POCCHHCKASL APXEOJIOTHS, 2023, Ne 3, c. 23—37

MUHEPAJIOTO-TEOXUMHNYECKOE UCCIIEAOBAHUE CBUJAETEJ/IBCTB

AJTAKVIBCKOI'O METAJIVIOITPOU3BO/JCTBA HA PYJIHUKE
BOPOBCKAA AMA (IOZKHOE 3AYPAJIBE)

© 2023 r. II. C. Aukymena'>*, M. H. Aukymesn?, 1. A. Biaunos?, 1. A. Apremben?, U. I1. Anaepal:3

! FOocno-Ypanvckuii cocydapcmeennuiii eymanumapno-nedaeoeuueckuii ynusepcumem, Yeasbunck, Poccus
2 FOorcno-Ypanvckuii hedepanvhuii HayuHbiii yenmp munepanoeuu u eeosxonoeuu YpO PAH, Muacc, Poccus
3 Unemumym ucmopuu u apxeonoeuu YpO PAH, Examepun6ype, Poccus
*E-mail: polenke @yandex.ru
IMoctynuna B pegakuwmio 21.10.2022 1.

ITocne mopabotkm 29.11.2022 1.
Ipunsara k myonukamum 10.01.2023 1.

B craTbe obcyxmaroTcsi Mmpolecchl ajaaKkyJbCKOTO METaJLUIONPOU3BOACTBA HA MENHOM pynHUKe Bopos-
ckas fAma (FOxHoe 3aypanbe, cepenvna Il Teic. 1o H.3.). McTouHMKaMu BBICTYyHAIOT MaTepyalibl packoma 2021
I.. pyMHUPOBAHHbBIE OCTAaTKMU TETUIOTEXHUYECKUX KOHCTPYKIIMI, METAJITypruYeCKuii IJIaK M OlIJIaKOBaH-
Has KepaMuKa. MeTonbl McciaefoBaHusl BKIIOYAIOT ONTUYECKYIO U JIEKTPOHHYI0O MUKpOCKomnuio, PDOA,
LA-ICP-MS. ¥YcraHoBiI€HO, YTO TEXHOJIOTUYECKHUE Orepalii Ha MECTOPOXICHUU HEe OTpaHUYMBAINCh
IOOBIYEN MEIHOM PyAbl U ee IIepBUYHBIM oOoraiieHueM. [lToMrMo 3Toro, B HeIoCpeACTBEHHOM OJIM30CTU
OT BBIPaOOTOK MPOMCXOAMIA BhITIJIABKA METAJIJIa U3 CYIbMUIHBIX U OKUCICHHO-CYJILMUIHBIX Py, OTHA-
KO OHa OCYILIECTBJISIJIaCh BHE MPEAEI0OB U3YyYEHHBIX YUaCTKOB MOCTPoeK. BTropuuHbIii eperiaB u3aeanii us3
MEIU U OJIOBSIHHO OpOH3bI OCYIIECTBIISIIICS B KEPAMUUECKUX TUTJISIX ITPY UCTIOBb30BAaHUU TETUIOTEXHUYE-
CKHUX COOPYXXEHMI B MOCTPOMKAX.

KiroueBble ciioBa: Mo3gHUII OpOH30BBIII BEeK, MeTa/UIONPOU3BOACTBO, HOxHoe 3aypalbe, anakyiabcKasi
KyJIbTypa, pyAHUK, OLILIAKOBAHHAsI KEpaMMKa, META/UTypPIrUMYeCKUIA 1IIJIaK, TUTEIb.
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K nactosimemy Bpemenu B KOxxHom 3aypanbe u
Myromkapax BhIIeNIeHa OTAEIbHAST KAaTeropusl Mpo-
U3BOACTBEHHBIX MAMSITHUKOB — MEIHBIE MECTOPOXK-
JIEHUS C IpU3HaKaMU pa3pabOTKM B MO3IHEM OPOH-
30BoM Beke (Yepnnix, 1970; 3aitkoB, 3maHOBUY,
IOMunos, 2000; Tkaues, 2021; Ankushev et al.,
2021). Packonku MIMPOKMUMH TIJIOIIAASIMU IIPOBEIS-
HBI TOJIBKO Ha IBYX pyaHuKax — HoBoTeMupckom u
Boposckoit SAme. IlepBhlit oTIMYaicsa IJIUTEIbHBIM
1eproaoM (pyHKIIMOHUPOBAHUS B IIpejieiax OpoH30-
Boro Beka: 2028—1124 kan. 1. no H.3. (26). KynbTyp-
HBII cioit HoBoTeMUpPCKOro pyaqHMUKAa, HECMOTPSI Ha
cnabyio HaCBHIIIEHHOCTb, COAepXall B cebe cBUe-
TEJIbCTBA MPOLIECCOB BBLIIJIABKU MEIW U3 PyId U OT-
JIMBKM TOPHOIIpOXomyecKux opyauii (Ankusheva
et al., 2021). Ha pynHuke BopoBckas fIma BriepBhic B
pervoHe ObUIM 3a(UKCUPOBAHBI OCTATKM CTallO-
HApHBIX IIOCTPOEK, a TAKXKE OTHOCUTEIBHO TOMOI€H-
HBIIf B KYJBTYPHOM OTHOIIEHUM apTedaKTHHIA Ha-
o0op (Aukymena, FOmuHOB u ap., 2022). lanHas pa-
60Ta TOCBSIIECHA BBISIBIICHUIO METAJLTYPIUMYECKUX U
MeTa1000padbaThIBAIOIIMX TPOLIECCOB HA 3TOM PY/I-
HUKE B alaKyJdbCKUil Mepuod Ha OCHOBE aHaM3a
PYWHUPOBAHHBIX TEIJIOTEXHUUECKUX COOPYKEHUIA,
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IIIJJAKOB U KEPAMUKMU CO ClielaMU BO3JEMCTBUSI BBICO-
Kkux Temiepatyp. [1ogoGHbII KOMILIEKC BIiepBhIE 00-
Hapy>KeH Ha MECTOPOXICHUSIX OOIIMPHOTO alaKyJib-
CKOTro apeajia U Take BIIepBble MoOABepraercsl Jae-
TaIbHOMY MUHEPaJI0ro-reOXuMNIeCKOMY aHaln3y.
MpuI 110cTapaeMcsl OTBETUTh Ha CIEAYIOLINE BOIPO-
Chl, Kacalolrecs MeTaJUTypruiecKrX mpoLecCoB:

Kakue pyabl MOIIM MCIOJB30BATLCS IMPU BbI-
IUIaBKE HA MECTOPOXIEHUN?

Kakyio (yHKIWIO BBIMOIHSIM TEIUIOTEXHUYE-
CKME COOPYKEHUS B IOCTPOIKAX TOPHSIKOB?

Kakyio ponb urpaim kepaMuieckue U3ACIUS B
MEeTaJLTypruuecKux npoieccax?

Kakue crnaBbl 31eCh UCITOJIB30BAIUCH?

IMosydyeHHBIE IOaHHBIE CIIOCOOCTBYIOT PEKOH-
CTPYKIINU KaK TEXHOJIOTMYECKUX aCIIEKTOB METaJLJIO-
MMPOU3BONACTBA, TaK U COLMAJIBHOU OpraHu3aluu
Tpyaa IPEeBHUX TOPHSIKOB.

Mennbiit pynHUK BopoBckast fIMa HaxomuTcsl B
crenHoit 30He FOxHoro 3aypaibs (53°02° N 59°35” E)
(3aiikoB, 3manoBu4, FOmuHoB, 2000; Zaykov et al.,
2005). B HacTos1ee BpeMsl NaMSITHUK BBINISIAUT KakK
OKpPYXEHHBI OTBaJlaMU OKPYTIJIbIi Kapbep IITyONMHOMN
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Puc. 1. [Tna"-cxema packoria 2021 r. Ha MegHOM pynHUKe BopoBckast SIma. YcioBHBIE 0003HAYEHUS: @ — YyIACTKU C OKUCIICH-
HBIMU MEIHBIMU PyIaMU; 6 — YEPHBI I'YMYC C YIJISIMU; 6 — KPACHBII NMPOKaJIEHHBII IPYHT; & — YIJIyOJ€HUSI Ha ypOBHE MaTe-
puKa; 0 — mpeanoiaraeéMble rpaHULIbI IOCTPOEK; ¢ — IrpaHulia TpaHiuen BK-4.

Fig. 1. A layout plan of the 2021 excavation site at the Vorovskaya Yama copper mine

4—5 M, TMamMeTp KOTOPOTO MO BHEIITHEMY KPYTy OTBa-
JoB gocturaeT 60 M. B 2021 r. Ha BHeIIIHEM Kpae ce-
BEPO-BOCTOYHOTO OTBajia ObLT 3aJI0KEH PacKoM pas-
MepoM 8 X 8 M (rmomans 64 mM?). ITox oTBasoM GbIIM
OOHapy:KeHbI YINIyOJIeHHbIE B MOrpeOSHHYIO ITOYBY
KOTJIOBaHbI, CEPUS CTOJIOOBBIX IMOK, TeTJIOTEXHUYE-
CKue 0OBbEKTHI U OTJIUYHOE OT MPUJIETalollero rpyHTa
3aMoJIHEHUE, UTO TMO3BOJUJIO BBIACIWUTH HE MeHee
JIBYX IMMOCTPOEK Ha UCCeq0BaHHOM ydyacTke (puc. 1).
KepaMuka anakynbCKOro THUIIAa Ha IMOJy MOCTPOEK
MapKUpPYeT UX KYJbTYPHYIO TPUHAMLJIEXKHOCTb (AH-
KyuieBa, FOMuHOB 1 1p., 2022). ITo naMITHUKY nMe-
eTcsl OJlHA paauoyIiepoaHasl JaTUPOBKA, OTNpenesis -
fo1iast ero (yHKIMOHUPOBaHUE B MHTepBajie 1618—
1458 xaz. j1. 1o H.3. (26) (Ankusheva et al., 2022).

B manHoi#t1 paboTre 3ameiicTBOBAHBI TPU TPYIIITHI
WCTOYHUKOB: OCTATKU TETUIOTEXHUUYECKUX COOPYKe-

HU (4 9K3.), KepaMHKa CO ClIcdaMM BO3ICHCTBUS
BBICOKUX TeMItepaTyp (6 3K3.), pparMeHT MeTalyp-
ruyeckoro nuiaka (1 sk3.). AHaJIMTUYECKUE HCCIe-
noBaHus BeinmonHeHbl B IOY ®HII Mul” YpO PAH.
PentrenodnyopeceHTHbIl aHanu3 (gaaece PDA)
po6 IrpyHTa U3 Pa3IMIHBIX IIPOCIIOEK 0YaroB, a TaK-
K€ TTOBEPXHOCTH KEPAMUKU BBITIOJTHEH Ha TTIOPTATHB-
HoM mnpubope Innov-X Alpha-4000 (pexum Soil,
Bpewms akcrio3unuu 30 ¢, anaautuk M.H. AaKy1ieB).
MmwuHepanorust oopa3iioB ONIJTAKOBAHHOM KepaMUKH
M OCOOCHHOCTU COCTaBa pa3MYHbBIX MUWHEPAJOB
YCTAHOBJICHBI METOIOM onthdeckoil (Olympus
BX51; anaimutuk M.H. AHKyIIEB) M 3JIEKTpPOHHOI
MUKPOCKOIIMY C DHEProauCIepCUOHHBIM aHaIn3a-
TopoM (Tescan VEGA 3 sbu, yckopstiolliee Harpsizke-
Hue 20 xB, xuBoe Bpems 120 ¢, NONIONMIEHHBII TOK
Ha stasioHe Co okoJjio 260 pA; ananutuxk U.A. biu-
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HOB). Macc-crieKTpoMeTpus ¢ MHAYKTUBHO CBSI3aH-
HOM IJIa3MOM U JIa3epHBIM IMPoOOOTOOpOM (Hajiee —
JIA-NUCII-MC) MenHo# Karuii ¢ KEpaMUKU BbITMO-
HeHa Ha wMacc-crekTpomerpe Agilent 7700x ¢
Nd:YAG-n1azepom New Wave Research UP-213 (ana-
qutuk I.A. AprembeB). [Ipumecu B cocTaBe TpyHTa
0o4yaroB, KEpaMUKW U METALUIMYECKOUN Karjud BbIpa-
KeHbl B ppm (part per million niu MUIIMOHHAsS A0-
as), 1 ppm = 0.0001 mac. %.

TenoTeXHHYECKHE COOpPYKE€HHS B IOCTPOIKaXxX.
Ilnanurpagpuyeckue u crpaturpa@uieckKkue 0CooeH-
HOCTH ITIOCTPOEK yKe ObUIM MpeACTaBIeHbI (AHKYIIIE-
Ba, FOMuHOB 1 ap., 2022), H1>Ke MBI OCTAHOBUMCSI Ha
XapaKTepuCTUKe 0OHAPYKEHHBIX TETJIOTEXHUYECKMUX
COOpY:KeHMI (majgee — OOBEKTOB).

O6sexm 1! (puc. 2, A, b) pacumilieH B I0XKHOM
o6opty Tpanineu BK-4 BHe packomna, moaToMmy yna-
JIOCh 3a(pUKCUPOBATh TOJIBKO ero Ipodmiab. OOBEKT
3ajierajl NoJ HUXKHEH MPOCIOMKOI oTBajia pyaJHUKaA,
CEpO-KOPUYHEBBIM  MEJIKOAUCIIEPCHBIM TPYHTOM.
OH npencraBisl co0OI IIPOCIIONKY KPacHOBATOTO
TpoKasia, yalreoopa3Hyro B IIpoduie, [MaMeTpOM 10
25 ¢M U MOIIHOCTBIO 10 5 cM, 0OpaMJICHHYIO CII0eM
YEepHOTO YIJHMCTO-CAXXUCTOIO TIPyHTa MOIITHOCTBLIO
5—7 cM. B mipokazie BcTpedaroTcs ApecBa M eHAY -
HBII MEJIKUI 111e0eHb CEPIIEHTUHUTOB, B YePHOM I'PYH-
Te — MeJIK1e (PparMeHTHI KOCTEi SKMBOTHBIX, a TAKXKe
pa3Baj cpyOHO-anaKy/IbCcKoTo cocyna (3aiikoB, 3ma-
HoBu4, OmunoB, 2000. C. 123. Puc. 4, I). nuHa
00BeKTa B Ipoduie cocranisieT okoyo 70 cm. IIpen-
oJjiaraeTcsi, 4YTO HAHHBIM OOBEKT OBLI COOpPYKEH B
MOrpedeHHOI MOYBe, BO3MOXHO, B IIpeaeyiax Mo-
CTPOMKHMU.

Obsexm 2 (puc. 2, B, I') ctpaturpadndecku 3ajie-
raj MmoBepx 3aloJIHeHUS TIOCTPOMKU 2, B CJIOE€ BEpX-
Heil TeMHO-Ccepoil TyMyCHUpOBaHHoOI1 cyriecu. IIpen-
rnoJyiaraeTcs ero 0oJiee TO3AHSS XPOHOJIOTHUYECcKast
MO3ULIMSI OTHOCHUTEJIbHO OCTaJbHBIX COOPYXEHMIA,
TeM He MeHee, B paMKax IM0o3JHEro OpOH30BOTO BeKa,
MOCKOJIBbKY KYJBbTYPHBIX CJI0€B MOCIEAYIOLINX IT0X B
packorlie ¥ Ha MaMSITHUKE B LIeJIOM ITOKa 0OHapyXeHO
He 0bU10. OOBEKT MPEACTABIISLI COO0I OBAILHOE IISIT-
Ho pa3mepoMm 90 X 75 cm, opuentupoBanHoe CB—1O3,
KOHIIEHTPUYECKOE 3aII0JTHEHUE KOTOPOTO COCTOSIIO U3
Tpex cioeB. LleHTp 0OBeKTa — OBan pa3mepoM 45 X
X 35¢cM — COCTOSUT M3 YEPHOIo T'yMYyCHPOBAHHOIO
IPpyHTa ¢ MaJbiM KOJIMYECTBOM ApeBeCcHbIX yrieit. Ero
oOpamJisiia OKaHTOBKAa M3 KPAacHOTO ITPOKAJIEHHOTO
IpyHTa IIMpPUHOK oKoJjio 20 cM, nMetollasi pa3pbiB B
IOKHOM YacTH, HO CMBIKAIOIIASICS B HUXKHUX CJOSIX.
Buemrnwmii cnoii o0beKTa IMMPUHOM T0 5 CM IIpel-
CTaBJISLT COOOI TEMHO-CEPBIN ¢ OYpbIM OTTEHKOM Ty-
MYCUPOBaHHbIN rpyHT. Pa3pe3 o0bekTa 0OHapyKWJI €TO

! Hym™mepaiusi 00beKTOB U HAXOJOK MPUBOAUTCS COMIACHO OTYe-
Ty 00 apXeoJornyeckux packomnkax (AHkyiieBa, 2021) Bo us-
OexkaHMe MyTaHULbI MPU ajibHel1Ieit paboTe ¢ MaTepualamu
U yTpaThl BO3MOXXHOCTU O3HAKOMUTBCS C UX AETATbHBIM KOH-
TEKCTOM.
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qanreoopasHyio ¢hopMy, B TIpodie BEIICICHBI CIIEIy-
I01111€ CJIOU (OT BEPXHETO K HYDKHEMY): 1) LIeHTpaJIbHOE
YepHOE TYMYCUPOBaHHOE 3aII0JIHEHIUE C BKITIOYECHUSIMU
30JIbI U YIJISI MOIITHOCTBIO IO 5 CM; 2) KpaCcHBIN ITpOKa-
JICHHBIH TPYHT MOIITHOCTBIO 10 10 cM, OOMIBHO Ha-
CBIIIEHHBII MEJIKUM IeOHeM; 3) IIPOCI0iiKa MEJIKO-
ro me6Hs (1—3 cm); 4) yepHast ryMyCHUpOBaHHasI Cy-
nec) ¢ Oojee peaKWMMHU BKJIIOUEHUSIMU MEJIKOTO
me6Hs (1—3 cMm) MomrHocThIo 2—10 cM. B 3TOM Ciioe
OBLT OOHapy:XKeH HEOpHAMEHTHUPOBAHHBIN (PparMeHT
TyJIOBa KepaMHUYECKOro cocyaa OpOH30BOro Beka.
Oo61as myonHa o0beKTa cocTaBuia 18 cM.

Obwsexm 4 (puc. 2, /[, E) 6b11 06HapyXeH Ha ypOB-
He T1ona mocTtpoiikm 1. OH mpencraBisi cobOoit
OKpyrJjioe IIsITHO nuameTpom 85—90 cM, 3arojiHeH-
HOE€ CepO-KOPUYHEBBIM 30JIMCTHIM IPYHTOM, OOMJIb-
HO HACHIIIEHHBIM IPEBECHBIMM YIJISIMH, MEIKUM
MPOKaJEHHBIM IIeOHEM U APECBOM CEPIIEHTUHUTOB,
POIOVHTUTOB, OYPBIX XKEeJIE3HIKOB 1 MEJIKUMU (par-
MEHTaMM OKMCJIEHHBIX MEIHBIX pyd. B 3anmonHeHun
HaOJIIONAIOTCS MHOXKECTBEHHBIE AIpOOJieHbIE 000-
JOKEHHBIE KOCTU pa3MepoM B cpemHeM 0.5—2 cw.
B HeM Takke BCTpedeHBI OTHEIbHBIC KPYyIHBIE (10
10 cM) 006JOMKU BBIBETpPEIbIX POAMHIUTOB. Pazpes
00BbeKTa OOHApPYXWJI €To yaleobpasHyo GhopMmy, B
npoduiie BLIICISIOTCS ClIeayIolune cIou (0T BEpXHe-
ro K HUXHeMY): 1) 30JMCTBIIi CepO-KOPUYHEBBIN
CJIOi C yIIsSIMM, 1IeOHEM, KOCTSIMU XKMBOTHBIX MOILII-
HOCTBIO 4—6 cM; 2) KpacCHBII TTpOKaJeHHbII MaTepu-
KOBBI CYIJIMHOK MOIITHOCTBIO 10 10 cM. O61as ry-
OuHa 00beKTa cocTaBuiia 15 cMm.

Obsexm 5 (puc. 2, 2K, 3) pacuuilieH Ha ypOBHE moJia
noctpoiku 2. OH peACTaBIsI COOOM IISITHO, YCIIOBHO
COCTOSIIEE U3 JIBYX YAaCTEl: OCHOBHOM — OKPYIJION,
nurameTpoMm 70 cM, 3aMOJIHEHHOM MPOKaJIEHHBIM FyMYy-
CUPOBAHHBIM IPYHTOM KPAaCHOBATOTO OTTEHKA C BKJTIO-
YEHUAMU OPEBECHOIO YIJIA, — U HpMMbIKa}OUleﬁ K OC-
HOBHOI YacTM C 3araja MOAIPsSIMOYTOJIbHOM, pa3Me-
poM okomo 30 X 40 cM, 3amoJHEHHON YepHBIM
30JIUCTBIM TYMYCHUPOBAHHBIM TPYHTOM, OOWUJIBHO Ha-
CBHILIIEHHBIM IPEBECHBIMU YIJISIMU. B 1leHTpanbHol ya-
CTH OOHapyXeHOo nBa (pparMeHTa TyJOBa KepaMuie-
CKMX COCYIOB aJlaKyJIbCKOM KyJIbTypbl. Kak M ocTajib-
Hble OOBEKThI, OH HMeJ vallleodpasHyio (opmy B
pa3pese U ryMyCMpOBaHHOE KpaCHOBATOE 3arloJTHEHNE
C BKJIIOYEHUSIMU APEBECHOTO YIJIsl, OoOIasl ybuHa He
npesbimana 10 cm.

Takum oGpaszom, B IIpenesiax packora ObLIO OOHa-
pPyXXeHO 4 TEeTUIOTeXHWYECKUX coopyxeHus. KoHieH-
TPUYECKOE 3aTloJTHEHNE 00beKTa 2 MOXET MapKHUpPOBaTh
KOHTYpPBI KYIOJIa Ha3€MHOUW ONMHOKAMEPHOW TIeud, a
MECTO pa3pbIBa YKa3bIBATh HA JIOKAIU3ALINIO BO3IYXO-
IyBHOTO corta. Ero Takke oTaIn4aeT HAUTUYUE YETKO
duKCcHUpyeMOil MPOCIOMKNA MEIKMX KaMHeE, KOTO-
pasi, Mo BCeil BUIMMOCTH, BBIPABHUBAJIA JTHO TTEYHO-
ro ymiyOJieHusl W 3alllvIlajia ero MPOCTPAaHCTBO OT
XO0JIONA W BJIATU TIOACTWJIAIOIIETO TYMYCHOTO CJIOSI.
bauxaiiiue aHaI0rMK MPOCIEXMBAIOTCS HA CUHTA-
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Puc. 2. TermorexHnueckre coopyxeHust B packorie 2021 r. Ha pymHuke Boposckast SIma (doto, turan u paspes): 4, b —
00beKT 1; B, I'— 00beKT 2; /I, E — 00beKT 4; 2K, 3 — 00BbeKT 5. YCI0BHbIE 0003HAYEHUSI: @ — YSPHbI T'YMYC; 6 — KPaCHBIIA IIpO-
KaJICHHBIU TPYHT; 6 — MEJIKUI 1Ie0eHb; ¢ — YEPHBINM 30JIMCTBINA TPYHT C IPEBECHBIMU YIJISIMU; 0 — 30JIMCTBIN CePhIii TPYHT CO
1eOHeM, YIJISIMUA U MEIHBbIMU pylaMu; e — (hparMeHThl KEPaMUKU; ¢ — MAaTEPUK (3KEITO-OpPaHXKEeBbIi CYIMHOK CO 1IeOHEeM
CEpNEeHTUHUTOB).

Fig. 2. Heating facilities in the 2021 excavation site at the Vorovskaya Yama mine (photo, plan and cross-section): A, b — object 1;
B, I'— object 2; /I, E — object 4; 2K, 3 — object 5

POCCUMCKASA APXEOJIOTHMA Ne 3 2023
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0 2cm

Puc. 3. O6pasen 346 (6:11010): A, B — o6uuii BuI, B — olltlaKkOBaHHasi IOBEPXHOCTD, I’ — Karuii MeTajula Ha OLIaKOBaHHOM

MOBEPXHOCTH, /I — U3MEHEHHas CTPYKTYpa KEpaMUKU.

Fig. 3. Object 346 (dish): A, F — general view, B — slagged surface, I'— metal drops on the slagged surface, /] — altered ceramic

structure

IITUHCKUX, TIETPOBCKUX YKPEIJIEHHBIX MTOCEIEHUSIX
(I'puropwes, 2013. C. 102. Puc. 3—3), anakyabCKuUX
(IToremkuHa, 1985. C. 323), a takke Ha pynHuke Ho-
BOTeMUpCKUii (AHKyIIeBa, AHKYIIIEB 1 1p., 2022).

JBa npyrux MOJHOCTbIO MCCE€IOBAaHHBIX TETLIO-
TEXHUYECKHNX COOpyXeHMsT (N 4 1 5) TIpeacTaBisIioT
co00i1 OKpyIJible B IUIaHE MpoKajiabl AuameTpoM 70—
90 cm, He3HauuTenbHO (Ha 10—20 cm) 3arnyOeHHbIe
B MaTtepuK. [lomoOHBIE TTPOCThIE KOHCTPYKIIMM HC-
clieqoBaHbl Ha nmocejieHuu TopHelii-1 KapraauHcko-
ro I'MII, B yactHocTH, ouar Ne 8 mpou3BOACTBEHHO-
ro komrurekca Ne 2 (Kapramsr, 2002. C. 101). ABTOpHI
MpeanojaraloT CBsI3b 3TOr0 odara ¢ MeTajulyprueit
VI METa/I000pabOTKOM.

g yToyHeHHWsT Ha3HAYeHUsI UCCIeNOBAaHHBIX Ha
pynHuke BopoBckast SIMa TermioTeXHUUEeCKHUX COOPY-
KeHUM 6bu1 mpoBeneH PMA TpyHTa M3 pa3IMIHBIX
MpOCJIoeK nx 3aroHeHus. Hamu Ob110 Ipoananmnsmn-
poBaHO 24 mpoObl TpyHTa U3 12 pa3aWUHBIX CIOEB.
Bo Bcex mpo6ax 3apukcupoBaHbl 3HAUYUMbIE COACP-
xanust meau (ot 0.05 mo 2.6 mac. %, cpemHee IO
27 ananusam 0.6 mac. %). Ho nmogoGHbIe 3HaYEHUS
(mo 6.5 Mac. %) xapaKTepHBI U IUTSI KyJBTYPHOTO CITOSI
packorma B II€JIOM B CBSI3M C HUIMYMEM Ha TaHHOM
y4yacTKe MeIbCOAEepXKaIllMX OTBAJOB U 00OraTUTENIb-
HBIX IPOM3BOACTBEHHBIX TUIOIIANOK. B cBSI31 ¢ 3TUM
OHM HE MOTYT CIIY>KMTb YBEPEHHBIM apTyMEHTOM B
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MOJIb3y METAJLIONIPOU3BOASIIETO (PYyHKIIOHAIA 00b-
eKTOB. boJiee ornpenesieHHO Ha 3TO YKa3bIBAIOT BBICO-
Kue comepxkaHus ojona (170 ppm), 3adukcupoBaH-
Hble B KpYNHOH (ppakuuu 1mpoceBa o0ObekTa 4, Ipu
(G OHOBBIX COEePKAHMSIX OJIOBA HIXKE IIpejeiia OOHa-
pyXeHus1 nmpudopa. B rpyHTe 3TOro TeriorexHude-
CKOTO COOPYKE€HUS TaK>Ke OTMEUYEHBI IMOBBIIIICHHbIE,
B CpaBHEHUMU C JIPYTMMHU IIPOOaMM, COASPKaAHUS Me-
o — ot 1.2 no 2 mac. %.

KepamMuka co ciegaMu BbICOKOTEMIIEPATYPHOTO
Bo3JeiicTBuA. Bo BTOopyro rpynity MICTOYHUKOB BOIILITN
KepaMudeckue apredakTsl (6 9K3.), UMEIOILINe Clie-
JIbl BO3JICCTBUS BLICOKHX TeMIIEpaTyp B BUJE:

1) olLIaKOBaHHOM MOBEPXHOCTU — HATEKOB IT10-
pucTOii Oyrop4yaToil TEMHO-CEpPOIi MAaCcChI CO CTEKIIO-
BUIHOM MOBEPXHOCTHIO;

2) BCIIEHEHHOI MOBEPXHOCTU — IEPIlIaBOil, Ha-
CBIIIEHHON MHOTOYUCJIEHHBIMU MUKPOIIOpaMU, Ma-
TOBOU TOBEPXHOCTU C BKJIIOYEHUSIMU MUHEPAJIOB-
TIpUMecei C UBMEHEHHOM CTPYKTYPOM.

Bribopka BKJIIOYAaeT COCTABJISIIOLIME Pa3IMYHbBIX
gacTeil cocynoB: meika (1 3k3.), mieunko (1 3Kk3.),
Ty70BO (3 2K3.), nHO (1 2k3.). OuutakoBaHHas IO-
BEPXHOCTb MPHUCYTCTBYET Ha Tpex apredakrax —
mreiike, TUiednkKe W THE — TIPEUMYIIECTBEHHO Ha
BHYTPEHHEl (BOTHYTOI) cTOpoHe cocynoB. OcTajb-
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Puc. 4. MukpodoTtorpacdum oluiakoBaHHON KepaMUKHM U METaJLUTypruuecKoro Iiiaka ¢ ApeBHero pyaHruka BopoBckast Sma.
1 — peMKTOBOE BKIIIOUEHME Zn-coaepxkaiiero xpoMinmnuHeanna (Zn-CrSp) B MMpOKCEHOBOM ILIake (Aug) Ha MOBEPXHOCTH
omona (oopaserr 346); 2 — mennas karuis (Cu) ¢ BkitoueHreM xanbkosuHa (Cct) B crekiioBaroM nuiake (Gl) ¢ moBepxHoCcTH
osona (o6paselr 346); 3 — keye3ucrasl OLIJIAKOBKA Ha MOBEPXHOCTHU U B IycTOTax Kepamuku (o6paseir 290); 4 — TOHKasl e-
JIe31CTasl OlIJIAKOBKA Ha MOBEPXHOCTU KepaMuku (obpaserr 290); 5 — nienoyeuHbie KpucTtauisl oimBrHa (Ol) n Karumm xejne3a
(Fe) B ounakoBke (o6pazels 290); 6 — HOBoOOpa3oBaHHbIE KpUCTaJLIbI aBruTa (Aug) n kopauepura (Crd), arperaTbl reMaTuTa
(Hem) u xamu xene3a (Fe) B ouutakoske (o6pasen 290); 7 — ckeneTHble Kpuctauibl onuBuHa (Ol) u deppocunuta (Fs) B
outakoske (oopasels 314); & — arperarsl onusuHa (Ol), Bioctuta (Wus) u Karutu xene3a (Fs) B mycroTax u TpemuHax ¢par-
MeHTa TanbKoBoii npecBhl (Tlc) (obpaszerr 314); 9 — karisg meau (Cu) 1 HOBOOOpa3oBaHHBIC KpUCTAJUIBI aHOPTHTA (An) B hpar-
MEHTE MeTaJUTypruyeckoro 1uiaka (oopaseir 374B-11r). @oTo B OTpakeHHBIX DJIEKTPOHAX.

Fig. 4. Microphotographs of slag ceramics and metallurgical slag from the ancient Vorovskaya Yama mine. Reflected electron

image

HBIe (hparMeHTHl UMEIOT BCIIEHEHHYIO MTOBEPXHOCTh
KaK Ha BHYTPEeHHEM, TaK 1 Ha Hapy>KHOI MTOBEPXHO-
cTU (pparMeHTOB TYJIO0BA.

Obpa3zey 346 (puc. 3). K ycJI0BHO LIEbIM U3EIH-
SIM 3TOM TPYINbl UCTOUHUKOB OTHOCUTCS “OJ10m0”
W3 3aITOJTHEHUS IMKH B OCTpolike 2. BMecTe ¢ 61110~
JIOM B SIMKE 3aJIeTaJIi KAMEHHBIH MeCT, 1Ba KPYITHBIX
KyCKa JOoJIEpUTA U TISITh (pparMeHTOB COCYIOB ajia-
KyJTbCKOTO THUIA. ApTedakT MpencTaBlIsieT co0Ooi

IUCKOBUIHOE M3JENINe C HEPOBHBIMU KpasMU Oua-
MeTpoM 18 cMm u TommiuHoM 2.5 cMm (puc. 3, A, b).
LIBeT BapbUpyeTCsI OT TEMHO-CEPOTO 10 KPACHOBATO-
Kopu4HeBoro. Ha BOrHyToii cTOpoHe 110 KpasiM IpH-
CYTCTBYIOT YYAaCTKM OIIJIAKOBAHHOI MOBEPXHOCTH C
KpacHOBaTbIMU BKJIIOUeHUSIMU (puc. 3, B, I'), BbITTyK-
JIasi TIOBEPXHOCTD IIpOoKayieHa nokpacHa (puc. 3, ).

P®A BeIgBu Menpb (1o 3.5 mac. %), onoso (240—
280 ppm), a TakK:Ke€ MBIIIBSIK Ha IIpeaeie ooHapyKe-

POCCUMCKASA APXEOJIOTHMA Ne 3 2023
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Tabomuna 1. CocraB Karienb MeTajula B apTedakTax ¢ ApeBHeTo pynHuka BopoBckas sima
Table 1. Composition of metal droplets in artifacts from the ancient Vorovskaya Yama mine
Ne Ne XapakTepucTika XapaKTepI/ICTI/IKUa Conepxkanue, Mac. %
AHanus | aHaIM3upyeMoi Cymma
n/m| obpasua obpa3sia basni Cu Fe Ni Co | Mn S
1 |374B-1m | ®parment metan- |2238la | Kamng meau 100.53| 0.25| -— — — — 100.79
2 JIypru4eckoro 22381d —“— 98.12| 147 - — — — 99.59
3 fiiaka 22381h —“— 98.74| 0.16| 0.25| — - — 99.15
4 [1234-3 Mertamnyprude- 22419a «“ 99.78| -— — — - — 99.78
5 CKUii LITaK Ha 22419b | BxitoueHue 82.97| 0.18| — - — 16.4 99.54
TTOBEPXHOCTU XaJIbKO3UHA B
Gmona Karuie Meau
6 22419d | Karna menn 98.43| 1.68| — - - - 100.11
7 |1234-4 Merannypruye- 22420a | Karuist menu 97.65| 1.66| — — — — 99.33
CKMI1 1IJTaK Ha
MOBEPXHOCTH
6moma
8 |374B-214 |OuniakoBKa Ha 22252a | Fe—Ni—Co — 58.19| 39.66| 1.31 — - 99.17
KepaMHKe Karuist
9 22252h | Ni—Fe—Co—Mn | -— 37.81| 50.96|10.14 | 1.06 — 99.97
Karuist
10 | 374B-290-1 —“— 22251a | Karma xxenesa — 199.52| — — — - 99.52
11 | 374B-290-2 —“— 22251h | Kams xene3a — 99.50| -— — — — 99.50
12 | 374B-290-3 —“— 22563a | Fe—Ni—Cokamst| — | 94.29| 5.32| 0.68 | — — 100.29
13 |374B-96 —“— 22564a | Kars xenesa 0.551 99.49| — 0.56 | — — 100.60
14 22564¢ —“— — 99.90| 0.92| — — — 100.82
15 |374B-303 —“— 22566a —“— 0.44| 99.47| — — — - 99.92
16 |374B-314 —“— 22565d | Fe—Ni karuis — 70.68| 29.32| — — — 100.00
Hus npudopa (20—40 ppm) Ha KpaCHOBAThIX y4acT- MU Pa3HOCTIMM, COAEPKAIIMMHU 3€pHAa HOBOOOpPa3o-

KaX BOTHYTOM moBepxHoctu Omioma (puc. 3, 1).
ITo maHHBIM 3JIEKTPOHHO MUKPOCKOTIUH, TOPUCTASI
KepaMrJecKass MaTpuiia Oiroga COHEPXHUT B cebe
JIpECBY MYCKOBUTA U TajlbKa pa3MepoOM 110 2 MM U Op-
rannku. KpoMe aroro, B kepaMuieckoii Macce 3a-
¢UKCcUpOBaHbl PEIUKTOBbIE 3€pHaA ILIMHKCOAEpXKa-
X XPOIIMIIMHENIUIOB, pa3mMepoM 10 50 MKM
(puc. 4, I). [IpuMmech HMHKA XapaKTepHa IS palioHa
pPYIHUKA, 3TO YKa3blBaeT Ha MPOU3BOICTBO U3IEUS
13 MecTHOTO ChIpbs (Ankushev et al., 2021). MoxHo
OTMETUTh 3HAUYUTEJbHOE TeMIlepaTypHOe BO3Ieii-
CTBUE Ha BEPXHIOIO YacTh 0JIf0/1a, KOTOPOE ITPUBEJIO K
€ro 4aCTUYHOMY TeperuiaBieHUI0 ¢ oOpa3zoBaHUEM
TeTepPOTEHHBIX CTEKJIOBATBIX MAacC Pa3IMIHOTO CO-
CTaBa, a TaKXKe KPUCTAJIJIOB aBruTa U KOpIUEpUTA.
Y4yacTKu BBICOKOKPEMHUCTOTO CTeKJIa Ha OTUIaBJIeH-
HOIT TIOBEPXHOCTH OJTI0[Ia COepKaT B cebe MeTbyaii-
IMe Karjiym Meau (pa3MepoM J0JIM MKM, HauboJsee
KpyIHBIe 1o 2 MKM). MIX cocTaB IpeacTaBieH YUCTOM
MeJIbl0, TPUMECH 0JI0Ba He 3a(hMKCUPOBAHO.

HeGonbime dparMeHThl METa/UTypPIUY€CKOrO IilIa-
Ka ¢ MOBEPXHOCTHU OJI10/1a TPENCTaBIEHbI CTEKJIOBAThI-
POCCUMCKAS APXEOJIOTUS
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BaHHOTO MarHeTHUTa pa3MepOM 10 5 MKM. B emmHIIHBIX
CITyJastx HabJTIOMaroTCs CKeIeTHRIE KPUCTALTHI OJTUBH-
Ha ¢ npumecsamu P, Ca, Mn, Ni, Co, Cu. Meraniuue-
CKMe BKIIIOYEHMS B IIAKaX MPEICTABICHBI MEIbIO C
nmpuMechlo Xxeje3a (taba. 1). B Hambojiee KpyImHOIA
Karuie OTMEYeHO 3€pHO M3MEHEHHOTO XeJIe3UCTOTO
XaJbKo3uHa (puc. 4, 2).

Komnnekiuust parMeHTUPOBAaHHBIX M3IEJIUN CO
cilemaMu  BBICOKOTEMIIEPATYPHOTO  BO3ICHCTBUS
BKJTIOYAET 5 eOMHUII.

Obpaszey 290 (puc. 5, 1). @parMeHT MIeHKN cocyma
HaiieH B TIepeO0TIOXKEHHOM CJIO€ COBPEMEHHOTO OT-
BaJjia 9KckaBatopa u3 TpaHileu BK-4. Pazmepsnl 4.5 X
x 4 x 0.8 cm. Hleiika npsimMast co ciaerka OTOrHyThIM
HapyxXy TIpSIMOYTOJIbHBIM BE€HUMKOM, OpHaMeHTa
HeT. BeHUMK M BHYTPEHHSISI TIOBEPXHOCTb MOKPbHIThHI
TOHKUM (0 1 MM) cJI0€M ONIJIAKOBKHU CO cepuue-
CKMMM BKJIIOYEHUSIMM OOpAHoBOro 1sera 1—2 MM B
nuametpe. Ha HapyXHOI TTOBEPXHOCTHU OIlILIAKOBKA
MPUCYTCTBYET MPEUMYILIECTBEHHO Ha BEHUMKE, HIXE
Mo 1IeliKe — B BUJE OTAEJIbHBIX MTy3bIPHKOB.
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Puc. 5. ®parMeHTsl KepaMUYecKUx cocynoB: I — obpaselr 290; 2 — ob6pasent 303; 3 — obpasen 214; 4 — o6pasenr 96; 5 —
obpa3zelr 314 (a — BHEILIHSISI TIOBEPXHOCTDh, 6 — BHYTPEHHSISI TOBEPXHOCTD, 8 — CJIEAbI BHICOKOTEMIIEPaTypHOTO BO3ACHCTBUSI).
Fig. 5. Fragments of ceramic vessels: 1 — object 290; 2 — object 303; 3 — object 214; 4 — object 96; 5 — object 314 (a — external
surface, 6 — internal surface, ¢ — traces of high-temperature exposure)

POCCUMCKASA APXEOJIOTHMA Ne 3 2023
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Ta6muna 2. CocTaB MeTaJUIMYECKOM KaruId Ha BeH4YnKe cocyna (oo6pasen 374B-290) o nanabM JIA-NCIT-MC
Table 2. Composition of a metal droplet on the rim of a vessel (object 374V-290) based on LA-ICP-MS data

No Con;gﬁz;:me, Conepsxanue, ppm (1074%)
JIMTHUU

Cu S Sn Pb Zn Bi Ag Sb As Fe Ni Co Au Se Te
1 98.47 | 1.43 9.6 | 10.2 34| 147 | 271 4.6 | 126 | <0.1 | 79.3 | <0.1 13.8 92 10
2 98.75| 1.15 | 20.7 | 16.8 | 12.4 | 15.1 | 248 4.5 | 140 | 40 90.5 | <0.1 | 14.6 85 16.4
3 98.78 | 1.12 | 20.5 | 32.4 5.6 | 17.4 | 466 159 | 171 55 98.8 | <0.1 17.5 | 176 | 25.7
4 98.84 | 1.06 [390 |[234 14.6 | 121 309 | 42 146 | 68 157 <0.1 | 16.8 | 208 57
5 99.03 | 0.87 | 52.7 | 51.9 | 400 18.2 | 143 128 | 125 | 70 |276 <0.1 9.6 | 131 46
6 98.91 | 0.79 | 28.7 | 129 113 249 | 177 | 111 141 85 612 051 10 220 | 150

Ilpumeuanue: 1 ppm (part per million, muinonHas nosist) = 0.0001 mac. %.

Oll1akoBKa KepaMUKM BbIpaxkeHa HEOOJbIINMU
KaruisIM1 1 TUICHKaMU, IPUILIABJICHHBIMU K ITOBEPX-
HOCTHU COCyJa WIM YaCTUYHO CIUIABJICHHBIMU C Kepa-
MUYeCKoi Maccoii (puc. 4, 3, 4), UHOTAA 3aII0IHSIET IO~
Dbl U TpELLIMHBI B Kepamuke (puc. 4, 3). OcHOBHas1 Mac-
ca OIJIAKOBKM IIpeAcTaBlIeHa HOBOOOpa30BaHHBIMU
KpUCTa/UTaMHu pasuinTa, aBruTa i KopauepuTa, Haxomsi-
IIMMUCS B MaTpULIE XKEJIE3UCTOTrO cTeKia (puc. 4, 5, 6).
Takcke 3mech IIPUCYTCTBYIOT MEJIKKE PEIMKTHI MarHe-
TUTa (BO3MOXHO, U3MEHEHHBIE XPOMILIHEINIBI) U
MacChl OKCHUIOB Y TUIPOKCUIOB Keje3a (puc. 4, 5, 6).
MeTtanauueckasi COCTaBISIOLIAS IIPeACTaBIeHa MHO-
TOYMCJICHHBIMHU KaIUIIMU 3KeJie3a ¢ mpuMecsaMu Ni u
Co, pazmepom 10 5—7 mkMm. Chepudeckre 00paoBbLIe
BKJTIOUEHMSI Ha TIOBEPXHOCTH TAaK3KE BBIITOJTHEHBI JKe-
JIE3UCTOM OIJIAKOBKOM, COCTOSIILEN U3 KPUCTAIIIOB
MUpoKceHa (psm 3HCTATUT-(hEePPOCUIINT), MEIKHUX
3epeH HOBOOOpPa30BaHHbBIX IITMUHEIUIOB (psii Mar-
HETUT-TEPIUMHUT) U cTeKna. Takke B chpeprmuecKux
BKJIIOYCHUSIX IPUCYTCTBYIOT PEJIMKTHI 3€pEH TaJIbKa
U Zn-coaepKallux XpOMIITNUHETUIO0B.

Ha BeHunke s3Toro ¢pparMeHra cocyaa Takxke 00-
HapyXeHa KaIllst MeOu IUaMeTPOM 2 MM, OKMCJICH-
Has no niepudepun. LleHTpajibHast yacTh Karuiu BMe-
maeT OOJIbIIOE KOJMYECTBO BKIIIOUYEHUIT KyIIpUTa.
Taxoke B Hell HaOmomalOTC HeOOoIbIIME (IO 5 MKM)
BkIoueHnss Sn—Sb—Pb—Bi ¢a3. I[lo maHHBEIM
JIA-NCIT-MC aHanu3a KarJisi COCTOUT M3 MEAU C
npuMecaMu S, Ag, As; KpoMe 3TOTr0 B HEKOTOPBIX JIM-
HUSIX aHajin3a HaOJIIOJAIOTCSI MOBBIILIEHHBIE CONEP-
xkanus Ni, Sn, Pb, Sb, Bi, Zn, Se u Te (ta6n. 2). I1o
onpeneneHuto A.Jl. JlerrsipeBoii, KaIuis xapakrTe-
pU3yeTcsl JIMTOM TIOJMBAPUYECKON CTPYKTypOil C
paBHOMEPHO pacIpeAcIeHHBIMU  BKIJIIOUCHUSIMU
aBTekTuKU Cu—Cu,0. Cyns no riolianm, 3aHuMae-
MO y4aCTKaMHU 3BTEKTUKM, COIEPKaHNE KMCIOPOaa
B Menu noBbITIIeHO 10 0.39%. Bbimke K TTOBEpXHOCTH
KaIllIi 3BTEKTUYECKOE CTpPOCHME IpaKTUYECKU
IIOJTHOCTBIO MCYE3aeT, BEPOSTHO, M3-3a YIOJbHOM
3aceKku. Iloauagpuyeckye KPUCTALUIBI MMEIOT
KPYITHBbIE pa3Mepbl U MOYTH OKPYIIyio ¢GopMy, UTO
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CBUACTCIILCTBYET O 3aMCIJICHHOM OCTBIBAaHMM KallJlni
COBMECTHO C TCIIOTEXHNYCCKHNM COOPYKCHHNEM.

Obpaszey 303 (puc. 5, 2). ®parMeHT IJICUNKa COCY-
Jla HalileH B TIEPEOTIOKEHHOM CJI0€ COBPEMEHHOTO
oTBaJjia 3KCKaBaropa n3 TpaHmen BK-4. Pazmepnr 5 X
% 3.5 X 0.9 cM, IBET TEMHO-CEPbIi, 10 BEpXHEM ya-
CTH TYJI0BAa HAaHECEH OPHAMEHT B BHUE KOCO3allTPU-
XOBaHHBIX TPEYTOJbHUKOB BEPIIMHAMMN BHU3 C HC-
MMOJIb30BaHMEM IJIaAKOro InTamra. /IBe TpeTu BHYT-
pEHHel TToBepXHOCTH pparMeHTa (OJIMKe K BEpXHEM
YacTH COCy[da) ITOKPHITBI OYyTPMCTOI ITy3BIpYaTO
MacCOM CO CTEKJIOBUIHOM ITOBEPXHOCTHIO TEMHO-CE-
poOro 1IBeTa TOJIILINHONI 1—2 MM, Ha BHEIIIHE Il MOBEpX-
HOCTH MMEIOTCS JIMIIb OTAeNbHbIe Oyropku. Ounia-
KOBKa BbIpaxkeHa cjadee, yeM B ApPyrux obOpasiax,
yale oHa IpeAcTaBieHa YaCTUYHO pacIUIaBICHHOM
¥ BCIIEHEHHOI KepaMndecKoii maccoii. OmHaKo Me-
cTaMM OTMeEYaeTCsl 3HAUMTEIbHOE pacIliaBlIeHUE C
o0Opa3oBaHMEM 3apObIIIeii KpUCTAIOB (BO3MOXHO,
MMAPOKCEHa) U Kalleab Xejle3a C IPUMEChI0O MEIH 110
0.44 mac. % (ta6Gu. 1, Ne 15).

Obpasey, 214 (puc. 5, 3). dparmeHT Ty/IOBa cocyna
HaliZIeH B IEPEOTIOXKEHHOM CJI0€ COBPEMEHHOTO OTBA-
J1a 3KckaBaropa u3 tpaHiiuen BK-4. Pasmepsr 6 X 5 X
X 1.4 cM, IIBET CepBhlif, opHaMeHTa HeT. dparMeHT Impo-
HUCXOJUT OT CJ1Ia00pa3ayTOro TyJioBa COCyia U, BOZMOX-
HO, SIBJISIETCSI MPUIOHHOI yacThio. Ha Gosee ToscToit
MOJIOBMHE pparMeHTa (O11eKe K AHY) U BHYTPH, 1 CHa-
PY>X1 TOBEPXHOCTb BCIIEHEHA, UMEET MHOXKECTBO MUK-
pomnop, TOJBKO Ha BHEITHE IMPUCYTCTBYET HEOOJbIIION
Y4acTOK HaTeKa cepoil MacChl OLIIAKOBKM CO CTEK-
JIOBUJTHON TMOBEPXHOCTHIO W MEJKUMU OypbIMU
BKItOYeHUusiMU. Ee cocTaB BbIpaxkeH >KeJIe3UCTO-
MapTraHIlIeBbIMU HOBOOOpPa30BaHHBIMM HECTEXMO-
METPUYHBIMU MUHEPATIbHBIMU (ha3aMU U CTEKJIOM,
IIUPOKO pacIlpOCTpaHEHbl KPUCTAUIbI (hasIuTa.
Metamyeckue BKIIOUEeHMSsI TpenacTtaBieHbl Fe—Ni—
Co—Mn-dazamu B B Kanenb pasmMepom 10 10 MKM n
UX CKOIUIeHUsIMU (Ta0t. 1, Ne 8, 9).

Obpasey 96 (puc. 5, 4). dparMeHT TyJI0Ba cocyna
HalileH B YepHOM T'YMYCHPOBAHHOM TPYHTE Ha Kparo
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nocTtpoiiky 2. Pasmepsr 4.8 X 4 X 1.3 cM, IBeT cepo-
KOPUYHEBLIN, opHaMeHTa HeT. IIpenmyliecTBEHHO
10 KpasiM (pparMeHTa Ha 00Jjiee TOJICTOI ero MOoJI0BU-
He IMTOBEPXHOCTH BCIICHEHA Y UMeeT MHOXECTBO MUK-
pornop, Kak BHYTpPU, TaK M cHapyxu. OIIIaKoBKa
3HAYUTEJIPHO CIUIaBJIeHAa C KepaMUYECKOil Maccoii,
oHa oOpa3oBaHa Fe-Al-cTeKJIoM M KpHUCTa/UIaMU OJIM-
BUHA. BkoyeHMs1 MeTaia TIpencTaBlieHbl HUKEJM-
CTBIM M CaMOPOIHBIM XeJie30M (Tadu. 1, Ne 13, 14).

Obpaszey 314 (puc. 5, 5). @parMeHT TyJI0Ba cocyaa
HaliJleH B KOPUYHEBOM PBIXJIOM I'PYHTE IO/ OTBAJIOM,
COBMECTHO C IPYTUMHM aIaKyJIbCKUMU (pparMeHTaMH
COCYIIOB, HO 0€3 MPUBSI3KHU K MOoCcTpoiikam. Pazmephl
5 X 3 X 1.2 cM. Bo3aMoxkHO, ipuaoHHas yacTh. dpar-
MEHT CEepOro IIBeTa, MMeeT OpHAMEHT B BHIIE yIjia U3
HECKOJIbKUX MapaJljieJIbHbIX MPOYepUYEeHHBIX JTUHUA.
Ha ygacTke ¢ opHaMeHTOM U ITOI HUM Ha BHYTpPEH-
Hell CTOpOHE MMOBEPXHOCTD COCya BCIICHEHA M UMEET
MHOECTBO MUKPOTIOP.

OmmakoBKa B o0pasiie CIUIaBjlIeHa ¢ KepaMHude-
ckoit cocramismwoleii. Ee coctaB BeipaxeH Fe-Al-
CTEeKJIOM, HOBOOOpa30BaHHBIMU KPUCTAJLIAMU OJIV-
BMHA M TIMpokceHa (psa (HeppOoCHIUT-3HCTATHUT)
(puc. 4, 7). B kepamuyecKoii Macce OTMeUYaeTCs MHO-
ro 06JJ0MKOB TaJibKa pa3MepoM A0 2—3 MM, B Tpellu-
HaX M ITyCTOTaX KOTOPBIX TIPUCYTCTBYIOT HOBOOGpa-
30BaHHbIE (pa3bl: HUKEIMCTOE XKeJie30, OJIMBUH U BIO-
ctur (puc. 4, 8§ (tab6i. 1, Ne 16).

MeTtamtyprudeckmii niak. EnvHcTBeHHbIN (par-
MEHT MeTaJUTypruyecKoro 1ijaka Obul HaliIeH Ha Mo-
rpe0eHHOl MoYBe BHE MPENEOB BbIIEJEHHbIX MO-
crpoek. MdparmeHT nMeeT pa3mepsl 1.5 X 2 cM, TeM-
HO-KOpUYHeBbIli 1BeT. [ToBepXHOCTb TIankasi, Ha
U3JIOME CTEKJI0BaThIi, CpenHenopucTbiii. OCHOBHYIO
Maccy I11j1aKa CoOCTaBJIsIeT HUBKOKPEMHUCTOE CTEKJIO.
HoBooGpa3oBaHHbIe (ha3bl MpeacTaBiieHbl YIJIMHEH-
HbIMM KpUCTAJIJIAMU AHOPTUTA U 3€pHAMU MarHeTuTa
c npumecsamu Al, Ca, Mn, Mg, Ni, Zn (puc. 4, 9). Pe-
JIMKTOBBIX MUWHEpPaJIbHbIX BKJIIOUEHUI B IIUIaKe He
OoTMeueHOo. MeTajul B 1IJ1ake MPENCcTaBleH KarjisaMu
menu ¢ mpumMmecsamu Fe u Ni, paamepom 1o 100 MKM.

MeTamrypruyeckue IIjlakv, paHee OOHapyXKeH-
HbIe Ha pyJHUKE B X0OJIe TIOABEMHBIX COOPOB, OTJIMYA-
JINCHh Pa3HOPOTHOCTBIO: OOHAPY:KEHBI CTEKJIOBAThIE
Pa3sHOBUIHOCTY C HOBOOOpa30BaHHBIMM KPHCTAJLJIa-
MU aHOPTUTA U MUPOKCEHOBBIE NIJIaKKU. B oOpa3siiax
OTMeUYeHa IIpuMech Zn, B HEKOTOPHIX M3 HUX ObLIN
BCTPEUYEHBI PEJIMKTOBBIE BKIIOUYEHUSI Zn-colepka-
WX XPOMIIMUHEIUAOB. MeTall B IJIakKax Tpe-
CTaBJICH KaIUISIMKU MeOau ¢ IipuMecsamu S, Ag, Bi, Se,
Te (Ankusheyv et al., 2021).

M3yyeHHBbIE KATerOpuy MCTOYHUKOB ITO3BOJISTIOT
MPEANOJI0XUTh, YTO B HEITOCPEICTBEHHOM OIM30CTH
OT TOPHBIX BBIPAOOTOK B aJaKy/JIbCKUI TIEPUO ITIPO-
HUCXOOWIIN KaK METAJITyprudecKue, Tak U METaII000-
pabaThIBafOIINE MTPOILIECCHI.

BriniaBka MeTajuioB U3 pyn. AptedakThl, MapKu-
pyIolve BBITUIABKY METAJIJIOB M3 Py, UCUNCIISIOTCS

€IUHUYHBIMU 3K3eMIUigpamMu. OHU TIpeacTaBieHbl
¢dparMeHTaMu METALUTYPTUYECKOTO 1IJTaka U3 packo-
na U MOABEMHBIX COOPOB, CUTYalIMOHHO HE CBSI3aH-
HBIMU HU C OJHUM U3 TETUIOTEXHUYECKUX COOPYXKe-
HUI, a TakXke ILJIAaKOBOK IPOCIOWKON Ha Oiromde.
CrenoBaTeibHO, TOBOPUTh O IIMPOKOMACIITAOHOM
MEIETUIABUJIBHOM MPOU3BOACTBE 30€Ch HE IPUXO-
JIUTC, TI0 KpaiHEN Mepe, Ha UCCIIEIyEMOM Y4acCTKeE B
npenenax M3y4eHHBIX TTOCTPoeK. BO3MOXHO, 3TOT
3Tall METAJUTyPruueckKoro Ipoiiecca ObUl BBIHECEH B
JIpyrve 30HbI MpPUJIETalollero K BhIpaboOTKaM IIpPO-
CTPaHCTBa, TUOO 3a MPEEIIbl pyTHUKA.

Bce HaiineHHbIE Ha PyZHMKE OOpas3Libl LLIAKOB
SIBJISIFOTCSI TIPOIYKTOM BBITIJIABKY YMCTOM M€, peXe
Mmeau ¢ HebonbpmuMmu npumecsimu Fe u Ni. To, uyrto
9TU IIJIAKU SIBJISIOTCS MPOIYKTOM IIE€peleia pyIbl,
JIOOBITOIA UMEHHO 371eCh, TOKA3bIBAET HATMYME IIPUME-
ceil Zn B CTEKJIE U PEJIMKTOBBIX XPOMILIITUHEIUIAX, YTO
SIBIISIETCSI XapaKTePHOM OCOOCHHOCTBIO MECTOPOXIIE-
Hus. [1pucyTcTBre BKITIOYEHWI XaIbKO3MHA B METHOM
Karule CBMJIETEJILCTBYET 00 MCIIOJIb30BAaHMU BTOPUY-
HBIX CYJIb(UIOB B pyTHOH IIMXTe. DTO COIIACYETCSI C
HaymareM npumeceii S, Se u Te, paHee 3adpuKcupoBaH-
HBIX B 111aKke ¢ pyaHuKa (Ankushev et al., 2021. C. 408).
MOXXHO IPEIIOIOKUTh, YTO PyaHAsI IIIUXTa ObLIa CYJIb-
GUIHOI MM CMENIAaHHONW OKMCIICHHO-CYIb(MHUIHON’.
OHaKO TOYHO BOCCTAHOBUTH MUHEPAJIOTUIO NCXOIHOM
IIMXTHI TTOKa He MPEICTaBISIeTCS] BO3MOXHBIM H3-3a
MaJIoro KOJIM4YecTBa 00pa3IoB IIUIaKa.

OtiuBKa u nepemnas usneiauii. Heckonbko mupe
MpeACcTaBJIEHbI CBUIETEIbCTBA BTOPUYHOTIO IIeperia-
Ba MeIM U cIiaBoB. 1o kpaiiHeit Mepe, OTHO U3 Tell-
JIOTeXHUYeCKUX coopykeHuii (Ne 4) — ucrmoiab3oBa-
JIOCh B KauecTBe MeTajiooopabaTeiBatoiiero. Ha ato
YKa3bIBaeT OTCYTCTBUE METAJUTYPIrUUeCKUX IILIAKOB B
IPYHTE 00BbEeKTa U Ha IpUJIeralolIeM IIPOCTPAHCTBE,
cJieIOBbIE COAEPKaHUS OJIOBA B €ro 3aroJHeHUU, a
TakXXe TMOBBIIIEHHBbIE B CPAaBHEHMU C OCTAJbHBIMU
oObeKkTamMu coxepxanug Meau (or 1.2 1o 2 Mac. %).
Bauskue 3HaueHus conepxxanust meau (1—1.5 mac. %)
paHee GbUIM YCTAHOBIICHBI TI0 Pe3YJIbTaTaM PEHTIEHO-
¢yopeclieHTHOro aHaIM3a LIEHTPaIbHOI YacTH TOpHA
Ha pynHuke HoBoreMupckuii, 4bs MeTajlTyprude-
cKasl TIPUHAIJIEXXHOCTh HaIeXKHO apryMeHTUPOBaHa
HaxogKaMW IIJIAKOB in situ (AHKyIIeBa, AHKYIIECB U
ap., 2022). Takum o6pa3omM, 00bEKT 4 MOT UCITOJIb30-
BaThCS TSI PACITIaBa CJIUTKOB, TePEIIaBKU TOTOBBIX
Mellb- U OJIOBOCOAEPXKAILIUX U3ASTUI WU JIOMA.

OCOOEeHHOCTH CTPOEHMSI HanboJIee XOPOIIIO CoXpa-
HuUBIIErocss odara Ne 2 — ero HeOOJbIINE pa3MEpHI,
KOHIIEHTPUYECKIE TTPOCIOMKM C pa3pbIBOM, (byTepOB-
Ka U3 MEJIKMX KAMHEIT — KOCBEHHO MOTYT YKa3bIBaTh HA
€ro MCMoJb30BaHUe B METaIONPOoUu3BoACcTBe. OTCyT-
CTBME JaXe MeIbYaiinrX (pparMeHTOB IIIaKa B €T0
3aITOJIHCHUU U Ha TIPUJIETAIONIEN TEPPUTOPUYN TOBO-
PUT B TOJIb3Y MeTaJuI000padaThiBaoleil QYHKIIUN.
Hcnionb3oBanue cyab@UIHBIX pyd, 3apUKCUPOBAaH-
HOE IIO IIJIaKaM, TakK:Ke SIBJISIETCS KOHTPapryMeHTOM
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Tabomuna 3. BanoBblil cocTaB KepaMUKHU, OIIUIAKOBKY Ha KepaMMUKe U METAJUTyPIMYEeCKOTro Ilaka Ha OJItofe ¢ pyIHUKa
BopoBsckas sima (cymma ripuseneHa K 100%)
Table 3. Gross composition of ceramics, slag on ceramics, and metallurgical slag on a dish from the Vorovskaya Yama mine

(the total is reduced to 100%)

Ne obpasma Anamuz | SiO, | ALO3; | FeO | MgO | CaO | Na,O | K,O | TiO, | SO; | P,Os5 | MnO
Kepamuka
374B-96 22649a 52.55 | 20.59 | 12.02 | 10.08 1.32 | 0.70 1.17 0.70 | 0.87 - —
22649b 51.60 | 20.64 | 13.55 8.84 1.34 | 0.71 1.38 | 0.79 | 0.59 | 0.55 —
22649c 53.04 | 21.81 | 11.35 8.63 1.27 0.50 1.26 | 0.98 0.54 | 0.61 —
22649d 52.19 | 21.89 | 11.66 9.67 1.33 0.39 | 0.84 | 0.77 | 0.59 | 0.67 —
22649¢ 53.36 | 17.45 | 11.02 | 12.95 1.39 | 0.82 1.28 0.71 0.49 | 0.54 -
374B-290 HoB | 22648a 54.31 | 20.25 | 12.33 | 10.22 | 0.94 — 0.51 0.94 | 0.50 — —
22648b 55.84 | 18.03 | 11.01 | 13.13 0.71 - 0.55 0.73 - - —
22648c 57.09 | 17.68 | 10.46 | 11.67 0.89 | 0.40 | 0.56 | 0.85 0.41 - —
22648d 55.58 | 17.51 | 10.5 14.28 | 0.61 0.38 0.41 0.72 — — —
22648¢e* | 56.28 | 18.38 | 10.79 | 11.09 | 0.82 | 0.36 | 0.58 | 0.69 | 0.41 — -
374B-303 HoB  |22651a 54.05 | 22.32 | 9.67 8.25 1.86 | 0.59 1.40 | 0.75 0.25 0.85 -
22651b 54.52 | 22.67 | 10.66 8.79 | 0.99 | 0.51 0.74 | 0.76 | 0.36 — —
22651c 54.95 | 22.81 | 10.66 8.49 | 0.98 0.35 0.67 0.77 | 0.32 - -
22651d 54.62 | 25.82 | 1044 | 5.75 1.06 | 0.29 | 0.78 0.96 | 0.27 - —
22651e 53.08 | 22.24 | 13.24 | 8.46 0.78 0.22 | 0.58 1.13 - — 0.29
374B-314 22650a 61.78 | 18.14 8.77 6.91 1.17 0.35 1.72 0.66 | 0.50 — -
22650b 55.63 | 18.74 | 11.20 | 8.05 1.63 0.86 1.88 0.92 1.08 - —
22650c¢ 56.99 | 18.07 8.92 | 9.75 1.40 | 0.69 | 2.13 0.89 1.14 — —
22650d 67.63 | 12.88 6.86 7.69 1.16 0.46 1.30 1.42 | 0.59 - —
22650e 56.99 | 16.49 | 10.12 | 11.38 1.27 0.68 1.54 | 0.80 | 0.72 - -
O111aKoBKa Ha KepaMUKe
374B-290 HOB |22648f | 52.56| 18.05| 8.79| 6.45| 5.64| 1.52 | 4.55 | 0.99 | - | 1.27 | 0.18
bmono
374B-346 |22380r** | 53.74 ‘ 16.95 ‘ 10.80 | 14.07 ‘ 0.74 ‘ 0.66 | 0.80 ‘ 1.30 ‘ 0.49 ‘ — ‘ —
Meramnyprudeckuii uiaK Ha 611011e
374B-346-3 |22419f“‘** | 51.20‘ 18.69‘ 9.07| 7.04‘ 2.16 ‘ 0.78 | 7.09 ‘ 1.45 | — I 0.86 ‘ 0.36

TIpumeuanue. B cocrase npucyrcrByet (Mac. %): *CryO3 — 0.6; **Cr,O3 — 0.25; ***CuO — 1.3.

IIPOTUB MX BHITUIABKU B PACIIOJIOKEHHBIX B TIOCTPOIi-
Kax odarax. DKCIEepUMEHTAIbHbIE WCCICAOBAHUS
HUCKJTIOUAIOT BO3MOXHOCTh CYJIb(MUIHBIX IUIABOK B
3aKpbITOM MOMEIIEHUM BBUAY PE3KOro 3amaxa cep-
Horo ra3a u aeiMa (I'puropses, 2013. C. 47).

HaubGonpiiivue 3aTpynHeHUs BbI3BAJIO ompeaese-
HUEe Ha3HAYeHMsI KepaMHMKM CO CJeJaMH BO3Ieii-
CTBMSI BEICOKUX TeMIiepaTyp. biiono Morio siBasThes
MOIU(PYHKIMOHAIBHBIM U3JEJIMeM, MOCKOJIbKY CO-
JIeP>KUT Kak IIUIaK OT BBITUIABKU YUCTOM Meau, TaK U
cJielbl OJIOBAa Ha ITOBEPXHOCTH, BHISIBIeHHBIE PDA.
IMTocnenHue yka3pIBalOT CKOpee Ha MeperuiaB Win OT-
JIUBKY OpPOH3BI, MOCKOJIBKY Ha MECTOPOXICHUU OJI0-
BO OTCYTCTBYeT. TakuM oOpa3oM, OO0 MOIJIO HC-
MOJIb30BaThCs KaK IUJIaBMIIbHAS Yallla IS mepeaciia
pyabl (TUTENb), TaK U B KAYECTBE U3JIOKHUIIBI IJIsI OT-
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JIMBKU OpoH30BOro ciautka. CoBMecTHasl IjlaBKa
MEIHOM 1 OJIOBSIHHOI pydbl B JAaHHOM CJIydae Majlo-
BEpOSITHA, IIOCKOJBKY, KaK OBLIO CKa3aHO BHIIIE,
nutaky BopoBCcKoOit SIMBI coepKaiy BKITIOYSHMST Y-
croit mMeau. Iloxoxue usnenus, PyHKIMOHAIBHOE
Ha3HauYeHMe KOTOPKIX CBSI3BIBAETCSI C TUIABKOM PYIIbI,
HaliieHbl Ha TToceeHun ApxaHreabckuil [1puuck 11
(I'puropnes, 2013. C. 432. Puc. 11-29).

O1utakoBKa Ha OCTaJbHBIX KEPAMUYECKUX U3Me-
JIUSIX MOTJia 00pa30BaThCs B Pa3HBIX CAydyasx: MpU
BBITLJIaBKE MeTajljla u3 pyabl (Harpumep, KuproiH
u ap., 2013), npu neperiaBe yxe roTOBbIX U3IEInii
(mranpumep, Jlyaskos, 2004. C. 74, 75; Erb-Satullo,
Gilmour, Khakhutaishvili, 2015), ipu ucmoab3oBa-
Huu B (pyrepoBke neun (Hanpumep, Rehren, Leshta-



34 AHKYIIIEBA u np.

Sio,

MgO + A1203 + Fe006m + TiO2 +
+ MnO + Cr,O3 + CuO + SO3

Puc. 6. CooTHoIlIeHEe OCHOBHBIX KOMITOHEHTOB COCTaBa KEPaMUKH, OLIJIAKOBKM Ha KepaMUKe M METAJLTyPTHYECKOTO IjIaka
Ha OJ11o1Ie ¢ IpeBHero pynHuKa BopoBckas SIma. YcinoBHBIe 0003HaUYeHUs: @ — (hparMeHTHI KEpaMHUKHU, 6 — OJII00, 8 — OIlljia-

KOBKa KEpaMMKHM, ¢ — LJIaK Ha omroze.

Fig. 6. The ratio of the main components in the ceramic composition, slag on ceramics and metallurgical slag on a dish from the

ancient mine of Vorovskaya Yama

kov, Penkova, 2016), a Takxe B pe3yJIbTaTe CIIydaitHO-
TO TToTnagaHus GUTOM MOCYIBI B TOPH.

INocnennme nBa BapmaHTa OBLTA MCKITIOYEHBI ITO
CIIeMYIONM TIpUYMHaM. Bo-TepBbIX, TIpocieknBa-
JlaCh 3aKOHOMEPHOCTb B JIOKAJIM3AILIMU OIIJIaKOBaH-
HOTO cJios (Ha BHYTpeHHeit moBepxHOCTH). Bo-BTO-
DBIX, HATEKW OTCYTCTBOBAJIM Ha MOBEPXHOCTU M3JIO-
Ma COCylOB, a 3HAYUT, OHU 0OPa3oBaJIUCh IO TOTO,
KaK ropIikKy O pa3ouTsl. CiegoBaTelIbHO, TPe0O-
BaJIOCh BBISICHUTH, B KaKUX TIpoIleccax ObUIM 3aaeii-
CTBOBaHbI COCyIbl — B METAJUTypruueCKUX WJIU Me-
TaJ1000pabdaTHIBAIOIINX.

DJIH OTOIr0 MbI OINPCACININ OTACIBbHO BaJIOBBINA

COCTaB KEpaMHMKM 1 OLIJITAaKOBKH METOJOM 2JICKTPOH-

HOIi MMKPOCKOITMHM C PacTpa pa3MepoM OKoJIo 1 MM>2.

CocTaB Bcex KepaMU4YeCcKnX (parMeHTOB, BKITIOYAs
OJII0M0, SIBJISIETCS CXOMHBIM, OHM OBLITU M3TOTOBIICHBI
M3 OTHOTO ChIpbs (Tabia. 3). B olt1akoBKe KepaMUKU
M IIJTaKe Ha TTOBEPXHOCTHU OJTI0Ia CONEPKUTCS 3HAYN -
TeapHO Oonbiie Na,O, K,0, CaO u P,0O5; — kommno-
HEHTOB, IPUYPOUYSHHBIX K IPEBECHOMY YIJIIO U 30J1¢
(Kanrapo u ap., 2021) (puc. 6). KonuuectBo apyrux
KOMIIOHEHTOB CXOIHO, TTO3TOMY IIPUBHOC CTOPOH-
HuX 100aBoK ((110COB) He mpeamnojaraeTcs. 3Hauu-
MbIM OTJMYMEM OIILIAKOBKM Ha (parMeHTUPOBaH-
HOIT KepaMUKe M IIUTaKa Ha TTOBEPXHOCTH OJTfo/Ia SIB-
JISIeTCS TIPUCYTCTBHE B IOCIIEOHEM KarleJlb MEIu U
BbIcOKOE comepxxanue Cu B mutake (1.3 mac. %).

BxitroueHUST METaNTMYECKOTO Keje3a, 9K30THYe-
cknx Fe—Ni—Co—Mn ¢a3, HOBOOOpa30BaHHBIX
POCCUHNCKAS APXEOJIOTUS

Ne 3 2023



MUHEPAJIOTO-TEOXUMHNWYECKOE UCCIEJOBAHUWE CBUAETEJIILCTB 35

KPUCTAJIJIOB OJMBHUHA (hasuuT-(QOPCTEPUTOBOIO PsI-
Jla ¥ BIOCTUTA B OIIUIAKOBAHHOI YacTU OOBSICHSIETCS
BO3ICICTBUEM BBICOKMX TEMIIEpaTyp X BOCCTAaHOBM-
TEeJIbHOM aTMoc(depbl Ha KepaMHUYECKYIO0 Maccy, B
OOJIBIIIOM KOJUYECTBE COAECPKAIIYIO TalbK, XpOM-
IIMWHEJUAbI, OKCUIbl U TUAPOKCUIBI Xejie3a. DTo
MMOATBEPKIAECTCSI TakKXe HaxXxoOKaMU HHMKEJINCTOIO
Kejne3a, HOBOOOPa30BaHHOIO OJIMBMHA U BIOCTUTA B
IIyCTOTaX TaJbKOBOIl IpecBbl B KepaMUKE, BOJIMU3U
30HBI onuiakoBaHusa (puc. 4, &§). CiemoBaTelbHO,
OIIUTAKOBKA Ha KepaMHUKE MOrIJa SIBJISITbCS KOCBEH-
HBIM IIPOAYKTOM BHYTPUTHUIEJILHOIO IIeperiaBa
MeTaUla B BOCCTAaHOBMTEIBHOII aTrmMocdepe, KOH-
Tponupyemoii yrojapHou 3acwinkoit (JI.C. Ararmos,
C.A. Aranos, 2021). Ha 370 yKa3bIBalOT TaKxkKe MUHE-
paJIoro-reOXuMHUIECKIe XapakKTepUCTUKIY KaIlJIu Me-
I, obHapyxeHHoit Ha oopasue 290. JIA-UCIT-MC
aHa/JIM3 MEOHOM Karjii Ha BEHYMKE KepaMHYeCKOTO
cocyda MoKa3ajl HU3KOE COAEpKAaHME XapaKTePHBIX
JUIST yIBTpaba3nuTOB MapKupylolux IipuMeceil Fe,
Ni, Co u As. IIpu 3TOM HEKOTOpbIE aHATUTUYECKUE
JIMHUY TI0KAa3bIBAalOT TOBBIIIEHHBIE COACPXKAHUS
KOPPEJMPYIOLIMX APYT ¢ IpyroM Sn, Sb, Pb u Bi, yro
HapsiIy ¢ HEOOTHOPOIHOCTBIO 3JIEMEHTOB-IIpUMeceid
B 00BbEME KaIUIM CBUIETEIBCTBYET O IIeperjaBe pa3-
JIMYHOTO METANIMYECKOTO JIOMa, 4acTh U3 KOTOPOTO
ObLIa JIETMpOBaHa OJIOBOCOIepXKalleir Meapio. [1pu
STOM TIOBBIIIIEHHBIEC COAEPKAHMUS IOABVKHBIX 3JIe-
MEHTOB S U Zn CBUIETEIBCTBYIOT 00 OrpaHUYEHHOM
KOJIMYeCTBE (BEpOSITHO, OMHOPA30BOM) II€PEIJIaBOB.
B nesom MuHepaaoro-xuMmu4ecKue ucCieaoBaHUs U
MopoJiornyeckrue 0COOEHHOCTU 3TOM TpyIIbl Ke-
pamuku BopoBckoii SIMBI HAXOIAT CBOM MTApAJIJICIN CO
I xaTeropueit IUIABMIIBHBIX Yalll, BHIAEJICHHOM Ha I10-
cenienuu TopHerii-1 KapranuHackoro I'MLI. B Hee Bxo-
JISIT OBITOBBIE COCyObl HEOOIbIIMX pa3MepoB (mo 1500
cM’) ¢ OLIIAKOBAHHOM TMOBEPXHOCTHLIO, KOTOPBIE UC-
MOJIB30BAJINCh B METaJUI000pabaThIBaIOIIEM IIPOM3-
BOJICTBE TTPM OTJIMBKE M3ACINIA HEOOIBIION METaJITO-
eMkocTH (JIynbkoB, 2004. C. 73—75).

Takum 06pa30M, ncciacaoBaHmue CBUICTCIbCTB
METAJIJIONPOMU3BOACTBA M3 aJIaKyJIbCKOI'O CJIOA PyId-
HHNKa BOpOBCKaSI SAMa mo3Boauio IIOJIYyYUTb HOBBLIC
JaHHBIC O TCXHOJIOTMYCCKUX ITponeccax, IporucCxXonsd-
X HAa MEJHOM MECTOPOXKIACHHNU.

1) B6au3u BeIpaOOTOK IIPOMCXOIMJIA BhIILIaBKa
MeTajjia ¢ MCTOJIb30BaHWEM CMEIIaHHBIX OKWCIJICH-
HO-CYIb(MUIHBIX WX CYJbMUAHBIX pyd. MaciiuTadbl
STHX TIPOIIECCOB MTOKAa HEBO3MOXHO PEKOHCTPYHUPO-
BaTh BBUY IMHUYHOTO XapaKTepa HaX0A0K, HO o4e-
BUIHO, UYTO OHY ObLIY BbIHECEHbI 3a Mpeeibl Ucce-
MIOBaHHBIX YIaCTKOB ITOCTPOEK.

2) B camMux moctpoiikax oTMeUYeHbl CBUACTEILCTBA
METaJIo0OpaboTKN B BUIe (parMeHTOB TUTIICH M
TETUTOTEXHUYECKUX COOPYKEHUM CO cliefaMu MEIU U
0JI0Ba B TpyHTe. B posiu TUIIeii MOIIM BBICTYTIATh CO-
Cynobl, OMM3KMe TO MOPMOIOTUM K OBITOBBIM.
OHU 1CTIOTB30BAIMCH B TOM YHCJIE IJIsI HEOMHOKpAT-
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HOTO MeperiaBa M3IeNINii U3 MeAu W OJIOBIHHOI
OpOH3HI.

HecmoTpst Ha NIpUCyTCTBUME Ha MaMSITHUKE TIpU-
3HAKOB BCEX CTalUii METaJIJTypruuyeckoro rnpoiecca,
MoKa Mo MMEIOILIMMCS TaHHbIM CKJIalbIBaeTCs Kap-
TMHA 00 OrpaHMYEHHbBIX MacliTadbax 3TOro Mpou3-
BoncTBa. Hebombioit 00beM CBSI3AHHBIX C HUM Ha-
XOJIOK TO3BOJISIET TIPENINOJIOXUTh, YTO OHO ObLIO
CBSI3aHO C HYKJIaMU U TOTPEOHOCTSIMU CaMUX TOPHSI-
KOB, B YaCTHOCTH, B U3TOTOBJIEHUU TOPHOIOOBIBAIO-
IIUX OPYAU Tpyda. DTO KOCBEHHO MOATBEPXKAAETCS
HaxOJIKON NuTeitHOM (OpPMbI TOPHOMPOXOMYECKOTO
OpyIusl Ha APYTOM MaMSITHUKE 3TOTO Tiepuoaa — py-
Huke HoBoremmpckuit (Ankusheva et al., 2021).
ITepcieKTUBBI MPOBEPKU 3TOUM TUMOTE3HI JieXaT B
JNaJibHel1lIeM paclliMpeHUU UCTOUHUKOBOTO (hoHa,
aHaJIMTUYECKUX MCCeT0BaHUIi B 00J1aCTH OpraHU3a-
1IMM XO3SMCTBa allaKyJIbCKOTO Mepuoaa Kak Ha pyl-
HUKax, TaK 1 Ha METAUIONIPOU3BOISIINX MTOCEICHU-
SIX TIO3IHETO OPOH30BOTO BEKA.

O06paboTKa MOJIEBBIX MaTepUAJIOB BBIMOJTHEHA B
paMmkax OwmketHoit Tembl QY @®HIL Mull YpO
PAH Ne 122062100023-5. AHaIMTUYECKUE UCCIE0-
BaHUS BBIMOJTHEHBI MPU (UHAHCOBOM MOIIEPKKE
PO®U u HH®UM B pamkax HaydyHOro IIpoOeKTa
Ne 20-59-56007.

AsTtopbl 61aromapat A . ertsapeBy 3a KOMMEH-
Tapuy MO MeTauIorpadry BKIIOYCHUN MEIIN.
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MINERALOGICAL AND GEOCHEMICAL RESEARCH ON EVIDENCE
OF ALAKUL METAL PRODUCTION AT THE VOROVSKAYA YAMA MINE
(SOUTHERN TRANS-URALS)
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The article discusses the processes of Alakul metal production at the Vorovskaya Yama copper mine (South-
ern Trans-Urals, middle of the 2nd millennium BC). The study sources are the materials of the 2021 excava-
tion site including ruined remains of heating facilities, metallurgical slag and slagged ceramics. The research
employed optical and electron microscopy, XRF and LA-ICP-MS methods. It was established that techno-
logical operations at the deposit were not limited to the extraction of copper ore and its primary enrichment.
In addition, metal was smelted from sulfide or oxidized-sulfide ores in the immediate vicinity of the mine en-
try; however, it was done outside the studied areas of the structures. Secondary remelting of copper and tin
bronze products was performed in ceramic crucibles using heating facilities inside structures.

Keywords: the Late Bronze Age, metal production, the Southern Trans-Urals, the Alakul culture, mine,

slagged ceramics, metallurgical slag, crucible.
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