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PULSED DIFFERENTIAL CALORIMETRY OF THE
HEAT CAPACITY JUMP AT DENATURATION OF
COLLAGEN TYPE | OF RAT TAIL TENDONS

Abstract. The estimation of the heat capacity jump at melting of collagen fibers having principle
significance for determination of the role of hydrophobic interactions in the process of formation
and stabilization of collagen fibers was performed for collagen type I of rat tail tendons in an aqueous
medium and in 0.5M acetic acid. The research was performed by using the unique high-precision
pulsed differential scanning calorimeter (PDSC) designed by the authors. The device provides a
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Section 1. Materials Science

measurement of heat capacity in the pulsed mode under the thermodynamically equilibrium condi-

tions, in contrast to usual differential scanning calorimeters (DSC) performing the measurements

in the continuous heating mode. The measurements carried out in the pulsed mode allow the exact

determination of heat capacity before and after denaturation transition. The experiments showed

that magnitude of the heat capacity jump in the aqueous medium is twice as large as the value of the

jump in 0.5M acetic acid. The melting temperature in the aqueous medium was by 22 °C higher than

in acetic acid and, the melting enthalpy in the aqueous medium was more too. The obtained results
are discussed in the light of the data available in the literature regarding this problem.

Keywords: Collagen fibers melting, Pulsed differential scanning calorimetry (PDSC), Heat ca-
pacity jump at denaturation of collagen, Hydrophobic interactions.

Introduction

Collagen is the basic protein of the connective
tissue in living organisms. It attends support and
protective functions, and plays an important role in
the processes of differentiation and growth of the
organism, and its adaptation to the environment in
the process of evolution. The functional diversity of
collagen has determined the interest to its structure
and biology among researchers for decades [1-8].
The problem of the formation and temperature sta-
bility is among key ones in the biology and physics
of collagen. Temperature plays an essential role in
the vital activity of biological systems. All catalytic
processes proceeding with participation of biologi-
cal Macromolecules, the temperature coeflicient
of which is higher than that of low molecular com-
pounds, both in vivo and in vitro depend on the tem-
perature. Various mechanisms of adaptation to the
changes in the environmental temperature resulted
in the existence of the variety of living systems and
hence in the variety of biological macromolecules
functioning optimally only at the physiological body
temperature for homeothermic animals and at some
optimal temperature for endothermic animals.

There is not observed a direct relation between
the degree of the evolution of collagen and the degree
the heat stability. Hence it is assumed that the phylo-
genetic changes in heat stability hold only adaptive
significance [9]. Phylogenetic adaptation occurs at
the level of the genetic apparatus and involves ir-
reversible profound changes in biological macro-

molecules [10], unlike season adaptations that are
short-term and of a reversible character. The collagen
molecule is actually the only bio macromolecule the
temperature of denaturation of which strictly follows
the physiological body temperature.

The process of collagen biosynthesis results in the
formation of collagen fibers, the stability temperature
of which exceeds the temperature of denaturation of
a triple helix in the solution by 22 °C in average [1].
Though there is some success in understanding the
nature of forces responsible for the increase of fibril
stability the problem has not been adequately studied
yet. Some contribution to the increase of the tempera-
ture of fibril melting, as compared to the triple helix,
can be made by hydrophobic interactions [2], which,
as it is known, are of entropy nature.

As is known from the study of thermodynamic
properties of globular proteins, for the estimation
of the role of hydrophobic interactions the most
efficient approach is the measurement of the heat
capacity jump at the transition of protein from na-
tive state to the denaturation one [2]. In the same
work, the value of the heat capacity jump with the
denaturation of rat skin collagen macromolecules
was assessed according to circumstantial evidence.
As for fibrils there is no evidence even of that kind.
Therefore, in this work the effort was made to esti-
mate by direct precision calorimetric measurements
the value of the heat capacity jump at melting of the
collagen fibers of rat tile tendons in water, where col-
lagen remains as fibrils, and in 0.5 M acetic acid, in
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which collagen exists as separate triple helixes and
has different degrees of stability [1] i.e. different
temperatures of denaturation.

A unique pulsed differential scanning calorimeter
(PDSC) created by the authors allows performing the
measurements of the above-mentioned heat capacity
jumps in a pulsed mode under the thermodynami-
cally equilibrium conditions with high precision, in
contrast to conventional differential scanning calo-
rimeters (DSC) performing the measurements in the
continuous heating mode under not un sufhiciently
equilibrium conditions. Obtained results are dis-
cussed in the light of existing representation on the
properties of the triple helix and collagen fibers [11].

Rat tail tendon preparation

Tails of six week-old rats were excised from the
carcasses and released from the skeleton. The fibrils
were immediately washed in distilled water, and all
visible contaminants were removed from the fibrils
under the microscope. In order to exclude the side
effects connected with the change in the amount of
hydrated water and with age-related changes [12],
the experiments were carried out on the fibrils from
one and the same object. Prior to the experiments,
the fibrils were dried in vacuum at room temperature
in order to remove the remained moisture. The col-
lagen fibrils cleaned in this way contain of 97% of
pure collagen [12]. The fibril in amount of 10-20 mg
was placed into a calorimetric cell, the distilled water
or 0.5 M acetic acid was added and kept for a night
before starting the experiment. Another cell of the
differential calorimeter contained the same amount
of distilled water or 0.5 M acetic acid respectively.

Calorimeter

The measurements of a heat capacity jump at melt-
ing of collagen fibers were carried out with the help
of the unique, high sensitive and precise pulsed dif-
ferential scanning calorimeter (PDSC) based on the
original method elaborated by the authors [13-17].

At present the most sensitive calorimeters are dif-
ferential scanning calorimeters (DSC) [18-20], in-
cluding temperature modulated DSCs (TM DSC)

[21], but DSCs have one important disadvantage:
they measure heat capacities difference between
sample and standard at not strongly equilibrium con-
ditions. The reason is that in continuous heating
mode, to both cells of differential container continu-
ously is served the same power P, because of the dif-
ference in the heat capacities of the sample and stan-
dard AC = C, - C, they are heated unequally, but
soon there comes a stationary mode when cells are

heated at the same rate d_T, due to the transition

from one cell to another hggt power P = kAT, by the
thermobattery between the sells, where k is the ther-
mal conductivity of the thermobattery, and AT - the
temperature difference between the cells. From the
simple thermodynamic calculations follow, that in a
stationary mode

ro(ae(®)

As can be seen, the temperature difference be-
tween the cells and therefore the value of the emf of
the thermobattery between the cells (signal) depends
not only the value of the heat capacity difference be-
tween the cells, but the heating rate too. The higher is
the heating rate, the higher is the signal. Hence, for ob-
servation small thermal effects, when the emf of ther-
mobattery is very small, one can increase the signal
and make it measurable using high speeds of heating.
However, at high heating rates, temperature gradients
develop in the samples and the measurements are per-
formed under non-equilibrium conditions, because of
it the registered heat capacity difference DC(T) may
differ from its true value, depending on the heating
rate. About similar effect was mentioned in work [22].

The above — mentioned incompatibility of high
heating rates with the adequacy of measurements
limits the opportunity of measuring small heat capac-
ity differences and the accuracy of the measurement
conventional differential scanning calorimeters.

PDSC allows combine high heating rates with
accurate measurements. This is achieved by using
the method of pulsed heating with temperature
scanning. Due to the high rate of heating during the
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short but powerful impulse in the pulsed mode sig-
nal is much higher with compared the continuous
heating mode, at the same time the measurements
were carried out in the equilibrium conditions, since
at the beginning and after the end of a short pulse
sample is in thermal equilibrium conditions and the
heat effect under study remains undistorted [16].
Thus, using PDSC one can measure small deviation
of heat capacity with high accuracy or observe such
small effects, which in studies using conventional
DSC can be just as well stay undetected. Therefore,
PDSC exactly suitable for the task assigned in this
article: precise measuring of the small jump of the
heat capacity at the denaturation of collagen.

The relative error of measurementsis §C/C = 107,
where §C is the error of measurements and C is the ab-
solute heat capacity of the cell.

Calorimeter capable to work in a continuous
heating mode too, similar to a conventional con-
tinuous heating DSCs. The rate of scanning at the
continuous heating is possible to change from 6 K/h
to 60 K/h.

The described calorimeter is also effective for the
study of isothermal processes with high accuracy.

Experiment

The measurements of the heat capacity jump of
collagen fibers at melting were made under two differ-
ent conditions: in acetic acid and in water. In one of the
cells of calorimetric container 20 mg of dried fiber was
placed and 0.95g distilled water or 0.5 M acetic acid
added. In other cell the same amount of water or 0.5 M
acetic acid was poured respectively. The amount of wa-
ter was controlled by analytical scales. In order to elimi-
nate the additional errors connected with age-related
changes and with other factors, all experiments were
carried out on the fibrils of one and the same object.

The estimation of size of thermal capacity jump at
the melting of collagen, is not a simple task, because
of many factors influencing on size of this jump.
Besides the above factors it is necessary to allocate
kinetic character of melting of collagen which can
influence this size [22]. Therefore, to exclude this

artefact it is necessary to lead measurement in equi-
librium conditions that was achieved in this work.

Figure 1 shows the results of investigation of
denaturation of collagen in aqueous medium and
in 0.5 M acetic acid. The measurements were per-
formed in continuous heating mode at the speed of
15K /hour. It is seen that the heat absorption peaks
are shifted acros the temperature by the expected
value: 22 °C and are of different shape. Phase tran-
sition enthalpy calculated from these graphs is
AH=50.2]g'in 0.5 M aceticacidand AH=60.1 Jg™*
in water respectively.

16- ] {Q
HH t 2
x 12 £ 4
o i i
- 8 ] ‘
0 i \
4-

300 310 320 330 340 350
TK™
Figure 1.

Calorimetric curves of melting of collagen fibers
in 0.5SM acetic acid (curve 1) and water (curve 2).

Calculation the enthalpy of denaturation AH(T))
occurred by numerical integration of the expression

T,
AH(T,) = [ C(T)dT (2)

7
Where T, and T, are the temperature of the begin-
ning and ending of the denaturation process, T,is the
denaturation temperature, C(T) is the “heat capacity”
of the collagen during the melting (Figure 1), C(T)
dT = dH(T) is the adsorbed heat as the temperature
increases on dT —elementary area between the transi-
tion curve and the baseline. For one transition curve
two basic lines are drawn: one — on the experimental
points before the beginning of the transition process,
below T, by extrapolation of which to T, the basic
line for the temperature interval T, — T, was obtained
and the second — on the experimental points after the
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end of the transition process, above T, by extrapola-
tion of which to T, the basic line for the temperature
interval T, T, was obtained

3.0
2.5/
- 2.0
X
‘o 1.5
ke,
0™1.01

0.5

0980 200 300 310 320 330 340
Tk
Figure 2. Heat capacity jump at melt-
ing of collagen in 0.5M acetic acid

Figure 2 and Figure 3 present the temperature
dependencies of collagen heat capacity in acetic
acid and in water. Prior to transition, the heat ca-
pacity of collagen in acetic acid is higher than in
water. The temperature coeflicient of heat capac-
ity in acetic acid is three times higher than that in
water. Heat capacity jump at the denaturation in

0.5M acetic acid and in water are: AC =0.2 Jg"'K'
and AC =0.46 Jg~ K™ respectively.

3.0,
25/
X 20/
g')
o151
1.0/
05/

0.0 ——————————————
280 290 300 310 320 330 340 350 360
TK

Figure 3. Heat capacity jump at melt-
ing of collagen in water

After denaturation, the heat capacity of collagen
in acetic acid and in water sligthly depend on tem-
perature and is equal to ~ 2.62 Jg'K"".

In table are given the results of measurements
some thermodynamic characteristics of rat tail ten-
don collagen obtained by calorimetric measure-
ments in water and 0.5 M CH,COOH.

Table 1.
. Denaturation Denaturation Enthalpy Heat Capacity Jump
E t
nvironmen temperature °C AH (T) Jg* AC (T, Jg'K!
Water 63+/-0.2 60.1+/-0.3 0.46 +/-0.02
0.5M Acetic acid 40.8 +/-0.2 50.2+/-0.3 0.20 +/-0.02
Discussion As it was mentioned above the problem of sta-

Acid solutable collagen exists in the form of
a triple helix in the pH interval from pH = 2.0 to
Ph = 4.0, which can be represented approximately
in the form of elongated sticks. The researchers esti-
mated the average molecular parameters of collagen
macromolecules by different methods such as light
scattering [23], statistical processing of electron-mi-
croscopic data [24], double refraction and viscosity
[25]. The obtained average results were as follows:
length 2800 A°, diameter 15 A°, molecular weight —
30000d. It should be noted that, in the interval of
pH 2.0-4.0, the temperature of denaturation of col-
lagen depends only slightly on the pH value. In water
collagen exists as fibrils.

bilization of collagen structure is one of the lead-
ing problems in physics and biology of collagen
due to its functional importance connected with
the phylogenetic change of thermal stability in the
process of evolution [26; 27]. The main component
of connective tissue — triple helix of collagen should
be rather flexible on the one hand, in order to be
able to form the fibrils spontaneously outside the
cell under the physiological conditions, and, on the
other hand, it should provide the formation of sta-
ble connective tissue capable to serve as mechani-
cal functions. Both these properties are revealed
in low temperature of denaturation of triple helix
(T,) in solutions within pH-2—4 interval, and in the
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increase of the temperature of shrinkage of collagen
fibers (T) [28].

The important role in formation of collagen fibers
and growth of melting temperature in vivo together
with other factors can play hydrophobic interactions
the presence of which can be fixed and estimated by
size of thermal capacity jump at the melting of col-
lagen fibrils [2].

The difference between the temperatures of col-
lagen fibers melting and denaturation of triple helix
in the solution of different origin remains constant:
22°C in average, as it was pointed above. Coiling into
triple helix is achieved by intramolecular hydrogen
bonds connecting the HN group of the glycine resi-
due on one chain to a C=0 group on an adjacent chain
in the first position of collagen triplet (Gly-X-Y) [29]
by water molecules in the second position [30] and by
the residues of hydroxyproline in the third position
of triplet [31]. The further arrangement of collagen
fibers in tissue takes place as a result of the change of
surface charge of triplet helix, or by hydrophobic inter-
actions between side-groups of amino acids [32; 33].

At present, the fundamental dependence of the
enthalpy denaturation of collagen on the content of
hydroxyproline and a slight change of enthalpy from
57.5]g "' to 58.2]Jg™" at the change of pH in 2—4 inter-
val for the collagen of rat skin are determined[27].
This allowed one to predict the approximate value of
heat capacity jump: 20 Jmol 'K in the mentioned
pH interval [2]. Hydrophobic interactions between
the side groups of amino acids in the triple helix that
can contact with each other, could be revealed by
direct measuring of heat capacity jump at melting.
According to our direct measurements the value
of heat capacity jump for collagen of rat tile in 0.5
M acetic acid makes 0.2 Jg"'K'', in agreement with
above prediction, but the jump at denaturation of
collagen fibers in the aqueous medium (0.46 Jg'K™")
is twice and even more times bigger. A preliminary
report about the existence of the specific heat jump
of fibrils in water was made in [34]. The difference
in the values of heat capacities jumps in water and

in acetic acid may be explain by different nature of
interactions of side chains of amino acid. It may be
hydrophobic interactions nature, as in the literature
there are data indicating the role of hydrophobic
interactions at the formation of collagen fibers in
mediums containing CH-groups with different de-
gree of polymerization [30]. If we compare the re-
sults obtained by us with the results obtained for the
heat capacity jumps in globular proteins, in which
the hydrophobic interactions really determine the
stability of globule, its value in collagen is of the same
order, as in ribonuclease — the protein with the low-
est level of hydrophobic interactions [35]. The rela-
tion between the value of heat capacity jump and the
hydrophobic interactions is followed unambiguously
on the example of globular proteins. For the majority
of globular proteins, the hydrophobic interactions
play the important role for the stability of globule in
polar solvents. Such peculiarity of globular proteins
is seen well in inversely proportional dependence of
the enthalpy of collagen denaturation on the value
of heat capacity jump [36; 37].

The facts, determined by us consisting in that
both the enthalpy and heat capacity jump at melt-
ing of fiber in water are higher than that at melting
of collagen in the solution of acetic acid make basis
for the assumption that the hydrophobic interactions
do not play such remarkable role in the increase of
melting temperature, as it was in the case of globular
proteins [35; 36]. Logically it seems more reason-
able to assume that in the increase of the tempera-
ture of melting, the more important role can have the
electrostatic interactions between the side-groups of
amino acids, though the definite value of jump does
not exclude the role of hydrophobic interactions.
The obtained results give the definite idea about the
physical-chemical nature of formation of collagen
fibrils, but of course, the further investigations are
needed to show the real process of fibril genesis.

Conclusions

1. By using the high precision pulsed differential
scanning calorimeter (PDSC) the jumps of heat ca-
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pacity at melting of collagen fibers of rat tails tendons
in water and in 0.5SM acetic acid were measured un-
der the thermodinamically equilibrium conditions.

2. It is shown that the jumps of heat capacity of
rat tail tendons collagen in water are twice as large as
in 0.5M acetic acid.

3. The enthalpy of denaturation of rat tail tendons
collagen in water is more than in acetic acid too.

4. The obtained results are discussed in the light of
existing idea about the mechanism of fibril formation.

5. On the basis of the increase both enthalpy
and the heat capacity jump at the melting of col-
lagen of rat tail tendons in aqueous medium, as
compared to the enthalpy and the heat capacity
jump at denaturation in acetic acid, it is assumed
that in the process of formation of these collagen
tibrils the participation of electrostatic interac-
tions of side groups of amino acids is probably
more important than the participation of hydro-
phobic interactions.
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THE INFLUENCE OF ENVIRONMENTAL FACTORS
ON THE NONSPECIFIC IMMUNITY OF CHILDREN
LIVING IN THE ARAL SEA REGION

Objectives. Aman in the Aral Sea region found himself under the influence of a complex of habitat
factors, in close dependence on the quantity and quality of the available water resources of which,
acting through nonspecific and specific immunity factors, can cause profound changes in the human

body.

Aims. Assessment of the state of the immune system and the elemental status of children, taking

into account the water factor in the ecologically unfavorable region of the Aral Sea region.
Materials and Methods: A comprehensive study of the quality of various categories of drinking
water (tap, well, open water bodies) by the most important physical and chemical components was
carried out: water salinity (dry residue), hardness (Ca + Mg), chloride and sulfate content, pH, the
presence of organic matter (according to BODS and permanganate oxidizability), biogenic elements,
macro-and microelements, and assessment of the state of the immune system and elemental status

in 150 healthy children born and permanently residing in the Aral Sea region.

11



Section 2. Medical science

Results: A correlation was established between the quality of drinking water and the morbidity
of children with the concentration of sulfates in water r = 0.83, chlorides in water r = 0.52, hardness
(r=0.40), and salinity (r = 0.53) drinking water. Assessment of adaptive reactions according to the
leukocyte formula of a general blood test revealed an increased activation of the body’s adaptive sys-
tem. The relationship between the influence of environmental factors and the incidence of children
in the Aral Sea region was revealed.

Conclusions. The water factor in the Aral Sea region is one of the dominant factors in the occur-
rence of various pathological conditions in children. In the Aral Sea region, children develop viola-
tions of the macro-and microelement status, the immune system, which under normal conditions are
mobile, have a pronounced margin of safety and the information content of which is especially high.

A decrease in the quality of drinking water affects the hemogram, increasing the content of leuko-
cytes, as well as the relative and absolute content of lymphocytes, reducing the relative and absolute
content of monocytes. These changes, depending on the place of residence, are explained by the

reaction of the immune system to the influence of environmental pollution.

Keywords: environmental factors, macro-and microelements, the Aral Sea region, adaptive re-

sponse, morbidity in children.

Introduction

The human body in the process oflife is exposed
to a complex of environmental factors of polytropic
action, which contribute to the formation of altered
reactivity of the body, increasing the risk of devel-
oping various diseases [9]. The quality of the envi-
ronment largely determines the level of the human
body’s defenses [1]. A man in the Aral Sea region was
under the influence of a complex of habitat factors,
many of which, acting through nonspecific and spe-
cific immunity factors, can cause profound changes
in the human body [2].

Adaptation of the body to constantly changing
environmental conditions (external and internal) is
a continuously occurring process designed to main-
tain homeostatic balance in the body. The adaptive
capabilities of the organism are increasingly consid-
ered as one of the important criteria of health since
the modern understanding of the disease includes
the idea of defense mechanisms, first of all, the mech-
anisms of adaptation and compensation [3].

Physiological mechanisms of adaptive restructur-
ing of the child’s body in ecologically unfavorable
conditions naturally lead to shifts in elemental ho-

meostasis [2]. The human habitat and the state of his
health in the Aral Sea region turned out to be close-
ly dependent on the quantity and quality of avail-
able water resources. With water, a person receives
1-25% of the daily requirement for physiologically
necessary chemicals [4]. Mineral substances that en-
ter the human body with water have a more signifi-
cant physiological value than those that come with
food since the latter lose some of their amount in the
process of cooking [S]. It is necessary to study the
direction of changes in the nonspecific immunity of
children, depending on the area of residence, to find
and justify ways to correct changes in the immune
status in order to improve the quality of life of the
population in ecologically unfavorable regions [6].

Aims. Assessment of the type of nonspecific adap-
tive reactions of the body and the elemental status of
children, taking into account the water factor in the
ecologically unfavorable region of the Aral Sea region.

Materials and Methods

In the city of Nukus, the Republic of Karakalpak-
stan, using atomic absorption spectrophotometry, a
comprehensive assessment of tap drinking water was
carried out for the most important physicochemical
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components: water salinity (dry residue), hardness
(Ca + Mg), chloride and sulfate content, pH, the
presence of organic matter (BODS and permanga-
nate oxidizability), biogenic elements, macro-and
microelements. A comparative assessment of indica-
tors of macro-and microelements in drinking water
and blood serum of children was carried out, as well
as an assessment of the type of nonspecific adaptive
reactions according to the leukocyte formula of a
general blood test (the number of leukocytes, the
relative and absolute content of lymphocytes and
monocytes) in 150 healthy children born and per-
manently residing in the region Aral Sea.

Results

In the selected samples of drinking water there
are suspended solids or coarse impurities. According
to the requirements for the composition and prop-
erties of water, the content of suspended solids as
a result of the discharge of wastewater should not
increase by more than 0.25 and 0.75 mg/1. In accor-
dance with the hygienic requirements for the quality
of drinking water, the turbidity should not exceed
1.5 mg/1 [4]. In the investigated drinking water of
the regions, the turbidity is 5-29 mg/1.

The salinity of drinking water is subject to drastic
changes. In all the water samples we have taken, the
mineralization exceeds the MPC by 0.36-0.83 times.

Substances in drinking water in low concentra-
tions, but playing an important role in many physio-
logical processes, are of greatimportance [5] A study
of the composition of macro-and microelements in
water samples revealed their mosaic distribution.

The concentration of Co in the well water of the
Muynak region is 2 times higher than the MPC,
1.6 times in the Kungrad region, and 4 times in
the Kanlykul region. It is known that excess Co in
drinking water causes chronic intoxication, char-
acterized by diseases of the upper respiratory tract,
allergic symptoms, bronchial asthma, and allergic
dermatoses, as well as the so-called “cobalt cardio-
myopathy” [8]. The Fe content in all the samples
taken was below the MPC level. Fe deficiency in

children can lead to increased absorption of Co in
the digestive tract.

The content of Zn in the drinking water of the
study areas was almost 500 times lower than the
MPC. Zn deficiency conditions are usually character-
ized by the presence of symptoms such as decreased
appetite, anemia, allergic diseases, dermatitis. T-cell
immunity is specifically reduced, so children with
Zn deficiency usually often and for a long time suf-
fer from colds and infectious diseases. Upon contact
with various chemical factors, the homeostasis of the
body is provided by the immune system in conjunc-
tion with the neurohumoral regulation system. As a
result of anthropogenic hyperchimization of the en-
vironment during the transient, and especially with
prolonged exposure to the body of agents with im-
munotoxic and immunomodulatory properties, the
risk of developing immunopathological conditions,
allergic diseases increases [9].

When examining children, it was revealed that
Ca deficiency in blood serum is present in 44%,
and Fe in 39%, while in the clinical picture hypo-
chromic anemia, inflammatory changes in mucous
membranes, and chronic gastroduodenitis, as well as
immunodeficiency states, were more often detected.

The incidence of children is closely correlated with
environmental pollution with pesticides (r = 0.66),
the quality of drinking water (with the concentration
of sulfates in water r = 0.83 and chlorides in water r =
=0.52). A correlation was established between the
incidence of children and the hardness (r = 0.40) and
mineralization (r = 0.53) of drinking water.

L.H. Garkavi et al. made it possible to identify 4
types of nonspecific adaptive reactions arising from
the effects of endogenous and exogenous stimuli
of any kind with different strengths and reflecting
mainly the combined participation of the immune
and endocrine links of adaptation. All reactions
that are a nonspecific basis of a pre-illness or illness
are classified as stressful reactions. As signal indi-
cators of the body’s adaptive response in clinical
practice, the authors proposed criteria based on the
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indicators of the leukocyte formula of the general
blood test [3].

The results of the conducted studies showed
that the content of leukocytes in children was in
the range from 6.75 + 0.49 to 7.08 + 0.14, averaging
6.915 £0.31. By the type of nonspecific adaptive re-
actions, the deviations of the indicators were within
the value for the degree of tension II.

The absolute lymphocyte count in children ranged
from2.79+0.21 to 3.13 £ 0.17, averaging 2.96 + 0.19.
The relative content of blood lymphocytes in children
was from 36.52 +2.68 to 45.12 + 1.7, averaging 40.82 +
+ 2.19. The indicators were within the values for the
degree of tension IV. This indicates an increased acti-
vation of the body’s adaptive system, which, according
to L. Kh. Garkawi increases the secretion of ACTH
and glucocorticoids and determines the different ef-
fects of these reactions on inflammation, including a
certain ratio of the activity of the blood coagulation
and anticoagulant systems, which indicates an increase
in the activity of the defense systems the organism of
children in response to environmental changes in the
Aral Sea region. The health level gradually decreases
with increased activation [11].

The absolute content of monocytes was from
0.29 +£0.03 to 0.31 £ 0.0S, averaging 0.3 + 0.04. The
relative content of monocytes in the blood of chil-
dren was from 3.98 + 0.43 to 4.28 + 0.43, averaging
4.13 £ 0.43. The indicators were below the minimum
deviation range. Probably, the decrease in the abso-
lute and relative content of monocytes in children
permanently residing in the Aral Sea region is due
to a large number of pesticides with environmental

pollution (r = 0.66), the quality of drinking water
(with a concentration of sulfates in water r = 0.83
and chlorides in water r = 0.52) [12].

Assessment of adaptive reactions according to
the leukocyte formula of a general blood test re-
vealed an increased activation of the adaptive system
of the body of children. The relationship between the
influence of environmental factors and the incidence
of children in the Aral Sea region was revealed.

Conclusion

Thus, our studies show that the water factor in
the Aral Sea region is one of the dominant factors in
the occurrence of various pathological conditions in
children. Good-quality drinking water supply should
be highlighted in the system of measures aimed at
improving the living conditions and health status of
children in the Aral Sea region. The quality of drink-
ing water determines the increase in the direct and
indirect influence of the water factor on the health
of children.

In the Aral Sea region, children develop viola-
tions of the macro-and microelement status, the im-
mune system, which under normal conditions are
mobile, have a pronounced margin of safety and the
information content of which is especially high.

A decrease in the quality of drinking water in the
region affects the hemogram of children by increas-
ing the content of leukocytes, as well as the relative
and absolute content of lymphocytes, and reduc-
ing the relative and absolute content of monocytes.
These changes, depending on the place of residence,
are explained by the reaction of the immune system
to environmental pollution in the region.
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FEATURES OF CHANGES IN SOME MICROELEMENTS
IN CHILDREN OF THE ARAL SEA REGION

Abstract

Introduction. Deviations in the intake of macro and microelements by the human body, which
adversely influence their ratios affecting their activity in the body, reduce or increase its resistance,
and therefore the adaptability. The long-term chemical load has a significant impact on the content
of the essential microelements in the body of people living in the Aral Sea region.

The purpose of the study. Determination of the content of macro and microelements in children’s’
hair living in the Aral Sea region is conducted.

Materials and research methods. To determine the content of macro and microelements, hairs
samples of people living in Nukus city were examined. All children were divided into 4 age groups:
group I consisted of children from new —born to 4 years of age, group II comprised children from 4
to 8 years old, group III consisted of children from 8 to 15 years old and group IV comprised children
from 15 to 19 years old.

Determination of the content of essential microelements (chromium, manganese, iron, cobalt,
copper, zing, selenium, iodine, etc.) in the hair samples was carried out in the laboratory of activation
analysis of the Institute of Nuclear Physics of the Academy of Sciences of the Republic of Uzbekistan
by instrumental neutron activation analysis (INAA).

The results of the survey. While studying the elemental composition of children’s hair from the
abovementioned groups I, II, IIT and VI an imbalance in macro and microelements of varying de-
grees of severity was revealed. All examined children exhibited a statistically significant decrease in
the content of Cu, Co, Zn, I and Cr in groups 11, III, and VI. This indicates the increased probability
of developing anemia and disorders in the gastrointestinal tract, endocrine and immune systems.

Comparison of the microelement analysis results of the hair samples of children and their parents
(Tables 1 and 2 respectively) revealed that parents also exhibited a deficiency of Cu, Co, Cr, I, and
Br. At the same time, an increased content of toxic element -uranium was revealed in children and
parents, which indicates the occurrence of environmental pollution in the Aral Sea region.
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Conclusion. The study confirms the potential promise of screening studies of macro and micro-

elements in biosubstrates in various population groups in order to correct both the elemental status

and improve the indicators of population health and quality of life in general.

Testing of various biological environments for the most common chemical environmental pol-

lutants allows us to develop ways of preventing and correcting detected violations.

Keywords: hair, macro and microelements, neutron activation method, ecological factors, the

Aral Sea region.

One of the most important and prerequisites for
the normal functioning of an organism is the stability
of its chemical composition.

Learning the effect of a deficiency or excess of
microelements on the adaptation of the human body
to environmental conditions and the occurrence of
endemia is the subject and tasks of a new branch of
science — biogeochemical ecology. Deviations in the
intake of macro and microelements into the human
body, violation of their ratios affect the activity of
the body, reducing or increasing its resistance, and
therefore the adaptability [1].

Anthropogenic impacts, including excessive in-
take of heavy metals, as well as endogenous and ex-
ogenous deficiency of vital chemical elements, which
is observed in provinces of high environmental and
biogeochemical risk, contribute to reduction of
health at the individual and population levels, and in
some regions, to an increase in depopulation [2;3].
The main environmental factors affecting the health
status of the Aral Sea region’s population: desertifica-
tion of the land, deficiency of pure drinking water,
massive salinization of the land, chemical pollution
of natural environments (water, air, soil, plants), in-
creased air dryness and extreme temperatures. From
this point of view, the systematic monitoring of the
composition of the soil, plants, water, air, and other
natural objects, raising awareness about the real envi-
ronmental situation in the region, is relevant and im-
portant. A long-term chemical load has a significant
effect on the content of essential microelements in
the body of the population living in the Aral Sea re-
gion, particularly in Karakalpakstan [4; 5]. The most
susceptible to diseases associated with the violation

of macro and microelement status are children. This
is due to their increased demand for essential mi-
croelements and their high sensitiveness to the toxic
effects of heavy metals. In this regard, the study of
macro and micronutrients’ content, in children with
physiological and pathological conditions and the
possible impact of their imbalance on the condition
of the child, is noteworthy [6].

Available data show that the content of microele-
ments in the hair shows the microelement status of
the organism as a whole and can serve as an integral
indicator of the environment’s condition [7].

Hair is the most appropriate material for medical
and environmental studies. As a biological object of
study, hair has an advantage over other biosubstrates.
Their collection is simple, painless, so the hair is in-
dispensable when conducting mass researches.

Currently, there are various modern methods for
the determination of macro and microelements in
human biosubstrates. Most of these methods require
asample decomposition procedure for the quantita-
tive isolation of elements, which is often associated
with possible sample contamination and with rather
complicated sample preparation [1; 7].

The neutron activation method allows with high
sensitivity and performance to determine more
than 25 elements in one sample set, wherein sample
preparation is quite simple and does not require
sample decomposition. The main stages of instru-
mental neutron activation analysis are the selection
of the optimal time regime (irradiation time, “cool-
ing” time, measurement time) and spectrometry of
the irradiated sample. The time regime should be
selected so as to provide with the most useful signal
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and reduce the effect of radiation from interfering
radionuclides and, at the same time, provide a suf-
ficiently high analysis performance [1; 4].

The purpose of the survey.

Determination of the content of macro and mi-
croelements in children’s’ hair who are living in the
Aral Sea region.

Material and research methods

To determine the content of macro and microele-
ments, hairs of people who are living in the city of
Nukus were examined. While working with patients,
the ethical principles of the Helsinki Declaration of
the World Medical Association (World Medical As-
sociation Declarationof Helsinki 1964, 2000) were
followed.

Hair was cut from the occipital part of the head
directly from the scalp with 3 cm long strands. It is
known that hair grows at a speed of 1-1.5 cm per
month, therefore, 3 cm long strand reflects the el-
emental status of the organism over the past 2-2.5
months. Cut hair was thoroughly washed in acetone,
dried, weighed and packaged in labeled plastic bags.
The prepared samples were subjected to neutron ac-
tivation analysis.

All children were divided into 4 age groups: group
I consisted of children from birth to 4 years, group II
children from 4 to 8 years old, group III from 8 to 15
years old and group IV from 15 to 19 years old.

Analysis of the hair samples for the content of es-
sential microelements (chromium, manganese, iron,
cobalt, copper, zing, selenium, iodine, etc.) was carried
out in activation analysis laboratory at the Institute
of Nuclear Physics, the Academy of Sciences of the
Republic of Uzbekistan, by instrumental neutron ac-
tivation analysis (INAA). The methods of preparing
and conducting INAA have been described in detail
in previous studies [3; 4]. The obtained data on the
content of microelements in the hair of patients were
compared with reference indices of practically healthy
children aged 1 year to 18 years [10]. Statistical pro-
cessing of the research results was carried out by the
Student’s t-criterion method of statistical analysis, us-
ing Excel 2010 and STATISTICA 6 software.

Results and discussion

The data on the content of microelements in the
hair of children living in the Aral Sea region in ac-
cordance with the different age groups are listed in

(table 1).

Table 1.— The content of elements in the hair of children living in the Aral
Sea region in accordance with the different age groups (mkg/qg)

Examined children Normal
Ele- range
ment | Group I 1-3years | Group II 4-8 years Group III Group VI Mini- Maxi-
n=16 n=14 9-14years. n=16 | 15-19years. n=6 | mum |mum
Cr 0.41+0.11 0.28+0.026 0.26+0.016 0.27+0.073 035 | 1.0
Mn 1.2+0.34 0.61+0.056 0.53+0.039 0.40+0.074 035 | 1.0
Fe 2945.6 20+1.9 21+1.5 16+3.5 15 30
Co 0.020£0.0027 0.013+0.0034 0.022+0.0044 0.017+0.0034 0.02 | 0.11
Cu 6.9+0.97 6.6+0.89 7.5%1.0 7.2£1.0 10 15
Zn 83+14 120£73 120+£8.1 170£18 150 | 250
Se 0.44+0.038 0.41+0.038 0.36£0.036 0.46£0.029 035 | 1.0
Br 4.7+£0.96 2.6+0.40 1.3+0.23 1.0+£0.16 1.0 3.0
I 0.61£0.30 0.61+0.16 0.17+0.085 0.22+0.12 0.8 1.5

When analysing the elemental composition of
the children’s hair samples from groups I, II, III, and
VI, an imbalance in macro and microelements of

varying degrees of severity was revealed, and each
individual group possessedits own characteristic dis-
tinguishing features in each individual group.
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In the first group (from new - borns to 4 years of
age), the contents of manganese and bromine were
higher than that those reported in the references.
The increased contents of Br and Mn in Group I are
connected with a high content of these elements in
mothers during pregnancy, who had experienced
problems of the cardiovascular and nervous sys-
tems [9].

According to the content of iron in the hair sam-
ples of children from groups I, II, III and VI, there
were no significant differences (p > 0.05). The aver-
age concentration of iron in the hair samples of chil-
dren from all age groups corresponded to the physi-
ological norm, however, significant differences were
observed between groups (p < 0.05).

In all examined children there was a statistically
significant decrease in the content of Cu, Co, Zn,

I, and Cr in groups II, III, and V1. First of all, this
indicates the probability of developing anemia and
disorders of the gastrointestinal tract, endocrine and
immune systems.

Comparison of the microelement analysis results
of the hair samples of children and their parents
(Table 2) revealed that parents also exhibited a defi-
ciency in Cu, Co, Cr, I, and Br and 35.3% of parents
had an increased Mn.

Environmental pollution by toxic elements pri-
marily affects children, since their intensive accu-
mulation occurs even in the placenta of a pregnant
woman. This leads to the occurrence of congenital
malformations, a delay in mental and physical de-
velopment, a decrease in immunity and the devel-
opment of diseases, often with a chronization of the
pathological process [10].

Table 2.— The content of macro and microelements in the hair
samples of parents living in the Aral Sea region (mkg/qg)

Normal range (A.V. Skalny. 2004)

Element Surveyed parents Minimum Maximum

Cr 0.34+0.028 0.35 1.0

Mn 1.2+0.32 0.35 1.0

Fe 23+3.7 20 30

Co 0.029+0.0052 0.05 0.15

Cu 6.8 £0.73 10 15

Zn 170£19 150 250

Se 0.39+0.033 0.35 1.0

Br 0.92%0.15 1.0 3.0

I 0.22+0.095 0.8 1.5

Conclusion Deviations in the content of chemical elements

Accumulated data support the prospect of
screening studies of macro and microelements in
biosubstrates in different population groups with
the aim of correcting both elemental status and im-
proving indicators of population health and quality
oflife in general.

Testing of various biological environments for
the most common chemical environmental pollut-
ants allows us to develop ways of preventing and cor-
recting detected violations.

caused by environmental, occupational, climatic and
geographical factors or diseases lead to a wide range of
health disorders. In this regard, the identification and
assessment of deviations in the exchange of macro and
microelements, as well as their correction, are a promis-
ing area of modern medicine that allows us to approach
the solution of many theoretical and especially practi-
cal issues that significantly affect the health indicators
of the population of the regions, which differ sharply
in terms of economic, social development, climatic and
geographical and biogeochemical conditions.
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Abstract. The aim of the article is to study the degree of mastery by the respondents of the method
of Lieberman and Houston-Wilson for the adaptation of mobile games for children with hearing

impairments. 41 third-year students majoring in Pre-school and Primary School Pedagogy are par-

ticipating. The training is carried out during the summer semester of the academic year 2020/2021.

It is conducted online and includes the following methods —lectures, discussions, case studies.
The summarized results show that 73.1% of the respondents have a high level of adaptations to the
method. 22% of the students have some gaps in two or more areas, and 4.9% show a low level of skills.
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The main goal of the Bulgarian Sign Language
Act, in force since 2021, is to form sustainable at-
titudes and motivation for lifelong learning and
to ensure equal opportunities for deaf people to
fully integrate and participate in public life. An im-
portant principle enshrined in it is equal access to
quality education [2]. The main prerequisite for
the optimal organization of the learning process in
the mainstream school is overcoming the commu-
nication difficulties caused by hearing impairment
(3, 86]. The possibilities for overcoming these ob-
stacles now seem to be greater, as greater participa-
tion of an interpreter in the education and training
in Bulgarian sign language for hearing children is
envisaged. Inclusion must take place in all areas,
including physical education. Mobile games are the
most used means of motor learning in preschool
and primary school age. Well-thought-out and or-

ganized play creates speech stimuli and favorable
conditions for verbal communication between chil-
dren, enriches vocabulary, expands motor skills,
develops mental qualities, stimulates initiative and
independence of hearing-impaired children, creates
mood and partnership in the group [4, 177; 7, 60].

There are various methods for adapting mobile
games for children with hearing impairments. The
method of Lieberman and Houston-Wilson [5, 83—
86] is introduced in the education of students ma-
joring in Pre-school and Primary School Pedagogy.
According to him, the changes are taking place in
four main directions:

« Adaptation of the environment — includes all
changes that reduce distraction, reduce noise,
adjust lighting, increase visual signals and cre-
ate optimal accessibility to the playground for
children with disabilities.
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« Adaptation of the equipment — involves modi-
fication of the devices used in the games,
which allows the successful inclusion of chil-
dren with disabilities, as they are tailored to
their needs and capabilities. They can also be
used by children without disabilities, without
hindering their motor development.

« Adapting the rules of the game — there are
many options for which one game can be
played. The change is aimed at simplifying or
creating alternative rules so that all children,
including those with disabilities, are success-
fully included.

« Adaptation of instructions is associated with
changes in the teaching methods. The correct
selection, combination and modification of
the methods for motor training is sought —
verbal, visual, auxiliary-motor and tactile.

Following the method of Lieberman and Hous-

ton-Wilson and the guidelines given by various au-
thors to modify physical activity [1, 220-223; 6,
109-116; 8, 83; 9, 261-264], the following possi-
bilities for adapting mobile games for children with
hearing impairments are outlined:

For the environment:

« Enable a child with residual hearing to use it
while minimizing background noise.

« As it compensates for the lack of hearing
and sight, it is necessary to take into account
where the activities take place — outdoors the
child stands so that the sun does not interfere
with seeing what is happening, indoors — the
playground is well lit.

« All important areas in the playground, as
well as the facilities that are part of the game,
should be of such a color as to ensure maxi-
mum visibility and orientation in the space of
the child with hearing impairment.

For equipment:

« Also, for better visibility, all devices used in
the game should be in well-distinguished
colors.

When there is residual hearing, sound-emit-
ting devices can be used for better orientation.
If the game is musical, the use of additional
devices helps to better feel the vibrations.

About the rules of the game:

All sound signals are replaced with visual
ones — at the beginning and end of the activ-
ity, when giving instructions, commands or
hints during the game.

If there is residual hearing, the signals may be
audible, but the teacher should be as close as
possible to the child to make sure he or she
can hear.

If the child has a hearing aid or cochlear im-
plant, it is possible to change the rules of the
game so that there is no risk of breaking and
injuring the child.

Other children are used as helpers.

When the game involves the division of teams,
they should be in very well distinguishable
and distinctive equipment.

For instructions:

The child’s preferred means of communication
should be used — sign language, lip reading.

If you do not learn the basic gestures of com-
munication, an interpreter can be used.

If the child reads on the lips, speak clearly and
concretely and look in the face.

The main method used for deaf children is
demonstration.

All actions that are shown are to be performed
in the child’s field of vision.

All kinds of visual aids are used to ensure max-
imum understanding of the rules of the game
— various visual aids that have images and text.
If video is used, it must be captioned.

Verbal methods may also be used in children
with residual hearing or using a hearing aid or
a cochlear implant.

Feedback is always sought in the direction of
understanding the rules of the game and the
organization of the performance.
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The aim of the article is to study the degree of
mastery by the respondents of the method of Li-
eberman and Houston-Wilson for the adaptation
of mobile games for children with hearing impair-
ments. 41 third-year students majoring in Pre-school
and Primary School Pedagogy are participating. The
training is carried out during the summer semester
of the academic year 2020/2021. It is conducted on-
line and includes the following methods — lectures,
discussions, case studies. Through the analysis of the
decisions of the cases it is established to what extent
the skills to adapt the environment, the equipment,
the rules and the instructions are formed. The assess-
ment for each area is based on a three-level scale: he
or she can, can to some extent, can’t. The summary
shows the extent to which - high, medium, low -
students master the adaptation of mobile games for
hearing-impaired children by the method of Lieber-
man and Houston-Wilson.

80.5% of the respondents do not have any difh-
culties in adapting the playground according to the
peculiarities of children with hearing impairments.
14.6% do not take into account the recommenda-
tions related to the use of residual hearing and ensur-
ing maximum visibility, and 4.9% of students do not
cope with this task at all.

The same is true of changing the appliances used.
80.5% of the participants took into account all the
features of children with varying degrees of hearing
impairment, 14.6% have small gaps related to the
activation of all working senses in the selection of
equipment, and 4.9% - significant ones.

68.3% of the respondents are able to make any
changes in the rules of the games for the successful
and full inclusion of children with hearing impair-
ments, and 7.3% — do not know how. 24.4% of the re-
spondents partially cope with this challenge, as their

problems are related to the selection of appropriate
visual aids in order to create preconditions for equal-
ity, compliance with the rules, contra-indications for
physical activity of hearing-impaired children and
lack of on the sense of when it is most appropriate
to include an assistant.

56.1% of the students choose the appropriate
means of communication according to the prefer-
ences of the child with hearing impairment and
correctly combine the possible teaching methods.
Unfortunately, over 1/3 of the participants (36.6%)
experience some difficulties in performing these ac-
tivities, and 7.3% - significant ones.

The summarized results show that 73.1% of the
respondents have a high level of adaptations to the
method. 22% of the students have some gaps in two
or more areas, and 4.9% show a low level of skills.
These are the participants who do not fully consider
the possibilities or try to make adaptations without
reading and thinking about all the recommendations
and guidelines that are given when working with
children with hearing impairments.

The method of Lieberman and Houston-Wilson
is suitable for adapting mobile games for children
with hearing impairments, as it creates the precondi-
tions for overcoming communication difficulties by
selecting appropriate ways of communication and
instruction. It also allows you how to modify the
rules, equipment and playing area according to the
needs and abilities of children. It is no coincidence
that a high percentage of the students were excellent
in solving cases, although the training was conducted
only online. Theoretically, they form a base of skills
for the inclusion of hearing-impaired children in mo-
bile games, which will be upgraded in their future
real work related to the processes of inclusion of this

group of children.
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MULTILAYER STRUCTURES DOPED WITH HAFNIUM ATOMS

Abstract. By means of methods transient capacitance spectroscopy of deep levels has been used

to study defect formation in silicon multilayer structures doped with hafnium atoms. It has been

established that the presence of electrically active hafnium atoms in the silicon substrate of the MIS

structures leads to an increase in the density of the surface states N_ and the appearance of distinct
peaks caused by hafnium atoms with deep levels of E -0.23 eV and E -0.28 eV on n-Si<Hf> and
Ev+0.35 eV on p-Si<Hf>. The presence of an electroneutral hafnium impurity in the silicon substrate

of the MIS structures does not lead to a change in the density of the surface states of the MIS struc-

tures and the DLTS spectra.

Keywords: spectroscopy, silicon, defect, deep level, doping of the impurity, Hafnium, MIS structures.

Introduction

It is known that the doping of silicon with high
melting elements significantly affects the performance
characteristics of semiconductor devices [ 1-4]. In ad-
dition, there are contradictory data in the literature on
the electrical activity of these impurities and their in-
teraction with other defects. In most works there is no
information about the electrical activity of these atoms.
Itis known that high melting elements introduced into
silicon from the melt during cultivation, having high
chemical activity and a tendency to complexation, are
present in silicon in an electrically inactive state.

The processes of doping of semiconductor ma-
terials and multilayer structures with acceptor and
donor impurities that create shallow levels have been
studied quite fully [ 5], as for doping with impurities
of high melting elements, due to the complex nature
of the interaction between impurity particles and de-
fects in the semiconductor structure, the influence
of heterogeneity of the structure of metal-insulator
-semiconductor structures (MIS structures) on re-
distribution impurities, there is not enough clarity
here [6]. It is the presence of such impurities that is
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associated with the stability of the operating param-
eters of microchips based on MIS structures.

Experimental part

This work is devoted to the study of the influence
of one of the high melting elements — hafnium on
the electrophysical properties of silicon multilayer
structures of the metal- insulator -semiconductor
type (MIS structures) with thermally grown oxide.
Silicon doping with hafnium was carried out both
by diffusion method and in the process of growing
from the melt.

Diffusion doping of silicon with hafnium was car-
ried out in the temperature range 1000 +1200 °C for
10 hours from a metal hafnium layer deposited on
the Si surface. Then, on plates of n-Si<Hf> with a
resistivity of p = 10+40 Ohms cm, a layer of SiO,
with a thickness of about 800+850A at 900 °C was
thermally grown in an atmosphere of moist oxygen.
By thermal spraying of aluminum on a layer of silicon
dioxide, metal electrodes were created, their area was
0.03 cm?, thickness — 7000 A.

To study various defects created by Hf atoms and
their influence on the properties of the volume and
the Si-SiO, interface of silicon MIS structures, we
conducted comprehensive studies using methods
of deep level transient spectroscopy spectroscopy
in the constant capacitance mode (CC-DLTS)
and high-frequency volt-farad characteristics (C-V
characteristics). The concentration of possible deep
levels in the silicon volume was measured by the C-
DLTS method on Schottky barriers made on silicon
after the SiO, layer was etched [7-8].

Results and its discussion

From measurements of the volt-farad character-
istics of MIS structures based on silicon diffusion-
ally doped with hafnium, it was found that they are
shifted towards negative displacements compared to
the control MIS structures. This indicates that the
diftfusive introduction of hafnium into silicon leads
to an increase in the density of the surface states of
the MIS structures and the formation of a positive
charge at the Si-SiO, interface.

Measurements of CC-DLTS spectra in Si-based
structures doped with hafnium in the process of
growing from the melt and control MIS structures
(without hafnium impurity) showed that their
spectra practically coincide and there is no no-
ticeable concentration of any deep levels, although
according to neutron activation analysis, the con-
tent of hafnium atoms is quite high, of the order
of 2x10%+5x10" cm™. This indicates that after
doping silicon with hafnium during the growing
process, no deep levels are formed in the forbid-
den zone of the silicon substrate. Consequently,
the hafnium atoms introduced during the grow-
ing process are in the silicon volume in electron-
neutral states.

Studies have shown that they can be activated us-
ing high-temperature treatments. At the same time,
the energy spectrum of deep levels is similar to sam-
ples doped with hafnium by diffusion method (Fig.
1, curve 2). Note that the concentrations of deep
levels bound to Hf atoms in Si<Hf>

diffusion

samples
(Fig.1, curves 3 and 4) are an order of magnitude
higher than in Si< I—If>gmwmg

Analysis and measurement of CC-DLT'S spec-

samples.

tra of MIS structures based on silicon diffusionally
doped with hafnium (Fig. 1, curves 3 and 4) and
control MIS structures (Fig. 1, Curve 1) showed
that 2 peaks with maxima at temperatures T =
=110Kand T
found in the control samples. Numerical calcula-

= 146 K, and no such peaks were

tions of the parameters of defects caused by these
peaks showed that the peak with a maximum at
T = 110 K corresponds to the level with an ion-
ization energy of E_— 0.23 eV, and the peak at
T =146 K corresponds to the level with an ionization
energy of E_ —0.28 eV.

Measurements of the density distribution of N_
surface states over the band gap width of the semi-
conductor units of silicon MD structures with and
without hafnium impurity have shown that the dis-
tribution spectrum of the dependence of N_ on E
has a typical U-shaped character. Analysis of these
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dependencies showed that the presence of hafnium
in the substrate does not lead to noticeable changes

AU, relative units
1.0

0.5~

in the distribution of N_ over E_and the formation
of any pronounced peaks.

100 150

200 250 T, K

Figure 1. CC-DLTS spectra in MIS structures with Hf introduced at growing (curve 1),
at growing+ heat treatment (curve 2) and introduced by diffusion (curves 3, 4)

It is established that the presence of electrically
active hafnium atoms in the substrate of multilayer
structures of the Al-SiO_-n-Si<Hf> type leads to no-
ticeable changes in the CC-DLT'S spectra and two
pronounced peaks in the energy range with values
of E -0.23 eV and E_-0.28 eV are observed on the
spectrain doped structures. To identify these defects
with certain impurities, SiO, layer was removed in
the studied MIS structures and Schottky barriers
were made on them. Gold was sprayed onto the n-
Si<Hf> substrate as a Schottky barrier, and antimony
was sprayed in high vacuum as an ohmic contact.

Typical DLTS spectra of the n-Si<Hf> and p-
Si<Hf> samples measured at the obtained barriers
were similar to the spectra in Fig.1. Processing of
the DLTS spectra and their analysis show that in
the n-Si<Hf> samples, two deep levels with ioniza-
tion energies E_ —0.23 eV and E_-0.28 eV. In the
samples of p-Si<Hf>, one deep level with an ioniza-
tion energy of E +0.35 eV was detected. Analysis of

the DLTS spectra showed that the levels with the
ionization energy E_—0.28 eV and E +0.35 eV are
associated with hafnium atoms in Si. These results
confirm the data obtained from measurements of
CC-DLTS spectra.

Conclusion

Thus, the analysis of the obtained results shows
that the parameters of deep levels in MIS structure do
not differ from the parameters of the corresponding
levels observed in Si diffusionally doped with hat-
nium.

It has been established that the presence of elec-
trically active hafnium atoms in the silicon substrate
of the MIS structures leads to an increase in N_and
the appearance of distinct peaks associated with haf-
nium atoms, and the presence of an electroneutral
hafnium impurity in the silicon substrate of the MIS
structures does not lead to a change in the density
of the surface states of the MIS structures and the
DLTS spectra.
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Abstract. Analytical expressions are obtained for the dependence of the concentration of non-

equilibrium current carriers on the parameters of deep impurities in compensated semiconductors,

where the capture of carriers to deep impurity levels is taken into account. It is pointed out that the

relationship between the concentration of nonequilibrium carriers is greatly complicated due to the

variety of recombination processes and the generation of current carriers through multiply charged

impurities. In this connection, below we analyze the dependences of nonequilibrium electrons and

holes on the parameters of deep impurity centers.

Keywords: nonequilibrium current carriers, deep impurity centers, recombination and genera-

tion through multiply charged impurities.

At present, progress in the field of power semi-
conductor electronics is largely determined by the
creation of devices with an optimal combination of
electrical characteristics. The interrelation of various
characteristics of devices, on the one hand, makes it
difficult to carry out optimization calculations, and
on the other hand, it requires an increase in the ac-
curacy of theoretical calculations. From this point of
view, the possibilities of some analytical calculations
containing a number of significant simplifications
(for example, the division of a semiconductor struc-
ture into regions of a strong field and quasi-neutral
regions, the use of various approximations in solving
the continuity equation, etc.) turn out to be clearly
insufficient for an adequate description of the pro-
cesses of charge carrier transport in multilayer semi-
conductor structures in a wide range of changes in
external conditions (temperature, deformation, radi-

ation) and parameters that determine the operating
mode of the device (forward current density, voltage,
etc.). Under these conditions, the only possible way
out is the transition to exact approximations based
on the solution of the fundamental system of equa-
tions of a semiconductor device by difference meth-
ods. Such approximations make it possible to take
into account the complex profiles of the distribution
of various electrophysical parameters over the thick-
ness of the semiconductor structure. A large volume
of literature devoted to the numerical simulation of
semiconductor structures published in recent years
indicates the promise of this direction [1; 2].

The current-voltage characteristic (CVC) S - of
the type in three-layer structures in a diode connec-
tion, the base of which is made of a compensated
semiconductor, is described not only by a mecha-
nism due to a nonlinear increase in the conductivity
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of the semiconductor thickness (base) depending on
the current, but also by mechanisms due to an in-
crease [3; 4]: the rate of thermal generation of carri-
ers due to the heating of the thickness of the semi-
conductor by the flowing current; injection
coeflicient p—n -transition with increasing current;
carrier mobility in a strong electric field upon scat-
tering by ionized impurities [S]; lifetime with in-
creasing carrier concentration (t —mechanism) [6].

Itis easy to verify that the proportion of the above
mechanisms in the formation of negative resistance
in diodes from semiconductors with deep impurity
levels is determined by the dependence of nonequi-
librium electrons and holes. This is due to the fact
that in diodes, the base thickness of which is much
larger than the diffusion length, the distribution of
injected carriers depends on nature, in particular, on
the degree of impurity charge. Therefore, the influ-
ence of the electric field on the distribution of non-
equilibrium carriers in the base of the diode changes
sharply with an increase in the injection level. But, in
a purely intrinsic semiconductor, the field does not
affect the distribution of current carriers at all.

In compensated semiconductors, due to the cap-
ture of carriers to deep impuritylevels, the relationship
between the concentration of nonequilibrium carriers
is greatly complicated due to the variety of recombina-
tion processes and the generation of current carriers
through multiply charged impurities. In this connec-
tion, we will analyze below the dependences of the
concentration of nonequilibrium electrons and holes
on the parameters of deep impurity centers.

Gold atoms in silicon can be in minus, zero, and
plus charge states. The acceptor and donor levels are
located above the valence band by 0.62 and 0.35 €V,
respectively [7]. To determine the relationship be-
tween the concentrations of electrons and holes and
the recombination rate, we assume that the transition
processes occur according to the following scheme

Aut 2 A ;Au"+e 2 Au, Au+h =2 Au';

Au +hz2 Au, (1)

where e (1) are electrons (holes).

These processes of recharging gold atoms by car-
riers are characterized by some probabilities W _,
W+0 >

sections of the corresponding processes, multiply by

W,,, W, which are equal to the capture cross

the average thermal velocity of an electron or hole
and by the total concentration of gold atoms. Ther-
mal generation and carrier recombination through
the band gap are not taken into account. Expressions
(1) lead to the following kinetic equations for
charged gold atoms

%:fowo(n+n0)—fWo(p+p0)—AfN+BfoN,

N (2)

= fWo. (p+py)— f W, (n+n))—Cf N + DfN.

Here, N, n(n,) and p (p,) are the concentra-
tions of gold, non-equilibrium (equilibrium) elec-
trons and holes, | f, and f, are the fractions of
minus-, zero- and plus-charged gold atoms.

Coethicients A, B, C, and D characterizing the rate
of thermal generation of carriers from impurity centers
are determined from the principle of detailed equilib-
rium between levels and bands through the parameters

0
of an equilibrium semiconductor A= SoWor, XIVfOSnO ,
0 0 0 _
w W, W
B:ff 7(?1)0 ,C=f0 ng” , D=—f+ +(;’”° , where the
Njy Nf, Nf,

index “0” means the equilibrium value of the consid-
ered parameters. Then, using the obvious equality from
the solution of system (2), one can easily obtain the
following relations
Using the obvious equality
ot f+f=1

from the solution of system (2) for the stationary
case, we obtain

1 1 n+n,+600p,
fo== f=— S
a a0(p+p,)+0 n,
folprptfan,
" aa(n+n)+Bp, (3)
here
a1t n+n, +08p, +p+p0+ﬂ’1ano

0(p+p,)+07'n, a(n+ny)+pp, .
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W W 0 0
o=—2; 0=—"- ﬂ=f—00; 5=f—’0.
W0+ WO— f+ ﬁ)

The relationship between the electron and hole
concentrations is determined by solving the follow-

ing Poisson equation — =-
dx

:_@ n—p—N-ff)+N n+n0+95.p0 _ )(4)
¢ 0-p+n+0(1+6)p,+(1+07) n,

where the concentration of shallow donors is obvi-
ously equal to

Nd:N(fj)_ff)+no_po- (%)

¢ dE .
— <1, i.e.

n+n, 4me dx
quasi-neutrality conditions, then from expressions

(4) and (S) for silicon n — type we obtain

If we use the inequality

[ p(O-1)+A=N(f*+1)]

n=-— 1+

+4[p(<9-p+<9-1\1-f_ +A)+N(-B+A-f)] |

2

A similar expression can be obtained for the case
with one acceptor level. This is a consequence of the
fact thatin n - type silicon, the charge state of gold
is practically not realized either in equilibrium
(f? =0 due to the proximity of the donor level to
the valence band), or in the stationary state (due to
the large electron capture cross section for this state
ofgold a>1) [7].

To simplify further calculations of the distribu-
tion of current carriers along the length of the base,
it must be assumed that the following condition is
satisfied

1 N(Qf_o _foo) | 1 (7)
0+1|N-f2+0(1+8)p,+(1+6 Iny|
In this case, the compensation of low-resistance
silicon n — type occurs due to the filling of the ac-
ceptor level of gold with electrons from small donor
impurities, and since the acceptor level of gold is
located slightly above the middle of the band gap,
itwill be less than half filled in compensated silicon
(8 <1). Then the dependence of the concentration
of electrons and holes is described by the expres-
sion

p+N,
= _, 8
n pp+N2 (8)
0 -1
where lee N-f +0(1+0)p,+(1+6 )no,
0+1
N _O-N-f)+0(1+8)p, +(1+6 )n,
? 0+1 '

; (6)
[pO-1)+A-N-f'+N|
In conclusion, we note that the rate of hole re-
combination, i.e. the total number of holes captured
per unit volume per unit time is described by the
following expression

R, =(W,f +W . }p. 9)

In conclusion, we note the following. Substitut-
ing (8) into (9) have a simple physical meaning. At
low hole concentrations, the quantities f and f, in
Egs. (2) and (9) can be replaced by their equilibrium
values. In particular, at n=05p (9) takes the form
R, = ( W, + W, ) p. Athole concentrations sat-

isfying p > li the following condition, the impu-
rity states of gold are recharged, and now there
should be more electrons than holes, just by the
amount of the formed uncompensated charge, and
the recombination rate will be determined by the
corresponding stationary values of the fractions of
minus and zero-charged atoms of deep impurities in
the equilibrium state. Thus, the difference between
the electron and hole concentrations increases from
the equilibrium electron concentration to
N (9 f0— fo0 ) This means that in this case the non-
equilibrium concentration of nonequilibrium elec-
trons can exceed the concentration of equilibrium
ones by several orders of magnitude. In this case, the

1
lifetime ofholes will change from 7, = o
9+1 f—W—O+fO‘/v0+
tor,=——"7-—71.
W, +6W,,

31



Section 4. Physics

References:

1. Gurin N.T,, Korneev I. V., Maksin A.N., Novikov S. G. Position-sensitive combined device with N-
shaped current-voltage characteristic // Proceedings of the IV Russian seminar on fiber lasers.— Uly-
anovsk: UIGU2010.- 125 p. (in Russian).

2. Kashtankin I. A., Turin N. T. Temperature characteristics of bipolar N-devices with a controlled current-
voltage characteristic // Nano- and microsystem technology.— No. 6. 2006.— P. 41-43. (in Russian).

3. Adirovich E. I, Karageorgy-Alkalaev P. M., Leiderman A. Yu. Double injection currents in semiconduc-
tors.— M.: Soviet Radio, 1978.- 320 p.

4. Stafeev V.1, Vikulin I. M. S-diodes semiconductor devices and their application / Ed. Ya. A. Fedotova.—
M.: Sov. Radio.— No. 28. 1974.— P. 28-56. (in Russian).

S. Kazarinov R.F,, Skobov V. G. On the theory of nonlinear galvanomagnetic phenomena in semiconduc-
tors.— ZhETF,- Vol. 42.— No. 4. 1962.— P. 1047-1053. (in Russian).

6. Stafeev V.I. The influence of the resistance of the thickness of a semi-conductor on the form of the cur-
rent-voltage characteristic of the diode. ZhTF,~Vol. 28. - No. 8. 1958.— P. 1631-1641. (in Russian).

7. Milnes A. Impurities with deep levels in semiconductors. Monograph.— M.: Mir.—1977.— 568 p. (in Russian).

32



INFLUENCE OF A STRONG ELECTRIC FIELD ON THE CURRENT-VOLTAGE CHARACTERISTIC OF THREE-LAYER SEMICONDUCTOR STRUCTURES IN A DIODE CONNECTION

https://doi.org/10.29013 /ESR-22-5.6-33-36

Rasulov Voxob Rustamovich,

Docent, of Fergana State University

Rasulov Rustam Yavkachovich,

Professor of Fergana State University

Mamatova Mahliyo Adhamovna,

PhD Research Scholar of Fergana State University
Khudoyberdiyeva Muhayyoxon Zoirjon-kizi,

PhD Researcher of Fergana State University

Mamadaliyeva Nargiza Zokirjon-kizi,
PhD, Teacher of Kokand State Pedagogical Institute

INFLUENCE OF A STRONG ELECTRIC FIELD ON THE
CURRENT-VOLTAGE CHARACTERISTIC OF THREE-LAYER
SEMICONDUCTOR STRUCTURES IN A DIODE CONNECTION

Abstract. The effect of an external electric field on the current-voltage characteristics of a three-
layer semiconductor structure in a diode connection is calculated. It is assumed that the base of this

structure is made of a compensated semiconductor, where there are three: zero, minus and charged

impurities. It is taken into account that, in this case, the dependence of the electron and hole con-

centrations is nonlinear.

Expressions are obtained for the current-voltage characteristic of a long three-layer semiconductor
for structures of the following types: p+-n—n+, p+—n-p+, n+—n-n+ etc.
Keywords: external electric field, current-voltage characteristic, three-layer semiconductor struc-

ture, compensated semiconductor, impurities.

One of the main trends in the development of
modern semiconductor electronics is the search and
study of new modes of operation of bipolar multi-
layer semiconductor structures. This trend can be
traced both in the analysis of the development of
new semiconductor devices: high-power silicon en-
ergy converters [ 1-3], ultrafast switching transistors
[4], and drift diodes [S], and in the analysis of the
operation of traditional devices, including diodes.

The dynamics of transient processes in diode
structures have been studied in many works. In the
vast majority of these works, the description of the
dynamics of processes was carried out in the frame-
work of either a quasi-neutral diffusion approxima-

tion or a quasi-neutral drift approximation [6]. At
the same time, when studying dynamic transient
processes in the quasi-neutral approximation, the
dependence of the mobility of charge carriers and
the coefficient on the electric field strength in three-
layer semiconductor structures, in which the base
is made of a compensated semiconductor, was not
taken into account.

At first glance, this approach seems to be quite
justified, since, in stationary and dynamic modes, the
magnitudes of the external electric field strength are,
as a rule, small. However, as the current density in-
creases, the characteristic values increase, and it can
be expected that taking into account the dependence
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of the current carrier mobility may be necessary for
the correct analysis of transient processes in ultrafast
switching of specific cases, for example, on the types
of semiconductor structures [7]. This assumption is
confirmed in the description of the quasineutral ap-
proximation (, where the traditional equations for
current carrier flows are used. The results obtained
in the framework of this approach describe well the
experimental data at not too high current densities.
However, the very first attempts to study the prob-
lem of static characteristics showed that taking into
account the dependence of the current carrier mobil-
ity on the electric field strength, even the dependence
u(E) that is weak in the quasi-neutral approximation
leads to a significant change in the form of the equa-
tions that determine the distributions of the current
carrier concentration and the electron and hole densi-
ties components of the current through the thickness
of the base, as well as voltage drops in the structure.

In this regard, the question of the features of stat-
ic transient processes in semiconductor three-layer
structures, in which the base is made of a compen-
sated semiconductor, at high current densities seems
to be very relevant.

The purpose of this article is to derive equations
that describe the distributions of the concentration
and current densities of electrons and holes along the
length of the base of injected charge carriers and to
analyze the solutions of these equations.

Basic Equations

Let us first consider three-layer structures of the
Pt pron—p*, n e, p—pn*, p—p—p*, n'—p—
— n* types, through which a current flows with a
given density (p=7.5Qcm, N, ~6-10" cm™) ,

1 1 107
Ay(nm) A _(nm) j 8 J e
densities of total current, electron and hole currents.
We assume that the right, for example, p*— n and left,
for example, n—n* — transitions of the structure are
located at the points x = 0 and x = d, respectively.

In the simplest case, the charge carrier transport
equations have the form:

where Av_(ecm™)= (

J, = {epun(ﬁno)E—eDn?}(Hﬁj, (1)

X

J, {epup(pwo)E—eD d—p}(“ij’ (2)

P dx )
where p(p,)and n(n,) are non-equilibrium (equi-
librium) concentrations of electrons and holes. Here,
we took into account that the dependences of the
mobility 4, (E) and diffusion coefficient D;(E) on
the strength of a weak external electric field (E
E
described as 4, (E) = [1 +§J, D.(E)=D, [1 - E_]
0 0
[9], where, E, is a negative value that has units of

are

measurement of the electric field strength. Then
from (1, 2), it is easy to obtain expressions for the

electric field strength as
E ]EO

- e,up[(p+p0)+b(n+n0)}Eo—j_

eD b%—l E,
p ap dl

_e,up[(p+p0)+b(n+n0)}EO—jdx

or
E= J -
e[ p+py+b(n+n,)+N, ]|
p_oP
Dy on dn (3)
u, [p+p0+b(n+n0)+Nk]dx’
where N, =—— b is the ratio of the mobility of

eu, E,
electrons and holes.

Substituting (3) into (1) gives expressions for
the electron current density; i.e.
i = eﬂn(”+n0)Eo'j
" e,up[p+p0 +b(n+n0)]Eo +j

ean/,t{p+pO +2P(n+n0)}Eo +e2Dnupj
n

+

dn
+ _
e, [ p+py, +b(n+n,)]E, +j dx
or
(%) _ b(n+1’10)j
" p+p,+b(n+n))+N,
op
—+N
cep IR N

" p+p,+b(n+n))+N, dx’
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If we take into account the following expression for
1 Gjﬂ _

_"7™ (7, iselectron lifetime), then we have

e Ox
an equation %or the electron concentration in the form

d'n - (dn dn _n-n
RIS 5 N i IV N s 5

I (dxj % T, (8)
and for the distribution of the electron current density:

0
2 p+p0+b(n+no)£+N

n

Ldj,
p+p,+b(n+n,)+N, dx’

(6)
_jn+ bn] :0’
p+p, +b(n+n,)+N,

where

) =Q']-[p+p0+b(n+n0)+Nk]_(n+no)(b+2§j

Toe [p+p0+b(n+n0)+NkT

5 -p p+py ,
"p+p,+b(n+n))+N,

)

n

[p+p0+b(n+n0)+Nk]{(n+n )2€+8p} (n +n0)(gi)2—b(p+p0)+ka

on

v.=D,
It can be seen from the last relations that equations
(5) and (6) cannot be solved analytically. If we con-
sider that there is a linear relationship between the
concentrations of electrons and holes, for example, as
n=03p (see, forexample, [10] and the list of litera-
ture cited there), then it is easy to obtain an equation
for the electron current density in the form
2n+bn, +80(p, + N, )L, d’j,
(1+550)n+30(p, + N, )+b30n, dx*
b30(n+mny)j B
(1+036)n+b30n, +80(p, +N,)

—jnt
or
2 . . .
djy _Ju=hhd_y,
dx’ f,
NO
where § = N—((’) is the ratio of the concentration of

(7)

“zero” and “minus” charged impurities, 0=—2,

WW

“zero” ofD the charged impurity to the “minus” of the
charged impurity (conversely),

f = b30(n+n,)
2 (1+b30)n+b30n, +50(p, + N, )’
2
fe 2n+bny,+80(p, + N, )L, (8)

(1+b80)n+80(p, + N, )+b30n,
Thus, (7) is analytically solved both for n > n,
and for n < n,, i.e., both at high and low injection

[p+p0+b(n+n0)+Nk]2

levels, where the values of f,and f,become constant.
Then the solution of Eq. (7) under the boundary
condition of the form can be rewritten in the form

d—x x
o Ysh T Y esh
'('Yl f21) S (_fl +(Y2 f21) S /_f1

Jn=1]
shi

Jh

where f,, =f,/f,, v, is the fraction of the electron
current density in the left (right) transition. Then the
distribution of nonequilibrium electrons is deter-
mined by the relation

n(x) :m'

d—x

Chi_k(lfl_yl)shi
o Iy (10)
hi
s \/71

From the last relations, it is easy to obtain expres-
sions that determine the electron density in transi-

(9)

+][21'j>

tions as

n(0) =

eD J_
d—x

y yl Ch +f2( \/7 J
fl

(11)
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d d
ch———=v,+f,| 1-ch——
_ JLi _yz \/?1 " f{ \/71] (10)
eD, fl Shi
NG
Similarly, it is not difficult to determine expres-
sions for the electron current density in junctions.
Calculation of the current-voltage characteristic
The current-voltage characteristic for a given

structure is determined by the relationship

(12)

d
V=[E-dx=V,+V,,

where ’
_ kT b03-1 n(0)[1+b68]+bn, + p, + N, (13)

' e bOS+1 n(d)[1+b08]+bn,+p, +N,’
_Nf
-, (14)
e/.tp(b98+1)
jﬁ dx o= Putbn, —N,
5 ’ bN+1

)]

+ 4
]'LGlyz_fﬁ'(yz_fl)e \/Z]
C, = )
eDnZShi

Jh

v, is the fraction of the electron current density in
the right transition (x =d ). The calculations took
into account the dependence of the concentration of
injected electrons in the base of the three-layer struc-
ture on the coefhicient vy,, i.e.

I (Yz_fz) eﬁ‘*e_ﬁ +(V2_f1)

eDn\/?1 hi
R

In conclusion, we note that the discussion of our

d-x d-x

€X/Tl‘|'€\/7l

(15)

n(x)

theoretical results on specific three-layer semicon-
ductor structures in a diode inclusion requires sepa-
rate consideration.

References:

1. Taylor].D. (Ed.). Ultra-wideband radar technology. CRC press. 2000.

2. Rodin P, Ebert U.,, Hundsdorfer W., & Grekhov L. Tunnelling-assisted impact ionization fronts in semi-
conductors. Journal of applied physics,— 92(2). 2002.- P. 958-964.

3. Omar M. A., & Reggiani L. Drift and diftusion of charge carriers in silicon and their empirical relation
to the electric field. Solid-state electronics, — 30(7). 1987. — P. 693-697.

4. Vainshtein S.N., Yuferev V.S., & Kostamovaara J. T. Ultrahigh field multiple Gunn domains as the physi-
cal reason for superfast (picosecond range) switching of a bipolar GaAs transistor. Journal of applied

physics,— 97(2). 2005.— 024502.

S. Rasulov R. Ya,, Madgaziyev A. A., Rayimjonova U., Mamatova M. A., & Muminov I. A. Agency of sur-

face recombination on volt-ampere characteristic of the diode with double injection. European science

review,— 11-12.2019.-P. 70-73.

6. Rasulov R. Ya,, Rayimjonova U., Mamatova M. A., Nosirov M. X., & Muminov . A. To the theory of
current-voltage characteristics of the three-layer structure of semiconductors in diode switching. Euro-

pean science review,— 11-12.2019.-P. 74-76.

7. Mamatova M. A., Rasulov R. Ya. Volt-ampere characteristic of multilayer semiconductor structures.—
Fergana. Poligraf Super Servis. 2021.— 178 p. (in Uzbek).

36



VOLT-AMPERE CHARACTERISTICS OF A THREE-LAYER SEMICONDUCTOR DIODE OF DOUBLE INJECTION

https://doi.org/10.29013 /ESR-22-5.6-37-41

Rasulov Vohob Rustamovich,

Associate professor of Fergana State University
Rasulov Rustam Yavkachovich,

Professor of Fergana State University
Mamatova Muhhayyo Adhamovna,
Researcher of Fergana State University
Karimova Mahliyo Nematjon qizi,
Undergradate of Fergana State University
Mirzaakbarov Dilshodjon Dovlatboyevich,
Researcher of Fergana State University

VOLT-AMPERE CHARACTERISTICS OF A THREE-LAYER
SEMICONDUCTOR DIODE OF DOUBLE INJECTION

Abstract. Expressions are obtained for the electron current density distribution over the thickness

of the base of a three-layer semiconductor double-injection diode made of semiconductors with deep

impurity levels, which is associated with an increase in the bipolar drift mobility of current-carrying

carriers. Analytical expressions for the voltage — current characteristics of such diodes are obtained.

The minimum voltage at the base of the diode is determined.

Keywords: current density, electrons, three-layer semiconductor diode, double injection, semi-

conductor, bipolar drift mobility, current-voltage characteristic.

The voltage — current characteristic S — type in
diodes is observed only when the conductivity of the
semiconductor thickness increases with current ac-
cording to a law stronger than linear. This is due to
an increase in: a) the rate of thermal generation of
carriers due to the heating of the semiconductor
thickness by the flowing current; b) injection coef-
ficient p—n - transition with increasing current;
c) carrier mobility in a strong electric field upon scat-
tering by ionized impurities; d) lifetime with increas-
ing carrier concentration (7 -mechanism) [1-6].

In this work, the current density distributions over
the base thickness and the voltage — current character-
istic of three-layer diodes, the base of which is made
of semiconductors with deep impurity levels, is cal-
culated, which is associated with an increase in the
bipolar (group) drift mobility of carriers. In diodes,
the base thickness of which is much greater than the

diffusion length, the distribution of injected carriers,
therefore, the influence of the electric field on the dis-
tribution of nonequilibrium carriers in the diode base
drops sharply with an increase in the injection level,
although in pure semiconductors the field does not
affect the distribution of current carriers.

For definiteness, a three-layer diode is considered
in the work, the base of which is made of silicon with
an admixture of gold, since the parameters of this
material are most fully studied experimentally [7].

Equation for the distribution of current car-
riers in the base of the structure

Let us consider a one-dimensional three-layer
structure, the base of which is made of gold-compen-
sated silicon, and we assume that the length of the
base d significantly exceeds the diffusion lengths of
the minority current carriers in it. Then, in the sta-
tionary case, the distribution of nonequilibrium
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current carriers over the thickness of the base is de-
termined using the following equations

0 0
J, =e,up(p+p0)E—er£, 7, =e,un(n+n0)E+Dn£,

J=71,+],, (1)
1Y, __p=p (2)
e dx T

P
where 4, 1, and D,, D, are the mobility and diffu-
sion coeflicients of electrons and holes, respectively,
J,],,], are the densities of the total, electron and
hole current, E is the electric field strength:

_ J _
e, [b(n+ny)+(p+p,)]
yon_p (3)
kT ox  Ox

e [b(n+n)+(p+p)]
Using the Einstein relation and the notation

= ”00 , we obtain the following relations useful for

further calculations

_ab (4)
e+ oy

o a a 8l
7y {y(2+(ey+l)2+(y£+l)j+l} Py

], = - . (5)
{1+b+ :'y+b
ye+1

Thus, the equation for the distribution of minor-
ity carriers over the thickness of the base can be writ-
ten in the following form

b=22 from equations (1, 2) and relation (3) we ny'+&-(y) -
expregs the electric field strength in terms of the con- i (6)
centration of current carriers and, then determining - ay” +1 |-y =y,
the density of the hole component of the total cur- { ¥ GLth y(Hb N a) N 1}
rent, and also substituting the obtained value into " b b
equation (3). Having made the following designa- where
tions j= L gze.LpE g:i _P y(2+ oyt z}'l
eD, -n,’ kT Lp, ¢ n, n= rexl e+l ‘b, (7)
ab
y(l +b+ J +b
ye+1
a 1
Ly 2(1+ys+1) i gay(lergHj i
b ab
1+b+—2— |+b 2
y( + +ye+1j+ (ye+1) {y[1+b+y£+lj+b}
{)’[2+ & 1+( a1)2]+1}K1+b+ ablj—(bag};)z}
ye+1 (ye+ ye + ye +
—b 2 . (8)
{y(l+b+ ab ]+b}
ye+1
and
b[2-y(a+1)+1] b[b(1+b)—1] . i
= 5 = a 3)/ b
y[L+ba+D]+b" 7 {y[1+ba+1)]+b) ©)
n= b(2y_+ D , = —b(b —1) 5 at ye>1
y(1+b)+b [y(1+b)+b]
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took into account

on |y gy 8|0 (10)
0x O0x (ey+1) | Ox
prNl+p+bn0+pO=

p+N

- (11)
=n{ (1+b+ J+b+p°}
ye+1 n,

Note here that with an increase in the hole con-

Nf,
centration, the quantity n (¢{): at y < (

+0)n,
b(205y+1){ b(65b-1) J

takes the values

BoabraMmnepHasi xapakrepucruka volt-am-
pere characteristics

To calculate the voltage — current characteristic, it
is necessary to know the electric field strength, which
in the case under consideration has the form

| l—p— a-b
EZ bb] N g)/8+1) -y', (12)
[1+b+ : }/+b {1+b+ fl}wb

Foleceny E . Then the voltage drop in the

T
structure is determined by the relation

2 d d .
(1+65b)y+b | [(1+68b)y+b] U =[x = ﬂb'] dx+
0 a
and at y > N—fotakes the values M ' 0[1+B+yg+1}/+3
(1+6)n, (1+b)y+b
_ ab (13)
b(b-1) v . 1-B-
——~— |. From wich we get that 1<n <2, d (ye+1)
[(1+b)y+b] +j ” y'-dx=U,+U,.
and ¢ <1 at y>1 (see, for example, [8]). {“‘B*' H])’Jf
Above and below x is given in units of the effec- Here
D b
tive diffusion length of holes L = /—P and the Yat
P W,O) l—b( +1)-ln 1+b(a+1)) (14)
electric field strength in units of k_T : 1+b( +1) v, + b
eL, *1+b(a+1)
'-b-;
U j’. lblatl) o 2:jb T -
T Ak 4 Be b C1+b(a+1) OAekZ"+Be’k" -
1+b(a+l)

kl
S AL -(Ajw'cosec 7k, —i(—l)".(Ajnl_i(—l)w.(‘anlw
B[] [k,+k \B kt+k, & B) (k+k)n+k = B) n(k+k)<k,

or
it
4 b 1! ENF
. . 247+ — —
b [\/]2+1—]]-e ! ,j2+1+]" 1 a(a+l)+yd ‘y[1+b(a+1):|
[Hb aH):I b ji 1 NI lra+ o l+a+ L (15)
yd Yo
k,
-cosec 5
247 +1
2 B( ot _ phd )k2 Thus, for kd and k,d <<1 itis easy to obtain the
where = [1+B (a+1)] (a ol b) » following expressions
k(e ™a-b) —

k(M -b)
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U = 2:bom k-
©[1+b(a+1)] k+k,

ko
(k, +k,)d {bl(l—kld)—c kl}kﬁkz cosee ks

b (1+kd)—c| b (1+kd)—c k, k, +k,
Or

2b-m-d NI

[1+b(a+1)]h, 1+(j+\/j2+1)d—;

1

24241
(16)

1+[ 2 +1+j1d =<
NI ey

1+[j—«/j2+1+j]a’—b£ Vi +1-j
1
eﬂ(\/12+1+j)

2% +1

-COS

At dj <<1

ﬂ'b(l-i'&l-'rl] 4
U _—J’o‘eg‘
2 2

|:1+b(a+1)] y
: (17)

y[l+b(u+1)]{1+a+l

Va

[t

where y, =y(x=L). Note that for e™‘~0

|

b

be"! >>¢ and €' >>¢™ from the last relations
can be obtained the results of [8]. But, unfortunate-
ly, the last approximation is relatively crude: in par-
ticular, for a type structure p* —n—p", it gives the

following result, U, = nod e

[1+b(a+1)] J-b ¢

isimaginary. So, when calculating symmetrical struc-
P’ _”l_If:p+ —-p-p",
n"—n—n",n" —p—n" itis not necessary to use the
last approximation.

Conclusion

In conclusion, we note that the rate of hole re-
combination, i.e. the total number of holes captured
per unit of volume per unit of time is described by
the following expression: R, = (W_O f+w . ) p-
We also note the following. At low hole concentra-
tions, the quantities f and f, in Egs. (2) and (9)
can be replaced by their equilibrium values. In par-
ticular, at n=05p (9) takes the form
R, = ( W, + W, ) p.Athole concentrations sat-

and it

tures, for example,

isfying condition p > ——, the impurity states of
gold are recharged, angi—ir_lgw there should be more
electrons than holes, just by the amount of the
formed uncompensated charge, and the recombina-
tion rate will be determined by the corresponding
stationary values of the fractions of minus and zero-
charged atoms of deep impurities in the equilibrium
state. Thus, the difference between the electron and
hole concentrations increases from the equilibrium
electron concentration to N (9 JA N ) . This means
that in this case the nonequilibrium concentration
of nonequilibrium electrons can exceed the concen-
tration of equilibrium ones by several orders of mag-

nitude. In this case, the lifetime of holes will change
1 0+1

fromt,=—F———tor,=———.
f— W—O +f0 ‘/VO+ W—O +9W0+
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RAMAN SPECTROSCOPY OF STRUCTURAL DEFECTS
RELATED WITH SILVER ATOMS IN SILICON

Abstract. Vibrational and structural properties of silicon doped with silver atoms were inves-

tigated using Raman spectroscopy. It has been established that the introduction of silver atoms in

silicon increases the interatomic distance in the crystal lattice, which, in turn, shifts the positions of

the vibration peak to lower ones.

Keywords: Raman Spectroscopy, silver, interstitial and substitutional defects.

Introduction. It is known that the technological
route for the manufacture of almost any semiconduc-
tor device is accompanied by various cycles of low- and
high- temperature treatments, which inevitablyleads to
the formation of various kinds of structural defects and
impurity centers, as well as to the degradation of device
parameters. The degradation of the device parameters
based on silicon structures to some extent depends on
uncontrolled impurities — oxygen, carbon, metals that
are in the silicon wafer or introduced during the manu-
facture of devices. Of all the contact impurities (Cu, Al
Au, Ag, etc.) —silver is one of the available metals [1].

It is known from theory that the diffusion mecha-
nism allows impurity atoms to be in two states: i) S-

substitutional atoms; ii) I-interstitial states (fig. 1). For
example, the authors Rollert et al. [2] showed that the
overwhelming majority of Ag impurity atoms are pres-
ent atinterstitial sites (Ag,); and that substitutional sil-
ver (Ag,) either does not occur or occurs only in very
low concentrations. Using EPR studies, the authors of
[3] identified this isolated Ag, which represents only
a small fraction of the total amount of impurity silver
atoms present. Today, there is no clear picture of the
microscopic structure of defects related with silver at-
oms in silicon. Thus, the topic of this work is relevant
and promising in terms of using its results.

In this paper, the surface states of silver atoms in
silicon are considered by Raman spectroscopy.

substitutional interstitial
impurity atom impurity atom

Figure 1. Distribution of impurity atoms in silicon crystal
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Experimental technique. Samples of n-type
silicon (p=7.5Q cm, N, ~6-10" cm™) grown by
the Czochralski method were selected for measure-
ment. Doping of the silver impurity was carried out
by the diffusion method at a temperature of 1200°C
for 2-10 hours. The complete solubility of silver at-
oms in silicon at this temperature is achieved up to
~6.5-10"% cm™. Raman spectra were obtained on an
Ocean Optics QE6S Pro spectrometer with a
785 nm laser and an integration time of 500 ms.

Raman spectroscopy has proven to be a key ex-
perimental technique due to its ability to identify
structural and electronic effects in non-destructive
measurements. Raman spectroscopy, a fast and
convenient method for study of the vibrational and
structural properties of materials, is widely used to
investigate the structures of crystalline and amor-
phoussilicon semiconductors [4]. Raman scattering
can measure changes in vibrational frequencies in-
duced by the microstructure or the presence oflocal
deformations, which can be produced by distortion
of the bond angle. In this paper, the surface states of

Intensity (a.u.)

silver and gadolinium atoms in silicon are consid-
ered by Raman spectroscopy. Raman spectroscopy
studies vibrational energy levels by looking at the en-
ergy difference between laser light incident on the
sample and the rare photon scattered inelastically via
the Raman effect. This energy difference, known as
the Raman shift, is reported in energy units called
wavenumbers (cm™).

The following equation shows how to calculate a
Raman shift, Av, in cm™ using the laser wavelength
(1,) and a Raman peak wavelength (A ) in nm:

o 1 1 10’
Av (cm )_(io(nm) 2 (nm)jx -

Results and its discussion. The Raman spec-
tra of the light of the initial sample Si<P> and
doped with silver atoms Si<Ag> are shown in
(fig. 2. and fig. 3).

The Raman spectrum of Si exhibits a high peak
in the region 519-521 cm™ with a FWHM of
8-12 cm™. Intensity of first-order scattering due to
optical phonons (TO, LO) at the central point I' of
the Brillouin zone.

SiTO+LO
ﬂ Si<P>
SiTA
4 ~ N
T T T T T T T T T T T T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000

Raman shift (cm™)

Figure 2. Raman shift of initial silicon. Modes: Si_,— 215 cm,

Si,,—412+494 cm-', Si

-521cm™’

TO+LO
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Figure 3. Raman shift of silicon doped with silver atoms. Modes:
Si,,—221 cm™, Si ,—414+504 cm™', Si -520cm™
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Figure 4. Gauss distribution of acoustic mode (TA) of Si<Ag>
sample:1-214cm~', 2-253 cm~', 3-294 cm~', 4-330 cm’

In contrast to the main peak, one can observe the fig.3, further doping of n-Si single crystals with
scattering by acoustic phonons at 221 cm™ (2TA).  silver impurity atoms leads to some change in the
The authors of 5] attribute such oscillations to the ~ Raman spectra. When comparing the Raman spectra
intrinsic Si interstitial defect. As can be seen from  of the Si<P> and n-Si<Ag> samples, it can be seen
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that after doping with Ag atoms, some of the silicon
atoms (Si) leave the crystal sites, which leads to a
slight decrease in the intensity of the fundamental
vibration (TO) at 520 cm™.

Compared to the acoustic phonon peak of the
second order of the Si<P> sample at 221 cm™, which
describes the interstitial nature of the crystal [S], the
corresponding Raman peak in the Si<Ag> sample has
an increased intensity, its line width is broadened, and
the line shape becomes asymmetric with a small tail on
the low energy side extending to 346 cm™ (Fig. 3). The
Gaussian distribution of this peak showed several scat-
tering peaks at 214,253,294, 330 cm™, which is shown
in (fig. 3). Analyzing the results of many publications

[2; 5], this modification can be explained by an increase
in the concentration of interstitial defects ( Si, Ag, SiO,,
etc.) after silver doping in silicon, which is caused by an
increase in the intensity of the 221 cm™ peak.

Conclusion. Thus, the processes of Raman scat-
tering of light in silicon doped by diffusion with sil-
ver impurities have been studied. It has been shown
that an increase in the concentration of interstitial
defects in silicon doped with silver atoms leads to
an increase in the intensity of the 221 cm™ peak. It
was also found that in this mode at 221 cm™ have
four components with Raman shift at 214,253,294,
330 cm™ which can form nanodefects with self-in-
terstitial impurities of silicon.
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SPRAY DRIED FRUIT POWDER USING
FRUIT JUICE CONCENTRATES

Abstract. The process of spray drying is regarded as a method that conventionally converts fruit
juices like orange juices or concentrates to the powder fruit form. In this process, three main processes
are involved in spray drying (Murungesan et al. [29]). These processes are:

« Atomization

« Droplet —hot air contact and evaporation of moisture.

« Separation of products that have dried from the exit air

Feed

« Orange concentrates and lemon concentrates with water (slurry mixture)

Output

« Orange fruit powder

« Lemon fruit powder

In this study’s scope, we investigated the procedures within the fruit drying spray responsible for
yielding fruit powders using orange and lemon fruit concentrates. The production of fruit powder
from fruit condenses calls for the use of drying aids, which function as an agent for reducing sticki-
ness concerns that arise during the fruit spray drying technique. This paper illustrates the process of
fruit spray drying with orange and lemon fruit concentrates and how the fruit powder form can be
used in a production application (Boonyai et al. [35]).

The concentrated orange and lemon juice are spray-dried using air that is dehumidified as a me-
dium for drying, and the agent used for drying is maltodextrin. For the spray drying process, the
piloting-scale dryer is used.

Keywords: spray drying, fruit powders, fruit concentrates, processing of lemon and orange juices

Introduction The fruit spray drying method is developed in relation
A spray drying process is an operational unit such  to the production of dried fruit powders. The initial so-
that liquid products (orange and lemon fruit con-  lution (slurry) used as a feed in the spray drying activ-
centrates) go through the process of atomizationina ity canbe in a solution form that is a suspension emul-
stream of hot gas in order to get instant fruit powder.  sion (Gharssallaoui et al. [2]). The product is turned
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into powder, granules, and agglomerates. These forms
depend on chemical features, the feed’s physical fea-
ture, the feed and the design of the dryer, and how it s
operated (Filkova etal.,, [4]). The requirements of the
spray dry, such as the drying agent concentration that
is used, the temperature of the inlet, the flowing rate
of the feed, and the features of the feed, all affect the
fruits that are spray dried as well as the characteristics
of the pulp powder that is produced during the pro-
cess (Chegini et al. [8]). The different ways the spray
dryer displays itself include concurrent, counter cur-
rent and flow with the mixture. Spray dryers that are
concurrent are commonly used. In concurrent, there
is the travel of the droplets of the feed-in in a direction
that is the same as the flow of the gas used for drying
(Zbincinski et al., 2002).

Steps for spray drying process

Atomization Step

This is among the essential steps in the fruit spray
drying activity; this process enhances the conver-
sion of fluid fruit into tiny droplets (Murungesan et
al,, [18]). Due to the reduction in particle size and
particle dispersion in the gas used for drying, an
exponential increment of the particle area is subse-
quently done, enhancing feed drying quickly. When
the droplet size is tiny, and the feed fluid distribution
is minimal, there is moisture in the material without
the material’s integrity being affected. Because the
droplet size is small, atomization is performed by at-
omizers, commonly classed as rotary sprayers, pres-
sure nozzles, compressor nozzles, and supersonic
nozzles. The choice of atomizers is determined by
the specific feed selected to be dried, the ultimate
qualities of the intended feed, and the particle shape.

In this case, we chose the orange and lemon con-
centrates to be used as the feed-in fruit spray drying.

Droplet-air contact and Evaporation of
Moisture

Generally, the air of the atmosphere is used to dry
in the spray drying process. During the spray dry-
ing activity, the air from the atmosphere undergoes
the process of filtration through the system used for

filtering. Then it is preheated subsequence per the
parameters of opera ration. At times, nitrogen gas
and other inert gases are used with the dependence
on the feed undergoing the drying process and the
instability and sensitivity of the feed concerning
oxygen (Sollohub and Cal [25]). The process of the
feed droplets being dried after contact with the me-
dium for drying in the spray drying activity is the
effect of simultaneous heat and the transfer of mass.
The drying medium heat is transferred to the drop-
lets through the convection method, and then the
conversion of the heat latent during the process of
evaporating the moisture content of the droplet. The
heart rate and heat transfer depend on the droplet’s
diameter, relative velocity, and air velocity (Orsat
and Mungesan [29]). The starting time for drying in
the spray drying process starts once there is contact
between the droplet and the medium for drying. This
process is accompanied by the rate of a falling dura-
tion, where the drying rate starts decreasing, and the
time ends immediately when the droplets can reach
the critical moisture content (Filkova et al. [4]).

Separation of the substance that is dried from
the exit air

The cyclone, which is positioned outside the dry-
er and serves the purpose of reducing the amount of
productlost to the environment, is used in the separa-
tion process. The denser particles are regained at the
drying chamber’s base, while the finer particles are
passed via the cyclone to undergo separation from the
humidified exit air (Gharsallaouii et al. [4]).

The types of fruit powders that can be made
from the orange and lemon concentrate

The lemon and orange concentrates can be
spray dried to create fruit powder. These fruit con-
centrates are typically pasteurized; mixing with the
carriers takes place to ensure that they are stably
dry for them to be fed to the spray drying machine.
The mixture usually undergoes a pumping process
through the nozzle and then passes into the cham-
ber that has been heated with the hot air vortex. As
aresult, the water in the mixture is evaporated then
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the fruit powder is collected at the outlet. The fol-
lowing are some fruit powders that can be formed
from the orange and lemon juice concentrate de-
pending on the manufacturing feasibility, cost, and
the final product quality required (Boonyai et al.
[35]).

Roller fruit powder/belt dried fruit powder

This type of fruit powder is commonly primary.
For this type of powder to be achieved, there is a
long set of rollers in which fruits are passed through
a chamber that has been heated in the roller drier or
passed into a long belt conveyor through a cham-
ber that is heated. The higher temperature in the
chambers can remove as much water as possible
from the fruits, and then the fruits that have been de-
hydrated are then milled, ground, and then crushed
into the powder form that is fine.

It allows specific formulations. — These are re-
lations to the properties of the powder, texture, and
flavors. This process is also favorable for drying in
an atmosphere with less oxygen because it avoids
oxidation.

Disadvantages of roller fruit powder process.

The drum drying is limited to the liquids that are
highly viscous or pastes. Therefore, this process is
only suitable for specific product types.

Vacuum dried fruit powder.

The way is a specialized process of producing
the fruit powder, and in this case, there is avoidance
of high temperature (Murungesan et al. [18]). The
fruits are dried just like the roller fruit powder, but
the batch process is sealed in the vacuum chamber.
The vacuum drops the boiling point of water to 30
degrees by illustrating that the fruits require low tem-
peratures for water to be evaporated from the fruits.
This process is suitable for fruits that are sensitively
suited to temperature even though the process is ex-
pensive; it is minimally harsh on the fruits, preserv-
ing the flavor of the fruit powder.

Advantages of vacuum fruit powder process.

Itlengthens the storage time of the fruit powders
while their original flavor is maintained.

The vacuum-manufactured fruit powders do not
change color and do not develop foul odors (Murun-
gesan et al. [18]).

This process can enable a wide variety of new
products throughout the year, even during the off-
season of used fruit.

This process also enhances the prevention of un-
necessary wastage of fruit powders.

Avacuum dryer provides a large surface for trans-
ferring heat throughout the body; therefore, there is
faster drying action.

There is supplied hot water to the dryer that fa-
cilitates the process of drying at the temperature that
is desired.

The electrically-heated hollow shelves are used.

The handling of materials in this process is ef-
fortless.

Disadvantages of vacuum-dried fruit powder
process.

The dryer is a type of process based on a batch.

The efficiency of the process is low.

The process is costly.

The cost of labor in this process is high.

The process needs to be highly maintained.

The process can be subjected to the danger of
overheating because of the vacuum.

I have freeze-dried fruit powder.

The process of freeze-drying is a batch process
that occurs in a sealed chamber. Freezing of the
fruits is done, and then there is a gradual reduc-
tion in the pressure, which makes the water in the
fruit directly jump from the phase of ice straight to
the phase of vapor. This process can be classified
as a sublimation process. The water flavor in the
fruit leaves freely from the fruit. This process highly
results in hydrated fruit with fully maintained integ-
rity. After this is done, the fruit can be milled and
crushed into the required powder. Because this pro-
cess is expensive, it results in desired results, pro-
ducing highly priceable fruit powder, arguably the
most preserved (Murungesan et al. [29]).

Advantages of freeze-drying
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The fruit powders produced through this process
have nutritional value and are synthetically free from
artificial and highly processed materials.

The fruit powders from this process are close to
their new form. This means that when the fruit-dried
powders have retained their nutritional values, they
support the desire of the consumer’s nutrition from
the whole fruit.

Customization advantage

This means that the fruit powders from the pro-
cess mentioned earlier can customize the project
goals and the unique needs.

Application in varieties

The capabilities of blending and customization al-
low the fruit processors to incorporate orange and lem-
on fruits into different large varieties of applications.

I have a prolonged shelflife. -The shelflife of any
fruit powder depends on the moisture content of the
fruit concentrates. Bacterial growth is potentially re-
moved when water is removed from the fruit powder.
The fruit powder’s moisture differs from different
fruits, but the average content of the fruit powder’s
moisture is about 3%. The average shelflife of a fruit
powder that has been freeze-dried depends on the
packaging of the fruit powders, the storage tempera-
ture, and the fruit powder production fruit.

Disadvantages of freeze-drying fruit powder

There is a requirement for water to reconstitute
the process.

The process is slow and has an average cycle of
24+ hours.

There is a dislike for the dry and Styrofoam texture
of the fruit powders produced through this process.

Air-tight containers are required for alonger time
of storage.

There is no space saving because the fruit’s cel-
lular structure is mostly retained.

Regular dehydration of the fruit powders is better.

It has a high fruit powder production cost.

Spray Dryer Parameters

Natural hygroscopes and property of thermoplas-
ticity of the fruit juice is the most common issue in

transporting and handling the powdered juice fruit
produced from the fruit dryer. The pilot plant test is
usually used for the performance specification to be
met. Examples of these specifications are: the condi-
tions used in optimization, flow current of the type
of the dryer, time residence, air humidity, and the
ancillary equipment (Adhikari and Bhabdari [S]).

These specifications are required to complete the
drying process without influencing the fruit powder’s
quality. It also prevents the formation of unaccept-
able wall deposits on the semi-dried product. The
spray dryer used in the industrial orange and lemon
fruit drying to produce the fruit powders should be
designed using information that is accurate accord-
ing to the behavior of the agent used for dying. The
above specification should be analyzed through a
laboratory test of the spray dryer.

Two complicated challenges arise during the pro-
duction of orange and lemon fruit powders. There are
two significant problems to be solved: one is the pow-
der’s stickiness and its difficulty in handling, and the
other is caused by the features of the citrus concen-
trates that impact the manufacturing of the powdered
orange and lemon fruit (Boonyai et al. [35]). For
the hygroscopic decrease of citrus fruit juice, drying
agents are needed. It is possible to speed up the dry-
ing process by modifying the physical characteristics
of the materials employed as drying agents. Malto-
dextrin is one of the finest drying agents for manufac-
turing fruit powders utilizing orange and lemon con-
centrates. Other drying agents include corn syrup,
natural gum, sucrose, and others. The dryer’s walls
don’t attach to the particles while using these drying
ingredients, which boosts power generation.

When fruit powder production using orange
and lemon concentrate is not done using the drying
materials, there is a limited production of the fruit
powders. Therefore, in addition to the production
of powder, the fruit spray dryer’s qualities depend
on the operation variables.

The optimum operating conditions are ob-
tained when the operating variables are studied and
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determined in producing fruit powders using the
orange and lemon concentrates.

The following results were obtained in the test for
the drying without additive material and for drying
using the agent drying materials.

Drying without the addition of drying agents

The design factors include the flow of air current,
condition operation of the dryer, orange and lemon
juice characteristics, time of residence, the drying
agent suitable for the process, and temperature of the
point of stickiness (Boonyai et al. [35]). The airflow
currents suitable for fruit drying, in this case, are con-
current due to the low heat damage. For undamaged
concentrates and the viscosity of orange and lemon
juice to be suitable, the feed’s maximum temperature
should be around 60 degrees Celsius. The temperature
for atomization should be very hard at aless tempera-
ture of 5 degrees Celsius. The most suitable feed con-
centrate temperature for the orange and lemon con-
centrates should be between 20-35 degrees Celsius.
When the orange and lemon fruit juice concentrates
were produced without drying agent materials, there
was no production of the orange and the lemon fruit
powder. The feed materials get stacked on the dryer’s
walls and the cyclone. As the process continued,
a hard film of glass was shaped on the wall. During
the changing of the conditions for operating, like the
change in the inlet air temperature and the rate of feed
flow, there was yield in the powder but no improve-
ment (Adhikari and Bhabdari [5]).

When drying agent materials like sucrose and
fructose are used, the orange and lemon fruit concen-
trate the hygroscopic nature and thermoplastic nature,
so the fruit dried powder and the particles that have
been dehydrated do not stick on the walls of the dryer.

When the orange and lemon have irregular struc-
tures, water can act as a plasticizer and enhance the
chaining of the irregular structure of the lemon and or-
ange materials. The little water applied enhances the re-
duction of the transition temperature of the glass until it
reduces to temperatures below the home temperature.

Drying through the use of agent drying materials

When the experiments are conducted using the
maltodextrin dying agent in the orange and lemon
concentrates, the yield of the powders increases.
When the conditions of the operating dryer are
measured, the results show that the yield of the fruit
juice powders increased from 18-35 percent, and
deposition on the wall still occurred in the range of
67-82 percent. The cyclone and chamber particles
accumulated, and the physical powder properties are
measured. The density and bulkiness of the powder
showed a decrease (Murungesan et al. [29]).

Time of Residence- the residence time is suf-
ficiently required to facilitate the necessary permis-
sion to complete the drying process. The spray dryer
residence time is essential in drying to prevent the
under-sizing and over-sizing of the chamber used for
the drying process.

The temperature of the sticky point — The tem-
perature at which the amount of soft powder put on
the plate sticks on the wall of the plate.

Dutlet Temg

Shall Fermation

DROPLET TEMPERATURE

Constant-Rata Period - Falling-Rate Pariod

DRYING TIME

Figure 1. Lewandowski et al., 2019

Spray drying of lemon and orange juice con-
centrates

In the drying technique, the spray drying process
is applicable in producing the fruit juice powder. In
fruit juice spray drying, this process is essential be-
cause it aids in handling the demand in the market
through the years. When there is the presence of
high content of moisture in the orange and lemon
concentrates, there will be a high activity of water
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in the feed that will cause a loss of fruit quality that
leads to increased enzymatic activities and growth
of micro bacteria. As a result, the reduction of wa-
ter content in the feed materials, which is the slurry
mixture, and the activities of water in lemon and
orange concentrates lead to the production of the
desired quality dried fruit powder. When the feed
slurry mixture consists of fruit concentrate and wa-
ter used to produce fruit dried powder, the fruits used
as concentrates can be divided into two main groups.
These include the sticky and non-sticky groups.

Pump
(defining feedrate)
Spray
g gas in
Compund ¥ o Nozzle
solution
l s L Heater
Drying
e chamber
Drying gas
{(warm)

Cyelone

Product
viessels

gas in (cold)

The non-stick fruits are easily spray dried through
a designed simple dryer, and the powder that is final-
ly produced remains flowing freely (Tan et al. [24]).
When the fruit is sticky, issues arise in the process
of drying when using the standard conditions. The
sticking fruits get stacked on the walls of the dryer, or
they generally undergo agglomeration in the cham-
ber used for drying. This leads to the conferment of
the systems to the problems with the operation and
production of low-quality powder products. Con-
sider the diagram below.

‘ Drying gas cold
m) Drying gas warm

) Product

Drying

Aspirator

Product

Figure 2. Buchi Labortechnik AG, 2019

The cohesion and adhesion characteristics of
the powder’s stickiness are illustrated in the form
of stickiness between the particle-particle and the
particle’s stickiness on the dryer’s surfaces (Bahu et
al. [6]). The measure at which the forces hold the
particles together to their internal property is cohe-
sion which causes the lump to form in the bed pow-

der. Therefore, the forces needed for the powder’s
agglomerates to be broken must be larger than the
force of cohesion (Mani et al. [28]).

The force of adhesion has interfacial features,
which is the tendency of particle powder to attach
to the surfaces of the spray dryer used for drying.
The cohesion and adhesion forces are designed as
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critical factors of spray drying dryers and drying pro-
cess conditions. The stickiness associated with the
spray drying technique can both be present during
the spray drying of sugar-rich fruits. In this scenario,
the spray-dried powders are made from orange juice

N Inlet

concentrates, and orange juices, by definition, in-
clude some sugar. As a result, when performing fruit
spray drying of orange juice concentrates, expect
both stuckness and stickiness to occur (Adhikari
and Bhabdari [S]).

é} o cr ]

Air Inlet

—_we ]

H P

Feed Slurry

Na Inlet - Nitrogen gas Inlet
CR - Compressor
N - Nozzle
SC - Spray chamber

Coarse
Fine
C - Cyclonie filter
HE - Electrical heater
P - Pump

Figure 3. Flow diagrams for the process of fruit spray
drying using lemon and orange fruit concentrates

The stickiness that occurs due to antiparticle is co-
hesion and is brought by the formation of immobile
liquid bridges, the intermolecular forces caused by
the interlocking mechanical forces and forces of elec-
trostatic and bridges of solids (Boonyai et al. [35]).
The adhesion of particle powders with the wall cham-
bers of the dyer is one of the most causative factors
for the loss of materials in the process of fruit drying
of the sugar-rich fruits and acid-rich fruits. Then the
powder quality is decreased when retaining on the

dryer walls occurs for a long time (Maa et al. [37]).
In this case, we are using the orange and lemon, which
are sugar-rich and acid-rich materials.

The process of spray drying orange juice and
lemon juice, since they are sugar and acid-rich ma-
terials, has witnessed some difficulties due to their
lower molecular weights of the sugars and organic
acids. The high hygroscopic nature, thermoplastic-
ity, and low temperature of glass are the features that
lead to the powders’ stickiness on the dryer’s wall.
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At a temperature used for spray drying T + 20
degrees Celsius, the components can form soft par-
ticles, with the surfaces being sticky, leading to the
stickiness of the powder and the formation of paste
structures rather than powder forms (Jing et al.
[16]). The molecules have high molecular mobility
due to the molecule’s low transition glass tempera-
tures, leading to the problem of stickiness and the
prevailing average temperatures in the dryer.

The temperature of the glass transition parameter
is the most essential and suitable parameter used in
assessing the lemon fruit juice and orange fruit juice
materials used in spray drying (Langrish et al. [32]).
To minimize the thickness problem in spraying dry-
ing, drying agent materials with high molecular
weights are used in the feed materials before atomi-
zation takes place to ensure increased glass transition
temperatures (Cabral etal. [1]).

IMMERSION HEATER

FEEDPUMP FEEDTANK

Figure 4.
Sourced from (Bhandari, Data, and Howes, 1997)

The drying agent materials are different like
maltodextrin, Arabic gum, starches that are modified,
and proteins applied in the process of spray drying to
ensure minimization of the stickiness of the powder
that occurs in the walls of the dryer (Caliskan and

Drum [21]). The maltodextrin product consists of
starch that has been hydrolyzed and entailing the
D-glucose units linked by (1+4) glycosidic bonds.
Maltodextrin is described using its equivalence of
dextrose (D.E.), which is averagely related to the in-
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verse of the molecular weight. Maltodextrin is con-
sidered because its cost is low, and it is helpful in fruit
drying using a spray dryer. At the same time, Gum
Arabicis an exudate of the acacia tree, obtained from
the natural plant. Moreover, it consists of structures
that are highly ramified in hetero-polysaccharide.
The Arabic gum is the only gum that can be used
in fruit juice products with high solubility and low
viscosities in an aqueous solution. As a result, the
spray drying process is made more accessible (Be-
miller and Whistler [28]). Due to the increased
overall value of T, in the feed concentrates, powder
stickiness is decreased by using maltodextrin, Ara-
bic gum, and starches modified as materials used for
dying during the spray drying process. When pro-
teins are used as drying agent materials, they help
minimize the stickiness problem through the prop-
erty’s modification of the surface of the droplets and
particles that have been atomized while considering
the forming of film features and protein surface ac-
tivities (Adhikari et al. [26]). Due to the forming
of film feature and surface activities of the protein,
there is the migration of proteins to the surface of the
air-water interface of particles that have undergone
atomization of feed droplets hence the formation of
a film protein which undergoes conversion into skin
glass with the transition high glass temperature. This
means that when there is subjection to hot and dry
air. The skin that results can overcome the coales-
cence of the droplets and interaction of sticky par-
ticles in the chamber used for dying (Jayasundera
etal. [26]).

How conditions of spray drying process affect
physicochemical, microstructural, and antioxi-
dant properties of resulting fruit powder

The spray-dried fruit powder characteristics
rely on the spray drying conditions such as the dry-
ing aid concentration, the temperature of the inlet,
the rate of the feed flow, and the feed characteristics
(Chegini et al. [17]). According to Nanda and Su-
hag, when they did their study on the spray drying
process to produce lemon and orange fruit pow-

der using the whey concentrate protein as a drying
agent, the resulting process showed that when the
air inlet temperature is increased, the bulk density
is reduced, antioxidant activities are also reduced.
However, there is an increase in the powder’s hy-
groscope. When the concentrations of whey pro-
tein are increased, the bulk density increases while
the powder hygroscope decreases. The increased
whey protein concentration positively influences
the activities of antioxidants and the vitamin C re-
tention in the orange and lemon fruit powder pro-
duced. This shows the relationship between encap-
sulation superiority features of whey concentration
protein and the prevention of damage caused due
to oxidation.

Bandari and Fang (2012) also studied the spray
drying process of orange fruit powder using orange
fruit concentrates, whey protein isolate, and malto-
dextrin as drying agent materials. There was no re-
covery of fruit powder when the orange juice concen-
trates were spray-dried without spray drying agent
materials. A protein of a small amount was efficient
for the recovery of 50% powder for the orange fruit
juice to be spray-dried, while maltodextrin in more
significant amounts (around 30%) was required for
the same purpose. There was a disclosure of the pref-
erential protein migration to the droplet/particles
surfaces by the authors, and the formation of a layer
of glass during the process of spray drying resulted
in the decreased adhesive property between the par-
ticles and the wall of the dryer during the fruit spray
drying process of orange juice fruit concentrate. The
ability of maltodextrin to reduce stickiness is because
of the orange fruit powder’s increased glass transition
temperature. The authors who conducted the study
reported that there was alow activity of water on the
powder, about 5%, and the addition of whey protein
at a percentage of 1 because whey protein has alevel
that has relation to the holding capacity of water in
the protein. The graph below shows the relationship
between moisture content and temperature in the
process.
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Figure 5.

Tonon et al. [15] researched the property of
physicochemical in the spray drying of orange and
lemon that is affected by the conditions of spray
drying. The resulting solution showed that the yield
in the powder production was influenced positively
by the temperature of the inlet air. There was a nega-
tive influence on the feed flow rate related directly
to the transfer of mass and heat. The addition of
a concentrated form of drying agent (maltodex-
trin) reduced the yield of the process due to the
higher viscosity of the feed solution. Flow rate and
maltodextrin concentration had a favorable effect
on the powder’s water content, which was lowered
due to increasing air temperature. The powder hy-
groscopic was reduced when maltodextrin content
and feed flow rate were raised. According to powder
morphology, the intake air temperature was also
lowered. The higher inlet air temperature leads to
a greater number of particles with smooth surfaces
and big sizes due to the rapid drying rate of the dry-
ing agents utilized in this experiment.

Spray-dried orange juice powder’s physicochemi-
cal properties were examined by Mishra et al. [16];
they used maltodextrin as a drying agent and inlet
air temperature as a control. When the air input

temperature and maltodextrin levels were varied,
both water content and powder hygroscope were
impacted. When maltodextrin content and the dry-
ing temperature are increased, the fruit powder loses
some of its radical scavenging ability. The effect of
drying rate and maltodextrin percentage on orange
fruit powder’s total phenolic content was shown.

Chegani et al. (2005) also conducted a study on
the influence of the flow rate of the feed, the speed
of atomization, and the air temperature of the inlet
properties of the orange spray-dried powder. Results
illustrate that an increase in the air inlet’s tempera-
ture increased the particle’s size; hence, the atomiza-
tion speed increased.

Conclusion

The spray drying process is a technology that is
important in producing fruit powder. Even though
this technological process is good, it is associated
with the problem of the stickiness of the powder juice
that is occurring at a prevailing average temperature
of the spray dryers. This problem is reduced by the
use of the molecular weight of drying agents that is
higher. The spray-dried fruit powder characteristics
are influenced by the spray drying conditions, such
as the drying agent material used, the temperature
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of the inlet, the rate of the feed flow, and the char-
acteristics of the feed used. There are several ways
of drying fruit powder. There is a way to dry them
without using drying agents, and there is also drying
by using a drying agent. There is also spray drying,
which applies to oranges and lemons juice concen-
trates. It involves three steps: automation followed
by droplet air contact, evaporation of moisture,
and separation of dry products from exit air. In this
method, spray drying affects the physicochemical,
microstructural, and antioxidant properties of a fruit
creating the fruit powder. When drying without us-
ing drying agents, water can act as a plasticizer and

enhance the chaining of the irregular structure of the
lemon and orange materials. The little water applied
improves the reduction of the transition tempera-
ture of the glass until it reduces to temperatures be-
low the home temperature. There are several types
of fruit powders roller fruit powder, vacuum dried
fruit powder, and freeze-dried fruit powder. All these
forms have their advantages and disadvantages. For
example, one disadvantage of freeze-drying, one re-
quires water to complete the process. On the other
hand, vacuum drying is advantageous because it can
lengthen the storage time of the fruit powders while
still maintaining the original flavor.
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Abstract. Based on the latest literary sources and rich factual material, the scientific article con-

sistently discusses topical issues of financial theory and practice, gender budgeting in the healthcare

and social protection of Georgia.

It has been established that the spheres of health care and social orientation have a high gender

significance. At the same time, the study shows that the state budget programs of Georgia do not

contain gender sensitivity.

It is substantiated that the goals set in the health and social protection programs of the state

budget of Georgia, and the indicators of intermediate and final results require more specification in

accordance with the principles of the program budgeting methodology in general, as well as taking

into account additional gender aspects.

Keywords: gender budgeting, program budgeting, gender sensitivity, gender gap, gender impact,

gender analysis.

1. Introduction

Gender plays an important role in the origin and
spreading of certain diseases/pathologies, as well
as in their treatment and well-being. This is due to
biological differences between the sexes, as well as
socio-economic and cultural factors that influence
the behavior of women and men and their use of
health services (Shanava & Vanishvili [2]; Shanava

& Vanishvili [3]; Vanishvili, Lemonjava et al. [8];
Gechbaia et al. [7]).

In general, it can be said that women are better than
men, aware of the state of their health and are more ac-
tive in using health services. There are several reasons
for this: a) a reproductive role; b) their “caring” role; ¢)

their large proportion in the entire older population;
D) Gender stereotypes (Vanishvili Merab et al. [10]).
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In Europe, the health sector is predominantly
male. Women occupy lower positions in the sector
(eg nurses and midwives) and are a minority among
senior professionals (doctors, dentists). Women are
also underrepresented in leadership positions in the
sector. In addition, due to the high involvement of
women in the health sector, special attention should
be paid to gender-sensitive education.

Gender analysis is of particular importance in
the social sphere. It is believed that the integration of
gender issues in social areas such as health and social
care is associated with the availability of relevant skills
and therefore, gender is more pronounced than, for
example, in the private sector and agriculture, which
are more related to opportunities. An analysis of gov-
ernment subsidies or other social spending shows
that when, for example, spending on health and so-
cial welfare is cut, it makes a gender difference — the
increased burden falls on households and mainly on
women. This issue is closely related to gender budget-
ing (Vanishvili & Sreseli [9]).

Gender budgeting involves incorporating gen-
der equality considerations into a country’s budget
process and reallocating budgetary resources to fa-
cilitate gender mainstreaming in all areas or sectors.
Due to the complexity of gender budgeting, there is
no universal approach to it. The approach used and
the institutional structure are usually based on the
characteristics of a particular country.

Due to the urgency of the problem, the purpose of
our study is to analyze and evaluate gender budgeting
in the field of healthcare and social security in Georgia.

2. Materials and Methods

Well-known methods have been developed to as-
sess the value of gender equality in health and social
care, such as: 1) One Health tool developed under
the International Health Partnership, It also includes
analysis, evaluation and financing of the health nu-
trition system with the use of different scenarios;
2) “Cost of social protection” (“Calculation of the
minimum cost of social protection”), which evalu-
ates the closure of different social programs, checks

their similarity and validity in case of increasing the
social program; 3) Reproductive Contraceptive In-
strument (UNFPA).

The Beijing Platform for Action emphasized the
importance of gender budgeting in the social sector.
In particular, interested developing and developed
countries have agreed that, on average, 20% of the of-
ficial development assistance budget and 20% of the
social programs of the state budget should take into
account a gender vision (Nathalie Holvoet [11]).

When evaluating capital projects, the following
five main stages of gender budgeting are distinguished:
1) Analysis of the situation of women, men, girls and
boys in the relevant infrastructure sector; 2) Assess-
ing the gender sensitivity of programs, legislation and
past projects; 3) Evaluation of the implementation
of gender-sensitive activities and project proposals
at the expense of budget allocations; 4) Monitoring
the distribution of allocated funds, as well as services
provided to the relevant target groups; S) Assess the
impact of the respective infrastructure project and the
changed situation compared to the first phase.

The following two methods for analyzing gen-
der budgeting of infrastructure projects are known:
1) Gender-Disaggregated Beneficiary Assessment: data
for this estimator can be obtained through relevant
surveys, household interviews, focus group discus-
sions, direct observation, case studies and other
methods. The main questions to be explored should
be divided into gender, geographic region, level of
education, status of opportunity, and other relevant
categories; 2) Gender Expenditure Analysis: This
method involves evaluating relevant budgets and
policies in a gender-responsive manner to assess the
allocation of resources to boys/men and girls/wom-
en. The main point of this method is to understand
what gender influences the funded project has.

3. Results and discussion

According to the National Statistical Office of
Georgia, as of January 1, 2022, the population of
Georgia is 3688.6 thousand people (48% men, 52%
women) and has been increasing by an average of
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0.04% annually over the past 5 years. Over the past
decade, on average, more boys are born each year
than girls, and therefore the sex ratio at birth (male/
female) is 1.08, while at the same time, the average
annual sex ratio at death (male/female) is 1.0S. This
means that the number of men both in terms of fer-
tility and mortality during this period is higher than
that of women (http://gender.geostat.ge/gender/
index.php?action= Demography).

The coefficient of natural increase (per 1000 pop-
ulation) is —3.8 as of January 1, 2022, this indicator
has been decreasing by an average of 20% annually
since 2014, more precisely, the difference between
births and deaths is decreasing and the ratio of this
difference to the total population decreases with the
number (natural increase rate). If we consider this in-
dicator by regions of the country, then during 2021 in
all regions, except for the municipality of Tbilisi, the
Autonomous Republic of Adjara, Samtskhe-Javakheti
and Kvemo Kartli, there was a negative difference be-
tween births and deaths (https://www.geostat.ge/
ka/modules/categories/321/ bunebrivi-mateba).

The average age of the population increased in
2022 compared to 2002 for both men (from 33.9 to
36.1 years) and women (from 37.9 to 40.4 years),
which led to an increase in the average the age of the
population during this period for both sexes (from
36 to 38.3 years). In terms of life expectancy (life ex-
pectancy at birth (year) disaggregated by sex), at the
end of 2021 this figure is 71.4 years for both sexes, of
which 75.4 years for women and 67.5 years for men.
However, this indicator for both sexes has slightly
decreased over the past S years (for comparison: 72.7
years in 2016 and 71.4 years in 2021).

One of the most important gender indicators in
the field of health and social protection is the level
of infant mortality. According to the State Statistics
Service, compared with 2016, infant mortality will
decrease by a total of 94 units in 2021 (from 507
to 413) (http://gender.geostat.ge/gender/index.
php?action=Demography). And the mortality rate
for children under S years old (per 1000 live births)

for both sexes is slightly reduced (from 10.7 to 10.0)
(https://www.geostat.ge/ka/modules/catego-
ries/320/gardatsvaleba).

Gender-relevant are age coefficients that mea-
sure the population aged 0-14 years and 65 years
and older for every 15-64 years, or show the number
of children and elderly dependents of the working-
age population, which reached 54.1 as of January 1,
2022. Among them, 31.2 is the load factor by the age
of young people, 22.9 is the load factor by the age
of the elderly. This number has been growing over
the years. In general, both in the case of the elderly
and children, the load rate in women is higher than
in men. With individual children, the load factor is
higher for men, and for older children, for women
(https://www.geostat.ge/ka/modules/catego-
ries/41/mosakhleoba).

It is also important to observe a country’s house-
hold statistics for gender analysis of a country’s so-
cial background. According to the 2014 census, there
are about 1.109.130 households in the country, the
average household size (number of people living in
it) is 3.3, and this figure is approximately equal for
urban (3.3) and rural (3.4) settlements. At the same
time, the number of single-member households in
the country is quite large (193.874 for both sexes), of
which 63% are single women and 37% are single men
(http://census.ge/ge/results /census1/households).

In terms of employment and economic activity in
general, the economically active population (activity
rate) for women is significantly lower than for men
(for example, 56% and 74%, respectively, in 2021).
This is why women have lower unemployment and
employment rates than men.

In this regard, it is also interesting to consider
the average monthly nominal wages of employees by
type of activity and gender. The average salary of both
sexesin 2015 was 900.4 lari, and in 2020-1191.0 lari.
The salary of men is on average 1.5 times higher than
that of women (in 2020, 1.407.7 lari and 952.2 lari,
respectively (https://www.geostat.ge/ka/modules/
categories/683/dasakmeba-umushevroba).
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In this regard, it is also interesting to consider the
average monthly nominal wages of employees by type
of activity and gender. The average salary of both sexes
in 2015 was 900.4 lari, and in 2020-1191.0 lari. The
salary of men is on average 1.5 times higher than that
of women (1.407.7 lari and 952.2 lari, respectively, in
2020). The difference between salaries has slightly
decreased compared to 2015. In areas such as “finan-

» «

cial and insurance activities”, “health and social ser-
vices”, “professional, scientific and technical activities’,
“public administration and defense; Mandatory social
protection “The gender wage gap has widened over
this period and is still significantly higher. These dif-
ferences are narrowing in areas such as wholesale and
retail trade, as well as real estate, administrative and
support services, education, and more. For many years
only in one sector “Electricity, gas, steam and air con-
ditioning” women’s wages were higher (by an average
of 1.1 times) than men’s (https://www.geostat.ge/ka/
modules/categories/39/khelfasebi).

As of 2021, the total number of pension and
social package recipients is 971.648, of whom 65%
are women and 35% are men. The share of women
and men is different between pensioners and recipi-
ents of social packages. 71% of the 745.001 people
receiving the pension are women, while 63% of the
226.647 people receiving the social package are men.

Itshould also be noted that according to the Social
Services Agency, for example, in 2019, on average,
more than 70.000 people receive a monthly state pen-
sion supplement due to their permanent residence
status in a high-mountainous settlement. There are
approxi-mately twice as many women among these
persons as men; And in the same mountain village,
the number of recipients of additional payments to
the social package with permanent residence status
exceeds 13 thousand every month, of which about
60% are men and 40% are women (http://ssa.gov.
ge/ index.php?lang id=&sec_id=1444).

According to the Social Services Agency, on av-
erage, 56% of the recipients of the planned compo-
nent of outpatient services are women and 44% are

men. In total, in 2019, 588.551 patients and 685.182
cases of illness were registered as beneficiaries of the
universal health program, and the amount of com-
pensation amounted to about 132 million lari. Thus,
the cost of one case of treatment will be on average
198 GEL for both sexes, and the cost of one patient
will be 224 GEL. Although the number of female
and male patients eligible for the program is roughly
evenly distributed, during this period, the amount
reimbursed per unit in the case of men is approxi-
mately 8—-9% higher than the amount reimbursed for
women in the department (http://ssa.gov.ge/index.
php?lang_id=&sec_id=1454).

An analysis of the current health and social situa-
tion in Georgia shows that these areas are of gender
importance. Therefore, when planning and budget-
ing government programs, it is necessary to take into
account the current situation and current gender
needs, as well as analysis of international experience
and research for the implementation of effective
and adapted policies for relevant population groups
(Vanishvili, Katsadze et al. [S]).

Regarding the gender analysis of medical and
social programs provided for by the state budget, it
should be noted that the priority “Affordable, high-
quality healthcare and social security” includes nine
budget programs according to the state budgets for
2019 and 2020 and the attached materials. For this
priority, due to the magnitude of the priority, we find
avery small entry in terms of gender relevance in the
priority description part, also only in the 2019 budget
and the attached country key data and directions doc-
ument for 2019-2022 (Vanishvili & Katsadze [8]).

As world experience shows, due to the high gen-
der significance of the healthcare and social protec-
tion sphere, the information available on the priority
should include a gender vision and make it under-
standable (Vanishvili & Lemonjava [6]; Vanishvili
& Lemonjava [7]).

4. Conclusion

In summary, it can be noted that the healthcare and
social services sectors are of great gender importance,
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however, the analysis of the submitted budget laws
shows that the state budget programs of Georgia do
not disclose gender sensitivity. Most programs and
sub-programmes are not gender sensitive, several pro-
grams differ in their gender relevance, There are also
some targets set in terms of gender, however these are

mostly presented in the form of statistics and do not
adequately reflect gender needs. The goals, milestones
and outcomes set in the program need to be more spe-
cific, both in accordance with the principles of the pro-
gram budgeting methodology in general, and taking
into account additional gender aspects.
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