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PaznoakTUBHOCTb BHITPYKEHHOTO 0TpaboTaBuero apepHoro Tonnusa (0AT)
13 peakTopa B TeueHuWe MePBLIX COTEH JIeT ONpeZleNfAeTcs OCKONIKaMu fene-
uus (O]), B nanbvHenueM ocHoBHOW Bknap B akTusHocTs 0AT dopmupyert-
ca akTuHunamu. CymecTeytommue ciienapuu obpamenus ¢ OAT ocHoBLIBAOT-
Csl Ha TPAHCMYTaUUW Manbix akTuHupos (MA) B 0CKONKU feneHus B 6bICT-
PHIX peakTopax. PaccMOTpeH: clieHapuu TpaHCMYTalluu OCKONKOB leNIeHUA
B CITEKTPAX TEIUIOBLIX U OBICTPLIX HEUTPOHOB U PafiUALMOHHLIE XapaKTepPU-
CTUKU B 3aBUCUMOCTU OT BpeMeHW. HyKnupHbI! cOCTaB 0CKONKOB LeNleHUA
B3AT U3 PE3Y/IbTATOB MOZAENAUPOBAHUA BLIrOpaHus c6opku 439GT (tun TBCA)
s BBIP-1000 B Teuenue Tpex net Ha Kommnekce MCU-5. Ilonyyennsie faH-
Hble UCII0b30BANUCH [J1A ONIPEfeNeHUA UCXOAHOTO COCTaBa HYKNUL 0B IIpn
Pa3HbIX BHIAEPKKAX TTepe] HauanoM TpaHcMyTanuu (061yueHuns B MOTOKaX
HeNTpoHOB) Ana mporpammet ORIGEN2.

[IpuBeneHH TPU BapuaHTa 06/1yUeHUA OCKONIKOB JieleHUs: TPaHCMyTaLus
6e3 BLIZLEPXKKW, BHILEPXKKA OCKOJIKOB JieJleHUA YeThipe rofa mnepep o06mny-
yeHueM, BbiziepxkKa 30 neT mepen o6nyyerneM. JnuTenbHOCTb 06nyYeHNA
BbIOpaHa paBHOW TpeM U 15-Tn ropaM. IGGeKTUBHOCTb TPAHCMYTALUN
ompezenanach C MOMOWbLI 3aBUCALLET0 OT BpeMeHU «Ko3ppuunenra
TPAHCMYTaLUU», PABHOTO OTHOWIEHWIO PAZiUOAKTUBHOCTU HYKIULOB B
Ipolecce TPAHCMYTALUK U [TOCJLe €e OKOHYAHUA K UX PAZMLOAKTUBHOCTU
6e3 TpaHCMyTalUUU.

Paccunrannbie K03 GOUIMEHTH TPAHCMYTALUU 0KA3aNUCh 3aMETHBIMU TOJb-
KO BO BpeMs 00/1yUYeHUs B peaKTope: UX 3HaYeHUs focTuranm 5 — 10 n 3a-
BUCEJIU TONbKO OT AJIUTENbHOCTU BLILLEPKKWU OCKOJIKOB [ejleHUA Iepey Ha-
YajnoM TpaHcmyTauuu. Ifocne n3BneueHuA 0CKONKOB [lefleHUA U3 HENTPOH-
HOT'0 IIOTOKa KO3QGULUUEHT TPAHCMYTalLlUN B TeUeHUE HECKONbKUX JleT
CHWXANCA [0 efuHULLL. Elle yepe3 COTHIO JleT mOcCe 061yYeHUA B CIEK-
Tpe HEeNTPOHOB TEIJIOBOTO peakTopa Ko3hPuumneHT TpaHCMyTalluU CHU-
waeTca no 0.8 — 0.5 B 3aBUCUMOCTU OT ANIUTENLHOCTU IIpOlLiecca TpaHc-
myTtauuu. Ilocne o6nyyeHus B CIIeKTpe HEWTPOHOB OLICTPOTO peakTopa
B unTepsane 200 — 1000 neT HabnwaaeTCA He6OABLUION POCT KOIhDHNIneH-
Ta TPaHCMyTauuu [0 3HaueHun 1.2 — 1.8 u 3aTeM [ocjie THICAYU JIEeT CHU-
XeHue g0 3Hauenun 0.9 - 0.7.

OcHOBHOW BLIBOJ — CIleliKanbHOe BbDKUTAHUE OCKOJIKOB leNIeHUA He UMeeT
CMBLICJ3, TIOCKOJbKY He3HAYUTENbHbI BEIUIPHIUI B PAAMUOAKTUBHOCTY (YYThb
MeHee YeM B [jBa pa3a) HaCTyMaeT yepe3 THICAYY JleT.

NupubdeperHTHOCTb OCKONKOB eNIEHUA K TPAHCMYTAllUN YaCTUYHO MOXHO
00bACHUTD J0J1€1 CTAOWUIbHBIX HYKIUA0B, KOTOPas YBEIMUUBAETCA IT0 Mepe
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IJIUTENIbHOCTU XpaHeHUA 0CKONKOB fienenua. [locne okoHuaHuA uuKna uc-
[I0N1b30BAaHUA TOI/IUBA B HEM CPeAU OCKOJIKOB JilefleHUA eCTb IIpuMepHo 15%
CTabUIbHBIX HYKIWZO0B, a Yepe3 TPUALATL JIeT BHAEPKKU KONUYECTBO CTa-
OWIbHBIX U30TOIIOB JoCTUTrAET 85%.

KnioueBble cnoBa: 0CKOJIKM fileneHns, TpaHCMyTaLMs, KOIDOULMEHT TpAHCMYTaLMUK,
pafMOoaKTUBHOCTb.

BBE[AEHME

N3BecTHO, 4TO NOC/E BbITPY3KM U3 peakTopa oTpaboTasero saepHoro Tonauea (0AT)
ero pag1oaKkTMBHOCTb ONpefenseTcs, B OCHOBHOM, OCKOJIKAMU [ieNIeHNs, @ NOCNe HeCKOsb-
KMX COTEH NIeT XpaHeHUA — aKTUHUAAMM (TaK Ha3bIBAaEMbIMU MANbIMU aKTUHULAMW — He-
NTyHUeM, amepuumem, kiopuem). OnacHocte OAT 06ycnoBieHa BO3MOXHOCTbIO BbIXOAA
U3 HEro pagMoaKTUBHbIX MPOAYKTOB B OKPYKAIOLYIO CPedy U YPOBHEM UX PafMOaKTUB-
HocTu. Mo3tomy pewenune npobnemsl ¢ OAT u pagnoakTusHeiMu otxogamm (PAQ) Haxo-
OAT B CHUXXEHUU BEPOATHOCTM BbIXOAA PAAMOAKTUBHbLIX MPOLYKTOB B OKPYKAILLYIO0 Cpe-
LV 1 pafMoaKTUBHOCTHU.

Tpu pecaTuneTus Haszaf TeMa CHUXEHUA PASMOAKTUBHOCTU TAXENbLIX ALEP U OCKON-
KOB A€NeHUs NyTeM TpaHCMyTauumn 6bi1a o4eHb nonynspHoi. CyTb TpaHCMyTaLMK 3aKI0-
yaeTcs B 00/ly4eHUM PafMOAKTUBHBIX MaTepUasoB B peakTopax (cneunanbHeix u (unu)
JHEpreTnyecknx). B pesynbtate 0byyeHns Taxenble sApa NPeBPaLLAlOTCA B OCKOJKM
AeNEeHUs, KOTOpble, NOTNOWAs HEMTPOHbI, MOTYT CTaTb CTAOMNbHBIMU MO0 KOPOTKOXMBY-
wumn. TpaHCMyTaLMUsA OCKONKOB [leNIeHMA Hala OTPaXKeHMe BO MHOTUX Ny6GanKaumusx,
0630pax, ceMMHapax 1 KoHdepeHuuax. Manas ux yactb oTpaxeHa B [1 — 8].

Mo TpaHCMyTaLMM OCKONKOB fefieHns Oblnn NosyyYeHbl cnepytole 0CHOBHbIe (N0 MHe-
HUWIO aBTOPOB CTaTbW) Pe3yNbTaThbl:

— TpaHcmyTauus PAO MoxeT ObITb peann3oBaHa, NOCKOJbKY B LEMHON peakuuu fene-
HUA UMEEeTCs 3anac «IUWHUX» HEWTPOHOB [2, 4 — 6];

— YCJOBUAM TPAHCMYTaL MK B COBPEMEHHbIX YCI0BUAX (CKOPOCTb NOTOWEHUA Hel-
TPOHOB NpU 06/Ty4EHNUU [OMKHA 3aMETHO NPEBOCXOAUTL CKOPOCTb PaAMOAKTUBHOIO pac-
naja) COOTBETCTBYIOT BCErO INWb OKONO JeCATKA OCKONKOB fenenus [2, 3,5, 7];

— A 3aKNI0YEHNA O Lenecoobpa3HOCTM TPaHCMyTaLMKM OCKOIKOB fieNleHUs Heobxo-
LMMO YYUTbIBATb BEPOATHOCTb BbIXOAA PAAMOAKTUBHbLIX MPOLYKTOB B OKPYKAILLYI Cpe-
LY, PAAMOAKTUBHOCTb lOYEPHUX HYKAMAoB [3, 8].

B 6osee no3aHMx nybanKkaymax cnepyet oTMETUTb 3KCNEpUMEHTaNbHOE U3yyeHue
BbIXXUFaHUA ABYX AONTOXMBYLWMX HYKNUAOB TexHeuns v inopa [9, 10].

B pabote npoBefeHbl pacyeTbl KO3 HULMEHTOB TPAHCMYTALUYN HE A8 OTAENbHbIX
HYKNMLO0B, @ ANl BCEX OCKONKOB AeNieHns (B TOM Yyucie U gas CTabuibHbIX, MOCKONb-
Ky ManoBepOATHO pa3feneHne pagMoaKTUBHbLIX U CTAOUIbHbIX OCKONIKOB feNeHns).
Mpu 3TOM NoNEe3HO MCNONb30BATh NPEJIOKEHHbIN B paboTe [8] KO3 hULMEHT TpaHC-
MyTauuu &, KOTOpbIi onpefeneH Kak OTHOWEHWE PaAMOAKTUBHOCTU HYKIMAO0B (B Npo-
Llecce TpaHCMyTaLMK M NOCNEe ee OKOHYAHUA) K PafMOAKTUBHOCTU 3TUX XKe HYKNULO0B
6e3 TpaHCMyTaLUMUu. ITO OTHOWEHME 3aBUCUT OT BPEMEHU U MOXKET ObiTb 6oNbLIE efu-
HULbl (TPAHCMYTALMA BpefHA) N MeHble efuHULbI (TPAaHCMyTaLKUA nonesHa). 3aBu-
CMMOCTb KO3 ULUMEHTA TPAHCMYTALUN B QYHKLUM BPEMEHU HOCUT «OUNONAPHBINY
OTHOCUTENbHO eAuHULbl XapakTep. [03TOMy BO3HMKAET nNpobaemMa — MOXHO Nn B
pe3ynbTaTe TPAHCMYTALUM KCEFOAHA» JONYCTUTb YBENNYEHNE PALMOAKTUBHOCTH, 4TO-
Obl «3aBTpa» ObINO ee CHUXKEHME.
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UCXOAHDbIE AAHHbIE

[Insa TpaHcmyTauum G6bin BbIOPAH COCTAB OCKONIKOB AeNeHuns B Konuyectse 830-Tu
HYKNUA0B, KOTOPbIA MOJlyYeH B pe3ynbTate MOAeNNpoBaHua Ha komnnekce MCU-PTR
[11] BbIrOpaHus B TeyeHue Tpex net c6opku 439GT (tun TBCA) pna BBIP-1000 [12].
B nanbHeilwem MoAenupoBanock 0byyeHne 3Toro Habopa 0CKONKOB ieNIeHUs B HEM-
TPOHHOM NMOTOKe C ucnonb3oBaHuem nporpammbl ORIGEN2 [13].

Mporpamma ORIGEN2 umeeT cBOI KOHCTAHTHYO 6a3y OfHOrPYNMNOBbIX CEYEHMIT ANs
TUMOBLIX CMIEKTPOB TEMJIOBOrO U GbICTPOro peakTopoB. PacyeT npon3Boanics Ha ro-
MOTeHHO MOJe/In C NPOCTPAHCTBEHHO-OAHOPOAHbBIM MOTOKOM HEMTPOHOB M 6e3 yyeTa
3hhekToB 610KUPOBKM ceyeHmil. No3ToMy pacyeTsl KO3 ULUEHTOB TpaHCcMyTaLuK &,
HOCAT NPUOGNMKEHHbI XapaKTep.

PacueT npoBoanacsa Ans ABYX CNEKTPOB HENTPOHOB — GbICTPOro peakTopa
(@ =3.65-10%% c"'-cm~?) n Tennosoro peaktopa (® = 3.65-10% c~1.cm~?).

PE3Y/IbTATbI PACHETOB KOO®®ULUEHTOB TPAHCMYTALIUK

MopenupoBaHue 061y4eHUA OCKONKOB AeNleHNs BbIMOJHEHO ANA TPEX AUTENbHO-
cTeit BbigepxKM nocne Bbirpy3ku 0[] u3 peaktopa: 6e3 soigepxku 0[] nepen o6ny-
yeHueM; C BbIAepxKoi yeTbipe roga Ol nepen o6nyyeHnem; ¢ BblAepKKoN nepes 06-
nydeHuem 30 net. [1na Kaxzoro u3 3TMX BapMaHTOB BPEMA HeMpepbIBHOro 06ayye-
HMA B MOCTOAHHON NNOTHOCTU NOTOKA HETPOHOB 06Jy4YeHUA COCTABNANO TPU roaa
n 15 ner.

Ha pucyHkax 1 — 4 noka3aHbl 3aBMCMMOCTM OT BpeMeHU K03dULNeHTOB TpaHC-
MyTauum &, AN TENNOBOTO U GbLICTPOro CNEKTPOB HEMTPOHOB. [lns HarNsgHOCTM Bpe-
MeHHble NorapudmMmUyecKkne WKanbl CMelWeHbl TaK, YToObl Ha4yano 06NyyeHns HaunHa-
NI0Cb NpY O MHAKOBOM BPEMEHM MpPYU BCEX BbIAEPKKax 06yyeHus, pasHom 0.04 roga.

BbiBOAbl U OBCYXAEHUE PE3YJIbTATOB

PaccuutaHHble KO3t ULMEHTbI TPAHCMYTALMM OKA3aUCh 3aMETHLIMMU TOJIbKO BO Bpe-
MS HAaX0XAEHUS OCKOJKOB leleHUs B peakTope: Ux 3HayeHua gocturaoTt 5 — 10 u 3a-
BUCAT TONbKO OT AJINTENIbHOCTU BbIAEPKKM OCKONKOB AeNeHUA nepes HayanoM TpaHc-
MyTauuu. Yem piutenbHee BbIAEPIKKA, TeM 60Mblie 3HaYeHne Ko3ahhuumueHTa TpaHCcMy-
Tauuu. 3To, CKOpee BCEro, KOppenupyeT ¢ fonei cTabunbHbIX OCKONKOB fieNIeHuns, KO-
Topas npu Bbigepxke 30 neT cocTaBnseT 0Kkono 85%, a Npu HynNeBON ANUTENBHOCTH
BbIAEPIKW — BCEro Nulb okono 15%. lNocne n3pneyeHna 0CKONKOB AeNeHUa U3 Heil-
TPOHHOTO MOTOKA KO3 dULMEHT TpaHCMyTaL MM B TeYEHME HECKONIbKUX NIeT CHUXKaeTCA
[0 eAnHnLbI. Elge Yyepes coTHIO NeT nocne 06y4yeHUs B CNEKTPe HENTPOHOB TEMI0OBO-
ro peakTopa Ko3@duumneHT TpaHcmyTauun cHuxaetcsa fo 0.5 — 0.8. lNpwu atom yeTko
NPOCMATPUBAETCA TEHAEHUNSA — YeM inTenbHee 06yyeHrne, TeM 6oblue BbIUTPbLILW B
pe3ynbTate TpaHCMyTaLUUK.

Mocne 06y4eHns B CNEKTpe HETPOHOB BbICTPOro peakTopa B MHTepBane 100 — 800 net
HabnoaaeTcs HeboNbILIOI POCT KO3 dULMEHTA TpaHCMyTaLMM 10 3HaYeHnin 1.2 — 1.8 1 3a-
TeM nocie TbiCAYN NET CHUMXKeHMe [0 3HaveHuin 0.9 — 0.7. cToYHMKOM yBeNMYeHns Koad-
(ruMeHTa TpaHCMyTaLMKM OKa3blBaeTCs 151Sm ¢ 3aMeTHbIM BKNaZOM B PaM0aKTUBHOCTb NOC/E
200 net. B6nu3u 500 net copepiaHue 3toro usotona B Of], 06/1y4eHHbIX B ObICTPOM
CNEKTpe, B 4.4 pa3a bonbwe, yem y O[], Haxoasawmxca B xpaHunuue 6e3 obnyyerus,
a Bkniaf B obuyyto aktueHocTb Ofl cocTaBnser 44,9%, Toraa Kak cpeam HeobnydeH-
Hbix O[] 1°1Sm gaet TonbKo 14.6%. [laHHbI 3 deKT He HabnloaaeTcs B ciydae 06-
nyyenus Ol B TennoBoM cnekTpe U3-3a 6OMbLIOTO CeYEHNU PaaMaLMOHHOTO 3axBaTa
151Sm (~ 1.2-10% 6apH) B TennoBoi 061aCTh IHEPTUM, YTO NPUBOAUT K MEHbLIEMY Ha-
konneHuto 131Sm B o6nyyaembix B Tennosom cnektpe 0[.
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MoapobHOE paccMOTPEHME NOJTYYEHHBIX Ppe3yNbTaToB NO3BOAET NoNarath, YTo cne-
LManbHoe BbXKUTaHNe OCKONIKOB [lefIeHNs He UMEeeT CMbICNa, MOCKOJIbKY He3HaUYUTeNb-
Hblil BLIMTPBIW B PaAMOAKTUBHOCTU He BoNlee YeM B iBa pa3a HaCTymaeT Yyepes Thicady
net. Kpome 10ro, BEpOATHOCTb BbIXOAA U3-MOL KOHTPONS NPU U3rOTOBAEHUN U 00NY-
YEHWUM OCKOKOB JiefieHUs 6oJblle, YeM NPU XPAHEHUU ITUX XKE OCKONIKOB AeNleHNs B
XPaHUINLLAX.

Bbiin caenaHbl oueHKkM K03t dULUNEHTOB TpaHCMyTaLMUW AN OCKONKOB fiefieHna noc-
ne 30-neTHEN BbIJEPKKM NPU YCIOBUM UX OTAENEHUA OT CTabUNbHBIX OCKONIKOB fiene-
HuA. B aTom cnyyae, Kak n cnefoBano oxupatb, nocne 1000 net koapdhuymeHT TpaHc-
MyTaLMM CHU3UACA [0 3HayeHuit 0,2 (B pe3ynbTaTe TpaHCMyTaLUM PafMOaKTUBHOCTb
CHM3MNAach B NATbL pas).
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Puc. 1. KoatuumeHT TpaHcMyTaLmMm isi OCKONKOB AEIEHNA NOCAE BITPY3KU WX 13 peakTopa: 1 — 6e3 BblAepKKy nepes obnyyeHrem;
2 — C BbIAEPKKON YeTbIpe rofa; 3 — C BblaepKoi 30 net (06/1yyeHne B TeYeHMe TPEX JIET B TEMIOBOM CNEKTPe HEMTPOHOB)
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Puc. 2. KoatuumeHT TpaHcMyTaLmMm [isi OCKONKOB ANIEHNA NOCE BITPY3KU WX 13 peakTopa: 1 — 6e3 BblAepKKy nepes obnyyeHrem;
2 — C BbIAEPIKKON YeTbipe rofa; 3 — C BblaepXKoi 30 neT (06/1yyeHne B TeYeHMe TPexX NeT B GbICTPOM CNEKTpe HEMTPOHOB)
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Puc. 3. KoathduuymeHT TpaHcMyTaumMm Ans 0CKONKOB fiefieHus nocie BbIrpy3KM UX U3 peaktopa: 1 — 6e3 BbifepxKu nepep
06ny4YeHneM; 2 —c BbIAEPKKON YeTbipe roAa; 3 — C BbifepxkKoit 30 net (06nyyeHne B TeyeHue 15-Tu NeT B TEMNOBOM
CneKTpe HeTPOHOB)
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Puc. 4. KoadduumeHT TpaHcMyTaLuu A8 OCKONKOB ieNleHNs Nocae Bbirpy3Ku 1x U3 peaktopa: 1 — 6e3 BbliepxKu nepes
06nyyeHneMm; 2 —C BbIEPXKKON YeTbipe rofa; 3 — ¢ BbifepxKoi 30 neT (0baydyeHue B TeueHne 15-Tu NeT B ObICTPOM CeKTpe
HEeNTPOHOB)
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ABSTRACT

The radioactivity of discharged spent nuclear fuel (SNF) from the reactor during the
first hundred years is determined by fission fragments (FF), subsequently actinides
contribute the main to the activity of SNF. Actual scenarios for SNF management are
based on the transmutation of minor actinides (MA) into fission fragments in fast
reactors. The scenarios of transmutation of fission fragments in a thermal neutron
spectrum and fast neutron spectrum and the radiation characteristics as a function
of time are considered. The nuclide composition of the fission fragments is based on
results of modeling the burnup of the assembly 439GT (TVSA type) for VVER-1000 over
three years on the MCU-5 complex. The data obtained was used to determine the initial
composition of nuclides at different exposures before the initiation of transmutation
(irradiation in neutron fluxes) for the ORIGEN2 program.

Three possible ways of irradiation of fission fragments are given: transmutation
without cooling, cooling of fission fragments for four years before irradiation, cooling
for 30 years before irradiation. The duration of irradiation was chosen equal to 3 and
15 years. Transmutation efficiency is determined by a time-dependent «coefficient
of transmutation» equal to the ratio of radioactivity of nuclides in the process of
transmutation and after its termination to their radioactivity without transmutation.

The coefficients of transmutation were noticeable only during irradiation in the
reactor: their values reached 5 — 10 and depended on the duration of the fission
fragments cooling before the beginning of transmutation. After the extraction of
fission fragments from the neutron flux, the coefficient of transmutation was reduced
to one within several years. A hundred years after irradiation in the thermal neutron
spectrum, the coefficient of transmutation is reduced to 0.8 - 0.5, depending on the
duration of the transmutation process. After irradiation in the fast neutron spectrum
in the interval 200 — 1000 years, a slight increase in the transmutation coefficient to
values 1.2 — 1.8 is observed and then after a thousand years decrease to values of
0.9 -0.7.

The main conclusion is a special burning of fission fragments does not make sense,
because non-significant gain in radioactivity (a little less than double) comes after
the thousand years.

The indifference of fission fragments to transmutation can be explained by the
fraction of stable nuclides, which increases with the duration of storage of fission
fragments. After the end of the cycle of fuel use, there are approximately 15% of
stable nuclides among the fission fragments, and after thirty years of aging, the
amount of stable isotopes reaches 85%.

Key words: fission products, transmutation, transmutation coefficient, radioactivity.

REFERENCES

1. Mukaiyama T., Gurji Y. Characteristics of minor actininides transmutation in minor
actinide burner reactors and power reactor. First OECD/NEA Information Exchange

124



M3egecTuna Bysos * ApnepHaa sHepretmnka * Ne2 » 2017

Meeting on Actinide and Fission Product Portioning and Transmutation. Mito City
(Japan); Nov6—8,1990; pp. 326-346.

2. Salvatores M. The physics of transmutation for radioactive waste minimisation. The
FredericJoliot summerschoolinreactor physics. Cadarache, France, August 1998.

3. Kazansky Yu.A, Dudkin A.I., Klinov D.A. Transmutacija: moda ili neobhodimost’?
[Transmutation: fashion or necessity?] Izvestiya vuzov. Yadernaya Energetika. 1993, no. 1,
pp. 65-69 (inRussian).

4. Gay E.V., Ignatyuk A.V., Rabotnov N.S., Shubin Yu.N.. Koncepciya obrashcheniya s
dolgozhivushchimi yadernymi othodami [Concept treatment of long-lived nuclear waste
management]. Izvestiyavuzov. Yadernaya Energetika. 1994,no. 1, pp. 17-21 (in Russian).

5. Shmelev A.N., Apse V.A., Kulikov G.G., Morin D.V., Novikov A.E. O transmutacii
dolgozhivushhih produktov deleniya v yadernyh ustanovkakh [On the transmutation of
long-lived fission products in nuclear facilities]. Izvestiya vuzov. Yadernaya Energetika.
1994,no0. 1,pp. 30-37 (in Russian).

6. SlessarevI.,Salvatores M. The potential of nuclear transmutation: «neutron economics» of
critical reactorsand hybrids. Proc. of the International Conference on Evaluation of Emerging
Nuclear Fuel Cycle Systems. Versailles (France); Sep 11-14 1995, v. 1, pp. 482-488.

7. KrivitskiIl.Yu. Actinide and Fission Produuct Burning in Fast Reactors with a Moderator.
Proc. of the Int. Conf. On Future Nucl. Syst. GLOBAL-99. USA, Jackson Hole, Wyoming. Aug
29-Sep31999.

8. Kazansky Yu.A, Klinov D.A. Effektivnost’ transmutacii oskolkov deleyniya
[Transmutation Efficiency of Fission Fragments.] Izvestiya vuzov. Yadernaya Energetika.
2000, no. 4, pp. 38-46 (in Russian).

9.Yang W. S.,Kim Y., Hill R. N., Taiwo T. A. and Khalil H. S. Long-Lived Fission Product
Transmutation Studies. Nuclear Science and Engineering. 2004,v. 146, pp. 291-318.

10. Kun Liu, Hongchun Wy, Liangzhi Cao, Yougi Zheng. Studies on LLFP transmutationin a
pressurized water reactor. Journal of Nuclear Science and Technology. 2013, v. 50, no. 6, pp.
581-598.

11. Gurevich M.I., Shkarovsky D.A. Raschet perenosa nejtronov metodom Monte-Karlo po
programme MCU [Calculation of neutron transport by the Monte Carlomethod according tothe
programof the MCU]. Moscow. NRNU MEPhIPubl.,2012. 154 p. (inRussian).

12. Lotsch T., Khalimonchuk V., Kurchin A. Proposal of a benchmark for core burnup
calculations of a VVER-1000 reactor core. AER Symposium on VVER Reactor Physics and
Reactor Safety; Varna (Bulgaria); Oct 21 -252009; p. 57.

13. Croff A.G. A User's Manual for the ORIGEN2 Computer Code. Oak Ridge National Lab., TN
(USA). July, 1980; 196 p.

Available at: https://inis.iaea.org/search/search.aspx?orig_q=RN:11560149 (accessed
02.02.2017).

Authors

Ivanov Nikolay Vital'evich, PhD Student
E-mail: ivanovnik100@gmail.com

Kazansky Yurij Alekseevich, Professor, Dr. Sci (Phys.-Math.)
E-mail: kazansky@iate.obninsk.ru

Karpovich Gleb Vladislavovich, Postgraduate Student
E-mail: gleb3452006@rambler.ru

125



