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The effective atomic number (Z¢) of Si,Pb, ;.. (Fe,03), 3 ternary alloys was obtained for pho-
tons. Rayleigh to Compton scattering ratio (R/C) has been determined to obtain the Z g of
Si,Pb, ;.. (Fe,03), 3 ternary alloys of varying Si and Pb (10 %-60 %) content for scattering of
59.54 keV y-rays at an angle of 130°. The theoretical R/C ratios of elements were plotted as a
function of the atomic number and fitted to a polynomial equation. Experimental R/C values
of alloys were then used to obtain Z ¢ using this fit equation. Also, Z g values of these alloys
were determined for the first time by interpolating the R/C of the material using the R/C data
of adjacent elements in between the R/C of the alloy lies. The agreement between the interpo-
lation method and the fit equation was quite satisfactory. The obtained Z ¢ for photon scat-
tering were then compared to the Z for total photon attenuation obtained using the
Auto-Z ¢ program. Significant variations were observed between the Z ¢ for scattering and
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the total attenuation of gamma rays.
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INTRODUCTION

Ferro alloys are known as various alloys of iron
including one or more other elements such as copper,
nickel, chromium, manganese, aluminum or silicon
which are used in the production of steels and alloys.
The said alloys are of use in nuclear engineering, in-
dustry, stainless steels, reactors, shielding technolo-
gies (especially lead-doped ferro alloys) [1, 2]. Thus,
knowledge of their radiation related physical parame-
ters such as mass attenuation coefficients, stopping
power factors (for charged particles), effective atomic
number and electron density is very important for un-
derstanding their behavior under the charged and un-
charged radiation interaction. The interactions of pho-
tons as well as charged particles are of key importance
whether as primary or secondary radiation since vari-
ous applications in which ionizing radiations are in-
volved take into account radiation interaction proper-
ties of the materials in different energy regions. Unlike
the elements, a single number cannot represent the
multi element material in the continuous energy region
as expressed by Hine [3]. Because it contains elements
with different atomic numbers and for each of the pro-
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cesses by which radiation interacts with matter, the
various atomic numbers in the material have to be
weighted differently. Accordingly, Z 4 is not a true
constant for a given material but varies with energy,
depending on the interaction processes involved.
Referring to literature, experiments based on
photon attenuation have been widely used to deter-
mine the Z 4 of alloys. A non-destructive technique
based on the scattering of photons has also been used
to obtain the Z ¢ of alloys, although not as extensively
as for the attenuation of photons. Singh et al. [4] mea-
sured the effective atomic number of brass and bronze
composites (composition of alloys; Cu-70 %, Zn-30 %
and Cu-60 %, Sn-40 %) using the Rayleigh to
Compton scattering ratio of 145 keV photon energy at
a 70° scattering angle. The effective atomic number of
composite materials of known composition such as
brass, bronze, soldering material, perspex, and bake-
lite were studied using the Rayleigh to Compton scat-
tering ratio of 279 keV y-rays at a 50° scattering angle
[5]. Singh et al. [6] determined the effective atomic
number of some binary alloys using multiple scatter-
ing of 662 keV gamma rays and have utilized the Ray-
leigh to Compton scattering ratio for the 145 keV pho-
ton energy to determine the effective atomic number of
Pb-Sn alloys (7). Kumar and Umesh [8] measured the
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effective atomic number of composite materials for
the gamma ray region of 280-1115 keV at different
scattering angles. Demir and Tursucu [9] investigated
the effective atomic number of FeCr and FeNi binary
ferro alloys using the Rayleigh to Compton scattering
ratio of 59.54 keV photon energy at a 167° scattering
angle. Yilmaz et al. [10] measured the effective atomic
number of gunshot residues (composed of Pb-Sb,
Cu-Zn alloys and nitrocellulose) using the Rayleigh to
Compton scattering ratio of 59.54 keV photon energy.
Effective atomic numbers for various materials have
been previously studied as well [11-14].

In the present study, a ternary (lead-ferro silicon)
alloy Si, Pb, ;_(Fe,03), 3 has been used to investigate
radiation interaction characteristics since iron is being
used as a structural material in nuclear reactors along
with the high Z element, lead is being used as a radia-
tion shielding material. This type of alloy has not been
directly used in nuclear technology yet. However, it
would be interesting to investigate its radiation inter-
action behavior since it contains key elements such as
Fe and Pb. Therefore, Si,Pb, ;_(Fe,03), 5 ternary al-
loys have been investigated with respect to the Z ¢ for
scattering of 59.54 keV gamma rays at a scattering an-
gle of 130°. The experimental geometry shown in
fig. 1 allowed the angle of 130° as a scattering angle.
This scattering angle was selected in order to investi-
gate the scattering of photons in comparison to the at-
tenuation of photons. Also, an alternative method,
namely interpolation, was used to obtain Z g for the
scattering of gamma rays as a means of comparing it
with the commonly used fitting procedure for obtain-
ing Z . An Am-241 annular mono energetic radioac-
tive source emitting 59.54 keV photons was used in
this work. The annular form of the source allowed
gammarays of 59.54 keV to scatter at an angle of 130°.
Therefore, the scattering angle has been kept constant,
but the concentrations of elements constituting the al-
loy have been varied. Moreover, the Z g of the chosen
alloys was estimated for different types of interac-
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Figure 1. Rayleigh to Compton scattering ratio as a
function of the atomic number of elements. Fitting to a
fourth order polynomial equation gives best fitting as R” is ~1

tions, such as total photon attenuation at 59.54 keV us-
ing different methods as well.

METHOD
Z for scattering of gamma rays
First method (fitting equations)

In order to determine the Z g of the chosen al-
loys, the Rayleigh to Compton scattered photon inten-
sity ratios were used. At a scattering angle of 6, the
number of Rayleigh (V) and Compton (V) photons
are directly proportional to the areas of their respective
peaks in the measured spectrum. In addition, the scat-
tered intensity ratios can be theoretically calculated
using eq. [15]

where N, is the initial fluence, 17, — the number of at-
oms per volume of the sample, AQ2 — the solid angle
subtended by the detector, & — the detector efficiency,
Ag and Ac are the self-attenuation factors for each of
the scattering processes, [do/dQ2]g and [do/d(2]¢ are
differential cross-sections, respectively [15]. If N and
Nc are measured in the same geometric conditions of
irradiation and detection, then Ny, 17, AQ2, V; and & be-
come constant values. Equation (1) can be rewritten
considering the Thomson, [do/dQ]y,, and
Klein-Nishina, [do/dQ]ky, differential cross-sections,
the atomic form factor, F; and the incoherent scattering
function, S, which are dependent on the momentum
transfer (x = sin(0/2)/1),
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The self-attenuation factors for the Rayleigh and
Compton intensities can be calculated as

Ag =V V[ vexp—[u(Eqy )L, + u(Eq L, 1dV
and
Ap =1V [ vexp—[u(Ey)L, + u(E L1V

respectively [15]. u(Ey) and p(E¢) are the linear atten-
uation coefficients for the incident () and Compton
(E¢) scattered energies, L; is the distance from the sur-
face of the sample to the elemental scattering volume
(d¥) and Lg from this element to the surface of the sam-
ple, in the direction of the detector [15, 16]. For a fixed
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experimental condition, when a small energy shift oc-
curs between Rayleigh and Compton scattering and
thus ratio of Ar and Ac becomes 1 (Ar/Ac= 1) [15-18].
In this case, eq. (2) can be reduced. However, in the
present work there is an energy shift between Rayleigh
and Compton scattering, thus the condition Ag/Ac = 1
cannot be satisfied. Therefore, self-attenuation correc-
tion factors were calculated and properly used in eq.
(2). If molecular weight and elemental composition
fractions of the given compounds or composite materi-
als are known, R/C is calculated by weighting the
atomic percentages a?’ of elements as following [17]

ch’) } S al'[F(g.2;)
— . q’ .
Bup-pmi| 2| )
def) } S ats(q.z,) |
dQ Jxn J=1

where a;l-tis defined by weight percentage w; and
atomic mass 4; of the ji, element as [17]
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After the determination of R (theoretically or ex-
perimentally), the Z g can be calculated using the in-
terpolation formula at the same scattering angle and
energy as well.

For a fixed momentum transfer, R/C is a function
of only the Z of the sample [15, 16, 18-20]. Therefore,
theoretical values of R/C can be calculated via eq. (3)
and, when plotted in function of Z for pure elements,
then the Z ¢ of the material can be deduced using the
best fit equation [15, 16]. Those data were plotted con-
sidering the F and S values and their corresponding x
moments from Hubbell et al. [20, 21] for elements
with 25 < Z <70, as shown in fig. 1. The continuous
line is the result of the best polynomial fit. The equa-
tion for the best-fit curve is shown as well (fig. 1).

Second method (interpolation)

Z g of the chosen alloys can be estimated using a
well-known interpolation procedure shown below
[22]

_ Z(logR, —log R)+Z,(log R—log R, )

Z
o log R, —log R,

)

where R, and R, are the R/C ratios in between the R of
the material lies and Z; and Z, are atomic numbers of
the elements corresponding to the ratios (R/C) R, and
R,, respectively. The use of the above interpolation
method in scattering experiments has been explained
in detail elsewhere [23].

Z for total photon attenuation
First method

The Auto-Z; program was used to calculate the
Z¢ of the given materials for total photon attenuation
at 59.54 keV [24]. It was used to calculate Z g for
multi-energetic photons emitted through heteroge-
neous radiation sources such as Pd-103, Tc-99,
Ra-226,1-131,1r-192, Co-60,30kVp, 40k Vp, 50k Vp
(Intrabeam, Carl Zeiss Meditec), and 6 MV (Mohan-6
MYV) sources as well.

Second method (single Zg)

A single-valued Z 4 was be obtained by using
Mayneurd's formula as follows [12, 14, 25]

Zoy =S, 27> (6)

where «; is the fractional number of electrons of ele-
ment i which can be calculated using the below formula

A.
af =" 7)

EXPERIMENTAL

The alloys used in this study were in fine powder
form. The concentrations of light and heavy elements
have been varied from 10 % to 60 %. Table I lists the
weight fractions, thicknesses and densities of the cho-
sen alloys. The samples were pelleted using a pressing
machine to form tablet samples prior to measurements.
The pellets were pressed at 8 tons/cm?” in a Spex hy-

Table 1. Elemental composition, thickness and density of the chosen alloys

Weight fraction [%] R/C
Alloy Fe,0; Si Pb Density [gem °]| Thickness [cm] | Experiment Theory
Pby,1-Sig.6-(Fe203)0.3 30 60 10 2.84 0.37 0.05 0.06
Pbo,-Sip s-(Fe203)03 30 50 20 3.12 0.34 0.09 0.10
Pby 3-Sip4-(Fe;03)03 30 40 30 3.55 0.31 0.13 0.14
Pbo 4-Sig3-(Fe203)03 30 30 40 3.89 0.29 0.17 0.18
Pbo.s-Sipo-(Fe203)03 30 20 50 4.58 0.25 0.21 0.23
Pby 6-Sip.1-(Fe203)03 30 10 60 5.45 0.21 0.25 0.28
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Figure 2. Schematic diagram of the experimental set-up.
Incident and scattered beam and representation of
scattering angle are included

draulic press. In this way, the samples obtain a smooth
surface so that errors due to the improper shape of the
samples are minimized. The mass of each alloy was
scaled using a scale with a 107 g accuracy. The experi-
mental arrangement is shown in fig. 2. In order to ob-
tain the Rayleigh/Compton scattering intensity, all al-
loys were excited using 59.54 keV gamma rays
emitted from an Am-241 annular radioactive source
(100 mCi). The scattering peaks (Rayleigh and
Compton peaks) emitted from the targets were de-
tected by a Si(Li) detector (effective area 12 mm?,
thickness 3 mm, Be-window thickness 0.025 mm,
Canberra SL30165, with energy resolution of 165 eV
at 5.9 keV) and analyzed using the Genie-2000 soft-
ware. The data were collected into 4096 channels of
the MCA and further analyzed by the demo version of
the Origin 7.5 software program. The counting time
for each measurement was kept at 10800 s in order to
reduce the statistical uncertainties due to counting sta-
tistics, both for Rayleigh and Compton peaks. The
scattering angle is 130°, sample-to-source and
source-to-detector distances were kept as 10 cm.

RESULTS AND DISCUSSION

The various sources of error in the measure-
ments are due to counting statistics, mass thickness de-
termination and evaluation of photo peak areas by
peak fitting, etc. The error in the counting statistics
was reduced to <1 % by collecting at least 10* counts
under the Compton and Rayleigh peaks. By accumu-
lating at least 10* counts under the peak, the subse-
quent uncertainty becomes 1 % according to the error
propagation formula~/N / N, where the number of to-
tal counts under the peak is N. The evaluation of the
area of scattered peak by peak fitting was done using
the demo version of Origin which gives the estimated
error as an output as well. The error associated to eval-
uating the area of the scattered peak by peak fitting
routine was less than 3 %. Mass thicknesses were mea-
sured by a micrometer which could measure down to
0.01 cm. The uncertainty in estimating the mass thick-
ness of the targets was about 1 %. The uncertainty in
the scattering angle was approximately 1 %. The un-
certainties in the peak fitting and log-interpolation
procedure were based on the derivation of Rayleigh

and Compton cross sections and the atomic form fac-
tor and incoherent scattering functions. The
uncertainties in F (x, Z) and S (x, Z) were found to be
less than 1 % [20]. By using the R/C ratio, the sensitiv-
ity to sample thickness variation and positioning can
be reduced, thus leading to lower experimental uncer-
tainties [17].

Typical scattering spectra for the chosen alloys
were shown in fig. 3. It is well-known that Compton
scattering is more dominant in low and medium Z ma-
terials than in those of high Z. It is obvious that the al-
loy which has the lowest weight fraction of Pb has the
highest Compton peak intensity (fig. 3). Up to now, the
Z-of the materials for gamma scattering has been de-
termined using fitting equations [9, 13, 15-19]. In the
present work, an alternative method has been em-
ployed to show its availability for estimating Z g for
scattering of gamma rays. For this purpose, two differ-
ent methods were compared with respect to the ob-
tained Z ;. The R/C of the material and the data of ad-
jacent elements in between the R/C of the material lies
were used to interpolate the Z 4 of the chosen alloys.
Figure 4 shows the relative difference (%) between the
experimental and theoretical values of Z 4. The rela-
tive differences were found to be <8 % between the ex-
perimental and theoretical values of Z . Shown in fig.
5 is the relative difference (%) in Z 4 obtained using
the fitting equation and interpolation formula. An ex-
cellent agreement has been observed between the two
methods as relative differences (%) were always <8 %.
Therefore, the interpolation was found to be an alter-
native and practical method for the calculation of Z 4
for scattering of gamma rays.

Besides, for the scattering of gamma rays, the
Z.¢r values of the chosen alloys for total photon attenu-
ation were obtained by using the Auto-Z ; program
[24] and a single-valued Z g, independent of the en-
ergy acquired through Mayneourd's formula [25].
Total attenuation refers to the sum of attenuations
due to each partial interaction process. In the case of
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Figure 3. Typical scattering spectra of the chosen alloys
at 59.54 keV. Note that the Compton scattering peak has
greater intensity than that of Rayleigh scattering due to
high weight fraction of lighter elements in the alloy



M. Buyukyildiz, et al.: A Study of the Effective Atomic Number of ...

Nuclear Technology & Radiation Protection: Year 2016, Vol. 31, No. 4, pp. 327-334

331

8
—_ L i
9 % —#— Fitting method
g N\ —@— Interpolation method
3
£6| -
[a}
4 r -
2 1 1 1 1 1 1
Al A2 A3 A4 A5 AB
Alloys
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theoretical values of Z i obtained using fitting and
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Figure 5. Differences in Z i between the fitting and inter-
polation methods. Agreement between the two methods
is quite satisfactory (difference <8 %)

photons, the partial interaction mechanisms are photo-
electric effect, Compton scattering and pair produc-
tion. Calculated Z. values of the selected alloys
for theattenuation of gamma rays in the energy region
10 keV-1 GeV and those obtained using Mayneourd's
formula [25] have been given in tab. 2. Moreover, Z g
values of the chosen alloys have been calculated for

photon radiation sources heterogeneous in energy us-
ing Auto-Z . Results for heterogeneous radiation
sources are given in tab. 3. As can be seen, alloys with
higher Pb content possess higher Z. values. Z g for
photon scattering and total attenuation are shown in
fig. 6. For total photon attenuation, Z 4 values make a
peak around 100 keV due to the high presence of the Z,
element, Pb (K-absorption edge ~88 keV) in the alloy
fig. 6(a). Single-valued Z 4 values for photon attenua-
tion obtained using the empirical formula have been
found to increase as the weight fraction of Pb for the
chosen alloys increases at 59.54 keV, fig. 6(b). It is
well-known that Mayneourd's formula gives an en-
ergy independent Z ¢ for any material and that this for-
mula is known to be valid at low photon energies
where photoelectric absorption dominates. The high-
est values of Z ¢ were obtained through the power law
equation, i. e. Mayneourd's formula, and it has been
observed that Z g increases as the weight fraction of
high Z elements increases in the alloy in general (fig.
6).

The higher values of Z_; were observed for pho-
tons in the low energy region. This could be due to the
fact that at the energy of 59.54 keV the main interac-
tion process is photoelectric absorption for photon in-
teraction and its cross-section is proportional with
Z4-5 of the elements constituting the alloy. Due to the
presence of high Z elements in the alloys, i. e. Pb (Z=
82), photoelectric absorption becomes more dominant
for the chosen alloys at that energy and that could lead
to the highest values of Z  for photon interaction.
Therefore, due to the high Z dependence of photon in-
teraction cross-sections, the highest Z ; is observed
for photons. As for large differences observed in Z
for the scattering and attenuation of gamma rays, it has
to be noted that the R/C increases sharply as the weight
fraction of the high Z element present in the alloy in-
creases (fig. 7). When compared to Compton scatter-
ing, the Rayleigh scattering becomes more dominant
in this energy region if the material has a high content
of the high Z element Pb. This results in a dramatic in-
crease in the Rayleigh scattering cross-section as it has
a 7% dependence. While the Compton scattering

Table 2. Z of the selected alloys for photon scattering and attenuation

Energy Al A2 A3 A4 A5 A6
[MeV] A* M° A M A M A M A M A M
1.00E-02 17.4 36.5 310 | 455 342 523 36.2 579 | 384 62.8 | 41.0 67.2
5.00E-02 20.9 36.5 240 | 455 26.6 523 29.2 579 | 323 62.8 34.8 67.2
1.00E-01 273 36.5 332 | 455 37.9 523 423 579 | 466 62.8 51.2 67.2
5.00E-01 17.1 36.5 20.3 455 242 523 28.9 579 | 345 62.8 | 412 67.2
1.00E+00 15.9 36.5 17.9 | 455 20.3 523 233 579 | 273 62.8 32.5 67.2
1.00E+01 16.9 36.5 19.3 455 22.1 523 25.4 579 | 293 62.8 343 67.2
5.00E+01 17.5 36.5 202 | 455 233 523 26.7 579 | 307 62.8 35.7 67.2
1.00E-+02 17.6 36.5 20.3 45.5 23.3 523 26.8 579 | 308 62.8 35.8 67.2
5.00E+02 17.5 36.5 20.3 455 233 523 26.8 579 | 309 62.8 359 67.2
1.00E+03 17.5 365 | 203 455 233 523 26.7 579 | 309 62.8 35.9 67.2

* Refers to the attenuation of photons, ® Refers to the Mayneourd's formula (single Z.q)
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Table 3. Z of the chosen alloys for various photon sources heterogeneous in energy (multi-energetic)

2y Co B 18pg *Ra “Te 30kVp | 40kVp | 50kVp 6 MV
Al* 18.6 15.8 18.6 18.1 22.8 20.1 17.6 18.3 18.7 16.0
A2 23.2 17.6 23.0 20.6 29.1 233 20.9 22.0 223 18.0
A3 28.0 19.8 27.7 36.9 33.7 332 30.6 30.1 29.4 20.4
A4 33.1 22.6 32.8 36.9 39.2 353 354 34.4 334 23.5
AS 38.7 26.3 38.4 44.2 433 40.5 39.6 38.3 37.2 27.4
A6 44.6 31.3 45.3 49.0 47.7 443 45.2 46.4 45.2 32.7
*A1-A6 refer to SiyPbg 7.(Fe,03)03 with x = 0.6, 0.5, 0.4, 0.3, 0.2 and 0.1, respectively
5 1?'2 1I0'1 1.00 1I0' 1?2 1I03 Sl T T T T A
—m— Al 52 1 . 1024
50 ’ : Total photon attenuation @ A2 % 5ol ___,,,-/ oo ©
) A A3 £ = &
—v— Ad :é wr / 1018
<— A5 @ 46F
—p—AB § 4l H01s
—b > s
- az | 4012
4 i e 40 - 4 0.08
- —v—V vy—v 3a |
\ \T‘ ";‘/,A_A - A—a - : . : 1008
‘ T e ® e 10 20 30 40 50 60
e p——E B Enm Waight fraction of Pb [s]
10’ 10° 10° Figure 7. Relative difference (%) between Z for total
Energy [MeV] photon attenuation and photon scattering as a function
At P A3 i A5 e of weight fraction (%) of Pb (black line on the left y axis)
80 (- T — T T and ratios of Rayleigh to Compton cross sections as a
e olondion) atendation) . function of weight fraction (%) of Pb (R/C) (blue line on
o 7 & loaiisnols S ol atenuation) . the right y axis ). Note an increase in both R/C ratios and
z, —&— Photon (scattering) - — | the relative difference in Z ¢ with an increase in weight
60 | - fraction of Pb
.
50 — P ing 0f 59.54 keV y-rays at an angle of 130°. Also, Z_g val-
. g = ues of these alloys were determined by an interpolation
40 a // ] . procedure and an excellent agreement observed between
e ] interpolation and fitting methods. The obtained Z_g for
or // ///'/. ) photon scattering were then compared to the Z_ for total
olF— i photon attenuation, obtained using the Auto-Z pro-
gram. Significant variations were observed between the
10 . : L L L Z., for scattering and total attenuation of gamma rays.
() A he s A > Alloys he The results led to a conclusion that Z 4 depends on the

Figure 6. Z; of the chosen alloys for total photon
attenuation (a), for total photon attenuation, photon
scattering, and single valued at 59.54 keV of photons (b)

cross-section remains more or less the same for high Z
materials, the Rayleigh scattering cross-section in-
creases much more and thus generates a high ratio of
R/C. This could be the reason for observing large dif-
ferences in Z g between the scattering and attenuation
of photons.

CONCLUSION

In the present work, the effective atomic numbers
(Zg) of Si,Pby, ;_(Fe,05), 5 ternary alloys were obtained
for scattering of gamma rays and total photon attenua-
tion. In the experimental part of the paper, the Rayleigh to
Compton scattering ratio (R/C) has been used to obtain
the Z ¢ of SixPb, 5., (Fe,05), 5 ternary alloys for scatter-

type of the interaction process, i. e. that scattering or at-
tenuation, even for the same type of radiation, cannot be
considered as a true constant.
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Mexmer BYJYKJUIIN3, Mypar KYPYIUPEK

MNPOPAYYH E®EKTUBHOI' ATOMCKOI' BPOJA
SixPbo.7.x(Fe203)0.3 TPOJHUX JIETYPA 3A ®OTOHE

Y pagy je uspauyHat e(peKTHBHU aTOMCKH OPOj Z . TpOjHe nerype Si Py 5. (Fe,05), 5 3a poTOHE.
Onpeben je ognoc R/C Pejnujesor u KoMnToHOBOr pacejamba Kako 61 ce u3pauyHao e(peKTUBHU aTOMCKU
6poj Tpojue aerype Si,Pb, ;. (Fe,05), 5 ca npomMeHbEBUM canpxkajem Siu Pb (10-60 %), 3a pacejama rama
¢otona enepruje 59.54 keV npu yray on 130°. Teopujcke Bpegnoctu ogHoca R/C enmemenara merype
MpuKazaHe cy Kao (yHKIHMja aTOMCKOr Opoja m ¢uTOBaHEe Ha MOJAWHOMHjanmHM OOimMK. IToTom cy
ekcnepuMeHTaiHe BpegHocTH R/C uckopuintheHe Kako O ce poOmie Z.; BpERHOCTH NOMOhy oBe
HoJlMHOMUjanHe jegHaumHe. Takobe, BpemHocTH Z OBHX Ilerypa ofpebene cy mo mnpsum myT
naTepnonanujom R/C ogHoca 3a maTepujane npumenoM nopataka o R/C ogHOCy cyceiHUX ejleMeHaTa y
gujem cy omcery R/C Bpemnoctu nerypa. [loGujeHO je Bpiio 3ajoBosbaBajyhe mokiamame pesynrara
METOJIOM MHTEepIoJanyuje ¥ NpUMeHOM (bUTOBama jeAHaunHa. V3pauyHaTe BpenHOCTH Z 4 32 pacejame
¢oTona ynopebeHne cy moTom ca BPEJHOCTHMA 3a TOTAJHY aTeHyanujy (hoToOHA HOOHjEeHUM MPUMEHOM
nporpaMa AyTo-Z .. Y 0UeHe Cy 3HauajHe Bapujanuje usMmeby Z  3a pacejame U TOTaJIHy aTeHyallljy rama
3pavema.

Kmwyune peuu: ecpexitiusnu aitiomcku 6poj, Wipojra aezypa, pacejarbe, HaeaeKmpucana 4eciiuua




