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This research deals with the assessment of the risk to which air traffic is exposed in zones of in-
creased level of radioactive radiation. Natural disasters and war conflicts, which take place
around nuclear power plants and the radioactive area (Chernobyl), create fear that large
amounts of radioactive material may be released into the atmosphere. The paper analyzed the
effects of: the efficiency of the HEPA filter in relation to the size of the radioactive dust parti-
cles, radioactivity on the aircraft instrumentation, radioactivity on the engine and the contri-
bution of the engine in the spread of radioactivity to the crew in the aircraft. An assessment of
the risk of exposure to radioactive radiation in the aircraft was put in perspective, depending

on the type of aircraft and the dose of radiation.
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INTRODUCTION

As the impact of radiation on the environment is
the subject of a large amount of research [ 1], this study
is concentrated only on the impact of radioactivity on
aircraft and persons transported in them, but with an
emphasis on radiation originating from zones with an
increased dose of radiation which spreads in the form
of dust, and not cosmic radiation, whose influence has
been investigated many times so far [2-5]. A special
phenomenon which may be interesting to be observed,
especially with his impact on aircraft, is solar flares
phenomenon [6, 7].

There are a number of aviation studies related to
the occurrence of volcanic ash near aircraft [8, 9].
Thanks to the huge energies at the moment of ejection
into the atmosphere, ash can reach great heights and,
consequently, be carried by air currents to appear at
distant locations. This type of contamination causes
the appearance of static charge, as well as, the forma-
tion of deposits on aircraft engine parts and aerody-
namic surfaces [10].

By its movement through the zone of intense ra-
dioactive radiation, the aircraft exposes itself to the
risk of radiation affecting the operation of the propul-
sion unit and instruments. This risk is greater than that
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caused by the static charge of alkaline dust, which is
known to disable the engine, disrupt the power supply
and adversely affect the operation of navigation and
measuring instruments.

The idea of research was initiated by rumors
from the beginning of the conflict in Ukraine and spec-
ulations that nuclear material had been released from
certain power plants [11, 12]. Based on these events,
initial research assumptions related to possible
sources of unwanted elevated radiation: accidents in
nuclear power plants with uncontrolled release of ra-
dioactive material or emission of radiation, accidents
in facilities for the enrichment of radioactive material,
storage of waste or weapons, intentional release of ra-
dioactive particles on high altitude eider a low, or high
radioactivity.

The spread of radioactive particles
through the atmosphere and penetration
through the materials

Focus is not on radioactivity in the zone of the
immediate explosion of a nuclear warhead, because it
is clear that in that zone the risk is huge, and it is not at
all questionable. Also, the topic is not an assessment of
the spread of radioactive pollutants from radiation
sources through the atmosphere, given the fact that
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there are a large number of studies on this topic, both
from an earlier date [13], and those that were done in
recent times [14-17]. These studies deal with the
spread of pollutants through the so-called low atmo-
sphere, and they would be significant for aircraft if
they were to take off or land near compromised zones.

There are also studies dealing with the assess-
ment of the concentration of radioactive pollutants at
high altitudes, those altitudes at which aircraft could
be found during commercial flight [18, 19], but also
meteorological systems that monitor the flow of air
and aerosols, so they would also be suitable for evalu-
ating the spread of radioactive particles, although they
are most often captured by aerosols. There are also
volcanic ash monitoring systems in high atmosphere
zones. One such was developed by the European Avia-
tion Safety Agency (EASA). A similar system could
be used to track the movement of radioactive particles,
at those altitudes at which aircraft could be found dur-
ing flight [18, 19].

The movement of radioactive particles in the
layers of the upper atmosphere depends on air currents
at given levels, which in turn, depend on temperature.
The dependence of temperature and pressure at height
is given in fig. 1 [20-22].

In accordance with the generally known facts re-
lated to the penetration of radioactive particles, the
range of particles can be described using fig. 2., that is
important because it can be concluded which of those
particles can be stopped by the shell of an aircraft.
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Figure 1. Layers of the atmosphere — dependence of
temperature and pressure on height in relation to the
Earth's surface and the flight zone of civil aircraft
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Figure 2. Particles and materials that will stop them

MATERIALS AND METHODS

Flying through a zone with an increased level of
radioactive radiation is a risk. The risk depends on the
distance from the source, weather conditions, and the
thickness and type of material the aircraft is made of.
Flying through a zone where the radiation intensity is
high, even at very long distances from the source, the
risk is huge, so such zones are definitely avoided when
planning the flight.

However, if there is an assessment that the inten-
sity of radioactive radiation at the mentioned height is
not that high, then a risk assessment should be carried
out depending on the type of air interceptor and the du-
ration of the flight from entering the dangerous zone
for landing. The time interval is not limited only to the
time of flight through the zone of interest, because
even after exiting it, certain objects may remain irradi-
ated/contaminated and play the role of'a source of radi-
ation.

Our goal is to use methods related to risk assess-
ment and risk management [23], to come up with an
equation by which we could assess in which situations
a flight through a potential zone with increased radio-
active radiation should be avoided. In short, coeffi-
cients should be determined for risk assessment with
the aim of determining the level of risk.

Assessments are mainly carried out to analyze
the risk of some objects that are exposed to risk of any
kind, to support decision making. Decision-making
has also taken root in aviation [24, 25]. So it is actually
a matrix intersection of the parameters of importance.
These parameters include: object value, threats, object
vulnerability and impact (likelihood that threats will
exploit the vulnerability). Each of the parameters in
eq. (1) is a dimensionless quantity whose values range
from 1to 5, where 5 most often represents the most un-
favorable variant in terms of impact on risk, and 1 is
the most favorable variant for which the risk is small
[26, 27].

R, =AVXT, (M

where R, is the relative risk, 4 — the object value, V' —
the object vulnerability, and 7— the threats. The disad-
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vantage of this method lies in the fact that it is not par-
ticularly precise because it contains a large number of
uncertainties and it could be said that it represents a
subjective assessment of the situation. The shortcom-
ings can be compensated for by applying complex
mathematical models, but this is not easy to implement
in practice and is therefore rarely used. For this reason,
the most unfavorable parameters are chosen during the
evaluation, thus avoiding indeterminacy.

Risk assessment when flying through a zone
with increased radioactivity can be done in a similar
way. The parameters that affect the risk are: the time of
exposure to radiation, the type and intensity of radia-
tion, and the level of protection in the aircraft. How-
ever, it should be emphasized that the plane will cer-
tainly not be at the very source of radiation and that it
cannot be considered that the total flight time is also
the total time of maximum exposure, nor that the radia-
tion dose is the same in the plane as, for example, over
the Chernobyl power plant, if we take for example a
flight over chimney of this power plant. Even if the
plane passes through aradioactive cloud, there is a cer-
tain degree of protection that will reduce the penetra-
tion of particles and make the dose not be as high in-
side as it is outside. However, there are possible risks
due to the probability that the elements of the aircraft
can become new sources of radiation even after leav-
ing the zone of interest. For the above reasons, the au-
thors of the paper analyzed the risk, as if the source of
radiation was inside the plane, and based on that and
eq. (1), they derived the following eq. (2)

_KpKy

K,

where Ry is the risk factor, which can have values from
1 to 25 (25 is the highest risk, and 1 is negligible risk),
K7 — the exposure time factor, from 1 to 5, where 1 is
characteristic for short flights through a contaminated
zone, and 5 for a stay in an aircraft that lasts more than
2 hours after its entry into a radioactive zone; although
flights can last up to 20 hours, it should be said that the
time factor is related to the duration of the flight from
entering the zone to landing (the time before entering
the zone is not taken into account, and the time spent in
the aircraft after leaving the zone is counted, because
then parts of the aircraft are irradiated and take the role
of a source), Kp — the radiation dose factor, ranging
from 1 to 5 (1 is for the lowest dose of radiation, and 5
for an extremely high dose of radiation; the dose is ac-
tually the equivalent dose intensity and represents the
equivalent dose per unit of time [uSvs '], and Kp— the
coefficient of the degree of protection (damping) and
has values from 1 to 5 (it depends on the distance and
thickness of the walls between the source and passen-
gers, i. e. the crew), value of 1 if it concerns aircraft
with the least protection, and a value of 5 for those with
the highest protection. Compared to the basic model,
Kp represents threat (7), while factor K, represents

Rp 2

vulnerability (¥), the time factor K cannot be equated
with the value (4), but it in the intersection with Kp
represents a total threat that indicates that as time in-
creases, the probability that people's health and life
will be endangered, increases, the value (4) should not
be taken into account, because it is not an object, but a
human life for which the value (4) cannot be deter-
mined.

Intab. 1 are values that determine this factor, K.

The dose rate expressed here is given for the case
where a person would be in the immediate vicinity of
the source (filter, particles deposited anywhere on the
aircraft or an engine that emits a large amount of radio-
active particles). The total risk factor is taken into ac-
count, also degree of protection, so the actual dose re-
ceived by a person will depend on all the mentioned
parameters. For example, since the helicopter has no
protection, we can consider that the crew will receive
the maximum dose for a given type of radiation in a
unit of time. It is obvious that the engine is positioned
behind their back or above their head, and the main ro-
tor pushes all the air together with pollution particles
to the cabin itself.

Table 2 refers to the factor that depends on the
time spent in the air trap after entering the radioactivity
zone K.

Table 3 shows the values of the protection factor K,,.

Depending on the risk factor, we can classify the
relative risk into several categories. We determine the
category, size and level of risk according to tab. 4.

If a decimal number is obtained for the risk fac-
tor, the value of the factor is rounded to a whole num-
ber, which can introduce an error in the assessment, so
another method of calculation is proposed so that the
relative risk, Ry, is expressed as a product as provided
by the general eq. (2). This approach requires certain
corrections in the categorization of factors and/or the
relative risk itself. Namely, it could be done in two
ways: to represent the protection factor as a decimal
number and so, that its maximum value is such that

Table 1. Values that determine K),

Equivalent dose rate [uSvs™'] Ic{ggflggiig (}?2
Under 1 1
1 till 10 2
10 till 100 3
100 to 1000 4
Over 1000 (over 1 mSvs ™) 5

Table 2. Values that determines K,

Time spent in the aircraft | Exposure time coefficient, Ky
Less than 30 minut

30 up to 1 hours
1 hour up to 1.5 hours
1.5 hour till 2 hours
More than 2 hours

DA W (N[ =
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Table 3. K, factor based on type of aircraft

Aircraft type };lé(‘)/t;(?t}gl
Helicopter 1

Propulsion engine in fuselage

2
Propulsion engine in tail section 3
Engine mount on wing of a high wing 4
Engine mount on wing of low or mid wing 5

Table 4. Categorization of risks

Category Relative risk Level of risk, Ry
I Unnoticeable, infinitesimal 1,2
ond Small 3,4,5
3r Reasonable high 6-9
4t Great risk 10-16
5t Dangerously high risk 17-25

when multiplied by the maximum values of other fac-
tors, Ry does not exceed 25, meaning the maximum
value of K, would be 1 or that the protection factor be
presented in the reverse mode, that 1 be the value that
is characteristic of maximum protection, and 5 be the
value of aircraft that have very weak protection, and
that R goes from 1-125. The risk levels would then be
determined differently, but in the same way as in the ta-
ble above, the limits would be determined by norming.

The obtained formula, according to which the
risk is calculated is eq. (3)

Rp =KrKpKp 3)

where K7 and K are the smoothing time coefficient
and radiation dose coefficient respectively. These pa-
rameters take the same values they had in eq. (2).

Analysis of possible risks from
radioactive radiation when flying
through zones of interest

The following are recognized as possible risks
when an aircraft passes through a zone with an in-
creased level of radioactive radiation:

— the ability of the HEPA filter to stop radioactive
particles but not elektromagnrtic radiation,

— the risk of radioactive dust settling on parts of the
aircraft,

— the impact of radioactive particles on the engine,
as well as the role of the engine in spreading these
particles on the interior (cabin) of the aircraft, and

— the impact of radioactivity on the instruments of
the aircraft.

During the risk assessment, we will consider the
objects in the first three points as new sources of radia-
tion. The fourth point will not enter the risk equation,
because the risks from this point do not represent a di-
rect threat to human health. As such, they directly en-
danger the aircraft, but not the crew or passengers.

This does not mean that these risks are small, on the
contrary, if the proper operation of the instruments or
controls is compromised, it can lead to fatal conse-
quences for the people in the aircraft. However, in
terms of contamination and endangering health
through contamination, this risk does not play a role.

Categorization of possible risks
The categorization of possible risks from radio-

active radiation is given in tab. 5. and in the algorithm
in fig. 3.

Table 5. Categorization of direct risks

Source of risk Risk in time
HEPA as source
Deposits as source

Engine as source

Postponed effect

Postponed effect
Immediate impact

SOURCE OF RADIOACTIVIT

DIRECT RISKS INDIRECT RISKS

Shield (shell of aircraft) Shield (shell of aircraft
RADIOACTIVITY AN
H E P A RADIOACTIVE DUST HAD'O:S‘];"f‘DUST ITS IMPACTS ON
N AIRCRAFT PARTS INSTRUMENTS
Real-time ris|

Risks with

ield (air and parts of aircraft on wa
Crash of air craft
e S

Figure 3. Algorithm of risks

Possibility of stopping radioactive
particles with HEPA filter

Since the nucleus is an integral part of atom, ra-
dioactive particles are mostly found in the dimensions
of the entire atom, which is of the order of 0.1 nm.
However, when they are found in nature, either by
emission from nuclear waste, or from a nuclear disas-
ter, these particles do not appear individually but bind
to dust, moisture and air molecules and other particles
from the environment.

The diameter of radioactive particles in the air is
in the order of pm in most studies. Some studies show
that the dimensions of radioactive aerosols are between
1.1 pmand 2 pm [28], while other studies show that the
diameter of radioactive aerosols and other radioactive
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particles in the environment range from 4-14 pm [29],
in some cases they are much bigger, in the range of a
couple of mm [29, 30], and in some studies they are
even smaller from 1 pm [30].

Aircraft filters, although having pore openings
of the order of tens of micrometers and are capable of
stopping particles of 0.3 pm and up [31], should be ca-
pable of stopping radioactive atoms themselves, along
with dust and aerosols to which they are attached.
However, the filters are hardly capable of stopping
gamma radiation or neutrons, or even beta and alpha
particles. Airplane flight should be limited through ar-
eas affected by radioactive disasters, but if its use is
necessary, then decontamination should be carried out
after flying, because the filter that stopped the radioac-
tive atoms, would be contaminated and will not stop
their decay and the emission of ionizing radiation into
the surrounding space. In such conditions, the filter
would act as a source of radioactive radiation and
would directly endanger the health and life of crews,
of the traveler, but also of the living world that is in his
vicinity. Because of this, special procedures would
have to be prescribed for the operation and disposal of
such contaminated filters. Under conditions of normal
exploitation, the filter is changed in extremely long pe-
riods (after several months). As in this situation the fil-
ter becomes a source of harmful radiation, this should
not be the practice after flying over zones with an in-
creased level of radioactive contamination.

Risk of deposition of radioactive
dust on aircraft parts

In order to assess the risk of deposition of radio-
active particles on aircraft parts, it is important to
know what their construction is and how air flow is
achieved in their vicinity.

It is necessary to analyze all the known concepts
related to the positions of aircraft engines, fig. 4 [32,
33]. The smallest possible protection, i. e., the shortest
distance from the engine group to the cabin, was taken
as representative for the appropriate geometry of the
fixed-wing aircraft, and the most unfavorable position
of the passengers or crew members in relation to the
source of radiation was taken for this assessment. It is
the seat closest to the engine group.

Any of type aircraft from fig. 4, has position of
the engine that does not affect the increase in radiation
inside the aircraft cabin. Namely, most of the engines
are installed in engine nacelles, and even those that are
not, but are part of the fuselage and have non-coaxial
air flow, are separated from the cabin space, which im-
plies that the crew and passengers are at a relatively
safe distance from a potential source of radiation. Ob-
serving radioactive particles as a part of the whole, re-
lated to dust, sand and other particles that can be found
in the air, we can state that they too, considering the

@

Figure 4. Aircraft type by position of engine mount: a)
tail mount and one in fuselage, b) engine mount below
wing, ¢) propeller jet mount, d) tail mount e) double tail
mount, f) wing mount and one in fuselage, g) now days
most common concept engine mount below wings

Figure 5. Dependence of temperature on the position in
the engine (T = T(x)); Tags: U-intake, K-compressor,
KS-combustion chamber, T-turbine, M-nozzle

fact that they belong to the group of particles PM2.5
and possibly to the group PM10 as well as other parti-
cles of pollutants, they do not have any significant
contribution in disrupting the operation of the engine,
except for an infinitesimal reduction in flow, like other
deposits [33-35]. Regarding deposition, just as other
particles cannot stick together, neither can radioactive
ones [36, 37].

The influence of radioactive particles on the
engine and the role of the engine in spreading
these particles to the interior of the aircraft

During the movement of air through the engines
that are in use today, both commercial and military, we
can notice that, in a short period, there is a big jump in
temperature, and then a large part of the thermal en-
ergy is converted into kinetic energy. The monitoring
of the temperature and its sudden increase during its
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flow through the engine is shown by a diagram on fig.
533,38, 39].

The drawing shows the volume of air and the
paths through which the air-flows. The maximum tem-
perature is reached in the combustion chamber at the
end, before entering the turbine, and theoretically it
reaches around 2000 °C [39, 40]. Earlier research re-
lated to the influence of pressure and temperature on
radioactivity carried out by Curie and Onmers [41]
and those of more recent date [42], show that radioac-
tivity does not depend on external parameters such as
temperature and pressure. In theory, temperature can
affect the change of these parameters only in the case
of extreme values that are measured in millions of
Kelvins. Temperatures to which radioactive particles
are exposed in our observation are far below the level
that could affect the level of radiation.

From the previous analysis, it follows that the op-
eration of the engine itself has no effect on the change in
the level of radiation. However, as the place where the
air-flow is the highest, we will consider it and the cabin
air filter as sources of radiation, both because of the flow
and because of the possibility of deposition.

The influence of radioactivity on
aircraft instruments

Today's commercial aviation relies heavily on
the rapid exchange of large amounts of data, between
aircraft and ground and between aircraft. Loss of com-
munication and unreliability in this exchange would
automatically lead to a duplication of separation
norms and the sky would become smaller, more pre-
cisely, we could accommodate fewer users in the same
space. Therefore, the requirements for more efficient
and economical flights and the very dimensions of the
aircraft led to the development of a system called
fly-by-wire in aviation jargon, and it is intuitively
clear what it refers to. Namely, the command modules
from the cockpit give information to the devices that
turn it into control and control for the control of electro
or electro-hydraulic servo devices that command all
parts of the aircraft. The conclusion here is that kilo-
meters of cables, integrated circuits, sensors and other
semiconductors are still exposed (and threatened) by
ionizing radiation. This practically means that the in-
tegrity of the aircraft is compromised [43, 44].

The resistance of such systems to ionizing radia-
tion would still have to be tested, and what we know for
sure is that they are not resistant to electromagnetic pulse
(EMP) caused by the detonation of nuclear weapons.

RESULTS AND DISCUSSION

The risk factor that one of the crew or passengers
will be irradiated with a dose that may cause health is-
sues and even death is represented by eq. (2).

Analysis of modeled scenarios with
maximum and minimum limit values

Case 1 — helicopter flight through a radioactive
zone with a high level of radiation (1 mSvs™"), and max-
imum time (2 hours). According to the data we pre-
sented earlier, the dose coefficient in this case would be
5, the time coefficient 5 and the protection coefficient
would be 1. According to the formula, we get

_33
1

So, the risk here is maximum, as expected.

Case 2 — helicopter flight through a radioactive
zone with alow level of radiation (up to 1 pSvs™), max-
imum time (2 hours). According to the data we pre-
sented earlier, the dose coefficient in this case would be
1, the time coefficient 5 and the protection coefficient
would be 1. According to the formula, we get

IS5
1

This is a risk from the second category and is
considered a small risk, but still unacceptable, because
according to the risk management methodology, only
the first category is acceptable. After all, for this case it
is easy to calculate the radiation dose that would be re-
ceived by passengers and aircraft personnel. Namely,
if we assume that the dose per second is 1 uSv, then the
total dose for 2 hours will be H = 7200 seconds - 1
uSvs~! = 7200 uSv = 7.2 mSv. It was said earlier that
the helicopter is considered to have virtually no radia-
tion protection, and that is why we do not even take it
into account in this simple calculation. Therefore, the
dose received by the helicopter crew is higher than the
annual dose received by each of us (6.2 mSv). This
practically means that with just three such flights, the
helicopter pilot would exceed the annual maximum
dose for professionally exposed persons (20 mSv is
the maximum dose allowed for persons professionally
exposed to radiation).

Case 3 — flight of an aircraft with a nacelle on a
low or medium wing through a radioactive zone with a
high level of radiation (1 mSvs™'), maximum time (2
hours). According to the data we presented earlier, the
dose coefficient in this case would be 5, the time coef-
ficient also 5, while the protection coefficient would
be 5. According to the formula, we get

33
5

Ry 25

Ry 5

Ry 5

In this case, the risk belongs to the second group
and it is an unacceptable risk.

Case 4 — flight of an aircraft with a nacelle on a
low or medium wing through a radioactive zone with a
low level of radiation (I pSvs™), maximum time (2
hours). According to the data we presented earlier, the
dose coefficient in this case would be 1, the time coef-
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ficient 5, while the protection coefficient would also
be 5. According to the formula, we get

LS

Ry 5

1

In this case, the risk belongs to the first group,
which is a negligible risk.

In this way, in principle, the risk of flying
through a radioactive zone could be determined. Of
course, for detailed analyzes of the possible received
dose, it is necessary to use a very complex mathemati-
cal apparatus, which would also include attenuation
formulas. For such a thing, it is necessary to form a
model that would take into account a large number of
input sizes that would differ according to the construc-
tion of the aircraft and the type of material. Neverthe-
less, the goal of risk assessment is to find a simple
model that would provide quality risk assessments that
are applicable in practice.

CONCLUSIONS

Through the analysis, we came to the following
conclusions: HEPA filters can become sources of radi-
ation if the plane passes through a radioactive cloud,
radioactive particles have no greater tendency than
other pollutants to stick to surfaces and aircraft en-
gines, the impact of radioactivity on the instrumenta-
tion would be manifested through the action of ioniz-
ing radiation to the semi-conductor elements of the
aircraft.

The risk factor would not be particularly mean-
ingful if the monitoring of the environment and atmo-
sphere in the flight area of the aircraft was not suffi-
ciently developed, because without it, it is not possible
to determine the potential dose of radiation that will
reach the aircraft before the flight itself. This problem
could be solved by introducing the monitoring of ra-
dioactive particles in order to prevent and ban or redi-
rect risky flights, but also by introducing a more seri-
ous detector system in aircraft, which would alert the
appearance of radioactive particles at the very begin-
ning of the zone, which would lead to the decision to
stop the aircraft in progress, redirect flights to less
risky paths.

The main contributions of the paper are the pro-
posed equations for risk assessment, but also the recog-
nition of the need for faster development of areas in avi-
ation that would deal exclusively with radiation
protection in zones with an elevated level of radioactive
radiation, which is higher than usual, that is, the devel-
opment of nuclear safety management in the field of
aviation. The results of the analyzes presented in the pa-
per should be guidelines that would include the men-
tioned risks in the risk management manual issue.
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Anekcanmap C. UBKOBWR, Cpehiko /1. WIINK, Pagoan B. PATOBAHOBWH, Cama [I. MUWINh

INPOLIEHA PU3UKA TIPUINKOM JIETEIbA KPO3 30HY
CA ITOBEBRAHUM PAINOAKTUBHUM 3PAYEILEM

Papn ce 6aBu mponeHOM pU3NKa KOjeM je M3JIOXKEH aBuo caobpahaj y 30HaMa noBehaHor HuBoa
PaJlioaKTUBHOT 3pauewa. EneMeHTapHe HENMOrofie U paTHHU CyKOOH, KOJH CE BOJIE OKO HYKIIEPHHX E1eKTpaHa
¥ paMOKTHBHOT nofipyyja (YepHOOMIb) cTBapajy 60ja3aHn ga Moske ohn 1o ocnoGabarma y armocdepy Behnx
KOJIMUMHA paJUOaKTUBHOT MaTepujana. Y pajy cy aHanuzaupaHu: epukacHoct ,, XEITA® ¢unrepa y ogHOCY
Ha BEJIMYMHE 4YECTUIA pAJUOAKTHBHE IpalluHe, YTHUILAj PpaJUOAKTHBHOCTU HA HMHCTPYMEHTALH]y
Ba3[yXoIUIOBa, YTUIA] PAJUOAKTUBHOCTH Ha MOTOP M JOIPHHOC MOTOpPA Y IIMPEHY PAJHMOAKTHBHOCTH Ha
JbY[ICTBO Yy Bas[yXxoOIUIOBY. V3BplleHa je NpOlEeHa pHU3MKa Off M3llaramba paJuOaKTHBHOM 3pavycwy Y
Ba3[yXOIUIOBY y 3aBUCHOCTH Off BpPCT€ Ba3[[yXOIJIOBA U 103€ 3pauena. Llumb paja je aa ykaxke Ha notpely 3a
pa3BojeM ajlaTa y Ba3AyXOIUIOBCTBY KOju 61 ce 6aBuo npahemeM U 3alITUTOM Off PaJHOaKTHBHOT 3padyema y
30HaMa Cca MOBUILIEHUM HUBOOM PaJMOAaKTUBHOT 3paueHa.

Kwyune peuu: paouoaxitiusre wecitiuye y 8a3oyxy, upakierve, y3opkosarse, ouciipubyyuja y
atimocgepu, KOHMAMUHUPAHA 00AaCTl




