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Abstract
The work studied the geochemical, biogeochemical features of hydromorphic soils of the 

desert zone using the example of soils in the Yazyavan region, where the main emphasis was 
placed on the pedobiogeochemical features of Zn, in particular, on its accumulation and anom-
alies. The degree of positive and negative anomaly was developed.
Keywords: geochemistry, biogeochemistry, accumulation, anomaly, hydromorphic, fertil-
izers, landscape

Introduction
Zinc element is a chemical atom, distrib-

uted in nature in various sources and forms, 
its serial number in the periodic table of el-
ements is 30, atomic mass is 65.4. It mainly 
migrates in the landscape and in its blocks as 
a divalent metal.

The ionic radius of zinc is 0.83 nm, Clarke 
of the lithosphere – 83 mg/kg, soil – 50 mg/kg. 
The main mineral of zinc is sphalerite, that is, 
ZnS; in addition, its minerals include wurtz-
ite-ZnS, styliite-smithsonite-ZnCO3, grosslo-
rite-ZnSO4 · 7H2O, danite-ZnAl2O4, franklin-
ite-(ZnMg)Fe2O4 and others. In arid climatic 
conditions, goslorite, smithsony – ZnSe, zincite 
– ZnO, franklinite and others are found (Vino-
gradov A. P. 1957).

One of the reasons for this is that the 
soils of the region are carbonate, saline, 
chloride-sulfate, sulfate type, rich in iron, 
so zinc accumulates in these soils in neu-
tral and slightly alkaline environments. It 
migrates quite actively in hydrothermal wa-
ters.

Zinc precipitates together with chalco-
phile elements and accumulates. It is a ma-
jor micronutrient among biophilic elements 
and is a relatively well-studied element for 
these purposes.

Zinc is involved in the activity of a num-
ber of enzymes and has its effect. In partic-
ular, its deficiency slows down the synthesis 
of vitamins, where the synthesis of ascorbic 
acid is reduced.
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Its biological absorption index, that is, 
the coefficient of biological absorption by 
plants, is high. Accumulates in the upper lay-
ers of soil biogenically. Its accumulation is 
observed at a level of 45–50 mg/kg in humus 
soil horizons (Vinogradov A. P. 1957, Itoh S., 
Yumura Y., 1979, Kabata-Pendias, A. and 
Pendias, H., 2011). Generally, migrates well 
in acidic environments.

Its migration coefficient is high in gley 
and acidic waters (Kuziev R., YUldashev G., 
Akramov I., 2004). The concentration of zinc 
is relatively high in clayey sedimentary rocks 
and shales, i. e. 80–120 mg/kg. In sandstones, 
highly carbonate and gypsum soils it is 10– 
–30 mg/kg. According to information present-
ed in the literature (Kio S., Mikkelsen D. S., 
1979), in soils of the USA there are cases of 
accumulation of 17–125 mg/kg, and in soils 
of Southern China – up to 236 mg/kg (Lind-
say W. L., 1979, Norrish K., 1975). Cherno-
zems contain about 63–97 mg/kg.

Zinc can migrate in the soil in Zn+2, 
ZnCl+, ZnOH-, ZnHCO‑3, ZnO‑2 and other 
forms. Organic matter and humus are strong-
ly absorbed and accumulated in appropriate 
quantities. In irrigated meadow saz soils, i. e., 
in carbonate, gypsum, phosphate and iron- 
and calcium-rich soils, the migration of zinc is 
sharply reduced, especially in carbonate-gyp-
sum and gley barriers. Therefore, despite the 
fact that its total amount in the soil is quite 
large, in such condition’s deficiency situations 
arise for plants. We should not forget that soils 
in irrigated agriculture, saline and carbonate, 
are fertilized almost annually with mineral 
and local fertilizers (Kuziev R., YUldashev G., 
Akramov I., 2004, YUldashev G., 2014).

Even then, there is a deficiency for nor-
mal plant growth and development. For ex-
ample, with wastewater 700–49000 mg/kg, 
phosphorus fertilizers 50–1450 mg/kg, ni-
trogen fertilizers 1–42 mg/kg, organic fer-
tilizers 15–250 mg/kg and 1.3 mg/kg pes-
ticides are introduced into irrigated areas 
zinc (Kabata-Pendias, A., Pendias, H., 2011; 
Kuziev R., YUldashev G., Akramov I., 2004; 
YUldashev G., 2014). These quantities are re-
tained in soils of an arid climate region, that 
is, they accumulate in carbonate, gypsum 
and bilateral, as well as gley barriers. Where 
abnormal concentrations may form over the 
years (Perelman A. I., 1989).

According to the literature (Tyler G., 
1981, Quping Z., Chuliang Y., Lihua T., Junx-
iang X., 1984), the concentration of zinc in 
soil, which may indicate the level of phyto-
toxicity, exceeds 70 mg/kg. Particular atten-
tion should be paid to the fact that its phyto-
toxic concentration depends on a number of 
factors: mobile form, type of plant, soil pH, 
content of carbonates, sulfates, sulfur, hu-
mus, iron, phosphorus and others. However, 
it is fair to say that the effects of these con-
ditions are not well understood, especially in 
saline desert soils. This situation is one of the 
complex problems.

The object of the study was irrigated, 
saline meadow saz and sandy desert soils, 
formed on an area of 19.583 hectares in the 
Yazyavan district of the Fergana region of Uz-
bekistan. Field research was carried out on the 
basis of Dokuchaev’s morphogenetic and sta-
tionary methods. Mathematical and statistical 
analysis of the obtained results was carried 
out using the dispersion method, that is, the 
methods of Karimov, Yuldashev (Kuziev R., 
YUldashev G., Akramov I., 2004) and Sam-
sonova (Samsonova V. P., Meshalkina YU. L., 
Dyad’kina S. E., 2005) using Microsoft Excel.

Quantitative determination of zinc in 
selected samples was determined using the 
Spivey, Nick method (Perkin Emler Avio 200 
ICP-OES spectrophotometer at a wavelength 
of 206–200 nm, integration time 0.1–5 sec-
onds, sample transfer rate 0.8 ml/min, trans-
fer plasma gas 8 L/min The correlation coef-
ficient between the amount in the standard 
solution and the amount in the equivalent 
sample is reported to be 0.99990.

Theoretically, plants feed on Zn++ in the 
soil solution, but this may be hindered by oth-
er elements of the solution, in particular Ca++.

But zinc consumption is controlled by the 
plant through its metabolism. If you think 
deeper, then theoretically the factors that 
cause a state of zinc deficiency in plants in-
clude the following: – low Zn content in the 
soil; soil carbonate content;

–  gypsum content, alkalinity, humus 
content of the soil; – distribution of the root 
system in the soil, biological activity; – plant 
type, growth phase; – antagonistic state 
with other elements, ions, irrigation regime; 
– soil contamination with this element and 
others.
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Zinc is a chalcophile element and, in 
terms of toxicity, belongs to the first group 
of elements. According to preliminary data, 
wormwood is among the plants that absorb 
zinc; according to our information, in worm-
wood growing on stony-gravelly eroded and 
leached light gray soils, zinc accumulates in 
the range of 142–160 mg/kg, in contrast to 
the medicinal plant lavender where it the 
content reaches 129 mg/kg.

Thus, the geochemical and biogeochem-
ical properties and distribution of trace ele-
ments in the soil, especially zinc, are not uni-
form in all cases. We can see this situation in 
the studied soils of the region. For this pur-
pose, first of all, the obtained analysis results 
were mathematically processed.

According to the data obtained, the coeffi-
cient of variation of zinc in the soils of the Yangi 
Buston, Central Fergana, Karatal, Yangiabad, 
Istiklal, Karatepa, Ishtirkhan, Khanabad mas-
sifs is V<10, which means that the spread of 
data is very low, and in the soils of the Gulistan, 
Karasokol massif, this indicator is 20–25%, 
that is, in Karasokol this coefficient is 20%, 
which means (V = 10–20) the dispersion is av-
erage, in Gulistan this figure is 25.4%, which 
means the dispersion is serious (Table 1).

But as a general rule, if the coefficient of 
variation is less than 33%, the set is consid-
ered homogeneous and can be used, which 
means the results obtained are correct. This 

law holds true for the dispersion of zinc in the 
soil of the study area, so the results obtained 
can be used.

When determining the positive and neg-
ative anomalous state of zinc in the soil, the 
background indicator and the 3-fold value 
of the standard deviation and coefficients of 
variation are of great importance. It should 
be noted that classifications have not yet 
been developed for abnormal cases of zinc 
and some other trace elements.

Therefore, we recommend choosing for 
positive and negative cases of normal, weak, 
moderate, strong, high anomalies. To do this, 
first of all, the background value for the soils 
of the region is calculated from samples. Due 
to the fact that the soils of the region are car-
bonate, gypsum and saline, the background 
level turned out to be higher than expected, 
i. e. 83.8 mg/kg. Based on the results of sta-
tistical processing, the Zn concentration, that 
is, background amounts, was determined 
separately for each array (Table 1).

Anomalous values can be determined 
relative to the soil, lithosphere, biosphere 
or background. At the same time, i. e. When 
studying the soil-geochemical properties 
of Zn in the soils of the Yazyavan region, in 
particular its anomalous state, the amount of 
zinc in the irrigated soils of the region in the 
0–30 sm layer was taken as the background 
for the soils of the region.

Table 1. Background amounts of zinc in soils of massifs

N Massifs n Phon δ V m
1. Yangi Buston 14 52.2 2.32 4.44 1.04
2. Central Fergana (state land 

reserve) 15 64.04 4.03 6.29 1.80

3. Karatal 18 83.025 5.44 6.55 2.72
4. Yangiabad 19 69.82 4.92 7.04 2.19
5. Guliston 21 100.83 25.61 25.39 10.45
6. Karasakal 20 115.0 22.99 19.99 11.49
7. Istiqlal 14 54.25 3.77 6.94 1.88
8. Karatepa 13 90.25 3.96 4.39 1.98
9. Ishtirkhon 13 101.25 8.93 8.82 4.46

10. Khanabad 19 115.25 10.84 9.41 5.42

It should be noted that positive and neg-
ative abnormal states of the element lead to 
various endemic diseases. In particular, zinc 
deficiency affects the growth, development, 
and height of plants.

The leaves of fruit trees become smaller, 
as a result, metabolism at the leaf level slows 
down, ultimately reducing yield and deterio-
rating quality. In corn and other grain crops, 
zinc deficiency leads to chlorosis, etc.

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
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The works of A. I. Perelman (Perel-
man A. I., 1989) can be useful in determining 
positive and negative anomalies of chemical 
elements in the soil. To determine the posi-
tive anomaly, the A.I. formula is convenient. 
Perelman (Perelman A. I., 1989), which has 

the following form: Ca ≥ Cf + 3d, Ca is the 
anomalous concentration of the element; Cf 
– background element containment;

d – standard deviation or dispersion. The 
negative anomaly of chemical elements in the 
soil is calculated using the formula

Table 2. Anomalous concentrations of zinc in hydromorphic soils of the massifs

N Massifs Sample 
numbers 3δ

Anomalies Degree of anomaly

+1 -2 +1 -2

1. Yangi Buston 1, 2, 3, 4, 5 6.96 59.16 45.24 not weak

2. Central Ferga-
na (state land 
reserve)

6, 7, 8, 9, 10, 46 12.03 76.13 51.95
weak,

middle,
high

weak

3. Karatal 11, 12,13,14 16.32 99.35 66.71 middle weak

4. Yangiabad 15, 16, 17 14.76 84.56 55.06 weak, middle,
strong weak

5. Guliston 19, 24 76.83 177.66 24.0 strong not

6. Karsakal 18, 40,41,42 68.97 183.97 40.03 strong, high not

7. Istiklal 28, 29, 30 11.31 65.56 42.94 not not

8. Karatepa 20, 21, 22, 23, 
31, 32, 33, 34,35 11.88 102.13 78.37 middle weak

9. Ishtirkhan 36, 37,38,39 24.99 126.24 76.26 middle weak

10. Khanabad 24, 25, 26,27, 
43, 44, 45 32.52 147.77 82.73 middle weak

1 –positive, 2 – negative

Figure 1. Soil-geochemical digital electronic map of Yazavan region

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
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Ca < Cf – 3d (Table‑2). For positive ab-
normal cases <70 there are no abnormalities; 
70–100 weak anomalies; 100–130 average 
anomaly; 130–160 strong anomaly; > 160 
high anomaly.

For negative abnormal cases, the following 
indications are recommended: < 45 no nega-
tive abnormalities; 45–60 weak; 60–75 aver-
age; 75–100 strong; > 100 high. According 
to the results obtained for the zinc anomaly, 
strong anomy corresponds to the Khanabad, 
Ishtirkhan, Karatepa and Karasakal, Gulistan 
massifs, where a zinc province of high content 
is clearly distinguished (fig. 1).

In conclusion, it can be noted that the 
state of zinc anomaly in the soils of the re-
gion manifests itself both positive and nega-
tive. The reason for the high positive anom-
aly in the old irrigated soils of the region, in 
particular the Khanabad, Gulistan, Karate-
pa, Karasakal massifs, is the rather high zinc 
content in phosphorus and local fertilizers 
applied to cotton and other agricultural 
crops, as well as slightly alkaline, neutral re-
actions of the soils where zinc accumulates 
in carbonate-gypsum, double-sided and 
evaporation barriers.
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Abstract
The article discusses the influence of environmental factors on the health of students at 

academic lyceums in the Republic of Karakalpakstan. Regression equations were obtained that 
indicate the dependence of the level of general morbidity among adolescents on the degree of 
total air pollution.
Keywords: Health preservation, environmental factors, physical education, approaches, 
monitoring, environment, adaptation

Introduction
The problem of forming and maintaining 

the health of the younger generation in the 
context of socio-economic transformations 
and environmental aggravation of the environ-
ment in most regions of the world is very rel-
evant (Kuchma, V. R., Suhareva, L. M., 2012; 
Baranov, A. A., Kuchma, V. R., Skoblina, N. A., 
Milushkina, O. YU., Bokareva, N. A., 2012).

At the present stage of development of so-
ciety, environmental factors and lifestyle have 
a great influence on the formation of the health 
of the younger generation (Rahmanin, YU. A., 
Mihajlova, R. N., 2014). Adolescence is one 
of the critical stages in a person’s life. Due to 
anatomical, physiological and morphofunc-
tional characteristics at this age, the body 

becomes especially vulnerable and unpro-
tected from the effects of various unfavor-
able environmental factors and suffers even 
from sub-threshold concentrations of harm-
ful substances (Tepper, E. A., Taranushenko, 
T. E., Manchuk, V. T., Grishkevich,  N. YU., 
Galonskij, V. G. 2012; Bokareva, N. A., Skob-
lina, N. A., Milushkina, O.YU., Besstrashnaya, 
N.A., Sapunova,  N. O., 2015). The main risk 
factors for the lifestyle of students studying 
in academic lyceums of Karakalpakstan are 
non-compliance with hygienic standards of 
the regime and organization of the educa-
tional process, conditions and organization 
of nutrition and physical education (Kuchma, 
V. R., Milushkina, O. YU., Bokareva, N. A., De-
tkov, V. YU., Fedotov, T. M., 2013).
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As is known, the health of children and 
adolescents is determined not only by the 
presence or absence of diseases, but also by 
harmonious and age-appropriate develop-
ment, the normal level of basic functional 
indicators (Fedotova, T. A., Zhmakin, I. A., 
Maslov,  A. N., Vasil’ev,  P. V., 2011). Many 
studies have noted a decrease in the func-
tional capabilities of the body and the effec-
tiveness of adaptation of the body of children 
and adolescents to changing environmen-
tal conditions (Rahmanin, YU. A., Mihajlo-
va, R. N., 2014; Kuchma, V. R., Milushkina, 
O. YU., Bokareva, N. A., Detkov, V. YU., Fed-
otov, T. M., 2013). The educational environ-
ment often does not contribute to the pres-
ervation of the health of students and creates 
conditions for the formation of pathology, 
especially in persons with reduced adaptive 
capabilities (Bokareva, N. A., Skoblina, N. A., 
Milushkina, O. YU., Besstrashnaya, N. A., Sa-
punova, N. O., 2015; Fedotova, T. A., Zhma-
kin, I. A., Maslov, A. N., Vasil’ev, P. V., 2011).

However, problems of health problems in 
the child population associated with the neg-
ative impact of environmental factors per-
sist, especially in the regional center, which 
requires monitoring, development and adop-
tion of measures to improve the situation.

Material and methods
The object of the study was students 

studying in academic lyceums in the city of 
Nukus and Chimbay district of the Republic 
of Karakalpakstan. The subject of the study 
was the components of the environment, 
conditions of education and training in edu-
cational organizations and the health of stu-
dents. The assessment of the quality of the 
living environment and the health status of 
adolescents is based on our own research, 
medical and statistical indicators, socio-hy-
gienic monitoring data for 2020–2023, sta-
tistical materials provided by the Ministry 
of Economy and Statistics of the Republic 
of Karakalpakstan, the results of laboratory 
studies of the Karakalpak Research Institute 
natural sciences. The study involved 250 ad-
olescents aged 15–17 years. The examination 
was carried out on the basis of their voluntary 
informed consent. To identify the relationship 
between the quality of atmospheric air and 
the morbidity rate of the adolescent popula-

tion, correlation analysis was used to deter-
mine the Pearson pair correlation coefficient 
the statistical relationship between environ-
mental factors and the functional state of the 
cardiorespiratory system was identified using 
the method of correlation analysis (Spear-
man). The reliability of the results obtained 
was assessed using the Student test, the criti-
cal level of statistical significance p was taken 
equal to 0.05. Calculations were carried out 
in the universal statistical program Statgraf 
for windows using the “multiple regression” 
module and the stepwise regression meth-
od. The stepwise regression method consists 
in the fact that at each step the independent 
variable we are studying is included in or ex-
cluded from the model.

Results and its discussion
The construction of a model describing 

the relationship between the incidence and 
pollution of atmospheric air and tap water in 
the Republic of Karakalpakstan was calculat-
ed on the basis of the following factors: at-
mospheric air was studied – dust, SO2, NO2, 
NH3, H2S, Co; for tap water – turbidity, dry 
residue, sulfates, chlorides, nitrates.

Many of the most “significant” variables 
are highlighted. this allows you to identify 
and reduce the number of variables that re-
liably describe the relationship. inclusion of 
variables is determined using the Fisher cri-
terion – F.

Correlation-regression analysis allows 
you to quantitatively measure the closeness 
and direction of the connection (correlation 
analysis), as well as establish an analytical ex-
pression for the dependence of the result on 
specific factors, while maintaining the con-
stancy of the other factor characteristics act-
ing on the resultant characteristic (regression 
analysis). We, in order to study the influence 
on the morbidity level of the population of 
Karakalpakstan (modeled sign Y) of a num-
ber of factors (factorial signs – X1, X2, X3, 
X4 and X5), multiple correlation-regression 
analysis was used as a mathematical model 
apparatus between the morbidity indicators 
of the population and concentrations of atmo-
spheric air pollutants and the quality of tap 
water in all regions of the republic. Based on 
the calculation results, reliable and adequate 
probabilistic multiple regression models were 
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obtained linking the morbidity of the popula-
tion with several variables X. Before building 
the models, preliminary transformations were 
performed, namely, the incidence rates were 
logarithmized (the natural logarithm was cal-
culated) to stabilize the variance the overall 
quality of the resulting models was assessed 
using multiple correlation coefficients (R), 
determination (R2) and Fisher’s criterion (F) 
multiple correlation coefficient r is the degree 
to which two or more independent variables 
(variables x) are related to the dependent vari-
able Y. By definition, it is equal to the square 
root of the coefficient of determination (R2). 
coefficient of determination (R2) – shows the 
degree to which the process is described by the 
model. The R2 value is an indicator of the de-
gree of fit of the model to the data (an R2 value 

close to 1.0 indicates that the model explains 
almost all of the variability in the relevant 
variables). Fisher criterion (F) – evaluates the 
validity and reliability of the model by the lev-
el of significance (p or significance F), which 
should be less than the calculated value F.

At the same time, due to the uniqueness 
of the large-scale wind removal of salts from 
the dried bottom (Fig. 1), there are no quan-
titative estimates of the connection between 
the increased concentration of sulfates and 
chlorides in the atmosphere and the in-
crease in the number of respiratory tract 
diseases in the world literature. Model cal-
culations showed the spatial and temporal 
coincidence of the salt concentration field 
with the zoning and dynamics of respiratory 
tract diseases.

Figure 1. Wind removal of salts March 15, 2002, synthesized 
(1–3 channels) satellite image NOAA

The high correlation coefficient (r=0.69) 
justifies the relevance of continuing this study 
regarding the dynamics of other pathologies 
in the southern Aral Sea region, as well as in 
order to obtain an analytical expression for 
the connection “salt removal → disease dy-
namics”. In order to predict changes in the 
level of general morbidity depending on the 
intensity of air pollution, mathematical mod-
eling was carried out using methods of cor-
relation and regression analysis. A number of 
regression equations were obtained reflect-

ing the dependence of the general morbidity 
of children of various age groups on the in-
tegral indicator of atmospheric air pollution.

Y= 262.7 + 60.34* X1
Y= 473.21 + 13.42* X2

Y= 276.33 + 100.74* X3
where Y is the level of general morbidity 

among children
X1, X2,, X3 – integral coefficient indicator 

for different zones (northern, central and 
southern).
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The obtained regression equations indi-
cate a direct dependence of the level of gen-
eral morbidity of the child population on the 

degree of total air pollution: the more signif-
icant the degree of air pollution, the higher 
the level of morbidity.

Table 1. Indicators of regression statistics and analysis of variance

Name of terri-
tory

Coefficient Fisher criteria, F
Multiple cor-

relation, R
Determination, 

R2 F calculated Signifi-
cance F

Nukus city 0.84 0.68 11.77 0.05
Chimbay district 0.76 0.63 6.25 0.09

In our calculations, the resulting mod-
els for all studied areas are characterized by 
high reliability and reliability (F calculated > 
> significance F) and high prediction accura-
cy (Table 1), i. e. the model describes the phe-
nomenon well (R2 > 0.7). multiple correla-
tion coefficients for all parameters (R > 0.95) 
indicate a close connection between factor 
characteristics and the results.

Thus, the multifactorial nature of the pro-
cesses of formation of students’ health makes 
it difficult to assess its condition and iden-

tify cause-and-effect relationships between 
the influence of environmental factors and 
health status. all this requires choosing the 
most informative indicators of the environ-
ment and health of the younger generation. 
The environmental factors, educational envi-
ronment and lifestyle of students in general 
education institutions identified during the 
study, which contribute to a decrease in their 
functional reserves, leading to increased 
morbidity, need correction in order to pre-
serve health.
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Abstract
In our previous study, we demonstrated methods for the synthesis of the coordination 

compound 6-benzylaminopurine with hexahydrate cobalt-II nitrate. Continuing our research, 
we studied the influence of the resulting coordination connection on the shipping of the Bukha-
ra‑102 cottons.
Keywords: 6-benzylaminopurine, Bukhara‑102 cotton, hexsahydrate cobalt-II nitrate, co-
ordination compounds, chelating ligands

Introduction
L. A. Chugaev’s scientific works relate to 

various fields of chemistry: he studied the 
analytical and biological activity of organic 
compounds, developed a method for convert-
ing alcohols into hydrocarbons by thermal de-
composition of methylxanthogenates, discov-
ered an anomalous rotational dispersion of 
organic molecules with two asymmetric cen-
ters with opposite signs of rotation. His works 
on the chemistry of complex compounds have 
received worldwide recognition. So, in 1906, 
he established a rule according to which the 
most stable complex compounds contain five- 
or six-membered cycles (Sapaev, J., 2020; 
Gulbakhar Baymuratova, Khasan Nasimov 

and Foziljon Saitkulov, 2023; Saitkulov, F. E., 
Tashniyazov, A. A., Mamadrahimov, A. A., & 
Shakhidoyatov, K. M., 2014; Sapaev, B., Sait-
kulov, F. E., Tashniyazov,  A. A., & Normuro-
dov, O. U., 2021).

The chemistry of heterocycles is one of the 
most fascinating and important areas of organ-
ic chemistry. Suffice it to say that of the most 
well-known and widely used medicines of nat-
ural and synthetic origin, more than 60% are 
heterocyclic compounds. The presence of a he-
teroatom in the cycle brings a unique original-
ity to the chemical properties and determines 
the specifics of synthesis methods. The variety 
of heterocyclic compounds is due to the possi-
bilities of variations: the number and nature 
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of heteroatoms in the molecule, the size of the 
cycle, the degree of unsaturation, which deter-
mines the presence or absence of aromaticity, 
the possibility of the existence of condensed 
structures. The main attention in the meth-
odological development is paid to the most 
common methods of synthesis and chemical 
properties of the main classes of aromatic het-
erocyclic structures. This choice is due to the 
fact that it is aromatic heterocycles that exhib-
it specific chemical properties inherent only 
in these classes of compounds, whereas the 
properties of saturated structures or unsatu-
rated non-aromatic heterocycles, as a rule, are 
similar to their acyclic analogues. Information 
about the presence of heterocyclic compounds 
in natural objects, about medicines containing 
heterocycles and other “secondary” informa-
tion, in our opinion, is highlighted in small 
print and is intended for the development of 
general erudition, and not for memorization 
and learning (Sapaev, B., Sapaev, I. B., Saitku-
lov, F. E., Tashniyazov, A. A., & Nazaraliev, D. 
2022; Baymuratova, G., Nasimov, K., & Sait-
kulov,  F., 2023; Khatamov,  K., Saitqulov, F., 
Ashurov, J., & Shakhidoyatov, K., 2012; Fo-
ziljon Saitkulov, Bairamdurdi Sapaev, Khasan 
Nasimov, Dilorom Kurbanova and Nargiza 
Tursunova, 2023; Bairamdurdi Sapaev, Fo-
ziljon Saitkulov, Muattar Mamedova, Shah-
lo Saydaliyeva and Dilafruz Makhmudova. 
2023; Саиткулов, Ф. Э., Элмурадов, Б. Ж., 
& Гиясов, К., 2023; Saitkulov, F., Qilichyeva, 
N., Abdullayev, B., Anvarov, A., & Ergasheva, 
M., 2022; Saitkulov, F., Farhodov, O., Olishe-
va, M., Saparboyeva, S., & Azimova, U., 2022; 
Boymuratova, G. O., Saitkulov, F. E., Nasimov, 
K. M., & Tugalov, M., 2022; Murodillayevich, 
K. M., Shoyimovich, K. G., & Ergashevich, 
S. F., 2022; Саиткулов, Ф. Э., 2022; Saitkulov, 
F., Begimqulov, I., Oʻralova, N., Gulimmato-
va, R., & Rahmonqulova, D., 2022; Saitkulov, 
F., Elmuradov, B., O’lmasova, K., & Alijonova, 
A., 2023; Bairamdurdi Sapaev, Foziljon Sait-
kulov, Muattar Mamedova, Shahlo Saydaliye-
va and Dilafruz Makhmudova, 2023).

Thus, reagents for gravimetric determi-
nation should form sufficiently insoluble 
crystalline precipitates with the substances 
to be determined, but at the same time they 
themselves dissolve well in water, and also 
have a large molar mass. The solubility of 
organic reagents is determined by the num-

ber of functional groups available for hydra-
tion: –S03H, –COOH, –OH, –NH2. Chelates of 
such reagents can be poorly soluble in water, 
since during the formation of complexes, hy-
drating groupings are completely blocked. For 
example, the sodium salt of anthracitic acid it is 
well soluble in water. However, the complexes 
of this substance with most divalent metals are 
poorly soluble in water, since both hydrophilic 
centers in the reaction product are blocked.

Reagents for photometric determination 
must have an intense color – or the color 
must appear when they interact with the sub-
stances being determined. If the photometric 
determination is carried out in an aqueous 
solution, then the resulting chelate should be 
well soluble in water. The solubility increase, 
as already noted above, is facilitated by the 
presence of hydrophilic functional groups 
in the reagent molecule. For example, aliza-
rin is practically insoluble in water, while its 
sulfonic derivative, alizarin‑3-sulfoxide– lot, 
is soluble in water (Bairamdurdi Sapaev, Fo-
ziljon Saitkulov, Muattar Mamedova, Shah-
lo Saydaliyeva and Dilafruz Makhmudova. 
2023; Саиткулов, Ф. Э., Элмурадов, Б. Ж., 
& Гиясов, К., 2023; Saitkulov, F., Qilichyeva, 
N., Abdullayev, B., Anvarov, A., & Ergasheva, 
M., 2022; Saitkulov, F., Farhodov, O., Olishe-
va, M., Saparboyeva, S., & Azimova, U., 2022; 
Boymuratova, G. O., Saitkulov, F. E., Nasimov, 
K. M., & Tugalov, M., 2022; Murodillayevich, 
K. M., Shoyimovich, K. G., & Ergashevich, 
S. F., 2022; Саиткулов, Ф. Э., 2022; Saitkulov, 
F., Begimqulov, I., Oʻralova, N., Gulimmato-
va, R., & Rahmonqulova, D., 2022; Saitkulov, 
F., Elmuradov, B., O’lmasova, K., & Alijonova, 
A., 2023; Bairamdurdi Sapaev, Foziljon Sait-
kulov, Muattar Mamedova, Shahlo Saydaliye-
va and Dilafruz Makhmudova, 2023).

Metallochromic indicators should form 
soluble complex compounds with metal cat-
ions, the color of which differs from the color 
of the free indicator. Metal complexes with a 
titrant should be more stable than complexes 
with an indicator.

The use of organic reagents in analytical 
chemistry is not limited to complexation reac-
tions: some reagents form poorly soluble sim-
ple salts with the ions being determined, for 
example, the K+ cation forms a poorly soluble 
salt with the tetraphenylborate ion, and the 
sulfate ion forms with the benzidine dication.
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Organic reagents are known to take part 
in redox reactions. Such reagents are used in 
qualitative analysis, to mask interfering ions 
(ascorbic acid) or as redox indicators.

Sometimes, when an organic reagent in-
teracts with the ions being determined, new 
organic substances with characteristic chem-
ical-analytical properties are formed: for ex-
ample, when nitrite ions interact in an acidic 
medium with primary aromatic amines, diazo-
nium salts are formed, which then react with 
phenols or aromatic amines to form azo dyes.

Some organic reagents are involved in 
catalytic reactions. In particular, when lu-
minol (3-aminophthalic acid hydrazide) is 
oxidized with hydrogen peroxide at pH > 
8.5, chemiluminescence occurs. This pro-
cess is catalyzed by micro quantities of some 
metals, for example Cu2+. Luminol is used 

for chemiluminescent determination of 
metal cations.

Currently, the number of beneficial mi-
croorganisms living in the soil is decreasing, 
as well as endemic bacteria that affect the 
processes of plant growth from the air.

Continuing our research, we studied 
the influence of the resulting coordination 
connection on the shipping of the Bukhara‑ 
–102 cotton.

Metods and results
Adenine of sodium benzylate, and benzyl 

alcohol were added to the flask (the molar ra-
tio of adenine, sodium benzylate, benzyl alco-
hol is and with stirring boiled for 2.5 hours. 
Cooled to room temperature, 150 ml of di-
ethyl ether was added and the precipitate was 
filtered. Sodium salt of 6-benzylaminopurine 
was obtained, the yield was 94%.

N

N N

N

NH2 H CH2ONa CH2OH

N

N N

N

N H

Na

Sodium salt of 6-benzylaminopurine was 
dissolved in 150–200 ml of hot water, 1.3–1.5 

ml of acetic acid was added to pH 6.5–7.5, 
cooled to room temperature and filtered, dried.

N

N N

N

N H

Na CH3COOH N

N N

N

HN H

When the structure of 6-benzylamino-
purine molecule was analyzed by 1H NMR 
spectrum, it was found that the molecular 
bonds are as follows.

N
8.27

N

N
8.47

N

HN
5.10

H13.00
4.35

7.31
7.31

7.29

7.31
7.31

The structure of the BAP molecule shows 
that the nitrogen atoms in the heterocyclic pu-
rine ring do not undergo a chemical reaction. 

Since the nitrogen atom in the seventh posi-
tion is occupied by the benzyl radical, it also 
does not participate in chemical processes.

HO12.18 2.59

2.59
OH

12.18
O

O

Succinic acid is a dibasic saturated ali-
phatic acid. It is determined that it occurs 
mainly in anion form in cell metabolism. 
In the Kerbs-Hans cycle, the intermediate 
product of citric acid, γ-aminobutyrates, is 
a product of catabolite reactions, and heme 
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production plays an important role in heme 
biosynthesis.

Due to the fact that it is not possible to ex-
press the acidic or basic properties of all com-
pounds by means of the dissociation constant, 
R. Pearson proposed to divide Lewis acids and 
bases into hard and soft ones. Hardness and 
softness cannot be measured precisely; they 
can only be described qualitatively.

According to R. Pearson’s strong soft acid 
bases principle, it is convenient for strong ac-
ids to react with strong bases, and soft acids 
with soft bases.

According to Hammond’s postulate, the 
geometry (structure) of the transition state 
is similar to the geometry (structure) of sub-
stances with free energies close to it, and this 
state is appropriate for each stage of the re-

action. The time of existence of the activat-
ed complex is equal to the vibration time of 
one molecule (10–13 h), so it is impossible 
to isolate and study it experimentally. The 
correctness of the transition state theory can 
only be proved by calculations. In multi-step 
reactions, there are several transition states, 
in which case the highest energy value is tak-
en as the activation energy. After the transi-
tion state, new bonds are formed in the mole-
cules, and old bonds are broken or reformed. 
According to the above principles and rules, 
we dissolved succinic acid with BAP in abso-
lute ethyl alcohol. The solution was heated in 
a water bath at 78–80 °C for 6 hours under 
reflux. Cooled, recrystallized. Washed with 
alcohol. The resulting compound was ana-
lyzed spectrally.

HO
OH

O

O
N

NN

N
NHH

2
N

NN

N
NH2ethanol, 78°C

O

O

N

N N

N
N H-H2O

1
2 3

Method and Methodology
The effects of compounds (3) of cotton 

Gossypium on varieties “Bukhara‑102” were 
studied.

The expected results in our experiment 
consists of the following stages.

In order to determine the biological activ-
ity of the resulting compound (3), first 2.5 g 
of substance (3) was dissolved in 10 ml of al-
cohol and 5 g of substance (3) in 10 ml of al-
cohol, 90 ml of deionized water was added to 
each of the resulting solutions. The solutions 
were ready. After that, the following process-
es were carried out.

20 seeds in 2.5% solution for 5 and 10 
hours, 20 seeds in 5% solution for 5 and 10 
hours in solution were poured.

Effect compounds (3) on seed germina-
tion. Seeds of 4 petri dishes and 1 20 pcs 
at equal distances. In total, the sample was 
placed in a thermostat in 5 Petri dishes. 
The temperature is 27 °C, humidity is 40%. 
2.5 and 5 hours, the seeds are soaked in a 
5% solution for 10 hours. the processes of 
increase were observed, 5% in 5 hours the 
seeds were soaked in solution for 10 hours, 
the processes of enlargement were ob-
served. The root growth rate is performed in 
the same order. For 10 hours in 5% solution 
as the roots grow. It is desirable to sow seeds 
evenly. We’re counting on it.

Table 1.

№  Concentra-
tion%

Bukhara‑102, Fertility
Hours 5, sm Hours 10, sm temperatur°C Humidity%

1 example 2.2 2.3 27 40
2 2.5 2.4 2.6 27 40
3 5 2.7 2.9 27 40
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Diagram 1. “Bukhara‑102” seedling root sample and 
2.5% and 5% seeds are represented as follows

Conclusion
Cobalt is necessary for plants to absorb 

molecular nitrogen, it is a trace element, the 
nodes of legumes and the formation of nodu-
lar bacteria on the leaves will give. Cobalt ac-
cumulates in the wood of the plant and accel-
erates growth, participates in the metabolism 
of oxsin, that is, an important nutrient for 
plant growth processes, including cell mem-
branes, helps to lengthen. This metal ion 
is involved in the proliferation of leaf cells. 

An increase in the thickness and volume of 
mesophilic, columnar and cell volume in the 
turbid-leaf parenchyma. In addition, cobalt 
is a common water for plants. increases the 
maintenance and, consequently, the drought 
of crops increases the longevity. The concen-
tration of chloroplasts and pigments in the 
leaves, the formation of the photosynthetic 
apparatus of plants and the effect of the co-
ordination of cobalt compounds is very im-
portant.
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Abstract
In this article, types of chewing gum are analyzed, their chemical composition is studied, 

and classification criteria according to the Commodity Nomenclature of Foreign Economic Ac-
tivity are developed and recommended for customs practice. It was established that the amount 
of vitamins in the studied samples of chewing products is less than the regulatory requirements, 
and the amount of vitamins in some samples is more than the norm, i. e. 2.5 times more, and 
harmful dyes such as E171, E170, E903 were also detected more than normal1.
Keywords: Chewing gum, Commodity nomenclature for foreign economic activity, assort-
ment of chewing gum, classification, chemical composition

Introduction
The origin of chewing gum goes back to 

the distant past, that is, the first mention of it 
appeared 5000 years ago in Ancient Greece. 
The Greeks, as well as the inhabitants of the 
Near East, washed their teeth by chewing 
rubber and mastic resin, and this product can 
be called the first prototypes of chewing gum.

But the origin of chewing gum, which is 
approximately similar to the real one, dates 
back to 1848. Of course, it is very different 
from the modern one. The base of the gum, 
the composition – everything was made of 
rubber, and it looked different.

Its creator was John Curtis – an English-
man who created gum from resin with the 
addition of beeswax. He cut it into small piec-
es, wrapped it in paper and sold it. Some time 
later, Curtis added spices and kerosene to 
his invention, which gave the gum its flavor. 
Although all this did not save the situation 
where the chewing gum could not withstand 
heat and sunlight and lost its presentation in 
a short time.

The composition of the chewing gum, 
which was very primitive, underwent some 
changes only in 1884. Improved chewing 
gum was developed by Thomas Adams.
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His first gum had an elongated shape and 
a licorice flavor, but the product was short-
lived. The problem was solved by adding sug-
ar and corn syrup. Since then, chewing gum 
has gradually evolved into the product we are 
used to seeing.

Adams was the creator of the first fruit-fla-
vored chewing gum called Tutti Frutti. This 
gum is still produced today.

In 1892, the still famous Wrigley’s Spear-
mint chewing gum appeared, created by Wil-

liam Wrigley. In addition, he improved the 
technical production of the product – the 
chewing gum itself, its composition, under-
went changes: the shape was expressed in the 
form of a plate or ball, and components such 
as powdered sugar and fruit additives were 
added.

Gum’s chemical components
At the beginning of the last century, chew-

ing gum manufacturers developed a single 
formula for what real chewing gum should be.

Table 1. The chemical composition of Chewing gum

Substance Percentage Procent
Sugar 60%
Rubber 20%
Aromatic Ingredients 1%
Corn syrup 19%

Modern manufacturers produce their 
products in the following composition:

1. Chewing base.
2. Aspartame.
3. Starch.
4. Coconut oil.
5. Various paints.
6. Glycerin.
7. Natural and artificial flavors.
8. Technical ionol.
9. Acids: apple and lemon.
Such a composition raises doubts about 

the usefulness of chewing gum. But without 
chemical components, modern chewing gum 
cannot retain its taste for a long time and 
cannot be stored for a long time.

The benefits of chewing gum
Although the use of chewing gum is the 

cause of many debates about its benefits and 
harms, nevertheless, this does not reduce 
its relevance. Chewing this product brings 
its benefits to people. The gum makes your 
breath fresh and pleasant.

Regular chewing helps strengthen the 
gums. This is true, but for this you need to 
chew equally on both sides of the mouth, 
otherwise you can achieve the development 
of facial asymmetry. Maintains the acid-base 
environment of the oral cavity.

Gum damage
Every day, hundreds of thousands of peo-

ple, maybe even more, chew gum without 

thinking about its effects on the body. But 
chewing gum can be harmful.

Regular use prevents the normal produc-
tion of saliva. The amount of saliva increases 
quantitatively and this is a negative deviation 
from the norm.

Do not chew gum on an empty stomach. 
This can lead to the production of gastric 
juice, which irritates the walls of the stomach 
and eventually leads to gastritis.

Although chewing gum strengthens the 
gums, it can have a negative effect on the 
gums. As a result, blood circulation may be 
impaired, which leads to inflammation or 
periodontal disease.

Recently, scientists have found that regu-
lar chewing of gum contributes to delayed re-
action and deterioration of mental abilities.

If you have fillings on your teeth, chewing 
gum can cause them to fall out.

Chemical carcinogens have a negative ef-
fect on the body, including the development 
of various diseases. First of all, the gastroin-
testinal tract can be affected.

In the composition of the gum
Normal chewing gum – “jevachka” con-

tains 7 types of additives:
1. Gum yeast The main ingredient of gum 

is: rubber, telastomer, tree glue, binel poly-
mer, paraffin.

2. Sweeteners: there are 7 types, and be-
cause they are not natural, they all disrupt the 
digestion in the stomach and intestines, and 
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prepare the ground for diabetes. In addition, 
some sweeteners, such as asaptom, disrupt 
brain activity, cause dizziness and fainting.

Swelling of the lips, tongue and feet. Asap-
tom contains an amino acid called phenylal-
anine, and its metabolic residues accumulate 
in the blood and urine. It affects many devel-
oping organs and brains of children.

3. There are three fragrances close to na-
ture, and gene technology is the main fra-
grance.

4. Humectant – glycerol. Pig fat is most 
likely from livestock products. It is done on 
the basis of gene technology and non-tech-
nology.

5. Emulsifier – lecithin, mainly pork 
product. Plant-based emulsifier is made from 
genetically modified beans.

6. There are two types of glossing sub-
stances, “shellac” – obtained from genetical-
ly modified plants, which leads to allergies, 
“carnauba wax” – synthetic wax. It is used in 
the paper and furniture industry.

7. Van am retainer titanium diox-
ide, which gives color. E‑171 is one of the 
main substances used in nanotechnology, 
nanoparticles. One of the main substances 
used in nanotechnology is nanoparticles. 
Because it is strong, it affects the body’s wa-
ter exchange.

What chemical additives are included 
in the composition of “Orbit”?

Orbit is a chewing gum that contains var-
ious artificial fillers. However, this manufac-
turer is very popular, which explains the pop-
ularity of the product it produces.

If you read the contents of Orbit chewing 
gum on the back of the package, you can see 
the following items:

•	 Chewing base – polymer latex.
•	 Sweet taste components – maltitol 

E965, sorbitol E420, mannitol E421, 
aspartame E951, acesulfame K E950.

•	 Various natural and artificial flavors 
depending on the intended flavor of 
the gum.

•	 Coloring substances: E171 – titanium 
dioxide, gives a snow-white color to 
the chewing gum.

•	 Additional components: emulsifier 
E322 – soy lecithin, antioxidant E321 
– artificial substitute for vitamin E 

that inhibits oxidation, sodium bicar-
bonate E500ii, thickener E414, emul-
sifier and defoamer, stabilizer E422, 
glaze E903.

Orbita is also available without sweet-
eners. The composition of sugar-free Orbit 
chewing gum is the same as regular chewing 
gum, only it contains sweeteners: xylitol, sor-
bitol and mannitol.

“Dirol”: component composition
Dirol is another well-known chewing gum 

manufacturer. The components it’s made 
from are different from those used for the 
Orbit, but there are still some similarities.

The composition of Dirol gum:
•	 Chewing base – polymer latex.
•	 Sweeteners – isomalt E953, sorbitol 

E420, mannitol E421, maltitol syrup, 
acesulfame K E950, xylitol, aspar-
tame E951.

•	 Flavoring additives depend on the ex-
pected flavor of the gum.

•	 Dyes – E171, E170 (calcium carbon-
ate 4%, white paint).

•	 Additional elements – emulsifier 
E322, antioxidant E321 – artificial re-
placement of vitamin E, which helps 
to inhibit oxidation processes, stabi-
lizer E441, texturizer E341iii, thick-
ener E414, emulsifier and defoamer, 
stabilizer E422, glaze E903.

E422 causes intoxication of the body 
when it enters the bloodstream.

E321 increases the level of bad choles-
terol.

E322 increases the production of saliva, 
which subsequently has a negative effect on 
the gastrointestinal tract.

Citric acid can cause swelling.
Gum “Eclipse”

The composition of Eclipse 
gum is as follows:

•	 Base – latex.
•	 Sweeteners – maltitol, sorbitol, man-

nitol, acesulfame K, aspartame.
•	 Fragrances are natural and the same 

as natural. They depend on the taste 
of the gum.

Dyes – calcium carbonate 4%, E171, blue 
dye, E132.
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Additional substances – E414 (gum ara-
bic), stabilizer E422, glaze E903, antioxidant 
E321.

Chewing gum “Freshness Avalanche”
Avalanche of Freshness gum is sold in the 

form of small balls of blue, blue and green 
colors.

This gum is sold by weight, not in multi-
piece packs. But mainly, the sale of such 
chewing gum is carried out with the help of 
special machines – by pieces.

The composition of Avalanche of Fresh-
ness chewing gum has the following compo-
sition: latex, sugar powder, caramel syrup, 
glucose, bubble gum and menthol aroma, 
shiny blue and sea wave coloring compo-
nents, E171, E903.

The USA, Russia and Brazil are the coun-
tries that export the most chewing gum prod-
ucts (Fig. 1).

Figure 1. Countries that export the most gum

Figure 2. Gum producing countries

Information on the most producing coun-
tries (Figure 2) is also provided.

Chewing gum is located in group 09 of 
commodity nomenclature foreign economic 

activity according to types and level of pro-
cessing.

+ 2106 90 980 1 sugar-free chewing gum 
sugar-free chewing gum (sucrose) with sugar 
substitute
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– 2106 90 980 2 – – – – chewing gum 
without sugar (semi-finished product) is 
included in the product subheadings like 
others. Also refer to the Notes of group 21, 
ispolzuemye v kachestve lekarstvennyx sred-
stv, ili prochie produkti tovarnoy positsii 
3004; can be Group 3004 See explanation, 
+ 3004 60 000 0 – other, containing antima-
larial active (deystvuyushchie) substances, 
indicated in the subposition of 2 data groups. 
In order to identify types of Jevatelnaya rez-
inkan in commodity groups 2106 and 3004, 
classification criteria were developed and put 
into customs practice.

Conclusion
Thus, in our research work, the chemi-

cal composition of Chewing gum species was 
studied and the criteria for their identifica-
tion and classification in commodity groups 
2106 and 3004 according to commodity 
nomenclature foreign economic activity ac 
were developed and recommended for cus-
toms practice. It was found that in the stud-
ied Chewing gum products, vitamins are less 
than the standard requirements, one sample 
contains more vitamins than the standard, 
i. e. 2.5 times more, and it also contains vari-
ous poisonous crystals E171, E903.
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Abstract
A new cycloartane glycoside, cycloascidoside D which is determined as 3-O-β-D-(2-OAc)-xy-

lopyranoside‑24R-cycloartane‑3β,6α,16β,24, 25-pentaol, was isolated from the aerial part of 
the plant Astragalus mucidus Bunge (Leguminosae).

Structure of this glycoside was proven by chemical transformations and on the basis of 1H 
and 13C NMR spectra, which were interpreted using 2D NMR.
Keywords: Triterpenoids, cycloartanes, cycloasgenin C, glycosides, cycloascidoside D, Le-
guminosae, Astragalus, 1H, 13С NMR spectra, HMBC

Introduction
In continuation of our studies of cycloar-

tane triterpenoids from plants of the genus 
Astragalus (Leguminosae) (Naubeev, T. Kh., 
Uteniyazov, K. K., Isaev, M. I., 2011). We de-
termined the structure of a new cycloartane 
glycoside, cycloascidoside D (1), obtained 
from the aerial part of Astragalus mucidus 
Bunge. Its structure is discussed in the article.

The 1H NMR spectrum of cycloascidoside 
D shows single-proton doublets of the AX 
system at 0.29 and 0.58 ppm with SSCC2J = 
= 4.5 Hz along with signals of seven methyl 
groups in the range of 1.05–1.86 ppm, al-
lowing us to classify the compound under 
discussion as triterpenoids of the cycloartane 
series (Naubeev,  T. Kh., Uteniyazov,  K. K., 
Isaev,  M. I., 2011; Naubeev, T. Kh., Zhan-
ibekov, А. А., Isaev, М. I., 2012; Naubeev, 
T. Kh., Zhanibekov, А.А., Uteniyazov, K. K., 
Bobakulov, Kh. M., Abdullaev, N. D., 2014; 

Naubeev,  T. Kh., Ramazonov, N. Sh., 2021; 
Naubeev, T. Kh., Uteniyazov, K. K., Ramazon-
ov, N. Sh., 2022).

Indeed, genin 2, identified with cy-
cloasgenin C, was isolated from the 
products of acid hydrolysis of glycoside 
1 (Naubeev,  T. Kh., Uteniyazov, K. K., 
Isaev, M. I., 2011; Naubeev, T. Kh., Zhanibe-
kov, А. А., Isaev, М. I., 2012).

D-xylose was detected in the carbohy-
drate part of the acid hydrolyzate after neu-
tralization and concentration by paper chro-
matography (PC). The presence of signals 
of one anomeric proton and one anomeric 
carbon atom at 4.64 ppm and 104.92 ppm in 
the 1H and 13С NMR spectra suggests that the 
discussed compound 1 is of glycosidic nature 
and is a monoside. A set of chemical shifts of 
carbon and hydrogen atoms, as well as the 
coupling constant of protons of the monosac-
charide residue indicate the pyranose form, 
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4C1-conformation and β-configuration of 
D-xylose. The same conclusion emerges from 
the chemical shifts of the corresponding car-
bon atoms. Comparative analysis of the 13С 
NMR spectra of the new glycoside 1 and cy-
cloasgenin C unambiguously determines the 
position of D-xylose at C‑3.

Chemical correlation in the HMBC spec-
trum of the glycoside was observed between 

the signals of H‑3 (δ 3.66 ppm) and the ano-
meric carbon atom of D-xylose (δ  104.92 
ppm), as well as between the signals of the 
anomeric proton of the monosaccharide 
(δ 4.64 ppm) and the C‑3 atom (δ 89.20 ppm) 
of the aglycone.

These facts also indicate the location of 
D-xylose at C‑3.

Figure 1. Acid and alkaline hydrolysis of cycloascidoside D (1)
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In the 1H NMR spectrum of the glycoside 
there is 1 three-proton singlet at 2.02 ppm 
indicates that this glycoside contains one 
acetyl group. As expected, the 13С NMR spec-
trum of new glycoside 1 shows signals from 
the carbon atoms of one acetyl group at 21.23 
and 170.02 ppm.

Alkaline hydrolysis of cycloascidoside D 
leads to the formation of glycoside 3, iden-

tified with 3-O-β-D-xylopyranoside cyclo-
asgenin C (Naubeev, T. Kh., Uteniyazov, K. K., 
Isaev,  M. I., 2011; Naubeev, T. Kh., Zhanibe-
kov, А. А., Isaev, М. I., 2012; Naubeev, T. Kh., 
Zhanibekov, А. А., Uteniyazov, K. K., Bobaku-
lov, Kh. M., Abdullaev, N. D., 2014). The place 
of the attachment of the acetyl group was 
determined by comparative study of the 13С 
NMR and 1H spectra and compounds 1 and 3.

Table 1. Chemical shifts of carbon atoms of com-
pounds 1 and 3 (C5D5N, δ, ppm, J/Hz, 0-TMS)

С/H
1 3 [2]

С/H
1 3 [2]

δC δH δC δC δH δC

1 32.95 1.22 m, 1.65 m 32.97 20 32.10 1.92 m 32.11
2 30.85 2.50 m, 1.93 m 30.85 21 19.44 1.12 d (6.3) 19.46
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С/H
1 3 [2]

С/H
1 3 [2]

δC δH δC δC δH δC

3 89.20 3.66 dd (11.5, 4.4) 89.20 22 35.30 1.26 m, 2.38 m 35.31

4 43.18 – 43.20 23 29.82 1.85 m;
1.95 m 29.86

5 54.60 1.76 d (8.7) 54.61 24 81.07 3.80 q 81.07
6 68.38 3.75 td (9, 9, 3.8) 68.40 25 73.14 – 73.16
7 38.92 2.17 dt (13.1, 4, 4) 38.93 26 26.41 1.53 s 26.41
8 47.48 1.99 dd (9.8, 5.2) 47.50 27 26.62 1.50 s 26.64
9 21.82 – 21.84 28 20.69 1.04 s 20.70

10 29.69 – 29.71 29 29.34 1.86 s 29.36
11 26.76 1.70 m, 1.24 m 26.79 30 17.17 1.36 s 17.18
12 33.61 1.68 m, 33.64 β-D-Xylp
13 46.18 – 46.19 1 104.92 4.64 d (7.5) 108.12
14 47.39 – 47.41 2 76.65 5.36 dd (8.6, 7.8) 76.13

15 49.19 1.97 dd (5.2, 12); 2.44 
dd (8, 12) 49.20 3 75.59 3.97 t (8.7) 79.02

16 72.16 4.53 td (7.5, 7.5, 4.8) 72.20 4 71.73 4.17 t (9) 71.74

17 57.67 1.72 m 57.70 5 67.56 3.68 dd (11.3, 10); 
4.38 dd (11.2, 5.1) 67.55

18 19.24 1.41 s 19.27 Ac 21.23 2.02 s
19 30.43 0.28 and 0.58 dd (4.5) 30.46 Ac 170.02

The C‑6, C‑16, C‑25 atoms of the glyco-
side 1 molecule in the 13С NMR spectrum 
resonate at 68.38, respectively 72.17 and 
73.14 ppm. These values practically coincide 
with those of the 13С NMR spectra of cyclo-
asgenin C and glycoside 3. Consequently, the 
acetyl group is not located in the genin part 
of the cycloascidoside D molecule. Indeed, a 
one-proton doublet with a coupling constant 
of 3J1 = 9 and 3J2–8 Hz is noted in the 1H NMR 
spectrum of the latter at 5.36 ppm, belonging 
to the proton geminal to the acetyl group.

Additional confirmation of the conclu-
sion about the position of the acetyl group is 
provided by a comparative analysis of the 13C 
NMR spectra of glycosides 1 and 3.

As can be seen from Table 1, upon tran-
sition from glycoside 3 to glycoside 1, the 
chemical shifts of carbon atoms C‑1 (–2.84 
ppm), C‑2 (+0.52 ppm), C‑3 (–2.87) of 
monosaccharide residue change significant-
ly. The signs and values of these changes co-
incide well with the α- and β-influences of the 
acetyl group located at C‑2 of the β-D-xylopy-
ranoside ring, and unambiguously determine 
the location of the acetyl residue.

Thus, the presented experimental data 
allow us to conclude that the new trit-
erpene glycoside of the cycloartane se-
ries, cycloascidoside D, has the structure 
3-O-β-D-(2-OAc)-xylopyranoside‑24R-cy-
cloartane‑3β,6α,16β,24,25- pentaol.

Experimental part. General Ex-
perimental Ptocedures (Naubeev, 
T. Kh., Uteniyazov, K.K., Isaev, M.I., 2011). 
The following solvent systems were used: 
1) chloroform-methanol (9:1), 2) chloro-
form-methanol-water (70:12:1), 3) chloro-
form-methanol-water (70:23:3).

NMR spectra were recorded on a 
JNM-ECZ600R spectrometer (JEOL, Japan) 
at an operating frequency of 600 MHz, for 1H 
in C5D5N solutions. TMS (0 ppm) was used as 
an internal standard in 1H NMR spectra. In 
the 13C NMR spectra, the chemical shift of the 
solvent (C5D5N, 150.35 ppm relative to TMS) 
was used as an internal standard.

Extraction and isolation. Isolation 
method of isoprenoids from the aerial parts 
Astragalus mucidus Bunge were given in 
(Naubeev, T. Kh., Uteniyazov, K.K., Isaev, 
M.I., 2011). When the column was eluted with 
a 70:12:1 system (chloroform-methanol-wa-
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ter), 84 mg of cycloascidoside D was isolated 
(0.0056%, the yield here and below is given 
based on the weight of air-dried raw material).

Cycloascidoside D (1) – substance 1, 
C37H62O10, m. p. 260–262ºС (from methanol).

Acid hydrolysis of cycloascidoside 
D. Glycoside 1 (35 mg) was dissolved in 15 
ml of a 0.5% methanol solution of sulfuric 
acid and boiled in a water bath for 1 hour, 
monitoring the progress of hydrolysis on TLC 
every 20 minutes. Then the reaction mixture 
was diluted with a threefold volume of wa-
ter and the methanol was evaporated. The 
formed precipitate was filtered off, washed 
with water, and dried. The filtrate was neu-
tralized with BaCO3. After removing the pre-
cipitate, the solution was concentrated and 
D-xylose was found by using PC in the sys-
tem n-butyl alcohol-pyridine-water (6:4:3) 
in comparison with known samples.

The residue was chromatographed on 
a column, eluting with a system 1. 10 mg 
of genin 2, identified with cycloasgenin C 
C30H52O5, m. p. 250–252ºС (from methanol), 
which was identified as a true sample accord-
ing to the 1H and 13C NMR spectrum and mo-
bility on TLC.

1H NMR spectrum of cycloasgenin C (400 
MHz, C5D5N, δ, ppm, J/Hz, 0-HMDS): 0.21 
and 0.49 (d, J=4, 2H‑19), 0.92 (CH3, s), 1.00 
(d, J=6.4, CH3–21), 1.25, 1.30, 1.36, 1.39, 
1.77 (s, 5 × CH3), 3.55 (dd, J=11.4, 4.7, 
H‑3), 3.67 (dd, J=10.4, J=2.3, H‑24), 3.69 
(td, J=9.4, 3.7, H‑6), 4.60 (td, J=7.8, 5.0, 
H‑16) (Naubeev,  T. Kh., Uteniyazov,  K.K., 
Isaev, M. I., 2011).

Alkaline hydrolysis of cycloascido-
side D. 25 mg of cycloascidoside D (1) was sa-
ponified with 20 ml of 0.5% methanol solution 
of potassium hydroxide. The reaction mixture 
was left at room temperature for a day. Then the 
methanol solution was diluted with a threefold 
volume of water, and the methanol was evapo-
rated. The reaction product was extracted with 
butanol. The butanol extract was washed with 
water. The dry residue after distilling off the 
butanol was chromatographed on a silica gel 
column. Eluting with system 2, 15 mg of gly-
coside 3 was isolated, m. p. 252–254ºС (from 
methanol), identified with 3-O-β-D-xylopy-
ranoside cycloasgenin C (3) (Naubeev, T. Kh., 
Zhanibekov, А. А., Isaev, М. I., 2012).

1H NMR spectrum of 3-O-β-D-xylopyra-
noside cycloasgenin C (3) (600 MHz, C5D5N, 
δ, ppm, J/Hz, 0-HMDS): 0.30 and 0.58 
(2H‑19, d, 2J =4), 1.05 (CH3, s), 1.13 (CH3–
21, d, 3J=6.4), 1.36, 1.42, 1.51, 1.53, 2.02 
(5xCH3, s), 3.60 (H‑5a of β-D-xylopyranose 
residue, dd, 2J=11.2, 3J=9.8), 3.64 (H‑3, dd, 
3J1=11.7, 3J2=4.6), 3.67 (H‑6, td, 3J1=

3J2=9.7, 
3J3=3.6), 3.75 (H‑24, dd, 3J1=10.5, 3J2=2.4), 
3.83 (H‑2 β-D-xylopyranose residue, dd, 
3J1=8.8, 3J2=7.5), 4.06 (H‑3 β-D-xylopyranose 
residue, t, 3J1=

3J2=8.6), 4.15 (H‑4 of β-D-xy-
lopyranose residue, m), 4.36 (H‑5e of β-D-xy-
lopyranose residue, dd, 2J=11.3, 3J=5), 4.71 
(H -16, td, 3J1=

3J2=7.7, 3J3=4.9), 4.92 (H‑1 of 
β-D-xylopyranose residue, d, 3J=7.5).

13C NMR spectra of the 3-O-β-D-xylopy-
ranoside cycloasgenin C (3) is given in the 
table 1.
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Abstract
By the interaction of anthranilic acid with formamide, an almost quantitative yield of 

quinazoline‑4-oh was obtained. Optimal reaction conditions were established: temperature 
130–140 °C, duration 2 hours. Quinazoline‑4-oh hydrochloride was obtained from quinazo-
line‑4-oh by passing hydrogen chloride with 96% yield. These compounds at a dose of 100–150 
mg/kg exhibit 92% anthelmintic activity against fascioles common in cattle, sheep and goats.
Keywords: Formamide, quinazoline‑4-one, quinazoline‑4-oh hydrochloride fascioliasis, sta-
bility of the drug, medamine, albendazole, cattle, sheep and goats, activity against fascioliasis

Introduction
The government attaches more impor-

tance to the further increase of folk medi-
cine. A significant place in these activities 
has been removed from the chemicaliza-
tion of agriculture and animal husband-
ry. The Government drew attention to the 
need for extensive development of scien-
tific research on the creation of herbicides, 
fungicides, anthelmintic drugs and drugs 
for pest control of agricultural crops, the 
organization and search for industrial pro-
duction of new pesticides. A number of 
biologically active drugs are known from 
derivatives of quinazoline‑4-one and its 

sulfur analog quinazoline‑4-thion (Saitku-
lov,  F. E., Tashniyazov,  A. A., Mamadrahi-
mov, A. A., & Shakhidoyatov, K. M., 2014). 
Recently, scientists from various countries 
have led to the creation of a large group of 
highly effective anthelmintic drugs, among 
the derivatives of quinazoline‑4-one (Sapa-
ev, B., Saitkulov, F. E., Tashniyazov, A. A., & 
Normurodov, O. U., 2021). Infection with 
various kinds of helminths is a widespread 
disease among both humans and animals. 
The main requirements for new anthelmint-
ic drugs should be considered a high thera-
peutic index, a wide spectrum of action, ease 
of administration, in particular, single-dose 
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treatment and stability of the drug in dos-
age forms (Sapaev, B., Sapaev, I. B., Saitku-
lov,  F. E., Tashniyazov,  A. A., & Nazaraliev, 
D., 2022; Baymuratova, G., Nasimov, K., & 
Saitkulov, F., 2023).

Results
It is known from the literature that 

quinazoline‑2,4-dione is synthesized by heat-
ing a mixture of anthranilic acid with mochevi-
na at 150–160 °С (Khatamov, K., Saitqulov, F., 
Ashurov, J., & Shakhidoyatov, K., 2012).

COOH

NH2

+ NH2 C NH2

O 150-160 oС

N

NH

O

O
H

The cyclization reaction of N-methylan-
thranilic acid with sodium cyanate under 
alkaline conditions resulted in the synthesis 
of 1-Methylqinazoline‑2,4-dione (Foziljon 

Saitkulov, Bairamdurdi Sapaev, Khasan Na-
simov, Dilorom Kurbanova and Nargiza Tur-
sunova, 2023).

COOH

NHCH3

+

N

NH

O

O
CH3

NaNCO
NaOH

From the reaction of quinazoline‑2,4-di-
one with alkylgalogenides under alkaline con-
ditions, 1,3-dialkylchinazoline‑2,4-diones 
were obtained with high prosent (A-method) 

(Bairamdurdi Sapaev, Foziljon Saitkulov, 
Muattar Mamedova, Shahlo Saydaliyeva and 
Dilafruz Makhmudova, 2023).

N

NH

O

O
H

+ 2 R-X
NaOH

N

N

O

O
R

R
-HX

X=Cl, I 
R=CH3, R= н-C3H7, R= н-C4H9,  R= C6H5CH2

It should be noted that under the condi-
tions of interphase catalysis (Саиткулов, Ф. 
Э., Элмурадов, Б. Ж., & Гиясов, К., 2023). 

80–95% oxidation of compounds (B) can be 
observed in these reactions.

N

NH

O

O
H

+ 2 R-X
NaOH

N

N

O

O
R

R
ТВАВ, C6H6

X=Cl, I

Quinozoline‑2,4-dione is an equivalent 
alkylating agent and is formed as a result 
of the reaction of 1,3-dialkylquinazolin – 
2,4-dione to form 1- or 3-monoalkyl mole-

cules (Saitkulov, F., Qilichyeva, N., Abdulla-
yev, B., Anvarov, A., & Ergasheva, M., 2022).
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R=н-C3H7,  R=н-C4H9,  R=C6H5CH2
X=Cl, I

Synthesis of 1-methylquinazoline‑2,4-di-
one alkyl iodides and benzyl chloride of Bilan 
tetrabutylammonium bromide (TBAB) ishtirok 
by interphase catalysis in sharoitide (Saitkulov, 
F., Farhodov, O., Olisheva, M., Saparboyeva, S., 
& Azimova, U., 2022) as a result of alkylation of 
1-methyl‑3-alkyl(benzyl)quinazoline‑2,4-di-
ones not listed in the literature.

There are many works on the synthe-
sis of quinazoline‑4-one and its derivatives 
(Boymuratova, G. O., Saitkulov, F. E., Nasi-
mov,  K. M., & Tugalov, M., 2022; Murodil-
layevich,  K. M., Shoyimovich,  K. G., & Erga-
shevich, S. F., 2022; Саиткулов, Ф. Э., 2022; 
Saitkulov, F., Begimqulov, I., Oʻralova, N., 
Gulimmatova, R., & Rahmonqulova, D., 
2022; Saitkulov, F., Elmuradov, B., O’lmaso-
va, K., & Alijonova, A., 2023; Bairamdurdi 
Sapaev, Foziljon Saitkulov, Muattar Ma-
medova, Shahlo Saydaliyeva and Dilafruz 
Makhmudova, 2023). In most cases, synthe-
sis is carried out from anthranilic acid and 
its derivatives. Known methods of obtaining 
quinazoline‑4-it is not simple and affordable. 
The most widely used method is based on the 
use of hard-to-reach substances.

Method and Methodology
Quinazoline‑4-one. Method: A
13.7 g (0.1 mol) of anthranilic acid and 16 

ml (0.4 mol) of formamide (p = 1.13 g/ sm3) 
were placed in a two-neck flask equipped 
with a reverse refrigerator.

The reaction mixture was heated in a 
glycerin bath at 130–135 °C for 2 hours. Af-

ter cooling to room temperature, the reaction 
mixture was poured into a glass containing 
crushed ice and left for 6–8 hours at room 
temperature. The fallen crystals were fil-
tered, dried and recrystallized in water in the 
presence of activated carbon. Received 10.7 g 
(73.3%) of quinazoline‑4-one.

Т = 218 ºС, Rf = 0.63.
Method B. Similar to Method A, a mix-

ture of 13.7 g (0.1mol) of anthranilic acid 
and 16 ml (0.4 mol) of formamide (p= 1.13 
g/cm3) heating the Vood alloy at 130–135 °C 
for 2 hours and received 13.92 g (96%) of 
quinazoline‑4-one, T = 218 °C Rf = 0.63.

Preparation of quinazoline‑ 
4-one hydrochloride

To a mixture of 13.7 g (0.1 mol) of 
quinazoline‑4-one and 50 ml of dry acetone, 
while stirring, hydrogen chloride gas, ob-
tained from 11.7 g (0.1 mol) of sodium chlo-
ride and 9.8 g (0.1 mol) of sulfuric acid, was 
slowly passed through a gas outlet tube for an 
hour. After removal of the solvent, quinazo-
line‑4-oh hydrochloride was isolated with al-
most quantitative yield, T=180–181 °C.

The aim of the work was to obtain 
quinazoline‑4-oh hydrochloride and labora-
tory tests for anthelmintic activity.

The synthesis of quinazoline‑4-one by 
the Nimentovsky reaction proceeds when 
anthranilic acid is heated with an excess of 
formamide with the cleavage of two water 
molecules. The low yield in this reaction was 
tried to explain by its dehydration.

COOH

NH2

120°C

2 h N

NH

O

2H2O

Depending on the reaction conditions, we 
increased the yield of quinazoline‑4-one to 
96% by two methods (A and B).

Method A. To obtain the substance 
quinazoline‑4-one, 16 ml (0.4 mol) of for-
mamide (p = 1.13 g/sm3) was added to 
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13.7 g (0.1 mol) of anthranilic acid, and the 
reaction mixture was heated in a glycerin 
bath at 130–135  °C for 2 hours. Quinazo-
line‑4-oh was obtained at 72% yields.

Conclusion
In the method, a mixture of anthranil-

ic acid and formamide in a ratio of 1:4 was 
heated into Vood alloy at 130–135oC for 2. 
The yield of quinazoline‑4-one was 96%. 
Thus, heating plays an important role in the 
reaction output (Fig. 1).

Figure 1.

The purity of the product and the course 
of the reaction were controlled by TLC, Silu-
fol UV‑254. (system benzene: acetone 5:3). 
The melting point of quinazoline‑4-oh was 
determined on the heating table “BOETIUS 
(Germany)”.

The mass spectrum of quinazolin‑4-one 
was removed by chromatek Crystal with the 
Chromatek-Crystal 5000 mass spectromet-
ric detector, fully confirm the structure of 
quinazolin‑4-one (Fig‑2).

Figure 2.

The mass spectrum of quinazoline‑4-one 
is characterized by the presence of an intense 
peak of the molecular ion. The decay of the 
molecular ion quinazoline‑4-it proceeds with 

the elimination of CO and HCN. Further 
fragmentation of the (M–CO)+ ion occurs 
with the releaseof two HCN molecules.

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, No 1 – 2

SYNTHESIS AND BIOLOGICAL ACTIVITY OF HYDROCHLORID32

Section 3. Chemistry

N

NH

O

-CO N

NH

-HCN

NH

-HCN
m/z 64

C O

NH
m/z

m/z 119

m/z 146 m/z 118 m/z 91

76

The structure of the quinazoline‑4-on 
molecule is fully consistent with valence an-
gles 1HNMR spectra.
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NH12.24
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Figure 3.

024681012
PPM

Table 1.

Protocol of the C‑13 NMR Prediction: (Lib=S)
Node Shift Base + Inc. Comment (ppm rel. to TMS)

C 161.0 165.0 1 – amide
4.7 1–1: C*C*C*C*C*C*1
? 1 unknown substituent(s) from N-amide

–8.7 general corrections
CH 145.7 162.8 1–imine

? 1 unknown substituent(s)
0.0 1 – C*R from N-imine

–17.1 general corrections
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Protocol of the C‑13 NMR Prediction: (Lib=S)
Node Shift Base + Inc. Comment (ppm rel. to TMS)

C 148.2 128.5 1–benzene
20.5 1 – N=C
–1.2 1 –C(=O)-N
0.4 general corrections

C 120.8 128.5 1 – benzene
–6.5 1 –N=C
5.0 1 – C(=O)-N

–6.2 general corrections
CH 126.7 128.5 1–benzene

–6.5 1 – N=C
0.1 1 – C(=O)-N
4.6 general corrections

CH 126.6 128.5 1 – benzene
1.3 1 – N=C

–1.2 1 – C(=O)-N
–2.0 general corrections

CH 133.4 128.5 1 – benzene
1.3 1 – N=C
3.4 1 – C(=O)-N
0.2 general corrections

CH 127.3 128.5 1 – benzene
–1.5 1 – N=C
0.1 1 – C(=O)-N
0.2 general corrections

Figure 4.

020406080100120140160
PPM

The structure of the quinazoline‑4-on 
molecule is fully consistent with valence an-
gles NMR13C spectra.

By passing hydrogen chloride to the ac-
etone solution of quinazoline‑4-one, hydro-
chlorid quinazoline‑4-one was obtained with 
almost quantitative yield.
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Derivatives of quinazoline‑4-oh have 
been studied for anthelmintic activity 
against gastric-intestinal fascioles of vari-
ous concentrations in laboratory conditions. 
According to the test results, the derivative 
did not exhibit anthelmintic properties. 
On the other hand, it has been studied that 
quinazoline‑4-oh hydrochloride has an-
thelmintic properties. Substances that fight 
certain anthelminths were obtained in the 
form of Medamine, Albendazole, a confirm-
ing (reference) agent in the fight against 
a wide range of spirals. Good results were 
achieved in cattle, sheep, goats when using 
quinazoline‑4-one hydrochloride. At a dose 
of 100–150 mg/ kg, it exhibits 92% anthel-
mintic activity against fascioliasis.

In the future, it is possible to create 
drugs from among substances derived from 
quinazoline‑4-oh and quinazoline‑4-tion, 
which may exhibit high anthelmintic activi-
ty. Thus, the recommended quinazoline‑4-oh 
hydrochloride can be used as an effective 
drug against fascioliasis helminthiasis.

1. A one-stage method for obtaining 
quinazoline‑4-oh has been developed by con-
densation of anthranilic acid and formamide 
when heated into Wood alloy. The optimal 
temperature was established – 130–135 °C, 
duration 2 h

2. It was shown that quinazoline‑4-oh 
hydrochloride in doses of 100–150 mg/kg 
eliminates up to 100% of helminthiasis of 
gastrointestinal fascioles.
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Abstract
Fining is about removing unwanted material from wine while still in the cellar.It is part 

of the clarification and stabilisation process and involves adding a substance to the wine that 
will flush out certain elements that may cause a wine to look hazy or affect its aroma, colour or 
bitterness.Fining removes ‘colloids’, which are molecules that include tannins, phenolics and 
polysaccharides.The fining agent binds to the unwanted particles in the wine, which means 
they become sizeable enough to be filtered out. The chemical and mineralogical composition of 
the Khovdak bentonite clay for the production of sorbents was studied. Microscopic studies of 
samples of bentonite clays were carried out using an MBS‑10 optical microscope in transmitted 
and polarized light with an installed digital camera with a magnification factor of up to 600 s. 
The study of the phase composition of samples of bentonite clays of the Khaudag deposit was 
carried out by X-ray analysis.
Keywords: bentonite clay, bentonite, montmorillonite, adsorbent, sorption, enrichment pro-
cess, phase composition, wine clarification, scanning electron microscope (SEM), thermal 
analysis, microdiffraction analysis

1. Introduction
Fining is understood as clarifying, mak-

ing wine resistant, correcting its acidity, and 
accelerating the aging process. For this, wet-
ting agents (gelatine, fish glue, egg protein, 
bentonite, etc.) are added to the wine, which 
react with the colloidal substances contained 
in the wine. Proteins and additives in wine 

react with astringents to form insoluble com-
pounds. These compounds settle down in the 
sediments, and during the sedimentation, the 
small particles in the wine become briquettes 
and make the wine clear (N. Sh. Abdullaev, 
P. N. Ruziyev, O. N. Rakhmatov, 2012).

Fining is not only to clarify the wine, 
but also improves its taste and aroma, and 
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increases its resistance to diseases. During 
wine fining, small particles of wine are ad-
sorbed on the coagulated particles. As a re-
sult, under the influence of gravity, it forms 
bubbles, sinks down and separates from the 
wine (N. SH. Abdullaev, N. SH. Abdullaev, 
J. R. Khushvaktov, Kh. Sadullaev, I. U. Khay-
darov, 2019).

Bentonite, which is used as an adhesive, 
is considered an inert substance and does not 
react chemically with substances contained 
in wine. It adsorbs small particles contained 
in the wine, forms coagulated patches, sinks 
down and separates from the wine (L. A. Iva-
nova, L. I. Voino, I. S. Ivanova, 2008).

In the world, bentonites and their varieties 
play a significant role in the form of a mineral 
supplement, in the breeding of farm animals 
and poultry, as well as deodorization of prem-
ises. The use of bentonite clays is associated 
with their chemical composition, which in-
cludes many vital micro and macro elements.

Various artificial and natural materials 
are used as sorbents: ash, coke breeze, peat, 
silica gels, aluminum gels, active clays, vari-
eties of bentonite, etc. It should be noted that, 
depending on the nature and content of min-
erals, their sorption and selective properties 
of the oils removed from cottonseed related 
substances. Thus, for example, it is known 
from the literature that Angren kaolin effec-
tively absorbs gossypol and its derivatives 
(N. K. Nadirov, 1973), and activated carbon 
absorbs carcinogenic substances (residues 
of a hydrocarbon solvent, 3,4-benzopyrene, 
etc.) (B. S. Ksenofontov, 2011).

In this study, compounds based on ben-
tonite and organic monomers were synthe-
sized (F. B. Eshkurbonov, et al. 2022a-c). 
Recommendations are given on the use of the 
synthesized compounds in the food industry.

It should be noted that in order to achieve 
maximum levels of water purification using 
sorbents based on bentonite clay, their acti-
vation and modification is required. In turn, 
the organization of the production of adsor-
bents on an industrial scale requires target-
ed research and the development of new and 
highly efficient technologies for the complex 
processing of bentonite clays based on their 
chemical and mineralogical composition, 
structure and sorption properties their fur-
ther place of application.

In the Jarkurgan district of the Surkhan-
darya region, there is the Khaudag depos-
it, where there are reserves of bentonite raw 
materials in the amount of 1091 thousand 
tons, which are developed by the MS-MAR-
JON Chamber of Commerce and Industry to 
meet the needs of farms with their products 
as agro-ore raw materials and other areas of 
consumption.

Researchers (F. B. Eshkurbonov, A. Kh. Ra-
khimov, G. Kh. Toirova, 2022) for the first time 
modified Khaudag bentonite with polymer 
compounds and obtained a new composition. 
Most natural clay adsorbents partially or com-
pletely do not adsorb the carcinogenic sub-
stance 3,4-benzo[a]pyrene from the extraction 
oil.

2. Methods and materials
This problem has been proven to be par-

tially overcome with the help of the above 
synthesized compound. In addition, as a 
result of the research, the polymer product 
obtained on the basis of dimethylolurea and 
orthophosphoric acid (DMU+OPA) was re-
processed with bentonite and a composition 
was obtained. In order to determine the pos-
sible areas of application of this mechanical 
composite, its studied physical and chemical 
properties were presented in further stud-
ies (F. B. Eshkurbonov, A. Kh. Rakhimov, 
N. A. Izzatillaev, A. I. Botirov, 2022).

A composition was created on the basis 
of Khaudag bentonite and a polymer ad-
ditive, and practical work was carried out 
on its effectiveness in cleaning vegetable 
oils (F. B. Eshkurbonov, A. Kh. Rakhimov, 
Sh. M. Bobokulova, F. R. Abdurakhmonov, 
2022). Optimum conditions for obtaining 
an import-substitute composition for oil re-
fining with the help of synthesized compo-
sitions were determined. According to it, it 
was found that the UFPA‑1-B sorbent (based 
on urea-formaldehyde (UF) and phosphor-
ic acid) has higher sorption properties than 
the UFAP‑1-B (based on UF and ammonium 
phosphate) composition. In addition, it was 
determined that the optimal conditions for 
activation are 4 hours of activation using 15% 
H2SO4 acid. It was found that the use of 2% 
in oil whitening with the help of the obtained 
compositions leads to maximum oil purifi-
cation. The amount of bleaching sorbents 
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used varies from 0.5 to 5%, depending on the 
amount of dyes in the oil to be treated and 
the degree of bleaching required.

When an activated adsorbent is used 
in the bleaching process, a small amount 
of isomerization and the formation of 
glycerides containing sequentially linked 
fatty acids are observed. This, of course, 
leads to a decrease in the quality of refined 
oils and fats and a shortening of their shelf 
life. The conditions mentioned above and 
the size of the oil capacity require that the 
amount of activated earth used for bleach-
ing be reduced as much as possible. At pres-
ent, activated adsorbents are imported from 
foreign countries and used for adsorption 
purification of vegetable oils in various sec-
tors of our oil industry (M. A. Mamajono-
va, D. S. Salikhanova, E. B. Abduraxmonov, 
M. A. Ismoilova, (2020). Localization of ad-
sorbents coming from abroad and their use 
in the food industry remains one of the ur-
gent issues of today.

In this research work, for the first time, 
studies were conducted on the use of Khaudag 
bentonite and its composite compound with 
polymer compounds for wine clarification in 
the wine industry. Before starting research 
work, bentonite of Khaudag is acid activated. 
After that, it is separately modified with poly-
acrylonitrile (PAN) and DMU.

A comprehensive study of the mineralog-
ical composition of bentonite and its modi-
fied forms was carried out by the methods of 
X-ray, thermogravimetric and electron mi-
croscopic analyzes, the use of which makes it 
possible to explain the influence of changes 
occurring in the process of modification on 
their properties.

X-ray diffraction patterns were taken with 
an XRD‑6100 X-ray powder diffractometer 
(Shimadzu, Japan). CuKα radiation was used 
(β-filter, Ni, 1.54178 current mode and tube 
voltage 30 mA, kV) and a constant detector 
rotation speed of 4 deg/min with a step of 
0.02 deg, and the scanning angle varied from 
4 to 80°C.

The cell for DTA has a recorder of the 
temperature difference between the test sam-
ple and the standard – aluminum oxide Al2O3 
and a recorder of the sample temperature. 
The method of work includes preparing the 
device for operation, calibration processes, 

conducting the main test, processing curves, 
calculations and interpretation of the results 
obtained.

Electron microscopic studies were car-
ried out on a scanning electron microscope 
(SEM) EVO MA10 SEM Cari Zeiss, the use 
of which makes it possible to view a sample 
on SEM, determine its quantitative elemen-
tal composition, and also obtain color micro-
photographs.

Thermogravimetric studies were per-
formed using a Paulik-Paulik-Erdey deri-
vatograph system. The heating rate of the 
samples was 10 º/min, the mass of the test 
sample was 0.1 g.

The preparation of samples for X-ray 
phase analysis was carried out in accor-
dance with the guidelines (M. I. Higerovich, 
A. P. Merkin 1968; V. S. Gorshkov, 1981). 
The objects under study were preliminarily 
dried to a constant mass, then ground in an 
agate mortar until they completely passed 
through a 006 sieve. unit cell parameters of 
clay samples according to the formulas below 
(V. A. Frank-Kamenetsky,(ed) 1983):

a
b

=
3

b d= 6 060*

sin
d
a

� �
2 020

c
I d
sin

l�
* 00

�

3. Results and discussion
Experiments have shown that a clay sam-

ple from the Khaudag deposit contains main-
ly sodium montmorillonite (1.4250; 1.3012; 
0.4263; 0.2729; 0.2298; 0.1801; 1.4090 nm). 
The presence of intense lines characteristic of 
montmorillonite (Fig. 1) proves that in this 
case it is the main rock-forming mineral. In 
addition to the lines characteristic of mont-
morillonite, there are also lines showing the 
presence of illite (0.9891; 0.3870; 0.3853; 
0.3611; 0.3001; 0.1597; 0.1699 nm), kaolin-
ite (0.6993; 0.26001; 0.1499 nm), hydromi-
cas (0.4606; 0.2971; 0.2487; 0.1677; 0.1561 
nm), feldspar (0.3853; 0.2298; 0.1884). The 
sodium form of montmorillonite is proved by 
the reflex d001 = 1.301 nm.
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Figure 1. X-ray diffraction pattern of a Khaudag bentonite sample

Figure 2. Curve of thermal analysis of Khaudag bentonite sample

Thermal analysis data are consistent 
with the results of the previous analysis. 

On the thermogram of Khaudag bentonite 
at temperatures of 80–125  °C, an intense 
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endothermic effect is observed, due to the 
release of adsorption and interlayer mo-
lecular water (Fig 2). The presence of an 
additional effect at temperatures with a 
maximum of about 535 °C is caused by the 
removal of structural water. The third weak-
est endoeffect at temperatures above 790 °C 
corresponds to the destruction of the anhy-
drous modification of montmorillonite and 
the transformation of the layered alumino-
silicate matrix.

Clay samples were studied by Fourier IR 
spectroscopy on a Nicolet iS50 Fisher Scien-

tific spectrometer, as well as on a UV-NIR 
spectrophotometer (spectral region 185–
3300 nm) UV 3600 Shimadzu. For spectral 
tests, samples were prepared in powder form 
and in the form of tablets. The samples were 
pre-dried at 105 °C in an oven for more than 
7 hours. The following chemical elements are 
fixed on the energy-dispersive spectrum of 
clay (in  descending order): oxygen, silicon, 
aluminum, iron, potassium, sodium, etc. (Fig 
3) Microdiffraction analysis confirms the 
results obtained by the method of chemical 
analysis of the composition.

Figure 3. Electron microscopic image of a sample of Khaudag bentonite

 

Figure 4. IR spectrum of Khaudag bentonite sample

The interpretation of the above spectrum 
shows that the main bands shown on them 
belong to the valence bonds of silicon with 
oxygen and hydrogen with oxygen (Fig 4). 

A well-defined broad band at 1028.85 cm‑1 
corresponds to the stretching vibrations of 
the Si-O-Si tetrahedra of the silicon-oxygen 
framework, and the bands at 517.80 and 
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436.32 cm‑1 correspond to the bending vibra-
tions of the Me-O bonds. The band in the in-
terval 662.92 cm‑1 corresponds to the Si-O-Si 
vibrations of rings of SiO4 tetrahedra. Intense 
bands in the interval 2899.98–3331.48 and 
1426.61 cm‑1 refer to OH-valence and defor-
mation vibrations of free and bound water.

Chemical analysis of fine clay fractions was 
performed according to GOST 21216–2014 
(GOST, 1995), according to which the weight 

percentages of SiO2, TiO2, Al2O3, Fe2O3, MgO, 
MnO, CaO, Na2O, K2O, and P2O5 were deter-
mined. It follows from the data of the chemical 
analysis that the studied clay is rich in alkali 
metal ions. In tab. 1 also provides data on the 
chemical composition of Sherobod bentonite, 
as a control sample and it shows changes in 
the chemical composition of bentonites from 
the Khaudag and Sherobod deposits before 
and after their enrichment.

Table 1. Chemical composition of clay samples

Name of
chemical com-

ponents

Khaudag bentonite,% Sherobod bentonite,%
before

enrichment
after

enrichment
before

enrichment
after

enrichment
SiO2 61.2 55.3 54.91 38.02
Al2O3 16.3 21.2 14.6 30.5
CaO 3.6 3.8 1.6 1.8

Fe2O3 2.8 2.3 6.6 6.2
Na2O 2.4 2.2 1.9 1.7
MgO 3.6 3.8 1.6 1.8
MnO 0.7 0.8 0.4 0.8
K2O 2.6 2.3 1.65 1.4
P2O5 0.3 0.5 0.56 0.68
СО2 0.12 0.10 0.18 0.25

loss after ignition 6.38 7.7 16 16.85

From tab. Table 1 shows that the content 
of SiO2 after enrichment of Khaudag ben-
tonite by elutriation decreased from 61.2 to 
55.3%, and of Sherobod bentonite – from 
54.91 to 38.02%. And vice versa, the con-
tent of Al2O3 after enrichment of Khaudag 
bentonite increased from 16.3 to 21.2%. At 
the same time, the content of coloring oxides 
(Fe2O3, TiO2, etc.) in both samples decreased 
by about 2 times. In terms of Al2O3 and Fe2O3 
content, the enriched bentonite of the Sher-
obod deposit exceeds the enriched Khaudag 

bentonite. This favorably affects the quality 
of the resulting adsorbents and once again 
confirms the special need for the bentonite 
enrichment process before their activation.

Above, wine clarification processes were 
carried out with the help of acid-activated and 
modified adsorbents. During different periods 
of time, activated adsorbents were used in the 
amount of 2% and clarification processes were 
carried out. The obtained results are present-
ed in Table 2.

Table 2. Effect of activation time on wine clarification process

Name of adsorbent Activation 
time, hours

Wine color 35 yellow, in a 
cuvette 12.5 cm thick Wine 

output,%
Red Unit Blue Unit

Khaudag bentonite Initially 14.2 0.3 –
2 10.1 0.2 97.5
4 7.6 0.1 97.2
6 7.2 0.1 98.1
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Name of adsorbent Activation 
time, hours

Wine color 35 yellow, in a 
cuvette 12.5 cm thick Wine 

output,%
Red Unit Blue Unit

PAN + Khaudag bentonite
2 7.2 0.1 97.1
4 6.8 0.09 97.6
6 6.3 0.07 98.2

DMU + Khaudag bentonite
2 7.0 0.9 96.8
4 6.4 0.07 97.5
6 6.1 0.05 98.4

Pakistani Bentonite
2 8.2 0.3 96.8
4 7.8 0.2 96.5
6 7.6 0.2 97.2

As can be seen from Table 2, the wine in-
dicators clarified with the help of adsorbents 
obtained as a result of activation for 4 hours 
showed the best indicator. Therefore, 4 hours 
was taken as an optimal condition for further 
activation processes. For our next work, it is 
planned to carry on Khaudag bentonite, as 
this bentonite has been found to clean wine 
better than Pakistani alkaline bentonite.

The maximum amount of adsorbent used 
for acid concentration and clarification was 
used above. At the next stage, research was 
conducted to find the optimal conditions for 
acid concentration and adsorbent amount. 
The obtained results are presented in the fol-
lowing tables 3–4.

Table 3. Effect of acid concentration on wine clarification process

Acid concentra-
tion,%

Wine color 35 yellow, in a cuvette 
12.5 cm thick Wine output,%

Red Unit Red Unit
10 7.2 0.15 97.7
15 7.1 0.13 98.3
20 7.4 0.12 97.5
25 7.6 0.14 96.2

Table 4. The influence of the amount of adsorbent on the wine clarification process

Amount of adsor-
bent, mg

Wine color 35 yellow, in a cuvette 
12.5 cm thick Wine output,%

Red Unit Blue Unit
1 7.6 0.12 96.9

1.5 7.3 0.14 97.5
2 7.8 0.15 96.3

2.5 8.2 0.14 96.7

From the tables 3 and 4 above, the most 
optimal condition for the activation of the ad-
sorbent was determined to be the activation 
using 15% H2SO4 acid for 4 hours. In addi-
tion, it was determined that the consumption 
of adsorbent for clarification is 1.5%.

4. Conclusion

In conclusion, the optimal conditions for 
obtaining an adsorbent that replaces import 
for wine clarification using local Khaudag 
bentonite were determined. According to 
it, it was found that Khaudag bentonite has 
higher adsorption properties than Pakistani 
alkaline bentonite. Thus, a comprehensive 
study of the bentonite of the Khaudag deposit 
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showed that its main constituent is the min-
eral montmorillonite. The clay of this depos-
it differs from other clays of Uzbekistan by 
a low content of harmful impurity non-clay 
materials.

In addition, it was determined that the 
optimal conditions for activation are 4 hours 
of activation using 15% H2SO4 acid. It was 
determined that the use of 1.5% in wine clar-
ification with the help of adsorbents leads to 
the maximum purification of wine.
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Abstract
In this article, the physico-chemical properties of apricot, peach and bitter almond seeds 

were studied, based on which research was conducted on the extraction of amygdalin oil. Oils 
were obtained by extracting the core of the grains, and these were analyzed and their physi-
co-chemical properties were determined. Also, the process of extracting oil from peach, apricot 
and bitter almond seeds by pressing method was studied, the physico-chemical properties of 
apricot, peach and bitter almond seeds were studied, and research was conducted on the ex-
traction of amygdalin oil based on them. Apricot, peach and bitter almond oils have been proven 
to contain more than 88.0% of unsaturated fatty acids, and more than 20% of unsaturated fatty 
acids are highly unsaturated essential fatty acids – linoleic and linolenic acids.
Keywords: apricots, peaches, almonds, seeds, oils, saturated and unsaturated fatty acids, 
fruits and vegetables, acid number, saponification number, density, moisture, oil yield

Introduction
It is known that horticulture is developed 

in Uzbekistan, and the amount of fruits and 
vegetables grown is increasing year by year. 
50% of grown grapes, fruits and vegetables 
are processed in various ways (drying, can-
ning) (Artikov, A. A., Safarov, A. F., Shomuro-

dov, T. R., Gafurov, K. H., 1991). As a result of 
such treatment, a large amount of waste, grape 
seeds, fruit seeds are formed. This waste is an 
important raw material for the oil industry.

Naturally, during the processing of fruits 
and vegetables, waste with nutrients is gener-
ated (Baymetov, K. I., Turdieva, M. K., Naza-
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rov, P., 2011). These wastes can be different 
depending on the type of fruits and vegetables. 
Such edible waste can include seeds, pulp, 
pulp, pulp, etc., which are separated from the 
processing of fruits and vegetables. Consum-
able waste generated during processing of 
fruits and vegetables in most cases makes up 
40–50% of the mass of processed raw materi-
als (Agricultural Encyclopedia, 1953). Edible 
fruit and vegetable waste contains carbohy-
drates, proteins, fats, minerals, vitamins, dyes, 
and pectin, just like raw materials. Therefore, 
these wastes are valuable raw materials for ex-
tracting active substances from them.

The kernels of fruit seeds are very rich in 
fats, the amount of fat in them is 45–50 per-
cent. Due to the presence of unsaturated fat-
ty acids in peach, almond, apricot kernel oil, 
this oil is quickly digested in the body (Ginz-
burg, A. S., Gromov, M. A., Krasovskaya, G. I., 
1980). The amount of essential amino acids 
in the protein of fruit kernels is 26–30% of 
the total amount of amino acids. At the same 
time, fruit pulp protein contains useful sub-
stances such as phenylalanine and tyrosine, 
unique amino acids that participate in the 
formation of thyroxine and adrenaline hor-
mones in the human body. It is known that as 
a result of a violation of the exchange of these 
amino acids in the human body, the metabo-
lism of the whole body is disturbed.

Apricot, almond and peach kernels are rich 
in minerals, especially sodium and magnesium. 
Therefore, it is possible to use almond kernel 
as an additional raw material for the produc-

tion of some products with high nutritional 
and biological value, enriching their content. 
Fruit seeds contain 40–50% oil, and due to the 
presence of unsaturated fatty acids in its com-
position, this oil is quickly digested in the body 
(Yadrov, A. A. 1975; Yadrov, A. A., Popok, N. G., 
Chernobay, I. G. 1999; Shcherbakov, V. G., Lo-
banov V. G., 2016). Such oils and cotton lead to 
the use of a small amount of alkali and adsor-
bent in the refining of oils (Akhmedov, A. N., 
2019; Akhmedov, A. N., Abdurakhimov, S. A., 
2018; Akhmedov, A. N., 2012).

Materials and methods
The scientific article uses generally ac-

cepted and special organoleptic, physico-
chemical, microbiological and biochemical 
analysis methods for determining the prop-
erties of raw materials and finished products. 
Also, the composition and physico-chemical 
indicators of raw materials, methods of anal-
ysis of raw materials used in pressing, sta-
tistical processing of the obtained data and 
methods of error estimation are presented.

Results
The physico-chemical properties of apri-

cot, peach and bitter almond seeds were 
studied, and based on them, research was 
conducted on obtaining amygdalin oil. Ker-
nels were separated and oils were obtained 
by extraction method. The obtained oils 
were analyzed and their physicochemical 
properties were determined and are listed 
in Table 1.

Table 1. Physico-chemical parameters of oils ob-
tained by extraction method from fruit kernels

Oil type
Densi-
ty, g/ml 
(15 °C)

Refractive 
index (20 °C)

Acid num-
ber, mg 
KOH/g

Content of mois-
ture and volatile 

substances,%

Oil out-
put,%

Apricot 0.908 1.472 1.9 0.2 38.8

Peach 0.912 1.470 2.1 0.2 38.5

Bitter almonds 0.912 1.471 2.1 0.3 46.4

Table 1 shows that the physicochemical 
properties of apricot, peach and bitter al-
mond kernel oils are very close to each other. 
They can differ from each other only struc-
turally and with fatty acid composition. Pro-
cesses of oil extraction from peach, apricot 

and bitter almond seeds by pressing method 
have been studied. The obtained results are 
shown in Table 2.
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Table 2. Physico-chemical parameters of oils 
obtained by pressing method from fruit kernels

№  Indicator name Apricot Peach Bitter almonds
1. Refractive index, nD=20 ˚C 1.472 1.470 1.471
2. Density, g/ml, 25 ˚C 0.908 0.912 0.912

3. Saponification number, mg 
КOН/g 191 190 192

4. Iodine number, g J2 /100 g 101 100 100

5. Peroxide number, mole of active 
oxygen 2.82 3.0 3.85

6. Acid number, mg KOH/g 1.7 1.3 1.1

7. Content of moisture and volatile 
substances,% 0.4 0.5 0.4

8. Oil yield,% relative to kernel 29.6 29.3 27.8

It can be seen from Table 2 that the acid 
number of the oils obtained by the pressing 
method is lower compared to the oils ob-
tained by the extraction method. Apricot oil 
has a higher iodine value than peach and bit-
ter almond oils, indicating that it contains 

more saturated fatty acids. However, a high-
er refractive index indicates that it may con-
tain more unsaturated fatty acids. Therefore, 
the fatty acid composition of the obtained 
oils was analyzed (Table 3).

Table 3. Fatty acid composition of oils obtained from fruit seeds

The name of the acid
Oil type,%

Apricot Peach Bitter almonds
Palmitin 5.56 4.93 6.35
Stearin 1.94 2.18 2.05
Olein 63.76 61.46 68.6
Linol 26.15 26.44 20.11
Linolene 1.01 0.10 0.38
Arachnid 0.50 0.46 0.19
Other 1.08 4.43 2.32

Total 100 100 100

From the data in Table 3, it can be seen 
that apricot, peach and bitter almond oils 
contain more than 88.0% unsaturated fatty 
acids. More than 20% of unsaturated fatty 
acids are highly unsaturated essential fatty 
acids – linoleic and linolenic acids.

Discussion and Conclusion
The kernels of fruit seeds are very rich 

in fats, the amount of fat in them is 45–50 
percent. Due to the presence of unsaturated 
fatty acids in peach, almond, apricot kernel 
oil, this oil is quickly digested in the body. 

The amount of essential amino acids in the 
protein of fruit kernels is 26–30% of the total 
amount of amino acids. The physico-chem-
ical properties of apricot, peach and bitter 
almond seeds were studied, and based on 
them, research was conducted on obtaining 
amygdalin oil.As a result, it was found that 
the physico-chemical properties of apricot, 
peach and bitter almond kernel oils are very 
close to each other, they can differ only struc-
turally and fatty acid content.

Processes of oil extraction from peach, 
apricot and bitter almond kernels were stud-
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ied and showed that the acid number of the 
oils obtained by the pressing method was 
lower than that of the oils obtained by the 
extraction method. It can be concluded from 
the research that apricot, peach and bitter al-

mond oils contain more than 88.0% of unsat-
urated fatty acids, and more than 20% of un-
saturated fatty acids are highly unsaturated 
essential fatty acids – linoleic and linolenic 
acids.
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Abstract
In a scientific article, it was determined that the free gossypol in the fry was significantly less 

changed when the cotton wool was treated with radiation power in the range of 100 to 300 W. In 
the control experiments (with industrial method), the material was treated with steam, the 
moisture content of the material was brought up to 13–15%, and the temperature was brought 
up to 60–65˚С, after that, the temperature of the roast was brought up to 100–105˚С during 
60 minutes. When the oil was treated with 100 W high-frequency radiation, the color of the 
oil was observed to change after only 5 minutes, and it was found that the number of red units 
increased to 45 and the number of blue units increased to 2 by the end of the treatment after 
30 minutes. Also, it has been proven that the peroxide value of oil obtained from cotton pulp 
treated with 300–600 W ultra-high frequency radiation with a frequency of 2450 MHz and a 
power of 300–600 W within 5–30 minutes is changed from 10 to 17 mmol/kg.
Keywords: cotton seed, extra high frequency radiation, peroxide value of oil, oxidation of 
fatty acids

Introduction
Oil production as an industry was estab-

lished at the beginning of the last century. It 
is known from the sources that oil separators 
of the United States of America were initially 
attracted to our region (Kopeikovsky, V. M., 
Danilchuk, S. I., Garbuzova, T. I., Mosyan, 
1982; Gavrilenko, I. V., 1939). However, this 

equipment did not allow to completely separate 
the oil contained in the raw material, and the 
amount of 4–5% of the seed mass remained in 
the raw material. Cotton lint is a multi-compo-
nent material containing oil and mainly con-
sists of petal-like pith and boll. According to 
the used technology, up to 5 percent of return-
able goods, that is, fuza in the fuza tank and 
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sludge in the filter press, are included in the 
solution (Kopeikovsky, V. M., Danilchuk, S. I., 
Garbuzova, T. I., Mosyan, 1982).

The changes of gossypol during the indus-
trial processing of cottonseed are divided into 
two types: changes of gossypol under the influ-
ence of heat and oxygen in the air; change as a 
result of interaction with substances included 
in the seed (Markman, A. L., Rzhekhin, V. P., 
1965). The interaction reaction of gossypol 
with phosphatides in the presence of water has 
a definite temperature limit of 106–110˚С, 
outside of which the reaction rate increases 
sharply. It is known that the apparent speed 
of the reaction of gossypol in the oil environ-
ment starts at a temperature of 60˚С and its 
maximum speed is in the range of 80–120˚С 
(Markman, A. L., Rzhekhin, V. P., 1965). Anal-
ysis shows that the intense dark color of raw 
cottonseed oil is not given by gossypol itself, 
but by its transformation products and com-
binations with other substances contained in 
the seed. Gossypol, which does not contain 
free aldehyde groups and acidic hydroxyls, 
has a high ability to stain partial oxidation 
products, anhydration products, phosphati-
des, amino acids and products of interaction 
with diene fatty acids (Markman, A. L., Rzhek-
hin, V. P., 1965).

Ilyasov A. T. and his staff proposed to 
neutralize the gossypol in the solution with 
the help of urea (Ilyasov, A. T. 1996). Two 
amino groups of urea actively interact with 
aldehyde groups of native gossypol, elimi-
nating similar chemical changes of gossypol 
with substances of the gel part of the solu-
tion. At the same time, conditions can be cre-
ated to neutralize free gossypol and preserve 
proteins, free amino acids and phosphatides 
in their native state.

The authors (Ilyasov, A. T., Vahabo-
va,  D. Z., Urakov,  R. M., 1993) purified cot-
tonseed oil with a concentration of 250 g/l of 
alkali and 4 and 7 kg/t of caustic soda. In con-
trol studies, refined oil of the first and second 
grade standard in terms of color was obtained 
from forpress and extraction oils, respectively, 
with a caustic consumption of 7 kg/t, with a 
yield of 89.7–91.5 and 88.8–89.6%.

Rzhekhin V. P. and his staff studied the in-
teraction of gossypol with protein substanc-
es, free amino acids, anthranilic acid, phos-
phatides and other reagents (Rzhekhin, V. P. 

and Preobrazhenskaya, I. S., 1961). It was 
found that free gossypol practically does not 
interact with the above-mentioned reagents 
and forms complex complexes, which are not 
completely removed from the oil even in the 
“hard” regimes of alkaline cleaning.

Therefore, the analysis of literary sourc-
es on the considered problem shows that the 
moisture-heat treatment process of cotton 
pulp occupies an important place in the tech-
nology of extracting plant, especially cotton 
oil. Switching this process to a “soft” mode 
will undoubtedly help to increase the techni-
cal and economic efficiency of the subsequent 
processing of oil and slag.

Materials and methods
In the scientific article, the results ob-

tained from the use of cotton seed pulp pro-
cessing, physico-chemical analysis of oil 
refining and its processing products, mod-
ern high-performance liquid chromatogra-
phy, gas chromatography and other modern 
methods of physico-chemical analysis and 
the data obtained in laboratory and experi-
mental-production conditions are reliable. 
The limit value of the interval is based on the 
correspondence to the theoretical results.

Press oil analysis was performed based 
on the following methods:

–  cotton oil color is determined by Lovi-
bond cotton color meter according to UzDSt 
1199:2009 (O’zDSt 1199: 2009);

–  the amount of free gossypol was deter-
mined by the method of high-performance 
liquid chromatography. An Agilent Technol-
ogies (USA) 1200 series liquid chromato-
graph was used, with a DAD detector. Col-
umn Ultropac Columen Lihroprep RP18, 5 
µn, 2.6x100mm. Gossypol was added to 1.0– 
–1.5 µn of acetonitrile and eluted from the col-
umn at room temperature in isocratic mode 
using a solution of 0.1% acetonitrile, phos-
phoric acid and water (80:20). Detection was 
carried out with 254 nm (Abou-Donia,  S. A., 
Laches, J. M., Abou-Donia, M. B. 1981).

Also, in some studies, determination of 
the mass fraction of free gossypol in oil was 
carried out according to the methodology 
certified by the State Standard certificate No. 
188 (TSh 88.06–27: 2011).

This method for measuring the mass 
fraction of free gossypol in oil applies to 
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unrefined cottonseed oil and to high-sipol 
crude cottonseed oil in the range of 0.50% to 
1.5%, using the aniline method.

This method is based on the interaction 
reaction of gossypol with aniline and the for-
mation of dianilinegossypol, which is insolu-
ble in oil and some organic solvents.

–  the acid number of oils was calculated 
according to UzDSt 1203, and a 1 percent al-
cohol solution of phenolphthalein was taken 
as an indicator (O’zDSt 1203: 2009). This 
method is based on the titration of an oil 
sample with an alkaline solution in the pres-
ence of a phenolphthalein indicator.

A neutralized solution of alcohol and di-
ethyl ether was used as an oil solvent.

–  mass fraction of moisture volatile 
substances calculated according to UzDSt 
1193:2009 (O’zDSt 1193: 2009);

–  the degree of oxidation of oils is mea-
sured according to UzDSt 1200:2009, de-
pending on the peroxide value calculated by 
the iodometric method (N. S. Arutyunyan, 
E. A. Arisheva, L. I. Yanova, M. A. Kamyshan, 
1983; O’zDSt 1200:2009).

Results
Currently, many scientists are conducting 

research on eliminating the above defects, 
reducing the cost of the processes, etc. Ul-
tra-high frequency radiation is considered 
to be a new method of moisture-heat treat-
ment of cotton wool, which has the ability to 
reduce the above defects. Normal microwave 
devices, based on their physical parameters, 
work only at 2450 MHz, their regulated pa-
rameters are radiation power (w, W) and pro-
cessing time (t, min.) (Yulchiev, A. B., Abdu-
rahimov, S. A., Serkaev, K. P. 2009).

Laboratory studies show that the free 
gossypol in the roast changes much less 
when the roast is treated with radiation pow-

er in the range of 100 to 300 W. This can be 
explained by the shorter processing time and 
lower temperature of the processed material, 
unlike the industrial method.

During moisture-heat treatment and 
frying, along with the changes mentioned 
above, the color of the oil also changes. 
Changes in the color of cottonseed oil de-
pend on many factors, such as changes in the 
amount of dyes, gossypol, proteins, phospho-
lipids, glucose, etc. (Yulchiev, A. B., Abdura-
himov, S. A. Serkaev, K. P., 2011).

It is known that the degree of coloring 
of the oil depends on the method and dura-
tion of preparation of the oil for pressing. In 
contrast to the industrial method of roasting 
cotton, ultra-high-frequency processing is 
carried out with a rapid acceleration of the 
pressure of liquids in the processed material. 
To determine the change in the color of oil in 
ultra-high-frequency radiation, cotton wool 
was subjected to normal (industrial) method 
(control) and in laboratory equipment under 
ultra-high frequency (experience) processed.

In the control experiments (with indus-
trial method), the material was treated with 
steam, the moisture content of the material 
was brought up to 13–15%, and the tempera-
ture was brought up to 60–65˚С, after that, 
the temperature of the roast was brought up 
to 100–105˚С during 60 minutes.

In the laboratory experiments, as in the 
control experiment, the material was first 
treated with steam, the moisture content of 
the material was raised to 13–15%, and the 
temperature was raised to 60–65˚C, and 
then it was treated with high-frequency ra-
diation of various powers for 30 minutes. 
In both experiments, samples were extract-
ed after every 5 minutes to press the oil and 
measure its color change. The results of the 
experiments are shown in table 1.

Table 1. Variation of color of oil in frying depend-
ing on the method and duration of processing

Processing 
method

Color of frying oil, Lovibond red(blue) units in 1 cm layer of 
the cuvette. Processing time, minutes

5 10 15 20 25 30 40 60
Color of frying oil, red(blue) units in 1 cm layer of cuvette according to Lovibond.

Industrial style 20(3) 22(3) 26(3) 30(3) 35(2) 40(2) 49(1) 54(1)
Power of high-frequency radiation during processing:

W=100 w 21(3) 26(3) 30(2) 36(2) 40(2) 45(2) – –
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Processing 
method

Color of frying oil, Lovibond red(blue) units in 1 cm layer of 
the cuvette. Processing time, minutes

5 10 15 20 25 30 40 60
W=300 w 30(2) 34(2) 38(2) 43(2) 46(2) 48(2) – –
W=600 w 34(1) 42(1) 56(1) 68(1) – – – –

Discussion and Conclusion
It can be seen from Table 1 that when 

the material is treated in an industrial way, 
the color of the oil does not change much in 
the first 10–15 minutes, because this time of 
treatment is spent on raising the temperature. 
In the next 20–25 minutes, changes in gossy-
pol, dyes, etc. occur, as a result, the color of 
the oil deteriorates sharply and the number of 
red cells increases from 30 to 54. When Yan-
chilma is treated with high-frequency radia-
tion with a power of 100 W, the color of the oil 
begins to change after only 5 minutes, and af-
ter 30 minutes, until the end of the treatment, 
the number of red units increases to 45 and 
the number of blue units to 2.

The same changes are observed when the 
tissue is treated with 600 W high-frequency 
radiation. Only by increasing the process-
ing power will the duration of changes be 
reduced. For example, when the material is 
treated with high-frequency radiation with 
a power of up to 600  W, the intense color 
change lasts up to 20 minutes, and then the 
material is excessively roasted and its color 
becomes invisible.

It is known that changes in blue units in 
cottonseed oil often mean changes in chloro-
phyll and its derivatives. It can be seen from 
the data in table 3.3 that in the industrial 
method of processing, blue units change after 
25–30 minutes and at the end of processing, 
they decrease to 1/3 of the initial amount.

We have studied the changes in the perox-
ide number of oil extracted from cotton pulp 
treated for 5–30 minutes with 2450 MHz, 
300–600 W ultra-high frequency radiation.

The analysis of the peroxide number of 
the oil was carried out according to the man-
ual O’zDSt 1200:2009 “Calculation of the 
peroxide number of vegetable oils” (O’zDSt 
1200:2009).

It was determined that the peroxide val-
ue of the press oil changes from 10 to 17 
mmol/kg during the ultra-high frequency 
irradiation of the cotton pulp in the above 
regimes. At the same time, the peroxide val-
ue of the oil increases with the increase of 
the high frequency radiation power (from 
300 to 600  W) and the microwave treat-
ment time (from 5 to 30 minutes). At the 
same time, the peroxide value of the oil in-
creases with the increase in strength (Yulch-
iev, A. B., 2015).

A comparison of the results of the analy-
sis of the oils obtained as a result of the tra-
ditional methods and ultra-high frequency 
treatment of cotton ginning shows that mi-
crowave radiation helps to reduce the oxida-
tion of fatty acids in trialglycerides.

Using ultra-high frequency heating in-
stead of traditional convective roasting of 
cottonseed reduces the peroxide value of the 
oil, and this leads to an increase in the out-
put of purified edible oil and a decrease in the 
costs of its processing.
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Abstract
This article highlights the process of economic transformation that took place in the industry of 

the Republic of Karakalpakstan in the second half of the 1990s. The author analyzes the main fac-
tors that influenced the industrial development of the region in the period of transition to a market 
economy after the collapse of the Soviet Union. The article considers changes in the legal and eco-
nomic spheres, the role of the state and the private sector, as well as the influence of international 
factors on the development of industry in Karakalpakstan. The article also describes the challenges 
and problems faced by industrial enterprises in the region and offers an analysis of the prospects 
for the future development of the economy and industry of the Republic of Karakalpakstan.
Keywords: light industry, innovations, market relations, raw materials, enterprises

Introduction
During the years of independence Uz-

bekistan and together with it Karakalpakstan 
through large-scale reforms have achieved 
significant progress in the field of economic 
stabilization and reforms on transition to a 
market economy. Overcoming the nature of 
the economy based on the export of raw ma-
terials and planned principles inherited from 
the Soviet Union leads to positive results in 
the development of the national economy.

In solving these problems, the creation of 
a highly efficient industry is a priority. The ex-
perience of advanced countries convincingly 

proves that it is impossible to break through, 
to take a worthy place in the world economy 
without the development of industry at a high 
level. Therefore, at present, the understand-
ing that the industrial sector of the economy 
is a key factor in the national revival, success-
ful advancement of the republic on the path 
of historical progress is becoming more and 
more established in the public consciousness.

Main part
Gaining independence has objectively 

opened wide prospects for economic and so-
cial progress, cultural and spiritual renewal 
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for the people of Uzbekistan. Realistically as-
sessing the situation in the mid‑90s of the XX 
century in the republic, it can be stated that 
Karakalpakstan has entered a qualitatively 
new stage of its state-political and economic 
construction. The first visible steps have been 
taken to create a state based on the rule of law, 
and reforms related to the transition to mar-
ket relations have been implemented. Struc-
tural changes have been made in the national 
economy to meet the requirements of market 
relations. The Government has taken a num-
ber of important decisions to ensure that the 
laws that form the legal basis for the develop-
ment of market relations are fully operational. 
As a result, a multi-structured economy based 
on the equitable existence of various forms of 
ownership has begun to take shape.

As a result, thanks to the economic re-
forms carried out in the country in the sec-
ond half of the 1990s, the share of the non-
state industrial sector of the economy tended 
to grow. So if in 1996 out of 144 industrial 
enterprises and associations of the Republic 
of Karakalpakstan 113 worked under differ-
ent forms of ownership, including private – 
20, collective – 50, state-joint-stock – 41 and 
2 joint ventures and their share accounted 
for 86.7 percent of the industrial output pro-
duced during the year, then by the results of 
2000 it was significantly transformed. It is 
enough to note that at that time, at the end 
of the year, the share of the non-state indus-
trial sector of Karakalpakstan’s economy in 
the total volume of commodity production 
amounted to 94.5 percent, while the state 
sector accounted for 5.5 percent.

According to statistical data, in 1997 in 
machine building and metalworking indus-
try low production rates were shown by Elec-
troapparat JSC77.6%, Kabel JSC10.0%, Skid 
AKO 64.3%, AR3–16–41.7%, Nukus ORM 3 
87.4%. The reason for this was the shortage of 
raw materials, namely: metal and plastic (for 
cable industry). In the light industry all spin-
ning and weaving factories allowed low rates 
of production by 64.1%, JSC “Aryular” by 
50.9%, Khojelinskoe UPP Society of the Blind 
by 86.6%, Nukus UPP Society of the Blind by 
53.4%, JSC “Oner” Muinai district by 76.0%, 
PF “Zhanar” by 78.0% (Bektemirov, K., 1996).

In 1998, there was a decrease in production 
facilities compared to 1997 only in the printing 

industry by 4.9%, mainly due to the lack of raw 
materials at the Nukus polygraph plant.

The biggest decrease of production vol-
umes for 1999 is observed in woodworking 
(it is KK Mebel OJSC by 53,4%) and glass con-
tainer production (Glass plant and PKP VAN 
by 40,3%) in comparison with 1998. The main 
reasons were lack of raw materials, accounts 
receivable, and difficult financial condition.

In 1999, the volume of production in the 
light industry decreased by 3%, mainly the 
largest decrease was made by joint-stock 
companies of cotton industry: Turtkul OJSC 
(73.6%), Mangitskaya PTF OJSC (87.3%), El-
teks JSC (86.2%); knitting industry – Katek-s 
JSC (50.0%); garment industry – Kyryk-kyz 
JSC (29.9%), Nafosat JSC (51.0%), The main 
reason was the lack of raw materials (cotton 
fiber) and materials. They needed 561 tons of 
cotton yarn, 1522 thousand m2 of ready-made 
fabrics, 926 thousand pieces of knitwear, 712 
thousand pieces of medical bandages.

Thus, the above analysis of the decline 
of some industries in the second half of the 
1990s shows that there were objective reasons 
for it. At the same time, it is impossible to re-
duce the inefficient work of enterprises only to 
the existing circumstances associated with the 
difficulties of the transition period to a market 
economy. The research materials convince us 
that inertia and carelessness of some manag-
ers, who have not yet overcome their depen-
dent moods, also contributed to the emer-
gence of these negative trends. Failure of most 
enterprises to adapt to market conditions, 
excessive reliance of their managers on state 
support led to undesirable consequences.

During the years of independence, the 
economic policy in Karakalpakstan was fun-
damentally changed. In 1993 at the XIII ses-
sion of the Supreme Council of the Republic 
of Karakalpakstan was adopted the concept 
(“Concept of the main directions of develop-
ment… 1993–2000), which became the fun-
damental program of the republic to overcome 
the one-sided raw material orientation of the 
economy and to ensure the output of finished 
products on the basis of the organization of 
advanced processing of available mineral raw 
materials and agricultural raw materials.

Commissioning of Nukus and Kungrad 
bread mills allowed to put an end to import 
of flour from outside the republic. Thus, it 
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was possible to provide the population with 
this important product of own production. 
A cable plant in Nukus city with a capacity 
of 20 thousand kilometers of cable products 
and a glass container plant in Khojeli district 
were put into operation. In a short period of 
time, or rather 1992–1994, two large textile 
enterprises were built in the city of Nukus 
and Bustan, which allowed in 1995 to in-
crease the volume of industrial production 
by 18–20 percent and fill the domestic mar-
ket with light industry goods, to increase the 
volume of exported products. Thus, certain 
prerequisites for the development of import 
of substitute products in the republic have 
already started to be created.

At the same time, however, it is neces-
sary to admit that the limited material and 
financial resources did not allow to fully im-
plement in the first half of the 1990s all the 
measures outlined in the above program.

In the context of realization of the set 
tasks, certain structural changes took place 
in Karakalpakstan in the years under con-
sideration. The research materials show that 
they mainly affected such branches as fuel 
and food industry

Thus, in 1996 there were positive changes 
in the structure of industry. A new branch – 
fuel industry – appeared in the economy of 
the republic. The Kungrad gas field enter-
prise “Urga” started production of gas con-
densate and natural gas. In the following 
years the development of the gas field “Urga” 
in Kungrad district was underway, where, for 
example, in 2000 4 wells were put into oper-
ation (Bektemirov, K., 2006).

The most noticeable structural shifts 
were observed in the food industry of the 
RK, especially in the association of joint 
stock companies “Karakalpak Hleboproduct” 
which is the only enterprise of the republic 
that processes grain, supplies flour, polished 
rice, bakery products, pasta, mixed fodder 
for the needs of livestock and poultry farm-
ing. In the years under consideration, with 
the purpose of supplying the population with 
quality products in ever-increasing volume 
and assortment, a number of enterprises of 
associations were re-equipped with the lat-
est and imported equipment, new capaci-
ties of workshops for production of various 
food products were put into operation. Thus, 

in 1996 in Turtkul, Khojeyli, Chimbay and 
Beruni joint stock companies were put into 
operation workshops for production of pas-
ta, confectionery production, which allowed 
the enterprises of associations to produce 15 
kinds of bakery products. In addition, in 1997 
the reconstruction of pasta shops in Karauz-
iak and Ellikkala districts with the capacity 
of 0.3 and 0.6 tons of products per day was 
completed (Bektemirov, K., 1996). Also in 
1998 two new enterprises were put into op-
eration – joint stock companies of open type 
“Takhtakupirden” and “Turtkulden”. They 
produced 4635 tons of flour for 144.7 million 
soums. As a result, the volume indicators of 
industrial production in the republic in 1998 
increased by 0.6 percent. And in 2000 AAP 
“Karakalpak Hleboproduct” put into opera-
tion a seed cleaning shop and a line for pro-
duction of vitamin herbal flour in Nukus city.

Gaining state independence in 1991 gave 
Karakalpakstan the opportunity to enter the 
international arena for the first time inde-
pendently and establish direct contacts with 
various states of the world. During 1991–
2000, much was done to develop foreign eco-
nomic activity, which became one of the main 
directions in the implementation of econom-
ic reforms in the republic. The foreign eco-
nomic policy of “open doors” was formed, 
which meant the development of relations 
with all countries of the world while respect-
ing the principle of equality and mutually 
beneficial cooperation. Finally, a special state 
body dealing with the implementation of for-
eign economic policy, the Ministry of For-
eign Economic Relations of the Republic of 
Karakalpakstan, was established (Decree of 
Jokargy Kenes … 7.07.92 № 125; Decree of 
the Council … 14.09.92 year № 221/9).

The mastering of new advanced produc-
tion technologies also took place in other in-
dustries of the region. In particular, in 1996 
in the textile complex of JSC “Katex” a new 
production was mastered. The textile workers 
started production of medical gauze on a tech-
nological line purchased in Italy. The capacity 
of the equipment made it possible to produce 
6.5 million linear meters of materials and 11 
million packs of bandages annually.

In Nukus polygraph plant in 1996–1997 
computer equipment for printed publications 
of “Berthold Stempel” company (Austria) 
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was installed at a total cost of 1 million 800 
thousand D. M., as well as equipment of Ger-
man company “Heidelberg” was installed. 
As a result, the quality of newspaper, mag-
azine and book products was improved, and 
the volume and types of other products were 
increased. Installation and adjustment of the 
equipment capable to produce the highest 
quality products corresponding to the world 
standards at Nukus polygraph plant was 
carried out by representatives of the Vienna 
branch Vladimir Stolbov, Sergey Kalachev, 
Nikolay Shaposhnikov and their assistants.

In the years under study, the Republic of 
Karakalpakstan also carried out work to at-
tract foreign investment in the establishment 
of joint ventures on the territory of the re-
public. As a result, if in 1996 there were only 
4 joint ventures with foreign investments in 
the industrial sphere of the regional econo-
my, by 2000 their total number reached 14, 
of which 8 were operating. Joint ventures 
were established with the participation of 
investors from Malta, Ireland, USA, Luxem-
bourg, Russia, France, Latvia and Turkey.

The materials of the study show that in 
the period under review the most effective 
of the enterprises with foreign capital were 
the Karakalpak Maltese JV “Karm” for the 
production of hosiery with a capacity of 3.5 
million socks per year, the Karakalpak Irish 
JV “CACDK” for the production of con-
struction and facing materials with a capac-
ity of 4518 m2 of facing tiles per year and 
the American DP “Plattas”, which created 
in the city of Nukus mini-plant for the pro-
duction of vegetable oil with a capacity of 
120 thousand liters per year, equipped with 
a mini-factory for the production of vegeta-
ble oil. liters per year, equipped with Bul-
garian equipment at a cost of 431 thousand 
467 U.S. dollars (“Karakalpakstan tariykhy” 
(1991–2015-zhyllar).

Thus, the results of the produced ac-
tivity of JVs allow us to consider them as a 
necessary condition for achieving the goals 
of structural reorganization of the national 
economy. As foreign economic relations of 

the Republic of Karakalpakstan with foreign 
business partners allowed the republic to 
achieve cardinal shifts in the rational use of 
agricultural and mineral resources in a short 
period of time.

At the same time, analysis of materials of 
economic activity of joint ventures in the Re-
public of Karakalpakstan also show that not 
everything is going positively in this case.

Unfortunately, there are enterprises that 
could not start production activities for a 
number of reasons and were liquidated by 
the decision of the Economic Court. As the 
research materials show, the reasons for 
stopping the activities of these JVs were sys-
tematic violation of legislation and failure to 
fulfill their statutory obligations.

Conclusion
The data analysis shows that in the sec-

ond half of the 1990s, economic policy in 
Karakalpakstan was aimed at transforming 
the industrial sector and developing new in-
dustries. The adoption of the concept of in-
dustrial development and the implementa-
tion of structural reforms in the economy set 
a number of ambitious tasks for the region, 
such as diversifying the economy, increasing 
the production of finished goods and ensur-
ing competitiveness in the market.

Economic transformation led to the cre-
ation of new enterprises and the development 
of sectors such as fuel and food industries. An 
important aspect was the attraction of foreign 
capital and the establishment of joint ven-
tures, which helped to modernize production 
and improve the quality of products.

However, there were obstacles to eco-
nomic development, including systematic 
violations of legislation and financial diffi-
culties, which led to the liquidation of some 
enterprises.

Overall, the article reflects important 
stages in the economic development of 
Karakalpakstan in the 1990s. In doing so, it 
highlights both the successes and the chal-
lenges that the region faced in the process of 
structural transformation.
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Abstract
This article presents experimental results on the effect of azeotropic solvents and poly-

functional additives in the drying of natural gas with glycols. The addition of hydrocarbon 
azeotropic solvents to the glycol recovery system increases the TEG concentration and reduces 
the moisture content of the glycol. The addition of azeotropic solvents to the glycol recovery 
system increases the concentration of TEG and reduces the viscosity of the glycol. A regenera-
tion scheme has been developed by adding 0.10–0.30 kg of petroleum ether per 1 kg of glycol 
to a desorber in an absorption drying apparatus for natural and satellite gases.
Keywords: gas dehydration, gas, glycol, triethylene glycol (TEG), diethylene glycol (DEG), 
azeotrope, azeotropic distillation

Introduction
In the gas industry, the process of drying 

moisture contained in gases using liquid ab-
sorbents (glycols) is widely used. This process 
consists of absorbing moisture with glycol, de-
sorbing the regenerated glycol, and recycling. 
The depth of gas drying largely depends on the 
residual concentration of water in the glycol at 
the desorber outlet (Yuan, B., Sun, H., Wang, 
T., Xu, Y., Li, P., Kong, Y., Niu Q. J., 2016).

To increase the depth of recovery of 
glycol, the following methods are used: in-

creasing the temperature, decreasing the 
pressure, cleaning with dry gas and intro-
ducing a substance that forms an azeotropic 
mixture with water.

The main disadvantages of absorption 
drying (Maddox Rand, 2008; Manovyan, A. K. 
2001):

•	 insufficient depth of water desorption, 
which reduces absorption efficiency;

•	 in the absorber of glycol foaming;
•	 acids formed as a result of degrada-

tion of glycols corrode devices;
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•	 desorption during of glycol water 
steam with to disappear.

The purpose of this work is to improve 
the deep drying process of natural gas with 
glycols using an azeotrope forming agent and 
surfactants.

In our country, DEG is mainly used in the 
processes of drying hydrocarbon gases, while 
TEG is used in many countries of the world. 
TEG has several advantages over DEG in 
gas drying processes: its total loss rate is 2– 
–3 times lower, TEG has relatively higher dew 
point depression, and less acid formation as 
a result of its regeneration (CY  Pan AIChE 
Journal 19 9 8. – #34). However, adapting the 
DEG regeneration device to the TEG is dif-
ficult due to the fact that their regeneration 
temperatures differ by 30–40 o C and requires 
considerable economic costs. We know that 
azeotropes lower the boiling point of solu-
tions. Therefore, the use of these substances 
to adapt DEG to TEG in gas absorption dryers 
provides a significant cost reduction.

We calculated the boiling point of some 
hydrocarbon mixtures with water according 

to Antoine’s equation. Since the mutual solu-
bility of hydrocarbons and water is less than 
0.2%, an immiscible component model was 
used for the calculation. The results are pre-
sented in Table 1.

As shown below, the boiling point of 
the hydrocarbon-water mixture is almost 
identical to the experimental results of the 
boiling temperature of the hydrocarbon-wa-
ter-TEG mixture. Consequently, the boiling 
temperature of the hydrocarbon-water mix-
ture is almost unaffected by TEG. As can be 
seen from the results of Table 1, the calcu-
lated temperature of the hydrocarbon-wa-
ter mixture exceeds 100 o C for some compo-
nents. For example, this indicator for decan 
exceeds 132.7 o C.

Our experiments have shown that, in 
fact, the boiling point of the n-decane-water 
mixture is in the range of 97–100 o C. Thus, 
the results of the study showed that the ef-
fect of glycol in the presence of TE EG in the 
calculation of the boiling phase equilibrium 
of azeotropic hydrocarbon-water mixtures is 
not significant.

Table 1. Calculation of boiling temperature of “Hydrocarbon – Water” and 
“Hydrocarbon – Water – TEG” mixtures and comparison of experimental results

Hydrocar-
bon

Boiling temperature, °C

“Hydrocar-
bon – Water- 
TEG” mixture 

calculation

“Hydrocarbon – Cal-
culation of water” 

mixture

“Hydrocarbon – Results 
in literature for water” 

azeotrope mixture (Bekirov 
T.M., Lanchakov G. A. 1999)

Pentane 35.9 34.5 34. 4
Hexane 66.9 61.6 61.6
Heptane 91.9 79.2 79.2–79.6
Octane 11.2 89.4 89.4–89.6
Dean 133.0 97.6 97.3
Isooctane 93.0 79.4 78.9
Cyclohexane 78.1 69.4 69.4
Benzene 77.2 70. 0 69. 4
Toluene 100.9 84.5 84.1–81.5
Ethylbenzene 117.2 92.0 89.0–92.0

A comparative analysis of the amount of 
azeotropic solvents needed to distill the same 
amount of water is of practical interest. The 
results of such calculations are summarized 
in Table 2.

We know from literature sources that C+ 
hydrocarbons form azeotropic mixtures with 
TEG at atmospheric pressure, and the more 
carbon atoms in the hydrocarbon, the great-
er the concentration of TEG in the azeotrope. 
Thus, it can be concluded that during azeo-
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tropic distillation of hydrocarbon-water-gly-
col mixtures, the use of low molecular weight 
hydrocarbons with a number of carbon atoms 
not exceeding C7 – C8 is the most beneficial, 
as this reduces glycol losses. However, Table 2 
shows that the more carbon atoms in a hydro-

carbon, the less water is required for complete 
distillation. Therefore, it is possible to use 
hexane-heptane fraction or petroleum ether 
boiling fractions in the temperature range of 
70–100 oC as an alternative azeotropic agent 
in the regeneration process (Carroll, D. 2007).

Table 2. Calculation of the hydrocarbon mass of the “Hy-
drocarbon – Water” azeotropic mixture

Hydrocar-
bon

Calculation results Results of water concentra-
tion in the azeotropic mix-

ture in the literature,% mass 
(Echt W. I., Dortmundt, D.D. 

and Malino, H. M.)

Concentration 
of water in the 

azeotropic mix-
ture,% mass

The ratio of 1 kg of 
hydrocarbon to 1 
kg of water in an 

azeotropic mixture
Pentane 1.5 70.5 1.5
Hexane 5.4 18.1 5.5
Heptane 13.0 7.0 12.9
Octane 24.9 3.2 25.5
Dean 58.5 0.6 51.0
Isooctane 11.7 7.8 10.9
Cyclohexane 8.5 11.0 8.4
Benzene 8.9 10.5 8.8
Toluene 19.8 4.3 13.5–20.2
Ethylbenzene 33.2 2. 1 30.6–33.0

The effect of azeotropic hydrocarbon 
scavengers on TEG drying rate and its regen-
eration was investigated using a Dina-Stark 
extraction-distillation laboratory unit and 
simple atmospheric distillation.

From the label, the following were select-
ed as additives that increase the degree of 
water blowing: n-heptane, n-decane, isooc-
tane, cyclohexane, toluene, petroleum ether 
(40–70), petroleum ether (70–100), nitro-
gen. The selection of these hydrocarbons is 
related to the task of testing the behavior of 
each of the hydrocarbon classes (n-alkanes, 
isoalkanes, cycloalkanes and aromatic hy-
drocarbons) for the degree of water distilla-
tion from triethylene glycol.

The research carried out by us consisted 
of checking the correctness of the developed 
theoretical concepts and calculations, namely: 
testing petroleum ether (70–100) as an alter-
native hydrocarbon solvent that forms an azeo-
trope forming a mixture with water in solution 
with TEG and 1 kg of glycol at a temperature of 
165 o C for (70–100) is to determine the opti-
mal concentrations of petroleum ether.

A gas-adsorption chromatography meth-
od was used to determine the amount of wa-
ter in low concentrations in TEG.

Table 3 presents the results of atmospher-
ic distillation studies of water-TEG mixture in 
Dina-Stark device by adding different hydro-
carbon agents. Each study was conducted for 
1 hour at temperatures between 160–180 o C.

Table 3. Results of hydrocarbon mass calculation in hydrocarbon-water azeotrope mixture

Naming
Boiling tempera-
ture of hydrocar-

bon, °C

Boiling tempera-
ture of the mix-

ture, °C

Amount of remain-
ing moisture in 
TEG,% ma s s.

Without carbohy-
drates – 100–105 2.85
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Naming
Boiling tempera-
ture of hydrocar-

bon, °C

Boiling tempera-
ture of the mix-

ture, °C

Amount of remain-
ing moisture in 
TEG,% ma s s.

Petroleum ether 
i (40–70) 40–70 3 5–66 0.74

Cyclohexane 81.0 _ 70.0 _ 0.48
n – Heptane 98,2 _ 79.0 _ 0.14
Isooctane 99 79,1 _ 0.12
Petroleum ether 
i (70–100) 71–100 75–94 0.12

Toluene 112 85 0.51
n – Dean 175 98 1.11

As can be seen from Table 3, all hydrocar-
bons form azeotropic mixtures with water, 
and when heated, more moisture can be ex-
tracted from the glycol without the addition 
of solvents.

The minimum water content in TEG was 
obtained using isooctane and petroleum 
ether fraction 70–100. With the addition of 
these hydrocarbon solvents, residual concen-
trations as low as 0.1% by weight of water 
can be achieved by azeotropic rectification of 
TEG. Although toluene gives good results, it 
is not advisable to use this class of hydrocar-

bons as an azeotroping agent because TEG is 
highly soluble in aromatic hydrocarbons.

Based on the data in Table 3, it showed 
that hydrocarbons boiling at temperatures 
of 70 and 100 o C give positive results. Since 
petroleum ether is cheaper than individual 
hydrocarbons, its use in the glycol recovery 
process is the most economically feasible.

To determine alternative concentrations of 
petroleum ether (70–100) as an azeotroping 
agent, we conducted a series of driving experi-
ments with petroleum ether–water–TEG mix-
tures in a Dina–Stark laboratory setup. The re-
sults of experiments are presented in Table 4.

Table 4. Effect of different concentrations of petroleum ether 
on azeotropic driving of water-TEG solutions

TEG 
mass, g

Water 
mass, g

(70–100) 
mass of 

petroleum 
ether, g

Amount of petroleum 
ether The amount of water 

remaining in TEG af-
ter driving,% massSaturated 

TEG kg/kg
Water 
kg/kg

90 10 10 0.08 1.0 0.1 4
50 5 6 0.15 2.0 0.12
50 5 12 0.28 6.0 0.16
50 5 18 0.50 12.0 0.25

Table 4 shows that the addition of 0.08–
0.28 kg (70–100) of petroleum ether to sat-
urated glycol, 1 kg of absorbent, is 0.14– 
–0.16% by mass in the regenerated absor-
bent. ensures water retention.

It has been proved by the authors of a 
scientific study (Carroll, D., 2007) that it is 
possible to achieve a residual concentration 
of up to 2.8% by weight of water by simple 
distillation of a water-TEG mixture under 

laboratory conditions (Carroll, D., 2007). 
Results in a scientific study confirmed that 
the maximum limit of water evaporated 
from TEG that can be achieved by heating 
temperature and atmospheric distillation is 
a concentration in the range of 1.3–2.0% by 
weight of TEG.

We also conducted experiments on the 
simple distillation of water – TEG mixtures 
with the addition of nitrogen and petro-
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leum ether (70–100). The results obtained 
with distillation in the presence of nitrogen 
showed a residual water content of 0.79% by 
weight, and with nitrogen distillation and the 
addition of petroleum ether it was 70–100– 
– 0.56% by weight.

These obtained results proved the princi-
ple that the addition of inert gas in the driving 
has a positive effect on the TEG composition 
than driving water under normal atmospheric 
conditions. Nevertheless, the amount of re-
sidual water in the glycol remains higher 
than using azeotropes and without nitrogen 
addition. This can be explained by the fact 
that in normal distillation there is no con-
stant return of petroleum ether (cold water) 
to the flask. The circulation of the azeotropic 
solvent in the Dina-Stark laboratory appara-

tus is the same as in the rectification column. 
This provides multiple mass exchanges be-
tween the hydrocarbon and water-TEG mix-
ture and, accordingly, gives a low residual 
concentration of water in the mixture.

Thus, as a result of the conducted research, 
the following conclusions can be made: an 
alternative azeotrope-forming hydrocarbon 
solvent (70–100) that increases the depth of 
water desorption in TEG regeneration plants 
is petroleum ether. The use of this substance 
allows lowering the reboiler temperature in 
the desorption unit to 165–175 oC, and at the 
same time increases the evaporation of wa-
ter from the mixture to 0.1% by weight. This, 
in turn, enables the conversion of gas drying 
plants from DEG to TEG, resulting in signifi-
cant savings in operating costs.
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Astract
The chemical industry is one of the main consumers of natural gas. Natural gas is used in 

the chemical industry, on the one hand, as a source of energy, on the other hand, as a source of 
raw materials for a large number of chemical industries. The main part of natural gas is used as 
a source of raw materials, converted into synthesis gas, which includes carbon monoxide and 
dioxide, hydrogen, unreacted methane and a small amount of impurities contained in natural 
gas (nitrogen, argon, etc.).
Keywords: gas, gas chemistry, methanol, Fischer-Tropsch, synthesis gas, adsorption, ab-
sorption

Introduction
Currently, all natural hydrocarbon gases 

go through two stages of primary processing:
•	 preparation of gas for processing, in-

cluding their purification from me-
chanical impurities, from undesirable 
chemical compounds, primarily acidic, 
and drying. When cleaning gases from 
chemical impurities, various sorption 
(absorption, adsorption, chemisorp-
tion), catalytic (hydrogenation, hy-
drolysis, oxidation) and membrane 
cleaning methods are used. After the 
extraction of hydrogen sulfide, it is 
processed into elemental sulfur by the 
Claus method. Gas dehydration can 
be carried out by various methods: di-

rect cooling, absorption, adsorption or 
their combination;

•	 separation of gases, starting with 
the separation of suspended liquids 
by low-temperature separation, ex-
traction of liquid hydrocarbon com-
ponents by compression and oil 
absorption, as well as various low-tem-
perature methods (low-temperature 
absorption – LTA, low-temperature 
condensation – LTC, low-temperature 
rectification – LTR, low-temperature 
adsorption – LT-adsorption) leading 
to the production of unstable gas gaso-
line and reflux – raw materials for the 
production of liquefied gases and indi-
vidual hydrocarbons.
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The next stages of the physical processing 
of hydrocarbon gases are the separation of 
hydrocarbon gases into individual hydrocar-
bons and the separation of helium, mainly by 
cryogenic means, followed by concentration 
and liquefaction, as well as the stabilization 
of gas gasoline and gas condensate carried by 
gas from the well.

These processes make it possible to obtain 
commercial products that meet the necessary 
requirements. As a result of the primary pro-
cessing of natural hydrocarbon gases, com-
mercial gas, fuels (motor gasoline, diesel and 
boiler fuel), stable gas condensate, liquefied 
gas, gas sulfur, odorant, carbon black, heli-
um are obtained, individual hydrocarbons 
are isolated for further processing.

However, at present, the use of useful gas 
components in our country does not meet 
the potential of the resource base and does 
not correspond to world practice. Therefore, 
the concept of gas feedstock processing is 
fundamentally reviewed, taking into account 
possible directions for its chemical process-
ing, based on an analysis of the state of op-
eration and loading of existing capacities for 
processing gas resources and gas condensate 
feedstock in Russia.

Hydrocarbons released from gas are a 
valuable raw material for the production of 
various chemical products. Chemical pro-
cessing of natural gases makes it possible 
to obtain a wide range of valuable products: 
motor fuels, medical and agricultural prepa-
rations, polymeric materials, large-capacity 
products such as methanol, ammonia, acety-
lene, and halogen derivatives. In turn, dozens 
of chemical compounds are produced on the 
basis of ammonia, methanol, acetylene: urea, 
formaldehyde, urea-formaldehyde resins, 
high-octane gasoline components; methyl 
tert-butyl ether, melamine and resins based 
on it, nitrogen fertilizers.

Thus, the problem of complex chemical 
processing of natural gas, which provides for 
the qualified use of all its components, is very 
relevant.

The most important practical use of the 
chemical processing of natural gases has two 
directions (Konovalov, N. M., Voinov, N. A., 
Markov, V. A., Nikolaev, N. A., 1993):

1. Thermal and thermocatalytic transfor-
mations of natural gas components. These 

are the processes of pyrolysis and dehydro-
genation, leading to the formation of unsat-
urated hydrocarbons – acetylene, olefins, 
dienes, which are widely used for the produc-
tion of various macromolecular compounds 
and oxygen-containing products. A new pro-
cess being developed within this direction 
is the production of aromatic hydrocarbons 
from gas components С3 – С4.

2. Oxidative transformations of light hy-
drocarbons – components of natural gases, 
primarily the conversion of methane into syn-
thesis gas and the production of such import-
ant chemical products as methanol, formal-
dehyde, dimethyl ether, acetic acid and other 
carboxylic acids, aliphatic alcohols, synthetic 
hydrocarbons. This trend also includes a new 
process, the oxidative dimerization of meth-
ane to ethylene.

The development of new industrial tech-
nologies for thermal and thermal catalytic 
transformations of natural gas components 
was aimed at developing pyrolysis technolo-
gy in the presence of heterogeneous catalysts 
(catalytic pyrolysis) and initiating additives; 
creation of new types of pyrolysis – hydro-
pyrolysis, oxypyrolysis and pyrolysis in the 
melt of metals and their salts; electrocrack-
ing, plasma pyrolysis. Unfortunately, success 
in these areas has been achieved only on the 
scale of enlarged laboratory and pilot plants, 
but not on industrial scale.

Of great interest is the one-stage catalyt-
ic synthesis of aromatic hydrocarbons from 
C2 – C5 alkanes, components of natural gas. 
This way of obtaining aromatic compounds 
– valuable intermediates for the produc-
tion of polymers, synthetic fibers, dyes and 
pharmaceuticals – is an alternative to the 
process of catalytic reforming of petroleum 
fractions. Studies of the catalytic transfor-
mations of low molecular weight paraffinic 
hydrocarbons have been intensively carried 
out in recent years in many research centers 
both here and abroad. The work carried out 
under the direction of A. L. Lapidus revealed 
the most promising catalytic systems – zeo-
lites of the pentasil family (Konovalov, N. M., 
Voinov, N. A., Markov, V. A., Nikolaev, N. A. 
1993; Ershov A. I., 1975).

Oxidative transformations of lower par-
affinic hydrocarbons, taking into account 
the complexity and low selectivity of their 
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direct oxidation, are aimed at obtaining 
valuable chemical products based on syn-
thesis gas (a  mixture of carbon monoxide 
and hydrogen in various proportions) ob-
tained by methane conversion.

Syngas production
The main modern methods for producing 

synthesis gas from methane are as follows 
(Konovalov, N.M., Voinov, N.A., Markov, 
V.A., Nikolaev, N. A. 1993):

1. Steam conversion:

CH4  +  H2O         CO  +  3H2,  ∆H = + 226 кДж/моль;
2. Carbon dioxide conversion:

CH4  +  H2O          2CO  +  2H2,  ∆H = + 264 кДж/моль;

3. Partial oxidation:

CH4  +  1/2O2          CO  +  2H2,  ∆H =     44 кДж/моль;

A new direction is the combination of en-
dothermic processes (1 and 2) with the exo-
thermic reaction of methane oxidation.

The most promising technologies for 
the production of synthesis gas are current-
ly considered the so-called Tandem process 
– a two-stage steam-oxygen conversion of 
natural gas in two tubular reactors, and for 
large-capacity production – autothermal re-
forming (ATR) in the reactor, in which the 
partial combustion of the feedstock is accom-
panied by thermal and catalytic steam reform-
ing of the feedstock. The latter process makes 
it possible to optimize the composition of the 
synthesis gas, taking into account its further 
processing into liquid hydrocarbons, meth-
anol or dimethyl ether. Membrane methods 
for controlling the CO: H ratio in synthesis 
gas using polymeric membranes selectively 
permeable to hydrogen have been developed 
and are being implemented.

In Russia, NPO “Energomash” them. 
V. P. Glushko in collaboration with the Insti-
tute of Chemical Science of the Russian Acad-
emy of Sciences and NIFKhI im. L. Ya. Karpov 
developed a technology for producing synthe-
sis gas using liquid-propellant rocket engines. 
This process requires the use of commercially 
pure oxygen and elevated pressure, but allows 
for high productivity, smaller reactor dimen-
sions, its mass, metal consumption, and cap-
ital intensity compared to other technologies 
for producing synthesis gas. INHS RAS and 

ICT RAS proposed a process for obtaining 
synthesis gas from methane in a diesel engine. 
A set of studies on the conversion of methane 
to syngas in plasma and stationary microwave 
discharge has been carried out at the RRC 
“Kurchatov Institute” (Ershov, A. I. 1975).

Tropsch process
The process of obtaining hydrocarbons 

based on carbon monoxide and hydrogen on 
iron and cobalt catalysts was developed long 
before the era of the appearance of cheap 
oil – in 1923 – by Fischer and Tropsch. The 
first industrial plants were commissioned in 
Germany. With the advent of cheap oil on the 
world market, the production of artificial fuel 
was almost universally discontinued. Recent-
ly, interest in this process has increased in 
many countries, including Russia.

The main direction of the process can 
be represented by a diagram (Klein, H., 
Schmidt, P., 1971):

CO  +  H2          CnH2n+2  +  CnH2n  +  H2O
Very important factors for the develop-

ment of this process are the increase in the 
productivity of LCL synthesis units, the selec-
tivity of the process for liquid hydrocarbons, 
as well as an increase in the octane number 
of gasoline and cetane – diesel fractions. For 
this process, an increase in the productivity 
of plants is primarily associated with an in-
crease in the activity of catalysts and an im-
provement in heat removal. Scientists from 
the Institute of Chemical Physics of the Rus-
sian Academy of Sciences and the Depart-
ment of Gas Chemistry of the Russian State 
University of Oil and Gas are successfully de-
veloping new efficient catalysts for this pro-
cess under the guidance of Corresponding 
Member. RAS A. L. Lapidus.

Production of methanol and 
chemical products based on it

Methanol is a valuable large-capacity 
product that is widely used in various in-
dustries. The volume of methanol consump-
tion in the world is continuously increasing. 
At present, its world production exceeds 40 
million tons/year. Almost the only industri-
al method for the production of methanol at 
present is to obtain it from synthesis gas by 
the reaction:
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CO  +  2H2          CH3OH
The synthesis of methanol is a well-estab-

lished process in industry, however, in the 
late 1970s, new prospects for improving the 
technology opened up when copper-contain-
ing catalysts were developed that were effec-
tive at low pressure. As a result, methanol 
synthesis is currently carried out at pressures 
of 50–100 atm in almost all industries.

Methanol consumers are the produc-
tion of formaldehyde, monomers (for ex-
ample, methyl methacrylate and dimethyl 
terephthalate), methyl tertiary butyl ether 
(MTBE), dimethyl ether (DME), acetic acid. 
Methanol is widely used as a solvent and ex-
tractant, and a process has been developed 
to produce gasoline from methanol. Pilot 
work is being carried out on the processing 
of methanol into olefins, the oligomerization 
and hydrogenation of which make it possible 
to organize the production of motor fuels.

A new direction in the production of form-
aldehyde instead of the industrial process of 
oxidative conversion of methanol is the one 
developed by Mitsubishi Gas methanol dehy-
drogenation process on a copper-zinc- seleni-
um catalyst at 600 °C (Melnikov, E.P., 1975):

CH3OH         H2CO  +  H2
The process of methanol dehydrogena-

tion has not yet been implemented in indus-
try, but it is very promising, as it makes it pos-
sible to obtain water-free formaldehyde and 
hydrogen. In addition, the methanol-formal-
dehyde mixture formed in the process can be 
processed without separation. Therefore, sci-
entific research is currently being intensively 
conducted to find effective catalytic systems 
for this process.

DME, considered as a promising envi-
ronmentally friendly diesel fuel, is obtained 
in three stages: the production of synthesis 
gas from natural gas, then methanol, and at 
the third stage, dimethyl ether is obtained by 
dehydration of methanol. Such a three-stage 
process is complicated and expensive, but the 
fundamental possibility of obtaining DME 
from synthesis gas in one stage under mild 
conditions and with high ether selectivity has 
been shown. DME is a promising raw mate-
rial for the production of hydrogen-contain-
ing gas to power fuel cells (FCs). Currently, 

the object of intensive research is the study 
of catalytic methods for producing hydrogen 
from DME for its production and use directly 
in car engines.

Obtaining methyl tertiary 
butyl ether (MTBE)

An important place among the new meth-
anol processing processes implemented in 
the industry is occupied by the production of 
methyl tertiary butyl ether (MTBE). It is used 
as a high-octane component of motor fuels. 
MTBE is produced from methanol and isobu-
tylene by the reaction

CH3OH  +  C

CH3

CH2

CH3 CH3 O C

CH3

CH3

CH3

Given the limited resources of isobu-
tylene, a process has also been developed 
for the production of methyltretamyl ether 
(MTAE) from isoamylenes and methanol. 
The octane number of MTAE is 6 points low-
er than that of MTBE, but the involvement 
of isoamylenes makes it possible to expand 
the production of high-octane gasoline com-
ponents.

Oxidative dimerization 
of methane (ODM)

This direction makes it possible to carry 
out the chemical processing of natural gas 
with the formation of ethylene and ethane, 
bypassing the stage of obtaining synthesis 
gas. The main ODM reactions leading to the 
formation of target products are the follow-
ing (Isakov, V. P., Sugak, E. V., 1982):

4CH4  +  O2           2CH3-CH3  +  2H2O
2CH4  +  O              CH2=CH2  +  2H2O
  CH3-CH3           CH2=CH2  +  H2

The course of the reaction is complicated 
by a significant non-selective consumption 
of methane for the formation of carbon ox-
ides. Therefore, an important scientific and 
practical task facing researchers is the devel-
opment of new affordable, stable catalysts 
that provide high selectivity for ethane and 
ethylene at a sufficiently high methane con-
version. Efficient catalytic systems for this 
process are being successfully developed at 
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VNIIOS (V. A. Menshov), at the Institute of 
Organic Chemistry of the Russian Academy 
of Sciences (N. Ya. Usachev), and at the Rus-
sian State University of Oil and Gas (A. G. De-
dov, A. S. Loktev).

Of great interest is also the processing of 
lower unsaturated hydrocarbons obtained 
by pyrolysis or dehydrogenation of natural 
gas hydrocarbons into polymeric materials: 
polyolefins and plastics based on them, syn-
thetic rubbers.

We focused only on the development of 
gas-chemical industrial technologies for the 
processing of hydrocarbon components of 
natural gases; in recent years, much has been 

done to develop rational technologies for the 
processing of hydrogen sulfide, mercaptans, 
carbon dioxide, and the use of helium.

Already now, a number of gas process-
ing plants are considering promising areas 
for the chemical processing of gas and gas 
condensate raw materials to obtain valuable 
products.

The development of gas chemical produc-
tion facilities makes it possible to obtain a vari-
ety of chemical products that are widely used in 
a number of industries: mechanical engineer-
ing and automotive, construction, electronics, 
as well as medicine, agricultural complexes, 
and the production of household goods.
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Abstract
Solar energy can be effectively used in the construction of power supply systems for cathodic 

protection installations. A properly designed photovoltaic system will avoid costly expansion of 
the electrical grid, or the use of hydrocarbon-fueled generators, which have high maintenance 
costs due to the need for maintenance and refueling. The article discusses the characteristics of 
photoelectric converters as power sources for cathodic protection stations, and proposes and 
analyzes options for circuit implementation.
Keywords: cathode potential, photovoltaic modules, reducing power converter, point max-
imum power, charge-discharge controller

Introduction
The formation of defects in the insulating 

coating of a metal pipeline and exposure of the 
pipe metal is protected against corrosion by an 
electrochemical protection system (ECP). This 
type of protection is called active. The essence 
of ECP protection is the artificial polarization 
of the pipeline (cathode) in such a way that its 
potential shifts to the negative side. As a result 
of a shift in the cathode potential to the neg-
ative side, the work of the corrosion couple 
stops. But it is necessary to take into account 
that this can only happen with a potential with-
in certain limits and an appropriate strength 
of the protective current. Protective polariza-
tion of the cathode can be achieved by apply-
ing a protective potential from a direct current 

source or by using materials whose intrinsic 
potential is more negative than the cathode 
material as an additional anode.

Research method
The implementation of cathodic protec-

tion in areas remote from centralized power 
supply networks causes great difficulties due 
to the fact that its implementation requires 
the construction of power lines along the 
pipeline route.

During development conversion equip-
ment based on power electronics, designing 
distributed generation facilities, creating and 
operation of power plants, operating on the 
basis of solar energy, it is necessary to take 
into account the existing general require-
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ments for objects generation and interna-
tional standards and rules taking into ac-
count the specifics functioning of distributed 
energy sources in power systems.

Depending on the type and scale of the 
distributed generation (DG) project, their 
conversion parts are divided into:

–  autonomous (off-grid) installations 
with a power of up to hundreds of kilowatts, 
supplying single- or three-phase loads at re-
mote sites in the absence of external power 
grids, including photovoltaic modules and a 
storage battery;

–  grid-tie installations from units of kilo-
watts and power plants to hundreds of mega-

watts, and providing synchronous power de-
livery to distribution power grid, control of 
mode parameters, integration of renewable 
energy generating facilities and their moni-
toring, protection and management systems 
into the energy system;

–  hybrid installations that combine the 
capabilities of the first two types and ensure 
parallel operation of several different types 
of sources of comparable power (SPP, WPP, 
micro-HPP, diesel generators and energy 
storage systems (ESS). Block diagram of an 
autonomous solar power plant is shown in 
Fig. 1.

Figure 1. Block diagram of an autonomous solar power plant

At remote sites or in isolated energy ar-
eas, the greatest interest is in autonomous 
hybrid installations (microgrid), including 
photovoltaic modules, wind turbines and 
backup diesel generators, which together 
provide reliable round-the-clock power sup-
ply to consumers, minimal fuel consumption 
(savings up to 90% compared to convention-
al diesel generator sets) and efficient use of 
battery life (charge/discharge cycles) and 
diesel generator sets.

Autonomous solar power plants (SPP) in-
clude:

–  energy source — a group of low-power 
solar panels;

–  MPPT controller (DC-DC converter), 
which controls the operating mode of the 
source to select its power at the maximum 
point (Maximum Power Point Tracking), 
providing a normalized output voltage;

–  matching charger for storage batteries 
with voltage DC12/24/48 V (domestic and 
small commercial installations) or 96 V and 
higher (industrial installations);

–  a group of series-parallel connected 
storage batteries of the required voltage and 
capacity;

–  an autonomous inverter that converts 
the battery voltage together with the isola-
tion transformer to a standard level to power 
the AC load.

Results analysis
As part of photovoltaic power plants, they 

are assembled into serial chains or, if neces-
sary, in parallel, several strings with a maxi-
mum voltage of DC24–250 V (domestic in-
stallations) or 600/1000/1500 V (industrial), 
which are connected to the input of the MPPT 
controller. The number of PV modules in the 

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, No 1 – 2

ANALYSIS OF CATHODIC PROTECTION STATION WITH THE FUNCTION OF SEARCHING70

Section 6. Technical science in general

chain is limited by the open circuit voltage 
(Voc) under conditions of a combination of 
maximum instantaneous insolation and mini-
mum temperatures in the area where the solar 
power plant is located, taking into account the 
negative temperature coefficients characteris-
tic of PV modules (on average –0.45%/°C in 
power and –0.35%/°C at open circuit voltage.

In order to increase the efficiency of the 
cathodic protection (CP) station, in a photo-
voltaic power supply system it is necessary 
to monitor the maximum power point of the 
photovoltaic module. The principle of con-
struction and operation of the cathodic pro-
tection (CP) station, which ensures the selec-
tion of maximum power, is illustrated by the 
diagram in Fig. 2.

Figure 2. Installation diagram of cathodic protection with the func-
tion of tracking the maximum power point of solar panels

The power section of the circuit, in addi-
tion to the PV module, includes a reducing 
power converter, a cathode current regula-
tor, and a battery with a charge-discharge 
controller.

The reducing power converter is made ac-
cording to the circuit shown in Fig. 3. The VT 
power switch is controlled through the driver 
by a signal that comes from a microcontrol-
ler with a search function for the maximum 
power point.

Figure 3. Reducing power converter circuit voltage

The clock frequency f0 of the pulse con-
verter depends on the dynamic properties of 
the power switches on which the converter is 
made.

Voltage Ud1 is supplied from the output 
PV module. Adjustment of output voltage Ud2 
and change in equivalent resistance load for 

the solar panel occurs due to the Pulse Width 
Modulation (PWM).

Average voltage Ud2 at output of the pulse 
converter depends on the input voltage Ud1 
and parameter D, which is equal to pulse du-
ration ratio voltage at the pulse output con-
verter to cycle duration T0, i. e.
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Thus, the adjustment pulse characteristic 
DC/DC converter can be represented in the 
following form:

	 U D Ud d2 1� � �� · � (2)
For a converter made according to dia-

gram in Fig. 3, adjustment characteristic has 
the form:

	 U D Ud d2 1= · � (3)
Information from voltage sensors VS and 

the CS current of the solar panel is supplied 
to microcontroller that implements PWM 
signal D controlling reducing power convert-
er At every stroke of work power P U Ik k k= ·  is 
calculated, selected from the PV module. 
Then it is produced comparison of the ob-
tained Pk value with the value of Pk‑1 at the 
previous cycle. In addition, the signal is com-
pared control Dk at a given control cycle with 
signal Dk‑1 at the previous step. Depending on 

the signs received differences are adjusted 
control signal to high or the smaller side with 
a given discreteness ∆Dk‑1. Thus, on every cy-
cle of system operation the maximum point 
is searched for power taken from the PV 
module.

Simultaneously with searching for a 
point maximum power in the system power 
supply, the condition of the battery is mon-
itored. When the battery is full charged, the 
controller disconnects it from solar panel, 
thereby preventing overcharging and pre-
mature failure.

Voltage Ud2 is supplied to the cathode cur-
rent regulator. The battery is also connected 
to pulse converter output voltage through the 
charge-discharge controller.

The cathode current regulator is designed 
as pulse buck-boost converter according to 
the diagram presented in Fig. 4. A feature of 
the circuit is that it allows, through PWM, 
not only to regulate the output voltage Ud3, 
but also to invert its polarity.

Figure 4. Cathode current regulator circuit

The control characteristic (2) for this con-
verter has the form:

	 U
D

D
Ud 3 21

�
�

· � (4)

From expression (4) it follows that when 
D = 0,5 the output voltage is equal to the in-
put voltage, but has the opposite polarity.

If D < 0.5, then the output voltage is value 
less than the input voltage. And, conversely, 
when D > 0.5, the output voltage greater than 
the input voltage converter Thus, by chang-
ing parameter D of the cathode current reg-
ulator, can provide the specified value poten-
tial on the protected pipeline.

Discussions
Each cathodic protection station, de-

pending on the corrosive properties of the 
soil, the quality of insulation, and the power 
of the station itself, can protect the pipeline 
over a section of a certain length. Within this 
length, the protective potential created by 
the cathodic protection station ensures the 
absence of electrochemical corrosion on the 
cathode (pipeline). At the same time, the an-
ode (grounding) is intensively destroyed due 
to the activation of the anodic process. The 
highest value of the potential difference with-
in the length of the section is usually record-
ed opposite the anode, i. e. grounding.
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Conclusion
This article analyzes the composition of 

the power part of the circuit of a cathodic 
protection station with power supply from 
renewable energy sources and, in particular, 

from solar panels. We have proven that by 
changing parameter D of the cathode current 
regulator, can provide the specified value po-
tential on the protected pipeline.

References

Mishra, P. R., Joshi, J. C., Roy, B. “Design of a solar photovoltaic-powered mini cathodic pro-
tection system”, Solar Energy Materials & Solar Cells — 61. 2000. — P. 383–391.

Wagdy, R., Anis, Hany A. Alfons. “Photovoltaic-powered regulated cathodic-protection sys-
tem”, Journal of Power Sources, — 50. 1994. — P. 27–32.

Mishra, P. R., Joshi, J. C., Roy, B. “Design of a solar photovoltaic-powered mini cathodic pro-
tection system, Solar Energy Materials and Solar Cells. 2000. — Vol. 61. — Is. 4. — P. 383–
391. DOI: 10.1016/S0927–0248(99)00121-X.

Tian, T., Xiao, S. “Electrochemical Anti-corrosion System of Iron Tower Based on Solar Power 
Supply”, MATEC Web of Conferences. — EDP Sciences, 2018. — Vol. 160. — P. 03006. DOI: 
10.1051/matec- conf/201816003006.

Chew, W. S. “Solar Power as an Alternative to Applied Current in a Cathodic Protection Sys-
tem. Graduate work”. Department of Civil Engineering, UTM, Johor, — Malaysia. 2005.

U. S. Department of the Interior Bureau of Reclamation, “Corrosion and Cathodic Protection”, 
Denver, Colorado, www.usbr.gov, 2013.

Ezz Eldin Balla Mohamed Hussein. “System Identification and Adaptive Self-tuning Control 
for Impressed Current Cathodic Protection System”. University Teknologi — Malaysia, 
Jan. 2013.

submitted 12.02.2024;
accepted for publication 28.02.2024;
published 18.03.2024
© Ergashev S. F., Khudoyorov Kh. D.
Contact: hayotbek_exp@mail.ru

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, No 1 – 2

ISSN 2310-5607

ANALYSIS OF CALCULATING THE POSITION OF THE SUN OVER CITIES OF THE REPUBLIC73

ppublishing.org

The Austrian Journal of Technical 
and Natural Sciences, No 1 – 2

DOI:10.29013/AJT-24-1.2-73-78�

ANALYSIS OF CALCULATING THE POSITION OF THE SUN 
OVER CITIES OF THE REPUBLIC OF UZBEKISTAN

Ergashev Sirojiddin Fayazovich 1, Oshepkova Elvira Axtemovna 1

1 Fergana polytechnic institute, Uzbekistan

Cite: Ergashev S. F., Oshepkova E. A. (2024). Analysis of Calculating the Position of the Sun 
Over Cities of the Republic of Uzbekistan. Austrian Journal of Technical and Natural Sciences 
2023, No 11-12. https://doi.org/10.29013/AJT-24-1.2-73-78

Abstract
An effective wаy to increаse the productivity of photovoltаic instаllаtions is to use solаr 

trаcking systems. The pronounced dependence of the аmount of solаr rаdiаtion entering the 
receiving surfаce of solаr pаnels on the geogrаphicаl locаtion of the power plаnt cаuses sig-
nificаnt differences in the chаrаcteristics of solаr rаdiаtion for different regions of Uzbekistаn. 
The smаller the аngle of the Sun’s position аbove the horizon, the greаter the pаth of solаr 
rаdiаtion through the Eаrth’s аtmosphere, therefore, the loss of intensity of solаr rаdiаtion in 
the аtmosphere increаses. Considering the аbove, this аrticle is аimed аt determining the po-
sition of the sun over the cities of the Republic of Uzbekistаn locаted in different coordinаtes 
to justify the provision of photovoltаic instаllаtions with а trаcking system.
Keywords: Solar declination, geographical locations, azimuthal and altitude angles, optimal 
positioning

Introduction
Of all the known renewable energy sourc-

es, one of the most popular and dynamically 
developing at present is photovoltaic tech-
nologies, the advantages of which include a 
long service life of the main energy compo-
nents, minimal operating costs, and the abil-
ity to assemble solar installations that gener-
ate power as close as possible to the objects 
of electrical consumption (Ergashev, S. F., 
Tokhirov, M. K., Oshchepkova, E. A., 2021; 
Reda, I. and Andreas, A., 2004).

However, despite the obvious advantag-
es, the limiting factors for the introduction of 
photovoltaic stations remain the high cost of 
purchased equipment and the low efficiency 

of energy conversion. The use of a solar track-
ing system makes it possible to achieve an 
increase in the productivity of photovoltaic 
installations on average from 15 to 60%, de-
pending on the type of tracker, the geograph-
ical location of the solar power plant and the 
time of year (Mousazadeh, H., Keyhani, A., 
Javadi, A., Mobli, H., Abrinia, K. and Shari-
fi, A. 2009; Sаheli, R., 2012).

It is necessary to conduct a full analysis 
of the technical characteristics of the tracking 
system in the design of a photovoltaic station 
in accordance with the operating conditions: 
the range of movement of photovoltaic mod-
ules in azimuthal and altitude angles, the 
method and algorithm used for tracking the 
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position of the Sun and the maximum wind 
speed, etc.

Research method
One of the most important technical char-

acteristics of solar photovoltaic power plants 
is the operating ranges of movement of the 
solar tracker in the azimuth and altitude an-
gles of the sun, which should cover the max-
imum possible angle values in the planned 
location of the photovoltaic installations.

Fig. 1 shows the Earth with its axis around 
which it rotates every 24 hours. The Earth’s 
axis is perpendicular to the Earth’s equatori-
al plane. The Earth’s surface is characterized 
by two main quantities: geographic latitude 
φ – the angle formed by a plumb line pass-
ing through a given point on the Earth’s sur-
face and the plane of the equator; geographic 
longitude ψ – the dihedral angle between the 
planes of the prime meridian and the merid-
ian of a given point (Mаhmood, O. T., 2013).

Figure 1. Movement of the Earth around its axis in space: δ – declination of the Sun, 
N – north pole, S – south pole, φ – geographic latitude, ψ – geographic longitude

The angle between the sun’s rays and the 
Earth’s equatorial plane is the declination of 
the sun δ and is a measure of seasonal chang-
es. Solar declination changes throughout the 

year due to the tilt of the Earth’s axis. On the 
day of the summer solstice, the Sun reaches its 
greatest positive declination, that is, it is locat-
ed north of the celestial equator.

Figure 2. Diagram showing: θ  – Solar Zenith Angle, 
h – Solar Altitude Angle, Az – Solar Azimuth angle
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On the contrary, on the day of the winter 
solstice, the Sun reaches its greatest negative 
declination, being located south of the celes-
tial equator (Frаncisco, D., Pedro, D.G., Luis, 
C.G., 2010; Nаyаk, S.R. аnd Prаdhаn, C.R., 
2012). On the days of the spring and autumn 
equinoxes, the declination of the Sun is zero, 
since the Sun is at the celestial equator. The 
declination of the Sun can be calculated using 
equation of Cooper:

� � �� ��
��

�
��

23 45
360
365

284. · sin ,N  degrees,� (1)

where N is the number of the calendar day 
from the beginning of the year.

Solar Zenith Angle is determined by the 
formula:
� � � � � �� � � � � � � � � � � �� �arccos sin * sin cos * cos * cos ,  
degrees,� (2)
where φ – is the latitude of the area at the 
installation point of photovoltaic modules; 
δ – is the declination angle of the Sun, ω – 
Hour Angle, the difference between noon and 
the current time of day in terms of a 360° ro-
tation in 24 hours.

The altitude angle of the Sun above the 
horizon h is determined by the expression:

	 h � �90 � � (3)
The azimuthal position angle of the Sun 

Az is found from the equation:

Az h� � � � � � �� � � �� �180 arcsin( sin * cos / cos ,� � (4)

Results analysis
We compared the azimuthal and altitude 

angles of the sun hourly on the day of the 
summer solstice in four cities of Uzbekistan: 
Muynak (43.7683 N59.0214 E), Uchkuduk 
(42,1535 N63.5617 E), Termez (37.2242 
N67.2783 E), Fergana (40.3842 N71.7843 
E). The results are shown in the Table 1 and 
Figure 3. Cities were selected from extremely 
different geographical locations to compare 
the solar trajectory at different longitudes 
and latitudes. It is clear from the diagrams 
that in the middle northern latitudes the val-
ue of the sun’s altitude angle during daylight 
hours varies within relatively large limits, es-
pecially in the summer months of the year, in 
particular the considered day of the summer 
solstice. Accordingly, for optimal positioning 
of the surfaces of photovoltaic modules on 
the Sun, it is necessary to change their incli-
nation in a fairly wide range of angles. The 
city of Muynak has the lowest values of the 
solar trajectory for altitude and azimuth an-
gles. Slightly higher on the graph is the solar 
trajectory of the cities of Uchkuduk, Termez 
and Fergana.

Table 1. Azimuthal and altitude angles of the sun by hour in the cities of Uzbekistan

Time 
of day 

(hours) 
June 21

Muynak Uchkuduk Termez Fergana
43.7683 deg N. 
59.0214 deg E.

42.1535 deg N. 
63.5617 deg E.

37.2242 deg N. 
67.2783 deg E.

40.3842 deg N. 
71.7843 deg E.

Sun altitude angle above the horizon, h (degrees)
6:00 5.0311 7.2821 7.8568 12.2957
9:00 36.291 39.671 42.7192 45.9853

12:00 65.5869 68.8256 74.523 72.7719
15:00 58.9997 56.8076 55.649 51.5067
18:00 27.5739 24.0443 20.1742 17.6253
20:00 6.8968 3.2048 –1.7533 –2.9758

Azimuthal angle of the sun. Az (degrees)
6:00 62.0258 64.8351 66.4574 69.57
9:00 91.1491 93.0807 91.2371 97.4024

12:00 141.0561 148.3904 150.6667 168.5139
15:00 238.3457 246.1865 256.92 256.6642
18:00 276.9574 280.5793 284.6564 286.1198
20:00 296.0349 299.1208 301.5326 304.5468
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Figure 3. Diagram of azimuthal and altitude angles of the sun in the cities of Uzbekistan 
(a) and Diagram of the altitude angle of the sun by hour in the cities of Uzbekistan (b)

Table 2 and Figure 4 compare the azi-
muthal and altitude angles of the sun hourly 
in cities of Uzbekistan with similar latitudes. 
Obviously, the value of the altitude angle dif-
fers between cities mainly by hour. The city 
of Namangan is located in the east of Uzbeki-
stan, which causes a significant increase in 
its value before noon in comparison with the 

Kungrad region, located in the west of Uz-
bekistan, and at the same time, a decrease in 
the afternoon as sunset approaches. At noon 
we record the greatest difference in degrees 
of the azimuthal angle in the cities of Uz-
bekistan, which amounts to a maximum dif-
ference of 36 degrees between the Kungrad 
region and Namangan.

Table 2. Azimuthal and altitude angles of the sun by hour in cit-
ies of Uzbekistan with similar latitudes

Time 
of day 

(hours) 
June 21

Kungrad d-ct Urgench Chirchik Namangan

41.6203 deg N. 
56.4280 deg E.

41.5345 deg N. 
60.6248 deg E.

41.4689 deg N. 
69.5822 deg E.

40.9983 deg N. 
71.6726 deg E.

Sun altitude angle above the horizon, h (degrees)

6:00 2.3255 5.0453 11.1306 12.4304

9:00 34.3664 37.504 44.1998 45.8193

12:00 65.8584 68.0654 71.3094 72.1533

15:00 61.7518 59.0515 52.8331 51.4429

18:00 29.2162 26.0943 19.5163 17.8759

20:00 7.7009 4.8407 –0.9899 –2.5581

Azimuthal angle of the sun, Az (degrees)

6:00 60.235 62.9196 68.4608 69.6298

9:00 87.8791 90.5719 96.8325 97.9459

12:00 132.9547 141.0027 162.9209 168.5645

15:00 238.0294 243.641 253.3173 255.8169

18:00 276.4721 279.0798 284.473 285.8655

20:00 294.6291 297.2724 303.1031 304.4961
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Figure 4. Diagram of the azimuthal and altitude angles of the sun for cit-
ies of Uzbekistan with similar latitudes (a) and Diagram of the altitude an-

gle of the sun by hour for cities of Uzbekistan with similar latitudes (b)

 

Table 3 presents the values of the az-
imuthal and altitude angles of the sun on 
characteristic days of the summer and winter 
solstices in Fergana. Figure 5 shows the solar 
altitude angle charts and the maximum and 

minimum azimuthal angle ranges on June 
21 and December 21 for use in the control 
algorithm of a dual-axis continuous tracking 
system.

Table 3. Azimuthal and altitude angles of the sun on the days 
of the summer and winter solstice in Fergana city

Fergana city, 40.3842 deg N. 71.7843 deg E.

Time 
of day 

(hours)

Sun altitude angle above the 
horizon, h (degrees)

Azimuthal angle of the sun, Az 
(degrees)

June 21 December 21 June 21 December 21

6:00 12.2957 –16.9246 69.57 106.6784

9:00 45.9853 12.2475 97.4024 135.9718

11:00 66.8898 24.0682 131.5131 162.1458

12:00 72.7719 26.1251 168.5139 177.1689

13:00 70.5619 25.1698 212.7376 192.3951

15:00 51.5067 15.0636 256.6642 219.6725

17:00 28.7987 –2.5287 277.3699 240.9784

20:00 –2.9758 –35.2425 304.5468 267.7988

From the graphical dependencies pre-
sented in Fig. 5, it is clearly seen that at noon 
on June 21, the value of the altitude angle 
reaches a maximum value of 72.77°, while on 
December 21, the value of the altitude angle 
reaches a maximum value of 26.12°. The dif-
ference in degrees is 46.65.

On the day of the winter solstice, the du-
ration of daylight at a latitude of 40.3842° is 
9 hours at a maximum solar altitude angle 
of 26.1768°, while on the day of the summer 

solstice the duration of daylight is more than 
14 hours at a maximum solar altitude angle 
of 73.0439°. This proves the effectiveness of 
the use of tracking systems.

Discussions. A comparative analysis of 
the azimuthal and altitude angles is provid-
ed for cities in Uzbekistan located in radi-
cally different geographical coordinates, as 
well as in approximately the same northern 
latitudes, but at different eastern longitudes. 
In addition, a comparative characteristic of 
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the angle parameters and an assessment of 
the effectiveness of the use of solar tracking 
systems for a photovoltaic station for the 

city of Fergana on the most characteristic 
days of the winter and summer solstice were 
carried out.

Figure 5. Diagram of the azimuthal and altitude angles of the sun on the days of 
the summer and winter solstice in Fergana (a) and Diagram of the altitude angle 
of the sun by hour on the days of the summer and winter solstice in Fergana (b)

 

Conclusion. Carrying out an analysis of 
the change in the azimuthal angle on char-
acteristic days of the year, we can conclude 
that the smallest difference is at noon and is 
8.66°, but reaches a maximum in the hours 
of the day close to dawn and sunset and is 

37.11° and 36.75° respectively. A dual-axis 
solar tracker allows to capture a wide range 
of angles of solar rays, which will provide a 
significant increase in the values of direct so-
lar radiation arriving at the surface of photo-
voltaic modules.
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Аbstract
The article is devoted to the study of the technology for extracting dyes from amaranth 

flowers of the Amaranthus tricolor variety. The chemical composition of 2 varieties of amaranth 
was analyzed. The physicochemical parameters of the coloring matter were studied.
Keywords: amaranth flowers, chemical composition, coloring matter, extraction, concen-
tration, toxicological properties, organoleptic and physico-chemical indicators

Introduction
The search for alternative ways to increase 

nutritional status, health levels, life expectancy, 
reduce morbidity among the population and 
mobilize the protective forces of the human 
body in a comprehensive solution to the prob-
lem of preserving the gene pool is relevant.

Due to the downward trend in the stan-
dard of living of the population in a number 
of countries, as well as a significant shortage 
of protein foods, there has been a need to 
develop and create, based on modern tech-
nologies, qualitatively new plant-based food 
products. Which would differ not only in 
their nutritional properties and storage sta-
bility, but also in their accessibility to all seg-
ments of the population.

A priority direction of science is also the 
improvement of technology for enriching 

food products with macro and micro nutri-
ents obtained through complex processing 
and production of products from non-tradi-
tional sources of raw materials.

Literature Review
Finding new plant sources of food pro-

tein, biologically active additives, as well as 
developing technology for their processing to 
obtain products of increased biological and 
nutritional value with a functional focus is 
one of the urgent tasks of the baking industry.

Many experts consider amaranth to be 
one of the most promising plants for univer-
sal purposes. This plant is native to South 
America. Its unique properties have been 
confirmed by modern researchers. Amaranth 
is intensively cultivated in the mountainous 
regions of Nepal, India, Mexico and Peru. 
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Recently, amaranth plantations have in-
creased in China, Africa, the USA, and Can-
ada. In these countries, both amaranth grain 
and its leaf mass are used.

Amaranth is superior to traditional crops 
in terms of nutrient content, especially pro-
tein and fat (Zelenkov, V. N., 2000). In Rus-
sia, over 150,000 people are employed under 
amaranth, but they use it mainly for feed 
needs. For a comprehensive study of ama-
ranth, research centers have been organized 
in the USA, Mexico and a number of other 
Latin American countries, where attention 
is paid to selection and genetic work and the 
collection of hormone plasma from local spe-
cies and species introduced from other re-
gions. More than 1,000 forks have been col-
lected at the Rodhals Research Center (USA) 
alone. Using modern selection methods, new 
varieties of amaranth have been created in 
the USA, Ecuador, Argentina, and Mexico. 

Five species of amaranth are believed to be 
of American origin. Another type of ama-
ranth of Asian origin is cultivated in America 
(Kononkov, P. F., 1997).

In our country, the need to use ama-
ranth in agriculture as a new food and si-
lage crop in the program for the use of 
world plant resources was pointed out by 
Academician N. I. Vavilov back in 1932. 
However, research work with amaranth 
and other new crops, begun on his initia-
tive, was stopped after his death. And only 
in recent years have amaranth been inten-
sively introduced into agriculture in neigh-
boring countries.

The chemical composition of useful sub-
stances in amaranth is given in Table 1. 
(Saidhodzhaeva, D. O., CHoriev, A. ZH. 2023; 
Saidkhodzhaeva, D., Choriyev, A., Akramo-
va, R., Yulchiev, A., Tukhtaev, Sh. 2023; Said-
khodzhaeva, D., Choriyev, A. 2022).

Table 1. Chemical composition of useful substances in amaranth, g/100g
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Name Proteins, g Carbohydrates, g Fats, g Cellulose, g Calorie 
content, kkal

Amaranth 14 70 7 7 370

From this table 1, we can say that the 
amount of carbohydrates is the most, which 
is 79 g/100g.

Methods
The assessment of the chemical compo-

sition of dyes was carried out using physical 
and chemical methods.

Results And Discussion
Natural dyes (NDCs) are complex organic 

compounds produced by living organisms and 
color various cells and tissues of animals and 
plants. Most PVCs have significant physiologi-
cal and antibiotic activity. They are often used 
as medicinal products. The increase in allergic 
and cancer diseases caused by environmental 
pollution has led to the need to expand the 
production of harmless natural food dyes.

The production of natural dyes currently 
does not meet the needs of the market, either 
in quantity or range. This problem is solved 
partly through synthetic dyes. Therefore, im-
proving the existing technology of natural 
dyes is an important task of our time.

Food dyes are subject to strict require-
ments in terms of their harmlessness, lack 
of interaction with components of food for-
mulations, color strength, high degree of col-
oring at low concentrations of dye, ability to 
dissolve in water or fat, as well as uniform 
distribution in the mass of food products, ab-
sence of foreign tastes and smells.

Over 2000 different plants containing 
dyes are known, but only a few of them have 
found practical use, mostly belonging to the 
legume, asteraceae, mulberry, and madder 
families.

It is known that the degree of extraction of 
coloring matter from plant raw materials de-
pends on many factors: its biochemical com-
position, degree of grinding, nature of the 
extractant and extraction conditions. There 
are various known methods for obtaining 
anthocyanin dyes from plant raw materials, 
which consists in processing plant raw mate-
rials, which are used as chokeberry pomace 
(RF  patent No. 2008314), beets (RF  patent 
No. 2081136), grape waste (US  patent No. 

3963700), carrots (patent US No. 4939086) 
blueberries, black currants and other ber-
ries (Czech Patent No. 292834), red potato 
juice (US  Patent No. 6180154), rose petals 
or crushed red cabbage, aqueous solutions 
of acid and/or alcohol, extract separation, 
concentration and receiving the finished 
product. From sunflower, by processing with 
solutions of organic acids, extract separation 
and concentration, a red natural anthocyan-
in dye, resistant to light and temperatures, 
is obtained, which is successfully used in the 
food, cosmetic and pharmaceutical indus-
tries (US patent No. 6132791).

There is also a known method for produc-
ing anthocyanin dye from waste food raw ma-
terials, for example cherries, plums, grapes, 
in which from the primary hydrochloric acid 
extract, after neutralization, the coloring 
substances are precipitated with slaked lime, 
after which the precipitate is pressed off and 
dissolved with concentrated hydrochloric 
acid (USSR author’s certificate No. 218358).

There is a known method for producing 
anthocyanin food coloring from dried choke-
berry pomace by crushing the raw materi-
al, treating it with acetaldehyde containing 
0.5–10 parts by weight. concentrated ortho-
phosphoric acid from the reaction medium, 
filtration, drying and extraction of dyes with 
heated ethyl alcohol acidified with butyric 
acid, and separation of the organic layer from 
the raw material (RF patent No. 2099371).

Anthocyanin dye from plant raw materials 
is known, containing cyanidin glycosides, pi-
onidin glycosides, pelargonidin glycosides, or-
ganic substances and mineral salts at a certain 
ratio of components (RF patent No. 2177015). 
This food coloring retains its natural red color 
when exposed to a pH environment from 2.0 
to 7.0, with all treatments: freezing, boiling, 
irradiation with direct sunlight.

There is a known method for producing 
a pigment additive from plant raw materials 
(parsley). Dried parsley is crushed, then ex-
tracted under countercurrent conditions with 
96% alcohol at a raw material to extractant ra-
tio of 1:2–1:4 for no more than 40 minutes in 
the presence of MgCO3 or MgO, or their mix-
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ture 0.1–1.0% on the amount of raw materials 
at 10–22 °C. The extract is filtered, collected 
in a common container, the solvent is distilled 
off and concentrated at a temperature not ex-
ceeding 40 °C and a residual pressure of not 
more than 1333 Pa for 1 hour. Dry until the 
dry matter content is 78–80% (RF patent No. 
2154075).

There is a known method for produc-
ing green food dye from carrot tops by ex-
tracting the raw material with an organic 
solvent, saponification with alkali, acidifica-
tion, stabilizing the dye, converting it into a 
water-soluble form and subsequent drying 
(author St. 266117, C09 V 61/00, USSR No. 
1307201/28–13).

However, the disadvantages of the known 
methods are the use of non-food chemicals 
in the technological chain, which makes the 
further use of the dye not harmless, as well as 
the unreasonable labor intensity of the tech-
nological process.

Dying substances are usually isolated 
from various parts of plants, the color of 
which is due to the presence of anthocyanins, 
carotenoids, flavonoids, chlorophylls, etc.

The quality of natural dyes largely de-
pends on the conditions in which the plants 
developed (climate, soil, etc.). It is also in-
fluenced by the technology of extracting dye 
from raw materials. Currently, technologi-
cal methods for isolating natural food dyes 
are increasingly being improved. The raw 
materials are pre-frozen, dried, and treated 
with steam. The latest technologies, in par-
ticular membranes, are used to extract dyes. 
An increase in the yield of dyes can also be 
achieved by treating plant tissues with hy-
drolytic enzyme preparations.

There is also a known method for produc-
ing a paste-like food coloring from beet pom-
ace: after separating the juice, the pomace 
is extracted with water at a temperature of 
70–80 °C, then the resulting extract and beet 
juice are mixed and the resulting mixture is 
filtered, a stabilizer is introduced into the re-
sulting mixture, followed by instant heating 
to 80 °C and cooling to 30 °C, yeast is intro-
duced into the cooled juice in an amount of 
0.1% and fermented, after which conden-
sation is carried out at a temperature not 
exceeding 60  °C (RF  patent No. 2031100). 
There is also a known method for producing 
powdered food coloring from beets by grind-
ing, pressing, stabilizing the juice with ascor-
bic acid, pasteurization, cooling to a tem-
perature of 20–22  °C, adding baker’s yeast 
Saccharomyces cerevisiae in an amount of 
0.03–0.07% by weight of the juice, fermen-
tation, filtration and drying on inert media 
(RF patent No. 2102418).

The disadvantages of the known methods 
are: low quality of products, low thermal stabil-
ity, imperfection of the technological process.

Based on a patent search and a literature 
review, we proposed a technological scheme 
for the extraction of dyes from amaranth 
flowers (Fig. 1).

Taking into account the classification of 
natural dyes into flavonoids, betalains, qui-
nones, chalcones and oxycetones, carotenoids, 
riboflavins, indigoids, porphyrins, taking into 
account their formation in the flower, fruit, 
leaf, body, bark, root, it is possible to form a 
single processing line with minor differences 
for one or another raw materials (Kacerikova, 
I. V., 1999).

Figure 1. Technological line for extracting dyes from amaranth flowers
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1. Hopper for uniform supply of raw materials. 2. Pneumatic conveyor pump. 
3. Pneumatic transport. 4. Entrance on the upper tier. 5. Gate 6. Extractor 7. Shaft. 8. 

Drive. 9. Mixer cam. 10. Dividing mesh. 11. Centrifuge. 12. Press granulator. 13, 14, 22, 
23. Pumps. 15, 151. Evaporator housing. 16. Heating steam inlet fitting. 17. Condensate 
outlet fitting. 18, 181. Evaporator separator. 19. Refractometer. 20. Capacitor. 21. Tank 

for collecting condensate. 24. Condensate traps. 25.Tee. 26. Extractant storage tank

The extract is obtained directly from the 
raw material; it also contains solid particles. 
The components of the substrate consist of 
soluble and insoluble fractions; insoluble 
components are separated under the influ-
ence of gravity in settling tanks and filters, in 
the field of centrifugal forces. To do this, the 
extract in containers is subjected to sedimen-
tation, centrifugation or separation using a 
separator. If necessary, the fabric is cleaned 
using a filter; a purer fraction is obtained us-

ing paper filters, and the purest fraction is 
obtained using ultrafilters.

According to the chemical composition, the 
extract is concentrated in a vacuum evaporator 
(VVE) after the degree of purity meets the pa-
rameters of the technological regulations. The 
technology has been improved through the use 
of vacuum evaporation of the extract in 2-hull 
complexes; the plant has its own extractant, so 
more than 2 tanks are used to store the extract-
ant (Usmonzhonova, H.U. 2021).

Table 1. Results of the analysis of the toxic properties of coloring substanc-
es extracted from the flowers of the amaranth variety Amaranthus tricolor

№  Dose, mg/kg Number of dead animals / total
1. 5000 0/6
2. 10000 0/6
3. 15000 0/6

LD50>15000 mg/kg
In the Pharmacy-Innovation center locat-

ed in the Yunusabad district of Tashkent, the 
toxicological properties of a concentrate of 
coloring substances extracted from the flow-
ers of the amaranth plant were studied. Am-
aranthus tricolor.

The organoleptic characteristics of the 
dye concentrate obtained from the Amaran-
thus tricolor variety were studied. The color 
of the resulting dye turned out to be trans-
parent red, without any foreign odors or 
tastes (Table 3).

Table 3. Organoleptic characteristics of a concentrate of col-
oring substances obtained from amaranth plants

Plant name Color Consistency Smell Taste
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Amaranth plant 
(Amaranthus tricolor)

Transpar-
ent dark red Fluid No foreign 

odors

The unique taste of ama-
ranth has been partially 

preserved

The physicochemical parameters of 
the concentrate of coloring substances ob-

tained from amaranth plants were studied 
(Table 4.)

Table 4. Physico-chemical indicators of a concentrate of 
coloring substances obtained from amaranth plants

Plant name Relative 
density, g/l

Number of 
substances 
contained,%

Index, pH
The amount of color-
ing matter in the 
spectrum 540 nm, g/l

Amaranthus 
tricolor L. 1.000 9.4 4.4 4.3

Conclusion
A technology for extracting dyes from 

amaranth flowers has been proposed.
The toxicological properties of a concen-

trate of coloring substances extracted from 
the flowers of the amaranth plant Amaran-
thus tricolor were studied. The analysis re-
sults showed that it is suitable for use in the 
food industry.

The organoleptic characteristics of the 
dye concentrate obtained from the flowers of 
the amaranth variety Amaranthus tricolor, 
which complies with the standard, have been 
studied.

The physicochemical parameters of the 
dye concentrate were studied.
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Abstract
When designing natural gas drying equipment, the ability to implement an integrated ap-

proach to determine rational technical and economic indicators of the technological devices 
under consideration is of great importance. This makes it possible to achieve maximum energy 
efficiency from the equipment in use for each specific field.

One of the important tasks solved during the development of gas fields is the choice of 
method and appropriate technological equipment according to many criteria, including oper-
ating costs and cost of devices, installation productivity, metal consumption, replicability of 
the technology in question, etc. One of the ways to solve such a problem is to use mathematical 
methods of system analysis in complex decision-making problems, in particular, the method 
of hierarchy analysis.
Keywords: natural gas dehydration, absorption, low-temperature separation, membranes, 
hierarchy analysis method

Introduction
In terms of its physical and chemical 

characteristics, the prepared combustible 
natural gas (FNG) must comply with the cri-
teria and standards of STO Gazprom 089–
2010 “Flammable natural gas supplied and 
transported through main gas pipelines. 
Technical specifications” (Shimekit, B., 
Mukhtar, H. et al. 2009).

In accordance with STO Gazprom 089–
2010 of a cold macroclimatic region, the 
water dew point temperature at an absolute 
pressure of 3.92 MPa (40.0 kgf/cm2) should 
not be higher than: in winter — minus 20 o C; 
in summer — minus 14 o C, which is required 

for strict compliance with the conditions of 
its single-phase transportation in all sections 
of the main pipeline. Also, for a cold macro-
climatic region, the dew point temperature 
for hydrocarbons at an absolute pressure of 
2.5 to 7.5 MPa should not be higher: in win-
ter — minus 10 o C; in summer — minus 5 o C.

The dryable gas is gas that has undergone 
preliminary cleaning from mechanical impu-
rities and droplets of moisture in the gas sep-
aration shop of an integrated gas treatment 
plant, as well as an increase in pressure at 
the booster compressor station. The residual 
content of droplet moisture and mechanical 
impurities in the purified gas is determined 
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by the requirements for the technical charac-
teristics of separation equipment and should 
not exceed: droplet moisture — 20 mg/m 3 of 
gas; mechanical impurities with particle sizes 
of no more than 20 microns — 5 mg/m 3 of gas 
(Makhmudov, M. J., Emgurov, S. A., 2023).

The gas industry knows a sufficient num-
ber of different types of natural gas drying, 
which provide solutions to local problems 
of deep extraction of droplet moisture from 
a raw gas flow, but do not solve the problem 
as a whole, these include: absorption gas 
drying, gas drying by low-temperature sep-
aration, low-temperature absorption drying 
gas, adsorption gas drying, gas drying using 
membrane technology. Each of the methods 
has both its advantages and disadvantages, 
which generally determine the main techni-
cal and economic indicators (Shimekit,  B., 
Mukhtar, H. et al. 2011; Makhmudov, M. J., 
Emgurov, S. A., 2023). Which method to 
choose is one of the most important tasks in 
making pre-project decisions and, despite 
the fact that it is determined by the total 
maximum positive effect with minimal eco-
nomic requirements, it is not always obvious 
and is often a compromise decision.

A mathematical solution to the presented 
problem can be achieved through the use of 
systems analysis methods and, in particular, 
the method of hierarchy analysis. The main 
methods of gas drying we will consider the 
features of the main technological methods 
of drying natural gas.

Absorption gas drying
A typical scheme for drying gas with gly-

col is based on contact of dry glycol with raw 
gas and absorption of moisture from the lat-
ter at feed temperatures from + 10 to + 35 

o C. Raw gas, previously separated, enters 
the absorption column from the bottom up. 
From the top of the column, through the 
distribution section, 98–99% glycol is sup-
plied in a countercurrent direction to the 
gas movement. Thanks to the mass transfer 
section of the absorption column, maximum 
contact of gas with glycol is ensured, there-
by causing the process of glycol gas dehy-
dration. The dried gas enters the upper part 
of the column, passes through the glycol 
recovery section and is supplied to consum-
ers. The moisture-saturated glycol flows by 

gravity from the bottom of the column to the 
regeneration unit.

Gas drying by low 
temperature separation

The essence of low-temperature separa-
tion is pre-cooling the gas to subzero tempera-
tures, followed by separation of the condensed 
droplet liquid in a low-temperature separator. 
The raw gas from the wells, under its own 
pressure, enters the first stage gas separator, 
where the primary separation of the dropping 
liquid, the resulting condensate and mechan-
ical impurities takes place, which are sent to 
the drainage tank. Next, the gas, freed from 
the droplet liquid, enters the gas-gas heat ex-
changer for pre- cooling with the reverse flow 
of gas coming from the second stage separa-
tor (low-temperature separator). To prevent 
the formation of hydrates, a hydrate forma-
tion inhibitor (methanol, diethylene glycol) is 
supplied to the gas before the heat exchanger. 
Next, the gas is throttled by the valve, being 
cooled due to the Joule-Thomson effect to the 
required negative temperatures. The cooled 
gas is supplied to the second stage gas separa-
tor, where the condensate with a water-sat-
urated inhibitor solution is separated from 
the gas. The dried gas is heated by raw gas by 
feeding it to the above-mentioned gas-to-gas 
heat exchanger and sent to the commercial 
gas metering unit.

Low temperature absorption 
gas dehydration

In essence, the technological scheme of 
low-temperature absorption gas drying is a 
combination of the two methods of natural 
gas drying described above, but is a more 
technologically complex system. Raw gas 
under pressure enters the first stage gas sep-
arator. Next, the gas, with a small content of 
droplet liquid, enters the gas-liquid heat ex-
changer for pre-cooling by the reverse flow 
of the absorbent coming from the low-tem-
perature absorber, which is a multifunctional 
apparatus that combines both a separation 
section (the lower part of the column) and an 
absorption section (top of the column). The 
pre-cooled gas enters the subsequent gas-
to-gas heat exchanger, in which it is further 
cooled by the reverse flow of dried gas sup-
plied from the low-temperature absorber. 
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To prevent the formation of hydrate plugs, 
a hydrate formation inhibitor is supplied to 
the gas before each heat exchanger. Next, the 
gas, which has passed through two successive 
heat exchangers, is throttled by a valve to the 
required negative temperatures and sequen-
tially, through the separation section, is fed 
into the absorption section of a low-tem-
perature absorber for deep extraction of 
condensed moisture. The gas dried in the 
low-temperature absorber is, in turn, heated 
by raw gas in the above-mentioned gas-to-
gas recuperative heat exchanger and sent to 
the main gas pipeline.

The system uses gas condensate separat-
ed in the first-stage separator as an absor-
bent, which, before being fed into a low-tem-
perature absorber, is sent for degassing and 
subsequent cooling with a cold stream of ab-
sorbent from the low-temperature absorber 
in a liquid-liquid heat exchanger.

Adsorption gas drying
The adsorption scheme for gas dry-

ing is similar in structure to the absorption 
scheme, with the only exception that an ad-
sorbent (silica gel, zeolite) is used as a des-
iccant. The raw gas, separated from droplet 
moisture and mechanical impurities, enters 
an adsorption column filled with a composite 
water vapor adsorbent in the direction from 
top to bottom. The gas leaving the adsorber 
is dried and meets all the requirements for 
its transportation through main gas pipe-
lines. As soon as the gas drying depth begins 
to decrease, the feed gas flow is switched to 
the adsorber that was in the standby stage 
to ensure continuity of drying, and the ad-
sorber with saturated adsorbent is switched 
to regeneration. Since the adsorbent, unlike 
the absorbent, does not circulate through a 
closed gas drying system and is constantly lo-
cated in the adsorber, built-in heat exchange 
elements of a spiral-radial type are provided 
in the adsorbers for its regeneration.

Gas drying using membrane technology. 
The method of separating natural gas from 
hydrocarbon raw materials that meets the 
requirements of the standard for its prepara-
tion using membrane technology is based on 
the difference in the partial pressures of the 
components on the outer and inner surfac-
es of the hollow fiber membrane. Gases that 

“quickly” penetrate the polymer membrane 
exit through the membrane cartridge struc-
ture through the retentate outlet (purified 
gas). Gases and liquids that «slowly» or do 
not penetrate the membrane layer exit the 
unit through the permeate outlet. Thanks 
to the selective properties of the separating 
layer of membranes, so-called “slow” com-
ponents, such as moisture, heavy hydrocar-
bons, mercaptans, sulfur compounds and 
carbon dioxide, are extracted from the gas 
that has undergone preliminary separation. 
And “fast” prepared natural gas, with a slight 
loss of pressure at the installation, is supplied 
to the main gas pipeline.

The membrane element is a non-regener-
able component of the gas treatment system, 
which requires replacement if the require-
ments for gas treatment specified in the tech-
nological regulations for the operation of the 
installation are not met.

Approbation of the method. The basis of 
the hierarchy analysis method is the hierar-
chical representation and pairwise compari-
son of the main technical and economic in-
dicators of natural gas preparation methods 
(Sridhar, S., Smitha, B., et al. 2007; Murin 
и  другие. 2002). The result is the creation 
of an appropriate matrix, which is based on 
a six-point scale with the comprehensive 
advantages of each criterion from the com-
pared methods. At each stage of compari-
son, the independence of the indicators un-
der consideration must be achieved, which 
must have clear differences from each other 
(Makhmudov, M. J., Akhmedov, U. K. 2020; 
Makhmudov, M. J., 2020).

As a result, a rational method for dry-
ing natural gas is determined with the best 
technical and economic indicators for each 
specific case, which allows you to interac-
tively find an option that best matches the 
requirements for solving the problem and 
ultimately contributes to its solution, while 
preventing unjustified economic expenses. 
The proposed method is tested for five meth-
ods of drying natural gas: absorption drying, 
low-temperature separation, low-tempera-
ture absorption, adsorption and drying using 
membrane technologies.

In modern conditions in which pow-
er engineering is developing, the key factor 
influencing the prevalence of technologies 
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is their cost. The lower the costs of their im-
plementation, the more accessible they are, 
and the more accessible the technologies, the 
more researched they are and, according-
ly, have undergone more changes in order to 
optimize them. More advanced technologies 
do not require high operating costs and have 
high efficiency along with productivity. The 
operating costs indicator is inversely propor-
tional to the reliability parameter, because 
The more perfect the system, the less resourc-
es it requires for maintenance. In addition, for 
hard-to-reach operating areas, an important 
criterion for the use of technology is its met-
al consumption, because The more mobile 
the system, the less costs are required for its 
transportation and installation. As a rule, the 
more innovative the system, the lower its met-
al consumption, but the higher its cost.

Based on the above, the analysis of natural 
gas drying systems was carried out according 
to six selection criteria: cost (A) — potential 
costs (in financial terms) for the implementa-
tion of the selected technology; efficiency (B) 
— the ability to achieve the required in accor-
dance with STO Gazprom 089–2010 “Com-
bustible natural gas supplied and transported 
through main gas pipelines” under changing 
thermobaric operating conditions; approba-
bility (C) — prevalence, knowledge, reliabil-
ity and possibility of application in the field; 
metal intensity (D) — the amount of metal 
consumed for the manufacture of a natural 
gas drying installation; operating costs (E) — 
a general indicator of the costs incurred by 
the organization to ensure the operation of 

the natural gas drying plant; productivity (F) 
— the amount of gas prepared by a gas drying 
installation to the required values over a cer-
tain period of time.

Conclusion
Calculations based on the hierarchy 

analysis method and subsequent analysis 
of the information obtained clearly indicate 
that, according to the technical and eco-
nomic characteristics presented in the work, 
despite the high metal consumption of the 
structure and average efficiency indicators, 
absorption dehydration of natural gas is the 
most preferable method over the methods 
discussed in the article natural gas treat-
ment (significance factor 0.361). The key 
calculation criterion for selection when de-
termining the method was the approbability 
criterion of the technology used; its signifi-
cance was 55.9%.

The justifiably chosen method of absorp-
tion drying of natural gas makes it possible 
to achieve the required preparation of raw 
materials with relatively low operating costs 
and insignificant pressure losses of the dry-
ing gas. This method is high-tech and energy 
efficient, since the glycol used in drying and 
saturated with moisture vapor, having gone 
through a closed cycle of purification and 
regeneration, after restoring its commercial 
qualities, is again supplied to the absorption 
equipment. In addition, the positive charac-
teristics of this method include its high pro-
ductivity in the context of one production 
line and time-tested reliability.
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Abstract
The paper shows the role of lubricants for obtaining drilling fluids. Methods of testing 

lubricant’s chemical and physical properties. New compositions of lubricants for water based 
drilling fluids. Stabilization and antifriction indexes of drilling fluids based on lubricants have 
been given.
Keywords: lubricant, property, viscosity, friction, drilling fluids, oil an gas

Introduction
Importance of the use of lubricating addi-

tives — lubricants in drilling fluids and process 
of fluids occupy a particularly important place 
in the technical, technological, economic and 
environmental indicators of the success of the 
construction of oil and gas wells. The technol-
ogy for drilling any wells consists of destroy-
ing rocks at the bottom with a chisel and re-
moving destruction products from the bottom 
to the surface by forced circulation of the drill-
ing fluid in the well. The main technical func-
tions of the drilling fluids are to clean the bot-
tom and wellbore from drilled rock, to create 
back pressure above the formation pressure 
in order to prevent the uncontrolled influx of 
formation fluid. Therefore drilling fluid must 
ensure lubrication and cooling of the drilling 
tool, stabilization of the walls of the open well-
bore and maximum preservation of reservoir 
properties of the productive formation during 
initial drilling (Bulatov, A. I., 1984).

For drilling wells of drill cuttings during 
the drilling process, in most cases, wa-
ter-based emulsion (WBO) is used; less often, 
direct or reverse hydrocarbon-based emul-
sion (HBO) is used. Modern water based mud 
(WBM) and oil based mud (OBM) are com-
plex multifunctional poly disperse systems, 
the physicochemical and technological prop-
erties of which are regulated by a complex 
of chemical reagents: regulators of viscosity 
and thixotropic structure of the solution, fil-
tration (water loss) reducers, lubricating and 
anti-seizing additives, clay inhibitors, bridg-
ing agents, defoamers, weighting agents and 
other additives. (Chubik, P. S., 1999).

Managing the technological parameters 
of a drilling fluids is the task of managing a 
complex non-traditional chemical-techno-
logical dispersed system, constantly chang-
ing in mineralogy. Technical and technologi-
cal reasons for the use of lubricating additives 
in drilling fluids. During the construction of 
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oil and gas wells, great importance is given 
to reducing energy intensity and accident 
rate of the drilling process through the use of 
drilling drills with improved tribotechnical 
(lubricating, anti-seizing, anti-wear) proper-
ties. Particularly serious problems arise asso-
ciated with frictional forces and the increase 
in torque during rotation, with loads when 
lifting the drill string when drilling direction-
al and horizontal wells, as well as when drill-
ing sidetracks of small diameter with large 
deviations from the vertical. It is under such 
conditions that the use of BR with increased 
lubricity gives the most noticeable positive 
effect. Improvement in tribotechnical prop-
erties depends on the chemical nature of the 
organic base of the lubricant additive and its 
concentration in the drilling fluids, on the 
physicochemical ability to reduce the coeffi-
cient of friction in a multi disperse medium 
enriched with drilled solid mineral phase. 
Reducing the drilling fluids friction coeffi-
cient during drilling allows:

–  reduce hydraulic resistance when 
flushing the wellbore;

–  reduce the torque when rotating the 
drill string and reduce the resistance when it 
longitudinally moves in the well;

–  reduce the likelihood of differential 
sticking and the costs of their elimination;

–  increase the service life of drill pipes 
and their connections, hydraulic parts of 
mud pumps, downhole motors and rock cut-
ting tools.

As indicators of tribological properties, 
they usually use the coefficient of friction of 
a metal-to-metal pair in the drilling fluids 
environment, the coefficient of potential dif-
ferential sticking of the drill pipe — borehole 
wall system, as well as the coefficients of fric-
tion and stickiness (friction) at the boundary 
“metal-clay cake” (Chubik, P.S, 1999, Samo-
ta, A. K, 1979).

Materials and methods
As a material for obtaining new lubri-

cant composition were used Gossypol resin 
(GR), Sodium, Carboxymethylcellulose sodi-
um (CMC), Used motor oil (UO), Soap stock 
(SS) and Oil sludge (OS). Gossypol resin is 
obtained in the form of a distillation residue 
(tar) by distillation of fatty acids from cotton 
soap stock. In order to protect the health of 

citizens and protect the natural environment, 
this technological regulation has been estab-
lished. In the oil and fat plant, before obtain-
ing gossypol resin, products are obtained in 
the following order: — “inedible fat and oil 
products” — fat and oil products intended for 
technical and household purposes; — “soap 
stock” — a by-product obtained during alka-
line neutralization of fats and oils; — “tar” — 
non-distilled vat residue; — “gossypol resin” 
— tar from the distillation of fatty acids of 
cotton soap stock.

CMC and Oil sludge are also used for ob-
taining lubricants as stabilizier of a solution 
(Kobilov, N. S. and other, 2023). Used mo-
tor oil. Used motor oil often contains metals 
(usually as the result of the engine or bear-
ing wear, or the inclusion of these metals in 
oil additives), chlorinated hydrocarbons and 
other organic compounds, including a lot of 
that are listed as priority pollutants.

Determination of physical and 
chemical properties of drilling fluids

•	 Determination of the coefficient of 
friction of the filter cake of drilling flu-
id in field laboratories and on drilling 
rigs in order to identify the effective-
ness of lubricant additives and prompt 
intervention in the drilling process in 
difficult conditions in the fields of the 
Republic of Uzbekistan, the KTK‑2 de-
vice is widely used. The coefficient of 
friction (stickiness) at the “clay cake 
— metal” boundary is measured by the 
angle at which a standard load begins 
to slide over the filter cake, followed by 
determination of the coefficient value 
in the table attached to the KTK‑2 de-
vice

•	 Determination of Mud Density. 
The weight of the mud samples was de-
termined using the Baroid mud balance. 
The cup was filled completely with mud 
after calibration. The expelled mud was 
washed and the balanced arm was re-
placed on the base with the knife edge 
resting on the fulcrum. The rider was 
moved until the graduated arm was hor-
izontal and the reading was taken.

•	 Viscosity is usually higher for high-
er density fluids due to the weight of 
the material. Here, the Marsh fun-
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nel is used to monitor viscosity and is 
commonly reported as “Funnel vis-
cosity”. The Marsh funnel viscosity 
is reported as the number of seconds 
required for a given fluid to flow out 
of the funnel. Its design and calibra-
tion can be verified using water. One 
quart of fresh water should be collect-
ed in 26 (±0.5) sec at a temperature of  
70 (±5) °F. The marsh funnel measures 
the apparent viscosity.

•	 Determination of Fluid loss and 
mud cake thickness. The filter press 
(100 psi pressure and room tempera-
ture) was used to measure the fluid loss 
and mud cake thickness of the drilling 
fluid samples after 30 min.

•	 used to determine the gel strength of 
the mud samples. The mud samples 
were stirred thoroughly at 600 rpm. 
The lift gear was shifted slowly to the 
first position, and the motor was shut 
off. The motor switch was turned to 
low after 10 seconds. The dial was 
read at maximum deflection units in 
Ib/100ft2 that is 10 second gel. The 
steps were repeated for 10 minutes. 
The Gel strength was obtained for the 
different mud weights.

•	 Determination of pH. The pH me-
ter which consists of a glass electrode 
system, an electronic amplifier and a 
meter calibrated in pH units was used 
to test the pH of galena mud. The elec-
trical connection with the mud was es-
tablished through saturated KCl solu-
tion contained in a tube surrounding 
the calomel cell. The electrical potential 
generated in the glass — electrode sys-
tem by the hydrogen ions in the drilling 
mud was amplified and operated the 
calibrated meter which indicated the 
pH. The pH of the mud was noted.

•	 Determination of stability and 
sedimentation indicators.

•	 Stability — the ability of a solution to 
its density over a period of time. The 
stability index S0 is a value deter-
mined by the difference in densities of 
the lower and upper parts of the drill-
ing mud settled for a certain time.

•	 Sedimentation index S,%, is the val-
ue determined by the amount of the 

dispersed phase, separated from a 
certain volume of the drilling fluid as 
a result of gravitational separation of 
its components for a certain time. The 
sedimentation rate indirectly charac-
terizes the stability of the drilling fluid 
(Kobilov N. S, 2023).

Therefore determination of the filtration 
index and the coefficient of friction of the fil-
ter cake of drilling fluid in field laboratories 
and on drilling rigs in order to identify the ef-
fectiveness of lubricant additives and prompt 
intervention in the drilling process in diffi-
cult conditions in the fields of the Republic of 
Uzbekistan, the KTK‑2 device is widely used. 
The coefficient of friction (stickiness) at the 
“clay cake — metal” boundary is measured by 
the angle at which a standard load begins to 
slide over the filter cake, followed by deter-
mination of the coefficient value in the table 
attached to the KTK‑2 device.

Results and discussion
Application of oil and petroleum prod-

ucts in drilling fluids.
For development lubricant additives 

were used following compositions of gossy-
pol resin (GR), soap stock (SS), soda caustic, 
used motor oil (UMO), oil sludge (OS), car-
boxymethyl cellulose (CMC) and water (W). 
The first stage of obtaining lubricants were 
used modificated gossypol resin with sodium 
(MGR). Next process of obtaining its water 
solution about 20–30% with CMC and about 
10–20% of UMO or OS. The results of the 
testing were given in the table 1.

Laboratory testing shows that examples 
of lubricants have high antifriction properties 
coefficient of friction of № 1 is equal 0,1228, 
viscosity is 28 filtration index is more than 
3 sm3. Less density is in the № 3 example 
because of in the composition there is soap 
stock. Soap stock is consist of more stearin 
acid comparing to other compositions. Water 
solution of stearin acid appears penetration 
process. Modificated gossypol resin play role 
as a emulsifier and used motor oil emulsion 
formed in the water. Oil fraction of the used 
motor oil and fatty acid of gossypol resin de-
creased coefficient of friction. Coefficient of 
friction is 1.15 times less than other drilling 
fluids that obtained by adding other lubri-
cant as Graphite G, SMAD.
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Table 1. Compositions and chemical physical properties of the developed lubricants

Lubricant composi-
tion

Physical and chemical properties

Density
g/sm3

Viscos-
ity, sec

Filtration 
index, sm3

Stability,
g/sm3

Coeffi-
cient of 
friction

pH

MGR: W: CMC: UMO 0.97 28 3 0.02 0.1228 9
MGR: W: CMC: OS 0.98 32 3 0.04 0.1228 9
MGR: W: CMC: SS 0.92 33 3 0.03 0.1228 9
SS: W: CMC 0.9 34 3 0.04 0.1228 9

Until this time in drilling operations used 
petroleum as a lubricant material petroleum 
and petroleum products have a number 
of significant disadvantages when used in 
WBM: they distort the results of geophys-
ical research, pollute the environment, are 
fire-explosive and freeze at subzero tempera-
tures. In addition, when drilling is stopped 
and wellbore cleaning is stopped for techni-
cal and technological reasons, lubricating ad-
ditives based on oil and petroleum products 
migrate along the wellbore to the surface, 
creating sticking conditions for the bottom of 
the drill string. Field data has also repeated-
ly established that when drilling deep wells, 
where bottomhole temperatures are more 
than 150 °C, there is a decrease in the lubri-
cation properties of oil-treated BRs. Anoth-
er aspect of the use of oil and oil products in 

OBM systems also has a number of signifi-
cant technological limitations in terms of 
fire and explosion safety and environmental 
friendliness. The price of lubricants also will 
be decreased because of using industry and 
production wastes.

Conclusion
Research work shows that lubricants that 

based on modificated gossypol resin and used 
motor have antifricton properties when appli-
cation for water based drilling fluids. Coeffi-
cient of friction is less than currently used re-
agent as Graphite. Experiment works show that 
the effectiveness of lubricant additives is often 
increased by introducing surface-active sub-
stances (surfactants, detergents, dispersants) 
that ensure high colloidal solubility of fats, oils 
and hydrocarbons in the drilling fluids.
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Abstract
The article presents current state of chemical reagents, and lubricants for development and 
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Introduction
Currently in the process of building oil 

and gas wells to maintain the stability of the 
walls, to prevent the flow of salts, and to pre-
vent the penetration of formation fluids into 
the well, it becomes necessary to increase 
the density of the drilling fluid, which can be 
accomplished by introducing components 
with increased density. A relatively small in-
crease in density (1,1–1,2 g/sm3) is possible 
by adding clays (bentonite), as is often done 
in practice. However, this solution cannot be 
considered correct, since for a small increase 
in density it is necessary to increase the con-
centration of the solid phase. Drilling fluids 
with a density of up to 1,6–1,8 g/sm3 are ob-
tained from sludge from carbonate and sul-
fate rocks (Bob De Wolfe, 2005). For obtain-
ing and stabilization weighted drilling fluid 
were used powder water soluble gossypol 
resin and carboxymetylcellylose sodium. As 
weighting agents were used Okalina (waste of 

metallurgical production), hematite, barite 
and carbonate slug. However, this increas-
es the concentration of the solid phase, the 
thickness of the clay crust, a negative effect 
is sharply manifested differential pressure. 
In these cases, increasing the density more 
1,8 g/sm3, barite and special weighting 
agents are used (Kobilov, 2012).

Materials and method
Lubricant additives volume consist of 

about 10–20% of all chemicals used for 
drilling oil and gas wells. Present time for 
obtaining and development of drilling flu-
ids for drilling oil and gas wells use more 
than 3000 kind of chemicals in the world. 
Such as Carboxymethylcellulose, polyacryl-
amide, hydrolyzed polyacrylonitrile, ferro-
chrome-lignosulphonate, grafite, chrompick, 
NaOH, Na2CO3 and others. In the Republic of 
Uzbekistan for drilling oil and gas wells use 
about 2–3 thousand ton chemical reagents 
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every year. Domestic chemicals are not ful-
ly meet the requirements of geological and 
technical conditions of wells. The quality of 
the construction of oil and gas wells, and the 
quality of the opening of the productive for-
mation, largely depends on the used drilling 
mud because the drilling fluid is a technolog-
ical fluid that interacts with the newly opened 
rock. Based on the analysis of basic research 
in the field of chemistry and biochemistry of 
carbohydrates, generalizing the practice of 
drilling wells, polysaccharides are used as 
polymer reagents for regulating the filtra-
tion and rheological properties of lighted and 
weighted drilling fluids. The main reason for 
the choice of polysaccharides is their ability 
to chemical and biological destruction, due 
to which is possible to destroy and remove 
the formed clogging layer during the drill-
ing process, and almost complete recovery of 
reservoir properties.

American Petroleum Institute (API) pub-
lishes documents relating to oilfield stan-
dards, including drilling fluids testing pro-
cedures. As with any laboratory procedure 
requiring the use of potentially hazardous 
chemicals and equipment, the user is ex-
pected to have received proper training and 
knowledge in the use and disposal of these 
potentially hazardous materials. The user 
is responsible for compliance with all appli-
cable local, regional, and national require-
ments for worker and local health, safety, 
and environmental liability (Kobilov, 2023). 
The cost of the drilling fluid itself is relative-
ly small in comparison to the overall cost of 
drilling a well, but the choice of the right fluid 
and maintenance of its properties while drill-
ing profoundly influence the total well costs. 
For example, the number of rig days required 
to drill to total depth depends on the rate of 
penetration of the bit, and on the avoidance 
of delays caused by caving shale, stuck drill 
pipe, loss of circulation, etc., all of which are 
influenced by the properties of the drilling 
fluid. In the case of some critical wells, such 
as deep water operations, these excess costs 
can run into the millions of US dollars. In 
addition, the drilling fluid affects formation 
evaluation and the subsequent productivity 
of the well. The fluid also needs to be envi-
ronmentally benign and generate minimal 
waste (Guanzheng Zhuang, 2017).

Most of global drilling operations use 
water-based drilling fluids, because of their 
lower environmental impact and lower costs. 
However, water-based drilling fluids are 
limited by their abilities of dissolving salts 
and interfering with the flow of oil and gas 
through porous rocks. Oil-based drilling flu-
ids, owing to their excellent lubricity, high 
rate of penetration, shale inhibition, wellbore 
stability, high lubricity, high thermal stabil-
ity, are expected to be used to drill difficult 
wells (Saborian-Jooybari, 2016).

Results and discussions
The structure, composition and physico-

chemical properties of the domestic lubri-
cants for drilling fluids, the waste of oil and 
fat production –gossypol resin, soap stock, 
oil sludge, soda ash and caustic soda, used 
motor oil and Na-carboxymethylcellulose 
“Carbonam” with 600 polymerization degree 
were studied.

Preparation of weighted drilling fluids 
by adding lubricant additive and needed 
weighting materials in the water necessary 
concentration. Concentration lubricants 
on the drilling fluids consist of about 2–3% 
and bentonite 5–10% and weighting agents 
50–70%. Developed weighted drilling flu-
ids based on lubricants for drilling in salt 
and high pressure layer, as they are stable 
to cations of polyvalent salts (Mg++, Ca++, 
Na+, K+). Developed lubricant is mainly about 
15–20% gossypol resin and has a high lubrici-
ty due to the content in its composition of po-
lymerized fatty acids, pigment, glycerin and 
other components. These reagents as a surfac-
tants serve to emulsify oil with water, increase 
drilling speed because of low coefficient of 
friction, play role as corrosion inhibitor.

It can be seen from testing analyses, that 
with a weighting of the drilling fluid of hema-
tite up to 68–70%, the density of the solution 
increases to 2,35–2,44 g/cm3, and the shear 
stresss is in the range 40–45–60 mgf/cm2. The 
water loss values hardly change and amount 
to 4–5 cm3/30 min, the hydrogen index is 9. 
When adding barite weighting agents in an 
amount of 62–64%, the density of the solution 
is 2,11–2,21 g/cm3, while the nominal viscosi-
ty of the drilling fluid is 90–95 s and the Shear 
stress of the solution is 50–52 mgf/cm2 for 
10 min. It should be noted mineral weighting 
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agents, depending on the nature, are divided 
into carbonate, barite, glandular and galena. 

Depending on the density, they are classified 
into 3 main groups.

Figure 1. Main technological properties of weighted 
drilling fluids by weightin concentration

The first group of weighting agents are 
heavy (slightly colloidal) clays, marl, chalk, 
limestone, etc. These materials have a density 
in the range of 2,6–2,9 g/cm3 and are char-
acterized by a relatively small structure-form-
ing ability in drilling fluids, due to which their 
amount in the drilling fluid can be significant, 
while the rheological properties of the fluid do 
not deteriorate. However, the solids content in 
the drilling fluid increases dramatically, which 
adversely affects drilling efficiency.

The second group of weighting agents are 
materials with a density of 3,8–4,5 g/cm3, 
which includes barite and glandular weight-
ing agents. These weighting agents are essen-
tial for the preparation of weighted drilling 
fluids. The hydrostatic pressure generated 
by drilling fluids with a density of 2,30– 
–2,35 g/cm3 is sufficient for most wells. The 

third group of weighting agents (with a den-
sity of 5,0–7,0 g/cm3) includes materials 
consisting mainly of lead and iron. These 
weighting agents are used to prepare drilling 
fluids with a density of 2,5 g/cm3 or more. 
Such drilling fluids are necessary for drill-
ing deposits with cross-sectional formations 
with a pressure exceeding geostatic.

Conclusion
In conclusion we can inform that devel-

oped weighted drilling fluids based on lubri-
cants have a multifunction. As a result of re-
search and study of the physical and chemical 
properties of the developed weighted drilling 
fluids based on local and raw materials and 
wastes recommended for use in drilling oil 
and gas wells with abnormally high reservoir 
pressure and with difficult geological layers.
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