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Abstract: A multianalytical study of two Serbian icons, “The Virgin and Child”
and “ St. Petka’, painted on canvas by unknown authors was performed in order
to identify the materials used as pigments, binders and the ground layer. The
investigated icons belong to the Museum of the Serbian Orthodox Church in
Belgrade. Samples, collected from different parts of the icons, were analysed
by: optical microscopy (OM), energy dispersive X-Ray fluorescence (EDXRF),
Fourier transform infrared (FTIR) and micro-Raman spectroscopy. The
obtained results revedled the presence of the following pigments. Prussian
Blue, ultramarine, Green Earth, iron oxides, Lead White and Zinc White. Lin-
seed oil was used as the binder. The materials used for the ground layers were
gypsum, cacite, baryte and Lead White. The gilded surface of the icon “The
Virgin and Child” was made of gold. The gilded surface on the frame of this
icon was made of imitation of gold, i.e., Schlagmetal, since EDXRF spectro-
scopy showed the presence of copper and zinc, while gold was not detected.
Based on the style and the consideration of an art historian, as well as on the
obtained results for the corresponding pigments and binder, both icons were
most probably made at the end of 19% or the beginning of the 20" century.

Keywords: pigments; EDXRF; FTIR spectroscopy; micro-Raman spectroscopy .

INTRODUCTION

Preservation of cultural heritage is traditionally atask for conservators, rest-
orers and art historians. Scientific investigation of cultural heritage started at the
beginning of 20t century.l Nowadays, the application of different analytical
methods is essential for the identification of the materials of which artworks are
made and of the techniques employed by the artists. These analyses aid art histo-
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rians to better understand the history of an object since many of the choices made
by the artist were influenced by the current state of technology, economics, poli-
tics and many other factors.2 They provide important information not only for the
determination of the provenience and authenticity of works of art, but also can
help conservators and restorers to choose the most appropriate procedure for rest-
oration, conservation and display.3

Scientific investigation of paintings or icons is a demanding task due to the
small amounts of the samples, usualy in the micro or sub-micro range (when
available), and the presence of different organic and inorganic compounds in the
sample. In order to obtain complete characterization of these complex mixtures,
the application of different analytical techniques is required.# When possible,
samples are taken from damaged regions or from the edges of the painting, and
they should be representative of the area under study. The technological proce-
dure followed by painters and iconographers usually means that the ground layer
is applied first to prepare the surface of a canvas or a panel, followed by appli-
cation of a painting layer, which is a mixture of pigments and binding media and
their composition gives the colour quality. Finally, varnish, which is mainly
based on natural resins, is applied as a protective coating but also for particular
visual effects.® Pigments can be organic or inorganic compounds and chrono-
logical use of most pigments is known today.%7 Hence, identification of pig-
ments enables indirect dating of painted art objects.

In this work, a multianalytical study of two icons, “The Virgin and Child”
(dimensions: 57 cmx90 cm) and “St. Petka’ (dimensions: 55 cmx69 cm), painted
on canvas by unknown authors was performed. The investigated icons are the
property of the Museum of the Serbian Orthodox Church in Belgrade. Art histo-
rians classified the icons “ The Virgin and Child” and “St. Petka’ as Serbian icons
made under the influence of West European baroque. The investigated icons
represent two iconographic types. one depicts the Virgin Hodegetria, which is an
often used motive, while other shows an individual Saint. Based on the style and
art historian considerations, both icons were most probably made at the end of
the 19t or the beginning of the 20t" century. The icons were brought for restor-
ation at the Academy of the Serbian Orthodox Church for Art and Conservation
and a scientific investigation was performed during the restoration procedure.
The am of this study was to identify the materials used as pigments, binders and
the ground layer on two icons by application of the physicochemical methods
optical microscopy (OM), energy dispersive X-Ray fluorescence (EDXRF),
Fourier transform infrared (FTIR) and micro-Raman spectroscopy. The obtained
results contributed to the selection of an appropriate restoration procedure.

It is important to note that icons are usually studied from the historical,
theological, iconographic and stylistic point of view. Only in the past decade was
the materials aspect of icons considered.8 Therefore, the results of this study
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SPECTROSCOPIC INVESTIGATION OF ICONS 807

together with art historical research will contribute to a better understanding of
the painting techniques of Serbian icons.

EXPERIMENTAL
Samples
Samples were collected during the restoration procedure. Paint chips, approximately 1
mm?Z or even smaller, were removed by a clean and sharp scalpel from the edges of existing
damaged regions on the icons (Fig. 1). All samples contained small pieces of ground layer
attached to the paint layer. A description of all the investigated samples and used analytical
techniques are givenin Table.

Fig. 1. Icons painted on canvas. A) “The Virgin and Child” and B) “ St. Petka”.
Samples were taken from the marked areas.

TABLE |. Description of investigated samples and used analytical methods

Icon Sample ID Description Analytical methods
A Al Virgin's mantle, Blue OM, EDXRF, FTIR
The Virgin and Child A2 Gilded areaon theicon OM, EDXRF, FTIR
A3 Gilded area on the frame OM, EDXRF, FTIR
B Bl Grass, Green OM, EDXRF, FTIR
St. Petka B2 St. Petka' s mantle, Blue-Brownish OM, EDXRF, FTIR,
MRaman
B3 Sky, Light Blue OM, EDXRF, FTIR

Analytical methods

Optical microscopy provides information about the sequence and the thickness of the
layers in the paint chips samples and allows a preliminary characterisation of the materialsin
the paint layer and the ground layer. Cross sections of investigated samples were recorded by
an Olympus BX51M optical microscope equipped with an Olympus U-RFL-T UV lamp and
U-MWUS3 and U-MWBSS3 filters.
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808 DAMJANOVIC et al.

EDXRF spectroscopy is an often used method for non-destructive analysis of cultural
heritage objects. It is a fast and reliable analytical technique that provides information about
the elemental chemical composition. Due to the penetrative nature of X-rays, characteristic
fluorescence radiation is recorded not only from the surface paint layers, but aso from the
covered layersincluding even the ground layer. In this work, qualitative EDXRF spectroscopy
measurements were performed on an EDXRF spectrometer with a Canberra Si(Li) semicon-
ductor detector and MCA analyzer S35+. MicroSAMPO software was used for the spectra
acquisition and measurement time was 800 s for all the samples. For the excitation, an annular
radioisotope source 199Cd (manufactured by Isotope Products) with nominal activity of 740
MBq was used.

FTIR spectroscopy was used in order to reveal the molecular composition of organic and
inorganic compounds in the investigated samples. FTIR spectra of all samples were recorded
on a Nicolet 6700 spectrophotometer, using the KBr pellets technique in the wavenumber
range from 4000 to 400 crmrl.

Micro-Raman spectroscopy as non-destructive and micro-probe method is very con-
venient for investigation of samples from painted objects. Micro-Raman spectra were rec-
orded on a DXR Raman Microscope (Thermo Scientific). The 532 nm line of a diode-pumped
solid-state high brightness laser was used as the exciting radiation and the power of illu-
mination at the sample surface was 0.5 mW. Collection of the scattered light was made
through an Olympus microscope with infinity-corrected confocal optics, 25 um pinhole aper-
ture, standard working distance objective 50x, and grating of 900 lines mm L. The acquisition
time was 10 s, with 10 scans. The laser spot diameter on the sample was 1 um. Thermo Sci-
entific OMNIC software was used for spectra collection and manipul ation.

RESULTS AND DISCUSSION
Icon A: “ The Virgin and Child”

Representative optical micrographs of samples taken from the icon “The
Virgin and Child” are shown in Fig. 2. The obtained optical micrographs, which
are diversely coloured and show a multilayered structure, will be discussed later
combined with the results of the EDXRF and FTIR spectroscopic analyses.

Fig. 2. Representative optical micrographs of samples taken from theicon
“The Virgin and Child”; magnification 200x.

Samples of paint chips taken from the icon “The Virgin and Child” (TableI)
were investigated by qualitative EDXRF spectroscopic analysis on both sides: the
side with the surface paint layer and the side with the ground layer. The results
obtained by EDXRF spectroscopy measurements are givenin Tablell.
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SPECTROSCOPIC INVESTIGATION OF ICONS 809

TABLE Il. Results obtained by EDXRF spectroscopy of samples taken from the icons “The
Virgin and Child” (A) and “ St. Petka” (B)

Sample ID Detected elements
Al Ca, Fe, Pb, Sr

A2 Ca, Fe, Cu, Zn, Pb, Au
A3 Ca, Fe, Cu, Zn

B1 Ca, Ba, Fe, Zn, Pb, Sr
B2 Ca, Ba, Fe, Zn, Pb, Sr
B3 Ca, Ba, Fe, Zn, Pb, Sr

EDXRF spectroscopy is an elemental analysis and the results obtained by
this method could be inconclusive. Therefore, it was important to combine this
method with other techniques for the identification of the compounds present in
the investigated samples. The results obtained by FTIR spectroscopy for the
samples taken from the icon “The Virgin and Child” are shown in Fig. 3. The
investigated samples were mixtures of inorganic and organic compounds, which
resulted in a broadening of the FTIR adsorption bands due to the overlapping of

different vibrational modes.

Absorbance, a.u.

;
L

=T

Fig. 3. FTIR spectra of samples taken

m v(C=N) J\
%f”zo /\ from the icon “The Virgin and Child”
and reference spectrum of gypsum;

————
4000 3500 3000 2500 2000 1500 1000 500 vertical lines represent the positions of
Wavenumber, cm’ the characteristic bands of calcite.

g

In the case of the blue sample, Al, the characteristic band in the FTIR
spectrum, Fig. 3, at 2094 cm— was assigned to the v(C=N) stretching vibration,
which is highly specific for the pigment Prussian Blue, Fej[Fe(CN)g]3.2 This
result combined with the presence of Fe determined by EDXRF spectroscopy
(TablelIl) confirmed that Prussian Blue was used as the blue pigment. FTIR spec-
trum of sample A1 (Fig. 3) showed bands at 1143, 670 and 600 cmL, which
were attributed to the stretching modes of the sulphate group, v(S042-), while the
bands at 3545, 3405, 1686, 1617 cm1 were attributed to OH— stretching and
bending vibrations.19 These bands originate from gypsum, dehydrated calcium
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810 DAMJANOVIC et al.

sulphate (CaS0O4-2H50), as can been seen by comparison of FTIR spectra of
sample Al and gi/fsum (Fig. 3). Gypsum was traditionally used for the ground
layer of icons™™ and it was often naturally occurring mixed with celestine,
strontium sulphate (SrSO4), which explains the presence of Sr detected by
EDXRF spectroscopy. The bands around 1450-1400 cm! originate from the
vibrational mode of the carbonate group v(CO32-).14 Weak bands at 2514, 1796,
873 and 713 cmr1 in the FTIR spectrum of sample A1 (Fig. 3) together with a
broad band at 1430 cm1 confirmed the presence of calcite (CaCO3).10 The
EDXRF spectra of the ground and paint layer of sample Al are shown in Fig. 4.
The intensity of the peak for Cain the EDXRF spectra of sample A1 was higher
for the ground layer than for the paint layer. Therefore, the ground layer was
made of gypsum and calcite. Since Pb was detected by EDXRF spectroscopy, the
carbonate bands in the FTIR spectrum of sample A1 could also originate from
Lead White, basic lead carbonate (2PbCO,-Pb(OH),). The intensities of the peaks
originating from Pb in the EDXRF spectra were higher for the side with the paint
layer than for the side with the ground layer (Fig. 4). This finding indicates that
Lead White was used as the pigment to obtain an appropriate hue of blue, which
is in accordance with the presence of white grains in the blue paint layer of
sample A1, observed in the optical micrographs (Fig. 2).

Pb
"""" ground layer Pb
aint layer

5 ' 10 ' 15 Fig. 4. EDXRF spectra of the ground
Energy, keV layer and paint layer of sample AL.

In all the FTIR spectra, characteristic bands originating from CH» and CH3
stretching vibrations appeared at 2925 and 2850 cmr1, revealing the presence of
organic matterlS that originates from a binder, but the particular compound could
not be unambiguously determined based solely on this finding. Considering the
detected pigments and style of the icon, most probably linseed oil was used.
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SPECTROSCOPIC INVESTIGATION OF ICONS 811

In the cross section of sample A2, taken from the gilded area of the icon,
several different layers could be seen (Fig. 2). The multilayered structure indi-
cates that gilding was performed on several occasions.

There are two well-known gilding procedures. water gilding and oil gild-
ing.516 Gold is usually applied in a form of thin leaves for decorative purposes
on different materials. For water gilding, the ground layer was traditionally made
of Red Earth pigment - Red Ochre (often called Red Bole). Application of gold
on Red Ochre (composed of Fe;O3, clay and silica) resultsin warmer colours.®16
The red—orange ground layer could be seen on the cross section of sample A2
(Fig. 2). The EDXRF spectrum of the red—orange ground layer of sample A2 is
shown in Fig. 5.

Fe

Fig. 5. EDXRF spectra of the ground
Energy, keV layer of sample A2.

The high intensity of the Fe peaks in the EDXRF spectrum of the ground
layer (Fig. 5) and the characteristic bands at 1107 and 1030 cnv! in the FTIR
spectrum of sample A2 (Fig. 3), originating from Si—O stretching vibrations of
aluminosilicates, 14 confirm the presence of the earth pigment ochre. In the case
of ochres, the colouring agent is some non-clay pigment, e.g., iron oxides.> Dep-
ending on theiron oxide as well as on size of the grains, the ochres have different
colours. In this particular case, careful examination of the optical micrograph
(Fig. 2) revealed the presence of red and yellow pigment grains, which led to the
conclusion that the Red Ochre was mixed with Yellow Ochre (FexO3-H20 or
FeOOH, clay and silica),17 often called Yellow Bole, for obtaining a particular
visual effect. As can be seen in Fig. 5, the presence of Au was confirmed by
EDXREF spectroscopy. The optical micrograph of sample A2 (Fig. 2) revealed the
presence of three thin layers of gold. The first thin layer of gold was originaly
applied on a mixture of Red and Y ellow Ochre. During previous restoration pro-
cedures, additional ground layer and gold layer were added twice on the same area.
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EDXRF spectroscopy also showed the presence of Ca, Zn and Pb in this
sample. The FTIR spectrum of sample A2 (Fig. 3) confirmed the presence of
calcite by the presence of characteristic bands. However, a broad band at 1430
cm1 attributed to vibrational mode of carbonate group v(CO32-) could be the
result of overlapping of signals originating from both calcite and Lead White.
Moreover, the fluorescence of Zinc White was detected under UV light in the
layer between the gold leaf applied on the mixture of Red and Y ellow Bole and
the next gold leaf. These findings indicate that the additional two ground layers
were made of Lead White, Zinc White (ZnO) and calcite.

In addition, Cu was identified in the sample A2 by EDXRF spectroscopy.
An alloy made of gold and copper is often used for gilding.16 Amount of gold in
the adloy is usualy higher than 70 %. The relative intensities of the Cu and Au
signals did not correspond to the expected values in the case of a gold and copper
aloy, showing a higher amount of Cu (Fig. 5). The optical micrographs revealed
the presence of blue pigment grains in the top ground layer. Therefore, copper in
the investigated sample could originate from an alloy with gold used for gilding
as well as from a copper-based blue pigment in the top ground layer.

The EDXRF spectra of the surface layer and ground layer of sample A3 are
shown in Fig. 6. Cu and Zn were detected in the surface layer of sample A3, but
not Au. An dloy of Cu and Zn in which the amount of Cu is 80 % or higher is
known as Schlagmetal. It has the visual effect of gold and is used for gilding. The
relative intensities of the Cu and Zn peaks in the EDXRF spectrum confirmed
that Schlagmetal was used for the surface gilding layer on the frame.

Cu

—— surface layer|
"""" ground layer

Ca

Cu
Zn

F A Fig. 6. EDXRF spectra of the ground
5 ' 10 ' 5 layer and surface layer of sample A3;
Energy, keV bkg — background signal.

On the cross section of sample A3 (Fig. 2), ayellow layer below the gilding
could be seen. Iron present in sample A3 (Fig. 6) and the bands in the FTIR
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SPECTROSCOPIC INVESTIGATION OF ICONS 813

spectrum at 1111 and 1030 cm?, originating from Si—O stretching vibrations
(Fig. 3), indicate the presence of the Yellow Earth pigment — Yellow Ochre. The
presence of calcite, identified in the FTIR spectrum of sample A3 (Fig. 3), indi-
cated that a mixture of calcite and Y ellow Bole was used as the ground layer for
the gilding on the frame.

Icon B: “ &. Petka”

Representative optical micrographs and fluorescence photographs under UV
light of samplestaken from theicon “ St. Petka’ are shownin Fig. 7.

Fig. 7. Representative optical micrographs
under reflected light and under UV light of
samples taken from the icon “St. Petka’;
magnification 200x.

The fluorescence photographs of the green B1 and blue B3 samples (Table
1), presented in Fig. 7, show the intensive fluorescence of white pigment in the
paint layer. The fluorescence was more intense for sample B3 compared to
sample B1, Fig. 7, revedling that the blue paint layer of sample B3 contained a
higher amount of white pigment than the green paint layer of sample B1.

EDXRF spectroscopy analysis showed for all three samples the presence of
the same elements, regardless of the sample colour (see Table Il). The EDXRF
spectra of the paint layers of samples B1, B2 and B3 are shown in Fig. 8. The
peak originating from Zn had the highest intensity in all three EDXRF spectra.

Zn

Sample B1
........ Sample B2
- ---Sample B3

BaBa
Ca F 3
4 (bkg)y|

%

e .
5, Ni
A

M AW, " Fig. 8. EDXRF spectra of the paint
5 10 15 layers of samples B1, B2 and B3; bkg
Energy, keV — background signal.
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814 DAMJANOVIC et al.

The fluorescence detected under UV light in combination with the Zn
identified in paint layer by EDXRF spectroscopy confirmed the use of Zinc
White as the white pigment to achieve a particular hue. Application of ZnO as a
white pigment started in the first half of the 19th century” and by the end of the
19th century, it was considered the best quality white pigment.

The FTIR spectra of the investigated samples taken from theicon “ St. Petka’
are shown in Fig. 9. The bands at 1174, 1120, 1077, 643 and 608 cL in FTIR
spectra of all three samples originated from barium sulphate (BaSOy).18 This is
in agreement with the Ba detected in the EDXRF spectra. The presence of Sr,
identified by EDXRF spectroscopy, indicated that natural baryte ore was used for
the ground layer.11

v(CH,)

B3
W
M

BaSO,

Fig. 9. FTIR spectra of samples taken
from the icon “St. Petka’ and the
: : : : : : reference spectrum of barium sulphate;
4000 3500 3000 2500 2000 15‘09 1000 soo Vertical lines represent the positions of
Wavenumber, cm the characteristic bands of calcite.

S5

A broad, medium intensity band of v(CO32") was detected at 1430 cmL.
Since Ca and Pb are present in all three samples, both calcite and Lead White
could contribute to this band.

Ground layer appeared as a single, thick and consistent layer in al the
investigated samples. As no fluorescence was detected in the ground layer, it can
be concluded that ZnO was used as a pigment, while baryte, Lead White and
calcite were used for the ground layer.

Iron detected in the paint layer of sample B1 was the only indication of
which pigment was used for the green colour. Most probably it was the pigment
Green Earth, the colour of which originates from the specific ratio of divalent and
trivalent iron incorporated in the structure of the clay minerals glauconite and
celadonite.>7 FTIR bands characteristic for Si—O stretching vibrations, between
1200-900 cm1,19 were detected as a shoulder at about 990 cmr2 probably due to
overlapping with the bands of barium sulphate. In addition, the employed
EDXRF experimenta setup cannot analyse elements such as Si, Al, Na and Mg.
However, green pigments, other than Green Earth, contain some of the following
elements: Co, Cu or Cr, but none of them were detected in the sample B1.
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SPECTROSCOPIC INVESTIGATION OF ICONS 815

In the case of sample B2 and B3, EDXRF and FTIR spectroscopic analyses
did not give conclusive answers about the used pigments. For this reason, micro-
Raman spectroscopic analysis was performed. For sample B2 blue pigments
Prussian Blue and ultramarine (Nag_10[AlgSisO24] Sp—4) were identified in the
paint layer by characteristic Raman shifts,20 as can be seen in Fig. 10.

a) 21l57 b) 551

|

/ 1098
Wl ;\ Ww[ f’%
I d
MMW WW'\NW"W\ /’w (‘W‘WWM /M /\ 261
e e NP Ncrrvemanon”™ gttt W/\m
3400 3200 3000 2800 2600 2400 2200 2(;0015'00 1400 1200 1000 80 600 400 200
Wavenumber, cm’ Wavenumber, cm’

Fig. 10. Raman spectra of the blue pigmentsin the paint layer of sample B2: a) Prussian Blue
and b) ultramarine.

Sample B3 showed intensive fluorescence during micro-Raman analysis and
no definite answer about the used blue pigment was obtained. Considering
presence of Fe detected in this sample by EDXRF spectroscopy, most probably
Prussian Blue was used as the blue pigment.

In al FTIR spectra, characteristic bands originating from CH, and CHsj
stretching vibrations appeared at 2925 and 2850 cm! and carbonyl (C=0)
stretching vibrations at 1740 cm1 were present, confirming the use of linseed oil
as binder.15

CONCLUSIONS

Two Serbian icons painted on canvas, “The Virgin and Child” and “St.
Petka’, by unknown authors were investigated by optical microscopy, EDXRF,
FTIR and micro-Raman spectroscopy. The following pigments were identified:
Prussian Blue, ultramarine, Green Earth, iron oxides, Lead White and Zinc
White. The binder on both icons was linseed oil. The ground layers were made of
gypsum, Lead White, calcite and baryte. The gilded surface of the icon “The
Virgin and Child” was made of gold, while the gilded surface on the frame of this
icon was made of imitation of gold, i.e., Schlagmetal, since EDXRF spectroscopy
showed the presence of copper and zinc, while gold was not detected.

The materials identified as pigments, binders and ground layer in both inves-
tigated icons were widely in use during the 19t century and at the beginning of
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816 DAMJIANOVIC et al.

the 20t century. This finding confirms the initial assumption of the ages of these
icon made by art historians and restorers.
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U3BOJ
CIIEKTPOCKOIICKO UCITUTUBAILE IBE CPIICKE HKOHE CIMKAHE HA ITJIATHY

JBUJbAHA JAMJAHOBUR', OJITULIA MAPJAHOBHR', MUIMLIA MAPUR CTOJAHOBUR?, BEIUBOP AHIIPUR®
u YBABKA MUOY'

1YHueep3uu76m y Beoipagy — @axynitieiti 3a Qusuuky xemujy, Ciiygenticku wpi 12—16, 11000 Beoipag,
ZHapognu Mys3ej, Tpi Petiyonuxe 1a, 11000 Beoipag u 3YHueep3uu7€u7 y Beoipagy — Unciauinyii 3a
HyKJiedpre Hayke “Bunua”, . up. 522, 11000 Beoipag

MynTraHanTUTUYKO UCIIUTHUBAKE ABE CPIICKE UKOHE CIHMKaHe Ha IuaTHy (boropoguua ca
Xpuctom u Cseta [leTka) Koje Cy pafloBU HENMO3HATUX ayTopa M3BPLIEHO je Ca LIM/bEM Jia Ce
UeHTU(HUKYjy MaTepHjany KOpHULUTheHd Kao MATMEHTH, Be3uBa U nopnora. McruTrBaHe HKO-
He Cy BIacHUIITBO Myseja Cpricke mpaBociaBHe IpkBe y beorpany. Y3opiy, y3eTd ca pas3iu-
YUTHX JIelI0Ba MKOHA, Cy aHaJIU3UPaHHU: ONTHYKOM MHUKPOCKOIHjOM, EHEPreTCKH JUCIEeP3UB-
HOM PEHATeHCKOM (h1yOpeCLIEHTHOM aHaJIM30M, HH(MPaUpPBEHOM CIEKTPOCKONHUjoM ca Pypuje
TpaHchopMalujoM U MHUKpo-PamaHCKOM crexkTpockonujoM. VimeHtudukosanu cy cienehu
NUTMEHATH: NIPYCKO IJIaBO, YATPaMapHH, 3eJ1€Ha 3eMJba, OKCUAH IBOXDa, 0710BO DEI0 U LIMHK
Oeno. JlaHeHo ysbe je kopulrheHo kao Be3uBO. MaTepHjanu kopuirheHH 3a MOAJIOTY Cy THIIC,
Kanuut, daput u onoBo Oeno. Ilosnahene moBpurmHe WkoHe boropomuna ca XpucTom cy
pabhene ox 37aTa, DOK je 3a MO37aTy pamMa UCTe UKOHe KopulrheHa UMHUTALWja 37aTa T3B. LIUIar-
metan jep cy EDXRF cnekTtpockonujoMm uoeHTU(UKOBAHM Dakap U LIUHK, NOK 371aTO HUje
nerekToBaHO. CTHI U3paje MKOHA MMa KapaKTepUCTHUKE 3allafHO-eBPONCKOr dapoka. MoeHTuH-
(pKOBaHU MUTMEHTH M BE3WBO OArOBAapajy OHUMA KOjU Cy OMIHM y WMPOKOj ynoTpedu y XIX
BEKY M IIOYETKOM XX BeKa.

(ITpummeno 22 jyna, peBuaupaHo 6. oktodpa, mpuxsaheno 8. oxrodpa 2014)
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