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PestoMe. B cTaTbe NpefcTaBneHo UccneaoBaHme 06pasLioB XMMMUYECKOro CocTaBa FOHUYapHol nocy/bl ApeB-
HEKape/bCKMX ropoauLL, KOTOPOe MOKAa3aio Hanuume B KOMNEKLMM TPEX PasHOPOAHBIX Fpynn KepamuKy, Bbl-
[ENEHHbIX MO MCTOUYHMKAM CbIpPbsi. YCTaHOB/IEHO, YTO B KEPAMUUYECKOI KOMEKLIMM MPUCYTCTBYIOT MPUBO3HbIE
FOPLLIKY, MECTO NPOM3BOACTBA KOTOPbIX MPEeACTOMT YCTAHOBUTb B XOfle AafbHEMLLIMX UCCNEA0BaHWIA B JaHHOM

HanpasneHnn.

MeTof Macc-CNneKTPOMeTpUn C MHAYKTUBHO
cBsA3aHHON nnasmoii (ICP-MS) anpobupoBaH Ha
obpasuax (POPMOBOYHBLIX MACC FOHYAPHbIX CO-
cyzos anoxu CpefHeBeKoBbA. Kepamuka npouc-
XOAMWT N3 PacKOMOK ApeBHEKAPeIbCKUX TOPOANLL,
Cesepo-3anagHoro [lMpunagoxea - TuBepcka,
XameeHnaxTtu-SIMHHaByopu, Cockya-JluHHa-
MKW, Tepsy-J/InHHacaapu u Maaco, Hambonee
aKTMBHO (yHKUMOHUpoBaBwunx B XII-XI1V BB.
OfHa npoba TecTa B3ATa C cocyda U3 ApPEBHEro
OnoHua. Apxeonormyeckn BoCCTaHOB/IEHO 155
KYXOHHbIX FOPLUKOB, A1 N3rOTOBJ/IEHUSA KOTOPbIX
MCMNONb30Banacb OXKENe3HeHHas N pexe Heoxe-
Ne3HeHHas rnvHa ¢ gobaBneHnem oTowmTens -
APECBbI, NecKa, B eANHNYHbLIX CNyYasax - opraHu-
Ku. OCHOBHble (POpPMbI MOCYAbl C npeanonarae-
MbIMU NnepuofamMn Ux 6bITOBaHUA NPeLCTaBNeHbl
Ha puc. L

lMprMMeHeHne BbICOKOTOYHOIO reoxmMuye-
CKOro aHanunsa 06YyCnoBfeHO HeobX04MMOCTbIO
pelleHns 3afjayn, CBA3AHHOW C BblJe/NeHNEM
MPYBO3HbLIX COCYL0B B KepamuKe, MCMNo/b30BaB-
LWelica ApeBHUMM Kapenamu B 6bITy. Mpegnono-
XXEeHMe 0 HaM4uu NMPUBO3HbLIX COCYL0B CHOpPMU-
poOBasioCh YXKe Ha CTaguun BU3yanbHOro ocMoTpa
marepuana v nofKpenasanocb TakMmu gakrtopa-
MU, Kak 61m3ocTb ropogmu, Cesepo-3anafHoro
MpunafioXbs K rnasHbIM NYTAM COO6LEHUS ©
ropofckmm ueHTpam CpefHeBEKOBbS, a TaKxe
Hannume akTUBHbIX TOProBbIX CBA3EN APEBHUX
Kapen ¢ 61m3nexawiumm TeppuTopusMu.

Macc-CneKTpoMeTPUYECKUIA aHann3 Kepamu-
yeckmx 06bekToB B Kapenuu npoBefieH Brepsble,
0[lHAaKO NOAO06HbIA MeTOod aKTMBHO NPaKTUKYeTca
npu M3yyYeHUU YCNOBUIA (HOPMUPOBAHUS 0Caf0u-
HbIX Nopog (r/nMH, apkos, necyaHUKoB 1 ap.) (Jlet-
HuKoBa, 2001. C. 102). Bbl6op MeTOAMKM, Halle-
NEHHOW Ha onpefeneHne peakux n peakKosemesib-
HbIX anemeHToB (KEE) B 06pasuax (popmMoBOY-
HbIX MacC COCY[O0B MacC-CNeKTPOMETPUYECKUM
(1CP-M8) meTofOM 06YC/IOBNEH CNEAYHOLWNM.
Bo-nepBbIX, KnaccuuumposaTb TAUHbI MO Me-
TPOreHHbIM 31eMeHTaM (Takum Kak 8HO02, A1203,
THO2 1 ap.) 3aTpyAHUTENBHO B CBA3WN C 6GIN3KNMMU
KOHLUEHTpaUuAMU [aHHbIX KOMIMOHEHTOB B Iu-
Hax pas3/InyHbIX MecTopoXaeHui. KoppekTHee
Knaccuguumposatb 06pasibl Cbipbs, WUCMO/b3yA
pefKue 1 peKO3eMe ibHbIe 3/1IeMEHTbI, YTO MO3BO-
NNT NONYYnTb 60/ee JOCTOBEPHYIO MHhOPMaLUIO
0 FEHETMYECKOI 6NM30CTMN NMOO OT/INUUKN U3yYdae-
MbIX 0OBEKTOB.

B pesynbTaTe aHaIMTUYECKNX UCCNeL0BaHUiA
onpejeneHa KOHLUeHTpauus B npobax crefy-
owmux anemeHTos: 15, Be, P, bc, "T1, V, Cr, Mn,
Co, N1, Cun, BX\ Ba, 4b, br, ¥, bx, N6, Mo, Ag,
Ccl, 1n, Bn, Bb, Te, Ce, Ba, ba, Ce, Pr, N6, b,
Ein, B6, Tb, Oy, Ho, Er, TT, ¥b, bu, HC Ta, T1,
Pb, By Tb, n. YCTaHOBMEHO, YTO HambOnbllee
pasnmuve B POPMOBOUHbLIX Maccax, UCMosb3ye-
MbIX A/ U3rOTOB/IEHUS KepamWKKW, OTMevaeTcs
ana T4, V, Cr, Y, AEE (ba, Ce, Pr, N6, buw, ER,
B6, Tb, Qy, Ho, Er, TT, ¥b, bu). Mpaduyecknii
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Puc. 1. XpoHonorus TMMNoB roH4apHOM KepaMmnkn ApeBHeKapenbCKuX ropoguw,. Mpynna 1- cocyabl 13
OXXeJle3HEHHOW I/IMHbI; rpynna 2 - cocyfbl U3 HeoXeNe3HeHHO/cnabooxenesHeHHOW /IHbI.

aHanu3 MnoJiyYeHHbIX pe3y/bTaToB MNPUBOAUTCA
Ha 6MHAapHbIX Aguarpammax, MOCTPOEHHbIX AJis
3/1IEMEHTOB, UMEIOLNX KOHTPacTHOe NoBefeHue
B NPUPOAHbLIX NpoLeccax.

MccnenoBaHus BbIMONHANNCH B «AcnbiTaTesib-
HOM LieHTpe aHanus3a BellecTBa» B WHCTUTYTe
reonorun KapHL, PAH B coTpyaHu4yecTBe C A.r,-
M.H. C.A. CseToBbIM. [loApoGHbIE pesynbTathbl
nccrefosaHusa otpaxeHbl B ctatbe .M. TlloTa-
wesoi, C.A. CeetoBa (MoTalueBa, Ceetos, 2013).

MpoaHann3npoBaHa cepms u3 52 obpasuos, 48
13 KOTOPbIX ABAANCL NPO6amMmM TecTa roOHYapHbIX
rOPLUKOB, YETbIPE - 3TA/IOHHLIMU MPOGaMK CbIPbS.
42 o6pasua npeacTaBneHbl pparmMeHTamm cocy-

1 1rpamm Ha ToHHY = 0,0001%

[,0B 13 KPACHOXTYLLUXCS [/INH, OCTalIbHble LLEeCTb
- 0061OMKM CBETNOINMHSAHONM yTBapu. B kauecTse
3Ta/IOHOB B3ATbl Kak Npo6bl YMCTOro Cbipbd (ru-
Ha 13 noc. Kypkueku J1axgeHMnoxXcKoro paioHa,
rMWHa U3 COBPEMEHHON TOHYapHOM MacTepcKoi
B ONOHUe), TaK 1 MaTepuasn, yC/0BHO MPUHATbIN
3a 3TaIOH - ()parMeHT FNHAHOW 06Ma3Kn QyH-
JameHTa Xunuiia us Tusepcka. lNpeanonoxeHue,
yTo rAUHY Ansa obmasky (yHAAMEHTOB Kapesibl
6panu B HEMOCPeACTBEHHOM 6AM30CTM OT Mocene-
HUS, KaXKETCH BMOJIHE IOTMYHBIM.

B 6uHapHbIX cuctemax Ti-V, Ti-Y, La-Th, Ti-
ZREE (B ppm' , puc. 2) urypatmBHble TOYKM
06pa3uoB GopMUpYIOT TpU 06/1aCTU C pasHbIMU
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Puc. 2. buHapHble gnarpammbl Ti-V, Ti-Y, La-Th, Ti-=ZREE (ppm). 'pynna | —eocyabl MeCTHOro nNpowus-
BOACTBA U3 KPACHOXTYLLENCS FMMHbI, rpynna |l —ropLikm 13 cBeTNOXIyLLencs rnHbl, rpynna Il - npnsos-
Hble cocyfibl. 1-3, 5 —€hopMbl NPUBO3HLIX FOPLLKOB; 4 —eocy/ 13 ApeBHero OnoHLa.

KOHLEHTpauUnsaMy 31eMeHTOB, KOTOpble MOryT
WHTEPNpPeTMPOBaTbCA KaK CBUAETENbCTBO CY-
LLleCTBOBaHUA Tpex rpynn kepammku. Martepuan
[na n3rotoefeHns COCYAOB W3 [LaHHbIX TFpynn
VMeN OT/INYHbIE TEOXMMUYECKNE XapaKTEPUCTH-
KW, YTO ABMIAETCA CMeACTBMEM WUCMOJSIb30BaHUA B
rOHYapHOM fiefne CbipbA PasfInyHbIX N0 MUHepa-
NOro-reoXMMmMYecKomMy cocTaBy M reHeTU4YecKo-
MYy TUMY MEeCTOPOXAEHWNA.

pynna | npeacrtaBneHa obpasuamm Kepamu-
KN U3 KPaCHOXTYLLENCA TNHbI, B KOTOPY MO-
nann aTanoHHble o6pasubl (puc. 2). Martepuan
[ns aTux cocynoB fobbiBasca U3 0JHOr0 UCTOY-

HMKa, KOTOpPbIV N0 NpaBy MOXeT 6biTb OTHECEH K
MECTHbIM BbIX04aMm rvHbl. CnegyeT yyecTb, UTo
obpasubl TecTa COCyf0B COAepXKain He TOJIbKO
FMUHUCTYI0 PpakLuio, HO TakXe MUHepasbHbIi
OTOWMTENb - APecBy WAM MNecok, BCeACTBUE
4ero KOHUeHTpauus peakmx u pefkKo3eMenbHbIX
3/1EMEHTOB B HUX OT/IMYanacb OT KOHLEHTpaLmm
[laHHbIX 3/1eMeHTOB B Npobax 4YnCTbIX FUH 6e3
npumMecein. 310 pasnnyne OTPaKeHO B pacnoso-
YXEHUN (PUTrypaTMBHbLIX TOYEK 3Ta/IOHHbLIX NPO6
- OHMW HaxogATcs 6nmxke K nepudepmmn obnacTtu
60NbLIMHCTBA MapKepoB rpynnsbi I.

B rpynny Il Bbinanu npobbl Tecta WecTun co-
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CY[OB W3 CBETNIOXIYLLEACA [NINHbI, 06HApPYXeH-
HbIX Npu packonkax [laaco u TuBepcka (pwc.
2). K coxaneHuto, B Hallem pacnopsXKeHun He
OKasanocb 3TasIoHOB Ans 06pasyoB (POPMOBOY-
HbIX MacC COCYZO0B W3 HEOXXEe/Ie3HEHHOWN T/NHbI,
rnaBHbIM 06pasoM BBUAY OTCYTCTBMA BbIXOLOB
Genoxrywmnxca ruH B Kapenum 3a umcknwoye-
HMeM [ABYX MecCT - nposiBfeHusa [ponaHsaapa
(CyonpBCKuiA paiioH) v NposiBNeHNs AyXTUAPBU
(loyxckuii painioH). Tem He MeHee 3a60p FVHbI
13 6mKaliwero K ropoanwam nposisneHms rMpo-
NnaHBaapa He BO3MOXXEH, TaK Kak nocnefHue pas-
paboTkn Benucb B 30-ble . XIX B. U Ha AaHHbI
MOMEHT OHO 3a6poLleHo.

Hanbonblwnii nHTepec BbI3bIBAKOT 06pasLbl 13
rpynnbl 1112 Kyaa Bbinanyu npobbl TecTa cOCyA0B
N3 KPaCHOXTYLENCA IMnHbI C paguKanbHO OTU-
YaloLWMMCA OT 3TaIOHOB XMMUYECKUM COCTaBOM.
Ko/iMyecTBO MX HEBEIMKO - YeTblpe ropLuka pas-
Holi thopMbl (NATLIA ropwok - cocyg 13 OnoHua
(puc. 2, 4), uTo He CNOCOBGCTBYET YCTAHOBMEHUIO
06CTOATENLCTB, NPU KOTOPbIX COCY/bl 0Ka3annchb
Ha ropoguuiax. MpumeyatenbHO, 4TO 06pasubl
Tecta ¢ wudgpamn M-19, T-32, T-40, X-93B34Tbl
C ropLKoB, ObITOBABLUMX B pasHoe Bpems, 6osee
TOro HEKOTOpble M3 COCYA0B NPUHaLNeXaT K Tu-
Nonornyeckn gnddepeHyMpyemMmbsim rpynnam Ke-
paMWKK, BbIfENIEHHbIX Ha MaTepuanax ropogmiy
CeBepo-3anagHoro [lMpunafoxba. Tak TOHKO-
CTEHHbIA TOPLIOK, YKpaLeHHbIA NUHENHO-BO/-
HUCTbIM OPHAMEHTOM MOYTW Ha BCH BbICOTY, OT-
HeceH K rpynne paHHei KepamMuKun 1 gaTupyetcs
X-X1 BB. (puc. 2, 1). Cocyfa C pe3knm n3rnobom
LWEeNKN N YyANBUTENbHO TOHKUM BEHYMKOM, Hamno-
MUHAKOLWMM 3aBUTOK, HE HAXOAUT aHanorni cpe-
AN KepamuKuy fpeBHeKapenbCKUX ropoanLy, (puc.
2, 2). Topwok ¢ pebpuctoim npoctunem (Puc. 2,
3) aHanoruyeH kKepamuke Tuna Y-I', BeposATHO,
cocyabl cxoxein ¢opmbl 6biToBann B XIV unnm

paxe XV B. MNocnefHuii ropwokK - TOHKOCTEH-
HbIi 1 HEOPHAMEHTMPOBAHHbINA, UTO He Xapak-
TEPHO ANA FOPOAMULLEHCKOW KepaMUKK, OTHEeCeH
K no3gHein nocyge XY-XY1 Bs.

MepBOHAYa/bHO MNPeANoNoXeHne 0 MPUBO3-
HOM MPOUCXOXAEHUN HEKOTOPbIX COCY[OB BO3-
HUKaNo Npu 06HapPYXXeHUU N3aenunii, KauecTBEH-
HO MNPeBOCXOAALLMX OCTasibHYH KepaMuKy Mo
TeXHOM0rMN CoCTaBIeHNs (POPMOBOYHOIN Macchbl,
BblZ€NKe, CIOXHOCTN NPOPUAINPOBKN NN OpHa-
MeHTauuun. PesynbTaTbl aHanM3a nokasanu, 4To
nofo6Hble OXWAaHWa onpaBfanucb NUWb Ya-
CTUYHO: B FPynny MPMBO3HbIX M3AENNIA nonanm
He TO/IbKO rOpLUKW, NMPEBOCXOAALLME OCTaNbHYIO
nocyy no BHEWHMM MoKasaTensam, HO U Henpu-
MeTHble U3[eNnsa CpejHero Kayectsa.

Takum o6pa3oM, NpoBeLeHHOE UccnefoBaHne
06pa3L0B XMMUYECKOro cocTaBa roHY4apHoOM no-
CyAbl peBHEKapeNbCKNX ropoAuLL, NokKasano Ha-
nnyme B KONMEKUUM Tpex PasHOPOAHbIX Fpymnn
Kepamunku, BblAeNeHHbIX MO0 MCTOYHUKAM CbIpbS.
YCTaHOBNEHO, YTO B KEPAMMWYECKON KONMeKLmm
NPUCYTCTBYIOT MPUBO3HbIE TOPLLIKK, MECTO Mpo-
M3BOACTBA KOTOPbIX MNPEeACTOUT YCTaHOBWUTb B
X04e AanbHenmnx nccnefoBaHuii B JaHHOM Ha-
npaBfieHNMN.
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2 Ha gnarpammve Ti-Y (ppm) B rpynny Il BxogaT obpasusl Ne X-9, M-19, T-32, T-40, On.; ana La-Th

(ppm): T-32; anst Ti-IREE (ppm): M-19, T-32.

1TepBble OykBbI LWNPPa COOTHOCATCA C HAMMeHOBaHVeM namsaTHUKa: On. - OnoHed, M- Maaco, T - Tu-
BepcK, Tep - Tepsy-J/InHHacaapn, X - XameeHnaxTn-SIMHHaByopu.



