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Ha ocHoBaHMM ITPOBEAEHHBIX KOMITIEKCHBIX MCCIEIOBaHUM (D)parMEeHTOB aHTUYHOI KPAaCHOJIAKOBOM
KepaMUKU (ferra sigillata) TOHTUICKOI, OOCIIOPCKOI 1 BOCTOYHBIX TPYIII BBISIBJICHBI XapaKTEPHbIC TeX-
HOJIOTUYECKUE OCOOCHHOCTU M3TOTOBJICHUS JIAKOBOTO CJIOS M KepaMU4eckoil oCHOBBI. Hanboee BbI-
COKO€ Ka4eCTBO MMEJIN 00pas3Ilbl BOCTOYHOM CUTHIUIATEI. Mallblif pa3Mep TTOp W BKITIOYCHUIA TOBOPUT
00 HCITOIb30BaHUH MEJTKOAVCIICPCHOM IJIMHBI, IIPX 3TOM BEISIBIICHO IIPUMEHEHME IBYX TUTIOB TIMHEBI —
JKeJe3rCcToi u 0oJjiee TyroIiaBkoil u3BectkoBoii. CrielinajibHas U, BUAMMO, TIIATEIbHASI IIOATOTOBKA
IIMHSHOM CYCIIeH3UHU (IIITMKepa) 1T U3TOTOBJICHUS JJAKOBOTO CJIOSI COCTOSLIAa B TOOABJICHUH KaJIUICO-
JepKallero mpernapara, IpearnoiokuTeIbHO, KaJIMeBOTo IMoTalla IJIsl TYYIIero OCTeKJIOBbIBAHMS CJIOSI,
a TaKKe JKeJIe30CoIepKallero MUrMeHTa, BEpOsITHO, OXphI. TeMIiepaTypa oOXura Uit JAHHOM TPYITIThI
o0pas3uoB coctabisiia ~1000°C. Mznenus MOHTUICKONH CUTUILIATH OTIMYAJIMCh OT BOCTOYHON MEHb-
UM CoIepKaHMEeM KaJIMeBOTO MOTallla M OTCYTCTBUEM B JJAKOBOM CJIOE€ CITEIIMAILHO T00aBICHHOTO
nurMeHTa. TemrepaTtypa ooxura 0p1a Hike — 850—900°C. [Iyxst 60CITOpCKUX U3ACIUN XapaKTepHa
3aMETHO MEHee KaueCTBEHHasI ITOIrOTOBKA U INIMHSIHOTO ChIPbsl KAK OCHOBBI, 1 JIAKOBOTO CJIOSI, a TAKXKe

HavMeHbIIIasl TeMIlepaTypa 00Xura 1o cpaBHEeHUIO ¢ ApyruMu rpyrmnamu (500—900°C).
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BBEAEHUNE

KpacHonakoBasi kepaMuka, Wiu ferra sigillata, —
BBICOKOKAYECTBEHHAs CTOJIOBasl IOCyla PUMCKOTO
BpeMeHHU, TTogBuBIIasics B BocrounoMm CpennzeMHO-
Mopbe okoJjio cepenussl 11 B. mo H.3. [lonas B Uta-
JINIO B MO3IHEePEeCyOIMKAaHCKOe BpeMsl, 3Ta ToCya
CTAHOBUTCS IOMNYJISIPHOW M pacIpocTpaHsIeTcs I10
BceMy Cpenn3eMHOMOpPBIO, Ha HECKOJIBKO CTOJIETUM
CTAHOBSICh TOCHOJICTBYIOIIMM TUIIOM CTOJIOBOM TOCY-
nbl. [Tpouecc ee n3roroBneHus1 ObLT OTPadOTAH 10 CO-
BEPIIEHCTBA, IIPOU3BOACTBO OBUIO MACCOBBIM U CTPOTO
CTaHIAapTU3UPOBAHHBIM.

Tem He MeHee JaHHBIC TMChbMEHHBIX MUICTOUHUKOB,
coiepxXalx MHHOPMALIUIO O TEXHOJIOTUSIX ITPOU3-
BOJCTBA KpaCHOJIAKOBOI KEpaMUKU, KpaliHE CKYIHBI.
A. Kunr [1] oOpalaeT BHUMaHME Ha TEPMUH “sami-
andum”, KOTOPBI TTOSIBJISIETCS. B POCIICHU apX€0JIOT -
yeckoro naMmsitHuka La Graufesenque npu onmcaHuu
3aHSITBIX B KEpaMHUUECKOM MPOoU3BoaCTBe padoB. I1po-
AHAJIM3UPOBAB CBUACTEILCTBA AaHTUYHBIX aBTOPOB,
Kunr nocroBepHo pacmudpoBbiBaeT “samiandum”

KaK TeXHOJOTUYECKUI MPOIIeCC MPUTOTOBIEHUS KU~
KOO IMOKPBITUS WK “JIaKa” Mepel HAaHeCEHUEM ero Ha
cocya. OnHako 0oJiee MOAPOOHOIO OIMCAHUS pelell-
TYPBI M 3TAITOB TTPOM3BOICTBA KPACHOJIAKOBOM Kepa-
MUK OOHApyXeHO He ObLIO.

Bricokas cterneHb COXpaHHOCTU KEPaAaMUUYECKOTO
MaTepwuia B pa3IMYHbIX MPUPOIHBIX YCIOBUSAX Aea-
€T KPaCHOJIaKOBYIO KEpaMUKY BaXKHbIM XPOHOJIOTMYE-
CKMM M 9KOHOMHYECKUM MapKepoM. B cBsi3u ¢ atum
KpaliHe BaXXKHbI YIJIyOJI€HHbIE MCCAEIOBAHUS 0COOEH-
HOCTEM TEXHOJOTMM M3TOTOBJICHMUS KPACHOJAKOBOM
KepaMuKM, Jalolire TOMOJHUTEIbHYI0 HHOopMaIlnio
00 0COOEHHOCTSIX U3TOTOBJIEHUSI, COCTaBE U CTPYKTYpE
maTepuasa MnpeaMeToB, CXOACTBE U PA3IMUMSIX TEXHO-
JIOTUYECKHUX MTPOLIECCOB B Pa3HbIX pErMOHaXx.

Panee nmpoBonwiInch UCCIENO0BAHUS TEXHOJIOTHI
M3rOTOBJIEHNS] CUTULIATHI [10 MOAEIUPOBAHUIO TEMIIE-
paTyphbl U BUIa O0XMUra, a TAKXKE M3y4alruCh BOIIPOCH
MPUMEHEHUS Pa3JIMYHOIO TUIIA TIMH AJISI JOCTHKEHUS
HEO0OXOIMMBIX XapaKTepUCTUK JIAKOBOTO ciiost [2—9].
OnHaKO TOJTHOTO BOCIPOUW3BEACHMS IMapaMeTpOB
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JIAKOBOTO CJ1051 (OCOOEHHOCTHU COCTaBa Jlaka OTHOCH-
TEJIbHO KepaMMYECKOM OCHOBBI, TOJIIIMHA, MOP(OJIO-
IYs ¥ Ipoyee), KaKk Ha aHTUYHBIX oOpasiiax, J0CTOBep-
HO HMKOMY M3 UCCJIeNOBaTeJIeil JOCTUYb HEe YIaIOCh, B
CBSI3W C YEM PEKOHCTPYKIIMS TEXHOJOTMU U3TOTOBJIE-
HUS KpaCHOJIAKOBOI KEPAMMKM OCTAETCS aKTyaJIbHOM
3amagei.

B nmaHHOIl paboTe mpencTtaBieHO MCCIeNO0Ba-
HUE 0OBEKTOB MO3IHERNIMHUCTUYECKOTO U paHHEe-
PUMCKOTO BpeMEHU, MPOUCXOASIIUX C TEPPUTOPUU
bocnopckoro napctsa, a UMEHHO KpPacHOJIAaKOBOM
KepaMUKU TpeX IPyIIl — MOHTUICKOM, O0CIIOpCKOM
Y BOCTOYHOW CUTUJIJIAThI, TPOU3BENCHHBIX B PA3IUU-
HBIX LIEHTPAax.

PaHee npoBoauanch NMpenBapuTeNbHbIE UCCIEA0BA-
HUS MO0 oleHKe 3(P(HEeKTUBHOCTU MPENJIOXKEHHONH Me-
TOAWKU U3MepeHuit [10] U cpaBHUTEILHOMY aHAJIU3Y
TPYIIIT 0OCIIOPCKOM Y MOHTUMCKOM curuiiiatel [11].

ILlenp HacTosmieit pabOTBl — OOOOIIUTHh TEXHO-
JIOTMYeCKMe MapaMeTphbl, ITOJYYECHHbIE B pe3yJIbTaTe
KOMIIJIEKCHBIX MCCAE€IOBAHUMN U3IEIUN TPeX NPOU3-
BOICTBEHHBIX LIECHTPOB — BOCTOYHOM, IOHTUIMCKON 1
0OCIOPCKOM CUTWILIATHI, U TIPEIJIOXKUTh MPOEKT pe-
KOHCTPYKIIMU MCTOPUYECKUX TEXHOJIOTUI M3rOTOB-
JIEHUsI aHTUYHOI KPacHOJIAKOBOI KepaMUKM JaHHBIX
pErMOHOB.

OBBEKTbI UCCIEJOBAHUA

Hns uccnegoBaHuii OBLIM OTOOpPAaHBI 0Opa3Ilbl
00CIOPCKOI, MOHTUICKOI U BOCTOYHOU CUTHUJIIATHI
A, B u C u3 packoroxk croiuibl bocrmopckoro map-
ctBa — [laHTukarnes (coBpeMeHHbIi I. Kepub) aKc-
negunueir TMMUHM um. A.C. IlymknHa non pyKoBoJI-
ctBoM B.I1. Tonctukosa B 1995—2006 rr. Bee o6pasiibn
BXOJAT B (POH]T BCIIOMOTATEJIbHOM KOJIJIEKIIMU, XpaHSI -
mieiicsa Ha 6a3e bocmopckoii (ITaHTuKaneickoii) akc-
nemuuuu MWW um. A.C. IlymkuHa.

Bocrounas curuuiata

B xoH1ie 1950-x IT. B UTOrOBOI IMyOIMKALIMU Ma-
tepuayioB u3 Camapuun K. KeHboH OBLIO IIpEaI0XeHO
HeWTpaabHOE MO CMBICTY 0003HaUE€HUE BbIAEIEHHbBIX
B Havajie XX B. TPYIIIl BOCTOUYHOM terra sigillata. Tpn
yXe U3BECTHBIE TPYHITbI KEPAMUKK — YCIIOBHO “Tiep-
ramckasi”, “caMmocckas” u YaHaapjiu — TMOJYYMIU
Ha3BaHUSI COOTBETCTBEHHO BOCTOYHAsI CUTUJIATA A
(Eastern Sigillata A — ESA), B (ESB) u C (ESC) [12].
DTU TepMUHBI, K Havyary 60-x rT. XX B. BOIIeOIINAE B
Hay4YHBIA 060POT, SABISIOTCS OOIIENPU3HAHHBIMU 10
HACTOSIIIIETO BpEMEHU.

Bocmounas cueunnama A — BhICOKOKaUeCTBEHHAsT
CTOJIOBasg KepaMMKa, U3roTOBJIEHHAas U3 IJIOTHOM Oe-
KeBOIl TNIMHBI U TTOKPBITask IPKO-KPaCHLIM, NWHOTAA
OypO-KpacHBIM JIAKOM. DTa MO3IHEUIMHUCTUYECKAsI
rpyIia KepaMuKu npousBoguiiack B Cupuu, ckopee
Bcero B AHTnoxuun. ESA 6b1a O0HOUM M3 OCHOBHBIX
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TPYIII CPEeAN3eMHOMOPCKOI TTocyasl 1t I B. 10 H.3.
Ee npucyrcrBue B CeBepHom IIpuuepHomopne, B TOM
yucie Ha bocmope, ¢pukcupyercs noBceMectHo. Haun-
0oJiee pacpocTpaHEeHHBIMU OBLIM TapesiKu (popMbl 4
no kiaaccudukanuu JIx. Xeiica [13], koTopbie, BO3-
MOXKHO, MOCTYKUJIN MTPOTOTUIIAMU TapeaoK 6ocrop-
CKOIi curmuiathl [14].

Bocmounas cueunnama B — cocynbl, UBTOTOBJICH-
HBIE U3 KPaCHO-KOPMYHEBOI MJIM KPAaCHO-PO30BOI1
HETJIOTHOM INIMHBI, CJIOUCTON B U3JIOME, C OOIBIINM
KOJIMYECTBOM CJIIOIBI B TecTe. JIak — opaHKeBO-Kpac-
HOTO IIB€Ta, TYCTOM, OOBIYHO IOJIHOCTHIO U PaBHO-
MEPHO MOKPHIBAET IIOBEPXHOCTh M3aeaus. i1 HeKo-
TOPBIX COCYIIOB XapaKTEPHO M TaK Ha3bIBaeMoe “IBOIi-
Hoe nokpwiTe” [13, 15], mpuueM miIs1 6ojee MO3gHENl
ESB2 oHo yacTo “mMackupyeTcs” TOJICTBIM CJIOEM J1aKa.
HexoTtophie 3K3eMIUISIpBI B pe3yJbTraTe 00Xura npu-
o0peNn xapakTepHbIid 0JiecK (BO3MOXHO, 3TO ObLIO
cleaHo CrielMaIbHO IS UMUTALIMA METALIUUYECKOTO
nokpeiTus). Ho nomapisiroliee 4MCiao COCya0B UMEET
MaTOBYIO MOBEPXHOCTb. MeCTOM MPOU3BOICTBA 3TOM
TPYIIIBI TTOCYAbI cunuTaeTcs I. Tpajibl Ha TEPPUTOPUM
COBpeMeHHOI oxXHo# Typuuu. DTa KepamuKa Macco-
BO IPUCYTCTBYET B MaMsITHUKAX I B. H.3., Oyay4u oc-
HOBHOI UMIIOPTHOM IOCYIOI1 B pETHOHE.

Bocmounas cueunnama C, unu Kepamuka Yanmap-
JIU, — OJIHA U3 HauboJIee IIUPOKO PACIIPOCTPAHEHHBIX
TPYIIII CPEeaAU3eMHOMOPCKOI cTo0BOM nmocyabl. OHa
MMpOM3BOAMIACH B MacTepckoil YaHmapiu Hemomane-
Ky oT Ileprama, orkpbiToil B Hadane XX B. 3. Jlemke
[16]. XapakTepHble 0COOEHHOCTH KEPAMUKM U3 DTOM
MacTepCKOil — TOJICTbIE CTEHKM, XOPOIIUA OOXUT U
oTHevyaTKu MPOKJIaAo0K Kpyrioi ¢opMbl, KOTOpbIE
noMelaInuch MeXIy ooxuraeMbiMu cocyaiamMmu. Hau-
OoJIbllice pacIpoCTpaHEHME 3Ta IpyIlia KepaMUKHN
noay4daeT Bo II-III BB. H.3., Korga oHa 3amelaeT Ha
CPEAU3EMHOMOPCKMX 1 IPUIEPHOMOPCKUX PBIHKAX
BOCTOYHYIO CUTWILIATy B.

Bocnopckass curmiara

bocnopckas curunnara — HauboJiee pacpocTpa-
HEHHasl TpyIllla KpacHOJIaKOBO KepaMUKU Ha Tep-
putopuun bocnopckoro uapcTBa Mo3aHETMHUCTU -
YeCKOro U paHHEPUMCKOro BpeMeHH, KoTopasl Oblia
uccienoBaHa B [14, 17, 18].

Bocnopckast curuiiiata U3roToBlIeHA U3 TIIUHBI
Pa3IMYHBIX OTTEHKOB KOPUYHEBOTO U PO30BO-Kpac-
HOTO LIBETOB, BU3YyaJbHO B YepeIlKe OIPEAeIsTIOTCS
MMPUMECH M3BECTHSIKA, 3KEJIE3UCTBIX YaCTUL] U PEIKOM
MeJKoi cironbl [18]. MacTepckue mo U3roTOBJIEHUIO
OOCITOPCKOI CUTUJLIATHI €11l€ HE OTKPBITHI, HO, BEPO-
STHO, oHU Haxomwiuck B [lantukanee [14, 17, 18].

Bocnopckast curmiiiata oTaiM4aeTcs IUPOKAM A~
ana3oHoM (OpPM OTKPBITHIX COCYIOB, ITpeIHa3HAYCH-
HBIX I7ITaBHBIM 00pa30oM IS CEpBUPOBKU CTOJIa (Tapen-
KH, Oytoma, MUCKHU, Yallld U COJIOHKM). MHOTr1e u3 H1uX
MMUTHUPOBAJIM LIMPOKO pacIpoCTpaHEeHHBIE (DOPMEI
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YEepPHOJAKOBOM KEpAaMUKU U KPACHOJAKOBOM MOCYIbI
rpymabsl ESA [18]. IIpou3BoacTBO 6OCIIOPCKOM CH-
TWJIIATHI IIPOIOJIKAJIOCh CO BTOPOIi 1ojioBUHEI 11 B. 10
H.3. U KaK MUHUMYM 10 KoH1ia I B. 1o H.3.—Hayana I B.
H.3., KOrgja oHa CMEHUJIaCh MOHTUIMCKOM CUTWILIIaTOM
[14]. BrmoyiiHe BepOsITHO €€ IIPOU3BOACTBO U B PUMCKOE
BpeMsl, BO BCIKOM ciiyyae B I B. H.53.

ITonTHiickag cUrHIIaTa

OTa rpyImma KpacHoyiakoBoii kepamuku (Pontic
sigillata), maccoBO TIpeACTaBieHHas B TpUYepHOMOP-
ckux mamsatHukax I-III H.3., n3BectHa B Cpenuzem-
HOMOPbE, XOTs U B HE3HAUUTEIbHbIX 00ObeMax. [leH-
TPBI IPOU3BOJACTBA 3TOU TPYIIIIbI CTOJOBOM MOCYIIbI
noka He BbiAesieHH [13, 19], HO, BO3MOXHO, YacTh
M3 HUX paclioyarajiach B ceBepo-3anagHoM [Ipuuep-
HOMOpPbE Ha TEPPUTOPUU COBPEMEHHON PyMbIHUU.
IlonTtuiickast curujiata He TOMOTeHHA, pa3aeIsieTCs
Ha HECKOJIBKO T'PYIII, BEPOSITHO, COOTBETCTBYIOIINX
pa3HBIM LIEHTpaM MPOM3BOJACTBA WM KPYIHBIM Ma-
crepckuM. Haubosblee pacnpocTpaHeHUE MOMydYnia
noHTuiickas curuinata A (Pontic sigillata A), mosiBUB-
IIasicsl He TIO3Hee BTOPOii ueTBepTH I B. H.3. 1 BBITEC-
HUBIIIAsE 0OCITOPCKYIO CUTHILIATY ¢ OOCITOPCKOTO PhIH-
Ka [19]. MaccoBoe IpucyTCTBAE COCYIOB 3TOM IPYITIIHI
(ukcupyercst MuHuMyM 1o cepeaunsl 111 B. H.3.

METO/bI MCCIIELOBAHUA
Pentrenosckas Tomorpadus (PT)

WccnenoBaHust BHYTPEHHETO CTpOEHUs (pparMeH-
TOB KepamMuku MetogoM PT nmpoBoauiay Ha IIPOMBIIII-
JICHHOM peHTreHoBckoMm Tomorpade X5000 (NSI)
Ha TpyOKe OTKPBITOrO TUIlA C pa3MEPOM BOKCENs
7—12 MxMm. [TapameTpbl HanpsKEHUS ¥ TOKA Moadupa-
JIU C 11eJIbIO MOJIyYeHUsT BBICOKOTO pa3penieHus (pas-
Mep BOKCeJIsS) U BapbUPOBAJIU B 3aBUCUMOCTU OT 00b-
eMa mpoo0.

TeHeBble MPOEKIIMU PETUCTPUPOBAIU TTO3UIIU -
OHHO-YYBCTBUTEJIBbHBIM JTETEKTOPOM PEHTIeHOB-
ckoro u3nyuyenus Perkin Elmer ¢ pasmepom ma-
Tpuubl 2048 X 2048 nukceneit, pa3MepoM ITMKCEs
200 X 200 MKM, IMHAMUYECKUM IMara30HOM 16 OUT 1
cuuHTUILIATOpOoM Ha ocHoBe CsI:TI. [Ins pekoHCTpyK-
U1 TOMOIpapUIECKNX CEYEHUMN UCIIOIb30BaIN IIPO-
rpamMHbIil naket ef X-CT. Busyanusauuo JaHHBIX U
pacyeT MOPUCTOCTU U BKIJIFOUEHUI OCYIIECTBISIIN C
MOMOIIIbIO TIporpaMMHoro nakera Volume Graphics
studio 3.5.1. MuHUMAaJILHBIN 00BEM I pacueTa Co-
OTBETCTBOBAJI pa3MepPy BOKCEIIS ITOJIydeHHBIX JaHHBIX.
Jl1s1 olieHKM 00beMa BKJIIOYSHU MUHUMAJIbHOE 3Ha-
JyeHHre oclabeHNsT BRIOMpaJI MO BKIIOYECHUIO, Hal-
MeHee KOHTPAaCTHOMY OTHOCUTEIbHO KepaMUUEeCKOMI
OCHOBBI. YacTh BKJIIOUEHM I MMeJia paBHBII WIN MEHb-
111 KOHTPACT C OCHOBOI1 00pa3lioB U B pacueTe He
y4uThIBajachk. PacueT mop v BKIIOUEHUN TPOBOAWIIN
JIJIsI TIOJTHOTO 00beMa 00pa31oB.

MAHIPBIKMHA u np.

Pentrenodryopecuentnslii anaams (PDuA)

KpynHoMacmtabHoe PDIA-kKapTupoBaHue IIPo-
BOAWJIOCH MO BCeM 00JIacTH IoIepevyHoro miuda.
AHaM3 BEITIOIHEH Ha MUKPO(IIyOPECIIEHTHOM CITeK-
TpoMeTpe M4 Tornado (Bruker) ¢ marom 20 MKM.
Bo BpeMs sKkcrieprMeHTa YCKOpsIIollee HalpsikKeHe
peHTreHOBCKOM TpyOKu coctasisuio 50 kB, Tok —
300 MxA. st poKycupoOBKM B crieKTpomeTrpe M4
Tornado ucroyib3yeTcs MOJMKaANUJIIpHas JIMH3a, Po-
Kycupyloliasl B 3aJaHHYIO TOUYKY ITOBEPXHOCTH UCCIe-
JIyeMOro ob6pasila U3JIiydeHre PEeHTITeHOBCKOI TpyOKu
B MSATHO AMaMeTpoM 25 MKM. BakyymupoBaHue Kame-
pbI o6pasua (20 M6ap) gaeT BO3MOXKHOCTb IMPOBOIUTH
P®nA xuMHUuecKUX 3J1IeMEHTOB HaurHasg ¢ Na. AHan3
MOJIyYeHHBIX KapT paclpeaeieHNs SJIEMEHTOB IIPOBO-
IUJICS C UCTIOTb30BAaHMEM TTPOrPaMMHOTO obecIieue-
Hus M4 Tornado.

Pentrenodasosbrii anamms (PPA)

HMccnenpoBanue ($pa3oBOro cocraBa OOBEKTOB
OCYILIECTBJISIOCHh METOAOM ITOPOIIKOBOM Iubpak-
LIMM B TeOMETPUHU “Ha MpoIycKaHHWe” Ha CTaHLUUU
“benok/PCA” KypuaToBCKOTro cleLuaiu3upo-
BaHHOT'O MCTOYHMKA CUHXPOTPOHHOTO M3IYYCHMUS
“KNCHU-KypuaToB”.

B viccrnenoBaHuUsIX MCMOJIB30BAJICSI CIIOCO0O KpeTiie-
HUS apTe(aKkToOB B KPUOIETIIE C TIOMOIIIbIO aneii30Ha.
Perucrpanus nByMepHbIX 1 pakTorpaMM IPOBOIM-
JIach C HUCITOJIb30BAHUEM TTO3UIIMOHHO-YYBCTBUTEb-
Horo AeTekTopa Rayonix SX165, pacmomaraBiierocst
Ha pacctostHur 80 MM OT oOpasiia NMeprneHINKYISIPHO
najarlIeMy PpeHTTeHOBCKOMY ITy4KY IpY KOMHATHOM
Temrnepatype. JJIMHA BOJTHBI MAagaloero MOHOXPO-
MaTHUYeCcKOro u3aydeHus cocrasisiia 0.75 A, pasmep
nyuka ¢poroHoB — 400 X 400 MKM?, BpeMsI UBMEPEHUS
OnHOM nudpaKIMOHHOI KapTUHbI — 2 MUH. [Tonyyae-
MbI€ IBYMEpPHBIE KAPTUHBI IPUBOIWINCH K CTAHIAPT-
HOMY JIJIs1 TIOPOIIKOBBIX TudpakTorpamMm Buay 1(20)
3a cueT a3UMYTaJIbHOTO UHTETPUPOBaHUSI B ITpOrpaM-
Me Dionis. Onpenenenue pa3oBoro coctana IpoOBO-
IAJIOCH C UCIIOJIb30BaHUeM 06a3bl jaHHbIX PDF-4+ ¢
MOMOIIBIO METO/IA KOPYHIOBBIX YK CEJL.

PactpoBas 31eKTPOHHAS MUKPOCKOMHS
B COYETAHHH C PEHTT€HOBCKHM MUKPOAHAIA30M

s nmpoBeneHus uccieqoBaHUil ObUIM U3TOTOBJIE-
HEI TIoIepevyHbIe NUdH 0Opasnos (nmumdoska P1800
u P2500, duaumxas noauposka P4000).

OCHOBHOI 2JI€MEHTHBII COCTaB KepaMUYEeCKO
OCHOBBI U3NEJIUI ONpPEAEIsii METOIOM PacTpOBOM
3JIEKTPOHHOI MUKPOCKOMUU C SHEPTOANCIIEPCUOH-
HBIM PEHTTEHOBCKMM MUKpoaHann3oM (POM/DPM).
Ha nmoBepxHOCTh 00pa3oB HAHOCUJIN TOKOIPOBO-
JAIIYI0 TJIEHKY aMop(@HOTO yriepoaa Nnpu MoMo-
1M TEPMUUYECKOTO PACIbUIEHUS C UCIOJIb30BAHUEM
ycraHoBku Leica EM ACE600 (Leica Microsystems)

KPUCTAJIJIOTPA®U A Ne 6

TOM 69 2024



O TEXHOJIOTUU U3TOTOBJIEHUA AHTUYHOM KPACHOJIAKOBOM IMOCY/1bl

IJIsI CHUKEHUS HAKOTUIEHUsI CTaTMYECKOTro 3apsma
BCJICICTBUE HU3KOI MPOBOAMMOCTHU MaTepuana. s
aHaJM3a OCHOBHOIO COCTaBa KepaMHYECKOIO TeCTa
crexTpbl OPM ObUIM MOJTydyeHbI OT LEHTPaIbHBIX 00-
JlacTeil M@ OB, BHE TIPUMOBEPXHOCTHBIX oOnacTeit
JIAaKOBBIX CJI0€B, KOTOPbIe MOTYT 3aMETHO OTJIUYaTh-
csl IO COCTaBY OT OCHOBBI. JIaHHBIE O COCTaBe OIpe-
JeJISIV yCpenHEeHUeM pe3yJIbTaToOB ISITU U3MEPEHUIA.
POM/DPM-uccnenoBaHusi NpoBOAWIN C MIOMOIIbIO
pPacTpPOBOTO NBYXJIYYEBOTO 3JEKTPOHHO-MOHHOTO
mukpockona Helios Nanolab 600i (Thermo Fisher
Scientific), o6opymoBanHoro cuctemoit DPM (EDAX),
npu yckopsitoiieMm HanpsokeHuu 30 KB B pexxuMe BbI-
cokoro Bakyyma (10~ ITa). O6pa6oTKy criektpos 9PM
OCYIIECTBIISIA C TIOMOIIIBIO TIPOTPaMMHOTO obecTiede-
Hust TEAM (EDAX). IlonydeHHBIe JaHHBIE CIATAIOT-
CA TIOJTYKOJTMIECTBEHHBIMH, TaK KaK CyMMapHOe CO-
IepskaHne NIeHTH(UITNPOBAHHBIX 3JIEMEHTOB TTPHUBO-
outes K 100%. YyBCTBUTETBHOCTD METOIA COCTABIISIET
0.1-0.5 mac. %.

IIpocBeunBaomas 3J1eKTPOHHAS MHKPOCKONHSA
B COYETAHUH C PEHTT€HOBCKMM MHKPOAHAIU30M
(IT9M/DPM) u aaekTponnas audpakmusa (D/1)

Uccnenosanust metonamu [1O9M/DPM u anex-
TPOHHOU AUdPaKUUU BBIMOJHSIINCH HA TPOCBEYU -
BaloIIEM 3JIEKTpOHHOM MUKpockorie Osiris (Thermo
Fisher Scientific) mpu yckopsionieM HampsiKeHUU
200 xB. ITpu6op ocHameH cucremoit 9PM (Bruker)
IJI ompeneseHnus] XMMMYECKOTro cocTaBa o0pas3Iios,
MPUCTABKOU MPOCBEYUBAIOIIE-PACTPOBOTO PeXUMa 1
IIUPOKOYTJIOBBIM IETEKTOPOM TEMHOTO TIOJISI IS T10-
JIydeHMsI n3o0paxkeHuii ¢ Z-koHTpactoM. Pa3peina-
I0IIas CIOCOOHOCTh MPUOOpPA IO TOUKAM COCTaBJISIET
2.5 A, mo munmsim — 1.02 A. DnektponHast mudpakumst
IpOBOIMIIACH IIpU ycKopsitomieM HarpskeHuu 200 kB
C UCITOJIb30BAHMEM artepTyphl pazmepoM 200 HM.

Hnsg TIOM- u B]I-uccnenoBaHuii JaKOBbIX 00pa3-
IIOB OBUTM M3TOTOBJIEHBI ITOMepedHble JaMmenu. Ha
MEPBOM 3Tare odpasell MeXaHUYeCKU YTOHSETCS /10
toamuHbl 20—40 MxM. JlanbHeiilee yToHeHUe Mpo-
BoOIUTCA MOoHaMM aproHa (Ar") B yctaHoBke 691 PIPS
(GATAN) npu yckopsoliieM HampsixkeHUu 5 kKB no

(a) (6)
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o6pazoBaHus oTrBepcTusa. PUHATBHYIO TTOJUPOBKY
OCYILIECTBJISUIM C UCIOJb30BaHUEM MOHOB MpPU MOHU-
KeHuu sHepruu 10 0.1 k3B.

PE3VYJIBTATHI 1 UX OBCYXJIEHUE

Penmeenosckas momoepaghus MO3BOISET OLIEHUTD
pAA 3HAYNMBIX TEXHOJIOTMYECKHUX MMapaMeTPOB, OTpa-
KAIOIIMX 0COOEHHOCTH M3TOTOBJIECHUS U3IEINIA: pas3-
MEpHI ¥ MPOLEHTHOE CoAepKaHKe TTOP U BKITIOUCHUIA,
a TaKXXe HEOTHOPOIHOCTh KEpAMUYECKOrO Marepuasa
10 OOHAPYKMBAaEMbIM Ha TOMOTpaUUECKUX CEUEHUSIX
KPYITHBIM OOJIACTSIM pa3jIMYHOIro KOHTpACTa 110 dJIeK-
TPOHHOM MIOTHOCTH (puc. 1a).

st corocTaBieHUsI TPYIIIT BOCTOYHOI, MOHTHU-
ckoit 1 60CIIOPCKOI KepaMUKM JaHHbIE O pa3Mepax
(paBHOBECHOE cpenHee — MenuaHbl, X 107 mm?) 1 nipo-
IIEHTHOM COJIEpPXKaHWUY TIOP W BKITIOUEHUN TIPEACTAB-
JIEHbI B BUAEe OJIOUHBIX AUarpaMm pasmaxa (puc. 2).
3HauMMble TEXHOJOTMYEeCKUE Ne(heKThl — KpyITHOMAC-
IITaOHbIE TTOJOCTU — B pacyeTax MeAraHbl U MaKCH-
MaJIbHBIX Pa3MEPOB MOP HE YYaCTBOBAIU.

I'pynmbl 61M3KKU 1O MPOLIEHTHOMY COAECPXKAHUIO
BKJIIOYEHU, HO CYIIECTBEHHO Pa3IndYaloTCs MO MX
pasMepam: BKJIIOUEHUS s 0Opas3iioB BOCTOYHOI
(1.8 - 10°mMM?®) M NOHTHMICKOW CUTHIIATHI
(1.5 - 10>mMm?) Ha MOPANOK MEHBIIE B CPABHEHUU C
6ocniopckumu (52.6 - 107> mMmM?), 4TO rOoBOPUT O Me-
Hee KauyeCTBEHHOI IMOATrOTOBKE TJIMHSIHOTO ChIPbS
TTOCITETHUX.

HanbGonee MOpUCTHIMM OKa3ajJuCh OOBEKTHI
0OCTIIOPCKOU rpyMIibl, MPOLIEHTHOE COAepXKaHKe MOop
IUTSI KOTOPO B CpemHEeM COCTaBUIO 4% B CpaBHEHUU
¢ 1.8% B ciyyae moHTUICKON 1 2.4% 1J1s1 BOCTOYHOM
rpynmnsl. [To MegnaHHOMy 06bEMY TTOP IPYIIITbI TPaK-
TUYECKU UAEHTUYHBI, 32 UCKIIIOUEHUEM HECKOJbKUX
00beKTOB. B KauecTBe mpumMepa Ha puc. 1 mpeacras-
JIEHBI MIOTIepeyHble TOMOorpaduruueckue ceueHus ¢ yka-
3aHUEM TOp B 00beMe IJISl TIpeIMeTOB Pa3IUUHbIX
pPErMoHOB.

J1st psiia BOCTOYHBIX M IIOHTUICKUX OOBEKTOB Xa-
pakTepHa HEOAHOPOIHOCTh MaTepuasia: TOHKHE IOLI0-
IAIOIIHMEe CIOW, XaOTMYHO PACITOJIOKEHHBIE B 00beMe

(®)

Puc. 1. Tomorpaduueckue ceueHus C yKazaHueM IOp B 00beMe /11 00pa31ioB BOCTOYHOIA (), MOHTHUICKOI (0) 1 6ocropcKoii (B)

CUT'WJLIATHI.
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Puc. 2. /Inarpammbl pa3maxa no gaHHbiM PT o pa3mepax v poLIEHTHOM colepKaHUU MOP U BKITIOYEHUIA.

npo6 (momo6HO puc. la), YTo MOXKET OBITH pe3yJIbTa-
TOM 3aMEeIIUBAHUS IBYX TUIIOB IVIMH.

Kpynnomacumabrnoe POaA-kapmuposanue pacrpe-
JIeJeHUus1 3JieMeHTOB (puc. 3) JaeT AOIOJHUTEIbHbBIN
pso ImapaMeTpoB, XapaKTepU3YIOIIUX (HE)OTHOPOI -
HOCTb KEPaMUUYECKOro MaTepuara.

[TpucyTcTBrEe OONBIIOrO KOJUYECTBA YacTUIl Si B
o0pa3siiax Bcex MPOU3BOACTBEHHBIX LIEHTPOB SIBJSIET-
s MMPU3HAKOM UCIIOJb30BaHUS B KAUeCTBE OTOLIUTES
KBaplEeBOTO IMecKa.

MakcumaabHbIe pa3Mephbl BKIIIOYEHU I YKa3bIBAIOT
Ha IUCIIEPCHOCTh INIMHSTHOTO CHIPhS: pa3Mephl YACTHUIL
3HAYMTEILHO O0Jiee KPYIHBIE JIJIsI OOCIIOPCKOI CUTHII-
JIATbl B CPABHEHUM C OCTAIbHBIMU PErMOHAMMU, YTO IO/~
TBepxXaaeTcst JaHHbIMU PDA o comep:kaHuM KBapla 1

PT o pasMepax BKJIIOYEHUI 1 03HavYaeT Oosiee rpyoyio
CTereHb MoMoJia

HeonnoponHocts pacnipenenenust Ca u Fe (puc. 3a)
B Macce 00pa3loB, BEPOSTHO, SIBJISIETCS PE3YJIbTATOM
HCITOJIb30BAHUS B KAUECTBE ChIPhs IBYX TUITOB [JIUH —
M3BECTKOBOI M XEJIE3UCTOM, KOTOPBIE 3aMEIIMBAIUCh
JJIS TIpUAAHUS U3IEIUI0 HEOOXOIMMBIX CBOMCTB, OoJiee
noapoOHo o0cynuM uxX Hke. Takre HeOmMHOPOIHOCTU
OOHapyKEHBI IJIST 0OJIBIIMHCTBA 0OBEKTOB BOCTOUHOM
TPYIITBL M PSIIa MOHTUMCKMX TIPEIMETOB.

Penmeenoghazoentii anarus. MuHepaaiorndecKmnin
COCTaB K€pPaMUYECKOM OCHOBBI, C OJHOM CTOPOHBHI,
XapaKTepU3yeT TUIl IJTIUHSHOTO ChIPbSI U TIPUCYTCTBY-
IOIINX OTOLIUTENEN, C APYTOil — ABIAETCA MapKEpOM
TeMmepaTypbl 00XHUTra MO COXpaHUBIIUMCS (a3aMm,
WMEIOIIMM OIpeaeeHHYIO TEMIIEpaTypy pa3ioKeHus.
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Bocmopckast curmiiara mpenuMyIiecTBEHHO Xa-
paKkTepu3yeTcsT OTCYTCTBUEM B COCTaBE OOBEKTOB
KaJTbIINTa, 3a WCKIIOYeHMEeM HECKOJBbKHMX 00pa3s-
1IOB, TIpUYeM coiepKaHWe TaHHOTO MHUHepaa He
npeBbiaeT 3%. B COBOKYMTHOCTH ¢ JaHHBIMU 3JI€-
MEHTHOT'O COCTaBa O HMU3KOM COIEpPKaHUM KaJIbIIHSI
(POM/DPM ~4.2 mac. %) MOXHO caenaTh BEIBOI 00
WCITOJIb30BaHNU HEM3BECTKOBOM HU3KOTEMITepaTyp-
HOM TuHBI. OCOOBIN MHTEepeC MPEeaCcTaBIseT TPH-
CYTCTBHE BO BCEX OOCIOPCKMX O0OBEKTaX MyCKOBUTA,
pasyioXeHre KOTOPOTO TTPOUCXOIUT TIPU TeMIIepaType
ot 500 mo 1000°C. Hannuyue naHHOTO MUHEpaJja MmoKa-
3bIBAET, UTO TeMIiepaTypa ooxxura 6su1a Huke 1000°C,
a 0oJIbIlIOEe MIPOLIEHTHOE collepKaHue AaHHOU (a3l
(mo 36%) roBopUT 0 HAXOXIECHUMU HE B IIOTPAaHUIHOM
TeMIepaTypHOM AuarnasoHe. [1ojeBble 1mIaThl B 3TOM
rpyIine npeacraBieHbl arpouTom (~19.1%), npucyr-
CTBYIOT KaibluT (~1%), rematut (~1.5%), MyCKOBHUT
(~16.9%) u xBapu (~48.2%). IlpucyrcTBue KBapiia
OTpaXkaeT MCITOJIb30BAHUE OTOIIMTENS — KBapIIEBOTO
recKa, MpUYeM ero coiepkaHne HauboJIbIee MMEHHO
JUTSI MTAHHOTO TTPOM3BOICTBEHHOTO LIEHTPA.

IToHTHiickasg curuiiata XxapakTepHu3yeTcs IO
JaHHBIM POM/DPM Kak u3BecTKOBasl: CoaepKaHNe
Kajbuus ~18.1 mac. %. B cocraBe 3TOM TpYIIIbI I
OOBIIMHCTBA 00Pa31I0OB MOSIBJISIETCS W KaJIbLIUT, pa3-
pyIIeHre KOTOPOTo MPOMCXOIUT TIPHU TeMIlepaType
~900°C. Tak Kak IJIMHA U3BECTKOBAasI, MOXHO CIIeJIaTh
TIPEATIoNIOKEeHNE 00 N3HAYATEHOM TTPUCYTCTBUH KaJlb-
IIUTa ¥ €TO Pa3JIOKEHUHU B IIpollecce 0OXUTa B psifie
00pasIIoB ¢ Ooee HU3KUM COMepPKaHUEM KaJIbIIHS 10
JaHHbIM POM/DPM. BBuay Hajimuusi o0 beKTOB € CO-
XpaHUBIIENcs ¢a30it KaabIIUTa MOKXHO CHEJIATh BBIBOI
0 nmorpaHuyHou tremnepatype ooxura ~800—900°C.
TakuM o6pa3om, 1jist 00BEKTOB ¢ 0oJiee HU3KUM CO-
Jep:KaHWEeM KaJblUTa pas3jioXKeHre TaHHOTO MUHepasa
yXKe TTPOU30IILIO, a IS 0OBbEKTOB C 0ojiee KPYITHBIMU
KpUCTAJIZIUTaMM 3TOro He ciyuuiaochk. Kpome Toro, B
cocTaBe ogHOro n3 oopasuos (Ne 411p) nmpucyTcTBY-
IOT MYCKOBUT U KQJIbLIUT OAHOBPEMEHHO, UTO MOXET
SIBJISITBCS TIPU3HAKOM, UTO TeMIlepaTypa ooxKura ais
JAHHOTO 00BbeKTa OblIa TapaHTUpoBaHHO HIKe 900°C.
Eme onHa 0coO0eHHOCTh MPOSIBUIACH TPU U3YYECHUU
o6pasua 77p: npucyrcraue 2% KpucTobannuTa — BbI-
COKOTEMIIepaTypHoOil MogudUKaIul KBapiia, oopasy-
oueiicd B remneparypHom auanasone §50—1000°C.
IToneBnie mMaTel B JAHHOI TpyMIie TpencTaBIeHBI
anboutoM (~31%), npucyTCTBYIOT Kaabuut (~4%) re-
Matut (~12%), nuoricun (~10%), akepmanur (~4%) u
kBapl (~38%).

BocTouHas curuiiara xapakTepu3yeTcs 10 TaH-
HeIM POM/DPM Kak u3BeCTKOBas: comepXaHue
Kambums ~22.9 mac. %. [1pryeM KaabLUT, UMEIOIITNIA
Temmeparypy pasnoxeHus 900°C, oTcyTcTByeT. AHa-
JIOTUYHO MOHTUUMCKOI TPyIIIe MPeaIoaraloTcsl ero
W3HaYaJIbHOE TIPHUCYTCTBUE B ITIMHE U pa3IOXKEeHNUE TIPH
obxure ¢ temneparypoit Boiiie 900°C. Kpome Toro,
MYCKOBHT ITPUCYTCTBYET TOJBKO B OMHOM OOBEKTE B
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(a)

(0)

(®)

Puc. 3. POA-kapTh pactpenesieHrsI 3JIeMEHTOB Ik 00pa3IioB
BOCTOYHOI (a), TOHTUICKOM (6) 1 60CTTOPCKOI (B) CUTUJLIATHI.
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KpaiiHe manoMm comepxaHuu — 3%. COBOKYIIHOCTh
M3JIOKEHHBIX (PaKTOB YKa3bIBaeT Ha TeMIIepaTyphl 00-
xura ~1000°C. TToneBble mIMaThl B JaHHOI rpyIiie
MpeACTaBlIeHbl MUHEPAIaMU IPYII aTbOUT—aHOPTUT
(~30.5%) 1 MUKpOKIMH—CaHUINH—OPTOKIa3 (~3%),
MPUCYTCTBYIOT KJIMHOMUPOKCEHBI (~28.5%), opTonu-
pokceHsbl (~1%), rematut (~2%), MmyckoBut (~1.5%) u
KBap1 (~26.5%). KonndecTBO OTOIIUTENS — KBapIle-
BOTO MEeCKa — CaMO€ HU3KOE B CPABHEHUM C IPYTUMU
IpYIIIaMu.

ITo COBOKYITHOCTU U3JIOXKEHHBIX (DAKTOB Pe3y/ibTa-
Tl PDA aHanm3a Mo3BOJISIOT caeNaTh BEIBOI O TEMITEe-
paTypHBIX MHTEpBajlax 00XWUTra U3AEJINA: IJIsT BOCTOU-
HOI cUTHJIaThl OHa Momia cocTaBadaTh ~1000°C, mis
noHTuiickoi uyyTh HIXke — 850—900°C, a a1 6ocmop-
CKOMl — B MPOMEXYTOUYHBIX 3HAUEHMUSIX MHTepBajia
500—-900°C.

POM/HPPM. Meton POM naeT BO3MOXKXHOCTD BhIIIE-
JIUTh XapaKTePUCTUKU JIAKOBOTO CJIOS KaK ¢ TOYKU 3pe-
HUSI CTETNeHU OCTeKJIOBAaHHOCTHU, TaK U OCOOEHHOCTE
€ro COCTaBa B CPaBHEHUHM C KEPaMUUECKOII OCHOBOIA.

Ha puc. 4 npeacraBieHbl MOPp(OJTOTNIECKN pas3-
Hble U300paXKeHUSI JAKOBOTO CJI0sI, XapaKTepHbIE IS

MAHJIPBIKVHA u np.

N3y4aCMbIX ITPOU3BOACTBECHHBIX LHEHTPOB U JEMOH-
CTpUPYIOIIME UX TEXHOJIOTNMYECKHUE pa3/Iniuns.

Mopdonoruueckue napamerpbl (OAJHOPOIHOCTh
CTPYKTYPHI, TOPUCTOCTD, IPUCYTCTBYIOIINE YACTULIHI)
OTpaxarT, BO-MIEPBbIX, CTEIIEHb MTOMOJIa U (hUIbTpa-
LU CYCIIEH3WU B 3aBUCUMOCTHU OT pasMepa MPUCYT-
CTBYIOIIIMX YacTUll. BO-BTOPBIX, Pa3IUUHYIO CTEIICHb
OCTEKJIOBAHHOCTH, KOTOpasl 3aBUCUT KaK OT COCTaBa
MICXOMHOW INIMHBI U 100aBiIeHUsT (PocoB (HarpuMmep,
KaJIMeBOro MoTalla), Tak U OT TeMIlepaTyp, JOCTUTae-
MBIX TIpY OOXMUTE.

CpaBHMB COCTaB JIJAKOBOTO CJIOST I OCHOBEI, MOXHO
BBIAEJUTD P MIPUHIUITHAIBHO BaXHBIX C TEXHOJIOTH -
YeCKOI TOYKHU 3pEeHUS MapaMeTpoB (puc. 5):

— TIOBBIIICHUE COACPKaHUA K CBUACTCILCTBYET
0 n1o0aBJIeHNH KaJMeBOTO II0Tallla B KAYeCTBe CI)J'IIOC&
JJIS1 TyHIIEeTo CTEKJIOBAaHUA CYCIICH3UU,

— 3HaAYUTENbHO MeHblIee cogepxkanue Ca B cpaB-
HEHUM C OCHOBOM MOXET OBITh CBSI3aHO C HEOOXOmM-
MOCTbBIO CPaBHSITh KO3(D(PUIIMEHTHI TETIJIOBOTO pacliv-
PpEeHUS ITsI MUHUMUW3ALMY paCTPECKUBAHUS U OTCIIOE-
HUS JlaKa;

Puc. 4. POM-uzobpaxeHuss MOpGhoI0ruu JaKOBOTO CJIos 00pa3iioB BOCTOUHOM (a), MOHTUICKOI (6) 1 60CTIOPCKOil (B) CUTMILIATHI.

(a) (6) ()

20 MKM 20 MKM 20 MKM

Puc. 5. POM/DPM-kapTupoBaHue pacrpeneieHus 3JIeMeHTOB sl 00pa3lioB BOCTOUHOM (a), MOHTHUiiCKOI (6) 1 6ocriopcKoii (B)
CHUTUJUIATHI.
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— TnoBblllIeHUe coaepxaHus Fe ykasbiBaeT Ha 10-
GaBJieHMe KpacsIIero MUrMeHTa Ha OCHOBE Keje3a TS
MPUAAHKS U3ASIMI0 TUITUYHOTO JUIs JaHHOTO BUIA T10-
CyZIbl TEPPAKOTOBOIO LIBETA;

— TIOHIMDKEHUE COAepXKaHUS Si MOXET OBITh pe3yib-
TaTOM yIaJIeHUsI B X0 BRIMauMBaHUs U (DUIIBTpallun
IJIMHBI KBapI1IEBOTO TeCKa.

Hcxons n3 IpuBeneHHBIX pe3yJbTaTOB MOXKHO TIPO-
aHAJTU3UPOBATh OCOOEHHOCTU M3TOTOBJICHUS JIAKO-
BOI CYCIIEH3UM TSI Pa3IMIHBIX TTPOU3BOICTBEHHBIX
LIEHTPOB.

I 00beKTOB BOCTOYHOM CUTUJIIIATHI BBITIOTHSI-
I0TCSl BCE TepEeUMCICHHBIE BBIIIE MapaMeTphl: CyIle-
CTBEHHOE YBEJIMUYCHNE COAepKaHNe KA B JIJAKOBOM
cioe (Ha ~12 Mac. %) u moGaBieHUe Kelle30ConepsKa-
1IIEro MUTMeHTa (pa3HuIla COCTaBa OTHOCUTEIBHO OC-
HOBHI ~7 Mac. %), ymeHbllleHHe cogepxaHus Ca B na-
KoBOM cjioe (Ha ~20 mac. %) 1 MeHbIIIlee CoepKaHue
Si B cocTase naka (Ha ~9 mac. %).

B u3nenusx MOHTUIICKOI CUTWILIATHI B LIEJIOM BBI-
IepXKaHbl OCHOBHBIE TEXHOJOTMYECKHUE TTapaMeTphl,
obOecrneunBalole Ka4ecTBO JIAKOBOTO CJIOS, HO B
MEHbIIIel cTeleHU: pa3Hula o comepxkanuio K co-
craBisteT ~5 mac. %, o cogepxkanuio Ca — 14 mac. %.
OIHaKO OTCYTCTBYET TaKasl 3HAUMTeJbHasI pa3HULIA
o Fe (B maHHOM citydae oHa cocTaBisgeT ~3 mac. %),
YTO FOBOPUT O BEPOSITHOM OTCYTCTBUM 100aBICHHOTO
KpacsIero NurMeHTa U UCIoIb30BaHUM €CTECTBEHHO
OXEJIE3HEHHOW TIINHBI.

Mznenust 6ocnopckoii CUTUIIIaTHl HAMMEHee Kaye-
CTBEHHBI CPEIM BBIIEJIEHHBIX TPYIIIT: OTCYTCTBYIOT ITPH -
3HAKU JOOABIIEHUS OCTEKIOBBIBAIONINX KOMITOHEHTOB
Ha ocHoBe K, HeT pazHu1bl B conepxxanuu Ca. OgHako
yBenn4eHNe B Jake KoHueHTpauu Fe na ~11 mac. %
rOBOPUT 00 MCMOJIb30BAHUM NO0OABJIEHHOTO TUTI-
MEHTa, a pa3HulIla B conepxxaHuu Si Ha ~7 mac. % —
0 IIPOBEACHUH MPOLEeAYPHI puabTpaluu ot rnecka. Ho,
BO3MOXHO, BBULY UCTIOJIb30BaHUSI BbICOKO3aIleCOUYeH-
HOH TJIMHBI cofiepxKaHUe Si Bce e ocTaeTcsl caMbIM
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BBICOKMM CpE€AM M3YyYaCMBbIX I'DYIIIT 1 BJIMACT HA KadeC-
CTBO JIAKOBOTI'O CJIOA.

II1PM/PPM. ng nanbHeiilleil OlleHKU KauyecTBa
JIAKOBOTO CJIOSI OBUTM MMPOBEAECHBI €T0 MCCIIETOBAHMUS
metomoMm ITOM. JIna usydeHus1 BeIOpaHBL HauboJliee
perpe3eHTaTUBHBIE 00BEKTHI KaXXIOTO ITPOM3BOI-
CTBEHHOTO IIEHTpA.

B nanHoMm ciaydyae ocoboe BHUMaHME YAEISJIOCH
MIPUCYTCTBYIOIINM MUKPOIIPHUMECSIM — pa3MepaM
0COOEHHOCTSIX paclipenesieHnsI, Ha OCHOBAaHUM YETo
MOXHO PacCcyXIaTb O €CTECTBEHHOM UX ITPOMCXOXKIIE-
HUM WU UCKYCCTBEHHOM 100aBJIeHUN 151 TpUIAHUS
HEOOXOAMMBIX CBOWMCTB U3neanio. BaxHbIM hakTopoMm
SABJISIETCS M OOHapyXeHre INIMHUCTBIX MUHEPaJoB —
MpU3HAK TUIOXO CTEMEHU CTEKJIOBAHUS U OTHOCU-
TeJIbHO HU3KOU TeMIlepaTypbl 00KHUTa.

Ha puc. 6 npencraBieHo cpaBHEeHHEe 0COOEHHOCTEH
MUKPOCTPYKTYPHI JIJAKOBOTO CJIOSI, IEMOHCTPUPYIOILIEe
JIJISI BOCTOYHOM CUTHJIJIATHI XOPOIIIO OCTEKJIOBAaHHBIN
CJIoit ¢ HOBOOOpa30BaHHBIMU KPUCTAJUIMTAMHU, a JJIst
MOHTUMCKOI U OOCIIOPCKOM Irpynmn — MPUCYTCTBUE
CJIOMCTHIX NIMHUCTBIX MUHEPAJIOB, UMEIOIINX OTHO-
CHUTEJIPHO HU3KYIO TEMIIEpaTypy AECTPYKLIMHU CJIOMCTOMN
cTpyKTypsl — 700—900°C (B HEKOTOPHIX CIy4yasiXx OT
500°C).

Bo Bcex o0bekTax ObIIM OOHAPYKEHEI XKeJIe3UCThIC
yacTulbl (puc. 7), OAHAKO UX pa3Mepbl U XapakTep
pacnpeneyieHus] pa3InudaroTcs, YTO TTO3BOJISIET CAEIaTh
MPEANoJOXEeHUsT 00 UX IPUPOJE U Ha3HAYEHUU C TOY-
KM 3peHUS TEXHOJIOTMYECKOIo Mpollecca:

— BOCTOYHAasl CUTHUJIIAaTa: OOJIbIIOE KOJIUYECTBO
XKEJIE3UCTBIX BKIIIOYEHU OOHOPOMLHOTO pacmpesne-
JICHUA TOBOPUT O Jno0aBlIeHUN Kpacdauero BeuecTsa
TOHKOTO ITOMOJIa,

— TIOHTHUICKasl CUTHIIIATA: KeJIe3NCThIe BKITIOUE-
HUS 3HAYUTETBHO MEHBIINX pa3MepoOB M UX HeOOIb-
IO KOJWYECTBO CKOpee BCEro yKas3bIBalOT Ha UC-
MOJIb30BaHUE OXEIe3HEHHO ITIMHBI C €CTECTBEHHBIMU
MPUMECSIMU;

Puc. 6. [IDM-u306paxeHnsT 0COGEHHOCTEII MUKPOCTPYKTYPHI JJAKOBOTO CJIOSI: HAHOKPUCTAJLIBI IIITAHETM B 00pa31ie BOCTOYHOM
CUTWJIIATHI (2), ITIMHUCThIE MUHEPaJTbl B 00pa3iiax MOHTUICKOM (6) 1 60CTIOPCKOit (B) CUTMILIATHL.
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(a) (6)

MAHIPBIKMHA n np.

(8)

Puc. 7. [IDM/3PM-kapTrupoBaHue pacnpeneaeHus xejie3a B JaKOBOM cjioe 00pa3lioB BOCTOUHOI (a), MOHTUiICKOM (0) 1 6ocmop-

CKOI (B) CUTUJLJIATHI.

— Oocnopckasl curuiiara: 00JblIoe KOJUYECTBO
JKeJIe3UCTHIX BKIIIOYEHUI IIMPOKOTO AUara3oHa hopm
M pa3MepoB O3HauvaeT gJoOaBJIeHUE KpacsIlero mur-
MeHTa, OgHaKo 0oJjiee IpyOOro moMosa B CpaBHEHUHU C
BOCTOYHOM CUTWLIIATOM.

Oco0blIit MHTEpeC MPEACTABIISIIOT BKIIOUESHUS C TOY-
KU 3peHus onpeneneHus ux ¢gasol. B obpasiie BocTou-
HOM CUTHJIJIaThl 0OHAPYXEHBI UTOJIBYAThIE KPUCTAILITBI,
UMeEIoIINE MPEUMYILIECTBEHHO BbIIEJIeHHOE HalpaBJie-
HUe opueHTauuu (puc. 6a). Jludpaxkius oT 06JIacTH ¢
KPUCTAIUTaMU MoKa3ajia HaJuuue (as3nl MIIUHETH,
npuYeM pa3Mepbl U XapakTep pachnpeaciaeHus Kpu-
CTaJUIOB YKa3bIBAIOT Ha TO, YTO 3TO HOBOOOpAa30BaH-
HBI€ B Ipolecce ooxura ¢asel. Micxonas U3 nurepa-
TYPHBIX JaHHBIX IPY BBICOKMX TeMIIepaTypax (BBIIIIE
900—1000°C) paznoxeHue UTUTOBOI TJIMHBI MOXET
BBI3BaTb POCT BHICOKOTEMITEPATYPHBIX (pa3, TaKUX KakK
MYJUTUT VUM IITTAHETTb.

Kene3ucrbie yacTUlIbl, OMTMCAHHBIC BBILIE AJIs1 00-
paslia BOCTOYHOM CUTWIIIATHI, OB UICHTUDUIIHPO-
BaHbI KaK KPUCTaJIbl MarHETUTa, 00pa3oBaHue KOTO-
pOTO BO3MOXHO M3 reMatuTa Ipu temmneparype 500—
600°C B BOCCTaHOBUTEIHHBIX YCIOBUSX. BBray moutn
YepHOTro 1LIBETa JAHHOTO MUHEpaa u3ieue mpuoodpe-
TaeT COOTBETCTBYIOLIUI TEMHbIN LIBET B OTJUYUE OT
reMaTuTa, KOTOPbIA JaeT TeppaKOTOBBIM OKpac.

OBCYXIEHMUE

Cpenu o0Opa3noB M3y4aeMBIX IIPOU3BOIACTBEH-
HBIX LIEHTpOB (Tabja. 1) Haubojiee KaueCTBEHHBIMU
OKa3aJNCh OOBEKTHI BOCTOUHOM CUTWILIATHI. JIJTST mx
M3rOTOBJIEHUSI UCIIOJIb30BaIaCh XOPOIIO MOATOTOB-
JIeHHas1 MeJKOAMCIIepCcHas IIMHa. MacTepa npume-
HSIJIM OCOOBIN TEXHOJIOTMYECKUI ITpUeM, UMEIOLINIA

onpenensiolee 3HaYeHUe ¢ TOYKM 3pEHUST COXpaHHO-
CTHU JIAKOBOTO CJI0sI, — no0aBjieHue Oosiee TyroriaB-
KOl M3BECTKOBOI INIMHBI B KEPAMUYECKYIO OCHOBY, UTO
MPeAO0TBpAIllaeT paCTPeCKUBaHUE U OTCIIOEHUE JIaKa B
npoiiecce oxjaxaeHus. JJakoBblii c1oit U3roTaBiIMBaI-
cq U3 elne 06oJee METKOINCITEPCHOM (ppaKIIuy TITUHBI
¢ mobaBlIeHWeM KaJniicomepsKalero mmperapara (Be-
pPOSITHO, KaJMeBOTO TOTallla, COMepXKaIlerocs B 30J1e
paCTeHUI1) IJIsl JIyYIIero OCTeKIOBBIBaHU. XapaKTep-
HBII OTTEHOK JOCTUTAJICS J0OaBIeHNEM IMMUTMEHTa Ha
OCHOBE OKCHJa XeJe3a.

B n3nennsix MOHTUIICKOWM CUTUIIIATHI B 1IEJIOM BbI-
Jep>XaHbl OCHOBHBIE KPUTEPUM KAa4eCTBA, HO B MEHb-
1lIe¥l CTeNeHU B CPaBHEHUM C BOCTOUHOI rpymioil. Ha
XOPOIIIYI0 OCTEKJIOBAHHOCTD JJAKOBOTO CJIOST TIOBJIUSI-
Jio nobaBJieHre Kauiicoaepxaillero npenapara. B He-
KOTOPBIX CITy4asiX aHAJIOTUYHO BOCTOYHON CUTHUILIATE
B COCTaB KepaMUYECKOI OCHOBBI 100OaBsIach OoJiee
TyroruiaBkas u3BecTKoBas rnrHa. OgHako B OTJIMYKME
OT APYIMX PETMOHOB I JOCTUXEHUS XapaKTePHOIO
TEPPAKOTOBOIO LIBETA JIAKOBOTO CJIOS UCITOJIb30BaJIACh
€CTECTBEHHO OXeJIe3HEHHas IinHa 0e3 No0aBIeHus
TTOTIOJTHUTEIBbHBIX KPACSIIUX TUTMEHTOB.

HanMeHee kadyecTBEHHBIMU 0OKa3aJUCh U3OAEIUI
GocIopcKoit curmiuiaTel. It M3roToBIeHUST Kepa-
MUUYECKOM OCHOBBI MCITOJIb30Bajiach Gojiee KPYITHO-
JUCIIEpCHAs TJIMHA, a B JIAKOBOM CJI0€ COXPAaHUJIUCH
YacTUIIBI KBapleBOro Iecka, YTo TOBOPUT O MEHee
Ka4yeCTBEHHOM MOATOTOBKE INIMHSIHOTO ChIpbs. Kpome
TOTO, HEe OBIO TOCTUTHYTO XapaKTEPHOI'O OCTEKIOBHI-
BaHM$ JJAKOBOTO CJIOSI M3-3a OTCYTCTBHUSI B €T0 COCTaBe
cIieuragbHbIX 1o0aBok. He HaOmromaeTcs 3amelBa-
HUS IBYX TUIIOB INIMH, KOTOPOE MOIJIO OBI IIPEIOTBpa-
TUTh PacTPECKMUBAHMUE JIAKOBOTO CJIOSI, YTO TAKXKE Cy-
IIECTBEHHO MOBJIMSJIO HAa €ro CoXpaHHOCTh. OmHAaKoO,
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Ta6mua 1. [TpoekT perenTypbl KpaCHOJIAKOBOM KepaMUKH BOCTOUYHOI, ITOHTUMCKOM M O0CTIOPCKO# CUTUILIATHI

Bocrounas curuiiata | IToHTHiickas curuiaTa Bocnopckas curuniara
=N}
g MenkoaucnepcHas TIIMHA CO CPETHUM Pa3MepOM BKITIOUCHUI
o % 1.8 - 10-3mm> (BocTOUHAA cUTMILIATA), KpynHonucnepcHas miMHa co
E o 1.5 - 10~ mm? (moHTHIiCKAS CUTWILIATA). CpEIHUM pa3MEpPOM BKIIIOUEHUIA
Q o o _
s 0o 3aMelIMBaHUe U3BECTKOBOM M XKeJIe3MCTOM ITMH (4acTo ISt 52.6 - 10~3mM?
Q BOCTOYHO TPYTIIbI, peXe AJIsI TOHTUIICKOA)
(0]
- ~~ v
£ ZE . |IIpeuMyIIeCTBEHHO KBapIeBHIA
ZE D ITpeumyiiecTBEHHO ITpermynieCTBEHHO KBaplIeBbIA DA
@ o . . recok (P®A: 48.2%), nosieBble
= 2 £ |kBapuesblii necok (POA: necok (P®A: 38%) u oneBbie
S, IIITATHI TPYIIIEI ATbOUT—aHOPTUT
o2 CEJ 26.5%) u moieBbIe 1IIAaThI IITIATHI TPYIITHI ATbOUT—aHOPTUT u oproknas (PDA: 19.1 1 7.7%
. . ./ /0
Z2E |(POA:33.5%) (PDA: 31%)
s m o COOTBETCTBEHHO)
=N}
S| o
5 . [110x0 OCTEeKI0OBaHHBIM ¢ TTOpaMM
= OCTeKI0BaHHbIN ¢ peIKUMU
S |Ix . U BKJIIOYEHUSIMU KBaplIeBOIO MecKa
& |XopoLIo oCTeKIOBaHHBII MopaMy U COXPaHUBILIMMUCS
U COXPaHUBIIUMMCS TTMHUCTBIMU
a, IJIMHUCTBIMUA MUHEpajlaMu
§ MUHEpalaMu
N
S|
€ | § 5|/[dob6aBneHue Kanuiiconepkaliero npemnapara (BeposiTHo, He no6aBsiyicst 0CTeKIOBbIBAIOLLIMIA
/M " o o
; % T |KanueBblii moTall, conepXalluiics B 30J1¢ pacTeHUii — pasHMLa  |npenapar Ha ocHose K (pasHuiia
2 g E OTHOCUTEJILHO OCHOBBI COCTaBIIsIeT ~12 Mac. % [J1s1 BOCTOYHOM U |OTHOCHUTEILHO OCHOBBI COCTABIISIET B
2 S S ~5 mac. % 11 TOHTUIMCKOM CUTUILIATHI) cpenrem <0.5 mac. %)
s |8
=138
= Jlo6aBneHue OTcyTCcTBYET NOOABIECHHBI Kpacsiuii nMurMeHT Ha OCHOBE
S £ |>Kene3ocoznepxaliiero KpacsIuii MUrMeHT Ha ocHoBe Fe, | Fe mpucyTcTByet, mpuyem B
E g |mperapara B KauecTse a ISt TOCTVKEHUST XapaKTepHOro | 00JbIlIeM KOJIMYECTBE B CPAaBHEHU U
& £ |murMeHTa (pasHulAa TEPPaKOTOBOTO IIBETA C ¢ IpYTMMM perMoHamMu (pa3HuIa
Q‘ = | OTHOCUTEIBHO OCHOBBI HCIIOIb30BAJIaCh ECTECTBEHHO OTHOCUTETEHO OCHOBBI COCTAaBJISIET
~7 mac. %) okeJle3HeHHasl TIMHA ~11 mac. %)
<
=y
5 = S |Mpenmonaraercs no6asiaeHue GoJee TYTOIUIABKOM U3BECTKOBOIA
5 z g [JIMHBI B KEPAMUYECKYIO OCHOBY C 1LIEJIbIO CPaBHEHUS
2 o S |KO3(hdUIMEHTOB TEMJIOBOrO PACIIMPEHKSI OCHOBBI U JTAKOBOTO
é o é CJI0ST TSI TIPEOOTBPAIICHHST PACTPECKUBAHMS U OTCIIOCHUS JIaKa B
2 C S |mporecce OXTaXICHMs
=
<
o
2w HaumMmenbliiast B cpaBHEHUH C
<
S| BepositHo, coctaBisina OCTaJIbHBIMU PErMOHAMU — B
& 2 pOATEO, B mmanazone 850—900°C P
=RVe) ~1000°C MPOMEXYTOYHBIX 3HAUEHUSIX
= ° unrepsana 500—900°C
=

HECMOTpPsI Ha TO YTO OOCTIOPCKHUE MacTepa He BIAIeNIN
BCEMU TOHKOCTSIMU pabOTHI ¢ KEPAMUUECKIM MaTepH-
aJoM, OHY COOJTIONAIN BU3YaJIbHBIE XapaKTePUCTUKHI
W IIJIST TOCTYDKEHUSI TEPPaKOTOBOTO 1IBETa JOOABIISIIN
KpacsIumif TUTMEHT Ha OCHOBE OKCHIA XeJie3a, TIPH-
YeM B OOJIBIIIEM KOJMYECTBE B CPAaBHEHUHU C IPYTUMM
peruoHaMM.
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Kpowme Toro, omHUM 13 BaXKHENIIINX KPUTEPUEB Ka-
YyecTBa OKa3ajach TeMIieparypa obxura. OnTuMaib-
HBbIE TeMIIEpaTyphl NCIOIb30BAIM MacTepa BOCTOU-
Hol curmuiaTel — okojio 1000°C. B ciyyae moHTUii-
CKOit 1 60CTIOPCKOM KepaMUKH OOXHT IIPOVCXOINI B
0oJlee HU3KOM TeMIepaTypHoM auamna3oHe — 850—900
1 500—900°C coOTBETCTBEHHO.
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SAKJTIOYEHUE

B xome KOMITJIEKCHBIX €CTECTBEHHO-HAyYHBIX UC-
cJIe[IOBAHUI TTOJIydeHa HOBAsI UICTOPUKO-TEXHOIOTU-
yeckag MH@opMalys, CyIIeCTBEHHO pacIIupsIIoliast
MOHUMAaHNe 0COOEHHOCTEM TEXHOIOTHI, XapaKTepHBIX
IJISI TIPOU3BOACTBEHHBIX LIEHTPOB BOCTOYHOI, TTOH-
TUICKOI 1 60CTIOPCKOI cCUTMiUIaThl. BBISIBIIEHBI paHee
HEU3BECTHBIEC JETaI MTOATOTOBKU MUCXOMHOTO ChIPbS
JUIST UBTOTOBJIEHUS KEPAMUYECKUX UBIEIUI C KpaCHBIM
JIaKOM, OOHapyXeH1e KOTOPHIX ObLIO HEBO3MOXHBIM
0e3 MpUMeHEeHUsI €CTECTBEHHO-HAYYHOT'O MOIXO0/A.

PesynpraThl McCIenoOBaHWI TTO3BOIUIN BEIICTUTD
KpUTEepUU KayecTBa U3AEIUN, PEKOHCTPYHUPOBATh
WCTOPUYECKUE PEeLENTyphbl U OXapaKTepru30BaTh TEX-
HOJIOTUYECKUI YPOBEHB KPYITHBIX TTPOU3BOICTBEHHBIX
LIEHTPOB BOCTOUHOM CUTUJUIATHI U OoJjiee TOKAJIbHBIX
IMTOHTUHCKUX W GOCITOPCKUX MAaCTEPCKUX.

BBIBOABI O TEXHOJOTMYECKUX TTpUEMax, UCIOJIb-
3yeMBbIX MacTepaMy Pa3sIUIHBIX PETHOHOB, XOPOIIIO
COIIACYIOTCS C UICTOPUYECKUM KOHTEKCTOM. TexHuKa
M3TOTOBJIEHUSI KPACHOJaKOBOI KEpaMUKU 3apOau-
JIJach UMEHHO B BOCTOYHBIX pernoHax (Cupusa u Ma-
Jast A3usl) U Jgajee Tojayvusa pacipocTpaHeHUe KakK B
KayecTBe SKCIIOPTHOM MPOAYKIINH, TaK M IMIpoodpa3a
JUTSI BOCIIPOM3BENEHUS B JIOKATbHBIX TIPOU3BOACTBEH -
HBIX LIEHTPaX, OMHUMU U3 KOTOPHIX ObLIIM MacTepCcKue
0OCIOPCKOM U MOHTUICKON curnwiaiatel. HecMoTps
Ha TO YTO B LIEJIOM UX Ka4eCTBO HUXKE, OTMETUM, YTO
MacTepa — MPOU3BOAUTENIN MOHTUMCKON CHUTHILIA-
Thl — CMOTIJIU COOJIIOCTH MPAKTUIECKU BCE ITapaMeTphl,
BaxkHbIE ¢ TOUKM 3peHUs KadyecTBa uzaeausi. OgHako
6ocrropckasl TpyIa OTCTaeT 10 COOMIONEHUIO TEXHO-
JIOTUYECKUX MapaMeTPOB, UTO CYIIECTBEHHO CKa3aJoCh
Ha COXpaHHOCTH MU3AEUIN 1 MX BHEITHNX XapaKTepH-
ctukax. JJaHHbIi ¢dakT elle pa3 MoATBepXKAaeT TUI0-
Te3y BO3BHUKHOBEHUSI OOCHOPCKOM CUTUIIIATHI KaK
“UMITOpTO3aMelleHNST” TPOAYKIIUN KPYITHBIX IIPOU3-
BOJICTBEHHBIX LIEHTPOB, COOOIIIEHUE C KOTOPHIMU OBLIO
HEIOCTYITHO M3-3a OJIOKaIbl PUMIITHAMU YepHOMOP-
CKHUX MPOJMBOB B XoAe BoiitH Mutpuaara EBmartopa ¢
Pumom.

PabGora BeITTOTHEeHa npu noaaep:xkke Poccuiickoit
®enepannu B e MuHo6pHaykn Poccun B paMkax
CornameHus: o IpeaoCcTaBIeHUN U3 (enepaabHOTro
OromkeTa rpaHTa B popme cyocumun Ne 075-15-2023-
010 ot 21.02.2023 (15.CMH.21.0024).
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ON THE TECHNOLOGY OF PRODUCTION OF ANTIQUE RED-GLAZED
POTTERY (BOSPORAN, PONTIC AND EASTERN SIGILLATA)

A. V. Mandrykina?, D. V. Zhuravlev*?, P.V. Guryeva?, E. S. Kovalenko?,
O. A. Kondratyev’, D. N. Khmelenin’, E. Yu. Tereschenko®*, E. B. Yatsishina“

9 National Research Centre "Kurchatov Institute”, Moscow Russia
bState Historical Museum, Moscow, Russia
*e-mail: elenatereschenko@yandex.ru

Abstract. A comprehensive study of antique red-glazed pottery fragments (terra sigillata) belonging
to the Pontic, Bosporan and Eastern groups has enabled the identification of distinctive technological
characteristics of the slip layer and ceramic mass. The Eastern sigillata samples exhibited superior
technological characteristics. The small size of the pores and inclusions is indicative of the utilisation
of finely dispersed clay. Furthermore, the presence of a mixture comprising two distinct clay types was
identified: a ferrous clay and a more refractory calcareous clay. The particular and likely meticulous
preparation of the clay suspension for the slip layer production was indicated by the addition of a
potassium-containing preparation, presumably potassium potash, to enhance the glazing of the layer,
as well as an iron-containing pigment, probably ocher. The samples were fired at a temperature of
approximately 1000°C. Pontic sigillata products were distinguished by the addition of potassium potash
in accordance with Eastern techniques and the absence of a specially added pigment in the varnish
mixture. The firing temperature was lower, falling within the range of 850—900°C.
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