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The study con sid ers the im pact of the en vi ron men tal con tam i na tion by the elec tro mag netic
ra di a tion of elec tron beam gen er a tor and high-en ergy ra dio ac tive source on the mem ory com -
po nents. Elec tron beam gen er a tor can be used for in ject ing par ti cle en ergy into the plasma of
the fu sion sys tem based on a Marx gen er a tor, while ra dio ac tive source as a sim u la tor of
high-en ergy ion iz ing ra di a tion that can be caused by the neu tron-in duced ac ti va tion of
plasma sur round ing struc tures or re leased from deu te rium-tri tium fu sion re ac tion. The ef -
fects of gamma ra di a tion of high-en ergy ra dio ac tive source and elec tric field of the elec tron
beam gen er a tor on EPROM and EEPROM semi con duc tor com puter mem ory, were in ves ti -
gated. An older mem ory types were de lib er ately cho sen for the rea son that their more ro bust
con struc tion will better pro tect them from the ef fects of ion iz ing and non-ion iz ing ra di a tion.
The re sults ob tained un der well-con trolled con di tions show a high de gree of non-re sis tance
of the semi con duc tor tech nol ogy to the ex pected elec tro mag netic pol lu tion of the elec tron
beam gen er a tor and high-en ergy ra dio ac tive source. This con clu sion raises doubts on the pos -
si bil ity of si mul ta neous ap pli ca tion of elec tron beam gen er a tor, con se quently fu sion sys tem
and nanotechnologies with the in creas ing need for min ia tur iza tion of elec tronic com po nents.

Key words: elec tro mag netic pol lu tion, elec tron beam gen er a tor, high-en ergy ra dio ac tive source,
mem ory com po nent

IN TRO DUC TION

Pop u la tion growth in world coun tries and the de -
vel op ment of new tech nol o gies have in creased the need 
for en ergy. To day, coun tries that have re lied on nu clear
en ergy sources do not en ter into any en ergy cri ses.
How ever, con ven tional baseload power sources are
lim ited due to greenhous gas and its neg a tive im pact to
the cli mate change. Ura nium, which is the fuel of both
ther mal and fast re ac tors, is pres ent in na ture in lim ited
quan ti ties as the last un sta ble el e ment of the Pe ri odic
Ta ble, orig i nat ing from a su per nova ex plo sion that oc -
curred be fore the for ma tion of the So lar Sys tem. For
this rea son, it is con sid ered that the de fin i tive so lu tion to 
the en ergy needs of the en tire planet will be met by
achiev ing eco nom i cally ac cept able, con trolled nu clear
fu sion.

As one po ten tial so lu tion for sig nif i cant source of
en ergy with zero car bon emis sion is tech nol ogy based on 
nu clear fu sion in which a plasma is heated. Sci en tists or -
ga nized on de mand ing pro jects em pha size the neg li gi ble 
im pact on the hu man en vi ron ment as one of the ad van -
tages of fu sion re ac tors [1]. This state ment, al though par -
tially true, ig nores that fu sion type re ac tors are a source
of con sid er able elec tro mag netic (non-ion iz ing and ion -
iz ing) en vi ron men tal con tam i na tion [2, 3].

Elec tro mag netic con tam i na tion of the en vi ron -
ment causes con se quences for the bio sphere and the
technosphere. The im pact of elec tro mag netic con tam i -
na tion on the technosphere is par tic u larly un pre dict able,
since the grow ing trend to wards min ia tur iza tion of elec -
tronic cir cuits makes them very sen si tive to overvoltages
in duced by ul tra-fast elec tro mag netic fields gen er ated in
the fu sion re ac tor. In or der to ex am ine the pos si ble oc cur -
rence of elec tro mag netic pol lu tion of the fu sion sys tem
in the en vi ron ment, a study was car ried out on the in flu -
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ence of the elec tro mag netic field, cre ated in the elec tron
beam gen er a tor which can po ten tially be a part of fu sion
ma chines for plasma heat ing, and gamma ra di a tion, as a
pos si ble prod uct of the neu tron-in duced ac ti va tion of the
sur round ing plasma struc tures, on the mem ory com po -
nents in its vi cin ity.

Sev eral tests were per formed on the plasma heat -
ing in the core of the gen er a tor with par ti cle beams and
their com par i son with the plasma heat ing with an elec -
tro mag netic (la ser) beam where, at high tem per a tures,
there is con sid er able re flec tion of the la ser beam and loss
of en ergy [2]. A con sid er ation of the before-men tioned
prob lem is a con tin u a tion of pre vi ous re search [4]. The
elec tron beam gen er a tor, used in this study for plasma
heat ing in the fu sion sys tem, is de scribed in de tail in the
pa per [5]. This gen er a tor in ver ti cal part is a Marx gen er -
a tor, im mersed in in su lat ing oil to pre vent spark ing be -
tween ca pac i tors and ac ti vated by three-elec trode spark
gaps in su lated with a com po si tion of SF6-N2 gases with
a sep a rate third elec trode. Such a way of trig ger ing gives
min i mal jit ter when the per cent age com po si tion of the
gas mix ture is op ti mal [6-9]. For get ting high plasma
tem per a ture, it is op ti mal to in ject pulses of the or der of
10 TW with a width of about 5 ns. Such a pulse can not be
ob tained from one elec tron beam gen er a tor, so the
plasma is heated by sev eral elec tron beam gen er a tors that 
si mul ta neously fire into the plasma.

The goal of this study is to ex am ine the in flu ence
of the fast elec tro mag netic field, cre ated in the fu sion
re ac tor, on the tech ni cal-tech no log i cal com po nents in
its vi cin ity, i. e., the im pact of elec tro mag netic con tam -
i na tion of the fu sion re ac tor on the technosphere. It re -
fers to the com par i son of the dam age of EPROM and
EEPROM mem o ries by gamma ra di a tion and in duced
overvoltage due to the fast electromagmatic field that
oc curs in fu sion re ac tors.

MA TE RI ALS

The Marx gen er a tor was set to give a 1.2/50 ms
pulse shape by se lect ing re sis tors to charge and dis -
charge the ca pac i tor. In the hor i zon tal part of the cir -
cuit there was a sys tem of con duc tors and ca pac i tors
filled with deionized wa ter. At the top of the hor i zon tal 
part of the elec tronic gen er a tor there was a ca pac i tive
probe (or al ter na tively a Kerr cell) which was con -
nected to the pulse con duc tor of the gen er a tor. This
probe has the task of mea sur ing the volt age form of the
elec tronic pulse that is fired from the elec tronic gen er -
a tor and which in jects en ergy into the plasma. The hor -
i zon tal part it self serves to ad just the elec tronic pulse
to the need, fig. 1 [5].

From the as pect of elec tro mag netic pol lu tion of
the en vi ron ment by the fu sion sys tems, two com po -
nents ap pear. The first com po nent is elec tro mag netic
ra di a tion as a con se quence of ex tremely fast pulses
gen er ated by elec tron beams in jected into the plasma
(con ceived in this way). The sec ond type is ion iz ing
high-en ergy gamma ra di a tion as con se quence of neu -
tron-in duced ac ti va tion of plasma sur round ing struc -
tures (walls and com po nents) [10]. To gether, ion iz ing
and non-ion iz ing ra di a tion can af fect elec tronic equip -
ment used for pro tec tion, mea sure ment and man age -
ment con trol of the pro cesses in a fu sion sys tem. Mod -
ern elec tronic equip ment is es pe cially sen si tive, where 
the trend to wards its min ia tur iza tion has caused an ex -
cep tional sen si tiv ity to elec tri cal noise in duced by ion -
iz ing ra di a tion [11-13]. Also, surge pro tec tion com po -
nents can change their char ac ter is tics so, the en tire
con trol sys tem could be com pro mised by overvoltage.
Fi nally, ion iz ing ra di a tion af fects the low-volt age part
of the sen sor, which con sists of a ca pac i tor with an
elec tronic type of po lar iza tion in su la tor (or some other 
ma te rial that has a fre quency in de pend ent di elec tric
con stant such as mica) and an adap tive re sis tance [14,
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Fig ure 1. Sys tem of eight elec tron beam
gen er a tors for in ject ing en ergy into the
plasma by si mul ta neous trig ger ing:
(1) cham ber with an oil-in su lated Marx
gen er a tor, (2) elec tri cal as sem bly for
beam for ma tion, (3) en trance of the hor i -
zon tal part for in ject ing elec trons into the 
plasma, (4) space shielded by m-metal
with plasma, and (5) build ing for the con -
ver sion of heat en ergy into elec tric ity
(from [5])



15].  Even the small est de vi a tions from the set val ues
of the sys tem, es pe cially the probe, can dis rupt the fu -
sion pro cess and put the gen er a tor out of func tion.

EX PER I MENT

Es ti ma tion of the en vi ron men tal pol lu tion by a
fu sion sys tem was con ducted in two sep a rate ex per i -
ments: ex per i ment on the in flu ence of the gamma ra di -
a tion field on elec tronic com po nents and ex per i ment
of rap idly chang ing elec tric field on elec tronic com po -
nents. The elec tronic com po nents on which the ex per -
i ments were car ried out were EPROM and EEPROM.
The older types of mem o ries were cho sen for rea sons
of more ro bust con struc tion, so it could be ex pected
that they have greater re sis tance to ion iz ing ra di a tion
and overvoltage [16].

Tests were per formed on EPROM and
EEPROM mem o ries of var i ous types and man u fac tur -
ers. The ob tained re sults pre sented in this study re fer
to JL 27C512 EPROM and 28C64C EEPROM mem o -
ries man u fac tured by TMS, Sin ga pore. The 100 mem -
o ries of the same type were used for the test, which
were di vided into groups of five mem o ries each.

The ex per i ments with gamma ra di a tion field
were per formed un der well-con trolled lab o ra tory con -
di tions. The gamma ra di a tion field was re al ized by the
IRPIK-B de vice. The thick ness of the walls de creased
the in ten sity of the source 1000 times. Beam shap ing
was done with a collimator of vari able di rec tion. The
max i mum di men sion of the field at a dis tance of 1 m
was 30 cm ´ 30 cm. The used ra dio ac tive source was
60Co (ac tiv ity of 124.1 TBq; pro duc tion date 2010).
The 60Co pro vides  two  gamma rays with en er gies of
1.173 MeV and 1.332 MeV.

Be fore the start of the test, the same mem ory
con tent 1 was writ ten in all mem ory sam ples. Mem ory
con tent 1 was used be cause it is more en ergy sta ble. In
do ing so, con stant volt age forms were used [17-20].

First, EPROM and EEPROM mem o ries were
tested on the ef fects of gamma fields. Dur ing the test with
ra di a tion from a gamma source, the size of the ra di a tion
field was 8 cm ´ 8 cm. The dis tance be tween the source
and the tested mem ory sam ples was 45.6 cm. The strength
of the ab sorbed dose in air was 60 Gyh–1, and 65.82 Gy–1

in Si ma te rial. Test ing of the gamma field ef fect on mem -
ory com po nents was per formed at a tem per a ture of 20 °C.
Eras ing the con tents of the EEPROM com po nents was
done with a stan dard UV eraser. The ef fects of ra di a tion on 
the ex am ined mem o ries were ob served as: dif fer en tial
change in the num ber of de fects as a func tion of the to tal
ra di a tion dose and cu mu la tive change in the num ber of de -
fects as a func tion of the to tal ra di a tion dose. One se ries of
mea sure ments was per formed with one ir ra di a tion on five
mem ory com po nents.

Af ter that, EPROM and EEPROM mem o ries
were tested for high-fre quency elec tric field (volt age

rise field 50 kV(ns)–1. Dur ing the test ing of the re sis -
tance of the mem ory com po nents to overvoltages
in duced by fast volt age pulses, they were placed at a
dis tance of 50 m, 100 m, 500 m, and 1000 m (these
tests were per formed in a clean area with out re flec -
tions) from the model of the elec tron fu sion in jec tor in
the hor i zon tal plane, in which the pre vi ously de -
scribed elec tric field is es tab lished at all points. The
ex am i na tion of the ef fect of the fast elec tric field was
per formed in the same way as in the case of ir ra di a tion
with gamma pho tons. EPROM and EEPROM mem -
ory com po nents, from the same man u fac turer, were
used for all the mea sure ments. Those com po nents
were tested for sto chas tic iden tity and were cho sen
among the most sta ble com po nents for the tested ef fect 
in the gamma field. The two ef fects of a fast elec tric
field on the tested mem o ries were ob served: the di rect
ef fect of a fast elec tric field on the mem ory and the ef -
fect of a fast elec tric field on mem o ries pro tected from
overvoltage by a fast pro tec tive hy brid cir cuit ac cord -
ing to the stan dard IEC 77.C1, as shown in fig. 2 [21].

Dur ing the ex am i na tion of the non-ion iz ing ra di -
a tion im pact on one mem ory com po nent, the num ber
of trig ger ing reps of elec tronic gen er a tor model were:
100, 200, 300, 400, 500, 600, 700, 800, 900, and 1000.
Be tween two con sec u tive trig ger ing, a one-min ute
break was made. The pro cess of one mea sure ment se -
ries was au to mated. Af ter the com ple tion of a se ries of
trig ger ing, the num ber of er rors, caused by the ac tion
of a non-ion iz ing elec tro mag netic im pulse, was de ter -
mined. An er ror was con sid ered if log i cal con tent 1
from a mem ory com po nent cell is lost, i. e., log i cal
con tent 0 in a cell was con sid ered as an er ror. The read -
ing of the mem ory com po nent cells was per formed
with equip ment and soft ware ob tained from the man u -
fac turer of the tested com po nent. The num ber of de -
struc tive er rors af ter one se ries of non-ion iz ing elec -
tro mag netic pulses was re corded and then the con tent
of the mea sured semi con duc tor com po nent was
cleaned and log i cal con tent 1 has been set. If the con -
tents of the mem ory com po nent cell in which the en try
of the log i cal con tent 1 failed, it was con sid ered de -
stroyed. Mem ory com po nent was con sid ered de -
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Fig ure 2. Scheme of the pro tec tive hy brid cir cuit made
ac cord ing to IEC 77.C1 stan dard



stroyed if the writ ing of the log i cal con tent 1 to mem -
ory cell failed.

The mea sure ments were per formed un der
well-con trolled lab o ra tory con di tions. The used in -
stru men ta tion was cer ti fied by li censed lab o ra to ries.
The semi con duc tor com po nents mea sured were iden -
ti cal and new. The com bined mea sure ment un cer tainty 
was for all the mea sure ments less than 8 % [22, 23].

RE SULTS AND DIS CUS SION

Fig ures 3 and 4 show the dif fer en tial change and
the cu mu la tive change in the num ber of EPROM com -
po nent de fects de pend ing on the re ceived ra di a tion
dose, re spec tively, where Ni + 1 is num ber of de fects for 
(i + 1) com po nent, Ni is num ber of de fects for i com po -
nent, Ntot is to tal num ber of de fects, and N0 is ini tial
num ber of de fects (for figs. 3-16).

Based on figs. 3 and 4, it can be con cluded that
gamma ra di a tion leads to a sig nif i cant dam age to the
con tents of EPROM mem o ries.

A change oc curs when the to tal ra di a tion dose
ex ceeds 1300 Gy. The re sult ing changes are re vers -
ible. Af ter de let ing the con tent by UV ra di a tion pre vi -
ously ir ra di ated with a dose of over 1300 Gy, all func -
tions are re stored 100 %.

The re-ir ra di a tion of EPROM mem o ries af ter
eras ing and re stor ing all re cords to state 1 shows that
there has been a de crease in the sta bil ity of mem o ries
in re la tion to ra di a tion, figs. 5 and 6.

The ef fect ob served in figs. 5 and 6 is a con se -
quence of the cu mu la tive ef fect of ra di a tion. The main
phys i cal ef fect that leads to dam age to the con tents of
EPROM mem o ries is the gen er a tion of elec tron-hole
pairs in the in su lat ing SiO2 layer. In ad di tion, gamma
ra di a tion leads to the for ma tion of sur face states on the
Si-SiO2 bound ary sur face. Both of these ef fects are
suc cess fully can celed by de le tion, but there is al ways a 
mem ory ef fect caused by the sig nif i cantly lower mo -
bil ity of the holes.

Fig ures 7 and 8 show the dif fer en tial change and
the cu mu la tive change in the num ber of EEPROM
com po nent de fects de pend ing on the to tal re ceived ra -
di a tion dose, re spec tively.

Based on figs. 7 and 8, it can be con cluded that
gamma ra di a tion leads to a sig nif i cant dam age to the
con tent of EEPROM mem ory. The thresh old for
EEPROM mem ory dam age is at doses of 100 Gy. With
the in crease of the to tal re ceived dose, the num ber of
dam ages to the con tent of EEPROM mem ory in creases. 
In con trast to the be hav ior of EPROM mem o ries, the in -
flu ence of gamma ra di a tion on EEPROM mem o ries is
ir re vers ible. There fore, once the EEPROM mem ory
has been dam aged by the in flu ence of gamma ra di a tion,
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Fig ure 3. Dif fer en tial changes in the num ber of de fects as
a func tion of the to tal re ceived ra di a tion dose of the
EPROM mem ory sam ples ir ra di ated for the first time

Fig ure 4. Cu mu la tive changes in the num ber of de fects as 
a func tion of the to tal re ceived ra di a tion dose for the
first-time ir ra di ated EPROM mem ory sam ples

Fig ure 5. Dif fer en tial changes in num ber of de fects
as a func tion of to tal re ceived ra di a tion dose for
re pro grammed re-ir ra di ated EPROM mem ory sam ples

Fig ure 6. Cu mu la tive changes in num ber of de fects
as a func tion of to tal re ceived ra di a tion dose for
re pro grammed re-ir ra di ated EPROM mem ory sam ples



it can no lon ger be over writ ten by the ap pli ca tion of UV
ra di a tion, i. e., can not be re pro grammed again. This dif -
fer ence be tween EPROM and EEPROM mem o ries
from the as pect of the ef fect of gamma ra di a tion is in the 
re ten tion of holes cre ated by ion iza tion in the in su lat ing
layer due to a higher value of the elec tric field. In ad di -
tion, there is an ac cu mu la tion of holes on Si/SiO2 sur -
faces. The im pact of both of these ef fects in creases with
a de crease in ox ide thick ness, which con firms the ex -
pec ta tion that fur ther min ia tur iza tion of elec tronic com -
po nents de creases their re sis tance to ion iz ing ra di a tion.

Fig ures 9 and 10 show the dif fer en tial change and
the cu mu la tive change in the num ber of EPROM com po -
nent de fects un pro tected from in duced overvoltages, de -
pend ing on the num ber of trig ger ing of the elec tronic
gen er a tor, re spec tively.

Fig ures 9 and 10 de pict that overvoltages in -
duced by a fast elec tro mag netic field, caused by the
trig ger ing of an elec tronic gen er a tor, led to a sig nif i -
cant num ber of de fects of EPROM com po nents. The
num ber of de fects of EPROM com po nents, caused in
this way, is sig nif i cantly higher than the num ber of de -
fects caused by the re ceived ra di a tion dose. Also, un -
like the ef fect of gamma ra di a tion, EPROM com po -
nents un pro tected from in duced overvoltages, do not
show the ex is tence of a thresh old, i. e., the ef fect of the
dam age oc curs al ready at the first trig ger. In ad di tion
to the above, it was found that de fects, caused in
EPROM mem o ries due to overvoltage, can not be re -

moved by eras ing the con tents and re pro gram ming
again, which is also an im por tant dif fer ence com pared
to the ef fect of gamma ra di a tion.

Fig ures 11 and 12 show the dif fer en tial change
and the cu mu la tive change in the num ber of EPROM
com po nent de fects, pro tected against in duced
overvoltages, de pend ing on the num ber of trig ger ing
of the elec tronic gen er a tor, re spec tively.

Fig ures 13 and 14 show the dif fer en tial change and
the cu mu la tive change in the num ber of EEPROM com -
po nent de fects un pro tected from in duced overvoltages de -
pend ing on the num ber of trig ger ing of the elec tronic gen -
er a tor, re spec tively.

Fig ures 13 and 14 de pict that overvoltages in -
duced by a fast elec tro mag netic field by trig ger ing of
an elec tronic gen er a tor led to an ex tremely large num -
ber of de fects in EEPROM com po nents. The num ber
of EEPROM com po nent de fects is no tice ably higher
than the cor re spond ing num ber of EPROM com po -
nent de fects. It was also found that the num ber of de -
fects in EEPROM com po nents is twice as high as the
num ber of de fects caused by the re ceived dose of
gamma ra di a tion. The EEPROM com po nent could not 
be over writ ten and the com po nent could not be re pro -
grammed. The EEPROM com po nent de fects, un pro -
tected from overvoltage, had no thresh old num ber of
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Fig ure 7. Dif fer en tial changes in the num ber of de fects
de pend ing on the to tal re ceived ra di a tion dose for
EEPROM mem ory sam ples

Fig ure 8. Cu mu la tive changes in the num ber of de fects
de pend ing on the to tal re ceived ra di a tion dose for
EEPROM mem ory sam ples

Fig ure 9. Dif fer en tial change in the num ber of de fects
of EPROM com po nents un pro tected from in duced
overvoltage de pend ing on the num ber of trig ger ing of the
elec tronic gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 10. Cu mu la tive change in the num ber of de fects of 
EPROM com po nents un pro tected from in duced
overvoltage de pend ing on the num ber of trig ger ing of the 
elec tronic gen er a tor (dis tance from the elec tronic gen er -
a tor)



trig ger ing of the elec tronic gen er a tor, but at the first
trig ger de fects oc cur.

Fig ures 15 and 16 show the dif fer en tial change and
the cu mu la tive change in the num ber of EEPROM com -
po nent de fects pro tected against in duced overvoltages de -
pend ing on the num ber of trig ger ing of the elec tronic gen -
er a tor, re spec tively.

Fig ures 15 and 16 de pict that the pro tec tion
against in duced overvoltages of EEPROM com po -

nents is more ef fec tive than the pro tec tion of EPROM
com po nents. EEPROM com po nents with a pro tec tive
hy brid cir cuit have a no tice ably lower num ber of de -
fects com pared to the ef fect of ra di a tion overvoltage
for the same type of com po nents. This re sult can be re -
lated to the fre quency range of the ap plied fil ter which
re moves the fre quen cies to which the EEPROM com -
po nent is most sen si tive.
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Fig ure 11. Dif fer en tial change in the num ber of de fects of
EPROM com po nents pro tected against overvoltage de -
pend ing on the num ber of trig ger ing of the elec tronic
gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 12. Cu mu la tive change in the num ber of de fects of 
EPROM com po nents pro tected against overvoltage de -
pend ing on the num ber of trig ger ing of the elec tronic
gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 13. Dif fer en tial change in the num ber of de fects of 
EEPROM com po nents un pro tected from overvoltage
de pend ing on the num ber of trig ger ing of the elec tronic
gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 14. Cu mu la tive change in the num ber of de fects of 
EEPROM com po nents un pro tected from overvoltage
de pend ing on the num ber of trig ger ing of the elec tronic
gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 15. Dif fer en tial change in the num ber of de fects of
EEPROM com po nents pro tected against in duced
overvoltage de pend ing on the num ber of trig ger ing of the
elec tronic gen er a tor (dis tance from the elec tronic gen er a tor)

Fig ure 16. Cu mu la tive change in the num ber of de fects of
EEPROM com po nents pro tected against in duced
overvoltage de pend ing on the num ber of trig ger ing of the
elec tronic gen er a tor (dis tance from the elec tronic gen er a tor)



CON CLU SIONS

In the pres ent study, it was proven in an ex act
way that ion iz ing and non-ion iz ing ra di a tion de stroys
the re cord of rel a tively ro bust mem ory com po nents
(for this rea son, com po nents of older pro duc tion were
used). In ad di tion, the min ia tur iza tion of mem ory
com po nents led to faster de struc tion of their con tents
un der the in flu ence of ion iz ing (gamma) and non-ion -
iz ing (fast elec tro mag netic field) ra di a tion. It was con -
cluded that a fast elec tro mag netic field leads to the de -
struc tion of the mem ory com po nent due to the
break down of the in su lat ing layer SiO2. Gamma ra di a -
tion de stroys the func tion ing of mem ory com po nents
by chang ing the mi cro elec tronic cir cuits in the gate,
in creas ing the sur face elec tron den sity. The changes
caused by the ef fect of fast elec tro mag netic fields lead
to phys i cal de struc tion and the mem ory com po nent
can no lon ger be re pro grammed. Changes in mem ory
com po nents caused by gamma ra di a tion can be re -
versed by UV ra di a tion, af ter which they can be re pro -
grammed again. How ever, this re vers ibil ity af ter the
ef fect of changes due to gamma ra di a tion is of no prac -
ti cal im por tance. Since once the con tent of mem ory
com po nents is dis turbed by ion iz ing ra di a tion, it gen -
er ally be comes the cause of ir rep a ra ble dam age.

It was es tab lished that mov ing away from the
elec tronic gen er a tor re duces the dif fer en tial ef fects of
ion iz ing and non-ion iz ing ra di a tion, but that the in te -
gral mem ory ef fect in creases them and can bring them
up to 100 % on an an nual time scale. At the same time,
in the case of the de struc tive ef fect of a fast elec tro -
mag netic field, the most so phis ti cated overvoltage
pro tec tion en ables a par tial dif fer en tial ef fect, but in a
lon ger time (e. g., sev eral days), the pro tec tion ef fect is 
lost and the mem ory com po nents lose all pro tec tion ef -
fects. The ex per i ments with re dun dancy of mem ory
com po nents also did not yield use ful re sults. Un der
nor mal con di tions, mov ing away the tested com po -
nents only pro longs the time of their func tional and
phys i cal de struc tion.

By test ing an elec tronic com po nents and densely 
in te grated elec tronic com po nents, it is shown that
there is a cor re la tion be tween the in creased de gree of
their min ia tur iza tion and non-re sis tance to ion iz ing
and non-ion iz ing ra di a tion. At an ex treme de gree of
min ia tur iza tion, there is a re duced re sis tance to sec -
ond ary cos mic ra di a tion, which ab so lutely dis qual i -
fies them from ap pli ca tion (un less they are made in
high re dun dancy with logic OR and NOR gates, which 
can cels the min ia tur iza tion ef fect). Since these ef fects
are ex pected in the vi cin ity of a fu sion re ac tor model, it 
can be con cluded that this source of en ergy, which is
con sid ered the de fin i tive so lu tion to en ergy prob lems,
is dan ger ous from the as pect of elec tro mag netic con -
tam i na tion of the en vi ron ment.
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UTICAJ  ELEKTROMAGNETNOG  ZAGA\EWA  OD  GENERATORA  
ELEKTRONSKOG SNOPA  I  VISOKOENERGETSKOG  IZVORA

ZRA^EWA  NA  MEMORIJSKE  KOMPONENTE

U radu se razmatra uticaj kontaminacije `ivotne sredine elektromagnetnim zra~ewem,
generatora elektronskog snopa i visokoenergetskog radioaktivnog izvora, na memorijske
komponente.  Gen er a tor elektronskog snopa mo`e da se koristi za ubrizgavawe energije ~estica u
plazmu fuzionog sistema zasnovanog na Marksovom generatoru, dok radioaktivni izvor kao sim u -
la tor visokoenergetskog jonizuju}eg zra~ewa mo`e biti izazvan neutronom indukovanom
aktivacijom plazma okolnih struktura ili oslobo|en iz reakcije fuzije deuterijum-tricijum.
Ispitivani su efekti gama zra~ewa, visokoenergetskog radioaktivnog izvora i elektri~nog poqa
generatora elektronskog snopa, na EPROM i EEPROM memorije ra~unara. Namerno su izabrani
stariji tipovi memorija iz razloga {to ih wihova robusnija izrada boqe {titi od dejstva
jonizuju}eg i nejonizuju}eg zra~ewa. Rezultati dobijeni pod dobro kontrolisanim uslovima
pokazuju visok stepen neotpornosti poluprovodni~ke tehnologije na o~ekivano elektromagnetno
zaga|ewe generatora elektronskog snopa i visokoenergetskog radioaktivnog izvora. Dobijeni
rezultati dovode u sumwu mogu}nost istovremene primene generatora elektronskog snopa, a samim
tim i fuzionih sistema i nanotehnologija sa sve ve}om potrebom minijaturizacije elektronskih
komponenti.

Kqu~ne re~i: elektromagnetno zaga|ewe, gen er a tor elektronskog snopa, visokoenergetski
..........................radioaktivni izvor, memorijska komponenta


