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AT THE LABORATORIES OF JINR

M. I Kaowixos, C. H. Tiomiwonnukos, B. H. @ypman, B. B. Yunan

«IHeprus IJIKC TPAHCMYTALUM):
siiepHasi JHEPreTUKa — HaCTosIIee U Oynyuiee

Co BpemeH co3nanust OUAN snexrposaepHast TeMaTH-
Ka 3aHUMaeT Ba)KHOE MECTO B TUIAHAX UCCIEI0BaHUM, IPO-
BOJMMBIX (PM3UKAMU Pa3IMYHbIX JJabopaTopuii IHCTHTYTA.
OKCIEPUMEHTHI 110 U3yUCHHIO PA3MHOKEHUSI HEHTPOHOB B
MacCCHBHBIX MHUIMICHSX W3 TSDKEIBIX 3JIEMEHTOB BBITIOJHS-
muck Ha mydkax ¢azorpona JIAIT (P.I. Bacmibkos,
B. . Tonppanckuit), cuaxpodazorpona JIBD (K. 1. Ton-
ctoB, b. A. KymakoB, mpoekt «DHeprus») u HyKJIOTPOHA
JI®BD B pamkax HIMPOKOH MEXKIyHAPOIHOH KoJutabopa-
1 «OHeprus Iioc TpancMytanus» (M. U. Kpusomyc-
ToB). CyIIeCTBEHHBI! BKJIaJ B KOMIBIOTEPHOE MOJAEIHPO-
BaHME INPOIECCOB B JIEKTPOSIEPHBIX CHCTEMax ObLI BHeE-
cen yuensiMu JIUT (JIBTA) (B.C. bapamenkos). K
HACTOSIIEMY BPEMEHHU SKCIEPUMEHTHI IO AIEKTPOSAEPHON
TEeMaTHKe, IPOBONMbIC Ha MOJCPHH3HUPOBAHHOM YCKOpPH-
tene HykioTpoH-M JI®BD, o6bequnsaroT ¢pusukos JIOBI,
JIHO®, JIAIL, JIUT, npeacraBuTeneil JecATH CTpaH-ydacT-
Hur OMSU, a Takke ISTH COTpygHHYArOMmMuX ¢ MHCTHTY-

ToM ctpaH (ABctpamus, [epmanms, ['penms, Mamus u
Cepbus). U Takoif HEeM3MEHHBIN HHTEPEC K TaHHBIM HCCIIe-
JIOBAaHWUSAM TIPEJICTABISIETCS HE CIIyYailHBIM, €CIH 3aIy-
MAaTbCs O TOM, YTO AJIBTEPHATHUBLI SIAEPHOM SHEPTeTHKE KAk
B Onmkaiiime JecsATUIeTHsI, Tak U B 0003puMOM OymyIiem
He cyuiecTyer [1].

TpaauuuoHHAs aTOMHAs YHEPreTHKA, OCHOBAHHAS Ha
MCIIOJIb30BaHUH B KaueCTBE TOIUIMBA ypaHa, 000raiieHHO-
ro n3otorom 235U wim 239Pu, mo3Bonmia Obl, B MPUHILINIIE,
PCIIUTh SHEPTETUYCCKUE TPOOICMBbI YeIoBeYeCTBa (IIpH
YCIIOBHHM peali3alliil PaCIIUPEHHOTO BOCIIPOHM3BOICTBA
TOILIUBA), €CIIU OBl yAaJIOCh CBECTH K MUHUMYMY BEPOST-
HOCTbH aBapHii C BEIOPOCOM PaJHOAKTHBHOCTH B OKPYIKAFO-
IIYIO0 Cpemy, a TaKKe CO3JaTh MPUEMIIEMYI0 TEXHOJIOTHIO
epepaboTKH U yTHIN3AINHA OTPAOOTAHHOTO SIIEPHOTO TO-
mmBa (OST) u ToNTOBpEeMEHHOTO XpaHEHHS BBICOKOAK-
THUBHBIX PaIHOaKTUBHBIX 0TX0A0B (PAO).
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«Energy plus Transmutation»:
Nuclear Power — the Present and the Future

Since the foundation of JINR the electronuclear sub-
jects have occupied an important place in plans of the re-
search performed by physicists at various laboratories of
the Institute. Experiments on studying neutron multiplica-
tion in massive targets from heavy elements were carried
out on beams of the synchrocyclotron of the LNP
(R. G. Vasilkov, V. I. Goldansky), the synchrophasotron of
the LHE (K. D. Tolstov, B. A. Kulakov, the project «Ener-
gy») and the Nuclotron of the VBLHEP within the limits of
a wide international collaboration «Energy plus Transmu-
tation» (M. 1. Krivopustov). The essential contribution to
computer modeling of processes going in electronuclear
systems has been brought by scientists of LIT (LCTA)
(V. S. Barashenkov). By this time, experiments on the elec-
tronuclear topics carried out on the modernized Nuclo-
tron-M of VBLHEP bring together physicists from
VBLHEP, FLNP, DLNP, LIT, representatives of ten JINR
Member States and also five countries co-operating with
the Institute (Australia, Germany, Greece, India, and Ser-
bia). And such interest in this topic does not seem an inci-
dental one if one reflects that alternatives to nuclear power

in the next decades and in the foreseeable future do not ex-
ist [1].

The traditional atomic power based on use of natural
uranium as fuel, enriched with an isotope 235U or 239Pu,
would allow one to solve, basically, power problems of
mankind (under condition of the expanded reproduction of
fuel), if it were possible to reduce to a minimum the proba-
bility of incidents with radioactivity emission into environ-
ment and also to create comprehensible technology of
processing and recycling of the used nuclear fuel (UNF)
and long-term storage of highly active radioactive waste
(RAW).

In immediate prospects, using traditional reactor tech-
nologies, not capital expenses but those on the recycling of
UNF, maintenance of nonproliferation mode and for a con-
clusion from operation of the blocks which have fulfilled
the resource will be the basic expenses in atomic power sta-
tion life cycle. It will lead to an unreasonable rise in price of
energy and can essentially slow down world economic de-
velopment. Another key problem of traditional atomic po-
wer is limitation of 235U stocks — in its power equivalent
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B Ommkaiiieit mepcrekTuBe Mpy UCTIOIB30BaHUH TPa-
JUIHNOHHBIX PEAKTOPHBIX TEXHOJIOTHH OCHOBHBIMH 3aTpa-
TaMu B )kn3HeHHOM nukiie ADC OynyT He KanmuTaIbHEIC 3a-
Tparsbl, a pacxoas! Ha obpamenue ¢ OST, obecrieuenue pe-
KHMMa HEPacIpOCTPAHEHHsS M BBIBOJ U3 3KCILUTyaTalluu
0JI0KOB, OTPabOTABIINX CBOM pecypc. DTO MPUBEAET K He-
MOMEPHOMY YIOPOXKaHHIO YHEPTHH U MOYKET CYIIECTBEHHO
3aMeUINTh MUPOBOE IKOHOMHUYEcKoe pa3BuTHe. Emne ox-
HOW KJIIOYEBOW MPOOIeMO TpaANIIHOHHOI aTOMHOH Hep-
TeTUKH SIBJISIETCS] OTPAHUYEHHOCTD 3a1acoB ypaHa-235 —B
9HEPTreTHYECKOM IKBUBAJICHTE €r0 He OoJblle, 4eM He(TH
7 Ta3za [l], mosTOMy TOBOPUTH 00 ATOMHOH JHEPreTHKE,
OCHOBAHHOH TOJIKO HA 00OTAIIEHHOM ypaHe, KakK O IMOJHO-
LICHHOW aJIbTePHATHBE OPTaHMUECKOMY TOILIIMBY, TI0 MECHb-
el Mepe, HEKOPPEKTHO.

MexyHapOJHbIM areHTCTBOM I10 aTOMHOM 3Hepruu
(MATATD) Obutn BbIpaOOTaHBI CIEAYIONINE OCHOBHBIC
TpeOOBaHMS K HMIMPOKOMACIITAOHOW SJIepHON DHEPreTHKE:
1) Hanu4Me 3amacoB CHIPhS IJISI POU3BOJICTBA SEPHOTO
TOIUIMBA HA COTHH JIET; 2) SKBUBAJICHTHOCTh KOJINYECTBA
JOOBITON M3 3eMiM PagHoaKTHBHOCTH U PaJMOAKTHBHO-
CTH, 3aXOPOHEHHOH B Hel, 00pa3oBaBIIecsl B pe3yibTaTe
paboter ADC; 3) obecrieueHNe YCIOBHH, TapaHTHPYOITIX
HEpacIpoCTpaHEeHHE SACPHOTO OpPYXKUs; 4) €CTCCTBCHHAS
0€301aCHOCTh YCTAaHOBOK C SIZICPHBIM TOIUTHBOM.

YcnoBuem, onpenesnstomnm, ObITh HITH He OBITH MIHPO-
KOMACIITaOHO! SIIEPHOI PHEPTETHKE, SBISIETCS BBHITTOITHE-
Hue 1-ro rpeboBanuss MAI'ATD. JleiicTBUTENBHO, €CITH HET
COOTBETCTBYIOIIHX 3aMIaCOB CBIPbS, TO HET U MPEAMETa IS
obcyxnenus. Ha 3emie UMEIOTCSI 3HAYUTENbHBIC 3aIachl
ypana-238 u Topus-232, KOTOpPbIE MOTEHIIUAIBHO MOTYT
obecreunTh Bce YHEPreTHIecKre NOTPEOHOCTH YesIoBeye-
CTBa B TEUCHNE HECKOJIBKHX THICSY JIeT. OJJHAKO B TpaHIIU-
OHHBIX PEAKTOpPax OHHM MPAKTHYECKH F'OPETh HE MOTYT.

AJBTEpHATUBHBIM CIOCOOOM TOJYYCHHS AaTOMHOMU
SHEPTHUH MOXKET CIY)KUTh HCHOJB30BAHHUE YIPABISIEMbIX
YCKOPUTENIEM HMOAKPUTHYECKHX PAa3MHOXKAIOIIUX CHUCTEM,
HasbIBaeMbIX B Poccum snextposinepHbiMu [2]. AHDIHii-
ckast abOpeBrarypa KJIaCCHYEeCKHX JJIEKTPOsJIEPHBIX ycTa-
HOBOK — ADS (Accelerator Driven Subcritical) cucteMsr.

Wpnes BepBbie OblIa BhICKa3aHa BO BpeMeHa OypHOTO
pa3Butus Gusuku yckopureiei eme B 1950-¢ rr. OngHako
10 Psily IPUYUH, B TOM YHCJIE U TEXHOJIOTHYECKOTO XapaK-
Tepa, Ha IPAaKTHKE OHA peajn3oBaHa He Obua. K Hell Bep-
HYJHCh CYIECTBEHHO MO03ke — B Hauane 1990-x rr, Ha
BOJIHE OCMBICJICHUS IPUYHH M TOCIeACTBIH YepHOObUIB-
CKOM aBapuu. B 3TOH TEXHOJIOIMM MPOTOHBI C DHEPrUeH
okouio 1 I'3B oGmydatot MutieHs u3 Tshxenoro Metama (Bi,
Pb), Haxomsamiyiocss B IICHTPE MOAKPUTHUECKOW aKTUBHOM
30HBI, B PE3YyJIBTATE YETO POKAAIOTCS OBICTPBIC HEHTPOHBI.

no more than oil and gas [1]; therefore, to speak about the
energy production based only on enriched uranium as about
high-grade alternative to organic fuel is at least incorrect.

According to the International Atomic Energy Agency
(IAEA), the large-scale nuclear power should meet the fol-
lowing basic requirements: 1) presence of stocks of raw
materials for manufacture of nuclear fuel for hundreds of
years; 2) equivalence of quantity of the radioactivity ex-
tracted from the Earth and radioactivity buried in it, formed
as a result of work by the atomic power station; 3) mainte-
nance of the conditions guaranteeing nonproliferation of
the nuclear weapon; 4) natural safety of installations with
nuclear fuel.

The issue that defines if large-scale nuclear power is
«to be or not to be» presupposes the fulfillment of TAEA re-
quirement 1. Really, if there are no corresponding stocks of
raw materials there is no subject for discussion. On the
Earth there are considerable stocks of uranium-238 and
thorium-232 which can potentially provide all energy
needs of mankind during several thousand years. However,
in traditional reactors they practically cannot burn.

An alternative way to produce atomic energy is to use
accelerator-driven subcritical multiplying systems, named

(22

in Russia electronuclear [2] ones. An English abbreviation
of classical electronuclear installations is an ADS (acceler-
ator-driven subcritical) system.

The idea has been proposed for the first time at the peri-
od of active development of accelerator physics in the
1950s. However, for some reasons, including technological
ones, in practice it has not been realized. It has returned es-
sentially later — in the early nineties, on a wave of evalua-
tion of the reasons and consequences of the Chernobyl acci-
dent. In this technology protons with energy about 1 GeV
irradiate a target from heavy metal (Bi, Pb), being in the
centre of a subcritical active zone where fast neutrons are
born. Neutrons cause fission of the active zone material (U,
Pu) and the heat produced by this process allows producing
energy. Such a system is safely operated. And by that it nat-
urally satisfies requirement 4 of [AEA.

Research of physical aspects of an electronuclear way
of energy production is actively conducted today in labora-
tories of many scientific centres of the world, including the
USA, Germany, France, Sweden, Switzerland, Japan, Rus-
sia, Belarus, China, India, etc. Large national projects aim-
ed at development of demonstration prototypes of indus-
trial ADS systems in Japan (JPARC), the USA (RACE) and
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Hefitpons! Be3sBatoT aeneHune Matepuana (U, Pu) aktus-
HOH 30HBI, TEIJIOCHEM C KOTOPO MO3BOJISET IPOU3BOJUTH
sHepruto. Takas cucTeMa JIETKO U 0e30I1acHO yTpaBisieMa.
N Ttem campiM ynmoBieTBopsieT 4-My TpeOGOBaHUIO
MATATD.

HccnenoBanus (pU3UYECKUX ACIEKTOB JJICKTPOSIICP-
HOTO cItoco0a MOTYYCHHUsI SHEPTHH CETOIHS aKTUBHO IIPO-
BOJIATCS B 1a00paTOPHUSIX MHOTUX HAyYHBIX [ICHTPOB MUPA,
B ToM uucie B CIIA, I'epmanuun, ®panuuu, lIsenun,
Iseitnapuu, Anouunu, Poccun, benopyccuu, Kurae, Un-
Jun u 11p. OCYIIECTBIIIOTCS KPYITHBIC HAITMOHATBHEIC TTPO-
€KTBI CO3ZIAHHS JIEMOHCTPAIIMOHHBIX TIPOTOTHIIOB ITPOMBI-
nuteHHbIX  ADS-cuctem B SAnonmm (JPARC), CIIIA
(RACE) u coBmecTHbIii eBpomneiickuii mpoekt EURO-
TRANS. B Poccuu psig uccnenoBanuii ¢ o0aydeHueM Ma-
JIBIX MUIICHEW Ha MPSIMBIX MPOTOHHBIX My4YKax BEIETCS B
UTO®. DxcriepuMEHTHI ke C JOIT0KUBYIIUMH OCKOIKAMHU
JIeJICHUsI 1 TPAHCYPaHOBBIMU MHIIICHSIMH KaK Ha TPSIMBIX
My4Kax, Tak ¥ B MOTOKaX UCIAPUTENbHBIX HEUTPOHOB IIPO-
BOAMIKCH TOJIbKO B OMSIU, KOTOPBIH 311€Ch SIBIISIETCSI JIHJ1e-
poM. DTu paboTHI IO U3YYCHUIO TPAHCMYTAIIHH JTOJITOKH-
BYILMX OTXOJIOB, B HEPBYIO ouepens 291 u Mmagmmx akTu-
HUJI0B 237Np, 238’239Pu, 241Am, B TEUEHUE psja
MTOCIICIHUX JIET MTPOBOIATCS B PaMKaxX ITUPOKOH MEXTyHa-
PpoIHO# Kosmaboparuu Ha noakpuTHdeckoit 233U/Pb ycra-

HOBKe «DHEPIHs ILTIOC TPAHCMYTaIHs» Ha MyYKax HyKJIO-
TpoHa JIOBD.

Pe3ynpTaTel TEOPETUYECKUX M IKCIIEPHUMEHTATbHBIX
uccienoBaHui kiaaccuaeckux ADS-cuctem BBISBHIIN PSij
UX CEepPhE3HBIX HEIOCTAaTKOB. /leno B TOM, 4TO cTapToBas
MOJKPUTUYHOCTh PACCMAaTPUBAEMbIX aKTHBHBIX 30H SIBIISI-
€TCs J0CTaTOYHO BBICOKOH (K 5~ 0,97+0,98) Omaronaps
BKJIIOUYCHHIO B HUX ypaHa-235 n/wmm maytonus-239. Ilo-
9TOMY CHEKTP HEUTPOHOB B aKTUBHOMU 30HE ADS-cuctembl
(opMupyercsi BOCHOBHOM HEMTPOHAMU JICJTICHUS U SIBIISET-
csl OJM3KKUM K PEaKTOPHOMY CHEKTpy. JKecTkas jke 4acTb
HEHUTPOHHOTO CIIEKTPa, 00pPa30BaHHOTO B MPOIECCE BHY-
TPHUAZEPHOTO KAaCKa/la, KOTOPBIH BBI3BIBACTCS PENIITHBHUCT-
CKUM IMYYKOM HHUIUHMPYIOIINX HPOTOHOB, JA€T OTHOCHU-
TEJIbHO MaJIbI BKJIAJ B IIOJIHBII HEUTPOHHBIM cniekTp. Ta-
KUM 00pa3om, rpu padote kiaccuueckoit ADS-cucremsl ¢
UCIIOJIb30BaHNEM B KauecTBe 0a30BOr0 Marepuaa akTHB-
HOM 30HBI €CTECTBEHHOIO ypaHa WM TOpHUS Hapsaly ¢
OCKOJIKAMHU JIeJIEHHsl 00pas3yloTcs IUIyTOHWH-239 wuim
ypaH-233, a Tak’ke€ MUHOPHBIE aKTHHH/IbI, KOTOPBIE OCII0XK-
HAIOT ympasieHue cucteMoil. Ilpu sTom mcnonb3oBaHue
JUISl «BBDKUTAHMSD) HapaOaThIBAEMBIX MHHOPHBIX aKTHHU-
JIOB KECTKOH YaCTH CIIEKTPa HEWTPOHOB CTAHOBHUTCS HEA(-
(DEeKTHBHBIM M3-3a OONBIIOTO BKJIA/A ACITUTEIHFHOTO HEH-
TPOHHOTO CIIEKTPA, BEAYLIETO K NX 00Pa30BaHMIO.

the joint European project EUROTRANS are carried out.
In Russia some studies of small target irradiation on direct
proton beams is conducted at ITEP, Moscow. Experiments
with long-lived fission products and transuranium targets
both on direct beams and in evaporation neutron fields
were carried out only at JINR, which is the leader in this
area of investigation. The work on studying a transmutation
of long-living radioactive waste, first of all, 12°T and minor
actinides 237Np, 238.239py, 241 Am, has been conducted in
the last few years within the framework of a wide interna-
tional collaboration on the basis of the subcritical 238U/Pb
setup «Energy plus Transmutation» with beams of the
VBLHEP Nuclotron.

Results of theoretical and experimental research of
classical ADS systems have revealed a number of their seri-
ous drawbacks. The matter is that the starting subcriticality
of the considered active zones is high enough (k g~
~0.97+0.98), thanks to inclusion of 235U and/or 239Pu into
them. Therefore, the spectrum of neutrons in such an active
zone of the ADS system is formed basically by fission neu-
trons and is close to the reactor spectrum. The high-energy
part of the neutron spectrum formed in the course of the in-
tranuclear cascade, which is caused by a relativistic beam

of initiating protons, gives rather small contribution to the
full neutron spectrum. Thus, the work of the classical ADS
system using as a base material an active core of natural
uranium or thorium gives rise to 23%Pu or 233U along with
fission products as well as minor actinides which compli-
cate management of the system. Thus, the use of high-ener-
gy («rigid») part of a neutron spectrum for «burning out»
minor actinides becomes inefficient because of the domina-
tive contribution of the fission neutron spectrum leading to
their formation.

Recently on the basis of experimental and theoretical
studies of different years, carried out in some Russian sci-
entific centres including JINR [3-5], a fundamentally new
scheme of the nuclear relativistic technology (NRT) of en-
ergy production was proposed [6]. This scheme is based on
an effective utilization of a high-energy part of the neutron
spectrum formed in the course of irradiation of the deep
subcritical active zone with relativistic particles.

The idea of NRT is in return to a quasi-infinite active
zone of the natural or depleted uranium or thorium as was
proposed in papers on electronuclear breeding, executed in
different years at JINR [3, 5]. Such active zones are deeply
subcritical. As was shown by G. I. Marchuk in 1958 [7],
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HenaBHO Ha OCHOBE AKCIIEPUMEHTAIBHBIX W TEOPETH-
YECKHMX MCCIICIOBAHUM Pa3HBIX JIET, IPOBEICHHBIX B Psijie
Hay4yHBIX HeHTpoB Poccun, Brmovas OVSN [3-5], Obuta
MpeUI0KeHa MPUHIUINAIIBHO HOBas CXeMa SAepHON pens-
TuBHCTCKON TexHonoruu (SIPT) momydenus sueprum [6].
Orta cxema 6azupyercs Ha >PpPEKTHBHOM HCIIOIB30BAHUH
KECTKON 4acTH HEHTPOHHOTO CIEKTpa, 00pa3yromerocs B
mporiecce 00Iy4eHUs! ITyOOKO MOJKPUTHYHON aKTUBHOM
30HBI PEIATUBUCTCKUMHU YaCTUI[AMH.

Unest SIPT cocTout B Bo3Bpare K KBa3HMOCCKOHCUHOU
AKTHBHOW 30HE W3 MPUPOIHOro (00eTHEHHOT0) ypaHa HilH
TOpHS, KaK 3TO M Npearajoch B padoTax Io 3JIeKTpo-
SIIEPHOMY OpHJIMHTY, BBINIOJHEHHBIX B Pa3HbIE TOJbI B
OUSIN [3, 5]. Takue akTHBHBIE 30HBI INTYOOKO MOJKPUTHY-
Hbl. [ Y. Mapuykom emie B 1958 r. Ob110 nokasano [7], 4ro
TOJIBKO B ITyOOKO TIOJIKPUTHYHON CHCTEME MOYKHO TTEPEeUTH
K CHEKTPY HEHTPOHOB, KOTOPBIM OINpeaesieTcsl BHEIIHUM
UCTOYHUKOM, T. €. IOJY4UTh CYIIECTBEHHO D0JIee XKECTKUH,
110 CPAaBHEHHIO C JCIUTEIBHBIM, CIIEKTP HEUTPOHOB. DTO
MO3BOJISIET «CHKHUTAThy JUIsS TPOU3BOJCTBA YHEPTUU 0a30-
BBI MaTepua akKTUBHOW 30HBI — MPUPOAHBIN (00eIHEH-
HBII) ypaH WIH TOPUH — U OTHOBPEMEHHO HCIIOIB30BaTh
60pII01 HA0Op KOHKYPHPYIOMINX MEXIy COOOH HEyTpy-
TUX PEaKmuid UId [eled TPaHCMYyTalUu! JOJNTOKHABYIITIX

siep, o0pas3yIoMMXCsl B TPOIecce PadOTHI AIEKTPOsSAep-
HOM CHCTEMBI.

B cxeme SAPT npenmnosnaraercsi MOBBICUTH SHEPTHUIO
MIEPBUYHOTO  MPOTOHHOTO/NICHTPOHHOTO  My4yka 10
10+20 I'»B. DT0 M03BOMUT Ha MOPSIOK CHU3UTH Tpeldye-
MBbIH TOK YCKOPUTEIS IPU TOW e MOLTHOCTH ITy4Ka U 3Ha-
YUTEJIBHO IMOBBICUTH JJOJII0 SHEPT UM IIyUKa, HIYIYIO Ha Te-
HEpaIuio KECTKOTO HEWTPOHHOTO IOJIS B 00BbEME aKTHB-
HOW 30HBL. [loBbIIEHHME OHHEPTUM MMAJAIOUIEr0 ITyYKa
MMO3BOJIUT 3aJCMCTBOBATh BaKHBIM JOMOJHUTEILHBIN MeXa-
HU3M TIOBBIIICHUS KECTKOCTH HEUTPOHHOTO CIEKTpa —
Me30HooOpa3oBanue. [Ipu 3TOM, B OTJIMYKE OT KJIACCHYE-
ckux ADS-cuctem, cylecTBeHHO yHpPOMIAeTCsl pelIeHHe
Mpo0OJieM OKHA BBOJIA ITyYKa B aKTHBHYIO 30HY U OXJIaXKIC-
HUS HEUTPOHOIIPOU3BOASALLEH MUILICHH.

BaxHoii n BecbMa NpUBIIEKaTEIbHONW 0COOCHHOCTBIO
cxeMbl SPT sBiseTcss BO3MOMKHOCTb €€ HCIOJIb30BAHMS
JUIsl yTHIIN3AUK OTPabOTaHHBIX TETJIOBBIICISIONUX cOO0-
pok (TBC), comepkanux oTpabOTaHHOE SICPHOE TOTLIHU-
BO, 0€3 MX CIOKHOW pagMOXMMHUYECKOW mepepaboTku U
paszmenenust. JnurensHoe obOmydenue snemeHtoB TBC
JKECTKMM HEUTPOHHBIM cnekTpoM B SPT-cucreme 1mo3Bo-
JUT 00ECTICUNTh 3HAUUTEIBHOE CHIDKCHUE TONTOXKUBYIIEH
aktuBHOCTH OSIT 1 00BeMoB 3axopannBaeMbix PAO mpu

only in deeply subcritical system it is possible to obtain a
neutron spectrum which is defined by an external source,
i.e., to obtain it essentially more rigid, in comparison with
fission neutron spectrum. It makes it possible to «burn» a
base material of an active zone — the natural (depleted)
uranium or thorium, for energy production — and simulta-
neously to use the rich set of inelastic reactions competing
among themselves for a transmutation of the long-lived nu-
clides formed in the course of work of the electronuclear
system.

In the scheme of NRT it is supposed to raise energy of a
primary proton/deuteron beam to 10+-20 GeV. It allows us
to lower 10 times the demanded flux of the accelerator at
the same power of a beam and considerably to raise the
share of energy of the bunch, going on generation of a
high-energy part of neutron field within the volume of the
active zone. An increase of the incident beam energy allows
one to involve such an important additional mechanism of
increase of rigidity of a neutron spectrum as meson produc-
tion. Thus, unlike classical ADS systems, the solution of
problems of a window for beam introduction into the active
core and cooling neutron-productive target essentially be-
comes simpler.

______________________________}p

The important and quite attractive feature of the NRT
scheme is a possibility of its use for recycling exhaust fuel
element assemblies (FEA), containing the waste nuclear
fuel, without their difficult radiochemical processing and
separation. The long irradiation of FEA by a rigid neutron
spectrum in the NRT system will allow one to provide con-
siderable decrease in long-living activity of UNF and vol-
umes of the buried RAW, at essential increase of its techni-
cal and economic indicators.

Thus, by means of the proposed NRT scheme it is pos-
sible to satisfy all the four fundamental requirements of
TAEA to large-scale nuclear power, including those on non-
proliferation of the nuclear weapon and preservation of ra-
diating background of the Earth.

The analysis of physics and technical features, pros-
pects and technological readiness for realization of the
NRT scheme for power production and processing of UNF
carried out leans against rather convincing arguments [6].
However, it is based, appreciably, on extrapolation of avail-
able results of experimental and theoretical works [3—5]. It
is obvious that there are no enough data available today and
computation methods derived up to now for designing of
prototypes of plants based on this new scheme of an elec-
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CYIICCTBCHHOM
nokKa3aTejeH.

IHNOBBIICHUU €€  TCXHUKO-DKOHOMHYCCKHUX

Taxum 006pa3om, ¢ TOMOIIBIO MPEIOKEHHON cxeMbl SIPT
MIPUHIMITHAIBHO BO3MOYKHO BBIIIOJIHUTD BCE UEThIpe (yHI1aMEH-
tanbHbIX TpeboBanus MATATD k mmpokomaciiTabHOM sSAepHOM
SHEpPreTHKe, B TOM YHCIE MO0 HEPaCHpPOCTPAHEHUIO SJIEPHOTO
OPY)KHUSI K COXPAHEHHIO PaJHallHOHHOTO (hoHA 3eMITH.

[TpoBeneHHblid aHaIM3 (QU3MKO-TEXHUYECKHX OCOOEHHOC-
Tel, NEePCIEKTUBHOCTH U TEXHOJIOTMYECKOM TOTOBHOCTH K pea-
m3annu cxemsl SAPT s snepreruxu u nepepadorku OST onu-
paeTcst Ha BecbMa yOequTeIbHbIe apryMeHTHI [6]. OmHaKo OH B
3HAUUTEIBHOM Mepe OCHOBAH Ha HKCTPAIOJSIINU MMEIOIIUXCS
pE3yNIBTaTOB 3KCHEPHUMEHTAIBHBIX M PAcYeTHO-TEOPETUIECKUX
pabot [3-5]. O4eBHIHO, YTO HMEIONIIXCS K HACTOSIIEMY BpeMe-
HHU COBOKYIHBIX JaHHBIX M PACUYETHBIX METOAOB HEIOCTATOYHO
KaK JJIs POCKTUPOBAHUS TPOTOTUIIOB TIPOMBIIIIICHHBIX YCTaHO-
BOK Ha OCHOBE 3TOM HOBOW CXEMBbI 3JIEKTPOSIEPHOTO METO/A, TAK
U IS IPUHATHS COOTBETCTBYIOLINX YKOHOMUYECKH 000CHOBAH-
HBIX TIOJIUTUYECKUX PELICHUH.

Hmenno nostomy Ha 6aze OUSIU paspaboraHa KOMILIEKC-
Hasl IeJIeBas IporpamMma, UMEIoIas LENbl0 HKCIEPUMEHTAIIb-
HyI0 feMoHcTpanuio 3¢ dexruBrocTn cxemsl APT mist sepreTn-
YECKUX CHUCTEM, BKJItouas nepepadorky OAT. Bemmomaenue mpo-
TpaMMBbl IIPEATIONAracTcs OCYNIECTBUTh B pPaMKaxX IIHPOKOH
HayYHO-TEXHHYECKOH Koomepanuu B coctaBe: OUSAN (JIGBD,

tronuclear method, and for making economically well-founded
political decisions.

For this reason, on the basis of JINR the special programme
aimed at experimental demonstration of feasibility and efficien-
cy of the NRT scheme for power production systems, including
processing of UNF, is developed. The programme performance
is supposed to be carried out within the framework of wide scien-
tific and technical cooperation of JINR (VBLHEP, FLNP, DLNP,
etc.), CPTP «Atomenergomash» (Moscow), SSC RF IPPE (Ob-
ninsk), SPC «LUCH» (Podolsk), JIPNR-Sosny and IP of Belarus
NAS, and members of the international collaboration «Energy
plus Transmutation». The presence of positive experience of
teamwork, including long-term fruitful experiments of this col-
laboration at JINR, as well as the set of work executed at the ini-
tiative of CPTP «Atomenergomash» in 2008—2009 at JINR and
PINP RAS (Gatchina), allows us to hope for successful realiza-
tion of the planned programme of research. It is very important
that the exactly unique technical possibilities for performance of
planned experiments, namely, the working accelerator of rela-
tivistic particles Nuclotron, necessary stock of fissile materials,
and the adjusted measurement techniques at JINR are available.

Research on nuclear relativistic technology should become
one of the key links of the JINR innovative belt.

__________________________________}PN

JIH®, JIAII u gp.), HOTII «Aromduepromann» (Mo-
ckBa), [HI] P® ®BU (O6uuHCK), HITO «JIyu» (ITo-
noibek), ONDuAN «Cocusr» HAH benopyccun, UD
HAH Benopyccnn, a Takke ¢ IpUBICICHUEM YICHOB
MEXTyHapOAHOH Koyutaboparuu «HEeprus IUTI0C
TpaHcMyTanus». Hanndue monoKUTeIpHOrO OmbITa
COBMECTHOM pabOoThI, BKIIFOYasi MHOTOJIETHUE TLIOJI0-
TBOPHBIE OKCIIEPUMEHTBI 3TOW KOJUTadOpanmuu B
OUSIN, a Taxke KOMIUIEKC PaOOT, BBINOJHEHHBIX T10
WHHUIIMATUBE HOTII «ATOMIHEproMann B
2008-2009 rr. B8 OUAN u TTNAD PAH, nmo3sossitor
HAJICATHCS Ha YCICIIHYIO Pean3alnio HaMEICHHOMN
mporpamMmbl  uiccienoBanuid. OueHb Ba)XXKHO, HTO
nMeHHO B OMSM mMmeroTcs yHUKalbHBIE TEXHHUE-
CKH€ BO3MOYKHOCTH IS BBITIOJTHEHUS IIAHUPYEMBIX
9KCIEPUMEHTOB, & UMEHHO: paboTaromuil yCKOpH-
TeNb PENATHBUCTCKUX YACTHIl HYKJIOTPOH, HE0OXo-
JIIMBI HA0OP JIENISIINXCSl MATEPUAIIOB U OTPa0OTaH-
HbIE€ METOJIMKH U3MEPECHUM.

UccnenoBanus 1o siAEpHON  PENSITUBUCTCKOM
TEXHOJIOTHH JIOJKHEI CTaTh OJTHUM M3 KITFOUEBEIX 3BE-
HbEB MHHOBALIMOHHOTO nosica OMSIN.
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