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HccaenoBanme apxeojioruuyeckKux 00beKT0B
METOI0M HEUTPOHHOU TOMOrpaduu

BcecToponnue nccnenoBanns 00bEKTOB KyJIETYpPHOTO
HacJIeUsl, YHOCSIHME HAC B IIyOb BEKOB M ITO3BOJISIOIINE
[IPOCJIEAUTE CTAaHOBJICHHE W Pa3BUTHE LUBWIM3ALUNA H
STHOCOB, SIBJISIOTCS OJHOM M3 Ba)KHEHIIMX 3a]a4 apXeo-
JIOTHU W JIpyTUX T'YMaHUTapHbBIX HayK. Ocobasi EeHHOCTh
U YHUKalbHOCTh TaKUX OOBEKTOB TpeOyeT NMpUMEHECHUS
COBPEMEHHBIX METOJ0B HEpa3pyIIAroLIero KOHTPOIS s
ux uccaenosanuii [1,2]. OgHUM W3 METOMOB, KOTOPBIiA
JlaeT MoApoOHyI0 HH(POPMAIIHMIO O BHYTPEHHEH CTPYKType
HCCIIeyeMbIX OOBEKTOB, SIBISIETCS HEHMTpPOHHAsI pajivo-
rpadus u Tomorpadus. Paznndre B IOJTHOM CEYCHUH TIO-
IJIOLIEHHST HEUTPOHOB AJISL Pa3HBIX JIEMEHTOB I103BOJISET
BH3YaJIM3UPOBaTh paclpesieleHue HeOJHOPOJAHOCTEH co-
CTaBa WM CTPYKTYPHI B UCCIEAYEMBIX OOBEKTaX U Mare-
puanax, mojyyarb UX TPEXMEPHYIO MOJEIb sl JajbHel-

LIEro aHaJIu3a C MPOCTPAHCTBEHHOW TOYHOCTBIO Ha YPOB-
He founeit muinmerpa [2, 3].

B aTo#i cTaThe MpeACTaBICHBI PE3yNbTAThl UCCIIENO-
BaHUs OOBEKTOB KYyJIBTYPHOTO HAclenus, 0OHApyKEHHBIX
B cocraBe TBepckoro kimazna B 2014 r.. ¢parmenToB 1mu-
POKOTO JBYCTBOPYATOro OpaciieTa u J1y4eBoro koira [4, 5].
C 1enbio MOJTYyYeHHs AAHHBIX O BHYTPEHHEM CTPOCHUH
9THX 0OBEKTOB OBUIM MPOBEJCHBI UCCIIEIOBAHUS Ha CIIe-
UATM3UPOBAHHONW HKCIIEPUMEHTABHOM CTaHIMU HEW-
TPOHHO# pamuorpaduu u Tomorpaduu [6,7] Ha 14-m ka-
HaJle MMITYJIbCHOTO BBICOKONOTOYHOTO peakropa VBP-2.
Heiitponnsie paguorpaduueckue n300paskeHUs1 00bEKTOB
HOJTyYaJId C IOMOIIBIO JIETEKTOPHOIM CHCTEMBI Ha OCHOBE
CHMHTHIUIAIHORHOTO dKkpana °LiF/ZnS ¢ perucrpameit
N300pakeHNI BBICOKOUYBCTBUTEILHON BUICOKaMepO Ha
ocHoBe CCD-marpuupbl. s viccienoBaHusi BHYTPEHHEH
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A Study of the Archeological Objects by Means
of a Neutron Tomography Method

One of the most important tasks of archeology and
other human sciences is comprehensive study of the cul-
tural heritage items, which takes us into the deep past
and allows understanding the formation and develop-
ment of civilizations and ethnic groups. The special val-
ue and uniqueness of such items requires application of
advanced nondestructive methods for their studies [1,2].
One of such methods is neutron radiography and tomog-
raphy which gives detailed information about the internal
structure of the investigated objects. The difference in the
total absorption cross sections of neutrons for different ele-
ments allows visualizing the distributions of composition
or structural heterogeneities in the studied materials, ob-

taining a three-dimensional model with spatial resolution
of a portion of a millimeter [2, 3].

In this paper, the results of the studies of cultural
heritage items found in 2014 within the Tver treasure are
discussed: fragments of two-leaved bracelet and the pen-
dant [4,5]. In order to obtain information about the in-
ternal structure of those cultural heritage items, neutron
tomography experiments have been performed. These
studies were prepared at the neutron radiography and
tomography facility [6,7] on beamline 14 of the IBR-2
high-flux pulsed reactor. The neutron radiography images
of the investigated objects were collected by the detector
system based on ®LiF/znS scintillator screen with a high-
sensitivity camera based on CCD chip. For the studies of
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CTPYKTYpPBI apXeOoJIOTHIECKHX OOBEKTOB OBUT MPOBEICH
psIll HEWTPOHHBIX panuorpaduyecknx HIKCIEPUMEHTOB,
pe3yibpTaToM KoTophix ObuT Habop w3 360 yrioBBIX Tpo-
EKLIUH HUCCIIeNyeMbIX NIpeaMeToB. M3 momyyeHHoro Ha-
Oopa paanorpapuIecKux MpOeKIHH OB BOCCTAHOBIIE-
HBI TPEXMEPHbBIE MOJEIN OOBEKTOB ISl ITOCIIETYIOIETO
ananm3a [8]. IlomydyeHHbIE TpeXMEpHBIE MOJEIH MpE.-
CTaBJIIOT COOOM MacCHB JTaHHBIX M3 TPEXMEPHBIX ITHKCE-
JIell — BOKCEJEH, KaXKIblii U3 KOTOPBIX XapaKTEpU3yeTCst
MPOCTPAHCTBEHHBIMU KOOpJUHATAMH U OIpEJeseHHOMN
BEJIMUMHOM T'pajialliy CEporo IIBETa, OTPAXKAOLIETO CTe-
MeHb OCNabIeHUs] HEUTPOHHOTO IMydYKa B OMpeAesICeHHOM
TOYKE HccieayeMoro odpasia. BupryansHas TpexmepHas
MOJIEJb UCCIIETyeMOT0 00BEKTA, TTOTydeHHAs IT0CIIE TOMO-
rpauYecKoro BOCCTaHOBJICHHS U3 OTIENIbHBIX HEUTpPOH-
HBIX TIPOEKIMH, MO3BOJISIET JAETAIbHO BHU3YaIN3UPOBATH
BHYTPEHHIOIO CTPYKTYPY HCCIIEyeMbIX O0BEKTOB, BKIIIO-
Yas y4acTKH COOPKH OTHIENIbHBIX JeTalleil 1 BHYTPEHHUE
3JIEMEHTHI KpEeTeka KOHCTPYKIIUH.

Ha puc.1l cieBa mpexacraBieH (parMeHT JIy4yeBOTO
KoJTa. BupTyanbHas TpexMepHas MOJENb HCCIIETyeMOro
00beKTa, IOJIyYeHHAas IOCIe TOMOrpadUueckoro BOoccTa-
HOBJICHUS U3 OTJICIbHBIX HEMTPOHHBIX MPOEKIUH, IpUBe-
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neHa Ha puc. 1 cipasa. IToce ananm3a TpexMepHoOi Moze-
JM YCTAHOBJICHO, YTO B KAUECTBE OCHOBHOI'O KPEIEKHOTO
9NIEMEHTA MCIIOJIb30BAJICS BBICOKHH 00pPYY C OTOTHYTHIMH
HapyXKy KpasiMH, K KOTOPbIM KPEHHJINCH JIEMEHThI OpHa-
MEHTAJILHOH PO3ETKH IEHTPAIBLHOTO MeaJIbOHa C JIy4OM.
JKecTKoCTh KOHCTPYKLMH oOeclednBaeT MpOBOJIOKa, ITy-
IIEHHAsI 10 BCEMY BHEIIHEMY NepuMeTpy o0pyua.

Bropoii 00beKT HccneoBaHus — (parMeHT MUpo-
KOTO JBYCTBOPYATOro Opaciera, KOTOPBIH 10 Havyajia pe-
CTaBpalMOHHBIX PabOT MpPEACTAaBIsT COOOH IUIOXO Co-
XPaHUBLIYIOCS IUIOCKOCTh MEXIY apkamu (puc.2 ciesa).
B pesynbrare 3KCIEpUMEHTOB 110 HEUTPOHHOM TOMOrpa-
(um ynanock MoJxyduTh JAaHHBIE O HATMYMH 30JI0YCHUS U
Pa3MEeIIeHHN 3THX Y9aCTKOB Ha apKax M pUQIICHBIX IPOBO-
nokax. Kpome Toro, ynanoch BBISIBUTh Y4aCTKH MO30JI0THI
Y YepHEHHMS Ha IIIOCKOCTH 3TOro Opaciera (puc. 2 cripasa).
Cyns 1o MOJMyYeHHBIM HEHTPOHHBIM JaHHBIM, HCCIEIY-
eMbIil (hparMeHT MIMPOKOro JBYCTBOPYATOro Opaciera
BBITIOJTHEH B TEXHHYECKOW M CTHIIMCTHYECKOH MaHepe, Xa-
paKTepHOM [UIs MepBOil KneBcKoit Mactepckoi [9, 10], uto
CTaBUT TBEPCKOIl KJIaJl B OJJMH PS¢ APYTUMH YHUKAIbHbI-
MH U OoraTelIuMu 0 COCTaBy KJaJaM1 JOMOHTOJIBCKOTO
BpPEMEHHU.

Puc. 1. Cresa: uccnemayemslit pparMent mydeBoro koira. Beicora ¢pparmenta 5 cm. CripaBa: BOCCTaHOBICHHAsI M3 JAHHBIX HEHTPOHHON
ToMorpaduu TpexmepHas Mojenb ¢pparMenTa konta. OTYETIMBO BUIHBI YYAaCTKH KPEHEKHOTo 00py4a, y30psl U pudUIeHHE Ha JTydax
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Fig. 1. a) A fragment of a “kolt” — a pendant ornament. The height of the fragment is 5 cm. b) A three-dimensional model of the
fragment of the pendant reconstructed from the neutron tomography data. The mounting ring, grooving and patterns on the rays and a

supporting wire are visible

the internal structure of the archeological items, a series of
neutron radiography experiments were prepared. A three-
dimensional model of the object for subsequent analysis
was reconstructed from the set of angular radiographic
projections [8]. The obtained three-dimensional model is

a three-dimensional array of 3D pixels — voxels, each
characterized by spatial coordinates and a grayscale value
that reflected the degree of neutron beam attenuation at a
certain point of the sample. The virtual three-dimensional
model of the object obtained after tomographic reconstruc-
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Puc. 2. CneBa: wuccrnenyembiii Qparment Opaciera. Bsico-
ta 6 cM. BuaHo, uTo OpacieT MOKPHIT KOPPO3Uel U OKaJIHHOH;
CrpaBa: BOCCTAHOBIICHHAsl HA OCHOBE JaHHBIX HEHTPOHHOH TO-
Morpaduu TpexMepHash Monenb ¢parmMeHTa Opacnera. BumHsl
YUYACTKH 30JI0YEHMS M UX Pa3MEIIeHHs Ha apKax M PHQICHBIX
mpoBojokax Opacnmera. [IpencTraBieHbl BOCCTAHOBIECHHBIE M3
HEHTPOHHOI TOMOTrpaduu y30pHBIE yUacTKU ITO30JI0THI U YepHe-
HUS Ha TIIOCKOCTH 3TOTO OpacieTa

tion from the individual neutron radiographic images al-
lows visualizing the internal structure of the objects, in-
cluding the assembly of individual parts or internal struc-
ture of fastener elements.

A fragment of the radial pendant is shown in Fig.1,a.
The virtual three-dimensional model of the object obtained
after tomographic reconstruction from the individual neu-
tron radiography projections is presented in Fig.1,b. The
analysis of the three-dimensional model revealed that the
thick ring with edges bent outside was used as a main fas-
tening element. The ornamental elements of the central
medallion and the radial shafts were attached to the ring.
The wire around the outer perimeter of the ring provides
the rigidity of the pendant structure.

The second studied item is a fragment of a wide two-
leaved bracelet, which was a poorly preserved plane be-
tween the wired arches before the restoration (Fig.2,a).
Neutron tomography experiments provided data about
gilding areas placed on the arches and grooving wires. In
addition, it was possible to identify a gilding and black-
ening tracery on the plane of the bracelet (Fig.2,b).
According to the observed neutron data, the studied frag-
ment of the two-leaved bracelet was made in the technique
and style of the first Kiev workshop which elevates the
Tver treasure to the rank of other unique and composition-
rich treasures dating of the pre-Mongol period [9, 10].

Fig. 2. a) A fragment of the bracelet under study. The height
is 6 cm. The bracelet is covered with corrosion and slag.
b) The three-dimensional model of a fragment of the bracelet
reconstructed from the neutron tomography data. Gilding areas
and their placing on the arches and grooving wires of the bracelet
are visible. The gilding and blackening patterns recovered from
neutron tomography data are distinguished on the plane of the
bracelet
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