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The re search pres ents an ex per i ment with a model of an elec tronic gen er a tor for en ergy in jec -
tion into the plasma of a fu sion re ac tor. By re cord ing a non-ion iz ing field in the vi cin ity of a
fu sion re ac tor, it was de ter mined that this field has an ex tremely high growth rate. At the site
of the max i mum in ten sity of the field of non-ion iz ing ra di a tion, com mer cial surge ar rest ers
with a flex i ble model of surge ar rest ers were used for ex per i men ta tion. It has been found that
the com mer cial surge ar rest ers have an ef fi ciency of about 20 %. For the ef fi ciency of the flex i -
ble model, it was found to be slightly less than 40 % (and to be achieved by the ap pli ca tion of
al pha par ti cle ra di a tion). Since nei ther of these ef fi cien cies guar an tee re li able op er a tion of the
gas-filled surge ar rester, it was con cluded that es sen tial elec tron ics in the vi cin ity of the fu sion
gen er a tor must be pro tected. How ever, since this pro tec tion can only be im ple mented in a fu -
sion re ac tor, the fact re mains that the en vi ron ment of such a re ac tor is ex tremely con tam i -
nated with non-ion iz ing ra di a tion. Com mer cial surge volt ages are iso lated for test ing since
the pro tec tion of elec tronic cir cuits from fast overvoltages is a crit i cal point for the func tion -
ing of mod ern elec tron ics.

Key words: elec tro mag netic en vi ron men tal con tam i na tion, gas-filled surge ar rester, fu sion re ac tor,
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IN TRO DUC TION

The grow ing need for en ergy leads to the need to
in tro duce new en ergy plants. These new en ergy so lu -
tions cer tainly do not need to be based on fos sil fu els.
There are sev eral rea sons for this. The two main ones
are that the re serves of qual ity fos sil fu els are de creas -
ing and that the use of fos sil fu els sig nif i cantly con trib -
utes to the con tam i na tion of the en vi ron ment [1, 2].
The so-called green (al ter na tive) en ergy sources are
prob lem atic be cause they pro duce elec tric ity at a
much higher price, and they are not com pletely with -
out im pact on the en vi ron ment. In ad di tion, and most
im por tantly, such sources are low power and are not
able to pro duce en ergy dur ing their work ing life as
much as is in vested in their pro duc tion [3, 4]. Nu clear
re ac tors are pro posed as a vi a ble al ter na tive so lu tion to 
this prob lem. Nu clear re ac tors, ther mal or fast, con -
sume ura nium (nat u ral or en riched) as fuel, with en -

ergy ob tained through nu clear fis sion. Due to the pos -
si bil ity of ac ci dents with long-term con se quences,
nu clear re ac tors are very un pop u lar in most coun tries
[4-6]. How ever, since ura nium re serves are not large
ei ther and the dis posal of spent fuel from fis sion re ac -
tors is a big prob lem, the de fin i tive so lu tion to hu man -
ity's en ergy prob lem is in fu sion re ac tors [7, 8].

From the as pect of ecol ogy, en ergy pro duc tion
based on the fu sion re ac tion is al most en tirely green en -
ergy as it does not pro duce any ra dio ac tive waste that
could con tam i nate the nat u ral en vi ron ment. The nu -
clear fu sion re ac tion has the ap pear ance of gamma ra di -
a tion in the de con tam i na tion pro cess. This gamma ra di -
a tion can be elim i nated by pro tect ing part of the fu sion
re ac tor with lead plates. How ever, the mech a nism of
heat ing the plasma by in ject ing en ergy into it with elec -
tron beams of power around TW, width of tens ns and
growth rate of ns (and less) causes ex tremely un de sir -
able elec tro mag netic con tam i na tion of the en vi ron -
ment. The first at tempt to avoid this was the pro ject of
in ject ing en ergy into the plasma with high-en ergy la ser

N. M. Arandjelovi}, et al.: The Ef fi ciency of Gas-Filled Surge Ar rest ers in the ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 1, pp. 51-56 51

* Cor re spond ing au thor, e-mail: dusan@vin.bg.ac.rs



ra di a tion. It has been shown that at some point, be fore
reach ing the fu sion re ac tion thresh old, plasma in can -
des cence oc curs. Such in can des cent plasma be haves
like a mir ror that re flects elec tro mag netic rays, i. e. la ser 
beams and pre vents the in jec tion of en ergy into the
plasma and the cross ing of the en ergy thresh old for the
fu sion pro cess. The elec tro mag netic field gen er ated
dur ing the in jec tion of the elec tron beam into the plasma 
en dan gers the technosphere and all the other as pects of
the mod ern way of life. In re la tion to such fast elec tro -
mag netic fields, surge pro tec tion (so-called co-or di na -
tion of in su la tion at a low volt age level) be comes in ef -
fec tive [9, 10].

Min ia tur iza tion of the elec tronic com po nents
greatly re duces their surge re sis tance. An overvoltage
phe nom e non due to very fast elec tro mag netic fields is
in duced in all (even the short est) wire struc tures.
Surge pro tec tion is not ef fec tive enough for ex tremely
fast overvoltage phe nom ena, so overvoltage phe nom -
ena can cause dam age to elec tronic el e ments, as sem -
blies and en tire de vices. In ad di tion to the elec tronic
com po nent dam ages, the tran sient overvoltages can
also cause tran sient de vice mal func tions [11]. The ef -
fects of de struc tion are mainly re lated to semi con duc -
tor com po nents, al though in su la tion dam age may oc -
cur on the other com po nents. It should be noted that
the de struc tion of elec tronic com po nents cou pled with 
an ten nas is com mon.

Surge pro tec tion el e ments can be gen er ally di -
vided into non-lin ear and lin ear. The non-lin ear el e -
ments of surge pro tec tion in clude gas-filled surge ar -
rest ers (GFSA), varistors and dis charge di odes. The
lin ear el e ments of surge pro tec tion in clude dif fer ent
types of fil ters. The aim of this study is to check the ef -
fi ciency of the GFSA – the most com monly used
non-inear el e ment for the co-or di na tion of in su la tion
at a low volt age level of the ra di a tion field of the elec -
tronic gen er a tor.

FU SION RE AC TOR
(EX PER I MEN TAL PLANT)

Fu sion re ac tors are based on the fact that the
bind ing en ergy per nu cleus of the 4He is max i mum.
This al lows the phys i cal pro cess of fu sion of deu te -
rium and tri tium nu clei to ob tain a he lium nu cleus and
re lease a sig nif i cant amount of en ergy in the form of
nu cle ons and gamma ra di a tion [12, 13].

There are two prob lems with the fu sion pro cess:
first, it is an exo ther mic pro cess with a high en ergy
thresh old and sec ond, the free path of the par ti cle in
the fu sion pro cess is very large. The first prob lem is
solved by sup ply ing en ergy to the gases to be fused un -
til they reach a plasma state at a tem per a ture above the
fu sion en ergy thresh old. Since it was shown that the
in jec tion of en ergy into the plasma by la ser is not ef -
fec tive due to the re flec tion of the la ser beam from the

sur face of the red-hot plasma, it is switched to the in -
jec tion of en ergy into the plasma by elec tron beams.
The sec ond prob lem is solved by putt ing the plasma
par ti cles in the fu sion pro cess in an ex tremely strong
mag netic field. This re sults in the ro ta tion of the par ti -
cles around the mag netic in duc tion vec tor and the pos -
si bil ity of cross ing the mean free path for the fu sion
pro cess in a small space. This sim ple so lu tion is the
rea son why fu sion re ac tors are not yet used for com -
mer cial pur poses be cause the en ergy con sump tion
needed to main tain that mag netic field is higher than
the en ergy ob tained by the fu sion pro cess.

At first glance, this prin ci ple of op er a tion al lows
the ob tain ing of clean en ergy with out any chem i cal or
ra dio ac tive ma te rial that needs to be dis posed of un der
spe cial con di tions. How ever, there is con tam i na tion
by elec tro mag netic and nu clear ra di a tion. The gamma
ra di a tion com po nent in nu cle ons from this con tam i na -
tion is eas ily re moved by ap pro pri ate pro tec tion of the
fu sion space. The is sue of elim i nat ing the non-ion iz -
ing com po nent of elec tro mag netic ra di a tion is harder
to solve. This com po nent is made by the elec tronic
pulse gen er a tor and tech ni cally it does not pay to solve
it with lead (and other) pro tec tive walls. For this rea -
son, this com po nent of elec tro mag netic ra di a tion
forms an elec tro mag netic field in the wider en vi ron -
ment of the elec tronic gen er a tor, which sig nif i cantly
en dan gers the func tion ing of mod ern tech ni cal de -
vices [14, 15].

The elec tronic gen er a tor gen er ates pulses of
power TW and width 1 ns. In or der to ob tain such
pulses, the elec tronic gen er a tor is two-part. It con sists
of a ver ti cal and a hor i zon tal part. The ver ti cal part is a
stan dard Marx gen er a tor im mersed in an in su lat ing oil
and ad justed most of ten to give pulses of at mo spheric
shape 1.2/50  ms. The hor i zon tal part con sists of a ca -
pac i tor and a con duc tor to form the de sired pulse shape.
It is in ter est ing that both the con duc tors and di elec trics
of the ca pac i tor in the hor i zon tal part are of ten of the
same ma te rial i. e., deionized wa ter [16]. On the hor i -
zon tal part, there is also a volt age probe for mon i tor ing
the volt age shape of the elec tron pulse, fig. 1.

A volt age pulse mon i tor ing probe is needed to
syn chro nize the op er a tion of about ten elec tronic gen -
er a tors that need to gen er ate pulses si mul ta neously
with min i mal jit ter. Fig ure 2 shows the lay out of a sin -
gle fu sion re ac tor with eight elec tronic gen er a tors.

Since the elec tronic pulse is about 5 ns wide and
up to 10 TW its growth rate is in the nano sec ond (or
subnanosecond) re gion. Pulses of such a growth rate
in duce in the wire struc tures of elec tri cal com po nents
ex tremely fast overvoltages that can pass through
overvoltage pro tec tion and de stroy the pro tected com -
po nents (es pe cially for mod ern multilayer elec tronic
cir cuits whose in su lat ing lay ers are ex tremely thin and
break by the volt ages of the or der of mV and mV). This
side ef fect oc curs in an area sev eral ki lo me ters away
from the fu sion re ac tor.
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EXPERIMENT

The model of the hor i zon tal part of the elec tronic 
gen er a tor pow ered by a ca ble gen er a tor was used for
the ex per i ment, fig. 3.

The model of the hor i zon tal part had a builtin
fast ca pac i tive probe, fig. 4. The ca ble gen er a tor gen -
er ated a rect an gu lar volt age pulse with the fol low ing
char ac ter is tics: 1 – the peak value of the rect an gu lar
pulse was 50 kV, 2 – the du ra tion of the peak value of
the volt age pulse was 600 ns, and 3 –  the time of the
rise and fall of the rect an gu lar pulse was 1-3 ns.

The elec tro mag netic field in the vi cin ity of the
hor i zon tal part of the elec tronic gen er a tor was re -
corded with a Narda in stru ment, fig. 5 [17-21].

The gas-filled surge ar rester was in stalled in
place of the max i mum value of the elec tric field, ac -
cord ing to the scheme in fig. 6. The op er a tion of the

gas-filled surge ar rester was checked by mea sur ing the 
volt age on the re sis tor, R (100 MW). The volt age is
mea sured by a dig i tal os cil lo scope (1 GHz) housed in a 
pro tec tive cabin pro tec tion 100 dB [22, 23].
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Fig ure 1. Elec tronic gen er a tor: 1 – pulse shap ing cir cuit,
2 – 50 W wave guide adapter re sis tance, and
3 – po si tion for set ting the mea sur ing and con trol probe

Fig ure 2. Sche matic di a gram of a fu sion re ac tor with
eight elec tronic gen er a tors

Fig ure 3. Ca ble gen er a tor for gen er at ing a rise pulse of
about 1 ns

Fig ure 4. Model of the hor i zon tal part of the elec tronic
gen er a tor with a built-in fast ca pac i tive probe

Fig ure 5. Non-ion iz ing elec tro mag netic ra di a tion
field gen er ated by trig ger ing a fu sion gen er a tor model at
a dis tance of 1 km from the ex per i men tal plant



Com mer cial gas-filled surge ar rest ers and a flex -
i ble model were used. The flex i ble model is shown in
fig. 7. At the flex i ble model of the gas-filled surge ar -
rester, it was pos si ble to change the shape of the elec -
trodes, elec trode ma te ri als, the in su lat ing gas and the
interelectrode dis tance.

Stan dard cy lin dri cal elec trodes were used i. e.,
elec trodes with a cav ity filled with a ra dio ac tive
source 241Am. The gas pres sure in the flex i ble model
could be changed. The gas used was He. The cir cuit for 
fill ing and ad just ing the pres sure in the flex i ble cham -
ber is shown in fig. 8. The op er at ing point of the flex i -
ble cham ber is set to the same op er at ing volt age as the
op er at ing volt age value of com mer cial surge ar rest ers
[24-26].

The mea sure ments were per formed un der
well-con trolled lab o ra tory con di tions. Since it was

mea sured the com ple men tary quan tity (GFSA op er at -
ing – GFSA not op er at ing), the mea sure ment
un cer tainty typeA and typeB was zero [27, 28].

RE SULTS AND DIS CUS SION

Ta ble 1 shows the re sults of test ing the ef fi ciency 
of re moval of in duced overvoltages caused by trig ger -
ing the elec tronic gen er a tor model. The re sults in tab. 1 
are given for three types of com mer cial GFSA of dif -
fer ent man u fac tur ers with the same nom i nal volt age.

Com par ing the im pulse char ac ter is tics of com -
mer cial GFSAs and the GFSA model showed that the
GFSA model has a faster re sponse to overvoltages.
The re sponse of the GFSA model was the fast est in the
case of us ing a com bi na tion of the hol low cath ode ef -
fect and by the ap pli ca tion of a ra dio ac tive source of
ion iz ing al pha ra di a tion 241Am.

There was also a rapid re sponse when ei ther the
hol low cath ode ef fect or the ion iz ing al pha ra di a tion
ef fect was used. The ex pla na tion for in creas ing the re -
sponse rate by ap ply ing the ef fects of a hol low cath ode 
and ion iz ing ra di a tion is in the in crease in the num ber
of free elec trons (po ten tially ini tial) in the GFSA
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Fig ure 6. Ex per i men tal scheme: 1 – an tenna, 2 – gas-filled
surge ar rester, 3 – ground ing re sis tance, and 4 – cabin for
pro tec tion against elec tro mag netic waves greater than
100 dB

Fig ure 7. Flex i ble model of the gas-filled surge ar rester

Fig ure 8. Gas cir cuit for
charg ing the gas-filled surge 
ar rester



interelectrode space. How ever, a GFSA con structed
us ing these ef fects would not guar an tee ef fec tive pro -
tec tion of elec tronic cir cuits and elec tronic com po -
nents. This can be seen from tab. 2, which gives the re -
sults of test ing the re moval ef fi ciency of the in duced
overvoltages caused by trig ger ing the elec tronic gen -
er a tor model.

CON CLU SION

The pa per shows that the pro tec tion of elec tronic 
com po nents us ing GFSA is not ef fec tive in the vi cin ity 
of an elec tronic gen er a tor of the fu sion re ac tor. This is
a con se quence of the fact that such a gen er a tor gives
pulses with rise and fall of 1 ns. When such a rap idly
chang ing field is in duced in an an tenna (or any wire
struc ture), an overvoltage wave is cre ated in the
subnanosecond re gion (since the overvoltage wave is
ac tu ally an in duc tive peak that is math e mat i cally rep -
re sented by dif fer en ti at ing the in duced cur rent). It is
not pos si ble to start mi cro scopic pro cesses of elec tri -
cal dis charge (which can be of mi cro sec ond du ra tion)
in such short time in ter vals. As for the ap pli ca tion of a
hy brid drain age scheme with a gas ar rester, a drain di -
ode (very sim i lar to a Zener di ode) and a varistor, one
can not hope for great re li abil ity. The rea son is that tak -
ing the full volt age from the drain di ode leads to its
phys i cal de struc tion. The re sult pre sented in this pa per 
un doubt edly shows a higher ef fi ciency of surge ar rest -
ers with a ra dio ac tive source. How ever, this so lu tion
should be avoided be cause in this way the un con -
trolled use of al pha ra dio ac tiv ity is in tro duced into na -
ture, which is ex tremely dan ger ous if it en ters the food
chain. For this rea son, all elec tron ics that con trol the
fu sion gen er a tor should be pro tected with lead shield -
ing. This mea sure would en sure re li able op er a tion of

fu sion re ac tors but would not pre vent its en vi ron ment
from be ing con tam i nated with rapid non-ion iz ing ra -
di a tion, which would re sult in the im pos si bil ity of us -
ing mod ern elec tronic de vices in it. This does not mean 
that fu sion re ac tors will not in the fu ture pro duce high
elec tro mag netic con tam i na tion of the en vi ron ment in
their vi cin ity, es pe cially in the do main of the
technosphere.
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EFIKASNOST  GASNIH  ODVODNIKA  PRENAPONA  U
SREDINI KONTAMINIRANOJ  NEJONIZUJU]IM  ZRA^EWEM

NASTALIM  U  FUZIONIM  GENERATORIMA

Rad je eksperimentalnog karaktera. Formiran je model elektronskog generatora za
injektovawe energije u plazmu fuzionog reaktora. Snimawem nejonizuju}eg poqa u okolini
ovakvog generatora utvr|eno je da je to poqe izuzetno velike brzine porasta. Na mestu
maksimalnog intenziteta tog poqa nejonizuju}eg zra~ewa eksperimentisano je sa komercijalnim
odvodnicima prenapona i fleksibilnim modelom odvodnika prenapona. Ustanovqeno je da
komercijalni odvodnici prenapona imaju efikasnost oko 20 %. Za efikasnost fleksibilnog
modela ustanovqeno je da je efikasnost ne{to mawa od 40 % (i da se posti`e primenom
radioaktivnog zra~ewa alfa ~estica). Po{to nijedna od tih efikasnosti ne garantuje pouzdani
rad gasom puwenog odvodnika prenapona zakqu~eno je da bitna elektronika u blizini fuzionog
generatora mora biti za{ti}ena. Me|utim, po{to se ta za{tita mo`e sprovesti samo kod
fuzionog reaktora ostaje ~iwenica da je okolina takvog reaktora izuzetno kontaminirana
nejonizuju}im zra~ewem. Komercijalni odvodnici napona su izolovani za ispitivawe po{to je
za{tita elektronskih sklopova od brzih prenapona kriti~na ta~ka za funkcionisawe savremene
elektronike.

Kqu~ne re~i: elektromagnetna kontaminacija `ivotne sredine, gasom puweni odvodnik
.........................prenapona, fuzioni reaktor, elektromagnetno poqe


