec trodes made of
ei ther an elec tron al loy or alu mi num, or sil ver, or iron, or
tung sten (of course with out a ra dio ac tive source) were
used. Also with out a ra dio ac tive source, and in or der to
ex am ine the in flu ence of elec trode sur face treat ment on
GFSA char ac ter is tics, tung sten elec trodes were used
whose sur faces were ei ther pol ished to a high gloss, or
sand blasted, or with en graved reg u lar pyr a mids 325 µm
high, or with cav i ties of a 100 µm ra dius.
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Fig ure 2. Sche matic rep re sen ta tion of the law of sur face
con stancy in the volt age-time plane dur ing the im pulse
break down

Fig ure 3. Di a gram of the used DC volt age cir cuit



Fig ure 5 shows the elec trode sur face with en -
graved pyr a mids, and fig. 6 shows the sur face of the
elec trode with cav i ties.

The mea sur ing pro ce dure con sisted of the fol -
low ing steps:

1 – Adjustment of the interelectrode dis tance
and pres sure (i. e. ad just ment of the work ing point).

2 – The mea sure ment of 50 val ues of DC break -
down volt age with pauses be tween two con sec u tive
break downs of 30 sec onds.

3 – The mea sure ment of 1000 val ues of im pulse
volt age break down with all rise rates of im pulse volt -
age.

4 – Change of the work ing point and rep e ti tion
of the pro ce dure (af ter the end of the se ries of mea sure -
ments, the mea sure ment is re peated with an other pair
of elec trodes). The com bined mea sure ment un cer -
tainty was less than 8 % [40].

The pro cess ing of the ex per i men tally ob tained
re sults con sisted of the fol low ing steps:

1 – Elim i na tion of sus pi cious mea sure ment re -
sults us ing Chauvenet's cri te rion.

2 – Test ing of an ex per i men tally ob tained ran -
dom vari able “im pulse volt age break down” with a
unique sta tis ti cal sam ple us ing a U-test.

3 – Determining the af fil i a tion of ex per i men tally 
ob tained ran dom vari ables to the Nor mal dis tri bu tion
or to one of the dis tri bu tions of the min i mum value by
the graph i cal method and the c2 test.

4 – Determining the cen tral mo ments of the ob -
tained dis tri bu tion (which best fits the ob tained re -
sults).

5 – De ter mi na tion of the prob a bil ity quantile of
0.1 % and 99.9 % of the ob tained dis tri bu tion.

6 – Drawing Pashen's curves and the im pulse
char ac ter is tics.

RE SULTS AND DIS CUS SION

Fig ures 7 and 8 show the re sults of the U – test
for a ran dom vari able the im pulse volt age break down
at a prod uct value of 100 mbar mm ob tained by an im -
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Fig ure 4. Scheme of the used im pulse volt age cir cuit

  Fig ure 5. The elec trode sur face with en graved pyr a mids

Fig ure 6. The sur face of the elec trode with cav i ties

Fig ure 7. The U-test re sults for the ran dom vari able im -
pulse volt age break down, · cop per elec trodes + a –
source, ¡ tung sten elec trodes, * cop per elec trodes, im -
pulse rise rate of 10 kV(µs)–1,  –  5 % sta tis ti cal un re li abil -



pulse rise rate of 10 kV(µs)–1. The vari able pa ram e ters
of the ex per i ment were: the elec trode sys tem with and
with out an a – ra dio ac tive ra di a tion source, dif fer ent
elec trode ma te ri als, and dif fer ent interelectrode dis -
tances (with prod uct pd = const.). Dur ing the ex per i -
ment, no in flu ence of the pres ence of the ra dio ac tive a
– source on the sta bil ity of the ran dom vari able sta tis -
tics of im pulse volt age break down was ob served. 

The re sults shown in figs. 7 and 8 show that the
ran dom vari able im pulse volt age break down and its
af fil i a tion with a unique sta tis ti cal sam ple is af fected
by the elec trode ma te rial (at a con stant im pulse rise
rate). Al though all ran dom vari ables in figs. 7 and 8
be long to a unique sto chas tic dis tri bu tion (with 5 %
sta tis ti cal un re li abil ity), the trends of this af fil i a tion
dif fer for dif fer ent ma te ri als. This change in trends is
least pro nounced in the case of tung sten, and most pro -
nounced in the case of elec trons. Based on that, it can
be con cluded that, in this case, the de ci sive val ues are
the melt ing point of the ma te rial, and its ther mal con -
duc tiv ity. Namely, ma te ri als with a high melt ing point
and high ther mal con duc tiv i ties (tung sten), suf fer mi -
nor changes in the elec trode to pog ra phy, and less
when the elec trode ma te rial is ejected into the
interelectrode space (by the ex plo sion of the spark
chan nel). For this rea son, it co mes to a less ir re vers ible 
change in in su la tion (elec trode sys tem + in su lat ing
gas), so there is less in flu ence on the sta tis ti cal er ror of
the ran dom vari able im pulse volt age break down. In
the case of ma te ri als with a lower melt ing tem per a ture
and lower val ues of ther mal con duc tiv ity, the changes
in in su la tion af ter mul ti ple break downs are sig nif i -
cant, which re sults in a greater in flu ence on the sta tis -
tics of the ran dom vari able im pulse volt age break -
down.

Fig ure 9 shows the re sults of the U-test for the
ran dom vari able the im pulse volt age break down at a
prod uct value of pd 100 mbar mm ob tained by dif fer -

ent val ues of the im pulse volt age rise rates. The ap -
plied ex per i men tal pa ram e ters were the same as for the 
re sults shown in fig. 8. Fig ure 10 shows the re sults of
the U – test for the ran dom vari able of im pulse volt age
break down at a prod uct value of pd 100 mbarmm ob -
tained by im pulse rate of 10 kV(µs)–1. The vari able pa -
ram e ters of the ex per i ment were: an elec trode sys tem
with and with out an a – source of ra dio ac tive ra di a -
tion, dif fer ent elec trode sur face to pog ra phies and, dif -
fer ent interelectrode dis tances (with prod uct pd =
const.). 

The re sults rep re sented in fig. 9 show that the
elec trode ma te rial and the pres ence of a ra dio ac tive
source of a-ra di a tion when the rise rate of the pulse
volt age has changed, have an in flu ence on the ran dom
vari able im pulse volt age break down and its be long ing
to a unique sam ple. In this re spect, the elec trode sys -
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Fig ure 8. The U-test re sults for the ran dom vari able im -
pulse volt age break down, l cop per elec trodes + a –
source, ¡ sil ver elec trodes, * alu mi num elec trodes, o
elec tron al loy elec trodes,  –  5 % sta tis ti cal un re li abil ity

Fig ure 9. The U-test re sults for dif fer ent im pulse rates, l
cop per elec trodes + a –  source  with im pulse rate of 10
kV(µs)–1, ¡ cop per elec trodes with im pulse rate of 50
kV(µs)–1, * cop per elec trodes with im pulse rate of 100
kV(µs)–1, o cop per elec trodes with im pulse rate of 200
kV(µs)–1,  –  5 % sta tis ti cal un re li abil ity

Fig ure 10. The U-test re sults for the ran dom vari able
im pulse volt age break down, l cop per elec trodes + a –
source of the im pulse, ¡ cop per elec trodes with en graved
spikes,  *  cop per  pol ished  elec trodes,  im pulse  rate  of
10 kV(µs)–1,  –  5 % sta tis ti cal un re li abil ity



tem with a ra dio ac tive source of a – ra di a tion shows
the least changes. Such an elec trode sys tem is prac ti -
cally in de pend ent of the im pulse volt age rise rate. The
elec trode ma te rial at lower im pulse volt age val ues af -
fects so that the most sta ble sta tis ti cal ran dom vari able
is im pulse volt age break down in the case of elec tron
al loy elec trodes, and the most un sta ble is in the case of
tung sten elec trodes. This de pend ence is in very good
cor re spon dence with the value of the out put work of
the elec trode ma te rial (elec tron 1.8 eV; alu mi num 3.74 
eV; sil ver 4.47 eV and tung sten 4.5 eV). This re sult is
ex plained by the higher con cen tra tion of free elec trons 
(po ten tially ini tial) in the case of the pres ence of a ra -
dio ac tive a – source and elec trode ma te rial with a
lower value of the out put work (which such elec trodes
emit by the cold emis sion mech a nism). As the con cen -
tra tion of free elec trons formed by ion iza tion of gas by
a – par ti cles does not de pend on the im pulse volt age
rise rate, so the sta bil ity of the sta tis ti cal vari able im -
pulse volt age break down  does not de pend on it. How -
ever, cold elec tron emis sion is a pro cess that oc curs in
real-time and at high im pulse rise rates can not af fect
the sta bil ity of the sta tis ti cal ran dom vari able im pulse
volt age break down .

Re gard ing the in flu ence of the change of the
interelectrode dis tance, at a con stant value of the prod -
uct pd, in the ex per i ments whose re sults are shown in
figs. 7-9 it is not a no tice ably sig nif i cant in flu ence on
the sta bil ity of the sta tis ti cal ran dom vari able im pulse
volt age break down . This con firms the as sump tion of
the va lid ity of the law of sim i lar ity for the elec tri cal
dis charges in gases in ex per i ments whose re sults are
shown in the men tioned fig ures.

Fig ure 10 shows the re sults of the U – test for the
ran dom vari able im pulse volt age break down at a prod -
uct value of pd 100 mbar mm ob tained by dif fer ent val -
ues of the im pulse volt age rise rate. The vari able pa -
ram e ters of the ex per i ment were the same as for the
re sults shown in fig. 9. Dur ing the ex per i ment, no in -
flu ence of the pres ence of the ra dio ac tive a – source on 
the sta bil ity of the ran dom vari able sta tis tics of im -
pulse volt age break down  was ob served.

The re sults shown in fig. 10 show that the ran dom
vari able im pulse volt age break down  and its af fil i a tion
with a unique sam ple are not af fected by the elec trode
sur face to pog ra phy, nor by the pres ence of thea a – ra -
dio ac tive source. Fig ure 10 shows that the elec trode
sur face to pog ra phy af fects the sta bil ity of the sta tis tics
of the ran dom vari able im pulse volt age break down
only in the case of elec trodes with pol ished sur faces.
The rea son for that are the mul ti ply ef fects of the spark
on such elec trodes, and thus the in su la tion char ac ter is -
tics. Fig ures 11(a) and 11(b) show the changes in such
elec trodes, i. e. fig. 11(a) the crater's ap pear ance (pol -
ished elec trodes) and fig. 11(b) the melt ing of spikes
(elec trodes with en graved spikes).

The re sults shown in fig. 12 show that the ran -
dom vari able im pulse volt age break down  and its be -
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Fig ure 11(a). The changes in pol ished elec trodes and the
crater's ap pear ance

Fig ure 11(b). The changes in elec trodes with en graved
spikes and melt ing of spikes

Fig ure 12. The U-test re sults for the ran dom vari able im -
pulse volt age break down, l cop per elec trodes + a – source
of the im pulse, ¡ cop per elec trodes with en graved spikes,
* cop per pol ished elec trodes,  –  5 % sta tis ti cal
un re li abil ity



long ing to a unique sam ple are af fected by the elec -
trode sur face to pog ra phy, and the pres ence of an a –
ra dio ac tive source when chang ing the im pulse volt age 
rise rate does not. This re sult can be ex plained by the
in de pend ence of the time of the gas ion iza tion pro cess
by a – par ti cles and the cold emis sion pro cess (in the
case of en graved pyr a mids) and the hol low cath ode ef -
fect (in the case of elec trodes with cav i ties) in
real-time. It was also found that in creas ing the
interelectrode dis tance with a con stant value of the
prod uct pd sig nif i cantly af fects the sta bil ity of the sta -
tis ti cal ran dom vari able im pulse volt age break down in
the case of elec trodes with cav i ties. This re sult is a
con se quence of the hol low cath ode mech a nism which
ceases if the mean free length of the elec tron is of the
or der of the mag ni tude of the cav ity ra dius.

Fig ure 13 shows the ex per i men tally de ter mined
points of the Paschen curve ob tained by DC volt age.
The pa ram e ter of the ex per i ment was the elec trode
ma te rial. Elec tron, alu mi num, and iron al loy elec -
trodes were used. Fig ure 14 shows the ex per i men tally
de ter mined points of the Paschen curve ob tained by
DC volt age. The pa ram e ter of the ex per i ment was the
man ner of pro cess ing the elec trode sur faces. Cop per

elec trodes pol ished to a high gloss, or sand blasted, or
with cav i ties were used. For the re sults shown in fig.
13 and 14, mea sure ments were per formed with dif fer -
ent val ues of the interelectrode dis tance with a con -
stant value of the prod uct pd.

The re sults shown in figs. 13-14 show that the

DC volt age break down value for ma te ri als with a

lower value of out put work is lower than the DC volt -

age break down value for ma te ri als with a higher value

of out put work. This re sult can be ex plained by the in -

flu ence of the value of out put work on the sec ond ary

ef fects on the elec trodes. Namely, the re cord ing points

are close to the min i mum of the Paschen curve in

which the DC break down is ex pected to take place (at

least par tially) by the Tausend mech a nism. As the

Tausend mech a nism is char ac ter ized by sec ond ary ef -

fects ac tive on the elec trodes, it is to be ex pected that

their num ber is higher for ma te ri als with a lower value

of the out put work. In the math e mat i cal model, this

phe nom e non is equiv a lent to an in crease in the co ef fi -

cients of sec ond ary gamma emis sion (num ber of free

elec trons emit ted from the cath ode per one pri mary av -

a lanche). 
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Fig ure 13. Ex per i men tally
de ter mined points of the Paschen
curve and the o ret i cally cal cu lated 
Paschen curve ac cord ing
to Tausend's cri te rion; * iron
elec trodes ¡ alu mi num elec trodes, 
o elec tron al loy elec trodes

Fig ure 14. Ex per i men tally
de ter mined points of the Paschen
curve and the o ret i cally cal cu lated
Paschen curve ac cord ing
to Tausend's cri te rion, * pol ished
elec trodes, ¡ sand blasted
elec trodes, o elec trodes with
cav i ties,  – the o ret i cally cal cu lated
Paschen curve



The re sults shown in fig. 14 dem on strate the rel -
a tive in de pend ence of the DC volt age break down
value from the elec trode sur face to pog ra phy. This re -
sult can be ex plained by the in de pend ence of the sec -
ond ary pro cesses ac tive on the elec trodes from the
elec trode sur face to pog ra phy.

Fig ure 15 pres ents the im pulse char ac ter is tics
ob tained by an im pulse volt age rise rate of 5 kV(µs)–1

for a pd value of 200 mbar mm. The vari able pa ram e -
ters of the ex per i ment were: cham ber with an a – ra di -
a tion source (cop per elec trodes), elec trodes made of
an elec tron al loy, and tung sten elec trodes. Fig ure 16
pres ents the im pulse char ac ter is tics ob tained by an im -
pulse volt age rise rate of 200 kV(µs)–1 for the same ex -
per i men tal pa ram e ters.

The re sults shown in fig. 15 in di cate that the im -
pulse char ac ter is tics ob tained by us ing a ra dio ac tive
source of a – ra di a tion are the best from the as pect of
the GFSA ap pli ca tion. Namely, they are the lon gest
and they grow least at the high rise rate im pulses. The
im pulse char ac ter is tics ob tained by us ing elec trodes
made of an elec tron al loy are, ac cord ing to the pre vi -
ous cri te rion, better than the im pulse char ac ter is tics
ob tained by us ing tung sten elec trodes. This re sult in di -

cates that the shape of the im pulse char ac ter is tics
mostly de pends on the sta tis ti cal time (which is the
short est in the case of the pres ence of an a – sources in
the cham ber). Since the lower value of the out put work 
of the elec tron al loy con trib utes to a higher con cen tra -
tion of free elec trons (po ten tially ini tial), the im pulse
char ac ter is tics ob tained by us ing these elec trodes have 
better char ac ter is tics than the im pulse char ac ter is tics
ob tained by us ing tung sten elec trodes, which have a
sig nif i cantly higher value of the out put work. The re -
sults shown in fig. 16 point out that the dif fer ence be -
tween the im pulse char ac ter is tics ob tained by us ing
elec trodes made of an al loy and tung sten de creases.
This can be ex plained by the fact that the cold emis sion 
pro cess takes place in real-time and that there is no ef -
fect for very fast im pulses.

Fig ure 17 shows the im pulse char ac ter is tics ob -
tained by the im pulse volt age rise rate of 5 kV(µs)–1

for a pd value of 200 mbar mm. The vari able pa ram e -
ters were: a cham ber with an a – ra di a tion source, elec -
trodes with pol ished sur faces, elec trodes with en -
graved spikes, and elec trodes with cav i ties. Fig ure 18
shows the im pulse char ac ter is tics ob tained by an im -
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Fig ure 15. The im pulse char ac ter is tics ob tained by the
law of sur face con stancy based on volt age mea sure ments 
with a rise rate of 5 kV(µs)–1, pd = 200 mbar mm,
– cham ber with an a – source, * elec trodes made of an
elec tron al loy,  –  tung sten elec trodes

Fig ure 16. The im pulse char ac ter is tics ob tained by the
law of sur face con stancy based on volt age mea sure ments
with a rise rate of 200 kV(µs)–1, pd = 200 mbar mm,
– cham ber with a – source, * elec trodes made of an
elec tron al loy,  –  tung sten elec trodes

Fig ure 17. The im pulse char ac ter is tics ob tained by the
law of sur face con stancy based on volt age mea sure ments 
with a rise rate of 5 kV(µs)–1, pd = 200 mbar mm,
– cham ber with an a – source, * elec trode with cav i ties, 
– elec trodes with en graved spikes

Fig ure 18. The im pulse char ac ter is tics ob tained by the
law of sur face con stancy based on volt age mea sure ments
with a rise rate of 200 kV(µs)–1, pd = 200 mbar mm,
– cham ber with an a – source, * elec trode with cav i ties,
– elec trodes with en graved spikes



pulse volt age rise rate of 200 kV(µs)–1 for the same ex -
per i men tal pa ram e ters.

The re sults shown in fig. 17 dem on strate that the
elec trode sur face to pog ra phy sig nif i cantly af fects the
im pulse char ac ter is tics. Very good im pulse char ac ter -
is tics ob tained by elec trodes with en graved spikes and
elec trodes with cav i ties con firm that the spike ef fect
and the hol low cath ode ef fect sig nif i cantly in crease
the con cen tra tion of free elec trons in the interelectrode 
space, which af fects the short en ing of the sta tis ti cal
time. It should be noted that the ef fects ob tained by
elec trodes with en graved spikes and cav i ties lag be -
hind the ef fect achieved by the source of a – ra di a tion,
but not so much that they should not be con sid ered as
al ter na tives. The re sults shown in fig. 18 show that the
ef fi ciency of the spike and hol low cath ode ef fect de -
creases with an in creas ing im pulse rate. This is ex -
plained by the al ready men tioned fi nite time re quired
for the de vel op ment of the spike and hol low cath ode
ef fects. It should be noted that the same ex per i ments
were per formed with a changed interelectrode dis -
tance with the same value of the prod uct pd. These ex -
per i ments showed a weak en ing of the ef fi ciency of the
spike ef fect and the hol low cath ode ef fect with in -
creas ing interelectrode dis tance. Based on that, it can
be con cluded that the law of sim i lar ity for the elec tri -
cal dis charges in gases does not ap ply to the con sid er -
ation of the in flu ence of the elec trode sur face to pog ra -
phy on the im pulse break down of gas.

CON CLU SIONS

Ac cord ing to the re sults pre sented in the pa per, it
can be con cluded that it is pos si ble to achieve a sig nif i -
cant im prove ment of the GFSA im pulse char ac ter is tics
by en gi neer ing the elec trode ma te rial and the elec trode
sur face to pog ra phy. This im prove ment is achieved by a
pos i tive syn ergy of the out put work val ues, spike ef fect, 
and hol low cath ode ef fect. How ever, it was found that
such en gi neer ing char ac ter is tics of the GFSA with out
the use of a ra dio ac tive source of a – ra di a tion can al -
most be equated with the char ac ter is tics of the GFSA
with a ra dio ac tive source of a – ra di a tion only in the
case of pro tec tion against the com mu ta tion
overvoltages. In the case of pro tec tion against at mo -
spheric overvoltages, the GFSA with a ra dio ac tive a –
source show a cer tain, though not dras tic, ad van tage.
For very fast overvoltages, the or i gin of a nu clear ex -
plo sion in the at mo sphere, the pro posed en gi neer ing
does not have any sub stan tial ef fects. In that case, the
so lu tion with an a – ra dio ac tive source is much more ef -
fi cient, but it does not pro vide the re quired level of pro -
tec tion. This re sult is ex plained by the fi nite time char -
ac ter is tic of the cold emis sion ef fect and the hol low
cath ode ef fect. How ever, the con clu sion is that the
overvoltage pro tec tion in the worst-case sce nario (ex -
tremely fast overvoltages) can not be ef fec tive and that

the dis crete elec tronic com po nents (much more re sis -
tant to overvoltages) should be used to make elec tronic
cir cuits that must func tion un der such con di tions. In this 
way, the use of ra dio ac tiv ity in the con struc tion of the
GFSA could be com pletely re jected.
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Dalibor S. ARBUTINA, Aleksandra I. VASI]-MILOVANOVI], 
Teodora M. NEDI], Aco J. JANI]IJEVI], Qubinko B. TIMOTIJEVI]

MOGU]NOST  POSTIZAWA  PRIHVATQIVE  BRZINE  ODZIVA
GASNIH  ODVODNIKA  PRENAPONA  SUPSTITUCIJOM  ALFA  IZVORA

ZRA^EWA  IZBOROM  MATERIJALA  ELEKTRODA  I  TOPOGRAFIJOM
WIHOVIH  POVR[INA

U radu se razmatra mogu}nost supstitucije primene radioaktivnog a-izvora za poboq-
{awe karakteristika gasnog odvodnika prenapona. Re{ewe ovog problema se tra`i u in`eweringu 
karakteristika primenom razli~itih materijala elektroda i razli~itih topografija elektrod-
nih povr{ina. Ispitivani su materijali koji se razlikuju po vrednosti izlaznog rada. Topo-
grafije elektrodnih povr{ina su bile ili polirane, ili sa ugraviranim pravilnim {iqcima, ili
sa {upqinama. Rad je prete`no eksperimentalnog karaktera. Eksperimenti su vr{eni pod dobro
kontrolisanim laboratorijskim uslovima. Merna nesigurnost eksperimentalnog postupka je bila
zadovoqavaju}a. Eksperimentalni rezultati pokazuju da je mogu}e izbe}i ugradwu ra dioaktivnog
izvora u gasne odvodnike prenapona i kako to treba. Na taj na~in bi se izbegle mogu}e konta-
minacije prirodne sredine veoma opasnim a – radioaktivnim izvorima.

Kqu~ne re~i: gasni odvodnik prenapona, ko-ordinacija izolacije, niskonaponski nivo


