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I'unsHas mocyna HeoJIMTa-3M0XH paHHero MeTtasia kQxuoro lpunagoxna:
MHHEPAJI0ro-reoOXuMnyeckne XapakTepucTHKHU, TEXHOJIOT Ul U3TOTOBJICHHSA
U (pyHKIHOHATbHBIE 0CO0EHHOCTH HUCTIO0Ib30BAHUSA

Pottery from Neolithic-Early Metal Age sites of the southern part of Ladoga Lake
basin (North-Western Russia): mineralogical and geochemical characteristics,
technology and functional features

HccnenoBannsi MUHEPAIOTHYECKOTO M XMMHUYECKOTO COCTaBOB (POPMOBOYHBIX MacC, TEXHOJIOTHU
M3TOTOBJICHHS M (YHKIMOHAIBHBIX OCOOCHHOCTEH JpeBHEH KEpaMHKH 30X HEOJIHTa — PaHHEro MeTaia
(42002200 et mo H.3.) Ha mamsTHUKaX HOxuOTO [Tprmagoxes (Oxra 1 u [logonse 1) ObTH IPOBENEHEI C
MIOMOIIBIO HECKOJIBKHUX aHAJTMTUYIECKUX METOIOB (PEHTI€HOCIIEKTPalIbHBIH (ryopecueHTHbIN aHanmu3 (XREF-
WD), ckaHupyro1I1as 3IeKTPOHHass MUKpOcKonus ¢ Mukpo3oHaoM (SEM-EDX), nerporpaduueckuii aHamms,
m-CT, onpenenenue crabmibHbIX n30tonos §°C, §"°N B MHIEBOM Harape 1 ONpeeNeHre BO3pacTa Harapa
METOIOM PAIHOYIIICPOAHOTO JATUPOBAHUS), UTO ITO3BOJIMIIO OLICHUTH U3MCHEHHMSI, KOTOPHIE IIPOMCXOJIIIH 3a
9TH MEPHOJIBI B BHIOOPE CHIPHEBBIX PECYPCOB B CBSI3U C U3MEHEHUSIMH KYJIBTYPHBIX TPAIUIUIA U MOSBICHUSL
HOBOTO HACEJICHHs, KIMMAaTHYECKUX (DAKTOPOB M JAOCTYIHOCTH PECYPCOB, @ TAKKE YCTAHOBHTH (DYHKIIMH
HCIIOJIb30BAHUSI PA3IMYHBIX THIIOB COCYZIOB. BBIZENICHO HECKOJBKO IPYII KEPAMUKH HEOJIUTA M PAHHETO
MeTaJuia, KOTOpbIe pa3iIMyaloTcs 1Mo COCTaBy (POPMOBOYHBIX MAacC, a TAK)KE HECKOJIBKO IPYIIIT MOCY/IBI C MPH-
MeChI0 acOecTa, KOTOpble OTIMYAIOTCS 10 MHHEPAJIbHOMY COCTaBy acOecTa.

We examined mineralogical and geochemical compositions of ceramic pastes, technology, and
functional features of ancient pottery of Neolithic-Early Metal Ages from Okhta 1 and Podolye I sites in the
Southern part of the Ladoga Lake basin using analytical methods (XRF-WD, SEM-EDX thin-section analysis,
m-CT, the stable isotope analysis (613C, 615N) of charred food crusts, radiocarbon dating) that provided to
assess some changes in choose of raw sources connected with cultural traditions and the appearance of new
people, environmental factors as well as the functional use of pottery in these periods. Several groups of
pottery for the Neolithic and Early Metal Age were determined following their ceramic paste compositions
and several groups of asbestos ceramics were divided on asbestos mineralogical composition.

[ToGepexne FOxnoro Ilpumanoxest (ceBepo-3aman Poccun) BriepBble OBIIIO 3aceieHO
JIPEBHUMH JIIOJIBMH B TIEPHOJT ME30JINTA TTOCIIE OCBOOOKACHHSI TEPPUTOPUH OT TIociietHero Bai-
JTAliCKOTO JIeTHUKA B Havaste rosonena. [lepuon pannero Heonuta (6—5 ThIC. 10 H.3.) TIPECTABICH
HapBCKOW, CIEPPUHIC U SMOYHON KyJIBTYPHBIMH TpaauusiMu. Hocurenn nocyabl THITHYHOH rpe-
OeHuJaToll M SIMOYHO-TpeOeHYATOH (KapeslbCKOi) KyJAbTYPHBIX TPAIHUIUHA CPEJHET0 HEOJIHUTa I10-
SIBIINCH Ha 3TOU Tepputopuu B IV ThIC. 0 H.3. B HacTosmee Bpemst Hanbosee MOJIHO U BCECTO-
POHHE HUCCIIEA0BaHbI 1BA MHOTOCIONHBIX apXEOJIOTHUYECKUX MaMATHUKA Ha Tepputopuu FOxHOro
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[punanoxss: OxTa 1, B KOTOPOM XPOHOJIOTHYECKH MPEACTaBICHa KepaMUKa 30X HEOIUTa-paH-
Hero MeTtayia u crostHka [logonbe I, Ha koTOpOIt OblTa 0OHApYkeHa IMIHHAHAS TOCy/a, UMEIoIIas
CXOJICTBO MO MOP(OJIIOTHYECKHM U THUITOJIOTHYECKUM MPU3HAKAM C KOJJICKIIMEH TOCY/IbI ¢ TIocelie-
uust Oxra 1 [Gusentsova, Kulkova, 2020].

[Tocenenne Oxra 1 pacrmoioKeHO Ha TIECYAHOM MBICY, OOpPa30BAHHOM IPU CIHUSHUH
p. Oxta u HeBbl. KynbTypHBIE oM 30X HEOJIHTa — PaHHEro MeTaija, CJIOKEHHBIE MecyaHo-
QICBPUTOBBIMH OTJIOKECHUSIMU, ObLIM OOHApY)XEHBI TI0Jl TOPH30HTAMH OTJIOKEHUIH Kpenocrten
Jlanackpona (XIII B.) u Huenmrann (XVII B.). B HmkHEM KyJIBTYpHOM c€JI0€ in Situ COXpaHWINCh
OCTAaTKH MHOTOUYHCIICHHBIX JE€PEBAHHBIX KOHCTPYKIMH, CBSI3aHHbIC, B OCHOBHOM, C NPOMBICIIO-
BOW JICATEIBHOCTHIO HEOJMTHUYECKOTO HACENICHUS, HOCUTENCH KYJIBTYphl IrpeOeHUYaro-sIMOYHOM
1 AMOYHO-TpeOeHUYaTON KepaMHUKH. DTO HaceleHHe aKTHBHO OCBAaHMBAJIO CYIIIECTBOBABIIECE 3ECh
nodepexbe apeBHero 3anuBa bantuiickoro Mopsi, HaurHas ¢ IV Teic. 10 H.3. [Tocine HekoToporo
nepepsIBa, CBI3aHHOTO ¢ U3MEHEHHEM pPeXMMa BOOEMa, B TMOXY HHEOJUTA (paHHETO MeTaa)
Ha TEPPUTOPHH ITaMSITHUKA 3a(HUKCUPOBAHBI CIIE/IbI TPEOBIBAHNS HACEITICHUSI C IIMHSIHOW MTOCY0MH
yKpallleHHOW TpeOeHYaThIM OPHAMEHTOM C IPUMECHIO B TIIMHSHOM TECTE OPraHUKH M acbecTa
[Copoxun u ap., 2009].

Crosinku [lomonse 1-3 pacronoxeHbl B 4 KM OT HKHOM Tpanwuibl JIagoxkckoro ozepa B
Oacceiine p. JlaBa. Ha crosinke I[logonbe 1 BbIsiBICHBI J1Ba KYJIBTYPHBIX TOpH30HTa. [1epBbIil Bepx-
HUI KyJTBTYPHBIN CJIOH CIIOKCH TIECYaHBIMU OTIIOKCHUSMH, IO HUM OBLIT OOHApYKEH TOP(SHOM
TOPU30HT, COAEPX AIIUI BTOPOM KyJIBTYPHBIN CJIOH C XOPOIIO COXPAaHMBIIMMHUCS JIEPEBIHHBIMU
KOHCTPYKIUSIMH. B 9T0ii 30HE 00HApYKEHBI YHUKAIbHBIE KOHCTPYKIIMH JICPEBSHHBIX PHIOOJIOBHBIX
JIOBYILIEK DIIOXM HeoynTa. PaHee aHajsorMuHble MOCTPOMKM ObUTM HalineHbl Ha crosHKe OxTa 1
[Copoxun u ap., 2009; Kynskosa u ap. 2010]. Haxonku kepaMuuecknx, KAMEHHBIX, KOCTSHBIX U
JICPEBSHHBIX MMOCTPOEK OTHOCATCS K Pa3HBIM JINTOJIOTUYESCKHM TOPU30HTAM: NTECYaHO-aJIEBPUTO-
BBIM UM TOP(siHBIM. [TIMHsIHAS TTOCY/a, KaK MPaBHJIO, COIEPKUT OPraHMYECKHE MTPUMECH, acOecT
W yKpalleHa IITaMIIOM B BHJIE TpeOEHYATOro OpHaMEHTa M sMOK. B cioe Topda oOHapyKeHbI
YEperky C SIMOYHO-TPeOCHYATHIM OPHAMEHTOM, SIHTAPHBIE TTOJIBECKH, OPYAMS U IIeTa U3 KPEMHs
1 KBapla, Tecaa PyccKO-KapeIbCKOTO TUIIA.

AHan3 MUHEPAJOTHYEeCKOro U XMMHUYECKOTO COCTaBOB (DOPMOBOUYHOI MacChl TIIMHSHBIX
U3JICIUH, a TAKXKE U3YUCHUE YCIIOBUI OOKUTa APCBHEH KEPAMHUKH JacT IICHHYI0 HHPOPMAIUIO 00
YCIIOBUSIX ObITa, TPAIULMSAX M KYJIbType APEBHEro HaceleHus. VccnenoBaHns KepaMUKH AIIOXH
HeoJMTa-3HeonuTa Ha namsaTHUkax Oxta | [KynbkoBa, I'ycennosa, 2012] u Ilogonse I garot Bo3-
MOYKHOCTh OLIGHHUTh M3MEHEHHsI, KOTOpPhIE MPOUCXOIMIN 3a 3TH MEPUOIBI B BEIOOpPE CHIPHEBBIX
PECYPCOB B CBSI3M C M3MCHEHUSAMH KYJIBTYPHBIX TPaJUIMH U TOSBICHUS HOBOTO HACEICHUS, KIIU-
MaTHYeCKUX (pakTOpPOB M JOCTYITHOCTH PECYPCOB, & TAKIKE YCTAHOBUTH (DYHKIIMU MCIIOJIB30BAHUS
Pa3IMYHBIX THIIOB COCY/IOB.

AHanu3 KepaMUKH TIPOBOMWIICA pa3IUYHBIMU aHanuTHdeckuMu Meromamu (PCOA,
CKaHMPYOIIas 3JICKTPOHHAS MUKPOCKOIUS ¢ MUKPO30HIIOM, TTeTporpaduuecKiii aHaim3, MUKpO-
ToMorpadusi, onpeesieHre cTabuIbHBIX H30TOMOB (3'3C, 3'°N) B MUIIIEBOM HArape U orpe/eicHue
BO3pacTa Harapa MeTOJOM PaJHOyIIEPOIHOro AaTHpoBaHus). TpuanaTs oOpas3ioB oT (parmMeH-
TOB COCY/IOB Pa3/IMUHBIX KYJBTYPHBIX TPaJUIMH OBUIM MCCIIEIOBAaHBI METO/IOM IeTporpadudec-
KOro aHanu3a. B merporpaduyeckux nummdax onpeiessuiich pa3iniyHble XapaKTepUCTHKN Kepa-
MHYECKOTO MaTepHala: MPUPoa U XapaKTepPUCTUKH HETJIACTUYHBIX BKIIOUCHUH (MUHEpaTbHBIN
cocTaB, TPOLEHTHOE COZIEPIKaHUe, pa3Mepbl, Gpopma, pacnpeesieHHe U OPUCHTAIINS OTACIBbHBIX
YaCcTHI]); TEKCTYPHbIE M ONTHYECKHE XapaKTEPUCTUKHM MIIMHUCTOW MaTpHIBI (JIBYIIpEIOMIICHHE,
1BeT); hopma, KOJTUUCCTBO M OPUCHTAIUS MyCTOT. MUHEPAIbHBIA COCTaB KEPAMUYCCKOM MaCThI
(TepMHUYECKHE TTEPEX0/Ibl PA3IMYHBIX MHHEPAIBHBIX (ha3) TaKkiKe ITO3BOJISET ONPEACIUTh NPUMEp-
HYIO TEMIIEpaTypy W yCIOBHs OOXKHTa IIMHSIHOTO n3Aeins. [loHnManne npupoabl 3TUX MpoLec-
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COB MOXKET 6BITI: Ba’XHBIM JIJI HAIETO 3HAHUS O IMPOIIJIOM, 0COOEHHO B OTHOIIEHNH UCTOYHHUKOB
MHUHEPAJIBHOTO CBIPbsS, IPOCTPAHCTBEHHOTO PACIIPECICHUsI CBsI3ei, ClIeHUalN3auy MPOU3BO/I-
CTBEHHBIX TEXHOJIOTHUH U Pa3BUTHA TEXHOJIOTMYECKOTO ITpoLecca.

[Merporpaduueckne vccineaoBaHus IPOBOAMINCH C UCIIOIB30BAHUEM MOJSIPH3ALMOHHOTO
Mukpockomna Leica DM4500 P, ocHamenroro mudposoit kamepoii Leica DFC 495 ¢ 8-mn CCD,
npeiHa3HaYeHHOM ISl OBICTPOTO MONTYUYSHHUST M300paKEHHH C BRICOKMM pa3pelieHHEM.

OmnpereneHne XMMUYECKOTO COCTaBa KEPAMUUECKUX 00pa3lioB B Pa3IMYHBIX TOUKaX I10-
BEPXHOCTH U MMOCTPOCHHE F€OXMMHUUECKUX KapT MO Pa3HBIM JJIEMEHTaM ObLIO MPOBEICHO C I10-
MOIIBIO 3JIEKTPOHHOTO cKaHupytoiero mukpockona (SEM-EDX) Hitachi S-3400N.

Hexoropble TeXHHYECKHE XapaKTePHCTHKH 00pa3lOB KEPaMHKH, TaKHE KaK OTKpBITas,
3aKphITast U 00Iasi IOPUCTOCTh, OBUIM MOAYYCHBI MeTo oM MuKpoTomorpaduu (m-CT, ScyScan
1174). C moMoIIbi0 3TOro MeToja Takke Obuta mpoBeaeHa 3D BU3yanu3als MOPUCTOrO MPO-
CTpaHCTBa, KOTOpas IO3BOJIMJIA PEKOHCTPYHPOBATh BHEUIHWH OOJHMK BKIIOYCHHWH (PacTHTEINb-
HOCTb, OCTaHKHN HACECKOMbIX, PAKOBUHBI, Hepo), KOTOPLIC 3aIIOJIHAJIN ITOPBI U pa3JIOKHUIIUCH B IIPO-
ecce 00XkHura.

Bospact kepaMuk# ObUT yCTAHOBIICH METOOM PaIvOyINIEPOAHOTO NaTHPOBAHMS IHIIE-
BOTO Harapa co CTeHOK cocynoB. OmnpezesneHue (yHKINOHAILHBIX CBOWCTB MOCYIBI M XapakTep
UM, KOTOpasi TOTOBMIIACH B HEM, ObIJIO YCTAHOBJIEHO Ha OCHOBE COJIEPIKaHHsI CTaOMIbHBIX H30-
toroB (6'°C, 8'°N) B nuIIieBOM Harape ¢ moMoIipo Macc-criekrpomerpa (IRMS Nu-Instrument).

IIJ'IH BBISABJICHHUA UCTOYHUKOB ChIPbSA, KOTOPBIC MOITIU UCIIOJB30BaTHCA JJId U3TOTOBJICHUSA
KEpaMUKHU, OGpaSHLI IJIMH U CYITIMHKOB 6I)IJ'II/I OTO6paHI)I U3 BBIXOJO0B ITIMHUCTBIX OTJ'IO)KeHPIfI,
PacioJIOKECHHBIX B IpE€ACIaX pa3JIMIHbIX PACKOIIOB Ha MaMATHHUKaX. XHUMHWYECKHUH COCTaB TJIaB-
HBIX TIOPOJJ000PA3YIOINX OKHUCIIOB U MUKPOAJIEMEHTOB 00pa3IoB KEPAMUUECKUX (ParMeHTOB M3
Pa3HbIX TPYIIII, BBIICJICHHBIX Ha OCHOBE NETPOTrpaduuecKoro aHasamu3a, ObLI ONpelelieH BMECTE C
00pa3iaMu TIMH METOIOM PEHTICHOCHIEKTPaIbHOro (uiyopeciieHTHOro aHaim3a (12 o0pasios)
(XRF-WD Crnexrpockan Maxkc).

Ilo JaHHbIM HeTporpa(queCKoro aHaJin3a MOXHO BBIACIUTH HECKOJILKO I'PYIIII, XapaKTe-
PUBYIOIHNXCA pa3siIndYHbIM COCTAaBOM KepaMI/I‘IeCKOﬁ IIaCThbl U OTOLUTECIISIMU.

ITocyna snoxu HeonuTa (rpymmna ) BKiIto4aeT gBe rpynIbl KEpaMUKH, KOTOPbIE OTJINYAI0T-
CA 110 OpHaMCHTalUX Y TCXHOJIOTUU U3TOTOBJICHUS. B xauecTBe OTOLIUTECIISA B COCTaB q)OpMOBO'-I-
HOM Macchl KEpaMUKHU obenx Ipynil BXOAUT ApE€CBa MarMaTU4€CKUX Mopo/, MN€COK U, B HEKOTOPHIX
cityyasix, nepo.

I. 1. IlepBas rpymnma BKJIFOYaeT COCY/Ibl, OPHAMEHTHPOBAHHbIC KPYIJIBIMU, OBAILHBIMU MITH
poMOHUecKoil HOpMBI IMKaMH U psilaMu rpedeHYaroro mramma. KepaMuka H3roToBiacHa U3 TIUH
THIPOCIIIOANCTOTO WIIM CMEKTUTOBOTO COCTaBa (TOIIMX ), KIACTHUECKOTo Mareprania — 25 % c pas-
Mepamu yroBatsix 3eper 0.6—0.12 MM crleayromero cocraBa: KBapli, MoJjeBoi miar, aMmpuoo.
B kadecTBe OTOIMIMTENSI UCMOIB30BANIACH JIPECBA KPUCTAIMYECKUX MOPOJ (TIarHOrpaHuThl —
KBapll, CEPUIUTU3UPOBAHHBII OPTOKIIA3, MUKPOKINH, 0MoTUT) — 15 %. Pasmep obmomkoB — 1.5~
3 mm. [Topucrocts 2 %, TOpbI U3BUIKCTOM U BHITAHYTOH (opmbl pazmepoM oT 0.1 10 2 Mm. Tem-
nepatypa ooxura 600—650 °C, 00U KOCTPOBOH, B OKUCIIUTEIIbHOU cpezie. It CoCymoB Takoro
Tumna ¢ namatauka Oxra 1 momydens! aatel o Harapy 4066—-3495 u 3995-3640 net 10 H.3 (2 o)
[CopoxuHn u ap., 2009; Kulkova et al. 2014].

I. 2. Bropas rpynna kepaMHKH IMPEACTaBICHA COCYIaMH, KOTOPbIE YKpAllleHbI SIMOYHO-
rpeOeHYaThIM OPHAMEHTOM, TONIIHHA CTCHOK — 7—10 MMm. [Tocyna u3rotoBieHa U3 TIHWHBI TH-
POCITIONIMCTOTO COCTaBa WJIM MHOTJIA CMEUIAHHBIX IVIMH, KOTOPBIC BKIIOYAIOT CMEKTUTOBBIE OXKe-
JIe3HeHHbIe (>KUPHBIC) TIUHBI U THAPOCIIOAUCTHIE (Tomue) rmuHbl. CoaepikaHue KIacTHIeCKOro
Marepuana — 10—45 %, oH npencTaBieH 3epHAMHA MYCKOBHTA, aBI'UTA, KBapIia, MOJIEBOTrO IIaTa ¢
pasmepamu 3epeH 0.06—0.09 mMm. B xaduecTBe oTOINTENS B 3TON TPyIIE KEPAMUKH HCIIOIB3YETCs
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mepo (30 %), pasmep BKIFOYCHUI 1—2 MM, HEKOTOpPBIC BKITFOUCHHS BBITOPEIH HE MOTHOCTHIO H
ocTaJiuch OOYyITIEHHBIE YacTHIBI, W KBapI-ToJeBommnarTosbiid necok (10 %) ¢ pazmepom xopomo
OKaTaHHBIX 3epeH 1-2 MM. B oTIebHBIX ciIydasx BMECTO Necka MPUCYTCTBYET JApecBa KPUCTa-
JIMYECKUX TOPOJ (TIIarHoT paHUThI, THEHCHI, MUKPOKIMHOBEIE TPaHUTHI) — 15 %, pazmeps! 0010M-
koB 1—1.5 MM. Cocyabl UMEIOT BBICOKYIO MOPUCTOCTH (30 %), OPHI U3BMIIMCTOI U BBITSHYTOH
¢dopmer pazmepom ot 0.1 1o 2 mMm. Tlopsr 0oOpa3oBanvck B pe3yiabTare HEMOTHOTO BHITOPAHHMS
opranmdecknx BkmoueHUH. Temmeparypa ooxura cocrasmia 600—-650 °C, 06KHUT KOCTPOBOH, B
okuciuTenbHol cpene. Jst cocyna c I[Tomomnbst I, B KOTOpOM B KauecTBe OTOLUTEIISI BXOJIUIIA Ipa-
HUTHAS ApecBa, Jara 1mo Harapy — 3783-3363 met mo H.3. (2 o).

ITocyna snmoxu mo3aHero HeolMuTa-paHHero Metauia (rpynmna II) BkiarouaeT HECKOIBKO TH-
TIOB TIOCY/IBI:

II. 1. TTocyna TonkoctenHas (7 Mm). Cocybl yKpalleHbl pa3psHKeHHBIME PsiIaMH HeTITy0o-
KHX OBJIBHBIX SIMOK HJT OTTHCKOB I'peOCHYATOr0 ITAMIIa, BEHYMKH TIPSIMBIC WM CJIETKA 3arHyThI
BHYTpPb ¥ OPHAMEHTHPOBAHBI KOPOTKUMH HACEUKaMH MM IITaMIIOM. Ha MoBEpXHOCTH HEKOTOPBIX
COCYJIOB TaK)X€ 3aMETHBI CJIEbl 3arlaKUBaHKs TpedeHuarsiM mramrnoM. Cocynbl KpyITHbIE anua-
meTpoM 30-60 cm. Kepammka m3roToBieHa W3 TIIMH CMEKTUTOBOTO cocTaBa (Tommx). Kimactuue-
ckuii marepuan coctaBnsieT 20 %, mpencTaBieH 3epHaMd MYCKOBHTA, KBaplia, MIarnokia3a pas-
MepoM 0.06-0.09 mm. OTtommTens IpecTaBlIeH OpraHUuecKUM BEIIECTBOM (ITyX+Iepo WIIH U3-
MeNBYCHHAS PACTUTENBHOCTE, 45—70 %). [Topuctocts 40 %, OpBI 00pa30BaHCh B pe3yIbTaTe BHI-
ropaHusi OpraHuYeCKuX BKIrOUeHUH. O0xur kocTpoBoii pu 600—650 °C. J{i1st 0JJHOTO U3 COCYIOB
9TOTO THIIA TIOJTyYeHa Aata 1mo Harapy — 2702-2191 ner go 1.3. [CopokuH u ap., 2009; Kulkova et
al. 2014]. Kepamuka, Haiinennas Ha crosiHke [lomonbe I, xapakrepusyercst 100aBKOI H3MeIIBIEH-
HOH PacTUTEIBEHOCTH U KBAapIIEBOTO IeCKa, KOTOpble ObIIN BBENCHHI B (hopMOBOUHYIO Maccy. Tum
pacTeHust ObLT OIPEJIEIICH ¢ MOMOIIBI0 MUKpOoTOMOrpaduu kak ocoka (sedge Carex gen).

I1. 2. Cocynsl ¢ mpuMechio acbecTa UMEIOT cJIeTKa MPUKPHITYIO WK NpsMyto Gopmy ana-
metpom 30-50 cm. Kepammka, kak mpaBmiio, TOHKOCTeHHAs (7 MM), TToTHas!, 0€KeBOT0, TEMHO-
KOpPUYHEBOTO 11BeTOB. Ha 00JIbIIMHCTBE BEHUMKOB MIMEETCSI OpPHAMEHT B BHJIE OTTUCKOB TpebeHYa-
TOTO LITAMITA HJIH HETIIYOOKHX SIMOYHBIX BAaBiIeHNH. OpHaMEHTaJIFHOE MTOJIE COCY/IOB YKPAIIEHO
HAKJIOHHBIMH OTTHUCKaMH Ipe0EHYaToro MmTamia, 00pa3yroliero BepTUKAIbHbIN 3Ur3ar Win reo-
MeTprueckui y3op. ist cocynoB no Harapy ¢ namsiTHuKa Oxrta | ImoydeHsl clieyIomune 1aThl:
3364-2871 ner no H.3.; 2580-2031 net mo H.3. (2 of) [CopokuH u np., 2009; Kulkova et al. 2010].
['pynma kepamMuKH ¢ IPUMECHIO acOecTa BKJIIOYAET HECKOIBKO MOATPYII, KOTOPhIE Pa3IHYaloTCs
TI0 TUITY acOECTOBOTO OTOIIUTEIIS: CEPIICHTHH, CEPIICHTU3NPOBAHHBIN (DOPCTEPUT, AKTHHOIIHUT, aH-
TOUILUTNT, TaIbK. Takxke B Ka4eCcTBE OTOLIUTEISI MOTJIN UCIIOIBb30BaThHCS IAMOT M recok. [1o cocy-
Iy, B Ka4ECTBE OTOLIUTENSA B KOTOPOM HCHoNb3oBaics acoect — Tpemonnt (Ca,Mg,(OH),[Si,0, 1)
co crosHkH [Tomonbe I, monmydena gara mo Harapy — 3715-3483 net no u.3. (2 o).

II. 3. I'pynna BKIrOYaeT KepaMHUKy, ODHAMEHTHPOBAHHYIO B PAa3IMYHON TEXHUKE: SIMOUHAs,
rpeOeHYarTast ¢ y30pOM B BHUJIE «EJIOUYKH». B 3TONH TEXHONOrMYECKOW TIPYMIIE MMEETCS IIIOCKO-
JIOHHBIH cocys 0e3 opHaMEeHTa M TOJICTOCTEHHas KepaMHuKa, YKpalleHHasi OTTHCKAMH CETKH, Ha-
HECEHHOH 110 TKaHU MIMPOKUM TpeOeHYaThIM mTaMiioM. Kepamuka n3rotoBieHa U3 IIMH CMEKTH-
TOBOTO cocTasa (Touue), conepxkamux 30 % KmacTudeckoro Marepuana, KOTOPbIA MpeacTaBieH
KBapIeMm, IIaruokiIasoM, am¢puodonom ¢ pasmepom 3eper 0.06—-0.2 mm. B xadyecTBe orommTemns
npuMeHsunch: 1) mepo, myx (45 %), pa3Mep BKIIOYCHHH |1—2 MM, HEKOTOpBIC BKIIIOUCHHS BBI-
ropeJid He IOJHOCTBIO, OCTAINCh OOYIVICHHBIE YacTHUIbI, 2) KBapI-TOJICBOIIIATOBBIA IECOK
(10 %) ¢ pa3zmepom xopommookaranHbIX 3epeH 0.5—1 mm; 3) mamor (10 15 %), B BUIE OKpyIIBIX
BKJIFOYCHHI, BEPOSITHO, TIPEJICTABICHHBIX JPOOICHON KepaMHUKOH TOTo e COCTaBa C pa3MepoM
3epeH 0.5—1 mm. [Topucrocts 40 %, TOPBI U3BUIIMCTOM U BBITAHYTOH hopmbl pazmepom ot 0.1 1o
0.7 mm. ITopsr 0Opa3oBanIuCh B pe3yiabTaTe HEMOIHOTO BBHITOPAHHS OPTaHMYECKUX BKIIFOUCHHI.
Temneparypa o6xkura 650700 °C, 06XHUT KOCTPOBOH, B OKUCIUTEIHHOI cpefe.
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Kpome Toro, /U1t HEKOTOPBIX THIIOB (POPMOBOYHBIX MacC MIMHSHOMW MOCY/bI, HalIEHHOM
Kak Ha ctostake [lomonbe I, Tak 1 Ha mamsaTHHKe OxTa I, XapakTepHO MPUCYTCTBHE APOOICHO# pa-
koBuHBIL. Cocyx co crosHku [lofonke, copepxaniuii IpoOIeHyI0 paKOBHHY U IIAMOT, 1aTUPYETCS
3695-3365 net mo H.D.

[TonyueHHbIe pe3ysIbTaThl MO XMMHUUECKOMY COCTaBy OOpaslOB M OTIIOKEHHH ObUIM 00-
paboTaHbl METOAAMHU MaTeMaTHYECKON CTaTUCTUKU. DaKTOPHBIN aHaINn3, METOJI TVIABHBIX KOMIIO-
HEHT, TTO3BOJIWJI BBIJICITUTh TPYIIITBI 00pa3IoB, Hanbosee OIM3KKeE 110 COCTaBy Ha OCHOBE MEPBBIX
2-x (haxTopoB. BeposTHO, T U3TOTOBJICHHSI KEPAMUKHU C MUHEPAIIbHBIM OTOIINTEIEM (JJPECBOH)
HCTIONB30BAINCH CYTIIMHKH THAPOCIIOAUCTOTO COCTaBa U3 MOWMEHHBIX PEYHBIX OTIOKEHHH, KO-
TOpBIE 3aJIEeTaloT B HIKHUX TOPU30HTAaX OTJIOKEHUHN Ha MaMATHUKaX. /{71 H3roToBIEHUS KepaMu-
KU C OPraHUYECKUM OTOIIUTENEM (PaCTUTEIBHOCTD, IyX, Mepo) ObUIN MCIIOIB30BAHbI CYTIIMHKH
n3 0oJiee BBICOKUX TOPH30HTOB, KOTOPBIE CIIOKEHBI CMEKTUTOBBIMHU IIMHAMH. [10 MUHEpaIbHOMY
COCTaBy TIIMHHUCTOE CHIPbE TAaK)Ke MOKHO Pa3AeNUTh Ha 2 THUIA: THIPOCTIOAUCTOTO U CMEKTHTO-
BOro cocrasa. [IpeoOnasanue TIMH THIPOCIIOIMCTOTO COCTaBa XapaKTepHO JJIsl KEPaMHUKH He-
OJIUTUYECKOTO TepHuosia. B 3TOT mepuoa B kepaMuKe UCIONB3YeTCS MHUHEPAIbHBINH OTOLIUTENb,
KOTOPBIW TIpe/CTaBiIeH J100 APECBO MarMaTHYeCKUX M OCAJOYHBIX KPUCTAJUIMYECKUX TOPO/,
nbo meckoM. B kadecTBe Marepualna /sl OTOLIMTENS MCIIOIb30BAIMCH BATyHbI KPHCTAILINYC-
CKUX TopoJl (MIaruorpaHuThl, TPAHUTHI) JISJHUKOBOTO T€HE3HCa, KOTOPhIE ObUIM Pa3apOOIIeHBI
JIO COCTOSTHUSI APECBBI M MPOCESIHBI, M MECOK C Iuiska. 110 JaHHBIM paguoyrIepoHOTO TaTu-
POBaHUS OCTATKOB YIS M3 CIIOA C KEpaMHUKOM Takoro THMa, a TakkKe Harapa ¢ KepaMHUECKHX
COCY/IOB, 3TOT KOMIUIEKC TIIMHSIHOMN MOCYIbl MOXKHO OTHECTH K mepuoay 4066—3495 ner no H.5.
B 310 € Bpemsi mpoucxoaut (GOpMUPOBAHKE MPOTOYHBIX BOJHBIX ITOTOKOB C TIIMHUCTBIMHU OT-
JIO)KEHUSIMH, OOraThIMM THAPOCITIOANCTEIMA MUHEpaJaMi, KOTOPhIE MOIIIM MCIIOIb30BaThCS IS
nzrotoBneHus nocyas! [Kymekosa u ap. 2010]. ApyruM HMCTOYHHKOM SIBISIFOTCS CMEKTHUTOBBIC
IJIMHBI, KOTOPbIC 00pa30BaIkCh B 30HE MOPCKOTO Oacceiina. Takoll Tl OTIIOKEeHUH MOT cHOopMHu-
poBaThCs KakK MOCIIe OTCTYIUIEHUs JINTOPHHOBOTO MOpS, TaK U B MOCJIEAYIOMINI IEpHOJ, KOT/a B
MPUOPEKHOM MEJIKOBOJJHOM OacceifHe MPOMCXOANUT yBEIMYCHUE YPOBHS BOIBL. DTH THIIBI OTIIO-
KESHUH MOITIM UCTIONB30BAThCS JIUIsI U3TOTOBJICHHUS TOPIIKOB U3 CMEIIAHHOTO THna MH. CMEeKTH-
TOBBIE TIMHBI UCTIONB3YIOTCS TAKXKE I U3TOTOBJICHUS KEPAMUKHU MO3AHET0 HEOIUTa — PAHHETO
MeTaa.

[Topompl, comepsxaiue acOeCT, KOTOPBIH HCIOJIB30BAJICS B KAYSCTBE OTOIIMTEINS, ObLIH
MIPUBE3CHBI, TO-BUIUMOMY, U3 pa3HbIX pernoHoB Kapenuu win @unnsaaaun. Ha mamsatanke Oxta
1 xepamuka, cozjeprKaiias acOecT, MpeAcTaBlieHa 5 TUIIAMHU, B Ka4€CTBE OTOLIMTEIISI PUMEHSI-
ercs: 1) ceprneHTHH-acOeCT ¢ aKTWHOJUTOM; 2) TOHKOpPa3ApoOJIeHHbIH acOecT — aHTO(QHILINUT;
3) ceprieHTHH-acOECT ¢ aKTHHOJIHMTOM + 1IaMoT; 4) CepreHTHH-acOeCT ¢ aKTHHOJIUTOM + IECOK;
5) TanpK. DTa rpynna KepaMuKu Tpe/CTaBlIeHa IIMPOKUM Pa3HOOOpa3ueM TEXHOJIOTUN, KOTOPBIE
CBUJICTENBCTBYIOT O TECHBIX KYJIBTYPHBIX U SKOHOMHUYECKHUX CBS3SX HACEJIEHUS, MPOXKHUBABIIIC-
TO Ha 3TOH TEpPUTOpPUH, C TPYINIaMu HaceneHus ¢ tepputopuil Kapenun u Ounnsuauu B [V—
III TeIC. MO H.3.

HccnenoBanust cTaOMIIBHBIX M30TOMOB B IHIIEBOM Harape COCy/I0B MOKa3alid, 4To, B OC-
HOBHOM, COCYABI HCIIOJIB30BAJINCH JUIS MPUTOTOBICHHS MACA >KMBOTHBIX. TOJNBKO B OZHOM W3
COCY/IOB, HaiJeHHBIX Ha cTosiHKe llomonbe I, OblIM OOHApYKEHBI CIEIbI MOPCKUX JKUBOTHBIX.
Bo3MoKHO, cOCy/1 MCTIONTB30BAIICS JIJIsl IPUTOTOBJICHUS JIAI0XKCKOH HEpITbl, KOCTH KOTOPOH ObLIH
HalJIeHbI B TOM K€ CJI0€, YTO U COCY/I.

Paboma nooodepcana epanmamu PH® 19-18-00375 u PODU 20-35-90015.
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D1eKTPOHHO-MHUKPOCKONMUYECKHE UCCIeT0BAHNS AHTHYHON KPACHOJIAKOBOI
KepaMHKHU

Electron microscopy study of antique red glased ceramics (sigillata)

B paboTe nposeMOHCTPHPOBAHO IPUMEHEHHE KOMILICKCA 3JIEKTPOHHO-MHKPOCKOITHYECKHX METO/IOB
UL KCCIIC/IOBAHMUSI aHTHYHOM KPACHOIAKOBOW KEPAMHUKH, ITO3BOJISIFOILICTO MOJIYYHTh JIOKAJIBbHBIC H HHTETPAlb-
HbIC XapaKTEPHCTHUKU COCTAaBA U CTPYKTYpBI H3/Ie/Hil. BBIsBICHBI OCHOBHBIC Pa3InyHsl JIAKOBOTO CIIOSL M Ke-
PaMHYECKOi OCHOBBI, @ TAKKE MOJTy9IEHA JIOMOIHUTEIbHAsT HH()OPMAIIUSI O COCTaBE JIaKa, Ha OCHOBAHUH Y€r0
CJICNIaHBI MPEANOIOKEHHUS O TEXHOIOTHYECKUX 0COOCHHOCTIX H3TOTOBICHHST KPACHOIAKOBOM MOCY/IbL.

A comprehensive electron microscopic study of antique red glazed ceramics was carried out in order
to investigate its compositional and structural characteristics. The main differences between the layers of
red glazed and the clay base were revealed. Additional information on the lacquer layer composition was
found. This data gives rise to assumptions about the technological aspects of the antique red glazed ceramic
manufacture.

Vixe Gornee cra JIeT BeIyTCsl MHOTOUMCIICHHBIC HCCIIEI0BAHMS KPACHOJIAKOBOH KEPaMUKH,
B PE3yNIbTaTe KOTOPBIX BBIACIEHBI Pa3InUHbIC MPOM3BOJICTBEHHBIC IICHTPHI M pa3paboTaHa 1moj-
pobHast XxpoHOJIOTHYecKast mkana. OCHOBHBIE TPYIITEI BOCTOYHO-CPETU3EMHOMOPCKON KEpaMUKH
BBIJICIICHBI THOHEepaMu ATHX padot 3. Llanom [Zahn et al., 1904] u K. Kerponom [Kenyon et al.,
1957]. PazpaboTku KiaccUpUKAMN KEPAMUKH Pa3IMUHBIX TPYHIT U 0000mmeHns padboT Apyrux
CHELHAIICTOB NpecTaBiIeHsl B padorax [Hayes, 1985; XKypasnes, 2010]. KpacHonakosast kepa-
MHUKa SIBIISIETCS] BEICOKOKaUYECTBEHHO MOCY/10H pUMCKOTO BpeMeHH. C TOUKH 3peHHS apXeOoIoTnH,
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