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This pa per pres ents the re sults of an ex am i na tion of func tion sta bil ity of high-volt age asyn -
chron ous mo tors ex posed to am bi ent strain caused by com bined neu tron and gamma ra di a -
tion. This prob lem ap pears in prac tice when a high-volt age asyn chron ous mo tor is used in nu -
clear power plants where it can be ex posed to this type of am bi ent strain. The fail ure of the
en gine's op er a tion un der such con di tions may have un ex pected con se quences. As more than
50 % of fail ure (mal func tion) of high-volt age asyn chron ous mo tors is caused by dam age to
stator in su la tion, the fo cus of the pa per was on test ing the ef fects of com bined neu tron and
gamma ra di a tion on stator in su la tion. The tests were car ried out un der well-con trolled lab o -
ra tory con di tions on sam ples taken from both new and used fac tory coil wind ings. Two-layer
sam ples were used to re cord par tial dis charge thresh old volt age and break down volt age. By
com par ing the ex per i men tally ob tained re sults with the ap pli ca ble math e mat i cal-sta tis ti cal
pro ce dure, an es ti mate was made of the ag ing ac cel er a tion of stator in su la tion and the time
du ra tion of re li able op er a tion of  high-volt age asyn chron ous mo tor was de ter mined by life -
time ex po nent.
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IN TRO DUC TION

Pro duc tion, par tial trans mis sion and elec tric ity
con sump tion now a days can not be con ceived with out
elec tri cal ma chines. Elec tri cal ma chines have gained
such broad ap pli ca tion thanks to their sim ple con struc -
tion, de sign, main te nance and high re li abil ity in op er a -
tion.

The ex ist ing ef forts in the de vel op ment and pro -
duc tion of elec tri cal ma chines are re flected in the in -
crease of unit power ob tained from the same di men -
sions of ac tive ma te rial (ev ery 15 years the unit
strength nearly dou bled). Such sig nif i cant ad vance
was con sid er ably con trib uted to by gen eral tech ni cal
de vel op ment, but pri mar ily by the de vel op ment of in -
su la tion ma te ri als in terms of their di men sional re duc -
tion and im prove ment of their di elec tric char ac ter is -
tics. It is be lieved that it is pos si ble to pro duce an
asyn chron ous mo tor of up to 100 MW. Such large

units (and of ten smaller ones) are in stalled at vi tal
spots in hy dro, ther mal and nu clear power plants.

Any un planned out age from the op er a tion of such 
cap i tal units causes un pre dict able con se quences, and
the costs in curred can ex ceed by sev eral times the value
of the elec tri cal ma chine it self. This means that at the
pres ent stage of de vel op ment it is nec es sary to find the
op ti mum be tween the ten dency to use more (load) ac -
tive ma te rial in the elec tri cal ma chine and to pro vide
suf fi cient du ra tion of their re li able ex ploi ta tion.

Based on the data avail able in the lit er a ture, it is
ev i dent that the most com mon source of elec tri cal ma -
chine fail ure is the in su la tion of the stator. Ac cord -
ingly, the ef fi ciency, re li abil ity and life time of an elec -
tri cal ma chine can be im proved most ef fec tively by the 
de vel op ment of test ing meth ods and by close mon i tor -
ing of the con di tion of stator in su la tion. In this sense, it 
is nec es sary to de velop a method for ef fi cient mon i tor -
ing of in su la tion state while in op er a tion, as well as a
method for pre dic tion of this state by lab o ra tory tests
on com pa ra ble mod els [1-3].
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STATOR IN SU LA TION OF HIGH-VOLT AGE
ELEC TRI CAL MA CHINE

The stator in su la tion of an elec tri cal ma chine
con sists of grooved sup ports with pre vi ously formed
coil wind ings of a par tic u lar shape in cor po rated into it, 
fig. 1. The coil wind ing in su la tion is the ba sis of stator
in su la tion [4, 5]. The coil wind ing in su la tion is mostly
in flu enced by the tech no log i cal pro cess of its man u -
fac tur ing [6, 7].

The tech no log i cal pro cess of coil wind ing man u -
fac tur ing pro ceeds in the fol low ing steps: 1– for ma tion
of coil wind ing body, 2 – stretch ing of coil wind ing, 3 –
fix ing of the con duc tor, 4 – iso lat ing of the con duc tor, 5 –
form ing of a multilayer con duc tor, 6 – press ing and poly -
mer iza tion of the multilayer con duc tor, 7– form ing of the 

fi nal ap pear ance of coil wind ing, 8 – ex ter nal iso lat ing of
the ob tained coil wind ing. Fig ure 2 shows the cross-sec -
tion of a com pleted coil wind ing.

Dur ing the man u fac tur ing of coil wind ing, its
life time is mostly af fected by the in su la tion of the con -
duc tor. The com mer cial name for this type of in su la -
tion is lac quer-glass-glass-lac quer (LGGL). Al though
this in su la tion can be ex posed to a volt age of a few
hun dred volts in op er a tion, and its break down volt age
is close to ten kilo volts, the break through of this in su -
la tion is nev er the less the one that causes most fre quent 
fail ures of elec tri cal ma chines while in op er a tion. The
in su la tion sys tem weak ens due to the ag ing of the ma -
te rial es pe cially by strain dur ing op er a tion [8, 9].

STRAIN TYPES OF STATOR COIL WIND ING
IN SU LA TION DUR ING EX PLOI TA TION

The most im por tant types of strain are: ther mal,
volt age, me chan i cal, am bi ent, and com bined. In prac -
tice, as a rule, the strain is al ways com bined. Due to the 
com plex ity of the in ter ac tion (syn ergy) of these
strains, it is not pos si ble to pro vide a uni ver sal method
for test ing the in su la tion, nor is there a way to de ter -
mine its life time. In prac tice, par tial im pact anal y sis is
used most of ten to de ter mine the im pact of a strain
type. This sim pli fied method of test ing makes the pro -
cess prac ti cal and sig nif i cantly less ex pen sive, but it
has a neg a tive ef fect on the ac cu racy and com plete ness 
of re sults [10,11].

In this pa per, the fo cus was on am bi ent strain,
more pre cisely, on one of its forms – the in flu ence of
nu clear (neu tron) ra di a tion on the stator in su la tion of
an elec tri cal ma chine. Cases where the ef fects of neu -
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Fig ure 1. High-volt age asyn chron ous mo tor wind ing
(zones I, II, III marked)

Fig ure 2. Coil wind ing cross-sec tion
of a high-asyn chron ous ma chine stator
(1 – cop per con duc tor, 2 – in ner LGGL
in su la tion, 3 – outer
mica-resin-poly es ter in su la tion);
Ube is the edge break down volt age and
Ubh is the cen tral break down volt age



tron in flu ence on an elec tri cal ma chine can be ex -
pected are rare but the ef fects of neu tron ra di a tion on
in su la tion can be cat a strophic in the event of ma chine
fail ure while in op er a tion. Spe cif i cally, elec tri cal ma -
chines op er at ing in nu clear power fa cil i ties are sub -
jected to a par tic u larly strict mon i tor ing sys tem since
their fail ure could en dan ger the safety of the whole nu -
clear plant and thus lead to un de sir able con se quences.
It should be em pha sized that the like li hood of such an
oc cur rence is ex tremely small es pe cially with the new
gen er a tion of nu clear plants.

EX PER I MENT

The tests were car ried out in a field of neu tron
and gamma ra di a tion on both new and used sam ples in
or der to pre dict the con di tion of coil wind ing in su la -
tion of a high-volt age ma chine. New sam ples were
taken from new coil wind ing in zones I, II, and III, fig.
3. Used sam ples were taken from the same coil wind -
ing zones but af ter they had spent one, two, five, eight,
and ten years in op er a tion. The sam ples were taken by
ex tract ing a por tion of coil wind ing from which a dou -

ble-layer sam ple was made (cop per-in su la tion-cop -
per), fig. 4. Fifty iden ti cal sam ples of each type were
taken (i. e., from zones I, II, and III). The iden tity of the 
sam ples was ver i fied by mea sur ing the tan gent of the
loss an gle and ap ply ing the h-test (sta tis ti cal un cer -
tainty of 5 %) on the ob tained re sults [12-14].

The sam ples thus ob tained, in groups of 50, were 
ex posed to ra di a tion from a Ra-Be neu tron source (ac -
cord ing to in for ma tion from the cer tif i cate of
Amershaw com pany, with the ac tiv ity of 18.5 GBq
and neu tron in ten sity of 7.3·106 ns–1) for 5 days. To -
gether with the tested sam ples, a gold foil was in stalled 
to de ter mine in duced ef fi ciency. Sub se quently, by us -
ing the av er aged ef fec tive cross-sec tion for neu trons
in gold, the neu tron flux was de ter mined. In par al lel
with the ex per i ment, the same flux was de ter mined by
Monte Carlo sim u la tion. Good agree ment was ob -
tained within the range of 1.5 %. The ab sorbed dose of
neu tron and gamma ra di a tion was de ter mined by sim -
u la tion based on the neu tron flux ob tained by Monte
Carlo sim u la tion. Ta ble 1 pres ents data on the ab -
sorbed dose of neu tron and gamma ra di a tion of in di -
vid ual parts of the sam ple and the av er age ab sorbed
dose for the whole in su la tor [15, 16].
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Fig ure 3. Sam ples taken from
a new coil wind ing; (a) zone I,
(b) zone II, (c) zone III

Fig ure 4. Dou ble-layer test
sam ples



On ir ra di ated and non-ir ra di ated sam ples, the
fol low ing in su la tor char ac ter is tics were mea sured: tgd
– tan gent of loss an gle, R1 and R10 – in su la tion re sis -
tance 1 min ute and 10 min utes af ter ac volt age load, re -
spec tively, Upt – ac volt age of par tial dis charge thresh -
old, and Udb – ac break down volt age. Based on the
mea sured val ues, it was de ter mined as fol lows: s – po -
lar iza tion in dex (the ra tio of in su la tion re sis tance R10

af ter 10 min utes of ac volt age load and R1 af ter 1 min -
ute of ac volt age load), k – the co ef fi cient of pro por -
tion al ity be tween the value of ac break down volt age
and the ac volt age of par tial dis charge thresh old and r
– life time ex po nent [17, 18]. The tan gent of loss an gle
was mea sured ac cord ing to stan dards IEC 60502-2
and IEC 60250. The in su la tion re sis tance was mea -
sured ac cord ing to stan dard IEC 60270. The ac break -
down volt age was mea sured by a mod i fied stan dard
[19, 20]. Fig ure 5 shows test cir cuit for test ing sam ples 
with ac volt age. The method of rais ing volt age was
used to de ter mine the life time ex po nent [21, 22]. All
mea sur ing pro ce dures for the ac qui si tion of mea sured

val ues were fully au to mated. The ex per i ments were
car ried out un der well-con trolled lab o ra tory con di -
tions. The com bined mea sure ment un cer tainty of any
mea sure ment pro ce dure was not greater than 5 %
[23-25].

The ob tained sta tis ti cal sam ples of 50 ran domly
mea sured val ues were pro cessed as fol lows: du bi ous
mea sure ment re sults were re jected by us ing Chauvenet's
cri te rion; all per tain ing ran dom vari ables of a sin gle sta -
tis ti cal sam ple to a unique sta tis ti cal sam ple were
checked by U-test; ran dom vari ables of each sta tis ti cal
sam ple were tested by c2 – test and Kolmogorov test on
af fil i a tion to Gauss (Nor mal) dis tri bu tion, 3-pa ram e ter
Weibull dis tri bu tion and to the dou ble ex po nen tial dis tri -
bu tion, and the first, sec ond and third mo ment of sta tis ti -
cal dis tri bu tions from ob tained sta tis ti cal sam ples were
de ter mined by the method of mo ments [26-28]. 

LIFE TIME AND LIFE TIME EX PO NENT

The in su la tion ca pa bil i ties of in or ganic and or -
ganic in su lat ing ma te ri als vary greatly in terms of time
de pend ence. In the case of in or ganic in su lat ing ma te ri -
als, there is lit tle (or no) de pend ence of in su lat ing abil -
i ties on time. In the case of or ganic in su lat ing ma te ri als 
(which are in creas ingly used) there is a pro nounced
de pend ence of in su lat ing abil i ties on time. The de -
pend ence of in su lat ing abil i ties on time is de scribed by 
the char ac ter is tic of life time, i. e., by the de pend ence
of break down volt age on break down time.

In or der to de ter mine the life time char ac ter is tic,
it is nec es sary to know the sta tis ti cal dis tri bu tions of
ran dom vari ables  break down time and break down
volt age. In or der to ob tain a re li able char ac ter is tic of
life time, the sta tis ti cal sam ples of the vari ables break -
down time and the break down volt age must meet the
strict re quire ments of t-dis tri bu tion. It has been de ter -
mined that the cu mu la tive fre quen cies and func tions
of the de riv a tive of ran dom vari ables break down time
and break down volt age can be suc cess fully de scribed
by the dis tri bu tion of ex treme val ues. The 3-pa ram e ter 
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Ta ble 1. Ab sorbed dose of neu tron and gamma
 ra di a tion

Num ber of
ex per i ments

Neu tron flux
[cm–2s–1]

Ab sorbed dose [Gy]

Neu trons** Gamma
ra di a tion***

1 1.62 · 105(±3 %*) 5.16 (±3 %)
1033.1

(±0.50 %*)

2 6.17 · 104(±3 %) 1.55 (±3 %)
252.4

(±1.00 %)

3 3.50 · 104(±3 %) 0.70 (±3 %)
98.2

(±1.50 %)

* the per cent ages in pa ren the ses are the to tal mea sure ment un cer -
tainty, while with the ab sorbed dose of gamma ra di a tion they are
only the sta tis ti cal un cer tainty of Monte Carlo;

** the value of ab sorbed dose of neu tron ra di a tion was ob tained as
ab sorbed en ergy from neu tron by us ing the Monte Carlo pro gram
MCNP-5, af ter ex per i men tal val i da tion for neu tron flux (it was as -
sumed that the dif fer ence be tween the mea sured and sim u lated
neu tron flux is not greater than 1.5 %);

*** the value of ab sorbed dose from pho ton of gamma ra di a tion
was ob tained as ab sorbed en ergy from pho ton in the in su la tor by
us ing the Monte Carlo pro gram MCNP-5 with 226Ra chain in equi -
lib rium and for the ac tiv ity 226Ra of 18.5 GBq (ac cord ing to the
cer tif i cate of Amershaw com pany) 

Fig ure 5. Test cir cuit for
test ing dou ble-layer sam ples
with ac volt age (U~ – high-volt -
age sup ply, Z – fil ter, Ca – test
ob ject, Ck – cou pling ca pac i tor,
Zmi – mea sur ing in stru ment
in put im ped ance, CD – cou -
pling de vice, CC – con nect ing
ca ble, MI – mea sur ing in stru -
ment, Rsh – ground ing shunt)



Weibull dis tri bu tion is the most ap pro pri ate for this
class of prob lems [29-31].

To ob tain the char ac ter is tics of life time (i. e., the
dis tri bu tion func tions of break down time and break -
down volt age), it is nec es sary to form a sta tis ti cal sam -
ple of n val ues of ran dom vari able break down time
(ob tained by con stant volt age Ud1).

The em pir i cal func tion of break down time dis -
tri bu tion, is de scribed by Weibull dis tri bu tion
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where td is break down time, td63 is 63 % quantile of
break down time and dt is the third pa ram e ter of the
Weibull dis tri bu tion (the so-called Weibull ex po nent).

The life time char ac ter is tic is con structed by us -
ing se lected quantiles of this dis tri bu tion. It has been
es tab lished that the life time char ac ter is tic is a straight
line on a dou ble-log a rith mic scale [32, 33]. For each
or der of quantile p of break down time, the life time
char ac ter is tic is de scribed by the fol low ing

U k t r
dp dp dp= -1/ (2)

where Udp is the break down volt age of quantile or der
p, td – the break down time, kdp – the con stant that char -
ac ter izes the ge om e try of the struc ture, and r – the life -
time ex po nent de pend ent on in su lat ing ma te rial. De vi -
a tions from the straight line of the life time
char ac ter is tic point out to a change in the mech a nism
of ag ing.

If, by anal ogy with eq. (1), we adopt the Weibull
dis tri bu tion
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for break down volt age Ud with a fixed break down
time td1, then for the same prob a bil i ties F(td; Ud1) =
=.F(Ud; td1)

U t t U t Ut U t U
d63 d1 d1 d d63 d( )[ ] [ ( )]/ /d d d d= 1 1 (4)

Ac cord ing to life time law, given that the ex po -
nent r is ap pli ca ble to all quantiles, a re la tion be tween
the Weibull ex po nent for the break down time and the
break down volt age and the life time ex po nent can be
ob tained by eq. (2)

r =
d

d
U

t

(5)

As stated, the sta tis ti cal sam ples of ran dom vari -
ables break down time and break down volt age, re -
quired to de ter mine life time char ac ter is tics, are de ter -
mined by the ex per i men tal method of con stant
volt age. The dis ad van tage of con stant volt age method
is that it is time-con sum ing. In or der to speed up ob -

tain ing of re sults, it is pos si ble to ap ply an ex per i men -
tal method by in creas ing volt age. The re sults ob tained
by the method of the in creas ing volt age can be trans -
formed into the re sults ob tained at con stant volt age
[32]. This is achieved by en ter ing the used rates of in -
creas ing volt age DU into Ud – td di a gram. The op ti -
mum lines pass ing through the points thus ob tained
can be in ter preted as char ac ter is tics of the life time ob -
tained by the method of the in creas ing volt age.

In or der to de ter mine the re la tion be tween the
test re sults ob tained by in creas ing volt age and those at
con stant volt age, the method of dam age ac cu mu la tion
is used. Dam age ac cu mu la tion is char ac ter ized by the
de vel op ment of ir re vers ible de struc tion of the solid
body struc ture by the mag ni tude of rel a tive con sump -
tion of life time

l
t

t
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d

(6)

where td is the break down time and tb £ td is the du ra -
tion of in su la tion strain. By ap ply ing eq. (2) for any
quantile p, the fol low ing is ar rived at
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For the known val ues of life time ex po nent r, eq.
(7) en ables con ver sion of pairs of strain val ues (Ub, tb)
to equiv a lent strains (Ub

*, tb
*), i. e., strains with the

same life time con sump tion
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This is due to the fact that a strong elec tri cal
strain of short du ra tion can cause the same in su la tion
dam age (the same life time con sump tion) as a weaker
strain with long du ra tion.

If the life time model is ap plied to the whole test
with in creas ing volt age (Uds, tds), the break down time
and the break down volt age, anal o gous to eq. (8), can
be cal cu lated for equiv a lent test ing with con stant volt -
age (Udk, tdk). If Udk = Uds the fol low ing ap plies for any 
quantile

t
t

r
dk

ds=
+ 1

(9)

and if tdk = tds

U
U

rrdk
ds=
+ 1

(10)

RE SULTS AND DIS CUS SION

Ta ble 2 pres ents the mea sure ment re sults of tan -
gent of loss an gle, tgd, po lar iza tion in dex, s, co ef fi cient
of pro por tion al ity, k, and life time ex po nent, r, de pend ing
on the re ceived dose of neu tron and gamma ra di a tion.
The pa ram e ter of the pre sented re sults is the time du ra -
tion of the coil wind ing in the elec tri cal ma chine from
which the sam ples were taken, or more spe cif i cally, tab.
2 shows the mea sure ment re sults of new sam ples and
sam ples used for 10 years.
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Based on the re sults shown in tab. 2, it can be
seen that neu tron + gamma ra di a tion has  much
greater in flu ence on the di elec tric char ac ter is tics of
the LGGL coil wind ing stator in su la tion of
high-volt age asyn chron ous ma chines. By com par ing 
these re sults with the cor re spond ing re sults ob tained
by ir ra di a tion of LGGL in su la tion by gamma ra di a -
tion only [34] in su la tion of the same sam ples by
other, stan dard, am bi ent strains, it can be con cluded
that neu tron ra di a tion has the most de struc tive ef fect
on the coil wind ing stator in su la tion of high-volt age
asyn chron ous ma chines. This in flu ence is par tic u -
larly re lated to the ac cel er ated ag ing pro cess and the
inhomogeneity of the ag ing mech a nism.

CON CLU SIONS

The ex am i na tion of the in flu ence of neu tron +
gamma ra di a tion on the stator in su la tion of high-volt -
age asyn chron ous ma chine has shown that the pres -
ence of neu tron com po nent in ra di a tion sig nif i cantly
ac cel er ates the deg ra da tion pro cesses of LGGL in su -
la tion. This oc curs most likely due to di rect in ter ac tion 
with the struc ture of the lac quer and glass, which leads 
to cleav age of their macromolecules. Such a pro cess is 

sig nif i cantly more ef fi cient than the im pact of solely
gamma ra di a tion which in ter acts with the sys tem of
elec trons, or that of elec trons. In most com mon con di -
tions un der which high-volt age asyn chron ous ma -
chines op er ate, there is no prob a bil ity of their be ing in
the field of neu tron ra di a tion. How ever, if such a pos -
si bil ity does oc cur, op er a tion fail ure of such ma chines
can have cat a strophic con se quences, so in that case
the in su la tion con di tion of their stator should be con -
trolled more fre quently and it is nec es sary to take into
ac count the pos si bil ity of their much shorter life time
(i. e., they need to be over hauled and re placed more
of ten, and the re placed high-volt age asyn chron ous
ma chines should be treated as ra dio ac tive waste).
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Ta ble 2. De pend ence of; (a) tan gent of loss an gle, tgd, ( b) po lar iza tion in dex, s, (c) co ef fi cient of pro por tion al ity, k, and
(d) life time ex po nent, r, on the re ceived dose of neu tron and gamma ra di a tion

Ab sorbed dose [Gy] tgd, zone I tgd, zone II tgd, zone III

Neutrons Gamma New Used New Used New Used

0 0 5.3 5.6 5.1 5.4 4.8 5.3

0.7 98 5.7 6.1 5.6 5.8 5.1 5.5

1.55 259 5.8 6.2 5.9 6.3 5.7 6.4

5.16 1033 6.1 6.5 6.0 6.4 5.9 6.8

(a)

Ab sorbed dose [Gy] s, zone I s, zone II s, zone II

Neutrons Gamma New Used New Used New Used

0 0 4.08 3.78 4.35 3.90 4.40 4.29

0.7 98 3.96 3.52 4.15 3.81 4.28 4.14

1.55 259 3.72 3.28 3.90 3.73 4.05 3.91

5.16 1033 3.41 3.02 3.62 3.45 3.92 3.68

(b)

Ab sorbed dose [Gy] k, zone I k, zone II k, zone III

Neutrons Gamma New Used New Used New Used

0 0 6.31 5.35 6.41 5.65 7.43 6.75

0.7 98 6.01 5.00 6.10 5.32 7.21 6.58

1.55 259 5.87 5.72 5.95 5.28 7.05 6.32

5.16 1033 5.32 5.15 5.53 5.01 6.87 6.12

(c)

Ab sorbed dose [Gy] r, zone I r, zone II r, zone III

Neutrons Gamma New Used New Used New Used

0 0 12.2 11.2 12.6 11.6 12.8 11.7

0.7 98 11.9 10.9 12.1 11.2 12.6 11.4

1.55 259 10.6 9.8 11.7 11.0 12.1 11.2

5.16 1033 10.1 9.5 10.8 9.6 11.8 10.8

(d)



par tic i pated in prep a ra tion of the fi nal ver sion of the
manu script.
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DEGRADACIJA  IZOLACIJE  STATORA  VISOKONAPONSKIH  ASINHRONIH 
MA[INA  U  POQU  GAMA  I  NEUTRONSKOG  ZRA^EWA

U radu je prikazano ispitivawe stabilnosti funkcije visokonaponskog asinhronog
motora izlo`enog ambijentalnom naprezawu kombinovanog neutronskog i gama zra~ewa. Ova prob-
lematika dolazi do izra`aja u praksi kada se visokonaponski asinhroni mo tor koristi u nuk-
learnim postrojewima u kojim mo`e biti izlo`en ovome tipu ambijentalnog naprezawa. Ispad iz
rada motora u takvim uslovima mo`e da ima nesagledive posledice. Kako vi{e od 50% kvarova
visokonaponskog asinhronog motora dolazi usled o{te}ewa izolacije statora, u radu je
ispitivano dejstvo kombinovanog neutronskog i gama zra~ewa na izolaciju statora. Ispitivawe je
ra|eno u dobro kontrolisanim laboratorijskim uslovima na uzorcima uzetim sa fabri~kih navoja
(kanura) i to novih i kori{}enih. Na dvoslojnim uzorcima je sniman napon praga parcijalnog
pra`wewa i probojni napon. Pore|ewem eksperimentalno dobijenih rezultata odgovaraju}im
matemati~ko-statisti~kim postupkom ura|ena je procena ubrzawa starewa izolacije statora, a
preko eksponenta veka trajawa odre|eno je vreme pouzdanog rada visokonaponskog asinhronog
motora.

Kqu~ne re~i: visokonaponska asinhrona ma{ina, izolacija statora, starewe, neutronsko
..........................zra~ewe, gama zra~ewe


