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Metal-free catalysts based on carbon powder modified with reduced graphene oxide (rGO)
were prepared and investigated in the ethylene hydrogenation reaction. The samples were
characterized by Raman and FTIR spectroscopies, SEM, TEM, thermogravimetric analysis,
and N, adsorption-desorption. SEM and TEM analyses showed that rGO deposition leads to
the formation of wrinkled graphene-derived structures covering the external surface of the
carbon support. Raman spectra confirmed the presence of defect-rich sp’-hybridized car-
bon domains, while FTIR analysis revealed oxygen-containing functional groups associated
with partially reduced graphene oxide. Textural analysis demonstrated that rGO incorpora-
tion mainly affects the external surface area without significantly changing the microporous
structure of the support.

The catalytic properties of the obtained materials were studied in ethylene hydrogenation
within 50-400 °C under continuous-flow conditions. The pristine carbon powder provides
the highest catalytic activity, whereas deposition of rGO results in a decrease in activity com-
pared with the unmodified support. However, within the rGO/CP series, catalytic activity
increased with increasing rGO loading, reaching 18% conversion for rGO(0.1)/CP at 400 °C.
At the same time, normalization of the reaction rate to the mass of deposited rGO showed a
decrease in specific activity at higher rGO contents, attributed to partial restacking of graphene
sheets and blocking of active surface sites.

The obtained results indicate that the catalytic behaviour of the investigated composites
is governed by the balance between the intrinsic activity of carbon powder and the contri-
bution of defect-rich graphene-derived domains. The findings highlight the importance of
controlling graphene loading and surface accessibility in the design of efficient metal-free
carbon catalysts.

Keywords: reduced graphene oxide, carbon powder, ethylene hydrogenation, carbocatalysis.
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INTRODUCTION. The catalytic transfor-
mation of light hydrocarbons remains a key
process in modern chemical technology, where
the development of efficient and sustainable
catalysts is crucial for energy- and resource-in-
tensive industries. Ethylene, being one of the
most important platform molecules in pet-
rochemical production, is widely used in po-
lymer manufacturing, fine organic synthesis,
and the fabrication of industrial intermediates.
Achieving controlled hydrogenation of alkenes
under mild conditions requires catalysts with
well-defined active sites and a surface structure
capable of selective interaction with unsatura-
ted hydrocarbons [1-3].

Conventional catalytic materials for hydro-
carbon hydrogenation are typically highly-dis-
persed metals on supports such as alumina, si-
lica, or metal oxides, where the role of the sup-
port is primarily associated with dispersion,
stabilization, and electronic tuning of the ac-
tive phase [4, 5]. At the same time, the growing
demand for sustainable catalytic technologies
stimulates the development of alternative cata-
lytic systems based on abundant and environ-
mentally benign materials. However, increas-
ing environmental and economic demands are
stimulating the search for metal-free catalytic
systems that combine high stability, low cost,
and the ability to operate without precious or
toxic metals [6]. In this context, carbon-based
materials have attracted growing attention due
to their structural diversity, thermal stability,
and tunable surface functionality [7].

Reduced graphene oxide (rGO) has emer-
ged as a particularly promising component,
characterized by a high specific surface area,
a defect-rich architecture, and the presence
of oxygen-containing functional groups that
contribute to adsorption and activation proce-
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sses [8, 9]. The deposition of rGO onto carbon
powders or oxide supports leads to the forma-
tion of hybrid interfaces, where wrinkle-like
graphene fragments can alter the surface mor-
phology, modify mass-transfer pathways, and
change the distribution of active sites [10].
Depending on the rGO loading, such systems
may show different catalytic activity, as the ba-
lance between accessible defects and excessive
graphene coverage can influence the efficiency
of hydrocarbon conversion.

Although numerous studies have focused
on metal-decorated graphene materials, recent
reports indicate that rtGO demonstrates cataly-
tic activity in hydrogenation, dehydrogenation,
and bond-activation reactions without metallic
additives [11-13]. These findings highlight the
possibility of designing functional metal-free
catalysts based on the structural characteristics
of carbon materials, in which surface defects
and residual oxygen-containing groups are key
factors influencing catalytic performance.

The aim of this work is to determine the
influence of reduced graphene oxide content,
deposited in controlled amounts onto carbon
powder, on the catalytic activity of the result-
ing composites in ethylene hydrogenation.
Structural and morphological characteriza-
tion of the obtained materials was performed
using FTIR and Raman spectroscopies, SEM
imaging, and thermogravimetric analysis. The
results provide insight into the role of rGO
loading on the formation of functional surface
regions and reveal correlations between sur-
face modification and catalytic performance in
a metal-free carbon-based system.

EXPERIMENT AND DISCUSSION OF
THE RESULTS. Samples containing rGO de-
posited onto carbon powder were prepared by
depositing an aqueous suspension of graphene
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oxide (GO) with controlled concentrations
onto the carbon support. The GO suspension
was produced by exfoliation of graphite oxide
(GrO), synthesized using a modified Hum-
mers method followed by ultrasonic treatment
[14]. The carbon powder (ABCR) was impreg-
nated with the GO water suspension at a ratio
of 1 mL per 1 g of support. After deposition,
the materials were dried at 60 °C for 3 h and
subsequently thermally reduced in a hydro-
gen flow at 400 °C for 2 h, yielding reduced
graphene oxide (rGO). A series of samples
containing 0.0025, 0.01, and 0.1 wt.% rGO was
prepared and designated according to rGO
loading, rGO(0.0025)/CP, rGO(0.01)/CP, and
rGO(0.1)/CP.

The structural and physicochemical pro-
perties of the obtained composites were cha-
racterized using Raman spectroscopy, Fouri-
er-transform infrared spectroscopy (FTIR),
scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM), and ther-
mogravimetric analysis (TGA). Raman spectra
were recorded at room temperature using a
Raman Senterra confocal dispersive spectro-
meter (Bruker Optik) equipped with a 532 nm
excitation laser operating at a power of 2 mW.
FTIR measurements were carried out using a
PerkinElmer Spectrum One spectrometer in
the range of 400-4000 cm™'. Thermogravi-
metric analysis was performed on a Disco-
very SDT 650 thermal analyzer under air and
nitrogen atmospheres with a heating rate of
10 °C min™", enabling the assessment of ther-
mal stability and the determination of carbon
content in the samples. The morphology and
surface elemental distribution of the composi-
tes were investigated by SEM and TEM using
MIRA3 TESCAN, Quanta 3D FEG, and JEM-
1200EX microscopes. Elemental mapping was

https://ucj.org.ua

conducted by energy-dispersive spectroscopy
(EDS) to visualize the spatial distribution of
carbon- and oxygen-rich regions associated
with the deposited rGO.

The catalytic performance of the samples
in ethylene hydrogenation was evaluated un-
der continuous flow conditions with chro-
matographic monitoring of both the reaction
mixture and its products. The analysis was
carried out using a custom-built gas chroma-
tograph equipped with a thermal conductivity
detector and a Porapak S column. The catalyst
was loaded into a fixed-bed tubular reactor
between two layers of purified quartz, which
were placed above and below the catalyst bed.
Hydrogenation of ethylene was performed
within the temperature range of 50-400 °C us-
ing a feed composed of 10% C,H, and 90% H,
at a total flow rate of 20 mL/min. The mass of
catalyst used in each experiment was 0.2-0.7 g.

The rate of hydrogenation product forma-
tion was calculated according to equation (1):

where F_is the initial molar flow rate of ethy-
lene (mol s™); F__ is the molar flow rate of ethy-
lene after reactor (mol s™); m_ is the mass of
the catalyst sample, g.

Figure la-b shows SEM images of the pris-
tine CP and rGO(0.1)/CP. SEM image of the
pristine carbon powder reveals compact parti-
cles with relatively smooth surfaces and block-
like fragments, showing only minor surface
irregularities. The material is characterized by
a predominantly monolithic morphology with
flat facets and a limited degree of microstructural
development, indicating a low level of surface
texturing and the absence of nanoscale features.
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In contrast, the SEM image of the rGO-modi-
fied sample displays pronounced morphologi-
cal alterations. Numerous wrinkled, sheet-like
and layered structures characteristic of re-
duced graphene oxide are clearly observed on
the particle surfaces and along their edges.
Figure 1 c-d shows SEM images with car-
bon distribution maps for CP and rGO(0.1)/CP.
The elemental mapping results support the
morphological observations and reveal clear
changes in the surface chemistry after rGO
modification. For the sample containing
0.1 wt.% rGO, the composition was determined

to be 85 wt.% carbon and 15 wt.% oxygen.
In comparison, the pristine support without
rGO deposition contains 87 wt.% carbon and
13 wt.% oxygen. Oxygen-containing regions
are predominantly located in the areas where
the SEM images show film-like and layered
structures, which is consistent with the pre-
sence of graphene-derived fragments on the
surface of the support. The increased oxygen
content compared to the pristine material indi-
cates the retention of functional groups within
the rGO phase and their contribution to the
formation of the surface modification.

Fig. 1. SEM images of the samples: (a) CP; (b) rGO(0.1)/CP; SEM images with carbon distribution
maps on the surfaces of: (c) CP; (d) rGO(0.1)/CP; (e) HRTEM image of CP; (f) TEM image of CP.

20

ISSN 2708-129X. VKp. xim. XypH., 2026



\.V. Nosach, I.B. Bychko, P.Ye. Strizhak

UCJ Ne 4/ Vol. 92

Figure le-f shows HRTEM and TEM ima-
ges of the carbon powder (CP). The HRTEM
analysis Fig. le reveals a disordered carbon
structure composed of densely packed nano-
scale domains. No clear lattice fringes corre-
sponding to crystalline graphitic planes are
observed, indicating a predominantly amor-
phous or poorly ordered turbostratic structure.
The material is characterized by a developed
surface with nanoscale heterogeneities. The
TEM images Fig. 1f show irregularly shaped

particles with a broad size distribution, form-
ing agglomerates up to several micrometres in
size. The particles have non-uniform morpho-
logy with diffuse boundaries and no well-de-
fined geometric shape, indicating a fragment-
ed structure. TEM analysis was also performed
for rGO-modified samples; however, no dis-
tinct graphene-derived structures could be
reliably identified due to the low rGO loading
and insufficient contrast between rGO and the
carbon powder surface
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Fig. 2. FTIR (a) and Raman (b) spectra of rGO (0.0025)/CP, rGO (0.01)/CP, rGO (0.1)/CP;
(c) thermogram of rGO(0.1)/CP in nitrogen atmosphere.

Figure 2a presents the FTIR spectra of
carbon powder samples modified with diffe-
rent loadings of reduced graphene oxide. All
spectra show weak-to-moderate absorption
features typical of carbon-based materials
containing residual oxygen functionalities.
A broad band near 3400 cm™ is common-
ly associated with O-H stretching vibrations
of hydroxyl groups and adsorbed moisture
[23]. Weak bands in the 2850-2950 cm™ re-
gion can be assigned to C-H stretching vibra-
tions originating from aliphatic fragments or
residual organic species [24]. A distinct band
at approximately 1700-1720 cm™! is generally
attributed to C=0 stretching of carbonyl and
carboxyl groups, while the absorption close to
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~1600 cm™ is usually linked to C=C stretch-
ing within sp>-hybridised carbon structures
[25]. Bands appearing in the 1400-1200 cm™
region are commonly associated with C-OH
and C-O vibrations, and signals in the ~1100-
1000 cm™ range are indicative of C-O-C
stretching modes related to epoxide and ether
functionalities that may remain in partially re-
duced graphene oxide [26]. The band observed
near ~2350 cm™' can be attributed to atmos-
pheric CO, [27]. Comparison of the spectra
suggests that oxygen-related bands become
slightly more pronounced with increasing rGO
content, indicating progressive enrichment
of the surface with rGO-derived functional
groups.
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Figure 2b shows the Raman spectra of
carbon powder samples modified with diffe-
rent loadings of reduced graphene oxide. All
rGO-containing samples have two character-
istic bands of sp>-hybridised carbon materi-
als: the D band at 1350 cm™, associated with
disorder-induced scattering, and the G band
in the 1580-1600 cm™' region, correspond-
ing to the in-plane vibration of graphitic car-
bon atoms. With increasing rGO content, the
D band becomes more pronounced relative to
the G band, indicating an increase in the defect
density and structural disorder within the car-
bon framework [28]. In addition to the main
D and G bands, a weak D’ band is observed at
around 1620-1630 cm™!, which is commonly
associated with defect-related modes in gra-
phitic structures. A broad 2D band is observed
at 2680-2720 cm™" and remains of low inten-
sity, with only a minor enhancement at higher
rGO loadings [29]. Overall, the evolution of
the Raman spectra suggests that incorporation
of rGO increases the degree of structural disor-
der in the carbon powder, consistent with the

introduction of defect-rich graphene-derived
domains.

Figure 2c shows the thermogravimetric be-
haviour of the carbon powder/rGO sample in
an inert nitrogen atmosphere, demonstrating
a stepwise mass loss typical for carbon-based
materials. At temperatures up to 120 °C, the
sample loses 5% of its mass, mainly due to the
desorption of physically adsorbed moisture and
residual volatiles. Further heating to 300 °C re-
sults in an additional mass loss of 4%, which
can be attributed to the thermal decomposition
of oxygen-containing surface functional groups
associated with rGO and the carbon support.
In the 300-500 °C range, the mass change re-
mains minimal (~0.48%), indicating relatively
high thermal stability of the carbon framework.
At higher temperatures, the mass loss becomes
more pronounced, reaching 11% between 500
and 800 °C and a further 7% between 800 and
1000 °C. The total mass loss of approximately
28% at 1000 °C confirms that a substantial frac-
tion of the carbon framework remains intact
under non-oxidising conditions.

Table 1.

Textural characteristics of CP and rGO/CP samples.

Specific surface

Total pore volume,

Micropore volume,  t-Plot External

area, S, Vs Vs Surface Area,
m2 g—l Cm3 g—l Cm3 g—l m2 g—l
CP 1880 1.46 0.62 150
rGO (0.0025)/CP 1930 1.45 0.62 620
rGO (0.01)/CP 1720 1.46 0.62 670
rGO (0.1)/CP 1920 1.48 0.62 690

The textural parameters of the CP and
rGO-modified CP samples are summarized in
Table 1. The pristine CP exhibits a specific sur-
face area of 1880 m? g™', a total pore volume
of 1.46 cm® g7', and a micropore volume of
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0.62 cm® g™*. The incorporation of rGO leads
to slight variations in the specific surface area
depending on its loading. The highest value
among the modified samples is observed for
rGO(0.0025)/CP (1930 m? g™'), while a more
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pronounced decrease to 1720 m” g™' occurs
at the intermediate loading (rGO(0.01)/CP),
followed by an increase to 1920 m* g™' for
rGO(0.1)/CP. A similar trend is observed for
the total pore volume, which remains in the
range of 1.45-1.48 cm® g™* for all samples. In
contrast, the micropore volume remains con-
stant at 0.62 cm® g™' for both pristine and
rGO-modified materials, indicating that the
introduction of rGO does not significantly al-
ter the microporous fraction. The substantial
increase in observed t-plot external surface
area from 150 m> g™* for CP to 620-690 m* g™*
for rGO-deposited samples is a consequence
of several effects. Mainly, a contribution of
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additional surface area, formation of carbon-
rGO gaps, and increased surface roughness
and fractality due to the introduction of addi-
tional corrugation and defects, increasing the
geometric complexity of the outer surface as a
consequence of rGO deposition.

These results suggest that rGO incorpora-
tion mainly affects the external surface and
mesoporous structure rather than generating
additional microporosity. Overall, rGO modi-
fication does not lead to a substantial increase
in surface area compared to pristine CP, but
significantly increases surface area, which is
not associated with micropores.

1E-5
Cre

'i_,, 1E-6 |
o
=]
E
8
= 1E-T

1E-8 . s

cP rGO(DAJCP  rEO{0.01YCP rGO{0.0025)/CP

B

Fig. 3. (a) Temperature dependence of ethylene conversion in the process of ethylene
hydrogenation within the temperature range of 50-400 °C, total flow rate 20 mL/min;
Conversion of ethylene for m — rGO(0.0025)/CP; @ — rGO(0.01)/CP; A —rGO(0.1)/CP; ¥ —CP.
(b) Reaction rate diagrams of ethylene hydrogenation over CP, rGO (0.0025)/CP,
rGO (0.01)/CP, rGO (0.1)/CP, recalculated per catalyst mass at 400°C.

r_—rate of ethylene hydrogenation normalized to the mass of the catalyst.

Figure 3a shows the temperature dependence
of ethylene conversion over pristine carbon
powder (CP) and rGO-modified CP catalysts.
For the CP sample, conversion starts at 2% at
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60 °C and gradually increases to 14% at 200 °C.
Upon further heating, a sharp rise is observed,
with conversion reaching 28% at 250 °C and
exceeding 30% at temperatures above 300 °C.
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The maximum conversion of 35% is achieved
at 350 °C, followed by a slight decrease to 32%
at 400 °C. For the rGO(0.0025)/CP catalyst,
ethylene conversion remains below 1% over
the investigated temperature range, reaching a
maximum of 1% at 400 °C. The rGO(0.01)/CP
catalyst becomes active already at 80 °C, pro-
viding an ethylene conversion of 1%, and shows
a continuous increase in the low- and inter-
mediate-temperature region. The conversion
reaches 3% at 150 °C and attains its maximum
value of 7% at 250 °C. At higher temperatures,
a gradual decrease is observed, with conver-
sion declining to 6% at 300 °C, 6% at 350 °C,
and 5% at 400 °C. In contrast, the rGO(0.1)/CP
catalyst remains inactive up to 140 °C. With in-
creasing temperature, the conversion rises pro-
gressively to 3% at 200 °C and 6% at 250 °C,
followed by a more pronounced increase in
the high-temperature region. The conversion
reaches 11% at 300 °C and increases further to
16% at 350 °C, achieving a maximum of 18%
at 400 °C.

Figure 3b shows the reaction rate values for
ethylene hydrogenation at 400 °C over carbon
powder (CP) and rGO/CP catalysts. The pris-
tine carbon powder has the highest activity,
with a reaction rate of 1.3-107° mol-g(cat)™"-s™.
Deposition of rGO decreases the reaction rate
compared to pristine CP. The sample containing
0.0025 wt.% rGO has a reaction rate of ethy-
lene hydrogenation 4.4-107° mol-g(cat)™"s7},
which increases to 1.4-1077 mol-g(cat)™'-s™*
for 0.01 wt.% rGO, and reaches 3.5-1077 mol-
-g(cat)™"-s™" for the catalyst with 0.1 wt.% rGO.
These results indicate that although rGO in-
corporation does not outperform the pristine
carbon powder under the studied conditions,
higher rGO loading partially improves the
activity within the composite catalyst series.

24

Overall, the obtained data demonstrate that
the catalytic behaviour of the carbon/rGO
composites strongly depends on rGO load-
ing. While pristine CP remains the most active
material at 400 °C, the reaction rate within the
rGO-modified series increased progressively
with increasing rGO content.

The obtained results demonstrate that the
catalytic behaviour of the investigated materi-
als in ethylene hydrogenation is governed pri-
marily by the activity of the CP. SEM analysis
reveals that rGO forms wrinkled, sheet-like,
and layered domains covering the surface of
the carbon particles, which is consistent with
t-plot analysis. Such coverage leads to partial
blocking of the outer surface of carbon sup-
port, whereas the main surface of CP is loca-
lized in the micropores. Therefore, it can be
proposed that active sites on the surface of CP
are localized on the outer surface of CP parti-
cles, whereas the surface of CP that is localized
in the micropores contains a minor fraction of
active sites. Analysis shows that since the mi-
cropore volume remains essentially constant
for all samples, diffusion limitations associated
with high microporosity can be excluded for
the observed catalytic behavior. This indicates
that, for the studied reaction, the overall sur-
face area is not the determining factor, and the
reaction rate is governed by a combination of
factors.

The catalytic activity of graphene-derived
carbon materials in hydrogenation reactions,
and particularly in ethylene hydrogenation,
was demonstrated previously [30]. Whereas
the detailed mechanism remains undefined,
the surface structural defects, such as vacan-
cy-type defects, are considered as adsorption
sites for hydroden dissociative adsorption, and
ethylene is proposed to be activated by a n-n
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stacking. This means that in the rGO/CP sys-
tem, there are two catalytically active phases,
the CP and rGO. Whereas deposition of rGO
on CP results in the decrease of catalytic ac-
tivity of CP due to the blocking of active sites,
the increase of the ethylene hydrogenation rate
with the increase of rGO content shows that
rGO remains catalytically active after its dep-
osition on CP. An increase of rGO content by
4 times, from 0.0025 wt.% to 0.01 wt.%, leads
to an increase in the ethylene hydrogenation
rate by 3.2 times. This indicates that deposited
rGO in very small amounts does not restack
and allows for the approximation of a rate of
ethylene hydrogenation associated with rGO.
The obtained rate is 1.3-1075 mol-g(rGO)~'-s7},
which is consistent with the ethylene hydro-
genation rate on rGO reported previously in
such conditions [30]. Deposition of higher
amounts of rGO by 10 times, from 0.01 wt.% to
0.1 wt.%, leads to an unproportional increase
in ethylene hydrogenation rate by 2.5 times,
which can be caused by a significant restacking
of rGO sheets during its deposition in this con-
centration range.

Therefore, the catalytic performance of the
investigated metal-free carbon-based systems
is non-additive and determined by a combi-
nation of the active sites of the carbon powder
and introducing additional defect-rich rGO
through surface modification. In the present
composites, rGO deposition predominantly
leads to partial deactivation of an intrinsically
active carbon support due to site blocking.

CONCLUSIONS. Therefore, the results in-
dicate that the strategy of enhancing catalytic
performance through deposition of active rGO
onto an activated carbon support may not al-
ways lead to the expected synergistic effect,
due to the non-additive behavior of the system
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components. The pristine carbon powder ex-
hibited the highest catalytic activity, achieving
an ethylene conversion of 32% and a reac-
tion rate of 1.3-107° mol-g(cat)™"-s™* at 400 °C.
Within the rGO/CP series, the catalytic ac-
tivity increased with increasing rGO loading,
reaching a maximum conversion of 18% for
the rGO(0.1)/CP sample. At the same time,
normalization of the reaction rate to the mass
of deposited rGO showed a decrease in speci-
fic activity at higher rGO loadings, which was
attributed to partial restacking of rGO sheets
and blocking of active surface sites. These fin-
dings highlight the sensitivity of surface-active
sites and suggest that partial coverage of the
outer surface plays a key role.

Importantly, these observations open up
clear directions for improved catalyst design.
Future efforts can focus on the deliberate in-
troduction of chemically distinct active sites
or on optimizing graphene-derived materials
in combination with suitable supports, where
surface modification promotes the formation
of new reactive centers rather than limiting
access to existing ones. This approach offers
a promising pathway toward achieving en-
hanced catalytic performance through more
targeted material engineering.
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HemeTanesi kaTanisaTopy Ha OCHOBI ByTJIe-
LI€BOTO IIOPOIIKY 3 HAHECEHMM BiIHOBIIEHUM
okcupioM rpadeny (rGO) 3 pisHuM BmicToM
6yno CUHTE30BaHO Ta JOCIIIPKEHO B peaKLil
rizpyBaHHsA eTuneHy. OTpuMaHi 3pasku oxa-
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PaKTepM30BaHO METOAMM pPaMaHiBCbKOI Ta
[9-®yp’e-cnextpockomii (FTIR), ckanyBanb-
HOi eneKTpoHHOI Mikpockomii (SEM), TpaHc-
MiciitHoi enekTponHOI Mikpockomii (TEM) i
T€PMOTPaBIMETPUMYHOIO aHamisy. Buxigxmii
BYIJIELI€BMJI  TIOPOLIOK  IIPOJEMOHCTPYBaB
HaBUIy KaTa/JiTM4YHY aKTUBHICTb, TOAI AK
HaHeceHHA rGO Npu3BOOUTHL [O 3HIDKEHHA
CTYIIEHS NEPETBOPEHHSA €TUIEHY Ta IIBUIKO-
cTi peakuii mopiBHAHO 3 HeMopU(piKOBaHNM
HocieM. Bopnouac y cepii rGO/CP akTuBHICTD
3pocTae 3i 36inbienHAM BMicTy rGO, npuyo-
My HaVBUILI IOKa3HMKMU CIIOCTEPIraeMo [
spaska 3 0,1 mac.% rGO. IlIBupkocTi peakuii
y IepepaxyHKy Ha Macy HaHeceHoro rGO mo-
Ka3a/iy 3MEHIIEHHs KaTaliTUYHOI aKTUBHOCTI
31 3pocTaHHAM Joro BmicTy. IIpumyckaemo,
mo HaHeceHHA rGO Ha aKTMBHMI BYITIELIEBUI
HOCIiJT MOYXe TIPU3BOANTH [IO YaCTKOBOTO 6710-
KyBaHH:A aKTVBHMX LIEHTPIB.

Knro4oBi cnoBa: BifHOB/IEHUIT OKCUJ, Tpa-
dbeny, ByraerneBuii IOpoLIOK, Ti[pyBaHH:A eTH-
JIleHy, KapOoKaTaris.
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