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The FOTELP-VOX program is a Monte Carlo simulation tool designed for precise radiation
dose calculations in medical physics. It allows for the accurate modeling of photon, electron,
and positron transport through human tissues by using CT scan data to define patient anat-
omy. This study presents the application of FOTELP-VOX in simulating absorbed dose dis-
tributions in various clinical scenarios, including radiotherapy treatment planning for sali-
vary gland tumors, eye melanoma and breast cancer. The results demonstrate the program's
capability to replicate complex dose distributions with high accuracy, in comparison with clin-
ical techniques like volumetric modulated arc therapy and 3-D conformal radiotherapy.
FOTELP-VOX 2024 has demonstrated excellent performances when compared to clinical
center results, showing a variation of only 5-8 %, which confirms its accuracy in simulating
dose deposition and treatment planning. There is also the potential for incorporating optimi-
zation techniques to further enhance the precision and efficiency of radiotherapy treatment
planning, contributing to improved patient care outcomes.
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INTRODUCTION

Monte Carlo methods are widely regarded as
one of the most reliable approaches for simulating par-
ticle transport and interactions, particularly in fields
like radiotherapy and radiation protection. These sto-
chastic techniques allow for the detailed modeling of
complex physical processes, where deterministic
methods fail. In medical physics, Monte Carlo simula-
tions are critical for accurately predicting dose distri-
butions in tissues, which directly influences the safety
and effectiveness of radiation treatments. Over the
past few decades, the use of these methods in clinical
settings has grown substantially, driven by the need for
precision in both diagnostics and therapeutic interven-
tions [1, 2]. In the field of medical physics and radia-
tion therapy, several software tools have been devel-
oped in order to simulate particle transport and
accurately calculate radiation doses. Programs such as
EGSnrc, Geant4, and MCNP have been widely used
for Monte Carlo simulations in clinical settings and re-
search [3-5]. These tools are essential for modeling the
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interactions of radiation with matter, optimizing treat-
ment plans, and ensuring the safety of patients.
However, each of these software solutions has its ad-
vantages and limitations, particularly in terms of user
interface, accuracy, and computational speed.

The FOTELP, an acronym for photon, electron,
and positron transport, is a software tool developed for
Monte Carlo particle transport simulation. Originating
in Serbia, FOTELP is specialized for the use in medical
physics, particularly radiotherapy. Its development be-
gan in the late 1980’s and early 1990’s under the leader-
ship of Tli¢ [6]. Initially, the program was designed in re-
sponse to the need for accurate and efficient methods
for modeling the interactions of photons, electrons, and
positrons with matter, which are critical for optimizing
radiation therapy procedures. Over the years, FOTELP
has undergone numerous improvements. Early ver-
sions were based on fundamental Monte Carlo tech-
niques, while later versions incorporated more ad-
vanced algorithms to improve simulation, accuracy and
speed. The development of the program has been driven
both by technological advancements and the growing
demands of users in medical physics, radiation protec-
tion, and the nuclear industry. The motivation for



M. P. Zivkovi¢, et al., FOTELP-VOX 2024: Comprehensive Overview of its ...
Nuclear Technology & Radiation Protection: Year 2024, Vol. 39, No. 3, pp. 212-219 213

FOTELP's development stems from the need for tools
that enable detailed and precise analyses of particle in-
teractions with matter, which are essential for accurate
dose calculations in radiation therapy. This program has
been instrumental in facilitating accurate radiation dose
calculations, providing researchers and clinicians with
a tool for improving therapeutic procedures and ensur-
ing patient safety. The document is available at [7]. The
FOTELP's initial applications included simulations in
medical physics for optimizing radiation therapy [8, 9].
The program was used to estimate the radiation doses
received by patients during treatment, enabling more
precise therapy planning and reducing the risk of ad-
verse effects. Additionally, FOTELP has proven valu-
able in radiation protection, allowing experts to assess
exposure levels and design effective safety measures.
Furthermore, FOTELP plays a significant role in educa-
tion and training for new generations of medical physi-
cists and radiotherapists. Its simulation capabilities pro-
vide a valuable platform for students and professionals
to gain deep insights into the complexities of radiother-
apy treatment before facing real clinical challenges.

The program has evolved through various ver-
sions, with a particular focus on FOTELP-VOX, a spe-
cialized version designed for particle transport simula-
tion through the human body. This version uses
advanced Monte Carlo techniques to precisely model
the absorbed dose of protons, electrons, and positrons.
Before simulation, users can select between photon or
electron beams, adjust beam shape (circular or rectan-
gular), and set energy levels (greater than 1 keV).
FOTELP-VOX uses CT data to define patient anatomy
and voxel composition, allowing for detailed calcula-
tions of 3-D absorbed dose distributions in tissue. This
approach enables precise modeling of particle interac-
tions with tissue and energy deposition in each voxel,
providing essential insights into medical dosimetry and
radiotherapy [10, 11].

The next significant development in the program
was the integration of optimization algorithms to en-
hance the efficiency and accuracy of the simulations.
By incorporating genetic algorithms (GA), Bayesian

optimization, and random search, FOTELP- VOX was
further optimized to reduce the need for manual pa-
rameter adjustments and improve the precision of radi-
ation dose calculations. These algorithms allow for au-
tomatic fine-tuning of parameters such as beam
orientation, energy levels, and tissue characteristics,
significantly improving the treatment planning while
minimizing exposure of the surrounding healthy tis-
sues [12].

The aim of this paper is to present the FOTELP-
VOX 2024 program, highlighting its capabilities and
advancements in simulating particle transport and cal-
culating 3-D absorbed dose distributions in medical ap-
plications. We also compare the program's performance
with previous versions, emphasizing improvements in
accuracy and computational efficiency. By showcasing
its application in complex anatomical structures, we
aim to demonstrate how FOTELP-VOX 2024 signifi-
cantly enhances the precision and reliability of dose cal-
culations, making it a crucial tool for both clinical radio-
therapy and the training of medical physicists.

MATERIALS AND METHOD

The FOTELP-VOX 2024 program is designed
to guide users through a sequence of structured steps,
tab. 1, each crucial for conducting accurate Monte
Carlo simulations. Each step is clearly represented in
the main program interface, ensuring a smooth
workflow from data input to simulation output. Com-
pared to previous versions, FOTELP-VOX 2024 is a
new module based on Python scripts for automating
the data preparation and processing for FOTELP-
VOX simulations. This addition allows easier and
faster setup of geometric models and simulation pa-
rameters, particularly by integrating DICOM data.
The new module significantly enhances the efficiency
of simulations and improves the accuracy of dose as-
sessment, especially in complex anatomical struc-
tures.

Additionally, the DICVOX step enables the pro-
gramtoread CT data and create the HOUND.TXT file,

Table 1. Key steps in the FOTELP-VOX 2024 simulation process

Step Description Key action
. . Choose from predefined tissue configuration files, representing Selection of either 11 or 21 tissue
Tissue selection : -
different tissue types. types based on CT data.

Upload CT scans, define a rectangular region around tissues,

Set voxel dimensions and specify

Geometry and delineate the tumor and organs at risk (OAR). first and last slices to be included.
Convert Hounsfield numbers (CT values) to material indices Convert anatomical data into material
AVOXMAT . . " - : :
for accurate tissue representation. properties used in the simulation.
. e . Generate input files for photon,
FEPDAT Prepare transition probabilities and input files for Monte Carlo electron, and positron interactions with

simulation based on selected tissues and geometry.

tissues.

Monte Carlo
simulation

Run the simulation, where particles interact with the tissue,
providing detailed modeling of radiation dose distribution.

Monte Carlo method calculates
absorbed dose within each voxel.

Dose visualization

Display the absorbed dose distribution in 3-D across the tumor
and surrounding tissues, providing a clear picture of radiation
exposure and coverage.

Visualization of dose maps, allowing for the
treatment plan assessment and refinement.




M. P. Zivkovié, et al., FOTELP-VOX 2024: Comprehensive Overview of its ...
214 Nuclear Technology & Radiation Protection: Year 2024, Vol. 39, No. 3, pp. 212-219

which contains detailed information about the number
of slices, pixel dimensions, and voxel size. This file
structure plays a key role in defining the geometry of
the patient's body and the radiation source. The pro-
gram also allows users to define parameters such as the
Euler angles for beam orientation, polar and azimuthal
angles for particle emission, and beam geometry
(whether circular or rectangular). This level of cus-
tomization provides precise control over how radia-
tion interacts with the patient's tissues.

Key variables in the simulation include voxel di-
mensions, which are defined in the X- Y- and Z-direc-
tions and are critical for accurate spatial representation
of tissues. Additionally, energy parameters, such as
initial and final particle energies and energy cutoff lev-
els, play a vital role in determining how particles be-
have within the tissue. The source characteristics, in-
cluding the number of particles in the source and the
emission time, are also essential for replicating
real-life conditions during therapy. These factors col-
lectively ensure the precision and reliability of the
simulation results. The precision of the simulation re-
lies heavily on Hounsfield numbers from the CT scans
[13]. These values differentiate between various mate-
rials within the human body, ensuring that the program
accurately models the transport of photons, electrons,
and positrons through different tissues.

Selection of random values
according to distribution

In Monte Carlo simulations, particularly when
modeling particle transport, random values are drawn
from specific probability distributions. These random
values help simulate different outcomes that particles
may encounter as they move through a material. How-
ever, the process of generating random values from
these distributions needs to be efficient, as it is re-
peated thousands or even millions of times to achieve
reliable results. Monte Carlo simulations are statistical
models that use random sampling to solve physical
and mathematical problems, particularly when direct
calculation is difficult or impossible [14]. In the con-
text of radiation transport simulations (like those used
in FOTELP-VOX), the behavior of particles such as
electrons, photons, or positrons is simulated based on
probabilistic interactions. To ensure that results are
statistically valid, a large number of particles must be
tracked, which makes the process of selecting random
numbers a crucial part of the simulation. The process
of simulating particle transport is computationally ex-
pensive, meaning it requires a lot of time and computer
power. Since one of the slowest parts of the simulation
is the geometry module (which handles particle inter-
actions with physical boundaries), it is important to
make other aspects of the simulation-like random
value selection-efficient. This helps to reduce overall

computation time and improves the performance of

the simulation.

The FOTELP-VOX code uses two primary
methods for selecting random values from their distri-
butions:

—  Nejman rejection method: This method is highly
efficient for distributions that depend on a single
random variable. It works by generating candidate
values and rejecting those that do not fit the de-
sired distribution.

— Inverse distributions: For other random variables,
FOTELP-VOX uses a method known as inverse
distribution sampling. Here, the cumulative prob-
ability distribution is precomputed and stored in
tables. When a random value needs to be selected,
itis done by using these precomputed tables, mak-
ing the process faster. This is particularly useful
when the same random distributions are needed
repeatedly, as it eliminates the need to calculate
the distribution each time.

The inverse distribution method works by divid-
ing the cumulative distribution function (CDF) into in-
crements, either linear or logarithmic, depending on
the nature of the distribution. Each increment corre-
sponds to a range of possible random values. When a
random number is drawn (typically between 0 and 1),
the precomputed tables are used to determine which
range this number falls into, and the corresponding
random variable is selected.

Here's an example: Suppose we need to select a
random photon emission angle for a photon created
during bremsstrahlung radiation. First, the energy of
the photon is determined (labeled as £Z), and the en-
ergy of the electron that created the photon (labeled as
EP) is also known. Using these energies, the random
angle is chosen from a table of precomputed values.
The process can be mathematically described by using
logarithmic increments, where J represents the index
of the selected angle from the table of precomputed
values. The value of Jis determined based on the loga-
rithmic distribution of increments

log o (EZ/ EP)
ALEM

where EZ is the energy of the photon, EP — the energy
of the electron, RK — the number of increments in the
distribution, and ALEM — the a constant related to the
material properties

Therandom variable is then selected from a table
YS(M, N, K, J), where M corresponds to the material
index, N corresponds to the energy index, and K repre-
sents the bremsstrahlung radiation.

In FOTELP-VOX, particles interact with mate-
rials based on cross-sections, which are probabilities
for specific interactions (like scattering or absorption)
to occur. To simulate particle behavior, it is necessary
to find the cross-section value that corresponds to a
given energy. The process of searching for this value is
similar to the selection of random values from distri-

J=1+RK - (1)
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butions. If a particle has energy EP, and the cross-sec-
tions depend on energy S (/, K), the goal is to find the
index K that is closest to the particle's energy EP. This
is done by using a logarithmic scale, which speeds up
the search process.

The formula used is

log(EP/ EKON)
ALE

RATA =10+ 2

JATA =RATA,K =NMAX —JATA 3)

where RATA helps to determine the index for the near-
est energy, NMAX is the maximum number of energy
points in the distribution, and JATA gives the index for
the nearest lower energy value in the table.

To make the simulation as efficient as possible,
FOTELP-VOX precomputes certain values, such as
differences between neighboring cross-sections (e. g.,
EGT(K+1)—EGT(K)). These precomputed values are
stored and used throughout the simulation, which re-
duces the number of calculations needed during
runtime. Instead of recalculating these values each
time, the precomputed difference is used, which im-
proves the speed of the simulation.

The PENGEOM geometry routines

Older versions of the FOTELP-VOX code used
a geometry module known as RFGFOR to describe
how particles move between different material zones.
Starting with version FOTELP-2K3, the code
switched to using a more advanced geometry package
called PENGEOM, which is part of the PENELOPE
code family [15]. This geometry package is responsi-
ble for determining the material zone through which
the particle is moving and the distance to the nearest
zone boundary. The ELECTRONS, PHOTONS, and
POSITRONS sections of the code interact with rou-
tines like LOCATE and STEP to calculate the particle's
movement and track its position. By using the
PENGEOM routines, the code can accurately model
the path of particles through complex geometries, en-
suring that the simulation results match closely the
real-world scenarios. The FOTPEN.GEO file is de-
signed to define geometry and material regions
(zones) for the simulation purposes. However, dis-
crepancies frequently arise when the dimensions of
these regions are sourced from design drawings rather
than from drawings properly aligned with the coordi-
nate system. Additionally, errors may occur when di-
mensions along the co-ordinate axes are not correctly
summed. To ensure the accuracy of the geometry and
material definitions, it is recommended to utilize veri-
fication tools such as PENTEST or PENVIEW, which
facilitate precise control and validation of the data
contained within the FOTPEN.GEO file.

Integration of artificial
intelligence and algorithms

The FOTELP-VOX 2024 program has the po-
tential to integrate advanced Al techniques and opti-
mization algorithms to streamline its Monte Carlo
simulations, reducing the need for multiple manual
runs to achieve optimal results. Each simulation pa-
rameter directly influences the behavior of radiation,
its distribution, and its effectiveness in tumor treat-
ment, with the aim of delivering precise results while
minimizing harm to surrounding tissues. To achieve
this, FOTELP-VOX uses random search, Bayesian
optimization, and GA to optimize wide range of pa-
rameters, tab. 2.

The software's ability to handle complex param-
eter adjustments, such as beam orientation, tumor po-
sitioning, and tissue characteristics, directly impacts
the precision and effectiveness of radiation therapy.
Using optimization algorithms like GA, Bayesian op-
timization, and random search, the program reduces
the potential for human error and enhances consis-
tency in treatment planning.

RESULTS AND DISCUSSION

When a user receives the output from the
FOTELP-VOX program, the results provide a com-
prehensive breakdown of key parameters and statisti-
cal data essential for analyzing particle transport and
interactions within the simulated medium, fig. 1. The
output begins by presenting the simulation parame-
ters, which include the energy cutoffs for photons,
electrons, and positrons (ECATG, ECATE, EKATP),
defining the minimum energy at which particles are
tracked. Additionally, the output specifies the number
of particle histories used in the simulation (NPOC),
which ensures statistical accuracy, as well as the total
CPU time required to complete the simulation, indicat-
ing the program's computational efficiency. Next, the
user is presented with collision statistics, which pro-
vide a detailed account of various particle interactions.
This includes the number of photoelectric absorption
events, where photons are absorbed within the tissue,
Compton scattering events, which involve photons

Table 2. Optimization parameters

Parameters Range
Euler x [0, 180]
Euler y [0, 180]
Euler z [0, 180]
Beam direction x [0, 180]
Beam direction y [0, 180]

Tumor center x [BODY REACT LEFT, BODY

REACT RIGHT]
Tumor center y [BODY REACT TOP, BODY
REACT BOTTOM]
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Photon Energy Cutoff (ECATG): ©.010 MeV
Electron Energy Cutoff (ECATE): ©.020 MeV
Positron Energy Cutoff (EKATP): 0.040 MeV
Total Particles Simulated (NPOC): 1,000,000
CPU Time: 4.11 minutes

Interaction Statistics:

Photoelectric Effects (MFOT): 81,231 events
Compton Scattering (MCOM): 58,296 events
Ionization Events (LANLE): 251,290,284 events 3
Bremsstrahlung Photons (MSZAK): 440,422 events E
Delta Electrons (MSDE): 34,236,489 events
Annihilations (MANIH): 81 events

Pair Production (MPAR): 91 events

Figure 1. Visual representation of FOTELP simulation
parameters and interaction statistics

scattering off electrons, and pair production and anni-
hilation events related to positrons. The output also in-
cludes the count of coherent scattering events, where
photons scatter without energy loss. These statistics
are critical for understanding how radiation is depos-
ited within the medium. The electron and positron in-
teractions section provides insight into behavior of
these particles during the simulation. It includes the
number of ionization events, where electrons knock
off atomic electrons, producing secondary effects, and
the production of delta electrons (secondary elec-
trons), which further contribute to dose deposition.
Additionally, bremsstrahlung radiation, which occurs
when electrons decelerate and emit photons, is re-
corded. These interactions are essential for accurately
modeling radiation effects in tissues. The output also
includes information on Auger electrons and relax-
ation processes, detailing any atomic relaxation events
that occurred, including the emission of X-rays. Al-
though these interactions may be less frequent, they
play a significantrole in certain types of radiation ther-
apy calculations. Finally, the CPU time at the end of
the output provides the information to the user how
long the simulation took to complete. This information
is important for evaluating the program's efficiency,
particularly when dealing with complex geometries or
large numbers of particle histories.

Eye dose distribution

Ocular melanoma, though rare, presents a serious
challenge in ophthalmic oncology due to the complex-

ity of treating the tumor while attempting to preserve
the patient's vision [ 16]. The precise targeting of tumors
like ocular melanoma requires advanced tools to ensure
accurate dose distribution. The results obtained using
the FOTELP-VOX code have demonstrated its accu-
racy and reliability in simulating 3-D absorbed dose
distributions in such complex anatomical regions. A
comparison between FOTELP-VOX and volumetric
modulated arc therapy (VMAT) was performed [11].
The treatment plan, which employed two full arcs,
aimed to maximize dose delivery to the tumor bed while
sparing surrounding healthy tissue. Key dosimetric pa-
rameters, including dose coverage, homogeneity index,
conformity index of the target, and the dose volumes of
critical structures, were calculated for both techniques.
The absorbed doses were determined, with the differ-
ence between these two techniques ranging from 2.5 %
t0 25.0 %, confirming that the FOTELP-VOX program
can accurately replicate the complex dose distributions
required in radiotherapy.

Humerus dose distribution

Additionally, the FOTELP-VOX code was used
to assess the absorbed dose in the humerus of female
patients undergoing postoperative radiotherapy for
breast cancer [10]. In this study, five patients were
treated using the 3-D conformal radiotherapy
(3D-CRT) technique, and their treatment plans were
generated using the ECLIPSE version 15.6 system.
The FOTELP-VOX simulations calculated the ab-
sorbed dose in both the tumor and the humerus, fig. 2.
The absorbed doses for PTV and OAR were calcu-
lated, and the variation between the two methods was
between 0.1 % and 20 % and indicated that the ab-
sorbed dose in the humerus remained below the set
dose limits for this bone structure, confirming that the
technique adequately protected this critical structure.

Salivary glands dose distribution
and verification

Verification of the dose distribution was per-
formed by comparing the simulation results with clini-
cal data obtained from the Clinical Center, ensuring
the accuracy and reliability of the treatment plans. The
FOTELP-VOX 2024 code was applied to assess dose
distribution in patients undergoing radiotherapy for
salivary gland tumors. A total of 10 patients were
treated with prescribed doses of 56 Gy and 70 Gy, fo-
cusing on the accurate delivery of radiation to the tu-
mor site. Key dosimetric parameters, including MinD
(minimum dose), MaxD (maximum dose), D95 (dose
covering 95 % of the target volume), and D700 (dose
covering 100 % of the target volume), were analyzed
to evaluate treatment efficacy. The simulation pro-
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Figure 2. The 3-D dose distribution visualization in
patient CT scan

vided detailed insights into the distribution of radia-
tion within the tumor and surrounding tissues, aiding
in the refinement of treatment plans.

Figure 3 illustrates the 3-D isodose distribution
for a patient undergoing radiotherapy for a salivary
gland tumor, with dose levels represented through
color gradients. The upper left quadrant shows an axial
view, highlighting the spread of the radiation dose
across the tumor and surrounding tissues. The upper
right quadrant provides a 3-D perspective, offering a
comprehensive visualization of the dose distribution
within the treatment area. The lower left quadrant fea-
tures a coronal view, presenting the radiation dose dis-
tribution in a frontal plane, with detailed differentia-
tion between target volumes and organs at risk.
Finally, the lower right quadrant shows a sagittal view,
emphasizing the vertical dose distribution and offer-

Figure 3. Target volume
definition and
radiotherapy dose
distribution in a case

of the parotid gland

ing insight into the alignment of the radiation beam
with the tumor and adjacent structures.

The FOTELP-VOX 2024 method generally re-
sults in absorbed dose variations compared to intensity
modulated radiation therapy (IMRT), a technique that
modulates radiation beam intensities to achieve a
highly conformal dose distribution and optimizing tu-
mor coverage. These differences are relatively small,
not exceeding 5-8 % in most cases, fig. 4.

Compared to older versions, the FOTELP-VOX
2024 code produces much smaller differences, dem-
onstrating improved consistency and accuracy. Using
the FOTELP-VOX code, different energy levels and
radiation fields were modeled to simulate their interac-
tion with the anatomical structures. This approach en-
sured that the tumor received the optimal dose, while
exposure to critical organs, such as the spinal cord and
brainstem, was minimized.

CONCLUSION

The FOTELP-VOX 2024 program has proven to
be an exceptionally reliable tool for particle transport
simulations and the calculation of 3-D absorbed dose
distributions in complex anatomical structures. Its ap-
plication in medical physics allows precise modeling
of photon, electron, and positron interactions with tis-
sues, which is critical for optimizing therapeutic pro-
cedures and ensuring the safety and effectiveness of
radiation therapy treatments. The results from
FOTELP-VOX simulations demonstrate its accuracy
and versatility, making it an invaluable resource in
both clinical and research settings. It can be effectively
used for the training of medical physicists, providing
them with an easily used platform to simulate and
understand complex radiotherapy scenarios.
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Munena II. KMBKOBWH, Tatjana b. MUJTAINHOBHUh, Kemko M. HIUMBA/BEBUh,
Moxamen E. A. AMOYYE, boraan A. IMPKOBUW, [Iparana K. KPCTHh

FOTELP-VOX 2024 - CBEOBYXBATAH IPEIJIEN
IBEIroBUX MOI'YhHOCTUA U ITPUMEHA

ITporpam FOTELP-VOX je codTBep koju kopuctu MonTe Kaprio cumynanuje, oCMANIIIbEH 32
IIPELU3HO payyHame 103a 3padeha y MeJuuuHCKOoj pusunu. OMoryhasa TayHO MOJIEIOBab€ TPAaHCIIOPTa
(poToHa, eeKTPOHA ¥ O3UTPOHA KPO3 JbyfcKa TKuBa, kopuctehu CT cHumKe 3a feuHrnCcalke aHATOMUje
nanujenTta. OBaj pag npukasyje npumeny FOTELP-VOX nporpama y cuMmynanuju pacropena ancopooBaHe
[03€ Yy pa3IMuUTAM KIMHMYKUM CLEHapHjuUMa, YKIbY4yjyhu IlaHupame Tepanyje 3pademheM 3a TyMope
IJbyBa4YHUX KJI€3/la, MEJIAaHOM OKa U pak fiojke. Pe3ynraT mokasyjy ciocoOHOCT ITporpamMa jja pensunypa
CIIOKEHEe pacrofiesie J03a ca BUCOKUM HHMBOOM INPEUU3HOCTH, ynopebyjyhu ce MOBOBHO ca KIMHUYKUAM
TeXHMKaMa Kao IITO Cy BOJIYMETPHjCcKa MOJIyJIICaHa JIydyHa Tepalnuja 1 TPOIUMMEeH3MOHaTHa KOH(opMaliHa
pagnorepanmja. FOTELP-VOX 2024 je mokazao mobpo ciarame ca pe3yjTaThMa JOOWjeH:uX U3
YHHUBEpP3UTETCKOT KIMHUIKOT meHTpa y KparyjeBny, ca ofcrymamem off camo 5-8 %, mrTo moTBpbyje
HErOBY TAYHOCT Yy CUMYJIAllUj1 IeTIO3UIIFje 03¢ U IUIaHUpawky TpeTMaHa. Takobe mocToju moTeHnujan 3a
YKIbYUMBakh€ TEXHUKA ONTUMHU3ANMje KaKo OM ce MofaTHO Mmobosblllajia MPeuu3HOCT M e(hUKaCHOCT
IUIaHUpamka TPETMaHa pafiioTepanujoM, fonpuHocehu nobospliamy UCXofa Here nayjeHara.

Kwyune peuu: FOTELP-VOX, Monitie Kapao cumyaauuja, iepaiiuja 3paderbem, aiicopb6osama 003a,
CT cHumak, paciiooeaa 003e



