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Radon and its short lived decay products accumulated in indoor environment are the main source of public ex-
posure to natural radiations. The health effects as well as a great number of natural and artificial factors affecting the
radon accumulation in indoor environments are some of the motives for the scientific interest in radon issue.
Following this global trend, many studies of indoor radon in the Balkan region, including the Republic of Macedonia
have been conducted in the last decade. This paper is an overview of the published papers regarding indoor radon
concentration measurements with nuclear track detectors in the Republic of Macedonia. It gives basic information
about the spatial and temporal variability of indoor radon over the territory of the country, following by a description
of the some factors which affect its variations. This review attempts: to organize available indoor radon results in or-
der to show clear picture of the so far conducted surveys; to highlight the need for continuation of more extensive
radon investigation in workplaces; to motivate the building professionals to create as much as possible mitigation

methods for indoor radon reduction, to motivate the health professionals for epidemiological studies etc.
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INTRODUCTION

Radon (**2Rn) is a radioactive, noble gas
produced by the decay of ?°Ra contained in all ter-
restrial materials. Both of them originate from 28U
decay chain. Radon decays with 3.8 days half-life
by alpha particle emission followed by a chain of
subsequent short lived decay products: 28Po (T, =
3.05 min), 2**Pb (T, = 26.8 min), 2*Bi (T, = 19.7
min) and 2%Po (T2 = 164 ps).

Radon and its decay products accumulated in
indoor environment are the main natural source of
total public exposure to ionizing radiation (UN-
SCEAR, 2000). Some epidemiological studies have
proven the association between the chronic exposure
to high indoor radon concentrations (Crn) and the in-
cidence of lung cancer (Darby et al., 2005). Consid-
ering serious health effects, the preparation and im-
plementation of a national radon program (NRP),
which main goal is the reduction of the radon risk,

becomes a primary task in most countries over the
world. The NRP involves a complex organizational
structure that includes components for radon moni-
toring, prevention and mitigation of increased Cgn
(WHO, 2009). Its preparation requires a multidis-
ciplinary approach conditioned by the understanding
of the radon processes in indoor environment.

The source of indoor radon is the radium
present in soil and building materials (UNSCEAR,
2000). After its generation, radon emanates from
solid grains and transported through porous media
until its exhalation from the surface into atmos-
phere or into indoor environment. Diffusion and
advection are the radon transport mechanisms driv-
en by the concentrations and pressure gradients,
respectively. In general radon dynamics is complex
and depends on many factors resulting in the high
variability of radon concentration in indoor air.

The factors that influence the Cr, variation
could be classified into three groups: geogenic
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radon potential (GRP), building characteristics and
building users lifestyle (habits). GRP is a factor that
relates building underlying geology and Crn. The
GRP is explained through the soil gas radon
concentration and soil permeability. The soil gas
radon concentration depends on the ??°Ra specific
activity in the soil, which is proven to be in relation
with geology. Permeability of the soil is another
key geological factor that primarily affects the
dynamics of radon in the soil gas as well as its
emanation from the soil surface. The density of in-
filtrated radon flux from the soil, as well as
accumulated radon concentration in the building,
depends on the characteristics of the building. In
the following, different habits of building inhabit-
ants which relate to diverse levels of room ventila-
tion (windows opening) is in function of the inhab-
itant’s lifestyle, but also with meteorological condi-
tions (among other: Yarmoshenko et al., 2016; Ni-
kolopoulos et al., 2014).

The meteorological conditions also signifi-
cantly affect the radon dynamics resulting in
temporal variability of Cgr,. Just like the meteo-
rological parameters, the indoor radon concen-
trations are subject to daily, weekly, monthly and
seasonal variation (Kolarz et al., 2017; Nafezi et al.,
2014; Curguz et al., 2013; Vaupotié, 2012;
Vaupoti¢ et al., 2008; Stojanovska et al., 2011).
Because of that, the requirements are to present Crn
in a building as annual Cgn.

The awareness of the potential health prob-
lems that could be caused by the increased Crn, led
to gradual growing of the investigations of indoor

]

radon over last decades. As in the rest of the world,
a large number of scientific works the Balkans, in-
cluding the Republic of Macedonia, have been done.
The papers that appeared in the literature are mainly
related to radon sources, radon measurements and
are focused as well on factors that affected radon
variability (such as: Zunié et al., 2017a, 2017b, 2014,
2013, 2010, 2007; lvanova et al., 2016; Vuckovi¢ et
al. 2016; Bochicchio et al., 2014; Vaupoti¢ at al.,
2013, 2008; Carpentieri et al., 2011).

This study summarized the results of indoor
radon concentrations (Crn) in the Republic of Mace-
donia published in the literature. These results are
based on radon measurements in 520 dwellings, 74
schools and 5 kindergartens. Discussion is oriented to
radon spatial variations, the effect of buildings charac-
teristics on radon variation, as well as to seasonal var-
iations. The measured data is also compared with re-
ported data for some countries in the Balkan region.

MATERIAL AND METHODS
Study area

The Republic of Macedonia is situated in the
central part of the Balkan Peninsula (Southeastern
Europe), covering an area of 25.713 km?. Its geo-
graphical position is shown on the left maps in Fig-
ure 1. The territory is organized into 84 municipali-
ties contained in eight statistical regions (separated
with lines in Figure 1), with a total population of
2.022.547 (State Statistical Office, 2002).

Serbo-Macedonian

Vardar Zone

Figure 1. Left two maps: Geographical position of the Republic of Macedonia. Right map presents four Geotectonical
Zones and one area within the country coloured with different colours. The territory is organized in 8 statistical regions
where the names are coded with capital letters: Skopje (SKO), Polog (POL), Southwest (SW), Pelagonia (PEL), Northeast
(NE), East (East).
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The area is described by complex geo-
tectonic features of diverse relief and a complex
geology. It is broadly divisible into four geotectonic
units: Western Macedonian zone, Pelagonian mas-
sif, Vardar zone and Serbo-Macedonian massif and
a separate Kratovsko-Zletovska volcanic rock area
situated between the Vardar zone and the Serbo-
Macedonian massif (five different colored in Figure
1). The entire territory has a transitional climate,
from Mediterranean to continental.

Radon measurements

In general, the Cry measuring methods are
active or passive. There is also a consequent appli-
cation depending on the goals of the measurements.
So, the active methods are used to make short term
measurements and they are applied in cases when
quickly respond to Crgy is needed in some building
or to examine radon dynamics for a certain relative-

ly short period of time. The passive techniques are
time integrated methods in which Cgnis measured by
nuclear track detectors, exposed over longer period
usually in 3, 6 or 12 months. Detector response (cal-
ibrated in Bg/m?®) presents the average Crn for a cer-
tain period. The main advantage of this technique is
the possibility to perform simultaneous Crn, meas-
urements in many buildings in a particular region.

According to the goals of the four radon sur-
veys performed in Macedonia, all measurements
were made using passive nuclear track detectors.
The survey code, study area, type of environment
with the number of buildings considered in the sur-
vey, floor level, detector commercial name, as well
as the period of detector exposure for each survey
separately are given in Table 1.

The principle of detection, as well as the
results processing procedures of the measured con-
centrations, are explained in detail in the cited
references in Table 1.

Table 1. Basic information for applied methodology in four Cgrn surveys in the Republic of Macedonia

Type of envi-

Detector

survey Study area ronment (num- Floor level commercial Detector Reference
code S exposure
ber of buildings) name
Ground 4 successive Stojanovska,
s1 Whole country Dwellings (437)  First ' RSKS, seasons (De- 2011a
territory g Second RADUET cember 2008 to  Stojanovska,
November 2009) 2011b
Five municipali- . .
. TASTRAK 3 monthsin Stojanovska,
S2 tzlgrsmm Vardar Schools (43) Ground RADUET spring of 2012 2014
Two municipali- ;
ties in Kratovsko  Dwellings (40), Annual (from Stojanovska,
RSKS, 2016a
S3 Zletovska area schools (31), Ground June 2013 to .
) . Gamma 1 Stojanovska,
and one in Var- kindergarten (5) May 2014) 2016b
dar zone
Whole countr . 3 months in win-  Stojanovska,
S4 territory y Dwellings (43)  Ground RSKS ter of 2013 2017

Design of surveys

The purpose of the first survey, marked by
S1 in Table 1, was to established the basic map of
the annual Cg, distribution across the whole coun-
try territory (Stojanovska et al., 2011a). Seasonal
variations of Cr, Were also studied (Stojanovska et
al. 2011a). To that end, the detectors were deployed
in the dwellings on the whole territory of the coun-
try. The number of detectors in each municipality
was determined in dependence of the population
density. The Crn was measured in 4 consecutive
seasons, so the annual Cgr, was calculated as
arithmetic mean of the 4 measurements.

In order to investigate the Cr, Vvariability in
primary schools, the S2 survey was conducted in 5
municipalities in the geotectonical Vardar zone. The
measurements were done in the spring of 2012 and
the annual concentration was assessed using seasonal
correction factors (Stojanovska et al., 2011b).

The third S3 survey, was conducted in 3
municipalities, one in the geotectonical Vardar
zone and the other two in the Kratovo-Zletovska
area. The detectors were deployed in the dwellings,
primary schools and kindergartens and exposed for
a period of one year.

The fourth research (S4) deals with the
seasonal variability of Cr, and the effects of
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seasonal correction on the spatial variability of an-
nual Crn and its uncertainty. The detectors were
exposed during the winter period in 2013, in the
dwellings throughout the whole territory of the
country. The annual Cg, was estimated according to
the linear model developed in this study.

In all surveys and for each building, the
measurements were made in one of the mostly
occupied rooms: a living room or bedroom in the
dwellings, classroom in the schools, and a play-
room or bedroom in kindergartens.

RESULTS

The maximum value (Max), the arithmetic
mean (AM), the standard deviation (SD), variation
coefficient (CV = SD/AM), the geometric mean
(GM) and geometric standard deviation (GSD) of the
annual mean radon concentrations, as well as the
number (percent) of buildings where indoor radon
concentrations exceed national action level of 400
Bg/m?® for existing buildings, are given in Table 2.

Table 2. Basic descriptive statisticc of annual radon concentrations measured in 4 radon surveys
in the Republic of Macedonia

CRn
ig(;‘éey Max AM sD GM csp N ()40 Bgim?
(Ba/m®)  (Bg/m®)  (Bg/m®) (%) (Bg/m®)
Ss1 720 105 84 84 1.9 (1.8%)
S2 260 94 54 82 1.7 -
S3 990 186 178 131 2.34 7 (9%)
S4 460 120 85 98 1.9 1 (2%)
The mean values in the S1, S2, S3 and S4 140
studies expressed through AM and GM were in 120 Sl =82 mS3 WS4
intervals from 94 Bg/m?® to 186 Bg/m?® and from 82
Bg/m?to 131 Bg/m?, respectively. The Cr variations o 199
in each of them indicated by CV and GSD covered S 8o
intervals: from 57% to 95% and from 1.7 to 2.34. a2 60
=
Building factors affecting radon variability =40
20
The GMs of annual Cr, measured on the dif- o
ferent floors in S1 survey in comparison w_|th GM Ground First Second
of annual Crn, measured on ground floors in other
three surveys are presented iq Figure 2._ Figure 2. GM of annual Ce, measured
The GMs of Crn (with GSD in brackets) in different building floors
measured on ground, first and second floor in S1
were: 98 (1.9) Bg/m?, 66 (1.7) Bg/m?, 57 (1.6)
Bg/m?, respectively. The GM values which repre- 180
sented S2, S3 and S4 surveys in Figure 2 are the 160
: . . mSi S3 S4
same values given in the Table 2, respectively, 140
since all measurements in that surveys were per- gz 120
formed on the ground floors. E 100
Figure 3 shows the GMs of annual Cr,  — 80
grouped according to the presence or absence of %5 60
basement in buildings where measurements were 40
done. The GMs of annual Cr, (with GSD in brack- 20
ets) in buildings with basement: 73 (1.8) Bg/m?, 83 0
(2.10) Bg/m3, 71 (1.65) Bg/md, and without base- Building with Building withaut
basement basement

ment: 106 (1.8) Bg/m?, 161 (2.27) Bg/m?, 143 (1.7)
Bg/m? were obtained in S1, S3 and S4 surveys, re-
spectively.

Figure 3. GMs of annual Cr, measured
in buildings with and without floor
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Figure 4. GMs of Cr, measured in buildings
with different dominant building materials

The effects of the type of dominant building
materials on Cry variations were investigated in S1
and S3 surveys. Respectively for S1 and S3, the
GM of Cgrg (with GSD in brackets) for buildings

built out of stone: 119 (2.0) Bg/m?® and 158 (2.41)
Bg/m?; brick 82 (1.9) Bg/m® and 127 (2.2) Bg/m?;
concrete 78 (1.8) Bg/m® and 44 (1.37) Bg/m? are
presented in Figure 4.

Radon seasonal variation

The GMs of Cgry (with GSD in brackets) meas-
ured in winter, spring summer and autumn were: 115
(2.02) Bg/m®, 72 (1.97) Bg/m?, 46 (1.95) Bg/m?, 92
(2.02) Bg/m?, respectively for S1 survey, while for S2
and S4 surveys these values were: 76 (1.7) Bg/m® and
114 (1.9) Bg/m?® and corresponded for the measure-
ments performed in spring and winter.

Comparison with literature
For comparison, the results from radon sur-

veys performed in some European countries situat-
ed on the Balkan Peninsula are given in Table 3.

Table 3. Results from radon surveys performed in some countries on Balkan Peninsula

Period of Crn (Bg/md)

Country Indoor (N) detector AM GM Reference
exposure Max (SD) (GSD)
(months)

. . . Zunié et al.
Serbia/Sokobanja Dwellings (40) 12 189 55 43 2017
Serbia/Sokobanja : 60 49 Mishra et al.
municipality Dwellings (43) 12 230 (44) (1.8) 2014
Serbia/Niska Banja Dwellings (65) >6000 1163 (%299) e al.
Serbia/Krusevac, Brus, . 82.3 65.6 Vuckovi¢ et
Blace and Kursumlija Dwellings (60) 3 358 (60.6) (2.1) al. 2016

. Zunié et al.
Serbia/ Southern part Schools (207) 2x6 428 (17188) (19 ;) ur;gls

. . . Kindergartens (14) 59.6 55.1 Stajic et al.
Serbia /Kragujevac City Schools (28) 3 145 (25.6) (1.18) 2015
Kosovo and Metohija/

South-Easter and Central Dwellings (25) 2x6 378 (1864?; (114% Gu?gﬁ: al.
part) :
Kosovo and Metohija/ . 122 Gulan et al.
whole territory Dwellings (48) 2%x6 1016 (167) 71(2.7) 2012
Republic of Srpska/ Schools (25) 12 549 128 99 Curguz et al.
Banja Luka city Schools (207) (111) (1.94) 2015

. . . | t al.
Bulgaria/Sofia city Kindergartens (296) 3 1415 (ﬁg) (21 %é) Van%éll 46 a
Bulgaria/ Sofia city, Sofia . 158 99 Ivanova et al.
district, Plovdiv and Varna Dwellings (373) 6 3560 (304) (2.25) 2013
Bulgaria/ Kremikovtsi Schools and 8 1761 694 542 Vuchkov et
municipality kindergarten (9) (504) (2.06) al. 2013
Greece/Xanthi prefecture Schools (77) 8/10 958 (igé) Clouzvggget al.
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DISCUSSION

Table 2 summarizes the basic statistics of the
Crn measurements results obtained in the four sur-
veys implemented in the Republic of Macedonia.
The measured Crn values were observed to be nor-
mally distributed. The main conclusions from S1
were that Crn values have shown spatial variability
throughout the country territory. The variabilities of
Crn between country regions (Figurel), as well as
within them, were significant. In general, they were
mainly affected by regional and local geology fea-
tures, as well as by the building characteristics.
The maximum value of 720 Bg/m? reported for S1
survey was measured in Pelagonia statistical region
(Stojanovska et al., 2011a;). In order to clarify this
high value, a small measuring champagn in Kruse-
vo (a small town in the Pelagonia statistical region)
was conducted after S1 survey. The elevated values
for Crn and natural radionuclides content in top soil
were related to Amphibole-biotite granodiorite
lithostratigraphy (Stojanovska et al. 2012).

Certain differences between results in the
surveys given in the Table 2 are noticeable. They
originated from the differences in each study
design. For example, the S1 survey was conducted
in dwellings distributed throughout the whole
country territory, just like S4, but in the S4
measurements were organized only on the ground
floor rooms. For these reasons, the Crn values in S4
were higher than in S1 survey. It is interesting to
note that in these two studies the percentage of
dwellings that exceeds the National action level of
400 Bg/m? is the same and it is 2% in both cases.
Subsequently, the S2 survey was done on the
ground floor in the Vardar zone, where from the
previous knowledge elevated Cgy in that area was
not expected. The results confirmed the same, the
obtained Crn results in S2 were lower than those
corresponding to S1, also the maximum measured
value was < 400 Bg/m?3. The higher Cgn in Table 2
corresponds to S3 survey. In this case, the larger part
of the investigated region lies down in Kratovska-
Zletovska area, where bed rocks are from the volcan-
ic origin. Detailed investigations of the Cgr, have
been shown that the elevated Crn was in relation
with tuff, tuffite of andesite and latite (Stojanovska
et al., 2016). The existence of a connection between
natural radioactivity and geology on the basis of
broader research has been confirmed, not only due to
indoor radon, but also to indoor thoron (Stojanovska
et al. 2013) and **Ra (Bossew et al. 2013) in spatial
variability analysis of surface soils.

The effect of the building floor on annual Cgs
variations can be seen in Figure 2. The GMs values

of Crn measured in the ground floor in all surveys
were higher than this in the first and second floors.
On the other hand, the difference between the first
and second floor concentrations is not significant
(Stojanovska et al., 2011a;). Also the GMs values
that correspond to the measurements in ground
floors over the entire territory of the country (S1
and S4) are practically the same (Figure 2). Oppo-
site to this, the results from S2 survey are lower and
from S3 survey are higher than the GMs in S1 and
S4 surveys. The GMs of the Crn, measurements per-
formed in buildings without basements are lower
than in buildings with basements (Figure 3). Fur-
thermore, the GMs of Cr, in buildings with base-
ments cover wider range than the GMs of Cg, in
buildings without basement. So, the spatial distribu-
tion of Crn in the buildings with basements is practi-
cally uniform, while in those without basements
where the inhabitants are in direct contact with the
ground the Cg, varied considerably. These variations
are associated with different influences of the geo-
genic radon over the different parts of the country.
From Figure 4, it can be concluded that the
higher values of Cr, refer to the stone buildings. On
the same figure, the differences between the Crn
measured in buildings made of brick and concrete
are not noticeable for the S1 survey. On the contra-
ry, the higher Crn in buildings built from bricks
than these from concrete in the Kratovo-Zletovska
area implicate the use of local building materials.
The fact that the global trend to improve en-
ergy efficiency in the buildings increase the Cgn
was confirmed in the S3 survey where the impact
of new windows in buildings on Crn variations was
studied. The analysis showed that the Cg, in build-
ings with new windows was twice higher in com-
parison to Cgn in buildings with wooden windows
(GM = 110 (2.13) Bg/m?). In the same survey, the
environmental impact on Cr, was examined, but it
turned out that there was no difference between
urban and rural areas (Stojanovska et al. 2016a).
That long term measurements of Cg, in
schools can be representative for a given region as
well as for dwellings, even the different occupation
time in schools was founded in the S3 survey. The
results of annual Cgrn measurements in schools,
dwellings and kindergartens were not different
(Stojanovska et al., 2016a). There are also no
differences between the results of Crn in schools
when they are based on the annual measurements
(12 months) and when they are in the period
exempt from the summer holiday (9 months)
(Stojanovska et al., 2016b).
The Crn seasonal variations are presented in
Figure 5. The results clearly showed higher Cg, for
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the winter and autumn periods compared to spring
and summer. The latter could be ascribed to the fact
that during the colder months the buildings are
heated, which creates a higher difference in
pressure between the soil and the building. On the
other hand, in order to save energy in cold periods,
the inhabitants keep windows closed. The seasonal
measurements in S1 survey were used to developed
seasonal correction factors for annual Crn assess-
ment due to Cr, measurements in one season. The
regional variability of the correction factor was
confirmed only for the measurements in autumn
(Stojanovska et al., 2011b). Applying the seasonal
correction on measurements in winter season: the
relative uncertainty budget of the annual Cgn in-
creased only for 3% as well as the regional variabil-
ity over the country is not affected significantly
(Stojanovska et al., 2017).

140
120 mSl  ©S2 =S4
100
=80
m
~ 60
o2
“ 40
20
0

Winter Spring Summer Autumn

Figure 5. GM of Cr, measured in different season

Finally we compared the obtained annual Cgr
in our research with that published in the literature.
In general, the obtained GMs of Cg, in all surveys
(Table 2) were higher than the worldwide GM of
30 Bg/m? reported in the UNSCER 2000 report. On
the other hand, the both mean radon concentrations
expressed with AM and GM, together with its de-
viations, are more or less typical as the radon levels
reported for some other countries in the Balkan
Peninsula (Table 3).

CONCLUSION

Spatial variations of Cr, have been proven in
all radon studies conducted in the Republic of Mac-
edonia. In general, in the regions where bed rocks
are from volcanic origin the Cr, is higher in com-
parison with the other parts of the country. Also,
the characteristics of the buildings have a signifi-
cant effect on Cg, variations. The highest concen-
trations were measured in buildings on the ground

floor without basements built with stone. When
new windows are installed in such a building, the
Crn increases additionally. The results show that in
the few percents of buildings in Macedonia the Crn
exceeds the permissible level and they have to be
remediated. Further research in this field should be
include health and building professionals in order
to create an effective radon protection program.
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PE3YJIATH O MEPEILATA HA PAZIOH BO 3ATBOPEH TPOCTOP HU3
PENNYBJIMKA MAKEJOHUJA: ITPETJIE]

3neHKa CTOjaHOBCKal, Bnaxo boes?, Mean Boes?

!Vuusepsurer loue Jlenuen, DakynreT 3a MeauuHCKU Hayky, Ltun, Peny6auka Makenonuja
2 Vuugepsurer lone Jlenuen, PakynTer 3a IPUPOJHU M TeXHUUKU Hayku, LllTur, Peny6iuka Makejonuja

AXyMyIHpaHUOT PaJOH ¥ HErOBUTE MPOIYKTU CO KYCO BpeMe Ha pacrarame BO 3aTBOPEH IPOCTOP Ce TJIaBeH
NPUPOJICH U3BOP Ha 03pauyBame Ha HaceneHueto. EQexrute Bp3 3apaBjeTo, Kako U OpPOJHUTE MPUPOJHH U BEIITAYKH
(dakTopyu KOW BIHMjaaT Bp3 aKyMyJalyjata Ha paJoH BO 3aTBOPEH MPOCTOP, C€ €ICH OJ MOTHBUTE 32 HAYYHHOT
uHTEpec 3a panoHoT. Cienejku To 0Boj TiodaieH TpeH | Ha bankoHoT, BKIydyBajku ja u PenmyOmmka Makenonuja, Bo
HocJie/IHAaTa JeleHnja Oea CIPOBEICHH MHOTY HCTpaXkyBamba Ha paJoOHOT BO 3aTBOpeH mpoctop. OBoj Tpyn nasa
nperiie] Ha Beke 00jaBeHHUTE Pe3yNTAaTH OJ] CIIPOBEICHUTE MEperha Ha KOHICHTPALMHUUTE Ha PaJOH BO IPOCTOPUH HH3
PerryOnnka MakeqoHHja KOPHCTEjKM HYKIICAPHH TPAaroBH JOETEKTOpH. 10j OaBa OCHOBHHM WH(oOpMammu 3a
NPOCTOPHATa W BPEMEHCKATa BapHjaOWIHOCT Ha PaJOHOT BO 3aTBOPEH NPOCTOpP HU3 TEPHTOpHjaTa Ha 3eMjara,
IPOCIIECHO CO ONKC Ha e()eKTUTE O HeKou (aKTOpU KOM BiMjaaT Bp3 Tue Bapujanuu. Hamepara Ha mperieznor e: aa
T OpraHM3Upa U Ja TH UCKOMEHTHpA AOCTAIIHUTE PE3YNTAaTH 3a PaJOHOT BO 3aTBOPEH MPOCTOP, CO Lel Aa ce JIane
jacHa CIIMKa 3a Jocera CIPOBEICHHTE UCTpaKyBama, Ja C€ UCTaKHe HoTpebara oJ MPOJOJDKYBame Ha MOOOEMHO
UCTpaXXyBame Ha PajoHOT BO MPOCTOPUHMTE HA paOOTHUTE MeCTa, MOTHBHpPAHE Ha IPajeKHUTE NpodecroHaIny 3a
Kpeupame KOJIKY LITO € MOXKHO MOBEKe MEPKH 3a yOJa)KyBarbe U MPEeBEHIHja 0J] 3roJeMUHN KOHICHTPAIMK Ha PajIoH
BO 3aTBOPEH IIPOCTOP, MOTHBHUPAE Ha 3/[PABCTBEHUTE PAOOTHHIY 32 EMUAEMHOJIONIKH CTYAUH UTH.

Koayunu 300poBu: pajoH BO 3aTBOPEH NPOCTOP; NPOCTOPHHU BapHjallii; BPEMEHCKN BapHWjalny; IeoJIoTHja;
KapaKTepHCTHKH Ha 3rpasa

Tpunosu, Ogg. dpup. maiu. 6uoidex. nayku, MAHY, 38 (2), 137-145 (2017)



