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EURIKA. In honorem Ludmilae Donchevae-Petkovae

On new materials
of the Bronze Age in Slovakia

Klira Mavkovd, Danica Stassikovi-Stukovskd

In Slovakia, new materials occurred during the Bronze Age. Along with other ones like made
of bronze, a new substance tor jewellery making - faience — was invented'. The faience is an
artificial material consisting mostly of line-grained and lived ceramic stall, with glassy coat
usually on the outer side ol a faience artefact suiface. Finds of faience beads [rom the site at

Hradisko I in Spisské Tomidsovee have not been published yer.

Site

The site ol Hradisko I is situated on the mountainous north of Slovakia on the border
of the village cadastres of Spisské Tomasovee and Smizany at the district of Spisskda Nova
Ves (Fig. TA-C). The region is abundant i non-ferrous metal deposits and its chimate is the
warmest in the microregion. Character ol the site s multicaltural with evidence ol settlement
from the Neolithic age up to the 107 cenrury. Prolessional archaeological community knows
it firstly as a mighty Slavic fortified settlement (Stagsikova-Stukovska et al. 2006, obr. 1), Abun-
dant finds of prehistorie cultures include also distinet so tar unpublished graves dated o the
Early Bronze Age. The graves were discovered during several excavation seasons ol the last
century and have been published vet only inbriel veports (Javorsky 1990, 84-89; Chropovsky
1985, 100-101: Béred — Javorsky 1986, 39-61). In this artcle we are focusing on finds of fai-

ence [rom the inhumation grave no.l.

Find contexts

The grave no. 1 was situated at the position no. 3 ol Hradisko 1, in the close vicinity ol
an early medieval lortilication ditch. The grave was NE-SW oriented and probably could be
observed immediately above the level of the bottom of the grave pit. The grave hottom was
flat: its shape was oval and slightly irregular (fig. 2:A). The grave dimensions were 165x65

cm. A skeleton inside the grave pic lied in crouched position on irs right side with upper

I The term faience, criticised by some authors, is used in middle European archacology for the deserip-
ton of crystal silicate material with glass coating. With its composition and with its development it is not connected
with middle age faience. In specialised lrerature there is no unified approach o this problem ol terminology which
would solve the wide use ol the term faience over a long period of time. We are using it with the remark that like
authors we would welcome in the futare an accepted interdisciplinary and generally acknowledged terminology.
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extremities originally bent and pressed against the rib cage. According to the photographs,
bones were partially broken by earth mass; remaining part of the skeleton was not preserved
— it was totally decomposed (vertebras, ribs, maybe also phalanxes). The only grave goods
= five faience beads were found between the original grave wall and phalanxes of the upper
limbs (Fig. 2:B).

Beads morphometric description

No. 1. = Fragment ol asymmetric bead. Whitish material of fine crystalline structure can
be observed at its broken part. The bead is covered with molten glass ol turquoise colour. The
fragment dimensions: height 3 mm; widih 5.5 mm; perforation 2.5 mm. Fig. 3: 1

No. 2. - Barrel-shaped simple bead. Symmetrical perforation, porous surface with partial-
ly preserved turquoise molten glass. Material of whitish colour and fine crystalline structure
can be observed in the perforation and at places without coat as well. Dimensions: height 5
mm; width 5.5 mm; perforation 2.5 mm. Fig. 3: 2

No. 3. = Transversally segmented head consisting of two cylindrical segments, with well-
marked neck and geometric perforation. Made of material similar to that of the preceding
beads partially covered with molen glass of turquoise colour. Dimensions: height 9.5 mm;
width 5 mm; neck height 2 mm; neck widch 3 mm; perforation 2.5 mm. Fig. 3: 3

No. 4. - Bead similar to the previous one, with identical dimensions. lig. 3: 4

No. 5. = Transversally segmented bead consisting of three segments. Necks well-marked.
Made of material similar to that of the preceding beads, preservation state is alike, molten

glass of turquoise colour preserved only partially. Dimensions: height 13 mm; widdh 5 mm:

53

perforation 2.5 mm; neck height 2 mm: neck width 8 imm. Fig, 35: 5

Analysis

The faience finds from Spidské Tomaiovee are integral part ol its appearance in Europe.
Apart from Slovakia, the fajence in the Bronze Age occurred on a much extended terri-
tory in Serbia, Hungary. northern regions of the Black Sea shore — through Ukraine and
Romania, bur also in Poland and Moravia. Further to the west, in Austria, Bohemia and Ba-
varia, evidence ol its occurrence has been rare so [ar. More frequent are finds lrom England,
France and Iraly. As the chronology of cultures is concerned, [aience was very exceptional in
neighbouring Moravia as soon as in the Late Aeneolithic at the Bell Beaker culture and quite
usual just at the beginning of the Early Bronze Age {e.g.. at the Proto-Unétice culture). In
the south-western Slovakia it occurs at the Nitra culture and Unétice culture earlier period.
[n this region its quantity in graves can be counted in single pieces (Bdtora 2062). with the
only exception ol several graves of the Nitra culture in Bran¢, where its linds were more nu-
merous (300 pes. at the grave no. 160 and 60 pes. at the grave no. 180; Pladdr 1973, 152). In
castern Slovakia, to which also the site at Spigské Tomagovee belongs culturally, the [aience oc-
curs as soon as in the Kostany culture and its existence continuously keeps on in the QOtomani
culture as well (Pastor 1969, 1973; Olexa 1992, 194). Faience finds in this region are noticeably
more numerous than in the south-western Slovakia. as at more extensively excavated sites
Faicnce artefacts were found in hundreds or thousands of picces ol beads in necklaces and
minute jewellery, but also as clothing ornaments, e.g.. at dress trimmings and aprons (c. g.,
at the burial ground in Nizna Mysla; Olexa 2002). In the neighbouring south-castern Poland

at the Strzyzow and Micrzanowice cultures (Baczyiiska 1994), quantity of the faience beads is

EURIKA
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Hradisko |, the Site 3

Fig. 1: A - Map of the Re-
public of Slovakia with the
indication of the location of
Hradisko I site; B — View
al the Spisske Tomdsovee
site, photo: E Javorsky: €
— Section of the cadastre
map with the indication of
the placement of the Spisské

Tomdsovee sile.
lomdsouvce sit

Spisské Tomadovce

Oop. 1: A - RKapma na
Crosaxus coc cumyupanis
odexm Hnuere Tosawoaue.
B - Hseaed kom odexima.
Crumra . Hposexu; C

- Yacm om kapmama na
Carosakus ¢ odexmume Xpa-

ducko u Cnuwere Tomauo-

aue/Cyuszan.
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Fig. 2. Spisské Tomdsovce, Spisska Novd Ves region: A — Grave 1; B — Faience beads in situ in the
grave pit. No. 1. Photo F._Javorsky

Odp. 2. Cnuwere Tomawogue, Xpaduero I, oxpoe Cnuwwera Hoea Bec: A - epod Ne 1/76; B - pasin-
cosu Mmonucma om epoi Ne 1/76 in situ”, demaitr. Cuumxa @. Aposcru
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bigger than in the south-western Slovakia or northern Hungary (the Vatya culture, phase 1,
Bina 1975, 51).

LUniform criteria for faience beads rvpology on the extensive territory have not vet been
set, what makes their precise mutual comparison difficult. Older efforts to summarize the
whole range ol faience beads shapes in Europe led o their classification on segmented, ring-
shaped, star-shaped, cylindrical, biconical shapes and a group ol other shapes, in which horn-
shaped bead is included (Harding 1971; Venclovd 1990, 55).

According to descriptions ol finds in litevature we can presume that several identical or
similar basic shapes are present in majority of regions; other shapes are diverse and charac-
teristic for the given area. In the south-western Slovakia, apart Irom segmented [aience beads
analogous to analysed finds from the grave no. 1 at Spisské Tomdsovee, also biconical, cvlin-
drical, barrel-shaped, disc-shaped, lens-shaped and ring-shaped beads are quoted (Fladdr
1973; Tocik 1979; Batora 2002). Judging from descriptions, the beads of circular, star-like and
line faceted shapes can be considered regional for eastern Slovakia. Imitaton of conical Den-
talim shell 1s unique there. Future research will set to what range these shapes are typical for
wider region of the Tisa viver basin, e.g. lour-point star-shaped beads, which occur not only
in the Kostany and Mierzanowice cultures, but they are trequent in the Maros culture as well
(e.g., Mokrin Giric 1971). Transversally segmented beads occur also more southwardly — on
the territory of neighbouring Hungary, together with other shapes, in the Nagyrév culture
(Kalicz-Schreiber 199%), in the Perjamos culture phases 1-3 (Bona 1965; 1975, 104); in the Oto-
mani culture (Hernadkak, Megyaszo, Nizna Mysla, Bona 1975, 159; Schall 1992, 137; Olexa
1992; 2002). Segmented beads are present also in the Micrzanowice culture to the north of
Slovakia (Baczyriska 1994).

Transversally segmented beads occur also lurther to the east in the regions ol Black Sea
northern shore, where thev have been documented in the later phase of the Catacombe
Grave and Mnogovalikovava cultures, together with biconical shapes that are known also in
our country. Elliptical, saddle-shaped, and double-horn beads and evlindrical smooth tubes
are considered specitic regional shapes. Local evlindrical long and short tubes with warty
surlace have not been known on the territory of Slovakia up to now (Ostroverchov 1990; Sava
1991). The beads of a segmented type are not mentioned among faicnee beads of the Mon-
teoru culture in available literature (Bdrzu 1989 Chicideani 1995). 'The observations most
probably describe only a part of wider typological scale of faience beads in Europe, mclud-
ing existing diversity ol details in shapes of transversally segmented beads. Typology of just
transversallv segmented beads plays important role in studies on Furopean faience origin.
Our preliminary flection shows that the basic type of transversally segmented beads found in
the grave no. 1 at Spisské 'Tomasovcee is rather Irequent in the regions of Central and Eastern
Europe.

Material analysis

Macroscopic observation of the material with the naked eve shows that the beads (with the
CX(’(rpti()n ol the artelacts no. 1) have been pr(-scrv(xl m ()1‘igi11;1] sh;]l)('s. Their surtace is heav-
ily corroded, with the glassy coat present only in [ragments (Fig. 3:6, 7). The beads seem to be
made of one homogeneous material and in unilorm shapes. Their width varies from 5 to 5.5
mm, perforation diameters are 2.5 mm. Differences are visible in their length as a result of

diverse number of segments in transversally segmented beads (simple — 5 mm; two segments

In honorem Ludmilae Donchevae-Petkovae
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Fig. 3. Spisské Tomdsouvce, Hradisko I, Spisska Nova Ves region: 1-5 Beads from the grave 1/76; 6
- Close view at the glassy layer of the faience bead No.1 and fired cevamic layers in the profile of body,
Photo A. Plsko, D. Stassikovd-Stukooskd ; 7 - Faience bead No. 3 — glassy surface layer — detail of the

partially melted crystals of the ceramic stuff, photo A. Plsko, D. Stassikovd-Stukovskd

Odp. 3. Cruwere Tomawosuye, Xpaducxo I, oxpoe Cnuwerxa Hosa Bec: 1-5 Chumxa u pucynxu
Ha munuemama om 2poi No 1/76; 6 - Onarenume cuoeee ¢ cpesa na monuenio Ne 1 - Crumwa: A.
ITavwko, 4. Cmamurosa-lfykoecka: 7 - Ocmwraenama nosopxnocm na morucmo No 1. Cuumra: A.
TThvwwo, . Cuawnrosa-Uykosera

—9.5 mm; three segments — 13 mm). When observed with the naked eye. the beads seem to be
cold-shaped and then fired. The beads have been subject to various kinds of analyses in order
to precise their identification, to identify the stuff qualities and subsequently to reconstruct
technology of the production of the beads on the basis of obtained results:
1. Surface structural analysis has bee made by microscope Jenavert Carl Zeiss Jena with
CCD Iris Sony equipped with camera (analysed by doc. Ing. A. Pliko. CSc., and Dr. D.
Stassikova-Stukovskd) at the working place of the Department of Chemistry and Tech-

EURIKA
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nology of Inorganic Materials of the Faculty of Industrial Technologies at the Trendin

University of Alexander Dubcek in Pachoy;

o

. The beads chemical composition has been identified by clectron microscopy (SEM) at
the Faculty of Mechanical Engincering of the Brno University of Technology (incasure-
ments realised by Ing. D. Janova). Electron raster microscope Philips XL30 in connec-
tion with energy-disperse micro analyser (EDX) has been used to measure chemical
composition and detect the structure. Analysis without standard with spectrum read
period 100 s and acceleration of volrage ol 25 kV has been used.

3. The beads petrographic characteristics have been identified by microscope Olympus
EX50 in Brno (analysed by Mgr. M. Hlozcek).
Results of the analyses have been prepared lor publishing (D. Stassikovd-Stukovskd — M.

HloZek 2009, forthcoming), hence only its briel digest is presented here.

Molten crystals of ceramic substance are visible on the beads surface as approximately 0.1
mm thin uneven layer, from which we can presuppose originally turquoise glassy coat of all
the beads (Fig. 3:6). Unequally preserved glassy layer can be considered a consequence off
decomposing processes caused by surrounding circumstances, which had influenced the ar-
tefacts under the ground. Under a thin glassy layer of turquoise colour, there is an intensively
red-orange layer that gradually changes into bright brown colour and then again into a thin-
ner red-orange layer in the direction to the bead perforation. Around the bead perforation
circumference, there is a dark layer that according to our assumption covered the whole sur-
face of the bead, but it went glassy in the process ol liring. Red-coloured layers ol the ceram-
ics reflect intensity of heat that affected the bead (Fig. 3:6). Hence, we can presume the most
intensive heat affected the bead surface in the point of glassy coaring. The intensive tempera-
ture affected also the bead perforation circumference, where it caused changes in colour, On
the basis ol the above-mentioned. we can assume the glassy coating resulted lrom the high
temperature on the bead surface. This opinion is supported first ol all by visible changes in
colouring of the bead cross-section, which could be caused only by uneven heating. Probably
the bead stull originally was a combination of silica sand, clay, potash aned primary copper
minerals. The beads had been shaped out from this material before they were fired, so they
were cold-shaped. After being shaped. they were dried out and then fived in such way that
in their cross-scction the colowr range caused by uneven heating ol the bead stull is visible.
Silica fragments have glassy cdges and Irom this we can judge that the beads were lived up
to temperature of 1000°C.

Composition of the stull and other admixtures give evidence of conscious effort on the
part of the craltsmen to make the surlface glassy using the empiric knowledge about thermal
qualities of materials and of possibilities provided by common kilns and hearths in the Early
Bronze Age. From the point ol view of the classification of the faience beads production
technologies in prehistoric Europe, the finds from Spisské Tomasovee could be made by a

cementation methad (Robinson — Buaczyiiska — Polanska 2004, 135-136).
Natural-scientific analyses in the context of faience occurrence
Based on existing outputs ol faience analyses, the research has come o identilication of

several basic techniques in obtaining glassy coating: clflorescency, cementation, surface glaz-

ing by applying of glassy stull directly or in powder (e.g., Reluen 2008; Stawiarsha 2007, 262-

In honorem Ludmilae Donchevae-Petkovae



34 K. Markova, D. Stassikova-Stukovska

267: Shortland — Evemin 2008; Tite el al. 2007).

Evaluation of results has shown differences in chemical composition of common Furopean
materials and ol east Mediterranean materials on one hand. There are regional dissimilarities
i the European materials too. These are expressions of specific production formulas and
methods that indicate existence of bigger local production circles (Newton — Renfrew 1970,
Harding — Warven 1973; Angelini — Avtioli — Bellintani — Diella — Polla — Residori 2002; Angelini
= Artioli — Bellintani — Diella — Gemmi et al. 2004; Robinson el al. 2004).

Traditional mixed alkaline glasses in Europe are presupposed to have their roots in pre-
history in the local production of faience (Robinson et al. 2004).

Diversity of added subsidiary materials in the admixtures, first of all in various kinds of
potash (made of woods, herbs or of animal origin) have been observed, as well as in various
dyeing components. The core material quality is miscellaneous, too. The stuff structure and
proportions of faience basic parts, their thickness and interlayer quality are diverse conse-
quently as a result of the above-mentioned production methods.

Chemical analyses of faience beads have been made only in limited extent in Slovakia.
Several finds from necropolises in Bran¢ and Ludanice-Mytna Nova Ves (graves no. 453 and
509) have been analysed in south-western Slovakia; in eastern Slovakia finds {rom the burial
ground in Kosice have been analysed (Harding — Warren 1973; Bdtora 2002, 15). Chemical
composition of samples indicates local productions in the regions of southern Moravia, south-
western Slovakia, and eastern Slovakia, but with no possibility to formulate particular techno-
logical method in the context of production specificities. Structural stull analyses parallel to
chemical analysis have been made only on two beads from Ludanice-M{tna Nova Ves {graves
no. 453 and 509; Bdtora 2002, 15). The beads from Smizany-Spisské Tomasovee are the first
completely analysed artefacts in eastern Slovakia (Stassikovd-Shekouvskd — Hiozek, forthcoming).

Preliminary evaluation of the natural-scientific analyses has shown that the beads from the
grave no. | in Spisské TomdSovce was originally made out of stuff probably mixed from silica
sand, clay, potash and primary copper minerals. The beads were shaped from this material
before firing, i. e. they were cold-shaped. After being shaped, they were dried out and then
fired in such a way that uneven heating resulted in the above-stated range of colours with
thin uneven layer of glassy glaze. The glassy coating could be a result of melting ol the sur-
face, which had been created by a layer of mixed alkaline powder including primary copper
minerals that was melted in high temperature.

lechnology of the beads from Spisské Tomasovee is analogous to techniques in ceramics
production, but it was not sufficient of melting of the whole bead stuff due to the ancient
technical conditions.

The presupposed technological method described here is different in comparison with
glazing by dipping of fired bead-shaped ceramics in a solution. It was prepared on the prin-
ciple of glaze identified on finds of faience beads of the chronologically parallel Nitra culture
in Slatinice (Gregerovd — Hlozek — Sulovsky 2006, 38) or of one bead from Ludanice-Mytna
Nova Ves (Bdtora 2002). It is different from making a glassy surface by the so-called efflores-
cence ol beads in the contemporary Mierzanowice culture in south-eastern Poland (Robinson
— Baczyniska — Polanska 2004, 135-136).

Small number of faience beads that underwent both chemical and micro structural anal-
yses indicate the possibility of occurrence of beads made by divergent techniques on one
territory (Gregerovd — Hlozek — Sulovsky 2006; Bitora 2002; Olczak 1993) or chronologically
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simultaneous use of dilferent techniques also in neighbour territories. Studies on faience
origin ought to take into consideration more aspects, mostly typology, chemical composition,
microstructure and technology.

Presence ol faience in grave inventorics of the Early Bronze Age in south-western Slova-
kia ends during the classical phase of the Unétice culture. There are closed units in eastern
Slovakia, however, existed also in the milieu of younger phasc ol the Otomani-Fiizesabony
cultural circle. This documents the lasting popularity of faience even at the end of the Early
Bronze Age and at the beginning of the Middle Bronze Age (Svabovee, Nizna Mysla; Tocik
= Vicek 1991 Olexa 2002, Fig. 7).
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Hoeu maTepwanu oT bpoH30BaTa enoxa B CNoBaKus
(pe3tome)

Kaapa Maprosa, Aanunya Cmaniosa-IHlyxoscxa

KpM HenyGAMRY BaHTe JOCCTA IAXOARE OT HCHO3IAT 3a HAKMTHIC 10 TO3H HEPHOA MaTe-
pHan — ([);um(‘:. HPHIAAACKAT T GAsgHCOBH MBHICTA (0Op. 3) o1 rpod C TPYIHOHOANNAHE
No | na oberr ,,}\']m;lum;n" (I'pagnmero) B Cinmmere Tomamosue (06p. 1, 2).

HaxoKITe Ca HEACAMMA HacT 0T PABIPOCTPAHCHTHCTO UM B Eppona. B I0rozanaana Cro-
pakis GasHC Ce CPCILA CPe] MATePHAAHTE OT HHIPHANCKATA W PAHHATA YHCTHITRA RyATY-
pa. B Harouna CAOBAKHA, KBM KOSTO KYATYPIO OPHHAAACAK 1 TCPHIOPHSTTA Ha ODCKTA B
Crnmiese Tomamonne, GaaichT CC HOABABA OIE BhLB BPEMCTO HA KONLIHCRATA KYATYPi 1
MPOABLAKLBL PABTPOCT PAHCHHETO CH 1B OTOMAHCKO-(PIO3CIIAOONCKIBE KYATYPE KPLI. Masn-
CBT, OTRPHT B TA3H O0ALCT, Bhis (POPMATL HA CTOTHIH 1 XHASLAH WHHHCTA {(HAILP.OT HERPOLIO-
aa B Hiskig Mumaa) ¢ 3Hauimreato o-muorobpoeH ot toau, oTkpur s l0rosamaina CAona-
kst B ebcearma oA KOAHYEeCTROTO 1A HAMEPEITHTC MLITHCTA CBITIO ¢ HO-TOAIMO OT TOB B
I0rozamagna Carosakus n Cepepra Yorapus (wbb (asa [ Ha Ryarypara Baws).

Jdocera 3a pastpoCrpanennTe FhPXY WHPORATL TCPHTOPHA QasIHCOBH MBLHICTA HSIME
HArPAACHH € MHHH KPHTCPHIT G THIIOAOIHSL, KOCTO 3aTPYAHBA TOTHOTO HM CPABITABAHE,
Moze Ad Ce HPEMTOAATE, UC HAROAKD OCHOBHH BHAHAKI POPMHI G HTITPOKO PAsTIPOCT PATen,
JOKATO APYUH €A PASHOPO T M CHETIPITHN 33 OTACATI TCPUTOP I, B orosana,ina Caona-
KHST, OCBCH CCIMCHTHPAILITE PaAHCOBH MBLILICTA, AHAAOTHHHI Ha TTAXOARATD 01 rpob Ne | n
Crmmese Tovamorne, ¢¢ cpenar OUROHWHEIIH, ITHAHHAPIHITH, O'LIBOBHAHHE, RPBLIAH, ACILO-
BHAHH TP LCTEHOBHAHL 32 PCTHOHANHMI, THHITITH 38 H3TOM1E CAOBAKHI MOTAT A €€ TPH-
eMaT KPBIAMIC, 3BC3I0BHANMIC W (PHHO PACCTHPAIITC MLHHCTL. B AeHIe H3cACIBanms
LE TIOKAKAT 10 KAKBA CTCHEH CTAaRa WLITPOC 338 THHORE, PASHIPOCTPAHCHH B CANRH TIO-THHPOK
paiion mo JoAHIEA 1 . Tuca, HAUPHMEP YCTHPHEBLPXUTE 3BC3OBILIHI MBIICTA, KOHTO
CE HAMIPAT HE CAMO B KOMITHAHCKATA HAH MEPAKRAHOBHIKATA RYATYPA, [0 Ca H9CCTh 1 3a patio-
ma Ha kyarypara Maponn, CerMenTiwme MpHHCT €6 OTRPHBAT HApe ¢ APy QopMy Ko 1A
JOF — Hal TEPHTOPHATA Hal Chee 1 YOrapis, B KYATYpa Haaupes, gos pasn [=3 na kyarypa
[Tepsou; v OroMani-Mios3emaGoHCKITA KYATYPel Kpbr. COrMeHTITHIT THTT MBLHHCTA G 34~
CTBIEHH H V¥ ChCC A HATA MHCPAATOBHIRA KYATYPA Had CCBEp 01 Caonaris. Cperngar ce U B 1o-
OTAAAETCHH TEPUTOPHIT 1T HITOK — 1 KLCHaTa (asa 1a KaTakoMOHaTa M MHOTOBAAHKOBAT
KyATYpH. HaGAweusima oTpassasat BCPOsATHO AMO TacT 0T €41 HO-THPOKA | HTIOAOUHITTA
CKAAQ Ha PasgNCOBATC MBHHCTA B EBPOMA, KOETO ¢C OTHACH 11 3 ChIECTRYBAIIOTO PASHOO-
Opasie Ha AeTaliANTE BFhE GOPMITC Ha CCTMCHTHITTC MLHICTL

Bu3 0CHOBA 2 MAKPOCKOTHHE HAOAIOACHIBE Hil M TEPIAAL € HCFBOP hAEHO GRO MOWRC
A4 CC RasRe, 4e popyati na MLHHCTaTa B Clmicke Tomamonie e g4ocTa sarazena. Howbpx-
HOCTTA HM O0AUE € CHAHO ROPO3HPAAD H CULKACHMSIT CAOI € 3aIa3¢n caMo Ha MecTa (06p.
5). Hanpapenin ¢ HAROAKO BT Iy T AHAAHSH: [} crpyrivpen aiaams a HoBspxXIocra

€ MHKRPOCROLT, 2) AHAAMS Hil XHMUYCCRITS ChHOTAR Hd MBHHCTATL C HHOMOLUTA M CACKTPOHCH

2 ]\‘[H-lIMI\TI';}IIIIIH'I' O HAROH ABTOPH ferminns leehwicus ..(!mul]('“ ¢ OHBHOASBAH PAABIG O HEHTPAAHO-
EBPONCTTCRITIE APXCOADIH 3l KPHCTAATO-CHATRATCIL MaTePias ¢ HOhpXHocren cAaoll crbrao. Tlo cros cnerae n
]]l]d!&l'[! HE TSI IO ()‘.‘)II[() ChC ['})C,‘lll()li(?]\llHIIIIﬁI (])Zl}lll(.. :%kl{f('l'(l B I'II(‘ILHQL\I]JH'lllll}'l ral _\lT'I'l_'|):-l'!} I]z’l HC T Il}lI\'ICIJCIIl]
CANHIG PEIICHHC 1L TORH TEPMHHOAUTHYCH upobaen. Hanoassave ro 1 Hue ¢ yrobopkard, NMoA00HO Ha APy
ABTOPH, 1€ B Oncie Ouxme HPHBCTCTBAA T HO-Y AATHO TCPMHTOAOTHY O pemeHme.

In honorem Ludmifae Donchevae-Petkovae
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MHKpocKon (SEM); 3) nierporpadera XapakrepueTika Ha MbHHCTATA € MHKPOCKOIL,

Ha nomsbpxocria Ha MBHHCTATL €€ BHK AL HEPABHOMCPET CAOH REPAMHUEH MATEPHAA OT
pasroneHi Kpueraadera ¢ gebeanna okoao O 1 vy, TTog ThHEMA CIBKAOBHICH TIOPKOAZECTIO
OLBCICH CAOH Hal CTBRAOTO (00p. 6) & HAMHPA HHTEH3HBEH YePBEHOOPLILRCE CAOH, ROITTO
HPEMHHABA TOCTENEHHO B CBETAOKAPAB BAT U B MOCOKA HA OTBOPA HA MBLIHCTOTO TIPCEMH-
HABA OTHOBO B IHO-TLHBLE YCPBCHOOPATERER CAOH. OQUBCTCHUTC B YCPBCTIO KEPAMHYHIL CAOCBE
OTPA3ABAT HHTCHBHTCTA HAd TOMAHHATA, KOATO ¢ Bh3AeHCTRAAD Ha MBLHHCTOTO (00p. 3). Brx-
AQ €€ TBMCH CAOH OKOAO KPBIAHSL OTBOP HA MBHHCTOTO, OCULRACH OT ToILAHHATA. | [pome-
HUTC B IBCTA HA MATEPHAAD BEPOATHO CA PC3VATAT Ha PASAHYEH HHTCHIHTCT Ha TOTLAHHATA,
Ha KoiiTo € Ona exciionupatt. Boa ocoBa Ha Kazanoro Moke ga ce HPEATTOAOMH, 1€ CIBRAD-
BIAHATA HOBLPXHOCT HA MBbHHCTOTO C€ € IIOAYUHA OT Bh3CHCTEHETO HA BHCOKA TEMIICPATY-
pa BbpXY HOBBPXHOCTIINA CAOH. Kbcucrara KBapi 10 KPaHIaTa ¢ HMaT CIRRAO, OT KOETo
MOZKC 44 CC CBAM, M€ MBHHCTOTO MOKE J4d ¢ 3arpasano Jo reMieparypa 10000 C,

YCTamoBCHHAT XHMHYCCKH CLCTAR Ha 006pasrure or CAOBAKHA [OKA3ZBA MECTHO HPOH3-
BOACTBO, HO HE AaBad BL3MOMKITOCT A4 €¢ OHPCACAN KOHKPETHATA TEXHOAOI'H, KOCTO O wmor-
AD AQ CTAHE CAMO MPEs CPABITHTEACH AHAAMI Hd CTPYRTYPATA Hi MATCPHAAL

O71 OHenKATa HA AHAAHIHTC € YCTANoBeHo, Ye MbHucrata o1 rpot 1 n Crmmcke Towma-
HOBHE €A M3PAOOTEHH IMLPBOHAYAATG OT CMEC Hl KBAPIOB MACHK, TAHHA, HOTACHYM 1 b=
BHYHH MEAHN MUHCPaan. Mbicrata ca oopMeHn oT Tasn crviaena Maca npedan Ja 6ngar
nsnedenu. Cae oQopMAneTo ca H3CYIICHH H H3MeHeH i Taka, q1¢ HPH paspesa Ha MLHHCTOTO
B PC3VATAT 14 HEPABHOMEPHOTO onaiBane ce HaOAKALBA ACHO OTKKPOSRAIA CC BETOBRA
CKAAD HA TOBLPXHOCTTA ¢ THHBE, HEPABHOMCPCH CAOH CTBEAEHA IAA3YPA € HCHO H3PABCHH
naacrope. CTroEAOBHAHHAT PHAM HA HORLPXHOCTTA € MOI'BA 4d CC obpasysa B pe3yATaT Ha
PAITOISIBAHE Ha HOBBPXHOCTHIS CAOI HPAX, KOFTO Ch/ALPAA OCHOBA ¢ HAAHYHE HA 1IILPBHY-
HU MeAHH MuHepair. MbHucrara seposario ca OUAn OUBCTIBAHN ¢ MeANH OKCAl, Onmca-
HUAT NPEAMTOAATACM TEXHOAOTHYECH [POIEC CE OTAHYABA OT TO3H, NMPH KOHTO OIAACHATA BhE
PopMa Ha MBHHCTO KCPAMHKAL CC TTIOTAL B PASTROP, HPHIOTREH Ha HPHHIHITA Ha TAA3ypara,
nozuar or Caarunune v or Aygaanie — Morna Hosa Bec — naxoguuga ma CHHXPOHHATA 110
BPEME HUTHCKA KYATYPa. Tol ce OTAMYABA 1 OT 1031 B CHIXPOHHATA MU EPAKAHOBHITKA
RVATYpA B 1orozanagna Toama, npu koiiTto ce nocTHra CrbRAOBHAHO LHOKPHTHE Ha MLHHC-
Tata ypes epropecyenipsa. Maaruar 0poil (asTicoRH MLHHCTA, H3CACABANH KAKTO XHMH-
HECKH, TAKA H 1O OTHOMIEIIHE 1A MUKPOCTPYKTYPATA, AABAT BL3MOAKHOCT 14 CC OHPCACAAT
PASAMUMHE TCXHOAOUHH Ha H3paDoTKa 11a Pasiie, H3IOAZBAHH HA €, Hd TCPUTOPILI, pecnex-
THBHO U CANOBPEMEHHO H3HOAZBAIC HA PABAMMHH TCXHOAOTHH T CheeAnn tepuropun. Cae-
AOBATCAHO HPH H3CACABAHCTO A TIPOH3XO4a HA (PaAHICOBHTE MBHUCTA ¢ HCODXOUMO Ja ce
BIEMAT TPEABI/ HOBCHE AANHH, CPeA KOUTO TPAORA 14 HOCOUHM [TPEH BCHIKO THIIOAOTHY-
HUTE, XHMUIHHTE H MUKPOCTPYKTY PHO-TCXHOAOIMHHIITC,

B kpax na kaacHueckara gpasa ma YHeTHIKaTa KYATYPa TIpes paHHata OpoHsoBa eroxa
PAATICORHTE MDHUCTA HPCCTABAT A2 CC CPCILAT B IPOBITATE KOMIIACKCH B 10T03a11a,4Ha CAoBa-
ks, Bousrouna CAOBAKHA TIPECTABAT A4 CC CPEIAT OIe 110- PaHO — OITEe B Kpast HA PaHHATa

H B HAYAAOTO HA cpeanaTa Gp()Hl}()B'rl CITOXAd.
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Joamuna JoHuyeBa-lNeTKoBa e sipka NMYHOCT B Obnrapckara ap-

XEOosorus, C OpUrMHaeH TBOpUYECKU NPUHOC 1 CbC 3aBUAEH aBTOPU-
TeT, NOCTUrHaT 6rarofapenune Ha U3KNKUYUTENHOTO 1 Tpyaontobue 1
BCEOTAANHOCT KbM HayKaTa. Ta e efiyH OT BOAeLMTe CneunanicTi B
M3y4aBaHETO Ha MaTepuanHaTta KynTypa v 3KyCcTBoTo B 6barapcku-
T€ 3eMI NPE3 PAHHOTO CpeIHOBEKOBHE.

HactoawmsaT cOopHUK e NoCBeTeH Ha HelHua 70-roguileH obunen.
B Hero cbc cTaTvm ydyacTBaTt peauua YTBbPAEHU aBTOPU U HAKOW,
KOWTO TembpBa 3arno4yBaTt CBOSA NMbT B HAYUHOTO AupeHe. V3cnensa-
HUATA UM Ca HACOUEHU KbM pas3nnyHun chepn Ha NCTOPUYECKOTO No-
3HaHWE, HO MM CBbP3Ba MHTEPECHT KbM MUHANOTO, KbM AHELLIHUTE U
6baeLmTe OTKPUTHA.

IREIRICERE R LI ERERE HalloHaAEH apXeOoAOr MUECKM MHCTUTYT C My3eil
|H npu bbArapckarta akaAemMus Ha HayKuTe
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