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Pedepar:

1. Inceprarito NpUCBSIYEHO NOCIIPKEHHSIM MEXaHi3MiB B3aeMO/il LIBUIKVX HEUTPOHIB 3 PEYOBMHOIO
MOHOKPUCTAJIIYHMX Ta KOMIIO3UTHUX OKCULHUX CUUHTUIISATOPIB. CTBOPEHHS KOMIIAKTHUX BUCOKOYYTJINBUX
IIETEKTOPIB [IJIs1 CHCTEM KOHTPOJII0 HEUTPOHHOTO i raMMa-HEUTPOHHOTO BUITPOMiHEHHS, [1J1s1 60pOTHOU 3

HE3aKOHHUM TPaHCIIOPTYBaHHSIM pPaJlioaKTMBHUX MaTepiajliB € akTyalbHOIO 3ana4eto. Hanbinbi

PO3MOBCIOIIKEHUMH € iHCTEKLiMHI cucTemu, 10 6a3y10Tbcs Ha 3He-siunibHMKax HEUTPOHIB Ta MAIOTh HE3HAYHY
edexTuBHIiCTb peectpauii ~ 10 %, 06yMOBJIeHy HEOOXiIHICTIO CIIOBIJIbHEHHS IIBUIKUX HEUTPOHIB 10 TEIIJIOBUX
eHepriil. lediunt Ta BUCOKA BapTiCTh BUTOTOBJIEHHS 3He CTUMYJIIO€ NOIYK HOBUX AETEKTOPIB Ta HOBUX IPUHLUIIB
peecTpallii BUIKKUX HEUTPOHIB. [TonepenHi OCHIIKEHHS [TOKa3aly, 0 MEXaHi3M HENPY>KHOTO PO3CisiHHA (N, no 0)in
MO>XKe OyTH BUKOPUCTAHUI [1JIs1 PeeCTPallii MIBUIKMUX HEUTPOHIB €TEKTOPAMU HA OCHOBI BXKKUX OKCUJHUX

cunHTUIATOPiB. EdexTrBHICTh peecTpaliii py 1pomy craHoBuia ~ 0.5 1J1s1 [eTeKTopiB Maaux po3mipis (~ 10 mm3).



[Ipy LIbOMY peeCTpyBaINCS CUTHAJIN, TPUBAJIICTb IKUX (pOpMyBasacs (CTaja yacy iHTerpyBaHHS) 3HaXOQUIaCh B
MiKpOCEKYHIHOMY fAiarna3oHi. lle 6ys10 o6yMOBI€HO HEOOXiAHICTIO 3BMEHIINTH BIIJIMB BTOPUHHUX KACKaJHUX raMMa-
KBAHTIB, 110 BUHUKAIOTh B PEYOBMHI CIMHTUNIATOPA. PeecTpallis iMIysbCiB BiIryKy B MiKDOCEKYHIHOMY [ialla30Hi
IO3BOJINJIA PEECTPYBATH JINIIE BUCOKOEHepreTruyHi (> 20-30 keB) raMMa-KBaHTU 3 peaklii HENIPYKHOT'O PO3CiSIHHS
IIBUJIKUX HEUTPOHIB (N, NO 0)in, [0 BUHMKAIOTh TIPYU PO3PSALI 30yA’)KEHUX OJHOYACTUHKOBI i KOJIEKTUBHUX CTaHIB
CepelHiX i BAKKUX siiep CUMHTUWISTOPIB. ByJio 3alIpONIOHOBaHO A1J1s1 30iIbII€HHS Yy TIUBOCTI AeTEeKTOpa WBUAKUX
HENUTPOHIB BUKOPUCTOBYBATU KaCKaJl raMMa-KBaHTIB, 1110 F€HEPYIOThCSI HE TiJIbKY B peaKLiii HEIpPYy>KHOTro
PO3CilOBaHHS, aji€ i B PeaKLisX PE30HAHCHOrO i pagiauiiHoro 3axorieHHs. llIsuaxi Hentponu 239Pu-Be mxepesa 3
MakcumasnbHO eHeprieo E < 10 MeB B nnponieci po3citloBaHH4 i YIIOBiJIbHEHHS B PEYOBHHI OKCULHOTO
CLMHTUJISTOPA 3 JIiHINHUMU po3mipamu ~ 40-50 MM i Gisble B peaklisgx HEIPY>KHOIO i pe30HaHCHOTO

po3ciloBaHHSI, pajiialliiiHOro 3aXOIJIEHHS TPOXOASTh TPU €HePreTUYHMX 00JIaCTi: 06J1aCTh HENIPYXHOTO PO3CiSIHHS B
peaxii (n, no o)in (~ 10 MeB - 100 keB), o61acTh pe3oHaHCHOro 3axomieHHs (n, no o)res (100 keB - 1 eB) i o61acTs
pagianiiinoro 3axorieHHs (1 eB - 0.025 eB). Y nux peakuisx 30y KyIOTbCSI CTaHU KOMIAyH-s1ep (A + 1) 3 yacom
icHyBanHs ~ 10 14 ¢ - 10-12 ¢, a cTaHu KiHLeBUX s1ep (A) 3 Yacamu iCHyBaHHS Bifl OOUHULb IIKOCEKYH[, IO JeCSTKiB
MIKPOCEKYHI, @ TaKOX MOXYTb HapOIKyBaTUCS 3aTpMMaHi ramma-KBaHTU odel, 06yMoBIIeHi 6IyKaHHSIMA BTOPUHHUX
HEWUTPOHIB 3 peakuiil (n, no 0)in i (n, NoO O)res B peYOBUHI CUUHTUISTOPA. TaKuM YMHOM, BiATYK AeTEeKTOpa Ha OLHY
BXiZJTHY YaCTHUHKY (TOOTO LIBUAKWI HENTPOH) SIBJISIE COOOI0 CyMilll FaMMa-KBaHTIB i NPOMDKHUX HEUTPOHIB, TOMY
Y1ICJIO 3aPEECTPOBAHMX BTOPMHHUX YACTUHOK (TOOTO raMMa-KBaHTIB) 1€TEKTOPOM, MOXKe 3HAYHO NepeBUIlyBaTH 1.
Lle nmigTBEpIKYIOTh JAHHI 3 PE30HAHCHOIO Ta PafialitHOrO 3aXOIJIEHHS, @ TAKOX JaHHI 10 HENPYKHOMY
poscisHHI0. OCKiIbKY SApa, 1[0 BXOIATH A0 CKIANLy OKCUIHUX cUUHTUNATOPIB (W, Gd, Zn) MaloTh 3HaYHi 3Ha4eHHS
nepepisy B3aeMoJii B pe3oHaHCHOi o6s1acTi, ~ 50 - 500 6apH, B TOH Yac sIK 3HaU€HHSI Ilepepi3y B HENPYXKHill obsacTi
CKJIQIAlOTh OOUHULI 6apH (~ 2 - 3 6apHa), TO peecTpallis raMMa-KBaHTIB, IIOB'SI3aHUX 3 LIUMU [IPOLIECaMU, MOXe
iCTOTHO 361MBIIUTY CTATUCTUKY MOJIH, 110 IPUNAAAI0Th HA OJMH BXiTHUN HEUTPOH i, SIK HACTIIOK, MiIBUIIYIOTD
eeKTUBHICTb peecTpauii HedTpoHiB. Taki npouecu MaloTh HE3HAYHY €HEPTilo pO3PsAKYU B iHTEepBaJli BiJl OLUHUIIb
eB 1o coreHs keB i yacu icHyBaHHs, 1110 JiexXXaTh B iHTepsasi 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 o)in and (n, no ojres 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 - 10-5s.
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