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Cocras 139 00pa3ioB KpacHOM dMajiv U3eJInii U3 pa3Hbix pernoHOB BocTouHoit u LleHTpanbHoit EBponb
uzydyeH metogoM SEM-EDS. BojabIIMHCTBO 3Majieii U3rOTOBJIEHO MO “pelenTy”’ NPOBUHIMAIBHOPUM-
CKMX 3MaJIbepPOB; B PSIe CIIydaeB UCITOJIb30BAaHO “OpAMHApHOE” KpacHOE CTEKJIO. BbhIcoKast cTeneHb CTaH-
napTu3aluy “pelernToB” M3roTOBJIEHUS M OKpalllMBaHWSI PMMCKOIO CTeKJa M 3Majieii He MO3BOJISIET B
GOJIBLIMHCTBE CJIydyaeB pa3andyaTh IPOAYKLIMIO pa3HBIX IPOM3BOACTBEHHBIX LIEHTPOB. B TO ke Bpems oco-
GEHHOCTH COCTaBa IIIIOP MO3BOJISIIOT MPEAIOJIOXUTh CYIIECTBOBAHUE CIIELIMATU3UPOBAHHBIX LIEHTPOB I10
UX TPOU3BOICTBY, a IIOAKOBOOOPAa3HbIX (UOYJI — BBIAEIUTh HEKOTOPBIE TUIBI IIPUOAITUINCKOIO MPOUC-
XOXIeHUsI. [eTeporeHHOCTh AMaslell “KJIacCM4YecKOoro” cocTaBa CBUIETEILCTBYET, CKOpPEe, O CYIeCTBOBA-
HUM MHOTOYUCJIEHHBIX SMaJIbepHBIX MACTEPCKUX, a HE LIEHTPAJIN30BaHHOIO IIPOM3BOICTBA.

KiroueBbie ¢10Ba: BOCTOYHOEBPOIIECKIE BRIEMUYATHIE SMaJIN, puMCcKoe BpeMst, ITonHernposse, [Tpubdantu-
Ka, XMMWYECKHI cocTaB, KpacHoe crekyio, COM-DJIC.
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M3nenus Kkpyra BOCTOYHOEBPOIIEMCKUX BhleMYa-
TBIX BMaJjieil — IIaBHbIM O0Opa3oM, JIMThIE KEHCKUE
YKpallleHUSI W IIpeAMETHl MYXKCKOM KyJIbTYphlI IIpe-
cTXa, pacripoctpaHsorcsa B Ilogaenposse, HOro-
Bocrounoil Ilpubantvke W HEKOTOPBIX pErmoHax
IlentpanpHoit Poccum B 3m0OXy pUMCKUX BIWSTHUIA.
OnHo 13 HaIpaBJICHUI UX U3yYeHU S, HallpaBJIEHHBIX
Ha pelleHue MpoOJieMbl TPOUCXOXKIASHUSI, — XUMMU-
KO-TEeXHOJIOTMYeCKoe ucciaegoBanne. Hamu nsydeH
XUMUIecKnii coctaB okosio 200 oOpas3moB sManm
MPEIMETOB, MPOUCXOASIINX U3 OOJBIIIMHCTBA PETUO-
HOB, Ille OHM OBLIM pacIipocTpaHeHbl: BepxHero u
Cpennero IlogaernpoBbst 1 JHenposckoro JleBooOe-
pexbsi, FOro-BocrouHoii IlpubanTuku, jecocTern-
Horo IlomoHnws, Ilooubsi, MocKBOpeUbss U APYTUX
paitonoB LlenrpansHoii Poccumn. Cpenm 3amay uc-
cliefOBaHUSI — PEKOHCTPYKLMS “peulernToB’” M3ro-
TOBJICHUSI SMajId, U3y4YeHUe 30H UX pacIpoCTpaHe-
HUSI 1 BBISIBJIEHME BO3MOXKHOI CBSI3M XMMMYECKOTO
cocTaBa C OMNpeAeeHHBIMU KaTeropMsIMM Bellleid,
MMEIOIINX SMaJjIcBble BCTaBKU.

OCoOEHHOCTU TEXHOJIOTUU IMPOU3BOACTBA SMaJIU
B 3HAYUTEILHOI CTEITeHN OOYCIIOBJIEHBI €€ 1IBETOM.
B manHoO#T cTarbe IyOJMKYIOTCS WTOTH W3YYEHUS
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KpacCHBIX HEMpPO3pavyHbIX 3Majeil, BbIboOpKa KOTO-
pbix — 139 00pa31oB — Hanboiee penpe3eHTaTUBHA U
MO3BOJISIET UCMOJIb30BaTh CTATUCTUYECKUE METOMIBI.
DOMaJii IpOYMX IIBETOB OyIyT MpoaHaJIU3UPOBaHbI B
OTIEbHOM MyOJIMKAIIUU.

M3ydyeHune coctaBa aMajeil BBIMTOJHSIIOCh METO-
JIOM CKaHMpPYIOLIEH 3JIEKTPOHHOII MUKPOCKOIUU C
9HEProAMCIIEPCUOHHBIM  aHainu3aTopoM (COM-
DM C) B Tpex abopaTopusix — HayuHo-ucciegoBa-
TEJIb,CKOM MHCTUTYTe mia3Hbix 6oje3Heit (HUU I'b)
nM. I'empMronbiia; Kadenpe MUHEPAIOTUN T'€OJIOTH -
yeckoro (akyiabTeTa MOCKOBCKOTO TOCYHAapCTBEH-
Horo yHuBepcureTa uMm. M.B. JlomoHocoBa (30ech ke
IS cepyur 00pa3oB ObLI IPOBEAEH PEHTTCHOCIIEK-
TpanbHbI MUKpoaHanui (PCMA) ¢ ucnoib30BaHU-
€M BOJIHOOMCIIEPCUOHHOM creKTpockoruu); Hayd-
HoM 1ieHTpe M3HOCOCTOIKOCTE MOCKOBCKOIO 3HEP-
retndyeckoro nHcturyrta (MOH TVY).

Metoauka paboThl U OOJBIIMHCTBO JTaHHBIX
COM-B1C nadoparopuun HUU I'b um. I'enpmronab-
na u PCMA oryOoimMKoBaHBI paHee, TaM XXe OoIrcaHa
MeTonuka (cMm., Hanpumep: PymsiHuesa u ap., 2018,
2021). 3HaunTenbpHasI cepusl pe3yIbTaTOB, ITOTyYeH-
HBIX B IBYX IPYTUX JIAOOpaTOPUSIX, TOTOBUTCS B Ha-
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CocraB KpacHOI HEMIPO3pavyHOoi SMaiv, u3ydeHHkbIi MeTomoM COM-DJIC, B mac. %
Composition of red opaque enamel studied with SEM-EDS method, wt. %
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cTosiee BpeMs K Imyoamkanuu (Hanpumep, PymsH-
neBa, CkBopLoB, XaHUH, B IeyaTu; Rumyantseva,
Bitner-Wréblewska, Khanin, in preparation). B max-
HOIT paboTe MPUBOIITCS X 0000IIIEHHBIC UTOTH.

OCo0EHHOCTHY cOCTaBa KpaCHOTO HEMPO3pPayHOTO
CTeKJ1a 00YyCIIOBJIEHBI HEOOXOMMMOCTBIO CO3IaTh BOC-
CTAaHOBUTEJIBHYIO Cpeny I pocTa MHUKPOYACTHUII
KOJUIOUIHOM Meau (WJIM KyTipuTa), 6jarogapsi KOTo-
pBIM OHO IIpHUOOpeTaeT cBoii BeT. Kak BoccTaHOBU-
TeJIb MOIJIM MCIIOJIb30BAaThCs 30J1a, JKEJIe30 WU CBU-
Hell (cM., HarpuMep: Freestone et al., 2003).

Hanmane cuabHOM TTOTOXUTETEHON KOPPEaIInu
MeEXIy KaJueM, MarHueM, ¢ocdopoM 1 KaTbIIueM 1
OTPULIATEJIBHON — MEXIy NepeuyucieHHbIMU 3Jie-
MeHTaMu 1 HaTpueM (puc. 1, A, b) mpu OTHOCUTEIIb-
HO BBICOKOM colepxXaHun MarHust (6onee 1.5%
MgO) u/umm kanus (1—1.5% K,O B Tpex obpa3suax,

6osee 1.5% K,O — B ocTajbHBIX 136*1) TOBOPUT O
MIPUCYTCTBUM “30JIbHOTO KOMITOHEHTa” B COCTaBe
CTeKJla, CBApEHHOTO Ha OCHOBE MPUPOMHOI COIEI.
Bo3MoxxHO, B KauecTBe BOCCTAHOBUTEJISI B CTEKJIO-
Maccy mobasisiiach 30j1a TormBa Ieuu (Schibille
et al., 2012). ITo conepxaHuio “30JbHOTO0 KOMITOHEH-
Ta” cpeau KpaCHBIX B3Mayieii BBIAEJICHBI TPYIIIbl C
ymepeHHBIM (1m0 3% K,0) m BeIcOKUM (OT 3.4%
K,0)* ero cogepxanuem (puc. 2).

MeTtonoM (paKTOPHOIO aHajaM3a CUJIbHASI I10JIO-
JKUTEJIbHAST KOPPEJsILus BbISIBJIEHA MEXAY alloMM-
HUEM, TUTaHOM U Xeje3oM (puc. 1, B, I. CnegoBa-
TEJIbHO, 3TU 3JIEMEHTHI TaKXK€ BBOAWJIMCH B CTEKJIO B
COCTaBe OTHOTO KOMMOHEHTa. Bce oHM MoT/iu OBl ITO-
IacTh B CTEKJIOMAccy ¢ IeckoM. OgHAKO IS UCclie-
JIyEMOTO Ieproaa CTEKJIO CO CTOIb BBICOKMMU COAEP-
JKaHUSIMU TUTaHa U Xejie3a He XapaKTepHO; KpoMe

k9

' 3neck u nanee O3HayaeT: “B cOCTaBe, HOPMUPOBAHHOM K
o yeTa TEXHOJIOTMUECKUX T00ABOK — MeI, CBUHIL
100% 6e3 y4yeTa TexHOJOTHYEC obaBo (5 ¢ a,
xKeJye3a” (cM. ogpobHee: PymsiHiieBa u np., 2018).
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TOTO, MEXIY TIEePECUYNCICHHBIMU DdJIIEMEHTAMU WU
KpeMHUueM HaOmwgaeTcsl cliadbas oTpulaTeabHast
KOppeJsius, TOBOPSIAs O TOM, YTO OHU CBSI3aHbBI
(4aCTUYHO) C MHBIM HMCTOYHUKOM ChIpbsl, HEXEJU
MecoK. YMepeHHas U cjiabasi oTpulaTeIbHask Koppe-
JISIIMs HAOJIIOJaeTCsl TaksKe MEXIy IepedrcIeHHBI-
MM BJIEMEHTAMM U KaJIeM; CIeOBaTeIbHO, OHM 1O~
Najud B CTEKJIO U HE C “30JIbHBIM KOMIIOHEHTOM”.
O4yeBNIHO, ATIOMUHWI Y TUTaH OKa3aJNCh B CTEKJIO-
Macce Kak CIyTHUKM Kejle3a, KOTOphIe HapsILy C 30-
JIOIi U CBUHLIOM MOIJI UTIPaTh POJIb BOCCTAHOBUTEJIS
st Mmear. CylIecTByeT psi MUHEPAJIOB, conepKa-
X OJTHOBPEMEHHO KeJe30, allOMWHWI W TUTaH
(MarHeTUT, IMMOHUT U BUBUAHUT U TIp.).

MUKpOCTPYKTYpPHOE UCCIeA0BaH1e OyC KPaCHOTO
HEMpo3pavyHOro CTeKJIa U3 aHINIO-CAKCOHCKOTO MO-
riibHKa B Opucsewie (FOro-Bocrounass AHDIms)
MoKasajao HaJu4he B HEM MUKPOYACTHUIL MeTaJLTyp-
TMYECKUX IIJIAKOB — BEPOSITHEE BCEro, OTXOHOB OT
BBITIJIABKU >KeJie3a U3 pyabl (dasnura, KUPIITEUHU -
Ta, opTocuaukara (OJIMBMHA) U Ap.), KOTOPbIE B CTEK-
JIe CITY>XKIJIM UICTOYHMKOM BOCCTAaHOBUTEIISI — XKeJjle3a.
Onna n3 a3 dpasgimmra — replaHUT, 3aPUKCUPOBAH-
HBII B CTEKJIE 3TUX OyC, COASP>KUT aTIOMUHUI, XeJie-
30, tutraH u MapraHen (Peake, Freestone, 2012.
Table 3). BrosrHe BO3MOXHO, YTO-TO U3 OJIM3KUX Ma-
TepuasoB ObLIO UCITOJb30BAHO U MPU OKpaIlIMBAHUU
B KpacCHbIii 1IBET BOCTOUHOEBPOIEHCKUX IMaJIC.

Ilo comepkaHWIO CBUHIIA CPEIV KPAaCHOM aMaiun
BBIIEIISTIOTCS] TPY TPYIIITHI (Ta0INIIA).

Ipynna Pb-1 (“kanaccuueckue”). KoHmeHTpauus
PbO ot 5—6 mo 11% (B cpenrem — 8.8%). OHa o4eHb
6JIM3Ka poMaHO-OPUTAHCKUM KPAaCHBIM 3MaJIsIM TH-
na 2 (Henderson, 1991a). BoablIMHCTBO BOCTOUHO-
eBporeiickux ykpamenuit — 89.7% (114 u3 139) — co-
IEepKUT TaKylo SMajlb. DMaiu OJIM3KOro cocTaBa
BCTPEYAIOTCS M CPEIN TTPOBUHIIMATEHOPUMCKHX (1~
OyJI KOHTUMHEHTaIbHOM EBpomnbl. DTO HAaXOOKMU Tpe-
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Puc. 1. CooTHoIlIIeHNEe Pa3IMYHBIX KOMIIOHEHTOB B KpacHO# amanu (B coctaBe, HOpMupoBaHHOM K 100% Ge3 yueta Menu,

CBUHIIA, Xene3a (4, b); menu u ceuHua (B, I)).

Fig. 1. The ratio of various components in red enamel (in the composition normalized to 100% excluding copper, lead, iron (4, b);

copper and lead (B, 1))

Thell yeTBepTH I — mepBoii momoBuHk! 11 B. ¢ Teppu-
Topuu BoctouHoit Ilojpliu, JIUTBBI M YKpauHBI
(Bitner-Wréblewska, Stawiarska, 2009. Tabl. II;
Cat. 5, 17, 18). IIpoBUHLIMAIbHOPUMCKIHE OOpa3libl,
KaK ¥ BOCTOYHOEBPOIIEHCKHE, OTINYACT MOBBIIIICH-
HOE coaepKaHWe Kajus M MarHusi, He XapakTepHOe
IJIst comoBoro crekja. OgHako B GpUTAaHCKUX Cpel-
Hee copgepxanue MgO Briuie, yeMm K,O, a y BapBap-
CKUX OHM IIPUOJIM3UTEIBHO paBHBIE, C JIETKUM IIpe-
oOJlanaHWeM Kaiausl Haa MarHueM (Ipu 3TOM B HEKO-
TOPBIX IIpeo0IagaeT Kajauii, B ApyTUX — MarHuii, KaKk
B PUMCKUX 3MaJisix). BeposTHO, maHHBIE pa3auyus

00YCJIOBJICHBI XapaKTEPOM MCITOJIb3YEeMOI 30JIbI pac-
TeHU.

Ipynna Pb-2 (“opdunapuoe” kpacmoe cmekno).
Konnenrpaunst PbO menee 1% (13 ak3., 11.7% 06-
pa3loB). DTOT cocTtaB OoJjiee TUIIMYEH Oy Oyc,
CMaJIbTBI M COCYIOB KPacHOTO CTeKJIa, 4YeM ISt
SMai — BO3MOXHO, MOTOMY 4YTO [JISI HUX MeHee
Ba)kHa TeMIiepaTypa “TijiaBjieHUs”, KOTOPYIO TTOHU-
xkaet ceuHell (Henderson, 1991b. P. 67). Takoit co-
CTaB XapakTepeH MPEeNMYIIEeCTBEHHO UIST TTIOIKOBO-
00pa3HbIX (pUOYI MPUOATTUICKOTO IIPONCXOXKICHUS
W HEKOTOpBIX HaxomokK u3 LleHTpambHOiT Poccum.
J11s1 poMaHO-OpUTAHCKUX U3IEINI TTOT00HAasT SMalb

POCCUMCKAS APXEOJIOTHMA Ne I 2023
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Puc. 2. ConepxaHue okcuaa Kajivsi B KpacHoi aMaiu (B
cocraBe, HopMUpoBaHHOM K 100% 6e3 yueta Meau, CBUH-
11a, Xenes3a).

Fig. 2. The content of potassium oxide in red enamel (in
the composition, normalized to 100% excluding copper,
lead, iron)

He TunuuHa. Cpeau MpOBUHIUATLHOPUMCKUX KOH-
TUHEHTAJIbHBIX 5MaJieii, cOCTaB KOTOPbIX U3BECTEH
IUJIsSl eTUHUYHBIX 00pa3110B, OH TaKXKe He BCTpevyaeTcs
(Bateson, Hedges, 1975; Bitner-Wréblewska, Stawi-
arska, 2009).

Ipynna Pb-3 — c BeIcOKUM, 12—18%, conepkaHM-
eM okcuga cBuHua (12 obpasuos, 8.9% kpacHoro
crekia). [Tono6Hast amanb 3apuKcUpoBaHa B OCHOB-
HOM Ha HEKOTOPBIX IIIOpax M ITOAKOBOOOpPa3HBIX
¢uobynax paHHux tumnoB. Cpeam poMaHO-OpUTaH-
CKUX 9K3eMIUISIPOB €IMHUYHBIE 00pa3lbl dMaIeii ¢
comepxXaHneM cBMHOA 12—15% BcTpedaroTcst, omHa-
KO OHHU He BblIIeJIEHHI B oTneabHYI0 rpymiy (Hender-
son, 1991b. Fig. 1).

B oOpa3zuax oTMeueHo IepeMeHHOe CoAepKaHue
cypbMbl 1 MapraHna. CypbMa, OYEBUIHO, MIPUCYT-
CTBOBaJIa KaK 00eCIIBEYMBATEIb B CTEKJIE, MCITOIb30-
BaHHOM B KayeCTBE OCHOBBI UISI U3TOTOBJICHUS
(okpammBanus) smanu (Freestone et al., 2003). DTo
MOATBEPKIAETCS HAIMYMEM YMEPEHHOM CBSI3U MEX-
Iy KOHILIEHTpaliMeit OoKcuaoB HaTpusi (OCHOBHOIO
KOMITOHEHTA MPUPOIHOI COMbI, CIYKUBIIE CBIPheM
CTeKJIoAe/IaM) U CYpPbMBI, 110 TaHHBIM (DaKTOPHOTO
aHanuza. OJHaKO B HEKOTOPBIX CIIydasiX KOHIIEHTpa-
LUSI CYypbMbI HAXOOUTCSI HUXE Mpeaesia oOHapyxKe-
Hug COM-D]JIC. MapraHell IpuCYTCTBYET BO BCeX
uccaegoBaHHbIX oopasuax (0.17—1% MnO). OH Mor
HUCIONIL30BAaThCd B CTEKJIE-OCHOBE IS OMalil KakK
obeclLBeUYnBaTe/Ib, OQHAKO €ro He3HAUYUTEIbHBIC KO-
ymyectBa (10 0.5% — cMm. I'aaubun, 2001. C. 48, 49)
MOTJIM MOoMaaaTh B CTEKJIOMACCy U B COCTaBe PacTU-
TeJIbHOM 301b1. boJlee BICOKOE conep:kaHue MapraH-
11a B COYETaHUU C CYypbMOI, OTMEUEHHOE B psijic 00-
pa3loB, MOXKET FOBOPUTH 00 UCIHOIL30BAHUU B Kaue-
CTBE OCHOBBI IIJISI OMaJIMi HE TOJIbKO CTEKJIa-ChIplia,

POCCUMCKAS APXEOJIOTUY
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Ho u ctekno060: (Freestone, 2015). He3nauurenbHbIE
KOHLIeHTpauuu MnO MOTYT CONpPOBOXIAaTh TaKXke
JKeJIe30, BBIMOJHSIOIIEE POJIb BOCCTAHOBUTESI MeAU
(CcM. BhILIIE).

B 11 o6pasiax metogom COM-D]J1C 3adpukcupo-

BaH LIMHK B KoHIeHTpauuu or 0.1% ZnO?. OH mor
IoIagaTh B 3MaJlb B COCTaBE MCTOUHMKA KPACUTEIISI —
METAJJIMYECKOTO JIOMa CIIJIABOB HAa OCHOBE MeIU WU
OTXOJ0B METAJLUTyPTMYECKUX NPOMU3BOACTB. B Tpex
ciydasix (cM. HuKe) KoHueHTpauust ZnO cocTabiisieT
6onee 0.3%, a COOTHOLIIEHWE MEAU U LIMHKA He Mpe-
BBILIAET 8 (B OMHOM CJIy4yae colepKaHue IMHKA JaxKe
BBILIIE, YeM MeaM). DTO HCKIIOYAaeT BO3MOXKHOCTh
NpUMEHEHUS B Ka4eCTBE UCTOYHUKA KPACUTEIISI MEJI-
HOTO CIJIaBa, TIpearosarast UCIoJab30BaHUE OTXOI0B
MeTauryprudeckoro npousBonactna (Freestone et al.,
2003; Peake, Freestone, 2012; Schibille et al., 2012).

B utore npoliecc U3roToBA€HUSI KPACHOW Malln
MOXXHO PEKOHCTPYUPOBATh CJIEAYIOIIMM OOpa3oM.
B xauecTBe OCHOBBI [J11 OKpalllUBaHUSI UCTIOIb30Ba-
JIOCh OECLIBETHOE MTPO3pavyHOe CTEKJIO, CBAPEHHOE Ha
OCHOBE MPUPOIHOIN COIbI, B OOJILIIMHCTBE CIydyacB
o0OeclIBeYeHHOE CypbMOM MM (peXe) MapraHIeM.
B HekoTOpBIX cllydyasix MPUMEHSUIMCh TaKXKe CTEKJIIO-
0oit uu cMech cTekJa-chipiia u cTekjiobosi. Kpacu-
TeJieM CIyXuJia Mellb, €€ UCTOYHUKOM MOTJIU ObITh
OTXOJbl METAJUTYPIrUUECKOTO MPOM3BOICTBA WU JIOM
W31, U3TOTOBJICHHBIX U3 CIIJIABOB HA OCHOBE Me-
JIM, OMTHAKO B psijie CiyyaeB BTOPOIl BapuaHT ObLI UC-
kJoueH. O4eBUIHO, UTO B MpearnogaraeMble HEHTPbI
MPOU3BOJICTBA “BapBapCKUX”’ yKpalleHUd dSMaJib O~
cTynajia B Buae nony¢adbpukaToB, a HE TOTOBUJIACH
Ha Mmecte (cMm. PymstHnieBa u np., 2018).

BoccraHoBuTesiMuy TSI MY CITYKUJIU 30J1a pac-
TeHUI, Xejie30 U cBuHell. [TociieqHuit omHOBpEMeEH-
HO ITOHMKaJI TeMnepaTtypy “1uiaBieHus’” amanu. Co-
JIIEp>XXaHUEe CBUHIIA — CaMblii 3HAYUMBIM MPU3HAK,
MO3BOJISIONINI BBIASIUTL TPYMITbl KPAaCHOI 3MalH.
HMccnenoBarenu npeanoiaralor, YTO Melb U CBUHEI]
BBOJIWJIMCH B CTEKJIO B COCTaBE OMHOTO KOMITOHEHTA —
TaKXe OTXOJIOB METaJLTypTMYeCKOro MpOU3BOACTBA,
BO3MOXHO, Kynejsiuuu cepedbpa. OaHako 1Jisi BO-
CTOYHOEBPOMENUCKUX 3MaJIEid, B OTJIMYUE OT MpPO-
BuHnMaabHOopuMckux (Freestone et al., 2003), xop-
pensius MeXay KOHIIeHTpallueit Meay U CBUHIIA He
BBISIBJICHA.

Omanu rpynnbl Pb-1 1 oryactu Pb-3 oueHs 65113-
KM IO COCTaBy poMaHO-OpuTaHCKUM. B TO ke BpeMst
TpU TUNA poMaHO-OpuTaHckux 3Majeit (Henderson,
1991a) He HaxomsAT COOTBETCTBHUSI CpPEaM “BapBap-
CKUXx”. DTO KpaCHBIE 3MaJIi C BLICOKMM COAepKaHU-
eM cBuHLA U Meau (25—40% PbO u B cpeaHeMm 6.4%
CuO) — tun 1 o 1. XeHAEpCOHY, UYTO MOXET 00BsIC-
HATbCA 00Jiee MO3aAHENM XPOHOJIOTMYECKO MO3ULEH
BOCTOYHOEBPOIIEMCKX MaTtepuanoB. “Pement” c

20.1% — npenen ooHapyxeHuss ZnO meronom COM-BIC. 1o
3TOM NMpUYMHE OoJiee HU3KKME 3HAYeHUST MBI HE paCCMaTPUBACM.
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Puc. 3. ConepxaHue psina KOMIOHEHTOB (A—/) B aMaiu yKpallleHUid U3 pa3HbIX PETMOHOB. YCIOBHBbIE OOO3HAYEHUS: a —
Cpennee [NomHemnposbe (YKpauHa); 6 — JIHerpoBcKoe JiecocTermHoe ieBobepexbe (Kypckasi, benroponckast, bpstHckast 06i1.);
6 — lOro-BocrouHas I[Nosbira, KanunuHrpanckast o6i1.; e — Jlutsa, Jlareust; 0 — Bepxuee [lonHenposbe (Benapych); e — LieH-
tpanbHast Poccust (ITooune, Bonro-Oxkckoe Mexnypeube); s — aecoctertHoe [TomoHbe.

Fig. 3. The content of a number of components (A—/) in the enamel of adornments from different regions

BBICOKMM COAEPKaHWEM CBUHIIA U MeAY ObLIT yHaCIe-
JIOBaH pUMCKHMU 3MaJjibepaMu OT KeJIbTOB U B LIEJIOM
XapakTepeH IJISI pUMCKOTO MPOU3BOACTBA PAHHETO
HepuoIa, XOTSI eAUHUYHbBIE K3EMIUISIPhI TI0J00OHOTO
coctaBa u3BecTHHI U B [II—IV BB. (Tum 4 no 1. XeH-
nepcony, Henderson, 1991a. P. 293, 294). He 3acpuxk-
CUPOBaHBI CpelIM BapBapCKUX dMaJieii M1 0Opasibl ¢
HU3KUM COJIep>KaHUEM KaJiusli U MarHusi, THITAYHBIM
ISt cogoBoro crekia (tun 3 1mo . XeHaepcoHy).

Pecuonanvnbie ocobennocmu coctraBa KpacHOit
SMaJIA 10 GOJIBIITMHCTBY IPU3HAKOB HE BBISIBIISIOTCS
(puc. 3). 3HAUYMMO JIMIIb COAepKaHWE CBUHIA IJIsI
HEKOTOPBIX KaTeropuii. OMastb ¢ HU3KUM (MeHee 1%,
rpymiia Pb-2) u Beicokum (6osee 12%, rpynmna Pb-3)

colepKaHWeM CBUHIIA B HAaWOOJIbIIEH CTEIEHU Xa-
PaKTEePHBI IS LITIOP U TIOAKOBOOOPa3HBIX (hrbyI.

IInopwsr. I3 neBsiTi 00pa3uoB (OT BOCBMU U3Me-
JIMit) TpU MpuHamIexar K rpymme Pb-3 (14.1-18.7%
PbO). DT1 mmopkel OTHOCATCS K OIPeAeIeHHBIM TH-
nam — Ilae, I1lae (Radjush, 2013). Haxonku (puc. 4,
1—23) npouricxonsiT u3 pa3HbIX peruoHOB: U3 CeBepo-
Bocrounoit ITonbim, n3 OpiaoBcKoil 06i1acTu U U3
BOMHCKOTO 3axopoHeHus B IOro-3amagnom Kpeimy
(Kontny, Lewoc, 2018; Pamiomr, 20200; PymsHiesa,
Tpudonos, 2021). OnHako, cyas 110 30He HanOOJIb-
IIET0 pacIpoCTpaHeHMsI, IIPOU3BOIACTBO 1X, CKOpee
Bcero, cymectBoBaio B CpenHeM IlomHernpoBse (Pa-
mromr, 2020a; Radjush, 2013). OcranbHble HAXOOKU CO-
JiepxKaT aMaJtb “Kiiaccmyeckoro” cocrana (Tp. Pb-1).
Ne 1
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Puc. 4. llItops! ¢ amManbio ¢ BeIcokuM (/—3, Tp. Pb-3) n “knaccuueckum” (4—9, rp. Pb-1) conepkanuem cBuHa. / — Ckanu-
croe; 2 — MemkoBo; 3 — flHoBek; 4 — Ckanucroe; 5, 6 — Kypckast 06:1.; 7 — Benroponckast 061.; &§ — KomapoBka Kypckoit
06:1.; 9 — HoBocunbekuii p-H OpsioBckoii 06:1. 1, 4 — ¢doro B.B. Macsikuna (no: PymsiHueBa, Tpudonos, 2021); 2, 7 — mo:
Pamrom, 20206; 3 — no: Kontny, Lewoc, 2018; 5, &8 9 — no: Pamiomr, 20208; 6 — doto O.C. PymsiH1IeBOIA.

Fig. 4. Spurs with enamel with high (/—23, Pb-3 group) and “classical” (4—9, Pb-1 group) lead content.

OTU JaHHBIE TTO3BOJISIIOT CAeNaTh CAeAYIOIINe Ha- 4YWe OT IIIMOop, MpaBaa, Cpeau OPYroil Kareropuu
omoaeHust. 1) Hanmumume sManm ocobOro coctaBa B IMPEIMETOB, CBSI3aHHBIX C BOUHCKOW KYIbTYpOU, —
LIITOpax OINpPENEIEHHBIX TUIIOB MOXET CBUIETEIb-  LIETIEN POroB ISl MUThSI — 3MAJIM MOJOOHOr0 COCTaBa
CTBOBATh O CYLIECTBOBAHNUU B [I0NHETPOBLE 060CO0-  Ha CErONHS HE BBISABIEHBL. DTO MOXET OOBACHATBHCS
JICHHBIX LIEHTPOB, 3aHUMAIOLIUXCS IIPOU3BOJICTBOM U KaK OOBbeKTUBHBIMU IIpUYNHaMH, Tak N HEOOJBITNM
SMaJMpPOBAHUEM LITIOP WM, Gojiee IMPOKO, Tpen- Pa3MEPOM BHIOOPKHM LETIEH.

METOB, CBA3aHHBIX C MPECTHKHON BOMHCKOM KYJIbTY- 2) He Bce mmops! Tunos Ilae u I111ae u3rotosiaeHb!
poii. TaHHbIE LEHTPBI MOIJIM padOTaTh C SMAIMU,  C UCIOJIIBL30BAHUEM SMAJIU “0co00ro” cocTaBa — cpe-
M3TOTOBJIEHHBIMU 10 OCOOBIM PELIENTaM WU Ha OC-  OW HUX €CTh M T€, THEe3[a KOTOPBIX 3aMOTHEHBI SMa-
HOBE 0COOBIX KOMITOHEHTOB ChIpbs 11 HUX. B oTiu-  nblo “kitaccuueckoro” cocrana (puc. 4, 4). CienoBa-

POCCUVCKAS APXEOJIOTHUS Ne 1 2023
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TEJIbHO, MO0 LIEHTP, IIPOU3BOMSIINIA IIITOPHI, OBLI
HE €IUMHCTBEHHBIM, JIMOO MUCTOYHUKU AMAJIU Y HETO
OBUTM pa3HBIMU. XpOHOJIOrM4eckasi pa3HUlla B HC-
MMOJIb30BaHUU dMaJjieil He BBISIBISIETCS — IHITTIOPbI U3
norpebenuss B Ckanuctom (puc. 4, 3, 4) conepxar
aMab pasHbIX Tpyril (Pb-1 u Pb-3).

3) Cronp pa3HooOpa3Hasi reorpadusi HaxoIOK
MPENnOJ0XKUTEILHO THEMPOBCKUX HITMOP C AMaISIMU
“ocoboro” cocraBa (OpnoBckast obaacTtb, FOro-3a-
nagHeiii KpeiM, CeBepo-Bocrounast Ilombma) —
BaxkHOE€ CBUIIETEILCTBO BBICOKOI CTEIIEHU MOOWUJIb-
HOCTHU CpeHETHETTPOBCKUX BOMHCKUX IpyT (CM. 00
atoM: Pamrom, 2020a. C. 342—348). Bepcus o miepe-
MEILIEHUU TIPEIMETOB BOMHCKOU KyJabTypbl B FOro-
Bocrounyio Ilpubantuky m KpbiM B pesyabraTe
TOPTrOBBIX OTHOLICHUN TPENCTABISIeTCSI MaJloBe-
POSITHOM.

Cpenu sMajeil “kimaccudeckoro” cocrasa (5.6—
10.8% PbO; puc. 4, 4—9) nBa obpa3sia (puc. 4, &, 9)
OTJIMYaeT BBLICOKOE coiaepxkaHue Kanust (6onee 3%
K,0%); onuH (puc. 4, 6) BbiaensieTcs 60Jee BBICOKUM
0 CPABHEHMUIO C OCTAILHBIMHU COACPKaHEM KeJle3a,
TUTaHA W Mapranua. JloctaTouHO pa3HOPOIHBIN CO-
CcTaB 3Majieil TO3BOJsIET MPEAIoaraTh U060 Halu-
Yyrie HECKOJIbKUX PA3HbIX LIEHTPOB ITO0 U3TOTOBIIEHUIO
LINOP C SMAJIIMU, TUOO XPOHOJIOTUYECKIE U3MEHE-
HUS B UCTOYHHWKAX IMOCTYTIIJICHUS WU PELIETITE UX U3-
TOTOBJICHUSI, KOTOpPbIe HE BBISBIISIIOTCS Ha OCHOBE
apXeOoJIOTUYCCKUX JaHHbIX.

ITlookoeoobpa3snbie @ubyrvr (29 npod ot 27 3K3.)
HanboJIee TeTepOreHHBI 10 COCTaBy 3MaJlu, i1 HUX
BBIACJISIIOTCST “pervoHajibHble” TIPU3HAKU. DMajb C
HU3KUM cofepxaHueM cBuHua (MeHee 1% PbO) 3a-
¢uKcrupoBaHa Ha YEThIpEX M3 BOCHMM IIPUOAITUIA-
ckux ¢uodyn. Bce oHUM NPOUCXOOAT C TEPPUTOPUU

JIuteel (bakusii, Mexonuc) u JlatBuu (PeJ‘II/IHKI/I)3
(puc. 5, I—3). Tpu u3 HUX UMEIOT MOPGOJIOTUYECKIE
MPU3HAKU, XapaKTepHbIe 1151 MPUOAITUNCKUX HAXO-
JIOK: LEHTpaJIbHOE 3MajieBoe Iojie pOMOUYECKOI
¢dopmbl wiu MeTainueckue oTpoctku (Kop3yxuHa,
1978. C. 31; T'opoxoBcwkmii, 1982. C. 33, 34; Panro,
2020a. C. 331).

JIvb onHa pubyia u3 JInTBbI ¢ pOMOOBUIHBIM MO-
JIeM, HaliieHHas Hejajaeko ot I. BuibHioc (puc. 6, I;
cMm. bupkuna, 2023), ykpaiieHa sMaasaMu “KJiaccu-
yeckoro” cocraBa. Haxonka u3 bakmsasa (puc. 5, 1)
COUYeTaeT B pa3HbIX THE3JaxX dMaJjib C HU3KUM COIEep-
XKaHMeM CBUHLA U “Kiaccuueckyro”. ITonkoBooO-
pa3Hble (pUOYJIbI, IIPOUCXOISIINE C CEBEPO-BOCTOKA
IMonabmm (Hetra, bapriys JIBopHbiii — cwm. Bit-

3 Cornacho ceony I.®. Kop3yxuHoii, HaxonKa MPOUCXOIUT U3
Penunros B benopyccuu (Kopsyxuna, 1978. C. 81). OgHako
HenaBHO O.A. PamiomieM yCTaHOBJIEHO, YTO OHAa BEPOSITHEE
Bcero ObL1a oOHapyxXeHa B PenuHkax Ha Tepputopuu JlaTBum
(Pamromr, 2020a).

ner-Wroblewska, 2011. Fig. 5) u 3acTexka 13 KOJIeK-
unu “Ipyccusa” (puc. 6, 2; Bocrounas [Ipyccust; cMm.
XoMsikoBa, 2019), ykpallleHbl 3MaJIsSIMU UHOTO COCTa-
Ba — “KJJaCCUYECKUMU”~ U C BBICOKUM COJIepXKaHUEM
CBUHIIA (CM. HILKE).

Cpenu BocbMU 00pa3lioB 3Maiu IIOIKOBOOOpas3-
HBIX oy 3 Cpenaero u Bepxaero I[TomHenmpoBbs
COCTaB C HU3KUM COAepXKaHUEM CBUHIIA He 3adUK-
CUpOBaH HHU pasy.

ITomumo Teppuropuu JIuteel 1 JlaTBUM 3Maib ¢
HU3KOI KoHueHTpamueii PbO orMedyeHa Ha cepum
IMOIKOBOOOpa3HbIX (uby 13 BepxHero [ToBoKbs 1
ITooubs (puc. 5, 5—9). Yactb U3 HUX HUMeEET LEH-
TpaJIbHOE THE310 poMOMYecKoil (opMEbI, XapaKTep-
Hoe 1t mpubantuiickux Beuleit (IopoXoBCHKMIA,
1982). MccnenoBarenu mpearoaaraloT TakxKe IIpor3-
BOACTBO (hbUOYJ omnpencieHHON pa3HOBUIHOCTU (K
Heil oTHocuTcs (pubyna n3 CrapkoBo, puc. 5, 7) B
BepxneBommkckoMm pernoHe (Axmenos, 2018. C. 157).
Ecnu 3nech neificTBUTENILHO TIPOU3BOAUINCH BEIIU C
SMaISIMU, TO OUEBUIHO, YTO MOJy(PadpuKaThl “Kiiac-
CMYECKOI” TI0 COCTaBy AMalli Clojla He TOoCTyNalu,
HO MECTHBIE OYChI MOTJIU MCITOJIb30BaThCSI B KAUECTBE
CBIPbSI JJ151 Hee.

3acrexku rpymnnsl Pb-3 (6onee 12% PbO) otHO-
CSATCSI K paHHUM TUTAM CepeIUHbI—BTOPOM MOJOBU-
sl 11 B. (puc. 5, 10—13). Tpu U3 HUX UMEIOT TOHKNE
Iy>KKW W/WJIW 9MaJieBbIe TIOJIST MaJIoTo pa3mepa (CM.
Oo6nomckuit, TepnmunoBckuii, 2007. C. 123); onHa, ¢
IrpaHeHBIM 00OIKOM CpenHeil IMMPWHBI, TpUHAILIe-
KUT K TOMY K€ XpOHOJIOTUYeCKOMY neprony (Xomsi-
KkoBa, 2019. C. 229). JIBe u3 HuX npoucxoast us [pu-
oantuku (baprmys dBopHbiii, CeBepo-BocrouHas
IMonmema — cMm. Bitner-Wréblewska, 2011. Fig. 5C;
kosutekuus  “Ilpyccust” cM. XowmskoBa, 2019.
Puc. 2, 1), a nBe — u3 Cpennero I[TomHemnpoBbs (Bo-
poHsTOB M 1p., 2020).

OMau MpoYnX NOAKOBOOOpa3HbIX (HrOyIT OTHO-
CITCA K “KJIacCMYSCKOMY’ THITYy CO CPEIHUM COIEP-
XKaHueM cBuHIIA (puc. 6). KpaiiHe BaXXHO IIPUCYT-
CTBUE B TaHHOM IpyIIie 3acTeXeK paHHUX TUIIOB (C
aMaJieBbIMU MOJISIMU MaJIbIX pazMepoB) U3 BepxHero
INomuenposbs u Bepxuero IMogousa (puc. 6, 1—3) n
¢uobynael uz norp. 81 Herrel (puc. 6, 10), Kotopoe
A. butHep-BpyGsiieBcka cuMTaeT OOHUM U3 CaMBbIX
paHHUX KOMIUIEKCOB, COIEpXallluX YKpalleHue Kpy-
ra “sapBapckux” smaieil (burtHep-BpyoOieBcka,
2019. C. 173). D10 roBOpUT 00 OMHOBPEMEHHOM pac-
MPOCTPaHEHUHN YKpalleHUI ¢ BEICOKMM U “KJIacCH-
YeCKHUM” coJiep>KaHUEeM CBUHIIA B JaHHBIX pETMOHAX.
K “ximaccuyeckomy” TUITY SMajieil OTHOCSITCS 00pa3-
LBl TTIOMKOBOOOpPa3HBIX (PUOYI 1 CcrojibraM n3 BepxHe-
ro u Cpennero IlTogHenpoBbsi, BepxHero ITooubs,
NIbSIKOBCKMX TTaMSITHUKOB MOCKBOpeIKOro dacceii-
Ha (puc. 6, 4—7, 9, 11) u ap.

Y ¢ubynsl u3 bakiusisa (puc. 5, 2) KpacHast aMallb
Ha pa3HbIX MOJISIX pasiinyaeTcsl Mo cocraBy. B 60kKo-
BBIX MOJIMXPOMHBIX UCIIOJIb30BAHO CTEKJIO C HU3KUM
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Puc. 5. INonkoBoo6pa3Hbie ¢pudynbl ¢ HU3KUM (/—9, rp. Pb-2) 1 Beicokum (/10— 13, tp. Pb-3) conepxxanuem cBuHua. 1, 2 —
Bakiusit (JIutea); 3 — MexoHuc, K. 2, norp. 5 (Jlutsa); 4 — Penunku (JlatBust); 5 — Baagumupckas 00i1.; 6 — JIbIKOBO TOpo-
nuie (Mocksa); 7— CrapkoBo (Tannomckuii p-H MockoBcKoii 0011.); § — AbpamoBckuii MoruiabHUK (Mopnosust); 9 — Bepx-
Hee JlamoHoBO (AstekcuHckuit p-H Tybckoii 06i1.); 10 — KueBckast 06i1.; 11— lonosituHo, (Uepkacckast 0611.); 12— bapriys
JBopHbIii, norp. 4a; 13 — komnekuus “IIpyccusi”, Mmecto HaxoxaeHust (M/H) HeusBecTHO. 1, 2, 4, 10, 11 — no: BopoHsiTOB
u ap., 2020 (© TocymapcTBeHHBbIT DpMmuTax); 3, 12 — no: Bitner-Wréblewska, 2011; 5 — no: bupkuna, 2023; 6 — no: Kpenke,
2011; 7 — ¢poto O.C. PymsHneBoit, my6:1.: Axmenos, 2018; & — mo: PymsinueBa, Tpudonos, 2020; 9— no: BopoHiios, 2020; /3 —
no: XomsikoBa, 2019.

Fig. 5. Penannular brooches with low (/—9, Pb-2 group) and high (/0—13, Pb-3 group) lead content. 1, 2, 4, 10, 11 — © The
State Hermitage Museum

conepxkanuem PbO, Ui BepxHero MOHOXpoMHoro* —  A@HHOE YKpAIIeHHe, UMEJIH JOCTYII K ChIPbIO Pa3HO-
“Kraccuueckas” CO CPEHUM colepkaHueMm. Dro IO cocTaBa. Bbibop 0Gyc/oBIeH, BEPOSTHO, TEXHONIO-

CBHLETEIBCTBYET O TOM, YTO MACTEPA, M3rOTOBMBIIMe ~ TWYECKUMHU NIpUYMHAMU. B monmxpoMHoM mnosne co-
JepXKaHue CBMHIIA B ®Malli BCeX LIBETOB OJIM3KOE.

4 AHayu3 cocTaBa 3MaJin JAHHOTO I10J1s1 BBIIIOJIHEH B OTL[CJ'IC Ha- OHO JTOJIKHO 6],1_)'[0 3aI1OJITHATHCH C,I[I/IHOBPCMCHHO, "
YUYHO-TEXHOJIOTMYECKON 3KcrnepTusbl [ocynapctBeHHOro Op- 6 6 "
MuTaxa. Boipaxaem 6naromaprocts JI.C. IMpokyparopy 3a ~ MACTEPY TPEOOBAINCH SMAJIN C DJIM3KOU TEMIIEPATY-

NpOBeIcHUE aHAJIN3A. poii “IuraBieHUsI”, HA KOTOPYIO BIIMSET CBUHEII.
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Puc. 6. [TonkoBooGpa3Hbie (hubyIibl ¢ “KIaccuueckuMm” coaepkaHueM cBuHIa (rp. Pb-1, wiu tun 2 o [. Xennepcony). I —
Hasun-Toponok; 2 — bobposckuii p-H BopoHexckoit 06i1.; 3 — Kumuier (benapycs); 4 — BapdonomeeBo (JleHUuHCKMIT p-H
Tynbckoii 06:1.); 5 — HoBocenku (benapyck); 6 — y r. BunbHioc; 7 — JIbsikoBo ropoauiiie; & — JlykoBHst (MockoBckast 0611.); 9 —
YkpanHa, M/H HeusBecTHO; /0 — Herra (CeBepo-Boctounas I[Monbima); /7 — 3mobuno (Kypcekast 06:1.). 1, 2, 7— doto O.C. Py-
MstHLIEeBOIt (1 — mmy6:1.: [To6osb, XaputoHoBudy, 2019; 2 — mo: AkumoB u ap., 2020); 3, 5 — no: Pamon, 2021; 4 — no: BopoH110B,
2020; 6 — no: bupkuHa, 2023; & — no: Kpenke, 2011; 9, 10 — no: Bitner-Wrdblewska, Stawiarska, 2009; /7 — ro: Pamorr, 2020B.
Fig. 6. Penannular brooches with a “classic” lead content (Pb-1 group, or type 2 after J. Henderson)
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BerHee MOHOXPOMHO€ I10JIE€ MOTIJIO OBITH 3aITOJIHE-
HO ITO3JHEE, 31€Ch UCITOJIb30BaHa OoJice JIerKoIIaB-
Kasdg SMaJlib, 4YTO ITO3BOJIMIIO ObI He IIOBPE€OUTDH ITPU €€
HarpeBe 1noJMXpOMHBIC OMaJICBbIC BCTaBKU.

ITomumo cBUHIIA pa3HUIIAa B COCTaBe €CTh B CO-
JIEp>KaHUU OKCUJIOB KaJIUSl, HATPUS U IPYTUX CBSI3aH-
HBIX ¢ HUMM KOMMOHEHTOB. Huskoe comepxkaHue
K,0 (1m0 2.5—3%*) otnmmyaet Bce (GUOYIIBI paHHUX TH -
0B, 32 UCKJIIOUeHMEeM yKpainieHus u3 Hertol (puc. 5,
10—13; 6, 1-3), a TakxKe psia MPEeIMETOB Pa3BUTOMN
craguu ctvid (puc. 5, 1, 2, 5, 6, 8, 6, 4, 5). Ipynna ¢
BBICOKMM cofep:KaHueM okcuaa Kaaus (3—3.5%* u
BBIIIIE) BKJIOYAET BEIIU “KJIACCUYECKOW’ CcTaguu
CTWJISI U3 BCEX PACCMOTPEHHBIX PEerMOHOB (puc. 5, 3,
4,7, 9,6, 7—11). [IpuMeyaTeabHO, YTO IO MOPPOJI0-
ruu E.JI. TopoxoBckuit otHocun pudyny nz HeTTsl K
pa3BUTON CTaAuU CEPEIUHBI—BTOPOIl TTOJIOBUHBI
III B. (TopoxoBchkuii, 1982. C. 31—33). Bo3aMmoxHoO,
COCTaB 3MaJii, He TUIIMYHBIN [IJIs paHHUX YKpalle-
HU, — TOMOJHUTEIbHBIN TTOBOA OCTOPOKHEE OTHO-
CUTBCS K TaTupoBKe Tmorpedenus 81 B Herre passu-
Toit yacThio (ha3bl B2 1ieHTpaibHOEBPONECKOM Xpo-
Hojoruu, T.e. BpemeHeM gm0 180 r. (butHep-
Bpyo6nescka, 2019. C. 173).

OpnHa u3 ¢pubya (puc. 6, 6) coueTaeT BCTAaBKU pas-
HOTO COCTaBa, KOTOPbIE HE MOTJIM ObITh U3TOTOBJICHBI
U3 eAMHON nopluu 3Maiu. I1o comepxxaHuio Kanust
OHU OTHOCSTCS K pa3HbIM rpynmnamM. Bo3aMoxHo, 3T0
CBSI3aHO C pa3HOI TEXHUKOI 3amojHeHUsI THe3 (00-
KOBOE 3all0JIHEHO 3MaJjeBbiM TMOPOIIKOM, B MajJioM
JTMCKOBUIHOM MOT MCHOJIb30BaTbCsl OOTOYEHHBIN
Kycodek cTekia). He uckioueHo Takke, 4yTo Majioe
MoJie MMOBTOPHO 3allOJIHSJIOCh 3Majiblo B XOAE MC-
MOJIb30BaHUs. B 11eJ10M HEeT CBSI3M MEXIYy YpOBHEM
coJiep>XKaHUsl KaJIvsl U pETMOHOM HaxoAKu huoyI1 1iin
KOHIIeHTpalueil B Hux ceuHua (puc. 7, b, B).

B sMmanu nByx Haxoaok u3 benapycu 3adpukcupo-
BaHO TIOBHILIEHHOE comaepxXaHue HuHKa (0.36 u
2.06% ZnO*), a ero COOTHOIIIEHNE C MEIBIO TOBOPUT
0 TOM, YTO UICTOYHMKOM KPACUTEJISI B JAHHOM clIydae
HE MOXET OBITh JIOM U3IEUil U3 MEIHBIX CILIaBOB.
BeposiTHO, 3Ty pOJib BBHITOJHSIJIM OTXOAbl METaJLIyp-
ruyeckoro rmpousBonactBa (Schibille et al., 2012.
P. 1487) — o meHbllIeil Mepe, B 3TUX ABYX CIydasiX.
CopepxaHue IMHKA B OTXOAAaX MOXET BapbMpOBaTh
(Freestone et al., 2003), moaTOMY HEJIb3sI UCKITIOYUTh
KCIIOJIb30BaHUE JAHHOTO BUIA ChIPbSI U B HEKOTOPBIX
(?) npyrux ciyJasx.

AHanm3 cocTaBa dMaJiv ITOTKOBOOOPa3HBIX U0y
MO3BOJISIET 3aKJIUYUTh ciedywoliee. Ha paHHeit
CTaIuU Pa3BUTHUS CTUJIS (cepeIrHa/BTOpast OJIOBU-
Ha Il — nragamo III B. — cm. O6nomcknii, TeprnminoB-
ckuit, 2007. C. 123) B ITonHenpoBbe u Ilpubantuke
paCIIPOCTPAHSIOTCS YKPAILIEHUsI ¢ AMajsIMK “KJjlac-
cuyeckoro” cocrtana (rpyniibl Pb-1) 1 ¢ BBICOKMM cO-
nepxxanuem cBuHLa (Pb-3). Ha cpenneii cranuu (Ko-
Hen II-I1I B. cm. O6momckuii, TeprmiaoBckuii, 2007.
C. 123) B Ilpubantuke (BepositTHee Bcero, B JIuTse)
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CYIIECTBOBAJ, OUEBUIHO, JIOKATBHBIN LIEHTP MO MPO-
M3BOACTBY ITOOKOBOOOpa3HBIX (PUOYI, B KadyecTBe
SMaJIM JJIsT KOTOPBIX UCITOJIL30BaIOCh “opanHapHoe”
KpacHOe CTEKJIO C HU3KMM CoAepXKaHWeM CBUHIIA; B
bantuitckoMm pernone K 3amamy oT JIMTBBI 3aCTEXKKU
C BMAaJIIMU TaKOTO COCTaBa Ha CETOIHSI HE U3BECTHHI.
CoueraHue B ogHo#t U3 Gudyn n3 bakisas smaneii,
CIleTaHHBIX IO IBYM pa3JIMYHBIM pelernTaM — “Kjac-
CHUUYECKOM” M ¢ HU3KHUM cojepKaHueM CBUHIIA, MO/ -
TBEPKIACT, YTO SIMaJTb KJIACCUUECKOTO COCTaBa 3/1eCh
TakxXe Mcroyib3oBaachk. OHa ke MPUCYTCTBYET B (pU-
Oyne ¢ poMOOBUIHBIM THE3IOM M3 KoOJjleKuu Bu-
JIEHCKOTO My3es1 (puc. 6, 6).

ITo MeHbILIel Mepe, YacTh IIOAKOBOOOPa3HBIX (hU-
Oya1 ¢ sMasIMU, HaliieHHbIX Ha Tepputopuu LleH-
TpanbHO# Poccuu, mpoucxonut, BeposiTHO, u3 [1pu-
0anTUKU, O YeM TOBOPUT HaJIMUYWE Yy MATU U3 HUX
BCTaBOK M3 BMAJIM C HU3KUM COAECpXKaHUEM CBUHIIA
(rpynina Pb-2). [Ins paHHeii cTaaiuu pa3BUTUST CTUIIS
B OoJibllIel cTeneHu ObLI XapakKTepeH pelenT ¢ HU3-
KUM coiepXaHUeM “30JIbHOro KomrioHeHTa”. I1o3-
Ke, Ha CpellHel cTaauu, mapajjieabHO ¢ HUM Bce 00-
Jiee IIMPOKO MCIOJb30BAICS “pelenT”’ ¢ BHICOKUM
cofepXaHueM 30Jibl. [IJ1s1 yacTu u3neauit ICTOYHU-
KOM MEIHOTO KpacuTeJisl B MU CIYXKUJIU OTXOIIbI
METAJITypruuecKoro nmponu3BOACTBa.

B sMansix ¢ MOBBIIIEHHBIM CONEepKaHWEeM CBUHIIA
(rpynmna Pb-3) konuenrpanust PbO 61m3ka y moako-
BoOOpa3HbIX Gpudyn 1 mmop. OmHAaKo Ha AUarpaMme
(puc. 7, A) oHU 3aHMMAIOT pa3Hble 30HBLI. Cyas mo
CpemHETHEIIPOBCKUM MaTepHaiaM, Pa3HUTCI W WX
XPOHOJIOTHYECKast ITO3UIINS: TOTKOBOOOpa3HbIe (hH-
OyJ1bI ¢ 3MaJIbio rpyIbl Pb-3 oTHOCSTCS K paHHel cTa-
MU cepearHbl/BTOpoii mojioBuHHI 11 — Havamna 11 B.,
a mIopsl — K “kinaccuyeckoii” konna II1—III B. (O6-
nmomckuii, TepmunoBckuii, 2007; Radjush, 2013).
CrenoBaTebHO, WX TPOU3BOICTBO BPSI JIM OBIIO
B3aMMOCBSI3aHO.

Ilracmunuameie 6ernyuKu ¢ dMajleBbIMU BCTaBKa-
MU KpaiiHe penku. HaM M3BeCTHBI JIMIIb ABEe HaXO/I-
ku — u3 badbuentor (Ilpubantuka) m 3HAMEHKU
(Kypckas 0611.) (puc. 8, I, 2). Ux amanu omim4yaer
MOYTU WJEHTUYHBIA “KiIacCUYECKUil” cocTaB Ha
ypOBHE OOJBIIMHCTBA KOoMIoHeHTOB (PymsHieBa,
CxkBop1oB, B mneyatu). Hamnbonpiime otamuuss — B
colepkaHU OKcUmoB cBuHLA (6.3 1 8.7%), menu
(2.74 u 3.1%) n xene3a (1.39 u 1.74%), Bxonsiux B
COCTaB KOMIIOHEHTOB, MUCIIOJIB30BaAHHBIX Ha 3Tarlle
okpammBaHusa (puc. 7, I). TlpenmnojioXuTelbHO,
SMaJlb 3TUX ABYX YKpallleHUit, 0OHapy>KEHHbBIX B pa3-
HBIX PETMOHAX U Pa3JIMYalolIUXCcs BHEIIHE, Obla ec-
JIU He MpOoU3BeeHa eIMHOBPEMEHHO, TO CBsI3aHa 00-
MM HPOUCXOXIASHUEM. YYUTBHIBas YHUKAJIbHOCTh
BEHYMKOB C 3MaJisiMU, OOIlieé MpUeMbl U3rOTOBJIe-
HUS U OIU3KUIT coCcTaB 3MajlM, MOXHO IIpearoJa-
ratb, YTO0 OHM MapKHMpPYIOT pacpocTpaHeHUe B pa3-
HBIX pETMOHAX BelEe, BBILIEIIIMX U3 OTHOI MacTep-
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Puc. 7. A. ConepxkaHue MeIu ¥ CBUHIIA B TOAKOBOOOpPa3HbIX (prbynax (a—e) u mmopax (d). b, B. ConepxaHue Kajiusi 1 HaTpust
B 3MaJIu TTOAKOBOOOpa3HbIX ¢uodys. I. CocTaB aMaid BEeHUMKOB. YCIOBHbIe 0003HaueHus1. A, b: a — Jluta, JlatBus; 6 — Ce-
Bepo-Boctounast [Tonbina u KanunuHrpaackasi 06i.; ¢ — Bepxaee u Cpentee [TogHenposbe, JIHenpoBckoe JlecoctenHoe Jle-
BoOepexnbe; ¢ — LlentpanbHast Poccus (ITooube, [Tononwe, Bonro-Oxckoe mexaypeuse); I: a — babueHra; 6 — 3HamMeHKa.
Fig. 7. A. Content of copper and lead in penannular brooches (a—e) and spurs (d). 5, B. The content of potassium and sodium in
the enamel of penannular brooches. /. The composition of the enamel on the diadems
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Puc. 8. [Tpenmers! ¢ amansiMu pa3Hbix kateropuit. / — badbuenra (Boctounas Ipyccust); 2 — 3namenka (Kypckas 06:71.); 3 —
HuxkomnaeBka (Kypckast 06:1.); 4 — bepectok (bpsiHckast 06:1.); 5 — Mup (benapycs); 6 — bepesnsiku (SIpociiaBckast 061.); 7 —
3a3bi0bl (benapycn); § — Manbie becennl (benapych); 9 — BopoHexckast 0611, 1 — mmo: XoMsikoBa, 2019; 2, 3 — no: Pamiom,
20208; 4 — no: lllunakos, Yyoyp, 2020; 5, & — no: Pamion, 2021; 6 — mo: BopoHsiTtoB u 1p., 2020 (© l'ocynapcTBeHHbI DpMu-
Tax); 7 — no: MbI3ruH u ap., 2020; 9 — passenku M.E. Epmoinaesa, ¢oto O.C. PymsiHIIeBOIA.

Fig. 8. Enameled items of different categories. 6 — © The State Hermitage Museum

CKOI WM Kpyra MacTepckux (CKopee BCEro, II0 COCTaBY dMajieil KaTeropuii Belleii, XOTs reorpa-
CPEIHENHENPOBCKUX). ¢bus ux pacrnpocTpaHeHUsI OUeHb HIMPOKa: U3yUyeH-

DMaJu yeneil NUMbegblx poeoe TIPEACTABIEHbI ce-  HbI€ HaXOIKU Mpoucxoaar us benapycu, bpaHckoit,
MBbIO oOpa3iaMu. DTO OmHa M3 caMbIX OMHOPOOHBIX CwmoineHckoil n KanmHmHTpanckoit ob6macteii. Bcee
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OHM OTHOCSTCS K TPYIIe ¢ “KJIACCHYECKUM~ cOIlep-
»KaHueM cBUHILA. JIUIIb onHa HaxonKa u3 bpsiHcKoit
00JIaCTU OTJIMYAECTCS BBICOKMM COJCPXKAaHUEM KaJlus
n pocdopa. BoaMoOXHO, CTOIIE OMTHOPOIHBIN COCTaB
SMaId OOBSICHSIETCS OTPaHMYEHHBIM YHMCJIOM Ma-
CTEPCKUX IT0 MPOU3BOACTBY IIPEAMETOB IPYKMHHOM
KYJIbTYPbl WUIA KOPOTKMM II€PUOIOM PacIpoCTpaHe-
HUS TIMThEBBIX POTOB, UTO HE MPOCJIEXKUBAECTCS 11O ap-
XEOJIOrMYeCKUM HaHHBIM. Henb3s, omHako, UCKIIIO-
YUTh, YTO 3Ta OCOOCHHOCTH OOYCJIOBJIEHA MaJIbIMU
pa3MepaMU BBIOOPKM U3ACINN TaHHOM KaTeroOpuu.

IIpouue naxodku mpencraBieHbl 92 oOpaslamu
(TpeyronbHble 1 TiepekyiagyaTbie (Guoynsl (22 u
9 5K3.), TyHHULBI (36), 3BeHBbST HATPYOHBIX IIEeTei
(10), xkpyrubie pudynsl (5), moasecku (9) u ap.). OHu
colepKar, 3a peIKUM UCKIIOYEeHUEeM, SMalb “Kjac-
cuyeckoro” cocrana (rpymma Pb-1). Ha ypoBHe mpo-
YUX MPU3HAKOB €€ COCTaB OYEHb PA3HOPOJEH U He
CBSI3aH C TUNaMU yKpalleHuii. Takum oO6pa3oM, rpu
HaJU4uU eIUHOro Habopa MPUEeMOB U3TOTOBJIEHUS
KpacHO#l sMajii, MOXHO IIpeariojiarath: 1) cyie-
CTBOBaHHWE MHOXECTBEHHBIX ITPOU3BOICTBEHHBIX
LICHTPOB, UCIIOJb3YIOIINX eAUHBIC “PELEIIThI” U3T0-
TOBJIEHUSI KPACHOI ®Majii, HO pa3Hble UCTOUYHUKU
CBIPbSI M, BO3MOXHO, ITpUEMBbI €ro 00padoTKu, JI1OO0
2) XpOHOJIOTUYECKWE M3MEHEHUs B MpueMax u pe-
LIeTTax, MPOMCXOAUBIINE HA CPEAHEN CTaiuu pa3Bu-
THSI CTUJISI, KOTOPbIE HE MPOCJIEKUBAIOTCS 0 apXeo-
JIOTUYECKUM JTaHHbBIM.

OMajp “KJIacCHMYECKOro” CcOoCTaBa COICPXKUT U
IMCKOBUIHAas (PUOyIa ¢ “BUXpeBbIM”~ OpHAMEHTOM B
1eHTpe (puc. 8, 3), oTHOCUMasi K OTHOMY M3 IMO3THEI -
II1X TUIIOB 3MaJieBbIX yKpaureHuii (MbI3TUH U Ap.,
2020). Ecmu matupoBka ¢pudynsl koHiiom IV — Hava-
JioM V B. BepHa, MOXHO 3aKJIIOYUTh, YTO IIPOBUHIIM -
aJIbHOPUMCKAsI dMaJjib elle MCIOJIb3yeTCsl TIPU Mpo-
M3BOACTBE “BapBapCKMX’ YKpaIIeHUI B 3TO BpeMs —
XOTsI, BO3MOXHO, Y B OTpaHUYEHHBIX MaclITabax.

Cpenm uznenunii mepedrucieHHBIX KaTeropuii eCcTh
eIUHUYHBIC DK3EMIUISIPhI C SMAJIbIO C HU3KUM (TpyTI-
na Pb-2, 5 3k3.) u BeicokuM (rpynmna Pb-3, 4 3k3.) co-
nepxaHueMm cBuHua. I'pynmna Pb-2 BkitouaeT B ce0st
TPU TPEYTOJbHbIE (UOYIBI — MOP(OJIOTUYECKU HE-
OMHOPOJHBbIE U Teorpaduyeckyd LIMPOKO pachpo-
ctpaHeHHBIe (c. becenpl, bemapychk; mecocrenHoe
IMononwe (puc. 8, &8, 9); Bnanumupckasi 061.). Hu
apeas, HU (hopMa, HU JaHHbIE XUMUYECKOTO COCTaBa
5Majii, OYEHb PA3HOPOAHOTO Ha YPOBHE IPOUYMX
KOMITOHEHTOB, HE MOATBEPXKIAIOT UX 00I1ee Mpouc-
xoxaeHue. [ToMmrMo HUX BMajlb C HUBKUM COJIepKa-
HMEM CBMHLA colepkuTcs Ha ayHHuue (bepectok,
bpsinckoe Iloaecenbe) u kpymioit ¢uodyne (bena-

pych) (puc. 8, 4, 5).

Huskoe conepxaHne cBUHIIA 3a(DUKCHPOBAHO U B
SMaJTv IPEIMETOB, CTHJIMCTUYECKH HE OTHOCSIIIMXCS
K KpYry BapBapcKux amaseii — B rmoasecke (?) us be-
pe3HsAKOB fpociaBckoit 06i1. M OBYIUIAaCTUHYATOM
¢udyne us 3a3u16 (benapycw) (puc. 8, 6, 7). [locnen-

HsIsl 3aHUMAET TaKKe 0oJiee IMTO3MHIOI XPOHOIOTIe-
cKy1o no3uiiio (Mu13ruH u ap., 2020). Mx u3rotos-
JIEHV€ MOXKET OBIThb HE CBSI3aHO C MAaCTePCKUMU I10
MPOM3BOACTBY M3IEINI Kpyra BapBapCKUX dMaJlei,
YTO MOTJIO OOYCJIOBUTH MCIIOJb30BaHUE “OpauHAp-
HOTo” KpacHOTo CTeKJIa.

I'pynma Pb-3 ¢ HanGoJsee BBICOKUM COllepKaHUEM
CBUHIIA MpecTaBlieHa obpa3laMu MepekaaayaTon u
TpeyroabHbIx ¢uodyn us benapycu n Kypckoii obma-
ctu (Pamromn, 20208. Puc. 4, 12) u 6paciietoM u3 Mo-
IIMHCKOro Kiana. B ¢ubynax comepxxkaHue CBUHIIA
(12.3—13.3% PbO) 6113K0 K BEpXHEI rpaHULIe IPyII-
el Pb-1. B amanu 6paciera u3 MoIMHCKOTO Kiaaa
BhICOKOE conepxaHue PbO (16.1%), BunnuMo, He CIy-
YalHo.

BepositHO, “penenThl” ¢ HU3KUM W BBICOKMM CO-
nepxkaHueMm cBuHLa (rpynmsl Pb-2 u 3) criopanuye-
CKU MCITOJIb30BaJInCh B [TomHerpoBbe Ha “Kitaccuye-
CKOM” 3Tamne pa3BUTUSI CTUJISI, OMHAKO 30eCh X IIPH-
MeHEeHHEe He HOCUJIO CUCTEMAaTHUYeCKOro XapakTepa.

Hmoeu. BonbIIIMHCTBO KPAaCHBIX dMajieit U3TOTOB-
JIEHO TIO PEelIeIITY, MCIIOJIb30BaBIIEMYCSI IIPOBUHIIN-
AJIbHOPUMCKUMU 3MajibepaMu. OHU pacIIipoCcTpaHe-
HblI BO BCEX PEeTMOHAaXx, IAe IpenrojaraeTcs Ipou3-
BOACTBO 3MAaJIeBbIX M3IEIU “BapBapCKOIro” CTHIIS
(B apeasie ObSIKOBCKOII KYJIbTYPHl BEIId C dMaISIMU
“KJaccl4eckoro” cocraBa — OYEBUIHO WMIIOPT-
Hble). IXx UMTIOpPT croaa, 6e3ycIOBHO, ObLT HE CIyda-
€H, TIOATBEPXIast TECHYIO “ChIphEeBYIO” CBSI3b IPO-
BUHIMAJBHOPUMCKOIO 1 BOCTOYHOEBPOIIEHCKOIo
SMaJIbepHOTO IIpou3BoACTBa. Bpems pacmpoctpa-
HEeHMs “KJIacCUYECKMX’ BMajieil OXBaTHIBAET BECh
MEpUOa  CYILIECTBOBAHUSI BOCTOYHOEBPOIIEMCKUX
SMaJIeBBIX YKpallleH!ii. B To 3xe BpeMst UMIOpT MOy~
¢abpukaros amaneii B FOro-Bocrounyio [1pubdantu-
Ky, BOBMOXHO, ObLJI OTpaHUYEH; B pe3yjJbTaTe B JIO-
KaJIbHBIX MaCTePCKMX Ha TEPPUTOPUU COBPEMEHHOIM
Jlutsel (?) yale, 4eM B IPYTUX, B SMaJIbepHOM IIPO-
M3BOACTBE UCMOJIL30BaJIOCh “OpaMHapHOe” KpacHoOe
crekio. CyliecTBOBaHUE TAKKUX LICHTPOB MapKUPYIOT
OAKOBOOOpa3HbIe (prOYIIBI CO BCTaBKAMM ITOJ00HO-
ro coctaBa. B CeBepo-BoctouHoit [Toabmre u Kann-
HUHTPaACKOIl 00JIaCTH TaKue 3Majld He U3BECTHHI,
YTO B OOJIbIIIEI CTEIIEH! COIMKAET JaHHBIA PETHUOH C
IMomHenpoBbseM, yeM ¢ JIUTBOI. DMaau 0codOro co-
CTaBa OTJIMYAIOT M HEKOTOPhIe OTHEIPOBCKUE TUIIBI
IIIIOp, TO3BOJISIA IIpPeAriogaraTh CyIIeCTBOBaHUE
CIeUMaJU3UPOBAHHBIX MAaCTEPCKUX IO MX IIPOM3-
BOJCTBY; LIMPOKUIA apeall UX HaXOAOK F'OBOPUT O BbI-
COKOII CcTelleHM MOOWJILHOCTH BOEHU3UPOBAHHBIX
TPYIIT HAaceJIEeHUsI, BEPOSITHO, CPEIHEIHEITPOBCKOTO.
Panee x aHanormyHbIM BeIBogam npuiesr O.A. Pa-
JIIOII, M3y4aBIINK pacIpOCTpaHEeHUE pa3InYHbIX Ka-
Teropui rpeaMeToB ¢ amaisamu (2020a).

KoHcepBaTMBHOCTb TIPUEMOB ITOJIYYEHUST Kpac-
HOTO CTeKJa (3Majiv) U OTCYTCTBUE PEIpe3eHTaTUB-
HBIX JAaHHBIX O COCTaBe KOHTUHEHTAIBHBIX TTPOBUH-
MUATbHOPUMCKUX BMajieif CWIBHO OTrpaHWMIMBAIOT
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BO3MOXHOCTH BBIIAEIICHUS BOCTOYHOEBPOIENCKUX
SMaJIbEPHBIX LEHTPOB. [Ipu 3TOM B paMKax ornpese-
JIEHHOTO peleriTa KpacHbIE SMa TOBOJIBHO TeTepo-
TEHHBI MO COCTAaBY, YTO CBUIECTEIBCTBYET, CKOpPEE, O
CYLLIECTBOBAHUY MHOTOYHUCJIEHHBIX SMaJIbEPHBIX Ma-
CTEPCKUX, a HE OTPAHWUYEHHOTO YK CJIa KPYITHBIX IIEH-
TPOB WX MTPOU3BONICTBA.

Boipaxkaewm 6iarogapHocts /1. B. Akumoy, C.E. AH-
npeesy, B.I. benesuy, A.H. benmunkoii, H.A. Bupku-
Hoit, A. butHep-Bpyo6nesckoii, P.C. BepeTomkuny,
A.M. BoponuioBy, M.E. EpmonaeBy, 11.B. 3uHbKOB-
ckoii, A.B. 3opuny, H.A. Kpenke, T.B. HaymoBoii,
A.M. O6nomckomy, O.A. Pamiomy, M.H. ®ypcosy,
A.A. UyOypy 1 ApyruM UCCIEIOBATENSIM U XpaHUTE-
JISIM KOJUIEeKIIUH, MPeaoCTaBUBIIMM MaTepuabl 1S
MPOBENECHUS aHAIN30B.

PaGora moaroropineHa mpu noaaepxke PODU,
npoekT Ne 18-09-40093.
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EASTERN EUROPEAN CHAMPLEVE ENAMELS: COMPOSITION,
TECHNOLOGY, AND THE ISSUE OF IDENTIFYING PRODUCTION CENTRES
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The composition of 139 samples of red enamel items from different regions of Eastern and Central Europe
was studied using the SEM-EDS method. Most of the enamels were made following the “recipe” of provin-
cial Roman enamellers; in some cases “ordinary” red glass was used. The high degree of standardization of
the “recipes” for the manufacture and colouring of Roman glass and enamel does not make it possible to dis-
tinguish between the products of different manufacturing centres in most cases. At the same time, the pecu-
liarities of the composition of spurs suggest the existence of specialized centres for their production, while
specific features of penannular brooches suggest the possibility of distinguishing some types originating from
the Baltic region. The heterogeneity of enamels with the “classical” composition indicates the functioning of
numerous enamel workshops, rather than a centralized production.

Keywords: Eastern European champlevé enamels, the Roman period, the Dnieper region, the Baltic region,

chemical composition, red glass, SEM-EDS.
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