U T. 1., HAHOCAT BpeJd OKpyXaromei cpexe. VM Bcraer BOHpoc O NMPUMEHEHHMH SKOJIOTMYECKH Oe30MacHBIX
MCTOYHHMKOB YHEPTUH, K TAKUM MOKHO OTHECTH BOJIOPO/I.

Bopmopon sBnseTcs MEPCHEKTHBHBIM OJKOJOTMYECKH YHCTBIM HSHEPrOHOCHTENIEM, TaK KaK B PE3ylbTaTe
CrOpaHusl B YHCTOM KHCIIOPOZAE MPOAyKTaMH OyayT — BOAA M BBICOKOTEMIIEpaTypHOE Terno. Takxke BOZOpOL
o0JyiaiaeT psAAOM NMPEUMYIIECTB HU3Kasl MOJICKYIIAPHAS Macca, BBICOKOE SHEPrOCOAEPKAHUE M HEOTPAaHUICHHBIC
3arachkl, TaK KaK ero MOXKHO JOOBIBATh U3 BOBI, a yJeIbHAS SHEPTHs CTOPaHUS BOAOPOJa B 3 pasa BBIIIE, YEM Y
OcnsuHa [1].

Bopmopon siBisieTcst BBICOKO XHMHYECKM AKTHBHBIM M B3pPBIBOOIACHBIM Ia30M, 3TO HAKIAAbIBACT DAL
OrpaHMYEHUH Ha YCJIOBHS €r0 XpaHEHWs M Ha HCIIOJb3yeMbIe IpH 3TOM Marepuaibl. COBpeMEHHBIE CIIOCOOBI
XpaHeHHs, TaKue KaK C)KaTHe, CXKMKEHUE BOJOPO/Ia MM 3aKauKa B THIPUIBI METAJIOB UMEIOT PsiJl HEJI0CTAaTKOB!
HHU3K0e 00BEMHOE coziepkaHKe, O0JIBIINE SHEPro3aTPaThl, BEICOKAask CTOUMOCTb.

Bo3MOXXHBIM peliieHHeM MPOOJeMBI MOXET CTaTh HCIOJIb30BAaHHE YTICPOIHBIX COPOCHTOB, B KaueCTBE
MaTepuasoB JUIsl XpaHeHUs BoJopoja. Tak Kak OHM MMEIOT JIOCTATOYHO Pa3BUTYIO COPOLMOHHYIO TIOBEPXHOCTD
Y OTHOCHUTEJBHO Majlyl0 CTOUMOCTb.

B mocnennee Bpemsl MOSBHICS LENBIH KIacC HOBBIX YIJIEPOAHBIX HAHOCOPOCHTOB — TaK HA3bIBACMBbIC
CHHTETHYECKHE HAaHOIIOPUCTHIC YTIIH, UMEIOIINE BBICOKHE yIENIbHBIE 00hEM M MOBEPXHOCTh COPONMOHHBIX TOP.
OTH MaTepHanbl 10 CBOMM COPOLMOHHBIM XapaKTEPUCTUKAM HE TOJBKO HE YCTYNAIOT TAKUM H3BECTHBIM
YIJIEPOIHBIM HaHOMaTepualaM Kak (YJUIEpHT, YIJIepoAHble HAaHOTPYOKM M TpadeH, HO M 1O HEKOTOPBIM
rapameTpaM CyHIECTBEHHO HMX NpeBocxomsaT [2-4]. B maHHO# paboTe mpuBEIEHBI Pe3yJIbTAaThl MCCIICTOBAHUS
JIAHHBIX 110 00pabOTKE XOJIOIHOH IIa3MON YIIIEPOAHBIX HAHOCTPYKTYP AL COPOIMU BOAOPOIa.

B pesynpTaTe paOoTHl BBHISBICHO BIHWSHHE Ha COPOIUIO BOIOpOAa OOpaOOTKH XOJOJHOW IIa3Moit
YIJIEpOIHBIX HAaHOCTPYKTYp. OOpaboTKa IUIa3MEHHBIM pa3psiioM B aTMocdepe Bojopoja yBeaudusaeT B 1,65
pasa copOrionnyto crnocooHocts CKH (chepuyeckuit KapOOHUT HACHIIICHHBIN) M0 OTHOIICHUIO K (H3NUICCKU
copbupyemMoMy Bojiopony. Tarke BBISBICHO, 4TO B pe3yibTaTe obOpaboTkn CKH miasMeHHBIM paspsaom
xeMmocopOrust Bogopoxaa cocrasisieT 0,36 macc.%.
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IHOJYYEHUE METAJIVIMYECKOI'O BOJIb®PAMA-186
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IIpuponnsiii Bodb(paM COCTOUT W3 CMECH ISATH H30TOIOB (180W, 182y, 183y, 1By, 18(’W). OHU HUCTIONIB3YIOTCS ISt
HCCIICJIOBAHHS MATEpPHANOB MeTofoM SIIP B MeTAaIypruy, a TaKkKe Ui HONydYeHHs paguou3oToma '°'W, KoTopsiii
TIPUMEHSIETCS JUISl M3TOTOBJICHHUS HCTOYHHKOB PEHTI€HO(IYOPECIEHTHOTO aHAIN3a PyA M KOMIUIEKTAIUH TeO(pH3HIECKUX
npubopos. HexoTopsie m30Tombl Bodb(pamMa HCTIOMB3YIOTCS A pa3pabOTOK METOJOB aHANU3a PYH LBETHBIX METAJIOB B
€CTECTBEHHOM 3alleTaHUM, a TaKXKe JUIl M3YYeHUs] CTPYKTYPhl TOBEPXHOCTH M (DU3MKO-XMMHYECKHX MPOIECCOB,
TIPOMCXOAIINX Ha TOBEPXHOCTH TPH aICOPOLHH Pa3THUHbIX ra3oB. B cBOIO odepenn, '“°W HCHOIB3yeTes s MOMydeHH s
pammonsotona 'S¥W, sBsIomerocs renepaTopoM MeIHIMHCKOro pagronsoTona '+ Re [1]. CTabuibHbIE H30TOMBI BOMb(paMa
HCTIONB3YIOTCSI B OCHOBHOM B METaIM4ecKoil popme mim B Buze ero tpuokcuaa (WO;). Pasznenenne u3otonos Bosns(pama
OCYIIECTBIISICTCS. Ta30IeHTPU(YKHBIM METOJOM, a PabdOYMM BEMIECTBOM IIPH ATOM SIBISIETCS TeKcadTOpHI BoJIb(ppama
(WF). Llenbo naunoil paGoTHI ABISIOCH paspadoTKa CHOCO0A MONYYEHHs METAaIUIMYeCKOro '“°W u3 ero rexcadTopua,
060raIeHHoro 1o “°W.

HM3BecTHBI NpPAMOH CIOCOO IIOMy4YEeHHs METAJUIMYECKOro BoJb(ppaMa IPH BOCCTAHOBICHHH Tra3000pa3HOro
rekcadpropuna Boibppama BogopomoMm [2] mns mepepaboTKM H30TONHO-OOoramieHHoro WFg okasancst He coBceM
MPUEMIIEMBIM BCJIEICTBUE HEOOXOAMMOCTH HCIONb30BAHHUS HECKOJIBKHX PEaKTOPOB BOCCTAHOBIICHHUS, YTO MPHUBOIUIO K
pa3Ma3bIBaHHIO M30TOIHO-000TAlIEHHOTO MpoaykTa. [TosToMy A nepeBoja U3 ra3o00pa3HOrO COCAMHEHUs BOIb(pama B
TBEp/BIC €r0 COCIMHEHUS WCIOJIB30BATHM PEAKIHUI0 THUApoiH3a [3] B HMPUCYTCTBUM aMMHakKa, KOTOPHIH OOABISUIM IS
HeWTpansanun odpasyormmeiics miaBukoBoit kucinotsl (HF):

WF¢ + 4H,0 — WO5-H,0 + 6HF @)

B peakrop o6bemoMm Ha 2 nurpa momemand 40 M cMmecu BoxHOro pactBopa NH4OH. Cmech 3aMOpauBaiu KUIKAM
a30TOM M IIEPEKOH/ICHCHPOBAIH OTMepeHHoe kommuectBO WFg B peaktop. B mpomecce pasmopaxuBaHHS peaxkTopa
npoTtekana peakuus 1 ¢ BeigeneHueM Temia. OOpasyronmecs: NpOIyKThl UMEH JKENTYI0 U OelIyl0 OKpacKy M C IMOMOILBIO
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HK-cnekrpockonuu ObLIM ONpeseseHbl Kak MoAu(UKanuy BoidbppaMoBOil KUCIOThL Peakiusa ux o0pa3oBaHUs B peakTope
nporekana ~2 MuH. IlosydeHHYI0 BONB(GPAMOBYIO KHCJIOTY OT(GHIBTPOBBIBAIM M IS €€ OYHCTKH PAaCTBOPSIIM B BOIHOM
pacTBope ammuaka. Jlajee IOJyYeHHBI pacTBOpP yNapHBalM W IOJY4YEHHBIC KPHCTA/UIbI NapaBojbppamara aMMOHHUS
or¢unbTpoBeiBand. [lopomok mapaBosibppaMara aMMOHHs 00padaThIBalINd KOHICHTPHPOBAHHOH COJSIHOW KHCIOTOH IMpU
HarpeBaHUM ¢ noiydeHueM sxentoil momupukammu WO;. WO;-H,O cymum u ucrmonb3oBaim ee Uil HMOJTyYCHUS
METAINYEeCKOro Bosibpama. B ocHOBe OOJNBIIMHCTBA METOZOB INPOMBILUICHHOTO IIOJNYYEHHsS BoJbppaMa JISKUT
BoccTaHOBIIeHHE MeTaiuia n3 WO; wmm u3 Bosb(paMoBoi kucioTsl. Ha mepBoii craguy I0ydaroT MCXOIHbBIE BEIIECTBA, U
Jlajiee BOCCTAHABIMBAIOT UX TIPH TOMONIM BOJOPOJA JI0 YHCTOTO METAIUIa B MHTEpBaie TemmepaTyp or 750 mo 1000 °C B
n30bITKe Bojtopoa. IIporecc BOocCTaHOBIIEHHST ONMHCHIBAETCS OOIIMM ypaBHEHUEM:
WO3 + 3H2 - W+ 3H20 (2)

IIpn nomyyenun Bosb(ppPaMoBOro MOPOIIKA BOZOPOIAHBIM CIIOCOOOM HCIOJIB3YIOT CIIEIMATBHBIE METOJIbI, TIO3BOJISIOIINE
KOHTPOJIMPOBATh €0 XMMHUYECKHH cOocTaB, pa3Mep U (opMy 3epeH, TpaHylomerpudecknii cocras. Hampumep, GbicTpoe
HapacTaHUe TEeMIIEpaTypbl, Majiasi CKOPOCTb I10JJa41 BOJOPOAA CIOCOOCTBYIOT yBEIIMUYEHUIO Pa3Mepa YacTHILl BOJb()PaMOBOTO
noporuka [4].

Kpome 3Toro MoxHo uisi moiydeHus Boiabppama n3 WO; HCHONB30BATh PEAKIHIO €0 BOCCTAHOBJICHHUS YIIIEPOJIOM B
uHTepBane Temneparyp ot 1300 go 1400 °C:

WO; +3C — W +3CO 3)

Onnako, npouecc BocctanoBieHnss WO; yrieponoM npoTekaeT mpu 0ojee BBICOKOI TemIiepaType U MpU 3TOM YaCTHUHO
o0pa3yroTcst kKapOuapl Boib(pama, YTO JEJIaeT 3TOT CHOCO0 IOJIydeHHs] M30TOIHOTO BoJb()paMa B BHIC MeTalula MEHee
MpUTroJHEIM. B cBs3uM ¢ 3THM 1pH pa3zpaboTke criocoba MoJTydeHHsT H30TOIMHO-000TalleHHOT0 METaLIMIeCKOro BoJb(pama
HCTIONIH30BAIH BOJAOPOIHBII METO]] BOCCTAaHOBIICHUSL.

Io pa3paboTaHHOMY CIIOCOBY GBLT IOTY4EH MOPOLIOK METATIHNYECKOro '°W ¢ XuMHYecKoil 4ucTOTOM Bhime 99,9 % 1
pasmepamu yactull ~1,5 MkM.
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FEATURES OF THE FORMATION OF RADIATION IN A NEW-GENERATION OF
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Fuel and structural materials of existing reactor systems (reactors) and innovative reactor plants operate in
extreme conditions. These extreme conditions include higher operating temperatures, increased (extreme) burn
up, exposure to aggressive media, etc. For the long-term trouble-free and efficient operation of the reactor , the
fuel must have good thermal conductivity, radiation and thermal stability. To increase thermal conductivity,
radiation and thermal stability, the fuel is modified by adding various homogenecous compounds [1] and
heterogeneous inclusions [1, 2]. However, these additives affect the neutron component of the radiation
characteristics of irradiated fuel [2]. So far, little research has been done in scientific journals on the effects of
various additives on the neutron background of fresh fuels and irradiated fuels, or even on fuels containing
heterogeneous inclusions. The meaning of the work is that the fuel is modified to improve its thermal
conductivity, thermal and radiation resistance, while they do not consider the fact that such fuel requires special
handling after its operation. In the work authors, the applicant will use MCNPX for numerical experiments
couple with other software (Sources-Serpent), to study the characteristics and mechanisms of the formation of
residual neutron radiation on fuels in a LWR reactor with a complex heterogeneous internal structure. The
scientific problem studied in this work is aimed at developing procedures for handling new-generation irradiated
fuel during transportation and “dry” long-term storage (See Fig. 1, [3]).
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Fig. 1. Results of calculations ®(E,r) of «dry» storage systems with modified fuel
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