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ITpoBeneHb! TETPOMArHUTHBIE U apXeOMarHUTHbIE UCCIenoBaHusI (parMeHTOB KeEpaMUKU KOHIIA STIOXU
OpOH3BI U HavaJIa XeJIe3HOTO BeKa apXeoJIoThUYecKrX naMaTHUKOB [puinmHckuii uctok 11, TiokoB ropo-
nok u IIMIIKMHCKOe ropoaullie, PacIiojoXeHHBIX B 6acceiiHe p. Oku, Ps3aHckoii 061, PD. B o6eit
CJIOXKHOCTH TIOJyY€HO COPOK TPU ONpenesieH!s] HANPSIKEHHOCTU TeOMarHUTHOTO TIOJIST U1l BPEMEHHOTO
uHTepBaia XV—IV BB. 1o H. 3. I3 Hux Ha obOpa3uax kepamuku ['puimmHckuii uctok 111 610 monyyeno 10
omnpenaeneHuii, TiokoB roponok — 11 onpenenenuit, LlumkuHckoe roponuiiie — 22 onpeneneHus. B uccneny-
€MOM MHTepBaJie BpeMeH! MMEIOT MECTO TTOBBIIIICHHBIC 3HAYSHUST HATIPSKEHHOCTH T€OMarHUTHOTO MOJIsT 55—
59 MKT1, 4TO CylIECTBEHHO BBIIIE CPEIHEro YPOBHSI HATIPSIKEHHOCTH TI0JIs 1151 Tepputopuu Pycckoii paB-
HuHbI B I[V—niepBoii mosioBuHe 111 ToIC. Mo H. 3. [lonyyeHHbie 3HaueHuss VADM nist nentpa Pycckoit pas-
HUHBI MOTaJIaI0T B ITUPOKUI MHTEPBaJl 3HAYCHUIA, TTIOJIyUeHHBII 11O PACITOJIOKEHHBIM B TOM XK€ TI0JITOTHOM
CEKTOpE OTHOBO3PACTHBIM apXeOJOTUUEeCKUM NaMsITHUKaM [py3un. Pazdpoc qaHHBIX MOXET OBITh CBSI3aH
KaK ¢ GOJIBIIO# OIIMGKOI oNpeeeHus Bo3pacTa 1o '“C, cornocTaBuMoii 1o BeTMuMHe ¢ IPOTSKEHHOCTHIO
CaMoTO MCCJIelyeMOTO BpeMEHHOTO MHTEepBaJIa, TaK 1 C BLICOKON CKOPOCThIO U3BMEHEHWSI MATHUTHOTO O~
JISl B 3TOT UHTEPBaJl BPEMEHMU.

Karuesbie cro6a: apxeoMarHeTU3M, Bapyaluy MaJeoHANPSIKeHHOCTU T€OMarHUTHOTO TIOJISI, 3T10Xa OpOH-
3bl, PAHHUI XXeJIe3HbII BeK, “TEKCTUJIbHASL” KepaMuKa.
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BBEAEHWE

M3ydyeHne TepMOOCTAaTOYHOI HAaMarHUYEeHHOCTU
000XCKEHHOM KepaMUKU apXEOJOTMYSCKUX MHaMsIT-
HUKOB IO3BOJISIET ITOJIyYUTh a0OCOJIIOTHBIE 3HAYCHUS
HamnpsKeHHOCTH IPEBHETO0 T'€OMArHUTHOIO IT0JIS,
KOTOPBIE HEJIb3sI MOJYyYUTh IPU UCCIEAOBAaHUN APY-
TMX BUIOB HAMarHMYeHHOCTU. ApXEOMarHUTHbBIE 1C-
cJieoBaHUsSI ObLUIM BBIACICHBI B OTACIbHBIN pa3mel
reoU3NKU B CBSI3UM C BHICOKOII TOYHOCTBIO IIPUBSI3-
K1 OOBEKTOB MCCJICIOBAaHMS K BPEMEHHOIl IIKaje
[bypnauxkast, 1965]. K coxajieHuIo, pacripeneieHue
apXCOMarHUTHHIX JAHHBIX BO BPEMEHM U B IIPO-
CTpaHCTBE HEpaBHOMEPHO: OOJIbIIasl YacThb OIIpee-
JICHUI1 HAIIPSKEHHOCTH T€OMAarHUTHOTIO I10JISI OTHO-
CUTCS K IBYM IOCJIeTHUM ThIcsiueneTussMm [ Hagacosa,
1998]. B ¢Bsi3u ¢ 3TUM CTOUT aKTyajbHas 3a7a4ya 1mo-
MMOJTHEHUST apXeOMarHUTHOM 0a3bl MaHHBIX MHMOp-
Malueii, oJlydeHHOI B pe3yJibTaTe U3ydyeHUsl Kepa-

MMUYECCKOTI'O MaTr€puasia Ooinee PaHHUX IIEPHUOIJOB BPEC-
MCHM.

AHAaJIN3 COBOKYITHOCTU apXeOMAaTrHUTHBIX JAaHHBIX
O TaJIcOHAIPSKEHHOCTH T€OMAarHUTHOTO TIOJIS, IO~
JIyIEHHBIX Ha MaTepualiaX apXeoJOTUIECKUX MaMSIT-
HUKOB EBpa3uu i MocJieTHUX BOCBMM THICSY JIET,
IMoKa3aJjl, YTO MPOUCXOIUT TIJIABHOE M3MEHEHHUE Ha-
MPSKEHHOCTH MOJISI, KOTOPOE MOXKET OBITh aIlllpOK-
CHMHMPOBAHO CYNEpPIIO3ULIMell KoJieOaHU pa3aud-
HBIX ITepuonoB oT 500 1o 8000 jieT, xapakKTepHOI1 Yep-
TOl KOTOpBIX sBIsieTcs Apeiid [Hawvacosa, 1998].
KapTuny m3MeHeHUsI HAIPSIKEHHOCTU T'€OMATrHUT-
HOTO IIOJISI MOXHO MPEICTaBUTh KaK pe3yabTaT ClI0-
JKEHUSI HECKOJIBKUX KojIebaHuil, 00JIagarommx Apeii-
¢oM paszHoii HampaBiieHHOCTH. CKOpOCTh Ipelipa
IJIsT BCeX KoJjiebaHWii MOXKHO TIPUHSATHL pPaBHOM
~(0.2°/rom, 4TO XOPOILIO COMIACYeTCS C MPSIMbIMU 13-
MepEeHUSIMU CKOPOCTH 3araaHoro apeiida ~0.18°/ron
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M0 pe3yJibTaTaM NPSMbIX T€OMAarHUTHBIX HaGIIOne-
Huii [Bullard et al., 1950]. AMIUIMTYObI pa3IMIHBIX
KoJIe0aHUIT MEHSIOTCSI B 3aBUCUMOCTHU OT JIOJITOTHI.
DTO TIPUBOIUT K PACXOXKIECHUSIM B KapTUHAX M3ME-
HEHUS HAIPSKEHHOCTH T€OMAarHUTHOTO TOJIS B pe-
IMOHAaX, OTHOCSIIIMXCSI K pa3HBIM JIOJITOTHBIM CEKTO-
paM. B cBSI3U ¢ 3TUM mpsiMOE COMOCTaBJIEHUE TIOJTy-
YEHHBIX JAHHBIX O HANPSDKEHHOCTH I'€OMAarHUTHOTO
I10J11 UMEET CMBICJT, €CJIA TEPPUTOPUM, ISl KOTOPBIX ITO-
JIy4eHbI JTaHHbIE, OTHOCITCS K PErMoHaM, pasHULA IO
JIOJITOTE KOTOPBIX OTJIMYAETCS HA EIUHULILI TPAITyCOB.

HauGonpiee 4ncio gaHHBIX O HAIIPSDKEHHOCTH
JIPEBHEr0 reOMarHUTHOTO 110151 B EBpa3uu no Hamiei
9pPbI TIOJIYYEHO IS paiilOHOB, OTHOCSIIMXCS K IIM-
poTHoMy 1tosicy 40°—45° c.i1. HeckosbKo JieT Ha3aj
OBLJIM HayaTbl apXeOMarHUTHbIE MCCJIEIOBAHUS Ke-
paMMYecKOro MaTepraja MHOTOCIOMHBIX apXeoJio-
ruyeckux naMsATHUKOB: Caxrtbiml I u Caxteiu II —
56°48’ c.u1., 40°33" B.1. [Hauacosa u ap., 2018; 2022],
HOmutposckas ciodona IT — 55°34” c.u., 42°03" B.1.
[Pilipenko et al., 2019] u Békca III — 59°17’ c.u1.,
40°10” B.o. [Havyacosa u np., 2020]. JanHas pabora
SIBJISIETCSI YAaCThIO MCCIIEIOBAHMS, [IeJIb KOTOPOTIO I10-
JIyYUTh MH(MOPMALIMIO O HAIIPSIKEHHOCTH T€OMAarHUT-
HOTO TIOJNSI B permoHe eBporieiickoii yactm Poccun,
PacCIIOIOXEHHOM CEBEpHEe JAaHHOIO ITMPOTHOIO I10SI-
ca, Ha NpUOIU3UTEILHO OMHOM MOJIroTe, Ha BPEMEH-
HOM MHTEpBaJjie OT HeouTa JIo pydexka 3p. Pabora mno-
CBsIIIIEHA IIETPOMArHUTHBIM M apXeOMarHUTHBIM MC-
CIeNOBaHUSIM  “TEeKCTWIbHOKH” (Wwinm  “ceT4aToil)
KepaMUKHU MO3IHETO0 OPOH30BOTO U PAaHHETO KEJIe3-
HOT'O BEKOB M3 apXeOJOTMYECKUX ITaMATHUKOB [pu-
mmHckuit uctox I1I, TiokoB ropomok n HInimkuH-
CKOE TOpOOMIIE, PACIOJOXEHHBIX HAa TePPUTOPUU
GacceiiHa p. Oxu PszaHckoii 0671, POD.

OBBEKTbI MCCIIEAOBAHUA

“CeTtyaTast” KepaMmuKa sIBjsieTcsl Haubosiee pac-
MPOCTPAaHEHHOW KaTeropueid HaxomoK W TUIIOM
JIIPEBHOCTE!l B apXeOJOTMYeCKUX MaMSITHUKaX Jiec-
Ho1 mmojiockl BocTouHoit EBpomnbl 1mo3mHero 6poH30-
BOTO U paHHEro xeyje3Horo BekoB. CBOe Ha3BaHUE
OHa TIoJTyyurJjia OT crieliuUuIecKoit 00pabOTKU BHEIII-
Heli TOBEPXHOCTU BLIOMBAHUEM WJIU MPOKATbIBAHUEM
Pa3INYHBIX TTPUCIIOCOOJICHM (MaJiKa ¢ HaMOTaHHBIM
ITHYPOM, BBIXOJIOIIICHHAsI eI0Bast IIUIIKA U 1p.), B pe-
3yJbTaTe KOTOPOU Takasi peyibedHasi MOBEPXHOCTh
HaloMMHaJa CIJIOLIHOM ceTyaThiii y30p WM XKe OT-
MnmevyaTku TEKCTUIbHONW TKaHU. Takue oTnevyaTrku
MOTJIM HAHOCUTHCS KaK C IEKOPATUBHOM 1IeJIblO, TaK
U C TEXHOJIOTUYECKOH 11eJIbIO 3aryla)KMBaHUS TTOBEPX-
HOCTHU OT cJienoB usrotosiieHus [Jlomatuna, 2009].
B panHem xene3HoM Beke Ha TeppuTopuu Bosro-
OKCKOTo MeXypeubsl Tpaaulivs HaHeCEHUS “‘ceTya-
THIX” WM “TEKCTUIILHBIX” OTIIEYATKOB ITPOIOJIKAET
CYyIIIECTBOBATb B JPEBHOCTSIX AbSIKOBCKOI U rOpOIeIl-
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KOI apXeoJlornueckux KyiabTyp. Ha kepamuke ropo-
JelKoi KyabTypsl B VI—V BB. 10 H.3. MOSIBASIOTCS U
TaK Ha3bpIBacMble “POTOXHBIC” OTIEYaTKU B BUJIC
penbedHBIX KPYMHBIX KBaJpaTHbIX OTIEYaTKOB Ha
TTOBEPXHOCTH, KOTOPbIE HE BCTPEUaIMCh paHee.

ApxeoJjiornyeckuit maMsTHUK [pUIIMHCKMIA HC-
tok IIT (54°41°19” c.u1., 40°57’33” B.11.) pacnoysioxeH
MPUMEPHO B 75 KM Ha BOCTOK OT TI. Psi3ansb, y c. Jla-
Kai [A3apos, 2017]. [IpeBHee mocefieHue pacriojiara-
JIoCch Heajeko oT MecTa BriaaeHus p. [1pel B p. OKy.
Toponuiie 66110 0OHapyXeHO B xoae padbot OKcKoit
apxeojiormyeckoi skcneauuuu locymapcTBEeHHOTO
HMCTOPUYECKOTO My3esl o pykoBonctsom b.A. @o-
nomeena B 1988 1. u ucciengosano B 1989 u 1990 rr.
[DPonomeeB, 1990; 1991]. ApxeooTM4YECKUIA TTaMSIT-
HUK 3aHUMaeT HeOOJIbIION YYaCTOK TPSAbI, TTPOTSI-
HYBIIIEICS ¢ 3araja Ha BOCTOK B ITOMiMe JIEBOro 0epe-
ra p. Oku, y ceBepHoOif OKOHEeUHOCTHU 03. Jlakarii.

B xone noneBbIx uccaenoBaHuii moceneHus: [pu-
muHcKui uctok III 61 0OHapyXeH apXeoJorude-
ckuit Mmatepuan (pparMeHThI COCYIOB U OPYIUs TPY-
Jla M3 KaMHs1), 00JIbIiast YaCTh KOTOPOIO COOTHOCUTCS
C TIaMSITHUKaAaMU C “TEeKCTUJILHONM~ KepaMUKOM
TpeTheil yeTBepTHu 11 ThIC. MO H. 3. (puc. 2) [A3apos,
2017]. IlerpoMarHUTHOMY M apXeOMarHUTHOMY MC-
cJiemoBaHMSIM Oblla MOABEPrHyTa KOJJISKIIMS Kepa-
MUKH, cocrosmias n3 30 ¢pparMeHTOB COCYIOB W3
KYJIBTYPHOIO CJIOSI, KOTOPBIM MpPEICTaBIsI CcOOOi
€IWHbII JTUTOJOTUYECKUI CI0OM, BKIIOYAIOLIUNA pa3-
HOBpEMEHHBbIE apxeojornyeckue Marepuaisl 11 Teic.
JI0 H. 3. (Ta6i. 1). ®parMeHTHI IPEICTaBIISIIOT COOO0I
00JIOMKY 000X KEHHBIX INIMHSIHBIX JIEMTHBIX COCYIOB,
MMEIOIINE CHAPYKM KEATBIM U CepPO-3KEITHII 1IBET.
CepenuHa (pparMeHTOB 4YaCTO UMEET TEMHO-KOPUY-
HEBbIH, TIOYTU YEPHBIH 1IBET, UYTO CBUAECTEILCTBYET O
HEepaBHOMEPHOCTH IIpoOKajla IpU OOXHUIE COCYIOB
[HeTaua, 2012]. Ilpaktudeckm BCSI KepaMuKa IIO-
KpbITa “ceTyarhiMu”’ (“TEKCTUIILHBIMU ) OTIHeYaTKa-
MU, YTO U AaeT Ha3BaHUe KepaMmuke. [1o ocratkam yr-
JIs1, OOHAPY>KEHHBIM B 3aIIOJIHEHUU KOTJIOBAHOB KM~
gui, B Teomormyeckom wuHcTUTYTe PAH OBLITO
MpOBENEHO natupoBanue 1o “C u nojydeHa cepust
u3 sty paguoymiepoaHbix aat (TMH 6529: 3170 = 80 BP,
1618—1257 CalBC (95.4%); T'MH 6530: 3080 * 80 BP,
1506—1116 CalBC (95.4%), TMH 6530r-1: 3090 £ 40 BP,
1441—1258 CalBC (95.4%), 'MH 6531: 3060 + 40 BP,
1421—1216 CalBC (95.4%), T'MH 6532: 3160 + 50 BP,
1519—1292 CalBC (95.4%) — 3nech 1 gajee Kaauo-
poBKa BbIIOJHEHa B mporpamme OxCal 4.4
[https://cl4.arch.ox.ac.uk/]), comlacHO KOTOpOIi
BO3pacT MOCEJeHUsI ¢ “TeKCTUJIbHON” KepamMUKOit
otHocutcs K XV—XIII BB. 1o H. 3. [CynaepXunIKuii,
donomees, 1993].

dpyruM mMaTepuajioM UCClIeTOBaHMsI ObLIa Kepa-
MUKa, HaliIeHHAs B KYJIbTYPHbBIX OTJIOXKEHUSIX apXe0-
JIOTUYECKOTO MaMSITHHKA TIOKOB TOPOIOK, pacHoio-
KEHHOTO MMPUMEPHO B 55 KM Ha CeBEpO—CEBEPO-BO-
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MAJINITEHKO u np.

Taomuua 1. Criucok uccienoBaHHBIX (parMEeHTOB KEpaMHUKU, OTOOPAHHBIX B KYJBTYPHBIX CJIOSIX ap-
XeoJiorndeckux nmaMsaTHUKoB [pummHckuii ucrok 111 ('), Tiokos ropomok (TT), ImmkmHCKOE TOpO-
e (ILT). TMox omHUM yCIOBHBIM MYy3eiHBIM HOMEPOM MOXKET ObITh COBOKYITHOCTb (DparMeHTOB Kepa-

MUKU, HalaeHHOI Ha OIMpEACJICHHOM Yy4YaCTKE KBaapara

No pparmMeHTa KEpaMUKHU
(YcioBHBIN My3eiHbIIA HOMED)

BpeMeHHoOIT nHTEpBaj
(BO3pacT KepaMUKM)

TU1(40)
TU2 (45)
U3 (51)
TU4 (53)
TUS5 (57)
16 (59)
TU7 (62)
THUS (70)
19 (71)
TU10 (76)
TU11 (86)
TH12 (88)
TU13 (89)
TU14 (87)
THI15 (92)
TU16 (93)
TU17 (96)
TUI1S (113)
TU19 (118)
TH20 (122)
121 (151)
TU22 (152)
TU23 (156)
124 (157)
TU25 (146)
TU26 (148)
127 (149)
TU28 (161)
TU29 (162)
T'130 (169)

1500—1200 net mo H. 3.
(1350 £ 150 net mo H. 3.)

TT23(59), TT24(59)

TI28 (37)

TT1 (81)

TT2 (85)

T3 (75)

TT6 (184), TT7 (184), TT29 (184), TI30(184)
TT18 (64)

TT'19 (63), TI20 (63)
TTS (90)
TT9(92), TT10 (92), TT11 (92)

TT13(100), TT'14(100), TT'15(100)
Tr16(108), TT22(108)

TTI:
1000—750 net mo H. 3.
(875 £ 125 net no H. 3.)

OU3UKA BEMJIM  Ne 6 2023
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Taommuma 1. OkoHuaHUe

Ne (pparmMeHTa KepaMUKu
(YcnoBHBIN My3eliHBIIT HOMED)

BpemeHHoi1 MHTEpBAa
(BO3pacT KepaMUKHU)

TI21(61)
TI25(46)
TI26(44)
TI27(40)
TT4(181), T5(181)

TI1I:
750—500 yteT mo H. 3.
(625 £ 125 et no H. 3.)

TT12(99)
TT17(95)

1000—500 net no H. 3.
(750 = 250 net mo H. 3.)

LT 1(17)
LLIT2(18)
LLIT3(26)
LLIT4(27)
LIT5(28)
IIT6(33)
IT7(35)
LLIT8(43)
LLIT9(44)
LT 10(45)
LLIT18(52)
IT19(58)
LIT20(59)
LLIT24(66)
LT25(67)
LIIT29(80)
LIT30(83)

ITII:
500—300 net 1o H.3.
(400 % 100 et mo H.3.)

LIT11(22)
LT 12(34)
IIT13(36)
LT 14(42), LLIT15(42)
LT 16(49)
LIT17(50)
LIT21(65)
LLIT22(71)
LT23(77)
LIT26(82)
LIT27(84)
I11T28(92)

HITT:
700—300 net g0 H. 3.
(500 £ 200 et oo H. 3.)

CTOK OT TI. Pasanb, y a1. MakeeBo (55°657” c.u.,
39°58’33” B.11.), puc. 1. JIpeBHEE TOpOOUIIE HAXOIM -
JIOCh Ha IOTO-BOCTOYHOM Oepery 03. JIeGegnHoe, BXO-
JSIIIErO B CUCTEMY CIA0OIIPOTOYHBIX 03P BEPXOBLEB
p. Ilpa. Toponuie, pacnojioXKeHHOE Ha O3€pHOM
Teppace, 0bu10 OTKpHITO B 1928 1. O.H. Bagepowm, nc-
cnenoBanochk M.K. IIBetkoBoii B 1967 r., T.Bb. ITono-
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Boii B 1968 1., B.A. ®@osiomeeBuiM B 1970—1971 rT. 1
1988 1. [DonmomeeB, 1993]. KynbTypHBIii cl0ii OBLT
BCKPBIT Ha obuleit romanu 600 xB.M. McciaenoBa-
HUS TO3BOJIUIIN ONIPEACINUTh, YTO B KOHIIE OPOH30BO-
ro — HavaJjie paHHEeTO XeJIE3HOTO BEKOB 3/1eCh ITOSIBU-
JIOCh TOPOJIUIIE, KOTOPOE OTHOCUTCS K TTaMSITHUKAM

¢ “TEeKCTUJIbHOM”’ KepaMMKOM KaK pa3BUTOTO (Cpelm-
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C.1I.

55¢ 1t MakeeBo)

Ty
TOPOMMILL

[lpons;

54°

39° 40°

41° 42°

Puc. 1. l'eorpacduyeckasi Kaprta ¢ HAHeCEHHBIMM Ha Hee 00beKTaMu uccienoBaHus. Ha Bpe3ke mokasaH ucciaenyeMblii paiioH

Ha KapTe EBp OITbI.

HETO) MepHuoia ee CylIeCTBOBAHMs Ha pPyOexe 310X,
Tak 1 B Oonee mo3mHuii repuon [Poaomees, 1975;
1993]. IleTpoMarHUTHOMY M apXeOMarHUTHOMY MC-
cJIeTOBaHUSIM OblJia MOABEPTHYTA KOJIJIEKIIHSI, COCTO-
sas 13 30 pparMeHTOB “TeKCTUJILHON” KepaMUKH,
HaMJIEeHHOU B KyJIbTypHOM ciioe (Tabi. 1). @parmeH-
Thl TMPEICTaBISIOT COOOI Yepenku 000X KEHHOM
DIUHSTHOM MOCYIbl, OKPHIThIE “ceTYaTbiIMU” OTIIe-
YyaTKaMUu U UMEIOIIIE CHAPYKU KeJTOBAaTO-KUPITNY-
HBI 1IBET, a BHYTPU TEMHO-KOPWUYHEBLIN, MOYTHU
YEPHBII 1LIBET.

Bpems paHHero mepuoja CyliecTBOBaHUSI TOPO-
JIuIa pyoeska 3110X — Havajia paHHETO XeJIe3HOTO Be-
Ka OIIpelesIeHO paauoyIIepOIHbIM METOIOM B [eo-
JormyeckoM nHCTuTyTe PAH 13 monchinky noman-
ku ropomuma (IF'MH 5763: 2700 = 40 BP, 922—800
CalBC (95.4%), TH 5766: 2580 *+ 49 BP, 828—544
CalBC (95.4%)) kak nepBasi 110OJIOBUHA IIEPBOTO ThI-

cageneTrs 1o H.3. [Doomees, 1993]. I1o ietomy psi-
Iy COBOKYIHBIX JAaHHBIX (PaauOyIJIEPOAHOIO JaTH-
pOBaHMs OPTaHUIECKUX MAaTePHAIOB 13 CI0EB, BMe-
AKX CXOXWHA TUII KEpaMUKU U3 JIPYrux
apXeOJIOTMIECKUX IMTAaMSITHUKOB, XPOHOJIOTUH APYTHX
TUIIOB IPEBHOCTEH U3 3TOr0 perioHa U M3MEHEHUA
TOITOTpaPuIeCKOro PacloI0XKEeHMsI) MOXHO THIpe-
MOJIOXKUTh BO3pacT (pparMeHTOB Kepamuku: 1121,
TI22, TI25, TI26, TI'27 kak, ~750—500 rr. 10 H. 3. —
rpynmna TT'1l. AHanorndno, Bo3pacTt (pparMeHTOB Ke-
pamuku: TI'l, T2, TT'3, TT'6, TI'7, TI'8, TI'9, TT'10,
TI'11, Tr'13, Tr14, Tris, Trie, Tri8, Tr19, Tr20,
TI23, TI24, TI28, TI29, TT'30 nexurt B npenenax,
~1000—750 rr. oo H.3. — rpynma TT'1. Bo3pact ¢par-
meHToB kepamuku TT'4, TT'S, TI'12, TT'17 onpenens-
ercd kak ~1000—500 rr. 10 H. 3. U BKJIIOYaeT 00e

TPYIIITHI.
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11

T3

rnis

Tni2

Puc. 2. BHemHuil BUA KepaMUKU apXxeojornuyeckux namsitHuKoB [pummHckuit ucrok 111 ('), TiokoB ropomok (TI) u

HumkuHckoe roponuiie (LLT).

CrenyoimuM oO0bEeKTOM HUCCAEA0BaHUS B JAHHOM
pabote ObLIa KepaMMKa, HalilleHHass B HACHIIIN Bajia
HIMIKUHCKOro ropoauilia, pacioioOXKeHHOTO MpHu-
MepHO B 55 KM Ha I0ro—IOro-BOCTOK OT I. Ps13aHb, y
n. IIumkuxo (54°957” c.r., 40°626” B.1.), puc. 1,
[DomomeeB, 1993; 1994]. ['opomuiile HAXOAUIOCH Ha
mpaBoM 6epery p. UThsI, SIBISIOIIECS JIEBBIM ITPUTO-
KoM p. ITponst Okckoro 6acceitHa. [TaMITHUK M3Be-
cteH ¢ 1928 1., o6caenoBaincs B 1977 r. B.A. ®@oyiome-
€BbIM 1 IO30Hee UM XKe, B 1987 1., ucciegoBajics Baa
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M KyJbTYPHBI# ciioit ropoauiiia. HacklmHoi Baja Bbi-
COTOM B 2.5 M PacIIoJIOXKeH K BOCTOKY OT TIJIOLIAAKHU
ropoauvia. B HMXHel YacTW HACBHINIM HalIeHbI
dparMeHTHl “ceTyaToii” KepaMHUKU KOHIa OPOH30-
BOI'0 — HayaJia paHHETo XeJIE3HOTO BEKOB 1 KEpaMHU-
KM TOPOIEIIKOI KyIbTyphl paHHETO KeJIe3HOTO BeKa.
DdparMeHTBI COCYIOB MPEACTABIAIOT COO0IT 0OJTOMKHI
000X KEHHBIX ITIMHSIHBIX JICITHBIX COCYIOB, MMOKPHIThIC
“ceTyaThIMU” M “pOrOXKHBIMMK OTIIEYaTKAMU U MMEIO-
1€ CHAPYXXU CEePbIii, CEPO-XKEJIThII U XKEJIThIHA LIBET.
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PesynbTaThl pamnoyrniepogHOro JaTUPOBAHUS YT-
JIST 3 HACKITIM Bajla U ¢ Twiomaaku HIumkuHcKoro
TOPOIMIILA, a TAKXKE U3BECTHOE BpPEMS CYIIeCTBOBA-
HUS HAaWJIEHHBIX TaM K¢ HAKOHEUHUKOB CTPEJT M03-
BOJIMJIA aBTOPY packoIriok, b.A. donomeesy, nmomny-
YUTh JOCTATOYHO HANEXHYIO OCHOBY JUISI JaTUPOBa-
HUs Topoauina. BpeMsi coopyxXeHuUsl cpemHei
HACBIIIM Bajla MOXHO OTHecTu K V—IV BB. 10 H. 3.
(oOpasernr yrig u3 cpenHeit Haceimu — TUH 5769:
2440 £+ 80 BP, 775—397 CalBC (95.4%), obpa3ser yr-
JIST I3 CPEIHEero cjos rioimanku ropoguina — 'MH
5468:2360 £+ 60 BP, 753—230 CalBC (95.4%)). Bpems
COOpYXKEHMSI BEpXHEil HACBHIMM MOXHO OTHECTU K
III—II BB. mo H. 3. (0Opa3elr yIiIs M3 BepXHei HAChIIIN —
HWUTAH 1109: 2129 = 77 BP, 380 CalBC-21 CalAD
(95.4%)) Bo3HWMKHOBeHMEe HIDKHEHl HACHIITM Basia
IIPOM3OIIUTIO 10 V B. 10 H. 3., BeposiTHee Bcero B VI B. IO H. 3.
wiu uyyTh paHee [Ponomees, 1993; 1994]. CkazaHHOe
BBIIIE, a TaKXKe COBOKYITHOCTh WHBIX JAHHBIX (pa-
JIUOYTIEepOJHOE AJaTUPOBAaHUE OPraHUKU U3 CJIOEB,
BMEIIAIONINX CXOXMEe TUIbl KepaMUKHU U3 APYTUX
apXeoJIOTUYECKUX MaMSITHUKOB, BpeMsI TTOSIBJICHUS
KepaMUKHU ropoAelKOi KyJIbTyphl C “pPOroXHbIMU”
oTHeYaTKaMu) TI0O3BOJISICT MPEAINOJOXUTh OBE
YCIOBHBIC TPYMITbI KEPAMUKU C Pa3HOI CTEIeHbIO
TOYHOCTH BpEMEHMU cylliecTBOBaHUS — V—IV BB. IO H. 3.
(ILITII) u VII-1V BB. no u.3. (III'T) (Tadm. 1). O6e
IPYIIINBI KEpAMUKH BCTPEUYAKOTCI BO BCEX YACTSX Ha-
CBIMH.

METOJbI UCCIIEAOBAHUA

st mpoBeneHUs UCCIeIOBaHIIT KEpaMIIeCKOTO
MaTeprajia apXeoJIOTUYEeCKUX MNaMITHUKOB Ipu-
mmHckuit ucrox I1I, TiokoB ropomok m HIuikuH-
CKOe ropomiie 3 ¢pparMeHTOB KEpaMUKU ObLIN BbI-
MUIeHBI 00pa3ibl, UMeIoIIe (popMy TTapajjie/enu-
nega ¢ MaKCUMaJIbHOM IJMHOM pebpa ~0.9 cm.
Tommmaa (parMeHTOB KepaMUKHM W3 ITOCEICHUS
I'prnmmanckumit ncrok 111, paHAWX YCIOBHBIX TPYIIT
TrokoBa roponka (TI'T) u IllumkmHCKOrO ropoguiiia
(LLITIT) cocraBnsier B cpeqHeM 6—8 MM; 6oJiee MO3/-
Hux (TTII u IOI'Il) — 4—7 mMm. W3 kaxnoro ¢gpar-
MEHTa KepaMUKH ObLIO BBITMJIEHO TPU-YETHIpE 00-
pasia.

INepen HayanoM BKCIIEpUMEHTA TI0 ONpPeAcICHUIO
APEBHETO TEOMArHUTHOTO 1oJist (H,,) ObUIM BBITION-
HEHBI U3MEPEHUS ECTECTBEHHON OCTATOYHOU HaMar-
HuyeHHOCTU (NRM), MarHUTHOM BOCIPUUMYMBOCTHU
U ucclieloBaHa aHU30TPOIMS MarHUTHOU BOCIPU-
nManBocTu (AMS). U3mepeHnss HAaMarHMYeHHOCTH
00pa3lloB TNpOBOMWINCH Ha MarHutomerpe JR-6
(AGICO, Yexus) B Tpex OpTOrOHAJIbHBIX ITOJIOXKEH~
SIX BpallleHusl oOpa3slia, YyBCTBUTEILHOCTb Mpudopa
~2.4 X 107° A/M. JInsg u3aMepeHuss MarHUTHOM BOC-
MPUUMUYMBOCTA U aHU3OTPOINUM MArHUTHON BOC-
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IPUUMYNBOCTA MCIOJB30BalCcd KanmameTp Multi-
Function Kappabridge MFK1-FA (AGICO, Yexus).

DKCHEPUMEHT T10 OIpeAeIeHUIO HAMPSIKEHHOCTHU
JIPEBHET0 TeOMarHUTHOTO TMOJIsl TPOBOAMJICS MO MO-
IU(GUIMPOBAHHOMY METOJY IBOWHBIX CTYyMEHYAThIX
HarpeBoB Teabe—Koa [Thellier, Thellier, 1959; Coe,
1967; Coe et al., 1978]. O6pa3iibl HarpeBaJIUCh B He-
MmarHutHoit meun MMTDS80 (Magnetic Measure-
ments, BeaukoOpuTaHus1), oCTaTOYHOE MarHUTHOE
roJie B kotopoii He 6oJiee 10 HTn. B meun cozmaBa-
JIOCh MOCTOSTHHOE MarHuTHoe nose (H,,; = 50 MxIn).
Lkl HarpeB — oxjaxaeHUe 0Opa3loB B HYJICBOM
MarHUTHOM TOJie Y [UKJIbI HarpeB B HYJIEBOM Mar-
HUTHOM TIOJle — OXJIaXKIEeHWE B MarHUTHOM ToOJe
MIPOBOAMINCH Ha Bo3ayxe oT 150 mo 550°C ¢ marom
50°C. IlomoxeHue obpa3lia B IIEYU B IIPOLIECCE IKC-
MeprMeHTa He U3MEHSIJIOCh 110 OTHOILLIEHUIO K J1a00-
paTopHoMmYy ToJto rieuu. [1o pe3yabraTtaMm namMepeHui
IUIST KaxKIoro obpasia B mporpamme SrtViewer (Bep-
cug 1.10.5.1, aBrop I'B. ZKuagkoB) ctpomnace nmua-
rpamMa Apan—Hararel [Nagata et al., 1963] u nna-
rpamMMa 3uiinepBenbia (B KoopauHaTax oOpasia)
[Zijderveld, 1967]. Ilo mmarpamme Apau—Haratsl
omnpenensicss yrioBoi KoadduiimeHT K, paBHbIA
TaHIeHCY yIjla HaKJIOHA MPsSIMOM, U pacCYMThIBAJIACh
HaIpPsKeHHOCTh IPEBHEro TeOMarHMTHOTO MOJs 110
dopmyne H,, = K X Hc. Pacuer K npoBonusicst Ha
MPSIMOJIMHETHOM yJyacTKe nuarpammbl Apan—Hara-
ThI B TeMIlepaTypHoM uHTepBaie (7, T,) UHAUBUIY-
aJIbHOM JJI51 KaxK10oro oopasiia, rae 7; — HayajabHasi u
T, KoHeuHasi TeMIiepaTypa pacyeTHOro MHTepBaJa.
BaxxHO OTMETHUTB, UTO U151 OLIEHKU TaJIeOHATIPSIKEH -
HOCTU OepyTcsl TemriepaTypHble uHTepBaibl (7, T5)
MaKCUMaJIbHO OJIM3KKME K TeMIIepaTypHOMY UHTEpBa-
Jly, B KOTOPOM BBIAEISIETCS XapaKTepucTuiyeckas
KOMITOHEHTa HaMarHMYeHHOCTM Ha JIMarpammax
3uiinepBenbaa. OTCYyTCTBUE MarHUTO-MUHEPAIOTH-
YECKMX UBMEHEHMI B X0JIe HAarpeBOB MOATBEPKIAET -
cs HaJIMYMeM WIOyIIel B HOJb IuarpaMMbl 3uiimep-
BeJIbAA XapaKTepUCTUIECKOM KOMIIOHEHTHI NRM.

B pabore aHamm3 pe3yabTaToOB HPOBOIWJICS IO
nporpamme SrtViewer, KOTopasl ITO3BOJISIET pacCUm-
TaTh 3HaYeHue H,,, CpeNHEKBAAPATUIHYIO OLIMOKY G
cpenHero apudMeTndeckKoro K  mapaMeTphl OLIEHKH
KayecTBa JaHHBIX. [lepeunciauM KpuTtepum oToOOpa,
KOTOpbIE€ HCIOJb30BAIMCH MpPU aHAJIU3E IMOIyYeH-
HBIX pe3ynbTatoB. st olleHKu H,, Ha auarpammax
Apan—HaraTbl IpMHUMAaJIMCh B pacyeT TOJIbKO T€ 00-
pasupl, WIS KOTOPBIX B TEMIEPaTYpHOM WHTEpBaJe
(T, T,) BBIIOJNHSIUCH CIEAYIOLINE TPEOOBAHUS:

1) yncio aHaIU3UPyeMbIX ToYeK N ObLIO HE MEHEe
YEeThIpEX;

2) Gap — 1, tne Gap — mmapamMeTp, OTpaxKarouIui
PaBHOMEPHOCTh pacIIpele/ieHUs] aHaIU3UPYeMbIX
TouyeK N Ha nmarpamme Apau—Hararel mo ocu NRM
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B TemnepaTtypHoM uHTepBane (7, T,) [Coe et al.,
1978; dpadbkuna u np., 2011];

3) otHOcuTenbHOEe M3MeHeHue NRM cocraBisieT
He MeHee (.35 oT ee MoJIHOI BEJIMYMHBI — IMapaMmeTp
J= (NRM—NRMp)/NRMy, [Coe et al., 1978], tne
NRM ;, — BemuunHa NRM nipyu MUHAUMAIBHOU TEM-
rneparype uHTepBajia onpeaeaeHus MajeoHaIpPsSIKeH -
Hoctu; NRMp, — BenuunHa NRM nipu Makcumaib-
HOIi TeMIlepaType MHTepBaja Oomnpele/ieHUs Majieo-
HamnpsbkeHHoctu; NRMp — BenuunHa NRM,
W3MepeHHas Tepel HayajaioM 9KCIIEpUMEHTA;

4) wHTeTrpalbHBIN mapaMeTp g (quality) olleHKU
kagectBa [Coe et al., 1978; Ipabkuna u np., 2011],
oObenuHIOIINKN YeThipe napamerpa (Gap, f, ¢, K)
COCTaBJIsII g 2 5;

5) AJ1s1 TOro, YTOObI KOHTPOJIMPOBATh BO3MOXKHbIE
M3MEHEHUSI B CITOCOOHOCTM oOpaslia IIpuodOpeTaTh
TEPMOOCTATOUHYIO HaMarHu4YeHHOCTh TRM, mpoBo-
nunack npouenypa pTRM check, 3axiitoyaionasics B
MPOBEPOYHBIX HArpeBax a0 00Jiee HU3KUX TeMIlepa-
TYp MOCJIe KaXXI0ro BTOPOro TeMIIepaTypHOTO LIMKJIa
[Prévot et al., 1985]. Takum o6pa3oM, MOBTOPHO CO-
3naBajiach U usMepsiiach pTRM 1ipu TemriepaTypax
200, 300, 400 1 500°C (pTRM check-point). AGconioT-
Hoe 3HauyeHHe MaKCHUMaJIbHOTO W13 OTKJOHEHUit
PTRM-check points OT X IepBOHAYAIbHBIX 3HAYCHUIA
B uHrtepBasie (7;, 7,), HOPMUPOBAHHOE Ha JIUHY
dut-nunum NRM—TRM B wntepBane (T,, T,) Ha
nuarpamme Apan—Haratbl, BeIpaskeHHOe B TTPOLIEH-
tax — napametp DRAT < 15% [Selkin, Tauxe, 2000];

6) cymma otkiioHeHuit pTRM-check points oT nx
repBoHaYaIbLHBIX 3HaUeHuit B unteppane (1), T,) —
KyMyIaTtuBHBI napamerp CDRAT < 16% [Kissel,
Laj, 2004];

7) Ha 0Opa31ax KOJUIEKIMY ObUIA IPOBEICHBI IO~
BTOpPHBIE LIMKJIbI HATPEB U oXJlaxkaeHue 6e3 MoJisl, Tak
HaspiBaeMble, pT RM tail-check — mpoBepku “xBocTa”
PTRM, Ha temmiepatypax 150, 250, 350, 450 u 550°C
JUUTSI UCKJTIOYEHHUST BOBMOXHBIX U3MEHEHUI B COCTaBe
HOCUTeNeld HaMarHMYEeHHOCTU IIpU TeMIlepaTypax
HIKe TeMIlepaTypbl oiokupoBaHus [Riisager, Riis-
ager, 2001; Paterson et al., 2014]. O6pa31bl, y KOTO-
PBIX pa3sHULIA MEXIY IBYMSI U3MEPEHUSIMU OCTaTKa
NRM niocyie HarpeBOB 10 OIHOI U TOI Xe TeMIepa-
TYpbI B HYJIEBOM I10Jie TipeBbImann 10%, vckioda-
JIMCh U3 uccienoBanus. Pacuer 3Hauenuii pTRM tail-
check mpoBoauics B mporpamme Microsoft Excel, mo-
aToMy Touku pTRM tail-check He HaHOCWINCH HaA
nuarpamMmy Apau—HaraTtbel, MOCTpOe€HHYIO B IpO-
rpamme SrtViewer. Hago 3aMeTuTh, 4TO BCe UCCIEI0-
BaHHbIE 00Opa3lbl BCerma yAOBJIETBOPSIIM TaHHOMY
TpeOOBAHMIO.

ITocne ompenelleHWs1 BEIWYMHBI ITaJieOHATIIPS -
KEHHOCTHM Ha IIEpBOM 0o0Opa3sie-ayoie, parMeHTH
KepaMUKU, KOTOPbIE HE YIOBIIETBOPSUIA IEepeuuc-
JICHHBIM BBIIIIE KPUTEPHUSIM OTOOpA, OBIITN MCKITIOYE-
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HBI 13 DKCIIEpUMEHTA. Y 00pa3lioB, Y KOTOPBIX TOUKHU
Ha aguarpamMme 3uiinepBesiba UM B Ha4aja0 KOOpAu-
HAT, pacueT BeJIMYUHBI PEBHETO T€OMArHUTHOIO 10~
JIST BeJICSl Ha TIPSIMOJIMHEMHOM y4acTKe ITUarpaMMbl
Apan—HaraTtpsl, KaKk IIpaBUJIO, COOTBETCTBOBABIIEM
TeMIrepatypHoMy uHTepBany 150—500°C. Ecau nua-
rpaMMbl 3uiiaepBenbaa AeMOHCTPUPOBAIN JBYXKOM-
MOHEHTHBIM cocTaB W auarpamma Apau—HaraTbl
“MeJia U3JI0M, TO OlleHKa ITOJIsI IPOBOAMIIACH HA BbI-
COKOTeMIlepaTypHoM uHTtepBaje ~350—550°C.

Ha BTOopom o0pasiie-ny0se, ymoBIeTBOPSIONIEM
KputepusiMm oroopa 1)—7), ObUIO IIPOBEACHO HCCIIe-
JIoBaHMe cocTaBa ¢heppUMarHUTHOM (PpaKIIMU 10 3a-
BUCUMOCTM MarHMTHOTO MOMEHTa HAaCBIIIEHUS OT
temriepatypsl Ms(T) m ompenencHue TeMmmepaTyp
Kiopu. TepmomarautHsiii aHanu3 (TMA) ObLI TIpo-
BEIECH B MOCTOSIHHOM MarHutHoM Tione ~0.7 Ta Ha
BO3IyXe ¢ momolpio BuOpoMmarnuromerpa (OPMOH,
Poccust). O0pasinpl cTyrnieH4YaTo HarpeBaJuCh 40 TEM-
neparyp 350, 400, 450, 500, 700°C B MOCTOSTHHOM
MarHuTHOM TroJie; oxnaxneHne 1o 30 °C 1mocire Kax-
JIOTO HarpeBa NPOBOIMUJIOCH B HYJIEBOM MarHUTHOM
moJie.

3aTeM Ha MaJleHbKMX OOpa3lax KepaMHuKH (Mac-
coil m ~ 7 x 1073 KT), KOTOpBIE YIOBJIETBOPSUIA KPH-
TepusiM oToopa 1)—7), ObUIO onpeneacHO JOMEHHOE
COCTOSIHUE 3€PEH MO BeJIMYUHE OTHOIIeHU Mrs/Ms
u Hcr/Hce [Day et al., 1977], toe: Ms — MarHUTHBIA
MOMEHT HachbIlleHus; Mrs — OCTaTOYHBIM MarHWT-
HBII1 MOMEHT HaCHIIIeHUsT; Hc — KO3pLUTUBHAS CU-
na; Her — octaTouHast KO3pUUTHUBHAs cuia. st 00-
pa3lioB KepaMUKU ObUIY CHSTHI KPMBbIE MATHUTHOTO
rucTepesrca U o0paTHOro pa3pyllaloliero Mmojs Ha
BuOpoMaruutomerpe VSM MicroMag 3900 (Lake
Shore Cryotronics, Inc., CIIIA). [uctepe3ucHsie na-
paMeTpbl OIpeae/IEeHbl ¢ KOppeKIUeld Ha BEIUYUHY
nmapaMarHuTHoro Bkjaaga. OLeHKa JTOMEHHOTO CO-
CTOSIHUSI IIpOBeleHa IIo 3aBucumocTu Mrs/Ms ot
Hcr/Hc (nnarpamMa Jlest).

Takum o6pa3omM, B JaHHOI paboTe BHaYaje Mmpo-
JleJlaJii apXeOMarHUTHBIE UCClIeNOBaHUSI Ha TePBbIX
oOpa3nax-ayossax. 3aTeM Ha BTOPBIX 00pa3uax-may0-
JISIX M KycOuKax (hparMeHTOB KEpaMUKU, YIOBJIETBO-
PSIONIMX BBILIETIEPEYMCICHHBIM KPUTEPUSIM OTOOpa
1)—7), mpoBeau NEeTPOMArHUTHBIE HMCCIACIOBAHMS.
ITocne TepMOMarHUTHOrO aHajavM3a U OIpeNesIeHUs
JIOMEHHO CTPYKTYPhl MarHETUTA Ha TPETbUX 0Opa3-
Lax-ayosiX TOBTOPHO TIPOBEJIM apXeOMarHUTHbIC
WCCJIEIOBAHUSI.

PE3VJIBTATBI IETPOMATHUTHDBIX
NCCIEOJOBAHNU

V 6onpmmrHCcTBa 00pa3noB KpuBbie Ms(T) mepBo-
IO ¥ MOBTOPHOTO HAarpeBOB COBMANAIOT ITOJTHOCTHIO
(puc. 30, 3r, 3m, 3e). B npyrux ciy4dasix, KpuBbIE I10-
BTOPHOTO HarpeBa IMPOXOISAT HECKOIBKO HIXKE, TIOBTO-
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Puc.3. [Ipyumepbl TEpMOMAarHUTHOTO aHAIM3a 10 3aBUCMMOCTY MAaTHUTHOTO MOMEHTa HacblllieHUs1 Ms oT TemriepaTypbl 7, Bbl-
TMOJIHEHHOTO Ha 00pa3liaX KepaMUKU apxeoJioTndeckux maMsITHUKOB [pummmnackuit nctok 111 (I'M), Tiokos roponok (TT) u
Iumkunckoe roponuiie (LLT). YepHblit BET cooTBEeTCTBYET HarpeBy a0 350°C, rony6oii uBet — Harpes a0 400°C, cuHumit
1BeT — HarpeB 10 450°C, ¢uoeToBslil iBeT — HarpeB 10 500°C, po3oBelii 1iBeT — Harpe 10 700°C.

psist XOI KpUBBIX MPEIbIAYyIINX HarpeBoB (puc. 3a, 3B).
Kpusbie Ms(T) yka3blBaloT Ha IPUCYTCTBUE (a3bl C
temmeparypoii Kiopu ~ 580—610°C, xapakTepHu3syro-
e MarHeTUT u/min marremMutT. HeGombioe mame-
HY€ BEJIMIMHBI MAarHUTHOTO MOMeHTa ociie 350°C B

XOJIe TIOBTOPHBIX HarpeBOB CBUIETEIBCTBYET 00 00-
pa3oBaHUU reMaTuTa B JaHHBIX 0Opa3lax (pparMeH-
TOB KEpaMUKHU.

Bce 06pasisl, ymoBaeTBOPSIONINE KPUTEPUSIM OT-
oopa 1)—7), mOCTUTAIOT HACHIIIEHUS B MarHUTHOM
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0.1 0.2 0.3 04 0.5
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Puc. 4. (a) — Ilpumepbl KpHMBBIX MAarHUTHOIO TUCTepe3uca IJisI OO0pa3loB KepaMUKU apXeOJOrMYECKUX IMaMSITHUKOB

T'putimuckwuit uctoxk 111 u TiokoB ropogok— cuHuii BeT. [IprMepbl KpUBBIX MATHUTHOTO TUCTEPE3KCa 32 BHIYETOM ITapamar-
HUTHOTO BKJ1aia — (hMOJETOBBII 1IBET; (0) — MpUMepbl KPUBBIX MAarHUTHOTO FUCTepe3uca Uisi 00pa3lioB KEpaMUKU apXeoyio-
ruyeckoro namsaTHuka lIumkuHcKoe ropoauie — CMHUiA 1BeT. [IpruMepbl KpUBBIX MATHUTHOTO THCTEPE3MCa 33 BBIYETOM Ta-

paMardHMTHOIO BKJ1aga — CbI/IOJIeTOBI)Iﬁ 1IBCT.

noie ~0.2 T (puc. 4). KpuBble MAarHUTHOTO THCTE-
pe3uca xapaKTepHBI IS HU3KOKO3PLIMTUBHOTO (hep-
puMarHuTHoro muHepa. Cyns mo pacmnpeneieHUIo
otHomeHuii Mrs/Ms, Hcr/Hc Ha muarpammax [lps
(puc. 5) wist 00pa3loB KepaMUKU apXeOJOTUYECKUX
namMsaTHUKOB I'puimmHckuii uctok 111, TrokoB I'opo-
nok 1 HInmKkuHCKOoe ropoauiiie pa3Mep MarHUTHBIX
3epeH B OCHOBHOM IIOIIaJaeT B IICEBIOOMHOIOMEH-
Hy10 0o6nacth (PSD), 3a UCKIIIOYEHUEM SIMHUYHBIX
TOYEK IS KaXXOAOro OO0beKTa MCCIeIOBaHMs, KOTO-
phle IoNajJii B 00JacCTh, XapaKTEepHYIO IJIS CMeCHU
MCEBIOOAHOIOMEHHBIX W MHOTOJOMEHHBIX 3€peH
(MD) [Day et al., 1977].

Takum o6pa3om, MpoBeACHHbIC TTIETPOMAaTHUTHBIE
WccaenoBaHUs (pparMeHTOB KepaMHMKHW IT0Ka3ald,
YTO OCHOBHBIM HOCHUTEJIEM TEPMOOCTATOYHOU Ha-
MarHM4eHHOCTU B oOpaslax siBisitoTcst PSD 3epHa
MarHeTHUTa WM YyCTOMYMBBIE K HarpeBaM 3epHa Mar-
remuta. Bo3MOXHO, 94TO MarreMuT oOpa3oBajics B
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xoze HarpeBa o6pa3uoB 10 350°C B mpolecce TEpMO-
MarHUTHOTI'O aHaJIN3a.

BenuumHbI MArHUTHOM BOCIIPUMMYUBOCTU Kepa-
muku ['puinrHckuit uctok 111 uameHstoTcs B auarna-
3oHe (0.17—7.27) x 1073 en. CU, TioKOB ropoioK —
(0.03—10.15) x 1073 eg. CU, LINIIKMHCKOE TOPOIU-
me — (1.46—6.33) x 103 en. CU. Panpl nanusix NRM
BBICOKO3HAYMMO KOPPEIUPYIOT C psaaMyd HaHHBIX
MarHUTHOM BOCHIPHMUMYMBOCTH 00pa31oB hparMeH-
ToB Kepamuku ['pummHckmii uctok 111 (koaddpunn-
eHT TnHeltHoM Koppesuuu ¥ = 0.99 g unciaa N =8
onpeneNcHU ImajeoHanpsokeHHocT) U I nirkimH-
ckoe ropoauie (r = 0.72 mis N =14). T.e BeposT-
HOCTb TOT'O, UYTO Y ABYX HEKOPEJIUPYEMEBIX PSOOB Oy-
IyT Takue KO3 UIMEHTH KOPPEISILIUHA, MEHbIIIE
1% [Teitnop, 1985]. DT0 roBOPUT O TOM, YTO BEJINIM -
Ha NRM onpenensieTcss KOHIEHTpallMeid OIHOTro
€IMHCTBEHHOTO MUHepaJja - HOCUTEJISI HaMarHu4eH-
HocTH. B TO ke Bpemsi, NRM 1 MarHUTHAasI BOCIIpU-
UMYHBOCTh KEpaMUKHN TIOKOB rOpOJIOK KOPpEIrpy-
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Puc. 4. OxoHuaHue

IOT C HEBBICOKMM KO3(DOUIIMEHTOM JIMHEHHO KOp-
pemsimuun (r = 0.26 gua N = 8), 4TO MOXKET
OOBSICHSTLCI HaJTUUMEM B 00pa3iiaXx HECKOJIbLKUX MU -
HepaJioB — HocuTeneit NRM, HaripyuMep, MarHeTUTa
1 MarTeMuTa.

N3mepeHns1 aHM30TPOIIMM MAarHUTHOM BOCIIpU-
VMUYUBOCTU OOpPa3lloB KEPAMUKHU apXeOJOTHIYECKHX
namMsaTHUKOB I'pummnackmii uctok I11 u TrokoB ropo-
JIOK TOKa3ajl HeBBICOKYIO cTerieHb AMS. CpenHee
3HaYyeHUE CTENIEHM aHU3O0TPOIIMM IS KEPAMUKU 110~

MAJINITEHKO u np.
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Puc. 5. Anarpamma I35 11 00pa3iioB KepaMUKHU apXeo-
JIOrnYecKux mamMsaTHUKoOB [puinuHckwmit uctox 111 (bpuo-
JIETOBbIE CUMBOJIbI), TIOKOB TOpPOIOK (KpacHbIe CMMBO-
sbl) U HlumkrHeKoe ropoauiie (CUHME CUMBOJBI), T1O
KOTOPBIM TOJIyYeHbI OMNpeneeHUs MajJeoHaNpsKeHHO-
CTH, YIOBJETBOPSIONINE KPUTEpHUSIM oTOopa 1)—7).

L}
centenust Ipummnckmii uctok III cocrasnger P, =
= 1.056 + 0.006, a o1 KepaMUKU TToceaeHus TIOKOB

roponok P, = 1.040 + 0.004. smepeHust aHU30TPO-
MUY MarHUTHOM BOCIIPUMMYMBOCTH 0Opa31oB KepaMu-
KU TtaMsiTHUKa 1UIIKMHCKOe ropoauiiie TToKa3aau Ha-

J4aye 0oJiee BbICOKOM crerieHn AMSS: Pc'p =1.136 £0.011.
DTO TOBOPUT 00 MMEIOIIE MECTO MATHUTHOM aHN30-
TPOIIMU, CBSI3aHHOM C TEXHOJOTMEM M3TrOTOBJICHUS
KepaMuku. Hanuuue BBIIEICHHBIX HaMpaBIeHUM
packKaTblBaHUS TJIMHSIHOTO “TecTa” Ha MOATOTOBU-
TeJIbHOM CTaAMU U3TOTOBJICHUSI KEPaMUKU TTPUBEJIO
K BO3HUKHOBEHWIO MATrHUTHOMW aHU3OTPOIIUMU.
YMeHbIIIeHUE BIIMSIHNUSI MATHUTHOM aHU30TPOIINU U,
Kak CJIENCTBUE, BIUSAHUA aHU30Tponuu TRM s, no-
CTUTraeTcs MyTeM co3aaHus nabopatopHoit TRM s B
HaIlpaBJICHUM BBICOKOTEMIIEPATYPHO KOMITOHEHTHI
NRM o6pas3na ¢pparMeHTa KepaMuKu. B Halrem ciry-
yae o0pa3upl U3 TOHKOCTEHHOM KepaMHMKM He yaa-
JIOCh BHIKJIABIBATh B I€YM TaK, YTOOBI BEKTOP XapaK-
TEPUCTUIECKON KOMITOHEHTHI NRM 00pa3moB OBIT
COHAIIpaBJIEH C BEKTOPOM HaMpsI>KEeHHOCTH Jabopa-
TOPHOTO MAarHUTHOTO TOJg npu co3aaHuu TRM .
Bo3MOXXHO, IMEHHO 3TO OTPa3mJIOCh HA HU3KOTEM-
nepatypHoii obdjiactu nuarpamMMm Apan—Hararsel, Ko-
Tophle B MHTepBajie Temmepartyp 150—200°C yacto
WMEIN W3JIOM U OTKJIOHEHWE OT MPSIMOJUHEWHOTO
HanpasyieHus (puc. 6B, puc. 78, puc. 88, 81).

OBCYXIEHHWE PE3VIILTATOB .
APXEOMATHUTHBIX NCCIEAOBAHUU

IMocne mpoBeneHNsT SKCIIEPUMEHTA TI0 METOIUKE
Tenpe—Koe 1 orOpakoBKM 00pa3moB ITOaydeHO 43
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OoIpeAecHUS HAIPSKEeHHOCTH OPEBHETO TeoMar-
HUTHOTO moJjs (tadi. 2). i oOpa3loB KepaMUKU
I'pnmmanckwit ncrox 111 610 mpuHsaTO 10 ONIpenee-
Huii, TiokoB roponok — 11 onpenenennii, HnirkuH-
cKkoe ropoauie — 22 ompenencHus. IloaydeHHBIS
OonpeacJaCHUA HAIIPpSA2KEHHOCTU TCOMAarHUTHOTIO IT0JIA
JIeXaT B IIUPOKOM MHTepBaie ~38—69 MxT.

Jas Toro 4TroOBI CpaBHHMBATh ITOJIyYEHHBIE pe-
3yJIbTAThl C PE3yJIbTaTaAMU apXeOJOTUYECKUX MaMsIT-
HUKOB, PACIIOJIOKEHHBIX B IPYIrMX PETMOHAaX, HEOO-
XOJIMMO TepecuuTarh IOJydeHHbIe BEJIUYMHBI Ta-
JIEOHANPSIKEHHOCTU MAaTHUTHOTIO ITOJISI HA BEJIMYUHY
BUPTYaJbHOIO aKCUAJIbHOTO JUIIOJILHOTO MOMEHTA
(VADM) 1o popmyie:

VADM = 4nR H, Ju, (1 + 3sin” ¢)"”%,

e R= 6.4 % 10° M — pammyc 3emmm, p, = 47 X 107 Ti/M —
MAarHUTHasl MPOHULIAEMOCTb BaKyyMa, (¢ — reorpa-
duueckas mmpota perunona [Merrill et al., 1996].
IlepecueT pe3ynbTaTOB JAHHOTO MCCICOOBAHUS I1a-
JICOHATIPSIKEHHOCTH MarHuTHoro moius B VADM n
rnoctpoeHue rpaduka 3aBucumoctu VADM ot BO3-
pacTta ¢ HaHECEHHUEM pe3yIbTaTOB, ITOJIyYCHHEIX I10
KepaMUYeCKOMY MaTepuajly apXeoJOTMYeCKUX Iia-
MSITHUKOB, PaCITOJIOXKEHHBIX Ha OJIM3KUX IIUPOTaxX U
MpaKTUYeCKX Ha ogHo nonrore: Caxroi I (56°48 ¢.i.,
40°33’ B.1., V—nepBasa tperb II TBIC. 1O H.3.) M
Caxroi I1 (56°48’ ¢.1u1., 40°33” B.11., BTOpasi IOJIOBU-
Ha III—mepBas tpetsb Il ThIC. MO H. 3.) [HavacoBa
u ap., 2018; 2022], Amurposckas cinodona IT (55°34" c.ur.,
42°03’ B.1., cepenuna II teic. 1o H. 3.) [Pilipenko
et al., 2019], Béxkca III (59°17" c.u., 40°10” B.1.,
V—III Teic. o H. 3.) [Hauacosa u ap., 2020], naror
npeacTapiieHue o Bapuaiusix VADM B V—I TbIc. 10 H. 3.
B LIeHTpe Pycckoii paBHUHEI (puc. 9a). Kak BumHoO 13
puCyHKa, B usMmeHeHnu VADM ot BpeMeHH IIpocCiie-
>KMBaeTCsl 3aKOHOMEpHbI xapakTep. HauuHast ¢
V TeIC. 10 H. 3. B TeueHue ~800 seT HaOIIOZaeTCs
poct BennmunuHbl VADM ¢ mocTaTouHO HU3KMUX 3HAYe-
Huii (4.4 X 10?2 AM?) 10 BbicOKUX (9.32 X 1022 AM?).
Hanee Ha BpeMEHHOM MHTepBajle KOHel V—IiepBast
noiaoBuHa IV THIC. 10 H. 3. UMEET MECTO MaJicHUE Be-
ynuuHbl VADM. 3atem tioutu ot III ThIC. 10 H. 3. 10
IIEPBOI OIOBUHBI I THIC. 10O H.3. OMSTH HAOIIOMASTCS
pocT BenanHBL VADM 1o 8.8 x 102 Am?.

PacueT mo mporpamme mj1st HanboJiee IMMPOKO NC-
MOJIb3YEMBIX ITIOOAIBHBIX MOJeAei W3MEHEHUs
VADM, wunanpumep, “Continuous Archeomagnetic
and Lake Sediment data for the past X kyrs”,
(CALS10k.2) [Korte et al., 2011], paboTaroliiieii B IIpr-
noxeHnn GEOMAGIASO. v3.2 [https://geomagia.gf-
potsdam.de], mpencrasisieT co60i anIPOKCUMAIIHIO
Ha OCHOBE HaMU K€ TTOJIyYeHHBIX ¥ OITyOJTMKOBAHHBIX
MaHHBIX. [|pyruXx MaHHBIX 00 U3MEHEHNH MarHUTHOTO
TOJISI B ICCIIEYEMBIX JONTOTHOM (38°—44° B.11.) 1 1K~
potHOM (55°—60° c.11.) cekTopax ¢ KoHua Il Teic. mo
py6eska 3p HeT, YTO oTpakaeT HepaBHOMEPHOE TIPO-
CTPAHCTBEHHO-BPEMEHHOE pacIipelie/IcHUe apxeo-
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MAarHUTHBIX U MaJ€OMarHUTHBIX JaHHBIX, HA OCHOBE
KOTOPBIX CTPOSATCS TJIaHETapHbIC MOACIN T€OMAarHUT-
Horo moJig. I1oaToMy cpaBHUTH ITOJyYCHHBIC HAMU
JaHHBIE C MOIE/BIO HE MPEICTABISCTCS BO3MOXHBIM.

Apxeosormyeckue IaMAaTHukun — Caxrtein |,
Caxteim 11, JmurpoBckas cimoooma II, Békca III,
I'pnmmanckwmit ncrok 111, TiokoB ropomoxk n Inmr-
KMHCKOE TOpOAMIIEe JeXaT B JOJTOTHOM CEKTOpe
38°—47° B.A., B KOTOpBIil ITOIAmaloT apXeoJioTuye-
ckue namsaTHuky [py3un (cpenHsst gonrora ~44° B.1.).
I'py3ust ObL1a TIEpBBIM paifOHOM MPOBEACHUS apXe0-
MarHUTHBIX UCCJIEIOBAHUI POCCUINCKUMU UCCIEN0-
BaressiMu [ Hauacosa, 1998]. Ha puc. 96 nzoopaxkeHo
n3MeHeHue VADM, ToCTpOEHHOE MO COBOKYITHOCTH
nmaaHBIX 13 GEOMAGIAS0. v3.2, oonbIiast 4acTh KO-
TophiX aBTOpCcKasa [Havacosa, Bypakos, 1987; bypa-
koB, Hauacosa, 1988]. Ilpu cpaBHEeHUU BEIUYUH
VADM, 3anucaHHBIX B (pparMeHTax KepaMHUKU U3Y-
YeHHBIX HAMHU apXCOJIOTUYECKHUX ITaMSITHUKOB Psi-
3aHCKOI 001acTu ¢ pe3yabTaTaMM, ITOTyYeHHBIMU
o NaHHBIM Ipy3um BO BpeMEHHOM HHTepBaJe
VII-VI BB. 10 H. 3., oOpalaeT Ha ce0s1 BHUMaHUE
pa3opoc gaHHbIX VADM 1o BenuuuHe. Hanuuue ta-
KOTO pa3dopoca MOXeT ObITb CBSI3aHO C ABYMsI TPUYM--
HaMMU.

IlepBas cBsI3aHa ¢ OBICTPBIM U3MEHEHUEM Hampsi-
KEHHOCTU MAarHUTHOTO TIOJISI B MCCJIENyeMbIiA UH-
tepBayg BpemeHu [Hauacosa, 1998]. ITo apxeomar-
HUTHBIM JTaHHBIM 1151 [py3un Ha UHTEpBaJl BpeMe-
Hu VIII—nepsas nomosuHa VII Beka no H. 3. U Ha V
B. IO H. 3., IPUXOISTCS MUKW HAIPSI)KEHHOCTU T'eo-
MarHUTHOTO MnoJisi. BpeMeHHOl MHTepBajl, KOTOPbIM
JaTUPYIOTCS 00pasiibl, TOCTATOYHO BEJIUK, U HATIPSI-
JKEHHOCTb FeOMarHUTHOTO MOJIsI CYIIECTBEHHO U3Me-
HsieTcs 3a 9To BpeMmst [HauacoBa, 1998].

Btopas npuyrHa cBsi3aHa ¢ TPYAHOCTBIO OTIpee-
JIEeHUsI BO3pacTa KepaMWKM, HaillleHHO#l B 3THUX
apxeoJIoTMYecKUX maMsTHUKax. B apxeonoruue-
CKMX MCCIeNOBaHUSIX (puHal OpPOH30BOIO BeKa
(XI—VII BB. 10 H. 3.) )T MHOTUX TEPPUTOPUIL HE -
peIKo Ha3bIBalOT “TeMHBIMU BeKaMU~ M3-3a HEBBI-
pa3uUTEeIbHOCTA U Mayioii MH(hOPMATUBHOCTA MaTe-
pUaJIoB, YTO 3aTPYOHSIET MX UCCICAOBaHNE Y PEKOH-
CTPYUPOBAHUE KYJIbTYPHO-UCTOPUIECKON CUTyallU
B BTO BpeMs. OTOT I€pUOI B HUBUJIM3ALMOHHBIX
LIEHTpaX TaKXKe CBSI3aH C IOHATHEM “KartacTpoda
opoH3oBoro Beka” [KnaitH, 2018], oTaeabHbIE TIO-
CJIENCTBUSI KOTOPOU MOIJIM NTOUTU U 0 ceBepa Bo-
crouHoii EBpormbl. Kpome Toro, B 3T0 XXe BpeMs Ha-
OromaeTcsl CUIbHOE TOX0J0AaHue NP Tepexoae OT
cy00opealbHOro KJIMMaTU4YECKOro Iepuoja K cyoar-
JIJAaHMYECKOMY, NOJIydMBIlIee Ha3BaHHUE “IIOX0JIona-
HHUE XEJIE3HOIo BeKa”, KOTOPOoe 3aKOHUMJIOCH JIUIIb
K III B. mo H.3. [Konmenko, 2004]. O BO3MOXHOM
CBSI3U PE3KMX KIMMATUIECKUX KojieObaHui (IT0X0J10-
JlaH1Ee/TIOTEIUIEHNE ) C U3MEHEHUEM HaIPSKEHHOCTU
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Puc. 6. [Tpumepsl nnarpamMmm Apan—Harartsl — (a), (B) 1 anarpamm 3uiinepsenbaa — (0), () uist parMeHTOB KepaMUKK, Hali -
JIEHHOM B KYJIBTYPHOM CJIO€ apXeO0JIOrMUeCcKOro naMsiTHuKa [puinHckuii uctok 111, mo KoTopbIM MoJy4eHbl OnpeneaeHus Be-
JIMYUHBI MAaTHUTHOTO TOJIS1 U IPUMEPBI AMarpamMm — (1), (e) 1uist GparMeHTOB KepaMUKU, He MPOLIeNIINX KPUTEPUU O0TOOpA.
TpeyronbHuKaMu o6o3HayeHbl pTRM check-point. Yucia 0KoJIo CMMBOJIOB 0003HAYalOT TeMIlepaTypbl HarpeBa B °C.
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Puc. 7. [Ipumepsl auarpamm Apau—Haratel — (a), (B) u nuarpamm 3uiinepsenbaa — (0), (T) mist ¢parMeHTOB KepaMUKU, Haii-
JIEHHOMU B KYJIBTYPHBIX CIIOSIX aPXEOJOTMUECKOTO MaMITHUKA TIOKOB TOPOIOK, ITO KOTOPHIM ITOJIYYEHBI OITPEIeICHUS BETMUM -
HbI MATHUTHOTO TOJIsI ¥ IPUMEPBI tuarpaMm — (1), (e) mist parMeHTOB KepaMUKH, He TPOLISAIINX KpuTepuun otoopa. O60-
3HaYeHUs KaK Ha puc. 6.
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Puc. 8. [Ipumepsl auarpamm Apau—Haratel — (a), (B) u nuarpamm 3uiinepsenbaa — (0), (T) 11t ¢parMeHTOB KepaMUKU, Haii-
MIEHHOM B KYJIBTYPHBIX CIIOSIX apXEOJIOTMIECKOTO MaMsITHUKA [IINIIKMHCKOE TOPOIHUIIIE, IO KOTOPBIM ITOJIyYeHbI OTIPEAeICHUS
BEJIMYMHBI MATHUTHOTO TTOJISI U TIPUMEpPHI tuarpaMm — (1), (€) ist pparMeHTOB KepaMUKH, He IMPOLIEAIINX KPUTEpUU OTOOpa.
O06o3HaYeHKs KaK Ha puc. 6.
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Tabauna 2. 3HaueHVsI HANPAXKEHHOCTH H ;) FEOMarHUTHOTO MOJIS CO CPENHEKBANPATUIHOM OIIMOKOM G, ONpeNie/IEHHbIE
Ha (pparMeHTax KepaMUKU, OTOOpaHHBIX Ha apxeojornyeckux naMstHukax I'pummmmnckuit uctok I11 (I'M), TiokoB ropo-
1ok (TT) u MIumkuHekoe roponuiie (LIT). BselieHHas cpeiHsis BEAMYMHA HAMPSXEHHOCTU FEOMAarHUTHOTO MoJist H
CO CpegHEeKBaAPaTUYHOM OIIMOKOM G BblIeIeHA KUPHBIM IpUdPTOM. CepbIM LIBETOM BbIACIEHBI HOMEpa 00pa3LoB, onpenae-
JIEHUSI TIaJIEOHATPSDKEHHOCTHU U TTApaMEeTPhI, [0 KOTOPBIM JaHHKIE OIpeieicHNS ObUIU yAAJIEHBI U3 PACCMOTPEHUS

Ne ¢pparmenra H +c
KepaMUKH T,—T,,°C N Gap q f DRAT, % |CDRAT, %| ™ ’
(My3eiHbBIIT HOMED) MKTn
' 6-1(59) 200—500 7 0.81 4.89 0.55 5.22 5.55 57.8 £ 4.6
T 6-2(59) 200—500 7 0.77 5.13 0.42 5.61 4.93 447 +3.2
' 8-1(70) 150—450 7 0.81 4.42 0.45 11.95 18.30 50.3+4.2
' 8-2(70) 150—450 7 0.81 5.52 0.40 1.64 2.09 446 +2.9
T o9-1(71) 350—-550 5 0.71 12.20 0.59 5.50 3.45 66.4+2.3
' o-2(71) 350—550 5 0.64 3.85 0.57 12.21 29.41 65.8 6.3
' 11-1(86) 200—550 8 0.77 5.34 0.59 5.14 13.70 59.4+5.1
' 11-2(86) 200—550 8 0.77 19.09 0.67 4.30 8.80 494 +3.0
' 16-1(93) 300—550 6 0.77 6.37 0.45 5.79 4.01 546+ 1.2
' 16-2(93) Paspymuics B mportiecce naMepeHuit
' 19-1(118) 200—550 \ 8 \ 0.81 \ 7.15 \ 0.71 ] 7.94 \ 3.04 ] 544+ 44
' 19-2(118) Paspymmiics B mpoliecce usmepeHuin
U 23-1(118) 200—450 \ 6 ] 0.80 \ 9.69 \ 0.46 ] 3.94 \ 2.91 ] 60.8+ 1.9
' 23-2(118) Paspymniics B mpoliecce usMepeHuin
' 28-1(161) 200—500 7 0.82 9.05 0.56 8.34 10.77 57.8+£29
'128-2(161) 200—550 8 0.82 6.48 0.68 4.35 6.77 512t 4.4
I'pmmmackwii ucrok I11:1350 + 150 aer mo H. 3. 55.7+2.6
TIr'1-1(81) 200—450 6 0.80 11.27 0.60 7.05 13.22 54.6+23
TT1-2(81) 200—450 6 0.79 6.79 0.65 3.35 2.27 53.7t4.1
TT8-1(90) 250—-500 6 0.75 9.38 0.46 4.25 8.09 66.2+24
TI8-2(90) 250—500 6 0.71 3.99 0.48 5.72 9.07 66.7 £ 5.5
TI'14-1(87) 200—500 7 0.79 4.08 0.50 14.41 8.50 39.53+3.9
TT14-2(87) 200—500 7 0.80 5.71 0.54 1.76 2.67 47.6 £ 3.6
TI20-1(63) 150—500 8 0.85 16.27 0.76 4.64 5.31 47.4+2.6
TI20-2(63) 150—500 8 0.84 6.13 0.57 9.64 12.76 59.1t£4.6
TI24-1(59) He BoinensieTcs xapakTepucThuyecKasi KOMIIOHEHTa Ha AuarpamMe 3uiiiepBelibia
TT24-2(59) 350—550 5 0.65 13.63 0.73 8.03 5.34 60.7 £2.1
TT30-1(184) 350—550 5 0.68 12.59 0.62 4.52 6.64 69.4+2.3
TT30-2(184) 250—550 7 0.78 6.58 0.68 5.23 4.14 56.6 £ 4.6
TiokoB ropoaok, TI'l: 875 £ 125 aer 1o H. 3. 55.0 £ 3.3
TI21-1 (61) 150—400 \ 6 \ 0.80 \ 5.58 \ 0.44 ] 2.59 \ 2.51 58.2+3.7
TI21-2 (61) He BbiaesisieTcst xapakTepyucTUiYecKasi KOMIIOHEHTa Ha aMarpaMmme 3uiiaepBesibaa
TI27-1 (40) 150—500 \ 8 ] 0.82 \ 5.67 \ 0.68 ] 3.59 \ 584 |50.6£5.0
TI27-2 (40) He BbIgensieTcst xapakTepyucTUyecKasi KOMIIOHEHTa Ha auarpaMmme 3uiiaepBesibaa
Tiokos ropoaok, TI'Il: 625 + 125 aet 10 H. 3. 55.5+3.9
LIT12-1 (34) 200—500 7 0.77 6.03 0.79 7.41 1.24 48.3+4.8
LIT'12-2 (34) 300—500 5 0.72 5.82 0.74 8.02 1.34 422+39
MIT'13-1 (36) 150—500 8 0.80 8.09 0.63 6.24 14.53 58.6 +3.7
IIIT13-2 (36) 150—500 8 0.73 1.5 0.46 6.02 13.04 28.1 £ 6.5
IIT14-1(42) 250—500 6 0.76 6.65 0.62 3.17 7.29 63.6 £4.5
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Ta6mmma 2. OKoHYaHUe

MAJINITEHKO u np.

Ne bparmeHTa H +o
KepaMUKU T,—T,, °C N Gap q f DRAT, % | CDRAT, %| ™ _ 7
(My3eiHbIIi HOMED) KT
ri4-2¢42) Pazpyiuiics B mpoiiecce usmepeHui
LIT15-1(42) 200—500 7 0.75 7.65 0.61 1.35 1.54 66.9 +4.0
LIT15-2(42) 200—500 7 0.76 6.76 0.64 2.94 2.95 64.7 £ 4.6
LI23-1(77) He Brinensercs xapakTeprucTuieckass KOMIIOHEHTa Ha AuarpaMmMe 3uiiaepBeabaa
1T23-2(77) 150—450 \ 7 \ 0.83 \ 6.01 0.67 \ 5.50 \ 1.72 60.7 +5.6
[Inmkunckoe ropoaume, IIT'T: 500 + 200 rr. 10 H. 9. 63.1 +3.7
HIT1-1 (17) 150—450 ] 7 ] 0.82 ] 5.93 ] 0.72 \ 9.58 \ 2.22 524+52
I1-2 (17) Paspymmuics B mpoliecce naMepeHumin
ar4-1 (27) 250—500 6 0.78 12.58 0.74 4.09 1.26 59.0 £2.7
1Ir4-2 (27) 250—500 6 0.78 7.09 0.68 6.48 4.57 54.1+4.0
Ire-1 (33) 150—500 8 0.83 6.87 0.86 1.95 1.35 471+49
IIT6-2 (33) 150—500 8 0.80 8.93 0.80 6.34 10.06 449 +3.2
LT7-1(35) He BbIaensieTcs xapakTeprucTuiyeckasi KOMIIOHEHTa Ha 1MarpammMe 3uiiiepBesbaa
LIT7-2(35) 150—450 7 0.81 6.90 0.62 4.07 9.71 54.7 £ 4.0
HIT8-1 (43) 200—500 7 0.79 8.09 0.79 5.06 4.93 56.8 +4.4
HIT8-2(43) 200—500 7 0.77 6.46 0.75 12.25 9.89 541148
LIT19-1(58) 150—500 8 0.79 8.80 0.80 4.48 4.63 61.8 +4.4
LIT'19-2(58) 150—500 8 0.80 20.30 0.77 1.34 1.04 64.31£2.0
1I1T24-1(66) 300—500 5 0.73 12.28 0.68 1.26 1.75 67.3+£2.7
111T24-2(66) 300—500 5 0.73 5.11 0.68 3.08 1.47 57.2+£5.6
1IT29-1(80) 300—500 5 0.71 4.04 0.57 8.65 11.67 45.51t4.5
LI1T29-2(80) 300—-500 5 0.72 8.11 0.59 9.16 0.35 38.4+£2.0
LIT30-1(83) 150—450 7 0.76 6.88 0.72 9.21 1.94 55.3+44
LIT30-2(83) 150—450 7 0.76 5.41 0.64 10.24 8.93 57.0+ 5.1
ITumkuackoe ropoauine, INITTI: 400 £ 100 rr. 70 H. 3. 53.8+2.8

MarHUTHOTO MoJisl (MOBbIIIEHNE,/ TIOHXKEHUE) TaKXKe
yroMuHaetcs B iuTeparype [Gallet et al., 2005; 2006].

Crojib KpYITHBIE COLIMAJIbHBIE U KJIMMaTU4YeCKUE
¢dakTophl, NpUBEAIINE, TTIO CYTH, K CMEHE UCTOpUYE-
CKHX D3MO0X, 3HAYUTEJIbHBIM OO0Opa3oM BIWSUIA Ha
KU3Hb IPEBHUX COOOIIECTB, YTO MOTJIO BBIPA3UThCS
B BBIPA0OTKE HOBBIX CHUCTEM XW3HEOOECIIEYEHUSI,
CMeHe MaTepuaJibHbIX KYJbTYP U UHBIX (hOopM anmar-
Talluu, Ierpafgalluy 3TUX KyJbTYp, MUTPAllM HOBOTO
HaceJieHUs co cBoeii KyabTypoid u T.4. Ilepexon ot
OpPOH30BOTO BeEKa K XKeJIe3HOMY, 32 HEKOTOPbIMU UC-
KJIIOYEHUSMU, JIOBOJILHO TPYAHO (PUKCUPYETCH B ap-
XEOJIOTMYECKUX MaMSITHUKAX U UMEEeT HETOUHYIO U
pa3MbITyI0 1aTUpPOBKY. Kpome Toro, natTupoBaHue 1o
4C B iepuon VIII-V BB. 10 H. 3. TAKXE XapaKTEPU3Y-
eTcs 0010 OlIMOKO OTIpeieJieHUs Bo3pacTa, Co-
MOCTaBUMOM MO BeJIMYMHE C TPOTSKEHHOCTbIO ca-
MOTO MCCJIelyeMOro BpeMEeHHOIro uHTepBaia. B Ha-

YYHOI1 JUTeparype 3TO SIBJIEHUE MMeEeT Ha3BaHUe
“ranpiitarckoe miaato” [Van der Plicht, 2004].

Paznuuue B TEXHOJOTUU U3TOTOBJICHUSI KepaMU-
KW apxeojorndyeckoro namsitHuka IIuimkuHcKoe
ropoAuIle Ha MOATOTOBUTENILHOI cTaniuu 00paboTKU
CBIpbs (TJIMHA, UJI U ApP.) U COCTaBIeHUs (hOPMOBOY-
HOI1 MaccChl MIPUBEJIO K BOBHUKHOBEHUIO MAarHUTHOM
aHM3OTPOIIMHU, U, KaK CIEACTBUE, K BOSBHUKHOBEHUIO
AMS (P' = 1.136 = 0.011) u anuzorporimu TRM.
B npoiiecce u3rotoBiieHUs KepaMUKW IIMHA MOTIJa
OBITH B a0COJIIOTHO Pa3HOM COCTOSIHUU: OT TBEPHAOTO
J1o >kuakoro u oopatHo [Letnun, 2012]. HenmpaBuib-
Hast popMa KepaMMUYECKMX OOpas3lloB He Jaja BO3-
MOXHOCTh y4ecThb aHu3oTtponuio TRM, 9to Morio
MPUBECTU K 3aHIKCHUIO BEJIMYMHBI HATIPSDKEHHOCTU
MarHuTHOTO TIOJNS, a, cijiemoBaTeabHO, U VADM,
OIIpeIeIEHHOIO MO 3TUM O0pa3liaM.
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Puc. 9. (a) — B3BenieHHbIe cpenHue BeJTUUYMHBI BUPTYAJIbHOTO aKCUAJIbHOTO AUMOJbHOTO MOMeHTa VADM co cpeaHekBaapa-
TUYHOM OLIMOKOM U OIIMOKOI onpeneseHus: Bo3pacta. Pe3ynbTaTbl JaHHOTO MCCIIEIOBAHMSI KEPAMUKH apXeOJOTMUECKHUX Ta-
MSITHUKOB TIO3[HEN 3IOXM OpPOH3bI U paHHero xeyne3dHoro Beka: [pummmHckuit mcrok I — duoneroswiit 1Bet, TiokoB
ropofiok — KpacHslit user, LLInikruHcKoe ropoauile — CUHUI LBeT. Pe3ynbraThl MccenoBaHUil KepaMUKU HEOJIMTa MaMsIT-
Huka Caxtoiul I [HagacoBa u ap., 2018], Békca 111 [HauacoBa u ap., 2020], kepaMuku 311oxu 6poH3bI MaMITHUKOB CaxTtai 1
u Caxtei 11 [HauacoBa u ap., 2022] u Amutposckas ciobona I [Pilipenko et al., 2019] — uepHbIe KpyXKu; (0) — BETUUNHBI
BUPTYaJIbHOT'O aKCUAJIBLHOTO IUIOJILHOTO MOMeHTa VADM, ronydeHHbIe 11 apXeoJIoruuecKux naMsTHUKOB [py3uu no 6asze
naHHbix GEOMAGIASO0. v3.2 [https://geomagia.gf-potsdam.de] — Gesblit LIBET U pe3y/ibTaThl JAHHOTO UccaenoBaHus: [pu-
mmHcKuit uctok 111 — duroseToBklil BeT, TIOKOB ropogoK — KpacHbIi 1BeT, LIINIIIKIHCKOoe TOpOaUIle — CUHUIM 1IBET.

3AKITIOYEHHUE e Pasanckoit ob6imactu P® nosnydeHbl JaHHBIE 00

. VBMEHEHUU HaANPSKEHHOCTH F€OMarHUTHOTO IMOJIA B

B pesynbraTe apXeOMarHMTHBIX MCCICNOBAHUM  o3nHuii mepruon 6POH30BOTO U PAHHETO KENE3HOTO
KEPaMUKU U3 KyJTbTYPHBIX OTJIOXCHUI apXeOJIOTUYe-  BekoB [UIsI LIeHTpa Pycckoit paBHuHBL. HakorieHue
CKUX apXEOJIOTMYECKUX MaMATHUKOB IDUINMHCKUI  KyJbTYpHBIX OTJIOXEHUN MPOUCXOIUIO BO BPEMEH-
nctok 111, TrokoB roponok u IllumkuHcKoe ropoan-  HoM mHTepBasie 1500—300 et mo H. 3. HampskeH-
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HOCTh TEOMarHWUTHOTO T10JII M3MEHSIIach B TIpeeaax
oT ~53 g0 ~63 MKTn. O6benMHEHNE ITUX TaHHBIX C
ITaHHBIMM O HAIIPSKECHHOCTH ITIOJISI B HEOJIMTE W B
3IT0XY OpPOH3BI, MOJYYSHHBIMU paHee 10 KepaMuJe-
CKOMY MaTepHuajy apXeoJIOTUYEeCKUX TaMSITHUKOB
Caxteimn 1 u Caxrtein II [HawacoBa u ap., 2018;
2022], Békca III [Havacosa u ap., 2020], AMuTpoB-
ckas ciaobona II [Pilipenko et al., 2019], mo3Boauio
MOJYYUTh KapTUHY U3MEHEHUSI MarHUTHOTO IOJIS B
neHTpe Pycckoil paBHUHBEI.

IMonyuyennsie 3HaueHuss VADM nng nenrtpa Pyc-
cKkoil paBHUHBI B XV—IV BB. 10 H.3. ITONagaioT B N~
POKUI1 MHTEPBAJI JaHHBIX, MOJYUYEHHbINU 1O pacIiojo-
KEHHBIM B TOM K€ TOJITOTHOM CEKTOPE apXeoJIoTude-
CKUM namsTHUKaMm I'py3un. Pazdpoc maHHBIX MOXET
OBITh CBSI3aH KakK C OLLIMOKOI onpeaeieH!sI Bo3pacTa
o “C, conocTaBuMOii IO BEIUUMHE C POTAKEHHO-
CTBIO CAaMOT'0 HCCJIEIyEMOI0 BpEMEHHOIO MHTEpBAJia,
TaK U C BBICOKOI CKOPOCTBIO NU3MEHEHMSI MAarHUTHO-
I'o ITOJISA B OTOT UHTEPBaJI BPEMCHU.

Heyuet anuzorponuu TRM o6pa3LioB MOT IIpUBe-
CTU K 3aHMXXEHUIO BEJIUYUHBI H,,, 4TO, ONIHAKO, HE
MOB/IMSIO Ha TEHAEHLIMIO POCTa BeIMYUHbI H,,, HabJ1r0-
JnaemMoro B KoH1e II—BTopoii monoBuHe I ThIC. 10 H. 3.
CpenaHuii ypoBeHb HaNPsSXKEHHOCTU T€OMarHUTHOTO
nonsg (~58 MKIN) CylIecTBEHHO BBIIIE CPEIHETO
YPOBHS HampsikeHHOCTH nosst B IV—mnepBoit noso-
puHe 111 twIC. 10 H. 3. (~40 MKTII), KOTOPKIiA OBLI ITO-
JIydeH B pe3yJibTaTe MPOBENECHUS apXeOMarHUTHBIX
UCCEA0BAHUM KepaMUKU HEOJUTUUYECKUX OTJIOXKe-
HUIT MHOTOCJIOHBIX apX€OJIOTMYECKUX MTaMSITHUKOB

Caxrbiu I 1 Bekca I11.

PMHAHCHUPOBAHUE PABOThHI

ITaneoMarHuTHbIE U METPOMArHUTHBIE UCCIEIOBAHUS
BbIMOJTHEHBI B LleHTpe KOJJIEKTUBHOIO I10JIb30BaHUSI
“ITeTpo¢dusrka, reomexaHuKa 1 najaeomardetusm” NP3
PAH [BecenoBckuii u ap., 2022] npu ¢puHaAHCOBOM IO~
nepxke loc. 3amanust Ne FMWU-2022-0005 Ud®3 PAH n
rpanta POOU Ne 19-55-18006.
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Variations of Geomagnetic Paleointensity Recorded in the Archeological Ceramics
of the Late Bronze and Early Iron Ages in the Central Russian Plain
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“4Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia
bState Historical Museum, Moscow, Russia
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Astract—The paper reports petromagnetic and archeomagnetic studies of ceramic fragments of the Late
Bronze and Early Iron ages from archeological sites of the Grishinskii Istok I1I, Tyukov hillfort, and Shish-
kino hillfort, which are located in the Oka River basin, Ryazan district, Russian Federation. In total, 43 de-
terminations of geomagnetic field intensity were obtained for the time interval of 1500—400 B.C., including
10 determinations for ceramics of the Grishinskii Istok III, 11 determinations for ceramics of the Tyukov hill-
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fort, and 22 determinations for ceramics of the Shishkino hillfort. The studied time interval is characterized
by the elevated values of the geomagnetic field intensity of 55—59 uT, which are much higher than the average
field intensity for the Russian Plain in the IV—first half of III millennium B.C. Obtained VADM values for
central Russian Plain fall in a wide range of values obtained on the Georgian archeological sites located in the
same longitudinal sector. A large scatter of data can be related both to the large error in '*C determination,
which is comparable with the duration of the best studied time interval, and with the high rate of magnetic
field variations within this time interval.

Keywords: archeomagnetism, variations of geomagnetic field intensity, Late Bronze age, Early Iron age, "tex-
tile" ceramics
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