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1. JocnimkeHHa MeXaHi3MiB B3a€MO/ii IBUAKMX HEUTPOHIB 3 PEYOBMHOIO MOHOKPUCTAJIIYHUX Ta KOMIIO3UTHUX
OKCUJIHUX CUMHTUJISITOPIB

2. The research of the mechanisms of interaction of fast neutrons with the substance of single-crystal and
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Pedepar:

1. lucepTarito NpUCBSYEHO AOCTIIKEHHSIM MEXaHi3MiB B3aeMOZii MBUAKAX HEUTPOHIB 3 PEYOBUHOIO
MOHOKPHUCTJIIYHUX T4 KOMIIO3UTHUX OKCUJHUX CUUHTUIATOPIB. CTBOPEHHS KOMIIAKTHUX BUCOKOYYTJIMBUX
IleTEKTOPIB /1J1s1 CUCTEM KOHTPOJII0 HEUTPOHHOTO i raMMa-HEUTPOHHOTO BUITPOMiHEHHS, /17151 60pOTHOU 3
HE3aKOHHUM TPAHCIIOPTYBAHHSM PaflioaKTUBHUX MaTepiasiB € aKTyalbHOIO 3a1adeto. Haibinbm
POBIIOBCIOIIKEHUMH € iHCIIeKIiHi cucTeMHy, 1o 6a3yoThesl Ha 3He-siuynabHuKax HEUTPOHIB Ta MalOTh HE3HAYHY
edekTuBHiCcTb peectpauii ~ 10 %, 06yMOBJIeHy HEOOXiIHICTIO CIIOBIJIbHEHHSI IIBUIKAX HEUTPOHIB 10 TEIIJIOBUX

eHeprii. JlepilnT Ta BUCOKA BapTiCTh BUTOTOBJIEHHS 3He CTUMYJIIO€E MOIYK HOBUX AETEKTOPIB Ta HOBUX IPUHLUILIB



peecTpaLii IBUAKMUX HEUTPOHIB. [lonepenHi OCHIIKEHHS [TOKa3aly, 0 MEXaHi3M HENPY>KHOTO PO3CisiHHA (N, nO 0)in
MOXe OyTY BUKOPUCTAHUI JJ1s1 peecTpaliii MBUIKUX HEHTPOHIB JETeKTOPaMU Ha OCHOBI BaXXKUX OKCHUTHUX
cUMHTUNATOPIB. EekTrBHICTh peecTpaliii Ipyu 1poMy cTaHoBuia ~ 0.5 AJ1s1 [eTeKTopiB Maaux po3mipis (~ 10 mm3).
I[Ipy LIbOMY peeCTpyBaINCS CUTHAJN, TPUBAJIICTb IKUX (pOopMyBasacs (CTaja yacy iHTerpyBaHHS) 3HaXOQUIaCh B
MIKPOCEKYHIHOMY AianasoHi. Lle 6ys10 06yMOBI€HO HEOOXiIHICTIO 3MEHIIMTU BIIJIMB BTOPUHHUX KACKaIHUX TaMMa-
KBAHTIB, 110 BUHUKAIOTh B PEYOBMHI CLIMHTUNATOPA. PeecTpaliis iMIysibCiB BiiryKy B MiKDOCEKYHIHOMY Jlialla30Hi
[03BOJINJIA PEECTPYBATH JINIIE BUCOKOEHepreTuyHi (> 20-30 keB) raMMa-KBaHTU 3 peakllii HENIPYKHOT'O PO3CisIHHS
IIBAJKUX HEUTPOHIB (N, NO 0)in, 1[0 BUHUKAIOTh IIPYU PO3PALI 30yI)KEHUX OJHOYACTUHKOBI i KOJIEKTUBHUX CTaHIB
CepenHiX i BAXKKUX siiep CUMHTUISTOPIB. ByJio 3alIpoNIOHOBaHO AJ1s1 30ibIIeHHS Yy TIUBOCTI AeTeKTOpa WBUAKUX
HEUTPOHIB BUKOPUCTOBYBATU KaCKaly raMMa-KBaHTIB, 1110 TEHEPYIOTbCS HE TiJIbKU B peaKlii HEIIPY>KHOTO
po3ciloBaHHS, ajie i B peaKkLisX pe30HaHCHOTO 1 paziauifiHoro 3axorieHHs. llIBuaki HenTponu 239Pu-Be mxepena 3
MakcuMasnbHOM eHeprieo E < 10 MeB B npouieci po3ciloBaHHS i YIIOBIIbHEHHS B PEYOBYHI OKCUAHOTO
CLMHTUJISTOPA 3 JIiHINHUMU po3mipamu ~ 40-50 MM i Gisible B peakiisx HEIPY>KHOIO i pe30HaHCHOTO
po3ciloBaHHS, pajiialliiiHOro 3aXOIJIEHHS ITPOXOSTh TPU €HepreTUYHMX 06J1aCTi: 06J1aCTh HENIPYKHOT'O PO3CiSIHHS B
peaxkuii (n, no o)in (~ 10 MeB - 100 keB), o61acTs pe3oHaHcHOro 3axorieHHs (n, no ojres (100 keB - 1 eB) i o6nacts
pagiauiiiHoro 3axomeHHs (1 eB - 0.025 eB). Y nux peakuiax 36yAKyOTbCSI CTAaHA KOMIAyHA-s11ep (A + 1) 3 yacom
icHyBanHs ~ 10 14 ¢ - 10-12 ¢, a cTaHu KiH1eBUX s1ep (A) 3 Yacamu iCHyBaHHS Bifl OOUHULb IIKOCEKYH/, IO JeCSTKiB
MIKPOCEKYHI, @ TaKOK MOXYTb HapOJKyBaTHCS 3aTpMMaHi ramma-kBaHTU odel, 06yMoBIieHi 61yKaHHSIMUA BTOPUHHUX
HEWTPOHIB 3 peakuii (n, no 0)in i (n, nO O)res B pe40BYHI CUUHTUIIATOPA. TaKUM YMHOM, BiITYK IE€TEKTOPA HA OJHY
BXiZJTHY YaCTHUHKY (TOOTO LIBUAKWI HEUTPOH) SIBJISIE COOOIO CyMilll FaMMa-KBaHTIB i IPOMDKHUX HEUTPOHIB, TOMY
41CJIO 3aPEECTPOBAHMX BTOPUHHUX YACTUHOK (TOOTO raMMa-KBaHTIB) IeTEKTOPOM, MOXKe 3HaYHO MepeBUIyBatu 1.
Lle migTBEpAKYIOTh JAHHI 3 PE30HAHCHOIO Ta PafialiltHOrO 3aXOIJIEHHS, @ TAKOX JaHHI 10 HENPYKHOMY
poscissHHI0. OCKiIbKY SApa, 1[0 BXOIATH A0 CKIANy OKCUITHUX CUUHTUNATOPIB (W, Gd, Zn) MaloTh 3HaYHi 3Ha4eHHS
nepepisy B3aeMoJii B pe3oHaHCHOi o6s1acTi, ~ 50 - 500 6apH, B TOH yac sIK 3HaU€HHSI Ilepepidy B HENPYXXHill obsacTi
CKJIQIAl0Th OAUHULI 6apH (~ 2 - 3 6apHa), TO peecTpallis raMMa-KBaHTIB, IIOB'SI3aHUX 3 [IUMU [IPOLIECaMU, MOXe
iCTOTHO 361MBIINTY CTATUCTUKY MOiH, 10 IPUIALAI0Th HA OJWH BXiTHUN HEUTPOH i, SIK HACTIIOK, i BUIIYIOTD
eeKTUBHICTb peecTpalii HelTpoHiB. Taki npouecu MaloTb HE3HAYHY €HEPTilo po3psAKYU B iHTepBaJli BiJl OLUHUIb
eB 1o coreHns keB i yacu icHyBaHHS, 10 JiexKaTh B iHTepBai o ~ 10-14 ¢ - 10-5 c.

2. The dissertation is devoted to studies of the mechanisms of interaction of fast neutrons with the material of
single-crystal and composite oxide scintillators. The creation of compact high-sensitivity detectors for neutron
and gamma-neutron radiation control systems to combat the illegal transportation of radioactive materials is an
urgent task. The most common are inspection systems based on 3He-neutron counters and have a low registration
efficiency of ~ 10%, due to the need to moderate fast neutrons to thermal energy. The scarcity and high cost of
manufacturing 3He stimulates the search for new detectors and new principles for recording fast neutrons.
Previous studies have shown that the mechanism of inelastic scattering (n, no o)in can be used to detect fast
neutrons with detectors based on heavy oxide scintillators. The recording efficiency was ~ 0.5 for detectors of
small size (~ 10 mm3). In this case, the signals were registered, the duration of which was formed (constant of the
integration time) was in the microsecond range. This was due to the need to reduce the effect of secondary
cascade gamma quanta arising in the scintillator substance. The registration of response pulses in the microsecond
range allowed to register only high-energy (> 20-30 keV) gamma quanta from the inelastic scattering reaction of
fast neutrons (n, no o) arising from the discharge of excited single-particle and collective states of medium and heavy
scintillator nuclei. Therefore, we proposed to use the gamma-ray cascades generated not only in the inelastic
scattering reaction, but also in the resonant and radiation capture reactions to increase the sensitivity of the fast
neutron detector. Fast neutrons 239Pu-Be sources with maximum energy E < 10 MeV in the process of scattering
and deceleration in the substance of the oxide scintillator with linear dimensions of ~ 40-50 mm and more in the
reactions of inelastic and resonant scattering, radiation capture pass three energy regions: the region of inelastic
scattering in the reaction (n, no n)in (~ 10 MeV - 100 keV), the region resonant capture (n, no ojres (100 keV - 100 eV)
and the radiation capture region (100 eV - 0.025 keV). In these reactions, the states of compound nuclei (A + 1) are



excited with a lifetime of ~ 10-14 s - 10-12 s, and the states of finite nuclei (A) with lifetimes from picoseconds to

tens of microseconds, and delayed gamma can be born -quants of odel caused by wanderings of secondary neutrons
from reactions (n, no n)in and (n, no o)res in the scintillator substance. Thus, the response of the detector to one input
particle (ie fast neutron) is a mixture of gamma quanta and intermediate neutrons, so the number of registered
secondary particles (ie gamma quanta) by the detector may significantly exceed 1. Since the nuclei that are part of
the oxide scintillators (W, Gd, Zn) have significant values of the cross-section of the interaction in the resonant
region, ~ 50 - 500 bar, while the cross-sectional values in the inelastic region are units of bar (~ 2 - 3 bar) , the
registration of gamma quanta associated with these processes can significantly increase the statistics of events per
input neutron and, as a consequence, increase the efficiency of neutron registration. Such processes have a small
discharge energy in the range from eV units to hundreds of keV and lifetimes in the range o ~10 14 s - 10-5 s.
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