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The re sults of the de vel op ment of mod ern pre ci sion mon i tors of al pha, beta and gamma ray
ra di a tion for set ting up early warn ing sys tems for ra dio ac tive con tam i na tion in the at mo -
sphere and rapid as sess ment of emerg ing threats, are pre sented. Pro por tional coun ters, scin -
til la tion SrI2(Eu) crys tals and semi con duc tor Si, CdZnTe, and HPGe de tec tors are used for
the de vel op ment. The de signed mon i tors pro vide in for ma tion both on dose rate val ues in real
time and on the ac tiv ity of spe cific radionuclides. The soft ware con trols the mea sure ment
mode, as well as di ag no ses the con di tion of the mon i tors them selves.
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IN TRO DUC TION

Dur ing the test ing of nu clear weap ons (in Ne -
vada, Novaya Zemlya, Mururoa, Semipalatinsk), or as
a re sult of man-made di sas ters at nu clear power fa cil i -
ties (Chernobyl, Fukushima) or in the ex trac tion of
ura nium and other min er als con tain ing ra dio ac tive el -
e ments, sig nif i cant amounts of ra dio ac tive el e ments
can be re leased into the Earth's at mo sphere. Ra dio ac -
tive el e ments com bin ing in the at mo sphere with var i -
ous gases in aero sol com pounds, can ro tate in the at -
mo sphere around the planet for a long time, fall ing
ar bi trarily on the Earth's sur face, de pend ing on at mo -
spheric con di tions.

This cir cum stance makes it ex tremely dif fi cult
to es ti mate the dose re ceived by the pop u la tion as a re -
sult of ra di a tion in ci dents, es pe cially if the place of ra -
dio ac tive fall out is lo cated thou sands of ki lo me ters
away from the epi cen ter. The tasks of de ter min ing the
doses re ceived by the pop u la tion not only in the first
hours af ter the ac ci dent but also for a long time af ter it
or at a great dis tance from the site of the ra di a tion di -
sas ter, are solved within the frame work of en vi ron -
men tal mon i tor ing of the ter ri tory where the sit u a tion
is mon i tored. Toa im ple ment this type of mon i tor ing
and timely or ga ni za tion of mea sures to pro tect the
pop u la tion from ion iz ing ra di a tion, sys tems called
“Ra di a tion ac ci dents early warn ing sys tems” are used
[1, 2]. Such sys tems are a net work of ion iz ing ra di a -

tion mon i tors, con tin u ously trans mit ting in for ma tion
about the level of back ground ra di a tion, the vol u met -
ric ac tiv ity of radionuclides, me te o ro log i cal in for ma -
tion, and other mea sured pa ram e ters to the cen tral con -
trol post [3-5].

The first and main task of ra di a tion early warn -
ing sys tems (REWS) is to re cord the fact of ex ceed ing
the nat u ral lev els of ion iz ing ra di a tion char ac ter is tic of 
a given area due to a pass ing ra dio ac tive cloud. The
sec ond task is to iden tify all the radionuclides con -
tained in the cloud in or der to de ter mine their ac tiv ity
for the sub se quent as sess ment of the dose re ceived by
peo ple. Since in mon i tor ing of a hu man the main mea -
sured value is the dose of ex ter nal and in ter nal ir ra di a -
tion, it is nec es sary to de ter mine the list of all
radionuclides that have the great est im pact on the for -
ma tion of the to tal dose and in clude mon i tors and units 
for de tect ing all rel e vant types of ion iz ing ra di a tion,
into the REWS.

A joint pro ject of Eu ro pean coun tries on the
prob lems of ra di a tion ac ci dents early warn ing sys tems 
lo cated in Eu rope was fielded to de velop and im ple -
ment a new gen er a tion of de tec tor sys tems ca pa ble of
pro vid ing in for ma tion both on dose rate val ues in
real-time and on spe cific nuclides [6]. It was pro posed
to use gamma dose rate me ters (GDRM) on the ba sis of 
new scin til la tion crys tals with im proved spec tro met ric 
char ac ter is tics, as well as semi con duc tor CdZnTe de -
tec tors ap ply ing a sim ple method of ob tain ing a dose
rate from pulse am pli tude spec tra, with out the use of
la bor-in ten sive spec tral deconvolution meth ods.
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Tech ni cal re quire ments for GDRM were also for mu -
lated within the frame work of this pro ject, on the ba sis
of the IEC EN 60846 Stan dard, but tak ing into ac count 
the pe cu liar i ties of their use in REWS [7].

This pa per pres ents the re sults of the de vel op ment 
of mod ern pre ci sion nu clear ra di a tion mon i tors com -
plex with im proved per for mances for the cre ation of the 
at mo sphere ra dio ac tive con tam i na tion REWS and
rapid as sess ment of emerg ing threats. This com plex in -
cludes: (a) GDRM on the ba sis of Gei ger-Muller coun -
ters, semi con duc tor CdZnTe and scin til la tion SrI2(Eu)
de tec tors; (b) a sta tion ary au to mated aero sol mon i tor
for the de tec tion of al pha-, beta and gamma-emit ting
radionuclides; (c) an au to mated gas mon i tor for the de -
tec tion of ra dio iso topes of io dine; (d) a mo bile au to -
mated aero sol mon i tor for the de tec tion of al pha- and
beta-emit ting radionuclides; (e) mon i tor of ra dio ac tive
con tam i na tion of the aquatic en vi ron ment. The de vel -
oped mon i tors are the ba sis for the cre ation of mod ern
REWS.

PER FOR MANCE OF GAMMA
DOSE RATE ME TERS

As an over view of the means and meth ods of ra di -
a tion mon i tor ing of the sta tions in cluded in the Eu ro -
pean ra dio log i cal data ex change plat form (EURDEP)
shows [8], most of the sta tions are mainly equipped
with GDRM on the ba sis of Gei ger-Müller coun ters and 
scin til la tion crys tals (pri mar ily NaI(Tl)). Gei ger- Mul -
ler coun ters, al though lowly sen si tive and un able to de -
ter mine the type of radionuclides pres ent [9], are ca pa -
ble of op er at ing in ra di a tion fields with an up per dose
rate mea sure ment range of up to 10 Svh–1 [10] that scin -
til la tion GDRM can not pro vide. Since, in ad di tion, Gei -
ger-Muller me ters are rel a tively in ex pen sive, sim ple,
and re li able in op er a tion, the need for their fur ther use in 
REWS is be yond doubt.

De vel op ment of GDRM based on scin til la tors
with an im proved res o lu tion in stead of NaI(Tl) crys tals
for en vi ron men tal mon i tor ing has al ready be gun
[11-14]. So far, mainly LaBr3(Ce) and CeBr3 crys -
tal-based de vices are com mer cially avail able [15, 16]. In
ac cor dance with the rec om men da tions of the
EURAMET pro ject [6, 7], for ap pli ca tion in our REWS,
we used the SrI2(Eu) scintillator, the char ac ter is tics of
which have been pro gress ing re cently [11]. In ad di tion,
GDRM on the ba sis of Gei ger-Mul ler coun ters and semi -
con duc tor CdZnTe de tec tors have also been de vel oped.
Pho tos of the de vel oped GDRMs are pre sented in fig. 1,
and their char ac ter is tics are in tab. 1.

GDRM-GM/2 me ter (a) de vel oped on the ba sis of
a two-el e ment Dose Rate Probe 70 091 (OEM Kit) [17]. 
The me ter con tains large (L) and small (S) pro por tional
coun ter with di men sions (Ø26 ´ 167) mm and (Ø9 ´
´,58.5) mm, re spec tively, as well as a microcontroller
board, con tain ing all el e ments which are re quired to op -

er ate a me ter for mea sur ing the am bi ent equiv a lent dose 
rate. GDRM-GM/2 me ter pro vides reg is tra tion of
gamma ra di a tion dose rate in the range of 0.15 µSvh–1-5 
Svh–1 and can be used in en vi ron men tal mon i tor ing
equip ment only as a do sim e ter.

GDRM-CdZnTe/6000 me ter (b) has been de vel -
oped on the ba sis of clus tered high-ef fi ciency gamma-ra -
di a tion spec trom e ter MultiSPEC6000 [18].  It is an as -
sem bly of se rial mi cro spec trom e ters µSPEC1500,
con tain ing sig nal preamplifiers and mul ti chan nel an a -
lyz ers  in  each chan nel, com bined by a spe cial holder. 
All mi cro spec trom e ters work in par al lel, cre at ing one
com mon  spec trum.  With  a to tal de tec tor vol ume of
6400 mm3, its en ergy res o lu tion at 662 keV does not ex -
ceed 3 %. With such res o lu tion, this mon i tor could in -
deed be used in REWS both as a GDRM in de ter min ing
the dose rate of ex ter nal ra di a tion, and as a spec trom e ter
in the mea sur ing chan nels of equip ment for iden ti fy ing
radionuclides and de ter min ing their ac tiv ity, as rec om -
mended in the IAEA Source and En vi ron men tal Mon i -
tor ing Pro gram [5].

How ever, in terms of gamma ra di a tion reg is tra tion
sen si tiv ity, CdZnTe de tec tors are sig nif i cantly in fe rior to
scin til la tion crys tals [19]. This can also be seen from the
com par i son of the char ac ter is tics of our de vel oped me -
ters (tab. 1). Reg is tra tion sen si tiv ity for GDRM-SrI2/1.5
is 327 cps*/(µSvh–1)  for   the  580-700  keV  range  and
683 cps/(µSvh–1)  for the 20-700 keV range. How ever,
for the GDRM-CdZnTe/6000, these pa ram e ters are only
140 cps/(µSvh–1) and 570 cps/(µSvh–1) for the re spec tive 
ranges – and this is vir tu ally for the larg est pos si ble size
6400 mm3 of a CdZnTe de tec tor.

In the works [20, 21], where the ap pli ca tion of
the CdZnTe de tec tor with a vol ume of 1000 mm3 was
also in ves ti gated for en vi ron men tal mon i tor ing tasks,
a clear con clu sion was made, too, that sen si tiv ity of the 
CdZnTe de tec tor, which only has an ac tive vol ume of
1000 cm3, is so low that in a typ i cal nat u ral en vi ron -
ment, the peaks are not vis i ble even when this de tec tor
is op er ated for sev eral hours.

It should be added that the op er at ing tem per a ture 
range for CdZnTe de tec tors is + 5 °C- + 50 °C and to
en sure their sta ble op er a tion in a wider tem per a ture
range, they need to be sta bi lized ther mally, which, ac -
tu ally, is the same as with the scintillator de tec tors. In
ad di tion, the cost of a GDRM-CdZnTe/6000 me ter
with a vol ume of 6400 mm3 sig nif i cantly ex ceeds the
cost of a GDRM-SrI2/1.5 scin til la tion me ter with crys -
tal di men sions 1.5" ´ 1.5". Thus, the rel a tively low
sen si tiv ity of CdZnTe de tec tors makes them un suit -
able in REWS for en vi ron men tal mon i tor ing.

GDRM-SrI2/1.5 me ter (c) is de vel oped on the
ba sis of a scin til la tion SrI2(Eu) crys tal with di men -
sions of Ø 38 mm ́  38 mm (Ø 1.5" ́  1.5") [22]. In ad -
di tion to the crys tal it self, the me ter in cludes a
photomultiplier, a sig nal am pli fier, a multi-chan nel
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Fig ure 1. Pho tos of gamma dose rate me ters on the ba sis of: (a) Gei ger-Muller coun ters, (b) semi con duc tor CdZnTe
de tec tor – with open cap, and (c) SrI2(Eu) scin til la tion de tec tor – with open top cap

Ta ble 1. Per for mance of the de vel oped gamma ra di a tion dose rate me ters

Per for mance GDRM-GM/2 GDRM-CdZnTe/6000 GDRM-SrI2/1.5

En ergy range 24.6 keV-10 MeV 20 keV-3,0 MeV 20 keV-3,0 MeV

Dose rate range 0.15 µSvh–1-5 Svh–1 10 nSvh–1-0,1 mSvh–1 40 nSvh–1-150 mSvh–1

De tec tor di men sions L-(Ø 26 ´ 167) mm
S-(Ø 9 ´ 58.5) mm

6400 mm3 (Ø38 ´ 38) mm
(1.5" ´ 1.5")

En ergy res o lu tion (662 keV) None 2-3 % 2,8-3,2 %

Reg is tra tion sen si tiv ity L-7.16 cps*/(µSvh–1)
S- 0.60 cps/(µSvh–1)

140 cps/(µSvh–1) for range 580-700 keV 
(peak 662 keV), 570 cps/(µSvh–1) for

range 20-700 keV

327 cps/(µSvh–1) for range 580-700 keV 
(peak 662 keV), 683 cps/(µSvh–1) for

range 20-700 keV

Back ground L-0.37 cps
S-0.03 cps 0.014 cps 0.16 cps

                Powersupply:
                – volt age
                – power

(10-30) V, 1.5 W (4.5-5.2) V, 2.0 W (4.5-18) V, 1.5 W

In ter face RS232, RS485 USB RS485, USB

Tem per a ture range –30 °C to +60 ºC +5 °C to +50 °C –25 °C to +60 ºC

GDRM di men sions (Ø 100 ´ 385) mm (Ø110 ´ 123) mm (Ø 80 ´ 330) mm

Weight 1.5 kg 0.75 kg 3 kg



an a lyzer, a high-volt age power sup ply unit, and a tem -
per a ture sta bi li za tion unit for a ded i cated peak. The
last one al lows sta bi liz ing the mon i tor char ac ter is tics
in the re quired tem per a ture range by plac ing it in a
ther mo stat with a pro gram ma ble sta bi li za tion tem per -
a ture [23]. When the ther mo stat is turned on, power
con sump tion in creases from 1.5 W to 25 W. The out -
put of the me ter is RC485 with gal vanic iso la tion.

The choice of the SrI2(Eu) scintillator was due to
its better en ergy res o lu tion and a higher gamma-ra di a -
tion reg is tra tion sen si tiv ity of all com pa ra ble scin til la -
tors. The en ergy res o lu tion at 662 keV en ergy achieved
so far for SrI2(Eu) is 2.8 %, which is better than the res o -
lu tion for CeBr3 (4.5 %) and equal to the res o lu tion for
LaBr3(Ce) (2.7 %) [12]. LaBr3(Ce), more over, has its
own lines in its own back ground spec trum in the en ergy
range of 1.4-1.6 MeV, which, other things be ing equal,
in vari ably wors ens the min i mum de tect able ac tiv ity
(MDA) of the reg is tered radionuclides. Our re sults
showed that of the 25 me ters fab ri cated on the ba sis of
crys tals from SrI2(Eu), 14 me ters had an en ergy res o lu -
tion at 662 keV not worse than 3.2 %, and an other 11 –
no worse than 3.1 %.

Me ters on the ba sis of SrI2(Eu) de tec tors are cer -
tainly su pe rior to re place able me ters with NaI(Tl) de -
tec tors be cause the en ergy res o lu tion of the for mer is
al most three times higher than the en ergy res o lu tion of
the lat ter (3 % and 8 % at 662 keV en ergy, re spec -
tively). This makes it pos si ble to de ter mine not only
the dose rate of the reg is tered ra di a tion but also the list
of radionuclides that most af fect the for ma tion of the
to tal dose. Such en ergy res o lu tion makes it pos si ble to
eas ily iden tify radionuclides 144Ce, 132Te, 143Ce, 131I,
140Ba, 134Cs, 137Cs, 95Zr, 54Mn, 136Cs, 60Co, 140La,
emit ted into the at mo sphere dur ing ac ci dents at nu -
clear power plants [1].

Thus, the de vel oped me ter can be used in REWS
not only as a GDRM in de ter min ing the dose rate of
ex ter nal gamma ra di a tion but also as a SrI2(Eu) spec -
trom e ter in the mea sur ing chan nels of equip ment for
the uni fi ca tion of radionuclides and the de ter mi na tion
of their ac tiv ity.

DEVELOPMENT OF AN AUTOMATED
MONITOR OF AEROSOL RADIOACTIVITY

It was shown in the work [24] that the con trol of
al pha and beta ac tive aero sols' con tent is the most sen -
si tive way to reg is ter changes in the ra di a tion back -
ground, which will make it pos si ble to no tice an emer -
gency sit u a tion at the very ini tial stage of its course.
This is due to the low ac tiv ity of al pha and beta ac tive
nat u ral radionuclides in the air in aero sol form. There -
fore, even a small ad di tional flow of such aero sols into
the at mo sphere will be re corded by the sen sors of the
early warn ing sys tem. The sen si tiv ity of the sys tem is
in creased also ow ing to the fact that the con tri bu tion of 

al pha and beta ac tive nat u ral aero sols, due to the de cay
prod ucts of ra don, is sub tracted from the mea sured to -
tal val ues of ac tiv ity [25]. Thus, in tro duc ing an al -
pha-beta-ra dio ac tive aero sol mon i tor into the REWS
will solve two prob lems si mul ta neously: to timely re -
cord the fact of the ar rival of a ra dio ac tive cloud and to
de ter mine the con cen tra tion of the main dose-form ing
radionuclides re leased dur ing the ac ci dent, such as
90Sr or 239Pu.

The aero sol ra dio ac tiv ity mon i tor de vised by us,
fig. 2, al lows to au to mat i cally mon i tor both gamma-ray
and al pha and beta emit ting radionuclides in aero sols de -
pos ited on fil ters. The fil ter change sys tem is con trolled
au to mat i cally by the timer and/or by the con trolled de -
gree of con tam i na tion of the fil ter, as well as the con trol
and mea sure ment of the pumped air vol ume in real time.
The op er a tion of the en tire aero sol ra dio ac tiv ity mon i tor
is con trolled us ing a built-in in dus trial panel com puter
run ning Win dows 10 IoT. The in stalled soft ware sup -

ports car ry ing out the cal i bra tion of de tec tors, check ing
the operability of all com po nents of the mon i tor, mon i -
tor ing the mea sure ment of the al pha, beta, and gamma ra -
di a tion spec tra, as well as read ing in for ma tion about the
mea sured radionuclide ac tiv ity both at the lo ca tion of the
mon i tor and re motely on the top-level com puter over a
4G/LTE or Ethernet link in ANSI 42.42 for mat.

To de ter mine the con cen tra tion of al pha- and
beta-emit ting radionuclides in the de vel oped mon i tor,
two in de pend ent spec tro met ric chan nels with ion-im -
planted sil i con de tec tors with an area of 600 mm2 and

V. V. Gostilo, et al.: De vel op ment of Nu clear Ra di a tion Mon i tors for Ra di a tion ...
196 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2022, Vol. 37, No. 3, pp. 193-200

Fig ure 2. Pho to graph of the aero sol ra dio ac tiv ity
mon i tor



an en ergy res o lu tion of less than 25 keV at the 5.5 MeV 
en ergy each, are used. Reg is tra tion ef fi ciency for such
a de tec tor for al pha ra di a tion at 241Am is 20 % ± 5 %,
for beta ra di a tion for 90Sr/90Y – it is 30 % ± 5 %. The
sec ond spec tro met ric chan nel is aux il iary and is used
to com pen sate for real time back ground gamma ra di a -
tion in the range of beta ra di a tion en er gies. The mea -
sure ment range of al pha ra di a tion vol u met ric ac tiv ity,
per formed in the en ergy range from 2 MeV to 10 MeV,
is from 10–2 to 105 Bqm–3. The mea sure ment range of
beta ra di a tion vol u met ric ac tiv ity in the en ergy range
from 70 keV to 3 MeV is from 10–1 to 105 Bqm–3.

The gamma ra di a tion mea sure ment unit is de -
signed to be uni fied so that it al lows the in stal la tion of
dif fer ent gamma ra di a tion spec trom e ters de pend ing on
the prob lem be ing solved. In most ap pli ca tions, fol low -
ing IAEA rec om men da tions [5], scin til la tion SrI2(Eu)
spec trom e ters are used to de tect gamma ra di a tion from
de pos ited nuclides. How ever, if it is nec es sary to in crease 
the num ber of iden ti fi able radionuclides and im prove the 
ac cu racy of the de ter mi na tion of vol u met ric ac tiv ity, the
de sign of the mon i tor al lows the in stal la tion of an HPGe
spec trom e ter (30 % ef fi ciency) with elec tric ma chine
cool ing in stead of a scin til la tion spec trom e ter, fig. 3. The
gamma en ergy range of an HPGe de tec tor is from 3 keV
to 3 MeV, and its en ergy res o lu tion is less than 1000 eV
and less than 2000 eV for the 122 keV and 1.33 MeV en -
er gies, re spec tively [26]. Aero sol ra dio ac tiv ity mon i tor
with such de tec tor has a min i mum vol u met ric ac tiv ity for 
gamma ra di a tion of 0.005 Bqm–3.

DEVELOPMENT OF AN AUTOMATED
IODINE CONCENTRATION MONITOR

The au to mated gas mon i tor for de tect ing and de -
ter min ing the con cen tra tion of ra dio iso tope io dine in
the air is fully uni fied with the aero sol ra dio ac tiv ity
mon i tor in the part of the con trol com puter, the fil ter
sup ply mech a nism, the con trol of pumped air, and the
im ple men ta tion of the gamma ray spec tro met ric chan -
nel. Both mon i tors also have a sin gle ex ter nal de sign,
fig. 2. To de ter mine the con cen tra tion of ra dio ac tive
gas eous 131I, a de vel oped spec trom e ter with a SrI2(Eu) 
de tec tor is used, but other scin til la tion de tec tors may
also be used.

The main dif fer ence be tween an io dine mon i tor
and an aero sol ra dio ac tiv ity mon i tor is the use of car -
bon fil ters. To be able to de tect gamma ra di a tion from
131I with high sen si tiv ity, io dine must be ab sorbed by
the car bon ma te rial in side a spe cial car tridge. This car -
bon ma te rial is se lec tive, it does not cap ture other
gases, so the sam ple will be en riched only with 131I,
which en sures high sen si tiv ity of its reg is tra tion. To
achieve an ef fec tive cap ture pro cess, a cer tain time is
needed, as well as a fair vol ume of char coal and suf fi -
cient time for the se lected air to flow.

Be sides, it is also im por tant to min i mize the
num ber of par ti cles that will col lect at the air in let in
the io dine mon i tor, in or der to min i mize side con tam i -
na tion of the car tridge. For this pur pose, an orig i nal
de sign of the sam pling head has been de vised, which
car ries out the first fil tra tion and blocks all par ti cles
larger than 10 mm. The sec ond fil tra tion is pro vided by
a fil ter built into each car tridge on the air in let side.
The con tainer con tains 14 such car tridges, which pro -
vides at least 28 days of au ton o mous op er a tion. The
com mand to re place the car tridge de pends on the op er -
at ing time or the de gree of con tam i na tion, which is
mea sured by the dif fer ence in air pres sure at the in let
and out let of the car tridge. The mea sure ment range of
131I vol u met ric ac tiv ity is from 10–1 to 105 Bqm–3. The
soft ware al lows to set the val ues of two pro gram ma ble
thresh olds ac cord ing to the vol u met ric ac tiv ity, and
also con stantly mon i tors the state of the com po nents of 
the mon i tor.

MOBILE AEROSOL MONITOR FOR ALPHA
AND BETA EMITTING RADIONUCLIDES

The mo bile mon i tor of al pha-beta aero sols, fig.
4, is de signed as a com pact ver sion of the aero sol mon -
i tor and is used for rapid as sess ment of a ra di a tion sit u -
a tion, where it is dif fi cult to in stall a sta tion ary mon i -
tor. In ac cor dance with para graph 4 of Stan dard IEC
60761-2, it is clas si fied as an al pha spec tros copy mon -
i tor with a mov able fil ter-sam pler and si mul ta neous
mea sure ments. The mo bile mon i tor of al pha-beta
aero sols, if nec es sary, al lows ad di tional con nec tion of
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Fig ure 3. Photo of the HPGe de tec tor [26] with elec tric
ma chine cool ing



ex ter nal GDRM, which turns it into a com plete mo bile
an a logue of the aero sol mon i tor.

The mo bile mon i tor is mounted on a two-
wheeled trans port trol ley for easy trans por ta tion and
op er a tion. The al pha-beta radionuclide mea sure ment
chan nel is iden ti cal to the cor re spond ing chan nel in
the au to mated aero sol ra dio ac tiv ity mon i tor and re -
tains all its char ac ter is tics and ca pa bil i ties. The ca pac -
ity of the cas sette with fil ter belt pro vides au ton o mous
op er a tion for about 90 days. Au to matic fil ter re place -
ment is per formed at the end of the mea sure ment time
or ac cord ing to the de gree of con tam i na tion of the fil -
ter.

Since a lead shield is not used in the mo bile mon -
i tor to save weight, com pen sa tion for back ground
gamma ra di a tion is car ried out us ing an ad di tional de -
tec tor sep a rated from the main one by a beta ra di a tion
opaque screen. The read ings of the ad di tional, back -
ground de tec tor are sub tracted in real time from the
read ings of the main de tec tor.

The sep a ra tion of long-lived (or so-called "ar ti -
fi cial") and nat u ral (daugh ter prod ucts of ra don and
thoron) radionuclides for both al pha and beta re gions
of in ter est (ROI) in the en ergy spec trum is im ple -
mented al gor ith mi cally. The al go rithm also pro vides

the abil ity to mea sure the con cen tra tion of radon and
thoron in am bi ent air.

Mon i tor ing and pro cess ing of mea sure ments are
car ried out by the con trol unit, which is a com pact
fanless Advantech TPC-651T sys tem with a 5.7-inch
LCD dis play VGA TFT and an in te grated Intel®
Atom™ pro ces sor with low power con sump tion. The
func tions of the soft ware in clude op er a tions con trol
and check ing the operability of all mon i tor units, mon -
i tor ing, and pro cess ing of mea sure ment re sults. The
mea sure ment re sults are re corded and stored in the in -
ter nal data stor age (SDD/HDD) and can be trans mit -
ted to the re mote-con trol cen ter via USB, LAN, or
RS485 in ter faces.

The sys tem has au to matic self-di ag nos tics. All
events, alarms, and/or fail ures are re corded and de -
scribed in a log file in di cat ing the date and time of oc -
cur rence, and then trans mit ted to the re mote-con trol
cen ter along with mon i tor sta tus mes sages and mea -
sure ment data. This fea ture en ables ef fi cient re mote
main te nance of the mon i tor, and ac cu rate di ag no sis of
a prob lem, thereby re duc ing mon i tor down time and
as so ci ated costs. Easy-to-use built-in test ing pro ce -
dures and graph i cal in ter faces make it easy to per form
con fig u ra tion, di ag nos tics, and cal i bra tion pro ce dures 
on site.

WATER MONITOR DEVELOPMENT

Ac cord ing to IAEA rec om men da tions [1], if the
con trolled ter ri tory is lo cated on an is land or on the
shore of a body of wa ter where ra dio ac tive con tam i na -
tion may oc cur, au to matic mon i tor ing of the aquatic
en vi ron ment should be pro vided. We have de vel oped
a mon i tor for mon i tor ing aquatic en vi ron ments on the
ba sis of the SrI2(Eu) spec trom e ter. It is made in an
IP68 ti ta nium cy lin dri cal hous ing for work ing un der -
wa ter at a depth of up to 25 m. The de sign of the spec -
trom e ter al lows its in stal la tion both on the wall of a
pier in ports and on buoys to con trol ra di a tion pol lu -
tion of the wa ter area away from the coast line.

Tests have shown that the de vel oped mon i tor
pro vides an MDA better than 0.5 BqL–1 for the 137Cs
with a mea sure ment time of 1 hour. Iden ti fi ca tion of
radionuclides is im ple mented in ac cor dance with a li -
brary list, which in cludes: 144Ce, 132Te, 143Ce, 131I,
140Ba, 134Cs, 137Cs, 95Zr, 54Mn, 136Cs, 60Co, 140La. The
radionuclide li brary can be con fig ured for spe cific re -
quire ments.

CONCLUSION

As can be seen from the above, the al pha, beta
and gamma ra di a tion mon i tors de vel oped in this work
in ac cor dance with the rec om men da tions pro vide en -
vi ron men tal mon i tor ing both in terms of dose rate val -
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Fig ure 4. The mo bile al pha-beta aero sol mon i tor



ues in real time and in the ac tiv ity of spe cific
radionuclides. Clos ing all the tasks of mon i tor ing the
ter ri to ries, the de vel oped mon i tors are the ba sis for the
cre ation of mod ern ra di a tion early warn ing sys tems
for ra di a tion ac ci dents.
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RAZVOJ  NUKLEARNIH  MONITORA  ZRA^EWA  ZA  SISTEME
RANOG  UPOZORAVAWA  NA  ZRA^EWE

Prikazani su rezultati razvoja savremenih preciznih monitora alfa, beta i gama
zra~ewa za postavqawe sistema ranog upozoravawa na radioaktivnu kontaminaciju u atmosferi i
brzu procenu nastalih pretwi. Za razvoj koriste se proporcionalni broja~i, scintilacioni
SrI2(Eu) kristali i poluprovodnici Si, CdZnTe i HPGe detektori. Dizajnirani monitori daju
informacije kako o vrednostima doze u realnom vremenu, tako i o aktivnosti odre|enih
radionuklida. Softver kontroli{e re`im merewa i dijagnostikuje stawe samih monitora.

Kqu~ne re~i: sistem ranog upozoravawa na zra~ewe, radioaktivni aero sol, mon i tor ing
.................. ......`ivotne sredine, pra}ewe zra~ewa vode, ekvivalent ambijentalne doze


