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METHODS OF NATURAL SCIENCES
FOR THE RECONSTRUCTION OF THE CERAMICS FIRING!

The reconstruction of the Early Iron Age ceramics firing from
the Northern Black Sea region is a part of the project’s tasks of
studying the ceramics of mobile and sedentary communities in
the region (early nomads and the forest-steppe population). The
ceramics firing process and the content of mineral phases were
determined by DTA-TG methods. Data are given on five samples
from the settlements of Glinjeni 1I-La Shanz and Subotiv, as
well as the burials of Kasperovka, Pryshyb and Velykodolynske.
In the paper mineralogical and phase composition of ceramic
samples are revealed. It is established that the analyzed samples
were burned at a temperature not exceeding 650 C.

Key wo rds: Northern Black Sea region, Early Iron
Age, sedentary population, early nomads, diffraction
thermogravimetric analysis, X-ray phase analysis, firing
temperature.

Introduction

The problem of the production of handmade
pottery by nomads, first of all, the reconstruction
of the ceramics firing mode is the task of studying
the ceramics of mobile and sedentary communities
of the Northern Black Sea region: early nomads
and the population of the forest-steppe zone.
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In the steppe burials of the early nomads (10—
8M/7t centuries BC) today found more than two
hundred vessels of various purposes (for cooking,
food storage, drinking and food), which are used in
burials. Many vessels have direct analogies among
the ceramics produced by the sedentary population
that lived in the forest-steppe zone. Despite obvious
similarities, there is no convincing evidence in
the specialized literature whether a vessel could
have been produced in a nomadic community or
by sedentary population. The authors propose to
consider this problem in a comprehensive manner,
on the basis of modern analytical methods for the
study of ancient ceramics.

Thepurposeofthisworkistoshowthe possibilities
of using the methods of natural sciences in solving
the problem of the firing ceramics reconstruction
by the nomadic and sedentary population. The first
results of studying a few ceramic samples from the
materials of the settlements (Subotiv and Glinjeni
II-La Shanz) and some vessels from the burials of
the later Pre-Scythian period are presented.

We show only the first results of using the
DTA-TG method to determine the firing mode
of ceramics. Samples were also analyzed by X-ray
phase analysis (XRF). The works were carried out
by M.N. Vetrova, M.A. Kulkova A.M. Kulkov in
the laboratory of the Russian State Pedagogical
University and X-ray Diffraction Research Methods
Resource Center of St. Petersburg State University.
The method of diffraction thermogravimetric
analysis is the most interesting and suitable for
solving the problem.

DTA-TG method

Diffraction thermogravimetric analysis (DTA-TG)
is widely used to determine the firing temperature of
ceramics. The minerals are characterized by a stable
solid phase and their composition can determine
the firing temperature of vessels. During heating,
reactions occur in minerals, and they are not
observed upon reheating (Kulkova, Yushkova 2008).
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Fig. 1. Analyzed ceramic samples of the Northern Black
Sea region Early Iron Age: /I — Glinjeni II-La Shanz;
2 — Subotiv; 3 — Kasperovka, barrow 2, grave 5; 4 —
Velykodolynske, group 1, barrow 2, grave 11; 5 — Pryshyb,
barrow 41, grave 2 (references to sources are given in the
text)

Thus, with DTA ceramics, reactions will occur at
temperatures above the burning temperature.

Samples and their research

An experimental research was conducted on
fragments of vessels from the forest-steppe set-
tlements of Glinjeni II-La Shanz (Glinjeni 10%) and
Subotiv (Subotiv 29), as well as the steppe burials
of the early nomads Kasperovka (Kasperovka 89),
Pryshyb (Pryshyb 105) and Welykodolynske
(Velykodolynske 126). Samples were analyzed by
two methods.

The multi-layered settlement of Glingren II-La
Schanz, Middle Dniester (Tonbuena, Kamry6a 1995,
20—25, 34—36; Kamy6a 2000, 292—315):

Glinjeni 10 (fig. 1, I): a fragment of a black
polished jug. The vessel is decorated with a
geometric stamped pattern, the lines of which
are applied with a fine-toothed stamp and filled
with white paste, as well as wide concentric flutes
(Basarabi-Sholdaneshti culture, 8" — first half
of the 7" century BC) (Tonbuesa, Karryda 1995,
Taba. XXXIV).

The fortified settlement of Subotiv, the right bank
of the Dnieper (IepmikoBmy 2016):

Sample Subotiv 29 (fig. 1, 2) — the upper part
of a non-ornamented bowl with a curved rim,
about 20 cm in diameter. Found (Belogrudov-
Chernoles culture, the end of the 11* — the end of
the 9" century BC). The functional group kitchen
1, according to Ya. P. Hershkovich (IepuikoBuu
2016, puc. B66, 9; Tab. K2).

The graves of the early nomads («Cimmerian»
culture, 9" — 8 centuries BC — see: Gavrylyuk
2017: 242 ff., with all historiography):

2 The name and samples numbering are given according to
the project database.
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Sample Kasperovka 89 (Kasperovka, barrow
2, grave 5: IpebennukoB, EmmceeB, KiommH-
ueB 1984, 36—37) (fig. 1, 3) — poorly polished
cup with a high neck, a bent rim, a spherical
body and a concave bottom. The upper part of
the body is decorated with a double belt carved
geometric pattern. Type 4, option 1, according
to N.A. Gavrylyuk. Dimensions: height 10 cm,
diameter of the rim 8.0 cm, maximum diameter of
the body 11.5 cm, diameter of the bottom 7.0 cm,
ratio of height and maximum diameter of the body
0.87 (IaBpmuiox 2017, 72, 150, puc. 14, 3).

Sample Pryshyb 105 (Pryshyb, barrow 41,
grave 2 — IllamomnukoBa, Pomenko, Kio-
mHues, HA WUA HAHY, 1984/9, 38) (fig. 1,
5) — an unpolished pot with a short arcuate neck,
an outward-bent rim and body with the largest
expansion in the upper third of the height. The
bottom is flat, on a high pallet. Type 1, option 3,
according to N.A. Gavrylyuk. Dimensions: height
11 cm, diameter of the rim 7.5 c¢cm, maximum
diameter of the body 15 cm, diameter of the bottom
8.0 cm, the ratio of the height and maximum
diameter of the body 0.73 (IaBpmmiox 2017, 37,
139, puc. 4, 9).

Sample Velykodolynske 126 (Velykodolynske,
group 1, barrow 2, grave 11 — Cy6oTuH, YepHSIKOB,
Anuuyk 1976, 192—193) (fig. 1, 4) — a polished
beaker with a high arcuate neck, an outward-bent
rim, a spherical body and a rounded bottom with a
hole. The upper part of the vessel body is decora-
ted with a belt of carved geometric pattern, boun-

Table 1. RFA Ceramics Results

Sample number | quantitative phase composition (wt. %)

according to Rietveld analysis

Quartz (54 %), muscovite / illite

(26 %), albite (11 %), calcite (7.0 %),
microcline (1 %), amphibole (less than
1.0 %)

Quartz (91 %), phlogopite (5.0 %),
albite (1.0 %), magnetite (1.0 %)
microcline (less than 1.0 %), anatase
(less than 1.0 %)

Quartz (80 %), albite (9 %), microcline
(5.0 %), phlogopite/annite (5.0 %),
calcite (less than 1.0 %), rutile, anatase
(less than 1.0 %)

Quartz (73 %), muscovite/illite (20 %),
microcline (3.0 %), albite (less than

1.0 %), calcite (less than 1.0 %),
anatase (less than 1.0 %)

Quartz (58 %), muscovite/illite (26
%), albite (8.0 %), microcline (7.0 %),
rutile (1.0 %)

* Analyst O.G. Bubnova. RC «X-ray diffraction methods
of research» St. Petersburg State University.

Glinjeni 10*

Subotiv 29

Kasperovka 89

Pryshyb 105

Velyko-
dolynske 126
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Fig. 2. DTA curves (A — Subotiv 29; B — Glinjeni 10)

Table 2. The results of diffraction thermogravimetric analysis of ceramics

Weight Loss (%)

Decomposition of
carbonate materials
(600—850 °C)

Sample Number Constitutional water

(400—600 °C)

Crystallization
water (25—200 °C)

Total loss (25—1100 °C)

Subotiv 29* 2.61 1.51 0.59
Glinjeni 10* 2.17 2.12 1.76
Pryshyb 105%* 4.99 5.07 0.63
Velykodolynske 126** 2.88 3.85 0.05

7.12
8.19
11.00
6.98

* Analyst O.G. Bubnova. RC «X-ray diffraction methods of research» St. Petersburg State University.

** Analyst E. Naumysheva. RC ITKN NP SPbU.
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ded above by a low roller and 4 symmetrically loca-
ted single (2) and double conical protrusions-stops.
On the roller there are oblique notches. Type 4, op-
tion 1, according to N.A. Gavrylyuk. Dimensions:
height 13 cm, diameter of the rim 10 cm, maxi-
mum diameter of the body 14 cm, diameter of the
bottom 3.0 cm, ratio of height and maximum dia-
meter of the body 0.92 (TaBpwitok 2017, 70, 154,
puc. 17).

Samples of ceramics were carefully wiped in
an agate mortar for X-ray and thermogravimetric
analysis. X-ray phase analysis (XRF) was performed
on an automatic powder diffractometer Rigaku
«Ultima I'V» with radiation Co Ka. Shooting speed
2°/ min. angles 2 ©5-70°. Filming was carried out
at the St. Petersburg State University Resource
Center «X-ray diffraction research methods
(RMI)». DTA was held in two resource centers of
St. Petersburg State University. The RC «RMI» on
the device Netzsch STA 449 F3 and RC «Innovative
technologies of composite nanomaterials> on the
device Setsys Evolution 16 (Setaram, France).
During TGA samples were heated from room
temperature to 1100°C in oxygen (20 % N, 80 %
0,) atmosphere with speed 10°/min.

Results and discussion

XRF showed a similar mineralogical and phase
composition of ceramic samples (tab. 1). Quartz,
mica (muscovite/phlogopite), and feldspar
(microcline/albite) were found in all ceramic
samples. Calcite, rutile, anatase, amphibole and
magnetite were also diagnosed by XRD.

DTA curves (fig. 2) show endothermic and
exothermic peaks, which differ due to differences
in mineral composition. Wide endothermic peak
in the range 30—200 °C in all samples shows the
output of adsorption water, that is, the dehydration
of unbound water. This effect is also confirmed
by a change in the mass of the samples in this
temperature range.

Broad exothermic peak in the range 250—500°C
indicates burnout of organic material present in
all samples. Apparently, the organic material was
added as a binder or contained in the clays of which
the vessels were made.

Endothermic peaks, ranging from 550 to
700 °C, are responsible for the release of water of
crystallization from layered silicates. Peak in the
area 650 °C indicates the preservation of kaolinite
in the process of firing ceramics in antiquity and,
accordingly, the firing temperature of such ceramics
did not exceed this temperature value (Ravisankar
et al. 2014). Illite/muscovite begins to lose water at

a temperature of about 700 °C and their complete
dehydration occurs at a temperature 850—900 °C
(Maritan et al. 2005). On the DTA curves of the
samples with the highest content (according to
X-ray diffraction data) of illite/muscovite, we
observe endothermic peaks in this area 679 °C
(Glinjeni 10), 670 °C (Pryshyb 105) and 650 °C
(Velykodolynske 126). And the greatest loss of mass
in temperatures responsible for the dehydration of
clay minerals 200—400 °C is shown by the same
samples (tab. 2).

Carbonates begin to decompose when the
temperature is 650 °C. For systems with a high
content of calcite and / or with a large number of
coarse fragments of carbonate rocks, this process
can continue until 1000—1100 °C (Trindade et al.
2009). In the sample Glinjeni 10 with the highest
mineral content of the carbonate group, a bright
endothermic peak is observed at a temperature of
854 °C. Also in this sample, the most pronounced
mass lossis 1.76 % at a temperature of 600—850 °C,
which indicates the decomposition of carbonate
materials (Bayazit et al. 2016). In other samples,
the peak in this area is weak and, according to X-ray
diffraction data, calcite is present in an amount of
less than 1.0 % or is completely absent.

The endothermic peak observed in the
temperature range 566—576 °C is responsible for
the alpha (a) — beta (B) quartz phase transition.
This peak is manifested in all investigated samples.
The long stay of ceramics in the burials (and in
the cultural layer of the settlements) could lead to
the appearance of secondary clay and carbonate
minerals. Peaks around 650 °C, which are
responsible for the dehydration of clay minerals,
can relate to the decomposition of newly formed
layered silicates and cannot be used to determine
the calcination regime. Quartz neoplasm does not
occur during ceramics burial.

Conclusions

Thus, the study of the ceramic firing mode and the
content of mineral phases in the studied samples
by the method of diffraction thermogravimetric
analyzes (DTA-TG) allowed us to make the
following conclusions. A peak around 570 °C,
showing the transition of alpha-beta quartz,
indicates that the analyzed vessels (samples)
were burned at a temperature not exceeding
650 °C. Thus, in the manufacturing of the
investigated vessels a campfire was used. The used
X-ray phase analysis (XRD) and the diffraction
thermogravimetric analysis method (TGAA)
confirmed the assumptions of archaeologists that

134 ISSN 0235-3490 (Print), ISSN 2616-499X (Online). Apxeonoeia, 2019, Ne 1



some samples of dishes from the Pre-Scythian
burials of the steppe zone of the Northern Black
Sea region were made in the conditions of home
production and used in the funeral rite after
prolonged household usage.
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METOAUW NPUPOAHWYNX HAYK JUTSI PEKOHCTPYKIIIT TPOLECY BUMAJTTY KEPAMIKW

ITpoBeneHO PEKOHCTPYKIIiIO PeKMMY BUITATIOBAHHS KepaMikKil paHHBOTO 3ai3HOro BiKy 3 [liBHiuHOTO [TpmyopHOMOp’st
3a MaTepiajJaMU JesIKUX TTaM’SITOK OCIJIOCTi 3 JIICOCTEITy i TTOXOBaHb paHHIX KOYOBHMKIB CTEIIOBOI 30HU. Pexxum Bumamy
Kepamiku i BMicT MiHepanbHuX a3 BuzHaueHi metoaoM JATA-TT. I1pu HarpiBaHHI 3pa3KiB CIIOCTEPIraloThCsl XapaKTepHi
peaxiiii, 110 BiMOBinaIOTh 3a AeTinparaiiio, reKkapooHaTu3aiio, Ga3osi mepexonu i iH. Ckiian rTMH BU3HAYABCS 32 AOTI0-
MOTOI0 peHTreHo(a3oBoro aHaiizy (PDA).

ExkcrniepuMenTabHe OCTIIKEHHS OYJIO MPOBEACHO Ha (PparMeHTax MOCYAMH 3 JIICOCTETIOBUX TTOCceIeHb [ TiHxkeHs 11-
Jla Ian1 (Glinjeni 10) i Cy6otiB (Subotiv 29), a TaKoX CTeTIOBUX IMOXOBaHb paHHIX KouoBUKiB KacrepiBka (Kasperivka
89), Mpuiu6 (Pryshyb 105) i Benukononuncbke (Velykodolynske 126).

P®A nokazaB cxoxuit MiHepasoriunuii i a3oBuii cKiiam 3pa3KkiB KepaMmiku (Tadu. 1). Y Bcix 3pa3kax Oyiu BUSBICHI
KBapll, coaa (MyCKOBIT/(JIOTOINT), TTOJIBOBI ITIATH (MiKPOKITiH/anb0iT). Byau niarHocTOBaHi KaJabIUT, PYTHJI, aHATa3,
amibout i MarHeTuT (Ta6MI. 1).

Kpusi ATA (puc. 2) mokasyoTb eHIOTEPMIiUHi i eK30TepMidHi MTKM, KOTPi AiarHOCTYIOTh BiIMiHHOCTI MiHEpaJIbHOTO
cknany. Llnpoxuit enmorepmiunmii mik B mianmazoni 30—200 °C y Bcix 3pa3Kkax IMoKa3ye BUXiI ancopOiiiiHoi Boau, TOOTO,
JieTigparallito He3B 13aHoi Boau. Lleit eheKT TaKoX MiaATBEpIKYETHCS 3MiHOI MacH 3pa3KiB B IIbOMY iHTEpBaJIi TeMITepa-
Typ. LlInpokuii ek3oTepMiuyHMii miK B iHTepBaji 250—>500 °C BKadye Ha BUTOPSIHHSI OPTaHiuHOTO MaTepiajly, TPUCYTHBOTO
Y BCiX 3pa3kax.

EnpmoTepMiuHi miku, 110 TPOSIBISIOTHCS B miara3oHi Big 550 mo 700 °C, BiamoBimaroTh 3a BUXiI KpHCTaTi3aliitHOl
BOIM i3 mapyBarux cwiikaris. ITik B paitoni 650 °C Bka3ye Ha 30epeXXeHHS KaoJliHiTa B IIPOLEC] BUITaIy KEPaMiKU B JaB-
HUHY i, BINITOBIIHO, TeMIIepaTypa BUIAJTy TaKol KepaMiki He TepeBulllyBaia 11poro 3HaueHHs (Ravisankar et al. 2014).
[tiT/MYyCKOBIT TOUMHAIOTH BTpavyaTy Body Ipu TemriepaTypi 61m3bpko 700 °C i iX MoBHa merigpaTtailist BinOyBa€eTbCS PU
temmeparypi 850—900 °C (Maritan et al. 2005). Ha kpusux [ITA 3pa3kiB 3 HaiibinbimuM BMicToM (3a manumu PDA)
iJ1iTa/MyCKOBITa MU CIIOCTEPIraEMO eHIOTepMiuHi Miku B 1iit oomacti 679 °C (Glinjeni 10), 670 °C (Pryshyb 105) i 650
(Velykodolynske 126). A Haiibinblny BTpaTy Macy B TeMIIEPATypax BiAIIOBIIAIOTH 3a JEriApaTalliio INIMHUCTUX MiHEpaIiB
200—400 °C moxa3yroThb 11i X 3pa3ku (Tadu. 2).
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Kap6onatu mounHaroth poskianatucs npu 650 °C. VY 3pasky Gligeni 10 3 HailGiIbIIIMM BMICTOM MiHEepaTiB IpyIy
KapOOHATy CIOCTEPIraeThCs ICKpaBUil eHAOTEPMIUHMIA MK Mpu Temmepatypi 854 °C. B iHuMx 3pas3kax mik B Liii 06JacTi
MPOSIBIISIEThCS ¢1a00 i 3a naHuMu PMA kabluT npucyTHii B KiibkocTi MeHItre 3a 1,0 %, a6o 30BciM BifacyTHiii. B iHImx
3pa3Kax eHIO0TePMIUHMIA TTiK CITOCTepiraeThesl B iHTepBati TeMmepatyp 566—576 °C.

Otxe, ik B paitoHi 570 °C Bkasye Ha Te, 1110 TPOaHAIi30BaHi MOCYIMHU (3pa3Ku) BUMATIOBAIKUCS TIPU TEMIIEpaTypi,
o He nepeBuiyBaia 650 °C. To6To, Ipy BUTOTOBJIEHHI TOCTIIKEHNX MTOCYIMH BUKOPUCTOBYBABCS BUITA Y BOTHMUIIII.
Buxopucrtanuii meron ATA-TT niaTBepaAuB NPpUMyIIEHHS apXEO0JIOTiB MPO Te, 110 MOCY/, 3 IKOTO OYyJIM BiliOpaHi 3pa3ku,
He OyB BUTOTOBJICHHUI CIEIiaJIbHO [UTSI [TOXOBaHb, a TUTBKY BUKOPUCTOBYBABCS Y TIOXOBAJIBHOMY OODSIIi TTCJIST TPUBAJIOTO
MOOYTOBOTO BUKOPUCTAHHS i OYB BUTOTOBJICHHMIT B YMOBAX IOMAIlITHbOTO BUPOOHUIITBA.

Kawueegwvie caoeéa:peeion Ilieniunoeo [Ipunopromop’s, panniil 3aai3Huil 6iK, ocine HaceaeHHs, PaHHI HoMaou, ougpakyiti-
HUll mepmoepagimempuuHull ananis, penmeeroghazosuii ananiz (P@A), memnepamypa éunany.

M.H. Bemposa', M.A. Kyavkosa?, M. T. Kawy6a’, H.A. Taspuarox?, 4.11. Tepukosuy’, D. Kaiizep®, A.M. Kyavioe”

! Cankm-IlemepOypeckuii nedazocuueckuii ynusepcumem um. lepyena, ORCID 0000-0002-8591-6178
2Cankm-Ilemepbypeckuii nedazozuueckuii ynusepcumem um. Iepyena, ORCID 0000-0001-9946-8751

3 Unemumym ucmopuu mamepuanvroii kyavbmypol PAH, Cankm-Ilemepoype, ORCID 0000-0001-8901-8116
4 Unemumym apxeonoeuu Hayuonanvnoii akademuu nayx Yxpaunsi, ORCID 0000-0002-2369-5701

> Unemumym apxeonoeuu Hayuonanwvnoii axademuu nayx Yxpaunoi, ORCID 0000-0002-5915-1300

5 Unemumym doucmopuu Ce0600H020 yHusepcumema bepauna

7 Heenedosamenvckuil yenmp X-ray oughpakuyuonnbix memodos ucciedo8anuii

Cankm-Ilemepoypeckoeo eocydapcmeennozo ynusepcumema, ORCID 0000-0002-2001-2231

METO/Abl ECTECTBEHHbIX HAYK JJI1 PEKOHCTPYKLIMU ITPOLUECCA OBXKNTA KEPAMUKUA

[IpoBeneHa peKOHCTPYKIIMS pexuma O0XUra KepaMUuKU paHHEro xeje3Horo Beka u3 CesepHoro [lpuuepHOMOpbs U3
MaTepuagoB HEKOTOPBIX MTAMITHUKOB OCEIJIOCTU U3 JIECOCTENN U OTpebeHu i pAHHUX KOYEBHUKOB CTEITHO 30HbI. Pexxum
00X1ra KepaMUKU 1 cojiepxkaHue MUHEpaIbHbIX (a3 MOTyT ObITh onpeneieHbl MetogoM JATA-TT. [1pu Harpese obpas-
1I0B HaOJIIOAI0TCS XapaKTepHbIE peaKllMy, OTBevYalolllie 3a JeruapaTaiuio, rekapooHarusaiuio, ha3zoBble EPEXoabl U
rip. CocTaB IIIMH OTpeAessyics peHTreHoha30BbIM aHau3oM (PDA).

DKcnepuMeHTaIbHOE UCCeoBaHMEe ObUIO MPOBEAEHO Ha (DparMeHTax coCyI0B U3 JIECOCTENHBIX MocenieHuit [mH-
xkeHb I1-Jla Iani (Glinjeni 10) u Cy6oTtus (Subotiv 29), a TakKe CTEIMHbIX TTOrpedeHnit paHHUX KoueBHUKOB Kacnepus-
ka (Kasperivka 89), TTpumiu6 (Pryshyb 105) u Beaukononunckoe (Velykodolynske 126).

P®A moka3zai cxoxXuit MUHepaJoTUIeCKuii 1 a3oBbIii cocTaB 00pa3oB KepaMuku (Tabi. 1). Bo Bcex obpasmax Ke-
paMUKu OBbITM OOHApYXeHBI KBapIl, cirtofa (MyCKOBUT/(IJIOTOINT), TTOJIEBbIe MTAThl (MUKPOKIWH/aIb0uT). beutn nua-
THOCTUPOBAHbI KaJbLMT, pyTWI, aHaTa3, aM(Gu00J U MarHeTuT (Taod. 1).

Kpusbie ITA (puc. 2) nokas3slBaloT IJHA0TEPMUYECKUE U IKIOTEPMUUYECKUE MMUKU, KOTOPbIE TTOKA3bIBAIOT Pa3Inyus
MUHepayibHOTO cocTaBa. [llupokuii sHaorepmudeckuil nuk B guamnazoHe 30—200 °C Bo Bcex oOpa3iiax MoKa3bIBaeT Bbl-
XOI aICOPOLIMOHHOM BOBI, T. €. IErMApaTallMi HECBI3aHHON BObI. DTOT 3(DGHEKT TakKe MOATBEPXKIAETCS U3MEHEHUEM
Macchl 00pa3loB B 3TOM UHTepBaje Temrieparyp. Llnpokuit sk3orepmuyeckuit muk B nHTepsaje 250—500 °C yka3biBaeT
Ha BbITOpaHKME OPraHUYECKOro MaTrepuasa, MIPpUCYTCTBYIOLIEro BO Bcex obpasiiax.

DHaoTepMUYeCKUe MTUKU, TposiBistoniuecs B ananasone ot 550 1o 700 °C, oTBevaroT 3a BbIXO KPUCTAIUIU3ALIMOHHOMK
BOJIbI M3 CIIOMCTBIX CMIIMKATOB. ITHK B paitoHe 650 °C yka3bIBaeT Ha COXpaHEHUE KaOJMHUTA B TIPOLIeCcCe OOKMTa KepamMu-
KU B IPEBHOCTU U COOTBETCTBEHHO TeMIlepaTypa 00XXura Takoi KepaMUKU He TIPEBbIIIaa 3TOT0 3HAUEHUSI TeMIIEpaTypbl
(Ravisankar et al. 2014). Mmumt/MycKOBUT HAYMHAIOT TepsITh BOAy Mpu TeMriieparype okoyio 700 °C 1 ux ToyiHast Ieru-
nparaius rpoucxoaut npu temreparype 850—900 °C (Maritan et al. 2005). Ha kpuBbix [ITA 00pa31ioB ¢ HauOOIbIIUM
conepxanueMm (1o gaHHbIM PDA) miirura/MycKOBUTa MbI HabJII0aeM SHIOTEPMUYECKHUE MUKU B 3TOi 0b6Jactu 679 °C
(Glinjeni 10), 670 °C (Pryshyb 105) u 650 (Velykodolynske 126). A HauGoJibliIyi0 OTEPIO MACChl B TEMITEpaTypax, OTBe-
YaIOIKX 32 AeTUApATALNIO NIMHUCTBIX MUHepaioB 200—400 °C, moKa3bIBalOT 3TU Ke 00pa3Libl (TaduI. 2).

Kap6onarsl HaunHawoT pasnaratbest rpu 650 °C. B o6pasue Gligeni 10 ¢ HanGoIbIIMM COIEPXKAHUEM MUHEDPAIOB
rpyIbl KapdoHaTa HabJIo1aeTcs SpKUii SHIOTEpMUYECKU i TTUK TTpu Temriepatype 854 °C. B apyrux oopa3siax nuk B 3Toi
00J1aCTH TIPOSIBIISIETCS CJIA00 U 10 JaHHBIM PMA KaybLIMT IIPUCYTCTBYET B KojimuecTBe MeHee 1,0 %, 1100 coBCeEM OTCYT-
cTBYyeT. B ipyrux o6pasiiax SHI0TepMUYECKUIA TTMK, HAOTI0aeMblii B MHTepBasie TeMrepartyp 566—576 °C.

[Tux B paitone 570 °C, yka3bIBaeT Ha TO, YTO MpOaHAJIM3UPOBAHHbBIE COCYAbI (00pa3Libl) OOXKUTATUCH IPU TEMIIepa-
Type He npesbitatolieit 650 °C. T. e. mpu U3rOTOBJIIEHUU HUCCIIETOBAHHBIX COCYIOB MCIOJIb30BAICS KOCTPOBOI OOXKHT.
Hcnonb3oBanubiit Mmeton ATA-TI moarBepauns MpearnoNoXeHus: apXeoJoroB 0 TOM, YTO UCCIeIOBaHHbBIE 00pa3Libl MO~
Cy/ibl He OBUTA M3TOTOBJIEHBI CIEIUATBHO TS TTOTPeOeHMiA, a TOJIBKO MCIIOIb30BAIMCH B IMTOTPebaTbHOM 00psie Iocie
JJTUTEIbBHOTO OBITOBOTO UCITOJIb30BAHUS 1 ObUIU MPOU3BEACHBI B IOMAIIIHUX YCIOBUSIX.

Karwueswse caoea: peeuon Ceseproeo [IpuvepHomopss, pannuil iceae3Hvli 6eK, ocedioe HacereHue, paHHue Homaosl,
JupgpakuuoHHbLll mepmoepasumMempuyeckull anaius, penmeenopaszoesniii anaius (POA), memnepamypa obxucuea.
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