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The object of this work was to study the response of the detectors based on the oxide scintillators under irradiation by a flux of fast
neutrons from 23°Pu-Be source by counting photomultiplier tube pulses. In the process of the research the counting efficiency of the
detectors was measured in units of (pulsexs'xcm2)/(neutronxs™'xem?) for single-crystal and multilayer composite detectors ZWO
(ZnWO4), CWO (CdWO4), BGO (Bi4Ge3012, composite). The measured response for ZWO detector was ~ 64 pulse/neutron, for
CWO ~ 36 pulse/neutron, for BGO ~ 0.44 pulse/neutron. The detectors response was registered by a fast preamplifier with the
operation speed of up to 500 MHz, based on high-speed operational amplifiers with voltage feedback. The statistical error of
measurement for the neutron registration efficiency by the broadband channel made 7% for the detectors with the effective thickness
of ~ 40-50 mm, which is due to the spherical geometry of the experiment. The formation of the detector response is affected by the
following parameters of neutron reactions: cross section of inelastic and resonant scattering of scintillator nuclei, density of
composite nuclei levels, resonance region width, lifetimes of long-lived states and their number. The measured values of the counting
efficiency of fast neutrons registration are accounted for the fact that the inelastic scattering reaction for some nuclei is the starting
point that triggers the cascade process of the nuclear states discharge. The registration of the cascade of the discharge gamma-quanta,
ranging from nanoseconds to a few microseconds, causes an increase in the detector counting efficiency and, as a consequence, an
increase in the detector sensitivity to neutron detection. The observed increase in the counting efficiency of secondary gamma quanta
is realized when the neutrons are slowed down in the detectors having sufficiently noticeable thickness and appropriate isotopic
composition.
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Creation of highly sensitive detectors for the neutron and gamma-neutron radiation monitoring systems is the issue
of the day. The objective of this work is studying the response of single-crystal and multilayer composite detectors
under their irradiation by fast neutrons, aimed at creation of compact and efficient detectors of neutron and gamma-
neutron radiation intended for control of the illegal transportation of fissile and radioactive materials. In [1, 2] it was
shown that the mechanism of inelastic scattering (n, n'y) can be used for registration of the fast neutrons by detector, in
which heavy oxide scintillators are utilized as the working material [3-5]. Fast neutrons in this detector are registered by
counting pulses induced by the secondary gamma quanta.

In the process of slowing down the fast neutrons in oxide detectors with the thickness of 4-5 cm and above, the
resonance region energies (~ 1-100 keV) are achieved. In the case of elastic resonant scattering, the nuclei emit prompt
gamma quanta, since the lifetime of the composite nucleus is short. At the inelastic resonance scattering (n, n'y).es the
escaped neutron has a small energy and, consequently, a highly probability to be captured by the nuclei in (n, y)
reaction. Daughter compound nuclei with a short and mean lifetime of the states are excited. Thus, in the process of
slowing down, the fast neutrons excite a chain of genetically bound nuclear states and generate gamma rays from
(n, n'y) and (n, n'y).s reactions [6, 7].

Thus, the inelastic scattering reaction (n, n'y) is the starting point that triggers the cascade process of formation and
decay of the excited nuclei states in the crystals under study.

If the lifetimes of nuclear states are in the range from nanoseconds to tens of microseconds, then the detector
response registration causes an increase in the detector counting efficiency and, as a result, an increase in its sensitivity
to gamma-neutron flux.

This paper presents the measurement data and the analysis of contributions of the conversion mechanisms during
the fast neutrons slowing down to the genetically bound cascades of gamma-quanta from inelastic and resonant inelastic
scattering of fast neutrons on the nuclei of single-crystal and multilayer oxide ZWO, BGO, CWO detectors.

RESEARCH METHODS
The fast neutrons response in the detectors under study is formed by gamma quanta scattered in the detector, and it
should be noted, that the spectrum has no evident peculiarities and, in general, is a superposition of several exponents.
In this case, it is very important to correctly determine the lower registration threshold of the detector under study.
To estimate the registration efficiency we used the parameter “counting” efficiency or “pulse/particle” i.e. the ratio
of the detector counting rate from 1 ¢m? to the number of particles captured by the detector on the area of 1 cm? per 1 s,
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i.e. pulsexs’'xcm?/neutronxs'xcm?. The choice of this parameter allows correct estimation of the sensitivity to
neutrons of the detectors operating on the principle of registration of the secondary products, which are different from
the incident particle.

In the process of scattering and slowing down in the detector material having linear dimensions ~ 3-5 cm the
energy of the fast neutrons decreases from 10 MeV to several keV or less. This makes it possible to use for the detection
purposes the mechanisms, which are specific for low-energy regions, and have high interaction cross sections and level
densities, for example, resonant inelastic scattering, and which, ultimately produce the chains of gamma quanta.

The nuclear reaction analysis based on thermodynamic model [8] allows approximately estimating the average
energy of the emitted neutron, the average excitation energy of the compound, and that of the daughter nuclei, which is
equal to ~ 1.5-3 MeV. This energy is quite sufficient to excite at least one lower energy level in the nuclei of medium
and large atomic weight scintillators (for example, W, Zn, Cd, Bi), whose decay causes gamma quanta emission.

With the decay of nuclear states excited in reactions with neutrons, in addition to the prompt gamma quanta from
(n, n'y) reaction, the emission of the delayed gamma quanta from the compound nucleus (A + 1, Z), the daughter
nucleus (A, Z) and secondary neutrons capable to re-capture are possible [11].

The quanta in the lifetime range for the excited states from nanoseconds to tens of microseconds are of practical
interest. It is the combination of the prompt and delayed quanta that forms genetically bound chains, which efficiently
enhance the events statistics.

Radiometric characteristics of the single-crystal detectors ZWO, CWO and multi-layer composite detector BGO,
irradiated by fast neutrons from ***Pu-Be source were measured using a broadband (Af = 500 MHz) counting channel.

The broadband channel efficiently registers the signals with the duration of ~0.7 ns — 1000 ns and amplitude
of >2 mV. The total dark noise of the photomultiplier tube (PMT) and the noise of electronics are ~ 10 mV.

In this time domain the prompt gamma-quanta signals, arising in inelastic and resonant inelastic reactions of the
neutron scattering, and signals of the nuclei long-lived nuclear states decay may be observed.

The structural scheme of the experiment in spherical geometry is shown in Fig. 1.

Fig. 1. Structural scheme for measuring the efficiency of fast neutrons registration in spherical geometry:
1 — 5 mm thick lead shield to attenuate the noise background in the low-energy region; 2 — photomultiplier R1307; 3 — scintillator
under study; 4 — neutron source 29py-Be; 5 — @100 mm lead ball, with @20x50 mm well; detector - source distance - 1000 mm.

In this work the "spherical" geometry was used (Fig. 2) [9]. In case the isotropic neutron source is surrounded by a
thick spherically symmetric layer of the matter, that can only scatter the neutrons (elastically and inelastically), but not
absorb them, the number of neutrons, emitted into outer space, will not change. Scattering in the beam directed to the
detector (front hemisphere) is compensated for by scattering into the detector from other points of the ball (rear
hemisphere). Due to the spherical symmetry of the entire device, the number of neutrons passing through every square
centimeter of the spherical surface will also remain unchanged.

Lead spherical shield has practically no effect on the number of elastically and inelastically scattered neutrons,
with the exception of neutrons absorbed in the lead ball due to the reaction of radiation capture (n, y). Thus, the
scattering ball does not change the neutron counting rate in the detector, and the spherical shield ball performs the
function of attenuation of only gamma quanta, but not of the neutron flux, what, in fact, is necessary for the efficiency
measurement technique.
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We can say that the scattering in the shield ball is compensated for by the experiment geometry. The compensation
is carried out by the entire volume of the ball, especially, if the absorber thickness is insignificant, as compared to the
distance between the source and the detector, and the ball shape is close to ideal.

Inelastic 1
Elastic 1

Inelastic 2

Elastic 2

; Detector
Reaction

Fig. 2. Processes of fast neutrons scattering (—) and absorption ( © ) in "spherical" geometry

One of the disadvantages of spherical geometry is an increase in the effective size of the neutron source and, as a
result, the need to perform measurements at large distances (~ 1 m) as compared to the “narrow” geometry, what also
requires a more intensive source. The deviation from the law of inverse squares for the neutron source in the range of
1-1.2 m does not exceed 3%, for the distance of 0.5 m, the error increases to 30%. Besides, the shape of the neutron
spectrum undergoes some distortion.

Note, that if the counting rate is measured both with a ball and without it, then it is possible to determine the cross
section for radiation capture reaction in the matter of the spherical sample. The coefficient of the neutron absorption in
the shield sphere sample was measured for the concrete type of the neutron source and shield sphere ball of a certain
diameter and chemical composition, the determined attenuation coefficient was used further in studies of scintillators of
any size. The constancy of the absorption coefficient correction turns out to be the determining factor, if it is necessary
to carry out accurate measurements with a large number of detectors of different size, for which it is difficult to take
into account the attenuation factor in shadow geometry due to the significant effect of the accumulation factor. In
addition to improving the measurement accuracy by eliminating the influence of the neutron accumulation factor, the
spherical geometry also allowed to reduce the effect of the scattered gamma quanta excited by a neutron source in the
walls of the laboratory room. As a source of neutrons the ***Pu-Be source with the neutron flux of 0.95x10’neutronxs™
was used. The source was placed inside @100 mm lead ball, with @20 mm well. The size of the source: @ 20x30 mm.
The lead ball, besides the main task to reduce the effect of the accumulation factor in the material of the ball, at the
same time attenuates the accompanying gamma radiation from **Pu-Be source. In the neutron source there is an
accompanying high-energy gamma radiation from the reactions: ‘He+’Be -> "“C* -> "“C* +n -> "“C+nty
(E,~4.43 MeV), "C*-> "C+y (E,= 3.68 MeV).

The correction to the efficiency of fast neutrons detection by registering gamma rays with the energy
E,=4.43 MeV for the ZWO oxide scintillator with a size @56x40 mm made ~ 0.08. In this case, the y/n ratio for
29py-Be source was taken equal to 0.71 [10], the absorption of gamma quanta with the energy of 4.43 MeV in 40 mm
thick lead was ~0.15, the absorption efficiency of gamma quanta with the energy of 4.43 MeV in ZWO with a thickness
of 50 mm was ~0.8.

The correction to the fast neutrons absorption in the shield lead ball subject to the radiative capture reaction (n, v)
was determined experimentally using °Lil(Eu) detector and made ~ 2.5%. The size of °Lil(Eu) scintillator was:
@15x10 mm, °Li enrichment was 96%. The thermal peak (o + t) for *Lil(Eu) had the gamma equivalent of 3.98 MeV,
fast neutrons were registered in the energy range of 3.98 MeV + 10 MeV. The correction for the gamma quanta with
energy E =4.43 MeV was taken into account.

The contribution of the scattered fast neutrons from the walls of the laboratory room did not exceed 3%. The
correction was determined using °Lil(Eu) detector by measuring the deviation from the law if inverse squares when
registering the fast neutrons. The contribution of the scattered gamma radiation in the range of “source-detector”
distance R = 1+2 m did not exceed ~ 1%. The correction was determined by measuring the deviation from the law of
inverse squares when registering *’Cs quanta.

An additional lead shield, 5 mm thick, served as a shield against the background gamma radiation. The coefficient
of the background attenuation by 5 mm thick lead in the range of 10 keV-150 keV was ~ 3.

Multilayer composite detectors (Fig. 3) are of particular interest for detection of fast neutrons [12-14]. The energy
registration efficiency (measured at the output pulse time t=1 ps) for the fast neutrons, detected by composite detectors
100x100x40 mm in size, turned out to be comparable with that for the single-crystal detectors ~ 10x10%10 mm in
size [5], what allows using them to create large-size neutron detectors.
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Fig. 3. The structure of the composite multilayer detector
1 — reflector; 2 — solution of scintillation granules (@ ~ 300 microns) in optical rubber; 3 — light guide, @5 mm;
4 — photomultiplier tube window.

The statistical error of the neutron detection efficiency measurement by the broadband channel was 7% for the
detectors with an effective thickness of ~ 40 mm. The time of the data accumulation was 5 exposures 20 minutes each at
the source irradiation and the same values for the background accumulation.

Fig. 4 shows a block diagram of the measuring channels, which comprises Hamamatsu R1307 photomultiplier
with the channel baseline noise level of 5 mV at the photomultiplier voltage of 1100 V and a low-noise broadband
amplifier [6, 7]. As the major recorder a pulse counter with bandwidth Af ~ 200 MHz was used. The linear
spectrometric amplifier with the output pulse time 1=1 ps and Wilkinson analog-digital converter (ADC) with 2048
channels present an auxiliary channel, which serves to control the registration threshold.

SOURCE
DETECTOR
SHAPER-PREAMPLIFIER ——  apc
PMT
t ~ 1mks

AN

t ~ 0.7ns

PREAMPLIFIER

Fig. 4. Structural diagram of the measuring channels

Fig. 5 shows the circuit of the broadband pulse amplifier used to amplify the response signals from the detector.
The proper rise time of the amplifier is 0.7 ns (Af ~ 500 MHz), the first stage is made according to the transimpedance
amplifier circuit (current-to-voltage converter), the total amplification factor for the next 5 stages makes at least 32, the
baseline noise in the absence of PMT is 5 mV, the baseline noise with the connected photomultiplier is 10 mV, active
elements “Analog Devices 4817” are used.

Fig. 6 shows the signal shapes in the broadband (t = 7 ns, with PMT taken into account, the upper figure) and in
the narrowband (T = 1 ps, the lower figure) channels when the fast neutrons are detected by ZWO.

Fig. 7 shows the counting characteristic of the broadband channel (t = 7 ns) as a function of the registration
threshold. The operating point of the measurements corresponded to the registration threshold of ~ 10 mV.
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Fig. 5. Circuit of the broadband pulse amplifier.
Op1-Op6 — Analog Devices 4817. The value of the input resistors Op2-Op6 in the circuits of inverted inputs is 150 Ohms.

Fig. 8 represents on a logarithmic scale the hardware spectrum, which is registered by a narrow-band channel
(t=1 ps) in the process of interaction of the fast neutrons from **Pu-Be source with ZWO detector. In the left part of
the figure we can see the right-hand slope of the PMT noise distribution (exponent 1), which gradually passes into the
region of the detector desired signal (exponent 2).

The starting-point of the desired signal area is in the 160-th channel, what corresponds to ~ 10 mV. The peak
observed at the beginning of the scale is the right-hand slope of the PMT dark pulses distribution.

0 20 40 60 30

Fig. 6. Wave shapes for ZWO detector in the broadband (t = 7 ns, the upper figure) and narrowband (t =1 ps, the lower figure)
channel. X axis — time, ps.
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Fig. 7. The counting characteristic of the broadband channel as a function of the registration threshold.
X axis is the registration threshold in relative units, Y axis is the counting rate, pulse/sec.
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Fig. 8. The hardware spectrum on a logarithmic scale, which is registered in the narrowband channel (t = 1 ps) at the interaction of
fast neutrons from **’Pu-Be source with ZWO detector. The scintillator size is @56x40 mm’. The position of the vertical arrow
corresponds to the threshold ~ 10 mV. X axis is the channel number. Y axis is the number of pulses.

THE RESULTS
In this work the experimental values of the response to the fast neutrons of *’Pu-Be source for the detectors: BGO
(multilayer) — 0.44 pulse/neutron, ZWO (single-crystal) — 64 pulse/neutron, CWO (single-crystal) — 36 pulse/neutron
are obtained (Fig. 9). The data are represented in units “pulse/neutron” (pulsexs”xcm™)/(neutronxs” xcm™?), counting
efficiency), i.e. as a ratio of the rate of counting, taken from 1 cm? of the detector input window, to the neutron flux

density.

Counting efficiency

100
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0.44

o1 L
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Fig. 9. Response to fast neutrons for the detectors: BGO (multilayer) — 0.44 pulse/neutron, ZWO (single-crystal) — 64 pulse/neutron,
CWO (single-crystal) — 36 pulse/neutron. The ordinate axis is the ratio of the rate of counting, taken from 1 cm? of the detector input
window, to the neutron flux density (pulse/neutron).

The obtained results for the counting efficiency of fast neutrons registration can be explained, firstly, by
registration of prompt gamma quanta from the reactions of inelastic scattering (n, n'y);,, elastic and inelastic resonant
scattering, and, secondly, by registration of genetically bound decay quanta of mean- and long-lived states of excitation
nuclei from the reactions of inelastic scattering, elastic and inelastic resonant scattering and resonant radiation capture.
This is contributed to by the use, as a fast preamplifier, the current-to-voltage converter with the operating frequency of

500 MHz (1 = 0.7 ns).
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It should be noted that the registration efficiency of the composite detectors in the counting mode proved to be
comparable with that of single-crystal detectors when operating in the spectrometric mode [5]. This indicates to the
possibility of creating fast neutron composite detectors of considerable size and high sensitivity as an alternative to
He-3 counters.

CONCLUSION

In this work the experimental values of the response to the fast neutrons from ***Pu-Be source for BGO, ZWO and
CWO detectors were obtained. A significant increase in the counting efficiency of fast neutrons registration for ZWO
and CWO detectors was found out. At that, the efficiency of fast neutrons detection by the multilayer composite
detector BGO turned out to be comparable with that of the single-crystal detectors, when operating in the spectrometric
mode [5].

The experimental results can be explained by registration of a significant number of cascade gamma-quanta
induced by the neutron reactions with scintillator nuclei during the neutrons slowing-down in the detector material. In
reactions with neutrons the cascades of secondary gamma quanta, which are genetically bound with the primary
inelastic scattering neutron, emitted during the decay of the excited nuclear states, may be produced.

The parameters affecting the increase of the efficiency of fast neutrons detection during their slowing down in the
matter of the detectors under study are as follows: inelastic scattering cross section, cross sections in the resonance
region, width of the resonance region, density of nuclear levels of compound nuclei [11], lifetime and energy of the
excited levels and their number.

It was the use of the fast operation channel, that increased the counting efficiency by about two orders of
magnitude for gamma quanta of the short-lived nuclear states (~ 1-100 ns) by ZWO, CWO single-crystal detectors, as
compared to the registration method, which utilizes the spectrometric registration mode, in which a significant
suppression of response pulses from the short-lived nuclear states is observed.

Thus, the application of the counting mode for registration of the response of the oxide scintillators allows creating
the detectors alternative to the existing *He counters for the radiation fields monitoring.
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JOCJIKEHHSA BIAI'YKY MOHOKPUCTAJITYHUX TA BAATOIIAPOBUX JETEKTOPIB HA OITPOMIHEHHA
IBAUAKUMHA HEMTPOHAMUA
B.J. Puxuxos!, .M. Oaumenko'?, LI. SIkumenxo?, C.B. Haiinenos>!, O.1. Onosonin', C.B. Maxora!
nemumym Cyunmunayitinuxux Mamepianie, HTL] “Incmumym Monoxpucmanie” HAH Ykpainu
np. Hayku, 60, 61001, Xapxie, Yxpaina
?Xapxiecoxuii Hayionanvnuii Yuieepcumem imeni B. H. Kapasina
nn. Ceoboou, 4, Xapxis, 61022, Vkpaina
3Inemumym Monokpucmanie, HTL] “Incmumym Monoxpucmanie”, HAH Ykpainu

np. Hayku, 60, 61001, Xapxie, Yxpaina
Meroto 1i€i poboTu Oyi10 BUBYEHHS BIATYKY JIETEKTOPIB HA OCHOBI OKCHJHHX CIHHTHIIATOPIB P OINPOMIHEHHI MHOTOKOM IIBHIKUX
Helftponis mkepena 2*°Pu-Be muisaxom peectpauii immynbeis GEIL. Y npoueci mociiakeHb BUMiproBanacs IiYuIbHa epEeKTUBHICTh
JETEKTOPIB B OMMHULAX (iMITysbexc ! xem2)/(HelTporxc ' xem?) 1y11 MOHOKPUCTATIYHMX 1 6araTomapoBUX KOMIIO3UTHUX JETEKTOPIB
ZWO (ZnWO4), CWO (CdWOs), BGO (BisGe3O12). Bumipsanit Bigryk mms merekropa ZWO ckmaB ~ 64 iMITyIbC/HEHTpPOH,
st CWO ~ 36 immynsc/melitpon, must BGO ~ 0.44 immynbec/HeiiTpoH. Binryk nerekTtopiB peecTpyBaBCcs IIMPOKOCMYTOBHM
nepeamnicuoBaueM 3 mBuakoaiero 10 500 MI', BUKOHAHUM i3 3aCTOCYBaHHSM IIBUAKOMIFOYMX OMEPAIifHUX IiICHIIOBAYIB 31
3BOPOTHAM 3B'si3koOM Mo Hampy3i. CrartucThyHa mNOXMOKAa BHMIPIOBaHb 3Ha4YeHHs e(EKTUBHOCTI peecTpauii HEeHTpOHIB
IIIPOKOCMYTOBHM TPAKTOM CTAaHOBHJIA 7% MO JETeKTOpiB 3 e(eKTHBHOIO TOBMHMHOIO ~ 40-50 MM, mo 0O0yMOBIIOETHCS
BHUKOPHUCTaHHSAIM cepudyHoi reomerpii excnepuMeHTy. Ha QopMyBaHHS BIATYKY AETEKTOpa BIUIMBAIOTH HACTYIHI HapaMeTpu
HEUTPOHHMX peakiil: mepepi3u HeMmpyKHOTO i PE30HAHCHOTO PO3CIIOBAHHS SACP CLHUHTUIISATOPIB, HIITBHICTh PIBHIB CKIAICHUX sIIep,
[IMPHHA PE30HAHCHOI 00IacTi, Yac KUTTS SIEPHUX CTaHIB i IX KUMBKiCTh. BUMipsHi 3HaYeHHS JYMIBHOI €(EKTUBHOCTI peecTparii
IIBAAKAX HEUTPOHIB IMOSCHIOIOTHCS THM, IO PEAKIis HEMpPYXXHOTO PO3CIIOBAHHS IS JIESIKHX SIAEP € BIJIPABHOIO TOYKOIO, IO
IHILIIOE KACKaIHUI MPOLeC CTBOPEHHS Ta PO3PSIKM SIEpHHUX CTaHIB. PeecTpalis kackamy po3psaHMX raMMa-KBaHTIB, IOYMHAIOYH
BiJl HAHOCEKYH]I 10 OIMHHIB MIKPOCEKYH]I, BUKIMKAE 301IbIICHHA €()eKTUBHOCTI peecTpalii AeTeKTopa i, sSIK HaCIiI0K, 301IbIICHHS
YYyTJIMBOCTI JIETEKTOpa IO JETCKTyBaHHS HEHTpOHIB. CrocTepekyBaHe 30UIbIICHHS JIYMIBHOI €(EKTHBHOCTI BTOPUHHUX I'aMMa-
KBaHTIB peai3yeThes IPH YIOBUILHEHHI HEHTPOHIB B IETEKTOPAX JOCUTH IIOMITHOIO TOBIMHH 1 BiJIIOBIJHOTO 130TOITHOTO CKJIaMy.
KJIFOUYOBI CJIOBA: nerektop, WBHIKI HEUTPOHH, 30y/KeHI CTaHH, JTiYWIbHA eEeKTHBHICTD, IUIBHICTD SIICPHUX PIBHIB

HCCJEJIOBAHUAE OTKJIMKA MOHOKPUCTAJUIMYECKUX U MHOI'OCJIOMHBIX KOMIIO3ATHBIX
JETEKTOPOB ITPU OBJIYYEHUM BbICTPBIMU HEUTPOHAMM
B.JI. Poikukos!, .M. Onnmenko?, U.H. Axumenxo?, C.B. Haiinenos>!, A.Jl. Onosonun', C.B. Maxora!
TAnemumym Cyunmunaayuonunvix Mamepuanos, HTL] “Hucmumym Monoxpucmannoe” HAH Yipaunol
np. Hayxu, 60, 61001, Xapvxos, Ykpauna
?Xapvrosckuti Hayuonanonoui Ynueepcumem umenu B.H. Kapaszuna
nn. Ceo600wi, 4, Xapvros, 61022, Vkpauna
SUncmumym Monoxpucmannos, HTL “Hncmumym Monoxpucmannos”, HAH Vipaunv

np. Hayxu, 60, 61001, Xapvkos, Ykpauna
Lenpto HacTosmel pabOTHI SIBISIOCH UCCIIEA0BAHNE OTKIMKA AETEKTOPOB HA OCHOBE OKCHUAHBIX CUMHTHILUIATOPOB MPH OOIydeHUH
HOTOKOM OBICTPHIX HEHTPOHOB MCTOYHMKA 2*Pu-Be myTem perucrpanuu ummyiascos @Y. B npoluecce ucciien0BaHuii u3mepsiach
cuerHas S(PEKTUBHOCTL JIETEKTOPOB B eauHUIAX (uMiynbexc'xem?)/  (HedTponxc!xem?) i MOHOKPUCTAILIMYECKHX
¥ MHOTOCJIOMHBIX KOMITO3UTHBIX JeTekTopoB ZWO (ZnWOs), CWO (CdWOs), BGO (BisGes3O12). M3MepeHHbIH OTKIUK s
nerekropa ZWO cocraBun ~ 64 umnynbsc/ueittpon, aist CWO ~ 36 ummysnbsc/ueitrpon, amst BGO ~ 0.44 ummynbc/HeitpoH. OTKINK
JIETEKTOPOB PETHCTPUPOBAJICS MIMPOKOIIOIOCHBIM NPEABAPUTENBHBIM yCHIIUTeNeM ¢ OsicTponeiicTereM 10 500 MI'w, BEITOTHEHHBIM
Ha OBICTPOAEHCTBYIOIIMX OIEPAllMOHHBIX YCHIHTENSIX C OOpaTHOH CBs3pI0 MO HampspkeHHio. CraTHcTHYecKas IOTPeIrHOCTh
H3MepeHui 3HauyeHHs: d(PQPEKTUBHOCTH PETHCTPAlMM HEHTPOHOB IIMPOKOIOJIOCHBIM TPaKTOM cocTaBisuia 7 % IJIsl IeTEeKTOPOB
¢ 3¢ dexruBHol ToMIMHON ~ 40-50 MM, uTO 0OYCIaBIMBAeTCsl MCIOIb30BaHHEM CEpPHUUECKOil reoMeTpuH sKcrepuMeHnTta. Ha
(dopMHpOBaHHE OTKJIMKA IETEKTOpPa OKa3bIBAIOT BIMSHHME TaKWe INapaMeTphl peakiuil ¢ HeHTpOHaMH, KaK BEIHYNHBI CEUCHHS
HEYIPYroro | Pe30HAHCHOTO pacCesiHUsl sAep CUMHTWUIATOPOB, IUIOTHOCTH SJIEPHBIX YPOBHEH COCTaBHBIX sjep, IIUpPHHA
PE30HAHCHOI 0071acTH, BpeMEHa JKM3HH M30MEPHBIX COCTOSHHMIl, MX KOIMYECTBO. MI3MepeHHbIe 3HaYeHUs CUeTHON 3 ()EKTHBHOCTH
perucTpanuu OBICTPBIX HEWTPOHOB OOBACHSIOTCS TeM (AKTOPOM, UYTO PEAKIHs HEYNPYroro pacCesHHs SBISETCS CTapTOBBIM
IIPOLIECCOM, KOTOPBIM 3aIlyCKaeT KacKaJHbBIH MpOoLecC paspsiKy sSAEpPHBIX M30MEPHBIX COCTOSHHMI. Permcrpamus kxackaga ramma-
KBAHTOB pas3psAaKu B HMHTCpPBAJIC OT CAWMHHUL] HAHOCCKYH/J A0 €AMHUL MHUKPOCCKYHJ MNPUBOAUT K YBCIWYCHUIO CUYETHOMU
3¢ (eKTHBHOCTH JeTeKTopa M, KaK CIEJICTBHE, K MOBBILCHUIO YyBCTBUTEIBHOCTH JETEKTOpa K OOHApYKEHHIO HEHTPOHOB.
HaGmonaemoe yBennueHne cueTHOH 3((GEKTUBHOCTH BTOPHYHBIX TaMMa-KBaHTOB pPEAM3YeTCsl IIPH 3aMEATICHHN HEHTPOHOB
B IETEKTOPAX JIOCTATOYHO 3aMETHOH TOJIINHEI U MOJXOASIIEr0 H30TOITHOTO COCTABA.
KJIFOUYEBBIE CJIOBA: perekTop, OBICTpble HEHTPOHBI, BO30Y)KIACHHBIC COCTOSHHA, CUYETHAs 3(PQPEKTUBHOCTH, IIOTHOCTH
SIIEPHBIX yPOBHEH
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