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Co31aHue IKCIIEPUMEHTAIbHON YCTAHOBKH
HEUTPOHHOU paauorpaduu u romorpadpuu
Ha peakTope BBP-K (UA®, Kazaxcran)

MeToapl HSUTPOHHOTO UMHUKAHTA — paauorpadun
U TOMOTpaduu, MO3BOIAIONINE ITONy4YaTh H300paKCHHUS
1 00bEMHBIE TPEXMEPHbIE PEKOHCTPYKINH BHYTPEHHETO
CTPOEHHS 0OBEKTOB HCCIIEOBAHMUS C MPOCTPAHCTBEHHBIM
paspemienreM nopsiaka 100 MxM, B HacTOsIIee BpeMs I10-
JYYUITH ITUPOKOE Pa3BUTHE Ha COBPEMEHHBIX HCTOYHUKAX
HEUTpOHOB [1]. 3HauMTENbHAS TIyOWHA MPOHUKHOBCHUS
HEUTPOHOB JIA€T Psijl IPEUMYLIECTB METOJaM HEUTPOHHOM
paguorpaduu u ToMorpaduu 1Mo CPAaBHEHHUIO C PEHTTEHOB-
CKUM U3JIy9CHUEM H MTO3BOJISCT UCIONB30BaTh UX IS pe-
LIEHUS [UPOKOTO KPyra MEKIUCIUIIMHAPHBIX HAYYHBIX
3aa4 — OT HCCJIEIOBAHUS CTPYKTYPHBIX OCOOCHHOCTEH
MaTepHajioB, MPUMEHSICMBIX B SACPHBIX TEXHOJOTHSIX,
MIPOIECCOB (PYHKITMOHUPOBAHUS IICKTPUICCKUX AKKyMY-
JSTOPOB M Oarapeit [2], MUKPOCTPYKTYpPBI CTPOUTEIBHBIX

¥ KOHCTPYKIIMOHHBIX MaTepHayioB [3] 10 W3y4eHUs BHY-
TPEHHETO CTPOCHUS YHUKANBHBIX MaICOHTOIOTUIECKIX
W apXeOoJIOTHYeCKUX 00beKToB [4, 5].

Mertonbl HEHTPOHHOH paauorpadu M TOMOTpa-
(¢ur Ha MPOTSHKEHUU IISATH JIET YCIEHIHO HMCIOJIB3YIOT-
Cs B WMCCIENOBAaHWIX Ha 0a3e WMITYIBCHOTO BBICOKOIIO-
toyHoro peaktopa MBP-2. B Pecmybmuke Kazaxcran
B PecnyOnnkaHCKOM TOCYIapCTBEHHOM HpENNPHUSITHN
«MHctuTyT siaepHoi pusuku» (Anma-Ara, moc. Anaray)
OIHOH M3 0a30BBIX YCTAaHOBOK SIBIISICTCS CTAIIMOHAPHBII
HCCIIe0BaTeNnbCcKuil aToMHBIH peakTop BBP-K, Ha koto-
POM TIpOBOAATCS (PyHJAMEHTAJIBHBIC SIEPHO-(PU3HYECKHE
U MaTepHaJOBEAYECKUE HCCICIOBAHUS, IPOU3BOAATCS
PaAMoOW30TONBl I MEIOWIWHBI W TPOMBIIUICHHOCTH.
C yueToM akTyalbHOCTH U IIUPOKUX MPUKIATHBIX BO3-
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The neutron imaging methods: radiography and to-
mography, allowing one to obtain images and three-di-
mensional reconstruction of the internal structure of stud-
ied objects with a spatial resolution of about 100 pum, are
widely developed at modern neutron sources [1]. A signifi-
cant depth of neutron penetration in comparison with X-ray
radiation gives a number of advantages to the neutron radi-
ography and tomography methods and allows them to be
used for solving a wide range of interdisciplinary scientific
problems: from the study of structural features of materi-
als used in nuclear technologies, the processes in electric
batteries and power cells [2], the microstructure of con-
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struction and building materials [3] to the studies of the
internal structure of unique paleontological and archaeo-
logical items [4, 5].

The neutron radiography and tomography methods
based on the IBR-2 pulsed high-flux reactor have been suc-
cessfully used in studies within five years. At the Institute
of Nuclear Physics (INP) of the Ministry of Energy of
the Republic of Kazakhstan (Almaty, Alatau), one of the
basic facilities is the stationary research nuclear reactor
WWR-K, which carries out fundamental nuclear physi-
cal and material research, and produces radioisotopes for
medicine and industry. Taking into account the relevance




B JIABOPATOPUAX MHCTUTYTA

MOYKHOCTEl METOIOB HEWTPOHHOH paauorpadum u TO-
Morpadun, HakoruieHHoro corpyanukamu JIHO OWSIN
OTBITA IO CO3/IaHUIO AKCIEPUMEHTAIBHBIX HEHTPOHHBIX
YCTaHOBOK [6] M 3aWMHTEPECOBAHHOCTH €O CTOPOHBI VSAD
B Pa3BUTHH JKCIIEPUMEHTaIbHOI 0a3bl peakropa BBP-K
Obuta copMHpOBaHa COBMECTHas paboyas rpymnmna Juis
CO3/1aHUsl YCTaHOBKH JJIS1 UCCIIE0BAHUI € IIOMOILBIO HEM-
TPOHHOW pasmorpaduu u Tomorpaduu Ha Oase peakTopa
BBP-K. 3a cpaBHUTEIBHO KOPOTKHUIT CPOK OBLIN BBINOJIHE-
HBI pabOTHI TIO TPOEKTHPOBAHUIO ITOH HOBOH YCTaHOBKH,
3aKazy W NMPHOOPETCHUIO CHENHAIBFHOrO 00OPYZOBaHUS
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akTopa BBP-K. KonctpykiuonHnsie 0cOOEHHOCTH SKCIIe-
PUMEHTAIBHOTO 3ajla PeaKkTopa OMpPEeIeSIIN J0CTaTOYHO
KOMIAKTHYIO CXEMy YCTaHOBKH C MAacCHBHOIN OCTOHHOI
3alIUTON OT HOHU3UPYIOLIETO PAJUALIMOHHOIO U3ITyYE€HUS
(puc.1).

IToTOK TEmIOBBIX HEWTPOHOB HA BBIXOJAE KaHala
Nel ObIT M3MEpEeH METOIOM aKTHBAIMM 30JIOTHIX (DOJIBT
u coctasnser ~4,5-10% M2 ¢!, Helirponnsrii myudok
(hopMupyeTcst ¢ MOMOLIBIO CUCTEMBI KOJJIMMAaTOPOB, I10-
MEIIEHHBIX B BaKyyMHUPOBAaHHBIH KOXYX IJISI YMEHbIIIE-
HUSl TIOTE€Ph M3-3a PACCESIHUs HEHTPOHOB HA BO3IYyXE.

U MaTepuasoB, pa3MELICHUI0 OcC-
HOBHBIX KOMITOHEHTOB YCTAHOBKH H
9JIEMEHTOB OMOJIOTHYECKON 3alUThI
B OKCIIEPUMEHTAIIBHOM 3ajie peak-
topa BBP-K. B manaOM cooOmmeHun
MIPEJCTABIECHBI MIPUHINTHATbHAS
CX€Ma YCTAaHOBKHU JJIi HEUTPOHHOU
panuorpaduu U ToMorpadpum, ee oc-
HOBHBIC TEXHHUYECKHE MapaMeTphl, a
TaK)Ke TepBble SKCIEPUMEHTAJbHbIE
pE3yIbTaThI.

HoBasg ycraHoBka HEHTpOH-
HOM paguorpaduu u ToMorpaduu
pacnonaraercsa Ha kaHaie Nel pe-

and wide application capabilities of
the neutron radiography and tomog-
raphy methods, the experience of the
development of experimental neu-
tron facilities by the staff members
of JINR FLNP [6] and the interest
of the INP Directorate in the devel-
opment of the experimental facil-

Puc. 1. CxeMa OCHOBHBIX y3JI0B YCTAHOBKH JIJIsl HCCIICIOBAHUI C TOMOIIBIO HEUTPOHHON
panuorpaduu u Tomorpaduu Ha kanane Ne 1 peakropa BBP-K: 1 — mbepHas 3acionka
JKCTMEPUMEHTATIBHOTO HEHTPOHHOTO KaHana Ne 1; 2 — BaKyyMHPOBAHHBINM KOXKYX CHCTE-
MBI KOJUTUMATOPOB, (DOPMHUPYIOIINX HEHTPOHHBII My4OK; 3 — MECTO PACIIOIOKCHHUS JIe-
TEKTOPHOU CHCTEMbI M MOBOPOTHBIX TOHUOMETPOB JJIsi HEUTPOHHBIX TOMOTPApHUSCKUX
JKCTIIEPUMEHTOB; 4 — 3JIeMEHThI OCTOHHOW 3alUThI OT HOHU3UPYIOIINX H3TYUYCHUH MPU
MPOBEICHUN HEHTPOHHBIX IKCIICPUMEHTOB

Fig. 1. The scheme of the main components placing at the neutron radiography and to-
mography facility on beamline No. 1 of the reactor WWR-K: 1 — the shatter of neutron
beam of the experimental beamline No. 1; 2 — vacuum casing of the collimator system
for forming the neutron beam; 3 — the location of the detector system and goniometers
for neutron tomography experiments; 4 — the elements of concrete protection against
ionizing radiation

ities of the WWR-K reactor, a joint
working group has been formed to
develop a neutron radiography and tomography facility at
the WWR-K reactor. In a relatively short time, the design
of this new facility, ordering and purchasing of special
equipment and materials, and the installation of the main
components of the biological protection shell in the exper-
imental hall of the reactor WWR-K were performed. This
report presents the scheme of the neutron radiography and
tomography facility, its main technical parameters, as well
as the first experimental results.

The new neutron radiography and tomography facili-
ty is located on the first beamline of the WWR-K reactor.
A compact scheme of the facility with a massive concrete
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protection against ionizing radiation determines the design
of the experimental hall of the reactor (Fig. 1).

The thermal neutrons flux at the output of beamline
No.1 was measured by the method of activation of gold
foils and it is ~4.5-10% cm2-s7!. The neutron beam is
formed by a system of collimators placed in a vacuum
casing to reduce losses due to neutron scattering in the
air. Collimators form a neutron beam with a diameter of
60 mm at the entrance to 150 mm at the exit of the neutron
beam from the collimator system. The quality of the ob-
tained neutron images depends on the parameter L/D [7],
which is determined by the ratio of the distance L between
the input aperture of the collimator system and the sample
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Konmmmarops! GopMHUpYIOT HEUTPOHHBIN MYYOK C THAME-
TpoM 60 MM Ha Bxoze 1 150 MM Ha BBIXO[IE ITy9Ka U3 CHCTe-
MBI KOJJITMMAaTropoB. KauecTBo momydaeMbIX HEMTPOHHBIX
n300pakeHnid 3aBUCHT OT mapamerpa L/D [7], koTopsrit
OIIPEZENACTCS OTHOLIEHUEM paccTosHus L Mexmy Bxon-
HOH anepTypol KOJJIMMAaTOPHOM CUCTEMBI U MOJIOKEHUEM
ncceayeMoro obpasna K JUaMeTpy BXOTHOHM amepTypbl
xoutuMaropoB D. CooTBeTcTByIoIHME 3HAYCHUS IS CO-
3MaHHOH yCTaHOBKH cocTaBisAioT L = 5,2 M, D = 6 cm, uT0
COOTBETCTBYET 3HaueHHIo mapamerpa L/D = §7.

Jlns momydeHust HEUTPOHHBIX M300pakeHUH MCTIONb-
3yEeTCsl CIELMAJIbHBIA JETEKTOP Ha ABYX3€PKAJIBHOM OI-

Puc.2. JlerekTopHasi cucTeMa JJisi YCTAHOBKM HEWTPOHHOW pamuorpapuu W TOMOrpa-
¢un peaxropa BBP-K: 1 — mudposast Bugeokamepa BEICOKOTO pa3pelIeHNs] HA OCHOBE

THYECKOM CXeMe /IS 3alUThl BUJEOKaMephl OT pajnalu-
OHHOTO M3ITy4deHHs (pHc.2), pa3paboTaHHBIN KOMIIaHUEH
SOL Instruments (bemopyccus). Hefitpornoe n3o6paske-
HHE OT TPOIIEAIIETO Yepe3 HCCIEAYeMbIii OOBEKT Hei-
TPOHHOTO ITy4Ka TPaHC(HOPMUPYETCSI B CBETOBOM CUTI'HAI C
TTOMOIIBIO CIIMHTIIIISIIIMOHHOTO SKpaHa Ha OCHOBE SLiF/
ZnS nnm GdZO3S. CBeTOBOI CHTHAN OT CHMHTHILIATOPA,
OTpaXasich OT JBYyX IOBOPOTHBIX 3€pKal, (hOKycHupyer-
cs1 OOBEKTHBOM C TEPEeMEHHBIM (POKYCHBIM PACCTOSHUEM
Ha CCD-MaTpuily BBICOKOYYBCTBHTEIHHON BHICOKaMe-
pel Ha ocHOBe Marpuil Hamamatsu ¢ paspemeHuem
2048 x 2048 mukceneii.

Ha co3gaHHOM cTaHIIUM HE-
TPOHHOU pamuorpadul W TOMOTpPa-
¢un TpoBeseHBI NEPBBIE YCIEUIHbIC

CCD-matpuipl Hamamatsu ¢ BO3/IyLIHBIM OXJIaKICHIEM; 2 — 0OLEKTHE ¢ epeMennbiy  KCHIEPHUMEHTBI. B kadecTse nmpumepa
(doxkycubiM pacctosiaueM TAMRON ¢ nibe3oiBUTaTEIISIMU JJIST YIAICHHOTO yripaBieHus ~— Ha PHUC. 3 mpezcTaBlIeHbl HEUTPOHHbIE
(OKYCOM ONTHUECKOIN CHCTEMBI; 3 — MEXAHUYECKas CHCTEMA FOCTHPOBKH JIBYX MOBO-  HM300pakKeHMS] METAUTHIECKUX 00BEK-

POTHBIX 3€pKaJ; 4 — nnactuHa HeﬁTpOHHOFO CHUHTUJLIATOPA

TOB: OyIMIbHHMKA, HABECHOTO 3aMKa
u poropa asurarens. Ha nelTpon-

HOM M300pa)KEHHH OTUETIIMBO BUIHBI
BHYTPEHHHE 4acTH OyIWIbHHKA: TIPY-
KWHBI, CTaJIbHBIC TY)XXKH, 3yOuarble
Koecuku. B To ke Bpems HaOmona-
€TCs1 XOPOILIMI HEUTPOHHBIN KOHTPACT

nals by means of a scintillation screen
from SLiF/ZnS or Gd,0,S materials.
The light signal from the scintillator,
reflecting from two mirrors, is fo-
cused by a lens with a variable focal
length on the CCD matrix based on
the Hamamatsu chip of a high-sensi-

Fig.2. The detector system for the neutron radiography and tomography facility at the tive video camera with a resolution of
WWR-K reactor: 1 — the high-resolution digital video camera based on air-cooled Ham- 2048 2048 pixels.

amatsu CCD chip; 2 — objective lens TAMRON with a variable focal length with the Recently, the first successful ex-
motors for remote control; 3 — the mechanical system for an alignment of two optical  periments have been performed at the

mirrors; 4 — the neutron scintillator screen

position to the diameter D of the input aperture of the col-
limators. The related values for the developed facility are
L=5.2 m, D =6 cm, which corresponds to the value of the
parameter L/D = 87.

A special detector based on a two-mirror optical
scheme for radiation protection of the video camera de-
veloped by SOL Instruments company (Belarus) is used to
obtain neutron images (Fig. 2). The neutron beam passing
through the studied object is transformed into the light sig-
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neutron radiography and tomography

facility. As an example, the neutron

images of metal objects (alarm clock,
padlock and engine rotor) are shown in Fig.3. The inter-
nal parts of the alarm clock (springs, steel arms, gears) are
clearly visible on the neutron image. At the same time,
there is a good neutron contrast between the different parts
of the metal lock and the engine parts.

These results demonstrate good prospects for the neu-
tron radiography and tomography facility at the WWR-K
reactor for neutron studies in various fundamental and ap-
plied areas. Further methodological development of the fa-
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MEXIy pasiIMYHBIMH YacTSIMH METaJUIMYECKOIro 3aMKa M
YaCTSAMHM JIBUTaTeIs.

JlaHHBIE pe3yNbTaThl  JIEMOHCTPHUPYIOT —XOPOLIHE
MIePCIICKTUBBI HCIIOJb30BAaHHUS YCTAHOBKH HEHTPOHHOM
panmorpaduu u tomorpaduu Ha peakrope BBP-K mms
HEWTPOHHBIX HCCIIENOBAHMI B PpasIH4YHBIX (yHIaMEH-
TaJILHBIX U MPUKJIAAHBIX oOnacTsax. JlanpHeimee MeTonu-
YecKoe pa3BHTHE YCTAHOBKHU OyJeT HallpaBJIeHO Ha YiIyd-
LICHHE ¢ TeXHUYECKHX IIapaMeTpOB M Pa3BUTHE MeTola

Puc.3. IlepBble HEWTpOHHBIE H300pa)KEHMs, MOTyUCHHBIE Ha
CTaHIINM HEHTPOHHOU pajguorpaduu U ToMorpaduu Ha peaxrTo-
pe BBP-K: 1 — GynmiibHHK; 2 — HaBeCHOI! 3aMOK; 3 — poTop
MaJIeHbKOTO JBHUrareist. HeHTpoHHBIN KOHTpacT (opMupyercs
MEXKTy CTaJBHBIM KOPITYCOM, OCBIO JIBUTATelIsl M JIATYHHBIX IIIe-
TOYEK

Fig. 3. The first neutron images obtained at the neutron radiog-
raphy and tomography facility at the WWR-K reactor: 1 — the
alarm clock; 2 — the padlock; 3 — the rotor of a small engine.
The neutron contrast is formed between the steel body, the motor
axis and the brass brushes

cility will be aimed at improving its technical parameters
and the development of the neutron tomography method.
Work is planned to improve the spatial resolution of the
facility and the development of additional radiation pro-
tection. The possibilities of varying the diameter D of the
input aperture of the collimator system will increase the
L/D parameter to 435.
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HEHTpOHHOW ToMorpaduu, 3arIaHUPOBAHBI PaOOTHI IO
YAy4IIEHHIO TPOCTPAHCTBEHHOTO PAa3pPEIICHNUS yCTAaHOBKH
1 pa3paboTKe JOMOTHUTEIBHON paJnaIliOHHON 3aIIUTHI
IIpopabarbiBatoTcs BO3MOKHOCTH BapbUPOBAHUS AnaMe-
Tpa D BXOmHOH anmepTypsl KOJUTMMATOPHON CHCTEMBI, 9TO
TIO3BOJIMT yBeMW4HTh mapametp L/D mo 435.
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