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RESEARCH OF HARDNESS FOR ANCIENT CERAMICS OF KYRGYZSTAN
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Ceramic production played an important role in the early stages of the formation and
development of industry. In Central Asia, including Kyrgyzstan, its important role preserved for the
whole time. The technical level and conditions of production organization, technical potential are
the main moments in determining its characteristics. Therefore, the disclosure of the mechanism
and conditions for changing the technique and technology of ceramic production in historical
development is an important factor. The nature of the study of ceramic production in its historical
development requires the identification of a variety of conditions and facts of the technical process,
involving the use of different methods of research.

One of the main methods for studying ceramics is the investigation of hardness, because it
underlies the strength and durability of clay products. In connection with the foregoing, the purpose
of this paper is studying the hardness of ancient ceramics which found on the territory of
Kyrgyzstan and conducting a comparative analysis with modern ceramics.
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NCCIEJOBAHHUE TBEPAOCTH Z[PEBHEﬁ KEPAMMUKMU KBIPT'BI3CTAHA

Opysobaesa I.T., k.m.u., ooyenm Kuipevizckoeo I'ocyoapcmeennoeco Texnuueckozo Yuueepcumema
um. 1. Paszzarosa, e-mail: gul talgi@mail.ru

Kepamuueckoe MpoOM3BOACTBO HUrpajio BaXXHYIO pOJIb HA NEPBBIX OTanax CTAHOBICHUS U
pasButus npomsbiiieHHocTd. B Cpenneit Aszun, B ToM umcie u KbIpreiscrane, Ha NpOTsDKEHUU
BCEr0 BPEMEHM COXPAHSIACh €r0 BakKHasl poiib. T€XHUYECKHI YPOBEHb M YCJIOBHsS OpPraHU3aLUH
MIPOU3BOACTBA, TEXHUUECKUI MOTEHIHA BBICTYNAIOT OCHOBHBIMM MOMEHTAMH B ONPEACIICHUH €r0
xapaktepuctuku. IlosToMy packpeiTHe MeXaHHU3Ma U YCIOBUH U3MEHEHMs] TEXHUKH U TEXHOJIOTHMHU
KEePaMUYECKOTO IPOM3BOICTBA B HCTOPHIECKOM PAa3BUTHH SIBJISIETCS BaXKHBIM (PaKTOPOM. Xapakrep
UCCIIEIOBAHMS KEPAMHUYECKOrO MPOU3BOJICTBA B €r0 UCTOPHYECKOM Pa3BUTHU TPEOYET BBISIBICHUS
CaMbIX Pa3HbIX YCIOBHHA M (PAKTOB TEXHHYECKOI'O IMPOLIECCA, MPENINOJararilinX HCHOIb30BAHNE
Pa3HBIX METOJIOB UCCIIEIOBAHMUS.
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OI[HI/IM U3 OCHOBHBIX MECTOAOB MHCCICAOBAHUA KEPAMHUKU ABJSICTCA HUCCICAOBAHUEC
TBEPAOCTH, TTOCKOJIbKY OHA JIC)KHUT B OCHOBE MPOYHOCTU U AOJITOBEYHOCTHU TIMHAHBIX I/ISI[GJIPIP'I. B
CBA3H C BBIIICHU3JIOKCHHBIM LICJIBIO HaCTOﬂLL[efI CTaTbU ABJACTCA UCCIIENOBAHHUE TBEPAOCTHU HpeBHeﬁ
KepaMUKH, OOHapyKeHHOW Ha TeppuTopun KeIprel3cTaHa, U MPOBEASHHE CPABHUTEIBHOTO aHATN3a
C COBPEMEHHOU KEPAMUKOM.

KaroueBble cjioBa: TpeBHsIS KEPAMHKA, TBEPAOCTD, TEMIIEPATypa 00KNUTa KEPAMHKHL.

The study of ceramics from the territory of Kyrgyzstan is reflected in many of the
archaeological works and reports, describing ceramic craft of a particular region of a certain period.
AN. Bernshtam gave a classification of methods for the ornamentation of Sogdian and Karluk
periods [1], K.I. Tashbayeva studied ceramics of Tien-Shan and Altai [7], Y. Zadneprovsky
described ceramics Fergana [9]. V.D. Goryacheva [2] and D.F. Vinnik [8] describe the history of
the study of medieval settlements and cities of Uzgen. As the analysis of the literature, in the works
of the above authors is paid little attention to the scientific and technical research. In this regard, it
is necessary to study the physicochemical and physicomechanical properties of the ancient
ceramics, because ceramics is the most massive and dating material [4].

The term "ceramic" refers to pottery formed of wet clay and fired to harden. In ancient times
firing of clay vessels was carried out at the temperature not lower than 600°C, and gradually
increased firing temperature [7]. Modern ceramics are fired at a temperature not lower than 950°S,
and local ceramics — not less 1050°S [3]. Temperature of firing gives strength to ceramics.
Therefore, the main indicator of quality for ceramics is its hardness, because it is the basis of the
strength and durability of ceramics. The purpose of this work is measure of the hardness of ancient
ceramics found on the territory of Kyrgyzstan and modern ceramics, and conduction their
comparative analysis.

Ceramics are soft material, so hardness measurements should be carried out at a lower load,
i.e. it is necessary to determine the microhardness of the ceramic. In this connection, it was studied
the microhardness of ceramic samples found in Kochkorsky and Chui districts, which were
provided by the archaeologist Tabaldiev K.Sh. For comparison, measurements were made of
fragments of modern ceramics made in the studio of the Art College named after S.A. Chuikov. The
research was carried out in the Solid State Physics Laboratory of the Kyrgyz-Russian Slavic
University named after B. Yeltsin.

Determination of microhardness was performed in the PMT-3 device that is a microscope
destined to measure microhardness of metals, ceramics, minerals, and other materials.

The principle of the device’s work is based on the indentation of a diamond pyramid into the
test material under a specified load and measuring the linear value of the diagonal of obtained
imprint. The hardness number H is defined as the quotient of the load P (in H) at lateral surface S
(in meters) of the imprint on the assumption that angles of the imprint correspond to the angles of
the pyramid [5]:

H :g (Pa), (1

where H — hardness number in Pa;

P —load in N,

S — diagonal of imprint in meters.

Microhardness was determined on polished sections of ceramic samples at a load of 200
gram (2H), loading time 1 min.

Obtained values of microhardness are given in Table 1.
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Table 1
The microhardness of ceramic samples

Location Chap Ak-Beshim Balasagyn Modern
Period [1-1 millennium BC ~ VII-IX century  X-XII century ceramics
Ne sample 1 2 1 2 1 2 1 2

131 318 215 407 651 835
MPa MPa MPa MPa MPa MPa

206,5 MPa 224,4 MPa 311 MPa 743 MPa

Microhardness, H 270 MPa 143 MPa

Average
microhardness

Results of measurement of the microhardness showed that in the average the microhardness
increased over time. Comparing microhardness and the average firing temperature setting E.V.
Saiko on the basis of a comprehensive method for studying the pottery for different times (Table 2)
[6], that is increased for all epochs gradually, but constantly (Fig. 1), as well as microhardness (Fig.
2). Therefore, the hardness increases with increasing firing temperature.

Table 2
_ VIV - I-11 VIIEIX XXl Modern
Period millennium millennium . . . )
centuries centuries centuries ceramics
BC BC
Firing 650 700 800 900 1000 1050

temperature, 0S

Fig. 1 Graph of depending on firing temperature of ancient and modern ceramics from the time



Fig. 2. Graph of depending on the microhardness of ancient and modern ceramics from the time

Conclusions: Measurement of microhardness of ceramics of different periods and modern
shows that the hardness increases over time and differs sharply. Such a difference is due to the
following factors:

1 The phase transition has occurred, as all transient processes in the ceramic occur at a
temperature above 9500C. At a temperature above 9500C acicular mullet is formed which is a
reinforcing system. Thereby a liquid phase is formed that connects the particles together, thereby
increasing the hardness of the ceramic.

2. Ancient Ceramists cannot reach high temperatures, and also constant temperature in the
furnace which leads to lowering the hardness of ceramics.

3. The composition of the clay was determined by eye, empirically, based on the experience
of ceramists.
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