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THE ACTUALITY OF THE PRINCIPLE OF CONSISTENCY 
IN THE TEACHING OF PHYSICS

Abstract. The article discusses the role of the principle of consistency in the teaching of physics 
and its importance. The application of the principle of consistency in the teaching of physics has been 
shown to form the core of important didactic research. It has been found that in the teaching process, 
it allows students to develop the skills to apply didactic principles appropriate to them. Since didactic 
principles apply to a common goal, it has been shown to be a key project that defines the content, 
form, and methods of the teaching process. The principle of coherence is given in the teaching of phys-
ics at different stages of education as the principle of correct distribution of teaching materials, the 
implementation of the necessary connections between them, and this is a step-by-step development.

Keywords: principle of consistency, didactics, consistency, system of continuous education, di-
dactic principle.

As a result of the rapid development of science 
and technology in the republic due to the increas-
ing flow of information, retention of information 
should be trained to deliver the consistent applica-
tion of the principle of the educational process of 
the formation of theoretical knowledge, practical 
skills training q adoption of educational materi-
als in various important factors in improving the 
efficiency of education is considered [1, 62–69]. 
The Action Strategy for the five priority areas of 
development of the Republic of Uzbekistan states: 
to stimulate research and innovation activities, to 
create an effective mechanism for the implementa-
tion of scientific and innovative practices, to estab-
lish specialized scientific and experimental labora-
tories, high-tech centers and technology parks at 

universities and research institutes …” is one of the 
important tasks [2, 18–26].

Updating the content of education, raising the 
level of knowledge, continuous improvement of 
teaching methods, increasing demands on the quality 
of knowledge of the trained staff require the teacher 
to constantly replenish and update their knowledge 
and methodological skills.

The purpose of teaching physics in the system 
of continuing education is to educate, nurture and 
develop students. At the same time, one of the most 
important methodological issues in physics is to 
identify the content, structure and program of the 
course, textbooks, manuals and tools related to its 
teaching and find ways to use them effectively in the 
teaching process.
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Principles of teaching – teaching plans of the or-
ganization, management ideas. They will be in the 
form of general guidelines, requirements, plans, 
norms that regulate teaching. The principles of teach-
ing are derived from the basic laws of teaching.

The laws of teaching – events in education are 
necessary and objective, meaningful and repetitive 
connections. They mainly represent the connections 
between the main elements of the teaching process: 
the teaching process and society demand, the pur-
pose and theme of teaching, teaching technology 
and its elements and conditions, training outcome 
concentration and verification, etc. Training in the 
laws of the plants consists of [3, 98–106]:

The learning process: – the compliance of society 
with the needs of each student, the performance of 
the functions of education, upbringing and devel-
opment, the suitability of students for real learning 
opportunities and external opportunities that affect 
the process.

The teaching and learning process must be in 
close connection with each other, subject to peda-
gogical laws:

– the content of teaching is directly related to 
the purpose of teaching, which in turn is determined 
by the needs of society, the development of science, 
the capabilities of students and external conditions;

– Forms of teaching organization depend on the 
purpose, content and methods of teaching;

– provides the correct connection and struc-
tured conditions between all components of the 
training process, its positive outcome;

– teaching should be carried out in accordance 
with the psychological characteristics of the student, 
personal comfort, the level of future development.

To enhance these laws in the teaching process, 
it is necessary to equip students with didactic prin-
ciples appropriate to them. Since didactic principles 
apply to a common goal, they are a key project that 
defines the content, form, and methods of the teach-
ing process. In other words, the didactic principle is a 
way of applying in practice the basic laws and laws of 

the teaching process. This means that a clear project 
and clear plans emerge from each didactic principle.

Training should be carried out in accordance with 
the psychological characteristics of the demand, per-
sonal comfort, and the level of future development.

In the process of didactic development, didactic 
principles are analyzed, supplemented and modified. 
Some didactic principles are changed, some disap-
pear, and new principles emerge instead. In particu-
lar, Comenius considered the principle of harmony 
with nature as the main didactic principle. At that 
time, he also established other principles. A. Dis-
terveg, on the other hand, indicated that special re-
quirements should be placed on didactic principles.

At present, all didactic principles have been ana-
lyzed and redesigned in accordance with the needs 
of society and pedagogical achievements.

They consist of the following effective didactic 
principles:

– the consciousness and activity;
– demonstration;
– systematic and sequential;
– durability;
– reliability;
– scientific;
– linking theory with practice;
– consistency;
– historical;
Among these principles, we will look at the con-

tent of the principle of consistency.
The training of highly qualified physics teach-

ers in higher education institutions requires them 
to fully understand and comprehend the scientific 
basis of the physics course in secondary schools, 
academic lyceums and vocational colleges, the se-
quence between physics and its teaching at different 
stages. However, the row, this question was satisfac-
tory wrong to say a little orange settings would be. 
This is because it is not possible to have a clear idea 
of how the theories being studied will be explained 
in terms of the stages of teaching. Dynamic laws 
occupy a central place in their physical worldview, 
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and there is almost no room for probable statisti-
cal laws. The reason for such shortcomings is the 
failure to take into account the principle of consis-
tency, which is one of the important principles of 
didactics in the teaching of general physics, theo-
retical physics and methods of teaching physics in 
higher education.

In essence, the principle of consistency implies 
the correct distribution of teaching materials in the 
teaching of physics at different stages of education, 
the implementation of the necessary connections 
between them, and its gradual development.

The application of the principle of consistency in 
the learning process can be based on the following 
[4, 66–79]:

– the concept of continuity reflects the real ex-
isting development in nature, society and human 
thinking, describes the relationship in development 
and its development. Since didactics is a theory of 
teaching and learning, it is also a didactic principle 
relevant to this development;

since consistency is a philosophical category, it 
is also associated with other categories. For scien-
tific work of didactic nature, the ability to analyze 
the interrelationships of the concepts of consistency 
and generalization, consistency and interdisciplin-
ary connection, consistency and systematization is 
especially important;

– since development has quantitative and quali-
tative indicators, it is necessary to study the types of 
sequences in accordance with the level of develop-
ment of knowledge, based on the relationship be-
tween the concepts of sequencing and generaliza-

tion. That is, this method can be applied to scientific 
research of didactic content;

– the principle of consistency is considered as an 
important methodological principle in pedagogical 
and didactic research. Summarizing all available ideas, 
consistency can be described as follows: “Consistency 
in teaching represents an important link between the 
stages of development of knowledge, skills and abili-
ties, the knowledge gained in the previous stage of 
training is preserved and applied in the next stage. 
Old and new knowledge will unite and become one.”

Thus, consistency in the teaching of physics should 
take into account not only the development of basic 
concepts and theories at different stages of teaching, 
but also the inverse relationship. This is the essence of 
involvement in the reverse – in various stages of physi-
cal concepts, laws and theories of teaching students to 
study the consistency of the activities of the formation 
of their students would be able to apply it more ef-
fective. This, in turn, leads to a deeper mastery of the 
teaching material in the physical context, and in the 
future creates a solid foundation for a more perfect 
mastery of the physics course in higher education. In 
short, it will lead to a spiral growth of students ’knowl-
edge of physics in the future.

The principle of consistency in the learning pro-
cess is based on:

– qualitative formation of knowledge by chang-
ing the active work of students at the initial stage of 
acquisition of knowledge;

– ensure that all elements of knowledge and 
definitions of physical quantities are memorized at 
all stages of learning and used at the right time.
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NICKEL-RELATED COMPLEX DEFECTS IN SILICON

Abstract. Electrically active nickel-related deep levels in n- and p-type silicon are investigated 
using the method of Deep-Level Transient Spectroscopy (DLTS). Two deep levels with energies 
Ev + 0 17.  eV and Ec −0 42.  eV are observed in n- and p-type silicon diffusion-doped with nickel. It 
was revealed that wet chemical etching in silicon doped with nickel leads to the formation of various 
complexes related to hydrogen, with levels at Ec −0 18.  eV, Ec −0 54.  eV, Ev + 0 26.  eV, and Ev + 0 55.  eV.

Keywords: defect complex, DLTS, silicon, transition metals, hydrogen.
1. Introduction
Significant efforts are currently being made to de-

velop gettering and passivation methods to remove 
impurities from the active region of a silicon device. 
To study the effect of these methods, it is necessary 
to know the diffusion and electrical properties of im-
purities inside a silicon crystal [1; 2]. Thus, the study 
of transition metal impurities such as nickel, cobalt, 
copper is becoming more and more important for 
semiconductor technology.

As is known, nickel has the highest diffusion co-
efficient and solubility, even at room temperature it 
easily diffuses into the crystal lattice [3]. Diffusion 
of nickel in silicon leads to the creation of deep levels. 
For many years, scientists have studied the energy 
levels of nickel in silicon, trying to understand the 
nature of various defects. Until now, using the Hall 
and DLTS methods, two levels of nickel in silicon 
have been observed: a donor level at EV � �� �0 15 0 18. .  
eV and an acceptor level at EC � �� �0 38 0 47. .  eV. In 

addition, a third double acceptor level of nickel was 
found at EC � � �0 07 0 08. ; .  eV [4].

Impurities of transition metals, in particular Ni 
in Si, have been studied for a long time, and the 
properties of isolated atoms have also been studied 
quite well. But, at the same time, there is insuffi-
cient information on the nature of nickel-hydrogen 
compounds (Ni – H), in which H acts as a passi-
vator, and until now the study of complex Ni – H 
defects in Si has been considered only in two works 
[4; 5]. Therefore, in this work, the task is set to fill 
in the missing amount of information on the iden-
tification of defects associated with nickel and their 
interaction with hydrogen in silicon by DLTS and 
structural analysis.

2. Experimental technique
For the study, we prepared substrates in the 

form of n- and p-type silicon plates, grown by the 
Czochralski method, 10 × 5 mm in size and 2 mm 
thick. The Si samples were doped with Ni impuri-
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ties by the thermal diffusion method at tempera-
tures from 800 to 1150 °C for 2–5 h.

Before making a Schottky contact, the samples 
were wet chemically etched in a mixture of 
HF HNO CH COOH: :3 3  in a ratio of 3 5 3: :  (CP-4). 
It is known that etching in CP-4 occurs with the par-
ticipation of hydrogen in a thin layer under the sur-
face of the sample [6].

After etching and making contacts, the sam-
ples were annealed for 20 min. at a temperature of 
120 °C. At this temperature, hydrogen diffuses into 
the sample.

3. Results and discussions
The results of the measurements of the DLTS 

spectra of n-Si and p-Si samples in different states 
are shown in (Fig. 1 and 2).

Figure 1. DLTS spectra of n-type Si samples. 1 – initial sample n-Si <P>; 2 – doped 
with nickel n-Si <Ni>; 3 – after the introduction of hydrogen n-Si <Ni–H>

The spectrum of the initial n-Si samples (Fig. 1, 
curve 1) shows one peak A at 167 K with an ioniza-
tion energy EC −0 31.  eV, which is associated with 
technical uncontrolled impurities. Such a low level 
was also recorded in [7] with an energy of EC −0 30.  
eV at 165 K. After diffusion doping of Ni in n-Si 
<Ni> samples (Fig. 1, curve 2), a deep Ni acceptor 
level with an ionization energy of EC −0 42.  eV (peak 
B) at 240 K.

Upon the introduction of hydrogen, two addi-
tional levels were observed in the n-Si <Ni–H> 
samples: EC −0 18.  eV at a temperature of 98 K 
(peak C) and Ec −0 54.  eV at 273 K (peak D). 
Structural analysis showed that the EC −0 18.  eV 
and EC −0 54.  eV deep levels refer to complex de-
fects NiH and NiH2, respectively, which is con-
firmed by work [4]. Also, in works [4, 8] the level 
EC −0 18.  was investigated, but the author of [8] 
identifies it as a thermal defect.

The decrease in the concentration of Ni levels in 
the n-Si <Ni–H> samples is explained by the process 

of passivation of defects to hydrogens. Complete hy-
drogen passivation of the EC −0 31.  eV level is also 
observed [9; 10].

DLTS spectra of p-type Si samples are shown 
in (Fig. 2). As can be seen from the figure, the ini-
tial p-Si samples (Fig. 2, curve 1) create a DL with 
an ionization energy EV + 0 43.  eV at 230 K (peak 
F) related to technical uncontrolled impurities. 
Deep donor level of Ni is observed in p-Si <Ni> 
samples upon diffusion with an ionization energy 
EV + 0 17.  eV at 80 K (Fig. 2, curve 1, peak G). And 
in the p-Si <Ni–H> samples after the introducing 
of hydrogen, the spectrum shows 2 new levels, 
with energies EV + 0 26.  eV at 155 K (peak H) and 
EV + 0 55.  eV at 280 K (peak J). The results of the 
structural analysis and comparison of the results 
of other authors showed that the H and J peaks are 
associated with complex Ni – H defects, which 
also agrees with the results of [4; 5]. These levels 
are formed in passivation by hydrogen atoms as in 
p-type silicon.
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Figure 2. DLTS spectra of p-type Si samples. 1 – initial sample p-Si <B>; 
2 – nickel-doped p-Si <Ni>; 3 – after the introducing of hydrogen p-Si <Ni–H>

4. Conclusions
Thus, it was found that diffusion doping of Ni in 

Si leads to the formation of two deep levels with en-
ergies EV + 0 17.  eV and EC −0 42.  eV. It was revealed 
that after the intentional introduction of hydrogen, 
four additional DLTS peaks are observed in the sam-
ples. Analysis of the spectra showed that the pres-

ence of hydrogen atoms in silicon passivates the 
nickel levels, which leads to the formation of various 
Ni – H complexes. It is shown that defects of the Ni – 
H type are localized in the band gap of silicon with 
energies EC −0 18.  and EV + 0 26.  eV. In addition, it 
was found that the EV + 0 55.  and EC −0 54.  levels of 
the NiH2 complex belong to the same defect level.
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MODERN PHILOSOPHICAL INTERPRETATION OF 
ABU RAYKHAN BERUNI GNOSEOLOGY

Abstract. This article describes the modern philosophical and methodological interpretation of 
some scientific ideas of the great medieval Central Asian scholar Abu Rayhan Beruni.

Keywords: Abu Rayhan Beruni, knowledge, medieval, science, idea, scientific ideas, symmetry.
It should be noted that the promotion of natural, 

scientific and social ideas in Central Asia is also re-
flected in the work of Abu Rayhan Beruni. “Abu Ray-
han Beruni is a great scientist and brilliant philosopher 
who amazes with the breadth of his knowledge and 
the evidence of his ideas. It is devoted to the current 
issues of natural science, philosophy, history and phi-
lology of that period” [10, 26]. Indeed, when I look at 
Beruni’s work, we can find that there is a comprehen-
sive mindset in the study of being. While Beruni was 
creating in various fields of science, he was far ahead of 
his time with his advanced ideas. His natural-scientific 
ideas were confirmed centuries later, and his views 
form the foundation of modern science.

It should be noted that Abu Rayhan Beruni de-
scribed the continuous development of knowledge 
as follows: is a symptom. “It is the duty of those who 
rule over people to take care of the progress of sci-
ence” [1, 188]. Indeed, it can be said that these ideas 
of the scholar have not lost their essence even today, 
but are relevant. This is due to the fact that today 
in the world there is a widespread trend of “lifelong 
learning” for lifelong learning.

It should also be noted that some of Beruni’s sci-
entific ideas were not taken into account in his time 
due to the limited philosophical approaches of the 
time, but over the centuries scientists have under-
stood their essence and put them into practice.

In the Middle Ages, the development of math-
ematics and astronomy in Islamic culture was stimu-
lated by vital needs and practical needs. Such a suc-
cessful development of science has taken place on 
the basis of qualitatively new scientific approaches 
to world civilization, enriched with many scientific 
ideas and discoveries [5, 75].

In contrast to the Greek ideas and approaches, 
research has been conducted on the basis of new ap-
proaches, new concepts in geometry, astronomy, arith-
metic, music, medicine and the doctrine of harmony.

The problem of symmetry has always been of 
interest to mankind. In modern philosophical con-
cepts, symmetry is based on the study and explana-
tion (development, order, and disorder) of complex 
problems for the present, ranging from simple issues.

In ancient Greece, the Pythagoreans had such 
approaches as harmony (harmony), the theory of 
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symmetry, Plato’s theory of harmony in nature. The 
practical application of the symmetry approach in 
Greece was evident in the art of sculpture, in build-
ings built. They still amaze us today.

In Islamic culture, the immense diversity and 
beauty of the world created by Allah is embodied 
in calligraphy, calligraphy and ornamental patterns. 
With them they decorated mosques and minarets, 
roof paths and the walls of magnificent buildings. 
The notion of beauty is expressed in abstract geo-
metric patterns.

Most of the patterns in Islamic architecture were 
based on traditional methods, but non-traditional 
methods, and the creation of symmetry in this form 
was based on new knowledge, new approaches. The 
development of science in Islamic culture has led to 
new discoveries based on new conceptual views and 
approaches that are different from Greek science.

The entrances in the wall of medieval architec-
ture showed a change in the expression of symmetry, 
the limitation of Euclidean geometry. Central Asian 
scientists have discovered that there is a different 
type of symmetry than the classical one, and have 
put it into practice.

Later geometric patterns were based on symme-
try and expressed beauty.

The discovery of “Penrose tiles” in the 1970 s 
confirmed the correctness of the nonlinear mathe-
matical theory of shapes. This discovery determines 
the structure of quasicrystals in nature.

Based on the view of symmetry discovered in 
medieval Central Asia, in 1984 D. Shehtman experi-
mentally obtained a quasicrystalline alloy. This led 
to the discovery of a new direction, new concepts 
in science. D. Shehtman was awarded the “Nobel” 
Prize in Chemistry for the discovery of quasicrystals.

It is known that at that time in the works of Cen-
tral Asian thinkers great importance was attached 
to the concept of harmony. Emphasizing that the 
concept of harmony is universal, they emphasized 
that it is not only related to the Universe but also to 
the private sciences. Harmony has been described 

as the heart of man, an essential component of his 
activity. At the same time, disharmony is a neces-
sary element of the integrity of harmony. Harmony is 
formed through disharmony. Problems such as order 
and disorder, the transition from disorder to order 
are among the current problems of modern science.

Thoughts on the importance of experience in the 
process of learning in the work of the scientist who 
created during this period. For example, according to 
al-Beruni, “I have doubts: its elimination depends on 
experience and re-testing, and even if there is unity 
among the narrators, its truth is not confirmed by 
experience” [4, 247]. Hence, practice is a method 
of acquiring knowledge through experience and ap-
probating its reality, a way of describing knowledge.

“Man,” Beruni writes, “can think about any field 
of science when he is engaged in practice and has 
achieved precision in his research. At the same time, 
he must be a philosopher” [3, 90]. It is impossible 
not to agree with these views, because Beruni points 
out only one feature that is important for the devel-
opment of science – development emphasizes that 
science should be based on philosophy, with philo-
sophical methodology.

The existence of symmetry in living nature was also 
known in Ancient Greece. In the ninth century, Beruni 
scientifically proved that living nature could be repre-
sented in geometric shapes. At the same time he was 
able to show ornaments in morphology, crystals, bee-
hives, snowflakes. Beruni points out that “the number 
of leaves that form mirrors at the edges often conforms 
to the rules of geometry when the flower opens. In 
many cases they are equivalent to chords, determined 
by a geometric method rather than on the basis of coni-
cal works. It is impossible to find 7 or 9 leaves in a flow-
er that can be inserted into a right triangular circle by 
geometric methods. Conversely, the number of leaves 
in a flower will be 3, 4, 5 or 18. This condition is more 
common, but can sometimes be found in flower spe-
cies with 7 or 9 leaves. “Flowers with such leaves can 
also be found in the above species” [2, 329]. Beruni 
discovered new forms of symmetry.
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It is the idea of the existence of geometry in liv-
ing nature and its product in philosophical observa-
tion in symmetrical configurations. In the twentieth 
century, according to Vernadsky, the symmetry that 
exists in living nature has not been well studied, and 
it is important to study this problem.

Modern science has confirmed Beruni’s scientif-
ic views. Indeed, rotating symmetry has been con-
firmed to exist in the plant world, in simple animal 
organisms, and in some marine animals.

In the 19th century, some scientific works on 
symmetry in the plant and animal world were pub-
lished. The symmetry found in the Beruni plant 
world does not exist in non-native nature. What is the 
reason why symmetry is necessary for survival and 
why does it appear. Living organisms have formed 
their own symmetry in the process of evolution.

“The fact that the organisms of the plant king-
dom also have symmetry is related to their sunlight, 
natural (physical) endurance, and non-lying (the 
force of gravity of the whole universe)” [9, 192]. It 
is an adaptation to a specific external environment, 
a struggle for life.

In 1024, Beruni completed his work on astro-
nomical and geographical problems, “Determining 
the final boundaries of places to check the distance 
between dwellings” – “Geodesy”. In this work, for 
the first time in the world, geodesy distinguished 
between independent complex problems and geo-
detic astronomy [7, 15]. Indeed, Beruni advanced 
scientific ideas in mineralogy, geodesy, astronomy, 
and many other fields. For this reason, “the combi-

nation of astronomer-mathematical and historical-
ethnographic needs allowed Beruni to create a work 
“Chronometry” [6, 353–354].

It is well known that Beruni points out that the 
Earth is constantly changing, that man can only ob-
serve the results of ancient geological processes. Ac-
cording to him, the formation of the Earth covers 
huge geological periods. However, Beruni put for-
ward a higher idea than this, and this idea remained 
a mystery to his contemporaries and for a long time 
after that. This was the idea of geotectonic change of 
the Earth [8, 321]. Of course, Beruni’s idea is wide-
ly studied in modern science, and geotectonic pro-
cesses are studied in connection with the interaction 
of layers and crusts of the Earth’s lithosphere, their 
seismicity. Also, the idea of inequality in the motion 
of the Sun and the planets moving around it, and 
the first research on this subject, belongs to Beruni.

In general, the ideas put forward by Central Asian 
thinkers have contributed to the development of 
world civilization and have a direct or indirect place 
in the achievements of modern science. That is why 
the natural-scientific and socio-political ideas put 
forward by Central Asian thinkers are essentially 
important for the development of modern society 
and the further development of science, and these 
ideas are used directly or indirectly by humanity. In 
particular, the ideas of differentiation and integra-
tion (interdisciplinary) can be confirmed in Beruni’s 
work [11]. This is why the repeated study and analy-
sis of the works of great scholars is of great impor-
tance for the process of cognition.
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It is known that the basis of the development of our 
Republic is the idea of building a democratic and legal 
state, civil society. In the first years of independence, 
the path of development is reflected in the «Uzbek 
model», a system of principles that is now reflected in 
the Strategy of Action. Indeed, taking into account the 
socio-economic changes taking place in our country 
and the rapid changes in the world, a strategy of ac-
tion has been developed for the future development 
of our republic.

The tasks set on the basis of the idea of devel-
opment are being gradually introduced today. They 
are interdependent and interdependent. Reforms 
are being carried out on the basis of social orienta-
tion. In general, the large-scale democratic reforms 
implemented in our country during the years of in-
dependence based on the Uzbek model are an im-
portant basis for strengthening national statehood 
and sovereignty, security and law and order, inviola-
bility of borders, rule of law, human rights and free-
doms, interethnic harmony and religious tolerance. 
created the necessary conditions for a decent life of 
our people, the realization of the creative potential of 
our citizens. Therefore, “in our work we always rely 
on the strategic principles of implementing the” Uz-

bek model “of development and building a modern 
state” [4, P. 5].

The President of the Republic of Uzbekistan signed 
the Decree “On approval of the Strategy of innovative 
development of the Republic of Uzbekistan for 2019–
2021” [2]. According to the decree, the Strategy of In-
novative Development of the Republic of Uzbekistan 
for 2019–2021 and the target indicators of innovative 
development of Uzbekistan until 2030 were approved.

The theoretical and methodological basis of the 
consistent innovative development of Uzbekistan is 
reflected in the “Strategy of Action”. Social, economic 
and political reforms have expanded the scope of hu-
man activity, i. e. the area of opportunities, the areas 
of human activity associated with it have increased. 
In particular, democratic reforms continue to adapt 
to changing conditions, changes in human and social 
thinking. Therefore, “the idea that the reform of think-
ing is urgent is in turn a vital necessity for humanity 
to carry out deep, serious reforms in our education 
system” [9, P. 28]. Of course, changing the way a per-
son thinks, providing him with new ideas is a problem 
that everyone faces throughout life. Especially today, 
when new ideas enter all spheres of human activity 
(politics, government, business, economy, education), 
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the socio-economic changes taking place in our coun-
try are trying to improve the quality of life and take a 
worthy place in the world community.

The reforms being carried out in our country 
are being carried out in the context of an innovative 
growth model. At the same time, the reforms being 
carried out in the field of education, modernization, 
active entrepreneurship, active investment, tourism 
development, innovative ideas and technologies, 
roadmaps in the digital economy are comprehensive, 
and the tasks are set in accordance with the period. 
At the same time, today the implementation of the 
“Action strategy” for 2017–2021 also includes five 
priorities for the development of the country. That is, 
improving the construction of the state and society; 
ensuring the rule of law and further reform of the ju-
dicial system; further development and liberalization 
of the economy; development of the social sphere; 
ensuring security, interethnic harmony and religious 
tolerance, pursuing a foreign policy in a well-thought-
out, mutually beneficial and practical spirit [1].

We are witnessing the ongoing socio-economic 
changes in our country and the changing position of 
our country in the international arena on the basis of 
action plans. The strategy of action is based on the 
“Uzbek model” of development, the implementation 
of key ideas, as well as the introduction of new tasks 
and new opportunities. The algorithm of the strategy 
of action is aimed at communicating with the people, 
with other countries in the process of protecting hu-
man interests. Therefore, the interaction between 
man, the state, society, further strengthens the exist-
ing connections and influences between these ele-
ments. Of course, “dialogue, discourse, various forms 
of communication between leaders and the people are 
the most important aspects of the implementation of 
the Concept” [6, P. 87]. For this reason, the dialogue 
between the state and the people opens up new pros-
pects for development, as well as allows to solve devel-
opment problems based on laws and decrees.

The direction of the action strategy plans is multi-
vector and each is multifunctional. Today, the inno-

vative development carried out in our country with-
in the framework of the Action Strategy is reflected 
in a number of qualitative changes. That is, “struc-
tural and functional renewal has become a priority 
process in all spheres of society” [7, P. 5]. It is well 
known that “structure reflects the interrelationships 
and interactions between the elements of a system. 
Therefore, a change in the structure leads to a change 
in society” [8, P. 25]. Indeed, in a society that has en-
tered such a period of change, the introduction of in-
novative technologies, unconventional thinking and 
foresight, the use of the latest production methods 
and tools are seen at the level of social need. That is, 
“if we start building our great future today, we must 
start it on the basis of innovative ideas, innovative 
approach” [5, P. 20].

It can be seen that in the development of man-
kind, innovative ideas have the power to change the 
scientific, social direction. They (innovative ideas) 
are formed in such areas of human science as scien-
tific, social, political, economic. Innovative ideas in 
the field of science allow to organize new scientific 
directions, simplify production processes and cre-
ate opportunities for the opening of new fields. In 
this regard, 2019 has been named the “Year of active 
entrepreneurship, support of innovative ideas and 
technologies” in our country. We can see this in the 
innovative changes in the field of education in our 
country. In particular, the strategy of action and the 
decisions taken in recent years on education form 
the basis of the ongoing reforms in the field of educa-
tion in our country.

In today’s extremely complex world, innovative 
activity must also be flexible, adaptable, so that man 
can adequately adapt to a rapidly changing situa-
tion. Innovative activity is carried out on the basis 
of human thinking, his creativity, which is constantly 
updated and constantly increasing its effectiveness. 
The realization of a creative idea is an innovation. 
Of course, “innovation is the creation of previously 
non-existent objects, structures, values and methods 
(technologies) of activity, the expression of emerg-
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ing innovations in signs, images and symbols. At the 
same time, it is a process of application to all spheres 
of society and human life through social assimila-
tion and dissemination ” [7, P. 4]. So, innovation 
means that the mechanism of self-development is 
understood and the scope of knowing the world is 
expanded and enriched.

Our country has chosen the path of innovative 
development. The innovative development of the 
country is associated with overcoming the resistance 
of antiquity. This process is a reflection of the evo-
lution of society, the evolution of human cognitive 
capabilities, the evolution of human intellect.

It should be noted that today the development 
of the digital economy is a multifaceted process and 
forms the basis of innovative development. The digi-
tal economy has a great impact on all spheres of social 
life, including human interaction, scientific research, 
science, education, knowledge generation, human 
cognitive processes. Therefore, the digital economy 
is a global trend that sets a new paradigm for the de-
velopment of Uzbekistan. One of the main tasks is 
to provide people with scientific, practical and civic 
views on the digitalization process in the country, 
to look for opportunities for economic growth, to 
improve living standards and quality of life through 
integration and a huge synergistic effect. Also, in the 
digital economy, the use of modern computer and 
information systems by organizations, and especially 
by enterprises in the real sector of the economy, is 
an important condition for their effective operation.

It should be noted that digitalization and digital 
transformation of the economy in social develop-
ment are also having an impact on the education 
system. This requires the formation and use of digi-
tal skills in education, the adaptation and develop-
ment of new forms of mastering digital reality. Also, 
one of the modern sources of social development is 
the need to establish a system of continuous voca-
tional education, actively update the knowledge of 
the population and the formation of the required 
competencies [10].

It is emphasized that in today’s pandemic, entre-
preneurship makes an important contribution to the 
development of our country. Because the develop-
ment of small business and private entrepreneurship 
is one of the ways to solve the problem of employ-
ment. Indeed, the small business entrepreneurship 
sector is able to adapt quickly to rapid changes in the 
social situation and to receive innovations quickly, 
changing its activities in a short period of time. This 
makes it easier for them to change their products 
from one form to another, depending on the situ-
ation. That is why they are an active part of society.

At the same time, the most important tasks are 
to support and encourage small business and entre-
preneurship in the country, to strengthen the eco-
nomic power of our country, peace and stability, 
social harmony, to create favorable conditions for 
further increasing the share of this sector. That is, “an 
entrepreneur feeds not only himself and his family, 
but also the people and the state. I never tire of say-
ing, even if it is repeated, that the richer the people, 
the richer and more powerful the state” [3, P. 15]. 
Of course, small business and private entrepreneur-
ship today are becoming a guarantee and pillar of 
social and political stability in our society, a force 
that actively moves our country on the path of de-
velopment. Opportunities are being created to take 
advantage of these factors in the action strategy. At 
the same time, new tasks are being set.

In short, the implementation of the “Action 
strategy” is aimed at reforming and modernizing 
the country, building a democratic state based on a 
developed market economy, a strong civil society, 
the rule of law, security and law and order, inviola-
bility of state borders, interethnic harmony and re-
ligious tolerance. gives new strength to the zealous 
efforts of the path. Therefore, new perspectives and 
approaches to the implementation of the ideas of 
the “Action strategy” are being formed in the socio-
economic environment. So, as we move on the path 
of innovative development of our republic, we need 
to develop human capital.
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Plant names, on the one hand, represent the pe-
culiarities of man’s perception of the natural world, 
people’s worldview and cultural traditions, and on the 
other hand are paradigmatic lexical-semantic group 
relations that form a group of objects with a stable 
quantitative structure as a very ancient system [1, 11]. 
Research on the botanical terminology involves a lot 
of materials, such as botanical literature, folk medicine 
materials and ethnographic sources, and the history of 
its structural-semantic study is closely linked with the 
history of the development of botany.

The structural-formal, systemocentric approach 
that dominated linguistics in the twentieth century 

led to the study of the scientific nomenclature of 
botanical lexemes, the direction of research in Eng-
lish literary language and various dialects in terms of 
structural-semantic, etymological, onomasiological, 
motivological and lexicographic aspects.

Towards the end of the last century, the change 
of the scientific paradigm and the emergence of an-
thropocentric research in it, the need to conduct 
linguoculturological, ethnolinguistic and cognitive 
directions with new approaches to the lexicon of 
botany based on different views [2, 17].

Therefore, the development of the field is charac-
terized by the following areas of research:

Scheme 1.
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Botanical lexicon of English studied in the con-
text of complex research in the field of botanical no-
menclature [3; 4; 5].

C. T. Parmar’s monograph, “The morphology of 
plant names in the Celtic languages”, is devoted to 
the morphological analysis of plant lexemes. While 
studying plant names in Celtic languages, he ana-
lyzes the derivative models and morphological fea-
tures of phytonym components in different dialects 
of languages [6].

One of the studies devoted to the naming of 
plants in Anglo-Saxon culture was U. Krishke’s 
monograph, “The old English complex plant names: 
a linguistic survey and a catalogue”, addresses impor-
tant issues related to the lexical layer of Old English 
botany. The morphological and semantic features of 
botanical lexemes should be studied, taking into ac-
count their diachronic stratification, according to the 
author [7, 34]. The results of such an analysis shed 
light on important aspects of Anglo-Saxon culture 
and civilization, from which point of view this lexical 
layer can be described as a linguistic representation 
of the world in Anglo-Saxon texts [8].

The author’s article “On the semantics of Old 
English compound plant names: motivations and 
associations” analyzes the morphological and se-
mantic-cognitive basis of the complex structure of 
ancient English plants in the nomenclature herba-
tum and nomenclature arborum in the glossary “Elf-
ric’s Glossary” [8].Using semantic and grammatical 
analysis of ancient Indian Sanskrit grammar in the 
semantic and morphological analysis of lexemes of 
this group, the author divides complex structural 
names of plants into three groups: 1) dvandva – 
additional units; 2) tatpurusa – endocentric units; 
3) bahuvrihi – exocentric structures [7,98].

According to the author, this system provides in-
formation on the grammatical and semantic aspects 
of the plant. These structures are formed based on the 
relationship between the primary and secondary ele-
ments. For example, there is no primary or secondary 
element in the additive composition of “bitter-sweet”, 

all of which are semantically and morphologically 
equal. In endocentric structures such as “coffee tree”, 
the lexeme “tree”, which is a key element, has a gram-
matical and semantic connection, but the coffee lex-
eme has a semantic advantage over the main element 
because it defines a plant species [7, 101].

Anglo-Saxon Plant Names Survey (ASPNS) – 
The Anglo-Saxon Plant Names Survey is of great im-
portance as a research project of the Institute of His-
torical Studies of Languages, University of Glasgow, 
UK [9]. In this project, the characteristics of species 
and family naming of plants in Anglo-Saxon society 
were studied and analyzed in the following prisms: 
linguistic (e. g., lexicographic or dialectal studies), 
geographical (e. g., land use methods), economic 
(e. g., food security), scientific (for example, in the 
field of medicine) and social (for example, in the field 
of clothing) [10, 42].

In the study “Plant names and folk taxonomies: 
frameworks for ethnosemiotic inquiry” by D. Her-
mann and S. Moss, we can see a cognitive approach 
to the analysis of plant lexemes. Focusing on the 
many facets of plant naming in English, the authors 
emphasize that ethnobiological (especially ethno-
botanical) research can be effectively conducted as 
a result of the intersection of different disciplines re-
lated to onomosiology, such as lexicography, cogni-
tive anthropology, and cognitive linguistics [11, 3]. 
This study is unique in that it analyzes nearly a hun-
dred major vegetable names. These plant names are 
described as elements of a folk taxonomic system, 
so such a local nomenclature can be helpful in sys-
tematizing words, as well as in conducting research 
on the relationship between conceptual categories.

The collective monograph “Agricultural English”, 
co-authored by G. Raţă, I. Samfira and F. Sala, is also 
noteworthy. This monograph is a collection of stud-
ies on agricultural terminology in English, analyzing 
lexical systems in several fields such as biology, botany, 
ecology, gastronomy. In particular, the section “Mor-
phology” analyzes the methods of making lexemes 
related to the agricultural terminosystem [12, 103].
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A number of studies on the subject have also been 
conducted in Russian linguistics. As a result of research 
by linguists such as L.I Milovidova, V. V. Kopocheva, 
L. D. Pocheptsova, O. P. Ryabko, and I. I. Kireeva [13; 
14; 15; 16; 17], research on the lexicon of botany in 
English began to develop rapidly.

In the study of botanical lexicon within the struc-
tural-semantic systematic approach, different views 
on the problems of variation, synonymy, polysemy 
and homonymy belonging to literary language or 
dialects within the lexical-semantic group of plant 
names are proposed. In this direction, O. P. Ryabko 
conducted effective research and revealed the nomi-
native and structural-semantic features of plant vo-
cabulary in English on the example of complex sub-
stantive units [16].

The author pays special attention to the interpre-
tation of the nominative-field properties of modifiers 
and auxiliary components of complex structural nom-
inations, as well as the characteristics of plant names 
by appearance (shape, color, size, smell, taste, growth 
style), qualitaty (positive or negative), classifies on the 
basis of space and time and purpose (including scope 
of application: for medicine, pharmacology, perfum-
ery, construction, decorative purposes) [16, 6].

The structural-semantic features of the complex 
structural terms analyzed in this study may serve as 
a basis for determining the motivational aspects of 
plant nomenclature.

However, it is important to note that the author 
did not consider the boundaries between the sci-

entific and international nomenclature of botanical 
vocabulary and therefore did not identify any dif-
ferences between the nominative parameters that 
characterize them. Such a trend is observed in almost 
all studies that analyze the issue from a structural-se-
mantic and structural-morphological point of view.

In the work by I. I. Kireeva, the structural-seman-
tic and pragmatic features of the linguoculturologi-
cal code “Flora” in English are considered. In it, the 
author evaluates the lingvoculturological code as 
a collective experience of words in the vernacular, 
phraseological units, expressed in various discourses 
and reflecting the structural identity of a culture with 
a national color, such as customs, traditions, lifestyle, 
and so on. According to the author, the lingvocul-
turological code is a system of signs with a single 
figurative basis, acting as a sign and attached to the 
lexical-phraseological unified language [17, 5].

Giving a detailed description of the symbolic 
features of English plants, I. I. Kireeva notes that the 
basis of the English linguocultural code “Flora” is the 
botanical culture of the Celts, who lived in the Brit-
ish Isles in the VI–V centuries B.C [17, 6].

It can be inferred that plant names, which are a 
living symbol of the material and spiritual culture of 
the people, have been attracting the attention of not 
only botanists, but also ethnographers and linguists, 
dialectologists since the second half of the last cen-
tury. Apparently, a lot of extensive research has been 
done on plant lexemes in English, and most of them 
are evolving in the field of linguistic cognitology.
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Abstract. The primary focus of this article is different views of linguists on expressive syntax 
and the role of parenthetical constructions and their pragmatic functions in discourse. The fact that 
scholars agree that parenthesis is important as a form of expressive syntax that conveys the addresser’s 
attitude towards the message, and that they are multifunctional units that signal the textual as well as 
interpersonal functions of language from a pragmatic standpoint is substantiated. According to the 
analysis of these views, it is also proved that the use of punctuation marks to separate parenthetical 
constructions makes them pragmatically more driven.
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The interpretation of any utterance depends on 
the functional selection by the addressee of means of 
various language levels, not only for the transmission 
of a message, i. e. actual data, but also to express their 
attitude to the transmitted information [1, 45]. A spe-
cial role for the implementation of these communica-
tive goals is played by the category of expressiveness, 
which has not lost its relevance for many years in view 
of its enormous importance in the communication 
process. Being in direct connection with the content 
plan, expressiveness is realized in terms of expression 
due to the possibility of selecting such means of ac-
tualizing the meaning that are capable of conveying 
the individual characteristics of the perception of 
the world of the addressee of the message and can 
be decoded by the recipient without losing the con-
notative and denotative meaning inherent in them.  
[2, 15]. The means of expressiveness are present at 
all linguistic levels, in linguistics there are quite a 
few concepts for the study of this speech category.  
I. V. Arnold refers expressiveness to the properties of 
the text or part of it, which convey its meaning with 
“increased intensity”, thereby helping to interpret the 
addressee’s attitude to the message [3, 60]. The cate-
gory of expressiveness has a wide arsenal of means of 

representation, presented at all levels of language and 
used directly in the process of interpersonal com-
munication. Due to the actualization of the expres-
sive means of the language in speech, which allows 
almost any linguistic unit to acquire an expressive 
meaning, the utterance acquires expression, i. e. the 
ability to convey the state of the speaker [4, 34].

Of particular relevance is the study of the fea-
tures of expressive syntax, which associated with 
the growing interest of linguists in the analysis of 
text structure and pragmatic features of speech ac-
tivity. Content conveyed at the syntactic level must 
be presented in the optimal form of expression for 
exact correspondence with the underlying meaning. 
It is thanks to the presence of a huge set of means of 
representation, the expressive category of language 
most accurately conveys not only the actual meaning 
laid down by the author of the message, but also his 
relation to the surrounding reality.

There are various interpretations of the category 
of expressive syntax. Syntactic expressiveness can 
be defined as “the property of syntactic forms to 
increase the pragmatic potential of utterances be-
yond the degree that is achieved the lexical mean-
ings of the elements that fill these syntactic forms” 
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[5, 196]. In this definition, the expressiveness of the 
syntactic level is considered as a property of struc-
tures to enhance the expressiveness of an utterance 
without adding any additional semantic loading, 
which makes the category of expressiveness similar 
to the category of intensity. Trofimova E. A. defines 
syntactic expressiveness as “the property of syntac-
tic structures to have an emotional directionality, as 
well as serve as a means of logical enhancement of 
expressiveness and imagery” [6, 240]. In this defini-
tion, structural properties of syntactic structures are 
added semantic, i. e. not only use the development 
of syntactic units to enhance the expressive effect, 
but also their ability express the emotional state of 
the speaker. O. V. Alexandrova describes the range of 
phenomena that fall within the scope of expressive 
syntax. She considers it necessary to study syntactic 
relationships both within a sentence and in super-
phrasal units, highlighting expressiveness through 
the division of texts [2, 7]. The scholar defines ex-
pressive syntax as “the doctrine of the construction 
of expressive speech, the subject of which is the lin-
guistic foundations of expressive speech” [2, 7], and 
identifies the levels of expressiveness depending on 
the leading functional features of their constituent 
elements: predicative units, components of the ac-
tual division of the sentence, basic and parenthetical 
constructions and contextual syntagmas [2, 8].

Expressive syntax is based on expressive con-
structions. Halliday notes that syntactic construc-
tions can act as a means of transmission of the au-
thor’s thoughts, his/her vision of the world in the 
most effective way in a speech situations [7, 21]. It 
means almost any element of syntax has an expres-
sive potential. Expressive constructions can be de-
fined as “A variant of a neutral syntactic structure that 
stands out in the discursive fragment and thereby 
reinforces the pragmatic impact on the addressee” 
[8, 84]. As can be seen from this definition, the main 
quality of these units is their opposition to the neu-
tral flow of speech. Such constructions make it pos-
sible to express the speaker’s attitude to the utterance 

and to influence the addressee, create a situation of a 
communicative act through the use of elements with 
semantics actualized for a specific situation.

EM. Beregovskaya notes that the expressive the 
syntax is based on the principle of symmetry [9, 19]. 
It is due to violation of symmetry in a neutral sen-
tence, syntactic constructions create an expressive 
effect, attract the attention of the recipient and there-
by help to interpret the statement.

One of the types of expressive syntactic construc-
tions is parenthesis, which is the use of introductory 
and inserted constructions in a sentence in order to 
show a violation of the author’s way of thought, as 
well as for introduction of additional objective or 
subjective information [10, 27]. Parenthetical con-
structions in English is the object of study of many 
researchers, such as O. V. Alexandrova, E. N. Gor-
bachev, O. N. Polikarpova, E. S. Skoblikov [5]. Their 
nature has been studied, different typologies have 
been presented, the features of their use in different 
texts were considered. Parenthetical constructions 
have a complex nature, in which the sociolinguistic 
factor plays an important role [11, 112]. They are 
used in different types of discourse – political, sci-
entific, media discourse, artistic etc. In general, the 
leading function of parenthetical constructions is 
the meaning of modal, emotional, expressive assess-
ment, as well as the transmission of additional mes-
sages and associated information, clarifications, and 
comments [2, 56].

The term “parenthetical constructions” or “pa-
renthesis” often means introductory and inserted 
constructions [12, 104]. E. S. Skoblikova distin-
guished between introductory words and inserted 
constructions. Introductory words are several func-
tional and semantic categories of words and phrases 
that perform logical, connecting and contact-estab-
lishing functions [14, 7]. Inserted constructions 
are predicative units, words or phrases included in 
sentences, which interrupt the beginning of the sen-
tence with additional explanations that arose from 
the speaker in the process of utterance [14, 9]. For 
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the convenience of presentation, both phenomena 
are preferred to be called as parenthetical construc-
tions, or parenthesis. On the basis of existing research 
on parenthetical constructions, for further analysis 
of this phenomenon in the original and translation, 
the following types can be distinguished: according 
to their structure they are divided into one-word 
insertions, insertions-combinations and insertions-
sentences; according to meaning they can be divided 
into referrals, exemplifications and deliberations; ac-
cording to graphic order: commas, dashes, brackets; 
according to semantic function: function of addition 
and explanation, clarification, function of entering 
examples and linking information given in the text; 
according to their position in the sentence: initial, 
middle and end positions.

Literature studies on the grammar and syntax 
of the English language show that fixed infinitive 
constructions or phrases (to cut a long story short, 
to tell the truth, to say the least, to put it mildly, so to 
say, needless to say, to make matters worse, to be honest 
with you, to begin with, to be sure, to be quite plain, to 
be more specific etc) can be included in the structure 
of a sentence as adverbial phrases or combinations, 
that is, parenthesis, expressing the speaker’s subjec-
tive attitude to the expressed thought, characterizes 
the way of its formulation:

The horses, needless to say, were not mentioned 
again. Tom and Miss Baker, with several feet of twilight 
between them strolled back into the library, as if to a 
vigil beside a perfectly tangible body, while trying to look 
pleasantly interested and a little deaf I followed Daisy 
around a chain of connecting verandas to the porch in 
front. (Fitzgerald F. S. The Great Gatsby, 19).

The use of parenthesis makes it possible to com-
bine various semantic and temporal plans, creating 
semantic polyphony [15, 142]. Parenthetical con-
structions prosodically differ from the whole sen-
tence, they are made out using the intonation of the 
inclusion, moreover, the length of the pause depends 
on the degree of semantic connection of the given 
construction with a specific statement [16, 44].

A. I. Anikin distinguishes inserted and introduc-
tory constructions, considering them to be different 
elements of syntax, and refers to parenthesis only 
introductory constructions in view of the limited 
semantics and lack of independence of introductory 
words that do not have a stylistic function [17, 12].

O. S. Akhmanova, claims that inserted construc-
tions have a syntactic connection with one of the 
members of the main sentence and, as a rule, are used 
to make the statement more expressive [18, 230].

Inserted constructions occupy a special place in 
the system of syntactic expressive elements, since 
they can exist as separate units of syntax, but in this 
case they become neutral sentences, losing their ex-
pressive effect. Complicating a sentence, though they 
are not included in it, are considered a special inner 
speech of the author of the statement [19, 140].

Parenthetical constructions, insertion struc-
tures in particular, can act as a means of syntactic 
expressiveness, since they are able to convey not 
only additional information and factual data, but also 
thoughts and feelings of the author, his subjective 
attitude to the described phenomena. At the pho-
nological level, such constructions are distinguished 
prosodically, i. e. using intonation of inclusion, paus-
es and tone changes that do not violate the integrity 
intonation of the entire sentence, in writing – with 
commas, brackets or dashes. The use of such paren-
thetical constructions breaks the symmetry of the 
statement, thanks to this, the proposal acquires an 
unusual sound, expressiveness, influences to the sub-
conscious of the recipient, pointing to the implicitly 
expressed opinion of the author. When used for ex-
pressive purposes, this type of construction express-
es the speaker’s attitude, irony, sarcasm, emotional 
condition, etc [20, 30].

Parenthesis largely serves the textual and inter-
personal purposes of language. These two functions 
are communicated via particles, model adjuncts, 
interjections, perceptive verbs, and other lexical 
components and linguistic expressions. The term 
“parenthesis” refers to a group of language phrases 
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whose principal purpose is to convey textual and in-
terpersonal functions that are both pragmatic. They 
can have a structural function in highlighting key 
features of a topic [20, 31].

They can also perform a number of writer and 
reader-focused interaction activities. The process of 
text interpretation requires both sorts of functions. 
Interpersonal functions give the general structure of 
discourse by determining the kind of elements con-
tained in the text. Structural information guarantees 
coherence and avoids an unintentional inference, 
whereas structural information ensures coherence 
and prevents an unintended inference. This means 
that coherence is connected to the sociolinguistics 
environment as much as the content.

The above analysis has revealed that parentheses 
are a distinct category that must be separated from 
other peripheral or unnecessary categories seen in 
spoken speech, such as interjections, fillers, routines, 
and so on. Analysis of the structural, functional and 
positional characteristics of parenthesis in the struc-
ture of sentences in modern English allows us to be-
lieve that these elements are special transfers in the 
structure of a sentence and, building on over static 
composition, can be an additional informative per-
spective, auxiliary messages, without affecting the 
main predication of the message, thereby contribut-
ing to the progressive movement of the information 
flow – they enrich the content and expressive aspects 
of the statement.
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INVESTIGATION OF THE EFFECT OF HEAT TREATMENT 
ON THE RELEASE OF LINSEED OIL

Abstract. The article presents information on the effect of drying, that is, heat treatment on the 
extraction of linseed oil from flax seeds. The properties of oil at different drying temperatures are 
described in detail, moisture release at time intervals and the degree of oil release are determined 
depending on the duration of the drying process. The main parameters that determine oil recovery 
are seed oil content, drying temperature and drying time. It is concluded that it is technologically 
possible to increase the release of oil during heat treatment of flax seeds.

Keywords: flax seeds, linseed oil, heat treatment, drying, oil content, degree of extraction.
Introduction: Flaxseed oil, food, is obtained 

from flax seeds by cold pressing, which contrib-
utes to the preservation of its healing properties. 
Pressing with preliminary moisture-heat treatment 
at high temperatures leads to significant losses of 
vitamins. The preparation and processing of sesame 
and flax seeds into BAA oils involves the use of a 
mechanical method of obtaining products, while 
the method of cold pressing with preliminary 
gentle heat treatment is used to impart functional 
properties. Gentle heat treatment has some posi-
tive results. When the seeds are heated, up to 20% 

of the starch contained in it passes into dextrins, 
which are easily absorbed by the body, toxic sub-
stances are destroyed. There is a slight denaturation 
of the protein, and due to the short processing time 
(30–150 sec.), The vitamin complex is almost com-
pletely preserved. The effect of heat treatment in-
creases the absorption of nutrients by 20–25%, and 
a number of vitamins, including E, D, B4, in the 
absence of intense lighting and an oxidizing agent, 
are quite resistant to temperature [1].

Due to the high content of omega-3 and ome-
ga-6, flaxseed oil has beneficial medicinal proper-
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ties, contributing to the normalization of metabolic 
processes in the body. Flaxseed oil, due to its unique 
composition, is used in medicine, and is now widely 
used in cooking. Flaxseed oil is perfectly combined 
with various oils and at the same time contains a 
large amount of omega-3 polyunsaturated fatty acids, 
without which the normal life of the human body 
is impossible. In addition, flaxseed oil has a high 
nutritional value, it increases the functioning of the 
immune system, stimulates the activity of the brain 
and other organs [2].

Flax seed has long been used in folk medicine 
due to its healing properties and a wide range of ef-
fects on various zones of the human body. The main 
nutrients that determine the biological value of flax-
seed are: glycerides of linolenic (35–45%), linoleic 
(25–35%), oleic (15–20%), stearic (8–9%) acids, 
proteins (18–33%), carbohydrates (12–26%), or-
ganic acids [3].

Objects and Methods: The research was car-
ried out on Central Asian flax with 38.10% oil con-
tent. Chemical analysis of the initial, intermediate 
and final products was carried out by known meth-
ods [4–6].

The oil content of seeds is understood as the 
content of crude fat and accompanying fat-like sub-
stances, which, together with the fat, pass into the 
ether extract from the studied seeds.

The essence of the methods for determining the 
acid number is to dissolve a certain mass of solvent 
oil in a mixture of solvents, followed by titration 
of the available free fatty acids with an aqueous 
or alcoholic solution of potassium or sodium hy-
droxide.

The method for the determination of moisture 
and volatile substances applies to oilseeds, cake, 
meal, and establishes the method of spectroscopy 
in the near infrared region, for the simultaneous de-
termination of the following quality indicators:

– mass fraction of fat (in the measurement range 
from 1% to 60%);

– mass fraction of moisture and volatile sub-
stances (in the measurement range from 1% to 18%);

– mass fraction of protein (in the measurement 
range from 5% to 80%);

– mass fraction of fiber (in  the measurement 
range from 2% to 50%).

Results and its discussion: Studies of the pro-
cess of heat treatment of flax seeds for the yield of 
flaxseed oil in the temperature range from 80 to 
130 °C for 30 minutes showed a decrease in seed 
moisture by 0.92% at a temperature of 80 °C, by 
1.60% at 100 °C and by 2, 66% at 130 °C (Table 
1). In this case, the oil yield increases from 19.60% 
without heat treatment to 25.52% when treated at 
a temperature of 100 °C and up to 28.82% at a tem-
perature of 130 °C. Accordingly, the yield of cake 
with increasing temperature decreases from 80.40% 
without treatment and is 72.88% at a temperature 
of 100 °C and 68.51% at a temperature of 130 °C.

The decrease in the cake yield at a temperature 
of 100 °C is 9.35%, at a temperature of 130 °C14.79, 
while the oil yield increases by 30.20% at a tempera-
ture of 100 °C and by 47.04% at a seed treatment 
temperature 130 °C.

Figure 1 shows data on the effect of the duration 
of the drying process of flax seeds on the removal 
of moisture at a drying temperature of 130 °C, from 
which it can be seen that the drying process at a 
temperature of 130 °C is completed within 45–50 
minutes and the maximum amount of moisture re-
moved from flax seeds is 6%. An increase in the heat 
treatment temperature to 140 and 150 °C increases 
the removal of moisture to 2.90 and 3.60%, the cake 
yield to 70.98 and 77.27%, respectively.

In this case, the oil yield decreases to 26.12 
and 19.13%, which indicates the inadmissibility of 
increasing the heat treatment temperature above 
130 °C.

The optimal conditions for heat treatment are 
130 °C, the duration of heat treatment is 30 minutes. 
Under these conditions, 2.61% of moisture is removed, 
the cake yield is 68.51%, and the oil yield is 28.82%.
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Table 1. – Infl uence of heat treatment temperature on oil extraction 
and cake yield at a heat treatment time of 30 min

№ Heat treatment temperature, °C Moisture release,% Oil cake yield,% Oil yield,%
1. Without heat treatment – 80.40 19.60
2. 80 0.92 78.82 20.26
3. 90 1.18 76.56 22.26
4. 100 1.60 72.88 25.52
5. 110 2.14 72.22 25.63
6. 120 2.47 70.18 27.34
7. 130 2.66 68.51 28.82
8. 140 2.90 70.98 26.12
9. 150 3.60 77.27 19.13

Figure 1. Infl uence of drying time on the release of moisture from fl ax seeds at a temperature of 130 °C

Figure 2. Infl uence of the duration of the pressing process and the 
temperature of heat treatment on the degree of oil recovery
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Figure 2 shows the results of the effect of the 
drying time on the degree of oil recovery at a heat 
treatment temperature of 130 °C. With an increase 
in the duration of the drying process of flax seeds, 
the degree of oil extraction increases and reaches a 
maximum value of 75.64% at a time of 30 minutes, 
and then decreases rapidly. The optimal drying time 
for flax seeds at 130 °C is 25–35 minutes.

In this case, the degree of oil recovery is at least 
65.6%. An increase in the duration of the drying pro-
cess over 35 minutes leads to a decrease in the degree 
of recovery. With a process duration of 40 minutes, 
the recovery rate decreases to 52.5%, and with a heat 
treatment duration of 45 minutes, to 39.0%.

Table 2 shows the influence of technological in-
dicators on the quality characteristics of the oil.

Table 2. – Influence of technological parameters of the process on the quality characteristics of oil

№ Drying tem-
perature, °C

Drying time, 
min Oil yield,% Acid number Chromaticity Moisture,%

1. – – 19.60 0.48 40 1.71
2. 130 15 22.00 0.37 35 0.80
3. 130 30 28.82 0.26 30 0.11
4. 130 45 15.46 0.45 40 0.04

The table shows that the best indicators of flax-
seed oil are observed at a seed drying temperature 
of 130 °C and a process duration of 30 minutes. In 
this case, the oil yield is 28.82%, the acid number de-
creases to 0.26, the color to 30, the moisture content 
does not exceed 0.11%.

Conclusions: Thus, the studies carried out have 
shown the possibility of increasing the degree of ex-

traction of flaxseed oil with the use of preliminary 
heat treatment. For this, the drying process must be 
carried out at a temperature of 130 °C and a process 
duration of 30 minutes. At the same time, the degree 
of oil extraction increases from 51.44% to 75.64%, 
the acid number decreases to 0.26, humidity to 
0.11%, and color to 30.
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FINANCIAL STABILITY AND RISK ASSESSMENT OF 
THE HEALTHCARE SECTOR IN GEORGIA

Abstract. The paper discusses healthcare sector financial stability and risk assessment in Georgia. 
Healthcare sector has excess capacities and they are not effectively used: the sector profitability indica-
tors are worsening from past years; the healthcare related state expenses are permanently increasing 
and are uncontrolled and the state tries to balance it with the help of introduction of the state unified 
tariffs. Besides, high level of vagueness related to the expected regulations and state policy creates 
obstacles for encouragement of investments and complicates development of long-term investment 
or operation strategies by medical companies.

Keywords: health care management, financial stability, risk assessment, medical companies, 
health expenditures.

Introduction
Increasing of the state expenses has encouraged 

establishment of new medical institutions – in the 
years 2015–2020 the number of ambulatory institu-
tions increased 1.4 times and the hospital bed capac-
ity increased 1,5 times. As a result, now we are facing 
excess healthcare infrastructure and low effectiveness. 
In 2020 only 49% of the beds were occupied, thus lag-
ging sharply behind the EU (77%) and CIS (83%) 

average indicators. This has negative impact on the 
financial results of the sector. Health care as an im-
portant sector of the state, which includes a system 
of political, economic, social, legal, scientific, medi-
cal, sanitary and hygienic, anti-epidemic and cultural 
measures, organizes, provides and aims to protect the 
physical and mental health of each person.

Healthcare is an integral part of international de-
velopment. An effective health care system can make 



FINANCIAL STABILITY AND RISK ASSESSMENT OF THE HEALTHCARE SECTOR IN GEORGIA

31

a significant contribution to the development of a 
country’s economy and industrialization [1].

Healthcare sector capacities and effectiveness
The funding for health programs is growing ev-

ery year and in 2020 will exceed one billion GEL. 
Its largest share, more than 70%, is universal health 
program spending. It is true that after the launch of 
the universal healthcare program in Georgia, the 
share of out-of-pocket payments in total healthcare 
expenditures decreased, but in 2019, about 56% of 
healthcare expenditures were still paid out of pock-
et, which is still high compared to EU (16%) and 
regional (38).%). Similar diseases (e. g., diseases of 
the cardiovascular system) united in one nosologi-
cal group) plan to increase the share of inpatient 
cases reimbursed by 100% and the share of primary 
health care and prevention expenditures by 40% in 
total costs [2].

It is noteworthy that despite the significant in-
crease in health expenditures in recent years, accord-
ing to available data, among European and regional 
countries, Georgia is still one of the last places in 
the share of public health expenditures in both total 
health expenditures (2017–38%) and GDP (2017–
2.9%) and in the state budget (2017–10%) [3].

According to the statistics of 2020, the bed load 
rate in Georgia is 49%, which is significantly lower 
than the average rates of the European Union (77%) 
and the CIS (83%). It is important to improve the 
cost-effectiveness of health services and to introduce 
the DRG (diagnostic grouping) model of financing 
hospitals and emergency care services, to introduce 
new standards of hospital infrastructure and human 
resources, which will significantly reduce the effi-
ciency of the sector.

At the same time, there is an abundance of doc-
tors and a shortage of nurses in Georgia. There are 
only 0.6 nurses per doctor in Georgia and 2 to 5 
nurses in European countries. As a result, Georgian 
doctors are 3–5 times less productive than their 
counterparts in European countries, which means 
that they serve fewer patients [4].

An important challenge is the spread of COVID-19 
in Georgia and its effective management; It should be 
noted that medical consumables are a major compo-
nent of sector expenditures and account for approxi-
mately 25% of revenues. Clearly, in such conditions, 
the need for additional equipment (gloves, goggles 
and other protective equipment) to protect against a 
pandemic increases the cost of medical care. Medical 
supplies are mostly imported and the depreciation of 
the gel further increases their cost. At the same time, 
increased utility tariffs – from 2021 electricity tariffs 
for companies by 65–75%, and water tariffs will in-
crease by about 48% compared to 2018–20.

Encouragement of investments and develop-
ment

During past decades significant changes have 
taken place and significant progress has been made 
in Georgia in improving the health of the popula-
tion, taking into account key risk factors and reduc-
ing health risks. Since 2006, the government has car-
ried out market-oriented reforms.

Priority was given to state funding by providing 
access to medical care for vulnerable (targeted) seg-
ments of the population. Direct funding of medical 
institutions through state programs has replaced 
the model of financing with insurance and medical 
vouchers.

The development of the hospital sector began in 
2007 and almost completely upgraded the medical 
infrastructure, privatizing most of the medical ser-
vice providers, using the public-private partnership 
model and in the form of direct privatization. It is 
noteworthy that the private investment in medical 
infrastructure during this period amounted to more 
than $500 million. Healthcare funding has been in-
creased from GEL 80 million to GEL 380 million. 
The share of illegal payments has been significantly 
reduced from 67% to 6% and the level of corruption 
in the healthcare sector in general. Out-of-pocket 
payments were reduced from 90% to 75%.

Unlike the universal health care program, oth-
er state insurance programs were implemented by 
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private insurance companies, the beneficiaries of 
which were only the socially vulnerable, retirees, 
children under 5, students, children with disabilities 
and severely disabled persons. In 2014, all other state 
health insurance programs were abolished and their 
beneficiary citizens also joined the universal health 
care program. Consequently, private insurance com-
panies no longer participated in state projects from 
this period [5].

It is true that according to statistics, the number 
of clinics increased from 2011 to 2019, however, 
the surplus medical infrastructure was often created 
without taking into account the medical needs of the 
population and it should be noted that the rapid in-
crease in the number of clinics from the beginning 
Was the result of a health program [6].

The share of private, profit-oriented hospitals 
in Georgia in the total number of hospitals is 86% 
and is quite high compared to many developing and 
developed countries, the remaining 14% (mainly 
specialized medical institutions such as psychiat-
ric, drug, etc.) are state-owned. Owned. It impor-
tant to promote the development of other forms 
of ownership, in particular non-profit (non-profit) 
and public-private partnership medical organiza-
tions, which play an important role in developed 
countries [7].

The number of hospital beds exceeds the needs 
of the population. In 2020 only 49% of the beds 
were loaded, which is significantly lower than the 
EU (77%) and CIS (83%) averages. All this indi-
cates the inefficient use of invested capital and other 
resources.

Conclusion
Increasing Financial stability and developing the 

effective risk assessment is crucial to controlling the 
growth costs of the health care sector, including in-
creasing funding and access to funding, and strength-
ening the role of the planned outpatient sector. We 
consider it important to increase funding for medi-
cines, which in turn will reduce the aggravation of 
a number of diseases at the level of inpatient treat-
ment, thus saving a considerable amount of money 
spent in the universal program and improving the 
health of the population.

Accreditation and increase of remuneration, 
rational use of state investments, introduction and 
dissemination of innovative and high-tech products 
/ services, projects, accurate determination of the 
volume of medical services that will be fully funded 
by the state and balanced with real opportunities, 
better transparency of state programs and Ensur-
ing effective communication with the public using 
all means of modern mass media and the optimal 
solution of other topical directions, have a positive 
impact BS to achieve the improvement of the health 
system of the country, the health of the population 
and to raise the standard of living. The effective 
functioning of the Georgian healthcare sector en-
visages the improvement of such important issues 
as: improvement of the legal framework, improve-
ment of the quality of medical services, improve-
ment of the existing mechanisms for ensuring qual-
ity and safety in terms of infrastructure and human 
resources, improvement of state permits, licenses 
and certification system.
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