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The total efficiency of cylindrical scintillation y-ray detectors has been determined using a novel,
primary interaction based Monte Carlo algorithm. With the use of biasing in these simulations,
this approach has been made computationally efficient, yielding converged results with stan-
dard errors less than a fraction of a percent for about 10 histories which is about two orders of
magnitude smaller than the conventional stochastic techniques. This methodology has been im-
plemented in a MATLAB based computer program, DSEMC. For thin disk sources of various
radii having coaxial configurations, the predictions of the DSEMC code have been found in ex-
cellent agreement with the corresponding results obtained by using the direct analytical tech-
nique. Similar agreement has also been found in the DSEMC calculated values of total effi-
ciency and the corresponding results obtained by the direct analytical technique for coaxial thin
disk sources of various radii over a wide range of y-energies.

The DSEMC program has been used for the determination of total detection efficiency for
off-axial configurations. As the disk source radius increases, results show a gradual decreasing
trend in total efficiency. For these configurations, energy dependency of the total efficiency is
found to follow the variation of the corresponding total attenuation coefficient which is consis-
tent with the expected behavior. For coaxial thin disk sources, the total detection efficiency has
been found to approach a corresponding maximum value as length is increased in the 1-20 cm
range for various values of radii of disk sources and y-ray energy, while keeping the diameter of
the detector fixed at 7.62 cm. A similar behavior is observed when the radius of the detector is
increased from 1-20 cm, while keeping the length of the detector fixed at 7.62 cm for various

values of radii of disk sources and y-ray energy.

Key words: gamma-ray detector, total efficiency, disk source, Monte Carlo simulation

INTRODUCTION

Due to their high value of detection efficiency
and room temperature operation, Nal(T1) detectors are
commonly used for the identification and quantifica-
tion of radioactivity; particularly for low-level radio-
active sources [1]. For absolute measurements of the
strength of radioactive materials and the calibration of
detectors, knowledge of efficiency is essential [2]. Ex-
tended gamma-ray sources, particularly disk sources,
have attracted a lot of attention due to their wide use in
a variety of practical situations. Research efforts car-
ried out in the past concerning disk sources can be
classified into two categories: direct and stochastic.
Among such early efforts, Grosjean developed an ex-

* Corresponding author; e-mails: nasirmm@yahoo.com
nmm@pieas.edu.pk

pression involving a complicated triple integral as a
power series of the disk radius R by elementary for-
mula exact up to R>-terms only, as it entailed extensive
calculations [3]. Then Nakamura used the Monte
Carlo method for the estimation of the total efficiency
of Nal(T1) for axially aligned disk sources of Cu, Fe,
Mn, and In [4]. A fast, primary interaction based
Monte Carlo method has been proposed by Rehman et
al. [5] for total efficiency calculations of scintillation
detectors. He found good agreement between the pre-
dicted values and the corresponding experimental
measurements. However, his work was focused on
thick disk sources of relatively low y-energies. This
work was extended to include higher energy photons
by Belluscio et al. for thick disk sources [6].

Later, a semi-empirical technique based on ex-
perimental measurements was developed by Moens et
al. which required no mathematical model simplifica-
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tion and no Monte Carlo calculations [7]. Butdue to its
semi-empirical nature, its range of applicability is lim-
ited. Selim et al. developed an analytical expression
for the determination of y-ray efficiency of scintilla-
tion detectors for coaxial small-diameter disk sources
[8]. It was later extended to include coaxially placed
larger-diameter circular disk sources [9]. They have
reported the agreement between their calculated val-
ues of total efficiency and the corresponding pub-
lished data. However, their analytical expressions are
limited to specific geometrical arrangements. Any de-
viation from these source-detector arrangements en-
tails complicated calculations. As a result, the
extendibility of the technique is limited. An analytical
treatment of the total efficiency for off-axial disk
sources has not been carried out so far. Recently,
Abbas has applied an analytical approach for scintilla-
tion and other well-type detectors used for in-situ mea-
surements, but it also lacks easy extendibility to wider
variations of geometrical arrangements [10, 11].

In view of the above-mentioned limitations, a pri-
mary interaction based methodology has been devel-
oped in this work which is applicable to both point and
thin circular disk sources for coaxial and off-axial ge-
ometries. A biasing technique has been used for accel-
erating the convergence rate of total efficiency values.
This methodology has been implemented in a
Matlab-based computer program: disk source total effi-
ciency estimation using the Monte Carlo method
(DSEMC). Details of the geometry and simulation pro-
cedure, including the mathematical framework and
structure of Monte Carlo simulations, are given in the
next section. Comparisons of predictions of the
DSEMC program with the corresponding results for co-
axially located disk sources available in literature are
presented latter on. New results on the variation of de-
tector efficiency for off-axially located disk sources
with the radii of the disks, various values of off-axial
distance, various y-ray energies, length and diameter
variations of scintillation detectors are also given in this
section.

MONTE CARLO SIMULATION
STRUCTURE

We consider a cylindrical Nal(Tl) detector of
radius R and length L along with a circular thin disk
source of radius w, as shown in fig. 1. The disk source
is located at distance p from the origin in the z =0
plane. The center of the front-face of the detector is at
distance D from the origin in the z = 0 plane, with its
axis parallel to the z-axis. As shown in fig. 1, for a
randomly selected source point Q(x,, y,, z;) on the
disk source, the dynamically adjusted biasing limits
for both polar and azimuthal angles are:

0 €10 1in 0 max 1> @ E[P min » P max |- Clearly, when p =
= 0, co-axial geometry is obtained. Since the results

R x-axis ~——_ e
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Figure 1. Details of the geometry of a cylindrical
scintillation y-ray detector and disk source at an
off-axial location

need to be compared with data available in literature,
these studies are also based on assuming no scatter-
ing from surroundings. Furthermore, the attenuation
of incident photons in the entrance “window” is also
neglected.

Mathematical foundation

The first step in the simulation is the random se-
lection of co-ordinates of the source point Q(x,, y,, z)
on the disk. This is carried out by random sampling of
disk polar co-ordinates (r,, 6,) using the following re-
lations

r,=ovn (1)
0, =2nn (2)

where, n is a random number such that n €[0,1]. For
the disk source located at p off-axial distance, the
co-ordinates of the random source point are

X, =p+r,c080, (3)
Ve =1, sin by (4)
z,=0 (5)

Now, ay-ray photon is emitted in random direc-
tion (6, @), having energy E. Cosine-sampling has been
used for the polar angle 6 €[6 ..., ,0 . ] and uniform
sampling for the azimuthal angle ¢ €[ i, »® max |
range

0 =cos ' [(1-n)cos @ ;, +ncosB .1 (6)
@z[(l_n)(pmin +n¢max] (7)

where n €[0, 1] is a random number and, as shown in
fig. 1, the limits of polar and azimuthal angles are
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-1 \/xs2+ysz —-R

tan” | ———2 |,
D+ L

if \/xsz + yf >R
0, otherwise
(8)

[.2 2
-1 xs+ys +R

0 =tan

_ tanl(st—sinl(R] ifp>R
Pmin = X Joj

0 otherwise

_ tanl(ysj—i-sinl(Rj ifp>R
P min = X P

otherwise

©)

This photon can now enter Nal(T1) crystal either
through the side curved face or the top-flat face. To
find the intersection point P(x,, y,, z,) of the photon
path with the side curved face, we consider a straight
line from Q(x, y,, z,) to P(x,, y,, 2,)

X, =Xxg +Asin6cos ¢
Yp =Ys +AsinOsin ¢ (12)

z, =zy+Acos0

where A is the distance between P and Q points. This
system of equations is subjected to the condition for
cylindrical Nal(Tl) detector’s curved face

X +y, =R’ (13)
and this quadratic equation yields two possible values
of A: 41,4, asroots. If both A, and A, are such that the
corresponding values of z, satisfy the D <z, <D + L
condition and the intersection with the top-flat surface
of the detector has been ruled out, then the point of in-
tersection with the side curved face of the detector is
found by using

A =min (A, 1,) (14)

For the intersection of the incident photon path
with the top-flat face of the detector, the following re-
lation is satisfied

p=D7 (15)
cos 6
therefore, the set of eqs. 12 becomes
x, =x; +(D—zg)tanOcos ¢
Vp =Ys H(D—zg)tanOsin ¢ (16)

Clearly, if (xf, + y; )1/2 < Ris satisfied, then the
photon enters the Nal(T1) detector through the top flat
face at P(x, y,, z,) with x,,, y, values given by egs. 16.

After determining the co-ordinates of the point
of entry P (x,, y,,, z,) of the photon into the Nal(T1) de-
tector, the free-flight distance & traveled by the photon
before interaction is found by using

éz—ilnn
u

(17)

where p is the linear attenuation coefficient of the
Nal(Tl) detector at energy E and n — the random num-
ber in the [0, 1] range. Then, the co-ordinates of the
primary interaction point T (x,, ), z,) are computed us-
ing

Xg =X, +&sinfcos ¢

Yq =y, +&sinOsin @
zg =z, +&cos0 (18)
Point T (x4, y4, zq) is inside the detector if

(x7 +y3)"* <Rand D <z, < D + L. For this condi-
tion, the photon counting score is incremented by
FyoF,
score = score + FyF,

(19)

where Fy and F,, are polar and azimuthal biasing fac-
tors, respectively, and have values
F. 08 0 1in —C0S 0 Lk
0 2
? max ~ P mi
F(p — max2 min
7

Product FyF, represents the fraction of the total
solid angle that couples the radiation source and the
detector.

This procedure of starting a photon history from
arandom point on the disk source till its primary inter-
action is repeated for N number of photons where N is
10*. Details of the primary interaction Monte Carlo al-
gorithm are given in fig. 2.

The total efficiency &,,(E) of the Nal(T1) detec-

tor is found by using

Using random no. ‘'n’
compute pre-interaction
distance: & = —1/u In(n)
v
| Compute co-ordinates of
point of primary
interaction: (x4, ¥y, Z4)

(20)

(21)

Read £, i, D, L, R,
Py (Xg: Yo Z5)

l Score =0

Check if it is
inside detector

Select a random point
(P, ¢5) ON sOUrCE

'

Compute (@5in, Oz
wmim ¢max)‘ Fw Fm

Score = score + F, £, z

Check if it
enter detector

Efficiency = score/N

Compute co-ordinates of
point of entry (x, ¥y, Z,)

O

Figure 2. Flowchart of the biased primary interaction
Monte Carlo algorithm for disk sources

Print E, efficiency
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score

N

€t (E)= (22)

In these simulations, the data for the incoherent
total linear attenuation coefficient u at various values
of y-ray energies for the Nal(Tl) detector were ob-
tained using the XCOM software by Berger et al. [12].

RESULTS AND DISCUSSION

In this work, a primary interaction based Monte
Carlo simulation with a biasing DSEMC program has
been developed for the determination of the total de-
tection efficiency of cylindrical Nal(TI) detectors for
both axially and off-axially located thin disk y-ray
sources. In the DSEMC program, fast convergence is
achieved by utilizing a dynamic biasing technique
yielding a fraction of a percent standard deviation for
typical values of total efficiency in about 10* histories,
many orders of magnitude smaller than the number of
histories generally required by standard Monte Carlo
techniques.

For 0.5 MeV y-rays, the variation of the total de-
tection efficiency of a 3" x 3" (7.62 cm x 7.62 cm)
Nal(Tl) detector with the radius of a co-axially placed
circular disk source in the 0-7 cm range has been stud-
ied for various source-to-detector distances D, ranging
from 0-50 cm range. For this purpose, the DSEMC pro-
gram has been used and the predicted values have been
compared with the corresponding results obtained by
direct analytical calculations [8, 9], shown in fig. 3. As
can be seen, the predictions of the DSEMC program are
in good agreement with values obtained by the direct
analytical technique.

The DSEMC program has been used for the
analysis of the energy dependence of the total effi-
ciency for various radii of circular thin disk sources
ranging from 0-2 cm. As shown in fig. 4, the
DSEMC-predicted variation of the total detection effi-
ciency &, with £, € [0.1, 20] in the MeV range is in
good agreement with the corresponding results ob-
tained by direct analytical calculations. The total effi-
ciency of Nal(Tl) detectors for off-axially located thin
disk sources has also been studied by using the pri-
mary interaction based Monte Carlo approach. This is
indicative of the fact that the proposed approach is
flexible and can easily be extended to other geome-
tries, while remaining computationally efficient. The
variation of the total efficiency fora 3" x 3" Nal(Tl) de-
tector with disk sources of different radii in the 0-7 cm
range for D=1 cm, p =1 cm, and E, in the range of
0.05-20 MeV has been studied using the DSEMC pro-
gram and the corresponding results are shown in fig. 5.
An increase in the radius of the disk is followed by a
decreasing trend in the values of total efficiency. As
seenin fig. 5, as y-ray energy increases, total efficiency
first decreases and then, after passing through a mini-
mum value, subsequently increases. This is consistent
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Figure 3. Comparison of the disk source radius
dependent total detection efficiency for a 3" x 3" Nal(T1)
detector of 0.5 MeV j-rays with corresponding results
using the direct method for various indicated values of
axial source-to-detector distances
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3"x 3" Nal(Tl) detector with the y-ray energy for various
indicated values of radii of the disk sources
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Figure S. Variation of the total detection efficiency of a
3"x 3" Nal(TI) detector with the radius of the disk source
for various indicated values of y-ray energies

with the expected behavior, since the energy depend-
ence of the corresponding attenuation coefficient i of
the detector dominates the energy dependence of the
total efficiency and u is known to exhibit this type of
energy dependence. For the same y-ray energy, total
efficiency reduces with the increase in the radius of the

disk source. These trends are consistent with the ex-
pected behavior. As the y-ray energy increases, the
value of linear attenuation coefficient decreases,
thereby reducing total efficiency. Similarly, in cases of
fixed y-ray energy, as the radius of the disk source is in-
creased, the points near the outer periphery, further
away from the detector, will have a smaller subtended
solid angle and, therefore, a smaller contribution to the
total efficiency which, in turn, tends to reduce total ef-
ficiency.

Tables 1-3 give the numerical values of the total
efficiency for a 3" x 3" Nal(TI) detector for off-axial
disk sources of different radii, ranging from 0-7 cm,
with p =1, 5, and 10 cm and y-ray energies in the
0.05-20 MeV range. Typically, the values of total effi-
ciency exhibit a decreasing trend with the increase in
the radius of the disk source which is consistent with
the expected behavior. Because, as explained above,
the points near the outer periphery of the thin disk
source at a larger distance from the detector have
smaller values of subtended solid angles, as a result,
their contribution to the total efficiency is smaller. The
same decreasing behavior is seen in the values of total
efficiency as off-axial distance is increased which is,
again, consistent with the expected variation, due to
the reduction of the solid angle.

Table 1. Values of total efficiency of a 3'' x 3" cylindrical Nal(Tl) detector at p=1 cm for various y-ray energies
at indicated values of circular thin disk source radii ®

E,[MeV]
o [cm]
0.05 0.1 0.5 1 2 5 10 20
0 3.6576E-01 | 3.6139E-01 | 2.3322E-01 | 1.8340E-01 | 1.4619E-01 | 1.2999E-01 | 1.3456E-01 | 1.5195E-01
1 3.6240E-01 | 3.5793E-01 | 2.3049E-01 | 1.7985E-01 | 1.4547E-01 | 1.2703E-01 | 1.3363E-01 | 1.4992E-01
2 3.4867E-01 | 3.4285E-01 | 2.1934E-01 | 1.7127E-01 | 1.3799E-01 | 1.2135E-01 | 1.2782E-01 | 1.4130E-01
3 3.1985E-01 | 3.1038E-01 | 2.0274E-01 | 1.5816E-01 | 1.2745E-01 | 1.1259E-01 | 1.1710E-01 | 1.3079E-01
4 2.7229E-01 | 2.6774E-01 | 1.7511E-01 | 1.4108E-01 | 1.1337E-01 | 9.9855E-02 | 1.0601E-01 | 1.1599E-01
5 2.2588E-01 | 2.2221E-01 | 1.5141E-01 | 1.2251E-01 | 9.9604E-02 | 8.8264E-02 | 9.2775E-02 | 1.0242E-01
6 1.8915E-01 | 1.8643E-01 | 1.2958E-01 | 1.0485E-01 | 8.6753E-02 | 7.6505E-02 | 8.0969E-02 | 8.8156E-02
7 1.6160E-01 | 1.5916E-01 | 1.1331E-01 | 9.2837E-02 | 7.6054E-02 | 6.5893E-02 | 6.9539E-02 | 7.7940E-02

Table 2. Values of total efficiency of a 3" x 3" cylindrical Nal(Tl) detector at p = 5 cm for various y-ray energies
at indicated values of circular thin disk source radii o.

o [em] E,[MeV]
0.05 0.1 0.5 1 2 5 10 20
0 6.9298E-02 | 6.8196E-02 | 4.9750E-02 | 4.0099E-02 | 3.4098E-02 | 2.9929E-02 | 3.1769E-02 | 3.4862E-02
1 6.9636E-02 | 6.8890E-02 | 4.9717E-02 | 4.0939E-02 | 3.3522E-02 | 2.9263E-02 | 3.1371E-02 | 2.4672E-02
2 6.7953E-02 | 6.7294E-02 | 4.8696E-02 | 3.9812E-02 | 3.3113E-02 | 2.9002E-02 | 3.0678E-02 | 3.3322E-02
3 6.6728E-02 | 6.5967E-02 | 4.7089E-02 | 3.8447E-02 | 3.0911E-02 | 2.7975E-02 | 2.9612E-02 | 3.2795E-02
4 6.5073E-02 | 6.4165E-02 | 4.6534E-02 | 3.7399E-02 | 3.0765E-02 | 2.8096E-02 | 2.8794E-02 | 3.1806E-02
5 6.4579E-02 | 6.3213E-02 | 4.4384E-02 | 3.5794E-02 | 2.9931E-02 | 2.7252E-02 | 2.7552E-02 | 3.0704E-02
6 6.2326E-02 | 6.1457E-02 | 4.3237E-02 | 3.5195E-02 | 2.8972E-02 | 2.6088E-02 | 2.6824E-02 | 2.9899E-02
7 5.9280E-02 | 5.7907E-02 | 4.2337E-02 | 3.3620E-02 | 2.7825E-02 | 2.4764E-02 | 2.5782E-02 | 2.8718E-02
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Table 3. Values of total efficiency of a 3" x 3" cylindrical Nal(Tl) detector at p = 10 cm for varius y-ray energies

at indicated values of circular thin disk source radii o

o [en] E,[MeV]
0.05 0.1 0.5 2 5 10 20
0 2.3466E-02 | 2.3370E-02 | 1.6592E-02 | 1.3852E-02 | 1.1664E-02 | 1.0189E-02 | 1.0434E-02 | 1.2088E-02
1 2.2929E-02 | 2.2802E-02 | 1.6955E-02 | 1.3697E-02 | 1.1102E-02 | 1.0333E-02 | 1.0463E-02 | 1.1729E-02
2 2.3606E-02 | 2.2657E-02 | 1.7076E-02 | 1.3987E-02 | 1.1115E-02 | 1.0030E-02 | 1.0931E-02 | 1.1836E-02
3 2.3357E-02 | 2.2921E-02 | 1.6831E-02 | 1.3428E-02 | 1.1356E-02 | 1.0111E-02 | 1.0633E-02 | 1.1680E-02
4 2.3277E-02 | 2.2854E-02 | 1.6704E-02 | 1.3853E-02 | 1.1166E-02 | 1.0352E-02 | 1.0611E-02 | 1.1578E-02
5 2.2751E-02 | 2.2807E-02 | 1.6568E-02 | 1.3279E-02 | 1.1422E-02 | 1.0288E-02 | 1.0540E-02 | 1.1385E-02
6 2.2731E-02 | 2.3345E-02 | 1.6610E-02 | 1.3379E-02 | 1.1197E-02 | 9.8820E-03 | 1.0446E-02 | 1.1773E-02
7 2.2426E-02 | 2.2273E-02 | 1.6541E-02 | 1.3127E-02 | 1.0760E-02 | 1.0008E-02 | 1.0457E-02 | 1.1033E-02

These tables also show a decreasing trend fol-
lowed by a rising trend in the values of ¢, as the en-
ergy of incident y-rays is increased. This behavior
matches the corresponding variation of the total atten-
uation coefficient u with energy. Since detector effi-
ciency is directly related with the energy dependent at-
tenuation properties of the Nal(Tl) crystal, the
observed variation of g, is consistent with the ex-
pected behavior.

Lastly, the DSEMC program has been used for
the study of the dependence of ¢, on the dimensions
of the cylindrical Nal(Tl) detector for various thin cir-
cular disk sources of different radii. Figures 6 and 7
show the corresponding dependence on detector
length and radius, respectively. Figure 6 shows detec-
tor total efficiency approaching maximum limiting
values as the detector length increases in the 1-20 cm
range. This is due to the fact that adominant fraction of
incident photons have a primary interaction within a
few mean free paths from the entry point, while only a
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Figure 6. Variation of the total detection efficiency of a
cylindrical NalI(Tl) detector with a 3” diameter and the
radius of the disk source for indicated values of detector
length L
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Figure 7. Variation of the total detection efficiency of a
cylindrical Nal(T1) detector with a 3" length and the ra-
dius of the disk source for indicated values of detector ra-
dii

small fraction penetrates greater depths of the detector.
Therefore, the incremental gain in the total efficiency
decreases with increasing values of detector length L
and, as a result, total efficiency approaches the corre-
sponding maximum value.

A similar trend of approaching maximum values
of &, 1s found as the detector radius increases within
the 1-20 cm range. This behavior has been observed
for various thin disk sources with radii in the 0-7 cm
range and corresponding results are shown in fig. 7.
This is consistent with the expected approach to the
maximum value of ¢, following the increase in the
solid angle caused by the increase in the detector ra-
dius.

CONCLUSIONS

The novel, primary interaction based Monte
Carlo methodology has been found effective for the
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determination of the total efficiency of Nal(Tl) detec-
tors for thin circular disk sources. This methodology
has been implemented in a Matlab based computer
program, the DSEMC. Fast convergence has been at-
tained by utilizing a dynamic biasing technique which
yields a fraction of a percent standard deviation in
about 10* histories, two orders of magnitude smaller
than the conventional Monte Carlo technique.

When total efficiency is concerned, the predictions
of the DSEMC program and the results of direct analyti-
cal calculations have been found to be in excellent agree-
ment for an axially located thin disk source for various
values of source-to-detector distances in both the 0-20 cm
range and various radii of disk sources in the 0-2 cm
range. The DSEMC program has been used to study the
variations of ¢,,, with the radius of the disk source for
off-axial configuration having p in the 1-10 cm range and
photon energy E,, in the 0.05-20 MeV range. This pro-
gram has also been used for studying the dependence of
&or ON the radius and length of the Nal(Tl) scintillator for
various values of disk source radii in the 0-7 cm range and
E, =0.662 MeV. Observed behavior matched expected
variations in each case.
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CUMYJIAIIMJA YKYIIHE EOUKACHOCTHU HUINHIPUYHUX
CIMHTNIAIDMOHUX I'AMA JETEKTOPA 3A MU3BOPE Y OB/IUKY ITUCKA

Opnpebena je ykynHa epuKacHOCT IMIANHAPUYHUX CHUHTUIALMOHUX IF'aMa IeTeKTopa yooTpeoom
HOBOT MonTe Kapno anropurtMa 3acHOBaHOT Ha NpuMmapHo] mHTepakuuju. Kopuurthewmem pepgykimje
BapWjaHce Yy CHMyJalyjaMa, OBaj IOCTymak yOp3aBa IpopadyyH KOHBeprupajyhum pememnMa ca
CTaHJapAHOM IPEIIKOM MaH0M Ol fieJ1a jefHOT ITponeHTa 11pu 10* ucropuja — 1mTo je 0KOo 1Ba pefia BenunHe
HIKE Off KOHBEHIIMOHATHUX CTOXaCTUUKUX TeXHUKA. MeTO0I0T1ja je UMIUIEMEHTUPaHa Y KOMITjyTePCKU
nporpam DSEMC, ca MATIJIAB ocHoBoM. 3a u3BOpe y By TAHKOT JUCKA PA3IUUUTHX OTYIPEUHUKA U
KOaKCHjaJTHUX KOH(pUrypanuja, mokasano ce jia cy npensubama DSEMC nporpama u3BaHpegHO carjacHa
ca oproBapajyhum pesynartatuMa AOOMjeHUM JAUPEKTHUM AaHAJTUTUYKUM TIOCTYIKOM. 3a KOaKCHjaTHE
U3BOpE NPOMEHIBUBOI NOJYIPEYHUKA, U Y IIMPOKOM HOAPYYjy ramMa eHepruja, noTBpbeHa je camyHa
carylacHOCT m3Meby H3pauyHaTHX BpPENHOCTM YKynHe edukacHoctu nomohy mnporpama DSEMC u
ofrosapajyhux pesynraTta fOOMj€HUX HEIOCPEAHUM aHATUTHUKHIM ITOCTYIIKOM.

ITporpam DSEMC xopuithen je Takobe 3a ofpebuBame yKkynHe e(pUKacCHOCTH AETEKIHje 3a
HeakcujaHe KoHurypanuje. Ca yehameM mosynpeyHnKa Jucka u3Bopa 3padetha, pe3yiaTaT MoKasyjy
nocTeneHo cnabibeme yKynHe e(pUKaCHOCTU. 3a OBe KOH(Urypaluje, eHepreTcka 3aBUCHOCT YKYIHE
e(pUKacCHOCTU TpaTu TNPOMEHY OfroBapajyher ykymHor KoeulMjeHTa ciaabibema, LITO Ce MOIIO
OYeKMBaTHU. 3a N3BOPE y O0JIMKY KOAKCHjaTHOT TAHKOT JIUCKA, YKyTHA e(pUKAaCHOCT fIeTeKI1je IpuoOImKkaBa
ce oxiroBapajyhoj MakcmMaitHO] BPEIHOCTH Kako ce mykuHa ferekTopa yBehara om 1 cm mo 20 cm, 3a
pas3IMyuuTe BPETHOCTHU MOJYNPEeYHNKA AUCKa U pa3MuuTe eHepruje raMa 3paueha, a 3a CTAIHU IPEYHUK
nerexTopa of 7,62 cm. CnuuHo noHamame je npuMeheHo kafa ce moiaynpevHuk aeTekropa ysehasa op 1
cm j1o 20 cm, a 3agp>kaBa Ay>KuHa leTekTopa of 7,62 cm, 32 pa3andnTe BPEAHOCTH MOIYIPEYHUKA ANCKA 1
pas3IMyuTe EHEepruje ramMa 3padyema.

Kmwyune pequ: zama oeiliekitiop, yKyiHa e(pukacHoctl, ussop y ooauxy oucka, Monitie Kap.ao
cumyaavuja




