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MOJEJIb ®OPMYBAHHS1 CUTHAJLY
BHYTPIIIHBO30HHOI'O JETEKTOPA HEUTPOHIB

JliniifHe eHePrOBUALJICHHS TBEIIIB € OJHUM i3 HAWOLIBII BaXKIIMBUX MTOKA3HUKIB O€3IeKH Ta HAMIHHOCTI eKCILTyaTarlil
nanmrBa BBEP. ¥V craTTi po3risHyTO €BOIIOLII0 PO3BUTKY B CHCTEMi BHYTPIITHHOPEAKTOPHOT'O KOHTPOIIO pearizarlil
¢yHKIii KOHTpOIO eHepropo3noniry mo akTuBHiIA 30HI BBEP. Ilokazano, mo Bumorm mo oOcsry indopmarii i
TOYHOCTI BU3HAYEHHS CHEPTrOpO3MOAITy B JaHUH Yac iCTOTHO 3pOCIH B MOPIBHSAHHI 3 mepmuMu npoekramu BBEP.
[IpencraBneHo pe3yibTaTé yncenbHOro mopemoBaHHs B MCNP mpormecy ¢opMmyBaHHS CHTHANTY IETEKTOPa MPSIMOTO
3apsiny (AI13), skuii yTBOPIOETBCS B pe3yibTaTi akTHBAaIil slep eMmirepa AeTeKTopa Wil i€l HEWTPOHIB, IO
TeHEPYIOThCS Y TBedax TertoBuauisarouoi 30ipku (TB3). [IpomeMoHCTpOBaHO, 1110 OCHOBHUI BHECOK (~75 %) y curHan
JI13 3abe3neuyrorh TBenmu TB3, B skiit po3ramosanuit /[[13, a BHecok TBeniB cyMmikHuxXx TB3 craHoBuUTH ~25 %.
BuzHaueHo BHECOK Pi3HMX IUISHOK TBENIB, PO3TAIIOBAHWX HA Pi3HIM BHCOTI IO BiJHOIIEHHIO JI0 PiBHS PO3TAIIyBaHHS
camoro /II13. Pe3ympTaTté MoJeNrOBaHHS JO3BOJISIIOTH BU3HAYMTH T'€OMETPUYHUH (DakTop, SKUH BH3HAYAE BHECOK
TBeNiB y popmyBanHs curaaiy JII13 He TIIEKH BiJ] MIECTH HAMOMMKYMX TBENIB, IO PEaTi30BaHO B JaHUH Yac y CHCTEMI
BHYTPIIIHFOPEAKTOPHOTO KOHTPONIO, a BiI MOEKUTBKOX PSAOIB TBENiB, IO MiJBUIINTH TOYHICTh BHU3HAYCHHS
reoMeTpudHoro Qakropa. OTpuMaHO pe3ynbTaTH, M0 BKa3ylOTh HA HEOOXIAHICTh ypaxyBaHHS BIUIMBY CIIEKTPaIbHUX
XapaKTEepUCTHK HEUTPOHHOrO mojst Ha curHan JAI13.

Kniouosi cnosa: niniliHe eHePrOBUIUICHHS, BIIHOBICHHS €HEPrOPO3IMOILTY, JETEKTOP MPSIMOTO 3apsay, aKTHBAIlis
pozieBoro emitepa, BATOPSHHS POIIEBOTO eMiTepa.
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MOJEJIb ®OPMUPOBAHUS CUTHAJIA
BHYTPU30OHHOI'O JETEKTOPA HEUTPOHOB

JluneliHOE >HEPrOBBIACICHUE TBAJIOB SBISICTCS OIHMM M3 HauOolee BaKHBIX ITOKa3aTenell Oe30MacHOCTH W
HAJAKHOCTH OJKCIUTyaranmu TorumBa BBOP. B cratee paccMoTpeHa HBONIONMS pPa3BHTHS B CHCTEME
BHYTPHUPEAKTOPHOTO KOHTPOJIS peann3auuil (pyHKIMH KOHTPOJS SHEpropacipeneleHus Mo akTUBHOH 30He BBOP.
[Tokaszano, yTo TpeOoBaHUsI K 00beMy MH(GOPMAIMM M TOYHOCTH OIPEAEICHHUsI YHEPropacrlpelesieHns B HACTOsIIee
BpeMs CYIIECTBEHHO BBIPOCIH IO CpaBHEHMIO C NepBbMH npoektamMu BBOP. IlpencraBieHs pe3ynbTraTsl YUCICHHOTO
mozenupoBanus B MCNP mporecca ¢popmupoBanust curaana aerekropa npsimoro 3apsaa (I13), kotopelii o0paszyercs
B pe3yibTaTe aKTUBAlMM SAEpP OMUTTEpa JETEKTOpa IOJl JEHCTBHEM HEWTPOHOB, T'EHEPUPYEMBIX B TBAJIaX
termoBslessionmx coopok (TBC). IlpomemoHcTpupoBaHO, 4YTO OCHOBHOW BKiax (~75 %) B curnan JII13
obecrnieunBaroT TBIBI TBC, B koTOpoii pacmonoxken JII13, a Bkmam TB3anmoB cMexxkHbix TBC coctaBmser ~25 %.
OmnpeneneH BKJIaA Pa3IMYHBIX YYacTKOB TBAJIOB, PACIOJIOKEHHBIX Ha Pa3HOW BBICOTE IO OTHOLICHHIO K YPOBHIO
pacrionoxxenus camoro JI13. Pe3ymbrarel MOJENMPOBAHMS MO3BOJIIIOT OMNPENEIUTh TEOMETPUYECKUH (akTop,
OTIpEICTISIONMK  BKJIa TBAJIOB B (opmupoBanue curHaia [I13 He TOmpKO OT mIecTH ONMMKaWIIMX TBJIOB, YTO
peann30BaHO B HACTOSIIEE BPEMS B CHCTEME BHYTPHUPEAKTOPHOTO KOHTPOJS, & OT HECKOJBKHX PSIOB TBAJIOB, YTO
MOBBICUT TOYHOCTH ONpEAENEHHs TreoMeTpuueckoro (akropa. IlosydeHsl pe3ysbTaThl, YKa3blBalOIIME Ha
HEOOXOMMOCTh ydeTa BIUSHHUS CIICKTPAIbHBIX XapaKTepPUCTHK HEWTPOHHOTO 1oJist Ha curHan JII13.

Kniouegvie cnosa: nuHEWHOE SHEPrOBBIJEICHUE, BOCCTAHOBICHHE SHEPrOpacIpeniesieHHs, AETEKTOp IPSIMOTO
3apsiza, akTHBALMS POJUEBOrO IMUTTEPA, BEITOPAHUE POJUEBOTO IMUTTEPA.
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MODEL OF FORMATION OF IN-CORE
NEUTRON DETECTOR SIGNAL

Fuel rods linear power rate is one of the most important indicators of safety and operating reliability of VVVER fuel.
The article describes the evolution of implementation of in-core monitoring system (ICMS) power distribution control
function for VVVER core. It is shown that requirements for the data and accuracy of determining the power distribution



have significantly increased in comparison with the first VVER projects. This work presents results of MCNP
numerical simulations of the signal formation in the Self-Powered Neutron Detector (SPND), which is resulted from the
activation of emitter’s nuclei under the neutron irradiation. It has been demonstrated that the main contribution (~75 %)
to the SPND signal provide fuel rods of fuel assembly in which SPND is located, and the fuel rods of adjacent fuel
assemblies contribute ~25 %. Also, the height-dependent contribution of fuel rod to SPND signal was determined. The
simulation results allow calculation of the geometric factor, which determines the contribution of fuel elements to
SPND signal, taking into account not only six closest fuel rods, as implemented in the ICMS now, but few adjacent
rows of fuel rods. This approach will improve the accuracy of the geometric factor calculation. The obtained results
indicate the need to consider the effect of the spectral characteristics of neutron field on the SPND signal.

Keywords: linear power rate, reconstruction of power distribution, self-powered neutron detector, activation of
rhodium emitter, burning of rhodium emitter.
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