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FIRST-PRINCIPLES STUDY OF STRUCTURAL, ELECTRONIC AND PHONON
PROPERTIES OF OsSi IN THE B2 STRUCTURE

Nihat Arikan

HN3CJIEABAHE CIIOPEJ ITbPBUS ITPUHIUII HA CTPYKTYPHUTE, EJJEKTPOHHUTE
N ®OHOHHUTE XAPAKTEPUCTUKHU HA OsSi B CTPYKTYPA B2

Huxat Apukan

ABSTRACT: Using density functional theory, structural, electronic and phonon properties of OsSi com-
pound in the B2 structure have been reported density functional theory within the generalized gradient approxi-
mation. The lattice constant, bulk modulus and its pressure derivative are evaluated and compared with the
available experimental and theoretical data. The electronic band structure, electronic total and partial densities
of states of OsSi compound is computed and analyzed in comparison with the existing findings. The calculated
density of states shows that OsSi in the B2 structure is metallic. A linear-response approach to the density func-
tional theory is used to derive phonon dispersion curves and the total and partial density of states for OsSi in the
B2 structure. The high-frequency region of OsSi is mainly due to the vibrations of Si atoms.

Key words: DFT, ab inito, band structure, phonon, intermetallic

1. Introduction

Intermetallic compounds are of interest be-
cause of their high melting point, oxidation re-
sistance and strength at high temperatures and
their superconducting properties [1, 2]. Osmium
is one of hard metal belonging to the platinum
group with very low compressibility, high melt-
ing temperature and high bulk modulus. Like
other elements in the platinum group metal (Rh,
Ru, Pd, Pt, Ir), osmium has a high catalytic po-
tential for a variety of chemical reactions. The
structural, electronic, elastic, dynamical,
transport, thermal and thermodynamic properties
of this material in the different structures have
been studied using different theoretical and ex-
perimental methods [3-11]. The electronic and
dynamical properties of OsSi in the FeSi-type
(B20) structure have been studied using ABINIT
code by Zhao et al. [3]. First-principle study of
structural, elastic and electronic properties of
B20 structure OsSi compound has been studied
by Jin et al. [4]. Xu and Verstraete [5] have re-
ported transport properties of Os and OsSi int the
B20 structure. Holl et al. [6] have measured
transport properties of RuSi, RuGe and OsSi
compounds in the FeSi-type cubic B20 structure
using experimental techniques. The structural
and electronic properties of RuSi, RuGe and
OsSi compounds in the FeSi-type structure have

been investigated using first-principle density
functional calculations by Guo-Min et al. [7].
The structural stability and enthalpies of for-
mation of OsSi in the Cesium chloride (B2)
structure have been investigated using first prin-
ciples calculation by Xing at al. [8]. Minisini et
al. [9] have carried out first-principle studies of
elastic and thermodynamical properties of OsSi,
OsSi, and Os,Si3 using VASP code, with the pro-
jected augmented wave method as implemented
in the MedeA interface. The first-principle study
on structural, elastic, electronic and thermal
properties of B2-type structure OsSi compound
has been performed using FP-LAPW method by
Acharya et al. [10]. They indicated that OsSi
compound is elastically stable in B2 structure,
and the electronic band structures of OsSi shows
the metallic character.

The current work focuses on the theoretical
study of the structural and electronic properties
of OsSi in the B2 phase, with particular emphasis
on phonon properties, by employing the DFT.

The phonon properties are necessary for a mi-
croscopic understanding of the lattice dynamics.

It is well known that knowledge of the pho-
non properties of materials is important due to
their closely relations with various material
properties such as phase transition, thermody-
namic stability, transport and thermal properties.
The computed results include total energy, lattice



constant, electronic band structure and their den-
sity of states, vibrational properties and tempera-
ture dependence of the specific heat at constant
volume.

The rest of this paper is organized as follows.
After this introduction, a brief description of the
computational methods and details are given in
section 2. The results of our total energy ab-
initio calculations are presented and discussed in
section 3. | then summarize and conclude in sec-
tion 4.

2. Method

For our calculations, we use the generalized
gradient approximation (GGA) in the scheme of
Perdew-Burke-Ernzerhof (PBE) [12] with a
plane wave pseudopotential approach, using the
implementations in the Quantum-ESPRESSO
package [13]. The wave functions were expand-
ed into plane waves with kinetic energies of up
to 40 Ryd. Self-consistent solutions of Khon—
Sham equations were obtained by employing a
set of 60 k-points within the irreducible part of
the Brillouin-zone. Eight dynamical matrices
were calculated on a 4 x 4 x 4 g-point mesh ob-
tain full phonon dispersions and vibrational den-
sity of states. The dynamical matrices at the arbi-
trary wave vectors were evaluated using the Fou-

rier deconvolution on this mesh. Temperature
dependence of the constant volume specific heat
was calculated using the quasi-harmonic approx-
imation (QHA) [14].

3. Results

The considered material OsSi compound has
been examined in the B2 structure. OsSi is crys-
tallized in the CsCl (B2)-type structure with the
Pm3m space group. The primitive cell of OsSi in
the B2 structure contains two atoms. The two
atoms have coordinates tos = (0, 0, 0) and ts;
(0.5, 0.5, 0.5). As the first step, the equilibrium
lattice constant has been determined by minimiz-
ing the total energy with respect to different val-
ues of the lattice constant. Then, the total energy
volume data are fitted to the Murnaghan equation
of state [15] to obtain the equilibrium lattice con-
stant a,, bulk modulus B and first-order pressure
derivative of the bulk modulus B'. The computed
values of a;, B and B' for OsSi compound are
summarized in Table 1 along with the existing
data for the comparison. For OsSi, the resulting
lattice constant, a = 2.954 A, and bulk modulus,
B = 267.3 GPa, agree well with previous theoret-
ical calculation [10, 11].

Table 1. The calculated lattice constant (ag, in A), bulk modulus (B, in GPa), pressure derivative of

the bulk modulus (B") of OsSi in the B2 structure.

Materials Referances ap B B’ N(EF)
OsSi This work 2.954 267.3 6.47 0.225
FP-LAPW[10] | 2.96 281 4.52 0.310

Others [11] | 2.96

The electronic band structures of the B2
structure of OsSi as well as the high symmetry
directions in the simple cubic Brillouin zone
(B2), calculated by using the generalized gradi-
ent approximation (GGA), are shown in Figure
1, in which Er = 0 is taken. The general trends of
the electronic band structure of the OsSi are con-
sistent with the earlier work [16-18]. The com-
puted electronic band structures show that OsSi
has a metallic nature. The character of the band
states for OsSi compound has been identified by
calculating their total and partial densities of
states (DOS) (in Figure 2). It is seen that there is
no gap at the Fermi level and the total density of
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state (DOS), which is 0.225 =*=for OsSi. For
this compound, the computed value [in ref. 10]
has been reported that the N(Er ) was 0.31 ===
The results indicate that the predominant contri-
butions of the density of states at the Fermi level
come from the Os 5d states for OsSi. From the
computed total and projected DOS of OsSi, it
can be seen that there are three peaks above the
Fermi level. These peaks are centered about 2
eV, 7 eV and 11 eV, which are mainly dominat-
ed by Os 5d, Si 3p and Os 6p states, respectively.
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Figure 1. The calculated electronic bad structure of OsSi in the B2 structure
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Figure 2. The calculated total and partial density of states (DOS) of OsSi in the B2 structure

The phonon dispersion curves and phonon
density of states (partial and total) for OsSi the
B2 structure are illustrated in Figure 3. There are
a total of six phonon modes for the entire wave
vectors. However, there are two acoustic and two
optical modes along the principal symmetry di-
rections I'-X and M-R-T" due to degeneracy of
the transverse modes in both acoustic and optical
modes. This material for the B2 structure is a
dynamically stable because it is not a negative
value in all phonon frequencies. There is a band
gap between the acoustic and optical branches

11

for OsSi because of the mass difference be-
tween Os and Si atoms. The value of the band
gap between the acoustic and optic branches of
OsSi is about 0.82 THz at the total density of
states (DOS). From the phonon partial density of
states for AgMg, we can conclude that the opti-
cal frequency region is mainly caused by Si at-
oms, whereas the acoustic frequency region is
mainly caused by Os and small contribution of Si
for OsSi. The zone center optical phonon mode
for OsSi has been calculated to be 6.81 THz.
The phonon properties for this material will be
useful for the interpretations of experimental
studies.
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Figure 3. The calculated phonon dispersion curves and density of states for OsSi in the B2 structure.

Figure 4 shows the calculated specific heat
capacity at constant volume (C,) of OsSi com-
pound a function of temperature. The C, increas-
es rapidly in the range 0-250 K before it starts to
saturate. Calculated specific heat capacity C, is
very close to the Dulong—Petit limit [19], which
is commonly satisfied with all solids at high

temperatures. For this material, the C, functions
flatten out as the temperature increases above
300K. The optic and acoustic modes have large
efforts on the heat capacity.

6

OsSi (B2)

0 |
0 200 400

600 800 1000

T(K)

Figure 4. The calculated specific heat capacity at constant volume versus temperature for the OsSi in
the B2 structure
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4.  Conclusion

In this paper, the structural, electronic, and
phonon properties of OsSi compound, using the
ab-initio pseudopotential method within the
GGA of the DFT have been studied. The equilib-
rium lattice constants, bulk modulus, and first-
order pressure derivative of the bulk modulus for
OsSi in the B2 structure have been calculated
and compared with the available literature. In the
electronic band structure of B2 structure OsSi, it
has been found that the Os 5d states mainly con-
tribute to the density of the states that are very
close to the Fermi level. The GGA calculations
indicate that OsSi compound has a metallic char-
acter for the B2 structure. The phonon-dispersion
curves and the density of states (total and partial)
of OsSi in the several lines of the high symmetry
of the Brillouin-zone have been calculated using
the  density-functional perturbation theory
(DFPT). Finally, using the calculated phonon
density of states, the specific heat at constant
volume versus temperature was determined with-
in QHA.
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STRUCTURAL, ELECTRONIC AND PHONON PROPERTIES OF YPb;

Nihat Arikan

CTPYKTYPHMU, EJIEKTPOHHU U ®OHOHHU XAPAKTEPUCTUKHU HA YPb;

Huxar Apukan

ABSTRACT: Using the first-principle “Quantum-ESPRESSO code” based on density functional theory,
structural, electronic and phonon properties of YPb; in the L1, structure have been investigated. The stability
analysis and total energy have been calculated using the generalized gradient approximation. The ground states
properties of YPbs compound such as the equilibrium lattice constant, bulk modulus and its pressure derivative
are calculated and compared with available results. The electronic structure and, total and partial density of
states (DOS) of YPbs are computed and plotted. The electronic band structure and DOS histogram analysis indi-
cated that the YPbs has a metallic character. A linear-response approach to the density functional theory is used
to derive phonon dispersion curves and the total and partial density of states for YPbs. The high-frequency re-

gion of YPb3 is mainly due to the vibrations of Y atoms.

Key words: ab-initio, electronic band structure, intermetallics, phonon.

Introduction

Intermetallic compounds AB; crystallizing in
a cubic L1, (AuCus) structure with space group
Pm3m (221) have attracted much attention be-
cause of their extensive applications in the field
of industry and technology. YPbs; compound has
the cubic L1, structure with itriyum (Y) atoms
located at the corner of cube (0, 0, 0) and the
lead (Pb) atoms on the face (Y2, 0, ¥5; Y4, 1, 0; 0,
14,%). The YPbz compound has been studied both
experimentally and theoretically [1-8]. The struc-
tural, electronic, elastic, optical, thermal and me-
chanical properties of YPb; compound in L1,
structure have been investigated using FP-LAPW
method by Abraham et al. [1]. Ram et al. [2]
have studied the electronic structure, Fermi sur-
face and elastic properties under pressure of
YPb; compound using FP-LAPW method. The
effect of a uniform pressure on the magnetic sus-
ceptibility of YPb3 compound has been meas-
ured by Baranovskiy et al. [3]. Aoki et al. [4]
have observed the de Haas-van Alphen (dHVA)
oscillations in YPb3 on the basis of FLAPW
band calculation. The heat capacity measure-
ments on L1, YPb; compound have been per-
formed by Bucher et al. [5]. The lattice parame-
ters, inter-atomic distance and superconducting
transition temperatures of YPb; have been meas-
ured by Gambino et al. [6]. Havinga et al. [7, 8]
have reported the superconducting transition,
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temperature susceptibilities and thermoelectric
properties of YPb; and LaPb; compounds. How-
ever, relatively less attention has been paid to the
phonon properties of YPbs. The full phonon-
dispersion curves are necessary for a microscopic
understanding of the lattice dynamics. The aim
of this paper is to study the dynamic properties
of YPb3 compound in their L1,-structure using
the density functional theory (DFT) within the
generalized gradient approximation (GGA).

Method

Firs-principle calculations were performed us-
ing Quantum-ESPRESSO package [9]. | have
employed a plane-wave pseudopotential method
in the framework of the density functional theory
(DFT) with the generalized gradient approxima-
tion (GGA) using the Perdew-Burke-Ernzerhof
(PBE) [10] parameterization for the exchange
correlation potential. The electron—ion interac-
tion was described by ultrasoft pseudopotential
[11]. The wave functions were expanded in a
plane-wave basis set with a kinetic energy cut-
off of 40 Ry. The electronic charge density was
evaluated up to the kinetic energy cut-off 400
Ry. Brillouin-zone integrations were performed
using a 10x10x10 k point mesh. Integration up to
the Fermi surface was performed using the
smearing technique [12] with smearing parame-
ter o = 0.02 Ry. Having obtained self-consistent



solutions of Kohn—Sham equations, the lattice-
dynamical properties were calculated within the
framework of the self-consistent density func-
tional perturbation theory [13, 14]. To obtain
complete phonon dispersions and density of
states, eight dynamical matrices were calculated
on a 4x4x4 g-point mesh. The dynamical matri-
ces at arbitrary wave vectors were evaluated us-
ing Fourier deconvolution on this mesh. The
ground state of each compound was found by
minimizing the total energy as a function of the
lattice parameter.

Results

The lattice constant of YPb; has been studied
using its calculated total energy. The calculated
total energies have been fitted to the Murnaghan
equation of states [16] to obtained lattice con-
stant, bulk modulus and pressure derivative of
bulk modulus (B'). The calculated values of a,, B
and B' of YPb3 compound in L1, structure are
presented in Table 1 along with the existing theo-
retical and experimental data for comparison.
The obtained structural parameters of considered
compound are in excellent agreement with the
experimental and theoretical values. The elec-
tronic band structure of YPb; is obtained using
the generalized gradient approximation (GGA)
along the higher symmetry direction, and is
shown in Figure 1. The band profile of YPb;
compound is in good agreement with the earlier
works [1, 2]. The character of the band states for

this compound has been identified by calculating
their total and partial densities of states (DOS) in
Figure 2. It is seen that there is no gap at the
Fermi level and the total density of state (DOS),

which is 2.35°22°% for YPh,. Abraham et al. [1]

eV cell
states

reported that the N(Eg) for YPb3 was 2.49 7 ool

The results indicate that the predominant contri-
butions of the density of states at the Fermi level
come from the Y 4d and Pb 6p states for YPba.
Valance and conduction bands overlap signifi-
cantly at the Fermi level. Consequently, YPbs
exhibits a metallic character. This compound has
four atoms primitive cubic unit cell: there are a
total of 12 phonon branches, due to symmetry,
the distinct number of phonon branches is re-
duced along the principal symmetry direction I'-
X and M-R-T" in theL1, structure. The experi-
mental data on the phonon spectra of YPb; are
not yet available. The phonon-dispersion curves
and the density of states (partial and total) curves
for YPb3 in the L1, structure have been plotted
in Figure 3. The phonon spectrum of YPbj; indi-
cates that this compound is dynamically stable,
as phonon frequencies o along all directions are
positive. The optical phonon modes at the Zone
centre of YPb; were calculated to be 3.899, 4.141
and 5.456 THz, respectively. General trends of
YPb; phonon dispersion curves are consist with
previous works on ScAl; [16] and ScRh; [17].

Table 1. The calculated lattice constant, bulk modulus and its pressure derivative of the bulk modulus

(B") of YPDbs in the L1, structure

Material References a(A) B (GPa) B’
YPb; This work 4911 49.4 4.21
FPLAPW [1] 4.885 51.82 4.58

FPLAPW [2] 4.76 63 -

Exp. [8] 4.813 - -

Exp. [9] 4.818 - -

FP-LMTO[3]  -- 53 -
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Figure 1. Calculated electronic band structure for YPDbs in the L1, structure along several
lines of high symmetry in the Brillouin zone
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Figure 3. Calculated phonon-dispersion curves and phonon partial and total DOS for YPbs in
the L1, phase along several lines of high symmetry in the Brillouin zone

Conclusion

In this article, the structural, electronic,
and phonon properties of YPbs have been
studied, using the ab-initio pseudopotential
method, within the GGA of the DFT. Our
main results and conclusions can be summa-
rized as the calculated structural properties
(equilibrium lattice constant and bulk modu-
lus) in the L1, structural, which are in good
agreement with the values reported in the
literature. The electronic band structures
were calculated for this material, in the L1,
structure. The phonon spectrum and density
of states in the L1, structure along several
lines of high symmetry in the Brillouin zone
(BZ) were calculated using the density-
functional perturbation theory.
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BIPUNCTATUS (BLOCH, 1782) FROM KIZILIRMAK RIVER, TURKEY
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MN3CIEJABAHE HA IEPUPEPHUTE KPbBHU KJIETKHU HA ALBURNOIDES
BIPUNCTATUS (BLOCH, 1782) OT PEKA Kb3bJIbPMAK, TYPLIUS

Myxawmert ["adapoiry, Aticyn ['ronep Kanrep

ABSTRACT: The aim of the present study was obtain a basic knowledge of the hematology of Alburnoides
bipunctatus. The morphological features of blood cells were described according to the observations made by
light microscopy. Erythrocytes, thrombocytes, lymphocytes, monocytes, neutrophils, small lymphocytes and
eosinophils were analyzed and characterized. Five adult specimens of A. bipunctatus used in this study were
captured from Kizilirmak River, Kirsehir, Turkey. This investigation may be contribute to other related fish

species.

Key words: Cyprinid, Kizilirmak, Alburnoides bipunctatus, blood cells

Introduction

Hematological  indices are  important
parameter for the evaluation of fish physiological
status (Hrubec et al. 2001). Blood cells in fishes
are very sensitive to variation of their
physiological status and stimulus of their
environment where the fishes live and also
determine the systematic relationships between
certain species (Pavlidis et al. 2007; Zhang et al.
2011). They are also important in the immune
system condition (Silva et al. 2011).

Changes of the parameters depend on the fish
species, age, the cycle of sexual maturity and
health condition (Hrubec et al. 2001).

Hematologic changes often are an early
indicator of pathologic changes and aid in
disease diagnosis. Hematologic data often are not
maximally utilized in fish medicine because of
the lack of reference intervals and interpretive
skills for piscine species (Groff et al. 1999;
Rehulka, 1996).

The present study was performed to
determine blood cells morphology and diameter
dimensions of the erythrocyte cells and their
nuclei of Alburnoides bipunctatus.

Material and Methods
Five adult specimens of A. bipunctatus used

in this study were captured from Kizilirmak
River, Kirsehir, Turkey (38° 57'N, 34° 11'E).
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The collected specimens were transported live to
the laboratory. They were kept in well aerated
aquaria until analysis. Blood cells were obtained
as modified according to Blaxhall and Daisley
(1973) and stained with Wright fluid for one
minute. Slides were examined on Leica 3000
research microscope. Diameter dimensions of the
erythrocyte cells were measured by SPSS 16.0
version.

Results

Erythrocytes, thrombocytes, lymphocytes,
monocytes, neutrophils, small lymphocytes and
eosinophils were analyzed and characterized
(Fig. 1). Cell size and nucleus size of
erythrocytes were meausered (Table 1). The
predominant shape of the erythrocytes was oval,
central or nearly central, dark purple-stained
nucleus. Monocytes were also oval and nucleus
condensed on one side of the cell were either
oval, similar to a horseshoe or in the shape of a
kidney. Lymphosyte cells were circular. Their
nucleus was suitable for the shape of the cells,
and they almost covered all the cells. Neutrophils
cells were circular in all the specimens
examined. There were bilobed nuclei in the cell.
Eosinophils cells were circular in all the
specimen examined. The nuclei cumulated on
one side of the cell. Thrombocyte cells were
either oval or circular, and were seperated or



cumulated in one region. Their nucleus, which
was in the center, covered almost all the cell.

Table 1.
bipunctatus

Erythrocytes measurements of A,

The mature erythrocytes of A. bipunctatus show
an average size and morphological features
similar to those described for mature
erythrocytes of other fish species and, like in all
the species examined so far, they are the

Erythrocytes cell size (length x
width; pm®)

Erythrocytes nucleus size
(length 9 width; pm?)

predominant cell type found in the blood (Oriin,
2000; Hrubec, 2001; Vazquez and Guerrero,

(18,43 +1,27)x (11,85 + 1,19)

(7,77 £0,71) x (4,76 + 0,48)

2007).
Leucocytes are the most abundant blood cells
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Fig. 1. a. erythrocytes, b. pre-erythrocytes, c.
monocytes, d. lymphocytes, e. eosinophils, f.
neutrophils, g. thrombocytes, h. small
lymphocytes of A. bipunctatus

Discussion

Erythrocytes are the dominant cell type in the
blood of the vast majority of fish species. It is
widely accepted that fishes, like most other
vertebrates, have a common leucocyte pattern
consisting of  granulocytes,  monocytes,
lymphocytes and thrombocytes (Vazquez and
Guerrero, 2007).

In the present study, A. bipunctatus blood cell
type were characterized microscopically and
hematological indices  were analyzed.
Erythrocytes were the most abundant cells in
smears of the peripheral blood of and smaller
numbers of leucocytes (lymphocytes, monocytes
and neutrophils). Eosinophils were rarely seen.
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after erythrocytes (Ueda et al. 1997).
Lymphocytes are usually the most common
leucocyte type present in the blood of some fish,
accounting for as much as 85% of the total
leucocyte population, excluding thrombocytes
(Groff and Zinkl, 1999). The data of the present
study has been supported these results.

Conclusion

The results of our research provide a
contribution to the knowledge of the
characteristics of blood cells and hematological
parameters of A. bipunctatus, under the normal
conditions performed in this study. This
investigation may be contribute to other related
fish species.
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RESEARCH ON THE PERIPHERAL BLOOD CELLS OF CAPOETA BALIKI TURAN,
KOTTELAT, EKMEKCI & IMAMOGLU, 2006 FROM KIZILIRMAK RIVER, TURKEY
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N3CIEJABAHE HA NEPU®EPHUTE KPbBHU KJIETKHU HA CAPOETA BALIKI TURAN,
KOTTELAT, EKMEKCI & IMAMOGLU, 2006 OT PEKA Kb3bJIbPMAK, TYPLUS
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ABSTRACT: The aim of the the present study is to examine the peripheral blood of Capoeta baliki in order
to establish hematological baseline values. The morphological features of blood cells were described according
to the observations made by light microscopy. In blood cells of C. baliki, erythrocytes, thrombocytes,
lymphocytes, monocytes, neutrophils, small lymphocytes and eosinophils were analyzed and characterized. Five
adult specimens of C. baliki used in this study were captured from Kizilirmak River, Kirsehir, Turkey. This
research will be provide to contribution about comparison for peripheral blood cells morphologies of other

related fish species.

Key words: Cyprinid, Kizilirmak, Capoeta baliki, blood cells

Introduction

Hematological parameters have been used to
describe the health of fish, monitor stress
response and predict systematic relationships and
physiological adaptations of animals. They more
quickly reflect the poor condition of fish than
other ~ commonly  measured  parameters.
Hematological parameters are increasingly used
as indicators of the physiological stress response
to endogenous or exogenous changes in fish
(Atamanalp et al. 2011).

Blood cells as important tissues in fish are
very sensitive to variation of their physiological
status and stimulus of their environment (Li and
Wang, 1995).

That variations exist in a variety of blood cell
parameters among the classes and species of the
vertebrates has been well documented in
descriptive reviews and in comprehensive studies
of fish, birds and mammals. However, the
hematology of the poikilotherms, on the whole,
has not been fully explored (Weinberg et al.
1972). It is the aim of the present study to
examine the peripheral blood of Capoeta baliki
in order to establish hematological baseline
values.

22

Material and Methods

Five adult specimens of C. baliki used in this
study were captured from Kizilirmak River,
Kirsehir, Turkey (38° 57N, 34° 11'E). The
collected specimens were transported live to the
laboratory. They were kept in well aerated
aquaria until analysis. Blood cells were obtained
as modified according to Blaxhall and Daisley
(1973) and stained with Wright fluid for one
minute. Slides were examined on Leica 3000
research microscope. Diameter dimensions of the
erythrocyte cells were measured by SPSS 16.0
version.

Results

In blood cells of Capoeta baliki, erythrocytes,
thrombocytes, lymphocytes, monocytes,
neutrophils, small lymphocytes and eosinophils
were analyzed and characterized (Fig. 1). Cell
size and nucleus size of erythrocytes were
meausered (Table 1).

The predominant shape of the erythrocytes
was oval, central or nearly central, dark purple-
stained nucleus. Monocytes were also oval and
nucleus condensed on one side of the cell.
Lymphosyte cells were circular. Their nucleus
was suitable for the shape of the cells, and they
almost covered all the cells. Neutrophils cells
were circular in all the specimens examined.



There were bilobed nuclei in the cell.
Eosinophils cells were circular in all the
specimen examined. The nuclei cumulated on
one side of the cell. Thrombocyte cells were
either oval or circular, and were seperated or
cumulated in one region. Their nucleus, which
was in the center, covered almost all the cell.

Table 1. Erythrocytes measurements of C. baliki

Erythrocytes cell size (length
x width; pm?)

Erythrocytes nucleus size
(length 9 width; pm?)

(20,77 £ 1,73) x (14,20 + (10,20 + 0,68) x (5,78 +

0,92) 0,64)
’
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Fig. 1. a. erythrocytes, c. monocytes, d.

lymphocytes, e. eosinophils, f. neutrophils, g.
thrombocytes, h. small lymphocytes from blood
cells of C. baliki

Discussion

In fish species, erythrocyte cells are the most
abundant cell type in the blood of the extensive
amount.  Several studies reported that
lymphocytes are the dominant cell type after
erythrocytes, and eosinophils are smaller number
than neutrophils. While basophils are not seen so
much (Oriin, 2000).

In the present study, C. baliki blood cell type
were  characterized  microscopically  and
hematological indices were analyzed.
Erythrocytes were the most abundant cells in the
peripheral blood of and smaller numbers of
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lymphocytes, monocytes and
Eosinophils were rarely seen.

Fish leukocytes have been classified using
criteria that primarily apply to mammalian
counterparts (Ellis, 2004) and several studies
suggested that many fish leukocytes show
morphological resemblance and functional
similarities with mammalian cells (Groff and
Zinkl, 1999). The diversity of fishes is reflected
in variable leukocyte morphology (Ravi and
Venkatesh, 2008), indicating a need for
additional characterization to better classify cell
types prior to clinical evaluations and
determination of potential for function testing
(Palic et al. 2011).

Furthermore, fish species of special concern
usually have additional legal restrictions and
limited access to reared or wild populations,
further  reducing opportunity to  collect
information about their peripheral blood cell
characteristics (Palic et al. 2011).

neutrophils.

Conclusion

The results of our research provide a
contribution to the knowledge of the
characteristics of blood cells and hematological
parameters of C. baliki, under the normal
conditions performed in this study. This research
will be provide to contribution about comparison
for peripheral blood cells morphologies of other
related fish species.
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C-BANDING PROPERTIES OF PSEUDORASBORA PARVA (TEMMINCK AND SCHLEGEL
1846) (TELEOSTEI: CYPRINIDAE) FROM BURDUR PROVINCE, TURKEY

Muhammet Gaffaroglu, Muradiye Karasu Ayata, Sevgi Unal

C-JIEHTOBU XAPAKTEPUCTUKHN HA PSEUDORASBORA PARVA (TEMMINCK AND
SCHLEGEL 1846) (TELEOSTEI: CYPRINIDAE) OT OBJIACT BYPAYP, TYPLIUS
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ABSTRACT: The aim of this study is to reveal C-banding properties of Pseudorasbora parva (Temminck
and Schlegel 1846) from Ona¢ Dam Lake, Turkey. Metaphase chromosomes were obtained from kidney cells.
Sumner (1972)’s C-banding technique was performed to metaphase preparations. C-bands were observed on the
centromeres of several chromosomes. Additionally, heterochromatic blocks were determined on the
pericentromeres of two chromosome pairs. This study may contribute the chromosomal knowledge of this and

related species.

Key words: Pseudorasbora parva, cyprinid, chromosome, Turkey

Introduction

The family Cyprinidae is the richest fish
family in Turkey. Pseudorasbora parva belongs
to this family (Kuru et al. 2014). P. parva’s orig-
inal homeland was Far East, but it is invaded to
many water system on the earth. This species
was introduced accidentally into much European
water systems, including the water regions of
Turkey. P. parva is distributed on the several
rivers and lakes of our country (Gaffaroglu et al.
2009).

Chromosomal studies contribute to fish tax-
onomy. C-banding is one of the chromosomal
band technique that generally performed to fish
chromosomes. These bands identify the constitu-
tive heterochromatin regions. These regions con-
tain transcriptionally inactive and highly repeti-
tive DNA sequences (Boron 2000). C-banding
technique has been widely used not only for de-
termining the patterns of constitutive hetero-
chromatin regions, but also for identifying homo-
log chromosomes (Sumner 1972). For this pur-
pose, C-banding is frequently being used in
chromosomal studies and is important in evaluat-
ing the phylogenetic relationships between the
species. These bands are mostly localized in the
centromere of the chromosomes. The patterns of
these bands can differ between the species
(Arslan and Arslan 2007).

The only chromosomal study of this species
from Turkey is Gaffaroglu et al. (2009)’s study.
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They were reported the diploid chromosome
number and chromosome morphology of P.
parva from Kizilirmak River, Turkey. However,
C-band patterns of this species have not been
studied yet.

The aim of this study is to reveal C-band
properties of P. parva from Turkey.

Material and Methods

Nine specimens (six males, three females) of
P. parva were collected from Ona¢ Dam Lake,
Burdur, Turkey. The collected specimens were
transported live to the laboratory. They were kept
in well aerated aquaria until analysis. Metaphase
chromosomes were obtained from kidney cells.
At least 10 slides were prepared from each spec-
imen. Sumner (1972)’s C-banding technique was
performed to metaphase slides. The slides were
scanned on Leica DM 3000 microscope and
good C-banded metaphases were photographed.

Results

C-bands were observed on the centromeres of
several chromosomes of P. parva. Additionally,
heterochromatic blocks were determined on the
pericentromeres of two chromosome pairs (Fig.
1).



Fig. 1. C-banded metaphase of P. parva
Discussion

The diploid chromosome number of P. parva,
from Turkey’s inland waters, was found as 2n =
50. The karyotype was consisted of seven pairs
of metacentric, 10 pairs of submetacentric and
eight pairs of subtelocentric chromosomes
(Gaffaroglu et al. 2009). Another chromosomal
study has not been carried out on Turkey’s popu-
lations.

Most species invariably possess C-bands at or
around the centromeres (pericentromeric) and,
frequently, at the chromosome tips (telomeric).
C-bands may also be found along the chromo-
some arms (interstitial) and as entirely hetero-
chromatic short arms of acrocentric chromo-
somes (Gold et al. 1986). Fishes with such char-
acteristic C-band patterns mostly belong to
Cyprinidae. Therefore, C-band distribution in
cyprinids is of great cytotaxonomic interest
(Takai and Ojima 1988).

Lots of chromosomal banding studies have
been carried out in Anatolian fish species
(Gaffaroglu et al. 2013; Unal et al. 2014). This
study indicates that P. parva pose similarities
with the other representatives of the family
Cyprinidae in terms of the C-band pattern
(Gaffaroglu and Yiiksel, 2009; Karasu et al.
2011; Unal 2011). Otherwise, heterochromatic
blocks have been reported on the several cypri-
nid species (Boron 2001; Gaffaroglu and Yiiksel
2009) as seen in this study.

Conclusion

This study is to first that determines C-band
band properties of P. parva from Turkey. The
obtained results are similar to other studies that
carried out in cyprinids. This study may contrib-
ute to this and related species’ cytogenetics and
cytotaxonomy.
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ABSTRACT: The aim of this study is to reveal nucleolus organizer regions (NOR) of Pseudorasbora parva
(Temminck and Schlegel 1846) firom Ona¢ Dam Lake, Turkey. Metaphase chromosomes were obtained from
kidney cells. Howell and Black (1980)s silver staining technique was performed to metaphase preparations.
NORs were observed on the short arms of a submeta-subtelocentric chromosome pair. This study may contribute
the chromosomal knowledge of this and related species.

Key words: Pseudorasbhora parva, cyprinid, chromosome, NOR, Turkey

Introduction

The richest fish family in Turkey is the
Cyprinidae. Pseudorasbora parva belongs to this
family (Kuru et al. 2014). P. parva’s original
homeland was Far East, but it is invaded to many
water system on the earth. This species was in-
troduced accidentally into much European water
systems, including the water regions of Turkey.
P. parva is distributed on the several rivers and
lakes of our country (Gaffaroglu et al. 2009).

Chromosomal study is one of the research
topics in fish species. These studies have been
carried out for many years for solving the taxo-
nomic problems in fishes. However, some diffi-
culties (having small and outnumbered chromo-
somes) in obtaining chromosomes from fishes
reduce the interest in this area. For this purpose,
the chromosomal studies in Anatolian fishes
have been started in the last years (Ulupinar and
Alas 2002). Silver staining is one of the most
common chromosomal technique that applied to
fish chromosomes. This method have been de-
veloped for staining the nucleolus organizer re-
gions (NORs) (Howell and Black 1980). The
number and locations of NORs have been used
as a taxonomic character and these characters are
useful to fish cytotaxonomy (Boron 1999).

The only chromosomal study of this species
from Turkey was carried out by Gaffaroglu et al.
(2009). They were reported the diploid chromo-
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some number and chromosome morphology of
P. parva from Kizilirmak River, Turkey. How-
ever, chromosomal band properties of this spe-
cies have not been studied yet.

The aim of this study is to reveal NOR num-
ber and location of P. parva from Turkey.

Material and Methods

Nine specimens (six males, three females) of
P. parva were collected from Ona¢ Dam Lake,
Burdur, Turkey. The collected specimens were
transported live to the laboratory. They were kept
in well aerated aquaria until analysis. Metaphase
chromosomes were obtained from kidney cells.
At least 10 slides were prepared from each spec-
imen. Howell and Black (1980)’ silver staining
technique was performed to metaphase slides.
The slides were scanned on Leica DM 3000 mi-
croscope and good metaphases with positive
NORs were photographed.

Results

NORs were observed on the terminals of the
short arms of a middle sized submeta-
subtelocentric chromosome pair of P. parva (Fig.
1).



Fig. 1. Silver stained metaphase of P. parva

Discussion

The diploid chromosome number of P. parva,
from Turkey’s inland waters, was found as 2n =
50. The karyotype was consisted of seven pairs
of metacentric, 10 pairs of submetacentric and
eight pairs of subtelocentric chromosomes
(Gaffaroglu et al. 2009). Another chromosomal
study has not been carried out on Turkey’s popu-
lations. Therefore, this study is to first that de-
termines NOR properties of P. parva.

Locations of NORs in the karyotype and
NOR phenotypes have proven useful in cyprinid
cytotaxonomy (Amemiya and Gold 1988). Most
fish species bear a single NOR, while there are
also species that possess multiple NORs
(Amemiya and Gold 1990). Furthermore, these
NORs usually located on the short arms of
submetacentric chromosomes as seen in this
study. However, sometimes they can be located
on the long arms of the submetacentric or
subtelo-acrocentric chromosomes (Rab et al.
1990).

Lots of chromosomal banding studies have
been carried out in Anatolian fish species
(Gaffaroglu et al. 2006; Karasu et al. 2011). This
study indicates that P. parva pose similarities
with the other representatives of the family
Cyprinidae in terms of the NOR pattern (Unal
2011; Unal et al. 2014). On the other hand, P.
parva pose differences with some representatives
of cyprinids in terms of NOR number
(Gaffaroglu et al. 2006; Karasu et al. 2011).

Conclusion

This study is to first that determines NOR
properties of P. parva from Turkey. The ob-
tained results are similar to other studies that car-
ried out in cyprinids. This study may contribute
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to this and related species’ cytogenetics and
cytotaxonomy.
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CONSTITUTIVE HETEROCHROMATIN PATTERNS OF SALARIA FLUVIATILIS (ASSO,
1801) (TELEOSTEI: BLENNIIDAE) FROM CEYHAN RIVER, OSMANIYE, TURKEY

Sevgi Unal, Muradiye Karasu Ayata, Muhammet Gaffaroglu

CbCTABHU XETEPOXPOMATHUHHHU CTPYKTYPH HA SALARIA FLUVIATILIS (ASSO,
1801) (TELEOSTEI: BLENNIIDAE) OT PEKA JUKEUXAH, OCMAHMUE, TYPLUSL

Cegru lOnan, Mypanuite Kapacy Aiiata, Myxamer ["adapomy

ABSTRACT: This study is indicate constitutive heterochromatin presence and patterns of Salaria fluviatilis
(Asso, 1801) from Ceyhan River, Osmaniye, Turkey. C-banding technique was carried out to demonstrate
constitutive heterochromatin regions according to Sumner (1972). Positive C-bands were seen on the
centromeric region for several chromosomes and at the long arm for some chromosomes. In addition
pericentromeric heterochromatin blocks were shown on the two chromosome pairs. This results will contribute
to documentation of constitutive heterochromatin characterization in fishes.

Key words: Salaria fluviatilis, blennidae, C-banding, Ceyhan River, Turkey

Introduction

The family Blennidae includes a great number
of small benthic fishes. A thumping majority are
marine and occur in tropical regions. Several
species are known to enter brackish or
freshwaters in Southeast Asia, India, Africa and
South America (Kottelat, 2004). The genus
Salaria Forsskal, 1775 is represented with five
species of which Salaria fluviatilis (Asso, 1801)
(Syn=Blennius fluviatilis Asso y del Rio, 1801),
S. basilisca (Valenciennes, 1836), S. economidisi
Kottelat, 2004, S. pavo (Risso, 1810) and S.
atlantica Doadrio, Perea & Yahyaoui, 2011
(Doadrio et al. 2011). S. fluviatilis has been
recorded under a variety of synonyms (e.g.,
Blennius vulgaris Pollini, 1816, B. cagnota
Valenciennes, 1836) (Kottelat, 2004). Population
of S. fluviatilis is assessed as least concern (LC).
The species has widespread aquatic areas in
Turkey (IUCN, 2016).

The several conventional criteria used for the
systematics of the complex family Blennidae.
The chromosomal characterization of blennies
useful for both conventional and cytotaxonomic

systematics. In  species  with  similar
karyomorphology, banding techniques are
discriminate more details of chromosome

differences (Garcia et al. 1987). One of the
chromosome banding techniques is C-banding.
C-banding technique allows to identify
constitutive heterochromatin regions and it
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involves differential degradation of euchromatic
and heterochromatic chromosomal regions
(Sumner, 1972). Constitutive heterochromatin
represents a substantial portion of the eukaryote
genome, and it is mainly composed of tandemly
repeated DNA sequences which are also
transcriptionally  inactive  sequences. The
distribution pattern of constitutive
heterochromatin is a chromosome marker for
discriminating (Vicari et al. 2010) populations of
S. fluviatilis.

C banding technigue was performed to some
species which are belong to closely relative
genus Blennius and Salaria (Cataudella and
Civitelli, 1975; Garcia et al. 1987). However
there is no any C-banding study about S.
fluviatilis Turkey population. So the aim of this
study is indicate C-band presence of S. fluviatilis
Turkey (Ceyhan River) population.

Material and Methods

Five specimens (two female, three male) were
collected by electrofishing from Ceyhan River,
Osmaniye, Turkey. The specimens were
transported as alive to the laboratory and they
were preserved well aerated aquaria till analysis.
The technique of chromosome obtaining was
performed according to Collares-Pereira (1992).
C-banding technique was carried out to
demonstrate constitutive heterochromatin regions



(Sumner, 1972). All images were photographed
by a Leica DM 3000 research microscope.

Results

Positive C-bands were seen on the
centromeric region for several chromosomes and
at the long arm for some chromosomes (Fig. 1,
Fig. 2). In addition  pericentromeric
heterochromatin blocks were shown on the two
chromosome pairs (Fig. 2).
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Fig. 1. C-bands on the centromeric region of
S. fluviatilis chromosomes
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Fig. 2. Pericentromeric heterochromatin
blocks of S. fluviatilis chromosomes

Discussion
The diploid chromosome number of S.

fluviatilis was found as 2n=48 and all of which
were consisted acrocentric chromosomes except
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for a pair of large acrocentrics with a very short
arm (Cataudella and Civitelli, 1975). There is no
any information about C-banding
characterization of S. fluviatilis Ceyhan River
population from Turkey.

The chromosome changes supposedly
involved in evolutional trend might be
pericentric inversions, translocations, or terminal
additions of small heterochromatic segments
(Garcia et al. 1987).

Most of the reports on C-banding in fishes
reveal the distribution of C-heterochromatin to
be of multisite type. In most of fishes, C-
heterochromatin is located on the centromeric
and telomeric regions. However, intercalary C-
bands and whole arm or whole chromosome C-
bands have also been reported (Sharma et al.
2002). As in this study, some C-heterochromatin
regions were indicated on the centromeric
regions, although some C-bands were shown
whole long arms of only two chromosomes.

Garcia et al., (1987) pointed out C-bands
properties of seven Mediterranean blenniid
species that previously known as Blennius:
Parablennius gattorugine (Syn:Blennius
gattorugine), Parablennius incognitus (Syn: B.
ponticus incognitus), Salaria pavo (Syn: B.
pavo), Parablennius sanguinolentus (Syn: B.
sanguinolentus), Coryphoblennius galerita (Syn:
B. galerita), Lipophrys pholis (Syn: B. pholis),
and Lipophrys trigloides (Syn: B. trigloides). The
distribution of heterochromatin was shown
differentiation among blenniids. Two C-banding
patterns were described. While Parablennius
gattorugine, Parablennius incognitus, Salaria
pavo and Parablennius sanguinolentus showed a
homogeneous distribution of the heterochromatin
in paracentromeric and telomeric regions, others
such as Coryphoblennius galerita, Lipophrys
pholis and Lipophrys trigloides had most of the
heterochromatin concentrated on the entire arm
of two or three chromosome pairs. The second
pattern of C-banding is similar to C-
heterochromatin distribution of S. fluviatilis that
heterochromatin has been shown on the entire
arm of two chromosome pairs.

Conclusion

C-banding helps in revealing the distribution
of constitutive heterochromatin and also to
determine its role in karyotype evolution,
speciation and  differentiation  of  sex
chromosomes. The C-heterochromatin has been
documented for about 125 sps. of fishes spread



over different families with primary emphasis on
documenting the existence and location of C-
bands on fish chromosomes (Sharma et al. 2002).

The present results indicate the first pattern of
C-heterochromatin presence of S. fluviatilis
Ceyhan River population. Furthermore this
results will contribute to documentation of
constitutive heterochromatin characterization in
fishes.
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THE INVESTIGATION OF NUCLEOLUS ORGANIZER REGION IN SALARIA
FLUVIATILIS (ASSO, 1801) (TELEOSTEI: BLENNIIDAE) FROM CEYHAN RIVER,
OSMANIYE, TURKEY

Muhammet Gaffaroglu, Sevgi Unal, Muradiye Karasu Ayata

U3CJIEABAHE HA OBJIACTTA HA SIIEPHEBUSI OPTAHU3ATOP HA SALARIA
FLUVIATILIS (ASSO, 1801) (TELEOSTEI: BLENNIIDAE) OT PEKA J1’)KEUXAH,
OCMAHHUE, TYPLIUSA

Myxawmet ["apapony, Cesru FOnan, Mypanuiie Kapacy Aitara

ABSTRACT: This study is reveal nuclear organizer region (NOR) number and distribution of Salaria
fluviatilis (Asso, 1801) from Ceyhan River, Osmaniye, Turkey. NORs were detected by the techniques of Ag-NOR
staining. NORs were observed on the terminal of short arms of one pair chromosome. This results will
contribute to documentation of cytogenetics studies in this group.

Key words: Salaria fluviatilis, blennidae, nucleolus organizer region (NOR), Ceyhan River, Turkey

Introduction

The genus Salaria Forsskdl, 1775 has an
uncommon ecology in that the five species
reported for this genus (Doadrio et al. 2011) of
which  Salaria  fluviatilis  (Asso, 1801)
(Syn=Blennius fluviatilis Asso y del Rio, 1801)
and S. economidisi Kottelat, 2004 are known
only from freshwaters (Kottelat, 2004). S.
fluviatilis has been considered least concern (LC)
according to the IUCN Red List. It is present
from drainages around northern Mediterranean
from Israel to Portugal, Moroccoo, Algeria, and
this species has widespread aquatic areas in
Turkey (IUCN, 2016). This species belongs to
the family Blennidae, a common family with
almost 400 species within Percomorpha (Miya et
al. 2005). The species typically prefers moderate
flowing stretches of upper course streams with
clear waters, aquatic vegetation and gravel
bottoms (Doadrio et al. 2011).

The chromosome characterization of blennies
needs for more karyological information about

this group. In  species with  similar
karyomorphology, banding techniques are
discriminate more details of chromosome

differences (Garcia et al. 1987). One of the

chromosome banding techniques is Silver-
Nucleolar  Organizer  Region  (Ag-NOR)
technique. NOR  bands  represent the

chromosomal sites of 18s and 28s ribosomal
RNA  which presumably were actively
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transcribed at a preceding interphase (Howell,
1977, 1982). The silver-staining reaction is
apparently specific for a NOR-associated, non-
histone protein that selectively binds and reduces
ionic silver. Moreover NOR-banded phenotypes
have been used to solve systematic, population or
cytogenetics problems (Amemiya and Gold,
1986). The family of blennidae has been divided
several complex genus so this family need
cytogenetics  features  (especially  banding
characterization) of species for determination its
classification.

Ag-NOR staining was carried out to some
species which are belong to closely relative
genus Blennius and Salaria (Cataudella and
Civitelli, 1975; Garcia et al. 1987). However
there is no any NOR-banding study about S.
fluviatilis Turkey population. In the present study
is revealed the mitotic chromosomes of S.
fluviatilis Turkey (Ceyhan River) population by
silver nitrate banding.

Material and Methods

Five specimens (two female, three male) were
collected by electrofishing from Ceyhan River,
Osmaniye, Turkey. The specimens were
transported as alive to the laboratory and they
were preserved well aerated aquaria till analysis.
The technique of chromosome obtaining was
performed according to Collares-Pereira (1992).
Nucleolar organizer regions (NORs) were



detected by the techniques of Ag-NOR staining
(Howell and Black, 1980). All images were
photographed by a Leica DM 3000 research
microscope.

Results

Silver stained somatic metaphase for S.
fluviatilis is displayed in Figure 1, showing only
two NORs in terminal position of the short arms
of one pair of variable size.
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Fig. 1. Silver stained metaphase of S.
fluviatilis
Discussion

The diploid chromosome number of S.
fluviatilis was found as 2n=48 and all of which
were consisted acrocentric chromosomes except
for a pair of large acrocentrics with a very short
arm (Cataudella and Civitelli, 1975). There is no
any information about NOR  banding
characterization of S. fluviatilis Ceyhan River
population from Turkey.

The visualization of NORs on the
chromosomes has now become an important
parameter  with adding techniques for the
cytogenetic characterization in fishes. Sharma et
al. (2002) reported that most of fish have only
one pair of small NORs on the chromosome.
However, some fish have more than two NORs,
which may be caused by the translocation
between some parts of chromosomes with a
having NOR and another chromosome.
Moreover, NORs are usually located close to the
telomere of the chromosome arm. As in this
study, NORs were determined only one pair
chromosome and in terminal position of the short
arms.

Garcia et al., (1987) pointed out NOR-bands
properties of seven Mediterranean blenniid
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species that previously known as Blennius:
Parablennius gattorugine (Syn:Blennius
gattorugine), Parablennius incognitus (Syn: B.
ponticus incognitus), Salaria pavo (Syn: B.
pavo), Parablennius sanguinolentus (Syn: B.
sanguinolentus), Coryphaoblennius galerita (Syn:
B. galerita), Lipophrys pholis (Syn: B. pholis),
and Lipophrys trigloides (Syn: B. trigloides). Ag-
NOR technique applied metaphases all of them
showing only two NORs in telomeric domain of
one pair chromosome. Silver nitrate study of S.
fluviatilis Ceyhan River population have shown
similarities with Mediterranean blenniid species
in terms of number and distribution of active
NORs.

Conclusion

Cytogenetic markers are being added to the
morphological morphological and morphometric
characters in phylogenetic and cytotaxonomic
researches. So NORs have been most frequently
used as chromosomal markers in comparative
cytogenetics (Bertollo et al. 2004).

The present results indicate that number and
distribution of nuclear organizer region of S.
fluviatilis Ceyhan River population for the first.
Furthermore this results will contribute to
cytogenetics studies in this group.
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MICROMYCETOUS FUNGI ASSOCIATED WITH ALDER (Alnus glutinosa (L.) Gaertner
subsp. glutinosa) IN ISTRANCA MOUNTAIN (TURKEY - BULGARIAN SIDE)

Faruk Selguk

MICROMYCETOUS FUNGI CBBP3AHMU C ALDER (Alnus glutinosa (L.) Gaertner subsp.
glutinosa) B CTPAHIKA IINIAHUHA (TYPCKO-BBJTI'APCKHA PETTOH)

®Dapyk Cenmxyk

ABSTRACT: Materials colleceted on Alder (Alnus glutinosa (L.) Gaertner subsp. glutinosa) trees from
different localities of Istranca Mountains on both Turkish and Bulgarian side. Alder has got important among
tree species which from forests in the study area. It shows wide spread constituting mixed and pure communities
in the area. At the result of mycological excursions twenty microfungi species composition on Alder were
determined. These are: Annulohypoxylon cohaerens (Pers.)Y.M. Ju, J.D. Rogers & H.M. Hsieh, Coniomela
rimincola (Rehm) Kirschst., Cryptosporella suffusa (Fr.) L.C. Mejia & Castl., Cytosporella antarctica Speg.,
Diatrypella decorata Nitschke, D. placenta Rehm, Discula gloeosporioides (Sacc. & Roum.) Hohn., Ditopella
fusispora De Not., Helminthosporium velutinum Link, Hypoxylon peckianum Sacc., Lachnum virgineum (Batsch)
P. Karst.,, Melanconium apiocarpum Link, M. sphaeroideum Link, Melogramma campylosporum Fr.,
Metasphaeria hederae (Sawada.) Sacc., M. nigrovelata Feltgen, Nemania diffusa (Sowerby) Gray, Phoma
endoleuca Sacc., Taeniolella stilbospora (Corda) S. Hughes, and Wuestneia farinosa (Ellis) J. Reid & C. Booth.
The most of them are Teleomorphic fungi (55%), and others are Anamorphic fungi (45%).

Key words: Microfungi, Istranca mountain, Alnus, consortium.

Introduction Alnus glutinosa, Cornus mas, Carpinus betulus,
Acer campestre, Populus tremula, Ulmus
This study which is a product of a Project campestris, Daphne pontica, Euphorbia
supported by Bulgarian Academy of Sciences amygdaloides, Viole silvatica, Rubus fructicosus,
(BAS) and TUBITAK (The Scientific and  Fragaria vesca, Cistus villosus and etc. (Atalay,
Technological Research Council of Turkey), and  1994).
it is carried out in the forest of Istranca The climate in the area is primarily
Mountains, Turkey — Bulgaria in between 2005~  transitional — Mediterranean influenced by the
2006. The Istranca Mountains are situated in  Black Sea. Istranca Nature Park is the biggest
south-eastern Bulgaria and Turkey which  protected area in Bulgaria. It occupies 1% (1161
stretches between Bourgas valley, the Black Sea  sq km) of the territory and 23.5% of the
and Eastern Thracia. Its geographical coordinates  protected areas in the country.
are 42° 4" 0" North, 27° 0" 0" east. The highest The picturesque meanders of the two clearest
peak on Bulgarian territory is Golyamo  Bulgarian rivers, the Veleka and the border river
Gradishte (700 m a. s. I.), and also on Turkey  Rezve are winding through.
territory is Mahya mountain (1035 ma. s. I.). The Nature Park occupies one of the first
Istranca mountains, in Thrace, also contain  places among the protected territories in Europe
productive forests. In this area, beech forest in terms of biological diversity. The Istranca
begin at an elevation of 250-300 m and coverst  mountains have a rich and diverse flora, unique
densely all the highest parts of the mountainand  within Europe. For example: 50% of Bulgaria’s
and then they pass towards the southern slopes  flora can be observed in Istranca Nature Park and
of the mountain as low as 500 m. Underground  area has 121 habitat types. Of the reason fort he
shrubs of the region forest are composed of abundance of flora in Istranca is the area’s
Rhododendron ponticum and Ilex aquifolium.  geographical location at a bio—geographical
Tree and shrub elements in the region forests are  crossroad between European and Asian
Quercus petrea, Carpinus betulus, within valley  Continents.
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Higher plants of study area have been well
studied (Urusak et al. 2013) but the mycobiota
has not been extensively investigated and most
of the studies deal with macromycetes generally
Agaricoid fungi. Only twenty fungi species were
provided by Stoykov and Denchev (2007) for
Turkey area. The microfungi growth on trees and
shrubs have been studied intensively in last two
decades in Turkey (Akgiil et al. 2015; Braun et
al. 2000; Hiiseyin and Selguk 2001, 2014; Hiise-
yin et al. 2005, 2014; Hiiseyinov, and Sel¢uk
2001; Hiiseyinov et al. 2002; Selcuk and Ekici
2014; Selguk and Hiiseyin 2014; Selguk et al.
2014, Vasighzadeh et al. 2014).

Materials and Methods

Specimens were taken to the laboratory and
examined under a leica DM-E compound micro-
scope. Sections were hand cut using a razor
blade. The fungi were identified using the rele-
vant literature (Hsieh, Ju, Rogers, 2005; Sac-
cardo 1882 — 1931; Meji’a ve ark., 2008; Smit-
skaya et al. 1986; Yagevskiy, 1913; Mel‘nik and
Popusoy, 1992; Naumov, 1964; Ignataviciuté
and Treigiené 1998; Mel‘nik 2000). The author
abbrevations of fungi are according to Index
fungorum (accessed March 2016). Taxa, its fami-
lies and author citations were listed according to
Cannon and Kirk (2007), Kirk et al. (2008) and
Index fungorum (accessed March 2016).

Result and Discussion

In 2005 during field investigations in natural
forest ecosystems of Istranca Mountain in Tur-
key and Bulgaria, at the result of mycological
researches twenty micromycetes species have
been found on Alder (Alnus glutinosa subsp. glu-
tinosa) trees. Microfungi are mainly represented
by Ascomycota members with twenty species.
Sordariomycetes classis of Ascomycota is very
rich in terms of genera and species, constitutes
65% of 20 determined species. Another classis
Dothideomycetes is represented with five species
(25%). Incertae sedis (as classis level) repre-
sented only one species of Ascomycota consti-
tute 5% of general total amount. Sordariomy-
cetes’s subclassis that have the most species are
Sordariomycetidae (8 species), and Xylariomy-
cetidae (5). Among Dothideomycetes classis,
Dothideomycetidae (2), Pleosporomycetidae (2),
and Incertae sedis (1), subclassis have got spe-
cies. Orders that distinguish in terms of number
of species in Ascomycota divisio are: Di-

38

aporthales (7 species), Xylariales (5), Dothidea-
les (2), Pleosporales (2), Coniochaetales (1),
Helotiales (1), Incertae sedis (1), and Muytilini-
dales (1).

When mycobiota of study material is ana-
lyzed in terms of trophic structure: all species
identified that are saprolignoxylothroph. These
are: Annulohypoxylon cohaerens (Pers.)Y.M. Ju,
J.D. Rogers & H.M. Hsieh, Coniomela rimincola
(Rehm) Kirschst., Cryptosporella suffusa (Fr.)
L.C. Mejia & Castl., Cytosporella antarctica
Speg., Diatrypella decorata Nitschke, D. pla-
centa Rehm, Discula gloeosporioides (Sacc. &
Roum.) Ho6hn., Ditopella fusispora De Not.,
Helminthosporium velutinum Link, Hypoxylon
peckianum Sacc., Lachnum virgineum (Batsch)
P. Karst.,, Melanconium apiocarpum Link, M.
sphaeroideum Link, Melogramma campy-
losporum Fr., Metasphaeria hederae (Sawada.)
Sacc., M. nigrovelata Feltgen, Nemania diffusa
(Sowerby) Gray, Phoma endoleuca Sacc.,
Taeniolella stilbospora (Corda) S. Hughes, and
Wuestneia farinosa (Ellis) J. Reid & C. Booth.
They play a part in the process of cracking of
wood destroyer macrofungi and lignins that
crack difficulty: in addition this, they constitute
organic substances that are the most important
natural resources of mould in their life cycles.
On the other hand, they probably are effective in
natural leaf falling process of trees, especially
coniferous ones such as pine, fir, cedar and
spruce.

Microfungi, an separable part of ecologic—
morphologic structure of phytocoenosis, create
their relation with the plants they live on with
biocoenosis functional component element,
namely through consortiums. When we look at
fungus — host consortive relations generally, we
see neutral, positive, negative and antagonist re-
lations, but in this study, we observe only posi-
tive and neutral relations between fungus with
host as given below:

In positive consortive relations, microfungi
enable fregmentation of organic component (lig-
nin, pectin and cellulose) until simple mineral
components and ensure continuity of energy flow
in biocoenosis. Saprothroph microfungi that play
an active role in substance cycle by creating a
humus—like substance by crumbling wood are in
a positive relation with their hosts. For instance:
Annulohypoxylon cohaerens, Cryptosporella suf-
fusa, Cytosporella antarctica, Diatrypella deco-
rata, D. placenta, Ditopella fusispora, Helmin-
thosporium velutinum, Lachnum virgineum, Mel-
anconium apiocarpum, M. sphaeroideum, Melo-



gramma campylosporum, Metasphaeria hederae,
M. nigrovelata, Nemania diffusa, Phoma en-
doleuca, Taeniolella stilbospora, and Wuestneia
farinosa.

Although fungi develop on edificator in neu-
tral consortive relations, host can continue their
normal development and seed. For example there
is a neutral relation between Coniomela rimin-
cola, and Discula gloeosporioides with Alnus
glutinosa subsp. glutinosa.

On the other hand, some microfungi species
were seen on different host species from differ-
ent families and genera. For example: Annulohy-
poxylon cohaerens registered on dead branches
of Fagus orientalis Lipsky, and on dead branches
of Carpinus betulus L.; Diatrypella decorata— on
dead branches of Fagus orientalis, and on dead
thick branches of Tilia argentea Desf. ex DC.;
Melanconium apiocarpum- on dead branches of
Carpinus  betulus;  Melogramma  campy-
losporum— on dead branches of Carpinus betu-
lus; Metasphaeria hederae— on bark of dead thin
branches of Ulmus minor Miller subsp. minor.

When results of study are analyzed in terms
of locational: Coniomela rimincola, Crypto-
sporella suffusa, Cytosporella antarctica, Dis-
cula gloeosporioides, Ditopella fusispora,
Helminthosporium velutinum, Hypoxylon
peckianum, Lachnum virgineum, Melanconium
sphaeroideum, Metasphaeria hederae, M. ni-
grovelata, Nemania diffusa, Phoma endoleuca,
Taeniolella stilbospora, and Wuestneia farinosa
were recorded in the field of Turkey of Istranca
mountain. Annulohypoxylon cohaerens, Diatry-
pella decorata, D. placenta, Melanconium apio-
carpum, and Melogramma campylosporum were
recorded in both Turkey and Bulgarian land of
Istranca.
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CTPAHIKA IINTAHUHA (TYPCKO-BBJITAPCKH PETHOH)
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ABSTRACT: Nineteen species of micromycetous fungi identified of Tilia argentea Desf. ex DC., the most of
them are Anamorphic fungi (90%). These include: Aposphaeria protea Peyronel, Coniothyrium concentricum
(Desm.) Sacc., Cytospora epixyla Sacc. & Roum., Cytospora guttifera (DC.) Fr., Diplodia tiliae Fuckel,
Exosporium tiliae Link, Hendersonia sarmentorum Westend., Hendersonia tiliae Lév., Hercospora tiliae (Pers.)
Tul. & C. Tul. Melanconium stromaticum Corda, Periconia byssoides Pers., Phoma microsperma Preuss, S.
mdrtensii (West) Sacc., Septocylindrium leucum Bayl. Ell. & O.P. Stansf., Sphaeropsis guttifera G.H. Otth,
Sphaeropsis tiliacea Peck., and Trichothecium candidum Wallr. Others are Teleomorphic fungi (10%):
Diatrypella decorata Nitschke, and Ophiostoma microsporum Arx.

Key words: Microfungi, Istranca mountain, Tilia, Trophic structure.

Introduction

The Linden (Tilia argentea Desf. ex DC.) is
generally spread in the western (Marmara and
Aegean region) and north-western (western part
of Black sea region) Anatolia and constitutes
mixed forests with other forest species (Acer
campestre, Alnus glutinosa, Carpinus betulus,
Fagus orientalis, Populus tremula, Quercus
petraea, Ulmus campestris, and others). Shrub
layers in these forests have been composed of
Cistus villosus, Cornus mas, Corylus avellana,
Daphne pontica, Fragaria vesca, Mespilus
germanica, Rhododendron luteum, R. ponticum,
Rubus fructicosus, Sorbus torminalis, etc. On the
other hand, Turkey is a fifth, all among the world
country according to linden produce. At the
result of mycological researches nineteen
micromycetes species have been found on
Linden trees of natural forest ecosystems in
Istranca mountain (Turkey and Bulgarian side).

This study which is a product of a Project
supported by Bulgarian Academy of Sciences
(BAS) and TUBITAK (The Scientific and
Technological Research Council of Turkey), and
it is carried out in the forest of Istranca
Mountains, Turkey — Bulgaria in between 2005—
2006. The Istranca Mountains are situated in
south-eastern Bulgaria and Turkey which
stretches between Bourgas valley, the Black Sea
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and Eastern Thracia. Its geographical coordinates
are 42° 4" 0" North, 27° 0" 0" east. The highest
peak on Bulgarian territory is Golyamo
Gradishte (700 m a. s. L), and also on Turkey
territory is Mahya mountain (1035 ma. s. .).

The climate in the area is primarily
transitional — Mediterranean influenced by the
Black Sea. Istranca Nature Park is the biggest
protected area in Bulgaria. It occupies 1% (1161
sq km) of the territory and 23.5% of the
protected areas in the country.

The picturesque meanders of the two clearest
Bulgarian rivers, the Veleka and the border river
Rezve are winding through.

The Nature Park occupies one of the first
places among the protected territories in Europe
in terms of biological diversity. The Istranca
mountains have a rich and diverse flora, unique
within Europe. For example: 50% of Bulgaria’s
flora can be observed in Istranca Nature Park and
area has 121 habitat types. Of the reason fort he
abundance of flora in Istranca is the area’s
geographical location at a bio—geographical
crossroad Dbetween European and Asian
Continents.

The microfungi growth on trees and shrubs
have been studied intensively in last two decades
in Turkey (Akgiil et al. 2015; Hiiseyin and Sel-
cuk 2001, 2002, 2002a; Hiiseyin et al 2016;
Kabaktepe et al. 2015; Selguk and Ekici 2014;



Selguk and Hiiseyin 2000, 2014; Sel¢uk et al.
2002, 2003, 2012, 2014).

Materials and Methods

Specimens were taken to the laboratory and
examined under a leica DM-E compound micro-
scope. Sections were hand cut using a razor
blade. The fungi were identified using the rele-
vant literature (Ellis and Ellis 1987; Grove 1935,
2000; Merejko 1980; Popusoy 1971; Saccardo
1882 — 1931; Smitskaya et al. 1986; Upadhyay
1981). The author abbrevations of fungi are ac-
cording to Index fungorum (accessed March
2016). Taxa, its families and author citations
were listed according to Cannon and Kirk
(2007), Kirk et al. (2008) and Index fungorum
(accessed March 2016).

Result and Discussion

In 2005 during field investigations in natural
forest ecosystems of Istranca Mountain in Bul-
garia and Turkey, at the result of mycological
researches nineteen micromycetes species have
been found on Linden (Tilia argentea) trees. Mi-
crofungi are mainly represented by Anamorphic
fungi with seventeen species (90% of total num-
ber of identified species on Linden), others only
two species belong to Teleomorphic fungi that
are Ophiostoma microsporum Arx and Diatry-
pella decorata Nitschke.

The identified nineteen species belong to Xy-
lothroph trophic group, but Septocylindrium leu-
cum both member to carpotrophic and xylothro-
phic groups. All species of these groups are
members of Ascomycota division. The largest of
xylothrophs are saprobic and some species are
parasite and pathogens contributing to the drying
of trees or development of various necrosis in the
bark. The most dangerous of them are Ophiobo-
lus and Cytospora genera. The seventeen species
(90%) of xylothrophs are saprobic. They develop
on attached and fallen dead branches and wood.
Due to their development becomes possible de-
composition of complex organic compounds as
lignin, pectin, and fiber, up to simple mineral
compounds. In addition, they may contribute to
the natural branches litter of trees. Widespread
saproxylothrophs are species of Coniothyrium,
Diatrypella, Diplodia, Exosporium, Hender-
sonia, Phoma, Sphaeropsis and other genera.

As for Carpothroph; it has not been repre-
sented, but Septocylindrium leucum is car-
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pothroph as another host on cone scale of Pinus
nigra subsp. pallasiana.

Being an integral part of the morphological
and ecological structure of phytocoenosis on
synusium level, microfungi conduct their interre-
lations with plant organisms through the ele-
ments of the functional structure of biogeocoeno-
sis — consortiums. Four type of consortive rela-
tions are registered in the study area: indifferent,
positive, negative and antagonistic. The most
part of microfungi in forest consortium are posi-
tive relations with the host — 63% of total num-
ber of species. The portion of species involved in
indifferent, negative, and antagonistic relations
are 21%, 11%, 5% respectively.

The twelve species of total number of micro-
fungi are positive participants Tilia argentea con-
sortium. In the consorts of positive relationships,
through the activities of fungi are possible de-
composition of complex organic compounds
such as lignin, pectin, cellulose down to the sim-
ple mineral compounds and provides a continu-
ous flow of energy in biogeocoenosis. Saprobic
microfungi that play an active role in substance
gyre by creating a humus — like substance by
crumbling wood are in positive relations with
their hosts. Aposphaeria protea Peyronel, Conio-
thyrium concentricum (Desm.) Sacc., Diatrypella
decorata Nitschke, Exosporium tiliae Link,
Hendersonia sarmentorum Westend., Hender-
sonia tiliae Lév., Hercospora tiliae (Pers.) Tul.
& C. Tul., Melanconium stromaticum Corda,
Periconia byssoides Pers., Phoma microsperma
Preuss, Septocylindrium leucum Bayl. Ell. &
O.P. Stansf., and Trichothecium candidum Wallr.
with Tilia argentea are in positive relations.

Four of the fungal species that identified on T.
argentea are indifferent participants of consorti-
ums. All organisms in the forests endure easily
the presence of fungi and develope normally.
Interrelations between Linden with Diplodia
tiliae Fuckel, Sphaeropsis guttifera G.H. Otth, S.
mdrtensii (West) Sacc., and S. tiliacea Peck
serve an example for indifferent relations.

Fungi consort in negative relations are gener-
ally represented by obligate parasites, and some-
times by facultative parasites and pathogens. In
negative consortium relations parasitic or patho-
gen fungi feding at the expense of host plants,
violated them the normal development stage of
plants. Negative consortium relations arise with
T. argentea between Cytospora epixyla Sacc. &
Roum. and Cytospora guttifera (DC.) Fr.

Antagonistic relations uncommen in Linden—
Microfungi consortiums. If a negative relation-



ship fungal consorts most represented by obligate
parasites and less by facultative parasites,
whereas in the antagonistic relations facultative
parasites dominate over obligate. Development
of fungal consort in antagonistic relations has an
epiphytotic character. Parasitic microfungi are
annihilating impact on phytocoenosis. Affected
edificators loss the normal development stage,
dry out, and fall out of the phytocoenosis. An-
tagonistic consortium relations between fungi
Ophiostoma microsporum Arx and T. argentea
result in mass destruction of Tilia of Mt. Istranca
and these plants quite the composition of forest
ecosystems.

During the present investigation some fungi
were recorded growing together on the same
substratum. For example: Cytospora guttifera
was found developing together with Sphaeropsis
madrtensii.

On the other hand, some microfungi species
were seen on different host species from differ-
ent families and genera. For instance: Diatry-
pella decorata registered on dead branches of
Fagus orientalis Lipsky and thick dead branches
of Alnus glutinosa (L.) gaertner subsp. glutinosa;
Melanconium  stromaticum— on thin dead
branches of Carpinus betulus L.; Septocylin-
drium leucum- on cone scale of Pinus nigra Arn.
subsp. pallasiana (Lamb.) Holmboe and on dead
naked branches of Sambucus nigra L.

When micromycobiota of the study field is
analyzed in terms of locational: Ophiostoma mi-
crosporum, Coniothyrium concentricum, Cyto-
spora epixyla, Cytospora guttifera, Diplodia
tiliae, Hendersonia sarmentorum, Hendersonia
tiliae, Hercospora tiliae, Periconia byssoides,
Phoma microsperma, Sphaeropsis guttifera,
Sphaeropsis mdrtensii, Sphaeropsis tiliacea and
Trichothecium candidum were recorded in the
land of Turkey of Istranca mountain. Aposphae-
ria protea, Exosporium tiliae and Septocylin-
drium leucum were recorded in both Turkey and
Bulgarian land of Istranca. Diatrypella decorata
and Melanconium stromaticum were recorded in
Bulgarian side of Istranca mountain too.
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THE EFFECTS OF PESTICIDE NEEMAZAL ON THE GROWTH HORMONE (GH) AND
INSULIN-LIKE GROWTH HORMONE (IGF-1) OF CARP FISH (Cyprinus Carpio, 1758 L.)

Ibrahim Oriin Nuh Korkmaz

BJIASTHUE HA MECTULIMJIA NEEMAZAL BBPXY XOPMOHHUTE HA PACTEKA (GH)
WHCYJIAHOBUTE XOPMOHH HA PACTEJKA (IGF-1) HA IIAPAHUTE (Cyprinus Carpio,
1758 L.)

U6paxum Hopron, Hyx Kopkmas

ABSTRACT: Many of the pesticides, as well as having synthetic content, are obtained from various plants
moreover there are also organic based pesticides. One of them is Neem, Azadirachta indica, which is a well-
known plant with insecticidal properties and high biological activity levels. Azadirachtin (AZA) is a triterpenoid
active compound that exists in the neem plant and its antiviral, antibacterial and antifungal properties have long
been known. It can also be utilized commercially from azadirachtin. NeemAzal T/ S is a commercial form in the
European Union. It has been approved as a pesticide in organic farming and it contains 1% Azadirachtin. This
and similar pesticide derivatives, when they are being mixed with the aquatic environment, have had a destruc-
tive influence on the aquatic ecosystem directly and on the people indirectly.

That's why in our study we have studied AZA that is used as antibacterial in fish farming and have investi-
gated the impact on the carp (Cyprinus Carpio, 1758 L.) using different doses (0,1.2 and 2.4 ppm AZA) and
times (4 and 30 days) and the levels of serum growth hormone (GH) and insulin-Like Growth Factor (IGF-1).

In this study, the control group (based on 0 ppm), in the other dose groups in serum levels GH and IGF-1 a
statistically significant reduction has occurred (p <0.05). In the comparison depending on the period, in serum
GH levels we have not observed statistically significant differences in acute and chronic (4 and 30 days, respec-
tively) (p> 0.05), and in serum IGF-1 levels in 1.2 and 2.4 ppm dose groups the difference between periods has
been significant (p <0.05). At the end of the study, it has been determined that the chemicals which are used
against fish parasites particularly in fish farming have negative effects on the growth of fish.

Key words: Azadirachtin, carp, GH, IGF-1.

Introduction These pesticides accumulate at high levels in
the body of animals and then affect the perfor-
In parallel with the rapid increase in world  mance by interfering in the homeostasis [5, 6].
population the competition against food increas-  The use of synthetic pesticides and their dis-
es as well. There is no possibility of expansion of  charge to the environment have devastating ef-
agricultural areas today. Therefore, to ensure  fects on aquatic systems. The use of synthetic
product growth studies are conducted to raise the  pesticides has led to the development of resistant
intensive input use and the amount of product per  pests. To minimize the damage due to environ-
unit area. The most important of these studies is  mental problems arising from the use of synthet-
the use of fertilizers and pesticides [1]. ic chemicals alternative method of pest control is
Pesticides are chemicals used to get rid of a growing need [7, 8]. Many plants have been
pests mainly used in agriculture and to ensure  used for insect control [9, 10, 11, 12].
product increase [2]. In addition, pesticides can Botanical pesticides are developed from
be used to control fish diseases, parasites and  chemical substances by which the plants use for
other insects in aquatic systems [3]. But pesti- defense mechanisms against phytophagous in-
cides are not always practical and useful. Be-  sects. Plant-derived pesticides are less toxic to
cause fish and other organisms are affected by  fish than synthetic pesticides which are applied
pesticides flowing from agricultural areas into  as piscicide for cleansing the fish culture pond
the natural water environment. These pesticides  [13, 14].
can damage the aquatic flora and fauna, finding Azadirachta indica (Meliaceae family) con-
the path into water channel [4]. tains azadirachtin (CssHy016) compound  ex-

45



tracted from the seeds, leaves and other parts of
the neem tree and it has the insecticidal active
ingredient. This is a naturally occurring organic
substance, whose main  component s
azadirachtin ~ A from the class of
tetranortriterpenoids (limonoids). It has been iso-
lated from the seeds of the grain of the neem tree
(Azadirachta indica) by Butterworth and Morgan
[15]. Azadirachtin is now used for the control of
pests and vermin [16, 17, 18, 19, 20].

It has been understood and documented that
azadirachtin has its impact on the growth and
reproduction of insects and antifeedant. The ac-
tion mechanism of azadirachtin is as follows:
effects on chemoreceptors resulting in
antifeedant, by blocking the morphogenetic pep-
tide hormones release ecdysteroid effects on ju-
venile hormone titers and effects on other tissues
that cause the insect's loss of overall fitness [21,
22].

Azadirachtin has also been used on the farm
for the control of predators feeding on fish para-
sites and fish fry [18]. Azadirachtin-under ambi-
ent conditions- is stable less than a week [23].
Scott and Kaushik [24] gave azadirachtin half-
life of 36-48 h in the water which is exposed to
sunlight. Azadirachtin has also been utilized
commercially [25, 26].

Worldwide there are over 100 commercial
neem formulations such as Margosan-O, Bio-
neem, Azatin, Neemies, Safer’s ENI, Wellgro,
RDRepelin, Neemguard, Neemark  and
Neemazal. Neem derivatives have been applied
to harmful pests as neem oil formulations such as
leaf, oil and essence [27].

As in other vertebrate growth hormone (GH)
is a pluripotent hormone synthesized in teleost.
GH makes its effect connecting with the GH-a
passage receptor- transmembrane receptor [28].
GH is involved in many important physiological
events like the regulation of ionic and osmotic
balance, lipid, protein and carbohydrate metabo-
lism, skeletal and soft tissue growth, reproduc-
tion and immune function. Recent studies indi-
cate that GH affects some aspects of the results,
including behavior, appetite, food seeking behav-
ior, aggression and escaping from predators [28,
29, 30, 31]. Studies in mammals indicate that;
GH/IGF-1 system is an axis and the physiologi-
cal activities of GH are done via IGF-1 [30, 32].

Carp are especially vivid indicator of the
fresh waters. In the domestic market it is fre-
guently consumed by low-income citizens. Since
the nutritional value of them is high and are
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cheap they are widely used in both hunting and
farming.

Studies conducted in recent years focused on
the identification of insulin-like growth factors
(IGF) in the fish and on the assay of the level in
the blood or tissue of IGF-1 peptide or mRNA.
They also focused on nutritional status and sea-
sonal expression and the change of IGF-1 in
blood and tissue and GH and thyroid hormone
and the control of IGF-1 production by other en-
docrine hormones, such as estrogen [33, 34].
Studies suggest that the structure, regulation and
function of IGF-1 are similar in fish and in
mammals.

The NeemAzal-T/S that we used in our study,
like Emulsion Concentrate (EC), the tropical
Neem tree Azadirachta indica (A. Juss) obtained
from the core of the seed contains the active in-
gredient "Azadirachtin A" (10g / liter).

In this study, our aim is to examine the effect
of Neemazal- a commercial formulation of
azadirachtin- on the carp (Cyprinus carpio L.
1758) growth hormone (GH) and (IGF-1).

Material and Methods

Animals

The carps used in the experiment have the
weight of 60-70g and length of 15-16 cm. The
study's Ethics Committee approval was issued by
the Faculty of Veterinary, Selcuk University (let-
ter No. 342, dated 29.05. 2015). The fish used in
the experiment were transported from Yedikir
Fisheries Farm, which is run by the 73rd Branch
Office of General Directorate of State Hydraulic
Works, Ministry of Forest and Water Affairs, to
the laboratory and were fed in 250-L glass aquar-
iums (depending on the specific density of fish
10 g/L) for 15 days, and their adaptation to the
environment was ensured. The experiment was
carried out with a semi-static system in natural
light (12h light-12h dark). During the experi-
ment, fish were nourished with Pinar pellet feed
(45% protein, 19% fat, 3% crude fiber) once a
day. Twelve h after the last feeding dose, hor-
mone and some serum parameters analyses of the
fish were done following the experiment.

Water Quality Criteria

The water to be used in the experiment was
first passed through a central water treatment
unit in order to fix its total hardness and pH, and
from there, it was transferred to glass aquariums.
The water quality criteria of aquarium water be-
fore and after treatment are given in Table 1.



NeemAzal-T/S

The NeemAzal-T/S that we used in our study
is one of the most promising neem products.
NeemAzal-T/S like Emulsion Concentrate (EC),
the tropical Neem tree Azadirachta indica (A.
Juss) obtained from the core of the seed contains
the active ingredient "Azadirachtin A"
(10g/liter).

Experimental Design

Before the application, we have placed 10
pieces of the carp in 250 L glass aquariums.
Providing twenty-day average adaptation, we
have established an experiment mechanism as
shown in Table 2.

At the end of the experiment the blood of fish
has been taken. After the administration of anes-
thetic agents (phenoxyethanol 0.5ppm) the blood
has been taken directly from the tail when they
are still alive.

About 2-3 ml of blood is collected into a 10
ml glass biochemistry tubes. Within every 5
minutes in the refrigerated centrifuge at 5,000
rpm until the moment when hormonal analysis
and serum are obtained we have maintained the
blood at -40°C in a deep freezer.

Experimental Analysis

The concentrations of GH and IGF-1 were
measured by ELISA (fish GH and IGF-1 hor-
mone kit Cusabio, China).

Statistical Analysis

Statistical analysis was carried out using the
SPSS 10.0 statistical program (SPSS Inc., Chica-
go, IL, USA). All data were expressed as arith-
metic means = SE. For the analysis of the exper-
imental parameters, one-way ANOVA followed
by Duncan’s multiple range test was used. Value
of p<0.05 was considered to be statistically sig-
nificant.

Table 1: Water Quality Criteria used in the experiment

Experimental Groups

Water Quality Criteria Control 1.2 ppm AZA 2.4ppm AZA
Before After Before After Before After
treatment  treatment treatment treatment treatment treatment

Water Temperature (°C) 10.5 0.1 10.4 £0.1 10.8 0.3 10.7+0.2 10.3+£0.2 10.4+0.1

pH 7.5+0.1 7.7+0.1 7.6+0.2 7.8+0.1 7.620.1 7.9+0.2

Dissolved O, 7.8+0.2 7.1£0.3 7.9+0.2 7.40.3 7.4+0.1 7.3£0.2

(Désgsfll‘)’ed Suspended Solid ¢ |} , 30.6+1.1 29.0+0.7 31.26.9 28.5+0.3 31.250.7

Hardness (CaCos)°dH 150.4+1.1 146.4+1.0 151.1+0.8 147.2+1.1 151.1+0.8 148.7+1.5

Ammonium NHs-N (mg/L)  0.11+0.02 0.15+0.03 0.12+0.02 0.16+0.04 0.12+0.02 0.15+0.02

Table 2: Experimental design

Acute Phase (96 hours) N | Sub-chronic phase (30 days) N
Group 1: Control Group 10 | Group 1: Control Group 10
Group 2: AZA 1.2 ppm 96-LCsy %1 10 | Group 2: AZA 1.2 ppm 96-LCs %1 10
Group 3: AZA 2.4 ppm 96-LCs %10 10 | Group 3: AZA 2.4 ppm 96-LCsp %10 10

Results

Both in the acute period (4 days) and in the
chronic period (30 days) and at different doses
(1.2 and 2.4 ppm), according to the control
groups, the decreases in the serum GH and IGF-1
levels of the carp, which are exposed to
azadirachtin, have been statistically significant
(Table 3 and 4).
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As a result of the different doses (0, 1.2 and
2.4 ppm) of azadirachtin applied to the carp there
has not been a statistically significant difference
between serum GH levels in 4 and 30 days in all
dose groups. (p>0.05), (Figure 1).

As a result of the different doses (0, 1.2 and
2.4 ppm) of azadirachtin applied to the carp, se-
rum IGF-1 levels have been statistically differ-
ent, both in 1.2 ppm and in 2.4 ppm dose groups,
depending on the period (p<0.05), (Figure 2).



Table 3: The carp that have been exposed to Azadirachtin in acute period and with different doses
(Cyprinus carpio, 1758 L.) Serum GH ve IGF-1 Levels

Experimental Groups GH (pg/mL) IGF-1 (pg/mL)
Control 832.2+1.76° 688.1+1.05°
AZA 1.2 ppm 794.6+1.52° 656.9+1.20°
AZA 2.4 ppm 784.2+2.01° 590.6+1.34°

[abck Indicated by different letters in each column mean + SE are statistically different from each other
(p<0.05), N:13

Table 4: The carp that have been exposed to Azadirachtin in chronic acute period and with different
doses (Cyprinus carpio, 1758 L.) Serum GH ve IGF-1 Levels

Experimental Groups GH (pg/mL) IGF-1 (pg/mL)
Control 830.6+1.55° 686.0+0.70°
AZA 1.2 ppm 793.7+0.92° 647.6+0.92°
AZA 2.4 ppm 785.6+1.17° 560.4+2.92°

bl Thdicated by different letters in each column mean + SE are statistically different from each other
(p<0.05), N: 13
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Figure 1: The change of serum GH levels depending on the time (4 and 30 days) in the carp that have
been exposed to azadirachtin with different doses.
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Figure 2: The change of serum GH levels depending on the time (4 and 30 days) in the carp that have

been exposed to azadirachtin with different doses.

Discussion

The effects on the somatic growth of GH have
been carried out in fish with a series of studies
[29, 35, 36, 37]. GH growth hormone plays an
important role in the development of fish, the
reproduction and the osmoregulation as well as
in promoting growth [38, 39]. A positive correla-
tion between IGF-1 and growth
rate in the circulation has been demonstrated in
several studies done on fish [40, 41, 42, 43, 44].
The studies of the effects on the GH/IGF-1 axis-a
major regulator of somatic growth axis of pesti-
cides- are restricted to the fish only [45]. Boada
et al. [46] indicated that organochlorine pesti-
cides reduce the human serum IGF-1 levels. Lal
et al. [47] reported that malathion appears to
have no significant effect on food consumption
and fish growth during quiescence phase, when
the fish are already fasting due to extreme low
ambient temperature and maintain only basal
metabolic activities to survive.

Malathion might have been metabolized ef-
fectively at high temperature into some toxic de-
rivatives that have resulted in cessation of food
intake in treated catfish. Its exposure caused dis-
ruption in the olfactory sensation and it might
conclude in food cessation in food intake as well.
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Addition to this, malathion exposure kept the fish
away from the source of food. It has been ob-
served earlier that malathion causes closing of
taste bud, disintegration of taste hairs and cellu-
lar component [48].

It has been reported that 4-nonylphenol, a sur-
factant, reduces Atlantic salmon serum IGF-1
level and causes the reduction in somatic growth
[49]. Studies done with Oreochromis niloticus,
Chrysicthys  nigrodigitatus and  Clarias
gariepinus [50, 51, 52], Danio rerio [53],
Oncorhynchus tshawytscha [54], have reported
that pesticides stimulate the growth retardation.
Furthermore, Nieves-Puigdoller et al. [55] have
reported that the Atlantic salmon when exposed
10 days to hexazinone (HEX) and atrazine
(ATZ) herbicide, which are extremely active and
widely used along the rivers of the United States,
causes a decrease in the growth rate. It is im-
portant that this toxic substance has inhibition
properties on the GH/IGF-1 axis.

In the study, according to the control groups
(0 pmm), the fish which are exposed to 1.2 ppm
and 2.4 ppm azadirachtin, the decreases in the
serum GH and IGF-1 levels have been statistical-
ly significant (p<0.05), (Table3 and 4). The in-
crease occurred in the 2.4 ppm dose group was
higher than the 1.2 ppm dose group (p <0.05). It



suggests that this decline is because many toxic
substances such as pesticides may have inhibited
on the hypothalamic-pituitary axis.

Also, Eder et al. [56] reports that Chlorpyrifos
(Cp) and esfenvalerate (Es) applied to juvenile
Chinook salmon for 20 and 60 days shows a sig-
nificant decrease in IGF-1 transcription in the
spleen, thus this indicates that the gene level of
GH and IGF-1 synthesis suppressed. In the study
we have found similar drops in GH levels of the
carp that have been exposed to azadirachtin in
acute period (p>0.05) (Figure 1). However, re-
ductions in IGF-1 levels are statistically signifi-
cant (p<0.05) (Figure 2). O, p'-DDE or hepta-
chlor application increased plasma IGF-1 at a
certain time and the average levels were higher
according to the control fish. But it had no effect
on hepatic IGF-1 gene expression. In contrast o,
p'-DDE or heptachlor 100 pg/g does not affect
plasma IGF-1 but significantly increases the liver
IGF-1 expression. In both experiments the IGF-1
expression and the result of the changes in the
inequality in plasma IGF-1 binding protein pro-
duction may be considered reasonable [57].

Conclusion

Recent studies show that hunger, stress, nutri-
tion conditions, the living environment of the
fish and their being exposed to organic or syn-
thetic chemicals all have negative effects on the
growth of fish. This study indicates that
azadiractin, which was used against the parasitic
diseases of the fish, has created a negative im-
pact on growth of the carp depending on the dose
and time.
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WBaitno benoscku

THERMOELECTRIC COOLING SYSTEM WITH TWO PELTIER MODULES

Ivaylo Belovski

ABSTRACT: In recent years, thermoelectric modules (Peltier modules) are becoming more widely used in
industry and everyday life of the people. Used mainly for cooling small volumes by directly convert electrical

energy into a temperature difference.

The purpose of this paper is to construct and explore thermoelectric battery (TB) based on two Peltier ther-
moelectric modules operating in cooling mode and determine their optimum DC operation.
Key words: thermoelectric modules, peltier module, cooling devices.

BnBenenune

MopynsT Ha Ilentue € TepMOEIEKTPUUECKH
npeoOpasyBaTel Ha €HEprusi, ChbCTaBeH OT MHO-
JKECTBO TEPMOEIEMEHTH (TepMOJBONKH) — TIO-
mynpoBogauny ¢ P u N mpoBonuMoct, crennne-
HU C MCTajlHa KOMYTallMOHHa IIWHA. TsaxHOTO
neiicTBre ce ocHOBaBa Ha edekrta Ha [lenrue,
KOWTO CE€ ChCTOW B TOTIIBIIAHE W OT/EISHE Ha
TOIUIMHA B KOHTAKTUTE MCXKIY MCTaJia U MOJIYII-
poBojHULIMTE. B KO Kpail 1ie ce noriblia uin
OTJIIeNS TOIUIMHA, 3aBHCH OT TIOCOKaTa Ha TOKa
(Anexcanapos, 2012).

OcHOBHHTE HarpaBJICHUA, B KOUTO HaMHupaT
MPIJIOKEHUE TEPMOEIIEKTPHUECKUTE EIEeMEHTH
ca Tpu. IIepBOTO € 3a MpeoOpa3yBaHe Ha TOM-
JIUHHA €Heprusi B eJeKTpUYecKa, BTOPOTO — 3a
TEPMOEJIEKTPUIECKO OXJaKJaHe M TPEeTOTO — 3a
TEPMOEJIEKTPUIECKO 3arpsiBaHe.

Mogenure Ha TEPMOEIEMEHTHTE Ce U303~
BaT 3a OIMMCAHHUE Ha TEXHUTEC OCHOBHU PECKUMHU
Ha paboTa, ChOTBETHO: T€Hepalysi Ha eJIEeKTPOI-
BHKEIIO HAIIPEKEHUE, TEPMOEIEKTPHUECKO OX-
JMaXJaHE W TEePMOEJEeKTpUIecKo 3arpsBaHe. Ha
¢wur. 1 ca mpeacrtaBeHn TpU MoJieNa Ha TEpPMOe-
JIEMEHTH, Pa0OTEIH B PA3ITHYHH PEKUMH:

a) 3a TeHepanys Ha TePMOETIEKTPUUYECTBO, T
- TeMIiepaTtypa Ha ropemiaTa cTpaHa Ha TepMoe-
nemeHT; T, - TemnepaTypa Ha OTCpelHaTa CTpa-
Ha, KOSATO C€ MOJAbp)Ka MOCTOAHHA, 4pe3 Tep-
MOCTaT MM TOIUI000MeHHMK; Q; — TOIUIMHA, TO-
nasieHa KbM TepMoeneMenTa; Q, — TOIIMHa, OT-
JieJIeHa OT TepMOEJIEMEHTa B PEKUM Ha reHepa-
must Ha E.JI.H unu oxnaxnaxe.
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0) 3a TEPMOCICKTPUYECCKO OXJIaXxKaaHe, T -
TeMmreparypa Ha CTyJCHaTa CTpaHa Ha TepMoe-
nemeHT, Ty < T,; Qp— OTHeTa TOIUIMHA OT OXJIaXK-
JaHus 00EKT.

B) 3a TEPMOCJCKTPUYECKO HarpsiBaHe, T3 -
TeMmIeparypa Ha ropsiiara CTpaHa Ha TepMoelie-
MeHT, T, < Tz ; Q3 — oTHEICHA TOIUTMHA OT TEp-
MoeseMeHTa; Q, — MOreJHATa TOIUIMHA OT Tep-

MOCJICMCHTA.
v 404

§ 2404
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| ]

W
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®@ur. 1 Mogenn Ha TEPMOEICKTPUUECKU €lle-
MEHTH



KbM HacTOAIMAT MOMEHT, yCHIMATa Ha
MHOTOOpOWHHUTE Y4eHHM M HM300peTaTenu ca Jio-
BENM 10 U3y4yaBaHE, B €/lHA WM JIpyra CTeIeH,
Ha MO-TOJIIMAaTa 4acT OT CBOMCTBATa Ha TEPMOe-
JeMeHTuTe. MHOTO OT TAX o0aye, MpUTEKaBaT
crieruIHN CBOMCTBA, 3apaay KOMTO MOTaT jaa
ObJaT M3NOJ3BaHM 3a PellaBaHe HAa KOHKPETHH
NPaKTHYECKH 3aJadi. 3a ChXKaJICHHE, CBEACHHS-
Ta 3a MOJOOHU TEPMOEIEMEHTH HEe ca MHOTO, HO
paboTaTa W ycwiusiTa 3a M3CIEABAaHE, aHAIN3U-
paHe W TpWIaraHe Ha TEXHHUTE CBOMCTBa IMpO-
IbIDKaBa.

Llenta Ha HacTosmaTa pa3paboTka € na ce
KOHCTpyHpa M H3ClelBa TepMOECIeKTpHUYecKa
momna (TEII) ma 6azara Ha aBa TEPMOCIICKTPHU-
yecku monyna (TEM) na Ilentrne u ekcriepumen-
TaJHO JIa C€ YCTAHOBU OINTHMAJIHHUS MOCTOSHHO-
TOKOB PEXHM Ha paboTa, KAKTO Ha BCEKH CIHH
MOZYJ TIOOTNENIHO, Taka W Ha JBaTa, CBBP3aHU
CJIEKTPUYECKH MapaJICIIHO U MOCIIEIOBATEIHO.

Excnepument

3a mpoBekaHe Ha eKCIIEPUMEHTA € KOHCTPY-
upaHa TEePMOEJIEKTPUYECKa OXJIaJnuTelHa CHCTe-
Ma (TOC), ocurypsBama HeoOxoaumara Tep-
moctabuimm3anug. Ts ce cocrou ot TEIL u
TepMocTaTHpaH cbhJ ¢ paboreH obem 10 mutpa,
M3rpajicH OT JBOWHHU CTEHH, MEXIY KOHUTO €
BIPaJICH TEPMOU30JALMOHEH ciloi. B cpaa ce
pa3unTa eIUHCTBEHO HA €CTECTBCHHATa KOHBEK-
LUs1 1 JIMTICBA JOI'BJIHUTEIIHA BEHTHIIAIMA.

OcHogeH Bb3en Ha TOC e TepmoenekTpuyec-
KaTa 1omrma, B KosiTo ca BrpajeHu gsa TEM na
[Mentue (¢ur. 2).

3a HOpMasHa padoTa Ha MOJYJIHUTE € He00XO-
JUMO Jia ce OCHI'YypH e(EeKTHUBEH TOII0O0OMEH
MEX/y TOpelaTa u cTyJeHaTa My CTpaHa.
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®@ur. 2 TepmoenekTpuiyecka 1momIia

3a Ta3u Les ce U3MOI3BAT MOAXOASIIN pagua-
Topu 1 m 6 w BEHTHUIATOP 7 3a TOpelIus Kpaid. 3a
OTBSKIaHE Ha TOIUIMHATA MEXKIY paauaTtopa u
TEM mna Ilentue ce n3noia3Ba TOIIOOTBOABT 2.
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Toili ce MOHTHpa KbM CTyJi€HATa CTpaHa Ha MO-
nyna Ha Ilentme, mopanm mo-mankara INIBTHOCT
Ha TOMJMHHMSA TOTOK. TOIUIOM30JAIIMOHHUAT
CIIO 8 ciyXH 3a HamaJsBaHE Ha TOMJIO00OMeHa
MEXIy ropemus u crygaeHus paguarop Ha TEIL

TEM Ha Ilentue e u3rpajeH oT MHOXKECTBO
TEPMOEJIEKTPUYECKH €JIEMEHTH, CBBP3aHH IOC-
JIEOBATEIHO B EJIEKTPUYECKAa W IApalIeTHO B
TOIUIMHHA BepHura. Te ca MOHTUPAHN MEXKIY JIBE
yCIOpEeIHU KEpaMUYHM IUIOYM 3 ¢ BHCOKa TOII-
J0TpoBOAHOCT. CaMuAT TepMOEeTIeMeHT (Haii-
Maikara rpaguBHa yacT Ha TEM Ha IlenTue) ce
cecTou 0T P u N nonynpoBonHunu 5 ¢ IpaBob-
rbiHa opMa, CBEP3aHU C METalleH MOCT 4.

IIpn aHanW3a Ha €IEMEHTapHUS MOJIEN OT
¢wur. 1,0), ce orunta edexra Ha llentue u otne-
neHata tornHa Ha J[kayn, a edekra Ha Towmr-
CBH ce IpeHeOpersa. B To3u ciydvaif ce cmsTa, e
[IOJIOBHHATA TOIUIMHA Ha J[kayll ce mpeHacs KbM
CTyJeHaTa CTpaHa, a JApyraTa MOJIOBHHA — KbM
roperiara.

TonnuHHATa MOIHOCT, MOTBIHATA OT CTYZE-
HUAT Kpait € (AHaTBIYyK, 2003):

Q = —IIl + 0.5rl?, (1)

kpaeto, I1 - koepunuent Ha IMentue, r - CHIPO-

THUBJICHUETO Ha TEPMOCIICMECHTA, | - TOKBT pe3
HETO.
OntumanHuaT TOK |o, ce naBa ¢ u3pasa:
IT
lopt =— 2
opt r
a MaKkCuMaJiIHaTa TOINIMHHA MOIIIHOCT:
HZ
Quax =7 )
2r
MakcumanHara TeMmmepaTypHa pasiidka €
paBHa Ha:
HZ
AT = , (@)
"2k, r
KBJIETO,
1 1 1
r=I —+ Ky ==(kS, +K,8,)  (5)
0,8, 0,5, |

0,, 0, - KOeDULHUEHTH HA €JIEKTPOIPOBOJH-
MOCT Ha KJIOHOBETE; kl, k2 - KOC(UIIMEHTH Ha

TOILTOITPOBOIHOCT.

Paborara Ha TEM Ha Ilentne karo oxiax-
JIall eJIEMEHT 3aBUCH JIO TOJIsIMa CTENeH OT Tep-
MoOeJIeKTprUeckaTa eeKTUBHOCT Ha MaTepUalIU-
te (Snyder, Toberer, 2008) u TemneparypHaTa
pasmuka AT B aBata kpas wa TEM (Baiiuep,
1976).



TemnepatypHata pa3nuka OT CBOS CTpaHa
3aBHCH TIPSAKO OT MOCTOSTHHOTOKOBHUS PEXHM Ha
pabora na TEIL

[lo BpeMe Ha ekcrepuMeHTa ca H3CIeABaHU
eKCIUIOATAllMOHHUTE M TpeoOpa3yBaTeNlHU Xa-
pakTepuctuku Ha cunte3upanara TEII Ha ocHo-

Bara Ha fABa TEM Ha [lentue TEC1-12706 PM-
40x40-53, MTPOU3BOACTBO Ha dbupma
STONECOLD (www.tme.eu). Karanoxuure
JAaHHU Ha JBaTa UICHTUYHU €JIEMEHTa ca TpeJc-
TaBeHM B TaOmIa 1.

Tao6auual Karanoxau nganau Ha exement TEC1-12706

BpOfI Umax Imax 0 Qmax I[XI_HXB
Tl enementu | (V) | (A) ATmax € (W) (mm) R(©)
TEC-
19706 127 14964 | 68 | 53 | 40x40x46 1,98

Pe3yaraTu u o6chikIane

[IppBOHAvanHO ca nM3cienBaHu mpeoOpasyBa-
TEJIHUTE XapakTepucTuku Ha Jjsara TEM Ha
IIenTue nootaenHo, a ciel TOBa U Ha JBaTa 3a-
€IHO — CBBP3aHH EIEKTPUYECKH NapanelHo H
MTOCIIEI0BATENHO.

IIpoBenenu ca peauna u3MepBaHUS HA TEM-
MepaTypuTe Ha ropelara u CTyieHaTa CTpaHa Ha

TEII - T,,T, u Ha TemmepaTypaTta B 0beMa Ha

TOC - T, npu pasnuyHu 3aXpaHBaIld TOKOBE —
oT 2 10 4 ammepa, ¢ LieJl HAMHpPaHe Ha ONTHUMA-
HaTa CTOMHOCT, NMPH KOATO C€ MOCTUTa MHHU-
MaJlHa TeMIIepaTypa Ha CTyJeHara CTpaHa I,
min

Ha TEIl u MuHMManHa TeMmreparypa B 3aTBOpe-
Hust obem - T, . Ilomydenure pesynratu ca
npencraBeHu B rpaduuer Bua. Ha ¢ur. 3 u dur.
4 ca mpencraBeHH NpeoOpa3yBaTEIHUTE Xapak-
tepuctukn T, = f(t) ,mpu | =const, cvorser-
Ho 3a TEM 1 u TEM 2, a Ha ¢ur. 5 u dur. 6 (cb-

otBeTHO 32 TEM 1 u TEM 2) ca nanenu 3aBucH-
MOCTHUTE Ha Temreparypara B ooema Ha TOC BbB

dynxums or nporudanst tok - T, = f(1).

——|=2A
—=|=3A
5 I=4A

®ur. 3 IlpeobpaszyBarenHa XapakTepUCTHKa Ha
TEM1-T, = f(t), npu | =const
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Ot ¢wur. 5 u dur. 6 ce B, 4€ ONTHMATHH-
ar Tok 32 TEM 1 u TEM 2 e 34. Ilpu Tok
| >3A, nopaau TOIIONPOBOAHOCTTA HA IOIYII-
POBOJHUIINTE, TI0 — CHJIHO C€ MpOsBsiBa edeKTa
Ha JI>kayn U TOBa BOJU 1O TIOBUIIABaHE HAa TEM-
nepaTtypata Ha cryaeHara crpaHa Ha TEM Ha
Ilentue.

Mogynute ce 3axpaHBaT 4pe3 peryaupyeM
TOKOHM3IIPABUTEN, PabOTell KaTo TeHepaTop Ha
tok. [Ipu | =3A, nanpesxxennero Bopxy TEM 1
ce npomenst B rparuiture Urgy, = (8+9)V, a Bbp-
xy TEM 2 — Uz = (8+9,5)V. CrenosareiHo,
eJeKTpruYecKoTo chipoTuBieHne Ha TEM 1 ce
npoMeHs B rpanunute Rrgwn = (2,67+3)Q, a 3a
TEM 2 - RTEMZ = (2,67_3,17).0

Crnen karo nBata Mozaysa Osixa W3CIeIBaHU
MOOT/ENIHO, C€ NPEMHHA KbM H3CIe/IBaHE Ha
chBMecTHaTa UM pabota. [Ipu mapanenHo cBbp3-
BaHe Ha TEM 1 u TEM 2 kpM perynupyemus
3axpaHBal] W3TOYHUK, Oemie wW30paH CieqHHs
MOCTOSTHHOTOKOB peskuM: | = 6A, U = (8+9,5)V —
n3mepeHo. KoHcymupaHnara eixekrpuiecka MOII-
HOCT B TO3M ciydail e P = (48+57)W, (P, =
52,5W).

KoedunuentsT Ha npeodpasysane Ha TEII e
OTHOLIEHHWETO Ha TOJIe3HaTa (M3MOMIIEHA) MOLI-
HocT Qp ¥ KOHCyMHpaHaTa eJeKTpUYecKa MOIII-
HOCT P, M 32 KOHKpETHUS CiTy4ail € paBeH Ha:

Q_212_ 4

P 525

Msnomnenara TommnaHa MOIHOCT Qg ce OT-
yuta oT rpadukara Ha ¢pur. 7 (Qo = Qc), npu u3-
MEpeHa MaKCHUMallHa TeMIepaTypHa pa3jinKa
MEXJly ToIuiata W cTyjeHara crpana Ha TEII -

AT =39,2°C.
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[Ipu nocnenosarenHo cBbp3BaHe Ha TEM 1 u
TEM 2 kbM peryiupyemMus 3axpaHBall H3TOY-
HUK, TIOCTOSSHHOTOKOBHS PEKUM Oellle CIIeAHUS:
I = 3A, U = (16,8+18,6)V — usmepeno. Koncy-
MHUpaHaTa eJIeKTpUYecKka MOIIHOCT B TO3U CIy-
qaif e P = (50,4+55,8)W, (P, = 53,1W). Koedu-
LUEHTHT Ha INpeoOpa3yBaHe B TO3M CIy4ai e
n=0,45.

Ha ¢ur.8 e mpencraBena 3aBHCHMOCTTa Ha
TeMIiepaTypara Ha cryaeHara crpana Ha TEII -

T, B 3aBHCHMOCT OT BpeMeTo t, Ipy mapaenHo

Y TIOCJIE0BATEIHO CBbp3BaHe Ha JgBara TEM Ha
Ilentue.
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t, min

®ur. 8 IIpeoOpasyBarenHa XapaKTEPUCTHKA
T, = f(t) mpu | =const

AHanmu3bT Ha TOJYYEHUTE rpadUuHU 3aBU-
CUMOCTH BOJH JIO CJICAHUTE U3BOIU:



1. TIpeoOpasyBaTenHHTE XapaKTCPUCTHKU

T, = f(t) (¢ur. 3 u dur. 4) npu pasnuaHn 3ax-

paHBaiu TokoBe - U Ha ABata TEM Ha Ilentue
MMaT HeJMHeiHa 3aBucuMocT. J{o okoo necera-
Ta MUHYTa OT HAa4aJOTO Ha CKCIICPUMEHTa Ce
HaOJI01aBa 1O - PSI3KO CIIaJlaHe Ha TeMIepary-
para B obema (c okoio 6 “C), cien ToBa mpoieca
€ CPaBHHUTEITHO JIMHECH.

2. XapakTepucTHUKUTE OT Qur. 5 u ¢ur. 6
MOKa3BaT, Y€ ChHIIECTBYBa CTOHHOCT Ha TOKa

Iopt ’
patypa B oxnaxmaHusT odema Ha TOC — u 3a
nBata TEM rtoBa e |

IIpU KOATO C€ JOCTUTa MUHUMAJIHA TEMIIC-

opt = 3A. Bbnpeku uien-

tuunoctra Ha TEM 1 u TEM 2 , ce Habmromasa
MaJIKa pasjiKa B XJIaJONPOU3BOAUTEITHOCTTa UM
—c oxoio 1,5°C. ToBa Moxe I1a ce IBIDKH, KAKTO
Ha pa3iMKa B TEPMOEIEKTPHUUYECKUTE CBOMCTBa
Ha NOJYHNPOBOAHUIMUTE, OT KOUTO Ca U3rPalicHU
TepMoeseKTpuiyeckuTe Moaynu Ha [lentue, Taka
Y Ha HEWJCATHOCT Ha caMara KOHCTPYKIHMS Ha
TEIl — HepaBHOMEpPHO HaHACSHE Ha TEPMOIIPO-
BOJSIATA IacTa, HEPaBHOMEPHO HaTsIraHe Ha
CBBP3BAIINTE PA3rI00IeMHU CheTUHEHUS H P.

3. I'padukure ot ¢wur.8 mokaspar, ye 3a
MOCTUTaHEe Ha CPAaBHUTEIHO HUCKH TEMIIEPaTypH
B OrpaHMYEH 3aTBOPEH 00eM € HeoOXOAMMO
CBBp3BaHE Ha ABa win nosede TEM Ha Ilentue
€JIEKTPUIECKU MOCIEAOBATEIHO WM MapajiesHo,
WM HW3MOJ3BaHETO HAa TEPMOEIEKTPUUYECKH MO-
ITyJ C TI0 — BUCOKA MOIITHOCT ¥ XJIaJOTIPOU3BOIHU-
TEJTHOCT.

4. W 3zuucneH e KOEPUIMEHTHT Ha MIpeodpa-
syBane Ha TEIl u B aBaTta pexxuma Ha padora -
MOCJIEI0BAaTEIHO M IapajieTHo CBbp3BaHe. Pe-
3yJNTaTUTE IIOKa3BaT, Y€ 3a IIOBUILABAHE Ha
epextuBHOCcTTa Ha TEII onpenensiio 3HaueHne
uMma napamerbpa Q. KOHTO TPSKO 3aBUCH OT
TeMIeparypHara pasiuka A7. HauuHbT Ha CBBp-
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3BaHe Ha aBaTta TEM He oka3Ba BIUSHHUE BbPXY
TepMoenekTpuueckara edekruBHocT Ha TEIL

3aKkioueHne

[Mony4yeHuTe eKCHEPUMEHTATHH pPE3yJITaTH
MOKAa3BaT, Y€ KOHCTpPyHUpaHaTa M W3CJICBaHA
TOC e mogxonsmy 3a TEpPMOCTATHPAHE HA CPaB-
HUTEIHO MajJKH 00eMH. 3a IMOCTUraHe Ha MaKCH-
MaJHO OXJIaXJIaHE € HEeO0OXOJUMO EKCIICPUMEH-
TaJHO YCTAHOBSIBAHE HA ONTHMAJHUSAT ITOCTOSH-
HOTOKOB pexkxuM Ha TEM na Ilentme.

[lomyueHUTEe EKCIIEPUMEHTAIHH PE3yITaTh
MoraT Ja ObJaT U3IOJ3BaHU 3a MOJIEIHpaHEe Ha
TOC ¢ equn mim Hskonko TEM na Ilentue.
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PHYSICOCHEMICAL PROPERTIES OF NEW ALGINIC ACIDS DERIVATIVES

Dilyana Murdzheva, Ivelina Vasileva, Nadezhda Petkova,
Ivan Ivanov, Mina Todorova, Panteley Denev

OU3NKOXUMHUNYHU XAPAKTEPUCTUKHU HA HOBU JEPUBATHU
HA AVI'MHOBUTE KUCEJIMHU

Hunsna Mypaxesa, Benuna Bacunesa, Hagexna Iletkosa, iBan VBaHOB,
Muna Tonopoga, [lanteneit [Ienes

ABSTRACT: Alginic acids are perspective biopolymers with significant application in food technologies and
pharmaceuticals. The aim of the current research was to synthesized environment-friendly alginic acid deriva-
tives (methylated and amidated alginic acids with the different ratio of M/G blocks in the polysaccharide back-
bone) by ultrasound irradiation. The newly synthesized derivatives were characterized by the degree of esterifi-
cation (DE), degree of amidation (DA) and their structure were elucidated by FT-IR spectroscopy. Their physi-
cochemical properties were also evaluated. Methyl esters of two alginic acids were characterized with DE 49
and 82 % respectively, while their amidated derivatives reached DA to 53 %. The methylated alginic acid with
(M/G) ratio: 61:39 showed the promising results future application as a foaming agent. The obtained results
showed the significant improvement of rheological properties of methylated alginates with increase of DE, and
decrease of emulsifying properties after amidation of alginate methyl esters, respectively.

Key words: alginic acid derivatives, functional properties, foams, emulsions.

Introduction The aim of the current research is to evaluate
Alginic acid is a biopolymer produce from the foaming and emulsifying properties of two
brown aligae that is composed of (1—4)-B-D-  alginic acids methyl esters and their amidated-
mannuronic acid (M) and a-L-guluronic acid (G)  methyled derivatives obtained by ultrasound ir-
units in the form of a homopolymeric (MM- or  radiation. In addition, the influence of amidation
GG-blocks) and heteropolymeric sequences and degree of esterification on physic-chemical
(MG- or GM-blocks) (Daemi and Barikani, properties were established.
2012). Molecular weight (M,,), the ratio of man-

nuronic to guluronic acid (M/G) is important for Materials and methods
the selection of the alginate appropriate applica- Materials
tion. Physico-chemical properties strongly de- Alginic acids (AAl) from brown algae

pends on M/G ratio. It is well known that algi- (SIGMA-ALDRICH, 99 % puriss, France), ratio
nate salts are poor emulsifiers. They are mainly  between B-D-mannuronic acid (M) and a-L-
used as stabilizers because improve consistency  guluronic acid (G) residues: 61:39 and alginic
and increase the viscosity of the product. Their  acids (AA2) with M/G ratio 37:63 (Manugel
use as a powerful thickening agent is explained  DMB, ISP, Germany). All other chemicals used
by their ability to absorb water (Clare, 1993; were of analytical grade. De-ionized (Milli-Q)
Manicini et al., 1996; Murdzheva and Denev, water was used for all experiments.
2016). Due to its gelling ability, stabilizing prop- Ultrasound-assisted esterification
erties and high viscosity, alginate and derivatives  Alginic acids were dried at 40 °C in vacuum
are widely used in the food, cosmetics and phar-  oven for 12 h. The dried alginic acid were esteri-
maceutical industries (Johnson et al., 1997; Ci et  fied in the ultrasonic bath (VWR USC 100 TH,
al., 1999). Recently has been reported that algi-  power 30 W) under constant ultrasonic frequency
nate hydrolysates and their derivatives exhibited at 45kHz for 1hour as previously described
many important bioactivities (Daemi and (Murdzheva and Denev, 2016). The new-
Barikani, 2012). synthesized methylated alginates (MAA) were
washed three times with 70 % ethanol and then
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twice with 95 % ethanol until the neutral reac-
tion. The obtained esters were lyophilised.

Ultrasound-assisted amidation

The amidation reaction was performed as
methyl ester of alginic acid powder substance
were mixed with 25 % NHa/i-C3H,OH (in ratio
1:2) and the sample was irradiated in the ultra-
sonic bath operating at 45 kHz frequency for 1
hour at the temperature 4 °C. The reaction mix-
ture was washed with 5% HCI/70 % C,HsOH to
pH = 3.0, and then three times with 70 % ethanol
and twice with 95 % ethanol the neutral reaction.
The degree of esterification (DE) and amidation
of alginic acid derivatives were determined by
titration methods described by Food Chemical
Codex.

IR-FT spectroscopy IR-FT spectra of new-
ly synthesized alginic acid esters were recorded
on a Nicolet FT-IR Avatar Nicolet, (Termo Sci-
ence, USA) spectrometer using KBr pellets and
absorption was reported in wavenumbers (cm™).

Kinematic viscosity (v, mm?/s = ¢ St) were
measured on a Ubbelohde viscometer (Ref. No.
513 10), Capillary I with constant K printed on
the viscometer (K = 0.01607) and were calculat-
ed by the formula:

v=K({t-9) [1]

where: K — constant; t — average flow time, s;
1Y — Hagenbach correction for t, s.

Functional properties

Foaming capacity and foam stability of the
alginic acid (AA1, AA2), methylated (MAA1l and
MAA?2) and amidated methylated alginic acids
(AAAL, AAA2) solutions was studied by a stir-
ring/shaking method. The concentration of the all
solutions was 0.5, 1.0, 1.5 and 2.0 wt%, respec-
tively. All foam tests were performed in dupli-
cate. Reproducibility of the results was typically
+ 10 %.

Foam capacity (FC, %) were determined as
described by lvanova et al. (2014) and Cano-
Medina A. at al. (2011) with slight modification.
An aliquot of 20 ml solution was whipped for 60
s in a graduated cylinder by hand. Foam capacity
was determined by volume increase (%) immedi-
ately after whipping and was calculated by the
formula:

FC,% = (V, — V;)/V; x 100, [2]

60

where V, is the volume of AA, MAA and AAA
solution immediately after whipping and V; is
the volume of solution before whipping. The in-
fluence of concentration on foam capacity was
tested by varying ¢, wt% (0.5, 1.0, 1.5 and 2.0).

The foam stability (FS, %) is characterized
by the volume of entrapped air, still remaining in
the foam after a certain period of time, t > 0. The
foam stability was defined as the volume of the
foam that remained after 60 min at room temper-
ature (20 °C) and was expressed as a percentage
of the initial foam volume. Foam stability was
determined as described by Marinova et al.
(2009) with some modification. Foam stability
was given by the parameter percentage volumet-
ric foam stability, FS % (3):

FS% = (Vroam/Vroamo) % 100, [3]

where Viamo IS the volume of the formed
foam; Viam is the volumes of the foam, change
with the time t. Stability of the foams over time
was visually assessed by measuring the foam
volume from 1 to 30 min.

Emulsifying activity and emulsion stability
of the model systems of the studied alginic acid
and new-synthesized amides of alginic acid were
determined as described in Murdzheva at al
(2015).

Model emulsion systems. Emulsifying ca-
pacity and emulsion stability of the model sys-
tems containing the studied AA and AMAA
were determined as described by Murdzheva at
al. (2015) Cano-Medina at al. (2011). The con-
centration of the oil phase was 50 wt%. Sun-
flower oil was purchased from local market.

Twenty milliliters solution (2.0 wt%) was
homogenized with 20 ml sunflower oil for 5 min
at 1000 rpm by using an homogenizer (Ultra
Turrax IKA T18 Basic, Germany).

Centrifugal Test — The emulsion stability
was evaluated by centrifugation at 3000xg
(Hettich EBA 20, Germany) for 20 min. The
height of the emulsified layer was recorded. The
emulsifying activity was calculated as a ratio of
the height of the emulsified layer and the height
of the total content of the tube and multiplied by
100.

Temperature Test — 5 ml of each emulsion
was placed in tubes, which are stored at four
different temperatures: — 18 °C (frozen); 4°C
(refrigerator temperature); 25°C (room tempera-
ture) and 50°C (water bath or thermostat) for 24
hours and 48 hours.

Microscopic Test — To determine the micro-
structure of the emulsions, according to the re-



spective methods, microscope system (micro-
scope Olympus SC30, Philippines, equipped
with a USB camera connected to a personal
computer) are used. The drop sizes were ob-
served at x1000 (Vlaseva et al. 2014)
Turbidimetric method — The emulsifying ac-
tivity index (EAI) and emulsion stability index
(ESI) were determined according to Diniz et al.
(2014), with some modifications. Aliquots of the
emulsion (1 g) were pipetted from the bottom of
the container at 0 and 5 min after homogeniza-
tion and diluted 100-fold. The absorbance of the
diluted solution was measured at 540 nm
(Camspec-M 107 spectrophotometer). Absorb-
ance values, measured immediately after agita-
tion stopped (Ao) and 10 min (As) after emulsion
formation were used to calculate EAI and ESI
properties. The emulsifying activity index
(m?-g™") and emulsion stability index (min) were
calculated by Eqgs. (4) and (5) (Diniz et al. 2014).

2x2.303XAgXD

EAl = cxIx(1-¢@)*x1000 [4]
ESI =2 x¢ [5]
Ag—As

where c is the initial AA and AAA concentra-
tion, ¢ is the volume fraction of oil used in the
emulsion (0.50), D is the dilution factor used
(100), t is 5 min and A, and As are the diluted
emulsion absorbance at 0 and 5 min.

Results and discussions

The design of new modified biopolymers with

improved biological and physiochemical proper-
ties obtained by green chemistry methods as ul-
trasound irradiation attract attention for future
application as a drug carrier and food additives.
In this study the synthesized derivatives of
alginic acids by ultrasound irradiation revealed
great potential as amphyphylic molecules with
different water solubility. The results from modi-
fications of alginic acid with different M/G ratio
(AA1 and AA2) were presented in Table 1.
The methylated alginic acid (M/G ratio 37:63)
possessed the highest DE 82 %. The DE of me-
thyl ester of alginic acid with M/G ratio
61:39 was approximately two times lower —
49%. This could be explained by the model pro-
posed by Smidsrod et al. (1966) for the preferred
esterification of guluronic acid residues in alginic
acids. From the results obtained was found that
the alginic acid containing more L-guluronic acid
residues in its backbone was esterified rapidly
(Table 1 and Fig 1.). This tendency was reported
in our previous investigation on alginic acid es-
ters, with and without application of ultrasonic
influence (Murdzheva and Denev, 2016). The
methylated alginic acid esters were further
amidated. As a result amidated methyl esters of
alginic acids were obtained. The highest DA
51% was determinate for alginic acid with M/G
ratio 37:63 (Table 1) in accordance with the pro-
posed model of Smidsrod for easier modification
of guluronic residues.

Table 1. Characteristics of alginic acids and it derivatives obtained by ultrasound irradiation

Characteristics | AALl MAALI AMAAL AA2 MAA2 AMAA2
Yield, % — 95.1 91.8 - 78.2 89.2
AUAC!, % 92.8 85.2 80.4 53.7 80.9 82.3
DE?, % 2.8 49.0 22.1 12.7 82.1 24.5
DA% - 22.5 - — 51.6

TAUAC - anhydrouronic acid content;

The successful modification of alginic acids
(M/G ratio 37:63) by ultrasound irradiation was
confirmed by IR-FT spectroscopy. The obtained
spectra of alginic acids, its methyl esters and
amide were presented (Fig. 1). The typical bands
of alginic acids were assigned 3400 cm™,
hydroxyl O-H stretching; 2850-2960 cm™,
aliphatic C—H stretching. The bands at 1107 and
935 cm ' were attributed to the C—O stretching
vibration of pyranosyl ring and the C-O
stretching with contributions from C-C-H and

’DE — degree of e
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sterification; °DA- degree of amidation

C-O-H deformation. The asymmetric stretching
vibration of the carboxylate group appears at
1620-1598 cm™'. In the fingerprint region, the
homopolymannuronate sample showed a band at
935 cm' assigned to the C-O stretching
vibration of uronic acids with contributions from
C—C-H and C-O—H deformation, and a band at
885 cm ' assigned to deformation vibration of p-
C1-H. All new synthesized methyl esters of
alginic acid were characterized with decreasing
at 3446 cm™, due to the stretching vibrations of




O-H from carboxyl groups. Moreover, the
increase in width of the brands at 2960 cm™ and
2930 cm™* was assigned to C—H stretching and
asymmetric deformations in CH, and CHjs
groups. The presence of new band at 1747 cm™
due to the C=0 stretching vibrations of carbonyl
methylated ester showed that the esterification
process was completed successfully. The
obtained results were in accordance with
previously reported IR-FT bands (Daemi and
Barikani, 2012; Murdzheva and Denev, 2016).

The presence of new band at 1620 cm™ in IR-FT
spectra typical for amides confirmed the success-
ful amidation under ultrasonic-assisted irradia-
tion of methyl esters of alginic acids. To the best
of our knowledge this is the first report for
amidation of alginic acid methyl esters under
ultrasonic influence. The incorporation of new
functional groups as amide or ester in alginic
acid backbone leads to changes of physicochem-
ical properties of this polysaccharide.
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Fig. 2. Kinematic viscosity of alginate solutions,
alginic acids (M/G ratio) 37:63 and their derivatives

Physico-chemical characterization of the stud-
ied alginic acid derivatives. The viscosity is a
important characteristic of macromolecules that
is related directly to their ability to disturb flow
and indirectly to their size and shape (Constenla
and Lozano, 2003). Therefore, we measured the
viscosity of the newly syntheses derivatives of
alginic acid and compared them with unmodified
polysaccharides. Our results showed that the kin-
ematic viscosity of methylated alginic acids de-
creased 6 times in comparison with AA2 and
about 33% for AAL, respectively. The dropping

where: a) alginic acids (M/G ratio): 61:39 and b)

of viscosity was due to reducing the amount of
hydrogen bonds in the methylated and amidated
alginic acids and increasing of intermolecular
distances (Fig 2).

Foaming capacity and foam stability

The significant interest for the food, cosmetic
and pharmaceutical technology is getting stable
foams and emulsions. The foam capacity of
alginic acids and their derivatives solutions with
concentration 0.5, 1.0, 1.5 and 2.0 % (wt %) was
investigated. The results for the foaming ability



and the foam stability were presented in Figure 3
and Table 4. For all studied solutions of AAL,
MAA1 and AMAAL increasing the concentra-
tion led to increase of the foaming capacity. The
increase of the concentration of solutions of
alginic acid with M/G ratio 37:63 (AA2) and
their derivatives led to decreases of the foaming
capacity. The best foamability capacity showed
the solution with MAA1 with concentration
2.0 % — 46.7 %, followed by concentration 1.5 %
(33.3%). The foams formed by alginic acid
showed relatively low foaming capacity between
10 — 13.3 % (Fig. 3). Amidated alginic acid de-
rivatives were not showed significant the foam-
ing properties.

Fig. 3. The foaming capacity (%) as affected by
sample concentration

Table 2. Foaming stability

The foam stability was evaluated for the peri-
od of 30 min. It was clearly observed that the
foam volume quickly began to decrease immedi-
ately after the foaming formation. From the ob-
tained results the most stable foam formed me-
thyl esters and amides of alginic acid with M/G
ratio 61:39. Therefore, the incorporation of
methoxy and amid groups in alginic acid chain
and relatively higher mannuronates residue sig-
nificantly improved the foaming stability (Table
2).

Emulsifying activity and emulsion stability
Emulsions are thermodynamically unstable dis-

- persion systems. The processes of degradation of
s y these systems are flocculation and coalescence
40 // leading to phase separation (Kuncheva et al.,
> g . 2013). The emulsifying properties of the alginic
%, — -=wa | acid (AAl and AA2) and thier derivatives
" 2 e o (MAA1, AMAAL, MAA2 and AMAA2) were
1 A P— ——man2 studied in model systems with 2.0 % (wt) rela-
* ——— _ " tive to the aqueous medium and 50 % oil phase
. [ — of the emulsion of the oil/water type.
c, %

1 min 15 min 30 min
05| 10 | 15 | 20 | 05 | 1.0 | 15 | 20 | 05 | 1.0 | 15 | 2.0
AA1 | 66.7| 66.7 | 611 | 60.0 | 467 | 55.6 | 55.6 | 50.0 | 46.7 | 55.6 | 55.6 | 35.0
MAA1 | 95.0| 775 | 58.0 | 64.3 | 550 | 55.0 | 44.0 | 443 | 55.0 | 50.0 | 38.0 | 42.9
AMAA1 | 65.0 | 640 | 60.0 | 57.1 | 40.0 | 52.0 | 36.7 | 45.7 | 35.0 | 40.0 | 36.7 | 42.9
AA2 | 9331000 | 0.0 | 0.0 | 667 | 700 | 0.0 | 0.0 | 60.0 | 200 | 0.0 | 0.0
MAA2 |66.7| 750 | 00 | 0.0 | 400 | 550 | 0.0 | 0.0 | 33.3 | 400 | 00 | 0.0
AMAA?2 [50.0| 700 | 00 | 0.0 | 450 | 30.0 | 0.0 | 0.0 | 30.0 | 250 | 0.0 | 0.0

Table 3. Stability of emulsions of alginic acid (AA1 and AA2) and their derivatives (MAAL, AMAAL, MAA2
and AMAA2)

Centrifugal Test Turbidimetric method
Type Separated phase, % +0.1 2 .
P Qil ’ Watgr Emulsion EAl, m'g ESI, min
AAl 4.3 40.4 55.3 12.7 9.1
MAA1 7.5 37.6 54.8 11.6 7.6
AMAA1 8.0 30.0 62.0 6.6 7.0
AA2 6.9 43.1 50.0 18.8 6.1
MAA2 4.0 25.5 70.5 163.5 186.4
AMAA?2 7.4 44.4 48.1 11.6 10.4
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The resulting emulsion was monitored for the
dispersity (turbidimetric method) and the stabil-
ity by centrifugation and evaluation of separated
oil and water phases. Comparison of emulsifica-
tion properties of alginic acid (AAl and AA2)
and thier derivatives (MAAL, AMAAL, MAA2
and AMAAZ2) derivatives were summarized in
Table 3. The most stable O/W emulsions were
formed by addition of 2% MAAZ2. The separated
emulsion phase was 70.5 %. The above motioned
emulsion showed the highest EAI (163.5) and
ESI (186.4). The incorporation of amide groups
in alginic acids methyl esters led to decrease of
emulsifying ability and stability. It was estab-
lished that oil phase separation were the highest

for AMAAL (8.0 %) and AMAA2 (7.4%), re-
spectively.

The influence of thermal processing and freezing
on the creaming stability of emulsions were also
evaluated (Table 4). All prepared emulsions were
unstable at -18 and 50 °C for 24 and 48 h, respec-
tively. The more stable were emulsions stored at
5 °cC followed by 20 °C . From all investigated
O/W emulsions the most stable at all studied
temperatures (-18 °C, 5 °C, 20 °C and 50 °C) were
methyl ester of alginic acid (M/G 37:63). This
statement was confirmed by the presented mi-
croscopy images (Fig. 4).

Table 4. Temperature test of emulsions stored for 24 and 48 hours at different temperatures
(=18 °C, 5 °C, 20 °C and 50 °C).

after 24 hours after 48 hours
t, °C Qil Emulsion Water Qil Emulsion Water
-18 62.9 0.0 37.1 65.7 0.0 34.3
AAL 5 8.3 55.6 36.1 5.6 55.6 38.9
20 8.3 55.6 36.1 11.1 52.8 36.1
50 5.3 57.9 36.8 10.5 52.6 36.8
-18 66.7 0.0 33.3 57.9 1.8 40.4
MAA1 5 10.0 50.0 40.0 12.0 48.0 40.0
20 15.8 28.9 55.3 18.4 26.3 55.3
50 6.0 54.0 40.0 8.0 52.0 40.0
-18 56.0 2.0 42.0 62.0 0.0 38.0
5 12.0 46.0 42.0 16.0 42.0 42.0
AMAAL 20 6.5 54.3 45.7 6.1 51.0 42.9
50 10.6 51.1 38.3 10.6 51.1 38.3
-18 74.1 25.9 0.0 90.7 9.3 0.0
AAD 5 2.0 54.9 43.1 3.9 51.0 45.1
20 0.0 75.9 24.1 0.0 69.0 31.0
50 3.8 61.5 34.6 3.8 59.6 36.5
-18 0.0 100.0 0.0 2.0 74.5 23.5
5 0.0 100.0 0.0 0.0 100.0 0.0
MAAZ - 20T 00 100.0 0.0 0.0 100.0 0.0
50 0.0 92.2 7.8 0.0 92.2 7.8
-18 72.0 8.0 20.0 92.0 0.0 8.0
5 5.9 54.9 39.2 11.8 45.1 43.1
AMAA2 20 1.9 66.7 315 1.9 64.8 33.3
50 4.0 64.0 32.0 6.0 60.0 34.0
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a) 5 min after emulsion preparation

b) after 24 day storage

Fig. 4. Microscopy images of the structure of model O/W emulsions prepared with 2 % methyl ester of alginic

acid with M/G ratio 37:63 (MAA2)

The stability of prepared emulsions (MAAZ2)
were observed for the period of 1 to 24 day at
room temperature (Fig. 4). The separation of oils
phase was not found. The microscopy images
proved that coalescence process was not ob-
served at all. The particle sizes were homogene-
ously distributed in all emulsion volume.

Conclusion

The design of new surface-active alginic acids
derivatives were obtained by ultrasound-assited
irradiation. The synthesized methyl esters and
amides of alginic acids showed promising foam-
ing and emulsifying properties. The best
foamability capacity showed 2.0 % solutions of
AAL and their derivatives. The highest foam sta-
bility possessed 0.5 % methylated alginic acid
with higher ratio of M-block. However, 2.0 %
methyl esters of alginic acid with higher ratio of
G-block formed stable the most stable emulsions.
In addition the presence of amide groups in
alginic acid chain decrease the emulsifying and
foaming properties. The synthesized methyl es-
ters of alginic acid with higher ratio of G-block
were evaluated as emulsifiers and stabilizer of 50
% O/W emulsions. Due to their physicochemical
properties, the obtained alginate derivatives
could found future application in medicine, cos-
metics and food technologies.
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HMHIYCTPUAJHHI TEXHOJIOT U INDUSTRIAL TECHNOLOGIES
TOM Il (1) 2016 P VOL. 11 (1) 2016

CEJIEKTUBHA ABCOPBLHUSA HA H,S OT BBIVIEBOJAOPO/JHU I'A3OBE — KOHCTPYK-
TUBHO TEXHOJIOI'MYHU PELHIEHUS 3A

HAMAJISIBAHE HA 3AI'YBUTE HA ABCOPBEHT
Hecucnara Konesa, Anpuana ['eopruesa, JKusko XKenszkos, Kusko MBanos

SELECTIVE ABSORPTION OF H,S FROM HYDROCARBON GASES - CONSTRUCTIVE
AND TECHNOLOGICAL SOLUTIONS TO REDUCE LOSS OF ABSORBENTS

Desislava Koleva, Adriana Georgieva, Zhivko Zhelyazkov, Zhivko Ivanov

ABSTRACT: The process of selective absorption of H,S from hydrocarbon gases of oil refining companies
with amine containing absorbents such as monoethanolamine, methyldiethanolamine, Flexsorb SE and
Puratreat are considered in this work. Also examined is the possibility of replacing one with another absorbents
and offering constructive technological solutions to reduce losses of absorbent. The place of the separator after
absorption column for outgoing stripped of hydrogen sulfide gas was offerted. The geometric dimensions of the
separator were calculated.

Key words: selective H,S removal, absorption of H,S, diethanolamine, monoethanolamine,
methyldiethanolamnine, amine systems

BbBenenmue JOPOJHUTE Ta30BE IMOpPaau KOPO3MOHHATA UM

AKTUBHOCT, OTPABAIIOTO MM JEHCTBHE BBHPXY

AOGcopOnuara Ha MHOTOKOMIIOHEHTHU CMECH  CKBIIMTE KaTaJu3aTOPH U 3aMbPCSBaHE HA OKOJI-

Ce M3IO0JI3Ba 3a HW3BJIIMYAHE HAa WHAWBUAYATHH  HaTa cpena mpu u3rapsHeto um. OTAeneHUsT

KOMITOHCHTH WJIM Ha HSAKOJIKO KOMITOHEHTa eJ-  H)S ce u3mos3Ba 3a moiydaBaHETO Ha cspa U
HoBpeMeHHO. Ilo3HaTa € karo cenekTuBHa WiIH  cyndumu [1 + 4].
nu3buparenna adcopOius. CenexkruBHaTa abcop- Haii-ronsmo mpuioxeHue, Kato abCOpOCHTH

Onus ce M3M0JI3Ba B YACHOCT NP M3BIMYAHE HA  MPH NIPEYMCTBAHETO HA BHIJIEBOJAOPOJHMUTE Ia30-
H,S ot mpomuienu razose, chabpaxamu HoS 1 Be ca Hamepuiti BojiHKUTE Pa3TBOPH HA MOHO- JH-
CO,, xaro ocHoBHaTa Lien € u3Bnuyane Ha HoS 1 u tpueranonamunmure.

Mo BB3MOXHOCT oTcheTBHETO Ha CO, [1, 2]. B cBeToBHaTa NpakTHKa, KaTO aMHH ChIbp-
[Tornbimanero Ha rpyna KOMIIOHEHTH 4pe3 IIPO-  skam(u aOCOPOSHTH 3a MPEUYNCTBAHE HA TA30BETE
reca abcopOums ce M3MOoN3Ba MPHU pasfesssHeTo  oT H,S ce M3Moi3BaT: MOHOETAHOJIAMHUH, AWETa-
Ha BBIVIEBOIOPOJIHU ra3oBe OT HedTonpepadoT- HOJIaMUH, IMWTIIIUKOJIAMHH, METHJIAHMETaHOJIaMUH
Balll¥ MHCTAJalMU U TakuBa cbabpxkamy, CH, m u ap., mopaau Bucokus cu aGCOpOLMOHEH Kara-
pasIn4HU BBIIIEBONOPOAM, ankeHu U C; BbIUIE- OUTET U CPAaBHUTEIHO JIECHATa pereHepanus [1+
BOZIOPOAH, NpU OYMCTBAHE HA OTMAJHM ra3oBH 8],

CMECH C IICJI N3BJINYAHEC HAa NCHHUTEC KOMIIOHCH- B IIOCIEIHUTE T'OAVMHUA HAMHUPAT MPWIOKEHUE
TU WK 00€3BPEK/IAHE HA Ta30BU 3aMBPCHUTENHN C  BucokoedekTHBHNUTE abcopbentn Flexsorb SE u
1eN onaspane Ha okonnara cpenall, 2]. Puratreat. Teau abcopbeHTH ca TO-CEIEKTHBHU

EdexTuBHOCTTa Ha NpOBEXJamus ce cenek-  gpMm H,S orkonkoro k6M CO,, KOETO TpeACTaB-
TUBEH a0COPOLMOHEH MPOIEC 3aBUCHM OT MHO-  jgpa NpEeAMMCTBO CHOPSAMO MOHOCTaHOJIaMMHA
KECTBO (HaKTOPH KaTo: TeMreparypa, Hamsarane,  (MEA). Puratreat mpe/icTaB/IsBa aMHHOKHCENHA
(1)I/ISI/IKOXI/IMI/I‘-IHI/I CBOMCTBA Ha Ta30BU U TEYHU " e 0CO0eHO MOAXOQ11] 324 OYMCTBAHE HA KHUCEIH
NOTOLM M HE HA MOC/IEIHO MACTO OT KOHCTPYK-  ra3oe, ChABPIKALIM KHCIOpOq U oneduun [1 +
TUBHUTE OCOOEHHOCTH Ha aOCOpPOIMOHHUS ara- 8].
part. U360pbT Ha nameH abcopOEHT ce M3BBHpLIBA

CepHuTe CheIMHEHHUS, OCHOBHO CEPOBOJIOPOA  cres 3aabiGOYeH aHAIN3 Ha ra3oBeTe, KOMTO
(H2S) momnexar na oTCTpaHsBaHe OT BBINEBO-  pommekal HA aMHHHA OYMCTKA M IKENAHHS
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edexT, KOHTO TpsiOBa aa Obae mocturHat. Ilon-
0OpbT Ha KOHKpPETEeH aOCOpOCHT € CTPOro cie-
IU(GUYCH ¥ 3aBHCH OT MHOTO (DakTOpH Kato:
ChCTaB Ha OYHUCTBaHHMSA Ta3 (ChAbpPKAHUE Ha
MIPUMECH); HAIMYHOCT W IIeHa Ha abcopOeHTa;
XMMHYECKa CTaOMITHOCT M CEJEKTHBHOCT Ha ab-
COpOCHTa IO OTHOIICHWE HA OTACITHH KHCEIH
KOMITIOHEHTH, ChABPXKAIIA CE B Ta3a, MOJIEKAII
Ha OYHMCTBaHE; KOPO3WOHHA aKTHBHOCT; abcop0-
IIHOHEH KamaureT u ap. [1 + 8].

Len Ha HacTosIaTa paboTa € Ja ce pasriena
MPOLIEChT Ha celeKTrBHA abcopOuus Ha H,S ot
BBITICBOJIOPOJIHU T'a30Be, Jia Ce OICHH BBH3MOXK-
HOCTTA 3a MOAMsIHATa Ha eiH abcopOeHT ¢ Ipyr
Y MpeJiaraHe Ha TeXHOJOTHYHO-KOHCTPYKTUBHU
pelIeHUs 32 HaMaJlsiBaHEe Ha 3aryouTe Ha abcop-
OeHT.

BunoBe abcopOeHTH NpHU NpeYNcTBaHe HA ra-
3oBe oT H,S. [IpenumcTBa 1 HEIOCTATHIIH.

Bonmnute pa3TBOpm Ha MOHOETAHOJIAMHUH
(MEA) ce u3mon3BaT B MPOIBIDKEHHE HA MHOTO
ronuHu 3a orctpanasane Ha H,S u CO; ot npu-
ponHu u cuHTe3 raszome. PasrBopure Ha MEA
OBP30 CE 3aMEHAT C JIPYTH MO-CPEKTUBHH, OCO-
OEHO TIpU TPEeTHUpPaHE HA TMPHUPOJIEH ra3 MpU BU-
coko Hansara"e. Benpeku ToBa, MEA e Bce ome
MPEANOYNTAHUIT aOCOPOCHT MPH ra30BU CMECH,
ChIBPIKAIIA OTHOCHTEITHO HUCKH KOHIICHTPAIHH
Ha H,S u CO, u nunca Ha 3aMbpCUTENH, KATO
COS u CS,. Ho ako ra3pT chabpika 3HAUUTCITHU
konugectBa oT COS u CS; ce HamaisiBa abcopO-
IIMOHHATA MY CcrIocoOHOCT. B cpaBHeHuUe ¢ ocra-
Hanmute amMuHu, MEA e 3HauMTeIHO MO-BHCOKO
KOPO3MOHHO aKTHUBEH, OCOOCHHO aKO KOHIICHT-
pauusta my Haasumasa 20 mass %. Henocra-
Tk Ha MEA e BrcOKaTa TOITMHA HA PEaKInsaTa
¢ CO, u H,S (oxomo 30 % mo-Brucoka OT Ta3u Ha
IUEeTaHOJIaMWHA), KOETO BOJIU JI0 TO-BUCOKH
SHepruiiHN pa3Xxoau 3a JecopOuus. Bucokoro
HaysraHe Ha napute Ha MEA nmpuunHsABa 3Ha4YH-
TEJIHW 3ary0W TpW u3napsBaHe, O0COOEHO MpH
abcopOIus ¢ HUCKO HansraHe. ToBa Moxe 1a ce
MPEAOTBpPaTH UYpe3 M3MHUBAHE HA TPECUUCTEHUS
ras ¢ poza [3 + 5].

CMecu Ha MOHOETaHOJAMHH C JTU- WU TpHe-
TUJICHTJIMKOJ, ca OWIIM W3IMOJI3BaHH IIUPOKO 3a
€IHOBPEMEHHO TPETHUpPAHE Ha KHUCEIU Ta3oBe U
JIexXuapaTaIus Ha MpupoaHu ra3ose. [IpomecsT e
MMO-W3BECTEH KaToO TMpoIleca Ha TIMKOJI-aMUH,
MO3BOJISIBAL €THOBPEMEHHO IPEUMCTBAHE U Jie-
XUApAaTays ¢ MajJKo MO-HUCHK Pa3Xxo/1 Ha rmapa B
CpaBHEHHE C pa3TBOpHUTE BHB BoJA. |MHMKOI—
AMUHBT MOXE TOYTH HAITBIHO Ja oTcTpanu H,S
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n CO,, K0eTo BOIU 10 IMOJTydaBaHE Ha TPETHpa-
HUS Ta3 ¢ M3KIIOYUTETHO BUCOKa yucToTa. He-
JIOCTaThK TMPHU a0COpOIUATa C TIIMKOJ-aMHUH €
BHCOKaTa 3ary0a mpH M3NapsBaHe HA aMUHA U
BHCOKaTa KOpPO3WOHHA aKTHWBHOCT. lIpomechT
TJIMKOJI-aMWH Ce€ Tpujiara yCIemrHo PH Ipedrc-
TBaHe Ha kucen ra3 3a Claus mporiec, Thil KaTto
HAJIMYUETO Ha BBIIIEBOJOPOIU C BHCOKO MOJIe-
KYJIHO TEerji0 BOAW N0 OBP30TO JIe3aKTHBHpaHE
Ha Karajau3aropa MpH MPOHM3BOJCTBOTO HAa TEX-
Huuecka csapa [3 + 5].

Boauute pa3tBopu Ha nueranonamuH ([IEA)
ce M3I0NI3BAaT IPEYMCTBAaHE HA Ta30BE, ChIbp-
sxamu HoS 1 CO, 1 MUHMMAIITHUA KOJIMYECTBA OT
COS u CS,. Bropuynure aMHHH Ca MHOTO IO-
Maiko peaktuBocrnocooHu kpM COS u CS; ot
MIBPBUYHUTE aMHWHHW, KaTO PEaKIWOHHUTE MpPO-
JIYKTH HE ca BUCOKO KOPO3HMOHHO akTUBHH. [lo-
paau KOeTo, TUETAHOJAMUH U aMUHU OT BTOPH-
YeH MPOU3XOJI ca Mo-1o0Bp M300p 3a TpeTHUpaHe
Ha razoBe, cpabpxkamu COS u CS,. Huckoro
napiuyuajHo HajsAraHe Ha JUETaHOJAMUHA TO
MIPaBY MTOAXOIAII MPH MPOIECH TPOTUYAIIH TIPH
HUCKO HaJsraHe, KaTo 3aryOuTe OT U3MapsBaHe
ca HE3HAYUTeNIHW. J[MeTaHONaMUHBT HE € TOI-
XOJISIII TIPU TPETUPaHE Ha T'a30BE€ C BHCOKO Ch-
nbpkanne Ha CO,, T KaTO NpPeThpHsiBa MHO-
roopoiinu HeoOpatumu peakiuu ¢ CO, o obpa-
3yBaHETO HAa KOPO3WOHHU MPOJIYKTH. Pa3TBOPHT
Ha JINETAHOJAMHH € TI0-MaJIKO KOPO3WOHHO aK-
THUBEH CIIPSIMO Pa3TBOPUTE Ha MOHOETAHOJIAMUH
[3, 8+ 10].

Junzonpomanonamunst (JJUITA) ce usmons-
Ba B mporiecure ADIP u Sulfinol, muniensupan ot
Shell International Petroleum Company (SIPM).
B mpomecwsT Sulfinol, mumsonpomanonamuH ce
W3II0JI3Ba, KAaTO (PU3WYECKH OPTraHWYEeH pPa3TBO-
pUTEN 3a NMPEYNCTEHH T'a30B€ U TEYHOCTH, KOUTO
ocseH H,S u CO; cpappxar u COS. Konuuect-
Bara Ha COS ce orcTpaHsBaT 0e3 HEKeJIaHH
edextu kM pasrBopa [3, 8 + 10].

JIoNbIHUTEIHA TTPEIMMCTBA Ha JMH30IIPOIIa-
HOJIAMUHA Ca HHCKAa KOHCYMaIllusi Ha CHEepPrus 3a
pereHepupaHe W 3aHIKEHA KOPO3MOHHA aKTHBE-
HocT. SIPM mpmmarar JIUIIA B mporeca Ha
ADIP 3a cenextuBHa ouncTka Ha H>S ot ra3oBu-
T€ MOTOIM, KAaTO W TPH IMPOIIECH 3a CEJICKTHUBHA
abcop6mus Ha H,S ot rasose nmpu Kirayc mporec.
SIPM mnocrenenno 3amensat [UIIA ¢ MJIEA
(MeTHIIMETaHOMAMHMH) B ABaTa Tporeca [3, 8 +
10].

OcHoBHOTO npeaumcTBo Ha MJIEA e cenek-
THUBHO IOTJIBIIIAHE HA CEPOBOJOPOJ B MPUCHCT-
BHETO Ha BBITIEPOACH AUOKCHUJ, TIO-CIIEIHATHO B
CIIy4auTe, KOTaTO ChOTHOIICHHETO Ha BBIJIEPO-



JICH JIMOKCHJ/ CEpOBOAOPOJ € MHOTO BHCOKO.
JlaHHUTE OT MHOTO W3CIIEABaHMS ITOKa3BaT, 4e
npyd TOYHHS H300p Ha CENEKTUBEH aOCOpPOEHT
Morar Jja ce JOCTUTHAT KOHIeHTpauun Ha H,S
MTO-HHUCKH OT 4 ppm B 00pabOTEHHUS ra3 M M03BO-
nsBamy, no-roiasMa act or CO, ga mpeMuHe
HeabcopOupaH. [lopaniyu HUCKOTO CH HajsraHe Ha
napute, MJIEA Moxe na ce u3Imoi3Ba B KOHIIEH-
Tparmu 10 60 mass% BBB BOJAHH pa3TBOpH 0€3
3aryoute ot msmapenue. OcBeH ToBa MJIEA ¢
BUCOKO YCTOWYMB HAa TOIUIMHEH M XUMHUYECKU
pasmaj, HUCKO KOPO3WOHHO aKTHBEH M C HHCKa
crennuIHa TOIUIMHA Ha peakuusTa [3, 5 + 10].

Brmpeku, ge mpocTpaHCTBEHO 3aTpyIHEHUTE
aMHHU HE ca HEMPEeMEHHO alKaHOJIAMUHHU TeX-
HUTE XapaKTePHCTHKH, KaTo abcopOIuoHHH
areHTd 3a MPEYNCTBAaHE Ha Ta30BH CMECH ca
CXOJIHM C Te3W Ha ajKaHoIaMUHHTE. PazTBOpH-
Tenu Ha 0a3zaTa Ha 3aTpyJAHEHH aMUHM ca JIUIICH-
3upanu oT Exxon Research mox mmero Flexsorb
pa3TBOpUTENU. 3aTPYAHEHUTE aMUHH C€ M3IO0M3-
BaT, Karo MPOMOTOPH B TopemH KapOOHATHH
cucremu (Flexsorb HP); kato kommoHeHTH Ha
OpTaHWYHHU PA3TBOPUTENM B aMUH CHCTEMHU C
xapakrepuctriku, nogoouu Ha Sulfinol (Flexsorb
PS) u kaTto areHT BHB BOJHU Pa3TBOPH 3a CEICK-
TiBHA abcopOmms Ha H,S B mpuchcTBHETO Ha
CO, (Flexsorb SE u SE +) [3, 6 + 10].

TeXHOIIOTUYHO MPHUIIOKEHUE HAMHUPAT HAKOJ-
KO aJKallHi aMHH-ChAbpKalld a0copOeHTH, 03-
HaueHH C Pa3IMYHU THPrOBCKH HAMMEHOBAHMS,
kaTo Ha-m3noikBanu ca MEA, JIEA u MJIEA
[3 + 10].

MEA e aOcopOeHT Hamepusl Hail-ITMPOKO
NPUWIOKEHUE TOpajJyd HEroBaTa JOCTBITHOCT H
Hucka 1nera. M/IEA nma Haii-Bucoka abcopOmu-
OHHA CITOCOOHOCT 1O OTHOIIeHue Ha H,S oT Tpu-
Te M30pOEHH pa3TBOPUTENST U € CEJICKTUBEH
crpsimo Hero B ipucheTBe Ha CO;.

JEA dgecto ce m30upa, KOraro uMa B HaJIA4-
HOCT OTHOCHTEITHO MAaJIKO KOJIMYEeCTBO CEpPHH
ChEJIMHEHUS], HATIpUMep TIPH BTEYHEHH He(TeHU
ra3ose (mpomnaH-0yTaH), Thil KaTo TOM MMa Haid-
HUCBHK abcopOumonen kamarmreT [3, 7 + 10].

AHanu3bpT Ha Hay4yHATa JIUTEpaTypa W IpH-
JIOKCHUETO B CBETOBHATA NMPAKTHKA MOKAa3Ba, 4e
ce Ha0JIroJ|aBa TeHJICHINS KbM 3aMsHa Ha MEA
¢ mo-epexruBnus abcopdent MJIEA [3, 6 + 10].

MJIEA B cpaBuenne ¢ MEA e mo-HHCKO KO-
PO3MOHHO aKTHBEH, KOETO IMO3BOJISIBA U3IOJI3Ba-
HETO Ha MO-KOHIEHTPUpPaHu pa3TBopu Ha M/IEA
(30 + 50 mass %) B cpaBuenue ¢ MEA (12 + 18
mass%). CrenenTa Ha Hacumane Ha MEA e or-
panngena a0 Benmumna 0,3 + 0,35 mol H,S/ mol

MEA, nmokaro 3a MJIEA Ta3m croiinoct ¢ 0,8
mol H,S/ mol MJIEA. ToBa o3Ha4aBa, 4e KOJIH-
YeCTBOTO Ha LUPKYJIUpAIIUs pa3TBOp Ha abcop-
OeHTa, a cIIeIOBAaTEIHO U pa3xo/a Ha eHeprus 3a
HEeropara IUpKyJIanus U pereHepanus € 1,5 mpTu
nmo-Majnko mpu usnoizBane Ha MJIEA. N3nouns-
Baneto Ha MJIEA oOe3meuaBa HMKOHOMHS Ha
€HEeprus 3a CMeTKa Ha IO-MajikaTa TOIUIMHA Ha
xemucopoius Ha MJIEA B cpaBaenue ¢ MEA [3,
6 + 10]. HabmomaBa ce 3HAYMTEIHO HOHIDKEHHE
Ha JAECTPYKIHATA Ha aOCOpOeHTa MpU M3MOJ3Ba-
Hero Ha MJIEA B cpaBHenue ¢ MEA, karo B
pe3yaTaT Ha TOBa C€ HaMalsiBa W IMEHOOOpasyBa-
Heto. IIpu paboTara ¢ abcopOeHT Ha OCHOBA Ha
MEA ce xoHcTatupat 3aryou Ha MEA 3a cmeTka
Ha YHOCA Ha Mapy Ha CTaausl ecopOIus, KaTo
TeMIeparypaTa Ha MOTOKa TaM goctura 115 +
130°C. Thif KaTo TemmepaTypa Ha KHIICHE Ha
MJIEA e 247°C, 3HAYNUTEIIHO IO-BHCOKA OT Ta3H
#a MEA 170°C ce HaGmonaBa 3HAYHTEIHO IIO-
HIDKEHHE Ha TIPEeHACSHEeTO (YHOCHT) Ha aMUH MPU
perenepanus Ha pastBopa [3, 6 + 10]. Toma ¢
WITIOCTpUpaHo Hali-noope B Tabmmma 1.

Ta6auna 1. 3aryou Ha aGcopOeHT.

AJIKaHOJaAMHH 3ary6m, g/1000 m®
O4MCTEH ra3
MEA - 15% 9,18
JEA —30% 0,068
MJIEA — 30% 0,60
MJIEA —50% 1,04
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Pa3TBOpHMOCTTa Ha BBITIEBOJIOPOAUTE B aj-
KaHOJIAMHHA HapacTBa C TOBWIIABAaHE HAa KOH-
LEHTpAIMATa Ha aMUHA B aOCOPOIMOHHUS Pa3T-
BOp U B IPUCHCTBUE HA CEPHU ChEIUHEHHUs, KaTO
COS abcopOIMoHHUs KamarureTbT (MM pasT-
BOPHUMOCTTA) Ha aMHHHTE C€ MTPOMEHS B CIIEIHHUS
pea: MJAEA<JIEA<MEA. Moxe na ce o0enexu,
ye pazrBopute Ha MJIEA ce oTnuyaBaT ¢ mo4dtu
JIBOMHO IMO-BMCOK BHUCO3UTET IIPHU €IHA U ChIIa
TeMIlepaTypa B CpaBHEHHE C pa3TBOPUTE Ha
MEA [3, 6 + 10].

HesaBucumo ot Tumna Ha abcopOeHTa HaBCH-
KbJIe B TEXHOJOTUYHUTE CXEMH € HEOOXOIMMO
M3M0JI3BAHETO HAa CHCTEMa 3a OYMCTBAHE, MOJI-
I'bpXKaHEe Ha Ka4eCTBOTO W KOHAMIIMOHHMpaHE Ha
UpKysmpaius pasteop [3, 7 + 11]. be3 namu-
YHETO Ha TaKaBa CHCTEMa 3aMsHaTa Ha €JUH pa3-
TBOPHUTEN C JPYT HsAMa Ja JOBelIe IO KeJIaHUI
edpexr. Cpino Taka TpsAOBA Ja ce MMa NPEIBHUI,
ye 3aMsgHaTa Ha euH a0COpOEHT C APYT M3HUCKBA
opasMepsiBaHe W MPOCKTUpaHe Ha 000pyIBaHETO




(aOCOpOIIMOHHN M JIeCOPOLIMOHHM KOJIOHH) 3a
JOKa3BaHE Ha HEroBaTa MPHUTOIHOCT 3a H3MON3-
BaHETO My Ipu padota u ¢ npyr adcopOeHT [3, 7
+10].

OT HampaBeHHAT JIUTEpaTypeH 0030p 3a ChC-
TOSIHHETO Ha TEXHOJOTMYHOTO O0OpYyABaHE IPH
CeJICKTUBHA abcopOIMs Ha KHCETH Ta30BE C
aMHH-ChABpKAIIM abcopOeHTH (aMHUHHA OYHCT-
Ka) MpaBU BICYATICHHE, Y€ OCBEH 3aJbJDKUTEII-
HaTa amaparypa HeoOXoauMa 3a MPOBEXIaHe Ha
mporieca — abcopbepu, necopoepu, TOMI00OMEH-
HUIM U T.H. B IOBEYETO MHCTAJIAINH, 33bIKHU-
TEJTHO C€ MOHTHpAT (QWITPH HAa BCUYKU IOTOIH
ydacTBaum B mpoueca [11 + 14]. @unrpure ce
MOHTHpAT Ha IBTA Ha Taza Ha BXOJa B abcopOe-
puTe, Ha pereHepupaHusi pa3TBOP — XUMHYHH H
¢u3nuHu GUITPHU, HA TBTS HA TPOJYKTUTE Ha
peakmusTa: oTpabOTeH aMHHEH pa3TBop ¥ H,pS
[11 = 14].

Hansranero Ha ¢QuirpyBaHeTo, Karo MOMO-
IIEH XUAPOMEXaHWUEH Mpolec NpH aMHUHHATA
OYNCTKa Ha ra30BeTe B 3HAUMTENHA CTENeH Oia-
TOTPUATCTBA KATO IISUI0 MOA00PSBAHETO HA MPO-
neca. HamansBar ce 3amMbppcsiBaHUSsTa B ra3a Ha
BXOJ] B abcopOepuTe, KOeTO BOJIH 10 HaMallsiBaHe
Ha TIeHOOpa3yBaHETO Ha abcopOeHTa M TOHMKa-
BaHe yHOCa Ha pa3TBOp C ouucTeHus ra3. [lpum
JecopOnusTa ce HaMaisBa Bb3MOXKHOCTA 32 YB-
JIMYaHe Ha aMHUHEeH pa3TBop cbc H,S m ouucre-
Hus ras [11 + 14].

[Tpu nogmsnara Ha MEA ¢ MJIEA B abcop06-
[IMOHHU WHCTAJIAIIMU € HeOXOIMMO J1a Ce OTYeTe
crnocobHoctta Ha M/IEA na pa3rBapst TBbpAUTE
OTJIaraHvsi B TEXHOJOTHMYHOTO OOOpy/ABaHE W3-
noi3BaHo Tmpeau npu abcopuus ¢ MEA [6 + 14].
C menm &a ce mpemoOTBpaTH 3aMbpCsABaHE Ha
MJIEA v m'BJIHOTO U3IOJI3BaHE Ha abCOpPOIMOH-
HUSAT MYy KalaluTeT ce MOAX0XK]Ia KbM IMPOMHUBa-
HEe Ha 000pYJBAaHETO CHC CHELUATHU Pa3TBOPH.
3a He ce JMONMyCHE 3aMbpcsBaHe Ha abcopOeHTa
MpU 3aMsHAaTa My € HeOOXOJMMO MOHTHpPaHE Ha
¢wITpyBama cucTeMa Ha HACUTEHHUS DPa3TBOP
IpeJiu MOCTHIIBAHETO My B jiecopbepa [6 + 14].

[Ipn monmsiHata Ha abcopbenta or MEA c
MJIEA e HeoOxomuma mpoBepka Ha e(eKTHB-
HOCTTa Ha KOHTaKTHHUTE YCTpoucTBa B abcopbe-
pUTEe 3a JIOCTHTaHE Ha >KellaHaTa CTeleH Ha
ouncTBaHe Ha rasosere. llpu HeoOxommumocT 3a
JIOCTHTaHE Ha )KeJlaHaTa CTETICH Ha OYMCTBAaHE Ha
ra3oBeTe € Bh3MOXHA MOJMSHA Ha ChIECTBYBa-
LIUTE Tapeikh B aOCOpOLIMOHHHUTE KOJIOHHU C BU-
coko epexTuBHH IIbIHEXH [15]. ToBa Ou HoBenoO
JI0 TIOBHINIABAHE CKOPOCTTA HA MacOOOMEHHWS
npoliec, HaMausBaHe Ha 3aryOuTe Ha aOCOpOEeHT
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Y HaMaJIsIBaHE Ha TIEHOOOpa3yBaHETO Ha abcop-
OcHTa TIpM KOHTaKTa My ¢ raza B abcopOepa u
necopbepa.  JlOMBJIHUTETHO B KOJOHHUTE € HE-
00X0JTMMO MOHTHPAHETO Ha pa3NpeeIUTeIn Ha
Ta30BUTE U TEYHHUTE MOTOIH, C eI PABHOMEPHO
pasmpesieliecHie Ha KOHTAaKTyBalmuTe (a3 Ha
MOBBPXHOCTTA HA IBIHEKUTE U KaKIIKOYJIOBUTE-
T 33 M3KII0YBaHE Ha (DPU3UYECKOTO YHACSHE Ha
TeyHOCT (KalKu) ¢ Ta30BUSA MOTOK OT BhpXa Ha
amapara [15].

Bb3MOKHH ~ KOHCTPYKTHBHO-TEXHOJIOTHYHHU
pellieHus 32 HamMaJsiBaHe 3aryoute Ha adcop-
OeHT.

Pasrnenana e cenexkrtuBHa abcopOuwmst Ha H,S
OT BBIVICEBOJOPOIHH Ta30Be B HedTONMpepadoT-
Balllil KOMIIAaHWH C BoJeH pa3tBop Ha MEA c¢
KOHLIEHTpalysa Hail-uecto okomo 15 mass %.
BwrioeBogopoaHuTe TazoBe, MOCTHIBAIIM B al-
copOLMOHHATa TapeNKoBa KOJIOHA UMaT TPUMEp-
HO ChABPKaHME: BOAOPOA U MeTaH - 8,7 00%;
etad — 17, 8 06%; nponan — 31,7 00%; nzo0yran
— 10,1 06.%; n-0ytan — 21,6 06%; M30MEeHTaH —
5,6 00.%; n-nentan — 3,8 00.% u xekcanwm - 0,7
00.% [16]. Ounctenust ot H,S BbIrIIeBOIOpOICH
ra3 OT BbpXa Ha IbpBa a0COPOIIMOHHA KOJOHA,
ciell peAylrpaHe Ha HAITaHETO IMOCThIIBA Ha
BXOJ BBB BTOpa abCOpOLMOHHA KOJIOHA. B Hes
KaTo abcopOeHT ce M3mon3Ba Qpakius MeHTaHH,
KOSITO TIOTJIBIIA MO-TEKKUTE BBITIEBOAOPOAU -
npomnad, OyTaH, IEHTaH U 1p., a OT BbpXa U ce
ornenst (pakuus Jieku Bbraesogoponu - Hy,
CH,, C,Hg. CteneHnHTa Ha HacHUILAHE HA BOIHUS
pastBop Ha MEA He Tpsi6Ba na npesumana 0,30
+ 0,35 mol/mol, mopamu Bb3MOKHOCTTA OT HH-
TEH3UBHA KOPO3Hs Ha 000pY/IBAHETO.

HenocraTbk Ha mpolieca € BUCOKHS pa3xo/1 Ha
a0bcopOeHT, KOWTO BOJM 10 YBEJIMYaBaHE Ha KO-
JUYECTBOTO Ha (UHHO JHCIIEPCHU KalKd B
OUUCTEHMsI Ta3, B pe3ysiTaT Ha TPOIECH, KaTo
paslieHBaHE W BHCOKa JIETIIMBOCT Ha MapUTe Ha
MEA [1 + 3]. Boguust pastBop Ha MEA uma
CBOWCTBOTO Jla C€ Pa3leHBa MPH KOHTAKTa C IOC-
TBHIIBAIMAT B II'bpBaTa aOCOPOIIMOHHA KOJIOHA
BBIJICBOJIOPOJICH Ta3, B pe3ylTaT Ha KOETO ce
obpa3sysar ¢unHM kanku oT MEA. PasnenBane-
TO Ha abcopbenta MEA ce ctumynupa u oT Me-
XaHWYHU 3aMbPCSABAHUSA, MOJNYYCHH B pPE3yJNTar
OT OTJIaraHusITa U KOPO3Hs MO TPHOOIPOBOIUTE.
Tesn xanmku MEA Hamyckar BppXa Ha KOJOHaTa
3a€JIHO, C OYMCTCHUSAT Ta3 W MOCTHIBAT B ClIE]-
Bamiata kojioHa. llopaam Ta3u mpuymHa OT KyOa
Ha BTOpaTa abcopOLMOHHA KOJIOHA Ce Hamara aa



ce OTIeNIssHE Ha HachOpaJoTO Ce KOJINYECTBO
3aryom ot MEA.

ToBa siBIEHHE € MO-SICHO W3pa3eHo MpH I0-
BUIlIaBaHE Ha HATOBApPBAHETO Ha IIbpBaTa abcop-
OLIMOHHA KOJIOHA C HEOYHCTEH BBIJIEBONOPOJCH
ras man 2,31.10™* m%/s, koero ce obscHsBA C npe-
KOMEpPHOTO paslicHBaHe Ha abcopOeHTa U 3aja-
BSHE Ha KOJIOHaTa OT oOpa3yBajara ce IISIHA.
IIpu Te3u ycnoBHsl 4yBCTBUTENIHO CE BIIOIIABA U
OUYHUCTBAHETO Ha ra3a OT CEpOBOAOPOJIa U CE yBe-
IryaBa pasxona Ha aOcopOeHT. B pasnmunute
a0COpOLMOHHN MHCTAJALMK JIMIICBAT KaIKOYJIO-
BUTENN Ha BbpXa Ha aOCOPOLMOHHHTE KOJIOHU
(3a pasriekaaHus Mpolec B MbPBa KOJIOHA) MIIH
CermapHpaly anapary U3BbH TIX, KOETO BOIHU A0
JOIBJIHUTEIHU 3aryou Ha abcopOent [16]. B
JIUTEpaTypara ce cpeija MOHTHpaHe Ha cerapa-
TOpPY Ha raza Ha BXOJ W U3X0J OoT abcopOepwre,
CIIy’KEIIX 3a OTHesHE Ha YBJIEUCHWTE TE€YHU U
TBBPH a€PO30JIH BbB BXOJISIIHUS a3, KOETO BOIH
O HaMallsBaHE Ha 3aMbPCABAHETO Ha aMuHa,
o0pa3yBaHETO Ha ISIHA U MOHM)KaBaHE Ha KOPO-
3usiTa Ha oOopyaBaneto [3, 4, 16]. 3a mocturane
Ha TOo-e(eKTUBEH aOCOPOIMOHEH MPOIEeC U Ha-
MaisiBane 3aryoute Ha MEA ce mpesara mocra-
BSHETO Ha CEmapaTop 3a HalycKallus OYHCTEeH
ra3 mpeau BXoja My BbB BTOpaTa abCOpOIHOHHA
KOJIOHA. 3a CHUMyJIMpaHe Ha W3CJICABAHUAT IMPO-
LIEC ¥ M3YHCISIBAHE HA NPENJIaraHusT cernapaTrop
6e n3nomnsBana nporpamata CHEMCAD 6.0.1..

Ha ®ur. 1. e mokazaHa TeXHOJOTHYHATA CXe-
Ma m3rpazena ot nporpamara CHEMCAD 6.0.1.
[16]. PaGoTHuTe mapamMeTpH Ha TMOCTHIIBAIIUS
BBIJICBOIOPOJICH a3, MOJUIeKal] Ha a0CopOIHs B
IbpBa KOJIOHA ¢ 15 mass % BOJEeH pa3TBOp Ha

MEA ca nmomectenu B Tabaumna 2 [16].
(1

L
1]

134 43 O4HCTEHS

®@ur. 1. TexHomornyHaTa cxeMa U3rpaJicHa OT
nporpamata CHEMCAD 6.0.1..

Jlerenna kpM Owr. 1..

1,2,3 - Bxox Ha abcopbent (MEA), 4 — BbriaeBogopo-
JIeH ra3 3a OYHCTBaHe; 5 — U3X0J] Ha OUYHCTEH a3 OT KOJIOHA
1 u BXoJ B cemapaTopa; 6 — OUMCTEH ra3 Ha M3XOJ OT cerma-
partop; 7 — OYHMCTEH ra3 ciex KilanaH pelyupal HajasraHe-
TO Ha KoJoHa 1 u cemapatopa; 8, 15 — U3X0/ Ha JIEKU BBI-
JIEBOJIOPOJHH Ta30Be; 9 — HM3XOX OT KOJOHA 2 Ha TEXKKH
BoriteBogopoan Cs + Cg; 10 — u3xon Ha orpaboren MEA ot
cemapatop; 11 — uzxox Ha orpadoreH MEA ot konona 1;
12 — o6uy motok otpaboren MEA kbM Bxox Ha Gpuitsbp; 13,
14 — o6 motok orpabotren MEA 3a perenepanus cien
u3xon oT GuATHpP; 16 — BXOJ Ha MEHTaHTaHOBa (pakuus B
KOJIOHA 2

Ta6auna 2. PaGoTHu napameTpu Ha MOTOLH-
TE.

Ne | Padorno Hajnsra- | Ooemen ge- | PabdorHa
e, .10 Pa onr, TeMIIe-
10*m¥s parypa,
°C
Bbriesogopoaen ra3
1. | 156,96 | 1,61 | 30
15 mass% Bonen paztBop Ha MEA
2. | 156,96 | 16,7 | 40
CbcTaB HA BbIJIEBOAOPOAHMS a3, 00. %
3. Bomnopon 41,7 [Ipomanosa 21
(bpaxist
4, Meran 14,2 Bbyranosa 6,2
¢bpakuus
5. EranoBa 9,3 | CepoBomopon 6,9
(dpaxiys
6. | Ilenranosa | 0,7
¢bpakuus
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W3non3BaHara HATMYHA BEPCHsI HA IPOrpamMa-
ta CHEMCAD 6.0.1..He HM faie BB3MOXKHOCT 3a
CUMyJIUpaHE Ha Tpoleca W 3a YaCTHYHO WU
ITBJIHO Opa3MepsiBaHe Ha cemaparopa. ToBa ce
IbJDKM Ha (akTa, 4e B HAMYHATA BEpcUsl Ha
mporpamara HsMa 3aJ0KeHa Bb3MOXKHOCT 3a pa-
0oTa ¢ mporeca XeMHCOpOLUs U CeJIEKTUBHA a0-
copOuusi, a € HaTMuHa caMo Qu3nyecka abcopo-
s,

[Iporpamata Honeywell Ha 6a3a Ha BXOIHU
JTAaHHM 32 TIOTOIIMTE B TIbpBa abCOPOIIMOHHA KO-
JIOHA M3YMCIIM TEOMETPUYHUTE pa3MepH Ha ceria-
patopa momectrernm B Tabmuma 3. Cxema Ha
MpeajaraHusl cernaparop € mokasana Ha @wr. 2

[16].




Tabauna 3. 'eomeTpuyHN pa3MepH Ha cernapa-
TOpa mpemIokeHn ot nporpamara Honeywell.

Cemapatop
O6em 4m
Hansrane, Pab6otHo 1,6
10°Pa
U3uucie- 2,5
HO
Temmepa- PaboTna 33
Typa, °C
Hsuucne- 60
Ha
Huamersp, m 1,2
Bucounna, m 57
Hlynepu
Opoit Huame- Hans-
Thp, M ramfe,
10°Pa
A- BXOJ Ha 1 0,150 25
OYHCTEH ra3
b — u3xon Ha 1 0,100 2,5
pasTBOp OT
MEA
B — n3xox HA 1 0,020 2,5
OYHCTEHH
BBIJIEBOJO-
POIHU
rasose
', 2 - my- 2 0,050 25
1Iep 32 HUBO-
MepHa Kame-
pa

KakTo ce BmKma OT TEXHOIOTWYHATA CXEMa
nokazana Ha @ur. 1 cemapaTopbT 3a Halycka-
M OYUCTEH Tra3 € MOCTaBeH Mper BXOAa MY
BbB BTOpara abCOpOIMOHHA KOJIOHA, KaTo €
cHaOJeH C YCTPOMCTBO 3a OKPYITHSBaHE U OT[e-
JsiHe Ha (PUHHWTE KalKW yBJICUEHH OT Ta3a.

CemnaparopbT 1€ IO3BOJIA MHUHUMHU3UPAHE
pasneHBaHeTo Ha abcopOenra. Toii e cHabaeH ¢
HUBOMEpHA Kamepa, MOKa3aHHWATa Ha KOSTO ca
00BBp3aHU C peryjiupalnl KjiarnaH MOHTHpPaH Ha
JUHUATA 32 W3XOJl Ha OTCElapupaH pa3TBOp Ha
MEA. IlenTa Ha TO3MW KjamaH € Jga OCUTYpH He-
OOXOIUMUSIT XUJPABIMYEH TEYHOCTEH CTHIO B
cenaparopa, KOMTo 1a He ObJie U3TIIaCKaH OT ra-
3a.

[Ipu mocturane Ha ompelieHO HUBO B cemnapa-
TOpa, KJIalaHbT C€ OTBAPS U KOJIUYECTBOTO OT-
nenen MEA ce HacouBa KbM JHHHA 32 0Tpabo-
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TeH pa3tBop Ha MEA. Cren n3xona Ha rasza ot
cermapaTopa Cé MOHTHpa KIamaH-peryiarop 3a
HaJsiraHe, KOMTO CITyKH 3a peAyLHpaHe Ha Has-
raHeTo Ha ras3a BbB II'bpBaTa aOCOPOIMOHHA KO-

JIOHa M ce€raparopa.
AemucTep
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@ur. 2. CxeMa Ha IpeJijIaraHus cernaparop.

3a mocTuraHe Ha Mo-e(h)eKTUBHO pa3JeNsHE B
cemapaTopa B TOpHaTa My 4acT MMa KaIKoyJo-
BUTEN (IEMHUCTEP), a B CPeHATA YacT Mperpa,
CITyKeIlld 3a IPeIBapUTEITHO OTIEISIHE OT Tasa
Ha kankute or MEA.

3akioueHne

MoOHOETaHOJIAMHUHET, IAECTAHOJAMHUHET, JIHAT-
JINKOJIAMUHBT, METHIIIUECTAHOJAMHHBT Ca aMUH
ChAbPKAIIM, aOCOPOCHTH 3a MPEYUCTBAHE Ha
razoBeTe oT H,S, HamMepuin HIMPOKO TEXHOJIO-
TUYHO MPWIOKEHUE, MOPaTd BUCOKHS CH abcop-
OIIMOHEH KamnaluTeT W CPaBHUTETHO JIECHATa
perenepanus. B mocienHuTe roguHU HamHupaT
MPUIIOKEHUE W BUCOKOS(EKTUBHUTE abcopOeHTH
Flexsorb SE wu Puratreat, xouto ca II0-
cenexktuBHM KbM H,S oTkonkoTo keM CO,, Koe-
TO € MPEAUMCTBOTO MM CIPSAMO MOHOCTAHOJA-



muHa (MEA). IlonGopbhT Ha KOHKpeTeH abcop-
OeHT e cTporo crenudpuyueH | 3aBUCH OT PeIuIia
¢axTopu.

AHanmu3bT Ha HayyHaTa JHUTEpaTypa U TpH-
JIO’)KEHUETO B CBETOBHATA MPAKTHKA MOKa3Ba, 4Ue
ce HabmomaBa TeHAeHINA KbM 3amsiHa Ha MEA
¢ no-edextuBHus abcopoentr MJIEA. MJIEA B
cpaBuenne ¢ MEA e: o-HHCKO KOPO3HOHHO aK-
THBEH, TIPUTEXKaBa II0-BUCOKa aOCOpPOITMOHHA
CIOCOOHOCT; MMa MO-BUCOKA CTEIICH Ha HaCHIa-
HE Ha Pa3TBOpPa, KOETO MO3BOJISIBA M3MOI3BAHETO
Ha TI0-KOHIIEHTPHpPAH pa3TBOp; oOe3nedaBa UKO-
HOMHSI Ha €HEprus; HamassiBa meHooOpa3yBaHe-
TO B CJIEICTBUE HA MOHMKEHATA CH IECTPYKLIHSI.

3amsHaTa Ha equH a0COPOEHT C IPYT W3HCK-
Ba Opa3MepsBaHe M MPOEKTHpaHe Ha 00OpyIBa-
HEeTo (a0COPOIMOHHM W JAeCOPOLIMOHHU KOJIOHH)
3a IOKa3BaHE Ha HETOBATa MIPUTOHOCT 3a MU3IIOJ-
3BaHETO My MpH paboTa W C Jpyr abCOpOEHT.
ITpu nommsanata Ha MEA ¢ MJIEA B aGcopOru-
OHHU HHCTaJallMd € HeOXOJUMO Ja Ce OT4eTe
crocobnoctra Ha MJIEA na pasTtBaps TBBpauTe
OTJaraHus B TEXHOJIIOTHYHOTO OOOpyABaHE W3-
MOJI3BaHO Tpenu npu adbcopuus ¢ MEA, kakTo u
MpoBepKa Ha e(EeKTHBHOCTTA Ha KOHTaKTHUTE
ycTpoiicTBa B abcopOepuTe 3a JOCTUTaHE Ha JKe-
JlaHaTa CTEeTeH Ha OYMCTBAHE Ha ra3oBeTe.

B paznuunute aOCOPOIMOHHM WHCTAJAIUK
3a ynaBsHe Ha H,S OT BBIII€BOIOPOIHH Tra30Be C
MEA, numncBaT KamnkoyJIOBMUTENM Ha BbpXa Ha
aObCOpOIIMOHHUTE KOJIOHM WM Ccelapupaniu
amapatd W3BBH TAX, KOETO BOIHM O JOIBIIHU-
TeNHH 3aryom Ha abcopOeHT. BomHust pastBop
Ha MEA wnMa CBOWCTBOTO /Ja ce pa3leHBa IpH
KOHTAaKTa C IOCTHIBAIIUAT B abCcOpOIMOHHATA
KOJIOHA BBITIEBOJIOPOJIEH T'a3, B pe3yiTar Ha Koe-
TO ce oOpasyBar ¢uuHu Kanku oT MEA. Te3u
kanku MEA Hamyckar Bbpxa Ha KOJOHaTa 3aef-
HO C OYHMCTEHUST Ia3 U IMOCTHIIBAT B CIIEIBALIUAT
amapar.

3a mocTurane Ha Mo-eeKTUBEH abCcopOIHo-
HEH TIpoliec U HamassiBaHe 3aryoure Ha MEA ce
npeasiara CiIegHOTO KOHCTPYKTUBHO TEXHOJIO-
THYHO pElIeHUE - MOCTAaBIHETO Ha CerapaTop 3a
HarycKamus oducTer ras. C moMomnra Ha mpor-
pamara Honeywell ca n3zuncienn reoMeTpuvHu-
Te pa3MepH Ha cemaparopa. [IpemiaranusT cerna-
parop I1e Mo3BOJIM MUHUMHU3UpPaHe paslieHBaHe-
TO Ha abcopOeHTa M HaMaysBaHE 3aryOuTe Ha
MOHOETaHOJIAMHH.
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HMHIYCTPUAJHHI TEXHOJIOT U INDUSTRIAL TECHNOLOGIES
TOM Il (1) 2016 P VOL. 11 (1) 2016

HOJIM®EHOJIEH CbCTAB U AHTUOKCHJAHTHA AKTUBHOCT HA IIVIOJOBE OT
DOUHUKOBA IMAJIMA (PHOENIX DACTYLIFERA), MIPEJJIATAHA B ThbPITOBCKATA
MPEXA

WBan Banos, Hanexna [letkosa, [lanteneit Jlenen

POLYPHENILICS CONTENT AND ANTIOXIDANT ACTIVITY OF COMMERCIALLY
AVAILABLE DATES (PHOENIX DACTYLIFERA)

Ivan Ivanov, Nadezhda Petkova, Panteley Denev

ABSTRACT: The fruits of Phoenix dactylifera L. known as date are rich source of carbohydrates, fiber,
vitamins and minerals. Phytochemical studies showed that the fruits contain also significant amounts of
anthocyanins, phenols, sterols, carotenoids, flavonoids and procyanidins. Dates find enormous application to
treat various diseases in traditional medicine due to their antioxidant, antimutagenic, antimicrobial, anti-
inflammatory, hepatoprotective, nephroprotective, anticancer and immunostimulation activities. The current
study aims to establish the polyphenol content and antioxidant activity of dried fruit of the commercially
available date palm from Bulgarian market. It was found that the total polyphenol content was in range 2.4 - 5.4
mg GAE/g fruits, derivatives of caffeic acid (0.2 - 1.0 mg CAE/g fruits) and condensed tannins (pro-
anthocyanidins) (0.2 - 0.8 mg LE / g fruits), respectively. In vitro antioxidant potential was evaluated by methods
for radical scavenging activity (ABTS method 0.2 - 1.0 mmol TE /g fruits) and metal reducing activity (CuPRAC
method 39-80 mmol TE / g fruits). The obtained results showed that the commercial dates on Bulgarian market
are a valuable source of bioactive phytonutrients with high antioxidant activity, therefore their consumption
during the winter period is highly recommended.

Key words: Phoenix dactylifera, date, phytochemical compounds

BbBenenne TOBa YMCJIO M TUeTHYHU GuOpH (IEKTUHOBU Be-

miecTBa) okoiio 6,4 — 11,5 %, kakTo U Ha Ma3HU-

®unukosa manma (Phoenix dactylifera L.) e um (0,2 — 0,5 %), npoteunu (2,3 — 5,6 %), u Bu-
IIMPOKO PasnpOCTPaHEHa B TOILIMTE M CyXH pa-  tamunuu (A, By, By, B3, Bs, Bg u C) (Al Farcy and
fionu Ha cBera, rnaBHo B bimskust usrok u Ce-  Lee, 2008). Te ca Gorat M3TOYHMK Ha MUHEPAIH
BepHa Adpuka. OT 1bI00Ka JPEBHOCT CE€ € M3-  KaTo KaJlluii, MarHes3ui, gocdop, Kammii, xems-
ImoJji3Bajia, KaKTO KaTO OCHOBHa XpaHa, TakKa Cb- 30, LIUHK, ME€JI, MaHI'aH, CEJICH. B mnonoBere Ha
0 M KaTo CYPOBHMHA 3a XPaHMTEIHO-BKYCOBaTa  (hMHUKOBAaTa IauMa ca HACHTU(HMIMPAHM HEHa-
npoMunuIeHocT. PUHUKOBATA MAIMa € HAPUYaHA  CUTEHUTE MACTHH KUCEJIMHU MAIMUT-OJIEUHOBA,
,»AbPBO Ha KMBOTA” MM "XJsI0a Ha IyCTHHATA".  OJleMHOBA, JIMHOJIOBA U JIMHOJIEHOBA. [IpOTEUHBT
IIpes mocneanuTe roAMHM, HAPACTBA MHTEPECHT BBB (ypMHUTE CE€ ChCTOM OT 23 BUJa aMUHOKHCE-
KbM (ypMHTE NOPaJd MHOTOOPOMHHUTE MM IOJI3M  JIMHM, HAKOM OT KOWUTO HE Ca HAJIMYHU B Haii-
3a 3apaBeto. Pexamma mpoydyBaHMsA pasKpuBat MIOMYJISIPHUTE TUIOA0BE KaTO MOPTOKAIH, SIOBIKA
IMOoTCHIHAJIa 3a MPUIIOKCHHUE Ha IUIOJOBETC Ha 1 OaHaHWU. HpH CYILICHETO Ha IIOJIOBETEC Ha (1)1/1—
(uHuKoBaTa mamMa Kato LEHEH M3TOYHMK HA  HMKOBATa MajMa CE HAMAIABa BOJHOTO UM Ch-
(UTOHYTPHEHTH M KaTO 3/paBOCIOBHA XpaHa 332  bpKAHUE U CE TMOBHUINABA KOHIEHTPAIMSATA Ha
KbpMaueTa, MIIAJIEXKH, 31PaBU Bb3PACTHH, KAKTO  3axapu. [lopaau Ta3um NMpUYMHA CPOKBT Ha TOJ-
¥ IpU MAalMEHTH C XPOHMYHM 3a00JABaHUS  HOCT Ha CyXuTe (YpMH € BHCOK M ca MOJ-

(Baliga et al., 2011). XOJSIIA 32 MPHEM MPOJBIDKUTENEH TMEePUo]| OT
IInonosere Ha (uHMKOBaTa nanma ca Gorat  ppeme (Al-Shahib and Marshall, 2003).
U3TOYHUK Ha 3aXapu, XpaHUTEIHH BEUIECTBA U @ypmure ca Goratu Ha GUTOHYTPHEHTH KaTO

OMOJIOTMYHO aKTUBHO BTOPMYHHM MeTa0ONMTH.  monudenomu (3,9 %), cTeponu, KapOTEHOUIH,
JIHeBHUAT npreM Ha (QypMH IPENOCTaBS OKOJIO AHTOIMAHWHY, TPOIMAHUHU U (IIABOHOUIH, KO-
315 kkal na 100 g. Te chabpIKaT BUCOK TPOLEHT  UTO NpPHUTEKABAT BHCOKA AHTHOKCHIAHTHA aK-
Ha BbrIexuapatu (oOmum 3axapu, 44-88 %), B
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tusHOCT (80,4 mmol ma 100 g ) (Al Farcy and
Lee, 2008). ChOTHOIIICHHETO W KOHIICHTPALIUATA
Ha Te3W KOMIIOHEHTH 3aBHCAT OT COPTa, BpeMe
Ha chOHMpaHe Ha PEKOJTAaTa, ChILO Taka M OT Mec-
TOIOJIOKEHUETO W TIOYBEHO-KIMMATHYHHUTE YC-
noBus. Te3n MeTabONUTH JAONPUHACAT CHIIO 32
XPAHUTEIHUTE ¥ OPraHOJICNITUYHHUTE CBOWCTBA
Ha TUIOJIOBETE M MOXKE Jia ca OT MoJj3a 32 TOBU-
NIaBaHE HA XpaHWTENHATA W (DYHKIM-OHATHATA
CTOMHOCT Ha XpaHuTenuure npoaykta (Habib
and lbrahim, 2009, Al Farcy et al., 2005).
Mansouri et al. (2005) amanmsmpar npoduia Ha
(EHONMHUTE KUCETMHM Ha CeNeM aDKUPCKHUTE
BUia (GypMH M OTKpPHBAaT, 4€ T€ CBHABbPXKAT p-
KyMapoBa, QepyioBa W CHHAINlCHa KHCEIWHH,
KaKTO M TIPOM3BOJIHU Ha KaHelieHaTa KUCEeIMHA U
TPH pa3InYHU W30MEPH Ha XJIOPOTEHOBATa KHCe-
nuHa. W3cnenBaHusTa ¢ TPU COPTAa OMAHCKH
(dhypMu ca Tokazanu Hau4Ire Ha cBOOOIHU (TIpO-
TOKaTeXMHOBA, BAHWJIOBA, CUPUHTOBA U (hepyu-
HOBa KHCEJIHMHHU) U CBBbp3aHUTE (DEHOJTHH KHCe-
nuHA (TanoBa KHCEIHMHA, MPOTOKATEXWHOBA KH-
CellMHa, p-XUIPOKCHOCH30€HA KHCEIMHA, BaHU-
JIOBa KWCENMHA, KadeeHa KHCEIHHA, CHPUHTOBa
KHCENMHA, p-KyMapoBa KHcenruHa, (epynoBa Ku-
cenMHa U o-Kymaposa kucenuna) (Al Farcy et al.,
2005). [Mnomoere Ha (uHU-KOBaTa maiaMa ca
M3TOYHHK M Ha KOHJCH3HU TaHUHU. [Ipu n3mons-
BaHE Ha PA3TBOPHUTEN CHCTOSI] CE€ OT AaleTOH-
BOJa-orieTHa kucennua, Hong et al., (2006) yc-
TaHOBSIBAT, Y€ MPO-IMAHUANHHUTE BBB (hypmara
ca oT B, tun cbc crened Ha nonuMmepu3zauus 10.
YcTaHOBEHO € M ()JIABOHOMHOTO ChIBPIKAHHE
Ha ¢ypmara. Unentudunupanu ca TpUHAAECET
(TaBOHOUIHU TJIIMKO3WAM Ha JIyTCOJHHA, KBEp-
IEeTHHA, 1 amureHrHa. ChIo Taka € YCTAHOBEHO,
4ye B IUIOZOBETe Ha (JMHUKOBATA IMaiMa C€ OTK-
puBat GIaBOHOMJICYI(ATH - METHIUpaHa U CYJI-
datu-pana GopMu Ha JyTEOJMHA M KBEPIIETUHA,
MNPUCHCTBAT KaTO MOHO-, TH-, U TPH TIIMKO3MIH-
paHU KOHIOTATH, JIOKATO AlMICHUH MPHUCHCTBA
camo karo amriukosun (Hong et al., 2006,
Chaira et al.,. 2009)

Hacrosmoro u3cnenBaHe viMa 3a men Jia ce
YCTaHOBH TIOJIM(ECHOJIHUAT CHCTaB Ha IUIOJOBE
oT (puHUKOBA ManMa, MpejaraHy B ThProBcKara
Mpexa U Jia ce OICHH AHTUOKCHUIAHTHHAT UM
MOTEHIIHAN, KaKTO W Ja Ce MpeIioKaT MHHU-
MaJlHH JTHEBHU J03W OCUTYPSBAIIU 3PaBOCIIO-
BEH )KHBOT.
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MaTepnaJm H METOAU
AHa.]'H/I3I/IpaHI/ITe IJI0J0BE OT q)I/IHI/IKOBa najia-
Ma Ca 3aKyICHU OT THPIrOBCKaTa MpEKa Ha Ip.

[TnoBmamB npe3 2015 1. (Tabmuma 1.)

Taoauna 1. M3cnexaBanu wiogose Ha (PUHUKOBA

HajMa IpeJularaiy B ThProBCKaTa Mpeska
Ne | HaumenoBanue | Koncuc- | IIpousx
HAa MPOAYKTA TeHlus o1
1. | QUEEN'S DI- CyXH Upan
AMOND
2. BAM MECECTH Upan
3. MIAMI CyXH Upan
4, MARYAM MECECTH Upan
Exempaxyus

Haii-manpen KOCTUIIKMTE Ha IJIOJOBETE Ha
¢uHMKOBaTa ManMa ce otcrpansBar. OT ocraHa-
JlaTa MececTa 4acT Ha (yypmara ce mpeTeryisT ABe
cpenuu podu ot no 20 g. Cien ToBa mpodHTeE Ce
exctpaxupar ¢ mo 50 ml xjgopodopm 3a orcrpa-
HSIBaHE HA JIMIUAHUTE KOMIOHEHTH. KbM mpo-
MHTHUTE C XJIOpohopM 1iogoBe ce 106assat 50 ml
70% eTaHON M KONOUTE CEe HATPsIBAT MPH KUIICHE
Ha obpaten xmaauuk 3a 1 h. Buomacara ce orcr-
paHsBa upe3 QuITpyBaHe npe3 GUITHPHA XapTHs
U TOJY4YEHUTE EKCTPAKTUTE C€ H3IMO0J3Ba 3a
CJICJIBAIINTE aHATH3H.

Onpedenane na oduu nonughenonu

OO0mo chabpkaHue Ha (QEHOTHH ce ompene-
ast upes merona Ha Folin-Ciocalteu. Kem 1 mli
peareHT, paspejieH et mbTu ce godassr 0,2 mi
ot 70 % eraHojieH ekcTpakT or Gypmute u 0,8
mi 7,5 % Na,CO;. Peakiusita ce nmpoBexaa npu
cTaifHa Temreparypa Ha ThMHO 3a 20 min. Ms3-
MepBa ce afcopOIusaTa Ha mpobara mpu 765 nm
COpsIMO Ipa3Ha npo0da, MoJy4YeHa MO ChUIUS Ha-
YHMH, HO 0€3 EKCTPaKkT, a caMO C Pa3TBOPHTEIL.
PesynTatute ce u3passiBaT B MI' eKBUBAJICHTH Ha
ranoBata kucenuHa (GAE) 3a 100 g mmon, crno-
pell cTaHjapTHaTa TpaBa IOCTPOEHA C TalioBa
KHCEJIMHA KAaTO CTaHJapT U JIMHEWHa B JTUaraso-
Ha ot 0,02 - 0,10 mg.

Onpedenane Ha oouu depusamu Ha Kagheena-
ma Kucenuna

OO0wmo chabpp)kaHUEe Ha JAepUBaTH Ha Kadee-
HaTa KHCelMHa ca W3Pa3eHH KaTo XJIOPOreHOBa
KHACEJIMHA Karo € omucaHo B EBpomeiickara
dapmaxornes (6 m3n. 2008). Excrpakrst (1 ml)
OT TUIOJIOBE Ha (PMHUKOBA MalMa ce MPUOaBs KbM
2 ml 0,5 mol conna xucenuna u 2 ml peakTHB Ha
Arnow (10 g narpueB Hutput U 10 g HaTpHeB
Mombaar u obema ce noexaa 1o 100 ml ¢ nec-



tunpana Boga) 2 ml NaOH (mipu KOHIEHTpaIvst
or 2.125 mol) u 3 ml gectunupana Boma. Beska
npoba ce cpaBHsBA ChC ChIATa CMeC, HO Oe3 pe-
aktuBa Ha Arnow. M3mepBa ce abcopOuusi mpu
525 nm. CeappxkaHueTo Ha OOIIM JAepUBATH Ha
KadeeHaTa KHCEIMHA Ce M3YHMCIIABA KaTO MI' €K-
BUBAJICHTH Ha xJyoporeHoBara kuceiaunu (CAE)
Ha § IO,

Onpedenane na oOuiu NPOAHMOYUAHUOUHU

3a aHanM3 Ha MPOAHTOLMAHUINHY CE H3II0JI3-
Ba MOJKHCICH OyTaHOJ], ChIJIACHO METOJa Ha
Porter. B empyBetka ce qo6asst 3 ml ot pearen-
ta Oyranon-HCI (950 ml 1-6yramon ¢ 50 ml
KOHIIEHTpUpaHa COojlHa kucennua), 0,5 ml excrt-
pakt u 0,1 ml ot pearenT chabpskamni 2 % xerne-
3eH amoHueB cyidar B 2 mol/L comna xucenu-
Ha). EnpyBerkara ce paz0ppkBa m00pe, 3aTBaps
ce x1a0aBo ¥ ce TIOCTaBs B KUIIAIIA BOAHA OaHs B
npoabDkeHne Ha 15 min. A6copOuusita Ha 00-
pPa3yBaHOTO LBETHO CHhEJUHEHUE CE€ OTYUTA MPH
550 nm. KonmudecTBoTO Ha KOHACH3UPAHWUTE Ta-
HUHU CC€ MPEACTaBA KAaTO JICBKOLIMAHUIUH CKBH-
BasieHTH (LE) Ha rpam miox (lvanov, 2014).

AHnanuz Ha aHMUOKCUOGHMHAMA AKIMUBHOCIN

AHanu3 Ha paavKal yJaBsIlaTta akTUBHOCT —
ABTS memoo: ABTS paguxanbsT ce HpUTOTBA
ype3 CMECBaHE€ B CKBHMOJAPHU KOJHYECTBA
ABTS (2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (7 mmol BsB H,0) n xanmes
nepcyndar (2,45 mmol BB H,0) u npecroii 3a
16 h Ha THMHO. Ilpemu anamm3 2 ml or ABTS
paauKkana ce pa3TBapsT B METaHOJ B CHOTHOIIIE-
Hue 1:30 mo momyuaBaHe Ha KpaifHa amcopOrus
1,0=1,1 npu 734 nm. 3a npoBexJaHe HA aHAIH3a
0,15 ml oT u3cnenBaHUs SKCTPAKT CE CMECBa C
2,85 ml npsicho mpuroTBeH pa3tBop Ha ABTS
panukana. PeakimonHata cmec ce MHKyOWpa Ha
ThMHO 3a 15 min nipu 37 °C. Peaykuusra Ha aj-
copOuusiTa ce OTYHUTA CHEKTPOPOTOMETPHUIHO
IpHU IBJDKUHA HA BbIHATa 734 nm.

AHanu3 Ha MeTan-penymupana aKkTHBHOCT —
CUPRAC memoo: VIHUIIMMpPAHETO 32 TMPOTHIAHE
Ha peaknusATa 3amoyBa upe3 cMmecBane Ha 1 ml
CuCl;x2H,0, 1 ml Neocuproin (7,5 mM B meTa-
mom), 1 ml 0,1 mol/L amonwues areraren 6ydep ¢
pH 7; 0,1 ml ot u3cneapanus ekcrpakt u 1 ml 1.
H,0O. Peaknuonnara cmec ce uHKyOupa 3a 20
min nipu 50 °C Ha ThMHO. Cren oxiaxaaHe Ha
cMecra abcopOnusTa Ha TONYYEHOTO CheJInHE-
Hue ce oTuuTa rnpu 450 nm.

Pesynrartute u oT ABara MeToja ca MpeacTa-
BeHH Karo wmminMona TroloX eKBUBaJCHTH
(mmol TE/100 g o). CratucTryeckara odpa-
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00TKa Ha MOJYYCHUTE PE3YJITATH € U3BBPIICHA C
nporpama MSExcel 2010.

Pesyararu u qfuckycust

B bearapus He ce KynTHBUpAT (UHUKOBH
MaJMU 32 MPOMU3BOACTBO HA TIOJOBE, a caMo 3a
NEeKOpaTUBHU Iiend. HainwmdHuTe B THProBCKaTa
Mpexxa GypMH ca BHOCHU TIpeauMHO OoT MpaH u
CTpaHH OT ONM3KHA M3TOK. JlumcBaT gaHHU 3a
ChIBPKAHUETO Ha HHUCKOMOJICKYJIHU OHMOJIOTHY-
HO aKTWBHU BEIIECTBa C AHTHOKCHIAHTHA aKTHB-
HOCT B MpeUlaraHuTe Ha Tas3apa IioaoBe Qyp-
MU.

Wscnenpanu ca wetnpu Buaa GypMu BHOC OT
Wpan npemiarann B ThproBckata Mpeka Ha TPp.
[TnoBauB. YCTaHOBEHO € CHIBpPKAHUETO Ha 00-
M monud)eHOIN, OOIIH AepuBaTH Ha KedeeHaTa
KHCeTNHa W 000 MporuaHnuauHu. J[aHHuUTE OT
KOJIMYECTBCHUSI AaHATN3 HAa HHUCKOMOJICKYIHHUTE
OMOJIOTUYHO AaKTUBHHM BEIIIECTBA € MPEJICTABECH Ha
¢durypa 1. [Ipogykture BAM 1 MARYAM c5-
IbpKaT Hal-BHCOKH KOJMYECTBA IMOJIU(ECHOIH,
JepuBaTH Ha KadeeHaTa KUCETHHA U MPOIHaHHU-
muan — 532 mg GAE/100 g mmom, 99 mg
CAE/100 g uton u 78 mg LE/100 g miox choT-
BeTHO 3a maptugata BAM u 437 mg GAE/100 g
wrox, 121 mg CAE/100 g wmox 1 77 mg LE/100
g MIoA ChOTBETHO 3a maptuaata MARYAM.
ChIbpKaHUETO HA HUCKOMOJIEKYJTHA OWOJIOTHY-
HO aKTHBHH BEILIECTBA B JAPYTHTE JIBa POJIyKTa €
OKOJIO 2 IBTH IO-HHUCKO CHOTBETHO — 263 Mg
GAE/100 g rumon, 60 mg CAE/100 g mox u 41
mg LE/100 g miox, a 3a MIAMI ca 238 mg
GAE/100 g muton, 25 mg CAE/100 g nmon u 27
mg LE/100 g mrox chOTBETHO 3a MapTHaaTa
QUEEN’S DIAMOND. Ilomyuenute pesynrapu
ca CpPaBHUMH C KOJIUYECTBOTO MOJIU(PEHONHN I0-
Jy4eHH OT BOJIHU W €TaHOJIHU €KCTPAKTH Ha TPU
copra (opmu ot Cayaurcka Apabus Ajwa
455,88 - 245 mg GAE/100 g; Sukari 377 - 222
mg GAE /100 g Khalas 238 - 106 mg GAE/100
g, crotBetHo (Saleh et al., 2011).

[ony4yenuTe pe3ynaraTtd OT aHTHOKCHJIAHTHA-
Ta aKTHBHOCT Ha W3CJICJIBAHUTE EKCTPAKTU OT
pasnuYHU mapTHIU (QypMH TIpeasiaraHd B ThP-
rOBCKaTa MpeXxa ca MpeJCTaBeHd B Tabmuma 2.
JaHHuTEe MOKa3BaT, Y€ C Hall-BUCOKA paJUKal-
ylaBdmia ¥ MeTal-peaylupania akTHBHOCT ca
BAM u MARYAM - 3891 u 3507 mmol TE/100
g mwiox (ABTS wmerox) u 8041 u 7367 mmol
TE/100 g muon (CuPRAC wmeron). AHTHOKCH-
JMAHTHHUAT KallalliTeT Ha IUIOAOBETE CE IIBJDKU
[JIaBHO Ha HAJIMYHETO Ha BOJOPAa3TBOPHMH Che-
IUHEHUs, O0COOCHO MONM(EHONN, NEepUBATH Ha



kadeeHara kucenuHa, (IaBOHOUIN U MPOIHAHU-
JUHA. MHOTO (pakTOpW MOTPUHACAT 32 KOJINJec-
TBOTO Ha aHTHOKCHJIAHTHTE, CPEJ TAX ca copTa
(MHUKOBa MayMa, CTEIICHTA Ha y3ps-BaHE U Te-
orpadckus npousxona. Ha tabmuma 2 ¢ mokasaH
KararyreTa Ha aHTHOKCHJAHTHATA aKTUBHOCT Ha
YETHPUTE M3CNeBaHU Mapku. [IpaBu Breuatiie-
HUe, Y€ IUIOIOBETE C IMO-MececTa KOHCUCTCHIHS
MMaT MO-BUCOKO ChIBP-KaHHE HA MOTUPESHONN 1
MO-BHCOKA AKTHU-OKCHJAHTHA aKTUBHOCT. 103U
BHUCOK aHTHOKCHJIAHTCH TIOTCHIIMAJ CE JTBJDKH Ha
BHCOKOTO ChIIbpKaHUE HA MOTHU(ESHOIH, IeprUBa-
T Ha KadeeHaTa KUCEIUHA M OOl MPOIMaHU-
JIUHY B MIPOYYBAHUTE CKCTPAKTH.

E>keTHEeBHUAT NpHEM Ha BELIeCTBA C aHTHOK-
CHIAHTHO NEHCTBHE € OT M3KIIOUMTENHA BaX-
HOCT 3a 3ApaBeTro. HeoOXomuMmusT mpueM Ha
€IMH 4YOBEK Ha JieH € B rpanurure ot 5000 mo
15000 mmol TE (Orusmos u ceast. 2014) 3aBu-
CH OT BHJa Ha (uU3WYecKaTa My HATOBApPEHOCT,
CTETeHTa Ha 3aMBbPCEHOCT Ha OKOJIHATA Cpefia, B
KosTo mpebmBaBa u 1p. [IpenopbuuTenHUST
IpUEM Ha IUIOJIOBE OT (PMHMUKOBA MajMa CIIOpe]
AHTHOKCHJIAHTMUS MOTEHIMAN Ha M3CJIeABaHUTE
naptunu e mexxay 70-130 rpama, kato ce mpermno-
pBUBAT IUIOJIOBETE J1a HE ca CyXH, a C MececTa
KOHcHCTeHIus (Tabnuua 2.).

H 06wm noandeHonn, mg /100 g

W O6uM aepuBaTh Ha KadeeHaTa KucenmHa , mg /100 g

0O6uwu npoaHToumnaHn, mg / 100
L npoayTaL g/100g

@ur. 1. O0wo chabpxkaHue Ha MoNU(EeHoNH, IepUBaTH Ha KaeeHaTa KUCEIMHA U IPOAHTOLIU-
aHM B EKCTPAKTH MOJIYYEHH OT IUIOI0BE HA PUHUKOBA HaaMa

Taﬁ.mma 2. AHTI/IOKCI/I,I[aHTHa AKTUBHOCT Ha €KCTPAKTH IOJYUYCHHU OT IIJIOJOBC Ha (1)I/IHI/IKOB3. majiMa u
MNPCNOPBUYNUTCIICH JHCBCH MPUCM Ha YOBCK, OCUTYPABAIIl H€06X0)_II/IMOT0 KOJIMYECTBO aHTHOKCHUIAHTH

Ha JICH
Paoukanynasawa akmuenocm Meman pedyyupawia Heooxo0um npuem na
AKmMueHoCcm AHMUOKCUOAHMU 34 0eH
Ha 408¢eK
ABTS meron, IC 5, Mg wton CUPRAC wmeron, CraHgapTeH npyeM € B

m moll TE/100 g rmutox mmol TE/100 g nnon | unTeppana 5000 — 15000

mmol TE Ha nen, g mnog
1. 1602 209 4330 115
2. 3891 86 8041 62
3. 1906 176 3911 127
4, 3507 65 7367 68

3akioueHue. [IpenopbunTeIHUTE KOJIMYECTBA, KOUTO MOTaT

[InonoBere Ha ¢puHMKOBaTa MajaMa Hpeajara-
HU B THPrOBCKaTa MpeKa ca OIleHEeHH KaTo Oorar
W3TOYHHK Ha QuronyTpreHTH (TonudeHou,
JepuBaTH Ha KajeeHaTa KUCEIMHA U IMPOAHTHU-
LUaH{d) C BHCOKA AaHTHOKCHAAHTHAa AKTUBHOCT.
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Ja OCUTYPST HEOOXOIMMOTO MHHHUMAIIHO KOJIU-
YECTBOTO OT OHMOJOTHMYHO AKTHBHH BEIIECTBA C
AHTHOKCHJAHTHO JeWCTBUE, BB3nmmM3ar Ha 70 —
130 rpama ¢ypmu Ha neH. To3u mAHEBeH HpueM
Ha IJI0JJ0BEeHa (PMHUKOBA MaiMa MOXKE Jia JOBEE



10 HaMaJIIBaHE Ha PUCK OT BL3HUKBAHE Ha XpoO-
HUYHH 3a00JISIBAHHS OT THIIA HA aTCPOCKIIEPO3a,
I[I/Ia6CT U JIp. KaTO OCHUTrypsiBa €AWH HapMaJiICH
3ApaBOCJIOBEH CTATYyC.
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TPAHC MACTHU KUCEJIMHU, BUOJIOTMYHOAKTUBHU U AHTUKAHIIUPO-
I'EHHU BEIIECTBA B KPABE IIPAICHO U KUCEJIO MJISIKO

Cungus MBanosa, Jlrooomup Anrenos, [lonka OmxakoBa, Jumutsp ['amkes

TRANS FATTY ACIDS, BIOLOGICALLY ACTIVE AND ANTICARCINOGENIC
SUBSTANCES IN COW'S MILK AND YOGURT

Silviya Ivanova, Ljubomir Angelov, Tzonka Odjakova, Dimitar Gadjev

ABSTRACT: Cow's milk and dairy products are the main sources of natural trans fatty acids (TFA) and bio-
logically active and anticarcinogenic fatty acids, which are major components in human and animal nutrition.
The purpose of this study was to determine the content of TFA, biologically active and anticarcinogenic compo-
nents in cow's milk and yogurt. The content of TFA in the analyses cow's milk varies in bulk tank milk from 1,43
to 4,19 g / 100g fat, conditioned by the biologically active components - trans vaccenic acid, which represent
between 44 and 61% of the total amount of TFA. Another important representative of TFA in milk is CLA, which
ranging from 0,49 to 0,87 g / 100g fat in cow's milk and from 0,37 to 0,85 g / 100g fat in yogurt. Essential fatty
acids in cow's milk omega-3 fatty acids varies from 0,42 to 1,07 g / 100g fat, omega- 6 fatty acids- 2,45 to 5,03 g
/ 100g fat and their ratio- 3, 66 to 7,21, respectively in yogurt: omega-3 fatty acids - 0,46 to 0,58 g / 100g fat,
omega- 6 from 2,04 to 2,91 g / 100g fat and the ratio between them- 3,85 to 6,37.

Key words: cow's milk, yogurt, trans fatty acids, CLA, omega-3, omega-6

BnBenenune

EcrecTBeHHTE M3TOYHUIIM HA TPAHC- H30Me-
pHUTE Ha MACTHH KHUCEJTHHU Ca MJI€YHATa Ma3sHUHA
U JIPYTrd XKMBOTMHCKU Ma3HUHU, ITOJIyYEHU IIpU
OMOXHMIPOTEHUPAHETO B CTOMAaxa Ha MPEKUBHH-
T€ JKUBOTHH, HO T€ MOTaT Jia Ce MOJy4aBar U Mpu
KaTAJIUTUYIHO XHUJAPOIrCHUPAHE B MNPOMHUIIIICHU
ycioBust. Haii-pasnpoctpaHeHaTa TpaHC MacTHa
KHCEJIMHA B MIIIKOTO W MIICYHHTE MPOMYKTH €
BakcenoBa kwucennHa(Cl18:1t11) (Fernandez &
Rodriguez, 2012).

ChIbpIKaHUETO HA TPAHC MACTHHH KHUCETHHH
B MJICUHUTC MA3HWHU Bapupa B 3aBUCHUMOCT OT
ce30Ha, palioHa Ha OTIIECKIAHE W Pa3THUYHHUTE
XPAHWUTEHU MPAKTUKH 3a OTIJICKIAHETO HA JKH-
BoTHUTE. Te Bapupar B auamnasoHa ot 2 10 8%
(Hay et al, 1970, Larque et al., 2001,
Mozaffarian et al., 2006)

Florence et al., (2012), B u3cieaBanusTa cu
MIpH TIPOU3BOJCTBOTO HA MPOOHMOTHYHH MIIEYHHU
MNPOAYKTH OT KOHBCHIMOHAIHO W OpPTraHUYHO
KpaBe MJISIKO YCTAHOBSIBAT, Y€ OWMOJOTHYHOTO
MIISIKO Ma IIO-BHCOKAa KMHETHUKA Ha ITOJAKBAaCBa-
He, 1o-700po KyiartuBupane Ha Lactobacillus
Bulgaricus. MacTHOKHCETHHHUST ChCTAB HAa Op-
TFaHUYHUTE (PEPMEHTUpATH MJIeKa HMaT TMo-
BHCOKA KOHIICHTPAIUS HA TPAHC OKTaJCKaHOBaTa
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kucenuna ¢ 1,6 metr (C18:1) 1 noauHEeHaCUTEeHH
MacTHH KucenuHu B ToBa unciio CLA-1,4 mbTH 1
ALA-1,6 mpTH B CpaBHEHHE C KOHBEHIIMOHAITHO-
TO KHCEJO MIISIKO. BHCOKOTO chabpxkaHHEe Ha
trans-C18:1, CLA u ALA B opranu4aure Qep-
MEHTHpaIH MJieKa M HHCKOTO CBhIbpIKaHUE Ha
SFA ce cmATaTr 3a NpenopbUUTENHH 3a 3paBOC-
JIOBHOTO XpaHEHe.

Kpase Musiko, moirydeHO Tpu WU3XpaHBAaHETO
Ha XMBOTHUTE C LapeBUYeH cuiax Hajg 60% ot
Jax0ara, MPOAyIHpa HHCKO CBABPKAHHWE Ha
TpaHC BakceHOBaTa kucenuHa ot 1.1 mo 2.2% u
Ha CLA or 0.4 no 0.6%. IlpemMunaBaneTo Ha
KpaBHUTE OT 3UMHO OOOPHO XpaHEeHEe KbM KOHCY-
MaIusl Ha TpPEeBHA CMECKa BOJM 10 yBEJIUYaBaHE
Ha koHueHTpauusta Ha CLA ot 0,5 mo 1,7%.
Ceappxannero Ha CLA ce yBenuyasa mpH CBO-
00IHO MACHIIHO OTTJIEXK/IaHEe W MPH M3MOJI3BaHe-
TO Ha Pa3NWYHH T00ABKH OT PACTHTEIHHM Macia
(Chilliard and Ferlay, 2004). Tpanc mactHHTE
KHCEIIMHA B KPaBETO MIIAKO BapupaT Mexay 3,2
u 6,2% (Aro et al., 1998). EcrecTBeHO cpelanu-
T€ TPaHC Ma3HHMHU, BKJIIOUUTEIIHO TPaHC BakKce-
HoBa kucenuHa (TVA), momydeHa OT KOHIOTH-
paH u3oMep Ha JHHOJIoBaTa KucennHa (18:2 cis-
9,trans-11) u CLA, umat OnarompusiteH edext
BBPXY 4YOBEHIKOTO 3zpase. [Ipe3 mnocnenHute
TOJMHYM HapacTBa MHTEpeca Ha TOTPEeOUTENUTe



KbM XPAHUTEITHUTE U 3[PaBOCIOBHU KauyecTBa Ha
XPaHUTETHNUTE MPOIYKTH U BIUSHUETO UM BBPXY
3IpaBeTo Ha 4oBeKa. braronpustHusT edext Ha
OHMOJIOTMYHO AaKTUBHU KOMIIOHEHTH, KOWTO ce
CBHIBPXKAT B MILIKOTO W HETOBUTE IPOXYKTH
BBPXY 3/IPABOCIOBHOTO CHCTOSHHE € 700pe 10-
kymentrpasno (Myers, 2007).

IlenTa Ha HACTOSIIIOTO MPOYYBAHE € 14 Ce yC-
TaHOBH CBHIBPKAHUETO HAa TPAHC MACTHU KHCE-
JMHU, OWOJOTMYHOAKTHBHUTE W aHTHUKaHIEPO-
TeHHW KOMIIOHEHTH B KpaBe MIISIKO W KHCEIO
MIISIKO TIPOM3BE/ICHO OT HETO.

MarepuaJj u MeTOAHU

Macnenanu ca cOOpHHU KpaBU MiIeKa OT bbir-
TapcKo POJIOTICKO TOBENO M MPOU3BEICHOTO OT
HEro KHCEJO MIIIKO 32 MAaCTHOKHCEIHMHEH ChC-
TaB, 3a YCTAHOBSIBAHEC HA CHABPKAHUETO Ha
TPAHC MACTHH KUCEITUHH, OHOJIOTMYHO aKTHBHH
W aHTUKAHICPOTeHHU CYOCTaHIIMM B MacTHaTa
¢dpakiyst. ExcTpakiusara Ha 0OLIM JTUIUIN € U3-
BBpIIeHa 1o MeToaa Ha Roese- Gottlieb, mocpen-
CTBOM JIUETHJIOB M TIETPOJICEB €Tep U MOCIIC/Ba-
10 METHJIUPAHE C MOMOIITa Ha HATPUEB METHJIAT
(CH3ONa, Merck, Darmstadt) u cymene c
NaHSO,.H,O. MeTunosure ecrepu Ha MaCTHUTE
kucenuan /FAME/ ca aHanu3upaHu ¢ momornra
Ha ra3oB xpomarorpad Shimadzu-2010 (Kioto,
Japan) cHaOneH ¢ MIaMbYHO-HOHU3AIMOHEH Jie-
TEKTOp M aBTOMAaTHYHA HWHXXCKIIMOHHA CHCTEMa
(AOC-20101). AHamu3bT € W3BBPINEH HA KallW-
aspra komona CP 7420 (100m x 0.25mm i.d.,
0.2um film, Varian Inc., Palo Alto, CA). 3a =Ho-
cell ra3 € M3MoJI3BaH BOJOPOJ, a karo make-up
ra3 - a3oT. [IporpaMupan e pexuM Ha Tenra Ha
YETHPHU CTBHIKK - HadalHaTa TEMIlEpaTypa Ha
kosioHaTa - 80°C/ min, KosATO ce moIbpka 3a 15
min, ciex KoeTo HapactBa ¢ mo 12°C/ min fo
170°C u ce mommbpxka 3a 20 min, cieBa HOBO
nopumasane ¢ 4°C/min g0 186°C 3a 19 min u 10
220°C ¢ no 4°C/min 10 MpUKIIIOYBaHE Ha IPOIe-
ca.

JlannuTte ca 00pabOTEeHU IO METOANTE HA Ba-
pHalMOHHATa CTATHCTUKA TOCPEICTBOM CTaTHC-
THYCCKUSI MAKeT Ha KOMITIOThpPHATa Mporpama
EXCEL 2010. /locroBepHOCTTa Ha pPa3IUKHUTE
MEXy M3CJICBAHUTE MJICKA € YCTaHOBEHA 4pe3
t-recta Ha CTIOMICHT.

Pe3yaraTu u o0chKIaAHE
M3cnenBanute KpaBu MJIeKa Mpe3 Mepruoaa Ha
CBOOOJIHO TIACHII[HO OTTJICKIAHE NaBaT UHQOp-
Malys 3a CHUHTe3aTa Ha OHOJIOTMYHO AaKTHBHHU
KoMIoHeHTH. OOIIOTO ChABPIKAHUE HAa TPaHC
MAacTHH KHUCEIIMHHM 3a HW3CIICIBAHHUS ITICPHON €
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3,05 g/100g ma3uuHa. BapupaneTo Ha ChabprKa-
HHETO MM € B IMPOK auamnaszoH ot 1,43 go 4,19
2/100g ma3nuHa. peHTHYHH pe3ynraTH 3a Kpa-
BETO MIISIKO ca TIOyYeHH MPU NIPEMHHABAHETO OT
000pHO KBM TACHITHO OTrIeknane ot 1,71 mo
3,97 g/100g maznuHa Tipu BBITapcKo poaoICKO
roBeAO B MPEIXOTHH HM3CIeIBaHHUsS BbPXY MacT-
HOKHMcennHHUA cheTaB (MBanoBa m koi., 2012).
OCHOBeH Tpe/cTaBUTeNl HA TPAaHC MACTHHUTE KH-
CEeNIMHU € BAaKCEHOBaTa KHCENWHA, KOSITO MMa U
OMOJIOTUYHO aKTHBHA POJISi MPH XPAaHEHETO Ha
goBeka. HeitHoTO Cchappikanme Bapupa ot 1,20
1o 2,13 g/100g Ma3HMHA ¥ IPEACTABISABAa MEXKIY
44 u 61 % oTr 00ImOTO ChIbpKAHUE HA TPaHC
MacCTHH KHCENWHHU B m3cieaBanuTe mieka. Oie-
WHOBaTa KucelrHa Bapupa or 14,83 mo 20,36
g/100g Ma3HMHA B 3aBUCUMOCT OT XPaHUTCITHUAIT
pexuM. CpegHOTO M KOJIMYECTBO 3a pasriexaa-
HUS TIEPHOJ TIPH Mpexoaa OT 0OOpHO KbM Ia-
cuimHo xpaneHe ¢ 18,26 g/100g wma3HuHA.
Crpernara JIMHOJIOBA KUCEJIMHA Bapupa MEXIY
0,49 u 0,87 g/100g Ma3HMHA, KOETO CE OIpEIeIs
OT XpaHuTeNHUs pecypc. CpeTHOTO ChIbpKaHHUE
Ha CLA ¢ 0,61 g/100g mMa3HuHa mpe3 NONUHHS
niepuon (Tabmwma 1).

Ta6auna 1. Tpanc MacTHU U OMOJIOTUYHO aK-
TUBHU MacTHU Kucenunu (g/100g ma3HuHa) B
KpaBe MIISIKO

FA X SD min max
C-18:1c9 18,26 | 2,95| 14,83 | 20,36
C-18:1t4 0,02 |0,01| 0,01 0,08
C-18:1t5/6/7 0,31 |0,08| 0,25 0,43
C-18:1t9 0,26 |0,12| 0,15 0,50
C-18:1t10 0,37 |0,08| 0,22 0,52
C-18:1t11 1,39 (0,69| 1,20 2,13
C-18:1t15 0,46 |0,14| 0,29 0,73
C-18:1t16 024 |0,11| 0,22 0,37
>C-18:1TFA 3,06 (0,81 1,43 4,19
>CLA 0,66 |0,13| 0,50 1,02
CLA 0,61 |0,10| 0,49 0,87
*n-3 052 |0,16| 0,42 1,07
Y n-6 2,97 10,64| 3,00 5,03
>n-6/>n-3 587 |1,24| 4,10 7,29

KomnyecTtBoTo Ha OHONOTMYHO aKTHBHUTE
MacTHH KHCEJIMHU — OMera-3 u oMera-6 B aHaJu-
3UpaHUTE KPaBU MIICKa Jia Ba OCHOBAHUE J1a CMsi-
Tame, 4e UMaMe HHCKO ChABbPKaHHE Ha OMera-3
MAaCTHH KHCENIMHU, KoeTo Bapupa ot 0,42 1o 1,07
g/100g MazHUHA 1 OOIIO ChIbPKAHUE 32 MIEPUO-
na ot 0,52 g/100g masuuHa. CHOTHOILEHHETO
MEX]y JBETE TPYNH MacTHU KUCETUHM € OT I0-
psanwka Ha 4,10 mo 7,29.




[IponsBeneHOTO KHCEMO MIISIKO 3amas3Ba 00-
IOTO CHABPKAHUE HA TPAHC MACTHU KHUCEITHHHU
Clle[l TEXHOJIOTHYHATa 00paboTKa W Bapupar OT
2,06 o 3,81. KonnuecTBOTO Ha TpaHC BaKCEHO-
BaTa KHCEIIMHAa HaMaJsiBa B MPOW3BEICHHUTE KH-
cenu miteka u T Bapupa ot 0,83 mo 2,19 g/100g
Ma3HHHa, KoeTo mpezacTasisBa Mexay 40 u 60%
OT OT OOIIOTO CHIBPKAHWE HAa TPAHC MACTHH
KHCETMHN B KUCEIOTO MIIsIKO. OJemHoBaTa KH-
CellMHa € ChC CPEAHO ChABPKAHUE B KUCETHTE
mieka 20,82 g/100g ma3nuHa. Cripernara JMHO-
moBa kucenmHa Bapupa Mmexay 0,37 u 0,75
g/100g Ma3HMHA B KHCEJIOTO MJISKO, a CPEIHOTO
i ceabpkanue ¢ 0,63 g/100g MasHuHa npes3
novtamns nepuon (Tadmmma 2).

Tabauna 2. Tpanc MacTHH ¥ OMOJIOTHYHO aK-
TUBHU MacTHU kucennnu (g/100g ma3HuHa) B
KpaBe KHCEJI0 MIISIKO

FA X SD | min | max
C-18:1c9 20,82 1,22 118,82 | 22,52
C-18:1t4 0,00 |0,00| 0,00 | 0,00
C-18:1t5/6/7 | 0,02 | 0,01 | 0,01 | 0,03
C-18:1t9 0,26 | 0,06| 0,16 | 0,34
C-18:1t10 0,21 |0,05| 0,16 | 0,31
C-18:1t11 159 (0,43] 0,83 | 2,19
C-18:1t15 0,58 [0,11| 0,47 | 0,73
C-18:1t16 0,22 10,11| 0,05 | 0,33
>C-18:1TFA | 3,18 | 0,63 | 2,06 | 3,81
>CLA 0,68 0,16 | 0,37 | 0,85
CLA 0,63 10,13| 0,36 | 0,75
>n-3 0,52 |0,05| 0,46 | 0,58
> n-6 2,66 10,35| 2,04 | 2,91
>n-6/>2n-3 5,15 11,00| 3,85 | 6,37

KonnyecTBOTO Ha OHOJOTMYHO AKTHBHHUTE
MACTHU KHUCEJIHWHU — OMera-3 u oMera-6 B aHaju-
3WpaHUTE KPaBH KUCEIW MJIEKa HamallsiBa Cliel
TeXHOJIOrMuHaTa 00padoTKa W € BIuamna3oHa OT
0,46 no 0,58 3a omera3 MacTHUTE KMCEJIUHU U OT
2,04 nmo 2,91 3a omera-6 MacTHHTE KHCEIIMHH.
CbOTHOIIIEHUETO MEXIYy JABET€ IPYNH MACTHH
KHCEJIMHU ChIII0 HaMajisgBa oT 3,85 no 6,37.

N3meHeHusTa IPU MPOU3BOJICTBUTO HA KHUCE-
JI0 MJISTKO OT COOPHO KpaBe MIISIKO TPU TPYIIUTE
MAaCTHU KHCEJIMHH HE Ca CTaTHCTUMECKH JIOCTO-
BepHU. JlOCTOBEPHO HAMAJISIBAT OTICITHUTE TPAHC
MactHu kucenuau (P<0,001), ¢ uskioueHue Ha
C-18:1t15, KosiTO HapacTBa W OJICMHOBATa KHCE-
nuHa(C-18:1c9) ¢  BHCOKAa  JAOCTOBEPHOCT
P<0,001.

3akil0ueHue
ChIbpKaHUETO HAa TPAHC MACTHU KHUCEITUHH,
OMOJIOTHYHOAKTUBHU (OMera-3 W omera-6 Mact-
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HU KHCEJIMHU) U aHTHKAHIEPOTCHHH BEIECTBA
(CLA) npu mpom3BOACTBOTO Ha KpaBe KHCEIIO
MJISIKO HaMaJIsiBa.
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BUOJIO'NYHOAKTHUBHU BEIIECTBA B KPABE MJISIKO U KAIIIKABAJI

CuBus MiBanoBa, JIrobomup AHresnoB

BIOLOGICALLY ACTIVE SUBSTANCES IN COW'S MILK AND YELLOW CHEESE

Silviya Ivanova, Ljubomir Angelov

ABSTRACT: Cow's milk and dairy products are the main sources of CLA. Essential fatty acids from groups
of w-3 and w-6 are a vital component of nutrition for humans and animals. The objective of this study is to
identify biologically active and anticancer components in cow's milk and changes in the production of yellow
cheese. Saturated fatty acids in yellow cheese production increased due to oxidation processes of technological
nature, at the expense of polyunsaturated fatty acids. The CLA content in cow's milk varies and at the end of the
period decreased during the lactation similarly establishes variation in yellow cheese, but due the process of
evaporating it decreased between 2 and 5 times from yellow cheese to cow's milk. Essential fatty acids also

reduce the impact of technological processing.

Key words: cow's milk, yellow cheese, CLA, omega-3, omega-6

BLBenenue

MJISKOTO € IBIHONEHEH W JIECHOYCBOHM
XpaHUTENIEeH TPOAYKT, KOWTO ChIbpXKa BOJA,
OeNThYHU BEIECTBA, MAa3HWUHHU, MJICUHA 3axap,
MUHEPATHH COJIH, €H3UMH, BUTAMUHU, XOPMOHU,
uMyHHH Tena u Jp. Konnenrpanusita Ha CLA B
KpaBeTO MJISIKO HAapacTBa 4pe3 MpOMSHA B Xpa-
HEHETO, B YaCTHOCT M3MOJI3BAHETO Ha JJ00aBKa OT
nonuHeHacuTeHH MacTHH kucenuHu (Chiliard
et.al, 2000). [IpuumHara 3a HapacTBaHe KOJIHYEC-
TBOTO Ha CIIpErHaTaTa JIMHOJIOBA KHUCEIHMHA MPHU
MACHIIHO OTTJIEKaHe Ha MPEKUBHUTE )KUBOTHH
BCe OIIle He € J00pe mpoydeHa. Brnpekn ToBa ce
CMsATa, Y€ TacHUIaTa ChIbPXKAT BUCOKO HHUBO Ha
I[MHMK/ PUFA, (monuHeHaCUTEeHN MAaCTHH KHCe-
TUHA) KOUTO ca n3TouHnk Ha CLA u BakceHoBa
kucennHa. CyIJIEMEHTHPAHETO Ha MIIEYHUTE
KpaBH C KOHIICHTPATH TP IACUIITHO OTTIICKIIa-
HE, Ompeneis KaueCTBOTO M KOJIMYECTBOTO Ha
MJISIKOTO. XPaHEHETO Ha Tallla Mpy U3KII0YBaHEe
Ha oOmara cMmeceHa pgax0a (KOHIIGHTpaTHA
CMecKa) BOJM 10 HapacTBaHe HUBOTO Ha CLA B
mieunaTta ma3auHa (Kelly et al, 1998, Rego et al,
2004). CpappkaHueTO Ha OWOJIOTHYHO aKTHBHU
KOMITOHEHTH B MJICYHHTE TPOIYKTH 3aBUCH OT
HaJU4YUETO UM B CYPOBOTO MIIIKO U TEXHOJO-
TUYIHUS TIPOU3BOJICTBEH mporiec. KpaBe MIIIKO
MOJIYYCHO TIPH W3XPaHBAHETO HA >KMBOTHHUTE C
napesuueH cuwiax Hax 60% ot naxbara, mpoay-
[Upa HUCKO ChIBp)KAaHUE Ha TPaHC BaKCEHOBAaTa
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kucenuHa ot 1.1 mo 2.2% u va CLA ot 0.4 1o
0.6%. IlpemunaBaHeTo Ha KpaBUTE OT 3UMHO
00OpHO XpaHEHE KbM KOHCYMallMsl Ha TPEBHA
CMECKa BOJIU 0 YBEIWYaBaHE Ha KOHLCHTPALHSI-
ta Ha CLA ot 0,5 mo 1,7%. CeabppkaHuero Ha
CLA ce yBennuaBa npu CBOOOJHO MACHIIHO OT-
[NIeKJaHe U NP U3II0JI3BAHETO Ha PA3IMYHU J10-
0aBku ot pacturennu wMacia (Chilliard and
Ferlay, 2004). MasikoTo OT KpaBH, XpaHEHH ChC
cBeX (ypax, 0COOCHO 00raT Ha Pa3UYHU BU-
JIOBE TacuIla wiu Gypakau 0000BH KyITYPH € C
[0 BHUCOK KOC(UIIMEHT Ha HEHACUTEHU CIPSMO
HAaCUTEHH MACTHH KHCEJIMHH U BUCOKO ChIbpiKa-
HUE Ha BaXHUTE 32 XPAHEHETO TPAHC MACTHH
kucenuau (CLA 1 BakceHOBa KHCEJIMHA) B CPaB-
HEHHE C KPaBH XPaHEHH C CHJIAXK WU CEHO.

MiieyHnTe Ma3HHHMA OT KpaBH, XpaHEHU C
TpeBa WM O0OO0BH CHIIAXKH UMAT IM0- OJIArOTNpus-
TEH XpaHHUTEJIEH ChCTaB B CPaBHEHHE C KpaBH
XpaHeHH C LapeBHYeH cwiax. HemoctaTbk Ha
II'bpBaTa MJeYHa Ma3HUHA € MO-JIECHOTO OKHUCIIe-
Hue. ChCcTaBbT Ha MIICYHHTE MA3HHHHU € pe3yl-
TaT OT CJIOXKHU B3aMMOJEHCTBHUS HA Pa3TUUHUTE
BUOBE (QypaxH, >KUBOTUHCKH (pakTopu u ax-
TOpPHM Ha OKOJIHATa cpejia, Karo Tuma Ha Qypaxa
€ caMO €IIMH OT EJIEMEHTHTE BIHSCIIA BBHPXY
KauecTBOTO Ha MieuHute MmasHuHu (Kala¢ and
Samkova, 2010).

EceHnmamanTe MacTHU KHCEIIMHU OT IPYNUTE
®- 3 1 ®- 6 ca )KU3HEHO Ba)KHA KOMIIOHEHTAa Ha
XpaHEHETO MpPU YOBEKa M >KUBOTHHUTE. Y CTaHO-



BEH € 3HAUUTEJICH JUCcOaIanc Mexy JBETe rpy-
MM MacTHH KUCEJIMHH, TP KOWTO HUBOTO HA ®-3
KHCEIMHUTE € MHOTO HHCKO. JIMHONIOBaTa | JH-
HOJICHOBAaTa KUCEJMHA Ca BaXKHU 33 YOBEKa, HO
HE C€ CHUHTE3WpPAT B HETOBUS OPraHU3bM (eceH-
IUATHN MACTHM KHUCENHHHU). bamaHcupaHusT
npreM Ha ®-6 U ®-3 MacTHU KHCEJIHHHU, MOXKE A2
ObJic OCBINECTBEH caMoO, uYpe3 MpeaBapUTEICH
MoJI00p Ha XpaHHUTE M KOHTPOJI BbPXY ChCTABa Ha
MOCTBIBAIINTE €CCHIMAIHI MAacCTHU KHCEJIUHH B
opranm3ma (Larsson et al., 2004). I'naBHute
¢GhyHKIINMHT Ha ©- 3 ¥ ®- 6 MACTHUTE KHUCEIMHH Ca
CBBP3aHH C HATPYyNBaHEe HA CHEPrHs B KJIETKATa,
NoJAbPKaHe Ha TeJecHaTa TeMIepaTypa, mpen-
na3BaHe Ha KOXKaTa OT W3CYIIaBaHE, Bh3MPOH3-
BOJICTBO Ha OMNPE/ICICHH XOPMOHH, HEOOXOIUMHU
3a KJICTKHUTC, 3a KJIICThYHAaTa GI/IOXI/IMI/ISI Hu 3a McC-
TaboJIM3Ma Ha CHEPIUsATa, MOJUIBPIKAT ChPACUHO-
cproBaTa U uMmyHHaTta cucremu (Buckley et al.,
2005, Conor , 2000).

IIpueMbT Ha XPAHUTEIHU IPOILYKTU C BUCOKO
ChIIbp)KAaHUEC HAa HACUTCHH MACTHH KHUCEIHHU
BOJIM JI0 CHPJICHYHO- CHAOBH 3a00JIBaHUS, KOUTO
ca OCHOBHA NMPHYUHA 32 CMBPTHOCTTa B EBpora,
Mopajay KOETO MHTEpEeC 3a HayKaTa MpelCTaBIs-
BaT HEHACUTECHUTE MACTHU KHCEIMHU U 0aaHChT
B XpaHEHETO MEXKAY OMera-3 MacTHUTE KHCEIH-
HU C OCHOBEH IpPEJCTaBHTEIN O- JHHOJICHOBATA
KHCEJIMHA U OMera-6 MacTHUTE KHCEIMHHU C OC-
HOBEH IMIPEJCTaBUTEN JIMHOJIOBaTa KHCEIUHA
(C18:2). BucokoTo CHOTHOIICHHE MEXIY IBETE
TPy MAaCTHU KUCEIHHU € TPEANOCTaBKa 3a KO-
poHapHa 0OJIECT Ha CHPLETO M 0Opa3yBaHEe Ha
KPBBHU CHCUPEIIH, BOJACIUIM 10 UH(APKT, 3aTOBA
¢ MPEMOPbUYUTEIIHO CHOTHOIICHUETO J1a HE HaJ-
BumaBa vetupu exauuunu (Enser et al., 1998,
Pajor et al., 2009, Williams, 2000, Wood et al,
2003).

Ienta Ha HACTOSAIIOTO MPOYYBAHE € Ja CE yC-
TOHOBSIT OMOJIOTMYHOAKTUBHUTE U AHTHUKAaHIIEPO-
T€HHU KOMIIOHCHTH B KpaB€ MJIAKO U IIPOMCHUTE
MIPY IPOMU3BOACTBOTO HA KAIIKABAL.

MaTepuaJI H METOAHN

Uzcnensanu ca cOOpHU KpaBH MJIeKa M TOJY-
YEHUTE OT TAX KallKaBaJk 32 MaCTHOKHCEIMHEH
ChCTaB Ha MJIeYHATa Ma3HWHA Tpe3 MepHoja ar-
pui-tonu. Ilpoussenenu ca kamkaanu mo bJAC
14:2010. Excrpakumsita Ha OOIIM JUMIUIA € H3-
BBpIIcHA 10 MeTosia Ha Roese- Gottlieb, mocpen-
CTBOM JIMETWJIOB M IMETPOJIEEB €Tep U MOCIEABa-
10 METWJINPAHE ¢ IOMOIITa Ha HATPUEB METHIIAT
(CH3ONa, Merck, Darmstadt) u cymene c
NaHSQO4.H,O. MeTuoBute ecrepr Ha MaCTHHUTE
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kucenuan /FAME/ ca aHaau3upaHd ¢ momolra
Ha TazoB xpomatorpad Shimadzu-2010 (Kioto,
Japan) cHa0OneH ¢ MmIaMbYHO-HOHU3AIMOHEH Jie-
TEKTOP W aBTOMATHYHA WH)KEKIIMOHHA CHCTEMa
(AOC-2010i). AHamu3bT € M3BBPIIEH Ha Kallu-
asgpaa komoma CP 7420 (100m x 0.25mm
1.d.,0.2um film, Varian Inc., Palo Alto, CA). 3a
HOCEIIl Ta3 € M3MO0JI3BaH BOJOPOJ, a kKato make-
up ras - azor. [Iporpamupan e pexuM Ha TemTa
Ha YETUPU CTHIIKH - HayaJlHATa TeMIleparypa Ha
kosoHaTa - 80°C/ min, KosATO ce moaIbpxka 3a 15
min, ciex kKoero HapacTBa ¢ mo 12°C/ min mo
170°C u ce moagbpxka 3a 20 min, cieiBa HOBO
nopumasane ¢ 4°C/min o 186°C 3a 19 min u 10
220°C ¢ mo 4°C/min 10 MpUKIIOYBAaHE HA TIPOIIEe-
ca.

Jannute ca 00pabOTEHU 1O METOAUTE Ha Ba-
pHALMOHHATA CTATHCTUKA MOCPEICTBOM CTaTHC-
TUYECKUSl MAaKeT Ha KOMITIOThpPHATa Mporpama
EXCEL 2010. [docroBepHOcTTa Ha pPa3IMKHUTE
MEX1y M3CJIC/IBAHUTE IPYIU € YCTAaHOBEHA 4pe3
t-recta Ha CTIOZIEHT.

Pe3yaratu u o6chKIaHe

W3zcnensannuTte cOOpHU KpaBU MJIeKa Mpe3 H3-
cJe/IBaHUs MEPUOJ OT amlpuil JI0 IOHU Ce Xapak-
TEpU3UpPaT C HE3HAUUTETHO TOHM)KABaHE Ha Cb-
OBbpP)KaHUETO Ha HACUTEHUTE MACTHU KHCEIUHH
ot 68,65 no 67,84 g/100g ma3HuHa. MoHOHEHA-
CUTEHUTE MACTHH KHCEIWHH Ca CpPaBHUTEIHO
crabunHu- oT 22,52 1o 26,73, 1okaTo npw MoJu-
HEHACUTCHUTE MACTHHM KHCEIMHHU Ce HalJloIaBa
BapHpaHe C TEHICHIHS KbM HapacTBaHe Mpe3
Mait 0 6,01 g/100g Ma3HWHA 1 OTHOBO TTOHMIKA-
BaHe mipe3 1oHU 10 5,53 g/100g maznuna. [lpu
MPOM3BE/ICHUTE KaIlIKaBaJd HACUTEHUTE MAacCTHH
KHCEJIMHY HapacTBaT B CPaBHEHHE C M3XOJHOTO
MJISIKO, KaTO € yCTaHOBEHA JIOCTOBEPHOCT Ha Ha-
pacTBaHe mpe3 mepBus nepuof (ampun P<0,01)
MPH OTIENIHUTE MapTUAM KalllKaBal Mpe3 Mecell
anpwi 1 Maid u anpun u oan (P<0,01, ®urypa
1).

TpaHc MacTHHWTE KHCENHHU B KPaBETO MIIIKO
ca Hali- HUCKa KOHIIEHTpalXs Mpe3a anpui U C
Hal-HHCKa Mpe3 Mail, aHAJIOTHYHU ca pe3yJITaTH-
T€ 3a MPOW3BEJEHHUS KallkaBal OT COOpHHTE
KpaBu Mieka. CTaTHCTHYECKH IOCTOBEPHHU ca
WU3MEHEHUsTa TpU TPAHC MACTHUTE KHCEITUHHU
KHCEJIMHY Tipe3 anpwit/ Maii- P<0,01 npu mitsiko-
To W mpe3 ampwyr/ Mai- P<0,001, anpwi/ oHH-
P<0,001 u mait/ roru- P<0,05 npu kamkasaina.

OT TpaHC MacTHUTE KUCEIMHU Hail- BA7KHA OT
OuoJsioruyHa IiefHa TO4YKa € TPaHC BaKCEHOBaTa
KHCEJIMHA, KOATO IPe3 pasrIeKIaHus IEPUOJ ce



akymyaupa (P<0,001) wu Oexexxm MaxkcmMmaimHa
CTOMHOCT mpe3 mecell Maii- 2,64 g/100g MmazHuHA

(dwur. 2).
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@ur. 1. ['pynu MacTHH KUCETMHU B KPaBe MIISIKO
u kamkasai, g/100g MazHuHa

W3cnenBannuTe KallkaBald ce XapaKTepHU3H-
par cbC ChlllaTa KpHBa HA MU3MCHEHHE, HO C BHU-
COKa JIOCTOBEPHOCT HA PE3yJITaTUTE MEXIy Hap-
THIUTE OT anpwi/mMai u anpwt/ roau- P<0,001.

C-18:1wl1
vellow cheese
C-18:1wrl 1 milk
i June
aMay
ZC-18ATFA .
vellow cheese B Apl
ZC-181TFA
milk
0,00 1.00 200 3,00 4,00 3,00 6,00

@ur. 2. TpaHc MacTHH KUCETMHU B KpaBe MIISIKO
u kamkasai, g/100g MmazHuHa

Luc u3omepute Ha OJIEMHOBaTa KHUCEJIMHA B
KpaBeTO MIISIKO ca C Hal-BHCOKa KOHIICHTPAIHS
npe3 anpuil Mecell, MOHWKaBaT ce Tpe3 Mak, Ko-
raro ce IMpOMEHS XpPaHEHETO Ha >KUBOTHUTE OT
000pHa KbM IaCHUIHO U OTHOBO HapacTBa IIpe3
1oHU. [Ipon3BOJICTBOTO Ha KalllkaBajl HaMaJsiBaT
HE3HAYUTETHO TSIXHOTO KonmdecTBOo. OnenHOBa-
ta kucennHa (18:1cis9) ce cuHTE3UMpa B KpaBeTo
MJIIKO B HaW-HUCKM KOJIMYECTBA TNIpe3 Maii-
18,18 g/100g Ma3HMHA U ce 3ama3Ba clie/l TEXHO-
jgoruvHa obpaborka qo0 kamkasai- 18,08 g/100g
MazauHa (Dwur. 3).

O06moTO ChABPKAHUE Ha CIIPETHATaTa JIUHO-
JIOBa KHCEJIHMHA B aHAIM3UPAHOTO KPaBe MILSIKO €
Haif-HHCKO mpe3 Mecern anpui- 1,39 g/100g mas3-
HHUHA, IOPOJICHO OT TUIIA Ha XpaHEHEW HapacTBa
npe3 Maii 1 1oHU. MI3MeHeHusITa pe3 OTIeIHUTE
MECELX Ca CTATUCTUYECKH IOCTOBEPHH, KaKTO
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crensa: ampwy/ wMait- P<0,01 w mail/ 1oHu-

P<0,05.
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17,00 1750 1800 1850 1900 1950 2000

@ur. 3. L{uc MacTHU KHCEIHHU B KpaBe MIISIKO U
kamkasai, g/100g ma3HuHa

20,50

[Ipu xamkaBanuTe OOIIOTO CHIBpPKAHUE Ha
CLA nHaMaisiBa aHaJIOTMYHO KaTo cliefBa KpUBa-
TaH a JIAKTaLus U JOCTOBEPHH PA3JIMKH ca ycTa-
HOBEHH IIPU PE3YJITATUTE MOJIY4YEHH Mpe3 anpuil/
maii- P<0,01, anpwi/ ronu- P<0,05 u maii/ roHu-
P<0,001. H3meHeHusTa npu TEXHOJIOTHYHATA
00paboTKa Ha KpaBeTO MIIKO IO KallKaBall BO-
I8T 10 3ary0ba Ha o0moro chabpkanue Ha CLA
B KpaiHHS MPOAYKT, TOPOACHH OT MPOIeCUTe Ha
H3IapBaHe, KOUTO NMPEeIU3BUKBAT ACCTPYKIMA Ha
HEHACUTEHWTE MAaCTHH KUCEJIHMHHM M TNPEeBpPbBILA-
HeTo UM B HacuteHd. CrperHaraTta JHWHOJIOBA
KHCennHa B MIIIKOTO Bapupa oT 1,19 mo 1,63
g/100g ma3HuHa. M3MeHeHUsITa B XOAa Ha JaK-
TaluUsATa ca JOCTOBEPHU MEXIYy amnpuil U Mai-
P<0,01, noxaTo mpH KamKaBaJIUTE € YCTAHOBEHA
npe3 anpui/ rouu- P<0,01 u maii/ ronu- P<0,001.
[Ipon3BoACTBOTO Ha KalllKaBald BOIU IO 3HAYHU-
TeJHM 3ary0ou B KoHIieHTpanusara Ha CLA ot 2
JI0 5 MBTU. YCTaHOBEHA € BUCOKA CTaTUCTHUYECK-
Ka JIOCTOBEPHOCT B PE3yJTaT Ha HPOHU3BOACTBE-
Hus nporec- P<0,001.

CLA9c 11t
vellow
cheese
CLA9c 11t
milk alme
aMay
ICLA .
vellow 8 April
cheese
T CLA milk 706
0,00 0,30 1.00 1.50 2,00 2,50

®ur. 4. Coappxanne Ha CLA B kpaBe MIISIKO H
kamkasai, g/100g ma3HuHa



KonnuecTBoTO Ha oOMmera-3 MacTHUTE KHCe-
JIMHU B KPaBETO MJIKO € Hali-BUCOKO IIPe3 Mecell
Maii- 1,24 g/100g ma3HuHa, a IPH NPOU3BOACT-
BOTO Ha KallIKaBaj, T€ HaMaJsiBaT HEJOCTOBEPHO
[P NapTUAUTE OT alpwui U IOHU U C IOCTOBEp-
HocT P<0,01 mpe3 mait. OmMera-6 MacTHUTE KHCE-
JIMHU B MJISIKOTO €a C Hal-BHCOKa KOHUEHTPAIUI
Ipe3 Mai, KaTo ce 3ala3Ba TeHACHLUATA U NIPU
KallKaBaJUTe, HO C 3HAYNUTEJIHO MO-HUCKHU KOJIU-
YecTBa B TAX COPSAMO MIIIKOTO (¢ur. 5).

Inb/In3 L L
vellow
cheese

Ind/In3 d
milke g

Enb | | | |
yellow 1
cheese

|
En-6 milk 4

In-3
vellow
cheese

In-3 milk

0,00 1.00 2,00 3,00 4,00

@ur. 5. Cpappxanre Ha OHOJOTUYHO AKTHBHH
MAaCTHU KHCEIIMHU B KpaBe MIISIKO U KallKaBall,
g/100g ma3nuHa

CHOTHOIIIEHUETO MEXKIY JBETE TPYIH OHOIIO-
TMYHO AKTHBHHM MACTHHM KHCEJIMHH B MIISIKOTO
Bapupa ot 2,60 1o 3,47 B MISIKOTO ¥ HaMaysiBa
3,25 no 2,40 mpu npou3BeICHUS KallIKaBal.

3akiIoueHue

HamnpaseHoTo npoy4BaHe HM 1aBa OCHOBaHHE
71a 3aKJII0YMM, Y€ HaCUTEHUTE MACTHU KUCETUHHU
IpY TPOU3BOACTBOTO Ha KallKaBaJl HapacTBarT,
MOpajfl OKUCIUTETHH MPOLECH OT TEXHOJIOTHYEeH
XapakTep, 3a CMETKa Ha I10JINHEHaCUTEHUTE Mac-
THH KHCEJIHHU.

Coabpxannero Ha CLA B KpaBeTO MIISIKO Ba-
pupa u B Kpast Ha U3CJIEeBAaHM TEPHOJ] HaMalsIBa
B XOJa Ha JIAKTaIUiTa, aHAJOTMYHO CE€ YCTaHO-
BSBa U3MEHEHHMETO NPHU KalllKaBaJUTe, HO IMopa-
IIM TIpoIieca Ha U3MapBaHe TS HaMaJsiBa MEXay 2
¥ 5 IBTH B KalllKaBaJia CIOPSIMO KPaBETO MIISKO.
EcennmanHaure MacTHM KHCENTMHM HaMalsBaT
CBIIO B pe3yJITaT Ha TEXHOJIOTH4YaHaTa 0OpaboT-
Ka.
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EVALUATION OF IN SILICO APPROACH FOR IDENTIFICATION OF ESTROGEN RE-
CEPTOR LIGANDS FROM CHEMICAL INVENTORIES

Milen Todorov

ABSTRACT: A large number of environmental chemicals, known as endocrine-disrupting chemicals, are
suspected of disrupting endocrine functions by mimicking or antagonizing natural hormones, and such chemi-
cals may pose a serious threat to the health of humans and wildlife. From practical point of view it is impossible
to perform thorough toxicological tests on all potential xenoestrogens, and thus, alternative approaches should
be considered for the estimation of a compound's estrogenic activity. In this respect the task could be accom-
plished by application of in silico methods such quantitative structure—activity relationships (QSARS). In the
present study the estrogenic effect of the high production volume HPV OECD chemicals (4843) have been com-
putationally evaluated by profiling scheme incorporated in non-commercial computer program. It was found
that less than 5% of the organic compounds could possess estrogenic effect.

Key words: estrogen binding, QSAR, in vitro, OECD, computational tools

Introduction

The endocrine disrupting chemicals (EDCs)
have the ability to disrupt the endocrine system
by mimicking or inhibiting the endogenous hor-
mones such as estrogens and androgens. In this
respect they have a potential to affect develop-
ment and/or reproductive function in wildlife,
experimental animals, and humans [1].

Among the chemicals capable of causing en-
docrine disruption, environmental estrogens,
which are derived from a variety of sources such
as pesticides, plastics, combustion byproducts,
and plants, that is, phytoestrogens and agricultur-
al products should be all considered. From tech-
nical point of view a larger part of them could be
identified by experimental tests however, such
tests are laborious, time-consuming, and expen-
sive. Thus, it is practically impossible to carry
out thorough toxicological tests for all chemicals
which are of toxicological concern.

The challenge of evaluating a large number of
potential EDCs can be handled at least to a cer-
tain degree by the ability to construct models
based on gantitative structure—activity relation-
ships (QSARSs). Such models have great potential
for use in the identification and classification of
large number of estrogenic compounds. At the
very least, these models could be employed to

87

establish a prioritization procedure for subse-
quent in vitro/in vivo testing.

Recent findings have proven QSAR’s valua-
ble assistance in predicting the estrogenic activi-
ty of organic molecules. Models based on differ-
ent computational methods [2] provide different
perspectives on the interactions between the es-
trogen receptor and its ligands. However, despite
the success of QSAR techniques, their limita-
tions must be identified for the regulatory com-
munities to accept them.

In toxicological context, (Q)SAR models rep-
resent an effective way of predicting toxicity as a
function of molecular structure and they can be
used as a computational approach for data-gap
filling within the framework of variety national
or international research. In this context, a mod-
ule called “profiler” for identification of estrogen
receptor (ER) binders contained within the freely
available Organisation for Economic Develop-
ment (Q)SAR Toolbox (OECD QSAR Toolbox)
[3] offers a fast and efficient way for categoriz-
ing chemicals on the basis of their ER binding
potential.

The aim of the present work is to evaluate the
performance of the ER binding profiling scheme
implemented within the QSAR Toolbox applied
for screening of OECD HPV inventory as inte-
grated database in the system. The results pre-



sented in this article are meant to help a potential
user in assessing the uncertainty, which is related
to a categorization scheme derived according to
the set of rules encoded in the profiler.

Materials and Methods

OECD HPV database

The database has been compiled based upon
submissions from member countries including
the European Union’s high production volume
(HPV) chemical list according to EC Regulation
793/93 [4]. This database include all chemicals
reported to be produced or imported at levels
greater than 1000 tons per year in at least one
Member country or in the EU region. The total
number of the chemicals is 4843. One of the stra-
tegic goals related to this collection is constant
addition of toxicological data for each chemical
which will allow ultimate evaluation of the
whole toxicological profile of the chemicals in
the list.

OECD QSAR Tollbox

This is a software tool especially designated
for chemical risk assessment [3]. A key part of
the system is so called categorization of chemi-
cals. The categorization allows grouping of
chemical substances into chemical categories.
The chemical category is such a group of sub-
stances possessing similar physicochemical, tox-
icological and ecotoxicological properties or
their fate in environmental and occupational sur-
rounding or they behave using the common pat-
tern as a result of chemical similarity.

An important advantage of the system is the
large number of built-in profilers for different
biological/toxic endpoints. Each profile consist a
set of rules related to specific or general criteria
associated to the respective endpoint. Another
advantage of the system is the opportunity to in-
vestigate a chemical with account to its metabol-
ic fate. It is well known that the chemical in its
parent form may not exert toxic effect however
after metabolism a reactive metabolite can be
produced which may damage biological macro-
molecules. This became extremely important in
assessment of mutagenic potential of various
types of chemicals.

In the following two sections details will be
given for current version of the ER binding pro-
filer and in vitro metabolic simulator incorpo-
rated in version 3.3 of the Toolbox.

Estrogen binding profile

The ER binding profiler requires only chemi-
cal structure information describing the two-
dimensional (2D) structure of molecules (for in-
stance coded in SMILES format or directly
drawn by the user) as an input. According to the
classification scheme, cyclic chemical structures
weighting less than 500 Daltons (Da) and bear-
ing an OH and/or an NH, group are considered
as binders. On the other hand, a chemical is con-
sidered as a non-binder if it does not satisfy these
rules or if its OH or NH, groups are impaired by
ortho di-substitutions. This set of criteria was
derived on the basis of the findings reported in
the scientific literature [5]. Details for each cate-
gory are given in Table 1.

Table 1. ER binding profiler incorporated in
the (Q)SAR Toolbox.

Categories of ER bind- | Predictive rule

ers

Very strong binders 200<MW<500 Daltons (Da)
in combination with two
non-impaired OH groups
attached to two different five
or six carbon-atom rings.

Chemicals with at least one
5-or 6-members carbon ring
with an unhindered hydroxyl
or amino group and
200<MW<500 Daltons (Da)

Strong binders

Moderate binders Chemicals with a single five
or six-member carbon ring
structure with an unhindered
hydroxyl-group (-OH) or
amino-group (-NH,) (one in
the para- or meta-position on
the ring)

Weak binders Chemicals with at least one
5-or 6-members carbon ring
with an unhindered hydroxy
or amino group and MW <

170 Da

Non binders e impaired OH or

group

e no presence of OH or NH,
group

¢ non-cyclic structure

e exceeded upper limit re-
lated to molecular weight
(MW > 500)

NH,
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Metabolism simulation

The current in vitro rat liver metabolic simulator
represents electronically designed set of 509
structurally generalized, hierarchically arranged
biotransformation reactions, which are character-
istic for the metabolism for in vitro experimental
systems such as rodent (mostly rat) liver
microsomes and S9 fraction. A training set of




647 xenobiotic chemicals of a wide structural
diversity, with experimentally observed metabol-
ic reactions and pathways has been built, using
published data on their metabolism in rodent liv-
er microsomes and S9 fraction. On the whole, the
simulator contains 450 — 470 enzymatic phase |
transformations, such as aliphatic C-oxidation,
aromatic C-hydroxylation, oxidative N- and O-
dealkylation, epoxidation, ester and amide hy-
drolysis, carbonyl group reduction, nitro and azo
group reduction, N-hydroxylation, etc. Addition-
ally, 15 — 20 enzymatic phase 1l transformations,
such as glucuronidation, sulfation, glutathione
conjugation, N-acetylation, etc. are included with
significantly lower priority than phase | ones.
The principal applicability of this simulator is
associated with the reproduction as well as the
prediction of the metabolic activation reactions
and pathways of xenobiotic chemicals, which
may elicit diverse array of in vitro biological ef-
fects.

Results and Discussion

The OECD high production volume (HPV)
database was initially investigated in terms of
available estrogen binding data. This analysis
was performed by retrieving experimental data
from a large collection of chemicals with meas-
ured estrogen binding affinity incorporated in the
Toolbox. It was found that there is information
for 116 out of all 4843 (less than 2.5 %) chemi-
cals. In order to assess the performance of the ER
profiler it was applied initially for profiling those
chemicals with experimental data. The predic-
tions results were analyzed to determine sensitiv-
ity and specificity. Sensitivity represents correct
predictions for ER binders, whereas specificity
reflects correct predictions for non binders. The
results are summarized in Table 1.

Table 1. Prediction results for 116 chemicals
with available experimental data for relative
binding affinity.

As it can be seen the ER profiler performs
well, in terms of both sensitivity and specificity.
The obtained results could be interpreted also as
an external validation of the profiler and in this
respect as additional measure for its reliability.
As further step the profiler was applied for pre-
dictions of the rest of 4727 OECD HPV chemi-
cals without experimental estrogen binding data.

It should be pointed out that the profiler could
be applied for predictions of organic chemicals
only. In this respect it was found that 916 chemi-
cals out of the 4727 are inorganics or structures
with unknown or variable composition. Thus, the
predictions have been generated for a total of
3811 discrete organic compounds. The obtained
results are presented in Table 2.

A total number of 173 chemicals are found to
be able to bind the estrogen receptor. In addition
the ER profiler provides details concerning the
binding potency. This information could be suc-
cessfully used in prioritization of the potential
ER binders prior to experimental testing of the
selected chemicals.

Table 2. Prediction results for OECD HPV
chemicals without experimental data for ER rela-
tive binding affinity.

OECD HPV Predicted ER binding effect

chemicals ER N _

binding data Positive Negative
3811 173 3638

The distribution of the potential ER binders
across predefined activity ranges is presented in
Table 3.

Table 3. Predictions for ER binding for OECD
HPV chemicals segmented by ER binding cate-
gories.

ER binding Number of Predicted ER
effect chemicals binding effect
Positive 30 67% Sensitivity

(RBA*>0)
Negative 86 75% (Specificity)
(RBA=0)

ER binding category Number of chemicals
Very strong 6
Strong 64
Moderate 20
Weak 83

*RBA — Relative binding affinity
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As it can be seen six chemicals only were
predicted to be very strong ER binders. This lim-
ited number could be explained by the fact that
the ligands which are able to bind the ER should
correspond to very specific structural require-
ments. For example what is known for endoge-
nous ligand estradiol is that a specific distance
between OH groups at A and D rings in the ste-




roidal skeleton plays an important role for the
binding [6]. In this respect additional structural
analysis of the selected chemicals could be valu-
able before final decision which of all chemicals
should be experimentally tested.

The structures for all potential very strong
binders are presented in Table 4.

Table 4. Chemical structures with predicted very
strong ER binding effect.

# | CAS Name Structure
1| 96-69-5 4.4'- CHy cH,
thiobis(6- Yk
t-butyl- HOJO Q
m-cresol) | o[ o
CH, : CH, '
2 | 1330-78-5 Tricresyl ™
phosphate /@ Cte
\/Pi04§4©>
3 | 25641-61-6 | 2,2'- OH  OH
sulfonyldi o
phenol @2@
4 | 1333-16-0 | Methylen | no_ OH
ediphenol ©v©/
5 | 837-08-1 2-[2-(4- on
hydroxyp CHs
Ol
s | Or-L O
pan-2-
yl]phenol
6 | 79-96-9 4.4'-
isopropyli Cth_c,
denebis(o | "¢ cH,
-tert- Hj@—l;@w
butylphen W
OI) CH,

As it can be seen all potential binders contains
two hydroxyl groups in their structures. Howev-
er, the simple presence of these groups should
not always mean ability for ER binding effect.
Thus it is of equal importance to analyze the ex-
act distance between them and also to take into
account the presence of substituents at ortho or
meta positions. Unfortunately, the distance can-
not be evaluated in the Toolbox due to the fact
that there is no such functionality in the current
version of the program. Hence, such analysis
could be performed by using other software tool
which is an activity scheduled as further step of
this study. On the other hand one could analyze

the substituents close to both hydroxyl groups.
Based on this criterion it is expected that those
structures which contain not crowded OH groups
should poses binding affinity to the ER. In this
respect chemicals #2, 4 and 5 (Table 4) could be
highlighted as most probable targets for next step
- in vitro test for ultimate decision concerning the
binding potential of these chemicals.

While the presence of specific structural fea-
tures could explain the ER binding effect one
should take into account the cases when there is
“nothing suspicious” in the parent molecules.
Due to the fact that the in vitro test for ER bind-
ing does not require metabolic activation of the
tested compounds many chemicals could be
missed as potential binders. For example the pre-
diction results obtained for 4- Methoxybiphenyl
(CAS 613-37-6) [7] is a clear case which repre-
sents the importance of the metabolic activation.
It is known that the 4- Methoxybiphenyl is not an
ER binder as parent structure [8]. However, one
of the simulated metabolites, which is also exper-
imentally observed in vitro [9], is 4-
hydroxybiphenyl (CAS 92-69-3). This metabo-
lite is produced as a result of O-oxidative
dealkylation, a reaction predominantly involved
in the activation of chemicals for eliciting ER
binding activity. Ultimately, the prediction for
ER binding effect is correct, clearly explained by
required metabolic activation.

As a result of combined application of the ER
profile and the metabolism simulator a total of
213 chemicals were predicted as ER binders. It
should be also specified that all of these chemi-
cals were predicted as non binders as parents
structures in the preceding analysis. The distribu-
tion in terms of binding affinity classes is pre-
sented in Table 5.

Table 5. Predictions for ER binding affinityfor
OECD HPV chemicals with account for
mrtabolic activation.

ER binding category Number of chemicals
Very strong 16
Strong 101
Moderate 27
Weak 69
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As it can be seen, due to the structural speci-
ficity related to the highest potent ER binders 16
chemicals only were predicted to posses very
strong binding effect. Taking in mind that the
prediction is based on simulated metabolite(s)




additional consideration of their reliability
should be addressed. One of the advantages of
the Toolbox is the possibility of investigation of
large metabolism database incorporated in the
system which is suitable for comparison of ob-
served and simulated metabolic maps. Unfortu-
nately, it was found that there is no documented
metabolism for all 16 chemicals. Hence it was
decided that such analysis could be performed
for those chemicals which were predicted with
lower binding affinity. This attempt failed again
for all 101 predicted “Strong” binders. Finally,
two chemicals suitable for metabolism analysis
were found in the group of the chemicals pre-
dicted as moderate ER binders (Table 6).

Table 6. Chemical structures with predicted
moderate ER binding effect after metabolic acti-
vation.

# | CAS Name Structure
1| 101-84-8 Diphenyl

ether O/o\ :
2 | 68409-73-4 | Biphenyl :©>—<C—>>

The observed metabolic map for Diphenyl
ether which is used as industrial chemical in dye-
carrier formulations and perfumes indicates a
total number of seven experimentally identified
metabolites [10] (Figure 1). As a result of appli-
cation of the rat in vitro metabolic simulator one
metabolite only has been successfully generated -
4-phenoxyphenol (#3 showed in Fig. 1). Appar-
ently, there are specific structural definition(s)
which prevent generation of other metabolites.
Since there is no option for close inspection of
the associated structural requirements it cannot
be specified what is needed to be modified in
order to reproduce more or even all of the docu-
mented metabolites.
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METAPATH is a software platform developed by Laboratory of Mathematical »
Chemistry, Bourgas in cooperation with US EPA (USEPA/ORD/MERL and
LUSEPAORD/NHEERL /MED).

MetaPath database

The olatform manages experimental data for observed metabolism f{in vive and in ™
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Fig. 3. Documented metabolic map for
Diphenyl ether [10]

As a result of separate prediction of the simu-
lated metabolite 4-phenoxyphenol as parent
structure it was classified to be moderate ER
binder. It was also found that observed ER bind-
ing data exists and it is 0.06 % expressed as rela-
tive binding affinity. This finding completely
confirms the correctness of the prediction result.
Since there is complete information for all ob-
served metabolites of Diphenyl ether they could
be predicted separately by application of the ER
profiler. This additional investigation will bring
more important details in the context of the fact
that other observed but not simulated metabolites
could exert even greater binding potential.

Considering the fact that the ER binding po-
tential strongly depends from presence of hy-
droxyl groups attached to aromatic ring 4,4'-
dihydroxydiphenyl (metabolite #4, Fig. 3) was
only analyzed. After application of the ER pro-



filer this compound was predicted to be very
strong binder. In addition it was found that ex-
perimental data for ER binding also exists and it
is fully consistent with the prediction.

Similar analysis was performed for the other
chemical in this group with documented metabo-
lism — Biphenyl (CAS: 68409-73-4). Based on
study of Billings et al. [11] a total number of
five metabolites have been experimentally doc-
umented. The metabolic tree of Biphenyl is pre-
sented in Figure 4.

METAPATH is a software platform developed by Laboratory of Mathematical Chemistry, «
M| Bourgas in cooperation with US EPA {USEPAJORD/MERL and USEPA/ORD/NHEERL MED).

MetaPath database

The platform manages experimental data for observed metabolism {jin vive and in vitro),
orovidng_verv powerful and flexible search capabiities in_identifving_of metabolites.

EHg=) (+]-) [Ofkle)+)6] - el |

|Ce||HeigH‘| M 2 celwidth 194 = |

Lﬁ Redraw” Print Preview || El@

Reference: Bilings, R., R. Mc Mahon, Mol. Pharmacol., 14, (1978). (in vitro), pp.
145-154

ity=0.0001 (Q total=0.0001). R=1.000, P(obtain}=0.0001. P
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Fig. 4. Documented metabolic map for Bi-
phenyl.

As it can be seen the hydroxylation is the
primary transformation reaction which leads to
formation of all metabolites. After comparative
analysis between documented and simulated me-
tabolites it was found that three metabolites were
correctly reproduced — they are #2, 3 and 4 (Fig.
4.) Furthermore it was found that experimental
data for those metabolites exists and they are ER
binders. Their binding potential expressed in rel-
ative binding affinity is shown in Table 7. The
prediction results classify all metabolites to be
moderate ER binders in agreement with their
experimental data.
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Table 7. Correctly simulated metabolites for
Biphenyl and their respective ER binding affini-

ty.

Metabolite Name RBA* [%]
2 Biphenyl-2-ol 0.0006
3 Biphenyl-3-ol 0.002
4 4-phenylphenol 0.005

*RBA- Relative binding affinity is taken from
Toolbox ER database.

The presented examples for both chemicals
Diphenyl ether and Biphenyl clearly demonstrate
the need of assessment of metabolic fate of in-
vestigated chemicals when their ER binding po-
tential should be analyzed. The role of metabo-
lism should be always considered during the pro-
cess of ultimate decision concerning the estro-
genic effect of any chemical of practical interest.

Conclusion

In the present study an attempt was made to
identify particular chemicals in a set of high pro-
duction volume OECD chemicals that may have
the potential ability to bind to estrogen receptor.
The evaluation was performed by application of
built-in profiler for estrogen binding incorpo-
rated in the non-commercial platform for chemi-
cal risk assessment. The obtained results clearly
indicate the ability of the system to be used for
generation of reliable predictions based on scien-
tific robust prediction rules. In addition, the im-
pact of metabolic activation is considered as re-
quired step during the process of ultimate evalua-
tion of the estrogenic potential of various chemi-
cal compounds.

In practical perspective the results from this
study could be used for further prioritization of
chemicals for experimental testing. Among the
potential ER binders which were found to be less
than 5% in the OECD high production volume
database experimental testing will be feasible
especially for those chemicals which may be of
special interest.
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IN SILICO PREDICTION OF THE MUTAGENIC POTENTIAL OF FLAVOR CHEMICALS

Milen Todorov

ABSTRACT: The use of in silico technologies for predicting the mutagenic potential of various chemical
compounds has become of high interest in the field of computational toxicology. In the present study the imple-
mented profilers for mutagenicity prediction in non-commercial tool was used for prediction the mutagenic ef-
fect of large number flavor chemicals. The obtained results suggest that the tool is equipped with scientific relia-
ble classification rules as well as robust machinery for adequate metabolism simulation. On the other hand some
practical limitations and suggestion for improvements are discussed.

Key words: flavor chemicals, mutagenicity, QSAR, metabolism, in vitro, computational tools

Introduction

Nowadays, artificially created flavoring
agents are added to a wide variety of food prod-
ucts. Undoubtedly these ingredients increase the
taste of the end products, however the health risk
in terms of possible harmful biological effects
should be also accounted for. Among the efforts
to identify dangerous additives to which humans
are exposed, the endpoint that has drawn the
most concern in recent years is carcinogenicity.
The cancer inducing potential would mean a
health risk to an entire population. Therefore sci-
entific assessment of flavors genotoxicity which
may explain their possible carcinogenic effect is
of utmost importance.

Genetic abnormalities arise as a result of mu-
tation at chromosomal level. The genetic damage
expressed by Salmonella assay represents a class
of DNA damage called gene or point mutation.
The use of bioassays is an essential part of the
hazard assessment and control procedures for
toxic chemicals [1]. The Salmonella assay (Ames
test [2]) is based on the premise that bacterial
assay systems provide an efficient way to detect
agents, which could interact with DNA and cause
mutations. Such agents would probably also be
capable of causing mutations which ultimately
may lead to carcinogenesis.

The challenge of evaluating a large number of
flavor chemicals for their mutagenic potential
can be handled at least to a certain degree by the
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ability to construct models based on quantitative
structure—activity relationships (QSARs). Such
models have great potential for use in the identi-
fication and classification of large number of
potential chemical mutagens. At the very least,
these models could be employed to establish a
prioritization procedure for subsequent in vitro/in
vivo testing.

Several commercial programs equipped with
modules for mutagenicity predictions are availa-
ble, probably the best known of which are OA-
SIS TIMES [3], DEREK for Windows (DfW)
[4], CASETOX [5], TOPKAT [6] and Leadscope
model applier [7]. These are generally regarded
as “expert systems” since they were developed
using a non-congeneric set of chemicals encom-
passing a number of different biological mecha-
nisms. The performance of each system has been
exhaustively investigated and evaluated [8].

In a recent study Ono et al. [9] have per-
formed exhaustive evaluation of the mutagenic
potential of flavoring agents based on application
of computational tools. A decision on mutagenic-
ity is defined as a result of predictions from three
computational programs - Derek for Windows,
MultiCase and ADMEWorks. The utility of pro-
grams have been assessed by their application for
prediction of large number flavor chemicals with
available Ames test results. The overall perfor-
mance of the systems has been found to be low,
however some suggestions for improvement of
the applied models were proposed.



Beside mentioned commercial programs one
should point out the growing use of free or open
type in silico platforms for predictions of variety
biological endpoints [10, 11, 12]. Currently a
larger part of them are accepted and used in
many companies, organizations and national au-
thorities for theoretical predictions of endpoints
of interest including mutagenicity. Since there
are a lot of requirements which should be ful-
filled in order to confirm the use of such tools,
probably the most important is constant evalua-
tion of their performance by systemic predictions
for different types of chemical compounds.

The present article examines the performance
of built-in profilers for DNA damages in the
most popular free platform — QSAR Toolbox
applied for predictions of the mutagenic potential
of flavor chemicals.

Materials and Methods

Validation chemical set

A set of 339 flavors with experimentally test-
ed mutagenic effect were taken from a single
literature source [9]. Each chemical has assigned
positive or negative result based on standard
Ames test.

The concept of (Q)SARS

Quantitative structure-activity relationships
(QSARs) are relationships between a com-
pound’s chemical structure and its biological ef-
fects (e.g., mutagenicity, cancer) on living sys-
tems. Like genetic toxicity assays, QSAR anal-
yses can help predict the toxicological potential
of a compound. A generally accepted method of
is the evaluation of a chemical’s structure for
structural alerts. For example, structural alerts for
mutagenicity are features of a chemical’s struc-
ture (e.g., the presence of isocyanate or nitrosa-
mine functional groups) that contribute to the
chemical’s potential to damage DNA and thereby
cause cancer. Ashby-Tennant structural alerts
have been used for many years to predict if a
chemical compound may cause genetic muta-
tions, which may cause cancer. Currently, large
collections of structural alerts incorporated in
various computational programs are a valuable
tool in predicting mutagenic potential and, in
some cases, carcinogenic potential when the tox-
icity of a compound is untested and/or unknown.

Ames test for mutagenicity
One of the most important types of toxic re-
sponse a chemical can produce is mutation. Mu-
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tations arise when the DNA in a cell is damaged
in such a way that the information contained in
the genetic code is altered. The Salmonella re-
verse mutation test — known as the Ames test [2]
has been used for several decades as a useful tool
for detection of potentially mutagenic chemicals.
Genetically different strains of S. typhimurium
are used for testing. They all carry some type of
defective (mutant) gene that prevents them from
synthesizing the amino acid histidine. In the
presence of mutagenic chemicals, the defective
gene may be mutated back to the functional state,
allowing the bacterium to grow on the minimal
medium.

Many chemicals are not mutagenic by them-
selves, but may be metabolized to mutagenic
forms. Bacteria and most cultured mammalian
cells cannot perform most of the metabolic con-
versions found in mammals and humans because
they do not contain the necessary metabolizing
enzyme systems. This limitation has been partial-
ly overcome by the development of exogenous
metabolic activation systems that can be added to
the test procedure. These systems usually consist
of homogenates of liver fractions (S9) of rodents,
usually rats that had been pretreated with sub-
stances to enhance the levels of the preferred
metabolic enzymes. A complete in vitro testing
protocol includes tests with and without S9 frac-
tions.

OECD QSAR Tollbox

This is a software tool especially designated
for chemical risk assessment [10]. A key part of
the system is so called categorization of chemi-
cals. The categorization allows grouping of
chemical substances into chemical categories.
The chemical category is such a group of sub-
stances possessing similar physicochemical, tox-
icological and ecotoxicological properties or
their fate in environmental and occupational sur-
rounding or they behave using the common pat-
tern as a result of chemical similarity.

An important advantage of the system is the
large number of built-in profilers for different
biological/toxic endpoints. Each profile consist a
set of rules related to specific or general criteria
associated to the respective endpoint. Another
advantage of the system is the opportunity to in-
vestigate a chemical with account to its metabol-
ic fate. It is well known that the chemical in its
parent form may not exert toxic effect however
after metabolism a reactive metabolite can be
produced which may damage biological macro-
molecules. This became extremely important in



assessment of mutagenic potential of various
type of chemicals.

In the following two sections details will be
given for current versions of both profiles asso-
ciated with DNA damages and in vitro metabolic
simulator incorporated in version 3.3 of the
Toolbox.

Profiling schemes for DNA damages. OASIS
DNAVv. 1.3 and ISSv.2.3

The profiler OASIS DNA v. 1.3 is based on
Ames mutagenicity model part of OASIS TIMES
system [3]. The profiler contains exact defini-
tions of 78 structural alerts responsible for inter-
action of chemicals with DNA. The scope of this
profiler is to investigate the presence of alerts
within the target molecules responsible for inter-
action with DNA, especially related to Ames mu-
tagenicity.

The second 1SS v.2.3profiler contains a list of
30 structural alerts (SAs). The SAs for mutagen-
icity are molecular functional groups or substruc-
tures known to be linked to the mutagenic activi-
ty of chemicals. As one or more SAs embedded
in a molecular structure are recognized, the sys-
tem flags the potential mutagenicity of the chem-
ical.

In vitro metabolism simulator

The current in vitro rat liver metabolic simu-
lator represents electronically designed set of 509
structurally generalized, hierarchically arranged
biotransformation reactions, which are character-
istic for the metabolism for in vitro experimental
systems such as rodent (mostly rat) liver
microsomes and S9 fraction. A training set of
647 xenobiotic chemicals of a wide structural
diversity, with experimentally observed metabol-
ic reactions and pathways has been built, using
published data on their metabolism in rodent liv-
er microsomes and S9 fraction. On the whole, the
simulator contains 450 — 470 enzymatic phase |
transformations, such as aliphatic C-oxidation,
aromatic C-hydroxylation, oxidative N- and O-
dealkylation, epoxidation, ester and amide hy-
drolysis, carbonyl group reduction, nitro and azo
group reduction, N-hydroxylation, etc. Addition-
ally, 15 — 20 enzymatic phase Il transformations,
such as glucuronidation, sulfation, glutathione
conjugation, N-acetylation, etc. are included with
significantly lower priority than phase I ones.

The principal applicability of this simulator is
associated with the reproduction as well as the
prediction of the metabolic activation reactions
and pathways of xenobiotic chemicals, which
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may elicit diverse array of in vitro biological ef-
fects.
Results and Discussion

The validation set which contains 339 chemi-
cals has been assessed by application of the DNA
profilers available in the Toolbox. Initially, the
mutagenic potential was predicted for parent
chemical structures. The obtained results are pre-
sented in Table 1.

A total number of 4 out of all 22 mutagenic
chemicals were found to have structural alert
assigned by OASIS DNA profiler. For non mu-
tagenic chemicals only 3 out of 317 were classi-
fied incorrectly as mutagens.

The screening results generated by the second
profile - 1SS indicate presence of structural alert
in 9 mutagenic chemicals. The predictions for
non mutagens identify 67 chemicals to be false
positives.

Table 1. Identified DNA structural alerts in par-
ent structures for 339 flavor chemicals.

Ames Number of | Identified DNA alerts in
observed | chemicals # of compounds
data by OASIS by 1SS
Positive 22 4 9
Negative 317 3 67

As it can be seen the overall performance in
terms of correct predictions for mutagenic chem-
icals is low. In order to explain this result one
should assume that there is missing structural
information for specific type of mutagenic chem-
ical compounds. On the other hand it should be
pointed out that the limited number of mutagens
should be also considered (22 chemicals). Lastly,
the lack of information whether the metabolic
activation is considered for mutagenic com-
pounds should be also discussed.

One should point out that the number of mu-
tagens in the validation set is very limited (22
chemicals) which may bias significantly the ob-
tained prediction results. In this respect addition-
al analysis of the experimental data was per-
formed by retrieving mutagenicity data from the
Toolbox databases (Table 2).



Table 2. Flavor chemicals with retrieved experimental mutagenicity data

# CAS 2D Structure Name Ames data Data
source
1| 67-68-5 @) DMSO - B
\

CHaj

2| 108-46-3 OH Resorcin - TB
OH
3 -23- — Anethole - TB
4180-23-8 H é_<:>7 // CH,

41 91-62-3 CHs 6-methylquinoline +(S9) B

N
5 | 104-55-2 Cinnamaldehyde - B

O
4 C:
6 | 288-47-1 S> Thiazole + B
N
7| 122-57-6 /o Benzylidene acetone +(S9) B
8 | 89-80-5 CHj Menthone + TB
H,C ')
/U
CHs;
9 | 108-50-9 CHs 2,6-dimethylpyrazine + TB
N

N

Ames data: + positive; - negative; (S9) metabolic activation; TB - QSAR Toolbox program

It was found that 9 out of all 11 false negative
predicted chemicals are available for further

analysis. Based on experimental mutagenicity
data four chemicals were found to be non-
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mutagens (Table 2; # 1, 2, 3 and 5); two chemi-
cals (#4 and 7) are mutagenic after metabolic
activation and three chemicals poses mutagenic
effect as parent structures.

The first group is in conflict with the positive
mutagenicity data provided by Ono et al. in their
study [9]. Such kind of data discrepancy evalua-
tion is out of the scope of this work thus, these
chemicals were excluded from further analysis.

The second group which concern those chem-
icals with mutagenic effect after metabolic acti-
vation were analyzed. The chemical 6-
methylquinoline (Table 2 #4) was metabolized in
the Toolbox by making use of rat S9 metabolic
simulator. A total number of twelve metabolites
were generated. As a result of further application
of the OASIS DNA profiler one of the metabo-
lites was found to contain structural alert classi-
fied as “Epoxides and Aziridines” clearly related
to mutagenic effect. Since there is no other
measure which could provide assessment of the
reliability of simulated metabolites, additional
information concerning mutagenic potential of
quinoline was investigated. Scharping et al.[13]
has confirmed that epoxidation is one of the met-
abolic transformations associated to quinoline
which explain the positive mutagenic effect of 6-
methylquinoline.

Benzylidene acetone is the second chemical
analyzed in this group. As it was described in
materials and methods section the Toolbox pro-
vide very convenient tool for inspection of me-
tabolism based on documented metabolic maps
for large number of chemicals. In addition this
tool allows the use of variety instruments. Two
metabolites of Benzylidene acetone are reported
in a study performed by Kohno et al. [14]. They
could be analyzed via the interface which is pre-
sented in Figure 1. Despite of the observed mu-
tagenic effect, the profilers for DNA reactivity
return negative result for presence of structural
group able to cause DNA damage. One may as-
sume that the mutagenic effect could be a result
of formation of other reactive metabolites which
are currently not detected. However, such a pos-
sibility is currently without experimental support.
Another option is additional expert analysis for
explanation of the effect that could be associated
to the presence of carbonyl moiety in the struc-
ture of this chemical.

The third group — chemicals #4 and 7 (Table
2) deserves further attention due to necessity for
introducing new definitions for functional groups
which may explain the positive mutagenic effect.
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Fig. 1. Representation of the incorporated tool
in the Toolbox for analysis of documented met-
abolic maps applied for Benzylidene acetone

The prediction results with account to meta-
bolic activation of all flavor chemicals are pre-
sented in Table 3.

Table 3. Prediction results with metabolism sim-
ulation of the investigated flavors.

Ames Number of | Identified DNA alerts in
observed | chemicals # of compounds
data by OASIS by ISS
Positive 22 7 16
Negative 317 14 188

As it can be expected the number of positive
mutagenic predictions is increased. On the other
hand, the rate of false predictions for non muta-
gens is also increased with 4% and 38% for OA-
SIS and ISS profiles respectively. This finding is
not surprising due to the fact that the metabolic
simulator may produce extra metabolites with
potential DNA damaging structural characteris-
tics. In this respect additional analysis was per-
formed aiming to identify the main metabolic
transformations and functional groups that are
responsible for positive mutagenic predictions.
Due to the larger number of the false positives
obtained by the ISS profile (188 chemicals) they
were only investigated. It was found that 126 out
of all 188 chemicals are classified as “simple al-
dehydes”.



o R= aliphatic or aromatic
H carbon
W R

Fig. 2. Definition for simple aldehydes in ISS
profiler.

As it can be seen simple aldehydes (presented
in Fig. 2) are defined by very general fragment.
Furthermore, it is known that the formation of
aldehydes during metabolism could not be asso-
ciated always with positive mutagenic response.
Thus, a further precision of the group of alde-
hydes is needed in order to be applied more pre-
cisely for identification of mutagenic com-
pounds.

In summary, the comparison of overall per-
formance for both profilers — OASIS and ISS -
gives significant predominance of the predictions
obtained by the first one. However, there is a
need for improvements in terms of more specific
definitions of the structural alerts as well as addi-
tion of more precise transformation reactions in
the metabolic simulator.

Conclusion

In the current study the predictive perfor-
mance of two profilers used for identification of
mutagenic compounds which are available in
non-commercial software tool have been used to
predict the effect of 339 flavor chemicals.

It was found that the results are satisfactory
however, the limited number of mutagenic fla-
vors hampers the ultimate decision on the ap-
plicability of the profilers. On the other hand
some practical limitations was found and dis-
cussed. It can be concluded that there is a need of
constant improvement of the DNA binding pro-
filing schemes in both directions — expanding the
list of structural alerts and metabolic transfor-
mation reactions.
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EVALUATION OF EXTRACTS FROM NETTLE (URTICA DIOICA) ROOTS AND ARTI-
CHOKE FLOWER HEADS (CYNARA SCOLYMUS L.) OBTAINED BY ULTRASOUND AND
MICROWAVE IRRADIATION
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OHEHKA HA EKCTPAKTHUTE OT KOPEHH OT KOITPUBA (URTICA DIOICA) M I1BE-
TOBE OT APTHIIOK (CYNARA SCOLYMUS L.), TOJTYYEHHU YPE3 YJITPA3BYKOBO U
MHUKPOBBJIHOBO OBJITBYBAHE

Hapexna IletkoBa, UBan MBanog, [Tanteneit Jlenen

ABSTRACT: The aim of the current study was to evaluate the total phenolic content and radical scavenging
activity of water, 70 % ethanol and 95 % ethanol extracts obtained from both plant nettle (Urtica dioica) roots
and edible artichoke flower heads (Cynara scolymus L.) by green chemistry extraction methods (ultrasound and
microwave irradiation). Cynara scolymus L. 70 % ethanol extracts was evaluated as the richest source of anti-
oxidants and total phenols - 54.7mg GAE/g dw and 174.1mM TE/g dw. Microwave-assisted extraction was es-
tablished as the most efficient technique for extraction of biologically active substances from both investigated

plants.

Key words: nettle roots, Urtica dioica, Cynara scolymus, total phenolic content, antioxidant activity

Introduction

Medicinal plants contain different classes of
organic compounds with high biological activity
and well-pronounced antioxidant potential. Their
influence on human health and prevention from
many diseases attract more attention to different
extract obtained from vegetal parts of herbs and
spices.

Nettle (Urtica dioica) is world widely distrib-
uted. Its vegetal parts are used as drug, food,
fibrous, dye, and cosmetic from centuries (Otles
and Yalcin, 2012). Nettle plant roots and rhi-
zomes were reported to treat high blood pressure,
hand and foot numbness, diabetes, leprosy, weak
labor wounds, indigestion, stomach problems
and constipation. They can also be used to treat
polio sequelae and hernia pain etc. (Quan and
Guo, 2007), to reduce menses flow. As a tincture
nettle roots can be applied for hypothyroid
conditions to increase thyroid function (Bisht et
al, 2012). The root extract of nettle has been
extensively studied in human clinical trials as a
treatment for symptoms of Benign Prostate
Hyperplasia (Wilt et al, 2000) and applied in
pediatric oncology patients (Gozum et al., 2007).

Nettle roots were reported to contain more
than 18 different phenolic components among
which ferulic acid 20 pg/g, homovanillly alcohol
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8 ng/g, and p-coumaric acid 5 pg/g) were identi-
fied and about 8 different lignan components
(Kraus and Spiteller, 1990; Kraushofer and Son-
tag, 2002). According to Otles and Yalcin,
(2012), there were not any gallic acid, syringic,
fumaric, vanillic, isorhamnetin, catechin, caffeic,
and chlorogenic acid in the nettle roots samples
collected from Mediterranean and Black Sea re-
gions, but the presence of myricetin, rutin,
ellagic acid, ferulic, and naringin was found.

Artichoke (Cynara cardunculus var. scolymus
L.) is commonly consumed vegetable in Mediter-
ranean diets due to its carbohydrate content and
phenolic compounds (Garbetta et al.,, 2014,
Aceituno et al., 2016). Its heads were used as
treatment of digestion-related illnesses, moderate
hyperlipidemia as well as liver and bile diseases
(Vamanu et al., 2011). Artichoke heads were
evaluated as rich source of chlorogenic acid and
3,5-0-, 1,5-O-dicaffeoylquinic acids and its ben-
eficial effects are linked to their antioxidant ac-
tivity (Garbetta et al., 2014).

The application of advanced extraction
techniques such as ultrasound-assisted (UAE) or
microwave assisted extraction (MAE) to obtain
plant extracts rich in bioactive compounds is
gaining great attention in recent years (Petkova
et al., 2014; Ruiz-Aceituno et al., 2016). These
techniques generally provide high yields with a



significant reduction of extraction times and
solvent volumes as compared with conventional
(i.e, non-solvent  enhanced)  extraction
procedures.

The aim of the current study was to evaluate
the total phenolic content and radical scavenging
activity of water, 70 % ethanol and 95 % ethanol
extracts obtained from both plant nettle (Urtica
dioica) roots and edible artichoke flower heads
(Cynara scolymus L.) by green chemistry extrac-
tion methods (ultrasound and microwave irradia-
tion).

Materials and methods

1. Materials

The dried and cut nettle roots were produced by
BILEC Company, m. Lisichi dumpki, 5600
Troyan, Bulgaria. The plant material was pur-
chased from the local drugstore. The flower
heads of artichoke was bought from Plovdiv
market. The plant material was dried at room
temperature and then was finely ground. The ar-
tichoke powder was used for further analysis.

1.1. Extraction

The extraction was performed with three differ-
ent solvents as follows: 95 % (v/v) ethanol; 70 %
(v/v) ethanol and distilled water in ratio material:
extracting agent (1:20).

Ultrasound-assisted extraction (UAE) was per-
formed in ultrasonic bath with frequency 45 kHz
as previously described by Petkova et al., 2014.
Microwave-assisted extraction (MAE) of biolog-
ically active substances was performed in a mi-
crowave oven CROWN with 700 W power and
frequency 2450 MHz for 5 min at average power
541 W. The extraction process was carried out in
50 mL centrifuge tubes as previously described
by (Petkova et al., 2012). The samples were ex-
tracted in duplicate. Then the extracts were fil-
tered and used for further analyses.

2.2. Total phenolic content

The total phenolic content was determined using
the Folin—Ciocalteu reagent. Basically, 0.2 mL of
each extracts was mixed with 1 mL Folin-
Ciocalteu reagent diluted five times and 0.8 mL
7.5% Na,CO;. The reaction was performed for
20 min at room temperature in darkness. Then
the absorbance was measured at 765 nm against
blank sample. The results were expressed in mg
equivalent of gallic acid (GAE) per g extract,
according to calibration curve; build in range of
0.02 - 0.10 mg/L gallic acid.
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2.3. Determination of DPPH radical scaveng-
ing capacity

Radical scavenge activity — DPPH assay, mmol
TE/g DW (2,2-diphenyl-1-pycrilhydrasil) was
established by the following methodology: 0.15
mL of analyzed ex-tracts were mixed with 2.85
mL freshly prepared 0.1 mmol solution of 1,1-
diphenyl-2-picrylhydrazyl radical (DPPH) in
methanol. The reaction was performed at 37 °C
in darkness and the absorption at 517 nm was
recorded after exactly 15 min against methanol.
The antioxidant activity was expressed as mmol
Trolox equivalents (TE) per g extract by using
calibration curve, build by 0.05, 0.1, 0.2, 0.3, 0.4
and 0.5 mM 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox).

Results and discussion

The total polyphenol content and antioxidant po-
tential of the obtained extracts from nettle roots
were summarized in Table 1. From all extracts,
70 % ethanol obtained by MAE and USA
showed the highest total polyphenolic content
and antioxidant activity. The nettle roots extracts
were evaluated as potential source of antioxi-
dants. The highest total polyphenolic content was
established in 70 % ethanol extracts from nettle
roots obtained by MAE - 9.4+0.4 mg GAE/g dw.
The same extract possessed the highest antioxi-
dant activity -23.2+0.1 mmol TE/g dw (DPPH
method). In comparison our results for total phe-
nolic content were higher than reported by
Hudec, 2007 value for nettle roots extracts- 7.82
mg GAE/g DM and were close to the previous
report for 80% menthol nettle roots extracts from
Black Sea region (Otles and Yalcin, 2012).

In accordance to Otles and Yalcin, (2012) the
total polyphenol content in nettle roots collected
from Bulgaria were higher than the total phenolic
content of nettle tea bag (including all parts of
nettle (root, stalk, and leaves) — 2.5 mg GAE/g
DM.

According to previous researches nettle
leaves were consider as better source of total
phenols, especially their ethyl acetate fractions
(from 18.7 mg GAE/gdw to 48.3mg GAE/gdw)
(Chahardehi et al., 2004; Kais et al., 2013). In
other report 80% ethanol extracts from nettle
leaves obtained by ultrasonic irradiation (30 Hz)
contained 208.37 mg GAE/g dw and also pos-
sessed the highest antioxidant activity by DPPH
assay (Kukri¢ et al, 2012).



Table 1. The total polyphenolic content and antioxidant activity of nettle root extracts

Extracts Extraction tech- Total polyphenolic con- | DPPH radical scav-
nique tent, mg GAE/g dw* enging activity,
mmol TE/g dw
water UAE 0.6+0.5 n.d*+0.2
70 % ethanol 8.3+0.3 18.5+0.2
95 % ethanol 7.5+0.5 11.9+0.4
water MAE 3.2+0.2 10,0+0.3
70 % ethanol 9.4+0.4 23.240.1
95 % ethanol 8.9+0.5 17.4+0.2

Tdw-dry weight, “n.d — not determinated

Table 2. The total polyphenolic content and antioxidant activity of artichoke flower heads ex-

tracts

Extracts Extraction tech- Total polyphenolic con- | DPPH radical scav-
nique tent, mg GAE/g dw’ enging activity,

mmol TE?/g dw

water UAE 4.5+0.1 25.3+0.5

70 % ethanol 39.1+0.3 95.0+0.3

95 % ethanol 9.6+0.2 53.6+0.8

water MAE 6.9+0.4 18.5+0.1

70 % ethanol 54.7+0.5 174.1+0.5

95 % ethanol 12.8+0.5 43.6+0.2

Tdw-dry weight, °TE - Trolox equivalents

The lowest content of polyphenols in the
nettle roots was detected in the water exacts
obtained by UAE — 0,6 mg GAE/g. The same
extract did not possess any antioxidant activity
evaluated by DPPH assay. Therefore, water
extracts contained less biologically active sub-
stances than the nettle root extracts obtained by
extraction with ethanol-water mixtures. The
water extract obtained by MAE showed higher
results than UAE water extracts. However, all
artichoke heads extracts showed higher values
of the total phenolic content than the nettle
roots extracts (Table 2). The 70 % ethanol arti-
choke extracts was showed the highest content
of total polyphenols - 54.7 mg GAE/g dw.
These results were approximately four times
higher than extracts from flower heads of
Carduus thoermeri (Petkova et al., 2015).
Well-pronounced antioxidant activity pos-
sessed 70 % ethanol extracts obtained by MAE
-174.1 mmol TE/g dw. The results for the total
phenol and antioxidant activity for artichoke
extracts in the current study were close to the
previous report of Vamanu et al., (2011). The
highest polyphenol in MAE extracts of both
plants were in accordance to our previous in-
vestigations conducted with application of mi-
crowave-assisted extractions (Petkova et al.,
2012). Therefore, microwave-assisted extrac-

tion technique can be consider as one of the
most perspective “green” extraction method,
because of reducing the time, improving the
efficiency and keeping bioactive substance
unchanged.

Conclusion

The presented results revealed the efficiency
of different extraction technologies. Microwave
irradiation was evaluated as the most proper
method for extraction of antioxidants from both
investigated plants. This technique shortened the
extraction time and significantly reduced the en-
ergy for preparation of extracts with improved
biological activity. From both investigated plants
70 % ethanol extracts were with highest antioxi-
dant potential. Therefore, they could find possi-
ble application in preparation of pharmaceutical
and food formulations.
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DETERMINATION OF SELENIUM IN ENVIRONMENTAL SAMPLES USNG TOLUIDINE
BLUE AND SAFRANINE O AS NEW REAGENTS

Chand Pasha, Badiadka Narayana, Krasimira Stancheva

ONPEJEJISIHE HA CEJIEH B IPUPOJJHA OBEKTH M3IOJI3BAMKHA TOJTYUIUH BJIY
N CA®PAHHUH O KATO HOBU PEATEHTHU

Uann [Tama, baguanka Hapasua, Kpacumupa Ctanuena

ABSTRACT: A simple, facile and sensitive spectrophotometric method has been developed for the determi-
nation of selenium in various environmental samples. The method is based on the reaction of selenium with po-
tassium iodide in an acid medium to liberate iodine. This liberated iodine bleaches the blue color of toluidine
blue or pinkish red color of safranine O. The decrease in absorbance at 628 or 532 nm is directly proportional
to selenium concentration and obeys Beer’s law in the range of 1.0 —16.0 or 0.8 — 15.4 ug/ml for selenium. The
molar absorptivity, sandell’s sensitivity, detection limit and quantitation limit of the method using toluidine blue
or safranine O were found to be 1.240x 10* or 1.190x 10* I/mol cm, 6.37x 10° or 6.63 x 107 ug/cm?, 0.220 or
0.214 ugiml, 0.670 or 0.649 ug/ml, respectively. The relative standard deviation for five replicate analyses of 2
uglml of selenium using toluidine blue or safranine O were 0.40 or 0.51%. The optimum reaction conditions
and other analytical characteristics were evaluated. The effect of interfering ions on the determination is de-
scribed. The method has been applied for the determination of selenium in various environmental samples.

Key words: Selenium determination, spectrophotometry, toluidine blue, safranine O

Introduction Kaschin Beck disease [7, 8]. The toxicity,
availability and environmental mobility of
Selenium is widely distributed in environment  selenium are very much dependent on its
in relatively small concentrations in rocks, chemical form. Selenium is reported to be
plants, coal and other fossil fuels. It is an  present in cigarette paper, tobacco [9], and
essential nutrient at trace levels but toxic in  various cosmetic samples [10]. The maximum
excess [1]. Selenium play a major role in the life  level of selenum in drinking water should not
cycle of plants (Cruceferae family), which  exceed 0.01 mg/l (1 ppb).
absorb organoselenium compounds accumulated Several analytical techniques have been
in the oils of semiarid areas, and may poison  reported for the determination of selenium [11-
livestock that graze on them. It also plays an  14]. Many spectrophotometric methods for the
active role in many biological systems [2] as it  determination of selenium have been reported
has toxicological and physiological effects [3,4].  with some chromogenic reagents such as 3,3-
Selenium enters into natural water through  diaminobenzidine [15], 1,1-dianthrimide [16,17],
seepage from seleniferrous soil and industrial  2,2-dianthrimide [18], 4-methyl-o-
waste. Water drained from such soil may cause  phenylenediamine [19], diaminochrysazine [20],
severe environmental pollution and wild life  3,4-diaminobenzoic acid and 4-bromo-1, 2-
toxicity. When selenium is present in animal  phenylenediamine [21], 1,10-phenanthroline and
feeds at a concentration less than 0.1 mg/l, eosin [22], dithiozone [23], 4,5-diamino-2,6-
deficiency symptoms develop, but when present  dimercaptopyrimidine [24] 8-hydroxyquinoline
at higher concentration, exceeding 5 mg/l, [25], 4,5,6-triaminopyrimidine [26],
chronic  selenosis occurs [5]. Selenium  chromotropic acid [27] 1-naphthylamine-7-
compounds are extensively used in paints, dyes,  sulfonic acid [28], leuco crystal violet [29],
glass, electricals, rubber, insecticides and many  variamine blue [30], thionin [31], maxilon blue —
industries [6]. In china selenium deficiency in  SG [32], potassium iodide — starch [33],
the soil is associated with Keshan disease acetylacetone or ethyl acetoacetate [34], leuco
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malachite green [35] and azure B [36]. Of these
reagents some have been reported to be less
selective and sensitive. There is thus a need to
develop an entirely new method which would
overcome the existing inadequacies in the
determination of trace amounts of selenium.

In the present investigation a rapid, selective
and sensitive method has been reported for the
determination of selenium using toluidine blue or
safranine O as a reagent. The developed method
has been successfully employed for the determi-
nation of selenium in water samples and soil.

Experimental
Apparatus
A Systronics 2201 UV-VIS Double Beam
Spectrophotometer with 1 c¢cm quartz cell was
used for the absorbance measurements and a
WTW pH 330, pH meter was used.

Reagents and Solutions

All chemicals used were of analytical grade
and distilled water was used for dilution of rea-
gents and samples. Standard selenium(IV) stock
solution (1000 ug/ml) was prepared by dissolv-
ing 0.1912 g of NaHSeO; (Merck Limited,
Mumbai) in 100 ml of water. The stock solution
was further diluted as needed. Toluidine blue
solution (0.02%) or Safranine O solution (0.02%)
(S. D. Fine Chem. Limited, Mumbai) was pre-
pared by dissolving 0.02 g of toluidine blue or
safranine O in distilled water and made up to 100
ml each with distilled water. Hydrochloric acid
(1 mol/l), potassium iodide (2%) and sodium
acetate buffer (1 mol/l) (pH = 4.0) were used.
Other reagents were prepared by dissolving ap-
propriate amounts of reagents in distilled water.

Procedures

An aliquot of a sample solution containing 1.0
—16.0 or 0.8 — 15.4 ug/ml of selenium was trans-
ferred into a series of 10 ml calibrated flasks.
Potassium iodide (2%, 1 ml) and hydrochloric
acid (1 mol/l, 1 ml) were added and mixture was
gently shaken until the appearance of yellow
color indicating the liberation of iodine. Tolui-
dine blue (0.02 %, 0.5 ml) or safranine O (0.02
%, 0.5 ml) was then added and the reaction mix-
ture was shaken for 2 minutes for maintaining
pH 4, 2 ml of sodium acetate buffer was added.
The contents were diluted to 10 ml with distilled
water and mixed well. The absorbance of the
resulting solution was measured at 628nm or
532nm against reagent blank.
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Determination of selenium in water and soil
samples

An aliquot of water sample containing not
more than 15 pg/ml of selenium was treated with
0.5 ml of 1 mol/l NaOH and 0.5 ml of 0.2 mol/Il
EDTA. The solution was mixed and centrifuged
to remove any formed precipitate. The
centrifugate was transferred to a 10 ml calibrated
flask and its selenium content was determined
directly according to the general procedure for
the determination of selenium. Similarly the soil
sludge sample (50 g) was treated with concen-
trated HCI to convert Se(V1) to Se(IV), followed
by 10% NaOH and 5% EDTA solution was add-
ed. The made up solution was analyzed accord-
ing to the general procedure for selenium(lV)
(Table 2).

Results and Discussion

This method is based on the reaction of sele-
nium with potassium iodide in acid medium to
liberate iodine. This liberated iodine bleaches the
blue color of toluidine blue or pinkish red color
of safranine O. The decrease in absorbance at
628 or 532nm is directly proportional to seleni-
um concentration. The absorption spectra of the
colored species of toluidine blue and safranine O
are presented in Figure 1.

1.2

1.0 A

0.8 1

0.6 1

Absorbance

0.4 4

0.2 4

0.0

Wavelength / nm

Fig. 1. Absorption spectra of colored species
toluidine blue (a) or safranine O (b)

Effect of iodide concentration and acidity

The effect of iodide concentration and acidity on
the decolorization was studied with 2 ug/ml of
selenium solution. The oxidation of iodide to
iodine was effective in the pH range 1.0 to 1.5,
which could be maintained by adding 1 ml of 2
mol/l HClI in a final volume of 10 ml. The libera-
tion of iodine from KI in an acidic medium was
quantitative. The appearance of yellow color in-



dicates the liberation of iodine. Although any
excess of iodide in the solution will not interfere.
It was found that 1 ml of 2 % Kl and 1 ml of 1
mol/l HCI were sufficient for the liberation of
iodine from iodide by selenium and 0.5 ml of
0.02 % toluidine blue or 0.02 % safranine O was
used for subsequent decolorization.

Constant and maximum absorbance values were
obtained in the pH = 4 + 0.2. Hence the pH of the
reaction system was maintained at 4 + 0.2

Scheme 1.

Se0” + 41 + 6H'

throughout the study. This could be achieved by
the addition of 2 ml of 1 mol/l sodium acetate
solution in a total volume of 10 ml.

Proposed reaction mechanism

In acid medium selenium liberate iodine from
potassium iodide. This liberated iodine bleaches
the blue color of toluidine blue or pinkish red
color of safranine O and the reaction system is
represented in scheme 1.

Se® + 21, + 3H,0

(CHg)-N : :

Toluidine Blue (Colored)

v

(CH3),N : :

Toluidine Blue (Colorless)

H
HC N H3C N
3 N CHg LK 3 CH
| — |
—
H,N N NH, H,N N NH

Safranine O (Colored)

Analytical Data

A linear calibration graph was obtained for 1.0 —
16.0 pg/ml or 0.8 — 15.4 ug/ml of selenium in a
final volume of 10 ml. The molar absorptivity
and Sandell’s sensitivity for the system was
found to be 1.240 x 10% or 1.190 x 10* I/mol cm,
6.37 x 107 or 6.63 x 10 pg/cm?, respectively.
The detection Ilimit (D, =3.306/S) and
quantitation limit (Q_=10c/S) (where o is the
standard deviation of the reagent blank (n=5) and
S is the slope of the calibration curve) for the
selenium determination using toluidine blue or
safranine O were found to be 0.220 or 0.214
pug/ml and 0.670 or 0.649 ug/ml, respectively.
The correlation coefficient and slope of the
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Safranine O (Colorless)

calibration graph is 0.9992 or 0.9995 and 0.150
or 0.154 respectively.

Effect of diverse ions

The effect of various ions at pg/ml levels on the
determination of selenium(IV) was examined.
The tolerance limits of interfering species were
established at those concentrations that do not
cause more than [12% error in absorbance values
of selenium(IV) at 5 pg/ml. Most of the cations
and anions do not interfere. The interference of
Fe®* was masked using sodium fluoride. The tol-
erance limits of various foreign ions are given in
Table 1.



Table 1. Effect of interfering ions

lon Foreign ions Tolerance limit (mg/l)
Toluidine blue Safranine O

Ni** 75 75
cu™ 50 50
cd* 100 125
Ba® 200 200
Fe*" 75 50
Bi* 200 200
AP 50 50
ca™ 200 150
Co”* 75 150
zZn* 200 150
V> 125 100
Tartarate | 500 400
Oxalate 500 400
PO~ 250 200
Sulfate 50 200
Chromate | 200 200
Urea 250 150
Glucose 250 225
Applications

The proposed method was applied to the quanti-
tative determination of selenium in various envi-
ronmental samples using toluidine blue or
safranine O as reagents and the results are pre-
sented in Table 2 compare favorably with those
with a reference method [30]. The precision of
the proposed was evaluated by replicate analysis
of samples containing selenium at three different
concentrations.

Table 2. Determination of selenium(IV) in envi-
ronmental samples using toluidine blue and
safranine O as new reagents

Toluidine blue

Samples | Se(lV) | Se(IV) | Recovery | RSD

added™ | found™ | (%) (%)
“Tap Wa- | 4.00 3.96 99.00 0.65
ter 8.00 7.92 99.00 0.75
¥Rain 4.00 3.98 99.50 2.50
Water 8.00 7.96 99.50 0.85
& Industri- | 4.00 3.97 99.25 1.51
al Water | 8.00 7.95 99.37 0.76
Soil Sam- | --- 1.35 --- 0.74
ples 4.00 5.36 100.25 1.34

8.00 |931 9950 0.92

*. mg/l

% Selenium was not detected in ground water, tap
water and industrial water samples.
| Safranine O |
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Samples | Se(IV) | Se(lV) | Recovery | RSD

added* | found* | (%) (%)
4 Tap 4.00 3.98 99.50 0.51
Water 8.00 7.95 99.38 0.88
¥Rain 4.00 3.97 99.25 1.81
Water 8.00 7.98 99.75 0.65
Industri- | 4.00 3.95 98.75 0.58
al Water 8.00 7.97 99.63 1.35
Soil 1.32 2.03
Samples | 4.00 5.28 99.00 1.37

8.00 9.27 | 99.37 0.97

*. mg/l

& Selenium was not detected in ground water, tap
water and industrial water samples.

Conclusions

The proposed method for determination of sele-
nium using toluidine blue or safranine O as new
reagents is facile, rapid, sensitive and highly spe-
cific and has a wide analytical range without the
need for extraction or heating. Moreover, the
method is less time consuming compared with
other reported methods, and is also more sensi-
tive than some reported methods in the literature.
The developed method does not involve any
stringent reaction conditions and offers the ad-
vantages of high stability of the bleached reac-
tion system (more than 24 hrs). The proposed
method has been successfully applied to the de-
termination of trace amounts of selenium in vari-
ous environmental samples.
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SPECTROPHOTOMETRIC DETERMINATION OF COPPER IN DRINKING WATERS
USNG FUCHSINE AS NEW REAGENT

Krasimira Stancheva, Chand Pasha

CIIEKTPO®OTOMETPUYHO ONPEJEJSHE HA MEJ] B IUTEMHU BOJIA
W3IOJI3BBAMKA ®YKCHUH KATO HOB PEATEHT

Kpacummpa Cranuesa, Yann Ilamma

ABSTRACT: A simple spectrophotometric method has been developed for the determination of copper(ll) by
using fuchsine as a sensitive and selective analytical reagent. The method is based on the liberation of iodine by
the reaction of copper(ll) with potassium iodide in acid medium. The liberated iodine, equivalent to the analyte,
forms a complex with the indicator fuchsine having an absorption maximum at )5 560 nm. The method obeys
Beer's law in the concentration range of 1.0 -6.0 mg/l with a linear regression 0.9996. The method’s detection
limit, limit of quantification and molar absorptivity are reported as follows: 0.115 mg/l, 0.350 mg//, 5.8x10*
I/mol cm, respectively. Proposed method is successfully applied for the determination of Cu(ll) in drinking wa-

ters.

Key words: Copper determination, spectrophotometry, fuchsine, drinking waters

Introduction

Copper (Cu, At. mass 63.54) occurs in its
compounds in +2 oxidation state, and less often
in the +1. The properties of Cu*! are similar to
those of Ag*, Au™ and TI'*. Cu* form ammine,
cyanide, tartrate, and EDTA complexes [1].
Copper is essential to all living organisms as a
trace dietary mineral because it is a key constitu-
ent of the respiratory enzyme com-
plexcytochromes oxidase and play a crucial role
in the functioning of organs and metabolic pro-
cesses in human beings [2, 3]. In addition to be-
ing an essential nutrient for humans, copper is
vital for the health of animals and plants, plays
an important role in agriculture. Cu*® ions are
widely distributed in biological systems, a signif-
icant amount of research has centered on the
search for relatively simple Cu** complexes
which may display some of the properties of the
metalloproteins [4]. In both humans and animals,
the major target organs for copper deficiency are
the blood and hematopoietic system, the cardio-
vascular system, connective tissue and bone, the
nervous system and the immune system [5-7].
The excess concentration is harmful to human
beings, causes metallic taste, nausea, vomiting,
epi-gastric burning and diarrhea. The main areas
where copper is found in humans are liver, mus-
cle and bone. Copper compounds are used
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as bacteriostatic ~ substances, fungicides, and
wood preservatives [8]. The accumulation of
copper in the human liver and animals is a char-
acteristic of Wilson’s disease which produces
neurological and psychiatric defects [9-11]. Cop-
per exists in most of the world's surface water
and groundwater, although the actual concentra-
tion of copper in natural water varies geograph-
ically. Drinking water can comprise 20-25% of
dietary copper [12]. The World Health Organiza-
tion recommends a minimal acceptable intake of
approximately 1.3 mg/day [13] and the maxi-
mum level of copper in drinking water should
not exceed 2 mg/l (2 ppm).

Therefore, it is important to develop a cost-
effective, sensitive and rapid analytical method
for trace determination of copper.

Several methods have been reported for the
determination of copper such as voltametry [14],
kinetic spectrophotometry [15] and spectropho-
tometry [16-20]. Spectrophotometry is essential-
ly a trace analysis technique and is one of the
most powerful tools in chemical analysis. It is
based on the determination of absorbance of a
colored complex formed by the reaction between
metal ion and a suitable analytical reagent. Few
methods have been reported on the determination
of Cu(ll) using various ligands by spectropho-
tometry. Though, the reported spectrophotomet-
ric methods [17-20] suffer from one or more dis-
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advantages such as reproducibility, less sensitivi-
ty, expensive instrumentation and severe inter-
ferences etc. (Tablel).

In this work the results obtained in the studies
related to the colour reaction between iodine,

equivalent to copper(ll), and the reagent fuchsine
in acid medium and its analytical utility are pre-
sented and discussed.

Table 1. Comparison with the reported methods.

Reagent Name Amax | PH | Beer’slaw, | g Remarks Ref.
mg/I
1 3- methoxy-4- 462 |4 0.2-4.0 2.052x10" | i) Extraction 17
hydroxy ii) Time con-
benzaldehyde-4- suming
bromo phenyl
hydrazone
2 2,5-Dihydroxy 400 |5 0.3-6.0 1.1x10* Poor selectivi- | 18
acetophenone benzoic ty,
hydrazone less sensitive
and more rea-
gent
consumption
3 p-Methyl isonitroso 510 |7 0.1-1.0 0.628x10* | Less sensitive 19
aceto phenone
phenyl hydrazone
4 2,3,4-trihydroxy 385 | 2.5 | 0.04-0.64 10.053x10* | More acidic(pH | 20
acetophenone phenyl 2.5)
hydrazone
5 | Fuchsine 560 |2.0 |[1.0-6.0 5.8x10*
Experimental Procedures

Apparatus

A Thermo Scientific UV-Visible Double
Beam Spectrophotometer with 1 cm quartz cell
was used for absorbance measurements of the
solutions. The pH is measured using an Expert
001, model 3 (0.1) pH meter/potentiometer
(Ekoniks-Expert RF) with a glass electrode.

Reagents and Solutions

All chemicals (Merck, Germany, purity >99
%) were of analytical-reagent grade and em-
ployed without further purification. Standard
copper(I1) stock solution of 1 g/l was prepared by
dissolving the required amount of copper(Il) sul-
phate (0.3929g CuSO,x5H,0) in 100 ml of dis-
tillated water. This stock solution is diluted fur-
ther, wherever necessary, with distilled water.
Sulphuric acid (2N), potassium iodide (2%) and
0.01 % fuchsine (C20H20N3'HC1, 4-[(4'
aminophenyl)-(4-imino-1-cyclohexa-2,5-
dienylidene)methyl]aniline hydro-chloride, M =
337.86 g/mol) were used.
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Into series of 100 ml calibrated flasks, stand-
ard copper sulphate solution equivalent to 1.0-6.0
mg/I of copper(Il) was added. Then 10 ml of 2 %
potassium iodide solution was added followed by
10 ml of 2N sulphuric acid and the mixture was
gently shaken until the appearance of yellow
color, indicating the liberation of iodine. 5 ml of
0.01 % fuchsine solution was then added to each
flask and the reaction mixture was shaken for 2
minutes. The contents were diluted to 100 ml
with distilled water and mixed well. After 15-30
min scanning of the resulting solutions were
made and the absorbance was measured at 560
nm against the corresponding reagent blank.
Blank was prepared with the same reagents, but
without addition of Cu(ll) solution and indicator.
The amount of the Cu(ll) present in the volume
taken was computed from the calibration graph
equation.

Determination of copper in water samples

Different certified water samples are collected
and each filtered water samples (100 ml) is
evaporated nearly to dryness with a mixture of



5.0 ml of concentrated H,SO, and 10.0 ml of
concentrated HNOj; in a fume cupboard and then
cooled to room temperature. The residue is then
heated with 20.0 ml of distilled water, in order to
dissolve the salts. The solution is cooled and
neutralized with dilute NH,OH in the presence of
1-2 ml of 0.01% citrate solution to mask iron.
The resulting solution is filtered and quantitative-
ly transferred into a 100.0 ml calibrated flask. 10
ml of 2 % potassium iodide solution was added
followed by 10 ml of 2N sulphuric acid and the
mixture was gently shaken until the appearance
of yellow color, indicating the liberation of io-
dine. 5 ml of 0.01 % fuchsine solution was added
to each flask and the reaction mixture was shak-
en for 2 minutes. The calibrated flask was made
up to the mark with distilled water and the ab-
sorption was measured at 560 nm against the cor-
responding reagent blank.

Results and Discussion

Absorption spectra

The proposed method involves the liberation
of iodine in acid medium by the reactions:

1) 2Cu?® + 2r 2Cu" +

I2
cl’

Fuchsine ( Red color)

2) Cu® + I Cul |

The liberated iodine bleaches the magenta red
color of fuchsine. The iodine-fuchsine system
(cherry-red complex) exhibits its maximum ab-
sorbance at 560 nm (Figure 1). The absorbance is
directly proportional to the copper(ll) concentra-
tion. The colour reaction is instantaneous and the
intensity of the colour remained constant for sev-
eral hours from the initial starting time. The reac-
tion of iodine with indicator is presented in Fig-
ure 2.

Absorbance
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0.00
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T T T T T
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800
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Fig. 1. Absorption spectra of colored species of

iodine-fuchsine system (Amax 560 nm)

Fuchsine (Leuco form)

Fig. 2. Reaction scheme of fuchsine - iodine system

Effect of of pH and reagent concentration

In the present investigation a cherry-red col-
oured complex is formed when iodine interacts
with fuchsine in an acid medium of pH 2. The
effect of iodide concentration and acidity on the
reaction system is studied with 2 mg/l copper.
The oxidation of iodide to iodine by copper(ll) is
effective in the pH range 2.0, which can be main-
tained by adding 10 ml of 2 N H,SO, in a final
volume of 100 ml. The liberation of iodine from
potassium iodide in an acidic medium is quanti-
tative. It is found that 10 ml of 2 % Kl and 10 ml
of 2 N H,SO, are sufficient for the liberation of
iodine from iodide by copper. 5 ml of 0.01 %
fuchsine is used for subsequent decolorization.
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Adherence to Beer’s law

Adherence to Beer’s law is studied by meas-
uring the absorbance values of solutions varying
copper concentration. Beer’s law is obeyed in the
range of 1.0-6.0 mg/l of copper(ll) (Figures 3
and 4). The molar absorptivity of the system is
found to be 5.8x10* I/mol cm. The detection lim-
it (LOD 3.3 ©/S) and quantitation limit
(QL=100/S) [where o is the standard deviation
of the reagent blank (n=5) and S is the slope of
the calibration curve] for copper determination
are found to be 0.115 pg/ml and 0.350 pg/ml re-
spectively.
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Fig. 4. Calibration graph of six standards

Effect of interfering ions

The selectivity of the proposed method was
examined by studying the effect of diverse ions
on the absorbance of the experimental solution
containing fixed amount (2.0 ppm) of copper. It
can be seen that large number of common ions
did not interfere in the proposed method. The
tolerance limits of various foreign ions are given
in Table 2.

Table 2. Effect of interfering ions

Foreign Tolerance limit
ion (ug/ml)
Ni** 55
Cd** 40
Ba® 100
Fe¥*” 65
Bi** 200
AP* 70
Ca” 200
Co”* 55
Zn* 200
Tartarate 300
Oxalate 300
PO~ 150
Sulfate 50
Chromate 200

Applications

The proposed method was applied to the
quantitative determination of copper(ll) in drink-
ing waters. The results of the analysis are pre-
sented in Table 3.

Table 3. Determination of copper(ll) in
drinking waters

Samples Cu(ll) found RSD
X + tS/\n (%)
(mg/l)
Table Water 1.446 +0.014 | 0.62
Mineral Water 1.144 +£0.029 | 1.46
Natural Water 1.374+0.019 | 0.77

Number of determination n= 5; t - Students t-
value at 95% probability; S - standard devia-
tion; ] X, an average.

Conclusions

We present a simple, efficient and rapid spec-
trophotometric method for the determination of
Cu(Il) using fuchsine as new reagent. The pro-
posed method offers advantages as good sensitiv-
ity, selectivity, reliability, reproducibility, less
interference and immediate colour development.
The method is found to be guantitative compara-
ble to other standard methods. A number of as-
sociated elements don’t interfere in the determi-
nation of copper. The proposed method is used
for the spectrophotometric determination of cop-
per contents of drinking water samples.
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OILIEHKA HA PMCKA B LIEX 3A ITbPBUYHO BUHOITPOU3BO/ICTBO
LUYEPHOMOPCKO 3JIATO”AJI, 'P. TIOMOPUE

INnamena ArtanacoBa, Cabuna Henxora, [Terpanka [Tunesa, [lonka Pycesa

RISK ASSESSMENT OF A PLANT FOR VINERY PRODUCEMENT
»BLACK SEA GOLD”, POMORIE

Plamena Atanasova, Sabina Nedkova, Petranka Pipeva, Donka Ruseva

ABSTRACT: Risk assessment is one of the instruments which indirectly leads to the protection of life and
human health and environment, which is a major task of the society and the state. Since the primary objective of
any enterprise or company is the reduction of industrial accidents, elimination of conditions conducive to the
emerge and the realization of technological risk, planning and execution of effective actions for risk’s
minimization and management is quite needed. The purpose of this work is to study the technological risks in the
plant for vinery producing, using method MOZAR and on this basis to develop appropriate measures for
minimization and management of risk, to analyze the professional risk of the employees, working in the plant and
to develop a scenario with a fault tree for the most probable accident. As a result of the study was proved that,
while working, the employees face variety of danger conditions, which have a significant impact on their safety
and security. It was also proved that a large proportion of risks are falling within the unacceptable zone in the
diagrams Severity /Probability. There are 26 technological and organizational barriers proposed to minimize
and manage the technological risk.

Key words: risk assessment, scenario, barriers, tree of faulths

YnpaBieHUEToO Ha pUCKa € MPOLEC, KOWTO HE Hacrosimata paboTa uma 3a e Ja aHaIu3u-
3acAra caMoO TBPrOBCKM KOPHOpALUH, WIH 00-  pa NpodeCHOHATHUS PUCK HA HIKOJKO KIIOUOBU
IIECTBEHW OpraHW3allid, HO M BCSAKa JAEHHOCT, pabOTHM MecTa M Ja HalpaBH OLICHKa Ha PHCKa,
HE3aBHCHMMO OT TOBa Jalld TA ce u3BbpuIBa 3a  upe3 mMetoga MO3AP B mex 3a mppBHYHO BU-
IBIBI WIH KbC Nepuol oT Bpeme. llomsure m  HONpOM3BOACTBO Ha ,,YepHoMopcko 3nato”’A/l,
BB3MOXXHOCTHTE Ha TO3M mpouec TpsioBa ga ce  rp. [lomopue.

TBPCAT HE MPOCTO BBHB (PYHKIMOHHPAHETO Ha 3a MocTUTaHEeTO Ha Ta3M Iell 0sXa MoCTaBeH!
CHOTBETHATa yIpaBlieHCKa CTPYKTypa cama MO  CIICAHUTE 33a]auu:
ce0Oe cu, HO U B yCJIOBUSTA HA BPb3Ka MEXAY Ta- 1. Ananu3 Ha oOIEeHKa Ha MpogecHOHAIEeH

31 CTPYKTypa M BCHUYKH Pa3UYHU MOAU3IBIHU-  PUCK HA KIFOUYOBH pabOTHH MO3WIMH B IEX 3a
TEeJU, KOUTO T moBiusiBa. OlleHKaTa Ha pUCKa €  ITBPBUYHO BHHOIPOU3BOJCTBO ,,YepHOMOPCKO
CBIIECTBEHA YacT B LSUTOCTHMSI IPOLEC MO YII- 3nato” AJl;
paBiieHue Ha pucka [1]. 2. Onenka Ha pucka no merona MO3AP;
CeriacHo m3uCKBaHUATA HA Wwi. 16, an. 1 Ha 3. IlocTtposiBaHe Ha ABPBO HA OTKA3UTE 3a
3akoHa 3a 3IpaBOCJIOBHU M OE30MAaCHU YCJIOBHS  HEXeJaHO ChbOMTHE M IOCTaBSHE Ha OpraHu3a-
Ha TPyZ, OLICHKaTa Ha pUCKa € creuupuyHa yn-  IHOHHU M TEXHOJOTHYHH OapHepH.
paBJIEHCKa JIEHHOCT, OCBIIECTBABAHA B IIBJITOC- 3a nma Obae oneHkaTta OOEKTMBHA M BCEOOX-
poueH miaH [2]. Ta3u olleHKa M3UCKBa aHAJN3 HA ~ BaTHA Ca M3IIOJI3BAHM METOJIM Ha aHaJU3, KOUTO
opraHuzanuara U crnenudukaTa Ha Tpyda W pa-  Ja TapaHTHpaT IOCTUTAaHETO Ha IIOCTaBeHaTa
OoTHara cpena Ha paboremute. Ts BKiItouBa ep-  1ien. ToBa ca: METOAMTE 3a U3CJICABAHE HA PUCKA
TOHOMHYHA OIlEHKa Ha pabOTHOTO MsICTO W W3-  cbmiiacHO m3uckBanwata Ha 33BYT u Hapenba
MIOJI3BAHUTE CPEJCTBA Ha TpyX (MamuHy, anapa- Ne 5 ot 1999r., [3] MeToabT Ha JIOTHYECKHUTE
TH, 000pyIBaHE U JIp.), OpraHU3alMATa Ha TpyJa, AbPBETa U MO-CHEIHMATHO ABPBOTO HA OTKAa3UTE
W3TOJI3BAaHUTE CYPOBHHU W MATEpUAId M JPYTH  (TPEUIKUTE), TIONYKOJMYECTBEHHs] METOa 32
CTpaHWYHH (HAKTOPH. OIIEHKa Ha PHCKa OT OCHOBHH OIACHOCTH Ha 0Oa-
3aTa Ha KOUTO, OLIEHKAaTa Ha YOBEIIKHUS (aKTop €
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M3BBPIICHA 33bJI00YECHO U Ca HANPaBEHH H3BO-
IV 32 OIICHEHUs MPOQECHOHAJICH PUCK Ha pado-
TEIInTe.

®dupma ,,YepHomopcko 31ato” AJl uma ocHo-
BEH NpeIMeT Ha JAEWHOCT MPOW3BOJICTBO Ha all-
KOXOJHHM HAlHUTKH C MPOAYKTOBA rama CIIopen
HYXIUTE U BKyCOBETE Ha cBOMTE KiueHTH. [Ipo-
M3BOJICTBOTO Ha AJIKOXOJHHM HAIMUTKHA € OpPTaHU-
3WpaHoO B MpOMHUIIIEHaTa 30Ha Ha Tp. [lomopue.
[IpousBoacTBeHaTa CTpyKTypa Ha ,,YepHOMOpC-
Ko 31ato” AJl ce chcTOM OT IBE BUHAPCKH M30U
000c00C¢HH CHOTBETHO — €IHATA 332 YSPBCHU BHHA
B rp. [lomopue u nmpyrara 3a Oenu BuUHA B TP.
Kabnemkogo.

AHamu3bT Ha MPOPECHOHATHUS PUCK € W3-
BBPIIEH 32 IIECT KIIOYOBH PAOOTHU TO3UIUHU B
npeanpuaruero: ['maBeH TtexHosor, HauanHuk
rex, Omeparop 3a o0opyaBaHe Ha (epMeHTAIHs,
PvroBOomMTEN Tpyma TexHWUYECKa pPaOOTWITHHIIA,
Mownraxunuk u lllnocep. PaboTHuTe mo3unuu ca
n30paHy Taka, 4e PeaiHo Jia IPEICTaBsIT 3aeTUTE
B pabOTHHA TpoIleCc B I[eXa XOpa, T€ BKIOYBAT
paboOTHU 3aabJDKEHHsI OT pa3HOOOpa3eH xapak-
Tep U cnenuduyHn yMmeHus. M3mon3saHa e me-
TOAWKA 3a OIlEHKa Ha pHUCKa, 4pe3 CHCTeMa 3a
OTHOCHTEITHA TPalallisl U M3YMCIIsIBAaHE Ha PHCKA
o opmynara:

R =P.F.E,

KbaeTo PucksT ,,R” € mpousBeaeHue OT TpH Ia-
pametrswpa: P - BeposTHocT, F - uectoTa Ha uzna-
rade u E - eQexT BbpXy 3ApaBeTO W TPYIOCIIO-
coOHocTTa. B pesynarar Ha mpou3BeIeHHETO Ha
Te3u Tpu (aKkTopa ce MoJyuyaBa YUCIIO, OMKCBA-
[0 HUBOTO Ha PHCK, KOETO MOXe Jla ObJe mpu-
YICIIEHO KBbM IIeT cTeneHn. PUck oT mbpBa cre-
IIEH € HAIThJIHO IPUEMJIMB U 32 HEro He ca HeoO-
XOJIMMHU CIICTIHATTHU MEPKH, a PUCK OT IeTa CTe-
MeH 03Ha4YaBa MHOTO BHICOK, HEIIPHEMIIUB PUCK,
KOWTO HM3UCKBa paboTara /a ce MpeKbCHE He3a-
6aBHO.

3a cpaBHsBaHE Ha MPOPECHOHATHUS PUCK H
oTpe/ielisTHe Ha Hall-pricKoBaTa pabOTHA MO3UIIHS
€ WM3I0JI3BaHa IMOJydYeHaTa MpU OICHKa Ha IIPOo-
(hecHOHATHHS PUCK CTOWHOCT Ha PHCKa, Bb3 OC-
HOBa Ha OIICHKaTa Ha TNET OCHOBHU WACHTU(DU-
[IIPaHU OMMACHOCTH M TEXHUTE TIPOU3BOTHU:

MexaHMYHM-TIOAX)Ib3BaHE, CII'bBAaHE, MTaJaHe;
peXeny 1 npoOoK AN TPEAMETH U €IeMEHTH;
JIBHJKEIIM CE€ YacTH Ha MalllMHHU U MaJaHe OT BH-
COYMHA;

Ex. Tok - nopaxkeHus OT eJl. TOK-UHAUPEKTEH
JOTHp;

IMo:xkap - mopaXeHHUs OT MOXKap;
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®dakTopy Ha padoTHATa cpeAa - OMACHOCT
OT JMHAMWYECH MUKPOKJIHMAT;

®akTopu Ha pPadOTHUSI MPOIEC - HEPBHO
MICUXUYECKO HANPEKCHHUE - CTpec; (DU3MUECKO
HaTOBapBaHe; pa0OTHA 1mo3a. Te3n OMmacHOCTH He
MPUCHCTBAT U3IUIO BbB BCUYKH U3CJICIABAHU pa-
OOTHU TO3UIUH, TIOPAJU PA3IUIHOTO ECTECTBO
Ha paboTaTa.

Ananuz na npogpecuonanen puck Ha Iaeen mex-
Honoe/pvrkosooumen ,, Muxpoguronpouzeoocmeo”

W MexaHu4HM HapaHABAHMA-

50 NOAXNb3BaHE, NafaHe

45+ B Mazate 0T BUCOYHHA

40

En.Tox-nopamenHus npu

35 nonup

30 7 W MopaxeHun ot MNoxap

25

B [IAH3MHYEH MUKPOKAMMAT-

20 npOCTyAHK 3a6onsBaNKA

Bb3peiicTene Ha xium. B6a

HepgHo ncvxyecko
HaNpexexne-CTpec

[naBeH Texkonor

®@urypa 1. I'paduuno npencrapsiHe Ha omac-
HOCTUTE Ha  mo3unus [7maBeH  TexHO-
JIOT/pBKOBOUTEN ,, MUKPOBHHONIPOU3BOJICTBO .

Pesynratute, npencraBenu Ha rpadukara Imo-
Ka3Bar, 4ye paboTHATa MO3UIHUA ,,[ TaBEeH TEXHO-
JIOT” MMa 3a TMOBEYETO OMACHOCTH MbPBa CTeneH
— He3HAYHUTEJIeH PUCK U CaMO €]THa OMAaCHOCT OT
cTeneH BTOpa, B nuamnaszona 20-70, koeTo o3Ha-
4yaBa, Y¢ PUCKBT € OBJIAJASH HA €ITHO MPUeMJIU-
BO HHBO, HO MOK€ €BEHTYaJIHO J1a C€ YBEIIHYH B
OB aeIIe, KOSTO Hajara BHUMATEITHO HAOIIOICHHE
3a HaBPEMEHHA PEaKIHs, ako HUBOTO Ha PHCKa
C€ MOBHIIIH.

PabotHara nosunus ,,HauanHuk 1ex’” uMma 3a
MTOBEYETO OIMACHOCTH HHCKA CTEIECH Ha PHUCK OT
CTEIeH MhpPBa M CaMO €Ha OT CTEIEeH BTOpa, B
nuamnasona 20 - 70, koeTo 03HauaBa, Y€ PUCKBT €
OBJAASIH HA €IHO NPHEMIIMBO HUBO, HO MOXE
€BEHTYAJTHO Ja c€ yBenudd B Opjaeme. PaboTHa-
Ta no3unus ,,Havannuk nex* e cbc cpegHa cTou-
HOCT Ha pHCKa, IMO-HHCKA OT Ta3u Ha | 1aBHHA
TEXHOJIOT, Topajau ¢axkTa, 4ye BBB (upmeHaTa
Hepapxus Ta3H MO3ULUS € MOCTaBeHa O]l MO3HU-
nusgTa Ha ['71aBeH TEXHOJIOr M ChOTBETHO HOCH
ITO-MaJIKO OTTOBOPHOCTH M CTPEC.



Ananus na npogecuonanen puck na Hauan-

HUK yex

B VexaHuyHu HapanABaHwa-

5 NOAXTL3BAHE, NdfaHe

B 13aaHe OT BUCO4HHA

20
1 EATOK-NOpAMEHHA DK JONHp

H Mopaetua o1 Noxap

B IHHAMHHEH MHKPOKNUMAT-
NPOCTyAHH 3a607ABAHMA

1 Bu3neifcTae Ha xum. 6/6a

1 HepsHo ncuxndecko
HANEKeHHE-CTpeC

Hayanux uex

B VlexaHH4HH HapaHABaHHA-
NOAXTb3BaHE, N3faHe

1 Pexel v npobox aaum
NEMEHTH

1 [[BHHELLM Ce HACTH HA MALIMHK

30

W TIaz2He 07 BICO4MH

WEN.TOK-NOPAXEHHA N SONHD

1 Mopaenma o7 Mowap

B [IMHaMYSLH MUKDOKMMAT-
npoCTy v 3a6onAgaHwA
0 Bo3felicTeHe Ha xuM. B8

HepgHo neikHyecko
Hanpesexme-CTpe
1 DV3H4ECHO HaTOBIPBaHE

MoHTaHHe Pabotha nosa

®@urypa 2. ['paduuno npencrapsiHe Ha Omac-
HOCTH Ha no3unms ,,Hauanauk nex”

Ananuz na npogpecuonaner puck na Lllnocep

W VIeXaHH4HI HADHABAHHSA-
MIOLXL3BaHE, NafaHe

30

W Pesewyt v NpoBoAaLLM enemenTH

25
W agaHe 0T BUCO4HHA

20 W EN.TOK-NOPAKEHWA NPK AONHD

W Mopaenua o Noxap

B [HHaMHEH MAKPOKAMMAT-
npocTyau 3aBonssanua

B Bu3geiicrene Ha XM, 6/82

1 HepBHO NCHXHYECKO Hanpeneme-
cIpec
BU3UHECKO HATOBADBAHE

LUNOCep-MOHTEOP B PaborHa noza

®urypa 3. ['paduuHo npencTapsiHe Ha omac-
HOCTH Ha mmo3unus ,,111ocep”

Pabornara mosunus ,,Illnocep” ce xapakre-
pHU3upa ¢ JieceT ONacHOCTH, MOBEYETO OT KOWTO
ca C IbpBa CTENEH Ha PUCK OTrOBapsIl HAa He3-
HAYUTEJNEH PHUCK U TPU OT BTOpA CTENEH Ha
pHCK, OTroBapsia Ha mpuemiaus puck. Illmoce-
pPbT € M3IOKEH Ha MHOro Ha Opoil W Tmo-
pa3HoOOpa3HH IO EeCTeCTBO ONACHOCTH, KOETO
W3UCKBA W TIOBUIIICHO BHUMAHUE KbM YCIOBHUSTA
Ha TPYyJI, B KOUTO TOI paboTH.

Ananuz na npogecuonanen puck Ha Momn-
MANCHUK
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®urypa 4. ['padpuuHo npencrapsiHe Ha omnac-
HOCTH Ha MO3ULUA ,, MOHTaKHUK’

PaGotHaTa mo3urus ,,MOHTa)KHUK ce Xapak-
TEepPU3Upa C SIUHAACCET OMACHOCTH, TOBEUETO OT
KOHUTO Ca ¢ IIbpPBa CTCICH Ha PUCK OTroBapsIl Ha
He3HAYHUTeJIeH PUCK U JBE OT BTOpa CTENEH Ha
PHCK, OTrOBapsIla HAa MpUeMJUB puckK. Brope-
KM HHACKaTa OTTOBOPHOCT Ha pa0oTHATA MO3UIHS,
KOSITO C€ BIDKAA M OT HHCKAaTa CTOMHOCT Ha
OITACHOCT OT CTPEC, MOHTAXHUKBT € U3JI0KEH Ha
oBeve Ha Opoii U MO-pa3HO0OPa3HU 10 ECTECTBO
OMACHOCTH, KOETO M3UCKBA M MOBUIICHO BHHMA-
HUE KBbM yCIIOBHSTA Ha TPy, B KOUTO TOH pado-
TH.

Ot mpoBelneHUs aHaiu3 O€ yCTaHOBEHO, 4e
paboTtHuTe Mo3uUu ,,MoHTaxxHUK | ,,[1Imocep”
ca ¢ Hail-MHOT0 Ha Opoi 1 pa3HOOOpa3HHU IO ec-
TECTBO ONacHOCTU. [l0-BHCOKO PBKOBOJHUTE
no3unuu karo ,Havanauk nex” u ,,I'maBeH Tex-
HOJIOI” ca ONHCAHH C OMACHOCTH ITO-HUCKH II0
CTOWHOCT M IMO-MAJIKO Ha OpO#, ¢ H3KIIOUYCHHUE
Ha OIAaCHOCTTa OT CTpec, KOATO mpHu ,,HadamHuk
nex” ¢ MaKCMMaJIHaTa OTYEeTeHA - ChC CTOMHOCT
50. IIpaBu BIeyaTiieHHE, Y€ OTTOBOPHOCTUTE IO
PBKOBOZICHE Ha MPOU3BOJICTBEHHS TPOIEC M3HC-
KBaIlly 3aTbJIO0OYCHOTO IO3HABaHE HA TEXHOJIO-
TUYHUS [HUKBI, KOETO € CBBpP3aHO C TO-
MPOIBJDKUTEIHOTO M Crielu(UIHO 00yueHHe Ha
TE3W JBE IMO3UIMH, OTPa3eHO B PAOOTHUTE UM
BB3HATPAXICHUS, HE € OOCKT Ha OIICHKa Ha Ipo-
(hecrOHATIHMSI PUCK.



W Mexannunn Hapauasamie -
NOAXNBIBANE, RARaHE

B Peswcerpt nnpobomgan
enenen

# Magane oT 8HC0wHHA

B En.Tox-noparkeHin Api gonup

# Mopakera o1 Nowap

B [HIHAMINEH MIKPOKANM AT-
npocTyaHN 3a60136aHMA

B3 eficrsie na xum. 6/6a

Hepano nowecko
Hanpemene-cTpec

Duanyexo HaTosapsane

T |

[nasen rexwonor

Pabomanosa
Haocep

®urypa 5. ['padpuuno npencraBsiHe Ha oOmac-
HOCTH  Ha  TNO3HmusA  [7aBeH  TexHO-
JoT/pbKOBOANUTEN  ,,MUKPOBUHONIPOU3-BOACTBO”
u ,,llmocep”

3a ;ma mpoBeneM H3CIEIBAHETO IO METoja
MO3AP mbpBUYHOTO MPOU3BOJCTBOTO Ha HYep-
BEHO BHMHO C€ pa3IJIeX[a KaTo cucrema oOpasy-
BaHa OT MOJCHCTEMH, KOSTO Ce JIe3HMHTErpHpa Ha
0azata Ha (PyHKIMOHAJCH NMPHU3HAK, B KOUTO CE
W3BBPIIBAT ONEPAIUH C STHAKBB XapaKTep.

Hoacucrema 1. Ilpnemane Ha CypoBHHHUTE
EnexTpoHeH kaHTap; MyHKT 3a INpHEMaHe Ha
rpo3ue, oOOOpyABaH ¢ TNPHEMHU KOpHUTA
/Tpo30OMeNnauKu/.

Hoacucrema 2. Mexanu4Ha o0padoTKa
Kamooxnaauren; mpeca Willmes; Cenaparop;
OunTHP.

Hoacucrema 3. depmeHTanus
depMeHTalMOHHH CBIOBE/BEPTHKATHA H POTO-
BUHEMATHUK/; APOXKIW 32 (epMEHTAIMS TaHWH
a30T, XpaHu /muamoHueB (ocdar M aMoHHEB
cyndar/; TanreHimaneH ¢uirsp Bucher ¢
NaOH, BuHEHA KHCEIMHA; OMEKOTHTE 3a BOJA;
cynpuTupaHe — 103UpaHe HA CEPHUCTA KUCEITH-
Ha.

Hoacucrema 4. Ctadunusupane
WHcrananums 3a oTBeXAaHe HA TOTOBHUS HPOIYKT
10 n3darta 3a CbXpaHEHHE U CTaOMIM3aLus; IHe-
KOBU TPAHCIIOHTHOPU — 32 OTBEXKJAHE Ha BTO-
PUYHHUTE TPOIYKTH /HENIKU U JDKUOPH/ 10 TTYHKTa
3a U3BO3BAHE.

3a BcsiKa MOACUCTEMA Ca ChCTaBEHH CHHUCHIH
Ha BCHYKH W3TOYHHIIM Ha ONACHOCT INPH HOP-
MaJHO ()YHKIMOHMpPAHE WJIM MPH HOBPEIH, KOU-
TO OMxa MOINIM 2 Bb3HUKHAT.OMAacHOCTHTE MO-
rat aa ObJaT MEXaHWYHH, EIEKTPHYECKH, OIac-

HOCTH OT HeOnaromnpusaTHH (akTopu Ha padboT-
HaTa cpejia Win paboTHHUSAT MpoIiec.

Tabamna 1 Mpexa Ha omacHOCTUTE B MOJA-
cucrema 1

OnacHoct Hopmanna Jlerpaaupana KowmenTtap
nefiHoCT JleitHocT
Aj JlBmxemu ce X X Ilops3Bane
€JIEMEHTH
A7 Cucrema ot X X Tlonxirb3Bane,
H3TOYHUIH OT 3ary0a Ha paBHOBe-
najiae oT paBHO cue
C; EnexrpuuectBo Kbco crenune-
KaTo MOCTOSIHEH X HHE,
TOK u3rapsHe
G; I'pemika B MyckyiHo He-
HOpMaJIHa CUTYya- X X PpasIoyoKeHue,
st CKEJICTHO YBPEX-
JlaHe
G; OnacHoct npu 3axBalane Ha
paboTa Ha IoACHC- X X pexa
TeMara
TIpoctynuun
HgHeb6naronpusten| 3abossBanus,
MHKPOKIMMAT X X OXJIXKIAHE TP
MPOIbIKUTEIHA
paboTa Ha OTKpH-
TO
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Bb3MOXHHTE HEXKEJIaHW WHIUACHTH, KOUTO
MoraT Jia HaCTBIIAT ca:

-3aXBall[aHe Ha Jipexa OT OyTAITHUTE TIOMITH

-yJap OT KykaTa Ha Teydepa

-OpakKeHHe OT eJl. TOK NpU He3a3eMEHU
TTOMITH

-OTpaBsiHE C BBIJIEPOJIEH THOKCH]T

-MoJNaJIBaHe HAa TJIMKOTEHAa TpU JIePeKT B
MTOMITUTE

-TI0Na/IaHe Ha YacTH OT TSJIOTO B TPO3JIOMeE-
JIAYKHTE

HexenatenHusT HMHIUAEHT, KOWTO C€ pasr-
nexna B CreHapus 3a HEXeNaTeITHO ChOUTHE 3a
¢upma ,,Yepromopcko 3maro” AJl e HHIUACHT ¢
OTpaBsiHE OT BBIJIEPOJEH AMOKCHA. T03M clieHa-
puii € moIpoOHO W3CcNeABaH U € TpaduIHO TIpe/I-
CTaBE€H Ha JBPBOTO Ha OTKa3UTe (TPEIIKHTE),
(®Durypa 6). Onpenenenu ca dapuepu u ca pas-
MOJIO’KEHHU Ha JbPBOTO.

HanpaBeHo e ckaHupaHe Ha CHCTEMHUTE IIO
Meroga MO3AP. Mpexara Ha HEKEITaHUTE WH-
nuneHT 3a llomcucrema 1 mpeacraBena B Tab-
jmna 2.

3a Bcska wiaeHTH(HUIMPaHA OMACHOCT B TOJ-
CHUCTEMHTE Ca OIpEJIe]ICHH eIEMEHTHTE Ha pHC-
Ka, KaTo TEXKECT U BEpOSATHOCT. Te ca miu mpu-
EMJIMBH, WM HE NMPUEMIIUBH, B 3aBUCUMOCT OT
TOBA B KOS CTpaHa Ha pUCKOBaTa JIMHUS MONa1aT.
Ta3u guHMS NOKa3Ba rpaHUIATa MEXIY MpPUEM-
JUBU U HE TPUEMIIUBU PUCKOBU crouThs. T4 e
ompezenieHa ciell KOHCYNTAIMs ¢ TEXHOJIOora Ha
¢dbupmara.




Ta6auna 2 Mpexka Ha HEeXCJIaHUTE ChOUTHUS
B noacucrema 1

Ta6auua 3 Mpexa Texect / BeposiTHOCT B
[oncucrema 1

YcraHoBsiBaHE
Ha HeXKEJIaHH
cpouTHS

M3rounuk Ha
OIacHoCT

Bun
ONacHOCT

MexaHnuHa
cuiia (HOKOBE)
Henobpo cuen-
JIeHHue (XJIb3raBa
MOBBPXHOCT)

As JlBmxeu ce
CICMCHTH

A7 Cucrema ot U3T04-
HHUIY OT I1aJiaHe OT
paBHO

TlopsizBane

TMoaxmw3Bane, 3aryda
Ha paBHOBECHE

C; EnexrpuuectBo
KaTO MOCTOSIHEH TOK

Enexrpuyecku
TOK

Ksco CBbCIWHECHUE,
usrapsise

Duznyecko
HaTOBapBaHE
IIpY U3BBPILBA-
HE Ha pbUYHHU
MaHuIYJIaluu
Pesxerun yactu B
rpo3joMerauKa-
Ta

MyckynHo Hepas-
TIOJIOKEHUE, CKE-
JIETHO YBPEXJIaHEe

G; I'pemka B HOpMaUI-
Ha CHTyaIus

3axBallaHe Ha
apexa

G; OnacHocT npu
pabora Ha mojcHucTe-
Marta

IIpocTynuu 3a60-
JIABaAHUA, OXJIax-
JlaHe IpH OpObI-
JKUTENHa pabora
Ha OTKPHUTO

I'pannyHaTa TMHAS MOXE J1a c€ M3MECTBa Ha-
JIICHO, KOTaTO PHKOBOAUTEIAT € TOTOB JIa IIOeMe
CBOUTHUSA C MO-TOJIAMA TEIKECT WU KOraTo Oapu-
epuTe MOCTABEHH, 32 J1a MPEJOTBPATAT €THO Ch-
OuTHEe W3UCKBAT IOBEYE CPEACTBA OTKOJIKOTO
M3TOYHHKA HA OMACHOCT, 32 KOWTO Te3u Oapuepu
ca TpelBHJICHU, MOXKE J1a TIPEIOCTaBH Ype3 Mpo-
W3BEKIAHUTE TPOIYKTH, T.€. PUCKBT CBBP3aH C
JIEHHOCTTA C€ SIBSBa HE3HAUMTEJICH B CPAaBHCHUE
C M3rojiata, KosiTo HOCH.

JluHamudeH
MHKPOKIMMAT

Hg He6naronpusiteH
MHUKPOKINMAT

Juarpama 1 Mpexa Ha pucka Ha [logcucre-
Ma 1

B,
B;
B,

B,

B,
B/T

MperxaTa Ha pucka 3a mojcucrema 1 e mpen-
crapeHa B Tabnuma 3. Bmwkaa ce, ye BCHYKH
MOJICUCTEMH MOraT Ja TeHEpHpaT ONacHOCTH,
KOHMTO TIOTIaJaT B HEMPHUEMIIMBATa 30Ha HA PHUCKA.

ITo metona Ha JIbpBOTO Ha OTKa3uTe (Tpeml-
kute) [4]. e paspaboreHo [IbpBo Ha OTKasuTe
(Purypa 6), B K0€TO ce u3CieABa AOCTHI'AHETO
JI0 HexenaHo crouTHe ,,OTpaBsHe ¢ BhIIIEPOJICH
muokeua™. Tosu cueHapuii € n30paH ciie pasro-
BOp C PBKOBOJUTENINTE Ha OTIEIIHUTE 3BEHA. 3a
HEro MMa JIaHHH, Y€ € HAITbJIHO BH3MOXKEH U Be-
posTEH B peatHa paboTHA OOCTaHOBKA.

T, T, T, T, T, Ts
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M3rouynuk Ha VcraHOBsIBaHE Ha CHOMTHETO Texect/
OIAaCHOCT BepositHocT

A3 JIBmxeru ce eje- IMops3Bane Ty/B;

MEHTH

A7 Cucrema ot u3rounu- | IToaxme3Bane, 3aryba Ha paBHO-

LM OT I1aJjaHe OT PAaBHO BECHE Ty/B;

C1 Enextpuuecto kato | Kbco chenunenue, urapsine

TIOCTOSTHEH TOK T4/B;

G; I'peuika B HopmanHa | MyCKyJIHO HepasIooKeHue,

CUTyauust CKEJIETHO yBPEXIaHe T4/B;

G3 OnacHoct npu pabo- | 3axBalaHe Ha gpexa

Ta Ha MOJACHCTEMATa Ty/B;

Hjg He6naronpusten IpocTyanu 3a00nsABaHus,

MHKPOKIIMMAT OXJIaX/J1aHe IIPU TIPOBIKHU- T3/Bs
TeaHa paboTa Ha OTKPUTO

Ha 0Oa3ara Ha Taka ch34aJeHOTO ABPBO ca
IDIaHWpaHU U JBa BUJa Oapuepw 3a MpenoTBpa-
TSBaHETO MY — TEXHOJIOTWYHHU W OpraHU3aI[OH-
HU.

B-1 — 3a 1a He ce JOMyCHE WHIMICHT C HaT-
pyTIBaHE Ha OMACHW KOHIICHTPAIIMX OT BBIJIEPO-
JICH JMOKCH/I B 3aTBOPEHH ChJIOBE:

IToBuIleH KOHTPOJI OT LSJIOCTHHS IIEPCO-
HaJ W OTTOBOPHHUTE 32 CBHCTOSHUETO Ha
pe3epBoapure;

CnasBaHe Ha mpaBwiaTa 3a Oe3zomacHa
paboTa B 3aTBOPEHH TOMEIIICHHUS.

b-2 — CnazBaHe Ha IpaBWITHUK 3a Oe30macHa
paborta

B-3 — 3aTBOpeHO moMenieHue
[IpodunakTika Ha BCHYKO CBBP3aHO C
BEHTWJIAIMOHATA CHCTEMa U Ypeau pa-
0OTeIH C ell. TOK
IMognpwxka
PemMonT
Cria3BaHe Ha MHCTPYKIIUNATE

b-4 — KoHTponHu u3MepBaTellHu ypeau

OcwurypsiBaHe Ha KadeCTBEHH KOHTPOIHO-
M3MEpBaTEIIHN YpeIu 3a TOYHO MEpPEeHe Ha KOH-
LIEHTpalUsATa HAa YETUPUTE OCHOBHH XUMHYHU
CHEJIMHEHUSI-KUCIIOPOJI, BBIJIEPOACH JTHOKCHI,
BBIJICBOIOPOAY U METHIICTHIIOBH U3IIAPCHUSL.

b-5 — Knnumartuunu ycnoBus

-OcurypsiBaHe Ha MMOJXOASI] MUKPOKIHMAT

-O6opyIBaHeTO Ja HE CE BIHUSC OT METEOPO-
JIOTUYHUTE YCIOBUS

Bb-6 — HenocrarbuHa BEHTUIIALUSA

-Cnia3BaHe Ha HOpMaTHBHaTa ypezaba 3a ocu-
rypsiBaHE Ha IPOBETPUBOCT U BEHTHIIAIIHS.

B-7 — HepenoBHo mpoBeTpsiBaHe Ha TIOMeIIIe-
HUATA

OcurypsiBane Ha NEPUOJUYHOCT B H3-
BBpIIBAaHE HA MPOBETPSBAHE.
KonTpon oT ppkoBOAUTEINS



B-8 — Jlunca Ha nperepu

3akymyBaHe Ha HEOOXOauMaTa TEXHUKA
B-9 — HetouHO oTUMTaHE HA TOKa3aHUATA
Onut

Bonene Ha TEXHUYECKH THEBHUK
PemonT

’ Ortpassue ¢ CO2 ‘

A

’Bl

’ Hatpynsane na COznpu epmenTanusaTa ‘

[

b4

P

‘Ez

’ Yosemku pakrop ‘

A

B17|

bis

‘ b19

3aTBOpeHO

KonTponuu

Kimmatnaan

U3MEpPBATENIHH Ypeau yCIIOBHs

TomeleHue

ChbeTosiHME Ha
nepcoHana

Heonurnoct

T'pemka npu
B3€MaHE Ha PCUICHHUE

bio B11 b12

3emerpecenue

Jlunica Ha Jperepu
TIPOBEPKU

Herouno oruurtane

’ Bucoka Ttemmneparypa

H C€IPOBEJICHH MEPHOJAUMYHU

HeﬂOCTaT’b‘lHa BCHTHUJIALUA

b1s

jop}
et
o

b13

Hemnpasuinao
BOJICHE
Ha JIHeBHHK

IloBpena B
€J1. 3aXpaHBaHe
JIurca Ha KOHTPOII

b2o

’ 3ﬂpaBOCHOBHO CBCTOSIHUC

B@za

b2s b26

3n0HAMEpPEHOCT
Jlunca na oOyueHue
Jlomo pemenne

|

Jlunca na kBanupukanus

|

®urypa 6. /IbpBo Ha OTKa3UTE 3a HEIXKENIAHO chouTHE ,,OTpaBsHE ¢ BBIJICPOACH AMOKCH

Bb-10 — He npoBenenn nepuoAnIHA IPOBEPKU
-CniazBaHe Ha ITOCTaBEHU CPOKOBE 3a MPOBEP-
Ka TOYHOCTTA Ha ypeanuTe
-Kontpon
Bb-11 — Bucoxka Temmeparypa
OcwurypsiBaHe Ha OXJIaJUTeHA UHCTaJa-
us .
CrneneHe Ha TOKa3aTenuTe Ha MHUKPOK-
TuMarTa.
B-12 — 3emerpecenue
[Iman 3a eBakyauusi mpu OencTBUS U
aBapuu
PenoBHO npourpasane Ha maHa
b-13 — IloBpena B enekTpuyeckara HHCTaJa-
s

Jlobpa kBanuduKkanus Ha IepcoHaa,
OTrOBapsII 3a €. ChOPBKEHUATA U UHC-
TPYMEHTHTE

PenoBHM MpoBEpKHM HA €J1. MHCTATAIMSTA
(3a3emMsiBaHe U 1Ip.)

b-14 — PemonT

CBOEBPEMEHHO OTCTpaHSBAaHE HA BB3-
HUKHAQJIU TOBPEIU B €ICKTpUYECKaTa U
BEHTWJIALIMOHHATA MHCAJIAIHH.
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b-15 — JIumca Ha KOHTPOT

OCBIIECTBSIBAHE HAa KOHTPOJI OT OTIO-
BOpHHKA 110 0€30MMacHOCT 3a MPABUIHOTO
BOJICHE Ha JHEBHUKA 3a TEPHOIWYHU
NIPOBEPKHHA YPEAUTE

b-16 — HenpaBuitHO Bo/ieHE HA THEBHHUKA
o0yueHHe Ha KaJpuTe

Bb-17 — CpcTosiHue Ha epcoHana
[epuoguuny mperyieaAn Ha 31paBOCIOB-
HOTO CHhCTOSIHUE HA TIepCcoHaa
OcurypsiBaHe Ha IOYMBKH

b-18 — HeormutHOCT

OOyueHust Ha IepcoHana

CriazBaHe Ha paOOTHUTE WHCTPYKLUH
KOHTPOJI

b-19 — I'pemika npu B3UMaHe Ha PEHICHUATA
N3BbpIBaHeTO Ha JEUCTBUSITA Ja HeE
CTaBa aBTOMAaTUYHO

KonuenTpanuara Ha OTTOBOPHOTO JIHMILE
Jla € BUHArM Ha BHCOKO HHMBO IPH BCSKA
W3BBbPUIBaHA AEHHOCT (Oneparys)

B-20 - 3apaBociOBHO CHCTOSTHHE



Crnenene Ha 3/paBOCIOBHOTO CHCTOSTHHE
Ha TIepCOHaja 4pe3 PeJOBHH Mpoduiax-
TUYHU TIPETIICTU

CrneneHe Ha TICHXOJOTHYECKOTO CHCTOS-
HUE Ha TIepcoHala

Ha ce cp3mage KynTypa Ha 3IpaBeTo Ha
nepcoHasna

CreneHe 3a M3MBIHEHUETO Ha TE3H Ipa-
BUJIA

B-21 — Ymopa

[TounBka

Jobpo xpanene

CpH

B-22 — 3nonamepeHoct

[leprognyHM TIPOBEPKH HA TICHXOJIOTH-
YeCKOTO ChCTOSHHE Ha MepcoHalia

Ja ce mogoOpsT ycioBusTa U cpeiata Ha
TPYA

B-23 — Jlurica Ha moaXxo/AIIa KBATU(UKAIUSL
[a ce mpaBsT HHCTPYKIINHU 32 BCAKA Bb3-
MOJKHA CHTYyallWs W J1a Ce 3aro3Hae Iep-
COHaJa C Hesl

[Ipenu Bcska M3BBpIEHA ONIEpanys mep-
COHAJIBT J]a C€ MHCTPYKTHpA

Cp3naBaHe Ha MO-e¢)EKTUBEH PEXHUM Ha
oOydeHune

b-24 — Jlunca Ha oOy4eHne

Cp3naBane Ha MO-eEKTUBEH PEXHUM Ha
oOydeHune

Bb-25 — Pyruna

Cp3naBaHe Ha T0-pa3HOOOpa3HU JIEHCT-
BUS B paOOTHHSI IIUKBI (2 MOXKE OH | TI0-
YECTH, HO KPaTKU MIOYUBKH)

B-26 — Jlomo penienue

Ja ce ocurypu noBeue oOydeHHe 3a He-
o0MYaiiHA ¥ M3BBHPETHH CUTYalluH

HN3Boau

B pesynTtar Ha NMpOBEACHOTO H3CJIECABAHE H
aHaJM3a Ha TOJYYCHHTE PE3yJITaTH Morar Ja
ObJIaT HAMIPaBEHH CJICTHUTE U3BOIH:

1. HampaBeH e aHanu3 U OomeHKara Ha mpode-
CHOHAJHMS PHUCK Ha IIECT KIIIOUOBH PaOOTHH
MO3UIIMH U BCSIKA OT TAX € rpadUyHO IpecTaBe-
Ha B CHUCTEMara: CTEeNeH Ha pUcK-omacHoct. OT-
pa3eHa W aHaJIM3MpaHa € CTEICHTa Ha PUCK, KOS-
TO BCSIKA TTO3UIIMS HOCH. Y CTAaHOBEHO €, Ue Cpejl-
HOTO HHMBO Ha PUCK 3a PaOOTHUTE MO3UIUHU € OT
ObpBa CTENCH-HE3HAYMTEICH PHCK, HO HUMa
OMACHOCTH ChC CTEIICH Ha PUCK-BTOPA, @ UMEHHO
PUCK OBIIAJSIH Ha €HO MPUEMIINBO HHUBO, KOUTO
MO JIa C€ YBEINYH B ObAeIIIE.

2. Paboraure mosunmu  ,,MOHTXHHUK® W
,lmocep” ca ¢ Half MHOTO Ha Opoif U pa3HO00-

pasHM IO ecTecTBO omacHocTH. Ilo-BuUCOKO pb-
KOBOJHHUTE MO3MIMH Karo ,Hadamuwmk nex” u
,,] JaBE€H TEXHOJIOI’ ¢a OIHCAHM C OIIACHOCTH IIO-
HUCKH TI0 CTOMHOCT U MO-MaJKO Ha Opoi, ¢ U3K-
JFOUYEHHE Ha OINACHOCTTa OT CTPEC, KOATO IPH
,,HauaaHUK 11eX”’ € MaKCHMaIHaTa OTYETEHA- ChC
croiiHocT 50. IIpaBu BmewarneHue, ye OTTOBOP-
HOCTUTE 110 PBKOBOACHE HA HPOM3BOACTBEHUS
IIPOLIEC M3UCKBAIIX 3aAbJI00YCHOTO IIO3HABaHE
Ha TEXHOJIOTHYHHS LUKBJ, KOETO € CBBP3aHO C
MO-TIPOIBIKUTEIHOTO M CHEU(DUIHO 00ydeHHe
Ha TE3H JBE€ MIO3HMILUH, OTPA3€HO B pAOOTHUTE UM
BB3HATPaKACHU, He € 00EKT Ha OICHKa Ha Ipo-
(hecroHaTHHS PUCK.

3. UnenTudunypanu U aHAIM3UPAHHU Ca PHC-
KOBETE€ B LIEX 3a IIbPBUYHO BHHOIPOU3BOJACTBO
,depHoMopcko 31ato” AJl upe3 cucTeMeH MEeTO
/MO3AP/. Tloka3anu ca puckosere B 4-Te MOJI-
CHCTEMH, & UMEHHO PHCKOBETE CBBP3aHH C MPOC-
TyJa, MyCKYJTHO HapaHsBaHe, [oKap, CTPec H Jp.

4. Ypes auarpamara ,,Texxect-BeposTHocT €
YCTAHOBEHO, Y€ BCUYKH HEXKEJIaHU 3a MOJCHCTe-
MUTE C'I)6I/ITI/I$I, rnomnajaat B HCIIpUEMJIMBaTa 30Ha.

5. Bp3 ocHOBa Ha pasriefaHusl CUEHapuil —
,»OTpaBsiHE C BBIVIEPOJICH JUOKCUA € MOCTPOEHO
I'bPBO Ha OTKa3WTe (TPEIIKUTE) U ca OTIpeaeTieHN
TEXHOJIOTHYHH OapuepH, BOACIIM 10 HeyTpalu-
3UpaHe U MUHUMHU3UpPAHE Ha PHCKOBETE B ITPOU3-
BOJICTBOTO.
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ABSTRACT: The new requirements and standard norms require continuous change in the composition of
the components of contemporary gasoline blends. The authors of present article studied various gasoline blends
and their exploration properties. It is established the effect of low octane gasoline fraction, MTBE and bioetha-

nol.
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BnBenenne

HapacTBamoro usnon3saHe Ha TOpuBa TONIY-
YaBaHW OT MNpepadOTBaHETO Ha HedTa OKas3Ba
BIIMSHHUE ¥ HA HETOBHS Ka4eCTBEH ChCTaB. ToBa
O3Ha4yaBa, 4e HAXOJIMWIIATa C MO-JeKH (pakuun
HaMalsBaT U TOOMBAaHETO HA FOPHBA 3a JIBUTATe-
JMTE C BBTPEIIHO TOPEHE Ce M3BBPIIBA BCE TI0-
tpyaHo. OT cBos cTpaHa mpea HehTOXMMHUYHATA
MPOMHIIUIEHOCT CE€ TOCTaBsAT 3a pellaBaHe Bce
MO-TEXXKU TPOOIEMH, 3a Ja Ce MPOU3BelaT TO3U
tun ropuBa. [lopagu Te3n mpuyMHM B KpaiiHa
CMETKa IICHUTE Ha roprBaTa HapacTBaT W ce Ha-
Jara W3MOJI3BAHETO Ha  AITEPHATHBHU TOPUBA
(TpupoieH ra3, METHIIOB U €THJIOB CIIUPT, PACTH-
TEJIHU Maciia, BOJOpo/l, u Jip.). M3mon3BaHeTo Ha
ITEpHATHBHUTE TOPWBA C€ Hajlara M OT BCE II0-
CEPHO3HHUTE HOPMH 3a OIla3BaHE Ha OKOJIHATa
cpena [1].

B nHemrHoO Bpeme ToiisiMO BHUMaHUE Ce OT/e-
751 Ha OMoropuBara U Bb3MOKHOCTHUTE 32 TSAXHO-
TO H3MOJI3BaHE 3a paboTa Ha ABHUraTeIHWTE C
BBTpemHo ropere. OCHOBHUTE ropUBa 3a IIeNTa
ca: OuomeraHona, OMOETaHONA ¥ PACTUTEITHHUTE
MacJja, OT KOMTO ce Ipou3Bex1a ounoaunsen [2].

TpsbBa na ce orbenexu, ye B bpasunus BbB
BCUYKH BUJIOBE OEH3UH ce 100aBs 24% ankoxod,
HO C€ B3eMaT MEPKH OTHOCHO YCTOHYMBOCTTA Ha
€JIEMEHTUTE Ha TOPUBHATA CHCTEMa MO OTHOLIE-
HUE arpecuBHOTO JICWCTBHE Ha AJKOXOIUTE.
dupmure Toyota, Citroen u Renault mpoussex-
JaT aBTOMOOWJIM W JIaBaT TapaHIMU TPH WU3MOJI-
3BaHE Ha TOpuBa ¢ Jo0aBKa Ha eTaHold oT 5-15%
(V/V), xaTo mBUTATENUTE HE Ca MOAMDHUIMPAHH.
TpsabBa na ce ordenexwu, ye npu padboTa ¢ MOBU-
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IEHO Chabp)kaHue Ha ankoxod (Hax 5% (V/v))
TpsiOBa Ja ce M3IMOJ3BAT Macia 3a JBUTATEINTE,
KOHTO JIa UMAaT MO J00pEHH XapaKTepucTHKH [3].

B mocneanute rogunu gupmara Ford mycHa
Ha masapa aBromoomu ,flexible fuel vehicles”
(FFVs), xouto morat na pabOTIT C €TaHOJ IO
85% (Vv/v). Te3n aBTOMOOHITH Ce eKCIJIOATHPAT B
CA, bpaszunus, Hleeuus, @panuusi, AHIIUI U
JIPYTH CTPaHU, KbJIETO UMa U3TPAJICHU U 3apsTHU
craniuu 3a ToBa ropuBo. B CAIll mepxaBata
CTUMYJIFpA H3IIOJI3BAHETO HAa OMOTrOpHBa KaTro
naea noMomu ot 30 000 nonapa 3a u3rpaxkaaHe
Ha TakumBa craHuuu. B IlIBenus aBTomMoOMINTE
FFVs ce nponarar ¢ 1000 CHF, mo-eBTHHO OT-
KOJIKOTO OC€H3MHOBHUS BapuaHT [4].

CeproszeH mpo0sieM MpH HW3MOJI3BAHETO HA
AJTKOXOJIUTE € YBEIMYCHOTO HaJsTaHe HAa HACU-
TeHuTe mapu (yBeIMYeHA W3MApIEMOCT) IPHU
CMECBaHETO UM ¢ OcH3uH. BcieacTsue Ha ToBa
ce yBeln4aBa KOJUYECTBOTO M3MAPEHO TOPUBO U
“Ma BB3MOXKHOCT 3a 00pa3yBaHe Ha MapHHU o0e-
MU B ropuBHUTE TphOompoBoau. [lopamu tazu
MIPUYHMHA B CTAHIAPTHUTE 32 OMOTOPHBA CE TMOCTa-
BST M3WCKBAHMS OTHOCHO HAJITaHETO HA HACH-
TEHUTE Tapu. 3a J1a ce OTPaHHYU U3IMAPSIBAaHETO
MOXE Ja C€ M3IO0JI3BaT 0a30BU OCH3WMHHU C IIO-
MajKka M3MapsieMOCT, KOETO II¢ HaMaJld HaJisra-
HETO HA HACUTEHUTE TapH.

Llenta Ha HacTOsIIaTa CTAaTHs Ja C€ W3CIEH-
BaT OCH3WHOBU CMECH, KaTO CE YCTaHOBH BITUS-
HHETO Ha oTAenHuTe komnoneHTu — MTBE, anc-
KOOKTaHOBa (ppakiusi 1 ONOETaHOII.



EKcnepnMeTaJma e |

C 1men ycTaHOBsSBaHE Ha BIMSHHETO HA OT-
JICITHUTE OCH3MHOBH KOMITOHCHTH Ca KOyMITayH-
mupanu 23 /mBagecetr u Tpu/ GEH3MHOBH CMECH,
MPHOIM3UTEIHUAT ChCTaB HAa KOUTO € IMpeacTa-
BeH B TaOimmu or 1 mo 24. Merogukara Ha

cMecBaHe € aazena B [5].
Taouauna 1. CecraB Ha 6ensnHoBa cmec 0

acT

Taoauna 7. CocraB Ha OeH3MHOBA cMec 6

No BeH3MHOB KOMITOHEHT % (VIV)
1. | KatanutuueHn peopMHHT 30,0
2. | KaranutuyeH kpekuHr 55,0
3. | Ankununmnpane 12,0
4. | HUCKOOKTAaHOB KOMIIOHEHT 2,0
5. | MTBE 1,0
Tadauna 8. CrcraB Ha OeH3UHOBA cMeC 7
Ne BeH3nHOB KOMIIOHEHT % (vIv)
1. | KatanutuueHn peopMHHT 30,0
2. | KaranutnyeH KpeKHHT 54,0
3. | Ankununupane 12,0
4. | HUCKOOKTaHOB KOMIIOHEHT 3,0
5. | MTBE 1,0
Tadauna 9. ChcraB Ha OCH3MHOBA CMeEC 8
Ne BeH3nHOB KOMIIOHEHT % (vIv)
1. | Karanutnuen peopMunr 30,0
2. | KaranutnyeH KpekuHT 53,0
3. | ATxunmnupane 12,0
4. | HUCKOOKTaHOB KOMIIOHEHT 4.0
5. | MTBE 1,0
Ta6auna 10. CectaB Ha OeH3MHOBA cMecC 9
Ne BeH3nHOB KOMITOHEHT % (V/V)
1. | Karanutnuen pepopMunr 30,0
2. | KaranutuyeH KpekuHr 57,0
3. | ATxununupane 12,0
4. | buoera"on 1,0
Ta6anna 11. CecraB Ha 6eH3uHOBa cMmec 10
Ne BeH3MHOB KOMITOHEHT % (VIV)
1. | KataimtuieH pedopMuHT 30,0
2. | KaranutuyeH KpekuHr 56,0
3. | Ankuiuiupase 12,0
4. | buoera"on 2,0

Taoauna 12. CecraB Ha 6eH3uHoBa cmec 11

Ne BeH3nHOB KOMITOHEHT % (vIV)
1. | Karanutnuen pepopMunr 30,0
2. | KatanutuueH KpeKHHT 55,0
3. | Ankununmpane 12,0
4. | buoeranon 3,0

Taoauna 13. CecraB Ha GeH3uHOBa cMec 12

Ne BeH3MHOB KOMIIOHEHT % (vIv)
1. | Karanutnuen pedpopmunr 30,0
2. | KaranutuyeH KpekuHr 54,0
3. | Ankuinianpane 12,0
4. | bBuoetanon 4,0

Ne BeH3nHOB KOMIIOHEHT % (VIV)
1. | KaranutuueH peopMuHT 30,0
2. | KaranutudyeH KpeKuHT 58,0
3. | AJKunuaupaHe 12,0
Taoauna 2. CecTaB Ha 6en3uHoBa cMec 1
Ne BeH3WHOB KOMITIOHEHT % (VIv)
1. | Katanurnuen pepopmuHT 28,0
2. | Karanutnyuen kpekuHT 58,0
3. | AJKunuaupaHe 12,0
4. | HUCKOOKTaHOB KOMIIOHEHT 1,0
5. | MTBE 1,0
Taoauna 3. CocraB Ha OeH3MHOBA CMEC 2
Ne BeH3WHOB KOMIIOHEHT % (VIv)
1. | KaranutuueH peopMuHT 27,0
2. | Karanutnuen kpekuHT 58,0
3. | ATkununmpaHe 12,0
4, | HUCKOOKTaHOB KOMIIOHEHT 2,0
5. | MTBE 1,0
Taouauna 4. CecraB Ha OeH3MHOBA cMeC 3
Ne BeH3WHOB KOMITOHEHT % (V/IV)
1. | KaranuruueH peopMuHT 26,0
2. | KaranutuyeHn KpekuHr 58,0
3. | Ankununupane 12,0
4. | HICKOOKTaHOB KOMIIOHEHT 3,0
5. | MTBE 1,0
Taouauna 5. CecraB Ha OeH3MHOBaA cMec 4
Ne BeH31HOB KOMIIOHEHT % (VIv)
1. | Karanuruuen peopMuHT 25,0
2. | KaranutnyeH KpekuHr 58,0
3. | AJKuIuaupaHe 12,0
4, | HUCKOOKTaHOB KOMIIOHEHT 4,0
5. | MTBE 1,0
Taoauua 6. CocraB Ha OeH3MHOBA CMEC 5
Ne BeH3nHOB KOMIIOHEHT % (VIv)
1. | KaranutuueH peopMuHr 30,0
2. | KaranutnyeH KpekuHr 56,0
3. | AJKunIuaupaHe 12,0
4, | HUCKOOKTaHOB KOMIIOHEHT 1,0
5. | MTBE 1,0
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Taoauna 14. CocraB Ha OeH3nHOBa cMec 13

Ta6auua 21. Creras Ha OeH3uHOBa cMmec 20

No BeH3HHOB KOMITOHEHT % (VIV) No BeH3MHOB KOMITOHEHT % (V/v)
1. | KatanuruueHn peopmMuHr 30,0 1. | KaranutudyeH peopMHUHT 27,0
2. | KaranutnyeHn kpekuHr 53,0 2. | KaranurnueH kpekuHr 58,0
3. | Ankunuupane 12,0 3. | Ankunumupane 12,0
4, | buoeraHoi 50 4, | HICKOOKTAaHOB KOMIIOHEHT 1,0
5. | buoeranon 2,0

Taoauna 15. CecraB Ha OeH3u

HOBa cMmec 14

Ne BeH31HOB KOMIIOHEHT % (vIv) Tabauna 22. Crcra Ha OeH3nHOBa cMec 21
1. | KaranutuueH peopMuHr 29,0 Ne BeH3nHOB KOMIIOHEHT % (VIv)
2. | KaranutudyeH KpeKuHT 58,0 1. | Karanutudyen peopMUHT 26,0
3. | AIKuauiapaHe 12,0 2. | KaragurnueH KpeKHHT 58,0
4. | buoeranon 1,0 3. | Ankunumupase 12,0
4. | HICKOOKTaHOB KOMIIOHEHT 1,0
Tab6auua 16. Crcras Ha OeH3MHOBA cMec 15 5. | buoeraHnon 3,0

Ne BeH3HHOB KOMITOHEHT % (VIV)
1. | Karanutuuen peopMuHr 28,0 Tabauna 23. CrcraB Ha OeH3WHOBA cMec 22
2. | KaranutnyeH KpekuHr 58,0 Ne BeH3MHOB KOMIIOHEHT % (V/Iv)
3. | Ankunuiupane 12,0 1. | KaranutudeHn peopMuHT 25,0
4. | Buoeranon 2,0 2. | Karanutnyen kpekuHT 58,0
3. | ATkununupane 12,0
Taoauma 17. CecraB Ha OeH3nHOBA cMec 16 4. | HUCKOOKTaHOB KOMITOHEHT 1,0
No BeH3HHOB KOMITOHEHT % (vIv) 5. | buoeranon 4,0
1. | Katamutuuen pedpopmuHT 27,0
2. | Karanutndyen KpekuHT 58,0 Taoauna 24. CoecraB Ha OeH3MHOBA cMmec 23
3. | Ankunuiupane 12,0 No BeH3MHOB KOMIIOHEHT % (V/v)
4. | Buoeranon 3,0 1. | KaranutuyeHn peopMuHT 24,0
2. | KaranutnyeH KpekuHr 58,0
Taouauna 18. CecraB Ha GeH3nHOBa cMec 17 3. | Ankununupane 12,0
No BeH3MHOB KOMIIOHEHT % (vIv) 4. | HUCKOOKTaHOB KOMIIOHEHT 1,0
1. | Katanuruuen pepopmunr 26,0 5. | buoeranon 5,0
2. | KaranutnyeH KpekuHr 58,0
3. | Ankununupane 12,0 HscienBaneTo Ha OEH3MHOBUTE CMECH, KAaKTO
4. | Buoeranon 4,0 Y YCTaHOBSIBAaHE Ha BIMSHUETO Ha HUCKOOKTAHO-
BusT OeH3uHOB KomroneHT, MTBE u 6uoetanon
Ta6auna 19. CpcraB Ha 6eH3MHOBA cMec 18 Oemre M3BBPIIEHO YPE3 ONPEENAHE HA OCHOBHU-
Neo BeH3HHOB KOMIIOHEHT % (VIV) Te (PU3UKOXUMHUYHU XapaKTEPUCTUKA U €KCILIOA-
1. | Karanuriaen pedopMur 25,0 TallMOHHU CBOMCTBAa HAa OTICIHHWTE CMECH, a
2. | Katanutnuen kpexuur 58,0 MMEHHO  JICCTWJIALIMOHHM  XapaKTePUCTHKH,
3. | Anxuimupane 12.0 TUTBTHOCT, OKTAHOBO YHCJIO 10 MOTOPEH W H3C-
4. | BroeraHon 5.0 JIEOBATENICKM METOJ M HE Ha IOCIEAHO MSICTO
HaJsTaHe HaHAaCUTeHHW Tapu mo Peiin. Ompene-
Ta6anna 20. CscTas Ha GeHsuHOBa cMec 19 JITHETO HA OTACITHUTE (QU3MKOXMMHUYHHU U EKCII-
No BeH3MHOB KOMITOHGHT % (VIV) JIOATAIMOHHU TIOKa3aTenu Oellle W3BBPIICHO I10
1. | Karanumuaen pedopymunr 280 ChOTBETHUTE CTaHIAPTH, KaTo 3a 0a3a Ha Cpas-
2. | Katamuriien kpekunr 58.0 HEHHUE Ce U3I0JI3Baxa HOPMHTE, perilaMEHTHPaH!
3. | Ancummpare 12,0 B CTaHJapTa 32 TEXHWYECKH WU3NCKBAHUS HA aB-
R T —— 1.0 tomobmau 6ersunan BJIC EN 228:2013, kakTo u
5 | Broeramon 10 MOJIYYEHUTE CKCIICPUMEHTAIHHU JaHHU 110 OTHO-
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LIEHWE Ha ONpeAessIHATE ToKazaTenu Ha 6a3oBa-
Ta OeH3uHOBa cMmec 0.

TpsiOBa nma ce oTdernexu, 4e mpeau U3MoI3Ba-
HE HUCKOOKTAHOBHUST KOMIIOHEHT U OCH3MHOBHUS
KOMITIOHEHT OT MHCTajauus ,Karanutuuen kpe-




KHHI” OsiXa MPeIBapUTEIHO MOII0KCHH Ha CKC-
TPaKIIMOHHO OYHMCTBAaHE OT CEPHU CHEIMHEHHUS C
HeN TMOCTHraHe Ha chAbpKaHue Ha cspa — 10
ma/kg.

Benukn uznon3BaHn OEH3MHOBH KOMIIOHEH-
™, MTBE u OGuoeTtaHon ca oxapaKTepH3WpaHU
no mpenBaputesHo. Pesynratute ca mpeacrase-
HH B [6].

JecTunanuoHHUTEe XapakTePUCTUKH Ha OeH-
3MHOBHTE CMecU ca ompeneneHu ceriaacHo bJIC
EN ISO 3405:2011, nstHOCTTa - BAC EN ISO
3675:2004, a neTOHALIMOHHUTE XapaKTEPHUCTHKH
o moropen meroA - B/IC EN ISO 5163:2014 u
no wuscnenosBarencku meton - BJAC EN ISO
5164:2014. HansraneTro Ha HaCUTSHH Tapu Oerrie
m3mepero cwrimacHo bJIC EN 13016 - 1:2008.
YacT oT u3cnenBaHuATa Osixa MPOBEJCHU B Jia-
6opatoper komiutekc “SGS - bearapus” EOO/I-
rp. Codus.

Ha cnepBammure ¢urypu e mpenctaBeHo W3-
MEHEHUETO Ha OTIENHUTE (HU3MKOXUMHYHH Xa-
PaKTEPUCTHKH.

[Mony4eHute eKCrIEpUMEHTATHHA PE3YJITaTH 1O
OTHOILIICHNWE Ha JCCTHJIAIMOHHUTE XapaKTepHuC-
TUKH Ha W3CJIEIBAHUTE OT HaC OCH3MHOBU CMECHU
/dur. 1/ mokas3Bar, 4e MPHUCHCTBHETO B ChCTaBa
Ha OCH3MHOBUTE CMECH Ha HHCKOOKTAHOB KOM-
noHeHT ot 1.0 1o 4.0 % (v/v), MTBE — 1.0% u
ounoeranon ot 1.0 mo 5.0 % He maBar oTpakeHUe
npyu QpakMOHUpPAHETO HAa CMECUTe, T. HE ce
HaOJro/1aBa HaMaJeHUWE TPH JECTHIIUPAHETO Ha
BCsika otTaeiiHa OensuHoBa cMec 10 70 °C, 100 °C
u 150 °C. ToBa Haii-BeposSITHO ce ABJDKU Ha (ak-
Ta, 4e TMPOIIEHTHOTO OTHOIIIEHHE Ha OMOETaHO €
B KosnaecTBO OT 1 10 5 % (V/V), T.e BIMSHHUETO
Ha OuoeTaHosa BbpPXY JECTUIIAMOHHUTE XapaK-
TEPUCTUKH € cI1abo M3pa3eHo.

Kakto ce HabmonaBa ot ¢gurypa 1 mo- oTuer-
JUBO KoJeOaHWe B JIECTHJIAIIMOHHUTE XapaKTe-
PUCTHKH C€ OTKpPHBA IMPH U3CJIEIBAHUTE OT HAC
OCH3MHOBH CMECH, CBHABPXKALIM B MO-TOJSMO
MPOIIEHTHO KOJIWYECTBO HHUCKOOKTAHOB KOMIIO-
HeHT 1 MTBE, Haii-Beue npu KOJIMYECTBOTO JIeC-
THIaT, Koeto ce otaest mpu 100 °C.

IIpn w3ciienBaHe Ha TMOKasarensl IUTBTHOCT
npu 15 °C /¢wur. 2/ BcieacTBue Ha MO-BHCOKHST
00eMeH MPOIEHT HUCKOOKTAHOB KOMITOHEHT ce
HaOJIF0/1aBa M3BECTHO MTOHIKCHUE HA MTOKA3aTes
B CcpaBHeHHE ¢ 0Oa3oBaTa OEH3WHOBA CMEC, HO
TpsiOBa Ja ce oTOeNekH, Ye CTaHIapTa 3a TEXHU-
YeCKW U3UCKBAHUS pErilaMeHTHpa U3MEHEHHE Ha
msTHOCTTA TIpH 15 °C — 720-775 kg/m ° T.¢ u3-
CJIEZIBAHUTE OT HAC OCH3MHOBH CMECH OTTOBApST
Ha CTaHIAPTHUTE M3UCKBAaHUS MO TO3W IMOKa3a-
Te.

125

L= | =] o
o O o o

w
o

P

==1000C
1500C

I
o

aecrunart, % (v/v)

[¥%)
o

[
[

(R T g s aaaad

—_
o

o

0 2 46 81012141618 2022

@ur. 1. JlecTunanoHHN XapaKTEPUCTHKH Ha
W3CIeIBAaHUTE OCH3MHOBH CMECH

0.745

nabTHOCT, npu 15 0C, kg/m3

0 2 4 6 8 1012141618 20 22

®ur. 2. InsTHOCT 11pH 15 °C, kg/m® Ha u3cren-
BaHUTE OCH3UHOBU CMECH

ITo oTHOIIIEHNE HA TIONyYEHHUTE JAaHHU 32 H3-
CIICZIBAHUTE JETOHAI[MOHHHN XapaKTEPUCTHKH IO
motopeH /MON/ wu wu3cienoBaTENCKH METOA
/RON/ Ha GeH3MHOBHTE CMECH OTpa3eHH Ha (HT.
3 MOXe€ Jia Ce 3aKJII0YH, Y€ JETOHAIMOHHUTE Xa-
PaKTEpUCTKH HA ChCTABEHHUTE OT HAC M3CIIE0Ba-
TEJICKA OCH3MHOBH KOMIAYHU HE CE MPOMEHSIT
PSA3KO M BBIIPEKH yIOTpebaTa Ha HUCKOOKTAHOB
KOMIIOHCHT Ca B HOPMHUTE Ha CTaHAapTa 3a TeX-
HUYECKM HM3WUCKBAHUSA 32 aBTOMOOMJIEH OEH3WH
A-95 H.
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®@ur.4. Hansrane Ha HacUTeHU Tapu 1o Petin,
kPa

[ony4yeHnuTe pe3yiTaT 3a MoKazaTelsl Hals-
raHe Ha HaCUTEHUTE MNapu 1o Pelj oTpazeHu Ha
¢ur. 4 mokaspat, ye Nmpu OCH3MHOBHUTE CMECH,
ChIBbpPKALIM  HUCKOOKTAHOB  KOMIIOHEHT H
MTBE, mouTu He ce Ha0IOIaBaT OTKIIOHEHHS OT
0azoBata OensunoBa cmec 0. [Ipu GeHsmHOBHTE
CMecH ChIbpKaly OuoeraHon, odade ce Had-
JII01aBaT MaKCUMYMH B CTOWHOCTHTE 3a HaJsra-
HE Ha HacuTeHH napu no Peiin npu cmecu, cb-
JIbpIKaIM B ChCTaBa cu OmoeraHol - 5 % (V/V).
Bbnpeku TOBa CTOMHOCTHTE 32 TO3M IOKAa3aTesl
Ha W3Clie/IBAHNTE OCH3WHOBH CMECH HE HaJ[BU-

[IaBaT HOPMHUTE 33 HAJSATaHE Ha HACUTEHH MapH
o Peiin.

B 3akmoueHue TpsiOBa Aa ce oTOCNeKH, ue
M3CleBaHNTe OCH3WHOBU CMECH Ca C pa3iIHycH
KOMITOHCHTHH W BBIJIEBOJIOPOJICH ChCTaB U OT-
roBapsIT Ha CTaHAapTa 32 TEXHUYECKU W3UCKBa-
HUs 3a aBToMoOwiIHM OcH3uMHM W HapenOara 3a
W3UCKBAHMATA 32 KA4YECTBOTO HA TEYHUTE TOPH-
Ba, YCIIOBHATA, pella M HAUYMHA 3a TEXHHs KOH-
TPOJ 1O OTHOIIEHHWE Ha H3cielBaHUTE (PH3HUKO-
XUMHAYHM TIOKa3aTeld, a UIMEHHO IeCTHUJIaluOH-
HU XapaKTEpUCTHUKH, MIBbTHOCT npu 15 °C u ne-
TOHAI[HOHHH XapaKTepHCTHKH. J[oka3zaHO e, de
Jno0aBsiHETO Ha OHOETaHON KbM OCH3WHOBHUTE
CMecH MPOMEHsI HAITaHETO HAa HACHUTEHUTE MM
napu. YCTaHOBH ce, Ye M3MECHCHHETO Ha HaJsra-
HETO Ha HacuTeHW mapu no Peliq Ha cMecure
“Ma MaKCUMYM TIpH ChIIbpKaHue Ha OuetaHo’ -5
% (VIV).
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IMPLEMENTATION OF ECOLOGICAL DESIGN IN GREEN URBAN CONSTRUCTION

Tihomir Dovramadjiev

HPUJIOXKEHUE HA EKOJIOTMYHUAT JU3AWH B 3EJTEHOTO I'PAJICKO
CTPOUTEJICTBO

Tuxomup JloBpaMapkues

ABSTRACT: Sustainable ecological state of the urban environment is depending on many affecting factors
of influence. For better existence of cities it is good to apply ecological design in green urban development. This
creates conditions which harmonize health of urban residents and the city as a single living organism. The
application of ecological design as a scientific and overall benefit practical tool is a necessity in today's

globalization.

Key words: Ecological design, green urban construction, sustainability

Introduction

Essentially the ecological design in different
stages of time is present and has been presented
in one way or another in shaping of the urban
development. Aspiration of the beautiful caused
people to use different techniques and
applications in shaping the private and the
overall vision of cities, as well as the
surrounding area. The formulation “ecological
design™ goes wider in recent years of XX and
XXI Century [1-3].

Besides that is purely aesthetic, the
implementation of ecological design in practice
has its scientific reasoning in terms of protecting
the environment, improving quality of life, and
settle environmental conditions for this [4-9].

The design of green urban development can
categorize direct interaction between ecology
and design. Ecology as fully developed science
and design as a combination between aesthetic
vision and specific design applications and
technical resources [10].

Complying  urban  development  with
environmental features and design of green areas
becomes an individual and conventional
principle. Based on individual characteristics,
vision and solutions there are various developed
concepts which form the design of residing
environment. The dimensions of the area of
urban functional zoning, and mutual location of
the individual zones are essential [11].
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The purpose of this work is studying the
application of ecological design in green
construction  focusing on the productive
implementation of certain scientific and applied
techniques facilitating the building of sustainable
urban environment.

Materials and methods

In shaping the image of the city through
construction activities setting on the green design
is essential. This includes the determination of
many factors and aspects in resolving many tasks
and challenges facing the design process [12-15].

When creating ecological design in green
urban construction it is necessary to provide the
following factors of influence: the impact of
cities on the environment and environmental
impact of the city as a result of climate change;
characteristics of the geographical region; type of
city (low urban density increases the demand on
energy and resources for electricity and
transport); implementation of new eco-
sustainable technologies; the use of natural
historical and architectural sightseeings, shaping
the vision and the spiritual atmosphere of the
urban environment; innovative, ecological
engineering and architectural design; a strong
economy, allowing large initial investment;
attitude of urban residents and other specific
individual and common features (mainly
characterized by the region, which the city is
located in).



Fig. 1 shows the scheme of environmental
design as an essential component in urban
development. This leads to some positive real,
short-term and long-term changes in the overall
appearance and existence of the urban
environment, which contributes to good health
state of urban residents.

LANDMARKS AND
ARCHITECTURE

RESPONSIBLE
IMPACT OF ATTITUDE OF
CLIMATE. PEOPLE

CONSIDERATION OF
REGION

Fig. 1. The environmental design as an essential
component in urban development

On the other hand the lack of a clear concept
in the creation of ecological design in urban
construction or general lack of it leads to:
pollution of wurban and wild environment;
changes in regional climate, which affects human
health; in some cases it leads to destruction of
nature and landmarks; obstruction of logistics
and transport; increased energy costs; neglecting
the architectural appearance of the city;

Fig. 2 shows a diagram of a lack of
environmental design as an essential component
in urban development. Ignoring environmental
design as a key component in construction leads
to destructive consequences of the urban
environment. The inadequate individual or
general attitude towards construction activities
contributes to the negative image and essence of

the city.
POLLUTION
MORE
CLIMATE CONSUMPTION
CHANGE ENERGY

DAMAGES IN

NEGLIGENCE THENATURE

3

Fig. 2. Lack of environmental design as an
essential component in urban development

Improving people's lives depend on well-built
urban areas, which are the best possible
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interoperable and harmonized with the
environment areas.

Fig. 3 shows an example of the application of
ecological design optimizing urban areas and

environment in harmony.

ECOLOGICAL
DESIGN

ECOHARMONIZED OPTIMIZATION OF

OPTIIZINE WORLDVIEW OF

THE

URBAN AREAS ENVIRONMENT

PEOPLE

Fig. 3. Application of ecological design
optimizing urban areas and environment in
harmony

Optimizing the urban areas and environment
is done by taking concrete action through the
design practices which cover many areas of
science and practical techniques. Environmental
protection is a priority that must comply with
rapid globalization changes. Achieving an eco -
harmonized worldview of people depends on
many constantly changing factors and motivation
of people.

Conclusion

The environmental design helps to build a
harmonious ecological environment in shaping
the image of the city and in particular as regards
to the structure - the design execution. The
environmental design incorporates scientifically
proven knowledge, methods, practices,
technology concepts and solutions required to
solve today's challenges which accompany
globalization and change.

The application of ecological design in green
urban development is a necessity guaranteeing
quality construction of the living environment.
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CREATION OF ARCHITECTURE - SUSTAINABLE LANDSCAPE DESIGN CONSISTENT
WITH URBAN ENVIRONMENT

Tihomir Dovramadjiev

CBH3JABAHE HA APXUTEKTYPHO - JIAHJIIA®TEH YCTONYUB TU3AIH
CHOBPA3EH C IT'PAJICKATA CPEJIA

Tuxomup JloBpamamxues

ABSTRACT: The urban environment is made up of many elements and components making up the system of
complex relationships that are in constant dynamic state. For proper functional and comfortable state of the
urban environment essential role occupy its component elements such as architecture and landscape, which
option is better to be synchronized in a creative and reasonable manner. The role of sustainable design in this
area occupies an important place in the development of quality modeled urban environment.

Key words: Sustainability, design, architecture, landscape, urban environment

Introduction

The modern town consists of a complex of
buildings with different functions, numerous
engineering facilities, roads, squares, open
spaces, ponds and green plantations. Thus the
city is a combination of an artificial environment
and nature. Green plants apart from their visual
gualities which contribute to the aesthetic
appearance of the city, have a function to
improve sanitary - hygienic environment. Green
plants reduce wind power, regulate the thermal
regime, cleanse and moisturize the air and have a
huge positive impact on human health [1-3].

Because of the close relationship of
architecture and landscape in the composition of
the urban environment using the resources of
sustainable design is a necessity. This is a result
of the proper configuration of many elements
and components for the specific needs of modern
urban planning. Creating favorable living
conditions  often accompanied by high
expectations of society, which as a user puts
greater demands on the architectural and
engineering planning and green bio protection
[4-12].

This study aims to identify key conceptual
features hich define the importance of the
sustainability of architecture - landscape design
in the composition of the urban environment
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Materials and methods

The construction of the urban environment is
a responsibility and requires the use of different
professional experiences which comply with
specific geographic, climatic, natural, social,
economic and other specificities and features.
Creating architecture - landscape sustainable
design  which comply with the wurban
environment is a responsibility, in which the
public vision is a leader. Application of certain
practices is through individual and common
solutions. To be able to successfully implement
process of building healthy and vibrant urban
environment the potential of architectural -
engineering technological solutions and eco bio
diversity of green plants is exploited (Fig. 1).

Sustainable
design

Architecture Landscape

Urban
environment

Fig. 1. Creating a strong urban environment,
based on architecture - landscape sustainable
design



Building architecture - landscape sustainable
design complies with multiple branches to be
systematized into a common forming group
summarized as architectural construction
ecology [13]:

- learning the peculiarities of interaction of
the natural and built environment and developing
methods that help achieve ecological balance;

- preservation of historical heritage, ethnic
architectural features in the introduction of new
environmental technologies and solutions;
creating high-quality, ecologically
substantiated internal and external environment,
using environmentally friendly materials;

- environmental monitoring (creation of
environmental sensors: visual, audible and
olfactory);

- approaching urban residents to the
natural environment in the buildings;
maximum use of natural renewable
technologies - heating to ventilation and lighting;

- organically compounded buildings;

- utilization of underground space and
inconvenient for the common construction sites
for storage of natural areas;

- compliance with human ecology in the
design of individual buildings, neighborhoods
and population;

- bionics and nature similar architecture;

- environmental education and training of
urban residents;
maintaining the architectural
development using ecological balance between
settlements and nature;

- improving the quality of life and comfort
of the environment in urban areas through
ecological restoration of the natural environment;

- creating an attractive image of the city
through environmental, technological and art
resources;

- environmental optimization;

- use of eco bio buildings and facilities,
architectural and  technological  solutions
perceived by the natural environment as cognate
that helps existence, rehabilitation and
development of nature;

- saving resources and their sustainable
consumption and regulation of waste and carbon
emissions;
use of natural
ecological materials;

- forecasting and evaluation of possible
negative consequences of the construction
activities;

and similar natural
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- relevant removal of objects that harm the
environment;

- ecological certification and passporting
of materials, products, buildings and facilities;

- periodic analysis of sustainable urban
development in progress.

Optimizing global urban environment is
directly related to many factors, conditions and
features.

Fig. 2 shows examples of some of the goods
and services various ecosystems can provide for
communities [14].

MOUNTAIN
AND POLAR
FOREST &
WOODLANDS

CULTIVATED

ISLANDS

INLAND COASTAL MARINE
WATER

Fig. 2. Examples of some of the goods and
services various ecosystems can provide for
communities [14]

The location of the city is essential, both for
residents and the environment. The specified
ecosystem  services are: global climate
regulation, local climate regulation, air and water
cleansing, water supply and regulation, erosion
and sediment control, hazard mitigation,
pollination, habitat functions, aste decomposition
and treatment, food and renewable non-food
products, culture benefits.

In particular, many contemporary eco-
oriented cities implement and gradually
introduce sustainable architecture in buildings
where green plants participate equally in design.

Fig. 3 illustrates an exemplary embodiment of
the application of sustainable design which
builds healthy vibrant eco-system.
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Fig. 3. Vertical Landscapes show the integration
of Architecuture and Landscape [15]

The role of green plantations makes up the
visible part and much of the appearance of the
city.

Green plants are rich in biodiversity. With
good planning and correct implementation of
selection the architectural - landscape design
takes shape in durable good solution of
ecological tasks. Green plantations affect: the
architectural appearance of the city, macro and
micro climate, thermal regime, air mobility,
composition and purity of the air, and regulate
urban noise. Fig. 4 shows the positive role of
green areas in urban environments.

Fig. 4. The positive role of green areas in urban
environments
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The modern world offers many opportunities
for planning sustainable urban environment.
Technology development and the possibility of
optimum use of natural resources are a resource
that with careful and responsible management
contributes to building a comfortable and
vibrant eco urban environment.

Conclusion

The creation of architectural - landscape
sustainable design consistent with the urban
environment is a necessity for any society that
aims at building a modern city. The positive side
of this process is important to both the micro
and macro regional development.
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UTILIZATION OF WASTE POLY(ETHYLENE TEREPHTHALATE) AND CRUDE
GLYCEROL FOR PREPARATION OF UNSATURATED POLYESTER RESINS

Nikola Todorov

ABSTRACT: Utilization of waste poly(ethylene terephthalate) and crude glycerol was achieved. Glycolysis
of the waste products was carried out in the presence of propylene glycol. The depolimerization was conducted
in a microwave reactor at 200°C for 60 min. Water soluble fraction was separated from the obtained mixture.
This fraction was used in polycondensation with maleic anhydride. The reaction was conducted by determining
the acid number. Structure and thermal characteristics of the synthesized oligomers were studied with the
methods of FT-IR and DTA. Compatibility of the unsaturated polyesters with styrene was determined.

Key words: poly(ethylene terephthalate), crude glycerol, recycling, unsaturated polyesters.

BBBEJIEHUE

Henacutenute monuecrepun cmoau /UPER/
HAMUpaT TPHIOKEHHE B KOPaOOCTPOCHETO, aB-
TOMOOHJIOCTPOCHETO, CJIEKTPOTEXHUKATA U CIICK-
TPOHHMKATa, CTPOMTEICTBOTO, 3a IMOJydyaBaHe Ha
CHOPTHH, OWTOBH W CaHWTApPHHU ypeaH, MeOemw,
KaKkTO M 3a BOCHHH NMpUIOKeHUs. Te3u BHIOBE
CMOJIA Ce M3ITOJI3BAT MPH WU3paboTKaTa Ha KOPH-
Ta, Ayl KaOMHM, JIOJIKH, IUTyBHU OaceiHu, BOJHH
pesepBoapu u T.H. Te ca 6Je10 OlBETEeHH, 10CTA
BHCKO3HHM TE€YHOCTH, CHCTOSIIHN CE OT pa3TBOP Ha
MOJINECTEDP U CTHPEH. ThPrOBCKUTE HEHACHTEPHU
MOJIMECTEPHH CMOJIM OOMKHOEHO Ce MOJTydaBar
OT HEHACHUTEHH MOJMECTepH Ha 0asa MpOIHIIeH
rimukon /PG/, manennoB auxwapun /MA/ u dra-
noB auxuapua /PhA/. Korato ¢pranoBusT aHXuI-
pHII Cce 3aMEHH OT TepedTanioBa KHUCEINHA Ompe-
JIeICHH CBOMCTBA, KaTO HAIpUMeEp TEpMOCTa-
OWJIHOCT M XHUMHYECKaTa YCTOWYHMBOCT CE€ IMO-
n00psiBaT. Bbrpeku TOBa, MPSIKOTO H3IOJI3BAHE
Ha TepedTanioBa KUCEIMHA B CHHTE3a Ha HEHACH-
TEHH IMOJUECTEPH € OTPAHUYEHO TIOPaIH BHCOKA
TOYKA Ha TOIEHE Ha TepedTasoBaTa KHCEINHA
TPYIHOCTH TPH TIOJIy4aBaHETO, IPOU3THYAIIH OT
cyOomumanust mo Bpeme Ha peakimsra[l]. C men
mpeMaxBaHe Ha Te3W HEIOCTAaThIM B pPeIHIla
paboTH € MpoBe/IcHa TTHKOJIN3a Ha OTMAABIH OT
nosu (etusieH tepedranat) (PET)[1 — 16].

Vaidya u Nadkarni [2,3] ca cpen mbpBuTe,
KOHMTO CHCTEMAaTHYHO M3YYHIIH TTOJy4aBaHETO Ha
HCHACHTCHU MOJIMECTEPHH CMOJHM OT MPOMAYKTH
Ha PET rimkonusara. Baliga u Wong [4] mpoBe-
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mu rioukosnsa Ha PET ¢ eTwieH riukon B npu-
CBHCTBHE Ha pa3M4HU KaTalu3aTopu. Te ycTaHo-
BWJIM, Y€ TPOAYKTUTE OT TIUKOIM3aTta uMat 1-3
MOBTAPSIIA C€ 3B€HA B 3aBHCHMOCT OT H3IIOJN3-
BaHUS KaTaJlnu3aTop.

K. Tahvildari u ap.[5] ycranoBuiu, e cko-
poctra Ha PET rnukonuzata 3aBUCH U3KIIOUH-
TEJIHO MHOT'O OT YCIIOBHSTA Ha TpoIleca: Jero-
mumepuzanusata Ha PET ce mogo6psBa ¢ yBenu-
yaBaHe Ha KOJIMYECTBO HA TIIMKOJA/UTE U BpeMe-
TO Ha peakiusTa. Pequiia apropu [6-15] ycraHo-
BSIBaT, Y€ BUABT HA TIUKOJINUTE, TEMIIEpaTypara,
MPOIBIDKUTEITHOCTTA Ha TIIUKOIIN3aTa U MOJIHOTO
crotHOomeHne Tnukonw/PET umar 3naveHue 3a
(DM3UKO-MEXaHUYHUTE XapaKTCPUCTUKA Ha II0-
JMy4EeHUTE BTBBPACHHU TMPOIYKTH, MOIYYCHU OT
CHOTBETHUTE MOJIUECTEPH.

I'mikonm3ara Ha PET oTrmamplii ¢ TIMKOJIH
MOTHYA B MPUCHCTBUETO HA MOIXOISIIN KaTalu-
3aTOpM Karo Hampumep IMHKOB arerat [4,15],
OJIOBEH, KOOAJITOB WM MaHTaHOB anerar [2,4]
THTaHOBM CheauHeHus [16].

B nmutepatypara HsMa aHHM 3a MPOBEXIaHE
Ha TIIMKoM3a 0e3 mo0aBsiHe Ha KaTanu3arop. B
MIPEIXOAHN HaIM ITyOMUKAMK HUE OIHMCaxMe
BB3MO)KHOCTTA 32 MPOBEXKJaHE Ha TIIMKOJIU3a Ha
PET cbc cypoB rinunepon 6e3 ga ce BHAcCs Kara-
nu3arop[17] . TTomydeHUAT MPOAYKT M3IONI3BAX-
M€ KaTO M3XOJeH 3a IOJIydaBaHEeTO Ha HEHaCH-
Tenu nonuectepu. [Ipu onpenensiHe Ha cCbhBMecC-
THMOCTTa UM ChC CTUPEH Oellle YCTaHOBEHO, ue
14 e camo 20%. ToBa ce oTpa3u HeOParonpUITHO


https://bg.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%B5%D1%81%D1%82%D0%B5%D1%80
https://bg.wikipedia.org/wiki/%D0%A1%D1%82%D0%B8%D1%80%D0%BE%D0%BB

BBPXY (H3MKO-MEXaHWYHUTE TOKa3aTeNd Ha
BTBBpAeHUTE poaykTu [18].

Hacrosimmata pabota e mpoab/DKeHHE W Oc-
HOBHATAa IIeJ € Ha 0a3aTa Ha MPOAYKT OT TJIMKO-
nu3ara Ha PET cbC CypoB IiuLepos U NponuieH
TJINKOJI J1a C€ IOJIydaT HEHACHTEHU TMOIUeCTepH
¢ mo100peHa CbBMECTUMOCT ChC CTHPEH.

EKCIHEPUMEHT
CypoBHHH U MaTepHaJIH

[Monuerunenrepedranat - oTnaab4eH OT OyTHI-
KU 32 0E3aJKOXOJHH HAIWTKH, CYpOB TIIHLEPOI
/CGly/, nonyueH karo CTpaHHYEH MPOAYKT MPH
NPOM3BOACTBOTO Ha Ouoauzen, PapmaxonecH
rimmnepon /FGly/, Tpomunen riaukos, MajaenHoB
aaxuapua, Crupen, Terpaxuapobypan /THF/,
0,1n anxoxonen pastBop Ha KOH, muauxatop
(deHondTaneiy.

Henonumepusanus Ha PET

Jenonnmepuszanusra € MpoBeACHA B MHUKPO-
BBJIHOB peakTop DAEWOO KOR 6485. Ilperer-
JAT ce Ha TexHudecka Besna 25,6 g (0,133 mol)
PET u ce mocraBiT B emHOrbpjcHa Koyba ¢
mwiocko apHO. KM TsX ce mpubasar 17,76 ¢
CypoB riuIepos, Koito cbabpka 0,160 mol
riureporn u 8,09 g (0,106 mol) mporuien riu-
koi. [lomyuaBa ce xeTeporeHHa cMec OT TBBPI
PET u Teunute AECTOIMMEPU3UPALINA PEATCHTH.
3arpsiBaHeTo € ¢ MHUKpOBBJHHU. [logmbpixka ce
temmepatypa 200°C. IIponechT Ha AETOTUMEPH-
3ammsa mpoabinkaBa 60 min. [lomyueHusT mpo-
IyKT Ha TIukonun3a ce erukupa kato G PET.

OTtpensine Ha BoaopasTBOpuMa (pakuus
(WSF)

IIpoaykrsT Ha rukonu3a G PET ce oxnaxnaa
no temmeparypa 100°C u ce mscumnsa B 700 g
npensaputenHo 3arpsata g0 90°C pectunupana
Bojaa. Pa30bpkBa ce n00pe. dunrpysa ce Ha ro-
pemo. @uATpPaTsT ce MOCTaBs B XJAAUIHUK MPU
temmneparypa 4°C. Cnen 12 gaca ot BogHus pas-
TBOp c€ OTHeNs yTalika, KosTo ce (uirpysa,
MIPOMUBA C€ C JAECTWINpaHa BOJa C TeMIepaTypa
4°C, cymm ce u ce erukupa karo WSF.

CunTte3 Ha HeHacuTenn nomnectrepu (UPE)

B konb6a ot 500 ml ce nocraesar 108 g WSF u
19,6 g manenHoB anxuapun. TemmepaTypara ce
noBumasa nocreneHHo ot 140 mo 190° C. 3a
KMHETHKAaTa Ha MPOIIeca ce CIEIH M0 M3MEHEHH-
€TO Ha KUCETMHHOTO uuciio. Ha Bceku 15 min ce
B3eMaT npobu u ce aHanusupar. [lonuecrepudu-
KalyaTa IMpoAbJDKaBa J0 IOCTHraHe Ha Kuce-
nuHHO uncio 50 mg KOH/g.
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[Tomygenute monmecrepu ce oxyaxaar 10 90
°C u ¥pM TsX ce mpobassar 37,4 mg (0,045 %)
XUJIPOXMHOH B KayeCTBOTO HA HWHXUOWTOp 3a
MPEeNOTBPATABAaHE Ha BTBBPASBAHETO TIPEIH
ymotrpeba. Pa3ObpkBa ce 10 IBJIHO pa3TBapsHE
Ha XUJIPOXHHOHA.

AHaIU3HU
eKucenunno uuciao. Omnpenens ce Mo craHaapT
EN 14104:2003.
eKomuuectBen ananu3 Ha CGly. CpappikaHueTo
Ha TIUIEPOJI, BOJA W IICTIE] CE OMNPEHEIAT II0
crangaptu EN 14106:2003, EN ISO 12937:2003
u ISO 3987:1999 croTBeTHO.

HNHCcTpyMeHTATHH METOIH 32 AHAJIU3
e FT IR cnekrpockonus. Perucrpauusra € npo-
BE/ICHa HA CIEKTPO()OTOMETHp 3a CpedaHaTa U
omuskara mH(padepBeHa obmact Nicolet iS 50
FT IR B untepBan 3996 -399 cm-1 u pe3omtorus
2 BBB BHJ Ha THHBK (WUIM BBpXYy TabjieTka OT
KBr.
e UV —VIS cnekrpockonus. CrnekTpure ca pe-
THCTpUpaHu Ha crekTpodoTtomersp Evolution
300 UV VIS B pastBop B TeTpaxuapodypaH B
uaTepBan 240-340 nm.
o JludepeHnpaina cKaHUpalla KaJOpUMETPHsI
/DSC/. Anamu3bT e mpoBejeH Ha amapat ,,STA —
TG-DSC/DTA F3 JUPITER” na d¢upmara
NETZSTH — 'epmanust B TeMnepaTypeH HHTEp-
Baj ot 20 10 600 °C B a30THA aTMOChepa.

PE3YJITATHU U OBCBHX/JIAHE
[Mony4yenure B Hacrosmara paboTa HEHACH-
TEHU TIOJINECTEPU CE pa3nyaBaT OT MPEIXOIHH-
te [18] mo ToBa, ye rmkosm3ata Ha PET mportu-
Ya B MPUCHCTBUE HE Ha €IMH, a Ha J[Ba JIETIONH-
MEepHU3HUpalll PeareHTd — CypoB TJIMILEPOJ, IO-
Jy4eH KaTo CTPAHWYEH MPOIYKT MPHU MPOU3BOJIC-
TBOTO Ha OWMOJU3EN U MPONMICH IIIHKOJ, 332 KO-
TO € W3BECTHO, Y€ MOJ00psSBa ChBMECTUMOCTTA
Ha HEHACUTEHUTE TOJIUECTEPH ChC CTUPEH.
Omnpe/ieneHn ca HIKOW OCHOBHH XapaKTepHC-
THUKH Ha U3XOJAHHUTE TPOITYKTH:

PET:

MosekynHa maca Ha 1 3BeHO, g/mol — 192
[TrpTHOCT, g/cm — 1,29

ArperaTHo ChCTOSIHUE — TBBP/IH JIFOCITH
TBerpkisBane — 77,8°C

Tronene - 246,5°C

Cypos 'nmuuepod:

Coabpskanue Ha raunepon — 82,7 wt.%
Coabpxanne Ha Boga — 8,6 wt.%
Coabpxanne Ha MONG — 2,4 wt.%




[enenxo cwappkanue - 6,3 Wt.%

LBsar — kadse

IIponunen I'mukour:

Mosekynna maca — 76,09 g/mol
ATrperaTHo CbCTOSHHUE — BUCKO3HA TEUHOCT
I[LreTHOCT — 1,04 g/cm3

LBsiT — 6e3uBETEH

Tkunene — 188,2°C

PET e oxapaktepusupan ¢ merona Ha DSC.
YCTaHOBEHO €, Y€ TEeMIIepaTypuTe Ha BCTBHKIISA-
BaHe Ty u Ha Tonene T, Ha otnaxbunus PET ca
npu 77,8 u 246,5°C chOTBETHO, JIOKATO 3a CBE-
xus PET, Ty e mpu 72°C, a T, npu 253°C. Tesn
W3MEHEHHS MOTAT Jia ce OOSCHSAT C IPOTUYAHE HA
JECTPYKIIMOHHH ¥ OKUCIHTEIHU MPOIECH B OT-
nagbuynus PET.

CypOBHST INIHLEPOJ, C KOWTO ca IMPOBEICHU
u3cieaBaHusATa ¢ KadsB Ha uBar. [lo ctanmapTu-
3MpaHd METOJHM Ca ONPEACICHH ChIbPKAHUETO
Ha [JIMLEPOJI, BOJA U TeNeN, a ChIIbPKaHUETO Ha
OpraHWYHHUTE ChenuHeHus (0e3 TiuIepon) -
MONG 6emie usumcieno mo pasnukara: (100-
(%rmunepont%soaatrmenen). Ilpu anamusa Ha
METNEeTHOTO ChAbpKaHWE Oelle YCTAHOBEHO, 4Ye
toBa ¢ NaCl.

I'mukonuzara Ha otnagbunuss PET e mpose-
JIcHa TI0 OIHMCaHaTa MO-TOPe METOMKA MPH MO-
napao cwotHomenune CGly/PG=3/2 u cwoTHO-
menne (CGly+PG)/PET=2. 3a mporuuaHeTo i

OHEYHCTBAIIO BEIIECTBO B Tiumepona. OcBeH
TOBA TI0 BpeM€ Ha IENH MPOIeC TEMIIeparypa ce
noanepka g0 200°C. Ilpu Te3u ycloBus BTO-
puunute OH rpynu Ha rimueposia He ca aKTUB-
HU.

3a xo/1a Ha TIpolleca Ha TJINKOJIA3aTa Ce CIEAH
¢ meroga Ha UV-cniektpockonusita. ToBa € Bb3-
MOJKHO, 3allOTO W3XOMHUTE MPOAYKTH
OTIMaTbueH TIUIEPOII, IPOITMIICH TIIMKOJ U OT/Ie-
JSTHUAT TPU TIMKOJNM3aTa €TWJICHTIHMKON HAMaT
criekTbp B uHTepBan 240 mo 340 nm. PET He ce
pastBaps B THF u chIio HAMa CHEKTHP B TO3U
nHTepBan. I'nmukonusara Ha PET 3amouBa B xere-
porenHa cucremMa — T8bpJ PET u Teunu neno-
JTUMEPHU3HpPAIA peareHTH — CYpOB TIIHLEPOT U
npomwieH rukon. [lpu permcrpanmsra Ha u3-
XO0JIHaTa MOHOMEpPHA CMEC HE Ce€ IMOJIyYu CIIeK-
Tsp B uHTEepBai 240 no 340 nm/®wur.1./. C Ham-
peaBaHe Ha mpoleca, Ibarute Moyuekyau Ha PET
ce MpeBpbIIaT B no-kbcu. Koraro monekynnaTta
Maca Ha nenonuMepusupanus PET crane gocra-
THYHO MaJIKa (MPEKypCOPHU MOHOMEPH, TUMEPHU
U TpUMEpH), MOJIEKYJIUTE CTaBaT Pa3TBOPUMH B
terpaxuapodypan. B pesynrar Ha ToBa B UV-
obmactra ce mosBsABa creKTbp/dwur.l./IIuksT
npu 287nm (34843 cm™) choTBercTBa Ha T-T*
Mpexojila Ha CIperHaTHTe JBOMHM BpPB3KH Ha
Tepe()TaJIOBUTE 3BEHA JaBa MH(OpMaIHs 3a KO-
muaecTBOTO Ha pasrBoperute B THF tepedrano-
BM 3BeHa[17].
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gliceridi007 sre-proba pi.1.

He e mpubaBeH Katanu3arop. B HacrosimaTa pa-
6ora mporiecsT ce yckopssa ot NaCl, xoiito e

gliceridi008 sre-praba p1.2. kone/2

300 310 320 330 340 350

Wavelength(nmj)

gliceridi010_sre-proba p1 4. gliceridi008 sre-proba p1.3.

@wur. 1. UV criektpu Ha npoayktu ot rimkonu3ara Ha PET cee (CGly+PG) BbB 2-Ta(—), 20-tata(—)

, 30-tara (—) 50-tara u 60-taTa(—) MUHYTH.
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MeToabT 3a IMoJlydaBaHe Ha Ta3u HH(poOpMa-
uust ¢ 0bp3 u jeceH. Ha Bceku 10 MuHYTH ce
B3eMar MpoOu, MOATOTBS CE Pa3TBOP Ha mpodaTa
oT Teunara ¢asza B THF ¢ xoHmeHTpamus 1.10°
g/l u ce peructpupa UV criekTbpa B HHTEPBAT OT
240 no 340 nm.

Bmxna ce /®ur.1/, ye ¢ HampeaBaHe Ha IIPO-
1eca, MHTEH3UTETHT MpH 287 nm HapacTBa. 3a
LIEINTE HA H3CJIEABAHETO CC OMPEaeis CBCTIMH-
HaTa abcopOrms Ajg; Mo Meroia Ha OaszoBaTa
nuuus. Upes mpociensBaHe Ha M3MEHEHUATA Ha
cBeTIMHHATa abcopOIns A,g; BBB BpeMeTo, Oe-
mie mojiyueHa wH(OpManus 3a U3MCHCHHETO B
MOJICKyJIHATA Maca Ha OJUTOMEpPHTE B TeyHaTa
¢dasa mo BpeMe Ha riukoym3ara. [lomydaBaHeTO
Ha 2 IOCjeI0BaTeIHU €IHABH CIIEKThpa € yKa3a-
HUE, Y€ € HACTHIIMJIO PaBHOBECHE IPHU pasriIeik-
JIAHWUTE YCIOBHS U MPOIECHT CE MPEYCTAHOBSBA.
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[TonyuyaBa ce nmpoayKT Ha raukonusa. To mpen-
CTaBJISIBA CJIOXHA CMEC OT OJIMTOMEPHHU MPOIyK-
TH, TIUIEPOJI, TPOTHJICH TIIMKOJI, €TUJICH TIIMKOJ
W OHeuHcTBaHMsTAa Ha rmiepoia. OT Hero ce
otmens BomopastBopumara (paxiust/WSF/. 3a
[eNTa IUIOTO ChIbpPXKAHWE Ha peakTopa ce W3-
JIMBa B ropela AecTHiINpaHa Boaa. Pa3TBopsT ce
¢bunTpyBa Ha TOpenIo U ce oxyaxaa 8 h mpu 4°C.
[Ipu Te3m ycroBUS HACTBIIBA pa3CIOSBAHE —
nojy4aBa ce Osia yraiika u TeyHa ¢asa, B KOsTO
ca pa3TBOPEHU HEB3aMMOACCTBAIIUTE TIULEPOT U
MPOTMICHTIINKO,0HEYUCTBAHUATA HA CYpPOBHS
rnunepon — NaCl u MONG, u nonydaBaHus B
npoleca Ha TJIMKOIW3a CTHICHITIHMKON. YTaiKa
ce mpeuncTBa, cymm ce nmpu 60°C u ce eTuKnpa
karo WSF. Ts ¢ TBbpI0 BEIeCTBO C OsUT LIBST,
MO KOETO 3HAUUTETHO CE Pa3inuaBa OT MPOIyKTa
Ha TTIMKOIN3a, KOUTO € KadsB.
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®@ur.2. FT IR cnexTsp Ha WSF, monyuena npu riukonnsza Ha PET ¢bc cypoB TiuIiepo u mpomnuiieH

TJIMKOJI

C MeTona Ha Ten-MPOHMKBAIATA XPOMATOT-
padus e onpeneneHo, ye cpegHo OpoitHaTa MO-
nexynna maca Ha WSF e 540. Ctpykrypara Ha
WSF e wuscnmensama c¢ wmeroma Ha IR-
cnektpockonusita /Our.2. /Bmwxknaa ce, ue B FT IR
criekTbpa /dwur.2. / ce HaOJIIO1aBaT UBUIM 34 :
® TepeTalIOBHTE 3BEHA!

— 3100-3030 cm™ —xapakTepHO C1a60 HHTEH-
3uBHO mornbmase 3a v =(C-H)3a cnopernartu
JIBOMHU BPB3KH B OCH3EHOBHUTE s1/pa);

- 1717 cm™, crorBercTBama 3a V(C=0) BpB3KHY,
CIpEerHaTH ¢ IBOMHHU BPB3KH;

- 1578 u 1506 cm™ —v(C=C) 3a p-3aMecTeHH
OCH3EHOBH AIPA;

- 1274 cm™ u 1127 cm™ 3a v 1 v, Ha BpB3KaTa
(C-0) B rpymure (C-0O-)C u (C-0)-H;

-727 cm™ 3a y (Ar-H) npu p-3amecrenn Gense-
HOBH sJTpa.

e[ J11M11epOIIOBY 3BEHA:

— 2926 cm™ — ¢ XapakTepHHs Cl1a0 MHTEH3HTET
MPU XETEPOChEeIMHEHUS 3a Vs CHp,

- 1410 cm™, cporBercrBama Ha SCH, B rpymara
CH,-O.

e[IponuieHoBy 3BeHa —

- 1384 cm™ croTBeTcTRamA Ha 0CHj,
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Pesyntatute or FT IR cnexkrepa u ren-
MpOHHMKBAMaTa Xxpomarorpadusi  IMO3BOJSIBAT
MPOLECHhT HA TJIMKOJM3a Jla C€ MPEIACTaBH ChC
cleiHaTa CXeMa.

HO—CHy— CH, o—&:—@—c—o—cr«;—cr—%w * CHGH—CH, + HO—GH—CH,—OH
o)

Il | |
o] OH OH OH CH,

PET m

— HO—2Z O—K“I—Q—IC*O*Z OH + HO—Z—0OH
e} o n

ZiGHCHy. CHyGH—CH, Wit HO— CH— CHy— OH
OH GH,

Cxema 1. I'muxonuza Ha PET cbc CGly u PG

ToBa e ompocTeHa cxemMa Ha BCHUKH PEaKIUH
KOWUTO TIpOTHYAT (TJIMKOJIM3a, OOMEH, IOJIMKOH-
JICH3a1Hs1) 10 MOCTUTaHE Ha PaBHOBECHO CBHCTO-
suue. Ha 6a3ara Ha pe3yaTaTuTe OT refl IPOHHK-
Bamata xpomarorpadus u IR-crekrpockomnusita
Moke Ja ce npecmertHe, ue WSF e cmec ot mipe-
KYPCOPHHU OJIUTOMEPH, B KOUTO n=1-4,

[Tonygenata WSF e m3mon3BaHa KaTo H3XO-
JCH MPOAYKT IPH IOJYyHaBaHETO Ha HCHACUTCHU
MoJiecTepu. 3a IeNTa € NpoBeleHa MOJIHKOH-
JCH3aIMs ¢ MAJCHHOB aHXMUAPH] IO ONHCaHATa
MO-TOpe MeToIuKa. TeMmmeparypara ce MOBHILA-
Ba noctenenHo ot 140 go 190°C u ce 3agbpxa
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mpu Temneparypa 190°C mo mpukiIouBaHe Ha
noymmectepudrKanusaTa. 3a KHHETHKATa Ha IIPO-
1eca ce ChAM M0 W3MEHEHHWETO Ha KHCEIHHHOTO
yrcio. Ha Bcekn 15 min ce B3emar mpobu u ce
ompeJeNss KACETMHHOTO YUCIIO MO0 CTaHIapTH3H-
paHa MeTOJuKa.

Konnenzannonnata peakuusi ce ocTaBs Ja
MPOJBIDKY, JIOKATO KHCEIWHHOTO YUCIO JOCTHI-
He croitoct < 50 mgKOH/qg. /®wur. 3/.
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KucenuHHo uncno, mg KOH/g
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Bpeme, min

@ur. 3. sMeHeHe HA KUCEIWHHOTO YHCIIO C
BpEMETO
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®ur.4. FT IR criektbp Ha HeHacUTEHUTE TIoNMecTepH, moryderan ot WSF u MA

ITony4yaBa ce BHCKO3€H IMPOIYKT ChC Oyenno-
KBAT UBAT. CTpyKTypaTa ¥ TEPMUYHHUTE MY Xa-
PaKTEPUCTHKHU ca W3CNeABaHu ¢ MeToauTe Ha FT
IR/®ur.4/ u DSC/®ur.5/. B FT IR -cnekrspa
/®ur.4/ce HabarOAaBAT UBUILM 34:

eTepedranosu 3BeHa:

- 1717cm’™, choTBeTCTBAIA HA 32 v(C=0), ¢ xa-
paKkTepeH BUCOK MHTECH3UTET;

- 1578 u 1506 cm™ 3a v(C=C) B p-3amecTeHu
OCH3CHOBH SPA;
- 1266 cm™ u 1159 cm™ 3a v,C-O n vs(C-0O)
cpoTBeTHO B rpymute (C-0-)C u (C-0)-H;
- 732 cm™ y(Ar-H) 3a p-3amecreHH GEH3CHOBH
spa.

e[ u1epoioBH 3BEHA.
—2926 cm™, XapaKTEePUCTHUIHA 32 Va3 CHy;

138



- 1409 cm™, cporBercrBama Ha SCH, B rpymara

CH,-O.
e[ IponmiieHOBM 3BeHA:
-2979 cm?, XapaKTepUCTUYHA Ha Va5 CHi;

- 1380 cm™ crorBercTBama Ha SCHa;
- 1296 u 1162 3a v,sC-O u v¢(C-O) choTBETHO B

rpynute (C-O-)C.
® 3BeHa OT B3aUMOJICHCTBHETO HA MAJICHHOB

AHXUAPUI
- 1645 cm™, xapakrepuctmuna 3a Vv(C=C);

TG/M%
1004

v ean., ane
b —rma wna

80 4
60 -

401

Mase Loss (Marsh)

- 981 cm™ u 774 cm™, crorBercTBamy Ha ¥ =(C-
H) Tpenrtenus 3a TpaHC W IIUC MU30MEPUTE CHOT-
BeTHO. OT MHTEH3UTETa Ha MBHUIUTE CE BIDKIA,
Ye MpU YCIOBUATA HA peakiusaTa MO-ToJsMaTa
4acT OT 3BeHATa ca MpeMUHAIN B IO-CTa0MIIHATA
TpaHC KOHQUTYpaITHUs.

MeroapT Ha IR-cnekTpockomnusita MOTBBPXK-
JlaBa MPOTHUYAHETO HAa IPOLEC Ha MOIUKOHICH-
3amus Ha WSF U ManenHOBHS aHXUIPHI U TI0-
Jy4yaBaHETO Ha HEHACUTEHU MOJINECTEPH.

Tepmuunure xapakrepuctuku Ha UPE ca u3-
cienBanu ¢ merona Ha DTA /®wur.5/.

DTG /(%/min)

TR pavart

Onset
Mid

26 C
3339 °C

infiection
End: 4240 C

Mass Change: 8248 %

.
3202°C . S
.- 2 ¥
. :
" . |
5 - =

200 300

Temperature /'C

500

1 M 0 M G0 08 175 W0 gl e

®@ur.5. DTA ananu3 Ha HEHACHTEHHTE MoJinectepy, monydenu ot WSF u MA

Ot ®wur. 5 ce BXIa, Y€ TEPMOCTAOMITHOCTTA

Ha UPE e xapakrepHara 3a HEHACUTEHHUTE TOJIH-
ectepu: 1o 218°C 3arybure B Terio ca camo 5%,
KOETO C€ JB/DKHM HA HSIKOM JIECHO JICTJIUBU KOM-
noHeHTH. B TG kpuBara ce BuxaaT 2 cTbhiana 3a
3ary6a Ha teruo. [IbpBOTO € ¢ MakcuMaiHa CKo-
poct Ha m3rapsiae mpu 382°C, mpu KoeTo ce ryou
82,46% ot Macara. BropoTo cThnano € B MHTEp-
Ban 452-490°C ¢ MakcuManHa CKOPOCT IIpH
462°C, mpu koeto ce ryosT 3,67% ot macara. Jlo
600°C mzrapat 94 % ot BemectBoTo. OT urypa
5 ce BWkIa, Y€ CUHTE3MpPAHHUTE HEHACUTECHUTE
MOPUECTEPH UMAT XapPaKTEPHHUTE 3a HEHACUTEHU-
T€ IOPUECTEPH TEPMHUYHH XapPaKTEPUCTUKH.

Ot oco0eHo 3Ha4YeHue 3a HacTosmaTa paboTa
€ ChbBMECTUMOCTTA Ha HEHACHUTCHHUTE ITOJIMECTE-
pu cbe cTupeH. [IpuOaBsiHETO Ha CTHUPEH KbM
HEHACUTEHUTE IMOJIMECTEPU BOAH J0 HaMaJsIBaHE

Ha BHCKO3WUTETa W yJIECHSABaHE Ha HAHACSHETO.

OcBeH TOBa TOW ce sIBSIBA U OMPEXKBAILl KOMIIO-

HeHT 32 UPE u Mo’xe 3HauuTeNHO J1a MOBIMsE Ha

CBOIICTBaTa Ha BTBBPJACHUTE MPOAYKTU. Malko-

TO KOJIMYECTBO CTUPEH B HEHACUTECHUTE ITOJIHEC-
TEepH Ch3/aBa PsKa MPOCTpaHCTBeHa Mpexa. C
HapaCTBaHC Ha KOJIMYCCTBOTO HAa BHBEACHUA B
cMoJiaTa CTUPEH Ce Ch3/1aBa Bb3MOXKHOCT 3a Ha-
pacTBaHe Ha IUTBTHOCTTa Ha MPOCTPAHCTBEHATA
Mpexa. ToBa OT cBOs cTpaHa BOAM A0 IOBHILA-
BaHC Ha TBBPAOCTTA U BOﬂOYCTOﬁQHBOCTTa HO
MOJTy4YeHUTE BTBBPJICHU MPOoayKTH. [Ipn u3cnen-
BaHE Ha CHhBMECTUMOCTTa Ha CHHTE3UPAHUTE B
HacTosimaTra paboTa HEHACUTCHUTE IOJIMECTEPH
ChC cTHpEH Oelle yCTaHOBEHO, 4e T ¢ 35 Wt%.
ToBa e 3HAUUTENTHO MOBEYE OT CHBMECTUMOCTTA
Ha CHHTE3MPAHUTE OT HAC MOJHMECTEPU B Mpe/-
XoHa padoTta [18], B KosATO MonuecTepure Osxa
nonryueHu Ha 6a3a PET, CGly u MA. BracsiHero
Ha MaJku konmdectBa PG moBene 10 3HAYUTEIIHO
HapacTBaHE Ha CBHBMECTUMOCTTA CBhC CTHPEH,
KOETO Cbh3/1aBa BB3MOXXHOCT BTBBPICHHUTE MPO-
IYKTH, MOJMYYEHU OT HEHACUTEHUTE MOJHECTep-

HA CMOJIM Jila WMaT moxo0peHu (U3MKO-

MECXAaHUYHUTEC ITIOKAa3aTCIIN.
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3AK/IIOYEHHUE

ITony4enu ca HeHacUTEHHU IOJHECTEpU Ha Oa-
3ata Ha jABa oTnaab4ynu npoaykra —PET ot Oy-
TUJIKH 32 0€3aJKOXOJIHM HAMUTKH M CYPOB IJIU-
LEpOJI, MOJIyYeH KaTo CTPAaHWYEH HPOIYKT IHpH
POM3BOACTBOTO Ha Ouoamsen. IlpoeneHa e
riukonu3a Ha PET cbc cMmec OT cypoB TMLIEpOI
u nponuieH rukoi. Ilpounecst mpotuya ycmem-
HO mpu Temmeparypa 190 °C u mpombmxuTen-
HocT 60 MIn mpu 3arpsiBaHE B MHUKPOBBIHOB
peakTop 0Oe3 mobOapsiHe Ha karanmzaTtop. OT mo-
Jy4EeHUs NPOAYKT Ha IJIMKOJIM3a € OTHeNIeHa
BozmopasTBopuMata ¢pakuus. C meromuTe Ha
rej-poHUKBamara xpomarorpaguss u  IR-
CIIEKTPOCKOINHUATA € HAMEPEHO, Y€ ca IOJydYCHU
MOJIMECTEPHU HOJIMOJIM ChC CpenHO OpoiiHa Mo-
nexynna maca 540. [IpoBeneHa e MOIMKOHACH3a-
st Ha WSF u manennos aaxunpua. [Ipomecst e
MPOCIEACH C METOJa Ha KHUCEIMHHOTO YHCIO U
npotuya 3a 190 MUH, IpU KOETO C€ IOoJydyaBaT
HEHACUTCHU TMOJIMECTEPU C BUCKO3HA MEH000-
pa3Ha KOHCUCTEHLMs. BaxxHo e na ce orOenexu,
qe:

- HE3aBHCUMO, Y€ CYPOBHSAT TIIHIEPOI € C Ka-
(sIB 1BAT, CHHTE3WPAHUTE TIOJIMECTEPU ca Oyes0
KBJITH.

- CBbBMECTUMOCTTA ChC cTUpeH € 35%, KoeTo
npeamnonara  nojoOpsBane  Ha  (usHKO-
MEXaHUYHHUTE T0Ka3aTeNl Ha MOJyuYeHUTE HEHa-
CUTCHU IMOJIMCCTCPHU CMOJIN.

Paborara nma exonoruyHO, HAYYHO ¥ UKOHO-
MHYECKO 3HaUCHHE.
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POLYPHENOLIC CONTENT, ANTIOXIDANT ACTIVITY AND ANTIMICROBIAL
PROPERTIES OF LEAF EXTRACTS FROM DANDELION (TARAXACUM OFFICINALE)

Yulian Tumbarski, Nadezhda Petkova, Ivan lvanov

MOJM®EHOJHO ChJbPKAHUE, AHTUOKCUJIAHTHU CBOMCTBA U AHTUMMUK-
POBHU XAPAKTEPUCTHUKHU HA EKCTPAKT OT JIMUCTA HA I''TYXAPYE (TARAXA-
CUM OFFICINALE)

HOnmuman Tymbapcku, Hagexna Iletkosa, MBan MiBanos

ABSTRACT: Taraxacum officinale Weber ex F.H. Wigg (dandelion) is a perennial and medicinal plant of
the family Asteraceae. This herb grows in the temperate regions of the world and its leaves and roots are used as
infusions and decoctions. In addition, young leaves are commonly consumed freshly as a salad. The dandelion
plant has been traditionally used for improving digestion, against water retention and for curing liver diseases.
Although, the antimicrobial and antioxidant properties of the various crude extracts from root of T. officinale
have been reported, the biological activity of 50% ethanol extracts obtained from dandelion leaves were not
completely investigated. Thus, the aim of the current study was to investigate the in vitro antimicrobial and anti-
oxidant activities of 50% ethanol extracts obtained from dandelion leaves collected during the different vegeta-
tive stages. The highest radical scavenging activities possessed the polyphenolic extract obtained from T.
officinale leaves harvest after flowering period — 1652.0 + 19.9 mmol TE/g extract. The results from antibacteri-
al assay showed that the ethyl acetate fraction extracted from 50% ethanol extracts inhibited the growth of some
food borne pathogenic bacteria - Escherichia coli and Bacillus subtilis. However, these extracts did not possess
inhibitory effect against Candida albicans and Fusarium sp. Therefore, the current study revealed the potential
of future application of dandelion leaf extracts in functional food formulation and improvement of biological
activity of some food, pharmaceutical and cosmetic products.

Key words: polyphenols, antioxidant activity, antimicrobial activity, dandelion leaves, Taraxacum officinale.

Introduction source of vitamin C in the early spring. Dandeli-
on water extract has anti-tumor and immuno-
The medical plants have been widely used by ~ modulation activity attributed to polysaccharides.
people of all cultures to treat various diseases  The most important biologically active com-
since ancient times. The herbs with their active  pounds are sesquiterpene lactones, biotin, inosi-
compounds are still used as a source of medicine  tol, vitamins B, D, E and phosphorous (P). The
by most of the world’s population (mainly in de-  leaves possess a higher content of B-carotene
veloping countries) for primary health care be-  than the carrots and more iron (Fe) and calcium
cause of better cultural acceptability, better com-  (Ca) levels than spinach, along with macro- and
patibility with the human body and fewer side  microelements (Hudec et al. 2007; Abdul Kadir
effects as compared to conventional drugs. et al. 2012). Flavonoids and coumaric acid deriv-
Taraxacum officinale is an herbaceous peren-  atives were also identified from dandelion flow-
nial plant of the family Asteraceae, commonly ers (Kitts et al. 2005).
called dandelion. The plant grows in temperate In traditional medicine the plant T. officinale
regions of the world, on roadsides, in lawns, on  has been used for poor digestion, water retention
disturbed banks and shores of water ways and  and against liver diseases including hepatitis (due
other areas with moist soils (Abdul Kadir et al. to its hepatoprotective effect). Dandelion has
2012). been used in herbal medicine as a mild laxative,
Traditionally, Taraxacum leaves are used for  for increasing of appetite and for improving of
food in various forms, while roots are often used  digestion. Its milky latex has been used as a
as a coffee substitute. The leaves can be eaten  mosquito repellent (Sohail et al. 2014). T.
cooked or raw for preparation of salads, tea or  officinale serves mainly as a diuretic and at the
soups, which are recommended as a natural same time as a cleanser of the blood and liver.
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Active substances of dandelion reduce serum
cholesterol and triglycerides because they inten-
sify bile secretion. Dandelion improves the func-
tion of liver, pancreas and stomach. It is used to
treat anemia, cirrhosis of the liver, hepatitis and
rheumatism; possess anti-inflammatory, anti-
oxidative, anti-carcinogenic, analgesic, anti-
hyperglycemic, anti-coagulatory and prebiotic
effects (Abdul Kadir et al. 2012).

T. officinale leaves and roots extracts have
been used for hundreds of years to treat gallblad-
der, kidney disorders and joint problems. In
some communities, T. officinale is used for ail-
ments as varied as eczema and cancer. It has also
been used in ancient Chinese culture to cure bac-
terial infections and ailments, as well. In Ghana,
however, T. officinale is often regarded as weed
and has seen very little attention in the scientific
community (Lateef and Issah, 2012). The thera-
peutic effect of T. officinale and many other
plant spices suggests the presence of
antioxidative and antimicrobial constituents in
their tissues. Antioxidants such as flavonoids,
phenolic acids and terpenoids can protect the
body from the formation and the disposal of free
radicals and their pathological effects (Ghaima et
al. 2013; Amin et al 2013). The classes of bio-
logically active compounds of the herbs include
also alkaloids, tannins, and glycosides etc.,
which have been established to have in vitro an-
timicrobial properties (Rodino et al. 2015).

In the present study, we investigate the total
polyphenolic content, antioxidant activity and
antimicrobial properties against some food borne
pathogenic bacteria, yeasts and fungi of 50 %
ethanol extracts derived from dandelion leaves
(Taraxacum officinale).

Materials and methods

1. Materials
1.1. Extracts

Plant material: aerial parts (leaves) of wild
growing population of dandelion (Taraxacum
officinale) in Plovdiv region, Bulgaria were ran-
domly collected during different vegetative
stages: before flowering (sample 1), during flow-
ering (sample 2) and after flowering (sample 3).

1.2. Test microorganisms

The following microorganisms from the col-
lection of the Department of Microbiology at
University of Food Technologies, Plovdiv, Bul-
garia, were used: Escherichia coli ATCC 8739;
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Bacillus subtilis ATCC 6633; Candida albicans
(clinical isolate) and Fusarium sp. (plant isolate).

1.3. Culture media
1.3.1. LBG-agar medium

This agar medium was used for cultivation of
the test microorganisms E. coli, B. subtilis and C.
albicans, and for the implementation of the agar
well diffusion method. For this purpose we pre-
pared LBG medium (10 g tryptone, 5 g yeast ex-
tract, 10 g NaCl and 10 g glucose dissolved in 1L
of deionized water). PH was corrected to 7.5 and
then 15 g/L agar before autoclaving (for 20 min
at 121°C) was added.

1.3.2. Malt extract agar (MEA)

This medium was used for cultivation of the
fungus (Fusarium sp.). Ingredients (per 1L of
deionized water): 20 g malt extract, 20 g dex-
trose, 6 g peptone and 15 g agar. The final pH
was corrected to 5.5 and the medium was auto-
claved for 10 - 15 min at 121 °C.

2. Methods
2.1. Extraction procedure

Dandelion leaves desiccated in the lab at
room temperature were pulverized in a labora-
tory homogenizer. The powder of finely ground
samples (20 g) was carefully extracted with 100
mL of n-hexane in triplicate. The dry biomass
after n-hexane fractionation was extracted 3
times with 100 mL of 50% ethanol. The com-
bined 50% ethanol extracts were evaporated to
water phase and then re-extracted by addition of
100 mL ethyl acetate to obtained only polyphe-
nolic fraction. The ethyl acetate fractions were
evaporated to dryness.

2.2. Total phenolic content

Dry extract was diluted with methanol to con-
centration 1 mg/mL. The total phenolic content
was determined using the Folin—Ciocalteu re-
agent. Basically, 0.2 mL extract was mixed with
1 mL Folin—Ciocalteu reagent diluted five times
and 0.8 mL 7.5 % Na,CO;. The reaction was per-
formed for 20 min at room temperature in dark-
ness. Then the absorbance was measured at 765
nm against blank sample. The results were ex-
pressed in mg equivalent of gallic acid (GAE)
per g extract, according to calibration curve;
build in range of 0.02 - 0.10 mg/L gallic acid.

2.3. Determination of DPPH radical scaveng-
ing capacity



Radical scavenge activity — DPPH assay,
mmol TE/g DW (2,2-diphenyl-1-pycrilhydrasil)
was established by the following methodology:
0.15 mL of analyzed extracts were mixed with
2.85 mL freshly prepared 0.1 mmol solution of
1,1-diphenyl-2-picrylhydrazyl radical (DPPH) in
methanol. The reaction was performed at 37 °C
in darkness and the absorption at 517 nm was
recorded after exactly 15 min against methanol.
The antioxidant activity was expressed as mmol
Trolox equivalents (TE) per g extract by using
calibration curve, build by 0.05, 0.1, 0.2, 0.3, 0.4
and 0.5 mM 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox).

2.4. Antimicrobial assay

The antimicrobial activity of the leaf extracts
from dandelion was determined by the standard
agar well diffusion method.

The test bacteria and yeasts were cultured on
LBG agar medium for 24 hours at 30 °C, except-
ing E. coli which was cultured at 37 °C. The fun-
gus Fusarium sp. was grown on MEA at room
temperature for 7 days or until sporulation.

The suspensions of test microorganisms were
prepared by addition of sterile 0.5% NaCl into
the tubes and vigorous shaking. After this, sus-
pensions were collected and fungal suspension
was preliminarily filtered. The concentration of
the viable cells and spores in the suspensions was
determined by using a Thoma’s haemocytometer.
The final concentration of the viable cells and
spores in the suspensions for inoculation was
adjusted to 1.0x10° cfu/mL (for fungal spores)
and 1.0x10° cfu/mL (for bacterial and yeast’s
cells). Then the suspensions were inoculated in a
preliminarily melted and tempered to 45-48°C
LBG-agar media. The inoculated LBG-agar me-
dia were transferred in quantity of 20 mL in ster-
ilized Petri dishes (d=10 cm) and allowed to so-
lidify. After this, six wells (d=6 mm) per dish
were cut.

The tested leaf extracts (samples) from dande-
lion were pipetted in quantity of 50 uL into the

agar wells in two replicates. For positive controls
were used the antibiotics Ampicillin (10 ug/mL)
against E. coli and B. subtilis, and Nystatin (40
ug/mL) against C. albicans and Fusarium sp.
After 72 hours of incubation at the relevant con-
ditions, the antimicrobial activity was determined
by measuring the diameter of the zones of inhibi-
tion around the wells.

Microorganisms with inhibition zones of 18
mm or more were considered as sensitive; mod-
erately sensitive were those in which the zones
were from 12 to 18 mm; resistant were those mi-
croorganisms where the inhibition zones were up
to 12 mm or completely missing (Todorova and
Kozhuharova, 2010).

Results and discussion

In the present study traditional solvent 50%
ethanol was used to extract the phytochemicals
in dandelion leaves, because the values of total
phenolic content and radical scavenging activity
were the highest. The chlorogenic, caffeic, p-
coumaric, sinapic, ferulic and chicoric acid in
50% ethanol extracts were identified in dandeli-
on leaves. As a main component chicoric acid in
concentration 3.1 g/100 g dw was evaluated
(Ilvanov, 2014). The results obtained for the yield
of this extract, the total phenolic content and an-
ti-radical scavenging activity measured by DPPH
assay were presented in Table 1. The amount of
total polyphenols ranged from 54.2 to 276.4 mg
GAE/g extract. The highest total polyphenolic
content and antioxidant activity were registered
in extract obtain from plant collected after flow-
ering stage (Sample 3) 276.4 = 12.0 mg GAE/ g
extract and 1652.0 £ 19.9 mmol TE/g extract,
respectively) (Table 1). The results showed that
the amount of polyphenols in the leaf extracts of
dandelion were the highest in the period after
flowering, therefore, this period is considered as
the most suitable for plant collection from its
natural habitats and its use as a medical herb.

Table 1. The total polyphenolic content and antioxidant activity of 50 % ethanol extracts from dande-

lion leaves (T. officinale).

Sample Yield of extract, Total polyphenolic content, | DPPH radical scavenging activity,
mg /100 g mg GAE/g extract mmol TE/g extract
1 440.0+£10.3 542 +2.0 204.1+40
2 800.0+ 124 147.8 £ 8.1 7229+ 16.6
3 960.0 = 14.0 276.4+12.0 1652.0+19.9

Legend: Sample 1 — before flowering; Sample 2 - during flowering; Sample 3 — after flowering.




As seen from the results in Table 2, the leaf
extracts from dandelion (Taraxacum officinale)
collected during different vegetative stages (con-
centration 1 mg/mL), possessed from low to the
moderate antimicrobial activity against the test
microorganisms E. coli and B. subtilis. The in-
hibitory effect of the three leaf extracts and chic-
oric acid was stronger against the Gram-positive
B. subtilis, than against the Gram-negative bacte-
ria E. coli. In addition, the extracts obtained dur-
ing the third vegetative period — after flowering
(Sample 3) demonstrated the highest antimicro-
bial activity against both test microorganisms E.
coli and B. subtilis. This corresponded to the
highest polyphenolic content and antioxidant
activity of the same dandelion extracts. The other
test microorganisms - C. albicans and Fusarium
sp. remained unaffected. Both positive controls
(Ampicillin and Nystatin) demonstrated the
greatest inhibitory activities against the tested
bacteria, yeasts and fungi.

The antimicrobial activity of dandelion has
also been described from some other authors.
Sohail et al. (2014) reported for low to moderate
antimicrobial activity of leaf extracts against the
test microorganisms E. coli and B. subtilis (with
zones of inhibition of 10 = 1.2 mm and 9 + 0.4
mm respectively), which was comparable to our
results. Tettey et al. (2014) reported for a similar
antimicrobial effect of three dandelion extracts
(butanol, ethyl acetate and methylene chloride)

with concentration 50 mg/mL against E. coli, B.
subtilis and C. albicans, which showed the inhi-
bition zones ranging between 12 + 0.5 mm and
15+ 0.5 mm for E. coli, 11 £ 0.0 mm +~ 19 £ 0.5
mm for B. subtilis and 14 = 0.5 mm + 20 + 0.0
mm for C. albicans, as well. By carrying out a
screening for antimicrobial activity of dandelion
leaf extracts, Lateef and Issah (2012) found that
the ethanol leaf extracts in concentration of 50,
100 and 200 mg/mL possessed moderate to
strong antimicrobial effect against E. coli (with
zones of inhibition 10.50 + 1.00 mm, 16.00 +
2.83 mm and 23.50 + 1.00 mm), while the aque-
ous leaf extracts (in the same concentrations)
demonstrated low or no effect against the same
test microorganism (with zones of inhibition
00.00 £ 0.00 mm, 5.25 £ 2.83 mm and 7.50 +
1.00 mm). The data presented in these studies
showed that the higher concentrations of the
ethanol extracts from dandelion (T. officinale)
had a stronger antimicrobial effect. However,
Woods-Panzaru et al. (2009) reported for the
lack of antimicrobial activity of aqueous leaf and
root extracts of dandelion (concentrations 130
mg/mL and 200 mg/mL, respectively) against B.
subtilis, E. coli, C. albicans and some fungal
species. This data were to confirm the limited or
missing bactericidal activity of the aqueous ex-
tracts.

Table 2. Antimicrobial activity of ethanol extracts from leaves of dandelion (T. officinale).

Sample, Inhibition zones, mm
1 mg/mL E. coli B. subtilis ATCC C. albicans Fusarium sp.
ATCC 8739 6633
1 8.0 10.0 - -
2 9.0 12.0 - -
3 11.0 13.0 - -
Chicoric acid 8.0 10.0 - -
Ampicillin, 10 pg/mL 18.0 30.0 - -
Nystatin, 40 pg/mL - - 13.0 18.0

Legend: Sample 1 — before flowering; Sample 2 - during flowering; Sample 3 — after flowering; dye = 6 mm;

- —no inhibition.
Conclusion

The current study revealed the great potential
for utilization of T. officinale leaf extracts as a
natural source of biologically active substance
and antioxidants. In addition, their health bene-
fits could be improved with the demonstrated
moderate antibacterial activity of dandelion. The
obtained results demonstrated a broad spectrum
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of bioactivity of this herb. Our results showed
that the amount of polyphenols, antioxidant ac-
tivity and inhibitory effect against different mi-
croorganisms were the highest in the period after
dandelion flowering. Therefore, this vegetative
stage can be considered as the most suitable for
plant collection from its natural habitats and its
further use as a medical herb for human nutri-
tion.
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HU3CJHEJABAHE HA JUBPOMOBUC(BEH3UMUNIA30JI)Co(ll) KOMIIJIEKC
I. MOJIEKYJIHA CTPYKTYPA U BUBPALIMOHEH AHAJIN3

PymsiHa fIHkoBa

STUDY ON DIBROMOBIS (BENZIMIDAZOLE)Co(ll) COMPLEX.
I. MOLECULAR STRUCTURE AND VIBRATIONAL ANALYSIS

Rumyana Yankova

ABSTRACT: The dibromobis(benzimidazole)Co(ll) complex was obtained. The equilibrium geometry, har-
monic vibrational frequencies and infrared intensities were calculated by density functional B3LYP method with
the 6-31G(d,p) basis set. The experimental infrared spectrum was compared with calculated and complete vi-
brational assignment was provided. The scaled theoretical wavenumbers showed very good agreement with the

experimental values.

Key words: dibromobis(benzimidazole)Co(ll) complex, Density Functional Theory, vibrational spectra

Introduction

Benzimidazole is a bicyclic heterocycle sys-
tem consisting of two nitrogen atoms and fused
phenyl ring shows wide range of biological ac-
tivities. Benzimidazole possess wide spectrum of
biological activities like including antibacterial,
antifungal, antiviral, anti-inflammatory, anticon-
vulsant, antidepressant, antihypertensive, analge-
sic, and hypoglycemic properties. The most pro-
minent benzimidazole compound in nature is N-
ribosyl-dimethylbenzimidazole, which serves as
an axial ligand for cobalt in vitamin By, [1].
Benzimidazole derivatives exhibit a wide variety
of pharmacological properties including antitu-
mor activity [2] and inhibition of nucleicacid
synthesis [3]. The complexe of [Co(benzimida-
zole),Br,] was reported [4].

The aims of this study is to calculate optimal
molecular geometry, vibrational wavenumbers
and various normal modes associated with of
[Co(benzimidazole),Br,] complex and provide
complete vibrational assignment for the IR spec-
tra.

Density functional theory calculations are re-
ported to provide excellent vibrational frequen-
cies of organic compounds if the calculated fre-
guencies are scaled to compensate for the ap-
proximate treatment of electron correlation, for
basis set deficiencies and for the anharmonicity
[5-10].
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Experimental

The [Co(benzimidazole),Br,] complex was
prepared according to the method outlined by
Goodgame [11]. The infrared spectra were rec-
orded on a Bruker Tensor 27 FT-IR spectrometer
in the 4000 — 400 cm™ range, with the samples
embedded in KBr matrixes.

Computational Methods

The full optimization of [Co(benzimidazo-
le),Br,] was carried out by Density Functional
Theories (DFT) method using Gaussian 03 soft-
ware [12]. It was used Becke’s three parameter
hybrid exchange functional with Lee-Yang—Parr
correlation functional (B3LYP) [13-15] with
added polarization functions— 6-31G(d,p). All
calculations were converged to 10 a.u. The op-
timized structural parameters were used in the
vibrational frequency calculations at the DFT
level to characterize all stationary points as min-
ima. Vibrational analysis was performed at each
stationary point found, that confirm its identity as
an energy minimum.

Results and Discussion

1. Geometry Optimization

It is well known that DFT methods work bet-
ter for systems containing transition metal atoms.
For these reasons, it was decided to use the


https://en.wikipedia.org/wiki/Cobalt
https://en.wikipedia.org/wiki/Cyanocobalamin

B3LYP level sets for analysis of [Co(benzimida-
zole),Br,] complex.

The visualization of the optimized geomet-
rical structure and atomic labeling of dibromo-
bis(benzimidazole)Co(ll) complex are presented
in Figure 1. The optimized geometry is shown in
Table 1.

Figure 1. Optimized geometrical structure and
atomic labeling of [Co(benzimidazole),Br,]

Since the crystal structure of the title com-
pound is not available till now, the optimized
structure can only be compared with other simi-
lar systems for which the crystal structures have
been solved. For example, the optimized bond
lengths of C-C in phenyl ring fall in the
rangefrom 1.391 to 1.410 A for B3LYP/6-
31G(d,p) method which are in good agreement
with those in crystal structure of aniline (1.380 —
1.403 A) [16].

As can be seen from Figure 1, the Co atom is
coordinated square-planar by two Br™ anions and
two benzimidazole ligands. The average Co-Br
and Co-N distances of 2.345(A) and 1.923(A)
respectively are not much longer than the ave-
rage corresponding distances reported for similar
metal complex [17]. Also the bond distances and
angles within the benzimidazole molecules are
comparable to those obtained earlier for the free
benzimidazole [18].

Table 1. Optimized geometrical parameters of [Co(benzimidazole),Br,]

Parameters

Parameters
Bond length (A)
Co-N#1V 1.923
Co-Bri2®) 2.345
NZ(D_c332) 1.317
CoD_N413) 1.359
N*3_c504) 1.388
NZD_c815) 1.395
Co_co1d 1.410
Cco_c7te 1.396
c7ee_ctn 1.391
Cin_co® 1.410
09(18)7C10(19) 1389
010(19)7C6(15) 1399
Bond angle (degree)

Br¥>-Co-Br® 167.9
N*-Co-N" 1775
Co-N2D_c819 128.6

Bond angle (degree)

NZ1D_c3012)_\4i3) 112.0
C3UD_N413_(c504) 107.8
N4(13)_C504)_605) 105.0
C5U4)_c605)_N\20D) 108.8
COUS)_N20D_3012) 106.3
C5(4)_7(16)_ 847 116.6
C716)_c8(17)_co8) 1215
C87)_ c918)_10019) 121.7
Co018)_(310(19)_6(15) 1175
Clo19)_615)_5(14) 120.3
CO(15)_5(14)_7(16) 1225
NZBrLN_pB3 11.0
C3U2_ N2UD_c o NU@ -147.2
C1009)_ 6015)_N\21D)_cq -0.6
Co_ NZNM_CI5 64.6
Co_ N2_NY_c22 -114.3

2.Vibrational Spectral Analysis

The vibrational spectra of [Co(benzimidazo-
le),Br,] was calculated by DFT with B3LYP fun-
ctional having extended basis sets 6-31G (d,p).
Frequencies recorded experimentally for [Co-
(benzimidazole),Br,] are compared with the cal-
culated obtained by DFT (Figure 2).

It is well known that the harmonic frequen-
cies by DFT calculations are usually higher than
the corresponding experimental quantities due to
the facts of the electron correlation approximate
treatment, the anharmonicity effect and basis set
deficiency, etc. [19]. In order to improve the cal-
culated values in agreement with the experi-
mental values, it is necessary to scale down the
calculated harmonic frequencies. After scaling,
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the theoretical frequencies match well with the
experimental ones. The experimental assigments
of IR for vibrations, IR theoretical and relative
intensities were reported in Table 2.

These assignments are important to undestand
the molecular structure of the title molecule. Any
discrepancies noted between the observed and
the calculated wavenumbers due to the fact that
the calculations were actually performed on sin-
gle (isolated) molecules in the gaseous state.
Thus some reasonable deviations from the exper-
imental values seem to be justified.

C—H vibrations: The frequency of the C-H
stretching vibrations of the present case are ob-
served at 3257 and 3140 cm™ and they are in
good agreement with Augus et al. [20] and Bai-



ley et al. [21] The theoretically computed values
for C-H stretching vibrations assigned to aro- 2
matic C—H stretch (3212-3201 cm™) are in ex-
cellent agreement with experimental assign-
ments. The frequencies 1269, 1155, 1136 and
973 cm™ are assigned to C—H in-plane bending
vibrations. The theoretically calculated C—H in-
plane bending vibrations are assigned in the re-
gion 1283-996 cm™ coincides exactly with lit-

erature data [22,23]. Hence the bands at 755, 649 /\
and 601 cm™ are assigned to give C—H out-of- 1
plane bending vibration. The calculated C-H
out-of-plane bending vibrations are assigned in
the region 750-585 cm™ also coincides exactly
with literature data.
N-H vibrations: Tsuboi [24] reported the N—
H stretching frequency at 3481 cm™ in aniline. In
the present work (N-H) stretching is assigned to
the band at 3320 cm™. The theoretically calculat-
ed value by B3LYP/6-31G(d,p) at 3682 cm™

shows good agreement with experimentally. The
N-H in-plane bending and N-H out-of-plane 400 00 3000 2500 2000 1500 1000 500
bending are assigned to the bands at 1589 and Wavenumber, cm”

483 cm™ which agrees well with Venkateswaran
and Pandya [25] and Evans [26]. The calculated
values for N-H in-plane bending and N-H out-
of-plane bending are 1562 and 483 cm™.

Transmittance

Figure 2. IR spectrum of
[Co(benzimidazole),Br,], 1 — calculated, 2 — ex-
perimental

Table 2. Some experimental and calculated characteristic frequencies (cm™), IR intensity and probable
assignments of [Co(benzimidazole),Br,]

Calculated | Abs Experimental Assignments Calculated L Abs Experimental Assignments

frequencies frequencies frequencies frequencies
3682 155 3320s V(N-H) 1152 24 1155 m vic-Hy ipb
3212 34 3257 vw V(C-H) Ipb 1134 26 1136s V(C-H) Ipb
3201 12 3140 w V(C-H) Ipb 996 2 973 m V(C-H) Ipb, Rband
1678 7 1748 m v(c=c), Rband 750 66 755s V(c-H) 0pb
1646 11 1621 s V(c=c), Rband 648 2 649 w Vic-h) 0pb, Rband
1562 116 1589 m V(N-H) Ipb 585 7 601 s V(C-H) Opb, Rband
1540 4 1504 s V(C=N)» Rband 483 123 483 m V(N-H) Opb
1499 21 1487 m v(c=c), Rband 449 17 435s Rband ipb
1447 96 1462 s Rband 429 13 431s Rband opb
1402 12 1409 s Rband 369 10 - V(CoN)
1303 20 1301 s V(C-N) 299 14 - V(Co-Br)
1283 43 1269 s V(C-H) Ipb

Scale factors of 0.9613 for calculated frequencies with B3LYP/6-31G(d,p)

s - strong; m - medium; w - weak; vw - very weak

v - stretching; Rband — ring deformation; ipb — in-plane bending; opb — out-of-plane bending
laps-Theoretical infrared intensities

C=N, C-N vibrations: The identification of = C=N stretching, respectively. The theoretically
the C-N stretching frequency is a difficult task ~ computed values are 1303 and 1562 cm'™.
since there are problems in identifying these fre- Carbon vibrations: The vibrational frequen-
guencies from other vibrations. Pinchas et al.  cies at 1748, 1621 and 1504 cm? are assigned to
[27] assigned the C—N stretching band at 1368  C=C stretching. The theoretically computed val-
cm® in benzamide. Kahovec and Kohlreusch  ues are 1678, 1646 and 1499 cm™, respectively.
[28] identified the stretching frequency of the  The vibrational frequencies at 1462, 1409, 435
C=N band in salicylic aldoxime at 1617 cm™.  and 431 cm™ are assigned to C—C stretching. The
Refering to the above workers, the bands at 1301  theoretically computed values are 1447, 1402,
cm® and 1504 cm™ are assigned to C-N and 449 and 429 cm™.
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Co—N and Co-Br vibrations: The vibrational
frequencies at 369 and 299 cm™ are theoretically
assigned to Co—N and Co—Br stretching.

Conclusion

The equilibrium geometries and harmonic fre-
guencies of dibromobis(benzimidazole)Co(ll)
complex were determined and analysed at DFT
level of theory utilizing 6-31G(d,p) basis set. The
difference between the observed and scaled
wavenumber values of most of the fundamentals
is very small. Any discrepancy noted between
the observed and the calculated frequencies may
be due to the fact that the calculations have been
actually done on a single molecules in the gase-
ous state contrary to the experimental values rec-
orded in the presence of intermolecular interac-
tions. Therefore, the assignments made at higher
levels of theory with only resonable deviations
from the experimental values, seem to be correct.
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STUDY ON DIBROMOBIS(BENZIMIDAZOLE) Co(ll) COMPLEX.
Il. NATURAL BOND ORBITAL (NBO) POPULATION ANALYSIS

Rumyana Yankova

ABSTRACT: The molecular structure of dibromobis(benzimidazole)Co(ll) complex was calculated by Den-
sity Functional Theory (DFT/B3LYP) method with 6-31G(d,p) basis set. The bond orders and the electronic
properties of the molecule were calculated. The natural bond orbital analysis (NBO) was performed in order to
study the intramolecular bonding interactions among bonds and delocalization of unpaired electrons. The calcu-
lated highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) with fron-

tier orbital gap were presented.

Key words: dibromobis(benzimidazole)Co(ll) complex, Density functional theory, Natural bond orbital, elec-

tronic properties
Introduction

Benzimidazole derivatives play important role
in medical field with so many Pharmacological
activities such as antimicrobial, antiviral, anti-
diabetic and anticancer activity. The benzimida-
zole ring is an important pharmacophore in mod-
ern drug discovery. Attention has been increas-
ingly given to the synthesis of benzimidazole de-
rivatives as a source of new antimicrobial agents
[1].

The complexes of transition metal salts with
benzimidazole derivatives were studied as mod-
els of some important biological molecules [2].
Metal complexes of biologically important lig-
ands are more effective than free ones [3].

The objective of the present work is to inves-
tigate the nature of bonding in an dibromobis-
(benzimidazole)Co(Il) complex, by using natural
bond orbital (NBO) analysis. It was shown that
the results from NBO calculations can provide
the detailed insight into the electronic structure
of molecule.

Computational Methods

The full optimization of [Co(benzimidazo-
le),Br,] was carried out by Density Functional
Theories (DFT) method using Gaussian 03 soft-
ware [4]. It was used Becke’s three parameter
hybrid exchange functional with Lee—Yang-Parr
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correlation functional (B3LYP) [5-7] with added
polarization functions — 6-31G(d,p). All calcula-
tions were converged to 10° a.u. Vibrational
analysis was performed at each stationary point
found, that confirm its identity as an energy min-
imum. The population analysis has also been per-
formed by the natural bond orbital method [8] at
B3LYP/6-31G(d,p) level of theory using NBO
program [9] under Gaussian 2003 program pack-
age.

Natural bond orbital analysis stresses the role
of intermolecular orbital interaction in the com-
plex, particularly charge transfer. This is carried
out by considering all possible interactions be-
tween filled donor and empty acceptor orbitals
and estimating their energetic importance by se-
cond-order perturbation theory. For each filled
orbital of the donor (&;) and the empty orbital of
the acceptor (@)), the stabilization energy (AE;®)
associated with electron delocalization between
donor and acceptor and it is calculated by equa-
tion (1) [10],

Fil#; >2

AEi(JZ) =q; <¢I

& — &

)

where qi is the donor orbital occupancy, & and ¢;
are NBO energies, Fj; is Fock matrix element
between the i and j NBO orbitals. NBO analysis
reveals the intra- and intermolecular interactions;
it is one of the appropriate methods for investi-
gating hyperconjugative interactions.



Results and Discussion

The equilibrium geometry was determined
by the energy minimization. The ground state
optimized geometrical structure and atomic la-
beling of [Co(benzimidazole),Br,] are shown in
Figure 1.

g 17
9 | “.
i e \ 16
4 3 B
i B '
—3 T S 1;
3k 12 %

Figure 1. The optimized equilibrium structure of
[Co(benzimidazole),Br,] and the numbering of
atoms

The Natural Bond Orbital (NBO) analysis of
[Co(benzimidazole),Br,], has provided the de-
tailed insight into the nature of electronic conju-
gation between the bonds in this molecule. Table
1 collects the natural charges on atoms and the
order of the bonds in the investigated compound.

The largest negative charges (-0.565) are located
on two nitrogen atoms, N* and N*. The larges
positive charge (0.643) is located on Co atom.

NBO analysis is an efficient method for study
of the intra-molecular and inter-molecular bon-
ding and interactions among bonds, and also pro-
vides a convenient basis for investigation charge
transfer or conjugative interactions in molecular
systems. This analysis also provides the study of
filled NBOs (donors) and empty NBOs (accep-
tors) and their interactions with the stabilization
energy E@resulting from the second-order
perturbation theory. The larger E® value, the
more intensive is the interaction between elec-
tron donors and acceptors, i.e. the more electron
donating tendency from electron donors to
acceptors and the greater the extent of conju-
gation of the whole system. This interaction
results a loss of occupancy from the concen-
tration of electron NBO of the idealized Lewis
(bond or lone pair) structure into an empty (anti-
bond or Rydberg) non-Lewis orbital.

Table 1. The NBO atomic charges and bond orders of [Co(benzimidazole),Br,], calculated by the

B3LYP method with 6-31G(d,p) basis set

Atom Natural charges Bond Bond order
Co' 0.643 Co™-NZID 0.721
Bré26d —0.492 Co'-Br?) 1.224
N2 —0.534 NZID_c3(t2) 1.617
N4 -0.565 C3UD_N43) 1.368
ci12 0.263 N*9_c509 1.221
Ct9) 0.130 CS_c819 1.271
c9 0.128 COU9_N2D 1.239
c’4o) -0.265 C_c7t9 1.381
ctn -0.232 c7ee_ctn 1.523
cou8) -0.245 Cc8N_co1® 1.421
010(19) 702 1 8 C9(18)7C10(19) 1532
C10(19)7C6(15) 1356

Table 2. Second-order interaction energy (E®, kcal/mol) between donor and acceptor orbitals

in[Co(benzimidazole),Br,]

Donor NBO (i) ED (i)le Acceptor NBO (j) ED (j)/e E® kcal/mol E() - E() a.u. F(i,j) a.u.
nl N 0.877 n6” Co? 0.105 36.90 0.50 0.175
nl N 0.877 ng” Co* 0.062 13.32 0.68 0.125
nl N 0.802 a'NU-ct? 0.198 29.52 0.26 0.111
nl N 0.802 n'CcH-c® 0.233 15.92 0.31 0.090

n'N*-c?? 0.198 n'CH*-c1 0.233 16.71 0.05 0.053
nCc¥-c® 0.233 n'C®-cY 0.146 60.23 0.02 0.082
n'Ccle-cY 0.161 n'C®-cY 0.146 114.93 0.01 0.080
n2 Br¥ 0.979 n7" Co* 0.071 23.58 1.01 0.204
n4 Br¥ 0.834 n5"Co* 0.170 27.97 0.24 0.114
n4 Br¥ 0.834 n6"Co* 0.105 28.02 0.44 0.141
n4 Br¥ 0.834 n7"Co* 0.071 35.78 0.53 0.181
n2 Br¥ 0.979 n7" Co* 0.071 23.58 1.01 0.204
n4 Bré 0.834 n5"Co* 0.170 27.92 0.24 0.114
n4 Br¥ 0.834 n6"Co* 0.105 28.02 0.44 0.141
n4 Br¥ 0.834 n7" Co* 0.071 35.78 0.53 0.181
nl N2 0.877 n6"Co* 0.105 36.90 0.50 0.175
nl N2 0.877 ng8" Co* 0.062 13.32 0.68 0.125
nl N* 0.802 n'N2-C? 0.198 29.52 0.26 0.111
nl N* 0.802 n'Cs-C® 0.233 15.92 0.31 0.090
' N2-C® 0.198 7' C>-C" 0.233 16.70 0.05 0.053
7' C>-C® 0.233 7' Co-CY 0.146 80.22 0.02 0.082
7n'C’-C8 0.161 7'C%-CY0 0.146 114.89 0.01 0.080
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Table 2 lists the selected values of the calcu-
lated second order interaction energy (E®) be-
tween donor—acceptor orbitals in [Co(benzimida-
zole),Br,]. The strongest interactions are the
electron donations from a lone pair orbital on the
nitrogen atoms, LP(1)N*™ to the antibonding
acceptors LP(6)*Co and LP(8)*Co orbitals
which result in stabilization of the system. These
interactions  increases ED(0.105, 0.062¢)
(LP(6)*Co and LP(8)*Co) that weakens
LP(1)N**Y ED(0.877) leading to stabilization of
36.90 kcal/mol and 13.32 kcal/mol. There occurs

a strong intramolecular hyper-conjugative
interaction of N#*_C3'2  from N*®¥  of
LP(1)N*) 7 NZ_C*?  which increases

ED(0.198e) that weakens LP(1)N**® ED(0.802¢)
leading to stabilization of 29.52 kcal/mol. Also
there occurs a strong inter molecular hyper
conjugative interaction of C°*®_C™9 from

CS(M)*CS(:LS) Of TE*CS(M)*CG(lE) N n*c9(18)7C10(19)
which increases ED(0.146e) that weakens the
respective bonds C°®* —C®* ED(0.233e) leading
to stabilization of 80.22 kcal/mol and also the
hyper conjugative interaction of = C’"*-C8" _,
1 C_C) Jeading to stabilization of 114.89
kcal/mol. The hyper conjugative interaction of
LP(4)Br? — LP(5,6,7)Co; LP(4)Br¥ —
LP(5,6,7)"Co leading to stabilization of 27.92,
28.02 and 35.78 kcal/mol respectively.

The frontier orbitals (highest occupied mole-
cular orbital — HOMO and lowest unoccupied
molecular orbital - LUMO) are very important in
defining reactivity. The HOMO exhibits the abil-
ity to donate an electron and LUMO as an elec-
tron acceptor serves the ability to obtain an elec-
tron. The frontier orbitals (HOMO, LUMO) of
[Co(benzimidazole),Br,] calculated by B3LYP/
6-31G(d,p) are plotted in Figure 2.

Whomo = 19.1% 9p,(Br¥?) — 19.0% 9py(Br*®) + 17.8% 10p,(Br*?) — 17.7% 10p,(Br*®) + 11.4% 6d,,(C0)+ 4.4% 7d,,(Co)
Wiumo = 35.3% 6d,2_,2(Co) + 12.3% 7d,2_,2(Co) + 8.9% 6d,(C0) — 4.9% 9p,( (Br*) + 4.9% 9p,( (Br**) —4.5% 10p,(Br*®)

Figure 2. Electron distribution of HOMO - 1 and LUMO - 2 for [Co(benzimidazole),Br»]

Energy of frontier orbitals and energy of the
gap are:
Eromo = —546.0253 kJ/mol
ELUMO =-100.3729 kJ/mol
AE} umo-nomo = 445.6524 kJ/mol
High values of Enomo have a tendency of the
molecule to donate electrons to appropriate
acceptor molecules with low energy, empty
molecular orbitals. The energy of the lowest un-
occupied molecular orbital indicates the ability
of the molecule to accept electrons. The lower
value of E ymo, the more probable it is that the
molecule would accept electrons. Consequently,
concerning the value of the energy of the gap
AE L umo -Homo, larger values of the energy dif-
ference will provide low reactivity to a chemical
species. Lower values of the energy difference
will render good inhibition efficiency, because
the energy to remove an electron from the last
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occupied orbital will be low. The results for the
calculations of the ionization potential (1) and the
electron affinity (A) by application of the Koop-
man’s theorem [12] are shown. According to the
Hartree—Fock theorem, the frontier orbital ener-
gies are given by: | = — Eyomo = 546.0253 kJ/
mol; A =— E_umo = 100.3729 kJ/mol. This theo-
rem establishes a relation between the energies
of the HOMO and the LUMO and the ionization
potential and the electron affinity, respectively.
Although no formal proof of this theorem exists
within DFT, its validity is generally accepted.
Electronegativity (y), chemical potential («) and
global hardness (#), their operational and
approximate definitions for [Co(benzimidazo-
le),Bry] are: y = — u= (1 + A)/2 = 323.1991 kJ/
mol; n = (1 — A)/2 = 222.8262 kJ/mol.



Conclusion

The geometry of [Co(benzimidazole),Br,] was
optimized with DFT/B3LYP methods using 6-
31G(d,p) basis se. HOMO-LUMO studies reveal
the intramolecular charge transfer through
conjugated system. The Natural orbital charges
calculated by B3LYP/6-31G(d,p) method were
presented. The transactions give stabilization to
the structure were identified by second order
perturbation energy calculations. Using NBO
analysis the stability of the molecule arising from
hyper-conjugative  interaction and  charge
delocalization was analyzed. The strongest
electron donation occurs from a lone pair orbital
on the nitrogen atoms, LP(1)N**Y to the
antibonding acceptor LP*(6;8)Co orbitals and
from a lone pair orbital on the bromine atoms,
LP(2;4)Br*?®39 to the antibonding acceptor
LP*(5;6;7)Co orbitals. The present quantum
chemical study may lead to the understanding of
properties and activity of [Co(benzimidazo-
IE)ZBrz].
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DETERMINATION OF EMISSIONS FROM TECHNOLOGICAL EQUIPMENT
IN PETROLEUM REFINING

Adriana Georgieva, Krasi Panayotova, Desislava Koleva, Jivko Ivanov

ABSTRACT: The biggest and most significant share in environmental pollution are industry and transport.
The main pollutants that are emitted into the air are: sulfur and nitrogen oxides, carbon monoxide, light
hydrocarbons, heavy unburned hydrocarbons, hydrogen sulfide, mercaptans and others. The purpose of this
work is to identify emissions from process equipment in petroleum refining. The subject of the proceeding are the
so-called diffuse sources of pollution caused by impaired technological regime leaks of devices and
communications, lack or inefficient operation of ventilation equipment and more.

Key words: emissions, equipment, diffuse sources shall, petroleum refining

BnBeaenne

Hali-ronsm u chUIECTBEH 511 B 3aMbpCsBaHe-
TO Ha OKOJIHATa Cpeda MMaT HHIYCTpUsiTa MU
TpaHcnoprta. C pa3BUTHETO HA MPOMUIIIICHOCTTA
ce 3apaxJaT ¥ exoJormyHure npobiemu. Hera-
TUBHOTO aHTPONOTE€HHO BB3ACHCTBHE BBPXY
OKOJIHaTa Cpeia ce M3passiBa IJIABHO B Hamalls-
BaHE Ha MPUPOJHUTE PECYpPCH U HapyIllaBaHe Ha
€KOCHCTEMHTE.

[IpomuisieHuTe OTHAABLM, TA30BETE, MIPAXTa
W aepo30JIUTE Ce Pa3NpOCTPaHSIBAT BHB BB3AyXa
Ha NMPOMHUIICHUTE PalilOHH, B TPaJOBETE U Ccela-
Ta. Bpennure BemiecTBa NMpOHUKBAT U B paboT-
HaTa HU cpena. MHOTO OT MPOMHILIEHUTE 00€K-
TH ca pasloJIOKEHW HE CaMO B HETOIXOJSIIH
paiionu, B GJIN30CT O HAceNeHH MECTa, KbIETO
MMa YCIIOBHS 3a pa3celiBaHe Ha 3aMbPCHTEIUTE,
HO U JlaJied MPEBUIIaBaT 10 KOJHYECTBA EMHUCH-
UTE Ha JIOMMyCTUMOTO 3aMbpCsiBaHe. A OCTapelu-
T€ TEXHOJIOTMH M aMOPTH3MPAaHU MPOHU3BOACTBE-
HU MOIIHOCTH HE OTTOBApST Ha N3UCKBAaHUITA 32
3amuTa Ha okoHaTa cpefa (Hauptmanns, 2013).

B ygacTHOCT HedTeHaTa NPOMULIJICHOCT CHILO
€ eIUWH OT M3TOYHHUINTE Ha 3aMbpCsABaHE Ha aT-
MocdepaTa. To3u (akT € cBbp3aH U3KIIOYUTEN-
HO C OIlepallMUTHUTE TI0 00pabOTBaHETO HA HE(Ta
W cleBalaTa XMMAYHa 1pepadoTka Ha HePTon-
POIYKTHUTE.

OCHOBHHTE 3aMBPCUTENN, KOUTO CE CMHUTH-
paT BbB BB3AYIIHATA Cpela ca: CEPHU U a30THH
OKCH[Y, BBIJIEPOJCH OKCHJ, JIEKH BBIJIEBOAOPO-
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1M, HEM3TOPEJIH TEXKH BBITIEBOIOPOIH, CSIPOBO-
mopod, Mepkantanu u ap. KomwmdecTBoTro Ha
CMUTHUPAHUTC BPCAHN BCIICCTBA Baprpa B IIUPO-
KU TPaHUIIH, B 3aBHCHMOCT OT BHJIa Ha 00paboT-
BaHHUS CypoB He(dT, epuKacHOCTTa Ha camara
obpaboTrka u moaydaBanute npoxykru (Taylor,
1994).

ABTOpM HaKpaTKO OIMCBAT B CBOUTE pa3pa-
0OTKM BB3MOXHOCTHUTE 3a U3XBBPIISIHE HA BPE/-
HH BeUIeCTBa B arMocdepara Mo BpeMe Ha pas-
JUYHUTE CTAJNHU Ha TIPOU3BOACTBO U MpepadboTKa
Ha HepTonpoaykru (DnpTepman, 1985):

CkiaaupaHe, TpPAHCIIOPTHPAHE H eKCILIOA-
THpaHe Ha CypoBUsS He()T W HeroBHTE MPO-
AYKTH - TIpH JIOMIO H3pabOTeHU pe3epBoapw,
KJIaIlaHu, IOMIIH, U CBBbp3aHaTa C TIAX Tp’L6OHpO-
BOJIHA CHCTEMa WIJIM NPU €BEHTYaJHU aBapuH B
TE3U €JEMEHTH, Ca Bb3MOKHU €MUCHH Ha JIEKH
BBITICBOJOPO/IN M CEPHU ChETUHECHUS;

JecTUIAIIMOHHY WHCTAJIAIMM - TIPH JIECTHU-
JauusaTa Ha pa3IMYHUTE HE(YTEHH NPOIYKTH CE
OT/ENAT €MHCHH OT BBIJTICBOJOPOIH, CIPOBOJIO-
POJl B MEpKaITaHu;

Hacrananumn 3a KataniuTHyeH KpeKWHT -
BBITICBOAOPO/H, BEITIEPOJICH OKCHJ M (UH Ipax
ce eMHUTHpAT B aTMOC(EpHHs BB3IyX IO BpEeMe
Ha pereHepupaHe Ha KaTalu3aTOpHUTe, IpU OTIie-
JSTHETO UM ¢ AUMHUTE Ta3oBe. OOGMKHOBEHO Mbp-
BUTEC ABa 3aMBPCUTCIIA C€ U3rapAT B CIICHUATIHU
nemu, Npeau U3XBbPJIAHETO HA OTIIAAHUTE ra3o-
Be B atMoc(epara;



HNucrananum 3a paduHupaHe - IpU TE3U
oTieparyi ce OTIENAT YTalKH W pasjiudHU OT-
MajHu BOAM, OOraTH HAa CEPHH CHEJAMHEHUS, OT
MOBBPXHOCTTA HA KOUTO C€ EMUTHUPAT CSIPOBOIO-
POl ¥ BeIleCTBa C HEMPUATHA MUPU3MA;

HucTrananuu 3a npoayxBaHe Ha OUTYMH -
T€3W WHCTANAlMKU TNPEAU3BUKBAT OTHACISHE Ha
JIOIIIO MUPHILIEIIH BEIIECTBA;

YcranoBku 3a @akeHo U3rapsiHe - BCUUKHU
HEOIOJI30TBOPSIBAHU Ta30BE B enHA paduHepus
ce mojBaTr 3a u3rapsHe KbM ¢aken. Eto 3amro
XapaKkTepbT Ha W3TapSHUTE Ta30BE C€ HM3MEHS
MHOT'O, KaKTO B KQ4ECTBCHO, TaKa U KOJIMYECTBE-
HO OTHOIIEeHHE. MHOTro TpPYyAHO CE€ OCHUTYpsBa
ITBJIHOTO M3TapsiHEe Ha Te3W ra3ose, 0e3 ma ce oT-
JeNd UM OT HEW3rOpeluTe TBBPAN YACTHIH,
KOWTO B HSIKOU CIIYYaH € J0CTa ITHTCH.

I'pmxara 3a onma3zBaHe YUCTOTaTa Ha BB3AyXa,
ce MpEeBbpPHA BHB BCEOOXBATEH W MU3KIIOYUTEITHO
CEpHO3€eH CBETOBEH MPOOJeM, C UHETO pellaBaHe
ce 3aHUMaBaT CIEIHMAINCTH OT Pa3InYHU 0bJac-
tu. [lpunaranero Ha peajHH WH)KEHEPHHU pelle-
HUA € CBBP3aHO € TOYHOTO IIO3HABAHC HA BUAA U
KOHIIEHTpalnusATa Ha IPUCHCTBAILIUTE BbB BH31Yy-
Xa 3aMBPCHUTENH, OTKPUBAHETO U OIPEEIISTHETO
Ha KOUTO C€ OCBHINECTBIBA MO PA3TUIHNA METOIH-
KH.

BBB Bpb3Ka C TOPEU3I0KEHOTO IeITa Ha HaC-
TosIara padoTa e Jia ce ONpeeNsIT EeMUCHUTE OT
TEXHOJIOTMYHOTO 000pYyaABaHe mpu HedTompepa-
OoTkara.

[Ipenmer Ha pa3riexnaHusTa ca T.Hap. HEOP-
TaHU3UPaHU W3TOYHHUIM HAa 3aMbpCsIBaHe, TOPO-
ACHU OT HApyHICH TEXHOJOIMYCH PEXKUM, HE-
XepPMETHYHOCT Ha arapaTuTe U KOMYHUKAIIUUTE,
nurica uiu HeepekTrBHA paboTa Ha BEHTWIIAIIH-
OHHHUTEC CbOPBHKCHHUA U JIP.

Marepuajau u MeTOAHU

ExojornyHu M3MCKBaHHMS KbM TEXHOJIO-
TUYHHUTE TPoLecH, 000pyaBaHe W Bb3AYIIHA
cpeaa:

TexHOMOTHYHNTE MPOLECH Ha XUMHUYECKUTE U
He()TOXUMHUYECKUTE TPOU3BOJICTBA Ca CBHP3aHU
C OTACNSHETO Ha BPEJHHW BEIIECTBa B aTMocde-
para, KOUTO HaHACAT MOPAKEHUs] BHPXY 3IpaBe-
TO Ha XOpaTa M yBpeXKJIaT OKOJIHATA CpeJia.

3a nma ce cBemaT BpeIuTe 10 MHUHHMYM Ce
NpEeIsBIBAT €KOJOTWYHU W3HUCKBAaHUS KBbM TeEX-
HOJIOTUYHHUTE MpoLecH, 00OopyaBaHe, eKCIUIoa-
tanus U ap. Takua ca pasrienanu B (Dnbrep-
maH, 1980), a uMeHHO:

B xumuyeckara m HedrOoXMMHUYECKaTa
IPOMMIIUIEHOCT HEIOCTaThYHO C€ U3I0JI3BaT
TEXHOJIOTHYHH CXEMH 3aTBOPEHHU 110 Bb3/1yXa;
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I/I3XB'prI$[HI/IHTa cTaBaT 4Ype€3 KOMUHU U
BCHTWJIAIIMOHHM IIaAXTH,

BpeI[HOTO BB3ICUCTBHUC BBPXY YOBCKa U
OKOJIHAaTa Cpclia MOKE Ja CC OLICHU YPE3:

c
lg——=f
Hip:= (1)
f — eranm Ha mpenena Ha eMUTHPAHHUTE BPEIHH
BEIIIECTBA;
C — KOHLICHTpAIHs Ha BPEIHOTO BELICCTBO;
Chips. — HOPMa Ha JOIyCTUMOCT Ha TOBA BEIIEC-
TBO B pa0OTHATa 30HAa Ha MPOM3BOCTBEHATA WH-
CTayIanus.
HeGnaronpusitHo Bpeme — 0e3BeTpue,
HUHBEPCHS;
OTKpHUTO Pa3mooKEHOTO TEXHOIOTHYHO
obopynBaHe mpu HeYTOXUMHUYECKATa MPOMHMIII-
JEHOCT Ipejroyiara I0-MalKo 3ara3oBaHe H
B3pHBOOE30IacHOCT. TyK BpeJHHUTE BELIECTBA Ce
OTJEJAT Ype3 HEIUIBTHOCTU B 000PY/ABaHETO;
Koeduuumenr 3a HexepmeTHaHocT (IM).

B HOpMaTuBHHTE TOKyMEHTH C€ JaBaT IIpe-
JIETTHO JOIyCTUMHU KOoe(pHIMEeHTH 3a HexepMme-
THYHOCT (M), CHOTBECTBAIM HA TOJIEMHHATA Ha
najga Ha HaIATaHEeTO NPH M3MUTaHHE Ha 000pya-
BaHETO 32 XEPMETHYHOCT B IMHHUIIA BPEME.

1 Pk TH
m==(1-—.—) @
0 rM PHGTK M
P,=P,+P,"; P.=P, +P." (3),
KBJIETO:
P,, P, - aOCOIIOTHO HajIsiraHe B HAYAJIOTO U Kpast
Ha w3nuranuero, Pa (kgf/cm?):
P,’, P’ - GapomeTpuuHO HansTaHe B HAYANOTO H
Kpast Ha m3nuTanuero, Pa (kgf/cm?);
P, P." - MaHOMETPHYHO HaJIITaHE B HAYAIOTO
¥ Kpas Ha usnmrannero, Pa (kgf/cm?);
T, Tk - aOcoytoTHaTa TeMmIepaTypa B TEXHOJIO-
TMYHOTO 00OpyABaHE B HAYAJIOTO W Kpas Ha W3-
nuTanueTo, K.
Axo Temmeparypara ¥ 0apOMETPUYHOTO Ha-
JISITaHe B HAYaJOTO M B Kpas Ha M3MHUTAHHUETO Ca
eIHaKBH, TO CJI€IBA:

1 AP

(4)
T PH

HomyctuMuaT KOoepUIMEHT 3a HeXepMeTHY-
HOCT Ha 00OpY/ABaHETO, B 3aBUCHMOCT OT Hajs-
TaHETO 110 1aHHHU .

3a OCTUTaHETO Ha TOpe INOCTABEHUTE LIEIH U
3aJjauy ca U3y4CHM U CE U3I0JI3BaT JABE METOJU-
Ku 3a n3uucisBane (Jnprepman, 1980).

MeTtoauka 3a u3YHMCAABAHE eMHCHUTE Ha
BpeHU BellecTBA NPH MPOU3BOACTBOTO M
npepadoTkarta Ha He(TONMPOAYKTH, pa3pado-
TeHa ot B.M. DuabTepman



L Onpeuemme KOJIUY€CTBOTO Ha BpPEIHHU

BellleCTBa, OTIEJSIIH ce OT 00OpyIBaHe, pa-
0oTelno Mo HaJISITaHe:

3a fa ce pely Takapa 3a/ada TyK Ce M3XO0Kaa
0T Koe(HUIMEeHTa 3a HexepMeTH4HocT (M), He-
HAJBHIIABAHETO HAa KOWTO TapaHTHpa H3APBK-
JMBOCTTA Ha 00OPYABAHETO HA XEPMETUYHOCT U
Ha MPOBEKIAHUTE MEPONPHUATHs. B pesyarar Ha
TOBa MOKE C JOCTaThYHA 33 MPAKTHICCKUTE H3-
YHCJICHHUST TOYHOCT Jla C€ OMPEACNIAT SMUCHUTE
Ha BPEIHU BEIECTBA U JIa Ce MPOTHO3UPA 3aMbp-
CSIBAHETO Ha MPHU3EMHUS BB3YIICH CIIOM.

KonnuecTBOTO Ha rasa, OTAENSAIN ce OT 000-
PYABAHETO 3a €TUHUIA BPEME €:

) s

KBJETO:

G Ga—Ge 1/PuV PxV
B " T\R.Tu R.Tx

G - KOJMYECTBOTO HA ra3a, KOWTO ce OTAENs OT

obopynsaneto, Kg/h;

V - o0eM Ha ra3aoBaTa M IapoBB3AyIIHATA (aza

B 060pyABaHETO, M;

R- rasoBa koHcranTa 3a pabotHa cpena, J/(kg.K).

ITIpuemaiiku, ye T,=T, =T, ropHuar wuspas
no0uBa BUjA:

™

by

T

APV 6)
= o)
T.R.TH
KoraTo yucnutesnsT 1 3HaMeHaTeNsl Ce YMHO-
xKat ¢ P, W ce M3MoNi3Ba 3aBUCHMOCTTA 32 KOe-
¢burnrenTa 3a HexepMeTHYHOCT (M), ce MmoayJa-
Ba:
G=mZ vy (7
=m—:. (7)
RT '
ChbriacHO XapakTepUCTUYHOTO YpaBHEHHE 32
Pu

ra3oBe P,= RT oJIyJyaBame, Je:

G=m.p.V (8
®opmyna (8) mo3BoisiBa ONpeAEISIHETO Ha
KOJIMYECTBOTO Ha OTICIIAIIMIT CE OT 000py/Ba-
HETO Ta3, CaMO B CIIy4aWTe KOTaTO U3IMUTAHHETO
32 XepMETUIHOCT Ce€ TTPOBEK/IA C Ta30BE C TaKaBa
TeMIiepatypa, Mpu KOATO B O0OpyABAHETO IIe
ObIaT B pabOTHO CHCTOSHHE.
3a nansarane no-sucoko ot 200 kPa, ompene-
JITHETO CE U3BBPIIBA 10 opMyiaTa:

G=3600fY, 00— (9)
Y
F - cymapha miont Ha mporiena, m?;
¥ - xoebunment (3a JIBYaTOMHH Ta3o-
Be Y, = 2,14);
3a Tpu 51 YEeTUPUATOMHH rasose

— 2n1/2 .

Txbmax - 2,05?’?’1 LXS’
OnutHO € YCTAHOBCHO, Y€ IMPU U3IIUTBAHC Ha
XEPMETUYHOCTTA HAJIATAaHETO B o60py;[BaHeTo
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HaMaJlls 1o eKCIOHeHnraneH 3akoH: P =P, .exp(-

aT), KbJCTO a ¢ TOCTOSTHEH MHOYHUTEJ, 3aBHCEIIl
OT CTEIEHTAa Ha XCPMETHYHOCT Ha 00Opy/BaHe-
TO.

Karo ce oTueTe m3MeHEHNETO HA HAJSATAHETO
B 000pyABaHETO 1O BpeMe Ha M3MUTAHHUETO, KO-

JIMYCCTBOTO HA OTACIIAIIMSA CC 3a lgac ra3s e:
~1

—J exp(—at)dt (10)
o

Pu
G = 3600f1 e
\

Crnen mpeoOpasyBaHHs 3a CyMapHaTa ILIOII
Ha TIpOIIeria Ce MoTyvYaBa n3pasa:
m. V
f= —
3600, .. RiL.TH
Karto ce 3amectu miomra ¢ HEHHOTO PaBHO
BbB (opmyna (10), mocnemHata nmpumpoOuBa BU-
pit: N

11)

mV.P

v RuTu., RpTp

AKO HBIIUTAHUETO Ce MPOBEXJA MPH TEeMIle-

parypa T,=293K, R,=Rz=286,6 J/(kg.K) u Te3u

CTOWHOCTH C€ 3aMecTAT B ypaBHeHHe (12), kaTo

ra3oBaTa KOHCTaHTa 3a PaOOTHHS ra3 ce u3pasu

Yype3 MOJIEKyJIHaTa My Maca u Hamsrane P B Pa,
1€ Ce TOJTyqH:

12)

‘M
6=12.10"*%.m.V.P. iTp

— 13},
\:

&)
KBACTO 1 € KoeUIMeHT Ha 3amac, MpHeMalll
croitHocTH OT 1,5 1o 2.

3a ra30BU U MapoOBB3AYLIHH CMECH, KOJIMYeC-
TBOTO Ha Bceku ra3 wiu napa (Kg/h), oraesnsim
ce oT 000pYZBaHETO € PaBHO:

sz IkG (14),
KBJIETO Iy € YacTTa Ha JaJICHUs ra3 Wi napa B
cMecTa, a G e 00OM[OTO KOJUYECTBO HA OTHEIIS-
MK Ce Ta3, U34UCIeHO 1Mo Gopmyia (13).
OnpenensiHe KOJIUYECTBOTO HAa BpeIHHU
BelllecTBa, OTAEISIIM ce OT TeXHOJOTHYHO
odopyaBane, padoTelo MO BAKYyM:

ObopynBaHe, TOKCHYHATa cpela B KOETO ce
Hamupa mox Bakyym g0 10°Pa, ce sBsBa
W3TOYHHK Ha 3aMbpCsBaHE Ha Bb3JAyIIHATA
cpena.

B.M. DOnpTepMan pasriiexzia nporeca Ha Mo-
nekynHa audy3us Ha BT Ha TIOTOK BB3IYX B
HETUIbTHOCTUTE HA CTEHUTE Ha 000pYy/BaHE, TOK-
CHYHATa CpeAa B KOETO C€ HaMHpa MOJ BaKyyM.
Criopen Hero 3a MOA00OHU M3YMCIICHHS MOXKE A2
ce u3mnon3sa hopmyrara:

s ,ﬁﬁ
G = F.9.Cy.exp [_E)

(15

J

IloToka B mpouenHusi KaHal € JaMHUHApeH.
OtunTaiiku xXapakTepHHS 3a TaKbB MOTOK MPO-



(w1 Ha CKOpoCTTa, DIbTEpPMaH U3BekKIa HOpMY-
Jia 3a OMpeJelisTHe KOJMYecTBaTa Ha BpPEJIHU Be-
iecTBa (9/S), OTAEISIIIM Ce OT 000PYABAHETO:

AKO BBTPEIIHOCTTAa HA TIPOHHUKBAIIUTE TTOPH
MpeJCTaBsiBa KaHAll ChC CEYECHUE OJIM3KO [0
KpBI':

d,,.a’
AKO BBTPEIIHOCTTa HAa MPOHUKBAIIUTE MOPH
€ KaHaJI ChC CEYEHHE Ha CHJIHO M3TEIJICH IPaBo-
BI'BJIHUK:
1 f.Cy.D*
2 8,,.a’
B ropuuTe u3pasu ca M3NOI3BaHU CICAHUTE
O3HaYCHUS:
F - cymapHara 1ol Ha mpomena, m>;
Co - KOHIIEHTpalUsl Ha BPEJIHUS ra3 B 000pyABa-
Hero, g/m’;
D - xoedunmenT Ha nudy3usITa Ha ra3a BHB Bb3-
nyxa, m/s;
O - 0ceBaTa CKOpOCT B KaHaia, M/S;
a - cpeqHaTa IbJDKMHA HA KaHajla Ha MIPOHMKBA-
LIUTE TTOpH, M.
TBH KaTo IpHU JaMUHAPEH PEXUM B KPBIUIU

G (17)

KaHalM CpelHaTa CKOpPOCT 19=?9m, a B IPaBOb-

2
I'BJIHU 8:§ﬁm, TO 3aMeCTBalKM BBB (hopMmyiH

(16) u (17), ce mosyuana:
1 f.Cy.D? Gy f*.D?

G=—-. — = —. = (18
2 8.a’ 2 Laz_
1 £.Co.D> Gy -'f.ﬂ)‘ o

- e _ 0yl (19),
3 d.a2 3.1 [- -2

kbaero L=f.9 e xonuuectBOTO Ha BB3IYyXa, 3aC-
MYKBAIII ce B 000pyABaHETo, M’/S.
®opmyna (18) Moxe na ce MpeicTaBd U BbB
BHUJIA:
S A
2 Pe-

92 ¢ xpurepwuit Ha ITexie.

KBJIETO Pe = =2
D

HO'HpOCTI/ITe U3IIUTAaHUA HE JaBaT BB3IMOXK-
HOCT 32 OTpeJelisHe IUIONITa HAa CEYCHUETO Ha
mpolena M cpeiHara IbJDKMHA Ha KaHama Ha
IIPOHUKBALIUTE ITOPHU.

3a 5a ce ompejnenaH KOJIMYECTBOTO HA OTIeE-
JISIIIATE CE Ta30Be, Ca HeOOXOUMHU JBa BUIA U3-
MMUTaHWS — aePOJUMHAMUYHO, TIPU KOETO CE Ompe-
NS KOJIMYECTBOTO Ha Bb3/yXa, M3MYKBAIIl CE B
000pyIBaHETO B 3aBUCHUMOCT OT BaKyyma, U H3-
MUTaHKe, PH KOETO HEIMOCPEICTBEHO Ce OImpe-
NSJIAT KOJMYECTBATa HA OTICIIHUTE BPEIHHU Be-
IIECTBA OT 0OOPYIBAHETO.
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MeTtoauka 3a u34HMCIAABAHE eMHCHUTE Ha
BpeIHU BelecTBA NPH MPOU3BOACTBOTO M
npepadoTkata Ha He(TONMPOAYKTH, pa3pado-
TeHa oT I'naBnara reo(puznyecka
oOcepBaTopus Ha uMeTo Ha A.. BoeiikoB

Emucuure Ha razose u mapu (kg/h), ormemnmm
ce OT amapaTH, PeakTOpH U KOJIOHH, Ce U3UMCIIA-
Ba 1o (hopmMyrara:

) 'Mn
M=0,037(1011PV)%8, |—
N

(21),

KBAETO:
P - mamsranero B anapara, GPa;

V - obeM Ha amapara, m3;

M, - cpemHa MoJeKylHa Maca Ha MapuTe Ha
Hedronpoaykrure, g/mol;

T — cpenHa Temneparypa B anaparta, K.

Pe3yararu u o0chikgane

3a M3uuCsBaHE EMUCHUTE Ha BPEIHU BellleC-
TBA, OTHEIIIN CE€ OT TEXHOJIOIMYHOTO 0OOpyI-
BaHEe IPU NPOM3BOACTBOTO M IpepadoTKaTa Ha
HEPTONPOAYKTH, Ca U3YUYCHH U CE M3IIOJI3BAT JIBE
METOAMKH 32 U3UUCIISIBAHE:
» Metoauka pazpaborena ot B.M. DnbsTepman;
» Metoauka npeuiokeHa ot ['1aBHaTa reodu-
3udecka oOcepBaTopusi Ha umero Ha A.U.
Boetiikos.
KaTto HeopraHmzupaHu M3TOYHHULIM HA 3aMbp-
CsIBaHE Ce pas3TJIekaaT JIBa peaKTopa:
peakTop OT wHHCTajmauus ,Karanutuuen
wiatopmuHr”;
- peaxkTop OT MHCTananus ,,KaTanuruieH Kpe-
KUHT”.
3a mppBUsI OOCKT Ha pas3riIeXkaaHe ca U3BECT-
HY CJIETHUTE TapaMeTpu:
Dp-pa=3m;
Hogw, = 7,65 M;
Tep.=510°C;
P =1,625.10° Pa;
V =27,30 m’;
Hedronponykrn — nebyranusupad OeH-
3WH ¢ HaYaJTHa TeMriepaTtypa Ha kumene 120°C.
Emucuute ot TO3H peakTop ce W3YHCISIBAT IO
BTOpaTa MeToauKa. Pesynrature ca npeacraBeHu
B Tabmmma 1.
3a BTOpUS PEaKTOp Ca HM3BECTHH CIIEIHUTE
BEJIMYHMHU:

Dppa=8,5m;
P =0,19.10° Pa;
V =598,39 m*

Tep.=743°C (npu cBEXK KATAIN3ATOP);



Tep. = 763,57°C (npm ocTapsiyi KaTaJju-
3aTop);

n=2;

m = 0,04 1/h.

IMapora3zoBa cmec - chabpxama: KpeKUHT
ra3 ; Bakyymaectmiar (350-500°C); jex ra3pod;
TEXBK ra3boJI; MUPKYIHpPAIIl Ta3b0J1; BOJHA Mapa.

KonndecTBoTO BpenHU BelecTBA EMHTUPAHH
OT TO3H 00EKT Ce M3YKCIISIBA U TIO JIBETE U3yUCHU
MeToauku. Pesynrarute ca momecrenu B Tabiu-
na 2 u Tabnuna 3 ot HacTosMIaTa padora.

U no nBeTe M3y4YeHU METOJIWKH MOTAT Jia ce
U3YUCIIAT EMUCHHUTE Ha HE(TOMPOIYKTH, HAMU-
paly ce MpPeAMMHO B IMapora3oBa WIH Ta3oBa
¢daza. CpIro Taka Te ca pa3pabOTEeHH 3a Heopra-
HU3UPAHU U3TOYHHIU HA 3aMbPCSIBAHE.

Pasznukata Mexay OBETE METOAMKH, CE ChC-
TOHM B TOBA, Y€ MbPBATa CE M3MOJI3BA MPETUMHO

IIpH TacropTu3anus Ha obopyaBaHeTo. Ilo me-

ToAWKara paspaboreHa ot B.M. Dmerepman ca

OTIpe/IeNIeHH KOJIMYEeCTBaTa Ha BPEJHU BEILIECTBA,

OTACTSIIN c€ OT TEXHOJOTMYHO 00opyaBaHe,

paboTeIo Moy HaIATaHe.

B pesyntar Ha TOBa MOXE C JOCTaThb4HA 3a
MPAaKTUYECKUTE W3YHCICHUS TOYHOCT Ja Ce OI-
peAensaT eMHUCUUTE Ha BPEJHU BEIIECTBA M Ja CE
MIPOTHO3HpPA 3aMBbPCIBAHETO HA MPHU3EMHHUS BH3-
JYILIEH CIOM.

AHanmM3bT Ha W3YUCIIHUTEIHUTE U3pa3u OT
JIBETE METO/INKH [TOKa3Ba, Je:

v [mpu ToBHIIaBaHE o0eMa M HAJSATAHETO Ha
amapatra M MOJIEKyJHaTa Maca Ha He(TOIpo-
IYKTHTE, KOIWYECTBOTO EMHUTHPAHHW BPEIHH
BEIIECTBA CHIIO CE MMOBUINABA;

v/ €JIMHCTBEHO MY MOBHUIIABAHE HA TEMIIEPATY-
pata B arapara, eMHCHUTE HaMalsBarT.

Tao6aunma 1. JlanHu 3a eMucunWTe Ha BPEJHH BELIECTBA, M3XBBPISHH OT PEAKTOP OT WHCTANAIUSL

»KatamurriaeH mnatGopMuHr.

= 2 5] £ 2 g 2

= @
gﬂ E g g 2 = g -] § g « g- [ : E [;'3
] e = s = O &= = = = g > = gz F
ol 5 0 2z Z = = ﬁ g « E g_ = § g_ 5 g @
z = 2 & <] T o g < £ 5 2 2% o2
= % 2 2= = = E Q= ZEE
=« 3= m = = EG O ER E = E
= = = = = = 5 = = S 55
g 2 : 2 g : 238
/M = =} )

g/mol m m® GPa K kg/h

Peaxrop oT Jebyranu-
1 MHCTAJIANNA 33| 3HpaH GeHsiy 112 3 27,30 | 1,625.10° 783 0,295
: .JKatanuruuen /mapora3oBa ' e '
aThopMuHr* ¢aza/
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Tabdauna 2. JlaHHW 32 eMHUCUHWTE HAa BPEIHU BENIECTBA, EMUTHPAHH OT PEAKTOp OT WHCTAaNAIUs
,,KaTaINTHYeH KPEKUHT", M3YMCIICHN TI0 MEeTOAMKa Ha I TaBHaTa reodm3mdecka oobcepparopms - A. M.

Boetlikos
' o .
- 3] ) s -
3 S = = '
3 < s = ° =
= g : 5g| gE = s = 2L 22zg
=
g z o E_gg| g2 g 5 £ SELS
= 3 § § g = x = g = £ = s =
Ne £ 5 z 3 £ = EE g = S5 E
: < 2 & S Fa 2= 5 = E = S <t 2
= S & E Eaq 3 = % = 3 = ZgEgsz"
= = = S < E © 2z
E = = E = M o @]
=
= M
kg/kmol m me Pa K kg/h
TIPH CBEXK KaTaIu3aTop
Peakrop ot 743 4,051
HMHCTAJIAIMS ITapora-
1 «Karamu- 30Ba CMeC 4480,35 8,5 598,39 1,9.10° TIPH OCTAPSUT KATATH3ATOP
THYEH Kpe-
KHHT» 763,57
' 3,985

Ta6muua 3. JlaHHM 3a emucHHTE Ha BPEIHH BEIIECTBA, W3XBBPICHH OT

PEaKTOp OT HMHCTANAIHS

,,KaTanuTudeH KpeKuHr*, onpeaenaeHu o Meroaukara Ha B.M. Onprepman

«< 2]
= = g g <
g ) ﬁ S. ] § S g:
(2] 1
- ® S523| s = = = | = E S = -
= ] < = = 5 2 = = = &
= 9o < < 5 ] O = D R
8 Ec == £ | =E& = P E = B = S Eco
2 = S X S s = =5 = SR
< e = S =c = = = ) > 2 = E EE 2
No = R 2 2| 3 : : = g .E. 2 g = s 23
= g & g g =a E = = = = 2 2 s @ 2 £ g "
= = = = 2 = = T < g =
E = T S A 2 = S g
= é = le) = O
kg/kmol m m® Pa 1/h K kg/h
[IPU CBEXK KaTaJIn3aTop
743 8,400
1. | Peaxrop or | Ilapora-
HHCTala- 30Ba 4480,35 8,5 598,39 1,9.10° 2 0.04 MPU OCTaPsIT KaTaJIM3aTop
mus «Ka- cMmec
Talu-THICH
KPEKHHI» 763,57 8,360
mecTBa U MOKE 1a C€ MPOrHo3upa 3aMbpCsABAHC-
3akiouenne TO Ha MPU3EMHHUS BB3IyIIEH CIION.

B pesynTar Ha mpoBeieHHTE W3CIEABAHUS U
MOJYYEHUTE PE3yNTaTd MOTaT Ja Cce HalpaBH
CIITHOTO 3aKJIFOUCHNUE!

N3yuenu ca u ca DpWIOKEHH METOIHUKH 3a
W3YHCIIsIBAHE €MUCHHMTE Ha BpEIHH BEIIECTBA,
M3XBBPJICHH OT TEXHOJOTHYHOTO OOOPYIBAHETO
npu HedromnpepaboTkara. B pedynrar Ha ToBa ¢
JOCTaThbyuHA 33 MPAKTHYECKUTE M3UUCICHUS TOY-
HOCT ca ONpeIeNieHH EMUCHUTE Ha BpPEIHU Be-
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[Tomyuenu ca pe3ynTaTu 3a KOJMYECTBaTa Ha
BpEIHU BEILECTBAa, EMUTHUPAHU OT TEXHOJIOTHY-
HOTO 00OpyaBaHE MPH MPOU3BOJACTBOTO M Ipe-
pabotkata Ha HedTOmpomykTH. KaTo Heopranu-
3WpaHy M3TOYHHIIM HAa 3aMbBpCSBaHE ca pasriie-
JIaHU JBa OOEKTa: peakTop OT MHCTananus ,,Ka-
TAIUTHYEH MIaTGOPMUHT” M PEaKTOp OT WHCTA-
nanus ,,KaramutudeH KpeKuHr”.
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BJIMAHUE HA ITIPUPOJATA HA AKTUBATOPA U TEMIIEPATYPATA BBPXY
MHNOPUCTATA CTPYKTYPA HA IIEITEJ OT OPU30BMU JIIOCITN

Jlenus INoncaneemn, Panuna OrasiHoBa, JIroOomup Biaes

INFLUENCE OF THE NATURE OF ACTIVATION REAGENT AND TEMPERATURE ON
THE POROUS STRUCTURE OF RICE HUSKS ASH

Lenia Gonsalvesh, Radina Ognyanova, Lyubomir Vlaev

ABSTRACT: Nowadays, it is still a challenge to prepare adsorbents with specific characteristics, such as
ordered pore size distribution and dedicated surface properties, by using low-cost raw materials processed at
low temperature (less energy costs). Thus, adsorbents porous structure characterization is important in order to
predetermine appropriate, broader and effective practical application, and explain fundamentally its adsorption
mechanisms towards various pollutants. Therefore, the main aim of the current research is to evaluate the
influence of the nature of activation reagent and temperature on the porous structure of rice husk ashes
prepared through controlled combustion in air atmosphere at relatively low temperatures. Using the low
temperature nitrogen adsorption and Surfer apparatus of Thermo Scientific, the adsorption isotherms of the
prepared rice husks ashes, i.e. Rice Husk Ashes (RHA), ZnCl, modified Rice Husk Ashes (RHA-ZnCl,) and NaCl
modified Rice Husk Ashes (RHA-NaCl), are measured and subsequently evaluated. On their basis and using the
BET linear equation the specific surface area, pore volume and median pore radii of the studied samples are
calculated. Inasmuch as RHA and RHA-NaCl ashes demonstrate a sufficiently high specific surface area and
pore volume, they might be successufully used as inexpensive adsorbents for adsorption of different
contaminants.

Key words: activation of rice husk, rice husk ashes, nitrogen adsorption isotherms, porous structure.

BoBenenune KaKTO C LIeJl HAMUPAHe Ha MIUPOKO U e(PEeKTUBHO
NPaKTHYECKO TPUIOKEHUE, Taka W 3a (yHma-
Onom30TBOpSIBAHETO Ha OTNaJHAa OHOMaca  MEHTAIHO OOsSCHEHWE Ha MeXaHHU3MHTE MM Ha
4pe3 TepMUYHa 00paboTKa B MPOJYKTH C MOPHO3-  aJICOPOLIHUS CIIPSIMO Pa3IMIHU 3aMbPCHTEIH.
Ha CTPYKTYpa M TPAKTUYECKO IPHIOKEHHE € Penuiia 0630pu u MoHorpaduu [2-5] ca moc-
0c00EHO aKTyaJlHO Mpe3 TMOCJIEeTHUTE TOJUHH.  BETEHH Ha OPU3OBUTE JIFOCIH U MPOAYKTHUTE, MO-
Kato u3xonHu cypoBUHM Ce W3MON3BAT Hail-pa3-  JIyueHH OT TSAXHOTO TEPMHUYHO pazjiaraHe Npu
HOOOpa3HH arpoOMOJIOTUYHH OTHAIBIH, OT KO-  pa3nuyHu ycioBus. IloHacrosiiem, opu3oBHTE
TO C€ IMOJyYaBaT €BTHHH IPOXYKTH (OMO-BBIVIE-  JIIOCIIM M OCOOEHO TemenTa OT OPH30BH JIIOCIH
HH), HAMHPAIIX TpriIokeHue kato agacopoentu u  (Rice Husk Ash, RHA), nonyuena cien KoHTpoO-
HOCHTeNIM Ha Karanu3aropun. OcCOOCHO MSCTO — JIMPAHOTO UM HM3rapsiHe, ca CYpOBHUHH 3a IPOU3-
cpen oThaabLUTe OT OMOMaca 3aeMar OPH30BHTE  BOJCTBOTO Ha PeAWIa CHIMIHN-CHIBbPKAIIN Ma-
JIOCTIH, Ch3JaBallll CEPUO3CH TEXHOJOTMYEH M  TEepUalld, BKIIOYUTEIHO CHIIAIUECB TUOKCHUJ, CH-
exoyoruueH npobnem. [IpuunHa 3a ToBa € pak-  JMIKMeB KapOWJ, HATPUEB CUJIMKAT, CHJIMIINEB
TBT, Y€ CYpPOBUTE OPH30BH JIIOCIIM CE XapaKTepU-  TETPaxXJIOPHI, HATPUECB CHIMKO(IYOpHl, CHIaHU
3UpaT C BHCOKO ChAbp)KaHHE Ha OuoreHeH  u np. [2, 4]. Hamocneawsk, RHA ycnemHo ce us-
amopden SiO, (17-22%), B pe3ynraT Ha KOETO  IIOJI3Ba M KAaTO afCcOPOEHT Ha WOHM Ha TEXKH Me-
NPUTEKaBaT HUCKA KAJOPUYHOCT, HUCKA XpaHU-  Tallk, Oarpwia U MUTMEHTH OT BOJHU Pa3TBOPH
TeJHa CTOMHOCT M 0aBHO ce xymuduimpar [1].  [6-8], kakro u karo Hocuren Ha Ni, Cu, wm V
[Mopamu Ta3m mMpUYMHA OMOJ3OTBOPSBAHETO MM  CHIBPIKAIIA KATAIW3aTOPH, HU3IMON3BAaHH TIPU
4ype3 TepMHUYHA JCCTPYKIMsS JO IMOJyYyaBaHe Ha  pa3MyHHU OpraHuvHu cuHTte3u [9-11].
eBTUHH ajcopOeHTH, HaborateHH Ha amopdeH TepMHUYHOTO pa3rpaxIaHe Ha OPU30BH JIIOC-
SiO, e menecrobpasno. Or apyra cTpaHa, oxa- I MOXe€ Ja C€ W3BBPIIM B CTATHYHM WIIH JUHA-
paKTepU3UPAHETO HA TE3U aJCOPOCHTH € BaKHO  MHU4HH ycioBwus [2]. [IpoaykTuTe OT TepMHUYHATa
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JECTPYKIUS. Ha OPH30BH JIIOCIH TPH CTaTHYHH
YCIIOBHS ca KPEXKH, aMOP(GHU U IMOPECTH, KAaTO
OCHOBHHTE HEJOCTATHIX Ha TO3H METOJ Ca BHCO-
KaTa KOHCyMallus Ha eHEeprHsl (€IeKTPOSHEPTHsl),
OTPaHWYEHO CMECBaHE MEXIy peareHTHTE, HHUC-
KU TIPOW3BOJICTBEHHM HHBA, JBJITO PEAKINOHHO
BpeMe, PUCK OT eKcruio3us. MkoHomudecku mo-
M3TOJTHH M TIO-BHCOKOKAYECTBEHHU MPOTYKTH MO-
rar ga ObJaT MOJTyYeHHM B AWHAMUYHH yCIOBHS,
Ype3 U3MO0JI3BAHETO Ha HEMPEKBbCHATO JeHCTBa-
M WHCTAJIAIlUU C PEaKTOPH THUI ,,KUTISIL CIIOM.
TexHomorusaTa ,, KA CIOH € MIpearmodynTaHa
3a MoJy4aBaHe Ha aMOp(eH CHIIMIKEB AMOKCHUI
OT OPM30BH JIIOCIIU TOPaAU TMO-A00pUTE Maco-
00MeH M TOIUIOOOMEH W MOIIBbP’KaHEeTO Ha CTa-
OWIHM XUIPOJVMHAMHYHU IIapaMeTph Ha Mpo-
1eca, KOUTO ca TPEANOCTaBKa 3a MOTyYaBaHETO
Ha TPOJYKTH C BB3MPOU3BOANMH (DUIUKOXUMH-
4yHU mapametpu [1]. B 3aBucumocT oT cpenara, B
KOSITO Ce MPOBEXAa TepMUYHATa 00pabOoTKa Ha
CYpPOBUTE OpPH30BH IIIOCIH, OPTaHUYHUTE KOM-
NOHEHTH MPETHPIABAT PAa3IMYHA HPOMEHH, B
pe3yiTaT Ha KOETO KAaTo OCTaThK ce MOydaBaT
JIBa pa3MyHu TBBpAM mpoxaykra [1, 12-13]. Ako
TepMudHaTa 00paboTKa ce MPOBeXaa KOHTPOIIH-
pyeMo BBB BB3IyIIHA Cpela, BhIIIEpOoIHATA Maca
u3raps MOYTH HAITBJIHO M KaTo Pe3yl]Tar ce Io-
dydaBa Os1 mpax oT moutd 4duct (Ham 96%)
amopgen SiO,, M3BEeCTEH B ITEpaTypara KaTo
,,0sJ1a” TIeTes OT OpU30BH Jitociv. T'hil KaTo 1mo-
BBPXHOCTTA U € TOJISIPHA, Ta3W Merel Hamupa
MIUPOKO MPAKTUYECKO MPHIOKEHHUE KAaTO aJIcop-
OeHT Ha OO W IMHUIMEHTHU C TIOJISIPHH MOJIEKYIIN
U3 OTIIA/IHU BOJY OT TEKCTUIIHOTO M KOXKapPCKOTO
OO0SUKUICTBO WM HAa MOHU HA TEXKU METAJIN OT
pa3TBOPHUTE Ha EJIEKTPOJIUTHHUTE BaHU 3a padu-
HUpaHEe W MOKPUTHE HA METaJHHU MOBHPXHOCTH
[6-8]. Ako TepmuuHaTa 06pabOTKa Ha OPHU3OBUTE
JFOCTIM C€ TIPOBEXKIA KOHTPOJIMPYEMO B MHEPTHA
(a3oTHa) wiam OenHa Ha KUCIOPOA Cpefa, Mpo-
THYa TMUPOJIU3 Ha OMOOpraHWYHATA Maca, MpH
KOETO ce IMojly4yaBa T.H. ,,depHa” Temes OT OpH-
30BHM JIIOCIIM, ChIbPIKAaIlla 3HAUYUTETHH KOJIHMYe-
cTBa amop(eH BBIVIEPOJI, UHKOPIIOPUPAH B CTPY-
krypara Ha amopduua SiO,. Ilopamu ToBa, ye
MOBBPXHOCTTA MY € HEIOJSIpHA, TOW Ce M3I10JI3Ba
KaTo aJicopOeHT Ha OOM W MUTMEHTH C HEToJIsIp-
HU MOJICKYJIH W3 OTHAQJHU MPOMHIICHH BOJIH,
KaKTO M 32 OYHMCTBAaHE Ha pasziaMBU OT HedT U
He(TONPOAYKTH BHB BOmHM Oaceiinm [12, 14].
Te3u MpoOJyKTH ca peHTreHoaMOp(hHH, XapaKTe-
pHU3HpaT ce C BUCOKO pa3BUTa crenuduyHa mo-
BBPXHOCT U C€ HapHyaT XuOpuoHu aicopOCHTH.
[MonyuaBanero Ha memen Moxe na Obae u3-
BBPILICHO KAKTO OT CYpPOBH OPHU30BH JIIOCIH, TaKa
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¥ OT TaKuBa, 00pabOTEeHN ¢ XUMUIHHU PEarcHTH C
1eJ1 OJOOpsiBaHE Ha KauecTBaTa Ha IPOYKTUTE.
B nureparypara uma penuna myOnuKamum, CBbp-
3aHU ¢ MoAM(UKaIUATa Ype3 UMIOpPErHupaHe Ha
JIMTHOLEITYJIO3HN MaTepHaIl ¢ aKTUBUPAILH pea-
reatu karo ZnCl,, HsPO, H,SO,, KSCN,
KMnO,, NaOH, K,CO; u np., npeau TsAxHATa
tepmudHa nectpykmwms [4-5, 15-17]. Cpen wus-
Opoennte aktmBaTopH, ZnCl, € eguH ot edek-
TUBHHUTE PEAareHTH 3a IMOJIydaBaHe Ha MHKPO-
WIA ME30TOPUCTH BBIVIEHH IOpau HEroBaTa
BHCOKA aKTHBHUPAIA CIOCOOHOCT ¥ CPAaBHUTEIIHO
HUCKa IleHa. ToBa XMMHUYHO aKTHBHpPAHE JecTa-
OuM3KMpa JIUTHOLETYJI03HAaTa CTPYKTYpa Mopaan
MIPOTUYAHETO HA XUAPOIU3HU PEaKLUH, IPH KOe-
TO C€ IMOBHILABA E€JACTHYHOCTTA HA YaCTHLIUTE
Ha TpeKypcopa, W MpU IOCIeABall Mpolec Ha
HarpsiBaHe B MHEPTHA aTMocdepa BOIH 10 MOIy-
YaBaHETO Ha aKTUBEH BBIVIEH ¢ A00pe pa3BUTa
MOPHO3HOCT M BUCOKAa CHENU(UYIHA TOBBPXHOCT
[15]. BeblHoCT akTHBATOPHT MoOJIOMara oopa-
3yBaHETO U 0(POPMSIHETO Ha MUKPO- U ME3OIIOPH,
IPY KOETO ce HaOJI01aBa MO-TOJISIMO MTOBHUILICHHE
Ha aJCOpOIMOHHMS KalaluTeT B CPaBHEHHUE C
LIIMPOKO M3M0JI3BaHaTa (U3MYHATA AKTHUBALMAL
MexaHu3MBT Ha KaTalUTHYHO JEHCTBHE Ha
ZnCl, e nByctpaneH: 1) HachpuyaBa HM3BIHYaHE-
TO/@KCTPaxMpaHeTO Ha BOJHH MOJIEKYIU OT JIHT-
HOLIETYJIO3HATA CTPYKTYpa; U 2) NMposBABa HH-
XUOUTOpEH e(PEeKT MO OTHOIICHHE Ha JICTJIUBU
BEIIECTBA, CTa0WIM3Npa TM U B KpaiiHa cMeTka
BOJU [0 MOJIyYyaBaHe Ha TBBPI BBIJIEPOJECH OC-
TaThK. [IpoBEXJaHETO HA XMMUYHATA aKTHBALHS
¢ ZnCl, oka3Ba TOJIOKUTEIIHO BIUSHUE U BbPXY
Pa3BUTHETO Ha TOBBPXHOCTTA W IOpUCTaTa
CTPYKTypa Ha BBIVIEPOAHU MaTEpPHAJIH, B T.4. aK-
TUBHH BBIJICHH, TOJYYEHH OT OPWU30BH JIFOCIH
[18-20]. B To3u ciydaii 0OpaboTKaTta MOXKe Ja ce
Oasupa Ha enHOCTagveH (MMIIpErHUpaHe Ha W3-
XOJJHUTE OPH30BH JIIOCIIH C XUMHUYEH peareHT u
aktuBaims npu temmeparypu 400-800°C) win
IOByCTagueH (KapOOHW3alMs B WHEPTHA cCpeaa
npu Temmnepatypu okosio 400°C, umnpersupase
Ha nonyudenus: BeriieH ¢ ZNnCl, u mociensamia
akTuBauusi npu temneparypu Hag 600°C) mpo-
uec. IlomydeHuTe Mo TO3M HAYUH BBITIEPOJHH
MaTepHallil Cce XapakTeph3upaT ChC 3HAYUTEITHA
cnenupuYHa TIOBBPXHOCT U JOOpU  ajacopO-
LUOHHH CITOCOOHOCTH, B MHOTO CIIy4yaW CpaBHU-
MH, C T€3U Ha THPTOBCKUTE MAPKU aKTUBHH BBI-
nenn. TpsOBa na ce comeHne obade, ye MPOU3-
BOJICTBEHMAT METOJl Ha TE3U MaTepUalld BKJIIOY-
Ba HSKOJIKO e€Tana Ha MpoOOoMoAroTOBKA, BUCOKH
TEMIIepaTypy Ha IHUPOJIU3 U aKTUBALUA, U IIPO-
IOBJDKUTENIHO BpeME Ha 3aJbpXKaHe Ha aKTHUBU-



pamara ¥ MUPOJIMTHYHATA TEMIIEpaTypa, KOeTo
OCKBIISIBA IPOM3BOJICTBEHATA [I€HA. 3aTOBA, BBII-
PEKH 3a/I0BOJIUTEIIHUTE PE3YJITATH, TIOIYUCHHU 32
HSIKOM OT TE3H aJCOpPOCHTH, BCE OILIE € MpeIus3-
BUKATEIICTBO TMOJyYaBaHETO HA aJICOPOCHTH ChC
CTPOTO CHEIUGUIHN, CPABHUMHU WA TO-TOOpH
XapaKTePUCTHKH OT T€3U Ha KOHBCHI[MOHAIHUTE
AKTHUBHU BBIJICHH W aJICOPOCHTH, Ype3 H3IOJI3-
BaHETO HE CaMO Ha €BTUHH U JOCTHITHU CYPOBH-
HH, KOMTO Ca NKOHOMHYECKH MPUBJICKATEIHU, HO
U 4pe3 pa3paboTBaHETO W ONTUMHU3MPAHETO Ha
MpoIlecH 3a MoJy4aBaHe MPHU TO-HUCHK Pas3xoj
Ha SHEeprysi U pearcHTH.

Lenta Ha HacTosimaTa paboTa € TOIydYaBa-
HETO Ha Ternen OT OPU30BH JIIOCIH MPU KOHTPO-
JUPAHO M3rapsHe BbB BB3AYIIHA Cpesia MpH cpa-
BHHUTEITHM HUCKU TEMIEPaTypH, KAKTO U H3CIe-
BaHE Ha BIMSHUETO HA TEMIIEpaTypara v mpupo-
nara Ha aktuBatopa, B T.4. ZNCl, u NaCl, Bepxy
nopucraTa CTPyKTypa Ha MOIYYCHUTE aJcop-
OCHTH.

ExcnepumeHnTranna yacr

OO0exT Ha M3cleABaHe B HAcToAmaTa pabora
ca Tereny OT HeoOpaOOTEeHU W UMIIPETHUPAHH C
XMUMUYHU PEAreHTH OPWU30BH JIIOCIH, TONyYCHH
4Ype3 KOHTPOJIMPHO U3rapsiHe BbB BB3AYyIIHA Cpe-
na. VMiperpupaHeTo Ha OpPU3OBHUTE JIIOCIH €
MPOBENICHO C JIBa pPas3iMYHH aKTUBHpAIIW pea-
reHTa, B T.4. 2% pasteop Ha ZnCl, u 2% pa3srtBop
Ha NaCl, npu craiiHa Temepatypa U HEIPeKbC-
HaTO pa30bpKBaHE C €JIEKTPOMArHUTHA ObpKaKa
B IPOJIbJDKEHUE Ha 6 yaca. Criest Ta3u o0paboTka
npodute ca QUATPYBAaHH M NPOMUTH C JECHOHH-
3WpaHa BOJA, A0 OTCHCTBUE Ha XJIOPHIHHU HOHH
BBB (WITpaTa, U M3CyNIEeHW 6 yaca Ha BB3IAYX
npu 105°C. Cyposure, ummnperaupanu ¢ ZnCl,
win NaCl opu3oBu jrocnu ca TMOMIOKEHH Ha
KOHTPOJIMPAHO HM3TapsiHe BbB BB3JYyIIHA Cpelia B
nabopaTopHa HMHCTAJalUsl C PEaKTop TUM ,,KH-
sy’ cioi, npeacTaBed Ha ®wur. 1, npu Temre-
patypu 320, 420 u 520°C u ckopocT Ha Harps-
Bare 10°C/min.

ANCOpOLIMOHHNUTE M30TEPMH IO a30T Ha MU3-
CJICIBAHUTE TIENENTH OT OPU30BH JIFOCIIH Ca CHETU
Ha amapar Surfer Ha ¢upmara Thermo Scientific
npu —196°C. 3a ompenensHeTo Ha crienuduyHa-
Ta TIOBBPXHOCT Ha ME30IOPUCTH CTPYKTYpU H
HETIOPUCTH, (DUHOJMCIICPCHH MaTepualld  ce
W3MON3BaT JIAHHHUTE OT aJCOPOIMOHHHUTE H30-
TepMU B 00JacTTa Ha OTHOCHTEJIHH HaJISITAHHS
0,05 - 0,28 u nuneiiHaTa popMa Ha ypaBHEHUETO
ma BET (Brunauer—Emmett-Teller) [1, 21-22]:
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R/R
o, (1-P/PR)
KBJIETO: @ € KOJWYECTBOTO Ha ajcopbara mpu
JIaJIeH0 OTHOCHUTENHO Hansrane Pi/Py, o, € Kamna-
IIATETHT HA MOHOCTION OT amcopbara, a C e dhu-
3MKOXMMHYHA KOHCTAHTa, CTOSIIA BbB BPb3Ka C
TOIUTMHATA Ha aJcopOIUs Ha AaJIeHUs aacopoar.
OTpe3bT, KOUTO IpaBaTa OTCHYA OT OpJAHUHATHATA
oc, ¢ paBeH Ha l/ayC, a TaHTGHCHT HA BI'BJA,
KOHTO IIpaBaTa CKJIIYBA C IIOJOXKUTEIHATA II0-
coka Ha abcuucHata oc ¢ paBeH Ha (C — 1)/ anC.
BxurouBaiiky oTpe3a M TaHreHca Ha bI'bjla B €Ha
CHUCTEMa OT JIBE YPaBHCHHUS OT IIbpPBa CTEIICH C
JAB€ HCU3BCCTHH, CC HpeCMHTaT CTOﬁHOCTHTC Ha
koHcTanTuTe C U 4. 3HACHKU CTOMHOCTTA Ha
KaIaluTeTa Ha MOHOCIIOSN Ofm, JIECHO MOJKE Ja C€
HpCCMeTHe CHCHH(bI/I‘IHaTa HOB’prHOCT Ha II0-
PHCTOTO TSIO, U3MON3BANKN YPABHEHUETO:

_(C-Yr,

. C P,

1
amC '

1)

A=q N,0, (2)

kbaeTo: Na e uncino Ha Aegoeadpo, 6,023.1023
1/mol, a w — ehekTUBHO ceyeHre Ha MOJIEKyJIaTa
Ha ancopbara, KOETO 3a MOJIEKylaTa Ha a3oTa
BB3/IM3a Ha 16,27A2. Koncranrara C e Hemoc-
PEICTBEHO CBBbp3aHa C YMCTaTa TOIUIMHA Ha a-
copbuumsita Q, ChOTBETCTBAIl]a HA pa3iHKaTa B
TOIUIMHATA Ha ajcopOumsaTa B MOHOCHOS Q; |
MOJIHATa TOIUIMHA Ha KOHJCH3AIlUs Ha MapuTe Ha
angcop6ara Q. B CHOTBETCTBHE C YpaBHEHHETO

[1]:

szexp(Ql ] (3)

I'onemute croiiHocT Ha koHcrantara C ca
yKa3aHre 32 HAJIMYUETO Ha CHIIHU B3aHMMOJEHCT-
BUS MEXJIy ajcopOeHTa U ajcopdara, KOUTO ca
XapakTEepHHU 3a CIydauTe Ha XEMOCOPOIHS WIH
MPOTHUYAHETO HA TEPCOpPOIMsl B MHUKPOIIOPHUTE.
Mankure croiiHocTH Ha KoHcTaHTata C ca yka-
3aHME 3a TPOTHYAHE Ha aacopOIusATa 1Mo T.H.
,,KOOTIEPaTHBEH MEXAaHWU3bM WM 32 HaJTUIHETO
Ha MHOTO CJTa0u B3aMMOJCHUCTBUS MEXKIY aJIcop-
Oara u amcopOeHTa.

VYpasHeanero Ha BET e mnpumoxumo 3a
ompezelnsHe Ha crenu(UYHa TOBBPXHOCT Ha He-
MOPUCTHU, MAKPO- U ME30MOPECTH MaTepHallu,
CBCTOSIIIIA CE€ OT TOPH C IMUPOK TUAMETHP, HO
MPUWIOKEHUETO My 3a ONpelNesiHE Ha cIie-
u(pUIHA TOBBPXHOCT HA MUKPOTIOPUCTH aJICOP-
OceHTH ¢ MpobIeMaTHIHO, Th KaTo € TPYIHO I



Ce pasrpaHuyar NPOIECUTE Ha MOHO- M IIOJIH-
clloifHa azcopOIMs OT 00EMHOTO 3ambjIBaHE HA
MHUKPOTIOPUTE, KOETO OOMKHOBEHO 3aBBPIIBA IIPH
otHocutenHu Hajsranus nox 0,1 [22]. [Mopaau
TOBa, crHenu(pUIHATa TOBBPXHOCT, IOJTyYeHA
uype3 mnpumarane ©Ha BET wmeroma BbBpXy
aJCOPOLIMOHHU H30T€PMH Ha MHKPOIIOPUCTH
MaTepuaii HE OTpa3siBa MCTHHCKATa BBTPEIIHA
HOBBPXHOCT, a TpsOBa 1a ce pasriekaa caMo
KaTo  OpUEHTUPOBBbYHA WM  €IWH  BHUJI
exBuBaneHTHa BET moBbpxHOCT. B TO3M ciyyai,
€ 3aIBJDKUTEITHO J1a ce 0TOeNsA3Ba ANAMa30HbT OT
OTHOCUTEITHH HaISTaHMsA, B KOHTO ce HaOmoaBa
nuneina BET 3aBucumoct. YCTaHOBEHO €, Y€ B
MIPUCHCTBUETO HA MHKpPOIIOpH JuHelHata BET
3aBUCHMOCT € M3MECTeHa KbM 3HAYHUTEIHO II0-
HUCKHUTE OTHOCUTENHHM HaisraHus. PazOupa ce,
BB3HMKBA BBIIPOCHT KaK Jla C& HAMEPU TOUHUST
muHeeH BET jamamazon 3a  mukpomopuctu
MaTepHajH, ¥ TO M0 HA4YWH, KOMTO J1a HaMansBa
CyOeKTHBHOCTTa B OIIGHKaTa Ha pa3Mepa Ha
MoHocos. [lo To3u nmoBox Pykyepon mpepmnara
HOAXO0J, KOWTO ¢ 0a3upaH Ha jaBa Kputepus [23]:
1) Koncranrata C TpsOBa a ©Ma BUHATHU IOJIO-
JKUTeNHa CTOHHOCT. OTpuIlaTenTHa CTOHHOCT Ha
C B nuneiinata BET 3aBucumoct e nHaukanus 3a
W3JIM3aHE WM3BBH BaJHMIHHA OO0XBaT Ha ypaBHe-
Huero Ha BET; 2) [Ipunaranero Ha ypaBHEHHETO
Ha BET crnenBa ga Obae orpanmueHo B oOXBaTa
Ha OTHOCHTEITHH HaJISTaHus, KBAETO
a,(1— P,/ R)) napactsa ¢ P,/ P, Bwnpeku ToBa,

TpsiOBa Jla ce Kaxe, 4ye crernuduyHara moBbpX-
HOCT Ha MHKPOIIOPUCTH aacopOeHTH uma (op-
MaJieH W OTHOCHTeNIeH Xapakrtep. [lopamu taszm
NpUYHMHA, TO-MEPOJIaBeH MapaMeTbp € 00eMbT
Ha MHKPOIIOpUTE, KOMTO € OCHOBEH CTPYKTYPEH
napaMeThp, OINKCBAIl MHKPOINOPHUCTUTE aacop-
OCHTH.

@ur. 1. JlabopaTropHa WHCTaNaLus 3a MUPOJIU3
Ha OpPWM30BH JIFOCIH C pPEaKTOp THM ,,KUTISIT’
CIIOH.
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JyOuHMH, B CBTPYIHUYECTBO ¢ PamymikeBud,
MpeJIcTaBsl YpaBHEHHE 3a U3UMCIIsIBaHE oOeMa Ha
MHUKPOIIOPHUTE Bb3 OCHOBA Ha AWara3oHa OT HHUC-
KM ¥ CPEAHH OTHOCUTEIIHU HAJATaHWs Ha aj-
copbrmonHaTa n3oTepMa, B T.4. 10 < PPy < 0.1
[24-25]. Texumar Momesa HpeACTaBiIsABa aJarTa-
LMs Ha T0-paHo pa3BuTara ot llonanu Teopus 3a
afcopOmusaTa, Oasupaimia ce Ha €THOPOIHA, K-
BHITOTEHIIMATHA TTOBBPXHOCT HA aJcopOeHTa U
TEOpHATa 3a nepcobyusma, Kacaella HaunHa Ha
3alrbJIBaHE HAa MUKpomnopute ¢ aacopbar. Cor-
nacao JlyOwHWH, aJCOPOIMIOHHUAT MPOIEC IMPH
MUKPOIIOPUCTU CTPYKTYpPHU C€ HU3pa3siBa B 00eM-
HO 3albJiBAaHE HAa MHUKpPONOpHU, O3 peanusu-
paHeTo Ha MOHO- W TMoJjucioeBe. JIMHEWMHOTO
ypaBHenne ©a JlyounuH-Pagymikesud (DR),
OTIMCBAILIO nepcopOyUama B MUKPOIIOPUCTH a-
COpOCHTH M KaTaTu3aTOpH, UMa CIICAHUS BUI:

lgV, =1gV, —-D(IgR,/P)", (4)

KblieTo Vi € aacopOMpaHOTO KOJMYECTBO IIPU
naneno Pi/P,, m3paseHo kato obem Ha TCUHHS
aacopbat, Vo e 0beMbT Ha MUKpomnopuTe, a D ce
MPEeJICTaBs C U3pasa:

2

T
D=B|—|, (5
; (5)

kpsieTo B u f ca QU3MKOXMMHYHM KOHCTaHTH,
oTpazaBamly  cnenupuYHATa  TPUpOJA  HA
azcopOenTa u ajacopbara. ChIVIaCHO ypaBHEHHE
(4), otpe3nT, KOiTO MpaBara OTCHYa OT OpAKHA-
THaTa oc, € paBeH Ha 1gVy, OT KbJieTO MOJXKe /1a ce
W3YHCITH CTOMHOCTTA HAa 00eMa Ha MUKPOTIOPUTE
Vo, a OT HaKIOHa Ha mpaBara ce ompenens D,
CHOTBETHO CTOMHOCTTA Ha OTHOMICHHETO BIf
[IpH TeMIIepaTypara Ha aicopOnusTa.

[Mo-xbcHO Karansp moauduimpa ypaBHeHHe-
To Ha DR u npennara mogudunupanara gopma
Ha TOBa YpaBHEHHE Jia c€ M3II0JI3Ba 3a OIpelie-
JITHETO Ha Crenu(HUYHATa MOBBPXHOCT HA MUK-
ponopuctu Matepuanu [25]. Karausp BB3mpue-
ma npunnmna Ha DR 3a MaycoBo pasmpeneneHue
Ha aJIcOPOIMOHHMS MTOTEHIIMAN, HO 3aMeHs KOH-
LenuusATa 3a 00EMHO 3aIbJBaHe Ha MUKPOIIOPH-
T€ C Ta3M 3a MOBBPXHOCTHO NOKPUTHE HA MIOPUTE
¢ ajcopbar cioit o cioir. BewimHocT, Qpakim-
ounoro 3ameiBane (V/Vy) oT ypaBHEeHHETO Ha
DR e 3amMeHEHO C MOBBPXHOCTHOTO MOKPHUTHE
(oi/an), M HOBOTO ypaBHEHHE, W3BECTHO KarTo
ypaBHeHue Ha JlyomHuH-PagymkeBuu-Karanbp



(DRK), uMa CBITUAT B KaTO Ha OPUTHHAIHOTO
ypaBHenue Ha DR, T.e:

lg| - |=-D(IgR/R)", ©

m

KBIETO ¢4 € KOJMYECTBOTO Ha ajcopOHpaHaTo
BEIIECTBO MPH [aJCHO OTHOCHTEIHO HalATaHe
Pi/P,, a oy e Kamanurera Ha MOHOCJOS OT aj-
copbara. PesynraTute OT CpaBHEHHETO MEXIY
CTOWHOCTUTE Ha 4y, OIIEHEHH YPE3 METOAHNTE Ha
DRK u BET, mpencraBiT B H3BECTHa CTEIICH
CMyIlIaBalla KapTHHa W HAKOH aBTOPH 3aKiIova-
Bar, ue 3HaunmMocTra Ha DRK ypaBHeHmero u
HEroBaTa BaJMIHOCT 32 OIEHKAa Ha IMOBBPXHO-
CTTa € HEesICHa W B W3BECTCH CMHUCHI ChMHH-
TenHa. Bbrpeku ToBa, B penuna U3CleABaHUS,
muHeeH DRK o0xBaT e monydeH B OrpaHHuYeH
JIMara3oH OT OTHOCHTEIIHM HallaraHusl Ha H30-
TepMaTa, ¥ B HAKOM CIIydaH ca JOKJaJBaHH cpa-
BHUTETTHO OJIN3KM CTOMHOCTH Ha ¢f M3UUCIICHH
no DRK u BET [25].

O6embT Ha TopuTe, Vj gs, Cms/g, Mo TIPeAIIOo-
xeHue Ha ['ypBud, ce n3umcisiBa Bb3 OCHOBa Ha
CTOWHOCTTA Ha ajicopdaTa o gs, OTIETEHA OT Jie-
COpPOLIMOHHMSI KJIOH Ha aJcopOIlMOHHATa W30-
TepMa Ipu OTHOcUuTeaHO Haysirane Pi/Py = 0,95 B
ChOTBETCTBHE ¢ U3pasa [1]:

V,

0,95

= ao,gsvrxlfz . (7)

KBJETO VNL2 € MOJHHMAT OOEM Ha TEYHHAT a30T

npu — 196°C, pasrsBaui ce Ha 34,68 cm®/mol.

[lo3naBaiiku croifHOCTTa Ha croernuduIHaTa
MOBBPXHOCT A 1 obema Ha mopute Vggs U TIpHe-
MalK¥ TH 32 IIIAHIPUYHA, MOXKE J1a CE N3UMCITU
CPEHHAT UM paguyc Iy, U3MOI3BAMKH IPOCTOTO
cpotHoIeHue [1]:

2V,

_ “Voses

r =
A

p

, (8)

PesynraT m quckycusi

AJICOpOITMOHHN M30TEPMH IO a30T Ha W3-
CJIeIBAaHUTE TPOOM, TOJYYCHH 4Ype3 KOHTPOIU-
paHo wm3rapstHe npu Temmeparypu 320, 420 u
520°C ca npencraBeHu choTBeTHO Ha Dwr. 2, 3 u
4. CHerute ancopOIMOHHN U30TEPMH TOKa3BarT,
Yye KaKkTO TeMIleparypara, Taka ¥ BUJa Ha aKTH-
BUpAIllMs PEareHT IOBJIMIBAT CHJIHO IOBBPX-
HOCTTa U TCKCTYPHHTE XapaKTEPUCTUKU Ha TIO-
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nydeHute nenenu. Ilenenure ot cypoBu opu3oBu
mocin (mpoba RHA) u or wmMmperampanu c
ZnCl; opuzosu mocnu (npoda RHA-ZnCl,), mo-
nydeHu upe3 u3rapsine npu 320 °C (Qwr. 2) ce
XapakTepU3upaT ¢ aACOPOLMOHHH HU30TEPMH OT
IV Tun, THNWYHYU 332 ME30NOPUCTU CTPYKTYpPH, U
XHcTepe3ucHu ydactbly Tun H-3 mo knacudu-
karusita Ha |UPAC. ToBa e ykazaHue 3a Hali-
4yHhe Ha bunopucma CTPyKTypa, B KOSTO ca HaJIU-
e TIOpH ¢ JBa pa3Mepa, 3aCThIICHH B pa3inyHa
ctenieH. TakbB THI XUCTEPE3UCEH YYAaCTBK Ce
HaOJroaBa IpU TOPOUIHM MOPH, a CHIIO U IIPU
OyTHIKOOOpa3HHU TOPH C TECHU U ABJITU I'bpiia ¢
pa3IMYHU pa3Mepu W TPHOIU3UTETHO E€THAKBH
pasmepH Ha Tenara. C aHAJIOTHYEH XUCTEPE3NCEeH
YYacTBK C€ XapaKTEepPU3UpaT U TOPUCTH CTPYK-
TYpH C KIMHOBHHH MOPH, 3aTBOPCHU CTPAHUYIHO
U OTBOpeHH B jBata cu kpas [1]. CpaBHsBaiiku
T€3U JIB€ MU30TEPMH, NPaBH BIICYATICHHE U TIO-
HUCKHSI MaKCHMaJIeH aJCOpOLMOHEH KamamuTeT
npu u3orepmara 3a RHA-ZnCl, koero e uHau-
Karst, ue moaudunupanero ¢ ZnCl, e okaspa
TIOJIOXKHUTEIHO BIMSHUE BbPY Pa3BUTHETO Ha IO-
pHucTaTa CTPYKTypa Ha IemenTa, MojydeHa MpH
Ta3u TeMIlepaTypa Ha U3rapsiHe, a JOpH Harpo-
THUB - BJIOIIaBa 5. AICOPOLMOHHATa U30TEpMa Ha
MenenTa MOJIy4eH OT OPHU30BH JIFOCIH, MMIIPET-
nupanu ¢ NaCl (mpoba RHA-NaCl) upe3 wusra-
psHe npu 320°C ce xapakTepH3npa cbC CTPbMEH
MOJIEM TPH HUCKWA OTHOCUTEITHH HAJSITAHUS, PSI3-
KO CTBIIAIO MIPHU OTHOCHUTETHOTO Haysrane Pi/Py
oxomno 0,01 u moutn ycriopeneH Ha abicara XoJ
IpY CPEAHU M BUCOKM OTHOCHTEJIHU HaJsTaHHA.
B xona Ha n3oTepmara ce HaOo1aBa U XUCTEpe-
3UCeH ydacThk oT Tuil H-4, cBBp3aH ¢ mpoTuya-
HETO Ha KamWwisIpHa KOHAEH3AIMsl B ME30IOpPH.
ToBa moBeneHre Ha aJicOPOIMOHHATA H30TEpMa
MOKa3Ba, 4Ye TMOpHCTaTa CTPYKTypa Ha Mpoda
RHA-NaCl e nmpeauMHO MHKPOIIOPECTa, C TACHO
pasnpezenenue Ha pazmepa Ha nopute. C 1oj0-
OeH TUT M30TEepMa Ce XapaKTepu3upa T.H. "dep-
Ha" OpH30Ba IerelN, MOJyYeHa Ype3 MHUPOJIN3 B
uHepTHa cpena [3], koeTo e yka3aHue, 4e MOJH-
¢ukarmsara ¢ NaCl crabunmmsupa u mpeamnassa B
W3BECTHA CTEIEH BBIVIEPOAHOTO ChIBPKAHUE IO
Bpeme Ha usrapsiae npu 320°C u Bogu 10 pa3Bu-
THE Ha MHKPOIIOPHCTA CTPYKTypa, mojodHa Ha
Ta3u NpPU aKTHUBHUTE BBIVIeHH. FIMEHHO ¢ ToBa
MoOKe Ou € CBBbp3aH M MO-ThMHHS LBAT (YEpHO-
kadsB) Ha RHA-NaCl obpasena B cpaBHeHHE ¢
nsera Ha nmpoou RHA u RHA-ZnCl; (651, momo-
OcH Ha T.H. ,,0571a” OpH30Ba MeMnel NoIydeHa Mpu
u3rapsiHe BbB Bb3aynHa cpeaa npu 700°C [13]).
IloBumraBaHeTo Ha TeMIIEpTypaTa Ha H3rapsiHe
ot 320°C (®wur. 2) Ha 420°C (Pur. 3) u 520°C



(Pwur. 4) He BOOW MO CHINECTBEHH PA3NHYUS B
X0/1a Ha afcopOImoHHNTE m3oTepmute 3a RHA u
RHA-ZnCl, npoGure, nokato ancopOIMOHHATA
nszorepmata 3a RHA-NaCl ce tpanchopmupa ot
tun I ¢ xucrepesuc H-4 B tum IV ¢ xucrepesunc
H-3. Hemo moBeue, ancopOITMOHHUTE H30TCPMHU
3a RHA-NaCl nenenure, mojgydeHu 4pe3 u3ra-
psae mipu 420°C u 520°C, HanomoOsBaT MU3KITHO-
YUTETHO MHOTO m3oTepmute 3a RHA memnenmure,
MOJYYeHHU upe3 M3rapsHe Npu ChIIUTE TeMIepa-
TypH.

KanauuteTsT Ha MOHOCIOS ¢4y HA 0Opa3UuTe,
Bb3 OCHOBa Ha KOITO ca IPECMETHATH CIIELH-
(bUIHUTE UM TOBBPXHOCTH, M KoHCTaHTata C ca
W3YHCIICHN W3MON3Baiiku NHHeiHaTa ¢opma Ha
apcopbunonHara u3orepma Ha BET 3a Bcmukm
npobu (Pur. 5 u 6) u kpurepus Ha Pykyepon
(®ur. 6) 3a npoda RHA-NaCl. [Tonyyenute pe-
3yNTaTH, 3a€JJHO C pe3yNaTaTuTe 3a obeMa Ha Io-
pute no ['ypBu4 u cpeqHUAT panuyc Ha MOPUTE,
ca cuctemarm3upanu B Tabnuma 1. AHanu3bT Ha
MOJy4YeHUTE JaHHU TO0Ka3Ba, Y€ H3IOJI3BAHETO
Ha aKTMBHPAILI] PEareHT OKa3Ba CHIIECTBEHO BIIU-
SIHUE BBPXY MOpUCTaTa CTPYKTypa Ha MEeHesd OT
OPHU30BHU JIIOCITH, MOJYYEHU TPU KOHTPOIUPAHO
u3rapsiHe Ipy CPABHUTEIIHO HUCKH TEMIIEPATYPH.
WznomsBanero Ha ZnCl, kato momuduupa
peareHT BOJIM J0 NMOHWKaBaHe Ha crienuuvHaTa
MOBBPXHOCT M 00eMa Ha TIOpUTe Ha poOuTe mpu
BCHYKHM TECTBAaHM TEMIEpaTypd Ha KOHTPOJIH-
paHo M3rapsiHe BbB BB3AYIIHA Cpesia, KOETO € B
pe3yiTaT Ha pa3IIUpPSBAHETO U OTBapsSHETO Ha
nopure. Crenuduynara nosspxHoct Ha RHA-
ZnCl, npobute, MONyYeHU Ype3 H3rapsiHe MPU
temneparypu 320, 420 u 520°C, Bapupa B rpa-
muaTe 79 — 98 m* gl 3a pasnmka ot mMmper-
Hupanero ¢ ZnCl,, umnperaupanero ¢ NaCl Bo-
JU JI0 CBINECTBCHO YBEIMYaBaHE Ha CIICIH-
(¢uYHaTAa MOBHPXHOCT 332 CMETKA Pa3BUTHETO Ha
MHUKponopuctara ctpykrypa Ha RHA-NaCl npo-
Oara, momyvena upe3 usrapsine npu 320°C, u He
oka3Ba 3HauuMo BimsHue npu NaCl-akTuBupa-
HUTE TENelH TOJYYEeHU MPH MO-BUCOKUTE TEM-
nepaTypyu Ha HU3rapsHe B CpaBHEHHE C TE3U IO-
JYy4EeHU OT HEUMIIPETHUPAHU C PEarcHT OPU30BH
mocnu. CrnenmduyHaTa MOBBPXHOCT Ha IMpoda
RHA-NaCl nony4ena upe3 usrapsine npu 320°C,
M3YHCIICHA 10 JIMHEHHOTO ypaBHeHue Ha BET u
kputepus Ha Pykyepor, e 305 m” g™, ITosspx-
HOCTTa Ha Ta3u npoba Oe ompenesneHa u 1Mo ypa-
BHeHneTo Ha DRK (®wur. 7) kato Oe m3uucieHa
cnenu(UYHA TIOBBPXHOCT, pasinyaBamia ce OT
Tasu onpexaenena o BET ¢ okono 8%.
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®ur. 2. AICOpOLIMOHHA HM30TEPMHU IO a30T Ha
Mernen OT OPU30BH JIIOCIH, MOJYYeHA BBHB Bb3-
nymHa cpeja npu 320°C.
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@ur. 3. AncopOLHMOHHM H30TEPMH MO a30T Ha
[erne;l OT OPU30BH JIKOCIH, TOJIYyYeHA BbB Bb3-
aymiHa cpeja mpu 420°C.
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®ur. 4. AncopOIMOHHU M30TEPMHU IO a30T Ha
nernen OT OPM30BH JIKOCIIH, MOJNy4e€HAa BBB Bb3-
nyiHa cpena mpu 520°C.
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@ur. 5. Jluneiina ¢opma Ha ypaBHEHHETO Ha
BET 3a memenu OT OpHU30BH JIOCTH, MOJYYEHH
6e3 axtuBupamny peareHT (RHA) u ¢ aktmBupa
pearent ZnCl, (RHA-ZnCl,) BbB Bb3aymIHA Cpe-
na pu 320°C.
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@ur. 6. JluneiiHa ¢opma Ha YpaBHEHHETO Ha
BET u kputepuit Ha Pykyepou 3a menen ot opu-
30BH JIIOCIIH, TIOJyYeHa cien aktuparnus ¢ 2 %
pastBop Ha NaCl (RHA-NaCl) BpB BB3mymIHa
cpena mipu 320°C.

BnusiHueTo Ha Temmeparypara BbpXy IOpHUC-
TaTa CTPYKTypa Ha M3cielBaHUTE IIPOOU € JocTa
MO-OTPaHMYEHO B CpPAaBHEHHE C BIMSHHETO Ha
npupojaaTa Ha akTuBaTopa. ToBa € 0cOOeHO SACHO
m3pazeno mpu RHA u RHA-ZnCl, mpobure, 3a
KOMTO C IIOBUIIABAaHE HA TEMIIEpaTypaTa Ha KOH-
TPOJNMPAHO W3rapsiHe BbB BB3AYIIHA cpena, obe-
MBT Ha NIOPUTE U CPETHUSIT UM pa3Mep ce 3amas-
BaT OT ChIUUS MOPAIBK, a crenuduyHara mo-
BBPXHOCT ce MoHmkaBa B pamkute 4,4 — 19,4 %.
3a RHA-NaCl npoOute, ¢ moBWIIaBaHETO Ha
TeMmIeparypaTa Ha KOHTPOJIMPAHO M3rapsHE BHB
BB3AYyIIHA cpela ce HalirogaBa MOHWKAaBaHE Ha
criergpuIHaTa TOBBPXHOCT ¢ 110 36 %, KOETO € B
pesyiTaT Ha pa3IIUpPSBAHETO W OTBAPSHETO Ha
nopure. C MOBHIIaBaHE Ha TeMIlepaTypara Ha
u3rapsiHe, CpeIHUST pajnyc U 00eMbT Ha TIOPUTE
Ha RHA-NaCl npobure HapacTBaT, CHOTBETHO
or 19.6A 1o 24,6A u or 0,163 cm®g™ xo 0,268
cm®g™.
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®@ur. 8. JluneitHa gopma Ha ypaBHEHHETO Ha
DRK 3a memen oT OpW30BM JIOCHH, TOJy4eHa
cien aktuBanusa ¢ 2 % pasztBop Ha NaCl BB
BB31yIIHA cpeza npu 320°C.

Ta6auna 1. [TapameTpu Ha MopHUCTaTa CTPYKTYpa Ha HENeIr OT OPU30BH JIOCIIH.

[Mapamerpu RHA RHA-ZnCl, RHA-NaCl
Tewmr., °C 320 420 520 320 420 520 320 420 520
Ager, m*g™ 227 217 195 98 81 79 305 195 203
C 66,58 | 74,22 | 70,01 | 99,47 | 110,84 | 100,44 | 3674,00 | 8504 | 66,22
Vogs, cm®g™? | 0,249 | 0,277 | 0256 | 0,177 | 0177 | 0,175 0,163 0,247 | 0,268
fp, A 22,8 23,9 23,9 32,0 37,3 37,4 19,6 23,6 24,6
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3akiouenue

[TomyueHure pe3ynTaTu MOKa3BaT, 4e MOPHUC-
TaTa CTPYKTypa Ha IEIeNH, MOJNyYeHU OT OpH-
30BU JIIOCIH, B T.4. CYpOBH, MMITPETHHPAHU C
ZnCl, wimm NaCl, upe3 KOHTpOIMpPaAHO H3rapsHE
BbB BB3JyIIHA Cpella, CC IOBIUSABA CUIHO OT
NpUpojiaTa Ha aKTHBATOpa M MO-OTPAaHHYCHO OT
TeMIieparypara Ha u3rapsiie. Y CTaHOBEHO Oe, e
kakto RHA-NaCl nenenute taka u RHA merne-
JUTE, WMaT JOCTaThYHO BUCOKOPA3BUTA CIICIIU-
(¢ruHAa TOBBPXHOCT W 00eM Ha IOPHUTE, KOETO
npeAronara, ye Morar yCIeurHo aa ObAar us3-
MOJI3BaHM B Ka4eCTBOTO cU Ha ajcopOeHTu. Bee
MaK TpsOBa 1ma OTOENEeKHUM, de TpodaTa OTIHYa-
Ballla Ce C HA-BUCOKA TOBBPXHOCT U MHUKPOIIO-
pucrta crpykrypa e npoba RHA-NaCl monyuena
ype3 m3rapsiHe npu 320°C, B T.u. 305 m?g™ us-
YHUCIIEHW TI0 JIMHEHOTO ypaBHeHWe Ha BET u
Kputepus Ha Pykyepout.
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CBbCTOSHME HA KAYECTBO HA BB31YXA B I'PAJI TASAPIKUK KATO MHANKA-
TOP 3A EKOJIOI'HYHA CUT'YPHOCT

Mapus I'roniemeroBa

CONDITION OF THE GUALITY OF THE AIR IN PAZARDJIK AS AN INDICATOR FOR
ECOLOGICAL SECURITY

Mariya Gyulemetova

ABSTRACT: The air is the main sours of life, but in most of the closes it is polluted by different reasons and
different resources. The conditionality of the air in our sity and country is an important the factor for the ecolog-
ical policy at the local and national level which go al is the ecological security of the population.

Key word: conditionality of the air; ecological security; indicator.

BLBenenue

CBeToBHaTa 3paBHAa OpraHu3alys OOSBHU Ka-
YeCTBOTO Ha aTMOC(EpHHUS BB3IyX 3a €IWH OT
OCHOBHHUTE MHIMKATOPH 3a YCTOHYUBO Pa3BUTHE,
KOETO J1aBa OCHOBAaHHE Ja C€ MpPOy4Ba CHCTOS-
HUCTO MY BbB BCUYKH YaCTH Ha CBCTA .

YcroiiunBoro u OanaHCHpaHO pa3BUTHE Ha
palionuTe B bbarapus U3UCKBAT HOBU KOJUYECT-
BCHU U KAaYCCTBCHU U3MCHCHHSA B PCTrUOHAJIHOTO
pa3BuUTHUC, 06XBaHIaH_[I/I BCHUYKHU €JICEMCEHTHU HaA TO-
Ba Pa3BUTHE U BOJEIIU J0 XapMOHUYHO M OaaH-
CHpPAaHO MHTErpUpaHe Ha IslaTa TEPUTOPHs Ha
cTpaHara

Onucanue Ha mpodJeMa

I'pan IlazapxvK € pasnojioKEH B Hai-
3anaaHata yact Ha ['opHOTpakuiickaTa HU3HHA,
yact ot [lazappxumko-ITInoBauBckoTo nosie npu
HaagMopcka BucodnHa 205M. KnmmatsT e mpe-
XOJHO-KOHTUHEHTAJIEH, KOHTO Cc€ XapakTep-
U3Mpa C MOYTH CyXO JIATO M YMEPEHO CTyIeHa
3uma. CpemHaTa TOAWIIHA TemrepaTypa e
12,5°C, a rogmmnara cyma Ha Banexnte-500 M.
M3nonsBaHeTo Ha TBBPJAO FOPUBO 32 OTOILUICHUE
mpe3 3UMHHAT CE30H OT TPaXIaHUTE Ch3AaBa
CEPHO3€H eKOJIOTHYEH TPOOIeM.

XapakTepucTHKaTa Ha Ka4ecTBO Ha aTMocde-
peH BB3AyX B obuinHa Ilasapmkuk ce mpaBu 1o
nBa wHANKaTopa: Hopmu — [IJIK (mpenemHo mo-
MyCTUMHU KOHIEHTPAIIMN) U BIUSHHE BBHPXY 4O-
BelKo 31pase. CrOMI01aBaT ce HOPMAaTHUBHO OII-
peneneHnTe JOKYMEHTH, 8 UMEHHO:
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3akoH 3a oOmMa3BaHe Ha OKOJHA cpeaa
(an.79);
3akoH 3a 4YHCTOTara Ha aTMochepeH
Be3ayXx (B 6p.27 ot 2000r., m3m.JB,
6p.91 ot 2002r, 4n.27;
3aKoH 3a 3/paBOCJIOBHU M O€30IacHHU yC-
JIOBHSI HA TPYI;
Hapen6a Ne7 3a omeHka u ympaBiieHHE Ha
KauecTBO Ha aTtmocdepHus BB3AYX (/IB.
0p.45/1999 B cuma ot 01.01.2000r) [n.8
1,
Hapen6a Nel2 ot 15.07.2010 r. 3a HOpMH
Ha HUBaTa (KOHIICHTPAIIMUTE HA CEPEH JIH-
OKCHJ, a30T€H AWOKCHJ, (UHH TPaXxOBU
gactuim  (®ITYy,) omoBo, OeH3WH, BBI-
JIEPOJCH OKCHZ, 030H B aTMochepeH
BB3YX;
Hapen6a Nel4 3a HOpMH 3a TIpeIeITHO [10-
MMyCTUMU KOHIICHTPAIIK Ha BPEIHU Bellle-
cTBa B aTMOC(EPEH BB3yX Ha HACEJICHU
Mmecta (IB. 6p.88/1997r);
3amosen NePJ1-694/09.10.2008r. oT
01.01.2009r. 3a KOHTpOJMPAHUTE 3aMBbp-
cutenu 3a mynkra ®I1Y10, NO2, SO2.
YTouHsBa C€ IOHATHETO ,,aIAPMEH Tpar "KaTo
,,HABO Ha KOHIICHTpaIlWs Ha JaJieH aTMochepeH
3aMBpPCUTEN, TPHU KOETO CBHINECTBYBA PHCK 3a
3IpaBeTO Ha XopaTa’ CIope] 3aKOH 3a KaueCTBO
Ha atMocepeH BB3AyX. KbM Hacrosmus Mo-
MEHT Ha TepuTopuara Ha llazapmkuk e pasmo-
JIOKEH eIWH rpajacku (oHOB myHKT - 15515513
32 MOHHTOPUHT Ha Ka4eCTBOTO HA aTMOc(hepHHS
BB3IyX C PbYHO NpoOoB3eMaHe oT M3mbiaHUTEN-



Ha areHInys oKoJIHa cpena - Permonanna nabopa-
topus [Tazappxuk.

OCHOBHU M3TOYHUIIM Ha 3aMBpCSBaHE: OUTO-
BH TPOIECH, TPAHCHOPT, TOPUBHU MPOLECH,
MIPOMUTILIEHH TPEATIPHUSTHS U JIP.

KonTponupann napamerpu:

O6m1 npax u GuHU paxoBu yactuiy - Cpen-
HOJICHOHOIIIHA HOpMa 32 001l CyCIIeHANPaH Ipax
e 0,25mMr/M°, a CpeaHONCHOHOIIHA HOpMa 3a
oma3BaHe Ha dYoBemko 3apaBe 3a DIIYUI0 e
50Mr/M°, KOETO He Tps6Ba 1a ObJe MPEBHIICHO
MoBeYe OT 25 MbTH Npe3 roJuHATA.

Azorer muokcua - OCHOBHUTE H3TOYHHIIN
kato MIIC, HSIKOM TPOMUILICHA MPEATIPUITHS,
TIOTIOHONYIICHE U APYrW OKa3BaT BPECAHO BJIUA-
HHE BBPXY YOBEIIKOTO 37paBe W MPEIU BCHUYKO
BBPXY OuXaTenHUTe (YHKIMH HA OpPraHu3Ma, a
ype3 TAX UAI0CTHO. Hali-HHUCcKaTa KOHUEHTpaus
¢ e()eKT BBPXY XOpa C aCTMaTUYHO 3a00JIIBaHE B
TedeHue Ha euH dac e 560mr/m°. C Hapenta N9
(1B 6p.46/1999 u nomn.JIB 6p.86/2005r. ITJIK ca
OTIpE/ICIICHH TaKa:

¢ CYH-JIO - 210MKr/M° (ma He OBme mpe-
BHIIICHA TTOBeYE OT 18 IBTH TOIUIITHO);

e¢CTH-JIO - 42umkr/mM%, amapMen mpar-
400MKr/M.

CepeH MHUOKCHUI - OCHOBHH HW3TOYHHIIM 32
oommuaa [lazapmkuk: OWrta © ,,KUCETUHHH
nexaoe”. C Hapenba NI9(JIB 6p.46/1999 wu
nor.JIB 6p.86/2005r ITJIK ca onpenesnenu Taka:

CYH-350mkr/M>; C,HH-IZSMKF/M3 (ma me
ObJle TIpEeBUIIICHA TTOBeYe OT 3 ITbTH); allapMEH
npar - 500mkr/m°,

MeTonu npu HaGupaHe U aHAIU3

®unu npaxou yactuim - BJAC/EN 12341;
244, - 5 TpTH B ceIMUIa B paOOTHH JTHH;

- METOJ Ha KaMOpUpaHe - 9eCcToTa.

O6m mpax- BIC/EN 12341

- METO/JT Ha KaJIMOpUpPaHE - YeCTOTA.

Cepen anoxcup (SO,) — BJIC 17.2.4.20-83

- OCpeIHsIBaHE Ha PE3YNTaTH - 8 Haca;

- mpoHaOupaHe: 1 T JHEBHO (€XKETHEBHO 5
I'BTH B CEAMMIIA;

- METOJI Ha KaIMOpHpaHe - YeCTOTa; HHCTPYK-
111 Ha TPOU3BOJUTENS - 4 IBTH THEBHO

Aszotan okcuau (NO,) - BJIC 17.2.4.22-
83;

- mpoHabupaHe: 4 WBTH THEBHO, 5 MHTH B
ceamuIiara (mpe3 paboTHU JTHH);

- OCpeIHsIBaHE Ha pe3ynTaTH - | 4ac;

- METOJI Ha KallMOpUpaHe - YeCTOTa; HHCTPYK-
1M1 Ha TPOU3BOJAUTENS - 4 IBTH JTHEBHO.

I'onmemeroBa, M [I'tonemeroBa, 2001] ompe-
JleNsl MHAWKATOpUTE Karo ~“dacTh OT HHGOp-
Malusi, oTpas3sBallia ChbCTOSHUETO Ha CEIUIIETO,
B KOETO JXUBeeM. B cBOsITa IIAI0CT TE 1aBaT sicHa
Mpe/icTaBa 3a ITHIHHS CHEKTBP OT Hpobiemu -
WKOHOMUYECKH, €KOJOTHYHH, COIIMATHN U COYaT
KaK Ce MPOMEHAT KPUTHYHUTE acICKTH B 0OIIe-
CTBOTO — B TOJIOXKHUTEIHA, OTPHUIIATEIIHA WU OC-
TaBaT HEIPOMEHEHU .

Oo6muna [lazappkuk € BkitoueHa B Harmo-
HaJlHA CHUCTEMa 32 EKOJIOTUYCH MOHHMTOPUHT
(HACEM), moacucrema “Bw3myx u emucum'
ype3 eIWH CTal[MOHAPEeH IYHKT 3a PBYHO IPO-
OoB3emaHe, Hammpalll ce Ha roman ,,B. Jlesc-
ku“ N5

Ta6a. 1. Bpoii 1HU ¢ peBUIIaBaHE HA CPEHO-THEBHUTE HOPMH 32 (GDUHHU TPAXOBH YACTHIIN
(®ITY4p) 3a 3umen nieprox oT 01.10 ra 2012 mo 09.01. 2013r. o ganHu OT phyeH myHKT “B. JIeBcku

N3mepeHa KOHLEHTpanus [Ipesumenue Ha I1C 3a
Jlata mg/m® CJIH 50 mg/m®
12.10. 66 1,320
13.10 56 1,120
19.10 52 1,040
23.10 53 1,060
24.10 69 1,380
25.10 63 1.260
27.10 82 1,640
05.11 77 1,540
1211 89 1,780
13.11 55 1,100
16.11 54 1,080
17.11 56 1,120
18.11 57 1,140
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19.11 72 1,440
20.11 51 1,020
22.11 76 1,520
24.11 81 1,610
25.11 98 1,960
26.11 105 2,100
27.11 92 1,840
28.11 101 2,020
29.11 68 1,360
30.11 69 1,380
01.12 80 1,600
02.12 60 1,200
05.12 83 1,060
08.12 103 2,060
11.12 54 1,080
13.12 55 1,100
14.12 116 2,320
15.12 149 2,980
16.12 196 3,920
17.12 142 2,840
18.12 58 1,160
21.12 96 1,920
22.12 90 1,800
23.12 66 1,320
24.12 179 5,580
25.12 284 5,680
26.12 294 5,880
27.12 243 4,860
28.12 197 3,940
29.12 109 2,180
30.12 70 1,400
31.12 176 3,520
09.01.2013 97 1940

Cucremuusar monutopuar Ha PHOCB Ila-
3ap/UKUK TIpe3 3uMHUsA Tnepuon Ha 2012r. m
2013r. moka3Ba TpallHO 3aBHIIABaHE KaKTO Ha
CpPeIHO-IHEBHUTE TaKa W Ha CPEIHO-TOMUIIHH
KoHUeHTpauuu Ha OIIY,;, Uszpbpmienure 179
aHanm3a peructpupar 95 npesummenus va C/IH-
50 mg/M3/271% ot pomyctumure 35 Opos 3a ef-
Ha KaJleHJapHa TOAMHA OIpeeis Ka4eCTBOTO Ha
BB3yXa CHOOPA3HO WHINKATOPUTE 3a YCTOM-
YUBO Pa3BUTHE KaTO HEYCTONYNB WHAMKATOP.

MakcuManHO UW3MepeHaTa KOHIIGHTpalus
(TBTH CpeTHOZCHOHOIIHA HOpMa 3a ONpeAeysiHe
Ha YOBEMIKOTO 3/paBe) € Ha 26.12.2012r. B pas-
mep Ha 294,4 mg/m3, kosTo mpeBumaBa 5,88
I'BTH CPETHO-ACHOHOIIHATA HOpMA.

Cnopen Kpauynos, X. ,Kopnazos, H. [Kpa-
yyHoB, 2012] 3a ychBBpIIEHCTBaHE W TIPHU-
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JlaraHe Ha €IUHEH MOJXOJ B YIPAaBJICHUETO Ha
€KOJIOTMYHAa CHTYpPHOCT, Olla3BaHe Ha OKOJIHATA
cpella ¥ TpyJI0BaTa u 37paBoOCIIOBHA 0€30I1aCHOCT
ce mpejanara MoJell, KOWTO BKITFOYBA CICIHUTE
eTanu:

- I'bPBH 3a yCTAaHOBSBaHE, OIICHKA U aHAJIU3
Ha CBCTOSHHETO Ha EKOJOTMYHA CHTYPHOCT,
OMa3BaHe Ha OKOJIHATA Cpelia W TpyaoBa 0e30-
ITIACHOCT C Hafl-I'OJBIM ACIICKT Ha I/IHJII/IKaTOp
OIICHKA Ha PUCKOBETE ;

- BTOpH 3a 00sIBsIBAaHE Ha CTOHHOCTUTE Ha MH-
JIMKATOPUTE 32 EKOJIOTMYHA CUTYPHOCT;

- TPETH eTall BKJII0YBa pa3paOd0TBaHE HA CTpa-
TErWH, TUIAHOBE W TPOTPaMH 3a Ola3BaHE Ha
OKOJTHA Cpe/ia U eKOJIOTUYHA CUTYPHOCT, 0100~
psBaHE Ha YCJIOBHATA HA JKUBOT C L] Hamalls-
BaHe Ha 3a00JIeBa€MOCTTA .
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- BTOpH 32 00sIBSIBaHE Ha CTOMHOCTUTE Ha WH-
JTUKATOPUTE 33 EKOJIOTHYHA CUTYPHOCT;

- TPETH eTal BKJII0YBa pa3paboTBaHE Ha CTpa-
Terny, TUIAHOBE M TIPOTpaMH 3a OmNa3BaHe Ha
OKOJIHA Cpe/la U €KOJIOTHYHA CUTYPHOCT, 10J00-
psiBaHE Ha YCIIOBHMATA Ha XHMBOT C LeJI HaMaslsi-
BaHe Ha 3a00J1eBaEMOCTTa .

Onucanue U aHAJIU3 HA MPUYUHHTE 34 3a-
MBbPCEHOCT ¢ (MHHU NPAXOBH YACTHIH U Ce-
PEeH IMOKCH/I M OTPA:KEHHETO BbPXY YOBelll-

KOTO 37paBe.

[IpaxbT € ocHOBEH aTMOC(epeH 3aMbpCUTE,
YHUTO 37jpaBeH e(peKT 3aBUCH TTIaBHO OT pa3Mepa
M XMMHYHHUSI ChCTAB HA CYCIICHANPAHU MPaXOBU
YaCTHUIM U a0COPOUPAHETO HA MOBHPXHOCTTA UM.
Karo ce uma npensuy, de INazapmkuk e rpag ¢
3eJIeHa Maca Mol HeOOXOUMHUTE CPETHU HHBA 33
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CTpaHaTa CTaBa SICHO, Y€ MPEBUIIEHUTE HOPMH
(MHHU MPaxOBU YACTHUIU W CEPEH JTUOKCHJ WIe
BJIMSAAT HETaTHBHO BBbPXY YOBELIKOTO 3IpaBe.
Jena, Bb3pacTHU U X0pa ¢ XPOHUYHU 0estoapo0-
HU 3a00JIsIBaHMsI, TPUIl WM acTMa, CTaBaT OCO-
OCHHO YYBCTBUTENTHM KbM BHCOKHTE HHBA Ha
®IMY10. KpatkoBpeMeHHaTa e€KCIO-3ULIMSA Ha
500 mg/m® mpax M CepeH JMOKCHJ YBEIMdaBa
o0marta CMBPTHOCT, a NPOIBIDKUATEN-HATA - T10-
BUIIIaBa HecrneuupuuHute OeroapoOHu 3a00s-
BaHMUS, MPEIUMHO PECTIUPATOPHH MH-(EKINU Ha
TOPHUTE JAWXaTeIHW INBTHIIA U OpOHXHTE H
CTPYKTYpHH IpoMeHu B Oenust apo0. I'pax Ila-
3ap/DKUK TI0TIala B TpynaTa Ha Hali-3acerHaTUTe
obslactu o OOJIECTH Ha IUXa-TeJIHATa CHUCTEMA,
CBHPACYHOCHJOBU M COLU-aJTHO3HAYUMH 3200715~
BaHUSL.



IIpe3 menust mepuoj ce HaOIIOAaBaT BHCOKH
HUBA Ha (PUH Ipax U CEPeH TUOKCHI. AHAIU3BT
Ha HAJIMYHATa METEOPOJIOTHYHA WH(pOopMaIUs (B
MyHKTa C€ HAO0JII0/[aBa Ollle: TeMIiepaTypa, Hajs-
raie M BJQXHOCT) IIOKa3Ba, Y€ JHHUTE C IIO-
BHUCOKH KOHIICHTPAIIMM Ha H3CJCABAHHUTE ITOKa-
3aTeNH ChBIAAAT C JHUTE HA IO-TOIUIO BPEME H
HUCKa CKOPOCT Ha BATHPA, a IPUYMHHUTE Ca: JIO-
10 ChCTOSIHHE Ha ITbTHA MPEKa, HEIIOYHCTBAHE
Ha yJUYHUTE TUTATHA, OCTapsUla KaHAIH3allHOHHA
MpEKa, KaKTO U U3IOJI3BAHETO Ha TBBPIU OpH-
Ba 3a OTOILUICHHE B JKWJIHMIIHHUS CeKTOp. M3mepe-
HUTE BHCOKHM HUBA TIPe3 3UMHHTE MECEIH Ca B
npsika BPb3Ka HA YBEIUYCHOTO MOTPEOJICHUE Ha
TBBPAM FOPUBAa IOPaad MMOHM)KABaHE HA TEMIIE-
paTypuTe U HUCKaTa MHTEH3UBHOCT HA CI'bHYCBA
paauanus. MakcuMyMa Ha MBIVIUTE M O0JIAYHO-
CTTa Mpe3 3UMHHUSI TIEPUOJ CHINO Ch3JaBaT YCIIO-
BUSl 3a KOHIICHTpUpaHE Ha aTMocdepHH 3a-
MbpcUTeNH. J[pyrusr BakeH HM3TOYHHMK - aBTO-
MOOMITHUST TpaduK 3a rpaja urpaec BaKHa PoJis
B aTMoc(ep-HaTa IUPKYIaIHs.

ChCTOSIHUETO HAa aTMOC(EPHUS BB3IYyX B rpajl
[Ma3zapmkuk TO Oompenens Karo HEyCTOHYMB WH-
JUKATOP, 3alI0TO BUIMMO OT KOHTpOJa C€ KOH-
CTaTUPAT CTOWHOCTH HA TOKA3aTEeNIUTE, KOUTO Ce
BJIOIIIABAT BB BPEMETO.

Ilnanupanu MepKu 3a nogo0psiBaHe HA Kave-
CTBOTO Ha aTMOChepHHUs Bb3IYyX.
O6mmHa IlazapmKuK WU3TOTBS AKTyaIU3allus
Ha llporpama 3a kadecTBO Ha aTMoc(hepHHS
BB3ayX 2011-2014r. Ilporpama Ha Ob6uuna Ila-
3apmkuk, 2014, KOsATO ChAbPKA OIEpPATHUBEH
TUTaH 3a JIeHCTBHE C 11eN HaMaJsiBaHEe HUBaTa Ha
3aMBPCUTENNTE W JIOCTHTaHE Ha YCTAaHOBEHHUTE
HOPMH, ChIIacHO pasmopenoute Ha wi.30 ot 3a-
KOHa 3a YUCTOTaTa Ha aTMOC(EPHUS BB3IYyX ChC
CIIETHUTE TMO0-BaXXHHM MEPKH B KPaTKOCPOUYEH
TUTaH:
DUHHM TPaXOBU YACTHUIIN
e [lo oTHOmIeHWE Ha TpaHCIIOpTa - MOYH-
CTBaHE HAa OCHOBHH ITBTHU apTEPUU OT HATpyIMa-
HUSI IPax U MOALBPKAHETO UM B JOOPO CHCTOS-
HHE; MPOyYBaHE BH3MOXK-HOCTHTE 3a Ta3uuiu-
paHe Ha aBTOOYCHUS TPaHCIOPT; ONTHUMHU3UpPAHE
Ha TeHEpaJIHUs TpaHCIOpTeH IuiaH Ha [lazapn-
’KWK; U3rOT-BSIHE HA TIPOEKTU 32 PEKOHCTPYKIIHS
Ha IIbTHA BB3IM M YYacThIIM, W3BEKJAHE Ha
TPaHCHOPTHH MIOTOLX U3BBH I'pajia u ap.
e Perynupane Ha TPaHCIIOPTHHS MOTOK U
ONITUMH3HpPAHE Ha aBTOMOOWIHUS TpaduK, KaTo

3a IIeITa ce OChINECTBABAT CHhBMECTHH JICHCTBHUS
Ha BCUYKH WHCTU-TYIINH.

e [lo oTHOWmICHHE HA OUTOBUS CEKTOP - Ta-
3u(uKanys Ha Tpaja; NOBUIIABAHE HA CHEPruii-
HaTa eEeKTHBHOCT Ha CIpajJuTe; BHBEXKIAHE Ha
cXeMa 3a JIOCTaBKa Ha TBBPIAW TOpUBA C IIO-
IoOpo KadecTBO; TMPOBEKIaHEe HAa WHGOPMAIIH-
OHHA KaMITaHUsl Cpe]] HACe-JICHUETO H Ap.

e [lo OTHOIIECHHE HA TMPOMHIIICHOCTTA €
BKIIIOUEHAa enHa (UpMa, OChINECTBSBAIIA JeH-
HOCT C M3TOYHHIIM Ha €MHCHH (B T.4. IPaxOBH),
KOSITO TpsIOBa J1a peanu3upa MPOEKTH 3a PEKOH-
CTPYKLHMS WIN M3TPakKAaHe Ha HOBU NPEUHCTBA-
TEJIHU ChOPBKEHSI; MOBHUIIABAHE HA CHEPTHITHATA
e(eKTHUBHOCT U Jp.

e C rojsiMa TexecT 3a MoJOOpsBaHE Kade-
CTBOTO Ha aTMOC(I)CpHI/ISI BB3AYyX € IMPUBCKIAHC
Ha MbTHATA W MpHUIeKAIIaTa HHYPACTPYKTYypa B
mo0po ChCTOSIHUE; pexaOuiHTanusTa Ha KOM-
MMPOMCHTUPAHUTE NBTHU YYACTbIU, IIPOMAHATA
Ha TPOTO-apHTE; M3MHUBAHETO U KaYeCTBEHOTO
MO-YMCTBaHE HA MBTHUTE TUIATHA U JIP.

3akinoueHue

AxTyanu3upaHaTa mporpama OTYHTa HIKOH
CWJIHU ¥ cnabu cTpanu, Habens3Ba MEPKH, HO €
Heo0X0MMO J1a 00XBalla MO-TOJISIM Opoit MEpKH
3a pamwKupaHe W H300p Ha EKOJOTHMYHH TpH-
OpUTETH Ha 0a3a OllEHKA Ha PUCKOBETE 3a 3/pa-
BETO HA HACEJICHHWETO, 3all0TO Ka4eCTBOTO Ha
BB3/yxa B rpajn [lazap/pkuk e BakeH (akTop 3a
30paBOCIOBEH HA4YWH Ha JKUBOT Ha Hace-
JICHUETO, KOETO OT CBOSI CTpaHa € OCHOBEH Kallu-
TaJl 32 IKOHOMUYECKH PacTeX W YCTOWYMBO pas-
BHUTHE ,KakBaTo € renta Ha Ctparerus 2020.
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KEJATUHOBU KOMITIO3UTHU
C IIPUJIOKEHUE B PETEHEPATUBHATA MEJUIIUHA

Tans J{umoBa

GELATINE COMPOSITES FOR APPLICATION IN REGENERATIVE MEDICINE

Tanya Dimova

ABSTRACT: In this review, the bioactive materials synthesized in the presence of gelatin and different
inorganic fillers such as bioglasses or glass-ceramics are presented. The obtained composite materials are
described in the relation with their potential applications as bioactive and biocompatible materials in the field of

regenerative medicine.

Key words: gelatin, bioactive glasses, glass-ceramics, bioactive composites, regenerative medicine

1. BbBeaenue

[Ipe3 mocnegHOTO AeceTwseTHE, THKAaHHOTO
WH)XEHEPCTBO CE Pa3BHUBa C ObP3U TEMIIOBE, Thil
KaTo NpUTEXaBa INOTEHLHUAN 3a Ch3JaBaHE Ha
HOBH THKaHH, JOPH OpPTaHHU.

Haii-yecTo MMMIaHTHUTE MAaTepUaiu ce IMo-
JdydaBaT upe3 IN Vitro mocsBaHe Ha YOBEIIKH
KJIETKH BbpPXY OMOpa3rpagnma MaTpHILa.

Te3u kNeTKU ce pa3MHOKaBaT, MUTPHUpAT U ce
nudepeHuupaT B ThKaHTa, B KOSTO Ca UMIUIAH-
THpaHU. 3peNuTe KIETKH, OTAETSAT KOMIIOHEHTH
Ha M3BBHKIETHYHUS MATPHKC, HEOOXOIUMH 3a
Ch3/1aBaHE HAa HOBA THbKaH B YBPEICHHUS YUaCTHK.
IIpu xocTHaTa pereHepanus, HaIpuUMep, ce Ipu-
mara cienHust noaxof. OCTeOoreHHM KIETKH, Ce
KyJITHBHpAT IN VItro, cieq KOeTo ce MpeHacsT
BbB BPEMEHHU Tpuu3MepHH Mmatpuud [1]. 3Ha-
YUTETHO BHMMAaHHE € HAaCOYeHO KBbM M3MOJI3Ba-
HETO Ha OMOAaKTHBHU MaTEepUalH 32 pereHeparus
Ha KOCTHA THKaH, Thi KaTO 110 €CTECTBEH IIbT HE
MoraTr na ObJaT BH3CTAHOBEHH TOJEMHU KOCTHHU
nedextn. Jlumcsa ,,mabiIoH”, KOUTO N1a IMOATIO-
Mara Xoja Ha pereHepanusTa U ce Hajara Xu-
pyprudecka Hameca [2].

Marepuanu, KOUTO MoA0OpsIBAT KOCTHATA H
XpyLIsiHa pereHepanus, e W3rOTBAT OT IpH-
POJIHM U CUHTETHUYHU MOJHUMEpH. Te ce U3Mmomn3-
BaT 3a CbH3/laBaHE HAa HMIUIAHTHU MaTepHaly,
KOUTO Ja mojamomMarar kietkwre. Yecro, Te3u
MaTepHajiy BKJIIOYBAT HACOYBALIM KOMIIOHEHTH
karo pexomOuHanTHu JJHK Texnonmorum m men-
TUIHA MOTHBHU 32 pa3lo3HaBaHe OT KIETHYHHU
pELEenTopH, KOUTO J1a YCKOPST BB3CTaHOBABAHE-
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To Ha TbkaHuTe. Ilo TO3m HaumH ce ch3maBa
BB3MOYKHOCT 32 M3TOTBSIHE HA MaTe€pUali C HOBH
HUBa Ha OnodyHKIMOHaNM3auus. HanpeabksbT B
Ou3aiiHa Ha MaTepHajd JaBa BB3MOXHOCT, 3a
Chb3/1aBaHE HA CHJIHO HHIUBHIYaTHU CPEAH 3a
pa3BUTHE HAa KOCTHH M XPYUSUTHH KieTku [3].
ToBa, OoT cBOsI cTpaHa, BOIM 0 A0OPO MpUeMaHe
Ha OmomMarepuana M JIMICAa HA ThKAaHEH OTTOBOP
KBM ,,9yKJI0TO TSJI0”.

Marepuanure, UMIUIAaHTHPAHH B KHBA THKaH,
B3aumoJeicTBar ¢ Hes. [lopanu ToBa, HE MOXe,
Jla ce TOBOPH 3a aOCONIOTHO MHEPTHH Marepua-
. Beuuky Marepuanu npeAn3BHKBAT MOSBA HA
OMoJIOrMYEH OTTOBOP OT CTpaHa Ha MpHeMallaTa
ThKaH. To3u OTroBOop MOXe Aa ObJe MOJOXKHUTE-
JeH wiu orpunareneH. Hampumep, K.Yu u cb-
aBT. [4] oOcHKAAT cTpaTerny 3a MpeoTBpaTsIBa-
HE Ha HEXeNlaHW peaknuu OT CTpaHa Ha opra-
HU3Ma, B MPUCHCTBUE HA MOBHPXHOCTHA MOJIH-
¢duKkanus Ha AajeH OMOakTHUBeH marepuai. Ta-
KHMBa peakUu Morar Aa ObJar: HecrequduyHa
MPOTENMHOBA aACcopOIs, KIEThYHO B3aUMOJIEHC-
TBUE, KPHBOCHCUPBAHE, aKTHBHUPAHE CHUCTEMaTa
Ha KOMIUIEMeHTa. Te 3akioyaBar, d4e IIo-
MOJXOSIIN €A TOAXOH, IIPU KOUTO CE JOCTABSIT
AHTHUTPOMOOTHYHH, MPOTHBOBB3MAIUTEIHA U
AHTH-MHKPOOHH MOJIEKYJIH B TIPUIIEITHOTO MSICTO,
OTKOJIKOTO Ja OBbJe Ch3AaZeH Ouomarepuan c
aHTU-aJXe3UBEH cioi. TakbB ci0il 61 ciensaio
Jla HaMalli aJIcopOnusATa Ha MPOTEMHH MO TO-
BBPXHOCTTA Ha OMOAKTHBHHUS Marepuai, ChOT-
BETHO Jia HaMaJIi ¥ KJIEThYHHSI OTTOBOP OT CTpa-
Ha Ha pUeMaliaTa ThKaH.



[IpeamocTaBka 3a TOBa, €AWH MaTepHal Jia €
OMOaKTHBEH, € CIIOCOOHOCTTa MY Jla CE CBBhpP3Ba U
MHTETpUpa C KHUBATa KOCTHA ThKaH.

ToBa cBbp3BaHE ce OBIDKM Ha MPOTHYAHE HA
XMMHUYHH PEaKIIH Ha TIOBBPXHOCTTA HA MaTepH-
aya, TOCJeBaHU OT KJIETHYHU TaKuBa. bmoak-
TUBHHAT MaTepuaj oOpasyBa HIM NpeAn3BHKa
o0pa3yBaHeTO Ha OMOJIOTUYHO aKTHBEH XHUIPOK-
CHamaTUTEeH CJIOM Ha MOBBPXHOCTTA CH, CIEN
KOHTaKT C KOCTHATa ThKaH.

XUAPOKCUATIATUTHUAT CIION CIIYXKH 33 CBBP3-
BaHe Ha MMIUIAHTHHSA MaTepral KbM Koctra [5].

bruoakTuBHM Marepuanu ca OWOAKTHBHUTE
CTBKJIa, CTBKIJIOKEPaMHUKHUTE, KaJIneBo-
dbochaTHUTE KEpaMHUKH, Pa3HOOOPa3HH KOMIIO-
3UTH (CHCTAaBHU TPOAYKTH) M TIOKPHUTHS, KOUTO
ce CBHP3BAT KbM JKMBU ThKaHHH, KakTo € 0000-
mieHo B [6]. Kepamuku, U3Mmosi3BaHu 3a Bb3CTa-
HOBSIBaHE M PEKOHCTPYKIHS HA TIOBPEICHH YaCTH
OT MYCKYJTHO-CKeJIeTHATa CUCTEMa, ca HapeueHH
,,onokepamuku”[7].

3a ch3maBaHe HA UMIUIAHTHA MATPHIM CE U3-
MOJI3BAT pPasiMyHU MaTepualid, HO OHOKepaMu-
KHTE, ca ce JI0Ka3all KaTo MOAXOJSIIN 32 KOCT-
HO pereHepupaHe. BHOAaKTHBHM KepaMHUKH ca
xuapokcuanatut (HA), PB-tpukammuer ¢ocdar
(B-TCP), budasznure kanuesu docdartu (BCP),
onoaktuBHUTEe CcThKIa (BG). MHTepechT KbM
oudazenure kamaueBo-pocharaun (BCP) kepa-
muky, Harnp. HA/B-TCP, e cBbp3an ¢ edekTus-
HaTa UM pOJIsi B KOCTHOPETeHEPaTHUBHHMS MPOIIEC,
a ChIIO Taka W (HaKTHT, Y€ YHCTHTE KEPAMUKH,
HA wm B-TCP, umar KOHTponIMpaHH HHUBa Ha
pasrpaxaane [1].

OcBeH HEOpraHWYHU MaTepHaiy, Ipe3 Ioc-
JCTHATE JIBE JECETUJICTHsI, MHTEH3UBHO Ca W3C-
JeBaHN Pa3rpakJalld ce CHHTETHYCHU IIOJIU-
MepH U OHUOTIOIMMEPH, 38 U3TOTBSHE HA UMILIAH-
THH MaTPHIMU C TPUJIOKEHHS B pereHepaTuBHATA
MEIUIIHA.

T.Sauter u cprp. [8] ommcBaT ycraHOBEHHTE
MOJXO/IM 32 TeHepUpaHe Ha HepapXUUHO OpraHu-
3UpaHy MOJMMEPHU CTPYKTYpH 32 pereHepaTuB-
HU Tepanuu. Te 0000maBaT aHATUTHYHUTE WHC-
TPYMEHTH 32 LSUIOCTHOTO UM MOP(OIOTHYHO
XapakTepu3UpaHe M IOCTABAT AaKUEHT BBPXY
BB3MOKHOCTHTE 32 00paboTKa Ha OMOTOIMMEPH
W cUHTeTHYHH mosmMepr. OOBpPHATO € BHUMa-
HUE Ha MOBBPXHOCTHOTO (DYHKIHMOHAIM3HPAHE
(Harp. KOBAJIGHTHO TPUKpeNBaHe Ha (HakTopy Ha
pacrexa) KbM TOTOBUTE NMIUTAHTHH MATPHIIH.

3a uarpaxkgaHe Ha UMIUIAHTHY MaTpPHULHY B Th-
KaHHOTO MHKEHEPCTBO €a MPOYYBaHH Pa3sHO00-
pa3HU TPUPOJHM, CHHTETUYHH M KOHOJIUMEPH
(koMOuuUpann). ToBa BKIIOYBA CHHTCTHYHHU
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OmopasrpaiuMy TOTUMEPH W TPUPOJHU TIOJH-
MepH, HapuMep XUAPOTeNH KaTo KOJIareH, Ke-
JatHH, arap, puopus [9].

B THKaHHOTO WHXEHEPCTBO, Hal-4ecTo 3a
TPUM3MEPHU MAaTPHIIM, CE€ M3MOJI3BAT CHHTETHY-
HH OHWOpasrpaiMH IOJUMEpH KaTto moiu (o-
XUJIPOKCHECTEPH), BKIIOUUTETHO MOJU (MJIeYHA
kucenuna) ( PLA ), monu (MIMKOJIOBA KUCEITHHA)
(PGA), monmm (MitleyHa KHCEITHMHA-KO-TIIMKOJIOBA
kucenuHa) (PLGA) u nonmkanponakron (PCL).
3a momoOpsiBaHE HA MEXaHMYHHTE CBOWCTBA, Ha
KJIEThUHATA aaxe3usl M mponudepanns B IONH-
MEpUTE C€ BKIIOYBAT HEOPraHWYHH YaCTULH
[10].

B TBPKaHHOTO WH)XEHEPCTBO C€ W3IIOJI3BAT H
peAWiia TPUPOJHU TONHMEPH, KOWTO, CIIOPEN
XUMUYHUSL CH CTPOEK, C€ JCISIT Ha IOJUMEPH C
OenThueH Mpou3xoJ (KOJNAareH, >KeIaTWH, CHJIK-
(hubpounn), monmuzaxapuan (XMTO3aH M TIPOU3-
BOJIHHM, XHallypOHOBa KHCEIIMHA, alTWHATH, HU-
miecTe, IIeyN03a, JCKCTPaHW) U TOJHUECTEPH C
MUKpOOWaNeH Mpou3xo[ (TMOMHXUAPOKCHATIKA-
HOATH).

[IpenumMcTBaTa UM ca: HHCKAa TOKCHYHOCT,
HUCKH Pa3X0J¥ 3a TMPOU3BOJICTBO U 00e3BpexIa-
HE, CIIOCOOHM ca Ja TpeAu3BUKAT OHOJIOTHYHO
CUTHAJIM3UpPaHe, KJIeThbUHA aaxe3us, KIEeThYHa
Jerpajanus 1 peMoJielinpaHe.

HenocraTeuure wM ca cBbp3aHu (akTa, 4e
UMaT HHCKa MEXaHWYHA, TCPMHUYHA U XMMHUYHA
crabmHocT. OCBEH TOBa MMa PUCK OT OTXBBP-
JsTHE W TPEHOC Ha OOJECTOTBOPHH MHKpPOOpPTa-
HU3MHA. BB3MOXHa € U 3ary0a Ha OHWOJOTHYHU
CBOICTBa TI0 BpeMe Ha IOJIy4yaBaHe, KaTo € Chb-
o6meno B [11].

Pen konektusu [2, 3, 11, 12], npeacrassr no-
JUMEPHH MaTepHalli, CTpaTeruu U TexHuku [13]
3a M3rOTBSIHE HA UMILJIAHTHU MaTPHIM 32 KOCTHA
U XpYIISUTHA pereHepaIusl.

Hsikon OT n3mon3BaHUTE TEXHUKH 3a MOJTyda-
BaHE Ha MATPHIK Ca: CaMOCTIIO0sBaHe Ha MOBTa-
pAIIM ce MaJIkd, CTPYKTypHH OJOKOBe, OBP30
MIPOTOTHUITUPAHE, EJIEKTPOOBIAKHIBAHE, JTHODU-
JM3a1usl, perIvKa ¢ TsiHa | Jp.

I[Ipy BcHukM TAX ce IeNM TIOCTUTaHE Ha
CTPYKTypa, HamoJo0sBalla ecTecTBeHaTa KOCT.
®wr.1. npencraBs OCHOBHUTE €JIEMEHTH, KOUTO
O0u OMJIO HEOOXOUMO, J1a TIPUTE)KAaBa BCEKU MUM-
IJTAHTEH MaTepuall.



®ur.1. OCHOBHHU €JIEMEHTH M YCJIOBHS Ha Ma-
TepHal, NpeJHa3HaYeH 3a KOCTHA perecHeparus:
OCTEOKOH/IyKTHBHA MATPHIIA, OCTEOKOHIYKTHB-
HH CHUTHAJIM, OCTCOr€HHU KJIETKH, KOMTO Ja MO-
rar Jila OTrOBapsAT Ha TE3W CHTHAIM M aJCKBATHO
KpbBOCHaOasBane [14].

2. Kosnaren

C men HamomoOsBaHe Ha HAaTUBHATA KOCTHA
ThKaH, B 00JacTTa Ha THKAaHHOTO MHXKEHEPCTBO
ce M3I0J3Ba MIPUPOTHUSI OJIMMEP KOJIareH.

Toll 3aema 3HaYUTENHA 4YacT OT W3BBHKIIE-
THYHHMS MATPHUKC Ha rojiiM Opoil ThkaHU (KOXKa,
KOCTH, XPYUISUIH, CYXOXKWJIMS, KPHBOHOCHU Ch-
IoBe, 360M). ETO 3amo Toif BiIM3a B ChCcTaBa Ha
Pa3HOOOpa3HH KOCTHO-PETeHEpaTUBHU MaTepHa-
T

Komarensr, B pasnuuan ¢opMu, € HIMPOKO
W3IIOJI3BaH MEJWIMHCKA MaTepuan C pPa3Hoo0-
pasHU MPUIOKEHUS.

Hanpumep ot konareH ce moiy4aBar npoayK-
TH 3a KapAHOJIOTHATA, BKI. CHPJCYHU KIIAIH,
apTepuallHl ¥ apTePUOBEHO3HU 3aMECTHTEIH,
KOJIATGHOBH KOHIIM 32 OMepaluy, IPEeBPH3KH,
KaTo XeMOCTaTH4eH areHT u Ap. KomareHoBu
MaCTH ca MIMPOKO M3IOJI3BAHM B JIEPMATOJIOTHS-
ta [15].

B pereneparuBHaTa Tepamus ce mpuiara 3a
BB3CTAHOBSIBaHE Ha HEpBHA THKaH (IleHTpaHA U
nepudepHa), MUKOYSH MEXyp M ypeTpH, KOxKa,
cyxoxuus [16].

Konarenst ce momy4aBa OT pa3inyHU H3TOY-
HUIIH.

E. A. Neel u cpaBr. [16] mpaBsar 3aab10049eH
Mpersie]] Ha MPUPOJHU U CHHTETUYHO MOIyUYSHH
KoJareHoBH Matpui. Te oOoOmaBar 1o-
CIIO)KHM TPHHM3MEPHH KOJAreHOBH KOHCTYKTH,
KOUTO OCHTypsIBAT CHUTHAIA B HAHO-, MHKPO- W
Me30-CKallaTa 32 MOJEKYJIH, KIETKH, IPOTEUHN U
np.

[IpakTHueckn MHOTOOpPOITHH ca KOMITO3UTHH-
Te MaTepualid Ha 0a3aTa Ha KOJIareH.

Hskou ot Ts1x ca cuntesupanu ¢ HA [17], oc-
BEH HEro, B KOJIareHOBaTa Mpexa, Morat Jia Ob-
JaT BKJIFOYCHU U ME3CHXUMHH CTBOJIOBU KJICTKHU
[18].
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OmucaHu ca W KOJIArGHOBH KOMIO3UTH CBC
CTBKIOKEpaMuKaTa cuaukokapaoTur [19, 20],
KajuueBo-pochaTHA KEepaMUKH HA/a-
tpukanueB docoar [21], kanuuer ¢docdar cu-
JIMKAT C BOJIACTOHHTHA CTBKIIOKepamuKka [22] u
0€e3 BOJIACTOHHTHA CTHKIIOKepamuka [23].

KonareHoB XHIpOJHM3aT C MOJMBUHHIIOB all-
koxon u HA e ommcan or H.manieh u
H.Aghahosseini [24].

3a menuTe Ha JEHTANHATa MEAWILIMHA ca pa3-
paboTteHu KoJlareH-(pUOpUHOBH  KOMITO3HTH,
MIPEACTARISIBAIIA  MUKpochepr ¢ OHMOAKTHUBHHU
CTBKJIA, TOTHPaHU cbe cpebpo (Ag-BG) u crBo-
JIOBH KJICTKM OT 3bOHA ITyJra, KOUTO ca obela-
BaIllM 32 ThKAHHO-JIEHTAJIHA pereHeparms [25].

KonarenbT mpezacTaBisiBa OEITHK, CHCTOSII
Ce OT TPOMHA CIHpaia ¢ BUCOKO ChIbP)KaHUE Ha
rmmnuH (Gly) (6mmzo 33%).

Bcesika oT TpuTe Bepuru ce crabmimsupa upes
MPOCTPAHCTBEHO OTOIBCKBAHE, MOPAIU MUPOIIH-
JMHOBUTE TPBCTCHU HA OCTATBIUTE MPOJIHH H
XHIPOKCUNIPOINH. TpuTe BEpUTH ca CBBpP3aHH
e/IMHa C JIpyra MOCPEICTBOM BOJOPOIHH BPB3KH.
JloHOpH, Ha BOAOPOIM 32 BPH3KUTE MEKAY O
Bepurute, ca NH-rpynute Ha rIUUUHOBHUTE OC-
TaThIM. AKIEITOPH BB BOJJOPOTHHUTE BPB3KHU Ca
C=0 rpymnuTe OT OCTaThIHU Ha APYTUTE BEPUTH.
Ocgen toBa OH-rpynure Ha XUAPOKCUNPOIUHA
ydacTBaT BbBB BOJOPOJHOTO CBbp3BaHe [11, 26,
27]. Tpu o-BepHrH ce yCyKBaT ILTBTHO B TPOMHA
crimpana (¢wur. 2)
$

Gly
oH
st s
1¢ Yo CHy YH,
-Nu—cu,—ﬁ-u-cu—c—ncu-g—

Gly Pro Hyp

a) 6)

@ur. 2. a) TpoiiHO BepukHA CTPYKTYpa Ha KoJia-
reHoBd ¢uOpuan u 0) XMMHYHA CTPYKTypa Ha
Hall-4ecTo MoBTapsIaTa ce TPUIENTHAHATA T1OC-
JICZIOBATEIIHOCT B KoJyiareHa - riunuH (Gly), mpo-
auH (Pro) u xunpokcunpomun (Hyp) [11].

KonarenoBure ¢hubpwin ca cTabuin3upanu mMo-
MEXJy CH | 4pe3 crnenu(UIHU HAIPEYHH KOBa-
JeHTHHU BpB3kH [11, 28].

[TbpBOHauanHO anda-BepuUruTe Ha KoJarecHa
ca CBBP3aHM 3a€AHO C HAKOJKO Pa3IH4YHHU, HO
JecHo obpatumu ompexBanus. [lpu “3peeHero”
Ha MOJIEKyJIaTa, OMPEXBaHUATA C€ CTaOMIM3Upar

[29].



MuHepanu3anusaTa Ha KoJareHOBUTE (hUOpH-
JU Ce CBBP3Ba C BTOPO HHUBO OT HepapXU4HATa
CTPYKTypa Ha KOCTTa U € OTTOBOpPHA 3a 3ApaBU-
HAaTa ¥ MEXaHUYHATA SKOCT.

KanuueBo-neuuTHn anatuTu ce oTiarar B
HaHOKpHcTamHa (opMa B MexnyhuOpumapHuTe
MPOCTPAHCTBA U M3BBH (HUOpUINTE, KOETO €
CBBP3aHO CHC CAMOOPTaHM3MPAHETO Ha KoJjare-
nosara (ubpuna [30].

R.Hambli u A.Barkaoui [28] mnompobHO
ONMKCBAT MUHEpAIM3AIMITa HA KOJArCHOBUTE
MHUKPOOHOPHITH.

HavanqHuaT eram - oTyiaraHe Ha amaTHTHH
KPUCTAJIM M HAPACTBAHETO MM IO MOBBPXHOCTTA
Ha KOJareHOBHW (UOpHMIIN, € TpeIcTaBeHa Ha
¢hur.3.

®ur.3. SEM uzobpakeHne Ha anmaTUTHO OTjara-
HE 0 MOBHPXHOCTTA Ha KOJIATEHOBUTE BIIAKHA,
cien in vitro tect B SBF [31].

buopasrpagumocTtTa, HUICKOTO HUBO Ha aHTH-
TCHHOCT M KJIICTbUHATa aAXxe€3usd, MpaBAT KoJjarce-
Ha [ICHeH MaTepual 3a IPHIOKEeHHE B ThKaHHOTO
WUHXEHEPCTBO.

M3cnenBann ca MOpbO3HHM KOJIAr€HOBH MaTe-
pHany, KOUTO MO3BOJISBAT KIETHYHO M THKAHHO
CBBp3BaHE, HapacTBaHe M (GOpMHUpaHE Ha KOCT
ype3 mojroMaraHe Ha ocTteobiactHara aude-
peHunanus. Hsxou aBropu cuurar, 4e HEIOCTa-
THK IPU M3MOJI3BAHETO HA KOJAreH Karo Onoma-
Tepuaj, 3a Bb3CTAHOBSBAaHE Ha THKAHHU, € HEro-
BaTa BHCOKa CTENEH Ha pasrpaxaaHe, KOETO
0bp30 Boau 10 Obp3a 3aryba Ha MEXaHWYHU
cBocraa [11].

3. KeaaTun

KenatnabT € HaW-mOOpPUAT 3aMecTUTEN Ha
KOJIareHa, 3amoTo M J1BaTa ca M3TPajicHu OT el-
HAKBU CbCTABHU YaCTH.

Karo mnonmnmepHa matpuma 3a KOMIIO3UTH,
TOH € IpellHa3HAa4deH, /1a UMUTHpPa OpraHMYHATa
KOMIIOHEHTa Ha KOCTTA.
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IMTomyuaBa ce mpu jaeHaTypanus Ha KOJIareH
U, CBIIO KAaTO HEro, € YHUKAJICH C TOBA, Y€ Ch-
aepxa 14% Hyp, 16% Pro u 26% Gly. Enunct-
BEHHSAT JPYT KUBOTUHCKH MPOAYKT, ChABPKAIIL B
MO-TOJEMH KOJWYECTBA XHUIPOKCHUIIPOJIUH, €
enacTuHbT [29].

Untepecna e pabortara na [.Haug u cpasr.
[32], xouto cpaBHSBAT CBOMCTBA HA )KHUBOTHHCKH
u pubeH xematnH. Te ycraHOBsBaT, 4e Hai-
CBIICCTBEHATA pa3lIMKa MEXIY TAX € B ChIbp-
’KaHUETO Ha aMUHOKHcenuHuTe Pro m Hyp. As-
TOPUTE 3aKII0YaBaT, Y€ TE3H AMHUHOKHCEINHH
CTa0dWIM3UpaT KOHPOPMALMOHHUS TOPSABK, KO-
raTo JKeJaTHHBT 00pa3yBa rejiHa Mpexa.

M3BecTHH ca 1Ba OCHOBHHM THIIA )KEJTATHH:

1) Tum A, c uzoenekTpudHa ToYka ot 7 10 9,
KOWTO ce MmojydaBa OT KOJAreH cjel Kucesia
XHIPOIH3A.

2) Tun b, KOHTO € pe3ynTar OT ajJKaiaHa XU-
poiM3a Ha KOJAreH M UMa W30€JIeKTPUYHA TOYKa
ot 4.8 10 5.2.

Hakpatko, )KelTaTHHBT ce ChCTOH OT MEeNTHI-
uu tpuruietu, Gly - X-Y, kpnero X u Y morar
hit:} Obaar BCSIKA enHa oT
aMHUHOKHUCEIMHHUTE, HO Pro mma mpeamounranue
3a mo3unys X, a Hyp - 3a mo3umus Y.

[Mpubnuzurenno 1050 aMHHOKHCENMHHH OC-
TaThKa W3rpaxaar emana anda-sepura [29], a
criopen [11] - man 1400.

M.Chang u R.De Long [33], onucat 06pasy-
BaHETO Ha KainueB ¢ocdar B )KeTaTHHOBA MaT-
puLa, HM3MOJI3BAWKKA MPEKYpPCOpH Ha CBOOOIHU
KaIueBu u hochaTHH HOHU.

S.Gorgieva u V.Kokol mompoOHO omucBaT
OnomMarepuali, CHHTE3UpaH! C KOJIareH M yKeja-
THH, TSXHaTa OMOCHBMECTUMOCT M MEPCIIEKTHBH
3a nmpusoxxenue [34].

XKenatuusT, MOJOOHO Ha KOJIareHa, ce pasr-
pak/ia OT MPOTea3H! EH3UMH B TSIIOTO.

KaTo mombiiHeHHE KbM CBOMCTBAaTa MM, TOBA
KOETO T'M TPaBU MOJXOISIINA 32 TEXHOJIOTHUHHS
npouec, € pakThbT, Y€ KEIATUHBT HE € UTOTOK-
CHYCH, MOKa3Ba J00pO HUBO HA OMOAKTHBHOCT U
in VIVO mpenu3BUKBa OJAaroNpHITEH KICThYCH
OTTOBOD.

Toit npuTekaBa NPOAHTMOTCHHH XapaKTePUC-
THKH, CTUMYJIUpa pacTeka Ha BacKyJapHaTa
(KppBOHOCHATA) MpeXKa.

B cpaBHEHHE ChC CHHTETUYHHTE IOJUMEpH,
KEJATHHOBUTE MATPHIIM HE MOKA3BaT TUIHYHATA
HHCKa IbpBOHAYalHa OWOAKTUBHOCT. ToBa €
omrcaHo ot Mozafari u cetp. [35, 36]. Te cb3na-
BaT JHO(WIN3NpPaHa, HAHOKOMIIO3UTHA MaTpHIIA
OT OMOAKTHBHO CTBKJIO U JKEJIATHH, KOATO IIO-
Ka3Ba BUCOKA OMOAKTHBHOCT.



B TBKaHHOTO HMHXEHEPCTBO C€ H3IIONI3BAT
pa3IMYHM MOJICKYNIH, HPEIU3BHKBALIA OMPEXK-
BaHe B jkelarmHa. Hapuyar ce ,,oMpexBauiu
arentn”. TakuBa ca riryrapanaexuante, kapoo-
TUUMHUINATE, OaKTEepUATHUTE €H3UMH (MHKpOOH-
anHa TpaHcrioyramuHaza mTGase), TeHenuH, pa-
JIUAlMOHHO oMpexkBaHe. OCHOBEH TeXeH HeIoc-
TaThK € IMTOTOKCHMYHOCTTa WM. V3mom3BaHeTo
Ha CHJIHO TOKCHUYHHS TIIyTapaJAeXui WIH paIu-
AIllMOHHOTO OMpEXBaHEe, MOTaT Ja MpPeAU3BHKAT
HEOOpaTHMO CBbP3BaHE HAa BEPUTHTE B JKEIAaTHHA
U J1a TO TIPEBBbPHAT B OMOHEPA3TPaIiM ITOJIUMED.

ITo tasu mpuumHa, D.Nadeem u cwTp. [35],
cunTe3upar kommnosut (70Si0,-30Ca0/xxenatun)
0e3, WM ¢, MaJK{ KOJIMYECTBA OPraHUYHM pas3T-
BOpHTENHN U 0€3 OITaCHH XUMHUKAIIH.

'eHUnuHEBT € OMpEXKBaIl areHT, MPEAIOYUTaH
3a Ch3JaBaHe HA KOMIIO3UTH, THH KaTo € TpH-
pomHa cyOCTaHIMS, MPOU3BOTHO OT TCHHUITO3HIA,
OTKpUT B PacTEHUETO rapiaeHus. Toil uma cuen-
HUTE NPEAMMCTBA: MUHAMAIHA [IUTOTOKCHUYHOCT
B HUCKHM KOHIIEHTpPAIMH, JOCTaThb4Ha Omozmerpa-
Jalys ¥ JaBa Bb3MOXKHOCT 32 BUCOKA CTETICH Ha
oMmpexxBaHe. HemoctaTpbk e, BHcOKaTa My IeHa
[35].

[ToHacrosimem, >KeIaTHHBT C€ M3IOJI3Ba BHB
¢dapManieBTHYHATa MPOMHIUICHOCT, BJIH3a B
MPOAYKTH 32 PaHW U aaXe3WBU B KIMHUYHATA
npekTuka. I[IpenuMcTBO Ha TO3M NPHUPOJEH IO-
JUMep €, 4e KIETKUTE B Mpuemaliara ThKaH 3a-
naspar J100pa >KM3HECIIOCOOHOCT M JIUIICBA aHTH-
reHHocT. HeroBata IOCTBIIHOCT M HHCKA LIEHA,
CrocoOCTBaT 3a MOJIYyY4aBAaHETO HA 3HAYUTEIHH
KOJINYECTBA KOMIIO3UT C HETOBO yYacTHe.

Hsixou aBTOpH cMATaT, ye ecTecTBEHAaTa KOCT
€ CbhCTaBeHa MNpeIUMHO OT OudaseH Kajlues
¢doctar (BCP) u xenatun (Gel), kpaero BCP e
OTJIOKECH PaBHOMEPHO Ha TIOBBPXHOCTTA Ha JKe-
JatuHOBara Marpuia [1].

4. KeJaTuHOBM MATPUIIM € NPUIIOKEHHE B
THhKAHHOTO NH:KEHEPCTBO

B nutepatypara ca ommcaHu HOPHO3HH JKea-
tiHOBH [37, 38], sxenarun-xuroszanosu [39, 40]
U KenaTuH-kapareHanoBu [41] martpunm, momy-
YeHH 110 MeToa Ha Juopuusanys (¢pur.4).
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®@ur. 4. SEM mukporpadun a) Ha KeIaTHHOBA
Marpuia KyJlTHBUpaHa ¢ kietku [36] u Ha xe-
JaTHH-KAparcHaHOBU MaTpHIIA, HapeueHa OT aB-
TOpHUTE ,,Cymep Makporopect kpuoren” [41].

JHpyra ¢opma, B KOSTO Ce IOJydaBaT »Kejla-
THHOBH OWOMaTepuany, ca HaHoPpuOpPO3HHUTE Ma-
tepuanu (pur.5.).

6)
®@ur.5. a) SEM Ha xenatuHoBH HaHO(GUOpH 6€3

OMpEXKBAIll areHT, IMOJIYYeHH Ype3 eJIEKTPOOB-
JakHsBaHe M 0) pactex Ha kietku (VW-MSCs)
Ha MOBBPHOCTTA Ha HaHOGUOpUTE cies 7 THEBHA
KynTuBanms [42].

Hano¢ubpure ce momyuaBar upe3 eJIeKTpo-
OBJIAKHSIBAaHE Ha JKEJATMHOBU Pa3TBOPH C IIOC-
JIeIBaIIO JJAMUHUPAHE.

3a momoOpsiBaHE CTAOMIIHOCTTAa M MEXaHWY-
HUTE CBOMCTBA Ha TaKbB THIl KOMIIO3HMTH, S.
Zhang u chaBt. [43] mpuiaraT oMpexBaHe Ha
MeMOpaHaTa OT JKEJIaTUHOBM HaHOPHOpH. 3a
npoleca Ha OMpe)KBaHe Te M3moy3Bar l-eTui-3-
(IMMETHI-aMUHOTIPOTTIT)  KapOOIUUMHL,  XH/I-
poxmopus (EDC) u N-XUPOKCHI CYKIIMHUMUJL
(NHS) (¢ur.6.).

®@ur. 6. SEM unzobOpaxkenuss Ha mMeMOpaHa OT
OMPEXEHH, JKEJIaTMHOBM HaHOGHOpWIN mpHU
yeemuuenwe: (a) x 4000 u (b) x 2000 [43].



ABTOpHUTE yCTaHOBSBAT, Y€ OMPCIKCHUTE Ha-
HOBJIAKHECTH MeMOpaHH, 3ama3BaT CBOSITa
CTPYKTypa, BBIIPEKH Y€ BIAKHATA CJIEH CIIEKTPO-
OBJIAKHSABAHETO Ca HABHTH W ciermeHu. IIpose-
JEeH € in VItro TecT ¢ KIETKM OT MapoJOHTAIHO
CYXOKUIIHE, KyJITHBUPAHH Ha MOBBPXHOCTTA Ha
JKeIaTHHOBaTa MeMOpaHa.

PesynraTute OT TOBa H3CIICABaHE IMOKA3BaT
JI0OpO KIETHYHO CBBP3BaHE, pacTeX U mpoirde-
pauusi, KOeTO CIOpe/ aBTOPUTE TpaBH MeMOpa-
Hata oOelaBall MaTepuaji 3a percHepupaHe Ha
YBPEICHHU MapOIOHTATHU ThKanu [43].

J.Ko u ¢b1p. [44] cpiio usnonssar EDC karo
OMpeXBall areHt, gokaro W.Lu u cwaBt. [45]
OMpeXBaT >KeTaTHHOBUTE HaHO(GUOpW C TiyTa-

panaexu.
3a nma ce 3ana3u mMopdosorusta Ha Gudpure
clen  TpecTosiBaHE ~ BBB  BOJHA  Cpena,

S.Panzavolta u cwaBT. [42] onTHMHU3HpAT OM-
PEXBAaHETO U3MOJ3BANKU T€HENUH.

ChUIMAT OMpPEXKBAIIl areHT, € BKJIIOYCH B CHH-
Te3a Ha Ch-CICKTPOOBJIAKHEH MaTepHal, MOJy-
yen ot P.Torricelli u chaBr. [46]. Te Momyaupar
MEXaHUYHHUTE CBOWCTBA M XOHIPOIMTHHS OTIO-
BOp Ha HAHO(UOPWIIHNA MaTPHUIIM KaTO ChUeTaBaT
JKENIATHH C MOJUMIICYHA KHCEINHA.

M.Mehrasa u cbTp. [47] u3mON3BaAT MOJIUM-
nrYHa-Ko-rmukoioBa kucennna (PLGA) u xena-
THH KaTO B HAaHO(PHUOPO3HATA MATPHUIIA BKJIIOYBAT
CHJIMKAaTHH Me3omnopectu vactuiy. Criopes aB-
TOPHTE, BCUUKU U30POCHU MATPHUIH Ca MPOCKTHU-
paHU 3a TPWIOKEHHE B ThKAHHOTO WHXECHEPCT-
BO.

HHTepecHO U MHOrooOeIaBaIio € u3cie/iBa-
Hero Ha S.Baiguera u craBr. [48], KouTO TECT-
BaT EJICKTPOOBJIAKHEHU KEJTATHHOBU MATPHIIH,
OMpEXKEHH C TeHENHH, KaT0 HOCHUTEIH Ha JIelie-
Jynapu3upana, U3BbHKIEThYHA MaTpPHIA OT MO-
3bK Ha TUThX 3a BB3CTAHOBSBAHE HA HEPBHA Th-
KaH.

5. BugoBe KOMIIO3UTHU MaTePHAJIH € YYaCTH-
€TO Ha JKeJJATHH

5.1. /KeJaTHHOBHM KOMIIO3UTH ¢ OMOAKTHBHU
kepamuku ot Buaa HA, TCP, BCP, BG, GC

S. Rabiee pasriexaa OHOaKTHBHHTE Kepa-
MHKHU KAaTO HOCHUTEIIN HA KOCTHU MOpq)OI‘eHeTI/III-
Hu nporteuHu [34]. Toli cpoOmasa, ye OHOAK-
TUBHU KEPAMHUKHU CC U3IIOJI3BAT B UMIIIAHTH, IIPU
BB3CTAHOBSIBAHE U PEKOHCTPYKLMATA HA PA3JIMY-
HU TEJICCHU PYITYPH.

ABTOPBT paszziensi OHOAKTHUBHUTE KEPAMHUKHU B
HSKOJIKO OCHOBHU TpYyIH: KannueBo-pochaTHH

KepaMuKH, OMoakTHUBHU cThKIa (BG) m cTBKIIO-
kepamuku (GC).

Ot cBos cTpaHa, kamnueBute ¢ocdaru ca:
mono- (Ca(H,PO,),), mu- (CaHPO,), Ttpu-
(Cag(PO4)2) (TCP), TETpa-(C32P207) U OKTa-
Cag(HPO4)2(PO4)4.5H20 (OCP) KaJIlMuEeBU (I)OC—
(atH, KakTo ¢ mocoueHo B [49, 50]

B 3aBucuMocT OT THIIA Ha CBBp3BaHE Ha OMO-
MaTepuaguTe ¢ JaJeHa ThKaH, € MpeaokKeHa
KJIacU(HKaIKs, COpe] KOSTO UMa YSTUPU THUIIA
OMOKEepPaMUKH M3IOJI3BAHU 32 OPTONCIHYHU MM-
TUTAHTH:
1)KommakTHu OuoMaTepuai, KepaMuKH 0Oe3
nopH, OJIM3KU 10 HHEPTHH;
2)Ilopbo3HN GHOMaTepUasy, HHEPTCHH UMILIAH-
TH.
3)KomnaktHu Ouomarepuai,
OMOaKTUBHU KEpPaMHKH,
KepaMuKu 6e3 1mopu;
4)KomnakTHu, pe3opbupyemMu OHOMaTepHaid, C
unu 6e3 mopu [6, 7]

B mmTeparypara ca onmcaHM KOMIO3UTH Ha
KeNaTHH ¢ OWOaKTHBHHU KauueBo-(ocdaTHH
kepamukH, B T.4. HA, dayopanarutr (FHA), kap-
6onat ¢uyopamatur (CO3FHA), cuimkokapHO-
tutHa Kepamuka [51], B-TCP, OCP, BCP, BG u
ap. [52].

IIOBBPXHOCTHO
CTBKIA U CTBKIO-

5.1.1. ZKessaTuH / XMAPOKCHAIATUTHU
(Gel / HA) komno3uTu

XUIpoKCHAaTUThT, C OpyTHa (dopmyia
Cay0(PO4)s(OH),, e rmaBHHS HEOpPraHUYEH KOM-
ITOHEHT Ha KOCTUTE U 3hOMTE.

MopdosorusaTa Ha XHAPOKCHATIATUTHATA 10~
BBPXHOCT, 3aBUCH OT TEMIIEpaTypaTa Ha HaKass-
Bane (¢wur.7.).

a)
@wur.7. SEM n3o0paxeHne Ha XUAPOKCHAIIATUT-
Ha KepaMHUKa TepMUYHO TpeTtupaHa npu a) 1050

°Cu 6) mpu 1200°C [54].

HA ce u3nomn3Ba ce mupoKo KaTo UMITIaHTSH
MaTtepuai 3a KOCTHO 3aMeCTBaHe, OyiarojapeHue
Ha OTJIMYHUTE MY OCT€OKOHJIYKTHUBHU CBOMCTBA.
MHOTO OT METWITMHCKHUTE MpUiokeHus Ha HA
ca OrpaHUY€HH, IVIABHO MOPAJN HETOBUTE OTHO-
CHUTEIHO c1a0u MEXaHUYHHU CBOKMCTBA.
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Masku KonmuvecTBa OUOTIOIMMEPH W/WIIH CH-
TN, BEBEJCHU TI0 BpeMe Ha CHHTE3a, 10100~
psBaT MEXaHWYHTE CBOMCTBa Ha HA, moBumaBar
OMOCHBMECTUMOCTTAa Ha KOMIIO3UTHUTE U MOXKE
na ObJIe MOBIUAH pa3Mepa Ha dacturmre [53].

HA e OmocbBMECTHM, HETOKCHYECH, HE IIpe-
JM3BUKBA BB3MAJUTENICH MPOLEC U HE € UMYHO-
reded. OCBeH TOBa € croco0eH /1a o0pasyBa u-
PEKTHAa XMMHYECKa BPbH3KAa C OKOJHUTE ThKaHH
[54].

Bbuononumepu karo Gel, xurozan (CS) u mo-
nu-suamImpoanaon (PVP) ca wmsmomsBanu 3a
MOJTy4aBaHe Ha KOMIIO3UTH, BBH3MPOU3BEKIALIH
CBOWCTBAaTa Ha €CTECTBEHaTa KOCT, KOUTO ce
JbIDKAT Ha YHHKATHATA HiepapXudHa WHTETparys
Ha HA B pamkuTe Ha KoslareHoBata MaTpuna [44,
53].

KocTHUTEe UMIIAHTH YeCTO ca TMOIYYCHH OT
OuopasrpaanuM moauMep(u) ¢ BKIFOUCHHA Heopra-
HUYHU YaCTHIU OWOAKTUBHO CTBHKIO W/WIU Ke-
paMuKa, KaTo XUTO3aH/XHuaApoKcHamaTut [55].

M.Cziké m cbaBT. CHHTE3UpaT KOMITO3UTH C
JkesaTuH, xuto3aH U PVP u xbM Bceku OT MOJIH-
Mepute 100aBsaT HA. Te ycTaHOBSIBAT pa3iuku B
CBOWCTBATa MPHU OTACITHUTE KOMIIO3HUTH, B CPaB-
HeHue ¢ unctusg HA B 3aBUCHUMOCT OT BUAA Ha
nonuMepa. M ome Hemo: okasBa ce, 4e OHOomo-
JUMEpHTE TIOBJIMABAT Mpolieca Ha o0pazyBaHe Ha
AKTHBHU [IEHTPOBE M HAPACTBAHETO HA XHUAPOK-
CHANaTUTHUTE YACTHIM MO0 BpEMe Ha CHHTE3a Ha
KOMITIO3UTH. ABTOpPHUTE JOKa3BaT, 4e upe3 ;noda-
BSHE Ha OWOMONHMMEp, MOraT aa ObJaT KOHTPO-
auMpand in Vitro coiicteara na HA [53].

M.Sivakumar u CchaBT. CHHTE3UpPAT MHKPOC-
(depu, KOUTO MPE/ICTABISABAT KEJTATHHOB KOMITO-
3WUT C TPaHyJIH KOpalieH XHJPOKCHAMATHUT, HATO-
Bapenu ¢ Gentamicin [56].

M.Chang u cwtp. [57] cuntesupar Gel/HA
HAHOKOMITO3UTH W YCTAHOBSBAT CaMOPTraHU3U-
pane Ha HA HaHOKpHCTaIM MO ABDKMHATA Ha
XKeJIaTHHOBUTE (PUOpHIIH.

T.-W. Wang u cbaBT. CHHTE3UpaT JIByCIOHHA
Gel/HA wmemOpaHa MNOCPEICTBOM H3CYyLIaBaHE
4pe3 3aMpa3sBaHe KaTo YCTaHOBSIBAT, Y€ CBBHP3-
BaIlIUTE areHTH Ca Pa3IOJIOKECHU IOMEXKAY Ke-
naruHoBute [58].

5.1.2. Gel / B-TCP xomMno3uTHH MaTepHaIH

C 1en Bb3CTaHOBSIBAaHE HA KOCTHU JE(EKTH,
HSIKOM aBTOPW Ch3/1aBaT OHMOpa3rpajiiMH, II0-
PbO3HH, KETATHUHOBH KOMITO3UTH Ype3 XUMHUYEC-
KO OMpexBaHe ¢ riyrapangexun [84, 85] wmim
renunuH [86] u B Tax BKrouBat yactuny 3-TCP.
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TCP e u3BecTeH B MUHEPAJIOTHATa KaTO BUT-
nokut (Whitlockite). OGHKHOBEHO CBINECTBYBA B
nBe kpuctanad moaupukanuu: o-1CP u B-TCP.
a-TCP kpucranusupa mnpu Temieparypa Halx
1250°C, nokaro B-TCP e mpeoOnanaBama ga3za
npu no-Hucku Ttemneparypu ot 900-1100 °C.
Toit gecto ce xkomOmaMpa ¢ HA. Tosa ca T.Hap.
Ooudasnu xammueu ¢docdaru. KomOunarmsaTa
HA/TCP, npu mo-BHCOKH CHOTHOILICHHUS B KOM-
MO3HUTH, ¢ Hal-e)eKTHBHA 3a TIOBHUINABaHE Ha
OMOCHBMECTHMOCTTA.

To3u ¢akT Ou MOT'BI Ja ce JABJDKH, Ha I0-
roisimara pasrBopumocT Ha TCP B cpaBHeHHe ¢
HA. Tlpeanosnara ce oile, 4e MOBUIIIABAHETO Ha
OMOCHBMECTHMOCTTA, MOXKE J1a € CBbp3aHa ¢ pas-
nuyaus mopso3uteT Ha HA u TCP [50].

Jlo MOMeHTa MMa Ch3/aJICHU TIOPhO3HHU U Ha-
HOGUOPO3HHM, OUOpas3rpagiMH, O KEIATHHOBH
MaTpHIIM C YacTUIM Wiy rpanynu B-TCP.

[Mopro3uute matpuitu ot Buaa Gel/ B-TCP ca
W3MON3BaHU KaTO HOCHUTENH Ha KJICTKU, PACTEXK-
HU (paKTOpH, PACTUTEIHN U3BIECIH U JIP.

Y.Takahashi u cpaBT. [84] usnmonssar Takusa
KOMITIO3UTH KaTO HOCHTEM Ha ME3CHXUMHH
CTBOJIOBH KJIETKH, a M.Yamamoto u craBt. [85],
BKITIOUBAT pacTexeH (akTop — KOCTeH Mopdore-
HeH npotenH-2 (BMP-2).

Y.-T. Fu u cbTp. B cucremara 3a KOCTHa pe-
renepanus Gel/B-TCP/renunun, n06aBat mymo-
POKHMHA3a M W3MOJ3BAT KIMHUYHO MOJTYYCHHUST
KOMIT03eTeH Matepuai [86].

W-L. Wang u cpaBT. BKIIIOYBAT B KOMIIO3UTH
ot tuma Gel/B-TCP nexokT, KOWTO TpeACTaBIsIBa
TPAJUIIMOHEH KUTAMCKA MPOAYKT ChIbPIKAII
U3BJIEK OT KOPCHU Ha pacTeHusita Astragalus u
Angelica sinensis. ABropure 3aKiO4aBaT, 4Ye
JEKOKTHT MOXE Jla CTUMYJIUPA KJIEThYHATA MPO-
mudepanms u audepenimanys [87].

HanodubOposuu kommosutu ot Buma Gel/p-
TCP ca uscnensanu or X. Zhang u crabr.. Te
M3y4yaBaT Te3U KOMIIO3UTH KaTo MOJEITHO CheIu-
HEHHE 32 OCBOOOXKJaBaHE Ha KAIIUCBH HOHU B
KIeTh4Ha ciiefa. Te ycTaHOBsBaT, 4ye 0OCTe00-
nacTHH KkieTkn MG-63 B cpesia Ha KOMIIO3MTA Ce
MTOBJIMSIBAT TIOJIOKUTETHO [88].

OtHOBO X.Zhang ¥ ChTp. CHHTE3UpAT TOC-
PEICTBOM  €NEKTPOOBIAKHSABAHE KOMIIO3UTHH
XAMHYECKH OMpexxeHH MemOpanu ot Gel ¢
BKIIFOYEHO B TAX PAa3]UYHO KOJIMYECTBO HAHO-
gactuiu -TCP.

KaxkTo u B npeauniHa TsaxHa pabora [88], Taka
U TYK, T€ H3CJelBaT OCBOOOXKIaBaHETO Ha Kal-
[IUEBH HOHH OT HAHO(PHUOPHUTE ¥ TMTOBEICHUETO HA
octeobnacTHy kietku (tun MG-63).



[TonydeHuTe eKCIEPUMEHTAIHH pPe3yJTaTH
MOKa3BaT, Y€ aJxe3usaTa, pPaslnpoCTPaHCHHUETO,
nponudepanuiaTa U paHHaTa OCTEOTeHHA Iude-
peHIMANMS Ha OCTEOOJACTHUTE KJIICTKH 110 KOM-
[IO3UTHUTE HAHOBJIAKHA, CE ITOBIUABA IIOJIOXKH-
TEJIHO OT ChABP/KAHHUETO HA BKIFOYCHHUTE HAHO-
gactuiy B-TCP u oT moBeeHHETO UM B IpOILie-
curte Ha Guopasrpaaumoct [89].

5.1.3. Komno3zurau Gel / BCP marepuann

L.Bakhtiari B cBoeto mpoyuBane [1], pasr-
JIe’KAa MOPECTH, KOMIIO3UTHU MaTepHalii, H3roT-
BEHH OT OMOpasrpaJuMusl MOJIUMEP — JKEIaTHH
¥ HaHO-pa3MEpHU YaCTHUITM Ha OwmdaszHa Kaue-
BodocaTHa KepaMHKa.

Kepamukata e chcraBeHa ot ase daszu - 70%
HA u 30% B-TCP. Heopranuunata KOMIIOHEHTa
Ha KOMIIO3UTa € TIOJNyueHa MPEIUMUTANNSI U ©
kannuaupana npu 700 °C B mpoabiDKeHUE Ha
24., a camusat kommno3utr Gel/BCP e momyden
cien muopmimzanyst. CTpyKTypaTa, Ha TOTOBaTa
JKETATHHOBA MPEXa, ¢ CTa0WIM3UpaHa upe3 Mo-
TansgHe B 1% pa3TBOp HAa OMpEXKBAIlIMs arcHT -
EDC (N-(3-mumermn-amuHonporun)-N'-  eTui
KapOOIMMMUJI, KOWTO Ch3/[aBa HANPEYHHU BPBH3KH
MEXJy BEpUTUTE Ha KeJIaThHa U MO TO3U HAYMH
sl yKpeTiBa.

ABTOpKaTa CchoOIaBa, Y¢ HAHOKOMITO3UTHUTE
CTPYKTYpH, TOIYYCHH MO METOJa Ha JHOQIIHU-
3a1usl, ca ¢ J00pe pa3BUTa CTPYKTypa Ha MOPHUTE
A C TOAXOISIIM MEXaHW4YHHM cBoMcTBa. HaHo-
pasmepauaT B-TCP moka3Ba 3HaumM OuomOTHU-
YeH aUHUTET M AaKTHBHOCT, pearnpa MHOTO
no0pe Ha ¢usnosornyau cpeau. ChIO Taka,
nopaau OaBHaTta aerpananws, mopectust B-TCP
Ce pasriekaa KaTo HJAcaieH KOCTO3aMeCTBaIll
MaTepuai, KOWTO MOXe Ja ce pa3rpaxjaa c Ha-
pacTBaHETO Ha KOCTHTe. HaHOKOMIO3WTHHTE
senatne/BCP uMar BUCOK ITOTEHIIAAT 34 M3II0JI-
3BaHE KaTO TBBPJA THKaH C BHCOKO TIOpEcTa
CTPYKTypa u J0OpO MeXaHW4IHO moBeaeHwue [1].

5.2. Gel / BG nGel / GC xoMno3uTHu MaTepu-
anmn

BbrnoaktnBHMTE cTBKNA ca mo3HaTH ot 1970 T.
3aeqHO ¢ OMOAKTHBHHUTE KepaMUKH ca OOCKT Ha
W3CIICIBAHUS TIpe3 TMIOCIECIHUTE JECETHIICTHUS,
nmopajy 3HAYUMOCTTAa MM 33 pEreHepaTHBHATA
MEINIMHA.

3a MHTEPECHT KBbM TAX CBUACTEIICTBAT TOJIe-
MUsl OpOil CTaTWU W PEBIOTA, pPa3KpHUBAINU pa3-
JUYHU acCHeKTH OT CHHTEe3a, MOJU(PUKAIUN B
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ChCTaBa, CBBP3aHM C TPOMsSIHA B CBOMWCTBaTa,
CTPYKTypaTa, JICHUCTBUETO U T.H.

PasriexxaaHeTo UM He ¢ 00EKT Ha HACTOSIIHS
0030p, 3aToBa MO-0JIY I¢ OBIAT M3IOKCHH Ca-
MO MEXaHU3MbT Ha XMMHUYCCKO CBHP3BAHE MEXK-
Jly OpraHMvHaTa W HeopraHudHata (asza Ha xe-
JATHHOBUTE KOMIIO3UTH, TIXHOTO MOJyJYaBaHE M
JIAHHH OT MPOBEICHHU MPOYIBAHHSI.

MexaHu3MbT Ha XHMHYHO CBBHP3BAHE MEKITY
yactunure Ha BG u Gel [36, 90] B pamkuTe Ha
HAHOKOMITO3HUT, € OMHUCAHO B TPH CTBHIKH OT M.
Mozafari u ce1p. [90] M cXemaTuuHO € TpeacTa-
BEHO Ha (ur.8.

(a)

(b) c,HG---n-.-CJH“-.n...CJ;-h

Cros\ linking :

3H ...O.--c,H‘...,, "'C_\Hs
®ur.8. (a) MexaHn3pM Ha CBBP3BAHE MEXIY

C;H.;.. ""'CJHa g
HAHOYACTHLM HA 30JI-TEJHO CTBKJIO M JKEJIATHH,
(b) Cxema Ha XMMHYECKO CBBP3BaHE MEXKIY XKe-
JIATHHOBHU BepHTH U riyTtapanaexuaa [90].

Gel

G:l

ploce“

C;Hs

3aeHO ¢ TOBa, aBTOPUTE MPOBEKIAT U3CIEI-
BaHUS Ha CB3NAJCHUTE OT TAX KOMIIO3UTH C
yuactreto Ha SaOS-2 (human osteoblast-like)
KJIETKH KaTo 000011[aBar, 4e NoJy4eHUTe KOMIIO-
3UTH MOTraT Ja WMar oO0elaBamo KIMHUYHO
NPUIOKEHUE, KOETO TIOTBBPIKIAaBa pe3yJITaTHTEe
¥ Ha Japyru uscaenosarenu [91].

C.Soundrapandian u cwaBr. [92] onucsar Ta-
KMBa MaTPHIM, CHHTE3UPAHH C TMPHPOIHUS I10-
JVMEp XUTO3aH ¥ OMOAKTUBHO CTHKIIO TPETUpa-
Ho mpenBaputenHo c Gatifloxacin (¢payopoxu-
HOJIOHOB aHTuOMOTHK) minn ¢ Fluconazole (an-
TUMHUKOTHK).

B npyra crarus M.Mozafari u ceast. [36],
OIMCBaT OMOMHUMETHUYHOTO (popMHpaHe Ha ama-
TUT 10 MOBBbpXHOCTTa Ha Gel/BG xommno3uty, B
KOUTO OMOAKTUBHOTO CTBHKIIO € HAHOPa3MEpPHO M
e oT chiara cucreMa 64Si0,-31Ca0O-5P,0s.

M.Peter u cvTp. [93], KOMOMHUpAT *KeTaTrHA
C XUTO3aH M HAHOYACTHIIM CTHKIOKEpaMUKa B
creanus cbetaB 55S10,-40Ca0-5P,05 (mol%).

D.Nadeem u cbTp. CHHTE3UpaT KOMIIO3UTHA
MaTpHIla 3a KOCTHA pereHepaius, ChCTaBeHa OT
JKENATHH U OMOAKTHBHO 30J-T€THO CTBKIO ChC
cberaB 70Si0,-30Ca0. KoMmo3uTsT € paspabdo-



TEH Karo aJTepHATHBA HAa CHHTCTHYHUTE IOJIH-
MEPHH MaTpPHIIH.

HM31013BaHeTO HA TEHENTUH KAaTo OMpEKBalla
nobaBka, ce sIBBA CPEICTBO 3a MOAU(UIMPAHE
Ha pasrpaxkJaHeTo. BHOCHBMECTHMOCTTA Ha
KOMIIO3MTHATa MaTpHUIla € YCTaHOBEHA KaTo IO-
BBPXHOCTTA Ha 00pa3luTe € KyJITHBUPaHa C Yo-
BEIIIKK CTBOJIOBH KJIETKH OT 3b0Ha myJma [35]

L.Radev wu cwaBr. [94] cunTesmpar
Gel/cCUTHKOKAPHOTUTHH CTBKJIO-KEPAMHYHH
KOMITO3UTH KaTo 3aKJII0YaBaT, 4e IOJyYEeHHTE
KOMIIO3UTH IIPOSIBABAT 3abelrexurenHa in Vitro
ouoakTuBHOCT. TO3M (pakT ¢ yCTAaHOBEH H 3a
JPYTH BUIOBE KOMITO3MTHH MaTepHaiu, CHHTE-
3upaHu oT pabotHara rpyma [19,51].

5.3. ipyru :keJIATHHOBY KOMIIO3UTH

Heo6uuaiiHO € M3rOTBSIHETO HA KOJIAT€HOBU
kommo3utH ¢ ¢yxa3ut. N.Ninan u cwast. [100],
ca Ha MHEHHWE, Y€ 3COJIMTHTE Ca IMOTEHIMATHU
MaTepHail 3a PereHepaTUBHATA MEAWULUHA, THU
KaTo ca OMOCHBMECTHUMH U TO3BOJISBAT KATHOHEH
0oOMeH. ABTOpHUTE M3MONI3BAT (PYyXKa3UT AKTHBH-
pan ¢ men (CAF). 3a cunresa Ha Gel/CAF kowm-
MO3UTH, T€ NpUIaraT HWHOBaTUBEH IOAXO[, a
WMEHHO, OMpeXBaHe ¢ (hopMalexu/, ciell Koe-
TO TMoJyIaraT Ha JIHOQUIU3alMs >KeJaTHHOBATA
CMEC C BKJIIOYCHUTE 3COJNUTHHU YacTULH. YCTa-
HOBEHO €, Y€ C yBeJIMYaBaHe KOHIIEHTpaIuATa Ha
CAF B xematuHa, ce yBeJIMuaBa KOHTAKTHHA
BIBJ Ha Marepuana KpM Boja. Hapen c ToBa,
aBTOPUTE 3aKJIOYaBaT, Y€ ca HEOOXOAUMHU J0-
M'BITHUTETHA W3CJIEABAHUS, 32 J1a C€ TOBOPH 3a
MPUIOKEHHWE Ha TO3M THUIl KOMIIO3UTH B THKaH-
HOTO WH)KeHepcTBO. B npyra pabora, N.Ninan u
cpaBT.[101], amammsupt Gel/CAF xommo3utuTe,
3a TIPUIIOKEHHE TPH 3apacTBaHETO Ha PpaHM.
Koncratupan e antubaktepuaieH edexT, KOUTO
ce IbJDKU Ha OCBOOOXKABAHETO HA METHH KaTH-
OHHM OT ChpreBuHaTa Ha BrpajgeHute CAF gac-
TULM B )KEJIaTUHOBATa MaTpPHLA.

3akiIouyenue

[IpencraBenusT 0630p 61 MOI'ba Aa ce mpue-
M€ KaTo OCHOBa Ha BCE OIlle HEIIbJIHA, HO Pa3BU-
Balla ce BbB BPEMETO, KiacU(pUKAIUSI HA KOM-
MO3UTHUTE OMOMaTepHali, CHHTE3UpaHu Ha Oa-
3ara Ha JKelaThH.

OCHOBHOTO 3aKJIIOYEHHE OT HETO €, Y€ TO3U
TUI KOMIIO3UTHU MaTepHald ca MPEAIOYNTaHH,
Ipesl KOJareéHOBHTE, KOraTo CE€ LEJNH IMO-HHCKA
ce0ecTOIHOCT Ha UMIUIAaHTHUS IIPOAYKT.
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M kakTo BHHArW, 3a JAPYTHUTE TOJOKUTEIHH
MOMEHTH B TSXHOTO TPHUIIOKEHHE, IIe € OTro-
BOPHO OBACLICTO.
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HN3CJIIEABAHE UBMEHEHUETO HA CHEHHU®UYHATA MEKIY®A30BA IIOBbPX-
HOCT IIPU PEKTUO®UKALUA HA CMECH C PA3JINYHO ITIOBBPXHOCTHO HAIIPE-
KEHUE HA YUCTUTE KOMIIOHEHTHU

JKusko VMBanos, Anpuana ['eopruesa, Jloopun ['eoprues, Kpacu ITanaitoToa

STUDY OF AMENDING OF THE SPECIFIC INTERFACIAL AREA BY RECTIFICATION
OF A MIXTURES WITH DIFFERENT SURFACE TENSION OF PURE COMPONENTS

Zhivko Ivanov, Adriana Georgieva, Dobrin Gerogiev, Krasi Panayotova

ABSTRACT: The specific interfacial area is an important characteristic of the gas-liquid layer on the trays,
directly influencing the process mass transfer. For a certain tray, while keeping all other conditions the same,
the specific interfacial area will be a function only of the physicochemical properties of the liquid phase. The
aim of this work is to study of amending of the specific interfacial area by rectification of a mixtures with differ-

ent surface tension of pure components.

Key words: specific interfacial area, surface tension, rectification

BnBenenne

BnusiHueTo Ha MOBBEPXHOCTHOTO HANpPEKEHHE
ce OoTHAcs KbM T. Hap. MPoOJieM Ha MOBBPXHOCT-
HHUTE e(EeKTH MPU MACOTIPEHACSHETO TPH IPOLe-
ca peKTH(UKAIMs U € CBBP3aHO C PA3IUIHU BH-
JIOBE HapylieHus Ha crenuduynata mexayda-
30Ba MOBBPXHOCT. OCHOBHOTO SIBIEHHE TYK €
MekaydazoBaTa WIM MOBBPXHOCTHA TYpOOJIEHT-
HOCT KOSITO € CIIeJICTBHE OT H3MEHEHHEeTO Ha
MexaydazoBata MOBBPXHOCT. MexaydazoBaTa
TypOOJIEHTHOCT € CIIOHTAaHHA TypOOJICHTHOCT Ha
MOBBPXHOCTTA, MPHU KOATO HACTHIIBA MpECHACSHE
Ha BEIIECTBO OT efHa ¢a3a B Apyra upe3 KpyI-
HoMamabuu Buxpu. MexaydaszoBara TypOoieH-
THOCT C€ CBIIPOBOXKIA C IyJICAL[MK HA MOTOLUTE,
KOUTO yBEJIMYaBaT MHTEH3MBHOCTTA HA Macoo0-
MEHHHS TPOLIEC.

[ToBBEPXHOCTHOTO HaNpeXeHHWe OKa3Ba CIIOXK-
HO BJIMSIHUE BHPXY KMHETHKATa Ha MacolpeHOC-
Hus npouec. OT eHA cTpaHa TOBBPXHOCTHOTO
HaNpe)KEHUE CPAaBHUTEIHO CIa00 BIHSE BBPXY
Koe(hUIMeHTa Ha MacollpeHacsHe, HO OT Apyra
CTpaHa TO OKa3Ba CBINECTBEHO BIUSHHE BBHPXY
CTPYKTypaTa Ha Ta30T€YHOCTHHUS CJIOH, TJIABHO
BBPXY pasMepa M CTaOMJIHOCTTa Ha OTICIIHUTE
Mexypu. CBhCTOSHHETO Ha MeXIyda3oBaTa Io-
BBPXHOCT CHJIHO 3aBHCH OT XapakTepa Ha u3Me-
HEHHE Ha TIOBBPXHOCTHOTO Halpe)KeHHe Ha Teu-
HOCTTa CbC cbhcTaBa WM. M3ydyaBallku BIIMSIHUETO
Ha TMOBBPXHOCTHOTO HAIPEXEHHE BBPXY 00pazy-
BaHETO Ha Mexnay(dazoBaTa MOBBPXHOCT B PEK-
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TU(QUKAIIMOHHN KOJIOHH OT pPa3iIW4yeH THII,
Zuiderweg u Hermes [1] npemmarat ciemnara
Kinacu(uKays Ha pa3leNITHUTE CUCTEMU: TI0JIO-
JKUTETHHU (TE3H, IPH KOUTO JIECHOJETINBHS KOM-
HOHEHT OT CMecTa € C NO-HUCKAa CTOWHOCT Ha
MOBBPXHOCTHOTO HANpEKEHHE OT TPYAHOJIETIIH-
BHS KOMIIOHEHT), OTPHUIIATEIHU (TIpU KOUTO Jiec-
HOJICTIIUBHSL KOMIIOHEHT OT CMecTa € C IIO-
BHCOKA CTOMHOCT Ha TIOBBPXHOCTHOTO HAIpexe-
HUE OT TPYJHOJETIMBUS KOMIIOHEHT) WU HEyT-
paiHu (M 1BaTa KOMIIOHEHTa MMaT OJIM3KH CTOM-
HOCTH Ha TIOBEPXHOCTHOTO HAIPEKECHUE).

Llenta Ha Hactosmiara pabora e Ha Oa3za Ha
WHPOpMAIUS 32 TMOBBPXHOCTHOTO HANpEKEHHUE
Ha YMCTUTE KOMIIOHEHTH Ha pa3JIMdHH CMECH J1a
ce H3cle[Ba W3MEHEHHETO Ha crenupuvHaTa
MexIy(hazoBa MOBBPXHOCT.

Matepuaa u Meroau

TBHi KaToO CTOMHOCTTA Ha IMOBBPXHOCTHOTO
Hanpe)KeHHe OKa3Ba BIUSHHE BbPXY CTPYKTypa-
Ta Ha Ta30TEYHOCTHUS CIIOW KOUTO ce 00pasyBa
HaJI TapeJKara, o TOYHO BBPXY dopmara U pas-
MepHTe Ha OTACIHUTE MeXypH [2], karo Haii-
MoJX0s111a MeToinKa Oe n30paHa Ta3u CBbp3aHa
¢ (QU3NKO-XMMHUYHUTE JaHHU Ha pa3JesTHUTE
cmecw [3,4].

ChrioacHo npeanoXeHaTa METOIWKA CIICIH-
¢uaHata MexaydazoBa TOBBPXHOCT 3aBHCH OT
HaIpeyHOTO CEUYEHHE Ha KoJOoHaTa A, yecTtoraTa
Ha oOpa3yBaHe Ha OTHENHHTE Mexypu fp, Ham-



PEYHOTO CEUCHUE Ha OTIENHUS MeXyp Sy, U CKO-
poctTa Ha Mexypa Up:
fo S

z"l.l.'ll.l:_;.

(1)

3a ompejensHEe Ha CKOPOCTTa Ha OTICTHUS
Mexyp € HeOOXOJMMO Jia Ce 3Hae CTOMHOCTTA Ha
MOBBPXHOCTHOTO HANpeXeHHe W JHaMeThpa Ha
mexypa [5]:

| 25

Uy = | 9% (2)
b= - . L
\ PLs 2
JlnameTbpa Ha OTACIHUS MEXYp CE OIpeaess
o ¢opmymnara [6]:

7 —044 034,022 —045 —011, —0.02 p-
dp = 3970 a3y P ug (3)

KBJIETO Ug € CKOpOCTTa Ha rasoBara (asza B
KOJIOHATA 33 Pa3IMYHU OMHAPHU CMECHU TOJTyde-
Ha Ha IIeJIEBO H3paboTeHa JiabopaToOpHA TECT
amaparypa [7].

Hampe4yHoTo ceueHre Ha MEXypUueTo MOXKE Jia
C€ U3YHUCITH IO CISTHOTO ypaBHeHue [8]:

YecroTrara Ha oOpa3yBaHe Ha OTJEIHOTO Me-
Xypue € OTHOIIEHHE Ha KOJIMYECTBOTO IapHa
¢aza kbM 00eMa Ha OTACITHOTO MEXypUe U MOXKE
Jla ce U34MCIH 1o hopmyrara:

.
a

= '[_.:"b

(5)

['eoMeTpUYHUTE pa3Mepu Ha OTICIHOTO Me-
Xypue nbokuHa | 1 BucouynHa h m3non3BaHu B
ypaBHeHHe (4) ce ONpe/esaT OT CIEJAHUTE YpaB-
uenus [9]:

. dy -
l=rgr—ore (6)
1.14Ta™""
h=1.3d,Ta™%3=2 (7)

OUBNKO-XUMUIHHUTE JAaHHU (IWHAMAYEH BHC-
KO3HUTET, IITBTHOCT, TOBBPXHOCTHO HAIPEXEHHUE)
Ha pas3IiIeKJaHUTe CMECH KaKTO M CKOPOCTTa Ha
napHara (aza HEOOXOIUMH 3a M3UMCICHHUATA ca
CHETU TP CHOTBETHHUTE PabOTHU TeMIlepaTypu
Ha jabopaTopHa KOJIOHA C €JHa CUTECTa Tapelika.
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PesyaraTu u 0o6chKIaHE

CprioacHo mpeanioXeHaTa METOAWKa ca H3-
yuceHd crenuduyHata MexaydasoBa MoBbPX-
HOCT 8, CKOPOCTTa Ha MEXyp4eTo U,, JHUaMeThp
dp, mbmwkuHa | W BHcoumHa h Ha Mmexypuero,
o0emMa Ha OTHETHOTO Mexypue Vp, a eKcIepH-
MEHTAJHO ca OIpPEICICHN KOJMYECTBOTO Ha
napHara ¢asza Qg ¥ CKOpOCTTa Ha mapHaTa (asa
Ug. M3nom3Banu ca eKCIepuMEHTaIHHU JaHHHU 32
BIMSIHUETO Ha TOBBPXHOCTHOTO HampeKeHHE
BBPXY €(EKTUBHOCTTAa HAa PA3JEJSIHU IPU PEK-
tudukarms [10,11] 3a MmoaenHuTEe OMHAPHH CMe-
cu Meranon-EtaHon (monoxkutenna cmec), Me-
taHoi-IIpomanon (HeyTpanmHaTa cmec ) u uxio-
petan-Ilponanon (orpunarenaHara cmec).

N3meHnenneTo Ha crenuduvHaTta Mexayda-
30Ba IHOBBPXHOCT IIPHU IIOCTOSHHA CKOPOCT Ha
maprara (asa, peci. KpuTepusi Ha PeitHonac 3a
pa3UYHUATE CMECH € TI0Ka3aHO Ha CIIe/IBallNTe

Tpu QUTYpH.

NponaHon-Bopa
2000
# Xw=0.06
1500 y mol/mol
) Al L /
E > B Xw=0.07
Py ” %
£ 1000 n mol/mol
) Xw=0.09
mol/mol
500 4
Kw=0.15
mol/mol
o T T T T
0 20 40 60 80 100 Re

@ur. 1. Cneunduunata mexaydasosa mo-
BBPXHOCT KaTo ()YHKIHUSI OT KpuTepusi Ha Peii-
HOJIZC 3a IoJyiokutenHarta cMec Ilponanon-Boxa.

MeTtaxnon-lponaHon

# Kw=0.038
mol/mol
§ He B fw=0.12
mal/mol

Mw=0.28
maol/mol

Kw=0.62
mol/mol

0 T T T T
0 20 40 60 80

100 ge

®ur. 2. Crnenuduunata Mexaydaszosa I10-
BBPXHOCT Karo (DYHKIMS OT KpuTepus Ha Peii-
HOJJIC 3a HeyTpajHata cMmec MeTaHo-
IIponano:n.



AvxnopeTtaH-TiponaHon +xw=s
2500 mol/mol

Xw=9
f mol/mol
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o T T maol/mol
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P
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=
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®@ur. 3. Cnemuduanata MexmydaszoBa To-
BBPXHOCT KaTo (PyHKIHS OT Kputepus Ha Peii-
HOJIC 3a oTpuuaTtenHata cmec JuxmoperaH-
[Iponano:n.

Ot ¢urypure ce BIXKAa, Y€ 3a LU U3CIe]-
BaH KOHLEHTPAallMOHEH MHTEpPBal C HapacTBaHE
Ha CKOpPOCTTa Ha MapUTe B KOJOHATa PECIH. KpH-
Tepuss Ha PeliHonzac mpH IOJIOKUTENHATA CMEC
[Iponanon-Boga (MOBBPXHOCTHOTO HAIpEKEHUE
Ha JIECHOJICTJINBHA KOMIIOHEHT € IO-HHCKO OT
CTOMHOCTTA Ha TPYIHOJCTINBUS) CielnpUIHATA
Mexay¢ha3oBa MOBLPXHOCT HAapacTBa JBa IbTH.
IIpu wneyrpannata cmec Metanon-IIponanon
(nBaTa KOMIOHEHTa UMAT OJM3KU CTOHHOCTH Ha
MOBHPXHOCTHOTO HANpeXeHue), crenupudHaTa
Mexay(hazoBa MOBBPXHOCT MHOTO €i1ab0 Hapac-
TBa KaTO €€ WU3MEHS B MHOTO TECEH HMHTEpPBAIl.
Otpumarennata cmec Juxmoperan-IIpomanon
(MOBBPXHOCTHOTO HAMpPEXKEHHE Ha JIECHOJIETIIH-
BHS KOMIIOHEHT € MO-BUCOKO OT CTOMHOCTTa Ha
TPYAHOJETINBHYS), crieliuuaHaTa Mexyhazosa
MOBBPXHOCT yBEIMYaBa CBOWTE CTOMHOCTH 1.5
II'BTH.

Ha cnepBamure ¢urypu e npeacraBeHO HU3-
MEHEHHETO Ha crienuuvIHaTa MEeXKaya3oBa mo-
BBPXHOCT OT KOHIIEHTPALUATa HAa JIECHOJETIIH-
BHS KOMIIOHEHT MpPH PA3IUYHH CKOPOCTH Ha
napHata ¢aza ¥ 3a TPHUTE W3CJIEIABAHA CMECH
KaKTO ClIe/IBa:

NponaHon-Bopa
2000
+UG=012
1500 - m/s
4 B UG=0.18
" 48 N
E = m/s
= 1000 4 e ¢ UG=0.2
;'i m/s
-]
500 o
D T T T
0 0.05 0.1 0.15 02
Xw, mel/mol

®ur.4 Cneunduynara MexaydazoBa HOBbP-
XHOCT KaTo (YHKIHS OT KOHIICHTpAluATa Ha
JICCHOJICTIMBHUS KOMIIOHEHT B Ky0a Ha KOJOHaTa
3a mozenHara cmec [Iponanon-Bona.

MetaHon-llponaHon
2500
#UG=0.12

2000 m,s
. L L 4 ¥ B UG=0.15
E1500 m,/s
?ug UG=0.19
1000 m/s

500 A

D T T T
0 0.2 0.4 0.6 0.8
Xw, mol/mol

®@ur.5 Cneundpuunara MexayhazoBa MOBHP-
XHOCT KaTo (YHKIUS OT KOHIIEHTpamuATa Ha
JIECHOJIETIMBHS KOMIIOHEHT B Ky0a Ha KOJOHaTa
3a mozenHara cmec Meranon-IIponanosn.

AuxnopertaH-NponaHon
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+UG=011
007 § DEEm = ] .Séil}.jj
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@ur.6 Cneundpuanara MexayhazoBa MOBBP-
XHOCT KaTo (YHKIUS OT KOHIIGHTpalusTa Ha
JIECHOJIETIMBHS KOMITIOHEHT B Ky0a Ha KOJOHaTa
3a mojieniHara cmec Juxioperan-IIponanoi.

Kakro e BUAHO OT uUrypure HE3aBUCUMO OT
CTOMHOCTHTE Ha MOBBPXHOCTHOTO HANPEXKEHUE U
3a TpuTe H3cnensBaHu cMmecu Ilpomanon-Bona,
Mertanon-IIponanon n uxnoperan-IIponanosn c
HapacTBaHE Ha KOHILEHTpaIUsITa Ha JIECHOJIETIIHU-
BHS KOMITOHEHT B Ky0a Ha KOJIOHATa 3a LU
M3CIe/BaH CKOPOCTEH MHTEpBaN creruduyHara
MexIy(}azoBa MOBBPXHOCT MOYTH HE C€ M3MEHS
U 3a11a3Ba CBOMTE CTOMHOCTH.

H3Boan
Bb3 OcHOBa Ha HalpaBEHUTE TEOPETHYHU H

CKCIICPUMCHTAJIHU UW3CJICABAaHUA MOrat naa ce€
HampaBAT CICAHUTC OCHOBHM H3BOJU IPU PCK-



tadukanys B gaboparopHa KOJOHA C €IHA CH-
TecTa Tapelka:

1. [lpu nojoKHUTEIHUTE CMECH ce HabIiro-
JlaBa 3HAYMTEIHO HAPACTBaHE HA CTOHHOCTUTE
Ha crnenuduyHaTa Mexayda3zoBa MOBBPXHOCT C
HapacTBaHE Ha CKOPOCTTa HAa MapUTe B KOJOHATa
3a IIeTHs M3CIeBaH KOHIIGHTPAIIMOHCH HWHTEp-
BaJI

2. CyBenuuaBaHe Ha CKOPOCTTa Ha HMapuTe
B KOJIOHaTa H3MEHEHHWETO Ha creuupuIHaTa
Mex Iy (ha3oBa MOBLPXHOCT € HE3HAYUTEIHO MPH
HeyTpanHaTa cMec MertaHon-IIponanon.

3. CroliHOCTHTE Ha MOBBPXHOCTHOTO HAIl-
pEKEHME 3a TeNTUs U3CNIEBaH CKOPOCTEH HHTEP-
BaJI C HApPAaCTBaHE HA KOHIICHTPAIMSTA HA JIECHO
JICTIIMBUA KOMIIOHCHT B KY621 Ha KOJOHaTa HE
OKa3BaT BIIUSHHUE BHPXY CHelM(DUIHATA MEKIY-
(hazoBa MOBBPXHOCT.
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AHAJIU3UPAHE HEOEXOJUMOCTTA OT E-@ACUTIUTATOP B CbBPEMEHHOTO
OBIIECTBO

Hecucnasa MBanoBa, Becenuna bypesa, CranucnaB Cumeonos, Pagocnas MommuHoB

ANALYZING THE NEED OF AN E-FACILITATOR IN MODERN SOCIETY

Desislava lvanova, Veselina Bureva, Stanislav Simeonov, Radoslav Yoshinov

ABSTRACT: : In the current paper an investigation determining the need of electronic facilitator in the
learning process with the people from different social groups is presented. The aim is to make a survey. It can
help in the analysis the respondents opinion.The received results identify the difficulties in electronic
technologies and establish the need for e-facilitator. They determine in what way the electronic facilitator can

be helpful in the different social groups.

Key words: CJIICKTPOHECH NOCPEAHUK, CIICKTPOHECH NOMOIIHHUK, €JICKTPOHHO BK/IFOYBAHE, COLIMAJIHU I'PYIIH,

nH(pOPMALMOHHO-KOMYHHKALIMOHHH TEXHOJIOTHU
BnBenenune

C HenpexkbsCHATOTO pa3BUTHE HA MHPOPMALH-
OHHO-KOMYHMKAIIMOHHUTE TEXHOJOTHUH M Hapac-
TBAIIOTO pa3HooOpa3ue OT NpeajaraHu eJIeKT-
POHHM YCIYI'M H3UCKBA OT ChbBPEMEHHHS YOBEK
Jla UHBECTHpPA BPEME M YCHJIUS 3a YCBOSBAHETO
Ha HeoOXOIUMHUTE 3HaHHS 3a paboTa ¢ BUCOKO-
TEXHOJOTHYHUTE WHCTpyMeHTH [6]. UnTepHer
MPOCTPAHCTBOTO IIOCTENIEHHO C€ MpPEeBpbhIa B
HEe3aMEHUMa 4acT OT €)KEJHEBUETO Ha XopaTa.
HeoOxomumo wu3nckBaHe KbM JEHHOCTHTE Ha
CHbBPEMEHHHsI YOBEK € J1a CJIelu 3a HOBOCTHTE B
WHPOPMAITMOHHO-KOMYHUKAITHOHHATE TEXHOJIO-
TMH U J1a pa3BUBa CBOUTE yYMEHHS 3a padoTa ¢
CJIEKTPOHHUTE  yciayrd.  MHdopmaunoHHO-
KOMYHHUKAIIUOHHUTE TEXHOJIOTUM MoraT ja Ob-
JaT U3MOJI3BaHHU KaKTO KaToO CPEICTBO 3a M0J00-
psiBaHE Ha )XKMBOTa OT (pMHAHCOBA IJIEJHA TOUKA,
Taka M OT 0Opa3oBaTeNHa, MOJIUTHYECKA U COLU-
anHa. [IpexoabT BHB BPEMETO C HOBUTE UHQOP-
MAaIlMOHHHU TEXHOJIOTUH CE 0Tpa3sABa Mo pa3inyueH
HAa4YMH Ha XOpaTa OT Pa3jIMYHUTE COLMAIHU W
BB3pPACTOBHU IPyMH. XOpaTa IMaT Bb3MOXKHOCT 3a
JOCTBI 0 HOBUTE TEXHOJOTHHU B 3aBUCUMOCT OT
CBOMTE BB3MOXKHOCTH, MIO3HAHUA U onuT. B pas-
JUYHUTE OOIIHOCTH OT BB3PACTHH XOpa, WHBA-
UM, OaBHOpPA3BUBAIIM, EMHUTPAHTH WUMa Bb3-
MO>KHOCT OT 3ary0a Ha COIMalHU KOHTaKkTH. Te-
31 XOpa ca M3MPaBeH! Npej prcKa Ja ObIaT U3K-
JIIOYEHU U M30JIMpaHU OT cBeTa Ha paboTHaTa
3a€TOCT, 00pa30BaHUETO U YYacTHETO UM B 00-
mectBeHus kuBOT [7]. Taszu "Oapuepa" Bomu 1o
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HEOOXOUMOCT OT TpEAOCTaBsSHE Ha MOMOII 3a
oboraTsiBaHe Ha 3HAHWATA HA OMpEJeCHa rpyna
OT XOpa Mo OOMIOAOCTHIIEH U e()eKTUBEH HAYWH.
PazymHO pemieHne Ou OWIIO MpeIOCTaBIHETO Ha
3HAHUE Ype3 eNIEKTPOHEH MOMOIHUK. HeroBorto
3aJbJDKEHUE € J]a ToMara Ha rpyrma oT xopa Jaa
paspeniat onpejaeieHu MpodJIeMH 4pe3 CTPYKTY-
pUpaHe Ha JWCKYyCHsS WM Hameca NpU HEoOXOJu-
MOCT, 3a Ja ce ToJ00pH e(peKTHBHOCTTA Ha 00Y-
YyaBaluTe MPOLECH U pe3ylITaTHTE Ha Tpymnara.
[oHsikora eNEeKTPOHHUAT TOMOIIHUK € Hapu4yaH
WHCTPYKTOp WM mnpoektanT. Tod TpsOBa na
MOJUIbPIKA HEyTpalieH MOAX0] KbM TEMUTE U 00-
CHXKJAaHUTE BBIIPOCH, KAKTO U Jia TloMara Ha -
JaTa Tpymna mo Oe3mpucTtpacteH HauuH. Toifl Ha-
COYBa XopaTa KbM HOBH 3HAHUS YpE3 BKIIIOUBAHE
B COLIMAJIHATA eleKTpoHHa cpea. C momolnra Ha
pa3InYHNd METOJH, CPEJCTBa M TMOAXOIHN TOH ce
CTPEMH JIa Tpeojiojiee TUrHTaIHaTa MPOIacT Ka-
TO TBHPUEIMBO MOTHBHpPa M HacO4YBa BCHUYKH
W30CTaBallld U M30JMPAHH XOpa OT Pa3TUYHUTE
COI[MAJIHU Tpynu. ENeKTpOHHOTO BKIIOYBAHE
NPE/ICTaBIIsIBa TPEIM3BUKATEICTBO, CBBP3aHO C
o0lIyBaHETO Ha XOpa B E€JIEeKTpOHHa cpena. B
3aBUCHUMOCT OT BpPOJICHUTE WM BB3MOXKHOCTH,
TaJlaHTU M JKEJIaHHWsS Te MOraTr Ja ce pa3BHBaT M
Jla TIpEMHUHABAT TIpe3 Pa3lIMuyHi HHUBA B CBOSTA
KOMITIOThPHA TPaMOTHOCT U yMeHUs. Enextpon-
HUAT [TOMOIIHMK MOTHBHpPA XOpara Ja MpeMH-
HaT CBOETO EJIEKTPOHHO 00pa30oBaHUE KaTO Cbh3-
JlaBa TPEANOCTAaBKU 3a eJHa HOBa M CTaOMIIHA
ecTecTBeHa (IIPUPOAHA) coLuaiHa cpena. Toi
ClIe/iN, IPAaBH B3UMAHETO Ha JIECHH, €(DEKTHBHU U



ebukacH perieHus. EIeKTpoHEH IOMOIIHHK €
CpeICTBO HaOIIOAaBaIo, HacOYBaIllo M IoMara-
mo oOyuaemute [6]. [IpuchbenuHIBAHETO KBM
OHJIalH OOyuYeHHWEe Ype3 CpeicTBaTa Ha HHOOP-
MAalMOHHO-KOMYHHUKAIIMOHHUTE TEXHOIIOTHH
mpeziara MepcrekTiBa KbM IO-I00Bp M KOM-
(bopTeH HAYMH HA KHUBOT.

1. PoasitTa Ha eJeKTPOHHMS TNOMOIIHHMK B
CbBPEMEHHOTO 00111ECTBO

Hywmara "facilitator" mpousnu3za ot ppeHckaTa
myma "faciliter”, xosrto o3HauaBa Ia ce IpaBsT
JIECHU WJIU J1a ce ompocTaT Hemarta. Pacunura-
TOp € TIOMOLIHUK, KOWTO 1oMara Ha rpymnaTa npH
ompezeNisiHE W pellaBaHe Ha MpoOJeMH dUpes
CTPYKTypHUpaHe Ha TUCKYCHS M HaMeca, KOTaTo €
HEO0OXOUMO JIa ce MoA00pu e(PEeKTHBHOCTTA Ha
MIPOIECUTE U PE3yNITATUTE Ha TPyIIaTa.

EnekTpoHHUAT MMOMOIIHUK TPsOBa Ja TpUTe-
’KaBa Ha0Op OT KauyecTBa M YMCHHUS 32 KOMYHH-
Kalys U 00y4eHUe B OHJIaliH cpena. Tol TpsOBa
na Obae JoOBp MCHXOJOT W TeAaror, KOWTo Aa
pa3bupa xopara. 3ajgada Ha EJIEKTPOHHUS TO-
MOIIHUK € A3 "pa3uynu" OapuepaTa MEXIy XO-
paTa B OHJIAWH NWCKYCHHTE, /]a TH HAChpYaBa Ja
Ce 3aI03HaBaT €IMH C IPYT U Aa MOTHBHpPA THAX-
HOTO yuactue. Tol TpsiOBa na HaOm0gaBa 00Y-
YaeMUTE U J1a M3TOTBsI TOYHA U SICHA MPEIeHKa 32
XopaTa U CUTYaIlMHUTE U JIa OTIPEIeNsl TEMIIOTO Ha
npernojaBane. EJIEKTPOHHHAT TMOMOIIHUK TIpe-
JOCTaBsl Y4eOHOTO CBHABPXKAHUE HA SICEH U JI0C-
TBIIEH €3UK KaTo Ce CTpeMH Ja uiaeHTH]HIupa
WHIMBHTyaJTHUTE TIPEIIIOYNTaHNS Ha 00ydaeMu-
te. KomOmHammsTa OT TEXHOJIOTMHU H MEIUU
mpenocTaBst Oorara cpefa OT BB3MOXHOCTH 3a
B3aMMOJICHCTBHE MEXJy oOydaemMuTe, ydeOHHS
MaTepuaig W eNeKTPOHHHs mocpeaHuk. Habro-
JaBaT ce JBa TUIa B3aMMOJICHCTBUS NIPU EJIEKT-
POHHOTO OOyueHHe: B3auMojelicTBHE ¢ y4ed-
HOTO CBHAbPKAHHE U MEXKIYJIMYHOCTHO B3am-
moaeiictBue. EJIEKTPOHHUAT MTOMOIIHUK CE CTa-
pae Ja IOCTUIHE BHCOKA IUTBTHOCT Ha y4eOHOTO
CBhABPKAHUE KAaTO MPEAOCTABS Pa3IMYHU HA BUJI
yueOHU MaTepHaly - NeYaTeH TeKCT, BUIC03aIlH-
cu, ye0 caiit. Bceku oOyuaem Moe ga ce 3a-
MO3Hae ¢ y4eOHOTO ChIbPKaHUE U €CTECTBEHOTO
3a HEro TEMIIO Ha Y4eHE B 3aBUCHMOCT OT HEro-
BOTO CBOOOJIHO BpEME M MPEANOYUTaHuS. Mex-
OYJIMYHOCTHOTO B3aMMOJEHCTBHE MOXeE Ja Objae
MOCTUTHATO 4Ype3 3a/laBaHe Ha 3ajladd 3a paspe-
niaBaHe 10 JBOMKM Wid no-rpynu. KomyHuka-
OUsITa Ha €JEKTPOHHMS IMOMOLIHUMK M 00ydaeM
win o0ydaeM ¢ o0y4aeM Moxe Ja Oblle CHHX-
poHHA WiHM acMHXpOHHA. CHMHXPOHHATa KOMY-
HUKAIUS TPEOCTaBs BB3MOXKHOCT 332 KOMYHH-
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Kallisl B peamHo BpeMe (YCTaHOBSIBAHE Ha KOH-
(depeHTHa BpB3Ka, ayJHo, BUICO BPBH3Ka), a MpU
ACHHXPOHHATAa KOMYHHMKALIMS HE CE M3HCKBa
€/THOBPEMEHHOTO MPUCHCTBHUE HA YYACTHHUILIUTE B
OTIpeJieNIeHO BpeMe (HampuMmep H3MpaimaHe Ha
MUICMa TI0 eJIEKTPOHHA TIoIa). briarogapenue Ha
N30pOCHUTE TEXHOJOTHMH B3aUMOACHUCTBHETO
MEXKIy YUHUTEINS-eIICKTPOHEH MOMOIIHUK U 00Y-
YaeMUTe MOXe Jia ObJie HE3aBUCHMO OT MSCTOTO
u BpemeTo. PazHooOpa3weTo OT H3MONI3BaHUTE
TEXHOJIOTHH 3aeMa BasKHa poJisl B OHJIAHH MpoLie-
ca Ha O0yYeHHEeTO, KOUTO ca JAOCTATHYHO YCIIO-
BHME 3a YCHCIIHOTO 3aBbPIIBAHE Ha YYCOHHS
nporec. Hanpumep komMmroThpHaTa KOH(EpEeHT-
Ha BPh3Ka MOXKE J1a Ch3/IaJie YCIOBUS U yI00CTBa
3a 00y4eHre, HO He MOXKE Ja MPenoCcCTaBu HeoO-
xoqumata cpena [3-5]. M3non3BaHa B koMOMHA-
UL C IPYTH CPENICTBA T MOXKE Jia MMOJIOMOTHE
3HAYUTENIHO B oOydueHuero. OT japyra crpana
CJIEKTPOHHUSAT TIOMOIIHHUK Urpae KI0YoBa POJIs
3a yCIelIHAaTa KOMYHHMKaLWs B IpyIaTa U yCBOs-
BaHETO Ha 3HaHWs. KoMOWHaNuUATa OT ENeKTPOH-
HUA TOCPECOAHHMK MW HU3IMOJ3BAHUTC TEXHOJIOTMHU
MOTaT Jia Ch3Ja/laT OJIaronpusaTHa cpeja 3a o0y-
4yeHue. B nombiHEHHe eluH J00bp elIeKTPOHEH
MOMOIITHUK € HEOOXOIUMO J1a MOXKE JIa Ce CIPaBs
C 4CTUPHU TUIla 3aJa4u MPU PHKOBOACHC HAa OH-
JaifH oOy4eHue: NeJarorm4ecKd, COIUAJIHM,
ynpaBieHCKH U Texundecku (Our.1).

I[enarormyeckure 3a1a4u HA CICKTPOHHUSIT
MOCPETHHK ca Jia 3a/1aBa BBIPOCH Ha 00ydaeMu-
Te W Jia 0000masa orropopure. Jla mocrasst Tou-
HU ¥ SICHU 1Ie7H U 337a4u. [la yOenu ydacTHHUIH-
Te, Y€ TeXHUTE OHJIAHH B3aUMOJICHCTBHSA ca J100-
pe npekapano Bpeme. [lopaau WHIMBHUIYATHOCT-
Ta HA BCEKU 00yYaeM, CIICKTPOHHUAT TOCPETHHUK
TpsiOBa na ObjJe T'bBKaB CHOpsIMO TIpaduka Ha
yueOHus mpouec. Jla ce crapae ga cTUMynmpa
YYaCTHUETO HA BCEKH yYalll B IUCKYCHUTE.

Coumaanure yMeHUsl Ha CIEKTPOHHUS ITIOC-
penHuK TpsOBa Jla ce M3pa3siBaT B CH3/IaBAHETO
Ha MpUATENICKA COLMAIHA Cpela, B KOSTO Aa ce
HacbhbpuaBa yueHeTo. PaboTu ce mo crjIoTsBaHeTo
Ha Tpynara Kato BCHYKH oO0ydaemu paboTsT 3a-
€/IHO 3a B3aMMHa Kay3a. EjekrpoHHHSAT mocpen-
HUK ce crapae o0yyaeMuTe Ja ce 4yBCTBAT KOM-
(hOpTHO B OHJIANH TUCKYCHHTE U JIa HE CE JIOIyC-
Ka CTpax OT OOINECTBEH NPUCMEX M CHOTBETHO
HAIMYME HA HEMPHUATEICKO W KOJIETMAIHO OT-
HOIIICHHE.

YrnpaBaeHckaTa poJisi Ha €JIEKTPOHHHUS TTOC-
PEIHUK € Ja OpraHM3upa OHJIAHH CpeliuTe Ha
oOyyaemute. HeoOxomumo e na ce ompenenu
TeMara Ha TPyIOBOTO ChOMpaHe, IEIUTEe U 3aJ1a-
YHUTE W PaBUIIaTa 3a TAXHOTO pa3peliaBaHe.



VYopaesaeHcKH
VMeHHS

IHegarorageckH
YMeHHs

Conuanan
YMeHHs

Texau49ecKH
VMeHHsT

®ur.1 YMmeHns/3a1a4u Ha eNEKTPOHHUS TIOCPETHUK

Texnuveckure 3aJauMm Ha CICKTPOHHUSIT
MOCPETHUK € Jla HAIPAaBU TEXHOJOTHUTE SICHU U
pa3OupaeMu 3a oOy4yaeMmuTe. YUACTHHIIUTE B
yueOHMsI MpolleC TPsOBa Ja ce YyBCTBAT KOM-
¢doptHO cBhC cuctemara u codryepa. [lpu Hamm-
Yre Ha TOBAa YCJIIOBHE OOydYaeMHTE II¢ MOratr ja
Ce KOHIICHTPUPAT BBPXY YUEOHOTO ChIbpIKaHHE
[1-5].

OObyuenue upe3 "eeKTPOHEH MOCpPeAHUK"
€ HOBOCT B OOpa30BaHMETO W KAaTO TaKaBa € M3II-
paBeHa Tpea MPEeIU3BUKATEICTBOTO JIa Ce HaJOo-
XU B CHBPEMEHHOTO 00IecTBO. [TomoxuTenHu-
T€ CTpaHW Ha OHJIAH 0OyYeHHETO ca MHOTO, HO
3a 1a ObJie OOCKTHBHO aHAJIWU3UPAHETO € HEeoO-
XOJMMO Jla CE IMOCOYaT W BB3MOXKHHUTE Clabu
CTpaHH WJIM HEKOPEKTHO OoTHomeHue. Kato Bcs-
Ka MHOBAIMs, KOSTO LIEJIU J1a C€ BHEJPH B ChB-
PEMEHHOTO OOIIIECTBO Cpellia 3ariaxy OT TOBa Ja
He Obne pa3Opana u mpuera. B Tadauma 1 ca
NPE/ICTABEHH HIKOHM OT MOJOXUTEIHUTE U OTPH-
HATEeITHUTE Ka4ecTBa Ha OOYUYEHHUETO upe3 eNeKT-
POHEH MOCPEHUK, KAKTO U MPEIOCTABIHUTE OT
HEro Bb3MOYKHOCTH U JIOMYCTHMH 3aIlIaxH| .

2. IlpoyuBaHe ¥ aHAJIU3 OT HEOOXOAMMOCTTA
HA "eJIeKTPOHEH INOCPeJHUK' B ChbBPEMEHHO-
TO 00111eCTBO
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B crarusita e crOpaHa 1 aHaNM3UpaHa JOCTO-
BEpHA W TIPEICTaBUTEIIHA WHPOPMAIIHSI OTHOCHO
pa3ivYHU BB3PACTOBH U COLMAIHHM TPYIH, W3-
MOJI3BAIM MM >KEJaclll Jia M3IIO0JI3BAT EJIEKT-
POHHHU TEXHOJIOTHH 3a oOydeHue. [leneBara chB-
KYITHOCT Ha H3CIIEIBAHETO Ca JKUTEIU OT Tpaj
Byprac ( paboremiu, yuemu, 6e3pab0OTHH U TICH-
cuoHepH - oT 8 T. 1o 91 rogumHa BB3pact). [loc-
TaBEHU Ca 3aJ]a4d 3a MPOyYBaHE, KOUTO Ca OCh-
IIECTBEHHU C TTOMOIITa HA aHKETHA KapTa - KaKBU
Xopara UMaT HyXJia OT HHTEPHET, 32 KaKBO Hai-
MHOTO M3I0JI3BaT HHTEPHET, KAKBO 'Y 3aTPY/IHS-
Ba TIPH U3II0JI3BAHETO HA EJIEKTPOHHH YCIyTH U
KaKBa € HEOOXOAMMOCTTa OT CJICKTPOHEH I0C-
penauk. O4akBaHUTE pe3yNTaTH YTOYHSBAT He-
00X0TMMOCTTA OT €NIEKTPOHEH MOCPETHUK, KAKTO
Y TI0 KaKbB HAYMH XOpaTa OT Pa3IMdHU COIHAII-
HUTE TPYITH, U3MOJI3BANIN UHTEPHET YCIIyTH XKe-
JIaAT TOU Jja UM OBJe MOJIe3CH.



Tadauna 1. Cyot aHanus

CnjiHu

CJABHU

I00pe CTPYKTYypUPaHHU CPEIIn
(hoxycupaHe BrpXy eHa 001I1a el ’
mporiec

e(eKTHBEH HAYMH 32 TIOCTUTaHE Ha
KOHCEHCYC ¥ MPOJTYyKTHBHU Pe3yiTa-
™

CTpAaTETHuy 3a CIpPaBsHE C KOH(IUKTH
MEXy WICHOBETE

HeeexTuBeH (hacuauTaTop (ITOMOIITHHUK )

3ary0a Ha 00eKTHBHOCT y (pacummraropa (4yBCT-
Ba HA MAaHMITYJIAIHA y TpyTaTa)

Hee()eKTHBHO YIpaBleHHE Ha Mpoleca Ha rpyra-
Ta, ¢ KOETO IIe Ce 3aryOu BpeMe 3a MOCTUraHe Ha
KOHCEHCYC M HETIOCTHTaHe LeJWTe Ha rpymnara (a
UMEHHO LIEJITA: € eNIEKTPOHHO OTPaMOTSIBaHE )
3aBHCHMOCT Ha rpyrnara oT (acWINTaTopH, T.€
HEBB3MOXKHOCT TPYIHUTE J1a TOMy4aBaT YMEHUS H
CTpaTeruu, HGO6XO)II/IMI/I 3a B3CMAHC Ha pCIICHUSA

Bb3MOXHOCTH

SANVIAXHW

MO-MOZEPHH U YAOOHU METOJH Ha
o0ydeHue - 10-JIeCHa BPb3Ka MEKIY
€JIEKTPOHHUS TIOCPETHUK U COLUAII-
HaTa rpyna

Jla He ce npueMe (Ipu3Hae) npodecusra e-
¢dacuuraTop

2.1 Pe3yaraTtu OT aHKeTH

Pesynratute ca npencraBeHd BbB BUJ HA -
arpamu c 1ej MOo-JIECHOTO UM BHU3YallHO BB3IIPH-
emane. Ha Bwmpoca "Wmare mu Hyxna ot Un-

6,90%

TepHeT ?" MHO3MHCTBOTO OT 87,8% ca OTroBo-
pUIH TIOJIOKUTENHO KaTto camo 4,6% ca manu
orpurarenes otropop (dwur.2)

HmaTe TH HY:E T2 oT HHTepHeT Y CIIyTH?

B ma

= me
IIO-CKOP 0 oA

¥ mo-cropo He

®ur.2 /[uarpama, npegocTassiia pe3ynratute oT Benpocl- Mmarte nu Hyxaa ot MaTepuer ?

Ha 3anutBaneTro "3a xakBO Hall-MHOTO H3-
nosBate MuTepHET yCiyru" Hal-MHOTO aHKe-
THPAHHU ca IMMOCOYMIIM "ThpceHe Ha HH(OpMa-
s - 26,4% u "conuanHu MpEeXH 3a OO0IyBaHe
¢ Omm3km u npustenn” - 22,1%, a Hali-manko ca
oTroBopH 3a "caliToBe 3a 3amo3HaHcTBa" - 1,9%.

Illect anketupanu ot 131 -ma ca mocounu
"mpyra" yciyra, KosATo n3mon3BaT B MHTepHeT,
TOBa ca: 00sBM M pekiiama, OHJaiH Buaeo (PyT-
0omnHu MadoBe) u google (Pur.3).
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32 KAKBO HAH-MHOT 0 IN0/I3BATe HHTePHET y CTIyTH?

¥ COIMATHH MPEEH 32 O0IIyBAaHe C

5.40% O3 KN 0 I HAT eI
4.-10%‘ B 22,10% H caliToBe 32 3AII03HAHCTBA
9,00%
) H Th] ceHe HA HE()opMAITA
3,80%
§ cIyiiaHe HA My3HKa H IlleJaHe HA
KIIIIOB €
B TerileHe HA MYIHKA, (HIMH, HIPH H
ap.

13,10% Hp oJABAHE HA CTOKH H ITP 0TyKTH

KYIYBAHE HA CTOKH H ITP 0IYKTH

26,40%

14,20%

INTAIIAHEe HA C(MEeTKI, TAaHBIN, TAKCH

Ipyro

®ur.3 Jluarpama, mpemocrassmia pesynraTure or Benpoc 2- 3a kakBo Haif-MHOT0 u3noisBare UH-
TEpHET yCIyTH?

Haii-ronsiMo 3aTpyaHeHHe, IIpU HM3MOJ3BaHe-  TpsiOBa ca ce choOpasu ¢ MONyYCHUTE PE3yNITaTH
TO HAa WHTEPHET HUMAT PECHOHICHTUTE C aHr- M JIa MPEAOCTAaBH MATEpHAIM HA JOCTBICH €3HK
nuiickus e3uK - 42,5% W KOMHOIOTBPHUTE Tep- € TOYHHU M SICHU OOsICHEHHS Ha OBJITApCKH €3HK,
munH - 41,7% (¢ur.4). C uen na 6pae epexkTtu-  H00aBEHH NMPUMEPH U TPHUKPEIICHH BU3yaIH3a-
BEH OBJCIIUAT EJIEeKTPOHHEH IOCPEAHUK INe  [UAJHU PEIICHUS.

Kaxgo BH 3a1py IHABA, IPH H3I0T3BAHeTo Ha HHTEpHET?

15,70%
B [porpaMHTe H IPIITOK €HHATA
AHT TIHIICKH e3HK

B ROMITFOTE]HI Te] MITHH

41,70%

42.50%

®ur.4 lnarpama, npeaocrassia pesyiarature oT Bonpoc3 - KakBo BY 3aTpyAHsIBA NPU U3T0JI3-
BaHeTo Ha UHTepHeT?

B wuHTEpHET mNPOCTPAHCTBOTO HAN-TOINSIM  HOMOIIHMK, OJIM3KH MPOLEHTH ca U Xopara, KOH-
nponeHT - 31,3% wumar HyXJa OT €NEeKTpOHEH  TO HsAMAT Hy)XJa OT NOMOLIHMK - 28,1% (dur.5).

Hmare am HYKIA OT €JICKTPOHECH MOMOIIIHUK B I/IHTepHeT?

18.00%0

31.30%

-na
Hye
II0 CKOp O Ta

22.70% 28.10% MII0 cKopo He

®ur.5 J[narpama npeacrassdiia pesyarature ot Benpoc 4 - lMmarte 11 HyXJ1a OT e1€KTpOHEH MOMOLI-
HUK B UHTEPHET?
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Cpennus Opoli OT aHKETHPAHUTE Ca Ha MHE-
HHe, 4Je OMxa H3ION3BAIM IIOMOINTAa Ha e-
nomoiHuK B Uutepuer - 48,1%, a Haif-manko

pecrioHAcHTH "m0 CKOpo He" OmXa Io3Baiu e-
noMOIHUK - 0,8% (ur.6).

bux Te i1 H3M0J13BA JIK IOMOIIITA HA CJICKTPOHEH IIOMOIIIHHK?

6,20%

29,50%

—~—

15,50%

0,80%

B 1a

) He

48,10%

MOEe OH T
MOEe OH He

II0 CKOp o He

®@ur.6 /lnarpama mpejacrassiia pedyatarure oT Bempoc 5 - bux Te nu u3mon3sa Jau momomnaTa Ha

€JIEKTPOHEH MOMOIITHUK?

Haii-mHOTO aHKEeTHpaHH Ca OCOYWIH, Ye Ou-
Xa JKeNaJdu eJIeKTPOHHUS MOCPETHHUK JIa UM TIO-
Mara 4upe3 "HapbYHUK C YKa3aHUS, CTBIKU U
wiocTpanuu'', a Hal-mMarbk nporeHT 3,6% ca

14,20%

12,30%

8,00%

Kakbe THI Yp OK KestaeTe?

12,70%

OTroBOpHIIM "BHUpTyanHa KiacHa cTas". Jpyr
HayYMH 33 TOMOI] OT €-TIOMOIHHUKA € MOCOYCHO
ype3s "peanna cpema" (pur.7).

N np orpana 3a CHEMKH
H [ orpAana 34 My3HKA H BHI€0
H TeKCT000P A00TBAIIA IPOTPAMA

N eJIeKTP OHHA TOMIA H PerHCTPAHA B
caliToBe

B COMUAIIHH Mp e5KH (
cRAlim, Qelicoyk, Balidobp,

" apyT

®ur.7 [lnarpama npeacrapsia pesynrature or Benpoc 6 - 1o kakbB HaUMH OMX Te JKeNaau 1a BU

rnomara CJICKTPpOHHHUA HOMOH.IHI/IK?

Haii-mHorO 0T pecnonnenture - 21,2% sxena-
AT EJEeKTPOHHHUAT TOMOIIHUK Ja WM IIPOBEJE
ypoK 3a "mporpama 3a Tu3aiiH, pUCyBaHE, aHU-
Marus" M Hal-MaJko 3a "permcrpanus B CauTo-
Be" - 8,0% (¢wur.8)

Ha otBOpenus orroBop 3a "Apyr THI ypok
3a mpoBe:kaaHe HA oOyuyenue", cenem ot 131-
Ma aHKETHPaHW ca 3amucain "Kak Ja 4YeTeM U
TBPCUM MPABWIHO HHPOPMaLus U padoTa”.

Ha otBopenns Bbmpoc 9, KOWTO M3HMCKBaA 3a-
MMUCBAaHETO Ha CbBeT, JMYHO MHeHHe, Mpeno-
PbKa KbM eJeKTPOHHUSI (PACHIMTATOP MHO-
3MHCTBOTO OT PECIIOH/IEHTH Ca OTTOBOPHIIH, Y€ B
nporieca Ha paboTa ¢ e-MOMOIIHKK e UMAT I10-
peasiHa MpescTaBa 3a HEro U HEroBUTe (PYHKINH,
YMEHHUSI U CIOCOOHOCTH, TOraBa Omxa MOIIM Ja
OBJaT 10 CYOCKTHBHU B OIIEHKATa CH KBbM HETO.
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BOJNIIMHCTBOTO OT aHKETHPAHUTE W3THKHAXA
Ka4ecTBa, KOMTO OMXa Kelanu Ja MpUTeKaBa
€JIeKTPOHHUSI MOMOIIHMK:
- na ObJie OCTBIIEH, pa3orpaeM M KOMY-
HHUKATHUBEH;
- na ObJe MO-THPIEINB, BHHUMATEIICH,
BEXIIUB, pa30paH KbM HE3HACHIUTE H Bb3-
pacTHUTE XOpa;
- na Obpne moOpoyIIeH, MU, YYTUB, HH-
TepeceH, 3a0aBeH;
- 1a ¥Ma 9yBCTBO 3a XyMOD;
- J1a O'bJie MTOJIOKHUTENICH U YCMUXHAT;
- 1a ObJie CIIOKOEH, YBEPEH U BH3MHUTaH.
- 1a TOBOpHM 0OaBHO, J1a MOBTAPS KOJIKOTO M
KOraTo € HeOOXOIMMO.



ITo KAK'BB HAYHH OHX Te JKeJIAJIH JAa BH mMoMara eJIEKTP OHHHA MOMOINITHHK ?

31 40%

H ypes ayAHO YPOK
H ype3 BHAEO YPOK
H ype3 HAPBYHHK ¢ HAPBYHHK C
VKASAHHA, CTBIOKH H HIKCTD AILHH
B OHJIANH cp e (JHCKY CHE
H oHJIANH YpOIH
OHJIANH YT AKHeHHS

BHPTYAJIHA KJIACHA CTadA

Apyr

®ur.8 Jluarpama npejacrassiia pezyarature oT Benpoc 7 - KakbB Tl ypok xenaete?

lonmsiMa 4YacT OT aHKETHPAHUTE NPOSBIBAT
WHTEpEC KbM OOYYCHHETO Ype3 HOBH TEXHOJO-
rud. AHKETUPaHUTE TI0COYBAT, HEOOXOAUMOCTTA
oT Oe3IIaTHO TOJI3BaHEe Ha KOMITIOTPH M WHTEP-
HeT. ChIlo Taka, 00y4eHHNETO UM J1a Ce Mperoa-
Ba Ha YHCT OBJTapCKH e3uK ( KUpWIUIA) - B
MUCMEeH U ycTeH Buj. KaTo Havajo na ce 3amou-
HE C Hail-eneMeHTapHOTO. UyXAUTe TEPMUHU J1a
ce TMpEeBeXJaT Ha JIOCThIIEH OBJITAPCKH €3UK.
Hudopmarusara na 0b1e onpocTeHa mnoj hopma-
Ta Ha UIpa ¥ BU3YAJIHO INPEJCTABSIHE ChC CHHUM-
ku. Ilo manko nadopmanus ga ce npenasa, ¢ mo-
00CTOWHH U eTleMEHTapHH OOSICHEHUSL.

MHO3MHCTBOTO € "3a" e-MOMOIIHUK, KOWTO Ja
ObJIe TeCTBaH MEXIy xopaTa. [la Ob1e qocThieH

3,80%

19,10%

9,90%

8,40%

B’l)?l)?l(‘."[‘ HA AHKETHPAHHA ©

32 BCEKM M J1a UMa BB3MOXHOCT 3a IO-TOJISIMO
pasnpoctpaHenue. Upes3 eneKTpOHHHUS MOCpe.-
HUK MJIaJI0 U BB3pPAacTHO MOKOJICHUE Ja MOTaT Aa
BBPBAT "pbKa 3a ppKka". Jla Obae mpoBeneH uHC-
TPYKTaX (MHCTPYKIHS) KaK BB3PACTHHUTE XOpa
Jia u3noia3Bar Oe3onacHo UHTepHeET. [la ce 00bp-
HE BHUMaHHE KbM JIeTCKaTa ayAUTOpHS U Ja ce
HaOmoqaBa "3aBUCUMOCTTA" KbM WHTEPHET.

CrnenBamure JauarpamMu NpeacTaBsIT HHPOP-
Malys 3a Bb3pacTTa Ha aHKETUPAHHUTE, TSXHOTO
o0pa3oBaHHe U TIOJ.

Haii-rosisima yact ot anketupanure 58,8% ca
Ha BB3pacT oT 19 no 30 rogumiHa BH3pacT, a Hall-
Mainka bact ca ot 71 mo 91 r. (¢ur.9).

m 191 g030T.
B 31r.go40r.
41r. g0 51 .

58,80%

S2r. 70 70T,

7ir.mo91r.

®@ur.9 /[narpama npeacTapsina pe3yiararure oT Brnpoc 8 - Br3pacT Ha aHKeTHpaHUS.

Haii-ronsima wact ot amkerupanute 51,6% ca
chbC cpeHo oOpazoBanue (ur.10).

45,30%

3.10%

OopazoBanue

\ N 51600
o

O cpenno
H moJyBHCIIEe

H BHcIIE

@ur.10 [Inarpama mpeacrassima pesynratute oT Benpoc 10 - O6pazoBanue.



Haii-ronsiMa yacT oT aHKETUpaHUTE, KOUTO ca
MIPOSIBIIIM KeJTaHWe KbM aHkera 62,2% ca >xeHH,

62,20%

KOETO TIOKa3Ba, Y€ T€ ca MO ChIPUYACTHU
(¢bwur.11).
ITon
B MbK
B KeHA

®@ur.11 /Inarpama npencrassma pesynrarute oT Benpoc 11 - [Tod.

2.2 AconuaTMBeH aHAJIM3 Ha pe3yJTaTHTe OT
aHKeTHTe

[lonmy4yeHuTe pe3ynTaTd OT aHKETHPAHETO ca
BBBCACHHU B TpPAH3AKIMOHCH BHJ B JOKYMCHT.
W3BbppuieH € aHanu3 Ha WM3BIMYAHE HA CKPUTH
3aKOHOMEPHOCTH MEXAY OTTOBOPHUTE 4pe3 aco-
LMaTUBEH aHanu3. M3ciaenBaHeTo HaMupa 4ecTu-
TE€ €JIEMEHTH B €THO MHOKECTBO Upe3 alrOpUTh-
Ma FP-Growth u chcraBs acoruaTuBHH TpaBU-

Read Excel

inp fil
inp . i .
4 Numerical to Binomi...

na. Cuymata Ha W3BJICYCHUTE 3aKOHOMEPHHCTH
3aBMCH OT MUHHMAJIHUS [Ipar Ha JOBEPHE U IOJI-
kperna. [Toakpenara Ha acOIMATUBHOTO MPABHUIIO
€ YacTTa OT TPaH3aKIMH, KOSATO ChIbpiKa aHTe-
IIe/ICHTa U KOHCeKBeHTa. J[oBepHeTo ce paBHsBa
Ha MPOIEHTA OT CACIKUTE, KOUTO ChABPKAT A,
HO CBIIO IIIe ChabpKaT u B. B Tekymus anamu3
MHWHUMAJIHU HpaFOBC Ha ILOBepI/Ie 158 HO)IerHa
umar crounoct 0,85.

res

res

Create Association ...

®@ur.12 [Iporec Ha W3BIMYAHE HA ACOIMATHBHHU MTpaBUiIa

YacT OT MOJNyYeHUTE aCOIMATHBHH IpaBHIIA
uMar CIIJHUS BHI;

e AKO aHKETHpPaHHAT M3MO0N3Ba MHTEepHET
3a ThpceHe Ha HMHGpOpPMAIMsi M >Keyae
YPOK 32 TECKCTOOOpaboTBaIla mporpama,
TOraBa TOM O Tperoyes HAPHYHUK C
yKa3aHHs, CTHIIKH U WIIIOCTPAIIHH.

AKO aHKETHpPaHHAT MMa 3aTPYIJHEHUS C
AQHIJIMKACKUS €3MK, UMa HYXZa OT €JeKT-
POHEH TOMOLIHMK, TOraBa TOW O W3-
HOJI3BaJ] ITOMOIITA HA EJICKTPOHEH MOo-
MOIITHHK.

AKO aHKETUPAHUST € 3asBUJI, Y€ H3II03-
Ba MHerpHeT 3a ThpceHe Ha WHpOpPMa-
ST ¥ € 3asBWJT Y€ UMa HYXKJa OT eJIeKT-
POHEH TTOMOIITHUK, TOTaBa TOW O >kemas
Jia TO U3MOJI3BA.

[lony4yeHuTe acoMaTUBHM MpaBHia MOTaT 1a
ObJaT M3MOJI3BAHU B MIPOIleca HA WHAWBUIYAITHO
o0yyeHne 3a HaCOKa Ha CJIIEKTPOHHUS TIOCPEAHUK
3a MpeaNOYNTaHW 3aHUMaHUS Ha KOHKPETHHS
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obyyaeMm. Morar jna ObAaT MPENONIOKEHH JI0-
OBIHUTEIHU JIIOOMMU 3aHMMaHusg Ha Oaszara Ha
€IH03a0eJII3aHO OT SJIEKTPOHHUS TOCPETHUK.

3akiIoueHue:

[TomrygenuTe pe3ynTatu maBaT BbH3MOXKHOCT
Jla Ce HampaBH 3aKJIOYCHHE, Y€ XopaTa uMaT
HYXJIa OT OT OOydYeHHe C eJEKTPOHEH Mocpe/l-
Huk. HabmomaBa ce HE0OXOIMMOCTTa OT BUPTY-
aJTHa BPB3Ka, KOSATO Ja 000TaTH Bh3MOXKHOCTHUTE
Ha xopaTa, M3MO0J3BalM MHTepHET MpoCTpaHCT-
BOTO 3a ThpPCEHE Ha MH(OPMAIIKS U OOIIyBaHE C
OJIM3KM W TpUATETU. AHKETUPAHUTE Cpemar
3aTPyJHEHHsS] OCHOBHO C AaHIJIMHCKHUS €3UK U
KOMITFOTBPHUTE TEPMUHH.

TexHuTe 3aTpyJHEHHS W TPOIYCKU TIIOKa3BatT
HEOOXOUMOCTTa OT EJIEKTPOHEH IOMOIHUK U
JKEJIAaHUETO JIa M3II0JI3BAT HETOBUTE YCIIYTH Upe3
HapbYHUK C YKa3aHWS, CTBIKHA M WIIOCTPAIlUU
KakTo M Buaeo ypok. Haif-romsiMm mHTEpec pec-



MOH/IEHTUTE TPOSIBIBAT KbM ypOIH 3a IH3aiiH,
TOBa J1aBa HACOKH 3a Obmemia paboTa Ha €JeKT-
POHHUS TOMOIIIHUK. Hali-rossiMa cbpuiacTHOCT
KbM aHKETaTa ca IMPOSBUIN KEHH ChC CPEIHO
obpazoBanue ot 19 mo 30 roaumrHa BB3pacT. Pe-
ANM3UPAHOTO MPOYYBaHE MMa 3a IEeN U Ja Tpe-
JOCTaBH Ha HACOKH 3a Obaemia pabora. Ot aHa-
TTM3a Ha aHKETUTE € YCTAHOBEHO JKEeTIaHHe 3a:

- YpOIH CIIOpE MHTEPECUTE U JKEIaHUsATa Ha

AaHKETHpaHUTE 3a : 00sIBH, pekjama, 3a cIe-

MUATU3UPAHU TPOTPAMHU; TIPABUITHO YETEHE H

ThpCceHe Ha HHPOpMaIHs, ThPCeHE Ha padoTa,

nH(pOopMaIus 3a TPaJUHAPCTBO

- OCUTypsiBAHEC Ha OC3IUIaTHU KOMIIOTPU W

JOCTBII IO UHTEPHET

- 1a ce 00bpHE BHUMAaHHE KbM JIETCKaTa ay-

quTOpuYs U "3aBUCHUMOCTTA" Ha Jemara OT WH-

TEpHET

- na ObJe poBeqieH MHCTPYKTax "be3omacHo

non3Bane Ha MuTepHet".
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OIITUMU3UPAHE HA JTUETUYHUTE KAYECTBA HA KOJIBACHU YPE3
HN3IOJI3BBAHE HA BAKTEPUAJIEH EH3UMEH ITPEITAPAT

Hwvana Mamxennena

OPTIMIZATION OF THE DIETARY PROPERTIES OF SAUSAGES USING BACTERIAL
ENZYME PREPARATION

Diana Indzhelieva

ABSTRACT: It is detected a possibility for application of the enzyme treated low functional muscle tissue in-
to sausages with a significantly reduced content of salt. The studies were conducted with three model systems
with the same concentration of enzyme and different content of salt, respectively, 2.2%, 0.8% and without the
addition of salt. During the studies the changes in the solubility of proteins, emulsifying capacity of meat raw
materials and production of finished product were traced. It has been found by the enzyme treated material that
the solubility of the protein and the emulsifying ability is improved, which leads to increased yield / | experience:
from 72.81% to 85,78%, Il experience: from 79.91% to 86 13%, Il experience: from 83.80% to 89, 65% /. The
enzymatic treatment of raw meat with a proteolytic enzyme preparation Enzeco® neutral bacterial protease 160
K creates technological capability of producing meat products with greatly reduced salt content.

Key words: meat products, proteolytic enzyme preparation, bacterial proteases

BnBenenune Marepuajiu 1 MeTOAHU

HeoOxomumocTTa OT MO-IBJIHO ¥ LeJie- 3a mpoBexIaHe Ha H3CIEABAaHHUATA €
CchOOpa3HO M3MOJI3BaHE HA MECHUTE CYpOBHHH M H3MOJI3BaH €H3MMEH Mpernapar oT MUKpoOualieH
HaMaJsABaHe KOJIMYECTBOTO Ha roTBapcka com,  mpomsxon Enzeco® neutral bacterial protease 160
Hajara paspaborBaHe Ha MerTonu, kKouto naa K ¢ mporeonmurnyna aktuBHOCT 160 PC/g ensum,
CBJICHCTBAT 3a MOJO0psiBaHe HA TeXHONOrHnYHUTe  pH — ontrMyMm — 7,0; TemrepaTypeH ONTUMYM —
UM CBOWCTBa Tpu HamalleHO chabpkanue Ha 50 °C; temmeparypa Ha uHakTUBHUpaHe — 70 °C.
rotBapcka con (Ashie et al., 2002; FDA, 1999; Tenemkara ChpeYHa MYCKyJIaTypa,
Foegeding et al., 1986). Bomo3sagbpikamiata  OXJaJcHa JO TeMIEpaTypa +4°C e pasapobena
CIOCOOHOCT € OCHOBEH (aKkTOp 3a MPOU3BOJICTBO  Ha BOJ(-MalIMHA ¢ JWaMEeThp Ha OTBOPUTE Ha
Ha BapeHM KoJ0acH ¢ TMOAXOJSIIM OpraHo-  pemietkata 2MmMm, ciie KoeTo ce  J1o0aBs
JEeNTHYHN KadecTBa. 3a MONOOpsSBaHE XUAPO-  EH3UMHUAT mpemnapar B konmdectBo 0,02% kbM
(GuaHNTE CBOWCTBa Ha MECHU CYpOBHMHM HSIKOM  IBJIHeXHara Mmaca. 30% or eH3uMHO oOpado-
W3CIe/IOBATEeNM M3MOI3BAT Hape] ¢ TOTBapcKara  TEHUTE TEJICHIKH Chpla ca JobaBeHu KbM 70%
con pobaBka Ha audocdary, KaToO aHAIO3M Ha  CBHHCKO €IHOCOPTHO Meco. MecHara cypoBHHA
aneHo3uH-TpudochopHata kucenuHa. Jlpyrm  ce mocraBs B KyTep MammHa 3a (GUHO pas3apo-
u3non3ear oOpaboTBaHe HAa MECHUM CYpoBUHHM ¢  OsBaHe. [lo TO3W HauWH ca TPUTOTBEHH 3
€H3MMHHU TIpermapaTH, KOETO TNpeAu3BHKBa  MOJEITHH CHCTEMH, IPU KOUTO € Jo0aBeHo 25%
YacTHYHA MIPOTEMHOBA XUIPOJIM3a U JIOBEXKAA 10  JIeJl M TOTBAapCKa COJl ChOTBETHO: | MOzeneH onuT

mogoOpsiBaHe  Ha  Bojo3amappkamara uM  — 60e3 com; Il momenen omut — 0,8% com; Il
ciocoonoct (Miller et al., 2001; McKeithetal., moaenen omur — 2,2% coji. AHaJIOTHYHO ca
1994). MPUTOTBEHH KOHTPOJHM TNPOOM KBM TpUTE

Lenra Ha HacTosmaTa padoTa € M3CIeIBAaHE  MOJICJIHU ONUTA ChC CHOTBETHUTE KOJMUYECTBA
BB3MOXKHOCTTA 32 MPWIOKEHHE Ha OakTepwaieH  coi, HO 0e3 eH3uMeH mnpenapar. M3ciensanu ca
NPOTEOIUTHYEH €H3MMEH Ipemnapar 3a mojgo0-  cbuio Tpu MojenHu cuctemu oT 100% cBUHCKO
psBaHE TEXHOJOTMYHHTE CBOWMCTBA Ha TEJIEHIKA  €IHOCOPTHO Meco 0e3 eH3MMEH Ipenapar, KaTo
ChpleYHAa MYyCKyJlaTypa mnpu ymnorpeba ©Ha  mpu | omur — 6e3 mobaBgue Ha cox, |l omut — ¢
HaMaJIeHO ChIAbPKAaHUE HA TOTBAPCKA COJL. 0,8% u Ill out — ¢ 2,2 % con. Ha onpenenenn
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uaTepBand 15, 30, 60 u 120 min ca B3eTu mpobu
OT TPUTOTBCHHUTE EMYJCHH Ha MOJICIHUTE
CHCTEMHU.

V3mMeHeHusiTA B Pa3TBOPUMOCTTA Ha IPO-
TEUHHUTE Ca aHAJTU3UPAHU Ype3 cMecBaHe Ha 2 (
MECHA eMYJICHS OT MOJIETHHTE CHCTEMH C 8 CM°
oydepen pazreop 0,IM NaCl, 0,05 M kanues
¢docthar u xopurupane ma pH mo 7,0. 10 ml
MPOTENHOBA CYCIICH3Us € IIEHTPOPYrupaHa mpu
10 000 obopoTa 3a 15 min. [IpoTenHsbT B Cymep-
HaHTaTa € OompejesieH Mo mMeroaa Ha Kuenman u
OTHECEH KbBbM OOINOTO ChIbpPXKAHUE HA MPOTCHH
B MecHata emyicus (AOAC, 1995).

Ot Mogennute omutu ca B3etd 40 g u
HambJIHEHNW B CTHKIEHW ammyiu 35x110 mm.
ITpoGure ca 3arpstu 3a 30 Min BbB BojgHa OGaHs
npu  temmeparypa 78°C. Crex 3arpsiBaHeTo

MECHHUAT NBIHSK € W3BAJCH M MpPEeTeryIsiH.
TeuynocTTa, OTAEICHA NIPU 3arPsIBAHETO € MOCTa-
BEHa B MepHTeleH UumuHABp. OmnpeneneHo e
MPONOPLUOHAIHOTO CHOTHOLUICHHE Ha BOAA H
Ma3HHHA B TEYHOCTTA, OTJAEJICHA CIICT TePMUY-
HaTta 0bpaboTtka. OnpezeneH € JOOUBHT Ha TOTOB
NPOAYKT cien TepmuyHa oOpaborka. Crartuc-
THYecKaTa 0o0paboTKa Ha TOJIYYCHHTE NAaHHHU €
U3BBPIICHA  4pe3  COPTyepeH  MPOIYKT
»STATPLUS 2009

Pe3yaraTu u 06cbKIaHe
Pesynratute OoT u3cienBaHusTa 3a oOmaTa

Pa3TBOPHMOCT Ha OENTHYMHUTE Ca MPEACTABEHH
Ha ¢ur. 1, 2 u 3.

e 60
g > /
5 50
2 45 / e
'«-) /
i /;
35
30 T T T T T T T T 1
0 15 30 45 60 75 90 105 120
Bpeme, min
e KOHTPOJIHA Np06a e OnuTHa ¢ 0,02% eH3um

@ur. 1. [IpoMeHn B pa3TBOPUMOCTTA HA OENTHUYNHHUTE B MOJICITHU OMUTH O3 CO

x 60

£ 55 —

E /

§_ 50 /

[u]

[

a 40 //

30 T T T T T T T T 1
0 15 30 45 60 75 90 105 120
Bpeme, min

== KOHTPO/IHa Npoba e OnuTtHa ¢ 0,02% eH3m

@ur. 2. [IpoMeHn B pa3TBOPUMOCTTA Ha OenThunHUTE B MOJIeHU onuty ¢ 0,8 % cou
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@ur. 3. [IpoMenu B pa3TBOPUMOCTTA HA OENTHUMHHUTE B MOJEIHHU ONUTH C 2,2 % coi

[MpaBu BIICYATIICHHE 3HAYMTEIHOTO
HapacTBaHE Ha Pa3TBOPUMOCTTA HA OENTHYMHHUTE
B 1poOM, B KOUTO MECHHTE CYpOBHHH ca
eHsuMHO o0Opaborenn. Taka Hampumep, B
MOJENIHUTEe ONuTH 0e3 mobaBka Ha CON MpH
KOHTPOIJIHUTE TPOOW C HESH3UMHO 00paboTeHH
MECHH CYPOBHHH Pa3TBOPUMOCTTA CE MPOMEHS
ot 31,79% no 48,31%, nokaro mpu npoOuTe, B
KOWUTO € H3MOJI3BaH €H3UMEH mpemapar ot 31,
79% nmo 55,82% 3a TPOOBIDKUTETHOCT HA
eH3uMHO oOpabotBane 120 min. ToBa Hapact-
BaHE Ha PAa3TBOPHMOCTTAa Ha OENTHYMHHUTE Ce
IOBDKM  HA TIPOTEONIU3aTa, IpeJu3BHKaHa OT
emsuMHns npenapat Enzeco” neutral bacterial
protease 160 K, kosito ce 3agpnbouaBa C yabi-
’KaBaHe BPEMETO Ha BB3JCHCTBHE HA EH3UMa
BbpPXY MECHUTE CYpOBUHH. M3M0JI3BaHETO Ha 1MO-

BHCOKO ChAbpKkaHue Ha rotBapcka cou / Il u Il
MOJIEJICH OMHT/ € CHIIPOBOJICHO U C TIOBUIIIABAHE
HA Pa3TBOPUMOCTTA, BCIICACTBUE CHBMECTHOTO
JeiicTBUE Ha SH3MMHUS MpenapaT U roTBapcKara
COJL.

Or pannuTe B Tabmuua 1 ce Bmkga, 4e
KOJIMYECTBOTO OT/AEJCHA Ma3HWHA B TEYHOCTTA
cien  TepMuyHa o0pa0oTKa HaMansBa C
yI'bIIKaBaHE MPOABIDKUTEITHOCTTA HA BB3JCHCT-
BHC HAa CH3MMa BBHPXY MECHHTE CYPOBUHH IpH
BCHYKH MOJICJIHM ONMUTH. To3u (akT cBHieC-
TEJICTBA 3a TOJO0OpsBAaHE HA eMyJrHpalaTa
CIIOCOOHOCT Ha €H3UMHO 00pabOTEeHHTE IMPOOH.
[oBumieHaTa pa3TBOPUMOCT Ha OENTHUMHHUTE U
no-g00para emyJrupaiia CrocoOHOCT Ha o0Opa-
OOTCHUTE C CH3MM MECHH CYPOBHHH JIOBEXK]IA JIO
IPOMEHH B JIOOMBA HAa TOTOB IPOYKT.

Ta6.1mua 1. HpOMeHI/I B KOJIMYCECTBOTO BOJa U Ma3HHHA, OTACJICHHU B TCYHOCTTA CJIC] TCPMUYIHA o6pa—

0oTKa 1 T0OHMB HA TOTOB MPOAYKT, N=3.

1-Bu MOJCJICH OIIUT

2-pl/l MOJCJICH OIIUT

3-Ti MOjeJIeH OIUT

/ 6e3 cou / /0,8% coa / 12,2% coa /
IIpoda Jobus,  Ornenena reunoct  J{oOwus, Ortnenena Teudoct  JloouB,  OtneneHa TEUHOCT
% Boma, MasHuHa, % Boma, MasHuHa, % Boma, Ma3suuna,
% % % % % %
100% cs. 79,93 61,82 38,18 85,31 65163 34,37 87,38 66,61 33,39
MECO

30/70% :

KoHTpoa 72,81 55,36 44,64 79,91 56,87 43,13 83,80 59,89 40,11
15 min 78,54 61,04 38,96 84,35 67,50 32,50 86,64 68,43 31,57
30 min 82,39 63,78 36,22 85,04 69,44 30,56 84,07 72,70 27,27
60 min 84,62 67,65 32,35 86,51 70,59 29,41 88,72 76,58 23,42
120 min 85,78 67,13 32,87 86,13 72,43 27,57 89,65 78,22 21,78

* - CTOHHOCTHUTE ca OCPEJHEHH OT TPU U3MEPBaHUS

[Ipu KOHTPOJHHUTE MPOOU OT TPUTE MOJACTHH
ONHTa, CHABPKAIIM HEOOPaOOTCHH C CH3UM
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CpaBHEHHE C KOHTPOIHUTE OT MOJICITHUTE IPOOH —
100% cBuHCKO emHOCOPTHO Meco. ToBa Mokasga,
4ye  TeNelKkara — ChpleYHa  MYCKyJaTypa
MpUTEXKaBa HUCKU (YHKIIMOHAIHUA CBOMNCTBA.
JlobuBute crmenq TepmuuHa oOpabotka mpu |
mogeneH omut / ¢ 0,02% en3zum, 6e3 com / ce
yBenuuasat oT 72,81% mo 84,62% u 85,78% 3a
MIPOIBDKATETHOCT Ha €H3UMHO 00padoTBane 60
u 120 min , opu Il moxenen omur / ¢ 0,02%
emsumM, ¢ 2,2 cox / ot 83,80% mo 89,60% 3a
MPOJBIDKUTCIHOCT HAa EH3UMHO 00paboTBaHe
120 min.

3abens3Ba ce, ue MpoOUTE CHIBPIKALIH
obpaborena 60 m 120 min Tenemka chpaeYHA
MyCKynaTypa ¢ ensumen npenap Enzeco® neutral
bacterial protease 160 K 6e3 u ¢ 0,8% rorBapcka
COJI UMAT IMO-BHCOKHU TOOMBH CHOTBETHO 84,62%
u 85,78%:; 86,51% u 86,13% B cpaBHEHHE C TEe3H
Ha koHTponuTte ot Il monenen ot — 83,80%.

He ce naOmromaBa chlecTBeHA pasjiHKa
MEX1y TOOMB Ha €H3MMHO TpETHpaHHu npodu 60
min ot | u Il MojeneH OMUT ChC CHOTBETHHTE
koHTposnu oT 100% CBHHCKO €JHOCOPTHO MECO.
Cpuo Taka HE ca YCTaHOBEHU 3HAUYUTEITHHU
pasuyus W MEKAy JOOWBUTE HA MOJCITHUTE
MpoOH, ChABPIKAINU TEJNENIKa ChpJeYyHa MYCKY-
natypa oOpaboTeHa ¢ eH3UMEH mpenapart 3a 15 u
30 min oT TpuUTEe MOJEITHH OMUTA ChC CHOTBET-
HUTEe KOHTpoiHM mnpodu ot 100% cBHUHCKO
€/THOCOPTHO MECO.

3akiIoueHue

1. YacTuuHata mpoTeoau3a, Mpeau3BUKaHa OT
HeﬁCTBHCTO Ha GaKTepI/IaﬂeH CH3UMCH IIpcrapar
Enzeco neutral bacterial protease 160 K momo6-
psiBa (DyHKIIMOHATHWUTE CBOWCTBA Ha TeJelIKaTa
ChbpJIEYHA MYCKYJIaTypa.

2. Ensumuata o0paboTka Ha HHUCKO(YHK-
MUOHAJIHUTE TCJICIIKU Cbhbpla IMO3BOJIABA OIIOJI-
30TBOPABAHETO MM YpPE3 BJIaraHEC BHB BapCHU
MaJIOTpaiftHu Koj0acH.

3. TIpOTEONMUTHYHUAT €H3UMEH Ipernapar
Enzeco neutral bacterial protease 160 K c¢w3maBa
TCXHOJIOI'MYHa BB3MOKHOCT 3a H3IIOJA3BAHC Ha

eH3MMHaTa 00pa00TKa Ha MECHHTE CYPOBHHU,
KaTo IMOTEHIMAICH 3aMEeCTUTE] Ha TOTBapcKaTa
COJl W TIO3BOJISIBA MPOM3BEKIAHE HAa MECHHU
MPOJAYKTH ChC 3HAYUTEIIHO PEAYIUPAHO ChIBP-
JKaHHE Ha COJ.
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CTABHUJIHOCT HA ®OJIUA OT HOJIMETHUJIEH, IIOJIMITIPOIIMJIEH U ITIOJIMETUJIEH
OKCHU/ ITPU EKCIIO3UMIIUA C YB- CBET/IMHA

Jnmurpuna Kupskosa, Atanac AtanacoB, AHToHUS MnmneBa

STABILITY OF POLYETHYLENE, POLYPROPYLENE AND POLYETHYLENE OXIDE
FOILS UNDER EXPOSURE TO UV- LIGHT

Dimitrina Kiryakova, Atanas Atanassov, Antoniya llieva

ABSTRACT: The effect of exposure to UV- light on the stability of three commercially polymers with a dif-
ferent chemical structure and properties was studied. The foils of high density polyethylene, polypropylene and
polyethylene oxide were subjected to irradiation for different time under accelerated conditions. The increase of
exposure time of the polyethylene oxide films to 90 hours resulted in lower melting temperature - 64.1°C and
higher degree of crystallinity — 82% compared to these of the non-irradiated films. The melting temperature and
the degree of crystallinity for the materials of polyethylene and polypropylene remained unchanged. It was found
that the presence of the oxygen or tertiary carbon atoms in the main polymer chain leads to a decrease of stabil-
ity under exposure. By their stability to oxidation the above mentioned polymer foils can be arranged in the fol-
lowing order: polypropylene < polyethylene oxide < high density polyethylene.

Key words: High density polyethylene, polypropylene, polyethylene oxide, UV- irradiation, properties.

BLBenenue

[ToBeyeTo CHHTETHYHH MOJUMEPH ca TMOjaT-
JIMBU Ha pa3pylllaBaHe, MHULMUPAHO OT YB- u
BuanMa cBeTianHa. OOMKHOBEHO Oim3kara YB-
CBETJIMHA ¢ Ob/DKMHA Ha BhiIHAaTa 290 — 400 nm
ompenessl CpoKa Ha eKCIUToaTarus Ha MOJIUMEp-
HUTE MaTephalld NpU W3IOJI3BAaHETO UM Ha OT-
kputo. CTpyKTypara Ha IOJUMEPHUTE OKa3Ba
CUJIHO BIIMSHUE BHPXY MeXaHu3Ma Ha (oTopas-
pyliaBaHe, QU3NYHUATE U Hal-BeYe MEXaHUYHUTE
cBoiicTBa [1], mpoMsHaTa B MOJIEKyJIHATa Maca U
MOJIEKYJTHOMACOBOTO pasmpezencuue [2—-5]. 13-
MEHEHHETO Ha MMOCOUYCHUTE CBOMCTBA € pe3yJTaT
OT BIUSAHHETO Ha peauna ¢akropu. OCHOBHUAT
(akTop, KOHTO MOBEXKIAa JO JECTPYKIHMATA Ha
MOJIMMEPUTE, € eKCIo3ulMsaTa UM Ha YB- cBet-
muHa. [Ipu ToBa ce dopMupar paaukamud B Mak-
POBEPUTUTE C IMOCIEABAIO Pa3KbCBaHE Ha XHU-
MUYHHATE BpB3KK [6]. Haif-BakHuTE peaxiuy,
HaCTBIIBAlIM B TIOJUMEPHUTE TPH OOITHYBAHETO
uM ¢ YB- cBeTimnHa ca: pa3kbCBaHE Ha IlaBHATa
BEepUra, OKUCJIEHUE, OTKHCBAaHE HA CTPAHUYHU
TPYIH WK JeCTPYKIus [6, 7].

DOTOOKUCICHUETO Ha MOJHUMEPHUTE MaTe-
pHUaIH ce OCHIIECTBBA MO JIBA OCHOBHU METOJIA!
B €CTECTBEHH YCJIOBHS Ha OTKPHTO W B M3KYCT-
BeHH ycioBus (yckopeHo ctapeene). Ilpu mbp-
BUSI METOJ| €KCIIO3ULIUATAa C€ HU3BBPIIBA BBHPXY
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o0pa3iy, MOHTUPaHHU Ha cTeNaxu. Te ca opueH-
TUpPaHU Taka, Y€ IOJUMEPHUTE MaTepualu Ja
OBJIaT U3TIOKECHU HA MIBITHUS CIIEKThP U3TbUBaHE
¥ Ha BIMSHUETO Ha TeMIlepaTypaTra U BIAXHOCT-
Ta. BTOpUAT MeTOoA BKIIIOUBA H3IOJI3BAHETO Ha
W3KYCTBEHH W3TOYHHIIM HAa CBETJIMHA B Jabo-
paTOpHH YCJIOBUS, KOUTO NMPUOIUZUTEIIHO MMHU-
THUpAT BBHIIHUTE ycioBui. IIpenuMcTBO Ha TO3U
METOJ, € HAaMaJICHOTO BPEME 3a M3NUTBAHE MpU
KOHTPOJIMPAHU YCIOBHUS M BB3MOKHOCTTa OBP30
Jla ce OILIEHH OKMCIIMTENHAaTa CTAOMIHOCT Ha W3-
ClIe/IBaHUs NIOJUMeEpPEH MaTepuall [8]. 3a ycTaHo-
BABAaHE Ha CTapeeHeTO Ha MaTepualnuTe B IOC-
JIeICTBUE T€ C€ OXapaKTepu3upaT IO OTHOIIe-
HUC Ha MEXaHUYHUTE UM CBOWCTBA (yIBIDKCHHUE
U SIKOCT INIPU OIThH), BU3yanHO (0Opa3yBaHe Ha
MMyKHATUHW, TTIOMBTHSBAaHE M TPOMEHU B I[BETA)
WJIY C MOMOIITA HA PA3IMYHU METOJU 33 aHAIU3
[9].

3a m3cneaBaHUATAa B HACTOsIIATa pabora ca
n30paHu TpU THPTOBCKH MOMMeEpa (TIOTHETIIICH
BHCOKA IUTBTHOCT, OJUIIPOIUIICH U MOTUETUIICH
OKCHJI) C pa3InvdHa XUMHUYHA CTPYKTypa U ¢u-
3UYHU CBOWCTBa. Bcekn eMH OT TAX Hamupa
LIMPOKO TNPWIOKEHHE B E€XKEIAHEBHETO W pas-
JUYHU OTPaACiM Ha UHIYCTPUSTA, KbJETO Ca U3-
JIOKEHW Ha JEMCTBHETO Ha CIIbHYEBA CBETJIMHA.
ToBa onpeenu ¥ 1eNTa HA HACTOSIATAa padboTa,
a MIMEHHO Jia ce MpOCJeaN BIUSIHUETO Ha EKCIIo-



sunusata ¢ YB- cBeTiMHa BbpPXY CTaOMIHOCTTA
Ha TIOCOYEHUTE MOIIMMEPHH (oITHa.

Excnepument
Mamepuanu

3a monyuaBaHe Ha (QUIMHTE Ca W3IMOJI3BAHH:
npaxoo0pa3eH MOJHETWICH BHUCOKA IUIBTHOCT
(ITEBII) ¢ Temmeparypa Ha Tomene 130°C, un-
nekc Ha crommwika 0,16 g/10 min (190°C; 2,160
kg) u mreTHOCT 0,948 g/cm®; mONMmpONHICH
(IIT) ¢ Temmeparypa Ha Tonene 160°C, mHIEKC
Ha cromwika 2,25 g/10 min (190°C; 2,160 kg) u
mwrsTHOCT 0,910 g/0m3, MPOU3BOJCTBO Ha ,,JIy-
koin Hedroxum byprac” AJl; monmmerwunen ox-
cua (ITEO) ¢ temnepatypa Ha TomeHne 68°C wu
MornekymHa Maca 2,7x10°, mpomsBoacTBO Ha
wHeoxum” AJl, JumutpoBrpan.

Hozlyuaeane Ha4 Komno3uuuume

ITIEBII u ITEO ca xoMOreHu3upaHu B Mpaxo-
00pa3HO CBCTOSIHME B JIa0OPAaTOPEH CMECUTEN
i MPW-802 (ITomma) mpu ckopoct 10 st B
npoab/okeHne Ha 15 min. Te ca Tabnetupanu
(mopaau cpaBHUTENTHO HUCKAaTa CH HACHUIIHA Ma-
ca) W IpecoBaHH Ha JlabopaTopHa npeca tun PHI
(AHrIHST) MEXy aTyMHUHHEBO (POJHO TPHU CIIe]I-
HUTE yCIIOBUS: JebenmHa Ha oOpasiute 400 pm,
temmeparypa 190°C, Bpeme Ha 3aramsHe 3 min
npu 190°C, Hansrane npu npecosane 22 MPa 3a
1 min u ckopoct Ha oxmaxmaane 40°C/min. TIIT
CBII0O € XOMOTeHH3MpaH B MpPaxo-o0pa3HO
CBCTOSIHUE W CJIe]] TOBA TPaHyJUpaH MpU TeMIle-
parypa 200°C. O6pa3nure OT NOIH-TPOITHIIEH ca
mpecoBaHuW Ha JlaboparopHa mpeca tum PHI
(AHrHS) TpU cIeIHUTE yCIOBHS: AeOenrHa Ha
obpasiure 200 um, Temneparypa 190°C, Bpeme
Ha 3aTarsiae 2 MiN, HaJsraHe Mpu mpecoBane 22
MPa u ckopoct Ha oxnaxunane 40°C/min.

YB- excnozuuus

[lony4yenute ¢onma c¢ nebennna oxomno 400
win 200 um ca obmpueHn ¢ YB- cBemimHA ¢
IbJDKMHA Ha BhJIHATa B MHTepBaja 185 — 254 nm
ot ner yiamnu o 8§ W Bcsika nipu craiiHa Temie-
patypa. [IpoabKUTETHOCTTa HA EKCITO3UITUSATA
¢ YB- ceemiiuHa e: 35, 60, 90, 150, 250 u 300
yaca 3a punmmute Ha ocHosa [1EBIT; 1, 5, 10 u 20
yaca—3a [1ITu 1,5;5; 10 u 90 gaca — I1EO.

ugpepenyuannockanupawia
pus (DSC)

Kaaopumem-
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OTHacsSHUATA TIPU CTAIsTHE W KPHCTATU3AIHS
Ha o0pasuuTe ¢ Maca OKojio 4 MY B a30THA aT-
Mocepa ca aHaNM3UpaHH YpE3 CHUMYJITAaHTCH
TepMuueH aHammsarop ,,STA 449F3 Jupiter”
(Netzsch, T'epmanusi) mpu ClIEIHUTE YCIOBHUS:
mepBo HarpsBane ot 20 mo 200°C mpu cKOpocT
12°C/min, nocnensamo oxnaxgane 10 20°C u
MOBTOpHO HarpsiBaHe 10 600°C mpu criiara cko-
poct. CrereHTa Ha KPUCTATHOCT Ha 00pa3IuTe €
H34HCICHA IIpH AHg00, = 293 J/g [10], AHg00, =
209 J/g [11] u AHig0 = 197 J/g [12], chOTBETHO
3a 100% xpuctamen I[1EBII, I1IT u ITEO.

eopmayuonno-akocmuu ceoiicmea

SIKocTTa M OTHOCUTENIHOTO YJIBIDKEHHE IIPU
OITbH Ha M3XOJHUTE M 00JIbueHHU (hosina ca ormpe-
nenenu Ha au"amometsp L, INSTRON”, mopen
4203 (Awrnms), mpu ckopoct 50 mm/min u
cTaifHa TemMIepaTypa.

Pe3yararu u o0chikaane

CremneHTa Ha OKHCJIEHHE TIOJMMEpPHUTE MaTe-
pHUaly ce ompeneNs Hali-Bede OT WHTEH3UBHOCT-
Ta Ha CITbHUYEBATA CBETIIMHA, IBIDKAHATA HA BBJI-
HaTa Ha EKCIHO3WIHA, HAJMYMETO Ha TPETUYHH
BBIIIEPOHH ATOMH, THITA U BHJIa HA M3TIOI3BAHU-
T€ aJIUTHBU BBB (huiMuTe U Ap. YCTOHUMBOCTTA
Ha OKHUCIICHHE Ha MoyiMojeuHuTe ce yBennyana
C TIOBMIIIaBaHe Ha TAXHATa IIBTHOCT. [IpuunHa-
Ta € Ta3u, Ye MO-MaJKO Pa3KIOHEHUTE TOJTUMEPH
MMaT OTpaHHWYeHa MPOIMYCKIMBOCT HAa Ta3oBe U
MO-MaTbK OpOM TPETHYHU BBHIVIEPOJHH aTOMHU B
MaKpOMOJIEKYJIUTE CH, KOUTO Ca YyBCTBHTEIHH
MecTa 3a araka [13, 14].

N3Bectno e, ue I[IEO e mHOro HecrabuieH
nonmmep. Ilpu excnosunusta my ¢ YB- cBetnu-
Ha TOW HE MPETHPIABA PEaKIHHd Ha CHITUBaHE.
®doTopa3pymiaBaHeTO My HAacThIIBa B aMop(hHaTa
¢aza, J0KaTO KpHCTAIHATA YaCT OCTAaBa OTHOCH-
TEJIHO yCcTOWuYMBa Ha (oTooKHcIeHue. BmbkBa-
HETO Ha KHCJIOpOJ B TJIaBHATa BepWra Ha aju-
(daTHUTE MOTUMEPH, BOJU JIO TEPMHYHA HECTa-
omHocT — Bpbh3kata C—C—O e mo-HecTabuiHa OT
Bpb3kara C—-C [15]. Ilpu neiictBuero Ha BbB3-
nymHa uin kucnoponna cpena [TEO nperspris-
Ba OKHCIIMTENTHA AECTPYKINA KaKTO B Maca, Taka
u B paztBop [16]. lecTpykuusara Moxe /1a ce yc-
KOpH TIpY TTOBUIIIABaHE HA TEMIIEpaTypaTa U MpH
JIEHCTBHE Ha yATPAaBHUOJIETOBA CBETJIMHA.

B Ta6auma 1 ca mocoueHu cTeneHTa Ha KpH-
cranuoct (a, %), Temneparypara Ha Tornene (1)



u kpucranuzanus (7,) Ha pommara ot [TEO mpe-
1 U CIIe[] eKCIO3ULMATa UM ¢ YB- cBeTiMHa B
npoabivkenue Ha 1,5; 5; 10 u 90 gaca. O0ib-
YCHHAT JI0 5 yaca MOJUMEp uMa TeMmIiepaTypa Ha
TOTIeHe, OJTM3Ka JT0 Ta3W Ha U3XOIHHS HeOOIbueH
nonumep — 67,8°C. YBenuyaBaHeTo Ha BpeMETO
Ha excro3unus Ha (oimata ot IIEO Ha 90 4aca
nonmxasa T, Ha 64,1°C.

Ot chiiara Tabnuma ce BIKIa, Ye TP YCKO-
peHU yCIoBUs Ha 00buBaHe ¢ Y B- cBeTiimHa Ha
¢dommara ot I[IEO cremenTa Ha KpHUCTATHOCT CE
noBumasa. T ce mpomens ot 70 Ha 82%, chOT-
BETHO 3a HeoOyrbueH U obmpueH 90 yaca [TEO.
IToHmxenueTo Ha Ty U yBEIMYABAHETO HA O Be-
POSITHO Ce ABJDKU Ha (PaKTa, ue Mo Bpeme Ha ¢o-
TomecTpykuuaTa amopdHaTta ¢aza ce OTcTpa-
HsiBa 1oJ1 (hopMaTa Ha JICTIHBU MPOIYKTH (ajKe-
HU, CTHJIOB U METHJIOB QJIKOXOJI, €TUJICH OKCHU],
Boaa, CO, CO, u z1p.), a oCTaBalUTe KPUCTAIIHU-
TH C€ XapaKTepu3upar C TO-BUCOKA yCTONYH-
BocT. OCBEH TOBa, cle/l eKCro3ulus ¢ Y B- cBer-
JIMHA € Bb3MO)KHA PEOpPraHU3alUs Ha KbCUTE JIe-
CTpYKTHUpanu Bepuru ot nopbpxHocrra Ha [IEO.
ToBa momoOpsiBa IOAPEkKAAHETO HA MaKpPOMOJIe-
KYJIUTE W TIOBUIIIABA CTCIICHTA HAa KPHCTAIHOCT.
TemnepatypaTa Ha Kpuctanuzauus 1, Ha BCHUKU
uscnenBanu oopasnu ot [IEO mpenu u cien o6-
JTpUBaHe ocTaBa B rpanunute 143,3 — 147,4°C.

Ta6auna 1. DSC- xapakTepucTUKU Ha U3XOJICH
u oopuer [IEO

B npenxosana Hama paboTa € yCTaHOBEHO, 4e

Bpeme Ha

T, o T

OOpasell | ekcriozuuys, | ;o o
Jaca O | o) | (O
0 67,8 | 69,9 | 1433
15 69,2 | 754 | 1441
HEO 5 68,1 | 81,6 | 1451
90 64,1 | 82,3 | 1474

3a ¢unmuTe Ha ocHoBa III1 oOapuBaHeTO TIOUTH
HE OKa3Ba BIIMSHUE BbpPXY Im, I U & U Te ca B
rpanunuTe cboTBeTHO 164,0 — 162,4°C, 113 —
114°C u 42 — 44% [17]. IlonoOHa TeHACHIHS €
HaOrogaBaHa M 3a TeMIepaTypara Ha TOTICHE Ha
Marepuanure ot IIEBII. Ts ocraBa HenpomeHe-
Ha npu AeiicteueTto Ha ¥YB- cBeTinHa, KOETo € B
chOTBeTCTBHE ¢ Joknansanute ot Chrissafis et
al. pesynraru [18]. 3a u3xoauuTe ¥ 00IBUECHHU B
npoabinkenue Ha 150 waca dunmu ot [TEBIT u3-
MEHEHHETO Ha CTEIeHTa Ha KPUCTATHOCT ChHIIO €
HE3HA4YnUTeTHO — oT 67 1m0 72% [19].
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Ha cnenpamure ®ur. 1, 2 u 3 ca nokazaHu
3aBHCUMOCTHTE Ha SKOCTTa M OTHOCHTEIIHOTO
YIBDKEHUE MPHU OITbH HA TPUTE THUIIA TIOJTUMEPHU
¢uMu, NOANOKEHN HA eKcro3uuus ¢ YB- cer-
muHa. Cien oOmpuBaHeTo Ha Qoimara ¢ YB-
cBerTimHA 3a Bpeme Ham 90 gaca (3a IIEO), 20
yaca (3a [1I1) u van 300 gaca (3a [IEBII) o0Opa3s-
UTEe HE Morar jga ObJaT TeCTBaHH, T. K. CTaBaT
KPEXKH U Ce pa3pyllasar.
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BpeMe Ha ekcnosvuyus, h

®@ur. 1. 3aBucuMocT Ha sSKOCTTa (O) U OTHO-
CUTEIHOTO yJbJDKEHHE (W) MpH OMbH Ha ¢oiua
ot I1EBII npu pa3nuyHo BpeMe Ha eKCHO3ULUS C
VB- cBeTnnHa

®@ur. 1 nokasa, ye 3a obpasmute ot [IEBII
o0puBaHeTO Hax 60 yaca BOAM A0 TOBUIIABAHE
Ha SIKOCTTa MPH OIBbH, TOpPaAu MPOTUYAHETO Ha
mporiecu Ha yacTU4HO chinmuBane [20, 21]. Exsa
IpU yBeJIWYaBaHE Ha TPONBIDKUTEIHOCTTA Ha
excriozuis Hajx 90 waca, 3a MaTepuainTe OT
ITEBII ce Hab01aBa CUIHO MOHM)KABAHE HA OT-
HOCHUTEIHOTO yAbIKeHHe — oT 860 Ha 22%. 3a-
Ma3BaHETO Ha CTOMHOCTUTE Ha sIKocTTa cied 90
gaca BpeMe Ha €KCIO3HUITUS U Ha OTHOCHTEITHOTO
yIBIDKEHUE TIpu obH 10 90 yaca 3a donmara oT
[IEBII o3nauaBa, 4e mopaau mo-mMajakara CTeleH
Ha Pa3KIOHEHOCT U MaJKKs OpOd TPETUYHH aTo-
MH B MaKpOMOJIEKYJIaTa My TOH C€ OKHCIISBA TI0-
TpyaHo. ToBa ro mpaBu MO-yCTOWYHB TpH 00-
apuBaHe ¢ YB- cBeinna [14, 22].

3a donuara ot I1I1 e ycraHOBEHO, Ye mpoLecH
Ha chimuBaHe mnporuyar ciexn 10 gaca oOmbu-
Bane. Cnen 20 4yaca eKCIO3ULIMS SIKOCTTA 3aI04-
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@ur. 2. 3aBUCUMOCT Ha AKOCTTa (0) U OTHO-
CUTEITHOTO yIbJDKeHHE (W) MpHU OImbH Ha ¢o-
nua ot III1 mpu pa3audHo BpeMe Ha €KCIO3U-
s ¢ YB- cBeTnimHa

Ba Ja HamalsiBa, BEPOSTHO mopaau (akra, dUe
clel TOBa BpeME 3amoyBaT Ja MpOTHUYaT Ipo-
necu Ha nectpykuus — Dur. 2. Te3u pesynratu
ca B ChOTBETCTBUE C [OKJIAJBAHUTE B JUTEpa-
TypaTa, 9¢ (OTOOKHCIUTEIHOTO pa3pyliaBaHe B
Hauvanuute eranu npu [IE Boau 1o chlinBaHe, a
rpu I1I1 1o paskbcBaHe HA MOJIUMEPHUTE MaKpO-
mostekyiu [23]. Ot chiata @ur. 2 ce BXK/Ia, 4e
MIpU TIO-MaJIKUTE BpeMeHa Ha 00rbUBaHe OTHOCH-
TEJIHOTO YAB/DKCHUE Ha (ojiuaTa OT MOJUIPOITH-
JIEH HaMaJsiBa PsI3KO.
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®@ur. 3. 3aBUCHMOCT Ha SKOCTTa (O) U OTHO-
CUTEJIIHOTO YIbJDKEHHE (W) MpU OMbH Ha Qoiua
ot IIEO mpm pa3nmudHo BpeMe Ha EKCITIO3HITHS C
VB- cBeTnnHa
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Skocrra npu ombH Ha Qosuara ot [IEO ce
npomens ot 8,4 mo 6,7 MPa 3a Te3u, momioKeHn
Ha oOmpuBaHe 10 yaca — @ur. 3. C yBennuaBaHe
Ha NPOIBJIKUTEIIHOCTTA Ha eKCIo3unusATa ¢ Y B-
cBerinHa 10 90 yaca, TS ce moHMKaBa 10 3,3
MPa. 3MeHEHHETO HA OTHOCUTEIIHOTO yIBbJDKE-
HHUE cJie/lBa X0/a Ha 3aBUCHMOCTTA 3a SIKOCTTa
MIPH ONbH W TIOKa3Ba MOYTH HYJIEBH CTOWHOCTH
pu 90 gaca oOIbIBaHE.

Pesyntatute ot ananusa Ha ganaute ot DSC
1 OT AehOpMalMOHHO-IKOCTHUTE CBOWCTBA IIO-
TBBpPXKOAaBaT, Y€ CTAOMIHOCTTa Ha (PHIIMHTE OT
ITEO, IIIT u IIEBII npu ¢goTOOKHCICHUETO UM
HamajsiBa C yBeJMYaBaHe Ha BPEMETO Ha 00TbY-
BaHE U NP BHBEXKIAHETO HA KUCIOPOIHU U OCO-
0€HO TPEeTHYHU BBITIEPOJAHA aTOMH aTOMHU BEHB
Bepurara Ha mnonumepute. [lo cBosita cra-
OmIHOCT Ha NEeHCTBHETO Ha YB- cBeT/IMHA Haii-
ycroiuus e [1EBII, a Haii-Hectabunen e I111.

3akiouyenune

[TonydeHn ¥ TONJIOKEHM Ha EKCIO3UIUS C
VB- cBeTnnHa ca ¢osiMa Ha OCHOBA MOJIMETHIICH
BHCOKA TUTHTHOCT, TIOMUMIPOTIHIIEH U TTOTHUETHIICH
okcua. Ilomydennre pe3ynraTu 1mokaspar, 4e OT-
HOCHUTEIHOTO YIbJDKCHHE Ha (onmara OT mo-
JUTPONUIICH HaMalsgBa PI3KO OIe TpH IIo-
MaJIKUTE BpeMeHa Ha OOIbYBaHe, IOKATO 33 TE3H
Ha OCHOBA TOJIMETUJICH yIBDKCHUETO HaMassiBa
cien 90 yaca o0rpuBaHe. 3a 0Opa3IUTE OT MOJIHU-
€TWJICH OKCHJ TO3HM TOKa3aTell MMa CTOHHOCTH
OJIM3KH 0 HyJia TIPH CHIIOTO BpeMe Ha eKCITO3H-
s, JlokazaHo €, 4e Hal-HeCTaOWIHU MU H3Jia-
raHe Ha JeiicTBuero Ha Y B- cBeTinHA ca ¢onma-
Ta OT TOJIUIPOTIVIIEH.
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THERMOGRAVIMETRIC ANALYSIS OF POLYETHYLENE OXIDE FILMS IRRADIATED
WITH UV LIGHT

Mariana Tavlieva, Dimitrina Kiryakova, Atanas Atanassov

ABSTRACT: Series of thermogravimetric analyses was performed in order to determine the influence of ir-
radiation with UV light on the activation energy and other kinetic parameters charactering the process of ther-
mal destruction of polyethylene oxide films, as well as the mechanism of the reaction. On the basis of the most
probable mechanism function the lifetime of the investigated films was calculated.

Key words: TGA, polyethylene oxide films, UV light, kinetic parameters, lifetime, kinetic mechanism

Introduction

Polyethylene oxide (—CH,-CH-O-), is a
thermoplastic, semicrystalline, biocompatible
and biodegradable polymer. It is produced by a
heterogeneous catalytic polymerization of the
monomer ethylene oxide. Polyethylene oxide
(PEO) dissolved in water and other solvents and
has a melting range of 57-73°C and glass transi-
tion temperature of -56°C. There are different
grades of PEO in a wide range of molecular
weights from 20 000 to 8 000 000 which are used
in various fields of industry — in the preparation
of paints, coatings, fibers, films, etc. Currently
PEO is used in medicine, cosmetics and pharma-
ceutical industries as delivery systems and con-
trolled-release drugs [1-3].

The available data in the literature on the ki-
netics of degradation of polyethylene oxide are
related mainly to determination of kinetic param-
eters at different molecular weight of the poly-
mer or at addition of various additives to it, but
there are no data for the effect of exposure of
PEO to ultraviolet (UV) light. Depending on the
molecular weight of PEO, the average values of
the activation energy Ea under non-isothermal
kinetics of decomposition was determined in the
range of 174.6 + 1.4 to 207.5 + 7.6 kJ/mol by the
Flynn-Wall-Ozawa (FWO) method [3, 4]; of
172.5 £ 1.5 to 207.1 = 8.2 kJ/mol by the Kissin-
ger-Akahira-Sunose (KAS) method [3]; and of
172.7 £ 10.0 to 204.0 £ 16.1 kJ/mol by the
Friedman (FR) method [3, 4]. The values of the

210

invariant kinetic parameters of PEO, E;, and
InA;,,, were determined at an interval of 171.8 to
203.9 kJ/mol and of 28.4 to 34.2 1/min, respec-
tively [3, 4]. The most probable kinetic models
describing the process of thermal degradation of
PEO with a molecular weight M,, = 1x10°-5x10°
were of the type Avrami-Erofeev: Ags, A1, Ass
and A, [3, 4]. Erceg et al. [4], using Coats-
Redfern (CR) method, obtained values of Ea
equal to 314 and 206 kJ/mol with the most prob-
able theoretical kinetic models A; and Ay, re-
spectively.

Assuming reaction order n = 0.5 for the ther-
mal degradation of PEO (M,, = 3.65x10°) in ni-
trogen atmosphere under non-isothermal condi-
tions by the Freeman-Carroll (FC) method,
Calahorra et al. [5] obtained values for the acti-
vation energy of 129.8 kJ/mol. Applying non-
linear regression method Pielichowski and
Flejtuch [1] determined that the best fit of the
f(a) function describing the kinetic model of
thermal decomposition in nitrogen atmosphere of
PEO was R;, i.e. the rate-determining step was a
phase boundary-controlled reaction (contracting
volume or spherical symmetry) which can have a
character either of a surface chemical reaction or
of diffusion. Using the isoconversional FWO
method they calculated that the activation energy
was at the level of 140 to 185 kJ/mol.

The aim of the present work is to study the
non-isothermal kinetics of thermal degradation
of PEO films exposed to UV light for different
period of times by the CR method.



Experimental

Materials

Powdery polyethyle oxide (PEO), product of
Neochim Co., Dimitrovgrad, Bulgaria, with
melting temperature 68°C and molecular weight
My = 2.7x10° was used for the preparation of the
films.

Samples preparation

The initial PEO was homogenized in a labora-
tory mixer (MPW-802, Poland) at a rate of 10 s™
for 15 min and then pressed in a laboratory press
PHI (England) between aluminium foils under
the following conditions: samples thickness
about 200 pm, temperature 190°C, melting peri-
od 3 min at 190°C, pressing pressure 22 MPa for
1 min and cooling rate 40°C/min.

UV exposure

The samples formed as 200 um thick films
were irradiated by UV light with wavelengths in
the interval 185-254 nm emitted by 5 lamps of 8
W each, at room temperature for 1.5, 5, and 90 h.

Differential scanning calorimeter (DSC)

measurements

The thermogravimetric measurements (TG-
DTG-DSC) were carried out in a flow of nitro-
gen at a rate of 10 cm®min under non-isothermal
conditions using a simultaneous thermal analyzer
STA 449F3 Jupiter (Netzsch, Germany). Sam-
ples of about 4.9 + 0.1 mg mass were used for
the experiments at a hearing rate of 12°C/min up
to 600°C. The samples were loaded without
pressing in an open (6 mm diameter and 3 mm
height) platinum crucible, without using of a
standard reference material.

Results and discussion

The kinetics of thermal degradation of poly-
ethylene oxide films exposed to UV light for 0,
1.5, 5, and 90 h was based on the results obtained
by thermogravimetric analysis (TGA). The reac-
tion rate in the thermogravimetric (TG) studies
can be expressed by the formula:

m, —m
a=——--=1 (1)
f

m. —m

where « is the degree of conversion, and m;, ms
and m, are the initial, final and current sample
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mass at moment t. The kinetic model of thermal
degradation can be given by the expression:

L K(T)f(a) @
t
where T is the absolute temperature; t is the time
and « is the degree of conversion, and f(«) is a
function which type depends on the reaction
mechanism and k(T) is the dependence of the
rate constant on the temperature.

The dependence k(T) can be expresses by the
Arrhenius equation:

k= Aexp(—g—_’;j 3)

where A is the pre-exponential factor, R is the
universal gas constant equal to 8.314 J/(mol.K)
and E, is the activation energy.

Substituting Eq. (3) in (2) the following equa-
tion can be written:

da
— = Aex
dt P

EA
-2 f(a) (4
52 () @

For kinetic analysis of solid materials using
experimental data obtained under non-isothermal
conditions Eq. (4) is fundamental.

At constant heating rate, i.e.:

dT
— == const (5
praal )

and after some mathematical transformations the
following equation is obtained:

o

J

0

da

At E,
— ——2 |dT (6
t(a) q{exp( RTJ ©)
If the left-hand side of the Eq. (6) is denoted as:

o

g(a)=]

0

da

F(a) ()

then

T

() =§Iexp

0

EA
0 (—ﬁ]cﬁ ®)



The algebraic expression in differential form,
i.e. the f(@) functions, and in integral form, i.e.
the g(a) functions, of the most common reaction

mechanisms of thermal decompositions for solid
state reactions depending on the kinetic model
are shown in Table 1.

Table 1. Algebraic expressions of the functions g(«) and f(«) and their mechanisms [6].

Ne Symbol Name of the function 9(@) f(a) Rate-determining mechanism
1. Chemical process or mechanism non-invoking equations
1. Fus One-third order 1-1-a)*® (32)1- a)® Chemical reaction
2. Faa Three-quarters order 1-(1-a™ 41— o) Chemical reaction
3. Far One and a half order 1-a) Y21 21— a)*? Chemical reaction
4, F, Second order l-a)t-1 (1-a) Chemical reaction
5. Fs Third order (1-a)?-1 @2 - o) Chemical reaction
2. Acceleratory rate equations
6. Pan Mampel power law P (213)a V2 Nucleation
7. P Mampel power law oM? 2017 Nucleation
8. Py Mampel power law o 3° Nucleation
9. Py Mampel power law o 4q* Nucleation
10. Ey Exponential law Ina a Nucleation
3. Sigmoidl rate equations or random nucleation and subsequent growth
11. Ay, Fy Avrami-Erofeev eq. ~In(1-a) (1-a) Assumed random nucleation
and its subsequent growth, n =
1
12. Agp Avrami-Erofeev eq. [ In(@ - )1 (312)(1 - Q)[-In(1 - )]*® Assumed random nucleation
and its subsequent growth, n =
15
13. Ay Avrami-Erofeev eq. [ In(1 - a)]*? 2(1- @)[-In(1 - a)]*? Assumed random nucleation
and its subsequent growth, n =
2
14. As Avrami-Erofeev eq. [ In(1 - )*® 3(1- @)[-In(1 - a)]*® Assumed random nucleation
and its subsequent growth, n =
3
15. Ay Avrami-Erofeev eq. [- In(1 - &)]** 41— a)[-In(L - )I** Assumed random nucleation
and its subsequent growth, n =
4
16. A Prout-Tomkins eq. In[a/(1 - a)] ol-a) Branching nuclei
4. Deceleratory rate equations
4.1. Phase boundary reaction
17. Ry Fo, Py Power law a 1-a)f° Contracting disk
18. Ry, Fip Power law 1-(1-a)t? 2(1- ) Contracting cylinder (cylindri-
cal symmetry)
19 Rs, Fass Power law 1-(1-a)*® 31-a)® Contracting sphere
(spherical symmetry)
4.2. Based on the diffusion mechanism
20. D; Parabola low o 12a One-dimensional diffusion
21 D, Valensi eq. a+ (L-a)in(l-a) [HIn(1 - )1 Two-dimension diffusion
22. Ds Jander eq. [1-@1-a)P (312)1-a)*°[1 - (1-a)*°T* Three-dimensional diffusion,
spherical symmetry
23. D4 Ginstling-Brounshtein eq. 1-2a3 - (1-)*® @R)[(L - ay eyt Three-dimensional diffusion,
cylindrical symmetry
24, Ds Zhuravlev, Lesokin, Tempelman [(1-a) -1 (312)(1-a)**[(1-a) B -1]* Three-dimensional diffusion
eq.
25. Ds anti-Jander eq. [+ -1 @R)A+a)[A+a) 11t Three-dimensional diffusion,
26. Dy anti-Ginstling-Brounshtein eq. 1+2ai3 -(1+a)*® 3R)[A + &) 3-17? Three-dimensional diffusion,
27. Ds anti-Zhuravlev, Lesokin, Tempelman [+ a)y¥-1)? (312)(1+)*[(1+a) 1] Three-dimensional diffusion
eq.
5. Another kinetic equations with unjustified mechanism
28. G, 1-(1- @) 12(1 - o)
29. G, 1-(1-ap 1/3(1 - a)?
30. Gs 1-(1-a)? 141 - a)®
31. Gy [ In(l - &) (12)(1 - @)[-In( - )] ™
32. Gs [~ In(1 - o) 13)1 - a)[-In(1 - )]
33. Gg [~ In(1 - a)]* 1/4)1 - a)[-In(1 - )]
34. Gy [1-(1-a)"1 4{(L-Q[1-(1-a 7y
35. Gg (- a)lla] 112 6(1— a)2/3[17(17 a)1/3] 172
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The right-hand side of Eq. (8) can be solved
in different ways. On the basis of the TG curve at
a single heating rate Coats-Redfern [7], Mahusu-
danan-Krishnan-Ninan [8], Tang et al. [9], etc.,
suggested various methods.

Using CR method at constant heating rate
equal to 12.236°C/min it was possible to calcu-
late the values of E,, 4 and to determine the
most probable mechanism of the reaction stud-
ied.

According to the TG data (Fig. 1) the thermal
degradation of the non-irradiated PEO films
(PEOO) and these irradiated with UV light for
1.5 h (PEO1.5), 5 h (PEO5) and 90 h (PEO90) in
all cases was a single-step process.

100

80 1

60 1

TG, %

40 A

20 1

0 T T T T T
250 300 350 400 450 500 550

T,°C
Fig. 1. TG curves at a heating rate of
12.236°C/min for non-irradiated PEO films
(PEQOO) and PEO films exposed to UV light for
1.5 h (PEOL.5), 5 h (PEO5) and 90 h (PEO90).

From the TG curves can be seen the onset of
decomposition temperature T,nse: and the end of
decomposition temperature T These values
were found to be close to the ones determined by
other authors [1, 10], and are given in Table 2.
For the initial and final temperature of thermal
degradation was determined ca. 268.9°C for Tinitia
and 499.5°C for Tyn, respectively. It can

be seen in Table 2 that the temperatures were
shifted towards higher temperatures with the in-
crease of irradiation times, as for the initial and
onset temperatures the shift was about 21.5°C
and 4.4°C, and for the end and final temperatures
the shift was twofold less, namely about 2.5°C
and 13.0°C.

Using the data of the DTG curves (Fig. 2) the
peak temperatures Tp.. of each sample were de-
termined (see Table 2). The value for the initial
PEO was 400.1°C which was almost the same as
that determined in the references [1, 3, 10]. The
shift of this temperature with the UV exposure
was about 3.5°C, and the average value of Tpea
was about 402.0°C.

-10 1

-15 A

DTG, %/min

-20 A

-25 A

30250 3(I)0 3;0 4(I)0 4é0 5(1)0 550
T,°C

Fig. 2. DTG curves at a heating rate of

12.236°C/min for non-irradiated PEO films

(PEQOO) and PEO films exposed to UV light for

1.5 h (PEOL.5), 5 h (PEO5) and 90 h (PEO90).

In Fig. 3 are shown the DSC curves of the
studied PEO films. It can be seen that the de-
composition process was accompanied by endo-
thermic effect with two peaks. The peak tem-
peratures are given in Table 2. As can be seen
therein that the values of Tpea) decreased while
the values of Tpeakqny increased with the exposure
time.

Table 2. Characteristic temperatures of TG, DTG, and DSC curves obtained by thermal degradation of
PEO films irradiated with UV light for different period of times.

Sample Tinitial, °C Tonsets °C Tpeak’ °C Tends °C Tfinal, °C Tpeak(l), °C Tpeak(ll), °C
PEOO 259.7 375.4 400.1 416.1 490.8 374.0 438.5
PEO1.5 262.7 376.8 401.8 417.4 501.5 372.7 440.9
PEOS 272.1 377.0 401.7 417.3 501.9 371.3 441.5
PEO90 281.1 379.8 403.6 418.7 503.8 368.2 449.5
Tav °C 268.9 377.3 401.8 417.4 499.5 371.6 442.6
ATgy_0, °C 21.4 4.4 3.5 2.6 13.0 -5.8 11.0
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DSC, mW/mg

6250 360 SéO 460 4;0 560 550
T,°C

Fig. 3. DSC curves at a heating rate of

12.236°C/min for non-irradiated PEO films

(PEOO) and PEO films exposed to UV light for

1.5 h (PEOL.5), 5 h (PEO5) and 90 h (PEO90).

Data from the TG curves in the range of de-
gree of conversion a of 0.05 to 0.95 were used to
determine the kinetic parameters Ex, 4 by the
linear form of Coats-Redfern equation [7]:

9(a) _, AR

In—
T gE

EA
&t O

A

where g(a) is the integral conversion function
and the other symbols are the same as those in
Eqg. (8).

The dependence of In[g(e)/T?] versus 1/T
were plotted (not shown) using the functions
d(«) given in Table 1. If the correct g(e) func-
tion is used the plot should give a straight line,
with determination coefficient R? close to unity.
It Table 3 are presented the tenth g(«) functions
with higher values of R? in decreasing order and
the corresponding values of activation energy E,.

Table 3. Calculated values of the activation energy E, of PEO films irradiated with UV light for dif-
ferent period of times by the tenth best fitting kinetic models (types of g(«) functions).

PEOO PEOL1.5 PEO5 PEO90
- Mechanism Eja, kJ/mol Mechanism Ea, kJ/mol Mechanism Ep, kJ/mol Mechanism Ea, kJ/mol
1 D, 337.71 Ds 399.72 Fn 221.58 Fn 223.99
2 D, 348.26 F, 191.90 Ge 955.76 Ge 964.61
3 F, 164.45 Rs 194.39 Gs 714.07 Gs 720.71
4 Fus 164.14 R, 185.58 Faa 214.46 G, 476.80
5 R, 171.56 D, 375.68 G, 472.39 AL Fy 232.90
6 D, 312.25 e 199.02 A, Fy 230.70 Fau 215.40
7 Par 231.47 Gs 91.73 Aszp 150.14 Aszp 151.60
8 D; 369.82 G, 87.32 D; 429.73 A, 110.95
9 D, 295.65 Fis 177.32 A, 109.86 Az 70.30
10 R, 150.68 D, 363.93 R; 209.37 D; 430.89

As can be seen from Table 3 the most prob-
able mechanism function for PEO5 and PEO90
films was F,. The difference between the deter-
mination coefficients for PEOO and PEOL1.5
films obtained by the D,, D; and D, mechanism
functions, respectively, and the F, mechanism
function was insignificant (<0.0004). Conse-
guently the F, function was chosen as the most
probable mechanism function for all of the PEO
films.

The value of the reaction order n for each
sample was calculated using the Excel solver
tool. They are presented in Table 4 together with
the values of the activation energy Ex and the
pre-exponential factor A in the Arrhenius equa-
tion. As can be see in Table 4 the reaction order

increased from sample PEOOQ to sample PEO90,
and tended to a constant value.

The reaction order n for the PEOO films was
around 1/3 which corresponded to a chemical
process or mechanism of thermal degradation
non-involving equations. Moreover, if it was as-
sumed that the degradation mechanism was of D,
or D, instead of F,, the calculated value of E
would be inexplicably high. Therefore, the value
of Ea was used as another criterion in the selec-
tion of the mechanism function. The obtained
value of E, for PEOO, namely 164.45 kJ/mol,
was within the range 140-185 kJ/mol given by
Pielichowski and Flejtuch [1].

Considering the results presented in the work
by Criado et al. [11] and the values of x obtained
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using the simple formula x = EA/RT, x was in the
range 25-50, it could be concluded that the error
of the activation energy determined by CR
method was lower than 1.3%.

The activation energy of the irradiated PEO
samples was higher than that of PEOQ. Probably
this trend was due to cross-linking of the poly-
mer upon irradiation, i.e. the UV exposure led to
enhanced thermal stability of the studied films.

The values of the pre-exponential factor A for
solid state reactions usually vary in wide range

(six or seven orders). For first-order reactions,
the pre-exponential factor may vary in the range
10°~10" 1/min [6]. The low factor often indi-
cates a surface reaction, but if the reaction is not
dependent on surface area, the low factor may
indicate a “tight” complex. The high factors usu-
ally indicate a “loose” complex. As can be seen
in Table 4 the exposure of the PEO films to UV
light resulted in the increase of this kinetic pa-
rameter, i.e. the complex became more “loose”
with the increase in the irradiation time.

Table 4. Values of the reaction order n, activation energy E,, pre-exponential factor A in the Arrheni-
us equation, change of enthalpy AH”, change of entropy AS”, and change of Gibbs free energy AG” for
PEO films irradiated with UV light for different period of times.

Sample n Ea, kd/mol A, 1/min R? AS, J/(mol.K) AH, kJ/mol AG, kJ/mol
PEOO 0.3405 164.45 1.27x10"%  0.9901 —62.34 158.85 200.82
PEO15  0.6207 191.90 1.32x10"  0.9941 -23.75 186.29 202.32
PEO5 0.8624 221.58 1.18x10*  0.9971 13.65 215.97 206.76
PEO90 0.8757 223.99 1.69x10%®  0.9985 16.59 218.38 207.18

From the theory of Eyring [12] for the acti-
vated complex (transition state), it can be written
for the pre-exponential factor A in the Arrhenius
equation that:

exKsT o AS*
A= peak ex 10
™ p( - j (10)

where e = 2.7183 is the Napier number, y is the
transmission coefficient which is unity for
monomolecular reactions, kg is the Boltzmann
constant, h is the Planck constant, and T is the
peak temperature on the DTG curve. Since

AH* =E, —RT., (11)

the change of the enthalpy AH” and the change of
Gibbs free energy AG™ can be calculated for the
formation of the activated complex using the
thermodynamic equation:

AG" =AH” -T__ AS”

peak (12)

The values of AS”, AH” and AG™ for the for-
mation of the activated complex by the thermal
degradation of the PEO films were calculated at
Treak (Table 2), since this temperature character-
izes the highest rate of the process, and they are
shown in Table 4.

It can be seen from Table 4 that the change of
Gibbs free energy AG™ for the PEO films was
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positive values (about 204.3 kJ/mol) which indi-
cate that the process of degradation of the studied
materials was not a spontaneous one. The values
of the change of enthalpy AH” were positive ei-
ther, i.e. the process of thermal degradation of
the PEO films was connected with the introduc-
tion of heat. It could be concluded that as much
the films were more irradiated, the greater was
the need of heat introduction for their thermal
destruction.

The formation of the activated complex was
accompanied with the increase of the value of the
change of the entropy AS™ with the increase of
the exposure time. Furthermore, a growing linear
dependence between E, and AS” was observed.
For the samples PEOO and PEO1.5 AS™ was neg-
ative value, i.e. the activated complex formed
was more structured or “organized” than the ini-
tial reagents. While for the samples PEO5 and
PEO90 AS” was positive values, and it could be
suggested that the formation of activated com-
plex for these samples was a reaction of dissocia-
tion of complex molecules (reagents) to simpler
fragments (radicals). It could be assumed that at
the thermal degradation of polyethylene oxide
films in an inert atmosphere two competing pro-
cesses occurred — destruction and recombination.
The obtained macroradicals probably recombine
with each other, and the formed fractions of the
polymer with higher molecular weight which
require a higher energy of destruction.

The parameter lifetime t; is very useful in the
selection of polymers for different applications



especially where long-term usage is essential.
The lifetime is usually determined under condi-
tions of accelerated ageing, but it can be deter-
mined on the basis of data from the thermal
analysis either. This parameter is defined as the
time when the mass loss reaches 5 mass%. If the
reaction mechanism is F,, and if n = 1, then it can
be calculated by one of the three definitional
equations, in particular [6]:

B (1-0.95") E,
t; _Wexp(ﬁj (13)

where n is the reaction order.

Using Eq. (13) the time required for degrada-
tion of 5 mass% of the polyethylene oxide films
in the temperature range of 25 to 200°C was cal-
culated. In Fig. 4 are shown the plotted curves of
the dependence of the lifetime on the tempera-
ture by the thermal degradation of the PEO films.
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Fig. 4. Dependence of the lifetime t; on the tem-
perature for non-irradiated PEO films (PEOOQ)
and PEO films exposed to UV light for 1.5 h
(PEOL1.5), 5 h (PEO5) and 90 h (PEO90).

As can be seen in Fig. 4 the lifetime t; in ni-
trogen atmosphere of the PEO films steeper de-
creased with the increase in the temperature. For
the irradiated PEO films this parameter was
higher, but the difference between t; of PEO5 and
PEO90 was insignificant. Therefore, the optimal
time for irradiation of PEO film with aim they to
be more stable was determined to be 5 h.

Conclusions
The Kkinetic parameters at non-isothermal deg-

radation of PEO films in nitrogen atmosphere
were determined using data at a constant single

heating rate by the Coats-Redfern method. On
the basis of the obtained kinetic parameters for
non-irradiated PEO foils and PEO foils irradiated
with UV light for different times it was conclud-
ed that the exposure to the UV light resulted in
an increase of activation energy with about 60
kJ/mol, and it was connected with the introduc-
tion of extra heat. F,, was suggested as the most
probable mechanism function, and the reaction
order was determined to increase with the irradi-
ation time and tended to a constant value of
about 0.88. The lifetime estimation showed in-
crease of the stability of the irradiated films than
non-irradiated, and the optimal irradiation time
was determined to be 5 hours.
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METOJINKH 3A ONPEJEJISIHE HA JTHEBHUTE CYMU HA CYMAPHATA CJIHbHYEBA
PAJIMALIAS

3apaBka Hukomnaesa

METHODS FOR DETERMINATION OF DAILY AMOUNT OF TOTAL SOLAR
RADIATION

Zdravka Nikolaeva

ABSTRACT: In this paper theoretical equation for calculating of total solar radiation is displayed. Used
data are measured values of total solar radiation for four counts of monitoring (AIS Dolno Ezerovo, AlS Meden
Rudnik, DOAS OPSIS and Mobile station). Proposed is a regression model that estimates are significantly
lighter and suitable for testing the hourly distribution of total solar radiation. A statistical evaluation of the
quality of displayed models. The coefficient values of determination are high enough to assume that the models
are characterized by good quality and reliability, and the values of the F-statistics support their significance.
The methods are suitable for practice (design of solar systems, greenhouses, photovoltaic and others.).

Key words: total solar radiation, regression model, coefficient of determination, F — statistics

BnBenenune

CrnpHUeBaTa pajuManvs € BaXKCH IMPUPOJCH
¢dakrop, opmupail KiuMmMaTa Ha IUIaHETaTa U
BITUSIEIN] BHPXY BCHUUYKH KUBU OPTaHU3MH U OKOJII-
Hata cpefa. lIpm HEHHOTO MpeMHHaBaHE Mpe3
3emHara armMocdepa okojio 35% ce oTpassBa 00-
paTHO B KocMmoca, okono 23% ce pascediBa OT
MOJIEKYJINTE Ha BB3IyXa, TBHPAUTE NPUMECH,
BOJHWTE TIApU U KauuI U Ap., a okojo 15% ce
MOTJIbIA OT BOJHUTE MapH, BBIIICPOIHUS JHOK-
CHJI, 030HA M TBHPJAUTE IPUMECH Ha Bb3ayxa. [o
3eMHaTa MOBBPXHOCT JAOCTUTa OKoJIo 27% oT pa-
JUAIKsTa, KOSITO CE Haphua Mpsika Cl'lbHUEBa pa-
nuaryst (Anexcanapos et. al., 2010). Ts u gactTa
oT nmudy3HaTa paguanus, KOATo JOCTHUra J0 3eM-
HaTa IOBBPXHOCT, OOpa3yBaT cymapHaTa
CIIbHYEBA pajualusl.

M3BecTHH ca ClEAHUTE TUIIOBE METOOH 3a
onpejeiisiHe Ha JHEBHUTE CYMH Ha CymapHaTa
CIbHYEBA pajualvisi BbPXY XOPHU3OHTAJIHA IIO-
BBPXHOCT:

® DETPECHUOHEH aHalli3 Ha EKCIIePUMEH-
TaJIHU JaHHU;
® TEOPETUYHO U3BEACHHU (HOPMYJIH.

B Tabmuma 1 ca mpeacTaBeHN HSIKOW HU3BECT-
HU OT JHUTepaTypara pPEerpecOHHH METOIU 3a
ompe-/ieNiTHe Ha CyMapHa CIIbHYEBa pajvaius
BbPXY XOPHU30HTAIHA TOBBPXHOCT.

O3naueHus B Ta0I. 1:
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G - cymapHa CciabHYEBA paaMalUs BbPXY
eIM-HUIIA TUION 32 €JMHUIIA BpeMe (MHTEH3UTET,
HHCOJIAIHS), W/m?;

G, — o01ua M3BbH3EMHA CITBHUYEBA PajHALs

(cymapua riobanHa nrconamus), W/m?;

N — MPOJBJDKUTEIHOCT HA CIIBHYEBOTO Tpee-
ue, h; N — MmakcumasHa (acTpOHOMHYECKA) TMPO-
JJDKATEIHOCT Ha CI'bHYEBOTO rpeene, h; n/N —
OTHOCHTEJIHA MPOJBIDKATEIHOCT Ha CIbHYEBOTO
rpecHe;

Thex s Tiin— CPelHa MakCHMalHa U MUHH-

MayHa Temneparypu, K;
C — cpeHa IEHOHOIIIHA 00JIaYHOCT, Y%

aj, b — perpecnonsn koeduIEHTH.

B swurteparypara MMa W METOIM 3a H3YHC-
JsIBaHE Ha CyMapHaTa CI'bHYEBA pajuanus 4pes3
U3MoJI3BaHe Ha u3BeaeHu (opmynu. Hampumep
(Sabziparvar, 2007) u3mon3Ba 3aBUCHMMOCTTa Ha
CI'bHYEBUTE PAJAMAIIMOHHH MOTOIM OT OOJaYHHUs
CIIOW BBB BHIMMHS JMana3oH M T'M TECTBa 3a
peasHO M3MEpPeHU JaHHH 3a CIbHUYeBaTa pajua-
us 32 pa3jiuvHU TrpajoBe. HeroBure mpomMeH-
JIMBY BKJIIOYBAT BUCOYMHATa Ha CI'BHIETO U pas3-
crosiarero 3ems-Cipaie. (Rehman, 1998) wus-
nos3Ba reorpadckara mMPHHA U IBIDKUHA, MPO-
JBIDKUTEITHOCTTA Ha CIIBHUEBOTO TpeeHe H ajle-
noto. Neamah, 2011 pa3pabGorBa Mozaenu Ha pa-
JIMAIHATA, 3a MPEJICKa3BaHe Ha 1M0YacoBa Mpsika,
TUQy3Ha U CyMapHa CITbHYEBA pajifaIiusl.



K®M Hacrosmus MmomeHT, ocobeno 3a brira-
pus, YCWINATA U ICHHOCTHTE 10 M3CIIe/IBaHE Ha
CI'lbHYEBATa pajHalys ca KOHICHTPUPAHU TJIaB-
HO B HAaTPYIBaHE U CTaTUCTHYECKa 00paboTKa Ha
JIAHHHU OT M3MEPBaHNUs, KOUTO C€ M3IOJI3BAT Haii-

BeYe 3a MPAKTHYECKO MPUIIOKEHHE, KaTo Harpa-
BaTa Ha CIIbHYEBU KOJECKTOPH, MPOCKTHPAHE Ha
OTOIUIMTENIHW M XJAJAWJIHA CHCTEMH 3a J0Ma,
MapHULH U JP.

Taﬁ.nnua 1. MCTOI[I/I 3a U34YMCIFIBAHC Ha JHCBHUTC CYMHU Ha CyMapHaTa CIIBbHYCBA paJualvsd BbHPXY

XOPHU30HTATHA MMOBBPXHOCT

Metonu PerpecuoHHH ypaBHEHUsI
Angstrom,1924 © _bial
t - = —
(Angstrom, ) G, N
2 3
(Bahel, 1987) S b+a,.—+a, (ﬂj +ag (ﬂj
G, N N
G n n\?
(Ahmad, 2004) —=b+a.—+a,| —
G, N N
(Ivancheva u Koleva, 2008) G=b+a;.n+a, T ux +83.Tin +a4.C
G T
(Okundamija u Nzeako, 2011) — =b+a;.Rr +a, Tyey ; Ry =10
G0 Tmax

B paborara ¢ u3BeseHO TEOPETUYHO ypaB-
HEHHE 3a NpecMsTaHe Ha CIIbHYEBaTa pajaua-
IUsI, KOETO MOXKE J]a Ce M3IMOJ3Ba MO-CKOPO 32
M0-33/IbJIOOYCHN HAYYHH WM3CIICIBAHUS U HE ©
y100HO 3a €KeTHEBHO MPAKTUIECKO MPHUITOKE-
uue. [IpemioskeH € U perpecuoHeH MOJeN, ¢
KOMTO M3YKCIICHUATA Ca 3HAYUTEITHO O0JIeKYe-
HU U ca MOIXOMSINM 3a M3cJe/BaHe Ha 4aco-
BOTO pa3lpeieliecHue Ha cymMapHara Ci'bHYeBa
pamuanusa. MeToaukata ¢ yo0Ha 3a TpaKTH-
Kara (MpU NPOCKTUPAHE HA COJIAPHHU CHUCTEMH,
napHuiy, GoroBosiTauiid U ap.). Hampasena e
CTaTUCTHYECKA OIEHKA Ha Ka4eCTBOTO HA W3-
BEJICHUTE MOJICITH.

®ur. 1. Cxema KbM MaTeMaTUYHUS MOICa
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MeToau Ha u3cJieABaHe

Hanpaseno e Mopenupane Ha cymapHa
CITBHUEBA pagualus 4pe3 onpocreHa Gpopmyia
Ha 3aTOIUISHE C OTYMUTaHe Ha €HePrHMHUTE TO-
Touu. Pasrnexna ce M3MEHEHHETO Ha TeMile-
patypaTa B 3aTBOPEHO IPOCTPAHCTBO C (opma
Ha Ky0, M30JIMpaH U ToYepHeH oTBbTpe. CIIbH-
YEeBHTE JIbYM NaJIaT MEePIECHANKYIISPHO Ha TPO-
3padHarTa ropHa CTeHa Ha KyOa.

[Ipenmonara ce, 4e BxondIara eHeprus oT

Cnpanero Wy, n Gnmskarta okonmHa cpena e

rioctosiHHa (¢wur. 1).




Oznauenns Ha dur. 1:

1 — mpo3payen Kamak (0T CTHKIJIO WJIU TOJH-
MEpHO (OJTHO0); 2 — TOTUTIOM30JIAIINS;

W3y — Bxozsia eneprus;

W 37 — u3mbueHa eHeprust OT OTKpHUTATa

3a CITbHYEBHUTE JIYM CTEHA Ha Ky0a,

W, T — eneprust u temmeparypa BbB BbT-
pemHoCTTa Ha Ky0a;

T,— TemmepaTypa BB BBTPCIIHOCTTa HA

Ky0Oa B HauanHuA MOMeHT t, =0,
W, — eneprus BbB BbTpeLIHOCTTa HA Ky0a B

Hauganuus Moment (W, = min).

[lpn nocTWrane Ha CTaMOHAPHO PaBHO-
BECHO CBCTOSHHE, BXOASAIIATA M H3IbUCHATA

eneprus ca pasuu: Wy =W ;57 . Torasa BbT-

penrnara exneprus ¢ MakcumaiaHa Wy ax -

B mpomeca Ha HarpsBaHeTO, aKO B MOMEHT
t, Bprpemnara eneprus € W, T0 BbB MOMEHT
t+dt ne W+dW .

M3MeHeHneTo Ha eHeprusra € I0-TOJIIMO
ot uyia (dW > 0), Tpii KaTo MPOTHYA MPOIIEC
Ha HarpsBaHe. HapacTBaHeTto Ha eHeprusra
BBB BCEKM MOMEHT € IIPOIIOPIIMOHAIHO Ha pa3-
JIMKaTa MCKAy MaKCUMaJIHaTa CHEPrus U CHEP-
T'daTa BbB BbTPCUHIHOCTTA HA IMapHUKA, KaKTO U
Ha MHTEpBaJa OT BpeMe (OCHOBHA XMIIOTE3a B
I'BPBO TPUOIKEHHE):

dW = £(Wyax —W )dt, (1)

KBAETO: M — KOC(UIHUEHT Ha MPONOPLHMOHAI-

HOCT, KOWTO 3aBUCH OT pa3Mepa Ha Ky0a, cTe-
HUTe, 00eMa, MaTepHaya, BHHIIHATA TEMIIE-
parypa u ap.

Cnen pemaBane Ha ypaBHenue (1) 3a eHep-
rusta W BBB BbTpEIIHOCTTa Ha Ky0a ce moiy-
yaBa cjeaHaTa popMmyia:

W =Wiax —Wiax —Wo Je™* (2)

IIpennoxxeH € U perpecuoHeH MOJIEN, C KO-
TO M3YHCIICHUATA Ca 3HAYUTEITHO OOJIEKUCHU U
ca ChIIO MOAXOASIIM 32 HU3CIEABAHE Ha 4Ya-
COBOTO pa3mpejieiieHue Ha CyMapHaTa CIbHYe-
Ba pajualusi, KOWTo MMa BUjA:

G=b+at+a,t®+at3+ -

+a tt+agt® +agtt
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Kbaero: b, a8;, @y, ..., 8 — PErPECHOHHU

koeduimeHTH, t— Bpeme.

3a oLeHKa Ha KayecTBOTO HA PErpecHOH-
HHATE Monenu (2) ce M3IMoiI3Ba KOCHHUITUEHTHT
Ha JeTepMUHAIIS R2, KOMTO Ompenens CTereH-
Ta Ha JIMHCIHA 3aBUCHMOCT MEXIY BKJIIOUE-
HUTE B MOJEJa PErpecopu M NpelcKa3zaHaTa
CTOWHOCT Ha wW3XomHaTa BenmunHa (Mapkos,
1997). 3amb/DKUTEHO YCIOBUE B TO3H CIIyYai
e mpoBepKaTa Ha 3HAYMMOCTTA Ha R’, 3a KoeTo
ce M3II0I3Ba KpuTepusT Ha Fisher

RZ  (N;—k)

(1_ RZ)' (k-1)

Kb/1eTO: K — OposIT Ha OlICHSIBAHUTE TTAPAMETPH

(4)

Ha moziena; N;— 00eMbT Ha U3BajKaTa OT eKC-

HEePUMEHTAIIHY JIAHHH.
Kputepusr na Fisher e cbe crenenu Ha cBo-

IIpu F > F(a,vl,vz)= Ferit» cToitHOCTTA

Ha R°e 3HaumMa u MoKe Ila ce M3IO0J3Ba 3a
OLICHKAa HA aJeKBaTHOCTTa Ha Moxena. Koi-
KOTO II0-BHCOKAa € M3YMCIIeHaTa CTOMHOCT Ha
R2, TONKOBA MO HANEKIEH € M3BEICHHUAT per-
PECHOHEH MOJIes TPH HUBO HA 3HAYUMOCT .

[peiokeHUTe METOAUKHU TpeyiaraT Bb3-
MOYKHOCTH 34 [104aCOBO M3UUCIISBAHE HA JHEB-
HUTE CTOMHOCTH Ha CyMapHaTa CIIbHUEBa pa-
Ay B JajeHa 00JIacT.

Pe3yaraTtn u 06chbKIaHE

Heobxomumo ycioBue, 3a 1a Objae U3Mom3-
BaHa 3aBUCUMOCTTA (2), € KOeQUIMEeHTHT u Ja
ObJie olleHeH. 3a Ta3u Lell ca U3MO0J3BaHH JaH-
HU 32 H3MEPEHH CTOMHOCTM Ha CyMapHaTa
cpHuUeBa paauaius ot PVGIS-CMSAF (Solar
Radiation Databases) 3a nBanameceT romuineH
nepuoj Bpeme. Bemnara tpsiOBa ma ce oroe-
JIeKH, Y€ CTOMHOCTTA Ha y € pa3iIndHa 3a pas-
JIMYHUTE TOOAMHU, Mecenu, THu U 0.25-yacoBu
(15 MuHYTHH) IEpUOIN B KOHKPETEH JIEH.

B choTBeTCTBHE ChC CBETOBHATA IPaKTHKA
(Klein, 1977), 3a Bceku Mecell OT roJJHATa Ce
n3bupa enuH ,,IpencTaBuTeIeH meH (0OMKHO-
BeHo 157 umcino). Pasnpenenenuero Ha 15-
MUHYTHUTE W3MEPEHU CTOMHOCTH Ha pajua-
LUATA 34 ,,[IPESACTABUTEIHMS IEH CE OIpees
[IOCPEACTBOM OCPEIHSABAHE Ha CHOTBETHHUTE
JAHHW OT JBaHAJECET TOJUIIHUS IEPUOJ Ha
HaOmoieHue. IMeHHO TOBa pasIpe/ieiicHue ce



W3M0JI3Ba 32 OICHsABaHE HA KOoe(UIMEHTa u 3a
KOHKPETHHS Mecel| M 32 KOHKPETHOTO MSICTO.
ToBa ce OChIIeCTBsABA IO CIICTHUS HAYUH:

3a Bceku 15-MHHYTEH MHTEpBaJ OT TpEa-
CTaBHTEIIHUS JIeH KOCQUIMEHTHT i CE OIpe-
nens mo opmyIiata

|nM
G, -G,

" , (9)

IL[:

KbACTO:

G, — u3MepeHara CTOMHOCT Ha CyMapHaTa

CIbHYEBATA paaualus 3a TeKylus 15-Muny-
TEH WHTEPBAI, W/m?;

G;— u3MepeHaTa CTOMHOCT Ha CymapHaTa
CITbHYEBATA pazuanus 3a npenxoanus 15-mu-
HyTEH UHTEpBa, Wim?;

G, — Hali-HUCKaTa CTOMHOCT Ha U3MEpeHa-

Ta CyMapHa CI'bHYEBa paJuals 3a MpeCTaB -
TeNnHus el oT Mecena, W/m?;

t — BpeMe OT HayaaHWsI MOMEHT Ha M3MeEp-
BaHe Ha pajuanuATa 10 TeKyIHs 15-MHHYTeH
uHTepBal, h.

Ta6auuna 2. M3uncienn mo ypaBHeHHe (2) 1 M3MEPEHN YaCOBH CTOMHOCTH Ha CyMapHaTa CI'lbHUEBaTa
paguarus o Meceny 3a myHKT AVC [lonno E3epoBo

Meceng u Bpeme, h Geatc,, W/m? Gineas., W/m? c%
11.12 331.686 337 -1.58
Suyapu 1.123378 12.12 346.157 348 -0.53
13.12 324.410 329 -1.40
11.12 429.375 435 -1.29
despyapu 1.043158 12.12 445.877 448 -0.47
13.12 422.215 427 -1.12
11.12 501.428 508 -1.29
Mapt 0.928605 12.12 517.149 520 -0.55
13.12 495.407 500 -0.92
11.12 589.400 595 -0.94
Anpun 0.869915 12.12 604.445 607 -0.42
13.12 582.436 587 -0.78
11.12 714.893 719 -0.57
Maii 0.851073 12.12 733.138 735 -0.25
13.12 705.528 709 -0.49
11.12 707.214 714 -0.95
IOnu 0.735029 12.12 726.532 730 -0.47
13.12 698.328 704 -0.81
11.12 771.864 780 -1.04
Omu 0.723815 12.12 793.834 798 -0.52
13.12 761.193 768 -0.89
11.12 795.489 808 -1.55
Asrycr 0.747627 12.12 821.766 828 -0.75
13.12 783.622 794 -1.32
11.12 664.349 671 -0.99
CenreMBpH 0.909868 12.12 684.186 687 -041
13.12 654.634 660 -0.81
11.12 507.088 513 -1.15
OKTOMBpH 1.012466 12.12 524.704 527 -0.44
13.12 499,158 504 -0.96
11.12 420.547 428 -1.74
HoemBpwu 1.090676 12.12 439.318 442 -0.61
13.12 411.924 418 -1.45
11.12 328.835 334 -1.55
JlekeMBpH 1.194931 12.12 343.418 345 -0.46
13.12 322.436 327 -1.40
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M3uucnsBa ce cpenHara CTOMHOCT Ha KOe-
(umenTruTe y, M TS Ce M3IMOJI3Ba B YpaBHEHUE
(2) 3a KOHKpeTHHS Mecel] U KOHKpeTHaTa 00-
JIacT.

3a ma Obae mpoBepeHa TOYHOCTTA HA W3-
BEJICHUS] MOJIEN, Ca W3YMCIICHHW IT0YACOBHTE
CTOMHOCTHTE Ha CyMapHaTa CI'bHYEBa pajua-
M 32 YETHPHU MYHKTa 32 MOHUTOPHHT Ha Te-
putopusita Ha OOmmHa byprac:

e AHNC J[onno E3zepoBo (eBpomeiicku
kox BG0044A);

e ANC Menen Pyanuk (eBpomneicku
kox BG0063A);

e JIOAC OPSIS (eBpormeiicku
BGO0056A);

e MoOwuiHa cTaHus.

N3rounuksT Ha nanaute € (Solar Radiation
Databases). 3mepenuTe croiiHoCTH ca oT 4.87
10 19.87 h cwe crpmka 0.25 h (15 munyTH).

TouHOCTTa Ha TpeAcKa3BaHE € MPOBEPEHa
MOCPEJICTBOM CpaBHEHHE Ha U3MEPEHUTE C H3-
YUCJICHUTEe 110 (2) CTOMHOCTH 3a BCEKH OT
ITyHKTOBETE HA MOHUTOPHUHT U 32 BCEKU OT Me-
cenute. [IpenBua ronemus o6eM Ha JaHHUTE,
CPaBHEHHETO € HaIllpaBEHO 3a JBYYaCOB MEpH-
Ol OT JieHsA, a uMeHHO oT 11.12 mo 13.12 gaca
(popmat uac.cmommu).

PesynTatute OT HampaBeHOTO CpaBHEHHUE
HanpuMep 3a myHKT AMC JlomHo E3epoBo ca
MpeJICTaBeHN B TabiuIa 2, B KOSATO Ca U3IMOJ3-
BaHU CJIICAHUTEC O3HAYCHUA:

KO

Geale, — M3uHUCIIeHa 1Mo (2) CTOHHOCT Ha Cy-
MapHaTa ClIbHYEBa paauallus, W/m?;

Gmeas — U3MEpPEHA CTOWHOCT Ha CyMapHara
cpHueBa paguarms, W/ m?;

& — OTHOCHTEIHA Tpemika, %o.

AHaIU3BT HA PE3YIATATUTE OT M3CIECABAHETO
II0Ka3Ba CJICIHOTO:

e MakcumaaHaTa Ipelika Ha IpeacKas-
BaHe ce moiy4aBa 3a myHKT JJOAC
OPSIS u Bb3113a Ha 1.94 %;

e (CpenHara rpelika Ha MPeJICKa3BaHe 3a
OTJICIIHUTE ITYHKTOBE 32 MOHUTOPHUHT
e, KaKkTo cjelBa:

o AUC Menen Pynuuk - 0.80 %;
o AMUC Jlomno Ezepogo - 0.91 %;
o JOAC OPSIS - 0.94;

o Mobwuina cranmus - 0.92;

e [lpaBu BmeuaricHue, Y€ aOCONIOTHO
BCUYKH TPEUIKU ca oTpuuarenHu. Haii-
BEpPOATHO CTaBa JyMa 3a CHUCTCMHA
rpeIlika, CBbp3aHa C EKCIICPUMEHTAN-
HoTo m3cnenBane. Ho TpsiOBa na ce o1-
OeJexku, ye Makap U CUCTEMHa, Tpell-
KaTa € JIOCTaTh4YHO MaJKa, 3a Jia Ipe-
JIM3BUKA KAKBOTO U JIa € IPUTCCHEHHE.

Ha ¢wr. 2, B rpaduueH Buz, € IpeiCcTaBeHO

M3MEHCHUETO Ha CyMapHaTa CIbHYEBa pajua-
uusd, uzuucinena 3a AUC Jlonno EzepoBo, mo
Mozen (2). Ob6xBaHAT € MEePHOABT OT U3rpeBa
1o 3ajne3a Ha CIIBHIIETO, a BCAKA OT KPUBHUTE
CHOTBETCTBA HA KOHKPETEH MECEII.

AMC HNoano E3epoBo, Byprac
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14.62
15.37
19.87 1

YacOBU CTOMHOCTU Ha CyMapHaTa C/IIbHYCBa paauvanus 1o MECCUU 3a ANC



Tabauna 3. Perpecnonnu moznenn 3a AVUC Jlomxo EzepoBo

Mecen PerpecuoHHM ypaBHEHUS
G =17222.4-9592.86. + 2135.06.t% — 24557313 +
Snyapu
+15.64071* —0.5267261° + 0.00733.t°
G = —867.225+697.8701 — 225.67112 +35.2139.°3 —
®eBpyapu
—2.635271% +0.0915251° —0.0011831°
" G = 75.96798 + 75.2990t — 67.570512 +15.79941° —
apT
~1.3879241* + 0.051316.t° — 0.000673.t°
G =897.130 — 480.7021t + 75.72251° —1.926841° —
Anpun
~0.237071t% +0.013551° — 0.0001811°
Mai G =95.3680 + 97.5032.t —90.3152.t% + 21.95551° —
aun
—2.00041.t* +0.077411° —0.001082.t°
o G = -59.8870 +185.1432t —107.20812 + 23.4959t3 —
HU
—2.075741* +0.079441° —0.001106.t°
o G = —259.736 + 381.231t —177.0571% + 34.70351°% —
TN
—2.940391* +0.110952.t° —0.0015431°
G =195.482 +134.151t —128.364.t% + 30.0073.t°% —
ABryct
—2.68801.t* +0.103306.t° —0.001439.t°
G =431.912 —37.5374t — 72.5827t° + 20.66281° —
CenremBpH
~1.926671% +0.073990.t° — 0.001009.t°
G = —467.980 + 481.306.t —183.602.t% +31.8039.t° —
OxTomBpHU
—2.52350t* +0.0911231% — 0.0012181°
G = -4959.88 +3192.82t —836.232t% +111.51413 —
Hoemepu
—7.775141* +0.2689111° — 0.0036411°
G = —4581.84 + 2833.02.t — 719.38812 +93.82181°% —
HexemBpu
—6.445061% +0.2206381° — 0.0029641°

B 3axitouenue, 3a peanoKeHus: MOJIeT 3a Ofl-
pelensHe Ha CyMapHaTa CIbHYEBA paJHaLHs
(2) Mmoxe 51a ce Kaxke CIIEAHOTO:

®  MOJIETBT € YHUBEPCAJICH;

o MOACIBT UMa q)HSH‘IeCKI/I CMHUCBII,

e Ha 0azara Ha HEroJsiM 00eM H3MepBa-
HUSI TOM MOKE Jla C€ aJlalThpa 1 jJa ce
M3II0JI3Ba 33 pa3iM4Hu 00jacTH B bbi-
rapus u Csera;

® TOYHOCTTA Ha MpEICKa3BaHEe Ha cymap-
HaTa CIbHUEBA PaJIUAINsl € BUCOKA;

®  MOJEIHT OM MOTBII Jia ObJie U3MOI3BAH
MI0-CKOPO 32 MM0-3aIbJIO0OYEHN HAYYHU
U3CIeBaHMs, HO HE € YA0OCH 3a exXe-
HEBHO MPaKTHYECKO IPUIIOKEHHE.
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HampaBenu ca m34mcneHust U ¢ U3BEACHUA
perpecuoneH mozaen (3), ¢ KOWTO mpecMsATa-
HUSTA ca 3HAYUTENHO OOJEKUEHH U ca MOJIXO-
ISIIA 32 W3CJIEBaHE HA YacOBOTO pas3mpere-
JIeHWE Ha CyMapHaTa CI'lbHUEBA PaHariys.

[lomyuenuTe perpecMoOHHH ypaBHEHHs Ha-
npuMmep 3a nyHKT JlomHo E3epoBo ca mpen-
cTaBeHHu B Tabmmma 3.

Benukn u3BeneHrn MOJenu BKIIIOYBAT €/1HA-
KbB Opoii koepuuueHtu: b, a; + as.

Hanuunaure wn3mMepeHM CTOHHOCTH Ha Cy-
MapHaTa CIbHYEeBa pajguanus obaue ca pas-
JIMYHU 32 OTAEIHUTE MECELH, KaTo BapupaT OT
36 o 61.




Ta6auna 4. Koepunuentn Ha nerepmunanus R 2 3a Mozenu (2) u (3) mo meceru

AUNC fonno Ezeposo ANC Menen Pynsuk
Mecerg RZ, R2, R2, RZ,
mozen (2) mozen (3) mozen (2) mozen (3)
SAnyapu 0.9974 0.9976 0.9971 0.9988
DeBpyapu 0.9975 0.9951 0.9973 0.9951
Mapt 0.9957 0.9967 0.9956 0.9964
Anpun 0.9966 0.9964 0.9964 0.9964
Mait 0.9992 0.9968 0.9991 0.9968
J10):0:1 0.9985 0.9969 0.9983 0.9969
Om 0.9984 0.9973 0.9984 0.9974
ABrycT 0.9964 0.9970 0.9963 0.9970
CenrreMBpH 0.9969 0.9965 0.9969 0.9965
OKTOMBpH 0.9978 0.9966 0.9964 0.9966
HoemBpu 0.9954 0.9968 0.9953 0.9969
JexemBpu 0.9942 0.9967 0.9976 0.9964
ANC Jonno E3zepoBo AUNC Menen Pynnuk
MCCCH RZ, RZ, RZ, RZ,
mozen (2) Mozen (3) Mozen (2) mozen (3)
Snyapu 0.9970 0.9977 0.9971 0.9977
DeBpyapu 0.9957 0.9958 0.9958 0.9957
Mapt 0.9955 0.9964 0.9956 0.9964
Arnpuin 0.9964 0.9962 0.9964 0.9963
Mait 0.9992 0.9967 0.9992 0.9968
J10):051 0.9982 0.9968 0.9983 0.9969
Onu 0.9984 0.9974 0.9985 0.9975
ABryct 0.9961 0.9969 0.9962 0.9969
CenteMBpHu 0.9968 0.9964 0.9968 0.9964
OKTOMBpH 0.9964 0.9967 0.9964 0.9966
HoewmBpu 0.9952 0.9970 0.9954 0.9970
JexemBpu 0.9938 0.9964 0.9975 0.9964
AUC Jlonuo E3epoBo
o
o |}
< s
g .
>
§- 0 Series1
7 oo . dopwya (4.5)
Z
E " 500 -
E_ = 00 . ! = Series2
g a0 = dopmyina (4.7)
i 200 ] .r-l’.'!I — Linear (Seriesl1)
g 100
&
0
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CymapHa corbHYe Ba paxuanus, popmynaa (4.5), W/m®

®urypa 3. zuncnenn no moaenute (2) u (3) cTolfHOCTH Ha cymMapHarta cirbHUeBa paauanus 3a AUC
Honuo EzepoBo
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[Ipensun ToBa, MapamMeTpUTe Ha KPUTEPUS
Ha Duiep ce ompenenaT KakTo CleiBa: o =
0.05; v;=6; v,=29 + 54. OrTyk cnenBa, ye
KpUTHYHATA CTOMHOCT € 0T 2.27 10 2.42.

JlormyHo e na ObJe HampaBeHa MpPOBEpKa
JIAIA OTIPOCTEHUAT Mozen (3) 3ama3Ba KadecT-
BOTO Ha Mozena (2).

B Ttabmuma 4 ca nageHdn moiydeHHWTE Koe-
¢unMeHTH Ha JeTepMHUHALMA 3a Mojenu (2) u
(3) o myHKTOBE U MeceIy.

Ha ¢wur. 3 ca npencraBenu rpapuiecKu u3-
yucieHure mo moxaenure (2) u (3) croliHOCTH
Ha CyMapHaTa CIIbHUEBa paauanys Harpumep
3a AWC lomao Ezeposo.

Ot Tabmuma 4 ce Bmwkaa, 4e Koedu-
UCHTUTE Ha JICTEPMUHAIINS 32 BCHYKH MECEIH
UMaT CTOWHOCTH, MHOTO OJIM3KH JIO €IWHHIIA

(R2> 0.99), a ¢urypa 3 mmocTpupa TBbpIE
JI00po ChBMAJCHHE HA TPEICKA3BAHUTE CTOM-
HOCTH T10 J]BaTa MoJIeJa.

W3uncneHusnTa ¢ NpeIoKEHUIT PErpecro-
HEH MOJIe Ca 3HAYUTEIHO OOJEKYeHH W ca
NOAXOMSAIIA 32 U3CICIBAHE HA YacOBOTO Pa3-
npe/ieliecHe Ha CyMapHara CIbHYeBa pajua-
usi. MetoaukaTta € ynoOHa M 3a MpaKkTHKaTa
(Ipu MpOEKTHpaHe Ha COJApPHH CHCTEMH, Iap-
HUIH, (DOTOBOJITAUIU H JIP.).

H3Boan

1. U3BeneHO € TEOpPETUYHO YpaBHEHHUE 3a
MpecMATaHe Ha YacOBUTE CTOWHOCTH Ha Cy-
MapHara cibHYeBa pajuanus. [IpaBu Breuar-
JIeHWe, Y€ TPEIIKUTE Ca OTPHIATENHU, KOETO
Hal-BEpOSITHO C€ JBJDKHM HAa CHCTEMHA TpelliKa,
CBBp3aHa C EKCIepuMeHTa. MoJenbT € YHH-
BepcalieH, UMa (PU3UYECKH CMHUCHI ¥ MOXE Jia
ObJle M3MOI3BaH MMO-CKOPO 3a M0-33AbI00YECHN
HAyYHU U3CIICABAHMS.

2. HanpaBeHu ca M34MCIICHHUS U C PErpecu-
oHHMs Mozein. Ilpu cpaBHeHue Ha ;Bara Mme-
TO/a Cce BMXKJa, 4e KOe(UIMCHTUTE Ha AeTep-
MUHAIMsI UMAT CTOMHOCTH, MHOTO OJIU3KH JI0
€JIMHNIIA, KOETO TI0Ka3Ba, Y€ MoraT Jia ce W3-
TM0JI3BA 32 aHAJIU3 U MPOrHo3a. MeToaukuTe ca
yI00HHM U 3a IpaKTHKaTa (TIpy IPOEKTUpaHe Ha
COJIApHU CUCTEMH, TTAPHUITH U JIP.).
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KBAHTOBO-XUMHWYHU U3YNCJIIEHUA HA KOMIIVIEKCH HA ITIPEXOJIHU METAJIN
C N,N- IMMETUJBEH3NJIAMUH
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QUANTUM CHEMICAL CALCULATION OF TRANSITION METAL COMPLEXES WITH
N,N -DIMETHYLBENZYLAMINE

Viktoriya Trifonova, Emilya Ivanova, Sevdalina Turmanova, Krassimir Vassilev

ABSTRACT: The complexes of N,N-Dimethylbenzylamine (DMBEA) with various of salts such as
CuCl,.2H,0, CoCl,.6H,0, FeS0O,4.2H,0, NiSO,.7H,0 and Na,Mo00,4.2H,0 were obtained in aqueous solutions
at room temperature. The complexes were identified by IR-FT spectroscopy. The geometry of the resulting com-
pounds was optimized and their electronic structures were estimated. The semi-empirical quantum chemical
method ZINDO/1 was used for all calculations. The full energy of the investigated complexes was calculated and
the probable structure of the compounds was suggested.

Key words: heavy metal complexes, stereostructure, geometric optimization, quantum chemical methods

BnBenenne

IZOHI/ITG Ha MNOpEeXOoJHU MCETAJIM UIIIBJIHABAT
W3KIIIOYUTENIHO BaXKHA POJSI B MHOTO M Pa3HO-
o0pa3Hu XMMUKOTEXHOJIOTUYHM mporecu. Exna
rojsiMa 4acT OT T€3M MPOIECH WM3MCKBAT TOYHO
oIIpeJesieHH HOHM 3a OCBLIECTBABAHE HA CTPOTO
cneunuuHu peakuuu. B Te3u mpouecu e HE0O-
XOQUMO METAIHUAT MOH Ja ObJe B MMOAXO-IAINA
CTEIlEH Ha OKHCJIEHHUE, 3a Ja CbOTBETCTBA HA HE-
00X0INMHUTE KaTUINTHYHH U CTPYKTYPHU HU3UCK-
BaHus. [Iporecure, KOUTO ce peryaupar oT Mme-
TaJHYU HOHU ce OTJINYaBaT C M3KIIIOUMTEINIHA CIie-
nuduyHocT. Taka Hamp., HOHWTE Ha MaHraHa,
MarHesusi, >KeJsA30TO, KoOanTa, MeATa, MOJMO-
J€Ha W IIMHKAa BJIM3aT B CbCTaBa Ha €H3HMMHUTC
CHCTEMH, KaTaJH3Upally MPOLECH KaTo MPEeHOC
Ha  (QYHKOUOHATHH  TPYIH, OKHCIHUTEIHO-
PEOYKUMOHHN DPEaKUHUW WIM XUIPOJIU3HU IIPO-
necu. Kommiekcure va Mo(VI) ca eanu ot Haii-
N00pUTE KaTaqu3aTopu 3a CEIEKTUBHH OKHCIIH-
TCJIIHU PCAKIIMH, KaTaJIu3upalu ImpeHoca Ha Ku-
CIOPOZIEH aToM KbM OpraHudeH cyOcrpar
(Bagherzadeh, Haghdoost, Ghanbarpour, 2014).
Buabt Ha auraHguTe, CTPYKTypaTa Ha KOMIUIEK-
CUTC U PCAKIITMOHHUTE YCJIOBHA UMAT ONPECACIIALL
W 3HaYMM e(EeKT BbpPXY KaTaJIUTH4Y-HATa aKTHB-
HocT Ha Mo(VI) kommekcn.

C uen ma ce mpoyud edekra Ha JIMraHaa U
CJIO)KHATa XeJlaTHAa CTPYKTypa BbPXY KaTaJIUTH4-
HaTa aKTHBHOCT Ha KOMIUIEKCUTE € HE0OXO0IUMO
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na ObJie OIlEHeHa TeOMETPHITa Ha MOHOMEPHHUTE
(parMeHTH, M3rpaXkIalld KOMIUICKCHATA CHUCTe-
Mma (Vassilev, Turmanova, Ivanova, 2013, Typ-
maHoBa, MBanoBa, Bacwmies, 2015). Ilomyue-
HUTE KOMIUIEKCHU ChEIUHEHHsI MOTaT Jia TOCIy-
JKaT KaTo MOJeNM 3a OLlEHKa Ha IocieaBamiaTa
UM KaTaIMTHYHA aKTUBHOCT. XWMHUYHHTE IIOJ-
XO0JI1 B OMOHEOpTaHWYHATA XUMUS Ha €H3U-MUTE,
B YMHTO aKTUBEH IEHTHP € MOTUOICHUICH KaTH-
OH WU BoN(paMHIIeH KaTHOH, Ca H3IOJI3-BaHU
3a OKHCIICHHe Ha OwomomoOHuTe (OMOMU-
metuuHu) ctpykrypu (Majumdar, Sarkar, 2011).
IIpunoxxeHu ca n1Ba MOAXOa 3a MOJEIUPAHE B
OMOHEOpraHNYHATA XUMUS - ,,CTPYKTYPHO MOJIe-
mupaHe” #  ,,(YHKIMOHAIHO MOJEIupaHe*.
,»CTPYKTYPHOTO MOJIeTIpaHe’ € mojaxoJ] Ha Ouo-
MOTOOHUTE KOMIUIEKCH, KOUTO TPSOBa Ja ChIb-
PKaT MOYTH CHUIMTE JOHOPHU aTOMH, KaKBHUTO
ce ChIbpKaT OKOJIO HOHAa B CHIIMH-CKHUTE €H-
3UMHH CUCTEeMHU. ,,OYHKIIMOHATHOTO MOJEIHpa-
HE* e M0AX0/l, B KOUTO CHHTE3UPAaHUTE MOAETHU
KOMIIEKCH 110 cBouTe QYHKIIUU TpssOBa 1a
O0baT MHOTO OJM3KH A0 IPUPOTHUTE EH3UMHU.

Upe3 moabop Ha NHOAXOIAIIM JIMTAaHOH €
BB3MOKHO /Ia C€ CHUHTE3HpaT MOJIUOAECHOBH/ BO-
NppaMOBH KOMIUIEKCH, KOWUTO Ja W3ITBIHIBAT
(YHKUMUTE Ha aKTHBHU LEHTPOBE HA CIETHHUTE
EH3UMHHU CHCTEMH: CyJI(PHUTOKCHIIA3a, aJIeXha-
JNeXUApOreHasa, aleTHICHXHIpaTaza H Qepe-
JokcuHoKcuaopenaykrasa (Majumdar, et al.,
2011).



Upe3 xonzaenzanus Ha 1,8- munammHOHaAdTa-
JIeH 1 OSH3WUII ca MONYYCHH CEPUU OT MAKPOITHK-
muyan Komrutekeu Ha Cr(III), Fe(Ill) u Mn(III)
(Singh, Kumar and Sharma, 2009). Kommiekcu-
TE ca OXapaKTepPH3HMPAaHU C CIIEMEHTEH aHaNu3,
SAMP, MY- u wmacc- cnekTpockonusi. AHTH-
MHUKpOOHaIHATa aKTUBHOCT € M3CJIEJBAaHA CPEeLLy
: Staphylococcus aureus, Bacillus subtilis (I'pam-
mojoxurTeHu  Oakrepuu), Escherihia coli u
Psudomonas aeruginosa (I'pam- orpuuarenHu
6akrepun), Aspergillus niger, Aspergillus fumi-
gatus (murecenn) u Candida albicans u Saccharo-
myces cerevisiae (apoxxau). BcHYku KOMIUTEKCH
ca TeCTBaHU M MOKa3BaT A00pa aHTHOAaKTepHaIHa
aKTUBHOCT cpelry [ pam- MoJ0XUTEIHUTE OaKTe-
puH, HO He ca edekTuBHU cpeinry [ pam-oTpuIia-
TEJIHUTE TakuBa. M3cnenBaHa € aKTHMBHOCTTa Ha
kommiekcu Ha Ni(Il), Zn(Il), Co(Il), Fe(I),
Cu(In,V(Iv), W(VI) u Mo(VI) ¢ HezameHUMHTE
aMHHOKUCETMHN m3uH u MethHouuH (Vassilev,
et al., 2013). 3a monyyaBaHe Ha KOMIUIEKCH Ha
Fe(I1), Co(II), Cu(ID), V(IV), W(VI) u Mo(VI) ca
U3M0JI3BaHH MOJICKYJIH C ICHIPUTHU CTPYKTYPH,
ChABpXKAIM 8 W 32 IBPBUYHM aMHUHO TPYIHU
(Vassilev, et al., 2009), kato moJay4eHUTe U OXa-
paKTepU3UpaHH KOMIUIEKCH ca H3CIeIBaHH B
peaKnusTa OKHCICHUE Ha IUKIOXEKCEH C mpem-
OYTHIIXUAPOIIEPOKCH]I, ETHIOCH3CHXUIPOTICPOK-
CHUJT ¥ KYMHIJIXUPOTICPOKCH/.

Kommnekcure Ha MonubaeHa ¢ 32 mbpBHYHH
AMHWHO I'pyIlii Ca U3CJICABAaHN B pCaKlusiATa CIOK-
CUJIMpaHe Ha Pa3IMYHU MO CTPYKTypa ANKECHU C
mpem-0yTunxuaponepokcu. [lomydeHu ca uMo-
OunM3MpaHu KOMIUIeKcH Ha Oazata Ha [lludosu
0a3u M € yCTAaHOBEHO, Y€ TAXHATA KATATUTHYHA
AKTUBHOCT € MO-BUCOKA B CPABHEHUE C XOMOTCH-
aute uMm aHaimosm (Gupta, et al., 2008). Kom-
wiekcure Ha Fe(Il), Co(Il), Ni(I), Cu(ll) u
Zn(Il) ca wW3MON3BaHM KaTO KaTajlM3aTOpU 3a
eMOKCUANPaHEe Ha IMKJIOXEKCEH U OKUCIICHHE Ha
¢denoun. Paznuynn nmomuMep-MeTaTHi KOMIUIEKCH
Ha IlIndoBu 6a3u ¢ ycrex ca M3CICIBaHU KaTO
KaTaJM3aTOPU 332 OKUCICHHE Ha CTHPEH, CTHII-
OCH, TMMOHEH, [UKJIOOKTEH, OCH3UIOB aJIKOXOII
u np. (Gupta, et al., 2009).

IMony4yenn ca pasnuyau no ctpykrypa IIu-
¢boBu 0a3u upe3 KOHJACH3AIMS Ha IIbPBHUYHH
aMUHA W ajnaexuau. Te moraT ma oOpasysar
KOMIUICKCHU CBhEIMHEHHSI C HOHM Ha NPEXOIHU
METaau 4Ype3 CBOOOJHATA ENEeKTPOHHA JBOWKa
IIpyu a30THHUA aToM. Kommnnekcu nHa TUpUANII
ouc(umune) u mupuamn ouc(umunue) ¢ Co(Il),
Fe(Il) ca u3mon3BaHu Kato KaTajau3aTopu 3a IO-
aMMepH3anus Ha ereH W mporen (Gupta, et al.,
2008). Pazmmuau xomruiekcu Ha Llludosu 6azm
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ca M3MOJI3BaHH 33 OKUCICHUE Ha CYI(QHIH, THO-
AQHM30JIM, aNIeXHad, (EHON, CTUpPEH, pa3-
rpaxaaHe Ha BOJOPOJCH TMEPOKCHA, H30MEpH-
3arus U ap. CHHTE3MpaHu ca KOMIUIEKCH Ha I10-
JIU-4-BUHUIITUPUIUH (Turmanova, 2008;
Turmanova, Dimitrov, 2015) u amuHOKHCE-
nuHara xuctuau (Vassilev, et al., 2013) ¢ #onu
ma npexoman Mmetaam - Ni(Il), Mn(II), Zn(II),
Co(I1), Cu(Ir), W(VT), Mo(VI) u V(IV). 3a oxa-
paKTepU3UpaHe Ha KOMILICKCUTE Ca U3IMOJI3-BaHH
Y-, VB cnekrpockonusa u EIIP. U3cnen-BaHo e
NPUIOKEHHUETO Ha KOMIUICKCUTE KaTO KaTaam3a-
TOPH 3a OKHCJICHHE Ha IMKIOXCKCEH C mpem-
OyTuiaxuaponepokcua. IIpoaykTuTe Ha peak-
nuaTa ca  HMACHTH(UIMPAaHH C ra3 XpoMmaro-
rpadus ¢ Macc-CIEKTPOCKOMHS. Y CTaHOBEHO €,
Ye MPH BCHYKH TECT PEAKIIMH, MOJHOICHOBHTE
KOMIUTEKCH ca C€(EeKTHBHH [0 OTHOIICHHE Ha
peakiusTa CermoKCHIANPaHe, JOKATO OCTaHAIUTE
KOMILJICKCH €(EKTHBHO KaTalIM3UPaT PeakiusaTa
XUIPOKCHITHPAHE.

Hacrosmoro wu3cienBaHe € HAaCOYEHO KbM
aHamu3upaHe Ha (HaKTOPHUTE, KOMTO BIMSAT Ha
reoMeTpusiTa Ha CTaOMIIM3MpaHe Ha KOMILICKCH-
Te Ha Houu Ha npexoanu metamu (Cu(ll), Co(ll),
Fe(Il) m Ni(ll)), xakro M 3a KOMILIEKCHTE Ha
Mo(V]) ¢ tpernuen amuna N,N-auMeTnnOeH3m-
aMHH, Ype3 MPOBCKIaHE Ha ONTHMH3AIMS C
KBaHTOBO-XMMHYHH METO/IH.

ExcnepumeHT

1. U3n0J13BaHM MATEPUAJIU U PEaKTUBHU

CuCl,.2H,0, CoCl,.6H20, FeS0,.2H,0,
NlSO47Hzo, Na,Mo00,.2H,0, HNOg, CzH5OH
(Fluka, Switzerland), N,N-IuMeTnnOeH3uIaMuH
(IMBEA), NaOH (Sigma—Aldrich, USA).

2. IloryyaBaHe HA KOMILIEKCH HA HOHHM Ha
npexogun metaaum - Cu(ll), Co(ll), Fe(ll),
Ni(Il) 1 Mo(VI) ¢ N,N-mumeTHji0eH3nIaMuH
BbB BOJHH Pa3TBOPH.

Kbm 20 cm® Gupectunupana H,O ce mpuba-
Bar 1,2 g or Na,M00,.2H,0 (4,96><10'3 M) u
pa3TBOPBT ce moakucisBa ¢ paspeaeHa HNOj
(1:1) o pH 2,0- 2,2. KM 20 cm® 6uaectimmpa-
Ha H,O ce mpubasar 1,0 g N,N-
mumermnoensuaamus (1,38 cm?, 9,92x10° M) u
pa3TBOpBT ce mojakucisasa 1o pH 2,0 - 2,2. [Isata
pasTBOpa ce cMecBaT NMpPU MHTEH3UBHO paz0obp-
KBaHE MpH cTaiiHa Temmeparypa. [lomydeHara
yraiika ce puiTpyBa M mpomuBa ¢ OWAECTHIIH-
pana H,O no neyrpanna peakius. Cymu ce moj
BaKyyM 10 moctosiHHO Terio (TypmaHoBa u Cb-
aBT., 2015).



Kommiekcure Ha CoCl,.6H,0 (4,2><10'3 M),
FeS0,.2H,0 (5,31x10° M), CuCl,.2H,0 (7,43x
10 M) u NiSO,.7H,0 (3,56x 10 M) ca mony-
YeHH M0 IMOJA0OCH HA4YMH, KaKTO MOJuOIe-
HOBHUTE, HO 0€3 MOJKHCISBAHE HA BOJHUTE Pas-
TBOpU. BCHUYKM KOMIUIEKCH ca TONyYeHH MPH
CHOTHOIIICHUE MeTal: aurang = 1:2.

3. MeToau 3a aHa/Iu3

3.1. KBaHTOBO-XUMHYEH METO]

I'eomeTpuyHaTa onTUMH3AIMS Ha W3CIC/IBA-
HUTE MOHOMEpPHHU (parMeHTH OT OWJICHTATHU
KOMIUIEKCHH ChEIMHCHHS HA HOHH HA MPEXOIHH
metanu (Cu(ll), Co(ll), Ni(ll), Fe(ll) # Mo(V1))
¢ N,N-muMmeTniOeH3WIaMUH BBB BaKyyM € W3-
BBPIICHA C TIOMOIIITA Ha MOJyeMIHUPUYHUS KBaH-
toBo-xumuueH MeToq ZINDO/1 ot mpo-rpamuus
maket HyperChem 7.0 (9), usnonsBaii-ku craH-
JapTHaTa mapaMeTpusalus 3a atomure (Ander-
son, Cundary, Zerne, 1991). Kommiekcu-te ca
MPEIBAPUTEIIHO OIPEJICIICHU ¢ MeTojia Ha Mojte-
Ky.l'IHa MEXaHUKa OT ChIIUA nporpaMeH IIaKeT.

IIpy KBaHTOBO-XUMHYHHTE HW3YHCICHUS €
MPWIOKEH ONTUMHU3AIMOHHUAT AJITOPUTHM Ha
Fletcher-Reeves. Monekynute cbC 3aTBOpPEHH
00BHBKH OOMKHOBEHO C€ M3YMCIISIBAT B MPUOIH-
JKCHUETO HA OTPaHUYMTENHHUS MeTo] Ha Hartree-
Fock (OX®, RHF-Restricted Hartree-Fock), us3-
BECTCH CBHIIO KaTo CHI/IH'OFpaHI/I‘II/ITe.HeH METO/
na Hartree-Fock.

3.2. UndpavepBeHa CIEKTPOCKONUS

WudpayepBenure criekTpu Ha oOpasuure ca
peructpupaHu BbB BUJI Ha Tabnetku or KBr Ha
criektpodoromersp Bruker (Germany), FT-IR
Tensor—27, B uurepsana 4000-400 cm'™.

Pe3yaTaTtu u 00chiKIaHE

[lomyuenn ca KOMIUIEKCH Ha OCHOBa a30T-
CHABPKAIIO MOJETHO CBhEAMHEHHE TPETHYCH
aMHUH, 4Ype3 KOMIUIEKcooOpa3yBaHe C HOHHM Ha
MPEXOJHU METalld OT BOJHHU PAa3TBOPHU Ha COJIM.
dopMHpaHETO HA KOOPAMHAIIMOHHATAa CTPYKTYpa
Ha KOMIUIEKCUTE C€ M3BBPIIBA MPH KOMILIEKCO-
o0Opa3yBaHe Ha a30TCHIbPXKAIIM JIMTAHAU C Me-
TajeH WOH NIpU PEarupaHeTo Ha WHAMBHIYaIl-
HOTO ChEeJUHECHHE.

ITonydyenuTe KOMIUIEKCH HA MOHM HA TIPEXO/I-
HU MeTalu ca oxapakrepusupanu ¢ MY- cnek-
Tpockonusi. TpeTWYHHAT aMUH C apoMaTHa
CTPYKTypa C€ XapaKTepu3upa ChC CUMETPUYHU
tpentennss Ha C=C Bpb3kHTEe Ha OEH3ECHOBOTO
aapo mpu 844-702 cM”, HPUCHIIM HA W3BBH
paBHUHHHUTE Ae(OpPMAIOHHN TpenTeHus Ha C—
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H Bpb3kaTa ot apomatHoTO a1po (TypmaHoBa u
chaBT., 2015). IU crekTpuTe MOKa3BaT XapakKTe-
PUCTUYHU WBHUIIM, OTHACSILIU CE 32 CUMETPHUYHH
W aCHUMETPUYHHU BAJICHTHU TPENTEHUs] Ha BPb3-
kata Mo=0, JIMBEA-Mo mpu 949 u 881 cm™,
croTBeTHO. CIie1 KoMIUTeKcoo0pa3yBaHe ce Hao-
JI0/1aBa ¥ UBUIIA, KOATO XapakTepu3upa Bpb3Ka-
ta Mo—N, cworBerro mpu 462 cm™ (Colorado-
Peralta 2012; Lei, 2013; Pickett, 1982). 3a ocra-
Hamute komiuiekcu Ha JIMBEA ¢ iionute Ha
npexoauu metamu Cu(ll), Co(ll), Fe(ll) u Ni(ll)
ca PETUCTPHpPAHU WBHUIIM CHOTBETHO IpH 458,
492, 443 u 452 cM”, KOHTO XapaKTepPH3UPAT
BPB3KUTE METAN-a30T.

Ha 6a3a na anamusupanute MU criekTpu 1 OT
TUTEepaTypHHU JaHHH, Ha ¢urypu 1 u 2 ca mpen-
CTaBEHU BEPOSITHUTE CTEPEOCTPYKTYpH Ha OH-
JIEHTaTHA KOMITJIEKCH Ha WOHM Ha TPEXOHU Me-
tam ¢ IMBEA, usuncnenn ¢ merona ZINDO/1.

®@ur. 1. BeposiTHa CTEpPEOCTPYKTypa Ha KOM-
wiekca Cu(ll)-(IMBEA), - moHoMepeH ¢par-
MenT, cumBout: Cu- 1, Cl-2, N-3, C-4, H-5.

®ur. 2. BeposiTHa CTEPEOCTPYKTYpa Ha KOM-
wiekca Fe(I1)-(JIMBEA),- monomepeH ¢par-
MeHT, cumBoia: Fe- 1, N- 2, C- 3, H- 4.

W3uucnurenante mponeaypu OT TMporpam-
HUSl TaKeT JOBEXKJAT 0 OIpeneisHe Ha Hail-
cTa0WiIHaTa €NeKTPOHHA KOH(UTypauus 3a Teo-
METpHsTa Ha MOJEKyjara, olpeleleHa OT Z-



MaTtpunata. Crnell TEeOMETPUYHOTO ONTHMH3H-
paHe Ha MOJIEKYJIM Ha CheIWHEHUATa € m30paHa
reoMeTpHsTa C MUHMMaTHa eHeprus. KsaHToBo-
XUMHUYHUTE M3YUCICHHS Ca M3BBPIICHU MPH Ba-
pUpaHe Ha BCHUYKH JBDKMHA HAa XUMHAYHH
BPB3KH, HAa BAICHTHU ¥ TOP3UOHHH BIJIH, C MPH-
JlaraHe Ha ONTHUMU3AIMOHHUST aJrOpUThM Ha
Fletcher-Reeves.

B tabmumum 1 u 2 ca npeacraBeHn pe3yiTaTd
OT U3YHCJICHUTE CJICKTPOHHA CTPYKTYpa M IThIHA
eHeprusl Ha OMJICHTaTHU KOMILJICKCH Ha HOHU Ha
npexoanu Mmetanu ¢ JIMBEA B uscineaBaHute
MOHOMepHU (pparmMenTu. Paznukarta B eHepruuTe

AE, (ev) Ha Haii-BHCOKaTa 3aeTa MOJICKYJHA Op-
outana (HOMO) u Ta3u Ha Hali-HHUCKaTa CBO-
0oana opoutana (LUMO) B usciaenBaHuTe KOM-
IUICKCH TIOKa3BaT pPEe3yJTaTH, KOMTO BapupaT B
Omm3ku croitHocTH oT 9.3870 1m0 10.0246, (ev).

B ontummsmpanara CTpyKTypa Ha KOMIUIEKCa
Mo(VI)-(IMBEA),, BaJe€HTHHAT BIBI MEXIY
atomure O=Mo=0 uma croitnoct 108,035, deg.
(Tpudonosa, cpapt., 2015). BajseHTHHAT Brba
MEKTy METAIHHS HOH U a30THUTE aTOMH OT OH-
JICHTaTHHS JIUTaH]] HA TPETUUCH aMUH B M3CIICH-
BaHUTE KOMILICKCH IIpHeMa CTOWHOCTH, OITMCaHU
B Tabnuua 3.

Ta6auuna 1. Pesyntatu ot u34mcieHns Ha eIEKTPOHHA CTPYKTYpa Ha MOHOMEPHHU (parMeHTH Ha

KOMIUIEKCH Ha HoHu Ha mpexoauau metanu ¢ JIMBEA

Kommrexc EHOMO (ev) ELUMO (ev) AE (HOMO—
Lumo) (ev)
Cu(Il)-(IMBEA), -8.1895 1.7173 9.9068
Co(I)-(JIMBEA), -4.4670 4.9509 9.4179
Ni(11)-(AIMBEA), -4.7342 5.2904 10.0246
Fe(I1)-(IMBEA), -4.8581 4.5919 9.4501
Mo(VI)-(IMBEA), -4.6210 4.7660 9.3870

Tabuuna 2. Pesynratu oT U3uucieHaTa IbJIHA €HEPrUsl HA MOHOMEPHH ()parMEeHTH Ha KOMIUIEKCH

Ha HoHM Ha npexoaHu metanu ¢ JIMBEA

Kommneke [IbnHa [IpnHa eneprus
EHeprHst (kcal/mol)
(a.u)

Cu(ll)-(IMBEA), -239.173 -150086.753
Mo(V1)-(IMBEA), -197.955 -124221.193
Ni(ll)-(AIMBEA), -196.926 -123575.488
Co(Il)-(AMBEA), -186.864 -117261.608
Fe(I)-(AMBEA), -178.358 -111923.848

Tadauua 3. CToitHOCTH Ha BaJC€HTHUS bI'bJI MKy METATHUS HOH U a30THUTE aTOMU OT JIUTaH-

JAUTE U I710HI/I33HI/IOH€H IIOTCHIIMAJI HA aTOMUTC

Komrutexc Banienren brod, Vouusanuonen
N-Me-N, (deg.) noreHimal, I, (eV)
Cu(Il)-(IMBEA), 98.813 7.73
Fe(1l)-(IMBEA), 92.8649 7.87
Ni(I)-(IMBEA), 97.0212 7.64
Co(Il)-(IMBEA), 90.4893 7.80
Mo(VI)-(IMBEA), 82.3838 7.10

Bb3 0cHOBa Ha MOJyYCHUTE JTAaHHH 32 IThJIHA-
Ta CHEPrHs C OTpHIATE]HA CTOWHOCT, (a.U) OT
Tabauma 2 u HonuzaruonHus moreHnuan (1) xa
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atomute (Pearson, 1988) 3a m3cnenBaHuTE KOM-
IUIGKCH Ha MOHU Ha TPEXOJHUTE METAIH C



JIMBEA, e mocTpoeHa cienHara rpagudHa 3aBU-
cumoct (durypa 3).
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@ur. 3. 3aBUCUMOCT MEXY IThJIHATA €Hep-
rus E, (a.u) u onnzanuonnns norennuai | (eV)
Ha cboTBeTHHU aToM. Kpaero: 1- Mo; 2- Ni; 3-
Cu; 4- Co; 5- Fe.

3akiIouyenue

ITonyyeHun ca KOMIUIEKCH MKy HOHM Ha
mpexonHu MeTand u TpeTndHus amuH N,N-mu-
METHJIOCH3WIaMUH BBB BOJHU Pa3TBOPH MpHU
cTaifHa TemmepaTypa. KommiekcooOpasyBaHeToO
e nokazaHo ¢ Y- criekrpockonus. Jledhunupann
ca CTepeCTPYKTYPHUTE Ha KOMIUIEKCHUTE CHCTEMU
Ype3 U3MOI3BaHe Ha MOJYEMITUPHYEH KBaHTOBO-
XMMHYEH METOJ] OT MPOrPaMeH MPOYKT.

B®3 ocHOBa Ha M3UMCIIEHATA ITBJIHA CHEPTHS,
MO CTaOMJIHOCT KOMIUIEKCHUTE MOTaT Ja ce TOJ-
pemst B cneqaus pex: Cu(ll) > Mo(VI) > Ni(ll)
> Co(ll) > Fe(ll). TTomy4enure KOMILIEK-CHU
ChbeJIMHEHMsI e ObJIaT M3CIIeIBaHN KaTo KaTaiu-
3aTOpPH 32 OKHCJIEHWE Ha AIKeHW C Opra-HUYHU
XHUJIPOTICPOKCHUJIH.
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BJIMSIHUE HA TEMIIEPATYPATA B PEIIYBJIMKA BBJII'APUS BbPXY EMUCHUUTE
OTIAEJISIHU OT PESEPBOAPU 3A CbXPAHEHUE HA OPTTAHUYHU TEYHOCTHU

Pamoctun Kymapos, iBan YobaHoB

EFFECT OF TEMPERATURE IN REPUBLIC OF BULGARIA ON THE EMISSION FROM
ORGANIC LIQUID STORAGE TANKS

Radostin Kutsarov, Ivan Chobanov

ABSTRACT: The geographical position of the Republic of Bulgaria is a reason for significant changes in air
temperature. The processes of evaporation of organic substances in the air are strongly influenced by the ambi-
ent temperature. In this work the effect of temperature on the emission from organic liquid storage tanks was
studied. Calculations for 144 geographic points in Bulgaria were performed. The obtained results show that the
highest emissions are in Petrich and Sandansky (and many cities in southwestern Bulgaria). The lowest emis-
sions are in Petrokhan. For the five largest cities in Bulgaria, the highest emissions are in Plovdiv, followed by

Rousse, Bourgas and Varna.

Key words: organic liquid storage tanks, air emissions, climate of Bulgaria

BnBenenune

I'eorpadckoTo MoIOKEHUE Ha HallaTa CTpaHa
o0ycliaBsi 3HAYMTEITHUTE IPOMEHH B TEMIIEpaTy-
paTa Ha BB3llyXa U HAJIMYAETO Ha J[BAa MPOTHBO-
TTOJIO’KHU TI0 XapaKTEPHUCTHUKA TOJIUIITHN CE30Ha -
3UMa U JISTO, W IPEXOTHUTE MEXKIY TSIX - MPOJIET
H €CEH.

Cpennata rojuiiHa TeMmIepaTypa 3a IIo-
roisiMata gyacT oT beirapus e mexay 10 u 14°C,
HO B Pa3IUYHHUTE YaCTH HA CTpaHATA TSI CHIIHO CE
npomensi. CpelHUTE TOJUIIHHA TEMIIepaTypu Io-
Ka3BaT CHJIHA 3aBUCHUMOCT OT HaJMOpPCKaTa BH-
COYMHA ¥ C HEWHOTO yBEIMYaBAHE T€ CE€ MOHU-
xaBaT. [lo-cmabo m3pazeHn ca MPOMEHUTE MO
BIIUSHUE HAa MPOMEHUTE B Treorpadckara MIHpH-
Ha.

OT cBOs cTpaHa, HIKOW TPOIECH HA €MUTH-
paHe Ha OpraHWYHHM BellecTBa B aTMochepHUs
BB3/IyX CHJHO C€ BIUSAAT OT TeMIleparypara Ha
OKOJIHATa Cpea.

en Ha HacTosimaTta padoTa € Ja U3CiIenBa
BJIMSIHUETO HA TEMIIepaTypaTa B pa3iIW4yHU Hace-
JeHn MecTa B beiarapus BBpXy IpoOIECHTE Ha
EMUTUpaHE Ha OPraHUYHU BELIECTBA B aTMOC-
(depHHS BB3IYX. 3a M3MTBIHEHUETO HA IOCTaBe-
HaTa 11ej 0s1xa GopMyJIUpaHH CICIHUTE 3a1aUH:

e [IloaroroBka Ha HAOOp OT JAHHH 3a TEMIIE-
paTypara B MHOXECTBO reorpa)CKi TOYKH
Ha Teputopusra Ha PenyOnmka Bearapws,
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KOWTO 13 00XBaIar BCUYKU IET KIMMaTHU4-
HM 00JIaCTH B HeS,

M360p Ha MOAXOSAINO CHOPHIKEHHE, 33 KOe-
TO Ja 6’bI[aT HU3BBPIICHU M3IYHUCIIUTCIIHU
MIPOIIEyPH 3a OMpEAEsiHE BIMSHUETO Ha
TeMmreparypara BbpPXy MPOIECUTE HA SMU-
THUpPaHE Ha 3aMbPCUTEITUTE;

AHEU'II/IS Ha TOJIYYCHUTC KOJIMYCCTBCHU pPEC-
3yJITaTH M OIpele/IsiHe Ha MectaTta ¢ Ona-
TONPUATHA U HEONAronpHITHU YCIOBHS 32
EMHUTHpPAHE Ha 3aMbPCUTEINTE B aTMOCchep-
HUS BB3IyX.

HN3uucanreana yacrt

3a M3BBHPIIBAHETO HAa KOJMUYECTBEHA OIIEHKa
Ha BJIMSHHMETO HAa TEMIIepaTypaTa BbPXY €MUTH-
paHeTO Ha OPraHWYHM BEILECTBA OT PE3EpPBOAPU
0e U3MOoJI3BaH Pe3epBOap C HEMOBUKEH IIOKPUB,
YUHTO eMUCHH OsIXa M3YUCIEHU TPH KIMMaTH4-
HUTE ycioBus Ha 144 reorpadcku TOYKM Ha Te-
putopusta Ha Pemmrybnuka brarapus.

N300pbhT WIMEHHO HAa TO3W THN CHOPHKEHHE
0c HampaBeH MpeaBHUI CIEAHUTE CHOOPaKEHHS.
Emucunre oT pesepBoapuTe ¢ HEMOJIBHKEH MOK-
PUB C€ BIHAAT CHJIHO OT TeMIIepaTypara u MouTH
HE C€ BIUAAT OT CKOPOCTTA U MOCOKAaTa Ha BATH-
pa. ®opMHpaHETO UM CTaBa BCIEJICTBUE Ha JABa
mporieca. [IBpBHUAT € TMpomechT HA MBJIHEHE H
M3IIpa3BaHE Ha pe3epBoapa — TaKa HAPCUYECHUTE
paboTHH 3arybu — BCJIEACTBUE HA KOUTO HACHUTE-



HUST C TIApU BB3AYX c€ M3TIAacKBa B aTMocdepa-
Ta (TIpH TBJIHEHE) WX CE 3aCMyKBa arMochepeH
BB3AYyX (IpU W3Mpa3BaHe Ha pesepBoapa). [Ipu
BTOPHS MPOILIEC, BCICACTBUEC HA TEMIIEPATyPHUTE
MPOMEHHU ce MPOMEHS M 00eMBbT Ha ChXpaHsBa-
HaTa B pe3epBoapa TEYHOCT, KOETO OTHOBO BOJU
WIK JI0 W3TJIACKBaHe Ha mNapu B aTtMmocdepara
WU JIO 3aCMyKBaHE Ha CBEXK BB3MIyX.

ITapameTpute Ha pe3epBoapa ca MOCOYEHU B
tabmuua Error! Reference source not found..

KaTO 3aMBbPCUTCII, YUHATO €MUCUH aa 6’I>I[aT
n3uncisBand Oe m30paH OeH3eH, ThH KaTo €
apoMaTHO Cb€AUMHEHUE U € JICTIIUB B JOCTATHYHO
BHCOKa CTC€IICH, a OCBEH TOBa € HMHTCPECCH OT
C€KOJIOTHYHA TIJIeJHAa TOYKa IIOHEXKE € OCO66HO
OInaceH 3aMbPCHUTEIIL.

Tab6smuna 1. [Tapametpu Ha pe3epBoapa ¢ HETOABUKEH MMOKPUB

Bun nokpus

Henonsmxen, KOHyCOBUIECH

[Bsar Bsin

Bucounna 10m

Huametsp 15,2 m

CpenHo HHBO Ha TEYHOCTTA 475m

Paboren obem 1542 m®

Bpoii 3amrpaBanms 5 Opost 3a romuHA
Topuinen nebur 7710 m¥/yr

WN3uuciaurtesien AJITOPpUTHM:

Onpe/ensHeTo Ha 3aryouTe Ha OCH3EH OT pe-
3epBoapa ¢ HEMmOABMKEH MOKPHUB O¢ H3BBPIIECHO
0 CJICTHHS aJTOPUTHM:

1. U3uucnsBane Ha obOema Ha MApPHOTO
MPOCTPAHCTBO HA pe3epBoapa

D)

KbAeTO Vy — 00eM Ha MapHOTO MPOCTPAHCTBO Ha
pesepsoapa, m*; D — gumamersp Ha pesepsoapa,
m; Hyo — BUCOUYMHA HA MPOCTPAHCTBOTO 32 MapH,
m;

Hyo =Hs —H_ +Hgo 2
kpJeTo Hs — BHCOUMHA Ha LMIMHAPUYHATA YacT
Ha pe3epBoapa, m; H — BucourHa Ha HUBOTO Ha

TEYHOCTTa B pe3epBoapa, m; Hpo — BUCOUYMHA Ha
MIOKPHBA Ha pe3epBoapa, m;

©)

kbaeTo Hg — BUCOUMHA Ha LWIMHAPUYHATA YacT
Ha pe3epBoapa, m; Sg — HAKJIOH Ha MOKpUBa Ha
pesepBoapa, m; Rs — paanyc Ha pe3epBoapa, m;

2. HpeCMHTaHC Ha IJIbTHOCTTA HA MAapUTC.
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P
W, =0,01609M, 2 (4)

LA

KbJIeTo Wy — IUTBTHOCT Ha MApHTe, kg/m3; My —
MoJiHa Maca Ha mapure, kg/kmol; Pya —; Hansra-
HE Ha TApUTe MPU CPEIAHOTHEBHA TEMITEPATypa
Ha MOBBPXHOCTTA Ha TeuHocTTa, mmHg; Tia —
CpelHa JTHEBHA TEMIIEpaTypa 3a MOBBPXHOCTTA
Ha Te4HOCTTa, K.

T, =044T,, +056T, +0033280.1 (5)

KBJIETO Taa € CPEHA TeMIlepaTypa Ha OKOJHHS
BB31YyX, K, Tg -Temneparypa Ha Teunoctta, K, a
- Oe3pa3MepHa KOHCTaHTa Ha aOcopOIus Ha
cIrbHYEBaTa pajauanus, | - THeBHA

MHTEH3MBHOCT Ha CITbHYEBATa paguarms, W/m®.

Tax +Tan

5 (6)

Tan =

KbeTO Tax € MakcHUMallHa JHEBHA TeMIepaTypa
Ha okoyHus BE3ayX, °C mm K, Tay - MEHEMaIHA
JIHEBHA TeMIeparypa Ha Bb3ayxa, “C mm K.

Ty =Ty +6a-1 @)
kb1ieTo Tg - cpeiHaTa 0OeMHa TeMIepaTypa Ha
TeynoctTa, K.



B

NP, =A———
VA C+T,,

(8)

A=15,9008
B=2788,51
C=-52,36

3. WM3uucnsBaHe Ha Koe(UIMEHTa HA pas-
LIUPEHHE Ha MapHOTO MPOCTPAHCTRO.

AT,
Tia

AR, — AP,
+ \ B

Ke = (9)

I:>A Y

kpaero Kg - KoehWIIMEHT Ha pa3lupeHHe Ha
HapHOTO MpOCTpaHCTBO, Oe3pasmepen; ATy -
CpelHa JHEBHA TeMIepaTypHa pasinuka, °C uim
K; APy -cpenHa nHEBHa pa3iuKa B HaJsTaHETO
Ha nmapure, mmHg; APg - pa3znuka BHacTpoiikaTta
Ha HAJTaHETO Ha PECHHUpaTOpPHHS BEHTHJ, mm
Hg; Pa -atmocdepHro Hamsirane, mmHg.
AT, =0,/2AT, +0,1183680c..1 (101)
KkbaeTo ATa e cpenHa pasivka B TeMIeparypara
Ha OKOJIHMSA BB31yX, °C nm K.
AT, =Tp —Tay (11)
KbJIETO Tax € JHEBHA MaKCHMAaJIHAa OKOJTHA TEM-
neparypa,’C win K, Tay - THEBHA MHHUMAITHA
okosHa Temneparypa,’C wm K.
AR, =Rx —Rn (12)

KbJIeTO Pyx € HamsiraHe Ha MapuTe MPH MaKCH-
MaJIHaTa JHEBHA TEMIIEpaTypa Ha MOBbPXHOCTTA
Ha TeyHoctTa, mmHg; Py - Hansrane Ha napure
Mpy MUHHMaJIHaTa JHEBHA TeMIlepaTypa Ha IO-
BBPXHOCTTA Ha Te4HOCTTa, mmHg.

Tx =T.a +0,25AT, (13)

Ty =Ta —025AT, (14)
APy =Py — Py, =31mmHg  (15)
KbeTo Pgp - CBpbXHamsirane 3a HacTpoWKa Ha

pecnpaTopHus BeHTHI, mmHg, Pgy - Bakyym 3a
HACTpOiiKa Ha peciupaTopHus BeHTH1, mmHg.

4. MW3umcnsBaHe Ha KOG(I)I/ILII/ICHTa Ha Ha-
CHUIIAHC Ha BCHTUJIMPAHUTE Iapu.
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1
~ 1+00033624R,, H,,

(16)

Ks

KbIIeTO Pya € HasTaHe Ha ApUTEe TIPH CPETHOI-
HEBHA TeMIlepaTypa Ha TMOBBPXHOCTTA Ha Ted-
Hoctra, mm Hg, Hyo - BUCOYMHA HAa MapHOTO
MIPOCTPAHCTBO, M.

5. HM3uucnsBane Ha 3aryOuTe OT ChXpaHe-
HUE

L =365W, V, K K 17)

6. W3uucnsBaHe Ha paOOTHUTE 3aryon

L, =5517.10° M, R, QK K; (18)
kbaeTo Ly ca pabotHu 3aryou, kg/yr., My - mo-
JeKylTHa Maca Ha mapure, kg/kmol, Py, - Hams-
raHe Ha MapuTe NPHU CPeTHOJHEBHA TEMIIEpaTypa
Ha MOBBPXHOCTTA Ha TeyHOoCcTTa, mmHg, Q - ro-
JUIIHA HETHa mpowusBoauTenHocT, Ky - xoedu-
IIMEHT Ha Oposl Ha 3aITbJIBaHUATA, OE3pa3MepeH,
(korato OpoAT Ha 3aIbJIBaHUATA € MMOBeYe OT 36
3a roguHa, KNy=(180+N)/6N, a xorato OposiT Ha
3allbIBaHUATA € IMO-MalbK WIM paBeH Ha 30,
(Kn=1), N - Opoit Ha 3ambiBanusTa (000pOTH) 32
roauHa, 6e3pasmeper, Kp - koepuuueHt Ha pa-
OoTtHuTE 3aryOu, Oe3pa3mMepeH. 3a CypoB METPoII
ctoiiHocTTa My € 0.75, a 3a BCUYKHU JPYTH opra-
HUYHU TCUHOCTHU € paBCH Ha CAWHUIIA.

7. W3uucnsBaHe MBJIHUTE 3aryOu
L; =Ls + L, (19)
MMosy4yeHn pe3yJTaTd U aHATU3

OT nosryueHuTe pe3ynTaTH 3a BCHUKU 144 re-
orpacKky TOYKH OT TepUTOpHUsTa Ha PerryOnuka
bwirapus, va ¢urypu 1 mo 3 ca mpencraBeHu
MO-BaXXHUTE U MHTEPECHU PE3YITATH.

Ha ¢urypa 1 e HanpaBeHo cpaBHEHUE Ha I10-
Jy4eHUTE EMHUCHH 3a TIEeTTe HAW-TOJIEMH rpajia B
bearapus. Ot durypata ce Bwkzaa, 4e Haii-
rojeMyd €eMHUCHH ce TosydaBaT B rpan IlmoBaus
(mpubnusurenno 4200 kg/yr.), cnenpan ot Pyce
(okomo 3900 kg/yr.). Byprac u Bapna wumar
NpUOTU3UTENHO €AHAKBB MOPSABK Ha eMUTHpa-
HUTe KojmuyecTBa OemzeH (okomo 3700 kg/yr.).
Haii-manku ca emucunte B Codust — npudIu3u-
temHo 3500 kg/yr.



Ha ¢wur. 2 ca 0600menu pesynrature 3a Ha-
celleHUTe MecTa B bbarapus ¢ Hail-rojgeMu eMu-
CHHU OT PE3EpBOAPH 3a ChXPAHECHHE HA OpPraHHUY-
HH TeuHocTH. KakTo MoXe 1a ce 3a0eiexu, Haii-
HEONMaronpuATHUTE pE3yNTaTH ca 3a TPajgoBe
pas3MoJIoKeHH B Oro3amnaHaTa 9acT Ha CTpaHaTa
HU, TOCTICABAHU OT HACEJIICHU MECTa B IOXKHUTE
yactu Ha bearapus. 3o numncsar rpajose oT
CEeBEpHHUTE W M3TOYHHWTE YACTH Ha CTpaHaTa HH.
To3u (akT Moxe fa ce 00SCHU C TOJIEMUTE TEM-
NnepaTypHU pPa3lUKU MEXIY MaKCUMAIHHUTE U
MUHUMAITHU JICHOHOIIIHA TeMIIEpaTypH B FOKHU-
T€ ¥ 1oro3amnaiaHu yactu Ha bearapus. ['onemure
TEMIIEPATypHU aMIUIUTYIU OJIarONMPUATCTBAT T0-
TONISIMOTO paslIMpeHHe W CBUBAaHE Ha MapUTe
TEYHOCTTA B Pe3epBOAPUTE, KOETO BOJIU H JI0 TI0-
roJIEMU EMUCHH.

Ha ¢ur. 3 ca moka3anu pe3yirature 3a Hace-
JeHuTe Mecta B bparapus ¢ Hall-Majaku €eMHUCHU
OT pe3epBoapu 3a ChXpaHEHHWE Ha OPraHuYHU
TeyHOoCTH. Tyk Beue ce HaOJr0/1aBa 3HAYUTEITHO
MO-TOJISIMO pa3HOOOpa3ue Ha reorpadcKuTe Tod-
KM — MOTaT Jia C€ BHJSIT HAaceJIeHU MeCTa W OT
CCBCPHUTC PETHOHHU Ha E’bJIFElpI/IH, HO KaToO IsJ10

HE OTCHCTBAT M TOYKH OT IO)KHHUTE YacTH Ha bbi-
rapus, 3a KOUTO CIIOpPEea M3BOAMUTE OT (UT. 2 TI0
MPUHIMI TPsiOBa J1a ce 0YaKBaT MO-BHCOKU €MU-
CHH.

ToBa pUBHUIHO MPOTUBOPEUHE HAMHPA CBOE-
TO JIOTHYHO OOSICHEHWE aKO ce pasriiefia W Hal-
MOpCKaTa BHCOYMHA Ha H3CJEIBAHUTE TOYKH.
[TomrygenuTe pesynraT TMOKa3BaT CHJIHA 3aBH-
CHUMOCT OT HaJIMOpPCKaTa BHCOYHMHA, KaTO yBEJH-
YaBaHETO Ha BHCOYMHATA BOJM JI0 HaMallsiHE Ha
emucuute. Ha Bucokute Mecrta, pa3iuKUTe MEX-
Iy MaKkCHMaJHHTE M MHHHUMAIHU CPETHOJEHO-
HOIIHA TEMIIEPaTypH ca TO-MajlKH, OTKBAETO H
MpeIU3BUKAaHUTE €MUCHH B arMoc(epHHs Bb3-
X ca MO-MaJKH.

WHTepecHo € cpaBHEHHETO Ha Pe3yNTaTHTE 32
HAaCeJICHUTE MeECTa C Hall-BHCOKA U Hall-HHUCKa
eMucHs — ToBa ca rpagosere llerpuda u mpoxona
[lerpoxan. Pasmukara e oxomo 2400 kg/yr. —
CTOWHOCT, KOETO HAAXBBPJSA C OKoJo 1.5 mbTH
paboTHus 0O6eM Ha pe3epBoapa.

Codus (1) NG 5 535
IS KON
Mropmae (1) [ NEGGEEE 134
Bapra [N ; 3/
byprac [ : 766

3200 3400

3600
ITenau 3aryon, kg/yr.

3800 4000 4200 4400

®ur. 1. U3uucnenu emucuu (ITbJHHU 3ary0u OT ChbXpaHEHHE B Pe3epBOap) 3a NETTE HAl-roJIeMH

rpana B PemmyOnuka brarapus
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ITeTpuu
Canpmancku
Ceunenrpan
I'apa Ilupun
Kpymosrpan
XapmaHnu
T'one Jlemues
XackKoBo

Kepmxamu

Juvurposrpan I 41 280

I 1 857
I, | 766
I ¢ 491
I 4 490
I, ¢ 354
I 4 325
I, 4 319
I 4 291

I 4 283

3800 4000

4200

4400 4600 4800 5000

IIenau 3aryon, kg/yr.

®@ur. 2. Pesynraru 3a HaceneHUTE MecTa B bbarapust ¢ Hail-rojeMu eMUCHH OT pe3epBOapH 3a

CbXpaHCHUC Ha OPraHU4YHU TEYHOCTHU

[Tetpoxan
CHTHSKOBO
CmonstH
CamoKOB
Konpuemumna
Owmyprar

Yenenape

I 2 450
I, 2 652
I, 5 102
I 5 278
I 5 309
I, 3 441
I, 3 452

0 500 1000

15

00 2000 2500 3000 3500 4000

IIenau 3aryon, kg/yr.

®ur. 3. PeBy.]'ITaTI/I 3a HACCJICHUTEC MCCTA B B’I)J'IFapI/ISI C Haii-MaJIKu EMHUCHH OT pe3CpBOApPHU 3a

ChXpaHEHUE HA OPraHUYHU TEYHOCTHU
3aKI04eHne.

B®3 ocHOBa Ha U3JIOKEHOTO JIOTYK, MOTaT Ja
ObJIaT HAIIPABCHU CIICTHUTE U3BOIH:

W3cnenBano e BIMSHUETO HA TeMIIepa-
TypaTa, BbPXY MPOILIECUTE Ha EMHUTHpaHE Ha 3a-
MBPCUTEIUTE B aTMOoc(epHus BB3IyX Ha Pemy0-
nuka beirapus, KaTo 3a Ta3u mnew:
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1. ToxrotoBeH e HaboOp OT KJIMMaTHYHH
JaHHU 3a 144 reorpad)cky TOUKH Ha TEPUTOPHUS-
Ta Ha CTpaHaTa, KOUTO Ja 0OXBaHAT BCHYKU MET
KJIMMaTHYHU 00JIaCTH B Hes;

2. IlpunoxeHa e U3UMCIUTENIHA POLIEAYPA
3a OIpeleNissHE Ha EMHUTHUPAHUTE KOJIUYECTBa
OCH3eH OT pe3epBOap 3a ChbXPAHEHUE C HEIOJ-
BIKEH MOKPUB;



3. Tlomyuyenute pe3yiTaTH MMOKa3BaT, 4e OT
MeTTe Hail-rojemMu Tpana B bbarapus, Haii-
rojeMd eMHUCHH ce mony4yaBaT B Tpan [lmoBaus
(npubamsurenno 4200 kg/yr.), cnenan ot Pyce
(oxomo 3900 kg/yr.). O606menueTo 3a Haceme-
HUTE MecTa B bbarapus mnoka3pa, 4e Haii-
HeOJIaronpusTHH pe3yiTaTd ca 3a TpajioBe pas-
MOJIOKEH!W B FOro3amajHaTa YacT Ha CTpaHaTa
HU, MIOCIICZIBAHN OT HACENIeHM MEeCTa B FO)KHUTE
4acTH Ha brirapus. Cpen Hai-
HEeOIaronpusTHATE Pe3yATaTH H3LSJIO JIUIICBAT
rpagoBe OT CEBEPHHUTE W WM3TOYHHUTE YacTH Ha
cTpaHata HU. CpaBHEHHETO Ha pe3yJiTaTHTE 3a
HAaCeJIeHUTe MeCTa C Hail-BUCOKa M Haill-HHUCKa
emucus — (I[lerpua u mpoxoxna IleTpoxan) mokas-
Ba, e paznukara e okono 2400 kg/yr. — croii-
HOCT, KOSITO HaIXBBPJIA HAAXBBPIA ¢ OKoJio 1,5
pTH paboTHHS 00eM Ha pe3epBoapa.
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BJIMSIHUE HA CKOPOCTTA HA BETPOBETE B PEIIYBJIMKA BbJII'APUSA BbPXY U3-
ITAPAABAHETO HA OPTAHUYHHU BEHIECTBA OT BOJHA ITIOBBPXHOCT

Pamoctun Kymapos, iBan YobaHoB

EFFECT OF WIND SPEED IN REPUBLIC OF BULGARIA ON THE EVAPORATION OF
ORGANIC COMPOUNDS FROM WATER SURFACE

Radostin Kutsarov, Ivan Chobanov

ABSTRACT: Considering its relatively small area, Bulgaria has variable and complex climate. It is
subdivided into five climatic zones. In this work effect of wind speed in Republic of Bulgaria on the evaporation
of organic compound from water surface was studied. Calculations for 161 geographic points in Bulgaria were
performed. The obtained results show that the highest emissions are in the east and northeast part of the coun-
try. The lowest emissions are located mostly in the central and western part of Bulgaria. The difference between
the highest and lowest emission is 400 kg (about 60 times).

Key words: water-air mass transfer, lagoons, air emissions, climate of Bulgaria

BnBenenune

PexxumbT Ha BATBpa HaJ NajJcHA TEPUTOPHUS
ce ompezens OT penuna (pakTopH, MEXIy KOUTO
OCHOBHH ca aTMoc(epHaTa HupKyiIauus, popma-
Ta Ha peneda M XapakTepbT Ha MOCTHJIAILATA
HIOBBPXHOCT.

brirapust € pasnosiokeHa B yMEPEHHUTE LIU-
PHUHM Ha CEBEPHOTO MOJYKBJIOO, MOpagdl TOBa
BETPOBHSAT U pexkuM ce GpopMupa 1o BIUSTHHETO
Ha 0COOEHOCTHUTE Ha aTMOc(epHaTa IUPKyJIaIus
Haj Tax. [locokara n ckopocTTa Ha BATHpa Haj
TEPUTOPHATA HA CTpaHaTa CE ONpPENENAT IJIaBHO
OT TIOCTOSIHHMS XapakTep Ha JelcTBue Ha Oa-
PUYHHUTE LEHTPOBE, KOUTO CTAlMOHMPAT B Ce-
BEPHUTE YaCTH HAa ATIAHTUYECKUS OKEaH, U ce-
30HHHS XapakTep Ha jaelicTBue Ha Te3u Haj Cpe-
Iu3eMHO Mope U EBpoasmnarckus CyOKOHTHHEHT

Bonpexn mankarta miony Ha bearapus, xiu-
MaThT B Hesl C€ OTJIMYaBa C rojsiMO pa3HooOpa-
3ue. B brnrapus morat na Opaat pasrpaHuueHU
00110 5 KJIMMAaTW4YHU 00JIaCTH, BCAKA CHC CBOU
cneun(pUYHN XapaKTePUCTHKH Ha KiIuMaTa, a
CBOTBETHO U Ha CKOPOCTTA Ha BITHpA.

OT cBOs cTpaHa, HAKOM MPOILIECH HA EMUTH-
paHe Ha OpraHWYHHU BEIIECTBA B aTMOCQEpPHHS
BB3/1yX CHIIHO CE BIMSIAT OT CKOPOCTTaHA BATHPA.

Ilen Ha HacrosmaTa AWIUIOMHA paboTra € 1aa
M3CIIe[IBa BIUSHUETO HAa CKOPOCTTA HA BATHPA B
pa3IMYHU HacelneHUu Mecta B bearapus BbpXy
MIPOLIECUTE HA EMUTHPAaHE HA OPTaHUYHHU BEILEC-
TBa B aTMoc(epHHUsl BB3AyX. 3a M3MBIHEHUETO
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Ha TOCTaBeHaTa Iel Osxa (OpMYJIUpPaHU CIIe.I-
HHTE 33/a4H:

»  TloarotoBka Ha HabOp OT JAHHH 32 CKO-
POCTTa Ha BATHPA B MHOXKECTBO reorpadku TOY-
KA Ha Teputopusata Ha PemyOnuka Bbiarapus,
KOMTO Ja 00XBamar BCHYKH IMET KIUMATHIHU
001acTH B Hes;

*  M360op Ha TOAXOIAIIO CHOPBKEHHE, 32
KOETO Jia ObIaT W3BBPIICHA W3YHUCIUTEIHH TPO-
IIeypH 3a OTpEIeisIHE BIMSHUETO HA CKOPOCTTA
Ha Bsbpa BBPXY IIPOLIECUTE HA €MUTHPAHE HA
3aMbBPCUTEH B aTMOC(HEPHUSI BB3IYX;

e AHaiu3 Ha MOJYYEHHTE KOJINYECTBEHH
pe3yiITaTH W ONpeessHe Ha MecTaTa ¢ 0Jaror-
PUSITHU ¥ HEONaromnpHaTHH YCIOBUS 332 €MHTH-
paHe Ha 3aMbPCUTEINTE B aTMOC(HEPHHS Bb3/IyX.

HN3uucauTenen AJITOPUTBM:

OnpexpensiHETO HA €MUCHHTE Ha OEH3€H OT
BOJ/IHATa TIOBBPXHOCT Ha JIaryHaTa 6€ N3BbPIICHO
IO CJIEIHUS aJITOPUTHM:

1. M3uucnsBane Ha Koe(pHIMEHTa Ha Macompe-
HacsiHe B Te4yHara ¢asa:

2/3
F 121710702 [ Pu
D

ether

K, =2,605.107°



KbneTo. K| — koeuImmeHT Ha MacolpeHacsHe Ha
Oensena B Teunara ¢asza, M/s; F — mromr Ha a-
ryHara, m% D — xpnGounHa Ha naryHata, m; Uy
— CKOpOCT Ha BATHpa Ha 10 M Hax 3eMHaTa mO-
BBbpXHOCT, M/S; Dy, — audy3us Ha 3aMbpCHTEIS
(GeHzeH) BBB BOIA, mzls; Dether — mudy3us Ha
eTep BbB BOJA, m/s;

2. V3uucnsBaHe Ha Koe(UIMEHTa HA MacoIpe-
HacsiHe B ra3oarta (asa:

K, =4,82.107° g.u 18.5c70%7 g0

KkbaeTo. Kg — Koe(uIueHT Ha MacollpeHacssHe Ha
Oensena B Teunara ¢asza, M/s; F — miomr Ha Ja-
ryHaTa, m% D — apn6ounHa Ha naryHara, m; Uy
— CKOpOCT Ha BATHpa Ha 10 M Hax 3eMHaTa mo-
BBPXHOCT, M/S; SC — kputepuii Ha [lImuar, 6e3-
pa3MepeH; O, — €KBUBAJICHTEH THAMEThp Ha Jia-
ryHara, m,

3. OmpenensiHe Ha koeduimeHTa Ha (Ha30BO
paBHOBECHE:

oM
RT

kbeTo: Keq — KOHCTaHTa Ha (a30BO paBHOBECHE,
6e3pasmepna; H — xoncrtanta Ha Xenpw, ; T —
temrieparypa, °C.

4, NzuucnsiBane Ha oOImMMS KOSHHUITHEHT HA Ma-
COIIpeHAaCsIHE:

KKK
Ke-Ko + K¢

kpaeTo: K — o011 KoehHuImueHT Ha MacorpeHacs-
ue, m/s; K| — koeHIlHeHT Ha MacompeHacsHe Ha
OeHsena B TeuHata ¢asa, m/s; Kg — koedunmeHTt
Ha MacolpeHacsHe Ha OCH3eHa B TeuHaTa (asa,
m/s; Keq — KoHCTaHTa Ha (ha30BO paBHOBECHE,
Oe3pa3MepHa;

5. M3uncnsgBane Ha €MHCHHUTE B aTMOCQEPHHS
BB3YX:

kpaeto: E — emucust Ha 3ambpcurens, g/s; Co —
KOHIIEHTPAIIMS HA 3aMBbPCHUTENS B HAYAJIHUS MO-
menT, g/m®;C, —KOHIIEHTPALHS HA 3aMBbPCHTEIS
clie1 BpeMe Ha mpecToii B pesepsoapa, g/m’; Q —
JIeOuT Ha BojgaTa, m°,

Tadauua 1. . [TapameTpu Ha TaryHHOTO €3€pO

JbKkrHa Ha JTaryHarta 50m
[lInpounHa Ha naryHara 20 m
Jpn6ounna 15m
JleOuT Ha BojaTa 8000 m*/nenonorme (0,093 m*/s)
Temmieparypa Ha BojiaTa 25 °C

Ta6auma 1. CoiicTBa Ha OeH3eH, aTMOC(EepeH Bb3IyX U BOJA

Koed. Ha mudysus Ha OGeH3eH BBB BoJla 0,0000098 cm?/s
Koed. na mudysus Ha 6eH3eH BbB Bb3IyX 0,088 cm?/s
Koncranra na Xenpu 3a OeH3eH 0,00555 atm.m®.mol™
IIThTHOCT Ha BB3IyXa 0,0012 glcm3

Koed. Ha mudysust Ha eTep BbB BoJa 0,0000085 cm?/s
Bucko3urer Ha Boga 0,00893 g.cm'l.s'l
[TrpTHOCT Ha BOJTA 1 g/cm®

Bucko3urter Ha Bb3IyX 0,000181 g.cm'l.s'l
Koed. Ha mudysus Ha KUCIOPO BB BOJA 0,000024 cm?/s
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IMoay4enu pe3yaTaTu U aHATU3

Ot nonyyenure pe3yaTaTu 3a Bcuuku 161 re-
orpad)CKu TOYKH OT TepuTOopusTa Ha PemyOnuka
Bbearapus e HanpaBeHa M3BajKa HA MO-BAXKHUTE
U UMHTEPECHH PE3yNTaTd, KOSTO € NpeicTaBeHa
Ha purypu 1 no 3

Ha ¢urypa 1 e HampaBeHO cpaBHEHHE Ha T10-
JydEeHUTE €MHCUU 3a NEeTTe Hali-roJeMHy Irpaja B
Bearapus. Ot ¢urypata ce Bmwkaa, 4e Hail-
roJIeMU EMHCHUH ce Moy4yaBatT BbB BapHa u Byp-
rac, KaTo CTOMHOCTHUTE U B J1BaTa Ipaja ca Omaus3-
ku (oxomo 230 kg/yr.). Cnensat rpan Codus
(mpubmmsurenno 130 kg/yr.) u Pyce (oxomo 100
kg/yr.). Haii-manku ca emucuure B III0BIMB —
npubmsuTenHo 60 kg/yr.

Ha ¢ur. 2 ca 0000mieHn pe3yitaTUTe 3a Ha-
CEJICHUTE MecTa B brearapus ¢ Hali-TOJIEMH eMHU-
CUM Ha OCH3€H, MOJIyUYCHH BCIEICTBHE Ha H3Ma-
peHHe OT OTKpHTa BOJHA MOBBPXHOCT. Kakrto
MOXE Ja ce 3a0elieku, Hal-HeOIaronpusITHUTE
pe3yiTaTH ca 3a rpafioBe Pas3IoJIOKEHH B U3TOY-
HaTa U CEBEpOM3TOYHATA YacT Ha CTpaHaTa HH.
Te3n pesynratu He ca HeoyakBaHu. llenoro-
JUIITHOTO HAJM4YMe Ha MOPCKH OpH3, a U Ha BET-
pOBE C BHUCOKM CKOPOCTH ONpEAeNiT U Io-

JIoOpOTO pasceiiBaHe Ha 3aMbpcUTENUTE 1Mo Yep-
HoMopuero. OT apyra cTpaHa, JMIICaTa Ha ec-
TECTBEHH Iperpaay, MpersTCTBallld CHiIaTa Ha
BATHPA B CEBEpPHUTE YacTH Ha bbarapus Boau 1o
MTO-BHCOKH €MHCHH II0 TE3U MECTA.

Ha ¢ur. 3 ca moka3anu pesynaraTure 3a Hace-
JIeHUTe MecTa B bbarapus c Hali-Malku eMUCUHU
Ha OeH3EH, MOJyYeH! BCIIEACTBHE Ha M3IapeHHe
OT OTKpHTa BOAHA MOBBPXHOCT. KakTo MOxe na
ce BUAM OT (Urypara, BCHYKH HaceJIeHU MecTa
ca pasMoJoKeH! NpeodIIafaBalo B [eHTpaTHaTa
U IorosamaznHara yactT Ha bwarapus. Ot Bcuuku
oOcieziBaHN TOYKH, Haii-Mallka eMHUCHS € TIOJY-
yeHa 3a Cranke J{UMUTPOB — NpuOIH3UTENHO 7
kalyr.

HHTepecHO € cpaBHEHHETO Ha PE3YNTATHTE 32
HAaCeJICHUTE MECTa C Haill-BUCOKa M Hail-HHMCKa
emMucus — ToBa ca rpamoBere O0630p u CraHke
Jumutpos. Pasnukara e 400 kg/yr., koeTo npasu
okojio 60 meTH mo-BuUcOKa emucus B O030p, B
cpaBHeHue ¢ Tasu B Cranke UMHTPOB, KOATO
pasiyka ce JbJDKM €IMHCTBEHO Ha pa3iIu4neTo B
KIIMMAaTUYHUTE YCJIOBUA B ABETC HACCJICHHU MCEC-
Ta.
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@ur. 1. M3uuciieHn eMucHy 3a MeTTe Hali-rojemMu rpajga B Pemy6nrka boarapus
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@ur. 2. Pe3ynraru 3a HaceneHUTe MecTa B bparapus ¢ Haif-roneMu eMUCHH Ha O€H3€H, Oy~
YCHH BCJICACTBUC HAa U3NNAPCHUE OT OTKpUTA BOJHA MMOBBPXHOCT
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@ur. 3. Pesynraru 3a HaceneHuTe MecTa B brirapus ¢ Haii-MaJlki eMHUCUH Ha OCH3EH, ToTyde-
HU BCJIEJCTBUE HAa M3MAPEHUE OT OTKPUTA BOJAHA MTOBEPXHOCT

3aKiIoueHue.

B1b3 ocHOBa Ha M3II0KEHOTO JAOTYK, MOrat aa
6’I>,Z[aT HaIlpaBCHU CJICAHUTC U3BOJU:

W3cnensaHo e BIUSIHUETO Ha TeMIepaTypara,
BBPXY MPOLIECUTE HA EMUTUPAHE HA 3aMbpCUTE-
mute B atMmochepHHs BB3OyX Ha PemyOnmka
Bbrarapus, kato 3a Tazu Lex:

1. TloarorBen e HabOp OT KIMMAaTU4HHU
naHHU 3a 161 reorpad)cky TOUKHM Ha TEPUTOPUS-
Ta Ha CTpaHaTa, KOUTO Jja 00XBaHAT BCHYKU MET
KJIMMaTHYHU 00J1acTH B Hes,
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2. IlpunoxeHa e U34UUCIUTENHA TPOLEAYPa
3a ONpEJeNgHE Ha EMUTHPAHHUTE KOJIMYECTBA
OeH3eH, OJTyYeHH BCJIEICTBHE Ha MPOIECUTE Ha
H3MapeHne OT OTKPHUTA KbM aTMocdepara BoJHA
[IOBBPXHOCT;

3. Tlomyyenute pe3ynraTH MMOKa3Bar, 4e OT
IerTe Hak-rojieMM rpajga B bbarapus, Haii-
BHCOKH €MHUCHH ce noiy4aBaT B byprac u Bapna
(oxomno 230 kg/yr.). Haii-rogemure eMucuu 3a
msaTa cTpaHa ce IMOJy4YaBaT B Haill-BHCOKWTE
TOUYKH — BbpXxoBeTe Myprami, YepHu BpbX, botes
n Mycana. OT H3cneABaHUTE HACEIEHU MECTa,
Hal-TOJIEMH €MHUCHH Ca TIONYYEHHU 3a TPaioBETe
0630p, Omyprar u [lomopue (370+410 kg/yr.), a



Hari-manku 3a Cranke umutpos, ['ome Jlemuen
u Tabposo (7+12 kg/yr).
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MHBEPCHUOHHO - BOJITAMIIEPOMETPUYHO OINIPEAEJISIHE
HA TEKKH METAJIU B [IOYBU

Henuo CraneB

HE STRIPPING - VOLTAMMEETRIC DETERMINATION
OF THE HEAVY METALS IN SOILS

Dencho Stanev

ABSTRACT: The present work demonstrates the possibility to determine several heavy metals in soils with
the help of an up-to-date instrumental electrodnalitical method.

The optimal conditions were found to determine Pb?*, Cu?** and Zn #* using the stripping voltammetry with
the intermediate change of the solution without opening of the electrochemical circuit.

The concentration ranges, the precision and the reproducibility of the results obtained for the above elements

are determined.

Taking into account increased the productivity of the above method; this method provides an improved sys-
tem for the continuous automatic monitoring when analyzing the above analytical objects.
Key words: Voltammetry, stripping, determination, pH and heavy metals in soils

BLBenenue

3aMBpCABAaHETO HA MOYBHTE OT AHTPOIIOTCH-
HaTa JEHHOCT Tpe3 IOCIEAHUTE JECETUIICTUS
HapacTBa MHOTOKpaTHO. To3u mpoOiieM mpuao-
ouBa riobanen xapaktep. PemyOnuka beirapus
ce HamHpa B paMKuTe Ha EBpomeickusi cpio3 u
KBbM Hesl ce TPE/ISBSIBAT €BPONCHCKN N3UCKBAHHS
W 3a omna3BaHe Ha okoyiHaTa cpena. [loBuiieHure
M3MCKBaHMS MO OTHOIICHHE KayeCTBOTO Ha €KO-
JIOTUYHUSI MOHUTOPUHT TIOCTaBAT pelUIa 3a1a4n
npel XWMHUKO-aHAJTMTUYHUTE J1abopaTopuu IO
OTHOIIICHHE Ha HAJEXKIHOCTTA M KAauyeCTBOTO HA
AQHAIUTHYHUS KOHTPOJ Ha mnouBuTe. [lopamm
CJIO)KHOCTTa Ha 00€KTa MHOTO YECTO CE Cperar
TPYAHOCTH NIPH aHAJHM3 HA PEIMIA 3aMbPCUTEIH
KaTo TEXKUTe M TOKCHYHH MeTanu. OcobeHo
OlacHH ca TOKCUYHUTE METalHW eieMeHTH Pb,
Cd, Cu, Zn, mopamu TOBa, ue He ca OGuopasrpa-
JUMH U c€ aKyMyJUpaT B €KOJOTMYHHUTE CHCTE-
MH (BB3IyX, BOJAA, MOYBA), a OTTAaM B >KUBHUTE
opranusmu. [IpoBexJilaHeTO Ha €KOJIOTHYEH MO-
HUTOPUHT Ha MOYBH CpeJa € OT roJIsiMO 3HaUCHHE
3a 3alIMTa 3/IPaBeTO Ha HACEICHHUETO.

3a onpeiensiHeTO HA TSKKU M TOKCUYHU Me-
Tald B TIOYBHM IUPOKO ce mpuiarat (horomer-
PUYHM U aTOMHO-aOcopOLMOHHM Metonau. llpu
MBTHU Pa3TBOPU HIKOW OT TE3W METOJHU ca Maj-
KO TIPUJIOKHAMH, KOETO HaJlara M3BHPIIBAHETO HA
JOI'BITHUTEITHU MPOLEYPH. ATOMHO-
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a0CcOpOLIMOHHUTE METOAM HIMPOKO Ce IMpuiarat
3a OmpeJeNIsTHEe Ha TEKKH U TOKCUYHH METaJIU, HO
MPH MOYBH, AaHAU3BT OWBa 3aTPyIHEH MOPAIU
penuna npuyrHU. Jpyr HEJOCTaThK HA AaTOMHO-
a0COpOIMOHHUTE METOJM € BUCOKaTa ce0ecTom-
HOCT Ha aHaJIM3a.

Benuko ToBa Hamara Jia ce ThPCAT HOBU Me-
TOJIM 32 aHAJIN3, KOMTO JIa ca C HUCKA ceOecToii-
HOCT, BHCOKa YYBCTBUTCIIHOCT MW CPAaBHUTCIHO
J00pa TOYHOCT, KAKBUTO Ca EJICKTPOXUMUYHUTE
Meromu. OT eIeKTPOXUMUYHHUTE METOAU Karo
Haﬁ"{yBCTBHTeHeH CC sBsBa HWHBCPCHUOHHATA
BOJITAMIIEPOMETPHSI, CPaBHUMa C YyBCTBHUTEI-
HOCTTA Ha HEYTPOHHO-aKTHBAIIMOHHUS aHAIN3
[1], a Taka cBIO Ce sIBSIBA HAIEXKAEH, UyBCTBHU-
TEJICH U TOYCH METOJ MPHU CPaBHSIBAaHE pPe3yliTa-
THTE Ha aHaJIK3a, NOJIYYeHU 110 METO/Ia Ha aTOM-
Ha abcopOrus [2].

B nuteparypara ce € opopMHIIO MHEHHE, Ye
TO3W METOJ] € TIPUTOJICH 3a ONpPE/CIIsTHE Ha peIu-
[a TeKKH MeTalnu B OOCKTH Ha OKOJHAaTa cpeia
[3-5]. B kimacuveckara BOJTaMIIEPOMETpPHS, KakK-
TO U B HAKOHM Clly4yal Ha MHBEPCHOHHATA BOJI-
TaMmIiepoMeTpus ce HaOmogasa nedopmanus Ha
BOJITAMIIEPHUTE KPUBH, KOETO € CBBHP3aHO BEPO-
STHO C BUCOKAaTa KOHIICHTpAIIMs HAa COJIM, HO He-
3aBUCHMO OT TOBa MPUpPOJA Ha SIBICHUETO HE €
H3sSCHEHa JT0Kpaii [6].

B HacrosiiaTa paboTa € OChIIECTBEHO OIpe-
JIeTsIHE HA LIUHK, OJIOBO M MEJ] B PA3JIMYHU I0Y-



BEHM M3BJICIH. B TO3M BapWaHT MpeaBapUTEIIHO
ce oTJiara )KHBavHa IMIa BbpXy paOOTHHS €JIeK-
TPOJI B IbPBaTa €JIEKTPOIIUTHA KJIETKA, CIC KOe-
TO 063 MpeKbCBaHE Ha BEpUraTa Ce MPEHACS
CIICKTPOIHATA CUCTEMA B W3CIICIBAHUS OOCKT U
HATPYIBa OIPEICICHHs METAICH HOH BbB BTOpa-
Ta KIJETKa, CJEeJ KOSTO Ha ChIIUS MPUHIHI Ce
MPEXBBPJIS B Pa3TBOP 33 PETUCTpAIHs, KOWTO HE
ChIbpXKa IbPBOHAYAIIHATA BUCOKA KOHIICHTpa-
Mg Ha CcodM. Bcuuko ToBa OJIaronpusTCTBa
MPOBEKIAHETO HA WHBEPCHOHHUTE BOJITAMIIEPO-
METPUYHH ONPE/ICIICHNs Ha KOHIICHTPUPAHH pa3-
TBOPH Ha MOYBEHH H3BJICIH, KATO CE MOJyYaBar
XapaKTEePUCTHKH, TTOJOOHH HA BOJHH Pa3TBOPH:
npenen Ha oTKpuBaeM MuHEMyM 0.05 g/dm® u
CpPE/IHO KBaJPATUYHO OTKJIOHEHHE HE I0-BEYe OT
10 %.

ITpu onpeaensiHeToO Ha IUHK Ce CPeIaT TPy/I-
HOCTH B ITPUCHCTBHUETO Ha MeJl. B nuteparypara
Cce Tpe/yIarat pasIudHi CII0COOU 3a OTCTpaHsBa-
HETO HA BJIUIAHUCTO HAa MCIHUTEC ﬁOHH, HO aocera
HE € HAMEPEHO OKOHYATEITHO PEIICHHE Ha TO3H
npooieM.

ExcnepumeHnTranna yacr

Anapamypa

B paborata e wu3MON3BaH BOJITAMIEPO-
MeTpuueH aHanuzatop "ExortecT-BA" B komm-
nexT ¢ IBM- ceBMecTHM KOMIIOTHD. 3a aBTOMA-
THYHA 3aMsSHA Ha Pa3TBOPUTE CE U3MOI3BA PoOo-
TU3upaH komiuiekc "Ecnepruza- BA- 2D", npen-
craBeHu Ha Purypa 1.

@ur. 1. BoHIIeH BU Ha aBTOMaTH4HaTa ypeaoa,
CBCTOSAIIA C€ OT MHBEPCHOHEH BOJITAMIIEPOMETHP
«Ekotect- BA». aBTocamiuiep «Excnepruza-
BA- 2D u xoMmioTsp ¢ paboTHa Iporpama
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Karo cpaBuuTeNneH ejeKTponx Oelie H3I0J-
3BaH HACHTCH CPEOBPHOXJIOPUICH EJIEKTPO/I,
BKJIIOUEH B cuctemara "3 B1".

A

®@ur. 2. Enextpogna cucrema Ha gatuvk "3 B 1"
BwHiuen Bup (A) u pabotna noBspxHoct (B):1-
pabOTEH BBITIECUTANIOB €JIEKTPO/, 2- criomarare-
JieH TUporpauToB €IEKTPO, 3- KIII0Y Ha cpe-
OBPHOXJIOPUICH CPAaBHUTENIEH €NIEKTPO, 4-
CTBKJICH KOPITYC Ha AaT4YHKa, 5 1 6- TepoHOBH
W30JIALIHOHHU IPBHCTEHH

Peazenmu u pazmeopu

N3xonen pa3TBop Ha ng+ C KOHIIEHTpauus 5
g/dm?. PaGoten pasteop Ha Hg?* (100mg/dm®) ce
MIPUTOTBSI OT M3XOJHUS Pa3TBOP B JICHA Ha €KC-
MEePUMEHTA.

Nsxonen pa3TtBop Ha Zn* ¢ KOHILIEHTpanus 5
g/dm?®. Pa6oren pasrBop Ha Zn* (100ug/dm®) ce
IIPUrOTBS OT M3XOIHMS PasTBOp Ha ZN°' B jeHs
Ha EKCIICPUMEHTa, 4Ype3 MEXIMHEH pa3TBOp-
50mg/dm®.

PastBopure Ha craHmapTHUTE J00aBKH 32
0JIOBO, MEJI, IIMHK 0siXxa ¢ KoHueHTparuu 1,25
mg/dm?®.

Pe3yJ1TaTI/I U JUCKYCHUs

[TpunokeHUsT METOA 3a aHAJIN3 € OCHOBaH Ha
EJIeKTPOXMMHUYECKO HAaTpylBaHe (OTjaraHe) Ha
oTIpeJieNIIEMUTE SIIEMEHTH Ha MOBLPXHOCTTA Ha
paOOTHUS €JeKTPOA BBHB BHJ HA aMalllaMU INPH
3a1a/ieH MOTEHIMAN Ha MOJISIpU3aLusl ¢ Mociel-
Bala peructpanusa Ha TEXHHUTE aHOJIHHU TOKOBE
Ha €JIEKTOpa3TBAPSHETO WM, KOWTO Ce€ Tpe/cTa-
BAT BbB BHJ Ha NHKOBe. BucounHara (ruromra)
Ha MMMKa € IPOMOPIFOHAIIHA Ha KOHIIEHTpaIusITa
Ha loHa Ha MeTasa B pa3TBopa. [loTeHuHaIbT Ha



MUKa ce ONpeels OT MPUPoaTa Ha Onpeense- Ta6auna 1. [ToreHniany Ha MMKOBETE HA U3-

MuUsl HOH U (OHOBUS enekTponut. [Ipubnmsuren- CJIe/IBaHUTE €JIEMEHTH
HUTE 3HAYEHHUS Ha MOTEHLUAINTE HA MUKOBETE
Ha ompenemnsemure onu Ha ¢pon 0.05M HCI1 ca Omnpenensiem | [Torenuuan na nuka, mV
Tpe/icTaBeH: B Tabmuma 1. €JIeMEHT

[pucscteruero Ha Cu®* B amammsmpanata
Hp06a Ipe4yu Ha OMpEACIIHETO Ha zZn* nopaau Men -50 no -200
¢akra, 4e mBara ememMeHTa obpaszyBaT Habop OT
WHTEPMETAIHA CHhEIUHEHHS, YHUTO CTaHIAPTHHU 01080 -400 10 -500
MOTEHUUAIN C€ OTIMYaBAT OT CTaHJAPTHUS IO-
Tenuman Ha Zn>". ToBa Hamara OT/JE/ISHETO HA LluHK -900 no -1100
Cu?" or m3ciexBanust pasreop. OBLMAT XOX Ha

aHanu3a e npeacraseH Ha durypa 3.

MogroTosza Hn,qrcu']lrins Ka Ha TposepraHa
Hi o LR | TEKTHOMMMECHEATS
mpobara > ETIEETH OFFTE H > IR TEA
P ASTEOPHTE
| ot
HEB- mstaepparna
Ha mpobeTe
—» — —
Breempane Ha [padma Ha BA-
Ipademama BA CTAHAapTHA AobasKa EpHEH OB G Herpromapane Ha
EPHEH HA ENEMEHTa CTAHAAPTHA A0haEka KOHLISHTPAIEIATA

@ur. 3. OCHOBHM eTaly Ha aHAJIM3 Ha MpoOu 1o MeToza Ha 1B

Tabémuua 2. CpabpxaHye Ha BOJIOPA3TBOPUMHUTE (POPMH Ha OJIOBO, MEJl M ITUHK B TIOYBU

[Ipoba Pation Pb, Cu, Zn,
Ne mg/kg mg/kg mg/kg
1 MsicTo 3a KanoJeueHue 46.2 497 5960
2 15 m ot Mopeto 1.00 19.0 19.0
3 40 m oT MOpETO 2.80 1.25 59.5

4 50 m ot rnaBHus T Byprac- 2.20 1.85
CapadoBo
5 20 m ot rnaBHus 6T byprac- 2.50 2.80
CapadoBo
6 5 m ot rnaBHus 0bT byprac- 4.50 1.25
CapadoBo
7 MasnJipeHcKo e3epo 0.20 0.80
8 Bypracko e3epo 0.20 3.50
9 3acoJjieH yuacTbK Kpai M.c. YepHo 0.40 0.40 0.10
Mope
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[IpoGoB3emaneTo W MPOOOMOATOTOBKATA Ca
HalpaBeHW IO cTaHAapTHa Meroawka Ha bJIC
[7]. PationuTe Ha B3eMaHe Ha MPOOH OT MOYBH ca
nocoyenu B Tabnuma 2 u Tabnuma 3.

OmnpenenenusitTa ce MPOBEXKIAT MO METOJa Ha
cTamaptHata nobaBka. To3m MeTon BKIFOYBA
PETHCTPHUPAHETO HA MIHMKOBETE MPHU €IHU U CHITH
nmapaMeTpy Ha M3MEpPBAaHETO B CJeIHaTa IMocie-
JIOBATETHOCT: pPa3TBOp Ha KOHTpOJIHATAa Mpoda,
aHAJIM3HUpaH Pa3TBOpP, aHAIM3UPAH Pa3TBOP C JIO-
0aBKa Ha CTaHJAPTCH Pa3TBOP HA ONpeAcIsieMU-
T€ EJIEMEHTH.

ChIOppKaHUETO Ha HOHHTE HAa METAJUTE B
aQHAJIM3UPAHUTE MPOOH CE OMPELIIs M0 BEIUYH-
HaTa Ha aHAIMTHYHWTE CUTHAIW (IJIoITa) Ha
MMMKOBETE HAa aHAIM3UpaHaTe MPOOH U MPOOUTE C
no0aBka Ha CTaHIApTEH Pa3TBOP.

Ta6auna 3. OO0 ChIbpKAHIE HA TEKKHUTE Me-
TaJIM B IIOYBU

[Ipoba
Ne

Pb, Cu,

mg/kg

Paiion

mg/kg
3720

Msicro 3a 9940
KaJIOJIeUCHUE
25mort
MOpPETO

50 mor
MOpPETO

50 mor
TJIABHUS TTBT
Byprac-
Capadoso
20 m ot
TJIABHUS TTBT
Byprac-
Capadoso

5 M OT riaB-
HUS BT
Byprac-
CapadoBo

460 876

580

420 520

840 | 1520

1023 | 1552

BwampousBogumocTTa mNpH  ONpeAensHe Ha
koHuenTpamuute Ha Ph® u Cu* e £12 u 10 %.

HN3Boau

1. C uznomsyBanero Ha meTtona B 0e3 mpe-
KbCBaHC Ha OCHOBHAaTa BE€puUra IIpyU 3aMsAHA Ha

pa3TBOPUTE C€ IMOCTHra Mo-ao0pa Bb3MPOU3BO-
JUMOCT M TOYHOCT IPH OMNpPEACIsSHE Ha HIKOU
texku Metaiu karo Pb¥, Cu®* u Zn ?* B mousn.

2. JlaHHUTE, TOJTYYCHU MPHU aHAJIM3a Ha TEXK-
KM METaJIH B IIOYBH I10KA3BaT, Y€ ChAbPKAHUETO
Ha BOAOPAa3TBOPUMHUTE (POPMH Ha H3CIICIBAHUTE
TEXKH METAJId B M3CIEABAHUTE IOYBH Ca IO
IK.
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