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OOcyxIatoTcsl TepCTeKTUBBl MPHMEHEHHs IETPOMArHHUTHOTO METONAa M XapaKTePUCTUKH CTENEHH BO3JICHCTBUS
AHTPOMNOTEHHBIX KOCTPOB Ha BMEMIAIOIINN CyOCTpaT M PEKOHCTPYKUMM Pa3JIMYHBIX IMapaMeTpPoB KOCTPUII IUIA IeNel
apxeosioruy. BriepBble NpoBeIEHO SKCMEPHMEHTAIbHOE MOAETUPOBAHUE KOCTPHUIL HA JIECCOBOM CyOCTpaTe C MCIONB30BAHUEM
YeThIpeX THIOB TOIUIMBA M TNPOAHAIN3MPOBAHO M3MEHEHHE MArHUTHBIX CBOICTB OTJIOXKEHMII B pe3ynbTaTe TpaHcdopmanuu
AKeNe30coaepKaliX MuHepanoB. [1oBbIIEHHbIE 3HAYE€HNS] MATHATHBIX TAPAMETPOB M0 CPABHEHHIO C HEOO0XKEHHBIMH JIECCAMH
XapaKTepHbl U Ul MEIUIOB, U 1J11 TEPMUUYECKM U3MEHEHHOro nécca, UYTO MAENaeT UX HANEKHbIMU NETPOMArHUTHBIMU

UJICHTU(PUKATOPAMH IPEBHUX KOCTPHII.

Knrwueewvie cnosa: nempomdacHe musm, MAeHUMHAs 60CNPUUMHUBOCMb, APXeON02Usl, najleokocmpuud.

Beenenne

CBuUJIETENBLCTBA UCIONB30BAHUS OTHS SBJISIOTCS BaXK-
HbIM HCTOYHMKOM apXxeoyiorMyeckoii uHpopmanuu o0
O0COOEHHOCTAX OblTa M aJanTalMOHHBIX CTpaTerusax
IPEBHEro 4eNoBeKa. 3a4yacTyi0 IIeIUIOBbIE MPOCIIOH,
OCTAIOLIVECs] HA MECTaX KOCTPHII, OOHAPYKUBAIOTCS ap-
XeoJIoraMy 1o M3MEHEHHIO I[BeTa Ha (pOHE BMEIMIAIOIIMX
OTJIOXKEHUI (M3MEHEeHHe B CTOPOHY KpacHOBATHIX, Yep-
HBIX WM CEPbIX OTTEHKOB) M MO HAXOXKIEHUIO OCTATKOB
yriist. J1efiCTBUTENBHO, 3TU JAHHBIC SBISIOTCS MPSMBIMU
BU3YAIBLHBIMU CBHJICTENILCTBAMHU CYIIECTBOBAHUSI OTHS,
XOTSI €r0 TPOUCXOKICHUE MOXKET OBITh KaK eCTeCTBEH-
HBIM, BBI3BaHHBIM IIPHPOAHBIME MOXKAPaAMHU, TaK U aHTPO-
noreHHbIM. OJIHAKO COXPaHEHWS] YrOJbHBIX OCTATKOB
MOXKET He MPOU30UTH, & MHTEHCUBHOCTh N3MEHEHNsI 11Be-
Ta MOXKET CJ1abeTh ¢ TeYeHHEM BPEMEHHU I STOTO U3Me-
HEeHUsI MOXeT BoBce He ObITh [Morinaga et al., 1999]. Oto
MPUBOIUT K TOMY, YTO B MOJIEBOW MPaKTHKE apXeoJoru-
YecKUX WCclieoBaHUl sl OOHapy>KeHHsl JPEBHUX KO-
CTpMIIl Bce Ooublliee MPUMEHEHNWE HAYMHAKOT HaXOAWUTh
MarHuTHbIe METOJIbl, TAKWE KaK ChbeMKa aHOMaJluii mar-
HUTHOTO TIOJISl U M3MepeHre MarHUTHOW BOCTTPUMMYMBO-
CTH in situ. YCTAHOBJIEHO, YTO JPEBHHE KOCTpUINA CO-
3JIA0T HaJl co00# MOJOKUTENTbHBIE aHOMAMU MarHUTHO-
ro TONS M XapakTepu3yloTcs yBelMueHHeM 3HadyeHuit
MarHUTHOW BOCITPUUMYMBOCTH MO CPaBHEHUIO C BMellla-
tommmu mopogamu [Gibson, 1986; Jrad et al., 2014].

Hauunas ¢ panHux pa6or Le Borgne [1955, 1960],
IIMPOKO M3BECTEeH (DakKT, YTO HArpeB U3MEHseT MarHuT-

HYIO CTPYKTYpY MOYB U YBEIUYMBAET MX MArHUTHYIO
BOCIIPUUMYNBOCTb. DTO CBOMCTBO BBI3BANIO MHTEPEC B
MEXKIUCHUTUIMHAPHBIX HCCIIEAOBAHUAX U CTajJ0 Haxo-
IIUTH MIMPOKUN OTKIIMK B re0apxeojorndeckux padborax
[Tite, Mullins, 1971; Mullins, 1974]. B nanbHeiilem
UCCIIeIOBATENN CTaNd (OPMYIMPOBATH METOHONIOTHYE-
CKHE TIOAXOIBI, TIO3BOJISIONINE HAXOMUTH CIIENbl CYIIe-
CTBOBAHMsI OTHSI HA apXEOJIOTHYECKUX CTOSHKAX MO Mar-
HUTHBIM U TETPOMArHUTHBIM JAHHBIM, JaXKe €ClIi 4acTh
MepBOHAYATIBHBIX MPU3HAKOB BO3AEHCTBUS OTHS HE CO-
XpaHWjach B pe3ylbTaTe W3MEHEHUs U mepepadoTku
otnoxenuii [Barbetti, 1986]. PazButnem stux pabot
CTall MOUCK METONOB IS PAaclo3HaHUs KOCTPOB MpH-
POAHOrO MPOMCXOXKAEHUs (MPUPOAHBIE MOXKAPbl) U aH-
TPOTIOTEHHOTO TeHe3mca (KOCTPUINA, OYaru, edn u Apy-
e BHIBl KOHTPOIUPYEMBIX UEIOBEKOM KOCTPOB)
[Barbetti, 1986; Bellomo, 1993].

OnHUM W3 HAmpaBlIeHUIl MPUMEHEHUS MarHUTHBIX
METOJIOB B PELUEHUU apXEOoNOrMYeCKUX 3a/1au sBIISIeTCS
reoduznyeckoe MiIoAaIHOe KapTUPOBAHUE CTOSHOK MO
aHOMAJIMSIM MarHUTHOTO MO U 3HAYEHUSIM MarHUTHOM
BocnpuumMunuBOcTH [MartacoBa u ap., 2013, 2016]. Mar-
HUTHAas ChEMKa CTajla BaXXHbIM METOAOM B MpPAKTHKe
apXeoNoruy, SBISSICH HEIECTPYKTUBHBIM METOAOM C
BO3MOXKHOCTBIO KapTUPOBaHMs OONbIIMX TIIOLIAJCH.
Bbuto  ycTaHOBJNEHO, YTO TONOXKHUTENbHbIE aHOMAalIUuu
MarHuTHOTO MOJs HaJ APEBHUMHU O4araMu CBS3aHbI C
MOBBIIIEHHBIMU KOHLIEHTPAlUIMU MarHUTHBIX MUHEpa-
noB [Bonhomme, Stanley, 1986; Gibson, 1986; Linford,
Canti, 2001; Jrad et al., 2014]. JlokanbHble MarHUTHBIE
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aHOMAaJIMM U 30HBbI C IOBBIIIEHHBIMU 3HAYEHUSIMHU Mar-
HUTHOI BOCIPUUMYMBOCTH i# Sifu ABISAOTCS MpPU3HAKA-
MU BO3MOXXHBIX APEBHUX 0YaroB W ONpeAessioT Hanbo-
Jiee TIepPCIIEKTHBHBIC YYAaCTKU Ui apXeoNOrMYecKUX
packonok [CMekanoBa u ap., 2007].

Jlpyrum HarpaBJieHHEM SIBJISIETCS JTabOpaTOpHOE TIeT-
pOMarHuTHOE M3y4yeHue oOpasLoB C LIEJbI0 XapakTepu-
CTUKM OTJIOKEHWH W3 KOCTPUIL W M3MEHEHUH, IPOUCXO0-
IVBIIMX B Xone Harpesa. [IpuMmeHeHne pazHOOOpa3HBIX
MEeTPOMATHUTHBIX TApaMETPOB CTAJI0 BO3MOXKHEBIM OJaro-
Japsl Pa3sBUTHIO TEXHUYECKOW Oa3bl M yBEIMUCHUIO UyB-
CTBUTEJBHOCTY MpUOOpOB. JlaHHOE HanpaBlieHHE TECHO
CBSI3aHO C DKCIIEPUMEHTATBHBIM MOJCIMPOBAaHUEM, TIPO-
BOJVMBIM JUIi CPaBHEHUS MOJYyUSHHBIX pPE3YJbTaTOB C
NPUPOAHBIME OOBEKTaMM U JajbHEeHIIero pereHus oo-
patHbIX 3aa4y. OcoOblid MHTEpeC NMpeAcTaBsAIOT MEeMno-
BbIC OTJIOXKCHUS, W3yYeHHE KOTOPBIX IMPOBOAUTCS IS
ompexaeneHus tuna torumea [Peters et al., 2001, 2002;
Church et al., 2007] 1, COOTBETCTBEHHO, aaMTAlIMOHHBIX
cTparteruii ApeBHero 4yenoBeka. B cBs3u ¢ Tem, 4TO mps-
MBI€ CBHIIETENILCTBA CYLIECTBOBAHHUS KOCTpa (TIEIIOBBIE
MPOCJION WJTH YTONBHBIE OCTATKU) MOTYT OBITH 3POIUPO-
BaHbI WM MEPEMELICHbI B Pe3yJIbTaTe e TeNbHOCTH de-
JIOBEKA UM NOCTCEAUMEHTALUMOHHBIX MPOLECcCOB, UJEH-
TU(UKALKS KOCTPULL MOXKET OBITH OCHOBAaHA Ha OOHApY-
JKEHUH TEPMUYECKH W3MEHEHHBIX ITOpO, CIY KUBILIHMX
cyOcTpaToM AJisl IPeBHEro KOCTPULLA.

MHorumMH aBTOpaMH TIPOBOIWIIOCH SKCIICPUMEHTANb-
HOE MOZENMPOBaHUE KOCTPOB C AajbHeWlIMM U3yueHUueM
MarHUTHBIX CBOHCTB TEPMUYECKU U3MEHEHHBIX MOPOJ AJIsI
YCTAHOBJIEHUS] CTENEHN BO3ACHCTBHA HA HCCIIEILyEeMBbINA
cyOcTpar (Temneparypa mporpeBa U MUHepaiorMyeckue
u3Menenus) [Morinaga et al., 1999; Linford, Canti, 2001;
Jrad et al., 2014; Aldeias et al., 2016]. CTOUT OTMETHUTH,
YTO 3TH MapameTphl TOBOIBHO BApHATUBHEI U 3aBUCAT OT
MPOIOIDKUTEIEHOCTH TOPEHHUS, MaKCUMAaIbHOW TeMIepa-
TYpbl KOCTpa, HMCXOAHOTO MMHEpPaJOrMYecKOro cocTaBa
MOpPOJ, BIXKHOCTH U TUIOTHOCTH CyOCTpaTa, OKUCIUTENb-
HO-BOCCTAHOBHUTENBHBIX YCJIOBUIl Cpellbl, MOBTOPHOTO
BOCIIPOU3BEIEHMUS] KOCTPOB Ha TOM K€ MECTe.

Takum 00pa3oMm, Ha INaHHBII MOMEHT pa3padoraHa
obuias Meroauka OOHapy)KeHUs APEBHUX KOCTPHLI 10
MEeTPOMArHUTHbIM JaHHBIM U 0003HaueHbl OCHOBHBIE W3-
MEHEHUSs, KOTOpble MOTYT MPOMCXOAWTH MPH BO3jei-
CTBHMHU BBICOKUX Temrepatyp. FiMeeTcst OMbIT yCHelmHoro
MPUMEHEHUsI DKCIEPUMEHTAILHOTO MOJIeIMPOBaHUS B
pellieHny 3a1a4 Npy MCCIeJOBAaHUU MPUPOJHBIX apXeo-
Joruueckux oobekToB [Maki et al.,, 2006; Jrad et al.,
2014]. OmHako B peobnaaaroiieM O0NbIIMHCTBE paObOThI
MpEe/IIIECTBEHHUKOB UMEIOT JIMIIIb YacTHOE MpUMEHEeHue
Y MOTYT OBITh UCIOJIE30BAHBI JIJIsl ApXEONOTHYeCKUX CTO-
SSHOK C aHAJIOTMYHBIMH JIMTOJOTMYECKUMH M TaJeOKIIM-
MaTHYeCKUMH YCJIOBUSIMU. YUHUTBIBas pa3HooOpasue Tu-
MOB  OTJIOKEHWH, I[IUPOKMH CMEeKTp KIMMaTHYECKUX
YCIIOBUH, XapaKTEePHBIX I TOTO WJIM MHOTO apXeoilory-
Yeckoro o0beKTa, a Takke MHOroo0pasne BO3MOXHBIX

HUCTOYHUKOB TOIUIMBA, METOX 3KCIIEPUMEHTAIBHOIO MO-
JIeTUPOBAHUS SBNAETCS UHAUBUAYAIbHBIM JUIS KaXKAOrO
apXeoJIOrNYeCKOro KOHTEKCTa U aKTyalbHbIM. DKCHEpH-
MEHTAIbHOE MOZENNPOBAHUE SBISETCS HEOOXOIMMBIM
yCIIOBHEM ISl ONpesieNieHnss OCOOEHHOCTel H3MeHEeHMs
METPOMAarHUTHBIX CBOMCTB OTJIOKEHNH.

Llenbro uccnenoBaHys SBIAETCS OLEHKA MEPCIEKTUB
NPUMEHEHUS] METPOMArHUTHBIX METOAOB JUI1 PEKOH-
CTPYKLUU XapaKTEPUCTUK APEBHUX KOCTpUIL, BCTpeda-
IOLUXCS B JIECCOBO-TIOYBEHHBIX CEPUSIX PA3IMYHBIX paii-
oHoB LlenTpanbHoit A3un. B cBoeit pabote MbI mpencras-
JsieM pe3yJIbTaTbl JKCIEPUMEHTAIBHOIO MOJEIIU POBAHUS
KOCTPOB Ha JIECCOBOM TI'PYyHTE C HUCIIONb30BAHUEM pa3-
JIMYHOrO TUIA TOIUIMBA U aHAJIU3 UX MATHUTHBIX CBOKICTB.
B kauectBe ncxomHoro cyocrpara MOJKeT BBICTYNATh Ma-
Tepuasl Kak M3 TOPU30HTOB Ji&cca, TaKk M MOrpeOeHHbIX
MOYB, BBIOOP KOTOPOTO ONpeAenseTcss KOHKPETHOH reo-
apXeoNIOrMIeCcKOi 3a1adei.

B naHHOM ucClen0BaHUK 3KCIEPUMEHT IIPOBOIUIICS C
MO3HEIJICICTOLIEHOBbIMU  JIEcCaMu  (TOJIOHOCTEIICKU
kommiiekc DepraHckoil ONMHBI) M3 pa3pe3a B pailoHe
crossHku OOuump (batkeHnckas obnacte, Kupruzus). Ma-
Tepuan Obul OTOOpPAH U3 FOPU3OHTA JIECCOB MEXIY CO-
BPEMEHHOI IOYBOM U IEJOKOMILJIEKCOM, OTBEYAIOLIUM
TPeTbel M30TOMHO-KUCIOPOAHON CTaAuu, BBUAY 4aCTOrO
oOHapyKeHUs1 B MOJOOHBIX OCAAKAaX CTOSHOK IMO3JHEro
naneonurta u 3nunaneonurta [ogonos, 2002; xaiiaep,
2015]. B cBs3u ¢ HEOOXOAUMOCTBIO ONpeEIeHUs XapaK-
TEPUCTUK KOCTPULL NpU W3YYEHUM NAICOIUTUYECKUX
naMATHUKOB LleHTpanbHOW A3uu, HamMu MpeanpuHsTa
MOMbITKAa pa3pabOTKU METOAMKU MpPOBENeHUs! MOJOOHbIX
paboT Ha OCHOBE aHAIM3a M3MEHEeHUs MeTPOMAarHUTHBIX
CBOWCTB OTJIOXKEHUI B XOJIe KOHTPOIUPYEMOI'O SKCIIEPU-
MeHTa. [l 3TOro HeOOXOAUMO BbISBUTb MPUUUHY YBe-
JIMYEHUs MarHuTHOM BOCHPUMMYMBOCTU, PErHCTPUpYE-
MO0 IIOJIEBBIM KalaMeTpoM, U ONpPEeNIUTh BO3MOKHO-
CTM WCIOJb30BaHMs OJTOr0 Iapamerpa Kak CpeicTsa
ObICTpOI MIeHTU(UKALMN PEBHUX KOCTPHILL] B MOJNEBBIX
ycaoBusX. OTAENbHON 3a1auell ABiseTcs MOUCK MyTei
JUIs OIpeJeNeHusl CTENEeHU BIMAHUSA TUA TOIUIMBA HA
MarHuTHbIE CBOKCTBA I€IUIAa U TEPMUYECKA U3MEHEHHOIO
cyOcTpara.

MeToauka uccaen0BaHuii
U UCIO0JIb3YeMBbIil MaTepHaJ

Oxenepumenmanvrvle kocmpul. Hamu OblTH TIpoBe-
JIeH KOHTPOJUPYEMbIii 3KCHEepUMEHT, B XOA€ KOTOPOro
U3y4YeHbl METPOMArHUTHBIE XaPAKTEPUCTUKU UYeThIpex
KOCTPOB C HCIOJb30BAHUEM Pa3IUYHOr0 BUJA TOIIMBA
(puc. 1). B xauecTBe TomMBa ObLIM BhIOpaHbI MaTepua-
Jbl, JOCTYNHBIE M HCMOJb3yeMble B Teorpagpuueckom
peruoHe HCCIeOBaHUA: KOCTh (cyxas), TepeckeH (Ky-
CTapHUK, pACMpPOCTPaHEHHBII Ha Tepputopun LleH-
TpasibHOI A3um), ApeBecrHa (KpyMHbIe BETKH W TOJie-
HbsI), KM3SK (BBICYLIEHHBII HaB03). J[ns mepBOoHavanb-
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HOTO POKUTa KOCTpa C MCMONB30BAaHMEM KOCTH Kak
OCHOBHOTO BH/Ia TOIIJIMBA TaKXe HCIONb30BAINChH BETKH
TepecKkeHa M JiepeBbeB. B kauecTBe MOITOKKH T BeeX
KOCTpPOB OB Mcnonb30BaH Jiécc. B cBs3m ¢ Tem, uTo
U3ydascsl MaTepuan U3 cpefHell 4acTu paspesa, a Takoke
JUTSL CO3AaHMS €MHBIX YCIIOBUH BIAXKHOCTH M TIOPUCTO-
CTH, HaMM ObUTH OTOOpaHbI JIECCHI C OTHOW MIyOUHBI, U3
KOTOPBIX MbI TOATOTOBMIM MCKYCCTBEHHBIE HACHINU.
Kaxknoe skcriepiMeHTalIbHOe KOCTpPHILE MPeACTaBISIo
co00if Kpyriyro Hacelmb Jiécca auamerpom 30-35 cMm u
BbIcOTON 10—12 cM ¢ yriyGnennem Ha 3—5 ¢M B LIeHTpe.

B xoze sKcreprMeHTa HaOMIOAaNCh Pa3inyius B TOJITO-
T€ U UHTCHCUBHOCTU TOpE€HUSA, a COOTBETCTBEHHO, U B
JIOCTUTaeMbIX TeMIlepaTypax MporpeBa HIDKENeKalnxX
OTJIOXKEHUH B CBSI3U C Pa3sIU4HOM KalOPMUHOCTBIO UC-
none3yeMoro Ttomnuea. Jns najbHeilero mnerpomar-
HUTHOTO M3y4YeHHus: ObLI0 0TOOpaHo Mo Tpu obpasna u3
KaXJoro Kocrtpa: oOpasen JECCOBOH TMOIIOKKK 10
Hayvasa SKCIepuMeHTa, odpaszelr 000X KEeHHOro Jécca 13
NpUNOBEPXHOCTHOrO cnos (0—2 ¢cM) HEmocpeACTBEHHO
O] MECTOM TopeHusl u obpazel] mermna, oOpa3oBaBIIIe-
rocsi B pe3yJibTate ropeHusl.

Puc. 1. DkcnepuMeHTAIbHOE MO/IeINPOBAHHE KOCTPOB
a— — (otorpaduu pasTUUHLIX CTAAUN IKCICPUMEHTA HA MPUMEPE KOCTPA C MCIOIb30BAHUEM TEPECKeHA KaK TOILUIMBA: @ — JIECCOBBIN
cybcrpar (moaiokka) A0 KOCTpa, b — ropeHne TOIMBA, ¢ — KOCTpUIlE, 00pa3oBaHue NemioBoro cios; d — o0mmii BUa Ha KOCTPBI B
TCYCHMUE DKCIIEPUMECHTA

Fig. 1. Experimental fire modeling
a—c — photographs of various stages of the experiment with using winterfat as a type of fuel: a — loess substrate before the fire, b — fuel
combustion, ¢ — hearth, formation of an ash layer; d — general view of the fires during the experiment

Ilempomacnumnvie usmepenus. lleTpoMarHuTHBIE
UCCIIeJOBaHUS SBJSIIOTCS OBICTPBIM, OTHOCHTENBHO Je-
LIEBBIM M MPOCTBIM B M3MEPEHUH HHCTPYMEHTOM JUIs
UASHTU(UKAMY K3MEHEeHUH, MPOUCXOAAlUX B cyO-
cTpate Mpu ero nporpese. B xone uccnenoBanuit Moxxer
ObITH MoMy4yeHa MHGOpMaLKi O MarHUTHOH MHUHepajo-
T'MU TOPOA, KOHLEHTpPalMKU U pa3Mepe MarHUTHBIX MU-

HepasnoB [Evans, Heller, 2003]. Hamu Obutn mpoBeieHbI
U3MEpPEeHUs CIEYIOLX MarHUTHBIX TapaMeTpPOB.

1. YenbHast MarHuTHasi BOCIPUMMYHMBOCTS () — Be-
JMYMHA, XapaKTepu3ylollas CBs3b HAMarHWYeHHOCTH
€IMHULIBI MAcChl BELIECTBA C MATHUTHBIM TOJIEM B 3TOM
BewlecTBe. PeppoOMarHUTHBIE U MapaMarHUTHbIE MUHeE-
panbl MMEIOT MONOXKUTENbHbIE 3HAYEeHUs] MarHUTHOM
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BOCIIPUMMUYUBOCTH U BHOCAT OCHOBHOW BKJaJ B CyM-
MapHyl0 BOCIPUMMYMBOCTb, B TO BpeMsl Kak Auamar-
HUTHblIE MUHepalibl, 00Jajas OTpULATEIbHbIMU 3Haue-
HUSMU MarHUTHOIM BOCIPUMMUMBOCTH, 3aHMXKAIOT 3Ha-
YeHMsI CyMMapHOI BOCIIPUMMUKMBOCTH.

2. TemneparypHass 3aBUCUMOCTb MAarHUTHOH BOC-
NPUUMYMBOCTY TOKa3blBaeT U3MEHEeHHe 3HaueHUil mar-
HUTHOI BOCIIPUMMYMBOCTH B XOJl€ Harpesa A0 3aJaHHOM
TemnepaTypbl U TOCJIEAYIOLEro OXJaXAeHUs OT Hee
(narpeB 1o 700 °C). AHanu3 TepPMOMArHUTHBIX KPUBBIX
NO3BOJISIET OMpPeAEUTh OCHOBHbIE MUHEpPasbl-HOCUTEH
HaMarHM4eHHOCTM W MOMOraeT OTCHeAUTh MHHepalb-
Hble NpeoOdpa3oBaHusl B X0/€ HarpeBa U OXJIaxAeHMUsl.

W3mepennst MarHUTHON BOCIIPUMMYMBOCTH, €€ TEMIIe-
paTypHOI X YACTOTHOM 3aBUCUMOCTEN OCYILLECTBILUIUCH Ha
kannabpumxke MFK 1-FA npousBoactsa AGICO (Yexus).

3. HacToTHass 3aBUCUMOCTb MAarHMTHOWH BOCIPUUM-
YUBOCTH (YD) ABJSIETCSA BEJIMUYMHOM, OTpaXkarollueil pas-
JUyYMde 3HaYyeHWid MarHUTHOW BOCHPUUMYMBOCTU MpPU
MU3MEPEHUN €€ Ha HU3KON 1 BBICOKOW yacToTax. J[aHHbIA
napaMeTp YyBCTBUTENIEH K MPUCYTCTBUIO OYEHb MENIKUX
3epeHn MmarHeruta (menee 0,03 MKkM), HaxoxsUIMXCsl B
cyneprnapamarautHoM coctosiHun (SP) [Dearing et al.,
1996]. YacroTHast 3aBUCUMOCTD Yrp B a0CONOTHBIX Be-
JMYMHAX M B MPOLUEHTHOM BbIPaXXEHUU OMpeaeseTcs
CJIeAYIOLUM 00pa3oM:

XFD = XLF — XHF»
xep (%0) = (xur — xur)/ xee x 100,
Iz YLr U (i — 3HAY€HUs1 MarHUTHOI BOCPUUMYUBOCTH
Ha HU3KOM 1 BBICOKOH 4acTOTE€ COOTBETCTBEHHO.

Ilpu onpeneneHuy 4aCTOTHOW 3aBHCHMOCTU Ha Karl-
nabpumxke MFK1-FA n3mepenuss MarHuTHOH Bocnpu-
UMYUBOCTH OCYIIECTBISUINCH Ha paboumx yacTorax
LF =976 T'u u HF = 15616 I'u. B cBs3u ¢ TeMm, 4TO B
UCTOPUU NETPOMArHUTHBIX MCCIENOBaHUI J10Jroe Bpe-
Ml ICIIONIBb30BAJICSl MHOM MHCTpyMeHT, Bartington MS-2
Susceptibility Meter, ¢ pabounmu uactoramu LF =
465Ty u HF = 4650 I'u, nmeercs HEOOXOIUMOCTh B
BEJIEHUHU MONPaBKU K MOJy4yaeMbIM HAMU JAHHbIM, Y4YH-
ThIBaloOLlel pa3inyue B UCMOJb3yeMblX yacToTax. [lo-
3TOMY /I JalibHEl1lIero cpaBHEHUs C JIMTepaTy pHbIMU
JAHHBIMU MBI OyZieM HCIIONB30BaTh BMECTO YFp TAKOM
napaMmeTp, Kak yrp, NpeAIokeHHbIi B pabore [Hrouda,
2011] n onpenensieMblil Kak

In10

XFB = e in g AFD (H
rIe fur U fip — 3HaYCHUs BHICOKON M HM3KOH 4acToOT, Ha
KOTOPBIX MPOMU3BOIAT M3MepeHusd. [lapamerp yrg cOOT-
HOCHUT JIOTapu(MHUUYECKYIO Pa3HUIY MEXIy HCIONb3ye-
MbIMH dacTtoTamMu K 10, T.e. OTHOLIEHHUIO YacToT B Bar-
tington. O4eBUIHO, YTO AJSI U3MEPEHU, MPOBEIECHHBIX
Ha Bartington, ¥rg = Yrp, @ ATl UHBIX MUHCTPYMEHTOB
napameTp yrp OyJeT OTIMYATHCSI COMNTACHO OTHOLLEHUIO
WCTOJIb3YEMBIX YaCTOT.

4. ineanbHasgs  (Oesructepe3ncHas)  ocTaTouHas
HamarHu4eHHocTb (ARM) — ocTaTouHasi HaMarHU4eH-

HOCTb, CO3/1aHHasl B YOBIBAIOIEM OT HEKOTOPOro 3Haue-
HUS 10 Hyns nepeMeHHoM nosie (AF) B mpucyTcTBUM no-
ctostHHOro MaruutHoro nosnst (DC). B Hammx skcnepu-
MeHTax ARM co3pmaBanach npu mnapamerpax DC =
0,05 MTn u AF = £130 MTn u usmepsanach Ha KpMOreH-
HoM SQUID marnutomerpe mpounsBoactBa ¢upmel 2G
Enterprises (CLLIA). ARM 4yBcTBUTENBHA KaK K KOHIIEH-
TpaLUy MarHUTHbIX MUHEPAJIOB, TaK U K UX pa3Mepy.

5. OcraTouHas HAMAarHU4eHHOCTb HAaChILIEHUS
(SIRM) — BenmumMHA OCTATOYHON HAMArHUYEHHOCTH, 00pa-
3yroweiicst B 00pasiie mociie MrHOBEHHOrO BO3/EiCTBIS Ha
HEro MOCTOSIHHONO MArHUTHOrO MOJis, PaBHOTO WIIM Mpe-
BOCXOJIAIIEr0 TI0Jié MAarHUTHOrO HachIeHns o0pasua.
SBnsieTcs KpailHUM CITy4aeM W30TePMUYECKON OCTaTOYHON
HamarHudeHHocTH (IRM), kotopast oOpa3yeTcst monoOHbIM
00pa3oM, HO B MAarHUTHBIX MOJIAX MEHBIINX TMoNeil Hachl-
menns. SIRM co3naBanack Ha oOpasuax, npeaBapuTeNbEHO
pa3sMarHMyeHHbIX nepeMeHHbIM noneMm (AF = 130 mTn),
[OpY MOMOLUIM YCTAaHOBKU UMITYJIbCHOIO HaMAarHUYUBaHUS
ASC IM-100 nocpeacTBoM BO3AEHCTBUS KOPOTKUM UM-
nysnbcoM MarautHoro nonst DC = 1 Tn. Co3nanHas octa-
TOYHAs HAMArHUYEHHOCTb HACBILIEHUs] M3MEpsUlach Ha
kpuorenHoM SQUID marnutomerpe. Bemuuuna SIRM
MOKET ObITh UCIIONbL30BaHa JIsg OLlEHKU OOlleil KOHLIEH-
Tpauuy (eppoMarHuTHHIX MUHEPAJIOB B TOPOZE.

6. S-ratio — mapaMeTp, ONpeNeNsIOMUil OTHOCHTEIb-
HBI BKJIaJl MATHUTHBIX MUHEPAJIOB C Pa3HOU KOIPLUTUB-
HOCTBIO B OCTATOYHYH) HAMarHUYEHHOCTb HACBILLECHUS.
Janublii mapamerp siBisercs 3QQexTnBHON Mepoil mpu
OLIEHKE COOTHOLLEHUs B 00paslie KONUYecTBa «MAarHUTO-
MATKUX» (HallpuMep, MarHeTut u (UaM) MarreMuT) u
«MarHUTOXKECTKUX» (HanpuMep, FreMaTUT U (UIU) FETUT)
MHUHEpPAJIOB. S-ratio Ompenensercs CleaynmmM 00 pa3oM:
OpsMOe Mojle UHTEHCUBHOCTBIO 1 Ti mpuknaipiBaeTcs
obpasLy, nocjie 4ero U3MepsAeTcst ero 0CTaTo4YHasi Hamar-
HUYEHHOCTb (3ayacTyto 310 SIRM), nanee npukiiaabiBa-
ercs o0paTHOe moje (B MPAKTUKE MEeTPOMAarHUTHbIX UC-
Cle0BaHUN UCMOJb3YIOT OOpaTHbIE MO, COOTBETCTBY-
toue —100 MTn u =300 MTa), u Takxke u3zMepsiercs
ocraTouyHas HaMarHuueHHoctb ooOpasua (IRM). Ilapa-
METpP PacCUUTHIBAECTCS CJIELYIOLUM 00pa3oMm:

S-ratiojgoura = — (IRM_100y1s/SIRM:1000yTa),
S-ratiozoowrs = — (IRM_ 300w/ SIRM 1000mT).-

Pacuer S-ratio BeImosiHeH A1 000MX OOpaTHBIX MO-
aeil. M3MepeHus HaMarHMYEHHOCTH MPOU3BEIEHbI Ha
Bu6pomarautometpe (VSM) PMC MicroMag 3900.

7. Tlokazarens MarHuTHoO# >xecTkocth HIRM orpa-
»aeT aOCONIOTHBIN BKJIaJ MarHUTOKECTKMX MHHEPaoB
B OOLIYIO OCTATOYHYIO HAMarHM4eHHOcTh o0pasua. [1pu
€ro pacyere MCMOJb3YIOTCS Te K€ 3HAUSHUs OCTaTOYHOMN
HaMarHMYeHHOCTH B MPSIMOM M OOpATHBIX MOJISIX, YTO U
MpU onpesieNeHuu S-ratio:

HIRM. 19015 = (SIRM: 190015 + IRM_100y15)/2,
HIRM _ 30015 = (SIRM 190015 + IRM_300y14)/2.

8. ['ucTepesucHble MapaMeTpbl BKIOYAIOT B ceds

HaMarHM4eHHOCTb HacbllleHus (Ms), ocTaTOUHyrO Hamar-
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HUYEHHOCTb HachlLeHust (Mrs), KoapUUTUBHYO cuity (Bc),
NOJTy4aeMble HEIIOCPEACTBEHHO B MPOLECCE CHATUS METIH
TUCTEPE3NUCa, a TAKXKE OCTATOUHYHO KOIPLUTUBHYIO CUILY
(Ber). I'ncrepesucHble napamMeTpbl IOMOratoT B OMpeerne-
HUM MarHUTHOH MUHEpAJOru W JAT UH(OPMALUIO O
JOMEHHOM COCTOSHMU (pasmepe) 3epeH. M3mepenus mpo-
u3BoMaUCh Ha BuOpomarnutomerpe (VSM) PMC
MicroMag 3900 1 BKIIFOYaN CHSTHE TeTeNb TUCTepe3nca,
KPUBOI HOPMAJIbHOI'O HAMAarHW4MBaHUS U OCTATOYHOU
HaMarHW4eHHOCTU B 00OpaTHbIX Nnosix. [1o gaHHbIM rucre-
pe3KCHBIX NapamMeTpoB Obula MOCTpoeHa auarpamma J{as—
Jansomna, noka3biBatolas 3aBUCUMOCTb Mrs/Ms ot Ber/Be
[Day et al., 1977; Dunlop, 2002a, 2002b].

9. AHanu3 CreKTPOB KO3PLUTUBHOCTU OOpPa3LOB IO
merony «cumulative log-Gaussian analysis» (CLGA)
KpUBOI1 HOpMajbHOro HamarHnunBanus [Kruiver et al.,
2001; Heslop et al., 2002] npou3Boauics B BeO-
npuiokeand MAX UnMIX [Maxbauer et al., 2016].

Bce neTpoMarHuTHbIE HCCIIENOBAHUS TPOBOAUIUCH B
naboparopuu ['1aBHOro reoMarHUTHOro MoJst U NETPo-
marHetn3ma Muctutyta Qusukn 3emnn PAH nmenn
O.10. Hlmunra. [nis kaxaoro uccieayeMoro oopasia B
CBSI3M C €ro ecTeCTBEHHOIl HEOJHOPOJHOCTBHIO ObUIM
caenanbl AyOnau B kosnuuectBe 3—4 wTyK. OCHOBHbIE
3HAYEHMs NETPOMArHUTHBIX NMAapaMeTpoB, TaKUM oOpa-
30M, SIBJIIFOTCS OCpPEJHEHUEM NoKasaTeneil ayonei.

Pe3ybTaThl H HHTEpPNPETALUS

1. Dxcnepumenmanvueie xocmpeil. B Halllem 3kcnepu-
MEHTe HAOMOJAINUCh Pa3IUuHble U3ITy4yaTeNbHbIE CBETO-
Bbl€ MHTEHCUBHOCTU KOCTPOB, MPOLECChl rOpeHUs (TeHue
WM OTKPBITbI OFOHB), OLLYLLAEMBIH >kap OT KOCTPOB U
CKOPOCTH HAKOIUIEHUsI EIJIOBOrO MPOCIIOs B 3aBUCUMOCTH
OT WCIMOJB3YeMOro THma TormBa. Haubonbime usmyde-
HME CBETa U OLLYLIAEMBbI jKap UCXOAWIM OT KOCTPOB W3
JPEBECHHBI 1 TePecKeHa, OTIMYAIOLINXCS TaKKe CTaOMIIb-
HOCTBIO U JIErKOCTbIO nopaep:kanusi. CunbHeiduuil »xap
OBbIT M y KOCTpa C HCIIONB30BAHNEM CYXHX KOCTEH, OTHAKO
ero ropeHne ObUI0 HEeCTAaOWJIbHBIM, a BBIFOPaHHE KOCTei
J0BONMBHO ObIcTpeIM. KocTep ¢ ncrons3oBaHMeM Ku3ska
XapaKTepU30Ba/ICs] HENPOAO/KUTEbHBIM U MalbIM B Bbl-
COTy IUIaMeHeM, HO OueHb UTUTENIbHON MO MPONOIKH-
TEJBHOCTH CTaJyel TIEHUS! ¢ BBICOKUM TEIJIOBbIIeTICHH-
eM. KocTpbl 13 TepeckeHa U KM3sKa JJIs JOJITOBPEMEHHOro
nozazepkanus TpeboBanu 6oJIbIION 00beM MaTeprasa, uTo
MPUBENO K OBICTPOMY (POPMHUPOBAHHIO MOLIHOTO METIOBO-
ro npocnosi. B cBs3u ¢ pa3nuyHoOil CKOPOCTBIO BBITOpAHUS
U pa3HOro TepBOHaYajIbHOrO oObeMa MaTephajoB IJIv-
TeJIbHOCTH TOPEHUsI KOCTPOB Obljia pa3nuyHoi (Tadu. 1).

B o6o6mmaroineii pabote [Aldeias, 2017] npuBonsaTcs
cliefiylole BeNUYMHBl MaKCHMAaJIbHBIX TeMIeparyp,
JOCTUTaeMBIX B OKCTIEPUMEHTANBHBIX KOCTpax, HCIOMb-
3yIOIIMX pa3fMYHbIe TUMBI TOMIMBA. B KOCTpax Ha OCHOBE
KOCTel ¢ HeOONBIIOH MPUMECHIO PEBECHHBI B CpeIHEM
Jocturatorest remneparypsl 605825 °C Brnors 10 900 °C
Jaxe MpHU MPOAOKUTETBHOCTH FopeHust nopsaaka 1-2 4.

Koctpsl 113 ApeBecHHBI TpH HEMPOIOIKUTETEHOM TOPEHUN
B MEpPBbIE Yachl JAIOT CpelHUE TeMIepaTypbl B AUana3oHe
465-760 °C, omHako mnpu MOAEPNKAHUU TAKUX KOCTPOB
0ornee CyTOK MOTYT OBbITh JOCTUTHYTHI IMKOBBIE TEMITepa-
Typbl 900—1 000 °C. JlaHHble MO KCMOIB30BAHUIO BbICY-
LIEHHOr0 HaBO3a KPYIHOrO POraTroro CKOTa Kak TOIJIMBA
CBUJIETENLCTBYIOT O MUKOBBIX TemmnepaTypax 630—800 °C,
uH(pOpMALIUS O TMPOAOIKUTENEHOCTA TOPEHUsT HE TPUBO-
Jqutcs. JlaHHbIe O KOCTpax ¢ MCHOIb30BaHUEM KyCTapHU-
KOBOIO THIA TOIUIMBA B JIUTEpaType HE MPUBOISTCS, HO
BBHJy OCOOEHHOCTEH cTpoeHus cTedliel KycTapHUKOB MO
CPaBHEHUIO C JEPEBbSIMU Mbl MPEANONAraeM, YTo CperHue
TeMrneparypbl He JOJDKHBI MPEBOCXOAUTh TAKOBBIX ISt
JIPEBECUHEI U, BEPOSITHO, SIBIISTEOTCS O0Jiee HU3KUMHU.

2. Maenumnas munepano2us. 3HaYeHUs OCHOBHBIX
METPOMAarHUTHBIX MapaMeTpPOB IPHUBENEHBI IS 00pa3ioB
HCXOIHOrO JIECCOBOTO cyOcTpata U O0OMCOKEHHBIX OTIIO-
JKeHuil B Tabn. 2, mns obpasuoB nemia — B tabn. 3. s
BCeX 00pa3LoB NECCOB, MOABEPrHYTHIX TEMIEPATYPHOMY
BO3JEICTBUIO, U 00pa3LoB Neria XapakTepHbl Oonee Bbl-
COKWE 3HAYEHUs YAENBbHOW MarHUTHONH BOCTIPMMMYMBOCTH
(%), 4acTOTHON 3aBUCUMOCTM MarHUTHON BOCHPUUMYMBO-
cTu (YrD, (FB) U OCTATOYHbIX HamarHnueHHocTeil SIRM u
ARM 10 CpaBHEHUIO C 3TUMHU MOKa3aTeIAMU JUisl JECCOB.
CreneHb yBeNMUSHUs] MATHUTHBIX CBOWCTB BapuaTUBHA OT
obpa3ua k odpasny. Mcxonnblid nécc umeeT cpeaHue 3Ha-
uennst SIRM — 5,0 MA mM7/kr, ARM — 0,047 MA M/kr. Be-
auyubbl SIRM u ARM Bozpacrator B 1,1-4,0 u 1,1-
3.6 pa3 B obpa3uax odoxokeHHoro nécca u B 1,2-2.9 u 1,6—
3.4 pa3 Bblle 11 oOpa3uoB nemna (puc. 2). [lapamerp S-
ratio OIeHMBaeT MPOMOPLUIO MEHee KOIPLUTHBHBIX MUHE-
pasioB K Oolnee KOIPUUTUBHEBIM, T TIOPOT pa3rpaHUIeHUs
MUHEpaJIOB MO JKECTKOCTU OmpeaessieTcs BblOpaHHbIM
3HaueHueM noss (100 uau 300 mTa). Pe3ynbraTsl nokasbl-
BatoT (TadJ1. 2), 4To NOJBEPKEHHbIE TEMIIEPaTypPHOMY BO3-
JeiicTBur0 00pasubl JI€ccoB 001anatoT Oonee BbICOKUMU
3HAUEHWSIMH S-ratiojooyrs, B TO BpeMs Kak mapamerp S-
ratiozpoyts, MMEET He3HauuTelbHOe yBemmueHune. Kpome
TOr0, HAMArHUYeHHOCTb, CBA3AHHAS C MArHUTOXECTKIMU
muHepanamu (HIRM), B oOpatHom mnone 100 mTn ass
MNPaKTUYECKU BCEX OOOAOKEHHBIX MOpoX jécca 3HaYUMO
ymeHbLIaercs, a B oopatHoM nosie 300 mTi ucnbIThiBaeT
JMIIb HEeOONBLIOEe MOHMKEHUE 3HAUSHUH (32 MCKITIOUEeHH-
em obpasna Kc-2). 1o cBUAETENLCTBYET, UTO Habo1ae-
MOe YBEIMYEeHHE MAarHUTHOW BOCHPUMMYMBOCTUA M OCTa-
TOYHBIX HAMArHUYeHHOCTel 000AOKEHHBIX MOPOJl CBS3aHO
OIIHOBPEMEHHO M C TOBBIILIEHNEM KOHLEHTPALMU HHU3KO-
KOAPLMTUBHBIX MUHEpANOB (C KO3PUUTHUBHOCTBIO 0
100 MTn) u ¢ pazpylueHueMm OGojiee MarHUTOXKECTKUX (C
npeuMyuiecTBeHHONH ko3puutuBHOCTEIO 100-300 MTi, HO
Takxke U Oonee) M0 CPAaBHEHUIO C UCXOJHBIM CYOCTpaTOM.
Jns o0pa3loB U3 KOCTPOB € TEPECKEHOM M KU3SIKOM, TIie
POCT HaMarHMYEHHOCTeH He3HauuTeNeH, MPoucXoauT 0o-
jee MHTEHCUBHOE pa3pylleHHe OTHOCHUTENBHO MAarHUTO-
KECTKUX MHHEpalloB, HEXeld HOBOOOpa3oBaHHE MarHu-
TOMSITKUX.
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Tabnuma 1
XapakTepucTHKA IKCIIEPUMEHTATBHbIX KOCTPOB M0 JAHHBIM HAQJII0AeHUs

Table 1
Characteristics of experimental fires according to observation data
apaver Tun Toruea
P P Koctb (+xycrapHuK) JpeBecuna Kuzsix Tepecken
JlnuTensHOCTh TOpeHUs 24 64 44 1,54
BricoTa nnamenu cpennsis (20—40 cm) Boicokast (40—100 cm) Huskas (0-20 cm) Bbicokast (40—100 cm)
CKOpOCTh BBITOpaHUS
P P 4 xr/4a 2 kr/4 3 kr/u 10 xr/4
TOILINBA

. MHoro mI0THOro NemJa ¢
Kap6onaru3upoBaHusie OparMeHTs! yriaei, Mmnoro ceporo He-

Ocrarku . . Z HEOONBIIUMH YTOJILHBIMU

OCTaTKM KOCTEH, Meria Maio | YMCThIN Oenblil memnen [UIOTHOTO Teruia
(parmenramu

Tabnuna 2
3HaYeHHs NeTPOMATHUTHBIX MAPAMETPOB /Il 00PA310B HCXOAHOTr O JI€ccoBOro cyocrpara (1) m 0002KKeHHBIX OTJI0KeHHUIT
HEeNoCpeICTBEHHO MO MeCTOM Pa3BeleHHs IKCIePHMEeHTAJbHBIX KOCTPOB (2)

Table 2
Values of rock-magnetic parameters for samples of the initial loess substrate (1) and burnt sediments directly
under the place of the experimental fires (2)

xp | SIRM [ ARM
xee- % | (<107 (MA | (MA
M/kr) | MYxr) | M%/xr)

x (< 107
M/KT)

S- S- HIRM 100MTn HIRM}OOMTJI

Ob6paze Onucanue . .
pasett ratiojoonts | Tatiosoomts | (MA MYKT) | (MA MY/kr)

Wcxonnblit n€ccoBbii
Kc-1 | cyberpar (no passe- | 0,41 5,2 2,6 5,0 0,045 0,51 0,92 1,09 0,17
JIEHUsI KOCTpa)
O0o0xKeHHBIH 1ECcC
(pUMOBEPXHOCTHBII
CJIOH IOZ1 KOCTPOM
U3 KOCTH)

Kec-2 1,55 7.4 13,9 11,5 | 0,142 0,87 0,97 0,88 0,20

Wcxonnblit n€ccoBblii
JHp-1 | cyberpar (mo passe- 0,41 5.1 2,5 4.8 0,044 0,52 0,93 1,20 0,19
JIEHUsI KOCTpa)
O00xKEeHHBIH 1ECcC
(IpUMOBEPXHOCTHBII
CJIOM IIOZ1 KOCTPOM
U3 IPEBECUHBI)

Jp-2 1,72 5.8 12,0 19.4 | 0,162 0,89 0,99 1,19 0,15

Wcxonnblit n€ccoBblii
Tp-1 cyberpar (10 passe- 0,42 5.1 2,6 5,0 0,046 0,52 0,92 1,18 0,19
JIEHUsI KOCTpa)
O0oxKEeHHBIH 1ECcC
(IpUMOBEPXHOCTHBII
CJIOH IOZL KOCTPOM
U3 TEPECKeHa)

Tp-2 0,54 5.8 3.8 5.4 0,057 0,71 0,93 0,70 0,17

Mcxonnblii 1ECCOBLIM
Ksz-1 cybcrpar (1o paszse- 0,46 5,5 3.1 5,2 0,052 0,54 0,93 1,19 0,19
JIEHUsI KOCTpa)
O00xOKEeHHbBIH JECC

Ks-y | (UPHHOBCPXHOCTHBI | o 50| 5 | 33 | 62 | 0055 | 074 0.94 0.75 0.17
CII0# 110J1 KOCTPOM
W3 KH3IKa)
Ta6nauna 3
3HaueHHs! NeTPOMATHUTHBIX MAPAMETPOB AT 06pPa3L0B MenJa
Table 3
Values of rock-magnetic parameters for ash samples
x (x 107° o, lxep (< 10°°]  SIRM ARM L . HIRM g0ty | HIRM30001s
Obpasen M /KT) xrp: %0 M/xr) | (MA MPxr) | (MA MYkr) S-ratioioova | S-ratiosoos (MA MYxr) | (MA MY/kr)

Kc_nenen 1,20 7.3 10,5 9,0 0,088 0,86 0,97 0,61 0,14
Jlp_nenen 1,07 7.1 9,1 9,3 0,096 0,83 0,96 0,65 0,13
Tp_nenen 1.71 7.7 15,6 14,3 0,155 0,85 0,96 0,74 0,18
K3 nenen 0,69 6.5 5.4 6,1 0,070 0,84 0,97 0,81 0,16
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IICTIC

X xfb
0.69-1.71x10° 65-7.7%

HUCXOJHBIN 1EcC SIRM ARM
6.1—14.3 0.07 - 0.155

% xfb
0.41-046x10° 5.1-55%

SIRM ARM
48-52 0.044 — 0.052

Puc. 2. BennunHbl NeTPOMarHUTHHIX APaMeTPOB /ISl 00Pa31OB HCXOIHOIO0 Jécca, 0003 KEeHHOr 0 J1écca H Nmemnia

MArHUTHAs BOCHIPHUMYHBOCTS ¥, (M/KT)

MarnuTHas BOCIPHIMYUBOCTS () BhIpaskena B M /kr, SIRM u ARM — MAM%/kr

Fig. 2. Values of rock-magnetic parameters for samples of original loess, heated loess and ash
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Puec. 3

Magnetic susceptibility () is expressed in m*/kg, SIRM and ARM are expressed in mAm*/kg

¢ mernen (KocTb)
* W riernesn (JpeBecrHa)
A Tieriest (TepeckeH)
® @ rerne (KU35K)
i © JIeccoBBlit cyOcTpar
® 0002KCHHBIII J1ecc (KOCTb)
B 000XKEHHBIH Jiece (IpeBecuHa)
Py A 000X0KeHHBII Jiecc (TepecKeH)

@ 000JOKECHHBIH Tecc (KH35K)

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

YaCTOTHAs 3aBUCHMOCTb MarHUTHOM Bocrpunmunsoctu yfd (10 m'/kr)

. luarpamMma 3HadeHuUii yAeJbHOH MATHUTHOH BOCTIPUMMYHBOCTH ()) U YaCTOTHOI 3aBHCHMOCTH

MArHMTHOH BOCIPHUMYHBOCTH ()rp) AJIA BeeX AyOJ1eil 0d0pa3nos

Fig. 3. Plot of frequency dependence of the magnetic susceptibility (yrp) against
magnetic susceptibility () for all specimens
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2.1. Maenumnas eocnpuumyugocms. Pe3ynbTarsl 3Kc-
MEPUMEHTATIEHOrO MOJISTIMPOBAHUST OOHAPYKUBAIOT OXKH-
JTaEMO€ YBEJIMUEHNE 3HAYEHMI MarHUTHONW BOCHPUMMYHM-
BocTu (MB) Kak a7 06pa3LoB 000ACKEHHOro Jiécca, Tak 1
st neria. Ha puc. 3 npuBeneHO cpaBHEHME 3HauYeHUS
yaenbHoid MB () n uactoTHOl 3aBucuMoctd MB (yrp).
M3HauanbHblii N€CCOBBI CyOCTpaT MOKa3blBaeT CpeaHee
3HayeHne ynenbHoit MB 0,43 x 10° MYkr u nuanaszon
3HaueHuii dYacToTHOii 3aBucumocty MB 2,0-3,5 X
1078 M*/kr co CpeIHUM 3HaueHueM 2,7 X 1078 M*/kr. To-
Kas3aTreay BBIPAKEHHON B MPOLEHTAX YaCTOTHOW 3aBHCH-
Moct MB (yrp) coctaBnstoT 4,7—6.,0 % co cpeaHuM 3Ha-
yeHueM 5,2 %, 4YTO CBUIETENLCTBYET O 3HAUYMTEILHOM
NPUCYTCTBUM MeNbYaiiliuX MarHWTHBIX YacTUl, HaXoAs-
LIMXCSl B CyneprnapamMarHiTHOM COCTOSIHUM, B MEPBUYHOM
nécce [Dearing et al., 1996]. Bcee mernoBsie 06pasier 00-
Hapy>KMBalOT MNOBbILLIEHHbIE 3HAYEeHUs KaK MO yJeJbHOM,
TaK ¥ MO YacTOTHOHM 3aBHcMMOCTH MB 1o cpaBHEHUIO ¢
JIECCOBBIM CYOCTpaTOM U MMEIOT 3HaY€HUsl, BApbUPYIOLIUE
B quana3one 0,61-1,87 x 10°° M/xr s yaensHoii MB,
5,0-18,6 x 10°° M'/kr u 6,4-8,3 % — ;s aBCOMOTHOI 1
IIPOLEHTHON 4acTOTHOI 3aBucuMoctd MB cooTBeTCTBEH-
HO. YenbHass MB nemnoB 4eTko KoppenmpyeT ¢ 4acToT-
Hol1 3aBUcUMOCThIO MB (puc. 3). ITO CBUAETENLCTBYET O
TOM, YTO MOBbllIeHWE MB BbI3BaHO YBENMYEHUEM Mar-
HUTHOI KOHLEHTpaLMy cyneprnapaMarHUTHbIX YACTHLL.

O6pasubl 0003KEHHOro jécca TOXKE XapaKTepu-
3yl0TCs MOBBILIEHNEM 3HaueHWi yaenbHoit MB n ab-
COJIIOTHOM YacTOTHOW 3aBHCHMMOCTH MB (3a mckio-
yeHueM obpasua 00o0xoKeHHOro aécca M3 KOCTpa Ha
KU34Ke), OHAKO CTeNeHb UX KOppessiuuu HUXe, YeM
y MeIJIOB, YTO TOBOPUT O Oosiee pasHOOOpa3HOM H3-
MEHEHUM  MarHUTHOW  MUHepalorud. 3HayeHus
yaenbHOM MB BapbupylOT B LIMPOKOM JUana3oHe
0,52-1,83 x 10™° m’/kr u 3aBucsr, cKopee BCero, OT
crenenu nporpesa nécca. [lospimenue MB cBs3aHo ¢
o0pa3oBaHMEM B XOJ€ HarpeBa HOBBIX MArHUTHBIX
(a3 (MarHeTUT/MarreMuT) U3 HEMarHUTHBIX WK Cla-
OOMarHUTHBIX (CM. onpaszaen 2.2).

2.2. Temnepamypnas 3a6UcCUMOChb MAZHUMHOU GOC-
npuumyugocmy. TemnepaTypHasi 3aBUCUMOCTb MarHuT-
HOW BOCHPUUMYMBOCTU SBJISIETCA YYBCTBUTEJIbHbIM Ma-
paMeTpoM Kak K pa3Mmepy 3epeH, Tak U K U3MEHEeHUsIM B
MAarHUTHOMW MUHEpaSoruu, NpouCcXoJslIUM B XO/€e LUK-
7la HarpeBa M oxjaxkaeHus. [yis Bcex o0pasoB, MOIy-
YEHHbIX B XO/I€ SKCIIepUMEHTa, B [IEpBOM LIUKJIE KpUBasi
OXJIAXKACHUS UJIET 3HaYMTEJNbHO Bbllle KPUBOI Harpesa,
CBHUJIETEIBbCTBYSI 00 00pa30BaHMM HOBBIX CHJIBHBIX Mar-
HUTHBIX (a3 B xojae mpokanuBaHus (puc. 4). Btopoii
LMKJ HarpeBa, B CBOI O4epelb, HE BbI3bIBAET 3HAUM-
TENBHOTO YBEIMUYEHHUS MAarHUTHON BOCTIPUUMYHUBOCTH.

IToBeneHue TeMnepaTypHbIX KPUBBIX MEPBOrO LKA
MCXOIHOTO JIECCOBOTO cy0CcTpaTa CX0oKe ¢ TAaKOBBIM IS
néccoB LlenTpanpHoii A3uu [Zan et al., 2012; Song et
al., 2018], Kuras [Liu et al., 2005; Zan et al., 2017] u
néccor lOro-BocrouHoli Vkpaunbl [Jelenska et al.,
2010]. M3-3a cyuiecTBeHHON pa3HUIBI B BEPTUKAITEHOM
MaclTade MeXIy KpPUBBIMU HarpeBa W OXJIaXKIECHUS

KpHUBasl HarpeBa TakKe MOKa3aHa OTJAEIbHO HA Bpe3Ke
(puc. 4). 1ast ©CX0qHOTO JECCOBOTO cyOcTpaTa MOBee-
HUe KpUBOIl HarpeBa OMUCHIBACTCS CIEAYIOLMM 00pa-
30M: HeOombloi poct A0 TemnepaTypsl ~310 °C, BbI-
paxkeHHOe najeHue 3HaueHudd MB B uHtepBane 310-
460 °C, yBenuueHue MB u nuk B paitoHe 560 °C, pes-
KUl cnaj 3HadeHuit B odnactu temneparyp 560-590 °C
n cnaboe mocterneHHoe yMmeHblneHne MB ot 590 no
700 °C. IlepBoHauanbHbIl HeOoOMbIION pocT MB mo
temneparypsl ~310 °C Moxker ObITb 00yCNIOBIEH He-
CKOJIBKUMH TIPUYMHAME: TIOCTETIEHHOEe Ae0I0K1pOBaHNe
MEJIKUX OJIHOJIOMEHHBIX YaCTUL| U UX MEPeXo] B Cynep-
NapaMarHUTHOE COCTOSHUE MpPU MOBBILIEHUM TeMIepa-
Typel [Liu et al., 2005]; mermaparanus THIPOKCHIOB
JKeesa, TaKUX Kak JEeNUAOKPOKUT U FeTUT, C nocieny-
I0IUM 00pa3oBaHNeM Marremurta u (UaM) rematiTa co-
orBeTcTBeHHO [Evans, Heller, 2003]. Ms1 mpeamonara-
€M, UTO B U3y4aeMbIX HaMU MOPOAAX MOXKET peanuso-
BbIBAaThCSl KOMOMHALMS ONMMCAHHBIX BBILIE MEXaHW3MOB.
[TaneHne MarHUTHONW BOCHPUMMYMBOCTH B WHTEpPBAJIE
310460 °C unTepnpeTupyercs Kak nepexoj TOHKOo3ep-
HUCTOrO TEMIEepaTypHO-HECTAOUIbHOIO MarreMuTa B
Oonee ycToUMBBI, HO XapaKTEepU3YyOLMiCcd HU3KUMU
3HaueHnAMM MB rematut. [lanHblli cnag Ha Temmepa-
TYpHOH KPUBOH U €ro CBs3b C MAarréeMUTOM HaAEKHO
YCTAaHOBJIEHbl B JECCOBO-NOYBEHHbIX cepusix Kuras
[Sun et al., 1995; Deng et al., 2001; Liu et al., 2005].
JanpHeimii  pocT MAarHUTHOM  BOCHPUMMYMBOCTU
BILIOTh A0 nuka npu ~560 °C, oT4eTIMBO NPOsIBIsIOLLE-
rocs Ha KpUBOI Harpea, CBsi3aH C HOBOOOpPa30BaHUEM
MarHeTuTa, KOTOpbIi Talke YBEPEeHHO WAECHTU(ULHPY-
ercs 1o peskoMy cnagy MB B nuanasoHe temmneparyp
560-590 °C. IlocteneHHoe ymeHblieHue MB no 700 °C
yKa3bIBaeT HA FeMaTUT.

KpuBasi nepBoro oxjax/1eHus: UCXOAHOro jnécca cTpe-
muTenbHO pactet ot 600 °C no temneparyp 400450 °C,
CBUJIETENLCTBYS. 00 HOBOOOpPA30BaHUM 3HAYUTESILHOrO
KOJIMYECTBA MArHETUTa B XOAe 3Kkcnepumenta. OT Temne-
patypbt 400 °C kpuBas OXNaKAeHUs UMEET BOIHOOOpa3-
HBIIf BUJl M 3a4acTyi0 BTOPOi HEOONbLIOH MUK B paiioHe
200 °C, uMeroluMii OTHOLLEHUE, CKOpee BCEro, K CTpyK-
TYPHbIM ME€PEXOaM JIOMEHHOrO COCTOSIHUsl, HEXENMu K
MarHUTHeIM (azam. [l KpUBBIX OXJIKASHUs (a Taioke
KpUBBIX BTOPOrO HArpeBa U OXJIAKAEHUs) BceX 00pasLoB
XapaKTepeH HaKJIOH B CTOPOHY 0Oosee HU3KUX BETMYUH
MB Ha HaualbHBIX TEMIEpaTypaX, KOTOpPbIA CBUAETENb-
CTBYET O MPUCYTCTBUM OONIBLIOTO KOMTMYECTBA YIIbTPATOH-
KUX HOBOOOPa30BaHHBIX YACTUL], HAXOASLIMXCS B TMOrpa-
HuyHOM Mexay SP u SD cocrosHum.

Bce MuHepanbHble TpaHcopmaluy MepBoro Harpe-
Ba MPOUCXOJAT B BOCCTAHOBUTENBHOI 00CTaHOBKE, 00Y-
CJIOBJIEHHOIi COlep)KaHUEM rymyca B JIECCE, YTO TakKxkKe
ObLIO MOATBEPXKIEHO MeccOayIpcKol CHeKTpocKonueit
st nécco FOro-Bocrounoii Ykpaunsl [Jelenska et al.,
2010]. BoccraHOBUTENbHBIC YCIOBUS CIOCOOCTBYIOT
nepexofam Fe'' conepkaiiix MUHEpAanoB B MarHeTHr,
YTO B pe3yJbTaTe CUJIBHO YBEJIMYMBAET KOHEUYHbIE 3HA-
yeHUss MB 1o CpaBHEHUIO C HCXOAHBIMH.
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Puc. 4. Kpusbie TeMnepaTypHol 3aBHCHMOCTH MATHUTHOH BOCIPHMMYHBOCTH /ISl BCEX THIIOB 00pa3uoB
H3 JKCINIEPHMEHTAIBLHBIX KOCTPOB ¢ HCIO0/Ib30BAHHEM Pa3JIMYHOr0 THIA TOIJIMBA
CII0LIHBIE JIMHUU COOTBETCTBYIOT KPUBBIM Harpesa (KpacHble) 1 OXJIaXAeHus (CHHUE) EPBOr0 LUKIA, IIyHKTUPHBIE IMHUU — BTOPOTO

LUKJIa JJ1s1 TOro %K€ obpasia

Fig. 4. High-temperature variations of magnetic susceptibility for each types of samples
from experimental fire with using different fuel types
The solid lines correspond to the heating (red) and cooling (blue) curves of the first cycle, the dashed lines — the second cycle for the

same sample

CTOMT OTMETUTh, YTO BOCCTAHOBUTENbHAss oOCTa-
HOBKa TIpW MEpBOM HarpeBe HabJromaeTcs IS BCeX TH-
NMoB 00pa3ioB (MCXOMHBIN JNécc, 00OMOKEHHBIN mécc,
nernen). [lemen comep>kKUT opraHNuecKre OCTaTKH, a JUIs
o0oxoKeHHoro cybcerpara jub0 MMeeTcs CMElleHUe ¢
Oonee «CBEXHMM» JIECCOM H3-3a PE3KOro TMaJleHHus TeM-
nepatypsbl ¢ TIyOUHOM, U060 MPOUCXOIUT MPOHMKHOBE-

HUE MeNbYallliiX OpraHUYecKUX OCTATKOB M3 BbILIENe-
xalero mera.

TeMnepaTypHble KpUBbIe 111 00pa3oB 000HOKEHHO-
ro nécca BU3yallbHO MPAaKTUYECKU MJIEHTUYHBI KPUBBIM
UCXOJHOro Nécca AJsl KOCTPOB M3 KHU3sKa U TepeckeHa,
CBUJETETLCTBYS O MporpeBe cydcTpaTa 10 TeMmepaTy-
pbl He Oonee 400 °C B skcnepuMeHTaLHOM KocTpe (Be-
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posiTHO, Aaxke He Oosee 250 °C 1 10 nepBbIX MUHEpPAJIO-
T'MYecKuX MpeodpazoBanuii). OOpasipl 000HIKEHHOTO
nécca U3-TOJA KOCTPOB C UCMOIb30BAHUEM APEBECUHBI U
KOCTHU UMEIOT UCXOJHbIE Oojee BbICOKUE 3HaueHus MB
U MEHBUIYIO0 KOHEUHYIO pasHULy B BenuuuHe MB nocne
nepBoro Harpesa. [lo Bceil BUIUMOCTH, IUIS 3TUX 00-
pas3LoB ObUIM JOCTUTHYTHI TeMnepaTypbl cBbilie 400 °C
U Hayajnoch 00pa3oBaHME MAarHeTuTa, HO BCE XKe Mpo-
rpeB OblL1 HEAOCTATOYHBIM Ul MOJHOTO BOCCTAHOBIIE-
HUS reMaThTa B MarHeTUT.

OO0pa3ipl nemia B OONBIIMHCTBE CBOEM MMEIOT M3HA-
YyajibHO 0ojiee BBICOKME 3HaueHus MB, ueM MCXOOHBINM
nécc. lns Bcex oOpasLoB KpuBas MEPBOrO Harpesa A0
~500 °C umeeT cnerka «BblITyKIblil» ¢ MIaBHBIM POCTOM
U yMeHblleHueM Buj (puc. 4, Bpe3Ku), CBUJECTEIILCTBY-
IOLLMIA, O Bceil BUAMMOCTH, 00 OTCYTCTBUU WM HE3Ha-
YUTEJIBHOM NPUCYTCTBUM HECTAOUJIbHBIX MPU YMEPEHHbIX
TeMneparypax MUHEpanoB (Kak T'MAPOKCUAbl U CUIUKATbI
’keJse3a). Mbl nosjaraeM, 4To NpUCYTCTBUE HECTAOUIIbHBIX
TMJPOKCHUJIOB BbI3BAaHO KOHTaMUHALMEN Nena ¢ J1&ccoM,
npousouleameil npu oréope, MO3TOMY KpUBble MEPBOrO
Harpea 00pasLOB HAcJleAYIOT B Pa3HOHl CTENeHU 4epThbl
KpUBBIX 1711 i€cca. Mbl cunTaem, 4To odpaser neruia u3
KOCTpa C UCHOJIb30BaHUEM TepeckeHa (CM. puc. 4, Bpe3ka)
B MeEHbllell cTerneHu NoABep)KeH KOHTAMUHALMU U MO-
3TOMY MO3BOJISIET YTBEPKAATh, UTO OCHOBHBIM UCXOAHBIM
MarHUTHbIM MUHEpAIOM Jjisi 00pa3LoB MeMma sBIAETCs
TOHKO3EPHUCTbIA MarHeTUT U, BO3MOXKHO, I'€MaTuT, Ybe
BOCCTAHOBJICHUE PUBOAUT K OOpPA30BAHUIO HOBOIO Mar-
HETUTa U yBeandeHno MB.

IloBeaeHue KpUBbIX BTOPOrO HArpeBa U OXJIAXKACHUS
CBUJETENbCTBYET O Oojee MNPOCTOM MUHepaaoruu,
BKJIIOUAIOLIEl NpeBajupyrollee KOJIUYECTBO YJbTpa-
TOHKOTO MarHeTHUTa M Uil HEKOTOPBIX O0pa3LoB He-
OonblIoe  KOJIMYECTBO remMaTtuTa. KpuBble BTOpOro
HarpeBa XapaKTepU3yHOTCsl MOCTENEHHbIM poctomM MB
10 440-460 °C ¢ nocneayowmum pe3KuM crnaioM, O1Ha-
KO AJIs HEKOTOpBIX 00pa3loB HabmogaeTcss HebobLIoe
ymenbluenue MB B untepBane 250—400 °C, koropoe
elle CU/ibHee MoauepkuBaeT nuk. Jlns atux xe oOpas-
OB OTMeuaeTcs Oonee BHICOKAs, HeM JJIsi MarHeTuTa,
temnepatypa Kropu ~600 °C. BeposTHO, B X04€e BTOpO-
ro HarpeBa Takux oOpa3loB, BOAHOIO Mapa, o0pa3oBaB-
mierocss Npy JAeruapaTtalyl MUHEpajoB NpH MEepBOM
Harpese, HeJOCTaTOYHO ISl MoJAep>KaHMsi BOCCTAHOBU-
TENBHON OOCTAHOBKH, U YCJIOBHUSI MEHSIOTCS HA OKHMCIIH-
TeNbHbIE M3-3a BO3AeHCTBUS Bo3ayxa. OOpa3oBaHHBIN B
XO7ie TIePBOro LKA MarHeTUT YaCTUYHO OKUCISETCS U
3aMellaeTcs MarreMUuTOM HOBOH reHepaLuu.

2.3. Tucmepesucnvie napamempui. Iletnm rucrepe-
3uca (HOpMHPOBaHHbIE Ha Maccy 0Opas3LoB M CKOppeK-
TUpPOBaHHBIE 32 IMa- 1 apaMarHUTHYIO COCTaBJISIIOLLIE)
Juist 00pa3uoB 00oXoKeHHOro jécca U Nenia BuzyaabHO
MPaKTUYECKN TMOITHOCTBIO 3aKkpbiBatoTest K 150 MTa u
okoHuareabHOo K 300-350 MTn (puc. 5). OTo cBUAETE b=
CTBYeT O NMPEUMYLIECTBEHHOM NPUCYTCTBUM HU3KOKO-

3PLUUTUBHBIX MUHEpPANoOB (MarHeTUT, MarreMuT) U He-
OONIBIIIOM KOJNUYECTBE CPEIHEKOIPIUTUBHBIX (METKO-
3epHUCTHI TematuT). [Ipeobnananue HU3KOKOIPIIUTHB-
HbIX MUHEpaJIOB CpaBeAJIMBO U i1 UCXOJHOro Jjécca,
OJTHAKO TIOJIHOE 3aKPBITHE METeNlb MPOUCXOMUT Ipu 00-
Jiee BBICOKMX 3HadeHusix monst (okono 550 mTn u naxe
BbllI€). DTO FOBOPUT O MPUCYTCTBUU BbICOKOKOIPLU-
TMBHOO MarHUTHOrO MUHepasa (BeposiTHO, reTuTa), 1no
BCeil BUIUMOCTH, TpeoOpas3yrolierocs B HU3KOKOIPLU-
TUBHBIE (Pa3bl IPU TEMIIepaTypHOM BO3IEICTBUN.

Bce 00pa3ipl monanarot B mose MceBA00IHOIOMEHHBIX
yacTtuy Ha auarpamme Jps—/lannona (puc. 5), pacnonara-
SIChb MapajuieNlbHO KPUBOM CMeELIEHHUsS OJHO- U MHOIOM0-
MeHHBIX dactul] (SD-MD mixing curve). CwmelneHue
BIIPaBO, B 00NacTh OoJiee BRICOKUX 3HaueHuit Ber/Be, o0y-
CJIOBJIEHO MPUCYTCTBUEM CyleprapaMarHUTHbIX YACTULL BO
BCEX THIAX OOpa3lloB, a TaKKe MOXET ObIThb CBSI3aHO C
HaJIM4YMeM CpeHe-BbICOKOKOIPLMTUBHOIO MENKO3EPHU-
croro rematuta. O0pasiibl HCXOAHOro Nécca (10 HarpeBa)
MOKa3bIBAOT Oosiee CUIbHOE OTKJIOHEHUE BIPaBO, CBsI3aH-
HOE C OJHOBPEMEHHBIM MPUCYTCTBUEM B 00paslax 3Hauu-
TEJIbHOrO KOJIMYECTBAa BbICOKOKOIPLIMTUBHOIO MUHEpana,
reruta. OOpasupl nemna oonee KOMMAKTHO CrPYyNNUpPOBa-
HBI, YeM 00pa3iibl 000KKEHHOro NiEcca, IMMPOKOe pactipe-
JieJieHue NOCIeAHUX, Mo-BUJUMOMY, CBA3AHO € pa3iuyusi-
MU B MUHEPaJOrMyeckoM COCTaBe.

2.4. Komnonenmnwoiti ananuz IRM. OgHuM U3 MeTo-
JIOB pazJesieH|sl MarHUTHbIX MUHEpalIbHbIX accoLaluii
Ha OTAEeNbHBIE (pa3bl SBISETCS aHaIN3 KPUBOW Mpuodpe-
TEHUsI U30TEPMUYECKON OCTATOYHOH HaMarHWYEHHOCTH
(IRM), wenbr0 KOTOPOro sBJSETCS BbLAEIEHUE KOMIIO-
HEHT IO WX MarHuTHOW KO3pUMTUBHOCTA. B naHHOM
METOJIE OCYLLUECTBJISIETCS MaTeMaTU4yecKoe MOJENupo-
BaHWE KPUBOH MepBOW Mpou3BOaHON 3aBucumoctn IRM
OT NPUJIOKEHHOr0 MOJIi C KCMOAb30BAHUEM psia OT-
JIENBHBIX JIOTHOPMANBHBIX (YHKIUI TUIOTHOCTH BEpO-
SITHOCTH, Ka)<1as U3 KOTOPbIX OTBEYAeT OTAENbHOI Mar-
HUTHOII ¢ase (meron «cumulative log-Gaussian
analysis» (CLGA), onucannbiii B paborax [Kruiver et
al., 2001; Heslop et al., 2002]).

Mpbl npou3Benu aHanu3 Ajs OpeAcTaBUTENbHbIX 00-
pa3LoB Bcex OTOOPAHHBIX TUTIOB: JJISl UCXOIHOTO, HEU3-
MEHEHHOTo HarpeBoM JiéccoBoro cyberpara (puc. 6, a)
Ha TpeX AyOmnsx, Ans o0pasioB 000MoKeHHOro Jiécca U3
KaKJIOTO dKCIepuMeHTaILHOrO KocTpa (puc. 6, b), nns
00pa31oB Tenia KaKaoro Thma Torimea (puc. 6, ¢). Pe-
3yNbTaThl KOMIIOHEHTHOrO aHanM3a MpeJcTaBieHbl B
Tabn. 4. [TonmyyeHHbIe TaHHBIE O Pa3leNeHUI0 MarHUT-
HBIX (ha3 BbIpaXKeHbI Yepe3 TpU mapameTpa: 1) oTHOCH-
TeNbHBIA BKJIAJA KaXJIOH MOJENbHON KOMIMOHEHTBI, BbI-
pakeHHBI B MPOLEHTHOM copaepxaHuu; 2) Bi,, mone
HaCBIILEHHs, B KOTOPOM MarHuTHas (aza mpuoOperaeT
MOJIOBUHY CBOEil OCTAaTOUHON HaMarHMYEHHOCTH HAChI-
menus (SIRM); 3) DP — napameTp nucnepcuu, oTodpa-
KAIOLMK CTaHJAPTHOE OTKIIOHEHHE JIOTHOPMAlIbHOrO
pacrnpeseneHus Kaxaoi MarHuTHoO# ¢asbl.
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Puc. 5. Ilnarpamma [Jpn—/Jdanaona (Mrs/Ms ot Ber/Bce), oTodpakaiomasi J0MeHHYI0 CTPYKTYPY MarHUTHBIX
MHHEPAJIOB, U NMEeTJIH FHCTePe3nca, XapaKkTepHble 1S KajKA0ro BHAa 00pa3uoB
[Day et al., 1977; Dunlop, 2002a, 2002b]
SD — omnomomenunsie 3epHa, PSD — nceBnoonnonomennsie 3epHa, MD — mHOrogoMmeHHsle 3epHa, SP — cynepnapamarHUTHBIE 3€pHa.
Kpussie cmemenust SD + MD u SD + SP nanecenst o nqauusim [Dunlop, 2002a]

Fig. 5. Day—Dunlop plot (Mrs/Ms versus Ber/Bc) showing the domain structure of magnetic minerals and hysteresis
loops for each type of samples [Day et al., 1977; Dunlop, 2002a, 2002b]
SD — single-domain grains, PSD — pseudosingle-domain grains, MD — multidomain grains, SP — superparamagnetic grains. Mixing

curves SD + MD and SD + SP taken from [Dunlop, 2002a]

Jlns obpas3iioB HeM3MeHeHHOro Jécca cTaTHCTHUYe-
CKas MoJeJb JIYUIIUM 00pa30M OMHMCHIBAETCS YEThIPbMS
KOMIIOHEHTaMU, B TO BpeMs Kak AJisi 00paslloB 000X-
JKEHHOTo Jiécca W Mensia oHa MPEeuMYIIeCTBEHHO coJiep-
JKUT TPU KOMIOHEHTHI (pHc. 6 1 Tabi. 4).

ITepBasi KOMIOHEHTa BHOCUT HauOOJbIIWI BKIaa B
OCTAaTOYHYK) HaMarHW4eHHOCTh HachieHus: (SIRM)
JUIs 0Opa3lloB BCeX THUIOB, COCTaBJssl B CpelHeM 68—
90 %, 1 UMeeT 3HaYCHUS MEJMAHHOTO MOJIS HACHILEHUS
Bi» B muanazone 27-50 mTn. JlaHHble 3HaueHus B,
XapakTepHbI A1 MarHeTuTa W (WJIKM) MarreMuTa, KoTo-
pble, 1Mo Bceil BEPOSTHOCTH, SABISIOTCS HOCUTENSIMU Tiep-

BOii KoMmoHeHThl. Cpenu Bcex 00pa3loB JaHHAs KOM-
MOHEHTa HMMeeT Oollee HM3KHMe 3HaueHus B, (27—
35MTn) ans ob6pas3loB, MOABEPrIIMXCS BO3ICHCTBUIO
cunbHbIX HarpeBoB (kak Kc-2 u JIp-2), u o6pasiios ner-
7a. MeHbILMe MO HACBILIEHUs XapaKTepHbI s 3epeH
MeHbLUeH pa3MEepHOCTH, MOATOMY, MO BCeil BUIMMOCTH,
nepBasi KOMIOHEHTa B JAHHBIX oOpasliax Mpeumyllie-
CTBEHHO CBfI3aHa C YJIbTPaTOHKUM MarHeTuToM. B cBoro
ouepesib, 00paszubl K3-2 u Tp-2 (~43 mTn) umetror 3Ha-
yeHust By, 0nuskue k mepBudyHomy néccy (47-50 mTn).
[lepBas KOMMOHeHTa 3TMX 00pa3loB B OoMbllel cremne-
HU CBSI3aHA C MEJOTeHHBIM MarreMHUTOM, PerucTpupye-
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MbIM Ha TepMOKpHBbIX MB, x0Ts o6pasusl K3-2 u Tp-2
MOryT COAepxaTb B cebe U HeDOJbIIOe KOINYECTBO HO-
BOOOPa30BaHHOI'O YIbTPATOHKOIO MArHETUTA.

Bropast KOMIOHEHTa XapaKTepusyeTcsi HeOOJBbLINM
NPOLIEHTHBIM COZIeP)KaHWEeM JUIsl BCeX THIOB 00pasLoB
(27 %) 1 oueHb HU3KUMU 3HAUYEHUSAMU KOIPUUTUBHOCTH
(4-7 MTn), He CBOICTBEHHBIMU HU OJHOMY MarHUTHOMY
MUHepany. JlaHHasi KOMIIOHEHTa, BEPOSITHO, SIBISETCS
apTe(hakTOM MOJEMPOBAHUs JIOTHOPMAJIBHOTO pacrpe-
JieleHns 1 He nMeeT ¢u3nueckoro cMeicna [Egli, 2003].

TpeTbss KOMIIOHEHTa SIBJSIETCSl  CPEIHE-BBICOKO-
KOOPLUUTHBHON (cpeanue 3HadeHus: By, mins OonpmmH-
cTBa 00pa3uoB BapbupytoT B auanazoHe 109-370 mTn)
U upeHTnduLmpyercs kak remMatuT. OTHOCHUTENbHbII
BKJaJ TreMaTuTa B OCTAaTOYHYH) HaMarHUYeHHOCTb
HachllleHns Hambosee BBICOK B o0Opaslax Hen3MeHeH-
Horo nécca, rae MuHepan coctaBnsaeT 14-20 %, a Takxke
UMEET OTHOCUTEIBHO HU3KYIO [10 CPABHEHMIO C IPYyTUMHU
TUNaMu o0pa3sLoB KOIPLUUTUBHOCTE ~128 MTn u He-
Oonbline 3HaYeHus napamerpa aucnepcuun DP = 0,17.
CpenHuii Bkiazx rematuta B cymmapHyto SIRM s 06-
pa3uoB 000MOKeHHOro sécca coctaBigeT 5%, OIHAKO
JIOBOJIEHO BapuaTHBEH BHYTPHU TPYMIbI — Ui 00pa3iioB
K3-2 n Tp-2 ero Bknan ~2—3 %, B TOo BpeMs Kak Jisi 00-
pasuoB Kc-2 u [Ip-2 ero Bwian 7-8 %. s oOpa3uos
nema cpefHuil Bkinaza remaruta 9 %.

KomrmonenTa 4 yBepeHHO MaeHTHPUIIPYETCS B 00-
pasiax MCXOIHOro JIECCOBOro cyocTpaTa, XapakTepusy-
eTcst cpetHUM BiJiazoM B SIRM o6pa3uos okomno 8 % un
UMeeT BBICOKYIO KOIPLUHUTHUBHOCTH (MEAMAHHOE TIoNe
HacblmeHust 576—641 mTi). B cBsizu ¢ TeM, 4TO JaHHAs
KOMIIOHEHTa OTCYTCTBYeT B 00pa3lax, MOIBEepPriinuXcs
3HAUMTENBHBIM MPOrpeBaM, MBI OMpelesisieM ee Kak re-
TUT, KOTOPBIA HEYCTOWYMB IpU MPOrpeBax CBBILIE
300 °C u mepexoauT B MarHeTuT uepe3 rematut [Evans,
Heller, 2003]. O6pa3zoBaHue retuta B JIECCOBBIX OTJIO-
JKEHUSIX CBS3BIBAIOT C IMpoleccoM menoreHesuca [Vidic
et al., 2000; Ji et al., 2002], ero mpucyTcTBue MOXKET
OBITh TIOATBEPXKIEHO MeccOaydpCKOil CHEKTPOCKOMueit
[Jelenska et al., 2010]. KospuuTtusHble ceKTpbl 00pas-
uoB K3-2 u Tp-2 (puc. 6, b) sABASIIOTCA HEHACHILLEHHbIMU
B mone 1,5 T, kak u obpa3isl ucxomHoro nécca (puc.
6a), CBUJETENLCTBYS O COXPAHEHUU BbICOKOKOAPLUTUB-
HOTO T€TUTA JAXe MOCJE BO3JACHCTBUSA TEMIEpaTypoi.
Ero Bkmag B SIRM okono 7 %, MeHbIIle 3HAYESHHI B HC-
XOIHOM cyOcTpare. MOXKHO MpPeAnoNoKUTh, YTO JTUO0
MakcuMajbHble TeMMepaTypbl He mnpesblamy 250-—
300 °C, 1 mo3TOMY TOJNBKO YacTh reTuTa mpeodpas3oBa-
Jack B MHbIE MUHEpaJibHbIe (a3bl, MO0 MPorpeB Xapak-
TepU30BaJICs PE3KUM TeMIepaTypHbIM TPaJHeHTOM |
OXBaTHUJI COBCEM HEOOINBIIYI0 TO TIIyOMHE 4YacTh CyO-
cTpara.

Tabauna 4

Pe3ybTaThl KOMIOHEHTHOr0 AHAIH3A CNeKTPOB KOIpuuTHBHOCTH KpuBoi IRM no [Kruiver et al., 2001; Heslop et al., 2002]
JJISl IPeICTABUTEJIbHBIX 00Pa3L0B KAkK/I0r0 THNA

Table 4
Results of IRM component analysis after [Kruiver et al., 2001; Heslop et al., 2002;]
for representative samples of each type

Kommnonenra 1 Kommnonenra 2 Kommnonenra 3 KomnonenTa 4
Opasett| g, 2 % Iéog By, | DP |Bxnax, % I];Og B,,|Dp | Ban | Log 1 g i pp Ipian %) L0 | B, | DP
12 12 (%) B By
Jlgce 1 76,2 1,69 |48,5]0,42 1.8 0,60 |4,0]037| 13,7 2,10 [126,210,16] 8.3 2,81 [638,4]0,51
Jlécc 2 68.4 1,67 |47,110,38| 3.3 0,82 |6,7]0,51( 203 2,11 [129,2]10,18( 8,1 2,76 (575,910,38
Jléce 3 72,0 1,70 149,6(0,39| 2,5 0,77 591041 172 2,11 [127,510,17| 8.4 2,81 (640,9|0,44
Cpennee| 72,2 1,68 |48,4(0,40( 2.5 0,73 |5,5]0,43| 17,1 2,11 [127,6]0,17| 8.2 2,79 (618,4]0,44
K3-2 85.9 1,63 |42,710,35| 4,5 0,87 |7,41038 3.2 2,05 [112,6]0,18] 6.5 2,82 [655,30,36
Tp-2 85.6 1,64 |44,110,36| 44 0,79 |6.,1]0,33 1,8 2,04 |108,7|0,16 7.9 2,83 [671,9]0,39
Kc-2 85,5 1,43 |26,710,33| 6,6 0,64 |4,410,31 7.8 2,38 |(242,2]0,40
Jp-2 90,1 1,48 |30,4(0,33 3,0 0,73 |5,41047( 7.0 2,50 |318,0|0,43
Cpennee| 86.8 1,55 |36,0/0,34| 4.6 0,76 |5.810,37| 4.9 2,24 [195,4(0,29
K3 nenen| 85.9 1,55 |35,3]0,32| 35,6 0,74 |5,5]0,28 8.5 2,57 (369,8|0,48
Tp_nenen| 86,3 1,50 |31,310,33| 4,9 0,67 |4,61030 8.8 2,44 277210,46
Kc menen| 84,2 1,50 |31,5/0,31 7.5 0,76 |5.80,28 8.3 2,34 |218,0/0,43
Jlp nenien| 83,6 1,54 |35,110,32| 5.9 0,76 |5.80.27| 10,3 2,44 1276,0|0,53
Cpennee| 85,0 1,52 133,310,32| 6,0 0,73 |5.41029] 9,0 2,45 |285210,47

Tpumeuanue. LogB,, u DP (dispersion parameter, napamerp IucIiepcn) npejcraBieHsl B gorapudmudeckux exmnmnuax (‘’log
mTi). Kpome Toro, misi sscHocTH 3HadeHus By, Taioke mpeacrapieHsl B MTI. MUHEpaNbHBIA BKIAN KOKIOW KOMITOHEHTHI MOKa3aH B
MPOLEHTaX (MCTIONB3YIOTCS IKCTPATIONUPOBAHHBIC 3HAYEHHST KOHLIEHTPALIMH, PACCUMTHIBACMBIC U3 MOJICNH HACBHIIIECHHUS BCEX KOMIOHEHT
[Heslop et al., 2002]). KomnonenTa 1 cooTBETCTBYeT MarreMuTy ¥ (MJIM) MarHeTUTy, KOMIIOHEHTA 2 SBJISETCS apTe(akToM MoJIeInpo-
BaHMsI, KOMITIOHEHTA 3 COOTBETCTBYET 'eMaTUTY, KOMITIOHEHTA 4 — FeTUTY.

Note. LogB1,, n DP (dispersion parameter) are in logarithmic units ("’log mT). In addition, for clarity, By, is also expressed in mT.
The mineral contribution of each component is shown as a percentage (extrapolated contribution values are used, calculated from the
saturation model for all components [Heslop et al., 2002]). Component 1 consists of maghemite and (or) magnetite, component 2 has no
physical meaning, component 3 consists of hematite, and component 4 of goethite.
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Puc. 6. KomnoHeHTHBIH aHAIN3 CHEKTPOB KOIPUUTHBHOCTH [Bed-npuinoxkenue Maxbauer et al., 2016]

A5 06pa3UoB, MOJTYYEHHBIX B X01€ IKCIEPUMEHTA
3MHI/IPI/I‘ICCKI/IC JIaHHBIC NTPEACTABJICHBI CEPBIMU KPYKKaAMU. 3aKpaLHCHHBIC obJiactu MpEJACTaBJIAIOT 95 %-¢ JIOBCPUTCIIBHBIC NHTEPBAJIbI
MOJACIIMPYEMBIX KOMIIOHEHT (CM. nereHz[y) u CyMMapHOﬁ MOaC/In ()KCJ'[Taﬂ KpI/IBaﬂ) CTpCJ'[KaMI/I HaIpoOTHB IMHUKOB IOKa3aHblI 3HAYCHUSA
B1/2 B MTn JUISA YE€TBIPEX BBIABJIICHHBIX KOMITIOHEHT. a — pacrpeACIICHUSA KOIPUUTUBHBIX CIIEKTPOB JUISA TPEX ,Z[y6J'[CI71 TICPBUIHOI'O nécco-
Boro cybcrpara, b — pacrpeenenus KOOPIHUTHBHBIX CIIEKTPOB Ul 00pa3LoB 000Xk KEHHOr0 JIEcca, OTOOPAHHBIX M3 HEHTPAIBHOM MpH-
HOBCpXHOCTHOﬁ obacTu KaXXJ1I0r0 M3 YETHIPEX SKCIIEPUMEHTATIBHBIX KOCTPOB, C — PACHPENICICHUA KOOPUUTUBHBIX CIICKTPOB JJIA 06pa3-
OB IICIJIa KaXXA0T0 THUIIA TOIIJIMBA

Fig. 6. Component analysis of coercivity spectra [web-application Maxbauer et al., 2016]
for samples obtained during the experiment
Empirical data are represented by gray circles. The shaded areas represent the 95 % confidence intervals of the modeled components
(see legend) and the summary model (yellow curve). Arrows opposite the peaks show the By, in mT for the four identified components.
a — distributions of coercive spectra for three specimens of the original loess substrate, b — distributions of coercive spectra for samples
of burnt loess taken from the central near-surface area of each 4 experimental fires, ¢ — distributions of coercive spectra for ash samples
of each fuel type
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OO0cyxkaeHue pe3yabTaToB

Hamu Obuin  AeTanbHO W3yuyeHbl METPOMArHUTHbIE
CBOICTBa W NpPOCJIEXKEHbl U3MEHEHUs! B COCTaBeé MarHUT-
HbIX MMHEpaJIOB AJIsl TPeX TUIIOB 00pa3LioB, MOMYUYEHHbIX
B X0/l 3KCIEPUMEHTAbHOI0 MOJEIMPOBaHUS: UCXOIHO-
ro JjéccoBoro cyOcTpaTa, OOOMOKEHHbIX OTJIOXKEHUH U
obpasuoB nemna. [1o pe3ysibraTaM KOMIIOHEHTHOrO aHa-
m3a IRM MOXXHO OIeHHMTh OTHOCUTEJIBLHBIA BKJIAJ B
SIRM ocHOBHBIX (heppOMarHUTHBIX MHHEpaioB (Tepe-
CUUTAHHBIE 32 BBIYETOM apTe(haKTHON KOMITOHEHTEI).

Hcexopblit nécc cogepykUT MarHUTOMSTKHN (eppu-
MarHeTuK, MarreMut/mMarHetut (~74 %), MenKo3epHU-
CTblil CpelHEeKO3PUUTUBHBIA reMaTuT (~17 %) u BbICO-
KOKO3pUUTUBHBIA retut (~9 %). OTueTnuBoe paszzele-
HUE MarreMuTa U MarHeTuTa MeTolaMu MeTpoMarHuT-
HOrO aHajlu3a IOBOJIbHO NMpoOjeMaTuyHO, TaK KaKk OHU
00a SIBIISIOTCSA CUIIBHBIMA MarHUTHBIMU (hazamu 1 00Jia-
JIAIOT OIMHAKOBBLIM AMANa3oHOM KO3pLUUTUBHOCTU. Tou-
ka Kiopu marremuta MOxkeT ObITh OIpe/ienieHa TOJbKO,
KOrJja OH HaXoauTcs B cTaOUJIbHOM (opMe, B oCTalbHBIX
cllyyasx MarreMHUT MepexoJuT B reMaTUT B LUMPOKOM
nuanasode Temmneparyp or 250 mo 800 °C [Ozdemir,
Banerjee, 1984; Dunlop, Ozdemir, 1997; de Boer et al.,
2001], xora Hanbonee uacto B auanasone 400—450 °C.
Hanuuue marHeruta noATBepikAaeTcs Ha Temmeparyp-
HbIX KPUBBIX MarHUTHOH BOCIPUMMYMBOCTH, OIHAKO B
XOJIe HarpeBa MPOUCXOAUT aKTHBHOE oOpa3zoBaHHUE HO-
BbIX 3€peH, MO3TOMY 3aTPyJHUTEJbHO CKa3aTb, UMeJCs
T MarHeTUT B MCXONHOM cyOcTpare uir ObUI MOIHO-
CTbIO HOBOOOpa3oBaH Npu HarpeBe. TemM He MeHee Mbl
npeanonaraeM, YTo JUid MCXOAHOro Jjécca nmpeumylie-
CTBEHHBIM (heppUMArHETUKOM SIBIISIETCS] MArrTeMUT, XOTsI
MarHeTUT TOXE MOXET IPUCYTCTBOBAaTb, HO B MEHbLLIEM
konuuecTBe. JlaHHOE MNpPEANONOKeHUe OCHOBAHO Ha
CXO)KECTM MAarHMTHBIX CBOICTB J€ccoB LleHTpanbHOH
Aszun u Kutas [[{ogonos, 2002; Ding et al., 2002], rue
JUid  [OCJeIHero MNOATBEPXkIAeTCsl JTOMUHUPOBaHUE
MarreMuTa mneforeHHoi npupoast [Sun et al., 1995; Liu
et al., 2005; Zan et al., 2017].

O0pa3ibl 000%KEHHOTr 0 J1Ecca MOKa3bIBAIOT MePexo
K JBYXKOMIIOHEHTHOI cucTeMe: HU3KOKOIPLUTHUBHBIH
muHepan (~91 %) + cpeaHe-BbICOKOKO3PUUTHUBHBII
(~9 %). KoHeuHbIli MUHEpaIorniyecknii cocTaB BO MHO-
rOM 3aBUCUT OT BEJIMYMHBI TEMIEpaTyp, BO3AEHCTBYIO-
LIKMX Ha Jécc. DTO CBA3AHO € TeM, YTO Ha Pa3HbIX TeM-
nepatypax MpOUCXOMASAT pazIMyHble MUHEpaNIornyeckue
nepexonbl. Tak, yMepeHHble TemmepaTypsl (250—
350 °C) BO31eHCTBYIOT B IEPBYIO OYEPElb HA CUITUKATHI
kemnes3a (MIMHUCThIe MUHEpAIbl) U TUIPOKCHIIBI JKele3a
(JIeMUIOKPOKUT, MapaMarHUTHBIA NMPU KOMHATHBIX TeM-
nepatypax, U reTUT), KOTOpbIe MepeXoisiT B MarTeMuT U
reMaTHUT MpH AerujpaTauiy. [1oBbIIEHHbIE TeMIepaTy-
pbl (350-500 °C) cnocoOcTBYIOT TpaHchopmaluy He-
CTaOUJIBLHOTO MeJOreHHOro MarreMuTa (OCHOBHOTO dep-
pUMarHeTHKa UCXOJHOro écca) B reMatut. [1pu Temne-

parypax cBbiie 400 °C nox BOCCTaHOBUTEIbHBIMU
YCIIOBUSMH TeMaTUT HAuYMHAeT TMepeXOAnTh B MarHeTHT
[Fine et al., 1989]. HoBooOpa3zoBaHue MarHeruta
Hanbonee MHTEHCUBHO MPOUCXOINT TPH BBICOKMX TEM-
nepatypax (6onee 500—600 °C). U3menenue ycnosuit B
npoLecce OXJaXIEHUs, HanpuMep JOCTYN KUCIopoJa
BO3/lyXa, MOXET BO3/1e/iCTBOBATb HA MAarHETUT, YaCTU4-
HO OKUCIISiSl ero (MarreMuTU3upys).

Pe3ynbTaThl Hallero 3KCHEPUMEHTAILHOIO MOJENM-
poBaHUS OOHApYXKMBAIOT 3aKOHOMEpPHOE YBEINYeHNE
BEJIMYMH TIETPOMAarHUTHBIX TMapameTpoB (cM. Tadm. 2)
00OMOKEHHBIX TOPOJ 10 CPAaBHEHHUIO C MCXOAHBIMH, Ofi-
HAKO CTENEHb U3MEHEHMsl pa3IMyHa JUlsl Pa3HbIX JKCIe-
PUMEHTAIILHBIX KOCTpPOB. J[ns 00pa3loB M3 KOCTPOB C
UCMOJIb30BAHUEM TEPECKEHA U KU35KA JJAHHOE yBellnye-
HUe MUHUMANBHO, & TIETPOMAarHUTHBIE TTapaMeTpbl CBH-
JIETENIbCTBYIOT O YACTUUHOM COXPAHEHUM reTuta (OKoJo
7 %). MBI cBsA3bIBaEM 3TO C JIABUHHBIM 00pa3oBaHHEM
0ombIIOro KoNMMuecTBa nemnia (CBOMCTBEHHOrO ISl JIaH-
HOro OBICTPO BbITOpAIOLIEro TUMa TOMJMBA), KOTOPbIH
YACTMYHO 3KPaHUPOBAIl NOPOJb! MOMANOKKU OT TEKyLLe-
O JKapa KoCTpa, 4TO NPUBEJIO0 K MEHbILIEMY NIPOrpeBy Ha
rityOuHe.

OO6pa3ubl nensa NoKa3bIBalOT CXOKYI MEXIY co00i
MHUHEpANOruio: MATKHUI (eppuMarHeTuk, npenumyiie-
cTtBeHHO MarHeTtuT (~90 %), u rematut (~10 %). Hdns
MEMJIOB XapaKTEpPHO CYLIECTBEHHOE YBEJIMYEHUE Ya-
cToTHOM 3aBUcuMocTd MB (cM. Tabi. 3), npsimo koppe-
JAUpyeMOe C KOHLIEHTPALMOHHO 3aBUCUMbIMU MApaMeT-
pamu (y, SIRM, ARM). OT0 xapakTepusyer NerioBble
MIPOCJION KaK OTJIOXKEHHUs C BBICOKOH KOHLIEHTpauuen
YIABTPATOHKUX (eppruMarHuTHbIX yactu B SP u SP/SD
COCTOSIHUSIX U JedaeT UX MPOCA0IMU C CUIIbHbIMU Mar-
HUTHBIMH CBOicTBamu (TOBbIIeHHbIE MB 1 ocTaTouHas
HaMarHU4eHHocTb). Kpome Toro, cxuraHue opraHuye-
CKOro TOMIMBA MOXET CO3[aBaTh BOCCTAHOBUTENIbHbIE
ycnoBus B xoze ropenust [Le Borgne, 1960] u cnoco6-
CTBOBaTh TpaHcopMaluy reMaTuta B MarHeTHT, yBe-
JIUYMBasi MArHUTHYIO BOCTIPUUMYMBOCTD (B TOM 4YHCIIe U
HUxenexatero cyocrpara). O6pa3upl nemia s Kax-
JIOro TUNAa TOMJIUBA, MOJNyYEHHbIE B PE3YJIbTATE HALIEro
JKCTIEPUMEHTA, MO U3yYeHHBIM METPOMarHUTHBIM Hapa-
MeTpaM 3HAUMMO He pa3iuyaroTcsi Mexay coboil. Pas-
HUlla B BeNMYMHAX CBs3aHA JMLIb C KOHLEHTpauuei
MarHuTHBIX MUHepaoB. Mbl cuuTaeM, 4YTO IOMOJHU-
TeNbHbIE WCCIENOBAHUS M TOMCK MHBIX METPOMarHuT-
HBIX TapaMeTpoB CMOCOOHBI MOAOOPaTh ONTUMANbHBIN
Habop HaHHBIX U JalbHelllero AUCKPUMUHAHTHOTO
aHanu3a MemjioBbIX OTI0XKEHUH MO TUIY TOIUIMBA.

CTOUT OTMETHUTh, UTO €CTECTBEHHbIE MUHEpAIOrye-
ckue ocodeHHocTH néccoB LleHTpanbHol A3uu, a UMeH-
HO MPHUCYTCTBHE TEMIEepaTypHO-HECTAOUIBHBIX MHUHE-
pajioB, Kak MarreMUT U TE€TUT, ONPEJeNsoT X y100CTBO
U HAJISKHOCTb MPU UJACHTU(PUKALUM YYACTKOB TeMIepa-
TYPHOTO BO3JEHCTBUS B pe3ynbTaTe AESTeIbHOCTH ye-
JoBeka. Panee ObLJIO yCTaHOBJEHO, YTO MPUPOAHBIE MO-
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)apbl He BbI3BIBAOT Iporpesbl cBbiie 200-250 °C
[Bellomo, 1993]. JlaHHBIX TemmepaTyp HeIOCTaTOYHO
JUTSL 3HAYUTENTBHOTO M HeoOpaTHMOro U3MEHeHUs JIEcco-
BOro cybcrpaTta. A BOT MOJepKUBaeMble U KOHTPOJH-
pyeMmble 4eJOBeKOM KOCTpHILNA CHOCOOHBI JaBaTh TeM-
nepatypbl cBbitie 300 °C yxe nocie nepBblX YacoB ro-
penus [Carrancho, Villalain, 2011]. 3to moguepkuBaeT
Ba)XKHOCTb COMYTCTBYIOILIEro M3Y4eHHs MCXOAHOro cyo-
cTpaTa.

3akiouyeHue

HccnenoBanne MarHUTHBIX CBOWCTB 00pa3loB U3
SKCIEPUMEHTAJIbHBIX KOCTPOB Ha JIECCOBOM CyOcTpare
[OKA3aJIo CIEeLYIOLLEE:

1. CoctaB MCXOAHOW MarHUTHOM MUHepanoruu u3y-
YEeHHOro Jiécca XapakTepusyeTcs npeodaajarolyM npu-
CYTCTBHEM MATKOro  (eppumarHeTika  (Marre-
MHT/MarHeTuT), a TaKkXKe remMaTuTa, reTuTa W mapamar-
HUTHBbIX Fe-conepxkamux munepanos. Ilpu Bo3pactanuu
TeMneparypbl B JECCOBOM CyOCTpaTe MpPOMCXOAAT clle-
JyHOLIMe 3HAauuMble NEepexXofbl MarHUTHbIX MUHEPAJIOB:
1o 250-350 °C — npeoOpa3oBaHue CUJIMKATOB ([JIMHU-
CTble MUHepalibl) U TMAPOKCUIOB Kene3a (J1enua0KPOKHUT,
FeTUT) B OKCU/IbI JKelle3a (MarreMuT, remMatur); npu 350—
500 °C — nmepexoa NeAOreHHOro MarreMuTa B reMarTuT;
npu Temneparypax csbilie 400 °C (Hanbonee UHTEHCUB-
HO >500—600 °C) — BoccTaHOBJIEHHE reMaThTa B MarHe-
TiT. McenenoBanue MociaeqoBaTelbHOCTH TpaHcopMma-
LU MarHWTHBIX MUHEPAIIOB C TEMIIEPATYPOil MOMKET SIB-
JATbCsl NMEPCIEeKTUBHbIM MHCTPYMEHTOM AJis omnpejele-
HMsI TEMIIEPATYPHOIO BO3EHCTBUS B POLLIOM.

IIpokan n€ccoB B LEIOM BEAET K YMEHBLIEHUIO UX KO-
9PUMTUBHOCTY U OXKUJAEMOMY MOBBILLIEHUIO MAarHUTHOM
BOCIIPUMMYMBOCTH, BEIMYMH OCTATOYHbIX HaMarHW4eH-
HocTeil ARM u SIRM B cpenHem B 2—4 pa3za. Pe3ynbTaThl
SKCIEPUMEHTA MOKa3aId NPAMYHO 3aBUCUMOCTb U3MEHe-
HUsI MArHUTHBIX CBOMCTB HIDKENEXaLero jécca OT Mak-
CHMAaJIbHO JOCTUrAE€MbIX TEMIEpPATyp Nporpesa, KOTOpble
JHLIb ONOCPEJOBAHHO CBA3aHbI C TUIIOM TOIMJIMBA.

2. Benuuunbsl SIRM u ARM nenyioB nmpeBocXonsT
TakoBble Uil 1€ccoB B 2—3 pasa, yAenbHash MarHUTHas
BOCIPUMMYUBOCTb B 2—4 pa3a, 4acTOTHAas 3aBUCUMOCTb
MarHUTHOW BOCIPUUMYUBOCTHU (Yrp) B 2—06 pa3, a (Yrs) B
cpenHeMm Bbllie Ha 2 %. Bbicokue 3HaUe€HUS! Ha3BaHHbIX
BbIlIIE MArHUTHBIX MapaMeTpoB 00YyCIIOBIEHbI OONbIIN-
MU KOHIEHTPALMSIMU YIBTPATOHKUX (heppUMarHUTHBIX
yactul (npenmyinectseHHo SP u SP/SD marneruTa).

3. O0pasupl merna, MoMydeHHbIE TMPH HCIIONB30Ba-
HUM pa3HbIX TUIOB TOMJIMBA, HE MOKA3blBAOT 3HAYU-
TENBHBIX Pa3JINUMil MAarHUTHBIX CBOKUCTB. (s ompene-
JEeHUs TOHKMX U3MEHEHUIl B MarHUTHBIX NapaMmeTpax,
CBSI3aHHBIX C pa3slMYHbIM TUIOM TOMJMBA, IHO-
BUANMOMY, TpeOyeTcsi MOCTaHOBKA JKCIIEpUMEHTa ¢
OONBIINM 00BEMOM CKUTAeMOro Marepuana B LEeNsX
NpeAOTBpALLEHUs KOHTAMMHALMK MEIIOBbIX OTJI0XKe-
HUI ¢ HUXKEJIeXKAIM CyOCTpaTOM.

Taxum oOpa3oM, yBennueHne MarHUTHBIX HapaMeTpPOB
MO3BOJISIET MPUMEHATH NETPOMAarHUTHbIE METOIb! (B TOM
YUCNIE B IOJEBBIX YCIOBUAX, 3aACHCTBYSl MOPTATUBHBIN
Kannamerp) Jyisl oOHapy»KeHUsl JPEeBHUX KOCTPULL, aHTpPO-
MOreHHOro reHe3uca Ha NaleoNuTUYECKUX CTosHKax LleH-
TpaJbHOI A3UM, NPUYPOUEHHBIX K JIECCOBBIM OTIOXKEHU-
M, & TAKXKE UCHOJIL30BATH 3TU METOAbI JUISl OLIEHKU pa3-
MEpOB KOCTPMLL M BbLIENEHUS] YYACTKOB C Haubonee UH-
TEHCUBHOI JIeATEIbHOCTBIO JipeBHero venoseka. I[lerpo-
MarHUTHBIMH WAEHTH(UKATOpaMi APEBHUX KOCTPUI B
JIAHHOM Clly4ae sIBJISIOTCS KaK MelJibl, TaK U TePMUYECKU
M3MEHEeHHbIH 1&ccoBblil CyOcTpat, KOTOpBI pexxe noasep-
raeTcs eCTECTBEHHOMY WM QHTPONOME€HHOMY IEepeHocy U
MO3TOMY OCOOEHHO BaXKEH B CIly4asX YACTUYHOM WU Moj-
HOI1 yTpaTh! NEMIOCOAEPKALLEro MPOCIosL.

Hccneoosanue evinonneHo npu noooepiicke cpanma
POOU, npoexm Nel8-00-00470. Asmopwi svipadicarom
bnazooapuocme B.D. [lasnosy, A.B. Jlamviwesy 3a yen-
Hble KOMMEHMApuu 8 npoyecce 00CYHCOCHUA MAMeEPUd-
n06, C.B. lllnaiioep 3a nomowp 8 opeaHu3ayuu sxcne-
DpUMeHma u aHOHUMHO20 DeyeH3eHmd, 4ol 3aMeYaHus
NO360NUNYU CYUECINBEHHO YIIVYULUNIL MEKCI CINAMbU.
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ROCK-MAGNETIC INDICATORS OF ARCHAEOLOGICAL PALAEOHEARTHS
IN THE LOESS DEPOSITS OF CENTRAL ASIA

The prospects of application of the rock-magnetic method for characterizing the degree of impact of anthropogenic fires on the en-
closing substrate and the possibilities of reconstructing palacohearth features for archeological purposes are discussed. For the first time,
experimental modeling of fireplaces in loess substrate was carried out using four types of fuel: dry bone, wood, winterfat (shrub) and
dried dung. Loess was chosen as the initial substrate due to its wide distribution in the Palaeolithic sites of Central Asia. Rock-magnetic
methods were used to study three types of samples from each experimental fire: the original substrate (loess), heated loess, and ash sam-
ples. It was found that the impact of the fire leads to an increase of the magnetic susceptibility values, saturation isothermal remanent
magnetization (SIRM) and anhysteretic remanent magnetization (ARM) of loess deposits by 2—4 times. Changes in the magnetic proper-
ties of loess during heating are associated with the following changes in iron-containing minerals: transformation of iron silicates and
hydroxides (lepidocrocite, goethite) into iron oxides (maghemite, hematite), transformation of pedogenic maghemite to hematite, and
reduction of hematite to magnetite. All ash samples show high values of magnetic susceptibility, SIRM and ARM in comparison with
unburned loess due to high concentrations of ultrafine ferrimagnetic particles in the SP and SP / SD states (mainly magnetite), making
ash deposits reliable rock-magnetic identifiers of hearths. The SIRM and ARM values of ashes exceed those for loesses on average by
2-3 times, the magnetic susceptibility exceeds by 2—4 times, and the frequency dependence of the magnetic susceptibility (xg) is 2 %
higher on average. The ash samples in our study did not show a significant difference between themselves and dependence from the type
of fuel. The results indicate stronger magnetic properties of ash layers and burnt loess in comparison with the host loess sediment, which
defines ash and burnt loess as reliable rock-magnetic markers of palacohearths at archaeological sites in Central Asia. Furthermore, even
in the case of the loss of ash layers (direct evidence of fire) as a result of erosion, traces of palaeohearth can be detected by the increased
rock-magnetic parameters values of the thermally altered loess, which served as the basis of the ancient fire.

Keywords: rock-magnetism, magnetic susceptibility, archaeology, palaeohearths.
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