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SOME PHYSICOCHEMICAL ANALYSES OF GUM ISOLATED FROM Elaeagnus L.

Abdullaev O.G.%, Umarov A.V.?
INamangan State University,
2Tashkent University of Applied Sciences

Summary: The paper presents the results of a study of obtaining a polysaccharide from the
gum of the Elaeagnus L. bush, which grows on the territory of Uzbekistan. The results of a
spectroscopic study of the obtained polysaccharide from Elaeagnus L. gum are presented. The
monomeric composition of the polysaccharide and some physicochemical properties of the gum are
studied, and the results of the hydrolysis of an aqueous solution of the polysaccharide under
relatively mild conditions depending on temperature are presented.

Keywords: gum of Elaeagnus L. bush, polysaccharide, viscosity, IR spectroscopy,
polysaccharide molecular weight, monomeric composition.

Introduction

Today, the paint and varnish industry produces a wide range of varnishes, enamels,
varnishes, primers, putties and other auxiliary materials. They are widely used in various sectors of
the economy, including construction, fine arts, transport and everyday life. They are used to protect
various products and equipment, cars, agricultural machines and mechanisms from corrosion,
improve their weather resistance, give products a decorative look, create masterpieces of art, and for
other purposes [1,2].

Today, when natural resources are intensively used all over the world, as a result of their
processing, not only the main product is produced, but also thousands of tons of secondary products
appear. The abundance and reserves of such secondary products highlight the problems of
processing them as the main raw material, obtaining useful products and, as a result, solving a
number of environmental and social issues. In order to solve these problems, that is, to create cheap,
energy-efficient technologies for the production of necessary and high-quality materials from
secondary industrial products, one of the most important tasks facing scientists determines the need
for research work in this direction [4].

The intensive development of all sectors of the national economy, heavy industry,
mechanical engineering, chemical industry, energy, construction industry, fine arts and others lays
the foundation for the further development of the paint and varnish industry. Because all industries
use the products of the paint industry [5,6]. Particular attention is paid to renewable resources for
the production of the paint and varnish industry.

Result and discussion

One of the renewable products is gums (resins) of plant origin. They are mainly
polysaccharides. The resources of polysaccharides are very large and they can be produced by
plants, fungi, algae and bacteria through photosynthesis. At the cellular level, polysaccharides are
responsible for storage components in the cytoplasm (eg. starch) or components of the membranes
or cell walls of organisms (eg. cellulose). The main structure of polysaccharides derived from
natural products is extremely complex and varied, but the main structure of the macromolecular
chain is composed of glucose, fructose, xylose, mannose, galactose and others, and it can also be a
polymer composed of two or more monosaccharides (for example, galactomannan, pectin). The fact
that the branched chain structure of polysaccharides is different indicates their diversity. Although
studies of polysaccharides began later than proteins, nucleic acids or lipids, they are of increasing

4
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interest to researchers due to their important physiological functions and wide application in various
fields of the national economy [7-9].

In this work, we use the gum of the Elaeagnus L. bush, which grows on the territory of our
Republic, as an object of study, which will later be used as one of the components of the
composition of paint and varnish products.

On Figure 1 shows photographs of the original and purified samples of Elaeagnus L. gum.
The original gum is a transparent, hard and brittle mass from light yellow to dark brown. The
original and purified gum of Elaeagnus L. has no taste or smell. The output of the product
(polysaccharide), purified from the gum content, is 89% by weight. The gum is soluble in cold and
hot water, insoluble in alcohol, acetone, chloroform, ethyl acetate and hydrocarbons.

Fig. 1.

Photographs of the

original (1) and purified (2)
Elaeagnus L gum

samples.

The technology for obtaining a polysaccharide from the gum of a bush consists of the
following stages [10,11]:
. drying,
. grinding
. sifting,
. dissolution,
. filtration,
. discoloration,
. centrifugation,
. precipitation,
. washing with precipitant,
. vacuum drying.
To record the UV spectrum of the obtained sample, we used its solution in bidistilled water.
The UV spectrum of an aqueous solution of a polysaccharide obtained from Elaeagnus L.
gum is shown in Figure 2.

OO ~NOOUTR,WWNPE
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2-fig. UV spectrum of an aqueous solution of Elaeagnus L. polysaccharide.

According to the results of UV spectroscopy, it can be said that the purified polysaccharide does not

contain proteins, which is consistent with the results of Table 1.

Some physical and chemical properties of the original gum

Parameters Properties

Colour From light yellow to dark brown
Smell Odorless

Taste no taste

pH (25 °C) 6,8-7,0

Output (%, wiv) 89

swelling 4,2-4,8

Solubility in cold water dissolves

Solubility in hot water dissolves

Acetone

Does not dissolve

Chloroform Does not dissolve
ethyl acetate Does not dissolve
hydrocarbons Does not dissolve
Salinity 00

The melting temperature (°C) 170-183
Nitrogen (%) 0,32

Ash (%) 0,37
Humidity (%) 11,63

Fiber (%) 00
Carbohydrates (%) 88
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An aqueous solution of Elaeagnus L. gum is considered to be a fairly stable system. Only
after 8-10 days, gel-like bubbles begin to appear in the composition of its aqueous solution. But if a
small amount of a biocidal substance is added to its composition, its stability will be extended.
When a polysaccharide solution is heated in an acidic medium, it undergoes changes, which is
observed by a decrease in the viscosity of the solution. This, of course, is due to the destructive
processes that can occur in the polysaccharide macromolecule. The changes occurring in such
macromolecules can be explained by differences in their spectra in the IR region (Fig. 3, 4).

T

90 =

2931. 04

851
801

751

intensity, %

704

651

1038.13

601
551
501

4000 3500 3000 2500 2000 1500 1000
(corl)

3-fig. IR spectrum of Elaeagnus L gum polysaccharide.

]

imlemsity,

4-fig. IR spectrum of Elaeagnus L. gum polysaccharide after acid hydrolysis.

The hydrolysis process was carried out at pH =2.2 and a temperature of 30-37.5°C.
Increasing the temperature from 30 to 37.5°C showed a significant acceleration of the hydrolysis
process, and the reaction was almost completely completed within an hour. Since the viscosity of
the polysaccharide solution did not change during further hydrolysis reaction for 18 hours (Fig. 5).
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5-fig. Change in rotational viscosity during hydrolysis,
1-37.5°C, 2-30°C.

In the IR spectrum of the samples, characteristic absorption spectra characteristic of
polysaccharides are observed. Thus, the vibrational motion of the OH group is observed at 3377 cm”
1. The band visible at 2931 cm™ represents the stretching vibrations of the CH bond related to the
methyl group. Also, the peaks at 597 and 670 cm™ correspond to the CH group.

Peaks of bending vibrations related to the carbonyl group C=0 of the acetyl group appear at
1716, 1240 and 1130 cm™,

The characteristic absorption lines for the carboxylate groups of galacturonic acid appear as
peaks at 1609 and 1038 cm™ [12].

The other functional groups identified, CH., have rotational vibrations at 1350 cm™ and
bending vibrations at 1417 cm™ for the OH group of the carboxylic acid.

After the hydrolysis of the polysaccharide, additional vibrational spectra appear at 3331 cm
for the OH groups. Shifts are observed in the absorption spectra of other groups, peaks appear at
2929 cm?, 601 and 696 cm™* for CH bonds of the methyl group and at 1716, 1298 and 1136 cm™
for the carbonyl group of the C=0 bond of acetyl groups. Rotational vibrations of the CH2 group
are ?bserved at 1301 cm, and bending vibrations of the OH bonds of the carboxyl group - at 1429
cm™.

Due to hydrolysis, the intense absorption lines characteristic of carbonyl groups weaken and
appear at 1667 and 1018 cm™ with a slight shift. This may indicate the partial removal of carbonyl-
containing components from the macromolecule.

Conclusion

1. Based on the above and other additional studies of molecular weight, viscosity,
solubility in various media, the following conclusions can be drawn:

2. The monomeric composition of the gum of the Elaeagnus L. bush was analyzed, which
mainly (89% by weight) consists of polysaccharides. The polysaccharide consists of 22.7% D-
galactose, 41.8% L-arabinose, 8.7% L-rhamnose, 3.5% D-glucuronic acid and 1.2% D-mannose
included. The carboxyl group of glucuronic acid is apparently not in a free state.
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3. Elaeagnus L. gum is very similar in composition to gum arabic gum and has a low
content of glucuronic acid in its composition. The gum is non-toxic, colorless and odorless, which
can help expand the scope of its application.

4. The molecular weight of the polysaccharide gum of the bush Elaeagnus L. was
determined by high performance liquid chromatography. Using a viscometric study, the absence of
a polyelectrolyte anomaly in a dilute aqueous gum solution was found, which indicates the absence
of free carboxyl groups in the polysaccharide molecule.
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Rezyume: Magolada O ‘zbekiston hududida o ‘suvchi Elaeagnus L. butasining yelimidan
polisaxarid olish bo ‘vicha o ‘tkazilgan tadqiqot natijalari keltirilgan. Elaeagnus L. yelimidan
olingan polisaxaridni spektroskopik tekshirish natijalari ko ’rsatilgan. Polisaxaridning monomer
tarkibi va yelimning ba'zi fizik-kimyoviy xossalari o'rganilib, polisaxaridning suvli eritmasining
turli haroratda, nisbatan yumshoq sharoitda gidrolizlanish natijalari bayon etilgan.

Pestome: B pabome npedcmasienvl pe3yivmamovl UCCIe008AHUSA NOLYYEHUs NOIUCAXAPUOA
uz kameou Jaoxa KycmapHuxosoeo Elaeagnus L., mpouspacmaioweco na meppumopuu
Vzbexucmana. Ilpeocmasnenvl pesynbmamsl CHeKMPOCKONUYECKO20 UCCAEO08AHUSL NOTYYEHHO2O
noaucaxapuoa uz kameou Elaeagnus L. H3yuen MoHoMepHbI cOCMA8 NOIUCAXAPUOA U HEKOMOpble
Quzuko-xumuueckue ceoucmea Kameou, NpPeoCcmasieHvl pe3yibmamvl UOPOIU3A  B0OHO2O
pacmeopa noaucaxapuoa 8 OMHOCUMENbHO MACKUX YCA0BUAX 8 3A8UCUMOCTU O MeMNePamypbl.

Kalit so’zlar: Elaeagnus L. butasining yelimi, polisaxarid, qgovushgoglik, 1Q
spektroskopiyasi, polisaxaridning molekulyar og'irligi, monomer tarkibi.

Knrouesvie cnosa: kamedvb J1oxa 00bIKHOGeHHO20, noaucaxapuod, esaskocms, HK-
CNeKmpoOCKOnus, MOJAEKYJIAPHAA Macca noxzucaxapuda, MOHOMeprlZZ cocmae.
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METHODS OF SEPARATION AND IDENTIFICATION OF BIOLOGICALLY ACTIVE
SUBSTANCES CONTAINED IN “TARAXACUM OFFINALE” (DANDELION)

Khalmuratova Z.T %, Karshiboyev S.?, Yettibayeva L.A.3
!Karakalpak State University named after Berdakh
2Gulistan State University, 2nd year master’s student of the Department of Chemistry,
3Associate Professor of the Department of Chemistry

Summary: Nowadays a lot of attention is paid to the identification and study of biologically
active substances in plants because they are widely used in the food, perfumery, cosmetic and
pharmaceutical industries. As a result of natural renewal and adaptation to environmental
conditions, the composition of plants, depending on its geographical location and climate, is a
natural raw material for the production of biologically active substances.

This study was mainly carried out to investigate the biological and phytochemical properties
of Taraxacum officinale leaf and root extracts in order to identify new natural agents with
antibacterial activity.

It was found that the root contains taraxacin and taraxacerin, glycosides, taraxerol,
taraxosterol, f-amyrin and other triterpene compounds, up to 24% inulin, 2-3% oil and other
substances. Carotene amount was determined on a spectrophotometer NACH LANGE DR 3900
(Germany) (spectral wavelength range, nm 320-800). Vitamins B (47858), B, (47864), Bs (80823-
50MG), B12 (PHR1234-1), C (47863) and PP (47865-U) in dried dandelion (from Sigma Aldrich
Germany) on the basis of the given standard samples, quality and quantity indicators were
determined by a YSSX LC 2030 C 3D Plus device manufactured in Japan (Shimadzu) using a PDA
detector in the selected state of wavelengths of 260, 290 and 361 nm.

Keywords: Taraxacum officinale leaf, potassium dichromate, triterpenoids, phenolic
compounds

Introduction

Nowadays, due to the fact that different viruses cause different colds and the resistance of
these viruses to antibiotics increases, and different antibiotics cause other related diseases in the
human body, it shows that the use of natural medicines against various diseases is more effective,
and it is time to reconsider the treatment methods. During the continuous research on new
antibacterial extracts, we selected the medicinal plant Taraxacum officinale (dandelion). Taraxacum
officinale, commonly known as dandelion, has been found to have chemical composition and
antibacterial properties.

Taraxacum officinale is a perennial herbaceous plant belonging to the Asteraceae family.
The plant can be found a lot in temperate regions of the world, on roadsides, lawns, and hills.
Taraxacum officinale leaves are used for a salad. The plant Taraxacum officinale has traditionally
been used for indigestion, water retention, and liver disorders (hepatitis)[1].

It is reported that the chemicals extracted from the root of the plant have a hepatoprotective
effect in mice [2]. Dandelion is also used in herbal medicine as a mild digestive laxative, that is, it
increases appetite and improves digestion [3].

It has been reported in the literature to have many antioxidant, anti-inflammatory, anti-
diabetic, anti-microbial, and anti-cancer properties [4, 5]. There are references to its use in several
preparations for the treatment of bacterial infections [6-8]. These properties are due to the presence
of a large number of bioactive compounds in their tissues and several scientific studies have
investigated the presence of a wide range of compounds, including terpenes, flavonoids, and
phenolic compounds, that exhibit medicinal activity in various plants. [9,10]. Few studies of
Taraxacum for its antimicrobial properties have considered the chemical identification of extracts,
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and often this identification is qualitative (e.g., using colorimetric methods to indicate the presence
or absence of Taraxacum). The authors report the presence of terpenoids, triterpenoids, steroids,
coumarins, phenols, saponins, flavonoids, flavones, flavonols, chalcones, phlobatannins and cardiac
glycosides in antimicrobial extracts [11-13]. Therefore, based on the above considerations and
observations, the purpose of the research was to study the phytochemical composition of n-hexane
and ethyl acetate extracts othe f Taraxacum officinale plant.

Experimental part and used methods

Vitamins By (47858), B2 (47864), Bs (80823-50MG), B1. (PHR1234-1), C (47863), and PP
(47865-U) in dried dendelions (from Sigma Aldrich Germany) on the basis of the given standard
samples, quality and quantity indicators were determined by a YSSX LC 2030 C 3D Plus device
manufactured in Japan (Shimadzu) using a PDA detector in the selected state of wavelengths of
260, 290 and 361 nm. A C18 250x4.6 mm 5 um Precisely (Perkin EImer) USA column was used as
a stationary phase.

Extraction of vitamins in the sample is carried out as follows: The sample was dried,
crushed and weighed with an accuracy of 0.001 mg on an analytical balance of 1 g (FA220 4N).
Then, 10 ml of 0.1 N chloride acid solution was added and mixed in a magnetic stirrer for 15 min at
room temperature, and for vitamin C at 6°C for 20 min. The resulting solutions were centrifuged at
12,000 rpm for 10 minutes and filtered through a 0.45 um filter, analyzed and the following results
were obtained.

Vitamin Vitamin B> Vitamin Bg Vitamin B1 Vitamin PP
B1 mg/ml mg/mi mg/ml mg/mi mg/ml
Dried 0 0 0,02 0 0,03

plant

The following method was used to qualitatively and quantitatively determine the flavonoids
contained in the dry and finely ground sample.

We used 96% ethyl alcohol as a solvent to extract the substances to be determined from the
sample. For this purpose, the sample and alcohol were mixed in a ratio of 1:10 and extracted using a
magnetic stirrer for 75 minutes at a temperature of 30°C. As a stationary phase, the amount of rutin,
gallic acid, and quercetin in the samples was determined using an Agilent Zorbax 4.6 mm ID x 12.5
mm cartridge and a Perkin Elmer C18 250x4.6 mm 5 um Cig (USA) column. For this, a 0.5%
solution of acetic acid in a ratio of 35:65 and standard solutions in acetonitrile with different
concentrations: 0.025 mg/ml and 0.05 mg/ml were prepared, the flow rate was 1 ml/min, the
temperature of the thermostat was 40°C, and a calibration curve was created at 10 pl of injection
sample.

In order to determine the amount of B-carotene in laboratory conditions, a dried dandelion
was taken. The sample for analysis (accurately weighed AF 2204N, accuracy level 0.1 mg) 5 g was
taken, crushed to a size of 1 mm in diameter, and placed in a flask with a capacity of 100 ml. It was
extracted with 25 ml of hexane (CsH14 chemically pure, TU 2631-003-) as a solvent. Extraction was
performed on a magnetic stirrer (MSH-300 BIOSAN, Latvia) for 90 min. After the extraction
process is completed, the solution is filtered. 1 ml of the filtrate was taken into a 25 ml volumetric
flask and diluted with a solvent to the mark of the flask.

Carotene content was determined on a spectrophotometer NACH LANGE DR 3900
(Germany) (spectral wavelength range, nm 320-800).

In order to determine the amount of B-carotene in laboratory conditions, a dried dandelion
was taken. The sample for analysis (accurately weighed AF 2204N, accuracy level 0.1 mg) 5 g was
taken, crushed to a size of 1 mm in diameter, and placed in a flask with a capacity of 100 ml.
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As a solvent, it was extracted with 25 ml of hexane (C6H14 chemically pure, TU 2631-003-
). Extraction was performed on a magnetic stirrer (MSH-300 BIOSAN, Latvia) for 90 min. After
the extraction process is completed, the solution is filtered. 1 ml of the filtrate was taken into a 25
ml volumetric flask and diluted with a solvent to the mark of the flask.

Carotene content was determined on a spectrophotometer NACH LANGE DR 3900
(Germany) (spectral wavelength range, nm 320-800).

Obtained results and analysis

In the analysis of vitamins, a 0.5% solution of acetic acid was used as a mobile A phase, and
and acetonitrile B was carried out on the basis of the phase change mode.

Time A phase % B phase %
a 0.5% solution of acetic acid in Acetonitrile
water
1 96 4
4 90 10
8 85 15
12 60 40
14 Stop

At a flow rate of 1 ml/min, at a thermostat temperature of 40°C, the injected sample volume
was 10 pl, the analysis time was 14 minutes, and the chromatograms were obtained as follows.

Vitamin C analysis was carried out using 0.8 ml/min, 0.5% solution of ACN/CH3COOH in
water/H>0 in the ratio of 60/30/10 as the mobile phase based on the parameters of the above device.

<Chromatogram>
mAU
o < 1 PDA Multi 1 260nm,4nm
. = c 2 PDA Multi 2 29hm,4nm|
150+ E E . 3 PDA Multi 3 36 &nm,4nm
1 s s o S
£ =
E =>
o
1 = o
100 @
£
1 E
3
=
50 {
0 AN k R\
_——
0,0 2,5 5,0 7.5 10,0 12,5
min

Figure 1 Chromatogram of standard samples of vitamins B1, B2,Bs ,B12 and PP

PDA Chl 260nm
Peak Time Area Height Concentration | Unit of | Mark Name
measur
e
1 2,208 | 1258987 167577 0,026 mg/ml Vitamin B
4,190 | 1272815 104629 0,034 mg/ml \Y; Vitamin PP
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8 12,507 | 834121 122917 0,010 mg/mi Vitamin B>
Total 3365923 395123
PDA Ch2 290nm
Peak | Time | Area Height Concentration | Unit | Mark Name
2 3,396 | 1379091 | 161911 0,032 mg/ml S Vitamin Be
Total 1379091 | 161911

Parallel to the process of determining the number of carotenoids, a 0.04% solution of
potassium dichromate (K>Cr.O7) was prepared for comparison and its optical density was
determined.

The optical density (0.04%) of potassium dichromate (GOST 4220-75 chemical pure) RSO
solution was measured in parallel with purified water (BIOSAN, Latvia). The total amount of

carotene in dried plant raw materials was calculated according to the formula mg % of -carotene.
X = D1x0.00208 25X 25 100 100

D 1w (100—w)

Here; D1 - optical density of the tested solution, Do - optical density of the standard sample
solution of potassium dichromate, 0.00208 - the amount of $-carotene in the solution corresponding
to the standard sample solution of potassium dichromate in mg, m - raw material sample gr.

Raw Solvent Sample to Grinding Extraction Amount of  —
material solvent ratio degree (mm) time (min) carotene in
name composition
(mg)
A plant Hexane 1:5 1 90 16,1
example

The following method was used to qualitatively and quantitatively determine the flavonoids
contained in the dry and finely ground sample.

Based on the standard samples, the following chromatogram was obtained on the HPLC
device (LC 2030 C 3D Plus Shimadzu Japan) in 2.5 min of gallic acid, 3.6 min of rutin and 16 min
of quercetin.
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<Chromatogram>
mAU
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min
Figure 2 Chromatogram of flavonoids from standard samples
PDA Ch1 254nm
Peak | Time Area Height Concentration | Unitof | Mark Name
measure
2 2,493 | 898349 92205 0,050 mg/ml \Y/ Gallic acid
6 3,635 | 1616920 | 232739 0,050 mg/ml SV Rutin
10 15,891 | 5600155 | 226403 0,050 mg/ml S Quercetin
Total 8115424 | 551347

When performing the analysis of apigenin and kaempferol, based on the parameters of the
above device, a chromatogram was obtained in the following gradient mode in 12 min at a flow rate

of 0.75 ml/min.

Time C phase % B phase %
a 0.5% solution of acetic acid in Acetonitrile
water
1 60 40
3 70 30
6 55 45
10 80 20
12 Stop
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<Chromatogram>
mAU
7504 PDA Multi 1 254rgn.4nm
1 i%
| g8
500
250-_
o A
o0 25 80 75 100
min
<Peak Table>
PDA Ch1 254nm
Peak# Ret. Time Area | Height =~ Conc. | Unit | Mark | Name
11 10,178 4214421 562744 0,125 'mg/mi | | Apigenin
12| 10,508 5142342 723819 0.125 mg/ml | V 'Kaempferol
Total 9356762 1286563
PDA Chl 254nm
Peak Time Area Height | Concentration | Unit of | Mark Name
measure
11 10,178 | 4214421 | 562744 0,125 mg/ml Apigenin
12 10,508 | 5142342 | 723819 0,125 mg/ml \Y Kaempferol
Total 9356762 | 1286563
The amount of flavonoids in the extracted sample is presented in the table below.
Gallic asid Rutin Quercitin Apigenin Kaempferol

Dried leaf 0 0,04 0 0,01 0

Conclusion

Based on the obtained results, the components of the extracts obtained from the leaves and
roots of Taraxacum officinale were studied in order to identify new natural agents with antibacterial
activity. Carotene content was determined on a NACH LANGE DR 3900 spectrophotometer and
was found to be 16.8 mg. (spectral wavelength range, nm 320-800). Vitamins B1 (47858), B:
(47864), Bs (80823-50MG), B1» (PHR1234-1), C (47863) and PP (47865-U) in dried dandelions
(from Sigma Aldrich Germany) on the basis of the given standard samples, quality and quantity
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indicators were determined by a YSSX LC 2030 C 3D Plus device manufactured in Japan
(Shimadzu) using a PDA detector in the selected state of wavelengths of 260, 290 and 361 nm. B1»
was found to be 0.02% mg/ml. In future experiments, the obtained results are determined with the
plant dried, and the components of the plant harvested in early spring will be analyzed in a
comparative manner.
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Rezyume: O 'simliklar tarkibidagi biologik faol moddalarni aniglash va o rganishga hozirgi
kunda oziq - ovgat, parfumeriya, kosmetika va farmatseftika sanotida keng go’llanilganligi
uchun katta e tibor berilmogda. Tabiiy yangilanish va atrof — muhit sharoitlariga moslashish
natijasida o ’simliklar tarkibi uning geografik joyi, iglimiga boglig holda, biologik faol moddalar
ishlab chigarish uchun tabiiy xom ashyo hisoblanadi .

Ushbu tadgiqot asosan antibakterial faollikka ega yangi tabiiy vositalarni aniglash
magsadida Taraxacum officinale barglari va ildizidan olingan ekstraktlarning biologik va
fitokimyoviy xususiyatlarini o'rganish uchun olib borildi

Ildizi tarkibida taraksatsin va taraksatserin, glikozidlari, tarakserol, taraksosterol, f-amirin
va boshqa triterpen birkmalari, 24 % gacha inulin, 2 - 3 % gacha yog’ va boshqa moddalar
borligi aniglandi. Karotin migdorini  NACH LANGE DR 3900 (Germaniya) spektrofotometrida
aniglandi (spektral to'lgin uzunligi diapazoni, nm 320-800). Quruq holdagi qogio 't tarkibidagi B1
(47858), B> (47864), Bs (80823-50MG), B1» (PHR1234-1), C (47863) va PP (47865-U) katalog
ragamdagi vitaminlari (Sigma Aldrich Germaniya)dan keltirilgan standart namunalar asosida sifat
va migdor ko rsatgichlarini Yaponiyada (Shimadzu) ishlab chigarilgan YSSX LC 2030 C 3D Plus
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qurilmasi PDA detektori yordamida 260, 290 va 361 nm to’lgin uzunligi tanlangan holatda
anigladi.

Pe3tome: B nacmoswee epemsi OovbuiOoe GHUMAHUE YOENAEMC s BbIAGICHUIO U U3YYEHUIO
OUONOCUYECKU AKMUBHBIX 8EUWECME 8 PACMEHUSX, MAK KAK OHU WUPOKO UCNOIb3YVIOMCSL 8 NUWEBO,
napgromepro-Kocmemuieckolu U - apmayesmuueckon  npomvluiienHocmu. B pezyiemame
eCmecmeeHH020 OOHOBIEHUsL U NPUCNOCOONIeHUsT K YCIOBUAM OKpYJcarowel cpeobl CcOCmas
PAacmeHuil 8 3a8UCUMOCU O €20 2e02PAPUUECKO20 NOTIONCEHUS U KIUMAMA S8IeMCs NPUPOOHbIM
coipbem OJisi nPOU3B00CMEA OUOIOSUHECKU AKMUBHBIX BeUjeCms.

Omo uccnedosanue ObIIO 68 OCHOBHOM NPOBEOEHO O U3YUeHUs OUOIOSUYECKUX U
umoxumureckux ceolcme Kcmpakmos aucmoes u kopueu Taraxacum officinale ¢ yenwvio
BbIAABICHUSL HOBLLX NPUPOOHBIX A2EHMO8 C AHMUOAKMEPUATbHOU AKMUBHOCIBIO.

Vemanoeneno, umo Kopenv codepoicum MAapakcayun u mapakcayepum, iuKo3uobwl,
mapaxcepo, mapakcocmepon, f-amupun u opyeue mpumepnenosvie coeourenus, 00 24% unyiuna,
2-3% macna u Opyeue sewecmsa. Konuuecmeo kapomuna onpeoensiiu Ha chnekmpogomomempe
NACH LANGE DR 3900 (I'epmanus) (cnekmpanvuwiii ouanazon oaur eoa, Hm 320-800).
Bumamunwr Bl (47858), B2 (47864), B6 (80823-50MG), B12 (PHR1234-1), C (47863) u PP
(47865-U) 6 cywenom ooysanuuxe (om Sigma Aldrich Germany) ua ocnose 3adanmvix
CMAaHOapmMHBIX 00PA3YOE KAUECMBEHHbIE U KOIUYEeCMEEHHbLE NOKA3AmMeNu Onpeodesisiiu Ha npubope
YSSX LC 2030 C 3D Plus npoussoocmea Anonuu (Shimadzu) ¢ ucnonvsosanuem oemexmopa PDA
8 8blOpanHom cocmosiHuu Oaun 8oan 260, 290 u 361 Hm.

Kalit so‘zlar: Taraxacum officinale bargi, kaliy dixromati, triterpenoidlar, fenolik
birikmalar.

Knrouesvie cnoea: nucm Taraxacum officinale, ouxpomam xanus, mpumepnenouoet,
¢heHonbHBIE COCOUHEHUS.
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AMORPHOUS PHASES-DOPED CONTACTS TO SILICON SEMICONDUCTOR
DEVICES

Ismaylov K.}, Ataubaeva A.%, Djangabaev X.!, Nasirov M.?
!Karakalpak state university named after Berdakh
2Nukus state pedagogical institute named after Ajiniyaz

Summary: Contacts to both n* - and p*-type diffusion barrier silicon structures based on
titanium boride and nitride have been studied. It has been established that the specific contact
resistance of ohmic contacts with a diffusion barrier does not virtually change as a result of quick
thermal treatment (QTT) in the temperature range T=400, 500, 600°C.

Keywords: ohmic contact, boride of titan, diffusion barrier, rapid thermal annealing.

INTRODUCTION

Silicon is a widely used semiconductor material for the manufacture of microelectronic
devices and was sufficiently studied over the past decade. However, the problem of layering heat-
resistant contacts onto the silicon surface still remains unresolved. One of the most effective ways
to improve contact stability is the use of anti-diffusion layers based on nanocrystalline refractory
compounds. Producing such nanocrystalline materials designed for solid-state microwave
electronics and improving their properties has been the target of study for many researchers [1-3].

This is due to the fact that this class of nanomaterials, due to its robust thermal, chemical
and radiation resistance, can improve the quality of contacts, and therefore could perform as
diffusion barriers in contact metallization. Amorphous phases-doped alloys such as borides and
nitrides of refractory materials [4] are in this series. In the present paper, we have studied how the
process of QTT influences the electrical properties of diffusion barrier-based ohmic contacts based
on titanium boride and nitride layers to heavily doped silicon layers.

Si-n*-Ti-TiB2-Ti-Au and Si-n™(p*)-TiSi>-TiNx-Au -type contact systems were investigated.
Test (benchmark) structures were used to measure p. by applying Transmission Line Method
(TLM) before and after QTT for 60 seconds at temperatures of 400 and 600°C. To measure p., We
have used the previously described reference method [5].

Single crystal Si (111) with concentration of the dopant (phosphorus ~2-10° ¢cm=) produced
by the CZ technology was used as a reference substrate material. On preliminarily cleaned surface
of Si that was heated to 150°C, Ti (60 nm), TiB2 (100 nm), Ti (60 nm) and Au (100 nm) layers were
sequentially deposited by applying the technique of thermal evaporation of metals in vacuum. The
first deposited layer of Ti was the contact-forming layer, the second one TiBx- is the diffusion
barrier, and the following Ti layer is the diffusion barrier and adhesive layer at the same time that in
turn ensures reliable contact of Au.

The TiB> —based diffusion barrier ensures high thermal stability of “metal-Si” contact
system thus improving anti-degradation parameters of the relevant contact systems in the
temperature range of 700°C in QTT temperature mode. This is due to the characteristics of TiB:
chemical bonds, which are featured by high heat resistance, chemical inertness and melting point
with properties that are inherent in metals.

The additional Ti layer also acts as a diffusion barrier and enhances better adhesion of TiB>
and Au. The method of magnetron sputtering is a promising method for obtaining metal borides,
which makes it possible to control the change in the morphology, electronic and atomic structure of
the deposited layers.

Preheating of Si substrate to T=100+150 °C is done with the aim to boost adhesion of the
contact metallization surface with the Si surface as well as for silicide formation. Although this
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temperature is comparatively low, however it is sufficient for silicide to be formed in (inside) films.
This is confirmed by the well-known phenomenon that in thin-film systems the processes of phase
transformations are believed to occur more intensively than in bulk materials [6]. The schematic
diagram of Au-Ti-TiB»-Ti-n-Si -contact system is shown on Fig.1.

Au

Ti"
TiB,
1L

Si

TN

Fig.1. Au-Ti-TiB2-Ti-n-Si-type contact system structure
Si - silicon sample doped with phosphorus;
Ti*- contact-forming layer of titanium;
TiB: - diffusion barrier layer;
Ti** - additional diffusion barrier layer;
Au - outer contact layer of aurum

The specific contact resistance of Si-n*-Ti-TiB2-Ti-Au and Si-n*(p*)-TiSi2-TiNx-Au contact
systems was measured before and after thermal treatment at T=400, 500 and 600°C. The
measurements were carried out on reference structures that used to represent massive samples of
heavily doped n-type silicon with Np=2x70*® cm™ and samples of p*-Si with a layer of p*~10%° cm
8. The measurement results are shown in Table 1.

Study of the parameters of ohmic contacts with a diffusion barrier based on TiB and TiN on
Si showed the stability of contact structures at QTT at T=400, 500, and 600°C due to the absence of
bonds with neighboring metallization layers. This effect remains after QTT at T=800°C, however,
the relaxation of internal stresses during cracking enhances the mass transfer between the
metallization layers, metallic layers, and semiconductor, which leads to an increase in p.. It also
turned out that the mechanism of current flow in ohmic contacts towards heavily doped
semiconductors (Ng>70*® cm™ for Si) is determined (in a wide temperature range), largely by
tunneling charge carriers.

Table 1
Specific contact resistance, Ohm-cm?
Contacts
HCX. 400 °C 500 °C 600 °C
Si-n*-TiSi>-Au 10° 10° 8-10° 5-10%
Si-n*-TiSi>-TiN-Au 10° 10° 10° 10°
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Si-p*-TiSiz-Au 4-10° 4-10° 10° 7-10%

Si-p*-TiSi,-TiN-Au 5-10° 5-10° 5-10° 5-10°

Si- n*-TiSi>-TiB2-Au 2,1-10° 2,1-10° 1,3-10° 8-10°
CONCLUSION

The above experimental data show that films of titanium nitrides and borides are promising
materials for use in contact metallization systems as diffusion barriers in silicon semiconductor
devices. It is also important to note that further comprehensive study aimed at increasing the
thermal and radiation resistance of diffusion barriers based on the doped phases will be required.
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Rezyume: Titan boridi va nitridi asosidagi diffuzion bareriga ega n* va p* kremniyga
olingan kontakt tizimlari o'rganildi. T=400, 500, 600°C harorat oralig'ida tezkor termal kuydirish
ta'sirida diffuzion bar’eriga ega omik kontaktlarning solishtirma kontakt garshiligi o'zgarmasligi
aniglangan.

Pestome: Hccneoosanwvt xonmaxmuvle cucmemvl K N u P xkpemuus ¢ ough@ysuonnvim
bapvepom Ha ochose Oopuoa u Humpuoa mumana. Ycmawosneno, 4mo yoeibHOe KOHMAKMHOe
CONnpomueGieHue OMUYECKUX KOHMAKMO8 ¢ Oup@y3uoHuviv 0Oapbepom He U3MeHsemcs 8
pesynomame BTO 6 unmepeane memnepanyp T=400, 500, 600°C.

Kalit so‘zlar: omik kontakt, titan boridi, diffuzion barer, tezkor termal kuydirish.
Knrwoueevle cnosa. omuueckuii Kowmaxm, 0Oopud mumana, Ou@@y3uonusiii oapwvep,
OvICmMpoILL MEPMUYECKULE OMACUL.
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THE CURRENT ECOLOGICAL CONDITION OF WATER BODIES IN THE
CONDITIONS OF THE SOUTHERN ARCHIPELAGO (DOVUTKOL, MEJDURECHE
AND JILTIRBAS)

Tureeva K.J., Bazarbaeva A.A., Eshchanov O.Sh., Akimniyazova Z.D.
Karakalpak state university named after Berdakh

Summary: The article presents the results of the analysis of the distribution of biogenic
elements in the aquatic ecosystems of the Aral Sea region by the method of principal components.
The analysis performed shows that, in general, the studied system of characteristics of the state and
distribution of biogenic elements in the studied water body does not differ in the stability of
correlations; in certain periods of observation, correlations between the studied indicators weaken
or even are absent.

Keywords: Aral Sea Area, monitoring, biogenus elements, water ecosystems, eutrophication.

In the world, large-scale research is being carried out to determine the cases of the reduction
of the recreational potential of water bodies due to the processes of change occurring in natural
water ecosystems under the influence of severe environmental factors, in particular, the increase in
the eutrophication processes of water bodies under the influence of anthropogenic factors and the
degradation processes in the hydrosphere. In this regard, studying the ecological condition of
natural water bodies, determining the quantitative distribution of biogenic elements in water bodies,
monitoring water ecosystems, determining their trophic level and developing new innovative
methods of bioindication, as well as conducting research on the effective use of water bodies, are
becoming an important priority.

Protection of water resources and their rational use on the basis of program documents on
monitoring and sustainable development of water ecosystems in the republic, determining the
general laws of the processes of anthropogenic degradation of water bodies, analyzing the main
components that determine changes in water quality, scientifically based methodologies for
researching degradation processes and freshwater ecosystems measures to implement the
mechanisms of formation of anthropogenesis in the conditions of water scarcity are being developed
and certain scientific results are being achieved. issues of influence of various anthropogenic factors
on the state of water bodies in the region were considered.

Studying the laws of processes affecting water resources is one of the priorities in ecology
and environmental protection, but it should be recognized that currently the concept and
methodology of restoration of water ecosystems is just developing. Due to the fact that the
hydrological regime of the Amudarya basin is characterized by extreme variability, there is a strong
need for up-to-date information, including information on the composition of biogenic elements, for
the development of prospective water management measures. The abundance of biogenic elements
is typical for the surface flow of water catchments developed in the agricultural sense and is the
result of anthropogenic influence on the water ecosystems of the region.

Davutkol. The Davutkol lake system, located at the beginning of the "former"” delta of the
Amudarya, is the largest and oldest water ecosystem in the Amudarya basin. It is marked on the
map as Davutkol reservoir. The study of this system is of great importance, because, on the one
hand, it helps to establish internal connections in lakes, on the other hand, it helps to observe the
transformation of ecosystems exposed to anthropogenic influence, and, on the third hand, it gives an
opportunity to develop a strategy for the rational use of freshwater suvecosystems in the conditions
of acute shortage of fresh water in the Amudarya basin. .

The Davutkol system is located along the river, 41 km north of the city of Nukus, and was
established in 1931. At that time, the water fell into the lakes through the Davutkol system, and fed
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them to the lakes located in its valley, namely, to the Kuskhanatau hill. The water level is variable
and is characterized by significant fluctuations, often depending on the filling of the river with
water. The area of the system was constantly changing, ranging from 1770 to 2250 ha. The largest
depth of 5-7 meters in the system was recorded in the Kuksu boundaries, and unlike other
boundaries, its boundaries were well defined. In the lake, some moons are separated from each
other by reeds 0.7-1.5 m high.

£ B » s ]
o

Dovutkol Mejdureche Jiltirbas
Figure 2. Geographical location of water bodies on the island coast

A change in the hydrological situation in the region, a sharp decrease in the total Amudarya
water flow into the delta, and a transition to another source of water supply led to the transformation
of the lake system into a basin with the deepest water borders with a single water surface. Irrigation
is carried out by pumping water from the Erkindarya channel and the tributaries of the Saranko'l
Birkulok system of lakes.

Lake Mejdureche is located in the northwestern part of Mejdureche water body, between
Kipchakdarya and Akdarya. The water source is Amudarya. The total area of the water body is
3000 ha, the length is 9-10 km, the width is 2-3 km. The maximum depth is 3.5 m, the deepest place
is 1.3-1.8 m. The waters of Amudarya flowing into the lake are characterized by high mineralization
and general pollution, which increases along the entire river due to collector-drainage and industrial
water discharge. Water clarity in Mejdureche varies depending on the season and is 0.50-0.80 m.
Water mineralization in Mejdureche undergoes drastic changes, minimum as well as maximum
values were recorded during all periods of observations during the warm time of the year. In
summer it is 1274-2124 mg/l, and in autumn it is 1240-1270 mg/l. The concentration of dissolved
substances in the water area of the lake is different and changes depending on the season. The
content of dissolved substances in the summer season was 0.012-0.556 mg/I, in autumn - 0.310 mg/I
(1998), in spring (1999) 0.104-0.671 mg/l, in summer from 0.0093 mg/l to 0.568 mg/I. It should be
noted that the maximum amount of seston was recorded in the hypolimnion part of the water layer
of the lake.

Lake Jiltirbas originated in the bay of Aral Sea, which is shallow and consists of several
borders and reed groves. Lake Jiltirbas is very important for many terrestrial animals. It is a large
body of water. Its area is -15,000 ha. Water sources are KS-1,2,3. Maximum depth - 4 meters,
minimum - 1m. Lake Jiltirbas is located 50 km from the center of Chimbay district.

The lake receives water from the Kazakh Darya and several thermal artesian wells. Thanks
to the construction of the dam, the water level in it was stabilized a few years ago, and this water
body was the most important wetland and area used for fishing against the background of the
catastrophic drying of the Aral Bay lakes. But during the water shortage of 2007-2009, the water
level dropped sharply. The State Forestry and Hunting Farm is located on the lake, and fishing and
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hunting are actively conducted. It is quite difficult to reach the lake, the nearest settlement
Kazokdarya is 30 km away, but during the period of high water level, the detours stretch to 80-90
km.

Table 1
General characteristics of the current state of the island lakes
Names of Field, hectares Depth, m Food
lakes Alotof | Average Low Alotof | Average Low source
water water water water

Mejdureche | 49600 16000 110 2,10 1,80 0,5 River
Jiltirbas 28500 13500 4000 3,2 1,6 0,9 A mix
Davutkol 17000 1380 920 7,0 6,8 - River

Depending on the volume of water supply, changes in the morphometric parameters of the
studied lakes are occurring. For example, when looking at the dynamics of the total area of the
studied lakes in the period from 2013 to 2019, it is possible to observe the cyclic characteristics of
the filling and silting of the lakes (Fig. 3). The dynamics of the water surface of water bodies in the
Amudarya delta shows that the surface of water bodies is not very stable in the period of 2003-2014
and is mainly determined by the wetness of the year. The maximum conservation of water surface
to 115,200 ha in 2010 and 100 ha in 2009 and 2005 coincided with the ten percent project filling of
water bodies in 2011, 2013 and 2014. The composition of some forms of nitrogen in water bodies
changes greatly depending on the season and depends on the development of plankton and the
intensity of biochemical processes controlling the dissolution of nitrogen in the water bodies
themselves. It was found that the composition of biogenic elements also depends on the source that
supplies the water bodies: the composition of biogenic elements is lower in lakes fed by river flow
than in lakes fed by collector-drainage water. Primary productivity and destruction values have high
variability and depend on internal processes of water bodies and many other factors (Table 2).

Studies show that the intensity of formation of organic matter in different types of water
bodies is quite high and varies from 0.7 to 4.2 g s/m2. The maximum values were recorded only in
the lakes where collector-drainage waters are discharged (Dovutkol - 4.2 g s/m2 and Lake Kuktosh
1.6 g s/m2). Despite the fact that Mejdureche Lake and Muynok, Saribas Bay are supplied from the
same source, the formation of organic matter is different and the clarity is not the same. The
destruction of organic matter takes place at different intensities (from 3.2 to 1.1 g s/m). But, in
general, its value is much greater, especially considering that the destruction occurs throughout the
entire depth of the lakes. The maximum degradation of organic matter was recorded in Lake
Davutkol, where the waste water of irrigation networks falls (3.2 g s/m2).

Table 2
Comparative analysis of the level of eutrophication of water bodies

Names of Years Field Clarity | Oomg/l | BODs | A | D | A:D | Trofiklighi
water bodies (hectares) (m) mgO>/| zhikhatidan
uchta suv
ombori

1982* 150 0,7 6,8 2,2 1,7 12,5]0,86 | oligotroph

Mejdureche 555230 0,7 87 | 42 |12 |12]| 1,0 | mesotroph
2020# 200 0,6 7,2 4,0 1,2 11,2| 1,0 | mesotroph

1982* 650 0,8 7,7 3,4 56 | 4,8|1,10| eutrophic

Davutkol 1995** 3500 0,6 7,6 4,7 4,2 |3,2]131| eutrophic
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2020# 760 0,5 6,8 3,0 52 | 45| 1.0 | eutrophic
1982* 2300 1,2 7,3 4,0 52 (39140 | -eutrophic
Jiltirbas 1995** 2400 0,8 7,4 3,1 1,3 11,41]0,92| mesotroph
2020# 2100 0,9 6,8 3,4 1,3 15| 0,9 | mesotroph
Note: *- Data from O.V.Babanazarov (1982),**- K.M. Data from Atanazarov (1995),
# - our data

Thus, the different composition of biogenic elements in the water of streams and water bodies
leads to a change in the level of bioproductivity in them: with an increase in productivity, the total
number of bacteria increases, and the most productive one reaches the maximum value in Lake
Davutkol; morphological indicators of microflora change. Biochemical activity of microorganisms
is related to formation of organic substances, transformation of biogenic elements and water flow
and oxygen regime in water bodies. The self-cleaning ability of water flow and water bodies is
largely determined by the rate of microbiological destruction of organic matter. Water
environmental factors leading to the degradation of water ecosystems are formed depending on the
intensity and amount of biogenic elements entering water bodies and create certain conditions at the
level of a specific biological regime and production and destruction processes that lead to their
accumulation in lakes.

Rezyume: Maqolada biogen elementlarining Orol dengizining suvi ekosistemalarida asosiy
kompanent metodi sifatida joylashgan analiz natijalari keltirilgan. O ‘tkazilgan analiz natijasi
ko ‘rsatgichi bo‘yicha umumiy o °‘rganilayotgan xarakteristik vaziyat sistemasi va biogen
elementlarining joylashishi o ‘rganilayotgan suv ob'ekti korreliyatsion alogalar bargarorligi bilan
ajralmaydi, ayrim muddat kuzatuvlarida korreliyatsion alogalar o ‘rganilayotgan ko ‘rsatgichlar
orasida kuchsizlanadi yoki umuman yo'q bo'lib ketadi.

Pe3tome: B cmamve npueedenvl pe3yibmamvl aAHAIU3A  PACHPeOeseHUss OUOSEHHbIX
2NIeMEeHmMOo8 6 GOOHBIX IKOCUCTNEMAX Hpu(lp(lﬂb}l MemoooM 2NA6HBIX KOMHOHEHM. HpoeedeHHblﬁ
anaiu3z nokasvleaem, umo 6 yeiom usyvaemas cucmema xapakmepucmux COCmoOsAHUus U
pacnpedeﬂeHuﬂ OUO2EHHBIX DJNeMEHMO8 8 ucwzedyeMOM 800HOM 0bOvEeKme He OMmIUYAemcs
CMadUIbHOCMbIO KOPPEAYUOHHBIX CB853el, 8 OmOoelbHble CPOKU HAONOOEHUl KOPPelsyUuoHHble
C6A3U Meofcdy usydyaemovimu nokasameimu ocnabesarom uau oasce omcymcmeyromnt.

Kalit so‘zlar: Orolbo ‘i, kuzatish, biogen elementlar, suv ekosistemasi, evtrofikatsiya
jarayoni.

Knroueswvie cnosa: Hpuapaﬂbe, MOHUMOPUHZ, buozennvle 2JleMEeHmbul, 600HbIE IKocucmemaul,
26mpopuxayus.
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UDK 517.947.5
THE SCHROEDINGER EQUATION WITH A SINGULAR SOURCE

Tanirbergenov M.B.
Karakalpak state university named after Berdakh

Summary: In this paper, we obtain a solution to a specific Schrodinger equation With a
singular source in the space of generalized Schwartz functions.

Keywords: space of generalized Schwartz functions, Schrodinger equation and operator,
Green's function, convolution of generalized functions.

INTRODUCTION

It is known that the Green function of the one-dimensional Schrodinger operator
2

ing+a2— tell, xell, (1)

that is , the function E(t,x) e S'(J ?), satisfying the equation
LE(t,x) =o(t, x), 2)
the carrier of which SUpPpPE — {tZ 0, xell } has the form:

. T
-i= x2

Etx) = —i & 00 ¢ aart @®)

«/4&2721

Now consider the Schrodinger equation with a source

Lu(t,X) =5()h(t),  u(t,x)eS'(U3?), (4)

Areal a>0 is a fixed numeric parameter.

where h(t) — is the slow growth function to the right of zero, i.e. when Vt>0
|h(t)|<C,@+tP), C,>0, pel,
and h(t)=0 with t<O.

The solution of this equation is given by the convolution of the source d(x)h(t) with the
known Green function E(t,X) of the operator L, i.e.

u(t,x) =(8(x)h(t))* E(t, x).

Let's start calculating the convolution. By the definition of convolution, for any main
function @(t,X) € S(U ) and for any 1-st cutoff 77(t, x) € D(U ?), the equalities are true

((60ON®)*E(t,X), ¢(t,x))=
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= lim_ <5(x)h(t), 77(% E)<E(T y), o(t+z,x+ y)>>

Let's find out if there is a limit on the right side of the equality, and see if this limit
depends on the choice of 1-stcutoff 7(t,X).

lim <5(x)h(t), 77(% Ej(E(T V), go(t+rx+y)>>
+ o % y2
= lim In( jh(t)dt jdrj 4’ Tot+z,y)dy. ()
R—>+oo_OO 4a T

Let us make the estimates necessary for applying Lebesgue's theorem on bounded
convergence and Fubini's theorem. To do this, we introduce the function

T 2

oy
4a’r

V0= ]h(t)jdrj%a:e plt-+7,y)dy
T

: : . t
and check the modulo estimate, i.e. |l//(t)|. Due to RIIm U(E 0]:1, as well as the
—>+ 0

finiteness and continuity of the 1-st cutoff, there exists M >0 such that the estimate

(7)

Also, by virtue of embedding ¢(t,X) € S(U?), there is such a constant C >0 that

< M.

C
I(p(a,ﬂ)lﬁ(“az)s(“ﬂz), Vael, VpBel.

Therefore, for t>0 and for S=p+2 we get:

lw )] < Ch(1+t")j fw%dys
< MC,(1+tP) fdrT y <

«/4a 7[7(1+(t+r) )° (1+y )
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+ o0

. MGC  (@+tP) T’ dr f dy
S Jsatn @) g [r(Lee?) L1y

Due to the fact that the improper integrals on the right side of the inequality converge

+ o0

dy
’ _[01+ y?

+J?OL<+ <+
0 \/?<l+72) ’

and function

(L+1tP) 1 1
W:O et u tp+2—>0 mpu T —>+o0,

is absolutely integrable on the half-line t > 0, it follows that the function w(t) € L (t >0) and

does not depend on R. Therefore, both Lebesgue's theorem  on bounded convergence and Fubini's
theorem on a rearrangement of the order of integration can be applied to the integral in
formula (5).

Thus, by the Lebesgue bounded convergence theorem, we get:

+ o0 -iZ y2
RE”TOO_I 77( ]h(t)dt jdrj \/T; “ot+z,y)dy =

y

= j h(t) dt jdrj %: T p(t+7,y)dy.
a nr

Further, according to the Fubini theorem, we can rearrange the order of integration in the
iterated integral in any order, we have:

.7[ 2
o (£=t+7)

jh(t)dt jdrj \/%e 4a% otz y)dy =
T

—00

iz . y?

e ‘2N (g, y)de =

+ o0 + o0

= j dy j h(t) dt

j\/4a 7(E—t)

y
—-ie 4h(t) mdt.
—1)

= jwdéf o(&, y)dyj
o 0 42’

Thus,
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<(5(X)h(t)) *E(t,X), oft, X)> _

TG it

—ie % Q(I)J- h(g“)

,/4a T

convolution found, i.e. we obtain the desired solution in the form:
2

.e—i4¢9(t)jh(é’) 4agdé,

u(x,t) = —
«/4a T

The last integral is not calculated in elementary functions and is mainly of purely theoretical
interest.

CONCLUSION
The results obtained can be used in the theory of linear differential operators, in
mathematical physics when integrating nonlinear equations, and also in quantum mechanics.
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Rezyume: Ushbu magolada Shvarts umumlashgan funksiyalar fazosidagi birjinsli
bo’lmagan singulyar manbali Shryodinger tenglamasining yechimi topil-gan.

Pe3wome: B Oaumnoli  pabome  NONYUEHO  peuleHUue  KOHKPEMHO20  VPAGHEHUs
IIpéouncepa ¢ cuneyIAPHLIM UCMOYHUKOM 8 npocmpancmee 060owennvlx Gyux-yutl [llsapya.

Kalit so‘zlar: Shvarts umumlashgan funksiyalar fazosi Shryodinger operatori tenglamasi
Grin funksiyasi umumlashgan funksiyalar o’ramasi.

Kniouesvie cnoea: npocmpancmeo o0606wennvix Gyukyuti I[lleapya,  ypaenenue u
onepamop lllpéouncepa, ¢hynxyus I puna, ceepmra 0600ueHbIX GyHKYULL.
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INVESTIGATION OF THE PROBLEM OF INTEGRAL GEOMETRY ON SPECIAL
CURVES

Pirimbetov A.O.
National university of Uzbekistan

Summary: In the present paper, we study problems of integral geometry of Volterra type on
a family of special curves. Analytic representation of the solution in the class of smooth finite
functions is obtained.

Keywords: Problems of integral geometry,- inversion formula,- ill-posed problem.

l. INTRODUCTION

Integral geometry is one of the major directions in the theory of ill-posed problems of
mathematical physics and analysis [1, 2]. This topical and rapidly developing area of modern
mathematics is closely related to the theory of differential equations and mathematical physics,
geometric analysis and has numerous applications in the mathematical study of seismic exploration
problems, interpretation of geophysical and aerospace observation data, and in solving inverse
problems of astrophysics and hydroacoustics [2—3]. Of particular interest to the problems of integral
geometry was the discovery of their importance for solving problems of computed tomography.

In [4] the problems of integral geometry of the Volterra type on a family of broken lines in a
strip are studied. Analytic representations of the solution in the class of smooth finite functions are
obtained. Estimates of the solution of the problem in Sobolev spaces are presented, from which its
weak uncorrectness follows.

In [5-7] linear problems of integral geometry in a strip with a given weight function were
considered. An analytic representation of the solution in the class of smooth finite functions was
obtained, and the singularity theorems of the solution of the problem were proved. An estimate of
the stability of the solution in Sobolev spaces is given, from which it follows that the solution is
weakly uncorrelated.

In this paper, we study a new class of weakly ill-posed problems of integral geometry on
special curves with given weight functions. Such problems of integral geometry are related to the
problems of restoring the internal structure of an object from boundary data. The uniqueness of the
solution of the problem in the class of smooth finite functions is shown, an inversion formula is
given, and a stability estimate is obtained.

1. INVERSION FORMULA

Let us introduce the notations that we will use below:

(X, y) eR?, (§,n)e R?, A1eRY UE R,

L, ={(x,y): xeR', ye[0,H], H <oo}

F(X! y) :{(5’77) :‘X_‘g‘ = y2_772 }

Statement of the problem. Determine U(X,Y)if (X, y)integrals of a function u(X,y)on

a family of Dbroken lines {F(X,y)}with a weight function are known for all

1, &>,

g(X,g):{O £ <x of the strip L,
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[ a(xyiému(xy)de=f(xy). )
r(x.y)
If the weight function

1, ,
g(x’é):{oé:; |

then equation (1) can be written as

y
—Zjnu(x+h,n)dn: f(xy) )
0
Let's apply the Fourier transform with respect to the variable X:
y iaf(y2_ 2 ~n
~2[ni(2n)e" an=1(1y). ®
0

Here and everywhere below, through L](/l,n)and f(/l, y)the Fourier transforms with

respect to the variable X of the functions U (X, y) and, f (X, y) respectively.
Let us differentiate both parts of equation (3) with respect to the variable y :

y (2 2 .
~ayJi [pi(2m)e™ " - 2yi(4,y) = £, (1Y)
0

f(2.y)
or

i(Ay) :_Z_:Ly(Zy/lif (L y)+ (4, y))

Apply the Inverse Fourier Transformon A :

u(x,y)zﬁfd(l,y)e‘”xd;t:—%%T(Zyﬂif(i,yﬁ fi(2,y))e 2 -
e CAICRIRINCRY)

As a result, we obtain the following solution of equation (1)

()= 2 (0¥ =502 (x)

References:

1. Lavrentev, M. M., Romanov, V. G. Shishatski, S. P. Ill-posed problems of mathematical physics and
analysis. American Mathematical Soc. (1986)

2. lvanov, V. K., Vasin, V. V., Tanana, V. P. Theory of linear ill-posed problems and its applications. In
Theory of Linear IlI-Posed Problems and its Applications. DeGruyter (2013)

3. Gelfand, I. M., Gindikin, S. G., Graev, M. |. Selected topics in integral geometry. American
Mathematical Soc. (2003)

4. Begmatov, A.H., Djaykov,G. M.: Numerical recovery of function in a strip from given integral data on
linear manifolds. 2016 11th International Forum on Strategic Technology (IFOST), pp. 478-482. (2016).

30



Science and Education in Karakalpakstan. 2023 #21/1 ISSN 2181-9203

5. Uteuliev, N.U., Djaykov, G.M., Yadgarov, Sh.A.: Analytical and numerical reconstruction of internal
structure of the objects in a family of straight-line segments. 2019 International Conference on Information
Science and Communications Technologies (ICISCT), pp. 1-4. (2019).

6. Begmatov, A.H., Djaykov,G. M.: Linear problem of integral geometry with smooth weight fucntions
and perturbation. Vladikavkaz Math. J., V.17, no.3, pp. 14-22, (2015).

7. Uteuliev N.U, Djaykov G.M., Seidullaev A.K., Pirimbetov A.O., Yadgarov Sh.A. Stability estimates
and numerical solution for the problem of integral geometry in the strip // Science and Education in
Karakalpakstan. — 2018. — Volume 3. — P. 31-37. (01.00.00; Ne11).

Rezyume: Ushbu magolada Volterra tipidagi integral geometriya masalalarini maxsus egri
chiziglar oilasida garaymiz. Yechimning sillig funksiyalar sinfidagi analitik ko rinishi olinadi.

Pe3wome: B nacmosweii pabome uzyuaromcs 3a0auyu UHMeSPAIbHOU 2eoMempuu muna
Bonemeppa ma cemelicmee cneyuanvuvix xpusvlx. Ilonyuenvl anarumuyeckue npeoCmasieHus
peuterus 8 Kiacce 21a0KUX KOHeUHbIX (OYHKYUL.

Kalit so'zlar: integral geometriya masalasi, inversiya formulasi, korrekt go'yilmagan
masala.

Knwouesvie cnoea: 3aoauu  unmezpanvHoOu  eeomempuu,  opmyra  obpaweHus,
HeKoppeKmHudas 3a0ava.
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DETERMINE THE PERFORMANCE OF INFORMATION PROTECTION TOOLS IN
THE INFORMATION SECURITY INCIDENT MONITORING SYSTEM

Botirov F.B.
Tashkent University of Information Technologies named after Muhammad al-Khwarizmi

Summary: This article analyzes the logs of operations of the functioning of the main
banking system of large banks by the method of operational assessment of the reliability of
information security tools (according to their current activities). On the basis of the obtained data
on the reliability of means representing discrete and continuous means of information protection,
the processes of choosing a mathematical apparatus were analyzed, characterizing the exclusion of
random processes associated with changes in the working state of information protection means as
a result of violations in their work or specified violations.

Keywords: information protection tools, automated banking system, information security
event monitoring system, content analysis tools, antivirus software tool.

I. INTRODUCTION

During the operation of the automated banking system, it is necessary to timely assess the
impact of various factors on the efficiency of the system itself and its separate subsystems.
Evaluating the performance of the information security event monitoring system, which is one of
the subsystems of the automated banking system, requires a lot of intellectual effort from the
security administrator (administrator) and is associated with certain time costs. Due to the
occurrence of violations in any of the components of the information security incident monitoring
system, the effectiveness of monitoring may decrease, but work experience shows that the most
negative impact occurs when errors occur in the operation of information protection tools that are
part of the monitoring system. will be At the same time, in the case of inaction or malfunction,
additional threats appear to miss information security incidents, the implementation of which will
negatively affect the operation of the automated banking system. In this regard, it is necessary to
quickly identify and eliminate the causes of violations in the operation of information protection
tools, which is often very difficult for the security administrator. This is explained by the fact that
there are many factors that affect the operation of the information security incident monitoring
system and the decision-making process by the administrator, causing a high level of uncertainty for
him, which are difficult to take into account. Therefore, it is important to ensure more effective
monitoring of information security incidents by reducing the uncertainty caused by not being aware
of the current state of the reliability of protection tools included in the information security incident
monitoring system during the decision-making process by the administrator.

I1. MAIN PART

During the operation of the automated banking system, it is necessary to timely assess the
impact of various factors on the efficiency of the system itself and its separate subsystems. In this
work, special attention is paid to the methods of increasing the efficiency of the information
security incident monitoring system, as this ensures the reliability of information about information
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security incidents compared to existing analogues. First of all, it is about taking into account the
current reliability of information protection tools more fully.

Note that this work considers the case of discrete and continuous Information Security tools,
for which content analysis tools and antivirus software are selected, most of which are implemented
against content analysis tools.

The selection of content analysis tools as a representative of discrete working information
protection tools is primarily due to their important role in identifying information security incidents
related to the copying of confidential information to data carriers, there are several errors in its
operation, the occurrence of which according to experts, the probability is very high [1,2].

The most common violations reported as errors in content analysis tool component logs are
[3,4]:

1. Unauthorized cleaning of the content analysis tools index from the data received from the
input/output port management tools database to the content analysis tools database;

2. Content analysis tools do not react to indexing server management actions;

3. unable to copy files from the input/output port management tools database to the content
analysis tools database due to the lack of access to the network drive where the data store is located;

4. Unable to copy files from the input/output port management tools database to the content
analysis tools database due to failed authentication of the broker-module in the database.

A fragment of the job logs containing information about these errors is provided in
Appendix E. In addition, each of the errors listed corresponds to a specific case of the operation of
the content analysis tools described in the third chapter.

Existing violations, their types and records of elimination of these violations (automatically
or by the administrator) in the performance logs of the content analysis tools components are a
source of information for further determination of the reliability indicators of these components [
5.6].

In Figure 1: R¥T9V (£) — normal operation of content analysis tools;

ETQV
hj. of th
that occurred in the form of the j-th j = 1,4 ;

(t) - the state of failure of the content analysis tools due to the i-th £ = 1,k error

tf - the moment of appearance of the i-th error of the j-th type obtained from the first record
of the i-th error of the j-th type in the log;

t;;.— the moment when the administrator finished searching (detected) the i-th error of the

j-type and began to eliminate it, it is taken from the last record of the i-th error of the j-type in the
log;

tgi - completion moment of j-type i-error elimination from the record describing
component recovery after j-type i-error;

'1"1.‘r — random runtime between (i-1)-th and i-th errors of type j, Tl.j = Lf —jiﬁ_ﬂ is
equal to;

Tf time of random search (detection) of i-th error of type j, Tf = t;;. — tf is equal to;

5'5 - time of random elimination of the i-th error of type j, Hf = tﬁi - t;;. is equal to;

ff — Random recovery (error search and elimination) time of the component after the i-th

error of j-type, ff = EE;. — tf is equal to.
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Figure 1. The possible trajectory of the time change of the h¥72Y () working state in the

selected observation interval [t,, t; ] due to the appearance or elimination of the error of type j of
the content analysis tools.

The methodology for obtaining the reliability indices of the components of content analysis
tools is presented below.

Due to the occurrence or elimination of a certain type of error, the trajectory of the time
change of the working state of the content analysis tools for the selected observation interval
[to,tx ] can be depicted as shown in Fig. 1

Knowing the probability that information protection tools will detect different operating
conditions allows you to predict their behavior over a certain period of time and identify the most
likely cases, which allows the security administrator to focus on less reliable components of
information protection tools and prevent possible violations. help make better decisions about
elimination [7,8,9].

Various mathematical methods are used to determine the probability of operation of various
information protection devices, which use information about the reliability of their components. In
this case, the choice of a particular method depends, first of all, on the type of information
protection tools under consideration: discrete or continuous-time [10, 11].

The occurrence of an error in the operation of the content analysis tools or its elimination
causes the content analysis tools to move from a certain state of operation, characterized by the
operation of its components, to another state at some point. Each of them is characterized on the
basis of the fact that content analysis tools work with some efficiency when the main task is
performed to a certain extent. There are also cases where this function is not performed, which are
called failure cases [12, 13].

A set of possible cases for content analysis tools has the following form:

Hyrgv =

KETQV KTQV KTQV [ KETQV ,KETQV KTQV KTQV ,ETQV ,KTQV ,KTOV [ KTQV ,KTQV , KTQV
{hg = hy 7, Ry Ry Y o Y N VY P |

Content analytics tools change their state at random times while this security tool is
performing its function. Functional failure and troubleshooting can be done both with and without
human intervention [8,9].

Using the Hrg1- package, the behavior of content analysis tools can be represented as an

object with a discrete runtime, in the form of a directed graph shown in Figure 2. The vertices of the
graph describe the possible states of the content analysis tool, the corresponding probability of
transition from one state to another state for a certain time interval At, which defines the discrete
(cyclic) mode of operation of the graph as the weights of the arcs shown. The rectangles in the
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graph show the states corresponding to the two possible failures of each of the content analysis tools
components - the mediation module and the indexing server.
Here P, . q=20,1,2,34131423,24,31,32,41,42- At in time

ETQV  KTQV KTQV ,ETQV ,ETQV ,KTQV ,KTQV ,KTQV ,ETQV ,ETQV ,KTQV ,KTOV ,ETQV
hy Jhy T Ry »hy s Py e Y Y Y Y V) Y

probability of saving cases;
P qr=0/12341314232431324142,q#7r~- At in time hy %

KTQV KTQV
hq h,_r

from transition probability.

The specific shape of the transition probability graph is related to the limited service mode
of the content analysis tools in the process of emerging disturbances, that is, in practice, a single
responsible person serves this device.

Py PZ‘% 3
Prarz

P” 13 Prias P3151 FJm Pﬂu
“TUV KTQV pkTov quv R KTQV KTQV Krov
31 Ry h 42

Figure 2. A graph of the probability of transitions between the behavior states of the content
analysis tool

Since the content analyzer is a discrete-time system, we use the transition probability

method to analyze its reliability in terms of the probability of finding the content analyzer in

different operating states hETAV € Hﬁmv, which in some time content analysis tools require

knowledge of the probability of transition from one state to another.
The purpose of the following analysis

h; % € Hyroy, ¢ =0,1,2,3,4,13,14,23,24,31,32,41,42 is to determine the probability
vector function p(m) describing the change of states in a cycle.
pEm] = p(m)ﬂrp(m] 1:?9(m)2:p(mjaxp(mh:pim]laxpim]14:?9(7'“]23:?9(?“)24:
P(M)z;,p(M)3;5,p(M)y;,p(M)y,, m=0,1,2,.....,
P, set value m — oo is a vector of stationary probabilities when:
P=PypPypPyP3iPyPy3iP1yPr3iPagyP311P300P sy Pys
The use of this method involves knowing the transition matrix corresponding to the

transition probability graph between the content analysis tools (Figure 2):
It is a square matrix (13x13), the number of rows and columns of which is determined by the

number of possible cases of operation of the content analysis tools that make up the set HHTQV'
The column determines the probability of saving the gth state and transitioning to it from other
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states when running from (m-1) to m in one cycle. The string defines the probability distribution of
each of the states of the content analysis tools, that is, the probability of maintaining the g-th state
and the probability of transitioning from the g-th state. The sum of the members of each row is
equal to 1, that is, the matrix M is stochastic.

Since M is a stochastic matrix, this allows us to treat it as the transition probability matrix of
a Markov chain with discrete time and a finite set of states.

Working conditions that describe the possibility of finding content analysis tools at the
initial moment of time m=0 in any case hf;mv € H.FETQV of M(0) the initial probability
distribution is usually
M(D] = Ilp(D)DIP(U)lrp(Djzrp(U)EJP(:D]MP(D)lEJp(D]141P(D)EEJP(B)E4J

p(0)31,0(0)22,p0(0) 4, 0(0), |l
defined by the row vector.
For example, if at the initial point in time all components of the content analysis tools are

running and, accordingly, the content analysis tools are in a normal operating state h;fTQV if at,
then it will be M(0) = ||1,0,0,0,0,0,0, 0,0,0,0,0,0]].

KETQV
a

is p(m), usually determined by the formula
p(m),=M@O0)=M™=«D,, q=0,1,2,3,4,13,14,23,24,31,32,41,42.

Here D,- is a vector-column, the elements of which are "0" and "1". "1" corresponds to the
analyzed case h; ° . D, =10,1,0,0,0,0,0,0,0,0,0,0,0 ||*

Here f — transposition symbol.
The j-th error occurs or it is resolved:

Qi(at)=1—eN*, P(at)=1—eW*, j=14. (1.1)

By setting initial state vector M(0) and vectors Dq for states h;mw EHHTQV,

9=0,1,2,3,4,13,14,23,24,31,32,41,42 is p(m), with the formula m=1,2,...... to determine the
probability of finding content analysis tools in each of these cases after an arbitrary number of tacts,
and as a result p (1) of the probability of cases of the form g(m) vector function can be defined.

m after successive beats h the probability of finding content analysis tools in the case

I11. CONCLUSION

Based on the results of the above calculations, the following conclusions were drawn:

1. Means of information protection - methods of transition probability and transition
intensity are chosen to describe random processes that describe changes in discrete and continuous
states of operation, as a result of disturbances in the operation of their components or elimination of
these disturbances. Each method, in turn, is based on a Markov random process apparatus with a
finite number of discrete or continuous-time states.

2. As a result of processing the data obtained from the operation logs of the content analysis
tools components over a certain period of time, the values of the reliability characteristics of these
components required by the transition probability and transition intensity methods were calculated.

3. An approach designed to determine the probability of cases of operation of Information
Protection Tools (for example, content analysis tools and anti-virus software) that are part of the
Information Security Incident Monitoring System and, if implemented, provide the administrator

36



Science and Education in Karakalpakstan. 2023 #21/1 ISSN 2181-9203

with maintenance of Information Protection Tools allows to make more informed decisions,
because it receives more complete information about the availability of information protection tools
(according to the information collected and systematically filled in the information security incident
monitoring system).
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Rezyume: Ushbu magolada axborotni himoyalash vositalari ishonchlilik ko ‘rsatkichlarini
operativ baholash (ularning joriy faoliyatiga ko ‘ra) uslubiyotiga ko ‘ra yirik banklarning asosiy
bank tizimi faoliyatining ish jurnallarining tahlili amalga oshirildi. Diskret va uzluksiz axborotni
himoyalash  vositalari  vakillari  bo‘lgan vositalarning ishonchliligi  to ‘g ‘risida olingan
ma’lumotlarga asoslanib, ularning ishlashidagi buzilishlar yoki bu buzilishlar natijasida axborotni

37


https://uzjournals.edu.uz/ijctcm/vol2019/iss5/8
https://doi.org/10.1007/978-981-19-4960-9_40
https://doi.org/10.1007/978-981-19-4960-9_12
https://doi.org/10.1007/978-3-030-68004-6_4
https://doi.org/10.1007/978-3-030-68004-6_2

Science and Education in Karakalpakstan. 2023 #21/1 ISSN 2181-9203

himoyalash vositalari ish holatining o ‘zgarishi bilan bog‘liq tasodifiy jarayonlarni bartaraf
gilinishini tavsiflovchi matematik apparatni tanlash jarayonlari tahlil gilindi.

Pe3tome: B Oannoii cmamve npogedeH aHAIU3 JHCYPHANLO8 Onepayuti (yHKYUOHUPOBAHUSL
OCHOBHOU OAHKOBCKOU CUCMeMbl KPYNHbIX OAHKO8 NO Memoouke ONnepamusHou OYeHKU
noxazamejeil Ha0eNICHOCMU CPeOdCma 3auumsl uHgopmayuu (no ux mexkyweu oesmenvhocmu). Ha
OCHOB€ NOJYYEHHBbIX OAHHLIX O HAOEHCHOCMU CPeOCms, NpedCmAasIAuux codol OUCKpemuvle u
HenpepuvleHble CPeoCmea 3awumol UHGoOpMayuu, ObLIU NPOAHATUBUPOBAHBL NPOYECChl 8bIOOPA
MamemMamuyecKko2o0 annapama, Xapakmepusyrowue UCKuoueHue CIy4aiuHbix npoyeccos, CesA3aHHbIX
C uzMeHenueMm paboye2o COCMOSIHUSL CPEOCME 3auumyvl UHGOpMAyUU 8 pe3yibmame HaApYULeHUll 6
ux pabome Uy YKA3aHHbIX HAPYULEHUI.

Kalit so‘zlar: axborotni himoyalash vositalari, avtomatlashtirilgan bank tizimi, axborot
xavfsizligi hodisalarini monitoring qilish tizimi, kontentni tahlil gilish vositalari, antivirus adasturiy
vositasi.

Knroueevie cnosa: cpedcmea 3auwumol qubopMaL;uu, asmomamusupoearHnal bankoeckas
cucmema, cucmema MOHUMOPUHeA COObIMUL UHGOPMAYUOHHOU Oe30nacHocmuy, cpeocmea
KOHmMEeHm-anaiusd, AHmueupycHoe npocpamvmHoe obecneuenue.
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FEATURES OF THE PROFESSION OF A DESIGNER

Axmedjanova U.B.
Department of Industrial Design, Tashkent State Technical University named after Islam Karimov

Summary: This article discusses the fact that the profession of a designer is associated with
a creative rethinking of the objective world, transforming it into new forms that create a
harmonious environment for human life.

Keywords: profession designer, arts, design, science, culture, education, color science,
design activity.

Despite the fact that the profession of a designer became truly popular and in demand only
in the 20th century, the name itself has a long history. Its origins date back to the Italian
Renaissance, when the word "disegno” denoted the drawings and designs that underlay the idea.

With many private definitions of design developed in the literature, the most clear is the
definition adopted in 1964 by the international seminar on design education in Bruges: “Design is a
creative activity in the development (design) of the formal qualities of industrial products. These
qualities include the external features of the product, but mainly those structural and functional
relationships that turn the product into a single whole, both from the point of view of the consumer
and from the point of view of the manufacturer.

Due to the fact that design has become a global phenomenon in modern society, the demand
for the training of professionally competent designers is increasing. The professional activity of a
designer is largely associated with the ability to develop forms of industrial products and organize
space by means of a graphic image, and the main indicator of competence is knowledge of the laws
of various types of perspectives used in the development of projects and professional possession of
an arsenal of artistic means - graphics and design graphics, compositions, chiaroscuro, color and
color, plastics and dynamics

Visual-figurative thinking is of great importance in the profession of a designer. In addition
to designers, people of "creative" professions - architects, designers, artists, directors - should have
developed visual-figurative thinking. In their activities, they often have to present "both what was,
and what will be, and what has never been and never will be." Without figurative thinking, our
perception of reality would not be so versatile and deep, rich in various shades. However, with all
the variability of the forms of fine arts within a particular period, there have always been relatively
stable artistic features - compositional, plastic, coloristic, rhythmic and others that determine the
style of a particular time.

Depending on the type of activity of a design specialist, there are several main branches of
this profession:

« industrial (design and creation of household appliances, vehicles, tools, furniture);

* design of the environment (creation of interiors, decoration of buildings, sites);

* graphic (creation of trademarks and signs, commercials using computer graphics);

* 3D design (creation of animations, presentations, layouts using special computer
programs);

* landscape (works related to the design of land plots, parks, gardens);

» design of clothes, footwear and accessories.

The listed areas of design art are just the tip of the iceberg. Today, the field of activity of a
graphic designer is simply huge, so every year new areas of this art appear (phytodesigner,
puppeteer, color corrector, stained glass artist, etc.).

Design objects are present everywhere and in everything that surrounds us. In addition to the
now popular specialists in the creation of clothing and interiors, designers of jewelry, accessories,
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dishes, furniture, etc. are in great demand in the modern world. In a word, anything can become an
object of design, from a needle to an airplane.

The profession of a designer is associated with a creative rethinking of the objective world,
transforming it into new forms that create a harmonious environment for human life. This
profession requires non-standard thinking, able to freely vary the spatial connections of formally
figurative structures. To improve the professional skills of specialists in the field of industrial
design, continuous improvement of theoretical and methodological knowledge, pedagogical skills
and abilities is required.

One of the ways to achieve this goal is to create the necessary didactic conditions that
contribute to the formation of students' compositional thinking.

Currently, views on the content and structure of such important components of the social
infrastructure as science, culture and education are fundamentally changing. The growing role of
aesthetic education in the system of art education, the transition of pedagogical education to a
humanistic paradigm necessitates a new approach, the creation of a new program and a new
methodological system that could ensure the successful training of a generalist who knows various
types of fine and applied arts, as well as modern technologies.

From the first days of independence, the Republic of Uzbekistan has been consistently
reforming the education sector as a key link in the renewal of society, as an important condition for
democratic reforms and sustainable development.

State educational standards and new curricula have been developed. The teaching of a
number of new subjects has been introduced, and a new generation of educational literature
enriched with national content is being created. New technologies of teaching and control over the
quality of education are being introduced.

New social guidelines in the education system suggest the need to train a well-educated,
creatively thinking specialist capable of working in various branches of industrial design in a
secondary special school.

In a complex relationship with existing normative methods, not excluding, but
supplementing them, the method of teaching the discipline “Fundamentals of Composition. Color
Science”, breaks stereotypes, meets the actual emerging needs of the future.

Discipline “Fundamentals of composition. Color Science" is the basis for the formation of
professional skills in the field of artistic design of the subject-spatial environment and to a large
extent determines the level and direction of further creative activity. The problems of composition,
their patterns, techniques, means of expression and harmonization have always been and remain
relevant for specialists in any creative profession. Systematic studies of various types of industrial
design, the study of the category of composition and the creation of a composition, actively
influence the process of forming the aesthetic taste of students. In the process of educational and
creative activities in the workshop, students of the department of “industrial design™ receive
theoretical knowledge and practical skills in the basics of composition, get acquainted with its
techniques and categories.
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According to many applicants who choose interesting and creative work, every talented
artist can become a designer. However, professionally important qualities and skills should not be
underestimated. After all, a real designer is the creator of a good product, a picky perfectionist who
is able to concentrate not only on the external side of the object, but also on describing its details,
internal essence and functionality.

To become a specialist in this field and have a stable financial income, you must possess
such qualities and skills as:

* observation;

* creative thinking;

* developed imagination;

* sociability;

« ability to work with a large amount of information;

* patience;

« ability to work in a team;

* sense of tact in dealing with clients.

Education

Contrary to the belief of many self-taught designers, this art requires a special education. To
become a real professional, you need not only to have good taste, developed imagination and
drawing skills, but also to be able to work in modern programs for designing interiors, landscapes,
etc. The art of design does not stand still. Every year there are new materials, techniques and
methods for creating masterpieces. Therefore, in order to stay on the crest of the wave, both a
beginner and a professional designer must constantly learn, improve their skills and keep abreast of
all trends.

Today, there are many specialized schools and educational institutions that teach the art of
this activity. However, as practice shows, private courses are not always effective.

When choosing an educational institution, it is important to remember that there are no
universal designers. Each graphic designer can be a professional in only one direction of art.

Advantages and disadvantages of the profession

Unlike many other professions on the labor market, design craft can bring not only pleasure,
but also good financial returns. A specialist works to order, therefore, unlike an artist, he can always
be sure that his work will be paid.

However, on the other hand, the designer cannot afford to create only when there is
inspiration. Sometimes the order must be completed as soon as possible, because the client is not
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ready to wait. Well, if creativity, as they say, is in the blood of a graphic designer. But, if creative
thinking requires excessive efforts, then the constant search for new ideas often leads to moral
exhaustion and depression.

Another problem may be the internal disharmony of the designer. The tastes of the client do
not always coincide with the tastes of the graphic designer, and then you have to do work that is not
to your liking.

Of course, the art of design is not an easy craft, but it has many advantages. Design activity
brings a good income, which increases with the growth of professionalism.

Another indisputable advantage of working is the ability to work from home. You can
generate ideas and create projects not only in the office, but also in your room, since only the result
is important for the client.

Thus, the profession of a designer can become a real vocation for creative people who are
not used to monotonous and routine work, but dream of creating, making the world more beautiful
and getting a good financial income.
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MASTERPIECES OF FURNITURE DESIGN BORN IN POP ART STYLE

Shatskaya T.V.
Associate Professor of the Tashkent State Technical University

Summary: This article discusses and analyzes pop art style furniture created in the 50-60s
of the twentieth century on the example of the works of famous European architects and designers.
The purpose of this work is to identify the reasons for the "longevity" of the studied furniture
masterpieces.

Keywords: pop art style, furniture design, armchair, industrial design, art object, plastic
chairs.

Pop art style appeared in the 50s and 60s. XX century in the USA and Europe - initially it
was a direction of art opposite to abstract expressionism. Literally, "pop art" is translated as natural
art, which is as utilitarian and understandable as possible, in contrast to expressionism and
abstractionism, which were the leading styles of art in the middle of the twentieth century. By the
mid-1960s, designers in the US and UK were turning to short-lived, disposable items. Drawing
inspiration from modern to futurism, surrealism, kitsch, psychedelic and cosmic styles, pop artists
have had a huge impact on the world of art and design.

Pop art furniture is characterized by simplicity of design - clear lines, a minimum of decor,
affordable materials. It can be plastic, light shelving made of chipboard, fashionable pear chairs -
such an environment is very functional and practical, it does not require special care and is very
unpretentious in everyday life. Thanks to the cheapening of materials, samples of the furniture
industry and decor have become available to everyone. There were sofas with artificial leather,
chairs with synthetic covers, chairs made of plastic. The chemical industry in the 1960s introduced
strong plastics and polypropylene, which were easy to shape and made into unusual, streamlined
shapes. Furniture production took the new materials with a bang: the market was immediately
flooded with ergonomic semicircular chairs, odd-looking tables and space lamps.

The outstanding American architect Eero Saarinen (1910-1961) entered the history of post-
war design forever. During his short life, he not only formed a new architectural language of the
country, but also significantly influenced the world design practice. Saarinen is known as the
creator of popular icons of modernism - the most recognizable and often copied furniture in the
world. (Fig.1, Fig.2, Fig.3).

[

Fig.1. Organic Chair. 1940.  Fig. 2. Grasshopper Chair.1946. Fig.3. Womb Chair.1948.

His Tulip chair, created in 1957, has become one of the most popular and copied chairs in the
world. (Fig.4). Later, the designer developed the Tulip furniture series, consisting of a chair, an
armchair, a stool and a table. (Fig.5).
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Fig.5. Tulip furniture.

Fig.4. Tulip chair. 1957.
Verner Panton (1926-1998) was a Danish industrial designer who created furniture and
interior classics in the 1960s and 1980s. A real classic is not necessarily something that was

invented before the 20th century. Any work can become a classic if it finds its buyer for many
decades and manages to organically fit into the changing realities. Perhaps one of the brightest
classics of furniture design can be called the Dane Verner Panton. Many of his creations have

confidently overcome half a century of fame and continue to enjoy incredible popularity.
In 1953, prestigious furniture manufacturer Fritz Hansen launches Panton's Bachelor Chair

into series production. (Fig.6). It is a collapsible chair which consists of a chromed tubular steel N-
shaped base connected by two bars, upholstered in fabric or suede with or without cushion. Even
then, products in different colors were launched into the series - chairs were produced with
turquoise, blue, red, yellow, brown and black upholstery. And another serial chair - Tivoli,

designed for the restaurant of the same name in Copenhagen. (Fig.7). In it, the back and seat form a
single whole with the base of a tubular steel profile, connected to it by vertical bridges. The seat and

back cover was made of rattan or synthetic thread. The chair was taken out of production only in the
1970s, but in 2003 it was put back into series and received the classic Beau Bedre award.
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Fig.7. Tivoli Chair.
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One of the most recognizable, spectacular and indisputable
works of Verner Panton in terms of aesthetics is the Cone Chair,
which became a sensation. (Fig.8). And it was created in 1958 for
the Guest House restaurant. The chair is made of a metal frame in
the form of a cone, which rotates on a metal leg in the base, made
in the shape of a cross. The cone, seat and back cushions are
upholstered in red fabric. However, Werner not only designed
these magnificent chairs, he created the entire interior - in five
different shades of red.

Finally, in 1965, Werner managed to realize his long-
standing idea - chairs made from a single element. These fluid
molds were made by Thonet. And they were made of plywood.

Fig.8. Cone Chair. 1958.

And only in 1967 the "Panton chair" was finally presented to the public. (Fig.9). And then
he was waiting for multiple changes. Originally, in 1967-68, the chair was made from multicolored
polyester resin reinforced with fiberglass. From 1968 to 1971 - made of rigid polyurethane foam,
also painted in different colors. From 1971 to 1979 - from thermoplastic polystyrene. The Panton
chair, as well as the “System 1-2-3” and “C-1" models created on its basis, have been produced
since 1968 and still' Undoubtedly, these chairs are classics of furniture design. (Fig.10), (Fig.11).

—

Fig.9. The Panton Chair. 1967.  Fig.10. Chair «Cuctema 1-2-3». Fig.11. Chair «C-1»

Another furniture masterpiece is the Ball Chair. (Fig.12)
Made by designer Eero Aarnio in 1963 for his own home, the Ball
Chair has become an outstanding piece of European furniture
design of the 20th century, seamlessly combining extravagant form
and maximum comfort of privacy. The first serial Ball chairs were
presented at a furniture exhibition in Cologne in 1966, where they
made a splash.
The frame is made of fiberglass. Soundproofing is provided
—3 by the use of foam filler. The possibility of rotation on the entire
axis is achieved thanks to a strong metal leg with a rotating base.
S— Fig.12. Ball Chair. 1963.

The upholstery is made of red woolen pillows contrasting with the main white color.
Modern models provide for the possibility of embedding a telephone and audio speakers in the Ball
chair.
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Despite the fact that more than half a century has passed since the release of the model, the
ball chair remains a favorite piece of designer furniture. It can be seen in the interior of trendy lobby
bars, conceptual cafes, fashionable restaurants, and clubs.

Designed by renowned Danish architect and designer Arne Jacobsen, the Egg Chair (Fig.13)
and Swan Chair (Fig.14) are sculpted in molded fiberglass molds and are hailed as style icons and
timeless masterpieces. Jacobsen was looking for the shape of the future egg chair for a long time.
He dreamed of creating something new and revolutionary, but at the same time stylish and
comfortable. According to one version, the inspiration for the search for form was the famous
(Womb Chair) Eero Saarinen. Both armchairs were designed for the SAS Royal Hotel between
1956 and 1960. (now called The Radisson Blu Royal Hotel). In fact, it was the world's first designer
hotel, because everything here was author's - from architecture to door handles, faucets and
ashtrays.

= " )» i\: .
Fig.132. Egg Chair. Fig.14. Swan Chair.

The famous armchairs look like sculptures, because they were created exactly like
sculptures: Jacobsen sculpted numerous prototypes from clay, and only after the ideal shape was
found, the Fritz Hansen factory recreated them from fiberglass reinforced plastic. An egg-shaped
armchair could be seen not only in expensive hotels and offices, but also on TV screens. The Egg
Chair appears alternately in two cult films about space exploration - in Andrei Tarkovsky's Solaris
and Stanley Kubrick's A Space Odyssey.

And of course, when talking about pop art furniture, it is impossible not to recall its most
striking and outrageous embodiment - sofas in the form of parts of human bodies. This is, first of
all, the Lips Armchair (Fig.15), created by the Spanish furniture designer Oscar Tusquets Blanca in
the 1970s according to a sketch by Salvador Dali. The prototype was Dali's painting "The Face of
Mae West, which can become a surreal apartment”, written by him in 1935. As well as Chair Donna
(Fig.16) by Italian designer Gaetano Pesce in the form of a prehistoric female fertile figure.

These and other similar furniture forms immediately became iconic, especially in creative
circles, and continue to be popular to this day. However, not as much as the previous masterpieces
of Saarinen, Paton or Jacobsen, apparently, because elegance gives way to outrageousness in them.
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Fig.15. Armchair Lips. 1970 Fig.16. Chair Donna. 1967.

And in conclusion. It would seem that initially pop art furniture, like everything that was
created in this style and philosophy of mass consumption, momentary and fragility, were doomed to
a bright but short life. However, all the masterpieces of furniture design we have considered have
gained a long and glorious life of more than half a century, and continue to not only be popular
today, but are also leaders in mass industrial production.

The reason for this "longevity", according to the author of the article, is a deeply and
comprehensively thought-out design, which uses classical proportional relations and modern
developments in the field of ergonomics, combined with the use of advanced manufacturing
technologies and materials.
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THE GOALS AND OBJECTIVES OF COMPOSITION IN THE FINE ARTS
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Summary: This article discusses the brief notation of the concept of composition and
highlights the goals and objectives of composition in the visual arts.

Keywords: Composition, perspective, proportion, character, line, object, effect, angle,
dimension.

In order to improve professional skills of specialists in the field of fine arts, constant
improvement of theoretical and methodological knowledge, pedagogical abilities and skills is
required. One of the directions of achieving the goal is to create the necessary didactic
conditions, contributing to the formation of students' compositional thinking.

Composition is a system of rules and techniques for the mutual arrangement of parts into a
single harmonious whole. The ability to accurately and expressively place an image within the
sheet format is an indispensable condition in a training drawing. The ability to compose
compositions is also an art. Therefore, in order to master the art of layout, the development of
compositional vision and flair will be required.

The mass of elements in the composition and the surrounding space are combined in such a way
that the volume of the form itself prevails and, for all its complexity, it looks like a single object.
Outer space surrounds the form without penetrating it.

In order to better understand the principles of shaping and learn how to solve complex
compositional problems, students are offered the task of compiling three-dimensional compositions
from geometric objects, also called insets. In the first versions of the compositions, the teacher can
determine the type and number of objects, then the student himself decides which objects will be
used. The peculiarity of the task is that everything - the image that makes up the composition,
objects, their positions, sizes, angles are created in the student's imagination, based on creativity,
knowledge of constructing geometric shapes and the ability to display their ideas on a sheet, which
was studied in drawing classes geometric shapes. This important task is part of the drawing class
program and is a key link in the transition from drawing geometric objects to more complex
models.

Before starting work on the composition, it is necessary to determine the semantic content
and objectives of this statement. Subjects for an educational production are usually selected in
accordance with a certain plot or theme. By the way the educational setting is composed, it is
possible to predetermine the future composition, because the setting itself, in a sense, is already a
composition.
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1. Determine the tasks and goals (the semantic content of the statement).

2. Study the setting and determine the point of view.

3. Determine the scale and nature of the object and correctly position the sheet of paper
(vertically or horizontally, Fig.1).

4. Determine the center of the composition.

5. Construct objects taking into account perspective, proportion and character transfer.

6. Revealing the volume of objects by means of chiaroscuro.

7. Completion and generalization of work on the drawing, i.e. the drawing should be brought
to a general subordination of all tones in accordance with the general visual impression and
compositional integrity (Fig. 2).

Fig.2

In the process of completing assignments, students learn the following:

* Imagine, then depict compositions from different geometric objects and their
combinations.

* Ability to build complex geometric shapes from different angles

* Analyze the design of objects, display the intersection of lines, three-dimensional shapes
and inserts in three-dimensional space.

* Build complex drop shadows on inclined planes.

There are also tasks where the student is invited to take 3-4 elements as the basis for the future
composition, such as a cube or a parallelepiped, place and combine them proportionally, and then
develop this combination by adding various bodies of rotation, such as a ball, cylinder, cone, in
order to they organically entered and improved the existing group.

For a more effective drawing, it is more advantageous to place the inserts in space, without
depicting the plane and the horizon line, imagine that objects are hanging in the air and you can
draw them from any side, so the angles of the inserts and intersections look more impressive, and in
some cases more clearly. Especially spectacular are the views from below, which are impossible to
see in a normal production.

The compositional search in artistic design is aimed at giving the form properties that
provide the consumer with useful effects.

Composition — “composition” — is understood in the field of art as a system for constructing
a work of art. This concept is applicable to the design process, to the project and the product itself.

Everyone has an intuitive concept of composition to varying degrees. Otherwise it wouldn't
make any sense. That is, people have a similar idea of harmony, integrity, unity ...
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The means of composition are lines, hatching (stroke), spot (tonal and color), linear
perspective, chiaroscuro, color, aerial and color perspective.

The line can certainly be considered as one of the main means of fine art in general. The
line is used both in a long-term drawing and in short-term sketches and sketches of compositions.
The line drawn by the drawing pen is the same throughout its length, but this drawing line is
unsuitable for artistic purposes - it is monotonous, lifeless, inexpressive. The line lies with all its
points on the surface of a sheet of paper and thus, as it were, keeps the image within the format,
emphasizing the two-dimensionality of the plane.

Composition in design, composition in drawing, composition in painting, composition in
photography are inseparable concepts. Composition in music and composition in literature also
have much in common with the above, but the means of achieving it are different.

Aurtists pay special attention to finding the most expressive compositional schemes. Over the
course of many centuries, works were created with various compositional solutions, including
works of fine art.

The science of composition studies the general internal patterns of the structure of forms in
art and design, as well as specific means of achieving their integrity and unity with the content of
things.
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Summary: This article discusses the fact that the composition is created using certain tools.
Harmonious, proportional and correctly chosen use of instruments testifies to the creative approach
to composition.
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The concept of "basics of volumetric composition” is important, any composition is made of
its own tools. The use of tools in harmony, proportionality and correctly found indicates a creative
approach to the composition. The composition consists of specific laws and tools. Its basic laws
include balance and generality. Balance is manifested differently in symmetrical and asymmetrical
compositions. The balance is achieved by the harmony of the amount of elements, their shape, their
interaction with the environment, color, textural solution. Compositional tools include descriptive
compositional technique, proportion and scale, contrast and nuance, metrical repetition and rhythm,
color, shading, and plasticity. The deterministic compositional method is an important
organizational basis for working on the product form and determines the direction of creative
research.

At the stage of the technical proposal or sketch project, after determining the main elements
of the product and its permissible placement options that provide certain technical parameters, the
designer should choose a decisive compositional method, define the idea of product composition.
Knowing the options of the technical placement scheme, the designer creates his artistic-
constructive options, determines the general appearance of the structure of the form (radial,
patterned or flat small forms of the constituent surfaces, nuance or contrast solution of the form,
material and junctions of the form elements). This single designator allows to indicate the unit of
means of the composition of the given product or their groups in the compositional method.

Composition gives meaning to creation, composition. Composition is the interrelationship
of different parts in accordance with an idea, which together form a certain form.

The term "composition™” is used in two aspects; - purpose-oriented structure of an artistic
work according to the conditions of its content, character and function; It is an important organizing
element of the artistic form, which gives the work a whole harmony and integrity, and the
subordination of the elements to the whole and to each other is manifested as an attribute of the
artistic work. Compositional balance. A state of composition in which all elements are mutually
balanced.

The structure of the material is intended to provide students with the sum of necessary
knowledge on a certain topic, each of these topics is covered not only by the text of the lecture, but
also by photographs

Paper differs not only in thickness and structure, but also in color, moisture resistance and
strength. The number of species cannot be counted, it is constantly growing.

Paper is used in almost all areas of human activity. Paper is one of the most convenient
materials and does not require a large set of tools to work with it. A very valuable quality of paper
is its ability to retain the shape given to it, which allows us to make various crafts, toys, as well as
things that we can use in our daily life.

This pair of tools determines the location of composition elements relative to the main axis.
If it is the same, then the composition looks symmetrical, if it has a slight deviation in one direction
or another - as asymmetric. With a significant deviation, it becomes asymmetric. Symmetry is one
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of the important means of achieving unity and artistic expressiveness of composition in artistic
design. Symmetry is found everywhere in nature and technology, and is widely used by architects.

Since ancient times, symmetry has been considered one of the conditions of beauty, because
it ensures the balance of the composition. The ancient Greeks believed that the universe is
symmetrical because symmetry is beautiful. The word "symmetry" means "proportion” in Greek.

There are three main types of symmetrical composition: mirror, axial and screw. Mirror
symmetry is formed by the same arrangement of elements relative to the main axis passing through
the center of a horizontal or vertical composite plane (graphic or plastic). For example, a square
with a cross in the middle. Symmetry is central, as a rule, characteristic of a three-dimensional
figure with a vertical axis of symmetry and the same arrangement of elements around this axis. A
characteristic symmetric axial shape is a cylinder.

The symmetry of the screw is characteristic of a three-dimensional shape with the same
central axis and the uneven development of elements in the longitudinal direction, their reduction
and displacement relative to this axis. A typical example of this is a shell-like shape.

Symmetry provides a very clear visual balance of the compositional form. Any violation of
it will cause this form to have an unbalanced character. However, a dissymmetric, as well as an
asymmetric composition, will retain its integrity if their real disproportion is eliminated by the
overall visual balance of the form. In this case, the axis of the form does not pass through its
physical center (in the middle), but through the compositional center.

Asymmetry is also widely used, that is, the combination and arrangement of elements that
do not have an axis or plane of symmetry. In such a composition, the visual balance of all its parts
in terms of mass, structure, and color is especially important. Asymmetry is an organizational
principle based on the dynamic balance of elements, the impression of their movement as a whole.

If the symmetrical form is easily and immediately accepted, the asymmetrical form is read

gradually.
It should be noted that symmetry, like asymmetry, is often expressed in the comparison of several
composite axes. The simplest case is the ratio of the main axis and subordinate axes that determine
the position of the secondary parts of the composition. With a significant difference between the
secondary axis and the main axis, the composition may collapse. To achieve its integrity, various
methods are used: bringing the axes closer, combining them, adopting a common direction, etc.

Students' work on "Symmetry".
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The composition can include symmetry and asymmetry at the same time. Then it is built on
the basis of secondary, asymmetric parts and subordination of the main symmetrical form. With
such subordination, the visual balance of the whole composition is established. This can be
achieved when the main element is asymmetric with respect to the overall shape, and its parts are
symmetrical and vice versa.

The most difficult situation is to establish a compositional balance between elements with
axes of symmetry located in different coordinate directions. This is typical for building complex
three-dimensional compositions. In order to give balance to these compositions, it is necessary to
have a deep sense of harmonious form and to understand the laws of symmetrical formation.

Students' work on "Asymmetry".

In particular, it is important to take into account the specific characteristics of the perception
of the plastic form from different points of view and from different angles. It is a perceptive, even
almost symmetrical composition it can be visually perceived as asymmetric, and the task of its
harmonic construction will have additional complexity in this case. Solving this problem requires
increased attention and a deep sense of harmonious composition.
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Rezyume: Ushbu magolada har ganday kompozitsiya o'ziga xos vositalardan tuziladi.
Vositalar uyg unligi, mutanosibligi me'yorida va to'gri topilgan holda qo’llanilishi
kompozitsiyaga ijodiy yondashilganlikdan dalolat beradi.

Pe3ztome: B oannoii cmamve paccmampusaemcest mom gaxm, umo KOMRO3UYUsL co30aemcs ¢
nOMOUbIO onpedeﬂeHHbzx UHCMPYMEHMOE. FapMOHuuHoe, nponopyuoralbHoe u npaesulbHo
l’lOdO6pGHHO€ UCNnoOb306AHUE UHCMPYMEHNIOB ceuaemeﬂbcmeyem 0 meop4ecKom nooxooe kK
KomMno3uyuu.

Kalit so'zlar: Kompozitsiya, simmetriya, asimmetriya, shakli, muvozanat, elementlar, rangi,
gismlari.

Knroueevie cnosa: KOMI’IOS’I/IL;M}Z, cummempus, ACUMMEMPUAL, gbopMa, paesHoeecue,
JJlIeEMEHRMmbl, yeeni, 4acmu.
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Summary: The article presents the results of a study of the technology for obtaining
arbolite-concrete mixtures by the method of "fixed formwork™ based on liquorice root waste and
substantiates the possibility of their use as a wall material in housing construction. The study of
wood concrete samples with the introduction of various superplasticizers (PolyPlast, CenPlast and
C - 3) in an amount of 05-1% and at 28 days. hardening made it possible to obtain reliable values
for an increase in strength indicators (up to 5 MPa) using the “fixed formwork” method based on
liquorice root waste.The results obtained make it possible to increase the strength characteristics of
arbolitan based on licorice root waste and use them in enclosing structures in housing construction
in the conditions of the Republic of Karakalpakstan.

Keywords: wood concrete, fixed formwork, liquorice root, sawdust, cement.

1. Introduction

One of the conditions for the economic and social development of the construction industry
and products in the Republic of Karakalpakstan is the creation of energy-saving materials for
construction from local raw materials with improved technical and mechanical properties.

These materials include wood concrete, which combines lightness, environmental
friendliness, high thermal insulation qualities and may contain vegetable and agricultural waste,
which are rich in regions of Karakalpakstan, which are almost never recycled, but it is advisable to
use them as a filler instead of wood in the production of wood concrete (straw, cotton stalks, rice
husks, licorice, etc.) [5].

At present, due to the development of the agricultural sector in the republic, at the end of the
harvest, a lot of agricultural waste remains, such as cotton stalks, husks and husks of rice and other
crops. Such plant wastes include licorice roots. Joint Uzbek-Chinese enterprises carry out work on
processing licorice roots for various economic and medical purposes. From the roots of licorice
with ammonia additives, raw materials for the pharmaceutical industry are obtained. After
processing licorice roots with ammonia additives, a lot of solid waste remains. Thus, in the dump of
this one enterprise, there are about 15 such enterprises in the republic, approximately 150 tons of
waste are generated and are renewed every year. Utilization of these wastes as part of lightweight
concrete is relevant for the economy of Uzbekistan.However, the increased requirements for the
quality of wood concrete set the task of further improving its construction, operational,
technological, physical and mechanical indicators. The Republic of Karakalpakstan is located in a
sharply continental zone, in summer the temperature on the hottest days reaches 45-50°C, and in
winter periods up to -20-25°C. Therefore, the use of heat-insulating materials, reducing the own
weight of building structures through the use of waste from the processing of licorice roots, is of
particular importance in construction, and is also one of the effective measures to improve the
environmental quality and cheap construction [6,7].

The strength of the wood concrete is regulated by the average density, quality, type,
granulometric composition, as well as the grain shape factor, the physical-mechanical and physico-
chemical properties of the used binder and organic aggregate of plant origin. Blocks and slabs are
made from wood concrete for the outer and inner walls of buildings, as well as structures made of
monolithic lightweight concrete [3,4]. The average density of wood concrete from various raw
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materials according to GOST 19222-84 is shown in Table 1.

Table 1 - Average density of wood concrete from various raw materials according to GOST

19222-84
Type of wood Strength Average density of wood concrete kg/m?
concrete class shredded wood cotton plant Bun Rice
straw
Heat insulating B0,35 400-500 400-450 400-450 500
BO,75 450-500 450-500 450-500 -
Bl 500 500 500 -
Structural B1,5 500-650 550-650 550-650 | 600-700
B2,0 500-700 600-700 600-700 -
B2,5 600-750 700-800 - -
B3,5 700-850 - - -

2. Literature review and problem statement

The technology for producing arbolite-concrete mixtures by the method of "fixed formwork™
based on liquorice root waste is versatile, suitable for both low-rise private and multi-story
construction. In the construction process, the use of a fixed frame is used for many purposes of
construction, for example, for the construction of foundations, during the erection of building walls
and also for finishing works [12].

Currently, this design allows pouring a wide variety of shapes and designs from concrete.
Fixed formwork is used for the foundation, the construction of arches, columns. And the presence
of a heater in the frame increases the thermal insulation of monolithic concrete walls and allows you
not to carry out insulation during finishing work. To date, there are several types of fixed formwork,
each of which has its own fundamental assembly features and functional characteristics [13].

Expanded polystyrene formwork is assembled from two parallel foam plates, the rows are
superimposed on each other and fastened together with the help of spikes and grooves located along
the edges of the panels. Additional structural strength is betrayed by iron fittings installed inside the
structure. Currently, non-removable formwork for the foundation of expanded polystyrene is most
often used, its price is usually low, which adds to its popularity [14]. Below in fig. 1 shows some
types of non-removable polystyrene foam formwork for the manufacture of arbolite concretes.
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Figure 1. Fixed formwork Iabratdry layout

Formwork for the production of arbolite-concrete mixtures involves the use of arbolite

slabs for the frame (panels consisting of wood

chips mixed with concrete mortar).This design has

higher thermal insulation performance than the polystyrene frame, however, the price of such
formwork is very high, so it is used less often than others. In table. 2 shows data on the advantages

and disadvantages of fixed formwork.

Table 2 - Advantages and disadvantages of fixed formwork

| Advantages

Flaws

|

Ease of erection, the final result is less
dependent on the skill of the workers (compared
to self-made removable formwork).

In houses with fixed formwork, high humidity is
often observed, which makes it necessary to equip
a powerful ventilation system.

Good heat and sound insulation (compared to
buildings made of brick and reinforced concrete
slabs).

The impossibility of construction in the cold
season, since a large mass of concrete hardens
poorly at low temperatures.

Ease of carrying out finishing work due to the
even surface of the formwork without cracks
and differences in wall thickness.

The need for additional wetting of concrete during
a hot period in order to prevent cracking of the
walls.

Reduced construction period compared to
houses made of brick, stone, gas blocks.

Buildings with a metal reinforcement cage must be
grounded as quickly as possible so as not to
expose people to the risk of lightning strikes.

The durability of buildings with reinforced
concrete formwork is 300 years or more.

Difficulty in dismantling during alteration and
reconstruction, especially if the filling was
reinforced with metal rods.

The technology is suitable for the construction
of buildings of any size and number of storeys,
from summer houses to shopping malls.

In case of fire, the formwork material can release
harmful substances.

IMinimization of construction waste (compared

|With insufficient or incorrect external processing |
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of polystyrene foam blocks, water, insects, and
small rodents can get into the walls.

to construction technology with removable
formwork).

3. Goals and objectives of the study
To analyze and scientifically substantiate the technology for obtaining arbolite-concrete
mixtures by the method of "fixed formwork™ based on liquorice root waste and obtaining heat-
insulating structural wood concrete based on mineral binders and organic aggregates for possible
use in building envelopes and structures.

To achieve the goal, the following tasks were set:

1. To develop a technology for obtaining an arbolite mixture by the method of "fixed
formwork" based on licorice root waste, and the possibility of their use as a wall material in housing
construction is substantiated.

2. Research of the physical and mechanical properties of arbolite-concrete samples based on
licorice root waste for their possible use in the construction industry.

4.Materials and research methods
Portland cement brand TITANCEMENT according to GOST 31108-2003 was used for the
experimental study. Physical and mechanical properties and chemical and mineralogical
composition of the above clinker minerals of Portland cement are given in table. 3 and 4

Table 3 - Physical and mechanical properties of Portland cement brand TITANCEMENT
according to GOST 31108-200

Bulk densit Start End of Compressive Bending strength, blur
y grasping setting strength, MPa MPa cones, mm
1.082gr/cm? 4h35min | 8h5min | 28.3 MPa. 10,2 MPa 110

Table 4 - Chemical composition of Portland cement, wt.%

CaO SiO; Fe203 | Al2O3 MgO SO3 R.0 TLILIT )y

61,48 23,38 6,09 6,38 1,09 0,60 0,38 0,52 99,92

Portland cements were tested in accordance with GOST 310.1-76, 310.2-76, 310.3-76,
310.4-76, 25820-2000, 10060.3-95. According to the requirements of GOST 25820-2000, GOST
7473-94, portland cement should contain at least 40% silica, the amount of sulfuric anhydride
should not exceed 3%, loss on ignition should not exceed 10%.

Various superplasticizers (PolyPlast, CenPlast and C-3) were used as binder additives in an
amount of 0.5 to 1% by weight of the binder composition. Types, average density and strength
characteristics of super plasticizers are given in Table. 5.

Table 5 - Types, average density of super plasticizers

Type of additive super plasticizers Average density, pm, kg/m?
Without additives 0,866
Poly Plast 0,870
CemPlast 0,880
C-3 0,923
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For experimental work,crushed liquorice root waste was used as an organic filler.The
physicochemical properties,chemical and fractional composition of the crushed licorice root waste
were established empirically in accordance with the requirements of GOST 19222-84, GOST25820-
2000, as well as on the basis of reference and literature data [1-30] and they are given in table.
6.The type and bulk density of the licorice root are shown in fig.2.

Table 6 - Chemical composition of crushed liquorice root waste

Bulk density of licorice at

fraction, kg/m’ Content of components, %

Shredded licorice At At L
root waste At 5-10 10-20 Cellulose Ligni Penta Pol){sacch
0-5 mm n Zones arides
mm mm
232 205 201 39,1 19,2 17,7 24

—

Licorice root 0-5mm Licorice root 5-10 mm Licorice root10-20mm

Figure 2. Types of liquorice waste roots with different fractional sizes

The strength of the binder was determined according to GOST 3476-74, GOST 7473-94.
Normal density, setting time was determined according to GOST 25820-2000. The samples were
compacted for 3 min on a vibration platform VS-1. The study was carried out on samples after
steaming and after hardening in natural conditions.

In the research processes, the use of waste from the processing of licorice roots and cement
binder for the production of wood concrete was studied. Accordingly, the technology for the
preparation of wood concrete on various binders has its own characteristics, which must be taken
into account when choosing a binder.

Therefore, in order to preliminarily extract the easily soluble substances of the aggregate, as
well as to achieve the appropriate state of its chemical activity, which creates a favorable
environment for sufficient hydration of the cement, the aggregate is subjected to special processing.

To remove easily soluble salts from the organic aggregate of plant origin, the method of
soaking it at normal temperature is used, and in order to localize the harmful substances of the
aggregate formed when mixed with cement, the soaked aggregate is subjected to mineralization
with chemical additives. Arbolite mixture from licorice root was prepared by mixing in a standard
concrete mixer for 10 minutes. After that, the arbolite mixture was placed in the form of a cube
measuring 100 x 100 x 100 mm in two layers with a height of 5 cm and compacted by tamping with
a steel blank of a sheet with a thickness of 4 cm, with a size of 95 x 95 cm and a handle height of 30
cm.
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The finished arbolite mixture was laid in a polystyrene foam formwork and kept for 7 days.
Additional structural strength is betrayed by iron fittings installed inside the structure.

Fixed formwork made of expanded polystyrene for the production of arbolite concrete is
shown in fig. 3.

Figure 3. Fixed formwork made of expanded polystyrene for
obtaining arbolitobeton
5. The results of the study according to the tasks

1. A technology has been developed for obtaining an arbolite mixture based on licorice root
waste by the method. Such a technology for producing arbolite-concrete mixtures by the method of
"fixed formwork™ based on licorice root waste is more effectively suitable for the construction of
low-rise housing construction.

2. It has been established that 0.5-1% superplasticizer grade C-3 introduced into the binder
composition with additives improves the properties of the cement binder stone. Also introduced into the
binder composition cellulose organic filler based on crushed licorice root fiber, which occupies up to
70% of the volume, significantly affects the nature of the structure formation. With the introduction of a
porous organic filler, the solution part is adsorbed, the system becomes rigid, elasticity changes, the
acoustic characteristics in this case will record both physical and physicochemical processes. This is
also confirmed by the increase in the strength of wood concrete, which at the age of 3 and 7 days
increases from daily 2.9 MPa, respectively, to 4.9 and 7.3 MPa. Thus, it is shown that the processes of
structure formation are closely related to the increase in the strength of the binder composition of the
formed arbolite concrete.

The developed arbolite-concrete structural materials and products based on licorice root
waste can be used in the construction industry. Table 7 shows the average density and strength
characteristics of the developed arbolites based on licorice root waste.

Table 7 - Average density and strength characteristics of the developed wood concrete based
on licorice root waste

N° p/ Additive type Average density, kg/m? Compressive strength, MPa
p
1 Without 0,866 1,91
additives
2 Poly Plast 0,870 2,9
3 CemPlast 0,880 49
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| 4 | C-3 \ 0,923 \ 7.3 \

6. Discussion of results

The paper states that on the basis of theoretical studies, a new composition of the ash-alkali
binder for the production of wood concrete has been scientifically substantiated. The purpose of this
work is to develop an effective method for the mineralization of organic aggregate to obtain heat-
insulating structural wood concrete, with an average density of up to 650 kg/m3, based on crushed
rice straw [6,7].Now we are discussing the study of the processes of structure formation of wood
concrete based on crushed licorice root waste with activated cement binder with the addition of a
super plasticizer. It should be noted that the nature of the formation of the structure of cement
arbolite is largely due to the phenomenon and patterns observed on the interface "activated binder
solution - organic aggregate™.So, after mixing the mixtures with activated cement mortar, physical
and chemical processes occur at the contact "arbolite - activated cement mortar”, the nature of
which is determined by the adhesive bonds between organic aggregates and a binder stone. At the
same time, the porous structure of the arbolite is of great importance, causing moisture to be sucked
out by the arbolite immediately after the preparation of the mixture, which leads to an increase in
adhesive contacts between the binder and rough surfaces of the licorice root. As a result of
chemisorption, mixed adhesive-cohesive contacts are formed on the contact.

7. Conclusions

1. Arbolit is an effective building material, therefore, when choosing raw materials for its
manufacture, a necessary condition is its availability for organizing construction production on an
industrial scale, low cost and ensuring the required performance characteristics of manufactured
building products. Therefore, the study of obtaining an arbolite mixture based on licorice root waste
using the “fixed formwork™ method using local raw materials positively solves the problems of low-
rise housing construction.

2. The compressive strength of the developed wood concrete based on liquorice waste in 28
days. age reaches from 2.9 MPa to 7.3 MPa. The developed arbolite-concrete structural materials
and products based on licorice root waste can be used as a wall block for industrial and civil
construction. Therefore, the study of building materials based on local raw materials and the search
for the possibility of producing wood concrete based on them and identifying the features of their
structure formation solves the environmental and economic problems of the country's economy.
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Rezyume: Ushbu magolada boyan tomir chigindisidan tayyorlangan arbolit
namunalarining mustaxkamligi keltirilgan, ularni qorg‘ovchi konstrukciyada go'llanish imkoniyati
dalillangan. Boyan tomiri chigindisidan foydalanib tayorlangan arbolitga 1% miqdorda har xil
superplastifikatorlar qo'shilib 2-sutka davomida saglangan namunalarni sinash orgali "Yechilmas
opalubka™ olish bo'yicha aniqg natijalarga erishildi. Bu natijalarni Qoragalpog'iston Respublikasi
sharoitida qorg'ovchi konstukciya sifatida qo'llanishga bo'ladi.

Pe3ztome. B cmamve npedcmasieHvl pe3yibmamol UCCAe008aHUSL NPOYHOCIU apOOIUMOBbIX
06pa3u06 U3 KOpHA JlaKpuybl U 000CHOBANHA B03MONCHOCb UX UCNONL30BAHUS 8 02pa9f€0al0u4€]l/l
Koncmpykyuu. Hccnedosanue o006pazyo8 ¢ 66e0eHUEM pPA3IUYHLIX CYNEPRIACUDUKAMOPOS 8
konuuecmee 1% u npu 28-cymounom XpaHeHuil NO3601UN0 NOJAYYUMb, OOCMOBEPHbIE 3HAYEHUs
NPOYHOCMHBIX XAPAKMEPUCUK apOoiuma Ons HeCbeMHOU ONnanyoOKu u3 KOpPHA JaKPUYbL.
HOJZylleHHble pes3yibmanibl nO360Js1em noesblCunib NPOYHOCMHbLE noKasamesiu ap60ﬂuma U3 KOpH:
JAKpuybl U UCNOTb308AMb 8  02PANCOAIOWUX  KOHCMPYKyusx 6 yciosusx Pecnyonuku
Kapakannaxcman.

Kalit so'zlar: arbolit, yechilmas opalubka, boyan tomiri, yog'och girindisi, cement.
Knroueewie cnosa: ap60ﬂum, HECbeMHAA onaﬂy67<a, KOpE€Hb JlaKpuyvl, Onuika, uemernm.
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METHOD FOR DETERMINING THE VISCOSITY OF N-METHYLDIETHANOLAMINE
AQUEQUS SOLUTION
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Summary: In this scientific work, the viscosities of an aqueous solution of N-
methyldiethanolamine are considered. N-methyldiethanolamine in an aqueous solution was used as
the object of study (raw material). The research methodology is to use a capillary viscometer VTL-
4. The experiments were carried out at atmospheric pressure, and the temperature range varied
from 20 to 150°C with an interval of 10°C. A laboratory stand was used to maintain the
temperature of the test liquid. The concentration of N-methyldiethanolamine in an aqueous solution
varied from 30% to 50% wt. Dynamic viscosity was determined by calculation and experiment
using a formula from the available literature. The results showed that viscosity depends on
temperature and amine concentration. The viscosity value at 50% mass content of N-
methyldiethanolamine in the solution is higher than 30% and 40%. With an increase in
temperature, the viscosity of 30%, 40% and 50% by weight of an aqueous solution of N-
methyldiethanolamine decreased to 0.5765, 0.6764 and 0.7761 mPa*s, respectively. The viscosity
value of all binary mixtures above 110°C is very low. The graph of the viscosity of binary mixtures,
depending on the temperature, changes logarithmically. When calculating, the limiting values of the
viscosity of binary mixtures were determined.

Keywords: Viscosity, laboratory stand, N-methyldiethanolamine, MDEA, viscometer.

1. Introduction

Carbon dioxide is considered one of the main sources of global greenhouse gas emissions.
Absorption-regeneration technology using various improved solvents is a promising approach to
reduce carbon dioxide emissions. Conventional solvents such as monoethanolamine (MEA),
diethanolamine (DEA) have various disadvantages, such as large losses and solvent decomposition,
equipment corrosion and higher energy costs for regeneration, which makes the process inefficient
and uneconomical [1,2]. Therefore, it is necessary to adapt this process in order to reduce the
energy costs at the desorption stage.

Solvent-separators N-methyldiethanolamine were proposed as an option for capturing CO>
to reduce energy consumption for absorbent regeneration. MDEA (tertiary amine), compared to
MEA and DEA, is more selective for the removal of hydrogen sulfide, which is usually
characterized by the amount of unabsorbed carbon dioxide [3].

Tertiary amines such as N-methyldiethanolamine (MDEA), dimethylethanolamine (DMEA),
and diethylethanolamine (DEEA) have low heat of reaction, which reduces energy consumption in
the stripping process [4-6]. MDEA has traditionally been used to remove CO: at high pressures. It
is not usually used for removing CO> at atmospheric pressure [7]. MDEA solutions are used to
selectively remove H,S from gas streams such as natural gas, syngas from coal and heavy oil
gasification, and tail gases from sulfur plants that contain both CO, and H»S [8,9]. In addition to
selective H>S removal, some advantages of MDEA over primary and secondary amines have been
reported, such as low vapor pressure, high CO2 scavenging capacity, high resistance to degradation,
and fewer corrosion problems [10,11].

Physical properties, such as the density and viscosity of solvents, are essential for
engineering calculations when performing mathematical modeling and modeling for sizing process
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equipment. Density and viscosity are required in many of the mass and heat transfer correlations
that are used in the design of absorbers, absorbers, and desorbers in a process. Additional properties
are useful in flow calculations for selecting material handling equipment such as pumps and valves.
Data on the density and viscosity of some mixtures of MDEA + MEA + H2O are given in the
literature [12-14].

In this work, experiments were carried out to measure the kinematic viscosity of aqueous
mixtures of tertiary amines at different temperatures from 20°C to 150°C using a laboratory bench
to maintain the temperature environment of the test liquid: MDEA(1) + H>O(2) at various amine
concentrations and temperatures and according to the equation ( 2) calculated the dynamic viscosity
of the mixtures.

2. Experimental part

2.1. Materials

Absorption liquid N-methyldiethanolamine (MDEA) was supplied from the Ustyurt Gas
Chemical Complex plant in pure >99% form. Distilled water degassed by boiling was used to
prepare amine solutions. The mass of liquid mixtures was measured using a CAS NWP-3000
analytical balance with an accuracy of £0.05 g.

2.2. Methods

The widely used capillary method was chosen to determine the kinematic viscosity of
mixtures of tertiary amines [15, 16]. The essence of the method is to measure the time of expiration
of a certain volume of the test liquid (in seconds) between the marks M1 and M2 under the action of
gravity at a constant temperature with a calibrated glass capillary viscometer. The kinematic
viscosity is the product of the measured flow time and the constant of the viscometer.

The VTL-4 capillary viscometer consists of a reservoir for the test liquid, a thin capillary
tube and a liquid receiver. The source of pressure is the weight of the test liquid column in the
instrument (hydrostatic pressure) or the external pressure applied to the liquid meniscus in the
viscometer, or a combination of both pressures.

In the course of experiments to determine the kinematic viscosity of the amine solution, a
VTL-4 AKL 2.842.032 glass viscometer (no. 2129, capillary diameter d = 0.82 mm, instrument
constant K = 0.02880 mm?/s?), a thermostat, a rubber tube, a rubber bulb, and a stopwatch were
used.

The allowable discrepancy between successive determinations of kinematic viscosity values
from its arithmetic mean value did not exceed £1.2%.

The value of the kinematic viscosity of the studied raw material sample v (mm?/s), measured
using a VTL-4 viscometer, is calculated by the formula [16,17]:

_ g
V= T, K 1)

where g = 9.81 m/s? - free fall acceleration; tm is the arithmetic mean of the raw material
sample expiration time, s; K = 0.0288 mm?/s? - viscometer constant.

Dynamic viscosity p (MPass) is calculated based on the obtained values of kinematic
viscosity according to the formula [16]:

pw=vpilo3 2)
where p is the density of the raw material at the temperature for determining its kinematic viscosity,
kg/m?; v - kinematic viscosity, mm?/s.

Viscosity was measured at intervals of 10°C at temperatures from (20°C to 150°C). To
maintain the temperature environment and measure the kinematic viscosity of the liquid under
study, we assembled an experimental stand (Fig. 1), consisting of a glass water thermostat 7, an
electric heater 3, a stirrer 6, a vessel 10 for the test sample, a hydrometer 9 of the ANT-1 type and a
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viscometer 8 [17]. The unit is equipped with a contact thermometer 5 and a relay 2 for controlling
the water temperature in the thermostat 7.

=220V

by - "

??‘i’%i

D 0 6 O
LS T T 2.

1 — laboratory autotransformer; 2 - temperature relay; 3 — electric heater; 5 - contact thermometer; 6
- mixing devices; 7 - glass container (thermostat) for water; 8 — viscometer VTL-4; 9 — hydrometer
ANT-1; 10 - glass container for amine solution sample.

Fig. 1 Scheme of the stand for measuring the kinematic viscosity of the amine solution

The pilot plant works as follows. Prior to the start of the experiments, water is poured into
the thermostat 7 and the electric heater 3 is turned on, the water is heated to the required
temperature, which is controlled by the contact thermometer 5 and the temperature switch 2.
laboratory autotransformer 1. After reaching the required water temperature, a viscometer 8 with a
sample of the amine solution is placed in thermostat 7 for 20 minutes. The constancy of the
temperature of the raw material in the viscometer is ensured by its mixing with the help of a "pear”.
After that, they begin to measure the viscosity of the raw material sample at a given temperature
[17].

3. Results and discussions

Viscosities of binary mixtures MDEA+H20

Viscosity is one of the most important indicators of the quality of the absorbent. As is
known, the viscosity of amines increases with increasing molecular weight and boiling point. The
lower the viscosity of the solution, the easier it is to transport it through the pipeline and process it.

As can be seen from Table 1, with increasing temperature, the dynamic viscosity of binary
mixtures gradually decreases according to a parabolic law. In the temperature range 20+150°C, the
dynamic viscosity of the binary mixture MDEA(30%)+H20(70%) varies within 6.6803+0.5765
mPa*s, the viscosity of the mixture MDEA(40%)+H>0(60%) has a limiting value of 8.9024+0.6764
mPa*s, and the MDEA(50%)+H>0(50%) mixture has a viscosity limit of 23.4694+0.7761 mPa*s.
As you can see, the viscosity of binary mixtures increases with a decrease in the proportion of
distilled water in their composition. However, a comparison of the viscosity of all three mixtures
with three different ratios of components shows that reducing the proportion of distilled water in the
mixture from 70% to 50% does not lead to a significant decrease in their relative viscosity.

Calculations and experiments to determine the dynamic viscosity were carried out in the
temperature range from 20°C to 150°C in different mass concentrations. These calculated and
experimental values for determining the dynam