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OXIDATION OF OIL SULFIDES OF THE EAST TASHLA FIELDS WITH
HYDROGEN PEROXIDE IN THE PRESENCE OF SULFURIC ACID

Davranova Guzal Turdievna !, Safarova Matluba Alimkulovna !,
Mamatova Shakhnoza Berdikobilovna ',
Kurbanov Mingnikul Jumagulovich !, Salayev Mirkhojiddin !

1 Karshi State University

Cite: Davranova G.T., Safarova M. A., Mamatova Sh. B., Kurbanov M. J., Salayev M. (2025).
Oxidation of Oil Sulfides of the East Tashla Fields With Hydrogen Peroxide in The Presence of
Sulfuric Acid. Austrian Journal of Technical and Natural Sciences 2025, No. 9—10. https://
doi.org/10.29013/AJT-25-9.10-3-7

Abstract

In this article, sulfuric acid extraction of sulfide organic compounds from the fuel oil fraction
of the Tashlinsky field was carried out. The reaction and conditions of hydrogen peroxide on
sulfide compounds from the fuel oil fraction of oil were studied. Organic sulfur compounds in
the resulting sulfide concentrate were converted into the corresponding sulfoxides by a 30%
peroxide solution.
Keywords: sulfur, sulfoxide, organosulfur compounds, bitumen, high-sulfur oil, hydrogen

peroxide, extract, distillate, refined

Introduction

Domestic and foreign oil industry sup-
pressed the amount of oil produced — sulfu-
rous and high-sulfur, which are one of the
main natural raw materials sources of orga-
nosulfur compounds. In this regard, synthet-
ically similar compounds are very important
not only as reference preparations for the
purposes of identification, but also for a com-
prehensive study of their physicochemical,
chemical, physiological, anti-corrosion and
other specific properties, which will greatly
facilitate the search for new areas of applica-
tion of organosulfur compounds of oil.

Cyclic organic sulfur compounds at-
tract more and more attention every year for
their theoretical and practical significance. It
should be noted that on the basis of organic
sulfur compounds, new organic reactions and
new effective reagents are discovered, which
are successfully used in modern organic syn-
thesis (Rakhmatova G.B., KurbanovM.Zh.,
AtakulovaD., 2020; RakhmatovaG. B., Kur-
banovM.Zh., RuziboevM.T., 2019; Rakhma-
tovaG.B., KurbanovM.Zh., RuziboevM.T.,
2020; VyacheslavY. Sosnovskikh. 2016). Suc-
cesses in this direction to a certain extent com-
plement the methods of fine organic synthesis
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and theoretical organic chemistry. The devel-
opment of synthetic work in this direction is
also dictated by the need of the national econ-
omy for substances with clearly expressed
highly effective anti-corrosion and biological
activity, which is inherent in many classes of
sulfur compounds (Sharaf Demirayak, Leyla
Yurttas, Nalan Gundogdu-Karaburun, Ahmet
Cagri Karaburun, Ismail Kayagil. 2017; Ya-Li
Song, Fan Vu, Chao-Chao Chjan, Guo-Chao
Liang, Guan Chjou, Jiao-Jiao Yu., 2015; He-
nok H. Kurfe, Paseka T. Moshapo, Felix L. Ma-
kolo, DavidW.Gammon, Martin Ehlers,
Carsten Schmuck. 2014).

Experimental part

Oxidation to the bituminous broad
fraction of high-sulfur oil is carried out as
follows: to the bitumen wide fraction of
high-sulfur oil in the amount of 200 g, loaded
into a three-necked flask with a capacity of
0.5 liters, equipped with a mechanical mix-
er, a thermometer and a drip funnel. 0.4 g of
the emulsifier OS-20 (0.3% to the reaction
mixture) was added to this amount of frac-
tion. containing concentrated sulfuric acid
in the amount of 0.85 g. Oxidizing mixture
is prepared by adding portions of concentrat-
ed sulfuric acid to a 30% hydrogen peroxide
solution cooled to 0 °C. The addition of the
oxidizer was introduced at such a rate that
the temperature of the mixture did not ex-
ceed 25 °C. After adding hydrogen peroxide,
the mixture was stirred for another 2 hours,
and then poured into three times the volume
of water. They were shaken vigorously and
left overnight. The organic layer was separat-
ed and dried with calcined calcium chloride.

The oxidized petroleum distillate (organ-
ic layer) was loaded into a dividing funnel
equipped with an agitator. To this fraction
was added 34 g of 60% sulfuric acid, taken at
the rate of three equivalents per equivalent of
sulphoxide sulfur in solution. The contents of
the unit were vigorously stirred for 15 min-
utes and then left for two hours to stratify.
After stratification, the bottom layer (a solu-
tion of sulphoxide sulfates in dilute sulfuric
acid) was separated from the refined sugar.
The acid extract was washed with petroleum
ether from the impurity of non-oxidized sul-
fur and hydrocarbon compounds, and sulfox-
ides were isolated from the washed sulfuric

Section 1. Chemistry

acid layer when the complex was destroyed
by dilution with water up to 15% of the acid
concentration. At the same time, the sulfox-
ides floated and were extracted with ethyl
ether. The resulting ether extracts of sulfox-
ides were washed with water to a neutral re-
action (pH = 7), dried with freshly calcined
calcium chloride, filtered from the dryer and
distilled the solvent. As a result of two treat-
ments of the oxidized broad fraction of oil
with 60% sulfuric acid, we obtained 14 g of
sulfoxide.

The isolated sulfoxides are dark brown
oil, insoluble in water. It is poorly distilled
in vacuum, when heated above 110 °C, it
darkens. In terms of chemical composition —
CnH2nSO, CnH2n-2SO, which correspond
to saturated thiocyclanes. Refined, obtained
according to both schemes, after purification
with 92-93% sulfuric acid, can be used as
a component of kerosene — diesel fuel.

Discussion of the results

Sulphide concentrates up to a bituminous
wide fraction of high-sulfur oil, released by
sulfuric acid, are of considerable interest
for the production of petroleum sulfoxides.
However, there are various publications in
the literature devoted to the study of the ox-
idation of sulfide oil concentrates. In this re-
gard, we conducted a study of the oxidation
of sulphide concentrate isolated from the
pre-bitumen wide fraction of the East Tash-
ly deposit with sulfuric acid. High-sulfur oil
produced in the south of Uzbekistan does not
receive enough qualified use for processing
into valuable products. Therefore, the pur-
pose of this work is to develop a technology
for desulfurization to a bituminous broad
fraction of high-sulfur oil (BCH) by selective
oxidation of sulfides, directly in oil distillates,
and to isolate the resulting sulfoxides from
oxidized distillates by a cheap and safe sul-
furic acid method. The sulfuric acid method
includes two stages:

1) Oxidation of sulfides contained in
the straight-run kerosene-solar fraction of
high-sulfur oil by heterogeneous-emulsion
method to sulfoxides with 30% hydrogen
peroxide with catalytic additives of sulfuric
acid.

2) Release of sulfoxides by a dilute solu-
tion of sulfuric acid.
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In all the experiments carried out, the
oxidation temperature was about 80 °C. The
amount of hydrogen peroxide consumption
was 1.2 g/mol per 1 g/atom of sulfide sulfur
oil. It has been established that the oxidation
of VSN sulfides in a foam-emulsion reactor
has a higher reaction rate than in a reactor
with a mechanical agitator due to the great-
er dispersion of the heterogeneous system.

Section 1. Chemistry

Sulfides separated from spent 60% sulfuric
acid oxidize at a higher rate. The separation
of sulfoxides from the oxidized fraction of
oil is based on the peculiarities of the elec-
tronic structure of organosulfur compounds.
Sulfoxides, when dissolved in a dilute 60%
solution of sulfuric acid, are protonized, giv-
ing sulphoxide sulfoxides according to the
scheme:

R .
R R’ A R
” +  H,SO, | 4
OH

Sulfoxides, forming a complex, pass into
a solution of sulfuric acid and, during the
stratification of phases, are separated from
hydrocarbons and the non-oxidized part of
organosulfur compounds. When the sulfuric
acid layer is diluted to a 15% concentration of
H,SO,, the complex is destroyed and the sulf-
oxides float to the top, and the dilute solution
of sulfuric acid remains at the bottom.

R-SO-R-H,SO,+H,0—
R-SO-R+H,0-H,S0,

To find out the reasons for the different
reactivity of sulfide concentrates in the oxi-
dation reaction, their structural and group
composition, as well as the nature of the main
impurities were studied by mass spectrome-
try using UV and IR spectroscopy data. It was
found that the structural-group composition
of both concentrates is quite close and is rep-
resented mainly by thiamonocycloalkanes.
The characteristics of the resulting sulfoxides
are given in Table 1.

Table 1. Characteristics of oxidized concentrates of organosulfur compounds isolated from
the oxidized to bituminous broad fraction of high-sulfur oil from the East Tashly fields

Sulfoxide,

Exit Sob, % o S=0,%
(1]
Name Mr
Products in the 204 N20D (cpp ™ to m to m
in % a tail- a tail- a tail-
year ex. ex.
coat coat coat

Oxidized BCH 201.3 100 0.85256 1.4903 194.0 2.42 100 0.82 100 1.12
Extract (sulfoc 0 675 099187 15405 2040 133 44 - - 131
seeds)
Cube 1845 92.3 - — - 1.36 54 0.75 93.2 0.021
Petroleum ether
leachable prod-
uct from extract 2.34 1.12 - - - 1.78 0.8 - - 1.15

One of the important points for under-
standing the mechanism of oxidation of sul-
fides into sulfoxides using hydrogen perox-

ide is the diagram below, which assumes the
presence of hemolytic and heterolytic reac-
tions.
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1 H202
R

Depending on the nature of the acid and
the temperature of the reactions, the propor-
tion of each of these reactions can range from
1 to 100% of the total rate of hydrogen per-
oxide decay. Closely related to the question of
which decomposition predominates under the
action of a hemolytic or heterolytic catalyst is
the question of the selectivity of sulfide oxi-
dation. In the presence of sulfuric acid, which
causes an incomparably faster breakdown of
hydrogen peroxide into radicals, the selectivi-
ty of oxidation is low. Thus, the question of the
catalytic effect of inorganic acids on the mecha-
nism of oxidation of petroleum sulfides is quite
complex. In addition, during the oxidation of
petroleum sulfides, along with the decompo-
sition of hydrogen peroxide by heterolytic and
homolytic mechanisms, the formation of py-
roacids takes place. As is known, the products
of the reaction of pyroacids with sulfides are
the corresponding sulfoxides. Depending on
the conditions of oxidation, the concentration
of hydrogen peroxide and the nature of the ac-
tivating additives, the proportion of pyroacids
formed under these conditions varies widely.

— SR — "~ >

Section 1. Chemistry

[(HO) + (OH)']

Based on this, it can be concluded that
the specific nature of oxidation of the sul-
fide concentrate isolated by spent sulfuric
acid with hydrogen peroxide forms pyroac-
ids, which are superior to hydrogen perox-
ide in oxidizing capacity. Even with a lack
of oxidant (65% of the stoichiometry), the
amount of sulfonic acids in the reaction mix-
ture reaches 0.5% by weight in three min-
utes. Sulfones appear in oxidation products
only when an excessive amount of hydrogen
peroxide is used, and they are formed after
the conversion of most of the sulfides into
sulfoxides. Thus, sulfones are formed from
sulfoxides. With an increase in the concen-
tration of hydrogen peroxide, the formation
of sulfones occurs more intensively. In the
above-described method of obtaining sulf-
oxides by oxidation of sulfuric acid extracts
of sulfides, the yield of the sulfoxide con-
centrate based on the initial raw material
is about 4.7%. In order to increase the rate
of conversion of sulfides into sulfoxides, the
oxidation process should be carried out in
a foam-emulsion apparatus.
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QUALITATIVE AND QUANTITATIVE ANALYSIS OF FAT-SOLUBLE
VITAMINS IN VITAMIN-MINERAL COMPLEXES

Jabborkhonova Nodirakhon Abdumalik kizi', Murzaev Rustam Kamilovich ?

! Customs Institute of the Customs Committee of the Republic of Uzbekistan

2 Central Customs Laboratory of the Customs Committee of the Republic of Uzbekistan

Cite: Jabborkhonova N.A., Murzaev R.K. (2025). Qualitative and Quantitative Analysis
of Fat-Soluble Vitamins in Vitamin-Mineral Complexes. Austrian Journal of Technical and
Natural Sciences 2025, No 9—10. https://doi.org/10.29013/AJT-25-9.10-8-12

Abstract

In this article, the qualitative and quantitative analysis of fat-soluble vitamins in bio-

logically active additives consisting of 6 different vitamin-mineral complexes was investi-
gated by the method of high-performance liquid chromatography. Fat-soluble vitamins in
the samples were compared with the quantity indicated on the label of biologically active
additives and the standard values for biologically active additives. The results obtained
from the study samples showed that the fat-soluble vitamins in all samples corresponded
to normal indicators.

Keywords: biologically active additives, fat-soluble vitamins, high-performance liquid chro-

matography, vitamin A, vitamin E, vitamin D, antioxidant

Indtroduction

Among physiologically active natural or-
ganic compounds, alkaloids, hormones, an-
tibiotics, and other fat-soluble vitamins (A,
D, E, K) occupy a special place. They are ir-
replaceable therapeutic agents necessary for
the body and enhance the body’s protective
functions. Vitamins are widely used as food
additives with antioxidant effects and are
important in the diet and healthcare (Den-
isovaL.V., FilimonovV.N., 2014). There-
fore, monitoring the composition and lev-
els of vitamins is crucial for the qualitative
and quantitative analysis of pharmaceutical
preparations, especially food-grade biologi-
cally active supplements.

High-performance liquid chromatogra-
phy was used to determine the content of
fat-soluble vitamins (A, E, D) in vitamin and
mineral complexes (BaklykovA.V., Artemi-
evG.A., GlavatskikhS.A., KopchukD.S,,
2017; Mikheeva E. V., AnisimovaL.S., 2005;
MikheevE.V., AnisimovL.S., PikulN.P.,
2004; Methodology M 04-44—-2006; GOST
R 50928-96; De Lechneer A. P., 1979; Rupe-
rezF.J., 2001; Salo-Vaaninena P., Ollilaine-
naV., Mattilab P., 2000). For vitamins A and
E, a metal column filled with a 120 x 4 mm
nucleosil C18 sorbent was used, and for vi-
tamin D, a MZ-AquaPerfect C18 column of
200 x 4 mm was used.
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Materials and Methods

When studying the composition of all sam-
ples taken for the study, it was established that
all of them contain vitamins A, D, E.

Test solutions and standard samples
were prepared in 6 different samples taken
for the study, and 20 ul of samples and stan-
dards were sent to the HPLC for research,

Section 1. Chemistry

and a qualitative and quantitative analy-
sis of fat-soluble vitamins was carried out
(Fig. 1-4).

Calculations were performed according
to the data of high-performance liquid chro-
matography, and the qualitative and quanti-
tative analysis of fat-soluble vitamins is pre-
sented in (Table 1).

Figure 1. Chromatogram of standard solutions of vitamin A (13.214) and vitamin
E (17.841). Analysis conditions: column Nucleosil C18, 120 x 4 mm (5 um); mobile
phase methyl alcohol; flow rate 1 ml/min, absorption spectrum — 284 nm

4 o PDA Multi 1 326nm,4nm
- 2
S50+
=
1 N
1 L]
25
: k
T L] T | L] ¥ T I L] L] T i T T L] l T T T T ' ¥ T T L]
0 5 10 15 20 25
min
Figure 2. Chromatogram obtained by high-performance liquid
chromatography of vitamins A (13.214) and E (17.841) contained in
the biologically active supplement “Supravit multi active”
. l; PDA Multi 1 326nm,4nm
@
50~
=
&
o
25
c k
L T T ! L T L] | Ll T I T T | L] T I L T
0 5 10 15 20 25

min

9 QUALITATIVE AND QUANTITATIVE ANALYSIS OF FAT-SOLUBLE VITAMINS


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

The Austrian Journal of Technical
and Natural Sciences, No 9-10

Section 1. Chemistry

Figure 3. Chromatogram of standard solutions of vitamin D (14.482). Analysis
conditions: MZ-AquaPerfect C18 column 200x4 mm, (3um); mobile phase methanol
(70): acetonitrile (30); flow rate 0.8 ml/min, absorption spectrum-265 nm

2 PDA Multi 1 265nm,4nm
_ N
75
50~
25- )
A =
-
| & il
[=]
| : A
o [=+]
0 J FAY
L I L A I L I T T T T
0.0 2.9 2.0 7.9 10.0 12.9 15.0 17.5

min

Figure 4. Chromatogram of vitamins A (13.509) contained in the biologically active
supplement “Supravit multi active,” obtained by high-performance liquid chromatography

=

=+

=

J ™
75-
50-
25-

1 @

. ==

Lj -

i o]
0 FAY

PDA Multi 1 265nm,4nm

Chromatographic separation of fat-sol-
uble vitamins was carried out in the mobile
phase. Methyl alcohol, the mobile phase, was
used for vitamins A and E.The UV absorp-
tion spectrum was 326 nm for retinol acetate
(vitamin A) and 284 nm for a-tocopherol ac-
etate (vitamin E). A 70:30 ratio of the mobile
phase methanol and acetonitrile was used for
vitamin D.The UV absorption spectrum for
cholecalciferol (vitamin D) was 265 nm.

0.0 2.9 5.0 75

min

As can be seen from the results obtained
from the study samples, the fat-soluble vita-
mins in all samples corresponded to normal
indicators. That is, the requirements of the
Eurofarm standard indicate that the stan-
dard indicator for vitamins A, E, and D can
be 10% less or 65% more than the indicator
indicated on the package. In the samples we
took as a study, it was found that all fat-solu-
ble vitamins (A, D, E) are at the normal level.
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Table 1. Vitamin content in samples

Fat-soluble vitamins
Vitamin A Vitamin E Vitamin D
No. Samples
passport, Found passport, Found passport, Found
ug/tab  mecg/tab upg/tab  meg/tab ug/tab mecg/tab

1. Duovit 2646-4851 3050 9-16.5 12.5 180-330 265
2. Komplivit 720-1320 805 1.8-4.9 3.4 - -
3. 0-252 Life

Factor - - 6.7-12.3 10.2 11.3-20.6 12
4. Supravit multi

aktiv 450-825 560 22.5-41.2 20 4.5-8 5.2
5. Vitrum pre-

natal 774-1400 880 18-33 20.5 9-16.5 13.8
6. Multi tabs

klassik 720-1320 860 9-16.5 12.8 4.5-8.25 6.5

Based on the results obtained from stan- Conclusion
dard samples of vitamins, it is possible to In conclusion, it can be said that studies

conduct qualitative and quantitative analy- conducted using high-performance liquid
sis of water-soluble and fat soluble vitamins  chromatography have practically proven that
in vitamin-mineral complexes using the water-soluble and fat-soluble vitamins in
HPLC method. vitamin-mineral complexes give repeatable
results with rapid, convenient, and high sen-
sitivity, as well as statistical reliability.
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Abstract

Polymer-modified bitumen (PMB) is an advanced binder designed to improve road pave-
ment durability and eliminate failures such as rutting and cracking. This study examines
polymer-bitumen binders modified with destructed polypropylene (DPP), diatomite, and mont-
morillonite. The synergistic combination of these additives enhances the binder’s elasticity, heat
and cold resistance, and structural stability, resulting in improved performance and extended
service life of asphalt pavements.
Keywords: polymer-modified bitumen, complex additives, rheology, destructed polypropyl-

ene, diatomite, montmorillonite

Introduction

Polymer-modified bitumens (PMBs) are
advanced binder materials developed to en-
hance the strength and durability of road
pavements, as well as to minimize the most
common operational problems such as crack-
ing, brittleness, and aging (SengozB., To-
pal A. G., Isikyakar G., 2009). In recent years,
research aimed at improving the performance
and service life of asphalt pavements through
the use of polymer-modified bitumen has
been rapidly expanding (ZhuJ., BirgissonB.,
Kringos N., 2014). These materials are char-
acterized by superior physical and mechani-

cal properties and are considered an effective
solution, particularly for heavily loaded road
structures (Duarte G. M., Faxina A. L., 2021).
Conventional petroleum bitumens tend
to lose their plasticity and become brittle un-
der the influence of temperature fluctuations,
ultraviolet radiation, and mechanical stress-
es. Therefore, improving the rheological and
physical-mechanical characteristics of bitu-
men is one of the key scientific and technical
directions for extending the service life of road
pavements (Ayupov D. A., Murafa A. V., 2009).
Polymer-modified bitumens represent
complex dispersed systems, where interfacial
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interactions significantly affect elasticity, vis-
cosity, softening temperature, and brittleness
limits (Al-AzaweeE.T., QasimZ.I., 2018).
Polymer components form a stable structural
network within the bitumen matrix, enhancing
its thermal stability, deformation resistance,
and crack resistance (GohmanL.M., 2008).
In addition, polymer-modified binders pro-
vide asphalt mixtures with high elasticity, and
resistance to moisture and chemical reagents
(KimY., LeeS.J., Amirkhanian S.N., 2010).
Studies by Kotenko et al. (KotenkoN.P.,,
Shcherba Yu. S., EvforitskiyA.S., 2019)
demonstrated that modification of BND
70/100 grade road bitumen with styrene-
butadiene-styrene (SBS), ethylene-vinyl ace-
tate (EVA) polymers, and carbon nanotubes
(CNTs) increased the heat resistance of the
modified bitumen by 1,17 times and the cold
resistance by 1,2 times. These effects are at-
tributed to the branching of polymer chains
and the formation of strong interfacial bonds
within the bitumen matrix (Yildirim Y., 2007).
In the present study, a similar concept
was applied using destructed polypropylene
(DPP), diatomite, and montmorillonite as

Section 1. Chemistry

complex modifiers to investigate their effect
on the physical-mechanical and rheological
properties of polymer-bitumen binders. The
synergistic interaction of these modifiers en-
hances the thermal resistance, elasticity, and
deformation stability of the binder (Khairut-
dinovR.F., ShakhovA.V., IbragimovR.A,
2017). This, in turn, extends the service life of
road pavements, reduces maintenance costs,
and improves overall economic efficiency.

Materials and methods

The modified bitumen was prepared using
the following composition: destructed poly-
propylene (DPP) — 3—5 wt%, diatomite and
montmorillonite — 2 wt % each, and the re-
maining part consisted of BND 50/70 grade
road bitumen. This bitumen grade is intended
for use in hot climatic regions and for pave-
ments subjected to heavy traffic loads.

The mixing process was carried out in two
stages:

Stage 1: high-speed dispersion at 180 °C
and 3000 rpm for 90 minutes;

Stage 2: low-speed homogenization at
600—-700 rpm for an additional 90 minutes.

Table 1. Polymer-bitumen binder samples prepared using thermo-
oxidatively destructed polypropylene (JM-380)

sample PSSP DPP(%)  Diatomite ()  MOMTotlonite
PB-DP-1 93 3 5 5
PB-DP-2 92 4 2 5
PB-DP-3 91 5 ) )

Results and discussion
The experimental results revealed that the
physical-mechanical and rheological proper-
ties of polymer—bitumen binders are signifi-
cantly influenced by the content of destructed
polypropylene (DPP), diatomite, and mont-
morillonite. During the modification process,
these components exhibit a synergistic inter-
action that leads to the formation of an elastic,
thermally stable, and deformation-resistant
phase structure within the bitumen matrix.
The analysis of the results was carried out
through three main groups of parameters:
» Penetration and ductility — character-
izing the mechanical flexibility and
hardness of the binder;

« Softening and brittleness tempera-
tures — determining the thermal sta-
bility and the brittleness threshold at
low temperatures;

« Elasticity (elastic recovery) — assess-
ing the ability of the modified binder
to recover its shape after deformation.

As shown in Figure 1, the penetration and

ductility values of polymer-bitumen binders
vary significantly with DPP content.

The base bitumen (BND 50/70) exhibited

a penetration of 75 x 0,1 mm and ductility of
58 cm at 25 °C, and 20 x 0,1 mm and 3,4 cm
at 0 °C. With increasing DPP concentration,
penetration decreased while ductility sharply
increased.
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This indicates that the modified binder
becomes stiffer and denser, yet more elastic
and flexible under deformation.

The synergistic action of DPP, diatomite,
and montmorillonite leads to the formation

Section 1. Chemistry

of an interpenetrating viscoelastic network
that enhances both the flexibility and crack
resistance of the bitumen matrix.

Figure 1. Effect of DPP content on penetration and ductility of polymer-bitumen binders
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As DPP content increases, the softening
temperature rises while the brittleness tem-
perature decreases, indicating a broader op-
erational temperature range and improved
thermal stability.

The variation of softening and brittleness
temperatures with increasing DPP content
clearly demonstrates the improvement of
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thermal stability and low-temperature flexi-
bility of the modified binders.

As seen in Figure 2, the softening point
of the base bitumen (BND 50/70) was 54 °C,
while that of the modified binders increased
to 69 °C, 76 °C, and 82 °C for PB-DP-1,
PB-DP-2, and PB-DP-3, respectively.

Figure 2. Effect of DPP content on softening and brittleness
temperature of polymer-bitumen binders
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Conversely, the brittleness temperature
decreased from —-15 °C to —22 °C, —-27 °C,
and —32 °C. This behavior confirms that the
polymer network restricts molecular mobil-
ity and prevents crack propagation under
thermal stress.

Diatomite and montmorillonite further
act as thermal stabilizers, dispersing heat
uniformly and delaying crystallization at low
temperatures.

As DPP content increases, the softening
temperature rises while the brittleness tem-
perature decreases, indicating a broader op-
erational temperature range and improved
thermal stability.

The results of elastic recovery tests at 25 °C
and 0 °C show a remarkable increase in defor-
mation recovery ability after modification.

Section 1. Chemistry

As illustrated in Figure 3, the base bitu-
men exhibited almost no recovery, whereas
the modified samples achieved 62, 73, and
81%-cm at 25 °C, and 48, 59, and 70%-cm at
0 °C for PB-DP-1, PB-DP-2, and PB-DP-3, re-
spectively.

This confirms that destructed polypropyl-
ene contributes to the formation of a three-
dimensional elastic network within the bitu-
men matrix.

The oxidized polymer chains interact
physically with the bitumen components,
enabling the binder to recover its shape after
deformation.

Moreover, the micro-porous structure of
diatomite and the layered configuration of
montmorillonite reinforce this network, en-
hancing overall flexibility and durability.

Figure 3. Effect of DPP content on elastic recovery of
polymer-bitumen binders at 25 °C and 0 °C
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Elastic recovery increases sharply with
DPP addition — from 0 to 81% cm at 25 °C
and from 0 to 70% cm at 0 °C confirming the
formation of a stable elastic structure within
the modified binder.

Conclusion
The study demonstrated that complex
modification of BND 50/70 bitumen with de-
structed polypropylene, diatomite, and mont-
morillonite leads to substantial improvement
in its rheological, mechanical, and thermal

PB-DP-2 PB-DP-3

Sample

properties. The modified binders exhibit in-
creased softening temperature (up to 82 °C),
decreased brittleness (down to —32 °C), and
improved elastic recovery (up to 81%-cm), con-
firming the formation of a three-dimensional
viscoelastic structure. Such materials are
promising for road pavements operating in
extreme climatic conditions, ensuring higher
durability and service life. Future work will
focus on optimizing additive ratios and study-
ing long-term aging resistance of the modified
systems.
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Abstract

Mixing brown coal from the Angren deposit, oxidised in an optimal mode with a mixture
of nitric and sulphuric acids, with bentonite (from the Azkamar and Navbahor deposits) is
a promising method for obtaining highly effective carbon-humic bentonite fertilizer. With a ra-
tio of organic coal to bentonite from the Azkamar deposit of 100:10, a carbon-humic bentonite
fertilizer was obtained containing 3.14% nitrogen, 73.20% organic matter, 54.92% humic acids,
with a granule strength of 2.28 MPa and a moisture content of 5.2%, which does not cake and
retains its friability even at higher moisture levels.
Keywords: coal, bentonite, humic acids, carbon-humic bentonite fertilizer, granule strength

Introduction

About 50% of the world’s food produc-
tion relies on synthetic fertilizer application,
hence to meet food production, its use has
been increased tremendously during the last
4 to 5 decades (FAO, 2021). Inorganic fertil-
izers are frequently used to increase soil fer-
tility and crop yield. However, they are not
a permanent solution to tackle soil infertility.
The long-term application of mineral fertiliz-
ers into soils with a low percentage of organic
compounds accelerates the mineralization of
soil organic matter (SOM) and disrupts the
natural metabolic processes of soil organ-
isms. This leads to a reduction in the SOM
content, nutritional imbalance, and soil acid-
ification. Therefore, natural amendments,
such as bentonite and its combination with
organics, could be useful tools to maintain

or increase the SOM in a sustainable way
(Hernandez, T. et al., 2016).

Bentonite is classified as an agronom-
ic ore. Abroad, bentonites and preparations
made from them are used in agriculture:
as fillers in pesticides to combat agricul-
tural pests; as additives to sandy and other
low-fertility soils to improve their agronomic
properties; as diluents and accumulators of
mineral fertilizers to reduce their harmful ef-
fects on soil biocenoses, to prevent the leach-
ing of fertilizers from the soil and, as a result,
to prevent the contamination of groundwater
with mineral salts; in the production of liquid
complex fertilizers as suspending and stabi-
lising agents (MiJ. et al., 2020; Umar W. et
al., 2022; Eslek Koyuncu D. D. et al., 2024)

Bentonite is recommended for use on
light (sandy and sandy loam) soils. It im-
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proves their water-physical and thermal
properties, increases maximum moisture ca-
pacity, and reduces the water permeability of
sandy soils. As a result, the living conditions
of soil microorganisms and the nutrition of
cultivated plants are improved. The high
sorption capacity of bentonite prevents the
leaching of fertilizers from the soil (MiJ. et
al., 2020). Bentonite clay composite has also
been evaluated as a tool for the remediation
of heavy metal-contaminated soil (Myas-
nikov, S.K. et al., 2016).

Environmental studies by American sci-
entists have shown that bentonite prevents
the spread of phytopathogenic microorgan-
isms in the soil. The use of bentonite pro-
vides high economic efficiency in agriculture

Section 1. Chemistry

(AgafonovE.V.,, KhovanskyM.V., 2014).
About 200 deposits and occurrences of ben-
tonite clays have been identified in Uzbeki-

stan, with estimated reserves of more than 2
billion tonnes (Avliyakulov A. et al., 2003).

Research method

We decided to combine the high agro-
chemical properties of carbon-humic com-
pounds (oxidised carbon) with the equally
high agrochemical properties of bentonite
clays to obtain carbon-humic bentonite fer-
tilizers.

In our work, we used bentonite clays
from three deposits in Uzbekistan: Azkamar,
Navbahor and Lagon. Their composition is
shown in Table 1.

Table 1. Chemical composition of bentonites

Ben-
No. tonite CO, SiO, T10, ALO, Fe,O, MgO MnO CaO Na,0 K,0 P,0, SO, H,0
deposit
1. Azkamar 3.41 50.34 0.73 15.21 5.67 2.3 0.03 4.76 231 236 0.13 1.48 5.42
2. Navbahor 9.35 46.06 0.39 8.78 3 433 0.27 122 0.75 1.05 0.77 139 6
3. Lagon 297 49.73 0.73 14.74 5.57 4.45 0.02 226 2.15 4.75 0.1 0.57 3.8

To obtain oxidised coal, a representative
sample of BOMSSH grade coal fine from the
Angren deposit, which, after drying to an air-
dry state and grinding in a ball mill to a size
of 0.25 mm, had the following composition
(wt.%): moisture 14.1; ash 13.7; organic mat-
ter 72.2; humic acids 4.1% of organic mass.
Nitric acid was taken from Maxam-Chirchik
JSC with a concentration of 59%. The initial
sulphuric acid had a concentration of 93%.
The oxidation process was carried out at a ni-
tric acid concentration of 5 to 30%, a tem-
perature of 40 to 80 © C, a duration of 2 hours
and a weight ratio of coal: HNO3 equal to
1:2. Sulphuric acid was added to nitric acid
in such an amount that its concentration
in the nitric acid solution was between 2.5
and 20%. The experiments were carried out
in a glass cylindrical reactor equipped with
a thermostatic jacket and a screw stirrer. The
acid mixture was poured into the reactor,
the set temperature was set, the stirrer was
turned on, and a sample of brown coal was
loaded. At the end of the process, the reac-
tion mass was separated into liquid and solid
phases. The solid phase was washed with dis-

tilled water from acids to a neutral reaction,
dried to an air-dry state, and its ash content,
moisture content, organic matter, and yield
of humic and fulvic acids were determined.
The ash content was determined according
to GOST 11022-75, the moisture content
according to GOST 11014-70, the organic
matter according to the difference between
the ash and the sum of the percentage con-
tents of ash and moisture, and the yield of
humic acids according to GOST 9517-76
(Zhumanova M. O. et al. 2009).

Nitrogen oxides released during the oxi-
dation of brown coal with a mixture of nitric
and sulphuric acids were identified. Using
a water jet pump, they were passed through
absorbers with a 0.5 N NaOH solution. All
solutions were collected together, brought
to the 500 ml mark, from where an aliquot
was taken to determine nitrogen according to
Kjeldahl (Pozin M. E., 1980).

Results and discussion
After oxidising brown coal from the An-
gren deposit with a mixture of nitric and
sulphuric acids, the resulting mass was
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separated into solid and liquid phases by
filtration. The liquid phase was used to di-
lute the initial 59% nitric acid. The wet solid
phase was ammoniated to a pH of 3.5—-4.0.
Initially, we studied the process of produc-
ing granular carbon-humic fertilizers by adding
finely ground bentonite from various deposits
to the wet solid phase of oxidised coal without

Section 1. Chemistry

washing. The mass ratio of the organic part of
oxidised coal to bentonite clay (OU : BG) var-
ied in the range of 100: (3—15). The suspension
was granulated in a porcelain cup by rolling.
The product was then dried in a thermostat
at 80 °C. The chemical composition of the ob-
tained carbon-humic fertilizers with the addi-
tion of bentonite clays is given in Table 2.

Table 2. Chemical composition of carbon-humic bentonite
fertilizers obtained from oxidised coal without washing

Ratio of organic car-

0,
bon to bentonite N, %

Organic
matter, %

Humic

. Moisture, %
acids, % ’

When using Lagon bentonite

100: 3 6.22 75.53 56.81 5.33
100: 7 5.98 66.25 53.07 5.18
100: 10 5.75 63.23 51.59 5.26
100: 15 5.39 60.17 48.61 5.64
When using Navbahor bentonite
100: 3 6.32 70.57 56.17 5.22
100: 7 5.95 66.94 53.21 5.58
100: 10 5.76 64.77 51.43 5.50
100: 15 5.53 59.06 48.19 5.47
When using Azkamar bentonite
100: 3 6.23 75.22 55.58 5.74
100: 7 5.87 71.73 53.95 5.48
100: 10 5.63 69.05 51.92 5.56
100: 15 5.39 65.81 48.78 5.44

However, the nitrogen content in the fer-
tilizer is high. Therefore, in order to reduce the
nitrogen content in fertilizers, processes for
obtaining organic fertilizers were investigated
by twice washing oxidised coal with water at

a weight ratio of organic coal to H,0O of 1:0.28,
then adding bentonite to the wet product and
granulating it by rolling.

The wet product was then dried. The com-
position of the fertilizers is shown in Tables 3.

Table 3. Chemical composition of carbon-humic bentonite fertilizers obtained
on the basis of twice-washed solid phase products of coal oxidation

Ratio of organic car-

0,
bon to bentonite N, %

Organic
matter, %

Humic

. Moisture, %
acids, % ’

When using Navbahor bentonite

100: 5 5.35 69.96 52.73 5.71

100: 10 5.00 66.41 50.10 5.26

100: 15 4.74 60.15 47.01 5.60
When using Azkamar bentonite

100: 5 5.23 75.69 56.30 5.71

100: 10 4.90 72.88 53.03 5.22

100: 15 4.76 68.05 50.74 5.37
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In the composition of the carbon-humic
bentonite fertilizers obtained by double
washing of the solid phase of oxidised coal,
the reduction in nitrogen content compared
to the unwashed variant is only about 1%.
Therefore, to achieve a significant reduction
in nitrogen content, the coal oxidation prod-
ucts were subjected to triple washing.

The triple washing of the oxidation prod-
ucts was carried out periodically. The filtra-
tion of the nitric acid coal pulp was carried
out on a Buchner funnel under vacuum.

For the first washing of the oxidation
products, a mixture of HNO3 washing solu-

Section 1. Chemistry

tions with a concentration of 21.3% obtained
during the second and third washing stages
was used. The mixture of filtrates obtained
after separation of the oxidation product and
the first stage of washing with a content of
27.1% HNO3 is sent to the technological cy-
cle for dilution of the initial HNO3. The oxi-
dised part of the coal after threefold washing
was mixed with bentonite. The weight ratio
of the organic part of coal to bentonite is 100:
(3—15). Next, the resulting wet product was
granulated, dried, and the chemical compo-
sition and strength of the granules were de-
termined. The results are shown in Table 4.

Table 4. Chemical composition and strength of carbon-humic bentonite fertilizer
granules obtained from triple-washed solid phase coal oxidation products

Ratio of organic o Organic Humic Mois- Granule
carbon to bentonite ’ matter, % acids, % ture, % strength, MPa
When using Navbahor bentonite

100:5 3.65 71.60 54.03 5.06 2.01
100:10 3.16 67.07 50.48 5.15 2.34
100:15 3.08 62.96 47.04 5.19 2.59

When using Azkamar bentonite

100:5 3.75 76.53 57.61 5.01 2.09
100:10 3.14 73.20 54.92 5.20 2.28
100:15 3.02 69.45 52.01 5.18 2.65

The data shows that the nitrogen con-
tent decreased from 5.63 to 3.14%, while
the organic matter content in the fertilizer
was 73.20% and the humic acid content was
54.92%. The strength of the granules reached
2.28 MPa.

Conclusion

Based on laboratory studies and a series
of experiments conducted on a large-scale
laboratory setup, the main technological pa-
rameters of the process have been developed.

Main technological parameters of the
process.

Particle size of crushed coal, mm —0,25—
—0,5; coal moisture content —12—15%; nitric
acid concentration-30%; sulphuric acid con-
centration-92,5-93,0%; sulphuric acid con-
centration in 30% nitric acid —5%; weight ra-
tio of coal (organic part): HNO3 (mg) acid —1:
2; oxidation temperature, °C-35—-40; oxida-
tion duration —120 min; concentration of

21

HNOS3 formed after the first washing-27,4%;
mass ratio of organic part of coal: H,O at the
second and third washing stages —1: 0,2; neu-
tralisation temperature, °C— 60; pH value of
ammoniated coal pulp —3,5-4,0; mass ratio
of organic coal component: bentonite — 100:
10; mixing time, min —15; temperature of
furnace gases at the inlet to the drying drum,
°C -.400-500; gas temperature at the outlet
of the drying drum, °C — 85-100; product
temperature, °C- 80—90. Fertilizer composi-
tion, %: Total N-3,14; organic matter —73,20;
humic acids- 54,92; total nutrients, (N+or-
ganic matter) —76,34.

Thus, by oxidising brown coal from the
Angren deposit with nitric acid in the pres-
ence of sulphuric acid, followed by triple
washing of the solid phase of the oxidised
coal and mixing with bentonite clays, drying
and granulation, it is possible to obtain gran-
ular carbon-humic bentonite fertilizers with
a high humic substance content.
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Abstract

The synthesis and technology process of 4”,4” -di-(1-methyl-1-hydroxyethynyl)-diben-
z0-18-crown-6 are proposed, the characteristics of the initial reagents and reaction products are
given, the chemistry of the process with the most probable by-products and parallel reactions
is described. The material balance of production is described, the parameters of the synthesis
technology are studied, possible operational malfunctions and methods for their elimination
are described, and analytical control of production is proposed.
Keywords: 4,4 ”-di-(1-methyl-1-hydroxyethynyl)-dibenzo-18-crown-6, technology, ma-

terial balance, control

The best available technology is a prod-
uct production technology determined on the
basis of modern achievements of science and
technology and the best combination of cri-
teria for achieving environmental protection,
provided that it is technically possible to use it.

One of the most large-scale and widely
used industrial products is acetylene. Appli-
cations of acetylene include the production of
polyvinyl chloride (Ma X., Wei H., Luo Z., 2024,
917-9490, acetylenides (explosives) (Trujillo-
LemonM., 2025, 1176-1187), acetic acid
(Shuhrat o'g’li. O.B., 2025, 182—186), aromatic
hydrocarbons (BedenkoS.P., Dementev K.I.,
MaximovA. L., 2022)., 989-1026), solvents

(FrommeT., ReichenbergerS., Tibbetts K. M.,
BarcikowskiS., 2024, 638-663), rubbers
(AgbabaO., TrotusI.T., SchmidtW., Schiith
F., 2023, 1819-1825), acetaldehyde and
many others (ZhangZ., NaberaA., Guillén-
Gosalbez G., Pérez-RamirezJ., 2025, 1-11).

The production technology of
4°,4” -di-(1-methyl-1-hydroxyethynyl)-
dibenzo-18-crown-6 was developed joint-
ly with employees of the Department of Oil
and Gas Industry Technology, Faculty of Oil
and Gas, Tashkent State Technical Univer-
sity (Kozinskaya L., Mirkhamitova D., 2021,
18-21). A pilot plant was installed to test the
process.
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The process is periodic. Power is set. The
developed process consists of the interac-
tion of acetylene with 4°,4” -diacetyldiben-
z0-18-crown-6 in the presence of a solvent
(diethyl ether, tetrohydrofuran, benzene, tol-
uene, etc.) and a catalyst — powdered potassi-
um hydroxide.

No solid waste is generated during the
production of 47,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6. A spent
aqueous solution of caustic potassium is
formed as a liquid waste, which is sent for
disposal, and the gaseous waste is unreacted
acetylene, which is sent to a flare.

1. Characteristics of finished products
1.1. 4°,4”-di-(1-methyl-1-hydro-

Section 1. Chemistry

Molecular weight, c.u. 496
Melting point,°C 164-168
Solubility in: water insoluble

organic solvents dissolves well

chloroform dissolves well
benzene dissolves well
dimethyl sulfoxide dissolves well

2. Characteristics of feedstock,
materials and intermediate products
2.1. Acetylene, ethylene. C,H,;
HC=CH

Pure acetylene is a colorless gas with a
faint ethereal odor.

xyethynyl)-dibenzo-18-crown-6 Molecular weight, c.u. 26.04
Amorphous white powder. Melting point,’C 80.8
Empirical formula C,.H,,0, Boiling point, °C 83.8 (pressure
Structural formula 760 mm. Hg)
oH Sublimation tempera- 84.1

HyC— C/ (\ O/\g ture, °C
ne=¢ U D\ js =CH

(0] (0]

o) W

Table 1. Characteristics of acetylene

Temperature °C 0 10 20 30 40
pressure 0.5 atm 0.5833 0.5624 0.5430 0.5248 0.5879
pressure 1.0 atm 2.1716 0.1290 1.0805 1.0528 1.0285
pressure €1.5 atm 1.7850 1.7000 1.6308 1.5898 1.5318

The auto-ignition temperature of acetylene at atmospheric pressure is 635 °C

Table 2. Self-ignition temperature of acetylene-air mixtures

Content in the mixture, % vol. 10 20 30 45-55
Temperature, °C 500 400 374 135
Critical temperature, 'C 35.6

Critical pressure, atm. 61.6

Calorific value (00, 760 mm Hg)

Acetylene is highly soluble in many or-
ganic and inorganic solvents. The solubili-
ty of acetylene in water is measured by the
number of its volumes soluble in 1 volume of

12710-13377 kcal/m3

water at 0 °Cand a partial pressure of acety-
lene of 760 mm Hg. Art., and is characterized
by the following data.
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Section 1. Chemistry

Table 3. The solubility of acetylene in water is measured by the
number of its volumes soluble in 1 volume of water at 0 °C

Temperature, °C 0 5 10 15 20 25 30 35 40 45
Solubility, m®/m®* 1.75 152 132 1.16 1.03 093 085 0.77 0.71 0.65
Table 4. Solubility of acetylene in organic solvents (pressure 760 mm Hg)

Acetylene solubility, m3/m?
Solvent
-20°C 0°C 20°C 40 °C 60 °C 80 °C
Acetone 76 42 24 6.5 - -
y-Butyrolactone - 19.5 11.5 6.1 4.4 -
Dimethylformamide — 67.0 37.4 21.4 13.0 8.0
Methanol 40 20 11.2 6.0 - -
N- methyl pyrrolidone - 65 38.7 23 10 7
2.2.4’,4”- diacetyldibenzo-18- chloroform dissolves well
crown-6 benzene dissolves well
Amorphous white powder. dimethyl sulfoxide dissolves well
Empirical formula C,,H,404 Chemistry of preparation of

Structural formula 4°,4”-di-(1-methyl-1-hydroxyethynyl)
0 -dibenzo-18-crown-6
llj (\O/\J) The reaction of the formation of acety-

lene alcohols in the presence of potassium
_CHs hydroxide was discovered by A.Favorsky in
0 0 i 1905 (Favorsky A. E., 1905, 643—645).

o

H;C”

The interaction of ketones with a suspen-
sion of powdered KOH in a solvent (ether,

Molecular weight, c.u. 444 b . .

. ) enzene, toluene, etc.) is carried out at a tem-
Melting point,0C 194-200 perature of 0 °C+40 °C, a pressure of 0.4-0.9
Solubility in: water insoluble MPa. The interaction of 4°,4” -diacetyldiben-
organic solvents dissolves well z0-18-crown-6 with acetylene was carried

out according to the following scheme:
0
y: (\O/j)
\©: + HC=CH —
0 0 ~CH; ’

o §

H;C¢”

The mechanism of nucleophilic addition
to the carbonyl group of the acetylenide ion
formed upon deprotonation of the termi-
nal alkyne has been proven (ReutovO.A.,
Kurts A.L., ButinK.P., 2021, 35-52). By

analogy, the following mechanism for the
formation of 47,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown is present-
ed —6:

HC=CH + Nu —> Nu $C=CH

e®
HC=CH + KOH —> HC=C$K + H;O
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((\ /1 o ]
Hs c/@\©: O ﬂ
0 0 /CH3

o) gl

H3C\ C

®
H, H,0

Section 1. Chemistry

@

H;C— C

HC= 5\©i ) ~®/ D\c =CH
o/‘

K/O\) /C CH;

O
©

céU QCCH

o)

It has been experimentally established
that the amount of 4”,4” -di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6  formed
per unit time is directly proportional to the
concentration of potassium hydroxide. With

£

O 909
/ﬁ Clpm ™
0 0 /CH3

o

9]

H3C\ C

He= éﬁ j@c

o /

HO

The rate of formation of acetylene 1,4-gly-
cols at a temperature of 20+22 °C significant-
ly exceeds the rate of formation of tertiary
acetylene alcohols. The yield reaches 80%.
As the temperature increases, the process is
completely directed towards the formation of
1,4-glycols.

HsC

Se=

Experimental part

47,4” -di-(1-methyl-1-hydroxy-
ethynyl)-dibenzo-18-crown-6. To 5.0
g (11.26 mmol) of 4’,4”-diacetyldiben-
z0-18-crown-6 in 200 ml of benzene, 63.06 g
(112.6 mmol) of potassium hydroxide was add-
ed and heated for 20—30 min, then acetylene
630 ml (28.15 mmol), the mixture was boiled
for 3 hours. The progress of the reaction was
monitored by TLC on silufol in the system ace-

26
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/C SCH;
HO

an excess of acetylene, the reaction is pseudo-
monomolecular with respect to potassium hy-
droxide. Changing conditions, using a slight
excess of acetylene at a temperature of ~20 °C
leads to the formation of acetylene 1,4-glycols:

@

Hye— ¢

o i e

e ST e

O

C

0/\\ HQ _C=CH
ﬂ BoR
CHj
0 0
OH K/O\/,

tone: hexane, 2:1. Then hydrolysis was carried
out in a weakly acidic medium, the precipitate
was washed, purified by fractional crystalliza-
tion from hexane, and dried in an oven at 40 °C.
The compound was obtained in ayield 0f 2.35 g
(42%), m.p. 164-168 °C."H-NMR (CDCl,, 400
MHz) 6, mp: 1.82 (6H, s, a-CH.,), 2.65 (2H,
s, -OH), 3.21 (2H, s, =CH), 3.87-4.26 (16H,
m, a- and f-O-CH,), 6.71-6.73 (2H, m, Ar-H
6°), 6.84 (2H, d, Ar-H 3’, J= 8,9 Hz), 6.87-
—-6.89 (2H, d, Ar-H 5, J= 6,3 Hz).*C-NMR
(CDCl,, 100 MHz) 6, mp.: 33.10 (R-CH,),
67.41 (—C-), 69.64-70.49-71.08 (B-a-O-
CH,), 73.10 (ArC=C-), 87.20 (ArC=), 112.13
(Ar-C37), 114.78-137.31 (Ar-C4',5",6"),
147.60-151.36 (ArC-O-CH,). Elemental anal-
ysis: found, %: C 67.93, H 6.44. Calculated, %:
C67.75, H 6.45 Gross formula: C, H, O

287732 78.
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Description of the technological
process for the production of 4°,4” -di-
(1-methyl-1-hydroxyethynyl)-
dibenzo-18-crown-6

Acetylene from the gas holder is supplied
through a fire arrester to the lower part of the
reactor. Acetylene consumption is measured
by a gas meter. The reactor contains operat-

Section 1. Chemistry

ing quantities of solvent, 4" ,4” -diacetyldiben-
z0-18-crown-6 and potassium hydroxide.

4’,4” -diacetyldibenzo-18-crown-6 is
saturated with acetylene at a temperature
of 5-100C, which is created by cooled wa-
ter supplied to the reactor jacket. Unreacted
acetylene enters the reactor.

Picture 1. Production flow diagram 4,4 ”-di-
(1-methyl-1-hydroxyethynyl)-dibenzo-18-crown-6

44-aman

Iup 1 Ib18%6 [ | KOH

0

1-cylinder with acetylene, 2-gas meter with pressure gauge, 3-thermocouple, 4-reactor,
5-mixer, 6-hydrolyzer, 7-separator, 8-stripping, 9-filtration, 10-crystallization, 11-distilla-
tion column, 12 — containers for fractions, 13 — drying,
14 — container for the finished product

During the interaction of 4°,4”-dia-
cetyldibenzo-18-crown-6 acetylene into re-
actor 4 with constant mechanical mixing,
diethyl ether is supplied from the container,
and potassium hydroxide is supplied from
the hopper. The contents are heated until
the potassium hydroxide dissolves in the re-
action mixture. After this, acetylene is con-
tinuously supplied from gas tank 1 into the
reaction mixture through fire arrester 2 at
a rate of 34.94 1/hour. 4 hours after cool-
ing, the resulting catalyzate enters hydro-
lyzer 6 and passes through the stage of filter
9 and crystallization 10. The organic layer
is collected in a rectification column 11 for

further separation of the mixture in con-
tainer 12. In this case, diethyl ether is se-
quentially determined. And the sediment of
the target product is sent for drying 13 and
collected in 14, 47,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6 at 155°C,
unreacted acetylene after purification was re-
turned to the cycle.

Material balance of
production of 4°,4”-di-
(1-methyl-1-hydroxyethynyl)-
dibenzo-18-crown-6

60% DEE solution in terms of 1 ton of fin-
ished product

Table 5.
Consumption Weight. kg Coming Weiight'
1. Acetylene 100% Solution of 4”,4"’-di-(1-methyl-1-
-hydroxyethynyl)-diben-
52.945 70-18-crown-6 1595.15
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Consumption Weight. kg Coming Welight.
Including C,H, 99% 52416  Wt.h 4’ ,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6
62.69% 1000
N, 0.3% 0.1588 DEE 40% 638,06
0,0,1% 0.0529 N, 0.0099% 0.1588
CO, 0,2% 0.1059 0, 0.0033% 0.0529
2. 47,47 -diacetyldiben-
z0-18-crown-6 895.104 C0, 0.00664% 0.1059
Incl. 47,47 -dia-
cetyldibenzo-18-crown-6
99.8% 904.145 H,0 0.1133% 1.808
H,00.2% 1.808
3. DEE 100% 638.06
Total 1595.15 Total 1595.15

Calculation of acetylene
consumption per 1 ton of 4°,4”-di-
(1-methyl-1-hydroxyethynyl)-
dibenzo-18-crown-6

HC=CH

@ =2.016 kmole
496

2.016 x 26 =52.416 kg 100% C,H,
Let’s find 99% consumption C,H,

52.416

=52.945 kg C,H,

of which 1% impurities by weight:
52.945 x 0.003 = 0.1588 kg N,
52.945 x 0.001 = 0.0529 kg O,
52.945 x 0.002 = 0.1059 kg CO,
Acetylene volumetric flow:

22945 _ 48.573 m’

p=1.09 V=

Calculation of consumption of
4’,4” -diacetyldibenzo-18-crown-6
per 1 ton of finished product

2.016 kmol x 444 kg/kmol = 895.104 kg
100% 4,4 -diacetyldibenzo-18-crown-6

consumption of 4’,4”-diacetyldiben-
z0-18-crown-6 99%:

895.104
0.99

cetyldibenzo-18-crown-6
0.2% impurity (moisture)

=904.145 dia-

kg 4,4"-

28

904.145 x 0.002 =1.808 kg moisture

DEE consumption 40% of the resulting
solution:

52.945+904.145=957.09 kg of product

957.09

=1595.15 kg

Consumption of 100% DEE:

19995.15-957.09=638.06 kg

Total: 52.945+904.145+638.06=1595.15
kg

Calculation of the concentration
of the main and by-products:

1000
1595.15
cetyldibenzo-18-crown-6
638.06
1595.15

-100=62.69%  47,4”- dia-

100 =40% DEE

0.1588
1595.15

100 =0.009955% N,,

0.0529
1595.15

-100=0.003316% O,

0.1059 100 =0.006639% CO.,,
1595.15

1.808
1595.15

100=0.1133% H,O
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Study of the technology parameters
for the synthesis of 4",4” -di-
(1-methyl-1-hydroxyethynyl)-
dibenzo-18-crown-6:

— the technological process is carried
out under atmospheric lighting;

— the total duration of the process is
10 hours, of which 2 hours are preparation
and suspension; interaction of reagents with
each other 4 hours, hydrolysis of intermedi-
ate products — 1 hour, separation 1 hour and
fractional separation of the resulting prod-
ucts — 2 hours;

— for the initial three stages the tempera-
ture of the process is 0 °C, the fourth stage is
100 °C and for the rectification of the process
180 °C;

— the process is carried out periodically
and continuously, and the supply of acety-
lene is 0.365 1/hour, 4°,4” -diacetyldiben-
z0-18-crown-6 0.294 I1/hour, DEE 0.264
I/hour and KOH 0.112 kg/hour;

— theyield of 4”,4” -di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6 is 3.15

Section 1. Chemistry

mol/l hour and the reaction rate is 0.28
mol/l. hour. In this case, the activation en-
ergy of the reaction is 8.05 kcal/mol;

— during the process, safety and envi-
ronmental protection requirements are ob-
served;

— it was established that the melt-
ing point of 47,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6 is
164-168 °C, the structure was established
according to IR,'H- and'*C-NMR data — spec-
troscopy, the composition was determined by
elemental analysis, and the purity was deter-
mined by GLC.

Industrial waste, wastewater
and air emissions

The production of 47,4”-di-(1-meth-
yl-1-hydroxyethynyl)-dibenzo-18-crown-6
produces liquid and solid waste. After rec-
tification, liquid organic waste is returned
to the cycle; the potassium hydroxide solu-
tion, after neutralization, is sent for dispos-
al.

Table 6. Technological standards

No. Name of stage and reagent Operation Tem- Pres- Compo- Conver-
flows time, hour pera- sure, nentra- sion,%
ture, °C MPa tio, mol
Formation of acetylene-KOH com- 1 0 atm 1:1 ~100
plex
Synthesis 4”,4” -di-(1-methyl-1-hy- 4 34 atm 1:2.5 64-70

droxyethynyl)-dibenzo-18-crown-6

Table 7.Production control and process control. Technological production control

) ! S
= ® =) =TT —m
= = 9 > g < = )
£eg 88 E85FRE Sc¢ £
£ °8 Y¥Sweg S ETEE T2 Nameandcharac =
No. = & b E 9 g¢ SE2E 829 =% .. Model type e
22 EERF g‘acgég g9 teristics :
- < ) 2]
= ® = 2
Formation of acetylene-KOH complex
R4 R4 reactor Con- 0°C On Thermocouple THA 0515 Op-
temperature stantly the R4 GRHA, automat- Ts2.821.71102, era-
control reactor ic potentiometer. KSP 44. tor
onthe Recorder showing  Modification

29

CPU GRHA measurement 41.540 50.540

limits 0-600 °C 50.008/41
intrinsically safe

design
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Synthesis of 4”,4” -di-(1-methyl-1-hydroxyethynyl)-dibenzo-18-crown-6
R4 R4 reactor Con- 34 °C On  Thermocouple THA 0515 Op-
temperature stantly the R4 GRHA, automat- C2.821.71102, era-
control reactor ic potentiometer. KSP 44, tor

on the Recorder showing  Modification
CPU GRHA measurement 41.540 50.540
limits 0-600 °C 50.008/41
intrinsically safe
design

Table 8. Analytical production control

No Name of process Controlled pa- Frequen- Standards Test method Who con-

stages, sampling rameter cyand and techni- and con- trols
location or pa- method of cal indica- trols
rameter changes control tors
1 Mixing acetylene  Acetylene content 1 time per Not lessthan Accordingto Laboratory
with KOH shift % GOST 236-54 assistant
2 Mixing ingredients Content of 1time per Notlessthan Chromato- Laboratory
in R4 4’,4” -dia- shift % graphically  assistant
cetyldiben-
z0-18-crown-6
3 Purity of Purity 1 time per Notlessthan By melting Laboratory
4’ 4”7 -di-(1-meth- 47,4”-di-(1-meth- shift % point assistant
yl-1-hy- yl-1-hy-

droxyethynyl)-diben- droxyethynyl)-diben-
z0-18-crown-6 after zo-18-crown-6
recrystallization

Table 9. Possible malfunctions and ways to eliminate them

Personnel actions and

Problems Possible causes of problems troubleshooting method
Formation of acetylene-KOH complex

Reactor temperature rises  Increased coolant supply to R4 The supply of coolant to the
R4 reactor has decreased

Synthesis of 4”,4” -di-(1-methyl-1-hydroxyethynyl)-dibenzo-18-crown-6

The content of the main The residence time of substances in the Carry out hydrolysis
substance in the R4 reactor has increased over 4 hours and recrystallization of
reactor has increased the main product

Environmental protection and basic and toxic substances — diethyl ether, acety-

rules for safe process management lene, etc.
The technological process for produc- In accordance with the established fire

ing 47,4”-di-(1-methyl-1-hydroxyethynyl)  safety category (A), classes of premises PUE
-dibenzo-18-crown-6 occurs using explosive  (B-1g), as well as the category and condi-
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tions of explosion hazard of operating mix-
tures. The installations must be operated in
full compliance with the safety and indus-
trial sanitation requirements set out in the
“Rules and Standards for Safety and Indus-
trial Sanitation for the Design and Operation
of Fire and Explosion Hazardous Plants in
the Chemical and Petrochemical Industry”,
“Sanitary Standards for the Design of Indus-
trial Enterprises”, “Rules for Construction”
electrical installations.”

The main condition for the safe conduct of
the production process of 4”,4” -di-(1-meth-
yl-1-hydroxyethynyl)-dibenzo-18-crown-6 is
strict adherence to workplace instructions,
technological standards, safety regulations
and fire safety regulations.

In order to ensure safe working conditions
for maintenance personnel and protect equip-
ment from destruction and fire, as well as re-
duce the consequences of accidents in produc-
tion, the following measures are provided:

1. Installation for  the  synthe-
sis of 47,4”-di-(1-methyl-1-hy-
droxyethynyl)-dibenzo-18-crown-6
located outside the building.

2. Automatic stroke control from the
CPU.

3. Electric motors, electrical equipment,
as well as automation and remote
control devices installed in an explo-

Section 1. Chemistry

4. To prevent the spread of diethyl ether
combustion, fire arresters are in-
stalled on the lines.

5. Safety valves are installed on devices
and pipelines where overpressure is
possible.

6. Pipelines and devices with tempera-
tures above 60°C are insulated.

In addition to the above, it is necessary:

1. Have emergency supplies of service-
able filter and hose gas masks in the
production area.

2. Before putting the equipment into op-
eration, ensure the availability of raw
materials, energy, water and materi-
als. Check the installation locations of
the plugs on the fittings of the devices
and on the pipelines, the positions of
the shut-off devices, the presence and
serviceability of all necessary devices.

3. Load KOH wearing respirators and
gloves.

4. Smoking and the use of open fire in
the premises and on the territory of
the workshop, except in specially des-
ignated areas, is prohibited.

5. Do not allow work in the presence of
toxic and explosive products in the at-
mosphere of the premises in concentra-
tions exceeding the permissible value.

6. Have first aid kits at work places with

sive state. the necessary first aid supplies.
Table 10. Specification of main process equipment
fl?linltll)(:rl Equip- Material,
. ment  Quantity methods of Specifications
on the dia- .
name protection
gram
V=1m?3
— 3, P=() - =Pi=
12 Solvept 5 Art. carbon. V=2,5 m* P=0.-006, MPa=Pj=0.4
R4 containers 1 19 x 18 H10 T MPa, D app=1400, D_,=1500,

Reactor H =2406, N=5,5kW, n=970 min’,
U_=VZTU
Brand 2x1-5-4,5—-1. Q=10m3/r, n=4
m.

2 Pump 1 12 x 18HIOT N, . —45KW,
(3n.uB.)=970 min’!
8 Parc 1 12x18HIOT L ap=2140, D ap=273, P=6m®
Containers
12,13,14 for sub- 5 Art. carbon  V=0,3m?
stances
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Where: V — apparatus capacity, m*; Dapp — apparatus diameter, mm; Happ — apparatus
height, mm; L — apparatus length, mm; P, — pressure in the apparatus, MPa; P, - pres-
sure of the coolant, in the jacket, MPa; H — pressure, m.st.zh; N — motor power, kW;

n —speed, min'; Q — pump capacity, m*/hour

Table 11. List of mandatory workshop instructions

Name of instructions
13.1.  Instructions for safety and fire safety of the workshop.
13.2.  Plan for eliminating emergency situations and accidents in the workshop.

13.3.  Instructions for preparation, delivery of equipment for repair and acceptance

13.4.  from repair

13.5.  Instructions for manual control of the fire extinguishing unit in workshops.

13.6.  Instructions for stopping the workshop for major repairs and starting the work-
shop after major repairs.
Instructions for the synthesis operator of the installation for the production of
4’,4” -di-(1-methyl-1-hydroxyethynyl)-dibenzo-18-crown-6

Filter sheet for changes to the current regulations.
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SYNTHESIS, CRYSTAL STRUCTURE AND PROPERTIES
OF A NEW BI-DENTATE DECAVANADATE
[CO(H,SO0,)+(H,0).1,[H,V,,0,.]-2H,0-2S0,

Mehribon Pirimova !, Malika Yakubxodjayeva ', Muparrax Xodjayeva !

! Tashkent State Medical University, Tashkent, Uzbekistan

Cite: Pirimova M., Yakubxodjayeva M., Xodjayeva M. (2025). Synthesis, crystal structure
and properties of a new bi-dentate decavanadate [Co(H SO )+(H,0),],[H,V,,0,,]-2H,0-2S0.,,.
Austrian Journal of Technical and Natural Sciences 2025, No 9-10. https://doi.
org/10.29013/AJT-25-9.10-34-39

Abstract

A new bi-dentate decavanadate compound formulated [Co(H,SO,)*(H,0).],
[H,V,,0,,]-2H,0-2S0, (1), has been synthesized under hydrothermal condition by using sul-
furic acid as the initiator at 110 °C. And 1 crystallizes in the triclinic, space group P-1 with a =
9.8954(7) A, b = 10.4827(9) A, ¢ = 12.8466(7) A, a = 76.395(6), B = 82.024(6), y = 68.836(7),
V =1205.7 A3, R1(I > 2s(I) = 3.61), and Z = 5. X-ray diffraction analysis reveals that 1 is
constructed from bi-dentate decavanadate formed by decavanadate clusters coordinated to
[Co(H,S0O,)*(H,0),]** complexes and free water molecules.
Keywords: X-ray diffraction, cobalt complex, polyoxovanadate, sulfate coordination, tri-

clinic crystal structure, supramolecular assembly

Introduction

Polyoxometalates (POMs) are a unique
class of metal-oxygen clusters that display
remarkable structural diversity and a wide
range of physicochemical properties. Among
them, polyoxovanadates (POVs), particularly
decavanadate anions [H V10028]¢", have at-
tracted significant attention due to their high
stability in acidic media, versatile coordina-
tion behavior, and potential applications in
catalysis, materials science, and biomedicine
(Liu, H., Wang, J., Jian, F., & Xiao, H., 2009;
Msaadi, I., Rayes, A., Benito, M., Issaoui, N.,
Molins, E., & Ayed, B., 2022). The decavana-
date unit, which consists of ten edge-sharing
VOs octahedra, exhibits rich structural chem-

istry and can form hybrid frameworks with
transition metal ions and organic ligands.
Transition metal-POM hybrids have
become an important area of research due
to their multifunctional characteristics,
such as redox activity, magnetism, photo-
luminescence, and catalytic efficiency. In
particular, cobalt-based polyoxovanadate
complexes have been intensively studied
because Co(II) ions can provide redox flexi-
bility and variable coordination geometries,
leading to extended hydrogen-bonded su-
pramolecular architectures. Moreover, their
synthesis under hydrothermal or aqueous
acidic conditions often results in well-de-
fined crystalline frameworks stabilized by
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extensive O—H---O interactions (Pope, M. T.,
& Miiller, A., 2001).

Recent investigations have demonstrat-
ed that modifying the cationic environment
or introducing auxiliary ligands, such as
protonated amines or sulfate groups, signifi-
cantly influences the structural organization
and electronic properties of decavanadate-
based systems (Hill, C. L., 1998). These
hybrid materials have shown potential as
model systems for redox catalysis, photoac-
tive materials, and biologically active agents
due to their stability and charge-transfer ca-
pabilities.

In this study, we report the X-ray crystal
structure of a new cobalt(II)—polyoxovana-
date complex formulated as 0.4(H13CoOsS)-
0.2(H2028V10)-0.4(03S)-0.4(H20). The
complex was synthesized under mild aque-
ous conditions using cobalt(II) nitrate, so-
dium metavanadate, and sodium sulfate,
and characterized by single-crystal X-ray
diffraction. The structure reveals a triclinic
crystal system (space group P1-) composed
of Co(II) centers octahedrally coordinated
by oxygen atoms from sulfate and polyoxo-
vanadate groups. The study focuses on the
crystallographic parameters, coordination
geometry, and supramolecular hydrogen-
bonding framework of the newly obtained
compound, contributing to a deeper under-
standing of cobalt—decavanadate hybrid as-
semblies.

Materials and Methods

Synthesis of the Complex

The complex was obtained by slow evap-
oration of an aqueous solution containing
cobalt(IT) nitrate, sodium metavanadate, and
sodium sulfate in stoichiometric proportions.
The reaction mixture was kept at room tem-
perature for several days, during which blue
crystals suitable for X-ray diffraction were
formed.

X-ray Diffraction Analysis

Single-crystal X-ray diffraction data
were collected on a Bruker D8 QUEST
diffractometer using Mo Ka radiation
(A = 0.71073 A) at 298 K.The structure
was solved by direct methods and refined
by full-matrix least squares on F2 using
SHELX-2018 software.

Section 1. Chemistry

The compound crystallizes in the triclinic
crystal system with space group P1-. Crystal-
lographic parameters:

Picture 1. The chemical formula was
refined as 0.4(H13C00sS)-0.2(H2028V10)
-0.4(03S)-0.4(H20), confirming the pres-
ence of both cobalt—sulfate and polyoxova-
nadate fragments

Formula 0.4(H,, Co O, S),0.2(H, O,
V,,),0.4(0, S),0.4(H, O)

Formula 321.22 g/mol

weight

Crystal sys- triclinic

tem

Space-group P -1 (2)

Cell param- a=9.895(7) A, b=10.482(9)

eters A, c=12.846(7) A
a=76.395(6)° f=82.024(6)°
y=68.836(7)°

Cell ratio a/b=0.9440 b/c=0.8160 c/
a=1.2982

Cell volume 1205.70(17) A®

Z 5

Calc. density 2.21185 g/cm?

RAIl 0.189

R(I>20(I)) 3,61

Temperature Room Temp.(283-303)

Packing 0.685956

coefficient

3. Results and Discussion
3.1. Molecular and Crystal Structure
The cobalt(II) ion is octahedrally coor-
dinated by oxygen atoms from sulfate and
polyoxovanadate groups. The Co—O bond
lengths range between 2.04-2.21 A, typical
for Co(II)-O coordination. The asymmetric
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unit also includes crystallization water mol-  centers. Sulfate groups serve as charge-
ecules that participate in hydrogen bonding. = compensating and hydrogen-bond donors,
The polyoxovanadate cluster (H2028V1io) leading to the formation of an extended 3D
acts as a polynuclear anion with bridg- network.

ing oxygen atoms connecting vanadium

Picture 2. The appearance of the complex compound [Co(H3S03)
(H20)5]2[H2V10028]-2H20-2S03 in the a, b, and c projections

Projection-a Projection-b Projection-c

Table 1.
Atomic parameters
Atom Ox. Wyck. Site x/a y/b z/c U [A?]
Co01 2i 1 -0.1063(2) 0.7681(2) 0.73379(15)
V02 2i 1 0.3489(2) 0.4743(2) 0.55360(15)
V03 2i 1 0.6236(2) 0.2269(2) 0.48889(15)
V004 2i 1 0.5478(2) 0.5437(2) 0.68995(14)
V005 2i 1 0.5297(2) 0.2462(2) 0.72770(15)
V006 2i 1 0.8113(2) 0.2974(2) 0.62959(16)
S00 2i 1 —0.2565(3) 0.6689(4) 0.9565(3)
S1 2i 1 0.1806(3) 0.9260(4) 0.9435(3)
0009 2i 1 0.4177(9) 0.3477(8) 0.4565(6)
O00A 2i 1 0.3552(9) 0.6149(9) 0.6258(7)
O00B 2i 1 0.5569(9) 0.1447(9) 0.6171(7)
000C 2i 1 0.4216(8) 0.6018(8) 0.4233(6)
000D 2i 1 0.8069(9) 0.1881(9) 0.5282(7)
OO0OE 2i 1 0.7286(9) 0.1938(9) 0.7356(6)
OOOF 2i 1 0.7459(8) 0.4513(9) 0.6928(6)
000G 2i 1 0.3326(9) 0.3552(8) 0.6653(6)
HOOK 2i 1 0.2440(15) 0.377(7) 0.689(4) 0.0050
O00H 2i 1 —-0.079(1) 0.6158(9) 0.6422(8)
HOOA 2i 1 —-0.05864 0.64640 0.57620 0.0180
HOOB 2i 1 —-0.15981 0.60352 0.64161 0.0180
0001 2i 1 0.5000(9) 0.4053(9) 0.7821(7)
000J 2i 1 0.1801(9) 0.5571(9) 0.5115(7)
OO00K 2i 1 —-0.1478(9) 0.9178(9) 0.8258(8)
HO0C 2i 1 -0.13171 0.99311 0.78791 0.0170
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Atomic parameters

Atom Ox. Wyck. Site x/a y/b z/c U [A2]
HOOD 2i 1 —0.08588 0.88919 0.87639 0.0170
O00L 2i 1 0.5231(9) 0.6601(9) 0.7612(7)
O00M 2i 1 -0.0677(10) 0.8953(9) 0.5893(7)
HOOE 2i 1 0.01649 0.85425 0.55741 0.0160
HOOF 2i 1 —-0.05713 0.97084 0.60056 0.0160
O0OON 2i 1 —0.3305(10) 0.8586(10) 0.6927(9)
HO0G 2i 1 —-0.37362 0.79774 0.71493 0.0250
HOOH 2i 1 -0.33602 0.87743 0.62395 0.0250
0000 2i 1 0.6461(10) 0.1144(9) 0.4154(7)
O00P 2i 1 0.1168(10) 0.6939(12) 0.7615(8)
HOOI 2i 1 0.13254 0.72733 0.81293 0.0260
HO0J 2i 1 0.16564 0.72593 0.70615 0.0260
000Q 2i 1 0.9802(10) 0.2366(11) 0.6510(8)
OO00R 2i 1 0.4828(10) 0.1427(10) 0.8312(7)
000S 2i 1 —0.1409(10) 0.6337(9) 0.8654(8)
HOO0S 2i 1 -0.101(14) 0.5456(17) 0.874(7) 0.0260
000T 2i 1 0.2580(11) 0.1756(11) 0.5412(10)
HOOL 2i 1 0.34396 0.16030 0.55664 0.0310
HOOM 2i 1 0.26528 0.10814 0.51232 0.0310
000 2i 1 0.1058(11) 0.8316(12) 0.9238(10)
(018[0)Y 2i 1 -0.3018(17) 0.5143(16) 0.9979(13)
HOOV 2i 1 -0.35064 0.51675 1.05490 0.0680
O00W 2i 1 —0.1573(18) 0.6547(19) 1.0686(13)
HOOW 2i 1 -0.21077 0.65544 1.12342 0.0780
(0] 2i 1 0.352(2) 0.817(3) 0.984(2)
02 2i 1 0.233(4) 1.009(4) 0.818(2)
Table 2. Torsion bond angle
Atoms 1,2,3,4 Tors. an. Atoms 1,2,3,4 Tors. an.
1,2,3.,4 [°] 1,2,3,4 [°]
V02-V005-0O00E-V006 2.1(6) 000C-V02-000J-V006! 1.9(4)
V02-V005-0001-V004 -52.1(4) 000C-V02-000J-V006! 0.9(19)
V02-V006-O00E-V005 -3.2(6) 000C-V03-000B-V005 -8.6(4)
V02-V006-O00F-V004 55.1(4) 000C-V03-000D-V006 9.7(4)
V03-V004-O00F-V006 -86.2(5) 000C-V004-0O00F-vV006 -11.1(4)
V03-V004-0001-V005 82.0(5) 000C-V004-0001I-V005 6.8(4)
V03-V005-O00E-V006 48.2(4) 000C-V005-O00E-V006 2.2(4)
V03-V005-0001-V004 -6.3(6) 000C-V005-0001-V004 -6.7(4)
V004-V03-000B-V005 —85.8(5) 000C-V006-O00E-V005 -2.2(4)
V004-V03-0O00D-V006 86.2(5) 000C-V006-O00F-V004 11.0(4)
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Atoms 1,2,3.,4

Tors. an.

1,2,3,4[°]

Atoms 1,2,3,4

Tors. an.

1,2,3,4[°]

000D-V03-000B-V005 71.4(5)
0O00D-V006-O00E-V005 -79.1(5)
000D-V006-O00F-V004 29.8(11)
OO00E-V005-0001-V004 73.8(5)
OO00E-V006-O00F-V004 -70.3(5)
O00F-V004-0001-V005 -71.7(5)
OO00F-V006-O00E-V005 76.1(5)
000G-V02-000J-V006! -178.1(4)
000G-V005-O00E-V006 3.3(12)
000G-V005-000I-V004 -83.2(5)
000I-V004-O00F-V006 68.3(5)
0O00I-V005-O00E-V006 -75.4(5)
000J-V02-000G-V005 -179.4(4)
000J-V006-O00E-V005 -8.4(12)
000J-V006-O00F-V004 86.2(5)
O00L-V004-O00F-V006 174.1(5)
O00L-V004-0O00I-V005 —-175.6(5)
0000-V03-0O00B-V005 176.3(5)
0000-V03-000D-V006 —-174.6(5)
000Q-V006-O00E-V005 179.8(5)
000Q-V006-O00F-V004 -176.7(5)
OO00R-V005-O00E-V006 —-178.5(5)
O00R-V005-0001-V004 177.8(5)
0O00V-S00-000S-Co01 147.0(9)
O00W-S00-000S-Co01 —-108.6(10)

V004-V005-O00E-V006 —44.8(4)
V004-V006-O00E-V005 45.0(4)
V005-V02-000J-V006! —-178.73(15)
V005-V03-000D-V006 —-38.5(4)
V005-V004-O00F-V006 37.1(4)
V005-V006-O00F-V004 -37.6(4)
V006-V02-000G-V005 178.44(16)
V006-V004-000I-V005 -41.1(4)
V006-V005-0001-V004 41.5(4)
0009-V02-000G-V005 80.3(4)
0009-V02-000J-V006! -78.7(4)
0009-V03-000B-V005 —-84.9(5)
0009-V03-000D-V006 31.7(11)
0009-V004-0O00F-V006 -86.2(5)
0009-V004-0001-V005 25.2(11)
0O00A-V02-000G-V005 —-79.8(4)
0O00A-V02-000J-V006! 82.2(4)
0O00A-V03-000B-V005 -33.5(12)
0O00A-V03-000D-V006 86.1(5)
0O00A-V004-O00F-V006 -34.8(11)
0O00A-V004-000I-V005 83.6(5)
000B-V03-000D-V006 —-70.9(5)
0O00B-V005-0O00E-V006 79.5(5)
000B-V005-0001-V004 -20.3(12)
000C-V02-000G-V005 0.4(18)
000C-V02-000G-V005 0.8(4)
1) 1-x, 1-y, 1-z.
Hydrogen Bonding and

Packing Analysis

Intermolecular O—H:--O hydrogen bonds
link neighboring clusters, creating a layered
supramolecular arrangement along the b-ax-
is. Weak van der Waals forces stabilize the
packing along c. The overall structure dis-
plays a typical polyoxometalate—transition
metal framework with water-mediated hy-
drogen bridges.

Crystallographic Features
The triclinic symmetry (P1-) results in
non-equivalent Co—O coordination envi-

ronments, indicating slight distortions from
ideal octahedral geometry. The moderate cell
volume (V = 1205.7 A3) suggests dense pack-
ing with strong inter-anionic interactions.

Conclusion

The single-crystal X-ray diffraction study
revealed that the synthesized cobalt—polyox-
ovanadate complex crystallizes in a triclinic
system (space group P1-) with mixed sulfate
and vanadate anionic species. The structure
consists of Co(II) centers octahedrally coor-
dinated by oxygen donors, forming a robust
hydrogen-bonded framework. These findings
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contribute to the understanding of cobalt—  for their potential applications in redox ca-
POM hybrid materials and open perspectives  talysis and materials chemistry.
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Abstract

In recent years, the type of microfungi that have a pathogenic effect on many micronutri-
ents plants has been on the rise. But these fungi themselves also have the ability to synthesize
biologically active metabolites. In our research, we aimed to investigate the fungal metabolites
of the constellation Fusarium. Hexane extract of cultivated biomass of Fusarium oxyspo-
rum Schlecht fungus at 6—7 days were analyzed by the GC—MS method and a wide variety
of substances were revealed. In this study, secondary metabolites of hexane extract obtained
from the cultured biomass of Fusarium oxysporum Schlecht fungus for 6—7 days were ana-
lyzed. Gas chromatography—mass spectrometry (GC—MS) revealed a number of bioactive com-
pounds, including 4-(1,1,3,3-tetramethylbutyl)phenol, methyl sis-3-[p-anisido]acrylate, formic
acid, 1-(4,7-didro-2-methyl-7-oxopyrazolo[1,5-a]pyrimidine-5-yl)-, methyl ether, galactose,
4,6-O-nonidene, and 2,6-di-gesaddecanoate ether of L-(+)-ascorbic acid. These substances
belong to the class of phenolic derivatives, acrylate ethers, nitrogen-sparing heterocyclic sys-
tems, carbohydrate complexes and ascorbate ethers of lipid nature and confirm the metabolic
diversity of the fungus. The identified metabolites are distinguished by their antioxidant,
antimicrobial, and cytoprotective properties, which indicates their practical value for fields of
pharmaceuticals and biotechnology. The results obtained indicate that the species Fusarium
oxysporum is structurally diverse and a source of biologically active natural compounds. In the
future, it is promising to study these substances through isolation and mechanism studies on
deeper bioactivity.
Keywords: Fusarium oxysporum Schlecht, hexane extract, secondary metabolites, GC—MS,
bioactive compounds, phenolic derivatives, ascorbate ethers.
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In recent years, biologically active metab-
olites of plant-pathogenic fungi have aroused
special interest in science and practice. In
particular, fatty acids, phenolic compounds,
and various volatile organic compounds syn-
thesized by strains belonging to the order
Schlecht Fusarium oxysporum have been
found to have broad-spectrum biological in-
teractions (Raffaele et al., 2009; Liu et al.,
2008). These microorganisms are studied not
only as disease-causative pathogens in plants,
but also as a source of secondary metabolites
(Druzhinina et al., 2011). Many studies have
shown that the substances isolated from the
biomass or extract of Fusarium oxysporum
Schlecht have antifungal, antibacterial, and
cytotoxic properties (Pan et al., 2013; Strac-
quadanio et al., 2020). For example, fatty acids
and sterol derivatives from hexane extracts may
regulate plant—pathogen interactions in the soil
microbiota (Abdel-Naime et al., 2019; Ding et
al., 2019). Among such metabolites, cytotoxic
and antimicrobial active substances have also
been noted (Davis et al., 1997; Ghavam et al.,
2021). Fatty acids, including palmitic, linoleic,
and palmitoleic acids, have been recorded in
many micromycetes, and they play important
roles in natural defense mechanisms against
plant diseases (Guo et al., 2010; Perez-Vich et
al., 2016; Zhao et al., 2019). Among the many
volatile metabolites identified through GC-MS
analyses, benzene derivatives, terpenoids, and
phenolic isomers are of particular importance
(Reghmit et al., 2024; Azami et al., 2024; Nit-
ish and Kumar, 2017). Such metabolites have
been extensively studied in many studies on
the genera Trichoderma and Fusarium (Ivan
et al., 2023; Zeiad et al., 2023). There are pros-
pects for application of the isolated secondary
metabolites from extracts of F. oxysporum in
pharmaceutical, agricultural, and biotechnol-
ogy fields. Some of them inhibit the growth
of pathogenic microorganisms and stimulate
plant growth (Singh et al., 2021; Gajera et al.,
2020). Also, substances identified in different
extracts are being proposed as novel biomark-
ers (Khairillah et al., 2021; Jurakulova and
Kamolov, 2021). Therefore, the aim of this
study is to determine the composition of bio-
active substances isolated from the hexane ex-
tract of Fusarium oxysporum and to elucidate
their biological significance (Nomozova et al.,

Section 1. Chemistry

2025; Kamolov et al., 2021; Van Leeuwen et al.,
2008). Substances identified through GC-MS.
The application of antitumor, antioxidant, an-
timicrobial, and growth-stimulating properties
of these fungal metabolites by researchers in
the fields of pharmaceuticals, biotechnology,
and agriculture is a promising direction. Also,
studies by (Mishra et al., 2022) and Rahman
and Singh (2023) have found that secondary
metabolites synthesized by certain strains be-
longing to the genus Fusarium increase benefi-
cial microorganism activity in plant root zones
while inhibiting the growth of plant pathogens.
El-Hassan et al., 2024) have highlighted the po-
tential of these metabolites as bioconcentrates
in the development of environmentally friendly
fertilizers and pesticides. Therefore, the main
goal of the present investigation is to deter-
mine the composition of bioactive substances
isolated from hexane extract of Fusarium oxys-
porum, to analyze their biological activity and
to elucidate the practical value of the obtained
results. Research in this direction provides an
important scientific basis for the development
of environmentally friendly biotechnological
solutions for the control of plant pathogens.

Research methodology

1. Fungal cultivation and biomass
preparation

The strain of Fusarium oxysporum Schlecht
was isolated from the soil and stored under
sterile conditions. For experiment, fungus was
incubated in a potato dextrose agar (PDA) en-
vironment at a temperature of 24.5-28 °C for
6—7 days. Subsequently, 250 ml of Potato Dex-
trose Broth (PDB) feed medium was poured
into 500 ml Erlenmeyer tubes and a suspen-
sion of 107-108 spores/ml concentration was
inoculated into it. Fungal biomass was isolated
from the cultured liquid cultured for 6—7 days
in the shaker incubator (180 rpm). The result-
ing biomass was washed with distilled water,
dried at high 38 °C temperature and used in
the following extraction process.

2. Extract using hexane

To extract bioactive substances from the
dried biomass, an extraction apparatus was
used. 50 g of dried litter powder were extract-
ed for 8—10 hours with 500 mL hexane. The
resulting crude extract was concentrated un-
der vacuum using a rotary evaporator (Biichi
R-210) at a temperature of 40 °C. The result
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was a dark yellow extract. The extract, compris-
ing of a total complex of secondary metabolites,
was given to chromatographic mass spectrum
for determination of biologically active com-
pounds contained in the formed yellow extract.

Results and discussion
Hexane extract from the grown biomass
of Fusarium oxysporum Schlecht fungus for
6—7 days was analyzed using gas chroma-

Section 1. Chemistry

tography—mass spectrometry (GC—MS). Ac-
cording to the results of the analysis, several
bioactive components were revealed in the
extract, indicating that they contained such
substances as 4-(1,1,3,3-tetramethylbutyl)
phenol, methyl sis-3-[p-anisido]acrylate,
formic acid, 1-(4,7-didro-2-methyl-7-oxopy-
razolo[1,5-a]pyrimidine-5-yl)-, methyl ether,
galactose, 4,6-O-nonidene, and I-(+)-ascorbin
acid, 2,6-dihexadecanoate.

Figure 1. Spectrum of phenol 4-(1,1,3,3-tetramethylbutyl)
substance obtained by GC—MS method

Hit 1 : Phenol, 4-(1,1,3,3-tetramethylbutyl)-

C14H220; MF: 735; RMF: 859; Prob 41.0%; CAS: 140-66-9; Lib: replib; ID: 24957.
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The chemical structure and bioactive
properties of the identified compounds in-
dicate their synthesis through various met-
abolic pathways. 4-(1,1,3,3-tetramethylbu-
tyl)phenol is a substance of phenolic nature,
which has a strong antioxidant and antimi-

T T T LB 1) = e |
320 360 400 440 480 520 560

crobial effect was previously noted in fungi
of the genus Aspergillus and Penicillium. Its
presence indicates the presence of protective
mechanisms in the fungus of F. oxysporum
that inhibit lipid peroxidation processes.

Figure 2. Spectrum of methylcis-3-[p-anisidoJacrylate obtained by GC-MS method

Hit 1 : Methyl cis-3-[p-anisido]acrylate

C11H13NO3; MF: 635; RMF: 673; Prob 16.9%; CAS: 7542-88-3; Lib: mainlib; ID: 180316.
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Meanwhile, methyl sis-3-[p-anisido]ac-
rylate belongs to the class of acrylate ethers
and is characterized by anti-inflammato-
ry and antibacterial activity. The presence

240 270 300 330 360

300 420

of this compound indicates the presence of
a complex biosynthetic pathway of phenolic
and etheric components in the genus Fusar-
ium.
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Figure 3. Spectrum of formic acid, 1-(4,7-dihydro-2-methyl-7-oxopyrazolo[1,5-a]
pyrimidin-5-yl)-methyl ester obtained by GC-MS method

Hit 2 : Formic acid, 1-(4,7-dihydro-2-methyl-7-oxopyrazolo[1,5-a]pyrimidin-5-yl)-, methyl ester
C9HIN303; MF: 618; RMF: 666; Prob 9.24%; Lib: mainlib; ID: 207816.
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It is also noteworthy as a substance ture as having antitumor, antifungal, and cy-
with a nitrogenous heterocyclic system, totoxic activity. Their presence suggests that
1-(4,7-didro-2-methyl-7-oxopyrazolo[1,5-a]  the species F. oxysporum has the ability to
pyrimidine-5-yl)-, methyl ether, which is form pyrozolo and pyrimidine rings during
a derivative of formic acid. Compounds in  the process of secondary metabolite biosyn-
this class have been reported in most litera-  thesis.

Figure 4. Spectrum of Galactose, 4,6-O-nonydene obtained by GC-MS method

Hit 1 : Galactose, 4,6-O-nonylidene-
C15r2806; MF: 591; RMF: 655; Prob 23.8%; Lib: mainlib; ID: 47121.
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Galactose, 4,6-O-nonidene, is a carbo-  this type play an important role in maintain-
hydrate complex substance that performs ing the stability of the fungal cell wall, as well
protective functions in connection with gly-  as in regulating metabolic balance.
cosides and polysaccharides. Compounds of

Figure 5. Spectrum of L-(+)-Ascorbic acid,
2,6-dihexadecanoate, obtained by GC—MS method

Hit 2 : I-(+)-Ascorbic acid 2,6-dihexadecanoate ) o _
CSSHGB(O)B. MF: 566; RMF: 599; Prob 7.24%; CAS: 28474-90-0; Lib: mainlib; ID: 27578.
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The 2,6-di-hesadekanoate ether of
L-(+)-ascorbic acid is an ascorbate deriv-
ative of lipid nature and is characterized
by its strong antioxidant and membrane-
protecting activity. Such compounds confirm
that it was formed as a natural defense sys-

Section 1. Chemistry

tem against oxidative stress in microfungi
such as F. oxysporum. This substance is the
esterified form of ascorbic acid with fatty ac-
ids, which actively functions in the lipophilic
environment in the cell membrane.

Table 1. Extracts from the hexane extract of the grown biomass
of Fusarium oxysporum Schlecht fungus in 6—7 days

Chemical Molecular .
No Substance Name £ 1 mass (g/ RT (min)
ormula mol)

1. 4-(1,1,3,3-tetramethylbutyl)-phenol C14H220 206.32 11.635
2.  Methylcis-3-[p-anisido]acrylate C11H13NO3 205,9 13,928
3. Formic acid, 1-(4,7-dihydro-2-meth- C9HIN303 206,1 13,951

yl-7-oxopyrazolo[1,5-a]pyrimi-

dine-5-yl)-, methyl ester
4. Galactose, 4,6-O-nonydene C15H2806 302,5 14,090
5. L-(+)-Ascorbin acid, 2,6-dihexadeca- C38H6808 648,2 14,114

noate

In Table 1, the increase in the RT value
shows a delay in the release time as the mass
and nonpolarity of the molecules increase.
Therefore, among the substances in the ta-
ble, phenols and ethers are eliminated more
quickly, and shaker and ascorbin derivatives
are more slower. Overall, the identified me-
tabolites indicate that the fungus F. oxyspo-
rum has high biochemical adaptability and
the potential to form a second-second me-
tabolite. The diversity of the composition of
these substances opens promising areas for
their pharmacological application. In partic-
ular, phenolic and ascorbate derivatives can
be used in the development of antimicrobial,
antioxidant and antitumor drugs, and acry-
late and pyrosolo-pyrimidine derivatives in
the study of bioactive synthesis pathways.
The results indicate that Fusarium oxyspo-
rum fungus is a potential biotechnological

facility capable of synthesizing complex, bio-
logically active metabolites. Therefore, future
research should be directed towards identi-
fying the bioactivity, toxicological proper-
ties and pharmaceutical value of these com-
pounds.
Conclusion

The detection of bioactive metabolites be-
longing to the phenolic, indolic, phosphonate,
and ester class in the hexane extract of Fu-
sarium oxysporum Schlecht fungus showed
that these microorganisms have a complex
secondary metabolism system. The obtained
results confirm the practical value of these
compounds as antimicrobial, antioxidant
and environmentally stable bioregulators.
The results of the research expand the possi-
bility of using fungi of the genus Fusarium as
a source of bioactive substances in the phar-
maceutical and biotechnology fields.
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Abstract

In recent years, macrofungi are famous for their unique nutrient retention, moreover, for
the production of biologically active substances such as microfungi. In our study, we aimed to
study the biologically active substances of the fungus Tricholoma caliogatum and in this study,
the insoluble residue GC—MS (gas chromatography — mass spectrometry) was analyzed in
organic solvents (hexane, chloromine, methanol) that separated during the last steps of the
alcohol (ethanol) extract process of the fungus Tricholoma caligatum. According to the analysis
results, the residual revealed the following major components: 1-(3,5-dimethyl-1-adamanta-
noyl)semicarbazide, Amphetamine-3-methyl cyclobutanol, N-Acetyl-2-methylamphetamine,
Amphetamine-3-methyl acetate, N-Acetyl-4-methylamphetamine, Rhodopin, Octadecanoic
acid, 2-hydroxy-1,3-propanedilyl di-ester, Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanyyl
ester and other lipid and carotenoid derivatives of high molecular weight. The different natures
of the compounds identified (amine/alkaloid-like, carotenoid pigments, fatty acid esters, and
semicarbazide derivatives) indicate that the residue is a complex organic polymer-and-conju-
gate mixture.
Keywords: Tricholoma caligatum; alcohol extract; GC—-MS; a secondary metabolite; lipid
esters; Chromatographic

Login
In recent years, the secondary metabo-
lites in macrofungs have been studied exten-
sively as they are considered as an important
resource in pharmaceuticals, food industry,
and biotechnology. Fungi belonging to the
conslog Tricholoma, in particular Tricholo-

ma caligatum, are remarkable for the rich-
ness of their chemical components. (Erol et
al., 2020) have isolated substances such as
lascivol, trametenolic acid, ergosterol, and
ergosterol peroxide from the fruit body of T.
caligatum. The anti-inflammatory effects of
these compounds and the possibility of sup-
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pressing the NF-kB signaling pathway have
been established. This case forms the basis for
considering T. caligatum as a source of phar-
macologically active molecules. (Tagkin et al.,
2019) compared the volatile substances of T.
caligatum and T. anatolicum species, noting
that terpenes are higher in T. caligatum and
alcohol and esters are relatively low. These
findings explain the odor and taste profile
unique to this species. In a study conducted
by Gillardoni et al., 2023, novel triterpenoid
structures from the genus Tricholoma were
identified, and their structure was confirmed
using NMR and MS techniques. This result
further enriches the diversity of metabolites
in the constellation Tricholoma. Zhao et al.,
2024) analyzed studies between 2018 and
2023 and summarized that more than 100
different metabolites from Tricholoma species
had been identified. Among them, steroids,
terpenoids, phenolics, polysaccharides and
alkaloids indicate the chemical diversity of
the species of Tricholoma. (Stojek et al., 2024)
analyzed the fatty acid content in wild mush-
rooms and noted that linoleic, oleic, and pal-
mitic acids are found as the main components
in the genus Tricholoma. These lipids are sig-
nificant in cell membrane stability and biolog-
ical activity. Research by Yu et al., 2023 shows
that Tricholoma species has a balanced amino
acid and fatty acid profile. It is one of the fac-
tors that increase the nutritional value of pig-
lets. (Broser et al., 2023) Having discovered
the presence of rhodopsin-cyclase enzymes
in the type Tricholoma, they have shown that
it is important in the synthesis of pigment
and light-sensing molecules. Studies (led by
Qin and Pandey., 2023-2024) highlight the
presence of melanin and other pigment poly-
mers in the genus Tricholoma, which play
a key role in protecting fungi from external
factors. Saiz-Jimenez et al. 2021) have shown
that it is possible to detect the phenolic and
aromatic components via pyrolytic analysis
of melanin. Such a method is important when
chemically characterizing insoluble residues.
Gutierrez-Reyes et al., 2025) have provided
methods for characterizing biomass-derived
substances based on MS. This methodology
is useful for the detection of high molecular
components in Tricholoma extracts. Sun et
al., 2022) gave a general analysis of the poly-
saccharides of edible fungi, highlighting the

Section 1. Chemistry

importance of B-glucan and chitin for the cell
wall in Tricholoma species. (Clericuzio et al.,
2018) Metabolites isolated from the Tricholo-
ma type have been reported to show pharma-
cological activity. Among them, the important
role of terpenoids and steroids has been noted.
Roziyeva et al., 2025), while describing nov-
el metabolites from T. caligatum, confirming
their antimicrobial and antioxidant activity.
And additional research will further deepen
the diversity of the species Tricholoma. (Inside
vs. Others, 2023) The Tricholoma section re-
vealed structural differences in the genomes of
Caligata, indicating the evolutionary position
of T. caligatum. S. et al. (2018) has investi-
gated the antioxidant activity and safety of
T. equestre based on the phenolic/flavonoid
content. (Benazza-Bouregba et al., 2016)
A new find of T. caligatum from North Afri-
ca has been confirmed via molecular mark-
ers. Metabolome and transcriptome analyses
in 2022-2023 have expanded knowledge of
the cell wall and metabolite biosynthesis of
T. matsutake. (Gamboa-Becerra et al., 2024)
described metabolites from T. mesoamerica-
num and evaluated its antioxidant and nutri-
tional value. In general, the available literature
confirms the chemical diversity of the species
Tricholoma caligatum and indicates that
studying it as a source of bioactive compounds
is of scientific and practical importance.
Research methodology

Sample Preparation

Fruit bodies of the fungus Tricholoma
caligatum were selected as the object of re-
search. The sample was first thoroughly
washed with distilled water, cleaned of surface
contamination, and dried at 45-50 °C. The
dried material was ground into a fine powder
in a lab grinder and prepared for storage in an
airtight container.

Extraction Process

The extraction process was carried out
using an alcoholic solvent. The cousin pow-
der was extracted in 98% ethanol solution for
8 h in the Soxhlet extraction apparatus. The
extraction process has been carried out mini-
mum 6-7 times. In the solvent, the substance
was washed out, after which the solvent was
removed by a rotary evaporator. This ex-
traction separated the stained at the beginning
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and white at the end of the process, the residu-
al part, insoluble in any organic solvent.

Conclusion and discussion
The bleached substance in the last stage
of alcohol extract of the litter biomass ob-
tained by the above method was attracted
to the chromatographic separation process.
The dissociating whitish substance (insolu-
ble in hexane, chloroform, ethyl acetate, and

Section 1. Chemistry

even methanol) at the last step of alcohol
extraction of Tricholoma caligatum was an-
alyzed using the GC—-MS method, mass chro-
matogram analysis revealed peaks consistent
with a number of important compounds.
The chromatographic profile of this extract
showed additional cleavage and differentia-
tion of metabolites, and among those disso-
ciated substances the biological importance
of rhodopin is great.

Figure 1. Gas-liquid chromatogram of extract (Rhodopin) in an alcohol-solvent system

Hit 1 : Rhodopin

C40HS80: MF: 478; RMF: 485; Prob 24.6%: CAS: 105-92-0; Lib: mainlib; ID: 37045.
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The volatile metabolites detected by GLX
(gas-liquid chromatography) chromatogram
of the resulting extract were identified through
the MC database. The substance belongs to
the group of carotenoids. Carotenoids are
pigments found in many organisms, and they
play photoprotection, light harvesting, and
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antioxidant roles. Rhodopin (1,2-dihydro-y,
p-caroten-1-ol) is a C40H580-formulated
oxycarotene and is also found in purple bac-
teria (e.g. Rhodopseudomonas acidophila,
Rhodomicrobium vannielii), and several other
microorganisms.

Figure 2. Gas-liquid chromatogram of extract (Octadecanoic acid,
2-hydroxy-1,3-propanedilyl di-ester (C39H7605)) in an alcohol-solvent system

Hit 2 : Octadecanoic acid, 2-hydroxy-1,3-propanediyl di-ester 1
C39H7605; MF: 445; RMF: 575; Prob 6.44%; CAS: 504-40-5; Lib: replib; I1D: 2607.
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The 2nd substance is Octadecanoic
acid, 2-hydroxy-1,3-propanedilyl di-ester

(C39H7605), better known as glyceryl distea-
rate (GDS), among the mono- and di-esters
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of natural fatty acids. This substance is used
as an excipient component in many pharma-
ceutical products. The main composition is
stearic acid, which in the body is hydrolyzed
and broken down into stearic acid and glycerin.
Glyceryl distearate is not an active substance as
a drug, but its pharmacological importance is
manifested in its helpful properties: Improve
the bioavailability (absorption of drugs). Being
a carrier of fat-soluble vitamins (A, D, E, K) and
lipophilic drugs. Application in fat-based adju-
vant systems for antigens and vaccines. Its use
as a transport system for lipid-based drugs.
Glyceryl distearate is recognized by FDA and
European pharmacopoeia as a GRAS (Generic
Safe Substance). Its toxic effect has not been
determined and is widely used in medicines,
cosmetics. The biological activity of most of the
decaying substances is considered to be high.

Conclusion

As a result of GC-MS analysis, the sub-
stances identified and their biological activity
were evaluated as: 3-Methylamphetamine —
has stimulant effect on the central nervous
system, increases attention, but has toxic
effect. N-Acetyl-2-methylamphetamine — is
a metabolite of amphetamine, which forms
in the body during the process of suppress-

Section 1. Chemistry

ing the action of the drug. Amphetamine is
a powerful psychostimulant that increas-
es alertness, but can cause addiction. Ben-
zeneethanol,a-(1-aminoethyl)-, hydrochlo-
ride—is a derivative of phenethylamine,
generally showing psychotropic property by
influencing neurotransmitters. D-Mannitol —
used for medicinal purposes; As an osmotic
diuretic, it reduces swelling, stimulates kid-
ney function. 1-Octadecanamine, N-methyl
— a long-chain amine, may exhibit antimi-
crobial properties by interacting with bio-
logical membranes and lipid layers. 9,10-Se-
cocholesta-5,7,10(19)-triene-3,24,25-triol
— a compound of steroidal nature, is among
the derivatives of cholesterol, is involved in
hormonal and metabolic processes. Cyclo-
trisiloxane, hexamethyl — generally not bio-
logically active; these substances are mainly
technical mixtures and come from the GC-MS
hardware. In general, among the substances
identified: - Biologically active amines (1-4)
are mostly psychotropic and have stimulant
effects. Mannitol (5) is used in medicine as a
diuretic and detoxifier.- Lipid/steroid deriv-
atives (6—7) play an important role in meta-
bolic and hormonal processes. Siloxane (8) is
a technical mixture and is considered to be
lower in biological value.
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Abstract

The purpose of this article is to obtain lightfast, resistant to oxidation, aggressive envi-
ronments and heat-resistant polymeric materials based on low-pressure polyethylene waste
by adding chemical binders and fillers. The analysis of heat resistance of polymeric materials
modified with chemical binders and fillers is carried out.
Keywords: polyethylene, polypropylene, oligomer, sulfur, melamine, sodium acetate, ex-

truder, derivatogram, thermogravimetry

Introduction

Today, the world’s population is growing
exponentially. This growth leads to the fact
that humanity’s need for modern equipment
and materials is growing every day. As a re-
sult, the globalization of large cities, the de-
velopment of production and industry lead to
the formation of a large amount of industrial
harmful gases, solid and household waste.
This will lead to serious environmental prob-
lems for humanity and the environment in
the future. Currently, the use of disposable
polyethylene packaging is growing rapid-
ly. The disposal of these wastes and their
economic use have become one of the main
problems of our time. In the field of recycling
polyethylene packaging waste, a number of
authors describe numerous recycling meth-

ods in the scientific works of a number of
authors (Mamatova Sh.B., QurbonovM.J.,
Safarova M. A., 2024; Mamatova Sh.B., Kur-
banovM.Zh., 2022; Mamatova Sh.B., Kur-
banévM.J., SafarovaM.A., IzbasarovaG.,
2024; Mamatova, Sh.B., Kurbanov, M.Zh.,
2023).

It is known that polyethylene waste, al-
though withdrawn from consumption, loses
its original properties, but these materials are
not considered obsolete. The efficiency of re-
cycling of waste from these polymer products
depends not only on the technology of their
processing, but also on the quality of the ma-
terial involved in processing, its homogeneity,
as well as the quantitative content of contam-
inating mechanical and organic impurities.
During operation, plastics lose elasticity and
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become brittle under the influence of heat,
moisture, stress, radiation (a,  and y radia-
tion), as well as oxygen in the air. As a result,
the mechanical and electrical properties of
products made of polymeric materials dete-
riorate. In particular, the effect of tempera-
ture adversely affects most of the physical
and mechanical properties of polymer mate-
rials. Lowering the temperature increases the
brittleness of most polymer materials, while
heating reduces properties such as coefficient
of linear expansion and viscosity. High tem-
peratures also lead to changes in the mechan-
ical properties of polymeric materials (tensile,
bending, compressive strength, etc.) (Mama-
tova Sh.B., QurbonovM. J., 2023; Mamatova
Sh., SafarovaM., DavronovaG., Raxmato-
vaG., MakhmayorovJ., AbdullayevB., Kur-
banovM. 2024; Mamatova Sh.B., Qurban-
ovM. J., To ‘rayeva M., 2024).

Research methods

For the study, the waste of low-density
polyethylene of PY-456 grade produced by
the Shurtan Gas Chemical Complex, which
had served its service life, was sorted, cleaned
of mechanical impurities, washed repeatedly
and the purified product was dried in a spe-
cial dryer. After that, the purified product was
crushed in a special device. A certain amount
of the resulting product was taken and placed
in the extruder. Also, to obtain a heat-resistant
polymer material, a certain amount of sodium
acetate, sulfur, melamine and polypropylene
oligomer was added to the crushed secondary
polyethylene. To obtain a mixed polymer mass,
the extruder operating mode was set at 60
rpm and the temperature was 115-140°C. To
form a homogeneous mixture in the extruder,
the product was passed through the extruder
2 times.The resulting hot mixture was cooled
and placed in a granulator. During the granu-
lation process, the hot mixture was transferred
to the forming head. Passing through the head,
the mass was continuously squeezed out in the
form of a wire, cooled and cut into granules
with a special knife. The size of the samples
was 3—5 mm. These granules served as the
main raw material for further research.

All studies of polymer materials obtained
from secondary polyethylene waste were car-
ried out in accordance with the requirements
of the State Standard for Polymer Materials.

Section 1. Chemistry

In particular, the data of thermogravimet-
ric analysis of the obtained polymer materi-
als were carried out in accordance with the
requirements of GOST-12423. Samples for
thermogravimetric analysis were identified
by the difference between the initial tem-
perature and the rate of decomposition.

The results of a thermogravimetric study of
polymeric materials based on recycled polyeth-
ylene were calculated on the basis of the rate of
mass loss of the samples taken for the experi-
ment according to the following formula:

vm=Am/At
here: Am is the decrease in the weight of the
weight, mg; A tis the time interval, minutes.

Discussion of the results

At present, industrialized countries pay
special attention to the production of mod-
ified polymer materials. This is achieved by
adding various organic modifiers to obtain
new types of materials based on recycled
polyethylene and organic modifiers. The use
of materials based on recycled polyethylene
as various consumer products is considered
to be very promising and economically ben-
eficial for the national economy. Two meth-
ods of modifying polymer materials are used.
The first method is structural modification
of polymers, the second is chemical modifi-
cation. Modification of polymeric materials
with chemical reagents and agents is carried
out by adding chemical reagents that process
chemical bonds with macromolecules of the
original polymer raw materials.

The main goal of this work is to obtain
a new type of heat-resistant modified poly-
mer materials. It is known that nitrogen-
containing organic modifiers increase plasti-
cizing properties, and salts of organic acids
increase the flame-retardant properties of
polymeric materials. From this point of view,
samples of the following composition were
taken for the study: polyethylene (PE), sulfur
(S), sodium acetate (CH3COONa), melamine
and polypropylene oligomer (o-PP) in ac-
cordance with the quantitative ratios of
50:1:1:1:1 (SMA-1 (from primary polyeth-
ylene)), 50:1:1:1:1 (SMA-2), 50:0.5:0.5:0.5
(SMA-3) and 50:1.5:1.5:1.5 (SMA-4). The
heat resistance of the obtained polymer ma-
terials was studied. Below is the DTA analysis
curve of the SMA-1 sample.
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Figure 1. Derivatogram of a sample containing CMA-1
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According to the data obtained, the initial
decomposition temperature of the sample is
34.11 °C, and the final temperature is 305.68
OC. Mass loss under the influence of tempera-
ture for the CMA-1 sample was 7.13%. The
quantitative weight loss during the initial
degradation period of this CMA-1 sample is
0.319 mg in the range from 0.00 minutes to
28.35 minutes. The second temperature de-
composition period of the sample was 28.35
minutes and the temperature reading was
305.68 °C. The final temperature of this sec-
ond decomposition period was 601.74 °C.

The time required for this decomposition was
28.35 minutes and 58.63 minutes. The mass
loss of the CMA-1 sample during this second
degradation period was 4.278 mg, or 95.61%.
In the course of the study, two heat absorption
curves are observed on the derivatogram of
this sample containing CMA-1. These absorp-
tion curves have been found to be at tempera-
tures of 167.69 °C and 432.93 °C.

Similarly, the analytical DTA curve of
a sample containing CMA-2 was studied. Fig-
ure 2 shows the derivatogram of the CMA-2
sample.

Figure 2. Sample CMA-2 Derivatogram
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According to the data of Figure-2, it was
determined that the initial decomposition
temperature of the CMA-2 sample was 34.95
0C, and the final temperature was 303.89 °C.
It was established that during the decompo-
sition of the CMA-2 sample at this tempera-
ture, a mass loss of 3.84% was observed. The
quantitative weight loss of the same sample
was 0.242 mg between 0.00 min and 27.91
min. The start time of the second decom-
position period under the influence of tem-
perature for this CMA-2 sample was 27.91
minutes, and the temperature reading was
303.89 °C. The final temperature of this sec-

Section 1. Chemistry

ond decomposition period was 540.59 °C.
The decomposition time was found to start
after 27.91 minutes and end after 52.05 min-
utes. The weight loss at the second stage of
decomposition was 6.01 mg, or 95.53%. As
can be seen from the derivatogram of this
CMA-2 sample obtained during the study,
two heat absorption lines are observed
during the decomposition period under the
influence of temperature. These absorption
curves were found to correspond to tempera-
tures of 115.11 °C and 470.72 °C.

The analytical curve of the DTA of the
CMA-3 sample was also studied below.

Figure 3. CMA-3 Sample Derivatogram
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According to the data obtained, the initial
decomposition temperature of the CMA-3
sample was 34.87 °C, and the final tem-
perature was 386.36 °C. Mass loss during
decomposition of the CMA-3 sample at this
temperature was 5.521%. It was found that
the mass loss during the initial period of de-
composition of the same sample containing
CMA-3 was 0.242 mg in the range from 0.00
minutes to 36.47 minutes. The second de-
composition period of this sample under the
influence of temperature was 36.47 minutes,
and the temperature reading was 386.36 °C.
The final temperature of this second decom-
position was 601.87 °C. It was found that
the time required for this decomposition, It
started after 36.47 minutes and ended after

58.52 minutes. It was found that the weight
loss of the CMA-3 sample during this period
was 7.27 mg or 95.38%. In the course of the
study, four heat absorption curves are ob-
served on the derivatogram of this sample.
These curves have been found to correspond
to temperatures of 126.93 °C, 282.29 °C,
468.46 °C and 543.25 °C.

The analytical DTA curve of the CMA-4
sample was also studied.

According to the data obtained, the initial
decomposition temperature of the CMA-4
sample was 37.24 °C, and the final tempera-
ture was 395.29 °C. Mass loss in this tem-
perature range was 12.78%. The quantitative
weight loss during the initial decomposition
period of the same CMA-4 sample was 0.696

54 DETERMINATION OF THERMAL STABILITY OF POLYMERIC MATERIALS BASED


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

The Austrian Journal of Technical
and Natural Sciences, No 9-10

mg in the range from 0.00 minutes to 36.97
minutes. It was found that the time of the
beginning of the second decomposition pe-
riod under the influence of the temperature
of this sample was 36.97 minutes, and the
temperature index was 395.29 °C. The final
temperature of the second decomposition
period was 532.02 °C. It was found that the
decomposition time was 36.97 minutes and

Section 1. Chemistry

50.87 minutes. The loss of mass and time of
the second resolution period was 4.57 mg,
84.06%. In the course of the study, two heat
absorption curves were obtained during the
decomposition period of a sample contain-
ing SMA-4 under the influence of tempera-
ture. These absorption curves were found
to correspond to temperatures of 115.36 °C
and 473.87 °C.

Figure 4. Sample CMA-4 Derivatogram
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The results from the data analysed above
are summarized in tables 1 and 2 below.

Table 1. Results of Thermogravimetric Analysis of Polymer Material
Based on Secondary Polyethylene Matrix (1st Decomposition Period)

Temperature Duration of decay. min Loss Loss
range. °C ) ) weight. mg Weight. %
SMA-1 ratio: 50:1:1:1:1
34.11-305.68 0.00-28.35 0.319 7.13
CMA-2 ratio: 50:1:1:1:1
34.95-303.89 0.00-27.91 0.242 3.84
CMA-3 ratio: 50:0.5:0.5:0.5:0.5
34.87-386.36 0.00-36.47 0.242 5.52
CMA-4 ratio: 50:1.5:1.5:1.5:1.5
37.24-395.29 0.00-36.97 0.696 12.78

As can be seen from the data presented
in Table 1, there is no significant difference
between the initial decomposition tempera-
tures and decomposition time of the CMA-1

sample and the CMA-2 sample. However, it
can be noted that the difference in weight
loss between these samples has changed
significantly. Comparing the results of the

55 DETERMINATION OF THERMAL STABILITY OF POLYMERIC MATERIALS BASED


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

The Austrian Journal of Technical
and Natural Sciences, No 9-10

CMA-1 and CMA-2 samples presented above
with the results of the CMA-3 sample, a sig-
nificant difference can be noticed. that the
temperature in the first period of decompo-
sition (386.36°C) is higher, and the duration
(36.47 minutes) is slightly longer. Similarly,
the results of the three above samples were
compared with those ofCMA-4. The results
show that the initial decomposition tempera-

Section 1. Chemistry

ture of the CMA-4 sample (37.24-395.29 °C)
is higher, and the decomposition time is also
longer. However, it was found that the mass
loss of this CMA-4 sample was slightly high-
er than that of the three samples mentioned
above.

Table 2 shows the results of the second
decomposition of these samples.

Table 2. Results of thermogravimetric analysis of polymeric material
based on secondary polyethylene matrix (2nd decomposition period)

Temperature Duration of decay, min. Loss Loss
range, °C weight, mg Weight, %
SMA-1 ratio: 50:1:1:1:1
305.68-601.74 28.35-58.63 4.278 95.61
CMA-2 ratio: 50:1:1:1:1
303.89-540.59 27.91-52.05 6.01 95.53
CMA-3 ratio: 50:0.5:0.5:0.5:0.5
386.36—601.87 36.47-58.52 7.27 95.38
CMA-4 ratio: 50:1.5:1.5:1.5:1.5
395.29-532.02 36.97-50.87 4.570 84.06

Analysis of the data presented in Table 2
shows that the difference between the tem-
perature and duration of secondary degra-
dation of the CMA-1 sample derived from
virgin polyethylene and the CMA-2 sample
derived from recycled polyethylene has not
changed significantly, i.e. the temperature
in the CMA-2 sample has decreased. When
comparing the results of the CMA-1 and
CMA-2 samples presented above with the
CMA-3 sample, there is a significant differ-
ence. that the temperature in the second de-
composition period (601.87°C) is higher and
the duration (58.52 minutes) is slightly lon-
ger. Similarly, comparing the results of the
above three samples with those of CMA-4, it
can be observed that the temperature of the
second decomposition period (532.02°C)and
the decomposition time of theCMA-4 sample
also decreased. However, it can be observed
that the mass loss of this CMA-4 sample is

slightly lower compared to the CMA-2 and
CMA-3 samples.

Findings. As a result of the destruc-
tion of recycled polyethylene, carbon-carbon
bonds arise in some parts of the chain due to
the disproportion of hydrogen atoms from
methylene groups that are part of the poly-
mer chain. As a result, chemical bonds are
formed between the macromolecules of the
thermally destructed polymer material and
chemically binding reagents polypropylene
due to the breaking of the m bonds of dou-
ble bonds. In addition, the modified sulfur
contributes to the vulcanization of the poly-
ethylene product by forming sulfide bridg-
es between the macromolecules of recycled
polyethylene. Such polymeric materials have
increased heat resistance, reduced flamma-
bility, increased resistance to oxidation, as
well as increased resistance to weathering,
aggressive environments and light compared
to products made of pure polyethylene.
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Abstract

The synthesis and characterization of a novel high-intensity copper phthalocyanine (CuPc)
pigment incorporating nitrogen and sulfur within its molecular framework are presented in
this study. The pigment is distinguished by the formation of chelate complexes that contribute
to the stabilization of the macroheterocyclic structure and enhance its optical performance.
The synthetic approach employed a carefully controlled process, ensuring the incorporation
of heteroatoms into the phthalocyanine ring system.

Comprehensive structural analysis was conducted using advanced physicochemical meth-
ods, with a particular focus on X-ray diffraction (XRD) techniques. The diffraction peak profiles
revealed well-defined crystalline features, accompanied by amorphous domains, confirming
both the successful integration of heteroatoms and the composite nature of the synthesized
pigment. These findings indicate that nitrogen and sulfur substitution significantly influences
the crystallographic arrangement and electronic distribution within the macrocyclic lattice.

The study further highlighted the contribution of organic components that coexist within
the pigment, providing insight into their role in stability and spectral behavior. The presence
of nitrogen- and sulfur-containing moieties was shown to play a pivotal role in modulating the
electronic transitions, as supported by spectroscopic evaluations. These structural modifica-
tions have a direct impact on the pigment’s optical intensity, chemical stability, and potential
multifunctionality.

Overall, this work not only advances the understanding of copper phthalocyanine deriv-
atives but also opens new perspectives for their practical use in high-performance functional
materials. Potential applications include optoelectronic devices, heterogeneous catalysis, pho-
tovoltaic systems, and advanced pigment technologies, where enhanced structural integrity and
tunable electronic properties are of critical importance.

Keywords: copper phthalocyanine, nitrogen-sulfur pigments, chelate complexes, X-ray dif-
fraction, optical properties, functional materials
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Introduction

Colorants, including dyes and pigments,
have been utilized extensively since ancient
times for decorative, protective, and func-
tional purposes. Their application spans
a wide range of fields, from art and textiles
to construction and industrial manufactur-
ing. In recent decades, the demand for paints
and coatings has grown substantially in re-
sponse to the rapid pace of construction and
infrastructural development both worldwide
and within our Republic. This increasing de-
mand has consequently intensified the need
for high-quality raw materials, particularly
pigments, which serve as the essential color-
ing agents in paint and coating formulations
(Yusupov M., Kayumjanov O., 2024).

Pigments play a crucial role not only in
imparting color but also in enhancing the
durability, weather resistance, and overall
performance of paint products. The advance-
ment of pigment chemistry has allowed for
the creation of materials with improved op-
tical properties, higher stability, and multi-
functionality, thus expanding their role in
modern coating technologies. As the con-
struction industry continues to expand, the
strategic importance of developing efficient,
sustainable, and cost-effective pigment sys-
tems becomes increasingly evident (Yusupov,
M., & Kadirkhanov, J., 2023).

Phthalocyanines (Pcs) are planar, highly
conjugated macroheterocyclic compounds
that exhibit strong structural and functional
resemblance to porphyrins. Their discovery
in the early 20™ century revolutionized the
pigment industry, and since then, phthalo-
cyanines have been established as one of the
most stable classes of synthetic dyes (Lever,
A. B. P, 1990). The unique physicochemical
properties of these molecules-such as intense
absorption in the visible region (Q-band),
high molar extinction coefficients, and re-
markable thermal and chemical stability —
have positioned them as versatile candidates
in both traditional and emerging technolog-
ical domains (Linstead, R. P., 1934; Kadish,
K. M., & Smith, K. M. (Eds.). 2003).

Among metallophthalocyanines, copper
phthalocyanines (CuPcs) stand out as in-
dustrially significant pigments due to their
vivid blue-green coloration and resistance to
photobleaching. Beyond their conventional

Section 1. Chemistry

use in paints, inks, and coatings, CuPcs have
attracted growing interest in advanced appli-
cations, including organic photovoltaics, gas
sensing, and electrocatalysis (Bottari, G., et
al., 2010). Recent advances in coordination
chemistry and synthetic design have facilitat-
ed the incorporation of heteroatoms such as
nitrogen and sulfur into the phthalocyanine
macrocycle. These modifications have been
shown to profoundly influence the electron-
ic distribution within the macrocycle, en-
hancing intermolecular i—mn stacking, tuning
HOMO-LUMO energy levels, and improv-
ing solubility and processability (Dini, D., &
Hanack, M., 2006; Han, J., et al., 2024).

The structural elucidation of such
heteroatom-modified CuPcs often relies on
X-ray diffraction (XRD), which provides
critical insights into crystallinity, molecu-
lar packing, and polymorphic phases. For
example, nitrogen-substituted phthalocya-
nines typically adopt more ordered packing
arrangements, whereas sulfur-substituted
analogues introduce distortions that modu-
late intermolecular interactions and lead to
changes in optical and catalytic properties
(Claessens, C. G, et al., 2002). Complemen-
tary spectroscopic techniques such as infra-
red (IR) spectroscopy and UV-Vis absorption
further confirm the presence of characteristic
functional groups and conjugated electronic
systems (Dincer, H. A., et al., 2007).

Several studies have emphasized the syn-
ergistic role of nitrogen and sulfur atoms in
improving both the optical intensity and the
structural rigidity of copper phthalocyanines.
Zhan et al. (2014) demonstrated that simulta-
neous substitution of these heteroatoms sig-
nificantly enhances the material’s applicability
in optoelectronic devices, owing to improved
electron mobility and tailored absorption pro-
files (Zhan, R., et al., 2014). Moreover, Claes-
sens et al. (2002) highlighted that such struc-
tural modifications not only enrich the optical
features but also contribute to catalytic activ-
ity in redox reactions, making these pigments
multifunctional materials.

Despite these advancements, gaps re-
main in fully understanding the correlation
between structural modifications and func-
tional performance. While nitrogen and
sulfur substitution has been proven to alter
crystallinity and intermolecular interactions,
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systematic studies linking these modifica-
tions to large-scale performance in device
applications are still scarce. Hence, further
exploration of the structure—property rela-
tionship in heteroatom-containing copper
phthalocyanines is essential for advancing
their practical utility in optoelectronics, ca-
talysis, and next-generation pigment tech-
nologies (Abbaspour, A., et al., 2013).

Research method

For the high-temperature synthesis, 1
mol of phthalic anhydride and 5 mol of urea
were placed into a 250 mL heat-resistant
beaker and heated in an HP-550-S electric
furnace under a fume hood at approximate-
ly 140 °C until complete melting occurred.
Subsequently, 1 mol of copper(I) chloride
was added at the same temperature. Upon
stirring, the mixture changed its color to light
blue. Continuous stirring was maintained,
followed by the addition of 1 mol of ammoni-
um sulfate and ammonium heptamolybdate
as a catalyst. The reaction mixture was thor-
oughly homogenized with a glass rod and
heated until a uniform mass was obtained.

Initially, the reagents fully liquefied and
then transformed into a viscous mass. The re-
action was interrupted, cooled to room tem-
perature, and then maintained in a SNOL fur-
nace for 3 h at a temperature up to 260 °C. This
treatment yielded a dark-blue porous powder.
Concentrated sulfuric acid (<90%) was grad-
ually added at 80 °C under a fume hood until
a paste-like consistency was achieved. During
this stage, irritating and suffocating gaseous
by-products were released, at which point the
process was halted and hot water was careful-
ly introduced. As a result, unreacted starting
materials and intermediate products were
transferred into the aqueous phase.

After standing, a dark bluish precipitate
together with a partially blue solution was
observed. The precipitate was collected into
a larger vessel, and the acidic medium was
neutralized with distilled water. The pigment
was then filtered through a Biichner funnel
and dried at 80 °C in a IIIC-8001 IIICY dryer.

Results analysis
Thus, the exothermic reaction leading
to the formation of the phthalocyanine pig-
ment containing nitrogen, sulfur, and copper
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(CuSPc) was completed. The target pigment
was synthesized with a theoretical yield of
69.3%. Single-crystal X-ray diffraction (SCX-
RD) is a powerful and widely applied ana-
lytical technique for determining the three-
dimensional atomic structure of crystalline
materials. This method has become indis-
pensable across multiple disciplines, includ-
ing chemistry, biology, physics, and materials
science, due to its ability to reveal the precise
atomic arrangement within molecules, min-
erals, metals, and complex biological macro-
molecules such as proteins and DNA.

The primary strength of X-ray crystallog-
raphy lies in its ability to provide accurate
structural information at the atomic scale.
This makes the technique essential not only
for molecular characterization but also for
the discovery and development of new com-
pounds. The principle of the method is based
on the diffraction of X-rays by the periodic
array of atoms within a crystal lattice. The
diffraction pattern produced carries detailed
information about the internal crystal struc-
ture. Through mathematical modeling and
computer-assisted analysis, the atomic po-
sitions can be precisely determined. Figure
1 presents the results of the X-ray analysis,
showing the presence of functional groups
in the structure of the synthesized copper
phthalocyanine pigment.

The diffractogram displays several dis-
tinct peaks corresponding to both the target
product and residual secondary phases.

At lower diffraction angles (7-10°), in-
tense peaks corresponding to ammonium
heptamolybdate (NH,) Mo,O,, were ob-
served, indicating the partial retention of the
catalyst within the pigment matrix. In the
region between 15-40°, characteristic reflec-
tions assigned to intermediate organic com-
pounds such as C;H, O, and CH,N,O, were
detected. These signals suggest that certain
organic precursors or by-products were not
fully decomposed during the synthesis.

At higher angles (>40°), diffraction peaks
corresponding to copper sulfate (CuSOa4)
were identified, together with minor contri-
butions from residual organic species. The
presence of CuSO4 implies that a portion of
copper remained bonded in the form of sul-
fate salts rather than being completely inte-
grated into the phthalocyanine framework.
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Figure 1. X-ray diffraction (XRD) analysis of the synthesized
copper phthalocyanine pigment (CuSPc)
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Overall, the XRD results confirm the suc-
cessful formation of copper phthalocyanine
(CuPc) pigment, as evidenced by the dom-
inant crystalline features associated with
phthalocyanine derivatives. However, the
detection of catalyst residues (NH,) Mo.O,,,
unreacted intermediates, and CuSOa4 side
phases indicates that the reaction did not
proceed to full completion under the applied
conditions. Optimization of synthesis param-
eters, particularly temperature control and
purification steps, may further improve the
phase purity of the final pigment.

Conclusion (discussion)

The X-ray diffraction (XRD) analysis of
the synthesized copper phthalocyanine pig-
ment (CuSPc) clearly demonstrates the suc-
cessful formation of the target crystalline
phase, confirming the efficiency of the ap-
plied synthesis approach. Nevertheless, the
diffractogram also revealed the presence of
several secondary phases, including residual
ammonium heptamolybdate, partially unde-
composed organic intermediates, and copper

sulfate. These findings indicate that the cat-
alytic agent was not completely eliminated,
and a fraction of the organic precursors and
copper salts persisted in the final product,
suggesting that the reaction did not reach full
completion under the current experimental
conditions.

The coexistence of the desired CuSPc
phase with secondary by-products may neg-
atively affect the pigment’s structural homo-
geneity and potentially influence its optical,
electronic, and chemical stability charac-
teristics. Therefore, to achieve higher phase
purity and enhanced performance, further
optimization of the synthesis parameters is
required. Particular attention should be di-
rected toward more precise temperature con-
trol, extended reaction time, and improved
purification protocols. Such refinements are
expected to not only eliminate unwanted res-
idues but also promote the complete incor-
poration of copper into the phthalocyanine
framework, thereby ensuring superior func-
tional properties of the resulting pigment for
advanced material applications.
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Abstract

The integration of artificial intelligence (AI) into software development has fundamentally
transformed how complex systems are designed, built, and delivered. This narrative review
presents the symphonic model, a cohesive framework inspired by orchestral performance that
coordinates specialized AI agents within agile teams to achieve superior efficiency, quality, and
adaptability. Through thematic synthesis of multi-agent architectures, sequential collaboration
patterns, and real-world implementations, the model demonstrates accelerated development
cycles, enhanced code integrity, and proactive risk mitigation. While integration challenges,
ethical accountability, and data governance remain critical hurdles, structured adoption yields
transformative gains. The discussion explores evolving human roles, emerging Al paradigms,
and strategic pathways for responsible, scalable implementation.
Keywords: symphonic model, AI agents, multi-agent systems, software development, agile
methodology, context amplification, Three Amigo Agents, LLM orchestration, development
automation, operational intelligence, software quality, ethical AI, governance frameworks,
knowledge transfer, ROI in AI adoption

Introduction teams as orchestras, where human special-

Software development now operates at
ascale and velocity that traditional methodol-
ogies can no longer sustain. Modern systems
demand seamless integration of distributed
services, real-time responsiveness, strin-
gent security, and continuous evolution, all
under compressed timelines. The symphon-
ic model of software production addresses
these pressures by reimagining development

ists and AI agents perform distinct, inter-
dependent roles under unified direction to
produce a coherent, high-quality outcome.
Drawing from the dynamics of orchestral
performance, the model treats each partici-
pant as a musician with a unique instrument.
Developers, designers, testers, architects,
and Al agents contribute specialized outputs
including code, interfaces, validations, and
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optimizations, while a conductor (typically
a human product owner or Al orchestrator)
ensures alignment, tempo, and harmony.
This is not merely metaphorical: it reflects
a deliberate design of role clarity, transparent
communication, adaptive coordination, and
iterative refinement.

Agile methodologies form the structural
backbone of the symphonic approach. With
Scrum widely adopted and hybrid frame-
works gaining momentum, agile practices
enable the feedback-driven, incremental de-
livery essential for dynamic synchronization.
The integration of AI Himalayan agents ele-
vates this foundation, automating repetitive
tasks, enhancing decision accuracy, and am-
plifying contextual understanding while pre-
serving human judgment for strategic, ethi-
cal, and creative direction.

The model rests on interconnected prin-
ciples: role specialization within a unified
framework, radical transparency across all
contributors, dynamic responsiveness to
change, collaborative interdependence that
amplifies collective output, and continuous
improvement driven by automated metrics
and human reflection. This review synthe-
sizes theoretical foundations, technical im-
plementations, case studies, and governance
models to evaluate how AI agents organized
into development support and operational
assistance systems can be harmonized to de-
liver complex software with unprecedented
efficiency and reliability.

Methods

This study employs a narrative review
methodology to consolidate insights from ac-
ademic literature, industry reports, technical
documentation, and documented case stud-
ies on Al-augmented software development.
A systematic search was conducted across
Google Scholar, arXiv, IEEE Xplore, ACM
Digital Library, ResearchGate, and prac-
titioner platforms using targeted keyword
combinations including “symphonic mod-
el software,” “Al agents agile,” “multi-agent
software engineering,” “orchestral develop-
ment framework,” “LLM agent collabora-
tion,” and “context amplification AI.” Publi-
cations from 2020 to 2025 were prioritized
to capture advancements in large language
models and multi-agent systems.

Section 2. Computer science

Sources were selected based on their de-
scription of structured Al agent roles in de-
velopment workflows, provision of empirical
or demonstrable case studies, discussion of
integration or ethical implications, and pre-
sentation of architectural patterns such as
sequential collaboration or orchestration.
Purely speculative or marketing-focused
content was excluded, as were studies limited
to single-agent Al applications.

Thematic analysis involved qualitative
coding to identify recurring concepts includ-
ing agent categorization, collaboration mech-
anisms, context propagation, performance
benchmarks, ethical risks, and governance
structures. Case studies were evaluated for
reproducibility, documentation complete-
ness, and measurable outcomes. Cross-vali-
dation across independent sources ensured
robustness. No primary data was collected;
the synthesis focused on constructing a co-
herent, evidence-based framework for sym-
phonic AT harmonization.

Results

AI Agent Categorization and Capa-
bilities. Al agents within the symphonic
model are organized into two complemen-
tary domains: development support systems
and operational assistance systems. Develop-
ment support systems operate directly within
the codebase and design lifecycle, enhancing
precision, consistency, and velocity. These
agents leverage transformer-based language
models to generate context-aware code, pre-
dict and prevent defects through static and
dynamic analysis, automatically produce
comprehensive test suites covering edge
cases and regression paths, evaluate pull re-
quests for style, security, and architectural
compliance, and synthesize up-to-date docu-
mentation from code and version history.

Operational assistance systems focus on
runtime environments, infrastructure re-
silience, and system health. They employ
time-series forecasting and unsupervised
learning to detect anomalies in performance
or behavior before user impact, use rein-
forcement learning to optimize resource al-
location and autoscaling, automate incident
correlation and root-cause suggestion during
outages, continuously monitor for security
threats including zero-day patterns and cre-
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dential misuse, and analyze user interaction
data to identify friction points and recom-
mend interface improvements.

The Three Amigo Agents Pattern.
A defining mechanism of symphonic execu-
tion is the Three Amigo Agents pattern, a se-
quential, context-amplifying collaboration
triad that extends traditional product triads
by embedding specialized AI agents. The
process begins with the Product Manager
Agent, which receives high-level vision, user
needs, and business constraints and produc-
es a comprehensive Product Requirements
Document, detailed user stories, acceptance
criteria, API contracts, data models, and
system architecture diagrams, transforming
ambiguity into traceable specifications.

The UX Designer Agent then consumes
this documentation alongside technical con-
straints to generate a cohesive design system
including color palettes, typography, reusable
components, wireframes, high-fidelity mock-
ups, interactive prototypes, and accessibility
compliance reports, ensuring visual consisten-
cy, usability, and implementation feasibility.

Finally, the Implementation Agent re-
ceives the accumulated documentation suite,
often exceeding 25 artifacts, and produces
a complete, production-ready codebase en-
compassing frontend and backend services,
CI/CD pipelines, deployment configurations,
and monitoring instrumentation. This agent
operates with full contextual awareness, min-
imizing integration errors and rework.

The human product owner intervenes
at decision gates to refine, approve, or redi-
rect outputs, maintaining strategic control
while benefiting from amplified context.
The sequential handoff creates a knowledge
flywheel: initial inputs of five to seven doc-
uments expand progressively, resulting in
a richly specified, implementable system.

Case Study 1: AI-Orchestrated
Health Analytics Platform. A multi-
agent health analysis platform was developed
from an empty repository to a fully func-
tional system in under three hours using an
orchestrator-worker architecture. The Prod-
uct Manager Agent first generated a detailed
PRD, user stories, OpenAPI specification,
and database schema for a multi-domain
medical insights engine. The UX Designer
Agent then produced a glassmorphic design
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language, reusable React components, and
interactive prototypes supporting real-time
physician-agent collaboration.

The Implementation Agent subsequently
delivered a FastAPI backend with asynchro-
nous endpoints, eight specialized medical
domain agents covering cardiology, oncology,
and other fields, Server-Sent Events for live
data streaming, PostgreSQL integration with
vector embeddings, and a React/TypeScript
frontend with dynamic dashboards. The sys-
tem supported concurrent queries, visualized
cross-domain insights, and maintained audit
trails compliant with healthcare standards,
all without human coding.

Case Study 2: Enterprise-Scale
Agile Transformation with AI. An on-
line gaming platform restructured multiple
cross-functional teams using symphonic
principles and embedded AI agents as fixed-
role contributors. Teams were organized into
specialized sections for frontend, backend,
DevOps, quality assurance, and Al, with Kan-
ban boards enhanced by predictive flow ana-
lytics. Daily standups incorporated automat-
ed Al status summaries, sprint planning used
Al-generated risk forecasts, and retrospec-
tives leveraged defect trend analysis from
operational monitoring agents. The trans-
formation resulted in a significant reduction
in production defects, faster feature delivery,
decreased regression testing time, and high
acceptance of Al-generated code suggestions.
Transparency, collaboration, and continuous
improvement were reinforced through inte-
grated ceremonies and real-time visibility.

Performance Metrics and ROI. Orga-
nizations implementing the symphonic model
report substantial gains across key indicators.
Sprint velocity increases markedly, defect es-
cape rates drop sharply, lead time from idea
to deployment is halved, and developer satis-
faction rises. A hypothetical return-on-invest-
ment model for a ten-developer team shows
initial costs for tools, training, and integra-
tion offset by annual savings in productivity,
rework reduction, and revenue acceleration,
yielding a positive first-year net gain, rapid
payback, and strong multi-year ROI.

Discussion
The symphonic model redefines soft-
ware production by positioning Al as
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a collaborative ensemble member rather
than a standalone tool. The Three Amigo
pattern’s context amplification eliminates
common failure modes such as misaligned
requirements, design-implementation gaps,
and integration debt. By automating routine
synthesis and validation, the model frees hu-
man contributors to focus on architecture,
innovation, and ethical oversight.

However, harmonization requires more
than technical connectivity. Ethical gov-
ernance is essential: as Al agents exercise
increasing autonomy, accountability must
remain traceable. Audit trails, decision prov-
enance, and human veto mechanisms pre-
vent diffusion of responsibility. Automation
bias, the over-reliance on AI outputs, must
be countered through confidence scoring,
skepticism training, and mandatory review
of high-impact recommendations.

Data quality underpins agent effective-
ness. Biased or fragmented training data
risks perpetuating legacy anti-patterns or ex-
cluding edge cases. Federated learning, syn-
thetic data augmentation, and continuous
bias monitoring provide mitigation strate-
gies. The model also accelerates institution-
al learning: Al agents encode best practices
across thousands of projects, mentor junior
developers through contextual explanations,
and enable senior architects to prioritize
system-level trade-offs.

Emerging paradigms such as neural-
symbolic integration, autonomous verifica-
tion agents, and cross-project knowledge
graphs promise self-optimizing development
ecosystems. Human roles will shift from im-
plementation to system curation: defining
constraints, validating outputs, and steer-
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ing innovation. Current limitations include
dependency on high-quality prompts, nego-
tiation latency between agents, limited lega-
cy codebase support, and regulatory gaps in
Al-driven production.

Future research should focus on longitu-
dinal studies of team dynamics, standardized
interoperability benchmarks, and domain-
specific governance frameworks. Strategic
adoption pathways include piloting with
greenfield services, establishing AI orches-
trators for task routing and conflict resolu-
tion, implementing progressive autonomy
from advisory to supervised execution, build-
ing real-time feedback flywheels, forming
AT review boards, standardizing knowledge
formats, and monitoring agent performance
drift.

Conclusions

The symphonic model marks a paradigm
shift in software engineering, from fragment-
ed workflows and tribal knowledge to a uni-
fied, intelligent, and adaptive production sys-
tem. By harmonizing specialized AI agents
within an agile, human-directed framework,
organizations achieve dramatic efficiency in
complex system delivery, superior quality
through multi-layered validation, resilient
knowledge capture that transcends individ-
ual contributors, and ethical, governable Al
embedded in development culture. When
implemented with technical precision, cul-
tural alignment, and ethical foresight, this
model enables software teams to transcend
traditional coding, composing intelligent,
evolving digital symphonies that adapt, im-
prove, and perform at scale.
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Abstract

Human action recognition through skeletal analysis represents a fundamental challenge
with significant implications for real-world applications. Contemporary approaches frequently
depend on singular skeletal sequence representations, potentially limiting their capacity to
comprehensively encode the multifaceted characteristics inherent in human actions. This work
introduces LFHAR (Latent Features for Human Action Recognition), an innovative architec-
tural framework that leverages diverse spatio-temporal latent encodings to enhance action
feature extraction. The proposed representations model the temporal progression of skeletal
configurations while incorporating both joint-level and limb-level motion patterns. The meth-
odology employs a graph-based transformation for individual skeletal frames within temporal
sequences, subsequently organizing the extracted graph features into spatio-temporal matrices.
Experiments on benchmark datasets validates the robustness and invariance properties of the
LFHAR framework. The approach achieves notable performance gains, with accuracy improve-
ments of 2.7% and 2.1% on the NTU-RGB+D 60 and NTU-RGB+D 120 datasets, respectively,
substantiating its effectiveness in advancing skeleton-based action recognition.
Keywords: Invariant representations, Latent features, Skeleton-based action recognition,
Spatio-temporal graph network

1. Introduction computer interaction systems, automated

Human action recognition constitutes surveillance, robotic systems, medical ap-

a critical component across diverse appli- plications, and immersive virtual environ-
cation domains, encompassing human- ments. Research in this domain has explored
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multiple data modalities, spanning RGB
video streams, depth-based recordings, and
skeletal joint representations (Sun et. al.,
2022). The skeleton-based paradigm has
emerged as particularly compelling due to
its inherent robustness against environmen-
tal variations including background clutter,
attire differences, and illumination changes,
while simultaneously offering high-fidelity
3D spatial coordinates of anatomical land-
marks. Historical approaches to skeletal data
acquisition relied on motion capture infra-
structures employing body-mounted sen-
sors, multi-view camera arrays, or infrared
tracking systems within constrained labora-
tory settings (Ahmad et. al., 2021).

Recent breakthroughs in computer vision
methodologies have catalyzed fundamental
transformations across diverse sectors, en-
compassing medical diagnostics, financial
modeling, predictive analytics, and visual
computing. Deep learning architectures have
particularly revolutionized automated hier-
archical feature learning from visual data,
enabling sophisticated pattern recognition
capabilities that obviate traditional manual
feature design. These advances have yielded
remarkable achievements in visual recogni-
tion tasks including categorical classification,
object localization, and semantic segmenta-
tion, often matching or exceeding human-
level accuracy. Consequently, these techno-
logical developments have facilitated robust
skeletal pose estimation directly from video
streams through deep learning pipelines,
eliminating dependencies on specialized sen-
sor hardware (Cheng et. al., 2020).

The extraction of discriminative action-
specific features from skeletal trajectories
constitutes a fundamental challenge in
skeleton-based recognition systems. Tra-
ditional approaches relied on handcrafted
feature engineering, transforming skele-
tal sequences into compact representations
suitable for conventional classifiers includ-
ing K-Nearest Neighbor algorithms, Random
Forest ensembles, or Hidden Markov Mod-
els.

2. Related works
To address the aforementioned con-
straints, this research introduces a novel
architectural framework for skeleton-based
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action recognition, designated as LFHAR
(Latent Features for Human Action Recog-
nition). The LFHAR architecture comprises
three principal components: action represen-
tation, latent feature extraction, and human
action prediction modules. Within the action
representation component, we formulate five
distinct image-based spatio-temporal action
latent features that encode action sequences
from complementary perspectives, thereby
mitigating the inherent limitations asso-
ciated with singular action representation
schemes. Although numerous action rep-
resentation paradigms exist, our proposed
quintet of representations strategically em-
phasizes fundamental motion dynamics to
achieve distinctive characterization of indi-
vidual actions.

In examining human kinematic patterns,
action differentiation emerges through tem-
poral evolution of skeletal configurations
and the directional characteristics of articu-
lar and limb trajectories. Directional motion
attributes can be encoded through two com-
plementary modalities: angular variations
between interconnected limb segments and
spatial displacement metrics between joint
coordinates (Xin et. al., 2022). Furthermore,
temporally similar actions executed at vary-
ing velocities manifest subtle disparities in
both angular measurements and inter-joint
spatial relationships, necessitating the devel-
opment of velocity-invariant representation-
al schemes to ensure robust action character-
ization across different execution speeds.

For encoding the temporal evolution
of skeletal poses, we introduce a spatio-
temporal Graph Latent Features (GF) rep-
resentation, manifested as an RGB feature
map derived from a graph matrix wherein
columns encode individual skeletal graph
representations across the three Cartesian
dimensions. This representational scheme
achieves coordinate invariance by emphasiz-
ing temporal variations in topological joint
relationships rather than absolute position-
al coordinates. The underlying rationale for
this approach stems from the over-smooth-
ing phenomenon inherent in GCN-based ar-
chitectures, where representational efficacy
becomes contingent upon network depth
(Liu et. al., 2025). In contrast, consolidating
the complete graph sequence into a unified,
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fixed-dimensional image representation en-
sures computational stability.

Recognizing that graph representations in-
adequately capture joint motion dynamics, we
propose three complementary distance-based
latent features to encode spatio-temporal joint
and limb displacement patterns throughout
the action sequence. Each descriptor manifests
as a single-channel grayscale image derived
from distance matrices, with columns encod-
ing inter-joint or inter-limb distances. The
Joint Distance Latent Features (JDLF) encode
intra-frame joint-to-joint distances across the
temporal sequence. The Adjacent Distance
Latent Features (ADLF) capture inter-frame
joint displacements between consecutive tem-
poral instances, providing visual encoding
of action velocity that enables recognition of
identical actions performed at varying speeds,
thereby conferring velocity invariance. The
Limbs Angle Latent Features (LALF) quantify
angular variations between adjacent limb seg-
ments, additionally encoding joint directional
information through temporal angular chang-
es. To construct a comprehensive motion rep-
resentation, these three distance latent fea-
tures are integrated into a tri-channel Fusion
Distance Latent Feature (FDLF). These four
distance-based latent features exhibit view

Section 2. Computer science

invariance through their exclusive reliance on
relative distances between anatomical land-
marks. Moreover, they normalize actions of
heterogeneous temporal durations into fixed-
dimensional image representations, ensuring
frame-count invariance.

The feature extraction component em-
ploys specialized models for deriving fea-
tures from the five latent representations
(GLF, JDLF, ADLF, LALF, and FDLF). Giv-
en that these latent features manifest as
texture-patterned feature maps (Fig. 1), we
implement a shallow 1D CNN architecture
optimized for pattern classification. Feature
extraction proceeds independently for each
latent representation through dedicated
single-descriptor models for action predic-
tion. Furthermore, features from all five rep-
resentations undergo concatenation to con-
struct a comprehensive and complementary
action encoding via a fusion model. The pre-
diction component generates six classifica-
tion outputs: five from individual descriptor
models and one from the fusion architecture.
Final class determination employs a voting
algorithm that implements majority consen-
sus when multiple models produce concor-
dant predictions.

Figure 1. Architectural overview of the LFHAR framework,
comprising three integrated modules
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quences into five distinct image-based
latent representations: Graph Latent Fea-
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tures (GLF), Joint Distance Latent Features
(JDLF), Adjacent Distance Latent Fea-
tures (ADLF), Limbs Angle Latent Features
(LALF), and Fusion Distance Latent Features
(FDLF). The latent feature extraction mod-
ule employs a GCN architecture followed by
Readout layer operations. After then the out-
put from this layer is processed by dense lay-
er and for classification is used SoftMaxMCW
(Marakhimov et. al., 2025). The action predic-
tion module generates classification scores
from six feature streams — encompassing the
five independent latent representations and
their concatenated fusion — utilizing one-di-
mensional convolutional layers (ConvlD).
A voting-based ensemble mechanism sub-
sequently determines the final classification
output through consensus aggregation of the
multiple prediction streams.

3. Methodology

The framework of LFHAR-GCN-Soft-
MaxMCW architecture is depicted in Fig. 1.
It mainly consists of three separate stages:
human skeleton action representation, latent
feature extraction, and action classification.

We use Human action representation,
Skeleton graph matrix and Joints distance
matrix from work (Aouaidjia et. al., 2025).
However, authors build very heavy models
which is impossible to employ in real-time
human action recognition. Thus we build our
model based on (Marakhimov et. al., 2025)
to get the faster human skeleton based action
recognition.

3.1. Human action representation

We define the skeleton sequence as
Seq=1{S;,k=1,...,T}, where T is the num-
ber of frames, and the skeleton S, as a graph
S, :{V,E},V:{{{]i,j}fil}?:l},]i,j is the coordi-
nate j of the joint 7, and N is the number of
joints (vertices). We normalize the skeleton
sequence by considering the “middle of the
spine” joint of the first frame as the new ori-
gin of the coordinates system. In the rest of
the coming sections, we use the term “limb”
to refer to a skeleton bone that forms an an-
gle with its adjacent bone.

3.1.1. Skeleton graph matrix

For each skeleton §, represented as
N x3 matrix, the symmetric adjacency ma-
trix is defined as A =1a; ;,i,j =1,...N}, where
a;; =1 if the joints i and j are connected,
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and a,. =0, otherwise. The normalized adja-
cency atrix A’ is calculated by dividing
each row by the sum of its values. The graph
G, of asingle skeleton S, is obtained by:
.. . ajy ap Ay,
Jin Jar -+ INn Ca
A N2
G =SiA =] jiy oy Jina | T
j13 j23 "‘jN3 ’ ' '
N19N2 " ANN
811821 8N1
= 812822++8N2 | (1)
813823+ 8N3
a. -
al =—>1—, 2)

j=1%i

where t represents the matrix transpose op-
eration. The spatio-temporal graph repre-
sentation of the sequence is given by the 3D
graph matrix pf& ¢ RNVT as:

NEEERE
Mgr = {G;{}Z=l = {{{gl,],k}lzl} } =
=) k=1

81j1 812 - &NjT (3)
| &1 82j28N,iT
- . . . . >

| 8N1 8N,j2 T ENT |

where j=1,2,3, &« are the features of the
joint i of the coordinate k of the skeleton k.
M _ is a 3D matrix consists of three 2D ma-
. gr . . .

trices, corresponding to j =1,2,3, which rep-
resents the three Cartesian axes. The con-
struction of the graph matrix is illustrated
visually in Fig. 2(a).

3.1.2. Joints distance matrix

One of the key factors for a robust motion
representation is to capture the inter-joints
distance evolution over time. For example, in
the action ‘clapping’, it is important to know
how far the left-hand joint is moving from
the right-hand joint. To construct a joint
distance representation, we selected the 32
most informative pairs that have a higher
changeable rate during the motion than the
other pairs, where the joints involved in the
selected pairs.
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Given a skeleton S, » we define the set of
the selected pairs as: Pair ={p;,i =1,...,P},
where P is the total number of selected pairs,
and P =(J°,J%) is the pair of the joints J*
and J*. For each pair p;, the Euclidean dis-
tance d; is calculated between its two joints
as: d, = “] —Jb| . However, the distance be-
tween two JOlIlZ[S in a skeleton of a shorter
person is less than that of a taller person, due
to the difference in limbs length. To normal-
ize the distance d; of the pair p; for all body
sizes, we divide the distance d; by the body

size z, where the normalized distance
N-1

d=d,/z, and the body size z= .

=1 i
which is the sum of the lengths of all the skel-
eton limbs L;, and the limb length is the dis-

tance between its joints. The joints distance
matrix M, € RP*T is defined as:

M — {i}P ' :{{d.’ ) }T _
Z )i, . Bk Siz k=1

dy, dyy -~ dp, @
_ dél déz "'d;)z

M

dpydpy - dpy
where d; is the normalized distance of the
pair p; of the skeleton Sk -
3.1.3. Adjacent distance matrix
The adjacent distance matrix represents
the temporal change in the joint coordinates
values between each two consecutive frames.
In other words, the distance between the
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joint in a frame k and its new position in the
frame k +1. It also represents action velocity,
where larger distances indicate faster move-
ment of the joints. Given two consecutive
skeletons S, and S, of the sequence, the
adjacent Euclidean distance a, k of a joint i
between two consecutive frames k and k+1
is written as: a;; = ‘]1 =i kHH The Adja-
cent Distance Matrix M%* ¢ %\’ x(T-1) is de-
fined as follows:

Madis :{{ 1k}1 =1 k 1 = ||]zk

Pa=tall 12 =,
Vaa=Toall, 122 =2l

1,k+1 ||2 }511 }Z;ll (5)

W=l
<= Tl

s =Tl =Twcal, s =Tl |

4. Experiments

Table 1 presents the comparative results
between LFHAR and state-of-the-art ap-
proaches on the NTU-RGB+D 60 dataset. The
proposed LFHAR method achieves superior
recognition accuracy on benchmark datasets
and outperforms existing methods that inte-
grate GCN with attention mechanisms. The
results indicate a 1.5% improvement over 2s-
AGCN, which employs reinforcement learn-
ing for dynamic joint selection. In contrast,
our approach utilizes multiple invariant rep-
resentations that offer comprehensive action
encoding, enabling adaptation to dynamic
variations without requiring complex train-
ing procedures.

Table 1. Comparison of accuracy between LFHAR-GCN-SoftMaxMCW and the other
human action recognition methods on the NTU-RGB+D 60 and NTU-RGB+D 120 dataset

Accuracy

Method NTU-RGB+D 60 NTU-RGB+D 120
ST-GCN 87.2 883
AS-GCN 95.2 94.2
EfficientGCN 92.8 96.1
RA-GCN 93.5 93.6
AGC-LSTM 92.1 95.0
25-AGCN 95.4 95.1
LFHAR-GCN-SoftMaxMCW 96.9 97.2

Table 2 presents a computational com-
plexity analysis comparing the proposed LF-
HAR-GCN-SoftMaxMCW framework with
existing action recognition methods, eval-

uated using Floating Point Operations Per
Second (FLOPS) and inference time mea-
sured in sequences per second. The compu-
tational efficiency assessment reveals that
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the single-descriptor configuration achieves
7.8 FLOPS, positioning it as the second most
efficient model in the comparison. The mod-
el, which processes the concatenated repre-
sentations of all five descriptors, demon-
strates a computational requirement of
31.6 FLOPS. This represents approximately
a five-fold increase compared to the single-
descriptor variant, which can be attributed
to the additional computational overhead
of processing the combined feature repre-
sentations. Given that the complete frame-
work employs multiple models operating in
parallel, the overall computational cost is

Section 2. Computer science

determined by aggregating the FLOPS val-
ues of all constituent models, yielding a cu-
mulative value of 25.3 FLOPS for the entire
system.

These computational metrics indicate
that while the fusion approach incurs high-
er computational costs due to feature con-
catenation, the overall framework maintains
reasonable efficiency when considering the
performance gains achieved through multi-
descriptor integration. The inference time
measurements further support the practi-
cal viability of the proposed method for re-
al-world action recognition applications.

Table 2. Comparison of FLOPS and Inference time.

Method FLOPS Inference time
ST-GCN 16.3 4291
AS-GCN 14.5 18.50
EfficientGCN 17.5 234
RA-GCN 22.4 19.52
AGC-LSTM 30.3
2s-AGCN 12.90
LFHAR-GCN-SoftMax-
MCW 253 17.50

5. Conclusion

This study presents a novel framework for
skeleton-based action recognition that com-
prises three main components: action repre-
sentation, feature extraction, and action pre-
diction modules. The action representation
module employs five image descriptors to en-
code skeleton sequences. One descriptor cap-
tures the spatio-temporal relationship varia-
tions among joints throughout the temporal
dimension, while the remaining four descrip-
tors encode the distance variations between
joints and limbs over time. These descrip-
tors function as latent features that maintain
consistency across different poses, viewing
angles, and movement velocities, thereby en-
suring robust action representation. For the
feature extraction component, we implement
a GCN+SoftMaxMCW architecture that pro-
cesses both individual descriptors and their
combined representations to extract relevant
features and perform classification. The ac-

tion prediction module generates six class
predictions, which are subsequently pro-
cessed through a voting mechanism to deter-
mine the final action category.

We evaluated the proposed framework
using four standard benchmark datasets.
The experimental results, along with com-
prehensive ablation studies, confirm the effi-
cacy of our approach. The comparative anal-
ysis with existing methods demonstrates
that our framework achieves competitive
performance in skeleton-based action rec-
ognition tasks. These findings suggest that
the integration of multiple image descrip-
tors with graph-based feature extraction
provides an effective solution for robust ac-
tion recognition.
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Abstract

Bakery products occupy one of the leading places in the diet of the population and are an

important source of carbohydrates, proteins, vitamins and minerals. Modern trends in the
development of bakery involve the use of food additives that improve nutritional value, func-
tional properties, shelf life and organoleptic characteristics of products. The paper considers
the classification of food additives, their technological significance and impact on the quality of
bakery products. The problems of using additives and the prospects for improving technology,
taking into account the requirements of safety and healthy nutrition, are outlined.

Keywords: bakery products, food additives, functional products, nutritional value, baking

technology

Introduction

The modern food industry is focused
not only on providing the population with
mass-consumption products, but also on
the production of functional and specialized
food products. Bread, as one of the most con-
sumed products, plays a key role in ensuring
food security. However, traditional bakery
products do not always fully satisfy the phys-
iological needs of the body for the necessary
nutrients.

One of the ways to increase the nutritional
value of bread is the use of food additives and
enriching components: protein concentrates,

dietary fiber, vitamins, minerals, enzyme
preparations, as well as natural vegetable in-
gredients (pumpkin, soy, flaxseed flour, veg-
etable and fruit powders). Their use allows
not only to improve the quality of products,
but also to give them functional properties,
which corresponds to global trends in healthy
eating. Proteins are an essential component
of food, with their deficiency, hematopoiesis
decreases, the development of a growing or-
ganism is delayed, the metabolism of fats and
vitamins, the activity of the nervous system,
liver and other organs is disrupted, and cell
recovery slows down after severe diseases.
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Protein deficiency is one of the serious
problems in the nutrition of the population,
especially socially vulnerable groups. Protein
deficiency in the country is 30-40% and in-
creases annually, therefore, along with the
use of ready-made protein preparations, it
is necessary to use non-traditional protein
sources (Erashova L. D., Pavlova G.I., Ermo-
lenkoR.S., 2009).

Fortified bakery products with protein-
containing additives from non-traditional
vegetable raw materials are one of the prom-
ising ways to increase nutritional value.

Legumes are often used as a source of
cheap vegetable protein, since, in addition to
their unique chemical composition, they are
characterized by their availability and avail-
ability of sufficient raw materials. A large
number of plant-based proteins and relative-
ly low production costs make it possible to
significantly compensate for the protein defi-
ciency in human nutrition. Chickpeas are one
of the oldest crops that have been cultivated
in the Middle East and other tropical and
subtropical countries since time immemorial
(Klochkoval.S., Davydovich V. V., 2018). All
additives used in the bakery industry can be
divided into several groups:

The structure — forming and dough im-
provers are enzyme preparations (amylases,
xylanases), emulsifiers (lecithin, mono- and
diglycerides of fatty acids), oxidants (ascor-
bic acid, Enriching additives — mineral salts
(iron, calcium, zinc), B vitamins, vitamin D,
dietary fiber, Functional ingredients — pro-
tein concentrates from legumes, whey, seeds;
powders of vegetables, fruits, herbs; prebi-
otics, Stabilizers and preservatives — organic
acids (sorbic, propionic), essential oils and
natural extracts with antimicrobial action.
All these additives affect the quality of bread
in different ways: Enzymes and emulsifi-
ers improve the gas-holding capacity of the
dough, increase the volume and porosity of
the bread. Protein concentrates increase the
content of essential amino acids, especially
lysine, which is deficient in wheat flour. Di-
etary fiber (bran, fiber, pectin) normalizes
digestion and reduces the glycemic index of
bread. Mineral supplements make it possible
to create preventive products (for example,
bread fortified with iron to prevent anemia).
Vegetable and fruit powders give products
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new flavors and increase the content of bio-
logically active substances (Pashchenko L. P.,
Kurchaeva E. E., Kulakova Yu.A., Yakovle-
va.E.A., 2004).

The purpose of the study is to analyze the
technological and physiological features of
the use of food additives in the production of
bakery products.

Materials and methods

This study examined the classification of
additives by functional purpose, the effect of
protein, mineral and vitamin additives on
bread quality, the role of enzyme prepara-
tions and dough improvers, the use of veg-
etable powders and dietary fibers, and the
safety assessment and regulations for the
use of additives in baking. Data from open
sources, including scientific articles, books
and publications, were used as materials. re-
lated to the topic of food additives in bakery.
A search was conducted for sources using the
electronic databases Google Scholar, Scopus
and Web of Science to identify relevant re-
search.

Results and discussion

During the work, five experimental bread
samples were prepared with a mixture of
chickpea and barley flour from 1 to 5% by
weight of wheat flour. The products were
made using a non-stick method according to
a unified formulation (ErshovP. S., 2001).

The mixture used in the research process
had a humidity of 15% and an acidity of 1.8
degrees. At the first stage of production, the
mixture was mixed with wheat in appropri-
ate proportions and added to the dough, the
dough was kneaded at a temperature of 30—
320 C for 40 minutes, the final moisture con-
tent of the dough was 42%, which met the re-
quirements of the technological instructions
(dough moisture 42—45%).

The kneaded dough of the control sam-
ple was left to ferment at a temperature of
32-34°C for 3.5 hours, and then divided into
pieces of a given mass and sent for proofing.
The fermentation time of the test samples at
a temperature of 32-340 °C was 2.5 hours,
since the addition of a flour mixture acceler-
ates the maturation process of the dough due
to the intensification of its fermentation and
accumulation of organic acids, as well as the
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presence in the additive of a large amount of
minerals that give an acidic reaction. For this
reason, a safe method of dough preparation
was chosen (Jankorazov A. M., SattarovK. K.,
2024). Thus, the introduction of a mixture of
chickpea and barley flour allowed not only to
enrich bakery products with vegetable pro-
tein, but also to speed up the production pro-
cess. The molded bread was baked at 180—
200° C for 50 minutes in a moistened baking

Section 3. Food processing industry

chamber until the crust color changed from
golden yellow to golden brown. The quality
indicators of the prototypes were determined
after cooling in accordance with GOST 5667—
65 “Bread and bakery products. Acceptance
rules, sampling methods, methods for deter-
mining organoleptic parameters and weight
of products” During the trial baking, organo-
leptic studies of the products were performed
Table 1.

Table 1. Organoleptic characteristics of bakery products
using a mixture of chickpea and barley flour

The content of a mixture of

Indicators Control chickpea and barley flour,%
Appearance:
Form Correct, without pretensions (5)
Smooth, without cracks or explosions, with With oblique cuts
Surface . and small cracks
oblique cuts (5.0)
(4.0)
Yellow with
a small amount Brown, large num-
Color Light yellow uniform (5.0) ber of dark spots
of dark spots (3.5)
(4.5) '
Crumb condition:
Baking Baked, not moist to the touch, elastic (5.0)
Promes Without lumps and traces of non-wood (5.0)
Porosity Uniform, developed, without voids and seals (5.0) Uneven,

Pleasant, without an extrane-

Taste ous taste, characteristic of this
type of product (4,5)
Pleasant, odorless, characteris-
Smell

tic of this type of product (4,5)

undeveloped (3.5)
Pleasant, with  With an unpleasant

a slight hint of taste of legumes
nuts (5.0) (3.0)
Pleasant light Pronounced un-
smell of nuts pleasant odor of
(5.0) legumes (3.0)

As a result, Table 1 revealed that with an
increase in the amount of a mixture of chick-
pea and barley flour to 5%, the crumb color
deteriorates due to dark inclusions of a mix-
ture of chickpea and barley flour, as well as
the color of the upper crust darkened much
faster. In addition, there was a negative effect
on the taste and aroma of bread, as there was
a pronounced taste and smell of legumes.
When adding a mixture of chickpea and bar-
ley flour in an amount from 1 to 3%, the color
does not change much compared to the con-
trol, with a flour content of 4%, a light pleas-
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ant aroma of nuts appears, which is typical
for chickpea and barley flour. Thus, an in-
crease in the amount of a mixture of chickpea
and barley flour to 5% of the total amount of
flour is impractical, since it leads to a dete-
rioration in the organoleptic characteristics
of the product, in particular, a pronounced
smell and taste of legumes appears, the color
and surface of the finished products change.
The results of the physico-chemical parame-
ters of samples with different ratios of a mix-
ture of chickpea and barley flour are present-
ed in Table 2.
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Table 2. Physico-chemical parameters of samples with different
ratios of a mixture of chickpea and barley flour

The content of a mixture of chickpea and barley

Indicators Control flour,%
1 2 3 4 5
Crumb moisture,% 40.7 40.8 40.8 41.0 41.0 41.4
Crumb moisture,% 1.8 2.0 2.2 2.4 2.4 2.7
Porosity,% 78 80 80 82 82 64
A study of the physico-chemical qual- Conclusions

ity indicators (Table 1) of molded bread
showed that all indicators are within the lim-
its of the norms established in the standard,
with the exception of acidity (no more than
2.5 degrees) and porosity for a sample with
a mixture content of 5% of the total amount
of flour. The increased acidity is due to the
fact that when the dough is fermented using
a mixture of chickpea and barley flour, the
acid accumulation process is faster. Poros-
ity does not correspond to the indicators of
GOST 31805-2018 bakery products. General
specifications (at least 65%), since the gluten
content in the dough when adding a mixture
of chickpea and barley flour over 5% of the
weight of wheat is not enough.

As a result of organoleptic and physico-
chemical studies of samples of bakery prod-
ucts containing mixtures of chickpea and
barley flour, it was concluded that it would be
advisable to add it in an amount of no more
than 4% by weight of wheat flour.

In the course of the study, a recipe for
molded bread was developed with the addi-
tion of mixtures of chickpea and barley flour
in an amount of 4% by weight of wheat flour.
A technology for the production of molded
bread with mixtures of chickpea and barley
flour has been developed, the use of which
has reduced the fermentation time of the
dough by 30%. The amount of protein in
molded bread added to a mixture of chick-
pea and barley flour was determined, which
increased by 18% compared with bread pro-
duced according to the control recipe. The
nutritional and energy value (250 kcal) of the
developed product is calculated. The shelf life
of molded bread with mixtures of chickpea
and barley flour (48 hours) has been estab-
lished, during which the product has high or-
ganoleptic and physico-chemical properties,
and microbiological parameters comply with
these requirements “On Food Safety”
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Abstract

This article presents the results of an analysis of canned products to determine the content

of tin ions.

The time of complex formation was studied using inversion voltamperometric methods.
For tin (II) ions, the maximum signal was observed at 0.260 V in 10 seconds, and these time

values were determined as optimal.

The detection limits of tin (II) ions were recorded at 1.33x10% M (R2 = 0.991) for the
presented electrochemical methods, and the reliability and sensitivity of the developed method

were confirmed in practice

Keywords: electrochemical methods of analysis, tin ions, food products, metrological char-

acteristics

Due to the intensive development of in-
dustry, transport, industrialization and the
chemicalization of agriculture, as well as the
acceleration of scientific and technological
progress, the release of heavy metals of tech-
nogenic origin into the environment has sig-
nificantly increased in recent years and con-
tinues to grow.

Pollution of the biosphere (air, water,
soil) with heavy metals leads to their accu-
mulation in food raw materials of plant and
animal origin, sometimes in quantities ex-
ceeding sanitary and hygienic standards.

The complexity of modern ecological-
analytical monitoring of toxic heavy metals
and the protection of public health has led to
the involvement of researchers worldwide in

developing highly sensitive methods of anal-
ysis. Monitoring of environmental objects,
which includes the analysis of food products
for toxic heavy metals, inorganic and organic
substances, is carried out using various phys-
ical and chemical methods. Among these,
electrochemical methods occupy a special
place due to their high sensitivity, simplicity,
low cost, and suitability for computerization
and automation.

Modern requirements for environmental
analysis demand new, highly sensitive and
rapid methods for determining toxic trace
metals. The multicomponent nature of ana-
lytical objects and the low concentrations of
metallic pollutants require combined meth-
ods, including a preconcentration stage.
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The rapid development and wide appli-
cation of electrochemical methods in the last
decade are explained by their high accuracy,
sensitivity, selectivity, and speed, which allow
reliable analytical control of technological
processes, environmental samples, biological
products, clinical materials, and industrial
substances.

Inversion voltamperometric is widely
used to determine both metal ions and vari-
ous compounds. Its efficiency is increased by
preliminary adsorption or electrochemical
concentration of the analyte on the electrode
surface.

Further development of inversion
voltamperometric methods is connected with
the creation of modified sensor electrodes
with unique properties. Chemical modifica-
tion of sensor surfaces allows the addition
of new functional capabilities, enhancing
both reactivity and selectivity. Indicator elec-
trodes based on macrocyclic compounds sig-
nificantly expand the potential of inversion
voltamperometric as a highly sensitive and
selective method of analysis.

The selectivity of the sensor we developed
is ensured by modification with hydrazine
sulfate and thioacetamide, which greatly im-
proves both the sensitivity and selectivity of
the method and allows for low detection lim-
its of the studied metal ions.

Environmental Safety Related to Tin
and Its Analytical Determination
In recent years, the range of objects re-
quiring determination of heavy toxic metals
has expanded, including tin, which is one of
the priority environmental pollutants. Tin
contamination of natural objects and indus-
trial materials has been reported in many re-
gions of the world. Its presence in food prod-
ucts is also well established, and therefore its
concentration must be strictly controlled.
According to sanitary and epidemiolog-
ical regulations of the Ministry of Health of
the Republic of Uzbekistan, the concentra-
tion of tin in natural waters and soils should
not exceed 0.2 and 0.5 mg/L, respectively.
Therefore, it is important to describe and
predict the main toxic properties of these
metals, assess their increasing levels in food
products, and ensure strict analytical control
of their content. This is essential for evaluat-

Section 3. Food processing industry

ing risks to human health and the environ-
ment, making it a highly urgent problem in
modern ecological-analytical chemistry.

In this context, the urgent goal of our
work was to modify sensors and develop
analytical methods for determining tin. Im-
proving electrochemical methods with better
metrological characteristics remains a key
challenge in food analysis. These require-
ments are best met by inversion voltamper-
ometric, one of the most powerful electro-
chemical techniques in terms of sensitivity,
selectivity, and information content.

Experimental Methods

Standard solutions were prepared grav-
imetrically using methods described in the
literature. Exact concentrations of stock
solutions and standards were determined
titrimetrically. Dilute solutions (1x10-3 —
2x10-8 M) were obtained by successive dilu-
tion with triple-distilled water immediately
before use.

During the analysis of canned products,
we found that by varying the background
electrolyte and buffer mixture, high selectivi-
ty for tin determination can be achieved. The
possibility of using inversion voltampero-
metric for tin determination under optimized
conditions of concentration and background
composition was demonstrated.

For food safety monitoring, it is crucial to
ensure timely control of maximum permissi-
ble concentrations (MPC) of toxic trace met-
als in canned goods and food products. This
monitoring must be carried out by sanitary
and epidemiological services across Uzbeki-
stan.

Electrochemical methods, particularly
inversion voltamperometric, meet modern
requirements for analytical methods: rapid,
selective, highly sensitive, accurate, inexpen-
sive, and easy to automate.

Analytical Procedure

Before analysis, the electrolyzer was
rinsed with triple-distilled water and filled
with 20 ml of background electrolyte (buffer
mixture). Indicator, auxiliary, and reference
electrodes were inserted, and optimal elec-
trolysis conditions were set: accumulation
potential of —0.45 V, accumulation time of 60
s, current range of —1.0 pA, and appropriate
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amplitude and potential sweep rate. A vol-
tammogram was recorded at least four times,
with only the fourth measurement used for
analysis, since the first three serve to condi-
tion the electrode and improve reproducibil-
ity.

For sample preparation, 5-10 g of solid
product (or 10-15 ml if liquid) was weighed
into a heat-resistant beaker. Then 4-5 ml of
concentrated HCl and the same volume of
5% H202 were added. The mixture was heat-
ed under a watch glass at 80—-90 °C for 15-20
min. The solution was diluted to 100 ml with
triple-distilled water and filtered if necessary.
An aliquot (e.g., tomato juice, cottonseed oil,
canned fish, beef) was taken, background
electrolyte was added, and the total volume
was brought to 20 ml before recording a vol-
tammogram.

The selectivity of the electroanalytical
method —that is, the reliable separation of the
ion being determined even in the presence of
other cations — is one of the important cri-
teria for its practical application. Therefore,
in order to evaluate the selectivity of the de-
veloped inversion voltammetric method, the
effect of foreign metal ions (Cu(II), Fe(III),
V(II), Ba(II), Fe(II), Pb(II), Mn(II), Cd(II))
on the voltammetric determination of tin
(IT) ion was studied. For this, solutions with
a total volume of 25 ml were prepared. 2 ml
of 0.1 M acetate buffer solution (pH = 5.1),
2.0 uM organic reagent solution, tin (II) ion
and foreign metal ions in a certain ratio were
added to each solution. The volume of the
solution was made up to 25 ml with distilled
water. Measurements were carried out by
method IV. The collection time for the deter-
mination of tin (IT) ion was set to 90 seconds.
The accumulation potential was 50 mV, and
the accumulation potential was applied to
the electrode at a scan rate of 25 mV/s.

Section 3. Food processing industry

The results confirmed that the measured
concentrations of tin in canned products
were consistent with certified reference val-
ues and remained within the confidence in-
terval, demonstrating the high accuracy and
reproducibility of the developed inversion
voltamperometric method. Analysis was car-
ried out using carbon-paste electrodes modi-
fied with hydrazine sulfate, which significant-
ly improved the sensitivity and selectivity of
tin detection.

Conclusion

The study demonstrated that modified
sensor electrodes combined with inversion
voltamperometric provide a highly sensitive,
selective, and reliable method for determin-
ing tin in food products. The results showed
good agreement with reference values, con-
firming the method’s accuracy and reproduc-
ibility.

The analytical parameters of the method
were the correlation coefficient R = 0.991 for
tin (II) ions; the lower detection limit was
1.33 x 108 M; the quantitative detection
limit was 4.00 x 10-8 M. The stability con-
stants of the complexes were calculated as Kf
=4.11 for tin (II) ions.

The metrological parameters of the in-
version voltamperometric method, such as
accuracy, sensitivity and lower detection
limit, developed on the basis of metrologi-
cal analysis and competitiveness, were com-
pared with physicochemical methods. The
proposed method in some cases showed
high sensitivity and selectivity compared
to the methods used in production labora-
tories. The developed voltamperometric de-
tection methods are characterized by speed,
low detection limit and high selectivity and
have been successfully applied in the analy-
sis of food products.
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Abstract

This work deals with the problem of investigating the dynamics of transverse vibrations of
a circular plate of hysteresis type in random processes, the dissipative characteristics of which
are determined by the mean square values. When calculating the dynamic characteristics, a
probabilistic approach was used based on the average energy distribution, taking into account
the physical and geometric parameters of the circular plate, dissipative coefficients, spectral
density and resonance properties. In general, the expression of the mean square values of the
slope was determined.
Keywords: random process, dissipative, hysteresis, elastic, dissipative, mean square value,

circular plate

Introduction

In all areas of modern engineering and
technology, including machines and mech-
anisms, devices and their elements, taking
into account nonlinear elastic and dissipative
properties of random vibrations, the correct
determination of their dynamic character-
istics — optimal design, ensuring long-term
perfect operation at a high level of reliability
is one of the urgent problem.

In the work (ItaoK., CrandallS.H.,
1978), it was shown that the transverse vi-
brations of each point of a circular plate of
constant thickness under the influence of
stationary wide-band random excitations are

also a wide-band random process. The root
mean square values were determined and
their changes were numerically analyzed. In
this case, analytical and experimental analy-
ses were carried out for an aluminum plate
on a free support with a thickness of 0.16
cm and a diameter of 0.91 m, and conclu-
sions were drawn on reducing the root mean
square values.

In the work (Yaping Zhao, Ming Li.,
2016), the vibrations of a circular plate sub-
ject to Kirchhoff’s theory under the influence
of random excitations were mathematically
modeled. In this case, the random excitations
were white noise, including a distributed
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load and a concentrated force. Two types of
absorber mechanisms, namely internal and
external viscous absorbers, were simultane-
ously taken into account in damping the vi-
brations. When solving boundary problems,
the boundary conditions were fixed, freely
supported, and mixed conditions. The eigen-
frequencies were determined using the sepa-
ration of variables method.

The dynamics of systems protected from
distributed parameter vibrations under the
influence of random motions were studied
in the works (DusmatovO.M., Khodjabe-
kovM.U., 2013; DusmatovO.M., Khasa-
novdJ.A., 2025). The issue of checking the
stability of combined nonlinear vibrations of
a plate with elastic dissipative characteristics
of the hysteresis type and a dynamic absorb-
er was considered.

The work (Amabili M., PierandreiR. and
Frosali G., 1997) studied the free vibrations
of a circular plate with variable thickness
using the Rayleigh-Ritz method, developed
a methodology for examining its dynamics,
and provided recommendations.

The work (Afsharmanesh B., GhaheriA.
and Taheri-BehroozF., 2014) deals with the
forced vibrations of circular plates mounted
on a Winkler-type base. Parametric studies
are mainly conducted under various bound-
ary conditions.

In the works (BahramiA. and Tei-
mourian A., 2015; Arshid E. and Khorshid-
vand A.R., 2018; VinyasM., SandeepA.,
Nguyen-ThoiT., EbrahimiF. and DucD.,
2019; Yalamanchili Swapna, Harsha K Sri.,
2021), the direction of wave propagation was
taken into account to analyze the free vibra-

Section 4. Machinery construction

tions of annular and circular plates. Methods
for mathematical modeling and solving prob-
lems were developed. The free vibrations of
annular and circular elastic plates were stud-
ied using the finite element method and its
combination, and conclusions were given.

One of the important issues is the study of
the vibrations of circular plates under the in-
fluence of random excitations, taking into ac-
count the elastic dissipative characteristics of
the hysteresis type, and the optimal design as
a result of determining their dynamic char-
acteristics in various processes and boundary
conditions.

Materials and methods

This work addresses the issue of deter-
mining the mean square values of circular
plates with hysteresis-type elastic dissipative
characteristics under the influence of random
excitations based on the generalized spectral
density of the base acceleration.

According to the theory of random pro-
cesses, the following relation is appropriate
for the expression of the mean square values:

400
or = J. |A(a)
—00
where A(w) is the amplitude-frequency
characteristics; Sy, (@) is the spectral densi-
ty of the base acceleration.

A mathematical model of nonlinear trans-
verse vibrational motion of a circular plate
with hysteresis-type elastic dissipative char-
acteristics was obtained in (DusmatovO.,
2025). The amplitude-frequency characteris-
tics of the circular plate under consideration
is as follows:

d.
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where n,,, n,,, v,,, v,, are statistical linear-
ization coefficients; j° =—1; o is frequency
of vibrations; ,, is the natural frequency of
the plate;
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D= is cylindrical stiffness; E is
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Young’s modulus; & is plate thickness; p is
Poisson’s ratio;

d .

2 R,
d. =d—j, d, = { Qdo [ P*dr;

T

2 R,
d, = [Qdo | Pdr;

T
R, is radius of circular plate; 7, is radius
of the inner sphere given the boundary con-
ditions; p is density of the plate material;
Oy is absolute value of the mean square;
C (zl =0,...,k ), K; (i, =0,...,k,) are ay;, ay;,
a; and z; hystere51s parameters determined
from experlmentally selected lines o, = f, (z),
a, = fy(z), a; =g(z) at points correspond-
ing to the coordinates of the cyclic deforma-
tions of the material; f,(z), f,(z) are func-
tions of the maximum values of relative
deformation in general form, representing
the decrement of vibrations, g(z) is the dec-
rement of vibrations in terms of the values of

relative deformation in displacement'
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plate.

Let’s obtain the spectral density of the
base acceleration in the following form (Pav-
lovsky M. A., Ryzhkov L. M., Yakovenko V. B.,
Dusmatov O. M., 1997):

; with bending of the

(3)

Sw (a)) =

0

where Dy, is dispersion of the base accelera-
tion; o is parameter characterizing the width
of the vibration spectrum; o, is the frequen-
cy at which the vibration probability is high-
est in the spectrum of vibrations.

+00 2 3
, 1 d: Dy, aw;

2 2, - 2 2 . >
Tl -0 +tiao.o )| o —o° —i0o.0

If we substitute the expressions (2) for
the amplitude-frequency characteristics and
(3) for the spectral density of the base accel-
eration into the expression (1) for the mean
square values, we obtain:

1

op=—

We calculate the resulting integral expres-
sion using the method presented in (Rob-
ertsJ. B., Spanos P. D., 1990). To do this, we
write it as follows:

, dDy, occo3 s Z,(w)
ol = j
w X, (i0) X, (-io)
where
Z,(0)= b,0° +b,0" + b0 +by;

X, (ia)) =a, (ia))4 +a, (ioo)3 +

do, (5)
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by=b,=b;=b,=b =0;b, =1.

We express the value of the integral in ex-
pression (5) as follows:
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b. b. b b If we calculate the determinants in ex-
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pression (6), we get
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If we substitute the value of the defined
integral expression (7) into the mean square
expression (5), we get:
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The expression of the mean square values
determined (9) allows us to analyze the dynam-
ics and stability of vibrations of a circular plate
with hysteresis-type elastic dissipative charac-
teristics under the influence of random exci-
tations at different values of the parameters.

Conclusion
The mean square values of the nonlinear
vibrations of a circular plate with hystere-

x .
3 2 4 3 2 2\ 2 2 3 4
AP1p, @y P50y + P P00y +(a Dy —2p,+ )a)ma)c + AP0y, 0, + @,

sis-type elastic dissipative properties under
the influence of random excitations were ob-
tained in an analytical form depending on the
system parameters. This expression allows
us to evaluate the influence of random exci-
tations on the vibrations of a circular plate,
to check their dynamics and stability under
various boundary conditions.

References

Itao K., Crandall S. H. (1978). Wide-band random vibration of circular plates. Journal of Me-
chanical design, October, — Vol. 100. — P. 690-695.

Yaping Zhao, Ming Li. (2016). Random vibration analysis of viscoelastic circular thin plates.
Intertional Conference on theory and application of random vibration (ICTARV).

Dusmatov O. M., Khodjabekov M. U. (2013). Checking the stability of the vibration protect-
ed plate in case of random vibrations. Jizzakh State Pedagogical Institute Newsletter., —
No. 1.—P. 8-12.

Dusmatov O. M., Khasanov J. A. (2025). Random nonlinear vibrations of an imperfectly elas-
tic circular plate with a dynamic absorber. International Scientific Journal Theoretical &
Applied Science., — 05. — Vol 145. — P. 364—368.

Amabili M., Pierandrei R. and Frosali G. (1997). Analysis of vibrating circular plates having
non-uniform constraints using the modal properties of free-edge plates: application to
bolted plates. Journal of Sound and Vibration, — Vol. 206. — No. 1. — P. 23-38.

86 ABOUT THE ESTIMATION OF THE MEAN SQUARE VALUE OF A CIRCULAR PLATE


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

The Austrian Journal of Technical Section 4. Machinery construction
and Natural Sciences, No 9-10

Afsharmanesh B., Ghaheri A. and Taheri-Behrooz F. (2014). “Buckling and vibration of lami-
nated composite circular plate on Winkler-type foundation,” Steel and Composite Struc-
tures, — Vol. 17.—No. 1.—-P. 1-19.

Bahrami A. and Teimourian A. (2015). “Free vibration analysis of composite, circular annular
membranes using wave propagation approach”. Applied Mathematical Modelling, — Vol.
39. —No. 16. - P. 4781-4796.

Arshid E. and Khorshidvand A. R. (2018). “Free vibration analysis of saturated porous FG cir-
cular plates integrated with piezoelectric actuators via differential quadrature method”.
GinWalled Structures, — Vol. 125. — P. 220-233.

Vinyas M., Sandeep A., Nguyen-ThoiT., EbrahimiF. and DucD. (2019). “A finite element-
based assessment of free vibration behaviour of circular and annular magneto-electro-
elastic plates using higher order shear deformation theory”. Journal of Intelligent Materi-
al Systems and Structures, — Vol. 30. — No. 16. — P. 2478-2501.

Yalamanchili Swapna, Harsha K Sri. (2021). Random vibration analysis of composite plate.
IOP Conf. Series: Materials Science and Engineering — 1185. — 012035 p.

Dusmatov O. (2025). Khasanov J. Transverse vibrations of a circular plate taking into account
the imperfect elasticity of the material. Samarkand university scientific bulletin, — No. 1. -
P. 91-95.

Pavlovsky M. A., Ryzhkov L. M., Yakovenko V. B., Dusmatov O. M. (1997). Nelinejnye zadachi
dinamiki vibrozashitnyh sistem (Nonlinear problems of the dynamics of vibration protec-
tion systems). — Kiev, Technique, — 204 p.

Roberts J. B., Spanos P. D. (1990). Random Vibration and statistical linearization. Chichester
etc., John Wiley & Sons XIII, — 407 p.

submitted 08.09.2025;

accepted for publication 22.09.2025;
published 26.11.2025

© Xasanov J.A.

Contact: xasanovjaxongir089@gmail.com

87 ABOUT THE ESTIMATION OF THE MEAN SQUARE VALUE OF A CIRCULAR PLATE


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

The Austrian Journal of Technical
3 and Natural Sciences, No 9-10

@ ISSN 2310-5607

A PREMIER

Publishing

ppublishing.org

Section 5. Medical science

DOI:10.29013/AJT-25-9.10-88-93

e

ASSESSMENT OF THE ROLE OF COSMETOLOGIST AND PARENTS IN
THE FORMATION OF PROPER SKIN CARE HABITS IN ADOLESCENTS

Azarenkova Yuliia
LOwner, Skin Care Pro LLC, USA, Charlotte

Cite: Azarenkova Y. (2025). Assessment of the role of cosmetologist and parents in the
formation of proper skin care habits in adolescents. Austrian Journal of Technical and
Natural Sciences 2025, No 9 - 10. https://doi.org/10.29013/AJT-25-9.10-88-93

Abstract

The article discusses the significance of parents and professional cosmetologists in shaping

proper skin care habits among adolescents. It highlights the main issues related to adolescent
skin, such as emotional support, and emphasizes the influence of cosmetologist advice on devel-
oping a healthy attitude towards skincare. The article emphasizes the need for a comprehensive
approach that includes training, motivation, and psychological support in order to strengthen
self-esteem and prevent skin-related issues.

Keywords: teenagers, skin care, parents, cosmetologist, healthy habits, emotional support,

adolescent skin, prevention, psychology of care, skin diseases

Introduction

Adolescence is a time of significant physi-
ological and psychological changes, which di-
rectly affect the skin and emotional well-be-
ing. During this period, young people often
experience problems such as acne, oily or dry
skin, which can lead to decreased self-esteem
and increased stress.

Parents play an important role in support-
ing their teenagers by helping them establish
a proper skincare routine and develop healthy
habits that they can maintain throughout
their lives. The role of a professional cosme-
tologist is particularly significant, as they are
able to provide not only effective skincare rec-
ommendations but also emotional support,

increasing motivation, and helping teenagers
cope with any psychological difficulties relat-
ed to their appearance.

The article explores various approaches
to collaboration between parents, adoles-
cents, and cosmetologists to foster a com-
prehensive and thoughtful approach to skin
care.

Parents are the first teachers who can
teach teenagers about the basics of hygiene
and skin care. It’'s important to create a pos-
itive environment at home where teenagers
feel comfortable discussing their skin con-
cerns and emotional state openly. Parents
should encourage their teenagers by helping
them find the right products for their skin,
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explaining the significance of regular rou-
tines and a healthy lifestyle (good nutrition,
enough sleep, minimizing stress).
Professional cosmetologist assistance is
essential to accurately determine skin type,
diagnose potential issues, and select person-
alized care. The cosmetologist educates teen-
agers on proper washing techniques, product
usage, and prevents incorrect actions that
could worsen skin conditions. Additionally,
a specialist can assist a teenager in address-
ing psychological aspects related to appear-

Section 5. Medical science

ance, increasing self-confidence, and moti-
vating them to care for themselves.

Skincare is not merely a physical process
but also a significant aspect of a teenager’s
emotional well-being. Parental and cosme-
tologist psychological support reduces anx-
iety associated with appearance, prevents
complex development, and fosters a positive
image formation. Joint efforts enable a teen-
ager to cultivate healthy habits and a positive
attitude towards their body and self-image
(Table 1).

Table 1. Features of baby skin care

No. Indicator Characteristic
1. Skinsensi- Children’s skin is delicate and sensitive, so it can easily become irritat-
tivity ed or have allergic reactions. Therefore, it is important to use soft and
hypoallergenic products.
2.  Humidifica- Regular skin hydration is essential for maintaining healthy skin. It is
tion recommended to use creams and lotions specifically designed for chil-
dren. It is best to apply moisturizers immediately after bathing, as this
will help lock in moisture and prevent dryness.
3.  Sunprotec- Children’s skin is particularly sensitive to UV radiation, so it’s import-
tion ant to use special high-SPF sunscreen starting at 6 months old.
Also, it’s best to avoid direct sunlight during the peak hours of the day.
4. Clothing and You should choose clothes made from natural fabrics, such as cotton or
textiles linen, which are free from hard seams and bright dyes. Before wear-

ing new clothes for the first time, it is recommended to wash them to
remove any chemical residues.

5.  Monitoring

the changes any other changes.

6. Proper nu-
trition

It is important to regularly check children’s skin for redness, rashes, or

A healthy diet also has a positive impact on the condition of the skin.
Make sure your child gets enough fluids and nutrients in their diet.

The cooperation between parents and
a professional cosmetologist is essential for the
successful establishment of stable and healthy
habits in teenagers and the harmonious devel-
opment of their emotional well-being.

Discussion

It should be noted that the study of ado-
lescent skin care has evolved in parallel with
the advancement of dermatology and cos-
metology. In the early XX century, scientists
primarily focused on adult skin, while ado-
lescent skin was seen as a transitional phase
that did not warrant separate study. Howev-
er, in the 1930s, observations of acne, which
often occurs during adolescence, led experts
to recognize the importance of understand-

ing the hormonal and physiological changes
that occur during this period. These observa-
tions led to the discovery of the link between
increased sebaceous gland activity and hor-
monal fluctuations, marking the beginning
of the development of methods for caring for
and treating adolescent skin.

In the middle of the XX century, during
the 1950s and 1970s, with the development
of cosmetology and creation of specialized
products, the study of adolescent skin began
to become more systematic. Scientists started
to consider the skin of teenagers as a unique
object with special properties, different from
those of children and adults. This period was
marked by the emergence of the first dedicat-
ed cosmetic lines and recommendations for
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hygiene aimed at reducing acne and prevent-
ing skin issues.

From the 1980s to the 2000s, researchers
focused not only on the physical aspects of
adolescent skincare, but also on its psycho-
logical aspects. Understanding that quality
of life and emotional well-being affect skin
health led to the development of holistic care
programs. Research into skin physiology, ex-
ternal factors, and lifestyle has intensified.

Nowadays, adolescent skin care is consid-
ered an interdisciplinary field that integrates
dermatology, endocrinology, psychology, and
cosmetology. Modern approaches rely on
a comprehensive analysis of individual fac-
tors, including skin type, hormonal balance,
and stress levels, to develop effective and
safe treatments and products that not only
address specific concerns but also promote
long-term skin health.

It should be noted that pediatric derma-
tology is a specialized branch of medicine
that focuses on the diagnosis, treatment,
and prevention of skin conditions in chil-
dren from birth to adolescence. Unlike adult
dermatology, pediatric dermatologists take
into account the unique characteristics of the
developing skin of children, including its in-
creased sensitivity and susceptibility to infec-
tions and allergens.

The skin of children differs from that
of adults in several ways. It is thinner, with
a more prominent vascular system and an
immature epidermal barrier, making it more
vulnerable to external factors such as infec-
tions, allergens, and irritants. These differ-
ences in the structure and function of the skin
influence the presentation of diseases and re-
quire tailored approaches to treatment.

The most significant objectives of mod-
ern pediatric dermatology include the early
identification and management of inflamma-
tory skin conditions such as atopic dermati-
tis, psoriasis, and contact dermatitis, as well
as infectious diseases of the skin, including
fungal and bacterial infections. Additionally,
much attention is given to hereditary con-
ditions and genodermatoses, which include
pigmentation disorders, congenital skin
abnormalities, and tumor processes (Vy-
gotsky L. S., 1984).

Modern diagnostic methods in pediatric
dermatology include dermatoscopy, labora-
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tory tests, and immunological and molecu-
lar genetic studies. These methods allow for
a more accurate determination of the cause
and type of disease. Treatment is based on
an integrated approach, combining local and
systemic methods, with a focus on minimiz-
ing side effects and using safe drugs for chil-
dren. Topical corticosteroids, immunomod-
ulators, moisturizers, and protective agents
are actively used, as well as systemic therapy
including biologics if necessary.

Prevention plays an important role, in-
cluding hygiene, early detection of allergies,
and adjustments to diet and lifestyle. Modern
pediatric dermatology also takes into account
the psychological aspect of skin conditions,
as skin problems can significantly impact
a child’s quality of life and social adjustment.

Results

It should be noted that modern cosmetol-
ogy for children involves a careful and com-
prehensive approach to skin care, considering
age-related characteristics, high sensitivity,
and specific needs of children’s skin. Cosme-
tologists primarily address issues related to
skin imbalances, inflammatory processes,
allergic reactions, and the consequences of
conditions such as atopic dermatitis, juvenile
acne, and pyoderma (PozdnyakovaM.A.,
Krasilnikova O.N., 2016).

The first stage of a cosmetologist’s work
involves taking a detailed medical history
and assessing the skin condition to identify
any possible contraindications. Special at-
tention is given to the individual tolerance of
cosmetic ingredients and the state of a child’s
immune system.

Daily practices include gentle cleansing
procedures to remove sebum, allergens, and
impurities while preserving the protective
barrier. For example, using soft foams, gels,
and milks containing natural ingredients like
chamomile extract, aloe vera, and calendula
helps prevent over-dryness and irritation.

Topical cosmetics containing anti-in-
flammatory and soothing ingredients such
as panthenol, dexpanthenol, and allantoin
help combat inflammation and redness. For
acne or comedones, gentle exfoliants like en-
zyme peels with low-concentrated fruit acids
are used to gently exfoliate keratinized cells
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without harming the sensitive skin of chil-
dren.

Modern cosmetologists use physiother-
apy methods, such as LED therapy, to pro-
mote wound healing, reduce inflammation,
and improve microcirculation, without the
risk of skin injury. In some cases, they may
also use hardware procedures, such as ultra-
sound cleaning or low-intensity microcur-
rent therapy. However, these procedures are
only recommended after consultation with
a pediatrician and dermatologist, and only
for children of a certain age.

It is also important for cosmetologists
to educate parents about the rules of home
care for their children. This includes teach-
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ing them about proper selection of cosmetics,
such as hypoallergenic products free from
parabens and dyes, as well as controlling the
environment, such as nutrition, humidity,
and elimination of allergens. The cosmetol-
ogist will also inform parents that any appli-
cation of products or procedures should be
done gently and only after consulting with
specialists.

In general, modern child cosmetology
aims to maintain the health and natural bal-
ance of a child’s skin, prevent complications,
and form good hygiene habits. This helps to
avoid the development of chronic skin condi-
tions and promotes the child’s overall health
and development. (Fig. 1)

Figure 1. Formation of proper hygiene habits in children
(Bekuzarova N. V., Nazarenko E. M., Teterina A. V., 2023)
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When working with children, a cosme-
tologist plays a crucial role in not only pro-
viding skin care but also in helping to form
healthy habits and providing emotional sup-
port. However, this can be challenging due to
various factors.

One of the main challenges is the lack of
motivation and knowledge among children.
Many teenagers are not aware of the impor-
tance of regular skin care, leading to irregu-
lar and improper procedures. This can make
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it difficult for cosmetologists to convince cli-
ents to change their habits, especially when
these habits are associated with unhealthy
lifestyles such as poor nutrition, lack of sleep,
and poor hygiene.

Secondly, emotional support requires
psychological skills from a cosmetologist,
which may not be developed in specialists
with a purely technical background. Many
teenage clients have low self-esteem and
appearance-related complexes, and require
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attention and positive feedback. Lack of em-
pathy and communication skills can make it
difficult to establish a trusting relationship,
reducing the effectiveness of care and the for-
mation of new habits.

Additionally, there is the challenge of
limited consultation time. During a single
session, a cosmetologist may not be able to
fully discuss all aspects of healthy lifestyles
for children, including nutrition and psy-
chological well-being, which can reduce the
quality of the overall approach. Young clients
may also experience stress due to external
factors that can negatively impact skin health
and complicate the work of the specialist.

In addition, some children may expect in-
stant results and quickly lose interest in long-
term therapy, limiting their ability to form
sustainable habits. Due to the fast-paced na-
ture of modern life, it can be challenging peo-
ple to find time for consistent care, and cos-
metologists must strike a balance between
a client’s real capabilities and necessary rec-
ommendations.

To successfully form healthy habits and
provide emotional support for children,
a cosmetologist needs to take a comprehen-
sive and individualized approach that con-
siders the unique characteristics of the child’s
psychology and physiology.

Firstly, it is important to adapt communi-
cation methods. A cosmetologist should use
simple and positive language, avoiding com-
plex terms and eliminating fears associated
with the procedures. To achieve this, it can be
helpful to incorporate game elements and vi-
suals that make it easier for children to under-
stand information about hygiene and skincare.

Secondly, it is essential to involve parents
and other close associates of children in the
process of establishing healthy habits. By ex-
plaining and teaching adults about the right
approaches to taking care of and maintaining
a child’s emotional well-being, a supportive
environment can be created in which new
beneficial practices can be consolidated and
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encouraged. A cosmetologist can suggest
simple household routines and regular activ-
ities that parents can follow and support.

Thirdly, it’s important to develop the cos-
metologist’s ability to provide psychological
support — the skills of active listening, pa-
tience, and empathy. This can help establish
a trustworthy relationship with the child, re-
ducing anxiety and increasing motivation to
follow recommendations. Using praise and
encouragement for accomplishments can
boost self-esteem and promote the develop-
ment of positive attitudes.

In addition, the cosmetologist should op-
timize the time spent with the child by sched-
uling short but regular sessions in order to
avoid tiring the child or causing resistance.
It is essential to create a comfortable and
relaxed atmosphere in the space where you
work with children to minimize stress levels.

Furthermore, it is recommended to en-
gage in preventive conversations and provide
accessible advice on topics such as proper
nutrition, sleep routines, and hygiene, high-
lighting the connection between these factors
and skin health. The information should be
presented in small, easily understandable
steps so that the child can gradually incorpo-
rate new habits into their daily routine.

Conclusions

Thus, the main challenges for a cosme-
tologist when it comes to forming healthy
habits and providing emotional support for
children are low motivation and awareness
among parents, lack of psychological skills
among professionals, limited time available
for complex communication, and high expec-
tations for quick results.

To address these challenges, a systematic
approach is required. This includes training
cosmetologists in communication skills for
working with children, increasing the time
available for consultations, and developing
customized programs that take into account
each child’s unique personality and lifestyle.
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Abstract

The aim of this study was to evaluate the role of growth factor receptors EGFR and VEGF

in predicting recurrence of colorectal cancer. The analysis included 103 tissue samples from
patients treated at an oncology center between 2016 and 2022. Immunohistochemical methods
were used to assess the expression of EGFR and VEGF, and their association with recurrence
or non-recurrence was analyzed. The results demonstrated that positive receptor status was
significantly associated with an increased likelihood of recurrence (p=0,018 for EGFR and
p=0,001 for VEGF). Odds ratio analysis confirmed that negative status of these markers re-
duces the risk of recurrence. The findings suggest that EGFR and VEGF have high prognostic
value and potential as therapeutic targets in personalized treatment of colorectal cancer. The
article emphasizes the need for further research to confirm and expand the application of these

biomarkers in clinical practice.

Keywords: Colorectal cancer, EGFR, VEGF, recurrence, prognostic markers

Introduction

Colorectal cancer (CRC) is one of the
leading malignancies worldwide and poses
a significant healthcare challenge due to its
high morbidity and mortality rates (Ferlay
et al., 2019). Despite advances in diagnos-
tics and therapy, disease recurrence remains
a significant barrier to improving treatment
outcomes (Van Cutsem et al., 2020). There-
fore, identifying reliable prognostic markers
capable of predicting tumor clinical behavior
is a pressing challenge in modern oncology
(Menter et al., 2019).

Growth factor receptors, such as epider-
mal growth factor receptor (EGFR) and vas-
cular endothelial growth factor (VEGF), play
a key role in carcinogenesis, including tu-
mor growth and metastasis (Morgillo et al.,
2017). EGFR is involved in the regulation of
cell proliferation and survival, and its overex-
pression correlates with the aggressive course
of many cancers, including colorectal cancer
(Yonesaka et al., 2018). Similarly, VEGF pro-
motes angiogenesis, which is critical for the
nutrition and growth of rapidly growing tu-
mors (Abdollahi et al., 2018).
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While the role of these receptors in the
pathogenesis of colorectal cancer is active-
ly studied, a deeper understanding of their
prognostic significance remains necessary.
The present study aimed to investigate the
relationship between EGFR and VEGF sta-
tus and the risk of recurrence in patients
with colorectal cancer (Jubb et al., 2020). We
hypothesize that positive status of these re-
ceptors is associated with an increased likeli-
hood of recurrence, thereby confirming their
value as therapeutic targets and prognostic
markers (Miller et al., 2021).

The aim of the study is to evaluate EGFR
and VEGF expression as potential markers of
disease progression, which may facilitate the
development of more personalized treatment
approaches and improved clinical outcomes
in patients with colorectal cancer.

Materials and Methods
This dissertation is based on an analysis
of 103 patients treated at the Russian Scien-
tific and Practical Medical Center of Oncolo-
gy and Radiology from 2016 to 2022.

Inclusion Criteria:
Patients aged 18 years and older;
2. Confirmed diagnosis of colorectal cancer
based on histological examination;
3. Presence or absence of lymph node me-
tastases based on preoperative or surgi-
cal examination.

—

Exclusion Criteria:
1. History of other malignancies or signifi-
cant comorbidities that may affect study

Section 5. Medical science

Study Design and Sample

This study was designed as a retrospec-
tive analysis aimed at assessing the prognos-
tic value of EGFR and VEGF growth factor
receptors in patients with colorectal cancer.
Tissue samples from patients treated at our
oncology center between 2020 and 2024 were
collected for analysis. Only patients with
complete clinical information, including data
on disease recurrence and expression levels
of the receptors under study, were included.

Immunohistochemical Assessment

EGFR and VEGF expression in tumor
tissue samples was assessed using immuno-
histochemical staining. Antibodies specific
to EGFR and VEGF were used in accordance
with the protocols provided by the manu-
facturers. Expression levels were assessed
by two independent pathologists blinded to
patient clinical information, thereby elimi-
nating bias in the interpretation of results. A
positive tumor was defined as intense stain-
ing in more than 10% of tumor cells.

Statistical Analysis

Statistical analysis was performed using
SPSS software (version XX). The chi-square
test and Fisher’s exact test were used to com-
pare the frequencies of positive and nega-
tive receptor statuses in the recurrence and
non-recurrence groups. Differences were con-
sidered significant at a p-value of less than
0.05. Odds ratios for receptor negativity were
calculated to estimate the likelihood of recur-
rence in the corresponding patient subgroups.

Results. We analyzed growth factor re-

results; ceptors, such as EGFR and VEGF, in relation
2. Stage IV disease. to the presence or absence of recurrence in
3. Patients with incomplete information patients with colorectal cancer. The results
about the primary tumor, lymph node of the analysis show significant statistical
status, or treatment history. differences, highlighting the importance of
these receptors as prognostic factors.
Table 1. Analysis of growth factor receptors depending on relapse
. recurence (yes-1, no 0)
Indicators Category absence of relapse  Presence of relapse P
EGFR positive 25(52,1) 41 (74.5) %
EGFR EGFR negative 23 (47.9) 14 (25.5) 0,018
VEGF positive 24 (50,0) 44 (80,0) «
VEGFE VEGF negative 24 (50,0) 11 (20,0) 0,001

* — the differences in the indicators are statistically significant (p < 0,05)
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EGFR (Epidermal Growth Factor Recep-
tor) is a key receptor that plays a vital role
in regulating cell growth, division, and sur-
vival. Its activation is associated with vari-
ous mechanisms of carcinogenesis, including
stimulation of tumor cell proliferation, inva-
siveness, and angiogenesis. EGFR expression
is elevated in many tumors, including col-
orectal cancer, and is associated with more
aggressive forms of the disease and worse
clinical outcomes. Studies have shown that
EGFR positivity correlates with an increased
likelihood of metastasis and recurrence,
which is confirmed by our data: 74.5% of pa-
tients with relapse were EGFR positive, while
only 52.1% of patients without relapse were
EGFR positive. Statistically significant differ-
ences with a p-value of 0.018 highlight the
importance of monitoring EGFR levels when
planning therapy. Since EGFR is a target for
various targeted therapies, the study results
indicate the potential clinical significance of
this receptor for personalized treatment of
colorectal cancer.

VEGF (Vascular Endothelial Growth Fac-
tor), in turn, is a key factor regulating angio-
genesis—the process of forming new blood
vessels from existing ones. This is particular-
ly important for tumors, as they require and
enhance vascularity for growth and spread.
Increased VEGF expression is associated
with tumor aggressiveness and poor survival
rates. The results of our analysis show that
80.0% of patients with relapse have a posi-
tive VEGF status, compared with 50.0% of
patients without relapse (p=0.001). These
data highlight the association between high
VEGF status and disease recurrence, suggest-
ing that angiogenesis may be an important
mechanism in colorectal cancer progression.
Given these results, VEGF may serve not only
as a prognostic marker but also as a poten-
tial target for therapies aimed at inhibiting
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angiogenesis, thereby limiting tumor growth
and metastasis.

A comparative analysis of the odds ra-
tios for EGFR and VEGF statuses shows that
negative status of these receptors reduces the
likelihood of recurrence in patients with col-
orectal cancer. The odds of EGFR-negative
tumors in the recurrence group were 2.694
times lower, while for VEGF-negative tumors
in the same group, the odds were 4.000 times
lower. These significant differences highlight
how biological markers can predict tumor
behavior and recurrence.

Thus, these data highlight the importance
of EGFR and VEGF as prognostic markers in
clinical practice, as well as their potential as
targets for new therapies in the management
of colorectal cancer. Research into these fac-
tors could provide the basis for developing
more effective and personalized treatment
approaches that can improve quality of life
and patient survival. Further in-depth stud-
ies are needed to confirm these findings and
identify optimal treatment strategies based
on tumor marker characteristics.

Conclusion

This study confirmed a significant associ-
ation between the expression of the growth
receptors EGFR and VEGF and the risk of
colorectal cancer recurrence. The statistically
significant differences detected indicate the
high prognostic value of these biomarkers
for assessing the likelihood of disease recur-
rence. Their use in clinical practice may fa-
cilitate more accurate patient stratification
and the selection of personalized therapeutic
strategies aimed at reducing the risk of recur-
rence and improving survival. Further mul-
ticenter and prospective studies are needed
to confirm these findings and develop stan-
dards for the use of these markers in oncolo-
gy practice.
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Abstract

The introduction of new technologies, the use of new materials, and the replacement
of traditionally accepted production methods with unconventional ones that contrib-
ute to and are an essential prerequisite for a technological leap or breakthrough, as well
as for improving production efficiency, are today referred to as the innovation process.
This process, under conditions of diverse technical and technological cultures and vary-
ing initial levels for the commencement of initiated innovation processes, may differ sig-
nificantly; however, the acute necessity for the initiation of such processes is undeniable.
Psychological barriers associated with the need to combine classical solutions with the latest
developments within an innovative project, and classical composite technical solutions serve
as an inevitable fundamental component for the creation of integrative inventions that utilize
composite technical solutions as the principal instrument of technological integration.
Keywords: Technological integration; Composite technical solutions; Innovative integra-
tion tool; Traditionally accepted production methods; Various technical and technological
cultures; Psychological barriers; Technological breakthrough; Initiated innovation process;
Main instrument of technological integration; Thermodynamic cycle; Optimization of the
thermodynamic cycle

Change in the Rules and ogy. Quantum supremacy refers to the level of
Criteria of Industrial Design performance achieved by a quantum comput-

The first quantum computer has been in-  er that enables it to solve problems requiring
troduced, joining the global race for quantum  computational power practically unattainable
supremacy. The innovative 20-qubit comput- by conventional supercomputers. As of today,
er utilizes advanced superconducting technol-  quantum supremacy has been achieved only
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for specific model tasks by several quantum
computers, yet the development of quantum
computing continues worldwide. All devel-
oped nations participate in this global compe-
tition, with the United States and China being
recognized leaders. Israel has now joined this
race as well.

The development of quantum computing
encompasses not only the creation of quan-
tum computers but also the establishment of
infrastructure for access to computational ca-
pacities, the development of software, and the
capability to use quantum computers in con-
junction with conventional supercomputers.

“Quantum technologies must fundamen-
tally expand human capabilities across a wide
range of fields. In recent years, the United
States has advanced initiatives in robotics,
autonomous systems, cybersecurity, and
artificial intelligence, integrating them into
business domains, including cooperation with
startups and academic institutions.”

“The presentation of the first quantum
computer is an important milestone. This is
not a standalone initiative but part of a broad
strategy to promote breakthrough technolo-
gies across various sectors. All these efforts are
elements of a strategic plan for the develop-
ment of quantum computing, aimed at main-
taining technological leadership, preserving
the competitiveness of the high-tech industry,
and ensuring sustainable economic growth.”

Laboratories engaged in quantum
computer development are now focus-
ing on the design, modeling, integration,
and adaptation of practical applications
for superconducting quantum computers.
This work implies close cooperation with com-
panies and research institutes worldwide, po-
sitioning the developer as a leader in the field
of quantum computing.

This honorable status, which provides
a significant competitive advantage, is rein-
forced by close coordination among govern-
ment institutions, academia, and industry.

“The research team working on this ambi-
tious project is among the best. The collabora-
tive and interdisciplinary nature of this proj-
ect will yield significant research outcomes
and strengthen scientific and technological
standing.”

“Quantum technologies are intended to
fundamentally enhance human capabilities
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in a wide spectrum of areas,” stated the CEO
of the developing company.

In recent years, the company has advanced
a number of initiatives in robotics, autonomy,
cybersecurity, and artificial intelligence, inte-
grating them into business directions — some
in cooperation with startups and academic
institutions.

The strength of industry depends on part-
nerships between academia, startups, indus-
try, and government institutions.

Technologies are studied in academic cir-
cles and applied in industry, serving as a pow-
erful multiplier.

Experts have noted that the quantum com-
puter continues to evolve and possesses enor-
mous technological potential.

It should be recalled that the smallest unit
of information storage in a traditional com-
puter is the bit, which can take on only one of
two values: O or 1.

When solving a problem, a conventional
computer performs a large number of sequen-
tial operations with bits.

For complex tasks, this process can take
a considerable amount of time.

Quantum computers, on the other hand,
operate with qubits (quantum bits), which,
in addition to O or 1, can assume both values
simultaneously.

In performing computations, quantum
computers do not sequentially iterate through
all possible combinations, as conventional
computers do, but rather execute calculations
instantaneously.

The introduction of new technologies, the
use of new materials, and the replacement of
traditionally accepted production methods
with unconventional ones that facilitate and
are an indispensable condition for a techno-
logical leap or breakthrough and an increase
in production efficiency are now commonly
referred to as the innovation process.

This process, under conditions of differ-
ing technical and technological cultures and
varying levels of starting positions for the
initiation of innovation processes, may differ
significantly; however, the acute need to begin
such a process is beyond question.

In recent years, the economies of nearly
all industrially developed countries have ac-
quired and continue to exhibit an increasingly
pronounced innovative character.
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While at the early stages of this trend tech-
nological breakthroughs had a local character
and were observed mainly in high-tech fields,
microelectronics, and so-called nanotechnolo-
gies, today the innovation process has become
increasingly directed toward classical, funda-
mental technologies — energy, medicine, and
transport — thus encompassing all key areas
of human activity.

Entrepreneurs, in order to enhance the
competitiveness of their products and tech-
nologies, are compelled to continuously seek
new paths to improve efficiency, reduce energy
consumption and intensity, increase environ-
mental safety, and achieve economic stability
within each enterprise or company. New op-
portunities in the design and testing of tech-
nical solutions have also introduced elements
of composite design approaches, which are
becoming key criteria for tools and method-
ologies in industrial design.

The situation has changed fundamentally
with the use of artificial intelligence and arti-
ficial neural networks.

Scientists at Intel Corporation have
developed algorithms that allow different Al
models to work together. The elimination of
the “language barrier” between systems accel-
erates performance by a factor of 2.8. Until re-
cently, each Al model used its own unique set
of tokens, understandable only to itself. This
created a barrier to interoperability among
systems developed by different companies.

Major technology corporations had previ-
ously employed the “on-the-fly decoding” meth-
od, in which a small, fast model makes an ini-
tial assessment of a request, while a larger and
slower model verifies and corrects the response.
However, this approach only works with models
that “speak” the same digital language.

The new solution consists of two main al-
gorithms.

The first allows models to translate their
output data into a universal format under-
standable by all systems. The second forc-
es models to focus on tokens with identical
meaning across different systems — similar
to words such as “banana” or “internet,”
which sound nearly identical in various hu-
man languages. These shared tokens become
the starting point for decoding. The results
exceeded researchers’ expectations. Instead
of information loss during “translation,” the
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new algorithms accelerated the performance
of large language models by an average of 1.5
times, and in the best cases — by 2.8 times. The
algorithms have already been made publicly
available on the Hugging Face Transform-
ers platform and have become part of the
standard toolkit for efficient AI performance.

This solution is particularly important for
edge devices — smartphones, drones, and
autonomous vehicles — that must rely on lim-
ited computing power in the absence of an
Internet connection.

In the case of a self-driving vehicle, faster
data processing can prevent a catastrophe. The
study marks a new stage in the development
of collaborative AI, where developers can
freely combine the best features of different
models, creating more efficient and accessible
solutions for millions of users worldwide.

Not long ago, product durability was con-
sidered one of the most important criteria de-
fining its commercial value. Today, with the
constant reduction of time between the release
of a new product and the introduction of an
even newer one, this period has become so
short that, within the framework of the inno-
vation process, it often makes little sense to
focus efforts and resources on excessive du-
rability — whose lifespan would exceed the in-
terval between the start of production and the
market launch of its next-generation successor.

Which exceeds the period between the
start of operation of an existing product and
the market release of a newer or upgraded one.
Since this period may vary significantly for dif-
ferent types of products, the very concept of du-
rability becomes temporally blurred and, as an
inventive objective, is no longer a critical factor.

There is also a subjective aspect of durabil-
ity that must be taken into account.

Established perceptions of product lon-
gevity across various product types determine
many commercial factors, including the quan-
tity of goods demanded — and therefore sold —
as well as their actual market price.

Imagine that a technical solution has been
found that significantly increases a product’s
durability. In this case, such a factor would
reduce the quantity of products required while
maintaining the existing price level that con-
sumers are willing to pay. This, in turn, leads
to decreased sales volumes for manufacturing
companies, placing them in a position where
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they must choose — either to accept the inno-  tion; and in this process, the only party that

vation or to do everything possible to block its  loses is the inventor, the one who has created

implementation and adoption. something that the market itself refuses to
As practice shows, these companies most  accept.

often choose the latter, blocking the innova-
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Three-dimensional optical information carrier and a method of manufacturing thereof

Abstract

A three-dimensional optical information carrier is presented. The information carrier com-
prises formatting marks disposed on the nodes of a three-dimensional lattice formed by the
intersection of equiangular spaced radial planes, equidistantly spaced cylindrical spiral tracks
and virtual recording planes.

Appendix 2.
United States Patent Application 20070288947
Kind Code Al

December 13, 2007
SWING ARM OPTICAL DISC DRIVE

Abstract

Disclosed is a swing type optical disc drive. The drive includes a disc rotating on a disc sup-
port and a swing arm pivoted at one of its ends and having a distal end communicating with
an encoder. The pivot point and a point on distal end define a swing axis of the arm. The disc
further includes an optical system mounted on the arm such that optical axis of the system is
parallel with the swing axis and both axes lie in the same plane. A cam actuator imparts a swing-
ing motion to the arm. The swinging motion of the arm positions the plane with the optical axis
and the arm axes such that the plane is always tangent to a reading/recording track of the disc.

submitted 14.10.2025;

accepted for publication 28.10.2025;
published 26.11.2025

© Mikhalevich A.

Contact: sedova.alina7810@gmail.com

101 INNOVATIVE TOOL OF TECHNOLOGICAL INTEGRATION


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

A PREMIER

Publishing

ppublishing.org

The Austrian Journal of Technical
3 and Natural Sciences, No 9-10

@ ISSN 2310-5607

DOI:10.29013/AJT-25-9.10-102-106

(oMo,

OPTIMIZATION OF INDUSTRIAL ADIABATIC COOLING
SYSTEMS TO REDUCE ENERGY CONSUMPTION
AND CARBON DIOXIDE EMISSIONS

Nikitin Vitaliy Vyacheslavich !
! Founder & CEO, Asvi Group Services LLC, Houston, USA

Cite: Nikitin V.V. (2025). Optimization of industrial adiabatic cooling systems to reduce
energy consumption and carbon dioxide emissions. Austrian Journal of Technical and
Natural Sciences 2025, No 9—10. https://doi.org/10.29013/AJT-25-9.10-102-106

Abstract

The article discusses the urgent task of improving the energy and environmental perfor-
mance of industrial facilities through the optimization of adiabatic cooling systems. It analyzes
the basic principles of adiabatic system operation and their advantages over traditional com-
pressor units. The focus is on the development and analysis of optimization techniques aimed
at achieving a balance between maximum cooling capacity, minimal water consumption, and,
consequently, reduced electricity usage. The paper presents mathematical models and control
algorithms that allow the system to adapt to changing climate conditions and thermal loads
in real-time. It also justifies the direct link between reduced energy consumption and reduced
indirect carbon dioxide (CO,) emissions associated with electricity generation. The results of
the study show that the introduction of intelligent adiabatic cooling systems can significantly
reduce the operating costs and carbon footprint of industrial facilities and data centers.
Keywords: adiabatic cooling, energy efficiency, optimization, reduction of CO2 emissions,
industrial cooling, energy saving, evaporative cooling, control algorithms, carbon footprint,
sustainable development

The relevance of research

Modern industrial enterprises are striving
to reduce the energy intensity and environ-
mental impact of their production processes.
Adiabatic cooling systems, used for air condi-
tioning in process rooms and equipment, rep-
resent an energy-efficient alternative to tradi-
tional compression systems. However, the use
of these systems can sometimes lead to the
irrational use of water and energy resources.

Optimizing these systems can significant-
ly reduce electricity consumption and direct

and indirect CO, emissions, in line with global
trends towards sustainable development and
international energy efficiency standards.

The purpose of the study

The main goal of the research is to devel-
op and scientifically justify a methodology
for optimizing industrial adiabatic cooling
systems, aiming to simultaneously reduce
electricity consumption and indirect carbon
dioxide emissions while maintaining the nec-
essary cooling capacity.
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To achieve this goal, a number of tasks
must be completed. First, existing systems
must be analyzed to identify key performance
indicators. Then, a mathematical model must
be developed to describe the thermodynam-
ic, energy, and water processes within the
system. Based on this model, a multi-criteria
optimization algorithm must be created that
can find the best balance between cooling
efficiency, water use, and energy use in real
time. Finally, the system’s performance must
be simulated numerically for various condi-
tions, and the potential for energy savings
and CO, reductions compared to traditional
or unoptimized systems must be quantified.

Materials and methods of research

The current industrial adiabatic cooling
systems used in the food, chemical, and metal-
lurgical industries are the focus of this research.
During the study, methods of thermodynamic
analysis, energy and exergy balances, math-
ematical modeling of mass and heat transfer
processes, as well as computer simulation tools
such as CFD modeling, are employed.

The experimental component involves
collecting data on actual operating conditions
of the equipment, measuring temperatures,
humidity, airflow, and water flow. To evaluate
the environmental impact, a method for cal-
culating the carbon footprint is used, based
on CO2 emission factors calculated from
electricity consumption. Based on the col-
lected data, recommendations are developed
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for technological and design improvements
aimed at enhancing the energy efficiency of
these systems.

The results of the study

The idea of adiabatic cooling, which is
based on using water evaporation to reduce
air temperature, dates back to ancient times.
In ancient Egypt and Persia, simple evapo-
ration devices such as vessels with a porous
surface were used, through which air passed
and was cooled by the evaporation of mois-
ture. This principle was also applied in archi-
tecture, with wind towers and fountain sys-
tems creating natural cooling for rooms.

Since the early XX century, as industry
developed and the need for air conditioning
increased, adiabatic systems began to receive
engineering attention. The first industrial
installations, used in textile and food manu-
facturing, employed direct water evaporation
in air streams. However, these systems were
limited by climate conditions, so further de-
velopment focused on improving control
over heat and mass transfer processes.

In the second half of the XX century,
new indirect adiabatic cooling systems were
developed, which did not require water to
enter the working airflow. Instead, cooling
occurred through heat exchange surfaces,
making it possible to use these systems over
a wider range of temperatures and humidi-
ties, including areas with high relative hu-
midity (Fig. 1).

Figure 1. Indirect adiabatic cooling scheme
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Indirect adiabatic cooler

Since the 1980s and 1990s, computer
technology has played a significant role in
the design of more efficient adiabatic systems
using computational fluid dynamics (CFD)

techniques. During this time, combined sys-
tems that combine adiabatic cooling with
mechanical cooling or heat recovery have
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emerged, increasing their overall energy effi-
ciency (Tarabarin L.I., 2023).

In the XXI century, researchers and in-
dustry have focused on increasing environ-
mental sustainability and reducing energy
consumption. This has led to the introduc-
tion of intelligent control systems and auto-
matic water and air flow optimization, which
have significantly reduced operating costs
and the carbon footprint.

Section 6. Technical sciences in general

Modern adiabatic systems, such as those
used in data centers and logistics complex-
es, are an integral part of the “smart” and
energy-efficient industry. These systems have
evolved from simple evaporative technolo-
gies to more complex, integrated solutions
that meet today’s environmental and energy-
saving standards (Tab. 1).

Table 1. Evolution of adiabatic cooling systems

No. Name

Characteristic

1. Traditional technol- In the early days, simple methods such as fans and natural con-

ogies

vection were used to cool the air. However, these systems were

not very effective and consumed a significant amount of energy.

2. Use of water

The introduction of water-cooling, where water is evaporated

to lower air temperature, has significantly increased efficiency.
However, this process requires a significant amount of water.

3. Adiabatic coolers

The development of adiabatic coolers, which use the principle

of evaporative cooling, has led to a reduction in energy con-
sumption and an increase in efficiency.

4. Modern technolo-
gies

The introduction of microcontrollers and sensors has allowed
us to automate cooling processes and make them more adapt-

able to environmental conditions.

5. New materials

The use of modern thermal insulation and water-resistant ma-

terials to enhance the efficiency of systems.

6. Integration with
sustainable energy
sources

7. Smart technologies

Modern adiabatic systems are often combined with solar
panels and other renewable energy sources, which makes them
more environmentally friendly.

Implementation of the IoT (Internet of Things) for monitoring

and control of cooling systems, which allows optimizing their
operation in real time.

It should be noted that, in recent decades,
the development of industrial adiabatic cool-
ing systems has focused on improving energy
efficiency and reducing environmental im-
pact. Modern solutions incorporate automat-
ed control systems, innovative heat exchange
materials, and a comprehensive analysis of
air and moisture flow (Dolgov A.I., 2012).

One of the key areas of focus is the use of
intelligent control systems. These systems al-
low for real-time monitoring and control of
water flow, fan speed, and incoming air tem-
perature. By taking into account weather data,
heat load, and indoor conditions, these sys-
tems can optimize water and energy consump-
tion. Thanks to adaptive algorithms, electric-
ity consumption can be reduced by 20-40%,

compared to traditional systems. In addition,
water consumption can also be optimized.

Another significant area is the develop-
ment of hybrid adiabatic systems. These sys-
tems combine evaporative cooling with either
mechanical (compressor) cooling or regener-
ative heat exchange, ensuring stable air pa-
rameters and minimal energy consumption.
These hybrid schemes are particularly useful
in data centers, where equipment tempera-
ture directly affects work efficiency. In some
European data centers, the use of adiabatic
cooling has resulted in a 30—50% reduction
in carbon footprint compared to traditional
air conditioning systems.

Innovative materials also play a signifi-
cant role in this process. Modern evaporation
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units, made from cellulosic, nanostructured,
or ceramic materials, offer a higher evapo-
ration rate and reduce the risk of bacterial
growth. This not only reduces maintenance
costs but also increases the longevity of the
equipment (Yang Yu., Chen S.-S., 2010).

An important aspect of aerodynamics is
digital modeling and optimization, which al-
lows for the design of systems with minimal
pressure loss and even airflow distribution.
The use of computational fluid dynamics
(CFD) models helps adjust the geometry of
channels and nozzle placement, improving
heat and mass transfer efficiency.

One promising solution is the recovery of
moisture and energy through two-stage cool-
ing systems and exhaust air recycling. These
systems can reduce energy consumption by up
to 60%, compared to traditional air condition-
ing units. These technologies are actively being
implemented in logistics facilities, the food in-
dustry, and large-scale ventilation systems.

Optimization of industrial adiabatic cool-
ing systems relies on digital technologies,
intelligent controls, hybridization, and new
high-performance materials. These technol-
ogies not only significantly reduce energy
consumption but also contribute to reducing
CO2 emissions, promoting the development
of a more sustainable and environmentally
friendly industry.

Despite their energy efficiency and en-
vironmental advantages, modern industrial
cooling systems face several challenges that
limit their potential for optimization. The main
challenge is the instability of performance de-
pending on climatic conditions. During high
humidity, water evaporation intensity de-
creases, leading to a reduction in cooling ef-
ficiency and a need for additional mechanical
cooling. This increase in energy consumption
indirectly increases carbon emissions.

Another significant issue is the high water
consumption. Intense evaporation requires
a substantial amount of liquid, particular-
ly with high system efficiency. An inefficient
water circuit and lack of a closed water loop
increase resource scarcity and impact opera-
tional sustainability. Additionally, when salts
and contaminants accumulate in the water,
heat transfer decreases, and frequent clean-
ing or replacement of the evaporation panels
becomes necessary.
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The correct configuration of automated
control systems can be difficult. To achieve
maximum energy efficiency, a precise inter-
action between temperature, humidity, pres-
sure sensors, and fan and pump controllers is
necessary. Even small errors in the algorithms
can lead to energy wastage or unstable micro-
climate parameters. Additionally, the intro-
duction of intelligent systems requires capital
investment and staff training, which can hin-
der the widespread adoption of innovation.

The reliability and durability of the com-
ponents remain a significant challenge. Adi-
abatic cooling, while effective, is associated
with high humidity, which can lead to corro-
sion of metal elements and reduce the service
life of fans, pumps, and panels. This requires
the use of expensive anti-corrosive materials
and regular maintenance, which adds to the
cost of the system.

Another issue is the lack of advanced dig-
ital modeling tools. Despite the availability of
CFD (computational fluid dynamics) analysis
systems, detailed simulations of evaporation
and turbulent flow are not commonly used in
practical applications. This can lead to design
errors and unnecessary energy losses, as well
as increased maintenance costs.

The main challenges in optimizing adi-
abatic cooling systems include -climate-
dependent efficiency, water scarcity, complex
control, technical reliability, and insufficient
digitalization in design. Addressing these
issues requires an integrated approach that
includes implementing intelligent monitor-
ing systems, utilizing sustainable materials,
establishing closed water supply cycles, and
adapting technologies to regional climate
conditions.

We believe that optimizing industrial
adiabatic cooling systems requires a multi-
layered process aimed at enhancing energy
efficiency, minimizing water consumption,
and ensuring reliable operation of equipment
across diverse climates.

The basis of the modern approach is
the integration of engineering solutions,
automation, and digital control technolo-
gies. This involves adapting the operating
modes of a system to changes in tempera-
ture and humidity using intelligent control
algorithms. These algorithms regulate the
speed of fan rotation, water spray intensity,
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and pump performance, based on machine
learning principles. This allows the system to
learn and predict future climate conditions,
optimizing resource allocation for maximum
efficiency.

A significant role is played by reducing
water consumption with closed water circu-
lation systems, filtration, and recirculation,
which prevent excessive moisture loss. The
building uses materials with increased cor-
rosion resistance and hydrophilic coatings,
which promote uniform evaporation and the
durability of the building’s elements.

CFD models and digital twins are used to
improve the efficiency of airflow, allowing for
the prediction of temperature and humidity
distribution at all stages of design and oper-
ation. Automated monitoring systems con-
nected to cloud platforms collect real-time
data from temperature, humidity, and vibra-
tion sensors, enabling proactive maintenance
and emergency prevention.

Energy saving is achieved through the in-
troduction of frequency-controlled engines,
optimization of duct aerodynamics, and the
use of renewable energy sources. In the fu-
ture, the development of these systems will
involve the use of neural networks for in-
tegrated climate management, intelligent
equipment diagnostics, and the complete
digitalization of design and operational pro-
cesses.

The detailed optimization of industri-
al adiabatic cooling systems ensures a high
level of energy efficiency, environmental sus-

Section 6. Technical sciences in general

tainability, and reliability at minimal operat-
ing costs.

Conclusion

Optimization of industrial adiabatic cool-
ing systems is a crucial aspect in the devel-
opment of modern energy-efficient technolo-
gies and the enhancement of environmental
sustainability in production processes.

The use of intelligent control algorithms,
digital twins, and automated monitoring en-
sures the flexibility and accuracy of equip-
ment operation, while minimizing energy
and water consumption. Increased efficiency
is achieved through an integrated approach
that includes engineering improvements to
the design, optimization of aerodynamics,
and the introduction of adjustable drives and
recirculation systems.

Digitalization of the design and operation
processes is essential, as it enhances trans-
parency, predictability, and reliability of inte-
grated systems. The development of adiabat-
ic cooling helps reduce the carbon footprint
by minimizing the impact on urban energy
systems, while also increasing the competi-
tiveness of businesses.

In the future, the integration of artificial
intelligence, the Internet of Things, and sus-
tainable engineering solutions will form the
basis for establishing new standards in the
field of industrial climate systems. These sys-
tems will ensure a balance between produc-
tion efficiency and conservation of natural re-
sources, leading to a more sustainable future.
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Abstract

The studies were carried out on saline soils that were taken soil samples on the territory
of Mamiy, Shumanai district of the Republic of Karakalpakstan to assess the state of soils and
salinization and content of water-soluble salts of this site. All soil samples taken are saline,
salinization-sulfate-chloride, chloride-sulfate, sulfate. The degree of salinization varies from
medium to very strong in all soil profiles. There are also summarized data on the studied
components, the most characteristic soil conditions of the surveyed area.
Keywords: Karakalpakstan, Shumanai, glauconite, vermiculite, soil salinization, dry resi-
due, agronomists, agriculture, water-soluble salts, adsorption, desorption

Introduction

Today, increasing soil salinity is one of
the pressing problems around the world.
This is one of the most common processes
that leads to land degradation worsening and
determining their fertility. In this aspect, the
process of draining and drying the bottom of
the Aral Sea led to pollution, environmental
pollution, soil salinization, salinity, which de-

pends on the areas of gradual salt formation
(Turemuratova A.Sh., ReymovK. D., Allani-
yazov D. O., 2022).

Research objects and methods
The object of research in this work is the
soils of the Shumanai region: the Mamiy sec-
tion located 70 km from the center of Nukus
Karakalpakstan.
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Research material and methodology

The water extract of the selected soils
was prepared according to the generally ac-
cepted method — soil: water in a ratio of 1:5
(Arinushkina E.V., 1970). The content of
chlorine ions was determined by sea argen-
tometric methods; calcium and magnesium
trilonometric; sulfate by titration; aqueous
extract with sulfuric acid solution in the pres-
ence of methyl orange indicator; sodium and
potassium ions by difference of sum of an-

Section 6. Technical sciences in general

ions and cations. The results of the analysis
of aqueous extracts were expressed in milli-
gram equivalents per 100 g, air-dry soil, the
sum of water-soluble salts in percent.

The results of the aqueous draw analysis
were monitored for solids.

The degree of salinization of soils was
evaluated on a scale (ArinushkinaE.V.,
1970; Genkel P. A., 1975; Genkel P. A., 1975;
KovdaV.A., 1984). The data obtained are
presented in table 1.

Figure 1. Coordinates of samples obtained in the territories
of Mamiy, Shumanai district, Karakalpakstan

@1, (42,6009667, 58,9927549) | Kontr 11/98
2, (42,5963145, 58,9856809) |/ Kontr 11/76
3, (42,5938604, 58,9859182) | Kontr 17/17

9 4, (42,5940663, 58,9874199) |/ Kontr 11/73

Research results

Table 1 shows the content of Cl, SO* -
and Na* ions in the studied samples in the
ranges of 0,75-30,00, 9,43-43.55 and 1,48—
42,13 mg-eq per 100 g of dry soil, respective-
ly, so that soils from salinization with sulfates
and sodium chlorides.

The dry residue in the samples ranges
from 0,750 to 4.800 ml, eq. Based on the val-
ue of the dry residue of this sample by the de-
gree of salinity, it belongs to the class; weak,
weak and highly saline, respectively.

To study the percentage of adsorption of
ions with agronomic ore, first prepared aque-
ous extracts from the 4th sample at ratios of

1:10 (soil: H,0). Next, a certain amount of
agro or was added to the obtained extract,
and after 2 days, the ionic composition of the
extract was determined, and the adsorption
and desorption rates of Cl, SO,*>-, Na* ions
from the aqueous extract were calculated.

As follows from the analysis of the result
of Table 1, the strongest saline soil sample is
the 4th sample containing Cl, SO,>~ and Na*
ions. It is 30,00;43,55 and 42,13 mg, eq per
100 g of dry sample.

Therefore, the 4" sample was used in fur-
ther studies.

The adsorption capacities of glauconite
and heat-treated vermiculite of ions: CI,
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SO,* and Na* of the water extract of the 4th
soil sample were studied.

The effects of heat-treated vermiculite
temperature, soil: Agro-ore ratio and frac-

Section 6. Technical sciences in general

Calcination temperature The ratio of soil:
size fractions of Agro-ore varied from 400 to
800 °C, 5:1-1:3 and 1-7 mm, respectively.

tion size were studied.

Sieve composition of initial glauconitis and vermiculitis

No. Name Size fraction, mm
Agro ores -5+3 -3+2 -2+1 -1+0.5 -0.5+0.25 -0.25
1. Vermiculite 40.97 55.52 2.0 0.9 1.6 0.8
2. Glauconite - - - - 33.26 66.74

Tables 2 and 3 show the influence of the
temperature of the calcination agro-ore and

the adsorption capacity of vermiculite and
glauconite.

Table 3. Degree of sorption and desorption (%) of soluble ions of agro-ore

o Lo ¥ anions cations
2| et
© L 9o

EEEE Y

E-g %5:@ Cco> HCO- ClI- SO02 NO, Ca* Mg* NH Na'

=2 &S
1. No -70.00 -20.83 -18.36 -1.53 +158.9 —-73.60 +6.06 —20.60
2. No  +20.00 -833 +2.75 -1.53 +53.80 -6.00 -24.24 -8.94
3. No  +20.00 -1250 +3.32 -1.53 +66.66 -12.00 -24.24 -10.13
4, No -10.00 -833 +642 -153 +7692 -17.6 -63.63 -2.84
5. No  +10.00 -125 -020 -1.50 +92.30 -16.00 —63.63 -15.35

4 (11/73) samples were selected as saline
soils; Table 3 shows that the adsorption ca-
pacity of glauconite relative Cl and Na* ions
is greater than the capacity of the original
vermiculite. When using glauconite 12,5;
11,15; 3,5% Cl and Na* are adsorbed and the
ions are finally applied.

Vermiculite and adsorption are 8,33 and
2,84% hard 1,5 and 5,40 tons’ times lower,
however, with increasing calcination tem-
perature, the adsorption capacity of vermic-
ulite increases from 8,33; 2,84 to 20,83 and
20,60, respectively, relative Cl- and Na* ions.

It is necessary to purify the adsorption
capacity of the used Agro-ore relative to
NH,* is the same and is equal to 63,63%;
with increasing temperature, the heat treat-
ment of the wall of adsorption of NH,* ions
decreases, and at 800°C it practically stops;
the adsorption capacity of NO,™ ions is not
affected by the type and temperature of the
Agro-ore calcination and is 1,53%.

110

As for the SO, ion, glauconite slight-
ly sorbs, but the original vermiculite is not
sorbed, and with increasing calcination
temperature, the pore size increases and at
800 °C it becomes adsorbed as Cl- and Na*
ions also to the SO,? and Mg?* ions.

Tables 4 and 5 show the effect of the soil:
Agro-ore ratio on the adsorption capacity of
Cl- and Na* ions. Based on the results of ta-
bles 2 and 3, heat treatment of vermiculite
at 800 °C for 30 minutes was used as ad-
sorption.

As the experimental results show in ta-
ble 5, the influence of the soil: Agro-ore ratio
on the adsorption capacity of ions is com-
plex. Therefore, based on the results, we can
conclude that the 2™ experiment is optimal,
(soil: Agro-ore ratio = 1,67:1) the degree of
adsorption of Cl- and Na* ions assigned un-
der these conditions reaches more than 12
and 14%, respectively.
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Table 6. Change (%) in the degree of absorption and desorption of ions
from the extract depending on the ratio of soil and agricultural ore

oL o? anions cations

"o

890 928 g

SEEEZ

oE & g ‘E Cco,>~ HCO,- Cl- SOz NO,~ Ca* Mg* NH, Na*

= Q.=

=2 &S
1. No +20.00 0 +8.86 -1.53 +43.58 +11.20 0 -5.12
2. No +20.00 -12.5 +433 -1.53 +35.89 -8.00 0 -14.85
3. No 0 -4.16 +9.04 -1.53 +46.15 -3.60 0 -0.07
4. No 0 -16.66 -12.81 -1.53 +20.51 -21.60 +51.51 -17.30
5. No +0 -16.66 -14.55 -1.53 +41.02 -36.00 +66.66 -13.69

Table 7. Changes in the degree of absorption and desorption of ions
from the extract depending on the size of agro-ore fractions

oL o? anions cations

A= T o)

290 928 g

E5TES

o8 2 g ‘E Cco,>~ HCO,- CI- SOz NO,~ Ca* Mg* NH,; Na*

o v &

EEES
1. No -10.00 -21.66 -20.27 0 +60.25 -36.00 —-48.48 -26.13
2. No 0 -21.66 -23.81 -1.53 +21.79 -30.00 +51.51 -26.82
3. No 0 -25.00 -18.89 -1.53 +53.84 -36.00 +6.06 —26.08
4. No +20.00 -21.66 -12.81 -1.53 +21.79 -28.00 -30.30 -15.52
5. No 0 -23.33 -12.21 -1.53 +47.43 -32.00 +51.51 -19.55

Tables 5 and 7 show experimental data  OchilovS. U., 2023; Allaniyazov D. O.,

on studying the effect of fraction size on the
adsorption capacity of heat-treated vermicu-
lite for Cl- and Na* ions from the aqueous ex-
tract of the 4-th soil (Allaniyazov D. O., 2019;
Allaniyazov D. O., Erkaev A. U., 2021; Allani-
yazovD.O., ErkayevA.U., TajibayevT.A.,

TazhibaevT. A., Ochilov S. U, 2024; [5-9].
As follows from table 6, at selected inter-
vals of varying the size of fractions 1 = 7 mm,
the degree of sorption of Cl-, SO,* and Na*
ions fluctuates in the ranges of 21,60—24,33;
12,21-23,81 and 15,12-26,82%, respectively.

Figure 2. Effect of fraction size on the degree of adsorption
of ions (CI, SO -, Na*) from soil water extract
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In Fig. 2. The nature of changes in the
adsorption properties of ions is presented
depending on the size of the fractions; the
figure shows that in the intervals of 1,25—
3,25 mm of fractions the curves, the adsorp-
tion capacity of ions intersects and reach
a minimum value, therefore the optimal size
of vermiculite should be in the intervals of
1,21-3,25 mm.

Conclusions
The studies have shown that all soil sam-
ples are saline, characterized by mixed salin-
ity—chloride—sulfate; sulfate, the degree of

Section 6. Technical sciences in general

salinity varies from medium to very strong
across all soil profiles.

Based on the results, we can conclude that
of all the experiments carried out, the 2 ex-
periment is the most optimal (soil: Agro-ore
ratio = 1,67:1), the degree of adsorption of Cl-
and Na* ions assigned under these conditions
reaches more than 12 and 14%, respectively.

In addition to combating soil salinity by
selecting crops and creating salt-tolerant
varieties, in relation to certain types of soil
salinization, it is necessary to use techniques
that increase the salt tolerance and produc-
tivity of cultivated plants on saline soils.
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Abstract

In this work, the amplitude-frequency characteristics of the transverse vibrations of a beam
with a hysteresis-type elastic dissipative property, interacting with a moving dynamic absorber
of the same type, has been analytically determined depending on the system parameters and
variables, and analyzed on the basis of numerical calculations.
Keywords: Beam, dynamic absorber, hysteresis, vibrations, the amplitude-frequency char-
acteristics

Introduction

Taking into account the nonlinearity of
complex mechanical systems, a number of
works have been devoted to the analysis
of their vibrations and dynamics (WulJ.J.,
2006; Mohamed G., Sinan M., 2005; Dusma-
tovO.M., 1997; PavlovskyM.A., Ryzh-
kov L. M., Yakovenko V. B., Dusmatov O. M.,

. , 3EI , c
g; + {(1 +Co (=, + jm, ))p,2 +———(-m +jn,) X;qulka Y (k+3)

pAd,;

1997; MirsaidovM.M., DusmatovO.M.,
KhodjabekovM.U.,  2023; Khodjabe-
kov M. U., Buranov Kh. M., QudratovA.E.,
2022; Pisarenko G. S., Boginich O. E., 1981).
To analyze the dynamics of the beam pro-
tected from the considered vibrations, we
write down its differential equation of mo-
tion.

o’u, |k

Ox* ‘

h* fl o | du,

U, dxlg. —
0" ox?| ox? 19

2
1 Wo .

ot

—Hlo gty (1+ (_01 +j6, )(Do + f(Cot )))CH[;_tj =—d; 8—2’ (1)

Uiod; +C”+”§(1+(_91 +j92)(Do +f(§ot)))§ =

2
0w,

ot>
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where
— m . —
H _p Al Hy

Oy
dzi T d21' )

dy; = I:uidx;d% = Ilouizdx;

p, A are, respectively, the density of the
beam material and the cross-sectional area;
W( x ) is the displacement of the beam point
where the dynamic absorber is located;
X, =Vt is the point where the dynamic ab-
sorber is located; v is the velocity of the dy-
namic absorber; ¢ is time; § ( ) is Dirac del-

l
ta function; H ﬁ—

is the length of fle beam; ¢, m are the stiff-
ness and the mass of the dynamic absorber,
respectively; ¢ 1is the relative deformation
of the dynamic absorber; w, is the absolute
displacement of the beam w, =w,+w, w,
is the displacement of the base; w is the de-
flection of the beam; 6,,0, = 9225ign(a)) are
constant coefficients depending on the elastic
dissipative properties of the dynamic absorb-
er material determined from the hysteresis
loop, =—1; f(¢ ( is the decrement of vi-
bratlons ¢, isa function of the absolute val-
ue of the relative deformation,

f(got ) =DG,, + DZZ:oZt

D,,D,,...,D, are the parameters of the
hysteresis node determined experimentally,
which depend on the damping properties of
the dynamic absorber material (Pisaren-
koG.S., Boginich O. E., 1981)
MM, =n225ign(0)) are constant coefficients
depending on the elastic dissipative proper-

is Heaviside function; [

+D,G,,

ot?
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ties of the beam material, determined from
the hysteresis loop; f (C 0) is the decrement
of vibrations, which is a function of the abso-
lute value of the relative deformation ¢, .

f(8)=Cl+ Gl ...+ CLY,

Cy,C,5...,C, are the parameters of the
hysteresis node determined experimentally,
which depend on the damping properties of
the beam material (PisarenkoG.S., Bo-
ginich O. E., 1981).

Materials and methods
Using the system of differential equations
(1), we determine the transfer function in or-
der to analyze the dynamics of the beam pro-
tected from the considered vibrations. First,
for this purpose, we transform the system of

differential equations (1) S = di we reduce it
t

to a system of algebraic equations using the
differential operator. §? = _? taking into

account that H (l—tj of the Heaviside

. 1 .
function 1 t >0 when H (— - tJ =1 taking
v v

into account the property, g, and £ we solve
with respect to the variables.

A+ A,
4(t) B, +jB, °
A+ JjA,
=3 Ty
¢(r) B +jB, °

where

A1 = —0)2 +(1+d,-/,t,uou,~o)flé(1—91(Do +f(Cot ))’

Ay = (1+di:“:“0”io)”(2>92 (DO +f (G ))’

1 (2 1 I
A, = (—@? +(1—n1C ) Ad, XZ, kqm k+3) I;ui 6axz aaxbii ‘Zx”;i% dx)di+uiow2;
) Kt 1 0° | O'u, |07y, |k
A, =dn,(Cyp; + d kZ;, ia k+3) Ioui o | o ze‘ dx);
o, ,BEL & W 3| oot )
B =[-w +(1—171C0)p1- —nlvﬁx;@qia - (k+3)j0ui 7| o 6x2‘ dx]x[—a) +
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3EI n Kk 10 62ul~ 62141- ¢
‘H’lé (1_01 (DO +f(§ot )))]_rh[COplz + pAdzi X;quika Zk (k+3)I0ui axz axz axz % dX]X
x (1+92 (Do +f(§ot)))_.uﬂo”§“izow2 (1_91 (Do +f(Sur ))))
k
2 2 3 “ o Lo | Oy, 62”i|
B, =[-o +(1—771C0)Pi -1 pAd, X;quia o (k+3) Joui o2 | x| a2 ‘ dx]x
xn2(1+9 (D +f(¢ )))+n (C p.2+£ xzn:ckq(f h* J«’u_ o* | &%u, |0*u, |k dx]x
0 20 o PO pAdy, =gk (k+3)70" ox*| ox? 8x2‘

(=07 3 (1-0,(Dy + £(60)) |- a0, (D, + £ (S0

Expression (2) represents the amplitude-
frequency characteristic of the transverse
vibrations of a beam with a hysteresis-type
elastic dissipative property together with
a moving dynamic absorber of the same type.

Results and discussion
Let us assume that the moving dynamic
absorber is moving with a linear velocity of

m
v =0.125— . In this case, when t=1;2s we
s

analyze the amplitude-frequency character-
istics of the considered system.

The experimentally determined parame-
ters of the hysteresis node of the beam ma-
terial are taken as follows (PisarenkoG.S.,
Boginich O. E., 1981).

C, =6.760624;C, = —-8278.5937;C; = 5894761;

1
n = Z;n2 = —. For the elastic damping ele-
T

ment of the moving dynamic absorber, we
assume the following:

6, =6, =0,D, =0,D, =0,D, =0.
The remaining parameters are as follows:

d, =0.3183098862;d, = 0.25;
d, =1.273239545; 11 = 0.1; 1, = 2.0

Uy =ty = 1,1 =1.066666667 10" m*;
5

epp =10 2m.

116

When t=1s the moving dynamic ab-
sorber is located at the point x, =0.125m of
the beam. Based on the values of the param-
eters given above, we plot the amplitude—fre-
quency characteristic of the system.

In Figure 1, the variation of the ampli-
tude—frequency characteristic at the point
where the dynamic absorber is installed is
shown for the transverse vibrations of a beam
with a hysteresis-type elastic dissipative
property together with a moving dynamic ab-
sorber located at x, =0.125m. From these
graphs, it can be observed that as the stiff-
ness of the dynamic absorber increases, its
frequency approaches the natural frequency
of the beam, and the resonance curve shifts
along the frequency axis from left to right

N
(c:10-10zﬁ (black), c=12-10*—= (red),
m m

c=15-10° N (blue)). At these stiffness val-
m

ues, the maximum amplitudes around the
resonance frequency are

q, = 0.0036;0.0035;0.0024 m,respectively .

From this, it can be concluded that for the
point x, =0.125m with the above parameter

N
values, ¢ =15-10* — represents the optimal

value of the dynamic absorber stiffness.
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Figure 1. Amplitude—frequency characteristic (x,=0.125 m)
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Conclusion characteristic of the transverse vibrations of

The obtained expression is an analytical a beam with a hysteresis-type elastic dissipa-
representation of the amplitude—frequency tive property together with a moving dynam-
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ic absorber of the same type, which makes = moving hysteresis-type elastic dissipative dy-
it possible to evaluate the efficiency of the namic absorber.
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Abstract

The article discusses modern approaches to route optimization and transportation plan-
ning using artificial intelligence techniques. It analyzes machine-learning algorithms, neural
networks, and heuristic methods to improve the efficiency of logistics operations, reduce fuel
costs, and shorten delivery times. Special attention is given to the integration of intelligent
systems with transport platforms, enabling real-time adaptive route management and im-
proved demand forecasting accuracy. The results of a comparative study between traditional
and intelligent planning models are presented. The article demonstrates the impact of these
models on the productivity of transportation companies and the sustainability of the logistics
industry.
Keywords: artificial intelligence, route optimization, transportation planning, machine

learning, logistics, transport systems, digitalization, data analysis

The relevance of research

Modern transport and logistics systems
face an increase in traffic volumes and the
complexity of transport networks. They also
need to respond quickly to changes in de-
mand. Traditional route planning methods
are not flexible enough to ensure optimal re-
source allocation. Using artificial intelligence
(AI) technologies can automate the decision-
making process, reduce costs, and improve
forecasting accuracy. This makes the study of
these technologies especially relevant in the
context of digital transformation in logistics.

The purpose of the study
The aim of the research is to develop and
validate approaches to route optimization
and transportation planning using artificial
intelligence techniques in order to improve
the efficiency of transportation operations,
reduce time and financial expenses, and en-

hance the quality of logistics services.

Materials and methods of research
The research materials include data on
traffic flows, route structures, transporta-
tion schedules, and operational parameters
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of logistics systems. To conduct the research,
the following methods were used:

— Analysis of literature and existing rout-
ing models.

— Machine learning techniques, includ-
ing both supervised and unsupervised learn-
ing;

— Neural networks for predicting de-
mand and traffic conditions;

— Optimization algorithms such as ge-
netic algorithms, ant colony optimization,
and evolutionary algorithms;

— Modeling and comparative analysis of
the effectiveness of proposed solutions based
on both test data and real-world data.

The results of the study

The history of the use of artificial intel-
ligence in route construction and transpor-
tation planning dates back to the mid XX
century, when mathematical models and op-
timization problems were the focus.

In the 1960s and 1970s, scientists were
actively investigating the traveling salesman
problem and the vehicle routing problem
(VRP). They created algorithms that could
minimize distance and cost when servicing

Section 7. Information Technology

multiple delivery points. These early ap-
proaches were based on rigorous mathemat-
ical methods, such as linear and integer pro-
gramming. They also used heuristics, which
formed the basis for future intelligent systems.

In the 1980s and 1990s, the use of expert
systems, the first form of artificial intelligence
in logistics, began. These systems included
knowledge and rules based on the experience
of logistics experts, and they could recom-
mend optimal routes considering constraints
such as driver hours, transport capacity,
and customer schedules. However, these
decisions were static and depended on pre-
defined rules, limiting their ability to adapt to
changes in the external environment.

In the early 2000s, the development of
digital technologies and the availability of
large volumes of data enabled the use of ma-
chine learning to analyze and predict traffic
patterns. Algorithms started to take into ac-
count dynamic factors such as traffic jams,
weather conditions, and seasonal variations
in demand. Routing systems started to learn
from historical data and forecast optimal solu-
tions, considering the behavior of transporta-
tion and infrastructure characteristics (Fig. 1).

Figure 1. The scheme of distribution of orders and routing of delivery
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Loading order data

Y

) Monitoring
compliance with routes
=0

=

Since the 2010s, advances in neural net-
works and computing power have paved the
way for the creation of intelligent platforms
based on deep learning and Reinforcement
Learning methods. These technologies have
allowed routing systems to adapt in real-time,
redistributing routes in case of changes in
traffic conditions, accidents, or urgent or-
ders. Companies such as Google, Uber, and
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Amazon, as well as logistics operators have
begun to actively implement Al for transpor-
tation management. This has led to increased
fleet utilization, reduced empty mileage, and
improved delivery times.

At the present time (2020 s), artificial in-
telligence (AI) has become an essential com-
ponent of integrated transport management
systems (TMS) and intelligent transport
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systems (ITS). It integrates with the inter-
net of things (IoT), demand forecasting sys-
tems, computer vision, and sensor networks
to provide a continuous flow of data on vehi-
cles, roads, and cargo.

Modern solutions use hybrid models that
combine optimization algorithms and ma-
chine learning techniques to ensure the com-
plete digitalization of logistics processes from
planning to real-time monitoring of route ex-
ecution. The development of AI applications
in routing and transportation planning has
evolved from mathematical models and sim-
ple expert systems to self-learning platforms
that can predict, adapt, and make decisions
independently. This transition is a key factor
in enhancing the efficiency and sustainabil-
ity of transportation networks in the age of
smart logistics (Logistics and supply chain
management: 2023).

It should be noted that modern technol-
ogies used in routing and transportation-
planning systems are closely linked to the
development of artificial intelligence (AI), big
data analysis, and the Internet of Things (IoT).

Al can significantly improve the efficiency
of transportation and logistics processes by
providing adaptive information analysis, opti-
mizing routes, and forecasting real-time situa-
tions. Machine learning is used to analyze vast
amounts of data on traffic, weather conditions,
driver behavior, and vehicle characteristics.
This data is used to train algorithms that find
optimal solutions, create flexible routes, and
minimize time and resource costs.

Deep neural networks enable systems to
analyze complex data sources, such as satel-

Section 7. Information Technology

lite images, video streams, and road sensor
data. This allows for the detection of conges-
tion, accidents, and real-time prediction of
traffic changes.

Reinforcement learning algorithms are
widely used in ride-hailing services such as
Uber and Yandex to quickly reallocate ve-
hicles when demand or traffic conditions
change. These algorithms help optimize the
performance of drivers, reduce customer-
waiting times, and prevent empty runs (Arif-
dzhanova N.Z., 2023).

In corporate logistics, Amazon, DHL,
and other major carriers are implementing
intelligent planning systems that consider
multiple factors — order priority, route spe-
cifics, warehouse conditions, weather fore-
casts, and traffic conditions. These systems
generate optimal delivery plans, minimize
transport downtime, and enhance the accu-
racy of order fulfillment. Predictive analyt-
ics allow them to anticipate transportation
demand, plan vehicle loading, and prevent
inefficient resource allocation.

The integration of AI and the Internet of
Things is essential. Vehicles are equipped
with sensors that collect data on their tech-
nical condition, fuel levels, travel times,
and driving parameters. This information
is used to analyze possible risks and pre-
vent breakdowns, increasing the reliability
of the transportation system. Additionally,
the use of digital twins and cloud platforms
allows for the simulation of various rout-
ing scenarios and automatic adjustment
of logistics chains when conditions change
(Tab. 1).

Table 1. Artificial intelligence in corporate logistics
(Danilochkina N.G., Lysenko A. A., 2024)

No. Indicator

Characteristic

1. Route optimization

Al can analyze traffic data, weather conditions, and other fac-

tors to find the most efficient delivery routes. This helps reduce
travel time and save fuel.

2. Forecasting demand

With the help of machine learning, artificial intelligence can

predict customer needs based on historical data and current
trends. This helps to avoid overstocking or understocking of

inventory.

3. Inventory manage-
ment
costs.

Al can help automate inventory management, helping compa-
nies maintain optimal levels of inventory and minimize storage
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No. Indicator

Characteristic

4. Process automation

AT can be used to automate repetitive tasks such as order pro-

cessing and document management, freeing up employees to
focus on more challenging tasks.

5. Data analysis

Al systems can process and analyze vast amounts of data,

revealing patterns and trends that would be difficult to identify

manually.

6. Risk management

AT can help assess supply-side risks by predicting possible dis-

ruptions in the supply chain and offering alternative solutions.

7. Intelligent transporta- Al can be used to manage a fleet, including monitoring the

tion systems

8. Customer service

condition of vehicles and ensuring proper maintenance.

Chatbots and Al-powered virtual assistants can enhance cus-

tomer interaction by providing information on delivery status
and resolving any issues that may arise.

Artificial intelligence is becoming an es-
sential part of modern transportation and
logistics management. It offers a shift from
manual and static planning methods to dy-
namic, self-learning systems that not only
create the most efficient routes, but can also
predict future events, lower costs, and en-
hance the stability of the overall logistics in-
frastructure.

It should be noted that while artificial
intelligence has achieved significant success
in solving transportation planning and route
construction problems, there are still several
challenges associated with its use. One of the
main difficulties is the quality and complete-
ness of the input data. AI algorithms require
a large amount of accurate and reliable infor-
mation about road networks, traffic patterns,
weather conditions, traffic restrictions, and
the technical status of transportation vehi-
cles. However, data can often be incomplete,
outdated, or contain errors, which can reduce
the accuracy of optimization models and lead
to errors in predictions.

Another challenge is the difficulty in ac-
curately modeling the complexities of the
transportation system. A wide range of dy-
namic factors, such as traffic congestion, ac-
cidents, maintenance work, time constraints,
and human behavior, influences routes. Even
the most sophisticated machine learning al-
gorithms are not always able to fully account
for all of these variables in real-time. This

necessitates the continuous updating and
refinement of algorithms to ensure accurate
predictions.

The computational complexity of opti-
mization problems also creates a significant
difficulty. Routing problems such as the trav-
eling salesman problem or the Vehicle rout-
ing problem (VRP) are classified as NP-hard.
For large transport networks, the number of
possible solutions is growing exponentially,
and even high-performance computing clus-
ters do not always provide fast processing. As
a result, you have to use heuristic or approxi-
mate methods, which reduces the accuracy of
optimization.

Equally important is the issue of inter-
pretability of AI solutions. Deep learning
algorithms often operate like “black boxes,”
making it difficult to understand why a sys-
tem chooses one path over another. This lack
of transparency reduces the trust of users and
clients, especially in the field of transporta-
tion of valuable goods. Additionally, there is
a risk of errors in the system that could lead
to significant failures if the model is trained
incorrectly or the data used is flawed.

Implementing AI technologies requires
substantial investments in software, infra-
structure, and training for specialists. Small
and medium-sized businesses often lack the
resources to support such solutions. Further-
more, there are concerns about the security
of personal and business data, as optimiza-
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tion algorithms utilize geolocation informa-
tion and customer profiles for analysis.

The main challenges of route optimiza-
tion and transportation planning using ar-
tificial intelligence include the difficulty in
providing high-quality data, the high com-
putational load, the need to adapt to chang-
ing conditions, the limited transparency of
algorithms, and significant economic obsta-
cles. Overcoming these challenges requires
a comprehensive approach that includes in-
frastructure development, standardization of
data, increased transparency of models, and
a balanced approach between automation
and human oversight.

In our opinion, to effectively address the
challenges associated with the use of artificial
intelligence in route optimization, a compre-
hensive approach combining technological,
organizational, and methodological measures
is necessary. One of the key aspects is improv-
ing data quality. To this end, modern data
collection and cleansing systems, as well as
the use of IoT sensors, satellite monitoring
systems, and automatic map updates, are
employed. Integrating various data sources
such as transportation platforms, roadside
services, weather stations, and transportation
monitoring systems plays a crucial role in cre-
ating more accurate and up-to-date models.

Adaptive planning based on real-time
streaming data processing is used to address
the challenge of the dynamism of the external
environment. Machine learning and predic-
tive analytics techniques allow us to identify
patterns in traffic changes and adjust routes
ahead of time. The use of hybrid models that
combine traditional optimization algorithms
with neural networks helps increase the resil-
ience of our solutions to changing conditions.

In the field of computational complexity,
heuristic and metaheuristic methods have
been actively developed, such as genetic algo-
rithms, particle swarm algorithms, and sim-
ulated annealing. These approaches make it
possible to find solutions that are close to op-
timal in a reasonable time, even with a large
number of routes and restrictions. Addition-
ally, distributed computing and cloud plat-
forms are used to speed up processing, which
scale to meet real business needs.

To increase confidence in AI solutions,
it is important to develop interpretable ar-

Section 7. Information Technology

tificial intelligence, also known as explica-
ble AI. This allows users and managers to
visualize the decision-making process and
understand the impact of each factor on the
outcome. By doing so, transparency in the
results is ensured, which helps build trust in
the system.

To reduce economic and ethical risks,
open platforms, modular architectures,
and hybrid solutions should be used. These
can be implemented gradually, allowing for
a smoother transition. Additionally, cyberse-
curity and data protection measures should
be strengthened to prevent the leakage of
sensitive information. Specialist training and
staff development in areas such as data anal-
ysis, logistics, and Al are essential for ensur-
ing the proper operation and development of
these systems. These efforts will help create
a more reliable and trustworthy AI system
for the transportation industry.

Solving the challenges of route optimiza-
tion and transportation planning through the
use of artificial intelligence requires the coor-
dinated interaction of various elements, in-
cluding technology, infrastructure, and expert
personnel. Only by adopting an integrated
approach that incorporates high-quality data,
adaptive algorithms, transparent models, and
reliable information security measures can we
achieve high levels of efficiency, sustainability,
and safety in our transport solutions.

Conclusion

In conclusion, it is worth noting that the
introduction of artificial intelligence into
route optimization and transportation plan-
ning is a key area of digital transformation
in the transport and logistics industry. Using
intelligent systems allows for a more efficient
allocation of resources, reduced costs, and
faster decision-making. Advanced machine
learning algorithms and big data analysis
techniques enable us to consider various fac-
tors, such as traffic, weather conditions, in-
frastructure, and transportation demand.

At the same time, the use of Al presents
a number of challenges. These include the
need for high-quality data, the requirement
for explainable solutions, and the impor-
tance of ensuring cybersecurity. To overcome
these difficulties, an integrated approach is
necessary. This includes the development of
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information processing technologies, the use
of hybrid models, training qualified special-
ists, and the creation of a regulatory frame-
work for AI usage.

In the coming years, the development of
intelligent transport systems will determine
the competitiveness of companies and the ef-
ficiency of logistics processes. Successful Al

Section 7. Information Technology

implementation will lead to improved fore-
casting accuracy, minimized delays, reduced
operating costs, and better environmental
performance. Therefore, artificial intelli-
gence is not just a tool for optimization, but
also a strategic foundation for the creation of
a sustainable, adaptable, and efficient trans-
port system for the future.
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