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Pedepar:

1. OCHOBHI NpiOPUTETH B SIIEPHINl €HEPTreTUlli — 1le TOCSITHEHHSI MaKCUMaJIbHOI 6e3neku Ta edpeKTUBHOCTI. 1le
CTOCYETBCS SIK HOBUX KOHCTPYKIil PEaKTOPIB, TAK i BXKe iCHYIOUMX PEAKTOPIB, SIKi 3HAXOAATHCS B eKCIUTyaTauii. s
poboTa IoCIiIKye MOXINBICTh MOZEPHi3allii iCHyI0uMX peakTopis, 30kpema BBEP-1000, 3 MeTOI0 BiflIOBiIHOCTI
MM LiiyiIM. MOHITOPMHT HEUTPOHHOTO 11071 y peakTtopax BBEP Hapasi 3[1iICHIOETbCS 3a IOIIOMOTIOI0 iHEPLiIHUX
IeTeKkTopiB Ha ocHOBI Rh. OpiHaK, 3a 6iIblll BUMOTIMBUX YMOB, TAKUX SIK IMiJIBUIIEHHS IIOTY>KHOCTI B 30Hi 2060 LIBUAKA
3MiHa [TOTYKHOCTi, BAHMKAIOTh [IMTAHHS 040 HANIMHOCTI BUKOPUCTAHHS JIALIE OOHUX iHEPLIIMHUX JEeTEKTOPIB. Y
LIbOMY KOHTEKCTi IIPOIIOHY€EThCSI BUKOPUCTAHHS O6€3iHepLiliHNX (KOMIITOHIBCbKUX) NEeTEKTOPiB pa3om i3 Rh.
Mertanesuii Hf npornoHyeTbCs SIK IOTEHLUiMHUN MaTepias [jIs eMiTepa TaKuX KOMIITOHIBCbKUX JeTeKTopiB. Ls
poboTa sBJIsie cOO010 IoeTarHe BUBUEHHs noBeinku Hf B ymoBax 30HU sijepHOro peakropa. OCHOBHI pe3yJsbTaTu
Ha CbOT'OJIHI MO>KHA MifICYMyBaTU HACTYITHUMU ITYHKTaMu: - BukoHaHo nopiBHsaHHA Hf Ta iHIIMX KaHINUATIB HA POJIb
MaTtepiany eMmiTepa KOMIITOHIBCbKOIO JETEKTOPA 32 TAKMMU XapaKTEPUCTUKAMU, K 3MiHM HYKJIIIHOTO CKJIaZy,

3MiHa 3[IaTHOCTI JO NIOTJINHAHHS HEUTPOHIB, PiBHi HABEJ€HOI aKTUBHOCTI. -~ AHAJIITUYHO NIOKA3aHO, 110 [JIs1



6inpmocTi HykminiB Hf, Sk BUXigHMX, TaK i THX, O YTBOPIOIOTHCS MiJl YaC OIPOMiHEHHS, HAMBAKJIUBIINM IIPOL[€COM
B YMOBaX aKTHMBHOI 30HU JIETKOBOJIHOI'O € IIOTJINHAHHS HAJTEIJIOBUX HEUTPOHIB. - 3a IOMIOMOTOI0 PO3B'SI3KY
BeiitmaHa, po3paxoBaHo HyKIinHUM ckian Hf nysg ymoB 30Hu peakropa BBEP-1000 ynpomosx 5 pokiB. - [lokazaHo,
1[0 HAasIBHICTb i30MepiB y JaHLiory nepetrsopens Hf ciabo BrymBae Ha AuHaMiKy epeTBOpPeHb HYKJIiZIiB i He Mae
3HAYYIIMX HACJIZKIB 3 TOYKY 30pYy 3aTPMMKU curHany. - [lokazaHo, 1110 Hakonu4eHHd HyKigiB Ta Ta W € BaKIMBUM
IIPOLIECOM J1J1s MiTPUMaHHS BJIAaCTUBOCTE [TOTJIMHAHHS MaTepiany emitepa. - [TokasaHo, o Hf mae Haii6inbiy
KiZIbKiCTb (POTOHIB, 1[0 YTBOPIOIOTHCS B (N,0)-peakisx y gianaszoHi 0.5-3.5 MeB, fe 1715 1boro MeTasny AoMiHye
KOMITOHIBCbKE PO3Cil0BaHH4. - 3a gornomoroto nporpamu MCNPX 6yi10 po3paxoBaHo HykiigHuii ckuag Hf B
yMoBax 30HU peakTopa BBEP-1000 npotsrom 4 nanvBHUX KaMmIaHil. - 3a gonomoroto nporpamu MCNPX 6yi1o
OLIiHEHO 3aJIeXXHICTb BiITYKy emiTepa Bifj Takux (akTopiB, SIK HEUTPOHHE OITPOMiHEHHS, OIIPOMiHEHHSI O-KBaHTaMU
PEaKTOPHOTrO NOXOIKEHHS Ta O-KBaHTaMHU 3 (N, O)-peakuiil y marepiasi emitTepa. Pe3ybTaTy NOKa3yloTb HACTYIIHE:
($OTOHYU PEaKTOPHOTO MOXOAKEHHS CKIIAZAI0Th Halb1IbITy YaCTKy 3araJbHOr0 O-BUIIPOMIHIOBAHHS, LIO Ji€ Ha
IleTeKTOp; YacTKa (POTOHIB, 110 BUHUKAIOTh Y IeTEKTOPI, € 3HAYHO MEHIIOI0 32 (POTOHM, 3reHepoBaHi B peakTopi, a
TaKOXX 3MEHIUIYETHCS 3 4ACOM; iIHTEHCUBHICTb T€HEPYBAHHS 3apsiy B €MiTepi BUBHAYA€EThCSI B OCHOBHOMY O-KBaHTaMU

PEaKTOPHOTO MOXOIKEHHSI.

2. The overarching priorities in nuclear energy are achieving the highest possible safety and efficiency. This applies
to both new reactor designs and existing reactors already in operation. This work explores modifying existing
reactors, specifically the WWER-1000, to align with these goals. Neutron field monitoring in WWER reactors
currently relies on Rh-based inertial detectors. However, under more demanding conditions like increased core
power or rapid power changes, questions arise over the reliability of inertial detectors alone. Against this
backdrop, utilizing inertialess (Compton) detectors alongside Rh detectors is proposed. Metallic Hf is suggested as
a potential emitter material for such Compton detectors. This work is a step-by-step study of Hf behavior under
the conditions of a nuclear reactor core. Currently, the main results can be summarized in the following points: - A
comparison of Hf and other candidate materials for a Compton detector emitter has been performed, based on
characteristics like nuclide composition changes, absorption capability degradation, induced activity levels. - It
was analytically shown that for most Hf nuclides, both initial and those formed during irradiation, the most
significant process under light water reactor conditions is absorption of epithermal neutrons. - Using the Bateman
solution, the nuclide composition of Hf was calculated for the core conditions of a WWER-1000 reactor over 5
years. - It was demonstrated that the presence of isomers in the Hf transformation chain weakly impacts nuclide
transformation dynamics and has no noticeable consequences in terms of the signal delay. - It was shown that
accumulation of Ta and W nuclides is an important process for maintaining the emitter material’s absorption
properties. - It was shown that Hf has the largest number of photons formed in (n,0) reactions in the 0.5-3.5 MeV
range, where Compton scattering dominates for this metal. - Using the MCNPX program, the nuclide composition
of Hf was calculated under WWER-1000 reactor core conditions over 4 fuel campaigns. - Using MCNPX program,
the emitter's response dependence on factors like neutron irradiation, reactor-origin o-ray irradiation, and o-rays
from (n, o) reactions in the emitter material was evaluated. The results indicate: reactor photons comprise the
largest share of total o-radiation acting on the detector; the fraction of photons originating in the detector is
substantially smaller than reactor-generated photons and diminishes over time; charge generation intensity in the
emitter is primarily determined by reactor o-rays.
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