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This paper is focused on the space and temporal variability of soil moisture experimen-
tal data acquired at a few locations near landmine fields in the Tuzla Canton, as well as
on the quantification of the statistical nature of soil moisture data on a small spatial
scale. Measurements of soil water content at the surface were performed by an electro-
magnetic sensor over 1,25, and 100 m? grids, at intervals of 0.2, 0.5, and 1 m, respec-
tively. The sampling of soil moisture at different spatial resolutions and over different
grid sizes has been investigated in order to achieve the quantification of the statistical
nature of soil moisture distribution. The statistical characterization of spatial variabil-
ity was performed through variogram and correlogram analysis of measurement re-
sults. The temporal variability of the said samples was examined over a two-season pe-
riod. For both sampling periods, the spatial correlation length is about 1 to 2 m,
respectively, or less. Thus, sampling should be done on a larger spatial scale, in order to
capture the variability of the investigated areas. Since the characteristics of many
landmine sensors depend on soil moisture, the results of this study could form a useful
database for multisensor landmine detection systems with a promising performance.

Key words: landmine, neutron backscattering technique, soil moisture, spatial and temporal
variability, variogram, correlogram

INTRODUCTION

At the moment, at least 110 million landmines
are scattered across more than 70 countries, resulting
in about 15 000-20 000 casualties per year, mostly ci-
vilians. At the current rate, clearing all existing mines
could take 450-500 years. Bosnia and Herzegovina is
the most heavily mined country in Europe. The coun-
try is still facing the problem of heavy mine contami-
nation, more than a decade after the end of the war.
Two years ago, The Bosnia and Herzegovina Mine
Action Center (BHMAC) stated that there were 18 319
minefields. The recorded minefields represent only
about 60% of the actual number of mined areas [ 1, 2].
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So far, only conventional methods have been ap-
plied in Bosnia and Herzegovina (B&H) for humani-
tarian demining. Metal detectors, dogs, and prodding
techniques that have been used for finding, localizing,
and identifying landmines are extremely dangerous,
time consuming, and expensive. A wide range of mine
detection techniques have been developed as an alter-
native to these conventional methods. However, none
ofthe present sensors are capable of fulfilling all of the
set goals. In order to improve the efficiency of
landmine detection systems, innovative research and
development are necessary.

A detection system should have a reasonable
chance of being implemented and providing results
within a reasonable span of time. One of the major
problems in humanitarian demining is the separation
of signals coming from landmines and those emitted
by benign materials in the soil. Elemental analysis is
the key to distinguishing explosives from other objects
in the soil that do not contain explosives. The most
common explosive materials found in landmines are
rich in carbon, nitrogen, hydrogen, and oxygen, in
variable concentrations. Therefore, their identifica-
tion can be reduced to the identification of these light
elements. Radiation based techniques can be useful for
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determining whether the anomaly in the soil, identi-
fied by non-nuclear means, contains an explosive ma-
terial or not. Among available radiation interrogation
approaches, neutrons are the most suitable candidates
for providing non-intrusive composition information.

The most relevant neutron technique of practical
use is the technique based on the detection of scattered
neutrons, i. e. NBT (neutron backscattering technique)
[3-5]. The NBT is based on the irradiation of contami-
nated ground with fast neutrons and the detection of
backscattered low-energy neutrons whose yield de-
pends on the concentration of hydrogen atoms in the
irradiated volume. The presence of landmines in the
soil causes an increased yield of low-energy neutrons.
The use of neutron backscattering (NB) sensors, fol-
lowing terrain scanning with a metal detector (MD),
would reduce the generation of “false” alarm signals
in the inspection of contaminated areas considerably
and, thus, improve the efficiency of the demining pro-
cedure. However, a limiting factor for the application
of'this technique is the density of hydrogen atoms con-
tained in the soil due to moisture. Thus, an investiga-
tion of the NBT performance as a function of soil
moisture in the contaminated area should be per-
formed. Critical soil moisture is obtained when the
density of the hydrogen atoms in the soil is equal to the
sum of hydrogen atom density in the explosive and
landmine casing. When this is the case, the landmine
cannot be detected, since it is impossible to differenti-
ate it from the background. For soil moisture lower
than the critical value, the landmine is likely to pro-
duce an increased rate of backscattered neutrons in re-
spect to the background.

The landmines found in the investigation areas
are mostly buried, non-metallic or with a minimal
metal content. Anti-personnel (AP) and anti-tank (AT)
mines of different sizes and shapes have been found in
the contaminated areas. AT mines contain a significant
amount of explosives, a common charge having
around 6 kg, whereas AP mines can weigh as little as
30 g of TNT, or tetryl. Critical soil moisture values for
different types of landmines found in the Balkans, in-
cluding B&H, mostly range from around 10% up to
about 50%. These values have been calculated using a
relation given in ref. [6]. Therefore, it is recommended
that the soil moisture content for a NBT application
does not exceed 0.1 kg/kg (10% mass).

The north-eastern part of B&H, the so-called
Tuzla Canton, is infested with around 3140 minefields
[7]. The map of the canton, along with the denoted
mine fields, is presented in fig. 1. In the previous work
[8], the results of the investigation of the physical
properties of the contaminated soil in different areas of
the Tuzla Canton, as well as the results of soil water
content monitoring of selected soils from other re-
gions in B&H, were presented. We have demonstrated
that it was not appropriate to use an NBT with a system
consisting of a neutron source and a single pixel detec-

tor for landmine detection in investigated areas of the
Tuzla Canton, since the soil moisture contents ex-
ceeded the recommended value of 10% of the overall
mass. However, we find it advisable to combine the
NB method with similar methods, such as the ground
penetrating radar (GPR) or infrared imaging (IR), in
order to improve the performance of the detection sys-
tem. Soil type and moisture also have a significant im-

Figure 1. Map of the Tuzla Canton with denoted
minefields

pact on GPR performance, IR, and NB imaging sen-
sors [9].

This paper deals with measurements of soil
moisture at several locations next to the landmine ar-
eas in the Tuzla Canton and with correlation analysis
of spatial and temporal variability of soil water distri-
butions. The ability to characterize soil moisture spa-
tial variability in different seasons is essential for the
efficient monitoring of a particular area. Larger scale
variations, such as slope and aspect, or smaller scale
variations, having to do with microtopography, can in-
fluence spatial variations in soil moisture. Since our
investigations were carried out close to the highly dan-
gerous areas, the focus of our examination was on
smaller spatial variations due to microtopography. Ac-
curate quantification of the true statistical nature of the
soil moisture field may be compromised if the mois-
ture is not sampled at a fine enough resolution [10].

The goal of this work was to capture the natural
statistical properties of soil moisture distributions at a
few locations in the Tuzla Canton in hope of avoiding in-
consistencies in the representation of soil moisture.
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CHARACTERISTICS OF MEASUREMENT
LOCATIONS IN THE TUZLA CANTON

The first field experiment was carried out at four
different locations in the Tuzla Canton. The soil water
content was measured on a daily basis during August
and September 2005, for 30 days. A total precipitation
of 98.1 1/m? was measured between the first and last
sampling campaign [11]. Measurement points have
been chosen in areas neighbouring minefields. Mea-
surements have been performed in different soil types
with mostly grass vegetation cover and various ground
configuration. Soil components and bulk density of
the selected soil measured by standard methods are
given in tab. 1 [12]. Volumetric content of moisture in
the first sample has been monitored at location No.1
with GPS coordinates N 44° 24'55.5" E 18° 25'28.5"
(village Musici), the second soil sample has been in-
vestigated at location No. 2 with GPS coordinates N
44°26'41.5",E 18°25'18.2" (village Jaruske), the third
sample has been measured at location No. 3 (village
Seona) with GPS coordinates N 44°26'07.7", E 18°
23'16.1" and the fourth sample has been monitored at
location No. 4 with GPS coordinates N 44°24'57.7", E
18°25"26.6" (village Pribitkovici).

Table 1. Soil components and bulk density of soil from
different locations in the Tuzla Canton

Sample| Sample | Sample | Sample

Soil components | "\ "1"| "No. 2 | No.3 | No. 4

Clay [%] 155 | 125 | 00 | 155

Silt [%] 333 | 443 | 155 | 43.6
Sand [%] 428 | 432 | 463 | 346
Gravel [%] 84 | 00 | 382 | 63

Soil density [10* kg/m’]| 1.91 | 1.80 | 2.02 | 1.83

Theta Probe type ML2x and Profile Probe type
PR2/4 (Manufacturer Delta-T Devices, UK) [13, 14]
have been used for measuring the soil surface moisture
and soil moisture at the depths of 10, 20, 30, and 40 cm,
respectively. The probes are electromagnetic sensors
and since the soil dielectric properties are highly sensi-
tive to the presence of water, soil moisture content can
be obtained indirectly. During a sampling campaign,
each time at each location, the surface soil moisture was
measured at three points separated by 20 cm, within a
surface area of 80 x 80 cm?.

PR2/4 has an accuracy of £0.06 m*>/m> with gen-
eralised soil calibration in “normal” soil. In order to av-
erage out possible anisotropies in moisture distribution
in the small soil volume, two further readings have been
taken with the probe rotated through 120°, each time for
all locations, at each depth. During the measurements,
both probes were used with the manufactured calibra-
tion assumed for “normal” soil. PR2 and ML2x have

been combined with a HH2 readout unit [15]. The re-
sults measured have shown that the values of soil
moisture for different types of soil in the Tuzla Canton
are often higher than the soil moisture critical value rec-
ommended for the NBT [8]. However, the results ob-
tained in this work could be useful as a database for the
integrated sensor system that requires information on
the effects of local soil environment.

SOIL MOISTURE VARIABILITY AND
SAMPLING RESOLUTION

Without adequate resolution in the measure-
ments, a lack of understanding of the nature of the vari-
ability of soil moisture at different scales can lead to
significant inconsistencies in the representation of
these variables. Therefore, we performed soil mois-
ture measurements at different sampling resolutions
and over different grid sizes, in order to determine the
optimal spatial scale and sampling density at which
these data should be represented. For statistical struc-
ture analysis, we have chosen one sample at location
No. 2 with 44.3% of silt and the second sample at loca-
tion No. 3 with 46.3% of sand. The type of soil with
more sand at location No. 3 has a low water capacity
and changes in moisture are fast and significant com-
pared to the soil at location No. 2. Measurements of
soil water content at the surface were performed by us-
ing the ML2x sonde with an accuracy of +3%, over 1,
25, and 100 m? grids, at intervals of 0.2, 0.5, and 1 m,
respectively. Basic parameters of descriptive statistics
for 3 sampling resolutions at location No. 2, for two
sampling dates, Sept. 9, 2005 and Aug. 17, 2006, are
given in tab. 2. Along with the sampling of soil mois-
ture, visual observation of the presence of vegetation
was made at each sampling point within the area of the
study. Sampling resolutions 0f0.2, 0.5, and 1.0 m at lo-
cation No. 2, have been chosen to investigate
microtopography effects on soil moisture distribution.

Table 2. Basic parameters of descriptive statistics for
three sampling resolutions at location No. 2, for two
sampling dates: Sept. 9, 2005 and Aug. 17, 2006
Descriptive Step 0.2 [m] | Step 0.5 [m] | Step 1.0 [m]
statistics | 2005 | 2006 | 2005 | 2006 | 2005 2006

Mean 16.93 | 18.61 | 17.54 |18.33 | 17.60 |17.66
values [%)]

Standard
deviation [%]

1.75 | 1.59 | 1.41 | 220 | 1.46 |2.36

Maximal 1) 55|51 50 | 21,11 |22.77| 21.34 [22.06
moisture [%]

Minimal

moisture [%] 13.00 | 14.22 | 13.00 | 10.06| 13.00 | 6.33

Amﬁ%‘lde 822 | 7.28 | 8.11 |12.71| 8.34 |15.73

Coefficient of
variation [%]

10.32 | 8.56 | 8.00 |12.00| 8.31 |13.38
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Figure 2. A3-D representation of soil moisture atlocation No. 2 with three sampling resolutions, for two sampling dates

(a) 2005, (b) 2006

The 3-D representation of soil moisture at location No.
2, given in fig. 2a and b, shows that, in agreement with
expectations, the dispersion of soil moisture is not sig-
nificant, since the grids are of relativelly small dimen-
sions and the investigated areas are approximately ho-
mogenous. Basic parameters of descriptive statistics
for 3 sampling resolutions at location No. 3, for two
sampling dates, Sept. 9, 2005 and Aug. 8, 2006, are

givenintab. 3. A3-D representation of soil moisture at
location No. 3 is given in fig. 3a and b for 2005 and
2006 sampling, respectively. It can be noticed that the
mean soil moisture value does not vary significantly
with spacing. However, the mean values of soil water
distributions at location No. 2 are, on average, larger
compared to those at location No. 3. For both loca-
tions, standard deviation increases slightly as the sam-
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Figure 3. A 3-D representation of soil moisture at location No. 3, for (a) 2005, (b) 2006 sampling

ple spacing becomes coarser. The coefficient of varia-
tion (CV) is defined as the ratio of the standard
deviation to the mean value. The coefficient of varia-
tion has the largest value for the grid with the step of 1
m, since individual sample points across the larger grid
were, on average, closer to the mean soil moisture. The
CVs ranged from 5.53 to 15.62%, indicating rather
high variability in soil water content at different spatial
scales during the two periods of measurements.

SEMIVARIOGRAM AND CORRELOGRAM
ANALYSIS OF THE SOIL MOISTURE DATA

Sampling of soil moisture at different spatial reso-
lutions has been investigated in order to achieve accu-
rate quantification of the true statistical nature of soil
moisture distribution. Statistical characterization of
spatial variability has been performed through
variogram and correlogram analysis of experimental
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Table 3. Basic parameters of descriptive statistics for
three sampling resolutions at location No. 3, for two
sampling dates: Sept. 9, 2005, and Aug. 8, 2006

Step 0.2 [m] | Step 0.5 [m] | Step 1.0 [m]
2005 | 2006 | 2005 | 2006 | 2005 | 2006

Statistics

Mean 12.11]12.35 | 11.57 | 11.58 | 10.45 | 11.56
values [%]

Standard
deviation [%]

1.24 | 0.68 | 1.41 | 1.81 | 1.97 | 1.54

Maximal

moisture [%] 14.55 1 13.86 | 15.59 | 15.39 | 14.11 | 16.38

Minimal | ¢ g6 110,19 | 6.29 | 7.87 | 6.09 | 7.23
moisture [%]

Amplitude
(7]

Coefticient of
variation [%]

5.69 | 3.67 | 930 | 7.52 | 8.02 | 9.15

10.23 | 5.53 | 12.20| 15.62 | 14.26 | 13.35

data. A variogram is a plot of the semivariance at differ-

ent distances, i. e. the average of the square of the differ-

ences between data values as a function of the separa-

tion distance (i .e. distance between sample points).
The semivariogram is defined as

= Nz -z e (1)
=Ny & !

where / is the separation distance between sample
points, N(%) is the number of sample point pairs sepa-
rated at distance £, Z(x;) is the observed value of soil
moisture at point Z, and Z(x; + /) is the observed value
at point 7 + A. The range and sill are two parameters of
the semivariogram used to describe the said data. The
difference between the compared points becomes
larger with the distance increasing. At some point, the
semivariogram develops a flat region called the sill.
The distance at which the sill is reached is called the
range.

Figure 4 illustrates the semivariance as a func-
tion of distance at location No. 3 for the two sampling
periods. The variogram shows that the variability in-
creases with lag distance. The range indicates the ex-
tent to which sampled spatial values are similar, and
for the 2005 data sampling, the distance at which the
variogram reaches the plateau, when no further in-
crease in variability occurs as the separation distance
increases, amounts to about 1 m. As for the 2006 sam-
pling data, the “range of influence” or “range of corre-
lation” is about 2 m. Beyond this range, there is no
more correlation between the sample and other values.
It can be noticed that spatial dependence does not vary
much during the course of a season as moisture condi-
tions change. The spatial correlation length is about
0.5 and 1 m at location No. 2 for both sampling dates,
respectively.

According to [16], the autocorrelation function
(ACF) is a primary diagnostic tool which indicates if
there is a spatial or temporal pattern of on-site sampled

¥ 3
= = = |Location No. 3/2005
= | ocation No. 3/2006

Semivariance

| L ) . |
0 1 2 3 4 5 6 7 8
Distance [m]

Figure 4. The semivariance as a function of the distance
at location No. 3 for the two sample periods

data. The effects of resolution and grid size on spatial
autocorrelation should be examined to capture the nat-
ural statistical properties of the soil moisture field.
Namely, accurate representation of soil moisture dis-
tribution may be obtained by an optimal sampling
strategy.

Auto- and cross-correlation functions are used
as geostatistical tools to describe the characteristics of
spatial data distributions. Spatial autocorrelation anal-
ysis is based on the Moran I method, i. e. the calcula-
tion of the correlation coefficient 7(;) as the ratio of the
covariance c(j) and the total variance s> [16]

)=
s
1 n=1 _ _
) D L A 2
c(j) (n_l_j)izzl[(X, X)Xy —%)] (2)
2 1o
* _(n—l)igl(Xi %)

where 7 is the number of these observations, j the num-
ber of lags / between observations used for the correla-
tion, x; the variable at position i and x; . ; at position i +,
r(j) are correlation coefficients for j lags. Moran’s I
method of local spatial autocorrelation analysis was
used in addition to the variogram to determine if there
was any organization in the measured soil moisture
field. This computation is achieved by dividing the spa-
tial covariation by the total variation. The resulting val-
ues are in the range of approximately —1 to 1, with posi-
tive values suggesting positive spatial autocorrelation,
and vice versa.

Correlation coefficients as a function of the dis-
tance between spacing points for experimental data
sampled at location No. 3 in 2005 are given in fig. 5. A
maximal value of the auto-correlation coefficient of
0.4 has been obtained at the distance of 1 m, which is in
agreement with the value obtained by variogram anal-
ysis.
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Figure 5. Auto-correlation coefficients as a function of
the distance

The distribution of the correlation coefficients »
is rather complex, but it is, still, possible to form a new
variable with a simpler distribution. The formula

3)

is used for testing whether » = 0 or not. The result is
compared to a ¢-distribution with (n—2) degree of free-
dom to return a probability value (2-tailed).

The critical value of the correlation coefficient is
0.1786 for a statistical significance of 95%. It is obvi-
ous, in fig. 5, that the correlation coefficient at the dis-
tance of 1 m is larger than the critical value, which
means that the soil moisture experimental data at dis-
tances smaller than 1 m do not show significantly dif-
ferent water content at a confidence level of 95% (a =
=0.05).

When the sample size is only moderately large
(210), we can compare whether the difference be-
tween the two non-zero correlation coefficients is sig-
nificant. Fisher developed a transformation of 7 that
tends to become normal quickly as #; i. e. the sample
size increases. This distribution is called the Fisher r to
z transformation. The transformation is

1 I+r
z =5 h{l—r] (4)

where r is the sample correlation. Then, each z is ap-
proximately normally distributed with a mean value

(1R, e
H: _2ln[1—pj+2(n—1) ®)

where p is the actual or population value of the correla-
tion coefficient, with a variance

o, =

1
3 (6)

By using the Fisher-z transformation, the corre-
lation coefficient » = 0.3994 is in the confidence inter-
val 0f 0.2379 to 0.5394, with a statistical significance
of 95%.

In recent years, statistical literature has exam-
ined the properties of resampling as a means to acquire
information about the uncertainty of statistical estima-
tors. A histogram of the result obtained by the boot-
strap procedure (fig. 6) to establish the uncertainty of
the correlation coefficients represents a powerful
quantitative evidence that the data set is positively cor-
related. The histogram shows the variation of the cor-
relation coefficient across all the bootstrap samples.
Most of the bootstrap results lie close to the value of
0.4, suggesting that the value of the correlation coeffi-
cient of 0.4 is statistically significant. Figures 5 and 6
indicate moderate spatial autocorrelations at resolu-
tion, or spacing of 1 m, which is in agreement with the
value obtained by variogram analysis for experimental
data sampled at location No. 3 in 2005.

300

250

Frequency

200

150

100

50

0 0.1 0.2 0.3 0.4 05 0.6 0.7
Correlation coefficient

Figure 6. A bootstrap histogram of correlation
coefficient distribution

CONCLUSION

Measurements of soil moisture near the
landmine fields in the Tuzla Canton, as well as the
analyses of the statistical structure of experimental
data, represent the first phase of the long-term research
activity that is indispensable in the investigation of the
applicability of advanced nuclear methods in the
demining process. Experimental results relating to the
Tuzla Canton presented in this paper indicate that soil
water distributions are highly variable. This variability
arises from a complex interaction of many geophysical
parameters such as soil type, topography, vegetation,
and climate. An accurate characterization of the true
statistical nature of soil moisture distribution requires
a proper sampling approach specific to the investi-
gated site. Sampling of soil moisture at different reso-
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lutions and over different grid sizes was examined in
order to improve the reliability of the field’s represen-
tation. Since the measurements were performed near
landmine fields, the investigation of soil moisture dis-
tributions was limited to smaller spatial scales and mi-
cro-topographic effects.

Statistical characterization of spatial variability
was performed through the analysis of statistical struc-
ture, variograms, and autocorrelation of experimental
data. The basic parameters of descriptive statistics for
the three sampling resolutions of 0.2, 0.5, and 1 m at
location No. 2 with 44.3% of silt and at location No. 3
with 46.3% of sand, both in the Tuzla Canton, were
calculated for the two sampling dates. Results show
that the seasonal mean soil moisture value does not
vary significantly with spacing, but that the standard
deviation increases slightly as the sample spacing be-
comes coarser. The temporal variability of the same
samples was examined over a period of two seasons.
The results, obtained by the autocorrelation function
as a primary diagnostic tool that indicates a spatial or
temporal pattern, have shown that measurement
points at both locations are spatially correlated at reso-
lutions of around 1-2 m or less during both sampling
periods, respectively. As the mean does not change
significantly, the sampling should be done on a larger
scale in order to really capture the variability of the site
as a whole. Results indicate that sampling does not
need to be done at an extremely fine resolution, but
larger area coverage could be more useful for the accu-
rate representation of soil moisture distributions.

Since the performance of a few individual
landmine sensors varies strongly with soil properties,
incorporating information about the local soil environ-
ment into the integrated sensor system has the poten-
tial to greatly improve the performance of multisensor
landmine detection systems [17].

The results obtained concern the quantification
of soil moisture variability near a few landmine fields
in the Tuzla Canton and determine the optimal spatial
scale at which the said data should be represented.
This study is a contribution to the establishment of a
soil bank with basic information on soil properties and
soil moisture variability that could be a valuable input
for site-specific applications, such as the use of
multisensor systems for landmine detection.

The next stage of our research program will in-
clude experimental studies of soil moisture in other ar-
eas of B&H, spectral and wavelet analysis of the spa-
tial and temporal variability of soil moisture and their
influence on landmine detection by neutron backscat-
tering techniques.
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Cenaga ABJINh

NCIINTUBAIBE BAPUJABMIHOCTUA BJAXHOCTU TJIA PAIN
JETEKIIMJE MNMHA HEYTPOHCKOM TEXHUKOM

Ogaj pazi ycMepeH je Ha eKCIepUMEHTATHO HCITUTHBAE IPOCTOPHE M BPEMEHCKE BapujabUITHOCTH
BIJIa’KHOCTHU TJIa HA HEKOJIMKO JoKauyja y Ty3jgaHCKOM KaHTOHY, Kao M Ha KBaHTU(PUKALM]y CTATUCTHYKE
MIPUPOJE BIAXKHOCTH TJIa HA MalkUM IIPOCTOPHUM CKallama. Mepeme cajipxkaja Bojie Y HOBPIIMHCKOM CJI0jy
TIIa U3BPIIEHO je MOMOhy €NEKTPOMArHETHOr CeH30pa Ha Mpexkama mospumsae 1, 25 u 100 m?, u
uaTepBammMa o 0,2, 0,5 u 1 m, pecneKTUBHO. Y 30pKOBaHk-E BIASKHOCTH TJIa Ha Pa3INIUTHM IPOCTOPHIM
pe3onynyjaMa 1 3a MpeXke pa3NuuTHX JIUMEH3HMja UCIATHBAHO je J1a OW ce MOCTHIJIAa KBaHTH(UKAI]a
CTaTUCTUYKE NPUPOJIE pacnofielne BiaxkHocTh. CTaTUCTHUKA KapaKTepu3aluja IpOCTOPHE BapujaGHIIHOCTU
ypabeHa je xopumrthemeM BapuorpaM M KOpeJjorpaM aHanm3e pesyiaTata Mepewa. BpemeHcka
BapujabMITHOCT UCTUX y30paKa UCIUTHBAHA j€é TOKOM /iBa lepuoja. 3a 06a 1aTyMa y30pKoBamwa, IPOCTOpHA
KOpeJlalioHa Ay>KMHA U3HOCK NMPUOMIKHO 1 1 2 m, pecnekTuBHO, unu Mawme. OTyza, y3opkoBame Tpeba
M3BPILIUTH ca BehoM pe3onyuujom fa 6u ce oOyxBaTuia BapujaOUIHOCT UCIUTUBAHUX noapyyja. ITomro
KapaKTEePUCTUKE HEKOJIMKO HHAMBHUAYATHUX CEH30pa 3a JETEeKIHUjy MHHA 3aBHCE Off BJIAXKHOCTH TIa,
pe3yaTaTH OBUX MCIUTHBaKa MOINIM OU ce KOPHCTHTH Kao KOpHCHa 0a3a IMojjaTaka 3a MyJITHCEH30PCKE
IETEeKIMOHE CUCTEME Koju MMajy 60Ibe mepdopMaHce.

Kmyune peuu: mune, HeYIIPOHCKA TEXHUKA, BAANHOCII WiAQ, HPOCHIOPHA U 8PEMEHCKA 8aPUJAOUAHOCTT,
8ApUOZPAM, KOPENOZPAM



