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This research related to registration of the fast neutrons with a detector based on the inorganic KDP: TL* mono crystal (KH2PO4
potassium dihydrogen phosphate) and plastic UPS-923A. The crystal of the KDP: TL* detector grown from a water solution by the
method of lowering the temperature. The high concentration of hydrogen nuclei in the KDP: TL* crystal grid makes it possible to detect
neutron radiation with an efficiency comparable to polystyrene scintillators. KDP: TL" crystals have a high radiation resistance (up to
10'° neutrons/cm?), which significantly expands the spectrum of their application in high-energy physics applications, intense neutron
fields. In this work, we used a technique for recording the detector response in the photon counting mode and pulse filtering mode.
Since the detector operates on the principle of detecting gamma quanta from the reactions (n, n 'y), (n, n' Y)res, (1, ¥)cap and others, this
makes it possible (in a filtering mode) to isolate the mechanisms of cascade generation processes in the volume of the detector caused
by secondary gamma quanta from excited states of compound nuclei. The gamma quanta of the elastic scattering reaction (n, n' y) for
the KDP: TL" scintillator nuclei are the start of the cascade process of the discharge of excited isomeric states of the input, intermediate,
and final nuclei. Measurements of the detection efficiency of fast neutrons were carried out with a KDP: TL* crystal of size 18x18x42
mm in spherical geometry. The obtained detector reviews in units of impulse / particle for sources and 2*Pu-Be and '*’Cs were 3.57
and 1.44. In this case, a broadband path with a speed of 7 ns was used. In addition, the counting efficiency of the narrow-band tract
measured simultaneously with a processing time of 1 us and 6.4 ps. The received response from the KDP: TL* detector (in units of
impulse/particle) for both sources 23*Pu-Be and *’Cs was 0.09 and 0.00029. The n/y ratio coefficient was 310. The given measurements
of a polystyrene-based scintillator size of 40x40x40 mm. The received response in a single photon-counting mode from the plastic
detector (in units of impulse/particle) for both sources 2*°Pu-Be and *’Cs was 19.4 and 3.9. The n/y ratio coefficients for detectors are
also given: KDP: TL* - 2.47 and UPS-923A - 4.97 in the 7 ns mode. The statistical error in measurements of the neutron detection
efficiency was about ~ 5%.

KEY WORDS: neutron, detector, fast neutron, KDP: TL* crystals, detection efficiency, registration threshold, PX-5, counting rate,
radiation monitor

In the previous works [1, 2] are shown that mechanism of inelastic scattering could be useful for the fast neutron
registration. In these detectors, fast neutrons could be detected by counting impulses from the secondary gamma-quanta,
inside the detector volume. Since a spectrometric path with an integration time of ~ 1 us and 6 ps was used in our studies
for registration purposes, this ensured almost complete suppression of the registration of cascade processes in the detector.
If a neutron detector uses only the one mechanism of inelastic scattering, in which one the secondary gamma-quanta are
generated due to the discharge of single-particle excitations of nuclei, this allows the use of a narrow-band detection path
(1 ps). In this case, the counted efficiency coincides with the energy of the registration efficiency, which cannot exceed
one. The mechanism of inelastic scattering of fast neutrons is a starting process that can be as a trigger for the process of
resonant scattering, radiation capture and secondary nuclear reactions. In this case, excited states in the nuclei of the
crystals under study generate cascades of gamma rays with energies ranging from E ~ 2-3 MeV to units of keV. Note that
the energy of the secondary neutron n' from the reaction (n, n"y).s can exceed the energy of the incident neutron from the
reaction (n, n"y) due to the binding energy, so the channel (n, n'y).s is also an effective source of secondary gamma rays.
Secondary neutrons can subsequently be captured by nuclei in the radiation capture reaction (n, y)cp. For applications,
secondary gamma rays are of interest, the emission times of which are in the range of ~ 1 ns - 100 ps. Also in this interval
are the collision times of secondary neutrons from these reactions with scintillator nuclei. Therefore, secondary neutrons
can participate in reactions (n, n'y)ws and thereby increase the number of cascade gamma rays. Note that the nuclear
composition of oxide scintillators significantly affects the intensity of the gamma-ray cascades of the discharge of excited
nuclear states, and hence the detector counting efficiency [2]. Earlier [1-2], for the purpose of recording efficiency, a
counting path operating in the spectrometric mode (t =1 ps and 6 ps) was used. As long as the lifetimes of highly excited
states of compound nuclei, which could be also excited in the fast neutron reactions, are stay in the range from a few
nanoseconds to hundreds of microseconds. To increase the contribution of various mechanisms that are possible when
the neutron is slowed down in the detector the single-photon detection mode [1] was used in this work and have a
significantly lower registration threshold. In view of the increased radiation resistance (~ 10'° neutron/cm?) of the obtained
new crystals, an urgent task is to study the interaction of neutron radiation with the substance of KDP: TL". As shown in
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our previous works [1-10], neutron radiation can be detected using scintillation crystals of potassium dihydrogen
phosphate KH,PO, (KDP), which are doped with thallium ions T1" [5]. This paper presents the experimental results of a
study of the efficiency of fast neutron detection in water-soluble crystals in the photon-counting mode and pulse time-
filtering mode. The purpose of the work is to study the scintillation properties, efficiencies of detecting fast neutron and
gamma fluxes and n/y coefficients by the new KDP crystal and UPS-923 A scintillator.

RESEARCH AND METHODS
Inorganic crystals of KDP: TL" are grown by the method of the temperature lowering. The crystals have a wide
optical transparency band, low dislocation density <10? cm™, and high radiation resistance when exposed to fast neutron
fluxes of ~ 10'° neutrons/cm?. The presence of hydrogen bonds in the KDP lattice provides the possibility of doping with
additives [5]. In Figure 1 shows KDP: TL" crystals grown on a seed of orientation (101), in the form of 18x18%42 mm
plate. The concentration of thallium additives is 0.1%.

Figure 1. The KDP: TL* crystal sample was grown from water solution.

The physical parameters of measured crystals are shown in the Table 1.

Table 1.
Parameters comparison table of hydrogen based organic UPS-923A and inorganic KDP scintillators.
L Density, Hydrogen nuclei density, Neutron
Scintillator Zetr o/om’ em3 run-length / , cm
Plastic UPS-9234, 57 1.04 4.82x102 3.30
4x4x4 cm
KDP: TI" (0.1 wt.% TI), 22
1.8%1.8%4.2 om? 14.3 2.34 2.07x10 3.93

The neutron energy from radioactive sources during slowing in the detector to a complete stop changes more than
108 times - from 10 MeV to 0.025 eV. This energy region can be conditionally divided into three specific regions, which
differ in the interaction mechanisms and cross sectional values: the inelastic scattering region (n, n'y) from 10 to 0.1 MeV,
the resonant scattering region (n, n' y)rs from 0.1 to 0.001 MeV and the radiation capture region (n, y)cap from 1 keV to
0.025 eV. Currently, the most common fast neutron detectors using one specific energy conversion mechanism - either a
reaction with the formation of recoil protons, or a deceleration method using a radiation capture reaction. Both of these
methods have disadvantages - either the low efficiency of neutron flux conversion during deceleration, or the complex
electronic for the neutron/gamma separation systems.

In the present work, it is proposed to register cascade signals as from the reaction of inelastic scattering, resonance
scattering, and radiation capture. For this purpose, a technique was developed that is a further improvement of the
technique used in our works [2, 3]. The detection efficiency of fast neutrons and gamma rays by KDP: TL" crystals and
UPS-923A polystyrene was measured by the following method. The block diagram of the experiment is shown in Fig. 2.
The KDP: TL* crystal with dimensions 18x18x42 mm® was wrapped with a PTFE tape reflector. The UPS-923A
40x40x40 mm?> with polished edges was wrapped with a PTFE tape reflector also. A >**Pu-Be source was used as a
neutron source (neutron energies from 0.1 to 10 MeV, average neutron energy E, = 4.2 MeV, 4x103 neutrons per second).
The source is placed in a lead spherical shield to attenuate the accompanying gamma radiation (photons with E, ~ 59 keV
from 2*' Am impurity arising from 2*°Pu decay products, as well as high-energy gamma rays with E, ~ 0.1- 4.43 MeV
from the accompanying reactions in the source). The distance between the center of the neutron source and the detector
window was in range of 20 - 50 cm.

As the photodetector, the PMT Hamamatsu R1307 was used [12]. The voltage of the PMT was 1250 V. The lower
threshold of the pulse counter in the fast channel was obtained using an Amptek DPP PX-5 [13] digital analyzer and
monitored with GDS-3504 GW Instek oscilloscope (5S00MHz bandwidth). The lifetimes of isomeric states excited in
reactions with fast neutrons are in the range [3] from a few nanoseconds to hundreds of microseconds. Therefore, the
measuring path includes a fast preamplifier [4] with a gain of 70 dB and an intrinsic rise time of ~ 1.5 ns. The preamplifier



56
EEJP. 3 (2020) Gennadiy Onyshchenko, lvan Yakymenko, et al

is used to register signals in the photon-counting mode. The application of this mode is due to the need to register signals
of small amplitudes and durations resulting from the discharge of excited states in the compound nuclei, the need for
separate registration of signals caused by slowed neutron collisions in a crystal. The amplitude of the single-photon
response signal was ~ 1.5 V.
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Figure 2. The experimental setup diagram
Figure 3 represents the signal from the preamplifier output during neutron registration with the KDP: TL* scintillator.

The pulse width at the half maximum is about 20 ns, the pulse amplitude is ~ 1.5 V, and the background pulse load
is ~200 s,
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Figure 3. The shape of pulses reached from KDP: TL* under fast neutron radiation of 23°Pu-Be source
Y -1V, X-25ns.

Figure 4 shows the hardware spectrum of the investigated scintillator sample upon irradiation with a neutron source;
the maximum height of a single-photon peak is in the 1600 channel. The rise time of the signal from the PMT output
is ~ 8 ns. The time for collecting statistics in one exposure was 20 minutes, the time for collecting background radiation
was 20 minutes, and the number of exposures was 5.

As discussed earlier [2, 3], the response of the detectors is formed by registering cascades of gamma-quanta. The
primary gamma-quantum arises from the inelastic scattering reaction. Since the crystal dimensions are comparable with
the mean run length of neutrons before moderation, therefore, other than inelastic scattering, other mechanisms leading
to the formation of compound nuclei with subsequent removal of excitation by emission of cascades of gamma quanta,
such as resonance capture (n, n' y)s, radiation capture of the neutrons (n, y)cap. Secondary “daughter” gamma-quanta can
also arise as a result of a slowdown in the elastic scattering reaction and neutron capture on hydrogen (E = 2223.2 keV).

Thus, the effective registration of signals generated by the scintillator nuclear subsystem is explained when
considering the parameters of the nuclei that make up the scintillators. The most significant parameters of scintillator
nuclei are cross sections in the region of inelastic scattering, resonance capture, the density of nuclear levels in the
resonance region, and the magnitude of the upper boundary of the energies of the resonance region. The cross section of
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the resonance region has an effect only if it has a region width of ~ 100 keV or more [2]. Figure 5 shows neutron cross
sections in the energy range 0.01 MeV - 10 MeV for the nuclei of a natural mixture of potassium, phosphorus, carbon and
hydrogen that are part of KDP and polystyrene.
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Figure 5. The neutron cross sections for: 'H (a), '2C (b), ¥K (c), *'P (d) in a region of inelastic scattering region, resonant region
and radiation capture area [14, 16].

Table 2 [15, 16] shows the parameters of the cross sections for the interaction of neutrons with nuclei for a natural
mixture of isotopes of KDP: TL* scintillator nuclei and polystyrene.

In the range of neutron energies E, ~ 0.1-10 MeV on hydrogen, reaction (n, p) is observed with the formation of
recoil protons (¢ ~ 2 b), which can contribute to the detector response if the proton moderation volume is a scintillator.
When a neutron is slowed down, a reaction of elastic neutron scattering on hydrogen (o ~ 30 b) (n, n) is significant,
which one leads to a slowdown of neutrons to an energy of 0.025 eV and radiation capture by protons, with the formation
of a deuteron and an emission of gamma rays with an energy of E, = 2.223 MeV (energy deuteron coupling).
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Table 2.
The parameters of neutron cross sections o, barn, quantity of Ny output and energy E, of gamma-quanta from reactions
with neutrons from 2°Pu-Be (E, ~ 0.1- 10 MeV)

for the G (1, Y)ecap Gel 6 (n, n' V)res, o (n, n' ¥)inel, Gel Ny, Ny,
natural = En~ En ~ En~ En ~ Emitted Emitted
abundan 0.0253 eV 0.0253 eV 0.5eV—-10MeV 0.1 -10 MeV 4.5 MeV gamma gamma
ce of from from
KDP: capture inelastic
TL*
isotopes
mixture
and
UPS-
923A.
H-1 0.3320 30.27 0.1492 - ~2 1 p recoil
ZH, Ey =
2.2232 MeV
12-C-6 0.00386 0.001885 0.34 ~2.4 6+6 1
13-C,Ey = 13-C,Ey = En~
0.595, 0.595, 10 MeV
1.2618, 1.2618,
1.8567, 1.8567, 12C,
3.0891, 3.0891, Ey=
3.6839, 3.6839, 4.438 MeV
4.9453 4.9453
MeV MeV
6 gamma quants 6 gamma quants
13-C-6 ~0.0045 4.922 0.00162 0.803 7+7 1
14-C,Ey= 14-C,E, = - En ~
0.4957, 0.4957, 14 MeV
1.5869, 1.5869,
6.0925 6.0925
MeV MeV
31-P-15 0.1662 3.186 0.08079 0.0539 ~2 158+158 14
32-P,Ey = 32-P,Ey = En ~ 14 MeV En~4.5
0.0781, 0.0781, 31-P,Ey = MeV
0.5126, 0.5126, 1.266,
0.6367, 0.6367, 2.028,
1.0713, 1.0713, 2.148
2.1145 MeV 2.1145 MeV
MeV
158 gamma 158 gamma quants | 14 gamma
quants quants
39-K-19 2,098 2.089 1,081 0,25 ~2 308+308 15
39-K, Ey= 39-K,Ey = En~4.5 MeV En ~
0.0298, 0.0298, 39-K, E, = 4.5
0.7703, 0.7703, 0.3469, MeV
1.1589, 1.1589, 0.7837,
1.2472, 1.2472, 0.9233,
1.3035 1.3035 MeV
MeV MeV
308 gamma 308 gamma quants 15 gamma
quants quants

In the resonance energy region E, ~ 0.5 eV - 10 MeV), due to the absence of excited states at the deuteron itself,
gamma-ray emission is not observed. Thus, on the nuclei of hydrogen from one incident neutron there is 1 gamma
quantum response, in addition, signals from recoil protons will be observed. On carbon nuclei with neutron energies above
E, = 4.812 MeV, an inelastic scattering reaction is observed with excitation of the first !2C level and emission of gamma
rays with an energy of E, = 4.438 MeV. In the resonance region (E, ~ 0.5 eV - 10 MeV), up to 6 response gamma rays
can occur. If the secondary neutron after deceleration is again captured in the scintillator by a carbon nucleus in the
radiation capture reaction, then another 6 gamma rays can be excited. Thus, up to 13 responses of gamma-quanta arise
from one incident neutron on carbon nuclei. Similarly, on potassium nuclei (see Table 2), a noticeable amount of gamma
quanta is emitted from resonance and radiation capture reactions, which is confirmed by noticeable reaction cross sections
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reaching 2.098 bar (radiation capture reaction) and 1.8 bar (resonance capture) for '’K. It should be noted that the energy
of the upper boundary of the resonance region for ’K is ~ 200 keV. In combination with a sufficiently high density of
levels of the °K nucleus, this explains a significant amount (more than 300) of emitted gamma rays during neutron
moderation in KDP: TL*. For the '°P nuclei the cross section of inelastic and resonance scattering is significantly low, so
the obtained impulse response formed mainly by °K nuclei.

RESULTS
The measurement results of the counting efficiency of the KDP: TL" scintillator in mode of counting single photons
(mode 7 ns, i.e., registration of single-photon signals in the interval of rise times about 7 ns) are shown in Table 3.

Table 3.
Registration efficiency of the fast neutrons and y-quanta
by KDP: TL* and UPS-923A scintillators in a different filtration time

# Scintillator Size, mm Mode En> &> g, / g,
imp/n imp/y
Plastic UPS-923A 40x40%40 6.4 us 0.24 0.071 342
1 Plastic UPS-923A 40x40%40 1.0 us 0.95 0.26 3.65
KDP: TI' (0.1 wt.% TI) 18x18x42 6.4 us 0.037 | 0.00024 154
KDP: TI* (0.1 wt.% TI) 18x18x42 1.0 ps 0.09 0.00029 310
) Plastic UPS-923A 40x40%40 7 ns 19.4 3.9 4.97
KDP: TI* (0.1 wt.% TI) 18x18x42 7 ns 3.57 1.44 247
Plastic UPS-923A D16%9 6 us 0.30 0.071 4.2
3 | KDP: TI* (0.1 wt.% TI) 10x10x10 6 us 0.124 0.004 31
KDP: Ce** (0.01 wt.% Ce) 10x10x10 6 us 0.162 0.006 27

For comparison purposes, the results of measuring the counting efficiency of the scintillator are given based on
UPS-923A. In addition, all measurement results were obtained in the spectrometric signal counting mode with an
integration time of 1 - 6.4 ps. It can be seen that the calculated efficiency for KDP upon transition from 6 ps to 7 ns
(single-photon mode) increases by 3.57 / 0.09 = 40 times, i.c. In the photon counting mode, not only inelastic scattering
is realized, but also resonance and radiation captures. A similar effect of an increase in the counted efficiency is also
observed for UPS-923A -the counting efficiency increases from 1 ps to 7 ns (single-photon mode) by
19.4/0.95 = 20.4 times.

The measurement results of the KDP: TL" scintillator of small sizes (10x10x10 mm) [5] in the T = 6 ps mode are
consistent with the results of the KDP: TL" scintillator with dimensions of 18x18x42 mm in the T = 6.4 us mode adjusted
for the size effect.

In this work, for the KDP: TL" and UPS-923A scintillators, the n/y ratio was also determined (Table 3). It can be
seen that the n/y ratio for the KDP: T1" of 10x10x10 mm size crystal measured in [5] is ~ 30, which is explained by the
small crystal size. The registration in the photon counting mode with filtering time 7 ns provide 2.47 value for n/y ratio
of KDP: TI". The registration in the filtration mode with filtering time 1 ps provide 310 value for n/y ratio of KDP: TI".
In the present work, the path threshold selected at 1 ps that was about 25 keV energy region, which provide n/y ratio
of ~3.57. The efficiency of the UPS-923A scintillator measured in this work in the photon counting mode, was
19.4 pulses/neutron, and the n/y ratio ~ 5.

Figure 6 shown bar diagram of counting efficiencies for KDP: TL" (a) and Plastic UPS-923A (b), obtained for 2**Pu-
Be and *’Cs sources for filtration times 7 ns and 1 ps.

KDP: TL* ml";fe Plastic
20

6
5 15 Figure 6. The counting efficiency for
. KDP: TL" and Plastic UPS-923A
, 10 scintillators, obtained for 2*Pu-Be and

i e 137Cs sources for filtration modes 7 ns
2 1.44 5 | p,.pe g 33 and 1 LS.

137ce ] 0.95 0.26 @
0.00029
ok o | NSSN S
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Figure 7 shows the n/y ratio in bars representation for KDP: TL" and UPS-923A. Results are obtained for °Pu-Be
and '3’Cs sources for 7 ns and 1.0 us filtration modes.
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CONCLUSIONS

In this work, we calculated the counting efficiencies and n/y ratios of KDP: TL*' crystals and UPS-923A
polystyrene when irradiated with fast neutrons and gamma rays from 2°Pu-Be and '3’Cs sources using a single-photon
detection mode. The obtained efficiency values could be explained by the mechanism of inelastic scattering of fast
neutrons (as the primary starting process), which, under certain conditions, can trigger for the process of resonance
scattering and radiation capturing. In this case, excited states in the crystal nuclei generate cascades of gamma quanta
with an energy in the range from high-energy values etc. E ~ 2-3 MeV and higher, to low-energy values, with an energy
of few keV. Accordingly, three types of neutron interaction mechanisms contribute to the efficiency: inelastic
scattering (n, n 'y), resonant scattering (n, n' y).s, and radiation capture (n, y)cap. The counted detection efficiency of
fast neutrons for KDP scintillation crystals with a thickness of 40 mm was about 3.57 pulse/particle in a photon
counting mode. The ratio for neutrons and gamma reaches ~ 2.47. The counting efficiency of fast neutron registration
for Plastic UPS-923A with a thickness of 40 mm was about 19.4 pulse/neutron. The ratio of the efficiencies for
neutrons and gamma reaches ~ 4.97. The calculated statistical error with [17] approach for measurements of the neutron
detection efficiency was about ~ 5%.

The obtained result of n/y for KDP: TL" in a filtration mode with 1 us time filtration was about 310. That is mean
that filtration registration mode can be used for the efficient detection of fast neutrons by the small size KDP: TL*
scintillators with high n/y ratio.
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JITYAJIbHA E®EKTUBHICTH TA TAMMA/HEVTPOHHE BIZTHOINEHHSI JISI KDP: TL* TA UPS-923A
CIMHTUJISAATOPIB B OTHO®OTOHHOMY PEXKUMI JETEKTYBAHHSA
Tenagiii Onumenko™®, Isan Axumenko®, Gopuc I'punbos?, Boaogumup Puxukos?, Oaekciii Boponos?, Cepriii Haiinenos?
“Incmumym cyunmunayitinux mamepianie, HTL] «Incmumym monokpucmaniey HAH Yxpainu
Ip. Hayxu 60, 61001 Xapkis, Ykpaina
bXapuvroscruii nayuonanvuwiii ynusepcumem umenu B.H. Kapasuna,
nn. Ceoboou, 4, Xapxis, 61022, Vkpaina

Mertoro naHoi poGOTH € peecTpallis IBUAKUX HEHTPOHIB IETEKTOPOM Ha OCHOBI HeopraHigyHoro Morokpucraia KDP: TL" (KH2PO4
aurigpodocdat kainiro) ta mwiactuky UPS-923A. Kpucran gerekropa KDP: TL* BUpOIIEHO 3 BOAHOTO PO3YHHY METOIOM 3HMKCHHS
Temieparypu. Bucoka koHUeHTpauis siiep BoaHo B rparui KDP: TL' nae 3mory peectpyBaTé HEHTpPOHHE BHIIPOMIHEHHS 3
e(eKTHBHICTIO, MOPIBHAHOIO 3 moiicTHponbHuME ciuHTHIsTOpamu. Kpucramun KDP: TL* maioTe BHCOKY pajiamiiiHy CTIifKicTh
(10" meiiTpon/cm?), IO CYTTEBO PO3LIMPIOE CIIEKTP iX 3aCTOCYBAaHHA B (i3HIli BACOKUX €HEPTili, INTEHCUBHUX HEHTPOHHUX NONAX. B
po0OTi BHKOpHCTaHA METOAMKA peecTpamii BIATYKY HETEKTOpa B PEKUMIi JiUeHHS (OTOHIB Ta IMIyJIBCHOMY DPEXHMi YacoBOL
¢inprparii. OCKiIbKY AETEKTOP MPALOE 33 MPUHIIMIIOM PEECTpaLlil raMMa KBaHTIB 3 peakiuiid (n, n' y), (n, n' Y)res, (0, ¥) Ta iHIIUX, [E
JIa€ 3MOTY, TIPH IEBHOMY BHOODI MMOPOTY peecTparii B pexxuMi GiibTpamii, BUTUTUTH CKIaJ0Bi YaCTUHH KaCKaIHUX MPOLECiB TeHeparii
B 00’eMi IeTeKTopa BTOPHHHUX raMMa KBaHTIB 13 30yKEHUX CTaHIB KOMIayHA-aaep. ['aMMa-KBaHTH peakxiii Hempy»KHOTO PO3CIsTHHS
(n, n'y) s simep cumaTIwiTopa KDP: TL' € crapToM KackagHOro MPOLECY PO3psAKd 30y[HKEHHX I30MEpHHX CTaHiB BXIIHHX,
MPOMIKHUX 1 KIHIEBHUX siep. Bumipn eekTHBHOCTI peecTpalil MBUIKAX HEUTPOHIB 3ailicHIoBanucs kpuctaiom KDP po3mipamu
18x18x42 MM B chepuuHiii reomeTpii. OTpuMaHi BIATYKH JeTEKTOpPa B OAHOGOTOHHOMY PEKHMIi, B OAMHHILIX IMITYJIbC/4aCTHHKA IS
mxepen ta 23°Pu-Be ta 137Cs cknanu 3.57 ta 1.44. ITpu npoMy OyB BUKOPUCTaHMI IMMPOKONOJIOCHUH TPAKT 3 INBUAKOMICKO 7 He. Takoxk
OJTHOYACHO MPOBOIMINCS BUMIPH JIIYMIIBHOT €()EKTHBHOCTI BY3bKOIIOJIOCHUM TPAKTOM 3 yacoM 00pobku 1 Mkc Ta 6.4 mkc. Otpumani
Binryku KDP: TL" nerexktopa B pexumi 1 Mkc (B OAMHMUAX iMIIysbc/qacTuHKa) 1 mkepen 1a 2?Pu-Be Ta 13’Cs cxnamu 0.09 Ta
0.00029. Ilpu upomy BimHomeHHs n/y cknano 310. Jlns NOpiBHSHHS HaBeleHI pe3yNbTaTH BHUMIpPIB CLHUHTWIATOpAa Ha OCHOBI
noiictupony po3mipom 40x40x40 mm. OrpumaHi BIATYKH MHONICTUPOJBHOrO AeTeKTopa (B OJMHHIIX IMIYJbC/4acTHHKA) B
onnopoToHHOMY peskumi as mkepen ta 23Pu-Be ta '37Cs cknamu 19.4 ta 3.9. Takox HaBeaeHi koeQilieHTH n/y BiIHOLIEHHS IUIs
KDP: TL* —2.47 i UPS-923A — 4.97. Craructiuuna nmoxubka BUMIpiB epeKTMBHOCTI peecTpaliii HeUTpoHiB ckiiana ~ 5 %.
KJIFOUYOBI CJIOBA: HeiiTpoH, aerekrop, mBuiaki Heiitponu, KDP: TL" kpucrai, edekTHBHICTb peecTpallii, nopir peectparii, PX-
S, WIBMAKICTB JIIYE€HHS, paialifHuii MOHITOp

CUETHASI EOOEKTUBHOCTH U TAMMA/HEMTPOHHOE OTHOIIEHME JIJISI KDP: TL* AND UPS-923A
CIMHTHJJISITOPOB B OJTHO®OTOHHOM PEKUME PETUCTPALIUN
Tennagmii Onnmenko™’, Usan SAxumenko®, Bopuc I'punbos?, Biagumup Puxnkos?, Anexceii Boponos?, Cepreii Haiinenos?
“Uncmumym cyunmuniayuonuvix mamepuanos, HTL] « Uncmumym monoxpucmannoey, HAH Ykpaunut
np-m Hayxu 60, 61001 Xapvros, Yxkpauna
bXapvrosckuil nayuonanvuwiii yuueepcumem umenu B.H. Kapasuna
matioan Ceob600w, 4, 61022, Xapvkos, Ykpauna

Lenpro maHHOM PabOTHI SABISAETCS PEruCTpaIysl OBICTPHIX HEHTPOHOB AETEKTOPOM HAa OCHOBE HEOPTaHWYECKOTO MOHOKpHCTaLIa
KDP: TL* (KH2PO4 qurunpodocdar kanus) u miactiuka UPS-923A. Kpucran 1etekropa BRIPAIICHO U3 BOJHOIO PACTBOPA METOJIOM
CHIDKEHHSI TeMIlepaTypsl. Bricokas koHmeHTpamus siiep Bogopona B pemerke KDP mosBomsieT peructpupoBaTh HEHTPOHHOE
H3ITydeHUs! ¢ S(PPEeKTHBHOCTHIO, CONOCTAaBUMOH € TTOMMCTHPOILHEIME ciuHTIILIATOpaMy. Kprctamisr KDP: TL+ uMeroT BBICOKYIO
pamManuoHHyI0 cToiikocTh (10'° HeliTpor/cM?), UTO CYLIECTBEHHO PACILMPSET CIEKTP MX IIPMMEHEHHUS B (PU3UKE BBICOKMX DHEPIHUIA,
HMHTEHCUBHBIX HEHTPOHHBIX MONsAX. B paboTe mcmonp30BaHa METOMMKA PETHCTPALINH OTKIMKA AETEKTOPa B peXXnMe cdeTa (JOTOHOB.
TToCKOMBKY JETEKTOp paboTaeT 1Mo MPHUHIKIY PErUCTPALMU FaMMa KBaHTOB M3 peakuuid (n, n' y), (n, n' y)es, (0, Y)cap ¥ APYTHX, ITO
MO3BOJISIET BBIACNUTH COCTABHBIE YACTH KACKAJHBIX MPOIECCOB T€HEpalu B 00beMe JETEeKTOpa BTOPHYHBIX raMMa KBaHTOB C
BO30YX/JCHHBIX COCTOSIHMH KOMIAayHA-saep. |'aMMa-KBaHTBI Peaknuyu YIPYroro paccestHus (n, n' y) AnA saep CHUHTWIIATOpPA
KDP: TL* sBAsIIOTCSt CTAPTOM KACKaJHOTO MPOLecca Pa3psaKe BO30YKACHHBIX H30MEPHBIX COCTOSIHHI BXOIHBIX, IIPOMEKYTOIHBIX U
KOHEYHBIX siaep. M3mepenust 3pheKTHBHOCTH perucTpanuu ObICTPBIX HEUTPOHOB ocymiecTBIsumch Kpuctamuiom KDP: TL* pazmepom
18x18x42 MM B chepuyeckoii reomerpun. [lodyueHHbIE OT3BIBBI ACTEKTOPa B €AMHHIAX MMIYJIbC / 4acTUIA ISl UCTOYHHKOB U
29pu-Be u '3’Cs cocrawiu 3.6 u 1.44. Tlpu 5ToM ObLI MCNOJB30BaH LIMPOKOIOJNOCHBIH TpakT ¢ OpicTponeiictBueM 7 He. Takxke
OTHOBPEMEHHO [IPOBOIMINCH HU3MEPEHHUS CUeTHOI 3 (PEKTHBHOCTH y3KOIOJIOCHBIX TPAKTOM CO BpeMeHeM 00paboTku 1 MKc 1 6.4 MKC.
Tonyuens! otk KDP: TL' netexropa B pesxume 1 MKc (B €IMHUIIAX MMITYJIEC/9aCTHIA) JUIs UCTOUHMKOB 23Pu-Be n '¥’Cs cocrasun
0.09 u 0.00029. ITpu s3Tom oTHomeHHe n/y cocraBwio 310. i cpaBHEHUS NPHUBENCHBI PE3YJIbTAThl H3MEPEHUN CLUHTUIATOPA Ha
ocHoBe nonuctuposna pazmepom 40x40x40 mm. [TomydeHHbIH OTKIMK MOIUCTUPOIBHOTO JETEKTOpa (B AMHHLIAX UMITYJIbC/4aCcTHLA) B
01HO(POTOHHOM pexuMe st ueTouHukoB 23°Pu-Be u 37Cs cocrasun 19.4 u 3.9. Taxoke npuBeaeHsl Ko3Q(UIUEHTHI /Y OTHOLIEHHS
st KDP: TL* — 2.47 i UPS-923A — 4.97. CrartucTryeckas MOIPENIHOCTh U3MEPEHH d(PEKTUBHOCTH PErUCTPALMd HEUTPOHOB
cocrasuia ~ 5%.

KJIFOUYEBBIE CJIOBA: HeiitpoH, aetektop, Obictpbie HelTponsl, KDP: TL* kpucrasmi, 3¢QeKTHBHOCTh pEruCcTpamiu, HOpOr
peructpauuu, PX-5, ckopocTs cuerta, palualluOHHbII MOHUTOD





