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MODERN PROBLEMS OF TECHNICAL SCIENCES

UDC: 62, 621, 669, 669.1
INFLUENCE OF POWDER PRESSING SCHEME ON THE STRESS-STRAIN
STATE OF BUSHING-TYPE PRESS BRIQUETTE

Shakirov Shukhrat Musaevich
Associate Professor (PhD), Tashkent
State Technical University named after
Islam Karimov
goldstar_1471@mail.ru

Annotatsiya. Ushbu tadgiqot yugori mexanik xossa va zichlikga ega bo‘lgan
kukun asosli materiallarni ishlab chigarish uchun temir kukun asosli
aralashmalarni presslash jarayonini o‘rganadi. Matematik model tashqi
ishgalanish ta’sirini hisobga olgan holda turli presslash sxemalarida kuchlanish
tagsimoti, g°ovaklik va deformatsiyani tahlil giladi. Yechim shuni ko‘rsatadiki,
bosish kinematikasi jarayon parametrlariga bog‘lig, lekin yuklash yuzasi turiga
bog‘lig emas. Analitik natijalar tajribalar bilan mos keladi, bu bir tomonlama, ikki
tomonlama va suzuvchi qolipli presslashda gatlam deformatsiyasining anig
shakllarini namoyish etadi. Topilmalar nugsonlarni minimallashtirish va sanoat
ilovalarida deyarli nazariy zichlikka erishish uchun kukunli metallurgiya
jarayonlarini optimallashtirish bo‘yicha tushunchalar beradi.

Kalit so‘zlar: Kukun metallurgiyasi, presslash, press golipi, bir tomonlama
presslash, ikki tomonlama presslash, mandrel va novda garshi presslash, press
briketi, kuchlanish, deformatsiya, chegara sharoitlari, bosim, qoldiq g ‘ovaklik,
kuchlanish.

AHHOTanus. B 3TOM wucclienoBaHUM W3y4aeTcsl YIUIOTHEHUE IOPOIIKOB Ha
OCHOBE JK€JI€3a JIJIA MOJYYEHUS BBICOKOIIOTHBIX KOMIIOHEHTOB € YIy4YIlIECHHBIMU
MEXaHWYECKMMHM  CBOMCTBaMU. MaremaTuueckass MOJENIb  aHaJU3UpPyeT
pacripesiefieHie HamnpspDKeHUM, MOPUCTOCTh U AedOopMalvio MPU Pa3IMUHbBIX
CXE€Max TPEeCcCOBaHUsS C YYETOM BIIMSHUA BHEIIHEro TpeHus. Pemenue
MOKa3bIBAET, YTO KMHEMATUKa MPECCOBAHUS 3aBUCUT OT MapaMeTpOB Ipolecca,
HO HE OT THUINA I[IOBEPXHOCTU HArpy3KH. AHAIUTUYECKHE PE3yJbTaThl
COIIACYIOTCS C JKCHEPUMEHTAMH, JEMOHCTPUPYSI PaA3JIMYHBIE MOJEIIH
nedopMalii  CJIOEB TMPU  OAHOCTOPOHHEM, JBYCTOPOHHEM U ILJIABAIOIIEM
MpeccoBaHWU. Pe3ynbTaThl AalOT IpencTaBieHne 00 ONMTUMU3AIMH MPOIECCOB
MOPOIITKOBOM METAJUTypTUd JJIsi MUHUMU3AIMN JCPEKTOB U JTOCTHKCHHS
MJIOTHOCTH, OJTU3KOM K TEOPETUUECKOM, B MPOMBIIIJICHHBIX TTPHIOKCHUSX.
Knroueswie cnosa: Ilopowkosas memannypaus, npeccosanue, npecc-ghopma,
0OHOCMOpPOHHEe Nnpecco8anue, 08YXCMOPOHHee Npecco8anue, 6CMpedHoe
npeccosanue onpasKu U CMepoIICHs, npecc-opuxem, HanpsajiceHue, oeghopmayus,
2PaHUu4Hble YCI08US, 0aslleHue, OCIMamo4Has NOPUCMOCMb, HanNpsiceHue.

Abstract. This study investigates the compaction of iron-based powders to
produce high-density components with enhanced mechanical properties. A
mathematical model analyzes stress distribution, porosity, and deformation under
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different pressing schemes, considering the influence of external friction. The
solution reveals that pressing kinematics depend on process parameters but not on
the loading surface type. Analytical results align with experiments, demonstrating
distinct layer deformation patterns in one-sided, two-sided, and floating die
pressing. The findings provide insights for optimizing powder metallurgy
processes to minimize defects and achieve near-theoretical density in industrial
applications.

Keywords: Powder metallurgy, pressing, press mold, single-sided pressing,
double-sided pressing, counter-pressing of the mandrel and the rod, press
briquette, stress, deformation, boundary conditions, pressure, residual porosity,
stress.

Introduction

The main trend in modern mechanical engineering is the creation of new machines
and mechanisms with high operating parameters based on the production of parts and
blanks that have the required level of physical, mechanical, technological, and
consumer properties [1-3]. The main consumers of high-density blanks and parts are
the automotive and mechanical engineering industries [4, 6].

In the context of rapidly deteriorating environmental conditions, depletion of raw
materials, and constant growth of production and transportation costs, the problems of
recycling waste from metallurgical and steel-rolling industries are becoming
increasingly urgent. Millions of tons of metal-containing waste generated annually
during the production of ferrous metals and alloys pollute the environment and also
require significant costs for their storage [7]. Therefore, the collection, preparation, and
use of this waste can significantly reduce their negative impact on nature and humans,
as well as significantly increase the efficiency of metallurgical processes.

Currently, the consumer market for high-density products requires parts with a
density close to the theoretical one; blanks with a density of 0.95...0.97. According to
the International Powder Metallurgy Federation (MPIF), further growth in the volume
of production of parts based on powder materials will be determined by the
development of production of new science- and labor-intensive types of powder
products (primarily high-density) and the introduction of new progressive
technological processes. The range of blanks and parts obtained by molding and
sintering from iron-based powders using traditional technologies is limited due to the
impossibility of ensuring high mechanical properties of parts with a significant level
of residual porosity and low quality of interparticle contacts [8].

The prospective growth of production has determined the industrial necessity of
finding special methods for improving the range of mechanical properties of powder
parts [9, 10].

Powder metallurgy methods, namely the processes of compacting powdered iron-
containing materials, make it possible to obtain mechanical densely packed systems of
a regulated structure, while it should be noted that at present the theory and practice of
forming structures of theoretical density that have strong interparticle diffusion bonds
with the formation of an effective juvenile contact are not sufficiently developed.
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An analysis of the structure formation schemes of high-density products showed
that the direct use of traditional deformation schemes causes the appearance of defects,
mainly associated with the formation of re-pressing layered cracks, as well as limiting
the technological capabilities in the manufacture of parts of a wide range of standard
sizes with a high level of physical and mechanical properties [9, 10].

Literature Review

In a recent study on the influence of technological factors in the process of
compacting powder materials by the method of uniaxial static pressing in closed molds,
various pressing equations are used. These equations, as a rule, are an approximation
of experimentally obtained dependencies of some indicator of the quality of pressing
(usually this is porosity, relative density, or strength) on the technological factor
affecting it (usually - pressing pressure). Most of the pressing equations usually have
certain similar shortcomings related to the impossibility of observing the boundary
conditions, the need for experimental determination of constant coefficients, and
difficulties in their physical interpretation. The difficulties in interpretation are related
to the fact that in most of the proposed equations the parameters of the impact
(pressure) and response (strength, density, volume, height) are included in absolute
form with a dimension depending on the chosen system of units of measurement [11-
13].

Nevertheless, having been found for a specific material, scheme and pressing
conditions, some of these equations are widely and successfully applied in the practice
of powder product production. The most applicable are considered to be the Berezhnoy
equation [13, 14], derived by him on the basis of the Pokrovsky equation [16]; its
generalized form, proposed by Kainarsky [17]; the logarithmic form of the Balshin
equation [18, 19], which is a modified form of the Berezhnoy equation.

One of the promising scientific areas of research into the compaction processes of
powder and composite materials is the mechanics of structurally inhomogeneous
materials, which studies the behavior of the structural elements of a material at the
macro-, micro- and mesoscale levels. The idea of a scale-structural hierarchy during
deformation of materials was formulated in the works of V.E. Panin [20].

The development of methods for the effective solution of technological problems of
pressure processing of composite materials still remains an area of scientific research.
The combined application of modern approaches to the mechanics of structurally
heterogeneous materials and engineering analysis tools expands the understanding of
the processes occurring in the structural components of a composite material and their
state during plastic deformation.

In the cold pressing of metal powders, the main characteristics of the pressed product
are the average density, distribution of porosity, and stresses over the volume of the
briquette. In this paper, some variants of schemes for determining these distributions
are proposed, and the features of the kinematic field that occur with various schemes
for pressing bushings are analyzed. The main relationships between the characteristics
of the pressed product and the parameters of the pressing process are adopted by us in
the form proposed earlier by the authors of this study [21].

Research Methodology
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A special feature of the obtained boundary value problem is the presence of the
parameter A in the boundary conditions, different values of which will correspond to
different solutions of the problem posed in [21]. Direct substitution into the equations
and boundary conditions shows that the system of functions:

0=0,; 0,=Pus(0n); 0,=0,=pa(0,); u, =€ =¢,=¢,=V, =7,=0
szhz; e=eZ=E @
h h

where h—is the speed of movement of the upper punch, and p, (6,,) u p..(6,) —is
the dependence of axial and lateral pressure on porosity, which is the solution to the
problem at A = 0.

This solution is unique and has a completely obvious mechanical meaning: when
pressing bushings in conditions of the absence of external friction, a uniform
distribution of porosity and stress is observed in the volume of the product. The same
conclusion was made by G. A. Meerson based on other considerations.

Moving on to constructing a solution to the problem for nonzero, we note that,
according to the available data, the parameter is small. Therefore, external friction,
characterized by the value of this parameter, can be considered as a factor disturbing
the homogeneous state, and the solution to the problem is presented in the form:

o, =0;7+10); e =¢+2e); 0=0+26"; V,=VO+av0 (2)

Quantities with index 0 describe a homogeneous stress-strain state that would occur
in the absence of external friction. Analytical expressions for them are given by
relations (1) at 6 =4, .

The disturbance of a homogeneous field introduced by external friction is described
by quantities with index (*), which must be determined. The equations for their
determination are obtained by substituting expressions (2) into general relations and
subsequent simplification based on the assumption of the smallness of the quantity A.

Let us consider the case of a piecewise smooth loading surface. Here the following
equalities hold:

@(c;,0) =0, w(o,,0)=0 (3)

Let us substitute representation (2) into (3) and use the following relations for a
homogeneous state:

A6 =y (ol 0) @
Then we get:

0p 0,99 0

- o' +—— 6" =0

00 oji=o{” ! 00 |oy=o" (5)
! 616((")] =6

_6(// ol + a_l// " =0 5

00 oii=oi® ! 00 |oj=0” ( )
! gig(ol)J 9=0\")

The relationship for the rates of deformation in the case of flow on the edge of a
piecewise smooth surface, given in [1], we multiply equation (5) by v, and equation
(6) by 7, and add the results. Considering that in this case the equality holds:
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. 0p . Oy

el =|v +y—
: [ ooy Za% }g,g,«» (7)

aleoj
Finally get:
2y |, 00 . Oy ,
g0 4| v+ 0" =0

1 1 ao_ij X ao—ij o :o_i(jo) (8)

6=60
The factor at 6 can be eliminated using a consequence of the relations ¢ =0 and

y=0:

6% =0 (9)
or
where the dots above the symbols denote the operation of taking the total derivative.
Considering equalities (8) and (9) as a system of linear homogeneous equations, we

have:

eiﬁo)aiﬁo) +| v Op + i oy
80‘ij 80‘ij

o = Py (6,)6" (10)
In the same way, with much less complicated calculations, this expression can be
obtained from the equation for a smooth loading surface.
Using the homogeneity factor of zero degree stresses as functions of strain rates
leads to the equality:
VO =ud = =l =0 (11)
Which has places in the entire volume of the product. Taking it into account, we can
get:
avz(') _ e(O) T(,)
or P (04) — Puc(6,)
Further simplification of the general system is associated with the assumption of the
monotonicity of the loading process. Its consequence is the relationship:
Vo = LaVe o (13)
e
Where p, — is the initial density of the product, which is assumed to be uniformly
distributed; p,, —is its average density at the current moment of deformation:
h—h,
T h
u” — axial perturbed component of the displacement vector.
Substituting (13) into (12), we obtain:
ou  h-h, p, e 0
or N p RuB) P8, "
Considering that, by virtue of (11), only the axial component of the displacement vector
u., differs from zero, the condition for conservation of mass can be written as:
) 4 Pa
or Pay

(12)

u? = z

(14)
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As a result of substituting into both parts of the representation (2), we obtain:

" 0
ou, 1 0 (15)
or 1-06,
In addition to equality (12), another consequence of relation (11) is the equation:
ol —0() (16)
with the help of which we arrive at the result:
0] O
oo, Grn__o (17)
or oz

Substituting relations (2) into conditions (9) — (12) statically [21] leads to the following
boundary conditions for the disturbed components:

7|, =~ Pa(8)sign(z~z,), (18)
rz r=a = pla( )Slgn(z_za)1 (19)

”r& drdz=0 (20)
2, =9, =0 (1)

Analysis and Results

A characteristic feature associated with the boundary value problem (10), (11), (13)
- (21) obtained for the disturbed components of the stress-strain state is the
independence of its solution from the type of loading surface, which is expressed by
the absence of functions f, ¢, ¥ and their gradients in the indicated relations. This
solution depends only on the type of functions P, (6,,) and P, (6,,)which must be

determined.

The established property significantly simplifies the approach to solving the class of
problems under consideration: instead of setting up a large number of very complex
experiments to determine the loading surface, in order to construct a solution to the
problem, it is sufficient to limit ourselves to information obtained only as a result of
experiments on compression.

Another very important property of the resulting boundary value problem u?is

established as a result of eliminating the quantity from equations (14) and (15), and &

the quantity from equations (1) and (25) of the article [21]. In this case, we obtain the
system of equations:

90 aTO TO
oc( cp) ar r ( )
O ()
9% _ % g (23)
ar 0z
where
1—6? 1

27:‘{6&"Qa) .
Iat( )_Pax(eav)
Since the value of x is positive, the system of equations (22), (23) belongs to the
elliptic type. This property of the obtained equations determines the main difference of
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the mechanical model under consideration from classical models of ideal-plastic
media and the limit equilibrium model, which lead to hyperbolic equations. A boundary
value problem with boundary conditions specified on a closed contour for hyperbolic
equations is ill-posed. At the same time, for elliptic equations, such a problem, which
Is a Dirichlet problem, is well-posed.

The solution of system (22), (23), satisfying the boundary conditions (18)-(21), has
the form:

= iCn (r) COS(ﬂ'n—) 70 = iDn ()sin [727’1 %)

where
D, (r) = @, a%nrj+(D2Kl(a”—nr]
(1) = ;foav)J; @llo[a%rj—(DZKo(a%rﬂ (24)
o= ,Z
pax(gav)

m m
Il[ahban(a)— Il(ahaan b)
@, =
m m j m

D,(a) = % P, (Qcp)(cosm +1-2 co{;m Z—;D

D,(b) = —% D, (Q,p)(cosfzn +1- 2C0{7Zﬂ Z_hbD

The analytically obtained solution for 00> is expressed through the functions Dn(r)
and C(r). The latter are expressed through D, (a) and D, (b) and, thus, depend on the
parameters z, and z,. Since these parameters determine the laws of motion of the press
elements, the obtained solution explicitly takes into account the pressing scheme.

Let us analyze some qualitative features of the displacement field from the point of
view of the obtained results. To do this, we exclude the quantity z© from equations

(14), (18), (19). Introducing the notation £= xp,(6,), we obtain:

au? :

~o| =-psion(z-2,)
r r=b
¢

822 =—psign(z—z,)
r r=b
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Due to the absence of a radial component of displacement, the derivative ou /or

, multiplied by the coefficient A, is the tangent of the angle of inclination to the plane
of the base of the layer, which was parallel to this plane before pressing. If this angle
of inclination is designated by ¢, then its boundary values will be determined by the
relations:

9pl,=—AB[sign(z~2,), 9pl._.=Apsign(z~-z,) (25)

Let us now determine what the angles of rotation of the layers will be at the inner
and outer side surfaces of the product for different pressing schemes.

In the case of one-sided pressing (za = z, = 0), it follows from relations (25) that the
angles of inclination of the outer and inner walls will be opposite in sign and the same
over the entire height on each of the surfaces.

In the case of two-sided pressing z, = z, = h/2. The pattern of the layer slopes will
be, as can be seen from (25), mirror-symmetrical relative to the plane passing through
the middle of the height and perpendicular to it. On different sides of this plane, the
layers will be located near the walls, as in the case of one-sided pressing of a bushing
of height h/2.

Pressing with counter movement of the matrix and rod corresponds to the values z,
= 0 and z, = h. In this case, it follows from (25) that the angles of inclination at the
opposite side surfaces are equal and do not change sign over the entire height of the
bushing.

Pressing with a floating matrix and a fixed rod is characterized by the values z;= 0
and z, = h/2. From (25) it follows that in this case, the layers at the surface of the fixed
rod will be inclined as in one-sided pressing, and at the surface of the floating matrix
as in two-sided pressing.

Conclusion

The qualitative features of the kinematic field that have been determined are in
agreement with the experimental data obtained in experiments with layer-by-layer
filling of multi-colored powders. Based on the expression for u®, it is possible to

determine the explicit form of the relationship between the parameters z, and z, with
the values of the displacements of the matrix and rod. Due to the considerations
developed in the work [1], the points z, and z, are characterized by the absence of
tangential stresses in them. Therefore, according to (25), no curvature of the layers
occurs at these points, i.e., the additional vertical displacements caused by external
friction at these points vanish. Thus, based on (11) and (12), we have:

@, =U, |;:2b:%zb; w; =U, |;:Z:%Za )

where o1, ,, w3 are the displacements of the upper punch, outer die, and inner rod,
respectively.

The solution of the boundary value problem of the cold pressing process does not

depend on the type of loading surface. It is determined by the dependences of axial and

lateral pressure on porosity. The tangential stress and additional porosity caused by

external friction are the solution of the Dirichlet problem for a system of elliptic

(25)
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equations. Each pressing scheme corresponds to its own character of bending of
layers parallel to the base plane before pressing.
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Annotatsiya. Maqgolada “GIDRO STANKO SERVIS” MCHJ ishlab chigarish
bazasi sharoitida konstruksion po‘latlar va cho‘yandan tayyorlangan murakkab
konfiguratsiyali korpus detallari teshiklarida trapetsiyasimon profillarda
rezbalarni shakllantirish uchun maxsus diskli keskichni ishlab chigish va joriy
etish ko‘rib chiqilgan.
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AHHoTanusi. B cratbe paccMoTpeHo pa3pa0oTka M BHEIPEHHUS CHEIHATBHOTO
nuckoBoro ¢pessl i dhopmMooOpazoBaHuss pe3bObl MPOPUIISAM  Tparenuu
OTBEPCTUSIX KOPIYCHBIX J€Talei CIOXKHOW KOH(UTYpaluu, U3rOTOBICHHBIX U3
KOHCTPYKI[MOHHBIX CTaJIEl U YyTyHa B YCIOBHUSAX MPOU3BOACTBEHHOU 6a3p1 OO0
“GIDRO STANKO SERVIS.”

Knrwuegvie cnosa: CneyuanvHas Ouckosas MoOyivHas @pe3da, Hape3aHusl
pe3b0bl, KOHCMPYKYUOHHAS CMATb, CEPLUL YY2YH, MHO20YeNe80U CMAHOK.

Abstract. The article examines the development and implementation of a special
disc cutter for shaping threads on trapezoidal profiles in holes of complex-
configuration housing parts made of structural steels and cast iron under the
conditions of the “GIDRO STANKO SERVIS” LLC production base.

Keywords: Special disc modular cutter, thread cutting, structural steel, gray
cast iron, multi-purpose machine tool.
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Introduction

Developing a specialized tool for shaping threads with trapezoidal profiles on
internal surfaces represents a significant innovation in the machining industry.
Conventional threading methods often struggle with achieving high precision and
consistent quality on internal surfaces. This project proposes the development of a
modular disc cutter that can shape trapezoidal threads, which are commonly used in
industries such as automotive, aerospace, and manufacturing for various internal thread
applications.

Literature Review

Currently, one of the most important priorities in metalworking is cost reduction.

On a global scale, the development of new methods of design and technological
support for the accuracy of metalworking by cutting and shaping of threaded surfaces
Is one of the main ways to increase accuracy and productivity, simplify machining, and
reduce machining costs.

It can be assumed that, to date, most of the shaping processes for machine parts and
their combinations have been developed and implemented in practice. Its own
equipment and tools of varying degrees of perfection have been developed.

In general, the shaping process does not satisfy the high level of modern machine-
building production in terms of quality and productivity. A very close illustration of
this is the current state of the technology for cutting threads of the trapezoidal shape
profile into a hole, which has a significant impact on the weight of the technological
route for manufacturing complex body parts.

Despite the numerous developed technologies for shaping threaded surfaces in
mechanical engineering, it remains one of the most important problems in obtaining
high precision.

One of the important aspects of the requirement for metal-cutting tools is the
simplicity of construction, ease of operation, and low cost.

This time for shaping threads in the holes of complex housing parts of the trapezoidal
profile remains a problem, existing methods of shaping threads with cutting tools do
not allow for high-precision execution of this process. Intensive wear of the cutting
edges occurs during thread cutting as a result of incorrect shaping with each sharpening
of the cutting edges of the tool. It is necessary to adjust the machining modes on the
machine, as a result of which errors in shaping the thread profile occur, as a result of
which tool consumption increases and the cost of the process increases.

To solve this problem, we have developed a special tool - a modular cutter - for
shaping threads with trapezoidal profiles in the holes of complex body parts [ 1, 3, 4].

The disc cutter consists of the following main parts: 1-cutter body, 2-cutting plate
(see in Figure 1).

This cutting tool is used to form threads in the holes of complex housing parts of the
trapezoidal profile on a multi-purpose machine. The part is installed on the machine’s
satellite table, and the special disc cutter in the mandrel is installed on the spindle, and
it carries out the process of cutting threaded surfaces.
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Figure 1. Special disc cutter for cutting trapezoidal profile threads.

Ensuring the required high accuracy indicators and quality of machining the
threaded surfaces in the holes of complex housing parts is achieved by improving the
special cutting tool [5].

Research Methodology

The object of research is the “Valve box block™ part of the K-4949.00.00.02 pump
NB-125.00.00.000 (as given in Figure 2).

When cutting threads to the trapezoid profiles on the inner surfaces of the connecting
parts, the valve box block was manufactured with the “Module be Tr140x8 HSS
f100/27” disc cutter purchased abroad, made of R6M5 high-speed steel, in the cutting
modes: tool rotation n = 160 rpm, cutting depth for one pass t = 0.5 mm, tool feed S =
150 mm/min (tool stroke, movement along the diameter of the inner threaded surfaces),
ten passes, thread cutting, two passes, and thread profile calibration [1].

The time for machining the threaded surfaces for one block of valve boxes was 8.038
hours (in each block there are 4 holes with Tr140x8-6g thread profiles), in addition,
during the cutting process of the threaded surfaces of one part, the cutting edges of the
cutter, intensive wear occurs within 1.2 mm, the thread tolerance TD2 = 0.450 mm.

There is no possibility of sharpening the cutting edge of the disc modular cutter. It
IS necessary to purchase a machine, in addition, it will prepare a specialist for
performing these works. After each re-sharpening of the cutting edges of the disc cutter,
it is necessary to adjust the program for mechanical processing in the machine control
system. These moments lead to additional costs in the final deterioration of the quality
of the machined threaded surfaces and an increase in the cost of the manufactured
product [2].

Analysis and Results

It’s developed a special disc modular cutter Tr140x8-69g (see in Figure 1) with hard
alloy cutting plates T15K6 for machining parts made of 35XMJI), BK8 (for machining
parts made of CH20 a template for sharpening the cutting plates of a special tool made
of Y7 tool steel for sharpening the cutting plates due to wear during the machining
process given in Figure 2).
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When the cutting surfaces of a special modular cutter wear within the established
dimensions of 0.2 mm, sharpening is carried out using a template while maintaining
the dimensions of the threaded surfaces, and at the same time, the cutting part of the
cutter can be sharpened 15...20 times, having sufficient reserves.

There is no need to purchase special equipment for sharpening the cutting parts of a
special disc modular cutter. It does not require a highly qualified specialist, the
sharpening can be carried out by working personnel who have the skills and permission
to work on sharpening machines due to the simplicity of the design. In addition, the
cutting plates of a special disc modular cutter can be replaced if the result does not
allow for re-threading with new cutting plates.

The cutting plates of a special modular cutter can be easily replaced when replacing
the material of the machined parts with the necessary cutting plates (T15K6, BK8, etc.).
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Figure 2. Template for sharpening the cutting plates of a special disc modular cutter.

The special disc modular cutter has the design of a housing made of structural steel,
the cutting part of which is fixed to the housing by soldering. The T15K6 hard alloy
plate, in cases of mechanical processing of a part made of structural steel, in the case
of processing a part made of cast iron, the BK8, hard alloy plate, in our case, the part
“Block of Valve Boxes” part u. K-4949.00.00.02 prepared by K-4949.00.00.02, made
of 35XMIJI structural steel of the Hb-125.00.00.000 pump.

Studies of the working capacity of the developed special cutting tool were conducted
under production conditions based on the “LLC GSS” multi-purpose machine model
V center H1000.

The process of shaping thread surfaces with a trapezoidal profile was as follows: the
mechanical processing of the “Valve box block™ part K-4949.00.00.02 was carried out
according to the technology on a multi-purpose V center H1000 machine, in four holes,
thread shaping was carried out with a thread profile Tr140x8-6g, with a working
process of 0.5 mm cutting depth for each working pass, two passes for calibrating
thread surfaces.

The research was carried out in different modes of mechanical processing of cuts;
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1. In cutting modes, the tool’s rotation speed is n = 350 rpm, the cutting depth
per one cutting pass is t = 0.5 mm, and the tool feed rate is S = 300 mm/min. Ten
working passes are for cutting threads, two passes are for calibrating the thread profile.

A strong vibration of the cutter was observed during operation, resulting in intensive
wear of the cutting plate at a depth of 0.2 mm after machining one part, and the
roughness of the machined threaded surfaces was R, = 63 um.

2. In cutting modes, the tool’s rotation speed is n = 200 rpm, the cutting depth per
single cutting pass ist = 0.5 mm, and the tool feed rate is S = 300 mm/min. Ten working
passes are for cutting threads, two passes are for calibrating the thread profile.

The milling cutter vibration during operation was observed due to the wear of the
cutting surfaces of the cutting plate 0.2 mm after machining three parts, and the
roughness of the machined threaded surfaces R, = 40 pum.

3. In cutting modes, the tool rotation speed is n = 160 rpm, the cutting depth per
one cutting pass is t = 0.5 mm, and the tool feed rate is S = 300 mm/min. Ten working
passes were used for cutting threads, and two passes were used for calibrating the
thread profile.

The smooth operation of the cutter, the wear of the cutting surfaces of the cutter
plates 0.2 mm after machining five parts, and the roughness of the machined threaded
surfaces R; = 20 um were observed.

As a result of the research, it was established that the shaping of the thread surfaces
by the trapezoidal profile of a special disc-modular cutter has an optimal mechanical
processing regime with a tool rotation speed of n = 160 rpm. The cutting depth of t =
0.5 mm per one cutter stroke, a feed rate of S = 300 mm/min per cutter stroke, ten
working passes for cutting threads, and two passes for calibrating the thread profile.

The research was conducted on ten parts requiring mechanical processing, each
having two threaded surfaces, the wear of the working plate was 0.2 mm after shaping
the thread on the parts of ten valve box blocks, after turning the cutting plates of the
cutter, the work on shaping the threaded surfaces of the valve box block parts
continued.

The time for machining the threaded surfaces for one “Valve Box Block” unit of K-
4949.00.00.02 was 4.019 hours.

Conclusion

1. With the developed special disc cutter, it is possible to form threads with a
trapezoidal profile in accordance with the requirements of GOST9484-2015.

2. This special disc model cutter can be manufactured at machine-building
enterprises that have tool workshops due to its simple design.

3. When manufacturing a special modular cutter, there is no need to purchase special
equipment; highly qualified workers have the opportunity to sharpen the cutting edges
of the cutter; workers with skills in working with universal machines.

4. As a result of the development of a special modular disc cutter, the purchase of
expensive special disc modular cutters in the republic for foreign currency was
excluded. Savings in foreign currency funds amounted to several tens of times, the cost
of one-disc modular cutter purchased abroad was 185 dollars, for shaping the threaded
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surfaces of one part with low productivity. There is no equipment for turning the
cutting part of the cutter.
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Abstract. This article analyzes modern technologies used in obtaining structural
materials based on iron powder with high physical-mechanical and operational
properties. It examines raw powder materials, practical and scientific results
achieved in the field, and existing challenges in this area.

Keywords: Innovation, analysis, technology, research, impulse, structure,
pressing, density, temperature, matrix.

Introduction

The main modern trend in mechanical engineering continues to be the creation of
machines and mechanisms with high operational properties and marketability based on
obtaining structural materials with the necessary physical and mechanical properties.
The automotive and tractor manufacturing industries remain the primary consumers of
iron powder-based parts in mechanical engineering [7, 8]. In most developed countries,
an average of 55-70% of iron powder-based parts are used in the automotive industry.
At the same time, the consumption of iron powder-based parts is steadily increasing in
the fields of aerodynamic technology, general mechanical engineering, and household
appliances. In 1994, the global market sales volume of powder-based parts amounted
to 3.8 billion dollars, and by 1998, it had reached 5.5 billion dollars [8].

Literature Review

Unlike materials obtained through traditional technologies (casting, rolling, and
mechanical cutting), powdered structural materials possess a certain degree of internal
residual porosity [1-6]. The amount and shape of residual porosity in the structure
strongly and negatively affect the physical and mechanical properties of the material
[2]. Therefore, in CIS countries, powdered structural materials are classified based on
the amount of internal residual porosity in their structure, taking into account operating
conditions and load levels [5].

At the end of the 20™ century, the rapid development of machinery and automotive
industries in a number of countries around the world, including our Republic,
necessitated the invention and implementation of new promising methods for obtaining
structural materials in the field of powder metallurgy [19, 20]. As mentioned above,
the main reason for the low mechanical properties of powder-based materials is the
presence of inherent internal residual porosity. Its quantity primarily negatively affects
the material's important properties - strength and impact toughness [1-3].

According to K.K. Mertens, I.A. Kasparov, V.N. Kokorin, P.A. Kuznetsov, and
several other scientists, the essence of the problem lies in organizing the powder
deformation process in such a way that ensures the plastic deformation activity
involved in powder compaction is sufficient for the formation of a high-quality, non-
porous structure, while maintaining the accuracy of the final dimensions of the press
briquette as determined by the mold.

In most cases, powder compaction is carried out in rigid press molds made of tool
steels. Several researchers have noted that pressing powders in a movable matrix
significantly enhances the powder compaction process. The theory and technology of
this method are comprehensively covered in the works of A.G. Ovchinnikov, A.M.
Dmitriev, and a number of other scientists [9, 10].
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Analysis and Results

According to operational conditions, powdered structural materials are divided into
general and special structural materials. The classification of powdered structural
materials based on their load capacity and their physical and mechanical properties are
presented in Table 1. As shown in Table 1, with a decrease in the amount of residual
porosity in powdered structural materials, the tensile strength limit o, and the relative
elongation o of the material increase significantly.

Table 1. Classification of powder structural materials according to the level of load [5].

Grou Percentage relative to material
P | Internal residual | obtained through  traditional Density
Load level of A hod 3
density porosity (%) methods p, K&/m

Os 6 and KCU

Low-load 1 25...16 30...45 25...35 6000...6600
Light-load 2 15...10 45...65 35...60 6700...7000
M?g;‘ém 3 9.2 65...95 60..90 | 7200..7700
Heavy-load 3 <2 95...100 90...100 > 7700

The overall proportion of parts produced using powder metallurgy technologies and
their application across various industries in some developed countries is presented
graphically in Figure 1 [6, 8]. As evident from the graph, China and the USA are taking
leading positions in terms of the application of parts manufactured through powder
metallurgy methods across different sectors.

04
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Figure 1. The proportion of powder-based parts used in various
industries in some developed countries [8].

Information on the physical and mechanical properties of steel powder-based
materials used in CIS countries, presented by the leading scientist in powder
metallurgy, Academician O.V. Roman (Belarus), is provided in Table 2. The names,
grades, manufacturing countries, chemical compositions, and main properties of
powder-based structural materials used in foreign countries are presented in Table 3

[9].

http://khorezmscience.uz 20



http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. MARCH, 2025-3. 155N 2181-9750

As evident from Table 2 and Table 3, the classification system for powder-based
structural materials in CIS countries differs slightly from that of foreign countries. For
instance, in CIS countries, powder-based structural materials are categorized into four
density groups: the first group with 6.0-6.6 g/cm?, the second with 6.7-7.1 g/cm?, the
third with 7.2-7.7 g/cm?3, and the fourth with > 7.7 g/cm3. This classification, in turn,
allows for the grouping of powder-based structural materials into categories for light,
standard, medium, and heavy-duty applications in the order described above.

Table 2. Physical and mechanical properties of steel powder materials (in untreated condition) [7].

Steel mark | os, GPaat | §,%,at | ¥, %, at KS, kd/m?, E, GPa, HB
least least least at least at least

Alloy10-1 100 6 10 200 80 50...70
Alloy 10-2 120 8 15 350 120 70...80
Alloy 10-3 150 12 28 500 150 80...90
Alloy 10-4 250 18 35 700 200 90...130
Alloy 30-1 120 6 10 200 80 50...70
Alloy 30-2 160 8 15 350 120 70...80
Alloy 30-3 200 12 25 500 150 80...90
Alloy 30-4 250 18 35 700 200 90...130
Alloy 70-1 120 5 10 150 84 50...70
Alloy 70-2 200 8 15 300 125 70...90
Alloy 70-3 280 10 20 400 160 90...110
Alloy 70-4 360 15 30 600 210 110...150
Alloy 90-1 120 2 8 100 85 60...80
Alloy 90-2 200 4 12 220 125 80...100
Alloy 90-3 300 6 20 300 160 100...120
Alloy 90-4 450 10 25 450 210 120...180

In foreign countries, the marking of powdered structural materials is determined by
manufacturing companies or organizations specific to each country. When marking
powder-based materials, the primary focus is on ensuring the ability to obtain powder
materials with high physical and mechanical properties. These materials are presented
within their threshold densities. For example, the density of powder structural materials
proposed in Japan and Sweden falls within the range of 6.6 to 7.2 g/cm?®.

In CIS countries, the use of powdered structural materials with a permissible residual
porosity of 15-25% and correspondingly low mechanical strength is allowed mainly
under operating conditions with small and simple loads. When designing parts from
these materials, strength calculations are not performed, and their geometric
dimensions are determined based on structural or technological considerations [2].

The density and strength of powder-based structural components used in medium
and heavy-duty operational conditions must be equivalent to the density and strength
of structural materials of the same grade produced through conventional technological
methods. They are calculated for strength and rigidity, similar to parts obtained by
traditional methods, and undergo heat treatment when necessary. A graphical
comparison of the mechanical properties of powdered structural materials with those
of structural materials obtained by traditional technological methods is presented in
Figure 2 [8].
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As evident from the graph, powdered structural materials with a residual porosity
of less than 15% can fully compete in strength with cast iron and steel produced through
various traditional technological methods. Moreover, after heat treatment, these
materials with a porosity of 1% or less achieve strength equal to that of materials of the
same grade obtained through traditional methods.

Table 3. Chemical composition and properties of structural steel grades manufactured in foreign
countries [9].

Steel mark Chemical composition, percentage by mass P, MPa d,
g/cm?® %
C Ni Cu Si Mn | Cr Mo Os 60,2
Sumiron
41008, 06- | 0,8 | 0.15-
11000 | 04| - - 1005 | 09 17T | oa | 71| /1050 ; ]
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0.6 | - "0 " logl11] 03| " 1100 - -
ASC00.29, | og | . ] o6 [08- (o015 | | 1100/ ] ]
Sweden ! 09 | 11 0,3 ! 1250
; 251 - | - | - ; 72 300 220 | 6
04| - |o05] - | - | - : ; 300 270 | 3
06 | - 3 S I 3 72 500 360 | 45
5 3 3 - - - ; 600 440 | 4.2
02 | - : S I 3 71 280 160 | 11
06 | - ; A I ; 71 340 210 | 6
Agﬁ;{;’gﬁ 02 | - 2 | - | - [ - | - | 71 | 350 | 240 | 6
06 | - 2 | - | - | - ; 71 540 360 | 4
02 | - ; - | - | - o045 | 71 420 300 | 8
06 | - : - [ - o4 | 71 500 360 | 5
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02 | 25 | 25| - | - | - 3 6.9 400 250 | 4.0
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02 | - 2 | - | - | - - 70 350 280 | 6
Nscviﬁféﬁ“ 06 - | 2 | - | - -1 - | 70 | 500 | 360 |35
021 25 | 25| - | - | - ; 71 420 300 | 45
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Figure 2. Comparison of the mechanical properties of powdered structural materials with those of
structural materials obtained through traditional technological methods [8]: 1 - gray cast iron; 2 -
ductile cast iron; 3 - cast steel; 4 - structural steel; 5 - case-hardening steel; 6 - heat-treatable steel; 7
- powder materials; | - normalizing and tempering; Il - carburizing and quenching; 111 - heat
treatment; IV - sintered; V - dispersion strengthened; P - residual porosity, %.

Conclusion

Data on the types, properties, and applications of iron powder-based structural
materials were analyzed. As a result, it was determined that structural materials based
on iron powder, due to their physical and mechanical properties, are modern, in high
demand on the world market, and have great potential for use in various industries.

Literature and research works on modern technologies used in the production of iron
powder-based structural materials were analyzed. Consequently, the possibilities for
manufacturing structural parts based on iron powder with high physical-mechanical
and operational properties were identified.

A literature review was conducted on raw powder materials, grades, production
methods, and properties used in the manufacturing of iron powder-based structural
materials. As a result, the properties of iron powder raw materials necessary for the
production of structural parts based on iron powder were determined.
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Annotatsiya. Hozirgi vaqtda jahonda yo‘lovchilar temir yo‘l transportini tashkil
etishni o‘rganish ko‘rsatilayotgan xizmatlar sifatiga ta’sir giluvchi bir gancha
muhim jihatlarni aniqlashdan iborat. Temir yo‘l transporti sohasida elektron
tijoratni rivojlantirish va transport chiptalarini sotish tartibi va ushbu xizmat
turlarining formati bo‘yicha zamonaviy elektron tijorat texnologiyalaridan
foydalanish. Elektron tijoratning rivojlanishi temir yo‘l transportining o°sishiga
yordam beradi, bu esa yo‘lovchilarning qulayligini ta’minlaydi va
ko‘rsatilayotgan transport xizmati sifatini oshiradi.

Kalit so‘zlar: ASU Express-3, veb-resurs, elektron chipta yo lovchi
tashuvchisi, sayohat hujjati, elektron registr, elektron chipta.

Annoramus. VMccnenoBanue opraHu3aliyd MAcCAXKUPCKHUX KEIE3HOAOPOKHBIX
NEPEeBO30K B TOCYNAPCTBE B HACTOSIIEE BPEMs 3aKIIOYACTCS B BBISIBJICHUU
HECKOJBKUX  B@KHBIX  ACMEKTOB, KOTOpbIe  BJIMSIOT HAa  KadyecTBO
PEeNOCTaBIsIEMbIX yCIyr. Pa3BuTue »SIEKTPOHHONM KOoMMepuuu B cdepe
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KEJIE3HOIOPOKHOIO0 TPAHCIIOPTA U KCIOJIb30BAaHUE COBPEMEHHBIX TEXHOJIOTUH
AIEKTPOHHON KOMMEPIMU JUIsl TOpS/IKA MPOJaKH TPAHCHOPTHBIX OWIIETOB U
dopmara BUIOB JaHHOW yciayru. Pa3BuThe 5SIEKTPOHHOW KOMMEPIIUU
CIOCOOCTBYET  POCTY  JKEJIE3HOJOPOKHOTO  TPAHCHOPTa, YTO  CHAEJAJIO
BO3MOJKHBEIM, oOecrednBaeT KOM(OPT MACCAKUPOB M TIOBBIIMIAET KAYECTBO
MPEOCTABIIEMbIX TPAHCIIOPTHBIX YCIYT.

Knioueevie cnosa: ACY Oxcnpecc-3, 6eb-pecypc, 31eKMpoHHbIU Ounem
NAccaxcupa-nepego3yurda, Nnpoe3oOHoU OOKYMEeHmM, JJIeKMPOHHbI peecmp,
91EeKMPOHHbLU OUIem.

Abstract. The study of the organization of passenger transport rail transport in
the state currently consists of identifying a number of important aspects that affect
the quality of service provided. The development of e-commerce in the field of
rail transport and the use of modern e-commerce technologies for the order of the
sale of transport tickets and format for the types of this service. The development
of e-commerce promotes the growth of rail transport, has made it possible,
provides passenger comfort, and improves the quality of the transportation service
provided.

Keywords: ASU Express-3, web resource, the electronic ticket passenger
carrier, travel document, electronic register, e-ticket.

Introduction

The growing demand for passenger transportation has led to rapid advancements in rail
transport systems. This expansion has also increased interest in rail as a key mode for
freight movement. Passenger and freight rail services exist in a competitive yet
complementary relationship with other transport modes, forming an integral part of
multimodal logistics chains. Strategic planning, system design, performance
evaluation, and management are critical structural components in optimizing rail
networks.

Literature Review

From a financial perspective, strategic planning must incorporate consumer demand
analysis to ensure the economic viability of transport infrastructure. Enhancing
profitability requires comprehensive planning and analysis, with demand forecasting
being one of the most crucial aspects [1-3].

Public transport services depend on various factors, including seasonal variations,
peak-hour demand, contractual agreements, and other operational considerations.
These factors determine key aspects such as scheduling, transport capacity, railway
infrastructure, passenger convenience, and safety standards. Consequently, if a
passenger transport system possesses unique characteristics, transport operators must
conduct continuous analysis and implement necessary adjustments to maintain
efficiency.

Rail transport plays a crucial role in many national transportation systems, offering
efficient and comfortable mobility for passengers. As urbanization and population
mobility continue to grow in the modern world, rail-based passenger transport has
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become an increasingly important research topic, attracting significant attention due
to its capacity and advantages in terms of sustainability [4-7].

Research Methodology
This study employs a mixed-methods approach, combining quantitative data
analysis of passenger transportation statistics with qualitative evaluation of operational
and infrastructural factors affecting rail transport efficiency. The methodology
includes:
1. Data Collection
o Analyze time-series data (2019-2023) on passenger volumes, turnover,
and growth rates from national rail transport reports.
o Review of technological implementations (e.g., ASU Express-3 e-
ticketing system) and their impact on service quality.
2. Comparative Analysis
o Examination of pre-pandemic (2019), pandemic (2020-2021), and post-
pandemic (2022-2023) passenger trends to assess recovery and growth.
o Benchmarking rail performance against other transport modes (road, air)
in terms of capacity, reliability, and sustainability.
Our study relies on secondary data from government transport reports, academic
literature, and industry publications, ensuring a comprehensive understanding of rail
transport challenges and innovations.

Analysis and Results

The country's transport system, the main task of the population and the state of
traffic, the needs to meet, rail road passenger transport, while his leading element is.
Iron road transport's own unique feature is its most important social function. Iron road
transport passenger transport of other types, for example, car and air transport is an
important alternative is. It has high conductivity, weather conditions, low correlation,
and environmental efficiency, such as a number of advantages it has.

The ratio of the population to the volume of passengers in
rail transport (million people)
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Figure 1. In railway transport, the size ratio and the number of passengers (million people).
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However, this despite, rail road transport, passenger transport to the volume of
various factors, in particular, the socio-economic situation changes, technological
innovation, service provision level and other transport types with competitive effects
have can.

Railway transport in December 2023 and January of the year by total passengers and
shipped 9.7 million for the period compared to last year growth of 7.7 percent was
recorded. 2022- January: Sent the number of passengers in the months of December
9,0 million people, compared to the same period of the year, a growth rate of 113,4
percent [3]. 2020 is the year from January to December, due to in a months of the
pandemic sent passengers, the number of dramatically reduced (6,2 million people or
26,9%). 2023 is the year of January to December in the months of iron road transport
network of passenger turnover volume 3926,0 million passenger miles to up has (2022
of the year same period compared to a growth rate 110,6% to up was), 2022 year 3549,4
(113,4 %), 2021 is the year of 3130,2 (174,4 %), 2020 year 1794,9 (40,9%) % ), 2019
year 4 385,2 million passenger-km (101,3 %) to up was.

Currently, in the organization of rail transport, attention is paid to the issues of e-
commerce and the technical standards of transport serving passenger traffic in the
economic development of the country. Optimization is underway by expanding the
scope of work of the ASU Express-3 system since this issue indicates an improvement
in the quality of passenger service [4]. This issue includes the development and
introduction of the latest technical devices based on the monitoring of the main
parameters of the development of passenger transport, more effective methods of
Operation Management, increasing the level of passenger service, and the development
of a mobile plan. Electronic registration for these trains is determined to be carried out
from the starting station of the train line or from intermediate stations. In particular,
electronic registration for a particular train is carried out in three stages [5].

The first stage involves the electronic registration of the passenger to a particular
train along the entire route, and the train ends 1 hour before departure from the starting
station. The second stage of electronic registration of railway administrations for
interstate communication trains is done in the following order:

- the sale of electronic tickets, electronically registered in the formalization of travel
on the interstate and domestic route under the interstate passenger transport tariff, will
be stopped an hour before the train is shipped from the starting station;

- The sale of electronic tickets, electronically registered in the formalization of travel
in domestic traffic by Administrative Region, is stopped at the specified time before
the departure of the train from the passenger departure station.

The third stage involves the electronic registration of a passenger to a particular train
along all lines, and on all the web resources of railway administrations using ASU
Express-3, the train from the passenger's departure station ends no later than departure
time. To board a train, a passenger provides an identity document to the car conductor,
which is indicated on paper or electronic digital media (telephone, tablet, etc.) by an
electronically registered electronic travel document and number in an electronic travel
document [6].

Analysis of the volume of passenger transport in rail transport is of significant
practical importance for the development of effective strategies for managing transport
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infrastructure, improving the quality of passenger service, and ensuring the
sustainable development of this industry [7].

First, it was found that there was a need to improve infrastructure and technical
equipment. Many railroads require modernization, and older equipment often leads to
delays and accidents. Therefore, infrastructure investments and technical Vehicle
Upgrades Play an important role in improving transportation quality.

Secondly, the analysis showed the need to optimize the management and
organization of passenger transportation. Frequent delays and cancellations of flights
indicate the inefficiency of the current planning and control system. The introduction
of modern information technology and the development of more efficient management
algorithms can significantly reduce the number of incidents and increase the level of
passenger satisfaction.

The third important aspect identified during the study is the need to improve the
quality of passenger service. The work of railway transport personnel directly affects
the level of comfort and safety of passengers. Measures to train employees, introduce
service standards, and improve safety should be a priority for organizations engaged in
passenger transportation in rail transport.

Finally, the analysis showed that an important aspect of the development of Rail
Passenger Transport is environmental sustainability. With the growing awareness of
climate change, the introduction of clean technology and the reduction of harmful
emissions are becoming increasingly important tasks for the industry.

Conclusion

Thus, the study makes it possible to conclude the need for an integrated approach to
solving the problems of Rail Passenger Transport. Effective measures to modernize
infrastructure, optimize management, improve the quality of Service, and improve
environmental sustainability should be carried out together to achieve good results and
meet the needs of passengers for reliable, convenient, and environmentally friendly
transportation in rail transport.
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Annotatsiya. Ushbu tadgiqgot bir tomonlama va ikki tomonlama sovuq presslash
usullariga e’tibor garatib, chang metallurgiya mahsulotlarida qoldig
g‘ovaklikning tagsimlanishiga presslash sxemalarining ta’sirini o‘rganadi.
Analitik modellashtirishdan foydalanib, g‘ovaklikning vtulka shaklidagi kompakt
balandligi bo‘yicha tagsimlanishi baholanadi. Natijalar shuni ko‘rsatadiki, bir
tomonlama bosish g‘ovaklikning bir xil bo‘Imagan tagsimlanishiga olib keladi,
presslash yuzasi yaginida yugori zichlik, ikki tomonlama presslash esa bir xil
zichlikni ta’minlaydi, lekin o‘rta gismda o°zgarishlarni ko‘rsatadi. Olingan
analitik ifodalar kerakli zichlik bir xilligiga erishish uchun presslash sxemalarini
optimallashtirish imkonini beradi, minimal goldig g‘ovaklilikka ega yuqori
samarali kukunli metallurgiya komponentlarini ishlab chigarishni qo‘'llab-
quvvatlaydi.

Kalit so‘zlar: kukun metallurgiyasi, sovuq presslash, g‘ovaklik, zichlik
tagsimoti, presslash sxemalari.

AHHoTanusi. B nanHoit pabore u3ydaercs BIMSHME CXEM IPECCOBAHUSA Ha
pacmpeziesieHne OCTAaTOYHON MOPUCTOCTH B U3CIHUSAX MOPOIIKOBON METAJUTypTUU
C YINOpOM Ha OJHOCTOPOHHEE M JIByXCTOpPOHHEe XoJjiogHoe mpeccoBanue. C
MOMOIIBI0 AHAJMTUYECKOTO MOJICIMPOBAHUS OLCHUBAETCS paclpesieeHne
TIOPUCTOCTH TI0 BBICOTE MPECCOBKH B (hopMe BTYJIKU. Pe3ynbTaThl OKa3bIBAIOT,
9TO  OJHOCTOPOHHEE  MPECCOBaHWE  TMPHUBOIUT K  HEPABHOMEPHOMY
pacrpeneneHno TOpPUCTOCTH ¢ Oojiee  BBICOKOM IUIOTHOCTBIO — BOJIH3H
MOBEPXHOCTU TMPECCOBaHUS, B TO BpeMsl KaK JBYXCTOPOHHEE IPECCOBAHUE
oOecrieunBaet 0ojiee paBHOMEPHYIO INIOTHOCTh, HO IEMOHCTPUPYET BapHallii B
cpenneii uwactu. [lomydeHHble aHATUTHYECKUE BBIPAKEHUS IO3BOJISIIOT
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ONTUMHU3UPOBATh  CXEMbl IPECCOBAHMS ISl  JOCTHKEHHUS  KEIAeMOM
OTHOPOJHOCTH IJIOTHOCTH, MIOIICPKUBAST MIPOU3BOJICTBO
BBICOKOITPOM3BOJAUTEIBHBIX ~ KOMIIOHEHTOB  ITOPOIIKOBOM  METAJUIypruud  C
MHHUMAaJIbHOM OCTaTOYHOW MOPUCTOCTEHIO.

Knioueevie cnosa: nopowikosas memannypeus, XO0A00HOE Npecco8awue,
0CMAamo4Has NOPUCMOCMyb, pacnpeoenenue niOMHOCMU, CXeMbl NPeCcCOBAHUS.

Abstract. This study investigates the influence of pressing schemes on the
distribution of residual porosity in powder metallurgy products, focusing on one-
sided and two-sided cold pressing methods. Using analytical modeling, the
distribution of porosity along the height of a bushing-shaped compact is
evaluated. The results demonstrate that one-sided pressing leads to non-uniform
porosity distribution, with higher density near the pressing surface, while two-
sided pressing provides more uniform density but exhibits variations in the middle
section. The derived analytical expressions allow for the optimization of pressing
schemes to achieve the desired density uniformity, supporting the production of
high-performance powder metallurgy components with minimal residual
porosity.

Keywords: powder metallurgy, cold pressing, residual porosity, density
distribution, pressing schemes.

Introduction

Modern development of technology constantly puts forward the task of finding new
materials with high-performance properties. In this regard, powder metallurgy methods
are promising. Powder metallurgy is a branch that covers a set of methods for
producing metal powders and metal-like compounds, as well as products from them or
from their mixtures, while the main component is not brought to melting. The
technology for obtaining powder structural materials and products includes operations
of batch preparation, molding, high-temperature, and additional processing [1].

Powder molding is a technological operation that results in imparting to the powder
body the specified shape, dimensions, density and mechanical strength necessary for
subsequent operations of manufacturing products with a set of specified functional and
mechanical properties. A large number of different molding methods are known for the
production of powder products [2]. Depending on the type of the molded body in the
initial state, these methods are distinguished: by the method of feeding the molded body
to the molding elements of the working tool - into intermittent and continuous;
depending on the molding temperature - into cold (at room temperature) and hot (at a
temperature above the recrystallization temperature); by the method of applying
pressure - into static methods (with constant or gradually increasing pressure) and
methods without applying pressure.

Discontinuous methods with gradually increasing pressure include static pressing in
a closed mold, hydro- and gas-static pressing, additional pressing, cold and hot
stamping on presses. Discontinuous methods with instantly increasing pressure include
Impact, vibration, hydrodynamic, magnetic-pulse pressing, explosive pressing, and
stamping on high-speed hammers. Slip casting and vibration powder laying are carried
out without applying pressure. Continuous methods with constant tool pressure on the
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formed body include rolling, with gradually changing (first increasing, then
decreasing) pressure - die pressing, extrusion of blanks.

Literature Review

The development of processes for obtaining high-quality products from metal
powders is based largely on the development and use of new technologies for the
consolidation of dispersed metals, aimed at significantly minimizing residual porosity
and creating a regulated metal structure [3, 4].

The most common type of powder products for structural purposes used in
mechanical engineering and automobile manufacturing are general-purpose parts
based on iron. An analysis of the literature [5, 6] allows us to conclude that powder
structural parts should have high density and strength, approaching dense and strong
parts made from rolled and cast metal (residual porosity < 1%).

An analysis of known technologies for manufacturing powder parts shows that the
use of hot hydrostatic isostatic pressing (HIP) allows one to obtain a structure with a
residual porosity of (1...3) % and simultaneously increase the bending strength.
However, existing HIP technologies are expensive, require the use of shells for powder
encapsulation, and have limitations in terms of production types.

To obtain virtually pore-free powder products (porosity Ocor. < 1%), it is possible to
use dynamic hot pressing (DHP), developed by Professor Yu. G. Dorofeev [7]. In this
case, characteristic defects of blanks and parts obtained using the DHP technology are
surface microcracks and pores; it has been established that high strength of products is
not achieved since the particles of metal powder are covered with an oxide film, which
complicates diffusion processes between them.

Problems associated with the use of traditional methods of compaction of powder
materials have contributed to the development of new efficient technologies of pressing
using shear [8]. To obtain high-density parts from a powder charge, it is necessary to
carry out deformation using mechanical loading schemes in which shears are observed
between particles. Under these conditions, the active surface of particles free of oxide
films increases, and diffusion processes are intensified during sintering [9].

The work [10] shows the efficiency of increasing the density and its uniform
distribution due to the reciprocating movement of the movable walls of the mold with
a periodic change in the direction of movement.

Cold pressing in closed molds is the most common method used in the manufacture
of products from ferrous, non-ferrous, and refractory metal powders [11]. Cold
pressing in a closed mold is performed with a one- or double-sided application of load.
One-sided pressing is used in the manufacture of simple-shaped products such as
bushings and rings with a ratio of the product height to diameter of no more than one.
The disadvantage of this method is the significant non-uniformity of the distribution of
the compaction density in the pressing direction: its greatest value is observed near the
matrix wall and under the movable punch, its lowest value is near the matrix wall near
the movable punch [12].

Double-sided pressing, used in the manufacture of parts with a high height-to-
diameter ratio, allows for a more uniform density distribution across the cross-section
of the product. The most common method is one in which pressure is applied


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. MARCH, 2025-3. 155N 2181-9750

simultaneously to the upper and lower punch [11]. When forming products such as
bushings with a high height-to-wall-thickness ratio, the effect of the pressing pattern
on the pressure value and the distribution of the average porosity across the cross-
section by height is of interest. The work [13] is devoted to solving this issue using
experimental methods. However, these methods do not provide an explicit form of the
dependence of the density unevenness characteristics on the pressing pattern
parameters and product dimensions.

In this paper, this issue is addressed using the concept developed in [14]. The two
most common pressing schemes [11] are examined in detail: one-sided and two-sided
pressing.

Research Methodology

In the work [14], it was established that the pressing scheme of the bushing is
completely determined by a pair of values z, and z, — coordinates of points on the inner
and outer surfaces, in which the velocities of the rod and matrix, respectively, are equal
to the velocities of the powder at these points. Each of the listed schemes is
characterized by a pair of values z, and z, [14]: for one-sided pressing z, = 0, z, = 0; for
two-sided pressing z, = h/2, z, = h/2. In solving the above question, the following
relationships obtained in [14] were used:

GZ = an (eav)_f_ﬂ’p;x (eav)g(’) (1)
=0, +16, (2)
2 b
p(h) :ﬁja |y 1z 3)
9() 61(’ -0
' rz =O

Poc(b)——+ 4 (4)
z-(y)rz a pla( av) SIgn(Z - Za); (5)
0], == Pa(6y) sign(z-z,); (6)

O ey

b
jre(')drdz =0. (7)

Let us transform equation (4) to the form:
0,20+ 2t <o
o ror
and, multiplying both of its parts by , we integrate within the limits from a to b. Then
we get:
06" 2

' _ 0
pax(eav) az - bz_ag (bT

o—ard] ) (8)

b
where 69(z) = o 2 ~[6°rdr -average porosity by height z.

Substituting into (8) the boundary conditions for ¥ from (5) and (6) we obtain:
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. by z, <z<h
b-a pL(6,) "
do? 2 p.(6,)
= a by z. <z<z
iz | bra p.(a,) ) aTiTh 9)
__2 Pullw) by 0<z<z,
b-a pL(6,)

The function #“is continuous, so equation (9) can be integrated and the following
relationship for the distribution of average porosity by height is obtained:

2 pla(eav)[ z _ Z,+Z, Zb a] 0()(0) by Z, <7<h
p,(@,)\b-a b-a b+a
— 0, z z z :
09 (2) = —2p'a(av( - 4 _a j+0<)0, by z. <7<z 10
@ =22 o 5ra paathoa) 0@ by zsisy (10)
2p|a( J 2 +609(0), by 0<z<z,
P, (6,) b-a

We determine the constant of integration 69 (0)from condition (7), which can be
rewritten as:

h
j 69 (z)dz =0
0
Taking this condition into account, we integrate (10) from 0 to h. Then we get:
h2
(z,—h)?—— |+a| (z, —h)? ——
70 _ o Pa(by) [ 2} { 2}
O ey h(b? —a?) | ()

Combining formulas (9) and (11), we obtain the final result (for p,(6,,) and p., (6, )we
write the function without arguments). Then we obtain:

, I Al

b(z-2z,|-2 +a(|z z,|-1 b(zb_h) 2 4 (- 2
0(1)=0,+2110. e Y .
N b h(b” -a”)

(12)

Analysis and Results

Formulas (11) and (12) are universal and take into account any scheme for producing
a bushing by cold pressing under the same conditions of external friction on the outer
and inner surfaces.

As follows from (10) and (11), 6(z) is a piecewise linear function. Substituting into
these formulas the values of z, and z, corresponding to specific pressing schemes, we
can obtain graphs of the porosity distribution by height:

one-sided pressing:

a) ,=0;, z,=0;
P:(6,) 2z-h.
p.(0,) b-a’

b) 6°(z)=0,, +2
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_ 0 B 0
C) O(2)ax =0, — P,(6,) . G(2) =0, + :(0,) h_,
poc(ecp) b_a poc(ecp) b—a

d) P(h) = poc(ecp)+ﬁp6(6'cp)rha; P(0) = poc(ecp)—/”tpg(@,,)r:.

double-sided pressing:

a) z zh, szﬂ;
a 2 2
17
2 pf((;))(bzz _2(bh )]wq,, arep ggzgh
—_— oc C _a _a
b) 39@)=1 © 7
L cp)( 2z __h ]+96,,, arap 0<z <
p.(6,)\b-a 2(b-a) 2
_ 0 . 0
C) (D) = 6., — 4 %) b 0(@D)pmin =0, +4 Pl

* " 00,) 2A0-a)° 0.(6,) 20b-a)’

d) P(h) = P(0) = poe(6,,) + P, (6,) —

2(b—a)’

Using the resulting expressions, we will consider the distribution of the relative
residual porosity by the height of the press briquette for both pressing schemes, for
which we use the following initial data: dimensions of the sleeve: final height h = 10
cm, outer radius b= 15 cm, inner radius a = 3 cm. final porosity 0., = 0.25, the coefficient
of external friction was taken to be equal to A = 0.2.

The calculations performed are presented in the form of a graph of the dependence of
residual porosity on the pressing height (see Figure 1).

35,0

32,00«
29,0 S

26,0
s 1
23.0 > - N
by
20,0 <]

ll\
70 / . \ 17.0
14,0 <
P % .
11,0 >

9,0

residual porosity, 8-100, %6

6.0 *

3,0 ~

0 A

0 2 4 6 8 10
Pressing height A, cm

Figure 1. Residual porosity dependence on pressing height for different pressing
schemes: 1 — one-sided pressing, 2 — two-sided pressing.
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Conclusions

With one-sided pressing, the distribution of residual porosity along the height of the
pressing occurs unevenly relative to the upper part and the lower part of the pressing,
and with two-sided pressing, the residual porosity along the height of the pressing
occurs uniformly but varies greatly in the middle part of the pressing.

The characteristics of the pressing schemes obtained analytically can be used to
solve an important technological question: the pressing schemes lead to the most
uniform distribution of the porosity.
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Annotatsiya. Ushbu tadgigot yuqori tezlikda harakatlanuvchi poezdlar uchun
pantograf slayderlari kabi elektr kontaktlarida potentsial go‘llanilishi uchun turli
xil grafit tarkibidagi (10, 20 va 30 og‘irlik %) mis-grafit (CuGr) kompozitlarini
ishlab chigarish va tavsifini o‘rganadi. Kompozitlar yuqori toza mis va grafit
kukunlarini mexanik sharli tegirmonda aralashtirilib, so‘ngra 2 tonna sovuglayin
presslash va oksidlanishni oldini olish uchun ko‘mirga ko‘milgan atmosferada
900 °C da termik pishirish yordamida tayyorlangan. Rentgen nurlarining
diffraktsiyasi (XRD) tahlili mis (Cu), grafit (C) va 0z migdorda mis oksidi (Cu20)
fazalarining mavjudligini tasdigladi, grafitning eng yuqori cho‘qgi intensivligi
uning tarkibiga mutanosib ravishda ortib boradi. Brinell qgattiglik sinovlari
grafitning o°ziga xos yumshoqligi tufayli yuqori grafit konsentratsiyasi bilan
gattiglikning sezilarli darajada pasayishi aniglandi. Shu bilan birga, CuGr30
kompozitsiyasini uzog muddatli issiglik bilan ishlov berish (4-10 soat) chizigli
bo‘lmagan qattiglik tendentsiyasini ko‘rsatdi: grafit aglomeratsiyasi tufayli
dastlabki pasayish (6 soatda 38,9 HB dan 27,9 HB gacha), so‘ngra ko‘tarilish (10
soatda 40,1 HB) mikrostrukturalararo bo‘linish va mikrostrukturalarning
yaxshilanishi  bilan bog‘ligligi aniglandi. Mikrostrukturaviy tahlil bu
ma’lumotlarni isbotini ko‘rsatdi, bu grafit dispersiyasining yaxshilanganligini va
uzog muddatli termik pishirish bilan kuchli Cu-C o°zaro ta’sirini ko‘rsatdi.
Natijalar CuGr kompozitlarining mexanik xususiyatlarini optimallashtirishda
grafit tarkibi va issiglik bilan ishlov berish muddati muhimligini isbotladi.
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Kalit sozlar: Mis-grafit kompozitlari; chang metallurgiyasi; sinterlash;
Brinell gattigligi; mikro tuzilishi; elektr kontaktlari.

AHHoTanusi. B nanHoil paboTe m3ydaercs M3TOTOBJICHHE M XapaKTEPUCTHKA
KoMIo3uToB Meab-Tpadut (CUuGr) ¢ pasnmuunbiM conepxanuemM rpadura (10, 20
u 30 mac.%) g NOTEHIMAIBHOTO MPUMEHEHUSI B DJIEKTPUUYECKUX KOHTAKTaX,
TaKMX KakK MOJ3yHbI TaHTorpada Jjisi BBICOKOCKOPOCTHBIX M0€3710B. KOMIO3UTHI
ObLTM  TPUTOTOBJIEHBI C  KCIOJB30BAaHMEM  MEXAHHYECKOTO  IIapOBOIO
U3MEJIbYEHHUS TOPOIIKOB MEAN BBICOKOW YHMCTOTHI M Tpaduta ¢ MOCIeAYyIONINM
XOJIOJHBIM TpEcCOBaHWEM IIpH 2 ToHHaX U crekanuem mpu 900 °C B
BOCCTAaHOBUTEIBHONH aTMocepe Ha OCHOBE Yris M MperoTBpalleHus
oKkucieHus. AHanu3 peHTreHoBckoil audpakuuu (XRD) noarsepaun Hamuuue
da3 meau (Cu), rpadura (C) u HesHauuTenpHOro okcuaa Meau (Cu:20), mpuaem
MHTEHCUBHOCTh MHMKa rpaduTa yBEIWYUBAJIAcCh MPOMNOPLUUOHAIBHO €ro
conepxanuto. McnblTaHusd TBEpAOCTU MO BpHHENTIO MOKa3anu 3HAYUTEIbHOE
CHW)KEHUE TBEPAOCTU Mpu 0oJiee BBICOKUX KOHLEHTpauusx Tpadura u3-3a
npucymiei rpaputy msarkocta. OpHako AuTenbHas Tepmoobpabotka (4-10
gacoB) komno3utra CuGr30 npoaeMoHCTpupOBajia HEIMHEHHYIO TEHACHIIHUIO K
U3MEHEHHIO TBEPAOCTHU: NiepBoHavaibHOe cHIbkeHue (¢ 38,9 HB 10 27,9 HB 3a 6
4acoB) U3-3a arJioMepanuu rpapura, 3a KOTOPbIM clieyeT BocctaHoBieHue (40,1
HB 3a 10 yacoB), npumnuceiBaeMoe yIy4IlIEHHOMY MeX()a3HOMY CBSI3bIBAaHUIO U
MHUKPOCTPYKTYPHOW TOMOT€HU3aluuu. MUKPOCTPYKTYPHBIA aHAIU3 MOATBEPAUII
STH BBIBOJBI, MOKa3aB YJIYUIIEHHYIO IHUcrepcuio rpadura u Oosiee CUIbHOE
B3aumozeiictBue Cu-C mpu JIMTeTbHOM ClieKaHWuW. Pe3ynbTaThl MOJYepKUBAIOT
KPpUTUYECKYIO  pOJb  coAepkaHus rpadura ¢ HPOJOJKUTEIBHOCTH
TepMOOOPaOOTKH B ONITUMHU3AINNA MEXaHUYECKUX CBOMCTB KoMmo3uToB CUGT.

Knioueevie cnosa: komnosumsl medv-epaghum, nopowiKko8as Memaiiypeus,
cnekauue, meepoocmev no bpunennio;, Mukpocmpykmypa, 271eKmpudecKue
KOHMAKMBbl.

Abstract. This study investigates the fabrication and characterization of copper-
graphite (CuGr) composites with varying graphite content (10, 20, and 30 wt.%)
for potential applications in electrical contacts, such as pantograph sliders for
high-speed trains. The composites were prepared using mechanical ball milling
of high-purity copper and graphite powders, followed by cold pressing at 2 tons
and sintering at 900 °C in a coal-based reducing atmosphere to prevent oxidation.
X-ray diffraction (XRD) analysis confirmed the presence of copper (Cu), graphite
(C), and minor copper oxide (Cu20) phases, with graphite peak intensity
increasing proportionally with its content. Brinell hardness tests revealed a
significant decrease in hardness with higher graphite concentrations due to
graphite's inherent softness. However, extended heat treatment (4—10 hours) of
the CuGr30 composite demonstrated a non-linear hardness trend: initial reduction
(38.9 HB to 27.9 HB at 6 hours) due to graphite agglomeration, followed by
recovery (40.1 HB at 10 hours) attributed to improved interfacial bonding and
microstructural homogenization. Microstructural analysis supported these
findings, showing enhanced graphite dispersion and stronger Cu-C interaction
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with prolonged sintering. The results highlight the critical role of graphite content
and heat treatment duration in optimizing the mechanical properties of CuGr
composites.

Keywords: Copper-graphite composites; powder metallurgy; sintering;
Brinell hardness; microstructure; electrical contacts.

Introduction

The rapid advancement of high-speed electrical trains demands materials with
superior electrical conductivity, thermal stability, and mechanical strength to ensure
efficient power transmission and durability. Copper-graphite composites have emerged
as a promising solution due to their unique combination of high electrical conductivity
(from copper) and excellent lubricity, thermal resistance, and lightweight properties
(from graphite) [1]. These composites are particularly advantageous for sliding
electrical contacts, pantograph strips, and current collectors, where reduced wear and
friction are critical for maintaining performance at high speeds [2].

The incorporation of graphite into copper matrices enhances tribological properties,
minimizing energy losses and extending component lifespan [3]. Various fabrication
techniques, such as powder metallurgy, spark plasma sintering (SPS), and
electrodeposition, have been explored to optimize dispersion and interfacial bonding
[4]. Additionally, the development of nanostructured copper-graphite composites has
further improved mechanical strength while retaining high conductivity [5].

Despite these advantages, challenges such as graphite oxidation at elevated
temperatures and inhomogeneous dispersion remain areas of active research [6].
Recent studies have investigated hybrid reinforcements, including carbon nanotubes
(CNTs) and graphene, to enhance performance [7]. Furthermore, computational
modeling and machine learning approaches are being employed to design optimized
composite structures for high-speed rail applications [8-10].

This review explores the latest advancements in copper-graphite composites,
focusing on their fabrication, properties, and performance in high-speed electrical
trains. By addressing current limitations and future prospects, this study aims to
contribute to the development of next-generation conductive materials for sustainable
and efficient rail transport.

Research Methodology

To prepare copper-graphite (CuGr) composites, 5 microsize powders with 99,9 %
purity were used. The general parameters of the powders are presented in Table 1. For
further understanding of the experimental process, a schematic illustration of the
preparation of CuGr composites is shown in Figure 1. As given in Figure 1, the copper
and graphite powders were mechanically mixed by the ball milling method. Then, it is
molded into a stainless-steel mold with a diameter of 20 mm and a cold-pressing
process by a mechanical oil press with a maximum load of 4 tons. Firstly, 3 samples
with copper: graphite ratios of 90:10, 80:20, and 70:30 wt. % were prepared. The
samples were named (marked) for further description purposes: a sample with 10%
graphite was marked CuGr10; a sample with 20% graphite was marked CuGr20; and
a sample with 30% graphite was marked CuGr30.
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Table 1. Powder parameters obtained from the market.

Atomic mass Meltin Molar
Material | Atomic . (molar mass), | Density, ting
Ne View point, | volume,
name number m. a. b. g/sm? o
C cm?/mol
(g/mol)
1 | Miscu) | 29 | Reddish 63,546 896 | 135 | 7.1
soft metal
2 | Grafit(Cr) | 18 |Light-black | 12,011 22%% 3650 | 53

The mixture with 10 gr weight was dropped into mold and 2-ton double side punch
pressing was done for prepare composite samples [11]. The pressing process and

obtained samples with dimensions of 20 mm in diameter and 4-6 mm in thickness can
be seen in Figure 2.

Copper powder Graphite powder
5 um 5 um
|

|
|
Mixture
(mechanical method)

}

Molding
(cold pressing)

!

Thermal treatment
(900 °C)

Figure 1. Schematic representation of the process of preparing a copper-
graphite composite material.

80:20 70:30

CuGr ples ‘

Figure 2. Cold mechanical pressing process, stainless-steel mold and obtained CuGr samples.
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The samples obtained by cold pressing were placed in a vertical Al,O3 heat-resistant
ceramic vessel. To prevent graphite from oxidizing at high temperatures, ordinary local
coal material was crushed by hand, the samples were buried with crushed coal, and the
vessel lid was closed. The vessel with the samples was placed in a muffle furnace for
baking. The electric muffle furnace program was adjusted to reach a temperature of
900 °C in 90 minutes and hold for 120 minutes.

The heat treatment conditions and furnace images are shown in Figure 3. Another 4
samples were prepared in a 70:30 ratio with different holding times, i.e., 4, 6, 8, and 10
hours. The state of the above 3 samples after heat treatment and polishing are shown
in Figure 4. During the polishing process, 100, 300, 600, 800, 1200, and 2000 micro-
size sandpaper was used in sequence. Then, | used a polishing powder with an Al,O3
particle size of 3 micrometers.

4

Holding time

©
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Temperature, °C

2
) 0y,
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Figure 3. Heat treatment graph, muffle furnace, and Al>Oz ceramic vessel

The polished samples CuGr10, CuGr20, and CuGr30 are now ready for microscopic
analysis. Oxion inverse metallographic microscope Euromex Scope model was used to
obtain microstructure images. All samples were prepared for analysis to study the
microstructure, Brinell hardness (THBRV-187.5DX), X-ray diffraction pattern, and
specific resistance properties.

@

CuGri0 cygrpp CuGrao

Fm Ih ‘mlm |||l|l| T Lnnmmlll!

Figure 4. Condition of samples after heat treatment (a), (b) appearance of samples after polishing
using the TIME-3000 polishing machine, and (c).

Analysis and Results
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The X-ray crystal structure analysis results of the copper-graphite composite
samples were obtained and are presented in Figure 5. In the structure presented in
Figure 5, it was observed that there were 5 peaks in the range of 20-60° taken at 20
angle for all composites: CuGrl10, CuGr20 and CuGr30 samples. The peaks were
consistent with the results of the X-ray Standard Element Database (RSEB) PDF#01-
075-2078, PDF#03-065-9026, PDF#01-073-6237 and were mainly attributed to
graphite, copper, and Cu,O with very low intensity.

During the analysis, it was determined that graphite has peaks corresponding to the
Miller indexes (002), (004) at angles 26.5274°, 54.6625°, and they are marked as
C(002), C(004) in Figure 5.

C(002)

Cu,0(111)
“— Cu(200)

> C(004)

CuGr30

Intensity (arb. unit)

L]

FL—’— %— S Cu(111)
e

L ‘CuGr20
1 A
CuGr10
20 I 2|5 I 3IO I 3|5 I 4|0 I 4|5 I 5|0 I 5|5 I 60
2 theta degree
Figure 5. X-ray diffraction patterns of copper-graphite composite samples as the graphite content
changes.

Copper was found to belong to the Miller indexes (111), (200) at angles 0f43.3018°,
50.4098° and was designated as Cu(111), Cu(200). At the same time, the peak at an
angle of 36.49030, which belongs to copper oxide, with very low intensity, was
designated as Cu,O(111).

The C(002) graphite peak intensity increased sequentially as the graphite content
increased.

50
1 @ CuGr_900 °C/2h
45
M 40 H
I
2 354
[«5]
c
< 30
I
T 251
=
@ 20
15 — Q
10 T T T
CuGrl10 CuGr20 CuGr30

Sample nhame

Figure 6. Graphite weight change of copper-graphite composite samples versus Brinell
hardness.
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Before measuring the Brinell hardness of copper-graphite samples, a 2.5 mm

diameter ball was selected for the instrument, and the pressing force was adjusted to
120 N. These parameters were left unchanged for each sample. The hardness of the
composite samples CuGr10, CuGr20, and CuGr30 was measured after annealing at 900
°C for 2 hours with an error of =5 °C, and the results are presented in Figure 6.
As can be seen in Figure 6, with the increase in the graphite content, the Brinell
hardness continued to decrease sharply. This indicates that the amount of copper
decreases and the graphite increases, meaning that copper is higher in hardness than
graphite. However, | should also note that graphite is much better than copper in terms
of corrosion resistance and is added to the composite to prevent copper from sticking
to the electrical wire. We know that for CuGr composites to be used in high-speed
trains, at least 40% graphite is close to the required level of the pantograph. If the
amount of copper is high, it will rub against the current-carrying wires and even break
them. Therefore, it is advisable to continue to study the copper-graphite CuGr30 in
more depth and study it under different heat treatment time variations.

Table 1 shows the Brinell hardness values of the CuGr30 composite samples heat
treated for 4, 6, 8, and 10 hours. In the table, when the heat treatment time increased
from 4 hours to 6 hours, the hardness decreased from 38.9 HB to 27.9 HB. It can be
caused by the increase in graphite agglomeration during treatment.

Table 1. Change in hardness of the CuGr30 composite sample according to heat treatment time.

N Heat treatment time Graphite ratio, Temperature, Brinell
) (hour) wt. % °C hardness, HB
1 4 30 900 38,9
2 6 30 900 27,9
3 8 30 900 37,9
4 10 30 900 40,1

When the heat treatment time was 8 hours, the composite hardness increased again and
reached 37.9 HB. Thus confirms that with increasing heat treatment time, when it
reached 10 hours, the hardness property increased to 40.1 HB. The hardness may have
increased because copper and graphite adhered to each other and formed a
homogeneous structure. In addition, we should not forget that the temperature is also
of great importance. With increasing temperature, it is natural that processes such as
diffusion bonding and densification occur.

Figure 7 shows the microstructure of the CuGr30 sample at 900 °C with a time
variation and 20X magnification. This allows us to analyze more clearly the shape of
the composite formed by the graphite particles with copper. In general, we can see that
the graphite is less mixed between the copper in the samples that were kept for a shorter
time, 2 and 4 hours. When researchers increased the heat treatment time to 6 and 8
hours, the graphite particles increased in the areas where the copper agglomerated and
formed a perfect structure. This can be the basis for the higher mechanical properties.
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Figure 7. Microstructure of CuGr30 composite at 20X magnification obtained with varying heat
treatment time: (a) 4 hours, (b) 6 hours, (c) 8 and (d) 10 hours, respectively.

Conclusion

In this study, copper-graphite (CuGr) composites with varying graphite content
(10%, 20%, and 30% by weight) were successfully prepared using mechanical ball
milling, cold pressing, and heat treatment at 900 °C under a coal-based reducing
atmosphere. The microstructure, phase composition, and mechanical properties of the
composites were systematically investigated. X-ray diffraction (XRD) analysis
confirmed the presence of copper (Cu), graphite (C), and minor copper oxide (Cu20)
phases in all samples. The intensity of the graphite peaks increased with higher graphite
content, while the hardness of the composites, as measured by the Brinell hardness test,
decreased significantly with increasing graphite content due to graphite's inherent
softness compared to copper. Further investigation of the CuGr30 composite under
different heat treatment durations (4-10 hours) revealed that hardness initially
decreased (from 38.9 HB at 4 hours to 27.9 HB at 6 hours), likely due to graphite
agglomeration, but then increased again (reaching 40.1 HB at 10 hours), suggesting
improved interfacial bonding and homogenization at longer sintering times.
Microstructural analysis supported this observation, showing better graphite dispersion
and stronger copper-graphite interaction with extended heat treatment.

These findings highlight the importance of optimizing graphite content and heat
treatment conditions to achieve a balance between mechanical properties and
functional performance, particularly for applications such as pantograph sliders in
high-speed trains, where reduced friction and wear resistance are critical. Future
studies should explore higher graphite concentrations (>40%) and alternative sintering
techniques to further enhance the composite’s performance for industrial applications.
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Annotatsiya. Maqolada 110G 13L markali po‘latdagi metallmas qo‘shimchalarni
aniqlash usullari ko‘rib chiqilgan. Oksidlar, sulfidlar va nitridlarni aniqlash
imkonini beruvchi elektrolitik ekstraksiya usuliga alohida e’tibor qaratilgan.
Qo‘shimchalarni tahlil gilishning turli usullari, jJumladan metallografiya, rentgen
difraksiyasi va spektroskopik usullar ko‘rib chigilgan. Yuqori marganesli po‘latda
alyumosilikatlar va oksisulfidli qo‘shimchalar asosiy rol o‘ynashi aniglangan.
Po‘lat sifatini yaxshilash uchun kislorod, fosfor va boshga aralashmalar miqdorini
nazorat qilish muhimligi ko‘rsatilgan.
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AnHoTamms. B crathe paccMarpuBalOTCS  METOAbl  UACHTHU(UKALMH
HeMeTaumyeckux BkimodeHuil B cranu mapku 110013J1. Ocoboe BHHMMaHME
yACIEHO 3JIEKTPOJIUTUYECKOMY METOJY SKCTPAKIMH, MO3BOJISIONIEMY BBISIBUTD
OKCHUJIbI, CYIb(MUIIBI U HUTPUIBL. PacCMOTpEHBI pa3iuyHbie METOJUKH aHaIU3a
BKJIIOUEHHM, BKJIIOYash MeETauIorpaduio, PEHTTEHOBCKYIO IUPPAKIUI0 U
CIIEKTPOCKONIMYECKHE METOJABL. Y CTAHOBIIEHO, YTO KJIIOYEBYKO pOJb B
BBICOKOMAPTaHIICBOM CTalll WIPalOT AIIOMOCUIIUKATBI U OKCHUCYJIb(PUIHBIC
BKitoYeHMs. [IokazaHa BaXKHOCTh KOHTPOJISI COAEpPKaHUA KHCIIopoaa, pocdopa u
JIPYTUX IPUMECEH JIJIsl yIyUIlIeHUs KauecTBa CTallu.

Knioueevie cnosa: Hememannuueckue 6KIOUEHUS, BblCOKOMAP2AHYEBAS
cmanw, 1101°13J1, anekmporumuueckuii Memoo, packucienue, aioMOCUIUKAMDbI,
OKCUOHbIE BKIIOYEHUS, KAUeCm80 CMAl.

Abstract. The article discusses methods for identifying non-metallic inclusions
in 110G13L steel. Particular attention is paid to the electrolytic extraction method,
which allows the identification of oxides, sulfides, and nitrides. Various methods
for analyzing inclusions are considered, including metallography, X-ray
diffraction, and spectroscopic methods. It is established that aluminosilicates and
oxysulfide inclusions play a key role in high-manganese steel. The importance of
monitoring the content of oxygen, phosphorus and other impurities for improving
the quality of steel is shown.

Keywords: Non-metallic inclusions, high-manganese steel, 110G13L,
electrolytic method, deoxidation, aluminosilicates, oxide inclusions, steel quality.

Introduction

Numerous studies have shown that non-metallic inclusions are a key factor in
determining the melting properties of steel. Their nature and characteristics largely
depend on the processes of final deoxidation and modification. During the formation
of liquid steel, oxides, sulfides, and nitrides of those elements that have the highest free
energy of formation under given conditions are predominantly formed [1-3].
Accordingly, the amount, type, and distribution of non-metallic inclusions are closely
related to the residual content of elements prone to easy oxidation, which are
introduced into the melt at the deoxidation stage. The detection of non-metallic
inclusions in a steel alloy is a key step in assessing the quality of metallic materials.
These inclusions have a significant effect on the mechanical properties, corrosion
resistance, and technological processability of steel [4-6].

Literature Review

Non-metallic inclusions (NMls) are a critical factor influencing the mechanical
properties, corrosion resistance, and processability of steel [7-9]. These inclusions
originate from deoxidation, reoxidation, slag entrapment, and refractory erosion during
steelmaking [10-12]. The composition, size, and distribution of NMIs depend on the
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steel grade, deoxidation practice, and solidification conditions [7]. High-manganese
steels, such as 110G13L (Hadfield steel), are particularly sensitive to inclusions due to
their work-hardening properties, where inclusions can act as stress concentrators [5, 7].

Research Methodology

To detect and study, several methods are used, including various approaches and
tools: Metallographic method (optical microscopy), metallographic method using an
electron microscope (SEM/EDS), extraction methods (electrolytic and chemical), X-
ray diffraction (XRD), spectroscopy methods (for example, ICP-MS, AES), ultrasonic
method (NDT - non-destructive testing), color flaw detection method. Non-metallic
oxide inclusions were determined in samples of 110G13L steel smelted in an electric
arc furnace at the Navoi Machine-Building Plant.

Table 1. Chemical composition of samples.

Technical Mass fraction of an element, %
S P | C | Ni

information C Mn Si ‘
no more

GOST 977-88 | 0,90-1,50 | 11,5-15,0| 0,30-1,00 0,050 0,120 1,00 1,00
GOST 21357-87| 0,90-1,20 | 11,5-14,5| 0,40-0,90 0,030 0,08 0,30 0,30

ES 30745022-
03g-2022 | %:90-110 | 115145 0,20-060 | 005 | 0,10 1,0 0,5

Analysis and Results

To extract non-metallic inclusions, an electrolytic method was used, which is based
on the anodic dissolution of the metal base under the influence of electric current in an
electrolytic solution. The electrolyte was a composition traditionally used to extract
inclusions from low-alloy steels. This solution included a 3% solution of ferrous sulfate
with the addition of 1% sodium chloride and 0.1% sodium citrate. To process one
sample, 2 liters of this solution were required. Cylindrical samples with a diameter of
18-20 mm and a length of 30-40 mm were used for the experiment. To prevent contact
of the copper wire with the surface of the sample, its upper part was insulated with a
fragment of rubber tube. Then, the sample was placed in a collodion bag filled with an
electrolytic solution, which was then fixed with a soft thread and immersed in an
electrolytic bath. The current during electrolysis was 2 A per sample. The process
lasted from 12 to 14 hours, during which time approximately 22-24 g of steel dissolved.
After the electrolysis was complete, the bag with the sample was transferred to a
porcelain cup and cut open, and the contents were washed into the cup. The sediment
particles that had stuck to the surface of the sample were carefully removed with a glass
rod with a rubber tip and also sent into the cup. The resulting sediment was slightly
crushed with a pestle, then transferred to a half-liter glass, adding 250-350 ml of water.
The mixture was left for 15-17 hours for the particles to settle completely. The
transparent upper layer of liquid was drained with a siphon, and the sediment, together
with the remaining liquid (about 140-160 ml), was filtered through a dense filter (blue
tape) filled with paper pulp. Next, the sediment was washed 3—4 times with a 1% cold
solution of sodium or ammonium citrate and then another 2—3 times with cold water.

When the process of carbide destruction is complete, the solution becomes
transparent, and a grayish sediment forms at the bottom of the glass, which is oxide
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non-metallic inclusions. After this, 200-250 ml of water is added to the glass, and
the mixture is left for 12-16 hours to settle. The main part of the liquid is then carefully
drained using a siphon, and the remaining volume (approximately 75-100 ml), together
with non-metallic inclusions, is filtered through a dense filter. The sediment obtained
on the filter is thoroughly washed with cold water to remove residual acid completely.
Then, the filter with the sediment is calcined in a pre-weighed platinum crucible. The
difference in weight before and after calcination allows us to determine the total
amount of non-metallic oxide inclusions. The calcined sediment is analyzed for the
content of free iron and aluminum oxides, as well as the amount and composition of
silicates. To determine the amount of free iron oxide, the precipitate in the crucible is
treated with 10 ml of hydrochloric acid (in a 1:1 ratio). The mixture is heated almost
to the boiling point for 15-20 minutes. After this, the precipitate is filtered through a
dense paper filter containing paper pulp and calcined. The difference in the mass of the
sample before and after treatment with hydrochloric acid allows one to determine the
content of free iron oxide. The amount of iron and manganese is determined in the
resulting solution. To determine the content of silicic acid, the precipitate in the
crucible remaining after treatment with hydrochloric acid is treated with a mixture of
sulfuric and hydrofluoric acids. Then, the solution is heated until the sulfuric acid
vapors completely evaporate. After this, the precipitate is calcined and weighed. The
amount of silicic acid in the silicates is determined by the difference in the mass of the
precipitate before and after treatment.

To determine the free aluminum oxide content, the crucible residue is treated with
10 ml of concentrated hydrochloric acid while heating. Silicate oxides dissolve, leaving
free aluminum oxide in the residue. The solution is filtered into a 100 ml flask, and the
residue is calcined and weighed. The aluminum oxide content is calculated by
subtracting the empty crucible mass from the total mass. The difference in values
determines the aluminum oxide in non-metallic inclusions.

Manganese and iron oxides in silicates are analyzed from the filtrate. For manganese
oxide, 50 ml of the solution is mixed with 5 ml of sulfuric acid, heated until white
sulfuric anhydride vapors appear, and manganese is measured volumetrically with
persulfate. The remaining solution is used to determine iron content via a colorimetric
method, forming a yellow color with sulfosalicylic acid.

Conclusion

The conducted study of methods for identifying non-metallic inclusions in 110G13L
steel showed that their composition, shape, and distribution have a significant impact
on the performance properties of the material. The most effective method for isolating
non-metallic inclusions was the electrolytic method, which allows reliable
identification of oxides, sulfides, and nitrides. It was found that aluminosilicates,
oxysulfides, and phosphide inclusions, which are formed depending on the deoxidation
conditions and metal pouring temperature, play a significant role in high-manganese
steel. To increase the purity of steel and improve its performance characteristics, it is
recommended to improve the final deoxidation process, aimed at reducing the content
of harmful impurities and controlling the shape of inclusions. The results obtained can
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be used to optimize the production technology of high-manganese steel and improve
the quality of castings.
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Annotatsiya. Ushbu maqolada chitosan va uning Shiff asoslarining
termogravimetrik xossalari bo‘yicha tadgiqotlar natijalari keltirilgan. Mualliflar
HyperChem 8.0 dasturida molekulyar modellashtirishdan foydalangan holda
Shiff bazasining (Xz-G) tuzilishini o‘rganishdi. Kuzatilgan issiqlik hodisalari
Shiff asoslarining bargarorligi va o‘tishlari hagida tushuncha beradi, shuningdek,
xitozan va glutaraldegiddan  olingan  Shiff  asoslarining tuzilishi
aminokislotalarning karbonil guruhlari bilan bog‘lanishi bilan tavsiflanadi.

Kalit so‘zlar: Chitosan, Shiff asoslari, glutaraldegid, issiglik xossalari,
aminokislotalar, Apis Mellifera, sintez, harorat, massa yo'qotish, molekulyar
modellashtirish,

AnHOTamus. B nanHO#l paboTe mnpencTaBieHbl pe3yJbTaThbl HCCIEIOBAHUMN
TEPMOTPaBUMETPUUECKUX CBOMCTB XHuTO3aHa M ocHoBanuii Illudda nHa ero
ocHOBe. ABTopaMu Obula m3yuyeHa cTpykTypa ocHoBanus [udda (Xz-G) c
MOMOIIIBI0 MOJICKYJISIpHOTO MojenupoBanus B mnporpamme Hyper Chem 8.0.
HaGnrogaembie TepMUYEeCKUe SIBJICHUS JAIOT MPEACTABICHUE O CTAOMIbHOCTH U
nepexoaax ocHoBanuil Illudda, a Takxke o TOM, YTO CTPYKTypa OCHOBAHHIA
Mudda, momydeHHbIX U3 XUTO3aHA U TITyTapOBOIO aJIbJIETH/Ia, XapaKTePU3YIOTCS
CBSI3SIMH AMUHOTPYTII ¢ KapOOHWIBHBIMH TPYIIIIaMHU.

Knioueevie cnosa: Xumosan, ocnosanus Lllugga, enymapossiii anvoezuo,
mepmuueckue ceoticmsa, amunocpynna, Apis Mellifera, cunmes, memnepamypa,
nomeps Maccol, MOINEKVIAPHOE MOOETUPOBAHUE.

Abstract. This paper presents the results of studies on the thermogravimetric
properties of chitosan and its Schiff bases. The authors investigated the structure
of the Schiff base (Xz-G) using molecular modeling in the HyperChem 8.0
program. The observed thermal phenomena provide insight into the stability and
transitions of Schiff bases, as well as demonstrate that the structure of Schiff bases
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obtained from chitosan and glutaraldehyde is characterized by the bonding of
amino groups with carbonyl groups.

Keywords: Chitosan, Schiff bases, glutaraldehyde, thermal properties, amino
group, Apis Mellifera, synthesis, temperature, mass loss, molecular modeling.

Introduction

Basic Schiff metal complexes have attracted significant attention from the scientific
community due to their unique properties and versatile applications in various fields,
including industry, medicine, and biology. These complexes exhibit diverse biological
activities, including antiviral, cytostatic, antibacterial, antitumor, and antifungal
properties. In addition, they possess exceptional catalytic activity for a wide range of
compounds. According to studies [1], the crosslinking reaction of chitosan with
glutaraldehyde (GA) is used to produce fibers, films, microspheres, controlled drug
delivery systems, polymeric wound dressings, and more [2]. Modification with GA
allows regulation of the biodegradation rate of chitosan [3].

For the first time, chitosan from Apis Mellifera, obtained from local raw materials
using the cryogenic method, was synthesized, and based on it, Schiff bases with
glutaraldehyde were obtained. The scientific study investigated the mechanism of
interaction between chitosan and glutaraldehyde, and it was established that primarily
hydrogen bonds are formed between the amino groups of chitosan and the carbonyl
group of glutaraldehyde.

OH
0
HO
I
cg "
Glutaraldehyde f:”H
;’N
NH; MNH- HO—Z_‘_:.:__?_
HO 7L HOT—/L—+ o)y
WL =S o
‘OH "OH n

n
Figure 1. Mechanism of interaction between chitosan and glutaraldehyde.

As shown in Figure 1, a Schiff base reaction occurs between the amino group of
chitosan and the carbonyl group of glutaraldehyde, resulting in the formation of an
azomethine (imine) group and the release of water. One can observe the formation of
primarily hydrogen bonds between the amino groups of chitosan and the carbonyl
group of glutaraldehyde.

Further, the thermogravimetric properties of chitosan and its Schiff base were
Investigated.
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The observed thermal phenomena provide insights into the stability and
transitions of the Schiff base. Endothermic and exothermic effects, associated with
phase changes or decomposition, can be seen at the peaks and troughs [4].

Research Methodology

Chitosan was extracted from Apis mellifera (honeybee) exoskeletons using a
cryogenic method (purity >85%, degree of deacetylation 75-80%).

Glutaraldehyde (GA, 25% aqueous solution, Sigma-Aldrich) was used as the
crosslinking agent.

All other chemicals were of analytical grade and used without further purification.
1. Chitosan Purification:

- Raw chitosan was dissolved in 1% (v/v) acetic acid, filtered, and precipitated with
NaOH (1M).

- The precipitate was washed with distilled water until neutral pH and lyophilized.
2. Schiff Base Formation:

- Purified chitosan (1 g) was dissolved in 50 mL of 2 % acetic acid under stirring.

- GA solution (2 % v/v) was added dropwise at a 1:2 molar ratio (chitosan:GA).

- The reaction proceeded at 25 °C for 24 h under a nitrogen atmosphere.

- The product was centrifuged, washed with ethanol/water (1:1), and dried at 40 °C.

Spectra were recorded (4000400 cm™!, PerkinElmer Spectrum Two) to confirm
imine bond formation (C=N stretch at ~1640 cm™).

TGA/DTG/DSC: Performed on a TA Instruments Q600 (25-800 °C, 10 °C/min, N
atmosphere).
Molecular Modeling:

- Structures were optimized using HyperChem 8.0 (MM+ force field, followed by
CNDO semi-empirical method).

- Charge distribution and bond polarization were analyzed in vacuum and aqueous
phases.

Analysis and Results

As seen in Figure 2, the initial mass loss of 5 % at 241 °C corresponds to the
evaporation of moisture or low-molecular-weight solvent molecules from the sample.

A significant mass loss occurred in the range from 241 °C to 347 °C, accounting for
55 % of the total mass. In this temperature range, the Schiff base begins to break down,
Imine bonds are cleaved, and some chitosan cross-links are destroyed.

As shown in Figure 2 (B), a strong signal in the range of 212,3-394,04 °C indicates
a sharp phase change associated with the degradation of the chitosan matrix via Schiff
base formation. The peak at 442 °C (-0.030) marks the critical decomposition
temperature, at which imine bonds are broken, leading to significant mass loss.

In the subsequent temperature stage, shown in Figure 2 (C), a gradual mass loss was
observed, resulting in 40% total mass loss in the range from 347 °C to 726 °C, which
includes the degradation of the chitosan polymer itself.

The troughs represent endothermic processes, while the peaks represent exothermic
processes. Temperatures at 444,6 °C and above indicate significant structural changes
in the Schiff base, i.e., its degradation, which points to the influence of glutaraldehyde
on thermal stability [5].
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Figure 2. Thermogravimetric analysis (a), differential scanning calorimetric image (b) of chitosan

and glutaraldehyde (c) and (d).

To confirm the reaction of chitosan with glutaraldehyde under the given conditions,
the structure of the Schiff base (Xz-G) was studied using molecular modeling in the
HyperChem 8.0 software. The molecular model of chitosan with glutaraldehyde is

presented as Figure 3.

Figure 3. Molecular models: (a) Chitosan, (b) Glutaraldehyde, (c) and (d) Chitosan—Glutaraldehyde

complex.
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Accordingly, the equilibrium geometry is determined by minimizing the total energy
with respect to interatomic distances. As an initial approximation, the
Z-matrix of atomic coordinates was used for each molecule in the spatial model.

The electronic structure of chitosan biopolymer units and the aldehyde functional
group was studied by combining molecular mechanics and semi-empirical quantum
chemical calculations. A comparison was made of the geometry and distribution of
partial atomic charges on monomer units, calculated using the CNDO semi-empirical
method in vacuum and in aqueous solution.

Thus, the structure of the Schiff base obtained from chitosan and glutaraldehyde is
characterized by the bonding of amino groups with carbonyl groups. Thermal analysis
shows significant mass loss and structural changes, especially in the temperature range
from 212°C to 442°C. For the structures of chitosan, glutaraldehyde, and their Schiff
base, bond polarization was observed, leading to an increase in the partial positive
charge on the hydrogen atom of the carbonyl group and an increase in the partial
negative charge on the nitrogen atom of the amino group. This contributes to the
formation of a greater number of azomethine groups [6].

Conclusion

This study successfully synthesized and characterized a novel Schiff base complex
derived from Apis mellifera chitosan and glutaraldehyde (GA). The interaction
mechanism was confirmed through FTIR spectroscopy, revealing the formation of
imine bonds (C=N) and hydrogen bonding between chitosan’s amino groups and GA’s
carbonyl groups. Thermogravimetric analysis (TGA) demonstrated the thermal
stability of the Schiff base, with significant mass loss occurring between 212442 °C
due to imine bond cleavage and polymer degradation. Molecular modeling
(HyperChem 8.0) further validated the structure, highlighting charge polarization that
facilitates Schiff base formation. These findings underscore the potential of insect-
derived chitosan-GA complexes for biomedical and industrial applications, particularly
in drug delivery and wound healing, due to their tunable biodegradation and thermal
properties. Future work should explore biological activity and optimization for specific
applications.
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Annotasiya. Ushbu ilmiy maqolada geofazoviy ma’lumotlarni qayta ishlash va
ularni tahlil gilish vositalarini takomillashtirish, suv kadastrini yuritish va suv
resurslaridan foydalanish sohasiga axborot-kommunikasiya texnologiyalarini
keng joriy etish va geoaxborot texnologiyalaridan foydalanilgan holda
Qashgadaryo viloyatining suv kadastri geoportalini ishlab chigish to‘g‘risidagi
Ilmiy tadgiqot natijalari bayon gilingan.

Kalit so‘zlar: GIS texnologiyalari, geofazoviy ma’lumotlarni qayta ishlash,
Suv kadastri, ArsGIS online, geoportal, ArcGIS Pro, ArcGIS Enterprise.

AHHOTauMs. B [aHHOW HaydyHOW CTaTh€ TMPEJCTABICHBI PE3YJbTAThI
UCCJICIOBAHUN TI0 COBEPIIEHCTBOBAHUIO MHCTPYMEHTOB OOpabOTKM M aHaIM3a
reOIPOCTPAHCTBEHHBIX JAHHBIX, BHEPEHUIO uHdOopmMaImoHHO-
KOMMYHUKAIIMOHHBIX ~ TE€XHOJIOTMH B  BEICHME BOJHOTO KajacTtpa W
UCIIOJIb30BAaHUE BOJHBIX PECYPCOB, a TaKXKe pa3pabOTKe Teornopraia BOIHOTO
kanactpa KamnrkagapbuHCKON 00J1aCTH C UCTIOIB30BAHUEM TeOMH(GOPMAIIMOHHBIX
TEXHOJIOTUH.

Kniwueevie cnosa: I'MiC-mexnonocuu, oopabomka 2eonpocmpaHcmeenHblx
oannwix, 6oousiti kaoacmp, ArcGIS Online, zeonopman, ArcGIS Pro, ArcGIS
Enterprise.

Abstract. This scientific article presents the results of research on improving tools
for processing and analyzing geospatial data, the implementation of information
and communication technologies in water cadastre management and the use of
water resources, as well as the development of a water cadastre geoportal for the
Kashkadarya region using geoinformation technologies.

Keywords: GIS technologies, geospatial data processing, water cadastre,
ArcGIS Online, geoportal, ArcGIS Pro, ArcGIS Enterprise.

Introduction
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The effective use of GIS technologies is one of the key factors in the efficient
management of natural resources. In today's world, representing every natural
geographical process, event, and phenomenon, along with their spatial location and
time parameters, and delivering this information to users promptly has become an
essential task.

The continuous improvement of tools for processing and analyzing geospatial data
allows their application not only in the field of information technology but also in
various scientific and technical disciplines, including the management of the water
cadastre.

Literature Review

A review of scientific literature on the subject reveals that research on water cadastre
management has been conducted by foreign scientists such as L.M. Crenganis,
Wolfgang Effenberg, M. Mika, M. Siejka, P. Len, Z. Krol, O. Petrakovska, A.A.
Minina, A.G. Boroviska, V.P. Sedyakin, Yu.G. Shkolnaya, A.V. Yershov, V.
Narimanyan, A.N. Kolobayev, V.I. Buchurin, I.S. Shkatulov, R.A. Terexova, V.
Ivanov, A.A. Piskun, and M.V. Tretyakov.

In Uzbekistan, research on the efficient use of water resources, assessment of aquatic
ecosystems, protection of water resources, and cadastre management based on quality
and quantity indicators has been carried out by local scholars such as E.l. Chembarisov,
V. Duxovniy, Sh.O. Murodov, F. Hikmatov, A.A. Rafiqov, V.E. Chub, A.N.
Nigmatov, Q.S. Yarashov, S.R. Shodiyev, B.T. Kurbanov, N.I. Sabitova, A.S. Pulatov,
Z.A. Amanbayeva, R. Yusupov, K.R. Rakhmonov, J.B. Gerts, X.T. Tuxtayeva, J.A.
Mirzayev, A. Fozilov, and others.

However, these studies have not comprehensively explored the ecological and
geographical challenges of assessing and managing the water cadastre using GIS
technologies based on satellite data. Therefore, this dissertation research specifically
focuses on investigating the ecological and geographical characteristics of water
resource assessment and cadastre management using GIS technologies.

Research Methodology

The implementation of information and communication technologies in water
cadastre management and the use of water resources plays a crucial role in digitizing
all stages of water resource utilization. This process enables the provision of real-time
data to users through an online system. The development of a water cadastre geoportal
for the Kashkadarya region is one of the key tasks aimed at enhancing decision-making
efficiency and integrating modern geoinformation technologies.

Based on the conducted research, a geoportal for the Kashkadarya region's water
cadastre was developed using modern geoinformation technologies to improve data
management and facilitate prompt decision-making. Open-source software,
specifically ArcGIS Online, was used as the primary platform for developing the
geoportal.

The main advantages of using ArcGIS Online for the creation of the geoportal
include:

The software's open-source nature, allowing any user to view, study, and contribute
to its development.
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No requirement for a special license, leading to cost-effectiveness and economic
efficiency.

Before creating the water cadastre geoportal, the database was exported to GIS, and
the coordinate system was selected. The spatial data of the studied area was digitized
based on a unified conceptual framework, ensuring the formation of spatial and
attribute databases simultaneously.

The geoportal’s geographical foundation is based on spatial data analysis, including
hydrography, hydraulic structures, relief, changes in surface water bodies, groundwater
conditions, vegetation, soil characteristics, and other relevant elements.

Analysis and Results

To develop the water cadastre geoportal, an initial database was created based on
existing cartographic materials, tables, and reports. Hydrographic networks, such as
rivers, lakes, canals, and collectors, along with control wells for groundwater
monitoring, were included in the system.

The collected data consisted of surface and groundwater flow rates, groundwater
levels, mineralization levels, and hydrochemical indicators. Raster (paper-based) maps
were georeferenced using ArcGIS Pro, and control wells were digitized by creating a
point layer with attribute tables. The names of the wells were assigned to the map, and
data from Excel tables were analyzed to integrate selected columns into the GIS
system. A shapefile attribute table was created with columns for each month (e.g., y
24 01) to structure the data appropriately.

......

uuuuuuuuuuu

Figure 1. The process of digitizing groundwater monitoring wells in the geoprtal.

Once the control well data was prepared, the regional boundaries of Kashkadarya
province and its districts were obtained from open sources and digitized. Major rivers
and lakes were also digitized, and all data were checked and systematically stored in
an organized format.

The ArcGIS Online geoportal offers users several key functionalities, including:

Data visualization and interactivity: Users can explore data through interactive
maps, tables, and dashboards.

Real-time updates: The system allows continuous monitoring and real-time data
updates, making it suitable for tracking water resources.
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Customizable dashboards: Users can integrate multiple visualization components
such as maps, charts, tables, and key indicators to make informed decisions.

Flexibility and adaptability: The geoportal is suitable for various applications,
including natural resource management, emergency response, public health, and
logistics.

Integration with other ArcGIS platforms: The geoportal is fully compatible with
ArcGIS Pro and ArcGIS Enterprise, allowing users to merge external datasets and
enhance analytical capabilities.

Through ArcGIS Dashboards, users can interact with maps and analyze spatial
trends. Clicking on a district highlights the relevant area, while selecting a hydro-post
or well displays historical water consumption, groundwater levels, and mineralization
conditions over time.

As a result of the conducted research, geographic, statistical, and monitoring
dashboards for the Kashkadarya region were integrated, and the data was consolidated
within the geoportal. The databases created in ArcGIS Pro were systematically
organized, stored, and verified. Each layer (shapefile) was uploaded to ArcGIS Online
using the "Share as Web Layer" function.

The names and locations of monitoring points were added to the map, and
adjustments were made to layer colors to improve visualization and user accessibility.
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Figure 2. Adding groundwater monitoring wells.

Pop-up windows were configured to display relevant information when clicking on
a monitoring well. In the ArcGIS Dashboards section, a new dashboard was created,
integrating an interactive Map widget linked to the web map. The Bar Chart widget
was used to visualize mineralization levels and groundwater depth, along with
conditional symbols.

The results of the conducted research led to the development of an advanced
geoportal that allows real-time monitoring and analysis of water resources.
(https://cacgeoportalnhub.maps.arcgis.com/apps/dashboards/44bd660b58f346509bf1
697318448f11) water cadastre geoportal, clicking on a district name highlights the
corresponding area. Clicking on a hydropost displays annual water consumption over
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different years. Additionally, selecting a monitoring well provides detailed
information on groundwater levels, infiltration water levels, and mineralization levels
over time.

Figure 3. Water Cadastre Geoportal Interface.
This interactive functionality enhances data accessibility and decision-making for
water resource management.

Conclusion
The water cadastre geoportal for Kashkadarya region, developed in ArcGIS Online,
enables the analysis and visualization of long-term surface water consumption,
groundwater levels and composition, and the condition of infiltration groundwater.
The geoportal displays the locations of monitoring wells, along with groundwater
and infiltration water levels and their hydrochemical properties, providing a
comprehensive tool for water resource management and assessment.
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Annotatsiya. Ishning maqgsadi Orol dengizi qurigan tubining tub
cho‘kindilarining o‘rmon barpo qilish mumkin bo‘lgan maydonlarida cho‘l
o‘simliklari agrofitotsenozini yaratishning eng samarali usullarini ishlab chigish
va yaratilayotgan yaylovlarning mahsuldorligini oshirish uchun cho‘l yem-xashak
o‘simliklarini tanlashdan iborat. Aniqglanishicha, Orol dengizining qurigan tubida
yaylovni muhofaza qilish va meliorativ yem-xashak o‘simliklari, shuningdek,
chogon, teresken, boyalich, keyreuk kabi yem-xashak o‘simliklarini qo‘llash
orgali 1 gektar maydondan 500 sentener ozuga birligi olish mumkin. Bu yaylovda
bogiladigan hayvonlarning sonini 20-30 foizga oshirish imkonini beradi.

Kalit so“zlar: Yaylovlar, agrofitotsenoz, ekish, urug ‘, qurigan tub, tur, namlik,
mahsuldor zahira.

AnHotaums. [lenpio paboThl ABISIIOCH - pa3paboTka Haubosee F3PPEeKTUBHBIX
METO/IOB CO3JaHUsl IMYCTHIHHBIX arpo(HUTOLIEHO30B Ha JIECONMPUIOJHBIX THIAX
JOHHBIX OTJIOXKEHHUM OCYIIEHHOTO JHa ApPajJbCKOrO MOPS M OJI00P MyCTHIHHBIX
KOPMOBBIX PacTeHUM Jis MOBBILLIEHUS POAYKTUBHOCTH CO3/1aBa€MbIX MMACTOMUIII.
VYCTaHOBIEHO, 4YTO MpU NPUMEHEHUH O0YaroBOoro, MacTOUIIE3aUIUTHOIO M|
MEJIHOPATHBHO-KOPMOBOT'O METOJIOB, a TAK)KE TAKMX KOPMOBBIX PACTEHUH, KaK
YOI'OH, TEPECKEH, OOsUIbIY, KEHPEYK Ha OCYILIEHHOM JHE Apajia MOKHO CO31aTh
nacTouIna ¢ KOpMOBOM eMKOCThIO 0 SO0 KOpMOBBIX equHUIl ¢ 1 rekrapa. I1o
MO3BOJIUT YBEJIMYUTH KOJMUECTBO BhINTacaeMbIX >kUBOTHBIX Ha 20-30 %.

Knroueevie cnosa: nacmoéuwa, acpogpumoyenos, noces, cemena, 0CyuleHHoe
OHO, MUNbL, BIAHCHOCMb, NPOOYKMUBHDIU 3ANAC.

Abstract. The aim of this study was to develop the most effective methods for
establishing desert pasture ecosystems on afforestation-suitable bottom sediments
of the dried Aral Sea bed and to select desert forage plants to enhance pasture
productivity. It was established that when using focal, pasture-protective
reclamation-forage methods, as well as such forage plants as chogon, teresken,
boyalich, keyreuk on the dried bottom of the Aral Sea, it is possible to create
pastures with a forage capacity of up to 500 forage units per 1 ha. This approach
could lead to a 20-30% increase in grazing livestock numbers.

Keywords: pastures, agrophytocenosis, sowing, seeds, dried bottom, types,
humidity, productive reserve.
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Introduction

On the dried-up bed of the Aral Sea, the low percentage of forest cover contributes
to wind erosion, which hinders the natural regeneration of pasture plants, results in low
pasture productivity, and leads to the complete or partial degradation of the land.

Literature Review

According to the conclusions of two UN Secretaries-General, Ban Ki-moon and
Antonio Guterres, the situation surrounding the Aral Sea is of global significance. In
addition to the need for afforestation and reclamation of the dried-up seabed, there is
also a necessity to incorporate it into economic use by creating desert agro-
phytocenoses, i.e., pastures. Establishing additional pastures on irrigated lands is a
challenging task, as these lands are used for cultivating other strategically important
agricultural crops for the state. Moreover, irrigating additional pastures is becoming
increasingly difficult each year due to a severe water shortage [1, 8].

Until today, the development of livestock farming was carried out by utilizing
previously unused pasture areas, but this reserve has now been exhausted. However,
Uzbekistan has another potential resource for creating pastures—the bottom sediments
suitable for afforestation on the dried-up bed of the Aral Sea. Many people believe that
the dried seabed consists entirely of sand and salt flats, but this is not the case. Non-
afforestation-prone types of bottom sediments cover approximately 35% of the area,
while the land suitable for establishing desert pastures amounts to 1.5 million hectares
[2, 9]. On such areas, pastures can be created with a productivity of 400-500 feed units
per hectare. In the future, this region could become a supplier of fodder for the Aral
Sea region, which has been designated as a zone of ecological innovation and
technology.

Research Methodology

The research was conducted on afforestation-prone types of bottom sediments on
the dried-up bed of the Aral Sea from 2012 to 2023. The study focused on the
technology of creating desert pastures, selecting a range of fodder plants, and assessing
the productivity of the established agro-phytocenoses. The work was carried out as part
of state programs for scientific research projects: KHI — 5 — 012 — 2016; KHA — 7 —
026 — 2015; KH — A — KH — 2018 — 110; I-BV-KH-2019-4. The objects of the study
were types of bottom sediments with salinity levels of no more than 0.04% (in terms
of chlorine) and a granulometric composition classified as sandy loam and loamy soil
substrates.

The methods for creating desert shrub pastures included pasture-protective,
reclamation-fodder, and focal forest plantations.

The selection of fodder plants consisted of the following species: Ceratoides latens
(teresken gray), Aellenia subaphylla (chogon), Salsola orientalis (keyreuk), Salsola
arbuscula (boyalych), and Kochia prostrata (izen). Additionally, the primary forest-
forming species was Haloxylon aphyllum (black saxaul). Soil treatment was carried
out using a chisel plow mounted on a T-150K tractor, followed by seed sowing or
planting of one-year-old seedlings. The aforementioned desert fodder plants, which
form the basis of the created pastures, were tested in the study.
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No targeted scientific research had previously been conducted to test the
feasibility of growing an expanded range of fodder plants on the dried-up bed of the
Aral Sea for the purpose of creating a desert pasture agro-phytocenosis. Therefore, this
study was carried out for the first time. In the spring of 2015, a series of experiments
was initiated to establish desert pasture agro-phytocenoses involving two or more
species of fodder plants [3, 10]. The experiment was designed as a statistical study
involving the sowing of forage plant seeds. Throughout the entire growing season, soil
moisture was monitored, and biometric measurements of emerging plant seedlings
were conducted.

Analysis and Results

It is well known that soil moisture has a significant impact on plant growth and
development, especially during the first year. In young plants, the still underdeveloped
root system is located within the top 15 cm of soil, making moisture in this layer
particularly crucial. Before sowing the seeds, the soil was treated with a chisel plow,
and moisture levels were studied monthly using the thermostat-weight method, both in
the control plots and in soil treated with the chisel plow.

Table 1. Soil Moisture Content (%) in Experimental Variants for the Creation of Pasture Agro-

Phytocenoses (2015).
Soil Horizon Months of Study
Depth (cm) April | May | June | July | September
Variant with Chisel-Treated Soil
0-5 6.80 3.60 2.56 1.98 1.12
6-10 7.34 5.06 3.45 2.21 1.75
11-20 10.08 8.38 6.12 3.24 2.22
21 -40 21.77 22.40 17.65 15.46 12.41
41 - 60 26.60 28.93 26.71 23.45 22.34
Dried Seabed Without Soil Treatment (Control)
0-5 5.43 2.77 2.21 1.78 1.12
6-10 6.10 4.10 3.42 2.36 1.76
11-20 8.75 7.31 5.41 3.42 2.23
21-40 20.95 21.45 17.64 15.41 12.54
41 - 60 26.10 27.98 23.45 21.29 17.68

In May 2015, 70.9 mm of precipitation fell, which is almost the average annual
norm. This allowed the soil moisture in the 0-20 cm horizon to range from 3.60% to
8.38% (Table). In April, the soil moisture in the 0-5 cm horizon was 6.80%, but by the
end of the growing season in September, it had dropped to just 1.12%. The year 2015
was favorable for seed germination and the emergence of uniform fodder plant
seedlings in the agro-phytocenosis. However, in June and July, extreme heat was
observed, with air temperatures reaching 50°C, while the ground surface temperature
exceeded 60°C. This led to the scorching of the still-fragile leaves of Ceratoides latens
(teresken) and other fodder plant species. Despite the leaf burn, the root systems of the
seedlings remained viable.

In September, as part of the autumn assessment of the number of plants that survived
the summer heat, we conducted excavations of the root systems of Aellenia subaphylla
(chogon) and Ceratoides latens (teresken). The root systems of 22 model plants were
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studied. It was found that, on average, roots from seed germination extended 15-17
cm deep and spread 10-12 cm horizontally. The summer heat did not have a detrimental
effect on the root systems. They remained viable, and with the additional moisture from
winter-spring precipitation, they resumed their biological development.

Our experimental studies have shown that the most favorable conditions for the
growth of fodder plants on the sandy loam plains of the dried-up Aral Sea bed are found
in Ceratoides latens (teresken) and Aellenia subaphylla (chogon), while conditions are
less favorable for Salsola arbuscula (boyalych) and Salsola orientalis (keyreuk). In the
chogon-teresken agro-phytocenosis, an average of 45+1.08 plants per 1 m? were
recorded, whereas in the boyalych-keyreuk agro-phytocenosis, only 2 plants per m?
were observed. To establish desert shrub pastures, it is advisable to create multi-species
agro-phytocenoses, such as chogon-keyreuk-boyalych-teresken agro-phytocenoses,
where an average of 44.6+2.17 plants per 1 m? can be achieved. This approach would
allow for the development of productive pastures by the 4th or 5th year, with a carrying
capacity of up to 500 feed units per hectare.

The determination of forage mass reserves in an air-dry state in the above-mentioned
experimental variants in September 2017 showed the following pasture capacities:
chogon-teresken agro-phytocenosis — 562+12.4 kg/ha, boyalych-keyreuk agro-
phytocenosis — 1184+4.7 kg/ha, Saxaul-chirkez agro-phytocenosis — 285+7.9 kg/ha,
Chogon-keyreuk-boyalych-teresken agro-phytocenosis — 522+12.7 kg/ha. As seen
from the experimental data, despite the extreme heat in the first year, which damaged
the above-ground biomass, the surviving root systems allowed the plants to recover by
utilizing moisture accumulated during the winter-spring period. This enabled the
formation of pastures with a good forage mass reserve by the third year of growth [4,
6].

The placement of protective forest belts depends on the wind activity in the area.
The weaker the wind regime, the greater the distance between the belts, ranging from
90 to 120 meters. In areas with strong wind activity, the distance between the belts is
reduced to 30-50 meters. The belts are established in three rows, and in the spaces
between them, seeds of fodder plants such as chogon (Aellenia subaphylla), teresken
(Ceratoides latens), boyalych (Salsola arbuscula), keyreuk (Salsola orientalis), izen
(Kochia prostrata), and others are sown.

On the dried-up bed of the Aral Sea, fodder reclamation strips have become
widespread. These strips can be located both in the inter-strip spaces between
protective forest belts and in open areas. Such strips are primarily composed of fodder
plants and are placed in inter-strip spaces with a distance of 20 meters between them,
allowing for 3-4 strips in these areas. In open areas of the dried seabed, fodder
reclamation strips are placed every 10 meters. Within 2-3 years, the fodder plants reach
the fruiting stage, and their seeds are dispersed by the wind, gradually populating the
inter-strip spaces and forming enriched desert pastures. Research has shown that by the
third year after the establishment of fodder reclamation strips, natural seed dispersal
resulted in an average of 6-8 plants per 1 m? in the inter-strip spaces [5, 7].

The establishment of forest and fodder plantations plays a crucial role on the dried-
up bed of the Aral Sea, where vegetation is extremely sparse. This is especially
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Important today, as the massive release of carbon dioxide into the atmosphere and
the corresponding decline in oxygen levels contribute to global climate warming.

Conclusion

1. Based on the research results, it can be concluded that desert pasture agro-
phytocenoses can be successfully established on forest-suitable bottom sediments of
the dried-up Aral Sea bed using a wide range of fodder plants.

2. To achieve this goal, it is advisable to apply the focal method for pasture creation,
along with pasture-protective and reclamation-fodder afforestation methods.

3. This approach will help: stabilize the dried seabed and prevent soil particle
deflation, increase the fodder productivity of the area, and expand grazing capacity,
allowing a 20-30% increase in the number of livestock.
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Annotatsiya. Ushbu tadqgiqot janubiy Orolbo‘yida miloddan avvalgi VI asrdan
boshlab ijtimoiy-igtisodiy va etnikmadaniy taraqqgiyotni o‘rganadi. Miloddan
avvalgi IX-asrgacha Amudaryoning o‘ng va chap qirg‘oqlaridagi aholi
punktlariga alohida e’tibor garatilgan. Arxeologik topilmalar shuni ko‘rsatadiki,
erta urbanizatsiya Ahamoniylar ta’sirida shakllangan, so‘ngra mustaqil Xorazm
ekspansiyasi boshlangan. Gidrologik o‘zgarishlar, xususan, Amudaryo oqimining
siljishi aholi punktlarining barqarorligiga sezilarli ta’sir ko‘rsatib, o‘ng qirg‘oq
markazlarining tanazzulga uchrashiga olib keldi, Xiva va Xazorasp kabi chap
qirg‘oq markazlari esa barqaror sug‘orish tufayli saqlanib qoldi. Tadgigot
mintagaviy tarixni shakllantirishda atrof-muhit omillari va inson faoliyatining
o‘zaro ta‘sirini ta‘kidlaydi.

Kalit so‘zlar: Xorazm, Amudaryo, urbanizatsiya, irrigatsiya, ijtimoiy-
igtisodiy munosabatlar, Ahamoniylar, arxeologik tadgigotlar.

AHHOTanuss. B >TOM  wuccleoBaHMH  pacCcMaTpPUBAETCSd  COLMAIBHO-
SKOHOMHUYECKOE U 3THOKYJIBTYPHOE Pa3BUTHE B PETMOHE FOKHOTO ApPaIbCKOro
Mops ¢ VI Beka 10 H. 3. 1o IX Bek H. 3., yaensis 0co00e BHUMaHUE TOCEICHUSIM
BJIOJIb TIPABOTO M JEBOro OeperoB AmyAapbh. ApXEOJOrHYEeCKHUE HaXOJIKH
MOKa3bIBAIOT, 4YTO paHHsAsA ypOaHu3zanus Obula cPopMUpOBaHA BIUSHUEM
AXeMeHuJI0B, 3a KOTOpPBIM IOCIEA0BaJla HE3aBUCUMAas 3KCHAHCUs Xope3ma.
I'maponornueckue M3MEHEHHs, B YACTHOCTH CIIBUTH B TEUEHHH AMYyaapbH,
3HAYUTEIBHO TMOBJIHSUIM Ha YCTOMYMBOCTH MOCEJIEHUM, YTO MPUBEIO K YMAJKY
LIEHTPOB MpaBOro Oepera, B TO BpeMs Kak JIEBOOEPEKHbIE IIEHTPHI, TAKHE KaK
XuBa uW Xasapaci, BBICTOSUTH Ojarojapsi CTaOWIBbHOMY OpolleHu. B
UCCJIEIOBAHUM  TOAYEPKUBAETCS  B3aMMOJIEHCTBHE  MEXIy  (akropamu
OKpY>Kalolled cpeabl M JeATEIbHOCTbIO ueJoBeka B  (OPMUPOBAHUU
PETHOHAIBHON UCTOPUH.

Kniroueevie cnosa: Xopesm, Amyoapus, ypbanuszayus, uppueayus, COyuaibHo-
9KOHOMUYECKUe OMHOueHUs, AxemeHuobl, apxeonocuieckue UsblCKAHUS.

Abstract. This study examines the socio-economic and ethno-cultural
development in the southern Aral Sea region from the 6™ century BCE to the 9"
century CE, focusing on settlements along the Amu Darya's right and left banks.
Archaeological findings reveal that early urbanization was shaped by Achaemenid
influence, followed by independent Khorezmian expansion. Hydrological
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changes, particularly shifts in the Amu Darya’s flow, significantly impacted
settlement sustainability, leading to the decline of right-bank centers while left-
bank hubs like Khiva and Khazarasp endured due to stable irrigation. The study
highlights the interplay between environmental factors and human activity in
shaping regional history.

Keywords: Khorezm, Amu Darya, urbanization, irrigation, socio-economic
relations, Achaemenid, archaeological survey.

Introduction

The article highlights the factors influencing the development of socio-economic
and ethno-cultural relations within society in the southern Aral Sea region from the late
Iron Age to the 9" century CE. The study is based on the results of extensive
archaeological research conducted by members of the Khorezm Expedition in
residential areas on the right and left banks of the Amu Darya and the lower Syr Darya
basin. The information recorded in various scientific literary works, articles, and
research seminar collections serves to illuminate the content and essence of this article.

Literature Review

The geological foundation of the Eurasian region is uniform, but its surface is
diverse, and the distribution of the population has not been unified across geographical
expanses, a process tied to the dynamics occurring underground.

In archaeological literature, the history of the land we inhabit is estimated to span
five billion years, with the most recent stage, the Cenozoic era, dating back 60-70
million years. The Cenozoic era is divided into the Paleogene, Neogene, and
Anthropogene stages. The Anthropogene stage corresponds to the period of human
activity and is further divided into the Eopleistocene, Pleistocene, and Holocene
periods. From the Neogene to the Eopleistocene periods, specifically during the Giinz-
Mindel periods, the region was a plain [1, 2] approximately 500,000 years ago,
following the Eopleistocene period, natural temperatures began cooling, leading to the
Mindel-Wiirm period. The Pleistocene glaciation covered the region, marking the end
of the great glacial period. The rise in natural temperatures, accompanied by the retreat
of glaciers northward, led to the formation of new humid and semi-humid areas,
associated with the Holocene period [3].

According to achievements in geographical science, between 25-10 million years
BCE, the Kyzylkum-Aral depression and the Karakum-Ustyurt plateau regions were
plains [4]. In P. Baratov’s geography textbook, the territory of Uzbekistan is divided
into several natural-geographical regions, one of which is the Khorezm Oasis plain [5].

Currently, the local population conducts its daily activities in two regions, a process
linked to the northward flow of the Amu Darya River around during the 8 —7t
millennia BCE, influenced by the activity of sloped terrains.

Research by the Khorezm Expedition members indicates that in the regions of the
right and left banks of the Amu Darya, between the sand dunes of Kyzylkum and
Karakum, depressions turned into water basins due to the rising water level of the Amu
Darya. Populations settled on the hills adjacent to these basins, initially living on
artificially leveled ground and later in semi-underground dwellings, continuing their
daily activities until the end of the 6th century BCE [6-9].
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Archaeological excavation results indicate that urban processes took place in the
southern part of the Khorezm Oasis, specifically in the middle section of the left bank
of the Amu Darya, during the 9" —8™" centuries BCE. Excavations conducted by V.N.
Pilipko at these elevations uncovered artifacts dating to the late 9" —early 8" centuries
BCE [10]. In our view, the population of Odoytepa, in response to historical demands,
gradually mastered the mineral-rich lowlands on the right and left banks of the Amu
Darya, constructing fortified cities.

Between 545-539 BCE, the Shurakhon village area of the Khorezm Oasis became
part of the Achaemenid Empire, marking the beginning of a history of political
relations. It can be concluded that the Achaemenid state appointed a governor who
initiated the construction of residential areas on the right and left banks.

From the 4™ -3 centuries BCE to the 2" century CE, after achieving political
independence, the Khorezm state prioritized the construction of villages and cities in
the lower Amu Darya region and the Sarigamish area as part of its internal policy [11-
13].

From the 1% century CE to the 9™ century CE, in residential areas on the right and
left banks of the Amu Darya, the population’s economic activities faced a sharp decline
in Amu Darya water levels. In the southern region of the Sultan Uvays Mountains and
around the Yonboshqgala elevation, an economic crisis affected all sectors in the right
bank region during the first half of the 6th century CE (e.g., Ayozqala, Burligala,
Janbosgala, Quygrilgangala). In Burgutgala, the internal area shrank from 5 hectares
to 1 hectare, and in Tuproqgala, it decreased from 17 hectares to 3.47 hectares.

However, cultural life continued in Shurakhon and Katgala. On the left bank, due to
stable water supply from the Charmanyob and Xeykanik irrigation systems, the decline
was not as severe as on the right bank. Primarily within the cultural-economic sphere
of Khiva (Tuproggala) and Voyangan, cultural life in micro-oases ended. Major
cultural-economic centers, such as Khiva, Katgala (Shovot), Zamaxshar, Qalajiq, and
others, continued their economic and cultural activities, supported by a stable water
supply from the Dovdon and Daryoliq tributaries of the Amu Darya. On the right bank,
cities like Katta Guldursun and Katqala, and on the left bank, cities like Khiva,
Xazarasp, Gurganch, Mizdaxkon, and Davkasgan, developed as administrative-
territorial and trade-craft centers, laying the foundation for the progress of later
societies [14, 15].

Research Methodology

Scientific objectivity, historical-chronological analysis, theoretical comparison,
discussion, substantiation, and the achievements of archaeology, ethnography, and
geography were utilized.

Analysis and Results

Based on information published by members of the Khorezm archaeology-
ethnography expedition, the factors influencing the development of socio-economic
and ethno-cultural relations in society from the last quarter of the 6™ century BCE to
the 9™ century CE were analyzed.
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Following observations were noted as results. In the last quarter of the 6" century
BCE, under the influence of urbanization processes that gradually encompassed the
right and left banks of the Amu Darya, the construction of cities began.

In the 5" century BCE, on the right bank, Bozorqala and Ding‘ilja, and on the left
bank, Xazarasp and Khiva emerged as early cities, reflecting the construction policies
of the Achaemenid state.

From the 4™ century BCE to the 1st century BCE, after gaining independence from
the Achaemenids, the Khorezm state extensively constructed villages and cities in the
southern regions of the Kyzylkum and Karakum regions and the Ustyurt plateau.

From the 1% to the 4™ centuries CE, the population constructed large cities
surrounded by smaller residential areas (e.g., Angqaqgala, Qurg‘oshin, Olmaotishgan-
1, Bo‘ldimsoz, etc.).

In the first half of the 5" -6" centuries CE, due to interruptions in the Amu Darya
water supply, the Kaltaminor, Tozabog‘yob, and Amirobod main canals did not reach
their final stages, leading to the decline of monuments in the Sultan Uvays system (e.g.,
Burligala, Ayozgala-1, Bozorgala, Anggagala, etc.).

On the right bank, economic and cultural life continued in residential areas such as
Katta Guldursun near the Burgutgala citadel, Kuyukkala near the Tuproqgala citadel,
and Baraktam Kat (right bank) and To‘qqgala. On the left bank, cultural life persisted in
areas such as Khiva, Xazarasp, Sandiglitepa, Qalajiq, Zamaxshar, Olmaotishgan-2,
Katgala, Mizdaxkon, Shoxsanam, Gurganch, and Yarbagirgala.

From the second half of the 6™ century CE to the 9™ century CE, cultural life
continued in the aforementioned population centers. A distinctive feature of this period
was the presence of citadels in unfortified and fortified centers on plains around
Burgutgala, Teshikgala, and Qumbosgangala on the right bank, with “Qo‘rg‘on” and
“Qal‘a” occupying areas of 0.1-1 hectare.

Conclusions and Recommendations

From the last quarter of the 6™ century BCE to the 5™ century BCE, the construction
of residential areas of varying sizes and quantities on the right and left banks of the
Amu Darya, as well as the creative activities of the sedentary population, were
influenced by the activity of the Amu Darya.

During this historical period, the sedentary agricultural population mastered humid
and semi-humid areas, utilizing them for their benefit. They constructed the Kaltaminor
irrigation system from the Amu Darya, building residential areas at the beginning and
end of its branches. As a result, cultural-economic centers such as Bozorgala and
Ding‘ilja were formed on the right bank. On the left bank, in the southern regions of
Khorezm, the construction of irrigation systems from the Amu Darya’s Toshsaqa led
to the establishment of Xazarasp, Khiva, and cultural-economic centers in the
Sarigamish basin, supported by the Dovdon tributary and the Yob irrigation system. In
the middle section of the left bank of the Amu Darya, centers like Qushgala emerged.

From the 5" to the 9™ centuries CE, due to interruptions in the Amu Darya water
supply, activities in several cultural-economic centers ceased, and populations
abandoned them (on the right bank, this process occurred in the southern region of the
Sultan Uvays Mountains, around the Yonboshgala elevation, and between the Amu
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Darya). On the left bank, economic and cultural relations also declined in certain
micro-oases within cultural-economic spheres (e.g., Khiva Tuprogqgalasi,
Olmaotishgan-1, Yangiariq Tuprogqgalasi, Shovot Tuproqggalasi). In this sense, the
influence of the geographical environment on economic and ethno-cultural relations
was more pronounced on the right bank.

From the second half of the 6" century CE to the 9" century CE, the activities of the
aforementioned cultural-economic centers continued, maintaining economic and
ethno-cultural relations. These centers served not only as population hubs but also as
trade-craft and religious-ideological centers, with the stability of the Amu Darya water
supply being a key factor.
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Annotatsiya. Miloddan avvalgi 2-ming yillikda O‘rta Osiyoda metallurgiya
faoliyatining kengayishi sezilarli siljish bo‘lib, ishlab chigarish markazlari
janubdan shimoliy rayonlarga cho‘zilgan. Bu tadqiqotda Tozabog‘yob
madaniyatining (miloddan avvalgi XV-Xl-asrlar) bronza metallurgiyasining
rivojlanishidagi o‘rni, xususan, qalay-bronza qotishmalariga tayanishi va qo‘shni
Andronovo madaniyat jamoalari bilan o‘zaro aloqalari o‘rganiladi. Ko‘kcha 15A
va Jonbos 21 kabi joylardan topilgan tigellar, goliplar va metall buyumlarni o‘z
ichiga olgan arxeologik dalillar metallga ishlov berishning ilg‘or usullarini
ta’kidlaydi. Kimyoviy tahlillar shuni ko‘rsatadiki, Tozabog‘yob metallurgiyasi
dastlab Ural-Volga rudalaridan foydalangan, keyin esa Qizilqgum va Zarafshon
manbalariga o‘tgan, bu esa savdo tarmoglari rivojlanib borayotganidan dalolat
beradi. Tozabog‘yob madaniyati shimoliy dasht ko‘chmanchilari va janubiy agrar
jamiyatlari o‘rtasida vositachi bo‘lib, metall buyumlar va xomashyo
almashinuvini ~ osonlashtirgan.  Ushbu  tadgigot =~ Markaziy = Osiyo
metallurgiyasining madaniy va iqtisodiy ahamiyatini ta’kidlab, mintaganing
Qozog‘iston, Ural va undan tashgarida joylashgan bronza davrining kengroq
almashinuv tizimlariga integratsiyalashuvini ta’kidlaydi.

Kalit so‘zlar: Bronza davri metallurgiyasi, Tozabog ‘yob madaniyati,
Andronovo madaniyati, galay-bronza gotishmalari, Qizilqum konlari, Zarafshon
vohasi, O ‘rta Osiyo, savdo tarmogqlari, arxeologik kimyo, madaniy o ‘zaro aloga.

AHHOTaums. Pacimmpenue Mmetautyprudeckoil aearenbHocTd B LleHTpanbHOM
A3uH BO 2-M TBHICSYENETHUH JI0 H. 3. 03HAMEHOBAJIO COOOM 3HAYUTENbHBIN CBHT,
IIPY 3TOM NPOU3BOACTBEHHBIE LIEHTPHI PACIPOCTPAHWINCH C kOora Ha cesep. B
ATOM HCCJIeI0BAaHUM U3ydaeTcs poib KyJabTypbl Tozaboréd (XV—-XI BB. 10 H. 3.)
B Pa3BUTUM METAJUTyprHMH OpOH3bI, B YACTHOCTH, €€ 3aBUCHMOCTb OT CILJIABOB
0JIOBa U OpOH3BI U B3aUMOJACHCTBUE C COCEIHMMH OOUIMHAMHU aHIPOHOBCKOU
KyJbTYpbl. ApPXEOJOTrHYeCKUe CBUIETEIbCTBA, BKJIIOYAs THUTIU, (POPMBI H
MeTajmdeckre apredakTsl W3 Takux Mect, kak Kokwa 15A u JIxonGoc 21,
NOYEPKUBAIOT MEPEAOBbIE METObI 00pabOTKH MeTamia. XUMHUUYECKUN aHalu3
[IOKa3bIBaeT, 4TO MeTanyprus To3a00réd H3HauyalabHO MHCIIONIB30BAJA PYJIbI
VYpana u Bonru, Ho mo3xe nepenia Ha UcTOYHUKN Kbi3bUikyma u 3apadiuana,
YTO YyKa3blBaeT Ha pa3BuBaromuecs Toprosble cetu. KymbTypa To3aboréd
BBICTYIIAJIA B KAYECTBE MOCPEIHUKA MEXKy CEBEPHBIMU CTEITHBIMA KOUEBHUKAMU
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U I0KHBIMM arpapHbIMHM OOIIECTBAMM, CIIOCOOCTBYSI OOMEHY METAUIMYECKUMU
U3IETUSIMA M CBIPhEM. OTO UCCJIEJIOBAHHE IOJYEPKUBAET KYJIbTYpHOE H
DKOHOMMYECKOE 3HayeHne Meraunypruu lleHTpanpsHon Asnu, nOmYEepKUBasd
MHTETpAII0 pernoHa B 0ojee IMIHUPOKHE CHCTEMBbI oOMeHa OpOH30BOTO BEKa,
oxBarbiBaromue Kazaxcran, Ypai u 3a ero npeaeiaamu.

Knwuesvie cnosa: memannypeusi 6ponszogozo eexa, kyavmypa 103a602€0,
AHOPOHOBCKASL KYIbMYpd, CHAAGbL 071084 U OPOH3bl, pyOoHuku Kvizvlikymos, oasuc
3apagwan, Cpeonss A3zus, mopeogvle cemu, apXeor0cUdecKas XuMus,
KYIbMYpHOE 83aumMooeticmeue.

Abstract. The expansion of metallurgical activities in Central Asia during the 2nd
millennium BC marked a significant shift, with production centers extending from
southern to northern regions. This study examines the role of the Tozabogyob
culture (15" —11" centuries BC) in the development of bronze metallurgy,
particularly its reliance on tin-bronze alloys and interactions with neighboring
Andronovo culture communities. Archaeological evidence, including crucibles,
molds, and metal artifacts from sites such as Kokcha 15A and Jonbos 21,
highlights advanced metalworking techniques. Chemical analyses reveal that
Tozabogyob metallurgy initially utilized Ural-Volga ores but later shifted to
Kyzylkum and Zarafshan sources, indicating evolving trade networks. The
Tozabogyob culture acted as a mediator between northern steppe nomads and
southern agrarian societies, facilitating the exchange of metal goods and raw
materials. This research underscores the cultural and economic significance of
Central Asian metallurgy, emphasizing the region’s integration into broader
Bronze Age exchange systems spanning Kazakhstan, the Urals, and beyond.

Keywords: Bronze Age metallurgy, Tozabogyob culture, Andronovo culture,
tin-bronze alloys, Kyzylkum mines, Zarafshan oasis, Central Asia, trade networks,
archaeological chemistry, cultural interaction.

Introduction

From the 2" millennium BC, the distribution areas of metal products in Central Asia
significantly expanded. Metallurgical centers and metallurgical industries, which used
to operate in the south of the region, now also cover the northern regions.

During this period, the Southern Aral Bay region had a system of producers
belonging to different ethnic-cultural groups, such as the Suvyorgon, Tozabogyob, and
Amirabad cultures. In particular, in the early stages of the Tozabogyob culture (2" half
of the 2" millennium BC), local metalsmiths began to produce decorative items,
weapons, and household items. The discovery of a crucible (crucible) from the site of
Kokcha 15 A, a mold of an ornament, and a mold of a spear blade from the site of
Jonbos 21 from the first stage of this culture (15" -14" centuries BC) confirm the data
[1-3]. In the Tozabogyab culture, the experiences of Andronovo culture communities
were of great importance in the development of metallurgy.

Literature Review
In the economic life of the communities of the Andronova culture, not only animal
husbandry, but also mining, mining, smelting ore, and extracting metal raw materials


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. MARCH, 2025-3. 155N 2181-9750

played an important role. They actively developed copper mines in the Southern
Urals and Volga Rivers, Northern and Eastern Kazakhstan, and bronze metallurgy
played an important role in the economy. During that period, the exchange of raw metal
materials and the production of bronze products spread over vast areas from beyond
the Urals to Central Asia. In the middle of the 2" millennium, the production facilities
related to the mining works of the Andronova and Tazobogyop culture communities -
metallurgical centers and ore mines were located in the Nurota Mountains and
Kyzylkum region [2]. During this period, tribes of Tozabogyob-type Andronova
culture of the steppe regions, which are fundamentally different from the Zamonbobo
culture and took its place, appear in the lower basins of the Zarafshan River. In the
lower basins of Zarafshan, two cemeteries belonging to them and their seasonal
settlements were found and studied at 26 points [1]. Among these monuments, the
Gujayli cemetery is of particular importance.

V.D. Ruzanov’s article “New information on the sources and chemical composition
of the metal raw materials of the Gozhayli monument” is devoted to the analysis of the
chemical composition of the metal objects recorded from the Gozhayli cemetery [9].
Based on the chemical indicators of the obtained objects, it was determined that there
are genetic links and high percentages of similarity between the metal objects of the
Gozhayli and Tozabogyob cultures. The percentage of tin bronze in their products is
high.

V.D. Ruzanov’s article on the topic “Tin-bronze industry of the steppe tribes of
Central Asia between the rivers in the early metal age” also analyzed the recipe
indicators (types of alloys, composition) of metalworking products in the steppe
cultures of the Bronze Age between the two rivers [9]. According to the differences in
the chemical parameters of the bronze objects of the steppe tribes, they are divided into
three groups: 1) Arolboyi - Koyi Zarafshan; 2) Middle and upper Zarafshan; 3)
Tashkent-Fergana.

The first group includes metalwork products of the Tazabogyab culture and Gujayli-
type monuments. Among them, the group of tin bronze objects dominates (with a ratio
of 81.5% and 68.4%). Here, the proportion of pure copper is significantly less (14.8%
and 26.3%). Tin-lead alloys were rarely used (3.7% and 5.3%). During this period,
other types of bronze alloys were hardly used.

It should be noted that the steppe regions of Kyzylkum and Zarafshan were
considered a component of Tozabogyob culture. The ancient mines in Bukan-tao’ and
Altyn tao’ regions in Kyzylkum were considered centers of supply of metal ore for
Tozabogyob people. M.I. Itina’s monograph “Southern Island steppe tribes (2"
millennium BC and the beginning of the 1st millennium BC)” contains some
information about the sources of raw materials for the metallurgical industry of the
inhabitants of the region. In particular, the author notes that the percentage of tin in the
composition of bronze objects in the Kokcha 3 cemetery is large. The author doubts
that the metallurgical products of the Tozabogyob culture were produced on the basis
of raw materials brought from metallurgical centers along the Urals and the Volga [4].
The reason is that in the research, most of the metalworking products of the Srubno-
Andronov tribes of this period were made of tin bronze, but it was known that there
was no tin ore base in the Ural region [11].
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It was from that period that the Andronova tribes of the South Urals received tin
ore from the east and southeast, that is, from Central Asia [11]. Thus, the connections
of the Andronovo tribes of Western Kazakhstan can be traced not only in the west
(Srub tribes), but also in the Bronze Age steppe tribes of Central Asia in the south.

E. Chornykh stated that the close cultural and perhaps ethnic affinity between the
Srub and Andronova ethnocultural communities and the Tozabogyob tribes are
evidence of the existence of a single association that includes the metallurgical centers
of Central Asia, Kazakhstan, Altai, and the Urals [11]. This proximity leads to the
spread of similar forms in metalwork products, tools, and jewelry, while the inhabitants
of each region retain their own ethnographic characteristics.

M.I. Itina’s article “Excavations in the Kokcha 3 cemetery of Tozabogyob culture”
suggests that there may be copper ore deposits in the Sultonuvais mountains near
Tozabogyob, and there are ancient traces of copper smelting in Bukan-tau and Oltin-
tau mountains [3]. Also, there is a high percentage of tin in bronze items in Kokcha
area and information about tin-rich ore deposits in Kyzylkum based on research.

Based on the research led by Vinogradov A.V., he tentatively concludes that the
source of raw materials for the metallurgy of the Southern Aral Bay region was
processed in the Kyzylkum mountains [4]. Traces of slag associated with the re-
production of ore from the Eneolithic and Bronze Age were recorded from Beshbuloq
and Mingbuloq sites in the Tomdi-tao’, Bukan-tao’ region of Kyzylkum. The analysis
of archeological materials shows that the ore in the Beshbulok area was prepared not
only for the surrounding metallurgical centers, but also as an export product for
exchange in foreign trade [4].

According to the conclusions of M.A. Itina, the use of ancient ore deposits in
Kyzylkum as a source of raw materials for the South Orolboi metallurgical sector in
the Bronze Age can be clarified through special spectral-analytical and chemical
research.

The chemical analysis conducted by Rozanov V.D. shows that the chemical analysis
of bronze items in the Kokcha 15, 15 A, 16 areas of the Tozabogyob culture and the
Kokcha-3 cemetery confirms that 70% of the items are metal items made from ore in
the Bukan-Tomdi-Auminzatao area of Southern Kyzylgum [6]. Bronze products
contained a high level of tin admixture. The geochemical composition of some objects
belonging to a slightly earlier period (XV-XIV centuries BC) indicates that they were
made from ore from the Volga, Kama rivers and Ural mines.

It should be noted that mil. avv. In the middle and late stages of the development of
Tozabogyab culture in the XIV-XII, XI centuries, relations in the field of metallurgy
were directed to the East and South, during this period, relations with the East were
more active than in the North-Western regions [7].

Close contacts with the East are mainly established with areas rich in copper and tin
(Kyzilkum and Zirabulok-Ziatdin mountains), in this regard, mil. avv. From the XIV-
XII centuries, the use of ore sources of the Urals, the Volga and Kazakhstan in the
production of metal objects of the Tozabogyab culture was sharply reduced, and it was
replaced by the ore sources of the Kyzylkum region, the metal ore sources of this region
played a key role in the development of the metallurgical industry in the Aralboi tribes.
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It can be said that Khorezm used the South Kyzylkum mines as a source of raw
materials in metallurgy from the Bronze Age to the Iron Age, and in some places even
in the Middle Ages.

In his studies, Ruzanov V. shows three stages of the development of metallurgy in
Central Asia. The first is present-day South Turkmenistan, which is strongly influenced
by Iran, the second is the metal production center of Turon, and the third is the Chust-
Burgulug metallurgical centers formed in the northeast of present-day Uzbekistan. The
author does not deny the cultural influence of the nomadic northern peoples in the last
two stages and recognizes the predominance of tin bronze in the region [8]. It shows
that during the Bronze Age, tin-bronze deposits in Kyzylkum and Zarafshan oases were
used as the main source of raw materials not only by the inhabitants of Tozabogyob
and Amirabad cultures but also by almost all cultures of Central Asia.

Research Methodology

The study employs a multidisciplinary approach, integrating archaeological,
archeometallurgical, and comparative cultural analyses to investigate the development
and exchange of metallurgical practices in Bronze Age Central Asia, with a focus on
the Tozabogyob culture.

Analysis and Results

As a result of the research in the areas of the Karnab and Mushiston mining areas,
pottery fragments, stone hammers, and bone weapons characteristic of the nomadic
Andronovo and Tozabogyob cultures were discovered [10].

According to the conclusions of the scientific research of many scientists, the share
of tin bronze in metal objects (60-80%) in the monuments of the Zarafshan oasis steppe
culture, Aralboyi Tozabogyob culture, Ettisuv, Kyrgyzstan, as well as Central and
Eastern Kazakhstan, Alakul, Fedorov and Alekseev-Sargarin steppe cultures of the
Bronze Age in Central and Eastern Kazakhstan [5].

Among the researchers, the opinion is that the inhabitants of the Tazabogyob culture
acted as mediators in the developed metal trade in Central Asia, especially between the
northern desert groups and the southern oasis cultures [10]. This trade was mainly
carried out by exchanging agricultural or handicraft products from the southern oases
for raw materials (copper and tin) or semi-finished raw materials and finished metal
products from the Andronovo culture areas.

This unique center of culture of ancient metallurgists. av. In the 15" -13" centuries,
it was active along the Southern Island and in the lower reaches of Zarafshan. In the
15" century, the inhabitants of the Tozabogyob culture mastered the field of metallurgy
and metalworking, raw materials were exported to them from the mines belonging to
the historical and cultural community of Andronova. Later, in the XIV-XIII centuries,
the character of metallurgical furnaces changed; in particular, they operated on the
basis of raw materials from Kyzylkum mines. During this period, the Tozabogyob
metallurgical center was established as the western “outpost” of the Turan
metallurgical region in the territories of present-day Uzbekistan, Tajikistan, and
Southern Kyrgyzstan. It was active from the second half of the 2" millennium to the
beginning of the 1% millennium.
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Conclusion

The conclusions of these scientific studies testify that during the Bronze Age, the
inhabitants of the Tozabogyob culture used tin-bronze mines in the Kyzylkum and
Zarafshan oasis not only as consumers but also were one of the tribes that exported
metal raw materials to foreign trade. This hypothesis can be justified by the spread of
the steppe nomadic culture in the Bronze Age in the southern oases of Central Asia.
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Annotatsiya. Ushbu magolada Kamoliddin Behzodning estetik garashlari tadqiq
etilib, uning original asarlari Temuriylar davri san’at an’analarining eng yuqori
cho‘qqisi va yetuklik namunasi sifatida tahlil qilinadi. Tadqiqot davomida Behzod
kompozitsiyalaridagi uyg‘unlik va mahorat, shuningdek, matn bilan badiiy
uyg‘unlikda ifodalangan elementlar uning nozik san’at mahoratini namoyon etishi
ta’kidlanadi.

Kalit so‘zlar: Figuralar soni, boy bo ‘yoqlar, yashil va ko ‘k ranglar, sovuq
ohanglar, ichki makon, iliq ranglar, aynigsa yorqin to ‘q sariq, bezakli tasvirlar.

AHHOTauus. B 1aHHOW cTaTbe paccMaTpUBAIOTCS ICTETUYECKHUE B3IJISbI
Kamomunnuna bex3zana u packpbIBaeTcsi, Kak €ro OPUTrMHAIBHBIE IPOU3BEACHUS
HUCKYCCTBa TMPEJCTABIISIIOT COO0ON BEpUIMHY U 3PEIOCTh XYJI0KECTBEHHOM
Tpaauuuu 31oxu TumypuaoB. B ucciienoBanun nogyEPKUBACTCS TAPMOHUS U
MACTEpPCTBO B €r0 KOMITO3UILIMSAX, @ TAKKE UX OPTaHUYHOE CIIUSHUE C TEKCTOBBIMU
3JIEMEHTaMHM, YTO OTPAXKAET €ro0 YTOHYEHHOE MaCTEPCTRBO.

Knrwoueswvie cnosa: konuuecmso gpueyp, HacvluenHvie nueMeHmol, 3e/1EHbII U
CUHUL, XOJI0OOHble OMMEHKU, BHYMpeHHee NPOCMPAHCMBO, MENIvle U8emd,
0COOEHHO APKULL HACLIWEHHDBLU OPAHICEBDLU, 0EeKOPAMUBHBLE U300PANCEHUSL.

Abstract. This article explores the aesthetic ideas of Kamoliddin Behzad and
reveals how his original artworks represent the culmination and maturity of the
Timurid artistic tradition. The study emphasizes the harmony and craftsmanship
in his compositions and their seamless integration with textual elements, which
reflect his refined mastery.

Keywords: Number of figures, rich pigments, green and blue, cool tones,
interior space, warm colors, especially bright deep orange, decorative imagery.

Introduction

The great miniature artist, an outstanding figure of the Eastern Renaissance, and
recognized in the West as the “Raphael of the East”, Kamoliddin Behzod was born in
1455 in Herat into an artisan family. From the 1480s onwards, artworks bearing
Behzod’s signature began to appear, although autographs are rare, and most are
believed to have been inscribed by later calligraphers. Behzod did not sign all of his
works, and many counterfeit pieces exist that falsely attribute authorship to him.
Kamoliddin Behzod experimented with various techniques to advance artistic
technology and, in addition to realistic pieces, produced highly decorative paintings.
In the illustrations of Nizami’s “Khamsa” manuscript, flat color patterns add a sense
of dynamism to the canvas and create a sense of unity. Although Behzod produced
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many portraits, portraiture was not initially a dominant field in Persian painting.
His portraits are believed to have been influenced by European artists such as Gentile
Bellini, who was invited to Istanbul by the Ottoman Emperor Mehmed Il in the late
15" century.

Literature review

The figures in these portraits are drawn with delicate, realistic lines, and their
garments are richly adorned-emphasizing the decorative quality typical of Persian
painting [1].

Behzod was highly esteemed by both contemporaries and successors. According
to legend, Sultan Husayn Bayqara, once in a state of depression, lightened up after
viewing Behzod's caricatures of court officials. On the other hand, Babur, founder
of the Mughal Empire, criticized the disproportionate facial features of the beardless
figures in Behzod’s portraits. Through his works and his followers, Kamoliddin
Behzod significantly influenced the development of miniature painting in the
Shaybanid, Ottoman, and Safavid dynasties. Young artists who worked with Behzod
in Tabriz introduced new elements into the aging master’s style, further advancing
the miniature tradition. One of his students from the Herat period, Shaykhzada, was
invited to Bukhara by Abdulaziz of the Shaybanid dynasty and continued the portrait
style of his master. The Bukhara school of painting, inheriting Behzod's traditions,
produced works with more Persian elements compared to the Samarkand school,
which was more strongly influenced by Chinese ink painting [2].

None of the artworks attributed to Behzod contain his definitive signature; thus,
the authenticity and identification of his actual works are determined by stylistic
analysis. According to experts, among the many works attributed to Behzod, only
thirty-two paintings are considered authentic, representing only about ten years of
his long artistic career. In the 10" century Hijri, collectors eagerly sought to include
Behzod’s paintings in their collections. According to a portrait of Behzod held at the
Evkaf Library in Istanbul, Laurence Binyon and others described his character as
humble and modest yet sharp and thoughtful. His appointment as director of the
royal library supports this characterization. Shah Ismail likely considered him a
capable administrator. According to Khwandamir, Behzod was endowed with
pleasant and friendly qualities. In addition to his relationships with Alisher (Navoi),
he was supported by four monarchs, and two Safavid rulers gave him special
attention [3].

Behzod’s prestige stems primarily from the idealism reflected in his works, as
well as from his personal qualities and continuous collaboration with intellectual
leaders and great rulers of his time. However, his personality did not quite match his
fame- as noted by his historian friend Khwandamir- and his associations with Alisher
and Jami have been recorded. This led to an exaggeration of his fame. On the other
hand, fair-minded figures such as Babur and Haydar Mirza confirmed his high status
among contemporaries. Nevertheless, it remains difficult to definitively determine
the full extent of his originality or clear superiority over all other painters.

Research Methodology
The evaluation of Behzod’s significance as a painter reveals a wide range of
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opinions. In the book “Khondamir al-Akhbar”, written in 905 AH and describing
historical events up to 875 AH, Behzod’s situation in Herat is noted. According to
Khondamir, Behzod was first supported by Mir Alisher and later by Sultan Husayn,
who praised his artistic activity. However, Khondamir does not emphasize Behzod’s
superiority over his contemporaries. In fact, his list of artists begins with Mirek
Nagqgash, who was likely the leading painter of that time, and his highest praise is
directed toward Behzod’s contemporary, Qasim Ali. Furthermore, as indicated by the
words of Mirzo Haydar Dughlat and Babur, Behzod was one of the few skilled painters
active in the circles of Alisher and Sultan Husayn in Herat. They preferred Shah
Muzaffar or Qasim Ali over Behzod’s works. Behzod’s recognition as an outstanding
painter first emerged during the Safavid era. Writers typically praised him with
admirable but often generic qualities, comparing his skill to Mani, the greatest painter
in Persian literature. In the revised version of the historical work “Habib al-Siyar”,
completed in 930 AH, Khondamir glorifies Behzod, likening him to Mani and claiming
that his talent surpassed all other artists. Additionally, in the above-mentioned decree
attributed to Shah Ismail in 928 AH, Behzod is compared to Mani and praised as a
“model painter.”

Analysis and Results

Behzod’s innovations reached their peak in the illustrations of Sa‘di’s Bustan and
Nizami’s Khamsa. These works were created in the intellectual atmosphere of Sultan
Husayn Baygara’s court and were influenced by the mystical worldview of scholars
like Jami and Navoi. Behzod’s paintings were displayed for the library of Sultan
Husayn Baygara, and an inscription dated 893 AH highlights the essence of his
achievements. The Bustan manuscript includes two title pages and four illustrations.
Behzod’s signatures in these paintings are either subtly placed in architectural elements
or hidden within objects. Two of these illustrations are dated 894 AH. All of the
paintings contain text panels that are intricately linked with the page borders, showing
that Behzod collaborated closely with the calligrapher Sultan Ali Katab. The
illustrations are distinguished by their carefully balanced compositions, which define
spatial clarity uncommon in Eastern visual art. These figures, although idealized, often
express a much more refined sense of posture and character than typically seen in
Persian manuscripts. Moreover, the works demonstrate meticulous design and
execution control characteristic of the Herat school. Similar stylistic traits are clearly
visible in other paintings attributed to Behzod in Herat. Ivan Stchoukine documented
various experts’ views on these traits. Manuscripts commonly associated with Behzod
include the 872 AH copy of Yazdi’s Zafarnama (housed in the Johns Hopkins
University Library), the 888 AH copy of Mantiq al-Tayr by Attar (Metropolitan
Museum of Art, New York), and Alisher Navoi’s Khamsa of 890 AH (split between
the Bodleian Library in Oxford and the John Rylands Library in Manchester), as well
as two copies of Nizami’s Khamsa (British Library), where illustrations were added to
a text copied in 846 AH and published in 900 AH.

Although ancient sources do not provide extensive details about Behzod as an artist,
they praise him as the greatest of his time. Khondamir highlights the refinement,
intellectual depth, and realistic power in Behzod’s paintings. Haydar Mirzo compares
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him with his teacher Mirek and believes that while Behzod may not surpass his
master in artistic maturity, his brushwork and compositional arrangement are
superior—though not in elegance. Qazi Ahmad emphasizes proportionality in
Behzod’s works, noting his skill with charcoal and his excellence in depicting birds.
Babur praises his art for its “extreme delicacy and fineness”, especially admiring the
ornate quality of bearded figures while noting that the beardless ones are less
successful and that he sometimes exaggerated the size of the forecheads. Babur’s
descendants in the Mughal dynasty were also admirers of Behzod and made efforts
to collect his works for their libraries, with multiple mentions of their purchasing his
paintings. However, some of Behzod’s works had been collected earlier, as a few
were found in the collection of the Safavid prince Sultan Ibrahim Mirza (d. 984 AH).

Jahangir Shah was among the first to acknowledge Behzod’s talent for designing
battle scenes, a point noted elsewhere. Due to public admiration, Behzod’s name
became firmly established and celebrated. Khondamir believed that he deserved to
be ranked alongside Mani, the legendary creator of ancient masterpieces. However,
Qazi Ahmad, typically more reserved in Persian exaggeration, states: “Had Mani
met him, he would have followed him.” Nevertheless, Mustafa Ali asserts that
Behzod’s success was partly due to the influence and credibility of his supporters.
These intrigues and alleged envy may have contributed to his name being included
among lranian artists and calligraphers in the anthology of Safavid prince Sam
Mirza.

Modern research is increasingly focused on identifying the originality and
authenticity of Behzod’s works. This became particularly evident after the 1350 AH
exhibition of Iranian art. In London, where many of Behzod’s attributed works were
gathered, some progress was made. However, it is still difficult to distinguish him
from others based solely on his artistic style, as many works remain ambiguously
attributed to his predecessors and contemporaries. Behzod’s fame has led to some
works being falsely or mistakenly attributed to him over the centuries- sometimes
for material gain, or to enhance a collection with a leaf allegedly by a renowned
artist, or through later additions across generations. This complicates the issue
further, as works associated with Behzod may be fully signed, partially copied, or
even completed posthumously or forged, leading to diverse approaches in scholarly
analysis.

The true scholarly foundation for understanding Behzod’s art lies in the Bustan
manuscript illustrations, completed in Rajab 893 AH in Herat. The version housed
in the Egyptian National Library in Cairo was penned by the calligrapher Sultan Ali
and illuminated by the artisan Yari Mazhab for Sultan Husayn Bayqara. The edition
includes two title page illustrations- whose signatures were removed- and four
single-page illustrations dated 893 and 894 AH. In the last two illustrations,
Behzod’s name appears so frequently in the architectural details that their later
addition seems unlikely. The other two signatures are so faint that they appear to be
original. The uniform style and features of these paintings have led to their general
acceptance as Behzod’s authentic works. These paintings reflect the peak and
maturity of the Timurid style. Their harmonious and skillful compositions are
strongly integrated with the accompanying text sections. According to the aesthetics
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and understanding of the time, the limited number of figures on each page is well
distributed within the pictorial space. The pigment variety is rich, with an exceptional
sense of color. These works show Behzod’s preference for cool tones such as green
and Dblue, especially for interior scenes, consistently balanced with warm hues,
particularly vibrant orange. Every element of color complements the decorative
Imagery, executed with great professionalism. The blossoming tree branches, intricate
tile designs, and carpet patterns demonstrate the artist’s refined aesthetic sense and
meticulous execution. However, it is realism that distinguishes these works from earlier
paintings. What is particularly evident in this iconographic style is its non-judicial
nature- they are not dedicated to depicting chivalric behavior or the romantic exploits
of kings. Rather, these works capture everyday events- such as a drunken prince’s
conduct, performing ablution in a mosque, or observing a foal and slaves in the stable-
highlighting his interest in the activities of lower social classes, like porters.

Conclusion

Kamoliddin Behzad’s artistic legacy represents the pinnacle of Timurid miniature
painting, characterized by harmonious compositions, masterful use of color, and a
refined balance between decorative richness and realism. His works, particularly in
manuscripts like Bustan and Khamsa, demonstrate a sophisticated integration of text
and imagery, with a distinct preference for cool tones and vibrant warm accents.
Despite challenges in authenticating his oeuvre, Behzad’s influence on Persian,
Mughal, and Ottoman art remains undeniable. His depictions of everyday life, rather
than solely royal or heroic themes, set him apart as a visionary artist of the Eastern
Renaissance. While debates persist regarding his originality and superiority over his
contemporaries, his contributions to miniature painting endure as a testament to his
skill and enduring legacy.
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Abstract. This article discusses the socio-philosophical foundations of moral
culture. Moral culture is manifested in a person through his behavior. Behavior is
the sum of moral actions determined by the consciousness and will of people. The
rules of moral culture are the results achieved by humanity through its own
experience over the centuries.

Keywords: morality, behavior, norm, behavior, rule, consciousness, thinking.

Introduction

Morality regulates the character, behavior of people, and their mutual relations in
social and personal life. Moral norms are the requirements imposed on the character of
an individual by society or a specific group. These norms include the attitude of an
individual to society - the Motherland, state, nation, group, as well as the behavior of
an individual in life, in relations with certain people, in his profession, specialty, and
even in his relationship with himself.

Moral culture is related to the study of the origin and essence of human culture, its
moral relations in society, and is a set of positive actions that can serve as an example
for society, time, and humanity.

Literature Review

Morality - Russian - moral, derived from the Latin words “mores,” “moralis,”
meaning behavior, custom. Morality is a specific form of social consciousness, a set of
principles and norms of behavior and behavior of people in their social and personal
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lives. The word and concept of morality are also Arabic and are the plural of the
word “morality” [1].

The word “morals” is derived from Arabic and is the plural form of the word
“khulg”. The term “morals” as a general concept refers to a wide range of human
behaviors and actions [2]. If we analyze morality as a general concept from the
perspective of human life, its smallest part is etiquette, its largest part is behavior, and
its most comprehensive part is morality. Manners include beautiful actions based on
national traditions that create a pleasant impression of a person and are important in
the life of a community, society, and humanity. Khulq is a set of pleasant human actions
that are significant at the family, community, and neighborhood level and have a
significant impact on the life of society and humanity.

Moral culture was considered an integral part of philosophy in ancient times, along
with physics and metaphysics, and later (after Aristotle) was formed as a separate
philosophical direction. Moral culture organizes the development of moral thinking
and serves to lead a person to truth through virtue in practice.

The rules of moral culture are the norms that express the wisdom gained by humanity
through its own experience over the centuries in the form of proverbs, sayings, and
proverbs, which teach people moral laws and rules and explain to them the essence of
morality [3]. After all, every action and intention of a person belongs to his moral
culture, embodying the qualities of goodness and refinement along with certain positive
activities. As is known, since human society is constantly developing, its views on
moral culture are also constantly changing, developing, and progressing. The concepts
of good and evil also change and develop.

Moral culture is manifested in a person through his behavior. Behavior is the sum of
moral actions determined by the consciousness and will of people. The behavior of
people plays a major role in the formation of moral cultures in society and in creating
a moral environment in society. An element of character characteristic of behavior is
moral behavior. Behavior is an activity that demonstrates the positive or negative
qualities of a person. In other words, behavior is a consciously directed and completed
action or activity of a person. Behavior does not consist only of direct action. They can
also be expressed in inaction - silence, passivity, indifference- or in relationships in the
form of gestures, postures, and tones.

Analysis and Results

In behavior, in a person’s actions, his inner spiritual world, thoughts, feelings,
aspirations, and decency are reflected. Both positive and negative manifestations of
moral requirements existing in society are manifested in behavior. Morality is a set of
actions that, as a unity of consciousness and activity, demonstrate goodness and evil,
justice or injustice, conscientiousness or dishonesty [4]. Therefore, we can express our
opinions based on behavior and actions. It is known that a certain action itself can be
assessed as evil. Of course, in this case, both assessments will not be correct. In order
for a moral assessment not to be falsely subjective, it is necessary to rely on the
objective criterion of moral relations, the universal character of which is only possible
In a particular society.
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In the moral assessment of a particular activity, a moral motive, which expresses
a person's subjective attitude to his actions, plays an important role. Motives of
behavior can be positive or negative. We condemn any actions that contain egoistic
motives, even if they give objectively positive results.

Actions are morally evaluated when they affect the interests of another person,
society, or group. People’s actions are evaluated and valued as good or bad not in
themselves but as part of social life. Although it may seem like the right thing to do on
the surface, actions that are done for the sake of one’s own fame, reputation, or benefit
cannot be considered moral. The level of morality of actions is determined by their
awareness, sincerity, impartiality, voluntariness, and free choice.

A person cannot live in a certain society and be free from that society. This directly
affects the moral image of people and imposes certain educational and spiritual
requirements on their behavior. When evaluating people, regardless of their age,
profession, specialty, or level, emphasis is placed on whether they are moral or
immoral, educated or uneducated, intelligent or uneducated. This expresses the moral
Image, behavior, and good or bad actions of people.

Look, even if each person is aworld, even if he is a unique, unique miracle, he cannot
live alone, be neither happy nor unhappy. Therefore, a person, by his essence, by his
nature, is closely connected with society, lives as a community, makes a living, takes
an example from society, and makes his contribution to society. Making a positive or
negative contribution to society depends on his intelligence, conscience and will, his
faith and beliefs and lifestyle, his spiritual upbringing and moral culture. After all, as
the enlightener Abdulla Avloni noted, “Education is for us a matter of life or death,
salvation or destruction, happiness or disaster” [5]. These words of the great
enlightener were as important and relevant for our nation as they were at the beginning
of our century, and they have not lost their relevance today. Education is a product of
consciousness, but at the same time, it is a factor that determines the level of
consciousness and its development. Therefore, consciousness cannot be changed
without changing the education system. And without changing consciousness and
thinking, the highest goal we are pursuing - a free and prosperous society - cannot be
established” [6].

Conclusion

It is an old truth that man lives with man in society. But each person is created as a
world in himself, and no one is exactly like anyone else. That is why human desires
and needs, dreams and hopes, ideas about good and evil, happiness and love are also
different. Such diversity creates the basis for people to follow different paths to realize
their intentions and desires. Where there is good, there is evil, which leads to the
formation of various immoralities among people and the commission of illegal actions.
Today, it is the responsibility of the internal affairs bodies, qualified by law, to control
these actions.

Today, in society, it would not be wrong to say that the employees of the internal
affairs bodies, who are not only respected by ordinary citizens, but also real guardians
of the law and symbols of justice, have a high moral culture, and as high moral people
who have dedicated their lives to their nation and homeland and the interests of
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humanity, they serve as an example for the society in which they live, and serve the
further development of that society. If, in society, the opposite is true, that is, if, while
becoming a defender of the law, they themselves violate the law, if they consider white
as black and black as white for the sake of personal gain, such an employee has
committed immorality. As a result, ordinary citizens have a false perception that the
entire society is unjust because of one immoral person, and the constant strengthening
of this perception ultimately leads to the decline of that society. Most importantly, it is
also a fact that almost all studies that study the period have documented with solid facts
that the peak of immorality in human history has caused harm to a nation or country
(as in the case of the actions of totalitarian regime rulers) and led to tragedies on a
global scale.
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AHHOTamus. B naHHON cTaThe OMMCHIBACTCS CYyTh W COAEpP’KaHUE MOHSTHS
LHEHHOCTH. AHaIM3 MpoOsieM, CBA3aHHBIX C CYIIHOCTBIO M COJAEpKaHUEM
LIEHHOCTEH, UMEET JJIMTENbHYI0 UCTOPUIO MOCTENIEHHOro pa3BuTus. ['apMoHuMs
LIEHHOCTEN B MBWIIM3ALMK HALLEH CTPaHbl CO3/1ajla [IOYBY HE JJIsl OHOTO, a JUIsl
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Abstract. This article discusses the essence of the concept of values a content.
The analysis of problems related to the essence and content of values has a long
history of gradual development. The harmony of values in the civilization of our
homeland has created the basis for the emergence of not one, but two unique
renaissances. Today, in parallel with all socio-economic and political reforms,
special attention is paid to family values.

Keywords: value, morality, norm, rule, family values, philosophy of values.

Introduction

As time passes and society develops, the problems in this regard increase, and the
importance of solving them increases. The analysis of problems related to the essence
and content of values has a long history of gradual development. Since ancient times,
people have evaluated the world around them, things, events and phenomena in it, and
relationships between people, and have thought about their value.

The philosophy of values is also reflected in religious worldviews and their oldest
forms, expressing certain divine values mixed with national values. Examples of Uzbek
folk oral art, such as Spetamen, Alpomish, To'maris and Shirok, depict patriotism, self-
sacrifice for the freedom of the people and the country, and explain the value of the
universe, its infinity, the relationship between the universe and humanity, the meaning,
content and purpose of human life, as well as values such as courage, wisdom, modesty,
goodness, loyalty and patriotism.

Literature Review

Since values are the basis of a number of worldviews and constitute a central part of
those worldviews, many thinkers have put forward views and conclusions on the
philosophical analysis of values. Analyses on the philosophy of values were also
recorded by ancient Eastern and Central Asian thinkers. In particular, views on the
philosophy of values are presented in the scientific heritage of thinkers and scientists
such as Al-Khwarizmi, Al-Farabi, Al-Biruni, 1bn Sina, Najmiddin Kubro, Al-Bukhari,
At-Termizi, Ahmad Yassavi, Mirzo Ulug'bek, Abduraknmon Jomi, Alisher Navoi,
Boborahim Mashrab, Mirzo Bedil, Makhtumkuli, Mahmudkhodja Behbudi, Abdulla
Avloni. After all, it is true that the philosophical analysis of values goes back to ancient
proverbs, legends, myths, stories, epics, that is, examples of folk oral art created in our
land, and since this folk oral art pays more attention to universal and universal values,
their essence and content are also widely interpreted [1].

As the historical forms of religions have improved, their value systems have also
shown new facets. The ancient book of our ancestors, the Avesta, is the brightest
example of our religious and philosophical heritage, a work that illuminates the
universal values of our ancient peoples. Since the Avesta is the sacred book of
Zoroastrianism, the value system of this religion is reflected in it. At the same time, the
book gives great importance to universal values, their importance for human
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spirituality and practical activity. The work demonstrates such qualities as
goodness, perfection, liberalism, and humanity. According to the teachings of
Zoroastrianism, people should follow the forces of goodness and light, distinguish
good from evil and justice from injustice, and have good thoughts, good words, and
good deeds throughout their lives. The value of man in this process, his indifference to
the struggle for the victory of good, was expressed in his way of life, spiritual image,
and social activities, creating the basis for the development of his unique natural,
scientific, and moral values in the pre-Islamic period.

Research Methodology

This study employs a comprehensive qualitative research methodology to examine
the historical development and contemporary manifestations of value systems in Uzbek
culture. The research design incorporates multiple methodological approaches to
ensure a thorough investigation of the philosophical foundations of values.

Analysis and Results

The 8" - 12" centuries were of great importance in the development of views on
values in Central Asia. During this period, the divine values of Islam had a tremendous
impact on the history and culture of our people.

The harmony of values in the civilization of our homeland created the basis for the
emergence of not one but two unique renaissances. As a result, thinkers such as
Khorezm, Al-Farabi, Al-Biruni, Ibn Sina, Ulugbek, outstanding scholars of theology
such as Al-Bukhari, At-Tirmidhi, Kubro, Ahmad Yassavi, Nagshband, Lutfi, Navoi.
The influence of not only Islam, but also the culture and values of our civilization was
incomparable in the development of scholars such as Babur, Bedil, and Mashrab. In
short, social relations related to spiritual values of that time developed inextricably
linked with the lifestyle, material needs, interests, demands, and goals of people [2].

The same can be said about the views popular among the peoples of the East. As for
the works mentioned above, there are only a handful of books in the world that can
compare to them and explain general systems of spiritual and moral values.

One of the most prominent figures of Sufism, Ahmad Yasawi (1105-1166),
described the conditions of religious, spiritual, and moral values that were appropriate
for that time from the perspective of Islam. For example, in Ahmad Yasawi’s work
“Divani Hikmat,” he described the main forms of spiritual values - purity, modesty,
endurance and patience-contentment, endurance, indifference, humility. After all, it
was the Yasawi order that was widespread among the peoples of the East, had a great
influence on the cultural heritage, and the spiritual values of this order later gave rise
to the ideas of achieving freedom from the Mongol invasion. It would also be no
mistake to say that this teaching was one of the spiritual foundations connecting the
values of the period before the Mongol invasion with the era of the Timurids [3].

The importance of the Nagshbandi order and the ideas and views it put forward in
the philosophy of values is incomparable. When the Nagshbandi order spread widely
in the East, it was deeply respected by such influential thinkers of the East as
Abdurahman Jami and Alisher Navoi. In this, the main qualities of a perfect person,
such as “hands in work, heart in creation” in the idea of the order, honesty, and
humility, were promoted [4].
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In the late 19" and early 20" centuries, when the unique ideas of Jadid philosophy
began to emerge in our country, a unique Jadid-specific direction of Eastern values
began to emerge.

In particular, Abdullah Avloni’s work “Turkish Rose or Morality” describes a
unique system of spiritual values, and in the work, values such as enthusiasm, courage,
contentment, knowledge, patience, discipline, self, conscience, love of the homeland,
chastity, modesty, understanding, speech, economy, obedience, loyalty, justice, love,
and forgiveness are analyzed under the name of “good manners.” The values
mentioned in this work are an indication of how wide the scope of spiritual concepts
was in our country at that time and how rich our language was [5]. Through the Eastern
definition and description of universal human values by scholars of the Middle East,
we witness the formation of unique Eastern value criteria in the philosophy of values.

From the analysis of various cases of manifestation of the philosophy of values,
taking into account the sequence of events and phenomena, the realities of time and
space, and the continuous repetition of such cases, it is possible to come to the
following important conclusion, which expresses the connection of value systems with
social reality and development. This conclusion, expressing the main content of the
law of the connection of the value system with social development, has acquired not
only theoretical but also practical significance in connection with the changes in the
present time and has created the basis for the application of these rules in practice.
More precisely, the value of independence was formed. The manifestation of the
complex changes taking place in Uzbekistan in the field of values had a practical
impact on the aspects of changes in the social life of the republic related to the value
factor and criterion, leading to the formation of a new value system based on
independence. As a result, it was possible to correctly interpret the sense of value in
people and incorporate it into the components of new reforms in Uzbekistan. Under the
slogan that man is the highest value of society, the representative of the generation that
continues the human race, the inviolability of the right to life of every person, and
everything is for man, enhancing human value has become the main criterion for
development.

In recent years, historical reforms on the path to building a New Uzbekistan, first of
all, efforts to comprehensively protect human dignity and the interests of the people,
are aimed at further strengthening people’s confidence in the future and
comprehensively satisfying our people. Along with all areas, special attention is paid
to radically improving the activities of law enforcement agencies capable of reliably
protecting the peaceful and quiet life of our people and our national interests. In this
regard, the issue of maintaining public order and ensuring security is of priority, and
significant results have been achieved in ensuring the inviolability of our Motherland
and citizens and creating the legal foundations of peace and tranquility.

In line with all socio-economic and political reforms, special attention is paid to
family values, emphasizing that the family is not only a factor in the continuation of
the human race but also a center of social education that educates members of society,
especially the growing younger generation, in the spirit of patriotism.

Conclusion
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The main goal of the reforms being implemented today—Systematic work is being
carried out to ensure public peace and tranquility, study the social situation in
neighborhoods, identify problematic and difficult families in a timely manner and
provide them with comprehensive support. The main goal of this is to prevent possible
violations and crimes by ensuring the well-being of the population. The peace, well-
being and sustainable development of the family are considered one of the important
factors determining the peace of the country and the standard of living of the
population. Today, as a result of targeted work carried out in our country through door-
to-door visits in administrative regions, comprehensive studies of neighborhoods are
being carried out, especially identifying problematic and troubled, socially
disadvantaged families and women in difficult social situations, and transforming them
into active and exemplary members of social life. A number of targeted programs and
measures are also being implemented, aimed at supporting the population socially,
materially, and spiritually, as well as early detection of crime and timely elimination
of the factors that cause it. In particular, the creation of family values creates the basis
for studying all neighborhoods and families in our country and their existing problems
and implementing targeted work to solve them.
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Annotatsiya. Magollar rostgo‘ylik, mehnatsevarlik, mardlik, matonat kabi
fazilatlarni singdirish orgali inson ongini yuksaltirishda, ijobiy insoniy fazilatlarni
targ‘ib etishda muhim ahamiyat kasb etishi keng e’tirof etilgan. Ushbu
maqolamizning magqgsadi do‘stlik haqidagi  koreys, o‘zbek va ingliz xalq
magollarini linguistik jihatdan tahlil gilish; hamda ularning madaniy yaqinlik va
tafovutlarini yoritishga garatilgan.

Kalit so‘zlar: xalg magollari, do ‘stlik, gadriyat, hamrohlik, tamoyillar va
xalglarning tarixiy taraqqiyoti.
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Abstract. It is acknowledged that proverbs play a pivotal role in the cultivation
of human consciousness, instilling values such as truthfulness, honesty, diligence,
courage, bravery, and perseverance. These values are promoted through proverbs,
fostering positive human virtues. The purpose of this article is to analyze proverbs
about friendship in two languages, exploring their semantic, linguistic and cultural
similarities and differences.

Keywords: folk proverbs, friendship, values, history of nations.
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It is evident that proverbs have existed since ancient times in every nation’s
language, emerging from each ethnic group’s mentality, worldview, and customs.
However, observations suggest that the concept of proverbs is present in every culture
and that they are replete with the experiences of past generations. Beyond their capacity
to reflect the customs and national concepts of a people, proverbs also encompass
historical places, prominent figures, and famous personalities of the nation. Moreover,
proverbs characteristically convey meanings that advocate for goodness and
righteousness. Thematic diversity is a hallmark of proverbs, with friendship being a
recurring subject. Proverbs concerning friendship impart lessons, provide instruction,
and advocate for moral upbringing. Friendship is recognized as one of the oldest and
most significant social relationships in human history, and it reflects the unique cultural
characteristics and lifestyles of each nation. As previously mentioned, proverbs often
embody the national thinking and cultural heritage of peoples, thereby demonstrating
how they perceive and interpret the concept of friendship. Consequently, an analysis
of proverbs concerning friendship in Korean and Uzbek offers a more profound
comprehension of the cultures, values, and social relationships of these two nations.

The question of how each nation understands and values friendship through proverbs
Is a pressing one. In the Korean language, proverbs pertaining to friendship frequently
allude to harmony and loyalty within society, whereas in Uzbek proverbs, the emphasis
Is on the significance of friendship in life and its potency. This article presents a
comparative analysis of friendship-related proverbs in both languages, exploring each
culture's unique approach to the concept of friendship. This research not only examines
how Korean and Uzbek proverbs express friendship but also sheds light on the cultural
and social factors behind them. The study makes a significant contribution to the field
of comparative linguistics and enhances our understanding of cultural differences.

Literature Review and Methodology

The concept of friendship manifests differently in the cultures and traditions of
various nations, and this is reflected in their proverbs as well. While previous studies
have analyzed friendship-related proverbs in different languages, comprehensive
research comparing Korean and Uzbek proverbs is still lacking. This article thus
presents a comparative analysis of friendship proverbs in both languages.

A proverb (from the Latin “proverbium”) is defined as a well-known, frequently
repeated, and clearly stated expression that conveys wisdom based on human
experience or practical knowledge. Renowned linguist W. Mieder defines a proverb in
his book as follows: “A proverb is a short, universally known phrase that encapsulates
the wisdom, truth, morality, and traditional views of the people, expressed in a
metaphorical, fixed, and memorable form, passed down from generation to
generation.”

Proverbs are expressions of life experiences accumulated over centuries. They
represent conclusions drawn from constant daily observations and present these
reflections in a complete, structured manner. The diversity of meanings in each word,
the stability of expressions, and the consistency of form are the hallmarks of proverbs.
However, depending on usage, the scope of their meanings continuously expands. This
underscores the critical importance of the meticulous scrutiny of each word in a
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proverb, ensuring a comprehensive understanding of its nuanced implications. It is
noteworthy that certain words employed in proverbs have historically conveyed
divergent meanings. Furthermore, it is important to acknowledge the influence of
religious beliefs, lifestyles, cultures, and worldviews on proverbs, which are reflected
in the proverbs studied in folkloristics.

In his study of proverbs, Doctor of Philology To’ra Mirzayev states the following:
“The interest in proverbs from a literary perspective, their use to enhance the artistic
quality of a work and ensure the fluency of artistic language, has always been the focus
of word artists across time. A thorough examination of the works of Yusuf Khos Hajib,
Ahmad Yasavi, Rabg’uziy, Lutfiy, Alisher Navoi, Babur, Abulg’ozi Bahodirxon,
Munis, Ogahi, Nodira, Mugimiy, Furgat, Avaz, Hamza, Sadriddin Ayni, It is evident
that numerous proverbs, at times in their original form and at times modified, are
present in their works.”

The Korean term “proverb” (Z=410|7} and S&0]) is first attested in historical
documents and among the records of dynasties. A proverb is defined as a valuable
linguistic heritage that has been transmitted orally from generation to generation,
representing concise, simple, and polite expressions that accompany each nation’s long
history. The evolution of Korean folk proverbs can be delineated in several stages. The
first dictionary of proverbs in the Korean language, compiled by Z| &4l and Z=X 0|
in 1913, contains over 900 proverbs. The collection of proverbs by Kim Sang-gi,
published in 1922, encompasses approximately 1,500 proverbs. The collection of
proverbs by 27|, published in 1959, contains more than 400 proverbs. In addition,
the seminal work of Choi Chang, entitled “Proverbs of Women” (1993) and
“Dictionary of Animal Proverbs” (1995), further expanded the corpus.

2Tl (Jeon Yun-jin) says, “A proverb is a word whose origin is unknown, and it
contains the thoughts and lifestyle of the elderly. Proverbs are often phrases that have
been preserved for a long time or words spoken by famous people.”

AZE (Im Mu-chil) writes: “Sayings and proverbs are part of linguistic folklore,

and they often contain more general and universal meanings than proverbs. On the
other hand, proverbs are characterised by their local and temporal limitations.”

=& 41 (Nam Yun-shin) says, “A proverb reflects the wisdom, way of thinking and

values of people’s lives, which are naturally widely spread among people.”

Hh Xt (Park Jan-yeon) explains, “Both proverbs and sayings contain exemplary

meanings. They are part of linguistic folklore, but compared to proverbs, sayings are
more general and universal. On the other hand, proverbs have more local and temporal
limitations,”

=& 41 (Nam Yun-shin) further emphasises: “A proverb is naturally formed and
widely spread among the people, reflecting the wisdom, way of thinking and values of
the people’s life.

In the context of Korean proverbs, the notion of friendship is predominantly linked
to the concepts of social harmony and long-term loyalty. A pertinent example of this is
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the proverb «“%I=t 2t ZHEHZHCR (You follow your friend to Gangnam), which

underscores the impact of friends on an individual’s life. This proverb serves to
highlight the significance of group membership within the Korean societal framework.

Furthermore, the proverb “7t7}X{=2 A O|2p (A crab always supports its own

kind) implies an obligation of mutual support among friends.

In Uzbek folk proverbs, the concept of friendship is expressed as being based on
love, loyalty, and assistance. For example, proverbs such as:

“Do’sting bo’lsa, darding bo’Imas” (If you have a friend, you will have no troubles)
or

“Do’st — omonat, dushman — g’animat” (A friend is a trust, an enemy is a prize)
highlight the importance of friendship (see, for example, Do’sting bo’lsa, darding
bo’lmas, Do’st —omonat, dushman — g’animat ).

Furthermore, proverbs such as “Yaxshi do’st — boshdagi toji, yomon do’st —
boshdagi g’ov” (A good friend is like a crown on the head, a bad friend is like a yoke
on the head) and “Do’st — do’stning ko’zgusi.”

“A friend is the mirror of a friend” underscores the significance of discerning friends
and the potential consequences of this choice.

This literature review demonstrates that while the concept of friendship is inherently
similar in both languages, their semantic and cultural aspects exhibit significant
differences. The Korean language elucidates the concept of friendship through the
lenses of loyalty and group affiliation, while the Uzbek language places greater
emphasis on affection and sincere relationships.

Results and Discussions

The present study, an investigation into the reflection of the concept of friendship in
proverbs in the Korean and Uzbek languages, has yielded the following conclusions:

v" The following discourse will examine the common and distinctive aspects
of the concept of friendship

The proverbial wisdom of various languages offers a multifaceted perspective on the
concept of friendship, encompassing notions of loyalty, testing, mutual benefit, and
social solidarity.

In the context of Korean proverbs, the concept of friendship is elucidated through
the lenses of societal belonging and long-term loyalty. A proverb that exemplifies this
is “X7= 8 AHE S Z1 (A friend is better the longer you stay friends),
which signifies the notion that the strength of a friendship increases over time. It
emphasises the value of lasting relationships and the deeper bond that develops as time
passes.

The proverb “Q. & XIG-7F7F XA 3 21T} (An old friend is a true friend)
highlights the value of long-standing friendships, suggesting that the depth of a true
friendship is cultivated over time.

Another proverb, “7o] A& 71¢H 7= 2 AL o] 2 (If you want to walk
the road together, choose your friends wisely), underscores the significance of selecting
loyal and trustworthy friends for long-term companionship and loyalty.
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In contrast, Uzbek proverbs articulate friendship as a concept founded on
sincerity, loyalty, and affection. One such proverb, “Do’st — qozon, ichingdagini suzib
oladi” (A friend is like a pot, they can fish out what’s inside you), highlights the
profound understanding that a sincere friend possesses of a person's emotions and
thoughts. It implies that true friends are able to sense and understand the innermost
feelings of one another.

“Do‘st do‘stga suyanib yashaydi” (A friend lives relying on another friend) — This
proverb signifies that true friendship is based on mutual trust and support, where
friends help and rely on each other through life’s challenges.

“Do‘st achitib gapirar, dushman — maqtab” (A friend speaks harshly, but a foe
praises) — This proverb emphasizes that a sincere friend tells you the truth, even if it is
difficult, because they wish the best for you. In contrast, an enemy may flatter you, but
not out of genuine care. Many similar proverbs could be cited, each reinforcing the
value of honesty, trust, and support in genuine friendship.

2) The Universal and Distinctive Aspects of the Concept of Friendship
With regard to the common aspects, both languages associate friendship with loyalty,
testing, and human relationships.

For instance, an examination of Korean folk proverbs may provide a fruitful avenue
for exploration. «“¥ %] g &= 2k=1H S} (Even lifting a sheet of paper is easier when
done together) — this proverb highlights the importance of collaboration, teamwork,
and the value of working together in friendship and society.

“da] e HHL 77kE o] 2-o] L) (A close neighbor is better than a
distant relative) — This proverb illustrates the significant role of friends and close social
connections in one’s life, emphasizing the importance of proximity and everyday
support over distant relationships.

The maxim “&o] 248 7Fe ™ 235 2 AR o 2} (If you want to walk the road
together, choose your friends wisely) — this proverb conveys the significance of long-
term friendship and loyalty.

For instance, a case study of Uzbek folk proverbs may provide illuminating insights,
“Do‘sting ko‘p bo‘lsa, yo‘ling keng bo‘ladi” (If you have many friends, your path will
be wider) highlights the significance of friendship in social life.

“Og‘aynili joyda to°kinlik bo‘lur” (In a place of friendship, there will be abundance)
— This suggests that living with a close-knit community or friends brings prosperity
and blessings.

“Birlik bo‘lsa, tiriklik bo‘ladi” (where there is unity, there is life), serves to
underscore the profound impact of solidarity, companionship, and cooperation on the
vitality of a community.

The findings of the research suggest that the concept of friendship in Korean and
Uzbek proverbs has been shaped based on analogous cultural and social values. A close
examination of proverbial collections in both languages reveals that friendship is
reflected through common aspects such as loyalty, assistance, and testing. Furthermore,
an analysis of these proverbs reveals similarities in their interpretation and usage.

Korean: “* = L= 7]¢f W5 A g1t} (The axe you trust may strike your foot).
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Uzbek: “Do‘st yuzli, dushman ko‘ngilli bo‘lmasin” (A friend may betray, but an
enemy will never be kind). In both cultures, it is emphasized that there is a possibility
of betrayal by a trusted friend.

Korean: “Hlo] glom si&E % ¢lty (Without a friend, there is no happiness).
Uzbek: “Do‘sting bo‘lsa, darding bo‘lmas” (If you have a friend, you won't have
sorrow). In both cultures, the presence of a friend is considered an essential part of a
person's life, highlighting the importance of friendship for happiness and emotional
well-being.

Korean: “9-4 2 o] & & o 217}& &3] gk} (Friendship shows its true value in
difficult times).

Uzbek: “Do‘st boshga kulfat tushganda bilinadi” (A friend is known when trouble
strikes).

In both languages, the true test of friendship is understood to be revealed during hard
times, with the idea that a genuine friend stands out in moments of difficulty.

The analysis of proverbial wisdom in Uzbek and Korean demonstrates the existence
of shared conceptual frameworks within these languages.

Conclusion

This article employs an analytical approach to explore the cultural and linguistic
characteristics of the concept of friendship as manifested in folk proverbs of the Korean
and Uzbek languages. A comparison of the two cultures reveals the presence of
common concepts, with friendship being interpreted as a significant social
phenomenon. In the context of Korean culture, friendship is intertwined with concepts
of long-term loyalty and social group affiliation, while in Uzbek culture, it is
characterized by qualities such as honesty, compassion, and selflessness.
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Annotatsiya. Maqola paremiologiya asosida rus va ingliz tillarida “yaxshi” va
“yomon’ tushunchalarini giyosiy tahlil gilishga bag‘ishlangan. Magol va matallar
xalq donoligining bir shakli sifatida turli xalglarning asosiy axlogiy gadriyatlari
va madaniy munosabatlarini aks ettiradi. Asarda rus va ingliz tillarida yaxshilik
va yomonlik talginidagi o‘xshashlik va farglar hamda ularning so‘zlovchilarning
dunyoqarashiga ta’siri o‘rganiladi. Rus tilida ezgulik an’anaviy ravishda fidoyilik,
kollektivizm va ma’naviy qadriyatlar bilan bog‘lig bo‘lsa, ingliz an’analarida
ko‘prog shaxsiy javobgarlik, amaliy foyda va ijtimoiy adolat bilan bog-‘lig.
Magollarni  tahlil qilish shuni ko‘rsatadiki, axlogiy kategoriyalarning
universalligiga garamay, ularning madaniy talqgini sezilarli darajada farq giladi.

Kalit so‘zlar: yaxshilik, yomonlik, paremiologiya, maqollar, maqollar,
giyosiy tahlil, rus tili, ingliz tili, tilshunoslik, dunyoning milliy rasmi.

AnHoTtanusi. CTaThs MOCBAIIEHA CPABHUTEIHLHOMY aHAIM3y KOHIIETITOB “100p0”™
U “3710” B pyCCKOM U aHTJIMMCKOM SI3bIKaxX Ha OCHOBE napeMuoioruu. [TocioBuiisl
U TIOTOBOPKH Kak (hopMa HapOHON MYAPOCTH OTPAXKAIOT KITIOUEBbIE MOPATIbHBIC
[IEHHOCTH W KYJbTypHbIE YCTAaHOBKHM pa3HbIX HapoaoB. B  pabote
paccMaTpUBAIOTCS CXOJICTBA M Pa3NIMYMsl B TPAKTOBKE J0Opa U 371a B PyCCKOM U
AHTJIMHACKOM SI3bIKaX, a TAK)KE MX BIUSHUE HA MUPOBO33PEHUE HOCUTEIICH A3bIKA.
B pycckom s3b1ke 100p0 TpaIUIIMOHHO aCCOLMUPYETCS ¢ CAMOIIOKEPTBOBAHUEM,
KOJUICKTUBU3MOM M TYXOBHBIMH IICHHOCTSIMH, TOT/Ia KaK B aHTJIMHCKOHN TpaUIIHH
€ro yamie CBS3BIBAIOT C WHIWBHUAYAJIbHOW OTBETCTBEHHOCTHIO, MPAKTUUYECKOU
BBITOJION U COITMATIBLHOM CIIPaBeJIMBOCThIO. AHAJIU3 MMOCIOBUII TOKA3bIBAET, UTO,
HECMOTPSI Ha YHHUBEPCAIBHOCTh MOPAJIBHBIX KATErOpUid, WX KYJbTypHas
UHTEpIIpeTalusl CYIIECTBEHHO Pa3InvyacTCs.

Knrouesvie cnosa: 0obpo, 310, napemuonoz2us, HOCI08UYbL, NO2080PKU,
CpPagHUmMenbH bl aHanus, pyccKui SA3bIK, AHeTUUCKULL A3bIK,
JIUH2BOKYIbIMYPOIO2USL, HAYUOHATIbHAS KAPMUHA MUpPA.

Abstract. The article is devoted to a comparative analysis of the concepts of
“g00od” and “evil” in Russian and English languages based on paremiology.
Proverbs and sayings as a form of folk wisdom reflect key moral values and
cultural attitudes of different nations. The work examines the similarities and
differences in the interpretation of good and evil in Russian and English, as well
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as their influence on the worldview of speakers. In Russian, goodness is
traditionally associated with self-sacrifice, collectivism, and spiritual values,
whereas in the English tradition, it is more often associated with individual
responsibility, practical benefit, and social justice. An analysis of proverbs
demonstrates that, despite the universality of moral categories, their cultural
interpretation varies significantly.

Keywords: good, evil, paremiology, proverbs, sayings, comparative analysis,
Russian language, English language, linguacultural studies, national picture of
the world.

Introduction

Good and evil are fundamental moral categories that determine human behavior and
regulate social relations. They are an integral part of the worldview of any nation,
reflected in language, culture, and folklore. Proverbs and sayings as part of
paremiology are short and expressive linguistic forms that convey folk wisdom and
experience accumulated over centuries [1].

Their study allows us to gain a deeper understanding of how different peoples
interpret and comprehend the concepts of good and evil, as well as to identify the
cultural and ideological features of a particular linguacultural community.

This article is devoted to a comparative analysis of the concepts of “good” and “evil”
in Russian and English paremiology. Let us consider what key values and norms are
enshrined in proverbs of the two languages, what similarities and differences can be
traced in their interpretation, and how national culture influences the expression of
these moral categories.

Concepts of "good" and "evil" are universal and meet in every language, but their
content and interpretation can vary depending on cultural and religious traditions [1].

In Russian, good is often associated with self-sacrifice, collectivism, and spiritual
values, while evil is associated with the destruction of harmony, injustice, and
sinfulness. In the English tradition, good is more focused on individual responsibility,
practical benefits, and positive interaction with the outside world, while evil is seen as
a violation of social norms and personal boundaries [2].

Proverbs are one of the most visual ways of representing the concepts of “good” and
“evil”. They contain value judgments, warnings, and advice based on folk experience.
Analysis of proverbs helps to identify the peculiarities of the worldview of native
speakers and understand what values they consider fundamental [2].

In the Russian language, goodness is perceived as the highest moral value, requiring
selfless actions, self-sacrifice, and justice from a person. This is connected with the
traditionally collectivist structure of Russian culture, which values self-sacrifice,
selflessness, and the willingness to help even to one’s own detriment [3].

Russian proverbs that confirm this approach:

“J/loopoe croso u kouike npuamnuo” - even a little kindness is appreciated.
“/lodpoe deno camo ceds xeanum” - true virtue needs no recognition,

- “Yem Oonvwe omoaéuib, mem donvuwe noaywaewv” - the idea of mutual

exchange of good.
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- “/lobpoe 0eno — ne maxckui mpyo” - doing good is not difficult, and
it is everyone’s duty.

- “/enait 006po u 6pocaii e2o 6 600y” - Don'’t expect gratitude for good deeds,
your help should be selfless.

- “Ioo6po 6e3 yma — 2nynocms” - even a good deed requires wisdom, otherwise
it can cause harm.

- “Om 0oopa 0oopa ne uniym” - There is no point in seeking benefits from good
deeds, since true goodness should not be selfish.

“Kmo nr00am 0oopa xncenraem, momy ono u ovieaem” - Good comes back to
those who do good deeds.

Many Russian proverbs and sayings emphasize that virtue is not a choice, but a
person’s duty, which is regulated by the norms of society.

In the Russian worldview, goodness is closely connected with conscience, honor and
moral responsibility to the collective [4].

The English tradition, formed under the influence of an individualistic worldview,
proceeds from the fact that good is a personal decision of a person, and not an
obligation imposed by society.

Unlike Russian culture, where good deeds are perceived as a social duty, in the
English-speaking world, virtue is often seen as a conscious choice that brings inner
satisfaction [5].

This is reflected in English proverbs:

-“Virtue is its own reward” (Virtue is its own reward) - good deeds are valuable in
themselves, even if they do not bring material benefit.

-“No act of kindness, no matter how small, is ever wasted”-(No act of kindness, no
matter how small, is wasted) - every act of kindness counts.

-“A good deed is never lost” - (A good deed is never wasted) — an analogue of the
Russian proverb “What goes around comes around.”

-“The best way to cheer yourself up is to try to cheer someone else up” - (The best
way to cheer yourself up is to try to cheer someone else up) — kindness brings joy not
only to others, but also to the person himself.

-“Kindness begets kindness”- (Kindness begets kindness) — reminds one of the
Russian saying “What goes around comes around”, emphasizing the reciprocity of
good deeds.

-“Goodness brings its own reward”- (Goodness is self-rewarding) — doing good is
beneficial for the person himself, as it gives him moral satisfaction.

Thus, in English-speaking culture, goodness is not a social duty, but a personal
choice that benefits both others and the person himself.

Another important difference between the Russian and English approaches to
kindness is the attitude towards gratitude.

In Russian, there is an idea that true goodness must be selfless, and one should not
expect gratitude for good deeds [6]:

“/lenait 000po, ne xcou drazooapnocmu” — it is important to do good for the
sake of good itself, and not for recognition.

- “He xcou 0obpa 3a 0oopo” — good deeds do not always receive kindness in
return.


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. MARCH, 2025-3. 155N 2181-9750

- “/lobpo nomnumcs neoonzo, a 3no — eeuno” — People remember bad
deeds more often than good ones.

English culture, on the contrary, is more pragmatic in this matter. Although it also
emphasizes the importance of selfless virtue, the idea of justice and recognition of merit
Is expressed more strongly [6]. For example:

- “One good turn deserves another” ([[obpoe Oeno 3acaysxcusaem omeemHoo
000pozo dena)- gratitude for kindness is considered the norm.

- “What goes around, comes around - (Ymo noceeutb, mo u nosicreuir) — good
comes back, but so does evil.

- “Do unto others as you would have them do unto you” (Ilocmynaii ¢ opyeumu
mak, Kak xoueutb, yumobwl nocmynanu ¢ moooi) — the golden rule of morality, which
suggests that goodness should be mutual.

Based on this, we can conclude that in Russian culture, goodness is perceived as
selfless and not requiring a response, while in English culture it is perceived as an act
that is likely to be rewarded.

The Russian tradition of goodness was largely formed under the influence of
Orthodoxy, where goodness is associated with divine grace, self-sacrifice and
forgiveness [7]:

- “Munocms boxcwes senuxa’ - Good comes from God, and it is infinite.

- “boe mepnen u nam eenen’” - Goodness requires patience and humility.

- “He cyou, oa ne cyoum 6yoewn”” — doing good means not judging others.

In the English-speaking world, the concept of good has been heavily influenced by
the Protestant ethic, which views goodness as a personal choice that leads to success
and well-being:

- “God helps those who help themselves ” (bor moMoraeT TeM, KTo omoraet ceoe)
— Virtue is associated with active action, not with passive waiting.

- “Hard work and virtue go hand in hand ”” (¥ cepauaslii Tpya 1 J0OpOIETENb HIYT
pyka 00 pyky) — goodness is directly related to hard work and self-development.

- “Do good and forget it (/[erati 0o6po u 3a6y0b o nem) — good deeds should not
be done for the sake of praise.

Speaking about evil, it can be noted that in the Russian language it is considered as
a destructive force that inevitably leads to negative consequences [8]. Russian proverbs
often warn about the consequences of evil deeds:

- “Umo noceeurv, mo u noxcnéwn”’ - analogue of English “You reap what you sow .

- “Kmo opyzomy smy poem, cam 6 neé nonaoém” — an evil intrigue turns against the
person himself.

- “310 nopoacoaem 310" — violence only leads to more violence.

The idea of inevitable retribution for evil is also present in English culture:

- “What goes around, comes around” (Ymo noceewb, mo u noxcrnéuiv)- Karmic
principles.

“Evil begets evil ” (370 nopooscoaem 310)- — repeats the Russian idea of a vicious
circle of crimes.

“An eye for an eye, a tooth for a tooth ” (Oxo 3a oxo, 36 3a 3y6) — the idea of fair
punishment.
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Here it can be noted that Russian paremiology places greater emphasis on the
moral condemnation of evil, while English paremiology is more focused on cause-and-
effect relationships and retribution.

Key similarities and differences:

Similarities:

- Both languages emphasize the cause-and-effect relationships between good, evil
and their consequences.

- In both languages, good is associated with correct moral choices, and evil with the
violation of norms.

- Proverbs contain instructions and warnings that help people navigate through life.

Differences:

- In Russian, good is closely associated with collective values, mutual assistance and
sacrifice, whereas in English it is more often individualistic and pragmatic.

- In Russian, evil is associated with the violation of spiritual and social norms; in
English, it is associated with personal responsibility and consequences

- English paremiology includes more expressions that reflect a rational attitude
towards good and evil, while Russian paremiology relies on emotional and moral
categories.

The concepts of “good” and “evil” are central to both languages, but their
interpretation varies depending on cultural and historical context.

Russian paremiology emphasizes collectivism, spiritual values, and sacrifice, while
the English tradition emphasizes individual responsibility, pragmatism, and social
justice. Despite the differences, both languages recognize the importance of good and
the inevitability of retribution for evil, as evidenced by the many similar proverbs.
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Annotatsiya. Tabiiy tilni qayta ishlash sohasida o‘zbek tilidagi sodda gaplarni
tahlil gilish katta ahamiyatga ega. Ushbu magola kontekstsiz grammatika asosida
oddiy o‘zbek tilidagi gaplarni tahlil qilish algoritmini ishlab chigish muammosini
hal qilishni taklif qiladi. O‘zbek tilining sintaktik qoidalari Xomskiyning
kontekstsiz grammatikasi bo‘yicha rasmiylashtirilib, algoritmik yechimlar bilan
bir gatorda tahlil gilish daraxtlari ham ishlab chigiladi. Tadgigot natijalari shuni
ko'rsatadiki, ishlab chigilgan model grammatikani tekshirish, avtomatlashtirilgan
tarjima va tabily tilni gayta ishlash tizimlarida samarali go‘llanilishi mumkin.

Kalit so“zlar: o ‘zbek tili, oddiy jumlalar, tahlil gilish algoritmi, kontekstsiz
grammatika, Xomskiy grammatikasi, tabiiy tilni gayta ishlash.

AHHOTAUMsA. AHamu3 MPOCTHIX NPEIJOKEHUM Ha Y30€KCKOM S3bIKE HMEET
OoJiplIoe 3HAYeHHE B 00JacTH 00pabOTKM €CTECTBEHHOrO f3bIKa. B maHHOM
CTaTh€  Tpenjaraercs  pemieHue  mpoOiemMbl  pa3pabOTKH  airOpUTMa
CHHTAaKCHYECKOT0 aHaJIu3a TMPOCTHIX Y30€KCKUX TMPEIOKEHU Ha OCHOBE
KOHTEKCTHO-CBOOOAHON TrpamMmaTuku. CHHTAaKCHYECKUE TpaBuUiia y30€KCKOTo
si3bIKa (POPMATTU3YIOTCSI B COOTBETCTBUU ¢ KOHTEKCTHO-CBOOOHOM rpaMMaTUKOM
XOMCKOTO, U pa3paldaThIBAIOTCS JIEPEBbsl CUHTAKCUUYECKOTO aHajii3a BMECTE C
AITOPUTMUYECCKUMHU pelIeHUsIMU. Pe3ynbTaThl UCCIeN0BaHUs MMOKA3bIBAIOT, YTO
pa3paboTaHHasi MoAelb MOXeT H(P(EKTUBHO TPUMEHATHCS B IPOBEPKE
rpaMMaTHUKH, aBTOMAaTUYECKOM TIEPEBOIE U CUCTEMax 00paOOTKH €CTECTBEHHOTO

SI3bIKA.
Knioueevie cnoea: yzoexckuii szvik, Ilpocmule npeonoscenus, Ancopumm
CUHMAKCUYECKO20 aHanusa, Konmexcmno-ceob600nas epamMmamuxa,

I'pammamuxa Xomcrkozo, Obpabomka ecmecmeeHHO20 A3bIKA.

Abstract. Analyzing simple sentences in the Uzbek language is of great
importance within the field of Natural Language Processing (NLP). This paper
proposes a solution to the problem of developing a parsing algorithm for simple
Uzbek sentences based on Context-Free Grammar (CFG). The syntactic rules of
Uzbek are formalized according to Chomsky’s context-free grammar, and parsing
trees along with algorithmic solutions are developed. The research findings
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demonstrate that the developed model can be effectively applied in grammar
checking, automated translation, and NLP systems.

Keywords: Uzbek language, Simple sentences, Parsing algorithm, Context-
Free Grammar (CFG), Chomsky grammar, Natural Language Processing (NLP).

Introduction

Syntactic analysis is one of the fundamental stages in the field of Natural Language
Processing (NLP). In this process, the syntactic relationships between words are
identified, and the structural components of a sentence, along with their grammatical
roles, are determined. The Uzbek language, being an agglutinative language, has
unigue grammatical features that influence the parsing process. The morphological and
syntactic characteristics of the language require a specialized approach to building a
parsing model. In Uzbek, words are inflected through suffixes, making morphological
analysis an integral part of the parsing process. Additionally, the free word order of
Uzbek necessitates flexibility in parsing algorithms.

For successful syntactic analysis, a deep understanding of noun phrases, verb
components, and auxiliary word structures in Uzbek is essential. This paper explores
methods for developing a syntactic analysis model for simple Uzbek sentences based
on Context-Free Grammar (CFG), including grammatical rules, parsing algorithms,
and their adaptation to the language. Furthermore, it discusses the challenges
encountered in parsing different Uzbek sentence constructions and the solutions
proposed to address them.

Literature Review

Among the studies on syntactic analysis in the Uzbek language, M.A. Rakhmonova’s paper
“A Syntactic Parsing Model for Simple Sentences in Uzbek ” [1, 2] stands out. This research
presents an algorithm and its stages for the syntactic analysis of simple Uzbek sentences,
formalizing syntactic rules based on Chomsky’s Context-Free Grammar (CFG). The study
compares Uzbek and English models, demonstrating their application in grammar checking
and NLP systems.

Other significant studies in this field include research on CFG-based syntactic analysis for
Turkic languages. For instance, the paper “Context-Free Grammar for Turkish” by Dénmez
and Adali [3] investigates the syntactic features of Turkish, including free word order and
converbs, using CFG rules. Similarly, Zafer’s study, “A Generic Syntactic Parser for Turkic
Languages” [4, 5], introduces a universal syntactic parser for Turkish and Turkmen, assessing
the efficiency of CFG rules and parsing algorithms.

Kazakh researchers Sharipbay et al. have published “Syntax Parsing Model of Kazakh
Simple Sentences ” [6, 7], where simple sentences in Kazakh are analyzed using CFG-based
parsing trees and ontological models.

These studies emphasize the importance of CFG in formalizing the syntactic structures of
Turkic languages and demonstrate its effectiveness in grammar checking, machine
translation, and other NLP applications.

Analysis and Results
General Understanding of Context-Free Grammar (CFG).
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Context-Free Grammar (CFG) is a formal grammar model widely used in Natural
Language Processing (NLP) to define the syntactic structure of words. CFG consists
of the following four elements:

G=(N,T,P,S)
Where:
N — A set of non-terminal symbols (e.g., S — sentence, NP — noun phrase, VP — verb
phrase).

T — A set of terminal symbols (actual words, e.g., “boy”, “school ”’, “came”).
P — A set of production rules (e.g.):
S—NP VP
NP—N [ Pron
VP—V |V NP
S — The starting symbol (represents the overall sentence structure).

Syntactic Features of Simple Sentences in Uzbek.

To model simple sentences in Uzbek, the following formal grammar rules are used.
This CFG includes 49 fundamental types of Uzbek simple sentences, with each rule
separated by the ““|” symbol:

SSE|EK|ETK|EHK|ETHK|EHTK|EATK|HETK|TK|HK|
AK|THK|HTK|ATK|EAK|HEK|AEK|HAK|TAK|EHAKI|ET
AK|HEAK|ATHK|AHK|HATK|THAK|AEHK|ETHAK|HET
AK|HAETK|EAHTK|AETHK|EHTAK|TAHK|HTAK|AHEA
KIAETAK|AAK|AAEK|HAAK|AEATK|ATHAK|AATK|AE
TAK|AAEHK|AEHAK|AHATK|AATK

Table 1 below provides examples of some Uzbek simple sentence structures along with
their corresponding CFG representations.

Table 1. Uzbek simple sentence structures along with their corresponding CFG representations.
Examples and CFG Representation

1. “Havo.” S — E E — “Havo”

2. “Ofquvchilar o‘qidi.” S - EK E — “O‘quvchilar” K — “o‘qidi”

3. “Usta mashinani ta’mirladi.” S - ETK E — “Usta” T — “mashinani” K —
“ta’mirladi”

4. “Sportchi stadionda yugurdi.” S — E HK E — “Sportchi” H — “stadionda” K —
“yugurdi”

5. “Sotuvchi mevani bozorda sotdi.” S —- ETH K E — “Sotuvchi” T — “mevani” H —
“bozorda” K — “sotdi”

6. ”Bog‘bon daraxtda olma uzdi.” S —EHTK E — ”"Bog‘bon” H — “daraxtda” T —
”olma” K — “uzdi”

The following table represents non-terminal symbols used in the context-free
grammar (CFG) model for Uzbek simple sentences, along with their definitions and
examples.


http://khorezmscience.uz/

ELECTRONIC JOURNAL OF ACTUAL PROBLEMS OF MODERN SCIENCE, EDUCATION AND TRAINING. MARCH, 2025-3. 155N 2181-9750

Table 2. Non-terminal symbols, their meanings, and examples.

Non-Terminal
Symbol

Meaning Example

Represents the subject of the sentence, usually at
E (Ega - Subject) the beginning. It is often a noun, pronoun, or noun | “Bolalar” (Children)
phrase indicating who or what performs the action.

Represents the main verb (predicate) of the
K (Kesim - Predicate)|isentence, usually at the end. It describes an action, ||“o ‘ynadi” (played)
state, or existence.

A word that modifies or describes another word,
often appearing before the noun it qualifies. It can || “chiroyli”
be an adjective, numeral, or demonstrative word.

Represents the object of the sentence, which is

A (Aniglovchi -
Modifier/Qualifier)

T (To‘ldiruvchi - affected by the action of the verb. It usually “Kitobni
Object) precedes the predicate and is often a noun or noun
phrase with case suffixes (-ni, -ga, etc.).
H (Hol - Adverbial |[Expresses the manner, place, time, or condition of ||, ”
maktabda

Modifier) an action. It typically appears before the predicate.

These non-terminal symbols and their respective meanings play a key role in defining
Uzbek sentence structures within the CFG framework.

Building the Algorithm.

The following code demonstrates how to perform syntactic parsing of a sentence using
Context-Free Grammar (CFG) with the Natural Language Toolkit (NLTK) library. Below is
a detailed explanation of each part of the code and its functionality.

1. NLTK and CFG

« NLTK Library: A widely used library in Python for Natural Language Processing
(NLP). It provides various tools, including grammars, parsers, and statistical models.

« CFG (Context-Free Grammar): A set of syntactic rules that define the structure of a
language. Parsing is performed using these rules. Each rule consists of a start symbol (non-
terminal) and a sequence of terminal or other non-terminal symbols.

2. Defining Grammar Rules
In the first part of the code, the grammar rules are defined as follows:

import nltk

grammar = nltk.CFG.fromstring ("""
S ->ETHK
E -> "Sotuvchi"
T -> "mevani"
H -> "bozorda"
K -> "sotdi"

mww H)

« S — The start symbol, representing the main sentence structure.
«E, T, H, K - Non-terminal symbols, each mapped to a specific terminal word:
o E — “Sotuvchi” (Seller)
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o T — “mevani” (The fruit)
o H — “bozorda” (At the market)
o K — “sotdi” (Sold)

import nltk
grammar = nltk.CFG.fromstring (""" [ Start ]
S ->E T H K 7

E -> "Sotuvchi"
T -> "mevani"

loading the nltk module

H -> "bozorda" v

K -> "SOtdi" Creating a CFG grammar
mwiwewn ) ;
sentence = ['Sotuvchi’, 'mevani’, 'bozorda’, S
'sotdi'] )
parser = nltk.ChartParser(grammar) Crente SICHETRTaeT

object: parser =

for tree in parser.parse(sentence):
print(tree)

tree'draw() Parsing a sentence: for
tree in
parser.parse(speech)
Print the tree to the console:
print(tree)
= I
? T IT ll( Visualize the tree: tree.draw()

Sotuvchi mevani bozorda sotdi 7

[ Termination ]

3. Defining the Sentence and Parsing

sentence = ['Sotuvchi', 'mevani', 'bozorda',
'sotdi']

. sentence: This is a list representing a sentence. Each element corresponds to a
terminal word that matches the defined grammar rules.
« The ChartParser algorithm is used to parse the sentence:

parser = nltk.ChartParser (grammar)

for tree in parser.parse (sentence) :
print (tree)
tree.draw()

« nltk.ChartParser: This algorithm parses the given sentence based on the defined
CFG rules. It stores partial parsing results in a structure called a "chart™, allowing
step-by-step reconstruction of the syntactic structure.

« For loop: If multiple parsing trees exist (e.g., if multiple syntactic structures are
valid under the given grammar), the loop iterates through and displays each one.

. tree.draw(): This function visualizes the parse tree in a graphical format (if a
graphical environment is available).
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4. ChartParser Algorithm
The ChartParser algorithm operates as follows:

« Initialization: The algorithm starts by scanning the first word of the sentence,
searching for matching terminal rules, and adding them to a data structure called a
chart.

« Intermediate Results: At each step, grammar rules (productions) are applied to
expand the existing partial results. If a non-terminal's left-hand side matches a
sequence of terminals or other non-terminals, it is processed as a single unit.

. Final Result: Once the end of the sentence is reached, if the start symbol (S)
forms a complete parse tree, the full syntactic structure of the sentence is recognized.
This method is particularly efficient for complex or ambiguous grammatical rules,

as it stores intermediate results and prevents redundant computations, ensuring
optimized parsing performance.

Conclusion

This study focuses on developing a parsing algorithm based on Context-Free
Grammar (CFG) for the syntactic analysis of simple sentences in the Uzbek language.
The paper provides an in-depth examination of syntactic analysis stages within Natural
Language Processing (NLP), particularly analyzing the structural components of a
sentence, their relationships, and grammatical roles.

Considering the agglutinative nature of Uzbek, its free word order, and
morphological complexity, a specialized model was developed using Chomsky’s
context-free grammar. The study presents examples of simple sentences, illustrating
their structure explicitly, including subject (E), predicate (K), modifier (A), object (T),
and adverbial phrase (H). The paper also provides tables and practical examples to
clearly demonstrate grammatical constructions and parsing results, making it valuable
for both theoretical and applied research.

Additionally, the application potential of this model in grammar checking, machine
translation, and NLP systems has been thoroughly explored. This approach enables
automatic syntactic analysis while accounting for the unique linguistic features of the
Uzbek language. The results indicate that the developed parsing algorithm effectively
identifies syntactic structures in simple sentences and opens up new opportunities in
natural language processing.

In summary, this paper not only proposes an effective approach for syntactic analysis
in the Uzbek language but also serves as a foundation for further research in linguistics
and NLP. The findings of this study will be instrumental in advancing Uzbek machine
translation, grammar analysis, and other language processing systems. Moreover, by
deeply analyzing the language’s complexity and unique characteristics, the study
contributes to developing more precise and efficient linguistic models and grammar.

This research introduces 49 CFG rules, which can be utilized in artificial intelligence
models for Uzbek language processing.
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Annotatsiya. Ushbu magola mustaqil ta’limni tashkil etish jarayonini va uning
asosiy bosgichlarini ta’riflaydi. Maqgolada ta’lim jarayonining samarali amalga
oshirilishiga yo‘l qo‘yadigan muhim bosqichlar - maqgsadni belgilash,
topshiriglarni ishlab chiqish, o‘quv jarayonini tashkil etish, faoliyatni nazorat
gilish, natijalarni tahlil gilish va yakunlash hagida batafsil ma’lumot berilgan. Har
bir bosgichning ahamiyati, talabalar uchun bilimlarni mustahkamlash, yangi
ko‘nikmalarni o‘zlashtirish va o‘rganish jarayonini mustagqil ravishda boshqarish
imkoniyatlarini yaratishdagi roli ko‘rsatilgan.

Kalit so‘zlar: Mustaqil ta’lim, ta’lim jarayoni, geografiya fani, ta’lim
bosgichlari, magsadni belgilash, izlanish, faoliyatni nazorat qgilish, mustagqil
izlanishlar, ko ‘nikmalarni rivojlantirish, tahlil gilish, ta’lim samaradorligi.

AHHOTAaUMs. DTa CTaThsl OMUCHIBAET MPOIIECC OPTraHU3aAlMA CaMOCTOSTEIHLHOTO
o0yueHHsI M €ro OCHOBHBIE JTambl. B craThe MOAPOOHO paccMaTpUBAIOTCA
BOXKHEHUIIME ATarbl, CocoOCTByronMe 3()QPEeKTUBHON peanu3aiuu y4eOHOro
mpoliecca, Takue KakK MOCTaHOBKA LeJel, pa3pabdoTka 3aJaHHil, OpraHu3alMs
y4eOHOTO TMpoIlecca, KOHTPOJb 3a JeATEIbHOCTHIO, aHAlU3 Pe3yJbTaTOB H
3aBepuieHue. OnrcaHa poJib KaXJA0ro 3Tana B YKPEIUIEHUH 3HAHWM CTYJIEHTOB,
OCBOEHUHU HOBBIX HABBIKOB M CO3JJaHUHM BO3MOKHOCTEW MJII CAMOCTOSITEJIbHOIO
YIPABJICHUS POIIECCOM OO0yUEHHUS.

Kntuesvie cnosa: Camocmoamenvhoe o00OyueHue, yueOHbvlli npoyecc,
eeozpaus, smanvl 06yueHUs, NOCMAHOBKA Yenell, UcCcIedo8aHnue, KOHMpob 3a
0esiImenNbHOCMbI0,  CAMOCHOAMENbHbIE UCCe008AHUsl,  pA3sUmuUe HABbIKOS,
ananusz, d¢pexmusHocms 00yyeHUs.

Abstract. This article describes the process of organizing independent education
and its key stages. The article provides detailed information about important
stages that ensure the effective implementation of the educational process: goal
setting, developing assignments, organizing the educational process, monitoring
activities, analyzing results, and concluding. The importance of each stage and its
role in strengthening students' knowledge, acquiring new skills, and providing
opportunities to manage the learning process independently are highlighted.

Keywords: Independent education, educational process, geography,
educational stages, goal setting, research, activity monitoring, independent
research, skills development, analysis, educational effectiveness.
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Introduction

The modern education system, including higher education in Uzbekistan, is
undergoing significant changes. In particular, the credit-module system, which has
been widely implemented in recent years, is playing an important role in managing and
assessing students' academic activities. One of the main objectives of this system is to
provide students with the opportunity to organize their education in a timely, efficient,
and independent manner. Through the credit-module system, the educational process
Is individualized, which expands the opportunities for students to independently learn
and develop their knowledge. The subject of geography, being a broad and practical
natural science, requires the effective organization of students' independent education
and its evaluation based on modern requirements. This system requires assessing
students’ knowledge not only theoretically but also practically, including fieldwork,
cartographic and statistical analysis, and scientific research. Therefore, the issue of how
to assess students’ independent education in the field of geography based on specific
criteria within the credit-module system is one of the current and urgent topics.

Literature Review

Research related to general approaches for organizing the educational process under
the credit-module system is reflected in the studies of scholars such as B. Sh. Usmonov,
R. A. Habibullayev, and G. A. Nazarqulov [1]. The organization of independent
education has been studied by scientists such as M. L. Boltayeva, S. B. Ibragimova, M.
Murodova, N. R. Saitkulova, and K. S. Rakhmonberdiyeva. Specifically, in the field
of geography teaching methodology, research has been conducted by scholars such as
O. Mo‘minov, R. Qurbonniyozov, O. Safarov, X. Nikadamboyyeva, F. Khamroyeva,
F. Saydamatov, O. Abdimurotov, M. Qo‘ldasheva, X. Amanov, F. Rajabov, H.
Shodiyev, and D. Abdullayeva [2]. These scientific works provide detailed information
on the methodology of teaching geography, ways to effectively organize students'
independent education, and modern approaches.

Research Methodology
Deductive, analytical, comparative, distinguishing, and generalizing the main idea.

Analysis and Results

Organizing independent education aims to develop students’ self-management skills
in acquiring knowledge by defining the key stages for the successful implementation
of the educational process. The stages of organizing independent education create the
necessary conditions for students to consolidate their knowledge, acquire new skills,
and achieve effective results in the learning process. The thorough planning of each
stage plays a crucial role in ensuring the effectiveness of the educational process and
helps in the development of students’ independent education skills. The stages of
organizing independent education serve as the foundation for the successful
implementation of the independent education process, enhancing students’ ability to
self-study, work independently, and consolidate their knowledge. Each stage of this
process is aimed at achieving specific goals, supporting students’ independent
activities, and helping them acquire new skills. Considering the specifics of the
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geography subject and the needs of students, special attention should be given to
the following stages for the effective organization of independent education:

1. Goal setting: The first stage of independent education is setting clear and
measurable goals for the educational process. In geography, this stage involves
determining the scientific knowledge, practical skills, and competencies that students
need to acquire. The goals should not only focus on theoretical knowledge but also aim
to develop students' skills in analyzing geographical problems, conducting scientific
research, and solving problems. During the goal-setting process, necessary resources,
scientific sources, and educational materials are identified, and students are provided
with opportunities to study geographical areas, apply modern scientific methods, and
use information systems effectively to support their independent work. Additionally,
considering students' individual needs, interests, and the unique characteristics of the
geography subject, their educational process is effectively planned. Successfully
organizing this stage helps students enhance their self-improvement skills and establish
an effective educational path.

2. Task development: After setting the goals, it is very important to develop specific,
goal-oriented tasks to carry out independent education. In geography, these tasks
provide students with the opportunity to apply their knowledge in practice, analyze
various geographical issues, and learn new scientific methods. The tasks offer students
the chance to conduct independent research in various areas of geography, such as
analyzing the ecological state of a specific region, studying climate change or the
distribution of natural resources, or analyzing geographical data using information
technology. These tasks help students deepen their knowledge, consolidate existing
knowledge, develop new skills, and learn how to apply geographical methods.
Moreover, when developing tasks, the difficulty level for students should be
appropriately chosen, meaning the tasks should align with their knowledge and skills,
enabling them to successfully carry out their activities. At this stage, students not only
acquire new knowledge but also develop skills in independent education and applying
the learned knowledge in practice.

3. Organizing the educational process: Effectively organizing the educational
process is crucial for the successful implementation of independent education. At this
stage, students are provided with the necessary educational materials, scientific
resources, technological tools, and methodological approaches. In the study of
geography, applying modern methods and technologies enhances the effectiveness of
education, as interactive learning materials, digital resources, and information systems
help students expand their knowledge. Students are given opportunities to manage their
time efficiently and conduct independent work by searching and analyzing scientific
sources. Additionally, using the specific methods of geography, such as cartography,
GIS (Geographic Information Systems), and climate analysis, helps develop students'
research skills. In organizing the educational process, it is also important to support
students in self-assessment and in developing effective learning strategies. At this
stage, students are provided with the conditions necessary to expand their knowledge,
develop new skills, and engage in independent education. This approach to organizing
the education process encourages students to engage in scientific research, analyze
their knowledge, and apply it in practice.
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4. Monitoring activities: Monitoring activities play an important role in assessing
the students' knowledge acquisition process and achievements in independent
education. At this stage, the tasks, research, and practical investigations completed by
students are analyzed, and their achievements and shortcomings are identified through
evaluation. During the monitoring process, students are encouraged to self-assess,
analyze their level of knowledge and results, and work to improve their activities. In
geography, this process helps students not only assess their knowledge but also analyze
their research and scientific work. The constructive feedback and recommendations
from the teacher assist students in correcting their mistakes and improving their work.
This process allows students to think independently and apply their knowledge in
practice, further developing their scientific and practical skills. Additionally, accurate
and effective feedback from the teacher helps students improve their results and
succeed in future tasks.

5. Analyzing results: As the final stage of the independent education process, the
analysis of results involves evaluating students’ knowledge, practical skills, and
competencies. At this stage, the effectiveness of the educational process is analyzed,
and the students' progress is measured. The analysis of results helps assess students'
success in the education process and determine their level of knowledge and
competencies. Through self-assessment, students set new goals to expand their
knowledge and study more deeply. During this process, teachers also have the
opportunity to analyze their activities and improve the effectiveness of the education
process by developing new methods and approaches. The analysis process also helps
students set future educational goals, contributing to the improvement of the education
process. At this stage, the conclusions about students' results and their education
process create a strong foundation for their future development.

6. Conclusion: The final stage of independent education involves evaluating
students' acquired knowledge and skills, identifying their achievements, and providing
recommendations for further education. At this stage, students analyze the results they
have achieved during the independent education process and assess their education.
Additionally, they set new goals and prepare for the next educational processes.
Concluding the independent education process helps students plan their future
educational activities by self-assessing and applying their knowledge. This process
strengthens their interest in education, helps them solve new problems, and develops
the skills necessary to plan their future education effectively.

Conclusion/Recommendations

The stages of organizing independent education are crucial processes that help
students effectively acquire knowledge and provide opportunities for developing new
competencies. These stages foster students' ability to self-manage, conduct
independent research, and apply knowledge in practice. Properly planning and
systematically implementing each stage enhances the effectiveness of the education
process. Stages such as setting goals, developing assignments, organizing the education
process, monitoring activities, analyzing results, and concluding actively engage
students in the education process and increase their interest in education.
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The following recommendations are proposed for effectively organizing
independent education:

- Creating personalized education pathways: Each student should be provided with
education pathways tailored to their personal needs, interests, and current level of
knowledge. This includes providing various resources, sources, and education
materials, as well as customizing the education process to help students succeed in
independent education. Personalized education pathways encourage students to set
their own goals and expand their knowledge.

- Creating interactive and collaborative education opportunities: To make
independent education more effective, students should be engaged in interactive and
collaborative activities. For example, group discussions, exchanging ideas, or
conducting joint research enhances knowledge sharing among students and helps
develop self-management skills. Using online platforms or digital tools encourages
students to share their knowledge with others.

- Providing continuous assessment and self-analysis opportunities: In the
independent education process, students need the opportunity to assess their own
knowledge and activities. Through continuous assessment and self-analysis, students
can improve their education, set new goals, and independently manage the education
process. During this process, teachers should support students with constructive
feedback and recommendations.
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Annotatsiya. Mazkur maqolada axlogiy konpetensiyalar va uning pedagogik
tahlili aks ettirilgan. Kompetensiya tushunchasi muayyan sohada faoliyat olib
boradigan mutaxassisning samarali, nazariy va amaliy tayyorgarligiga
qo‘yiladigan talablardir. Axloqiy kompetensiya mezonlarining muhim tarkibiy
qismlaridan biri vatanparvarlikdir. Vatanparvarlik so‘zining negizini ona Vatanga
bo‘lgan muhabbat tashkil etadi.

Kalit so‘zlar: kompetensiya, kompetentlik, tayanch kompetensiyalar, kasbiy
kompetenyesiya.

AHHOTanusi: B JaHHOW cTaThbe OTpaK€Hbl MOpPaJIbHbIC KOMIICTCHIIMU W HUX
negarornyeckuii  ananus. IIoHSATHE KOMIETEHTHOCTH — OTO TpeOOBaHUSA K
3 PEeKTUBHON, TEOPETHYCCKOW M TIPAKTUYECKOM IOATOTOBKE CIICIHAIINCTA,
paboTaromero B ompeacieHHoW oOmacth. OMHONH W3 Ba)KHBIX COCTABIISIOITHAX
KPUTEPUEB MOPAJIbHOM KOMIIETEHTHOCTH SIBJISIETCA NATPUOTU3M. B OCHOBE clioBa
aTPUOTHU3M JISKHUT JIF000Bh K PouHe.

Knioueevie cnosa: komnemenmHoCcmv, KOMNEMEHMHOCHb, 0A308bie
KoMnemeHyuu, npogeccuoHaibHas KOMNemeHmHoCms.

Abstract: This article reflects moral competences and its pedagogical analysis.
The concept of competence is the requirements for the effective, theoretical and
practical training of a specialist working in a certain field. One of the important
components of the criteria of moral competence is patriotism. The basis of the
word patriotism is love for the Motherland.

Keywords: competence, competence, basic competences, professional
competence.

Introduction
Today's rapid development once again demonstrates that education cannot be
separated from upbringing, and upbringing from education. Only if education and
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upbringing are organized on a harmonious, continuous basis can we cultivate young
cadres who have mature moral qualities, are highly spiritually mature, and at the same
time are knowledgeable, intelligent, spiritually and physically healthy, have a broad
worldview, are patriotic, and can meet the requirements of the time. In this, the
formation of moral competencies in students plays an important role.

The term competence is derived from the Latin word “competere”, which means “to
achieve, to be in accordance with, to be suitable”, and is a type of ability that embodies
a set of certain knowledge, skills, and abilities acquired by people [1]. Competence in
a broad sense is the ability to apply existing knowledge and skills in practical
experience in complex situations. Therefore, competence can also be called the ability
to apply acquired knowledge, skills, and abilities in practice.

Literature Review

The term competence began to be widely used in scientific research in the 60s-70s
of the 20th century. More precisely, in linguistic research, the term “competence” was
first noted as a set of knowledge, skills, and abilities aimed at activity in the process of
using a particular language [2].

Another study defines competence as “a specific area of activity in which an
individual demonstrates a highly developed strategy for success. This strategy is a set
of strategies, skills, and practical knowledge that have emerged on the basis of existing
knowledge and regular self-improvement. Therefore, competence is the ability to
function effectively through the development of strategies for success [3].

The concept of “competence" is a concept that emerged from pedagogical research
and is understood as how a person behaves in unconventional situations, engages in
free communication, and has a new style and plan of action in interpersonal
relationships.

The introduction of a competency-based approach in the education system of our
country, particularly in higher education, has led to the improvement of the
requirements of state educational standards, as well as the improvement of curricula at
all stages of the education system.

The concept of competence is a scientific term for the requirements for effective,
theoretical, and practical training of a specialist working in a particular field. In
particular, the term competence is used in relation to scientific or professional training
for effective work in the field of pedagogy. For example, the formation of moral
competencies in students leads to their ability to apply the acquired knowledge, skills,
and qualifications in their personal, professional, and social activities. As a result,
students develop such characteristics as initiative, independent thinking, active
citizenship, rational use of modern technologies, independent choice of profession, and
choice of a healthy lifestyle.

Pedagogical competencies formed in the modern educational process can be
classified into the following groups:

- professional competence;

- special competence;

- spiritual and moral competence;

- basic competence, etc.
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Professional competence — is the acquisition of knowledge, skills and
competencies necessary for the implementation of professional activities by a
particular specialist and the ability to apply them in practice. Professional competence
IS a process that involves not the acquisition of separate knowledge and skills, but the
mastery of integrative knowledge and actions in each area. Also, professional
competence is the ability to constantly enrich one's knowledge in a particular specialty,
to learn, process and effectively apply new information in one's activities.

Special competence— is formed on the basis of professional competence, excellent
organization of professional and pedagogical activities, rational solution of
professional and pedagogical tasks, objective assessment of the results of the activities
of pupils or students, consistent development of knowledge, skills and qualifications.
On the basis of special competence, such qualities as psychological, methodological,
informational, creative, innovative and communicative competence are also formed.

Spiritual and moral competence -1t is the ability of students to reflect their high level
of preparedness, competence, cultural and spiritual-moral level, and universal and
national values in their activities. Universal cultural competence is a process that helps
students comply with the rules of etiquette established in society, develop themselves,
manage their emotions, and improve their ability to acquire knowledge, study, and
learn.

Another important component of the criteria for moral competence is fairness.
Fairness is a process that mainly expresses the positive, humane impact of a person on
a particular society or state based on legal and moral norms. Fairness is closely related
to the concept of justice, and the legal and moral well-being of individuals or social
groups in society is ensured and brought to a single standard precisely on the basis of
justice.

As moral competencies are formed in students, they lead to the formation of an
independent worldview, the unity of word and deed, and the formation of qualities of
concern not only for personal but also for the benefit of society. The specific moral
thinking, moral virtue, moral attitude, and moral actions formed in students are formed
as a set of moral competencies, which serve their striving for perfection, that is, to
become a perfect person.

Analysis and Results

In today’s developing society, the issue of paying special attention to the upbringing
of the younger generation at all stages of the education system is gaining special
importance. Therefore, under the slogan of praising the Motherland, it is becoming one
of the important tasks of professional educators to deeply convey to modern youth that
there is no greater wealth for a person than the Motherland, that the Motherland is the
hearth of culture, spirituality, literature, art, science in which a person lives, and that,
as stated in the hadiths, “Loving the Motherland is part of faith.” After all, the
Motherland is these vast fields, the children of this land, their life, lifestyle, faith,
customs and millennial traditions and customs, monuments built by the hands of that
people, the rich material and spiritual heritage of their ancestors, language, history and
state symbols. Therefore, one of the spiritual and moral requirements of today’s
modern youth is to provide them with deep theoretical and practical knowledge, as well
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as to form important professional qualifications and skills, to teach them to react
correctly to all events in social life, and to educate them in the spirit of love for the
Motherland, to inherit the invaluable spiritual heritage created by their ancestors, to
preserve and enrich it, and to strive to lead their country to modern development. After
all, a generation with a well-formed spiritual and moral outlook understands the
qualities of spiritual and moral knowledge, spiritual and moral thinking, spiritual and
moral feelings, and spiritual and moral perception, while forming spiritual perception
and moral will in itself, and improving its personal life with its knowledge and skills.

Social competence is the ability to act in a society, taking into account the views of
other people, while socio-cultural competence is the process of acting in accordance
with one’s own and others’ cultures, using universal etiquette, cultural identity, and
legal knowledge [4].

Spiritual and moral competencies are one of the most important areas of competence,
through which qualities such as loyalty to the Motherland, entrepreneurship,
willpower, ideological immunity, kindness, responsibility, tolerance, legal culture,
innovative thinking, and hard work are formed.

In today’s developed society, the increasing activity of various gadgets and social
networks leads to the lack of formation or insufficient development of such mobility
characteristics as setting ambitious goals, striving for study and research, as well as
willpower, perseverance and diligence in some young people, which also harms the
quality of education. As a result, differences are manifested in the formation of loyalty
to the Motherland, duty and responsibility, initiative qualities, and moral upbringing
among today’s young people. This creates a number of problems in finding their place
in life for today's young people who are entering an independent life. Therefore, today,
we should pay special attention to the formation of spiritual and moral educational
competencies in educating young people.

One of the important components of the criteria for moral competence is patriotism.
The basis of the word patriotism is love for the Motherland. Etymologically, the word
homeland is derived from the Arabic language and means ‘“the place where the
umbilical cord blood was shed, the land”. The homeland is as unique and sacred as the
mother is. A sense of duty and responsibility to the homeland is a characteristic of
every mature person. Love for the homeland is inherent in patriotism manifestation will
be [5].

Core competencies include communicative competence, information literacy, self-
development competence, socially active citizenship competence, and national and
general cultural competencies. In addition, subject-specific competencies have been
developed for all subjects.

Communicative competence based on core competencies is of particular importance,
and it is understood that a person must perfectly master a specific language in order to
communicate in society, be able to use it effectively in communication, be able to
clearly and understandably express his or her thoughts orally and in writing, be able to
logically direct and answer questions, adhere to a culture of communication in
communication, have his or her own position, be able to control himself in various
conflict situations, and be able to make necessary, constructive decisions in resolving
problems and disagreements.
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The competence of working with information based on core competencies
includes the ability to rationally use existing information sources, more precisely,
social networks, Internet resources, mass media, telephone, computer, and e-mail.
After all, in today's era of information attacks, it is a complex analytical process for
students to search for the necessary information from media, sort it, process it, analyze
it, and use it in a culture that ensures their own safety.

The competence of self-development as a person based on core competencies is
understood as the ability of a person to constantly strive for self-development, to strive
for both physical and spiritual and intellectual perfection, to systematically develop
their knowledge and experience, to be able to control themselves, and to embody truly
human qualities such as honesty and integrity.

Socially active citizenship competence based on core competencies is understood as
the formation of abilities in students that form a sense of involvement in events,
phenomena, and socio-political processes taking place in society, that enable them to
know and adhere to their active civic position and duty, that enable them to have a
universal and legal culture in labor and civic relations, and that enable them to serve
the interests of society and their family.

Being loyal to the homeland, being equally kind to all people, remaining faithful to
universal and national values, following a healthy lifestyle, respecting universal values,
customs, rituals, and national and cultural traditions, being kind and generous to others,
respecting everyone regardless of religious beliefs, national and ethnic origin,
preserving one's historical, spiritual, and cultural heritage, and most importantly,
strictly adhering to the norms of etiquette established in society are components of
moral competence. Indeed, as research has emphasized, in today's era, when the
interaction of peoples, languages, and cultures is unprecedentedly widespread,
ensuring tolerance towards other cultures, arousing interest and respect for them, and
finding positive solutions to emerging problems are among the most fundamental
universal principles [6].

Conclusion

In conclusion, any subject or education aimed at the formation of competencies in
higher education institutions becomes education that guides students to apply the
acquired knowledge, skills, and qualifications in their activities. As a result, in addition
to all the necessary competencies listed above, students also develop specific
competencies based on the content of a particular subject in the process of mastering
this subject. That is why, in order to ensure the consistency of the content of education
In our country, basic competencies are distributed and instilled at all stages of the
education system based on the content of each subject.

Today's development in the education system requires, first of all, fundamental
changes in the professional potential and thinking of the teacher in order to implement
innovative ideas, in which the teacher, along with the knowledge contained in modern
textbooks, becomes a supplier of knowledge about moral competence to students.
Because only a teacher with perfect moral education can prepare a person with socio-
moral competence.
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Annotasiya. Mazkur maqolada oliy ta’lim muassasalarida yangi avlod darsliklari
va ularga qo‘yilgan talablar yoritilgan. Yangi avlod darsliklarining sifati
talabalarda kompetentlikni shakllantirishga garatilgan bo‘lib u darslik mazmuni
bilan baholanadi. Yangi avlod darsliklarining oldiga qo‘yiladigan eng asosiy
talablardan biri uning strukturasi va mazmunini muayyan fanning namunaviy
dasturi mavzulariga to‘liq moslashtirishdir.

Kalit so‘zlar: yangi avlod darsliklari, innovatsion ta’lim, interaktiv
yondashuv, kreativlik, kompetensiya.

AnHoTamus. B naHHOW cTartbe omnucaHbl y4eOHMKH HOBOTO TIOKOJICHHUS U
TpeOOBaHMSI K HUM B BBICIIMX YYEOHBIX 3aBefeHUsX. KauecTBO yueOHHMKOB
HOBOT'O MOKOJICHUS HAIpaBJIe€HO HAa (OPMUPOBAHUE KOMIIETEHTHOCTH YYalluXcs
U OLIGHUBAETCs cojepkaHueM ydyeOHuka. OHUM W3 OCHOBHBIX TpeOOBaHUU K
y4eOHHMKaM HOBOTO TMOKOJIEHUS SIBJISIETCS MOJIHAs afJanTalusi ero CTPYKTYPhI U
coZiepKaHUs K TEMaM TUIIOBOM NPOrpaMMbl KOHKPETHOI'O ITPEAMETA.

Knwuesvie cnosa: yuebnuxu HO8020 NOKONEHUs, UHHOBAYUOHHOE
obpaszosanue, UHMEPAKMUBHbIN NOOX00, KPeAmugHOCMb, KOMNEMeHMHOCMb.

Abstract. This article discusses new generation textbooks and the requirements
for them in higher education institutions. The quality of new generation textbooks
Is aimed at building competence in students and is assessed by the content of the
textbook.One of the most important requirements for new generation textbooks is
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to fully align their structure and content with the topics of the standard curriculum
for a particular subject.

Keywords: next generation textbooks, innovative education, interactive
approach, creativity, competence.

Introduction

Since special attention is paid to the in-depth study of foreign languages in our
country, a number of reforms are also being implemented to create a new generation
of textbooks for teaching languages. As our president noted, “New textbooks should
be prepared so perfectly that we will not have to go back to this later. Today’s education
will speak about us in forty years” [1]. The creation of new generation textbooks in the
higher education system should include aspects such as the formation of a common
approach to the study of science, adherence to sequence in the content of educational
materials, a common approach in determining methodological directions, the selection
of illustrative materials, and commonality in the style of textbooks.

Literature Review

New generation textbooks for undergraduate programs in the higher education
system should be created based on the following requirements:

- textbook topics, content, and texts should not repeat each other;

- the working curriculum and subject programs are structured in accordance with the
content; taking into account the age and psychophysiological characteristics of
students, the topics are focused on developing students' creative abilities, and they are
interested in independent learning;

- educational materials should be understandable for students;

- using technologies that encourage students to think and find solutions to problems,
along with generally accepted ideas in the textbook;

- to focus the content of educational materials on specific practical skills to form and
develop the necessary competencies in students;

- providing educational literature with problem questions, assignments, exercises,
and projects of a professional nature and designed for independent work;

- creating learning situations that require active practical work and increasing the
effectiveness of learning materials;

- Students should be provided with references and citations that can be read in detail
on the theoretical presentation of each topic [2].

The quality of new generation textbooks is aimed at forming competence in students
and is assessed by the content of the textbook, the motivation of students, mastery of
knowledge, skills and qualifications, and the formation of competencies. Also, when
creating new generation textbooks, the level of complexity of the topic, its theoretical
or practical features, the role and importance of the topic in the student's future
activities, and the importance of independent learning in mastering the topic are taken
into account. In a word, new generation textbooks should direct students not only to
in-depth study of a particular language, but also to scientific research and conduct
research on topical topics in their specialty.

The concept of new generation textbooks is applied to publications that modernize
education and are prepared in accordance with state educational standards. The main
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value of educational literature created for higher education institutions is not in the
completeness of its content or the detail of its text but in how the student can work with
this resource [3]. Therefore, when developing new educational literature, it should be
maximally equipped with technologies, developed to the extent that it encourages
students to engage in two-way communication, and reflect the content of training
students in a specific direction or specialty in traditional and distance forms of
education.

Research Methodology

This study employs a qualitative research approach to examine the development of
new-generation textbooks for foreign language education in Uzbekistan, with a focus
on Arabic language instruction.

Analysis and Results

The main educational reform of today’s New Uzbekistan strategyAs the issue of
updating and developing the educational and methodological bases of educational
institutions in the country is gaining urgent importance, conducting new research on
the increase in new generation textbooks and covering the education system with new
generation textbooks is one of the issues that has risen to the level of state policy. After
all, the theory of creating new generation textbooks has a positive impact on the
dynamics of the development of the education sector to a certain extent, identifying
achievements and shortcomings at all stages of development, as well as creating
opportunities for assessment based on criteria.

If we pay attention to the composition of the new educational literature, the
composition of educational literature consists of textbooks and study guides,
methodological instructions, and lecture texts [4]. When creating new educational
literature, first of all, it is necessary to adapt it to a specific academic discipline, that is,
if the new educational literature is intended for the subject of the Arabic language, then
adapt it to the Arabic language, and pay attention to the analysis of lectures, seminars
and practical classes containing textbooks based on the teaching of the Arabic
language. Lectures on teaching the Arabic language summarize theoretical aspects
such as the theory of the language, grammar by language levels, lexicology, stylistics,
comparative typology of the Arabic language and the Uzbek language. By effectively
teaching students the theoretical aspects of the Arabic language, their Arabic language
skills are developed. Seminar sessions focus on reinforcing the topics covered in
lectures, while practical sessions focus on developing students' Arabic language skills.

In accordance with modern requirements, the educational and methodological
support of the subject, along with traditional textbooks and study guides, should also
consist of digital educational resources or only electronic textbooks. The Resolution of
the Cabinet of Ministers of the Republic of Uzbekistan Ne 816 “On providing higher
educational institutions with educational literature”, adopted on October 10, 2018,
reflects the general requirements for all educational literature, and also defines the
forms and types of educational literature, the procedure for their creation and
publication, and the principles of creating electronic educational literature [5].

One of the main requirements for new-generation textbooks is the full compliance
of their structure and content with the topics of the standard program of a particular
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subject. In particular, in higher educational institutions of the philological direction,
the technology of creating new-generation textbooks using the CEFR criteria creates a
certain difference from textbooks in terms of both volume and correspondence of topics
in the subject program and the work program in the language section. That is, if this
textbook specializes in the Arabic language, the degree of correspondence of the topics
specified in the subject program and the work program in the textbook is evaluated in
percentages, which determines the teacher’s skills in creating textbooks.

Conclusion

Today, textbooks and study guides prepared by professors and teachers are usually
discussed at department, faculty, and university councils and, after receiving positive
conclusions, are sent to leading higher education institutions for final conclusions in
accordance with their field and specialty, with the recommendation of the coordinating
council. After the professors and teachers with scientific potential at the base higher
education institutions review the textbooks and study guides based on certain
requirements, if this textbook or study guide meets the established requirements, it is
recommended for publication by giving a positive conclusion. It should also be noted
that textbooks that do not meet certain requirements are not recommended by the
coordinating council and are not published. Therefore, the process of creating a
textbook is a complex one, and in the preparation of new educational literature being
created today, in particular in higher educational institutions of the philological
direction, it is advisable that the technology for creating new generation textbooks (in
the case of Arabic) through SEFR criteria be in line with the above-mentioned criteria,
and that new generation textbooks used in teaching Arabic as a second foreign
language be created based on international experience for use in classes.
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