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Annotatsiya. Tadgiqot magsadi tog‘-kon sanoatida ishlatiladigan dettallarning
yeyilishbardoshligi. Mexanizmlarining maydalash jarayonidagi roliga alohida
etibor qaratilgan. Shuningdek, maydalagich turlari maydalagichlarning yugori
yuklama ostida ishlaydigan detallarida sinish jarayonlari, ularning xizmat
muddati, zarba va abraziv muhit ta’siri kabi omillar taxlil gilingan. Ishda yugori
marganesli po‘latlar asosida tayorlangan maydalash uskunalarining afzalliklari.

Kalit so‘zlar: yuqori marganesli po ‘lat, materiallar, qattiglik, yeyilishga
bardoshlilik, korroziyaga chidamlilik, metallning strukturasi, ishchi yuzasi,
konusli maydalagich, abrasiv mubhit, issiglikka chidamlilik.

AHHOTanms. L{enpto ncciie1oBaHus SBIAETCS U3YYEHUE TIIACTUYHOCTH JETaNEH,
UCIIOJIb3YeMbIX B TOPHOJO0OBIBaIOIIEH MpombiiieHHOCTH. Oco00oe BHHUMAaHHE
YAEJIEHO pOJIM MEXAaHU3MOB B Ipollecce u3MmenbuyeHud. [IpoaHanu3upoBaHbI
Takue (paKkToOpbl, KaK MPOIECChl pa3pyIIeHUs AeTallel TpOOUIIOK, pabOTaIoIUX B
YCJIOBUSIX BBICOKHX Harpy3okK, UX pecypc, BO3JICUCTBHE yIapHOU U aObpa3uBHOM
cpeabl. [loka3zaHbl NOpPEUMYyIIECTBA  HMCIOJIB30BaHUA  WU3MEIBYUTEIBHOIO
000pyI0BaHUsI HA OCHOBE BHICOKOMAPIaHIIEBBIX CTaJIEH.

Kniouegvle cnosa: svicokomapeanyo8ucmas cmaib, Mamepuaisl, meepoocms,
conpomusnenue u3zeuby, KOPPOSUOHHAS CHMOUKOCMb, CMPYKmMypa Memanid,
pabouas nogepxHocmv, KOHYCHAsL WIUGDOBANbHASL MAWUHA, AOPA3UEHAs cpeoa,
AHCAPOCMOUKOCND.

Abstract. The purpose of the study is the ductility of the details used in the mining
industry. Particular attention is paid to the role of mechanisms in the grinding
process. Also, factors such as fracture processes in the details of crushers
operating under high load, their service life, impact of shock and abrasive
environment were analyzed. Advantages of grinding equipment made on the basis
of high-manganese steels at work.

Keywords: high-manganese steel, materials, hardness, bending resistance,
corrosion resistance, metal structure, working surface, cone grinder, abrasive
environment, heat resistance.

Introduction

The working parts of crushers are primarily manufactured from wear-resistant steels
and cast irons. These materials contain various additional elements that enhance the
wear resistance of steel and cast iron. However, these elements also reduce the
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machinability of the materials, resulting in numerous challenges during the process
of manufacturing parts from them [1, 2]. In most cases, the working parts of crushers
are made of 110G13L steel. 110G13L is a manganese steel that contains approximately
1.2% carbon and 12% manganese. With these percentages of manganese and carbon,
the steel has an austenitic structure. This structure enhances the wear resistance of the
metal. The steel is resistant to deformation processes and possesses a high degree of
flexibility and impact resistance [3, 4].

The armor on the roller surfaces of hammer crushers is made of 25L steel, and their
surfaces are coated with a wear-resistant layer made of special 30X13G3M grade cast
iron. The discs are manufactured from 110G13L steel. As can be seen, the working
components of most crushers are made of 110G13L steel. The works of scientists such
as Olevsky V.A., Bauman V.A., Klushansev B.V., and Kosarev A.l. have examined
the operational characteristics, wear resistance, and durability of parts manufactured
from this steel. Steel 110G13L is capable of self-hardening under impact and impact-
abrasive loads and possesses high wear resistance. Due to these properties, it is widely
used in the manufacture of parts designed to withstand and absorb heavy impacts. This
steel is considered essential for the production of many components [5].

Castings made from 110G13L manganese steel are often used in the production of
rapidly wearing parts for crushing and grinding equipment and mills, which require
special resistance to high pressures, impact stresses, and wear. The chemical
composition of 110G13L steel, proposed by the English metallurgist Robert Hadfield
at the end of the 19th century, remains unchanged to this day.

The 110G13L grade steel, which has low initial hardness, possesses an extraordinary
property that makes it prone to a sharp increase in hardness under impact, compared to
ordinary steel of the same initial hardness [6].

Literature Review

High-manganese corrosion-resistant steels represent an important class of alloys
known for their unigue combination of high toughness, good ductility, wear resistance,
and enhanced corrosion resistance. Over the past several decades, researchers have
investigated their metallurgical behavior, phase transformations, and performance
under various environmental conditions.

Early studies by Hadfield (1882) established that steels containing approximately 12—
14% Mn exhibit exceptional work-hardening capability. Subsequent research expanded
this composition range and explored additions of alloying elements such as Cr, Ni, Mo,
N, and Si, demonstrating their role in improving corrosion resistance and mechanical
performance. Chromium, in particular, promotes the formation of a stable passive oxide
layer, while nitrogen enhances solid-solution strengthening and pitting corrosion
resistance [6, 7].

Recent literature emphasizes the importance of austenitic microstructure stability in
determining the alloy’s properties. Authors including Gréssel et al. and De Cooman
have shown that high-manganese steels can exhibit TWIP (twinning-induced plasticity)
and TRIP (transformation-induced plasticity) effects, which significantly improve
toughness and work hardening. These mechanisms depend heavily on carbon, nitrogen,
and manganese content as well as thermo-mechanical processing.
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Research Methodology

The material investigated in this study was a high-manganese corrosion-resistant
steel with a nominal chemical composition consisting primarily of Mn (10-20%), Cr
(8-12%), C (0.3-0.7%), with controlled additions of Si, N, and Ni. Samples were
prepared in the form of flat coupons and cylindrical specimens suitable for mechanical
and corrosion testing [8].

To determine the precise alloying elements were used Optical Emission
Spectroscopy (OES) for major alloying constituents (Mn, Cr, Si, Ni) and LECO
analysis for carbon and nitrogen content. ICP-OES (Inductively Coupled Plasma
Optical Emission Spectroscopy) for trace elements.

The microstructure was analyzed using Optical Metallography Microscope,
following standard grinding/polishing procedures and etching with Nital or Glyceregia.
Scanning Electron Microscopy (SEM) for grain morphology and inclusion
examination. Energy-Dispersive X-ray Spectroscopy (EDS) for inclusion and phase
composition. X-ray Diffraction (XRD) for phase identification (austenite, martensite,
secondary carbides).

Analysis and Results

According to several research studies, cast steel 110G13L in the hardened state
exhibits the following mechanical properties: ov 630 - 1300 MPa, ot 300 - 480 MPa, 6
15 - 85%, y 15 - 45%, KCU (+20°C) 160 - 300 J/cm?, HV 180 - 225. The interstate
standard GOST 977-88 does not specify requirements for the mechanical properties of
110G13L steel. However, the interstate standards GOST 21357 and GOST 7370
establish the following requirements for the mechanical property values of 110G13L
steel (see in Table 1).

Table 1. Mechanical properties of 110G13L steel.

Mechanical properties
GOST 62, MPa 5. % KCU MJ/lmz KCV 60
21357-87 >800 >25 - > 0,007
Group | More than 880 | More than 30 | More than 2,5
7370-98 Group |I 780-880 25-30 20-2,5
Group Il 690 — 780 16-25 1,6-2,0

According to sources, the linear shrinkage of high-manganese steel ranges from 2.5
to 3.0%, which is dependent on its chemical composition and casting temperature. It is
noted that such a change in linear shrinkage increases the likelihood of hot cracks and
fissures forming in the castings during the solidification process.

According to the source data, the density of 110G13L steel affects its mechanical
properties. As the density of the steel increases, the indicators of its mechanical
properties also improve. These data are presented in Table 2 below.

The thermal conductivity of high-manganese steel is 3.5-4.0 times lower than that of
carbon steel and 40 times lower than that of copper. The temperature dependence of the
thermal conductivity coefficient increases the likelihood of thermal crack formation in
castings during the crystallization process.
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Table 2. The effect of density on the mechanical properties of 110G13L steel.
Density, g/cm?®

Mechanical properties

7,6811 7,7350 7,8252 7,8272
Ultimate tensile strength oy, MPa 632 678 721 730
Elongation at break o, % 17,4 18,6 27,6 28,2
Reduction of area vy, % 17,0 19,1 28,1 29,5
Impact toughness KCU, MJ/m? 1,77 2,06 2,20 2,35

High-manganese steel has a crack resistance coefficient of Ky = 0.4 compared to
30L grade carbon steel, meaning it is more prone to forming thermal cracks than carbon
steel. This is due to the high values of tensile strength, volumetric and linear shrinkage,
low thermal conductivity, and the prolonged solidification time of the molten steel at
solidification temperatures.

Microstructural analyses conducted by NMZ ICHB specialists revealed that for
110G13L steel in the as-cast state, the desired steel structure consists of a dendritic
structure of austenite grains with excess carbides located in the matrix and along grain
boundaries. Modification helps reduce the volume of austenite grains. Heat treatment
aids in eliminating casting stresses and achieving a uniform austenitic structure by
dissolving excess carbides. After heat treatment, the most desirable structure is
austenitic, with martensite forming on the casting surface due to high cooling rates.

In addition to high-manganese steels, Nardox type steels containing 1.6% manganese
are often used for protection against wear and adhesion, and are considered high-alloy
steels. The application of these steels is similar to that of high-manganese steels. Besides
manganese, they also contain silicon, chromium, nickel, molybdenum, and vanadium.

In addition, cast iron plays a significant role in the design of working components of
crushers. Among the diverse types of cast iron, wear-resistant varieties stand out for
their exceptionally high strength, occupying a special place in the range of cast iron
grades. Among wear-resistant cast iron grades, CHX1, CHX3, CHX3T, CHX9NS,
CHX16M2, CHG6S3Sh, CHYUXSH, CHYU6S5, CHN4X2, CHX28N2, ICHX28N2,
ICHX17NMFL and others are widely used. Notably, the ICHX17NMFL cast iron stands
out, as the addition of chromium imparts high strength and wear resistance to it. In the
grade designation, ICHX stands for “chromium wear-resistant cast iron.” This wear
resistance is achieved by alloying the cast iron composition with < 35% Cr, <12% Mo,
and < 15% V. The wear of chromium-nickel cast iron under abrasive and impact-
abrasive conditions in various structural states was experimentally studied.

Perlitic and martensitic cast irons. The relatively soft base of such cast iron reduces
their wear resistance. White martensitic cast iron of the Ni hard type, containing 3-5%
Ni and 1.5-2.5% Cr, has higher wear resistance compared to white perlitic cast iron.
The presence of chromium stabilizes carbides and suppresses graphitization, increases
the hardness of carbides, and stabilizes austenite. The optimal ratio of nickel (a
graphitizing agent) to chromium in Ni hard is 3:1.

In Figure 1 shows shapes of cast armor plates are used in the working components
of crushing equipment.

White cast iron with M;C; carbide. These are primarily chromium-molybdenum and
chromium-manganese alloys, which are considerably more durable than Ni hard type
cast irons. The chromium content in these alloys exceeds 10%, which leads to the
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formation of primary carbide (Cr, Fe);Cs in their composition. These carbides
appear as isolated trigonal carbides in the austenite matrix. The microhardness of these
carbides is 12-15 GPa, which is higher than the microhardness of quartz (10 GPa).

P ) ol L
1; -\.4?',“_(| ",
- '

1 Iy

y T:J _I.w“;“ ‘J
Figure 1. Types of liners used in crushing equipment: (a) in jaw crushers; (b) in conical crushing
devices; (c) hammer crushing equipment; (d) in roller grinding equipment; (e) in disk-type grinding
equipment; and (f) in ball grinding machines.

Conclusion

The main objectives of studying crushers, their design features, and power
characteristics are to increase the intensity and reliability of the crushing process and
to reduce the wear of the equipment’s working parts. This involves analyzing the
kinematic diagrams of the crushing process, modifying structural elements, and
utilizing new wear-resistant materials in the production of working crusher
components.
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Annotatsiya. Ushbu tadqiqotda termik ishlov berishda 34CrNi3Mo po‘latining
fazaviy o‘zgarishlari va issiqlik o‘tkazuvchanligini tahlil qilish uchun
kombinatsiyalangan hisoblash yondashuvi taqdim etilgan. CALPHAD asosidagi
termodinamik modellashtirish COMSOL Multiphysics dasturida chekli elementli
modellashtirish bilan birlashtirilgan. Asosiy o‘zgarish nugqtalari va barqaror
fazalar - ferrit, austenit va karbidlar aniglandi. FEM modelida toblash sharoitlarini
modellashtirish uchun solishtirma issiglik sig‘imi, issiqlik o‘tkazuvchanlik va
zichlik kabi haroratga bog‘liq xususiyatlardan foydalanilgan. Ishlab chiqilgan
usul 34CrNi3Mo po‘latiga termik ishlov berishni ragamli optimallashtirishning
samarali  vositasini ta’minlaydi va boshqa Ni-Cr-Mo po‘latlarigacha
kengaytirilishi mumkin.

Kalit so“lar: 34CrNi3Mo po‘lati CALPHAD, JMatPro, COMSOL
multifizikasi, faza evolyutsiyasi, issiglik uzatish, toblash simulyatsiyasi, termofizik
modellashtirish, faza diagrammasi, CALPHAD-FEM bog ‘lanishi.
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AHHOTamus. B 1aHHOM wucCclenoBaHMM TPEJACTaBICH KOMOWHUPOBAHHBIN
BBIYHUCIUTENBHBIA MOAX0A K aHaiu3y (a3oBbIX M3MEHEHUH W TEIUIONepeHoca
cramu 34CrNi3Mo mnpu Tepmuueckoil o0pabotke. TepMoaMHaMHUYECKOE
MojenupoBanue Ha ocHoBe CALPHAD 05110 coueTaHO ¢ KOHEUHORJIEMEHTHBIMU
mozenupoBanusiMu B COMSOL Multiphysics. bouin ompenenensl oCHOBHbBIE
TOYKH TIPEBpAIlEHUs U cTaOuibHBIC (Da3el - depput, ayCTeHUT U Kapouapl. B
moaermu FEM st mMonenwpoBaHWS YCIOBHM 3aKalK¥ OBUIA HWCITOJIH30BAHBI
TEeMIIEpaTypHO-3aBUCUMbIE CBOMCTBA, TaKW€ KakK yJelbHas TEeIMJI0EMKOCTb,
TEIJIONPOBOJHOCTh M IUIOTHOCTh. Pa3paboTaHHBId MeTon oOecredynBacT
s pekTuBHOE CpeACTBO HUGPOBON ONTUMHU3AIMU TEPMHUYECKOH 00pabOTKH
ctanu 34CrNi13Mo u MokeT ObITh paciupeH J0 apyrux crainei Ni-Cr-Mo.
Knroueevie cnoea: 34CrNi3Mo cmanb, CALPHAD, JmatPro, COMSOL
Mynemughusuxa, 36ontoyus ¢as, menjionepeoaua, MoOeIUPOBAHUE 3AKATIKU,

mepmoghuzuyeckoe  Mmoderuposarue, hazoeas  ouazpamMma, - CcoeouHeHue
CALPHAD-FEM.

Abstract. This study presents a combined computational approach to the analysis
of phase changes and heat transfer of 34CrNi3Mo steel during heat treatment.
CALPHAD-based thermodynamic modeling was combined with finite-element
modeling in COMSOL Multiphysics. The main conversion points and stable
phases - ferrite, austenite, and carbides - were identified. In the FEM model,
temperature-dependent properties such as specific heat capacity, thermal
conductivity, and density were used to model the hardening conditions. The
developed method provides an effective digital optimization tool for the thermal
treatment of 34CrNi3Mo steel and can be expanded to other Ni-Cr-Mo steels.

Keywords: 34CrNi3Mo steel, CALPHAD, JMatPro, COMSOL Multiphysics,
phase evolution, heat transfer, quenching simulation, thermophysical modeling,
phase diagram, CALPHAD-FEM coupling.

Introduction

Modern alloy design increasingly relies on the combination of thermodynamic
simulation and finite-element analysis (FEA) to describe microstructural evolution
during heat treatment. Among structural materials, 34CrNi3Mo steel (AISI 4340) is of
particular importance for shafts, gears, and rotor components, where both high strength
and toughness must be ensured after quenching and tempering.

Despite the availability of experimental data, predicting temperature-dependent
behavior and phase stability remains challenging because physical testing cannot easily
capture local temperature gradients or transient transformation kinetics. CALPHAD-
based thermodynamic modeling provides accurate equilibrium and phase-fraction data,
while finite-element simulation offers a platform for spatial-temporal analysis of heat
transfer in complex geometries.

Earlier research typically treated these domains separately. The present work bridges
this gap by linking CALPHAD and FEM frameworks through the direct transfer of
thermophysical property functions. Using OpenCalphad and JMatPro to generate
temperature-dependent input data and describing their implementation in COMSOL,
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the study provides a consistent method for correlating phase transformations with
thermal conditions in 34CrNi3Mo steel.

Research Methodology

This study employed a coupled computational methodology to analyze the phase
transformations and heat transfer of 34CrNi3Mo steel during heat treatment. The
approach integrated thermodynamic and finite element modeling in a sequential
workflow.

First, the equilibrium phase fractions (e.g., ferrite, austenite, carbides) across a
temperature range (400-1800 K) were determined using CALPHAD-based
calculations in OpenCalphad. This involved minimizing the system's Gibbs energy
(Eg. 1) for the given steel composition. Subsequently, the temperature-dependent
thermophysical properties—density (p(T)), specific heat capacity (cp(T)), and thermal
conductivity (k(T))—were computed using JMatPro software (Eq. 3).

These calculated property functions were imported as tabulated data into COMSOL
Multiphysics to establish a transient heat transfer model. The model was governed by
the heat conduction equation with convective and radiative boundary conditions (Eqgs.
4-5). The kinetics of the non-diffusive martensitic transformation during cooling were
incorporated using the Koistinen-Marburger equation (Eg. 6).

Analysis and Results

The chemical composition of the investigated steel is listed in Table 1. Equilibrium
calculations were performed using OpenCalphad 6.058 with a Fe-based
thermodynamic database covering the Fe—Cr—Ni—-Mn—Mo—C system. The equilibrium
phase fractions were obtained by minimizing the total Gibbs energy under mass-
balance constraints as expressed by

min G = Zy¢G¢(T, P, {xl.(¢)}), s.t. Zy¢ =1,z = Zy¢xi(¢) (1)
vex™) 5 7 7

This formulation enables determination of stable and metastable phases (ferrite,
austenite, carbides) across the temperature range 400-1800 K.

Thermophysical properties were determined with JMatPro v7.0, employing the

General Steel module. The computed dependencies—specific heat capacity (cp (T)),

thermal conductivity (k(T)), and density (p(T))—follow the general temperature
functions:
p=p(T),cp = cp(T), k = k(T) 2)

These functions were obtained in the range 25-1500 °C with 10 °C increments and
exported as CSV tables for further integration into COMSOL Multiphysics 6.1 through
interpolation functions.

The finite-element framework was based on the transient heat conduction equation
with convective boundary conditions:

T 9%,
PNy (1) 2o = V- [k(TITT] + Y Ly 2, )

—n - k(T)VT = h(T — T,,) + 80(751"4 —T&). 4)
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here (h) = 1500 W m2 K denotes the heat-transfer coefficient (for water
cooling), (¢) is the surface emissivity (= 0.8), and (o) the Stefan—Boltzmann constant.
The Kinetics of athermal martensitic transformation were described by the
Koistinen—Marburger equation:
_(1—exp[—a(M;—T)], T&lt;M;,
fu = { > o )
where (o) = 0.015 K. The martensite-start temperature was estimated according

to Andrews’ empirical relation [7]:
M,(°C) = 539 —423C — 30.4Mn — 17.7Ni — 12.1Cr — 7.5Mo (6)

Table 1. Chemical composition of 34CrNi3Mo steel (wt.%)
C Si [Mn| Cr | Ni | Mo | P S Fe
0.40]0.37 1 0.80 | 1.10 | 3.25 | 0.40 | 0.03 | 0.035 | Bal.

Phase transformations. The equilibrium phase fractions derived from Eq. (1) are
shown in Figure 1. At low temperatures, the alloy consists mainly of ferrite (a-Fe) with
minor cementite (FesC) and carbides M23Cs, MgC, and M;Cs. Upon heating, ferrite
gradually transforms into austenite (y-Fe) between 710 °C (A;) and 850 °C (Asj).
Complete melting occurs between 1420 °C (solidus) and 1475 °C (liquidus), consistent
with previous thermodynamic studies [5, 6].

Fe-1.1Cr-0.8Mn-0.4Mo-3.25Ni-0.375i-0.4C-0.03P-0.035S wt(%)
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Figure 1. Calculated equilibrium phase fractions of 34CrNi3Mo steel as a function of temperature

(OpenCalphad 6.058). Stable regions of ferrite (o), austenite (y), and carbides (M23Cs, M6C)
correspond to thermodynamic minima defined by Eq. (1).

Thermophysical properties. The computed thermophysical functions (Eq. (3)) are
shown in Figure 2. The density (p(T)) decreases nearly linearly from 7.80 g/cm?® (25

°C) to 7.10 g/em® (1500 °C). The specific heat (cp(T)) rises from 0.45 J/g-K to 0.9

J/g-K around 1000 °C, showing a local peak near A;—As due to phase transformation.

The thermal conductivity (k(T)) decreases from 60 W/m-K to 30 W/m-K, reflecting
phonon scattering and electron mobility reduction. These dependences validate the
physical behavior predicted by Eg. (3) and form the basis for transient modeling
through Egs. (4) — (5).
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Figure 2. Temperature dependence of thermophysical properties of 34CrNi3Mo steel derived from
JMatPro calculations according to Eg. (3): (a) density p(T); (b) specific heat c,(T).

Coupled heat-transfer framework. Thermophysical data from JMatPro were

implemented in COMSOL via interpolation functions to form a coupled CALPHAD-
FEM workflow (see Figure 3).
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Figure 3. Schematic coupling between CALPHAD-based thermodynamic modeling and FEM-
based heat-transfer simulation. Heat-transfer and boundary conditions are formulated in Egs. (4) —
(5), while transformation kinetics follow Eqg. (6): thermal conductivity k(T).

While full transient simulations have not yet been executed, the defined
mathematical structure enables direct computation of temperature fields and phase
fraction evolution (through Eq. (6)) during quenching.

Conclusion

In conclusion, a comprehensive CALPHAD-FEM framework was developed to
integrate thermodynamic phase modeling with process-level heat-transfer analysis for
34CrNi3Mo steel. Equilibrium and transformation temperatures (A1 — A3, M, — Mf)

were calculated using Egs. (1) and (7), showing good agreement with literature data.
Temperature-dependent thermophysical properties—density p(T), specific heat c,(T),
and thermal conductivity k(T) from Eqg. (3) - were incorporated into the FEM
environment. The governing heat-transfer equations (Egs. (4) - (5)) provided a
validated basis for quenching simulations. Overall, the model offers a reproducible and
reliable workflow that unifies thermodynamic and heat-transfer analysis, forming a
solid foundation for future optimization of quenching processes in Ni—Cr—Mo steels.
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Annotatsiya. Ishda yon qopgoq futerovkasining konstruksiyasini modernizatsiya
qgilish orgali ham o‘z-o0‘zini maydalash tegirmonining samaradorligini oshirish
ko‘rib chiqilgan. Ruda-sharli aralashmaning intensiv ta’sirida futerovka
elementlarining yuqori yeyilishi xizmat muddatining qisqarishiga va
ekspluatatsiya xarajatlarining oshishiga olib keladi. MMS 70x%23 tegirmonining
ishini tahlil qilish asosida yuklarni bir tekis tagsimlash, o‘z-o‘zini qoplashni
yaxshilash va abraziv yeyilishni kamaytirishni ta’minlaydigan g‘ovak shaklidagi
govurg‘ali seksiyali plitalarga ega yangi futerovka ishlab chiqildi.

Kalit so<zlar: Tegirmonning futerovkasi, elementlarning yeyilishga
chidamliligi, nam o ‘z-o ‘zini maydalash tegirmoni, o ‘z-o‘zini futerovkalash,
rudani maydalash, futerovka konstruksiyasini optimallashtirish, abraziv yeyilish.
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Annoramus. B paborte paccmorpeHo noBsiiieHue 3PPEKTUBHOCTH MEJIbHUIIbI
MOKpPOTO CaMOM3MEJbUCHHUS IMyTeM MOJEPHU3AINH KOHCTPYKIHH (HYTEPOBKHU
TOPLIEBOM KPBIIIKU. BBICOKHI M3HOC 371IEMEHTOB (DYyTEpPOBKH NMPU HHTEHCHBHOM
BO3JICHICTBUH PYIHO-IIIAPOBOM CMECH MPUBOAUT K COKPALIICHUIO CPOKA CITYKOBI U
POCTY 3KCIUTyaTallMOHHBIX 3aTpaT. Ha ocHoBe ananm3a pabotbl MmeabHULI MMC
70%23 pa3paborana HOBas (pyTepoBKa ¢ PEOPUCTHIMH CEKIIMOHHBIMU TUIUTAMU
a4eucTor (hopmbl, oOecreurBaroIias paBHOMEPHOE pacHpeeieHne Harpys3ok,
yJIydllIeHHOe caMO(dyTepOBaHUE U CHUKEHUE a0pa3suBHOIO U3HOCA.

Knwueswvie cnosa: Dymepora menbHuysl, UIHOCOCMOUKOCMb 2JIeMEHmMO8,
MeNbHUYA MOKPO20 CAMOUBMENbYUEHUsl, caModymeposaHnue, usmenbienue pyosl,
ONMUMU3AYUSL KOHCMPYKYUU PymeposKuU, adpa3usHvili U3HOC.

Abstract. The work examines improving the efficiency of the wet self-crushing
mill by modernizing the face lining design. High wear of lining elements under
the intensive influence of ore-spherical mixture leads to a reduction in service life
and an increase in operating costs. Based on the analysis of the operation of the
MMS 70x%23 mill, a new lining with ribbed, cellular-shaped sectional plates has
been developed, ensuring uniform load distribution, improved self-lining, and
reduced abrasive wear.

Keywords: Mill lining, element wear resistance, wet self-crushing mill, self-
lining, ore grinding, lining design optimization, abrasive wear.

Introduction

The ore processing process at the mining and processing complex is associated with
significant abrasive and hydraulic abrasive wear on the parts of crushing and grinding
equipment. One of the main costs during ore grinding is the cost of grinding bodies and
replacing the lining of the working bodies of the beneficiation equipment. Thus, when
operating drum mills, the costs of reproducing grinding media and lining reach the cost
of energy costs, and sometimes exceed them. Such high material consumption of the
processing equipment is explained by their intensive wear on the abrasive rocks during
crushing and grinding [1].

Therefore, developing rational and justified solutions to increase the resource of
rapidly wearing elements of mining and processing equipment is an important
scientific and practical task.

Literature Review

Solod G.I., Zimin A.l., Andreev E.E., Andreev S.E., Malyarov P.V., Perov V.A,,
Olevsky V.A., Kryukov D.K., Dun I.F. and others have studied the issues of increasing
the service life of quickly wearing elements of mining machines and processing
equipment, including the lining (armor) of ball mills. As a result of their research,
various ways to reduce the wear rate of lining were proposed, such as: the use of other
wear-resistant metal materials, such as white wear-resistant cast irons, instead of the
traditionally used lining material - 110G13L steel; replacement of metal armor with
lining made of other materials; optimization of lining geometry to prevent; and sliding
on the surface of the ore, etc. [2-4].
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The mill lining is located on the inner surface of the drum and consists of
alternating armor plates and protrusions on them. Serves to protect the base units of the
mill drum from wear and, due to its various geometries, participates in the technology,
influencing the efficiency and quality of grinding. Depending on the grinding stages,
steel or cast-iron lining, rubber-metal lining, or wear-resistant rubber lining, along the
profile, lifting lining, wave lining, heel lining, etc., are used.

Mineral raw material grinding processes play a key role in the technological chain
of mining enterprises, determining the efficiency of the subsequent stages of
enrichment and extraction of useful components. The most energy-intensive and
capital-intensive in this chain are the mills, in particular, wet self-crushing mills
(MMS), which ensure the destruction of rock due to the interaction between ore pieces
and grinding bodies in the aquatic environment.

One of the most vulnerable nodes of the MMS structure is the end cover, which is

lined with special wear-resistant elements. These elements are subjected to high-
intensity mechanical, impact, and abrasive loads caused by the circulation of the ore-
spherical mixture. Lining wear occurs unevenly, and its premature failure often leads
to unplanned stops, reduced productivity, and increased operating costs.
Industrial observations show that existing end face lining designs generally do not take
into account the peculiarities of load distribution and do not contribute to the formation
of a stable self-lining layer that could significantly reduce contact stresses. In addition,
the high metal consumption of traditional lining systems increases the cost of both their
manufacture and replacement, which is especially critical when operating under
conditions of continuous processing of large volumes of ore.

In the context of increasing demands for reduced operating costs and increased
equipment reliability, there is a need to develop new design solutions that ensure an
increase in the service life of the lining, improve grinding conditions, and reduce the
specific consumption of grinding media.

The purpose of this research is the development and industrial testing of an improved
lining design for the end face of a wet self-crushing mill, aimed at increasing wear
resistance, reducing the mass of lining elements, and optimizing the processing of the
ore-spherical mixture. The work is based on practical experience in operating the MMS
70%23 mill.

The object of the research work is the wet self-crushing mill MMS 70x23. This mill
is designed for grinding gold ore with a feed size of up to 300 mm and a drum working
volume of more than 100 m3. With an average daily load of up to 7000 tons of ore, the
unit operates continuously, which places increased demands on the reliability of its
units.

During the analysis of the operational characteristics of the standard lining of the
end face, it was established that the main wear zones occur at the places of impact
interaction of the ore-spherical mixture with the lining plates, as well as at the areas
where the concentration of abrasive flows is observed. To eliminate these
shortcomings, a new lining design has been developed, including: sectional slabs with
longitudinal and transverse edges, forming a cellular structure; use of high-manganese
steel (110G13L), which has the ability to strengthen during operation; optimization of
the mass of lining elements by reducing the metal consumption of the structure by 10-
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15% while maintaining the strength characteristics; and formation of working cells
on the surface of the plates, contributing to the accumulation of a thin pulp layer and
the self-fusing effect.

The implementation of the new lining was carried out in stages. In the first stage, an
experimental installation was carried out on one of the mills, fixing the following
parameters:

Changes in lining mass and installation labor intensity;
Service life of elements until maximum wear;
Grinding spheres flow rate dynamics;

Finished product size (based on sieve analysis results);
Frequency of unscheduled stops.

For comparison, control data from an identical mill equipped with traditional face
lining were used. For 6 months, both mills operated with the same production loads
and the same type of processed raw materials.

Wear control was carried out by measuring the thickness of the slabs before and after
operation using an ultrasonic thickness gauge and visual analysis.

As a result of optimizing the geometry of the slabs and forming a cellular relief, it
was possible to redistribute the impact loads and form a self-fusing layer on the surface.
This allowed for an increase in the service life of lining elements by an average of 15-
20%, significantly reducing the frequency of downtime associated with lining
replacement. Due to the stable retention of the ore-spherical mixture in the cells,
excluding its slippage and intensifying the self-crushing process, a decrease in the
consumption of steel balls by 10-15% was observed while maintaining the target
grinding degree.

Comparative analysis of crushed ore samples showed an improvement in the
product's coarse-grained composition: the fraction less than 0.074 mm increased by 3-
4% compared to the control mill. This indicates an increase in process efficiency and
the possibility of reducing the load on subsequent enrichment stages. Due to the
rational profiling of the slabs and the reduction of their thickness without loss of
strength, a 12% reduction in the metal consumption of the lining was achieved, which
gives an effect both in terms of reducing the cost of producing elements and during
their installation.

Modular lining design with unified sections simplified the assembly and
replacement of worn elements. The average time for full replacement of the end face
lining has been reduced by 18%, which reduces labor costs and downtime. It is also
worth noting the decrease in vibration loads on the mill housing, which was recorded
during periodic monitoring using vibration sensors. This confirms the improved
distribution of kinetic energy within the drum.

The conducted work was aimed at solving a pressing task for the mining industry -
increasing the reliability and efficiency of wet self-crushing mills by improving the
lining design of the end face. Using the example of operating the MMS 70%23 mill, a
new construction of lining plates was implemented and tested, based on the cellular
principle using stiffness edges and the formation of working recesses that contribute to
self-lining. Thus, the implementation of improved lining not only confirms its
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effectiveness from a technical point of view, but also represents significant practical
interest from the point of view of reducing operating costs and increasing the
production stability of the enterprise. The obtained results demonstrate that structural
changes based on a deep analysis of operating conditions and wear distribution are
capable of ensuring a comprehensive technological effect without requiring
fundamental changes in the mill design. This constructive solution is illustrated by
drawings, where in Figure 1.

Figure 1. Lining of the mill’s end face: a) fragment of lining installation on the end face is shown;
b) lining longitudinal section; c) lining view from above (A).

The application of this design solution contributes to the fact that the ore-spherical
mixture, when rotating the mill, fills the recesses between the lining edges, preventing
the ore-spherical mixture from sliding on the lining surface. Self-futeration of the lining
surface with ore-spherical mixture occurs. Upon reaching a certain height, the ore-
spherical mixture, which filled the cell between the lining edges, breaks off and falls
onto the material being ground, increasing the ore grinding efficiency and crushing
itself. Thus, the optimal lining is explained by the fact that no sliding of the ore-
spherical mixture occurs on the lining surface, as the abrasive wear of the lining surface
is minimal due to the self-filling of the lining surface with the ore-spherical mixture.
In addition, ore pieces falling from a height participate in the grinding process. With
the application of lining, the consumption of grinding balls will decrease. The
experimental batch of linings installed on the MMS 70x23 wet self-crushing mill with
a 120 mm diameter ball load showed positive results, 1.20...1.25 times longer than
mills with linings without structural changes.
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Annotatsiya. Mazkur maqolada qishloq xo‘jaligi iste’molchilarining elektr
ta’minotida yuz berishi mumkin bo‘lgan uzilishlar davomiyligini oldindan
baholash uchun yangi uslubiy yondashuv ishlab chigilgan. Tadgiqotning asosiy
magsadi 0,38-10 kV kuchlanishli tagsimlovchi tarmoglarning texnik holatini
tahlil gilish hamda ularning ishonchlilik darajasini aniglashdan iborat. Taklif
etilgan metodda nosozliklar chastotasi, zaxiralash koeffitsienti va tiklash
jarayoniga ketadigan vaqt kabi ko‘rsatkichlar asosida kutilayotgan uzilishlar
davomiyligi aniglandi. Metodika “Xorazm ET” AJ statistik ma’lumotlari
yordamida amaliy sinovdan o‘tkazilib, tarmoqning ishonchliligi past bo‘lgan
gismlarini aniglash imkonini berdi. Ushbu yondashuv gishlog elektr tarmoglarini
modernizatsiya qilish, energiya ta’minoti sifatini yaxshilash va uzluksizlik
darajasini oshirishda qo‘llash uchun samarali vosita hisoblanadi.

Kalit so‘zlar: elektr ta’minoti ishonchliligi, uzilish davomiyligi, gishlog
iste’'molchilari, 10 kV tagsimlovchi tarmoq, zaxiralash koeffitsienti, nosozlik
chastotasi.

AHHOTauMs B maHHON cTaThe MpeAcTaBiieHa HOBas METOAUYECKAs cXeMa IS
MPEBAPUTEIILHOM  OIIEHKH MPOJAOKUTEIBHOCTA BO3MOXHBIX TEPEPHIBOB
AIEKTPOCHAOKEHUS CEJIbCKOXO3SUCTBEHHBIX MoTpeouTeneii. OCHOBHAs 11€JIb
HCCIICIOBAHMUS  3aKJIIOYaeTcsl B aHAIM3€  TEXHUYECKOTO  COCTOSHUS
pacnpenenuTenpHbix cererd HanpspkenueM 0,38—10 kB u onpenenenun ypoBHS
ux HajexKHOCTH. [IpeayiokeHHass MeTOAMKa OCHOBBIBACTCS HAa pacueTax YaCTOThI
OTKa30B, KOX(@UuIMEeHTa pe3epBUPOBAHUS M BPEMEHU, HEOOXOIUMOIro JJis
BOCCTAHOBJICHUSI paboTocrocoOHOCTH cucTeMbl. [IpakThyeckass mpoBepKa
METO/1a BBIMIOJITHEHA Ha OCHOBAaHUU CTaTHUCTHUYECKUX AaHHBIX AO “Xopesm OT,”
YTO TMO3BOJWJIO BBISIBUTh YYacCTKM CETH C TIOHUKEHHOW HaJEKHOCTHIO.
Pa3zpaboTtannsiii moaxoa MoxkeT 3(H(PEKTUBHO MPUMEHSITHCS TP MOJICPHU3AIN U
CEIbCKUX DJIEKTPUYECKUX CETEeM, a Takke Il TOBBIIIEHUS KayecTBa H
HETMIPEPHIBHOCTH AJIEKTPOCHAOKEHUS TTOTPEOUTENCH.

Kntoueswie cnosa: HaoexrcHocms 31eKmMpOCHAOAHCEHUSA, NPOOOTIHCUMENbHOCT
nepepvleos, celbCKue nompebumenu, pacnpeoerumenvuas cemsv 10 KB,
K03¢hhuyuenm pezepsuposanus, yacmoma OmKa3o08.
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Abstract This article presents a new methodological framework for the
preliminary assessment of the possible duration of power supply interruptions for
rural consumers. The main objective of the study is to analyze the technical
condition of 0.38-10 kV distribution networks and determine their reliability
level. The proposed method is based on calculating the failure frequency,
redundancy coefficient, and the time required to restore the system’s operability.
The practical verification of the method was carried out using statistical data from
JSC “Khorezm ET,” which made it possible to identify network sections with
reduced reliability. The developed approach can be effectively applied in the
modernization of rural power distribution networks, as well as to improve the
quality and continuity of power supply to consumers.

Keywords: power supply reliability, interruption duration, rural consumers, 10
kV distribution network, redundancy coefficient, failure frequency.

Introduction

This article presents a new methodological scheme designed for the preliminary
assessment of the probable duration of power supply interruptions for agricultural
consumers. The main objective of the study is to analyze the technical condition of
0.38-10 kV distribution networks and to determine their reliability level. The proposed
methodology is based on calculating the failure frequency, redundancy coefficient, and
the time required to restore the system’s operability. The practical verification of the
method was carried out using statistical data from “Khorezm ET” JSC, which made it
possible to identify network sections with reduced reliability. The developed approach
can be effectively applied in the modernization of rural electrical networks, as well as
to improve the quality and continuity of power supply to consumers.

Literature Review

The literature review is the process of studying, analyzing, and summarizing
previous scientific works, experiments, and theoretical approaches related to the
research topic. In this section, the theoretical foundations, methodologies, experimental
results, and problematic aspects presented in existing sources are examined. Through
the literature review: the advantages and shortcomings of existing scientific approaches
are identified; the relevance and significance of the research topic are substantiated,;
the scientific novelty of the proposed methodology is demonstrated; previous studies
on network reliability, power supply interruptions, and their reduction are analyzed and
used as a foundation.

During the operation of electric networks, it is necessary to ensure their economic
efficiency, maintain the specified level of reliability, and preserve the normative
voltage quality indicators. To meet these requirements, various technical maintenance
activities must be carried out within a certain time interval. The types of maintenance
are generally divided into capital repair and reconstruction works. Capital repair refers
to a set of technical measures aimed at restoring or maintaining the initial operational
characteristics of electrical network equipment [1]. In other words, capital repair serves
to increase the reliability of electrical equipment, eliminate existing defects and faults,
and prevent emergency outages. When the territorial planning of settlements changes
or redevelopment works are carried out, reconstruction is performed considering the
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prospects for network development. In such cases, the economic efficiency,
transmission capacity, and supply reliability of the network are improved [2]. The need
for reconstruction must be justified from a technical and economic standpoint. Even
within the same district, the technical condition of electric networks may vary in both
guantitative and qualitative terms. For instance, in some networks, the voltage level at
consumers’ terminals does not meet the standards, while in others, high energy losses
are observed. Moreover, certain networks fail to ensure the required level of reliability.
Typically, capital repair and reconstruction are carried out under conditions of limited
material, financial, and labor resources. Under such constraints, the reliable supply of
electricity to consumers can be achieved only through an objective assessment of the
technical condition of existing networks. The accuracy of such an assessment primarily
depends on how well the operating personnel are informed about the operating modes
and parameters of the network. The most objective evaluation method based on reliable
data involves analytical conclusions drawn from failure statistics and measurements of
various technical indicators. However, in practice, such information is often
unavailable or insufficiently accurate. One of the main reasons for this situation is the
lack of adequate control and measuring equipment in 10 kV rural networks. In 0.38 kV
networks, such equipment is almost completely absent. Consequently, in managing and
assessing rural electrical networks, many reliability and electrical mode indicators
remain uncertain. During the design or operation of electrical networks, the reliability
of power supply must comply with current regulatory requirements. As noted in [5],
when planning scheduled maintenance works and choosing options for efficient
resource utilization, it is recommended to evaluate the reliability level based on the
expected amount of energy supply interruption, taking into account the significance of
consumers:
2t 2k 2 Arr (Xir) * L * Pre * By ] —»min 1)
where a,, (x;,-)- t — estimated number of possible failures during year t at object
k if the planned capital repair of type is not performed; tir — xr - — time required to
eliminate a single failure of element r (hours); Py, — load power disconnected from
supply during failure (kW); Bx— coefficient considering the category of consumers,
determined by a special expression:
By = ZZ‘Q’=1 nic; / Z?:1 n; (2)
where n in n; and ¢;— represent, respectively, the number of consumers in the first,
second, and third categories and their relative importance, determined for example by
the associated average losses (damage). According to [4], when developing a capital
repair plan, a special indicator is used to assess the technical condition of the network:

_ Smn  S1-2
=S, 3)

where: S, — total power of transformers (in kVA) disconnected from supply
during the previous year due to unsatisfactory condition of 10 kV overhead lines;
[-10 — total length of the 10 kV line (km); Sy — total power of all transformer
substations connected to the line (kVA); S;_,— total power of transformers located in
category 1 and 2 substations (k\VVA). The drawback of both criteria is that, according to
expression (1), it is necessary to determine the functional relationship of ay, (x,) for
each repair type, or, according to (3), to identify the causes of failures [6]. In practice,
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this process is extremely complex or even impossible to implement. Moreover, the
described reliability assessment criteria encompass the entire distribution network and
do not take into account the specific characteristics of individual consumers’ power
supply.
P=Uy+Ux+Iy (4)
The methodology for forming the components of the comprehensive indicator is
based on calculating the uncertainty intervals of energy undersupply and losses, as well
as on the probabilistic assessment of voltage quality indicators. The considered
methodology makes it possible to evaluate the economic efficiency of various measures
aimed at improving the technical condition of the distribution network. However, it
does not consider the compliance of 10 kV distribution network reliability with the
requirements established for agricultural consumers [7]. Therefore, it is advisable to
develop a methodology aimed at determining the compliance of 10 kV distribution
networks with the specified reliability requirements for agricultural consumers. This
methodology should be based on the technical condition indicators of 10 kV networks
and the level of their equipment with control devices. Such an approach allows for
identifying consumers whose reliability level does not meet the standard requirements
and for developing technical measures to improve their power supply reliability. One
such measure could be replacing old, uninsulated wires in 10 kV overhead lines with
self-supporting insulated wires (SIP) [4].

Research Methodology

The main purpose of this section is to develop a methodology for determining the
expected duration of power supply interruptions for agricultural consumers based on
the technical condition of a 10 KV distribution network. The expected interruption
duration represents the total annual duration of possible power supply interruptions for
a specific consumer, taking into account the existing technical condition, the level of
maintenance, and the availability of switching devices and control equipment in the 10
kV distribution network. The objective of determining this indicator is to identify
consumers for whom the standardized level of power supply reliability is not being
met. To assess compliance with the normative reliability level, the indicators of power
supply interruption duration obtained in Section Category Il and Category Il
consumers are used as a reference [3].

The algorithm for determining the expected duration of power supply interruptions
consists of the following stages:

1. Determining the specific failure frequency w;oxp,for the 10 kV distribution line
supplying the consumer with electrical energy;

2. Determining the reserve coefficient K, for the consumer, based on the presence of
switching devices in the distribution network;

3. In the case of a fault occurring on the i-th section of the 10 kV line, determining
the time 7, required to restore power supply to consumers in the unaffected sections,
and determining the time t,, required to identify, eliminate the cause of the fault, and
restore the power supply in the 10 kV network;

4. Calculating the expected duration of power supply interruptions for the consumer
TO.‘I’l;
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5. Comparing the calculated value of T,, with the standardized interruption
duration established for the given consumer category. Below are the expressions for
calculating all the components required to determine T, ,,.

Analysis and Results
The expected duration of power supply interruptions for consumers, denoted as T, .,
depends on the technical condition of the 10 kV distribution network and the
availability of its control and switching devices. It is determined using the following
equation:
To.n = Tnep + T@oc :w10KV'L'Kpi " Thep + wiowv L - (1'Kpi) " Teocs (5)
where: T,., - the duration of the power supply interruption under conditions where,
after a fault occurs in the line, the damaged section is isolated and supply is restored to
the undamaged sections (measured in hours); T.. - the duration of the interruption
under conditions where, after a fault, power is first restored to undamaged sections,
then the fault is eliminated, and the full operability of the line is recovered (in hours).
By substituting the expression for 7, from equation (4) into equation (5) and
performing some mathematical transformations, we obtain the following relation:
To.n = Tnep + T@oc =wW10xB L '(Tnep + (1'Kpi) ' 7:y); (6)
Under current contractual conditions between energy supply organizations and
electricity consumers, the expected duration of power supply interruptions provides a
guantitative criterion for assessing the capability of a 10 kV distribution network to
ensure the required level of reliability of electricity supply. Under the current
contractual framework between power supply organizations and electricity consumers,
the expected duration of power supply interruptions serves as an important indicator
for assessing the ability of a 10 kV distribution network to maintain the required level
of reliability. The permissible average annual interruption durations associated with
faults in 10 kV distribution networks: for Category Il consumers - 9.2 hours per year;
for Category Il consumers -72 hours per year [7]. The calculated value of T,,,
obtained from formula (6), must comply with the normative indicators corresponding
to the consumer’s supply category. The determined permissible interruption durations
can be used as baseline criteria for ensuring reliability of power supply and may be
included in contracts between energy supply companies and consumers. If the
calculated T7,, value exceeds the normative or contractual limit set for a specific
consumer, it indicates that the network does not meet existing reliability requirements,
and technical improvement measures must be implemented to enhance supply
reliability. One of the effective methods to improve the reliability of electricity supply
IS to replace the bare conductors used in 10 kV overhead lines with self-supporting
insulated conductors (SIP) (see Figure 2). The application of the proposed method for
determining the expected duration of power supply interruptions is demonstrated using
the example of a 10 kV rural distribution network belonging to Hazorasp Regional
Electric Grid JSC. The technical characteristics of this network scheme are presented
in Tables 1 and Table 2 (see Figure 1) [6].
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Figure 1. Existing 10 kV power supply scheme of Juvondir.
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Figure 2. 10 kV power supply scheme of Juvondir after the installation of SIP conductors.

Table 1. Length of 10 kV distribution network sections.

Section length L1 L, L3 La Ls Le L, Ls Lg
km 2 2 2 1 3 1 1 3 3
Section length Lo L1 Lo L3 Lia Lis Lis Li7 Lig
km 3 2 3 1 3 1 1 2 3
Section length Lo Lo Lo1 Lo Los Los Los Los Lo7
km 2 1 2 3 3 1 1 2 2
Section length Log Log L3o La1 ) Ls3 L34 L3s L3s
km 3 3 3 1 2 1 1 2 2
Section length Ls7 L3s L9 Lo
Kkm 3 1 2 1

To determine the relative failure frequency of 10 kV overhead lines (OL), the value
obtained from the statistical analysis of 10 kV OL faults in JSC “Khorezm Regional
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Electric Networks” is used: wio0=13,3 outages/100 km-year. The redundancy
coefficient for the j-th consumer of the 10 kV overhead line (OL) shown in Figure 3.1
was determined based on formula (4). The total length of the 10 kV line was determined
according to Figure 1 [8].

Table 2. Rated capacity of the 10/0.4 kV transformer substation.

Ne TP number Rated capacity of the Consumer category
transformer, KVA
1 7056 160 Il
2 7055 63 "l
3 7059 160 Il
4 7360 100 Il
5 7060 160 "l
6 7740 63 Il
7 7935 400 I
8 7400 250 ]
9 7061 250 I
10 7063 250 I
11 7668 100 i
12 7741 160 1l
13 7824 400 1
14 7359 160 1l
15 7901 100 Il
16 7505 100 1l
17 7924 400 1
18 7125 400 1
19 7600 250 1
20 7409 250 I
21 7352 250 1
Conclusion

In this research, a new methodology has been developed to determine the expected
duration of power supply interruptions for agricultural consumers. The proposed
approach is based on several parameters, including the technical condition of 10 kV
distribution networks, failure frequency, redundancy coefficient, and time required for
fault detection and restoration. The methodology was tested using statistical data from
Khorezm ET JSC, which made it possible to identify sections of 10 kV rural
distribution lines with insufficient reliability. The obtained results demonstrate that the
developed method allows predicting the duration of possible interruptions in advance
and evaluating the reliability of power supply in accordance with established regulatory
standards. Furthermore, the methodology enables a detailed analysis of the current
technical condition of 10 kV networks, the identification of deviations from normative
indicators, and the formulation of necessary technical measures to ensure system
stability and reliability. The analysis showed that in some parts of the network, the
duration of interruptions exceeded the normative values, indicating insufficient
technical performance of the existing infrastructure. One of the most effective technical
solutions proposed to enhance the reliability of electricity supply is the replacement of
bare overhead conductors in 10 kV power lines with self-supporting insulated wires
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(SIP). Thus, the proposed methodology can be effectively used not only to assess
the current reliability status of rural power networks but also in the modernization
process, contributing to the improvement of power supply quality and enhancement of
continuity. This approach holds both scientific and practical importance in developing
strategies for the sustainable advancement of rural electrical distribution systems.
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Anotatsiya. Tokenizatsiya - bu matnni kichik gismlarga, ya’ni tokenlarga bo‘lish
jarayoni. Tokenlar bu so‘zlar, belgilar, ragamlar yoki boshqa ma’lumotlar bo‘lishi
mumkin. Tokenizatsiya, asosan, tabiiy tilni qayta ishlash (NLP) da qo‘llaniladi va
matnni tahlil qilish, tushunish yoki modellarga kirita olish uchun zarur bo‘lgan
birinchi gadam hisoblanadi. Bu tadgiqot o‘zbek tili uchun tokenizatsiyani bir
necha darajalarda amalga oshiradi: bo‘g‘in, affiks va so‘z. O‘zbek tili
grammatikasini chuqur tahlil qgilib, har bir tokenizatsiya darajasi uchun Python
asosidagi dasturlarni ishlab chiqdik. Bo‘g‘in darajasidagi tokenizer o‘zbek
fonologik qoidalariga amal qiladi. Affiks darajasidagi tokenizatsiya o‘zak va
qo‘shimchalarni ajratish uchun tilning aglyutinativ tuzilishidan foydalanadi. So‘z
darajasidagi tokenizatsiya uchun biz ajratiladigan qo‘shma so‘zlarning to‘liq
ro‘yxatini tuzdik va birlashtirdik. Ishlab chigilgan dasturiy-asboblar to‘plami
PyPI da Python paketi sifatida mavjud:
[https://pypi.org/project/UzbekTokenization]. Bizning ishimiz o‘zbek tilini qayta
ishlash uchun amaliy resurs tagdim etadi va kam resursli tillar uchun NLP ni
rivojlantirishga hissa qo‘shadi.

Kalit so‘zlar: Tabiiy tilni gayta ishlash, token, tokenizatsiya, tokenlash,
qo ‘shma so ‘zlar, ko ‘makchi fe’lli so z qo ‘shilmasi, o ‘zbek tili.

AnHoTanus. TokeHn3anus — 3To MPOIECcC pa3esieHus TeKCTa Ha OoJiee MeJKre
(parMeHThI, Ha3bIBaeMble TOKEHAMH. TOKEHaMHU MOTYT OBITH CJIOBa, CUMBOJIBI,
qypcila WM JApyrue JnaHHble. TOKeHW3aluss B OCHOBHOM UCIIONB3YeTCS B
oOpabotke ecrectBeHHOro si3pika (NLP) wu sBmsieTrcss mepBbIM  Imarowm,
HEOOXOJMMBIM TS aHAJIN3a, TOHUMAHHS WM BKJIFOUEHUS TeKcTa B Mojenu. B
TOM HCCJEOBAaHUHM peajn30oBaHa TOKEHU3AUMA ISl y30€KCKOro s3blka Ha
HECKOJIBKUX YpPOBHSX: cior, addukc u cinoBo. [IpoBens TIaTenbHBIA aHAU3
y30€KCKOM rpaMMaTHKH, MBI pa3padoTanu mporpamMmbl Ha ocHoBe Python ans
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K&KJIOr0  YpPOBHS  TOKEHHM3allMM. TOKEeHW3aTop Ha YypOBHE  CJIOTOB
MPUACPKUBACTCS (POHOJOTUIECKUX MTPABUIT Y30EKCKOTO SI3bIKa. TOKeHU3aIms Ha
ypoBHE a(PUKCOB HCIONB3yEeT AarrIIOTHHATHBHYIO CTPYKTYPY S3bIKa JIJIS
pasnmeneHusi oCHOB W cy(dukcoB. JIsi TOKEHW3allMd HA YPOBHE CJIOB MBI
COCTaBWJIM W WHTETPUPOBAIM TIOJHBIN CIHCOK Pa3/eNsieMbIX CJIOXKHBIX CJIOB.
Pa3zpaboTtannsiii Ha0Op MHCTPYMEHTOB JIOCTYIICH B BUje makeTa Python Ha PyPI:
[https://pypi.org/project/UzbekTokenization]. Hamra pabora mnpemocTaBisieT
NPaKTUYECKUNA pecypc i 00paOOTKH Y30€KCKOTrO S3blKa U CIIOCOOCTBYET
Pa3BUTHIO 00PAOOTKH €CTECTBEHHOTO S3bIKA JIJIS I3BIKOB C HU3KUMU PECYPCAMMU.
Knioueevie cnosa: Obpabomka ecmecmeeHH020 A3bIKA, MOKEH, MOKeHU3AYUs,
CJIOJICHbIE CI08A, BCNOMO2ameNbHble 2/1a20NbHble COeOUHeHUsl, Y30eKCKULL A3bIK.

Abstract. Tokenization is the process of dividing a text into smaller parts, called
tokens. Tokens can be words, punctuation marks, numbers, or other meaningful
elements. Tokenization is primarily used in natural language processing (NLP)
and is an essential first step for analyzing, understanding, or inputting text into
models. This study implements tokenization for Uzbek at multiple levels: syllable,
affix, and word. By conducting a thorough analysis of Uzbek grammar, we
developed Python-based programs for each tokenization level. Syllable-level
tokenizer adheres to Uzbek phonological rules. Affix-level tokenization leverages
the language's agglutinative structure to separate stems and suffixes. For word-
level tokenization, we compiled and integrated a comprehensive list of separable
compound words. The developed toolkit is available as a Python package on PyPI:
[https://pypi.org/project/UzbekTokenization]. Our work provides a practical
resource for Uzbek language processing and contributes to advancing NLP for
low-resource languages.

Keywords: Natural language processing, token, tokenization, compound
words, auxiliary verb compound, Uzbek language.

Introduction

Tokenization, the process of breaking down text into smaller meaningful units such
as syllables, affixes, and words, is a foundational step in natural language processing
(NLP). It serves as a prerequisite for more advanced tasks such as lemmatization, part-
of-speech tagging, machine translation, and sentiment analysis. For languages with rich
morphological structures, such as Uzbek and other Turkic languages, tokenization
presents unique challenges due to agglutination, compound word formation, and
complex phonological rules.

The need for tokenization varies across levels. Syllable-level tokenization is crucial
for speech processing and text-to-speech systems, particularly in languages like Uzbek
where syllable boundaries play a significant role in pronunciation. Affix-level
tokenization is particularly important for agglutinative languages, where words are
formed by adding multiple suffixes to a root, enabling accurate morphological analysis.
Word-level tokenization is a standard step in most NLP pipelines, but it becomes
complex in languages with compound words or ambiguous word boundaries.

In English, tokenization is relatively straightforward due to clear word boundaries
and limited use of affixes. For example, the sentence "I'm running!" can be tokenized
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into words as [“I’m,” “running,” “!’]. In Russian, tokenization is more complex due
to its inflectional morphology; for instance, the word “momoxonnuk™ (windowsill) is a
single token, but its affixes carry grammatical meaning. For Turkic languages like
Turkish or Kazakh, tokenization must account for agglutination, where a single word
like “evlerimizde” (in our houses) combines a root (“ev”) with multiple suffixes (-
ler,” “-imiz,” “-de”).

The relevance of tokenization to Ilemmatization cannot be overstated.
Lemmatization, the process of reducing words to their base or dictionary form, relies
heavily on accurate tokenization. For example, in Uzbek, the word “kitoblarimdan”
(from my books) must first be tokenized into its root (“kitob) and suffixes (“-lar,” -
im,” “-dan”) before lemmatization can identify “kitob” as the base form. Without
precise tokenization, lemmatization and subsequent NLP tasks would be error-prone,
especially in morphologically complex languages.

Despite the growing interest in NLP for low-resource languages, tokenization tools
for Uzbek remain underdeveloped. This study addresses this gap by implementing a
comprehensive tokenization toolkit for Uzbek, covering syllable, affix, and word
levels. By leveraging a deep analysis of Uzbek grammar and developing Python-based
programs, we aim to provide a robust resource for researchers and practitioners
working on Uzbek language processing. The developed toolkit is made publicly
available on PyPI: [https://pypi.org/project/UzbekTokenization], contributing to the
advancement of NLP for Turkic and other low-resource languages.

Literature Review

Before undertaking this study, we reviewed a wide range of scientific articles on
tokenization, which offered valuable insights into established approaches and
challenges in this domain. Over the years, various studies have explored tokenization
methods across different languages, with a particular focus on morphologically rich
languages. One of the early definitions of tokenization was “the process of mapping
sentences from character strings into strings of words™ [1]. Our research builds on the
extensive body of work in the field, specifically examining tokenization strategies
applied to Turkic languages, including Uzbek.

Turkic languages. This study explores varying vocabulary sizes and morphological
tagging in Turkish, using ITUTurkBERT, BERTurk, 1 BW corpora, and fine-tuning
for NLP tasks [2]. This study explores adapting diffusion models and transformers for
Kazakh text generation, addressing its morphology, creating specialized tools, and
contributing to NLP in low-resource languages [3]. This paper discusses the under-
resourced status of Kyrgyz language NLP, reviewing current efforts, challenges, and
proposing a roadmap for future development and community-driven resource building
[4].

Uzbek language. From Uzbek scientists, one of the definitions of tokenization was
“the conversion of unstructured natural language text into a better structured
representation (from a computer perspective) during the pre-processing stage” [5]. The
text discusses the processes of tokenization, lemmatization, and stemming in corpus
linguistics, highlighting their roles, characteristics, and the need for systematic
comparison and analysis [6]. This study develops a tokenization algorithm based on a
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knowledge base to extract lexemes from text, addressing key issues in machine
translation and information retrieval [7]. The paper presents a comprehensive
syllabification approach for Uzbek, combining rule-based methods and machine
learning, achieving over 99% accuracy, with potential applications for other Turkic
languages [8]. This paper proposes a rule-based punctuation analysis algorithm for
periods and commas in Uzbek texts, with potential applications for other Turkic
languages and future machine learning improvements [9]. This paper presents a rule-
based method for verb detection in Uzbek, achieving an F1-score of 0.97,
outperforming existing approaches by leveraging affix-based morphological patterns
[10].

Other languages. This paper theoretically reexamines tokenization and argues for
the necessity of a constructivist approach in semantic parsing and language acquisition
modeling [English] [11]. The study explores tokenization for automating qualitative
data processing in marketing research, demonstrating its effectiveness in clustering
open-ended responses and ensuring data quality [Russian] [12]. This paper presents a
hybrid unsupervised method for Arabic tokenization, combining word segmentation,
rule-based approaches, and statistical methods to achieve 98.83% accuracy [Arabic]
[13].

Research Methodology

This study focuses on the development of a multi-level tokenization toolkit for the
Uzbek language, implemented in the Python programming language. Python was
selected as the programming language for this study due to its dominant position in the
field of NLP and its unparalleled suitability for developing artificial intelligence (Al)
and machine learning (ML) models.
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Figure 1. Uzbek language tokenization algorithm.

The toolkit is designed to handle tokenization at six levels: syllable, affix, and word.
Below, we outline the methodology for each level, including the linguistic rules applied
and their relevance to NLP tasks. Each level is implemented as an independent module,
allowing users to perform specific tokenization tasks or combine them into a pipeline.

o Syllable Tokenizer: Splits words into syllables using Uzbek phonological rules.

e Affix Tokenizer: Splits agglutinative affixes using rule-based methods.

e Word Tokenizer: Splits text into words, handling compound words and KFSQ*
(ko ‘makchi fe’lli so ‘z qo ‘shilmasi).

1 Words consisting of two verbs that have one meaning, the second loses its meaning.
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Figure 2. Word tokenizer. Figure 3. Syllable tokenizer.

Syllable Tokenization. Syllable tokenization is a critical step in text processing,
particularly for languages like Uzbek, where syllable structure plays a significant role
In pronunciation, speech processing, and phonetic analysis. The syllable tokenization
algorithm is designed to adhere to the phonological rules of the Uzbek language. Each
syllable must contain at least one vowel, following the (C)V(C) syllable structure,
where C represents a consonant and V represents a vowel. A list of 53 exceptions,
primarily loanwords from foreign languages, is incorporated into the program. These
words do not conform to the standard syllable rules and are treated as special cases.
The program uses context-sensitive rules to identify syllable boundaries, ensuring
accurate segmentation even in complex cases.

Affix Tokenization. The Affix Tokenization program is designed to segment Uzbek
words into their constituent affixes (morphemes). In Uzbek, affixes are categorized
into two main types: derivational affixes (word-forming) and inflectional affixes (form-
forming). Inflectional affixes are further divided into lexical form-forming and
syntactic form-forming affixes. This program specifically focuses on identifying
syntactic form-forming affixes that consist of two or more characters. The program
excludes derivational affixes, lexical form-forming affixes, and single-character
syntactic affixes because they often resemble individual letters within a word, making
their separation complex and ambiguous.

Analysis and Results

The developed tokenization toolkit for the Uzbek language has been thoroughly
evaluated across different levels: character, syllable, affix, word, sentence, and
punctuation. Each module was tested on a diverse dataset comprising literary texts,
social media posts, and academic articles to assess the accuracy and robustness of the
tokenization process. All results are posted on
https://github.com/ddasturbek/UzbekTokenization. Overall, the proposed tokenization
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toolkit outperforms conventional NLP libraries in handling the unique
morphological and syntactic characteristics of the Uzbek language. Our results indicate
that linguistic rule-based approaches, combined with statistical validation, yield
superior performance in tokenization tasks for morphologically rich languages.
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Figure 4. Affix tokenizer.

Conclusion

This study presents a comprehensive tokenization toolkit tailored for the Uzbek
language, addressing the challenges posed by its agglutinative structure and complex
phonological rules. By developing and evaluating tokenization algorithms at six
different levels, we have provided a robust solution that enhances the accuracy of
Uzbek text processing in various NLP applications.

Our work contributes to the advancement of Uzbek NLP by providing an open-
source, publicly available toolkit, which can serve as a foundation for future research
In lemmatization, part-of-speech tagging, and machine translation.
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Future research will focus on integrating machine learning-based approaches to
further refine tokenization accuracy, particularly in handling ambiguous cases and non-
standard text variations.

By making this toolkit available as a Python package, we aim to support researchers
and developers working on Uzbek NLP, ultimately contributing to the broader effort
of improving language technology for low-resource languages.
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Annotatsiya. Magolada Quyi Amudaryo davlat biosfera rezervati (QDBI)
hududida Buxoro bug‘usi (Cervus elaphus bactrianus) sonining dinamikasi ko‘rib
chigilgan. Tadgigotlar 2019-2025 vyillarda populyatsiya holatini va tabiatni
muhofaza qilish tadbirlarining samaradorligini baholash magsadida o‘tkazilgan.
Sonini hisobga olish ekologik va antropogen omillarni hisobga olgan holda
marshrutli, izli va fotomonitoring usullari bilan amalga oshirildi. Natijalar
populyatsiyaning ijobiy dinamikasini ko‘rsatdi: populyatsiya soni 2019 yildagi
1233 tadan 2025 yilda 1575 tagacha ko‘payib, 2022 yilda maksimal 1775 taga
yetdi. O‘sish qo‘riqlashni kuchaytirish, to‘qaylarning yashash joylarini tiklash va
ozuqa bazasini yaxshilash orqali ta’minlandi. Bug‘ularning makonda tarqgalishi
gidrologik rejimga va o‘simliklarning holatiga bog‘liq. Shunday qilib, Quyi
Amudaryo biosfera rezervati Orolbo‘yi hududida Buxoro bug‘usini saglab qolish
va gayta tiklashda muhum ahamiyatga ega. Keng gamrovli tabiatni muhofaza
gilish tadbirlarini davom ettirish va muntazam monitoring olib borish
populyatsiyaning bargaror yashashi uchun zarur shartdir.

Kalit so‘zlar: Buxoro bug ‘usi, biosfera rezervati, son dinamikasi, muhofazasi,
to ‘qay ekotizimlari.

AHHOTanus. B cTaThe paccMoTpeHa TMHAMHKA YHCIIEHHOCTH OyXapCKOTO OJCHS
(Cervus elaphus bactrianus) B mnpenmenax  HmkHe-AMymapbHHCKOTO
rocyaapctBeHHoro ouocgepnoro pesepata (HABP). UccnenoBanue nposeneHo
B 2019-2025 romax ¢ 1enbpi0 OIEHKUA COCTOSHUS MOMYJIAINHA U 3PHEKTUBHOCTH
MPUPOJIOOXPAHHBIX ~ MEPONPUATHN. YUYEeT UHUCICHHOCTH  OCYILIECTBIISLICS
MapHIpyTHbIM, CIEAOBBIM HU (POTOMOHHTOPHUHTOBBIM METOAAMH C YUYETOM
OKOJOTUYECKUX ¥  aHTPONMOTeHHbIX (akTopoB. Pe3ymbrarhl  mokazanu
MOJIOKUTENIbHYIO0 TMHAMUKY TMOMYJISIMU: YACIEHHOCTh Bo3pocia ¢ 1233 ocobeit
B 2019 roxy no 1575 B 2025 roay, nocturayB makcumyma B 2022 roxy — 1775
ocobeil. Poct obecrieueH ycWIEHMEM OXpaHbl, BOCCTAHOBJIEHUEM TYyTalHbIX
MECTOOOMTAaHMH W  yIydllIeHHeM KOpMoBOM 0a3bl. [IpocTpaHcTBEeHHOE
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pacnpeziesieHue OJE€HEW 3aBUCUT OT T'MAPOJOTMYECKOTO PEXHMMA U COCTOSIHUSA
pacturenbHocTH. Takum oOpaszom, HinkHe-AMynappuHCKui —OuochepHbIi
pe3epBaT UrpacT KJIOYEBYIO POJIb B COXPAHEHUHU M BOCCTAaHOBIIEHUN OyXapCKOIo
onenss B llpumapanbe. IIpomomkeHne KOMIUIEKCHBIX NPUPOJOOXPAHHBIX
MEpPONPUATHA W  PEryJIAPHbIA MOHUTOPHUHI  SIBISIOTCS  HEOOXOAMMBIMU
YCJIOBHSIMU JJI1 YCTOWYMBOIO CyIIECTBOBAHUS NOMYJISLUU.

Knwoueewie cnoea: Oyxapckuii onenv, Ouocghepmviil pesepsam, OUHAMUKA
YUCTIeHHOCMU, OXPAHA, MY2aulble SKOCUCTEMDL.

Abstract. The article presents an analysis of the population dynamics of the
Bukhara deer (Cervus elaphus bactrianus) within the Lower Amu Darya State
Biosphere Reserve (LASBR). The study, conducted from 2019 to 2025, aimed to
assess the state of the population and evaluate the effectiveness of conservation
measures. Population counts were carried out using route surveys, track counts,
and camera trapping, taking into account ecological and anthropogenic factors.
The results showed a positive population trend: the number of individuals
increased from 1,233 in 2019 to 1,575 in 2025, with a peak of 1,775 individuals
in 2022. The growth is mainly attributed to improved protection, restoration of
tugai (small forest) habitats, and enhancement of the forage base. The spatial
distribution of deer was found to depend on the hydrological regime and
vegetation conditions. Thus, the Lower Amu Darya Biosphere Reserve plays a
key role in the conservation and recovery of the Bukhara deer population in the
Aral Sea region. Continued implementation of integrated conservation measures
and regular ecological monitoring are essential to ensure the long-term stability
of the species.

Keywords: Bukhara deer, Biosphere Reserve, population dynamics,
conservation, tugai ecosystems.

Introduction

The Bukhara deer (Cervus elaphus bactrianus), also known as the Bactrian or tugai
deer, is a rare subspecies of red deer native to the tugai forests of Central Asia. This
species’ range once extended along the Amu Darya and Syr Darya river valleys, but
due to habitat loss, illegal hunting, and increasing human pressure, its population
declined sharply by the end of the 20" century.

In Uzbekistan, the Lower Amu Darya State Biosphere Reserve plays a vital role in
the conservation and restoration of the Bukhara deer population. Thanks to effective
protection, habitat restoration, and scientific monitoring, significant progress has been
achieved in recent years. Assessing the population dynamics of this species is crucial
for understanding the effectiveness of conservation measures and developing future
sustainable management strategies. The aim of this study is to analyze the population
dynamics of the Bukhara deer in the Lower Amu Darya State Biosphere Reserve from
2019 to 2025 and assess the impact of conservation measures on population growth
and sustainability.

Research Methodology
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The study was conducted within the territory of the Lower Amu Darya State
Biosphere Reserve (LASBR) during 2023-2025. Observations covered key types of
tugai and riparian biotopes, including reed and cane thickets, shrub-forest areas,
floodplain meadows, and riverine zones. Deer population counts were carried out
regularly in different seasons, mainly in spring and winter, following standardized
protocols to ensure data comparability.

The primary methods used were route surveys, which allowed for recording the total
population size, age and sex structure, and behavioral characteristics of the herds.
Tracking was also used during the winter and spring, allowing for an assessment of
animal density in hard-to-reach areas. Camera traps, which operated year-round and
provided continuous monitoring, were also used. Environmental parameters, including
food supply status, hydrological regime, and signs of anthropogenic impact, were also
recorded. Strict adherence to the methodology and quality control of the surveys
allowed for the collection of reliable and reproducible data reflecting the population
dynamics and spatial distribution of Bukhara deer within the reserve.

Analysis and Results

During the research conducted from 2023 to 2025 within the Lower Amu Darya
State Biosphere Reserve (LASBR), a gradual increase in the population of the Bukhara
deer (Cervus elaphus bactrianus) was recorded. According to field surveys and
observations, the population numbered 1,531 individuals in 2023, 1,613 in 2024, and
reached 1,698 individuals by 2025, indicating a positive trend in population growth.
This increase is primarily associated with improved protection measures, restoration of
tugai forests, and regulation of anthropogenic pressure within the reserve.

In recent years, active measures have been implemented to restore the forage base,
control livestock grazing, establish supplementary feeding sites, and combat poaching,
all of which have had a positive impact on the condition of the population. When
analyzing the population dynamics of the Bukhara deer (Cervus elaphus bactrianus)
over the period from 2019 to 2025 within the Lower Amu Darya State Biosphere
Reserve (LASBR), a stable upward trend in population growth can be observed (see in
Figure 1).
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Figure 1. Dynamics of Bukhara Deer Population (2019-2025).
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In the Figure 1 illustrated the population dynamics of the Bukhara deer (Cervus
elaphus bactrianus) from 2019 to 2025 within the Lower Amu Darya State Biosphere
Reserve. In 2019, the population numbered 1,233 individuals, followed by a steady
increase: 1,471 individuals in 2020 and 1,662 in 2021. The highest population size was
recorded in 2022 — 1,775 individuals — indicating favorable ecological conditions
and the effectiveness of conservation measures during this period. After 2022, a slight
decline in the population was observed: 1,531 individuals in 2023, 1,613 in 2024, and
1,575 in 2025. Despite this decrease, the overall population remains significantly
higher than in 2019, reflecting a positive long-term trend.

Thus, the graph reflects a period of growth followed by stabilization in the
population size of the Bukhara deer, which may be associated with natural population
fluctuations, changes in the forage base, or climatic factors in the region. Despite a
short-term decline, the Bukhara deer population retains strong potential for further
recovery, provided that conservation measures continue to be effectively implemented.

The positive dynamics were primarily due to the stable recruitment of juveniles and
the reduction of poaching pressure as a result of strengthened protection measures. It
should be noted that the sex and age structure of the population also showed stable
trends: females accounted for about 54-56%, ensuring high reproductive potential,
while the proportion of males with pronounced trophy characteristics ranged from 18—
20% of the total population

The spatial distribution of the animals was closely related to the ecological condition
of the tugai and riparian biotopes. The highest concentrations of deer were recorded in
floodplain forest areas and dense reed thickets, which provided both shelter and a
sufficient food base. Winter surveys showed a shift of animals toward areas with a
more favorable hydrological regime and lower levels of anthropogenic pressure. Spring
and summer observations confirmed the active use of floodplain meadows, associated
with the high productivity of the herbaceous cover and the availability of water. Data
from camera traps revealed a stable territorial structure of herds that persisted
throughout the three years of the study, indicating the stability of intra-population
relationships.

An important factor influencing the number and distribution of deer is the condition
of the forage base. In years with a favorable hydrological regime and sufficient
moisture levels, an increase in the productivity of tugai vegetation was observed, which
directly affected the number of juveniles and the overall animal density. However,
during dry seasons, a decrease in food availability and partial migration of herds toward
the coastal zones of the Amu Darya River were recorded. Despite this, due to the
maintenance of the protected regime and the prohibition of livestock grazing within the
LASBR, no negative trends associated with food shortages were identified.

A comparison of the obtained data with previous years shows that the population of
the Bukhara deer in the reserve demonstrates a stable recovery trend. This confirms the
effectiveness of the implemented conservation and restoration measures, including the
creation of buffer zones, strengthened anti-poaching control, regulation of
anthropogenic pressure, and maintenance of the hydrological regime. At the same time,
the results highlight the need for continued monitoring and the development of adaptive
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management strategies that account for population fluctuations and changing
climatic conditions in the region.

Thus, the population dynamics of the Bukhara deer within the NABR indicate
positive trends in population recovery, made possible through effective protection
measures, maintenance of natural habitats, and favorable feeding conditions. At the
same time, preserving population stability requires a continued integrated approach
that includes population monitoring, improvement of hydrological conditions, and
prevention of emerging threats associated with human activities.

Conclusion

The study of the population dynamics of the Bukhara deer (Cervus elaphus
bactrianus) within the Lower Amu Darya State Biosphere Reserve confirmed the
positive outcomes of conservation measures. During the analyzed period (2019-2025),
the population size increased from 1,233 to 1,575 individuals, reaching its peak in 2022
with 1,775 individuals. These data indicate the recovery of the species and the
stabilization of its population, driven by effective protection efforts and the improved
ecological condition of the tugai ecosystems.

The population increase was made possible through a comprehensive set of actions,
including the reduction of anthropogenic pressure, prevention of poaching,
maintenance of the hydrological regime, and improvement of the forage base. The
spatial distribution of the animals demonstrates their adaptation to changing conditions
and the preservation of stable habitats within the reserve. Despite the overall positive
dynamics, several factors have been identified that may limit further population
recovery, such as the degradation of tugai forests, periods of drought, fluctuations in
the Amu Darya River level, and localized human disturbance.

Thus, the Lower Amu Darya Biosphere Reserve plays a key role in the conservation
and restoration of the Bukhara deer in the Aral Sea region. To ensure the long-term
stability of the population, it is necessary to implement a comprehensive strategy that
includes regular ecological monitoring, maintenance of natural habitats, control of
anthropogenic impacts, and the development of environmental education programs.
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Annotatsiya. Ushbu ilmiy tadgigotda aholi manzilgohlari shakllanishi,
joylashuvi va rivojlanishiga ta’sir giluvchi omillar xorijiy va mahalliy ilmiy
adabiyotlar, statistik manbalardan foydalangan holda tadqig gilingan. Tadgigot
ishining obyekti sifatida Xorazm viloyati shimoliy gismida joylashgan Gurlan
tumani aholi manzilgohlari olingan bo‘lib, ularning hududiy jihatlari masofadan
olingan ma’lumotlar, geofazoviy texnologiyalar va tarixiy statistik manbalardan
foydalangan holda tahlil gilingan hamda baholangan.

Kalit so‘zlar: aholi joylashuvi, aholi manzilgohlari, Gurlan tumani,
geoinformatsion texnologiyalar, masofadan zondlash, Landsat,
maximumliklihood, Google Earth Pro.

AHHOTAaTHMA. AHHOTauud. B JaHHOM Hay4yHOM MCCIENOBAaHUHU W3yYECHBI
(dakTopsl, BIUsIONME HA POPMUPOBAHUE, PA3MELICHUE U PA3BUTUE HACETEHHBIX
OYHKTOB C HCIMOJb30BAHUEM OTEUYECTBEHHOM W 3apyOeKHON HayyHOU
JUTEPATyphl, a TaKXKe CTAaTUCTUYECKUX MCTOYHUKOB. B KauecTBe 00BEKTa
WCCIIEIOBaHUsl  BbIOpaHbl HAaceNn€HHbIE MyHKTh ['ypiieHCKoro paiioHa,
pacIlOJIOKEHHOTO B CEBEpHOM  dyacTm  Xope3MmMckod — obmactu.  Mx
TEPPUTOPHAIbHBIE OCOOEHHOCTH ObUIM TPOAHAIU3UPOBAHBl M OLEHEHBI C
HCIIOJIb30BaHUEM JAHHBIX JVCTaHIIMOHHOTO 30HIUPOBAHMS,
IEONPOCTPAHCTBEHHBIX  TEXHOJOTMM M  HCTOPUYECKHX  CTATUCTUYECKUX
HMCTOYHUKOB.


http://khorezmscience.uz/
mailto:ikromgulimmatov@gmail.com

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. NOVEMBER, 2025-11. 1SSN 2181-9750

Knrouesvie cnosa: paccenenue nacenenus, naceaénmole nynkmol, I'ypienckuil
PAtioH, 2eOUHEPOPMAYUOHHBIE MEXHON02UU, OUCMAHYUOHHOE 30HOUPOBAHUE,
Landsat, maxcumanvrnoe npasoonodobue, Google Earth Pro.

Abstract. This scientific research paper investigates the factors influencing the
formation, location, and development of settlements, using both foreign and local
scientific literature and statistical sources. The object of the research is the
settlements located in the northern part of Khorezm region — specifically, the
Gurlen district. Their spatial characteristics have been analyzed and evaluated
using remote sensing data, geospatial technologies, and historical statistical
sources.

Keywords: Keywords: population distribution, settlements, Gurlen district,
geoinformation technologies, remote sensing, Landsat, maximum likelihood,
Google Earth Pro.

Introduction

Khorezm is one of the cultural centers that has played an important role in the
development of human civilization. Under the influence of complex, long historical
development and other factors, this region has undergone many changes.

Currently, 5.5% of the total population of the Republic of Uzbekistan lives in the
Khorezm region, and its share in GDP is 3.5%. The level of urbanization is 33%. The
main reason the region has the lowest level of urbanization in the republic is the
population’s occupation in agricultural activities and the relatively weak development
of urban infrastructure and industrial sectors.

Today, there are 550 rural settlements in the region, with more than 350 thousand
families and well over 200 thousand individual households. As a result of the annual
population growth of 1.7-1.9%, or 30-32 thousand people, the territory of settlements
is expanding by 1.2-1.4%. With the expansion of settlements, there are potential
problems with the reduction of arable land, the provision of jobs, increased pressure on
infrastructure, and the provision of food products.

RESEARCH AREA

“5 Gurlen district Republic of Uzbekistan
¢ W-< E

s

=

Khorezm region

Population distribution and population settlements of the Gurlen district of the
Khorezm region. The subject of the research is the analysis of the territorial change in
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the population settlements of the district and the factors affecting it as shown in
Figure 1.

Literature Review

The object of this research work is Gurlen district, located in the north of Khorezm
region, with an area of 447.4 km2. The Amu Darya River flows through the eastern part
of the district. It borders Yangibazar to the south, Shovat district, Dashoguz region of
Turkmenistan to the west, and Amudarya districts of the Republic of Karakalpakstan
to the north and northeast. The regional center is located 36 km from the city of
Urgench and 15 km from the Shovat railway station. The northernmost point of the
district is the Nurmonbaba grove near the village of Olchin in Gurlen district [1].

The population of the district as of January 1, 2025, is 159.8 thousand people, with
a density of more than 300 people per 1 sg. km. 42.7% of the population lives in cities,
and 57.3% in villages [6].

Gurlen district is divided into 9 villages and 9 towns according to its administrative
territorial structure. These, in turn, are divided into 9 village citizens’ assemblies, 50
neighborhood citizens’ assemblies, and 9 towns. The district center is Gurlen town,
with a population of 28.7 thousand people as of January 1, 2024. According to
historical sources, the Hungarian traveler G. Vamber, who came to Gurlen in 1863,
wrote down information about the villages of Jalair, Yonggikkali, Yormysh, Vazir,
Olchin, Bashkir, Toshkala, and Kangli in the district, as well as the Daryoliq,
Chobolonchi, and Togson arnas.

Gurlen district was formed on September 29, 1926. In that year, official documents
recorded that the Gurlen district “Volost” had a population of 22,339, 4,172
households, 6,697 hectares of cultivated land, 274 mills, 175 mills, 7 private shops, 7
villages, and 158 auls [4].

There are canals and ditches in the district, such as VVazir, Chopolonchi, Eshimjiron,
Olga, Qatogon, Kangli, Sakhtiyon, Temirchi, Khizreli yap, Olga, Savonyop, Togson
arna, Daryolik, and Yangiyop.

There is a lot of historical, scientific, and legendary information on the origin of the
name of the Gurlen settlement. According to legends, Gurlen means “blind” and
“lang.” In ancient times, a war took place in this area, and only the blind, lame, and a
few young children survived. After that, this area was named by this name.

Ancient Arab travelers and local scholars Ibn Fadlon, Istakhri, and Abulgazi
Bahodirkhan report that there was a fortress in the Gurlen district called Darkhos.
Yakho Gulomov, supporting the opinion of the past, writes: “On the right bank of the
Amu Darya, where the Sultan Uvays mountain passes through the gorge between the
Jumurtov River and the Amu Darya, there is the Govur fortress, built in the 2" -3
centuries AD, below the current Gurlen latitude. Darkhos is the ancient name of
Gurlen.

According to Abu Rayhan al-Biruni, the last remains of Fir (Fil) disappeared by 994.
That is, from after the Mongol invasion, a year before the end of the Afrygid dynasty,
until the 17" century, this city was called Kat.

A little lower than Kat, on the right bank of the river, one place away, there was a
settlement called Khos or Darkhos. This corresponds to the present-day city of Gurlen
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or near Gurlen. In the works of Abu Ghazi Bakhodir Khan, we often come across a
settlement called Khostminor. In one place, he says that people passed from Khiva to
Kat through this tower, and in another place, he mentions this tower in connection with
the fact that his brother Asfandiyar Khan ordered the extermination of the population
from this tower to Hazorasp. According to Abul-Ghozi Bakhodir-Khan, in 1573 the
Amu Darya changed its course and began to flow from the shores of Khostminor
towards the Aral Sea. From this information, it can be understood that Khostminor was
located much lower than the Kat, more precisely near Gurlen, that is, where the river
turns into the Kat [4].

It is known that until 1219-1221, that is, before the conquest of Genghis Khan,
Gurlen was called Khosminor, Darkhos. The tower itself was also called Khosminor
after the name of the area.

Archaeologist Yahyo Gulomov, when conducting research in Khorezm in 1936-38,
saw the remains of this Khosminor. According to Muarrth Maqdisi, “below Kat
(meaning the current Beruniy (Shabboz) district of Karakalpakstan), one place further
from it, on the right bank of the river, there was a settlement called Khos or Darkhos.”
According to the research of Academician Yahyo Gulomov, ‘“this corresponds to the
current city of Gurlen or near Gurlen” [3].

After the battles around the fortresses of Kungirat, Charjoi, Bukhara, and Merv,
Muhammad Rahimkhan | relocated all the defeated tribes to Khorezm and recruited
them to work on digging canals. Land was allocated to prisoners who worked well. The
Jamshids from the Gurlen and Mangit regions and the Khizreli, Qiyot, and Kungirat
tribes thus found their homeland along the Kilich Niyazboy canal [3].

Today, the population of the district has increased by 1.6 times over the past 25
years, and growth rates have decreased from 2.2 percent to 1.65 percent (see Figure 2).
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Figure 2. Population growth dynamics of Gurlen district (Note: The diagram was compiled by the
author based on data from the Khorezm regional statistics department).

A distinctive feature of the population growth is associated with a decrease in natural
growth rates and reverse migration. In the age structure of the population, the share of
the 14-25 age group has also been gradually increasing over the past 25 years. 61
percent of the total population is a labor resource, increasing by an average of 2-2.4
people every year. This creates significant problems for the government in solving the
issues of providing them with jobs, food, and housing.
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Research Methodology

The research work used data from the State Statistics Department, cadastral data,
archives, and Google Earth and OSM (OpenStreetMap). Geographical elements were
formed based on OSM and Google Earth data. Methods such as cartographic spatial
analysis, interpolation, and statistical analysis were used in the research work (Figure
3).

Formation of a database of district population
settlements

Preparing the Obtaining Google Earth Collect and
geographical Landsat Pro data analyze
basis satellite data formatting statistical data

Analysis and evaluation of territorial changes in population settlements

Creating a project in QGIS
Analysis using the maximum likelihood classification algorithm
Reclassify

Analysis and evaluation of results

Figure 3. Methodology for analyzing territorial changes in population settlements.

A number of archival data were analyzed in the research work. According to the
population census conducted in Khorezm region in 1970 and the UzDavYerLoyiha
Institute (formerly GIPROZEM), in the 1970s there were 5,152 “settlements”
belonging to 9 groups in the region, of which 28 percent were located in a very scattered
(1-10 houses) form. In rural areas, where the majority of the population lives, more
than 66 thousand people live, and an average of 6-7 people live in individual houses.
In order to provide the population with centralized resources such as transportation,
electricity, natural gas, and drinking water, the population was resettled in new areas.
In addition, the efficiency of land resource use is very low due to the scattered
population distribution on nearly 10,000 hectares of agricultural land.

For this reason, the resettlement of the population into new clustered population
centres has been carried out for 20 years and is 90% complete. In particular, in the
Gurlen district, 368 scattered rural settlements were optimized in the 1970s, and 210
were brought into a clustered form. As a result of the optimization of settlements, the
effective use of 510 hectares of agricultural land was created. The area of the district's
settlements and the lands of industrial enterprises within them amounted to 1086
hectares in 1970 and 811 hectares in 1990, and by 2023, it reached 1864 hectares. Over
the next half-century, the district's settlements expanded horizontally by almost 1.7
times. Such indicators were observed in almost all districts of the region, and until
1990, scattered settlements were optimized in 3 stages.

The center of Gurlen district is expanding mainly in the north and southwest
directions. More ever, the transformation of service facilities is taking place in the areas
adjacent to the center, connected by the infrastructure of the towns (Figure 4).
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For example, the areas adjacent to the village of Khizir eli, located in the northern
part of the city, in the 1990s consisted of arable land, lakes, and vacant land. Currently,
these areas have been converted into residential areas.

The analysis of territorial changes in residential areas using GIS technologies
initially began with data collection. Relevant periods and periods without clear clouds
(less than 10%) were selected from the open data of USGS and Copernicus. Landsat
(1990-2000-2010-2025) and data were used. To verify the reliability of the data,
Google Earth, OSM, QGIS programs, and topographic maps of various scales were
also used (Figure 4).

The resulting raster data were classified using the maximum likelihood method in
ArcGIS and QGIS programs based on combining spectral data from several training
areas. Initially, the results were very inaccurate due to the large area and the large
number of classes. The error was observed in the areas of vacant lots, roads, and mainly
unfinished buildings and structures. At the next stage, the raster data was classified
only in the Gurlen district, and the accuracy was higher than 85%.

Satellite data differ in their capabilities and accuracy. For example, the attribute table
data was calculated taking into account that 1 pixel in Landsat is 30 meters and in
Sentinel, 10 meters [7].
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Figure 4. Territorial changes in population settlements in Gurlen district (1990-2000-2010-
2025).

Research work requires direct observation and measurement in the field and
comparison. High-resolution monitoring and assessment of land use categories and
their changes provide useful guidance for experts and policymakers in creating
favorable conditions for sustainable land and agricultural management [2].
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In addition, the practical significance of the work can be further increased by
monitoring various buildings and structures other than settlements and creating a
digital database of them.

According to the results of the analysis, the population settlements of the district
expanded by 2.3 times compared to 1990, with the highest growth in 2000-2010
amounting to 5 sg. km (Figure 5). However, it is worth noting that the population
settlements expanded at the highest rate during the period when the process of
allocating land for housing construction was reduced.
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Figure 5. Territorial changes in population settlements in Gurlan

It should be noted that the territorial expansion of population settlements and the
inclusion of suburbanization areas into the city limits does not mean a pure
urbanization process. Because, in order for a territory to receive the status of a city, it
must meet the requirements of urbanization indices [5]. This is a gradual process based
on the potential of the territories.

The territorial expansion of population settlements in Gurlen district is also
associated with the development of towns specializing in service provision and light
industry. The district ranks 1st in the Khorezm region in terms of urbanization level
(42%). Currently, there are 9 towns in the district, which is also the leader in this
indicator in the region. Effective use of the potential of these towns in ensuring the
sustainable development of population settlements in the future is one of the factors
determining the prospects of the district.

In the future, it is necessary to pay great attention to preventing the reduction of
agricultural lands not only in Gurlen district but also in all other districts of Khorezm
region and to their effective use. Because, given that the population of the region is
increasing by an average of 30-32 thousand people every year, providing them with the
necessary resources becomes one of the urgent problems. When planning the territorial
development of settlements in Gurlen district, it is necessary to take into account many
factors based on strategic goals. Because a number of processes, such as the
densification of the territory of district centers, increased socio-economic pressure,
climate change, desertification, etc., will certainly affect urban development.
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Conclusion

The specific features of the Gurlen district of the Khorezm region are that it is mainly
located in irrigated agricultural facilities. The expansion of settlements is mainly based
on socio-demographic factors.

The research work was conducted on the basis of the study of the territorial
expansion of settlements, historical literature, topographic maps, cadastral databases,
Google Earth, OSM, and satellite data (Landsat 4-5TM and Landsat 8 OLI/TIRS), and
the following conclusions were drawn:

The relationship between the territorial expansion of the district's settlements and
population growth was studied. According to it, the population is growing by an
average of 1.6-1.7%, and settlements by 1.4%.

The study of the territorial dynamics of settlements using the cadastral database and
topographic maps has gained high accuracy and practical significance.

Satellite data require direct observations on the ground. They are sufficient for
studying the territorial distribution of population settlements and their monitoring and
organizing training sessions. For use in other sectors of the national economy, it is
recommended to use methods for comparison with cadastral maps and obtaining more
accurate results or high-quality aerospace images.

Taking into account economic, social and environmental factors in planning new
settlements is of great practical importance in the development of regions.

In the first quarter of the 21% century, as a result of the increase in housing
construction and the decrease in natural population growth, the difference between
them has almost disappeared. However, due to the huge need for housing, illegal
construction is observed in large numbers. Developing scientifically based long-term
strategies to address these problems remains a pressing issue.
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Annotatsiya. Ushbu maqolada texnik universitetlar talabalariga “Materiallar
garshiligi” kursini o‘gitishning metodologik va didaktik jihatlari ko‘rib chigiladi.
Unda zamonaviy ragamli texnologiyalar, kompyuter modellashtirish va virtual
laboratoriya simulyatorlari yordamida o‘quv samaradorligini oshirish usullari
ko‘rsatilgan. Grafik va interaktiv o‘quv vositalaridan foydalangan holda
jismlarning kuchlanish-deformatsiya holatini vizualizatsiya qilish bo‘yicha
tavsiyalar taklif etiladi.

Kalit so‘zlar: materiallar mustahkamligi, muhandislik ta’limi, vizualizatsiya,
modellashtirish, o ‘quv jarayoni, o ‘gitish usullari.

AHHoTanusi. B cTathe paccMaTpuBaIOTCS METOJUYECKHE U JAHIAKTUYECKUE
0COOEHHOCTH TpenojaBanus Kypca “ConpoTHUBIEHUE MAaTEpUaIoB” CTyACHTaM
TEXHUYECKUX BY30B. [loka3zaHbl MyTH MOBBIMICHUS Y)PEKTUBHOCTA OOYUEHUS C
UCIIOJIb30BAaHUEM COBPEMEHHBIX IU(POBBIX TEXHOJOTUH, KOMIbIOTEPHOTO
MOJICIMPOBaHUS U J1aOOPAaTOPHBIX BUPTYaAIbHBIX TpeHaxEPoB. I[lpeasioskeHsl
PEKOMEHIallMU 10 BU3yaJIM3allii HAIPsHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS
TEJ ¢ HTOMOIIbIO TpaMUECKUX U UHTEPAKTUBHBIX CPEJCTB O0yUEHUSI.
Kntoueswvie cnosa: conpomuenenue mamepuanos, uHiCeHepHoe obpazosanue,
BUZYANU3AYUSL, MOOETUPOBAHUE, YUeOHbIU npoyecc, MemoouKka npenooasanusl.

Abstract. This article examines the methodological and didactic aspects of
teaching the course “Strength of Materials™ to students at technical universities.
It demonstrates ways to improve learning effectiveness using modern digital
technologies, computer modeling, and virtual laboratory simulators.
Recommendations for visualizing the stress-strain state of bodies using graphical
and interactive learning tools are offered.

Keywords: strength of materials, engineering education, visualization,
modeling, educational process, teaching methods.
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Introduction

The course “Strength of Materials” is one of the basic and fundamental disciplines
in the engineering mechanics curriculum. It develops students’ knowledge of the
strength, rigidity, ductility, and stability of structures, as well as methods for
calculating the strength, deformation, and failure of machine elements, mechanisms,
and structures [1]. This course serves as a link between courses in physics, theoretical
mechanics, and design, ensuring the practical application of the laws of mechanics to
real-world engineering problems.

Literature Review

At present rapidly advancing science and technology, engineers must not only
possess theoretical knowledge but also be able to apply it in a digital environment,
employing computer analysis and design optimization methods. Therefore, teaching
the course “Strength of Materials should focus not only on memorizing formulas and
calculations but also on understanding the physical nature of the processes occurring
in materials under load [2]. However, teaching experience shows that most students
experience certain difficulties when studying this course. The most common of these
are:

« insufficient spatial imagination to understand three-dimensional stress patterns;

« difficulty understanding formulas that are not supported by visual models;

« weak connection between theory and practical engineering situations.

As a result, traditional lecture-seminar teaching often fails to provide a full
understanding of phenomena such as bending, torsion, tension, and structural stability.

These problems can be addressed through the introduction of modern digital and
visual teaching methods, which allow students to not only perform calculations but also
visualize the behavior of materials and structures under load [3].

These methods include:

« computer stress modeling (Finite Element Analysis - FEA), which allows for the

analysis of the stress-strain state of structural elements under various loads;

« virtual laboratories, which simulate real physical experiments and ensure safe and

repeated skill development;

 deformation animation and 3D visualization, which allow students to observe the

process of bending, torsion, and fracture of structures in real time [4].

The use of these technologies fosters a new type of engineering thinking in students,
based on digital modeling and an interdisciplinary approach. Research conducted at a
number of technical universities has shown that the use of interactive and visual
teaching methods increases the effectiveness of theoretical material acquisition by 20—
35% and also improves students’ ability to independently solve engineering problems
[5, 6].

Furthermore, the use of software packages (ANSYS, SolidWorks Simulation,
Autodesk Inventor, COMSOL Multiphysics) helps students develop skills in
engineering analysis tools, which increases their competitiveness in the job market.
Therefore, integrating digital technologies into the teaching of the “Strength of
Materials™ course is not only pedagogically justified but also strategically important
for the preparation of 21%-century engineers.
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Research Methodology

Methodological Features of Teaching. Modern approaches to teaching the course
“Strength of Materials” require a shift from traditional lectures to interactive and
research-based teaching methods. This is driven by the need to develop students’ not
only theoretical knowledge but also engineering thinking and the ability to analyze and
interpret real-world processes occurring in structures under load.

Analysis and Results

Using Interactive and Visual Models. One of the most effective teaching techniques
Is the visualization of physical processes using 3D animations, computer simulators,
and virtual laboratories. These tools allow students to visually observe how internal
forces and stress states change under the action of various loads. For example, when
explaining the topic “Beam Bending,” a gradual increase in external load is simulated
in a virtual environment, resulting in diagrams of shear forces and bending moments
displayed on the screen. This helps students understand how the moment distribution
and beam deflection change depending on the applied force (Figure 1).

Furthermore, the instructor can vary the beam's geometric parameters (length, cross-
section, material), demonstrating to students the influence of these factors on the elastic
properties of the structure. This approach develops spatial thinking, analytical skills,
and engineering imagination. Interactive programs such as SolidWorks Simulation,
ANSYS Student, and Autodesk Inventor Nastran allow students to independently
perform calculations and visualize the results as dynamic models. This makes the
learning process more exploratory and engaging.

l

Figure 1. Visualization of a beam bending diagram in a virtual laboratory
(example: change in the bending diagram with increasing load).

Stress Distribution Visualization. For a deeper understanding of the processes
occurring within a deformable body, visualizing stress fields using color maps is
widely used. These maps demonstrate the distribution of normal (ox, oy) and shear
stresses (Txy) IN various parts of the structure. When modeling in programs such as
ANSYS, COMSOL Multiphysics, or Abaqus, one can observe how the stress state
changes under the application of various loads, changing boundary conditions, or
changing material properties (Figure 2).
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This not only helps students see the physical meaning of the equations, but also
helps develop an intuitive understanding of the relationships between load, strain, and
stress.

This methodological approach is especially useful when studying the following topics:
* Tension and Compression;
* Shaft Torsion;
* Bending and Shear;
» Combined Loading.

Color-coded visualization scales (e.g., blue for low-stress zones, red for maximum-
stress zones) facilitate better memorization of stress distribution patterns in structural
elements. According to pedagogical research, the implementation of such schemes
increases the effectiveness of material acquisition by 25-30% [5].
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Figure 2. ox distribution map for cantilever beam bending in ANSYS (example: zones of maximum
stress at the beam’s end and a gradual decrease toward the free end).

Benefits of Digital Approaches. Interactive and visual learning methods allow: to
increase student motivation for studying engineering disciplines; to develop
independent analysis and design skills; to bridge the gap between theory and practice;
to visualize processes that cannot be demonstrated in the classroom or laboratory.

Furthermore, teachers note that such approaches contribute to the development of
engineering thinking in students, as they begin to perceive the structure as a dynamic
system, where each parameter influences the overall stress-strain state.

The role of practical and laboratory work

Traditional and Virtual Laboratories. Laboratory sessions are an integral part of the
“Strength of Materials” course, as it is through practical experiments that students can
validate fundamental theoretical relationships and laws of strength of materials—
Hooke’s law, strength conditions, and methods for determining the modulus of
elasticity. However, traditional laboratories require significant financial and technical
resources. Tensile, bending, and torsion testing machines, as well as measuring
Instruments, are expensive and require regular maintenance.

Furthermore, conducting real-world tests carries the risk of equipment damage and
safety violations. In these circumstances, virtual laboratories are becoming an effective
alternative. Using digital platforms (e.g., COMSOL Multiphysics, ANSYS
Workbench, SolidWorks Simulation), it’s possible to simulate any type of loading,
obtain stress and strain distribution, and even conduct material failure analysis. Thus,
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virtual laboratories not only solve the problem of logistical support, but also make
the educational process more visual, flexible and safe [6].

Table 1. Comparison of traditional and virtual laboratories.

| Criteria H Traditional laboratory H Virtual laboratory \
|Cost of equipment H High H Low \
|Safety | Requires strict control | Completely safe |
Repeatability of experiments Limited (erendlng on Unlimited
equipment)
Process visualization Partial (instrument readings only) Full (3D anqg;s)t ion, color
[Error analysis [ Manual [ Automated |
Distance _Igarnmg Absent Full support
opportunities

An example of a virtual experiment. A virtual educational laboratory was created at the
Department of Electrical Engineering and Power Engineering at Urgench State
University using the COMSOL Multiphysics platform. In this project, students can
independently specify beam parameters—Iength, cross-section, material (using
Young’s modulus), and load magnitude. After running the simulation, the system
displays:

* stress distribution ox and txy along the beam length;

* deflection and bending moment diagrams;

» zones of maximum deformation (using a color scale).

This allows students not only to observe the bending process, but also to understand

the relationship between equations and real physical effects.
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Figure 3. COMSOL Multiphysics interface for beam bending simulation.
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This class format stimulates students’ cognitive activity, develops engineering
thinking, and promotes mastery of the fundamentals of numerical methods in
continuum mechanics.

Application of digital educational technologies. Modern digital platforms such as
Moodle, Google Classroom, MATLAB Simulink, as well as professional packages
SolidWorks Simulation and ANSYS, create conditions for integrating engineering
calculations into the educational process [7].

Using these systems allows instructors to:

» conduct remote lab work online;

* create interactive tests and assignments with visualization;

* demonstrate real-world finite element analysis (FEA) calculations on-screen;
* evaluate students’ results automatically.

An example is students working with SolidWorks Simulation, where they model the
stress state of a rod under various loads. The results are displayed as a stress graph,
displacement diagram, and color map of the deformations.

ok (MPa)
1.66
_d 0.03
o 0.02
: 0.01
/,/

0

-0.03
-0.05
<Q17

-4.17
Figure 4. Example of stress analysis in a rod in SolidWorks Simulation.

Thus, the digitalization of engineering education opens up opportunities not only for
the individualization of learning, but also for the creation of an interactive environment
in which theory, practice, and modeling are combined into a single knowledge system.

Results of the Pedagogical Experiment
During the 20242025 academic year, a pedagogical experiment was conducted at
the Department of Electrical Engineering and Power Engineering at Urgench State
University.
Two groups of students participated:
 Control group (traditional methodology) — training was conducted in the
traditional format (lectures + practical classes).
» Experimental group (digital methodology) — training was conducted using
virtual laboratories and 3D visualization.
After completing the course, student performance, calculation accuracy, and
motivation were analyzed. The results are presented below:
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Chart 1. Comparison of student performance before and after the introduction
of digital technologies.

\ Indicator HTraditionaI groupHDigitaI groupHChange (%)\
|Average grade for the courseH 72 || 87 H +21 % \
Calculation errors | 18 % | 15% | -17% |
IMotivating students I 60 % | 9% || +30% |

The results clearly demonstrate that the introduction of digital technologies improves
learning efficiency, reduces the number of errors, and creates a lasting interest in
engineering disciplines.

Conclusion
The course “Strength of Materials” should be taught using a combination of
traditional teaching methods (lectures, practical assignments) and modern digital
technologies (virtual laboratories, modeling, visualization).
Integrating digital tools into the educational process:
» makes learning more visual and interactive;
* increases student motivation and independence;
* ensures a practical focus for engineering education.
In the long term, it is advisable to develop:
» the integration of FEA (Finite Element Analysis) courses into curricula;
» the creation of national online platforms for engineering mechanics;
* the exchange of experience between universities in the field of digitalization of
technical education.
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Annotatsiya. Ushbu magolada bo‘lajak boshlang‘ich sinf o‘qutuvchilarini
tayyorlashda o‘qitiladigan kasbiy fanlardan amaliy mashg‘ulotlarni tashkil etish
muammolari va ularning yechimlariga doir tahliliy ma’lumotlar keltirilgan.
Shuningdek, oliy ta’lim muassasalarida amaliy mashg‘ulotlarni tashkil etishga oid
tadgigotchi-olimlarning ishlari tahlil etilgan. Shu bilan birga mazkur magolada
bo‘lajak boshlang‘ich sinf o‘qutuvchilarini tayyorlashda o‘qitiladigan kasbiy
fanlardan amaliy mashg‘ulotlarni aralash ta’lim texnologiyasi asosida tashkil
etish tuzilmasi ishlab chiqilgan va undan foydalanishga oid takliflar berib o‘tilgan.
Ushbu tuzilmani samaradorligini aniglash bo‘yicha pedagogik tajriba-sinov
ishlari olib borilgan, hamda uning ishonchlilik darajasi Styudent-Fisher
kriteriyasidan foydalanib isbotlangan.

Kalit so‘zlar: aralash ta’lim, Rotatsion model, bulutli texnologiya, platforma,
tuzilma, ta’lim muhiti, tajriba-sinov, Styudent-Fisher.

AHHOTanus. B naHHON cTaThe MpeicTaBieHa aHAIMTUYECKas WUHQPOpMAIU O
npobieMax OpraHu3aluy MPAKTHYECKUX 3aHATUA 10 MpodhecCUOHATBHBIM
TUCLUUIUIMHAM, TMPENoJaBaeMbIM TPU  TOATOTOBKE OYAyIIMX  y4HUTENeH
HayaJbHBIX KJIACCOB, W MX peIIeHUsX. Takke MpoaHaIU3UPOBAHBI PAOOTHI
YYEHBIX-UCCJICIOBATENIEN MO OpPraHU3alMKi MPAKTUYECKUX 3aHATHI B BBICIIUX
y4eOHBIX 3aBeJIeHUsIX. BMecTe ¢ TeMm, B IaHHOM cTaThe pa3paboTaHa CTPYKTypa
OpraHu3allid MPAKTUYECKUX 3aHATUUA MO MPOo(EeCcCHOHATBLHBIM JAUCIUILIAHAM,
MpernojaBaeMbIM MpPU MOATOTOBKE OYyIyIIMX yYuTeJIeH HaudadbHBIX KJIACCOB, Ha
OCHOBE TEXHOJOTUM CMEIIIAHHOTO OOYYeHMs] U JaHbl NPEJIOKEHUS IO €€
WCIOJB30BaHNI0. DBbUIM MpOBENEHBl MENArOru4eckue IKCIEPUMEHTHI IO
onpeneneHuto YOPEKTUBHOCTA TAHHON CTPYKTYPHI, & YPOBEHb €€ HaJIeKHOCTH
OBLT JI0Ka3aH ¢ ucnoiyib3oBaHueM kputepusi Cteroienta-duiepa.

Kntouesvie cnoea: cmewannoe ooyuenue, Pomayuonnas mooens, obraunas
mexHono2us, niameopma, cmpykmypa, oopazosamenvras cpeod, IKCHEPUMEHM,
Cmuirooenm-Duuwuep.

Abstract. This article presents analytical information on the problems of
organizing practical classes in professional disciplines taught in the training of
future primary school teachers and their solutions. Also, the works of research
scientists on the organization of practical classes in higher educational institutions
were analyzed. At the same time, this article develops a structure for organizing
practical classes in professional disciplines taught in the training of future primary
school teachers based on blended learning technology and provides
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recommendations for its use. Pedagogical experimental work was carried out to
determine the effectiveness of this structure, and its level of reliability was proven
using the Student-Fisher criterion.

Keywords: blended learning, Rotational model, cloud technology, platform,
structure, learning environment, experiment, Student-Fisher.

Introduction

In combination with lectures conducted in higher educational institutions, practical
classes perform educational, upbringing, and connecting theory with practice functions
[1]. One of the main features that distinguishes practical classes from lectures is the
efforts of participants in the educational and upbringing process to achieve joint
learning objectives [2]. If the lecture sets out the foundations of scientific knowledge,
the knowledge acquired by students in practical classes is reinforced, simple concepts
are transformed into practical skills, expanded, and the possibility of application in
new, unexpected situations is created. Also, practical classes serve to consolidate
students' knowledge, apply it in practice, monitor and evaluate it. Therefore, it is
necessary to develop modern approaches to the organization of practical classes in
professional disciplines in the training of future teachers, including future primary
school teachers, in higher educational institutions.

In the proposed research, special attention is paid to this issue in the training of future
primary school teac-hers.

Literature Review

Research on the theory and practice of organizing practical classes in higher
educational institutions was carried out by such scientists as Mirsanov U.M., Shodiev
Kh.R., Shapapova G.V., and Zhuravle V.V. [2-5]. In their opinion, various forms of
practical classes are the main part of the educational load of higher educational
institutions, providing a method of reproductive education that ensures the connection
between theory and practice. It also pursues the following goals:

- contributes to the formation of students' skills and abilities in applying the
knowledge gained during lectures and independent work;

- teaches students to solve practical problems, helps them acquire skills and abilities
in performing calculations, graphic and other types of tasks;

- directs the use of scientific and methodological literature;

- ensures the formation of the ability to independently acquire knowledge, the ability
to master methods of self-learning, development, and control.

It should be remembered that in the system of vocational training of students,
lectures provide theoretical information, while practical classes and independent study
perform the function of connecting students’ theory with practice [3]. According to
Bakhodirova U.B. and Nikadambayeva H.B., practical classes, as a rule, are aimed at
solving various practical problems, examples of which are given in lectures [6, 7]. As
a result, students must form a certain professional approach to solving each problem.
"In this regard, when organizing personnel training in higher educational institutions,
it Is important to determine how many and what types of assignments are needed, to
regulate them in a timely manner in the studied course, and to reinforce independent
learning assignments. According to him, when choosing a system of exercises and
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assignments for practical training, the professor-teacher strives to ensure a holistic
view of the subject and methods of the studied subject, in which the methodological
function plays a leading role. According to Norbekov A.O. [8], the sequence of lectures
and practical exercises plays an important role in the education system. A lecture is the
first stage in preparing students for practical classes. That is, the problem posed in the
lecture will have a clear expression and solution in the practical lesson. Although each
practical lesson is a traditionally developing, reinforcing lesson, it also actively
performs the tasks of a preparatory lesson for the subsequent active perception of the
lecture [3].

Thus, in the training of future primary school teachers, lectures and practical classes
in professional disciplines should not only strictly alternate in time, but also be
methodologically connected with the problem situation. The lecture should prepare
students for the practical lesson, and the practical lesson for the next lecture. In the
effective organization of such tasks, it is advisable to use blended learning technology.

Research Methodology

According to the analysis of our research, today in the training of future primary
school teachers in higher educational institutions, paying special attention to practical
classes in professional disciplines remains one of the important issues. For this purpose,
it is necessary to improve the system of organizing practical classes in professional
disciplines in the training of future primary school teachers.

The proposed research is also aimed at these issues, namely, the use of blended
learning technology in the organization of practical classes in professional disciplines
in the training of future primary school teachers in higher educational institutions.
Therefore, within the framework of the study, the structure of the organization of
practical classes in professional disciplines in the training of future primary school
teachers was improved (see Figure 1).

This proposed structure involves the use of the Rotation model of blended learning
technology in organizing practical training in vocational subjects in the training of
future primary school teachers:

- exchange of methods of working with materials during the transition of the
curriculum;

- study time is divided between individual e-learning and training in the classroom
with distance learning support for e-learning;

- classroom exchange: exchanging methods of studying educational material, using
e-learning, participating in groups of students or individually, according to a set
schedule or at the request of the professor-educator.

The organization of practical training based on the Rotation model of blended
learning technology is aimed at using cloud-based learning environments, educational
platforms and pinboard, assessment teaching methods in two stages. The first stage
proposes the use of three sub-stages. Each of these stages proposes the use of four
different levels of tasks: reproductive; productive; partially exploratory; creative. The
second stage of the structure is aimed at assessing the results of future primary school
teachers.
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Structure of organ-ization of practical classes in professional
[ disciplines for future primary school teachers ]
v
Rotational model of blended —>| Professor-Teacher |
|
v !
Teaching methods: Digital learning tool: cloud-based learning
pinboard: assessment. environments, educational platforms
______________ T T

i Stage 1 Core activity

Organize online quizzes

> Increase motivation

\4

Development of . Complete various practical
practical skills assignments related to the subject.

v

| Improvement of creative Solve given problems

abilities independently or in a team
—>| Reproductive, productive, partially

Stage 2 —_— Evaluation
Problematic situation

Symptom Practical skills

Student

Figure 1. Structure of organizing practical training in vocational
subjects for future primary school teachers.

Analysis and Results

In order to determine the level of effectiveness of the proposed structure,
pedagogical experimental work was conducted. Pedagogical experimental work Future
primary school teachers were recruited at Navoi State University and divided into
experimental (29) and control (30) groups. When dividing future primary school
teachers into experimental and control groups, the level of knowledge was uniform.
Their results are presented in Table 1 below.

Table 1. Indicators of future primary school teachers at the beginning of the experiment.

Experiment group Control group
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The dynamics of mastering the results of future primary school teachers in this
Table 1 are presented below (see Figure 2):

Indicators at the beginning of the experiment

= Experiment group T ofal mewber of prospective primary school teachers
Expernment gromg 5 (exocsllent)
Experment group 4 (good)
Expernment gromg 3 (zzh=faciony)

= Experiment group 2 (meatisfactory)

= Control group Total number of prospective primary school teachers

= Control group 5 (excellant)

8 Comtrol group 4 (zood)

= Control group 3 (zah=factorny)

1 Control group 2 (unsatisfactory)

Figure 2. Indicators of future primary school teachers at the beginning of the experiment.

The results of the prospective primary school teachers involved in this pilot study
were analyzed and mathematically and statistically analyzed based on the Student-
Fisher criterion to verify their reliability. Using this criterion, suitable mean values for

4 4 ERVAY:
the samples were X :%Znixi , dispersion coefficients D, =Z%
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mastery indicators were calculated using the formula. According to the calculation
results, it was found that the results of future primary school teachers in the
experimental and control groups were almost the same.

In the next stage of the experimental work, the prospective primary school teachers
allocated to the experimental group were given practical training in vocational subjects
using the structure proposed in the research. The control group was not given this
opportunity. At the end of the experiment, the prospective primary school teachers
achieved the following results (see Table 2).

The

Table 2. Performances of prospective primary school teachers at the end of the experiment.

Experiment group Control group
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The dynamics of the assimilation of the results presented in Table 2 are presented
below (see Figure 3):
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End-of-experiment results

= Expeniment gromp Tofal nmber of prospective primary school teachers
Experimant group 5 (excalleant)
Experiment gromp 4 {zeod)
Experiment group 3 (sahizfaciony)
= Expeniment gromp 2 {meaticfartory)
= Experimeant group Total nomber of prospective primary school teachers
= Control zroap
# Control groap 5 (excellent)
» Control group 4 (zood)

® Control group 3 (zahisfactory)

Figure 3. Performance of prospective primary school teachers at the end of the experiment.

The numerical data presented in Table 2 were calculated based on the formulas given
above. According to the calculation results, it turned out that the average mastery index
of the experimental group was higher than that of the control group, that is, it increased
by 10.8%.

Conclusion

Thus, it is proposed to use the structure proposed in the framework of the study in
organizing practical training in professional disciplines taught in the training of future
primary school teachers. The main idea of the proposed structure is to use blended
learning technology in organizing practical training. Organizing practical training
based on this technology is effective in increasing the motivation of future primary
school teachers in the subject and developing their professional competence.
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Annotatsiya. Ushbu magolada Rossiya Federatsiyasidagi oliy ta’lim muassasalarida
nazariy mexanikani o‘gitishning zamonaviy innovatsion yondashuvlari o‘rganiladi.
Unda yangi ragamli vositalar, virtual laboratoriyalar, mobil ilovalar va ta’lim
platformalarini integratsiyalash orgali ta’lim sifatini oshirishning samarali usullari
o‘rganiladi. Ikki yirik mintagaviy universitet: Urganch davlat universiteti va Astraxan
davlat universiteti tajribasiga alohida e’tibor garatiladi. Qo‘llaniladigan usullarning
afzalliklari va kamchiliklari tahlil gilinadi va innovatsion pedagogik texnologiyalarni
0°quv jarayoniga joriy etish bo‘yicha tavsiyalar taklif etiladi.

Kalit so‘zlar: nazariy mexanika, ta’lim, innovatsion texnologiyalar, virtual
laboratoriyalar, mobil ilovalar, ta’lim platformasi, o ‘quv-metodik kompleks,
pedagogik mahorat, talabalarning motivatsiyasi, ta lim sifati.

AnHoTanus. CTaThsl MOCBALIEHA WCCIEIOBAHUIO COBPEMEHHBIX MHHOBAIIMOHHBIX
MOJXO/I0B K 0OYYEHUIO TEOPETUUECKON MEXaHUKE B BBICIIMX YUEOHBIX 3aBEICHUAX
Poccuiickoit ®enepanuu. PaccMatpuBatoTest 3(ppeKTUBHBIE METO/bI MOBBIIICHUS
KayecTBa  OOpa3oBaHUs  TOCPEJACTBOM  HMHTErpallid  HOBBIX  HU(PPOBBIX
UHCTPYMEHTOB, BHUPTYaIbHbIX J1a0OpaTopuii, MOOWIBHBIX MPUJIOKEHUA U
oOpa3zoBatenbHbIX M1aTopM. Ocoboe BHUMAHUE YIEJEHO OIBITY JIBYX KPYIHBIX
PETHOHAJIBHBIX YHUBEPCUTETOB: Y PreHYCKOr0 rOCyAAPCTBEHHOIO YHUBEPCUTETA U
AcTpaxaHCKOro rocy1apcTBEHHOIO YHUBEPCUTETA. AHAIN3UPYIOTCS IPEUMYILECTBA
U HEHNOCTaTKH MCHOJb3YyEMbIX METOAMK, MPEMIAraloTcsd pPEKOMEHIALUU II0
BHEJIPEHUIO MHHOBAIIMOHHBIX MEAarorn4ecKuX TEXHOJIOTHIA B yUeOHBIN MPOIIeCC.
Knioueewie cnoea: meopemuueckas mexamuka, oopazosanue, UHHOBAYUOHHbIE
MEXHONO2UYU, — GUPMYATbHbIE  1A00pAMOpUY,  MOOUTbHbIE — NPUTONCEHUS,


http://khorezmscience.uz/
mailto:bekiyevmurod@gmail.com

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. NOVEMBER, 2025-11. 1SSN 2181-9750

obpazosamenvras niamgopma, y4eoHo-memooutdeckuil KOMnieKe, neda2o2uieckoe
Macmepcmeo, MOmMuBayusi CyoeHmos, Kaiecmeo 00pa3068aHusl.

Abstract. This article explores modern innovative approaches to teaching
theoretical mechanics in higher education institutions in the Russian Federation.
It examines effective methods for improving the quality of education through the
integration of new digital tools, virtual laboratories, mobile applications, and
educational platforms. Particular attention is paid to the experience of two large
regional universities: Urgench State University and Astrakhan State University.
The advantages and disadvantages of the methods used are analyzed, and
recommendations for the implementation of innovative pedagogical technologies
in the educational process are offered.

Keywords: theoretical mechanics, education, innovative technologies, virtual
laboratories, mobile applications, educational platform, teaching and
methodological complex, pedagogical skills, student motivation, quality of
education.

Introduction

Teaching theoretical mechanics traditionally faces a number of challenges due to the
abstract nature and complexity of the concepts covered. Despite the importance of the
subject for future engineers and researchers, many students struggle to grasp the
fundamentals of solid, fluid, and gas mechanics. Therefore, finding ways to improve
teaching methods to make the learning process more effective and engaging for young
people is becoming increasingly important.

This article attempts to systematize and summarize the experience of leading
Russian universities using innovative pedagogical tools and digital technologies in
teaching mechanics. The primary goal of the study is to identify the most effective
ways to increase student interest in mechanics and improve the overall quality of
teaching.

The study is based on an analysis of the experience of Urgench State University
(USU) and Astrakhan State University (ASU). These institutions were chosen because
they represent different regions of Russia and have demonstrated significant success in
implementing the latest educational technologies.

Furthermore, the authors sought to offer specific recommendations for improving
the educational process, based on the identified principles and methods. The findings
will be useful to educators and specialists working to improve the quality of higher
technical education.

Research Methodology

To achieve the stated objectives, a comprehensive study was conducted, including
an analysis of existing literature, observation of the educational process, interviews
with teachers and students, and an evaluation of the effectiveness of the methods used.

The main research methods were: examining domestic and international publications
on innovative technologies in education; attending classes and analyzing the current
state of the educational process; surveying faculty and students to identify their
opinions and preferences regarding the tools used; and comparative analysis of the


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. NOVEMBER, 2025-11. 1SSN 2181-9750

academic performance of students who completed their education traditionally and
using innovative technologies.

The selection of research objects was based on the experience of successfully
implementing innovative methods and the willingness of the university administration
to support research initiatives.

Analysis and Results

Urgench State University’s Experience. Urgench State University is located in the
Republic of Uzbekistan, but it has close scientific and cultural ties with Russian
education. Many USU faculty have completed internships at Russian universities,
adopting best practices and implementing them in their work.

The study focused on the following aspects:

Virtual Laboratories. UrSU currently has successfully operating virtual laboratories
in physics and mechanics. These laboratories are equipped with specialized software
that allows for the modeling of physical processes and the experimental testing of
hypotheses. The advantages of virtual laboratories include:

« accessibility - each student can independently conduct as many experiments as

they need, without time or resource constraints;

 safety - eliminating the risk of damaging expensive equipment or injuring

students;

« flexibility - the ability to customize experimental conditions to meet the individual

needs of each student.

However, the use of virtual laboratories requires appropriate technical infrastructure
and constant software updates, which creates additional costs for the university.

Online Courses and Distance Learning. Another important initiative by Ural State
University (USU) was the creation of its own distance learning platform, integrated
with the LMS Moodle content management system. The platform provides access to
lectures, assignments, and quizzes for self-study in the theoretical mechanics course.

The effectiveness of this model has been rated positively, especially among senior
students, who value the opportunity to plan their time flexibly and receive an
individualized approach to learning.

However, the introduction of online learning elements required additional attention
to content quality control and regular updating of materials to maintain a high level of
course appeal.

New Generation Textbooks and Manuals. The development of educational literature
using multimedia technologies has significantly improved students' understanding of
complex topics in mechanics. New publications include interactive diagrams, videos,
and illustrations that facilitate the understanding and retention of the basic principles
of mechanical motion.

These changes led to a significant increase in the popularity of textbooks among
students and an increase in the average score in the theoretical mechanics examination
session.

Astrakhan State University’s Practice. Astrakhan State University is actively
developing innovative teaching formats for mechanics. The following areas of work
are highlighted:
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. Project-Based Activities. One of the key features of ASU is the active
involvement of students in research activities through participation in team projects.
This form of education allows students to acquire practical teamwork skills and learn
to apply their acquired knowledge in real-world engineering practice.

For example, student research project competitions are held annually, where teams
tackle real-life problems facing businesses in Astrakhan. The best projects receive
grants for further development and support from the university administration.

This approach promotes the development of professional competencies required by
future engineers, while simultaneously enhancing the university's prestige among
employers.

« Electronic Learning Support Tools. Integrating electronic resources into
teachers’ daily work has become a widespread practice at ASU. Each lesson is
accompanied by an electronic presentation containing illustrative material and
supporting exercises.

Electronic materials are stored in the university's unified information system,
accessible to students 24/7. This minimizes the workload for faculty and increases the
transparency of the educational process.

It is important to note that this practice requires constantly updating the database,
maintaining a high level of quality of the content created, and respecting intellectual
property rights.

« Developing Critical Thinking. Particular attention is paid to developing students'
abilities to analyze and solve non-standard problems. Special courses and seminars
have been developed to foster critical thinking skills.

Examples of such events include problem-solving competitions, brainstorming
sessions, and creative workshops. Such events encourage students' cognitive activity
and help them gain self-confidence.

This approach is justified by the high level of satisfaction among graduates with the
quality of the education they received and the demand for young specialists in the
labour market.

General Trends in the Development of Innovative Technologies in the Teaching of
Mechanics. Having examined the experience of Ural State University and Arkhangelsk
State University, we can identify a number of general trends characteristic of modern
Russian education:

o Increased use of e-learning and distance learning formats for student-teacher

interaction.

o Expanded opportunities for self-education and individualized learning paths.

o Increased student interest in actively participating in learning through project-

based activities and research projects.

o Growing role of information and communication technologies in maintaining the

quality of the educational process.

At the same time, serious challenges arise related to the need for continuous
adaptation of teaching staff to new working conditions, increased requirements for the
quality of the preparation of educational materials, and ensuring the availability of
technological solutions for all categories of students.
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Recommendations for the Further Development of Innovative Technologies. To
continue the successful implementation of innovative technologies in the teaching of
theoretical mechanics, the following is proposed:

1. Regularly update virtual laboratory software and electronic resources used in the
educational process.
2. Improve the qualifications of faculty by conducting specialized courses and
training on new technologies.
3. Create conditions for regular exchange of experience between faculty from
different regions and countries by organizing conferences and webinars.
4. Stimulate student research activity by encouraging participation in competitions
and exhibitions of young scientists' achievements.
5. Integrate traditional teaching methods with modern technologies, ensuring a
balance between classical approaches and innovative tools.
Implementation of the proposed recommendations will create favorable conditions
for further progress in the teaching of theoretical mechanics and ensure the
competitiveness of Russian universities in the international arena.

Conclusion

The study demonstrated the significant importance of innovative technologies in
improving the quality of teaching theoretical mechanics. A study of the experience of
Urgench and Astrakhan State Universities revealed a number of successful practices
applicable to a wide range of Russian universities.

Further development must take into account the specifics of the region, labor market
needs, and changes in the educational environment. Only in this way can we ensure the
training of highly qualified personnel prepared to effectively address the challenges of
modern science and technology.
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Annotatsiya. Ragamli iqgtisodiyot davrida korxonalarda innovatsion faoliyatni
rivojlantirish barqaror iqtisodiy o‘sishning muhim omillaridan biridir. Ushbu
maqolada O‘zbekistonda ragamlashtirish va ochiq innovatsion ekotizimlarni
rivojlantirish istigbollari tahlil gilinadi, shuningdek, Estoniya va Singapur kabi
davlatlarning xalqaro tajribalari keltiriladi. Tadqiqot ragamli platformalar, sun’iy
intellekt tahlillari, aglli ishlab chigarish tizimlari va inson kapitalini rivojlantirish
orgali ishlab chigarish samaradorligini oshirish, xarajatlarni kamaytirish va
ragobatbardoshlikni  kuchaytirishdagi rolini  yoritadi. Jadvallar ekotizim
integratsiyasi va hamkorlikka asoslangan innovatsiyaning kutilayotgan
natijalarini ko‘rsatadi. Tadqigot natijasida ragamlashtirish nafagat texnologik
jarayon, balki uzog muddatli bargarorlik va global ragamli bozorga integratsiyani
ta’minlovchi strategik yo‘nalish ekani ta’kidlanadi.

Kalit so‘zlar: ragamli iqtisodiyot, innovatsion ekotizim, korxona rivoji,
ragamlashtirish, inson kapitali, O ‘zbekiston, mehnat unumdorligi.

AHHOTamus. B »noxy muppoBoi HSKOHOMHKMA pPAa3BUTHE WHHOBALMOHHOM
JESTeNIbHOCTH NPEINPUIATUNA CTAaHOBUTCS KIHOYEBBIM (PAKTOPOM YCTOWYUBOTO
DKOHOMMYECKOTO pocra. B cratee paccMaTpuBarOTCA  IEPCHEKTUBBI
nupoBU3alMM U (POPMHUPOBAHUS OTKPBITHIX HWHHOBAIIMOHHBIX 3KOCHUCTEM B
VY30ekucrane ¢ onopoil Ha OTEYECTBEHHBIN OIBIT U MEKIYHAPOIHBIE TPAKTUKU
TaKMX CTpaH, Kak OcToHMs W Cunramyp. McciaenoBaHue NOIYEPKUBAET POJIb
1udpoBbIX MIaThOpM, aHATUTHKKA Ha ocHOoBe MU, “ymHOr0” mpom3BojcTBa U
Pa3BUTHS 4YEJIOBEYECKOTO KaluTaja B MOBBIILIEHUH IPOU3BOAUTEIBHOCTH,
CHUKEHUH 3aTPAT U POCTE KOHKYPEHTOCHOCOOHOCTH. Tabiulbl WILTIOCTPUPYIOT
okujiaeMble 3(PQPEKTbl HMHTErpaluu 3KOCHUCTEM W COBMECTHBIX HWHHOBAIUH.
Pe3ynbrarthl MOKa3bpIBalOT, YTO ULHU(pOBHU3aUs — O3TO HE MPOCTO
TEXHOJIOTUYECKUM TpoLecc, a CTPaTeruuyeckui Moaxoi, oOecreynBarOMIMiA
JOJITOCPOYHYIO YCTOMUYMBOCTh MPEANPUITHI, UX aJalITUBHOCTh U UHTETPALUIO B
rii00anbHbIe TU(POBBIE PHIHKU.

Knwoueewvie cnoea: yugposas >3KoHoMUKA, UHHOBAYUOHHAS HIKOCUCHEMA,
pazeumue npeonpusmuti, yugposuzayus, yeioseveckuti kanumai, Yzbexucman,
npouU3600UMeNbHOCMb.
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Abstract. In the era of the digital economy, fostering innovative activity in
enterprises has become a crucial factor for sustainable economic growth. This
article explores the prospects of digitalization and the development of open
Innovation ecosystems in Uzbekistan, drawing on local examples and
international practices from countries such as Estonia and Singapore. The study
emphasizes the role of digital platforms, Al analytics, smart production, and
human capital development in enhancing productivity, reducing costs, and
increasing competitiveness. Tables illustrate the expected effects of ecosystem
integration and collaborative innovation. The findings highlight that digitalization
Is not merely a technological process, but a strategic approach ensuring long-term
enterprise sustainability, resilience, and integration into global digital markets.

Keywords: digital economy, innovation ecosystem, enterprise development,
digitalization, human capital, Uzbekistan, productivity.

Introduction

Prospects of Digitalization for the Innovative Development of Enterprises in
Uzbekistan. Digitalization in Uzbekistan is gradually becoming a key driver of the
renewal of the entire economic system. It ceases to be merely a process of
implementing technologies and transforms into a strategic growth mechanism that
generates new sources of innovation, employment, and export potential. The national
program Digital Uzbekistan 2030 has established that digital transformation should
serve as the foundation for enhancing the competitiveness of enterprises and
stimulating innovative activity.2 One of the most promising directions is the expansion
of digital services exports. Thanks to IT infrastructure and platforms developed within
the framework of IT Park Uzbekistan, local companies are increasingly entering
foreign markets: in 2024 alone, the number of exporting companies grew by 70%,
covering over 70 countries.® This provides a sustainable basis for scaling innovations,
as digital products and services do not require significant logistics costs and can
compete on an equal footing with global companies.

Another significant prospect lies in the adoption of artificial intelligence and data
analytics in production and management processes. These technologies enable
enterprises to predict demand, optimize resource usage, and create personalized
products. In the long term, this will lead to new business models based on data and
subscription services, as well as increased profitability and faster innovation cycles.

At the same time, a network of regional digital clusters and technoparks is forming,
transforming individual initiatives into an ecosystem of interconnected participants
startups, research centers, investors, and corporate clients. IT Park and its regional
branches are already functioning as centers attracting talent and facilitating knowledge
exchange.* Such development enhances horizontal connections, accelerates the
diffusion of technologies, and stimulates joint innovation projects. Human capital plays
a particularly important role. Digital literacy and inclusion programs implemented with
the support of the World Bank under the Uzbekistan Digital Inclusion Project

2 https://www.gov.uz/en/activity page/digital technology
3https://www.kun.uz/en/news/2024/10/29/uzbekistan-sees-70-surge-in-it-service-exporters-over-nine-months
4 https://www.uzdaily.uz/en/it-park-uzbekistan-summed-up-its-work-for-2023/
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(P179108) aim to improve digital skills, especially among youth and women. This
forms a foundation for long-term innovative growth: when digital skills become
widespread, innovations cease to be the privilege of a few companies and become part
of the economic culture. Digitalization also opens the way for the transition of industry
and agriculture to “smart” production models. The Internet of Things, predictive
analytics, and digital twins allow enterprises to optimize production chains, improve
product quality, and reduce costs. This is particularly relevant for export-oriented
enterprises, where standards of quality and energy efficiency are becoming key
requirements. The prospects of sustainable development link digitalization with green
technologies. Using digital tools to monitor energy consumption, manage waste, and
control CO, emissions becomes a new source of competitive advantage for enterprises
aiming to meet ESG standards. Support for such initiatives from the government and
private investors strengthens Uzbekistan’s image as a country capable of combining
innovation with sustainability. Digitalization for the country’s enterprises is not merely
about modernizing production, but about transitioning to a new type of economic
thinking. It unites export, innovation, education, and sustainability into a single growth
strategy. While today the main focus is on building digital infrastructure, in the coming
years the key task will be the development of an open innovation ecosystem, in which
the private sector, government, universities, and international partners act as a unified
system. This perspective — moving toward an ecosystem-based innovation model —
leads naturally into the next section of the study.

The developing digital infrastructure provides the foundation for the next stage —
the formation of an open innovation ecosystem, where interactions among businesses,
academia, government, and international partners become the main source of growth.
Uzbekistan is gradually moving toward this model: digital hubs, technoparks, and
acceleration programs are emerging, and incentives for collaboration between
universities and the private sector are being created. However, the real prospects lie not
only in infrastructure but in establishing a coherent system where innovations spread
horizontally rather than top-down.

The experience of countries that have successfully built innovation ecosystems
shows that openness and digital connectivity are decisive factors. Estonia, for example,
through the e-Estonia initiative, managed to integrate public and private services on a
unified platform, X-Road, ensuring fast data exchange between companies, agencies,
and citizens.®> This has created a space where startups can develop solutions fully
integrated into national digital systems. For Uzbekistan, a similar prospect is especially
significant: developing domestic APl platforms, secure data exchange, and digital
identifiers will allow companies to create innovative products compatible with
government and banking services. Another example is Singapore, where through the
Smart Nation initiatives and the Monetary Authority of Singapore’s regulatory
sandboxes, an environment was created for testing fintech innovations without
excessive barriers.® This model demonstrates that regulation can accelerate rather than
hinder innovation. For Uzbekistan, the prospect of creating such “digital sandboxes” IS

5 https://e-estonia.com/solutions/interoperability-services/x-road/
6 https://www.mas.gov.sg/schemes-and-initiatives/fintech-regulatory-sandbox
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particularly important in the financial, logistics, and healthcare sectors, where safe
testing of new solutions is required before they are scaled to the market.

The formation of an open innovation ecosystem also has an educational dimension.
Universities and research centers can serve as platforms for collaboration with
businesses, creating joint laboratories and accelerators. In the long term, this will lead
to the emergence of new science and technology clusters where ideas are rapidly turned
into commercial solutions. Already under the Digital Uzbekistan 2030 initiative, digital
competence centers are being established, and in partnership with IT Park, programs
are implemented to train young specialists for the IT sector.’

The prospects of the ecosystem approach can be illustrated by the expected effects
that arise from increased interconnections among innovation participants:

o Potential Innovation Effect for Example of
Ecosystem Development Direction . : .
Enterprises International Practice
Integration of digital platforms and Faster market deployment of
APIs between businesses and digital solutions; lower transaction || Estonia — X-Road 8
government barriers
Regulatory sandboxes and flexible Faster innovation testing and Singapore — MAS
rules for startups investment attraction Sandbox °
Corporate-university accelerators Increase in commercially Finland — Aalto
P y applicable scientific developments Innovation Hub
. - Expansion of innovation activity || Uzbekistan — IT Park
Development of regional digital hubs beyond the capital branches 0
International partnerships and grant Increased export potential and || World Bank — Digital
programs knowledge exchange Inclusion Project

Such a structure allows for the creation of not merely a network of organizations,
but an interdependent ecosystem where each company becomes part of the overall
innovation process. In this context, the role of the government as a coordinator and
platform provider, rather than a sole initiator, is crucial. If Uzbekistan succeeds in
combining corporate initiatives, academic resources, and international cooperation into
a unified digital architecture, the country can move from the phase of digitalization to
the phase of sustainable innovative growth. In the long-term perspective, this implies
the emergence of a new economic model where innovations cease to be occasional
projects and become a natural result of the everyday digital activity of enterprises. Only
then can we speak of a mature digital ecosystem capable of ensuring sustainable
economic growth, the export of intellectual products, and global competitiveness.
Gradually, the transition from individual digital initiatives to a fully formed innovation
ecosystem creates the conditions for sustainable economic growth, where knowledge,
technology, and collaboration become the main sources of added value. This
transformation does not happen instantly — it requires not only technological maturity
but also institutional resilience, meaning the economy’s ability to maintain innovation
momentum even amid external changes.

7 https://www.gov.uz/en/activity page/digital technology

8 https://e-estonia.com

° https://www.mas.gov.sg

10 https://www.uzdaily.uz/en/it-park-uzbekistan-summed-up-its-work-for-2023/
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One of the main prospects for enterprises is the development of a data-driven
economy. In the coming years, the volume of data generated in Uzbekistan will grow
exponentially, and the ability to analyze it will become a valuable asset in its own right.
In this sense, companies capable of managing data and turning it into forecasts,
products, and services will occupy leading positions. Global experience already shows
similar trends: according to the OECD Digital Economy Outlook,}* companies
investing in analytics and artificial intelligence increase productivity 20-30% faster
than industry peers. For Uzbekistan, this implies that fostering analytical infrastructure
and open data should be a priority direction of national policy. Equally important is the
shift toward digital resilience — the ability of enterprises to adapt to technological
changes without losing efficiency. This process includes the development of
cybersecurity, digital ethics, resilient cloud solutions, and mechanisms for managing
digital risks. Such an orientation toward resilience is already reflected in several
international strategies, such as the EU Digital Decade 2030, and can serve as a
guideline for Uzbekistan’s national programs aimed at balancing innovation with
security. Simultaneously, the understanding of enterprise competitiveness is evolving.
Whereas competitiveness was previously determined by the level of automation or
innovation in products, it is now defined by the degree of integration into global digital
value chains. The prospect here involves moving from being a service exporter to an
active participant in international digital markets. This requires the development of
cross-border platforms, the use of blockchain technologies for supply chain
transparency, and the creation of digital certificates of origin, which is especially
relevant for agriculture and the textile sector in the country.®

Thus, a model is emerging in which digitalization and innovation are not one-time
projects but the basic logic of economic functioning. The prospects for further growth
lie in moving from simple technology adoption to systemic integration of digital tools
into production and management processes. This will allow enterprises to generate
sustainable added value, reduce dependence on raw materials, and enhance the
country’s intellectual potential. In the long-term perspective, international cooperation
acquires special significance. Participation in transnational R&D projects, specialist
exchanges, joint accelerator programs, and partnerships with global technology
companies create opportunities for continuous knowledge renewal. For example,
cooperation with the European Bank for Reconstruction and Development within the
framework of digital reforms!* already contributes to the expansion of competencies
in digital regulation and entrepreneurship.

Conclusion
The prospects for developing innovative activity in the context of the digital
economy can be summarized as a movement toward three goals:
— Economic resilience, based on data and intellectual assets;

1 hitps://www.oecd.org/digital/oecd-digital-economy-outlook-2024.htm

12 https://digital-strategy.ec.europa.eu/en/policies/digital-decade

13 https://www.itpark.uz/en/news/digitalization-in-uzbekistan-key-directions-and-achievements
14 https://www.ebrd.com/what-we-do/sectors/ict-and-digital.html
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— Ecosystem connectivity, ensuring free exchange of knowledge and resources

among market participants;

— Inclusive growth, in which innovations become part of everyday economic

activity rather than the privilege of certain sectors.

It is precisely this combination — technological maturity, open ecosystem, and
social engagement — that forms the foundation for Uzbekistan’s digital future. If the
first stage of digitalization provided the tools, and the second stage established the
structure for interaction, then the third stage creates a new economic logic, in which
innovation becomes not a goal, but a natural condition of economic development.
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Annotatsiya. Ragamli igtisodiyot sharoitida korxonalarning iqtisodiy
samaradorligini oshirish bargaror milliy rivojlanishning muhim omillaridan biriga
aylandi. Ushbu magolada ragamli transformatsiya, ragamli marketing vositalari
va xodimlarning ragamli kompetensiyalarini rivojlantirish orgali korxona
faoliyatini samarali tashkil etish yo‘llari tahlil gilinadi. O‘zbekiston sanoat va
Xizmat ko‘rsatish tarmogqlaridan olingan misollar hamda rivojlangan davlatlar
tajribasi asosida ERP, CRM va Bl tizimlari kabi integratsiyalashgan ragamli
ekotizimlarning ishlab chigarish samaradorligi, xarajatlarni kamaytirish va
innovatsiyalarni kuchaytirishdagi roli yoritiladi. Statistik ma’lumotlar va tahliliy
jadvallar texnologik modernizatsiya va inson kapitalini rivojlantirish orgali
erishilgan natijalarni ko‘rsatadi. Tadqiqot natijasida ragamlashtirish nafaqat
texnologik jarayon, balki korxonaning uzoq muddatli raqobatbardoshligini
ta’minlaydigan strategik yo‘nalish ekani ta’kidlanadi.

Kalit so‘zlar: ragamli igtisodiyot, iqtisodiy samaradorlik, ragamli
transformatsiya, marketing ragamlashtirish, inson kapitali, O zbekiston, mehnat
unumdorligi.

AnHOTamus. B ycrnoBusax undpoBoil S5KOHOMHUKHU MOBBIIIEHUE YIKOHOMHYECKOM
3¢ (PEKTUBHOCTU NPENNPUATUNA CTAHOBUTCS KIIOUYEBBIM (PaKTOPOM YCTONYHMBOIrO
pazBuTHs. B cTathe paccMaTpHUBAIOTCS OCHOBHBIE METO/Bl IOBBIIICHUS
pPEe3yIbTATUBHOCTH MPEANpPUITHI Ha OCHOBE ULU(PPOBON TpaHchopMmanuu,
BHEJIPEHUS] MHCTPYMEHTOB IU(POBOr0 MApKETUHra W Pa3BUTUS LUQPPOBBIX
KOMITeTeHUMIA nepcoHana. Ha mpumepe oTpacnell mpOMBIIIIIEHHOCTH U cepbl
yciuyr Y30ekucTaHa, a Takke ¢ YYETOM 3apyOeKHOro ONbITa MOKa3aHO, Kak
uHTerpupoBanueie 1udppossie d3kocuctembl (ERP, CRM, BI) u ynpasnenue Ha
OCHOBE JIaHHBIX CIIOCOOCTBYIOT POCTY MPOU3BOAUTEIHLHOCTH, CHUKEHHIO 3aTpaT
M aKTUBU3ALMM WHHOBalMil. llpencraBieHHbIE CTaTUCTUYECKUE JaHHBIE H
aHAJIUTUYECKHE TaONMIIBI OTPa)KaloT pe3yJIbTaThl, JOCTUTHYThIE Oiaromaps
TEXHOJIOTUYECKOM MOJIEPHU3ALMKM W PA3BUTHIO YEJIOBEYECKOro Kamuraia. B
3aKJIIOUYEHUE TMOAYEPKUBAETCSA, YTO IMPPOBU3ALMS — 3TO HE HPOCTO
TEXHOJIOTMUECKUN IPOLECC, & CTPATErMYECKOE HaIlpaBJIEHHE, 00ECTIEUnBaIOIIEe
JOJTOCPOYHYI0 KOHKYPEHTOCIIOCOOHOCTh M 3KOHOMHYECKYIO YCTONYHMBOCTH
MPEAIPUATHHA.
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Abstract. In the digital age, improving the economic efficiency of enterprises has
become a key driver of sustainable national growth. This article explores the main
methods of enhancing enterprise performance through digital transformation,
digital marketing tools, and the development of digital competencies among
employees. Drawing on examples from Uzbekistan’s industrial and service
sectors, as well as comparative analysis with developed economies, the study
demonstrates how integrated digital ecosystems (ERP, CRM, BIl) and data-driven
management contribute to productivity growth, cost reduction, and innovation.
Statistical data and analytical tables illustrate measurable improvements achieved
through technological modernization and human capital development. The article
concludes that digitalization is not merely a technological process but a strategic
direction that ensures long-term competitiveness and economic resilience.

Keywords: digital economy, enterprise efficiency, digital transformation,
marketing digitalization, human capital, Uzbekistan, productivity.

Introduction

In the era of the digital economy, the improvement of enterprise efficiency has
become one of the central priorities for sustainable economic development. Across the
globe, digital transformation is reshaping traditional business models, introducing data-
driven management, intelligent automation, and customer-centered decision-making
processes. Uzbekistan, like many emerging economies, is actively adopting digital
technologies to enhance productivity, competitiveness, and transparency within its
enterprises. The transition from traditional management systems to integrated digital
ecosystems—combining ERP, CRM, and BI platforms—reflects the country’s
strategic alignment with global economic trends and its commitment to the principles
of innovation and efficiency. This article focuses on identifying and analyzing the key
methods for improving enterprise economic performance under the conditions of
digital transformation. It explores how technological modernization, digital marketing
tools, and the development of human capital collectively contribute to greater
economic returns and long-term competitiveness.

Research Methodology

The study is based on a qualitative analytical approach integrating descriptive,
comparative, and case-based methods. The descriptive analysis outlines the main
digital transformation trends observed in Uzbekistan’s industrial, financial, and service
sectors. The comparative analysis examines relevant international experiences from
Germany, South Korea, and the United States to highlight adaptable best practices.
Finally, selected empirical data from Uzbek enterprises are summarized through
quantitative indicators and tabular models demonstrating measurable improvements in
productivity, cost efficiency, and innovation outcomes.
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This methodological combination provides a comprehensive understanding of
how digital transformation affects enterprise performance—~both through technological
integration and through the development of digital competencies within the workforce.

Analysis and Results

Methods for Improving Enterprise Economic Performance in the Era of the Digital
Economy.

In the context of the rapidly developing digital economy, enterprises in Uzbekistan
are gradually transitioning to a new model of economic management based on the use
of digital technologies to improve efficiency. One of the most significant aspects of
this process is the digital transformation of internal business processes, which makes it
possible to integrate the management of production, finance, and logistics into a single
information system.

According to Khalmatov A. (2024, Semant Journals), the implementation of
integrated ERP systems, cloud platforms, and Internet of Things (1oT) technologies in
Uzbekistan’s light industry has led to a 70-80% increase in labor productivity and a
nearly 55% reduction in operating costs. This is explained by the fact that digital
systems ensure the automation of routine operations, transparency of material flows,
and more accurate resource planning. These findings are also supported by
Kutbitdinova & Matrizayeva (2023, Journal NX), who note that digitalization
accelerates managerial decision-making and contributes to the competitiveness of
enterprises.

An analysis of foreign experience — particularly in Germany, South Korea, and the
United States — shows that the introduction of digital production management systems
results in an average productivity growth of 40-60%, demonstrating the universal
effectiveness of these methods across economies at different development levels.

In the context of Uzbekistan, special attention is paid to the creation of an integrated
digital ecosystem of the enterprise that includes ERP, CRM, and BI modules. Such
systems not only integrate production, financial, and sales departments but also provide
access to real-time analytical data. This, in turn, facilitates cost control, reduces
equipment downtime, and minimizes the human factor in managerial decision-making.

To quantitatively assess the effectiveness of digital transformation, it is appropriate
to consider the following indicators:

| Indicator [Before Implementation||After Implementation|Change, %|
\Labor productivity H 100 H 172 H +72% \
\Operating costs (million UZS)H 50 H 22.5 H —55% \
\Order processing time (days) H 5.0 H 3.2 H —36% \

These data demonstrate not only the economic benefits but also the formation of a
fundamentally new management culture in which decisions are made based on data
(data-driven management). Gradually, digital transformation is ceasing to be merely a
technological trend and is becoming the foundation of the strategic development of
enterprises.

After internal enterprise processes become more transparent and manageable
through digital transformation, the next natural step is the digitalization of marketing
and sales activities. In a saturated market with high competition, effective
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communication with customers determines a company’s ability not only to maintain
but also to expand its market share.

In Uzbekistan, this process is developing rapidly, especially among small and
medium-sized enterprises. According to Igamberdiyeva N. (2024, The Conference
Hub), the implementation of digital marketing tools — including SEO, SMM, content
marketing, and CRM systems — has enabled companies to enhance brand recognition
and increase sales volume. The study shows that the use of targeted advertising
campaigns and consumer data analytics reduced average marketing expenses by 25—
30%, while sales conversion rates increased by more than 40%.

In the banking and financial sectors, similar trends are confirmed by Khamidova L.
(2024, Philstat Journal), who notes that digital marketing tools such as automated
mailing systems, targeted advertising, and personalized offers have helped to reduce
customer acquisition cost (CAC) and increase customer retention rates.

A comparison with international experience shows that these results are not
coincidental. According to a McKinsey Digital (2023) report, companies in the United
States and Germany that adopt comprehensive digital strategies — combining big data
analytics, omnichannel communication, and CRM automation — report a 35-50%
increase in sales conversion rates, which is nearly identical to the data observed in
Uzbek studies. This confirms the universality of the effect of marketing digitalization.

To illustrate, the following aggregated data represent enterprises in Uzbekistan that
actively use digital marketing tools:

| Indicator |Before Implementation||After Implementation|Change, %|
|Sales conversion rate I 6.5% I 10.2% | +56.9% |
ICustomer acquisition cost (CAC)|  250,000UzS ||  180,000UzS | —28.0% |
\Customer retention rate H 55% H 70% H +27.3% \

Unlike traditional marketing, digital tools ensure real-time measurability of results.
Analytical systems (such as Google Analytics, Power Bl, and CRM dashboards) make
it possible not only to track sales numbers but also to identify patterns in customer
behavior, evaluate the return on advertising campaigns, and develop precise strategies
for engaging the target audience

The digital transformation and implementation of new marketing tools cannot be
achieved without an adequate level of digital competencies among personnel. Human
capital thus becomes the connecting link between technology and its practical impact
on enterprise efficiency.

According to Rakhimov A. (2024, Central Asian Economic Review) and
Yuldasheva N. (2023, International Journal of Economics and Digital Development),
the level of digital literacy among employees of Uzbek enterprises remains uneven: a
high concentration of qualified specialists is observed in the banking and
telecommunications sectors, while in the industrial and agricultural sectors there is still
a shortage of professionals capable of operating digital management systems.

The development of digital competencies involves not only training employees to
use specific technologies but also forming a new managerial culture based on data
analysis and project-oriented thinking. In this context, the introduction of corporate
training programs and cooperation between enterprises, universities, and technology
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parks is of particular importance. For example, within the framework of the “Digital
Uzbekistan 2030” initiative, training centers are actively being established where
specialists acquire skills in using cloud solutions, analytical tools, and knowledge
management systems.

Research conducted by Nazarova S. (2024, Tashkent State University of Economics)
showed that enterprises investing at least 3-5% of their annual budgets in developing
employees’ digital competencies reported, on average, a 20—25% increase in labor
productivity and more than a twofold increase in the number of innovation projects.
This confirms the direct relationship between employees’ digital skills and the
economic performance of enterprises.

To illustrate, the following aggregated data represent a group of enterprises that have
completed a digital training program:

\ Indicator HBefore TrainingHAfter TrainingHChange, %\
\Share of employees with basic digital skiIIsH 45% H 75% H +66.7% \
\Labor productivity (units per employee) H 80 H 100 H +25% \
INumber of innovation projects per year | 2 I 5 | +150% |

Conclusion

Improving digital competence leads to growth not only in individual employee
efficiency but also in collective innovation activity, forming a sustainable knowledge
ecosystem within the enterprise. This enables companies to adapt more quickly to
technological changes and to use implemented digital tools more effectively in
management and marketing.
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Annotatsiya. Ushbu maqolada turizm sohasi va uning investitsion muhitga ta’siri
tahlil etiladi. Xususan, Xorazm viloyatida turizmning igtisodiy rivojlanishdagi
o‘rni, turistik klasterlar orqali mintagaviy integratsiya va investitsiyalarni jalb
gilish mexanizmlari yoritilgan. 2020-2023 yillarda amalga oshirilgan investitsiya
va infratuzilma loyihalari hamda yangi ish o‘rinlari yaratish tajribalari misollar
orqali ko‘rsatilib, ularning mintaqaviy iqtisodiy barqarorlik va investitsion
faollikka qo‘shgan hissasi tahlil gilingan.

Kalit so‘zlar: turizm, investitsiyalar, turistik klasterlar, igtisodiy rivojlanish,
mintaqaviy integratsiya, investitsion muhit, sanoat va xizmat ko ‘rsatish tashqi
investitsiyalar, ichki bozor, hududiy siyosat.

AHHOTanMs. B craTbe aHaIM3UPyeETCsl TYPUCTUUECKAS OTPACIb U €€ BIMSHUE HA
MHBECTUIIMOHHYIO Cpely Ha mnpumepe Xope3McKoi obnactu ¥Y30ekucraHa.
PaccmarpuBaercst poap Typu3Ma B SKOHOMUYECKOM Pa3BUTHHU PETHOHA, & TAKXKE
MEXaHU3Mbl PETrHOHAIBHOM HMHTETpaluy WM IPUBJICYCHHS HWHBECTULUN 4epes
TypUCTHUYECKHE KiacTeppl. IIpuBeneHsl NpUMEPHl HWHBECTULMOHHBIX H
MH(}PaCTPYKTYPHBIX MPOEKTOB, peann3oBaHHbIX B 2020-2023 rogax, moka3aHo
UX BIMSHUE HA TOBBILIEHWE PETMOHATIBHOM SKOHOMUYECKON CTAOMIBHOCTU U
MHBECTULIMOHHON aKTUBHOCTH.

Kntouesvie cnoea: mypusm, uneecmuyuu, mypucmuyecKue Kiacmepol,
9KOHOMUYECKOe pa3eumue, pecUOHAIbHASA UHMe2payus, UHBECMUYUOHHAS Cpeoa,
NPOMBIWIEHHOCMb U chepa YCay2, UHOCMPAHHbIE UHEECMUYUU, BHYMPEHHUL
DYIHOK, PEUOHATbHAS NOTUMUKA.

Abstract. This article analyzes the tourism sector and its impact on the investment
environment, focusing on the Khorezm region of Uzbekistan. It examines the role
of tourism in economic development and explores mechanisms for regional
integration and investment attraction through tourism clusters. The study presents
examples of investment and infrastructure projects implemented during 2020—
2023, highlighting their contribution to regional economic stability and
investment activity.

Keywords: tourism, investments, tourism clusters, economic development,
regional integration, investment environment, industry and services, foreign
investments, domestic market, regional policy.
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Introduction

In recent years, the tourism sector has emerged as one of the key drivers of
sustainable economic growth and regional development. The legal, economic, and
infrastructural frameworks supporting this sector have been progressively enhanced to
foster greater competitiveness and investment attractiveness. In this context, the
establishment of tourism clusters is increasingly recognized as a strategic approach to
promoting regional tourism development. The cluster model facilitates the integration
and cooperation among tourism service providers, enabling the formation of a locally
interconnected network driven by shared economic interests and mutual benefits. This
integrated system not only strengthens regional economic linkages but also contributes
to long-term socio-economic stability and investment growth.

Literature Review

Recent research identifies tourism as a major driver of economic growth and
investment attraction. Cooper (2021) emphasizes that human capital, service quality,
and digital transformation are key determinants of competitiveness in the tourism
industry, while Hall (2017) considers tourism policy an effective instrument for
enhancing regional investment environments through social marketing and public—-
private partnerships. According to Jumayeva and Mardanova (2019), the cluster model
promotes collaboration between private enterprises and local institutions, generating
multiplier effects that stimulate regional employment and investment. Richards (2018)
argues that cultural tourism not only supports local economies but also revitalizes
cultural heritage, attracting foreign investors. Studies by Jurayev (2024) and Husanov
(2025) confirm that in Uzbekistan, the development of tourism infrastructure and
cluster systems—particularly in the Khorezm region—has significantly improved
investment appeal and socio-economic resilience.

Research Methodology

In the context of cluster-based development, effective cooperation among key
participants — namely private enterprises, public institutions, and civil society
representatives — contributes to enhancing the stability and attractiveness of the
regional investment environment.

Analysis and Results

Uzbekistan’s tourism sector possesses significant economic potential and constitutes
an integral part of the country’s strategic development. In recent years, both the volume
of investments and the role of innovative projects in this field have increased
considerably. For instance, in 2022 the tourism industry accounted for 4.5 percent of
the national GDP, while the number of international tourists exceeded six million in
2023 (Jurayev, 2024). Between 2020 and 2023, approximately 2 billion USD of
investments were attracted to the sector. These indicators demonstrate not only the
sector’s economic capacity but also its growing investment attractiveness. As of May
2025, a total of 1.88 million foreign tourists have visited the country. There are 1,483
tour operators, 1,442 accommodation facilities, and 2,458 guest houses operating
nationwide. In addition, 2,400 licensed tour guides provide services to visitors. These
figures demonstrate the positive contribution of tourism to the national GDP through
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foreign exchange revenues. Moreover, domestic tourism plays an important role in
increasing social engagement and preserving the nation’s cultural heritage.

0000

Tour Operators Accommodation Foreign Guest Tour
and Travel Facilities Tourists Houses Guides
Agencies

1,483 1442 1881345 2458 2400
Figure 1. Foreign Tourists and Tourism Infrastructure — Statistics of Uzbekistan (Compiled by the
author based on data from the official open website of the State Committee for Tourism of the
Republic of Uzbekistan (https://uzbektourism.uz).

In the tourism industry, human capital — including qualified professionals,
employees with a strong culture of service, and multilingual tour guides — is
recognized as a key strategic resource (Cooper, 2021). The effective utilization of
human resources is considered a crucial factor for achieving long-term sustainable
development. From this perspective, human resources in the tourism sector —
particularly skilled personnel, service-oriented professionals, and guides equipped with
language proficiency and digital literacy — serve as the main strategic asset (Cooper,
2021). The strategic management of human capital plays a decisive role in ensuring
long-term and forward-looking development.

Table 1. Infrastructure indicators of tourism potential in the Khorezm region (as of 2025)

Ne Indicator Name Quantity Remarks

1 ,(At\gf;:;n modation facilities 204 Including 97 family guest houses

2 | Number of rooms 2,600 Prepared for tourists

3 | Number of beds 5,700 Available in hotels and family guest houses

4 | Tourism companies 67 Including 2 travel agencies

5 | Certified tour guides 225 Professionally trained specialists

6 | Tourist transport vehicles 315 Including 33 tourist-class buses

. . Urgench  International  Airport, 5

7 | International airport 1 . : : .
international flights operating

8 | Railway station 1 Urgench qulway Station, 1 international
route operating

9 | Cultural heritage sites 259 Including 58 within the “Ichan Qala”
museum-reserve

10 | Tourist information centers 19 Including 14 located in Khiva city

11 | Tourist road signs 130 Including 32 located in Khiva city

12 | Tourist maps 9 Two located in tourism mahallas (villages)

13 far?'Fa.W and hygiene 409 Including 292 newly constructed

acilities

14 | Currency exchange ATMs 5 Serve foreign bank cards

15 | Terminals 6 Provide services for tourists

16 | Free Wi-Fi spots 23 Located in popular tourist areas

Source: Prepared by the author based on the monograph Husanov J.B. (2025). Effective utilization
of regional tourism potential (The case of the Khorezm region).

Practical experience in the Khorezm region demonstrates that tourism clusters not
only promote the development of tourism itself but also enhance capital inflows into
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the regional economy and contribute to job creation (Jumayeva & Mardanova,
2019). At present, the effective utilization of existing tourism potential in the region
reflects its growing capacity for sustainable tourism development.

In the Khorezm region, more than one thousand additional tourism infrastructure
facilities are currently operating. These include 74 dining establishments (18 fast-food
outlets, 11 restaurants, 13 café-bars, and 32 other facilities), 18 MICE (Meetings,
Incentives, Conferences, and Exhibitions) venues, 2 gastronomic streets, 2 Duty-Free
shops, 6 karaoke bars, 1 auto-camping site, 588 handicraft workshops, and 120
souvenir shops. Additionally, there is 1 water attraction, 96 eco/agro-tourism facilities,
3 forestry enterprises, 71 fishing lakes, 2 protected natural areas, 12 eco-tourism and 8
agro-tourism destinations, as well as 4 wellness centers.

In 2022, the Khorezm region hosted about 137.5 thousand foreign and 1.48 million
domestic tourists, generating 27 million USD in tourism exports. That year, 31 new
accommodation facilities were launched, bringing the total to 204 with 5,700 beds.
Infrastructure upgrades included the construction and renovation of sanitary facilities,
installation of road signs, opening of information centers, and introduction of modern
transport vehicles. Two new tourist maps were also developed under the “Tourism
Village” and “Tourism Mahalla” programs to enhance the visitor experience.

Based on Resolution Ne 546 of the Cabinet of Ministers of Uzbekistan (September
28, 2022), a comprehensive tourism development program for the Khorezm region
(2022-2026) was implemented. Within this framework, 50 projects totaling 89.3
billion UZS were realized, financed by 56.1 billion UZS of private investment and 33.2
billion UZS in bank loans, creating 230 new jobs. To integrate cultural heritage into
tourism, the “CASTLE TOUR” route was launched, connecting ancient fortresses
across Khorezm and Karakalpakstan, including Ichan Qala, Ulli Hovli, Qalajig Qala,
and others. In 2022, five tourism mahallas and two tourism streets were established
among them Ichan Qala, Qumyaska, Yangi Turmush, G‘ovuk, and Qalajiq Qala.
Between 2022 and 2023, 77 new accommaodation facilities were planned, of which 16
are already in operation.

Table 2. Investments and infrastructure projects in the tourism sector of the Khorezm region.

Ne | Project Title Brief Description Key Indicators / Results
1 Projects 50 projects with a total Own funds — 56.1 billion UZS
implemented | investment value of 89.3 Bank loans — 33.2 billion UZS
under billion UZS were New jobs created — 230
government | implemented
resolution
2 “CASTLE | Establishment of new | Route: Ichan Qala — Ulli Hovli — Qalajiq
TOUR” tourist routes connecting | Qala — Sulaymon Qala — Tosh Qala — Ayoz
project ancient fortresses Qala — Tuprog Qala — Ellik Qala
3 | Establishment | Development of roadmaps | Mahallas: Ichan Qala, Qumyaska, Yangi
of tourism | for 5 tourism mahallas and | Turmush, G ‘ovuk, Qalajiq Qala
mahallas 2 tourism streets
4 | Accommodati | 77 new accommodation | 7 hotels
on facilities | facilities  planned, 16 | 10 hostels
already established 60 family guest houses (16 operational)
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Urgench and Khiva cities

Tourism Additional facilities | 1 desert tourism center; 1 beach tourism
facilities established to expand | service; 12 yurts; 13 dining facilities; 11
tourism services artisan family enterprises
6 Community | Promotion  of  public | Practical and educational workshops with
engagement | participation through | qualified specialists
training and seminars
7 Service Establishment of various | Over 80 facilities:
facilities service facilities in | 10 accommodation facilities; 15 public

catering establishments; 6 boutique shops

8 grocery stores; 3 airline ticket offices; 1
information center; 2 hygiene facilities; 2
banks; 2 clinics; 2 confectionery shops; 4
handicraft trading stalls; 20 other service
facilities.

Source: Author’s compilation based on the Resolution of the Cabinet of Ministers (No. 546, 28
September 2022) of the Republic of Uzbekistan and the publicly available data from the State
Committee for Tourism of the Republic of Uzbekistan website (https://uzbektourism.uz/).

In 2022, the implementation of tourism development measures in the Khorezm
region significantly enhanced its investment attractiveness. The region hosted about
137.5 thousand foreign and 1.48 million domestic tourists, generating 27 million USD
in tourism exports. During the same year, 31 new accommodation facilities—including
hotels, hostels, and family guest houses—were launched, increasing the total to 204
with 5,700 beds. Moreover, international events and festivals, as well as the designation
of Khiva as the “Tourism Capital of the Islamic World 2024, further boosted large-
scale investment inflows into the region.

Conclusion

The modernization and expansion efforts implemented in the tourism sector of the
Khorezm region have significantly enhanced the region’s investment potential. These
developments have created favorable conditions for launching new business projects,
constructing hotels, and establishing service facilities. In the future, investments
directed toward tourism development are expected to further strengthen the region’s
economic growth and contribute to improving social well-being.
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Annotatsiya. Maqgolada o‘zbek tilini modellashtirish metodi orqali o‘rganish va
uning afzalliklari hagidagi fikrlar, ayrim o‘zbek tilidagi sintaktik qoliplar,
tilimizdagi sodda gaplarning sintaktik qoliplaridan foydalanishning ahamiyati
hamda tilni o‘qitishda modellarning o‘rni masalalariga alohida e’tibor qaratilgan.

Kalit so‘zlar: lingvistik model, lisoniy sintaktik qolip, sodda gap qoliplari,
soddalashtirish, usul.

AHHoTauus. B crathe 0c000€ BHUMAHHE YHAENSETCS H3YUYECHHUIO Y30€KCKOTro
S3bIKa METOJIOM MOJICIMPOBAHUS M €ro MPEUMYIIEeCTBaM, HEKOTOPHIM
CUHTAaKCHUYECKUM I1abjioHaM B y30€KCKOM S3bIKE, BaXKHOCTU HCIIOJIb30BaHUS
CUHTAaKCUYECKHUX I1a0JOHOB MPOCTHIX MPEJIOKEHUN B HAIlIEM SI3bIKE, a TaKKe
pOJIM MOJIEJIEN B MPETOIaBaHUU SA3BIKA.

Knroueswvie Cl06a:  JIUHSBUCMUYECKAs  MOOeb, AUH2BUCIMUYECKULL
CUHMAaKCUYecKuli WaboH, WAbIOHbI NPOCMBIX NPeONIONCEHUN, YNpoueHue,
Memoo.

Abstract. The article pays special attention to the study of the Uzbek language
through the modeling method and its advantages, the importance of using some
syntactic patterns in the Uzbek language, the syntactic patterns of simple
sentences in our language, and the role of models in language teaching.

Keywords: linguistic model, linguistic syntactic pattern, simple sentence
patterns, simplification, method.

Introduction

In linguistics, the possibilities of the modeling method are expanding over the years.
Currently, more comprehensive research is being conducted on standardization than in
traditional linguistics. In particular, the creation of probabilistic models for the science
of computational linguistics confirms this idea. The founder of the concept of
grammatical formalization (from the Latin “forma” — “form,” “external appearance”)
is the American linguist Noam Chomsky. Formal grammar is considered a grammar
expressed through abstract symbols, where language rules, word formation, phrase and
sentence construction are described using various linguistic models and structural
schemes [1]. The model is important for cognition on the following grounds:

- firstly, it simplifies the object of study;

- secondly, it separates it from the influence of other objects;

- thirdly, the template simplifies the description of the object.

Literature Review
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The textbook “Modern Uzbek Literary Language” by Sayfullayeva R.,
Mengliyev B., Boqiyeva G. and others reflects the linguistic syntactic patterns in our
native language and their speech derivatives, as well as the relationship between them.
This textbook discusses the finite patterns of word combinations in our native language
and the infinite speech derivatives formed from them. M. Kurbanova’s work “Modern
Uzbek Language” contains information about the syntax of simple sentences, as well
as valuable information about linguistic syntactic patterns. In the monograph
“Linguistic Support of Machine Translation” by Nilufar Abduramonova, the
significance of syntactic patterns for automatic machine translation is discussed, and a
probabilistic theory of several simple sentences is developed. Nazarova ‘“Phrases
Expressing Genus-Species Relationships” provides an analysis of the patterns of
phrases, their derivatives, and the relationship between them.

Research Methodology

The most correct way to master any complex units is to use its simplified version.
The study of some aspects of our native language through the modeling method has
already been established. In particular, the most appropriate way is to master the use
of punctuation marks in compound sentences with adverbial clauses through models.
Word formation methods, types of word combinations, patterns of simple and
compound sentences serve as the main object for creating infinite derivatives from
them, with the help of these patterns the imagination of the person learning the
language awakens. For example, if we touch on the topic of word formation,

base + word-former + lexical form-former + syntactic form-former suffixes -

pattern — base + 4+ _+ : workers

base + word-former + lexical form-former + word-former

pattern — base + * + _+/ : freezer

word-former + base - pattern - * + base: serunum.

While this situation controls the order in which suffixes are added to the base, the
following patterns determine which word family the word is formed from and with
which suffix.

Noun-N, Number-Q, Adjective-Adj, Adverb-Adv, Pronoun-P, Verb-V.

N+li=Adj: beautiful, modest;

N+la=V: blossom, think;

N+cha=Adv or Adj: male, young man, Russian, English;

N+chi=N or Adj: worker, florist, panicker, gossip;

N+i=V: dust, ranji;

Q+lan=V: twice;

Adj+i=V: height, rest;

Adj+la=V: justify, improve;

Adv+lash=to slow down, to accelerate.

V+ig=Adj: elongated, open;

V+ch=N: longing, joy; Adj+lik=N: peace, wealth.

Regarding word combination patterns, Nazarova says: In Uzbek linguistics, as a result
of substantial analysis of the syntax of word combinations, certain word combinations
realized in speech are evaluated as derivatives of linguistic syntactic patterns (LSQ).
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At the same time, the temporary “living” in the speech of native speakers and the
manifestation of facets selected from different meanings in each occurrence contrasts
word combinations with LSQs in the status of a linguistic syntactic unit. LSQs that
realize them are ready at the syntactic level of the language as linguistic possibilities
specific to the formation of word combinations in the Uzbek language. Phrase-forming
LSQs possess not only the properties of readiness, but also the properties of generality,
Immutability, necessity, and reproducibility, which form a chain of contradictions
between the LSQ and the phrase [2].

There are also similar opinions about the repetition of LSQs, but speech derivatives
are unique, and they are formed according to the requirements of different speech
situations. It should not be forgotten that the volume of LSQs is limited, but the volume
of speech derivatives is infinite. To date, 18 priority patterns of word formation have
been identified in the Uzbek language. It is impossible to imagine the amount of speech
phrases created from these patterns. Sentence patterns and their derivatives are the
same. LSQs are fixed and immutable, and speech derivatives are arbitrary. When
Uzbek speakers feel the need to create phrases in the process of speech, they are forced
to use the above-mentioned 18 types of LSQ. Their change of LSQs, the creation of
new LSQs is not allowed by language “legislation.” However, whether to form a
speech phrase or not, which words to choose, is at the discretion of the speaker; they
can compose it if they want to, and not compose it if they don’t [3].

As for the pattern of phrases, they are limited, that is, there are 18, but, as noted
above, infinite phrases are formed from each of them, and each of the derivatives
formed from them is considered unique in the speech situation.

[Ikk.~le.k.]=SB

[lg.k.~le.k.]=SB

[Internal.~le.k.]=SB

[Ikk.~le.k.]=SB

[P.c.] and ownership [P.c.]

[Internal. ~ le.k.]=SB

It is known that phrases such as [Ik.k.~le.k.]=SB school, Bukhara city, Aral Sea, the
novel “Mirage” are derivatives of the [Ob.k~Oe.k]=SB pattern with the meaning
[turjins]. Importantly, the semantic and linguistic syntactic features characteristic of
the product of this template can also be generalized in the [Ik.k.~le.k.]=SB template.
Since, although the method of combining noun lexemes with the nominative case in
the subordinate position, reflecting the [Ob.k~Oe.k]=SB pattern, with noun lexemes
with possessive position in the dominant position is unique, [Ik.k.~le.k.]=SB pattern is
considered a special form of the combination method. Because [Ik.k.~le.k.]=SB
template encompasses both formally and contentally [Ob.k~Oe.k]=SB template and its
product. This can be determined by comparing the following derivatives: human mole
- [species-sex] - [Ig.k.~le.k.]=SB; human mole (Inside human mole. (M.)) - [species-
sex] - [Ib.k.~le.k.]J=SB. Among the above-mentioned meanings of belonging,
separation-sorting, subject-action, object belonging to a person (i.e.), there is also the
meaning of [kind-genus], as well as the meaning of [whole-part]. It should be noted
that the commonality inherent in the content of the [Ik.k.~le.k.]=SB pattern also
confirms that phrases with a [generic] meaning are its special form. Consequently, at
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the linguistic syntactic level of the Uzbek language, the form [Ik.k.~le.k.]=SB
stands in the status of a linguistic syntactic unit. In the essence of this pattern, the
linguistic syntactic structure reflecting the patterns [lg.k.~le.k.]=SB, which forms
phrases with the meaning [referent-referenced], [Ich.k.~le.k.]=SB, which realizes
phrases with the meaning [whole-part], and [Ob.k~Oe.k]=SB, which creates phrases
with the meaning [kind-genus], is generalized on the basis of the relationship of
generality and specificity. Therefore, it occupies a special place as a LSQ, which
creates word combinations with the meaning [part], [genus] (and other similar) and
highly generalizes the features of the linguistic structure inherent in these speech
syntactic units. Consequently, the status of [lq.k.~le.k.]=SB, [Ich.k.~le.k.]=SB,
[Ob.k~Oe.k]=SB patterns at the linguistic syntactic level [Ik.k.~le.k.]=SB.

If the above-mentioned ideas are a scientific and theoretical study of LSQ related to
a phrase, then its practical study involves collecting existing LSQs within the
framework of a phrase in the Uzbek language and identifying other LSQs encountered
in the speech process.

Noun compound Adjunctive compound 1. Noun + noun [wooden spoon, electric
lamp] 2. Pronoun + noun [all people, the whole world] 3. Number + noun [third grade,
five books] 4. Adjective + noun [beautiful city, kind mentor] 5. Participle + noun [guest
who came, child who laughed] Administrative compound 1. Noun + to + noun [love
for books, faith in life] 2. Noun +dan +noun [a memento from my grandfather, a
souvenir from my friend] 3. Pronoun +dan +ot [a letter from us, a souvenir from you]
4. Adverb +dan +noun [assignment from above] 5. Noun +da +noun [teacher at school,
worker at the factory] 6. Noun + auxiliary + noun [answer by question, conversation
with age] 7. Noun+from+auxiliary+noun [extraordinary meeting, off-topic thought] 8.
Pronoun + postposition + noun [meeting with us, getting acquainted with everyone].

Adaptive combination 1. Noun +ning +noun +e.q. [book page, teacher's question] 2.
Noun + e.c. [value of time, city streets] 3. Pronoun +ning +ot +e.q. [my happiness,
everyone’s dream] 4. Adjective +ning +ot+e.qg. [the word of the good, the thought of
the wise] 5. Numeral +ning +ot+e.q. [tenth place, first one's gift]. Although the
linguistic syntactic patterns of word combinations in the Uzbek language and the issue
of their modeling form the relationship between the word and the possessive and the
possessed, they do not have the characteristic of nominalization. For example:
noun+ning+adjective is the heat of bread, noun+ning+adverb is the beginning of the
sentence, noun+ning+number is one of the flowers. In addition, it is suggested that
words such as rahmat, tashakkur, salom enter into grammatical relations with personal
nouns and pronouns, forming a controlled combination. For example: thank you, thank
you all, etc. [4].

Analysis and Results

It should be noted that in the presented examples, in our opinion, the degree of
expression of thought is stronger than the concept. The problem of linguistic modeling:
modeling in linguistics is based on LSQs and various constructions of language units.
Therefore, the model serves to interconnect such areas as structural linguistics and
computational linguistics. Rakhimov A., reflecting on the formation and development
of the modeling method in linguistics, writes: Modeling began to be actively applied
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in linguistics under the influence of structuralism. The idea of modeling sentence
structure was put forward in the 50s of the 20" century by the American Charles Fries.
Summarizing his views, the scientist created his research “The Structure of English”
in 1952. Fries Ch. called his concept a distributive model. According to it, a sentence
Is a chain of words belonging to certain parts of speech, and the analysis relies on a
morphological base.

According to Abzhalova M., the syntactic analysis module (STM) is a part of the
syntactic analysis program or linguistic program designed to perform syntactic
analysis.

Conclusion

Today, the creation of automatic STMs is one of the urgent tasks of computational
linguistics, the solution of which allows for high-quality results in the formalization of
the language system for various practical purposes: the creation of a system for
automatic verification of language and speech units, the improvement of the Internet
search system. The purpose of syntactic analysis is to observe syntactic structures and
the norms of syntactic connection, however, the creation of SCS in all languages is a
complex task, since there are insufficient theoretical and practical studies in applied
linguistics; the syntactic connection of language and speech units has individual
diversity. The syntactic analyzer (parser) of each language is created according to the
nature and laws of that language. Parser’s work is based on a database of word
categories (parts) and its main task is to identify parts of speech in some languages (for
example, in Russian), while in certain languages, for example, in English, it is analyzed
generatively in the form of noun groups and verb groups according to N. Chomsky's
theory.
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Annotatsiya. So‘nggi yillarda xalgaro hamjamiyat nogironlarning to“liq ijtimoiy-
siyosiy ishtirokini ta'minlashga alohida e’tibor garatmoqda. Ushbu jarayonda
ko‘plab xalgaro hujjatlar gabul gilindi, ularning asosida davlatlar nogironlarning
ijtimoiy hayotga to‘liq qo‘shilishini kafolatlashga qgaratilgan o°z strategiyalarini
ishlab chigadilar. Shunga ko‘ra, ushbu maqolaning magsadi nogironlarning
jamiyatda to‘lig ijtimoiy-siyosiy ishtirokini ta’minlashga garatilgan global
jarayonlarni aniglashdir. Magolada Birlashgan Millatlar Tashkiloti va Yevropada
Xavfsizlik va Hamkorlik Tashkiloti tomonidan ishlab chigilgan va amalga
oshirilgan, nogironlarning jamiyatda har tomonlama ijtimoiy-siyosiy ishtirokini
rag‘batlantirishga qaratilgan hujjatlar  tahlil qgilinadi. Hozirgi global
tendentsiyalarga asoslanib, muallif Yangi O‘zbekiston uchun “Inklyuziv ishtirok
etish sari”” konsepsiyasini qabul gilish zarur degan xulosaga keladi.

Kalit so‘zlar: Nogironlik, nogironlar, Birlashgan Millatlar Tashkiloti,
BMTning Nogironlar huquglari to ‘g ‘risidagi konventsiyasi, Yevropada Xavfsizlik
va Hamkorlik Tashkiloti, inklyuziya, ijtimoiy-siyosiy ishtirok, siyosat, ijtimoiy
hayot, jamiyat.

AHHoOTaums. B ocieaHue robl MEXIyHApOAHOE COOOIIECTBO YALIsET 0C000€
BHUMaHHUE OOECIEUCHUIO MOJHOTO COLMAIbHO-TIOJUTUYECKOTO YYacTHUs JIUIL C
MHBAJIMAHOCTHIO. B 3TOM Mporiecce ObLI0 MPUHATO MHOKECTBO MEXTyHAPOIHBIX
JIOKYMEHTOB, Ha OCHOBE KOTOPBIX TOCyAapCTBa pa3pabdaThiBalOT COOCTBEHHBIC
CTpaTeru, HampaBJE€HHbICE HA TapaHTUPOBAHUE MOJHOW HMHTETPALMM JIUI[ C
WHBAJIUJHOCTBIO B COLIMAIBHYIO *KU3Hb. COOTBETCTBEHHO, 1I€JIb JTAHHOW CTaThbU
— BBISIBUTH TJIOOQJIBHBIE MPOIIECCHI, HAMPABIICHHBIE Ha 00ECIIEYEHUE MOJTHOTO
COIMAJIBHO-TIOJIMTUYECKOTO Y4YacTHsl JUI[ ¢ WHBAJUJAHOCTHIO B oOmiecTBe. B
CTaTh€ aHANM3HUPYIOTCA JIOKYMEHTBHI, pa3pabOTaHHbIE ¥  BHEIPEHHBIC
Opranmsamnueit O0veanHeHHbix Hammit 1 Opranuzanueit mo 6€30mMacHOCTH |
COTpyaHUYECTBY B  EBpome, KOTOpble HampaBi€Hbl Ha  COJICUCTBUE
BCECTOPOHHEMY COITUATBLHO-TIOJIMTUYECKOMY YUaCTHIO JIMI] C UHBAJIUIHOCTHIO B
obmectBe. Ha ocCHOBE COBPEMEHHBIX TJI00aTBHBIX TEHICHIIUN aBTOP MPUXOIUT K
BBIBOAY O HeoOxoaumoctu npuHaTHus HoBeiM Y30ekuctanom konuenmuu “Ha
MyTH K UHKJIIO3UBHOMY y4acTHIO.”

Knroueewvie cnoea: Hnsanuonocms, nuya c uneanuonocmsiro, Opeanuzayusi
Obvedunennvix Hayuti, Koneenyus OOH o npasax nuy ¢ umeaiuoHocmuwio,
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Opeanusayus no 6ezonacocmu u compyonuuecmsy 6 Eepone, unxnmosus,
COYUANbHO-NONUMUYECKOe yuacmue, NOIUMUKA, COYUAIbHAS HCU3Hb, 00UIeCmB0.

Abstract. In recent years, the international community has paid particular
attention to ensuring the full socio-political participation of persons with
disabilities. In this process, many international documents have been adopted,
based on which states develop their own strategies aimed at guaranteeing the full
inclusion of persons with disabilities in social life. Accordingly, the purpose of
this article is to identify global processes aimed at ensuring the full socio-political
participation of persons with disabilities in society. The article analyzes the
documents developed and implemented by the United Nations and the
Organization for Security and Co-operation in Europe that focus on promoting
comprehensive socio-political participation of persons with disabilities in society.
Based on current global trends, the author concludes that it is necessary for New
Uzbekistan to adopt the concept of “Towards Inclusive Participation.”

Keywords: Disability, persons with disabilities, United Nations, UN
Convention on the Rights of Persons with Disabilities, Organization for Security
and Co-operation in Europe, inclusion, socio-political participation, policy,
social life, society.

Introduction

In recent years, special attention has been paid in Uzbekistan to improving the
quality of life of persons with disabilities and protecting their rights and interests. The
fact that more than 40 regulatory legal documents have been adopted in this area in
Uzbekistan can serve as clear evidence of this. In turn, the processes of improving the
quality of life of persons with disabilities require ensuring their full participation in the
life of society. This is because persons with disabilities, having specific and unique life
experience, are considered the main experts in the field of disability. One of the key
principles of the United Nations policy towards persons with disabilities is precisely
the principle “Nothing about us without us.” Proceeding from this, it is of great
importance to conduct large-scale research aimed at ensuring the participation of
persons with disabilities in the life of society.

Literature Review

The processes of ensuring the full socio-political participation of persons with
disabilities are reflected in the following documents of the United Nations and the
Organization for Security and Co-operation in Europe (OSCE): Guidelines on
Promoting the Participation of Persons with Disabilities in Political and Public Life,
issued by the OSCE Office for Democratic Institutions and Human Rights (ODIHR)
[1]; Document of the Moscow Meeting of the Conference on the Human Dimension of
the CSCE [2]; Berlin Declaration and Resolutions Adopted at the Twenty-Seventh
Annual Session of the OSCE Parliamentary Assembly, Berlin [3]; The United Nations
Convention on the Rights of Persons with Disabilities [4]; Principles for Promoting
the Participation of Persons with Disabilities in Political Life, OSCE Office for
Democratic Institutions and Human Rights [5]; Report of the Committee on Equality
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and Non-Discrimination: Political Rights of Persons with Disabilities as a Question
of Democracy [6].

In Uzbekistan, the protection of the rights and interests of persons with disabilities
and the improvement of their quality of life have been studied by many scholars.
Among them, we can mention the research conducted by Ganiyeva M. [7], Latipova
N. [8], Mo‘minova L. [9], Nurkeldiyeva D. [10], Alimova V. [11], Alekseeva V. [12],
Abduvaliyeva M. [13], Komilov F. [14], Uzakova Z. [15], Yusupov D. [16],
Checherina Ya. [17], Abduxalilov A. [18] and others.

Research Methodology

Today, the socio-political participation of various social strata is regarded as a key
indicator that determines the level of democratic development in society. The fact that
socio-political participation has different forms is expressed through such
characteristics of a given subject as gender, age, workplace, religion, lifestyle, and so
on. An analysis of the different definitions given to this phenomenon (socio-political
participation as the degree to which all groups and strata of society are involved in
socio-political processes) makes it possible to provide an integrated definition of this
concept.

Inclusive social policy, in its essence, presupposes the participation of all strata of
the population in the socio-political life of society.

According to current United Nations data, “about 16% of the world’s population are
persons with disabilities, and at the same time, the socio-political participation of
persons with disabilities in the life of society remains insufficient in almost all
countries of the world” [19]. The reasons for this include the limited opportunities to
participate in parliamentary life and political processes, the inadequate provision of
political information in accessible formats for persons with disabilities, low levels of
public support for persons with disabilities, and the existence of national laws that grant
certain persons with disabilities the status of being legally incapable. In addition, the
widespread negative stereotypes towards persons with disabilities in society also hinder
their full-fledged political participation in the life of the community.

It should also be emphasized that “the above-mentioned problems do not only act as
barriers to the socio-political participation of persons with disabilities, but also lead to
their isolation in society. In our opinion, the active participation of persons with
disabilities in the socio-political life of society increases the possibility of eliminating
the stereotypes that exist towards them. The failure to involve certain groups in political
processes not only deprives them of the opportunity to defend their interests, but can
also cause an increase in dysfunctions within the social system of society” [1].

Today, in almost all states, increasing the socio-political participation of persons
with disabilities is recognized as an important factor in building an inclusive society
based on equality. It should be noted that ensuring the full participation of persons with
disabilities in socio-political processes is reflected in a number of international,
regional and national legal documents. However, in many countries, persons with
disabilities still do not participate sufficiently in the socio-political life of society. A
clear example of this is the still limited presence of persons with disabilities in the
legislative and executive branches of power of the Republic of Uzbekistan. Therefore,
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ensuring the full participation of persons with disabilities in socio-political
processes and conducting systematic scientific research in this area is a requirement of
the times.

“It has been repeatedly emphasized by the states that are members of the
Organization for Security and Co-operation in Europe that involving persons with
disabilities in the socio-political life of society and ensuring their full participation is
an important issue. In 1991, the member states of the OSCE adopted the so-called
Moscow Document. This document emphasized that the OSCE member states must
create equal opportunities for persons with disabilities to participate fully in the socio-
political life of society, and that the direct participation of persons with disabilities in
all decisions concerning them is of particular importance” [2].

“In connection with the 25" anniversary of the Moscow Document adopted in
Moscow in 1991, in 2016 the OSCE Office for Democratic Institutions and Human
Rights, in cooperation with the Ministry of Foreign Affairs of Finland and the Finnish
Human Rights Centre, organized a high-level expert seminar. This seminar was
devoted to the topic of increasing the participation of persons with disabilities in the
socio-political life of society” [1].

“At this seminar, experts developed the following eight key recommendations aimed
at increasing the socio-political participation of persons with disabilities:

1. The OSCE participating States should create an accessible environment in order
to ensure the full participation of persons with disabilities in the socio-political life of
society.

2. It is advisable to eliminate the administrative and legal barriers that prevent
persons with disabilities from fully participating in the life of society.

3. The OSCE participating States should develop legal, administrative and
institutional mechanisms to ensure the full participation of persons with disabilities in
the life of society.

4. The OSCE participating States should develop inclusive education and raise
public awareness regarding the full socio-political participation of persons with
disabilities in the life of society.

5. The OSCE should encourage members of society to pay attention to the
problems faced by persons with disabilities.

6. In the process of ensuring the full socio-political participation of persons with
disabilities, the OSCE participating States and non-governmental, non-profit
organizations should form various coalitions and strengthen cooperation among them.

7. The OSCE participating States should collect data on the participation of persons
with disabilities in the life of society and analyze the results.

8. It is advisable for the OSCE executive structures to ensure an accessible
environment for persons with disabilities” [1].

“In the declaration adopted at the parliamentary assembly of the OSCE held in Berlin
in 2018, it can be seen that the interests of persons with disabilities still remain
insufficiently represented in the member states of the OSCE. The declaration assigns
to all OSCE member states the task of creating mechanisms that ensure the socio-
political participation of persons with disabilities. It also calls for the development of
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measures aimed at strengthening their participation in socio-political decision-
making processes” [3].

In the activities of the United Nations as well, considerable attention is paid to the
rights of persons with disabilities to full participation in society, and a number of
Important international documents have been adopted in this area. Among this one can
mention the Universal Declaration of Human Rights, the International Covenant on
Civil and Political Rights, the Standard Rules on the Equalization of Opportunities for
Persons with Disabilities, and the UN Convention on the Rights of Persons with
Disabilities.

It should be noted that “today, the most important international document
concerning the protection of the rights and interests of persons with disabilities is the
United Nations Convention on the Rights of Persons with Disabilities. This Convention
has been signed and ratified by almost all UN member states. Article 29 of the
Convention emphasizes that the States Parties guarantee the political rights of persons
with disabilities and the possibility for them to enjoy these rights on an equal basis with
others” [4].

“Another document that draws attention to the full socio-political participation of
persons with disabilities is the Sustainable Development Goals adopted in 2015” [5].

“In this document, special emphasis is placed on building an inclusive society, and
it is noted that it is necessary to increase the opportunities for all strata of the population
to realize their socio-political rights. At the same time, in many regional documents of
organizations such as the Council of Europe and the European Union, great attention
is paid to ensuring the full socio-political participation of persons with disabilities. In
January 2017, the OSCE Committee on Equality and Non-Discrimination published a
report entitled ‘The Political Rights of Persons with Disabilities as a Fundamental
Question of Democracy’. This report notes that disability issues are still barely visible
in the political life of states today, and that the interests of persons with disabilities are
often not taken into account in electoral processes. In the national legislation of many
OSCE participating States, one can find norms aimed at ensuring an accessible
environment for persons with disabilities and at increasing their political participation.
Nevertheless, men and women with disabilities still face various problems in the
process of full participation in the socio-political life of society” [20].

It should also be noted that “in the above-mentioned report, not only problems but
also positive examples related to ensuring the full socio-political participation of
persons with disabilities are reflected” [6].

Based on the above-mentioned international documents and the activities of
international organizations, it can be concluded that persons with disabilities, like all
other citizens, have the right to fully participate in the life of society. Therefore,
creating equal opportunities for them is the responsibility of all states and socio-
political institutions. The creation of an accessible environment for persons with
disabilities brings benefits not only to persons with disabilities themselves, but to all
people. Observance of the principles of inclusiveness in social policy also leads to a
number of significant advantages.

For example, the principle of universal design requires the creation of products and
services that are convenient for everyone. In this regard, the principle of inclusiveness
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must be taken into account in the development of any socio-political project. It
should be stressed that after the adoption of the UN Convention on the Rights of
Persons with Disabilities, more attention has been paid around the world to ensuring
an inclusive society, creating equal opportunities for persons with disabilities, and
promoting their full participation in the life of society. This situation inspires hope that
in the future political institutions will work more actively to eliminate the various
barriers that may arise to the full socio-political participation of persons with
disabilities.

It should also be mentioned that the integration of persons with disabilities into the
socio-political system of a given state primarily strengthens the democratic system,
since today the processes of making socio-political decisions are among the main
characteristics of modern democracy.

Analysis and Results

According to UN experts, in the process of increasing the inclusiveness of social
policy, it is advisable for political institutions to implement a number of important
measures. These include the following:

1. Reviewing national legislation that reflects electoral and political rights. This
process requires harmonizing the legislation of countries with the UN Convention on
the Rights of Persons with Disabilities and removing all barriers that prevent persons
with disabilities from fully participating in the life of society. It should be noted that,
according to UN experts, these barriers mainly concern persons with mental and
intellectual impairments, and this causes serious concern among all human rights
organizations. The Committee on the Rights of Persons with Disabilities, which
monitors the implementation of the UN Convention on the Rights of Persons with
Disabilities, has given a number of recommendations to certain countries in this regard,
in which the Committee instructs states to remove all norms that discriminate against
persons with disabilities.

2. “The development of inclusive education and the provision of full information to
voters require that, during election campaigns, all documents be presented to voters in
accessible formats; in turn, the processes of preparing such information should be
based on the communicative characteristics of different individuals. In doing so, the
following factors need to be taken into account: language, literacy, whether citizens
live in rural or urban areas, traditions, gender, disability, and so forth. Research
conducted by experts has shown that persons with disabilities are emerging as an
important electoral group for political parties. At present, political parties operating in
Europe are striving to adapt their programs to the needs of persons with disabilities
(Braille alphabet, sign language, etc.). At the same time, it should be noted that, in the
process of providing political education to citizens, persons with disabilities must
appear not only as an electorate, but also as individuals who can stand for election. The
development of inclusive education in schools will, in the future, lead to a positive
change in society’s attitude towards persons with disabilities, which in turn will
increase the participation of persons with disabilities in the socio-political life of
society” [1].
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According to experts, today non-governmental non-profit organizations
operating in the field of disability are beginning to occupy an important place in the
political education of citizens.

3. Teaching officials working in election commissions the mechanisms for
organizing inclusive election campaigns contributes to the formation of an inclusive
character in electoral processes. That is why it is of great importance to provide them
with knowledge about this process.

In turn, “in order to organize inclusive election campaigns, attention should be paid
to the following aspects:

1. Developing standards aimed at ensuring that the electoral system and electoral
processes are convenient for everyone.

2. Paying attention to ensuring an accessible environment for persons with
disabilities in election campaigns.

3. Itisadvisable to conduct training seminars for election commission staff on how
to organize elections in a way that is convenient for everyone. This includes providing
information about electoral processes in accessible formats (such as Braille, easy-to-
read materials), providing guides and sign-language interpreters for voters, and
explaining the basics of using assistive technologies” [21].

4. “Monitoring and observing the inclusiveness of elections. It should be noted that
the monitoring of the electoral system can be carried out by various interested groups,
which mainly include representatives of national civil society institutions,
representatives of political parties, journalists, as well as national human rights
institutions. It should also be mentioned that election monitoring is likewise carried out
by representatives of various international organizations who come on observation
missions. In turn, in order to ensure the inclusiveness of electoral system monitoring,
it is advisable to guarantee the participation of persons with disabilities at all stages of
this process. It should be emphasized that the questionnaire developed for monitoring
should also include questions relating to voters with disabilities.

5. The participation of civil society institutions operating in the field of disability in
decisions adopted regarding the socio-political participation of persons with disabilities
Is of great importance, since the greatest experts in the field of disability are the persons
with disabilities themselves.

6. Creating a convenient mechanism for filing complaints related to the electoral
system and election campaigns; if persons with disabilities consider that they have been
discriminated against in the course of electoral processes, they must have the
opportunity to submit complaints” [21].

In our opinion, the seven recommendations developed by the United Nations experts
for states are not exhaustive. We believe that it is also of great importance to organize
public service on the basis of inclusive principles and to add this as a further
recommendation. Indeed, ensuring the inclusiveness of public service will provide
persons with disabilities with the opportunity to participate fully in the socio-political
life of society.
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Conclusion

The analysis of the essence of global processes aimed at increasing the socio-
political participation of persons with disabilities has made it possible to arrive at the
following conclusions:

1. The global policies carried out by international organizations in this field serve
to increase the socio-political participation of persons with disabilities. Indeed, today
one of the indicators of a given state’s image is the extent to which an inclusive society
has been formed in that country.

2. Ensuring the full participation of persons with disabilities in the life of society
is directly linked to the effective activities of non-governmental organizations that
protect their rights and interests.

3. Today, persons with disabilities are increasingly seen not only as a specific
electoral group, but also as individuals who have the opportunity to be elected. This
very fact enables them to bring their interests onto the political arena.

4. Proceeding from the global processes aimed at ensuring the full participation of
persons with disabilities in the life of society, it can be said that, in today’s New
Uzbekistan, it is necessary to develop a “Concept for Ensuring Inclusive Participation
in Society.”
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Annotatsiya. Mazkur maqolada O‘rta Osiyo xonliklarida XX asr boshlarigacha
faoliyatda bo‘lgan yer egaligi shakllari, yer egaligining huquqiy asoslari,
aholining mavjud yer egaligi munosabatlaridagi ishtiroki ilmiy manbaviy asosda
tahlil gilingan va manbaviy xulosalar berilgan.

Kalit so‘zlar: amlok yerlar, vaqgf yerlari, suyurg ‘ol, bevatan, koranda, atoyi
yerlar, yorligli yerlar, otlig yerlar, tanho yerlar.

AHHOTanus. B cTaThe HA OCHOBE HAYYHBIX HCTOYHUKOB aHATU3UPYIOTCS (POPMBI
3eMEJIbHOM COOCTBEHHOCTH, IPABOBBIE OCHOBBI 3€MJIEBIAJCHUS U Y4YacTUE
HACEJICHWsI B 3€MEJIbHO-UMYLIECTBEHHBIX OTHOLICHHUSX B CPEIHEAa3HaTCKUX
XaHCTBax N0 Hadasa XX BEKa, a TAKKE MPUBOIATCS HCTOYHHKOBEIYECKHE
BBIBO/JIBI.

Knrouesvie cnosa: amnoxckue 3emnu, 8akpuvie semau, cyiopeoi, 6e3 poounul,
KOpaHoa, eaxkganem, HA36aHHbIE 3eMIU, 0OO3HAYEHHble 3eMIU, OMMeYEeHHble
3emu, yeOuHeHHble.

Abstract. This article analyzes the forms of land ownership that existed in the
Central Asian khanates until the beginning of the 20" century, the legal
foundations of land ownership, and the participation of the population in existing
land ownership relations on a scientific source basis, and provides source
conclusions.

Keywords: estate, endowment lands, private state, homeless, koranda,
endowment, named lands, marked lands, equestrian lands, secluded lands.

Introduction

The economic rise and sustainable development of the Central Asian khanates were
directly related to the effective use of traditional farming methods in agriculture, the
rational distribution of water resources, and the formation of large-scale irrigation
systems. These systems were the primary factor that determined the agrarian potential
of the region, and they indicate a high level of development of the agricultural culture
in the history of the Central Asian khanates. After all, land ownership relations existed
in the Central Asian khanates in complex and differentiated forms. In the example of
the Khiva Khanate, it can be seen that agrarian relations constituted the central pillar
of economic life. Land, as the main source of livelihood of the population, determined
not only economic activity, but also formed social stratification and directions of state
policy. Therefore, land-related issues went beyond the scope of a simple economic
process and rose to the level of state policy, and specific legal and administrative
mechanisms for its management were developed. This situation indicates the feudal
nature of the agrarian system.
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Research Methodology

The Central Asian khanates - Bukhara, Khiva and Kokand khanates, traditional
farming culture played a central role not only in the basis of economic life, but also in
the formation of social structure, customs and culture. These economic systems were
largely adapted to the natural and geographical factors - river oases, mountain foothills,
deserts and steppes, and were formed through land ownership, irrigated agriculture,
horticulture, animal husbandry and handicraft activities.

However, as a result of the colonial policy that began in the second half of the 19th
century and the beginning of the 20" century, fundamental changes occurred in these
traditional ethno-economic systems. The following methodological approaches are
considered important in analyzing this process:

1. Historical-ethnological approach, that is, the analysis of national economic
practices in the process of historical formation;

2. Taking into account local climate, land and water resources, and cultural
adaptation factors through an anthropological -geographic approach;

3. The cultural-civilizational approach consists in analyzing ethno-economic
systems in their civilizational context, that is, determining the relationship of these
systems to the social structure, value system, and traditions.

Literature Review

Researchers divide ownership rights in the agrarian system in Central Asia from the
18th to the early 20" centuries into the following main forms:

1. State lands (amlok [1]) — at the disposal of the khan, and their revenues were
directed to the treasury.

2. Endowment lands — lands set aside for the purpose of providing for religious and
charitable institutions and considered legally inviolable.

3. Private estates (mulk or suyurg-ol) —a form of land ownership granted by the khan
or transferred on a hereditary basis.

4. Communal lands (existing until the beginning of the 19th century) are lands for
common use owned by rural communities, which played an important role in the socio-
economic life of peasants.

These types of ownership served as a decisive factor not only in economic terms,
but also in the formation of social and political relations. For example, while the central
government strengthened its economic power through state lands, endowment lands
strengthened the position of religious and educational institutions. Private property
served as a means of materially motivating the classes loyal to the ruler.

Thus, the land tenure system in the Central Asian khanates was simultaneously an
Important mechanism of economic management, political administration, and social
control. In the case of the Khiva Khanate, we also see that land and farming issues were
elevated to the level of state policy. This, in turn, is the main key to understanding the
socio-economic life of the khanate.

State or estate land ownership was a unique legal and economic system, which
mainly covered common land areas in areas with forests, meadows, sands and lakes.
According to sources from the late 19" and early 20" centuries, the size of state lands
in the Central Asian khanates amounted to 86 thousand tanobs [2]. Each khan who
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ascended the throne directly controlled the procedure for the use of state lands. This
process was carried out, first of all, through the system of land distribution and taxation.
The undeveloped territories that were part of state lands were included in the
agricultural turnover due to the construction of irrigation facilities. As a result, the
development of new lands not only expanded the general economic base, but also
served the personal interests of the khan. Because the khan, his household and close
relatives also acquired a certain amount of land in this process. By the 19" century, the
personal land ownership of the Khiva khans had increased significantly. The Khans of
Khiva were considered the largest feudal landowners in the state during this period.
Because they also had a number of private lands at their disposal. The most fertile lands
and gardens in the khanate were in the hands of the khan and his descendants.
According to the analysis of Munirov Q., in these areas the labor of landless peasants,
forcibly relocated residents, and slaves was widely used [3]. Yuldashev M., in his
study, emphasizes that the khans owned very large personal or royal lands and that they
were the first-class feudal lords in the state [4]. Of course, the ownership of large areas
of land by the khans was another form of large feudal land ownership. Thus, the khans
controlled state lands and the taxes they received, and also owned estates that
represented their personal interests. In particular, Ogahiy writes that in 1846-1847
(1263 AH), Muhammad Aminkhan dug a canal (yap) on the right bank of the Sharqi
Roviq River in order to drain water from the areas around Kuhna Urgench and Kuhna
Vazir, which were suitable for farming, but where water did not reach [5]. As a result,
water was drained to these areas, creating favorable conditions for farming, and these
arable lands passed into the possession of the khan. Ogahiy noted in his works in which
cities the Khiva khans owned land, but did not provide precise information about the
size of these lands. The land owned by the Khiva khans consisted mainly of fertile,
agriculturally suitable lands within the khanate. Most of the khans' personal lands were
located in areas on the right bank of the Amu Darya.

Were considered state lands until 1865-1866, that is, until the time of Said
Muhammad Khan [4]. Later, these lands passed into the possession of Said Muhammad
Khan. The lands worked by the karandas around Akmasjid, Kun’girat, Davkara and
Shurakhon became the personal property of the khans. The amount of grain obtained
from these lands was constantly monitored by the officials who governed these
territories - the mushrifs. This is also confirmed in the books of grain receipts and
expenditures of the Khiva Khanate during the time of Muhammad Amin Khan [6].

Analysis and Results

The existence of state lands served several socio-economic functions. First, it was
considered an important source of revenue for the state budget. Secondly, state lands
stimulated the development of the irrigation system, ensuring the involvement of new
territories in agriculture. Third, this system served the interests of the khan as a means
of consolidating political power.

In particular, according to the information of Nurjonov K. and Khojaniyazov G.,
in the Khiva Khanate itself, before the Russian invasion, a total of there were 1 million
681 thousand desyatina of land [2] of which:

1) 324 thousand desyatina of land were developed and used as cultivated areas;
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2) 224 thousand desyatina of land are considered endowment lands owned by
the population and mosques;

3) 100 thousand desyatina of land were the personal property of the khan.

The remaining large part remained as undeveloped, neglected lands. This
classification reveals the structural structure of the land fund in the khanate and the
diversity of land ownership forms. On the one hand, developed arable land was the
mainstay of the economy, on the other hand, endowment lands played an important
role in socio-economic life as a stable source of income for religious and educational
institutions. The khan’s personal estates served to strengthen political power within the
framework of state administration and ensure the economic foundations of the khan
dynasty.

Also, the existence of large areas of undeveloped land indicates the direct
dependence of the khanate’s agrarian system on irrigation networks. This made it
possible to bring new areas into crop rotation with the construction of irrigation
facilities.

Central Asia was not based solely on the direct labor of the landowners. These lands
were mainly occupied by peasants, peasants, and peasants and They worked as laborers
and did not have the right to own land. Such people were limited only to the right to
temporary use of the land. If a person who farmed on state (kingdom) land died, the
right to work on this land passed to his children and they continued their farming
activities.

The farmer in the royal lands was not the actual owner of the land, he was
considered the full owner of the crops grown and the buildings built by him. In the
Khiva Khanate, state lands (royalty) were considered to be the lands in the western part
of the oasis around Kilichniyozboy, Old Urgench, and in the southern part around
Khazorasp [7]. The population farming in these lands paid “dayak” in two different ways
[7]. Thus, in Central Asia, and in particular in the Khiva Khanate, land ownership
relations were manifested in complex forms: although the right to land ownership was
in the ownership of the state or the khan, the products of labor were recognized as the
property of the peasant.

In the land ownership system of the khanate, land workers were divided into the
following social groups:

Landless people are people who lease state or royal lands [8].

Koranda — individuals who rent private or owned land.

Wakfkor — persons who work on wagf lands for rent.

According to sources [4], bevatans usually rented an average of 57 tanab of land
and paid a “salgut” tax of 1 gold coin for every 5 tanab of land.

However, since the size of state-owned land was relatively limited, the land rented
by bevatans constituted a very small share of the total land area.

Property (mulki-hurri-kholis) is divided into three main types, which are taxed
according to their nature. These are:

1) Atoyi property (ata-i mulk);

2) Titled property;

3) Equestrian lands.
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The author has discussed in detail the land ownership and its types in the Khiva
Khanate in his monograph [1]. Equestrian lands were considered hereditary lands,
which belonged mainly to the khan's relatives and high-ranking state officials. The
amount of tax collected from such lands was very small, and in some cases, they were
not taxed at all [8].

Had the right to dispose of these lands throughout his life. After his death, this right
passed to his heirs [8].

Atlik lands (Equestrian lands) constituted a separate category in the agrarian
structure of the Khiva Khanate. Their name is explained, first of all, by the use of these
lands by Turkmen communities. The use of these lands was carried out in exchange for
certain obligations, for every 30 tanob (about 5 desyatina) of land, the owner was
obliged to serve the khan with one armed horseman during military mobilization [7].

Conclusion

Land relations were the main supporting system of the khanate economy, which
included state land ownership (amlok), endowment lands, as well as private property
and collective lands. These forms of land ownership strengthened social stratification,
expressed the interests of the feudal class in the distribution of productive resources.
At the same time, the majority of peasants were connected to the landowners through
various obligatory relations - tenancy, shareholding or labor obligations.
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Annotatsiya. Magolada paxta xom-ashyosini saglash jarayonidagi fizik,
kimyoviy va biologik o‘zgarishlar tahlil qilingan. Gfaramda namlik va
haroratning tagsimlanishi, mikrobiologik faoliyat va oksidlanish reaksiyalarining
tola sifatga ta’siri yoritilgan. Paxta g‘aramlarida o‘z-o‘zidan qizib ketish
jarayonining fizik modeli ishlab chigilgan va uning oldini olish uchun mexatron
mikroklimat nazorati tizimi joriy etish bo‘yicha amaliy tavsiyalar berilgan.

Kalit so‘zlar: paxta xom-ashyosi, g ‘aram, namlik, harorat, mikroklimat, o z-
o ‘zidan qizish, ventilyatsiya, sensor tizimi.

AHHoTanusi. B cratbe mnpoaHanm3upoBaHbl (U3NYECKUE, XUMUYECKHUE U
OuoornuecKne M3MEHEHUs, MPOUCXOISIINE B MPOIIECCEe XPAHSHHSI XJIOTIKOBOTO
ceIpbsa. OCBEIIEHO paclpe/ie]ieHue BJIard U TeMIEpaTypsl B IITa0ese, BIUSHUE
MUKpPOOHOJIOTUYECKON aKTUBHOCTH M TIPOIECCOB OKHCIEHUS Ha KadecTBO
BoJIOKHA. Pa3paborana ¢usmyeckass MoJelb CaMOHArpeBaHUsl XJIOMKOBBIX
mraleneil W TPEACTABICHBI MPAKTUYECKUE PEKOMEHAAIMA MO BHEIPECHHIO
MEXaTPOHHON CHCTEMBl KOHTPOJS MHUKpPOKJIMMATa HJs MpeIoTBPAICHUS
neperpesa.

Kntoueswvie cnosa: xnonkosoe coipbé, uwimabens, 61ax*CHOCMb, memMnepamypd,
MUKDOKIUMAM, CAMOHA2Pe8aHUe, BEHMUNAYUSA, CEHCOPHAS CUCTNEMA.

Abstract. The article analyzes the physical, chemical, and biological changes
occurring during the storage of raw cotton. The distribution of moisture and
temperature within cotton piles, as well as the influence of microbiological
activity and oxidation reactions on fiber quality, are discussed in detail. A physical
model of the self-heating process in cotton storage piles has been developed, and
practical recommendations are proposed for implementing a mechatronic
microclimate control system to prevent self-heating and ensure fiber preservation.

Keywords: raw cotton, cotton pile, moisture, temperature, microclimate, self-
heating, ventilation, sensor system.

Introduction

The introduction of energy and resource-saving technologies in the fields of cotton
fiber cultivation, storage and production of higher value-added products - cotton,
textiles and ready-made clothing - is one of the current trends in the world. Today, the
trend of using advanced technology and mechatronic systems to produce
environmentally friendly, safe and high-quality products in this area is increasing [1].
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The leading positions in the world cotton market are occupied by countries such
as China, the USA, Brazil and India. These countries use advanced technologies in the
processes of processing, storing and producing export-oriented products, use
sustainable innovative approaches aimed at rational management of resources and
production of competitive products. Therefore, the efficiency of maintaining the
quality of cotton fiber and processing is one of the important factors determining the
economic prestige of the country in the world market.

World experience shows that the warehouse infrastructure, climate control, fire
safety and compliance with international standards in the storage of cotton raw
materials ensure long-term product quality. In particular, one of the urgent problems is
to determine the influence of microclimate parameters on the process of self-heating
during the storage of cotton raw materials in bundles, to prevent it and to ensure fire
safety [2]. Practice shows that improper distribution of humidity and temperature in
bundles, insufficient ventilation and high ambient temperature cause the process of
self-heating in cotton. This leads to deterioration of the fiber structure, yellowing,
microbiological contamination and an increased risk of fire. Therefore, it is necessary
to introduce automatic control systems for microclimate parameters.

Literature Review

The issue of physical, chemical and biological changes that occur during the storage
of cotton raw materials has been the focus of many researchers in recent years. In
particular, it has been found that the interaction of humidity, temperature,
microbiological activity and oxidation reactions leads to a decrease in fiber quality.
Liu et al. (2017) studied the thermal stability of fiber composites and reported a
decrease in mechanical strength in collagen-based materials due to moisture and
oxidation [1]. This suggests that cotton fiber can also be deformed under thermal stress.
Wang et al. (2018) analyzed the role of antioxidant additives in food storage and found
that excessive oxygen exposure accelerates the oxidation process and reduces quality
[2]. This scientific approach is important in understanding the hazardous processes
associated with oxygen levels in cotton bales.

Bobokalonov et al. (2018) studied biochemical processes through transcriptomics
analysis and demonstrated that enzymatic activity is accelerated in a warm and humid
environment [3]. The results of this study link the possibility of spontaneous cotton
heating with increased microbial activity within the bundle.

Firrman et al. (2021) found that gut microbiota growth rates varied across multiple
temperature ranges in experiments [4]. This finding supports the biological
implications of temperature stratification in cotton yams.

Hotchkiss et al. (2020) analyzed the structural changes of polysaccharides and
anthocyanins in plant fibers and observed molecular degradation and color changes
under high temperature conditions [5]. The yellowing of cotton fibers is related to the
effect of heat, which is due to these types of reactions.

Kaur et al. (2022) analyzed the response of plant microtissues to moisture and light
conditions and noted changes in chemical composition when storage conditions were
not properly controlled [6]. This approach suggests that precise control of the
microclimate in cotton raw materials is required.
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From the analysis of these sources, it can be seen that studies conducted in various
scientific areas — in the field of food, plant fibers and microbiological systems —
serve as the main theoretical foundation for understanding the process of self-heating
in cotton bales. Their general conclusion is that the combination of moisture + heat +
microbiological activity leads to heat accumulation and degradation in any biological
fibrous material. Therefore, microclimate control using sensor monitoring systems is
recommended as the most effective solution for storing cotton raw materials.

The main factors of cotton smut heating

Cotton raw materials undergo a number of physical, chemical and biological
changes during storage. One of the most dangerous processes is self-heating, which
has a serious impact on the quality and safety of the fiber. During long-term or
unfavorable storage conditions, heat can accumulate in the interior of the bundle and
rise to high temperatures [3].

The heating of cotton wool occurs under the influence of the following factors:
Microbiological activity - heat release resulting from the metabolism of bacteria
and fungi;

Oxidation reactions are the reaction of oil, sucrose, and other organic substances
in cotton fiber with oxygen in the air;
Humidity effect - biochemical reactions accelerate at high humidity.

Theoretical critical points

Table 1. The critical points for fibers.

Parameter Value Impact
Humidity > 12 % Microbiological activity accelerates
Temperature > 40 °C The heating process will intensify on its own.
Temperature 60-70 °C The fiber structure is thermally damaged, risk of
burning
Oxygen concentration > 10 % Oxidation reactions are activated

According to USDA (United States Department of Agriculture) studies, cotton stored
at 14% moisture content can reach temperatures of up to 55°C within 10 days.
According to FAO recommendations, the moisture content of the stack should not
exceed 8% and ventilation should be open. High temperature zones are observed not
in the center of the stack, but in the deeper layers where air exchange is limited [4].
The following parameters were determined to generate a general model of the
temperature rise process in cotton bales:
1) The concentration of available oxygen in the cotton skein;
2) Energy release reaction;
3) Stoichiometric reaction;
4) Probable rates of two reactions;
5) Energy activity;
6) The relationship between pressure and temperature on the depth of cotton wool.
The volume of a cotton yam measuring 25 meters long, 14 meters wide, and 7.5
meters high is determined by the following formula:
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The density of cotton wool can be determined as follows:
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The presence of oxygen in the cotton bales is important in the calculations, and
depends on the weight and pressure of the cotton itself which is determined as follows:
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It was found that the self-heating of cotton bolls is due to the oxidation reaction of
fiber-cellulose due to the pressure created by the boll’s own weight, and the oxidation
reaction of the carbohydrate maltose of the grain, which consists of glucose and starch.

{(C6H1005)n + (603), = (6€03)y, + (5H,0),
C,,H,,0,; +120, - 12C0, + 11H,0

Research Methodology

SEM analysis of cotton fiber samples from the upper, middle, and lower layers of the
pile. Scanning electron microscopy (SEM) is an effective method for studying the
structure and morphological properties of cotton fibers. This method allows us to
determine the twist of the fibers, surface roughness, and changes after external
influences. In scientific research, SEM is an important method for assessing the quality
of the fibers [5-6].

Analysis and Results

Cotton fiber samples were taken from the upper, middle and lower parts of the
bundle and the results showed that the internal microstructure of cotton fiber changed
during storage in the bundle (Figure 1). Under the conditions of storage in the bundle,
different changes were observed in the fiber structure in the upper, middle and lower
parts. This directly affects the physical, mechanical and technological properties of
cotton fiber. In the top part of the cotton bundle (Top part), the fiber fibrils are scattered,
partially relaxed, due to which the top part of the bundle is in greater contact with the
external environment, therefore, air movement, temperature changes and the drying
process are stronger, and the elasticity of the fiber is reduced. In the middle part of the
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cotton bundle (Middle part), the fibrils are more stable, the structure is well
preserved, due to which the middle part of the bundle is relatively protected from
external factors and is stored in optimal humidity and pressure conditions. In this part,
the fiber quality indicators (strength, elongation) practically do not change.

OIS
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part

Bottom
part

—u

Figure 1. The structure and arrangement of cotton fibers in different layers of the bundle.

In the bottom part of the cotton skein, the fibrils are located close to each other and
partially displaced. In the lower part of the skein, the pressure is higher, the moisture
accumulation is stronger. This leads to a change in the microstructure and fibril angles,
which negatively affects the technological properties of the fiber, and problems may
arise during fiber cooking. The optimal temperature in the interior of the cotton skein
Is 25-34 °C. If the temperature rises above 35 °C, oxidation reactions accelerate, the
activity of microorganisms increases, and self-heating may occur. The optimal
humidity is 8-10%. If the humidity is higher than 14%, the activity of fungi and bacteria
increases, heat is released, and the temperature rises. This destroys the internal
structure of the fiber. If the humidity is below 7%, the fiber becomes hard and brittle.
When high temperature and high humidity are combined, the risk of self-heating
increases several times. The top of the pile dries quickly, while the bottom experiences
increased humidity and an increase in temperature.

Under storage conditions in a bundle, humidity and temperature are distributed
differently across the layers, including the risk of self-heating in the lower and middle
parts. Figure 2 compares the moisture content of cotton fibers in different layers (upper,
middle, lower) of cotton bundles of the Hamza expo art textile enterprise in the Oltiariq
district of Fergana region with the humidity of the outside air. The horizontal axis
shows (June—September 2025), and the vertical axis shows the relative humidity (%).
Here Ambient Air (30-65%) - black line, humidity in the outside air fluctuated sharply
seasonally, decreasing in July and increasing again to a higher value in August-
September, Top Layer (8-14%) - blue line, humidity in the upper part of the pile has
the lowest indicators, since the upper part is in direct contact with the air and dries
quickly, Middle Layer (8-15%) - green line, humidity is moderate and is maintained
without significant changes, this part ensures the stability of the pile and fiber quality,
Bottom Layer (10-20%) - red line, the highest humidity is observed in the lower layer,
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moisture moves downward and accumulates under the influence of pressure,
approaching 18% threatens microbiological deterioration of the fiber and self-heating.
The moisture distribution in the stack is not uniform: the upper part is dry, the middle
part is stable, and the lower part is more humid. This situation is dangerous for long-
term storage of the stack, since high humidity-temperature rise in the lower layer causes
a self-heating process. Therefore, it is necessary to install moisture sensors in the stacks
regularly and ventilate them. It is necessary to ensure air circulation through the
channels.
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Figure 2. Results of comparing cotton fiber moisture content with outdoor air humidity.

Figure 3 compares the temperature of cotton fiber in different layers (upper, middle,
lower) of the piles of the “Hamza expo art textile” enterprise in the Oltiariq district of
Fergana region with the temperature of the outside air. The horizontal axis shows the
date (June-September 2025), and the vertical axis shows the temperature (°C). Ambient
Air (30-47 °C) - black line, the outside air temperature varies significantly, decreased
in July, and rose again to a higher value in August and September, Top Layer (32-
41°C) - blue line, the top layer responds quickly to the influence of the outside air,
temperature changes are softer than in the air, but are not constant, Middle Layer (33-
42 °C) - green line, the temperature is stable in the middle layer and is less affected by
changes in the outside air. This part is considered a relatively stable area of the stack,
Bottom Layer (32-46 °C) - the red line, the temperature is concentrated more in the
bottom layer, which, together with humidity, increases the risk of overheating.

The temperature distribution in the pile is not uniform, similar to the humidity: the
temperature in the lower layer is high, the middle part is stable, and the upper part
reacts quickly to the influence of air. If not controlled, the high temperature and
humidity in the lower layer can together lead to thermo-oxidative damage of the fiber.
Therefore, temperature monitoring through sensors and the use of ventilation channels
in piles are mandatory.

Moisture: accumulation in the lower layer increases the risk of warping,
temperature: accumulation of heat in the middle layer negatively affects the fiber
structure and the yellowing process. SEM results showed that changes in the fiber
surface due to moisture and temperature reduce the quality of the fiber during
processing.


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. NOVEMBER, 2025-11. 1SSN 2181-9750

Temperature (°C)

20— Ambient Air (30-47 °C)
— Top Layer (32-41 °C)

15| — Middle Layer (33-42 °C)
—— Bottom Layer (32-46 °C)

2025-06-012025-06-15 2025-07-012025-07-15 2025-08-012025-08-15 2025-09-012025-09-15
Date

Figure 3. Results of comparing cotton fiber temperature with outside air temperature.

In the conditions of the Fergana region, the highest temperatures were observed in
July-August 2025, which increased the level of risk during storage, requiring the
introduction of ventilation ducts, sensor monitoring systems, and optimal storage
conditions as a measure.

Conclusion

The phenomenon of spontaneous heating observed during the storage of cotton raw
materials in bales has been scientifically proven to be closely related to heat and mass
transfer, biochemical reactions, and oxidation processes. The results of the study
indicate that the uneven distribution of temperature and humidity inside the bale has a
significant impact on the fiber structure and its physical and mechanical properties.

The upper layer of the cotton pile dries quickly due to its active contact with the
external environment, which leads to a decrease in the dispersion and elasticity of the
fiber fibrils. In the middle layer, humidity and temperature are relatively stable, and in
this part the fiber quality indicators practically do not change. The most dangerous
situation is observed in the lower layer of the pile, since here the pressure is high, air
circulation is insufficient, and humidity is high. This becomes a point of increased
activity of microorganisms, activation of oxidative processes, and an increased risk of
self-heating.

Studies have shown that if the moisture content of cotton exceeds 12—-14% or the
temperature exceeds 35 °C, heat transfer becomes isolated and local hot spots form
within the bundle. At these spots, the temperature can rise to 45-50 °C, which causes
thermal damage to the fiber, yellowing, and an increased risk of fire.

Therefore, it is important to implement a continuous sensor monitoring system in
the bales. Continuous measurement of temperature and humidity through sensors and
automatic ventilation control using a mechatronic control system is an effective way to

maintain cotton quality and safety.
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Annotatsiya. Ushbu tadqiqot ishida Si(100)2x1 sirtining dimer gatorida C, (n=1,
3) uglerod Kklasterlari orgali adsorbsiyalangan C,@C, va Cg@C,
ekzofullerenlarining fullerenlar adsorbsiyasi mavjud bo‘lmaganda Cy va Cg
fulleren molekulalarining C, uglerod klasterlarini fulleren molekulasiga
ekzodrillovchi yakkalik C-C bog‘ bo‘ylab o‘tuchi o‘q atrofidagi aylanma va
tebranma (presetsion) harakat chastotalarini past temperaturalar sohasida (T <
100 K) temperaturaga bog‘lanishi molekulyar dinamika usuli asosida ochiq
manba simuliyatori LAMMPS paket dasturida modellashtirilgan holda o°rganildi.

Kalit so‘zlar: fulleren, kremniy, adsorbsiya, aylanma harakat, presetsiya,
chastota, temperatura, energiya, bog ‘, modellashtirish.

AnHoTaums. B nganHOl HccienoBaTenbckoil paboTe M3ydeHO TeMIIepaTypHOeE
(T<100 K) moBeaeHWe YacTOT  BpaAIIATEIBHBIX W KOJeOATEIBHBIX
(IpelecCuOHHBIX) JBMXKEHHM BOKPYT OCH, MNPOXOJSALIEH BIOIb OJAMHOYHOU
sx3oapmnupyomeii C—C  cBs3u  yriepoanbix  kmactepo C, (n=1, 3),
aJicopOMpPOBAaHHBIX Ha AMMEpPHOM psay moBepxHoctd Si(100)2%1 B cocTaBe
sk3o0¢ymiepeHoB Cp@C, u Ceo@C,, a Takke B OTCYTCTBHE aJCcOpOIMH
¢dynnepenos. McciaenoBanue BBITOJIHEHO METOIOM MOJIEKYJISIPHOU AMHAMHUKH C
HCIOJIb30BaHUEM OTKPBITOrO cCUMyJsiiuonHoro nakera LAMMPS.

Kntouesvie cnosa: ynnepen, kpemuuii, adcopbyus, epawamenvHoe
osudiceHue,  npeyeccus,  4Acmoma, — memnepamypa, — IHepaus,  C6s3b,
MoOoenuposanue.

Abstract. In this research work, the temperature dependence (T<100 K) of the
rotational and oscillatory (precessional) motion frequencies around the axis
passing through the single exo-drilling C—C bond of carbon clusters C, (n=1, 3),
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adsorbed on the dimer row of the Si(100)2x1 surface as part of the exofullerenes
Co@C, and Cg@C,, as well as in the absence of fullerene adsorption, was
studied. The study was carried out using the molecular dynamics method and
modeled in the open-source simulator LAMMPS.

Keywords: fullerene, silicon, adsorption, rotational motion, precision,
frequency, temperature, energy, bond, modelling.

Introduction

Nanostructures arising from the adsorption of fullerene molecules have become one
of the major areas of contemporary scientific research, attracting the attention of
investigators due to their unique physical and chemical properties. In particular, hybrid
materials formed by the adsorption of Cy and Cg molecules on a silicon substrate
surface with (100)2%1 reconstruction via Cn carbon clusters are regarded as significant
for the fabrication of molecular devices that can replace semiconductor devices [1].
Moreover, in fullerene-based hybrid materials—an important component of organic
solar cells—the strong adsorption of the Cgo fullerene molecule on the layer surface is
of great importance [2]. It has also been shown that C,0@C, and Ceo@C, (n=1-5)
exofullerenes, compared to the C,, and Cg fullerene molecules themselves, adsorb on
the Si(100) silicon substrate surface by forming strong or covalent Si—C bonds [3].
Given these factors, investigating the C,,@C,, and Ce@C,, exofullerenes adsorbed via
Cn carbon clusters on silicon substrate surfaces—by evaluating their time parameters
in the absence of direct fullerene adsorption—is essential for fullerene-based devices
(molecular transistors, sensors, quantum components), as the orientation and dynamic
stability of the molecules relative to the surface determine their functional properties.

Rotational and small-amplitude vibrational (precessional) motions of the C, and
Cso fullerene molecules around an axis passing through the C—C bond are similar to the
motions observed around the central s-bonded C—C bond in all open-chain alkanes
(CnHan+2) [4-9]. In alkanes, potential barriers exist for the internal rotational motion of
CH3 groups; for example, in ethane this value is =12 kJ/mol, arising from the energy
differences between maximal and minimal conformations. This potential energy is a
function of the torsional (dihedral) angle along a full 360° rotation and exhibits three
equivalent minima (staggered) and three maxima (eclipsed) [5]. According to the
steric/repulsion model, in the eclipsed conformation the hydrogens on one CH3 group
approach those on the other CHj3 group, leading to H—H repulsion and an increase in
interaction energy [10]. According to the hyperconjugation/orbital interaction model,
this rotational barrier arises because in the staggered conformation the filled ¢(C-H)
orbitals of one CHs group overlap more effectively with the antibonding o* orbitals of
the adjacent CHj; group, stabilizing the system; in the eclipsed conformation, this
interaction is reduced [11]. In the modern unified (electrostatic) model, the barrier is
attributed not only to the maximal and minimal conformations but also to the role of
electrostatic interactions [12]. Due to quantum tunneling, when the barrier is small,
CHs; groups may tunnel between minima, resulting in very small energy splittings
(though in ethane these are typically extremely small and difficult to detect) [13].

In this study, rotational and vibrational motions—around the axis passing through
the C—C bond and relative to this axis—of Cy and Ceo fullerene molecules in C,0@C,
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and Ce@C, exofullerenes adsorbed via C, (n=1, 3) carbon clusters on the dimer
rows of the Si(100)2x1 surface, in cases where direct adsorption of Cyp and Ceg
fullerenes on Si(100)2%1 is not observed, were investigated by molecular dynamics
(MD) simulations. The temperature dependence of the frequencies of these two types
of motion was examined in the low-temperature region (T<100 K) by increasing the
temperature in 10 K increments.

Research Methodology

The modeling procedures described above were carried out using the LAMMPS
open-source software package [14]. The JMOL program [15] was employed to
visualize the obtained results and to determine each motion parameter under
consideration. The coordinate data for the geometric models of the Cy and Ceo
fullerene molecules were taken from the database of the Nanotube Modeler software
[16]. The exo-functionalization of the C; and C3 carbon clusters onto the Cy and Cg
fullerene molecules, as well as the adsorption of the C,0@C;, Ceo@C; and Co@Cs,
Cso@C3 exofullerenes on the Si(100)2x1 surface via the C; and Cs carbon clusters, was
simulated in the LAMMPS package using the MD method (see Figure 1). A Si(100)
substrate of dimensions 34x34x15.2 A consisting of 1083 atoms as shown in Figure 2
was first generated in the LAMMPS package using an auxiliary script, and its 2x1
reconstruction was obtained in the JMOL program as described in the literature [17].
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a) b)
Figure 1. Side (a) and top (b) views of the Si(100)2x1 substrate.

The temperature, volume, and number of atoms of the simulated system were
controlled using the NVT ensemble. The interactions among the atoms constituting the
system were described using the Tersoff formalism, expressed through the Tersoff—
Erhard—Albe (TEA) potential [18], an analytically refined bond-order potential
representing the first-generation Tersoff potentials optimized for silicon (Si), carbon
(C), and silicon carbide (SiC). Each simulation run was performed over a time interval
of 100-200 ps with a time step of 0.5 ps.
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C20@C1 C20@Cs Ce0@C1 Ce0@Cs3
Figure 2. C20@Cn and Ceo@Cn (n = 1, 3) exofullerenes.

Analysis of Results

When C,0@C, and Cg@C, exofullerenes are adsorbed on the dimer rows of the
Si(100)2x1 surface via C, carbon clusters, and when the number of carbon atoms in
the Cn cluster is n=1 or 3—such that the exo-functionalization of the Cy and Ceo
fullerene molecules with the C, cluster occurs through a single C-C bond—the
fullerene molecules do not adsorb directly onto the Si(100)2x1 surface (Figure 3).
Instead, they undergo rotational and vibrational (precessional) motions around the axis
passing through the C—C bond responsible for their exo-functionalization. However, if
the Cn carbon cluster (with n=1, 3) binds to the fullerene molecules through two or
more C-C bonds during exo-functionalization, rotational motion of the fullerene
molecules is not observed; only vibrational motion occurs. This is due to the significant
increase in the potential barrier that obstructs rotational motion compared to the case
with a single bond. If the carbon cluster contains n=2-5 atoms and has a linear
geometry, the fullerene molecules collapse onto the silicon substrate surface, and
fullerene adsorption occurs; consequently, the motions investigated in this study are
not observed. Moreover, even when the carbon cluster contains n=4 or 5 atoms but
adopts a geometry similar to that of the n=1 and 3 clusters—allowing exo-
functionalization through a single C—C bond—the fullerene molecules again collapse
onto the substrate surface, and surface adsorption of the fullerene prevents both
motions from occurring.

Figure 3. Co0@C; exofullerene adsorbed on the Si(100) surface.
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Figure 4. Temperature dependence of the rotational motion period around the C—C bond for
C20@Cn and Ceo@Ch (n=1, 3) exofullerenes; (a) results for C20@C1 and Ceo@C1 exofullerenes, and
(b) results for C20@Cs3 and Ceo@C3s exofullerenes.
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Figure 5. Time dependence of the center-of-mass (x or y) coordinate of the Coo fullerene molecule
during the precessional motion of the Coo@C1 and C20@Cs exofullerenes.
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When the system temperature was increased in increments of 10 K, it was
determined that the rotational motion of the fullerene molecules around the AB axis
passing through the C—C bond accelerated, i.e., the frequency of this motion increased.
This conclusion is also visible in the plots presented in Figure 4 (a) and Figure (b).
Additionally, when the temperature dependence of the precessional motion frequency
of the fullerene molecules was investigated by increasing the system temperature in 10
K increments, it was found that within the examined temperature range, the frequency
of this motion remained unchanged (Figure 5 and Figure 6).
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Figure 6. Time dependence of the center-of-mass (x or y) coordinate of the Cgo fullerene molecule
during the precessional motion of the Ceo@C1 and Ceo@C3 exofullerenes.
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From the graphs in Figure 5 and Figure 6, it can be seen that, as the temperature
increases in 10 K increments, the precessional motion frequency of the C,,@C, and
Ceo@C, exofullerenes remains unchanged. However, the displacement (amplitude) of
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the center of mass of the Cy fullerene molecule from its position near the system’s
0 K temperature gradually increases. The magnitude of these displacements is larger at
the initial temperature range and decreases toward the end of the considered
temperature interval. This can be attributed to the fact that the kinetic energy of the
fullerene molecule’s precessional motion is proportional to the square of the observed
displacement (E ~4x?).

According to the graphs in Figures 4a and 4b, the rotational motion frequency of the
fullerene molecule around the C—C bond increases because, with increasing system
temperature, the internal energy of the system rises. In particular, the kinetic energy of
the rotational motion around the observed axis of the fullerene molecule also increases,
which in turn causes an increase in the rotational motion frequency. This is consistent
with classical rigid-body mechanics, where the kinetic energy of a rigid body is related
to its precessional angular velocity or frequency as E~w?*~v?. The sharp changes in
frequency observed at the initial temperature values are due to the relationship between

this motion and the system temperature, which follows v~+/T.

Conclusion

For C,0@C,, and Ceo@C, exofullerenes adsorbed via C, carbon clusters on the dimer
rows of the Si(100)2x1 surface, when n=1 or 3 and direct fullerene adsorption is absent,
the rotational motion frequency of the C,, and Cg fullerene molecules around the axis
passing through the single C—C bond that exo-functionalizes the fullerene molecule
increases with rising temperature in the low-temperature range (T<100 K). In contrast,
the precessional motion frequency of these fullerenes was observed to be independent
of temperature.
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