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A B S T R A C T

In this study, simulation-based design and optimization studies of a gadolinium-loaded segmented plastic
scintillator detector are presented for monitoring applications of nuclear reactors in Turkey using antineutrinos.
For the first time in the literature, a multivariate analysis technique is introduced to suppress cosmic
background for such a reactor antineutrino detector.

1. Introduction

When the neutrino was proposed for the first time by Wolfgang
Pauli in 1930 [1] based on measurement of beta decay, he said ‘‘I
have done a terrible thing. I have postulated a particle that cannot
be detected’’. He was wrong. After about 25 years, the first neutrino
detection, which was emitted by a nuclear reactor, was recorded by
Clyde Cowan and Frederick Reines in 1956 [2]. The neutrinos play an
important role for better understanding of the Universe. That is why
there are many ongoing and planned neutrino experiments worldwide.

While the neutrinos come from different sources, nuclear reactors
are human-controlled very intense antineutrino sources. Each fission
process releases 6 ⌫e, and a 1 GW nuclear reactor emits about 2 ù
1020 ⌫e per second. This makes nuclear reactors great tools for neu-
trino physics research, and so there are many neutrino oscillation
experiments located near nuclear reactors [3–8].

The neutrinos interact with matter with very low cross section,
and emitted antineutrino flux from the nuclear reactor core is used
for reactor monitoring since the thermal power is directly related
to antineutrino flux. Measured antineutrino event rate (N⌫) can be
expressed as N⌫ = �(1+k)Pth, where Pth is the reactor’s thermal power,
k is the time dependent factor that consider the time evolution of the
fuel composition, and � is a constant, which depends on the detector
properties [9]. Measurement of antineutrino flux and energy spectrum
with a detector that is located outside the reactor buildings provide
quasi real time information of reactor thermal power, operational status
and fissile content. So, International Atomic Energy Agency (IAEA) has
recommended development and utilization of antineutrino monitoring
with compact detectors as part of nuclear safeguard activities [10].

The first nuclear reactor construction in Turkey has recently started
at Akkuyu and its first power unit with a thermal capacity of 3.2

E-mail address: Sertac.ozturk@cern.ch.

GWt is planned to start operation in 2023. Monitoring Akkuyu nuclear
power plant using antineutrino flux measurement is an important nu-
clear safety issue. For this reason, design and optimization of a water
Cherenkov detector was done [11]. In this paper, segmented detector
structure with gadolinium(Gd)-loaded plastic scintillators to obtain
higher background rejection is considered and optimization studies
are performed using GEANT4 simulation toolkit [12]. In addition, for
the very first time, a multivariate analysis technique is introduced for
cosmic background suppression.

2. Detector design

An antineutrino can be detected via the so-called inverse beta decay
(IBD), resulting from charged-current antineutrino–proton scattering
in the plastic scintillators: ⌫e + p ô e+ + n. The energy threshold of
this process is 1.8 MeV and it has the highest reaction cross section
considering the other possible reactions of ⌫e + d ô e+ + n + n and
⌫e + e* ô ⌫e + e*.

The outgoing positron emits two gamma rays by annihilation (e+ +
e* ô 2�) and it produces a prompt signal. The subsequent second
signal is generated by the thermal neutron capture processes in the
gadolinium-loaded plastic scintillator and gamma ray cascades, which
have the total energy of Ì2 MeV and Ì8 MeV, are produced with the
following processes [13]:

n + p ô d + � ’s (2 MeV)
n +155 Gd ô156 Gd + � ’s (Ì8.6 MeV)
n +157 Gd ô158 Gd + � ’s (8 MeV)
The delayed time coincidence between the prompt and subsequent

signals (about 5–50 �s) is used for triggering an antineutrino event.
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Fig. 12. Comparison of ROC curves for different module configurations and numbers.

4 ù 4 (16 modules) and 3 ù 3 (9 modules) detector configurations are
presented in Fig. 12. Since rejection of charged cosmic rays background
events is the most efficient, charged cosmic particles are considered as
background, while IBD neutron gives the signal. As it is seen in Fig. 12,
no significant loss of signal-background separation is observed. This
result also indicates that multivariate data analysis technique could be
used for background rejection with the smaller size of the detector and
with lower numbers of modules.

4. Prospect

Nuclear technology is a new area for Turkey. The first nuclear
reactor in Turkey is going to start operation in 2023, in Akkuyu.
Construction of additional nuclear power plants in Sinop and gneada
are being planned in the near future. These reactors will provide a great
opportunity for development of new national (and also international)
neutrino physics projects.

A kind of segmented detector made of gadolinium loaded plastic
scintillators for monitoring nuclear reactors discussed in this paper
must be one of the highest priority project for nuclear safety in Turkey.
Such a neutrino detector could be used for monitoring of nuclear
reactors and nuclear wastes [20] in Turkey. In addition, reactor an-
tineutrino energy spectrum measurements could be performed with
scientific purposes, and it would be the first step towards development
of a new reactor neutrino oscillation experiment in Turkey.

For that reason, it is planned to submit a project for funding to
produce a demonstration module. Production and tests of gadolinium
loaded plastic scintillator blocks can be done in Turkish Atomic Energy
Authority, Sarayköy Nuclear Research and Training Center (SANAEM).
High quality plastic scintillators have been produced in SANAEM in the
past and there is necessary technological know how to synthesize new
types of element loaded scintillator blocks with desired volumes and
shapes.

The final design with some form of passive shielding, the construc-
tion and test are expected to take up to 2 years, before the first nuclear
reactor core becomes active.

5. Conclusion

In this paper, design and simulation results of a segmented
gadolinium-loaded polyvinyltoluene based plastic scintillator detector
for nuclear reactor monitoring using antineutrino flux measurement
have been presented. The detector consists of 25 identical 10 ù 10 ù 100
cm sized of modules and it provides about 1185 antineutrino events in
a day when it is located 50 m away from 3.2 GWt reactor core. The
optimal gadolinium concentration in plastic scintillator has been found
to be around 0.2%–0.3%, which gives prompt-delayed time difference
between 4 and 50 �s for triggering antineutrino events.

The same simulation results have shown that background from
cosmic particles can be rejected using the segmented structure of the
detector without requiring any external active shielding components.
In order to reject cosmic background, a multivariate data analysis
technique is used taking the first three highest energy fraction in the
modules as inputs. It was found that about 90% of charged cosmic rays
background rejection appears to be achievable while keeping 95% of
the antineutrino events. The results also indicate that rejection gamma
rays background could be done using the multivariate technique, but
this approach for high energy neutron background suppression is not
efficient. This kind of a multivariate data analysis technique is consid-
ered the first time for cosmic background veto. In addition, requiring
the time difference between the prompt and delayed signals, energy
deposits in both signals and pulse shape analysis of the signals would
increase antineutrino event detection efficiency significantly.
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Nim A da yayınlanan bir makale ile her şey başladı.

✓   https://doi.org/10.1016/j.nima.2019.163314

Gd katkılı plastik sintilatörler ile nükleer 
reaktörlerim izlenmesi ve nötrino fiziği.

 Gd katkılı plastik üretmek için olumsuz cevaplar 
ile gerekli çalışmaların başlaması.

https://doi.org/10.1016/j.nima.2019.163314
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Sintilasyon (Parıldama)
 Sintilasyon, atomların ve moleküllerin 
radyasyon ile uyarılmasının ardından 
optiksel fotonların yayınlanmasıdır.

✓ Floresans (singlet, ns) ve fosforesans 
(triplet, (µs – ms arası)

 Sintilasyon (parıldama) yapan 
malzemelere sintilatör (parıldak) denir.

✓  İnorganik (NaI, CsI, LYSO,vs.), 
organik kristal, sıvı, cam, plastik

✓ Hızlı tepki süresi, hassas enerji 
ölçümü, dayanıklılık, düşük maliyet

Geniş kullanım alanı

✓ Parçacık fiziği, astrofizik, ulusal 
güvenlik, arkeoloji, tıp, vs.

3

3 The scintillation counting method for tritium activity measurement in water

A certain portion (in an optimal case nearly 100%) of the scintillation photons reach
the light detector, which has to be sensitive enough to detect a small number of pho-
tons. The detector then produces a signal pulse, which has a height proportional to the
number of photons hitting the detector. The signal pulse of the detector is processed by
the electronics, and as a result a pulse height spectrum is produced (see Section 3.5).
This spectrum corresponds to the energy spectrum of the detected particles.

3.3 Organic scintillators

In this work only organic scintillators are described, since the experiments were carried
out with an organic plastic scintillator.

The scintillation process is based on the excitation of orbital electrons in matter by
ionizing radiation. In the case of organic scintillators the material contains such organic
molecules, like anthracene, which have a so called π-electron structure. The structure of
the electron energy levels is illustrated in Fig. 3.3. After excitation, the excess energy
above the S10 state is dissipated through non-radiative processes. This means, in prac-
tice, the passing of an energetic particle rapidly causes excitation of the molecules into
the S10 state. The molecule can then be de-excited into one of the S0 states, through the

Figure 3.3: Energy levels of an organic scintillator molecule, with two pos-
sible scintillation processes. The levels Sij show the i-th singlet state
(spin 0) and the j-th vibrational state of the molecule. The levels Tij corre-
spond to triplet states (spin 1) in a similar manner. Process A: Excitation,
non-radiative internal conversion, fluorescence. Process B: Excitation, inter-
system crossing, phosphorescence (this figure displays the same as Figure 8.1
of [5]).
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M. Krammer: Particle Detectors! Scintillators! 8!

5.1 Signal Shape!

•  Many scintillators show a simple 
exponential signal decay. In case of 
several  signal components overlap has 
to be considered.!

•  The rise time of the signal is usually very 
fast. !

!
Signal of a scintillator with a short and slow 
signal:!
!

t       … time;            A , B … proportional factors!
Ν(τ) …  number of emitted photons at time t!
τf , τs … decay constants for fast and slow component!€ 

N(t) = A ⋅ exp −t
τ f
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Plastik Sintilatörler
 Polimer taban

 Flor katkılar

✓ Birincil flor (%1-%30), 
dalgaboyu kaydırıcı 
(%0.001 - %0.4)
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Figure 7. Absorption (green curves) and emission spectra (red curves) of two 
fluorescent compounds used in ternary plastic scintillators. P-terphenyl 
emission spectrum overlaps with POPOP absorption spectrum [65] 
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Plastik Sintilatör Sentezi
Taban seçimi

✓ Stiren, vinlytoulene

✓ Sıvı form, inhibitor katkısı

✓ Saflaştırma işlemi

 Flor katkısı seçimi

✓ PPO ve POPOP

 Yöntem seçimi

✓ Termal Polimirizasyon

✓ Hücre dökümü 

 Polimerizasyon başlatıcısı seçimi

✓ AINB, benzoyl peroxide

 Argon ve azot atmosferinin sağlanması

 Termal döngünün belirlenmesi 

 Parlatma işlemi

 Veri alınması

✓ UV-Vis, osiloskop, MCA
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EJ-204 İlkSon

 10x10mm
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Optiksel Özellikler
 Sint2 

✓ PV taban, %1.5 PPO, %0.06 POPOP, AINB

✓ Argon atmosferi

EJ-204 içeriği belli değil.

✓ PTP + BBO/DPS ?

 Optiksek geçirgenlik oldukça yüksek.
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Katkılı Plastik Sintilatör Üretimi

Plastik sintilatörlerde hassasiyeti 
arttırmak

✓ Gama ve Nötron

 Gama radyasyonuna hassasiyeti 
arttırmak için ağır atom numaralı 
katkılar

✓ Kurşun ve bizmut

 Nötron hassasiyetini arttırmak 
için özel elementler

✓ 10B, 6Li, 155Gd, 157Gd, 113Cd

 Organometalik, nanoparçacık, 
kuantum dot
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Figure 8. Pulse height spectra of the PbWO4 
loaded plastic scintillators using Geant4 
simulation toolkit.  
 
 
 
 
 
 
 
 

To measurement of light yield, amplitude spectra from synthesized scintillator samples must be 
compared with the spectra obtained from a known reference sample. EJ-200 plastic scintillator will 
be used for that purpose. The position of the middle of Compton edges for EJ-200 and for 
synthesized scintillator samples will be compared to obtain relative light output (RLO) as following 
 
RLO = {(Middle of Compton edge position of the sample)/(Middle of Compton edge position of EJ-
200)} x 100% 
 
Then the light yield (LO) of the synthesized scintillator samples is calculated as LY = RLO x 10000, 
knowing that light output of EJ-200 is 10000 photons/MeV.  
 
Pulse Shape Discrimination Analysis: 
A plastic scintillator could be used for particle separation, because the decay time of fluorescence 
depends on the incoming particle type. The incident particles with high -dE/dX rate cause greater 
excitation density, so can one for the triplet state density. Higher triplet state density increases the 
fraction of delayed fluorescence and the signal pulse shape becomes different for the particles that 
have different -dE/dX. It allows to make particle separation analyzing pulse shape and it is called 
Pulse Shape Discrimination (PSD). The plastic scintillators capable of PSD for gamma-neutron 
separation becomes more interesting recently for detection of illicit nuclear materials.  
 

     
Figure 9. The normalized pulse shape corresponding different particles, example of appearance PSD 
analysis. 
 
The effect of PbWO4 nanoparticles concentration inside the plastic scintillator for gamma-neutron 
separation using PSD will be investigated as the final part of the project. In addition to PSD analysis, 
decay time and rise time measurements of the produced scintillator samples will be able to be 
performed using pulse shape analysis. A neutron beam source is available at the Turkish Energy, 
Nuclear and Mining Research Authority (TENMAK), and neutron-related measurements will be done 
there by covering analysis charge. 

(a)

(b) (c)

Figure 3.3: Schematic representations of (a) the prompt and delayed components of scintil-

lation decay, (b) the change in decay profile with changing specific energy loss, and (c) the

corresponding change in profile when normalized to the peak intensity.

kTTA. Since triplet-triplet annihilation is a bimolecular process, the overall triplet-triplet

annihilation rate is kTTA[T1]2, which means that the delayed fluorescence component decays

non-exponentially, which is in contrast to the exponential decay of the prompt fluorescence

component. Figure 3.3(a) illustrates the contributions of each fluorescence component to-

wards the overall scintillation decay. Because of the strong influence of the specific energy

loss of the high-energy particle on the magnitude of ionization quenching of Sn states, while

simultaneously having little impact on the Tn states, when the specific energy loss of the

high-energy particle is increased (while keeping incident energy unchanged), the absolute

intensity of the prompt fluorescence component is correspondingly decreased, as is shown in

Figure 3.3(b). Since the intensity of the delayed fluorescence component does not appreciably

change with specific energy loss, the end result is that with increasing specific energy loss,
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(a)

(b) (c) (d)

Figure 4.3: Schematic representations of (a) an experimental set-up for PSD measurements,

(b) integration windows for processing of digitized pulses, (c) the overall appearance of

PSD 2D-histogram plots, and (d) plotting of 1D-historgam data for determination of PSD

figure-of-merit.

the principle feature of the spectrum. But since the energy of the Compton edge is always

less than the photoelectron peak by a fixed amount, the position of the Compton edge alone

can be in such cases used for spectral calibration.

4.2 Pulse Shape Discrimination

Like pulse height analysis, pulse shape discrimination (PSD) measurements can be per-

formed using either analog10–12 or digital signal processing chains,13,14 however due to the

rather di↵erent processing approaches, the appearance and interpretation of data obtained

by di↵erent means can be quite di↵erent.15,16 In recent years, one of the most popular dig-

ital PSD methods has been the digital charge comparison method, which is schematically

outlined in Figure 4.3. In this approach, the raw signal from the scintillation detector is im-

mediately digitized using a fast analog-to-digital converter, and can either be stored directly

21

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Deposited Energy (GeV)
0

0.01

0.02

0.03

0.04

0.05

N
or

m
al

iz
ed

 U
ni

t

h_edep_gamma

Entries  30947

Mean    1.293

Std Dev    0.5156

h_edep_gamma_gd0p3_bi3p

Entries  30900

Mean    1.274

Std Dev    0.5385

h_edep_gamma_gd0p3_bi3p

Entries  30900

Mean    1.274

Std Dev    0.5385

h_edep_gamma_gd0p3_bi5p

Entries  30877

Mean    1.276

Std Dev    0.5464

h_edep_gamma_gd0p3_bi5p

Entries  30877

Mean    1.276

Std Dev    0.5464

h_edep_gamma_gd0p3_bi8p

Entries  30652

Mean    1.284

Std Dev     0.555

h_edep_gamma_gd0p3_bi8p

Entries  30652

Mean    1.284

Std Dev     0.555E

40% PbWO

43% PbWO

45% PbWO

48% PbWO

2 MeV gama



Sertac Ozturk

Gadolinyum Katkılı Plastik Sintilatör Sentezi

Gd organometalik ve nanoparçacıklı plastik sintilatör 
örnekleri sentezlendi.

✓ Gd(THMD)3 ve nanoparçaık katkısı oranı%0.2

 Sinyal yapısı düzgün.

 Nanoparçacık katkısı geçirgenliği azaltıyor.
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3D Yazıcı ile Plastik Sintilatör Üretimi

3D yazıcı ile plastik sintilatör üretebilmek.

✓ Plastik sintilatör granül üretimi

‣ Granül boyutları, polimerleşme miktarı

✓ Plastik sintilatör filament üretimi

‣ Plastikleştiri miktarı, optimal ısı ayarları

✓ Optimal FDM 3D yazıcı ayarları

‣ Sıcaklık ayarları, noozle çapı, katman 
yapıları

 TÜBİTAK 1005 projesi olarak başladı.

✓ Bora Akgün, Kıvanç Nurdan, Gökhan Ünel, 
Erkcan Özcan, Sertaç ÖZTÜRK

 İlk denemeler yapıldı.

 Gelecekte katkılı plastik sintilatör filament 
üretimi 
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PSD Duyarlı Plastik Sintilatör Senztezi
 PSD = Pulse Shape Discrimation

Gama/Nötron ayrımı

Yüksek oranda birincil (%20-%30) ve ikincil (%0.3) flor katkısı

%5 ve %10 PPO katkılı plastik sintilatör sentezi başarıldı.

✓ EJ-276 mevcut. 
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Figure 3.3: Schematic representations of (a) the prompt and delayed components of scintil-

lation decay, (b) the change in decay profile with changing specific energy loss, and (c) the

corresponding change in profile when normalized to the peak intensity.

kTTA. Since triplet-triplet annihilation is a bimolecular process, the overall triplet-triplet

annihilation rate is kTTA[T1]2, which means that the delayed fluorescence component decays

non-exponentially, which is in contrast to the exponential decay of the prompt fluorescence

component. Figure 3.3(a) illustrates the contributions of each fluorescence component to-

wards the overall scintillation decay. Because of the strong influence of the specific energy

loss of the high-energy particle on the magnitude of ionization quenching of Sn states, while

simultaneously having little impact on the Tn states, when the specific energy loss of the

high-energy particle is increased (while keeping incident energy unchanged), the absolute

intensity of the prompt fluorescence component is correspondingly decreased, as is shown in

Figure 3.3(b). Since the intensity of the delayed fluorescence component does not appreciably

change with specific energy loss, the end result is that with increasing specific energy loss,
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The much lower dye concentrations needed for the appearance of PSD in liquid
scintillators (0.01–0.02%), in comparison with those found previously in mixed
single crystals (~20% in Fig. 2.4) [11], demonstrate once more the high impact of
molecular diffusion that facilitates interactions of excited states in liquid solutions.
The first experiments conducted with highly loaded PPO-based plastic scintillators
confirmed the expectation that in the absence of high molecular mobility, the dye
concentrations needed for obtaining efficient PSD are closer to those in crystals rather
than in liquid scintillators. Figure 2.7 shows examples of experimental PSD patterns
measured in selected PVT-based plastics prepared with increasing concentrations
of PPO. The neutron/gamma separation, hardly detectable at low concentrations,
becomes clearly pronounced in plastics containing larger fractions of the dye.

More detailed measurements made with a large number of plastic samples
prepared with a broad range of PPO concentrations confirmed an increase of the
neutron/gamma peak separation in a range of 10–30%, which gives rise to PSD
with FoMs >1.27 (Fig. 2.8a) that was a proposed threshold of efficient PSD since
it corresponds to 3σ separation between the Gaussian fits of neutron and gamma
peaks [17]. As expected, the increase of PSD in plastics occurs at much larger PPO
concentrations, more than two orders of magnitude higher than in corresponding
liquid solutions. It should be noted that the optimal dye concentration used in the
practical preparation of mixed scintillators has been traditionally selected based on
the highest scintillation efficiency. The fact that in liquids both the maximum LO
and the efficient PSD correspond to the same region of low concentrations (Fig. 2.6)
could help explain the easy preparation of liquid scintillators with PSD. In plastics,

Fig. 2.7 Examples of experimental PSD patterns showing increase of neutron/gamma peak sepa-
ration at an increasing PPO concentration in PVT (reproduced from [17] with permission from
Elsevier)

70 N. P. Zaitseva et al.

Fig. 2.29 Pulse shape discrimination parameter vs energy in electron equivalent units for a—
PSD plastic containing 28% PPO and 0.2%DPA exposed to neutron flux from 15-µCi 252Cf source
shielded with 7.5-cm of high-density polyethylene (HDPE) and 5 cm of lead, b—Same composition
plastic with 5 wt%m-carborane of natural boron abundance measured under the same experimental
conditions. Both plastic dimensionswereØ 25mm× 10mm (reproduced from [56]with permission
from Elsevier)

fraction is well reproducible as illustrated by a signature with mean values of 72.7±
0.01 keVee and 0.387± 0.0003 in energy and PSD, respectively. The second type of
thermal neutron signature represents events characteristic to energy deposition of 7Li
+ 4He and a capture γ-ray. Incident gamma rays on the organic scintillator interact
mainly by Compton scattering, and their energy deposition depends on scattering
angle with maximum characteristic to Compton edge (313 keV for 480 keV capture
γ-ray). Since scintillator response time is slower than gamma ray transit time, light
output is a convolution due to excitation by charged reaction products and the capture
gamma ray. Both, total light output and its delayed fraction vary depending on the
capture gamma ray energy deposition. The ratio of delayed light is decreasing as the
energy deposition is dominated by the capture gamma rays. Therefore, the second
signature, characteristic of thermal neutrons, is shown as a band extending towards
typical gamma ray signature. Its maximum energy corresponds to the sum of capture
gamma ray Compton edge energy and total energy deposition by charged reaction
products (see Fig. 2.29b). Although 480 keV gamma ray is emitted with 94% prob-
ability, the vast majority of the capture gamma rays escapes without depositing any
energy to the scintillator due to the small sample size (2.5 cm in diameter and 1 cm
in thickness), which is consistent with the two orders of magnitude higher intensity
observed in the thermal neutron spot than in the band.

PSD parameter distributions in the 50–100 keVee domain characteristic to thermal
neutrons energy are illustrated in Fig. 2.30. Comparison of a PSD plastic (a) and a
boron-loaded PSD plastic (b) shows the degree of n/γ separation and the effect
of boron loading on neutron detection efficiency. For each sample in Fig. 2.30,
distributions are shown with and without external moderator (Pb+HDPE, and only
Pb, respectively). The results indicate comparable scintillator performance in the
absence of thermal neutrons. Due to the low energy of the thermal neutron spot
position, the n/γ separation is not as high as in the range corresponding to theCompton
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Kozmik Müon Tetikleme Sistemi Üretimi

 Plastik sintilatör üretimi 
için özel kalıp üretimi.

 Kozmik müon olayları 
için tetikleme sistemi

✓ Sintilatör, sipm ve dijital 
kart tasarımı ve üretimi
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CRONUS
 CRONUS Teknoloji A.Ş.

✓ Geniş Alanlarda Toprak Nem Miktarını Ölçen Yeni Bir Kozmik 
Işın Nötron Sensörü Üretimi

✓ TÜBİTAK 1512

✓ Teknopark İstanbul

✓ Sintilatör üretimi ve satışı 
‣ cronustechs@gmail.com
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Özet
 Plastik sintilatör sentezleme çalışmaları İstinye Üniversitesi 
bünyesinde kısa süre önce başladı.

✓ 3 aylık sürede çoğu prosedür şekillendi.

✓ Hava kabarcıksız, temiz ve şeffaf 

 Gd katkılı plastik sintilatör üretimi gerçekleştirildi.

✓ Amaç PSD ye duyarlı %1 Gd katkılı plastik sintilatör sentezini 
başarmak.

3D yazıcı ile plastik sintilatör üretim çalışmalarına başlandı.

 Özel sintilatör kaplama yöntemlerinin denenmesine yönelik proje 
hazırlığı başladı. (TÜBİTAK 1005 projesi yazımı)

Triplet-harvesting (SSD), sintilasyon yapan nanoparçacık katkılı plastik 
sintilatör üretimi çalışmalarına başlanacak. 
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Hedefler
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