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BeepeHue

Crekrpockomnusi KombuHanuonHoro paccesinusi (KP) cse-
Ta B HacTosiIee BpeMs sABJsieTCs 3QPEKTUBHBIM U BOCTPEOO-
BaHHBIM HHCTPYMEHTOM Hay4HOro mcciienoBanus. OTpaxas
CTPYKTYpHBIE OCOOCGHHOCTH MaTepHana, CB3aHHBIC C €ro
HPHUPONON U PU3UUECKIMH CBOICTBAMU U 1yBCTBUTEJIbHBIC K
BHEIITHIM BO3/ICHCTBHIAM, OHA HAXOMUT IIPaKTHICCKH Heorpa-
HUYCHHOC IPHUIOXKCHNAEC B PAa3JIMYHBIX OOJIACTAX HAYKH U
TexHuku [1]. AxtuBHO ucromb3yercsi KP u npn usydennn
YIJICPOIHBIX MaTepHayioB [2-4].

Korna pedb uaeT o CnekTpaJbHOM aHAIN3E apXeosloruye-
CKMX apTe(aKTOB M NPOM3BEACHUI MCKYCCTBA, TO OOBIYHO
paccMaTpHUBAIOTCA Pe3yJIbTaThl HCCIICOBAHUI APEBHUX Me-
TaJUIMYECKUX U3[e/uii, B OONBIIMHCTBE CIIy4acB U3 MEIH
u Opomssl (cMm., Hampumep, [5,6]). Crnekxrpockomusi KP
CYIIECTBCHHO PAaCIINPHIIa BOSMOKHOCTH N3YUCHUS M3JCIIHIT
U3 TJIMH, CTEK/JAa M pasHbiX MuHepasoB [7-12]. Opmaxo
IEpeBSIHHBIC OOBEKTHl IPAKTHICCKA HE HCCIICNOBAICH. B
JIydLIeM CiIydae pedb IIUTa O MPOU3BECHHsIX HCcKyccTBa [13].

B 3ToM acmekTe MMEHHO HCCIIEOBaHUE YIIIEPOIOCOAEp-
KalllUX KOMIIOHEHT, (OpMBbI PACIPOCTPAHEHHs KOTODPBIX B
IPHUPOIE MHOTOOOPA3HBI, MPENCTABIIACT HAMOOJIBIINIT HHTE-
pec, TOCKOJIBKY YIJICPOTHEIC COSTUHEHS 1 UX TpaHC(hopMa-
IUsl KaK B OPTraHWYCCKUX, TaK U B HCOPTAaHMYCCKHUX COCIIH-
HCHHSIX II03BOJIICT CYOWTHh O PasJIMYHBEIX IIPOIECCaX, IIpo-
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UCXOISANINX C OObEKTaMH KaK M3-32 €CTECTBEHHBIX IPHYMH,
TaK ¥ M3-32 MCKYCCTBCHHBIX, HAIIPUMEP, IPH TCPMUUECKON
00paboTKe, rOpeHUU U OOYIJIMBaHUH.

B npusoxeHun K MCCIEIOBAaHUIO apXeOJIOrMYeCKUX 00b-
eKTOB CJIEIyeT OTMETUTb, YTO aMOPQHBIA Yrjaepon Herpe-
MEHHO MPUCYTCTBYET B KYJIBTYPHOM CJIOE, SIBJISISCH €CTe-
CTBEHHBIM PE3y/IbTaTOM HCIOJIb30BAHUS OTHs, OBJIAJICHUE
KOTOPBIM CTajl0 OJHUM U3 OCHOBOIIOJIAIAIOIIMX MOMEHTOB
pasBuTHs 4esoBeKa. Kak ciiencTBue, McciemoBaHUEe aHTPO-
MIOr€HHOTO YIUIS JaeT BaXXHYIO MH(OPMAIUIO KaK IS IaTh-
POBaHUA apXeOJIOTMIECKOro MaTepyasa, Tak 1 I U3y4eHus
TEXHOJIOTMIl IMPOU3BOACTBA IMPEIMETOB MM YCJIOBUH HX
TpaHchopMarmi. B mpritokeHnn K HMCCIICTOBAHUIO TEXHO-
JIOTUM W3TOTOBJICHUS] KEPaMHUYECKOi mocynsl WH(popMarms
O CTPYKTYpPHOM COCTaBe YIJIEPOOHBIX BKJIIOYEHHI B (hOpMO-
BOYHOU Macce MO)KET OBIThb HCIOJIb30BaHA [UIA OIpefesie-
Husi Temreparypel ookura [14,15). YkaszaHHble BKIIOYSHHS
oOpasyloTcsi B pe3y/ibTare KapOOHM3alUH OPraHUYeCKUX
BEILECTB, KOTOpPBIE IPHUCYTCTBYIOT B HCXOIHOM TIJIMHIHOM
ceipbe [16], a TarKe MOryT OBITb HOOGABJICHBI B MpOLECCE
TIPOM3BOJICTBA.

OOXHUTr cpeqHEeBEKOBOI KePaMIYeCKOH OCYbI OCYIIECTB-
Jgsanicss npu temmeparypax oT 500 mo 1200°C. Ortomy
IMana3oHy COOTBETCTBYET IepBas CTaius IMPOJU3a TBEp-
IOTEJIBHOTO CBIpbsi — KapOOHM3alusi, Ha KOTOPOH IocIie-
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JOBATEJIbHO IPOMCXONAT PEAKIMH Pa3pyIICHHUs HEapoMaTU-
9YeCKHX MOJIEKYJI, BOSHHKHOBEHHUS apPOMATHICCKUAX MOJICKYJI
¢ GOKOBEIMH LETISIMH ¥ (hOPMUPOBAHUS ITOTAIUKIIMTICCKAX
apomatnyeckux cucreM [17]. IIpu 9TOM HPOUCKOMHT IOSIB-
JICHHEe KPHCTAJUTUTOB, COCTOAIUX U3 IUIOCKUX YIJIEPOTHBIX
cioes. Ilpoucxopsiue M3MEHEHUs B CTPYKType MaTepua-
Jla BO3MOXKHO IIPOCJICIUTh HA OcHOBaHMHU crekTpoB KPC.
IIpu yBeymrdeHMH TeMIEpaTypsl KapOOHM3AIWMH MOJIOCA C
eHTpoM okosio 1350 cm ™! (D-monoca), oTpaxaromas pasy-
HOPSIIOYEHHOCTb CTPYKTYPBI, IIPETEpHeBacT 3HAYUTCIIbHBIC
u3MeHeHus. [Ipu 3ToM Tak HaseiBaeMas rpaduroBas mosuoca
(G-mosoca) ¢ mentpom okono 1580cm~! coxpansiercs
u ycuwmBaeTca. TakuM 00pa3soM, OTHOIICHHE AaMIUIATYH
yKasaHHBIX nostoc Hp /Hg cTaHOBATCS MHANKATOPOM TeMITe-
paTypbl 006pabOTKM yriiepofocoiepsKaliero ceipbs. IIpemto-
’KEHHBIII TTOIX0f] OBUT YCIIEIIHO alpOOUPOBAH €ro aBTOpaMu
Ha eBPOIEHCKOM apxeosornieckoM marepuane [14]. B ote-
YeCTBCHHOM MIPAKTUKE U3BECTEH IPHMEp €T0 UCIIOIb30BAHMUS
IpU aHAIM3e KapesbCKOil CpeaHeBeKoBOi kepamuku [18].
B macrosmmeit paboTe HpENCTaBIICHB Pe3y/IbTAaThl UCHOJIb-
3oBaHusA crekTpockonuu KP nns ompenesneHust Temmepa-
TYpPHOTO peXuMa KapOOHM3allMM OPraHUKM HpH aHajnu3e
apXeoJIOTMYEeCKUX MaTepuasioB U3 PacKoIlokK B I. Bragumupe.

1. O6opypoBaHue u Marepuasnbl

Crextpel KP oT mccienoBanHbIXx 00pa3noB ObUTH TTOJTY-
YeHBI ¢ MMOMOIIBI0 30HmoBoM HaHomabopaTopmun MHTEI'PA
Crexrpa (3HJI UHTET'PA Crexrpa, HT-M/T, 3esexorpan,
Poccust). B xadecTBe 30HAMPYIONIETo ITyYKa MCIOJIb30BAIOCh
JIMTHEHHO MOJISIPU30BaHHOE M3JIyYCHHE TBEPAOTEJIbHOTO JIa-
3epa LM473 ¢ nnmaoit BostHE! 473 nm. JIazepHOoe n3iydeHne
MomHOocTeI0 2mW  (OKyCHpOBajIoCh Ha MOBEPXHOCTH 00-
pasioB oobexkTuBoM Mitutoyo M Plan Apo 100 ¢ uucnoBoit
aneptypoii 0.7 B marHo quamerpoM 0.4 um. MccnenoBanus
CTPYKTYpBl 00pa3LOB YIJIEH [ HOATBEPXKICHUSA BHIO-
BOW TPHHAJICKHOCTH HCXOTHOHM JPEBECHHBI OCYIIECTBIISA-
JIUCh C TIOMOMIBIO PAacCTPOBOTO 3JIEKTPOHHOI'O MHKPOCKOIIA
Quanta 200 3D npu yckopstomeM HanpsbxkeHnn 30 kV.

HccnenoBanne creneHn KapOOHM3AIMM OPTaHWYIECKUX
MaTepHajioB IPOU3BOAMIIOCH B JIByX HalpaBiIeHHAX. Bo-
HEPBLIX, ObUIM TOJIy4EHBl M IPOaHAIM3HPOBAHbI CIEKTPHI
KP ¢opmoBouHOii Macchl (hparMeHTOB TJIMHSIHON MOCYIBI
13 KOJUICKIMH, COOpaHHOH Ha OOBEKTE apXeoSIOrHYECKOro
Hacyienus ,,Ilocenenne Ioranoe (IToranemn) I, oTHOCSIIEM-
et K (XI—XIIBB.). ITaMATHUK HaXOAUTCS B JICCOIIAPKOBOM
30He ropoma Bmagumup Ha mpaBom OGepery p.Kmiaspma.
JaHHasg TeppUTOpUS B apXECOJIOTMYECKOM AacleKTe Ipak-
TUYECKH HE HCCJIeNoBaHa. ApPXEOJIOrMYecKuil Marepua,
OOHapY)KCHHBI TPH W3yYCHWH MAaMATHUKA, NPEICTaBJICH
WCKJTIOUNTEIIbHO ()parMEHTaMH KEepPaMHYECKOH MOCYIbI, U3-
TOTOBJICHHOH M3 KpacHOXTyIelcs IHbL. ['pyboe rcnosHe-
HHE MOCYIbl O3BOJIMJIO HA OCHOBAaHMHU SKCIIEPTHON OLICHKH
OTHECTH €€ K KJjlacCcy JICHOW U CHeJIaTh MpPEeNosIokKe-
HUEC O NPUHAIJICKHOCTH MECTHOMY KOPCHHOMY (DHHHO-
yropckoMy Hacesienuio [19]. OpHako mJist MOATBEPXIACHHS
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TUMU3AMIA W TCPHOAW3AIUH KEPaMHUYECKOTO MaTepHaia
BOKHBIM (PaKTOPOM SBJISIOTCS OOBEKTUBHBIE HAHHBIE O
TexHosiorun oOkura. CuumTaercd, 4TO JienHas IVIMHSAHAs
nocyna XI—XIIBB. moaBeprajiach TepMUYECKOil 00pabOT-
K€ KOCTPOBBIM METOIOM, HpH KOTOPOM oOecIieunBaeTcs
temreparypa 700—800°C [20]. Ilenbio CHEKTpOCKOMIde-
CKHX 3KCIEPHMEHTOB SIBJISUIOCH OIPENESICHUE TEIIOBOTO
pexxknMa o0paboTKM HCCiIeyeMbIX (parMeHTOB KEPaMUKH
U1 0OBbEKTHBHOI'O MOATBEPKACHUS UM KOPPEKTUPOBKH UX
9KCHEPTHON OLICHKHU.

Bropoe HampaBiieHHe HCCIICIOBAHUI CBA3aHO C aHATIM30M
CTENeHN KapOOHM3alMy YIJIed W3 OCTAaTKOB CrOPEBIINX
IPEBHEPYCCKUX AEPEBSHHBIX KOHCTPYKLMI, 0OHAPYKEHHBIX
IIPU APXEOJIOTMYECKUX PACKONKaX OOOPOHMTESIBHOTO Basla
r. Bnagumupa Ha Tepputopun qoma Ne 32 1o coBpeMeHHOU
yiune Wbrdya. Ha MoMeHT apXxeostormaecknx paboT yKasaH-
HBIC OCTaTKH HaXOIWJIACh B TOJIIIE BaJbHOM Hachmu. Onpe-
IeJICHIE TeMIlepaTypsl KapOOHU3AIMU TPEBECHHBI TTO3BOJIUT
cHesaTh BBIBOJ O TOM, ObLIM 1M OpeBHA CpyOOB KOHCTPYK-
LM BO BpeMs M0Xapa MOJHOCTHIO OKPY)KEHbl TPYHTOM, WJIN
OHM BO3BBILIAIUCH HAJ €r0 CBOOOIHON ITOBEPXHOCTHIO.

2. Pe3synbtathl n obcyxpaeHune

2.1. Kepamunuyeckue usgenusa

dopMoBOUHAsT Macca CPETHEBEKOBOI TVIMHSHOMN MOCYHbI
COICP)KUT MHOTOYUCJICHHBIE [OCTaTOYHO KpYIHBIE KpH-
CTaJUIMYECKUE BKJIIOYEHHS: 3epHA KBaplla, KaJIbLUT, CIIIOIbI
u ap. Ilpu nonajaHuy B HATHO 30HAUPYIOLIETO JIa3ePHOIO
W3JIydeHUs] BCe OHM MOryT BHectH B crekTp KP spko
BEIDQKCHHBIC IHKH, HEHECYIIWe MOJIE3HOH I IMPOBONH-
Moro ucciiefoBanus napopMarmu. [loaTomy mpu ananmmse
(parMeHTOB KEepaMHKH BHIOMpANICh OOJIACTH C WX TapaH-
THUPOBaHHBIM OTCYTCTBHEM. Ha Bcex mosydeHHBIX CeKTpax
IIPUCYTCTBYIOT XapaKTepHbIe U1 aMOPGHOro yrjaepona mo-
CTaTOYHO UIMPOKHE MOJIOCH C LeHTpamu okojio 1350 wu
1580 cm™~!. XapakTepHble paMaHOBCKHE CIIEKTpbI, TIOTyYeH-
uele ipu momou 3HJI MHTEI'PA Crekrpa, mpencTaBiieHb!
Ha puc. 1. OHH OTpaXKaloT pe3yyIbTaThl aHAJIH3a IBYX CJIOCB B
CTPYKTYpE UCCJICMOBAHHBIX YEPENKOB: CBETIIOr0 M TEMHOTO.
[lepBEIil COOTBETCTBYET OKUCJIUTEILBHOMY PEXUMY OOXKHTa.
OH mpusteraeT K BHEIIHEI TOBEPXHOCTH COCYAa U 3aHUMAaeT
ot 50 no 80% TommuumHE ero creHku. Bropoii chopmupo-
BaJICSl B YCJIOBUAX BOCCTaHOBHUTENIbHOU aTMochepbsl. Oue-
BHJTHO, OOXKUT' KEpaMHUKH IPOW3BOAMIICS 0Oe3 oOecredeHus
MPUHYIATEIBHOM aspaiuu. B pesynbraTe BHYTPH COCYHOB
co3[aBajach O0JIACTb C HU3KHM COICp)KaHHEeM KHCIIOpOAa,
YTO TPHUBEJIO K BO3HUKHOBEHHIO B (DOPMOBOYHOU Macce
oxcuzia sxesesa FeO, 4epHBIi IIBET KOTOPOro OOYCJIOBUII
TEMHBI OTTEHOK ykaszaHHoro cjos. Crextpel KP Temuoro
(puc. 1, xpuBas 1) u cemioro (puc. 1, kpusasi 2) ciioeB B
muamnaszore 800—2000 cm~! KauecTBEHHO OMMHAKOBBL

Bricotsl Hp 1 Hg onpenensnuce nyisg MakcumyMoB B D-
n G-nosiocax COOTBETCTBEHHO. B cepuu n3Mepenwmii, mpoBe-
ICHHO Ui 00pas3loB CPEIHEBEKOBOU KEPAMHKH, CPEITHHE
3HaueHus1 oTHomeHns Hp /Hg cocraBmimo 0.62 mis TeMHOrO
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Puc. 1. Xapakrepusie crnektpsl KP kepamudeckoro tecra: I —
TEMHBIU CJIOi, 2 — CBETJIBINA CJION.

ciost u 0.65 ma ceemwioro. IlosydeHHBIE OTHOIICHUS aM-
wmtyn D- m G-monoc ObUM WCHOMB30BaHBI IJIS OLICHKH
TeMIIepaTyphl 00XKHUra 1ccileqoBaHHoM KepaMuk. [1pu s3Tom
OBLIO BBISIBJICHO 3HAYHMTEJIBHOE PACXOXKICHUE PE3YJIbTaTOB
pacuera Ha OCHOBaHMH MPEIJIOKEHHOro B pabore [14]
00IIero ypaBHEHHs U OIpefesIeHHs M0 IPUBEICHHOMY TaM
e TpagynpoBoyHoMy rpaduky. [IpmdyeM mocienaue co-
OTBETCTBYIOT IPHHATHIM TeMIIepaTypaM OOKura JICIHOMN
CpeHEBEKOBOM KepaMUKH. BeposiTHo, B pabote [14] npucyT-
CTBYET HEKOTOpPasi HETOYHOCTb B OIMCAHWUH aHAIUTHICCKON
MOJIEJIM TTAJIeOTepMOMETpa (aBTOPCKOE HasBaHUE METOA).
Bcenencreie aToro ObUla OCYHIECTBJICHA AaIIPOKCUMAIIHS
OPHUBEICHHBIX B HEil JaHHBIX (IPaIyHpOBOYHOrO rpaduka)
METOIOM HauMEHBIINX KBagpaTOB C HCIOJIb30BAHHEM BO3-
MoxHOCTell nporpamMmuoro nakera MATLAB u mosmydeHo
cnenytomee obmee ypasaenne T = f (Hp/Hg):

T = 7679x* 4 390> — 22926x? + 21619x — 5092, (1)

rne X = Hp/Hg.

Ompenesiennsle Ha ocHoBaHmu (1) Temmeparypsl Kap-
oonmsammu coctaBwm 730 +20°C u 750 £20°C pns
TEMHOI'O0 U CBETJIONO CJIOEB COOTBETCTBEHHO. OKHmaeMo
Hal[ICHHbIE BEJIMYMHBI UMEIOT OJIM3KHE 3HAYEHHUS C HEKOTO-
PBIM YMEHBIICHHEM BHYTpPb TE€PMOOOpPadaThIBAEMOro COCY-
na. OnpenesieHHBIE TEMIEPaTyphl COOTBETCTBYIOT ITPAKTHKE
KOoCcTpoBoro obxmura, ucrnosszyemoil B XI—XIIBB. kak 1pes-
HEPYCCKUMH, TaK U (PUHHO-YTOPCKUMH IIOCEJICHIIAMU MpU
M3rOTOBJICHUU JICIIHOH IVIMHAHOM ITOCY/BL

2.2. [epeBfiHHble KOHCTPYKUUMN

PamaHoBCcKkuMit aHanM3 ycyioBUH KapOOHH3aLUKM JPEBECH-
HBl IPEBHEPYCCKUX KOHCTPYKLMH, OCTaTKH KOTOPHIX OBUIH
OOHapy>KeHbl B COCTaBe OOOpPOHHUTEIBHOIO BaJla, IPOM3-
BOAMJICA C YYETOM HCIOJIb30BaHUs AyOOBBIX OpeBeH IpH
ux coopyxennu [21]. JlaHHOE MOJIOKEHHE MOATBEPIKAACTCS
MHKPOCKOIIMYECKAM HCCJICIOBAHNEM BBIOPAHHBEIX U3 apXco-
JIOTHYECKOTO MaTepuasia yrjiei, BBIIOJIHEHHBIM C IIOMOIIBIO
pacTpoBoro 3jeKTpoHHOro Mukpockomna Quanta 200 3D
(puc. 2). B ka)moM romoBoM KoJIblle TyOOBO IpPEBECHUHBL
MIPACYTCTBYIOT XapaKTEPHBIC IHPOKHE COCY/IBI, PE3KO Iepe-
XomAmme B y3kue. JlaHHasi CTPyKTypa XOpOIIO NMPOCMAaTpH-
BaeTcd B IONEPEYHOM Cpe3e, COXpaHsAeTcs B yrjie U Obula
BBISIBJICHA KaK B apXCOJIOTMYECKHX 00pasiax (puc 2,a), Tak
U B YIVIAX, TOJYYEHHBIX B PE3yJIbTaTe KOHTPOJIBHOTO BHI-
JKUra U3 JPEBECHHBI My0a depemdaroro (0OBIKHOBEHHOTO),
MIpOM3pacTarolero Ha nmpasoM Oepery p.Kisasema B uepre
ropona Biagumup (puc. 2, b).

B kadecTBe CHpaBOYHOrO 3HAYEHHST MAaKCHUMaJIbHOH TeM-
MepaTypsl IJIAMEHHOTO TOPEHHUs MyOOBOI IPEBECHHBI, Kak
npaswuio, ucnone3yioT 900°C [22]. Temneparypa B mevax u
TeM OoJjiee B FOPHAX 3HAYUTEIILHO BBIIIE 33 CUET pagualloH-
HBIX 9((EKTOB M NPUHYAUTENIbHOM momadn kuciaopoma. Ho
TS YCTIOBUIA €CTECTBEHHOTO (OTKPBITOr0) TOPCHHS CIICIyeT
OpPHEHTHPOBAThCS HA YKa3aHHOE 3HAYCHHE.

Xapakrepreiii crektp KP wucciemoBaHHBIX yried u3
OCTaTKOB JPEBHEPYCCKUX KOHCTPYKLMH IPENCTaBICH Ha
puc. 3, rae 04eBUIHO MPOCMATPHUBAETCA 3HAYUTEIIbHAS pas-
HuLa B amiumtygax D- m G-nosoc. Cpennee 3HaueHHe
otHomreHnss Hp/Hg 1 maHHOI cepum mcciieqoBaHHBIX
obpasnos coctaBuiio 0.5. ITo COOTBETCTBYET TeMIeparype
kap6onmsarmu 510 £+ 20°C. OmnpenesieHHas 1711 UCCIENO-
BaHHBIX YIJIEH TeMIlepaTypa 3HaYMTEJIbHO HIDKE MPUHATOH
B KauecTBE CIIPABOYHOH /11 OTKPBHITOrO TOPEHHs yOOBOM
npeBecuHB. TakuM 00pa3oM, OHH OYEBUIHO CHOPMHPO-
BaJIMChb B pe3yybTaTe aKTUBHOrO TieHUsi OpeBeH. Takas
CUTYyalls] BOBMOXKHA U1l JEPEBSHHBIX KOHCTPYKLUI, OKpY-
KCHHBIX T'PYHTOM, Ha IOBEPXHOCTH KOTOPOTO MMEJ MECTO
cuTpHBIN Toxkap. Kpome toro, Ha cnektpe KP mpucyrcrByer
3aMETHBIH TIMK ¢ LeHTpoM okoro 1740cm™!, ykasbisato-
Ui Ha 3HAYUTEIBHOE COMEPXKaHUE B YIJIE BEIIECTB C
KapOOHMJIbHBIME TIPyIaMy (KETOHOB, aJbICTHIOB U [p.).
Takue coeguHEHNsI MOJLKHBI OBUTM YJIETYYUTBHCSI TIPU BBICO-
KOI TeMIlepaType OTKPBITOTO FOPEHHs, HO MOTYT YaCTUYHO
COXPAHATBCA MPH INOCTEIICHHOM TJICHUM.

J1d cpaBHHATENIBHOI OLICHKH TeMIIepaTypbl KapOOHHU3aINH
IPEBECHHBI B YCJIOBUSIX OTKPHITOrO TOPEHHsI OBLIO MPOM3BeE-
JI€HO KOHTPOJIbHOE BBDKHMIAHHUE YIJIEH KOCTPOBBIM METOIOM
13 1yOOBBIX U Oepe30BbIX 00pa3noB. J{y0 sABJIAICS HE TOJIBKO
MaTepHaJIOM JIUIsl OTBETCTBEHHBIX JIEPEBSHHBIX KOHCTPYKIIHIA
IPEBHEPYCCKUX COOPYKEHHH, HO M BBICOKOKaYECTBCHHBIM
IPOBSHBIM TOIUIMBOM. bepe3a Kak MCTOYHHK [IpOB, TaKXKe
Obl1a IMMPOKO BOCTpeboBaHa Oj1arofapst IMMUPOKOMY pacIpo-
CTpaHEHMIO B cpefHeil mosoce Poccmm M moctaTodHO XO-
POIINM TETJIOTBOPHBIM CBOUCTBaM. XapaKTEpPHBIC CIIEKTPHI

KypHan TexHuyeckon cousmku, 2024, Tom 94, Bbin. 2
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Puc. 2. Crpykrypa yrieit: @ — apxeoJornueckuii oopasel, b — KOHTPOJIbHBIA oOpasell.
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Puc. 3. Crnekrp KP myGoBoro yriisi, U3 OCTaTKOB JCPEBSIHHBIX
KOHCTPYKIIMIA.

KP, norydeHHbIe IpH MCCITSIOBAHIN KOHTPOJIBHBIX TyOOBBIX
1 Oepe30BbIX YIJIeH MpefcTaBJIeHbl Ha puc. 4.

Jlisi KOHTPOJIBHBIX 00pasioB Ay0oBbIX yruedd (puc. 4,
kpuBas 1) cpennee 3HaveHue otHomeHust Hp /Hg cocraBu-
g0 0.63. OmpenesieHHast Ha OCHOBaHMHM ypaBHeHust (1) Tem-
nepatypa kapoonmsanuu coctaBuia 740 + 20°C. Tlomygen-
Hasg TeMIepaTypa MeHbIIe yKa3aHHOI, HO BBHIIIE CIPaBOY-
HOW BEJIMYMHBL DTO PACXOXKICHHUE, ITO-BUIMMOMY, BBI3BAHO

XKypHan TexHuyeckon comnsmku, 2024, Tom 94, Bbin. 2

TEM, 4TO B IMOCJIEHEM CiIydac M3Mepsijlach MaKCHMaJIbHasI
APKOCTHAsl TEMIEpaTypa, onpefessieMas CBEYeHUEM Haubo-
Jlee TopsYel YacThio IUIaMEHHW. TeM He MeHee, O4YEeBH/IHO,
YTO TeMIeparypa KapOoHM3army ayOOBOW IPEBECHHBI NPH
OTKPBITOM TOPEHHMU 3HAYUTEJIbHO OOJblle, YeM 3HA4YEHUE,
OIIpesieIeHHOE /Uil 00pa3loB yIVIel W3 OCTATKOB JCPEBSH-
HOM KOHCTPYKLIMU.

Kpome Toro, Ha crekTpax KOMOMHAIIMOHHOTO PaccesiHUs
KOHTPOJIbHBIX 00pas3IoB M0J10ca KapOOHUIIbHBIX COCTUHEHUH
¢ meHTpoM okojio 1740 cm~! mmeer ovens MaJyl0 MHTEH-
cuBHOCTb. OHa MpOsABJIsiETCA TOJIBKO B CJIa0OM Iieperude Ha
Kparo KoHTypa G-110J10Ch. DTO MOATBEP)KAAET MOJIOKEHUE O
MIOYTH TIOJTHOM YJIETYYHBAHUM BEUIECTB C KapOOHWJIBHBIMH
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Puc. 4. Crekrpet KP koHTpoOsbHBIX 00pasios: I — ay6oBoro
yruist, 2 — 6epe3oBoro yriisi.
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rpymmnaMi U3 MPOAYKTOB KapOOHH3aIMU IPEBECHHBI IPU
OTKPBITOM TOPEHUH.

J1yist KOHTPOJTIBHBIX 00pasioB Gepe3oBblx yriei (puc. 4,
KpuBasi 2) cpenHee 3HadeHwe ortHomenus Hp/Hg cocra-
Brt0 0.59. D10 cooTBeTCTBYET TemIepaTrype KapOOHH3auH
690 + 20°C. CnpaBouHOe 3HaUYCHHE MaKCUMAaJIbHON TeMIle-
paTypbl IJIAMEHHOTO TOpeHHs Oepe3oBOil OpPeBECHHBI —
816°C [22]. PaccunranHasi Ha OCHOBaHMHM ypaBHeHHs (1)
TEeMIlepaTypa TaKkKe HIDKES CIPABOYHOM, KaK W il Ty0o-
BBIX YIJICH, YTO OOBSICHSICTCS QHAJIOTMYHBIMU TPHYNHAMU.
[IprdeM OTHOWICHHSI ONPENEIICHHBIX IPH ITOMOIIM Majieo-
TepMOMeTpa TeMIepaTyp K MAaKCHMaJIbHBIM CIIPaBOYHBIM
CPaBHUMBI B O0OMX Cily4yasX. B paMaHOBCKHMX CIEKTpax
KOHTPOJIBHBIX 0OpasIioB Oepe3oBbIX YIJIel mosoca KapOo-
HUJIBHBIX COCIMHEHMII NMPAaKTHYECKH HEe MPOCMAaTpUBaeTCsd,
9T0 OOBSICHACTCA KaK WX XOPOWIeH JIETY4ecThlo, TaK H
MEHBIIAM H3HAYaJbHBIM COHCP)KaHHEM B IaHHOU IOpOe
APEBECHHBI II0 CPAaBHEHUIO C TyOOBOM.

3aknioyeHue

HccnenoBanre kapOOHU3MPOBAHHOM OPraHUKU M3 apXeo-
JIOTHYECKHAX MaTCPHAJIOB C UCIIOIb30BaHUEM CIICKTPOCKOIUH
KP mokasayio moreHnuan JaHHOIO MOOXOHa IUIS IMOATBEp-
KIOGHUSA WA YTOYHEHUS Pe3y/IbTaToOB MX HMHTEpIpeTaluH.
AHanM3 paMaHOBCKHMX CHEKTPOB OPraHMYECKHX BKJIIOYCHUI
B 0o0Opasiax CpelHEeBEKOBON KepaMHUKH I103BOJIMJI OLEHHUTH
TEMITepaTypy UX KapOOHU3ALNH 1, CIICIOBATEIBbHO, YCIIOBHS
obxura cocynoB. OrmpeneneHHass TeMmIeparypa JICKHT B
mranazoe 730—750 £ 20°C. DTo cOOTBETCTBYET KOCTPO-
BOMY peXuMy oOxura rmHAHOU mocyabl. CremyeT oT-
METUTb, YTO TeMIepaTypa KapOOHM3aLMM, OIpeleIeHHas
IJI1 KOHTPOJIBHBIX O0pa3loB MyOOBOTO YIJIf, MOTy4YEHHBIX
B YCJIOBHSIX OTKpbHITOro ropesusi, pasHa 740+ 20°C mn
TaKXe MPUHAIJICKUT BBIIICYKa3aHHOMY [Hana3oHy. Takum
00pa3oM, OOBEKTUBHO MOATBEP)KICHHBIA KOCTPOBOM METON
00Hra COCYIOB COBMECTHO C OYEBHTHO IPYOBIM (JICIIHBIM)
UX HCIIOJIHEHHMEM YKa3blBaeT Ha IPHHAIJIEKHOCTb apXeoyo-
rudeckoro mamsitHuka ,Jlocenenue Iloranoe (IToraner) I“,
KaKk MeCTa HaXOXICHHUs HCCJIC[IOBAaHHBIX (PparMeHToB Ke-
paMHUKH, K KaTerOpUH IIOCEJICHWII MECTHOTO KOPEHHOTO
¢uHHO-yrOpcKoro (Hambosiee BEpPOSITHO — MEPSIHCKOIO)
HaCEeJICHMUSL.

Anamm3 criektpa KP yrueit m3 ocTaTkoB /epeBSHHBIX
KOHCTPYKIMH, OOHAPYXEHHBIX MpPU apXCOJIOTHICCKOM HC-
CJIEIOBaHUM OOOPOHUTENILHOIO BaJla, BBIABIJI TEMIEpaTypy
KapOboHM3anuu JpeBecuHbl Ha ypoBHe 510+ 20°C. Oto
UCKJIIOYaeT OTKPHITOE ropeHue TyOOoBHIX OpeBeH, BXOASAIINX
B MX COCTaB, M YKa3blBaeT Ha KapOOHM3AIMIO B PEKHME
TeHus. Takoii mporecc MOT MPOUCXOANUTD TOJIBKO TIPH OKPY-
YKCHHUU JICPEBSIHHBIX KOHCTPYKIMIA MAHEPAJIbHBIM I'PYHTOM B
MOMEHT YHUUYTO)KEHUs UX IO)kapoM. BHyTpeHHee 3amosHe-
HHUe CpyOOB TPYHTOM MJIM KaMHSIMH HCIIOJIb30BaJIOCh IIPU
CTPOUTEJILCTBE TAKUX JIEMEHTOB IPEBHEPYCCKUX OOOPOHU-
TeJIbHBIX COOpY)KeHuil, kak ropoguu [23]. CrepoBaresbHO,
YCJIOBHSI peaTi3allid PeXUMa TIICHUS] 00eCTIeUHBATUCD IS

CTEHBI MEXKAY COCEAHUMM T'OPOIHAMHN WNJIN BHEIIIHEH CTEHBI
nX CUCTEMBI, BaKprTOfI 3€MJISHOM HaCHIIIbIO.

®duHaHcupoBaHue pa6oTbl

CraTpsi TIOATOTOBJICHA B paMKax rpaHTa Poccuiickoro
Hay4gHoro ¢onma Ne 22-79-10348 (https:/rscfru/project/22-
79-10348/). ViccnemoBanust MPOBOMILIHACH C MCIIOIb30BAHIEM
000PYIOBaHUS MEKPETHOHAIBHOTO MHOTONPO(MIIIBHOTO H
MEXIUCLMIUIMHAPHOTO LIEHTPa KOJIJIGKTUBHOTO IOJIb30Ba-
HUSL TICPCIICKTHBHBIX U KOHKYPEHTOCIIOCOOHBIX TEXHOJIOTHI
[0 HANpaBJICHHUSM PA3BUTUS M IMPUMEHCHHS B IPOMBIII-
JICHHOCTH/MAIIMHOCTPOCHUH OTEYECTBEHHBIX NOCTIDKCHUI B
obstacti HaHoTexHOsoruil (corymamrenne No 075-15-2021-
692 or 5aerycra 2021 rona).
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