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IlepBbie HaAyYHBIE Pe3yJIbTATHI,
MOJIYy4Y€HHbIE HA IKCIIEPUMEHTAJIbHOU
YCTAHOBKE /IJISI HEUTPOHHOU paguorpadpuu
u Tomorpagun Ha peakrope BBP-K

C ydeToM aKTyaJlbHOCTH W IIMPOKHX IIPHKIIAJHBIX
BO3MOXXHOCTEH METO/I0B HEUTPOHHOH pasuorpaduu u To-
morpaduu [1, 2] Tpu roga Hazan Obu1a chopMUpOBAHA CO-
BMecCTHas pabogast rpymma u3 coTpyaHukoB Jlabopatopuu
HelrpoHHOH ¢u3ukn nm. V.M. ®@panka OUSAN, umero-
IIUX JOCTATOYHBIHA OMBIT B CO3JaHUU HEUTPOHHBIX yCTa-
HOBOK [3, 4], u coTpynuukoB MHCTUTYTA simepHO# (husn-
ku MuHncTepcTBa »HepreTukn PecmyOmmkm Kaszaxcran
(Anma-Ata) no Co3JaHnIO CIIeNUAIM3UPOBAHHON HayYHOH
YCTAaHOBKH JUIsl MCCIEAOBAHUMN C IOMOLIbI0 HEUTPOHHOMI
pamnorpaduu u Tomorpadun Ha Oaze peakropa BBP-K
UAD, Anmva-Ata, PecnmyOmuka Kasaxcran) [5,6]. 3a
CPaBHHTENIHO KOPOTKUI CPOK OBLIM BBITOIHEHBI PaOOTHI

10 TIPOEKTHPOBAHUIO HOBOM yCTaHOBKH, 3aKa3y W NMPHOO-
PETEHHIO CIELUATIbHOTO O0OPYJIOBAHUS M MarepHajioB,
pa3MeIIeHHI0 OCHOBHBIX KOMIIOHEHTOB YCTAHOBKH U dJIe-
MCHTOB OMOJIOTHYECKON 3aIUTHI B SKCIIEPUMEHTAIEHOM
3ane peaktopa BBP-K.

14-15 Hos10ps 2019 . B MUHCTHTYTE siiepHON (DHU3HKH
COCTOSUICS] CEMHHAD, TIOCBSIIIIEHHBII OTKPBITHIO yCTAHOBKH
HEUTpOHHOM pamgmorpaduu u Tomorpaduu. B padore ce-
MHUHapa NPUHSIM ydacTHe yueHble u crierpanuctsl JIHOD,
HUILI «KypuatoBckuit nnctutyt» (Mocksa), MHCcTHTYTA
simepHoO (m3nkn 1 Ka3axckoro HaMOHAIBHOTO YHHUBEP-
curera uM. ainb-Papadbu (Anma-Ara). B pamkax cemnHapa
COCTOAIACh BUACOKOH(EPEHIMA ¢ IPEACTaBUTENEM OTAE-

B. Muhametuly, D. P. Kozlenko, E. A. Kenzhin, S. E. Kichanov,
E.V.Lukin, A. A. Shaimerdenov, K. M. Nazarov, B. N. Savenko

The First Scientific Results Obtained Using the
Experimental Setup for Neutron Radiography
and Tomography at the WWR-K Reactor

In view of the relevance and wide application possi-
bilities of neutron radiography and tomography methods
[1, 2], three years ago a joint working group was organized,
consisting of specialists of the Frank Laboratory of Neutron
Physics of the Joint Institute for Nuclear Research (FLNP,
JINR), with sufficient experience in the development of
neutron facilities [3, 4], and employees of the Institute of
Nuclear Physics of the Ministry of Energy of the Republic
of Kazakhstan (Almaty, Republic of Kazakhstan) in order
to develop and construct a specialized scientific facility for
research using neutron radiography and tomography at the
WWR-K reactor (INP, Almaty, Republic of Kazakhstan)
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[5, 6]. In a relatively short period of time, work was car-
ried out to design it, order and purchase special equipment
and materials, install its main components and biological
shielding in the experimental hall of the WWR-K reactor.

On 14-15 November 2019, the Institute of Nuclear
Physics held a seminar dedicated to the launch of this new
neutron radiography and tomography facility. The semi-
nar was attended by scientists and specialists from JINR
FLNP, the National Research Centre “Kurchatov Institute”
(Moscow), the Institute of Nuclear Physics (Almaty),
and the Al-Farabi Kazakh National University (Almaty).
Within the framework of the seminar, a videoconference
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na ¢usnueckux u xumuueckux Hayk MAIATD H.II. ba-
pazacom, KoTopblid mo3apaBuil coTpynHuko PI'TT MAD
n JIH® OMSAN ¢ TakuM BaXHBIM HayYHO-TEXHHUYECKUM
JIOCTHXKEHHUEM M 3aBEpHJI, YTO HOBas YCTaHOBKa Ha pe-
aktope BBP-K Oynet BkiItoueHa B MeXIyHapOAHYIO 06a3y
YCTAHOBOK 110 HEHTPOHHO paauorpaduu 1 ToMOrpadum.

YcraHoBKa HEUTPOHHOM paanorpadun U ToMorpaduu
pacronoxeHa Ha TOPU30HTAILHOM KaHase Ne 1 uccneno-
Batenbckoro peakropa BBP-K (cwm. puc. 1) u B HacTosimee
BpeMsl ABJSIETCS €IMHCTBEHHON YCTAaHOBKOW Takoro poja
B PecnyOnuke Kazaxcran. Ha ycraHoBke HEUTPOHHBII 1y-
4ok pazmepamu 110 200 MM HopMHUPYETCs KOJUTUMATOPHOMN
CUCTEMOI M BaKyyMHUPOBAaHHOI TpyOOii /Uil yMEHBIICHUSI
MOTepb B MHTEHCHUBHOCTH H3-32 PACCESHHUsS HEHTPOHOB
Ha Bo3mayxe. XapakTepuctuueckuii mapamerp L/D [2, 3]
OTpeneNnseTcss OTHOLICHUEM PAacCTOSHUS L MEXITYy BXO-
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HOU anepTypoil KOJUTMMaTOPHOW CUCTEMBI U MOJI0KEHUEM
uccieayeMoro odpasia K AMaMETpy BXOIHOW arepTypsl
kouuMaTopoB D. CooTBeTCTBYyIOLTHE 3HAYESHHSI IS CO-
3IaHHOW YCTAaHOBKHU cocTaBistoT L =7 m, D=2 cwm, 4ro
oTBeyaeT 3HaueHHio mapamerpa L/D =350. Dto 3Haue-
HHE HAXOAUTCS Ha yPOBHE MOJOOHBIX YCTaHOBOK B JIpY-
THX MHPOBBIX HEUTPOHHBIX IeHTpax [1]. s momydenus
HEHTPOHHBIX M300PaKCHUI HCIIONIB3YETCS CIICIHATbHBIMN
JETeKTOp Ha JIBYX3epKaJbHOI ONTHYECKOH CcXeme, pas-
paborannoii xommanueir SOL Instruments (Pecmy6mmxa
Benopyccus).

HeiitporHoe wn300paskeHHE OT MPOIIEAILIETO Yepes
UCCIIeAyeMblii 00BEKT HEHTPOHHOTO Iy4Ka TPaHCHOPMHU-
pyeTcsi B CBETOBOM CHTHAIN C TIOMOIIBIO CIIMHTHIIISIIMOH-
HOT'O 9KpaHa, KOTOpbIil (hoKycupyercs: 0OObEKTHBOM C Iie-
pemeHHbIM (oKycHbIM paccrosiiueM Ha CCD-marpuily

Anma-Ara (Kazaxcran), 14-15 HosOpst.

VY4acTHHKH CeMUHApa 110 OTKPBITHIO YCTAaHOBKM HEUTPOHHOI paxuorpaduu u Tomorpadun Ha peakrope BBP-K

Almaty (Kazakhstan), 14—15 November. The participants of a seminar dedicated to the opening
of a neutron radiography and tomography facility at the WWR-K reactor

was held with the representative of the IAEA Division of
Physical and Chemical Sciences Nuno Pessoa Barradas,
who congratulated the employees of INP and JINR FLNP
on such an important scientific and technical achievement,
and assured that the new setup at the WWR-K reactor
would be included in the international database of neutron
radiography and tomography facilities.

The neutron radiography and tomography facility is
located at the horizontal channel No. 1 of the WWR-K re-
search reactor (Fig. 1) and, at present, is the only facility
of this kind in the Republic of Kazakhstan. In this setup, a
neutron beam with dimensions of up to 200 mm is formed
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by a collimator system and a vacuum tube to reduce losses
in intensity due to neutron scattering in the air. The charac-
teristic parameter L/D [2, 3] is determined by the ratio of
the distance L between the input aperture of the collimator
system and the position of the test sample to the diameter
of the input aperture of the collimators D. The correspond-
ing values for the setup are L =7 m, D = 2 cm, which cor-
responds to the value of the parameter L/D = 350. This
value is at a level of similar facilities in other world neu-
tron centres [1]. To obtain neutron images, a special de-
tector is used on the basis of a two-mirror optical scheme
developed by SOL Instruments (Republic of Belarus). The
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Puc.1. Cxema pacnonoeHusi OCHOBHBIX Y3JIOB 3KCIEPHMEH-
TaJbHON yCTAaHOBKU JAJIs UCCIICI0OBAHUM € TOMOIIBIO HEUTPOHHOM
paauorpaduu u romorpadun Ha peakrope BBP-K. IIpencrasie-
HO pacrooKeHHe BaKyyMHPOBAHHOI TPyOBI JUIsi YMEHBIICHUS
HOTEPbh B MHTEHCUBHOCTH U3-32 PACCESHUs HEHTPOHOB Ha BO3/IY-
X€, MECTO JJIsl ISTEKTOPHON CHCTEMBbI H CHCTEMbI TOHHOMETPOB,
OeToHHas OMOIOTHYECKast 3aIUTa YCTAHOBKH

Fig. 1. Layout of the main units of the experimental setup for
research using neutron radiography and tomography at the
WWR-K reactor. The schematic drawing shows the location of
the evacuated tube intended to reduce losses in intensity due to
neutron scattering in the air, a place for detector and goniometer
systems and a concrete biological shielding system

neutron image from the neutron beam transmitted through
the object under investigation is transformed into a light
signal using a scintillation screen, which is focused by a
zoom lens on the CCD matrix of a high-sensitivity video
camera based on a Hamamatsu matrix.

The results of the first scientific experiments at the
constructed neutron radiography and tomography facility
of the WWR-K reactor were presented at the seminar, and
the future scientific programme for this neutron setup was
discussed as well. The technical parameters of the facility
make it possible to successfully conduct scientific exper-
iments to analyze the internal structure of technological,
engineering, paleontological, astrophysical, geophysical
and other scientific objects. As an illustration of the pos-
sibilities of the experimental station, several results are
presented below. Figure 2 (a, b) shows a conventional
photograph and a neutron image of the internal structure
of an automobile spark plug. The neutron radiographic im-
age clearly reveals the internal structure of the spark plug
(metal contacts and fasteners are easily distinguishable).

One of the important directions of using neutron non-
destructive testing methods is the study of the spatial dis-
tribution of internal components in cultural heritage ob-
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BBICOKOUYBCTBUTEJIBHOM BUACOKaMEPbl HA OCHOBE MaTpu-
el Hamamatsu.

Ha cemunape ObuIH ITpEACTaBICHBI PE3yNbTATHI Hep-
BBIX HAy4YHBIX DKCIIEPMMEHTOB Ha CO3JaHHON YCTaHOBKE,
Takke 00CYXHajcs BOMpoc o Oymymied HayyHOH TMpo-
rpaMMe JJIsl 9TOW HEUTpOHHOM ycTaHOBKHM. Ee TexHuue-
CKH€ IapaMeTpsl NO3BOJIIOT YCIEIIHO ITPOBOJUTH Hayd-
HBIE DKCIEPUMEHTHI 110 aHAJIN3y BHYTPEHHETO CTPOCHUS
TEXHOJIOTHYECKNX, WH)KEHEPHBIX, MAJCOHTOIOIMYECKUX,
acTpO(U3NUECKIX, TeO(YU3NIECKUX M APYTUX HAYIHBIX
00BEKTOB. B kauecTBe MILTIOCTPAIIUN BOSMOXKHOCTEH IKC-
MEPUMEHTANIBHON CTaHIIMK HUXKE MPUBEIEHBI HECKOIBKO
MIOJTyYeHHBIX pe3yasTatoB. Ha puc.2,a n b npeacraBieHb
oObrgHast ororpadus M HEHTPOHHOE N300paKCHHUE BHY-
TPEHHETO YCTPOWCTBA ABTOMOOMILHOM CBEUH 3a’KUTAHMSI.
Ha neiiTporHoM pamuorpaduieckoM H300pa’keHUH OT-
YETIMBO Pa3IndMMO BHYTPEHHEE YCTPOICTBO CBEUU: Me-
TaJUIN4eCKHe KOHTAKTHI U JJIEMEHTHI KpernexKa.

OfHUM W3 BaXXHBIX HANpPABIEHUN HCIOJIB30BAHUS
METO/I0B HEHTPOHHOI0 Hepa3pyaroIIero KOHTPOJIs SBJIsi-
IOTCSI UCCIIEIOBaHUS IPOCTPAHCTBEHHOTO PaclpeieNeHust
BHYTPEHHHX KOMIIOHEHTOB B 0OBEKTaX KyJIbTypHOIO Ha-
cnenust. B xauecTBe nmpuMepa NmpeacTaBlIeHbl PE3yIbTaThl
HEHTPOHHBIX TOMOTPAa()UUECKUX UCCIIEIOBAHUN OCTATKOB
HIDKHEH YeNIOCTH UCKOIIaeMOro YeJIoBeKa — IPECTaBU-

jects. As an example of such neutron tomographic studies,
the results of the investigation of the remains of the lower
jaw of a fossil man of semi-nomadic Saka tribes who lived
in the territory of modern Kazakhstan in the period from
the 1st millennium BC to the first centuries AD are pre-
sented. This archaeological object was found during ex-
cavations of the mound near the village of Rakhat in the
Almaty Region. Figure 2 (C, d) shows a photograph of the
remnants of the lower jaw and its three-dimensional mod-
el reconstructed from tomographic data. A strong spatial
heterogeneity of the distribution of components within the
studied archacological object was revealed. This may be
due to the complex processes of mineralization of organic
tissues for such a long time. Figure 2,e presents a virtu-
al cross section of several teeth of the jaw of this ancient
man. The spatial resolution of the facility for neutron ra-
diography and tomography at the WWR-K reactor is quite
sufficient to visualize the dental canals and the distribution
of mineral components in the volume of each tooth.
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TeJisl TOJYKOYEBBIX TUIEMEH CAKCOB, OOMTABIIMX Ha Tep-
putopuun coBpemennoro Kazaxcrana B nepuos ot I Teics-
YeJIeTUsl 0 H.D. JIO IEPBBIX BEKOB H.3. DTOT apXeoJoru-
4eckuil 00bEKT ObUT OOHApPYKEH IMPU pacKOIKax KypraHa
y cena Paxar B Anma-atuHCko#t oonmactu. Ha puc.2,c u d
IIpe/ICTaBICHbI POTOrpadust 0OCTATKOB HUKHEH YEIIOCTH 1
BOCCTAHOBIICHHAs U3 TOMOTPa(hMUECKUX JaHHBIX €€ TpeX-
MepHas Mojenb. OOHapykeHa CHJIbHAsI IPOCTPAHCTBEH-
Hasl HEOTHOPOJIHOCTb pacIpeieieH sl KOMIIOHEHTOB BHY-
TPH UCCIIEAYEMOTO apXeoJIOTHYECKOro 00beKTa. DT0 MO-

- | .
AT THE LABORATORIES OF JINR

KET OBITh CBSI3aHO CO CIOKHBIMHU IPOIECCaMK MHUHEpPAJIU-
3allMU OPTaHWYECKHUX TKaHeH 3a cTonb jgonaroe Bpems. Ha
puc.2,e TOKa3aH BUPTYaJbHBIH CPe3 HECKOIBKUX 3y0OB
YeIIOCTH 3TOTO IPEeBHEro 4enoBeka. IIpocTpaHcTBEHHOTO
paspeleHnst yCTaHOBKH JUTs HeUTPOHHOM paauorpaduu u
Tomorpaduu Ha peaktope BBP-K BriosHe gocTarodso s
BU3yaIn3alMy 3yOHBIX KaHAJIOB U PaclpeieIeHuUs] MUHe-
paJIbHBIX KOMIIOHEHTOB B 00beMe KaX0ro 3y0a.

Puc.2. ®otorpadus (a) u HelirpoHHOE N300paxkeHue (b) BHyTPEeHHETo YCTPOICcTBAa aBTOMOOMIIEHO cBeun 3akuranus. ororpadus
OKaMEHEeIIBIX OCTAaTKOB HIDKHEH YeIIOCTH MCKOIIaeMOro 4YeJoBeKa JPEBHUX CAaKCKHX IUIeMeH (C). BoccranoBieHHas n3 JaHHBIX HEH-
TPOHHOH TOMOTpa(HH TpeXMepHast MOJEIb YeIIOCTH NCKOIIaeMOT0 UelloBeKa (d) M BUPTyabHBIH cpe3 aToi Monenu (e). LiBetoBas cxe-
Ma COOTBETCTBYET KO PHIIEHTaM 0CIa0IeHHsT HETPOHHOTO IMydKka OT OOIBIINX 3HAUCHUH (KPACHBIH IIBET) K MCHBIINM (3€ICHBIH)

Fig.2. Photo (&) and neutron image (b) of the internal structure of an automobile spark plug. Photo of fossilized remains of the lower
jaw of a fossil man of ancient Saka tribes (C). A three-dimensional model of the jaw of a fossil man (d) reconstructed from neutron to-
mography data and a virtual cross section of this model (e). The color scheme corresponds to the attenuation coefficients of the neutron

beam from large values (red) to smaller ones (green)
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