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Abstract

The current investigation is a continuation of the project about the chemical composition of belt
fittings dated from the end of the 3rd c. to the first half of the 7th c. AD in Bulgaria and covers
archaeological finds from different geographical regions. In this study, we analyzed 169 samples
(buckles, plate of buckles, strap — end and tongues of buckles) by portable XRF and ICP-AES was
used for a selection. The main advantage of p-XRF spectrometry is the possibility to analyze
objects on the spot, almost without causing any damage, which is very important for finds with
very high historical and museum exposition value. The results show that only 11 buckles were
made from silver, and the rest belt fittings were made from various kinds of copper alloys, such as
bronze, brass, semi-red brass, gunmetal, etc.

Conclusion

The results of the analyses of the alloys used, the chronological groups and the regional distribution
are as follows: - Almost pure copper was most often used for the belt fittings of the First
chronological group. The largest number of samples comes from Pleven region. It should be noted
that similar results were obtained for samples from Nova Zagora and Stara Zagora for belt fittings



of the First chronological group (Zlateva et al. 2019, 116, 117, fig. 8). - Semi-red brass was used
only for the production of belt fittings in the First and Second chronological groups.

- In the three chronological groups, the samples of brass alloys exceed those of bronze alloys. The
total percentage is 26% belt fittings made of bronze and mixed alloys including tin and zinc and
65% made of brass alloys. The use of different copper alloys indicates a correlation with the place
of production rather than with a chronological period. The most important thing is what raw
materials the ancient craftsmen had. How often they remelted older bronze or brass artefacts and
how often did they prepare new copper alloys? Higher amounts of lead in the copper alloy
improves the process of casting but only up to a point; only for a few percent, above that there is
no further benefit for the casting. Lead was added to almost all alloys. Lead was cheaper than
copper, tin and zinc. Therefore, either remelted older artefacts were used or they used more lead
instead of copper, tin or zinc. The results of the chemical composition of the belt fittings provide
important information. Archaeometric research of archaeological finds allows the introduction of
new modern methods of analysis to gain a nuanced and different amount of information. The trends
that have been outlined in this research refer only to the samples taken from the regions of Nrthern
and Southeastern Bulgaria. The results could not be considered to be universally valid.

Pe3iome

CrartusiTa npencraBs XUMUYHHUS ChCTaB Ha KOJIAHHU MPHHAJICKHOCTH, U3pa0OTEHU OT MEIHU
crutaBu ot kpast Ha III B. no mepBara nonoBuHa Ha VII B. U3cnenBanero cbabpxka 169 npolu,
B3eTH OT 143 Haxonku ot Mmy3en B CeBeposzananHa, Llentpanna. CesepHa u IOromsrouna
benrapus: Bunun, IlneBen, Pyce, Hammonanen apxeonormuecku pesepat eyntym-ZleGenr,
obmuna Cpenerr, oomact Byprac u Co3omnoi, oomact Byprac (o6p. 8, Bx crartusta). M3ciensanu
ca 67 Toku, 13 miouyku oT TokH, 21 pamku oT TokH, 28 amnukauuu ¥ 14 HakpaiiHuka. ToBa
apXeoOMETPUYHO H3CJE/BaHE MPOBEpsBa Jal XUMHUYECKHAT ChCTAaB MOXe Ja ObJie CBBp3aH C
XPOHOJIOTHATA HA KOJIAHHUTE MPUHAUIEKHOCTU. AHAIN3BT € U3BbplieH ¢ nomomra Ha XRF n
ICP-AES. Ha maiyika 9acT OT M3CJIeIBaHHUTE MPOOU Ce M3BBPIIHA MeTaIorpadcKu aHAN3 C el
MoJIy4yaBaHe Ha ToBeue HHQOpMaIIHs 3a U3I0JI3BaHaTa TEXHOJIOTUs Ha POU3BOACTBO (purypu 31,
32, k. cratusta). Konnentpauuure Ha As, Bi, Co, Cd, Cu, Fe, Mn, Ni, P, Pb, Sb, Se, Sn, Zn ce
OTIPEJIeNIAT Ype3 CTPATETUs 3a BHHIITHO KAIMOpUpaHe, KaTo ce U3MOI3BaT A00pe XapaKkTepu3upaHu

CTaHJIapTH, CbOTBETCTBAIM Ha MaTpUllaTa, U CTaHAAPTHU pedepeHTHH MaTepHalu ¢ MoJ00HU



XUMHYECKU U pu3ndecku cBoiicTBa. HampaBeH e aHalu3 Ha chabpKaHUeTo Ha Mea (burypu 2, 3),

0J10BO (¢ur. 4), nuHK U Kanai (pur. 5), apcer u Huken (¢ur. 6). (Mo, moriegHeTe CTaTUATA).

OmnpenensiHeTo Ha H30paHUTE €NEMEHTH MOXe Ja Aajne WHGOpMalus 3a TEXHOJOTUYHUTE
mpoOyieMHu Ha MPOU3BOJICTBOTO HA JAPEBHUTE OPOH30BU M MECHHIOBH KaTtapamu. U3BbpiIu ce u
CTaTHCTUYEeCKa 00pabOTKa Ha aHATUTHYHUTE JaHHU C TIoMolnTa Ha codryepa Statistica 10. 3a
OIICHKAa Ha CXOJICTBOTO Ha €JIEMEHTHHS ChCTaB 33 aHAIM3UPAHUTE apXEOJOTUYECKH apTeaKTu,
OTIeTHUAT HAaO0op oT AaHHM ¢ obpaboreH upe3 Cluster, Factor, PCA ananmu3 cbc cTaTUCTHYECKA

BepOATHOCT OT 95%. ®opmupanu ca 4 ocHOBHU KiIbcTepa (Tabdio 3, dur. - BXK. cTaTuATA).
3ak/04eHus

[TpunoxeHu ca CTaTHCTUYECKUA METOJH 32 PETMOHATHOTO M XPOHOJOTHYHO Pa3NpOCTPAHCHHUE 32
pa3IMYHUATE BUAOBE CIUIaBH. bsixa pa3rpaHUYeHH HAXOAKH, M3Pa0OTEHU OT IMOYTH YHUCTa MEJ
(purypu 9,10), onoBHo-kanmacH Opon3 (purypu 12-14), 6pons ¢ mobdaseH nuHK ($purypu 15-16),
nostyuaepBeH MecuHr (purypu 18-19), uepBer mecunr ¢ qo6aBeHo ooBo, (purypu 20-22), MecuHr

¢ 106aBeHo 051080 (purypu 23-25) u mecunr (purypu 26-27).

[Toutn ymcrata Men Hail-uecto ce u3noia3pa B [IbpBa xpoHosornyHa rpymna. Haii-romsim Opoit
po6u ca ot [IneBencka obnact (dur. 8). TpsadBa ga ce ordOenexu, ye MOAOOHH pe3yiTaTu ca

NoJTy4eHH U 3a obpasziu o Hosa 3aropa u Crapa 3aropa (3naresa et al. 2019, 116, 117, ¢wur. 8).

[Tomy4yepBeHUAT MECHHT € U3II0JI3BAH CaMo 3a MPOU3BOJCTBOTO Ha KOJIAHHU MPUHAUIEKHOCTH OT
IIspBa 1 Bropa xpononoruuna rpyna (¢ur. 18). B Tpute XpOHONIOrMYHM Tpynu MpoOUTE OT
MECUHIOBU CIUJIaBU IpEBHILABAT Te3U Ha Opon3zoBute ciuiaBu (purypu 28-30). [IpoueHTHT
HaHaXOJIKUTE U3pa00TEeHU OT OPOH3 M CMECEHH CIUIABH, BKIIOYUTETHO Kajlail U IIUHK, € 26%, a Ha
T€3U OT MECHHTOBH cIlIaBH € 65%. Pe3ynraTure nokaspar, ue U3MOJI3BAHETO HA PA3IMYHU METHU
CIJIaBU € CBBbP3aHO MO-CKOPO C MACTOTO Ha MIPOU3BOJICTBO, OTKOJIKOTO C XPOHOJIOTUYHUS TIEPHO/I.
Haii-Ba)xHOTO € ¢ KakBM CypOBHMHHU Ca pa3Mojarajy JpPEeBHUTE 3aHAITUMH. ApXEOMETPUUHUTE
W3CJIeIBAaHUS Ha apXEOJOTHYECKUTE HAXOAKH IMO3BOJSBAT BHBEXKIAHETO HA HOBU CHBPEMEHHH
METOJM 33 aHAJU3 3a TOJydaBaHe Ha HOBO Pa3IMYHO KOJIM4ecTBO WHpopmanus. OuepTaHuTe B
TOBA M3CJe/BaHE TEHCHILMU CE€ OTHACAT CaMo 3a MpoOHTe, B3eTH OT pernoHute Ha CeBepHa U

IOrousrouna bwarapus.

PCSyHTaTI/ITC HC MOoraTt Ja €€ CMATaT 3a 06H_[0BaJ'II/I,Z[HI/I.



Ilpunocu na 2n. ac. 0-p boiika 3nameea

Ilpoboezumane, npooonoozomoeka, ananus c P-XRF, cmamucmuuecka oopabomka na

aHaiumuynume Oaunu, unmepnpemauusi, oocvicoane Ha pe3yimamume, nuCane Ha cmamus.

2. Boika Zlateva, Deyan Lesigyarski, Varbin Varbanov, Velislav Bonev, Ilian lliev,
Archaeometrical Investigation of Roman Silver Coins from Bulgaria, Mediterranean Archaeology
and Archaeometry Vol. 22, No 2, (2022), pp. 23-34, Q1

Abstract

In this study, we provide the results of a micro-XRF archaeometric investigation of 87 Roman
silver coins of different types that were discovered in Plovdiv (Central South Bulgaria) as part of
coin hoard. 593 Roman coins dating from the middle of the second century AD to the middle of
the third century AD comprise the hoard. The primary purpose of this report is to determine the
amount of silver in the alloy, as well as the amounts of other elements. A micro-XRF spectrometer
was used for the non-destructive analysis. The results indicate that the coins struck from the middle
of the second to the middle of the third century AD included varying amounts of the following key
elements: silver, copper, lead, and tin. Archaeometric study sheds light on the state's economy
during the relevant periods, as well as on coin manufacture and circulation technologies inside the
Roman Empire. On the basis of statistical estimation and correlation analysis, several interesting

observations are made about the technologies utilized and the origins of silver ores.
Conclusuon

Chemical analysis of silver Roman coins found in the 2-3 century treasure shows copper as a major
impurity in the silver alloy. Copper content varies between 10% and 30%, which corresponds well
to the historical and economic conditions of the time period under examination. During a period
of upheaval in Roman society, coin sponsors decided to increase the copper content of the precious
metal alloy. It can be assumed that the coinages are an important and reliable historical source,
when they are supported and synchronized with other sources - written and archaeological, as is
the case with Philippopolis. In conclusion, XRF spectrometry analysis enables rapid, cost-
effective, and non-destructive examination on-site at a wide scale. The scale enables statistical
analysis that reveals broad groups within the data, which may then be examined numismatically.

Gold, lead, bismuth, and copper are all critical elements for triaging. Copper was added to the



metal following cupellation (as copper, not bronze). While assumptions about the place of
production or the source of the ore can be formed based on the elemental composition alone,
confirmation requires study of the lead isotopes, which limits the number of putative ore sources
to a number. The current examination is merely a portion of a larger project to research Roman
currency riches discovered on Bulgarian soil, which will culminate in the publication of a
catalogue listing all analyzed samples. This enables broader generalizations to be formed regarding

the evolution of Roman coin
Pe3rome

B ToBa n3cnenBane ca npeacraBeHu peyiarature oT Mukpo-XRFEF apxeomeTpuuHo u3ciaenBase Ha
87 puMcku cpeObpHU MOHETH OT pa3IMYHH BUA0BE, OTKpUTH BbB Dununononuc (au. ILiosaus,
Ientpanna FOxHa bbarapus) kaTo 4acT OT MOHETHO ChbKPOBHILE. 593 pUMCKU MOHETH, AATUPALIH
ot cpenara Ha Il B. ci1. H. e. 10 cpenara Ha Il B. cii. H. e. chcTaBsIBaT ChKpoBuUIleTo. OCHOBHATA
IIeJT Ha aBTOPUTE € J1a Ce ONpEeey KOJUYECTBOTO Cpedpo B CIIIABTa, KAKTO U KOJIWYECTBATA HA
JPYTH €JIEMEHTH, KOETO B KOMOMHAIMS OT HyMHU3MAaTH4HA €KCIePTU3a U UCTOPUUYECKH CBEICHMUS
Ja o0oraTd 3HaHMATA OTHOCHO BMJA, Pa3sNpPOCTPAHEHUETO M LMPKYJalMATa Ha PUMCKHUTE
CpeOBPHU MOHETH TIpe3 MOCOUYCHUS NMEPUoJl. 3a HepaspyLIUTENIeH aHaIu3 0 U3MO0I3BaH MUKPO-
XRF cnekrpomersp. Pesynrarnre mokassar, 4e MOHETHUTE, CEYEHU OT cpeaaTra Ha BTOpHUS 10
cpejata Ha TPETHsl BEK Cl. Xp., BKIIOYBAT PA3JIMYHU KOJIMYECTBA OT CJIEIHUTE KIHOYOBU
eJIEMEHTHU: Cpedpo, MeJl, 0JI0BO U Kaslall. ApXEOMETPUYHOTO U3CIIEIBAaHE XBbPJIS CBETIMHA BbPXY
MKOHOMMKAaTa Ha Jbp)KaBaTa Ipe3 CbOTBETHUTE IMEPHOJHU, KAKTO U BBPXY TEXHOJOTHHUTE 3a
MIPOM3BOJICTBO M OOpallleHue Ha MOHETH B PumckaTta mmnepus. Bbp3 ocHOBa Ha craTUCTHUYECKa
OLIEHKAa M KOpENaIlMOHEH aHaJlW3 Ca HalpaBeHM HAKOJIKO MHTEPECHU HAONIOJIEHHs OTHOCHO

W3MOI3BaHUTE TEXHOJIOTUH U MPOU3XO0Ja Ha CPEOBPHUTE PYIH.
3akjaueHue

XUMHUYECKUAT aHAIU3 Ha CPEOBPHU PUMCKU MOHETH, OTKPUTH B ChKPOBHIIE OT 2-3 BEK, 10Ka3Ba,
4ye MeJiTa € OCHOBEH IpHuMec B cpedbpHaTa ciiaB. ChlIbpikaHuETo Ha MeJ] Bapupa mexay 10% u
30%, koeTo 100pe CHOTBETCTBA HA UCTOPUUECKUTE U UKOHOMUYECKH YCIOBHS Ha Pa3TJIekKAaHUS
nepuo ot Bpeme. Ilo Bpeme Ha mepuo/ Ha KaTakJIM3MU B PUMCKOTO OOIIECTBO CIIOHCOPUTE Ha
MOHETH pellaBaT Jia yBeInyaT ChIbPKaHUETO Ha MeJ] B CIUIaBTa OT OjaropojieH Metail. Moxe 1a

CC IpUeME, 4€ MOHETUTE Ca BAXXCH U JOCTOBEPCH UCTOPUYCCKH U3BOP, KOTAaTO Ca MOAKPEIICHU U



CUHXPOHU3HUPAHU C APYIrM HU3TOUYHHLOW — IMHCMCHHU KU apXCOJOTHMYCCKHU, KaKBbBTO € ClIydaiaT C

dunumnomnod.

Moxe na ce mpueMe, 4e MOHETHTE Ca Ba)KCH M JOCTOBEPEH MCTOPUYECKH H3BOp, KOrato ca
HOAKPENICHN U CHHXPOHH3UPAHH C IPYrH M3TOYHUIM — MUCMEHU U apXEOJOrHYeCKH, KAKBBTO €
cnydaar ¢ @umunonon. B 3akmouenne, XRF criekrpoMeTpu4HUAT aHamM3 MO3BOJsIBA OBP30,
peHTA0MIHO W Oe3pa3pyIIUTENIHO H3CIEeABaHE Ha MACTO B MHMpok Mamad. Ckamata naBa
BB3MOKHOCT 33 CTATUCTUYECKH aHAJIN3, KOWTO pa3KpuBa LIMPOKH Py B PAMKUTE Ha JAHHHTE,
KOWTO CJIE TOBAa MOrar ja ObJaT W3CJIeIBAaHA HyMU3MAaTH4YHO. 3J1aTO, OJIOBO, OMCMYT U Me] ca
KPUTHYHHU €JIEMEHTH 3a copThpane. Menara Oemre 1o6aBeHa KbM MeTala ciel Kynenanus (KaTo

Mej, a He OpoH3).

Brrpeku ue npeAnonoxkeHusTa 3a MICTOTO Ha MPOU3BOICTBO UITH U3TOYHHKA HA py/aTa Morar aa
ce (hopMupaT caMo B3 OCHOBA HA €IEMEHTHHS ChCTaB, MOTBHPKICHUETO N3UCKBA M3CIIEIBAHE HA
OJIOBHUTE H30TOIH, KOCTO OTpaHM4YaBa Opos Ha MPEAroiaracMUTe H3TOYHUIM Ha pyda Jo
orpezenieH peruoH. HactosmoTo nscneaBane € camo 4acT OT Ho-MamiabeH IpoeKT 3a U3Cie/IBaHe
HAa PHUMCKM MOHETHM CBKPOBHINA, OTKPUTHM Ha Obarapcka 3ems, KOWTO II€ 3aBbPIIM C
myOJIMKYBaHETO Ha KaTaJjior ¢ BCHUKM aHaIM3MpaHu oOpas3mu. ToBa mo3BoisiBa 1a ce popMupaT
MO-IHUPOKUA 000OIICHHS MO0 OTHOIIIEHNE Ha €BOJIIOIMATA U IUPKYJIAIUsATa HA PUMCKUTE MOHETH

10 OBJITAPCKUTE 3EMH.
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Hpoﬁoezumane, aHaiuiz, cmamucmuuecka 06])(160”11“1 Ha analtumuyHume 0amm,
unmepnpemayusi, NUCAHE HA CMAamus.

4. B. Zlateva, M. Doychinova, I. Prokopov

XRF Analyses of Electrum Coins of the 7 Th— 4T Th Cc. Bce: Coin Hoard (Hoards?) Or Several
Groups of Coins, MAIASP, vol:13, 2021, ISSN (print): 2713-2021, doi:1-20, Ref, Q2, PhD

Abstract

The subject of the publication is a group of electrum coins of Mysia — Kyzikus, lonia— Lesbos,
Mytilene, Phokaia, and Erythrae. The coins are 83 in number and were found together in a

shipment of smuggled traffic. The numismatic term coin hoard, in this case, is not preferable by



the authors and the group of coins is called coin pile. Given the need to prepare expertise for
authenticity, some of the coins were analyzed for their metal composition. Detailed information is
represented on the identification of coins and X-ray fluorescence analysis. In a catalog, the coins

are arranged for convenience following thematic and chronological order.

All coin types and denominations represented in the coin pile are well known. It is not a problem
to identify and cite them. In order to have a positive result, the authors divided the work into two
parts. The first is to perform numismatic analysis. The second part is X-ray fluorescence analyses
and commentary by a specialist chemist and archaeometrist. In addition to the numismatic
methodology, proof of this is the metal composition of the electron, which varies from 9.6 K to 24
K ratio of gold to silver. The conducted expertise and the results give grounds to accept the coins

are authentic.
Conclusion

The performed X-ray fluorescence analysis is suitable for determining the type of alloy used to ke
electrum coins. The limitations of the method are taken into account: analysis only of thesurface
layer of the alloy and the high lower limit of  determination.
Additional information on the manufacturing technology, as well as the trends in the change in the
amount of gold / silver, can be obtained using the information from the numismatic analysis. In
order to obtain results, it is necessary to compare the weights of the coins, their dating, as well is

possible place of mining.
Pesrome

TpeaMer Ha MyGIMKALUATA € IPYNa MOHETH OT eleKTpyM oT Musus — Kusukyc, Honus —
Jlecb6oc, Mutumiiena, ®@okes u Eputpa. Monetute ca 83 Ha Opoif 1 ca HaMepeHH 3ae/IHO B IpaTKa
¢ KoHTpaOaHseH Tpadpuk. HyMU3MaTHUHUAT TEPMUH MOHETHO CHKPOBHINE B TO3H Clly4yail HE €
MPEANIOYATAH OT aBTOPUTE M TpyllaTa MOHETHM CE€ Hapudya MOHeTHa KymuuHa. [Ipeasun
HE0OXOIMMOCTTa OT H3rOTBSHE Ha EKCIEPTU3M 3a aBTEHTUYHOCT HSKOM OT MOHETHUTE Osixa
aHaJIM3MPaHU 32 METAJIHUS UM cbeTaB. [IpeacraBena e moapooHa nHGopmarys 3a UaAeHTHPUKALUS
Ha MOHETH M PEHTTeHO(IIyOpECLIEHTEeH aHaIn3. B kaTamor MOHeTHTe ca MOJPECHHU 3a y100CTBO

B TEMATUYCH U XPOHOJIOTUYCH PCA.



Beuukuy BuioBE MOHETH U IGHOMUHAIIMH, PEACTABEHU B KyITYMHATa MOHETH, ca 100pe U3BECTHH.
He e npo6usiem na ru uaentudunrpame u nutupame. 3a a Ma MOJO0KUTENIEH Pe3yiTar, aBTOPUTE
paznensar paboTara Ha ABe YacTu. [IbpBUAT € U3BHPIIBAHETO HA HyMH3MAaTHYCH aHaiu3. BropaTa
9acT € PEHTTeHOB (IIYOPECIICHTECH aHAlIM3 U KOMEHTap OT CIEIUAINCT XUMHUK U apXCOMETPHCT.
OcBeH HyMU3MaTUYHATa METOJIMKA, JOKA3aTEJICTBO 32 TOBA € METAHUAT ChCTaB Ha EJIEKTPOHA,
koiito Bapupa otT 9,6 K no 24 K croTHOmIeHHe 351ato KbM cpedpo. HanmpaBenara ekcrieprusa u

pe3yATaTUTe 1aBaT OCHOBAHUE J]a CE MPUEME, Y€ MOHETUTE Ca aBTCHTUYHH.
3akarouyeHue

W3BbpImIeHUAT PEHTIeHO(IIYOPECHEHTEH aHalu3 € MOJXOMAL] 3a ONpelesisiHe Ha BHIA Ha
U3I0JI3BaHaTa CIUIAB 3a U3paboTBaHE HA MOHETH eIeKTpyM. B3eTu ca mpensua orpaHudeHusATa Ha
METO/a: aHaJU3 caMO Ha MOBBbPXHOCTHHUS CJOM Ha CIUIaBTa M BUCOKATa J0JHA IpaHMIa Ha
onpezaensHe. JlombJIHUTENHA HHPOpPMALUS 3a TEXHOJOTUATAa Ha IPOU3BOJCTBO, KaKTO U
TEH/ICHIIMUTE B TPOMSHATA KOJIMYECTBOTO 3J1aTO/Cpedpo, MOXKE Ja ce MOIy4d C IMOMOMITa Ha
uHpopManuaTa OT HyMU3MATUYHUS aHAJIM3. 3a J]a ce MoJlydaT pe3yiaTaTd, € He0OX0IuMo Jaa ce

CpaBHAT TCIrJIaTa HAa MOHCTUTC, TAXHATA JaTHUPOBKA, KAKTO U Bb3MOXXHOTO MsACTO HAa MUHHTC.

HanpaBenara HyMH3MaTH4Ha €KCIEPTU3a U PE3YNTATHTE OT PEHTTEHOMIYOPECICHTHHS aHAaJIH3

JlaBaT OCHOBAHUE J1a C€ NIPpUEMeE, Y€ MOHETUTE Ca aBTEHTUYHU.
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Hpoﬂoesumane, anaiuiz, cmamucmuueckKa oﬁpaﬁomka Ha anaanumudHume ()almu,

unmepnpemauus, nUCAHe HA CMamui.

7. Boika Zlateva, Deyan Lesigyarski, Lyuba Traykova, Veronika Mihaylova, Chemical
Composition Of Buckles Dated From 3th To The 7th Centuries Ad Found In North-Eastern
Bulgaria, Mediterranean Archaeology and Archacometry, Tom:19, 6poii:1, 2019, ctp.:107-120,
ISSN (print):1108-9628, ISSN (online):2241-8121, Ref, IR, SCOPUS, SJR (0.288 - 2018),
SCOPUS Quartile: Q1 (2019)

Abstract
The archaeological belt accessories are important chronological indicators, thus, can be very useful

when studying some historical periods. As being subject to fashion, they carry potential



information about social status, gender and ethnicity of the owner as well as about commercial
connections and production centers. Archaeometric investigations of the development of belt
accessories from the Great Migration Period in Bulgaria lags significantly considering the large
amount of finds of this kind. In this study a set of 60 buckles from North-Eastern Bulgaria dated
from the 3rd to the 7th centuries AD were investigated using inductively-coupled-plasma atomic-
emission-spectrometry (ICP-AES) and inductively-coupled-plasma mass-spectrometry (ICP-MS)
to check similarities or differences between them. The results show that these belt accessories were
made of various kinds of copper alloys such as bronze, brass, or nearly pure copper.

Conclusions

As widespread finds, buckles are quite appropriate for both archaeological and archaeometric
investigations. The archaeometric investigation of differ-ent types of copper alloy buckles dated
from the be-ginning to the final stage of the Migration Period in Europe reveals that finds were
made of bronze or brass with different chemical composition that could be chronologically
correlated. Additionally, there are buckles made of other multi-element alloys or nearly pure
copper. However, the preferred alloy in the 4th century AD was bronze with a high lead content
and inclusions of tin. The finds from the second half of the 6th century to the beginning of the 7th
century AD show a notable peak for preferable alloys - brass, or even red-brass. This conclusion
is made only for the samples found on the territory of the present day North-Eastern Bulgaria.
The metalworking practices and the level of skills attained seem to be comprehensive and com-
petent. Differences in the elemental composition of the specimens could be as a result from
chronologi-cal reasons or/and place of manufacture. However, question about the metal alloys
used during the Mi-gration Period in Europe is still open and future in-vestigations of similar
artifacts found in different parts of Europe would be very beneficial. Therefore, the next step of
the presented here investigation will be chemical and metallographic analysis of series of buckles
from other parts of Bulgaria aiming to estab-lish chronological, territorial and type-dependant

differences of the alloys used.
Pe3zrome

ApXCOJIOFI/ILICCKI/ITe KOJIaHHU aKCCCOoapu C€a BAXHU XPOHOJIOTMYHU WHIUKATOPH, IMOPaaHd KOCTO
MmoraTt J1ga 6’BHaT MHOI'0 IIOJIC3HU IIpHW HU3ydYaBaHC HA HAKOHM HCTOPUYCCKH IICPUOIU. Karo

IOABJIaACTHH Ha MoJara, T€ HOCAT IIOTCHIHAJIHaA I/IH(i)OpMaHI/IFI 3a COHAJICH CTaTyC, IO H



€THUYECKa MPHUHAJIeKHOCT Ha COOCTBEHUKA, KAKTO U 32 ThPrOBCKU BPB3KU U NMPOU3BOJICTBEHU
LEHTPOBE. APXEOMETPUYHUTE U3CIICIBAHUS Ha PA3BUTHUETO HA KOJAHHUTE aKCecoapu OT ernoxara
Ha BenukoTro mpecenenue Ha HapoauTe B bbarapus u3ocraBaT 3HAUUTEIHO NPEABUJA T'OJIEMHUS
Opoii Haxoaku OT To3u BuiA. B ToBa m3cnenBane Habop ot 60 xatapamu oT CeBepoH3TOYHA
bearapus, mnatupanu ot 3-Tu 10 7-MU BeK Ci. Xp., ca M3CIEJBAHU C MOMOLITa Ha aTOMHO-
€MHCHOHHA CIIEKTPOMETPHS ¢ MHAYKTUBHO cBBbp3aHa mia3ma (ICP-AES) u maccniektpomeTpus ¢
MHIYKTUBHO cBBbp3aHa miazma ( ICP-MS). Pesynrarute nmokassar, 4e Te3u akcecoapy 3a KOJaHU

ca HaHpaBeHI/I oT pa3J’II/I‘IHI/I BHUJ0BC MCJIHU CIIJIaBHU KAaTO 6pOH3, MCCHHI UJIU IIOYTHU YuCTa MCI.
3akao4yeHue

Kato emnn oT Hall-IMpOKO pa3NpOCTPAHEHUTE HAXOJKH, KaTapaMUT€ U KOJAHHUTE
MPUHAIJIC)KHOCTH Ca JI0CTa MOJIXOJSAIIM KAKTO 3a apXE€OJIOTHYECKH, Taka M 3a apXEOMETPUUHU
M3CIIeIBaHMs. APXEOMETPUYHOTO M3CIIEBAHE HA PA3IMUYHUA BUIOBE KaTapaMu OT MEIHU CIUIABH,
JIaTUPaHM OT HAYaJI0TO A0 MOCIEAHUS €Tall Ha €10XaTa Ha rpeceiieHnne B EBpomna, paskpuBa, ue ca
HaIpaBeHW HAXOJKH OT OPOH3 WJIM MECHHT C pa3JIMuyeH XMMHYCH ChCTaB, KOUTO MOraT Ja ObJaar
XPOHOJIOTUYHO CBBp3aHU. OCBEH TOBa MMa KaTrapamu/ KOJIIAHHUTE MPUHAJJICKHOCTU/ OT APYTU
MHOT'O€JIEMEHTHH CILJIaBU WJIU TIOYTH YUCTa Mea. Bbhrpeku ToBa, mpeamnoynTanara ciias mnpe3 1V
B. Cl1. Xp. € OPOH3BT C BUCOKO ChIBP’KaHHE HA OJIOBO M BKJIOUBAHMS Ha Kamail. Haxonkure ot
BTOpara nosioBuHa Ha VI B. 10 Havanmoto Ha VII B. ci. H. e. moka3BaT 3a0eNeKUTENEH MUK 32
MPEANIOYUTAHU CIUIABU - MECHHI, JOPHU YE€pPBEH MECUHI. TOBa 3aKiIIOYEHHE C€ IIPaBH camo 3a

oOpa3uuTe, HaMepeHu Ha TepuTopusiTa Ha AHemHa CeBeponsrouna buirapus.

[IpakTrkuTe 32 00pabOTKa HA METAIN U MOCTUTHATOTO HUBO HA YMEHUS U3IIIEKIAT U3UepIaTeTHH
U KOMIETeHTHH. Pa3nukuTe B eeMeHTapHUs ChCTaB Ha €K3EMIUIIPUTE MOTaT Jia ObAaT B pe3ysTaT
Ha XPOHOJIOTMYHU MPUYMHU W/MIM MSCTO Ha NPOU3BOJACTBO. BbmIpeku TOBa, BBIPOCHT 3a
METaJIHUTE CIUIaBU, M3IIOJI3BaHHU 0 BpeMe Ha nepuoja Ha mpeceneHue B EBpoma, Bce omie e
OTBOpEH U OBJCIIUTE M3CIEABAHUSA HAa MOJOOHHM apTe(akTH, OTKPUTH B pa3jIMYHH YacTH Ha
EBpona, Ouxa Ownm MHOro mojesHu. ETo 3amio crieipamaTta CThIKa OT HPEIACTaBEHOTO TYK
u3cneBaHe e 0b/ie XMMUUYEH U MeTaorpaCKy aHalu3 Ha CEpuu Katapamu OT APYTd 4acTH Ha
bearapus ¢ men ycraHoBsSBaHE Ha XPOHOJIOTMYHHM, TEPUTOPHAIHM W THUIOBH paA3IUKH Ha

M3II0JI3BAHUTC CIIJIaBH.

Ilpunocu na 2n. ac. 0-p boiika 3namesa
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IlIpoboe3umane, npooonoozomoexa, ananus ¢ |CP-AES u p-XRF, unmepnpemanyus,
cmamucmuuecka 00padomkKka Ha aHarUmMUYHUmME OAHHU, 00CHICOAHe Ha pe3yamamume,

nucane Ha cmamuA.

42. boiika 3aareBa, XRF - Anaimm3 Ha cpeObpHU MOHETH OT (hoHaa Ha MM-Ilanartopuie, B
PUMCKO MOHETHO CBHKPOBUIE OT CEJIO ITOITMHIIN, OBILIMHA TTAHATTOPUILIE
(I-1II B.), Bacun Kamapos, Bepoun BepoOanos, Boiika 3nateBa, UM-Ilanaropumie, ISBN:978-
619-00-1068-5, u3n, dadep, B. TepHoBo, 2019

Pe3rome

B knurara e najeHo AETalHO ONMMCAHHME HA OTKPUTOTO mpe3 1957 r. mpu U3KONMHHM paboTh

cpeOBbPHO MOHETHO CHKPOBHILIE OT TepuTopusaTa Ha ¢. [lonunuu, obm. [Tanartopuie.

[To mbpBOHAYANTHU JAaHHH, OT LSJIOTO MOHETHO ChKpOBHUIIE, B My3es B [laHartopuiie nocTsnBar
389 (315+74) cpeObpHuM MOHETH, JCHApuli M aHTOHWaHW, natupanu npe3 I-1II B. cm. Xp.
HampaBeHo € mbJIHO apXeojoru4ecko U HyMHU3MATHMYHO OMUCaHHE HAa CHKPOBHILETO, KAaTo 3a
[[EINTEe HAa apXCOMETPUYHHMSI aHAIIU3 Ca MPEJICTAaBEHU JAHHHUTE 32 55 MOHETH, KOMTO 0OXBaImiar
LETUAT TEPHOJl HA €MUCHUUTE Ha MOCOYCHUTE MOHETH, KaTo aHaJIM3bT HAa M30paHUTE MOHETH,
MIPOBEJICH C PETreHO(INOPECIICHTE CIEKTPOMETBP, € ChOOPa3eH ChC COTBETHUTE OPOIKM MOHETH,

CMHUTHPAHU IIPE3 ITOCOYCHATA CII0XA.

HpOBCI[eHa € CbOTBCTHATa (MI/IHI/IMaJ'IHa) HpO6OHOI[FOTOBa, neana ga €€ MpeMaxHe maTuHara 0T
MOHETUTE, KATO LEJITAa € Ja CC MOJYUAaT aHAJIMTUIHHU JaHHU 3a CbCTaBa HAa OpUI'MHAJIHATa CIIJIaB,

H3M0JI3BaHa 3a MPOMU3BOJACTBOTO HA MOHCTHUTE.

JlaneHo e pasmpeneneHueTo no BpeMe (win PuMcku uMIiepatopu) Ha OCHOBHMTE €JIEMEHTH —
cpebpo W Mel, KaTo JONBIHUTEIHO € HalpaBeHa cTaTHUCTHYecka oOpa0oTka Ha JaHHHUTE
(xopenanuoHeH aHanu3). llenra Ha KopenalMHUUS aHAIM3 € Ja AaJe Bb3MOXHA XUIIOTE3a 3a
U3I0JI3BAHUTE PYAM, KAaKTO M 32 TEXHOJOTHATA Ha Mpou3BoAcTBO. C 1en aa ce uzderHe T. Hap.
ne3ust (M3THYaHE), MOHETUTE Ca aHAJIM3UPAHU OT JIBETE€ CTpaHH, KaTO € YCTAaHOBEHO, 4Ye HAMa
CTaTUCTUYECKU 3HAYMMHU PA3JIMKU B €JIEMEHTHOTO ChABpKaHUE. B cTaTusTa ca jageHu cpeHnuTe

CbAbpKaHUsA, OIPEACTICHU OT 3 HU3MEPBAHUA Ha ABECTC CTPAaHW HA MOHCTHUTE.

3akao4YeHue
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p-XRF e enun oT HA-MIOIXOIAIINTE METOIU, KOUTO MTO3BOJISBAT C MUHUMAJTHA IIPOOOITOATOTOBKA,
aHaJIM3 Ha apXeoJOornYecKku apTedakTH, B Ciydas cpeObPHO MOHETHO CHKPOBHIIE, U3JI0KEHO B

nocrosiHHaTa ekcnosusi B UM-Ilanartopuiie.

B pesnynrar, Ha 0a3ara Ha NpPOBENEHUS EIEMEHTEH aHalIM3, ChYeTaH C HYMU3MAaTU4YHU U
apXxeoJIOTMYEeCKH JaHHU, (0e3 ompenensHe Ha M30TONM) € HANpaBeHO OOOCHOBAHO
IIPENIIOJIOKEHUE 32 BB3MOXHHUTE PYAHM CYPOBHHM, KAaKTO W M3I0J3BaHAaTa TEXHOJOTUS Ha

n3paboTKa (KymnenyBaHe).
Abstract

The book gives a detailed description of the silver coin treasure discovered in 1957 during
excavations from the territory of the village of Popintsi, commune. Panagyurishte. According to
initial data, from the entire coin hoard, 389 (315+74) silver coins, denarius and antonians, dated in
the I-111 centuries AD were received in the museum in Panagyurishte. A complete archaeological
and numismatic description of the treasure was made, and for the purposes of the archaeometric
analysis, the data for 55 coins covering the entire period of the emission of the specified coins are
presented, and the analysis of the selected coins, carried out with a X-ray spectrometer, is in
accordance with the relevant numbers of coins, issued during the specified period.

Appropriate (minimal) sample preparation was carried out to remove the patina from the coins,
with the aim of obtaining analytical data on the compositions is to have the original alloy used to
produce the coins. The distribution by time (or Roman Emperors) of the main elements — silver
and copper and silver is given, with additional statistical processing of the data (correlation
analysis). The purpose of the correlation analysis is to provide a possible hypothesis for the ores

used, as well as for the production technology.

The distribution by time (or Roman Emperors) of the main elements - silver and copper - is given,
and statistical processing of the data (correlation analysis) is additionally done. The purpose of the
correlation analysis is to provide a possible hypothesis for the ores used, as well as for the
production technology. In order to avoid the so-called lesion (leakage), the coins are analyzed on
both sides. There are not statistically significant levels of elemental composition of both sides. The
average contents determined from 3 measurements of both sides of the coins are in given in the

chapter of book.
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Conclusion

p-XRF is one of the most suitable methods that allow, with minimal sample preparation, the
analysis of archaeological artefacts, in this case a silver coin hoard exhibited in the permanent
exposition in IM-Panagyurishte. As a result, on the basis of the elemental analysis carried out,
combined with numismatic and archaeological data, (without determination of isotopes) a well-
based assumption is given about the possible ore raw materials, as well as the production

technology used (coupling).
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Hp06033umane, aHaiuiz, cmamucmuidecka 06pa60ml<a Ha aHa‘tiumu4dYHume 0aHHll,

unmepnpemauui, nUCAHe Ha Cmamui.

Tlokazarenu I

8. Svetla Gateva, Alexander Stankov, Tsveta Angelova, Nadezhda Todorova, Miroslav Rangelov,
Boika Zlateva, Gabriele Jovtchev, EVALUATION OF TOXIC AND GENOTOXIC EFFECTS
OF ROUNDUP AFTER DIRECT AND INDIRECT TREATMENT, International Journal of
Ecosystems and Ecology Science, vol:9, issue:3, 2019, ISSN (online):2224-4980, doi:
https://doi.org/10.31407/ijees, Ref, IF, IF (1.4 — 2019) Q4

Abstract

Roundup (glyphosate) is one of the most widely used systemic, non-selective herbicide in the
world. Numerous studies exist about its genotoxic effect both in “in vivo” and in “in vitro” using
various concentrations and endpoints. Based on the contradictory results we decided to investigate
the toxic effect of roundup in concentrations, used in agriculture after direct treatment on Hordeum
vulgare and in human lymphocytes as well as indirect applying S10 fraction from barley seedlings
affected by the herbicide. ICP analysis of soil (granulometry and pH also) was performed in order
to confirm the lack of harmful substances for plants and for demonstration of equal initial chemical
condition of both treated and untreated fields, so manifested effects on test-system could be a result
from roundup treatment. Morphometric method was used in barley grown from M1 seedlings

treated with the herbicide. Cytogenetic methods were used to test cytotoxic/genotoxic effect of
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roundup on lymphocytes, where the cells were directly treated with the herbicide and indirectly,
using S10 of barley pretreated with roundup. Morphometric data showed high inhibitory effect in
barley leaves and roots after roundup application. The herbicide also induced high cytotoxic/
genotoxic activities after direct treatment of lymphocytes. S10 fraction of barley grown from
seedlings affected with the herbicide induced yield of injuries that are close to that detected after
direct treatment with roundup, but with lower concentration (0.9 pg/ml). Clearly harmful effect of
roundup not only after direct but also after indirect treatment was observed, and its use need to be
rethought.

Conclusion

v The obtained in our study results showed a well expressed cytotoxic/genotoxic effect of roundup
clearly dependent on the applied concentrations on human lymphocytes after direct treatment with
the herbicide. Barley plants grown from seedlings affected by the herbicide (3.6 pg/ml) were with

high number of injuries assessed by morphometric endpoints and seedling characters.

v/ Phytoavailable content of soil elements in control and roundup treated field samples,

demonstrated similar levels of microelements on both sites, so the manifested effects on test-

system could be a result from roundup treatment.

v Plant extract prepared of barley grown from seedlings affected by roundup PE+RP decreased

the value of mitotic activity and induced frequency of chromosome aberrations close to that

observed after direct treatment with the lower concentration of the herbicides.

v Our study showed a clear harmful effect of roundup not only after direct but also after indirect
treatment. The obtained results once again indicate that the use of the herbicide needs to be

rethought.
Pe3rome

Paynnsn (rmudo3ar) e equH OT Hal-IUPOKO M3IMOI3BAHUTE CHCTEMHH, HECEIEKTUBHU XepOUIUAN
B cBeTa. ChIleCTBYBAaT MHOKECTBO MPOYUBAHUS 32 HETOBUS T€HOTOKCHYEH e(eKT KaKTo in Vivo,
Taka W in Vvitro, KaTo c€ M3IMOJI3BAT PA3JINYHU KOHIICHTPAllMU U KpailHu Touku. Bb3 ocHOBa Ha
MPOTHBOPEUYMBUTE PE3YJITATH PEIIUXME Ja H3ClIeBaMe TOKCHYHUS e(EeKT Ha payHJamn B

KOHIOCHTpAlU, HU3MOJ3BAHU B CCJIICKOTO CTOIAHCTBO CJICH AUPCKTHO TPETHPAHC Ha Hordeum
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vulgare u B yoBelku TUM(OLUTH, KAKTO U UHIUPEKTHO npuiarane Ha S10 ¢ppakuus oT pascan ot
€4eMHUK, 3acerHat ot xepounuaa. bemie nzpbpiieH ICP ananu3 Ha mouBara (rpanynomerpus u pH
CBIII0), 3a J1a C€ MOTBBP/M JIMIICATAa HA BPEJHU BEILECTBA 32 PACTEHUATA U 33 JIEMOHCTPUpPAHE Ha
€HaKBO II'bPBOHAYAIHO XUMUYHO CHCTOSTHUE KAKTO HA TPETUPAHUTE, TaKa U HAa HETPETUPAHUTE
MoJieTa, Taka 4e MPOsSBEHUTE ePEeKTH BbpPXY TeCTOBaTa CUCTEMa MOrar Ja ObJaT pe3yniraTr OT

KPBI'OBO JICUCHHUC.

W3non3ean e MopdomerpuueH MeTOA IpU €4YEeMHUK, OTIJielaH OT paszcany M1, Tperupan c
xepbunuaa.  Lurorenermunure  meroau — Osfxa  M3MNOJN3BAaHM 32  TeCTBaHE  Ha
IUTOTOKCUYHIS/TCHOTOKCHYEH €EeKT Ha payHJan BbPXY JUM(OIUTH, KBIETO KICTKHTE Osxa
JTUPEKTHO TPETUPAHU C XepOunuaa M HHAUPEKTHO, Karo ce wusnon3Ba S10 or edyemuk,
MIPeIBAPUTENIHO TPETUPaH ¢ payHaan. MoppoMeTpruuHUTE JaHHU MMOKa3BaT CHJIEH HHXUOUTOPEH
edekT B JIMCTaTa ¥ KOPEHHUTE HA €4eMHKa Clie]] Mpujarane Ha payHian. XepOULUIbT ChIIO
UHIYIUpa BUCOKA LHUTOTOKCHMYHA/TEHOTOKCHYHA AaKTHBHOCT clie[l AMPEKTHO TpETHpaHe Ha
mamborutu. S10 ¢dpakius oT ed4eMHK, OTIIIeJaH OT pas3caj, 3acerHaT OT HWHAYIUPAH OT
XepOumuaa JOoOMB Ha HApaHSABaHUS, KOWTO ca ONHM3KA 1O TE3U, OTKPUTHU CIIe[ JITUPEKTHO
TPETUTpPAHE C payHAal, HO ¢ Mo-HUcKa KoHieHTparus (0,9 pg/ml). HabmonaBa ce oueBuaHO
BpelieH epeKT OT payHIblla HE caMO CJeJl JTUPEKTHO, HO W CJeJl MHIUPEKTHO TPETUpaHE U

ynotpebara My TpsiOBa a ObJie MpeocMUcIeHa.
3akiro4yeHus

[lonmygyenute B~ HamieTo  MW3CJIEOBAaHE  pe3yilTaTd  IOKa3BaT  1oOpe  W3paseH
[IUTOTOKCUYCH/TEHOTOKCUYEH e(eKT Ha payHIbla, SCHO 3aBUCHM OT MPHIOKCHHUTE
KOHIIEHTPALlMU BBHPXY YOBEIIKUTE TUMQPOIMUTH CJIeA TUPEKTHO TpeTupaHe ¢ XepOuIuia.
EgyemuunuTe pactenusi, OTriieland OT pas3caj, 3acerHar ot xepounuaa (3,6 pg/ml), ca ¢ romsam

Opoil HapaHsBaHUs, OLICHEHU Ype3 MOPp(HOMETPUYHH KpallHU TOYKU M XapaKTEPUCTUKHU Ha pa3cal.

v/ OUTOHAIMYHOTO CHIbPIKAHUEC HA TIOYBCHU €JIEMEHTH B KOHTPOJHH M TPETHPAHH C payHIar
MOJIEBH MPOOH JEMOHCTpUpa MOAOOHM HUBA Ha MUKPOEJIEMEHTH M Ha JIBET€ MECTa, Taka 4e

IMPOSABCHUTC C(I)GKTI/I BBPXY TECTOBATA CUCTEMA MOXKC J1a Ca PE3YyJITAT OT TPETUPAHC C payHAAIl.

v Pacturenen CKCTPAKT, IMPUTOTBCH OT CYCMHK, OTIJICAAH OT pa3Cald, 3aCCrHaT OT payHAall

PE+RP, namansiBa CTOMHOCTTa Ha MUTOTMYHATa aKTHBHOCT M HWHAyLIHpaHAaTa YECTOTa Ha
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XPOMO30MHHU a6epau1/n/1, OIu3KHU a0 Ha6J'IIO,Z[aBaHI/ITe CJI€a OUPEKTHO TPETHUPAHE C I10O-HHCKaA

KOHIICHTpaIUs Ha XepOULIUInTE.

v Hamiero npoy4BaHe 1mokasa siceH BpeieH e(heKT OT payHIbIl He CaMO CJIE/ JUPEKTHO, HO U CIIC/
WHAMPEKTHO Tpetupane. [lomyueHuTte pes3ynraTH OIIe BEJHBXK IOKa3BaT, 4ye ymoTpedara Ha

xepOunuaa TpsaoBa Jaa ce MPEOCMHUCIIH.
Ilpunocu na 2n. ac. 0-p boiika 3namega

Ananuz c¢ ICP-AES, (pasmeapane na nouseenume npoobu, 6 paiuuHu peazeHmu,
noc1e00samesina eKCmMpaKuus, AHAIU3 Ha CbOMeemHume PPaKyuu) u UHMepnpemayus Ha

anaiumuynume 0aHHu, 00cvIcOane Ha cCmamus

9. B. Zlateva, B. Dumanov, M. Rangelov, APPLICATIONS OF SOIL PHOSPHATE ANALYSIS
FOR IDENTIFICATION OF ACTIVITY AREAS AT DOSCHKERE, SE BULGARIA, loknanu
Ha bwirapckarta akagemus Ha Haykute Comptes rendus de 1’Acad’emie bulgare des Sciences,
toMm:71, Opoii:6, 2018, ISSN (print):13101331, Ref, IR , SCOPUS, SJR (0.205 - 2018), SCOPUS
Quartile: Q2 (2018) 2018

Abstract

Human occupation enriches soils with phosphorus, which may provide an useful chemical tracer
for site delineation in archaeological studies. In the present paper we use “spot-method” as well as
extractible phosphorous soil content to estimate site boundaries and the activity areas at the region

“Doschkere”, situated near Malko Tranovo, Chirpan, SE Bulgaria.
Conclusion

The results of our analyses indicate that soil chemical signatures of midden materials may be very
important in decoding the various waste deposits of the ancient people. The obtained results from
this investigation despite the limited number of the samples and the impossibility to clarify the
settlement boundaries is an example for the applicability of soil phosphate method in archaeology.
The combination between the “spot method” using in the field and laboratory measurement of P
content can be used to identify areas of prior human occupation. In field situations where

vegetation is dense and surface visibility is poor, this technique can offer a quick and inexpensive
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assessment of P content in the soil and ancient site presence when other investigative approaches
are not feasible. The data demonstrate the possibilities of the method for reconstruction of the
activity area, the way of the utilization of the areas, settlement boundaries and could be useful in
providing guidelines for future studies.

Pe3rome

Yosemkara AeHHOCT, KaKTO cera, Taka U B MUHAJIOTO € CBbp3aHa ¢ 100pe n3BecTHUsI JeHOMEH, a
HUMEHO - oborarsaBa noyBute ¢ pocdop, KOMUTO MOKE J]a OCUTYpH MOJIE3eH XUMHUYECKH MapKep 3a
OouepTaBaHe Ha TPAHMUIIMTE HA CEJHINETO, KAKTO M HAa HauyWHA Ha oOWTaBaHE Ha OOEKTHU IMPHU
apXeoJIOTMYECKH MPOYyYBaHUs. B HacTodiara ctaTus ce U3Ioia3Ba T. Hap. ,,TOYKOB METOA ‘, KAKTO
Y HUBaTa Ha ycBouMO (pochaTHO chAbpKaHKME HA TIOYBATA, 32 JIa CE OIICHT IPAHULIUTE Ha 00EeKTa
YU 30HUTE Ha JAeHHOCT B pervona ““Jlomkepe”, Hamupaiio ce a0 Manko TpwHoBo, YupnaHn,

IOrousrouna bwarapus.
3akiro4eHus

Pesynrature OT HalmMTE aHAIKM3H OKA3BaT, Y€ ChbP)KAHUETO HA XUMUYHHU €JIEMEHTH B [T0YBATa,
MOKe J1a ObJIe MHOTO BayKHA MTPH JACKOAMPAHETO HA PA3IMYHHUTE OTIAIHU HAXOAMIIA HA IPEBHUTE
xopa. [lomyuenute pe3ynTaT OT TOBa U3CJIEIBAaHE, BBIPEKU OrpaHUYeH Opoil mpodu u
HEBB3MOXKHOCTTA 33 M3SCHSABAHE Ha I'PAaHHUIIMTE Ha CEIULIETO € MPHUMEpP 3a MPUIOKHUMOCTTa Ha
nouBeHust (GocdareH Mmeroxm B apxeosorusita. KoMmOMHammsTa MEXTy ,,TOYKOBUS METOJ ',
M3TOJI3BaH Ha TMOJIETO M J1abOpaTOPHOTO M3MEPBAHE HA ChAbPKAHUETO Ha docdaTu MOXKe /1a ce
U3IONI3Ba 3a MJEHTU(UIMpaHe Ha O0JACTH OT MPEAWIIHM YOBEIIKU JAeHHOCTH. B mosesu
CUTYyalllH, KOraTo PaCTUTEIHOCTTA € I'bCTa U MOBBPXHOCTHATA BUAUMOCT € JIOIIA, Ta3U TeXHUKA
(,,TOUKOBHS METOJ ) MOXKeE J1a PeI0KU Obp3a U eBTHUHA OLIEHKA Ha ChAbp)KaHUETO Ha pocdaru
B II0YBaTa, KOTraTro JAPYrUTE W3CIENOBATEICKH TOAXOAM HE ca OChIIECTBUMHU. JlaHHUTE
J€MOHCTPHUPAT Bb3MOKHOCTUTE Ha METO/Ia 32 PEKOHCTPYKIIMS IJIOLITA Ha IEHHOCTTa, HAaUWHA Ha

YCBOsIBAHC HA IJIOMHUTEC, TPAHUIUTEC HA HACCIICHOTO MSICTO.

Ilpunocu na 2n. ac. 0-p boiika 3namesa
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Iloneso npobos3umane no u3zzpadena mMoyKoea mpedxca (cucmemamuyHno
npoooszumane-c 0-p M. Panzenos) in-situ, noneeu annuz (cnom-amaius cbC CbOMEEHHU
Peakmueu, U3EbPUIEH HA MACMO), NPOOOG3UMaAHe HA npedcéamunen 0Opoil npoou,
npooOn002omosKa, 1adGOpamopeH ananu3 Ha npeocmasumesien Opoil noYeeHu nPoou, aHa U3
Ha npooume ¢ nabopamopnu ycnosus (UV-VIS), unmepnpemayus na pesyimamume,

oocwicoane Ha pe3yamamume, nuUCane Ha cmamui.

12. D. Guirdzhiiska, B. Zlateva, Z. Glavcheva, Polished Decorative Fields in Thracian Fresco
Tombs from the Hellenistic period -Archaeometrical Research, STAR: Science & Technology of
Archaeological Research, 2017, pages:428-436, doi:
http://dx.doi.org/10.1080/20548923.2017.1396723, Ref, Web of Science, SCOPUS Quartile: Q1
(2017), PhD

Abstract

In order to gather information on the technological characteristics of the monochrome decorative
wall plasters in some Thracian fresco tombs (4th -3rd centuries BC) found in South Bulgaria,
several types of analyses have been carried out. Samples of red, yellow and white large wall-
painted fields in different monuments, have been investigated using a combination of Attenuated
Total Reflectance Fourier Transform Infrared Spectroscopy (ATR-FTIR) and Differential
Scanning Calorimetry (DSC) to identify the organic components of the paint layer. The nature of
the pigments has been determined both by X-ray diffraction (XRD), X-ray fluorescence (XRF)
and ATR-FTIR.

The obtained results point towards the recognition of final polishing processes performed on still
wet plaster. This technique of creating polished wall painted surfaces in combination with organic
coatings (known as stucco lustro) is traditionally associated with the Pompean frescoes and the
work of roman painters. Based on the technical examination, it can be assumed that in pre-roman

time, the Hellenistic paint-craftsmen in Thrace inland were also familiar to this technique

Conclusion
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Ancient paint-craftsmen were familiar with the so called “secret varnishes” and the working
process of creating polished wall painted surfaces. To achieve the impressive effect of deep colour

and mirror-like completion of the wall, a protective coating was required.

We suppose that waxing (using either pure wax or a mixture with other organic components) was
applied as a final step of producing burnished plaster, in order to enhance the colour and the texture
of the decoration and serve as a surface sealer that could be buffed from a soft sheen to a high
gloss. This technique (commonly known today as stucco lustro) is traditionally associated with the
Pompean frescoes and the work of the Roman painters. The results obtained for the present

research have proved that it was practiced even earlier in Thrace, during the Hellenistic period.

The analytical examination of the wall paintings found in Hellenistic Thrace has revealed
significant information on the use of complex painting/plastering techniques. At the same time,
several issues concerning the exact recipe of the wax-based coating have emerged. It is to be

considered that discovering the ancient painters’ savoirfaire requires further investigation.
Pesrome

C umen cwOupane Ha wHGpOpMAIM 32 TEXHOJOTMYHHUTE XApPAKTEPUCTUKA HA MOHOXPOMHH
JIEKOPaTUBHU CTEHHU Ma3WJIKU B HiKoU Tpakuiicku GppeckoBu rpoOHUIM (AaTupanu 4-TU-3-TU B.
np. Xp.), otkputd B FOxkHa bwarapus ca M3BBpIIEHM HSAKOJIKO BHMJa aHanu3u. OOpasuu ot
YEepBEHU, JKBJITH U O€JIM TOJIeMU CTEHOIMCHU T0JIeTa B Pa3IMYHU apXUTEKTYpHU MaMETHULIU ca
u3cneABaHu ¢ nomoinra Ha uHGpauyepBeHa crekrpockonus (ATR-FTIR) um audepenunanna
ckanupaina kagopumerpus (DSC) 3a upeHTudupane Ha OpraHMYHN KOMIIOHEHTH B OOsITUCAHUS
CIoil. YCTaHOBEHO € €CTEeCTBOTO Ha IMHIMEHTHUTE, KakTo upe3 peHTreHoBa audppakims (XRD),

pentrenoBa duyopectennus (XRF).

[Tonyuenure pe3ynratd coyaT KbM pa3lO3HABAHE HA U3BBPLICHUTE KPAWHU IOJUPALIU IPOLECU
BBPXY OIII€ MOKpa Ma3Wika. Ta3u TeXHHKa 3a Ch3JlaBaHE Ha IMOJHUPAHH CTEHHU OOsAMCcaHU
MOBBPXHOCTH B KOMOWHAITUS C OPTAaHUYHH MTOKPUTHS (M3BECTEH KaTo stucco lustro) TpaauiinoHHo
ce cBbp3Ba ¢ [lommeld - CTEHONMMCH W MPOU3BEICHHUS HA PUMCKH XYIOKHHUIM. Bb3 OCHOBa Ha
JIATEPATYPHUS MPETIIE] MOXKE J1a Ce MPEANoJIara, 4e¢ B NPeAPUMCKO BPEME U EIIMHUCTUYECKUTE

MaﬁCTOpH BBbB BBTPCHIHOCTTA HA TpaKI/I}I ca OMJIM 3aM03HATH C Ta3U TEXHHKA.

3akao4YeHue
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JlpeBHUTE MalicTOpH ca OWJIM 3all03HATH C TaKa HAPEYCHUTE ,, TAIHU JIAKOBE M1 paOOTHHS TIPOILIEC
3a Ch3JaBaHe Ha MOJIMPAHU CTEHHU OOAIMCaHU MOBBPXHOCTH. 3a IMOCTUraHE Ha BIEUATIISIBAILUS
edeKT Ha HACUTEH LBSIT M OTJIeJJAJTHA 3aBBPIIEHOCT HAa CTeHATA € He0OX0IMMO 3alIUTHO MOKPHUTHE.
[Ipeanonarame, 4e HaHACSHETO HA BOCHK (M3IMOJI3BAMKK WM YHUCT BOCHK, HJIM CMEC C JIPYTd
OpraHMYHU KOMIIOHEHTH) € OWJIO MPHIJIOKEHO KaTo IMOCJeIHA CThIIKA OT MPOU3BOJCTBOTO Ha
MoJIMpaHa Ma3uika, 3a Jla ce MoJA0oOpHu LBeTa M TeKCTypaTa Ha JeKopalusaTa U Ja CIYyXH KaTo
MOBBPXHOCTEH YILUTBTHHUTEN, KOMTO MOXE Jla C€ MOJMUpa OT MEK ONSICHK A0 CUJIeH TiaHil. Taszu
TEXHHUKa (M3BECTHA JJHEC KaTo stucco lustro) TpaAuLIMOHHO ce CBBP3Ba C MOMIEHCKUTE CTEHOITUCH
1 paborara Ha puMcKUTe. Pe3ynraTure, mojiyueHu B HACTOSIIETO U3CIIEIBaHE, I0Ka3axa, ue Ts ce
€ MIpakTHKyBaJa omle mno-paHo B Tpakus, mpe3 EnuHucthudeckara emnoxa. AHATUTHYHOTO
W3CIIeIBAHE Ha CTEHOMHUCUTE, OTKpUTH B Enunuctuuyecka Tpakus, paskpu 3HAYUTEIIHA
nHpOpMaNKA 32 U3MOI3BAHETO Ha CIOXKHHM TEXHHUKH 3a pUCyBaHe/Ma3uika. B chioro Bpeme ce
MOsIBUXA HIKOJIKO BHIIPOCAa OTHOCHO TOYHATA PelieliTa Ha MOKPUTHETO Ha Oa3aTa Ha BOCHK. TpsiOBa
Ja ce uMa MpeaBUi, Y€ OTKPUBAHETO HA TO3HAHHMETO HA JPEBHHUTE XYAOKHHUIM H3UCKBA

JOITBTHATEITHY MPOYYBAHUS M HE Ca OKOHYATCITHH.
Ilpunocu na 2n. ac. 0-p boiika 3namesa
Ananuz (EDXRF) — o6cvocoane na pezyimamume, nucane na cmamusi.

13. D. Lesigyarski, B. Zlateva, I. Kuleff, Investigation of mortar from Bulgaria dated from 5th
century BC to 13th century AD®, Archaeologia Bulgarica, Tom:XIX, 2016, ctp.:75-94, ISSN
(print):1310-9537 , Ref, IR, SCOPUS, SJR (0.123 - 2016), SCOPUS Quartile: Q3 (2016)2016

Abstract

The present paper is the first archaeometric study of mortar from some of the archaeological sites
in Bulgaria. We try to evaluate the kind and the characteristics of mortars which were used in the
territory of Bulgaria during a wide time interval — from mid of Iron Age to medieval time. The
evaluation of the proportion ratio of lime to aggregate or additives in mortar — [Ca(OH)-] : sand
(bricks, stones), is one of the characteristics which is very important to the conservation work.
This proportion in some cases depends on the historical period when the mortar was produced and
of course on its function. In the present paper are analyzed 114 samples of mortar, using ICP-AES,

ED-XRF and thermal heating. The samples are taken from sites and fortified walls from different
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archaeological objects in Bulgaria; 3 samples are taken from Albania. The usefulness of a solution
of HCI and complexing agent EDTA for extraction of CaCOs, which are produced by [Ca(OH)2],
was verified. In the paper the data is given f the quantity of CaCOs which is obtained after solution
of the mortar with HCI as well as after separation of CO2 by heating of the samples of mortar.
There is also data about the quantity of CaCOz in mortar taken from different archaeological sites

in Bulgaria today.
Conclusion

Our study analyzed mortars and plasters by using chemical data of bulk material. An investigation
of mortar and plaster from different archaeological sites dated to the Iron Age, Roman, Late
antique and Medieval periods was carried out for the first time in Bulgaria. In the present study,
114 samples of mortar were analyzed and the ability for removing of the binding material
(Ca(OH)2 — CaCO0g) from the samples of mortar was assessed. The solutions — 1% HCI, 1.6%
HCl and 0.2 M EDTA — have about equal effectiveness for removing calcium from mortar, but the
other elements are removed more effectively with 1% HCI and 1.6% HCI. This result was expected
because EDTA forms a water-solved complex with calcium ion, but there are not so stable
complexes with other elements (iron — Fe>Os; magnesium — MgCQOs; etc.), which could be found
in mortar. Our analysis shows that different recipes for production of mortar were used according
to the intended application of the mortar and did not depend on the period when the mortar was
used. If the mortar was used as plaster for panting the ratio is 1:1 — one part of slaked lime to one
part of aggregate material (sand). If the mortar was used as binding material for stones in walls of
buildings — the ratio is 1:3 or 1:4. One more essential result of our study seems to be the fact that
fortification walls were built with mortar containing a low quantity of slaked lime, e.g. 1/5 or less,
and more river sand or some other unsolved materials. This conclusion shows that investigation
must continue with samples from other sites, and a discussion among the archaeologists is much

needed.
Pe3iome

Hacrosusit Tpyn € TBPBOTO apXEOMETPUYHO U3CIEABAHE Ha XOpOocaH OT HSIKOW OT
apxeonorndeckuTe 00ekTu B bwirapus. Llenrta e ce na ce oneHN BUAA U XapaKTEPUCTUKHUTE Ha
XOpOCaHUTE, U3MOJI3BAaHU Ha TEPUTOPHUATA HA Bbirapus B LIMPOK BpeMEBU UHTEPBAJ — OT CpeAaTa

Ha Xemsasnara enoxa 10 CpennoBekoBueTo. OLieHKAaTa Ha NPOMOPIUOHATTHOTO ChOTHONIEHHE Ha
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Bap KbM MHEPTHH MaTepHaau Wid 100aBku B xopocaHa — [Ca(OH)2] : msacek (Tyxiid, KaMbHH), €
€lIHa OT XapaKTePHCTUKUTE, KOATO € MHOTO BakHa 3a paboTara Mo KOHcepBanusta. Tasu
MIPOIIOPIIMS B HIKOM CIIy4ad 3aBUCH OT UCTOPUUECKHSI TIEPUOJI, KOTaTO € MPOU3BEACH XOPOCAHBT
U pa3dupa ce oT HeroBara (QyHKus. B HacTosmara pabora ca aHammsupanu 114 mpobu ot
xopocaH ¢ nomoira Ha ICP-AES, ED-XRF u repmuuno narpsisane. [IpoOute ca B3eTH OT 00eKTH
U KPENOCTHH CTEHU OT PAa3IMYHHU apXeoJIOTUYECKH oOekTu B bwirapus; B3etu ca 3 mpodu ot

Anbanus.

beme mpoBepena npunoxxkumoctra Ha pa3tBop Ha HCl m xommiexkcooOpaszoBaren EDTA 3a
excrpakius Ha CaCOsz, kouto ce nonydaBar ot [Ca(OH)z]. B cratusita ca maneHu naHHU 3a
konuyecTBOTO CaCO3, KOETo ce moJiydaBa ciiell pa3rBapsHe Ha xopocana ¢ HCI, kakto u cien
ornenssue Ha COz ype3 HarpsBaHe Ha MpoOuTe OT XxopocaH. ChllecTByBaT M JaHHHU 3a

konumyecTBOTO CaCO3 B X0pocaHa, B3€TH OT PAa3IMYHH apXeOJOTHYECKH 00CKTH B bbirapus.
3akjao4yeHue

Harmero npoyuBane ce 6a3upa Ha aHAIU3 HA XOPOCAHU U MA3UIIKU YPe3 U3IO0JI3BaHE HA XUMUYECKU
JTaHHU 32 OCHOBHUS MaTepuai. 3a IbpBU IIbT B bbiarapus € u3BbpIIeHo U3CieqBaHe Ha XOPOCaH U
Ma3WiKa OT pa3JInuyHu apxeosiorudyecku obexktu ot XKemssznara, Pumckara, KbcHoanTHYHaTa U
CpenHoBekoBHaTa enoxu. B HacTosmoTo u3cienBane ca ananusupanu 114 mpodu ot XxopocaH u
€ OllIeHEeHa CIOCOOHOCTTa 3a OoTCTpaHsBaHe Ha cBbp3Bamua marepuan (Ca(OH), — CaCOs) ot
npobute ot xopocad. PaztBopute — 1% HCI, 1,6% HCl u 0,2 M EDTA — umar npuGau3utenHo
€lHaKBa €(EeKTUBHOCT 3a OTCTPaHsSBaHE Ha KAJILUMUHA OT XOpocaHa, HO APYTUTE €JIEMEHTH ce

orcTpaHsaBat no-epexktusHo ¢ 1% HCl u 1,6% HCI.

To3su pesynrar 6emre ouakBa, Tl kKaTo EDTA 00Opa3yBa Bogopa3TBOpUM KOMILIEKC C KaJIIUEBUS
HOH, HO UMa HE TOJIKOBA CTAOWMITHU KOMIUICKCH C JAPYTU eneMeHTn (xkes3o — FeoOz; Marae3uit —
MgCOs3 u gap.), kouto morar ga ObJaT HaMepeHH B XopocaHa. HammsaT aHanu3 mokasma, ye
Pa3IMYHU PELENTH 3a MPOU3BOJCTBO HA XOPOCAaH €a M3IOJ3BaHU CIOpE IIPEIHA3HAUYEHUETO Ha
XOpOCaHa M HE 3aBHCAT OT IEpPUOJa, B KOWTO € OMJI M3MOI3BaH XOPOCAHBT. AKO XOPOCAHBT €
M3II0JI3BAaH KaTO Ma3WKa 3a 3aMa3Ka, CbOTHOLIEHHETO € 1:1 — eHa yacT raceHa Bap KbM €IHA
JacT MHEPTEH Marepuall (MAChK). AKO XOpPOCaHBT € M3MOJI3BaH KaTO CBBP3BAIL0 BELIECTBO 3a
KaMBbHU B CTEHHU Ha CrpaJy — CbOTHOWIEHUETO € 1:3 win 1:4. JIpyr cbliecTBEH pe3yTaT OT HAIETO

Mn3CJICABAHEC U3TJICXK A € q)aKTT)T, Y€ YKPCIUTCIHUTEC CTCHHU Ca U3IrpaJicHU C XOPOCaH, ChbAbpiKalll
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MaJIKO KOJIMYCCTBO I'aCCHA Bap, HaIIp. 1/5 wnyu mo-Manako U MHOBEYe PE€YCH IIFACBK MW APYru
HCPA3KpUTU MAaTCpHUAJIH. ToBa 3akiroueHue IIOKa3Ba, 4€ pa3CjI€aABaHCTO Tpﬂ6Ba Ja IMpOABbJIKH C

npodu OT APYru 0OEKTH M € MHOTO HEOOX0IuMa JUCKYCHUS B apXEOJIOTHYHATA OOLTHOCT.
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Ilpo6oe3umane, npobodoozomosxa (c 0-p /. Jlecueapcku), ananuz ¢ XRF, u ICP-AES,

oocwicoane Ha pe3yamamume, nUCane Ha cmamusi.

14. Boiika 3aareBa, Benun Kynes, Apxeomerpusita B bbiarapus mnpe3 mocieqHUTe 1eCeT
roaunu, bearapcko e-Crnimcanue 3a Apxeonorus, 0poi:6, 2016, ctp.:1-26, ISSN (online):1314-
5088, Ref, IF (0.1-2019) 2016

Abstract

The paper summarizes all papers published by Bulgarian scientists in the field of archaeometry,
issued in the last decade. The archaeometric investigations in Bulgaria cover the analyses of
chemical composition of bronze, gold, silver, lead, glass, glaze, pottery, mortar, amber, resin and
other archaeological objects. For their character—ization many instrumental techniques such as
AAS, ED-XRF, ICP-AES, INAA, LA-ICP-MS, SEM-EDS, etc. are used. These techniques,
together with geophysical methods, archaeomagnetic investigations, dendrochronol-ogy and the
various dating methods are all covered by the umbrella term ‘archacometry’. MA programme in
archaeometry has been offered in Sofia University ‘St. KI. Ohridski’ in the last 10 years, whose
graduates have been joining archaeological investigations professionally. In this way, archaeology

is enriched with new understanding of the role of physics, chemistry, biology and geology.
Conclusion

This overview of the works carried out in the last decade in Bulgaria in the field of archeometric
studies shows that are the subject of the work of a large number of scientific institutes and
universities: Sofia University "St. KI. Ohridski"”, the University of Chemical Technology and
Metallurgy, the University of Mining and Geology "St. Ivan Rilski", New Bulgarian University,
Shumen University "Bishop Konstantin Preslavski”, Institute of General and Inorganic Chemistry,
National Institute of Geophysics, Geodesy and Geography, National Archaeological Institute with

Museum, Institute of Solid State Physics, Institute of Nuclear research and nuclear energy (all
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institutes belong to the BAS) and the National Historical Museum. The result of this study shows
that in the field of archaeometry there is a considerable amount of research, involving a large
number of researchers in our otherwise small country. At the same time, the research and
restoration work of the various drawings on the walls of the numerous necropolises in Bulgaria,
carried out by the National Academy of Arts, have not been commented on, although they also

represent archeometric research.
Pe3iome

B cratmsara ca 0000meHM BCHYKM MyONWKAIMd Ha OBITapcKd YYeHH B o00JlacTTa Ha
apxeoMeTpusiTa, MyOIMKyBaHU Ipe3 MmociaeaHoTo aeceruierue (10 2015 r.). ApxeoMeTpuuHUTE
npoyuBaHus B bearapus o0xBamar aHaau3uTe Ha XUMUYECKUS ChCTaB Ha OpOH3, 371aT0, cpedpo,
OJIOBO, CTBKJIO, IJa3ypa, KepaMHuKa, XOpocaH, Kexjubap, cMolla M JPYTH apXeoJOrMYecKd
MpeIMeTH. 3a TAXHOTO XapaKTepHU3UpaHe Ce M3IOJI3BAT MHOTO MHCTPYMEHTAIHU TEXHHUKH KaTO
AAS, ED-XRF, ICP-AES, INAA, LA-ICP-MS, SEM-EDS u np. Te3u TexHWKH, 3a€OHO C
reoU3MYHUTE METOJU, APXCOMArHUTHUTE W3CIEABAHUS, JCHIPOXPOHOIOTHITA U PA3TUYHUTE
METOJIM 3a JAaThpaHe, ca 00XBaHATU OT OOLIUS TEPMHUH ,,apXxeoMeTpus ‘. Marucrbpcka mporpama
o apxeomerpus ce npemnara B CY ,,C. K. Oxpuacku® npe3 nocnegaute 10 roguHu, YuuTo
BB3MHUTAHUIIN CE BKIIFOUBAT NIPO(ECHOHAITHO B apXeOJOTUIECKUTE mpoyuBanus. [1o To3n HaumMH
apxeoJorusTa ce oborarsiBa ¢ HOBO pazOupane 3a poisita Ha (pU3MKaTa, XUMUATA, OMOTIOTUATA U

re€0JIOTHATA.
3akjaouyeHue

To3u 0630p 3a MpoBeAECHUTE Mpe3 MOCIETHOTO AeceTuneTre padbotu B bearapus B obimactra Ha
apXEOMETPUYHUTE H3CIIEABAHUS IIOKa3Ba, Y€ apXEOMETPUUYHHUTE IMPOYYBAHUS ca OOEKT Ha
paboTaTa Ha rojsM Opoi HaydHU UHCTUTYTU U yHUBepcuTeTH: Coduiickus yuusepcurer ,,Cs. K.
Oxpuackn”, XHUMHMKOTEXHOJOTHYHHS W METAIYpru4eH YHUBEPCHUTET, MUHHO-TEOI0XKKHUS
yHusepcuteT ,,CB. WBan Puncku”, HoB bbarapcku ynusepcurer, lllymeHCKkus yHUBEpCHUTET
LEnuckon Koncrantun IlpecnaBcku”, WHctutyra no OOma M HEOpPraHMYHA XUMHUS,
Hanmonanuust uHCTUTYT 110 Teodusnka, reojie3us u reorpadus, Ha-1imonanHus apxeoaoruyecku
MHCTUTYT ¢ My3ei, IHcTuTyTa 1o (pu3Kka Ha TBBPAOTO Ts10, IHCTUTYTA 3a SSAPEHH U3CIIEeIBAHUS
U sijpeHa eHepreTuka (BcMuku MHCTUTYTU ca kbM BAH) n Haumonanuua Ucropuueckn Myseid.

Pe?)y.]'ITaT'BT OT TOBa H3CJICABAHC IIOKa3Ba, 4€ B obnactra Ha apxeoMeTpusaTa C€ IPOBCKIAT
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3HAYUTCJIIHU 110 6pOI71 H3CJICABAHUS, B KOUTO Ca aHT'A>)KHUPAHU I'OJISIM 6p01>i HU3CJICO0BATCI/IM B HAIlIaTa
HHA4YC MaJIKa CTpaHa. B ChIIOTO BPEMC H3CICABAHHATA M PECTaBPALlMOHHUTE pa6OTI/I Ha
PA3JIMIHUTC PUCYHKHU IO CTCHUTC HAa MHOKCCTBOTO HCKPOIIOJIHU B anrapm{, MMPOBCIKAAHU OT
HaHI/IOHaJIHaTa XYOOXKXECTBCHA akKaJeMus HC Ca KOMCHTHUpPAHHU, BBIPECKU UYC TC CbIIO

MIpe/ICTaBIsABAT APXCOMETPUYHU U3CIIECIBAHUS.
Ilpunocu na 2n. ac. 0-p boiika 3nameesa
Hayuna cnpagka, o6cvicoane na pesyimamume, RUCAHE HA CMAMUAL.

15. Boiika 3nareBa, VBenun KyneB, AHaIMTUYHU METOAM 3a OINPEJAEISHE HAa €IEMEHTHUS U
M30TOIEH ChCTAB Ha CTHKIJIEHU MO3aUYHU KbCUeTa, birapcko e-Crnucanue 3a Apxeosiorus, Tom:5,

2015, ctp.:53-68, ISSN (online):1314-5088, Ref, IF (0.1 - 2019) 2015
Abstract

In the present paper the analytical methods for determination of elemental and isotopic content in
glass mosaic (tesserae) are presented. The history of the glass and the tesserae is given. The
chemical content of glasses is described as well as the list of determined elements and isotopic
content in glass by different analytical methods is given. A short discussion about the possibility
of different methods is presented. The difference between the glasses produced using plant ash and
natural soda is given. Some examples of different glasses found in Bulgaria are compared with the
glass found in other states. The possibility for determination of the place of glass production using
isotopic determination is discussed. Some examples about the possibility to determine the isotope
ratios of 87Sr/2®Sr and *3Nd/***Nd, 2°®Pb/2°®Pb and 80 are given.

Conclusion

From the brief review, respectively, of methods for determining the elemental composition of
glasses, it could be concluded that any method capable of determining the content of SiO2, Na2O,
K20, Ca0, MgO, Al,0s3, and in some cases PbO, is able to evaluate the way in which the glass
mass was prepared. Additional determination of CoO, Fe203, (FeO2), MnO., CuO, Cr,03, NiO,
Sb>03 and SnO:; is able to solve some issues of glass production technology - ways of coloring
and clouding of glass. To assess the place where the glass was produced, however, in addition to

the elemental composition, methods for determining its isotopic composition should also be used.
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At this stage of development, research to determine the isotopic composition of glasses should be

carried out in other countries, i.e. outside Bulgaria.

The review of the literature also shows that there is a lack of research on the elemental composition
of mosaic glasses in Bulgaria, despite the many mosaics that have been found during
archaeological excavations and surveys conducted in the country. This is therefore an opportunity
to fill this gap in the archaeometric research of glass in Bulgaria in the future.

Pe3rome

B nacrosmara cratus ca NpeaACTaBCHU AHAJIMTHYHUTC MCTOAU 3a ONPCACIAHEC HAa CJIICMCHTHO U
HU30TOIIHO CBABPKAHUEC B CTHKIICHA Mo3aliKa (TecepI/I). I[az[eHa € UCTOpHUATA Ha CTBKIOTO H
TCCCPUTE. OnncaHo € XHMHUYHOTO CbABbPKAHUEC Ha CTbKJIAT4, KAaKTO W € HaACH CIIMCbK Ha
OIpCACICHU CJICMCHTU U U30TOIMHO ChABPIKAHUC B CTHKIIO UPE3 pa3JIMYHU AaHAJIUTUYHU MCTOOU.
HpeI[CTaBeHa € KpaTKa JUCKYCHA 3a Bb3MOXHOCTUTC 3a pa3jIMdYHUu METO/IHU. I[aIIGHa € pasjiukara
MCKAY CThbKJIATa, IMPOU3BCACHU OT PACTUTCIIHA IICTIC]I W HATypajlHa coJa. Hsxou IIpUMCPH 34
Pa3IMuUHU Yall, OTKPUTHU B E’bﬂl"apl/lﬂ, Ca CpaBHCHHU CHC CTHBKIIOTO, OTKPUTO B APYTHU AbpP7KaBH.
O6cm1<z{a CC BB3MOXHOCTTAa 3a ONpPCACIAHC Ha MACTOTO Ha HPOM3BOJACTBO HAa CTBKIIO YpPE3
HU30TOIIHO OIIPCACIISAHC. I[aIIeHI/I Ca HJAKOU IPUMCPU 3a BB3MOKHOCTTA 3a OIPCACIAHC Ha

usoronuute crotromrerus of 87Sr/f8Sr and *3Nd/**“Nd, 2°8Pb/2°6Ph and *80.
3akirouenue

Ot HampaBeHHs KpaThK Mperiie/l, ChOTBETHO METOMIH 3a ONpPE/CIIsHe Ha CIEMEHTHHS ChCTaB Ha
CThKJIa OM MOIJIO Jla Ce 3aKJIOYHM, Y€ BCEKM METOJ, KOWTO € B CBHCTOSHHME Ja OIpPEHes
ceappkanueTo SiO2, Na2O, K20, CaO, MgO, Al>Os, B Hakou ciydau u PbO, ¢ B chcTOsIHUE /1a
U3BBPIIM OIICHKA Ha HayWHA, 10 KOMTO € MPHUrOTBeHa CThKiIoMacara. JlOMBJIHUTEIHO
omnpeaerstaeto Ha Co0, Fez03, (FeO2), MnO2, CuO, Cr203, NiO, Sh203 u SnO2 e B chcTostHUE 1a
pely HAKOHM BBIIPOCH Ha TEXHOJOTHSATA HA TPOM3BOICTBOTO HA CTHKIIO — HAUMHKTE Ha OIBETSABAHE
W 3aMbTHsIBaHE Ha CTHKJIOTO. 3a OIEHKa Ha MSCTOTO, KBJETO € MPOM3BEAEHO CTHKIIOTO 00ave,
OCBEH €IIEMEHTHHS CHCTaB, HA MTOMOI TPOBa Ja ce MPHBJIEKAT M METOAHM 3a ONpEENsIHE Ha
M30TOMHUS My ChCTaB. Ha TO3M eTar OT pa3BUTHE, H3CICIBAHHUATA 3a ONPEIEIITHE Ha H30TOMHHS

ChCTaB Ha CTbhKJIaTa, Tp}I6Ba Ja 6L,I[aT MMPOBCACHU B APYTH CTPpaHH, T.C. U3BBBH BT:JIFapI/ISI.
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[IperneasT Ha IUTYypaTypaTa OKa3Ba ChIIO, Y€ JUICBAT U3CIIECABAHMS 3a €IEMEHTHUS ChCTaB Ha
MO3aM4yHU CTBKJIAa B bbirapusi, BbIPEKHM MHOXECTBOTO MO3aWKHM, KOMTO ca OTKPUTH IpHU
apXeoJIOTUYECKU PA3KONKHU U IPOYYBaHUs, IPOBEJACHU B CTpaHaTa. ToBa ClIe€OBATEIHO € €IHa
BB3MOKHOCT B OBJIEIIe Ja C€ 3all’bJIHM Ta3W Mpa3HUHA B apXEOMETPUYHHUTE H3CJICIBAHUS HA

CTBKJIO B bbirapusi.
Ilpunocu na 2n. ac. 0-p boiika 3nameesa
Humepnpemayua na ananumuynume 0AGHHU, 00CHHCOAHE HA AHATUUmME/OAHHUME.

16. Valentina Lyubomirova, Ziga Smit, Helena Faifar, Boika Zlateva, Rumyana Djingova, Ivelin
Kuleff, Characterization of the chemical composition of medieval glass finds from South Bulgaria,
Mediterranean Archaeology and Archaeometry, Tom:15, 6poii:2, 2015, crp.:257-275, Ref, IR ,
SCOPUS, SJR (0.329 - 2015), SCOPUS Quartile: Q2 (2015), B cbTpYAHUYECTBO C YyKIECCTPAHHH
yuenu, PhD 2015

Abstract

PIXE and PIGE were used for determination of 23 elements in 50 glass samples excavated in
Zlatna Livada — South Bulgaria (dated 11th-12th century AD). Elemental concentrations show that
the analyzed fragments belong to soda-lime-silica glasses. Cluster analysis and bivariate plots
indicate the use of natron, plant ash and mixed alkalis as well as production according Near East
and Roman-province recipes. The metal oxides responsible for coloration were also investigated.
The blue and blue-green colors are due either to CoO or to high concentration of FeO (blue: 3.3-
6.3%, blue-green: 1.23-2.83%), melted in reducing atmosphere. The melting under oxidizing
environment determined the higher oxidation state of iron oxide and the green color of some of
the glasses (0.7- 3.4% Fe203). Different shades of brown color are due to the high concentration
of Fe203 (2.4-4.9%) and Mn2O3z (0.3-0.7%) melted in oxidizing atmosphere. Discoloration of the
glasses is achieved by the presence of high amount of MnO (0.6-2%). A comparison to other

medieval Bulgarian glasses was performed.
Conclusion

The bulk glass chemical composition data from the analyses of 43 pieces of bracelets, 6 pieces of

vessels and 1 piece of handle cup from Zlatna Livada was determined using simultaneous external
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PIXE-PIGE methods. All analyzed fragments were identified as soda-lime-silica glass type.
According to the sources of flux (the ratio of KO vs. MgO) the glass fragments were divided into

“natron”, “plant” and “mixed natron-plant ash” type. Further the results from the present study can

be summarized as follows:
I. For the production of the natron group of bracelets Roman-province recipe norm was used;

ii. The plant ash group and the mixed natronplant ash group of fragments were produced following

Near East recipe norm.

The comparison to literature data indicates that during the period 7th -13th century AD, the
medieval Bulgarian glasses were soda-lime— silica type. Two recipe norms and three types of flux
were simultaneously used. This reflects the complex influence of Near East, Byzantine and Roman
traditions of glass production on Bulgarian craftsmen as well as the trade relations to different
medieval centres from where probably glass ware were imported.

Pe3iome

Meroaute PIXE u PIGE ca u3nons3Banu 3a onpenensiHe Ha 23 enementa B 50 CTBKJICHU MPOOH,
OTKpUTH B c. 3matHa JnuBaga — IOxna bowarapus (matupanu ot XI-XII B. cm. Xp.).
Konnentpanunte Ha eleMEHTUTE IMOKa3BaT, ue aHAIM3UPAHUTE (parMeHTH TMPUHAICKAT HA
HaTPUEBO-KAJIIMEBO-CHIIMIINEBU CTHKIA. KIIbCTepHUSAT aHanu3 M JIBYBAPUAHTHUTE TpaduKu
MOKAa3BaT U3I0JI3BAHETO HAa HATPOH, PACTUTEHA MENEeI U CMECEHU OCHOBH, KAKTO U IIPOU3BOJICTBO
M0 peuentd oT bau3kus M3TOK M pUMCKAaTa NPOBHHIMSA. MeTamHUTE OKCHAM, OTTOBOPHH 3a
OIIBETSIBAHETO, CHINO Osixa u3cieaBaHu. CHHUIT U CHHBO-3€JICHUST BT ce AbJkaT i Ha CoO,
unu Ha BHcoka kKoHueHtpamus Ha FeO (cun: 3,3-6,3%, cunbo-3enen: 1,23-2,83%), pa3toneH B
peaymupama atmochepa. ToneHeTo B OKHUCIMTENHA Cpela OIpeness MOo-BHCOKAaTa CTENeH Ha
OKHCJIEHHE Ha JKEJIe3HHS OKCHJ W 3eJIeHHWs IBAT Ha HsAkou oT crbkiara (0,7-3,4% Fex0z).
PasnuynuTe HI0AHCH Ha KadsiBUS LBAT Ce Ib/DKAT HA BHUCOKaTta KoHueHTpanus Ha Fe2Os (2,4-
4,9%) u Mn203 (0,3-0,7%), pasrormenu B okuciutenHa armochepa. OOe3nBETABAHETO Ha
CTbKJIaTa C€ IMOCTHTa OT HaJMYMeTo Ha roisiMo KonuuectBo MnO (0,6-2%). U3Bbpiiena e

CbhbIIOCTaBKa C IpyYT' CPCAHOBCKOBHU 6’BﬂrapCKI/I CTBKIJIA.

JakioueHue
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JlaHHUTE 32 XUMHUYHHUS ChCTaB HAa CTHKJIO OT aHaIu3uTe Ha 43 Opost rpuBHU, 6 Opost chaoBe U 1
rapue OT yamia ¢ JpbXKa oT c. 31natHa JuBana ca onpeneneHu ¢ PIXE-PIGE meronu. Benuku
aHamM3upaHu pparMeHTH Ogxa UACHTHPHUIKUPAHNA KAaTO HATPUEBO-KAIIHMEBO-CUIMIIMEBO CTHKIIO.
Cnopen uzroununure Ha ¢uroc (cpoTHOeHneTo Ha K20 kbM MgO) cThkiieHuTe (parMeHTH ca
pasaesieHd Ha THIl ,,HAaTPOH, ,,paCTUTENICH MPOU3XOJ, Menei’ U ,,CMECeH HAaTPOH-pacCTHTENHA
nenen’. OCBeH TOBa pe3yJITaTUTE OT HACTOSIIOTO MPOyYBaHE MOrar Ja 0baaT 00001IeHH, KaKTO

ciacaBa:

1. 3a u3zpaboTKaTa Ha HATPOHHATA rpyla I'PUBHU € U3M0JI3BaHa PEleNTypHa HOPMa OT PUMCKa

IIPOBUHIIUA,

2. prnaTa CTBKJIa OT paCTUTCIIHA IICTICII U I'pyIIaTa OT CMECC Ha HATPOH € paCTUTECIIHA IICTICII

Ca IPOU3BCACHU CBITIACHO HOPMaATa 3a PCLCIITa B bau3kus U3TOK.

CpaBHEHHETO € JUTEpaTypHUTE JaHHU IIOKa3Ba, 4ye Impe3 nepuoga 7-13 Bek oT H. e.
CPETHOBEKOBHUTE OBJIrapcku CThKJIA ca OWIM HATpUEBO-CHIMIMEB TUM. M3momsBanu ca
€IHOBPEMEHHO JIBE PEIENTYPHU HOPMH U Tpu BHa (pitoc. ToBa oTpa3siBa KOMILUIEKCHOTO BIUSHUE
Ha OJIM3KOU3TOYHUTE, BU3AHTHUCKHUTE M PUMCKUTE TPAIUIIUHU B IPOU3BOCTBOTO HA CTHKIIO BBPXY
OBITApCKUTE 3aHAATYNH, KAKTO U THPTOBCKUTE BPB3KU C Pa3jIMUHU CPEIHOBEKOBHU IIEHTPOBE,

OTKBAETO BEPOSTHO Ca BHACSHU CTHKIIEHU U3JIETHSI.
Ilpunocu na 2n. ac. 0-p boiitka 3namesa
Humepnpemayusa na ananumuynume 0aGHHU, 00CHHCOAHE HA AHATU3UME/OAHHUME.

17. B. Zlateva, M. Rangelov, Chemical Analysis of Organic Residues found in Hellenistic Time
Amphorae from SE Bulgaria, Journal of Applied Spectroscopy, Tom:82, 6poit:2, 2015, ctp.:227-
233, ISSN (print):00219037, 15738647, Ref, SCOPUS, SJR (0.166 - 2015), SCOPUS Quartile:
Q4 (2015) 2015

Abstract

We have used IR spectroscopy, *H NMR spectroscopy, high-performance liquid chromatography
(HPLC) and thinlayer chromatography to study the composition of resin residues found in 22
amphorae from Apollonia Pontika (SE Bulgaria, Black See Cost). In particular this analysis of the

resin residues was aimed at discovering the content of the amphorae and to verify the hypothesis
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on the transport of wine, named “Retsina”. Additionally, this hypothesis has been confirmed by a
similar analysis of the modern resin sample from Aleppo pine (Pinus Halepensis) growing in the

Attica region (Greece).
Conclusion

Twenty-two samples of resin residues and soil samples found in the inner parts of Hellenistic time
amphorae from Apollonia Pontika were analyzed using different analytical methods (HPLC,
NMR, IR, and TLC). Comparison with modern resin samples, collected from pine trees (Pinus
Halepsensis) grown in the Attica region (Greece, near Athens), shows a similarity between the
ancient and modern resin samples. On this basis it may be assumed that the content of the
amphorae has been wine, probably Retsina, the object of trade connections between the Greek

colony in Apollonia Pontika and Greece.

Modern diets include many foods and beverage used in ancient times. Wine was the main desirable
grape product, because of its unique taste, dietary and medical benefits, and psychotropic effects.
The identification of resinated wine of Hellenistic time is particularly significant because of this

beverage’s impact on social customs and religious, ethnic, and economical relations.
Conclusion

Twenty-two samples of resin residues and soil samples found in the inner parts of Hellenistic time
amphorae from Apollonia Pontika were analyzed using different analytical methods (HPLC,
NMR, IR, and TLC). Comparison with modern resin samples, collected from pine trees (Pinus
Halepsensis) grown in the Attica region (Greece, near Athens), shows a similarity between the
ancient and modern resin samples. On this basis it may be assumed that the content of the amphorae
has been wine, probably Retsina, the object of trade connections between the Greek colony in
Apollonia Pontika and Greece. Modern diets include many foods and beverage used in ancient
times. Wine was the main desirable grape product, because of its unique taste, dietary and medical
benefits, and psychotropic effects. The identification of resinated wine of Hellenistic time is
particularly significant because of this beverage’s impact on social customs and religious, ethnic,

and economical relations.

Pesrome
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Mznomsana e IR cmektpockormms, ‘H NMR creKTpocKkomus, BHCOKOS(EKTHBHA TedHA
xpomatorpadust U TbHKOCIOHHA XpoMarorpadus, 3a J1a U3CcieBaMe CbCTaBa HA OCTAThLUTE OT
CMOJIa/OpTraHUYHA OCTaTbLU, OTKpUTH B 22 amdopu oT Amnosnonus [lontuka (mu. Coszomon,
IOrousrouna bwarapust). [lo-crienmanHo TO3M aHaIU3 HAa OCTATBLUTE OT CMOJIa UMallle 32 Lel Aa
OTKpH€ HAaTHUBHOTO CHIAbPKAHMETO HAa amM(opuTe M Ja MOTBHPIM XUIIOTe3aTa 3a TPAHCIOPT U
ChbXpaHEHHE HAa BUHO, HAPEUECHO ,,Permua’, monynspHo U 10 AHEC B chBpeMeHHa [ 'bpums. Ta3u
XHIIOTE3a € MOTBbPJ/ICHA OT aHaJIM3 Ha ChbBPeMEHHa 1poba ot cMmoia ot 6op (Pinus Halepensis),

pacTsii B paiioHa Ha Atuka (I'sprus).
3ak/ro4yeHue

JlBazeceT U nBE MPOOU OT OCTATHIIM OT CMOJIA U MIOYBEHH MPOOH, HAMEPEHU BBHB BBHTPEIIHUTE
yactu Ha amdopu ot BpemeTo Ha EnuHucTrueckara enoxa B brirapust Anononus [lonTuka (aH.
Cozomnon), 6s1xa aHATM3UPAHU C TIOMOIITa Ha pa3nyHu aHanmuTuaau Metoau (HPLC, NMR, IR u
TLC). CpaBHEHHETO ChC CHBPEMEHHH MpPoOM OT cMmoja, chOpanu ot GopoBu abpBera (Pinus
Halepsensis), otriexmaanu B paiioHa Ha Atuka (I'bprust Atuka, okono 45 km 6130 10 ATuHA),
MOKa3Ba CXOJCTBO MEX]y JIPEBHUTE M ChBPEMEHHUTE MPOOH OT cMoJia. Bb3 0CHOBa Ha TOBa MOXKeE
7la ce MPEeanoIoKH, Y€ ChAbp)KaHueTo Ha aMmpopute e OuIo BHHO, BeposiTHO Pennna, o0ekT Ha

TBPTOBCKH BPB3KHU MEXKIY I'PbLKATA KOJIOHHA B Arntononmns IToHTHKa 1 KOHTHHEHTATHA FLpHI/ISI.

C’beeMeHHI/ITC JUCTH (KaTO Ha4yWH Ha XpaHeHe) BKJIFOUBAT MHOTI'O XpaHU U HAITUTKH, U3II0JI3BAHU
B IPCBHOCTTA. BuHOTO € OCHOBHMSAT KelIaH MMPOAYKT OT I'pO3A€, IMopaar HCTOBHA YHUKAJICH BKYC,
AUCTUYHHU W MCIUIMWHCKHU ITOJI3W W TICUXOTPOITHH e(l)eKTI/I. I/IHGHTI/I(l)I/IHI/IpaHeTO Ha BHHO OT
EnmuHuctryecko BpEME € 0COOEHO BaKHO nopaau BL3HeﬁCTBHeTO Ha Ta3u HaAIIUTKAa BbPXY

COLIMAJTHUTE 00UYau U PEIUTHO3HUTE, ETHUUECKUTE U HKOHOMUYECKUTE B3aUMOTHOIIICHUSI.
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Ilpoboe3umane na opeanuunu ocmamdvyu U nNO46a, Cb6PeMeHHa cmona om Oop, (63ema om
npeocmaeumen na Pinus Halepensis, Amuka, I'vpyus, npo6o6oozomoska (c 0-p M. Panzenos),

oocvicoane Ha pe3yamamume, nucane Ha cmamus.

18. Deyan Lesigyarski, Boika Zlateva, Valentina Lyubomirova, Totko Stoyanov, Ivelin Kuleff,
Thracian golden wreath from Kabile, Bulgaria chemical composition, Archeosciences revue
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d'archéométrie, Tom:39, 2015, crp.:149-156, ISSN (print):1960-1360, ISSN (online):2104-3728,
Ref, IR, SCOPUS, SJR (0.5 - 2016), SCOPUS Quartile: Q2 (2015), PhD 2015

Abstract

The chemical composition of a Thracian gold wreath from Kabyle dated to 4th century BC
(Thracian age in Bulgaria) was analyzed. Au, Ag and Cu concentrations were determined by
inductively coupled plasma-atomic emission spectrometry (ICP-AES) while As, Bi, Cd, Co, Fe,
Zn, Sn, Sb, Ga, In, Mn, Mo, Ni, Pb, PGEs (Pt, Pd, Ir, Re, Rh, Ru), Se, Te, Ti, U, W, Zn, and Zr
concentrations — by inductively coupled plasma-mass spectrometry (ICP-MS). Data showed that
the wreath was made of very well purified gold alloy (Au content between 97.1 and 99.9%). The
bivariate plot of the Pd and Pt concentrations showed that the gold used for these artefacts came
from four different sources. Due to the lack of analytical data about the platinum group elemental
(PGEs) concentrations from different gold sources in Bulgaria it was impossible at this stage to
identify the geographical location of the four sources for the gold wreath.

Conclusions

Using ICP-AES and ICP-MS samples from the golden wreath found in the tumulus of Kabyle were
analyzed. Results indicate that the wreath was produced using very high refined gold alloy (Au
between 97.1 and 99.9%).

Comparison to other gold finds is difficult, because of the lack of literature data. In most of the
investigations from the same period the gold objects are found in differerent parts of Europe and
Asia (see Gondonneau et al., 2001; Guerra, 2004; 2005; Guerra and Calligaro, 2007; Guerra et al.,
2008; Hall et al., 1998; Hauptmann et al., 2010; lliev, 2006; Kuleff et al., 2009; Pantazis et al.,
2003). Recently, archaeo-metric investigation of gold objects from the same period found in
Bulgaria is described in Todorov et al., 2015. However it could be assumed that the gold objects
investi~gated in this study are produced from very pure gold, obtain through the process of
purification. Alas, it is currently not possible to identify the gold sources used by the ancient
goldsmiths. The study provides analytical data to be used for comparison with other archaeological

finds and is a good basis for future research.

Pesrome
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AHanu3upaH € XUMUYHMSIT ChCTaB Ha Tpakuiicku 31areH BeHen oT Kabune ot IV mp. Xp.
(Enmuanctruecka enoxa B bwarapus). Konnentpanuute Ha Au, Ag u Cu ca onpeneineHu upes
aTOMHO-EMHCHOHHA CIIEKTPOMETPUS C UHIYKTUBHO cBbp3aHa 1ia3ma (ICP-AES), nokaro HuBara
Ha As, Bi, Cd, Co, Fe, Zn, Sn, Sb, Ga, In, Mn, Mo, Ni, Pb, PGE (Pt, Pd, Ir, Re, Rh, Ru), Se, Te,
Ti, U, W, Zn u Zr — 4pe3 HMHIYKTHBHO CBBbp3aHa IasMeHa maccuektpomerpus (ICP-MS).
JlanHuTe mOKa3BaT, Y€ BEHEUBT € HM3padOTeH OT MHOro J00pe MpedrcTeHa 3jaTHa CIUIaB
(ceabprkanue Ha Au mexay 97,1 u 99,9%). JIBymepHata rpaduka Ha KoHLIeHTparuuTe Ha Pd u Pt
MOKa3Ba, 4€ 3J7aTOTO, M3IOJI3BAHO 3a TE€3W apTe(akTH, UABA OT YETHPU Pa3IMYHH HU3TOYHHKA.
[Topanau nuncaTa Ha aHATUTUYHU JaHHU 32 KOHIICHTPAI[MUTE HA eJIEMEHTH OT IJIaTUHOBATa rpymna
(PGEs) ot pa3nuuyHu 31aTHU U3TOYHHUIM B bbirapus, Ha TO3W eranm Oelie HEBH3MOXKHO Ja ce

uaeHTUUIHIPa reorpad)CKOTO MECTOIOJIOKEHHE HA YETHPUTE N3TOUYHUKA 32 3JIATHHUS BEHEII.
3akaoueHue

C nomorura Ha ICP-AES u ICP-MS ca ananusupanu npoOu oT 371aTHHSI BEHEL], OTKPUT B MOTHJIaTa
Ha c. Kabune. Pe3ynrature nokassar, 4e BEHEIbT € NIPOU3BEJEH C MHOI'O BUCOKO padUMHHUpaHA

3naTtHa cmiaB (Au Mexnay 97,1 n 99,9%).

CpaBHEHHETO € APYTU 3JIaTHU HAXOAKU € TPYAHO, IOpaaM JIUIcaTa HA JUTEpaTypHU JaHHU. B
[IOBEYETO OT U3CIIECABAHUATA OT CHIIMA IIEPUOJ 3JIaTHUTE IPEIMETH Ca OTKPUTH B Pa3JINYHU YaCTH
Ha EBpona u A3us. Berpeku ToBa MOXKe J1a Ce NPEATIOI0KH, Ye 3IATHUTE NPEAMETH, U3CIIEIBAaHN
B TOBa IPOYYBaHE, Ca IPOU3BEIECHHM OT MHOIO YHCTO 3JaTO, IOJYy4YEHO 4pe3 MNpPOLEChT Ha
Kynenanus. 3a ChbKajJeHHe, B MOMEHTa HE € BB3MOXKHO Ja Cc€ HJIESHTU(GUUUpPAT 3JIaTHUTE
MU3TOYHULM, U3MOJ3BAaHU OT APEBHUTE 3J1aTapu. IIpoyuBaHeTo mpenocTaBs aHAJIUTUYHU JaHHH,
KOHUTO J1a C€ M3MOJI3BAT 3a CPaBHEHUE C JIPYTU apXeoJOrMYeckr HaXxOAKH M € J00pa OCHOBa 3a

OBIEIN U3CAEIBAHMUS.
Ilpunocu na 2n. ac. 0-p boiika 3nameesa

IlIpooonoozomoska (pazmeapane 6 cmec na Jlynze), ananuz ¢ ICP-AES, unmepnpemayusa na

aHanumuYHUme OAGHHU.

19. Deyan Lesigyarski, Ziga Smit, Boika Zlateva-Rangelova, Kristina koseva, Ivelin Kuleff,
Characterization of the chemical composition of archaeological glass finds from South-Eastern
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Bulgaria using PIXE, PIGE and ICP-AES, Journal of Radioanalytical and Nuclear Chemistry,
2012, Ref, Q2

Abstract

Using PIXE (proton induced X-ray emission), PIGE (proton induced gamma emission) and ICP-
AES (inductively coupled plasma-atomic emission spectroscopy) the concentrations of the 24
elements Al, As, Ba, Br, Ca, CI, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Pb, Rb, S, Sb, Si, Sn, Sr, Ti, Zn
and Zr in 53 archaeological glass samples from South-Eastern Bulgaria, were determined. The
glasses are dated from the 1st to 6th century AD. The analytical data showed the samples to be
typical soda-lime-silica glass, with natron as flux. A rather broad range of aluminium, titaniumand
iron impurities was found, with a tendency for more impure glass in the later periods. The
decolouring agents were antimony and manganese oxides, with Sb prevailing inearlier, and Mn in

later glass.
Conclusion

The analytical data acquired during this research, as well as a brief survey of the results from
previous investigations of Roman glass, indicate that during Roman times the techniques of soda-
lime-silica glass production and treatment were known not only in South-Eastern Bulgaria, but
also in the northern part of its present day territory. The glasses show several features that are
typical of European Roman glass, such as the use of antimony as decolourizer in earlier centuries
and an increased level of impurities in later Roman and post-Roman glass. Higher concentrations
of oxides of some major elements (Al, Mg) characteristic of the later glasses, as well as the
observed scattering of these concentrations, although in a narrow range, may serve as an evidence
of a change in sources of raw materials afterthe 4th century AD and/or expanding the glassmaking
into new production workshops, which practically means less controlled production. However,
further investigations on more glass finds from Bulgaria are necessary, as well as comparison of
results with the data from possible sourcesof raw materials, to get more clarity on this issue.
Comparing the results of the finds from different archaeological sites did not show any specific
relationship between the nearby archaeological sites or large differences between the more distant
ones. Yet, it can be said that archaeological sites the nearest to the Black sea coast offer glass finds

of a more diverse composition.
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The distribution of glass samples according to the concentration of decolouring agents shows that
manganese has been used predominantly as a decolourizer, whether successfully or not.
Alternative use of only antimony or manganese for discolouration corresponds more to the
glassmaking tradition of Near East than to the Roman tradition in the West, where both of the
decolourizers have been used together. According to this result we may assume that in the South-
Eastern Bulgaria the Near-East glassmaking tradition was prevalent to the Western Roman
glassmaking tradition. Therefore we can suggest that most of glass finds from South-Eastern
Bulgaria were imported from the Near East and because until now a glass production workshop
has not been discovered in this region of Bulgaria we believe that the majority or even all of the

investigated glasses were object of import.
Pesrome

C nomomra Ha PIXE (mporonHo wunaynupana peHtreHoBa emucusi), PIGE (mporonno
unayuupana rama emucus) u ICP-AES (MHAYKTHBHO cBBp3aHa IJla3Ma-aTOMHA €MHUCHOHHA
CIEKTPOCKOMUs) KOHIIeHTpauuuTe Ha 24 enementa Al, As, Ba, Br, Ca, Cl, Co, Cr, Cu, Fe, K, Mg,
Mn, Na, Pb, Rb, S, Sb, Si, Sn, Sr, Ti, Zn u Zr B 53 apXeoJOoruyecku MpPoOH OT CTHKIO OT
IOrousrouna bwarapus ca onpeaenenu. [Ipodute ca natupanu ot I-VI B. cin. Xp. AHanuTuyHUTE
JAaHHU [TOKAa3BaT, Y€ MpoOUTE ca TUITMYHO HaTPUEBO-KaIIMEBO-CUIIMIIMEBO CTHKIIO, C HATPOH KaTO
¢baroc. OTKpHTa € 1ocTa MIUPOKa rama OT MPUMECH OT aTyMUHUHN, TUTAH U HKENA30, C TeHACHIUS
KbM M0-3aMBPCEHO CTHKIO B MO-KbCHUTE mepuoau. OOe3lBeTsIBAIINTE areHTH ca aHTUMOH U
MaHraH (KaTo OKCUJH), KaTo Sb npeoOiagaBa B MO-paHHUTE HAXOJKH, a Mn B MO-KbCHUTE KaTO

I[aTI/II)OBKa CTBKJICHU HAXOOIKH.
3akao4yeHue

AxanmutnaHuTe JaHHH, MMOJYYCHU 110 BPEMC HAa TOBA MU3CJICABAHC, KAKTO M KPAaTbK IPCTIICO Ha
PE3YITATUTE OT IIPCAUIIHA U3CJICABAHUA HA pPUMCKO CTHKIIO, ITOKa3BaT, Y€ IIPE3 Pumckara €roxa,
TCXHUKHUTC 3a IMMPOU3BOACTBO U o6pa60TI<a Ha HAaTPpUCBO-KAJIINHUECBO-CUIIMIHUCBO CTBHKIIO Ca onnmn
n3BecTHH He caMo B FOrom3rouna BLJ’IFapI/ISI, HO U B CEBE€pHATA 4aCT HAa JHCIIHATA MY TCPHUTOPUS.
CThKIIaTa moKa3BaT HAKOJIKO XapaKTCPUCTHUKHU, TUIITUYHU 3a eBpOHeﬁCKOTO PUMCKO CTBKIIO, KaTo
M3II0JI3BAHCETO HAa aHTHMOH KaTo O6C3I_IBCTI/ITCJ'I B IMO-PAaHHUTC BCKOBC U IMMOBUIIICHO HHMBO Ha
MPHUMECH B IO-KBCHO PUMCKO U TOCTPUMCKO CTBHKIIO. ITo-Bucokute KOHOCHTpPAMKX Ha OKCHUJIU Ha

HSIKOU OCHOBHHM eieMeHTH (Al, Mg), xapakTepHH 3a O-KbCHUTE CTHKJIA, KAKTO U HAaOJII0/1aBaHOTO
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pasceiiBaHEe Ha TE3M KOHIIEHTPALMM, Makap M B TECHU TIPaHULIM, MOraT Ja CIyKaT KaTo
JI0Ka3aTeJICTBO 3a MPOMSHA B U3TOUHUIUTE HA CYpPOBHHHU ciiel 4-THM BEK BEK OT H. €. W/WIH
pasumMpsBaHe Ha CTHKJIAPCTBOTO B HOBU IPOM3BOACTBEHHU 1IEXOBE, KOETO HA MPAKTHKAa O3Ha4yaBa
M0-MAJIKO KOHTPOJUPAHO MPOou3BoACcTBO. Heobxomumu ca o6aue mo-HAaTaTHIIHU TPOYYBAHHS HA
[OBEYE CTHKIJIEHU HAXOAKU OT bbarapus, KakTo MU CpaBHEHUE HaA PE3YyNTaTUTE C JAHHUTE OT
Bb3MOXXHM M3TOYHHUIIM HA CYPOBHHHM, 3a Ja C€ IOJy4d IIOBEY€ SICHOTAa II0 TO3U BBIIPOC.
CpaBHsSIBaHETO Ha PE3yJATATUTE OT HAXOAKUTE OT PA3IUYHU apXEOJIOTUYECKH OOCKTH HE TMOKa3a
cnienr(uYHa Bpb3Ka MEXAy OJIM3KUTE apXeoJOTUIECKH OOCKTH HITH TOJIEMH Pa3IMKH MEX]Ty I10-
otnaneyeHuTe. Bee mak Moxe Aa ce kaxe, ye Hail-Omu3kure 10 YepHOMOPUETO apXeoIorHYeCcKu

00eKTH npeaiiarat CTbKJICHU HAXOAKHU C no-pa3Hoo6pa3eH CbCTaB.

PasnpenenenueTo Ha CTHKICHUTE IPOOH CIIOPE KOHIICHTPAIUATa Ha 00€31BETUTEIIUTE MTOKa3Ba,
4Ye MaHTaHbT € W3IOJI3BaH MPEIUMHO KaTO 00€3I[BETHTEN, HE3aBUCUMO JaH YCIICIIHO WIN HE.
AJNTEpHATUBHOTO M3IOJI3BAHE CaMO HAa AHTUMOH WJIM MaHTaH 3a 00E3I[BETSIBAaHE ChOTBETCTBA
IMOBCYC Ha CTBKJIApCKaTa TpaAulus Ha bimskus H3TOK, OTKOJIKOTO Ha pUMCKATa Tpaauliud Ha
3anaa, KBACTO U JiBaTa OOE3IBETUTENS ca OWwiIM M3MoJ3BaHU 3aeaHo. Cropes TO3W pe3ynTar
MOJKEM J1a Mpeanoynoxum, uye B FOrousrouna boarapus 01M3kon3TouHaTa CTHKIAPCKA TPAIULIUs
¢ mpeoOiasaBaiia mpeja 3anaJHOpUMCKaTa CThKIapcka Tpaauius. ClelnoBaTeIHO MOXKEM Ja
MNpEANOJI0XUM, Y€ IOBCUCTO CTBHBKJICHU HAXOJAKH OT IOrousrouna E%nrapm[ Cca BHECCHU OT
Bru3kus M3TOK M THI KaTO J0Cera He € OTKpUTA paOOTHITHHIIA 33 TIPOU3BOACTBO Ha CTHKIIO B TO3U
peruoH Ha bearapus, cMstaMe, 4e Mo-rojisiMaTa 4acT WIA JOPU BCHUYKH M3CIIEJBAHU CTHKIA ca

OunM 00eKT Ha BHOC.
Ilpunocu na 2n. ac. 0-p boiika 3namesa
Ilpooos3umane, odcvicoane Ha pesyimamume.

23. R. Djingova, P. Kovacheva, B. Todorov, B. Zlateva, I. Kuleff, On the influence of soil
properties on the transfer of 137Cs from two soils (Chromic Luvisol and Eutric Fluvisol) to wheat

and cabbage, Journal of Environmental Radioactivity, Tom:82, 2005, cTp.:63-79,
doi::10.1016/j.jenvrad.2004.12.005, Ref, IR , SCOPUS, SJR (1.371 - 2005), SCOPUS Quartile:
Q2 (2005), PhD 2005

Abstract
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Two types of soils (Eutric Fluvisol and Chromic Luvisol) and two crops (wheat and cabbage) were
investigated for determination of the transfer of *’Cs from soil to plant. Measurements were
performed using gamma-spectrometry. Results for the soil characteristics, transfer factors of the
radionuclides (TF), and conversion factors (CF) (cabbage/wheat) were obtained. The transfer of
137Cs was higher for Chromic Luvisol for both the plants. Statistically significant dependence of
TF of ¥'Cs on its concentration in soil was established for cabbage. Dependence between K
content in the soil and the transfer factor of $3’Cs was not found due to the high concentrations of
available K. Use of bioconcentration factor (BCF) (ratio between the activity concentration of a
radionuclide in a reference plant to its concentration in another plant) is demonstrated and proposed

for risk assessment studies.
Conclusions
The results from the investigations performed in the present study may be summarized as follows:

- In spite of the considerably higher available K and higher illite content, the TF for **’Cs for
Chromic Luvisol was higher than for Eutric Fluvisol for both the investigated plant species. A
probable explanation in this case might be the lower pH of Chromic Luvisol. There is an expected
decrease in the TF with the time after contamination of the soil; however, in certain cases a
temporary increase after the first year has been established. The trends for both the plants are

identical.

- The transfer of $3’Cs from soil to cabbage is dependent on the vegetation period. For winter
cabbage (6 months vegetation period) higher transfer has been established especially for cabbage
grown on more acidic soils. For cabbage a statistically significant dependence of the TF of
radiocesium on the concentration of radiocesium in the soil is established, which makes cabbage
a potential candidate for a bioindicator for soil pollution with *’Cs. This dependence is obviously

plant specific since it was not observed for wheat.

- The BCF is proposed to be used for quick risk assessment studies and the first values of BCF
between cabbage (leafy vegetables) and wheat (cereals) are presented.

Pesrome
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JlBa tuna nousu (Eutric Fluvisol u Chromic Luvisol) u nBe xyntypu (miieHuIa u 3eine) 0sxa
M3CIIeIBAHH 32 ONpe/eNnsHe Ha mpenoca Ha 13’ Cs oT mousaTa KbM pacTeHuneTo. 3sMepBanusTa 6s1xa
W3BBPIICHH C IOMOIITa Ha rama-criiekTpomeTpus. [loydenu ca pe3ynTaTu 3a XapaKTepUCTUKHUTE
Ha TouyBaTta, koedummeHTHn Ha mnpeHoc Ha paguonykauautre (TF) u xoedunuentn Ha
npeo6pasypane (CF) (3ene/mmennna). Ycossanero Ha 3'Cs e mo-Bucoko 3a Chromic Luvisol u
3a J1BaTa THIa pacteHus. [Ipu 3emeTo e ycraHOBeHa CTaTHCTUYECKH 3HAaUYMMa 3aBUCHMOCT Ha TF
Ha 2*’Cs oT KoHIEHTpaumaTa My B HouyBarta. He € OTKpHUTA 3aBUCHMOCT MEXKTy ChIBPKAHUETO HA
Kayuii B mousara u ¢axtopa Ha TpaHcdep Ha ' Cs mopaau BUCOKHMTE KOHLEHTPAINN HA HATHYHHUS
kaymid. M3nomsBane Ha daktop Ha OumokoHneHtpauus (BCF) (choTHOmeHHME MexXIy
KOHIICHTPALIMATA HA aKTHBHOCT Ha PaJMOHYKIHI B pe()epPEHTHO pacTeHUE KbM KOHICHTpAIIUATA

My B JPYro pacTeHHUE) € IEMOHCTPHUPAH U MPEJIOKEH 3a TPOYUBAHUS 32 OLIEHKA Ha pUCKa.
3akaoueHue

Pe?;y.]ITaTI/ITe OT HU3CJICABAHUATA, HU3BBPLIICHU B HACTOALNIOTO MHIPOYy4YBAHE, MOraTr maa 6’I)IIaT

0000I1IeHH, KAKTO CJIEIBAa:

- B’preKI/I 3HAYUTCIIHO ITO-BHUCOKOTO HAJIMYHO C’bI[’bp)KaHI/Ie Ha K " I10-BHUCOKOTO C”b[[’bp)KaHI/Ie Ha
wint, TF 3a *¥'Cs 3a Chromic Luvisol e mo-Bucok, otkonkoro 3a Eutric Fluvisol u 3a nBara
M3CTIe/IBAHN BH/Ia PacTeHHs. BeposTHO 0GsCHEHHE B TO3M Cydail MOXe 1a Obae mo-HuckoTo pH
na Chromic Luvisol. Fima ouakBano HamansBare Ha TF ¢ BpeMeTo ciie/l 3aMbpCsIBaHe Ha 0YBATA;
B HSIKOM CJTy4ad 00ade ¢ yCTAHOBEHO BPEMEHHO YBEIMUEHHE ClIe]] IbpBaTa roauHa. TeHIeHIMHTe

" IpH ABCTC paCTCHUA Ca UICHTHUYHU.

- ITpenocsT Ha ¥'Cs oT mouBara B 3e/1€TO 3aBHCH OT BETeTAMOHHHUS TepHo. 3a 3UMHOTO 3ene (6-
MECEUEH BETETAIMOHEH TIEPHOJI) € YCTAaHOBEH I0-BUCOK TpaHcPep OCOOEHO 3a 3eMeTo,
OTIJISKIAHO Ha MO-KUCEJIH IMOYBH. 3a 3€JIeTO € YCTaHOBEHA CTATUCTHYECKU 3HAYMMa 3aBUCHMOCT
Ha TF Ha paauonesuii OT KOHIEHTpalMsATa Ha PaJUOIE3Ud B TMOYBATA, KOETO IMPaBU 3€IETO
TIOTEHIMAJIeH KaHIUaT 3a OMOMHIMKATOP 3a 3aMbpCABaHe Ha moyata ¢ *°'Cs. Ta3u 3aBUCHMOCT

OYEBHJIHO € crieru(rIHa 32 paCTEHNUETO, Thid KaTo HE € HAaOJIroJaBaHa IPH MIICHHIIATA.

- BCF ce npeajara aa ¢c€ U3roJi3Ba 3a 6’Bp31/1 MMpOoy4YBaHUs 3a OLICHKA HA PUCKA U Ca NPCACTABCHU

nspBuUTe cToHOCTH Ha BCF Mexy 3ene (JIMCTHU 3eIeHYYIH) U MIIEHUIA (3bpHEHU KYATYPH).

Ilpunocu na 2n. ac. 0-p boiika 3nameesa
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Ilpooos3umane, npodonoozomosxa, 06cvrcoane Ha pezyimamume, RUCAHE HA CAMUA.

43. boiika 31aTeBa, XUMUYEH ChCTaB Ha apPXEOJIOTUYECKH CTHKICHN HAXOAKH OT KbCHOAHTHYHHS
cenuuieH Komiuiekc npu c. ['opHo HoBo ceno, B SARCHUS-AIR Jlokanusupane wu
€KCIIEpUMEHTAJIHA PEKOHCTPYKIIMS Ha APEeBHU IMbTUINA U xadutaTH, ISBN:978-954-383-118-63-
69, 2017

AOcTpaKT

B rnaBara ot kHMrara ca npeacTaBeHu AaHAIMTUYHUTE JAHHU, MTOJTyYeHH rpu aHainus ¢ P-XRF 3a

cTeKiIeHU (pparmenTH, natupanu ot KecHara antuanoct (V-VI B. cit. Xp.)

CrpkieHUTe (QparMEHTH ca 4acTH OT MPO30PEYHO CTHKIO, Yalld, OyTHUIIKW, CBETHIHHIIU,
Hamepenu B Crpazna 5 OT KbCHOQHTHYHOTO C. ['OpHO HOBO cenio (B I0’KHUTE CKIIOHOBE HAa ChpHEHA

Cpenna ropa) ciej OTCTpaHsIBaHE Ha CeIMMEHTA Ha HUBa 5,85-5,94 m.

Bonpeku ye, mopaau orpaHuueHUATAa HA METO/Ia HE € Bb3MOXKHO J1a C€ YCTAHOBU ChIBPIKAHUETO
Ha HaTpuil B wu3cienBaHUTe oOpa3uu, Ha Oa3aTa Ha CHABPKAHUETO HAa OCHOBHUTE
CTBKJI000pa3yBallld OKCUIU, MOXKE JIa C€ TBBP/AU, Y€ CTHKICHUTE (PparMeHTH MPUHAIICkKAT KbM

HaTPpHUCBO-KAJIIUCBO-CUJIIMKATHO CTHKIIO.

OCBeH OCHOBHHTE OKCHUJIH, H€06XOZ[I/IMI/I 3a MpPOU3BOACTBO HAa CTBKIJIO, CHINO Ca OIPCACICHU

KOJIMYECTBEHO HMBATA HA U3IIOII3BAHUTE OLBETUTEIN/00E31IBETUTEIH .
3akaouyeHue

B pe3yiaTart OT NPOBECACHOTO U3CJIICABAHEC, KAKTO U Ha Oa3ara Ha APXCOJIOTHYCCKUTE PASKPUTHUS, €

YCTaHOBEHO:

- Crpknara mnpuUHAANEKAT KbM HATPHUEBO-KAIIMEBO-aTyMUHUEBO-CHIUIIUBO  THII
CTBKJIO;

- Karto u3TouHMK Ha aNKagHU METaJd € M3MOJ3BaHa MPUPOIHA coJa — TPOHA, a KaTo
W3TOYHUK HA CUJIMKATH — OHEUHCTEH TSCHK;

- YcnoBusTa 3a nojidy4yaBaHe Ha CThKJAaTa B MeMITa ca OUI OKUCIUTENHU;

- TlonmuaBaHeTo Ha BT (KBITO-3€JCHUKAB) C€ IBIDKU HAa €CTECTBEHOTO ChIbpIKAHHE

Ha KCJIAA30 B U3IIOJ3BaHUA IISACHK;
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- O0e3cBeTSIBaHETO Ha CTHKJIOTO € U3BBPIICHO CIIOPE]] TPAAUIIMHUTE B OJIM3KOU3TOYHOTO
U BU3AHTUHCKOTO CTBHKJIONPOM3BOJCTBO, Thil Karo 3a OOE3IBETSBAIl EIEMEHT ¢
U3MOJ3BaH camMo MaHraH (¢ emHo wuskmoueHue, mpoba GI-6.GNS, xwaero

chabpkaHueTo Ha aHTUMOH € 0,200 %).
Abstract

The book chapter presents the analytical data obtained by p-XRF analysis of glass fragments dating
from Late Antiquity (5th-6th centuries AD).

The glass fragments are parts of window glass, cups, bottles, lamps, found in Building 5 of the late
antique village of Gorno novo selo (on the southern slopes of Sarnena Sredna gora) after removal
of the sediment at levels 5.85-5.94 m.

Although, due to the limitations of the method, it is not possible to determine the sodium content
of the examined samples, based on the content of the main glass-forming oxides, it can be argued

that the glass fragments belong to sodium-calcium-silicate glass.

In addition to the main oxides required for glass production, the levels of colorants/decolorizers

used have also been quantified.
Conclusion

As a result of the conducted research, as well as on the basis of the archaeological findings, it was
established:

- The glasses belong to the sodium-calcium-aluminum-silicon type of glass;

- As a source of alkali metals, natural soda was used - trona, and as a source of silicates - impure

sand;
- The conditions for obtaining the glasses in the furnace were oxidizing;
- The polishing of color (yellow-greenish) is due to the natural content of iron in the sand used;

- The deglazing of the glass was done according to the traditions of Near Eastern and Byzantine
glassmaking, since only manganese was used as a decolorizing element (with one exception,

sample GI-6.GNS, where the antimony content was 0.200%).
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Ilpunocu na 2n. ac. 0-p boiika 3namesa

Ilpoboe3umane, npobonoozomoska, ananus c¢ P-XRF, oocvicoane na pesynmamume, nucane

Ha 2iaea om KHuUuza.

44. B. Zlateva, Chemical Analysis of Organic Residues on Ceramic Amphora Fragments from
Chernomoretz (2nd c. BC-4th ¢. AD), in ,,Underwater archaeological researches in the gulf of
Vromos, aquatory of Chernomoretz”, ISBN: 978-954-2953-32-6, Unicart, Sofia 2014

AOcTpakT

[IpoBesieH € XUMUYECKH aHAIM3 HA OpraHUYHH ocTaThiy OT 11 pparmenTa ot ampopu, HamepeHH
IIPY MTOIBOJTHU apXEOJIOTMYECKU TPOYYBAHUS HA aHTUYHHUS O0EKT B 3aimBa Bpomoc, akBaTopust
Ha rp. YepHnomopern, obmmuHa Co3omnon. M3non3BaHeTo HA MOACPHHU aHATUTUYHH METOAHM KaTo
nHppauepsena cnekrpometpus (IR), Bucokoedexruna reuna xpomarorpadus (HPLC), sapeno-
MaruuTeH pesoHanc — npotoneH (*H-NMR) u Beruepozen (2*C-NMR), no3BoiIH Ka4ecTBEHOTO
UACHTU(DUIIMPAHE HA OpPraHMYHHWTE OCTATBIM, ONPEACICHHM KaTo OopoBa cMojia, KOSITO Oe
CpaBHEHa C pe3yiTaTuTe 3a CbBpeMeHHa cmona oT Oop Pinus Halepensis. B»3 ocHoBa Ha
MOJIYYCHUTE aHATUTUYHHU JAHHH MOXE Ja C€ TBBPIH, Y€ ChIbpPXKAHUETO Ha aMdopure € Ouio
BUHO, TUT PelnHa, KoeTo TBbPICHHUE € B TIOJIKPETia Ha YCTAHOBEHUTE ThPTOBCKU KOHTAKTH MEXTY

I"bprust ¥ TPBLUKKUTE KOJOHUU TIO 3aMafHOTO Kpaitdpekue Ha UepHo Mope.
3akao4yeHue

HOJ’Iy‘IGHI/ITe pE3yIATAaT OT M3MOJI3BBAHUTC AQHAJMTHYHU TCXHUKH 3a OXapPAKTCPU3HPAHC HaA
HpO6I/IT€ OT ap XCOJIOTMYECKHU CMOJIM, KaKTO U CPaBHCHHUETO UM CHC CBbBPEMCHHA CMOJIa OT 60p
(Pinus Halepensis) IMMOKAa3BaT HEABYCMUCIICHO TAXHATA HACHTUYIHOCT. B®3 ocHoBa Ha HAIIpaBCHOTO
CpaBHCHHEC MOXKE Oa CC HallpaBU H3BOJ, Y€ IAPCBHUTC BHUHOIPOU3ZBOJUTCIIM Ca H3IIOJI3BAJIN
IMoCoUCHAaTa CMOJIa 3a HalpaBaTa Ha BOJOHCIIPOHHUIACMHU TJIMHCHH CBAOBC 3a TPAaHCHOOPT U

MPOU3BOACTBO HAa BUHO, TUI ,,PerHa’”.
Abstract

A chemical analysis of organic remains (resin residues) of 11 fragments of amphorae, found during
underwater archaeological investigations of the ancient site in Vromos Bay, water area of the town

of Chernomorets, Sozopol municipality, was carried out. The use of modern analytical methods
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such as infrared spectrometry (IR), high performance liquid chromatography (HPLC), nuclear
magnetic resonance — proton (*H-NMR) and carbon (*}C-NMR) allowed the qualitative
identification of the organic residues identified as pine resin, which was compared with results for
modern Pinus Halepensis pine resin. Based on the obtained analytical data, it can be argued that
the contents of the amphorae were wine of the Retsina type, a statement that supports the
established trade contacts between Greece and the Greek colonies along the western coast of the
Black Sea.

Conclusion

The results obtained from the analytical techniques used to characterize the samples of
archeological resins residues, as well as their comparison with modern resin from pine (Pinus
Halepensis), clearly show their identity. Based on the comparison made, it can be concluded that
the ancient winemakers used the mentioned resin to make waterproof clay vessels for transport

and production of wine, "Retsina" type.
Ilpunocu na 2n. ac. 0-p boiika 3namesa

Ilpoboe3umane, npo6onod2omoeka, 06CvIHcOaHe HA pe3yimamume, RUCAHE HA 21A8A OM

KHUZza4.
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