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IHonkpurnyeckas coopka

HA MYYKaX PeJSATUBUCTCKHUX YACTHIL.
IIpukaagHbie HCCJIETOBAHUA HA MYyYKAX
THAXKEJIbIX HOHOB HYKJIOTPOHAa-M

B orneneHnn HaydyHO-METOOMYECKUX HCCIIEJOBAHUN
n uHHOBanwii Jlabopatopuu (QU3MKK BBICOKHMX 3HEpPruit
OUAN wommaboparust « IHEPTHSI + TPaHCMYTaIUs TIPO-
BOJMT HCCIIEIOBAaHNE TMOAKPUTUUECKON COOpKM Ha ITyd-
Kax peNTUBHCTCKUX YacTUl] Ha ycTaHOBke «KBuHTa».
Pa3zpabatpiBacTcss BapHWaHT SIEPHOW HHEPrEeTHUECKON
YCTaHOBKM, OCHOBAaHHOM Ha MCIIOJIb30BAHUU JOCTHKEHUI
PEISITUBUCTCKOM sIJIEpHOI (DU3UKH.

B 0OBMHOM SIEPHOM peakTope aTOMHOM AIEKTPO-
cranmmn (ADC) Herob3yercs 06orameH sl ypas 23U,
MOJIy4aeMbIil U3 IPUPOJHOIO ypaHa, B COCTaBE KOTOPOTO
99,3% 238U u 0,7% 235U. B TakoMm peakTope HCIOIb3y-
€TCs LENHAas peaKkuus JCICHUs 235U, B KOTOPOH BBbLACIIS-

eTcs PHeprus, TPaHC(HOPMHUPYIOMIASCS B TEIJIOBYIO U 3a-
TeM B anekTpuueckyro. Ha peanusanuu takoro croco6a
MOCTPOCHA COBPEMEHHAs! siiepHasi SHEPIreTHKa, KOTopas
XapakTepusyeTcs: 1) HCIONb30BaHHEM B KayecTBE snep-
HOTO TOPIOYETO JIETKOIENANINXCS MaTepuanos — >°U, a
B nepcrektupe 23°Pu u 233U; 2) paGotoit ¢ HelTpoHaMu
CTIIeKTpa JeleHus (CpemHsisi dHeprus crmektpa ~2 MbdB,
MakcumaibHas ~10 M»aB).

Bropoii crtocob momydeHus JHepTrui B COBPEMEHHOM
SJIEPHON PHEPTeTHKEe — 3TO pa3padaThIBacéMble KJIACCH-
YeCcKHe AIEKTPOsiIepHbIe dHepreTHyeckre cxeMmbl (ADS —
Accelerator Driven Systems), KOTOpbIe IPEICTABISIOT CO-
0011 MOAKPUTHUECKUI OBICTPBIH PEaKTOP C BHEIIHUM HC-
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Subcritical Assembly with Beams of
Relativistic Particles. Applied Research on
Heavy Ion Beams of the Nuclotron-M

The collaboration “Energy-+Transmutation” carries
out research of subcritical assembly with beams of rela-
tivistic particles on the Quinta setup at the Methodological
Research and Innovations Department of VBLHEP, JINR.
A variant of nuclear energy setup based on the use of rela-
tivistic nuclear physics progress is being elaborated.

In a usual nuclear reactor of the nuclear power sta-
tion, enriched uranium 235U obtained from natural ura-
nium consisting of 99.3% of 238U and 0.7% of 23U is
used. In such a reactor a 235U fission chain reaction takes
place. In this reaction the energy is used that is trans-
formed into the heat energy and then into the electrical
one. Modern nuclear power engineering is based on real-
ization of this method and it is characterized by: 1) using

easily fissile materials as nuclear fuel — 233U, and 23°Pu
and 233U in perspective; 2) working with neutrons of the
fission spectrum (average spectrum energy ~2 MeV,
maximum ~10 MeV).

The second way to obtain energy in modern nuclear
power engineering is the developed classic electronuclear
energy schemes (Accelerator Driven Systems, ADS) that
represent a subcritical fast reactor with an external source
of neutrons. The external source of neutrons is a neutron-
producing target limited in size, for instance, @20 X 60 cm,
located in the centre of the subcritical active zone. Into this
zone a narrow proton beam with energy 1 GeV from the
accelerator comes through the input. The starting subcriti-
cality of the active zone is in the range kg ~ 0.97 — 0.98,
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TOYHUKOM HEHTPOHOB. BHENTHMM UCTOYHMKOM HEUTPOHOB
SIBISIETCSl HEHTPOHOIPOM3BO/SIAST MUIICHb OTPaHUYCH-
HOTO pa3mepa, Hampumep, D20 X 60 cM, pazMerniaemas
B IICHTPE MOJKPUTHYCCKONH aKTUBHOM 30HBI, B KOTOPYIO
10 MPOTOHONPOBOAY Yepe3 OKHO BBOJA IMOCTYMHAET y3-
KU MpOTOHHBIN My4oK ¢ sHepruei 1 ['3B u3 yckopurens.
CTapTOBaH MOAKPUTUYHOCTD AKTUBHOM 30HBI HaxoguTcs
B Auamnas’oHe kg4 ~ 0,97—0,98 u obecneunBaercs «3a-
ManbHBIM» YpaHoM-235. B pe3ynbrate criekTp HEHTpOHOB
B aKkTUBHOH 30He ADS-ycTaHOBOK (hopMHpYETCS Tak Ke,
Kak U B OOBIYHOM pEaKTope, B OCHOBHOM HEHTpOHAMH
CTIEKTpA JIeJICHHUSI.

AHanmu3 TI0Ka3bIBAET CYNIECTBEHHYIO OrpaHHYEH-
HOCTb BO3MOKHOCTEH TpPAaJULUOHHBIX PEAKTOPHBIX MU
knaccuuecknx ADS-cucrem, OCHOBaHHBIX Ha HCIIOJIB30-
BaHUU HeﬁTpOHOB CIICKTpa ACJIICHUA, B PCIICHUU KJIIOYC-
BBIX IPOOJIEM COBPEMEHHOW aTOMHOW SHEPTeTHKH. JTO,
BO-TIEPBBIX, IPOOJIEMa YTHIM3ALUK OTPabOTaHHOTO siliep-
soro torumBa (OST) u, BO-BTOPHIX, IpoOIeMa BOBIIEUE-
HUS 3a11acoB OTBANBHOTO ypana (23U) u Topus B npous-
BOJICTBO SHEPTHU.

B Hacrosiiiee Bpemst NMEpCHEKTUBHBIM U KapAWHAIb-
HBIM pelIeHHeM MpoOJieM COBPEMEHHOH aTOMHOU 3Hep-
TeTHKH TIPEJCTABISCTCS HCIONB30BAHUE CYIIECTBEHHO
Goree )KECTKOTO, YeM JICNUTENIBHBIN, CIIEKTPa HEHTPOHOB.

st mpakTHUYeCcKOM pean3aluy 3TOr0 Iy TH IPEaJIaracTcst
MPUHLUIINAIBHO HOBAasl CXEMa IEKTPOSAEPHOTO METOAA,
OCHOBaHHAs Ha SJICPHBIX PEIATHBUCTCKUX TEXHOJIOTHU-
sax (SIPT).

Cxema SIPT nHaueneHa Ha HCHOJB30BAHHE MAaKCH-
MaJIBHO KECTKOTO HEHTPOHHOTO CIIEKTpa, (popMHUpyeMO-
IO My4YyKaMU PEIATUBUCTCKUX YacTUI[ B MOJKPUTUYHON
KBa3MOECKOHEUHOH (obOecreunBaroneil MHHUMAIBHYIO
yT€UKy HEHTPOHOB) aKTHBHOI 30HE HAa OCHOBE IPUPOJ-
HOTO (00emHeHHOT0) ypaHa, Topus U OAT, — mns yrumm-
3anuu OST aTOMHBIX 2ME€KTPOCTAaHLUN U MPOU3BOACTBA
SHEPTUH.

C »sT10il Henslo nporpamma uccienoBanuii B JIOBD
OUSAN ocHOBBIBaeTCSA Ha HCHOIH30BAHHHM YCTAHOBKHU
«KBunTa» (¢ KO3pPUIMECHTOM pa3sMHOKEHHS HEUTpPO-
HoB K =0,36) ¢ Maccoil MUIIIEHH W3 MPUPOAHOTO ypa-
Ha ~500 Xr, KOTOpas MOIETUpPYeT LEHTPAIbHYIO 00-
JacTh KBAa3UOECKOHEYHOM ypaHOBOH MuIeHH «bypany.
Ksaszubeckoneunast ypaHoBasi MumieHb «bypan» maccoit
~21 T CTaHeT MOJHOMACIITAOHOW SACPHO-PU3NUCCKON
MOJIEIbIO aKTUBHOM 30HBI SIPT-peakropa.

VYeranoBka «KBuHTay (puc. 1) obnydanacs geidTpoHa-
MU ¥ sapamMu yriepona. JIefcTBUs KOJIEKTHBA KOJITabo-
panuu HalrrpaBJIeHbI Ha PAaCIIMPEHNE, Pa3BUTHE U OTPaOOT-
Ky METOJIOB U METOAMK M3MEPEHHUl siiepHO-PHU3NICCKUX

and it is obtained with “fuse” uranium-235. As a result,
neutron spectrum in the active zone (AZ) of ADS setups is
formed in the same way as in the usual reactor, mainly by
fission-spectrum neutrons.

The analysis shows a significant limitation of ca-
pacities of the traditional reactor and classic ADS systems
based on using the fission-spectrum neutrons. In solving
key problems of the modern nuclear power engineering
this is: 1) utilization problem of the spent nuclear fuel
(SNF) and 2) problem of involving the spent uranium
(238U) and thorium supply into the energy production.

Today a perspective of radical solution of the modern
nuclear power problems is the use of a more rigid neutron
spectrum than of the fissile one. For practical realization
of this technique, a new scheme of electronuclear method
based on the nuclear relativistic technologies (NRT) is
suggested.

The NRT scheme is aimed at using the most rigid
neutron spectrum formed by beams of relativistic particles
in the subcritical quasi-infinite (providing the minimal
leakage of neutrons) active zone. The spectrum is formed
based on natural (depleted) uranium, thorium, and SNF —

for utilization of nuclear power stations SNF and energy
production.

For this purpose, the VBLHEP research programme is
based on using the Quinta setup (with multiplication factor
K =0.36) with the target mass ~500 kg of natural ura-
nium. Quinta models the central area of the Buran quasi-
infinite uranium target. The Buran quasi-infinite uranium
target with the mass ~21 t will become a full-scale nuclear
physics model of the NRT-reactor active zone.

The Quinta setup (Fig. 1) was irradiated with deuter-
ons and carbon nuclei. The activity of the collaboration
team is aimed at expansion, development and adjustment
of the measurement methods and procedures of the pro-
cesses nuclear physics parameters in the interests of the
experiments preparation on the Buran setup.

In 2015, to measure the neutron spectra obtained by
irradiating the uranium target of Quinta, devices based on
diamond-based detectors [1] (Fig.2) and liquid scintilla-
tors DEMON have been developed.

Testing of the amplitude spectra and their calibration
were carried out on the stand using the neutron generator
that gives the line £, =14 MeV.
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1apaMeTpoB IMPOLECCOB B MHTEPECaxX IMOATOTOBKU JKCIIe-
PHUMEHTOB Ha yCcTaHOBKe «Bbypan».

B 2015 r. qyig u3mMepeHus CHEKTPOB HEHTPOHOB, I10-
Jy4aeMbIX ITPH 0OTyUYeHUH yPAaHOBOI MHUIIICHH yCTAaHOBKH
«KBuHTa», ObIIM pa3paboTaHbl yCTPOHCTBA HA OCHOBE aJl-
Ma3HBIX JETEKTOpOB [1] (puc.2) v KUIKUX COUHTHILIATO-
poB DEMON.

OTpaboTKa aMIUTUTYIHBIX CIIEKTPOB, UX KaTHOpOBKa
OCYIIECTBIISINCH HAa CTEH/IE C TIOMOIIBI0 HEHTPOHHOTO Te-
Heparopa npu E,, =14 M»B.

B ceance yckoputens HyKJIOTpoH-M ObLIM IpOBe-
JICHBl U3MEpPEeHHs YIVIOBBIX pacIpeleseHUH HEeHTPOHOB
MEePHEeH/MKYIIPHO OCH YPaHOBOH COOPKH, KOTOPbIE Npe-
CTaBJICHbI Ha pUC. 3.

Puc. 1. Yeranoska «KBHHTa» Ha TO3ULIMH
o0y4yeHus

Fig. 1. The Quinta setup on the position of
irradiation

Jlms mccnmemoBaHuil 3aBUCHMOCTEH JKECTKOCTH HEM-
TPOHHOTO CIEKTPa OT SHEPTUH MAAIONIETO HA YPAHOBYIO
cOOpKy NEPBUYHOTO ITyYKa PEJIITUBUCTCKUX YaCTHIL IIPHU-
MEHSIETCSl CIUHTWUBIIUOHHBINA crnekTpomerp DEMON.
Oco0EHHOCTh NPHUMEHEHUs NETeKTOpa 3aKII04aeTcs B
TOM, YTO U3MEPSIETCS alapaTypHbId CIEKTP, KOTOPBIN SIB-
JSCTCSI CBEPTKOM cHieKkTpa HeHTpoHoB f(E,) U ceKTpaib-
HOI1 uyBcTBHTENBHOCTH £ (E,):

E

max

AWN)= [ fE)e(E,NdE,.
0

Jnst BocctaHoBnennst dynkmum f(E,) ObLIH mpoBe-
JICHBI M3MEPCHHUS alapaTyPHbBIX (YHKIUH U AUCKPET-
HBIX 3Ha4eHUN E,, Ha IydKe s1ep HyKIoTpoHa-M.

Puc.2. DnekTpoHHbI OJIOK 00eCreueHHs CIeIH-
AIN3UPOBAHHOTO TPAKTa (@); 3apsI0TyBCTBUTEIb-
HBII IPeTyCHIINTENb ¥ AJIMa3HBIN JIETEKTOP B KOP-

nyce (0)

Fig.2. Electronic unit of specialized tract (a); charge-sensitive preamplifier and a
diamond detector in the housing (b)

During the Nuclotron-M run, measurements of the
angular distributions of neutrons in transverse direction of
the uranium assembly were made, and they are presented
in Fig. 3.

To investigate the dependence of the neutron spec-
trum rigidity on the energy of the primary beam of relativ-
istic particles incident on the uranium assembly, a scintil-
lation spectrometer DEMON is used. A peculiarity of us-

EI

ing the detector is that we measure the apparatus spectrum
that is the convolution of the neutron spectrum f(E,) and

spectral sensitivity £ (E,):
Emax
AN = [ fE)e(E,N)dE,.
0
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B nerexrope DEMON curnans! pa3aemnsuiuch 1o Bpe-
MEHH BBICBEUMBAHUS Ha JIBE TPYIIBL: JIETKYIO PYIIITY, CO-
JIepKaIyl0 B OCHOBHOM TaMMa-KBaHTBI, a TaKXKe JIETKUE
YaCTHUIB! (3JEKTPOHBI, MIOOHBI), U TSDKEIYIO TPYIILY, CO-
JIEp>KaIlyto CUTHAIBI OT HEUTPOHOB (IIPOTOHOB OT/IA4H), &
TaKXKe TSKENbIX 3apPSDKEHHBIX 4acTul] (IIPOTOHOB, AEHTPO-
HOB) M3 MHIIICHH.

bemn monmydens! yHKIMM OTKIMKA JUIS CPEIHUX
SHEpPrui HEUTpoHOB. B pampHeHmMX HKCHEpUMEHTaxX
C PEISATUBUCTCKUMHM SIPAMU Ha HYKJIOTpoHEe-M MOXKHO
OyZieT BOCCTAHOBHUTBH CIIEKTPbl HEHTPOHOB, MOJYy4CHHbIC
[IpY B3aUMOJIECHCTBUU C YPAHOBOM MUILEHBIO, U, COOTBET-

2 GeV/nucl. Carbon (December 2013)
3.0E—4
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CTBEHHO, ONPEIENUTh YHCIo Aetennii 233U BBICOKOIHEp-
TETUYECKOM YaCThbIO CIEKTPA.

OKCTIepUMEHTAIBHBIE ~ HCCICIOBAaHMS, IIPOBEICH-
Hble Ha ycTaHoBKe «KBHHTa» Ha myuykax JIEHTPOHOB
Ha HYKJIOTpOHe-M M Ha Iyykax IPOTOHOB C 3HEpPrUeH
E, =660 MsB Ha ¢asorpone, naror 3HaueHne koophu-
LMCHTA SHEPreTHIECKOTO yCHIICH)S kyo ~2+0,2.

CnHcok JUTepaTypbl
bepnee A.M. u Op. V3MmepeHus HEHTPOHHOTO IOTOKA

AIMa3HbIM  JICTEKTOPOM B SKCIICPUMEHTaX HA YCTAHOBKE
«KBunray // IIncema B DUYAS. 2016. T. 13, Boim. 3.
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To restore the function f(E,), hardware features were
measured for discrete values of E,, on the Nuclotron-M
beam nuclei.

The detector DEMON signals were separated by time
decay into two groups: mild group containing mainly gam-
ma rays and light particles (electrons, muons), and heavy
group containing signals from neutrons (recoil protons) and
heavy charged particles (protons, deuterons) from the target.

The response functions for the medium-energy neu-
trons were obtained. In subsequent experiments with rela-
tivistic nuclei at the Nuclotron-M, the spectra of neutrons
produced in the interaction with the uranium target can be

200

restored, and, thus, the number of fissions of 238U high-
energy part of the spectrum can be determined.

Experimental studies with the Quinta on neutron
beams at the Nuclotron-M and on beams of protons with
energy E, =660 MeV at the Phasotron give the value of
the energy gain coefficient k, ~2 +0.2.
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