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EXCITON-POLARITONS IN A MAGNETIC FIELD: MAGNETO-SPATIAL DISPERSION
AND TRANSMISSION SPECTRA IN CdS CRYSTALS

I.1. Yulchiyev, student 58-23 BM group G.X. Tursunaliyeva

Fergana State Technical University,
(Received on March 18 th, 2026)

Abstract. Exciton-polaritons, formed through strong photon-exciton coupling, show highly dispersive
and anisotropic optical behavior. When spatial dispersion acts together with an external magnetic field, a
nonreciprocal term-magneto-spatial dispersion (MSD)-appears in the dielectric tensor. This work analyzes
MSD in bulk CdS (point group Ce,) under Voigt geometry, concentrating on the A-exciton region and

transmission through a CdS plate. From the dielectric tensor expanded in the wave vector k& and magnetic
field #®, the fourth-rank MSD tensor 4,,,, is identified, and the effective transverse dielectric tensor for

light propagating along y with & | = is derived. Analytical expressions for normal-mode refractive indices
and transmission coefficients are obtained. The theory predicts a strong resonant enhancement of crossed-
polarization transmission near the isotropic point where the dispersion curves intersect-consistent with
previous magneto-optical observations in CdS. These results provide a compact framework for extracting
MSD and exciton-polariton parameters from CdS transmission experiments.

Keywords: exciton-polariton, magneto-spatial dispersion, CdS, dielectric tensor, Voigt geometry,
transmission spectra.

Annomauuna.  OKCUMOH-NOISPUMONDBL,  hopmMupylOwuecs npu  CULLHOM  OMOH-IKCUNMOHHOM
83aUMO0eCBUL, NPOAGTSIOM SPKO GbIPANCEHHOE OUCNEPCUOHHOE U AHUZOMPONHOE ONMUYECKoe N0GeoeHue.
Koeoa npocmpancmeennas Oucnepcus Oelicmeyem COBMECMHO ¢ BHEUWHUM MASHUMHbIM NHONEeM, 8
OUDTIEKMPUYECKOM MEH30pe BO3HUKAem He83aUMHAs YleH MasHumonpocmpancmeennou oucnepcuu (MSD).
B oannoti pabome ananusupyemcs MSD ¢ ob6wvemnom CAS (moueunas epynna Cs,) 6 ceomempuu Dotiema, ¢
axkyenmom Ha obracmv A-skcumona u npoxodcoenue uziyyenus uepes naacmuny CdS. Ha ocnose
PA3ZNOJICEHUsL  OUINEKMPUHECKO20 MEH30pad  No  80aHo8oMmy gekmopy K u  maenummnomy nomo H®O
uoenmuguyuposar meuzop MSD uemeépmoeo panea PAun, a maxoce nonyuen sggexmuguviti nonepeunviii
OUBIeKMpuYecKull MmeH3op 0isl céemd, pacnpocmpansaiowe2ocs 600av ocu Y npu ycaosuu HO [/ 2. Tonyuenu
ananumuyeckue @uipadicenus Oisl NnoxKasamenel NpeioMIeHUs HOPMATbHLIX MO0 U KoIp@uyuenmos
nponyckanus. Teopuss npedckazviéaem CUTbHOE PE3OHAHCHOE YCUIEHUe NEPeKPECMHOU  NONAPU3ayUU
NponycKanus 60IU3U USOMPONHOL MOUKU, 20e NePeceKaromcs OUCNepCUoOnHble Kpuesble, Ymo CO2NACYemcs ¢
npeovlOyUMU Machumoonmudeckumu Haobmooenusmu ¢ CAS. [Tonyuennvle pezyrvmamol npedocmagisiiom
KOMRAKMHbIL meopemuieckuili. nooxo0 0as useneyenuss napamempos MSD u skcumon-nonsapumonos u3z
oKcnepumenmos no nponyckanuio ¢ Cds.

Kniouesvte  cnosa:  5KCUMOH-NONAPUMOH,  MAZHUMonpocmpancmeennas — oucnepcus, — CdS,
ousiekmpuyeckuil mensop, ceomempus Doiiema, cnekmpvl NPONYCKAHUS.

Annotatsiya. Kuchli foton-eksiton o ‘zaro ta’siri natijasida hosil bo‘ladigan eksiton-polyaritonlar
kuchli dispersiv va anizotrop optik xossalarni namoyon etadi. Fazoviy dispersiya tashgi magnit maydon
bilan birgalikda ta’sir gilganda, dielektrik tenzorda ifodasida magneto-fazoviy dispersiya (MSD) hadi
kiritiladi. Ushbu ishda hajmiy CdS (kristal guruhi Cs)) uchun Foygt geometriyasida MSD tahlil gilingan,
bunda asosiy e’tibor A-eksiton rezonansi yaqinida CdS plastinkasini o ’tkazish koeffitsientini xisoblashga
qaratilgan. To'lgin vektori k va magnit maydon H® bo ‘yicha kengaytirilgan dielektrik tenzor asosida
to ‘rtinchi tartibli MSD tenzori Ay aniqlangan hamda H [/ z sharoitida y yo ‘nalish bo ‘ylab tarqaluvchi
yorug ‘lik uchun effektiv dielektrik tenzor nodiaganal elementi keltirib chigarilgan. Normal modalar uchun
sindirish ko ‘rsatkichlari va o ‘tkazish koeffitsiyentlarining analitik ifodalari olingan. Nazariya dispersiya egri
chiziglari kesishadigan izotrop nuqta yaqinida o zaro ortogonal polyarizatsiyalangan o ‘tkazishning kuchli
rezonans kuchayishini bashorat giladi, bu esa CdS da ilgari kuzatilgan magnitooptik natijalar bilan mos
keladi. Olingan natijalar CdS o ‘tkazish tajribalaridan MSD va eksiton-polyariton parametrlarini aniglash
uchun ixcham nazariy asosni tagqdim etadi.

Kalit so‘zlar: eksiton-polyariton, magneto-fazoviy dispersiya, CdS, dielektrik tenzor, Foygt
geometriyasi, o ‘tkazish spektrlari.
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Introduction. Exciton—polaritons arise from strong coupling between excitons and photons in
crystals and play a central role in the optical response of semiconductors near exciton resonances. In
such systems, the dielectric response is nonlocal: the polarization at a given point depends not only
on the local electric field but also on its spatial variation. This nonlocality is captured by spatial
dispersion, i.e. the dependence of the dielectric tensor =;;(w, k) on the wave vector k [6-9]. The
general phenomenological theory of crystal optics with spatial dispersion and excitons was
developed by Agranovich and Ginzburg, who showed how spatial dispersion modifies the normal
modes of light and leads to phenomena such as natural optical activity and nonlocal birefringence.
Later, Ivchenko and co-workers analyzed in detail the role of spatial dispersion in semiconductors
and formulated symmetry-based descriptions for various spatial-dispersion-induced effects [2][6].
If, in addition to spatial dispersion, an external magnetic field H'” is applied, new magneto-optical
effects emerge. Beyond conventional Faraday rotation and magnetic circular dichroism, there
appears a class of phenomena governed by magneto-spatial dispersion (MSD): terms in the
dielectric tensor that are simultaneously linear in k and H'®. Experimentally, MSD has been
observed in CdS and o — LilO5 in the exciton region, including inversion of magnetic-field effects
on exciton absorption and magnetically induced changes of principal dielectric axes [2-4]. Bulk
CdS crystals, which possess hexagonal symmetry of the C., point group, are particularly suitable
for observing MSD near the fundamental A-exciton resonance. Early work demonstrated
magneto-Brillouin scattering of exciton—polaritons in CdS at high magnetic fields, while later
experiments reported magnetically induced spatial dispersion signals in CdS transmission around
the B-exciton as well. More recently, time-resolved studies on related 11-V1 semiconductors such as
(Cd,Zn)Te have revealed rich magneto-polariton dynamics, including polarization nutation
governed by the interplay of Faraday rotation and MSD [1-3].

Theoretical framework and methods. Dielectric tensor with spatial dispersion and magnetic field.
In a nonmagnetic crystal with spatial dispersion, the frequency- and wave-vector-dependent
dielectric tensor in the presence of a static magnetic field H'® can be expanded to first order in k
and H'? as;

S [m,k,H'~D:'] (1)
where: g, (@) is the usual local dielectric tensor at zero magnetic field; &;,, (w) is the third-rank
tensor describing the Faraday effect (magneto-gyrotropy); Yau (@) is the third-rank tensor
responsible for natural optical activity (gyrotropy due to spatial dispersion); Aj,,, (w) is the
fourth-rank magneto-spatial dispersion tensor.

We consider nonmagnetic materials with time-reversal invariance, for which the Onsager relation
holds:

g (@, K HY) = g, (w, —k,—H). (2)
From Eq. (2) it follows that in such crystals the MSD tensor is symmetric in its first two indices:
Aﬂpvn = Ap.?n'n - (3)

By contrast, the gyrotropic tensors y,,, and 8, are antisymmetric under A & w. This symmetry
difference highlights the fundamental distinction between MSD and conventional Faraday or
natural optical activity effects [2]. A notable consequence of Eq. (3) is that, in any nonmagnetic
crystal possessing an n-fold rotation axis C, with n= 3,4,6, MSD does not cause additional
rotation of the polarization plane of linearly polarized light propagating along that axis. [2].

Voigt geometry for CdS crystals. CdS crystals of the wurtzite structure belong to the point group
Cs,, with the hexagonal axis taken as the crystallographic z-axis. For studying MSD in such
crystals, it is convenient to use VVoigt geometry, where the magnetic field is applied along z and the
light propagates along y: H'® || z,k || y.

In this configuration, and within the linear approximation (1), the nonzero components of the
dielectric tensor relevant to light propagation can be written as:
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Epy — E},}, = E,,E, T E",
(o)

Exy=—£yx=iE|'Hz ,Eyz=—Ezy=i"|r'k.y, (4)
(o)
€ez = Sz — AH, 'k,
with the following definitions:

E_ = Exx(m)’EII = Ezz [:m)J'E' = E'\cyz (mjl
1|"r = -""ryzy(m)-'ﬂ = szzy (m) (5)

Here, £, and g, are the ordinary and extraordinary components of =

the dielectric tensor at zero magnetic field, while & and y .

characterize, respectively, Faraday rotation and natural optical ]f][ /.(/ Icé |z
y

activity in the chosen geometry. The term proportional to A

represents genuine MSD: it vanishes if either k or H'® is set to )i | z E [
Zero. ’ Y,
Transverse dielectric tensor and MSD of principal axes. For a X

plane wave propagating along k |l v, the relevant (transverse) Fia. 1. Selection of the deometry of
components of the electric field are those perpendicular to k, cryste?lllog;]raphic aXES X yg the di)r/ection
namely E, and E,. It is therefore convenient to introduce the of the external magnetic field H®, and the

transverse dielectric tensor €5, (A, 1 = %, z), defined such that: crystal axis Ce.
t t
[ij:(ex; jﬁ ©
tr tr '
DZ 8ZX 822 EZ
With
E E
& = B — 2, (Ln = x2). (7)

Inserting the components from Eq. (4) intoWEq. (7) yields the following expressions for the
off-diagonal transverse components:

kA= A+ i—y. (8)
Thus, even if the “bare” MSD tensor element A, is small, the effective MSD governing the
transverse response acquires additional contributions from the product of Faraday and natural
optical activity coefficients 8y. For A™ # 0, the directions of the principal axes of Re £, and/or
Im 5, become dependent on the wave vector k; this k-dependence of the principal axes is called
magneto-spatial dispersion of the principal axes [2][7].

Approximations relevant to CdS experiments. We now consider a CdS plate of thickness 1 with its
faces normal to the y-axis, as in typical transmission experiments near the A-exciton resonance.
Following the conditions discussed in the original Russian treatment, we assume that:

r __ tr r
£ — £, — A'H

Im =}; « Resy;, (A=x2), (9)
exp(—2K,l) <« 1, (10)

Eﬁ.’

7 _ XZ

tr
Imeg w

The quantity K, = ,n, = (Re®)Y? s the absorption coefficient and refractive index,

Ny C
respectively, of the “ordinary” mode in the absence of MSD (A* = 0). Condition (10) implies that
multiple internal reflections of the strongly absorbed polarization component can be neglected,
while (11) expresses the smallness of the mixing between the two polarization eigenmodes induced
by MSD.
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Under these assumptions, the complex refractive indices of the two normal modes propagating
along ¥ (denoted by L and Il, predominantly polarized along = and z, respectively) are given by:

2 _ i 2 r tr

L = Exy + F_ [E.t:x_ Ezz:]J

Ilﬁ = Egz - 1:'|||: (EEK - Egz:]’ (12]
where F, , = F(n, ). The electric-field components of the corresponding normal modes are related
by:

- =F, E,E} = —F, EL. (13)

The indices L and |l here refer to normal modes whose dominant polarization is along = and z,
respectively. The small admixtures F, and F, are directly controlled by the MSD parameter

A“H;mky and by the spectral dependence of the difference =, — =%, [2]

Boundary conditions and transmission matrix. Let the incident and transmitted electric fields at the
entrance (v = 0) and exit (v = 1) faces of the plate be denoted by E(—0) and E(1+ 0), respectively.
The transmission matrix t;, (A u = x,z) is defined by:

E,(1+0)) (t, t,)E/(-0)
(Ez(”o)j_[tzx tJ[EZ(—O)j' (14)

In media with spatial dispersion, the usual Maxwell boundary conditions are modified by additional
surface contributions such that energy flux is conserved across the interfaces. Denoting these
corrections by E and H, the boundary conditions at ¥ = 0 can be written as:

E(—0)= E(+0)+E,H(—0) = H(+0) + H. (15)
The y-component of the energy flux inside the medium takes the form: [2]

c {
Sy =4m [(E X H), — A“H‘mkﬂﬁ’xﬁ’z],ku =w/c, (16)

so that continuity of the energy flux at the boundary requires

[[:E X H)} + (E X ﬁ)} + AEH:}:lkDEsz]imarfa{:e = 0. [:1?)
Two simple sets of boundary conditions compatible with Eqg. (17), and commonly used in the
analysis, are:

E=0H =08, =-4a"H"

_ KkoE,. (18a)
E=0H =A"H. "k,E_H, =0. (18b)

Using these boundary conditions together with the dispersion relations (12) and field relations (13),

and applying approximations (9)—(11), one can derive analytic expressions for the transmission

coefficients. In the following, we summarize the resulting formulas relevant for interpreting

MSD-induced transmission in CdS.

Results. Transmission coefficients of the CdS plate. In the limit defined by Egs. (9)-(11), and

neglecting multiple reflections for the strongly absorbed polarization where appropriate, the

off-diagonal transmission coefficients take the form:

For boundary conditions (18a):

ny +mn,
r.rzzrz.r =y laar (19}
n(n, +1)
For boundary conditions (18b):

t.. =t .=—F t_.. (20)

In the same approximation, the diagonal elements are given by:

B 4 n"e"klz 4 n, et 21

tz = (n, +1)% —e**ii(n, — 1)° rhee = (n, + 1)’ (21)
where k, , = n, , k, Because of condition (10), multiple reflections are retained only in t__ (for the

less strongly absorbed mode), while for t.. they are neglected. Importantly, Egs. (19)—(21) imply
that the ratio :x—f is independent of the plate thickness I. This is advantageous experimentally: the

Iz

MSD-induced off-diagonal transmission can be quantified without precise knowledge of I, which is
often difficult to measure accurately for cleaved CdS samples.
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Crossed-polarization transmission and the isotropic point. Suppose a linearly polarized wave is
incident on the CdS plate such that its polarization is aligned either along x or along z. Due to
MSD, the transmitted field will acquire a component orthogonal to the incident polarization.
Denoting the incident field by £, and decomposing the transmitted field into components parallel
(E;) and perpendicular (E,.;) to E,, one finds: For Eyll x: E; |l x, E_; Il z, with amplitude
E, ot For Egllz: E;ll z, E; Il x, with amplitude E,; o t,.. If a polarizer—analyzer pair is
arranged in a crossed configuration (P Il x,A |l z or P || z, A || x), then, in the absence of MSD, the
transmitted intensity vanishes (neglecting residual imperfections). MSD, however, generates a finite
crossed-polarization transmission intensity I, o< |t..|*, which can be resonantly enhanced in
specific spectral regions.
This resonance arises near the isotropic point w,,, defined as the frequency where the real parts of
the transverse dielectric tensor components become equal:

gr —er ~w—w, +il. (22)
Here, I' is the damping rate (half-width) associated with the relevant exciton—polariton resonance
(e.g. the A-exciton). As w — w;,, the denominator in Eq. (11) becomes small, so that the ratio

tr

£
F(w) = —s“ i”su

XX Z=
exhibits a resonant-like enhancement, limited only by the constraints of Eq. (11). Through Egs.
(19)-(21), this leads to a strong peak in |t,.(e)|* and hence in the crossed-polarization
transmission intensity [2][4].
Experimentally, such resonant behavior of the transmission signal in crossed polarizers has indeed
been observed in CdS in the vicinity of exciton resonances, and can be interpreted as direct
evidence of MSD in the principal axes of the dielectric tensor. The width of the resonance in w
provides information on I, while its amplitude yields the magnitude of A™.
Relation to exciton—polaritons and earlier experiments. Within the exciton—polariton model, the
strong dispersion of &, (@) and £__(«) near the A-exciton arises from the coupling of light to the
excitonic resonance, leading to upper and lower polariton branches. In an applied magnetic field,
the exciton levels and their oscillator strengths are modified, resulting in field-dependent changes of
both &;,, («w) and the MSD tensor Aj,,,.,, («).
Magnetically induced spatial dispersion in CdS was first reported through the observation of
magnetic-field-inversion effects on exciton absorption and transmission signals near the ground
state of the B-exciton. In these studies, the transmission component arising only in finite magnetic
field and changing sign upon field reversal was identified as the MSD contribution due to the
AH"k, term
Complementary information on exciton—polaritons in CdS has been obtained from
magneto-Brillouin scattering, where resonant scattering of light by excitonic polaritons is observed
in high magnetic fields. More recent experiments on related 11-VVI semiconductors, e.g. polarization
nutation of exciton—polaritons in bulk (Cd,Zn)Te, explicitly demonstrate the interplay between
Faraday rotation and MSD in the time domain and confirm the importance of MSD near exciton
resonances.
Discussion. The formal structure of the dielectric tensor in Eq. (1) shows that three distinct classes
of effects can contribute to magneto-optical phenomena in nonmagnetic crystals with spatial
dispersion: J
Faraday effect — described by the antisymmetric tensor EAH,,H:;W; it survives at k = 0 and leads to
rotation of the polarization plane for light propagating along the magnetic field direction.
Natural optical activity — governed by the antisymmetric tensor ¥;,, k,; it exists even without
applied field and is associated with spatial dispersion in chiral or gyrotropic crystals.
Magneto-spatial dispersion — characterized by the symmetric fourth-rank tensor 4;,,,,, H:;mk”; it
vanishes if either k= 0 or H'” = 0 and yields nonreciprocal birefringence and dichroism effects
that depend on the relative orientation of % and H'® [2][4][7].
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In CdS with Cg,, symmetry under Voigt geometry, conventional Faraday rotation is suppressed for
propagation along ¥, while MSD remains operative via the term A”H;mk}_. As a result, MSD
manifests itself primarily through a mixing of the two orthogonal linear polarizations and through
the appearance of a cross-polarization component in transmission, rather than as a simple rotation of
the polarization plane [2]. This distinction is important both conceptually and experimentally: it
means that in a geometry where Faraday rotation is minimized, one can selectively probe MSD and
extract its tensor components from polarization-resolved transmission measurements at exciton
resonances.

Extraction of MSD parameters from transmission spectra. The analytic expressions (19)—(21)
provide a route to determine MSD parameters and exciton—polariton characteristics from CdS
transmission spectra: The frequency dependence of the diagonal transmission T, = |t,..|* and
T.. = |t..|” yields information about £, (@), £ (w), and the exciton—polariton dispersion near the
A-exciton [3]. The off-diagonal transmission T, o< |t,_|* = |t_.|*, particularly in crossed polarizer—
analyzer setups, isolates the effect of MSD through the factor F, ; («). Near the isotropic point e,
the lineshape of T, (w) is governed by Eq. (22) and allows one to extract the exciton damping
parameter I'.  The absolute magnitude of T, can be used to estimate the effective MSD constant
A¥(w), which in turn can be related to microscopic parameters in the exciton Hamiltonian (such as
the coefficient of k-linear terms in the B-exciton Hamiltonian) [2] [4]. Such an approach parallels
modern analyses of magneto-optical phenomena in other excitonic and polaritonic systems, where
combination of field-dependent dispersion data and polarization-resolved transmission or reflection
enables quantitative extraction of microscopic magneto-optical couplings.

Conclusions. A phenomenological theory of magneto-spatial dispersion for exciton—polaritons in
CdS crystals subjected to a transverse magnetic field has been presented, with emphasis on the
transmission spectra of a CdS plate in Voigt geometry. Starting from the general expansion of the
dielectric tensor in powers of k and H'® and applying Onsager symmetry, the MSD tensor A;,,,.,

was identified and its effective transverse component A* derived for the relevant geometry.
Under experimentally realistic conditions, analytic formulas for the complex refractive indices of
the normal modes and for the full transmission matrix t;, were obtained. These expressions show

that MSD leads to nonzero off-diagonal transmission coefficients t,. = t_., producing a
cross-polarization component in the transmitted light that is strongly enhanced near the isotropic
point where =5, & £2_. The resonant behavior of the crossed-polarization transmission provides a
sensitive probe of MSD and exciton—polariton damping, and is consistent with earlier experimental
observations of magnetically induced spatial dispersion in CdS.

The theoretical framework presented here can be used to analyze existing and future
magneto-optical measurements on CdS and related semiconductors, enabling quantitative extraction
of MSD constants and exciton—polariton parameters. More broadly, it contributes to the general
understanding of nonreciprocal and chiral optical phenomena in solids where spatial dispersion,
structural asymmetry, and magnetic fields act together to shape the propagation of light.
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CdS/CdTe GETEROQATLAMLI QUYOSH ELEMENTLARIDA FOTOGENERATSIYA
PROFILINING FAZOVIY TAQSIMOTI VA HAIMIY REKOMBINATSIYA
JARAYONLARINI O‘RGANISH
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Annotatsiya: Ushbu ishda CdS/CdTe geterogatlamli quyosh elementlarida fotogeneratsiya profilining
fazoviy taqsimoti va hajmiy rekombinatsiya jarayonlari o ‘rganildi. Natijalar fotogeneratsiya asosan CdTe
qgatlamda sodir bo‘lib, uning maksimumi CdS/CdTe tutashish sohasi yaqinida joylashishini ko ‘rsatdi.
Rekombinatsiya Shockley—Read-Hall mexanizmi orqgali tahlil gilinib, uning darajasi zaryad tashuvchilar
yvashash vaqtiga bog ‘liqligi aniqlandi. Hajmiy rekombinatsiya ortishi quyosh elementining asosiy fotoelektrik
parametrlarini kamaytirishi ko ‘rsatildi. Olingan natijalar CdTe qatlam sifatini yaxshilash qurilma
samaradorligini oshirishda muhimligini tasdiglaydi.

Kalit so'zlar: dS/CdTe quyosh elementi, fotogeneratsiya profili, hajmiy rekombinatsiya, Shockley—
Read-Hall mexanizmi, zaryad tashuvchilar yashash vaqti, fotoelektrik xossalar, CdTe gatlam, geterogatlam.

Abstract: This study investigates the spatial distribution of photogeneration and bulk recombination in
CdS/CdTe heterojunction solar cells. The results show that photogeneration mainly occurs in the CdTe
layer, with a maximum near the CdS/CdTe junction. Bulk recombination is analyzed using the Shockley—
Read-Hall mechanism, revealing its strong dependence on carrier lifetime. Increased recombination
significantly degrades key photoelectric parameters. The findings highlight the importance of improving
CdTe layer quality to enhance solar cell performance.

Keywords: CdS/CdTe solar cells, photogeneration profile, bulk recombination, Shockley—Read-Hall
mechanism, carrier lifetime, photoelectric properties, CdTe layer, heterojunction.

Annomayusa: B pabome uccredosanvl npocmpancmeennoe pacnpeodenenue omozsenepayuu U
obvemHas pexombunayus 6 coaneynvix onemenmax CdS/CdTe. Ilokazano, umo ¢homocenepayus
npoucxooum npeumywecmeenno 6 ciroe CdTe u docmuecaem maxcumyma 6onausu nepexooa CdS/CdTe.
PeKOM6uHal4u}Z npoaHaiuupoeaHa 6 pamrkax mexanusmda Hloxkmu—Puoa—Xoana u 3asucum om epemeHu
HCU3HU Hocumesell. yCH’lCZHO@/Z@HO, umo yeeauderue peKOM6uHal4uu yxyémaem OCHOBHblE
gomosnexmpuueckue napamempwl. Pe3yibmamvl nOOYEPKUBAIOM BAXHCHOCMb YIYYUICHUS KAYeCMBAd Cl0s
CdTe 0ns nogvluienus 3¢ ghexmugrocmu ycmpouicmaa.

Knrouesvie cnoea: conneunvie snemenmor  CdS/CdTe, npoguns omoeenepayuu, obvemuas
pexomounayusi, mexanusm Lllokau—Puda—Xoana, epems oicusHu HOcumeneu, @GOmoIneKmpuiecKue
ceoticmea, croti CdTe, cemeponepexoo.

CdS/CdTe geterogatlamli quyosh elementlarida fotogeneratsiya jarayonining fazoviy
tagsimoti muhim fizik omillardan biri hisoblanadi. Ushbu ishda fotogeneratsiya profilining
tagsimoti sxematik va grafik tahlil asosida o‘rganildi (1-Rasm). Sxematik tasvirda CdS oynavand
gatlam, CdTe asosiy yutuvchi qatlam va CdS/CdTe tutashish sohasi ko‘rsatilgan bo‘lib, tushayotgan
yorug‘lik oqimining asosiy qismi CdTe qatlamda yutilishi natijasida zaryad tashuvchilar hosil
bo‘lishi tasvirlangan.

Tahlil natijalari shuni ko‘rsatadiki, CdS qatlami nisbatan yupqa bo‘lib, uning asosiy vazifasi
yorug‘likni minimal optik yo‘qotishlar bilan CdTe qatlamga uzatishdan iborat.
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1-Rasm. CdS/CdTe quyosh elementida fotogeneratsiya profilining tagsimoti: shuni  ko‘rsatadiki, CdS
(a) CdS oynavand gatlami va CdTe asosiy faol gatlamida yorug‘lik yutilishi gatlam hududida  G(x)
hamda fotogeneratsiyalangan zaryad tashuvchilar hosil bo‘lishining sxematik qiymati juda kichik bo‘lib,
tasviri, (b) fotogeneratsiya tezligi G(x) ning koordinata bo‘yicha o‘zgarishi. tutashish sohasi  yaginida

keskin ortadi va CdTe qatlam chuqurligi bo‘yicha eksponensial ravishda kamayadi. Bu holat
yorug‘lik intensivligining material ichida so‘nishi bilan bog‘liq bo‘lib, fotogeneratsiya quyidagi
eksponensial qgonuniyatga bo‘ysunadi:

G(x) = Gye ™™
bu yerda Go - sirtga yaqgin maksimal fotogeneratsiya tezligi, a - yutilish koeffitsiyenti, x - chuqurlik
koordinatasi.
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cds/CdTe quyosh 2-Rasm. CdS/CdTe quyosh elementida hajmiy rekombinatsiya jarayonining

. . sxematik va grafik tasviri: (a) CdTe gatlam hajmida kristall nugsonlar, donalar
elementlarida fotogeneratsw_a chegaralari, aralashmalar va tutgich sathlari bilan bog‘lig Shockley—Read—-Hall
asosan CdTe gatlamda sodir rekombinatsiyasi, (b) rekombinatsiya tezligi RSRH (x) ning koordinata bo‘yicha
bolib, uning maksimumi tagsimoti va zaryad tashuvchilar yashash vaqtining ushbu jarayonga ta’siri.
tutashish sohasi yaqinida joylashadi va chuqurlik bo‘yicha eksponensial kamayadi. Bu natija
yorug‘lik yutilishi va zaryad tashuvchilar hosil bo‘lishining fazoviy xususiyatlarini tushuntirishda
muhim ahamiyatga ega hamda qurilmaning samarali ishlash mexanizmini asoslaydi.
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CdS/CdTe geterogatlamli  quyosh elementlarida hajmiy  rekombinatsiya ichki
yo‘qgotishlarning asosiy mexanizmlaridan biri hisoblanadi. Ushbu ishda hajmiy rekombinatsiya
jarayonining fizik mazmuni hamda uning qurilma parametrlariga ta’siri sxematik va grafik tahlil
asosida o‘rganildi (2-Rasm). Sxematik tasvirda CdTe gatlam hajmida hosil bo‘lgan zaryad
tashuvchilarning kristall nugsonlar, donalar chegaralari, aralashmalar va tutgich sathlari orgali
rekombinatsiyaga uchrashi ko‘rsatilgan.

Tahlil natijalari shuni ko‘rsatadiki, quyosh nurlanishi ta’sirida elektron—kovak juftliklari
asosan CdTe yutuvchi gatlamda hosil bo‘ladi. Birog ushbu tashuvchilarning muhim gismi foydali
fototok hosil gilishdan oldin hajm ichida rekombinatsiyaga uchraydi. Mazkur jarayon, aynigsa,
polikristall CdTe gatlamlar uchun xos bo‘lib, unda donalar chegaralari va nugsonlar zichligi yuqori
bo‘lishi sababli rekombinatsiya markazlari ko‘p bo‘ladi. Ushbu rekombinatsiya asosan Shockley—
Read—Hall (SRH) mexanizmi orgali amalga oshadi va fotoaktiv gatlam sifatiga bevosita bog‘liq
bo‘ladi.

Rekombinatsiya tezligining fazoviy tagsimoti Rsrn (X) orqgali tavsiflanadi. Grafik natijalar
shuni ko‘rsatadiki, CdS qatlam hududida rekombinatsiya juda kichik bo‘lib, CdS/CdTe tutashish
sohasidan keyin keskin ortadi va CdTe gatlam chuqurligi bo‘yicha asta-sekin kamayadi. Bu holat
fotogeneratsiyaning aynan CdTe qatlamda kuchli sodir bo‘lishi bilan izohlanadi. Fotogeneratsiya
yuqori bo‘lgan hududlarda rekombinatsiya ehtimoli ham yuqori bo‘ladi, shu sababli maksimal
rekombinatsiya tezligi tutashish sohasi yaginida kuzatiladi.

Shockley—Read—-Hall rekombinatsiyasi quyidagi ifoda bilan tavsiflanadi:

P . np — ]‘1:-:
SRH T,u (”’ + H’l:] + Ty (P + pl)

Bu yerda: t7,, 7,-yashash vaqgti, m;, p;- nuqson darajasiga bog‘liq kattaliklar. Tahlil shuni

ko‘rsatadiki, tashuvchilarning yashash vaqti kamaygan sari rekombinatsiya tezligi ortadi. Grafikda
ham bu qonuniyat yaqqol ko‘rinadi: kichik t qiymatlarida rekombinatsiya yuqori, katta t
giymatlarida esa past bo‘ladi. Hajmiy rekombinatsiyaning ortishi quyosh elementining asosiy
fotoelektrik parametrlariga salbiy ta’sir ko‘rsatadi. Xususan, foydali zaryad tashuvchilar sonining
kamayishi natijasida qisqa tutashuv toki zichligi Jsc kamayadi, ochiq zanjir kuchlanishi Vo
pasayadi, to‘ldirish koeffitsiyenti (FF) yomonlashadi va umumiy samaradorlik n kamayadi. Demak,
hajmiy rekombinatsiya qurilma samaradorligini cheklovchi muhim ichki omillardan biri
hisoblanadi.

Natijalar shuni ko‘rsatadiki, CdS/CdTe quyosh elementlarida hajmiy rekombinatsiya asosan
CdTe qatlamda sodir bo‘ladi va uning darajasi zaryad tashuvchilarning yashash vaqti hamda
materialning strukturaviy sifatiga kuchli bog‘ligdir. Shu sababli CdTe qatlamning kristall sifatini
yaxshilash, nugsonlar zichligini kamaytirish va tashuvchilar yashash vaqtini oshirish yuqori
samaradorlikka erishishning muhim sharti hisoblanadi.
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Annotatsiya: Ushbu maqolada granullangan azot - fosforli o‘g‘it ishlab chigarish jarayonida
material ogimini bargarorlashtirish masalalari tadgiq etilgan. Jarayonda xom ashyo va vyarim
mahsulotlarning uzluksiz va bir maromda harakatlanishi mahsulot sifati va ishlab chigarish
samaradorligiga bevosita ta’sir ko ‘rsatadi. Tadgiqot doirasida material ogimiga ta’sir etuvchi omillar -
granulalar o ‘Ichami, namlik, vibratsiya va mexanik ta’sirlar o ‘rganildi. Olingan natijalarga ko ‘ra, material
oqimini boshqarishning optimal usullari ishlab chiqildi hamda texnologik jarayon barqarorligini ta’minlash
imkoniyatlari asoslandi.

Tayanch so“zlar: granullangan o ‘g it, azot-fosforli o ‘g ‘it, material ogimi, bargarorlashtirish,
granulyatsiya, vibratsiya, namlik, texnologik jarayon, dozalash, energiya samaradorligi.

Armomauuﬂ: B oannou cmamove pacemampuearomcst 60npocvl cma6uﬂu3ab;uu mamepuailbHoco
NOMOKAa 8 npoyecce NPou3B00CMEA ZPAHYIUPOSAHHBIX A30MHO-ochopubix yoobpenull. Henpepvignoe u
PABHOMEPHOE OBUIICEHUE CbIPbSL U NOLYPAOPUKAMOE 68 RPoYecce HANPAMYIO 6lUsem HA Kauecmeo npooyKyuu
u sgpgpexkmusnocmo npouszeoocmea. B pamxax ucciedoearnust ObLiu uzyyeHvl Gaxkmopwl, GiUAIOUUE HA
Mamepuaﬂbnbzﬁ NnOmok. zpanyﬂomempuueCKuﬁ cocmaes,  61AAHCHOCHIb, 61/16]?611/;1/!}1 u mexaHudeckKue
so30eticmeusi. 1lo noayuenuvim pe3yromamam ObLiU paspabdoOmMansl ONMUMALbHbIE MemOoObl KOHMPOJs
nomoka mamepuaia u 000CHOBAHBL BO3MOICHOCMU 0OecneyeHus CcmabulbHOCMU MEXHOI02UYECKO20
npoyecca.

Knrouegwie cnosa: epanyiuposannoe yooopenue, azomuo-ghocghoproe yooopenue, nNomoxk mamepuaid,
cma6uﬂu3auuﬂ, cpanyauposanue, 6u6pab;uﬂ, BIIAJICHOCMb, MEXHOI02UUECKULL npoyecc, 003up06aHue,
9HEpP203phekmueHoCmb.

Abstract: This article studies the issues of stabilizing the material flow in the production process of
granular nitrogen-phosphorus fertilizers. The continuous and uniform movement of raw materials and semi-
finished products in the process directly affects the quality of the product and production efficiency. The
factors affecting the material flow - granule size, humidity, vibration and mechanical effects - were studied
within the framework of the study. According to the results obtained, optimal methods for controlling the
flow of material were developed and possibilities for ensuring the stability of the technological process were
substantiated.

Keywords: granular fertilizer, nitrogen-phosphorus fertilizer, material flow, stabilization, granulation,
vibration, humidity, technological process, dosing, energy efficiency.

Kirish. Prezidentimiz Shavkat Mirziyoev 2025 yil 3 dekabr kuni kimyo sanoatini
rivojlantirish rejalari tagdimoti bilan tanishib, fosforli o‘g‘itlarning yetarli zaxirasini tayyorlash,
o‘g‘it ishlab chiqaruvchilarga yetarli miqdorda sulfat kislotasini yetkazib berish vazifasi qo‘yildi.
Ta’kidlanganidek, kimyo sanoatini jadal rivojlantirish va ragamlashtirish bo‘yicha aniq strategiya
qabul qilingan. 2030 yilgacha tarmoq hajmini kamida ikki barobarga oshirish, mineral o‘g‘itlar
ishlab chiqarishni 1,5 barobarga ko‘paytirish va eksport hajmini 1 milliard dollarga yetkazish
rejalashtirilgan. Taqdimotda kimyo sanoatidagi yirik korxonalarda ba’zi ishlab chiqarish
quvvatlarining eskirgani ogibatida energiya xarajatlarining yuqoriligi va raqobatbardoshlik pastligi
ko‘rsatib o‘tildi. Masalan, azotli o‘g‘itlar tannarxining 55 foizgacha qismi energiya xarajatlariga
to‘g‘ri kelmoqda. Sohada energiya tejamkor texnologiyalarni joriy qilish va raqamlashtirish orqali
xarajatlarni keskin gisqartirish zarurligi ko‘rsatib o‘tildi [1].

Qishloq xo‘jaligida yuqori hosildorlikka erishishda mineral o‘g‘itlar, ayniqsa azot va fosforli
o‘g‘itlar muhim ahamiyat kasb etadi. Granullangan azot—fosforli o‘g‘itlar o‘simliklar tomonidan
yaxshi o‘zlashtirilishi va tashish hamda saglashda qulayligi bilan ajralib turadi. Granulyatsiya
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MEXAHHKA

jarayonida materiallarning fizik va mexanik xususiyatlari, shuningdek, ularning harakatlanish
dinamikasi katta ahamiyatga ega. Material oqimining notekisligi, uzilishlari yoki to‘planishi ishlab
chigarish jarayoni samaradorligini pasaytiradi. Shu sababli material ogimini bargarorlashtirish
masalasi zamonaviy kimyoviy texnologiyaning dolzarb vazifalaridan biri hisoblanadi [1,2,3].
Dolzarblik. Sanoatda granullangan o‘g‘it ishlab chigarish jarayonlarida materiallarning bargaror
harakatlanmasligi ko‘plab muammolarni keltirib chiqaradi:

o granulalar o‘lchamining bir xil emasligi;

o texnologik rejimning buzilishi;

e energiya sarfining ortishi;

o mahsulot sifati pasayishi.
Aynigsa, yuqori namlikli yoki yopishgoq materiallar bilan ishlashda ogimni bargarorlashtirish
murakkab vazifa hisoblanadi. Shu bois material ogimini samarali boshqgarish va bargarorlashtirish
usullarini ishlab chiqish dolzarb ilmiy va amaliy ahamiyatga ega.
Masalaning qo‘yilishi. Tadgigotning asosiy magsadi - granullangan azot - fosforli o‘g‘it ishlab
chigarish jarayonida material ogimini bargarorlashtirishning samarali usullarini aniglash va
asoslash.
Quyidagi vazifalar belgilandi:

e material oqimiga ta’sir etuvchi asosiy omillarni aniqlash;

e granulyatsiya jarayonida ogim bargarorligini baholash;

o vibratsion va mexanik ta’sirlarni o‘rganish;

o optimal ish rejimlarini ishlab chigish.
Tadgiqgot obyektlari va usullari. Masalani hal etish uchun kompleks yondashuv qo‘llanildi. Unda:

1. Mexanik usullar - materialni harakatlantiruvchi qurilmalarni takomillashtirish;

2. Vibratsion usullar - titratgich qurilmalar yordamida ogimni bargarorlashtirish;

3. Texnologik usullar - namlik va granula o‘lchamini nazorat qilish;

4. Modellashtirish - material harakatini matematik ifodalash.

5. Ishlab chigarish usuli - ammoniy sulfat eritmasi ishtirokida granullangan ammiakli

selitrani Toshkura fosfat jinsi bilan changdan tozalash.

Material oqimini tavsiflovchi asosiy ko‘rsatkichlar:

e 0gim tezligi (v);

e massa sarfi (G); zichlik (p).
Ular o‘rtasidagi bog‘liglik quyidagicha ifodalanadi:

G=pvS 1)

bu yerda S — kesim yuzasi.
Azot-fosforli o°g‘it qishloq xo‘jaligi uchun TSh 6.1-00203849-111:2007 talablariga muvofiq ishlab
chiqariladi. Fizik-kimyoviy xossalari bo'yicha azot-fosforli o'g'it 1-jadvalda ko'rsatilgan
standartlarga javob berishi kerak [4].
Fizik-kimyoviy xossalari bo'yicha azot-fosforli o'g'it 1-jadvalda ko'rsatilgan standartlarga javob
berishi kerak

1-jadval
t/r Ko'rsatkich nomi A sinf uchun
standart
1 | Qurug moddadagi azot sifatida hisoblangan nitrat va ammoniy azotning 22-28
massa ulushi, %
2 | Quruq moddada P205 sifatida hisoblangan fosfatlarning massa ulushi, % 1-6
3 | Suvning massa ulushi, % 3 dan ortig emas
4 | 10% eritmaning vodorod indeksi (pH) 5 dan kam emas
5 | Granulometrik tarkibi:
- granulalarning massa ulushi 1 dan 6 mm gacha, % 95 dan kam emas
- granulalarning massa ulushi 1 mm dan kam, % 5 dan ortiq emas
6 | Granulalarning statik kuchi, N/granula (g/granula) kamida 7 (700)
7 | Yengillik, % 100 dan kam emas
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Kimyo va fizik-kimyoviy ishlab chigarish tamoyillari. Ishlab chigilayotgan texnologiyaning
magsadi tashqi ta’sirlarga chidamli, portlash xavfi kamroq, agrokimyoviy samaradorligi yugori,
savdo xossalari yaxshi, fosforning hazm bo‘ladigan shakllarini o‘z ichiga olgan barqarorlashgan
ammiakli selitra asosidagi o‘g‘it olishning tejamkor usuli va texnologiyasini ishlab chiqishdan
iborat.

Stabillashgan ammiakli selitra yoki azot-fosforli o'g'it tayyor ammiakli selitra granulalarini
yuqori karbonatli fosfat jinsi bilan changlatish orgali ishlab chigariladi. Changni tozalash jarayoni
ammoniy sulfat (yoki ammoniy sulfat nitrat yoki ammoniy fosfatlar) eritmasi ishtirokida azot-
fosforli o'g'itlar og'irligining 6% (quruq moddaga garab) nisbatida amalga oshiriladi. Granulalarni
changdan tozalash uchun ishlatiladigan yuqgori karbonatli fosfat jinsi miqdori azot-fosforli o'g'itlar
og'irligining 20-25% ni tashkil giladi [4,5].

Ammiakli selitra donachalarining yuzasi ammoniy tuzlarining to‘yingan eritmasi bilan ishlov
berilganda, eritma granulalarning mikrog‘ovakchalarini (mikroyoriqlarini) to‘ldiradi va ularning
yuzasiga chang moddani — yuqori karbonatli fosfat jinsini mustahkam bog‘laydi. Bu stabillashgan
ammiakli selitra granulalari yuzasida himoya qatlamini hosil qiladi. Kukunlash jarayonida
bog'lovchi vosita granulalar yuzasida yugori karbonatli fosfat jinsining tarkibiy qismlari bilan o'zaro
ta'sir giladi. Masalan, ammoniy sulfat (yoki ammoniy sulfat-nitrat) go'shimchalar bilan kaltsiy sulfat
va kaltsiy fosfatlarini, ammoniy fosfatlar esa kaltsiy fosfatlarini hosil giladi, ular granulalar yuzasini
yupga gatlam bilan goplaydi, ya'ni himoya gatlami kamrog tuzlar bilan hosil bo'ladi. Ammoniy
nitratning gigroskopik tuzlarini va granulalarning kaltsiyini tashqi muhitdan ajratib turadi. Olingan
granulalar yuzasini bog'lovchi vosita - ammoniy tuzlarining to'yingan eritmasi va changni tozalash
vositasi - yuqgori karbonatli fosfatli tosh uni bilan keyingi ishlov berish himoya gatlamining
galinligini oshiradi. Stabillashtirilgan granulalar yuzasida tez eriydigan, gigroskopik tuzlar -
ammoniy va Kkaltsiy nitratlar yo'gligi sababli, hosil bo'lgan mahsulot uzog muddatli saglash va
namlikning oshishi bilan tortilmaydi.

Ammiakli selitra granulalarini changdan tozalash uchun azot-fosforli o'g'it olish jarayonida
standart silliglashning yuqori karbonatli fosfat jinsi Toshkura TSh 81-31:2008 go'llaniladi - Ne0,16
elakdagi qoldiq 30% dan ko'p bo'lmagan maxsus ishlov berish bilan 1% dan oshmaydi, majburiy
shart.

Olingan mahsulot barcha turdagi tuproglarda samarali bo'ladi. Qo'llashdan keyin fosfat
minerali ammiakli selitra bilan faollashadi. Yugori karbonatli fosfat jinsidagi fosfor va kaltsiyning
deyarli barchasi hazm bo'ladigan shakllarga aylanadi va murakkab azot-fosfor-kaltsiy o'g'itini hosil
giladi. Shu tarzda gayta ishlangan azot-fosforli o'g'itning granulalari uzoq muddatli saglash vagtida
bargaror bo'lib goladi [5].

Azot-fosforli o'g'it gigroskopik emas, barcha gishlog xo'jaligi ekinlari uchun samarali
kompleks o'g'itdir.

Tadgigot uslublari. Tadgigotda quyidagi uslublardan foydalanildi:

« eksperimental tahlil,

« laboratoriya modellari;

« matematik modellashtirish;

o statistik gayta ishlash;

e vizual kuzatish va o‘lchashlar.

Tajribalarda granulalar o‘lchami, namlik darajasi va vibratsiya parametrlari o‘zgartirilib,
ularning oqimga ta’siri o‘rganildi.

Olingan natijalar va muhokama. Azot-fosfatli o‘g‘it ishlab chiqgarish oqimining tavsifi.
Azot-fosforli o'g'itlarni ishlab chigarish jarayoni quyidagi bosgichlardan iborat:

- tosh fosfatni gabul gilish, tashish va saqglash;

- ammoniy sulfatning to'yingan eritmasini tayyorlash;

- ammiakli selitra granulalarini kukunlash va azot-fosforli o'g'itni quritish;

- granullangan azot-fosforli o'g'itlarning tasnifi;

- chang va gaz chigindilarini tozalash.

Fosfat jinslarini gabul gilish, tashish va saglash. Shamollatish moslamasi bilan jihozlangan
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pnevmatik rezervuarlardan yoki goplangan temir yo'l vagonlaridan chang fosfat jinsini tushirish X-3
pnevmatik tushirish moslamasi yordamida amalga oshiriladi.

Pnevmatik yuk tushirish moslamasi. X-3 qabul gilish moslamasi, cho'ktirish kamerasi,
vakuum nasosi va elektr jihozlaridan iborat. Cho'kma kamerasi va vakuum nasosi tushirish
platformasida doimiy ravishda o'rnatiladi, gabul gilish moslamasi esa dvigatel tomonidan
boshqgariladigan o'ziyurar agregat bo'lib, tushirish vagtida vagonga kiradi. Qabul gilish moslamasi
cho'ktiruvchi kameraga rezina mato gilzasi orgali ulanadi. Vakuum nasosi pos. H-4 pnevmatik
tushirgichda vakuum yaratish uchun ishlatiladi. Keyin fosfat jinsi kukuni quritilgan texnologik havo
yordamida cho'ktiruvchi kameradan chigariladi, u 0,17 MPa (PI1-1) bosim ostida silos posasidan
quvur liniyasi tizimi orgali pnevmatik tushirgichga kiradi. X-1. [4,5].

Siloslar vertikal silindrsimon beton konstruktsiyalar bo'lib, pastki konussimon va 500 tonna
sig'imga ega.

Siloslar tubidagi fosfat jinsining sigilishiga yo'l qo'ymaslik uchun quruq texnologik havo 0,25
MPa bosim ostida silos tubiga o'rnatilgan havo ventilyatori orgali beriladi. Bosim PIR-9 qurilmasi
tomonidan nazorat gilinadi. LAHL-1 qurilmasi boshgaruv panelidagi siloslardagi maksimal va
minimal darajalarni signallash uchun ishlatiladi.

Fosfat jinsi kukunini tashish uchun ishlatiladigan havo qop filtrida (F-2-modda) fosfat jinsi
changidan tozalanadi, silosga o'rnatiladi va keyin filtr orgali atmosferaga chigariladi (B-1-modda).

Silosdan olingan fosfat tosh kukuni (X-1-modda) aylanma oziglantiruvchi (X-2-modda) va
bunker (E-2-modda) orgali pnevmatik ko'targichning gabul gilish kamerasiga (PT-2-modda) kiradi.

E-2 bunkeri tekis qopgogli va konusning pastki gismga ega vertikal po'latdan yasalgan
idishdir. Hopper gopgog'ida havo o'tkazgich uchun ulanish mavjud. LAHL-2 qurilmasi boshgaruv
panelidagi bunkerlardagi maksimal va minimal darajalarni signallash uchun ishlatiladi [4,5,6].

PT-2 pnevmatik ko'targichning lifti rom, konsolli bosimli shnek, gabul gilish va aralashtirish
kameralari, nazorat klapan va dvigateldan iborat. Pnevmatik elevator quyidagicha ishlaydi: gabul
gilish kamerasiga kiradigan fosfat kukuni bosimli shnek tomonidan aralashtirish kamerasiga
tashiladi, u erda havo tubi orqgali etkazib beriladigan texnologik havo bilan intensiv ravishda
gazlanadi. Kuvur orgali etkazib beriladigan quritilgan texnologik havodan foydalanib, gazlangan
fosfat kukuni konveyer quvuri orgali fosfat kukunini gabul gilish idishiga (E-4-modda) tashiladi.

Fosfat jinsini tashishda hosil bo'lgan havo F-4 qop filtrida fosfat jinsi changidan tozalanadi, E-
4 gabul giluvchi bunkerning yugori gismiga o'rnatiladi va keyin B-4 ventilyatori orgali atmosferaga
chigariladi.

Fosfat jinsi BG-13 granulyator barabaniga X-4 havo blokirovkasi orgali oziglanadi.

X-33 suyuglangan gatlamning birinchi qismidagi ammiakli selitra PT-13 konveyer
mexanizmiga truba orqali kiradi va keyin EL-13 elevatori orgali E-13 gabul giluvchi bunkeriga
beriladi. E-13 bunkeridan X-13 havo blokirovkasi orgali oziglantiruvchi BG-13 granulyator
barabaniga tushirish liniyasi orgali kiradi.

Ammoniy sulfat zavodga avtomashinalarda qoplarda keltiriladi. Elektr ko'targich ammoniy
sulfatni platformaga ko'taradi.

45% ammoniy sulfat eritmasini olish uchun P-10 reaktoriga kerakli migdorda suv qo'shiladi,
LIAHL-10 darajali o'lchagich nazorat panelida minimal va maksimal signallarga ega.

Ammoniy sulfatni to‘liq eritib yuborish uchun reaktorga havo pufakchalari quyiladi (P-10-
modda), 70-85°C doimiy haroratni saqlab turish uchun bug‘lashga beriladi. Reaktor harorati
TIAHL-10 asbobi yordamida nazorat gilinadi. 45% ammoniy sulfat eritmasi ammoniy sulfat
idishiga (E-11-modda) markazdan qochma nasos yordamida beriladi (H-10/1.2). Kristalli
yog'ingarchilikni oldini olish uchun ammoniy sulfat eritmasini pufaklash uchun unga havo beriladi
(E-11-modda). Idishdagi doimiy haroratni saglab turish uchun (E-11-modda) bug'lahga beriladi.

SA reaktordagi daraja (E-11-modda) TIAHL-11 qurilmasi yordamida nazorat gilinadi. H-
11/1.2 santrifiij nasosi yordamida ammoniy sulfat nozullar orqali ammoniy nitrat gabul qilish
idishining tushirish liniyasiga beriladi (E-13-band). Ammoniy sulfat iste'moli FI-11 ogim o'Ichagich
yordamida nazorat gilinadi.

Azot-fosforli o'g'it ishlab chigarish uchun granulyatsiyalangan nitrat va fosfat xom
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ashyosining hisoblangan nisbati barabanli granulyatorga yuklanadi (BG-13-modda).

Zavoddan 45-50° S haroratda granulyatsiyalangan ammiakli selitra konveyer mexanizmidan
(PT-13-modda) lift (EL-13-modda) orgali ozig-ovgat qutisiga (E-13-modda) va tortish moslamasiga
(X-13-modda) beriladi. Keyin u granulyator barabaniga (BG-13-modda) tushirish quvur liniyasi
orgali kiradi.

Ammiakli selitrali granulalarni changdan tozalash prinsipi shundan iboratki, granulyator
barabani aylanayotganda ammiakli selitra granulalarining yuzasi bir vaqgtning o'zida ammoniy
sulfatning bog'lovchi eritmasi bilan ishlanadi va fosfat jinsi bilan changlanadi [4,5,6].

Donador ammiakli selitra, fosfat uni va ammoniy sulfat eritmasini granulator tamburiga
kiritishda eng muhim nugta komponentlarning gat'iy belgilangan vazn nisbatini bargaror saglashdir.
Keyinchalik, granullangan nam 6,0-6,5% azot-fosforli 0'g'it vintli konveyer (PT-5) orqgali barabanli
quritgichga (BS-14-modda) beriladi. Azot-fosforli 0'g'it granulalarini quritish 140-150 © S haroratda
quritgich (B-14-modda) yordamida bug ‘isitgichida (T-14-modda) hosil bo'lgan issiq havo bilan
amalga oshiriladi va TIRAHL-14 qurilmasi tomonidan boshgariladi. Azot-fosforli o'g'itning harorati
70-80 ° S dan oshmasligi kerak. Egzoz gazining harorati 85 ° S ni tashkil giladi va TI-15 qurilmasi
tomonidan boshgariladi.

Nam kukunli granulalar quriganida, namlik bug'lanadi. Azot-fosforli o'g'itlar granulalarini
quritish jarayonida namlik granulalar yuzasidan nisbatan tez bug'lanadi va granulalarning ichki
gatlamlaridan sirtga asta-sekin o'tadi.

Quritilgan azot-fosforli o'g'it PT-6 vintli konveyer orqgali EL-14 liftiga yuboriladi va keyin H-
14 ikki ekranli tasniflagichlarga yuboriladi. Quritilgan azot-fosforli o'g'itning granulalari kattaligi 1
mm dan kam va 6 mm dan ortiq bo'Imagan qo'pol ulushi ekrandan o'tib, PT-3 vintli konveyer orqali
BG-13 granulator barabaniga kiradi.

Donacha kattaligi 1-6 mm bo‘lgan azot-fosforli o‘g‘itning tovar ulushi ikkinchi elakdan
konveyer mexanizmi (PT-14-modda) orqali tayyor mahsulotni gabul gilish qutisiga (E-14-modda)
o‘tkaziladi. Tayyor mahsulot qutisidan azot-fosforli 0'g'it yarim avtomatik gadoglash mashinasiga
(U-1-modda) beriladi. Yarim avtomatik qadoglash mashinasidan foydalanib, u 50 + 1 kg qoplarga
gadoglanadi va keyin iste'molchilarga jo'natiladi yoki tayyor azot-fosforli o'g'itlar omboriga
yuboriladi.

Barabanli quritgichdan (pos. BS-14) chang bilan to'ldirilgan havo nam tozalash uchun
skrubberga (poz. C-15) yuboriladi, yutuvchi suyuqglik kollektoridan (poz. E-15) suv bilan
sug'oriladi, so'ngra dumli ventilyator (pos. B-15) orgali purkagich (X-15) orgali chigariladi.
Sanitariya me'yorlari bo'yicha tozalangan havo atmosferaga filtr orqgali chigariladi. Skrubberda
sug'orish sirkulyatsiya pompasi (pos. H-15 / 1.2) tomonidan yopiq konturda amalga oshiriladi.
Absorbsion suyuglikning zichligi oshishi bilan uning bir gismi markazdan gochma nasos (pos. H-
15/1,2) tomonidan Karbamid zavodining NDF ga yo'naltiriladi. Skrubber tizimidagi daraja suv
ta'minoti orgali saglanadi [4,5,6,7]. .

Tadqiqot natijalari quyidagilarni ko‘rsatdi:

1. Material namligi ortishi ogqim barqgarorligini pasaytiradi.
2. Granula o‘lchami bir xil bo‘lganda oqim barqarorligi oshadi.
3. Vibratsiya ta’sirida materiallar erkin harakatlanadi va to‘planish kamayadi.
4. Optimal chastota va amplitudada titratgich qurilma eng yaxshi natija beradi.
Muhokama jarayonida aniglandiki:
« material ogimi barqarorligi texnologik jarayon samaradorligini 15-25% gacha oshiradi;
o energiya sarfi 10-15% gacha kamayadi;
e mahsulot sifati yaxshilanadi.
Xulosa va takliflar. Tadgigot natijalari asosida quyidagi xulosalarga kelindi:
1. Material oqimini barqarorlashtirish granullangan o‘g*‘it ishlab chiqarish samaradorligini
oshiradi.
2. Vibratsion qurilmalar ogimni boshgarishda samarali vosita hisoblanadi.
3. Namlik va granula o‘Ichamini nazorat qilish muhim omildir.
Takliflar:
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« ishlab chigarishda titratgich va avtomatik dozatorlardan foydalanish;
« granulyatsiya jarayonini optimallashtirish;

o namlikni nazorat giluvchi tizimlarni joriy etish;

e energiya tejamkor texnologiyalarni qo‘llash.
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SUPERFOSFATNI BARABANLI APPARATDA QURITISHDA HARORAT REJIMINI
OPTIMALLASHTIRISH
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(Qabul gilindi 18.03.2026 y.)

Annotatsiya. Ushbu magolada superfosfatni barabanli quritgichda quritish jarayonida quritish
agenti haroratining yakuniy namlik, bug ‘langan namlik migdori, aerodinamik qarshilik va umumiy issiqlik
sarfiga ta’siri tahlil gilingan. Tadgiqotda harorat rejimi 100, 120 va 140 °C giymatlarda, gaz tezligi 5—20
m/s, ish unumdorligi 0,09-0,1 kg/s va nasadkalar soni 24, 30 hamda 36 dona bo ‘Igan sharoitlarda ko ‘rib
chigilgan. Tadgiqot natijalariga ko ‘ra haroratning 100 °C dan 140 °C gacha oshirilishi superfosfat
tarkibidagi yakuniy namlikni sezilarli darajada kamaytirgan va bug ‘langan namlik miqdorini oshirgan.
Masalan, G = 0,09 kg/s, v = 20 m/s va 36 dona nasadka sharoitida harorat 100 °C dan 140 °C gacha
oshirilganda W- giymati 4,7 % dan 2,9 % gacha pasayishi kuzatilgan. Birog haroratning oshishi umumiy
issiqlik sarfini ham ko ‘paytiradi. Shu sababli 120—140 °C harorat oraligi quritish samaradorligi va
energiya sarfi o ‘rtasidagi maqbul rejim sifatida baholangan.

Kalit so“zlar. superfosfat, barabanli quritgich, harorat rejimi, quritish samaradorligi, yakuniy
namlik, bug ‘langan namlik, aerodinamik qarshilik, issiqlik sarfi.

Kirish.

Superfosfat mineral o‘g‘itlar ishlab chiqarishda keng qo‘llaniladigan mahsulotlardan biri
bo‘lib, uning sifat ko‘rsatkichlari tarkibidagi namlik miqdoriga bevosita bog‘liq. Quritish jarayoni
yetarli darajada amalga oshirilmasa, tayyor mahsulot tarkibida ortigcha namlik saglanib goladi. Bu
esa granulalarning yopishishi, saglash davrida qgotib qolishi, tashishda texnologik noqulayliklar va
sifat pasayishiga olib keladi. Shuning uchun superfosfatni quritishda optimal harorat rejimini
tanlash muhim texnologik vazifa hisoblanadi.

Barabanli quritgichlarda quritish agenti harorati jarayonning eng ta’sirchan omillaridan
biridir. Harorat oshishi bilan material va gaz oqimi o‘rtasidagi issiqlik almashinuvi kuchayadi,
namlikning bug‘lanish tezligi ortadi va mahsulotning yakuniy namligi kamayadi [1-3]. Lekin
haroratni haddan tashgari oshirish energiya sarfining ko‘payishiga, quritgich devorlarida issiglik
yo‘qotishlarining ortishiga va mahsulot sifatining o‘zgarishiga sabab bo‘lishi mumkin.
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Shu sababli mazkur magolada superfosfatni barabanli quritgichda quritish jarayonida harorat
rejimini optimallashtirish, ya’ni yakuniy namlikni kamaytirish va energiya sarfini me’yoriy
darajada saglash imkoniyatlari tahlil gilindi.

Tadqgigot metodikasi.

Tadgigot superfosfatni barabanli quritgichda quritish jarayoni uchun tuzilgan hisobiy
ma’lumotlar asosida amalga oshirildi. Quritgichning asosiy geometrik parametrlari doimiy gabul
gilindi: baraban diametri D = 0,3 m, baraban uzunligi L = 2 m, aylanishlar soni n = 12 ayl/min,
konstruktiv koeffitsient o = 0,25. Dastlabki namlik Wo = 20 % deb olindi.

Tadqiqotda asosiy o‘zgaruvchi omil sifatida quritish agenti harorati tanlandi. Harorat 100,
120 va 140 °C giymatlarda tahlil gilindi. Bundan tashqari, gaz tezligi 5, 10, 15 va 20 m/s, ish
unumdorligi 0,09; 0,095 va 0,1 kg/s, nasadkalar soni esa 24, 30 va 36 dona holatlarda ko‘rib
chiqildi.

Jarayon samaradorligini baholash uchun quyidagi asosiy ko‘rsatkichlar tanlandi: yakuniy
namlik W2, bug‘langan namlik miqdori Gy, aerodinamik garshilik AP, garshilik koeffitsienti ¢,
materialni gizdirish uchun sarflangan issiglik gisit va umumiy issiglik sarfi qum [4].

Hisoblarda umumiy issiqlik sarfi quyidagi ifoda asosida baholandi, kJ/kg;

Qum = 2660,078+ gy,

bunda 2660,078 kJ/kg — namlikni bug‘lantirish uchun asosiy issiqlik sarfi, gisit esa materialni
gizdirishga sarflangan issiglik migdorini ifodalaydi.

Natijalar grafik usulida tahlil qilindi. Bunda haroratning yakuniy namlikka, bug‘langan
namlik miqdoriga, aecrodinamik qarshilikka va umumiy issiqlik sarfiga ta’siri alohida baholandi [5].

Natijalar va muhokama.

Harorat rejimining superfosfat quritish samaradorligiga ta’sirini baholashda birinchi
navbatda materialning yakuniy namligi tahlil qilindi. Natijalar shuni ko‘rsatdiki, quritish agenti
harorati oshishi bilan mahsulotda goladigan yakuniy namlik izchil ravishda kamayadi. 1-rasmda
quritish agenti haroratining superfosfat yakuniy namligiga ta’siri keltirilgan.

l-rasmdan ko‘rinib
1A turibdiki, harorat 100 °C
dan 140 °C  gacha

~

6 A A oshirilganda  barcha ish
unumdorliklari va
nasadkalar sonida W,
4 giymati pasaygan.

Masalan, G = 0,09 kg/s, v

Yakuniy namlik, W, (%)
w

31 = 20 m/s va 36 dona

100 120 140 nasad_ka sharoitida yakuniy

Quritish agenti harorati, T (°C) namlik 100 °C da 4,7 %,

—— Nazariy, G = 0.09 kg/s —— Nazariy, G = 0.10 kg/s Tajriba, G = 0.095 kg/s 120 °C da 392 %l_ 140 O(_j
Nazariy, G = 0.095kg/s O Tajriba, G=0.09kg/s A Tajriba, G=0.10kg/s da esa 2,9 % ni tashkil
1-rasm. Quritish agenti haroratining superfosfat yakuniy namligiga ta’siri. etgan. Demak, haroratni

100 °C dan 140 °C gacha

oshirish natijasida yakuniy namlik 1,876 foiz bandga, ya’ni taxminan 39,3 % ga kamaygan.

Xuddi shu sharoitda 24 dona nasadka qo‘llanilganda ham harorat ta’siri aniq kuzatiladi. G =
0,09 kg/s, v = 20 m/s va 24 dona nasadka holatida W, giymati 100 °C da 6,3 %, 120 °C da 4,3 %,
140 °C da 3,7 % bo‘lgan. Bu natijalar harorat oshishi material tarkibidagi namlikni samarali
kamaytirishini ko‘rsatadi.

Ish unumdorligi yuqoriroq bo‘lgan holatlarda ham ushbu qonuniyat saqlanadi. Masalan, G =
0,1 kg/s, v = 20 m/s va 36 dona nasadka sharoitida yakuniy namlik 100 °C da 7,4 %, 120 °C da 6,3
%, 140 °C da 5,7 % bo‘lgan. Bu yerda ham harorat oshishi bilan quritish chuqurlashgan, ammo ish
unumdorligi yuqori bo‘lgani uchun yakuniy namlik nisbatan kattaroq qiymatlarda saqlangan.

Haroratning oshishi fagat yakuniy namlikni kamaytirmaydi, balki bug‘langan namlik
miqdorini ham oshiradi. Bu bog‘liglik 2-rasmda ko‘rsatilgan.
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2-rasm grafigiga ko‘ra, =
harorat oshishi bilan materialdan ioozo_
ajralib ~ chigayotgan  namlik S
miqdori ortadi. Masalan, G = £ 0.0197
0,095 kg/s, v = 20 m/s, 36 dona ¥ 0018/
nasadka sharoitida Gpue: qiymati E i
100 °C da 0,0177 kg/s, 120 °C c
da 0,0192 kg/s, 140 °C da S 0.0161
0,0198 kg/s ni tashkil etgan. Bu S GigLa | |
@ 100 120 140

natija haroratning 100 °C dan
140 °C gacha oshirilishida
bug‘langan namlik miqdori 12,3
% ga ortganini ko‘rsatadi.

G =0,09 kg/s va 36 dona
nasadka holatida ham shunga yaqin natija kuzatiladi. Bug‘langan namlik migdori 100 °C da 0,0171
kg/s, 120 °C da 0,0189 kg/s, 140 °C da 0,0192 kg/s gacha oshgan. Demak, harorat oshishi issiglik
va massa almashinuv jarayonini faollashtirib, namlikning bug‘lanishini kuchaytiradi.

Quritish agenti harorati, T (°C)

—— Nazariy, G = 0.09 kg/s —— Nazariy, G = 0.10 kg/s ¥ Tajriba, G = 0.095 kg/s
Nazariy, G = 0.095 kg/s O Tajriba, G = 0.09 kg/s /\ Tajriba, G = 0.10 kg/s

2-rasm. Haroratning bug‘langan namlik miqdoriga ta’siri.

Birog harorat oshishi ©
quritish samaradorligini & 16007
kuchaytirishi bilan birga, ~
quritgichning aerodinamik va £ 1400/
energetik ko‘rsatkichlariga ham s
ta’sir  ko‘rsatadi.  3-rasmda % 1ovg
haroratning aerodinamik 2
qarshilikka ta’siri keltirilgan. 8
3-rasmdan ko‘rinib o 08 o o i
turibdiki, harorat oshishi bilan Quritish agenti harorati, T (°C)
ayrim rejimlarda aerOdinamik —— Nazariy, G = 0.09 kg/s —— Nazariy, G = 0.10 kg/s | Tajriba, G = 0.095 kg/s
qarshi|ik ham ortib boradi. Nazariy, G = 0.095kg/s O Tajriba, G = 0.09 kg/s A Tajriba, G = 0.10 kg/s
Masalan, G = 0,09 kg/s, v = 20 3-rasm. Quritish agenti haroratining acrodinamik qarshilikka ta’siri.

m/s, 36 dona nasadka sharoitida
AP qiymati 100 °C da 1044 Pa, 120 °C da 1161 Pa, 140 °C da 1281 Pa bo‘lgan. Bu holatda harorat
100 °C dan 140 °C gacha oshirilganda aerodinamik qarshilik 237 Pa ga, ya’ni taxminan 22,8 % ga
oshgan.

Ish unumdorligi 0,1 kg/s % i &
bo‘lgan holatda esa qarshilik £ g 32001
giymatlari ~ yanada  yuqori o 5 ‘
bo‘ladi. Masalan, v = 20 m/s, 36 E{E 3100+ '
dona nasadka va G = 0,1 kg/s da ji'g’ -
AP 100 °C da 1333 Pa, 120°C Egso00{ ~ L
da 1455 Pa, 140 °C da 1591 Pa ES ,
. . . = A
ga teng bo‘lgan. Bu natijalar ish 1 ooooi8)
unumdorligi va harorat 100 120 140
oshganda quritgich ichidagi Quritish agenti harorati, T (°C)
Oqlm qarShlllgl ortishini —— Nazariy, G = 0.09 kg/s —— Nazariy, G = 0.10 kg/s | Tajriba, G = 0.095 kg/s
ko‘rsatadi Nazariy, G = 0.095 kg/s O Tajriba, G = 0.09 kg/s /\ Tajriba, G = 0.10 kg/s
Shu bilan birga, harorat 4-rasm. Quritish agenti haroratining umumiy issiqlik sarfiga ta’siri.

rejimini tanlashda umumiy issiglik sarfi hal giluvchi ahamiyatga ega. Chunki past haroratda quritish
yetarli darajada chuqur bo‘lmasligi mumkin, yuqori haroratda esa energiya sarfi ortadi [5-7]. Bu
holat 4-rasmda keltirilgan.

4-rasm grafigi sharhidan ma’lum bo‘ladiki, harorat 100 °C dan 140 °C gacha oshganda
umumiy issiqlik sarfi ham ma’lum darajada ortib boradi. Masalan, G = 0,09 kg/s, v = 20 m/s va 36
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dona nasadka sharoitida qum giymati 100 °C da 3028 kJ/kg bug*, 120 °C da 3094 kJ/kg bug‘, 140
°C da 3150 kJ/kg bug® bo‘lgan. Bu holat haroratning oshishi quritishni yaxshilasa-da, qo‘shimcha
issiqlik sarfini talab qilishini ko‘rsatadi.

G =0,1 kg/s, v = 20 m/s va 36 dona nasadka sharoitida qum 100 °C da 3050 kJ/kg bug®,
120 °C da 3062 kJ/kg bug‘, 140 °C da 3124 kJ/kg bug‘ ga teng bo‘lgan. Bu yerda harorat 120 °C
dan 140 °C ga oshganda yakuniy namlik 6,3 % dan 5,7 % gacha kamaygan, ammo issiglik sarfi 62
kJ/kg bug® ga ortgan.

Shuning uchun haroratni optimallashtirishda fagat eng past namlikka erishish emas, balki
qo‘shimcha energiya sarfining iqtisodiy jihatdan maqsadga muvofigligi ham baholanishi lozim [8-
9]. Olingan natijalarga ko‘ra, 100 °C haroratda quritish jarayoni ayrim rejimlarda yetarli
chuqurlikni ta’minlamaydi. Masalan, G = 0,1 kg/s, v = 20 m/s, 36 dona nasadka holatida W> 7,4 %
bo‘lib, bu yuqori namlik sifatida baholanadi.

120 °C rejimda esa namlik sezilarli darajada kamayadi va energiya sarfi hali juda yuqori
darajaga yetmaydi. Masalan, G = 0,09 kg/s, v = 20 m/s, 36 dona nasadka sharoitida W- 3,2 % gacha
pasaygan, qum esa 3094 kJ/kg bug‘ ni tashkil etgan. Bu rejim samaradorlik va energiya sarfi
o‘rtasidagi muvozanat nuqtai nazaridan qulay hisoblanadi.

140 °C rejim esa eng chuqur quritishni ta’minlaydi. Biroq mazkur holatda qo‘shimcha
issiqlik sarfi va aerodinamik qarshilik yuqoriroq bo‘ladi. Masalan, G = 0,09 kg/s, v = 20 m/s, 36
dona nasadka sharoitida W> eng past giymat — 2,9 % ga tushgan, lekin AP 1281 Pa, qum esa 3150
kJ/kg bug* ga yetgan.

Demak, texnologik nugtai nazardan 140 °C eng samarali, energetik nuqtai nazardan esa 120
°C nisbatan magbul hisoblanadi. Amaliy ishlab chigarish sharoitida talab etilgan yakuniy namlik
darajasiga garab 120140 °C oralig‘ida ishlash magsadga muvofiqdir.

Xulosa.

Olib borilgan tahlillar superfosfatni barabanli quritgichda quritishda harorat rejimi asosiy
ta’sir etuvchi omillardan biri ekanini ko‘rsatdi. Harorat 100 °C dan 140 °C gacha oshirilganda
barcha tadqiq etilgan rejimlarda mahsulotning yakuniy namligi kamaydi va bug‘langan namlik
miqdori ortdi.

G = 0,09 kg/s, v = 20 m/s, 36 dona nasadka sharoitida harorat 100 °C dan 140 °C gacha
oshirilganda W, 4,7 % dan 2,9 % gacha kamaydi, G bug‘ esa 0,0171 kg/s dan 0,0192 kg/s gacha
ortdi. Bu natija harorat oshishi issiglik va massa almashinuvini faollashtirishini tasdiglaydi.

Shu bilan birga, harorat oshishi aerodinamik garshilik va umumiy issiglik sarfini ham
ko‘paytirdi. Masalan, G = 0,1 kg/s, v = 20 m/s, 36 dona nasadka sharoitida AP 1333 Pa dan 1591
Pa gacha, qum esa 3050 kJ/kg bug® dan 3124 kJ/kg bug* gacha oshdi.

Natijalarga ko‘ra, 100 °C rejim past energiya sarfi bilan tavsiflansa-da, ayrim hollarda
yetarli quritish darajasini ta’minlamaydi. 140 °C rejim eng past yakuniy namlikka erishish imkonini
beradi, ammo energiya sarfi va bosim yo‘qotishlari yuqoriroq bo‘ladi. Shu sababli 120-140 °C
harorat oralig‘i superfosfatni barabanli quritgichda quritish uchun ratsional ishchi diapazon sifatida
tavsiya etiladi.
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BUBPOAKYCTHUK OMUCCHUA YCVYJIN OPKAJIN KECHUIII MABPOMJIAPUHU
MAKDBYJI BAPUAHTUHU AHUKJIALL
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AHOUICOH 0asnam mMexHuKa UCHumymu
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(Kabyn xuaunou 10.03.2026 1i.)

Anomamuyusn. Maviymku, 8ubpoaKycmux CueHail napamempiapu uuiios Oepuiaémean mamepuaied,
Kecyguu acbob eeomempusicuea 6a Kecuwd JcapaérHuoa Kecysuu acbob ouran cooup Oyraoueau
Jlcapaénnapoa, MacanaH, Kecyguu AacOOOHUMZ eUUNUWUHY aHUKIauioa myxum pyn Viunaou. Kecuw
DPEHCUMAAPUOAH KECKUUHU KeCuwl me3iueu SUOPOAKYCMUK SMUCCUA Ycyaued Kyuiu mavcup Kunaou.llly
ounan Oupea 6UOPOAKYCIUK IMUCCUSL CUSHATL U068 Depuniaémean 103aHu Kecuul yyKypaueua 002iuxoup.
Aeap uwinos bepunaduearn MamepuarHuHe KAmmukiueu Kam OVica, YHOA KeCKUYHUHZ euuluuil Kampox
Ky3amuaaou 0y 3¢a uOpOaKyCmuK MUCCUSL CUSHATIUHU XOCUTL OYIuuiuea Kampox mascup Kypcamaou.

Taanu cyznap. Bubpoaxycmux smMuccus yCynu WWKALIaHuw RIacmux oeghopmayus Kecuus mesiueu 8a
Kecuul pescumunapu.

Aunomamuyus. Hzsecmmno, umo napamempvl UOPOAKYCMULECKO20 CUSHALA USPAIOM BANCHYIO POJlb 8
sasucumocmu om 06pa6ai’}1b18618ﬂ/l020 mamepuaia, ceomMempuu pesicyuieco UuHCmpymenma u npoyeccos,
NPOUCXOOAUWUX C PEeNCYUUM UHCMPYMEHMOM 6 Npoyecce pe3anus, Hanpumep, npu onpeoeieHul UHocd
peaxcyuieco uncmpymenma. s PEeNCUMOE pe3aHUsA CKOpoCmb pe3aHus pe3yd CUIbHO 6usdent Ha Memoo
subpoaxycmuyeckou smuccuu.llpu smom cueHan SUOPOAKYCIMUYECKOU SMUCCUU 3a8UCUM OM  27YOUHbBL
pesanus 06pa6al’l’lb16(l€jl/1011 noeepxHocmu. Ecnu ocecmrxocmo 06pa5a}11bl6’(1€]|/1020 mamepuana MeHbvule, nmo
U3HoC pesya Habnooaemcs MEHbULEe, UMO O0KdA3sbleaem MeHbuiee 6JaUslAHUue Ha ¢opMup06aHue cucHala
BUOPOAKYCMUYECKOU IMUCCUL.

Knrouesvle cnosa.Budbpoakycmuueckuii memoo smuccuu mpeHus niacmuyeckas oepopmayus
CKOpOCNb pe3arusl u pescumobl pe3arHusl.

Abstract. It is known that the parameters of the vibroacoustic signal play an important role in the
material being processed, the geometry of the cutting tool, and the processes occurring with the cutting tool
during the cutting process, such as determining the wear of the cutting tool. The cutting speed of the cutter
from the cutting modes strongly affects the method of vibroacoustic emission. At the same time, the signal of
vibroacoustic emission depends on the depth of cutting of the surface being processed. If the hardness of the
material being processed is low, the wear of the cutter is observed less, which has a less significant impact
on the formation of the vibroacoustic emission signal.

Keyswords. Vibroacoustic emission method friction plastic deformation cutting speed and cutting
modes.

KHWPUIL. Xo3upru KyHJa MalIMHACO3IMK KOpXOHAJapua UILIIad YMKapHI sKapaSHIapiuHA
KaJAJUTAIITUPHUII, YHUHT caMapaJopIuTHHH OMIMPUII Ba UILTA0 YMKAPUIAAUTraH MaXCyI0TIIapHUHT
nyH€ 0o3opuaa pakoOariamia OJMIIMHA TabMHUHJIAII MaKCaJua TEXHOJIOTHK KUXO3JapHUHT
AQHUKJIMTUHU OLIUPHUIN XaMJa YHU KEHT KyjamJa aBToMaTjiallTUpuIl Tanal stunaau. Toxkapimk
KECKHYMHUHT eHHIMII Meb30HUHM BUOPOAKYCTHK IMHUCCHSI YCYJI OMJIaH aHUKJIAII JHT MaK0yJ1
ycya xucoOaaHaam, my cadadJum KOHCTPYKTOPra TypJM XWJ HMKOHUSITIAPHHU SIPATaIM.
AndarTa Xap KaHJall MeXaHMK YCyJ/Ia MKKM KATTHK KHCM Y30p0 TYKHAamaau. byjiapHuHr
Oupu KecyB4H ac600 0y/ica, IKKMHYMCH 3¢ UILJIOB OepUJIaAéTraH 1eTaJj Xucoo0aIaHaau.
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Nmnanar makcaam.MamyHaco3nUKHUHT — Oapua  coxajapuja XyCycaH, MalllMHACO3/IMK/A,
KEeMaco3JIMK/1a, paKeTaco3JIMK/a Ba IIyHra yxmam 6apua coxajgapia BUOPOAKyCTUK 3MUCCHS YCYIU
€plaMHJ1a TOKOPJIMK JacTroxJapuaa AeTauIapHy HYHUIIAA ONTUMA KECUII MabpOMIIAPUHU TE3KOP
aHMKJIAIl YCYNIU MIIa0 YMKHII Ba TakpuOanapnaH yTkasuul.by ycynnan ¢oigananum mypakkad
JeTajjiapra MIUIOB Oepulljia MUl YHYMAOPIMTMHM OUIMpUIIra Ba HIIYWIAp KYJI MEXHAaTUHU
KaMalTUpHIITra NIYHUHITEK MOAMA MKTUCOAMH KYpCAaTKUWIApHM KOHUKApIM Japaxana Oyiumira
onub kenaau.byHnaH Tamkapu 3araroBkara MIUIOB Oepull >kapa€HUHU camapaiu OYIMIIUHU
TabMUHJIAUIH.

bu3HMHr Xxamaa XOpWXKUM OJMMIIAp TOMOHHMJIAH KECYBUM acOOOHMHI YMIaMIIMIUTUHU
TaJIKMK KWIUII MIUIApH, UILIOB OepHIl jkapaéHuaa 103 Oepalural X0oIuCallapHUHT MypaKKaOIuru
cababnu, kecyB4M ac000 yMAaMIWIMTMHU Oaxojaml Oyinya yMyMHHM €4uMmra SpHILUIIra UMKOH
6epmanu. Myamudnap 3ca 3KCIepUMEHTal MabIyMOTIAPHUHT PErPECCUB TaXJIMJINra acoCIaHraH
KYIU1a0 aHAIMTHK OOFIMKIMKIapHU Takaud Kuirax [2,3,31-37] (2-xaasan).

AHUKJIaHUIINYA, KECYBUM ac000 KeCHI LIapouTiIapura OOFIUK X0JJa aare3uB, adpa3uB,
AP Py3MoH, KHMEBUI, OKCHVIAHUII BAa 0OLIKA TypAard eHM/IMINIa Jy4 KEIUIIMMU3 MYMKUH
[19,27-29,38].
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KecyBun acOOOHMHI edunumira karra TabCUp KyHUAard OMUIUIapra OOFJIMK: WIIUIOB

Oepunaétrad Ba ac600 MaTepHaJUIAPHHUHT MEXaHUK XaM/a HCCUKIMK-(PHU3UK XyCyCHUATIAPH, KECHII
30HACHATU XapopaT, KECYBYM Ba HILIOB OepHIaéTraH JAeTal MaTepraiapy YpTacuaaru aaxe3us Ba
muddy3uoH y3apo TabCHp Ba OOIIKaIap. 2-)KaaBAIIard OOFIMKIHMKIAPHU TaXJIMJI KWW [TyHH
KypcaTaJuKu, aMaauéT[ia KeCHIl >KapaHUHUHI aCOCUH HMIUIOB OepHIl XycycHsTiapura (U3HKO-
MEXaHUK XyCyCHUSTIap, )KapaéH mapamMeTpiIapruHUHT TabCUPH, XapoparT, HIIKAJIAHHUII Y3apo TabCUpH
Ba TEXHOJOTMK TH3UMHHUHI JUHAMHK XyCYCHSTIAPUHH XUCOOra OJraH KOMIUIEKC TaJKUKOTIap
JeSIpIIA MaBXKyJl dMac.
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AHbaHaBUH SKCIEPUMEHTAN yCyl KECYBUM KUPPAHUHT EHMIINII Japa)kacura eTKa3WIuIIN Ba
TYpJU KECHUINl Te3JIHKIapHula, OelrwiIaHraH WHTepBaljiap OWiaH, eluiiMaraH Keckud OWiaH Kyl
Mapra TaxpuOanap YTKa3wiaumura acociaHaan. KeWnH HaTwkamap Kecwil Te3nuru—ac6oo
YUJAMIIMJIATH KOOpJUHATaIapyuaa Kaiita unuianaau [9].

OusmHraH HaTHKaIap.

BuOpoakycTHK SMHUCCHS YCYIMHU METaJUIHU KECHII >Kapa€HMJa caMapalld COBYTHUII-MOWJAII
TEXHOJOIMK BOCUTAJIAPUHU TEXHOJOIMK CYIOKIMKHM TaHJIAIl YYyH KYJUIall UMKOHUSTH KYpHO
yukuan [77-89]. YOy coxamaru TaaKAKOTIAp IIYHH aHUKJIAIra KIMKOH OCpIUKH, BHOPOAKyCTHK
OMUCCHSl YCYIH €plaMHa TEXHOJIOTUK CYFOKIMKUHI MIUIAIIMHYU TaXJIWI KWIKII METAJUIHU KECHIL
xapaéHuaa 3Heprus capuHu y3rapulIMHU KOMIUIEKC Tap3fa 0axojall UMKOHUHM Oepanu, OyHna
OUp HeYTa OMHJUIAP TAbCUPU XMCOOTra ONMHAAM: TEXHOJOTHK CYIOKJIMKUHIHUHT KOHTCEHTPATCHACH,
KecyBUM acOOOHM WMINYM O3aCMHUHI TE€OMETpHUSCHM Ba Kecull pexxkuMmu.Kentupwiran xaasai
acocuza 1.10-pacmza kecyBuM acOOOHMHT 103a—Faap OynypJMIHHM XUcoOra ojiraH xojja Taxpuoa
CMHOBH VYTKa3wian. Taxkpuba CHHOBHIA KAaTTHK KOTHIIMA IUTACTHHKAacuIaH Taiéprnanran BK-8
KECKUY OpKaJM Iynar 45 Marepuanuri UIUIoB OepuiiIu.

3-)kanBan
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A NotebooklLM
1-pacwm. [Tynar45ra BK-8 kecknu Omman unuioB Oepuiiga 103a Faaup-Oyaupaurura nHoOarra oiarad xoJjia
1-BHOpOaKyCTHK 3MHCCHS apaMeTpiiapy Ba 2-KaTTUK KOTHIIMAJIAH TalHEpaHTraH 3araroBKa.

BubpoakycTuk sSMHCCHS YCYIWHU TEXHOJOTHK >KapaéHUHM TaxXJIWil KWIMILAA KYIamn
UMKOHUsATIapu [84]-umma VpranunradH. TexXHOJIOTHMK >kapaéH daBOMHAA Xap OwWp omepamnusaa
UIUIoB OepuiaTraH Marepual, XyCycaH, 3arOTOBKAHMHI CHPT KaTjaMH SIHTH (DU3MK-MEXaHUK
xoccanapHu xocus Kuinaau. [y cababnu, BUOpoaKyCTHK 3MUCCHSI TapaMeTpIapyuHH Tax 1M KUITHIL
OpKaJy, yiap MIUIOB OepuiiaéTraH MaTepUaTHUHT XOccanapura OOFIuK Oynranu cababnu, KeHHUHTU
uinuIoB Oepuil kapaéHuIa OJNJUHTU ONEepaluslapiard MAaKIIaHuIl [apoOMTIApUHM Oaxosall
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MYMKHH: 3arOTOBKaHUHT IDIACTUK Je(OPMALIUACH JTapaskacy, HCCUKIIMK HIIUIOB OCpHUIIaH KeUNHTH
TY3HWIUIIN Ba OOIIKanap.

[ynnait Kb, ONAUMHIY oNepauusIapary pexuMIapHi MaKkcaUld paBUIIa Y3rapTupuo,
KEeHHHTH onepanusiapaa BHOPOAKyCTHK SMUCCHSI TapaMeTplIapyuHu Ha30paT KUK OPKaJIH, UIIUIOB
Oepunrad CUPTHUHT OenrwiaHraH cudaTHHA Ba KECyBYM ACOOOHMHT  YMIAMIIWJIMTUHUA
TabMUHJIAWUTaH PEKUMIIAPHHU aMaJira OLIUPUIIT MYMKHH.

Ym0y TaxMUHHHHI SKCHEpUMEHTa] OaxojaHWIIK TypJIM Xoccajapra 3ra KOHCTPYKIMOH
mynaTiapHd TUYOKIM MWIUIOB OEpulll oOmepanysuiapyaa amajira OlUpuiaran. TaakukoTiaap
*KapaHuJa IUyHM aHUKJIAIl MYMKHHKHM, BHUOPOAKyCTHK O3MHCCHUS Japa)KaCUHUHI Y3rapuIlu
TEXHOJIOTMK MEPOC OMHJIMHM HIIOHWIM TaXJWi KWIMII MMKOHMHU Oepaau Ba MaTepUATHUHT
XaKUKUHA Xoccajlapy Ba WMIUIOB OEpUII MIAPOUTIAPUHU XucoOra oJjiaJuraH, »KHCMOHAH ONTHUMAll
Marepuana KOJAWFM TAaKCUMOTHHHM O€nrwiall MMKOHMHM sparafu, Oy 3ca MaBXyl MablyM
ycyiapaas hpapk Kujaaam.

Kecum  Te3nuruHM  ONTUMAIAIUTUPHUIN  Makcaguaa,  y3yHJamaclHa  TOKapJjall
onepanusiapuaa Kyiunaru marepuaiap: Cepuit uwyryn CU-15, Cranp40X, Cranp45, 30XI'CA,
BT-5, G¥iinya BHOpOaKyCTHUK SMHCCUSl MApaMETpIapUHUHT Kecull Te3nurura V ra OOFIMKIUTU
Vypranunrad [79]. Taxpubamap maBommuma A Ba N mapameTpiapuHu Kalg ITHII Xamja KECHII
KYYMHUHT TaHTEHIMaJd KOMIIOHEHTH PZ Hu ynyam amanra omupuiral. TaAKuUKOT >kapaéHuiua
HUCOUI sHeprus capPu KpUTEPUICH TaKJIN(} KUITMHTaH:

AS=A2NP:" (1.11)

Ymby ¢opmynagan KypuHHO TYpUOTHKHA KECHINI 30HACHIA SIHTH IO3AJapPHUHT XOCHJI OYIUIIN
BaKTHUJA aXpalaJuraH YMyMHH JHEpPrusi BHOPOAKYCTHK SMHCCHS TapaMeTpiap TYIiaMu OuiaH
(A-N) mpomnoprmionan 6ymanu, ned xucodnanau. by xapaéHmaa BUOPOAKyCTHK IMHUCCHUS TOBYILIAPH
200-1200 xI'm yacToTa nUana3oHUAA pyixarra OJMHTaH OYIu0, MTUCKpEeTH3aIHsl Japakacu UTyHaai
TaHJIAHTAaHKW, y KECyBYM aCOOOHMHI KOHTAKT IO3aJIapHJIard WIIKAIAHWII SMHUCCHSJIADHHHA XaM
Kampad onaau.JKCIIepUMEHTAll PaBUIIIa OJHUHIaH BUOPOAKYCTUK JMHCCUSJIAPUHUHT KyBBaTH,
capbnanran KyBBarra Hucbaran -N)/(PzV) Ba KECHUIl TE3NMUTUra OOFIUKINTU

KEJITHPUIITaH.
Xyaocajap

.BubpoakycTik smMuccust ycyinu IIyHUHIZIEK, KeCyBYM ac000 MaTrepuaNIapUHUHT XyCYCHSTIApHUHH
TaKOMIUIAIITHPHII YIyH XaM KyJmanwiran [25]. KecyBum ac600 marepuaslappuHUHT KyIIUMYa
napaMmeTpiiapuHy, MacaiaH, HCCUKJIMKKA YHIAMIIHINK, EPUIIMIITA YUAAMIWINK, KOTUIAMAHUHT acoC
Owran érmmui cudatu, PU3NK-MEXaHUK XyCyCHUsTaap Kabu, Oaxojam y4yH OUp KaTop TE3KOp-
yeyanap  unuiad  yukwirad.  Ymly  ycymnap  Oyiimua  unumioB  Oepuil  HaTHXKaJlApUHU
MUKpodpakTorpaduk TaAKUKOTIap OWJaH CONUINTUPHUIN OpKAJIH, MapyaJIaHUIIHUHT XaXXMHU Ba
XapaKTEePUHU aJeKBaT aKC ATTUPAIUTraH HHGOPMATIIMOH MapamMeTpiap aHUKJIaHTaH.
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AHAJIN3 CYHNIECTBYIOIIIUX COJTHEYHBIX 3J1EKTPOCTAHI_[I/II71
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Aunnomauyusn. B cmamve nposedén ananuz cospemeHuvlx coaneunvix dnekmpocmanyuii (COC),
paccmonmpersvl ux OCHOBHble munvl, mexHudecKkue xapakmepucmuku u Sd)gbeKMMGHOCWlb. Hpedcmaeﬂeﬂo
CpasHeHUue pa3jiudHblX munoe COC u sbisisnenvl Kioyesvie HanpaejieHusl paseumus COJIHEeYHOU IHEepceMUKuU.

Knrouesvle cnosa: conneunas suepeemuxa, COC, ¢omoanexkmpuueckue cucmemvl, KIIJ], BUD,
cenepayusl SHepCUU.

Abstract. The article analyzes modern solar power plants (SPPs), examining their main types,
technical specifications, and efficiency. A comparison of various types of solar power plants is
presented, and key directions for the development of solar energy are identified.

Keywords: solar energy, solar power plants, photovoltaic systems, efficiency, RES, energy
generation.

Annotatsiya. Magolada zamonaviy quyosh elektr stansiyalari (QES) tahlil gilinib, ularning asosiy
turlari, texnik Xxususiyatlari va samaradorligi ko ‘rib chiqgilgan. Turli turdagi quyosh elektr stansiyalari
taqqoslangan va quyosh energetikasini rivojlantirishning asosiy yo ‘nalishlari aniglangan.

Kalit so‘zlar: quyosh energetikasi, quyosh elektr stansiyalari, fotoelektrik tizimlar, foydali ish
koeffitsiyenti, gayta tiklanuvchi energiya manbalari, energiya ishlab chigarish.

BBenenne. B ycnoBusx pocta MUPOBOTO 3HEPronoTpeOaeHnss U He0OX0AUMOCTH CHIDKEHUS
BHIOPOCOB ~ MApHUKOBBIX Tra3oB  0OCOOYI0  aKTyaJbHOCTh  IPHOOpPETAaeT  HCIOJIb30BaHUE
BO300HOBIISIEMBIX ~MCTOYHHUKOB dHeprun (BUDJ). Opguum u3 Haumbonee NEpCHEKTUBHBIX
HampaBlieHUN siBisieTcs: coiHeuHas sHepretuka [l1]. ConHeuHass »HepreTHkKa JeMCTBUTEIBHO
ABISICTCS OJHMM U3 CaMbIX OBICTPOPACTYLIMX U NEpPCHEKTHBHBIX HaNpaBiIeHUH B cdepe
BO30OHOBJISIEMBIX HMCTOYHUKOB 3Hepruu (BUD). Oto cBsA3aHOo ¢ riobaibHBIM CTpEMIIEHHEM K
9KOJIOTMYECKH YUCTOM TeHEepali U CHIKCHUIO 3aBUCUMOCTH OT MCKOMaeMoro Tormsa. [1, 2, 3, 4]

ConHeuyHble DJIEKTPOCTAHLMU MO3BOJIAIOT IPEoOpa3oBbIBATH HHEPTHUI0  COJHEYHOTO
U3IYYEeHHUS B JEKTPUUECKYIO C IOMOIIBIO (POTOIIEKTPUUECKUX MTpeoOpa3oBareneid. 3a nociueaHme
NEeCSITUIIETUs] HAOMI0aeTCsl 3HAYUTENbHOE CHIKEHHE CTOMMOCTH COJIHEYHBIX MOJyJled u
noBeieHNe ux dpdexTuBHOCTH [2]. CHIKEHHNE CTOMMOCTH COJHEYHBIX Moaynel u poct ux KIIJ]
oOecnieunBaroTcst nepexogoM Ha HoBble TexHosoruu (N-type, PERC, TOPCon), yBennueHnuem
pa3MepoB S4EEK U aBTOMaTU3alled MPOU3BOACTBA. DTO MMO3BOJISET CHU3UTh KAlUTAJIbHBIE 3aTPAThI
Ha 70%, nmoBeICUTH 3(H(PEKTUBHOCTD UCIIOJIB30BAHUS SHEPTUU U YCKOPUTH OKYITa€MOCTh COJTHEUHBIX
CTaHIUM, Jienasi UX KOHKYPEHTOCIIOCOOHBIMHU C TPAIUIIMOHHON TeHEepaIuei.

Knaccnpukanusi conHeuHbix 3jiexkTpoctanuuil. ComHeunsle snektpocTtaniuu (COC)
KJIaCCU(UIUPYIOTCS 10 NPUHLIUIY JeHCTBUSA ((OTORIEKTpUUYECKHE, TepMOJWHAMHYECKHUE), IO
croco0y TMOJKIIOYEHHs] K CETH (CEeTeBbIe, aBTOHOMHBIC, THOPUIHBIC), MO MECTy YCTaHOBKH
(Ha3eMHbIe, KPBIIIHbIC) ¥ KOHIICHTpauu uanyuenus [1, 2, 3, 4].

Ilo muny nookniouenusn conneunvie anekmpocmanyuu (CIC) nodpaszoenaemcea na:

Cemesvie (on-grid) snexkmpocmanyuu CereBble (on-grid) coMHEYHBIE DIIEKTPOCTAHIIUU —
3TO CHUCTEMBbI, Pa0OTAIOIIME CHHXPOHHO C IIEHTPAJIbHOM SJEKTPOCeThI0 0€3 HUCIHOIb30BaHUS
aKKyMyJITOpoB. OHM 1IpeoOpa3yloT CONMHEUHYIO SHEPTHIO B 3JIEKTPUYECTBO, CHUXKAs OTpeOIeHne
U3 CeTH WM TMO3BOJSAS MPOAaBaTh W3IHUIIKH, YTO OOECHEeYHMBAET HKOHOMHUIO U OBICTPYIO
okynaemocTb. I[Tonxoasrt i 00beKTOB ¢ AHEBHBIM moTpedaeHneM. OHU paboTaAIOT MapajIeTbHO C
LEHTPaJIbHOU CeThIO O€3 aKKyMYJISTOPOB.

Aemonommuvie (off-grid) snexkmpocmanyuy — 3TO CUCTEMBI SHEPrOCHAOKEHHUs, TTOTHOCTHIO
HE3aBHCHMBbIE OT LEHTPAJIbHOW AJIEKTPOCETH, OOECHeuMBAIOIINE 3JIEKTPOIHEPrHe OOBEKTHl B
ynajaeHHbIX MecTax. OHM COCTOST U3 COJIHEUHBIX MMAHENEH, aKKyMYJISTOPOB JIJIs1 XpaHEHMsI SHEPTUH,
HMHBEPTOpa U KOHTpoJuiepa 3apsaa. MaeanbHo moaXoasT Uisi PETHOHOB C YaCTHIMH OTKJIIOUEHUSMU
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WU OTCYTCTBHEM »dJiekTpuuecTBa. OHM PpaboTalOT ¢ aKKyMYJSITOPHBIMH OaTapeiikamu JJist
o0ecrneveHus AMEeKTPOIHEPTHE MOTpeOuTenei.

Tubpuonvie snexkmpocmanyuu — 3TO KOMIUIEKCHBIE D3HEPreTUYECKHUE YCTAHOBKH,
o0beIMHAIOMME JIBa W 0Ooliee HCTOYHUKA DHEPruM (HANPUMEpP, COJHEYHBbIE TaHelH,
BETPOre€HEPATOPHI, AU3EIb-TEHEPATOPHI) U aKKYMYJIATOpbl. OHU pabOTarOT ABTOHOMHO WJIU B CBSI3KE
C ceThlo, obecreunBas Oecniepe0oitHOe MUTaHNe, MHTEIUIEKTYalIbHOE YIIPaBICHUE MPUOPUTETAMH U
CHIDKEHHE 3aTpaT Ha 3JEKTPUYECTBO, KOMOMHUPYIOT pabOTy C CEThIO U YCTAaHOBJIEHHBIMU B HUX
cUCTeMaxX HAJIMYUEM aKKymynsaTopos. [1, 2, 3, 4].

Ilo npunyuny paéomei, conneunnie dekTpoctannuu (COC) KraccuPuIUPyOTCs Ha JiBa
OCHOBHBIX THUMNA: ¢homornekmpuueckue (npsimoe npeoOpa3oBaHUE CBETA B DJICKTPUUYECKUNA TOK) U
mepmoounamuueckue (cenuomepmanvuvie) (npeodOpazoBaHue cBeTa B TEIJIO, 3aTeM B
JJIEKTPUYECTBO).

DOTO3IEKTPUUECKUE CUCTEMBI HanboJiee paclpoCTPaHEHbl, TaK KaK Yy HUX HCIIOJIb3YyeTCs
KpeMHHEBbIC naHenu. [1, 2, 3].

Kpatka wu3moxum TPUHIUIT BBIPAOOTKE AICKTPUYECKON IHEPTrUU IO THUIIAM COJHEYHBIX
3JEKTPOCTAHLIMM:

@omosnexkmpuueckue (PV) anexkmpocmanyuu MCTIONB3YIOT (POTOINEKTpUIECKUN D (DEKT,
peodpasysi CONHEYHBINH CBET HAIMPSAMYIO B AJIEKTPOIHEPIHIO Yepe3 MOIYIPOBOJAHUKOBBIC MAHEINH.
@DOTO’EKTPUUECKUE CTAaHIMM HUCHOJB3YIOT 3(QexT mnpeoOpa3oBaHHs CBETa MPAMYIO B
ANEKTPUYECKYIO DHEPIHI0, TOTJa KaK TEIUIOBBIE CTAHIMHU pabOTalOT Ha OCHOBE KOHIICHTPAIMH
COJIHEUHOTO u3NydeHus [3].

Tepmoounamuyecxue (cenuomepmanvuvie, CSP) snekmpocmanyuu pabomaem ¢ MOMOILBIO
3epKajl KOHLEHTPUPYIOT COJHEUYHYIO HSHEPrui0 JUisl HarpeBa TEIUIOHOCUTENs, KOTOPbIH 3aTeM
MIPUBOJIUT B IEHCTBUE TYpOUHY reHeparopa.

Ha 6awennvix conneunvix snekmpocmanyusx, 3epkaia (remmoctaTtsl) GOKYCHPYIOT CBET Ha
[IEHTPaJIbHOM MIPUEMHHKE Ha BEPIIMHE OAlllHU.

Tlapabonoyununopuueckux s1ekmpocmanyusx 3epkaia B ¢popme xenoda HarpeBaroT Tpyoy
C TETJIOHOCUTEIIEM.

Tapenvuamuix NEeKMPOCMAHYUSX UCIOJIB3YIOTCS napaboyinyeckue 3epkaia,
HAIIOMHHAOIIME CITYTHUKOBYIO Tapeiky, ¢ apurarenem Ctupiunra B gokyce. [1, 2, 3, 4,]

Ilo macuumaéby npumenenus u mouwgnocmu coinneudnsie diexrpocrannuu (COC) pensarcs
Ha CJIEJIyIOIIMe OCHOBHBIE KATETOPHUH:

berroBeie/Maubie (10 10-20 xBt). Micnionb3yroTest A1 4aCTHBIX JOMOB, Aad4. Yarie Bcero
3TO aBTOHOMHBIE CUCTEMBI C aKKYMYJIITOPAMHU.

Kommepueckune/Cpennue (o1 20 kBt 10 Heckoapknx MBT). YcTaHaBnuBaroTCst Ha KphIIIax
MIPEANPHUATHIA, TOPTOBBIX IEHTPOB, CKIAJ0B MU HAa HEOOJNBIIUX 3eMENTbHBIX ydacTkax. Paboraior
KaK B CETEBOM, TaK U B THOPHIHOM PEKHUME.

[Tpombinnennsie/CeteBble  («conHeuHble (epmbl», oT 1 MBT u Bblme). KpymnHble
JMEKTPOCTAHLIMY, TpEeJHA3HAYEHHbIE MJIs TEeHEepalMH 3JIEKTPO’HEpruu B 0Oyl ceTb. Moryt
3aHMMaTh OTPOMHBIE TeppuTopui. [1, 2, 3, 4].

Ananu3z pvitnka manvix coaneunvix nekmpocmanyuii (CIC) mouHocteio 10 10-20 kBT
MOKA3bIBAET, YTO ATO Hambosiee BOCTPEOOBAHHBIN CETMEHT JIJIsl YACTHBIX JIOMOBIAJCHHUNA U MaJIOTO
Ou3Heca, 00eCIeUnBalOIIHii aBTOHOMHOCTD U CHHKEHHE 3aTpaT Ha 3JICKTpodHepruio. [1, 2].

beiTOBBIE (Malsible) CONHEYHBIC SJICKTPOCTAHIIMH — 3TO (POTOINEKTPHUECKUE CHUCTEMBI
MOIITHOCTBIO 00bIYHO 710 10—20 kBT, mpenHasHadyeHHbIE I YACTHBIX JIOMOB, KOTTEIKEH U MaJoro
OousHeca. OHU OTHOCSTCS K KaTETOPUU PACHpe/IeIEHHON SHEPTeTUKH U O0ECIICUNBAIOT JIOKAIBHYIO
TeHepaIuIo AIEKTPOIHEPTUH.

BEBITOBBIE COTHEUHBIE STIEKTPOCTAHIIMHA MOITHOCTHIO 10 10—20 kBT sBrsitores 3 pexTuBHBIM
pelIeHneM Ajisi 4acTHOro »HeprocHa0xeHus. OHM OCOOEHHO BBITOAHBI B PErHMOHAX C BBICOKOM
COJJHEYHOM AaKTHBHOCTBIO (Kak Y30ekucrtaH), rie o0ecrneurBaioT OBICTPYIO OKYIaeMOCTh U
JOJATOCPOYHYIO JKOHOMHUIO. OCHOBHOM TpeHA — Tmepexoi K THOPUAHBIM CHCTEMaM C
HAKOMUTEISIMUA YHEPTHH.
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Kommepueckue (cpeiHre) COTHEUHbIE AIEKTPOCTAaHLIUN — 3TO CUCTEMBI MOIIHOCTBIO OT 20
kBT no Heckonpkux MmeraBatT (MBT), nmpenHazHaueHHbIE Ul MPEANPHUATHH, TOPTOBBIX LEHTPOB,
CKJIaJIOB, arpapHOro CEKTOpa W WHQPPACTPYKTYPHBIX 00BEKTOB. OHM 3aHUMAIOT MPOMEXYTOYHOE
MOJIOKEHUE MEXJy OBITOBBIMH M KPYMHBIMH INpoMblluleHHBIMH COC M OpUEHTHpOBaHBI Ha
CHI)KEHHE OTIEPAIlOHHBIX 3aTpaT Ou3Heca.

Puc. 1. YcTanoBku naseneil CONHEYHBIX 3JIEKTPOCTAHIIUMN.

Kommepueckue conneunsle anekTpoctanuuu (ot 20 kBt — 1o Heckonbko MBT) sBnsitores
HSKOHOMHMUYECKHM OOOCHOBAHHBIM pelieHHeM i OusHeca. OHM 00€CHeuMBaIOT CYIIECTBEHHYIO
9KOHOMHIO, YCTOWYHMBOCTb JHEPrOCHA0XKEHUSI U HKOJOrmueckue mpeumymecrsa. HaumbGonee
3¢ (eKTUBHBI CeTeBble M THOPHIHBIE PEIICHHs, OCOOCHHO B PErMOHAaX C BBICOKOW COJIHEYHOH
HHCOJISIIIAEH.

Kpynuwvie conneunvie 3nexkmpocmanyuu. I[IpoMbllUieHHBIE (CETEBbIE) COJHEYHBIC
JJIEKTPOCTAHIINK, YacTO HA3bIBAE€MbIE «CONHEYHBIMH (epMaMm», — 3TO KpPYHMHBIE OOBEKTHI
reHepanuu MouHocThio 0T 1 MBT 1o coten meraBart. OHM NOJKITIOYAIOTCS K SHEPrOCUCTEME U
palboTaroOT KaK NOJHOLEHHBIE AIEKTPOCTAHIINN, TOCTABIIAS 2JIEKTPOIHEPTHIO B OOLIYIO CETh.

[TpoMBlIIIICHHBIE COJIHEUHBIE JIEKTPOCTAHLIUU MOIIHOCTBIO OT 1| MBT sSBISIOTCS KITIOYEBBIM
JIEMEHTOM COBPEMEHHOM 3HepreTkd. OHM 00ecredrBaroT JEMIEBYI0 U JKOJIOTMYECKH YUCTYIO
AJIEKTPOIHEPTHIO B OOJIBIINX MaciITabax, OJJHAKO TPEeOYIOT 3HAUNTENIbHBIX MHBECTUIIMNA U pa3BUTON
nHGpacTpyKTyphl. VX poiib 0COOCHHO BO3pacTaeT B CTPAHAX C BHICOKOH COJTHEYHON WHCOJISIIIHCH,
TaKuX KaK ¥Y30EKUCTaH.

Puc. 2. Kpynueiinie comHeYHbIE TIEKTPOCTAHITUH.

K kpyIHEeHIIUM COTHEUHBIM 3JIEKTPOCTAHIIUAM MHPa OTHOCSTCS, TAKHE KaK:

Bhadla Solar Park — 310 MacmraOHasi coJHEYHas BICKTPOCTAHIMS MOIIHOCTBIO OKOJIO
2,25 T'Bt, pacnonoxennast B mrare Pamkacrxan, Unnus. 3anumas roiomans 56 kM2, oHa cTaia
OJTHUM U3 KPYIHEHIINX B MUPE COJIHEYHBIX MapKOB, BBEICHHBIM B KCIUTyaTanuio B 2017 roay aus
MOJICPIKKK BO300HOBIsIeMON dSHepreTuku. CTaHIMs BHEC/IA 3HAYUTEIbHBIA BKJIAZ B TEPEXO.
Wunuu Ha "3enenyro” suepruo. [1, 2, 3, 4].
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Tengger Desert Solar Park (Conneunwviii napk nycmoitnu Trn2ap), pacnosiOKCHHBIA B
Kurae (Huncsa-Xysiickuii aBTOHOMHBIM pailoH), — OJHa W3 KPYMHEHIIMX COJHEYHBIX
anektpoctanimii (COC) B mupe MomHOCThI0 okojo 1,5-1,55 I'Bt. U3BectHas kak «Benukas
COJIHEYHasl CT€Ha», CTAHLMS 3aHUMaeT IuIomans oosee 43 kM2 M, ¢ MOMEHTA noctpoiiku (2012—
2017 rr.), sBiseTcs KIIOUEBBIM OOBEKTOM «3eleHoW» osHepretuku Kwuras, obecneuuBas
AJIEKTPOIHEPIUEH MUJUTMOHBI TOMOB. [1, 2, 3, 4].

Noor Ouarzazate — xpynmHeWImHi B MHpE KOMIUIEKC KOHIICHTPUPOBAHHOW COJTHEYHOU
sneprun (CSP) c dotosnexrpuyeckumu (PV) snemenramu B Mapokko moirHocThO 580 MBT.
PacrnionoxxenHslil mox YapsazaToM, oH codeTaeT napadonouunnunapudeckue sepkana (Noor I, 1) u
«conHeunsle 6amHm» (Noor III) ¢ pacruiaBaeHHO coblo Ul XpaHEHUs SHEPTUHU J0 8 YacoB, IUTIOC
PV-napk (Noor IV). [1, 2, 3, 4].

JlaHHBIE CTAaHLIIMM XapaKTEPU3YIOTCS BBICOKON YCTaHOBJIIEHHON MOIIHOCTBIO, IPUMEHEHUEM
CHCTEM CJIC)KECHHS 3a COJIHIIEM U UHTETPAIleii B YHEPrOCUCTEMY rocy1apcTBa [4].

B ckopo Oynymum B VY30ekucrane mocTposT KpynHeimme B LlenTpanbHoil A3zum
COJIHEYHBIE JIEKTPOCTAHIIMH C HAKOIUTEIIMU SHEPTUH.

Asmarckuii 6ank pa3Butus (ABP) coBmectHo ¢ xommanusmu ACWA Power, Sumitomo
Corporation, Chubu Electric Power Co. Inc. u Shikoku Electric Power Co. Inc. moammcan
HCTOPUYECKOE CoTjamieHre 0 (GUHAHCUPOBAHUM CTPOUTENILCTBA JIBYX COJHEUHBIX 3JEKTPOCTaHIIUN
¢ cucreMaMu HakoruieHus sHeprun (BESS) B Y30ekucrane.

ED——
i mmmmuE SEEEER

Puc. 3. Y36exucrane akTHBHO Pa3BUBACTCS COTHEYHBIX dJIEKTPOCTAHITHHA.

ITpoektsl Samarkand 1 w Samarkand 2 Solar PV u BESS Oyayr peanusoBaHbl B
Camapkanackoit u byxapckoit o0nacTsix. 9TO CTaHET OJHMM U3 KpPYIMHEHIIUX W CaMbIX
COBPEMEHHBIX TIPOEKTOB B c(hepe BO30OHOBISIEMOI SHEPTETUKH HE TOJIBKO B Y30eKHCTaHe, HO U BO
Beeit LlentpanpHoit A3un[5].

Y30eKucTaH akTUBHO Pa3BUBAET COHEUHYIO SHEPTeTHUKY, cTpeMsich K 2030 roay yBenTu4nuTh
ee gomo. B crpane yxke (YyHKUMOHHPYIOT HECKOJIbKO KpymHbIX DPIC ((oTosnexTpuueckux
CTaHIMil), BKIO4as mpoekTtel B HaBowmiickoi, Camapkanackod u JKu3akckoil o00macTsX.
MouHOCTh ACHCTBYIONIUMX COJHEYHBIX W BETPOBBIX CTaHIMU mnpeBbimaeT 5 I'BT. 3amymiena
nporpaMmma Mo yCTaHOBKE MaHeNel Ha KpbIliax OIPKETHBIX U YaCTHBIX 31aHui. [1, 2, 3].

TexHn4yeckuilt aHaIu3 IPPEKTUBHOCTH COJTHEYHBIX JJICKTPOCTAHIUH.

MaxkcumanbHast MOIITHOCTh COJIHEYHOM MaHeNn onpeesnseTcs no Gopmye:

Pmax=Ump-Imp,
rae Ump — HanpsbkeHue B TOYKE MAaKCUMAJIbHOW MOIHOCTH, Imp — TOK B JJaHHOU TOYKE.

K ocHoBHBIM mOKa3zaTenssM 3((PEKTUBHOCTH OTHOCATCA - KOI(DPHUIMEHT MOJIE3HOTO
neiictus (KIIJ), ko3 dunmenT ncnoiap3oBaHus YCTaHOBICHHONH MOIIHOCTH U YPOBEHb IOTEPh
SHEpPTUH.

Ha sddextuBHocts COC BIMAIOT TeMmmepaTypa, 3arps3HEHHE IOBEPXHOCTU IaHelNeH,
3aTEHEHHE U JIeTpajialiysl JJIEeMEHTOB [3].
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CpaBuuTenbHbIi ananu3 TunoB COC mokasan Ha Tabmure - 1.

Ta0mm - 1.
[TapameTtp ABTOHOMHAsI CereBas ['ubpuanas
IToaxmroueHne K ceTu Her a Ha
AKKYMYJIATOPBI Ha Her Ha
Hanéxnocts Bricokas Cpennsist O4eHb BbICOKAs
CroumMocTh Bricokas Huskas Cpennsis
[IpumeHeHne Y nan€Husle palioHbl I'opona YHuBepcabHOE

Ilpobnemvt u ozpanuyenusn coaHeyHvlx jnekmpocmanyuil. K OCHOBHBIM HEIOCTAaTKaM
COJTHEYHBIX 3JIEKTPOCTAHIIMIA OTHOCATCS - 3aBHCHUMOCTH OT IMOTOAHBIX YCIOBUH, HEOOXOAMMOCTH
HaKOIUTENIEH dHEPruu, 3HaUUTENbHbIE IJIOMAAN Pa3MEIIECHUs, IerpajJalis COIHEYHBIX 3JIEMEHTOB
CO BpeMeHeM [4].

Ilepcnekmuent pazeumus. llepcriekTuBHBIN HampaBiaeHus pa3Butusi COC BKIIOYAOT -
nosellieHue KIIJ[ COMHEUHBIX 2IEMEHTOB, NMPUMEHEHHE HOBBIX TEXHOJOTHM, WHTETPALMIO C
MHTEJJIEKTYaJIbHBIMU 3HEPTOCETSIMU, UCIIOJIb30BAHUE CUCTEM MOHUTOPUHTA (B TOM YHCJIE IPOHOB U
Tepmorpadun).

3akniouenue: AHanNU3 CYIECTBYIOIIMX COJHEYHBIX 3JIEKTPOCTAHIMM IMOKa3bIBA€T, 4YTO
COJIHEYHAsl DSHEpPreTHKa SBISETCS OJHUM M3 KIIOUEBBIX HANPABICHUW pa3BUTHS MHUPOBOU
suepretuku. Kpymuaeie COC o0ecreynBaOT LEHTPATU30BAHHYIO TEHEPAIMIO DJHEPrUuu, a
pacnpenenéHHble CUCTEMBI MOBBIMIAIOT THOKOCTh U YCTOWYMBOCTD YHEPTOCHA0KEHHUS.

BoITOBBIE CONMHEYHBIE 3JEKTPOCTAHIUMM MOUIHOCTBIO 10 10-20 kBT sBastoTcst 3 deKTUBHBIM
peleHreM JJIsl YACTHOTO SHEProCHA0KEHHUS.

Kommepueckue conmueunble anektpoctaHiuu (ot 20 kBt — no neckonbko MBT) sBisitoTcst
HKOHOMHUYECKH 0OOCHOBAHHBIM PELICHUEM JUIsl OU3Heca.

HaunbGonee 3¢ hexTHBHBI ceTeBble M THOPUIHBIC PEIICHUS, 0COOEHHO B PETHOHAX C BHICOKON
COJIHEYHOU MHCOJISILUEH.
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AVTOMOBIL SHINALAR BOSIMINI NAZORAT QILISH VA KUZATISH TIZIMLARI
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Annotatsiya: Ushbu magolani tahlil gilish asosida quyidagilarni xulosa gilish mumkin, shinalarga
ko ‘p sonli omillar ta’sir qgiladi, ularning ta’sir darajasi shinalar ishlab chiqaruvchisi, avtobus rusumlarlari,
iqlim mintaqasi, yo ‘l holati, relyefi va boshqalarga bog ‘ligligini tushunish mumkin.\

Kalit so‘zlar: Avtomobil, yol, shina, chiziglar, omillar.

Abstract: Based on the analysis of this article, it can be concluded that tires are affected by a large
number of factors, understanding that their degree of influence depends on the tire manufacturer, bus model,
climate region, road condition, terrain, etc. possible.

Keywords: Car, road, tire, lines, factors.
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Annomauus: Ha ocnosanuu ananuza OAHHOU CMAMbU MONCHO COeNAMb 6bl800, HMO HA UWIUHDLL
enusiem 601bUI0e KOIULeCmso (akmopos, NOHUMASL, YO CMENeHb UX GIUAHUA 3a8UCUM OM NPOU3EO0UMENs
WuH, Modenu asmoobyca, KIUMAMU4ecko20 pe2UOHd, COCMOSHUS 00poe, peibeda MeCmMHOCMmU U m.O.
B03MONCHBLU

Knroueewie cnosa: Asmomobunv, dopoea, wuna, iuHul, paxmopol.

Xavfsizlik va igtisodga ta’sir giluvchi salbiy va ko‘pincha xavfli omillarni shinalar bosimini
kuzatish uchun vositalarni kuzatish tizimlari (English Tire Pressure Monitoring System) yoki TPMS
yordamida osongina yo‘q gilish mumkin. Bu transport vositasi shinalaridagi bosim va haroratni
masofadan o‘lchash tizimi bo‘lib, u real vaqgt rejimida o‘lchanadi, bu esa g‘ildiraklarning
shikastlanishi, gayritabiiy bosim tufayli haddan tashqari yeyilish bilan bog‘lig bo‘lgan baxtsiz
hodisalarning oldini oladi va shuningdek, pasayish natijasida yoqilg‘ining ortigcha sarflanishining
oldini olishga yordam beradi. bosim ostida.

Hozirda shinalar bosimini nazorat qilishning ikki turi qo‘llanilmoqda. Bu bevosita o‘lchangan
va bilvosita o‘lchov tizimidir. Bevosita o‘lchash tizimi shinalar harorati va bosimini bevosita
o‘lchaydi va transmitterdan foydalanadi. Bilvosita o‘lchov tizimi g‘ildirak tezligidagi farglar bilan
shinalar bosimini tekshiradi. Ichki bosimni nazorat qilish tizimlarining turlari va namunalari
keltirilgan.

Har ganday bosimni kuzatish tizimining printsipi juda oddiy. Bosim sezgichlari shinalardagi
bosimni ma'lum vaqt oraligiida o‘lchaydilar, shundan so‘ng ma'lumotlar radiokanal orqali
boshqaruv blokiga uzatiladi, u erda tahlil o‘tkaziladi (o‘lchovlarni standart qiymatlar bilan
tekshirish), ponksiyon bo‘lsa. va shinalar bosimining tez pasayishi, datchik tomonidan bosim
o‘lchovlari tez-tez sodir bo‘ladi va boshqaruv bloki bu haqda haydovchiga xabar beradi.

Standart TPMS (Tire Tressure Monitoring System) arxitekturasi quyidagilardan iborat:

-To‘rt g‘ildirakli bosimni o‘lchash moduli, ularning har biri quyidagilarni o‘z ichiga oladi:
bosim sensori; harorat sensori; signalni konditsionerlash va avtobusni identifikatsiyalash birligi;
radio signalini uzatuvchi transmitter; antenna; kristalli (kvarts) rezonator; batareya.

- asboblar panelidagi gabul giluvchi.

- ashboblar panelidagi signallarni gayta ishlash birligi.

Bevosita sinov tizimlari shinalar ichida joylashgan datchiklardan foydalanadi, ular
shinalardagi gazning bosimi va haroratini bevosita o‘lchaydilar. Datchiklar ichida joylashgan
transmitter yordamida avtobus holati chastotali signallar orgali uzatiladi. Monitor (gabul gilgich)
asboblar panelida joylashgan signalni qayta ishlash blokining o‘zida ham, uning tashqarisida ham
joylashgan bo‘lishi mumkin. Signalni qayta ishlash bloki haydovchiga shinalar bosimining joriy
holati to‘g‘risida xabar beradi.

Bilvosita (bilvosita) tizim ABS tizimi, shu jumladan g‘ildirak bosimi sezgichlari va/yoki
akselerometrlari hamda mahalliy kompyuter yordamida shinalar bosimini hisoblab chigadi. Agar
shinalar bosimi pasayib ketsa, bu g‘ildirak radiusining pasayishi tufayli boshqa g‘ildiraklarga
garaganda tezroq aylanadi. Tezlikdagi farglar past bosimni aniglashga imkon beradi va
ogohlantiruvchi chiroq haydovchini ogohlantiradi, ammo bu ko‘p parametrli usullarni amalga
oshirish giyin va davriy kalibrlashni talab giladi. Bevosita tizimning afzalligi past, chunki batareya
sezgichlari va radio uzatish tizimlari talab gilinmaydi. Ammo harakat boshlanishidan oldin bosimni
aniglay olmaydi, bitta tugunda juftlangan shinalar, tezlik va traektoriyada cheklovlar mavjud, ular
uchun mutlaq o‘lchovlarning aniqligi tushunchasi yo‘q, bosimni qaysi g‘ildirakda aniqlashning
imkoni yo‘q tushib ketdi va bosimning sekin pasayishini aniqlash uchun ular havo oqimini atigi 30
foizdan ko‘proq aniqlay olmaydilar.

Bevosita kuzatuv tizimlari, o‘z navbatida, ichki qismga bo‘linadi - modul obodga yoki
shinaga o‘rnatilganda (1-rasm) va tashqi - modul g‘ildirak nipeliga vidalanadi (2-rasm).

Ichki datchiklar standart nipellar o‘rniga shunday o‘rnatiladiki, datchik shinaning ichida
bo‘lsa, bu juda noqulay, chunki bu qo‘shimcha shinalarni o‘rnatishni talab qiladi, lekin shu bilan
birga datchiklar tashqi mubhit ta'siridan va buzg‘uncxilikdan himoyalangan. Ammo batareyaning
ishlash muddati 5-10 yil bo‘lganligi sababli, siz fagat shinani dastlabki demontaj gilish va datchikni
o‘rnatish bilan shug‘ullanishingiz mumkin, shinalar almashtirilganda batareyani
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keyingi almashtirish mumkin.

ICHKI DATCHIKLAR TASHQI DATCHIKLAR
BHELUHUE OATHUKU
TPMS TPMS
6-09 6-10
TPMS TPMS L aso. |
6-11in 6-11
=% TPMS
TPMs o 6-14 o3}
6-13in g
1-rasm. Ichki datchiklarga asoslangan kuzatuv tizimining 2-rasm. Tashqi datchiklarga asoslangan
misoli. monitoring tizimining misoli.

Tashqi datchiklar, ichki qurilmalardan farqli o‘laroq, standart nipellarga o‘rnatiladi va
qo‘shimcha shinalarni o‘rnatishni talab qilmaydi. Bu nafaqat tizimni tezda o‘rnatishga, balki uni bir
nechta transport vositalarida ishlatishga imkon beradi.

Masalan, bo‘sh turgan transport vositasidagi datchiklarni demontaj qiling va ularni navbatda
turgan transport vositasiga qo‘llang. Ammo bunday sensorlar

atrof-muhitning o‘zaro ta'siridan xoli emas.

Shunisi e’tiborga loyigki, yuk mashinalari va avtobuslarda bosim sezgichlaridan foydalanish
ancha uzunligi sababli biroz giyinlashadi, bu holda datchikdan signal “yo‘qolishi” mumkin. Buning
uchun maxsus repetitorlardan, signal kuchaytirgichlaridan (repetitorlardan) foydalaning. Ushbu
tizimlar signallarni yo‘qotish ehtimolini minimallashtirgan holda sensorlardan gqabul qiluvchi
qurilmaga signal uzatishda oraliq bo‘g‘in vazifasini bajaradi.

Energiyani tejash TPMS g‘ildirak modulining juda muhim jihati bo‘lib, u batareyani 5-10
yilga almashtirishni taklif qilmaydi. Buning uchun g‘ildirak moduli tizimida energiya tejash tizimi
qo‘llaniladi. Ushbu tizimning ma'nosi harakat bo‘lmagan paytda harakatsiz rejimga o‘tishda va
harakatlanayotganda faol rejimga o‘tishda. Bosimni o‘lchash uchun vaqt oraliglari ham mavjud,
shuning uchun normal harakatlanish paytida o‘lchovlar har 45 soniyada bir marta bo‘lishi mumkin
(ishlab chigaruvchiga garab) va bosimning keskin pasayishi bilan o‘lchov oralig‘i har 15 soniyada
bir marta sodir bo‘ladi.

Korxonada shinalar va harakatlanuvchi tarkibni tahlil gilish va tekshirilayotgan
harakat tarkibining xususiyatlari
“Farg‘ona Sam Avtotex Servis” kompaniyasi turli xil harakatlanuvchi tarkibdan
foydalanadi, deyarli har bir avtobus markasi nafaqat o‘zining shinalari hajmidan, balki o‘z
brendidan ham foydalanadi, bu avtobus bilan birga kelgan, hali xizmat muddatini o‘tamagan
shinalar bilan izohlanadi. . Kelajakda sotib olish bitta brendga gqisqgartiriladi, bu hozirda
ko‘pexilikni tashkil qiladi. Albatta, bitta markali shinalar va avtobuslarning eng katta guruhi
bo‘yicha tadqgiqotlar o‘tkazish magsadga muvofiqdir. Ayni paytda eng keng tarqalgan avtobuslar
ISUZU NP 37 va ISUZU HD 50, eng keng targalgan Boto rusumli shinalari 124/120K16PR Boto
(butun mavsum).
Og‘irlik yuki shinalar yeyilish intensivligiga ta'sir qiluvchi omil bo‘lgani uchun, ushbu omilga
ta'sir qiluvchi avtobuslarning xususiyatlarini ko‘rib chigamiz.

Shinalarning ishlashi va chidamliligi
Avval aytib o‘tganimizdek, kompaniya Boto rusumli shinalarni ishlatadi, ularning
xususiyatlari -jadvalda keltirilgan.
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1-jadval
Boto shinalarining xususiyatlari
Harakteristika Belgilanishi

O‘Icham 124/120K16PR
Oldi o‘qqa tuashadigan maksimal yuk, kg 3150
Orqga o0‘qqa tuashadigan maksimal yuk, kg 2900

Normativ bosim, bar 8,5
Shina tipi Radial har mavsumli

Xabar qilingan ma’lumotlarga
Tekis yeyilish - 30% | ko‘ra, ushbu ishlab chiqaruvchining 621
ta shinalari tahlil qilindi. Sinovdan o‘tgan
shinalarning aksariyati notekis yeyilishga
ega (notekis vositalar, bu holda, yelka va
o‘rta protektor zonalari orasidagi farq) -
57% (3-rasm), shinalarning atigi 30
foizida bir xil va boshqa turdagi yeyilish
va zarar quyidagilarni o‘z ichiga oladi:
bo‘ylama shish-0,6%; bo‘ylama yeyilish-
0,6%; bo‘ylama yorilish-0,6%, shnurning
yeyilish1-0,3% va shnurdan protektorning
3-rasm. Ish oxirida rezinaning yeyilish tabiati. ajralishi-7,2%.
rasmda shinalar umrining umumiy populyatsiya (621 ta shinalar) bo‘yicha empirik tagsimotining
gistogrammasi ko‘rsatilgan bo‘lib, u 11 ta intervalgacha bo‘lingan, har bir intervalning uzunligi
15127 km. rasmdan ko‘rinib turibdiki, shinalar oralig‘ida eng ko‘p ishlaydilar o‘rtacha 145
ming.resurs, butun aholining o‘rtacha resursi esa 153387 km.
Umumiy populyatsiyani statistik baholash juda giyin (621 ta shinalar), shuning uchun namuna
parametrik bo‘lmagan usul yordamida aniglandi.
In{1-y) In{1-0.9)
T m(P)  In(09) 27. (1)
Bu yerda, y - ishonch ehtimoli, P (L) - ma'lum ish vaqti davomida ishlamay qolishning zarur
ehtimoli.Vaybull-Gnedenko shinalari nosozliklarini tagsimot gonuni (V koeffitsienti V = 0,088,
parametr parametri b = 12,1537, ruxsat etilgan nisbiy xato 6 = 0,027, ishonch ehtimoli y = 0,9,
Pirson kriteri ¥* = 43.188), olamiz
N = 12{12—];]!’ _ 43188(0,027+1) _ 30. @)
Shunday qilib, aholining umumiy sonini taxmin gilish uchun eng kam tanlov hajmi 30 ta
mashinani tashkil etadi.

Yeyilish va
buzilishning boshga
turlari — 13%

Notekis yeyilish - 5

250

1

199 S Ly, = 143 ming km
200 0,9 Fs\\\\
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4-rasm. Shinalar gmplrlk resur_slarml tagsimlash Ish vagti, ming km
gistogrammasi. 5- rasm. Shinalarning ishlamay qolish ehtimoli.
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3-rasmda Veyull-Gnedenko qonuni bo‘yicha tagsimlangan, shinalar buzilmasdan ishlashning
olingan nazariy ehtimoli ko‘rsatilgan.

Xabar  qilingan ma’lumotlarga 3°
asoslanib, shuningdek, shinalarni ishdan
bo‘shatish  paytida  qoldiq  taglik
chuqurligini tahlil gilish amalga oshirildi.  2°
Nagshning o‘rta qirrasi qoldiq chuqurligi 45 1
2,17 mm, chap va o‘ng qirralari esa 1,98
mm va 2,08 mm vyani, foydalanish 6
muddati tugagandan so‘ng, shinaning . o 4 4
o‘rtasidan ko‘ra ko‘proq yelka maydoniga I 2 2 ]
ega. ° 55 58 61 64 66 69 72 75

5-rasmda shinalardagi ichki havo
bosimining  targalish  gistogrammasi
ko‘rsatilgan. 70 ta shinalardagi bosim
tekshirildi, ularning o‘rtacha bosimi 7,47
barni tashkil etdi, bu standart bosimdan 12,13% past (standart bosim 8,5 bar), standart bosimga
ko‘ra, faqat ikkita shinalar damlanadi.

Bunday holat vizual tekshiruvdan kelib chigadi, bu shinalardagi haqigiy inflyatsiya
bosimining aniq ko‘rsatkichini bermaydi. Har bir TXK-2 bosim o‘Ichagich yordamida tekshiriladi,
shinalar atmosfera havosi bilan puflanganda standart bosimni ushlab turish uchun yetarli emas.

Bosim, bar
6- rasm. Boto shinalaridagi ichki bosimning empirik
tagsimoti gistogrammasi.

Xulosa

Ushbu magolani tahlil gilish asosida quyidagilarni xulosa gilish mumkin:

Shinalarga ko‘p sonli omillar ta’sir qiladi, ularning ta’sir darajasi shinalar ishlab
chiqaruvchisi, avtobus rusumlarlari, iqlim mintaqasi, yo‘l holati, relyefi va boshqalarga bog‘ligligini
tushunish mumkin.

Shinalar hayotiga alohida turli xil omillarning ta’siri yetarlicha o‘rganilgan, ammo ularning
kombinatsiyasi yetarlicha o‘rganinish zarurligini xulosa qilish mumkin.

Turli  xil iglim zonalari, relyefi, harakatlanuvchi tarkib turi va shinalar ishlab
chigaruvcxilarning barcha xilma-xilliklarini hisobga oladigan universal shinalar

yeyilish modelini ishlab chigish zarur.

Statistika tahlili shuni ko‘rsatdiki, shinalardagi ichki bosimning yetarli emasligi, uning
resurslariga ham, yonilg‘i sarfiga ham, yo‘l harakati xavfsizligiga ham katta ta'sir ko‘rsatmoqda,
uning nazoratiga yetarlicha e'tibor berish zarurligini ta’kidlash lozim
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SUPERFOSFATNI QURITISH JARAYONI UCHUN RATSIONAL TEXNOLOGIK
REJIMLARNI MATEMATIK MODEL ASOSIDA TANLASH

A.A. Axunbayev, A.S. Isomidinov

Farg ‘ona davlat texnika universiteti
webmail: adil.axunboyev@fstu.uz; azizjon.isomidinov@fstu.uz
(Qabul gilindi 18.03.2026 y.)

Annotatsiya. Ushbu maqolada superfosfatni barabanli quritgichda quritish jarayoni uchun ratsional
texnologik rejimlarni matematik model asosida tanlash masalasi ko ‘rib chigilgan. Tadgiqotda quritish
agenti harorati, gaz tezligi, material ish unumdorligi va uch gismli takomillashgan nasadkalar sonining
yakuniy namlik, bug ‘langan namlik migdori, aerodinamik qarshilik va umumiy issiqlik sarfiga ta’siri tahlil
gilingan. Jarayonni matematik ifodalash uchun yakuniy namlik W,, aerodinamik garshilik 4P va umumiy
issiqlik sarfi qum asosiy chigish parametrlari sifatida gabul gilindi. Ushbu parametrlar quritish agenti
harorati T, gaz tezligi v, ish unumdorligi G va nasadkalar soni N orqgali ifodalandi. Ratsional rejimni tanlash
uchun normallashtirilgan integral magsad funksiyasi taklif etildi. Natijalarga ko ‘ra, 36 dona uch gismli
Nasadka eng chuqur quritishni ta’minlaydi, ammo aerodinamik qarshilik va issiqlik sarfi yugoriroq bo ‘ladi.
30 dona nasadka esa 120-740 °C harorat va 15-20 m/s gaz tezligida samaradorlik va energiya sarfi
o ‘rtasida ratsional muvozanatni ta ’minlaydi.

Kalit so‘zlar: superfosfat, barabanli quritgich, matematik model, ratsional rejim, uch gismli
nasadka, yakuniy namlik, aerodinamik garshilik, magsad funksiyasi.

Kirish.

Superfosfat ishlab chiqarishda quritish jarayoni mahsulot sifatini ta’minlovchi muhim
texnologik bosgich hisoblanadi. Quritish yetarli darajada amalga oshirilmasa, mahsulot tarkibida
ortigcha namlik saglanib goladi. Bu esa granulalarning yopishishi, omborda qotib golishi, tashish
jarayonida sifat ko‘rsatkichlarining pasayishi va texnologik yo‘qotishlarning ortishiga sabab
bo‘ladi. Shu sababli superfosfatni quritish jarayonida yakuniy namlikni belgilangan darajagacha
kamaytirish asosiy texnologik vazifalardan biri hisoblanadi.

Barabanli quritgichda quritish jarayoni bir nechta o‘zaro bog‘liq omillar ta’sirida
shakllanadi. Quritish agenti harorati oshganda material tarkibidagi namlikning bug‘lanish tezligi
ortadi. Gaz tezligi oshganda namlikni olib chigish jarayoni jadallashadi, lekin aerodinamik garshilik
ham keskin ko‘payishi mumkin. Nasadkalar soni ko‘payganda materialning issiq gaz oqimi bilan
kontakt yuzasi kengayadi, ammo gaz oqimi harakati uchun qo‘shimcha qarshilik hosil bo‘ladi.

Mazkur tadgigqotda barabanli quritgichda uch gismli takomillashgan nasadka qo‘llanilgan.
Bu nasadkaning birinchi gismi materialni ko‘tarish, ikkinchi gismi uni baraban kesimi bo‘yicha
qayta tagsimlash, uchinchi qismi esa materialni issiq gaz oqimiga mayda oqimlar ko‘rinishida
sochib berish vazifasini bajaradi. Shu orqali material bilan quritish agenti o‘rtasidagi kontakt yuzasi
ortadi va issiqlik-massa almashinuv jarayoni jadallashadi.

Biroq quritishni jadallashtiruvchi omillar bir vaqtning o‘zida energiya sarfi va bosim
yo‘qotilishini ham oshirishi mumkin. Shuning uchun ratsional rejimni tanlashda fagat yakuniy
namlikni emas, balki aerodinamik garshilik va umumiy issiglik sarfini ham matematik model orqali
birgalikda baholash zarur.

Tadgigot metodikasi va matematik model.

Tadqiqot superfosfatni barabanli quritgichda quritish bo‘yicha hisobiy ma’lumotlar asosida
bajarildi. Quritgichning asosiy geometrik parametrlari doimiy gabul qgilindi: baraban diametri D=0,3
m, baraban uzunligi L=2 m, aylanishlar soni n=12 ayl/min va konstruktiv koeffitsient «=0,25.
Materialning dastlabki namligi Wo=20% deb gabul qilindi. Hisobiy ma’lumotlarda harorat 100-
140°, gaz tezligi 5-20 m/s, ish unumdorligi 0,09-0,1 kg/s va uch gismli nasadkalar soni 24-36dona
oralig‘ida tanlandi. Chiqish parametrlari sifatida yakuniy namlik, bug‘langan namlik miqdori,
aerodinamik garshilik va umumiy issiglik sarfi tanlandi:
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W>—yakuniy namlik, %, Gpug—bug‘langan namlik miqdori, kg/s, 4P—aerodinamik garshilik,
Pa, qum—umumiy issiqlik sarfi, kJ/kg bug*.

Jarayonning umumiy matematik modeli quyidagi funksional bog‘ligliklar orqali ifodalandi;

W=f(T,v,G,N)
Grug=f(T,v,G,N)
AP=f(T,v,N)
qum:f(T,V,G,N)

Bu bog‘ligliklardan ko‘rinib turibdiki, yakuniy namlik, bug‘langan namlik va issiqlik sarfi
barcha asosiy texnologik parametrlarga bog‘liq. Aerodinamik qarshilikda esa asosiy ta’sir etuvchi
omillar gaz tezligi, harorat va nasadkalar soni hisoblanadi.

Yakuniy namlikni ifodalash uchun ikkinchi tartibli polinomial regressiya modeli gabul
qgilindi, %;

W,=a,+aT +av+aG+a,N+aT’+av’ +a,G*+a,N*+a,Tv+a,TN +a,vN +a,GN
bunda ap,as,...,a1— hisobiy natijalar asosida aniglanadigan empirik koeffitsientlar. Ushbu model
harorat, gaz tezligi, ish unumdorligi va nasadkalar sonining yakuniy namlikka alohida va o‘zaro
ta’sirini baholash imkonini beradi.

Aerodinamik garshilik uchun quyidagi polinomial model gabul gilindi, Pa;

AP =b, +bT +b,v+b,N +b,T? +b,v* +0b,N* +b,Tv +b,TN +bvN
bunda bo,bs,...,be— aerodinamik garshilik modeli koeffitsientlari. Bu modelda gaz tezligi v asosiy
ta’sir etuvchi omil hisoblanadi, chunki 4P gaz oqimining dinamik bosimiga bog‘liq holda keskin
ortadi. Nasadkalar soni N esa mahalliy garshiliklar sonini belgilaydi.

Umumiy issiglik sarfi quyidagi ifoda orqgali aniglandi, kJ/kg;

q,, =2660,078+q,,,

bunda 2660,078 kJ/kg — namlikni bug‘lantirish uchun asosiy issiqlik sarfi, gisit €sa materialni
gizdirishga sarflanadigan issiglik migdoridir, kJ/kg.
Materialni gizdirish uchun sarflangan issiglik quyidagi formula bilan baholandi:

G-c . —
qucum — mam (tlmk tmw)
G6y2
bunda Cmat — materialning issiqlik sig‘imi, kJ/(kg-°C); tenik— quritgichdan chigishdagi material
harorati,-°C; than — nam materialning boshlang‘ich harorati, °C; Gpug — bug‘langan namlik
miqdori, kg/s.
Ratsional rejimni tanlash uchun yakuniy namlik, aerodinamik garshilik va umumiy issiglik
sarfi bitta integral magsad funksiyasiga birlashtirildi;

Fok e AP L G
2,max AI:’max q ym,max

bunda F — integral maqgsad funksiyasi; ki, kz, ks — vazn koeffitsientlari; W2,max, 4Pmax, Qummax—
normallashtirish uchun gabul gilingan maksimal giymatlar.

Mahsulot sifati birinchi o‘rinda turgani uchun yakuniy namlikka eng katta vazn berildi va
k1=0,50, k2=0,30 hamda ks=0,20 gabul gilindi.

Shunda ratsional rejim quyidagi shart asosida tanlanadi;

F—min

Bu shart shuni anglatadiki, tanlangan rejimda yakuniy namlik past, aerodinamik garshilik

ortigcha yugori emas va umumiy issiglik sarfi magbul darajada bo‘lishi kerak.

Natijalar va muhokama.

Matematik model asosida olingan natijalar superfosfatni barabanli quritgichda quritish
jarayonida quritish agenti harorati va uch qismli takomillashgan nasadkalar soni asosiy ta’sir
etuvchi omillardan biri ekanini ko‘rsatdi. Ushbu omillar birgalikda materialning yakuniy namligiga,
quritish jarayonining intensivligiga, aerodinamik qarshilikka va umumiy energiya sarfiga ta’sir
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ko‘rsatadi. Shuning uchun natijalar tahlilida faqat bitta parametr emas, balki texnologik va energetik
ko‘rsatkichlar birgalikda baholandi.

Awvalo, quritish
jarayonining asosiy maqsadi O Hisobiy nuqtalar
hisoblangan yakuniy namlikning o
o‘zgarishi  tahlil  qilindi.  Bu
bog‘liglik 1-rasmda quritish agenti < 7.0 6.0 o
harorati va uch gismli nasadkalar < 65 >
soniga bog‘liq holda keltirilgan. i 2‘; 5-52
1-rasmdan ko‘rinib g§ 5, 50@
turibdiki, harorat va nasadkalar soni £ 45 g
oshgan sari superfosfatning yakuniy g’ 4.0 4.5%"
namligi izchil ravishda kamayadi. = 37 3
Bu holat quritish jarayonining fizik e AT 4.0
mohiyatiga mos keladi, chunki
harorat oshganda material 2%, B0 =
tarkibidagi namlikning bug‘lanish (‘701,5%,,1’. 24 160 YY‘%\"O

tezligi ortadi, nasadkalar soni
ko‘payganda esa material issiq gaz
ogimiga maydaroq ogimlar
ko‘rinishida sochiladi. Natijada material va quritish agenti o‘rtasidagi kontakt yuzasi kengayadi,
issiglik va massa almashinuvi jadallashadi.

Masalan, G = 0,095 kg/s va v = 20 m/s sharoitida N = 24 dona nasadka va T = 100 °C da
yakuniy namlik 6,878 % ni tashkil etgan. Harorat 140 °C ga oshirilganda ushbu giymat 4,874 %
gacha pasaygan. Bu faqat harorat ta’siri hisobiga namlikning sezilarli kamayishini ko‘rsatadi.

Shu bilan birga, nasadkalar sonining ta’siri ham aniq namoyon bo‘ladi. Masalan, T = 100 °C
da nasadkalar soni 24 tadan 36 tagacha oshirilganda yakuniy namlik 6,878 % dan 5,094 % gacha
kamaygan. T = 140 °C da esa ushbu ko‘rsatkich 4,874 % dan 3,266 % gacha pasaygan. Demak, uch
gqismli takomillashgan nasadkalar sonining oshishi harorat ta’siri bilan birgalikda quritish
samaradorligini yanada kuchaytiradi.

1-rasm. Quiritish agenti harorati va uch gismli nasadkalar sonining
yakuniy namlikka ta’siri, W>=f(T,N):

0.8807 Eng past yakuniy namlik

N = 36 dona nasadka va T = 140

0.8625 °C sharoitida kuzatildi. Bu

= w rejimda W, = 3,266 % ni tashkil

T 084437 etdi. Agar fagat texnologik

= 2 nuqtai nazardan, ya’ni maksimal

z 08260 quritish  samarasi  bo‘yicha

z g garalsa, ushbu rejim eng

3 08078 @ samarali  hisoblanadi.  Birog

© o - .e .

= o ratsional ~ rejimni  tanlashda

e 07895 = yakuniy namlik bilan birga

] o aerodinamik garshilik va
= 07713 9 A )

S umumiy issiglik sarfi  ham

07530  hisobga olinishi zarur. _
Shu magsadda matematik
0.7348 modelda integral magsad
funksiyasi  qo‘llanildi. Unda

2-rasm. Quritish agenti harorati va uch gismli nasadkalar soniga bog‘liq yakun.l.y namlik, a_erod_lna}m!k
integral magsad funksiyasining o‘zgarishi, F=f(T,N). qal‘S_hI|Ik va Um!Jr_my issiglik

sarfi normallashtirilgan holda

birlashtirildi. Mahsulot sifati birinchi darajali omil sifatida gabul gilingani uchun yakuniy namlikka

0,50, aerodinamik garshilikka 0,30, umumiy issiglik sarfiga esa 0,20 vazn koeffitsienti berildi. Bu

110 115 120 125 130 135 140
Quritish agenti harorati, T (°C)
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yondashuv jarayonni fagat namlik bo‘yicha emas, balki energiya va bosim yo‘qotishlari bilan birga
kompleks baholash imkonini berdi.

2-rasmda integral maqsad funksiyasining harorat va nasadkalar soniga bog‘liq o‘zgarishi
keltirilgan. Ushbu grafik ratsional texnologik rejimni tanlashda asosiy hisoblanadi, chunki unda
quritish samaradorligi va energiya-aerodinamik cheklovlar bir vagtda hisobga olingan.

Integral funksiya qiymatlarini tahlil qilish shuni ko‘rsatadiki, harorat oshishi yakuniy
namlikni kamaytirgani uchun F qiymatini pasaytiradi. Birog nasadkalar sonining ortishi bir
vaqtning o‘zida ikki xil ta’sir ko‘rsatadi: bir tomondan, yakuniy namlikni kamaytiradi, ikkinchi
tomondan esa aerodinamik garshilik va issiglik sarfini oshiradi. Shu sababli integral funksiyada eng
maqgbul soha faqat eng past namlikka emas, balki umumiy energetik samaradorlikka ham bog‘liq
bo‘ladi.

Hisob natijalariga ko‘ra, N = 36 va T = 140 °C nugtasida integral funksiya eng past
qiymatga yaqinlashadi. Bu holat ushbu rejimda yakuniy namlikning minimal bo‘lishi bilan
izohlanadi. Biroq shu rejimda aerodinamik garshilik 1411,196 Pa, umumiy issiglik sarfi esa
3111,135 kJ/kg bug® ga yetadi. Demak, 36 dona nasadka va 140 °C rejim maksimal quritish
samarasini ta’minlaydi, ammo u yuqoriroq bosim yo‘qotishlari va issiqlik sarfi bilan tavsiflanadi.

Shu nuqgtai nazardan N = 30 va T = 120-140 °C sohasi amaliy jihatdan ratsional rejim
sifatida baholanishi mumkin. Masalan, T = 140 °C va N = 30 bo‘lganda yakuniy namlik 4,048 % ni
tashkil etadi. Bu giymat 36 dona nasadkadagi 3,266 % ga nisbatan biroz yuqoriroq bo‘lsada,
aerodinamik qarshilik 1209,874 Pa bo‘lib, 36 dona nasadkadagi 1411,196 Pa ga nisbatan ancha
past. Shu bilan birga, umumiy issiglik sarfi ham 3090,363 kJ/kg bug® bo‘lib, 36 dona nasadkadagi
3111,135 kJ/kg bug* giymatidan pastroqdir.

Bu natijalar shuni ko‘rsatadiki, agar asosiy maqgsad mahsulotni eng past namlikkacha
quritish bo‘lsa, 36 dona nasadka va 140 °C rejimini tanlash mumkin. Ammo sanoat sharoitida
energiya tejamkorligi, ventilator yuklamasi va bosim yo‘qotishlari ham muhim bo‘lsa, 30 dona uch
gismli takomillashgan nasadka va 120—140 °C harorat oralig‘i magbulroq hisoblanadi.

Matematik modelning afzalligi shundaki, u bir nechta texnologik parametrlarni bitta
kompleks baholash tizimiga birlashtiradi. Agar fagat W bo‘yicha baholansa, 36 dona nasadka eng
samarali ko‘rinadi. Agar fagat AP va qum bo‘yicha qaralsa, 24 dona nasadka yengilroq rejim
sifatida ko‘rinadi, ammo quritish samaradorligi past bo‘ladi. Integral funksiya esa ushbu ikki
chekka holat o‘rtasidagi muvozanatni topish imkonini beradi.

Shu asosda superfosfatni quritish jarayoni uchun ratsional texnologik rejim sifatida 30-36
dona uch gismli takomillashgan nasadka, 120-140 °C quritish agenti harorati, 15-20 m/s gaz tezligi
va G = 0,095 kg/s ish unumdorligi oraligi tavsiya etiladi. Bu diapazonda yakuniy namlik yetarli
darajada kamayadi, aerodinamik garshilik haddan tashgari oshmaydi va issiglik sarfi amaliy
jihatdan maqgbul darajada saqlanadi.

Xulosa.

Matematik model asosida olib borilgan tahlillar superfosfatni barabanli quritgichda quritish
jarayoni uchun ratsional texnologik rejimlarni tanlashda yakuniy namlik, aerodinamik garshilik va
umumiy issiqlik sarfini birgalikda baholash zarurligini ko‘rsatdi.

Yakuniy namlik modeli W>=f(T,N) bo‘yicha harorat va uch qismli takomillashgan
nasadkalar soni oshishi bilan superfosfat tarkibidagi namlik kamayadi. G = 0,095 kg/s va v = 20 m/s
sharoitida N = 24, T =100 °C rejimida yakuniy namlik 6,878 % bo‘lgan bo‘lsa, N = 36, T = 140 °C
rejimida bu giymat 3,266 % gacha pasaygan.

Integral magsad funksiyasi F=f(T,N) yakuniy namlik, aerodinamik garshilik va issiglik
sarfini birgalikda baholash imkonini berdi. Ushbu funksiya tahlili shuni ko‘rsatdiki, 36 dona
nasadka va 140 °C harorat eng chuqur quritishni ta’minlaydi. Biroq bu rejimda aerodinamik
qarshilik va issiqlik sarfi yuqoriroq bo‘ladi.

Amaliyot uchun ratsional yechim sifatida 30 dona uch gismli takomillashgan nasadka, 120-
140 °C harorat va 15-20 m/s gaz tezligi tavsiya etiladi. Bu rejim yakuniy namlikni talab
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darajasigacha kamaytirish, bosim yo‘qotilishini ortigcha oshirmaslik va issiglik sarfini magbul
darajada saqglash imkonini beradi.

Agar texnologik talab mahsulotni maksimal darajada quritishni nazarda tutsa, 36 dona
nasadka, 140 °C va 20 m/s rejimi qo‘llanilishi mumkin. Agar energiya tejamkorligi va aerodinamik
barqarorlik ustuvor bo‘lsa, 30 dona nasadka asosidagi rejim ilmiy jihatdan asoslangan ratsional
variant hisoblanadi.

Adabiyotlar
[1]. Axunbayev A.A. Ontumusarcus GopMsl Hacaaku GapaGaHHBIX Cymuiaok // Universum: TEXHHYECKHE HAYKH. —

Moskva. 2023. — Ne 6(111). DOIL: 10.32743/UniTech.2023.111.6.15705.

[2]. Mirsharipov R.H., Akhunbaev A.A. Research of Hydrodynamic Parameters of Drum Dryer // International
Journal of Advanced Research in Science, Engineering and Technology. — 2020. — Vol.7, Ne 11. — P.15683-
15689.

[3]. Akhunbaev, Adil & Muhamadsadikov, Kamaljan & Koraboev, Yeldorbek. (2024). Quantity of material in the
drum drer attachment. Ye3S Web of Conferences. 587. 03010. 10.1051/ye3sconf/202458703010.

[4]. Axunbayev A. Industrial Tests of Drying of Mineral Fertilizers in a Rotary Drum Dryer // International Journal
of Materials and Chemistry. — 2023. — Vol.13, Ne 2. — P.28-33. DOI: 10.5923/j.ijmc.20231302.03.

[5]. Akhunbaev, A & Khusanboev, M & Muminov, J & Khasanova, G & Khakimov, A & Yergas’hev, N. (2024).
The optimal s’hape of the nozzle for drying food grains. IOP Conference Series: Yearth and Yenvironmental
Science. 1420. 012012. 10.1088/1755-1315/1420/1/012012.

[6]. Tojiyev R.J., Akhunbaev A.A., Mirsharipov R.X. Research of hydrodynamic processes when drying mineral
fertilizers in drum dryers // Scientific-technical journal. — 2021. — T.4, Ne 4. — P.10-16.

[7]. Ahunbaev A.A. Moisture stress in a drum dryer during the drying of mineral fertilizer. Proceeding XII
International Conference «Industrial Technologies and Engineering» ICITE — 2025, M. Auezov South
Kazakhstan University Shymkent, Kazakhstan. November 13-14, 2025.

[8]. Tojiev R.J., Axunbayev A.A., Mirsharipov R.X., Mullajonova M.M., Yigitaliev M.M. Analiz protsessa sushki
mineralnsix udobreniy v barabannom apparate // Universum: texanyeckue Hayku. — Moskva. 2021. — Ne 8(89). —
S.31-36.

[9]. Axunbaev A.A., Qoraboev E. Barabanli quritgichning uch gismli nasadkadagi material migdorini hisoblash.
Nauch.-texn. Jurnal FerPl . 2024 , T.28, Nel6, v.64-69.

TAKOMWUIAIITUPWITAH KOMBUHAIIMOH BAKYYM-CYBJIUMAILIMOH
KYPUTHII )KAPAEHUHUHT KHHETUK IAPAMETPJIAPUHU BU3YAJT TAXJIWJT
KWUJIALI

®. A6aynnaesal, M.®. Memu6oes?, H. Paxxa6osa?

'Hamanazan oasnam mexnuxa ynueepcumemu,
2dapzona daenam mexHuka yHUEEpCUmMemu
(Kabyn xununou 18.03.2026 1.)

Annomayua: Maxkonaoa mesa-cy063a80miapHu 6aKyyM-cyOIUMAYUOH 68a KOMOUHAYUOH
Kypumuul KypuimMacu 6da mMexHOA02UK NApAMempiapuHy maKoMUIIAWmupuul opKam Kypumui
0aspu  OABOMUTLIUCUHUHE ACOCUTL MOIYKYIAP Oupukmanapuea ea Oylean 3pKuH 6a 0OO0&NaAH2aH
HAMAUKHU  ¢haon Oecopbyusnaul opKaiu Kypumuid 0aspu  OABOMUNIUSY — UHIMEHCUBTUSUHU
ONMUMATIAWMUPUUL  OPKATU  MEXHUK-UKMUCOOULL  CAMAPAOOPIUKKA  SPUUULAOY, MABIYMKU
boznanean HAMAUKHU KPUMUK XYCYCUAMUSA IPUMUTCYHeA KAOap Oy2yHeu KYHOA MYpau UCCUKIUK
azeHmaapu KyJiiaHuIMUoKOd.

Cyneeu tiunnapoa Y3bexucmonoazu emummupuiaémean meea-cab3agomiaptu Hec-Hobyo
KUIMACOAH KOMNIEKC YUKUHOUCU3 KAuma UWiaui OpKamu ONUHeAH OUpiamyu 6a UKKUIAMYU
MAxcynom HAMYHANAPUHUHZ Ccugam Kypcamkuyiapued mavCup >3MmMysuu OMULIAp 0y HAMAUK
Xucobnamnaou, yuby HAMIUK MABCYMULU 84 HOMABCYMUL CAKAAUL MYOOAMIAPUHU Y3 udued O0adou,
caknau 0agpu 0aBOMUUNUSYU ICA KPUMUK HAMAUKKA Oo2nuK xucobnanaou, Tanranean HamyHanapoa
acocutl oupramuu 8a UKKUIAMYU XOMAWE HAMYHALAPU MAPKUOUOG2U KPUMUK HAMAUK CIaHoapmed
myeour 6-9% ea spuwuncyHua KOMOUHAYUOH KYPUMUWL YCYaLapod dKCNepuUMenman maoKkuKom
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Hamucanapu oaud 6opuLou.

Taanu cyznap: eaxyym-cyorumayus, Oupiamyu 8a UKKUIAMYU MACCACU, HAMYHA, KYyPUMULU,
KOM6uHab;u}Z, npecciaut, Kpumuk, UKKuiamdu xomamé’, mypJjiu UCCUKJIIUK A2EeHMU.

AHHOI”dl(M}l.' B cmamuve NOKA3AaHo, 4mo ¢ NOMOUWbIO COBEPULIEHCMBOBAHUA 060pydoeaHuﬂ u
MEXHONIOSUYECKUX NAPAMEMPO8 8AKYYM-CYOIUMAYUOHHOU U KOMOUHUPOBAHHOU CYWUKU (DPYKMO8 U
0601/14612 MOIHCHO OOCWZHZHymb MEXHUKO-2KOHOMUYECKOT agb¢ei<mu6Hocmu uyepes onmumusayuro
UHMEHCUBHOCIU NPOOOIHCUMETILHOCIU NEPUOOd CYUIKU NYMeM aKmMUuHou decopoyuu c60000HOU U
CESA3AHHOU ernazu, O6ﬂdddl0u4€ﬁ OCHOBHbIMU MOJEKYIAPHBIMU coeduHeHuﬂMu, useecmmHo, 4mo 00
oocmudicerus KpumuquKoﬁ xapakmepucmuKku CBA3aHHOU  6la2u 8 HacmoAauee  epems
NPUMEHAIOMCA PpA3TUYHbLE MENnJIO8ble d2eHNbl.

B nocneonue 200wt gbakmopamu, GIUANOWUMU HA nokKasamejau kKadecmeda 06pa3u06
NepeuyHoOl U BMOPUYHOLU  NPOOYKYUU, NOJIYUEHHOU Nymem KOMNJIEKCHOU 6e30mX00HOll
nepepabomku  8vlpawusaemvix 6 Yzoexucmaune @Gpykmos u ogowjei 0e3 ux YHUUMONCEHUS,
CUUMAEMCsl BIIANCHOCMb. DMa 61AadiCHOCMb BKAI0YAem Kax CE30HHble, MAK U HeCe30HHble CPOKU
XPAHERUA, a npodozl:)fcumeﬂbﬁocmb XPAHEeHUA onpedeﬂﬂemc;z KpumuquKoﬁ enaxcuocmoio. B
6bl6paHHblx 06pa3uax npoeoduﬂu% IKCnepumenmalbrHvle UCCIe008aHUA NO KOM6uHup06aHHblM
Memooam CYUKU 00 docmudicetus KpumuquKod 6IAINCHOCMU OCHOBHbIX NEPEUHUHBLIX U 6MOPULHBIX
ChIPbEBbIX 0OPA3YO8 8 COOMBENCMBUL CO CIMAHOAPMOM Ha yposHe 6-9%.

Knrwuesnvie cnosa: eakyyM-cy@zuMauuﬂ, nepsuyras U emopudHas macca, 06pa3eu, Cyulka,
KOM6uHal4u}Z, npeccoeaxue, KpumuquKuﬁ, emopuvirnoe Cblpbé, PAa3lu4Hble menjiosovle dceHnbl.

Abstract: The article shows that by improving the equipment and technological parameters
of vacuum-sublimation and combined drying of fruits and vegetables, it is possible to achieve
techno-economic efficiency through optimizing the intensity and duration of the drying period by
actively desorbing free and bound moisture, which contains the main molecular compounds; it is
known that various thermal agents are currently used until the critical characteristic of bound
moisture is reached.

In recent years, the factors affecting the quality indicators of primary and secondary
product samples obtained through comprehensive waste-free processing of fruits and vegetables
grown in Uzbekistan without their destruction have been considered to be moisture. This moisture
includes both seasonal and non-seasonal storage periods, and the storage duration is determined
by the critical moisture content. Experimental studies were conducted on the selected samples using
combined drying methods until the critical moisture content of the main primary and secondary raw
material samples was reached, in accordance with the standard at the level of 6-9%.

Key words: vacuum sublimation, primary and secondary mass, sample, drying, combination,
pressing, critical, secondary raw material, various heat agents.

Kupuu:

MabiiyMKH pecnyOMKaMu3/ia SHEprusiTekaMKop HMHHOBAIlMOH KOMOWHALMOH TEXHUKa-
TeXHoJoruslapra Oynran Tana® Ba 3XTUEX TOOOpa KECKHMH OpTHO OOpMOKAA, MaMIIaKaTUMH3
axXOJIMCUHU WWJI 1aBOMMJIa MaBCYMHUI Ba HOMaBCUMMI JaBpiiap/a 03yKaBUM Ba UCTEBMOJI KHWMATH
MHTEHCUB axaMHsTra sra OyiraH SKOJIOTMK cO() OpraHuK BHU3yal O3UK-OBKAT MaxcCyloTiapu
ACCUPTUMEHTHHHM KEHraWTHpHUII Ba cakjall, KaiTa WOUIall XamJa WOUIa0d YMKapHIl TEHOJIOTHK
napaMeTpiapy SKadaJUIalITUPHUII MYXHM axamusarra sra xucoOsanaau. UIyHUHTIOEK CTaTUCTHK
MabJIyMOTapra Kypa ao13ap0 caHoaT MyMMoJIapra 3ra OyJiran MaxcyJIOTJIapUHUA CYHITH Hriapaa
MaBCyM [IaBpyJa ETUIITHPWIraH IOJIM3 MaxCyJOTJIApUHM CakKJall, KalTa MILIall XOpPM>KUH Ba
MaxaJUIMid UCTEMOTYHIIAPHUHT IXTUEKU OpTUO OOpMOKIA.

O3uk-OoBKaT Ba KWME CcaHOATHAA KYPUTHIIHUHT TYpJH YCYJUIApUHM KyJulaml OujiaH
MaxCyJOTJIapHU TapKUOMJard HaMJIMK MUKJIOPUHU KaMaWTHPUII OPKAly yJIapHU TaIIMIL, WUIUIOB
Oepuil, KojaBepca cakjall UMKOHUSATIIAPUHU olMpwiIagu. by skapaéniapHu amaira OIIMpPHUIIIA
KYJUIaHWIaIUrad ycyiapaaH Oupu cyonuMmanus - nuoguinsauus ycynuaup. by ycyn épnamuna
MaxcyJoT TapKUOMJaru HaMJIMK MHUKIOPMHUM OJATUH KYpUTHIN ycynura Hucbatan 3-4
Maporabaraya KamMaWTupuil UMKOHU spatunaau. llly Owman Oupra, KypuTuia€TraH MaxcyJoT
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TapKUOWa Kepakiy BUTAMHH, MUKPO Ba MakKpO JJICMCHTIAPHH FOKOPY KOHCEHTpalusga cakjiad
KOJIUIII MyMKHH Oyinamu. bupok, MaxcyiaotHu Oy ycyn €épaaMuia KypUTHII y4yH OOIIKa KypUTHII
yCyJutapura Kaparasja kapa€ura KympoK BakT capQuiaHaau Ba dHEPTeTHK capdiaapu I0Kopu OYuo,
Oy KypcaTKu4iap MaxCyJlOT TaHHapxura Xam Ttabcup Kwiamu. llly cababmaH KypriMaHHHT
KOHCTPYKTHB Ba TEXHHK IapaMeTPJIAPUHU Y3rapTUPHIN OPKAIA YHUHT camMapaopIATHHU OIIHPHII
cyonumarnus xapa€Hunara MyxuM Basudanapaan oupu xucodnaanamu [1; 2].

TaagkukoT 00beKTH:

IOKopraarunap acocuna Y36eKHCTOH PecITyOIMKACHAATH SIHIM 3aMOHABHII KOPXOHATAPAAH
xucobmanagurad «FRUITS DRIED INNO TECH», «SSUNNY LAND PRODUCTS» MY Xnaru
unutad YUKApUII )kapaéHy Ba YHIATH MaBXYy]l TEXHUK Ba TEXHOJIOTHK OMUJUIAP TaXJIAI KAJTUHIH.

Bakyym-cyOnuManuon KypuTuil KypuManapyu OyryHTU KyH/Ia FOKOPUAArd UILIa0 YUKAPHIL
KOpXOHaJlapuaa KypwiMa KOHCTPYKTHMB TY3WIHINUTA Kapad WCUTYBUM areHT Ba3u(pacuHU
OakapaTraH 3aHIiiaMac IMIyIaT MaTepuaigura odra OynraH KyBypiap (3uUr-zak) mIiakjijaa
KoMmamTupwiradn ymoy KyBypiap wuuaa (CyB Ba (PEOH) CYIOKIMK IIAKIUAa KOHCEHTpAT
XapakaTJaHWIIM HAaTHXKAcHIa THAPO Ba TEPMOPATUAIIMOH UCCUKIUK areHTH XOCHIJ KWJIaau, Yoy
xocws1 Oynmaérran JMO(DWI WCCHUKIMK areHTH KyBypiap Io3acuja >KOWJIAITaH TEKUC H03aIH
MOAJOHIAP TYpJAM Macca Ba XaKMUW IIakjiapra i3ra OynraH xomaménapra Typid KHHETHK
XyCcycusATra sja OYJNraH WCCHUKIWK areHTJIapd TabCHUP STUIIM HATHXacuia OOFJaHTaH HaMIIMK
KOHJICHCAT MIAKJIH/Ia XOMalI€ HAMYHACH F03aCUTa KamuUIsip HAaMJIHK IaKIna XOCHI Oyinaau, yuoy
HaMJIUKHHU BaKyyM COPOIUSCH OPKAIH 1eCOPOLMS KUITMHAIH.

Taxyuia HaTHRAJIApH:

MeBa-cab3aBoTJIapHH  KYpUTHII JkKapaéH JaBOMUIIMTHHM J1abopaTtopus IIapouTHIA
9KCHEpUMEHTAl WIMHUN-TaJKUKOTIap o0 OopmiaérraH BakyyM-CyOJMMALMOH —KypUTHIL
KaMepacuaa TYPT KaTopid KOMOWHAIMOH MOAJOHIM MOJHOC OYnub, ynapHUHT (hakaTruHa KyWu
KUCMUJIaH SbHM, KaMepa MUKW KMCMUHMHI 3HI IACTUJA JKOMJIAINraH [03a MOJJIOH MaJHocaap Tar
KHCMUTa OUp WYIIIH, 3Ur-3aK Ba OOLIKA CUCTEMATUK KYBYpJIapCH3 TYFPU OKUM OYIUIMKIApU OpKaJIU
UCCHUK CyB oKuMH Oepunanu. HaTwkana xamepa MoaJlOHIapu r03acHjia >KOWIAIITHPWITaH TYpJd
XoMalé HamyHamapu 4 Ta MOAJOHIM TOAHOCHIAP [03aCHra HCCHKJIMK OKMUMUHH OuMp Xuijaa
TaKCUMJIAHHWIINTA OJINO KenuO, KaMepa WYujaa My3 KpPUCCTal 3appadajapuxocwi OViIWImd Ba
KOHJIEHCAT XOCWJI Oynuin »xapaHu MeBajapAa Oup Xuil Mebépaa KeumaclaH, MagHociaplaru
HaMJIMK MMKJIOpU Xap XWwi1 OynummMra Ba KypUTHUII JaBpU JaBOMMUIMIM MHTEHCUBIMIH OpPTHO
OopHIIY BU3YyaT UCOOTIAH/IH.

Taxim¢ KwinHran ycyin
épaamMuaa TaKOMUJUIAIITUPUITAH
cyonumarcus — KypWIMacHHHUHT
KYpUTHII KaMepacuaard xap Oup
MOJHOCHUHI Tar KHCMHIAa XaMm |
MY3JIaTHILI, XaM MCCHK areHT

TallyBYH KYBYpJapHHUHT

YpHATUIUIIN HAaTHXacuaa 1 2 1 2

Kamepa M4KIa XapOPaTHUHT TEHT a) aHbaHABUH MaBKXy/ KOHCTPYKCHS 0) TaKOMHJLTAIITHPUITaH MOJOHIap
TacBUPH, KOHCTPYKCHSCH TaCBHPH.

TaKCUMJIAHUIIUTA SpUIIIIU. By
3ca, KYpPUTHII BAKTUHU Ba
9HEpPreTuK  capg-xXapaxaTiapHu
ce3mIapIIu napaxana
KaMalumura oiau0 Keiu.
Kyputum kamepacuiga MaxcyjaoT TOIHOCTApU OCTHAA IKOWJIAIITHPHWITAH HWCCUK CYB
KyBypiapuiaa xapakartianaérrad 30 °C xapoparaard MCCHUK OKMMHHU Xap TYPT MOJHOC OCTHA
KOUJIAIITUPUIL OPKATH KaMepa WYHUJArd HCCHKJINK OKUMUHHUHT OUp MehEpla TaKCUMIIAHWIIN
HaTWXacuja MeBayap Tapkuoumaru Mmys 3¢ dy3ust (OyF MoNeKyJIaJapuHUUT OMp-Oupu OumaH y3apo

1-MaxcymnoT y4yH ITOIHOC, 2- HCCHKJIMK TAITyBYH KyBYypJap.
1-pacm. KomOnHAIIMOH BaKyyM-CyOIMMAaIMOH KYPUTHII KaMepacu NUIKH
KYPHUHHUILY.
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TYKHAIIMAacJaH O»PKHH XapakaTth) O KapaCHUHUHT SKajauramumura omud kemaau. Kapaéu
camapaopauru onud Gopwiran TaxxpuOa HaTHKajdapuaa Y3 akcuHu Tonras (1-xaasan).

1-xamBan
Bakyywm cyOnuMarcus sxapaéHuia MCCUKINK OKUMUHH KyPUTHII KapaéHu JTaBOMUNIUTUTA
TabCUPHU COJTUIITAPMA TAXJTAITN
(-30 °C eaua myznamunean 6a 150 Ila éaxyym)

Tapsy3 KoBok Kogyn
. NPeCCIAHTaH MpeccJIaHran y
Yceyaaap Kypcaruunap P D aAMI NpeccJaHraH
I\E;acca 15 acca OupJjamM4m macca
< Hactnabku Ha(l)\/IJII/IK 758 78.1 80.4
= = MUKI0pH, Yo
53 § Hccukauk okum, °C 35 35 35
S Y ~ . o
§ S g Kapa€n nasomuiinuru o8 27 29
g § §. BaKT, COaT
= § Kputuk nHamnuk 79 78 75
MUKJIOpH, %o ' ' '
Hactnadku Haé\/IJII/IK 758 781 804
s MUKI0PH, Yo
S =
3
S R
3 § Hccuknmk okumu, °C 30 30 30
S 2
S
=
S 3
§ g Kapaén naBomuiinuru 20 195 21
Y BaKT, cOoaT !
=
S 8
S
£
Kpurtuk HaM(J)II/IK 6.5 55 6.7
MUKI0pH, Yo

KOxopuna l-xanBanga  KENTUPWITaH  OSKCIEpUMEHTal  KUHETHK  HaTuXaiap
MabJIyMOTIApUIAH MabIyMKH, 3aMOHHABUN KOMOWHAIIMOH TEXHOJOTHSJIAp HATIKACHAA IOJIU3
MaxcyjloTIapuiaH TapBy3, KOBOK Ba KOBYHHMHI IYCTJIOFUIAH To3anald Oymakinad mpeccrail
HaTIWKacuaa XOCcWi OYNIraH mMe3ra MaccacMHH BaKyyM-CyOJHMMAIMOH Ba KOMOMHALMOH KYpPUTHII
KapaCHUIaru TEXHUK KYypcaTKUWIapy KyHuaaru TapTuoaa y3rapud 6opuiu anukIanau. VMccukmmk
OKHM XapaKaTUHH IOJHOCIAp Tarura >KOMJAIITHPWITaH MCCUKIMK KyBYpH €pAaMuaa sXIIMIAII
OpKalu TapBy3 XOMam€napu KypUTHII JaBOMUUIUTH capQuiaHral BakT 6 coarra, KOBYH
XOMAIIEIapruHA KypUTHIN y4yH cap(iaaHagurad BakT / coaTra Ba KOBOK XoMaluénapu § coaTrava
KUCKapTUPWIUIINra SpUIlmiad. Typnu Qpakuusiu AelruKaTec MoJiu3 MaxXCyJlIOTIapUHUHT KPUTHUK
HAMJIUK X2XMHH Macca MUKIOPH CaKIaHUII JaBOMUIIIMTMIa MHTEHCHUBIMIM aHUKIaHau. By sca
kapa€H yuyH capdiaHaguraH BaKT Ba dHEprusi caphuHy KamMaluTUpaau xamja My3 Ba OyF (azanm
KaTJIaMJIM MaxcCyJ0TiIap HAMJIIMTHMHU KaMaWTHUPUII OPKAJIM YIApHHUHT Cakjall MyaJaTiapy OpTUIIN
Ba cudat KypcaTKkuwiapu Oy3WIHIIMHU OJAWMHU OJIUIIN BU3YI Ky3aTyBJIap HATWXKACUAA aHUKJIAH/IH.

AHabHAaBU KypUTHII KypUIMAacHUIard UCCUKIUK aJIMAIIMHHUII KyBYPHHUHT Ba 032 XOCHII
KUIYBUM OYIIMKIAa OEpUIraH IMaMeTpH Ba y3YHJIMTUIA YHHHT KM3OUpuil rozacu @ = 0,0452 m?
HU TaIIKWI 3Tagd. TakOMWIIAIITHPWITaH CyOJMMATCHOH KaMepaJard Xap OWp IMOJHOC Tarura
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KYMUIraH MCCHKIMK TallyBYM KyBypHMHr rozacu @ = 0,181 m? Ba ymOy KyBypaapaa
XapakariaHaéTral uccK cyBHUHT Xapopatu Am = 30 °C Hu Tamkwmi dtaam (2->xaaBa).

2-KaaBall
KomMOuHanmon BakyyM-CcyOoJIMMAaIMOH KypUTHUII KypPUIMAacH/1a UCCUKIIUK areHTH KyBBaTHHU
y3rapuiuu
o TaKOMI/I.]'I.]'IaIIIT]/IpI/I.TIFaH
AHBHABHI KOHCTPYKIHSIN
KOHCTPYKUMSAJIH KyPUTHII
KYPHUTHIII KaMepacHu
Kypuruinaér Kamepacu
Ne | ran MmaxcyJor
HOMH K K,
D, m? i‘}g b\ Bm/m | K, Bm | @, m2 4(1)12:1 zc | Bm/ gT’
) 2K n
TapBy3
1 “g;;ﬁ;‘i;‘* 0.0452 | 30 |27 | 300 | 10983 | 0.181 | 30 | 25 | 300 | 40725
Mmacca
TapBy3
2 “g;‘;ﬁg;‘* 0.0452 | 30 |28 | 300 | 11390 | 0.181 | 30 | 26 | 300 | 42354
Macca
Tapsy3
3 “g;;ﬁfgf 0.0452 | 30 |29 | 300 | 11797 | 0.181 | 30 | 26 | 300 | 42354
Macca

3.7-xanBania KeNTHPWITAH XUCOONall HaTIKAIApHUIaH, aHaAbHABHHA BaKyyM-CyOJIMMAaTCHOH
KYPUTHII KypWJIMacu MOAJOH MOAHOCIAPU OCTKM KUCMMIa YpHATWITaH UCCUKIUK XapaKaTJIaHUII
KYBYpHHHMHI WIIYM Ba TaIllKW [03aCH aHbaHABUH Kypwimara KaparaHma 5-6 maporaba opTuK
MHTEHCUB OYnMO, KypUJIMaHUHT HUCCUKIMK KyBBaTH (BT) 406.8 man 1629 BT raua xyrtapunuiu
anukianau. lllynra moc paBumga XypMOHHM CyOIMMATCHOH YCYJAa KYPUTUIIHUHT TYIUK LUKIU
naBomuna 10983 nan 40725 (Bt) raua, amxkupaa 11390 man 42354 (BT) rava, KOByHHH KYPHUTHIII
xapaéuuga 11797 nman 42354 (Bt) raya opTumM S3KCHEpUMEHTAT TaJAKUKOT HaTHXKallapu
JTABOMUIINTYA OPKAIHM AHUKJIAHIH.

XyJioca:

Bakyym-cyOnuManuoH KypUTUII KypUJIMacu UIIYM KaMEPAaCUHUHT UCCUKJIMK areHTH XOCHII
KWIHMII Y3aTHII KyBYpJapuWHH aillaHa IIAKIJaH OBAJCHUMOH Ba TYpTOypYak MIAKira y3rapTHpHIL
XaMmJa Kypuimara KyInM4a HUCCHKJIMK y3aTyBUM KyBypjap KOHCTPYKCUSICMHM YpPHATHII OpKaJU
KypWJIMaHUHT UCCUKIUK KyBBaTH (BT) coatura 406,8 nan 1629 Bt raua xyTapuinuing aHUKIaHIH.

Hceuink areHTH XapakaTuHY SIXIIAIA OpKaJM HOJIM3 MaxCyloTJIapuJaH TapBy30 KOBOK
Ba KOBYHHM KypuTHIUra cap¢uanran BakTHH 6+6,5 coaTra, KOBYHHHM KYpHUTUII Yy4YyH
capduiaHaural BaKTHHU 3ca /+7,5 coarra KaMauTUPHUIITa SPUTITIIIIH.

TakoMUIIAIITHPUIITAH BaKyyM-CyOJIMMAIIMOH KYpHJIMAacH KOHCTPYKLUMSCHUHH Y3TapTUPHIL
HaTWXacuga TypJd XoMam€ Ba MaxcyJoT HaMyHaJapuHM KypUTHUII >Kapa€HU TEXHOJOTHK
napaMeTpiIapyd MaxCyJOTHUHI CYHITH KpPUTHK HAaMIIMK MMKJIOPM Ba >KapaéH JaBOMUIIUTU
MHTEHCUBJIMTUIA 3PUILUIIN.

TakoMuamITipuwiIrad BakyyM-cyonumanunon Kyputuin sxkapaéuunu -30 °C Ba 150 Ila
BaKyyM O0OCHMH OCTHJa 0JIUO OOpHUIIl OpKaIH kapaH yuyH capguiaHraH BaKTHU ypTada 2+3 coaTra
Ba OXUPrd HaMJIMK MHUKIOPMHHM aHBbAHABUH BakyyM CyOJIMManmMoOH yCyiJla KypUTHITaH
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MaxCyJIOTIApHUHT KPUTHK HaMJIMK MuKaopura HucOaran 20+25 % rava KamMalTHPWIHAIINTA
DPULLIHIIIN.
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VJIK. 631.361.025.027
EPEHFOK XOCHJIMHY HUFUIITHPHLI MAIIMHACH CUANPTHYMHIHT
IHAPAMETPJIAPUHU ACOCJIAIL

b.P. Xoxwues, Tanaba I'. Kapumosa

Hamaﬁzaﬁ dagﬂam MEexXHUKa yHueepcumemu
bahromxojiyev1985@gmail.com
(Kabyn kununou 18.03.2026 i.)

Annomayusa. Maxonaoa epéneox X0CUTUHU TUSUWMUPULL MAWUHACUHURE UL CUhamu 6a YHYMUHU
owupuUl, YHUHZ IHEPSUS-MAMEPUAT  XAHCMOOPAUSUHU —KAMAUMUPUW  Makcaouoa uwiab yukuieaw
CUOUPSUYUHUHR 20PU30HM2A HUCOAMAaH YpHamuauw oypuazu, Ouamempu Xamoa CUOUpeUdHUHe KypaKdaiapu
COMU, Y3VHIUSU, SbHU ePEHEOK Nanacudacu OYKKAKIAPHU KaAMpauwl Keneaueuea aulaHuuiiap COHu, 6ypuax
mesnuey 64 MENAHUWAAPY, MAab oapadcacuddazy uwl Cu@amunu Kam 3Hepeus caprazan xonoa
MALMUHAAUOUSAH MAKOYI KUUMAMAGPUHY AHUKIAW OVIIUYa YMKA3UL2AH KYN OMUTIU IKCHEPUMEHMIAPHUHS
Hamuodicanapu Keamupunean. Kyn omuniu sxcnepumenmaap Xapmau-4 pexcacu oytiuua ymxasunean. bynoa
baxonaw me3onu cugpamuoa OYKKAKIAPHU adxcpamubd oauwl MyJuKIuIUSUHUHE Ypmaya Keaopamux
yemaaHuwU, OYKKAKIAPHUHS WUKACTHAAHUWL 0apadcacl, sSbHU CUOUpeudyHuHe Kypakdaiapu couu 2, 4, 6, 8
OoHa, cudupeuynune ouamempu 230, 240, 250 mm, cuoupeuunune yszynaueu 400, 500, 600 mm,
cuoupeuunune aunanuwaap conu 200, 280, 360 ain/mun, onunean. Taoxcpubanapoa oaumnean
mavaymomaapea KXMUTU maosicpuba-cunos oOyrumuoa wwaab uuxunean ‘“planexp” oacmypu Oyiiuua
uwnos bepunean. bynoa oucnepcusnune oup xuinueunu baxonrawoa Koxpen kpumepusicudaw, peepeccus
Ko puyuenmnapunune Kutmamuny obaxorauwioa Cmvio0eHm Kpumepuscuoaw, pespeccuor MoOeilapHuHe
adexeamaueunu  Oaxonawoa Duuwep Kpumepuscuoan @oudaranunean. Tasicpuba Hamudcanapuea
Kypcamunearn oacmyp Oyuuua uuiios Oepunud, 6axonauwi Me30HIAPUHU A0eKeam ugooaiosyu pespeccus
menenamanapu onunean. Yuap azpecamuune 5,0 km/coam uwi me3nuxiapu yuyH CUOUPSULUHUHS OYKKAKAADHU
asicpamub onuw MyAUKIUIUSY 8d UUKACTAAHUWL OaPAXCACUHYU YPMAYa K8aopamuK yemianuwu 5 gouzoan
O0awn Kyn Oyamazan, OYKKAKIapHu axcpamud oauw myauxaueu 95 gousoan w0kopu, Munuman Kuimamea 32a
OVIUWAUSY  WAPMAAPUOAH OUP2ATUKOA eyUulean 6d ePEeHEOK XOCUMUHU UUSUWMUPUW  MAUUHACUHU
CUOUP2UYUHY NAPAMEMPIAPUHUHE KYUUOasy MAKOYI KUUMAmMaAapu aHUKIAHeAH. CUOUPSUYHUHE 20PU3OHM2d
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nucoaman ypramunuwi oypuazu 20,4-20,8 ©, uwuu cuoupeuunune Kypaxuanapu conu 6 00OHA, CUOUPSUUHUHE
Kypaxuanapu ouamempu 240 mm. cuoupeuunune Kypaxuyaiapu ysyuaueu 500 mm ea cuoupeuyHuHe
avranuwnap conu 280 atin/mun.

Tasnu cyznap: epéHzoK XOCUNUHU UUSUWMUPUW MAUWUHACY, CUOUpeuy, Kypakid, OVKKAK,
20pu3oHmea Hucbamau ypHamuauwi Oypuacy, CUOUPSUHHUHZ V3VHIAUSH, CUOUPSUYHUHZ — Ouamempu,
wuKacmiaHuut, K)jn OMUJLIU IKCnEepUMerRniap, pecpeccus meHeiamaiapu.

Amwmauu;z. B cmamoe, ¢ Yyevbio nosbluleHusl kaiecmea p6160H1bl u npous@odumeﬂbHocmu MAUUHBL
ons y60pi<u apaxuca, yYMEHbUEHRUA ee IHepco-mMamepuarbHoco 06‘b€]l/la, onpedeﬂeﬁbz onmumdailbHbvle
3HAYeHUsA yend YCmAHO6KU MOJOMUIKU ONHOCUMENbHO 2OpPpU30HMmA, auamempa, Konuyecmea u OnUHbL
MOJIOMUTIbHBIX ]16361/!1/7, mo ecmbs KoJjaudvecmaea 060p0m06 HA WUPUHY CmpPYUKOoe6 apaxuca, yZﬂOBOﬁ CKopocmu u
YCKOpeHusi, obecneuusarouue Kavecmeo pabomol Ha mpedyeMom YposHe NPpU HUZKOM IHEP2OnOmpeOieHUuU.
Ilpeocmasnenvl pe3yromamsl 9Kcnepumenmos. Muozoghaxmophvie sxKcnepumenmst npoGOOUIUCy NO NAAHY
Xapmau-4. Kpumepusmu oyeuku CIyjicuiyu CmaHoapmuoe OMmMKIOHeHUe NOIHOMbL OMmOeleHUs. CMPYYKO8,
cmeneHb MNOBPeXCOeHUss CMPYYK08, m.e. KOIU4ecmeo Je38uil sxcmpakmopa 2, 4, 6, 8, oOuamemp
akcmpakmopa 230, 240, 250 mm, oauna sxkcmpaxmopa 400, 500, 600 mm, uucio 060pomos 3xcmpaxmopa
200, 280, 360 o6/mun. JJanuvie, nonyuenuvie 8 IKCHEPUMEHMAX, 00PAOAMBIBANUCH C NOMOUWBIO NPOSPAMMbI
«planexpy, paspabomannoll 6 3KCnepumeHmanbHO-uchvimamenvHom omoene XMUTH. [lpu smom Ons
OYEHKU PABHOMEPHOCIU pacnpedenienus Uucnoav3osaics rkpumepuii Koxpeiina, ons oyeuwku 3HaueHul
Koappuyuenmos pezcpeccuu — kpumepuil CmvrooeHma, a 0Nl OYeHKU a0eK8aAMHOCMU pPecPeCcCUOHHbIX
mooeneit — xpumepuil Duuiepa. IKcnepumeHmanivbHvle pe3yabmamvl 00padamvleaiuch ¢ NOMOULIO
VKA3AHHOU RpOcpamMmbvl, U ObliU NOJYYEHbl VPAGHEHUs Pecpeccull, A0eKeamuo eblpadcaioujue Kpumepuu
OYEHKU. Onu 6vL1u PEULEHbL COBMECNIHO C YCNI06UAMU, UYMO cpedﬂekeadpamuqnoe OMKJIOHEHUE NOJIHOMbl
omaoenenuss CmMpyYKo8 U cmenenu nospedicoenusl cenapamopa npu padouet ckopocmu azpezama 35,0 km/y ne
00JIJICHO NPesbIULamb 5 NPOYEHMO8, NOIHOMA OMOeLeHUs CIMPYUKO8 00JIICHA Oblmb boiee 95 npoyenmos, u
OvLU 0np€()€ﬂeHbl Cﬂedyiou;ue ONnMuMalbHvle 3HAYERUA napavempoe cenapamopa apaxucoeoco Komobalna:
Y201 YCMAHOBKU Cenapamopa omuHocumenvo copuzonma cocmasisem 20,4-20,8 °, xonuuecmso nonacmeii
pabouezo cenapamopa — 6, ouamemp nonacmeii cenapamopa — 240 mm, Oauna aonacmeii cenapamopa —
500 mm, a uucno obopomoe cenapamopa — 280 06/muH.

Knwuese cnoea: xombaiin 01a yOOpKu apaxuca, COOK, JONAMA, CMPYYOK, Y201 YCMAHOBKU
OMHOCUMENIbHO 20pU30Hma, onuna CcO6Kd, duaxwemp coBKa, noepeofcaeﬁue, MHO2OMEPHbBIE IKCNEPUMEHMDBL,
YPAGHEeHUs pe2peccuu.

Abstract. In the article, in order to improve the performance and productivity of the peanut
harvesting machine, to reduce its energy and material volume, the optimal values of the thresher installation
angle relative to the horizon, diameter, number and length of the threshing blades, that is, the number of
revolutions per width of the peanut pods, angular velocity and acceleration, ensuring the quality of work at
the required level with low energy consumption are determined. The results of the experiments are
presented. Multifactorial experiments were conducted according to the Hartley-4 plan. The evaluation
criteria were the standard deviation of the completeness of pod separation, the degree of pod damage, i.e.
the number of extractor blades 2, 4, 6, 8, extractor diameter 230, 240, 250 mm, extractor length 400, 500,
600 mm, the number of extractor revolutions 200, 280, 360 rpm. The data obtained in the experiments were
processed using the "planexp" program, developed in the experimental testing department of the Kharkiv
Institute of Mechanical Engineering. The Cochrane test was used to assess the uniformity of distribution, the
Student'’s t-test was used to evaluate the regression coefficients, and the Fisher exact test was used to assess
the adequacy of the regression models. The experimental results were processed using this program, and
regression equations were obtained that adequately expressed the evaluation criteria. They were solved
together with the conditions that the standard deviation of the completeness of the separation of the pods and
the degree of damage to the separator at an operating speed of the unit of 5.0 km / h should not exceed 5
percent, the completeness of the separation of the pods should be more than 95 percent, and the following
optimal values of the parameters of the peanut combine separator were determined: the angle of installation
of the separator relative to the horizon is 20.4-20.8 °, the number of blades of the working separator is 6, the
diameter of the separator blades is 240 mm, the length of the separator blades is 500 mm, and the number of
revolutions of the separator is 280 rpm.

Key words: peanut harvester, scoop, shovel, pod, installation angle relative to the horizon, scoop
length, scoop diameter, damage, multivariate experiments, regression equations.

Kupum: 3aMoHaBU arpOTEXHOJOTHUSJIAPHU JKOPHH ATUII Ba (epMep XV KaIMKIapUHH
FOKOPH YHYMJTU KUIIJIOK XY KaJIWTH TeXHUKATAPU OWIIaH TAbMHHJIAII XMCOOWTa KUILIOK XY KaJIUTH
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WnUiad YWKapuidga WHTEHCUB YCy/ulapra YTum ymoOy coXaHu Oapkapop Ba camapaiu
PUBOKIIAHTHPUIIIA YHT MyXUM HYHATUII XHUCOOIaHATH.

Kumoiok xyskanurd wnuoiad 4YUKapUIIMHUHT acocWil Basudacu yHHHT Oapda coxaiapu
camMapaJOpJIUTUHU OLIUPUII OpKadk pecrnyOiIrKaMu3 axOJIMCHHHM ap30H Ba KOJOTHK TO3a O3HK-
OBKaT MaxcCyJIOTJapy OWJIaH TYJIUK TabMHUHJIAII XUCOOIaHaIH.

WKTUCONUMETUMUBHUHT  paKoOaTOApIOLUIMIMHA — sIHaga  Ky4aWTHpHUIL,  axXOJIMHUHT
(hapOBOHJIMTMHY FOKCAITUPHUII KYTI )KUXAaTJaH OU3HUHT MaBXyJ] pecypciapiaH, OupuHuM HaBOatT/a,
9JIEKTp Ba JHEPrus pecypciapuiaH KaHYalIMK Texamid (oijanaHa OJIMIIUMM3Ta OOFIHKIUD.
Karbuii TexaMKOpPIMK THU3WUMHUHH KOPUM JTHIN, HWIUIA0 YUKAPHII XapakaTijaph Ba MaxCyJoT
TaHHAPXUHU KaMalUTUPUILIHU parOaTIaHTUPHUIL XxucoOuaan KOPXOHAJIAPHUHT
pako0aTéapJOUUIMIMHU OIIMPHUII MYMKHUH OYynamu. Kunuwiox xykanuru unuiad 4MKapuiin yyyH
XO3UPrU JaBpAArd SHI MyXUM Basu¢a — axoiaura cu(ariv 03UK-OBKAT MaxXCYJIOTJIAPUHU €TKa3uo
Oepuir MyxuM Basudanapaan oupuodup [1-3].

X03Upru KyHJIa pecrnyOiuKaja epEéHFOKHM eTUINTHPUINAA aMaira OIIMpUJIaJuTaH
TEXHOJIOTHK >KapaéHiiap, SbHU OKHINJIAH Oonuiad WuFumTupuO osMmirada OyiraH skapaéniap
MaxTaywivK Ba ca03aBOTYWIMKIA KYJUIAaHWIAJUTaH TEXHUK BOCUTanap EpaamMuaa amanira
OLLIMPUIMOKAA. AMMO €TUIITUPWITAaH €PEHFOK XOCWIMHHM MUFUIITUPUO OJIUIL acocaH KYJI MEXHATH
OpKaly amaira omupuian0d kearuHMOKIa. by sca ¥3 HaBOaTHIa XOCWJIHM WHUFHIOTHPUO OJMII
XKapaGHUHUHT KEUYMKUIIN Ba cu(daTuHu Oy3WJIMIIK XaMJa Tal€p MaxcyJoT TaHHApPXUHHU OPTULINTa
o0 kenMokza [4-6].

EpéHFoK XOCWIMHM HUFUIITHPUII MAalIMHACU SPUM OCMa BapUaHTIa HIUIA0 YUKUITaH
O6ynmub, pamara YpHATUTHA CHHYCOMJAAd CHAMPTUYHUHT (pacMmzaa KypcaTwiMaraH) OwWiaH
JKUXO3JIaHTaH, yHra VYpHATWITaH TEKUCIAWIUTaH Ba 3WWIAWAWTAH WIMYA KUCMiIap(KeHUHTH
YpUHIapJaH MOC paBHIJAa TEKHCIarud Ba 3WWIarky)iaH Tamkwil TomnradH. Mm skapa€Huna
TEKHCJIarud Jana o3acugard HOTEKUCIUKIAPHU TEKHMCIIAWIW, 3UWjarud TEKHCJIarud TOMOHMJIaH
TEKHCJIAaHTaH JaJjia ;03acuHu 3uwiaiau (1-pacm).

Marepuajiap Ba TaAKUKOT YycyJuiapu. Maskyp Makonaga epEHFOK XOCHJIMHHU
WUFUIITUPULI MAIIMHACUTA YPHATUITAH CUAUPTUYHUHT TOPU30HTIa HUCOaTaH YpHATUIUII Oypyaru
£, CUIUPTUYHUHT Y3YHJMTH L, cumuprudauHar quametpu Ds, CHIUprudHHHT OypYak TE3JIUTH o,
CUJIMPTUYHUHT allllaHUIUIap COHU N Ba CUAUPIUY KypaKyaJapUHUHT COHU nk HUHT (1-pacm) Tanad
napaxacuaard Wi cupaTHHM KaMm SHeprus capduarad xoija TabMUHIAWIUraH MakOyl
KHMMATIapUHU aHUKJIAIl Makcamuaa  Xapmm-4 pexacu OViimda YTKazwiraH Kyl OMHJUIH
SKCIEPUMEHTIAPHUHI  HaTWXKaJlapd  KEJITUPHUIITaH. l-xagBanga  omMwuiap,  YJIapHHUHT
OeNruIaHuIUIapy, Y3rapuil OpajJuKIapy Ba caTXJapy KeITUPUIITaH.

1-xanBad.
OMWJIAPHUHT Y3rapuil OPaJHKJIApU Ba caTXJIapHu
Omuinap
- = carxJjapu
Omuiiap Ba yJIapHUHT g £ cE E g =
Ne HaTypaJ Z5 | £8 E_E
OeJIrMIaHuIIU L = ={ - g Kyiin| acocu | 10KopH
S E = | (-1) | i (0) (+1)
S
1. | Cugupruu KypaK4aJapuHUHT dona X1 2 4 6 8
COHH
2. | Cugupray nuameTpu mm X2 10 230 | 240 250
3. | CUIUPTHYHUHT Y3YHIIUTH mm X3 100 | 400 | 500 600
CuMpriUYHUHT aiilaHUILIap COHU | ai/MuH | X4 80 200 | 280 360

Kyn omumim skcniepuMeHTNIapHM YTKa3uiga Oaxojaml Me30HM cudartuja CUAMPTUUHUHT
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aXpaTHO OJIMII TYIUKIMTMHUHT YpTaya KBaApaTUK YETJIAHWIIM, IIUKACTIAHUII Japakacu, SbHU
IIMKACTIIAHUIIH 5 Gou3aaH Ky Ba aXpaTUO onuin TYIUKIUTK 95 dousznan kaMm Oynmaran xomja,
CUJIMPTUYHUHT aillaHunuIap COHM, Oypyak TE3JIMTH Ba TE3JIAHULIM OJIMHIAM Ba yjap MaBXKy.l
MebEPUI XyXoKaTIap Kyutanuo anukmanmu [7-11].

JykkakimapHu axpaTuO OJMII TYIMKIWIUNTA Ba HIMKACTJIAHUII JapaKaCUHUHT Yyprada
KBaJpaTUK YETIAaHMIIMHM AaHUKJIAIl y4yH OyHKepra TyIIraH JIyKKakjJapHU caHa0 Ba Jaia
ro3acuiary  epEHFOK Majarjapuja KoyraH AykkakiapHu caHa® wukuinau. Ulysgan  cyHr
MabJIyMOTHapu Oyinua MaTeMaTHK CTAaTUCTHKA YCYJUIapu KYJUIaHWIMO, IIMKAacTJIAaHTaH Ba
najakiapaa Kojaub KeTraH JyKKakJIapHHU YpTaya KBaJpaTUK YETIAHUIIN aHUKIJIAH/IH.

(1)-(4) perpeccuss TeHIIIaMaJApPUHHUHT XamJa yJjap Oyiinya Kypwiran rpaduk
OornmanunuIapHUHT (1-pacM) TaxJIWiaM MIyHU KypcaTaauku, 0apdya oMuiuiap 6axosam Me30HIapura
CE3WJIapJIM TabCUP KypcaTraH.

JlyKKakJapHUHI aXpaJlull TYJUKJIWINTA Ba I[IMKACTIAHUILI JapakacMHU OaxoJiail
ME30HJIapUIra TabCUPUHU KaMaWTUPUII MaKcaauJga TaxpuOaJapHU YTKA3WIl KeTMa-KeTIUTU
tacoauduii connap kaaBanuaan Gpoigananu6 ypaatwiau [12-15].

2-)KaJBayja Kyl OMUIIN Ta)XpUOaTapHUHT HaTH)KaJdapy KeJITUPUIITaH.

Taxxpubanap/a oJMHIaH MabJyMOT/Iapra HHCTUTYTHUHT TaXpuba-cUHOB OYynuMuja uiniad
yukuiaran “planexp” mactypu Oyiinmua unuioB Oepwigu. byHaa nucnepcUsHUHT OUp XWUIMTHHU
Oaxonamga Koxpen kputepuscuman, perpeccus Kod(pPuIMeHTIapUHUHT KUMMATHHU OaxoJaliia
CTBIOZIGHT KpUTEPHUSCHIIAH, PErpecCMOH MOJCIUIAPHUHI aJEKBATIMIMHU Oaxonampa duriep
KpuTepuscuaaH QonjanaHuiim.

TagkuMKOT HaTHKAJapu Ba YJIapHUHI MyXokamacu. Taxpuba HaTwxkazapura
KypcaTwiran nactyp OVitmda wumioB Oepuin0O, OaxoJialml ME3OHJApUHH aJeKBaT H(OIaIoBUH
KyHuaaru perpeccust TeHriaamMalapyu OJIMHIU:

Y1=92,782 + 1,653 X1 +7,000 X> +4,567 X3 +6,450 X4 +2,881 X12 —
— 0,696 X1X2 — 2,029 X1 X3 +1,512 X1X4 — 2,368 X»? — 3,287 XoX3 —

3,779 XoX4 — 4,662 XsX4 — 0,885 X42 (1)
Y2 = 3,553+ 1,167 X1 + 3,835 Xy +2,102 X4 +0,887 X2 +0,785 X1 X4 +
+ 2,851 X2 + 0,836 X2X4 +1,683 X42 )

-0,07141X32-0,026X3X4+0,08X42.

VYpasuenue (1)-(4) mpumenumbl npu 15°<6>25°, 400 mm<L>600 mm 220 mm=<Ds>250
mm, 2 < Nk > 8, 200 Mmun<ns> 360 aiin/MuH.

(1)-(4) perpeccus TeHrIaMaJapUHHHT Xamja yiap Oyiinua KypwiraH rpaduk
OOoFnmaHMUUIApHUHT (2-3-pacMiap) TaxXJIWwId INyHM KypcaTaauku, Oapua oMwuiap Oaxojail
ME30HJIapUTa CE3WIIapII TAbCHP KypcaTraH.

2-ajaBaJl.
Cuaupruy napamMeTpJaapuHUHT MaK0y/1 KHiiMaTIapu

X1, moHA X2, mm X3, mm X4, MUH!

= = i oe

- = 3 2 3 : 3

= |z - 3 - = - 3

S = S = S = ) T

4 4 ba M
1 8 -0,672 233,277 0,999 599,964 0 280
0 6 -0,304 236,957 1,000 600,000 0 280
-1 4 -0,691 233,091 0,951 595,171 0 280
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98,0 100,0
Y1 % Y1 %
96,0 96,0
94,0 7 92,0 /
92,0 / 88.0
\__/
90,0 84,0
-1,0 0,5 0,0 0,5 1,0 -1,0 0,5 0,0 0,5 1,0
X, dona X,, mm
98,0 99,0
Y. % Y, %
95,0 95,0 /
92,0 / 91,0
89,0 87.0 /
86,0 83,0
-1,0 0.5 0,0 0,5 1,0 -1,0 0.5 0,0 0,5 1,0
X;, mm X,, mim™
2-pacM. JIyKKaKJIapHU aXPaTHIIHII TYJIUKIATHHA X1, X2, X3 Ba X4 oMuiapra OOF/IHK
paBuIIAa Y3rapui rpadukIapu.
58 3.9
Y, % Y, %
5.1
3.7
4.4
3.5
3.7
....___‘_‘___._/
3.0 3.3
-1,0 -0,5 0.0 0.5 1.0 -1,0 -0,5 0.0 0.5 1.0
X, dona X, mm
3.9 7.6
Y, %
Y:, %
6.3
3.7
5.0
33
3.7
\‘_-/
3.3 24
-1,0 -0.5 0,0 0.5 1.0 -1,0 0,5 0.0 0.5 1,0
X,, mm X,, mim™!

3-pacM. JIyKKakJIapHUHT HIMKCTIAHUII JapakacuHu X1, Xo, X3 Ba Xs omusuiapra GOFINK
paBumaa y3rapuml rpadpukIapu
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CuaMpTUYHUHT TOPU30HTIa HUCOATaH YpHATWINII Oypuard, S’bHU Y1 OMHJI OPTHUINN OWIIaH
X1 ME30HH, SbHM CHUAUPTUYHUHT Kypakdajapyd COHM KaMalumy OuiaH axpaTHO OJMII
TYJUKIWINTY KaMalraH Kypakdajap COHU KyMaluiiy OuiiaH aXxpaTtud oJvII TYJIUKIWINTH OPTIaH,
X2 ME30HHU, S’TbHU CHUIMPIMYHMHI JUAMETpU  KaMaluimu OWiaH aXpaTuO OJIMII TYIMKIUIUTU
OpTraH JuaMepu OIIMIIM OWiIaH aXpaTud OJUIl TYJUKIWIMICKM KaMalrad, X3 ME30HH, SbHU
CUJIMPTUYHUHT Y3YHJIUTY KaMaluIM OMIaH akpaTuO OJIMII TYJIUKIWIUTY KaMairad CUIUprUYHUHT
Y3YHJIUTH OLIUIIM OWJIaH aXpaTUO OJMII TYJIUKIWINIY KyTairad X4 ME30HU, S’IbHU CUAUPTUYHUHT
alllaHUIIUIap COHM KamalumM OujlaH aXpaTuO OJIMII TYIMKIWIMTH KaMalraH CHIUPTHMYHHHT
allllaHMIUIap COHU OLIMIIY OMJIaH aKpaTHO OJIMII TYJIUKJIWINTY Kynairas.

CuaMpruYHUHT TOPU30HTIa HUCOATaH YpHATHIUII Oypuyaru, SbHU Y2 OMUJ OIIMIIM OWJIaH
X1 M€30HH, S’bHU CUAMPIMYHUHI KypaKdajapd COHM KaMaWulM OWIaH HIMKACTJIAHUII Japa)kacu
KaMaliraH Kypakyajap COHM OPTHUIIM OWJIaH aXpaTHUO IIMKACTIAHUILI Japa)kacu Kimairan, Xz
ME30HHU, STIbHU CUAUPTUUHUHT TUaMETpU Y3rapuIliy OWiIaH TYFPHU YM3UK KOHYHUSITH y3rapmaras, X3
ME30HH, SbHU CUIUPTHYHUHT Y3YHJIUTH Y3rapyuily OWilaH TYFpU YM3UK KOHYHUSTH y3rapMaras, X4
ME30HHU, SbHU CHAUPTUYHUHI ailllaHWLUIAp COHM KamaiuiuyM OulaH [IMKACTIAHWII Japakacu
KaMalral CUIUPTrUYHUHT aiJIaHUIUIAp COHM OIIMIIM OMJIaH IIMKACTIaHMII Japa)kacy KymanraH.

(1)-(4) perpeccust Tenriamanapu X1 Me30H 6 noHa Oynuuniurk, X2 mMe3oH 240 mm gaH
opt™acaury, X3 Me3oH 500 mm optmacinuru Ba X4 Me30H 280 ailn/MuH KuiiMaTra sra OYIUIUTUTH
mapTiapuaad OMpranaukaa eduano, epEHFOK XOCUINHN WUFUIITHPHIL MAallMHACUHUHT 5,0 KM/coat
UII TE3NIUTH YYyH KyHuaaru MakOys KuiMaTiapu aHUKJIAHAW: CUIUPTHUHUHT Kypakdajap COHU 6
JoHa, TuaMeTpu 235 mm, y3yriuru 596 mm, ainanunuiap coan 280 aiin/MuH.

Xynoca: VTkasuaras  Kyn  OMHIUIM  TaXpUOATADHHHT — HATIDKANApU  Oyiimua
5 KM/coat xapakaT Te3JIMKJIapuaa KaM dHeprus cap@uiarad xoj/1a epEHFOK XOCWINHU HUFUILITUPULI
MallMHACUra YpHAaTWITaH CUHYCOUJAl CUIMPIUYHUHI KypaKyajlapu COHM 6 J0HA, CUAMPTUYHUHT
y3ywiura 596 mm, auametpu 235 mm, adnanunuiap conu 280 ain/mMuH opanuruma OViauim
JIO3UMJIUTH TabKUJJIaHTaH.
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QOZIQ-PARRAKLI BARABANLI RNS REGENERATORINING NAZARIY VA
TAJRIBAVIY TAHLILI

R.K. Djamolov?, M.M. Akromov?, G.X. Jalilova?, A.R. Abidova!

Molali ekinlar ilmiy tadgigot instituti,
2F, arg ‘ona davlat texnika universiteti,

(Qabul gilindi 18.03.2026 vy.)

Annotasiya. Magolada qozig-parrakli barabanli RNS uskunasining ish jarayoni nazariy va
tajribaviy jihatdan tahlil gilingan. Tukli chigitlarni baraban yuzasida bir tekis tagsimlanishi, goziglar
tasirida titkilanishi va vintsimon harakat mexanizmi asosida fizik modeli ishlab chigilgan. Markazdan
gochma kuch, zarba kinetik energiyasi va harakat parametrlari tahlil gilinib, rasional ish rejimi aniglangan.
Tajribalar natijasida barabanning aylanish tezligi n=120 min™, qozig balandligi h=42 mm va vint qadami
L=150 mm da maksimal regenerasiya samarasi (y=40,4%) va minimal mexanik shikastlanish (§<0.26%)
taminlanishi isbotlangan.

Kalit suzlar: RNS mashinasi, tukli chigit, qozig-parrakli baraban, kinetik energiya, markazdan
gochma kuch, mexanik shikastlanish, vint gadami, regenerasiya samarasi.

Aunomayusa. B cmamve nposedén meopemuyeckuil U SKCHEPUMEHMANbHBIU AHATU3 padouezo
npoyecca wmughmogo-ionacmuozo oapabannoeo pezenepamopa RNS. Paspabomana ¢husuueckas mooenw,
OCHOBAHHASL HA PABHOMEPHOM pacnpedeﬂeﬂuu BOJIOKHUCMDbBIX CEMAH XJIONKA NO NOo6epxHocmu 6apa5aHa, ux
paspuixienuu noo eo3oelicmeuem mmu¢m06 U GUHMOBOM MEXAHUSME OBUIICEHUS. Hpoaﬂaﬂuwposa%z
ueHmp0669fCHa}l Ccuia, KuHemuudeckasl I9Hepeusl yaapa u napamempbol 06u9fC€Hu}Z, 6 pe3yilomame 4Yeco
onpeoenén payuoHATbHLIIL pedlcum pabomol. IKCNEPUMEHMANTLHO YCMAHOGNEHO, YMO HPU Hacmome
spawenus oapabana n = 120 mun™, evicome wmugmos h = 42 mm u waee eunma L = 150 mm
obecneuusalomes MakcumanivHas Iggexmuenocms  pecenepayuu (3 = 40,4%) u MmuHuUMATbHLIE
Mexanuueckue nospexcoenusi (0 < 0,26%).

Kniroueevie cnosa: Mawuna RNS, sonoxnucmole cemena xaonka, wimughmogo-ionacmuou bapaban,
KUuHemu4eckas IHepcusl, L;eHmp06€9fCHa}l cuna, mexanudeckKkue I’l06p€9fC()€Hu}l, wae eurnma, 3(1)¢€Kmu6HOCWlb
pecerepayuu.

Abstract. The article presents a theoretical and experimental analysis of the operating process of the
peg-and-blade drum RNS regenerator. A physical model has been developed based on the uniform
distribution of fuzzy cotton seeds over the drum surface, their loosening under the action of pegs, and a
helical motion mechanism. Centrifugal force, impact kinetic energy, and motion parameters were analyzed,
and an optimal operating mode was determined. Experimental results showed that at a drum rotation speed
of n = 120 min™, peg height h = 42 mm, and screw pitch L = 150 mm, the maximum regeneration efficiency
(n = 40.4%) and minimal mechanical damage (0 < 0.26%) are achieved.

Keywords: RNS machine, fuzzy cotton seeds, peg-and-blade drum, kinetic energy, centrifugal force,
mechanical damage, screw pitch, regeneration efficiency.

Kirish

Paxta xomashyosini jinlash jarayonida tola chigitdan asosiy mahsulot sifatida ajratib olinadi.
Biroq texnologik jarayon tulig kechmasligi, arra tishlarining utmaslashib qolishi va texnologik
tirgishlarining rostlanishining buzilishlari sababli chigit sirtida malum miqgdorda tola qoldiglari
saglanib qolishi amalda kuzatiladi [1]. Ushbu qoldiq tolalar (tuklar) chigit qobig‘iga mexanik tasir
hisobiga mahkam ilashib, chigitning tashqi sirt xususiyatlarini uzgartiradi, bu esa uning keyingi
gayta ishlash bosqgichlarida turli texnologik giyinchiliklarni keltirib chigaradi. Bunda linterlash
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jarayonidan sung chigitlarning tukdorlik darajasini bir tekis bulmasligiga olib keladi. Tolaning
momigqa utib ketishidan gimmatli tola maxsulotining yugolishiga sabab buladi.

Shuning uchun goldiq tolali chigitlarni ajratish jarayonida ularni arrachali baraban yuzasida
bir tekis tagsimlash va samarali ajratish masalasi dolzarbdir.

RNS mashinasiga tushayotgan tukli chigitlar arrachali baraban yuzasida surilishi bilan
baraban ustida teng gatlam hosil gilganida arra tishlari bilan goldiq tolali chigitlarni ilib olishi
yaxshilanadi. Bu jarayonning asosini qoldiq toladorligi yuqori bulgan chigitlar harakatining fizik
modeli tashkil etadi.

Chigitning baraban yuzasidagi harakati uch komponentdan iborat:

1) Baraban yuzasidagi ishgalanish kuchlari tasirida chigitning sirpanish va aylanish harakati;

2) Qoziq bilan zarbali tasirda chigitning titkilanishi va surilishi;

3) Vintsimon joylashgan qozig-parraklar tasirida uqg buylab siljishi.

Markazdan gochma kuch tahlili kurib chigsak, unda aylanayotgan barabanda chigitga tasir
etuvchi markazdan gochma kuch quyidagicha aniglanadi [2]

F . .=m-o’r (1)
bu erda: m-chigit massasi (kg), o-burchak tezligi (rad/s), r- baraban radiusi (m), n-
aylanishlar soni (min™'), D-baraban diametri (m).
D =0.18 m van= 120 min! uchun:
=270 _ 27120 4550 00c
60 60
3=w-r=1257-0.09=1.131m/c
RNS mashinasiga tushayotgan tukli chigitlarni titkilab arrali baraban yuzasida surish bilan
baraban ustida teng gatlam hosil gilishda kinetik energiya zarba tahlilini baraban aylanish tezligiga

bog‘liq zarba kinetik energiyasi chigitning mexanik shikastlanishini belgilovchi asosiy omil
hisoblanadi:

1 2 _ 1 2
Ek2m3 2m(cor) (2)
(2) tenglikka kura barabanning rasional aylanish tezligi n = 120 min™' da zarba energiyasi
maksimal regenerasiya samarasini taminlash bilan bir vaqgtda chigit shikastlanishini ruxsat etilgan (6
< 0.26%) darajada saqlaydi. Yuqorida keltirilgan barabanning burchak tezligi va aylanishlar sonini
hisobga olgan xolda 1-rasmda
E,(K) bog‘ligliklar keltirib chiqarildi.

1 Yugoridagi 1-rasmdan shuni
takidlash kerakki, zarba energiyasi
maksimal regenerasiya samarasini
taminlashda barabanning aylanish
tezligi 120 min! dan oshganda
chigitlarning shikastlanishi oshib
ketishiga olib keladi. Barabanning
aylanish tezligining 120 min?
giymatida Kinetik energiya
maksimal regenerasiya samarasida

60 80 100 120 140 160 180 200 7, (uuA™) E, =5/ gacha bulishi keltirib
1-rasm. Baraban aylanish tezligiga bog‘liq zarba Kinetik energiyasi. utilgan. Barabanning aylanishlar

tezligi oshgani sari tukli chigitlarga planka goziqgchalarning tasiri
oshadi, bu esa chigitlarning mexanik shikastlanishini oshishiga olib keladi.

Qozig-parrakli barabanning dinamik tahlili: Ishchi organning harakat parametrlari
baraban diametri D, aylanishlar soni n va burchak tezligi ® orqgali aniglanadi. Asosiy ishchi
parametrlar 1-jadvalda keltirilgan.
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1-jadval.
Qozig-parrakli barabanning asosiy ishchi parametrlari
Parametr Belgisi Tajriba giymati
Baraban diametri D 180 mm
Aylanishlar soni (rasional) n 120 min™'
Burchak tezligi ® 12.57 rad/s
Chekka tezlik % 1.13 m/s
Ishchi zona uzunligi Lish 1195 mm
Qoziq balandligi (rasional) h 42 mm
Vint gadami (rasional) L 150 mm
Regenerasiya samarasi n 40.4 %
Mexanik shikastlanish o <0.26 %

Qoziglar tasirida chigitning zarbali titilishi chigitlar jinlashdan sung uzaro yopishib, tup
holatda bulishi mumkin. Qoziglar tasirida zarba kuchi natijasidagi chigit turini ajratish jarayonini
tahlili keltirilgan.

m-A9°

F, = o 3)

Tajribaviy tadgiqotlarda takomillashgan gozig-parrakli barabanning balandligini 2=42 mm
optimal deb topilgan [3, 4], bu balandlikda chigitlar tuliq titkilanib, baraban yuzasiga tekis
targaladi. 2-rasmda goziq
balandligiga bog‘liq titkilash
intensivligi kursatilgan.

1.1

1.0 4

Titkilovchi zona

091 barabanning gozig-parrakli
081 gismining vint gadami
intensivligini -1, yani oraliq

7 masofalarini tug‘ri tanlash orqali

chigit  tuplarini  bir  tekisda
bushatib yoyishda qozig-parraklar
balandligini rasional qiymatini
h=42 mm xolati yuqoridagi
10 20 30 40 50 60 70 g neoo  grafikda uz  aksini  topgan.

2-rasm. Qoziq balandligiga bog‘liq titkilash intensivligi. Suruvchi zonada esa barabanning
urtasida vintsimon joylashtirilgan

0.6

0.5 1

0.4 4

gozig-parraklar yordamida chigitni uq buylab uzatadi.

Xulosa.

Olib borilgan nazariy va tajribaviy tadgiqotlar natijasida qozig-parrakli barabanli RNS
uskunasining ish jarayoni kompleks tarzda baholandi va uning samaradorligiga tasir etuvchi asosiy
omillar aniglab berildi. Chigitlarning baraban yuzasida harakatlanishi ishgalanish, zarbali tasir va
vintsimon siljish kabi bir vaqtning uzida kechadigan jarayonlar yig‘indisi ekanligi asoslandi.

Tahlillar shuni kursatdiki, baraban aylanish tezligi, goziq balandligi va vint gadami uzaro
bog‘liq holda tanlangandagina jarayonning barqarorligi va samaradorligi taminlanadi. Xususan,
baraban aylanish tezligining ortishi regenerasiya samarasini oshirishi bilan birga, malum
chegaradan sung chigitlarning mexanik shikastlanishini ham keskin kupaytirishi aniglandi. Shu
nuqtai nazardan n=120 min™' qiymat optimal deb topildi.

Tajribalar natijalariga kura, qoziq balandligi h=42 mm va vint qadami L=150 mm bulgan
holatda chigitlar tulig titkilanib, baraban yuzasida bir tekis tagsimlanishi taminlanadi. Bu esa
arrachali barabanning ish unumdorligini oshirish va qoldiq tolalarni samarali ajratishga hizmat
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giladi. Shu parametrlarda uskuna maksimal regenerasiya samarasi n=40,4 % ni taminlagan holda
mexanik shikastlanish darajasini & < 0,26 % chegarada ushlab turishi isbotlandi.

Taklif etilgan qozig-parrakli baraban konstruksiyasi va uning asosiy parametrlarini rasional
tanlash orgali RNS uskunalarining texnologik samaradorligini oshirish, tola yuqotilishini
kamaytirish hamda chigit sifatini saglab qolish imkoniyati mavjudligi kursatildi. Olingan natijalar
amaliyotda qullash uchun asos bulib hizmat giladi.
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FARG‘ONA VILOYATINING YO‘L INFRATUZILMASI
A.A. Abduraximov, 29-22 TL guruh talabasi D. Mamadaliyev

Farg ‘ona davlat texnika universiteti
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Annotatsiya: Ushbu ilmiy magolada Farg‘ona viloyati yo‘l infratuzilmasining hozirgi holati, transport
ogimlarining dinamikasi, modernizatsiya jarayonlari hamda istigboldagi rivojlanish yo ‘nalishlari IMRAD talabi
asosida chuqur tahlil qilinadi. Tadgiqot doirasida viloyatning mavjud avtomobil yo llari tarmog i, magistral
yo ‘llar, ikkilamchi yo ‘llar, shahar va tumanlararo yo ‘nalishlar, transport oqimlari zichligi va ularga ta’sir etuvchi
omillar, shuningdek, yo°l infratuzilmasini modernizatsiya qilish bo ‘yicha olib borilayotgan davlat dasturlari
o ‘rganiladi.

Kalit so“zlar: Yo'l infratuzilmasi, transport ogimlari, infratuzilma modernizatsiyasi, transport-logistika
tizimi, yo‘l tarmoglari, magistral avtomobil yo ‘llari, ko ‘priklar va yo‘l o tkazgichlar, yo°l qurilishi, hududiy
rivojlanish, statistik tahlil.

Annotation: This scientific article provides an in-depth analysis of the current state of the road
infrastructure in the Fergana region, the dynamics of transport flows, modernization processes, and future
development directions in accordance with the IMRAD framework. Within the scope of the study, the existing
network of highways in the region—including major roads, secondary roads, urban and inter-district routes—is
examined. The research also analyzes transport flow density and the factors influencing it, as well as government
programs being implemented to modernize the road infrastructure.

Keywords: Road infrastructure, transport flows, infrastructure modernization, transport—logistics system,
road networks, main highways, bridges and overpasses, road construction, regional development, statistical
analysis.

Annomauusn: B oannotl Hayunot cmamve npo8ooumcsi 2y00Kull aHaiu3 mexKyuweeo CoOCMmosiHusi 00PONCHOU
ungpacmpyxkmypsr Pepeanckoti obracmu, OUHAMUKU MPAHCHOPMHBIX HOMOKO8, NPOYeccos MoOepHU3ayuu, da
makdice NepcneKmusHbIX HANpasieHull passumusi 6 coomseemcmeuu ¢ mpebosanusmu cmpykmypol IMRAD. B
PAMKAX UCCAEO08AHUSL PACCMAMPUBACICSL CYUECMEYIOWdst Cemb A8MOMOOUILHBIX 00P02 DeSUOHd, BKIIOYAsL
Mazucmpanvhbie 00pozi, 8MOPOCHENeHHble 00po2l, 20POOCKUe U MENCPAtioHHble Mapuipymol. Ananuzupyemcs
NIOMHOCHb MPAHCHOPMHBIX NOMOKO8 U GIUAIOWUE HA HUX (PAKMOPbL, a MAKICe USYUAIOMCSL 20CYOAPCMEEHHbIE
NPOSPAMMYL, HANPABTEHHbIE HA MOOEPHUZAYUIO OOPOAHCHOU UHPPACMPYKIYPLL.

Knwuesvie cnoea:  [opooxcnas — ungpacmpykmypa, — mpawcnopmmuvle — HOMOKU,  MOOEPHU3AYUSL
UHppacmpykmypbvi, mpaHcROPMHO-TOSUCIUYECKAS. CUCTEMA, OOPOICHbLE CemU, MASUCMPATbHbLEe A8MOMOOUTbHBIE
00pocu, MoCmbvl U HYMENPo8oovl, OOPON’CHOE CHMPOUMENbCMEO, PEeSUOHATbHOe pa3eumue, CMamucmuyecKul
ananus.
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Farg‘ona viloyati O‘zbekistonning shargiy gismida, Farg‘ona vodiysining markaziy hududida
joylashgan bo‘lib, mamlakatdagi eng zich aholi joylashgan, iqtisodiy faolligi yuqgori bo‘lgan
mintagalardan biridir. Hududning geografik o‘rni nafaqat respublika ichida, balki butun Markaziy Osiyo
transport-kommunikatsiya tizimida strategik ahamiyatga ega. Mazkur omillar viloyat yo‘l-transport
infratuzilmasining bargaror rivojlanishi va muntazam modernizatsiya gilinishini tabiiy zaruratga
aylantiradi.

Transport tizimining rivojlanganligi hududning ijtimoiy-iqtisodiy ko‘rsatkichlariga bevosita ta’sir
etadi. Xususan, ishlab chigarish korxonalari faoliyati, eksport-import jarayonlari, qishloq xo‘jaligi
mahsulotlarini bozorga yetkazish, aholi va turistlar harakati, logistika markazlarining samaradorligi yo‘l
tarmogqlarining sifati va o‘tkazuvchanlik darajasiga bog‘liq. Shu bois, Farg‘ona viloyatida transport
infratuzilmasining ishonchli, xavfsiz va zamonaviy bo‘lishi yuk va yo‘lovchi tashish jarayonlarini
samarali tashkil etishning asosiy shartlaridan biri sanaladi.

Hududda yo‘l tarmogqlarining kengayishi, ko‘prik va yo‘l o‘tkazgichlarining rekonstruksiyasi, yangi
transport yo‘laklarining barpo etilishi, shuningdek, shaharlararo va tumanlararo kommunikatsiya
tarmoqlarining yangilanib borishi mintaqa iqtisodiyotining barqaror rivoji uchun muhim omil bo‘lib
xizmat qilmoqda. Shu boisdan mazkur tadqiqot Farg‘ona viloyati yo‘l infratuzilmasining joriy holatini
tahlil qilish, mavjud muammolarni aniglash va istigboldagi rivojlanish yo‘nalishlarini ilmiy asosda
baholashni magsad gilib oladi.

METODLAR

Tadgiqot davomida quyidagi metodlardan foydalanildi:

— Statistik tahlil: transport ogimlari, yuk tashish hajmi va yo‘l ta’miri ko rsatkichlari o‘rganildi.
— Kuzatuv: Farg‘ona shahar va tumanlaridagi asosiy yo‘llar o‘rganildi.

— Xarita tahlili: asosiy avtomobil yo‘llari, ko‘priklar, yo‘l o‘tkazgichlar tarmoqlari tahlil qilindi.
— Solishtirma tahlil: 2018-2023 yillar holati bo‘yicha o‘zgarishlar solishtirildi.

Tadgiqgot obyektlari:

— Farg‘ona — Qo‘qon — Andijon magistrali

— Marg‘ilon — Farg‘ona — Dang‘ara yo‘nalishi

— Farg‘ona shahar ichki transport yo‘llari va aylanma yo‘llar

— Yangi yo‘l o‘tkazgichlar va ko‘priklar
EZ Toshkent

Farg‘ona viloyatining yo‘l infratuzilmasi
holati

Hozirda Farg‘ona viloyatidagi umumiy
avtomobil yo‘llari uzunligi 3000 km dan ortiq et / (
bo‘lib, shundan 700 km davlat ahamiyatidagi  ~_gmy_\. rHACTREE {
magistral yo‘llardir. Viloyatning markaziy NS ) /
trassa tarmoglari yuqgori yuklama bilan ;
ishlaydi.
Asosiy yo‘llar:
— Farg‘ona — Qo‘qon — Andijon
— Toshkent — Qo‘qon — Farg‘ona (Qamchiq
dovoni orqali)
— Marg‘ilon — Dang‘ara — Quva yo‘nalishlari
3.2. Transport ogimlari va iqgtisodiy ahamiyati

Viloyatda transport ogimi kuniga 50-70 s=PasNamangan =~e=Tainirgal] ===f® Kaprik
ming avtomobilni tashkil etadi. Yuk tashish
hajmi yiliga 20 million tonnadan oshgani
igtisodiy faollik yuqoriligidan dalolat beradi.
Shuningdek, yo‘l transporti viloyatning
eksport salohiyatini oshiradi.

Margilon ('
FARG’ONA

@33 Namangan

—— M34 Toshkent A373 Andijon = M39 Qo'qon

—— M34 Toshkent A373 Andijon —— M39 Qo'qon

=== Temir yo'l Daryo =g~ Ko'prik

Chizma 1. Farg'ona viloyati asosiy yo'l
tarmogqlari.(sxematik).
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3.3. Yo‘l infratuzilmasida modernizatsiya
jarayonlari
So‘nggi  vyillarda Farg'ona viloyatida yo'l
infratuzilmasini  yangilash  bo'yicha gator
loyihalar amalga oshirilmoqda:
o  Asosiy modernizatsiya ishlari
o  Qatnov gismiga asfalt-betonning yangi turi
joriy etildi
o  Yo'llarga LED yoritish chiroglari o'rnatildi
o Yo'l chetlariga zamonaviy axborot
belgilarini o'rnatish
o  Aholi punktlaridan tashqgarida xavfsizlik
choralari kuchaytirildi
Farg‘ona shahrida infratuzilmani

rivojlantirish.

Yangi aylanma yo‘llar qurilishi shahar ichidagi
tirbandliklarni 25% ga kamaytirdi.

Yangi ko‘priklar:

Rasm 1. Zamonaviylashtirilgan yo'l kesimi. — “Yangi Hayot” yo'l o*tkazgichi
— “Marg‘ilon shohko‘chasi” ko‘prigi
Tadqiqot natijalari shuni ko‘rsatadiki,
P s infratuzilma rivojlanayotgan bo‘lsa-da, ayrim
. . = tumanlararo  yo‘llarda  sifatsizlik, yomg‘ir
P A T @ ™ mavsumida suv to‘planishi, tirbandliklar va YTH
= e o Bl ko‘rsatkichlarining yugqoriligi kabi muammolar
mavjud.
Takliflar:
— Drenaj tizimini kuchaytirish
— Magistral yo‘llarni kengaytirish
— Ragamli transport boshgaruv tizimini joriy
etish
— Svetoforlarni avtomatlashtirish

XULOSA
Farg‘ona viloyatining yo‘l infratuzilmasi
so‘nggi yillarda sezilarli darajada rivojlanib,
hududning transport-logistika salohiyatini sifat
jihatidan yangi bosgichga olib chigmoqda.
Magistral va mahalliy yo‘llarni rekonstruksiya
qilish, asfalt qoplamalarni yangilash, ko‘priklar
va yo‘l o‘tkazgichlarni modernizatsiya qilish
% s S H2E "8 bo‘yicha amalga oshirilayotgan yirik loyihalar
- eSS viloyatdagi igtisodiy faollikning oshishiga, ishlab
Rasm 2. Ko'prik konstruktsiyasi. chigarish va savdo alogalarining jonlanishiga
bevosita ta’sir ko‘rsatmoqda. Shuningdek, yo‘l xavfsizligi infratuzilmasini takomillashtirish, zamonaviy
svetofor tizimlarini o‘rnatish, yo‘l chetlarini yoritish va piyodalar uchun xavfsiz zonalar yaratish bo‘yicha
chora-tadbirlar aholining kundalik harakatlanish sharoitlarini yanada qulay gqilmogda. Transport
oqimining ortishi, aynigsa Farg‘ona — Marg‘ilon — Qo‘qon yo‘nalishlarida, yo‘llarni kengaytirish va yuk
tashish jarayonlarini optimallashtirishga bo‘lgan ehtiyojni kuchaytirmoqda. Kelgusida infratuzilmani
yanada rivojlantirish jarayonida yo‘l tarmogqlarini ragamlashtirish, ya’ni aqlli video-kuzatuv tizimlari,
avtomatlashtirilgan transport boshqaruvi, real vaqt rejimidagi harakat monitoringi kabi texnologiyalarni
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joriy etish muhim ahamiyat kasb etadi. Shu bilan birga, ekologik talablarga mos ravishda “yashil
transport” konsepsiyasini kengaytirish, elektromobillar uchun quvvatlash stansiyalarini ko‘paytirish,
shovqin va chang darajasini kamaytiruvchi qurilmalarni qo‘llash zarur.
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QISHLOQ XO‘JALIGI YERLARIDA ILDIZPOYALI BEGONA O‘TLARNI
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Annotatsiya. Ushbu maqgolada gishloq xo'jaligi yerlarida targalgan ildizpoyali begona o'tlarni
mexanik usulda maydalash va tuprogdan chigarib tashlash texnologiyasining samaradorligini
oshirishga garatilgan ilmiy yondashuvlar tahlil gilingan. Tadgiqot davomida mavjud maydalash
uskunalarining konstruktiv kamchiliklari aniglangan, ish organlari geometrik parametrlarining tuproq
ishlov berish sifatiga ta'siri o'rganilgan hamda yangilangan texnologik yechimlar asoslab berilgan.
Olingan natijalar begona o'tlarni yo'q gilish samaradorligini sezilarli darajada oshirish va agrotexnik
talablarni to'liq bajarish imkonini beradi..

Kalit so‘zlar: ildizpoyali begona o'tlar, maydalash texnologiyasi, ish organi, tuproq ishlov
berish, agrotexnik talab, samaradorlik, konstruktiv parametrlar, gishloq xo'jaligi.

Armomuuﬂ. B oannon cmamove npoanalusupoeaHsbl HA)y4Hble no0X00bl K NOGBLIULEHUIO
9gbqbez<mu6Hocmu MmMexXHoI02UU MexXaHU4YeCcKkoco u3menbyeHusl u y()aJlesz KOPpHEBUUIHbLX COPHbLX
pacmenm? us nou4esl CeNbCKOXO3AUCMBEHHBIX yeoduﬁ. B xooe uccaeoo8amus 6blA6JIEHbl
KOHCMPYKmMueHbvle HeooCcmamku cywecmesyrowux usmervbdanux  azpecanios, U3Y4eHo 6aUuslHue
ceomempuvyecKkux napamempoe pa601mx Op2aHO6 HA Kavecmeo 06p6160H1KM noiesl, a maKokce
0bocHO8aHbI ycoeepueHcmeo6aHHble mexrnoJjocudecKkue  peweHusl. HOJZylleHHble pesyibmanivl
no3eoJisliom  CywecmeeHHO NnoeblCumb 3@qb€Kmu6HOCn’lb YVHUYMOOINCEHUSL  COPHbLX pacmenuﬁ u
obecneyums noaHoe 8bINOIHEHUE azpomexHudecKux mp€50661H1/l1/7..
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Knrwueewie cnosa: KOpHesUuwinvle COPpHAKU, MEXHOTIOUSL USMENIbYEHUAL, pa6oquﬁ OpeaH,
06pabomka nouswl, acpomexuHuyeckue mpebosanus, SHPeKmueHoCcms, KOHCMPYKMUBHbLE NAPAMEMPb,
cenbeKoe X035UCmeo0.

Abstract. This article analyzes scientific approaches to improving the efficiency of mechanical
crushing and removal technology for rhizomatous weeds from agricultural soils. During the research,
structural deficiencies of existing crushing equipment were identified, the influence of geometric
parameters of working elements on soil cultivation quality was examined, and improved technological
solutions were substantiated. The obtained results make it possible to significantly increase the
effectiveness of weed elimination and ensure full compliance with agrotechnical requirements.

Key words: rhizomatous weeds, crushing technology, working element, soil cultivation,
agrotechnical requirements, efficiency, structural parameters, agriculture.

Kirish: Jahon amaliyotida ildizpoyali begona o'tlarga garshi kurashning kimyoviy, biologik
va mexanik usullari go'llaniladi. Biroq kimyoviy usullar tuprog va atrof-muhitga salbiy ta'sir
ko'rsatishi, biologik usullar esa uzog muddat talab etishi sababli mexanik ishlov berish hozirgi
kunda eng qulay va ekologik jihatdan xavfsiz yondashuv sifatida tan olinmoqda. Shu boisdan
mexanik maydalash va chiqarib tashlash texnologiyalarini takomillashtirish dolzarb ahamiyat kasb
etadi.

O'zbekiston sharoitida sug'oriladigan va lalmi yerlarda ildizpoyali begona o'tlarning
targalishi kuzatilmogda hamda ularning zararli ta'siri hosildorlikni 20-40 foizga kamaytirishiga olib
kelayotganligi ilmiy tadgigotlarda gayd etilgan. Mavjud maydalash uskunalari konstruksiyasida bir
gator kamchiliklar borligini amaliyot ko'rsatmoqda: ish organlari tuprogda notekis harakat giladi,
ildizpoyalar to'lig maydalanmaydi hamda ularning tuproq yuzasiga chiqarib tashlanishi yetarli
darajada ta'minlanmaydi.

Ushbu tadgigotning magsadi mavjud texnologik yechimlarni tahlil gilish asosida ildizpoyali
begona o'tlarni maydalash va chiqgarib tashlash jarayonining samaradorligini oshiruvchi yangi
konstruktiv va texnologik parametrlarni asoslashdan iborat. Tadgigot natijalari O'zbekistonning
asosiy dehgonchilik hududlarida go'llash uchun tavsiya etiladi.[1,2].

Metodika. Yangi konstruksiyani ishlab chiqib, amaliy sinovdan o'tkazish.

O'rta toshlarni tozalash uchun PKS-1 pikap ishlatiladi, uning yordamida sirt toshlari yig'iladi
va saglash joylariga etkaziladi. Mashina ramka, shassi, kuzov va ikkita gidravlik silindrdan iborat
bo'lgan yuk ko'taruvchi chelak va 0'z-o0'zidan to'kiladigan yarim romorkdan iborat. Traktorning orga
menteseli tizimiga gidravlik silindrli tayanch nuri o'rnatilgan bo'lib, uning yordamida chelak
ko'tariladi va tushiriladi.

Tosh teruvchi mashina YKII-0,6 (6-rasm) 0,12 ... 0,65 m, 10 ... 300 kg o'lchamdagi kesilgan
o'rta toshlarni dala yuzasidan tozalaydi va haydaladigan gatlamda 12 sm chuqurlikda
yashiringan.Bu yarim. - 1-sinf traktori bilan yig'ilgan bir o'gli mashina.

Mashina pnevmatik g'ildirak 2 ustidagi ramadan 6 iborat bo'lib, uning o'rta gismiga ishchi
organi ilmogli - tarog 5. Saglash qutisi 4 ham ramaning orga tomonida ilmogli. Taroq va bunker
boshgariladi. traktorning gidravlik tizimiga ulangan gidravlik silindrlar 3 va 8 tomonidan. Taroqg 9
tishdan iborat bo'lib, ular orasidagi masofani ajratgichlar bilan o'zgartirish mumkin. Bu tarogli
toshlarning minimal hajmini tartibga soladi. 5 tarogning 1 tishlari tuprogning yuqori gatlamini
chuqurlashtiradi va taraydi. Taralgan toshlar tarogga 5 to'planadi. Toshlar to'planishi bilan gidravlik
silindr 3 tarogni aylantiradi va toshlar bunkerga dumalab tushadi 4. Tuprog 1 tarogning tishlari
orasiga va bunkerning panjara yuzasi orgali elanadi. . Maydon chetida to'ldirilgan bunker gidravlik
silindrlar bilan ag'dariladi 8. Agar dala mayda toshlar bilan ko'p bo'lsa, dala taraladi, agar axlat
kichik bo'lsa, ular har bir toshga alohida haydashadi.

Tarogni olish kengligi - 1230 mm. 0,7 m3 sig'imga ega bunker po'lat materialdan yasalgan.
Freze barabanining harakatlanishi traktorning PTO dan kardan uzatmasi, konusli va silindrsimon
vites qutilari orgali amalga oshiriladi, ularning qurilmasi MTP-44A dastgohiga o'rnatilganiga
o'xshaydi. Yog'och va sodani o'rnatish uchun panjara panjarasi va o'rnatish va ishlov berish
chuqurligini sozlash uchun press rolik ishlatiladi, uning holati sozlanishi novdalardagi pinlarni
gayta joylashtirish orqgali frezalash tamburiga nisbatan o'zgartiriladi. Mashinani traktor biriktirish
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tizimiga ulash uchun adapter ramkasi ishlatiladi.Bu mexanizm o'zining tuzilishi jihatidan MTP-44A
agregatiga o'rnatilgan tizimga o'xshash printsip asosida ishlaydi. Yog'och va soda elementlarini
mahkamlash uchun panjara tizimidan foydalaniladi, frezalash chuqurligini kerakli darajaga sozlash
vazifasini esa tayanch rolik bajaradi — uning holati novdalar ustidagi maxsus shpilkalarni boshga
teshiklarga o'tkazish orgali barabanga nisbatan o'zgartiriladi. Mashinani traktor ilova qurilmasiga
biriktirish jarayoni adapter ramkasi yordamida amalga oshiriladi.

1-Rasm Tog' jinslarini teruvchi UKP-0.6 mashinasi. 1-tish; 2 g'ildiraklar; 3, 8 — gidravlik silindrlar; 4-bunker;
5 - taroq; 6-rama; 7 - tortish moslamasi.

Qishloq xo°jaligini mexanizatsiyalash inson mashaqqatli mehnatini kamaytirish, ekinlarning
intensivligini, aniqligi va turli xil o‘simliklardan foydalanish samaradorligini oshirish, shuningdek,
qishloq xo‘jaligi mahsulotlarini  xosildorligini oshirish maqsadida qishloq xo‘jaligini
mexanizatsiyalashning turli xil energiya manbalari va takomillashtirilgan asbob-uskunalari va
jihozlaridan foydalanishni nazarda tutadi.

Ekinlar orasida yovvoyi holda o‘sadigan va ularning rivojlanishiga xalaqit beradigan
o‘simliklarga begona o‘tlar deyiladi. Begona o‘tlar dalalarda, o‘tloglarda, bog* va tokzorlarda, uvat
va yo‘l yoqalarida, ariq, zovur bo‘ylarida va boshqga joylarda uchraydi.

Ekinlar o‘sadigan dalalardagi begona o‘tlar tuproqdagi suv va oziq moddalarni so‘rib oladi.
Begona o‘tlar tez va qalin o°sib, asosiy ekinni siqib qo‘yadi. Natijada tuproq yuzasidagi issiqlik 2-
4° gacha pasayadi. Yorug‘lik yetishmasligidan fotosintez jarayoni sekinlashadi, quruq moddalar
yetarlicha hosil bo‘lmaydi, o‘simlik nimjon, nozik bo‘lib o‘sadi va hosildorlik kamayadi.

Begona o‘tlar madaniy o‘simliklarga qaraganda tuproqning haydalma qatlamidagi oziq
moddalarni tezroq va ko‘proq o‘zlashtiradi. Masalan, lattatikan g‘alla ekinlariga nisbatan azotni 1,5
marta, kaliyni ikki marta tez va ko‘p o‘zlashtiradi. Yoki olabo‘ta bug‘doy, arpa va makkajo‘xori
ekiniga nisbatan 2-3 marta ko‘p suv ichadi. Begona o‘tlardan, aynigsa, sho‘ra, machin, g‘umay,
yovvoyi gultojixo‘roz kabilar g‘alla ekinlari orasidan olib tashlanmasa, g‘alla pishgunga qadar
qurib, yog'och kabi qattiq bo‘lib, don o‘rish kombaynlarining ishiga xalaqit beradi, don o‘rish
qismlariga o‘ralashadi, uni sindiradi, qurigan begona o‘tlaring barg, poya, urug'lari paxta va don
sifatini buzadi. Ish unumi pasayadi. Begona o‘tlar suv yo‘llarini to‘sib qo‘yadi, ildizi kuchli begona
o‘tlar yerni kuzda haydash davrida omochlarga shikast yetkazadi.

Ketmon chopig'i o‘tkazishda g‘o‘za ko‘chatlari ham chopilib ketadi. Kuchli o‘t bosgan
yerlarda g‘o‘za ko‘chatlari 25-30% ga kamayib ketish hollari bo'lganligi kuzatilgan. Begona o‘tlar
ekinlarning zararkunanda va kasalliklarini targatuvchi manba hamdir. Chunki o‘rgumchakkana,
o‘simlik biti, ko‘k qurt, ko'sak qurti, karadrina kabi zararli hasharotlar avval begona o‘tlarda paydo
bo‘lib, so‘ngra g‘o‘zani zararlashga o‘tadi.

Turli kasalliklarning zamburug', bakteriya, viruslari begona o‘tlar va tuproq orasida qishlab
ko‘payadi. Masalan, karadrina bahorda qo‘ypechakda rivojlanadi, keyin g‘o‘zani zararlaydi.
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Bo‘ztikan, sutlama, pechak va yantoqda o‘rgumchakkana, pechakda shira, bo‘ztikan va pechakda
beda tunlami, urug‘ho‘r, karadrina rivojlanadi, so‘ng ular madaniy o‘simliklarni zararlaydi.
G‘o‘zaning eng xavfli kasalliklaridan biri bo‘lgan vilt zamburug‘i tuproqda, begona otlarning
poyasi, bargi, ildizida bo'lib, kasallik targatish makoni hisoblanadi.

O‘zbekistonda begona o'tlarning 450 ga yaqin turi tarqalgan. Bulardan 100-150 turi eng ko‘p
tarqalgan bo‘lib, ekinlarga katta zarar yetkazadi. Begona o‘tlarga qarshi kurash muvaffaqiyatli
chiqishi uchun ularning yashashini, tuzilishini, ko‘payishini, qanday ekinlar orasida, qaysi vaqtda
paydo bo’lishini yaxshi bilish kerak. Begona o‘tlar yashovchanligi, oziqlanishi va ko'payishiga
garab, quyidagi biologik guruhlarga bo'linadi:

1. Bir yillik: kuzgi, bahorgi.

2. Ko‘p yillik: o°q ildizli, ildiz poyali.

3. Parazit begona o‘tlar: poya parazitlar (pechaklar)ga, ildiz parazitlar (shumg‘iya)ga
bo‘linadi.

Bir yillik begona o‘tlar. Bunday begona o'tlarning ildiz tizimi unchalik chuqurga ketmaydi,
o°q ildizlari yoki popuk ildizlari bo‘lib yer ustki qismi o‘tsimondir. Ko‘klamda ko‘karib chiqib, shu
yilning yozida urug® beradi. Erta qurib qoladi. Ko'proq bir vaqtda urug‘lab, urug‘i ko‘p bo‘ladi.
Shuning uchun ham, tez to‘kiladi va shamol, suv, hayvon, transportlar yordamida keng tarqaladi.
Tez o‘sish hisobiga ekinni o‘t bosib ketadi, yerni kuchsizlantiradi. Aynigsa, bir yillik begona
o’tlardan kurmak, itqo‘noq, shamak, olabo‘ta, yovvoyi gultojixo‘roz, qo‘ytikan, ituzum, semizo‘t,
temirtikan, mingdevona, bangidevona, sho‘ra, achambiti sutlama, bo‘tako‘z, oqsalma,
mushukquyrugq, yovvoyi sabzi va boshqalar suvli yerlarda, ekin oralarida ko‘plab uchraydi.

Ildizpoyali begona o‘tlardan g‘umay, beshbarmoq, ajrig, bug‘doyiq, qizilqiyoq, qiyoq,
gamish, salomalaykumlar ko‘proq uchrab, ildiz poyasi yer ostida joylashadi. Ildiz poyasining
bo‘g‘imlaridan qo'shimcha ildizlar o°sib chiqadi. Ildizpoya bo‘lagi, parchasi yerga tushib qolganida
ham undan yangi o‘simlik o‘sib chiqa beradi, shuning uchun yo‘qotish ancha qiyin.

Digger iloji boricha past ko'tarish, scuffed va peel ildiz mevalarni ekmoqchi kartoshka zarar gilish
kerak. Kartoshkani daladan shunday gazib olish kerakki, tuprogning minimal hajmi ildizga hech
ganday zarar etkazmasdan olinadi. Quyida batafsil tavsiflangan turli gismlarning dizaynlari.

Qazish chuqurligini aniglash: gazish belkurakining gazish chuqurligi h 140 ~ 250 mm,
chuqurligi esa sozlanishi uchun mo'ljallangan.

0,
LITTTTTTTL AT T 77777777777

mg

3-Rasm Qazish belkurakning kuch diagrammasi.

2-Rasm Qazuvchi pichogning tuzilishi.

Qazish belkurakining gorizontal moyilligini aniglash: kon aralashmasi kuch bilan
parchalanishga duchor bo'lgan va kuch alohida parchalangan,belkurak yuzasi yo'nalishi bo'yicha va
kurak yuzasiga perpendikulyar va munosabatlar sanab o'tilgan bu yerda, F - gazishni gazish uchun
zarur bo'lgan kuch tuprog, N; m - belkurak yuzasidagi tuproq massasi, kg; Fn - kurakning tuprogga
garagan reaksiya kuchi, N; f - gazish belkurakning tuproqga ishgalanishi; N; thl - gazish belkurak
va yer yuzasi orasidagi burchak,daraja.

Mashinaning ajratish birligi a dan iborat edi garama-garshilikda ishlaydigan bitta bog'langan
sxema bo'lgan zanjir dan iborat mashinaning yo'nalishiga yo'nalish ikkita bog'langan temir tayoq,
bir jinsiy olatni diametric 12 mm va barlar orasidagi masofa 40 mm. Bu zanjirning uzunligi 4-
rasmda ko'rsatilgandek 1300 mm. Bu ketma-ket tuprogni kartoshka ildizlaridan ajratdi.
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Xulosa. Ushbu tadqgiqot doirasida gishloq xo'jaligi yerlarida keng targalgan ildizpoyali
begona o'tlarni mexanik usulda maydalash va tuprogdan chigarib tashlash texnologiyasining
samaradorligini oshirishga garatilgan kompleks yondashuv ishlab chigildi.

Tahlillar shuni ko'rsatdiki, g'umay, ajriq, bug'doyiq, gamish va boshqa ildizpoyali begona
o'tlar tuprogning haydalma gatlamida chuqur joylashgan murakkab ildiz tizimiga ega bo'lib,
an'anaviy mexanik uskunalar yordamida ularni to'liq bartaraf etish giyin kechadi. Bunday begona
o'tlarning ekinlarga yetkazadigan iqtisodiy zarari hosildorlikni 20-40 foizga pasaytirishida
namoyon bo'lishi tadgigot davomida tasdiglandi.

Mavjud tosh teruvchi va ildizpoya maydalovchi uskunalar — xususan UKP-0,6 va PKS-1
tipidagi agregatlarning konstruktiv tahlili natijasida ish organlarining tuprogda notekis harakat
qgilishi, ildizpoyalarning to'lig maydalanmasligi hamda ularning tuproq yuzasiga yetarli darajada
chigarib tashlanmasligi kabi asosiy kamchiliklar aniglandi. Ushbu nugsonlar ish unumining
pasayishiga va energiya sarfining ortishiga olib kelishi eksperimental yo'l bilan isbotlandi.

Tadgiqgot jarayonida ishlab chigilgan yangi konstruktiv yechim asosida taroq ish organining
olish kengligi 1230 mm, bunker sig'imi 0,7 m*® bo'lgan yangilangan agregat loyihalanib, uning
asosiy texnologik parametrlari asoslandi. Ish organining frezalash chuqurligi va tayanch rolikni
sozlash mexanizmi tuproq xususiyatlariga moslashtirilgan holda ishlab chiqildi. Freze barabaniga
harakatni uzatish tizimi kardan va reduktorlar kombinatsiyasi orqgali amalga oshirilib, agregat
traktorning PTO validan samarali tarzda harakatlantirish imkoni ta'minlandi.
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VENTILYATOR PARRAGI ISHCHI YUZASI SIFATINING ISH UNUMDORLIGIGA
TA’SIRI

X.B. Xaydarov

Andijon davlat texnika insituti
E-mail: xaydarovxusanboy733@mail.com
(Qabul gilindi 18.03.2026 y.)

Annotatsiya: Magolada parragining ishchi yuzasi sifati to‘rt xil darajada bo‘lgan ventilyatorlar
parametrlarini o ‘rganish natijalari aks ettirilgan. 1-parrak quyish jarayonidan chiggan, balansirovka
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gilingan, ammo, ishchi yuzasiga ishlov berilmagan xolatda, 2-parrak ishchi yuzasiga dastlabki ishlov berish
orgali yuza siliglangan, 3-parrak ishchi yuzasiga mukammal ishlov berish orqgali yuza ideal siliglangan va 4-
parrak ishchi yuzasiga polimer material qoplangan. Tadgiqgotlar natijasida parraklarning silliglik darajasi
ventilyator parametrlariga kuchli ta’sir ko ‘rsatishi aniglangan.

Kalit so‘zlar: Pnevmotransport, ko ‘ndalang kesim yuzasi, quvur, paxta, ventilyator, aerodinamik kuch,
siklon, paxta g ‘arami, quvurcha(patrubka), havo sarfi, parrak, termoreaktiv polimer.

Amwmuu;l: B cmamve OmpadsitCeHbl  pe3yibnanivl MCC]Z@()O@CIHME napamempoe 6eHmujAmopoes,
Kaivecmeo pa6oueﬁ noeepxHocmu Komopbvix Haxooumcs Ha uembvlpex pas3iudHblX YPOGHSX. 1-omneuamox
eblUlel U3 NPoYyecca aumvsi, Obll COANAHCUPOBAH, HO, K020a pabdouas no8epXHOCmb He bvlia obdpabomana,
nosepxHocms  Ovlia omwaugoeana nymem npeosapumenvHol 00pabomku Ha pabouel Nno8epxXHOCmU
omneyamxa 2, NOBePXHOCMb OblIA UOEANIbHO OMUIIUPOBAHA NymeM UOearbHol 0opabomku Ha pabouyell
noeepxHocmu omnevuamrka 3, a Ha p6160’{612 noeepxwocmu omnevanka 4 Ovi1 Hauecen nOﬂumeprzﬁ
mamepuain. Hccneoosanus nokasauiu, 4no yYpoeeHb njiasHocmu xo0a Jaonacmeil CUlbHO GauUsem Hd
napamenmpuvbl 6EHmusimopda.

Knrwwueevie cnosa: HHeemompchnopm, NOBEPXHOCNb NONepeYHoco Ce4eHusl, mpy6a, eama,
BECHMUTIAMOP, AIPOOUHAMUYECKAS. CUNLA, YUKIOH, eama, mpyba(nampybok), pacxod 6030yxd, NONIAGOK,
mepmopeakmuHulLl noauMep.

Abstract: The article reflects the results of a study of the parameters of fans, the quality of the working
surface of which is at four different levels. 1-the print came out of the casting process, was balanced, but
when the working surface was not processed, the surface was sanded by pretreatment on the working surface
of the print 2, the surface was perfectly sanded by perfect processing on the working surface of the print 3,
and polymer material was applied on the working surface of the print 4. Studies have shown that the level of
smoothness of the blades greatly affects the fan parameters.

Key words: Pneumatic transport, cross-sectional surface, pipe, cotton wool, fan, aerodynamic force,
cyclone, cotton wool, pipe (branch pipe), air flow, float, thermosetting polymer.

Kirish: O'zbekiston milliy igtisodiyotida gishlog xo'jaligining yetakchi tarmoglaridan biri
bo'lgan paxtachilik va unga asoslangan to'gimachilik sanoati strategik o'rin tutadi. Respublika
hukumati tomonidan ishlab chigilgan maxsus davlat dasturlari doirasida paxta tozalash tarmoqgining
moddiy-texnik bazasi izchil yangilanib, korxonalar ilg'or texnologiyalar asosida rekonstruksiya
gilinmogda. Amalga oshirilayotgan tizimli islohotlarning bosh magsadi — tayyor mahsulot sifatini
xalgaro standartlar talablari darajasiga yetkazish va ishlab chigarish xarajatlarini kamaytirib,
umumiy iqtisodiy samaradorlikni oshirishdan iborat.

Mahsulotning ragobatbardoshligi va tannarxi birinchi navbatda texnologik jarayonning har
bir alohida bosgichida shakllanib boradi. Shu jihatdan garaganda, butun ishlab chigarish zanjirining
dastlabki va asosiy bo'g'ini sanalgan xomashyo bilan uzluksiz ta'minlash bosgichi alohida ahamiyat
kasb etadi. Ushbu bosgichda yuzaga keladigan texnik muammolar keyingi barcha jarayonlarga
bevosita salbiy ta'sir ko'rsatishi mumkin.

Zamonaviy paxta tozalash korxonalarida xomashyoni gayta ishlash sexlariga etkazib berish
vazifasi pnevmatik transport tizimlari zimmasiga yuklatilgan. Birog mavjud tadgiqotlar natijalari
shuni ko'rsatmoqdaki, ushbu uskunalar ishlash jarayonida elektr energiyasi va havo sarfining
nisbatan yuqori ekanligi jiddiy muammo bo'lib golmoqgda. Bu holat, bir tomondan, tayyor mahsulot
tannarxining oshishiga va korxonaning iqtisodiy ko'rsatkichlari yomonlashishiga olib kelsa,
ikkinchi tomondan, ishlab chigarish hududida tolali chang targalishiga va sanitariya-ekologik
muhitning yomonlashuviga zamin yaratmoqda. Mavjud muammolarni bartaraf etish va pnevmatik
transport tizimlarining ish samaradorligini oshirish zamonaviy sanoat uchun dolzarb vazifa bo'lib
golmoqda [1,2].

Metodika. Pnevmotransport ventilyatorning ishchi yuzasini sifatini aniglash.

Pnevmotransportning asosiy elementlaridan biri ventilyator hisoblanadi. Shuning uchun,
uskuna energiya sarfining yugoriligi, birinchi navbatda ventilyator energiya sarfining yuqori ekani
bilan bog‘lig. Shuningdek, havo va paxta aralashmasi havo quvurida harakatlanganda turli
garshiliklar vujudga keladi va pnevmotransport ish unumiga energiya sarfiga katta ta’sir ko rsatadi.
Quvurlarni ulashdagi teshiklar, tosh tutkichlar va separatorning tashqaridan havo so‘rishi
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pnevmatransport ish unumiga energiya sarfiga juda katta ta’sir ko‘rsatadi. Pnevmotransport ish
unumiga va energiya sarfiga quvurning uzunligi, uning ulanishi, paxtaning uzatilish jarayonlarining
ham ta’siri katta [3]. Ushbu tadgiqotlarda biz, asosan ventilyator energiya sarfi masalasiga e’tibor
garatamiz.

Biz ilmiy tadgigotlarimizni Namangan shaxridagi
“Ven-kon air enginering” korxonasida yugori bosimga
ishlovchi markazdan qgochma ventilyatorda amalga
oshirdik.. Bu ventilyator yuritkichi 4 kVt quvatli 3000
ayl/min tezlikda aylanuvchi parraklarga ega bo‘lib, u
uzunligi 26 mgacha bo‘lgan quvurlar tizimiga ulangan. Xar
bir quvur uzunligi 1,25 m bo‘lib, bu o‘lcham quvur
tayyorlangan po‘lat varogning eniga teng.

Dastlab, ventilyator parragi quyish sexidan keltirildi.
Uni sim cho‘tkasi bilan tozalandi, “Micron-beta” nomli
profilometr yordamida parrak ishchi yuzasi g‘adir-budirligi
R.41,4 ekanligi aniglandi va u balansirovka gilindi(1-rasm).

Har bir bosgichda ventilyator quvur trassasiga
ulanib, quyidagi parametrlar o'lchandi:

[ - - £ Nt

1-rasm. Parragni ishcni yuzasi tozalanmagan
ko‘rinishi.

v — kirish quvurchasi yopilgandagi to'liq
~ bosim (Pa); — quvurning 0,20 m va 25,60 m
nuqgtalarida statik bosim (Pa); — dinamik
bosim (Pa); — havo oqimi tezligi (m/s) —
anemometr yordamida; — elektr toki kuchi va
kuchlanish — invertor qurilmasi orqali
kuzatildi (380 VV manba).

O'Ichov asboblari sifatida "Micron-beta"
profilometri, anemometr va mikromanometr
go'llanildi. Olingan barcha natijalar jadval
ko'rinishida gayd etildi va bosgichma-bosgich
taggoslandi.

: 3 Bu parrakni ventilyatorga o‘rnatildi va 26 m
2-rasm. 26 m quvurlar tizimiga ega bo‘lgan uzunlikdagi quvur trassasiga ulandi(2-rasm).

pnevmotransport Quvurdagi so‘rilayotgan havoning tezligi, statik
va dinamik bosimlari maxsus o‘lchash asboblari anemometr va mikromanometr yordamida
o‘lchandi. Qurilma elektr yuritkichi 380 V li tok manbaiga invertor qurilmasi orgali ulandi va
undan tok kuchi va kuchlanish o‘zgarishi kuzatib borildi. Olingan o‘lchovlar 1-jadvalda keltirilgan.

1-jadval
. . Statik bosim| Dinamik .
. . Tok kuchi | Kuchlanish | Quvvat | Chastota . Tezlik
Ne Ventilyator xolati (A) ) wt Gs (R) bosim (R) ms
Ishchi yuzasi ishlov berilmagan parrak
Ventilyator patrupkasi
1 yopiq xolatda (0.20 m) 2.7 380 1,53 50 5250
0,20
%J Metr 7.9 380 4,47 50 3350 1880 56
=
21 |26.05m
g
8 25,60 7,9 380 4.47 50 1180 1620 52
Metr
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Jadvalga ko‘ra, xozirda ishlatilayotgan ventilyatorning kirish quvurchasi yopilgandagi to‘liq
bosim 5250 Pa, kirish quvurchasi uzunligi 26 mgacha bo‘lgan quvurlar trassasiga ulangach 0,20 m
masofadagi teshikdan olingan o‘Ichov 3350 Pa statik bosim, 1880 Pa dinamik bosim va havo tezligi
56 m/s ni tashkil gildi. Quvurning keyingi nugtalarida havo bosimi va tezligi pasayib boradi va
25,60 m da statik bosim 1180 Pa, dinamik bosim 1620 Pa va havo tezligi 52 m/s ni tashkil etadi.
Magqola xajmini ko‘paytirmaslik uchun navbatdagi tadqiqotlar natijalarini jadval holatida
keltirmadik. Ammao, tahlillarni keltiramiz.

Ventilyator parragi echib olindi va uni ishchi yuzasiga ishlov berildi. Yuzaning donadonlik
ko‘rsatkichi P100 bo‘lgan jilvir qog‘ozda maxsus moslama yordamida ventilyator parragi ishchi
yuzasi jilvirlandi va profilometr yordamida parrak ishchi yuzasi g‘adirbudirligi R.35,6 ga
keltirilgani aniglandi. Parrakni gayta balansirovka gilindi (3-rasm), uni ventilyatorga o‘rnatildi va
o‘lchovlar qayta olindi.

O‘Ichovlarga ko‘ra, ventilyatorning kirish quvurchasi yopilganda to‘liq bosim 5500 Pa,
kirish quvurchasi uzunligi 26 mgacha bo‘lgan quvurlar trassasiga ulangach, 0,20 m masofadagi
teshikdan olingan o‘lchovda statik bosim 3540 Pa, dinamik bosim 2010 Pa va havo tezligi 58 m/s ni
tashkil gildi. Quvurning keyingi nuqgtalarida havo bosimi va tezligi pasayib bordi va 25,60 m da
statik bosim 1300 Pa, dinamik bosim 1750 Pa va havo tezligi 54 m/s ni tashkil etadi.

Natijalardan ko‘rinadiki, ventilyator parragi ishchi yuzasi gadirbudirligi kamaysa,
pnevmotransport parametorlari ko‘tarilayotganini, masalan quvurdagi havo tezligi 4% ga ortganini
ko‘rishimiz mumkin.

Keyin, ventilyator bu parragi ham echib olindi. Uning ishchi yuzasi donadorlik ko‘rsatkichi
P1000 bo‘lgan jilvir qog*‘az bilan maxsus moslama yordamida qayta jilvirlandi, parrak ishchi yuzasi
ideal darajada silliglandi va profilometr yordamida o‘lchanganda uning ishchi yuzasi g‘adirbudirligi
R,1,9 ga kelganligi aniglandi. Parrakni gayta balansirovka qilindi (4-rasm). Bu parrakni
ventilyatorga qayta o‘rnatildi va o‘lchovlar olindi.

3-rasm. P100 jilvir qog‘ozida ishchi yuzasi jilvirlangan  4-rasm. P1000 jilvir qog‘ozida ishchi yuzasi jilvirlangan
parrakli disk ko‘rinishi parrakli disk ko‘rinishi

O‘Ichovlarga ko‘ra, ventilyatorning kirish quvurchasi yopilganda to‘liq bosim 5700 Pa, kirish
quvurchasi uzunligi 26 mgacha bo‘lgan quvurlar trassasiga ulangach 0,20 m masofadagi teshikdan
olingan olchov 3700 Pa statik bosim, 2150 Pa dinamik bosim va havo tezligi 60 m/s ni tashkil
giladi. Quvurning kegingi metrlaridagi havo bosimi va tezligi pasayib boradi va 25,60 m da statik
bosim 1510 Pa, dinamik bosim 1950 Pa va havo tezligi 57 m/s ni tashkil etadi. Demak, ventilyator
parragi ishchi yuzasi ideal darajada siliglansa, ventilyator ko‘rsatkichlari sezilarli oshadi va
quvurdagi havo tezligi 10% ga ortganini ko rishimiz mumkin.
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Keyingi tadgiqotlarda ishchi yuzasi maxsus qoplama bilan qoplangan ventilyator parragi
tadgiq qilindi. Ishchi yuzaga qoplama berishdan magsad yuzaning silligligini oshirish, emirilishini
kamaytirish va ishlash muddatini oshirishdan iboratdtr. Qolaversa, yuzani siliglash jarayoni ko‘p
vaqgt va mehnat talab giladi.

Parrak ishchi yuzasi notekisligini unga
qoplama surtish yo‘li bilan kamaytirishga harakat
gilamiz. Bu goplama mabhalliy to‘ldiruvchilar asosida
olingan yangi tarkibli termoreaktiv kompozit polimer
bo‘lib, u Andijon mashinasozlik instituti olimlari
tomonidan yaratilgan. Uning tarkibi quyidagicha:

Eboksid elim 600 gr.;

DBF 0.07gr,;
PEPA 0.07 gr;
Koalin zarur holatdagi modda xosil

bo‘lgunicha.

Modda parrak ishchi yuzasiga issig va sovuq
holatda surtilishi mumkin. U tez qotadi va yuzadagi
g‘adirbudirliklarni to‘liq qoplaydi.

O‘rganish uchun quyish sexidan chiqqan,
ishchi yuzasi siliglanmagan, o‘Ichovlari bilan bir xil bo‘lgan parrak olindi va uning ishchi yuzasiga
yangi tarkibli termoreaktiv kompozit polimer surkaldi.

Parrak bir sutkada quridi va profilometr yordamida parrak ishchi yuzasi g‘adirbudirligi
R.3,4 ekanligi aniglandi. Parrak balansirovka gilindi (5-rasm).

5-rasm. Termoreaktiv kompozit polimer material
surtilgan parrak.

Bu parrakni ventilyatorga o‘rnatildi va tegishli o‘Ichovlar olindi.

O‘Ichovlarga ko‘ra, ventilyatorning kirish quvurchasi yopilgandagi to‘liq bosim 5500 Pa,
kirish quvurchasi uzunligi 26 mgacha bo‘lgan quvurlar trassasiga ulangach 0,20 m masofadagi
teshikdan olingan o‘Ichovda statik bosim 3500 Pa, dinamik bosim 2010 Pa va havo tezligi 58 m/s ni
tashkil gildi. Quvurning keyingi nugtalaridagi havo bosimi va tezligi pasayib bordi va 25,60 m da
statik bosim 1300 Pa, dinamik bosim 1750 Pa va havo tezligi 54 m/s ni tashkil etdi.

Olingan natijalarni solishtirib ko‘rilsa, polimer bilan qoplangan parrak bilan olingan
parametrlar silliglanmagan yuzali parrakdagidan yuqgori, ammo, ideal darajada silliglangan
yuzadagiga qaraganda past bo‘lib chiqdi. SHuning uchun, ventilyator ishlab chigarish korxonalari
uchun ventilyator parragini ideal darajada silliglash usuli tavsiya etiladi va bunda ventilyator
ko‘rsatkichlari, xususan, statik bosim 28%, dinamik bosim 20% oshdini va quvurdagi havo tezligi
(shuningdek, havo sarfi) 10% ga ortganini ko‘rishimiz mumkin.  Ventilyator parragi ishchi
yuzasini polimer modda bilan qoplash yo‘li bilan siliglash usuli ham ishlov berilmagan yuzadagiga
nisbatan ijobiy natija ko‘rsatmoqda. Ammo, bu usulni ventilyator ishlab chigaruvchi korxonalar
uchun tavsiya etilmaydi, ammo, bu usulni uzoq ekspluatatsiya gilish natijasida emirilgan parraklarni
tiklash uchun tavsiya etish mumkin.

Olingan tajriba natijalarini o‘zaro solishtirib tahlil gilinganda, polimer goplama bilan ishlov
berilgan ventilyator parragida aerodinamik ko‘rsatkichlarning sezilarli darajada yaxshilangani
kuzatildi. Jumladan, bunday parraklar yordamida hosil gilingan havo oqimi parametrlari
silliglanmagan yuzali parraklarga nisbatan yuqoriroq natijalarni ko‘rsatdi. Ammo, ideal darajada
mexanik silliglangan yuzali parraklar bilan taggoslanganda, polimer goplamali yuzalarda olingan
natijalar biroz pastroq ekanligi aniglandi. Bu holat parrak yuzasining silliglik darajasi ogimning
turbulentligiga va aerodinamik garshilikka bevosita ta’sir gilishini yana bir bor tasdiglaydi.

Tadqiqot natijalari asosida shuni ta’kidlash mumkinki, ventilyator parraklari yuzasini ideal
darajada silliglash ventilyatorning umumiy samaradorligini oshirishda eng magbul usullardan biri
hisoblanadi. Tajriba davomida ideal silliglangan yuzali parraklardan foydalanilganda
ventilyatorning statik bosimi o‘rtacha 28 % ga, dinamik bosimi esa 20 % ga oshgani kuzatildi. Shu
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bilan birga, quvur ichidagi havo oqimining tezligi ham taxminan 10 % ga ortgan bo‘lib, bu havo
sarfining oshishiga olib kelgan. Mazkur ko‘rsatkichlar ventilyatorning foydali ish koeffitsienti
ortishini va energiyadan foydalanish samaradorligi yaxshilanishini ko‘rsatadi.

Parrak yuzasining yuqori darajada silliglanishi oqimning parrak bo‘ylab bir tekis
harakatlanishini ta’minlaydi, natijada ishqalanish qarshiligi kamayadi va oqim ajralish hodisalari
qisqaradi. Bu esa ventilyatorning gidravlik va aerodinamik yo‘qotishlarini kamaytirishga xizmat
giladi. Aynigsa, yuqori aylanish tezligida ishlovchi ventilyatorlarda yuzaning silliglik darajasi katta
ahamiyat kasb etadi.

Polimer modda bilan qoplash orqali silliglash usuli ham ma’lum darajada ijobiy natija berdi.
Ushbu usul yordamida ishlov berilgan parraklarda silliglanmagan yuzalarga garaganda bosim va
havo sarfi ko‘rsatkichlari yaxshilangani kuzatildi. Polimer qoplama yuzadagi mayda notekisliklarni
gisman bartaraf etib, ogimning nisbatan tekis harakatlanishiga yordam berdi. Shu sababli, bu usulni
aerodinamik xususiyatlarni yaxshilovchi qo‘shimcha texnologik ishlov sifatida baholash mumkin.

Birog, polimer goplamaning uzoq muddat ekspluatatsiya sharoitida yeyilish va emirilishga
moyilligi uning yangi ishlab chigarilayotgan ventilyatorlarda keng qo‘llanishini cheklaydi. Yuqori
tezlikdagi havo oqimi, chang zarrachalari va mexanik ta’sirlar natijasida polimer qatlam asta-sekin
yemirilishi mumkin. Natijada vaqt o‘tishi bilan aerodinamik samaradorlik pasayadi va qo‘shimcha
texnik xizmat talab etiladi.

Shu sababli ventilyator ishlab chigaruvchi korxonalar uchun asosiy tavsiya sifatida parrak
yuzalarini yugori aniglikda mexanik silliglash texnologiyasidan foydalanish magsadga muvofiq
hisoblanadi. Ushbu usul ventilyatorning uzoq muddat bargaror ishlashini, yugori bosim hosil
qilishini va energiya sarfini kamaytirishni ta’'minlaydi.

Polimer goplama bilan ishlov berish usuli esa asosan uzog muddat ishlatilishi natijasida
yuzasi yemirilgan yoki korroziyaga uchragan ventilyator parraklarini gayta tiklashda samarali
texnologik yechim sifatida tavsiya etilishi mumkin. Bu usul yordamida foydalanishdan chiggan
parraklarning ishchi yuzasi tiklanadi, ularning aerodinamik xususiyatlari gisman gayta tiklanadi
hamda xizmat muddati uzaytiriladi. Natijada yangi detal ishlab chiqarishga bo‘lgan ehtiyoj
kamayib, igtisodiy samaradorlikka erishiladi.

Xulosa.Ventilyator parragini ishchi yuzasiga ishlov bermay o‘rnatish, uning ish unumiga
salbiy ta’sir qiladi, uning hosil giladigan havo bosimi va sarfining past bo‘lishiga olib
keladi,Ventilyator parragini ishchi yuzasining g‘adirbudirligini donadonligi P100, so‘ng P1000 da
jilvirlab, siligligini ideal darajaga keltirish ventilyator ish unumini yuqori bo‘lishini
ta’minlaydi, Ventilyator parragini ishchi yuzasining g‘adirbudirligini termoreaktiv kompozit polimer
material surkash orqali silliglash ventilyator ish unumini ortishiga olib kelsada, ishchi yuzasi ideal
silliglangan parrak ko‘rsatkichlarini ta’minlamaydi, ammo, bu usulni uzoq ekspluatatsiya qilish
natijasida emirilgan parraklarni tiklash uchun tavsiya etish mumekin..
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Annomayusn. B pabome paccmompen npoyecc uapuxo8020 HAKamvl8aHus pe2yisapHoco GUHMO0B020
penveha Ha Hecywux NOBepXHOCWAX Oemaniell epy3 nepegozswux mawiun. Ilpednodicena komcmpykyus
CMEKNIAHHO20 WapUuUKo60co0 HAKAMHUKA, 06ecnewu6afomezo CHUJICEHUEe wWepoxoeamocmu, noevluieHue
meépoocmu NOBEPXHOCMHO20 CN0sL U POPMUPOBAHUE YRPOUHEHHO20 MuKpoperveda. Bvinonnwen ananusz
HanpﬂDfCéHHO-()€¢0pMMp060HH020 COCMOAHUA 6 30HE KOHmMmaKkma, npueedeﬁbl pacqé'meze sasucumocmu ()]l}l
onpeoenenuss YCunus HAKamvlganus u 2ayounvl naacmuveckou Oegopmayuu. Ilposedén pacuém
napamempos oopabomxu ons cmanu 40X.

Knwouesvie cnosa: mnaxamviganue, WAaApuKogvlli UHCMPYMeHm, niacmudeckas oeghopmayus,
ulepoxo8amocme, ynpouHeHue, BUHMOBOU pebed.

Annotatsiya. Ushbu ishda yuk tashuvchi mashinalar detallarining tayanch yuzalarida muntazam
vintsimon relyefni sharikli nakatlash jarayoni ko ‘rib chigilgan. Yuzaning g ‘adir-budurligini kamaytirish, sirt
qatlamining qattiqligini oshirish hamda mustahkamlangan mikrorelyef hosil qilishni ta’minlovchi shisha
sharikli nakatnik konstruksiyasi taklif etilgan. Kontakt zonasidagi kuchlanish-deformatsiya holati tahlil
gilingan, nakatlash kuchi va plastik deformatsiva chuqurligini aniglash uchun hisobiy bog ‘lanishlar
keltirilgan. 40X po ‘lati uchun ishlov berish parametriarining hisobi bajarilgan.

Kalit so‘zlar: nakatlash, sharikli asbob, plastik deformatsiya, g ‘adir-budurlik, mustahkamlash,
vintsimon relyef.

Abstract. This paper considers the process of ball burnishing of a regular helical relief on the
bearing surfaces of parts used in freight-carrying machines. A design of a glass-ball burnishing tool is
proposed, providing a reduction in surface roughness, an increase in the hardness of the surface layer, and
the formation of a strengthened microrelief. An analysis of the stress-strain state in the contact zone is
carried out, and analytical relationships for determining the burnishing force and the depth of plastic
deformation are presented. Processing parameters for 40Kh steel are calculated.

Keywords: burnishing, ball tool, plastic deformation, surface roughness, strengthening, helical
relief.

BBenenue

[ToBbIIEHNE HAJEKHOCTU U JOJTOBEYHOCTH JETANEN IPy30NEPEeBO3ALIMX MAIIUH SIBISETCS

OJIHOM M3 KIIIOUEBBIX 33Jla4 COBPEMEHHOr0 MAIIMHOCTpOeHHUs. CYIIECTBEHHYIO pOJib MPU ITOM
WrPAET COCTOSIHWE IOBEPXHOCTHOIO CJIOS JIeTajel, OMNpENEeNsrolee HX H3HOCOCTOMKOCTh H
CONpOTHUBIEHUE ycTanocTH [1, 2].
OpauM  u3 3(QQPEKTUBHBIX METOJOB YIOPOYHEHUS SBISETCS MOBEPXHOCTHOE IJIACTHYECKOE
nedopmupoBanue (III1/[), B UacTHOCTM MIAPUKOBOE HAKATBHIBAHWE, KOTOPOE IMO3BOJISET
(dbopMupoBaTh GaronpusTHOE HANMPSHKEHHOE COCTOSIHUE U CHIDKATh IIEPOXOBATOCTh MOBEPXHOCTH
[3]. B omnmmume OT TpagWIMOHHBIX METOJOB OOpPaOOTKM, HAKaTHIBAHHE HE COMPOBOXKIACTCS
CHATHEM MaTepHalia, a MPUBOJMT K €ro mepepacnpeaciceHuto [2].

TeopeTruueckne OCHOBBI MpolEcca HAKATHIBAHUA. KOHTaKT CTalbHOTO U CTEKJISTHHOTO
mapuka ¢ o00pabaThlBaeMON TOBEPXHOCTHIO JETald ONUChiBaeTcs Teopueit [epma [4]. B
COOTBETCTBUM C JAHHOW TEOpPUEH B 30HE B3aMMOJCHCTBHS BO3HHUKAET JIOKAIBbHOE KOHTAaKTHOE
JIaBJICHUE, BEJIWYMHA KOTOPOTO 3aBUCUT OT MPUIOKEHHOM CHIbl, pajuyca IIapuKa M YHPYrux
XapaKTEPUCTUK KOHTAKTUPYIOIIMX MaTepuayioB. lIpu yBennueHUM HArpy3Kd MPOUCXOIUT POCT
IUIOUIAIM KOHTAKTa U TOBBIIIEHHE MHTEHCHBHOCTH IUIACTUYECKOM JedopManuu MOBEPXHOCTHOTO
CJ104.
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JI1st CTEKIISIHHOTO IIapuKa XapaKTepHO 0oJiee paBHOMEPHOE pacIipe/iesieHHe HAaNpsKEHUH 1Mo
IUIOINAZM KOHTaKTa, YTO OOYCJIOBJIEHO €ro BBICOKOH TBEPIOCTBIO M HU3KON CKIOHHOCTBIO K
aJre3MOHHOMY B3aMMOJIEHCTBHIO C METAJJIOM. B oTinune OT CTaJIbHOTO MHCTPYMEHTA CTEKJISIHHBIN
HIapUK 00ecneunBaeT CHIDKEHHE KO3(QQHUIMEHTa TpeHUsT U YMEHbLICHHE BEpPOSITHOCTU
CXBaThbIBaHUS MaTepuajga B 30HE OOpabOTKH. ITO CHOCOOCTBYET MOBBIILIEHUIO KayecTBa
(hopMHUPYEMOTro PeryIipHOro BUHTOBOT'O peibeda U yMEHbIICHHUIO IIEPOXOBATOCTH TTOBEPXHOCTH.

CornmacHo pacuéramMm 10 Teopud [epua MakcuMasibHblE KacaTelbHbIE HAaMpsSKEHUS
pacroyiaratloTcsi Ha HEKOTOpOW TIiIyOMHE TO0J TOBEPXHOCThIO JeTalM, 4YTO HPUBOAUT K
MHTEHCUBHOMY YIPOUYHEHUIO IMOBEPXHOCTHOTO ciosi 0e3 paspylieHus meramuia. dopmupyemsbie
OCTaTOYHbIE HANPSKEHUS CHKATHUS MOJIOKUTEIIBHO BIMSIOT HA YCTAJIOCTHYIO MPOYHOCTD AeTanel U
MOBBIIIAIOT X IKCIUTYaTallMOHHYIO 1I0JITOBEYHOCTb.

Kpome Toro, mpuMeHeHHE CTEKISIHHOTO IIapHKa IO3BOJSIET CHU3UTh TeMIIepaTypHbIe
3¢ dexThl B 30HE KOHTAKTa, TaK KaK CTEKJIO 00JIaJlaeT MEHbBIICH TEIUIONPOBOJIHOCTHIO TIO
CPAaBHEHHUIO CO CTAJIBIO.

3TO yMEHBIIAET BEPOSITHOCTH BO3HUKHOBEHHS TEPMUIECKHX J1€(DEKTOB U CTPYKTYPHBIX
U3MEHEeHMH MeTasuia. B pe3ynbpTrare mpolecc HakaTbIBaHUS CTAHOBUTCA 0osiee CTaOMIIbHBIM, a
KauecTBO 00pabOTaHHOM MOBEPXHOCTU — 00JIee IPEACKa3yeMbIM U BOCIIPOU3BOANMBIM.
MaxkcumanabHOe KOHTAKTHOE JIaBJICHUE OIPEIEIETCS BBIPAKEHUEM:

Po = 3F/2ma? 1)

riae F — ycuine HakaThIBaHUs, @ — painyC KOHTAKTHOM IJIOIIAIKH.
OO6muit KOHCTPYKTUBHBIH BHU/T
MHCTPYMEHTA CO CTEKJITHHBIM IIAPUKOM
MOKa3aH Ha pUCYHKeE 1.
WMHCTpYMEHT COCTOUT U3 JIep’KaBKU 1;
Kopryca 2; NpWKUMHOW raku 3;
CTEKJIIHHOTO 1apuka 4, nuamerpom d =
3-10 MM; ¥ IOcamo4YHOE THE3NO 3.
Harpyska perynupyemasi, nepemaércs
yepe3 MPYXKHUHBI, YTO Ha PHUCYHKE HE
nokazaH.  [IpuMeHeHMs  NPYKUHBI
3allMIIaeT OT CABUIOBBIE JAe(opmaru
U obecreunmBaeT  PacIoJIOKEHHIO
peryJsipHOTO BHUHTOBOTO penbeda Ha
MOBEPXHOCTH 00pabOTKH.

IIpumenenne CTEKJITHHOIO
HIapvKa MO3BOJIAET MOJYy4aTh BBICOKOE
KayeCTBO TOBEPXHOCTH U MCKIIIOYAET
HaJlUNIaHWe MaTepuaja Ha MHCTPYMEHT.
['ne D — nuametp mapuka; P — ycuine
HakaTeiBaHus; L — BeIcOTa (mIMHA)
paboueii yacTH.

30Ha HakaTblBaHUs
BUHTOBOTO penseda

S - Hanpasnexve
nojaw =

Pucynok 2. TokapHBbIif CTAHOK C yCTAaHOBKOI HHCTpYMEHTA U
JIETANBIO. OO6pabatbiBaeMast JIeTallb

3aKpeIuieHa B IAaTpOHE M 3aJHEM
LIeHTpe cTaHKa. HakaTHOW MHCTPYMEHT CO CTEKJISIHHBIM IIAPMKOM YCTAHOBIIEH B pe3LeaepKarese
TOKapHOTO cTaHka. [Ipu BpaleHuu AeTanu U nojade S MHCTPYMEHT MPHKUMAETCS K MOBEPXHOCTU
c ycwiveM P ¥ BBINONHSET HaKaThIBAHWE BUHTOBOTO (PErYJSIPHOTO) peibeda, OIHOBPEMEHHO
YOPOUHSISt oAauet S MOBEPXHOCTHBIN CJION M CHUKEHHOM IIEPOXOBATOCTHIO.

KontakT mapuka ¢ 00padaTeiBaeMOil TOBEPXHOCTBIO ONUCKIBaeTCs Teopueii ['epma [4].

Panuyc KOHTaKTHOM 30HBI ONPEENSIETCSA 3aBUCUMOCTBIO [4]:

a = (3FR/4E*)'3 (2

rae R — paguyc mapuka, E* — npuBeaéHHBIN MOYIb YIPYTOCTH:
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i_l—var1+v22
EXx E  E, 3)

YcaoBue miaacruueckoi aedopmanmu. Jlns obecrnieueHuss ynpoyHEHHs HEOOXOIHUMO

BBINIOJIHEHHE YCI0BUSA [3]:
Po = k- or

rze: o1 — npezen Tekydectd marepuana, k = 1.1-1.3 — koapdunuenT 3anaca.

Pacuér mapameTpoB HaKaTbIBaHusA 1Jis ctanau 40X
Hcxonnble naHHbIE:
ot = 800 MIla; E;= 7-10*MIla; v1 = 0.22; Eo= 2.1 - 10°MIla; v, = 0.3; R=5mm; k = 1.2.

IIpuBeaéHHbIi MOAYAb YIIPYTOCTH

E*~5.59 - 10* MIla

Ycennue HakaTteiBanusa. Ha ocHOBE 3aBUCHMOCTEN TEOpPUHM KOHTAaKTHOTO B3aUMOJIECHCTBUS

[4, 5]:
F=370 H

Paauyc koHTakTHOI 30HBI: a <~ (.29 MM

I'ayouna ynpounénnoro ciaosi: h=0.2 - a; h=0.06 mm.

Onenka mepoxoBaTOCTH NMOBEPXHOCTH !

Tlocie HakaTBIBAHUA mEepoOX0BATOCTL OMPEACIIACTCS 3aBUCUMOCTBIO [3]
Ra= f2/8R (4)

[Tpu f=0.1 Mmm/00; Ra = 0.25 Mmxm

[IpyMeHeHne CTEKISIHHOTO IIapuKa CHIKAaeT KOd(PPUIIMEHT TPeHUsS U U3HOC MHCTPYMEHTA,
YTO TIOBBIIIAET CTAOMILHOCTh 00paboTKH [6].

Pe3yabTaThl 1 00CyKACHHE.

[TpoBenéHHBIE pacuéThl MOKA3BIBAOT, YTO NpU ycuiuu nopsiaka 350-400 H obecnieunBaercs
YCTOMUYMBOE IIIacTHYecKoe naedopmupoBanue mnoBepxHocTHOTO cios cramu 40X. Ilpu sToMm
dbopMupyercss yOpoO4HEHHBIA cnoil rTayomHo 10 0.06 MM © JOCTUTaeTCs CHIDKEHUE
mepoxoBaTocTu 10 ypoBHA Ra = 0.25 mxwm. IlosydeHHbIe pe3yabTaThl COTJIACYIOTCA C JAHHBIMU
Ipyrux uccneposanuii B oonactu II1/] [2, 3].

JloToNMHUTENBHO YCTAHOBJIEHO, YTO NPUMEHEHHE CTEKJISIHHOTO IAapHUKOBOIO HaKaTHHUKA
crocoOcTBYeT OoJiee paBHOMEPHOMY paCIpe/IeIICHHIO KOHTAKTHBIX HAIMPSHKEHUN B 30HE 00PabOTKH.
DTO MO3BOJISIET YMEHBIIUTh BEPOSTHOCTH 00pa30BaHMsl MUKPOTPEUIMH U JIOKAJbHBIX MEPErPEBOB
MOBEPXHOCTH JeTanu. B mpolriecce HaKaThIBaHUS HAOIIOAETCS TOBBIIICHHE MHUKPOTBEPIOCTH
IMOBEPXHOCTHOTO ciosi Ha 18-22 % 1o cpaBHEHMIO ¢ MCXOJHBIM COCTOSIHHEM. TaKKe oTMedaercs
cTabuimM3aIusi TeOMETPUIECKUX MapaMeTPOB BUHTOBOTO penbeda, YTO MOJOKHUTEIHLHO BIUSET Ha
W3HOCOCTOMKOCTh M JOJTOBEYHOCTh JETaled Tpy30lepeBO3dluX MaluH. lcnonas3oBaHue
CTCKJSTHHOTO pabodvero 3JeMeHTa TOTOTHUTEILHO CHIDKAST KOAPPHUITUEHT TPEHUS B 30HE KOHTAKTa
Y YMEHBIIAeT UHTEHCUBHOCTD aJIr€3MOHHOTO U3HAIIMBAHUS HHCTPYMEHTA.

BriBoabI

1. lapwkoBoe  HakaThiBaHWE  SBIACTCSA  A(PGEKTUBHBIM  METOJOM  IOBBIMICHUS
IKCIUTYyaTalMOHHBIX CBOWCTB JeTaliel, paOOTaloImUX B YCJIOBUAX IUKIMYECKMX W KOHTAKTHBIX
Harpy3ok. B pe3ynbrare mactuueckoro aedOpMUPOBAHHS MMOBEPXHOCTHOTO CJIOS MOBBIMIAOTCS
TBEPAOCTH, U3HOCOCTOMKOCTH M COMTPOTUBJICHHE YCTAIOCTHOMY pa3pyILIEHHUIO, YTO OCOOEHHO BaXKHO
JUTSL IeTajied Tpy30MepeBO3AIIUX U TPAHCIIOPTHBIX MAIIIHH.

2. IlpoBenéHnble pacy€Thl U aHANIM3 Mpoliecca Mokazanu, uyto s cranu 40X onTtumanbHOE
ycmiue HakaThiBaHus coctaBisieT 350400 H. Ilpu nanHOM amana3oHe Harpy3ku 0OecTieunBaeTCs
yCTOHYMBOE TUIaCTHYECKOe Ae(POpMHUpPOBAHUE MOBEPXHOCTH Oe3 MOsBIEHUS e(EeKTOB, a TakkKe
dbopmMupyercst ynpouyHEHHBIN CI0H TIyonHOM 10 0.06 MM.
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3. Ucnons30BaHue CTEKIISIHHOIO mapukKa B KOHCTPYKIIHMU HAKATHOI'O MHCTPYMCHTA IO3BOJISACT
CHU3UTh KOI(P(PHUIMEHT TPEHHS B 30HE KOHTAKTa M YMEHBIIUTH BEPOSTHOCTH aJre3MOHHOTO
HU3HalllUBaHU. Bnaronapﬂ BBICOKOM TBép[[OCTI/I A XUMHYCCKOM HHCPTHOCTHU CTCKJIA IMOBBLIIIACTCHA
pecypc pabouero nsiIeMeHTa WHCTPYMEHTa M obOecneuuBaercsi Oojiee CTAaOMIBHOE KadecTBO
00pabOTKH OBEPXHOCTH.

4. TeopeTnueckuil aHaIM3 Ha OCHOBE KOHTaKTHOW Teopuu I'epiia moATBepAnI BO3MOXKHOCTb
3(1)(1)6KTI/IBHOFO pacupeaciiCHusd KOHTAKTHBIX HaHpH)KCHI/II\/'I IIpu HMCIIOJIB30BAHUHU CTCKIIAHHOI'O
11apuka. 3To CIocoOCTBYET paBHOMEPHOMY (DOPMUPOBAHHUIO PETYJISIPHOTO BUHTOBOTO penbeda u
YMCHBIICHUIO JIOKAJIbHBIX KOHHGHTpaIII/II\/’I Hal'[pf[)KeHHfI B ITIOBCPXHOCTHOM CJIOC ACTAJIH.

5. IlomyuyeHHble pe3ynbTaThl MOATBEPHKIAIOT MNEPCHEKTUBHOCTh INPUMEHEHHS CTEKIISTHHBIX
[IAPUKOBBIX HAKATHUKOB B TIPOILECCaX IMOBEPXHOCTHOTO IUIACTHYECKOTO J1e(hOPMHUPOBAHHS.
PazpaOoTranHass KOHCTPYKLHMSI MOXET ObITb pPEKOMEHJOBaHA JJs  HUCIOJb30BAHUS B
MalllMHOCTPOCHUU, T’paHCHOPTHOﬁ TEXHUKC W PEMOHTHOM IIPOM3BOJACTBE C LCJIbIO IMOBBINICHUSA
9KCIUTYaTallMOHHOTO pecypca JieTaneil.
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1022-M OZLM RUSUMLI TIKUV MASHINASINING IGNA MEXANIZMI
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Annotatsiya: Ushbu maqolada 1022-M OZLM rusumli tikuv mashinasining igna mexanizmi, uning
tuzilishi, ishlash prinsipi va tikuv jarayonidagi ahamiyati ilmiy-amaliy jihatdan tahlil gilinadi. Tadgigot
davomida igna mexanizmining asosiy qismlari, ularning o ‘zaro bog ‘liqligi, harakat uzatish xususiyatlari
hamda chok hosil gilishdagi roli yoritib berildi. Shuningdek, igna mexanizmida uchraydigan nosozliklar va
ularni bartaraf etish usullari ko ‘rib chiqildi. Natijada 1022-M OZLM mashinasida igna mexanizmining
to‘g‘ri sozlanishi tikuv sifati, ishlab chigarish unumdorligi va uskunaning uzoq muddat xizmat qilishida
muhim omil ekanligi aniglandi.

Kalit so‘zlar: 1022-M OZILM, tikuv mashinasi, igna mexanizmi, igna sterjeni, chok hosil bo ‘lishi,
uzatma mexanizmi, tikuv texnologiyasi.

Annomayua: B oannoii cmamve HaAyuHO NPOAHANUIUPOBAHBI KOHCMPYKYUS, NPUHYUN pAbOmul U
MEeXHON02UYEeCKOe 3HAYeHUe U20NbHO20 Mexanusma weelnot mawunsl mapku 1022-M  O3JIM. B
UCCTe008aANUL  UCTIONBL30BAHbL  ONUCAMENbHBIU, CPAGHUMENbHBIN U  0Dobwaowui Memoosl. Oceeuyenvl
OCHOBHblE 0eMAaNU U2ONbHO20 MEXAHU3MA, 0COOEHHOCMU nepedady 0BUIICEHUs U €20 POlb 8 00pa3068aHuu
cmeoicka. Taxowce paccmompenvl OCHOGHbIE HEUCHPABHOCMU, GO3HUKAIOWUE 6 ULONbHOM Mexanusme, u
cnocobwvl ux ycmpanenus. B pesyrbmame uccnedosanusi ycmano6ieHO, UMO NPABUNbHASL HACMPOUKA
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MEXAHHKA

UcO0J1bHO20 mexaHusma AejiAaemcs BAINCHBIM d)akmopom obecneyenus Kauecmeda CcCmpo4Ku,
npPOU3800UMENbHOCU U IPHEKMUBHOU padOmbl UEEUHOU MAUIUHDL.

Knroueewvie cnoea: 1022-M O3JIM, weetinas mauiuna, U20NbHBIN MEXAHUIM, U2N0800UMEND,
o6pa306aHue CmedicKa, npomMvliliIeHRAA WEeUHASA MAWUHA.

Abstract: This article scientifically analyzes the structure, operating principle, and technological
significance of the needle mechanism of the 1022-M OZLM sewing machine. Descriptive, comparative, and
generalization methods were used in the research. The main parts of the needle mechanism, the features of
motion transmission, and its role in stitch formation are described. In addition, the main malfunctions
occurring in the needle mechanism and methods for their elimination are considered. The study found that
the correct adjustment of the needle mechanism is an important factor in ensuring stitch quality, productivity,
and the efficient operation of the sewing machine.

Keywords: 1022-M OZLM, sewing machine, needle mechanism, needle bar, stitch formation,
industrial sewing machine.

Kirish

Tikuv mashinalarining samarali ishlashi ularning alohida mexanizmlarining o‘zaro aniq va
uyg‘un harakatiga bog‘liq. Shunday muhim mexanizmlardan biri bu - igna mexanizmi hisoblanadi.
Igna mexanizmi tikuv mashinasining asosiy ishchi organlaridan biri bo‘lib, matoni teshib o‘tish,
ipni material ichidan o‘tkazish va chok hosil qilish jarayonida bevosita ishtirok etadi. 1022-M
OZLM rusumli tikuv mashinasi yengil sanoat korxonalari va tikuvchilik ustaxonalarida keng
qo‘llaniladigan sanoat tipidagi mashinalardan biri bo‘lib, uning ish unumdorligi va tikuv sifati ko‘p
jihatdan igna mexanizmining to‘g‘ri ishlashiga bog‘liq. Mazkur mashinaning igna mexanizmi
sodda, ammo aniq ishlovchi konstruktsiyaga ega bo‘lib, yuqori tezlikda ishlashga moslashtirilgan.
Mavzuning dolzarbligi shundaki, tikuv mashinasida hosil bo‘ladigan ko‘plab nugsonlar — ip
uzilishi, chok tashlab ketish, matoning tirnalishi yoki ignaning sinishi — ko‘pincha aynan igna
mexanizmi bilan bog‘liq bo‘ladi. Shu sababli ushbu mexanizmni chuqur o‘rganish texnologik va
amaliy jihatdan katta ahamiyatga ega. 1022-M OZLM rusumli tikuv mashinasining igna mexanizmi
tuzilishini, ishlash prinsipini, texnologik vazifasini va amaliy ahamiyatini yoritishdan iborat.

Nazariy gism

Tahlillar shuni ko‘rsatadiki, 1022-M OZLM rusumli tikuv mashinasining igna mexanizmi
chok hosil qilish jarayonining eng muhim bo‘g‘inlaridan biri hisoblanadi. Uning asosiy vazifasi
ignani qat’iy vertikal yo‘nalishda harakatlantirish, ipni matodan o‘tkazish va moki mexanizmi bilan
hamkorlikda sifatli chok hosil gilishdan iborat.
O‘rganishlar natijasida quyidagilar aniqlandi:
igna mexanizmining konstruktsiyasi nisbatan sodda, ammo juda aniq ishlashni talab giladi;
igna mexanizmi bilan bog‘liq nosozliklar tikuv sifatiga bevosita salbiy ta’sir ko‘rsatadi;
mexanizmning to‘g‘ri sozlanishi ishlab chiqarish unumdorligini oshiradi;
muntazam texnik xizmat ko‘rsatish orqali nosozliklarning oldini olish mumkin.
Muhokama jarayonida shuni aytish mumkinki, igna mexanizmi kichik detal yoki oddiy uzel
sifatida ko‘rinsa-da, amalda u butun tikuv mashinasining samarali ishlashini belgilab beruvchi
asosiy texnologik tizimlardan biridir. Aynigsa sanoat tikuv mashinalarida yuqori aylanish tezligi
sharoitida igna mexanizmining anigligi yanada muhimlashadi. Tikuv mashinalarining ishchi
organlari, xususan igna mexanizmi, tikuvchilik texnologiyasi va sanoat jihozlariga bag‘ishlangan
ko‘plab adabiyotlarda muhim o‘rin egallaydi. Tikuv mashinalarining umumiy rivojlanishi, ishlash
prinsipi va zamonaviy turlari hagidagi ilmiy-uslubiy yondashuvlar siz yuborgan namuna maqolada
ham keng yoritilgan bo‘lib, unda mashina mexanizmlarining ishlab chigarish samaradorligidagi roli
alohida ko‘rsatib o‘tilgan texnik adabiyotlarda igna mexanizmi tikuv mashinasining chok hosil
giluvchi asosiy zanjirlaridan biri sifatida garaladi. Aynigsa sanoat tikuv mashinalarida igna
mexanizmi yugori tezlikda ishlagani sababli uning konstruktsiyasi, balanslangan harakati,
vibratsiyaga chidamliligi va sinxron ishlashi alohida ahamiyat kasb etadi.

Ko‘plab manbalarda igna mexanizmi quyidagi asosiy vazifalarni bajarishi ta’kidlanadi:

« ignani vertikal yo‘nalishda harakatlantirish;
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. igna orqali ustki ipni mato ichiga olib Kirish;
. moki yoki ilmak hosil giluvchi mexanizm bilan uyg‘un ishlash;
. chokning muntazam hosil bo‘lishini ta’minlash.

Shu bois 1022-M OZLM rusumli tikuv mashinasining igna mexanizmini o‘rganish nafaqat nazariy,
balki amaliy jihatdan ham muhim hisoblanadi. 1022-M OZLM rusumli tikuv mashinasi sanoat
tipidagi bir ignali, mokili chok hosil giluvchi tikuv mashinasi hisoblanadi. Ushbu mashina asosan
yengil va o‘rta qalinlikdagi gazlamalarni tikishda qo‘llaniladi. Mashina yuqori tezlikda ishlashi,
bargaror chok hosil gilishi va ishlab chigarish jarayonida qulayligi bilan ajralib turadi.

Bu mashinada quyidagi asosiy mexanizmlar mavjud:

asosiy val mexanizmi

igna mexanizmi

moki mexanizmi

gazlamani surish mexanizmi

ip tortish va taranglash mexanizmi

tepki va bosim mexanizmi

Ushbu mexanizmlar ichida igna mexanizmi markaziy ahamiyatga ega, chunki chok hosil gilishning
boshlang‘ich bosqichi aynan ignaning harakati bilan bog‘liq.

1022-M OZLM rusumli tikuv mashinasida igna mexanizmi quyidagi asosiy vazifalarni bajaradi:

o ignani yugoriga va pastga harakatlantiradi

. igna orqali ustki ipni mato qatlamlari orasidan o‘tkazadi

o moki uchun ip ilmagini hosil gilishga sharoit yaratadi

. chok hosil bo‘lishining ritmik va aniq kechishini ta’minlaydi

Igna mexanizmi ishlamay qolsa yoki noto‘g‘ri sozlansa, butun tikuv jarayoni izdan chiqadi. Shuning
uchun bu mexanizm tikuv mashinasining eng mas’uliyatli uzellaridan biri hisoblanadi. 1022-M
OZLM rusumli tikuv mashinasining igna mexanizmi bir necha asosiy detallardan tashkil topadi.
Ularning har biri umumiy ish jarayonida muhim rol o‘ynaydi.

Igna mexanizmining asosiy gismlari:

asosiy val

krivoship (eksentrik)

shatun

igna sterjeni

igna ushlagichi

igna

yo‘naltiruvchi Brysnxka (vtulka)

o mahkamlovchi vintlar

Asosiy val

Asosiy val mashinaning aylanuvchi harakat manbai hisoblanadi. Dvigatel yordamida harakatga kelgan
val butun mexanizmlar tizimiga aylanish harakatini uzatadi.

Krivoship

Krivoship asosiy valning aylanish harakatini tebranma yoki gaytma-ilgarilanma harakatga aylantiradi.
Bu element igna mexanizmining yurak gismi deyish mumkin.

Shatun

Shatun krivoship bilan igna sterjenini bog‘lab turadi. U orqali aylanish harakati igna sterjenining
vertikal harakatiga aylantiriladi.

Igna sterjeni

Igna sterjeni ignani ushlab turuvchi va uni yuqoriga-pastga harakatlantiruvchi asosiy detal hisoblanadi.
U tikuv jarayonida doimiy tebranma harakatda bo‘ladi.

Igna ushlagichi

Igna ushlagichi ignani ma’lum holatda mahkamlab turadi. Igna noto‘g‘ri o‘rnatilsa, chok sifatiga salbiy
ta’sir giladi.

Igna

Igna matoni teshib o‘tadi va ipni olib kiradi. Uning qalinligi, uzunligi va uch qismi ishlatiladigan
material turiga mos bo‘lishi kerak.
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1022-M OZLM tikuv mashinasida igna mexanizmi aylanma harakatni gaytma-ilgarilanma harakatga
aylantirish prinsipi asosida ishlaydi.

Ishlash jarayoni quyidagi ketma-ketlikda amalga oshadi:

Elektr dvigatel yordamida asosiy val aylanadi.

Asosiy valga biriktirilgan krivoship aylanish harakatini hosil giladi.

Krivoship orgali shatun harakatga keladi.

Shatun igna sterjenini yuqoriga va pastga harakatlantiradi.

Igna matoni teshib Kiradi va ustki ipni pastga olib tushadi.

Igna eng past nuqtaga tushgach, qayta yuqoriga ko‘tarila boshlaydi.

Shu paytda igna orgasida ip ilmagini hosil giladi.

Moki shu ilmakni ushlab, pastki ip bilan birlashtiradi.

Natijada chok hosil bo‘ladi.

Demak, igna mexanizmi chok hosil qilish zanjirining boshlovchi bo‘g‘ini hisoblanadi. Agar ignaning
harakati moki harakati bilan mos kelmasa, sifatli chok hosil bo‘lmaydi. 1022-M OZLM
mashinasida igna mexanizmi nafagat mexanik harakatni bajaradi, balki butun tikuv sifatini
belgilovchi omillardan biri sifatida ham namoyon bo‘ladi.

Uning texnologik ahamiyati quyidagilarda ko‘rinadi:

. choklarning tekis va bir xil bo‘lishini ta’minlaydi;

. yugqori tezlikda tikishda bargaror ishlashni ta’minlaydi;

. matoning shikastlanishini kamaytiradi;

. ip uzilishi va chok tashlab ketish holatlarini oldini oladi;

. tikuv mahsulotining tashqi ko‘rinishi va mustahkamligini oshiradi.

Sanoat korxonalarida mahsulot sifati bevosita mashina mexanizmlarining aniqligiga bog‘liq bo‘lgani
uchun igna mexanizmining sozligi juda katta ahamiyatga ega.

Xulosa

Xulosa qilib aytganda, 1022-M OZLM rusumli tikuv mashinasining igna mexanizmi mashinaning
asosiy ishchi mexanizmlaridan biri bo‘lib, chok hosil qilish jarayonida markaziy o‘rin tutadi.
Uning asosiy vazifasi ignani vertikal harakatlantirish, ipni matoga olib kirish va moki mexanizmi
bilan uyg‘un ishlash orqali sifatli tikuv hosil qilishdan iborat.

Magola davomida igna mexanizmining tuzilishi, ishlash prinsipi, asosiy gismlari, texnologik ahamiyati
hamda nosozliklari tahlil qilindi. Natijalar shuni ko‘rsatdiki, igna mexanizmining to‘g‘ri ishlashi
tikuv sifati, uskunaning unumdorligi va mahsulotning tashqi ko‘rinishiga bevosita ta’sir qgiladi.

Shu sababli:

. igna mexanizmini to‘g‘ri sozlash,

. unga muntazam texnik xizmat ko ‘rsatish,

. sifatli ignalardan foydalanish,

. mexanizmning boshga uzellar bilan sinxronligini saglash

tikuv ishlab chigarishida muhim amaliy ahamiyat kasb etadi.

Kelgusida sanoat tikuv mashinalarining mexanizmlarini yanada takomillashtirish, vibratsiyani
kamaytirish, avtomatik nazorat tizimlarini joriy etish va energiya tejamkor texnologiyalarni qo‘llash
bu sohaning rivojlanishiga xizmat giladi.
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YK 621.86.065
MEXAHUYECKHWE CBOMCTBA CUHTETUYECKWX HAUTEM JJIs1
I'PY30IIOABEMHBIX CTPOII B CTPOUTEJIBCTBE

B.K. Paxmanos

Depeanckuii 20cy0apCcmeeHtblll MeXHUYeCKUll YHUGepCumem
(llonyuena 18.03.2026 2.)

Aunomauu}l. B cmamuve npueedeHbl noJjooicumenlbHble Kavecmea CURmemudYecKux cmponos, Komopbolie
UCNONIL3YIOMCSL 6 MAKENANCHbIX pa6omax, 6 cmpoumeibcmee, oana Xapakmepucmuka mamepuaios, u3
KOmopbolx uzeomaeiuearont CunmemuvyeckKkue cnponbsl. Hccneoosanvr mexanuueckue ceolucmed NOJIUMEPHDbLX
MYTbMUPUAAMEHMHBIX HUMEI].

KJllolleBble cuoeéa: cmpoumeilbCmeo, makKenldaddHCHovle p(l507’l’Ibl, 2py30noa‘b€MHble MeXAHU3Mbl,
2cpy303axeanitHvle npucnoco@zeuuﬂ, MeKCMUIbHbLUL cmpon, CuHmemu4decKkue  60JI0KHA, pa3pbl6HOE
o0bopyoosanue, YOIUHEHUS MYTbIMUPUIAMERMHOL HUMU.

Abstract. This article presents the positive qualities of synthetic slings used in rigging and
construction, and describes the materials used to make them. The mechanical properties of polymer
multifilament yarns are also examined.

Key words: Construction, rigging, lifting equipment, lifting devices, textile slings, synthetic fibers,
tensile equipment, multifilament thread extensions.

Annotatsiya. Ushbu maqgolada takela va konstruktsiyalarda ishlatiladigan sintetik slinglarning ijobiy
xususiyatlari keltirilgan va ularni tayyorlash uchun ishlatiladigan materiallar tavsiflangan. Polimer ko'p
filamentli iplarning mexanik xususiyatlari ham o'rganilgan.

Tayanch so‘zlar: konstruktsiya, takela, ko'tarish uskunalari, ko'tarish moslamalari, to‘gimachilik
slinglari, sintetik tolalar, cho'zilish sinov uskunalari, ko'p filamentli ipning cho'zilishi.

BBenenne. CrTpouTenbCTBO — OJHA U3 KIIOYEBBIX OTpacieil MPOMBIILIEHHOCTH
V306ekucrana, KOTopasi AEMOHCTPUPYET CTaOMIIBHBIN €XKETOAHBIA pOCT. BMecTe ¢ TeM 0coOeHHOCTH
CTPOUTENBHON oTpaciu Y30ekucraHa Oa3HpyrOTCS Ha COCTOSHHUUM M TEHICHIUSX DPa3BUTHS
SKOHOMUKH, COIMAIBHOTO Pa3BUTHsA, T€OrpapUUIECKOTO MOJIOKEHUSI CTpaHbl. B siHBape—ceHTsa0pe
2025 rona B PecniyOnuke Y30ekuctaH 0ObeM BBITIOJHEHHBIX CTPOUTENBHBIX paboT coctaBui 224
532,4 mapna cym, uto Ha 14,2 % Gonbliie o CPaBHEHHIO C COOTBETCTBYIOIIMM meproiom 2024 roa.
CrtpoutenbHbie paboThl B PecniyOnrke Y30eKUCTaH 3a YKa3aHHBIN MEPHOJ] paclpeieieHbl 0 BUIaM
9KOHOMMYECKOM JIeATENbHOCTH CIEAYIOLIUM 00pa3oM:

- IOJIsl CTPOMTENBCTBA 3aHUI U coopyx)eHuil nocturia 68,9 %, uyto Ha 6,1 % Gomnblie Mo
CPaBHEHUIO C COOTBETCTBYIOLIUM TieproioM 2024 rona;

- IOJIsl CTPOUTENHCTBA 00BEKTOB IPaKJaHCKOTO Ha3HAUYCHHUS 3apUKCUPOBaHA HA YPOBHE
20,8 %, uto Ha 29,4 % OombIIe MO CPABHEHUIO C COOTBETCTBYIOMUM nepruoaoM 2024 roxa;

- IOJIsl CHEIMAIM3UPOBAHHBIX CTPOUTENBHBIX padboT coctaBmia 10,3 %, uto Ha 57,6 %
0OJIBIIIE TIO CPABHEHHIO C COOTBETCTBYIOMMM riepuoaomM 2024 rona.

B kaxmoil TeppuTopuanbHONW OONACTH pPECHyOJIMKM YacTHble KOMIAHHUM U (UpMBI B
CTPOUTENHLCTBE TPHUMEHSIOT COTHH COBPEMEHHBIX TPY30MOJAbEMHBIX MEXaHHU3MOB, a MO BCE
pecnyOinKe UX ThICSYU, 3TO: - OallleHHbIE, MOPTaIbHbIE, KO3JIOBBIE U MOCTOBBIE KPaHbI; - KPaHbI Ha
TYCEHHYHOM M ITHEBMOKOJIECHOM XOJy; - aBTOMOOWJILHBIE KPaHBI; - MEPEHOCHBIC, MEPEIBIKHEIE,
MIPUCTABHBIE KPaHbI MOIBEMHUKH | JIP.

CeroHss B CTPOHMTEIHHO-MOHTKHBIX M TaKeNaXHBIX paboTax HCHOIB3YIOTCS CTajbHBIC
KaHaTHBIC CTPOTIBI, UMIIOPTUPYEMbIe U3 Poccuu (IO CTaTUCTUYECKUM JTaHHBIM O0BEM UMITOPTA 3a
2017-2021 rogst coctaBun 22 miH. nonapos CIIIA) [2].

B »TOM KOHTEKCTE HY)KHO OTMETHTH, YTO YACISIETCS 0CO00€ BHUMAaHHE Ha JIOKAIM3ALUI0 U
umnopro3amerenue (Ykas [Ipesunenta Pecriyonuku Y30ekuctan NeYI1-4426 ot 24.08.2019 r.). B
CBSI3M C OTUM B 3aBHCHMOCTH OT Beca (MacChl) W CIIOKHOCTH TEPEBO3UMBIX TPY30B CTaJIbHBIC
KaHaTbhl JIOJDKHBI TIOCTENEHHO YCTYNaThb MECTO CHUHTETUYECKHM JIEHTOUYHBIM M KaHaTHBIM
rpy303axBaTHBIM ycTporicTBam (ctpomam) (CJIKC).
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W3 puc. 1. BUIeH pOCT 4Mciaa MOABEMHO-TPAHCIOPTHOTO OOOPYJOBAaHUS TOJBKO MO OJHOM
@epranckoil obsactu 3a mnociegHue 12 jer. VX 4Yucno MOCTOSIHHO pacTeT, U K HHUM elé
N00aBIAIOTCS MHOTO MEXaHM3MOB 3apyOeXHBIX (HUPM M KOMIAHHMH, OCYIIECTBISIOLINX
CTPOUTETHLHO — MOHTAXXHBIE pa0bOTHI B Y30ekucTane [1].

ABTOKpaHbI Mpouee NTO BalleHHble CTpOUTENbHbIE Ko3noBble, MOCTOBbIE
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Puc. 1. YBenuuenune uncnennoctu napka I[1TO no ®epranckoit obmactu 3a 2009-2021rr.

[Monumnponunenossie (III1) u momuamuansie (ITA) rpaHynbl, W3 KOTOPBIX MONYYAIOTCS
BBICOKOTIPOYHBIE ~ MYJIbTH(UIAMEHTHBIE  BOJIOKHA  CYHMTAIOTCS  OCHOBHBIM  CBIPbEM IS
CHUHTETHUYECKUX CTPOIl. B pecryOnuke moaunponuseH BbIycKaeTcs Y CTIOPTCKUM ra30XUMHYECKUM
komOunatoM — YI'XK [3]. OgauM U3 OCHOBHBIX 3a/1a4d TIPU MPOU3BOJACTBE CHHTETUYECKUX CTPOII
JUIS TPY30IMOIBEMHOTO 000OpYyIOBaHUs ABISETCS HCCIENOBaHUE (DPU3MKO-MEXaHHMYECKUX CBOMCTB,
JOJITOBEYHOCTH U HU3HOCOCTOMKOCTH MYJbTU(UIAMEHTHBIX HUTEH MPU CyXOM KapKOM KJIMMaTe
V36ekucrana. M3BecTHO, YTO MeXaHMYECKHME CBOMCTBA 00pa3ylOT BaKHEHIIYI0 TIpyMILy
9KCIUTYyaTallMOHHBIX CBOMCTB, XapaKTEPHU3YIOIIUX IMPOYHOCTh, Je(OPMALMOHHYIO KECTKOCTb,
negopmupyemocts MatepraioB. Haubonee nzBecTHble paboOThl B 00JACTH pa3pylleHHs OJIMMEPOB
npunaiesxkat C.H. XKypkoy, A.W. Cnynkepy, I'M. Kykuny, B.1. Kykcenko, I'"M. bapreneny,
A.A. Ackaackomy u gapyrum aBtopam [4-8]. CoBmectHO ¢ ydeHHbIMH DepraHckoro
rOCy/IapCTBEHHOIO  TEXHUYECKOTO YHUBEpcHTeTa M  XHMMHKO-TEXHOJIOTHUYECKOr0  Hay4YHO
HCCIIEI0BATENILCKOTO MHCTUTYTA BEAYTCSI PabOTHI 10 M3YYEHUIO (PU3MKO-MEXaHUUECKUX U (U3UKO-
XUMHUYECKHUX CBOICTB, a TaKXK€ YBEJIUYEHHIO JOJITOBEYHOCTH M M3HOCOCTOMKOCTH CHHTETHYECKHX
MyIbTU(UIAMEHTHBIX BOJIOKOH, HUTEH [10-16], 1 COOTBETCTBEHHO, CTPOIIOB.

Metoabl ucciaenoBanusi. OObeKTaMM UCCIIEOBaHMS B JaHHOW paboTe sSIBWIKCH HamboJjee
pacrpoCcTpaHeHHbIE BHJIbl CHHTETUYECKUX HUTEH, MOJyYeHHbIE U3 OJIMMEPOB MOJINOJIEPHUHOBOTO U
noyMmaMugHoro psiaoB [9]. PaccmaTtpuBaercss BIMSHUE MCXOJIHBIX HUTEH HAa MPOYHOCTH KaOOJIOK U
KaHAaTOB.

Omnpezenenne TPOYHOCTH HUTEBUIHBIX [2] MaTepraioB BO3MOYKHO Pa3IUYHBIMH CIIOCOOAMU,
YTO OomKcaHo B Hay4HO ctatbe Jlobanosa /[.C. u TemepoBa M.C. [17]. HemaioBa)XHBIM BOIIPOCOM
SBJISIETCS. HE TOJILKO MaTepuai AJisi U3TOTOBJIEHUS! CTPOIOB, HO U METO/bI €ro uccienoBanus. Tak B
cratesix Crenamkuna A.A. [18] u Haymosa B.A. [19], Obutn paccMOTpeHBI pe3yIbTaThl HCTIBITAHUH
MPOYHOCTH U OTHOCUTEIBHOIO YJJIMHEHHUS [6] HUTE.

VYuuThIBas BBIILIECKA3aHHOE, B IAaHHOM MCCJIEI0BAaHUYU CTABWINCH CIEIYIOIINE 3aJaUH:

* pa3paboTaTh METOAMKY MPOBEACHHUS MHOTO(PAKTOPHBIX HCIBITAHUNA MYIbTHU(PUIAMEHTHBIX
HUTEH;

* TMPOBECTH MHCIBITAHUS HAa KPYUYEHbIX U IUIETEHbIX HUTEBUAHBIX MaTepHalioB Ha
COBPEMEHHOM Pa3pbIBHOM 000PYIOBaHUH;

* IPOBECTU CTATUCTUYECKYIO 0OPaOOTKY MPOBEICHHBIX HCIIBITAHUM.

PesynbraThl HcciefOBaHMH. OKCIEPUMEHTAIbHBIE MCCIEAOBAHHUA Ha ONpPEIEICHUE
Pa3pbIBHOM Harpy3Ku U OTHOCUTEIBHOTO YAJUHEHUS MYJIbTHU(UIAMEHTHBIX BOJIOKOH M HUTEH ObUIH
nposezaensl B nadoparopun npu CIT OO0 «O’zbek-Turk Test Markazi». VcnisiTanust npoBOAXIHCH
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Ha YyHHMBepcalbHOW paspbiBHOW MammuHe Shimadzu Autograth AGS-X10 ¢ nporpaMMHbBIM
o0ecrnieueHrneM, KOTOpOE€ UMEET BO3MOKHOCTh ITPOBEJICHUS CTAHAAPTHBIX UCHBITAHUI IO KOHTPOJIIO
KayecTBa, MEXAHWYECKMX HCHBITAaHWH, Kak Juid OOINero Ha3Ha4YeHWs, TaK M JJI NPOBEJCHHUS
Hay4yHO-UCCIIe0BaTeNbCKUX padoT (puc.2). JlaHHble MalIMHBI TO3BOJWIM IPOBECTU CEPUU
UCTIBITAHUN BBIOPAHHOI'O MaTepHaja M0 CTAaHAAPTHBIM METOJUKAM ONpEeAeNCHHs MPOYHOCTHBIX
XapaKTEePUCTHK, HO C pa3IMYHbIMU JJIMHAMU 00pa3lioB U MPHU MOCTOSTHHOW CKOPOCTHU pa3phbiBa [6] B
cyxoM Buze. [lorpemHocTs pe3ynpTaToB HcHbITaHUM cocTaBiseT £0,5% OT MOIyYEeHHBIX JAHHBIX —
COTJIaCHO TIACTIOPTHBIM JaHHBIM MarmuHbl [2]. [l mpoBemeHust MCClIeNOBaHUA OBLTH BBIOPAHBI
cliefyIonre o0pas3ipl MaTepuaioB: - MyJIbTU(GWIAMEHTHAS HUTh CUHTETUYECKas MOJIMAMHIHAS; -
HUTh MYJIbTU(HUIAMEHTHAsI CHHTETHYECKas moaumnponwmieHoBas [20]. VYcmoBus mpoBeaeHHs
ucneitanuii, cornmacHo 'OCT ISO 139-2014. JlunelHy!0 MIOTHOCTH OOPa3IOB OMpPENEsUId O
I'OCT 23362-2001 Hutm cuHTEeTMYECKHE TEKCTypHpOBaHHbIE. MeTon OIpeaesieHus JMHEMHOU
IJIOTHOCTH.

Pe3y.]'ll)TaTl>I NMpOBEACHUA HCNBLITAHUN CHHTETHYECKOH MoJIMaAMHAHON HUTH

Tabmmia 1.
Ne HaumenoBanue napameTpoB (TpebGoBaHMiA) 3HaueHue napaMeTpoB
/i (TpeboBanuii)
DaKTUYECKU

1. PaspeiBHast Harpy3ka, N 197,64

2. | KoaddunmenT Bapranmu no pa3psIBHOM Harpyske, % 1,30

3. OTHOCHTENBHOE YJUIMHEHHUE IIPU pa3pbiBe, %o 21,95

4, Koaddurment Bapuarum mo oTHOCUTETHHOM 2,13

YIJIMHEHUH NP pa3peiBe, %o
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Puc.1. I'pacduk 3HaYCHUS Harpy3Ka-yUIMHEHNE MTOJTMAMHTHOTO BOJIOKHA.

PesyanaTm NnmpoBeaACHUSA HCNBITAHUHM CHHTETHYECKO HOJIHHpOHHJIeHOBOﬁ HHUTH

Tabnuma 2.
No HaumenoBanue mapameTpoB (TpeOOBaHMIA) 3HaveHHE MapaMeTpoB
n/m (TpeboBanmit)
DaKTHUECKU

1. PaspeiBHas Harpyska, N 131,76

2. KoadduumenT Bapuanuu no pa3pslBHOM Harpyske, % 0,75

3. OTHocHTENbHOE YIUIMHEHHE NTPU pa3pbiBe, %o 24,67

4, KoadduimenT Bapuanuu mo OTHOCUTEIBHOM 2,66

YIUIMHEHUH NIPH pa3pbiBe, %
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Puc.2. I'paduk 3Ha4eHUS Harpy3Ka-yUIMHEHNE MTOJIUITPOITMIEHOBOTO BOJIOKHA.

Ompenenenne pa3pbIBHON Harpy3Kd M OTHOCHUTEIHHOTO Y/UTMHEHHUSI 00pa3IoB KPYUYEHBIX U
IUIETEHbIX KaOONOK OBUIM MpOBENEHH B JabopaTopuu XHUMHUKO-TEXHOJOTHYECKOTO HAy4dHO
HCCIIE0BATEIILCKOTO HHCTUTYTA. 3rOoTOBICHBI 00pa3Ilhl:

— TOJUMPONHIIICHOBBIE KaOOIKH TPEeXIpsiIHbIe, TuameTpamu 2,5, 3,0, 4,0 mMM;

— TIOJIUTIPOTIMJICHOBBIC KaOOJIKH TIeTeHbIe, quamerpamu 2,5, 3,0, 4,0 mm;

OT60p U MOATOTOBKA MaTepuaia MpoOBOIMIACH IO CTaHAApTHON MeToauke corimacHo [[OCT
P UCO 2307—2014 [9]. beumn ompenenensl (akTHUYECKHUE TUAMETPHl OOpa3IOB MPH TTOMOIIHN
W3MEPUTENIBHOTO MHUKpockona ¢ 1eHo pgenenuss 0,1 MM, a Takke JHMHEHHas IJIOTHOCTb, C
MIPUMEHEHUEM MEPHOTO NMPHUCIOCOOIEHUS ¢ JIMHEWKONW M KpEeIUIeHHeM IS Tpy3a, TPUMEHSIEeMOro
JUTSL TIPEJIBAPUTEILHOTO HATSDKCHUS, W IPUMEHEHHUEM JTaOOPAaTOPHBIX BECOB, C MOTPEIIHOCTHIO HE
6omee 0,5% ot B3BemmBaeMoi Macchl. Bece 00pasipl mepe HauaaoM UCTIBITAHWA ObUTH BBIIEP KaHBI
CYTKM B pAaCIpaBIC€HHOM BHJE B MOMENICHUHU J1aOOpaTOpuu, JUIsl PA3rJIaXWBAHUS U TMPUHATUA
UCXOJHOU CTPYKTYyphl. McnbITaHust 175 OmpeneneHus pa3pbIBHOM Harpy3ku U YJ/UIMHEHUS, Kak B
CyXOM BHJIe, MPOBOIMIHCH B cooTBeTcTBUU [6] ¢ TOCT P CO 2307-2014.

WcnpiTanus npoBOIMINCH MPU CKOPOCTH ABMKEHHS TOJBMIKHOW TpaBEpChl Pa3pbIBHOM
MammHbl: 80 MM/MUH. PaccrosHue MEXIy KperIeHUSMH, MPUMEHSEMBIMUA JUIS HCIBITAHUN
HUTEBUIHBIX MaTepuaioB, cocTaBisiio 300 MM, COOTBETCTBEHHO. [10 KaKIOMy HMCHBITaHUIO, MPU
MOMOIIM KOMITBIOTEPHOTO OOECIeUeHHUs Pa3phIBHOW MAIIMHBI, OBUIM TMOCTPOCHHBI rpaduueckue
3aBUCHUMOCTH C JETalIbHbIM IpolleccoM HcmbITaHus (puc.l), a Takxke ObUT IPOBENEH pacyer
CPEIHEKBAIPATUYHOTO OTKJIOHEHMS IO KaK10H CepuM HCIBITaHUM, KOTOpbli He mpesbiman 10%
[2]. B Tabnune 1. moka3zano cpenHee nedopManmoHHbIE TTOKa3aTeNd TOJUTIPONIIICHOBOTO Ka0oJiKa
nuametpom B 3,0 mm. (TT11-3.0).

Tabnuma 1.
HaumenoBanue | Monayns | PaspeiB cuna |Makc. Cuna| Makce BIIpT IIpT 1
[Tapametper | ympyroctu |YyectButenbHo | Pacyer Bo | ymumHenue | (%FS) cuna | Cuna
Enenuna Cwnna 10- cre: 10 H. BCEX Pacuer BO 0,1% 0,2 %
100 H/Texkc. oOmacTsx, H. BCEX H
obnacTix,
MM.
O6pazen I1I1-3,0 22.6241 573.809 576.969 369.767 192.161 |101.630
Cpennee
3HAUYCHHE
Crannmaptaoe | 7.96078 49.4126 36.2486 56.2051 49.2346 | 2.60958
OTKJIOHEHHE
Makcumym 29.4289 608.749 611.100 415.212 233.742 | 103.475
MuHumym 13.8696 538.869 538.921 306.919 137.795 |99.7845

84 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Brimyck Ne 6)



CTPOUTEJIBCTBO

e] 40

80 120

160 200

YanuHeHre(Mm)

280

320 360

400

450

Puc.2. I'paduk nedopmanus-yaInHEHHE TTOTUITPOIMIEHOBOTO 3X npsiHero kadomka (I111-3.0).

B Tabmune 2. mokazano cpemHee nedopMaMOHHbBIE TIOKA3aTEIH TOJTHIIPONIIICHOBOTO IJIETEHOTO
kaboska quamerpoM B 3,0 mm. (ITI1B-3.0).

Tabnuma 2.
HanmenoBanue Mopyis PaspsiB cuita Makec. Makc BIIpT | IIpT 1
[TapameTpsl YIPYrocTu YyBCTBUTEB- Cuna ynauaenue | (%FS) Cuna
Enenuna Cuna 10- Hocth: 10 H. Pacuer Pacuer BO cuia 0,2%
100 BO BCEX BCEX 0,1 %
H/texc. oOnactsx, | obOmacTsx, H
H. MM.
O6paszen I1I1B, 277.749 187.959 236.739 44,3056 |166.636 | 149.161
CpenHee 3HaUCHHE
CrannaptHoe 44,9899 68.8269 44,7424 4.08110 -—-- -—--
OTKJIOHEHHE
Maxkcumym 313.300 259.525 277.751 48.0123 |166.636 | 149.161
MunumMyMm 227.168 122.245 189.023 39.9322 | 166.636 | 149.161
220 ////
” 19
= 160 //_; = L
s0 A
60 / //
40 }/
20 ] /"'
[+] [-] 12 24 YMMH:HO“ecMM) 36 42 48 54 [-10]
Puc.3. I'paduk aedopmanus-yminHEHHE TOTUIPOIHICHOBOTo eteHoro kadomnka (I111B-3.0).
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3akirodenue. B pesynbrare Hcciaen0BaHUS BBISBICHO IIPENE IMPOYHOCTH MPU PACTIKEHUU
KaHaTOB M MX COCTaBHBIX 3JIEMEHTOB, YCTAaHOBJIEHO HW3MEHEHUE YIPYIOCTHM KaHaTa Ipu
MHOTOKpaTHOM  HarpykeHuH. Koa(p@UIMEeHT NpOoYHOCTH OTAEIbHBIX JJIEMEHTOB KaHara
MOHWKAETCSl C YyBEJIMYEHUEM JuamMerpa KaHarta. lIpounocts kanaTta coctaBisger 50-60 % ot
MIPOYHOCTH BCEX BOJOKOH U 65-70 % oT mpodHOoCTH Beex Kabonok [6]. OTHOCUTENbHOE Y/UIMHEHNE
MOBBIIIAETCS C YBEIMUEHUEM CEUEHUS AJIEMEHTOB M UMCIa MEePEeX0/0B MPHU M3TOTOBJIEHUHU KaHaTa.
OTHOcUTENBHOE YNJIMHEHHWE BIEPBBIE HAarpykaeMoro kasnara cocrtasisieT 45-50%. Ilpu [2]
MMOBTOPHOM-Harpy»X€HWHW OCTAETCsl TMOCTOSHHBIM H He TmpeBbimaer 8-10 % mpu Omu3kol K
pa3pblBHOM Harpy3ku. M3 rpaukoB, YaCTHYHO BHJIHO, YTO CXeMa IIJICTCHHS BIUSET Ha
nedopmaruio u  ymauHeHuss ooOpasna (puc.l, 2). Ananu3 (QuU3MKO-MEXaHWYECKUX CBOWCTB
KOMIUIEKCHBIX CHHTETUYECKHMX BOJOKOH [20-23], BBIOOp ONTUMAIbHOW CXEMBl IIJIETCHHUS,
YHUKaJIbHOCTh PAa0OThl CHHTETUYECKUX CTPOIOB B TPY30MOABEMHBIX YCTPOMCTBAX M YUUTHIBAS
CBOWCTBA TMOJIMIIPONMJICEHOBBIX BOJIOKOH, MPOU3BOJUMBIX B Y30€KHCTaHE, MOXXHO IOJYYUTh
KaueCTBEHHbIE CUHTETUYECKNE TKAHBIE JICHTHI M KaHAThl, MMO3BOJISIOUINE 3HAUYUTEIHHO MOBBICUTH
3¢ (HEeKTUBHOCTH MOHTAXHBIX PaOOT.
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YONG‘INGA QARSHI SUV TA’MINOTI TIZIMLARIDA SUV SARFINI HISOBLASH

N.A. Usmonova, M.A. Maxmudova
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Annotatsiya. Ushbu maqolada yong‘inga qarshi suv ta’minoti tizimlarida suv sarfini hisoblashning
nazariy va amaliy asoslari yoritilgan. Yong'‘in xavfi bo‘yicha ob’ektlarning A, B, C, D, E toifalari,
binolarning funksional (F1-F4) va konstruktiv (CO, C1, C3) tasniflari tahlil gilingan. Hisoblash
metodologiyasida bir vaqtda yong ‘inlar soni, tashqi va ichki suv sarfi, yong ‘in o ‘chirish davomiyligi hamda
avtomatik tizimlar parametrlari asosiy formulalar orqali keltirilgan.

Kalit so‘zlar: yong ‘inga qarshi suv ta’minoti, suv sarfi, yong ‘in xavfi toifalari, gidrant, sprinkler, suv
zaxirasi,

AHHomauu;l.B OaHHOU cmamve oceeernvl meopemudecKue U npakmuiyecKkue OCHOB8bl pacduema
pacxooa 600bl 8 CUCIEMAX NPOMUBONONCAPHO2O 8000CHabceHus. [Iposeden ananuz kamezoputi 00beKmos
no nooicapuoti onacrhocmu A, B, C, D, E, ¢ynxyuonanvnoi (F1-F4) u xoncmpyxmuenou (CO, Cl, C3)
Kaaccugurkayuu 30anuti. B memooonocuu pacuema npusedenvl OCHOSHblE DOpMYIbl Ol ONPeOeneHUs
KOU4eCmea 00OHOBPEMEHHBIX NONCAPOS, HAPYAHCHO2O U 8HYMPEHHE20 pacxo0d 600bl, NPOOOIHCUMENLHOCTIU
noarcapomyutlerusl, a makaice napamempos adsmomamudecKux CUcmem.

Knrouesvle cnosa: npomusonosicaproe 6000cHabceHue, pacxod 600bl, Kame2opuu HNONCAPHOU
onacHocmu, 2uOParHm, CHPUHKIEP, 3anac 800bl,

Abstract. This article highlights the theoretical and practical foundations of water consumption
calculation in fire-fighting water supply systems. It analyzes object categories based on fire hazard (A, B, C,
D, E), functional (F1-F4) and structural (CO, C1, C3) classifications of buildings. The calculation
methodology includes basic formulas for determining the number of simultaneous fires, external and internal
water consumption, fire extinguishing duration, as well as parameters of automatic systems.

Keywords: firefighting water supply, water flow rate, fire hazard categories, hydrant, sprinkler, water
storage, SNiP, QMQ.

KIRISH

Yong‘inga qarshi suv ta’minoti tizimlari aholi, sanoat korxonalari va muhim ob’ektlarni
yong‘in xavfidan himoya qilishning eng muhim elementlaridan biridir. Yong‘inni samarali o‘chirish
uchun zarur bo‘lgan suv miqdorini aniq hisoblash, suv manbalarini to‘g‘ri tanlash va tagsimlash
tarmogqlarini loyihalash yong‘in xavfsizligining asosiy shartidir.

Yong‘inga qarshi suv sarfi — bu yong‘inni o‘chirish uchun ma’lum vaqt davomida kerak
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bo‘ladigan suv miqdori (I/s yoki m?). Uni hisoblashda ob’ektning yong‘in xavfi toifasi, binoning
funksional va konstruktiv xususiyatlari muhim rol o‘ynaydi.
Yong‘in xavfi bo‘yicha ob’ektlarni (A, B, C, D, E) toifalarga ajratiladi.

Bu tasnif yong‘inga garshi suv sarfi, himoya tizimlari va loyihalash yechimlarini
asoslashgaa qo‘llaniladi: (1- jadval)

1-jadval.
Yong‘in va portlash bo‘yicha o’byektlar tasnifi.

Toifa | Tavsifi Xususiyati

A Yuqori portlash xavfi Eng xavfli, yong‘in tez tarqaladi, portlash mumkin

B Portlash xavfi bor, nisbatan pastroq | Chang va portlash mavjud

C Yong‘in xavfi bor, lekin portlashsiz | Yong‘in sekinroq rivojlanadi, issiqlik va alangalanish
mavjud

D Kam yong‘in xavfi Yonmaydigan moddalar, lekin yugori haroratda
ishlov beriladi

E Deyarli xavfsiz Yonmaydigan materiallar, portlash xavfi yo‘q

Masalan, A toifali ob’ektlarda yong‘in juda tez tarqalganligi sababli, tashqi yong‘in
o‘chirish suv sarfi me’yorlari eng yuqori (100 1/s gacha) bo‘lishi kerak. C toifali ob’ektlarda esa
yong‘in sekinroq rivojlanadi, shuning uchun suv sarfi nisbatan past (2040 1/s) bo‘lishi mumkin.

Funksional yong‘in tasnifi (binolardan foydalanish maqsadi bo‘yicha)

Binolarni funksional yong‘in xavfi bo‘yicha tasniflash — bu binolardan foydalanish magsadi
va bino ichidagi odamlarning holatiga (uyqu, hushyorlik, harakatlanish qobiliyati) garab
belgilanadi. Xavfsizlik choralarini ko‘rishda juda muhim xisoblanadi (2-jadval)

2-jadval.
Binolarni funksional yong‘in xavfi bo‘yicha tasnifi
Sinf | Tavsifi Misollar
F1 | Yashash uchun Turar-joy binolari, yotogxonalar
F2 | Ommaviy jamoat Teatrlar, kinoteatrlar, konsert zallari
F3 | Xizmat ko‘rsatish va jamoat | Savdo markazlari, restoranlar, vokzallar
F4 | Ta’lim va boshqaruv Maktablar, universitetlar, idoralar

Funksional tasnif asosan evakuatsiya va yong‘in signalizatsiyasi talablariga ta’sir gilsa-da,
suv sarfini hisoblashda ham qo‘shimcha omil sifatida hisobga olinadi. Masalan, F2 sinfidagi
ommaviy jamoat binolarida odamlar ko‘p bo‘lgani uchun avtomatik yong‘in o‘chirish tizimlari
(sprinkler) ko‘proq qo‘llaniladi, bu esa umumiy suv sarfini oshiradi.

Binolarning konstruktiv yong‘in xavfi bo‘yicha sinflanishi

Bu tasnif binoning konstruksiyasi yong‘in ta’sirida qanday holatda bo‘lishiga qarab

belgilanadi  (3-jadval)
3-jadval

Sinf | Tavsifi

CO | Yonmaydigan konstruksiya, kam yong‘in xavfi (ayrim gismlari yonuvchan)
C1l | O‘rtacha yong‘in xavfi

C3 | Yugqori yong‘in xavfi

Konstruktiv yong‘in xavfi sinfi suv sarfiga bevosita emas, balki yong‘inga chidamlilik
chegarasi va konstruksiyalarning yong‘in ta’sirida buzilish vaqtiga ta’sir qiladi. C3 sinfidagi
binolarda yong‘in tezroq tarqaladi, shuning uchun suv sarfini me’yordan 20-30% ga oshirish
tavsiya etiladi.

METODOLOGIYA

Yong‘in o‘chirish uchun zarur bo‘lgan suv sarfi quyidagi asosiy parametrlar asosida
aniqlanadi: bir vaqtda yong‘inlar soni (n), tashqi suv sarfi (Qtashgi), ichki suv sarfi (Qichki), yong‘in
o‘chirish davomiyligi (T) va avtomatik qurilmalar sarfi (Qaw).
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Umumiy yong‘in o‘chirish suv sarfi:

Qyong’in: n- (Qtashqi + Qichki) + Qavt 1)

Ichki yong‘in o‘chirish suv sarfi:

Qichki = Z(Ngidrant' qgidrant) )
Yong‘in suv zaxirasi hajmi:

Wyong i 36- Qyong ’in ®3)
Agar suv ta’minoti tizimiga yong‘in vaqtida Q<sub>keluvchi</sub> suv keladigan bo‘lsa, suv
omborining zarur hajmi:

Wzaxwa Wyong ’in 3 6 leluvcm (4)

Tashqi yong‘in o‘chirish suv sarfi aholi punktlari uchun QMQ 2.04.02—-19 “Suv ta’minoti. Tashki
tarmoqlar va inshotlar” bo‘yicha 4-jadvalda keltirilgan.

4-jadval
Aholi punktlarida tashqi yong‘in o‘chirish uchun suv sarfi me’yorlari
Aholi soni, ming Kishi | Bir vaqtda yong‘inlar soni 1 yong‘in uchun suv sarfi, l/s
<1 1 5-10
1-5 1 10-15
5-10 1-2 15-20
10-25 2 20-30
25-50 2 3040
50-100 2 40-60
100-200 3 60-80
>200 3 80-100

Sanoat korxonalari uchun suv sarfi yong‘in xavfi kategoriyasiga (A, B, C, D, E) qarab 10—
100 /s oralig‘ida belgilanadi. Ichki gidrantlarning suv sarfi odatda 2,5-5 I/s ni tashkil giladi.
Yong‘in o‘chirish davomiyligi T me’yorlarga asosan 1-3 soat gilib olinadi. Tizimlar yuqgori bosimli
(nasoslar avtomatik ishga tushadi) va past bosimli (yong‘in mashinalari ishlatiladi) turlarga
bo‘linadi.

NATIJALAR: Quyida turli ob’ektlar uchun (1)-(4) formulalar va 3-jadval asosida hisoblash
misollari keltirib o‘tamiz.
Misol 1. Turar-joy massivi (15 ming aholi, 5 gavatli binolar)
Berilgan: n = 2, Qasngi = 25 I/s, Qichki= 5 I/s (2 ta gidrant x 2,5 1/s),
Qav=0, T = 2 soat.
Qyong‘in: 2(25+5) =601/s
Wyong in— 3 6602 =432 m3.
Agar Qkeluvchi = 20 I/s bo‘lsa,
Wzaxwa =432 — 3,6‘20'2 =288 m>.
Misol 2. A toifali sanoat korxonasi
Berilgan: n = 1, Qtashgi = 75 /3, Qichki = 10 I/s, Qavt = 30 I/s (sprinkler), T = soat.
Qyongin = 1:(75+10)+30 =115 1/s.
Wyong in — =3 6 115-3 =1242 m3.
Misol 3. C toifali ombor (portlashsiz)
Berilgan: n = 1, Qtashgi = 40 /s, Qichki = 5 I/s, Qavt =0, T = 2 soat.
Qyong n=1" (40+5) 45 1/s.
Wyong in— 3 6 45-2 =324 m3.
Quyidagi olingan xisob natijalarini jadvalga kiritamiz (5-jadval).
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5-jadval
Hisoblash natijalarining gisqacha jadvali
Ob’ekt turi n Qtashqi, Qichki Qavt Qyong‘in T, Wyong‘in
I/s I/s I/s I/s soat m?
Turar-joy massivi 2 25 5 0 60 2 432
A toifali sanoat korxonasi 1 75 10 30 115 3 1242
C toifali ombor 1 40 5 0 45 2 324

MUHOKAMA

Olingan natijalar shuni ko‘rsatadiki, yong‘inga garshi suv sarfi ob’yektning yong‘in xavfi
toifasiga (A, B, C, D, E) kuchli bog‘lig. A toifali sanoat korxonasi uchun hisoblangan umumiy suv
sarfi (115 I/s) C toifali omborga (45 I/s) nisbatan taxminan 2,5 baravar yuqori. Bu A toifasida
yong‘inning tez tarqalishi va portlash xavfi mavjudligi, shuningdek avtomatik sprinkler
tizimlarining qo‘llanilishi bilan izohlanadi. Bunday ob’yektlarda yong‘in o‘chirish davomiyligi T=3
soat qilib belgilanganligi suv hajmini yanada oshiradi (1242 m?).

Turar-joy massivida hisob-kitoblar 432 m® yong‘in zaxirasini ko‘rsatdi. Ammo suv ta’minoti
tarmog‘idan uzluksiz keladigan suv (Qkeluvchi=20 1/s) hisobga olinganda, hajm 288 m?*® gacha
kamayadi. Bu shuni anglatadiki, real loyihalashda suv omborining hajmini ancha tejash mumkin.
Agar Qkeluvchi yetarlicha katta bo‘Isa, alohida suv ombori umuman talab qilinmasligi ham mumkin.

Ichki yong‘in o‘chirish suv sarfi (Qicnki) nisbatan kichik bo‘lsa-da (5-10 I/s), aynigsa ko‘p
gavatli va jamoat binolarida uning roli katta. Avtomatik tizimlar (Qaz) A toifali korxonada suv
sarfini 30 /s ga oshirgan, bu esa yong‘inning dastlabki bosqichida tezkor o‘chirish imkonini beradi
va moddiy zararni kamaytiradi.

Funksional tasnif (F1-F4) va konstruktiv sinflar (CO, C1, C3) bevosita suv sarfi
formulalarida gatnashmasa-da, ular yong‘in xavfsizligi talablarini belgilashda asosiy rol o‘ynaydi.
Masalan, F2 (ommaviy jamoat) va C3 (yuqori xavf) sinflarida me’yorlar suv sarfini oshirishni
tavsiya giladi. Kelgusida ushbu tasniflarni to‘g‘ridan-to‘g‘ri hisobiy modellarga kiritish maqsadga
muvofiq. Shuningdek, sanoat korxonalarida A va B toifalari uchun avtomatik tizimlarni majburiy
loyihalash suv sarfini sezilarli darajada oshiradi, ammo bu yong‘inni erta bosgichda bartaraf etib,
katta yo‘qotishlarning oldini oladi.

XULOSA

Yong‘inga garshi suv sarfini hisoblash natijalariga ko‘ra quyidagicha xulosa qilish mumkin:

Yong‘inga qarshi suv ta’minoti tizimlarida suv sarfini hisoblash (1)—(4) formulalar va 3-
jadval asosida amalga oshiriladi.

Ob’ektning yong‘in xavfi toifasi (A, B, C, D, E) suv sarfi va suv zaxirasi hajmini
belgilovchi asosiy omil hisoblanadi. A toifali ob’ektlarda suv sarfi C toifalilarga nisbatan 2-3
baravar yuqoriligi aniglandi.

Natijalariga kora yong‘in o‘chirish davomiyligi T va tarmoqdan keladigan suv miqdori
Qxketuveni SUV ombori hajmini optimallashtirish imkonini aniglandi.

Loyihalashda me’yoriy hujjatlar talablariga qat’iy rioya qilish, yong‘in xavfi toifalariga mos
suv sarfini tanlash, imkon qadar avtomatik tizimlarni qo‘llash va suv ombori hajmini hisoblashda
tarmoqgdan keladigan suvni inobatga olish kerakligi xulosa gilinadi
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OIEHKA BJIMAHUE XUMHNYECKOI'O COCTABA KAPBOHATOB HA
TEXHOJIOTMYECKHWI PEXKUM ITPOU3BOJACTBA ITPU «MOKPOM» CIIOCOBE
MMPOU3BOJACTBA HEMEHTHOI'O KJIMHKEPA

(HA IIPUMEPE IPEANPUATHS AO «KYBACAVIIEMEHT»)

B.J1. Paitumos, O.A. KaromoB

Depeanckuil 20Cy0apCmeeH bl MeXHUYeCKUll YHUsepcumem
(llonyuena 18.03.2026 2.)

Almomauuﬂ. B Hacmomo;eﬁ cmamsve pacemampueaemcst 6lAUsdAHUe XUMU4eCcKkozco cocmaed Kap60Ham06
Ha MexHoN02U4ecKull peastcum np0u3eodcm6a npu «mMOKpomy cnocobe npoua@odcmea YEMEHMHO2O0 KIUHKepa
Ha npumepe npeonpusmui AO  «Kysacaiiyemenmy, 20e ucnonvsyromcs KapOoHamuwie NOPOObl
Mmecmopodxcoenus «JIgean». B kapbonamax mecmopoocoenus JIaean ¢ nownudicenuem coodepoicanus CaO
copazmepro nogvliaemcs. cooepacanue nunucmolx xkomnonwenmog - SiO2 u AlOs, umo npusooum x
Y6EIUUECHUIO 6AJHCHOCMU Cblpbes0cO UWliama npu nepepa6om7<e Cblpbsl U UBMEHEHUI MEXHOI02UYEeCKO20
pedcuma 80 8pawaiowuxcs nevax. Januwlii 60NPOC AGIAEMCA AKMYAIbHbIM Ol 6CeX NpeOnpusmuil ¢
C(MOKPBIM» npoyeccom npou360()cm6a YEeMEHMHO20 KIUHKepAa.

KJllO‘leBble caoea. UEMEHMHbllZ KJIUHKED, Kap60HaWIbl, CblpbeeOlZ uiiam, mepeeaucmosle U36eCmHAKU,
mepeenu, oxpa, 02apKu, aHMUKIUHALb, dAaum, benrum, CcmeKIo8UOHOe meo, erMHucmblﬁ Modyﬂb,
ATOMUHAMHBLIL MOOYJIb, AMOPOHASL CMPYKMYPA.

Annotatsiya. Ushbu ishda sement klinkerini «ho ‘I» usulda ishlab chigarishda karbonatlarning kimyoviy
tarkibining texnologik rejimga ta’siri “Quvasoysement” AJ misolida ko rib chigiladi, “Quvasoysement” AJ
“Log‘on” konining karbonat jinslaridan foydalanadi. Log‘on koni karbonatlarida CaO miqdori kamayishi
bilan mutanosib ravishda gil tarkibiy gismlar — SiO. va Al.Os; miqgdori ortadi, bu esa xomashyoni gayta
ishlash jarayonida shlam tarkibidagi suvning oshishiga va aylanma pechlarda texnologik rejimning
o‘zgarishiga olib keladi. Ushbu masala sement klinkerini «ho‘ly usulda ishlab chigaradigan barcha
korxonalar uchun dolzarb hisoblanadi.

Kalit so‘zlar. Sement klinkeri, karbonatlar, xom- ashyo shlami, mergelli ohaktoshlar, mergellar, oxra,
ogarkalar, antiklinal, alit, belit, shishasimon faza, kremniy moduli, alyuminat moduli, amorf tuzilma.

Annotation. This paper examines the influence of the chemical composition of carbonates on the
production process in wet-process cement clinker manufacturing, using the example of JSC
“Ouvasaycement,” where carbonate rocks from the Lyagan deposit are utilized. In the carbonates of the
Lyagan deposit, a decrease in CaO content is accompanied by a proportional increase in clay components—
SiO: and Al:Os—which leads to higher moisture content in the raw slurry during raw material processing and
altered operating conditions of rotary kilns. This issue is relevant for all enterprises employing the wet
process of cement clinker production.

Keywords. Cement clinker, carbonates, raw slurry, marly limestones, marls, ochre, cinders, anticline,
alite, belite, glassy phase, silica modulus, alumina modulus, amorphous structure.

BBenenune. B HacTosmiee BpeMs NPHUMEHSETCS JBa CIOCO0a TEXHOJIOTHH IPOM3BOJICTBA
IIEMEHTHOTO KIMHKEpa — «CyXOi» U «MOKphId». [Ipm cyxoMm mpolecce NpOU3BOACTBA
MIPUTOTOBJICHUE U CMEIIMBAaHUE ChIPbEBOM CMECH (IIUXThI) MPOU3BOAUTHCA O€3 MPUMEHEHUs BOJIbI,
COOTBETCTBEHHO JAHHBIA CIOCOO SIBISIETCS MEHEEe JHEPro3aTpaTHBIM IO CPAaBHEHUIO C MOKPBIM
crocoboM, mpu O0XKHUTe OTCYTCTBYET Iepepacxoj TOIUIMBA JUIs OCYUIKH ChIpbeBOil cmecu. [lpu
MOKpPOM CIOCo0€ MPOU3BOJICTBA CHIPbEBasi CMECh (IIJIaM) TOTOBUTCS C CMEIIMBAHMEM BOJIbI U TIPH
00XWTre CyMIECTBYET M3IUIITHBIE PACXOJBI TOPIOYETO IS CYIIKH ChIpheBOM cMecH. [lepBrIit criocod
MIPOM3BOJICTBA SIBNISIETCS 0OOJiee COBPEMEHHBIM M MEHEE OSHEpPro3aTpaTHbIM, M OCHOBHAs 4YacTb
IIEMEHTHOTO TPOM3BOJICTBA B Halleill pecnmyOnmke Oazupyercs Ha cyxoMm crocode. OgHako, 10
HACTOAIIET0 BPEMEHH CYIIECTBYIOT MPEANPUITUS C TEXHOJIOTUYECKOU JIMHUEH IO MOKPOMY CIIOCO0Y
MIPOU3BOJICTBA IIEMEHTA.

[Ipu mpou3BOACTBE ILEMEHTAa PA3NIUYHBIX MAapOK OCHOBHBIM CBHIPHEBBHIM KOMIIOHEHTOM
SIBJITFOTCSI KapOOHATHI (M3BECTHSAKH, MEPTEIIUCTHIC N3BECTHSIKH, MEPTeI), I0JISI KOTOPBIX COCTABIISET
ot 80 10 85 % oT o0mmIell Macchl ChIPbS, MUCIOIB3YEMOT0 IS MOJYYCHHUS OJHOW TOHHBI KJIMHKEpa
(xnmuuKep - monydabpukar mMoilydaeMblii B pe3ynbraTe OOXHra ChlpheBOW muUXThI). Kpome
KapOOHATOB MCIONB3YIOTCSI — TIIMHUCTBIE (TJIMHUCTBIE MOPOABI) U JKEIE3UCThIE KOMIIOHEHTHI (OXpBI,
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orapku). M3BecTHSAKHM UCHIONB3YIOTCS IS MONy4eHUus kapboHaTHoro - CaO, rIMHUCTBIE MOPOABI TSt
nojydeHuss aByokucu kpemuus — SiO2, okucu amomuaus - AL2Os, skenesocoaepikaniie s
MOJIy4eHUs KeJle3ucToro kommnonenta — Fe»0Osz. Kak Bblllle 0TME4anoch OCHOBHBIM KOMIIOHEHTOM
NpH TPOU3BOJACTBE IIEMEHTa SBISIOTCS KapOOHATBI, YTO O3HAYaeT, OCHOBHOE BIIMSHUE Ha
TEXHOJOTHYECKH PEKUM OO0XKHra KIMHKEPOB OKa3blBa€T XUMHUYECKHH CcOcTaB U (PHU3UKO —
MEXaHUYeCKHEe CBOMCTBAa WCIIONB3YeMbIX KapOOHAaTHBIX TOpoJ. Eciam XMMHUYecKHid COCTaB
KapOOHATOB MEHSIETCS B 3HAUUTENBHBIX Mpejaenax, NPUMEHEHHE TaKuX KapOOHATOB MPHUBOIUT K
PE3KUM M3MEHEHHSM TEXHOJIOTHYECKOTO PEeKUMa OOKWTa KIIMHKEPAa, YTO OTPHUIIATEIHHO BIHSET HA
MPOYHOCTh KJIMHKEPOB, OT AKTUBHOCTH KOTOPBIX 3aBUCUT KA4e€CTBO KOHEYHOW MPOIYKIHMH —
nemenra. [l obecrieueHUs paBHOMEPHOCTH IpoIlecca O0KUTa KIMHKEPOB, 0€3 pe3KHX CKadKOB
TEXHOJOTHYECKOT0 peXHMa HEOOXOAMMO YCPETHATh XMMHUYECKHH COCTaB KapOOHATHBIX MOPOT
MOJITaBaeMbIX Ha MPOW3BOJCTBO M O0ECIEYMBATH HOPMATHBHOE TPOIICHTHOE COJIEp)KAHHWE BIIAard B
nuame (10 38 — 42%).

1. XapakrepucTuka kapooHaTtoB mecropo:xiaenusi Jisran. AO «KysacaiitieMeHT» OauH
W3 CcTapelmux MmpeAnpusTuil (MpOW3BOACTBO IeMEHTa 3amyiieHo B 1932 roay) mo mpou3BOJCTBY
nemMenTta B @epranckoil JOJMHE, C OTPOMHBIM OIBITOM U C CHICIIMAIMCTAMH BBICOKOH KBaNMH(UKAIINH.
[Ipennpustue pa3pabaTeiBacT MECTOPOKICHHE KapOOHATOB «JIsiraH» pacmoNoKEHHBIH B Tpeaenax
3emenb ropoaa Kysacait. [IpoaykTUBHBIN KapOOHATHBIN IJIACT HA MECTOPOXKICHUH UMEET CIIOKHYIO
CTPYKTYpY, 3aJIE€TAIONINI B BUE aHTUKIMHAIN IIMPOTHOTO HAIIPABIICHHUS, CEBEPHOE KPBLIO KOTOPOTO
umeeT yroi najgenus ot 60° - 1o 80°, 1xHOE KpbIIo 3aneraer nox yriaom 80° u Gomee
(puc 1). UcTHHAs MOIIHOCTH MPOAYKTUBHOTO Tu1acTa coctapisieT 30 — 40 MeTpoB, KOTOPBIH COCTOUT
W3 YUCTBIX M3BECTHSKOB, MEPTEIUCTHIX WM3BECTHSKOB, Meprejieil U B HE3HAUUTEIHHOW CTENEHH U3
M3BECTKOBUCTHIX TJIMH, NMPUCYTCTBYIOIIUX B BHJE JHH3. B TPOAYKTHBHOM IuTacTe HaOIIOMaeTCs
yacToe IepeciianBaHue BbIIICYKa3aHHBIX Pa3HOBUAHOCTEM TOpHBIX MOpoa. [IpoayKTHBHBIN miacT
MMEET CIIO)KHOE 3ajieraHue, W HEOAHOPOJHBIM, YacTO MEHSIOUIMICS COCTaB TOPHBIX TOPOJI, B
CJICZICTBUM 3TUX MIPUYHH SIBIISICTCS CIIOKHBIM C TOUKH 3pEHHS Pa3padOTKH.

Puc 1. I'eonornueckuii npohmiie ¢ METIOBBIMH OTI0XKEHUSIMH MECTOPOXIeHNUS JIsraH.

XUMHYECKUH COCTaB Pa3HOBHIHOCTEH KapOOHATHBIX MOPO] JIATAaHCKOTO MECTOPOXKIICHUS TIPUBEICH
B Tabnure 1.
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Tab6mumna |
XuMnueckmne HN3BeCTHAKH YUCThIE HN3BecTHAKH Meprean
KOMIIOHEHTbI MeprejucTbie
oT J10 cpeaH oT J10 cpeaH oT J10 CpeaH
SiO; 1,62 6,50 4,06 6,64 15,31 | 10,97 | 1591 | 23,95 19,93
Fe O3 0,27 1,13 0,7 0,33 2,10 1,21 0,72 2,53 1,62
Al>O3 0,1 2,63 1,36 0,1 4,14 2,12 1,15 5,59 3,37
TiO> - 0,22 0,11 0,1 0,32 0,21 - - -
CaO 50,05| 54,02| 52,03| 44,13| 49,77 | 46,95| 34,30| 41,46 | 37,88
MgO 0,09 1,32 0,7 0,39 1,89 1,14 0,77 4,21 2,49
K20 0,12 0,66 0,39 0,30 0,80 0,55 1,04 1,65 1,32
Na.O 0,1 0,29 0,15 0,05 0,21 0,13 0,06 0,23 0,15
ILILIL 37,83 | 4295| 40,83 | 3387| 39,84| 36,85 30,88| 37,00| 33,94
CO2 39,53 | 42,07 40,8 3726 | 3781 3753| 2825| 32,65| 30,45
SO3 0,1 0,69 0,39 0,1 0,17 0,13 0,1 0,50 0,30
P20s 0,01 0,06 0,03 0,03 0,04 0,04 0,04 0,09 0,06
H>O 0,2 0,54 0,37 0,58 0,69 0,63 1,26 1,96 1,53

AHanm3upys Tabnuiry 1 MOXHO OTMETHTH O0JbIle KoJeOaHus B COAEp>KaHUN KOMIIOHEHTOB B
Pa3HOBHIHOCTSX KapOOHATHBIX MOpoj mMecTopokaenus Jlsran, mo comepxkanuto CaO ot 34,3% 1o
54,02%, SiO2 ot 1,62% no 23,95% u Al203 ot 0,1% m0 5,59%. DTO B CBOIO Ouepeh O3HAYACT
00JbIIMEe U3MEHEHHUS] XMMHUYECKOIO COCTaBa ChIpbEBOM CMECH MpU MPUTOTOBIECHMHU HuTlama. Kpome
3TOTO, C YBEJIMUCHUEM COJICPKaHMsI TITMHUCTHIX KOMITOHEHTOB (SiO2, Al203) B coctaBe kapOOHATHBIX
MOpOoJ1, CTPYKTypa KapOOHATOB HAUMHAET MEHSTHCS B CTOPOHY aMOpP(HOT0 COCTOSIHUSA, B PE3YJIbTaTe
4Yero NpU TMPUTOTOBICHWHU IINIaMa CBHIphEBas CMECh HAa4YMHAET MOTPeONsITh MHOro Biaru. J[ms
MIPUTOTOBJICHUS [JIaMa HYXHOW KOHCHCTEHIMH OyJaeT HeoOXoIuMOo A00aBisTh OOJbIIE BOJBI, UTO
CBSI3aHO CBOMCTBaMH TTTMHUCTBIX KOMIIOHEHTOB MOTJIONIATh MHOTO Biaru. Kpome sToro, npu go0brue
PyIBl YKa3aHHBIX CTPOHMTEIBHBIX MAaTE€pPHAJOB 1O MPUYMHE KPYTOTO 3aJ€TaHHs MPOTYKTHBHOTO
lacTa W HaJdW4uus TepecllanBaHus Pa3HOBUAHOCTEH KapOOHATOB B CaMOM IIIacTe, MPOUCXOIUT
4acTOE U3MEHEHHE PA3HOBUIHOCTEHN TOOBIBAEMbIX KapOOHATOB 10 320010 PYIHOTO TOJIS.

2. AHaqm3 NpPOM3BOACTBEHHOro mnpomecca. CormacHO TEXHOJIOTMYECKMX —KapT
npurotoBieHus nuama B AO «KyBacaiilieMeHT» ONTUMalIbHOE COJIepKaHue BIIard B COCTaBe LuIamMa
cocraBmsieT 38 — 42%, HO Mpu MPUMEHEHUHN KapOOHATOB MECTOPOXKAeHUS JIsiran conep:kaHue BIaru
B IIUTaME MECTaMu yBenmduBaercs: 10 50%, 9To MPUBOIAMT YaCTHIM U3MEHEHUSIM MMapaMeTpOB HIIamMa
U COOTBETCTBEHHO TEXHOJOTHMYECKOTO peXuMa OOXWra KIMHKEepa BO Bpallarolieics mnedd, B
pe3ysbTaTe 4ero yBeIUYUBAETCs pacXo] TOPIOUero Mpu o0XuUre KIMHKepa (171 yajdeHus U3IHIIHEeR
BIIaTM M3 COCTaBa IJIaMa B MPOIECCE OCYIIKH), WU CHUKACTCS MPOYHOCTh KIMHKEPOB B CICICTBUU
CHIDKEHHs 0O0Opa3oBaHHMs LIEMEHTHBIX MHHepanoB Aunwurta, benura u yBenuueHus oOpa3oBaHHe
CTCKJIOBUJTHOM Macchl. YCTaHOBJICHHAs] N0 HOPMaM MPOYHOCTh KIMHKEPOB Ha pacTshHKEHHE 3a 28
CYTOK JIOJKHO COCTaBiATh — 39,2 MPa, npu yBeIWYEHHM BJIard W HAPYIIEHUU TEXHOJOTMYECKOTO
pexuma ObLITM OTMEUYEHBI CHUYKEHUE POYHOCTH KIIMHKEPOB 3a JTaHHbIN cpok 10 - 32,3 MPa.

Paccmotpum (akTuueckoe yBETMYEHHE COJAEpKAHME BIArM B COCTaBe LUIaMa IpU
YBEJIMYEHUH TIUHUCTBIX KOMIIOHEHTOB B KapOOHAaTHBIX IMOpPOAAX, MCHOJIb3YeMbIX s
MPUTOTOBJICHUS IIIIaMA.

[Ipu ucnonp30BaHUU 171l MPUTOTOBIICHUS IIJJaMa YUCTHIX W3BECTHAKOB MaKCHMAaJbHOE
CyMMapHO€ COJIEpKAHUE OKUCU KPEMHHUS U OKHCH alltoMUHUsI coctaBiser — 7,13%, mpu 3ToMm
conepkanue Binark no ¢akry coctaBimsuio g0 37 - 38%. Ilpu Mcronb30BaHMM MEPTEIHUCTHIX
M3BECTHAKOB MAaKCHUMaJIbHOE CYMMAapHOE COJAEp)KAHHE OKHUCHU KPEMHHMS M OKHCH aJOMUHUSA
cocraBisieT — 17,55%, npu 3ToM conepkaHue BIarv B LUIAME YBEJIUUYUBAIOCH 10 46 - 47%. 1lpu
HCIIOJIb30BAaHUU MeEpreiel MaKCUMallbHOE CYMMAapHOE€ COJIEpP)KaHHE OKHUCU KPEMHHUSI U OKHCH
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alOMHUHMS cocTaBisieT — 27,54%, nipu 3TOM cozep)KaHue Bllard B 1uIame yBenuuusaioch 10 50 %
(Puc 2).
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Puc.2. 3aBucuMoCTh cofiep)kaHUs BIIaTU B COCTaBE CHIPHEBOTO IIIaMa OT COJEP>KaHUE TTTMHUCTBIX
KOMIIOHEHTOB B KapOOHATHBIX MTOPOAaX.

AHanu3 SHEpro3aTpaTHBIX IMOKA3aTeIeH MOKa3al, YTO YBEIWYCHHEM COJICp)KAHUS BIArd B
[UlaMe  yBEIIMYMBAETCS  pacxXoJl TOplYero mpu OOXKHIe KIMHKEpa, 3TO  OOYCIIOBIICHO
JOITOJIHUTCIBbHBIM paCXOI[OM TOIIJIMBA B 30HC OcyHIKI/I IJIs4 BBIBOJA H3JII/IIHH€I>'I BJIarm. 3aBI/ICI/IMOCTI>
pacxoja MPUPOJIHOIO Ia3a MPU O0XKHUIe KIMHKEpa OT COJICP)KAaHUs BJard B COCTaBe IIaMa IOKa3aH
Ha Puc 3.
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Puc. 3. 3aBucuMOCTh pacxoja NPUPOTHOTO Ta3a MpH 00KUTe KIMHKEpa OT COAePKAHUS BIaru
B COCTaBe IIJIaMa.

Kak BumHo u3 storo rpaduka (Puc 3), mpu Bmaxnoctn muiama 38% yaenbHBINH pacxon
HOPHUPOIHOro raza s o0xwura 1 TOHHBI KIMHKepa cocrtaBiser — 231,62 M3, ¢ yBenmuenuem
BJIQYKHOCTH IIJIaMa YBEJIMUMBAETCS U PACXO/l ra3a, Py YBEIUYCHUH BIAXHOCTH 10 46% pacxo] raza
YBEIUYHIIOCH 10 256,97m3, w3nMIIHMI pacxoJ HPHPOJHOro rasa cocraBumi — 25.35m° Ha TOHHY
KJIMHKEPA.

Hapyiienre TeXHONIOTMYECKOTO peXMMa OTPUIATENLHO BIUSET HAa KA4€CTBO MPOAYKIHWH, a
repepacxoj; TOPIOYEro MPUBOIAUT K pocTy cedbecrommoctu mponykimu. B AO «KysacaifiieMeHT»
nocie 00CYXIEHHUs BBILIEYKa3aHHBIX MPOOJIEM B TEXHMUYECKOM COBETE€ MPEANPUSTUS C y4acTHEM
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OJTHOTO W3 aBTOPOB HACTOAMICH CTaThU OBUIO MPUHATO pEHICHHE O JIO3UPOBKE CHIPhA
HETIOCPEICTBEHHO B Kaphepe. Jjis 3Toro, mpw mojade ChIpbs Ha IMPOHW3BOACTBO Ha MPSIMYIO C
MIOMOIIBIO0 ABTOTPAHCIIOPTHBIX CPEACTB, MPOU3BOIUTH JO3UPOBKY Ha Kapbepe. C 1enbpio obecrneueHus
JIO3UPOBKU B Kapbepe BECTU IIOCTOSTHHOE OIepekaroliee onpoOoBaHue 100bIBAEMOTO ChIPbsl HA MECTE
(6paTth IPOOBI U3 KOHKPETHON TOUKH 3a00s Kapbhepa W aHATU3WPOBATh HA MECTE), MO Pe3yabTaTaMm
onpoOoBaHUs 3a/eCTBOBATh OJHOBPEMEHHO HECKOJIBKO TOYEK OTOOpa pyIbl, OpraHW30BaB
OJIHOBPEMEHHYIO OTIPABKY CHIPhS IO MECTY Ha3HAYEHUS COIIACHO TEXHOJOTUYECKOMY PErJIAMEHTY.
[IpuHsATbEIE MEPBI UCKITIOUMIN PE3KHE CKAYKM W3MEHEHHS! TEXHOJIOTHYECKOTO PeXHma, HO BOMPOC
MOBBIIIEHHOTO COJIepKaHUsl BJIarM B COCTAaBE IIaMa HE YAAJIOCh PEHIMTh MOJHOCThIO. B BuAy
OTPAaHWYCHHOTO KOJIMYECTBA YMCTHIX M3BECTHSAKOB B Kaphepe, MpodiieMa, CBSI3aHHAs C TTOBBIIICHHON
BIIArO#, OcTaBajCs akTyalbHBIM. B mocienyromem ObLIO MPUHATO pElIeHHE O JOOABICHUH YUCTHIX
W3BECTHSKOB M3 JAPYTHX KapbepoB a0 15 — 20% oT moTpedHOCTH, HO MX MPUXOIWIOCH MOKYIATh U3
Opyrux UCTOYHUKOB. ONHAKO, MOCIEAYIOIIUNA SKOHOMHYECKHH aHaiu3 mokasail 3¢G(EeKTUBHOCTh
JTAHHOTO TIPEIOKEHUS U TIOCIIE €r0 BHEJPEHHS B TIPOM3BOJICTBO BOTPOC MOBHIIICHHOTO COJIEPKAHUS
BIIATH B [IJIaME U TEPEPacxo/ia TOPHYEro ObLI CHSIT.

[Tocne ananu3a MpuUBEICHHBIX BBINIE (DAKTOB MOYKHO CAENIATH CIETYIOIINE BHIBOIBI:

- MpPU MOPUTOTOBIIEHUM CBHIPHEBOTO IIIJJaMa C YBEJIWYEHUEM TJIMHUCTOIO COJEpXKaHUS B
COCTaB€ UCIOJB3YEMBIX KapOOHATOB YBEJIMYUBAETCS JI0JIS BJIark B COCTAaBE LIIaMa.

-YBeJIMUEHUE BJIArd B COCTABE IUIaMa MPUBOJUT K HAPYLIEHUIO TEXHOJIOTUYECKOTO peXUMa
o0xura KIIMHKEpa U Mepepacxoay ropryero.

- [IpoBenenune paboT MO MIMXTOBKE MPU MOJAY€ CHIPhS HAa MEPEepabOTKy UCKIIOUAET PE3KHE
W3MEHEHHUS TEXHOJIOTHUECKOT0 PeKuMa.

- JloOaBneHMe YHCTBIX W3BECTHSAKOB W3 JPYTUX KapbepoB TpU MEpPepadOTKE CHIPbS
HOpMaJIM3yeT COoJepKaHue Bard B COCTaBe IJlaMa W MCKIIIOYaeT repepacxo] roproyero. [lostomy
B Ipeieliax TEePPUTOPUU, OTBEACHHOW MPEANPUATHIO, HEOOXOJUMO OPraHU30BaTh TI'€0JIOrO-
pa3BeIouHbIe PabOTHI C IENIbIO IOMCKOB PECYPCOB YUCTHIX N3BECTHSIKOB.
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QURILISH VA MONTAJ ISHLARIDA GEODEZIK TAYYORGARLIK
JARAYONIDA TEXNOLOGIK O‘QLARNI TANLASH, ULARNI JOYDA
MAHKAMLASH HAMDA NAZORAT QILISHNING ILMIY-USLUBIY ASOSLARINI
TAKOMILLASHTIRISH

B.M. Axmedov, A.S. Yo‘ldoshaliyev

Farg‘ona davlat texnika universiteti
e-mail; bahriddin7074@gmail.com
(Qabul gilindi 18.03.2026 v.)

Annotatsiya. Qurilish va montaj ishlarida geodezik tayyorgarlikning muhim bosgichi texnologik
(asosiy va yordamchi) o ‘qlarni to ‘g ‘ri tanlash, joyda mahkamlash va doimiy nazorat gilishdan iborat. Ushbu
tadgiqotda klassik geodezik usullar (teodolit, nivelir) bilan zamonaviy texnologiyalar (total station,
GNSS/RTK) ni birlashtirish asosida texnologik o‘qlarni tanlash, mahkamlash va nazorat gqilishning
takomillashtirilgan ilmiy-uslubiy yondashuviari ishlab chiqgildi. Tajribaviy maydonlarda o ‘tkazilgan
o ‘Ichovlar natijasida aniglik 20-30% ga oshirilgani, xatoliklar kamaygani va ish unumdorligi yaxshilangani
aniglandi.
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Kalit so‘zlar: geodezik tayyorgarlik, texnologik o‘qlar, qurilish montaj, o‘qlarni mahkamlash,
geodezik nazorat, total station, GNSS.

AHHOTalII/IH. Baoicnvim smanom  2eoodesuueckoli noo020moexu npu cmpoumeilbHO-MOHMAINCHBIX
pa60max Aensemcs l’lpa(iuﬂbellZ 6bl60p, KpenjieHue Ha mecme u NOCMOSIHHbIU KOHmMpOJb MEXHOJIOCUYECKUX
(OCHOBHBIX U 6CHOMO2AMENbHBIX) ocell. B dannom uccrnedosanuu paspabomauvi yCo8epUIeHCMBOBAHHbBLE
HaquO-MemoduueCKue nooxoovl K 6bl50py, KpPENJiIeHUuro U KOHMpPOII0 MEXHOJI02UYeCKUX ocell Ha OocHoe
CoOuYemanus KiacCU4eckux 2e00e3udeckKux Memooos (mQO()Oﬂum, Huee/mp) U COBpeMEHHbIX MexHoi02Ull
(maxeomemp, GNSS/IRTK). B pezyivmame uszmepenuii, npo8eOeHHbIX HA IKCNEPUMEHMATbHBIX YYACMKAX,
OblI0  ycmaHosNeHo, umo mouHocmu nosvicunacy Ha 20-30%, noepewHOCmMU  YMEHbWUAUCL, A
NnpouU3800UMENbHOCINb VAVHUULACS.

KiroueBble clioBa: 2eodesuueckas l’lOOZOWlO@Ka, mexHojlocudecKkue ocu, MORmasic CmpoumejlbHblx
KOHCMpYKYuil, Kpenjenue ocetl, 2eode3udeckuli Konmpoaw, maxeomemp, GNSS.

Annotation. An important stage of geodetic preparation in construction and installation works is the
correct selection of technological (main and auxiliary) axes, their fixation in place and constant control. In
this study, improved scientific-methodical approaches to the selection, fixation and control of technological
axes were developed based on a combination of classical geodetic methods (theodolite, level) and modern
technologies (total station, GNSS/RTK). As a result of measurements conducted in experimental areas, it was
found that the accuracy increased by 20-30%, errors decreased, and productivity improved.

Keywords: geodetic preparation, technological axes, construction installation, axis fastening,
geodetic control, total station, GNSS.

I.Kirish. Zamonaviy qurilish loyihalarining murakkabligi va hajmining oshishi geodezik
tayyorgarlik ishlariga qo‘yilayotgan talablarni keskin oshirdi. Qurilish va montaj ishlari
boshlanishidan oldin texnologik o‘qlarni to‘g‘ri tanlash, ularni joyda ishonchli mahkamlash hamda
montaj jarayonida doimiy nazorat gilish — inshootning geometrik parametrlarining loyihaga
muvofigligini ta'minlashning muhim shartidir. Qurilish va montaj ishlarining sifati va xavfsizligi
ko‘p jihatdan geodezik tayyorgarlikning aniqligiga bog‘liq. Texnologik o‘qlar (bino yoki
inshootning asosiy o‘qlari, montaj o‘qlari) loyihaviy holatni joyga ko‘chirishning asosiy elementi
hisoblanadi. Ularning noto‘g‘ri  tanlanishi, mahkamlanishi yoki nazorat qilinmasligi
konstruksiyalarning deformatsiyasi, cho‘kish, montaj xatolari va oxir-ogibatda iqtisodiy zararlariga
olib keladi.

Tadgiqgotning asosiy magsadi — qurilish va montaj ishlarida texnologik o‘qlar bilan ishlash
jarayonini optimallashtirish, aniglikni oshirish va nazorat tizimini takomillashtirishdan iborat.

Montaj ishlari anigligiga bo’lgan talablar. Poydevor qurilishi ishlari tugatilgandan keyin
montaj ishlari, qurilish konstruktsiyalari va texnologik qurilmalarni loyihaviy holatda o’rnatish
amalga oshiriladi. Bu ishlar anigligi “Qurilish me’yorlari va qoidalari”’ga asoslangan holda,
geodezik ishlarni bajarish loyihasida beriladi.

Agarda loyihadan chetlashish chekini & bilan belgilasak, u holda binoning murakkabligi va
mas’uliyatiga bog’liq ravishda geodezik o’lchashlar o’rta kvadratik xatoligi m, ni ta’minlash
ehtimolligi » = 0,955 uchun quyidagicha gabul gilish mumkin.

m, = 1 / 49

p = 0,997 uchun esa

m, =1/ 60

Montaj ishlarini bajarishdagi geodezik tayyorgarlik ishlari tarkibiga quyidagilar kiradi:

1) poydevorlarni ijroiy planini olish;

2) montaj o’glarini rejalash va joyda mahkamlash, murakkab inshootlar uchun yuqori
aniglikdagi montaj asosini barpo etish;

3) balandlik montaj asosini barpo etish;

4) qurilish konstruktsiyalari va texnologik ashyolarda o’rnatish o’qlarini belgilash;

5) o’rnatish elementlarini hisoblash. [1]

Ijroiy plan olish . Birinchi bosqich qurilish ishlari tugatilgandan so’ng poydevor va
o’rnatish gismlarni ijroiy planga olish amalga oshiriladi. Bunda asosiy e’tibor inshootning xarakterli
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joylari, ya’ni kommunikatsiya uchun ajratilgan tirqishlarning planli va balandlik holatlari, asos
tekisliklar, plitalar, anker qurilmalar otmetkalari loyiha bilan mos kelishiga garatiladi. ljroiy plan
olish jarayonida yo’l qo’yarlidan katta bo’lgan chetlanishlar aniglanadi va bartaraf gilinadi, asos
tekisliklar otmetkalari loyihaviy giymatga keltiriladi va poydevor montaj ishlarini boshlash uchun
tayyor holga keltiriladi [1].

1-jadval
Ayrim montaj ishlari uchun m,. xatolik giymati quyidagi jadvalda keltirilgan.
Tartib Ishlar tartibi Geodezik
ragami o‘Ichashlar o‘rta
kvadratik
xatoligi, mm
1 Konstruksiyalarni planli holatini o‘rnatilishini nazorat qilish
(rejalash o‘qlariga nisbatan);
1.Anker qurilmalari va temir-beton stanok o’qlari 2
2.Metal va temir-beton kolonnalar o’qglari 1
3.Balka, ferma, rigel o’qlari 2
4.Devor panellari va bloklar o’qlari 1
2 Konstruktsiyalarni balandlik holati bo’yicha o’rnatishning nazorati
(yaginda joylashgan ishchi rigeldan berilgan loyihaviy gorizontga
nisbatan):
1.Metal kolonnalarning asos yuzalari 1
2.Temir-beton kolonnalarning asos yuzalari 2
3.Balka, ferma, rigellarning asos maydonlari 3
4.Devor panellari va bloklarining asos yuzalari 1
3 Konstruktsiya o’qlari tikligining nazorati (yuqori
gismining tiklikdan chetlashishi):
1.Metal va temir-beton kolonnalar o’qlari
a) balandligi 5m gacha 2
b) balandligi 15m gacha 3
v) blandligi 15m dan yuqori 0,002H, lekin
7mm dan kichik
2yn
2. Ko’p qavatli binolarda kolonnalar o’qlari (n-gavatlar soni) 1
3.Devor panellari va bloklar o’qlari.
4 Texnologik qurilmalarning planli va balandlik holatini tekshirish
(referent chiziq yoki tekislikka nisbatan):
1.Standart ishlab chigarilgan qurilmalarning 1-0,5
asos qismlari va o’qlari
2.Avtomatik ravishdagi konveyer gatorlarining 0,5-0,1
o’qlari va reper nuqtalari
3.Noyob qurilmalarning koordinata belgilari 0,1-0,03

Texnologik o’qlarni tanlash. Agarda qurilish ishlarida rejalash o’qlari inshoot simmetrik
o’qlari bilan ustma-ust tushadigan gilib loyihalansa, montaj ishlari uchun o’qlarni shunday tanlash
kerakki, ular poydevor o’qlariga paralel holatda joylashgan bo’lib, konstruktsiyalarning ayrim
muhim chiziglari yoki tekisliklariga mos kelsin. Bunda texnologik qurilmani loyihaviy holatda
o’rnatish qulayroq bo’ladi [1].

Texnologik 0’q teodolit yoki struna yordamida barpo etilishi mumkin. Bu o’qlar poydevor
chizmasini sinchiklab o’rgangandan so’ng tanlanadi [2].

O’qlarni joyda mahkamlash. Aniq injener-geodezik ishlarda mahkamlash belgilari va
markazlarga yuqori talablar qo’yiladi.

Belgilar barqaror bo’lishi kerak, ya’ni ularning planli va blandlik holatlari o’zgarishi montaj
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ishlari uchun berilgan chekidan kichik

i bo’Imasligi talab etiladi.
s e - > Belgilar uzoq vaqgtga
USRI TSk e, || chidaydigan bo’lishi kerak va ular
W eerezzeiten V:” fagatgina montaj ishlari
) ' jarayonidagina emas, balki inshootdan
o foydalanish ~ davrida va uning
poydevori cho’kishini kuzatishda ham
2 : Bttt xizmat  qilsin.  Geodezik  belgi
sarisncE konstruktsiyasi asbob va markalarni
= E— = tez va yuqori aniglikda
1-shakl Texnologik o"glarni tanlash. markazlashtirishga imkon  berishi

kerak. Geodezik belgining joylashish o’rni yuqori aniqlikda o’lchashni bajarish uchun qulay
bo’lishi kerak. Asosiy hamda yordamchi o’qlarni joyda mahkamlash uchun, qo’yilgan aniqlikka
binoan turli xil konstruktsiyali geodezik belgilar qo’llaniladi.

Texnologik o’qlarni nazorat qilish. Qurilish uskunalarini o’rnatishdan oldin texnologik
o’qlarning holati, ularning o’zaro perpendikulyarligi tekshiriladi. Bo’ylama va ko’ndalang
o’qlarning kesishish nugqtalari teodolit yordamida poydevorga ko’chiriladi va vaqtincha belgi bilan
mahkamlanadi (2-shakl. I, A/l, B/I; 11, A/ll, B/I1) [1].

, 1 Keyin bo’ylama va

_ . ] i alr ko’ndalang o’qlar orasidagi
_@__———4}5?———9@2?5—3—%———-—----- —————— %—f-—---@-" masofalar o’lchanadi. Bir vaqtning
! o’zida I va II nuqtalardan teodolit

2 |1 Acocui jK _1 7 o | yordamida o’qglarning kesishish
& T ' T ?_ o burchaklari o’lchanadi. Burchak va
i B ) i r masofa o’lchashlar natijalari

el L gy Ovanawayx ?f‘—“—— ~@— || loyihaviy giymatlari bilan
i’ i solishtiriladi va agarda chetlashish

2-shakl Texnologik o’qlarni nazorat qilisljl. E?)Etl Chekslg;?i Sl? rtib yl:)e,i?a’ Ob?II;II;

tuzatiladi.[3]

I1.Metodlar.Tadgiqot jarayonida quyidagi metodlardan foydalanildi:

Qiyosiy tahlil: An’anaviy simli (osma) usul va zamonaviy lazerli skanerlash usullarining
aniglik darajasi solishtirildi. Matematik  modellashtirish:  O‘glarni  mahkamlashda
gruntning deformatsiyasini hisobga oluvchi koeffitsientlar hisoblab chigildi.

Eksperimental kuzatuv: Qurilish maydonida ragamli taxeometrlar yordamida o‘qlarning
siljish koeffitsienti tekshirildi [5].

I11. NATIJALAR. Tadgigot natijalari qurilish va montaj ishlarida geodezik tayyorgarlik
jarayonini  takomillashtirishga qaratiigan muhim ilmiy-amaliy xulosalarni  shakllantirdi.
Birinchidan, texnologik o‘qlarni tanlashda ularning geometrik barqarorligi, qurilish maydonining
geologik sharoiti va ish hajmiga mosligi asosiy mezon sifatida belgilandi.

Taklif etilgan mezonlar tizimi asosida o‘qlarni tanlash aniqligi o‘rtacha 15-20% ga oshgani
aniglandi. Ikkinchidan, o‘qlarni joyda mahkamlash usullarini solishtirish natijasida beton markerlar
va metall reperlar eng yuqori bargarorlikka ega ekanligi isbotlandi.

Ularning tashqi ta’sirlarga chidamliligi vaqtinchalik belgilarga nisbatan 1,5-2 barobar
yuqori ekanligi tajriba orgali tasdiglandi. Uchinchidan, geodezik o‘lchashlar natijasida texnologik
0‘glarni joylashtirish aniqligi elektron Ttaxeometplar qo‘llanilganda +(2-3) mm, GNSS
texnologiyalarida esa +£(5-10) mm oralig‘ida bo‘lishi aniqlandi. Bu esa yuqori aniqlik talab
gilinadigan montaj ishlarida kombinatsiyalashgan usullardan foydalanish zarurligini ko‘rsatdi.
To‘rtinchidan, matematik-statistik tahlillar asosida o‘qlarni joylashtirishdagi o‘rtacha kvadratik
xatolik kamayishi 12—-18% ni tashkil etdi. Bu taklif etilgan metodikaning aniglikni sezilarli darajada
oshirishini ko‘rsatadi. Beshinchidan, ragamli modellashtirish natijalari texnologik o‘qlarni
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joylashtirish jarayonini oldindan optimallashtirish imkonini berib, amaliy ishlar davomida
xatoliklarni kamaytirish va vaqt tejalishini ta’minladi (o‘rtacha 10—15%).

Umuman olganda, ishlab chigilgan ilmiy-uslubiy yondashuv qurilish va montaj ishlarida
geodezik tayyorgarlik sifatini oshirish, ishlarning aniqligi va ishonchliligini ta’minlash hamda
resurslardan samarali foydalanishga xizmat giladi [4].

IVV.Xulosa. Mazkur tadgigot qurilish va montaj ishlarida geodezik tayyorgarlik jarayonining
muhim tarkibiy qismi hisoblangan texnologik o‘qlarni tanlash, ularni joyda mahkamlash hamda
nazorat gilishning ilmiy-uslubiy asoslarini tizimli ravishda takomillashtirishga garatildi. Olingan
natijalar shuni ko‘rsatdiki, geodezik ta’minotning aniqligi va ishonchliligi bevosita texnologik
o‘qlarni to‘g‘ri tanlash, ularni mustahkam fiksatsiya qilish hamda uzluksiz nazorat qilish darajasiga
bog‘lig.

Tadgiqgot jarayonida ishlab chigilgan mezonlar tizimi asosida texnologik o‘glarni tanlashda
obyektning konstruktiv sxemasi, qurilish maydonining muhandislik-geologik sharoiti va talab
etiladigan aniglik darajasini kompleks hisobga olish zarurligi ilmiy jihatdan asoslandi. Ushbu
yondashuv o‘qlarni joylashtirishdagi tizimli xatoliklarni kamaytirish va geodezik ishlarning
umumiy sifat ko‘rsatkichlarini oshirish imkonini berdi.

Umuman olganda, kelgusida geodezik tayyorgarlik jarayonlarini yanada rivojlantirish uchun
avtomatlashtirilgan monitoring tizimlari, real vaqt rejimidagi nazorat texnologiyalari hamda sun’iy
intellekt asosidagi tahliliy platformalarni joriy etish ustuvor ilmiy yo‘nalish sifatida belgilandi.
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BOSIMLI SUV MINORALARI
AN’NAVIY VA ZAMONAVIY TIZIMLARNI SOLISHTIRISH

Z.E. Abdulxayev. magistr R R Abdumalikov

Farg‘ona davlat texnika universiteti
zokhidjon@ferpi.uz,
ravshanbekabdumalikov8@gmail.com
(Qabul gilindi 18.03.2026 y.)

Annotatsiya: Ushbu magolada suvlarning bosimini oshiradigan an‘anaviy gravitatsion tizimlar va
zamonaviy kuchli bak hamda avtomatlashtirilgan boshqgaruv tizimlariga asoslangan echimlarni tiklash
o ‘rnatilgan. Qadimgi daryo-kanal va yuqori rezervuar darajasidan o ‘rin olgan, 19—20-asrlardagi shahar
suv minoralari, Buxorodagi Shuxov minorasining konstruktiv xususiyatlari va tarixiy ahamiyati tahlil
gilingan. Suv minora poydevori, markaziy panellari, yuqori rezervuar va xizmat platformalaridan iborat
konstruktiv tuzilma, gravitatsion quvvat P = r-g-H formulasi asosidagi prinsipial ishlash printsipi hamda
energiya ta’sirida yoritilgan. Zamonaviy zamonaviy baklar, SCADA/PLC tizimlari, sensorlar va nasos
agregatlari suv sarfi oz quvvatiga bog'lanishni ushlab turish, elektr energiyasini 30-40% gacha quvvat va
yong'in quvvati uchun quvvatni ta'minlash masalalarini ko ‘rib chigadi. O ‘zbekiston, amaliy vodiysi va
Oltiarig misolida zamonaviy temir-beton va kombinat suv minoralarini joriy etishning ahamiyati, boshgaruv
suvi ta'minotini yaxshilash va suv resurslaridan samarali ishlab chigarishdagi roli asoslab berilgan[1,5].

Kalit so“zlar: suv bosimi minorasi; gravitatsion stress; an'anaviy suv minoralari; zamonaviy bosimli
bak; suv ta'minoti tizimi; gidravlik inshoot; SCADA; PLC; energiya ta'minoti; yong'in; Shuxov minorasi;
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Oltiarig suv minorasi.

Kirish: Suv bosimini xosil giluvchi minoralar suv ta'minoti tizimlarida gravitatsion kuch yordamida
bosim hosil giluvchi muhim gidravlik inshootlardir. Ular nasos stansiyalaridan kelgan suvni
balandlikka ko‘tarib, tarmoqqa barqaror va doimiy bosimni ta'minlaydi, bu esa nasoslarning
ortigcha yuklanishini oldini oladi va umumiy energiya sarfini 30-50% ga gisqartiradi. Minoralar
shaharlar, sanoat zonalar, chorvachilik fermalari va ko‘p gavatli binolarda keng qo‘llaniladi, chunki
ular suv ta'minotining uzluksizligini kafolatlaydi va yong‘in xavfsizligi uchun zaxira bosim beradi.
Suv bosimini xosil giluvchi minoralar suv ta'minoti tizimlarida gravitatsion kuch yordamida bosim
hosil qiluvchi muhim gidravlik inshootlardir[8]. Ular nasos stansiyalaridan kelgan suvni
balandlikka ko‘tarib, tarmoqqa barqaror va doimiy bosimni ta'minlaydi, bu esa nasoslarning
ortigcha yuklanishini oldini oladi va umumiy energiya sarfini 30-50% ga gisqartiradi. Minoralar
shaharlar, sanoat zonalar, chorvachilik fermalari va ko‘p gavatli binolarda keng qo‘llaniladi, chunki
ular suv ta'minotining uzluksizligini kafolatlaydi va yong‘in xavfsizligi uchun zaxira bosim beradi
[7].

Qadimgi davr — tabiiy “minoralar” emas, balki daryolar va rezervuarlar Birinchi suv ta’minoti
inshootlari dehqonchilik rivojlanishi bilan birga paydo bo‘ldi: daryolardan suvni damba va kanallar
orqali tarqatish, tog‘ yonbarglarida “band” va rezervuar inshootlari qurish (ganch-lo‘y inshootlar,
suv saqlash tovuglari). Ular hali minoraga o‘xshamaydi, lekin suvni yuqori saqlab, pastdagi
maydonlarga yuborish, ya’ni tabiiy gravitatsiya bilan bosim hosil qilish printsipini o‘zida saqlardi.
19-dastlabki 20-asr: shahar rezervuar minorasi paydo bo‘lishi [3].

Shaharlar kattalashishi, tub suvlar yuqori juda bo‘lmagani, shu bilan birga poyabzal osti
nasoslarning tarixi hali yetarlicha rivojlanmagan davrda shaharlar yuqori joylarga beton yoki
gips-murvarizdan yuqori rezervuar inshootlari, ya’ni dastlabki suv bosimini hosil
giluvchi minoralarni qura boshladilar. Bu rezervuarlar shaharning yuqori nugtasida turib, suv shu
rezervuarden quvurlar orgali aholi punktlariga tushirilib, gravitatsiya hisobiga bosim hosil gilardi
[5]. Bu davrda minora odatda: yugori konstruksiya (30-60 m), suv saglash bakining balandligi,
oddiy temir-beton yoki loy-murvariz devorlar, nasoslar cheklangan, fagat yuqori rezervuarga suvni
pump etish uchun, bosimni esa balki yuqori rezervuar yordamida berish. 20-asr oxiri — zamonaviy
bosimli baklar [3].

1-rasim 19-dastlabki rezervuar (suv minorasi). 2-rasm suv ishlari binolari-1867 yilda qurilgan.
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20-asr oxirida nasos texnologiyasi, yuqgori bosimli quvurlar, avtomatika hamda suv ta’minoti
tarmog‘ining yangi loyihalash qoidalari rivojlanishi bilan yuqori rezervuar minorasini to‘liq zabt
gilish qulaylikka aylangan. Suv endi yuqori tepalikdagi rezervuar emas, balki shahar tarmog‘ida
joylashgan pnevmatik yoki bosimli baklar orgali — nasoslarning bosimi bilan berila boshladi. Bu
bosimli baklar: rezervuar bakka o‘xshaydi, lekin yuqori tepalikda emas, balki tarmoq bo‘ylab,
bosimni nasoslar + avtomatik klapanlar + boshqgaruv tizimi bilan beradi, suv ning sarfi (m3/s)
o‘zgarib tursa ham, bosim kam o‘zgarishini ta’minlaydi[2]. Shunday qilib, suv bosimini hosil
giluvchi minoralar aslida shahar rezervuari, yoki yuqori suv rezervuari shaklida boshlangan. Bu
inshootlar tabiiy gravitatsiya orgali suvga bosim bergan. Keyinchalik nasoslar rivojlanishi,
avtomatika va suv ta’minoti tarmog‘i murakkablashishi tufayli yuqori rezervuar minorasi o‘rniga
zamonaviy bosimli bak tizimlari, yoki ayniqsa yuqori statik bosimga ega bo‘lmagan, lekin yuqori
konstruksiyalarga ega bo‘lgan kombinatsiyalangan tizimlar joriy etilgan. 19-dastlabki 20-asr:
shahar rezervuar minorasi paydo bo‘lishi [5].
1860-yillarga kelib, Chikago tez o‘sib, eski quvur va quduqlar aholiga yetarli suv bera
olmay qolgani uchun yangi suv tizimi loyihalangan. Lake Michigan (Michigan ko‘li) ostidan
taxminan 2 mil (3 km) masofaga tunnel qazilib, suvni qirg‘oqdagi nasos stansiyasiga olib
tushiradigan inshoot qurilgan; bu tunel 1867 vyilda ishga tushirilgan. Shu suv ishlari majmuasi
tarkibida suv bosimini bargarorlashtirish uchun standpipe (ichki quvur) joylashgan baland suv
minorasi — Chicago Water Tower qurilgan; qurilish 1867-1869 vyillarda yakunlangan. Suv
minorasining vazifasi — nasos stansiyasidan keladigan suv bosimidagi keskin o‘zgarishlarni
yumshatish va shahar tarmog‘ida barqaror bosimni ta’minlash bo‘lgan.
Minora ichida taxminan 138-140 fut (qariyb 42 m) balandlikdagi quvur o‘rnatilgan; suv shu quvur
orqali ko‘tarilgan va tushirilgan, bu jarayon bosimni tenglashtirgan. Minora va suv ishlari
binolarining loyihachisi — me’mor William W. Boyington bo‘lib, bino Lemont ohaktoshidan,
gal’ani eslatadigan neogotik uslubda qurilgan.
rsiia Bu inshootlar 1871 yilgi Katta Chikago
yong‘inidan omon qolgan kam sonli
jamoat binolaridan biri bo‘lgani uchun,
shahar uchun chidamlilik va qayta

Tutgichli balkon

narvon { { tiklanish ramziga aylangan.
Mg bog lovehi tayeg Suv minorasi AQSHdagi eng gadimiy
_ suv  minoralaridan  biri  bo‘lib,
Rl sl ] B keylnch.al_lk milliy tarixiy yodgorlik
Qutqaruvchi : magomini  olgan. Hozir u suv

quvur

tizimining faol qismi sifatida deyarli
ishlatilmaydi, lekin tarixiy yodgorlik,

N turistik obyekt va ko‘rgazma maydoni
sifatida saglanib golgan.

o o € e Minora Chikagodagi Michigan Avenue
bo‘yida joylashgan bo‘lib, ko‘plab eski
rasmlar va graviirlarda (jumladan siz
tilga olgan 1867-yil “suv ishlari

3-rasm. 20-asrlarda paydo bo‘lgan shahar rezervuar (suv minorasi). melan” tasv1r1_ar1de_1) Suv. rezervuari-
minora va Yyonidagi nasos stansiyasi
birgalikda aks ettirilgan [9].

Shaharlar kattalashishi, tub suvlar yuqori juda bo‘lmagani, shu bilan birga poyabzal osti
nasoslarning tarixi hali yetarlicha rivojlanmagan davrda shaharlar yuqori joylarga beton yoki
gips-murvarizdan yuqori rezervuar inshootlari, ya’ni dastlabki suv bosimini hosil qiluvchi
minoralarni qura boshladilar. Bu rezervuarlar shaharning yuqori nugtasida turib, suv shu
rezervuarden quvurlar orgali aholi punktlariga tushirilib, gravitatsiya hisobiga bosim hosil gilardi.
Bu davrda minora odatda: yugori konstruksiya (30-60 m), suv saglash bakining balandligi, oddiy
temir-beton yoki loy-murvariz devorlar, nasoslar cheklangan, faqat yuqori rezervuarga suvni pump
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etish uchun, bosimni esa balki yuqgori rezervuar yordamida berish [9].

20-asr oxiri — zamonaviy bosimli baklar.20-asr oxirida nasos texnologiyasi, yuqori bosimli
quvurlar, avtomatika hamda suv ta’minoti tarmog‘ining yangi loyihalash qoidalari rivojlanishi bilan
yuqori rezervuar minorasini to‘liq zabt qilish qulaylikka aylangan. Suv endi yuqori tepalikdagi
rezervuar emas, balki shahar tarmog‘ida joylashgan pnevmatik yoki bosimli baklar orqali —
nasoslarning bosimi bilan berila boshladi[8].
Bu bosimli baklar: rezervuar bakka o‘xshaydi, lekin yuqori tepalikda emas, balki tarmoq bo‘ylab;
bosimni nasoslar + avtomatik klapanlar + boshqaruv tizimi bilan beradi; suv ning sarfi (m?/s)
o‘zgarib tursa ham, bosim kam o°zgarishini ta’minlaydi[7].
Suv bosimini hosil giluvchi minoralar aslida shahar rezervuari, yoki yuqori suv rezervuari shaklida
boshlangan. Bu inshootlar tabiiy gravitatsiya orgali suvga bosim bergan. Keyinchalik nasoslar
rivojlanishi, avtomatika va suv ta’minoti tarmog‘i murakkablashishi tufayli yuqori rezervuar
minorasi o‘rniga zamonaviy bosimli bak tizimlari, yoki aynigsa yuqori statik bosimga ega
bo‘lmagan, lekin yuqori konstruksiyalarga ega bo‘lgan kombinatsiyalangan tizimlar joriy etilgan

[9].

4-rasm. Shuxov minoralari (Buxoro) tarixiy meros sifatida sagqlanmoqda.

Shuxov minorasi — Buxoroning tarixiy markazidagi diqqatga sazovor metall inshoot bo‘lib, 1927—
1929-yillarda sovet muhandisi, arxitektor va ixtirochi Vladimir Shuxov loyihasi bo‘yicha qurilgan.
U Buxoro registoni yaqinida, Buxoro arki qal’asining ro‘parasida joylashgan va asosan shaharning
suv ta’minoti minorasi sifatida xizmat qilgan[4].

Qurilish tarixi va loyiha. Shuxov minorasi Shuxovning giperboloid metall konstruksiyalari tizimiga
asoslangan, ya’ni juda yengil, ammo mustahkam tayanchsiz shakldagi taller tarmog‘i. Loyiha
bo‘yicha minoraning yuqori qismi yuzlab ingichka temir bo‘laklaridan tashkil topgan giperboloid
shakldagi “to‘rsimon dastxat”ga ega, bu esa inshootni shamolga barqaror qiladi[1].

Bu inshoot Vladimir Shuxov loyihasi bo‘yicha qurilgan yuzdan ortiq mayok, elektr liniya
mayoklari, minoralar va boshqa metall konstruksiyalar orasida O°zbekistonda eng tanilgan
namunalaridan biri bo‘lib, 1970-yillarda esa shahardagi yong‘in oqibatida yuqori qismning yog‘och
goplamasi yonib ketgan. Tuzilishi yuqori samaradorlik, yengillik va barqgarorlik kombinatsiyasini
anglatadi: yuqori qavatlar shamolga garshi turish uchun ajoyib ravishda dizayn gilingan.
Minoraning pastki gismi suv idishi (tank) va temir tayanchorlardan tashkil topgan, yugori
gavatlarda esa kuzatuv maydonchasi joylashtirilgan[2].

Suv minorasi sifatida faoliyati. 1929-1970-yillar atrofida Shuxov minorasi asosan Buxoro aholisini
suv bilan ta’minlash uchun ishlatilgan. U shahar suv ta’minotining muhim tarmoq qismi bo‘lgan
bo‘lsa ham, texnologiyalar o‘zgarishi bilan foydalanilishi kamaygan[6].

Tarixiy-madaniy meros sifatida saglanishi. 2019-yil mart oyida Shuxov minorasi gayta tiklangan va
rasmiy tarzda me’moriy yodgorlik va turistik obyekt sifatida ochilgan. Buxoro viloyati hokimi
rahbarligida bo‘lib o‘tgan ochilish marosimi davlat turizm qo‘mitasi tomonidan keng e’lon qilinib,
minora Buxoro tarixi va arxitekturasining noyob qismi sifatida ta’riflangan[9].

Hozirgi kunda minora quyidagilarni o‘z ichiga oladi: Tepada panoramik kuzatuv maydonchasi va
oynali lift orqali yuqori qavatga chiqish, bundan Registon maydoni, Ark qal’asi va tarixiy markaz
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ko‘rinishi ochiladi. Birinchi va ikkinchi qavatlarda kafe-restoranlar, pastki gismida esa kichik
muzey, turistik ma’lumot markazi va nusxalar bo‘lib, turistlar uchun ko‘rsatuv-ma’lumot
tarmogqlarini o‘z ichiga oladi[6].

Turistik ahamiyati va ekologik-barqgarorligi: Shuxov minorasi bugungi kunda Buxoroda nafosat
ko‘zatish, fotografiya va sayyohlik obyekti sifatida yuqori darajadagi diqqatli obyekt bo‘lib,
Registon maydoni va Ark gal’asi bilan bir qatorda shaharning simbolik konstruksiyalariga kiradi.
Metall konstruksiya suv minorasi sifatida uzun yillar ishlatilgan bo‘lsa ham, tayanchi yo‘q
“giperboloid” tizim yuqori barqarorlik, yuqori samaradorlik va yuqori texnik xavfsizligini olib
kelgan. Hozir esa bu meros obyekti tarix-texnologiya, suv ta’minoti tarixi hamda sovet arxitektura
merosi sifatida sagqlanmoqda [5].

Bu minoralar suv ta'minoti tizimining "yuragi" bo‘lib, ularsiz barqaror bosim ta'minlash qiyin.
Qurilish tuzilishi va sxemalari. Suv bosimini xosil giluvchi minoralar murakkab gidravlik va
qurilish inshootlar bo‘lib, ularning tuzilishi gravitatsion bosimni samarali hosil qilish va uzoq
muddatli xizmat gilish uchun mo‘ljallangan. Asosiy qismlar nasos stansiyasidan kelgan suvni gabul
qgilishdan tortib, tarmoqqa chiqarishgacha bo‘lgan butun jarayonni qamrab oladi va temir-beton,
po‘lat yoki kombinatsiyalangan materiallardan quriladi [2].

Asosiy qurilish elementlari. Minoraning tuzilishi quyidagi vertikal zonalarga bo‘linadi

1-jadval
Qism Tavsif Material va vazifasi
Povdevor va Gruntga mustahkam o‘rnatilgan beton Armirovka beton (M300+),
astl¥i ovdevor blok (2-5 m chuqurlik), suv og‘irligini gidroizolyatsiya (bitum
P oy (500-5000 m?) uzatadi goplamasi).
Nasosdan kelgan suv quyiladigan pastki L :
S gfziau] bo‘lim (o 2-5 m), klapan va filterlar Ichki po°lat yoki beton,
kamerasi bilan korroziyaga chidamli.
Markazi Bosim hosil giluvchi asosiy korpus Temir-beton (silindr shakl)
silindr/kor?/us (balandligi 15-100 m), devor galinligi yoki po‘lat ramka
0.3-1m (gipserboloid).
Yugqori rezervuar | Suv saqlash baklari va quvurlar (¢ 1-3 Po‘lat (epoksi qoplama),
va chigish m), havo chigaruvchi klapanlar. xavfsizlik klapanlari.
Xizmat Tekshiruv va ta'mirlash uchun Po‘lat, yorug‘lik va suv
platformalari zinapoyalar, relsinglar, shamollatish o‘lchagich

Suv bosimini xosil qiluvchi minoralar murakkab gidravlik va qurilish inshootlar bo‘lib, ularning
tuzilishi gravitatsion bosimni samarali hosil gilish va uzoq muddatli xizmat gilish uchun
mo‘ljallangan. Asosiy qismlar nasos stansiyasidan kelgan suvni qabul qilishdan tortib, tarmoqqa
chiqarishgacha bo‘lgan butun jarayonni gamrab oladi va temir-beton, po‘lat yoki
kombinatsiyalangan materiallardan quriladi[9].

Zamonaviy suv minoralarining tushunchasi. Zamonaviy suv minoralari — ichimlik suvi va sug‘orish
tizimlarida bosimni saglash, sarfni bargarorlashtirish, suv miqgdorini nazorat gilish uchun yuqori
binolarda yoki ustunlarda o‘rnatiladigan suv saqlash tanklari (baku) hisoblanadi. Ular ko‘pincha
aholi punkt va turar-joylar uchun markazlashtirilgan suv ta’minoti tizimining muhim elementi
bo‘lib, kechikishsiz barqaror bosimni ta’minlaydi[4].

Asosiy tuzilishi va xususiyatlari. Zamonaviy minoralarda suv tanklari (baku) beton, po‘lat yoki FRP
(fiberglass) materialdan tayyorlanadi, chuqurlik va hajmi 10-150 tonnagacha o‘zgarishi mumkin.
Minoraning tarkibiga: suv olib olish quduq yoki tarmogqlari, bosimni o‘lchovchi sensorlar, nasos
tizimi, suv tozalash filtrlari, havo silliq quyish elementlari va bina ichidagi yoki yuqgoridagi suv
tanki Kiradi [3].
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Avtomatika va zamonaviy boshqaruv. Hozirgi zamon suv minoralari ko‘pincha SCADA yoki
PLC tizimlari orgali avtomatik boshgariladi: suv sathi doimiy nazoratda, nasoslar belgilangan
darajaga yetganda o‘chib-yondiriladi.
Bu avtomatika orqali suv sarfi, chastota, bosim hamda quvur uzilishlari yoki o‘qlov hodisalari
kuzatiladi, buni natijasida elektr energiya tejash, nasos izdan chigishlari kamayadi[7].

Igtisodiy va ekologik ahamiyati. Zamonaviy minoralar yuqori statsionar suv saglash tadbirlari
tufayli ichki tarmoqlarda bosim o‘zgarishlarini kamaytiradi, uzatish yo‘l qatlami kamayadi va suv
isrofi pasayadi. Energiya tejash va minimal nasos ishlash rejimi orgali ekologik jihatdan ham
samarali: kamroq elektr iste’mol, suvning uzun muddat teshilish ehtimoli kam, bu esa suv
resursining bargarorlikka xizmat qgiladi[6].

Amaliy qo‘llanish va O‘zbekistondagi rivojlanish. O‘zbekistonda yangi loyihalar doirasida

yuzlab zamonaviy suv minoralari (baku, suv olish inshootlari, suv tozalash majmualari) qurilmoqda,
bu esa aholi punktlariga ishonchli suv ta’minoti tizimini yaratishga xizmat qiladi. Shahar va
viloyatlar bo‘yicha suv minoralari uchun turli hajmdagi (10-150 tonna) zamonaviy baku turlari
ishlab chiqariladi, ular yangi mahallalarda ham, eski tarmoglarni modernizatsiya qilishda
go‘llaniladi[3].
Bu yerda Oltiarigda
o‘rnatilayotgan zamonaviy suv
minorasi ko‘rsatilgan, u temir-
beton konstruktsiyadan iborat va
kranshtan foydalanib
o‘rnatilmoqda. Ushbu  minora
po‘lat ramka va beton pastki
. qismga ega bo‘lib, balandligi 25-
H 30 metr atrofida bo‘lib, 500-1000
il m? suv sig‘imi mavjud. O‘rnatish
il jarayoni quyidagilardan iborat:
pastki  poydevor tayyorlanadi
(grunt mustahkamlanadi), silindrik
korpus yig‘iladi, ichki quvurlar va
klapanlar o‘rnatiladi, yakunda suv
sinovi o‘tkaziladi. Zamonaviy
minoralar shamol yukiga chidamli
(SHNQ talablariga ko‘ra 120 km/soatgacha) va korroziyaga qarshi qoplamaga ega, bu ularning 50
yildan ortiq xizmat muddatini ta'minlaydi [4].

Gravitatsion printsipi: Suv minora pastki gismiga nasos orgali quyilgach, balandlik fargi (H)
tufayli bosim P = p-g-H formulasi bo‘yicha hosil bo‘ladi. Masalan, 20 m balandlikda ~2 bar (0.2
MPa) bosim beradi, bu 5-7 gavatli binolarga yetadi.

Energiya tejashi: Nasoslar fagat suvni minora pastiga yetkazadi, keyingi bosim bepul
gravitatsiyadan olinadi. Bu elektr energiyasini 40% gacha tejaydi, aynigsa gishlog hududlarida
foydali.

Zaxira funktsiyasi: Elektr uzilishida minoradagi suv 2-4 soat tarmoqni ta'minlaydi, yong‘in
uchun min. 10 m balandlik majburiy (SHNQ 2.04.01-22).

O¢zbekistondagi misollar: Oltiarig minorasi kabi yangi suv minoralari va bosim inshootlari
Farg‘ona vodiysida, xususan, Oltiariq tumani “Sertut” hamda boshqa MFY hududlarida aholini
markazlashgan ichimlik suvi bilan ta’minlash muammosini bosqichma-bosgich hal gilmoqda.
Ushbu loyihalar doirasida eski, yarogsiz holga kelgan suv minoralari yangilariga almashtirilmoqda,
quvurlar rekonstruksiya gqilinmoqda va tarmoqga qo‘shimcha nasos agregatlari o‘rnatilmoqda,
natijada suv bosimi barqgarorlashib, sutka davomida uzluksiz suv berish imkoniyati oshmoqda.
Farg‘ona vodiysidagi uch tumanni gqamrab oluvchi suv ta’minoti tizimini modernizatsiya qilish
bo‘yicha yirik investitsion loyihalar ham aholining ichimlik suviga ulanish darajasini ko‘tarish,
yo‘qotishlarni kamaytirish va energiya tejamkor boshqaruv tizimlarini joriy etishga xizmat

5-rasm Oltiariqda o‘rnatilayotgan zamonaviy suv minorasi.
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gilmoqda [8].

Xulosa. An’naviy suv bosimini hosil qiluvchi minoralar (yuqori rezervuar minoralari)
gravitatsion printsip asosida bargaror bosim yaratish, nasoslarning ortigcha yuklanishini
kamaytirish va umumiy energiya sarfini 30-50% gacha qisqartirish imkonini bergan an’anaviy,
ammo samarali tizimlardir. Ular shaharlar, sanoat zonalar va ko‘p gavatli inshootlarda uzluksiz suv
ta’minotini, shuningdek, yong‘in xavfsizligi uchun zaxira bosimni ta’minlash bo‘yicha asosiy rol
o‘ynagan.

Zamonaviy vagtda nasos texnologiyasi, yugori bosimli quvurlar, pnevmatik va bosimli baklar,
avtomatlashtirilgan boshgaruv (SCADA/PLC) tizimlari rivojlanishi bilan yuqori rezervuar
minorasining o‘rniga tarqoq joylashgan bosimli baklar va kombinatsiyalangan tizimlar keng joriy
etilmoqda. Bu tizimlar suv sarfi o‘zgarganda ham bosimni qat’iy doimiy saqlash, elektroenergiya
sarfini pasaytirish, suvning uzun muddatda isrof bo‘lishi ehtimolini kamaytirish imkonini beradi.
Oc‘zbekistonnning Oltiariq tumanida yangi loyihalarda gilinayotgan zamonaviy temir-beton va
kombinatsiyalangan suv minoralari 50 yildan ortig xizmat muddatini, korroziyaga qarshi
goplamalarni, shamolga chidamli konstruksiyalarni va gravitatsion bosim yordamida elektr
energiyasini 40% gacha tejash imkonini ta’minlab, qishloq hududlari hamda shahar sharoitida
ishonchli suv ta’minoti infratuzilmasini yaratishning asosiy vositalariga aylanmoqda. Shuning
uchun suv bosim minoralari hozirgi davrda nafagat gidravlik inshoot, balki suv, elektr energiya va
atrof-muhit resurslarini tejovchi, bargaror va ekologik jihatdan samarali tizimlar sifatida saglanib
borish zarur [6,7,9].
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PABPABOTKA HAIIMOHAJIBHOI'O CTAHAAPTA JJIs1 CUCTEM C TEIIVIOBBIMHA
HACOCAMMU B Y3BEKNCTAHE. YACTbD 1. HOPMATUBHO-AHAJIUTUNYECKOE
OBOCHOBAHME HAIIMOHAJIBHOI'O CTAHJIAPTA

H.P. Asesonal, A.B. Maszauux?, T.I'. 3opuna?, H.A. MaTtuanos?!, 5.A. AGaykapumos?,
I1I.A. Mymunos!, M.B. lllepmarosal, 5.A. Dprames’

YDepeancruii 2ocyoapcmeennviii mexnuueckuii ynueepcumen,
2Uncmumym suepeemuxu Hayuonanonoti akademuu nayk benapycu,
2. Munck, Pecnybonuxa Benapyce.

(llonyuena 18.03.2026 2.)

Annomauyusa. B cmamve 060cH08aHA HEOOXOOUMOCHb pA3PAOOMKU HAYUOHATLHO20 CMAHOAPMA
Pecnybnuxu Yzbexucman o0nsa cucmem mennochabdcenus Ha O0cHO8e mMennosvlx Hacocos (TH).
Hccneoosaniue 8vblnoiHeHO HA OCHO8e aHAIU3a Oelicmaylowell HOpMAamueHou 6asvl Y30exucmanda, HOBbLX
npasosvix akmos 2024-2025 20006 6 cghepe mennocrabceHuss u dHEPeodIPHekmugHocmuy, a maxxce
CONOCMABNEeHUss C POCCUUCKUMU, OETOPYCCKUMU, €BPONEUCKUMU U MEeNCOYHAPOOHBIMU HOPMAMUBHBIMU
nooxooamu. Ilokazano, umo cywecmsylowue OoKymenmol opmupyrom odbwyio pamky 01 OBK,
Menio3auumosl U dHepeodpoexmusHocmu 30aHull, OOHAKO HEe De2NAMEHMUPYIOm 6 eOuHOU cucmeme
npoexmuposanue, paciem ce30HHOU dhhekmusHocmu, 6e30NaACHOCHb, NPUEMKY U IKCIILYAMAYUI0 CUCTHEM C
TH. Hayuno-npaxmuueckuii pe3yiomam pabdombvl COCMOUN 8 8blA6IeHUlU KIIOYEBbIX HOPMAMUBHBIX NPoOeLos
U hopmMuposaruu apeyMeHmuposanHou OCHO8bL OJisi PA3pPAOOMKU CHeYUdIU3UPOBAHHO20 HAYUOHATLHO2O
cmanoapma.

Knrouesvie cnosa: mennosoii nacoc, TH; nayuonanvuwlii cmaunoapm, menjiochabicenue,
onepeoappexmusnocmn,;  80300H06M5emble  ucmounuku ouepeuu;, COP; SPF; SCOP; nopmamuenoe
peayaupoganue; Y3oexucman.

Annotatsiya. Magolada O ‘zbekiston Respublikasida issiglik nasosi tizimlari uchun milliy standartni
ishlab chigish zarurati normativ-tahliliy jihatdan asoslangan. Amaldagi milliy shaharsozlik normalari,
energiya samaradorligi bo ‘yicha yangi hujjatlar, Rossiya, Belarus, EU/EN/ISO yondashuvlari giyosiy tahlil
gilindi. Tahlil natijasida issiglik nasoslarini loyihalash, mavsumiy samaradorlikni baholash, xavfsizlik,
gabul qgilish va ekspluatatsiya bo ‘yicha yagona hujjat yo ‘qligi asosiy normativ bo ‘shliq sifatida aniglandi.
Natijalar milliy standartning keyingi texnik-metodik tuzilmasini ishlab chigish uchun asos bolib xizmat
giladi.

Kalit so‘zlar: issiglik nasosi; milliy standart; issiqlik ta’minoti; energiya samaradorligi; qayta
tiklanuvchi energiya manbalari; COP; SPF; SCOP; qurilish normalari; O ‘zbekiston.

Abstract. The paper substantiates the need to develop a national standard of the Republic of
Uzbekistan for heat supply systems based on heat pumps. The study analyzes the current regulatory
framework of Uzbekistan, new legal acts adopted in 2024-2025 in the field of heat supply and energy
efficiency, and compares them with Russian, Belarusian, European and international regulatory approaches.
The results show that the existing documents provide a general framework for HVAC, thermal protection
and building energy efficiency, but do not establish unified requirements for design, seasonal efficiency
assessment, safety, commissioning and operation of heat pump systems. The scientific and practical
contribution is the identification of key regulatory gaps and the formation of an evidence base for a
specialized national standard.

Keywords: heat pump; HP; national standard; heat supply; energy efficiency; renewable energy
sources; COP; SPF; SCOP; regulatory framework; Uzbekistan.

Beenenune. Termnossie Hacocs! (TH) B mocienHue rosipl nepexonar U3 KaTeropuu OTAEIbHBIX
9Heprod(PPexTUBHBIX  pemieHuii B rpynmy  0a30BbIX — TEXHOJOTHIl  HU3KOYTJIEPOJHOTO
TETIOCHAOXKEHMsI 3aHui. VX 3HaueHHe ompenensieTcsi He TOJIBKO BO3MOXHOCTBIO HCIOJIB30BAThH
HU3KOIMOTEHIMAILHYIO TEIIOTY HApYKHOTO BO3/1yXa, TPYHTA, BObI U BEHTWISIIMOHHBIX BHIOPOCOB,
HO U CIIOCOOHOCTBIO CHM)KATh 3aBHCHUMOCTD 3[JaHUI OT MPSAMOTO CKUT'aHMs TOIUIMBA IIPH YCJIOBUU
PalMOHAIBHOTO MPOEKTUPOBAHUS OIPAKIAIOIINX KOHCTPYKIUH, NHKEHEPHBIX CUCTEM U PEKHMOB
skciuryatanuu. I1o naHHeIM MeXIyHapoJaHOrO 3HEPreTU4ecKoro areHTcTsa, TH yxke mokpsIBaroT
okouio 10 % rinoGanpHOM MOTPEOHOCTH 3/1aHUI B OTOTUICHHH, a JUTSl IOCTHIKEHUS KITMMAaTUYECKUX
CILIEHAPHUEB UX POJIb IOJKHA CYIIECTBEHHO Bo3pacTH [20].
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Hns Pecnyonuku Y36ekuctan Bonpoc npumeHeHus: TH mpuoOpen mpakTuyeckoe 3HaYCHUE
Ha (oHe OOHOBJIECHHUS HOPMATHUBHOW 0a3bl CTPOUTENHCTBA, PEPOPMHUPOBAHUS TEIUIOCHAOKECHUS U
TOCYJapCTBEHHON TOJMTUKU TOBBIIICHUSI YHEProdpexTuBHOCTH 31anuili. B 2024 romy mpuHsT
KypCc Ha TIpUBEJECHHUE HOPMATHUBHBIX aKTOB B cdepe CTPOUTENhCTBA B COOTBETCTBHE C
MeXxayHapoAHbIMU cTanaapTamiu [1]. B 2024-2025 rogax yTBep»KIAeHbI HOBbIE IPaIOCTPOUTEIbHBIE
HOPMBI U MpaBuja IO OTOIUIEHHIO, BEHTWIALMU M KOHAMIMOHUPOBAHUIO, a TAKXKE IO HOpMaMm
SHEpro3arpar Ha OTOIUICHHE, TPOBETPUBAHUE W KOHIUIIMOHUpOBaHUE 31anui [2, 3]. Kpome Toro,
III1-100 ot 11.03.2025 r. mpsiMo cBsA3bIBaeT pedopMy TeruiocHadkeHus: ¢ ycraHoBkamu BUD,
aNbTEPHATUBHBIMU CHUCTEMaMM OTOIUICHHS W NWIOTHBIMU MpoekTamu ¢ npumenenuem TH [4], a
VII-63 ot 27.03.2025 1. BBOIUT MEXaHU3MbI CTUMYJIMPOBAHUS MOBBILICHUS YHEPTOAPPEKTUBHOCTH,
BKJIIOYas cyOcuaupoBanue yactu croumoctu TH [5].

OpHako pa3BUTHE TMOJIMTUKO-HOPMATUMBHOM IIOBECTKM IIOKa OINEPEKaeT  HalIu4due
CHEIMATM3UPOBAHHOIO TEXHUYECKOTO JOKyMeHTa. JIeHCTByollMe HalUMOHAJIbHBIE HOPMBbI
MO3BOJISIIOT PACCUUTHIBATh TEIUIOTEXHUYECKHE MapaMeTphbl OTPa)KACHUH, MPOEKTUPOBaTh OOIIHe
CUCTEMBbl OTOIUIEHMS, BEHTWISUMU U KOHIUIMOHHUPOBAHMS, ONPENEISITh JHEPreTUYECKue
nokazarenu 3ganuii, a B IIHK 2.08.08-22 yxe conepkaTcsi IOJIOKEHUS, CBsS3aHHBIE C
sHeprodpexTuBHBIMU TexHOJorusIMU U TH B maccuBHBIX >KUIIBIX 31aHUAX [8, 9]. Tem He MeHee
OTCYTCTBYET €IMHBIM HAllMOHAJBHBIN CTaHJApPT, KOTOPBIM periaMeHTHpoBai Obl KiacCU(UKALUIO
TH-cuctem, BBIOOP HHM3KOMOTEHIIMAILHOIO HCTOYHHMKA TerutoTel, pacuer COP/SPF/SCOP,
TpeOoBaHUs 0E30MaCHOCTH, PE3epPBHUPOBAHME, MPUEMKY M SKCIUTyaTallMOHHBIH MOHHUTOpPUHT. B
pe3yibTaTe NPOEKTHUPOBIIMKM W 3KCHEPThl  BBIHYXJEHBI  HCIIOJIb30BATh  Pa3pO3HEHHbIE
HaIlMOHAJIbHBIE JOKYMEHTHl M 3apyOeXHble OPHEHTHPBI, YTO 3aTPYAHSAET COMOCTaBUMOCTh
MPOEKTHBIX PEIICHUMN.

Llenp HacTOsmIEN CTaTbU COCTOMT B  HOPMAaTHBHO-aHAJIUTUYECKOM OOOCHOBaHHUHU
HEOOXOIMMOCTH pa3pabOTKH HAIMOHAIBHOTO cTaHmaprta mis cucteM ¢ TH B Y30ekucrane. s
JOCTMKEHMSI 1IeJIM PEIIEHBbl CIEAYIOIME 3aJaud: pPAacCMOTPEHBbl aKTyallbHbIE HAI[MOHAJIbHBIC
JIOKYMEHTBI Y30€KHUCTaHa; MPOBEJCHO COMOCTABICHUE C POCCHUICKOM, OCIIOPYCCKOM, €BPOIEHCKOM
U MEXIyHapOJHOW HOPMATUBHOW NPAKTUKOM; BBISBIEHBI KJIIOYEBbIE HOPMATHUBHBIE MPOOEIHI;
chopMyJIMpOBaHa HAyYHO-TIPAKTUYECKas JIOTHKa Oyayllero cTaHaapTa.

TexHuueckue TpeOOBaHUs, CTPYKTypa METOAMKH pacdyeTra W MNPUKIAAHBIA NpuMmep s
00BeKTa COUUaNbHON cdepbl NpearnoaaraloTcs MpeIMeToM BTOPOH YacTH UCCIICJOBAHMS.

Marepuanbl M MeTOAbl HcciaegoBaHusi. PaboTa BbINOJIHEHA Kak HOPMAaTHBHO-
AQHAJIUTUYECKOE  HUccieoBaHHe.  METOIMYEeCKyl0  OCHOBY  COCTaBWJIM  KOHTEHT-aHaJIU3
IPaJOCTPOUTENIBHBIX HOPM M TPAaBOBBIX AKTOB Y30€KHUCTaHa, CpPaBHUTENIbHBIA aHAIU3
CHCIMATM3UPOBAHHBIX U CMEKHBIX HOPMATHBHBIX JokyMeHTOB Poccuu, benapycu, EC, EN u 1SO,
a TaKkKe METOJ MaTPUYHOIO BBISBICHHMS HOPMATUBHBIX MpoOenoB. Takoil MOaXoa MO3BOJISET
paccmarpuBath TH He TONBKO Kak TEXHHYECKOE 000pYyIOBaHUE, HO M KaK OOBEKT PeryJupoBaHuUs,
HaxXOJSAIIMICA Ha TMEpPecCeueHUuu TeIulocHaOxkeHus, 3HeprodddekruBHOCTH 3nanuii, BUD,
0€301aCHOCTH XOJIOIMIBHBIX CUCTEM M 3KCIUTyaTallud WHXEHEPHOU HHMPACTPYKTYPHI.

B kauecTBe HalMOHAIBLHON 06a3bl PACCMOTPEHBI TOKYMEHTBI 110 TAPMOHHU3AIMN CTPOUTEIBHBIX
nopMm, OBK, sHeprosarpatam 31aHHid, CTPOUTEILHON TEIJIOTEXHUKE M MACCHBHBIM 31aHusM [1-7].
B kauecTBe pernoHanbHBIX U MEKIYHAPOIHBIX OPUEHTHPOB HUCIIOJIb30BAHBI CIIELUATN3UPOBAHHBIN
POCCHICKHIA CBOJ| MPABWJI MO TEIJIOHACOCHBIM CHUCTEMaM TerutoxsanocHaoxkenus [10], meTonuka
pacdeTa dHEpromoTpeOHOCTH cucTeM TeroreHeparuu ¢ TH  [11], OGemopycckue wu
MEXTOCyIapCTBEHHBIE CTAHIAPTHI 10 O0E€30MaCHOCTH, UCTIBITAHUSAM W KOMIETEHTHOCTH IepCOHaNa
[12-14], a taxxke cranmaptel EN 14511, EN 14825, ISO 13256 u ISO 5149 [15-18]. PamouHbIc
MOJINTUKO-HOpMaTUBHbIE Tonxoael EC paccmorpensl uepe3 HoByro pepakiuio EPBD u
oOHOBIIEHHYIO AUpeKTUBY 10 BUD [19, 22].

B unccnenoBaHuM npuMeHeHa ClEAyHolas JIOrMKa: ONpEeAeseTcss HaIWYUE HAllMOHAJIBHOIO
3ampoca Ha TexHoJoruto TH; oneHuBaeTcs, HACKOIBKO CYIIECTBYIOIIME HOPMBI CIIOCOOHBI
00€eCTeYnTh eAMHOOOPA3HYIO MPAKTHKY MPOSKTHUPOBAHUS M SKCIIEPTU3bI; TPOBOAUTCS OEHUMAPKHHT
C IOpUCIUKLIUAMH, T1ie perynupoBanue TH yxe pa3Buto; popmMupyercss MaTpuiia HOpMaTUBHBIX
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poOEJIOB U JIEIAaeTCs BHIBOJ O HEOOXOIMMOCTH HAIMOHAIBHOTO CTaHIApTa.

OcHoBHast 4YacCTh.

HauuoHanbHble NPeANOCHUIKH pa3padoTku craHgapra. HopmaTtuBHbIM maHamadr
V36ekucrana B 061acTu 3Hepro3hHeKTuBHOro TEII0CHA0KEH!s B HAaCTOsIIee BpeMsi GopMUpyeTcs
nocratouyHo AuHamuuHO. [TocranoBienue Kabunera MunuctpoB Ne231 ot 23.04.2024 r. 3amaer
o0ImMi Kypc Ha NpPUBEJCHHE HOPMATUBHBIX AaKTOB B C(epe CTPOUTENBCTBA B COOTBETCTBUE C
MEXAYHapOAHBIMU cTaHaapTamu [1]. DTo BaxkHO Ais paccMaTpuBaeMoW TeMbl, nmockonbky TH-
CHUCTEeMBbl TpPeOYIOT OJIHOBPEMEHHOI'O0 Y4eTa CTPOUTENIBHBIX, JSHEPreTHYECKUX, KIMMATUYECKHX,
NEKTPOTEXHUUYECKUX U OKCIUTyaTallMOHHBIX TPEeOOBAHMU, a 3HAYUT HE MOTYT PEryIHpOBaThHCS
TOJILKO OOLIMMH MOJO0KEHUSIMH O CUCTEMaX OTOIJICHHUS.

['HIT 2.04.05-22 «OtoruieHre, BEHTHIALNHMS W KOHIUIIMOHUPOBAHUE)» SIBISICTCS 0a30BBIM
JOKYMEHTOM [UIsl MPOEKTHUPOBAHUS MH)KEHEPHBIX cucteM 31anuil [2]. OH 3amaer oOIIyl0 pamKy
OBK, HO He pemaer B monHoM oObeMe Bompockl, crenuduunsie s TH: pacder ce3onHOM
3¢ (GEeKTUBHOCTH, BHIOOP UCTOUYHMKA HU3KOMOTEHIMAJIBHON TEIUIOTHI, TPEOOBAaHUS K Pa3MELICHUIO
HapyXHbIX OJIOKOB, TPYHTOBBIM U BOJSIHBIM KOHTYpaM, TOUKe OMBAJIEHTHOCTH, PE3EPBUPOBAHUIO U
MOHUTOPHUHTY (pakTuyeckoi sddextuBHOCTH. AHanornyno I'HIT 2.01.18-24 3akperuiser HOpMBI
9HEPro3arpaTr Ha OTOIUICHUE, MPOBETPUBAHNUE W KOHJIUIIMOHUPOBAHKUE 3AaHUH [3], HO HE 3aMeHSET
METOJIMKY IIPOEKTHOM o1leHKHM cucteM ¢ TH kak oTaenbHOro kiacca TerioreHepaToposB.

CymectBennoe 3HaueHne mmeer KMK 2.01.04-2018 «CtpoutenpHas TeruioTexHuka» [8].
D¢ dextuBHocts TH-crcTeM HanpsMyro 3aBUCUT OT YPOBHS TEIJIOBOM 3alUTHI 3/1aHUS: YeM HUKE
pacueTHasi TEIUIOBas Harpys3ka M ueM Hibke TpeOyemasl TeMiieparypa TEIUIOHOCHTENS B CHCTEME
OTOIICHUSA, TE€M BbIlIe ce30HHas 3pdextuBHOCcTh TH. CnenoBarenbHo, Oynymuil HAlIMOHATBHBIN
crangapt mno cucremam ¢ TH 1omkeH ObITh CBA3aH € HOPMAMU TEIUIOTEXHUKU U
9HeprodPpPeKTUBHOCTH, HO He JOJDKeH naybOnupoBate uX. Ero 3amaya - cdopmupoBatb
CIeLlMaJIN3UPOBAaHHBIE TPEOOBAHMSI K BEIOOPY, pacueTy, MOHTaxy M skciuryarauuu TH-cucrem.

INHK 2.08.08-22 «IlaccuBHblEe IOMa» IEMOHCTPUPYET, YTO HalMOHAJbHAas HOpMaTHBHAs
cucTeMa YK€ COJEpPKHT 3JIEMEHThl COBPEMEHHOIO IMOJIXO0Aa K AHEProd(pPeKTUBHBIM 3[aHUAM U
ucnoabs3oBanuo BUO [9]. B 3ToM n0oKymMeHTE paccMaTpUBarOTCS MACCUBHBIE 3AaHUS, CHI)KEHUE
SHEPronoTpedsieHUus] M INpUMEHEHHE SHEprod(Q@GEKTUBHBIX TEXHOJOTUH, BKIIOYas IOHIATHE
TerIoBoro Hacoca. OHaKo 1Mo cBOEi 00JacTh NPUMEHEHHS JaHHBIM JJOKYMEHT OPHEHTHUPOBAH Ha
[IACCUBHBIE XWJIbIE 3[aHUS U HE MOXKET BBINOJHATH pojb obmero cranaapra ains TH-cuctem B
00BEKTaxX COLMANBHON Cdephl, OOIECTBEHHBIX 3aHHUIX, PEKOHCTPyHpyeMoM (oOHIE, THOPUIHBIX
cXeMax TeIJIOCHA0XKEeHHs U CHUCTeMax TeII0XJ1aJ0CHA0KEHU .

Haubosiee BecOMbIM apryMeHTOM B MOJb3y pa3pabOTKHU OTAEIBHOTO CTaHAApTa SIBISAIOTCA
npaBoBble akThl 2025 roma. IIII-100 ycranaBnwBaeT 3amadd 1O  peGOPMUPOBAHUIO
TEIJIOCHAOXKEHMsI, TOBBILICHUIO  SHEProd((eKTUBHOCTH  374aHMU, BHeapeHutro BUD wu
QJIBTEPHATUBHBIX CHCTEM OTOIUIEHHUS, B TOM YMCJIE€ B IMJIOTHBIX NMPOEKTaX I KUIBIX JJOMOB U
yupexaenuil corumansHoi cdepbl [4]. YII-63 3akperisier (uHAHCOBBIE W OpPraHU3AaLMOHHBIC
MEXaHU3Mbl CTUMYJIMPOBAHUS MOBBIIIEHUS HEProd((HEeKTUBHOCTH, BKIIIOYAsk KOMIICHCALIMIO YacTH
CTOMMOCTH TEIUIOBBIX HACOCOB BO3AYILIHOTO, BOJASHOTO M TeoTepMaibHOro TUNoB [5]. Takum
obpasom, texHosoruss TH yxe Bomuia B KOHTYp rocy1apCTBEHHOW MOJIMTUKU, HO €€ TEXHUYECKOe
HOPMHpOBaHHWE TIOKa ocTraeTca (parMeHTapHbIM. VIMEHHO 53TO MPOTHBOpPEUHE  CO3IAeT
HEOOXOAUMOCTh pa3pabOTKH HAIIMOHAIBLHOTO CTaHIapTa.

MekayHapoaOHbIH ¥ PerMoHAJbHBbIA HOPMATHBHBLIA OeHumMapkuHr. Poccuiickas
HOpMAaTHBHAs TPAKTUKA MPEACTABIACT JUIs Y30eKHUCTaHA Ba)KHBIA OPHEHTHUD, MOCKOIBKY B 2023
rony Obi1 BBemeH CII 525.1325800.2023 «TemaoHAcOCHBIE CHUCTEMBI TEIUIOXJIAIOCHAOKECHHMS.
[IpaBuna npoektupoBanus» [10]. 3HaueHUE 3TOro JOKYMEHTa COCTOMT B TOM, YTO OH BBIJEISET
TH-cucremMbl B caMOCTOSATENbHBI OOBEKT NPOEKTHPOBAHUS, a HE paccMaTpUBaeT MX Kak
Pa3HOBUIHOCTH O0OMIeTro TeruioreHeparopa. JlokyMeHT 3amaer TpeOoBaHUS K KOH(HUTrypanuu
cHCTeM, BHIOOPY HU3KONMOTEHIMAIbHOIO UCTOYHHMKA TEIUIOTHI, TPOEKTHBIM CXeMaM U MHXEHEPHOMH
noruke npuMmeHenust TH B 3qaHusx.

[Tpu aTom CIT 525 HE CyIIecTBYET H30JIMPOBAHHO: OH CBSI3aH C OOIIMMH JIOKYMEHTaMH I10
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OBK, remnoBoif  3amuTe, aBTOHOMHBIM  HCTOYHMKAM  TEIUIOCHAOXEHUS U pacyeTy
SHepronoTpedHocTH cucrteM temiorenepauuu. B wactnoctu, 'OCT P 54865-2011 paccmarpuBaet
pacder 3HepromnorpeOHOocTH © 3P EeKTHBHOCTH cucteM Teruioreneparmun ¢ TH [11]. s
V30ekucraHa BaeH He OyKBaJIbHBIH IEPEHOC POCCUHCKOM Mozenu, a caM MpUHIMIL
CHelHaTn3upoBaHHbIA JOKYMEHT 1o TH nomkeH ObITh BCTPOEH B YK€ CYIIECTBYIOLIYIO CHUCTEMY
CTPOMTEJBHBIX U SHEPTETUYECKUX HOPM.

benopycckuil ONBIT IEHEH TEM, YTO IOKA3bIBAET MTAKETHBIN MTOAXO K PErYIMpOBaHNI0. B HEM
3aJ1eiiCTBOBaHbI JIOKYMEHTBI MO 0€30MacHOCTU XOJIOAWIbHBIX cucteM M TH, sKkcrulyaTalimoHHBIM
TpeOOBaHUAM, OLEHKE I€pMETUYHOCTH, UCIBITAHUSIM, IIyMY U KOMIIETEHTHOCTH IepcoHana [12-
14]. Takoii moaxoJ; 0cOOEHHO BaXKeH JJIsl HAIIMOHAJIBHOIO CTaHJapTa Y30€KHCTaHa, MOCKOJIBbKY
HazexxHoCcTh TH-cuctem ornpenensieTcs: He TOIbKO pacueTOM MOIIHOCTH, HO U KaueCTBOM MOHTaXa,
0€30IaCHOCTBI0  XJIaJIar€HTa, TIePMETUYHOCTBIO KOHTYpOB, KBaJu(UKalMed MepcoHala U
MIPaBUJIBHOM DKCILTyaTalUE.

EBponeiickas u MeXayHapoaHas HOpMaTuBHas 0aza (GopMHpYeT METOAMYECKHM STaJOH IS
oueHku obopynosanus u s¢p¢pexkruBHocTH. Cepuss EN 14511 ycranaBnuBaeT TepMUHBI, yCIOBHUS
HCIBITAHUN U METOJIbl OLIEHKU XapaKTEPUCTUK KOHIUIIMOHEPOB, KUAKOCTHBIX oxnaaurened u TH ¢
anekTpuueckuMu  kKommpeccopamu [15]. EN 14825 3amaeT momxom K OIEGHKE CE30HHOM
s dextuBHocTH U pacuety SCOP mpu yactuysbiX Harpyskax [16]. 1ISO 13256 npumensiercs as
OIICHKH BOASHBIX U paccosbHbIX TH [15], a ISO 5149 - mns TpeboBaHMii 6€30MaCHOCTH W OXPAHBI
OKpY>KaloIlled cpeabl NP AKCIUTyaTaluu xonoAawibHbiXx cucteM u TH [18]. B coBokynmHOCTH 3TH
JIOKYMEHTBI IOKa3bIBalOT, YTO COBpeMEHHOEe perynupoBaHue TH M0MKHO OXBaThiBaTh HE OJIMH
nokasarenb COP, a monHbIN KU3HEHHBIN UK CUCTEMBI: OT 1000pa 000pYI0BaHMS JO KOHTPOIIS
3(PEKTUBHOCTH B IKCILTyaTaIUH.

Pamounble nupektuBel EC  ycunuBaror 3ToT  BbIBOJ. (OOHOBIEHHAs JAMPEKTHBA 10
sHepreTuueckuM xapakrepuctukam snanuii (Directive (EU) 2024/1275) cBsi3biBaeT HOBBIC 3[aHUS U
MOJICPHH3AIMIO CYIIECTBYIOMIEro (OHIA C MEPexoJoM K 3/aHHSM C HYJIEBBIMH BBIOpOCAMH Ha JTare
skcroryataruu [19]. HupexktuBa (EU) 2023/2413 ycunuBaeT posib BO30OHOBIISIEMON >HEPTHU, B TOM
YHCIIe B CEKTOPE OTOIUICHUS M oxJaxaeHus [22]. Jlnsa Y30ekucrana JaHHBIE JOKYMEHTBI BaXKHBI HE KaK
npsiMble 0053aTeNbCTBA, a KaK OPHEHTUP: HAMOHAIBHBIH cTanaapt no TH noimkeH OBITH COBMECTHM C
JOJITOCPOYHBIM ITEPEX0A0M K SHEProd(GHEKTUBHBIM M HU3KOYTIJICPOIHBIM 3/IaHHUSIM.

Ta6auna 1
CpaBHuUTeIbHAA MATPHLIA HOPMATHBHBIX NP00E/I0B NPH Pa3padoTKe HAMOHAJIBHOIO
cranaapra ais cucrem ¢ TH B Y30ekucrane

BriBoa pi1s1
HopmaTuBHbBIii HALHOHAJILHOIO
Ne P Y30exkucran Poccus Beaapycs EU/EN/ISO I
0J10K cTaHaapTa
Y30ekucraHa
OTaenbHbII
NpoQUIbHBII Hcnons3yercs
pod Y Heobxoqum
CTaHAApT Nwmeercs CII HaKeT PerynupoBanu N
OTJIEIbHBIN
orcyrcTByeT; | 525.1325800.2023 mo| craHAapTOB O| € CTPOUTCS .
Cnennanmsuposa HalMOHAIIBHBIH
. MMEIOTCSI 001IHe TEIUIOHACOCHBIM | OE30IIacCHOCTH, | Yepe3 CBSI3KY
1 | HHBII JOKyMEHT CTaH/apT UIH
HOpMEI 10 OBK, CHCTEMaM HCIBITAaHHUSAM, | JUpekTuB, EN N
no TH TPOGUITBHEIH CBOJT
9HeprodhGEeKTHBH| TEIIoXIanocHa0xkeH | sxcmryataruu | u 1SO [15-19, HDABILIL 110
OCTH U ns [10]. 1 [IEPCOHAITY 22]. P
cuctemam ¢ TH.
aCCHUBHBIM [12-14].
3manusaMm [2, 3, 9].
EN 14511 u
CMEXHbIE Crnenyer BBeCTH
Tunonorus
3aaHbl IPOCKTHBIE CTaHAApThl | KIacCH(UKAIHMIO:
Tunonorus TH- packpeiBaeTcs
[TpoektupoBanue CHCTEM He TIOJIXO/TbI, BKITFOUast qepes 3a7al0T BO3/1yX-BOJIa,
2 U TUTIOJIOTHUS BBIOOP UCTOYHHKOB P Kiaccudukany| rpyHT-Bosa, BOJa-
3aKpernicHa B CTaHIAPTHI
cUCTEM . TEIUIOTHI B CXEMBI ou BOJa, THOPUIHEIC
€IMHOH HOpME. o0opynoBaHuUs
cucrem [10]. . | ACTIBITaTeIbHBI| W OMBAJICHTHBIC
1 MCTIBITAaHHUH.
€ YCIIOBUS CXEMBI.
[15].
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IIpumenstorcs
Hyxen
ucneiTatenbHel | EN 14825 .
Enunas HNwmerorcsa 00s13aTEIbHBIA
€ ¥ OLICHOYHBIE 3amaeT
Pacuer METOAMKA pacueTHbIe pazzen o COP,
. JOKYMEHTHI, pacuer
CE30HHOU SCOP/SPF nns OpPHUEHTHUPBHI Uepe3 . SPF, SCOP,
3 N TapMOHHM3HPOB | CE30HHOM
3¢ peKTuBHOCT IIPOEKTHOU T'OCT P 54865 n pac4eTHBIM
aHHBIE C 3¢ dexTHBH
u OLICHKH poduIbHbIE peXUMaM 1
OTCYTCTBYET mpaswia [11] MEAAYHAPOIH ocTH u KpUTEPHIM
yICTBY p BIMH SCOP [16]. PHTEP
3¢ (eKTHBHOCTH.
MOJIXOJJAMH.
Crnenyer
ISO/EN o
YCTaHOBHTh
3aJ1a10T
Knumarnueckue OxBatbIBaeTCst KPUTEPUU
HCTIBITATENb
Bri6op u Br10op ncrounnka yepes MaKeT HEIC BEIOOpa
HU3KOIIOTCHIM | THIPOTEOIOTHYIe TETIOTHI JIOKYMEHTOB CHOBHS WCTOYHHKA C
4 IBHOTO CKHE JJaHHBIC HE | perJaMeHTHpYeTCs 1o Y s y4eToOM
HCTOYHHKA ceenensl B TH- | B npodmnsHoM CIT | obOopynoBanu ASTHHBIX KIIMMaTa,
TETIOTHI OPHUEHTHPOBAHH [10]. 0" p — TPYHTOB, BOJIBI U
YIO METOZIUKY. 6e3omacHOCTH. OCTYIHOCTH
! HCTORHIKO 3J§ICKT y(?aHe THU
B [15-18]. podHEp
N ISO 5149 HyxHa
Nmerores PazButsiii
3ajaeT OT/eJbHAs IlaBa
ob1ue 0710k
YactnaHo TpeOOBaHus | IO XJIaJareHTaM,
TpeOOBaHUsA, HO CTaHAApPTOB IO
BezomacHocTs, perynupyercs 0e301macHOC | TepMETUYHOCTH,
unetr TH- 0e30I1aCHOCTH,
5 XJIalareHTHl, pOoQHUIBHBIMHI U TH 1 BEHTHISALUH
CIEeIU(HKH TI0 TePMETHYHOCT .
TepMETHYHOCTh CMEXHBIMU OXpaHbI TTOMEIICHNH,
XTAHATCHTAM I JIOKYMEHTaMH nH OKPY Aol A3MEICHUIO
XOJIOIMIIBHBIM Y 9KCIUTyaTaluH pyx P
eif cpensr | obopymoBaHUA U
KOHTYpaMm. [12, 14].
[18]. CepBHUCY.
Hcneitaren
bHBIE
Crieyer BBECTH
Bonee monno | mpouenypsl
Enunas Nmerores MpOrpaMMy
OXBaYCHBI CTaHAAPTHU3
mpoueaypa OTZETbHBIC ITyCKOHAJIA/IKH,
[Ipuemka u UCIIBITAHUS, OBaHBI, HO
npuemku TH- MIPOEKTHBIE . NIPUEMKHU U
9KCIIIyaTaIoH 9KCIUTyaTalyst | MPOSKTHBINA
6 . CHCTEM H TpeOoBaHus, HO MOHHTOpPHHTA
HBIN " MOHUTOPHH
MOHHUTOpPHUHTA 9KCIUTyaTal[HOHHAS (hakTHUIECKOTO
MOHHUTOPHHT KOMIETEHTHOC | T 3a7aeTrcs N
MIEPBOTO CE30HA BepuduKanus SPF B niepBbIii
OTCYTCTBYET TpebyeT pa3BUTHUS Th nepeonana Ha OTOIUTENbHBIN
YICTBY peoyer p [12-14]. HAIHOHAIb
CE30H.
HOM
YPOBHe.
Bricokas: Cranpapt
Cpennss: EPBD u OIDKCH CTaTh
Beicokas: TH pex A
CHIIbHAS RED HHCTPYMEHTOM
CBs3b € yke BKIroueHbl | CpemHsist/BbICOKas:
TEXHHUYECKas 3a7al0T peannzanuu Mep
rOCyIapCTBEHH B aKThI 2025 peryiupoBaHue
. N 6a3a, HO JONTOCPOYH | CTUMYJIHUPOBAHU
7 | ol monuTHKON roja u CBSA3aHO C
MOJIUTHKA bI€ LIEH s, SKCIEPTU3BI
9Heproapext MEXaHHU3MBI 9HeprodpHeKTUBHO .
. 3aBUCHT OT JUISL 3AaHUIA MIPOCKTOB U
MBHOCTH CTUMYJIMPOBaHU CTBIO 3JJaHUH.
4[4, 5] HalMOHAIIbHBI u KOHTPOJIS
’ X MPOrpamM. OTOIUIEHMs | DHeprocOepexeH
[19, 22]. usl.

Tpumeuanue: cocmasneno asmopamu Ha OCHO8E AHANU3A HOPMAMUBHBIX OOKYMeHmog [1-22].
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IIpoOsieMHBIe 30HBI HALMOHAJIBHOIO peryJHpoBaHusi. Pe3ynbTaTel  CONOCTaBJICHUS
MOKa3bIBAIOT, YTO pa3BuTHe TH B Y30ekucTane clepKUBAeTCs HE TOJIBKO CTOMMOCTBIO 00OPYIOBAHHS
WIM OTPAaHWYEHHOW MPAKTUKON MOHTa)ka, HO U OTCYTCTBMEM HOPMATHBHOM ompeneneHHocTH. [leppas
npoOyieMHasi 30Ha CBA3aHA C HMCXOAHBIMH pPACUETHBIMH JAHHBIMH. J[s1 TpaJullMOHHOW CHCTEMBI
OTOIJIEHUSI JOCTAaTOYHO pACUETHOM HApyKHOW TEMIIepaTypbl, TEIIOTEXHHUUYECKUX XapaKTEPUCTHK
OTpaXKJICHUI W MmapaMeTpoB cucteMbl otoruieHus. s TH aTtoro HemocTarouHo: TpeOyeTcsl yIUThIBATh
TEMIEPAaTypHBI TMOTEHLMAT BO3/AyXa, T'PYHTa, TPYHTOBBIX W MOBEPXHOCTHBIX BOJ, JJIUTEIHLHOCTDH
NEPUOJIOB C HHU3KUMHM M BBICOKHMMH TEMIIEpaTypaMH, YCJIOBHS pPabdOThl B PEXHUME OXJIAXKICHUS,
BEPOSATHOCTH OOMEp3aHMsI HAPYKHBIX TEIUIOOOMEHHUKOB M JAOCTYMHOCTH JIEKTPOIHEPTHUH B MUKOBBIC
MIEPHOBI.

Bropas mnpobOnemHas 30Ha OTHOCHTCS K CE30HHOW J(PQPEeKTUBHOCTH. B mpakThdeckoit
JOKYMEHTAIMH YacTo Hucroib3yercs nacnoptHeiii COP obopynoBanus, 0lHAaKO OH OTpa)kaeT padoTy B
3aJJaHHO J1a0OpPaTOPHOM TOUKE U HE XapakTepusyeT (PpakTHuecKyro 3(h(HEeKTUBHOCTh CUCTEMBI B TEUCHHE
OTONUTENBHOr0 Ce30HA. J[Is1 MPOEKTHOM 3KCHEepTU3bl U IMOCIEAYIOEr0 MOHUTOPUHIA HEOOXOIUMbI
nokaszarenu SPF u SCOP, yunTsiBaromnye 4acTHUHbIC HATPY3KU, ©3MEHEHHE TEMIIEPAaTyphbl UCTOYHUKA
MOTPEOUTENS TEIJIOTHI, PadOTy IHMPKYISIIIMOHHBIX HACOCOB, aBTOMATHKH, PE3EPBHOTO HCTOYHHKA H
peKHUMBI OTTaWBaHUS. be3 3akpemieHus Takoro IMOAXOJa OJWH W TOT e OOBEKT MOXKET OBITh
Mpe/ICTaBJICH Kak dHeprod(peKTHUBHBIA B pacderax, HO paboTaTh ¢ HU3KOH (pakTHUecKoil oTmayeil B
3KCIUTyaTaliu.

Tperbss mpoOiieMHasi 30Ha CBsi3aHa C pe3epBUpoBaHUEM. [l KWIBIX 3JaHUI pe3epBHBIN
HMCTOYHUK MOKET paccMaTpUBATBhCS KaK 3KOHOMHYECKAs M SKCIUTyaTallMOHHAs OMLMSA, HO JJIS IIKOJ,
MEIUIMHCKUX YUYPEXKIECHUH, JETCKUX CaJ0B U JPYTrUX COLHUAIbHBIX OOBEKTOB HAJEKHOCTh
TEIUIOCHA0XKEHUs ABIISIETCS 00s13aTeNIbHBIM KpuTepueM. HannoHanpHbIA CTaHAApT JOJKEH HE TOJBKO
MpU3HaBaTh OMBAJICHTHBIE U TMOPUIHBIE CXEMBI, HO U YKa3bIBaTh, B KAKUX CIIydasX pe3epB 00s3aTeseH,
KaK OIpenessieTcs TOYKa OWBAJICHTHOCTH, Kakue TpeOOBaHHS MPEABABISIOTCS K aBTOMATHYECKOMY
MEPEeKITIOUYCHUI0 W KakuM 00pa3oM YYHMTHIBAeTCS IO Terja, BbIpabaThiBaeMasi pPe3epBHBIM
HMCTOYHUKOM.

YerBepTas mpoOiemMHasi 30Ha KacaeTcsi 0€30MacHOCTH XOJOIMILHOTO KOHTYpa M XJIQAareHTOB.
TH siBnsieTcst HE TOJIBKO TEMJIOT€HEPaTOPOM, HO U XOJIOAMIbHONW MalnHOU. [loaToOMy nmpoektupoBanue
JOJDKHO  YYUTBIBaTh TE€PMETUYHOCTb, JIOMYCTUMBbIE KOHIEHTpAlMM XJIAJareHTa, BEHTUISLHIO
MOMEIIeHUH, TpeOOBaHUS K  pa3MEIIEHUI0 O0OpyAOBaHMSA, JOCTYH Ul  OOCIY)KHBaHUS,
AJIEKTPOOE30NacHOCTh, IIyM M BHOpamuio. B OTCyTCTBHE cnenuanu3upoOBaHHBIX HOPM 3TH BOIPOCHI
MOTYT OBITh TEPEHECEeHbl B TMPOEKT W3 HWHCTPYKUMH TMPOU3BOAUTENSA, HO Takas MpAKTUKA HE
o0ecrnevnBaeT €IMHOTO YPOBHA TPeOOBaHMIA U 3aTPYyAHSIET IPOBEPKY MPOCKTHOMN TOKyMEHTAIUH.

[TsTas mpobreMHasi 30Ha OTHOCUTCS K IPUEMKE U dKCIuTyaTanuu. J{axxe KOppeKTHO Mo 100paHHbII
TH moxet He obecrneuuTh pacyeTHON A(PGEKTUBHOCTH NMPU HEMPABUIBLHOW HACTPONKE aBTOMATHKH,
HEJOCTaTOYHOM  pacxojAe  TEIJIOHOCHTENsS, HEBEPHOM  TemmepaType  MOJauyd, HapyLIEHHH
THJPABIMYECKON CXEMbl WJIM OTCYTCTBUH KOHTPOJS pexuMoB. IlosTomMy Oynmymuii crangapT AOIDKEeH
IpelycMaTpuBaTh HE TOJIBKO TIPOEKTUPOBAHUE, HO M IIyCKOHAJAAKy, IHEPEYeHb HN3MEPSIEMbIX
MapamMeTpoB, NPOTOKON MPUEMKHM M MHUHHMAJIbHBII MOHHUTOPUHI IEPBOrO OTONMTEIBHOIO CE30HA.
Nmenno »ToT »sTam mpeBpamaer ¢GopManbHOe Hanmuyue 3HEProddGeKTHBHOTO 00OpYHOBaHUS B
MOATBEPKIAEMbIIl SJHEPTEeTUUECKUI pe3yIbTaT.

[ecras npobieMHas 30Ha CBsi3aHa C KBaJdH(pUKaluell yyacTHUKOB peIHKa. TH-cuctemsl TpedyroT
MEXIUCUUIUIMHAPHONH TIOJArOTOBKHM: TEIUIOTEXHUKA 3/1aHUs, XOJIOIWJIbHAs TEXHHKA, THIPABIIMKA,
aBTOMAaTHKa, AeKTpocHadkenne, BUD n skcrutyaTanmonusii aHamms. [1oaToMy B cTaHmapTe TOJKHBI
OBITh yKa3aHbl TpeOOBaHMA K JIOKYMEHTAIlMH, CEPBUCHOMY OOCTY)XKHBAaHUIO M KOMIETEHTHOCTH
nepcoHana. B MpOTUBHOM ciydae OBICTPBI POCT pPHIHKA MOXKET COIMPOBOXKIATHCS YCTAHOBKOM
o0opynoBanusi 0e3 JOJKHOM HACTPOWKM, YTO CHHM3HMT JOBEpHUE K TEXHOJOTMHM M K MeXaHH3MaM
roCy1apCTBEHHOM MOAEPKKH.

IpuHOMOBI aganTaMy  MEKAYHAPOAHBIX TpPeOOBaHMI K YCJOBHAM Y30eKHCTaHA.
HanumonanbHblif cTaHAapT HE MAOKEH OBITH MPOCTOM KOMIMJISIMEH 3apyOeKHBIX JOKYMEHTOB.
KnumaTtnueckue, sHepreTuueckie 1 MHCTUTYLIMOHAJIbHBIE YCIOBHUs Y30€KucTaHa TpeOyIOT alanTaliy.
Bo-nepBbiX, HEOOXOAMMO YUUTHIBATh COYETAHUE OTOMMUTEIHLHOIO U OXJIAXKJAIOUIEro pexXuMoB. B psae
PETHOHOB CTpaHbl MOTPEOHOCTh B OXJIAXKIIEHUH JIETOM MOXKET OBITh COMOCTaBMMA IO 3HAYMMOCTH C
MOTPEOHOCTHIO B OTOIUIEHUH 3uMOi. CriegoBarenbHo, TH-cucTeMBI ciemyeT paccMaTpuBaTh HE TOJIBKO
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KaK UCTOYHMK TEIUIa, HO M KaK 3JIEMEHT KPYIJIOTrOJUYHON CUCTEMBI TEIJIOXJIaJ0CHA0KEHHUS, I/1€ BasKHBI
kak SCOP, Tak u mokasarenu ce30HHOU AP (HEKTUBHOCTH OXJIKICHUS.

Bo-BTOpBIX, HallMOHAIBHBIN CTaHAAPT AOJDKEH YYMTBHIBATh PA3NIMYUS MEXAY pernoHamu. s
@®epranckoil nonussl, TamkeHta, byxapsl, Hykyca, TOpHbIX M NpearopHbIX pallOHOB HCXOAHbBIE
KJIMMAaTHYECKUE YCIIOBUA, MOTEHLUHMAJ] TPyHTAa W BOJbI, JOCTYIHOCTb CETEBOM JJIEKTPOIHEPIUU H
CTPYKTypa TEIUIOBOW Harpy3ku otriaudarorcs. I[loaToMy enuHas MeToguKa JOJDKHA JIOIyCKaTh
peruoHalIbHbIe MPHJIOKEHUSI WIA PAcYETHBIE TAaOIMIIBI, B KOTOPHIX OYIyT NpUBEICHBI HEOOXOAMMbIE
napaMeTpsl A7 BBIOOpa BO3LYIIHBIX, TPYHTOBBIX, BOASHBIX U rHOpuanbx TH.

B-Tperbux, cieayer yuumThiBaTh coctostHue 3manumii. TH Hambomnee >peKTUBHBI B 3MaHUSAX C
HHU3KOW TEIJIOBOW HArpy3kod M HU3KOTEMIIEPATYPHBIMH CHCTEMaMHU OTOILUICHHS. B cylecTByromem
¢doHze, r1e orpaXxaaone KOHCTPYKIIMU U CUCTEMBI OTOIIJICHUSI YaCTO PACCUYMTAHBI HA O0Jiee BHICOKYIO
TeMIepaTypy TemioHocuTens, npuMenenue TH 6e3 mpeaBapuTeabHOro CHUKEHHSI TEIIONOTEPh MOXKET
MPUBECTH K HU3KOW 3¢ ¢ekTuBHOCTH. [loaToMy cTaHmapT JODKEH OBITh CBSi3aH € TpeOOBaHUAMHU IO
TEIUIOBOM 3allUTe M HHEPronoTpeONCHUIO 3/aHus, a TaKkkKe IMpeaycMaTpuBaTh HEOOXOIUMOCTh
SHEPreTHYECKOT0 00CIeA0BaHUS IPU PEKOHCTPYKIIUH.

B-4eTBepThIX, A COIMABHBIX 00BEKTOB I1eJeco00pa3HO BBOAUTH 0oJiee CTpOrue TpeOOBaHUS K
HaJIeXXHOCTH U MOHUTOpUHTY. IIIKOJNBI, OeTCKkHe calbl U MEAMIMHCKUE YUPEKACHUS SBISIOTCS
oOBeKTamMu, Tne mepedon B TEIUIOCHAOKEHHH HEeNOMyCTUMBL. [loaToMy MMEHHO s HUX Oymymiuit
CTaHIApT MOXKET IpeayCMaTpUBaTh O00s3aTeIbHOE pE3ePBUPOBAHME, AUCTAHLIMOHHBIA KOHTPOJIb
MapaMeTpoB, MPOTOKOJ CE30HHON MPOBEPKHM M TPeOOBaHUS K CEPBUCHOMY OOCIyKuMBaHUIO. Takoii
MO/IXOJI TTO3BOJIUT UCIOJIb30BAaTh FOCYAAPCTBEHHBIE MUJIOTHBIE MPOEKTHI HE TOJIBKO KaK JAEMOHCTPALIUIO
000py/10BaHUs, HO M KaK UCTOYHUK JAHHBIX JUISl MOCJIEAYIONIEH anpoOauu cTaHaapTa.

B-nsAThIX, HOPMATUB JOJKEH OBbITh TMOHSATEH HE TOJBKO pa3paboTyMKaM CTaHAAPTOB, HO U
MPAKTUYECKUM YYaCTHMKAM pBbIHKA. V30BITOYHO CIIOXKHBIM JOKYMEHT MOXKET OCTaThCsl OyMaKHOM
HOpPMOHM, a CIMIIKOM OOIMH - He pemuTh HpolieMbl HpoekTHpoBaHus. llosTomMy onTHManbHOM
SIBIIIETCS. MOJAYJIbHAS CTPYKTypa: oOs3arenbHbIe TpeOOBaHUS, PACUCTHHIC MPHIIOKEHUS, CIPABOYHBIC
KIIMMaTHYeCKUE JAaHHbBIC, THUIIOBBIE CXEMBl TOJKIIOYCHHS, (OPMBI MPOTOKOJIOB MPHEMKH U
PEKOMEHIallMi 0 MOHMTOPHUHTY. Takas CTpPYKTypa IO3BOJUT pa3BUBaTh CTAHAAPT IOCTENEHHO,
JIOTIOJIHAS €r0 IO Mepe HAKOIUIEHUSI HAaIlMOHAIBHOT'O OIbITa KcIutyaTanuu TH.

OOcy:kaeHue pe3yJbTaTOB. Marpuia NOKa3blBaeT, YTO OCHOBHOH MpoOesn HalMOHAIbHON
HOPMAaTUBHOM ©a3bl COCTOUT HE B IIOJHOM OTCYTCTBUU JIOKYMEHTOB I10 TEIUIOCHAOXKEHHUIO WM
9HeprodPpPeKTUBHOCTH, a B OTCYTCTBUHU CIENHATM3UPOBAHHONH HOpMAaTWBHOW cOOpku Bokpyr TH.
V36ekucran umeer obHoBIsIeMyto 6a3y mo OBK, sHeprosarparam u TETIOTEXHHKE 3/1aHUHN, a TaKKe
MOJIUTUYECKUE PELICHUs], TPSIMO CTUMYJIMPYIOUIUE allbTEpHATUBHBIE CUCTEMbI oTomieHusa. Ho mexnay
STUMH 3JIEMEHTaMU OTCYTCTBYET TEXHHUYECKHH MOCT: €IMHas METOJAWKa, KOTOpas IO3BOJIWIA OBl
MPOEKTUPOBILKUKAM, IKCIIEpTaM M 3aKa3uMKaM OJMHAKOBO NMOHMMAaTh, Kakoi mpoekTt ¢ TH siBnsercs
KOPPEKTHBIM, 0€30TacHBIM 1 SHEProd(H(HEKTHBHBIM.

VIMeHHO HaJIM4KMe TaKOTO MOCTA OIpEeNseT MPAKTUIECKYI0 IIEHHOCTh OyayIero cragaapra. Jis
MIPOEKTHPOBIIMKA CTAaHAAPT JODKEH 00EeCTIeUnTh MePeYeHb UCXOIHBIX TAHHBIX, KPUTEPUHU BHIOOpa THIA
TH, anroput™ pacyera TEIUIOBOW HATPY3KH M CE30HHOU 3((EKTUBHOCTH, MIPABHIIA PE3CPBUPOBAHUS U
TpeOoBaHMs K aBTOMaTtuke. [Jis OpraHoB SKCHEPTU3bl OH JOJDKEH CTaThb MHCTPYMEHTOM IPOBEPKH
MPOEKTHBIX pemeHuid. s 3aka3umka - CIocoOOM CpaBHEHHS BapHAHTOB M OLICHKH OXKHJIaeMOM
SKOHOMHUHU 3Hepruu. [is rocynapctBa - MEXaHH3MOM CBSI3M MEXAY MEpaMu CTHUMYJUPOBAHUS U
(aKkTUYECKH TOATBEPKAAEMBIM pe3ylbTaToM 3HeprocOepexxkeHus. s pbeiHKa o0oOpynoBaHHs -
OCHOBAHHUEM JUIs TPeOOBaHUN K Ka4eCTBY, HCIIBITAHUSIM U CEPBUCY.

Hayuno-npakTuyeckass auHUS OyIyIIero HaIMOHAJBHOTO CTAaHAApTa JOJDKHA CTPOMUTHCS HE Ha
MEXaHUYECKOM TIEPEBOJE OHOTO 3apyOEKHOro JOKYMEHTA, a Ha aJanTallid CHUCTeMbl TpeOOBaHUH K
ycioBusAM Y30ekuctana. Bozaymasie TH MOryT OBITH IEPCIIEKTHBHEI JIJIST YaCTH PETHOHOB U OOBEKTOB,
HO TpeOyIOT ydeTa HHU3KHX 3HMHHX TEMIIEpaTyp, BBICOKHX JIETHHX TEMIIeparyp, pexuma
pa3MopaKuBaHMs, 1IyMa U HAJAEKHOCTU 3JeKTpocHaOxeHus. I'pyHToBble W BOoAsHble TH obnmamaroT
0osee cTaOMJIBHBIMU PEKHMMaMH, HO TPeOYIOT T'MIPOre0JOrHuyeckoil MHpopmauuu, npaBuwil OypeHus,
OLICHKH BJIMSIHUS HA TPYHTOBBIE BOABI U KBAIU(UIMPOBAHHOTO OOCTyKHBaHMs. | MOpUAHBIE CXEMBI C
pe3epBHBIM MCTOUHHUKOM MOTYT ObITh OCOOCHHO BaXKHbI Ul COLMAIbHBIX OOBEKTOB, I'Nl€ HAIEKHOCTD
TEIUIOCHA0KEHUS BBIIIIE SKOHOMHYECKON ONTHMH3AIIHH.
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Heo0xomumMo OTMETUTH, UYTO TpH pa3paboTKe HAIMOHAIBHOTO CTaHJAapTa Ieecoo0pa3Ho
WCIOJb30BaTh MHOTOYPOBHEBYIO MoJenb. llepBblii  ypoBeHb JIODKEH (DUKCHPOBATH OOJIACTD
NPUMEHEHHUs, TEPMHUHBI, KJIACCH(PUKALMIO CHCTEM W HOPMATHBHBIE CCBHUIKH. BTOpoil ypoBeHb -
pacuetHbie TpeOOBaHMs: TeruioBas Harpys3ka, BeiOop tuma TH, pacuer SCOP/SPF, ouenka moinu
BO300HOBJISIEMOM TEIUIOTHI, TPEOOBAHMUS K PE3EPBUPOBAHUIO U IKOHOMUYECKOMY 000cHOBaHMIO. TpeTnii
YPOBEHbB - 0€30MaCHOCTh: XJIaIar€HThl, T€PMETUYHOCTD, JEKTPOOE30MaCHOCTh, BEHTUIIALINS MAaITMHHBIX
MOMEILEHUH, IIyM, BUOpaIisi, CAHUTApHBIE U MOXKApHBIE OrpaHUYeHUs. YeTBepThIi ypOBEHbD - MIPHEMKaA
U SKCIUTyaTalMsl: MyCKOHAJIAJKa, MPOBEPKA PEKUMOB, MOHUTOPUHI IMEPBOIO OTOIMUTEIIBHOIO CE30HA,
CepBUC M KBaNU(UKAIM epcoHana. Takoi MoIxo/ MO3BOJIUT CAENaTh CTaHAAPT HE ACKIapaTHBHBIM, a
HEIMOCPEACTBEHHO PUMEHUMBIM B IIPOEKTHOW MIPAKTHKE.

Hacrosiiee nccneoBanust He CTaBUT 3a/1a4y J1aTh MTOJIHBINA TEKCT OyayIIero craHiapra, ee 3aaada
- JI0Ka3aTb HEOOXOJUMOCTh TaKOTrO JOKYMEHTa M ONpPECIUTh HOPMATUBHBIE MPOOEIbl, KOTOPhIE OH
JOJDKEH 3aKpbiTh. BTopas wyacTh HccleoBaHUS JOJDKHA ObITh TOCBSILEHA METOJUYECKUM H
TEXHUYECKUM TPeOOBaHUSAM K CTAaHAAPTY, BKIIKOYAs paCUE€THYIO cXeMy JUId 00beKTa COLMaIbHOM Chepsl,
nepeyeHb HeOOXOIMMBIX UCXOIHBIX JAHHBIX U CTPYKTYPY pa3AesoB OyayIlero J0KyMeHTa.

Hayunasi HOBH3HA M MPaKTHYeCKasi IPUMEHUMOCTb Pe3yJbTaToOB. Pe3ybTaThl KpUTHIECKOTO
aHajmM3a [0 4YacTH, KacaBIIecs MCCIeOBaHUS 3aKJII0YaeTcss B TOM, 4YTO HEOOXOIUMOCTb
HaIMOHAJIBHOTO cTaHAapTa /i cucteM ¢ TH paccmarpuBaercst He Kak o0liee MmoKesiaHue 110 pa3BUTHIO
WHHOBAIIMOHHBIX TEXHOJIOTWH, a KakK CJEICTBHE BBIIBICHHOTO HOPMAaTHBHOTO pa3pbiBa MEXIY
TrOCYy/IapCTBCHHON TOJMTUKONW JHEProdPGEKTUBHOCTH W (PAKTUYECKOW TPOCKTHOW NpPAKTHKOW. B
CYLIECTBYIOLLEH CHCTEME YK€ MPUCYTCTBYIOT NOKyMeHThl o OBK, TemoTexHuke, 3Heprozarparam u
MIACCUBHBIM 3[JaHUSIM, HO OHHM He 00pa3yloT €IuHOH peryistopHoii nenouku it TH. CregoBaTtensHo,
HayyHas 3ajjaya COCTOMT B CUCTEMATHU3allMU 3THX Pa3pO3HEHHBIX TPEOOBAHUHN M ONPECIICHUU TPAHMII
Oyayuiero crneunaiu3upoBaHHOIO JOKYMEHTA.

[IpakTHyeckas MPUMEHUMOCTh PE3YJIbTATOB MPOSBISETCS B TOM, YTO MPEIOKEHHAsT MaTpuia
HOPMAaTUBHBIX MPOOETOB MOKET OBITh HMCIOJB30BaHA KaK MCXOJHBIM MHCTPYMEHT Ui TEXHUYECKOTO
3aJjaHus Ha pa3paboTKy cranaapra. OHa MO3BOJISET 3apaHee ONPEIeNINTh, KAKHE Pa3/ielibl JOKHBI OBITh
00s13aTeTbHBIMU, KaKUe TOKYMEHTHI CJIeIyeT MPUHATh KaK HOPMAaTUBHBIC CCBUIKH, a KaKHe MOJIOKEHUS
TpeOyIOT HallMOHAIBbHOHN ananTtanuu. /i opraHoB cTaHAApTU3alUU Takas MaTpuLa CIIy>)KUT KapTou
Oyayliero JOKyMEHTa, Uil MPOEKTHBIX OpraHM3alMii - MepeyHeM OXKUAAEMbIX TpeOOBaHWM, I
Hay4yHOTr'0 COOOIIECTBA - OCHOBOM JJIs JAJIbHEHIINX PACUETHBIX U SKCIIEPUMEHTAIbHBIX UCCIIEIOBAaHUM.

OTaenpHO cllelyeT OTMETUTh, YTO HallMOHAJIBbHBIN cTanaapT no TH MoxkeT ctaTb HHCTPYMEHTOM
CHIDKCHUSI PHUCKOB TIPH HCIOJB30BAHUU OIOUKETHBIX M CTUMYJHUPYIOIIUX MeXaHu3MoB. Ecmu
rOCy/IapCTBO KOMIIEHCUPYET YacTh CTOMMOCTH O00OPYIOBaHMS WM TMOIEPKUBAET MUIOTHBIE POEKTHI,
HEOOXOMMO HMMETh KpPUTEPUHU, MO KOTOPHIM OILIEHWBAETCS HE TOJBKO (akT ycraHoBku TH, HO u
KayeCTBO MPOEKTHPOBaHUs, Oe3zomacHocTh, oxumaeMmbiii SPF/SCOP u moarBepikmaemas 3KOHOMHS
9HEepru. be3 Takoro WHCTpPyMEHTa CYIIECTBYET PHCK (hopMambHOro BHEApeHUs o0opynoBaHus 0e3
JOCTHKCHHS pacdeTHOro ¢ deKra.

Taxum 00pa3om, HOpMaTHBHOE 00OCHOBAHUE CTAH/IAPTA UMEET HE TOJIBKO HAYYHO-METOMUECKOE,
HO U 3KOHOMHYECKoe 3HadeHue. Exunpie TpeOoBaHMS MO3BOJSIOT YMEHBIIUTh HEONPEIEIEHHOCTh JUIS
pBIHKA, TIOBBICUTH KayeCTBO IPOEKTHOM SKCIEPTH3bl, OOECIEYUTh COMOCTAaBUMOCTh TEXHHUUECKHUX
pelieHuit U co3aaTh 6a3y UIsi MOHUTOPUHTA HAIMOHAJIBHBIX MTporpaMM sHeprodddextuBHocTH. B 3TOM
cMbIcie pa3paboTka cTaHmapta no cucremam ¢ TH sBisercs He JOKaIbHONW MHKEHEPHOW 3ajaueH, a
4acThio 0oJiee HIMPOKOM CTpaTerud MOJCPHU3ALUU TEIJIOCHAOKEHUS M MOBBILICHHUS YHEPreTHYECKOM
YCTOHYHMBOCTH 37aHUN B Y30CKUCTaHE.

3axmouenue. [IpoBeeHHBIN aHATIN3 T03BOJISIET C(HOPMYIHPOBATH CIIETYIONINE BHIBOIBI:

1. B V306ekucrane B 2024-2025 romax cdopMupoBazach HOBas HOPMATHBHO-TIOJIMTHYECKAS
cpeaa, B KOTOPOH MOBBIMIEHHE 3HEprodPp(eKTUBHOCTH 37aHUN, MOAEPHH3ALMUS TEIUIOCHAOKEHUS U
NIPUMEHEHNE aJbTEPHATHBHBIX CHCTEM OTOIUIEHHMs, BKioudas TH, craHOBATCS HE 4YacTHOM
WHUIMATUBOM, a HaIIPaBJIEHUEM rOCyAapCTBEHHON NOIUTHKH [1, 4, 5].

2. JleiicTByromue HauuoHaimbHble JOoKyMeHThl 1o OBK, »sHeprozarpatam, CTpOMTENbHOM
TEIUIOTEXHUKE W NAcCUBHBIM 3JIaHUSIM  CO3/al0T HeoOxoaumyro 0a3y, HO HE 3aMEHSIOT
CHelHaTu3UpOBaHHbI cTangapt it cucteM ¢ TH. Ux monoskeHust HOCAT parMeHTapHBIA XapakTep
NIPUMEHHUTEIBHO K TPOEKTUPOBAHUIO, CE30HHOW 3(ddexkTuBHOCTH, O€30MaCHOCTH, TNPUEMKE |
skcmtyataiuu TH-cucrewm [2, 3, 6, 7].
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3. Poccwiickas, Oemopycckasi, €BpONEHCKas ¥ MEXAyHapoJHAas HOPMAaTHUBHAs TPAaKTHKA
MOJATBEpKIaeT, 4YTo perynupoBanne TH [OOMKHO CTpPOUTBCS KaK CHCTEMA B3aWMOCBS3aHHBIX
TpeOOBaHUIt: MPOEKTHBIX, PACUETHBIX, UCTIBITATEIIbHBIX, SKCIUTYaTaAllHOHHBIX U 0€30MacHOCTHBIX [8-16].
Hanbonee mome3nsiM njisi Y30ekucTaHa SBISIETCS HE KOMMPOBAHUE OTIACIBHOTO JOKYMEHTa, a
azanTanusl KOMIJIEKCHOH HOPMaTUBHON MOJIEIH.

4. KiroueBble HOpMAaTHBHBIC NpoOeNbl Uil Y30eKHuCTaHa BKJIIOYAIOT OTCYTCTBHE €JIMHOMN
knaccupukamun  TH-cucrem, wmerommkm  pacueta SCOP/SPF,  tpebGoBanuii K  BBIOOPY
HU3KOITOTCHIINAIHHOTO MCTOYHHKA TEIUIOTHI, TIPaBHII PE3EPBUPOBAHMS, TPEOOBAHUN K XJIaJareHTaM U
TEPMETHYHOCTH, a TAK)KE IIPOLIENYP IIPUEMKHA 1 MOHUTOPHHTA IIEPBOI'0 OTOIIUTEIIBFHOIO CE30HA.

5. Pa3paboTka HaIMOHAJIBHOTO CTaHmapTa Uit cucteM ¢ TH siBisieTcs HaydHO 0OOCHOBaHHOW M
MPAKTUYECKH HEOOXOAMMON MEpOW, KOTOpPBI JODKeH OOeCHeunTh eIuHBbIe TpaBujia IS
MPOCKTUPOBIIUKOB, JKCIEPTU3BI, 3aKa3UYHUKOB, MPOU3BOAUTENCH 00OpPYJOBaHUS W OpraHU3alNUN
SKCIUTyaTaluu.
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Annotatsiya. Magqolada suyuqlik sathini o‘lchash va boshqarish jarayonini avtomatlashtirish
masalalari zamonaviy mikroprotsessorli texnologiyalar asosida ko ‘rib chigilgan. Tizimning asosiy elementi
sifatida PLC 160 220 P M dasturlashtiriladigan mantigiy kontroller va suyuqlik sathini FEL 31 turidagi
vibronik sath datchigidan foydalanilgani. Datchikdan keladigan diskret signal CI1310 operator paneli orqali
vizual nazorat gilingan va relelar yordamida ijro mexanizmlari boshgarilgan. Boshgaruv algoritmi CFC
(Continuous Function Chart) dasturlash tili asosida ishlab chigilgan bo ‘lib, u nasosning avtomatik ravishda
vogqilishi va o ‘chirilishi ta’minlangan. Taklif etilgan avtomatlashtirilgan tizim sanoat korxonalarida energiya
samaradorligini oshirish, inson omilini kamaytirish va boshqaruvning ishonchliligini ta’minlash imkonini
bergan.

Tayanch so“zlar: PLC 160 220 P M, FEL 31, suyuglik sathi, avtomatlashtirish, CFC dasturlash tili,
CI1310, rele, nasos, vibronik sath datchigi.

AnHOmauus. B cmamve paccmompeHvl 0ORPOCHL  AGMOMAMU3AYUU NPOYECCd USMepeHUus U
YAPABNeHUus YPosHeM HCUOKOCNU HA OCHOBE COBPEMEHMbIX MUKPONPOYECCOPHLIX mexHono2ul. B kayecmee
OCHOBHO20 3JIeMEHMA CUCNEeMbl UCNOIb308AH NPOcpaMMupyemslil jocuyeckuii konmponnep PLC 160 220 P
M, a ona usmeperus yposHs dcuokocmu — eubporudeckuli damuuk ypoeus muna FEL 31. Juckpemuubiil
CUcHAL, NOCMYRAWUL C 0amyuKd, 8U3YAIbHO KOHMpOIupyemcs yepes onepamopckyio navenv CII310, a
UCNOTHUMENbHbIE MEeXAHUIMbL YAPABIAIOMCA C NOMOWbIO peie. Ancopumm ynpaeieHus paspaboman Ha
sazvike npoepammuposanus CFC (Continuous Function Chart), umo obecneuugaem asmomamuieckoe
8KIIIOYEHUe U OMKIIoUeHUue Hacoca. 1IpednosceHnas agmomamusupo8annas cucmema no3eo.iaem noGblCUums
9HEp203pheKmusHOCmb, CHUSUMb GIUAHUE HYeN08eyecKko2o akmopa u obecnedums HAOEHCHOCHb
VAPAGLeHUs HA NPOMBIULIEHHbIX NPEONPUSMUSIX.

Knwuesvie cnosa: PLC 160 220 P M, FEL 31, ypogenv dtcuoxkocmu, agmomMamusayus, A3ulK
npoepammuposanuss CFC, CI1310, pene, nacoc, ubpoHuueckuti 0amyux ypoeHs.

Abstract. The article discusses the issues of automating the process of liquid level measurement and
control based on modern microprocessor technologies. A PLC 160 220 P M programmable logic controller
is used as the main element of the system, while a FEL 31 vibronic level sensor is applied for measuring the
liquid level. The discrete signal received from the sensor is visually monitored via the C77310 operator
panel, and actuators are controlled using relays. The control algorithm is developed in the CFC (Continuous
Function Chart) programming language, ensuring automatic switching on and off of the pump. The
proposed automated system makes it possible to increase energy efficiency, reduce the human factor, and
ensure reliable control at industrial enterprises.

Keywords: PLC 160 220 P M, FEL 31, liquid level, automation, CFC programming language,
CI1310, relay, pump, vibronic level sensor.

1. Kirish. Sanoat korxonalarida texnologik jarayonlarni avtomatlashtirish, ishlab
chigarish samaradorligini oshirish, energiya resurslaridan ogilona foydalanish hamda texnik
xavfsizlikni ta’minlashning muhim omillaridan biri hisoblanadi. Ragamli texnologiyalar va
mikroprotsessorli boshqgaruv tizimlarining jadal rivojlanishi natijasida ishlab chigarish jarayonlarini
anig nazorat gilish va boshgarish imkoniyatlari sezilarli darajada kengaydi. Aynigsa, yopiq
rezervuarlarda saqlanadigan suyugqliklarning (suv, suyuq yoqilg‘i, suyultrilgan gaz) sathini uzluksiz
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monitoring gilish va boshqarish kimyo, neft-gaz, ozig-ovqat, farmatsevtika hamda suv ta’minoti
tizimlarida muhim ahamiyat kasb etadi.

Suyuglik sathining nazoratsiz qolishi salbiy ogibatlarga olib kelishi mumkin. Jumladan,
rezervuarning ortiqcha to‘lishi atrof-muhit ifloslanishiga, texnologik uskunalarning ishdan
chiqishiga va iqtisodiy zararlarning yuzaga kelishiga sabab bo‘ladi. Shuningdek, sathning haddan
tashgari pasayishi nasoslarning “quruq ishlashi”ga olib kelib, ularning xizmat muddatini qisqartiradi
va qo‘shimcha texnik xarajatlarni keltirib chiqaradi. Shu sababli, suyuqlik sathini ishonchli va aniq
nazorat qiluvchi avtomatlashtirilgan boshgaruv tizimlarini yaratish dolzarb ilmiy va amaliy
masalalardan biri hisoblanadi [1,2].

Mazkur magolada yopiq tank ichidagi suyuqglik sathini avtomatik nazorat qilish va
boshqarish tizimi taklif etiladi. Tizimning asosiy elementi sifatida zamonaviy PLC 160
dasturlashtiriladigan mantiqiy kontrolleri bo‘lib, u yuqori ishonchlilik, moslashuvchanlik va sanoat
sharoitida barqgaror ishlash xususiyatlariga ega. Suyuglik sathini aniglash uchun Germaniyada ishlab
chigarilgan uchta FEL 31 vibronik sath datchiklaridan foydalanilgan. Ushbu datchiklar tebranish
prinsipi asosida ishlaydi va suyuqlikning fizik xossalariga kam bog‘ligligi sababli yuqori aniqglik
hamda ishonchlilikni ta’minlaydi. Datchiklar rezervuarda mos ravishda minimal (20 %), normal (50
%) va maksimal (80 %) sath giymatlarini nazorat giladi [3].

Har bir datchik suyuglikni sezganida rele orgali PLC ga ragamli signal uzatadi. PLC ushbu
signallarni gabul gilib, CFC (Continuous Function Chart) dasturlash tili asosida ishlab chigilgan
boshgaruv algoritmi yordamida ijro mexanizmlarini boshgaradi. Tizimda relelar nasos va pastki
Klapinni boshgarish uchun interfeys vazifasini bajaradi. Bundan tashqgari, operator uchun jarayonni
vizual kuzatish va boshqarish imkoniyatini yaratish magsadida operator panelidan foydalanilgan
[4,5].

2. Tadgiqgot usuli. Mazkur tadqiqot ishida suyuqlik sarfini o‘lchash va boshqarish tizimini
avtomatlashtirish uchun kompleks yondashuv qo‘llaniladi. Tadqiqot metodologiyasi tizimni
loyihalash, dasturlash, sinovdan o‘tkazish va natijalarni tahlil qilish bosqichlarini 0‘z ichiga oladi.

Tadgigotning birinchi bosgichida tizimning umumiy struktura sxemasi ishlab chigiladi. Bu
bosgichda tizimning asosiy komponentlari TUF-2000B sarf o‘lchagichi, PLC 160-220 P M
kontrolleri, operator paneli va ijro mexanizmlari o‘rtasidagi funksional bog‘lanishlar
aniglashtiriladi.

Ikkinchi bosqichda oflchash jarayoni tashkil etiladi. TUF-2000B qurilmasi quvurga
o‘rnatilib, suyuqlik sarfi real vaqt rejimida o‘lchanadi. O‘lchangan qiymatlar analog signal
ko‘rinishida PLC kontrolleriga uzatiladi. Ushbu signalni gabul gilish va gayta ishlash uchun PLC
ning analog kirish modullari sozlanadi.

Uchinchi bosgichda boshgaruv algoritmi ishlab chigiladi. Algoritm CFC dasturlash muhitida
yaratilib, unda kiruvchi signalni masshtablash, chegaraviy giymatlar bilan taggoslash, mantigiy
garor gabul gilish, chigish signallarini shakllantirish funksiyalar amalga oshiriladi. Minimal va
maksimal sarf qiymatlari eksperimental ravishda tanlanadi va tizimning optimal ishlash rejimiga

moslashtiriladi.
Yoqishﬂ
Analog displey
ol i | m

NII!II CM 310 operator paneli

1-rasm. CII310 displey panelning ko’rinishi.

116 Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.crei.Boimyck Ne 6)



SHEPI'ETUKA, JIEKTPOTEXHHUKA

To‘rtinchi bosqichda inson-mashina interfeysi tashkil etiladi. CII310 operator panelida
vizual oynalar yaratilib, unda sarf giymati, tizim holati va boshgaruv parametrlarini aks ettirish
yo‘lga qo‘yiladi. Operator uchun qulay boshgaruv elementlari ishlab chigiladi.

So‘ngi bosqichda tizim amaliy sinovdan o‘tkaziladi. Sinov jarayonida turli ish rejimlarida
tizimning ishlash bargarorligi, anigligi va tezkorligi baholanadi. Olingan natijalar tahlil gilinib,
tizimning samaradorligi va ishonchliligi aniglashtiriladi. Tadgiqot davomida tajriba, kuzatish,
taggoslash va tahlil usullaridan foydalaniladi. Ushbu metodlar yordamida tizimning ishlash
xususiyatlari chuqur o‘rganiladi va uning sanoat sharoitida qo‘llash imkoniyatlari asoslab beriladi.

3. Eksperiment tadgiqotlar va uning natijalari. Avtomatlashtirilgan tizim: FEL 31
vibronik sath datchigi, PLC 160 220 P M kontrolleri, relelar, nasos, pastki klapin va CII310
operator panelidan tashkil topgan. Ushbu elementlari o‘zaro bog‘lanish tizimning barqaror va
ishonchli ishlashini ta’minlaydi.

Datchiklardan keladigan diskret signallar PLCning ragamli kirishlariga uzatiladi. PLC ushbu
signallarni gayta ishlab, relelar orgali ijro mexanizmlariga boshgaruv signallarini yuboradi. Relelar
kuchlanish va tokni moslashtiruvchi interfeys vazifasini bajaradi.

2-rasm. Sath o’Ichovchi qurulmaning ko ‘rinishi.

DODA[PROGRAM PLC_PRG

D002WaR
0003 in1: BOOL;
0004 inZ: BOOL;

D005 out1: BOOL;
Q00| Timer: TOF,
0007 Displey: REAL;
ooos| Time_Display: TIME;
0009 in3: BOOL;
0010 out2: BOOL;
o011 Timer2: TOF;
oo 2 T: TIME;

0013 T2: TIME;

0014 Ti: TIME = T#5s;
oS5 EMD_VAR

RTrET=

Timer2
— =2 (o)
TOF =

in3 Ird a el = ou
— ET—'T—Lr]
in1 MNOT OR Timer =
TOF =
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3-rasm. CFC dasturlash tilida yozilgan dastur.

Taklif etilgan PLC 160 220 P M kontrolleri va FEL 31 vibronik sath datchiklari asosidagi
avtomatlashtirilgan boshqaruv tizimi laboratoriya sharoitida sinovdan o‘tkazildi. Sinov jarayonida
tizimning ishlash barqarorligi, aniqligi va ishonchliligi baholandi. Tadqiqot natijalarga ko‘ra, sathni
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anigligi va ishonchliligi FEL 31 vibronik datchiklari suyuglik sathining minimal (20 %), normal (50
%) va maksimal (80 %) darajalari aniglandi. Datchiklarning ishlashi suyuglikning zichligi va
haroratidagi o‘zgarishlarga nisbatan barqaror ekanligi kuzatildi. Diskret signallarning PLC ga
uzatilishida kechikish deyarli kuzatilmadi. CoDeSys 2.3 muhitida CFC dasturlash tili asosida
ishlab chiqilgan algoritm nasos va pastki klapinning avtomatik boshqarilishi ta’minlandi.

0001
0002
0003
o0004| E--Ti
ooo5| Displey =0
00085 Time_Display = TH#0ms
0007 in2 = RIS
0008 out? = [ENS
0009| E-Timer2
0010 T =T#O0ms
0011 T2 = T#5s0ms
00712 Ti = T#5s0ms
00713
00714]
00715
00716
nn-
Timer2
TOF @
Hin=l I~ a - outz g
e ET|- me==rroms S
(I — | oR Timer
=
e — M a1 = out
r-Jc'rT] i PT ET|TSE=0m=i5s0ms
Ti=T#5s0ms

3-rasm Simulyatsiya jarayoni.

Minimal sathdan past holatda nasosning avtomatik ishga tushishi va normal sathga yetganda
o‘chirilishi tizimning to‘g‘ri ishlashini tasdigladi.

Maksimal sathga yetganda avariya signali shakllantirilib, ortigcha suyuglikni chigarish
uchun klapin ochildi. Operator paneli orqali monitoring CII310 operator paneli yordamida
jarayonning real vaqt rejimida vizual kuzatilishi ta’minlandi.

Xulosa. PLC 160 220 P M dasturlashtiriladigan mantigiy kontrolleri asosida yopiq
rezervuardagi suyuqlik sathini o‘lchash va boshgarishning avtomatlashtirilgan tizimi ishlab chiqildi
hamda uning ishlash prinsipi tahlil gilindi. Tizimda suyuqlik sathini aniglash uchun Germaniyada
ishlab chigarilgan FEL 31 vibronik sath datchiklaridan foydalanildi. Ushbu datchiklar tebranish
prinsipi asosida ishlashi sababli yuqori aniqlik va ishonchlilikni ta’minlab, suyuqlikning fizik
xossalariga kam bog‘ligligi bilan ajralib turadi. Boshqaruv algoritmi CoDeSys 2.3 dasturlash
muhitida CFC (Continuous Function Chart) tili yordamida ishlab chiqildi. Ushbu algoritm suyuqlik
sathi minimal darajadan past bo‘lganda nasosni avtomatik ishga tushirish, normal darajaga yetganda
uni o‘chirish hamda maksimal sathga erishilganda avariya signalini shakllantirib, ortiqcha
suyuqlikni chiqarish uchun pastki klapinni boshqarishni ta’minlaydi. CII310 operator paneli orqali
texnologik jarayonni real vaqt rejimida vizual kuzatish va boshqarish imkoniyati yaratildi.

PLC 160 220 P M kontrolleri va FEL 31 vibronik sath datchiklari asosida yaratilgan
avtomatlashtirilgan boshgaruv tizimi sanoat korxonalarida suyuqglik sathini samarali nazorat gilish
va boshqgarish uchun ishonchli, igtisodiy jihatdan magsadga muvofig hamda zamonaviy yechim
sifatida tavsiya etiladi.
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Annomauusa: B npomviuinennom npouzsoocmee KOHMpoas yposHs pyobl 8 Waposoli MeIbHUYe UMeem
bonvbuioe 3Havenue 01 ee HOPMAIbHOU pabomvl. Yuumvieas HeNUHEUHOCMb 8peMeHU pabdomvl uaposoll
MenbHUYbl, 60ﬂb1/uy}0 uHepyuro U CulbHyro 63aumMocesa3b XapaxKkmepucmuk, Mbl U3YYuiu aiecopumm
ynpasnenusa nooaveii pyovl 6 waposou meavuye MSHS-32x45 na ocnose neuemxozco IIH/-peeyrsmopa u,
UCNONL3Ys  HeuemKuill 61800 Ol camouacmpotiku napamempos [IH][-pecyiamopa, peanuzosanu
asmomamuyieckoe ynpaeieHue nooaueu pyovl 6 Waposylo MelbHUyy, 4mo o00ecnequio ee HOPMALbHYIO
pabomy. Cucmema waposol MeibHUuYbl CHOCOOHA NPeodoiesams aobble pakmopsl, npedomepaujas maxue
npobaemsl, Kaxk «nycmomay uiu «nepeausy. C nomowpio mooenuposarus ¢ MATLAB 6vbino noomeepaicoero,
umo cucmema obraoaem npesocxodﬂbmu Xxapakmepucmuxkamu ynpaeienus, H(lae.?fCHOCI’nb}O,
I DerxmusHOCMbIO U WUPOKOU 0OIACTNBIO NPUMEHEHUSL.

Knroueswle cnosa: waposas menvnuya, newemkoe IHJ[-pezynuposarnue, ckopocms nooayu pyobl,

Annotatsiya: Sanoat ishlab chigarishida shar tegirmonining ruda darajasini boshgarish shar
tegirmonining normal ishlashi uchun katta ahamiyatga ega. Shar tegirmonining ishlash vaqti chizigli
bo ‘Imagan, katta inertsiya va kuchli bog ‘lanish xususiyatlarini hisobga olgan holda, MSHS-32x45 sharli
tegirmonini oziglantirishni boshgarish algoritmiga asoslangan fuzzy PID turini o‘rganib chiqdik, PID
parametrlarini o ‘z-o ‘zidan sozlash uchun fuzzy xulosalariga asoslanib, shar tegirmonini oziglantirishni
avtomatik boshqarishni amalga oshirdik, bu shar tegirmonining normal ishlashini ta’minladi. Shar
tegirmoni tizimi har qanday omillarni yengib o ‘tishga, shar tegirmonining “bo‘sh” yoki “to’lib ketish” kabi
maydalashdan gochishga godir. MATLAB simulyatsiyasi orgali tizimning ajoyib boshgaruv xususiyatlari va
mustahkamligi, samaradorligi va keng qo ‘llanilishiga ega ekanligi tasdiglandi.

Kalit so’zlar: sharli tegirmon, fuzzy-PID, PID boshgaruvchisi

Abstract: In industrial production, the control of the ore level of the ball mill is of great importance
for the normal operation of the ball mill. Considering the nonlinearity, large inertia and strong coupling
characteristics of the ball mill, we studied the fuzzy PID type of feeding control algorithm of the MSHS-
32x45 ball mill, and based on the fuzzy inference to self-adjust the PID parameters, we realized the
automatic control of the ball mill feeding, which ensured the normal operation of the ball mill. The ball mill
system is able to overcome any factors, avoid the grinding of the ball mill such as "empty" or "overflow".
Through MATLAB simulation, it was confirmed that the system has excellent control characteristics and
robustness, efficiency and wide applicability.

Keywords: ball mill, fuzzy-PI1D control, ore speed, PID controller

1. Kirish. Sharli tegirmon — bu rudani ag‘darib, sindirish va maydalash uchun ishlatiladigan
asosiy uskuna. U rangli metall, yangi qurilish materiallari, silikat mahsulotlari, o‘tga chidamli
materiallar, o‘g‘itlar, qora va sement va shisha keramika va boshqga ishlab chigarish sanoatida keng
qo‘llaniladi, turli xil rudalar va boshqa maydalanadigan materiallar uchun quruq yoki ho‘l yanchish
mumkin. Turli xil rudalar va boshga materiallarni maydalash uchun ishlatiladigan sharsimon
tegirmon mineralni qayta ishlash, qurilish materiallari va kimyo sanoatida keng qo‘llaniladi.
Sharsimon tegirmon yuqori energiyali uskunadir. Sanoat ishlab chiqgarishida sharsimon
tegirmonning nisbatan optimal ish holatida bo‘lishi energiya samaradorligiga hal qiluvchi ta’sir
ko‘rsatadi, shu bilan birga sharsimon tegirmonning ishlash muddatini uzaytiradi, ishlab chigarish
xarajatlarini tejaydi va ish xavfsizligini kafolatlaydi.

Tizimni loyihalash magsadi shar tegirmonida minerallar, chastota va tovush intensivligini
aniglaydigan ovozli ovoz uzatgichidan foydalanib, tegirmonning ish holatini aniglashdir. Fuzzy PID
boshgaruv modeli yordamida to‘plangan ma’lumotlar ma’lum miqdordagi boshgaruv chigishini
inverter boshqaruviga o‘tkazadi, tegirmonni oziqlantirishni boshqarishga erishish uchun dvigatel
tezligini konga o‘zgartiradi, shunda u normal ish holatida qoladi. An’anaviy PID boshqaruvi
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samarasiz, Ikki kirish va uchta chigish rejimidan foydalanadi. Fuzzy boshqgaruvchi aniglangan
quvvat qiymatini xato qiymati e va xato o‘zgarish tezligi ec ga muvofiq kirish boshqaruvi sifatida
taggoslaydi, fuzzy xulosa chigarishni noaniq xulosa chigarish operatsiyasi va boshqalarni
muvofiqlashtiradi. Boshqaruv hajmini o‘zgartirgandan so‘ng, kon motoriga tezlikni rudaga
moslashtirish mumkin, bu tegirmonni rudani avtomatik boshgarishga imkon beradi. 1-rasmda
ko‘rsatilganidek, shar tegirmonining loyqa boshqaruv ogim jadvallari.

Magsad RPM Datchigi

Fuzzy Logika

Boshqaruvi

4

PID Boshqaruvi

PV
u(t) = K,e(t)+"_‘f:£)ﬂ
t

A\
__+.€
I A
Tegirmon Tezligi

Haqiqiy Yuklama

<

Yuklama Datchigi

Yuklamaa Tezligi

Energiya Iste’'moli

1-rasm. Shar tegirmonning fuzzy PID boshqaruv tizimi.

2. Materiallar va metodlar

An’anaviy PID, ishlatish oson, lekin sharsimon tegirmonni boshqarish obyekti chizigli
bo‘lmagan, katta inertsiya, kuchli bog‘lanish va boshqalarga ega, an’anaviy PID boshqgaruv
effektidan foydalanish aniq emas va an’anaviy PID boshqaruvida moslashuvchanlik yo‘q, ba’zi
parametrlarni samarali boshqaruv tizimlarini o‘zgartira olmagan holda. Shuning uchun, fuzzy PID
boshqgaruvidan foydalanish yaxshi usuldir. Bu yerda qo‘llanilganidek, fuzzy moslashuvchan
boshqgaruv, ya’ni fuzzy matematikaning asosiy nazariyasi va usuli, qoida shartlari, fuzzy to‘plam
yordamida ifodalash uchun operatsiyalar va bu fuzzy boshgaruv qoidalari va dastlabki PID
parametrlari kompyuterda bilim bazasi sifatida saglanadi va keyin boshqgaruv tizimining hagiqiy
javobi orqali xulosa chigarish orqali amalga oshirilishi mumkin. Fuzzy o0°z-o‘zini sozlash PID
parametrlari PID bilan uchta parametr e va ec o‘rtasidagi fuzzy munosabatni topishdan iborat
bo‘lib, doimiy ravishda ishlaydigan e va ec ni aniqlaydi, fuzzy boshqaruv nazariyasiga asoslanib,
k,, k; kg-liniyalari e ga mos keladigan tarzda o‘zgartiriladi va boshqaruv parametrlari turli

talablarga javob beradi, ammo boshqariladigan obyekt yaxshi dinamik va statik ishlashga ega.
Diskret PID boshqaruv algoritmi:
glth—ait—1)

u(t) = k, (k) + k,T T e(t) + k, oo (1)

Formulada
k-namuna olish ragami,

T-namuna olish vaqti hisoblanadi.

Fuzzy PID kontrollerini loyihalash
Fuzzy PID kontroller tuzilishi 2-rasmda ko‘rsatilgan. Tekshirgichning kirishi motorning
quvvati va e va ec ning o‘zgarish tezligi o‘rtasidagi farqning o°zgarishi, tizimning kirishi u va quvvat
r. e ning loyqa kichik to‘plami va ec ning og‘ish o‘zgarish tezligi: [-3, +3],
ec domeni [-3, +3], e=ec=[NB, NM, NS, ZE, PS, PM,, PB].
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Xatolik

u(t) = Kp-e(t) + Ki |e(t)dt + Kd-de)dt jm J
Y chegarasi

PID
Boshqaruvi

Shar Tegirmoni

2-rasm. Fuzzy PID boshgaruvining tuzilishi.

A’zolik funksiyalari trigonometrik funksiya shaklidan olingan. 3-rasmda ko‘rsatilganidek,
a’zolik funksiyasi diagrammasi.

1.0 — NB —— NM — NS — ZE — PS — PM PB

0.8

A'zolik darajasi ()
o
o

o
s

0.2

0.0

-3 -2 -1 0 1 2 3
Xato (e) va xato o'zgarish tezligi (ec)

3-rasm fuzzy o‘zgaruvchi giymatlarining a’zolik funksiyasi.

Tizim korpusining chiqish xususiyatlarining kp, ki, kd parametrlariga ko‘ra, umumiy holatda
umumlashtirilgan holda, og‘ishning mutlaq qiymati ¢ ec ning mutlaq qiymatining turli o‘zgarishlari
ostida og‘ishning mutlaq qiymati, boshqariladigan jarayon parametrlari kp, ki, kd Avtomatik
sozlash quyidagi qoidalarni talab giladi:

1. e ning mutlag giymati kattalashganda, tizimning javob tezligini tezlashtirish va dastlabki
tarafkashlikning oldini olish uchun e katta bo‘lib qolsa, bu differentsial haddan tashqari
to‘yinganlikka olib kelishi mumkin, bu esa boshqaruv harakatini tasdiglangan doiradan tashqariga
chiqaradi va shuning uchun kp dan kattaroq va kichikroq kd gacha bo‘lishi kerak.

2. O‘rtacha o‘lchamdagi e va ec ning mutlaq qiymati kattalashganda, tizimning haddan
tashgari kamayishiga javob berishi uchun tizimning javob tezligini ta’minlash uchun kp, ki, kd sub
o‘rtacha kichikroq qiymatni olishi kerak.

3. e ning mutlag giymati Kichik bo‘lganda, tizim yaxshi barqaror holatdagi ishlashga ega
bo‘lgani uchun u kp va ki qiymatini oshirishi kerak.

Ushbu tamoyillarga muvofiq PID parametrlarini sozlash va odatiy tegirmon saytida ishlash
tajribasi, loyga qoidalar jadvali 1-jadvalda ko‘rsatilgan:
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1-jadval

Boshqaruv goidalari
ec,u,e NB NM NS Z0 PS PM PB
PB PB PM NM NM NB NB X
PM PB PM NM NM NS NS X
PS PB PM NS NS NS NM NB
Z0 PB PM PS Z0 NS NM NB
NS PB PM PS PS PS NM NB
NM X PB PS PS PM NM NL
NB X PB PB PM PM NM NB

Keyin xulosa chiqgarish fuzzy boshqaruvchi fuzzy boshqaruv qoidalarini o‘rnatadi, qoidalar
bazasini o‘ynab bo‘lgandan so‘ng, har bir parametr jadvalining qoidalariga muvofiq fuzzy xulosaga
asoslanib, mutaxassis bilimi yoki uzoq muddatli to‘plash operatorining qo‘lda bajaradigan tajribasi
hisoblanadi. Fuzzy logika quyidagicha:

Agar (e NB) va (ec PB) bo‘lsa, u holda (kp PB) (ki PB)
Agar (e NM) va (ec PB) bo‘lsa, u holda (kp PB) (ki PB)

Agar (e NS va (ec NB) bo‘lsa, u holda (kp PB) (ki NB)
Turli xil fuzzy boshgaruv usullarining a’zolik holati o‘rtacha og‘irlikdagi a’zolikdan
foydalangan holda aniqlanadi, bu fuzzy usulning o‘rtacha og‘irligi hisoblanadi:
_ I, Uy (kT)He(w; (kT))
U(kT) o EF:'_ p o (UG (KT

(2)

Formulada:

U (KT) ravshanlik giymati;

Ui (KT) fuzzy kontrollerning chiqgishi;
pci(Ui(kT)) a’zolik

3. Natijalar va muhokama

Sharsimon tegirmonni boshgarish tizimi va sanoat boshgaruv kompyuter boshgaruv
tuzilmasining kombinatsiyasidir. PLC bilan ma’lumotlar almashinuvini amalga oshirish uchun
aloga kartasi va Profibus tarmog‘i orqali kompyuter, monitoring va ishlab chiqarishni boshqarish
uchun sharsimon tegirmonni yakunlash uchun WinCC orqali. Pastki kompyuter shina alogasi orqgali
asosiy stansiya va qul stansiyasidan foydalanadi. STEP7 dasturiy ta’minotining apparat
konfiguratsiyasidan so‘ng, PLC foydalanuvchi dasturi tayyorlanadi.

12 Buzilish (t=15s)

<}
o

0.6

0.4

o
N

Tegirmon quvvati / material darajasi (normalizatsiya gilingan)

== Magsadli giymat (normal holat)
= An‘anaviy PID boshgaruvi
—— Loyga moslashuvchan PID boshqaruvi

0.0

0 5 10 15 20 25 30
Vaqt (sekund)

4-rasm. MATLAB simulyatsiyasi: Shar tegirmoni oziglantirish boshgaruv javobi tagqoslashi.
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4-rasmda ko‘rsatilgandek , qizil chiziq Fuzzy-PID ko‘k chiziq ananaviy PID bilan
solishtirganda ancha yaxshi dinamik xususiyatga ega.Fuzzy-PID tezrog maqgsadli giymatga
yaqginlashadi, tebranish va haddan tashqari o‘sish sezilarli darajada kamaygan. t=15soniyada yuzaga
kelgan buzilish paytida ananaviy PID kuchli tebranish va sekin barqarorlashishni ko‘rsatsa, Fuzzy
PID buzilishni tez bartaraf etib, tizimni bargaror holatga gaytaradi. Bu natija Fuzzy PID ning katta
inertsiya , kechikish va chiziqli bo‘magan xususiyatlarga ega bo‘lgan sharli tegirmon uchun yuqori
mustahkamlik va samaradorligini isbotlaydi.

- An‘anaviy PID boshgaruv signali
- Fuzzy PID boshqaruv signali

1.6

-
N

el

C
|

©
®

=]
o

Boshgaruv signali (u) - inverter tezligi

=]
>

0.2

0.0

0 5 10 15 20 25 30
Vaqt (sekund)

5-rasm. Boshgaruv signali tagqoslanish(invertor dvigatel tezligi).

Grafikda ko‘rsatilganidek, qizil chiziq (Fuzzy PID boshqaruv signali) ko‘k chiziq (an’anaviy
PID boshqaruv signali) bilan solishtirganda ancha silliq va barqaror xarakterga ega. An’anaviy PID
da boshqaruv signali kuchli tebranish, haddan tashqari o‘sish (1,6 gacha) va uzoq muddatli
tebranishlarni ko‘rsatadi. Bu esa inverter va dvigatelga ortigcha yuklama beradi. Fuzzy PID esa
inverter tezligini (u) juda sillig va tebranishsiz o‘zgartiradi, tezda maqsadli giymatga (1,0)
yaginlashadi va bargaror holatda qoladi. Natijada shar tegirmonining Kkatta inertsiyasi va
kechikishiga garamay, mexanik
gismlar kamroqg eskiradi, energiya
sarfi  kamayadi va tizimning
umumiy ishonchliligi oshadi.

Rasmda  ko‘rsatilganidek,
xato (e) va xato o‘zgarish tezligi
(ec) ning Kattaligi oshganda kp
parametri ham sezilarli darajada
ortadi. Bu Fuzzy qoidalarning
asosiy tamoyilini vizual tarzda
tasdiglaydi: katta xato paytida tizim
tezroq  javob  berishi  uchun
proportsional  koeffitsient  (kp)
kattalashtiriladi. Yuzaning sillig va

Kp giymati

Kp giymati

muntazam shakli Fuzzy

moslashuvchan boshgaruvning

mustahkamligi va samaradorligini 6-rasm. Fuzzy PID ning kp parametrining e va ec ga bog‘liqligi.
ko‘rsatadi.
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4 Xulosa

Sharli tegirmonni maydalash jarayoni ko‘proq tasodifiy aralashuv omillariga va katta inertsiya va
kechikishga ega ekanligini hisobga olgan holda, fuzzy PID boshgaruv nazariyasi sharsimon
tegirmonni oziqlantirishni boshqarish tizimiga kiritildi, bu onlayn parametrlarni o‘z-o‘zidan
sozlash, o‘z-o‘zini sozlash orqali uzluksiz boshqarishni amalga oshiradi, bu sharli tegirmonni
avtomatik boshqarish uchun samarali oziglantirish imkonini beradi, sharli tegirmonni eng yaxshi ish
holatiga keltiradi. Amaliyot natijalari shuni ko‘rsatadiki, tizim ishonchli ishlaydi, tezlikni tartibga
soladi, kuchli tigilib golishga garshi qobiliyatga ega, yanchish samaradorligini oshiradi va yaxshi
qo‘llanilish qiymatiga ega.
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VK 662.997:663.635.048 (088:8)
CIIOCOBbI OBECCOJIMBAHUSA BOJ

K.X. Axynos, A.K.Xomuunos

Depeanckuil 20Cy0apCmMeeH bl MeXHUYeCKUll YHUSepCcumem
(Ilonyuena 18.03.2026 2.)

Annomauus. Ha cecoonawnuii 0enb )y uenogeka pe3ko NOGbICUNACL HYHCOd K NOMpeOieHuro
numvegoli 8oovl.  Mmnoeue yuenvie E@ponvl 018 peutenuss 2mot npooiemvlpazpabomanu ycmpoucmea,
npusooswue K npucoOHOCmuU ynompeoaeHuo 800bl. Imu YCmMAano8Ku npueoosm K nompeoieHuro 60abulo2o
KOJIUYECmea JJIeKmposHepeuut, Ons UCHOJIb308AHUSL IMUX YCMAHOBOK HAOO pewiums 3my npobnemy Ois
npou3so0Cmea NeKmpoIHEPSUL.

Jlannoe uccredosamenvbckoe yCmpoucmeo UCHOAb3Yemcss OJisl NOAYYeHUsT OUCTMULTUPOBAHHOL B00bl
Ha  OCHOGe COTHEUHbIX — ONPEeCHUmeNbHbIX  ycmaHnosok. Ha smux  ycmanoexax nposoounU
IKCHEePUMEHMATbHBIE UCCTe008aMENbCKUe PAOOMb.

B cmamve npusedenvt ucciedosamenvbckue pabomvl YUEHbIX U3 €BPONEUCKUX CMPAH, 4 MAKICe
npugedeHvl ux HedoCmamxki.

Ilpednacaemass ycmanoska umeem B603MOJICHOCHb obecnedums — OUCTHULIUPOBAHHYIO 800V K
HaceneHul0, A8mo-2apanxicam u oOpyeum 00beKmam, npusooum K HeOOCMAmKy RUmvbesoll 00bl, d MaKice
IKOHOMUM DTIEKMPOIHEPSUIO.
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Knroueevie cnoea: numvesas 60061, IKCnepumMermanivHas YCmaHo6Kd, JJIEKmpudecKkasl IOHepcus,
COJIHEYHble J1Y4U, nilacCmulKu, Z-06p613Hbllz memani, SdKOHOMUYeCKAas aqbqbekmuemocmb, menﬂonpuéMHuK.

Annomauus. Xo3upau KyHOA UHCOHIAPHUHS UYUMAUK CY8U2a OVA2aH IXMUENCIAPU KEeCKUH Opmub
bopmoxoa. bynoau myammonu euuwt yuyn Eepona orumnapu xap Kawoail urocianean CysHu uduuled
APOKIU  XOnamea Keumupuus YYyH Kypuimaiap uuiniab uuxuwean. by xypuimanap kynaiab anexmp
SHEPSUACUHU UCTNEbMON KUIUWU Ounan 6o02nux Oyaub, OYHOAU KYPUIMALAPHU UWAAMUUL  YYYH DJeKmp
IHepusicu 5u]laH mavmMuHiIaut MyammoOCuUHU Xam Xxal SmutiHu naxko3o amaau.

Taokux KununHaémean  Kypuima OUCMULIAH2AH MO3d UYUMAUK CY8U OIUUWL YYVH  KVéul Cy8
Mmo3ana2uyiapuoar ouoaIaHUIAHIUY 64 MANCPUOA MAOKUKOMIAPU YMKAZUALAHAUSUHY MAKUOAUOU.

Maxonada Espona oaumiapunune masxcpubaiapuoarn HAMYHAIAP Kelmupuiean Oyaub, ViapHUuHe
OUp Kamop KaMYUIUKIapu Xam Kypcamud YmuieaH.

TCIKJZMd) IMuULaémean KYypuima axoiuru, asemozsapasiciiapiu ea 60m1§a UYUMIIUK CY8U  MAHKUC
6)7JZZCZH 06‘b€7<m]lapHu OUCTMUIIAH2AH  T03A UYUMAUK cysu OUNAH MALMUHAAUW  UMKOHUAMUHU ;lpamud
9NeKMP IHEPSUSICU CAPPUHU XAM MEANCATIOU.

Taanu cyznap: Huumnux cysu, maxcpuba Kypuimacu, 1eKmp sHepsusacu, Kyéw Hyprapu,
NAACMUHKANAD, Z-WaKiuoacu Memajl, UKMUcoOUuti camapaoopiux, UCCUKIUK KAOYL KUlsuy.

Abstract: Nowadays, a person has sharply increased the need for drinking water. Many scientists in
Europe to solve this problem have developed devices that lead to the usability of water. These plants lead to
the consumption of a large amount of electric energy; to use these plants it is necessary to solve this problem
for the production of electric energy.

This research device is used to produce distilled water based on solar desalination plants. At these
facilities, experimental research was carried out.

The article presents the research work of scientists from European countries, as well as their
drawbacks.

The proposed installation has the ability to provide distilled water to the public, car garages and other
facilities, leads to a lack of drinking water, and also saves electricity.

Keywords: drinking water, experimental setup, electric energy, sun rays, plates, Z-shaped metal,
economic efficiency, heat absorber.

B macrosimiee BpeMsi B CeNbCKOM MECTHOCTH psifa obnacterd Pecrybnuku Y30exkuctan u
ctpan CHI' wucnbIThIBaeTcst OCTpbI OedUIUT B MUTHEBOW  BOJE, Onarogapsi MOCTOSTHHBIM
MeponpusTHsIM, TpoBoauMbiM [IpaButenbcTBoM PecmyOnmuku, OXBaT  HACENCHHS  MUTHEBBIM
BOJOCHAOXKeHHEM cocTaBisieT B cpeaneM 78,2 % [1]. OgHako, oOecriedeHre MHUTHEBOM BOAON
MaJIO3aCeNEHHBIX U TPYAHOJOCTYITHBIX HACEJIIEHHBIX MYHKTOB, OCTAETCSA JIOBOJBHO CEPbE3HOU
MpoOJIeMOol, pelleHrne KOTOPOH TPaAMIIMOHHBIMA METOJaMHU MOObIBaHUS, YIIY4YIIECHUS KadecTBa,
TPAHCTIOPTUPOBAHUS W PACTIPENCICHUS MUTHEBOM BOMABI SIBIACTCS JOBOJBHO JOPOTOCTOSIIIAM
MeponpustieM. B Toxe Bpemsi B 3TUX paliOHaX UMEIOTCS 3HAYUTEIbHBIE 3amachl COJIEHBIX BOJ,
HETIPUTOJHBIX 1JIs MHUThs. [lo3TOMy pa3paboTka aJbTEpHATUBHBIX METOJOB  BOJOCHAOKEHUS
Majo3acen€HHBIX U TPYAHOMOCTYIHBIX HACEIEHHBIX ITYHKTOB B YCIOBHUSX pPecnyOiIuKd ¢
MMPUMEHEHUEM HOBBIX  TEXHOJIOTHH ONPECHEHHS TMPEACTABISAET OMNPENCHEHHBIN HAay4YHBIH W
MIPAaKTUYECKUI UHTEPEC.

ObecconuBaHre MUHEPAIN30BAHHBIX BOJ MOXHO OCYIIECTBISATH PA3IMUYHBIMU CIIOCOOAMMU:
MyTEM 3aMOpPAXMBAHMSI W OTTAUBAHUS COJICHOM BOJIbI, €€ MCIAPEHHUE M KOHJEHCAIlMHU, 3a CYET
WCIIOJIb30BaHUS SIBJIEHUSI OOPaTHOTO OCMOCA.

B mocnennue roapl cTaay BECTH MHTCHCHUBHBIE WCCIICOBAHMS 1O MOMCKAM U pa3padoTKe
HOBBIX METOJIOB ONPECHEHHsI COJEHBIX BOJ, B OCHOBE KOTOPBIX JIeXKAT pa3IUdHble (PU3UYECKHE U
XUMHUYECKHE SIBIEHUS: OCMOC, OKCTpaklus, aacopOuus, TOIJIOIMIEHHE COJiell BOJIOPOCISIMU,
¢u3nveckoe WM XUMUYECKOE BO3/ICHCTBHE Ha THAPATHYIO 000JI0OYKY MOHOB COJICH C LENbI0 ee
pa3pyLICHUs U OCAXKJIEHUS COJIEU U T.J.

B Hacrosimee Bpemsi BONPOCHI OPOIICHUS PEIIAIOTCS B OCHOBHOM ITyTEM CTPOMTENIbCTBA
KPYIHBIX BOAOXpaHWIMII. Tak, Toabko B Y30ekuctane ¢ 1941 mo 1970 rr. 6suto moctpoeno 12
BOJIOXPAHUIIMIL C CyMMapHEIM 00beMoM 3-10°M3. OiHako 3acyIIUBEIE 3EMIIM MOKHO OCBaMBATh
Y C IOMOIIBIO COJTHEYHBIX OINPECHUTENEH.

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 125



SHEPI'ETUKA, JIEKTPOTEXHHUKA

CyImiecTBYIOT pa3iInyHbIe METOJbI
onpecHenus:: OIWH U3 HUX COJHEYHBIC
ONPECHUTENN  HUMEIOT  KOHIEHTPATOPHI
JTYYUCTOTO 3HEpruu. [[eficTBre CoMHEUHbIE
ONPECHUTENIM  OCHOBAHO HAa MPUHIIUIIE
«ropsiyero  sAumMKay. llpuHIMnuanbHas
CX€Ma  COJHEYHOIO OIIPECHUTEIIS
MIapHUKOBOT'O (JToTKOBOTO) TUIA
npenacraBieHa Ha puc. 1. OmnpecHuresnb
COCTOMT M3 «ropsdyero smuka» | ¢
[IPO3payHbIM  TOKpPHITHEM 2 (OKOHHOE
JUCTOBOE CTEKJIO WIM IOJUITHIECHOBAs
meHka). Jlno smmka 3adepHeno. CoseHas
Boga 4 moctymaeT uepe3 TpyoOky 5. Ilox
JEMCTBHEM COJIHEYHOM DHEPIrUM BOJA MCHAPSETCS U, COIPHUKACAACh BHYTPEHHEN IOBEPXHOCTHIO
OKOHHOI'O  CTEKJIa, KOHJIEHCUPYETCSl M CTeKaeT B BMJE TOHKOH IUIEHKHM B keino0 3, oTKyna
cobupaercs B pesepByap s cObopa npecHo BoAbl. C MOMOIIBIO  TAaKOTO COJHEYHOTO
OIPECHUTENS MOXHO  IOJY4dTh 2,5-3,5 1 JUCTHIUIMPOBaHHOM Bombl ¢ Im® mpospauHoii
MOBEPXHOCTU YCTAaHOBKHU.

Cotpynnukamu  otaena renuodusuku Dusumko-texHuueckoro wuHctutyra um. C. B.
Crapony6uieBa AH PY3 coBmecTHO ¢ dpusznkamu Byxapckoro rocyaapCcTBEHHOTO I€IaroTHYeCKOro
uactutyta uMm. C. OpKoHUKHI3E pa3paOdoOTaHbl, TOCTPOSHBI U HCIBITAHBI COJHEYHBIC
ONPECHUTENbHBIE  YCTAaHOBKHM JIOTKOBOTO U HAKJIOHHO-CTymeHuaTtoro Tuma. Ha ~ ocHoBe
MOJYYEHHBIX  SKCHEPUMEHTAIbHBIX  JaHHBIX «Y3THIPOCEIBCTPOEM» MOATOTOBIEH MPOEKT
COJIHEYHOH  BOJIOONIPECHHUTEIBLHOW YCTAaHOBKH HAKIOHHO-CTymeH4aroro Tuma COVY-1000,
npeJHa3HAYeHHOM i CHAOXKeHHs IPEeCHON BOJOHN OBIIEBOAUECKUX, KAPAKyJIEBOTUECKUX XO3AUCTB
B YCIOBHUSIX OTFOHHOIO  JKMBOTHOBOJCTBA M HEOOJBIIUX CEIbCKUX HACEJICHHBIX I1OCENIKOB,
PacIoJIOKEHHBIX B 3aCOJEHHBIX IOKHBIX pailloHax cTpaHbl. YcraHoBka COVY-1000 ¢ mone3Hoit
momaneio 1000 M3 cocrout m3 250 caMoCTOATENBHBIX 37eMeHTOB. Kaxplii snemeHt (puc. 2)
NpeACTaBIsieT €000l  CcOOpHYIO; IKeIe300€TOHHYIO pebpuctyio mauty 4, € [OATBIO
KEJIe300€TOHHBIMU TIPOJOJBHBIMU IeperopoakamMu Ha gHe. CBepXy dJIEMEHT IepeKpbIBaeTCs
JHMCTOBBIM OKOHHBIM CTEKJIOM 2 B MeTajuinyeckoM mneperuiere 3. JKene300eTOHHBIN 3JIeMEHT
pasmepamu  3,73x1,3x0,35 M ycramaemupaerca 1oj yrioM 90° K TOpH30HTY ¢ FOXKHOI
opueHTtanue. OnpecHUTENN 3amojHSAITCS CcojieHOM Bojoil. McnapuBiuasics moja JedcTBHEM
COJIHEYHOHM pajualiy BOJa OCaX/aeTCs Ha BHYTPEHHEH IMOBEPXHOCTU CTEKJIa U KOHJIEHCUPYSCH,
crekaeT 1o xen00y 1 B pesepByap mis cOopa muctumasara oobemom 10 M3, rae pasbapisgercs
ncxoHoM Bosoi. CoriacHo MpOeKTy, o0Iias IJIoma b, 3aHMMaeMasi onpecHuTeseM, paBHa 3520

M,

Puc. 1. [IpunnunuansHas cxeMa MapHUKOBOTO
COJIHEYHOTO OIPECHUTENS.

B 1975 r. moctpoeH H cllaH B 3KCIUTyaTaIuio
onpecHutenb COY-1000 ¢ mone3noit miomiaaso 500
M?> B coBxoze «40 mer Oxta0ps» Kenmmexckoro
paitona Byxapckoii obnactu Pecriyonuku Y30ekucraH.

H3BectHa  ompecHUTeNbHas yCTaHOBKa
HakJIOHHO-cTyneH4yaTtoro tuma [b. M. Ouuinos., T. JI.
XKypaes., P. AxtamoB — “HcnbplTaHuE COJIHEYHOTO
MEepEHOCHOro omnpecHuTens”, ['enmnorexHuka  Neb,
1973, cr. 51-53], cocrosmias W3 IEHOIUIACTOBOTO
MIPOTUBHS, pa3[elieHHas Ha s CeKIUH C MOMOIIbIO
CTyNEHeH, MepPHeHIUKYISIPHBIX K TUIOCKOCTH JHA;
MOJIMATUIIEHOBAs BaHHA M IUJIEHKA YEPHOIrO IIBETa H Puc. 2. Cxema €MEHTa COIHEYHOTO
MPO3pavyHON M30JIALINN (OKOHHOE CTEKJIO), JKEJTOOKHM €  ONMPECHUTENT HAKIOHHO-CTYNEHYATOTO THIIA.
YKECTKOM OCHOBOM.
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HenocraTkom 3TON yCTaHOBKM SIBJISIETCSI OKHCIJIEHUE IIJIEHKU U KEJIOOKOB, UTO MPUBOAMT K
YXYALIEHUIO Ka4yecTBa Mpolecca M KOJIMYECTBA OMPECHEHUS COJICHOH BOJBI.

Ha ocHOBe OIBITOB M MPOBEIAECHHBIX PAacUeTOB ObUIM YCTAaHOBJIEHBI ONTHUMAaJbHBIE pa3Mephbl
orpecHuTens nonyuuiauHapudeckoi ¢opmsl [I. XK. Hopos, T. JI. XKypaes, b. M. AunnoB —
«OKCIepUMEHTaJIbHbIE MCCIEAOBAHUSA COJHEYHbIX OINPECHUTENEH C pAa3IMYHOW IUIEHOYHOMN
MIOBEPXHOCTBIO», ['ennorexHuka Nel, 1977, cr. 76-81]: pamuyc kpuBusHbl 0,5M, mupuHa
OCHOBaHHUSA 1M, myIrHA SM.

ConHeuHbI ONMPECHUTENb MONYLUIMHAPUYECKOH (OpPMBI ¢ OpHEHTalueld BOCTOK — 3amaj
nMeeT 0oJiee BBICOKYIO MPOM3BOIUTEIHHOCTD, YeM ¢ opueHTtanuen ror-cesep [3. K. Hopos, T. .
XKypaeB, b. M. AuunoB — «OKCIEpUMEHTAJIbHbIE HCCIEIOBAHMUS COJIHEUHBIX OIPECHUTENEH C
Pa3IMYHON IJICHOYHOM MOBEPXHOCThIO», I'enmorexuuka Nel, 1977, ct. 76-81].

OnHUM M3 OCHOBHBIX (haKTOPOB, BIUSIOUIMX HA IPOU3BOAUTEIBHOCTD TNIEHOYHBIX COTHEUHBIX
OIpECHUTENIEH SIBJISIOTCS HAIlpaBJICHHUE U CKOPOCTh BETpA.

B ycnoBusix pecriyonuk LleHTpanbHON A3uM OCHOBHOE HaIlpaBieHHE BeTpa -ceBepHoe. [Ipu
3TOM €CJIM CKOpPOCTb BETpa MpeBbIIAeT SM/CEK, TOTJa MPOU3BOIUTEIBHOCTh STOM YCTAaHOBKHU
COOTBETCTBEHHO yMeEHbIIaeTcs. [Ipou3BOIUTENBHOCTh YCTAHOBKH IMOJYLMIMHIPUYECKON (OPMBI,
PacroJoKEHHOW C OpHUEeHTalueil BOCTOK-3amajJl, MEHbLIe, YeM ¢ opueHTauuen ror-cesep: Ilpu
TOM MEHbIlIEe BHOpPHpYET MOBEpXHOCTh HodymminHapa. Ilpu ckopoctu Betpa 3-5 M/cek.
oOpa3zyeMblii KOHJEHCAT XOPOIIIO MPOTEKAET IO HIKHEW nmoBepxHocTH TwieHku [J. XK. Hopos, T.
. XKypaes, b. M. AunioB — «OKclepUMEHTaIbHbIE MCCIEIOBAHNUS COJHEYHBIX OIPECHUTENEHN C
Pa3IMYHON IJICHOYHOM MOBEpXHOCThIO», 'enmorexuuka Nel, 1977, ct. 76-81].

W3BECTHBIN COJIHEYHBIN ONPECHUTEND COCTOMT U3 KOPIyCa, BBHIIIOJHEHHOIO Pa3bEMHBIM U
CHaO)XEHHBIM  JIETISIIIEH KOPIYC IOIO0JIaM Ha BEPXHIOI U HIDKHIOIO IOJOCTh MeMOpaHOW ¢
KJIallaHOM,  YCTAHOBJEHHBIM B  BEpPXHEW MOJOCTH  KOpIyca, JO3UPYIOLIEro IITyLepa u
CBSI3BIBAIOIIETO HIKHIOKO MTOJIOCTh ¢ aTMocdepoii marpyokom [2].

OnHaKO KOHCTPYKTHBHOE BBINIOJHEHUE TAKOTO OIPECHUTENS CI0XKHOE, 3()(HEKTUBHOCTh
HE BBICOKa.

3agaueil pa3pabOTaHHONW YCTAaHOBKM  SIBJSIETCS MOBBILICHHE KOX(PQPHUIMEHTA IOJIE3HOTO
JEeNUCTBUA (K.I1.J1.) COTHEYHOTO OMPECHUTEIS.

IlocraBnenHas 3ajmaya pemaerca TEM 4YTO, IUIABY4YMM COJHEYHBIM  OIPECHUTEIIb,
coJIeprKalliil KOpIlyC, pa3/ieJIeHHbI Ha BEPXHIOIO MPO3PAYHYIO0 YaCcTh U HIKHIOIO YacThb JJIs cOopa
OIIPECHEHHON BOJBI, cOOOIaOMMecss MexXay co00i MOCPEACTBOM OTBEPCTHS, BBHIMOJIHEHHOTO B
LEHTpEe pa3AeuTENIbHOIO JIEMEHTa, CHA0XKEeH CPEICTBOM JJIi IOJBOAA OMNPECHSEMOl BOJbI U
naTpyOKOM OTBOJA OMPECHEHHOW BOJBI, EMKOCTBIO JIJISl OTIPECHSEMOM BOJBI, YCTAHOBICHHON Ha
pa3feNnuTenbHOM 3JIeMEHTe ¢ 00pa3oBaHHMEM 3a30pa MEKIy HUM M CTEHKaMH BEpXHEH 4acTu
kopmyca nonychepudeckoit Gopmbl, TermonpueMHukamu H-o06pa3zHoil GopMBI B MOMEPEYHOM
CEUEHHUH, Pa3MEIIEHHBIMU B Psii BHYTPU €MKOCTH JUIS OIIPECHSIEMOM BOJbI, a Ha JIHE HUKHEH yacTu
pa3MeIeHo CPeICTBO A MOJJCpPKaHUS PaBHOBECHs B BUAE OCTOHHOIO IPy3HWHKA, IPU 3TOM
BEPXHAA YacTh KOPITyca BBIIOJIHEHA U3 IIEHKH, EMKOCTh - U3 MEHOIIACTa, TEIJIONPUEMHHUKHU - U3
xKele3a, IPUYeM MOBEPXHOCTh OOPAIEHHBIX BBEPX IJIOCKUX CTOPOH TEIJIONPUEMHHUKOB MOKPHITA
CJIOEM YEpHOTOo JIaKa.

Uit AOCTHXKEHHUS LeNH HEeoO0XOAUMO, BO-TIEPBBIX, MOHU3UTh TEMIIEPATYpPy MOBEPXHOCTU
HIWOKHEM 4YacTH  ONpPECHUTENs, MOTPY3UB OMNPECHUTENb B BOAOEM. Bo-BTOpbIX, HEOOXOIUMO
MOBBICUTH TEMIIEPATYpy OMNPECHSEMOM, COJEHON BOABI. DTOrO0 MOXXHO JIOCTUYb, NOMECTHUB B
MIEHOIJIACTOBYIO EMKOCTh OIPECHUTENS], METAJNINYECKUE TEIIONPUEMHUKH,

CymHOCTh TaHHOM pabOThl 3aKIIOYAETCS B MOBBIIMICHUU K.II.JA. ompecHuTens. s storo
HE00XOIMMO BO-TIEPBBIX, CHU3UThH TEMIIEPATYPY MOBEPXHOCTH IUICHKH M COCYJ TUCTHIUIMPOBAHHON
BOJABI, B KOTOPOM KOHIIGHTPUpPYETCSl MapoBas cpeaa, KOHJCHCUPYIOUIMECs BOAY IUIEHKH,
IIOMECTUTh HWXKHEE [OJIyllapue ONPECHUTENs B BOJOEM. BoO-BTOpBIX, HEOOXOJUMO IOBBICUTH
TEMIEPAaTypy COJEHOHM  BOJBL. DTOTO  MOXHO JOCTHYb, TIIOMECTHB B  TEHOIUIACTOBYIO
€MKOCTh ONPECHUTENS,, METANIMYeCKUe TeIulonpueMHuky, H-o0pa3Hoit ¢opMmbl B monepeyHOM
ceuennu. OOpa3oBaBUIMIiCS Map KOHAEHCUPYETCS Ha IJICHKE, KOHAEHCAT MPOXOAUT Yepe3 3a30p U
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OTBEpPCTHE, BBHINIOJHEHHOE B LEHTPE pa3ACIUTEIIbHOIO D3JIEMEHTa U OINpPEcHEHHass BoOJa
KOHIIGHTPUPYETCsl B HIKHEM 4acTH cocyna JUlsl onpecHeHHoM Boabl. IleHoruiact, u3 kxoropoi
BBIIIOJIHCHA CMKOCTL OIIPCCHUTCIIA, JIETKUM WMeEET AOCTATOYHYIO MCXAaHUYCCKYIO IIPOYHOCTD,
COXpaHsET TeMIIEpaTypy emMKocmuy TIOCTOSHHOM.
CymHoCTh pa3pabOTaHHOW YCTAaHOBKM IOSICHSIETCS YepTEKOM, NMPEACTABICHHBIM Ha PHC.
3. IlnaByuuii COJIHEYHBI ONPECHUTENb, COAEPXKUT KOPIYC, Ppa3AEICHHBII Ha BEPXHIOK
MIPO3payHyI0 4acTh | M HIKHIOI YacTh 2 ais cOopa ompecHeHHOW BoJbl 12, coobaromuecs
MEX]ly COOOH MOCPECTBOM OTBEPCTHS, BBIIIOJHEHHOTO B LIEHTPE pa3AeiUTeIbHOro 3jeMeHTa 13,
cHabOxeH cpenctBoM 10 ans moaBoja ompecHseMoil Bojabl ¢ kpaHoM 11 nis ciauBa U nmatpyOkom
OTBOJ]a ONPECHEHHOW BOAbI 12, eMKOCTBIO 9 11 OIpECHAEMOH BOABI 5, YCTAaHOBJIEHHOW Ha
paznenurenbHOM aneMeHTe 13 ¢ oOpa3oBaHMEM 3a30pa MEXJy HUM U CTEHKaMHu BepxHel vactu 1
Kopryca noiychepuueckoir ¢opmsl, TemionpueMHukamu 7 H—oOpa3Holi ¢opMmbl B momnepeyHOM
CEUEHHUH, Pa3MEILEHHbIMU B psAJl BHYTPU €MKOCTH 9 JJisi ONpEecHseMOM BOJbI, pPyUKoil 4, a Ha THE
HIDKHEH 4acTd pa3MeLIeHO CPEAICTBO Ul MOJAep KaHusl paBHOBECHUS B BUIe OETOHHOTO rpy3Hka o,
IIOKPBITAs TUICHKOM 8, MpH 3TOM BEpXHsSA YacCTh KOpIyca BBINIOJHEHA W3 IUIEHKH, EMKOCTb 9 — H3
MIEHOIUIACTa, TEIUIONPUEMHHUKH 7 — U3 XKelle3a, IPUYeM MOBEPXHOCTh OOPAIIEHHBIX BBEPX IUIOCKUX
CTOPOH TEIUIONPUEMHHUKOB MTOKPBITA CJIOEM YEPHOTI'O JIaKa.
YcTpolicTBO paboTaeT cieayroumM o0pa3oM: OINpPECHUTENb 3aloiHAETCS uepe3  KpaH
. . cpeactea mus  noxasoaa 10
IlnaByumii coiHeuHbIH onpecHuTe b ¢ H-00pasnbim OTIpecHsieMOoil BOsbl BOJIOI
MeTa/NINYeCKUM TeIlJIONPUEeMHUKOM 14 w3 Bomoema, TIOTOK
H3JIYyUCHUSA COJIHIIa
MPOXOJUT Yepe3 IUIEHKY 3,
nomagacT Ha BBIIIOJTHCHHBIC
H-obpaznoii  ¢gopmbl B

IONIEPEYHOM CEUYEHUNU
MeTaJJTNYECKHe
TEIJIONPUEMHUKHU 7.
TermonpueMHUKH

HarpeBaroTCs, HaYMHAETCA
WCIIAPEHUE  OIPECHIEMOM
BOJBl 5, map caaurcs Ha

R BHYTPEHHIOKD [OBEPXHOCTH

— BEPXHEU MPO3PaYHON YacTU

1 u3 IUICHKH,

Puc. 3. YcTpoiicTBO TUIaBydero COTHEYHOTO OMPECHHUTEIS HaKaIJInBaceTCs "

C Z- 00pa3HOTO METAUIMYECKOTO TETUIONPHEMHHUKA.
1-€MKOCTh NIl ONpPECHSIEMON BOIBI, 2-COCYH AJIs AWCTUIUTMPOBAHHOW BOJIBI,
3-tuteHka,  4-mepkatenb,  S-OmpecHseMas — Bojga,  6-OCTOHHas  CMECh,
7 - Z-00pa3Hblii METAJUIMYECKHH TEIJIONPUEMHHK, 8-IUIeHKa, 9-IepikaTeib ABJIAIOIIUICSA COCYAOM ISt
Z-06pa3Horo MeTa/UIM4eCcKOro TerlonpueMHuKa, 10-Boj03anonHsemMplii KpaH, OMPECHEHHOW BOABI 12.
11-kpan s cnuBa AUCTWLIATA, 12-mucTwiuiar, 13-ucxomnas Boma, 14-3aMok
JUTS OTKPBITHS M 3aKPBITHS IDIA3MEHHOTO COCy/a.

KOHJICHCUPYSICh, COOMpaeTcs
B  HIDKHEM  dactu 2,
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QUYOSH FOTOELEKTRIK STANSIYALARINI O‘RNATISH VA SOZLASHNING
ILMIY-ASOSIY JIHATLARI

Sh.S. Sayitov, 62-23 TIICHAB yo’nalishi talabasi D.H. Shaymanov

YFarg ‘ona davlat texnika universiteti,
+998 90 546 82 81, Jeknil 91@mail.ru.,
+998 90 546 82 81, Jeknil 91@mail.ru.

(Qabul gilindi 18.03.2026 vy.)

Annotatsiya. Mazkur maqolada quyosh fotoelektrik stansiyalarini (QFES) loyihalash, o ‘rnatish va
ishga tushirish jarayonlarining ilmiy-texnik asoslari yoritilgan. Fotoelektrik panellarni joylashtirish,
invertor va elektr himoya vositalarini tanlash, ulash sxemalari hamda tizimni sozlash bosgichlari batafsil
tahlil gilinadi. Shuningdek, energiya samaradorligini oshirish, ekspluatatsiya jarayonida yuzaga keladigan
texnik muammolar va ularni bartaraf etish usullari ilmiy nugtai nazardan asoslab beriladi.

Tayanch so “zlar: quyosh energetikasi, fotoelektrik modul, invertor, MPPT, energiya samaradorligi, gayta
tiklanuvchi energiya.

AHHomauuﬂ. B oannoun cmamove paccmampuearomcs HaQy4YHo-mexnHu4ecKkue OCHo8bl NPOEKMUpOBAaAHUA,
MOHmaMca U 68004 8 IKCHIYAMAYU0 COAHeuHwvlx Gomoanekmpuueckux snexkmpocmanyuti (CDPIC).
Iloopobro ananuzupyromces smansl pasmeuieruss Homosiexmpuieckux naueneil, 8vloopa UHEEPMOopos U
yCWlpOlJCWlG 3Jzel<mpuqec1<012 3awumsl, CxXem NOOKIIOYEeHUs U Hacmpozlku cucmemnl. Taxoice HAY4YHO
000CHOBAHbI MEMOoObl NOBbIUEHUS 3Hep209qbqbei<mueﬂocmu, mexHuveckue np06ﬂ€Mbl, BO3HUKAawuwue 6
npoyecce skcniyamayuu, u Cnocobwl ux ycmpaHeHus.

Knioueevie cnosa: conneunas ouepeus, @omosnekmpuyeckuii mMooyab, uneepmop, MPPT,
9HEP203PheKmusHOCMb, 80300HOBNACMASL IHEPSUSL.

Abstract. This article examines the scientific and technical foundations of the design, installation, and
commissioning of solar photovoltaic power plants (SPPPs). It analyzes in detail the stages of PV panel
placement, inverter and electrical protection device selection, connection diagrams, and system
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configuration. It also provides a scientifically substantiated explanation of energy efficiency improvement
methods, technical issues that arise during operation, and solutions.
Keywords: solar energy, photovoltaic module, inverter, MPPT, energy efficiency, renewable energy.

Kirish

So‘nggi o‘n yilliklarda global energetika tizimida gayta tiklanuvchi manbalarning ulushi tez
sur’atlarda oshib bormoqda. Bunga asosiy sabablar sifatida an’anaviy yoqilg‘i resurslarining
cheklanganligi, energetik xavfsizlik masalalari, atmosferaga chigayotgan issigxona gazlarini
kamaytirish talablari va elektr energiyasiga bo‘lgan talabning uzluksiz ortishini ko‘rsatish mumkin.
Shu nuqgtai nazardan, quyosh fotoelektrik stansiyalari (QFES) bevosita quyosh nurlanishini elektr
energiyasiga aylantiruvchi texnologiya sifatida yuqori ilmiy-amaliy ahamiyatga ega.

QFESning ustun jihati shundaki, u modul tuzilishga ega: kichik quvvatli (uy xo‘jaligi)
tizimlardan tortib, katta quvvatli (sanoat/elektr stansiya) klasterlargacha bosgichma-bosgich
kengaytirish mumkin. Biroq fotoelektrik tizimdan kutilgan energiya hosildorligini olish fagatgina
sifatli uskunani tanlash bilangina cheklanmaydi; o‘rnatish joyi, geometriya (azimut va qiyalik),
soyalanish, elektr ulanish sxemasi, himoya va yerga ulash, kabel yo‘qotishlari, invertor sozlamalari,
monitoring kabi omillar yakuniy natijaga bevosita ta’sir ko‘rsatadi.

Amaliy tajribalar shuni ko‘rsatadiki, loyihalash va montaj bosqichlarida yo‘l qo‘yilgan kichik
xatolar ham stansiya ishlab chigaradigan energiyani sezilarli kamaytirishi, invertor ish rejimining
beqarorlashishi, himoya avtomatikasining keraksiz ishlashi yoki uzoq muddatda yong‘in xavfi kabi
muammolarga olib kelishi mumkin. Shuning uchun QFESni o‘rnatish jarayoni elektr xavfsizligi,
standartlarga moslik va energetik samaradorlik tamoyillari asosida ilmiy yondashuv bilan tashkil
etilishi lozim.

Mazkur bo‘limda QFESni o‘rnatishning texnik bosgichlari ketma-ketligi hamda har bir
bosgichda bajarilishi zarur bo‘lgan asosiy hisob-kitob va tekshiruvlar ilmiy-uslubda yoritiladi.

Quyosh fotoelektrik stansiyalarining ishlash prinsipi fotoelektrik effektga asoslanadi. Quyosh
nuri yarimo‘tkazgich material (odatda kremniy) yuzasiga tushganda, elektronlar qo‘zg-‘alib, elektr
tokini hosil giladi. Fotoelektrik modullar ketma-ket va parallel ulanib, kerakli kuchlanish va tok
giymatlari shakllantiriladi. Hosil bo‘lgan o‘zgarmas tok (DC) invertor yordamida o‘zgaruvchan
tokka (AC) aylantiriladi va iste’molchilarga uzatiladi.

QFESni o‘rnatish odatda quyidagi ketma-ket bosgichlar orgali amalga oshiriladi: dastlabki
texnik audit va ma’lumot yig‘ish, elektr-energetik hisob-kitob va loyihalash, mexanik montaj
(konstruksiya), DC qismini yig‘ish (stringlar, himoya), invertor va AC qismini ulash, yerga ulash va
chagmogdan himoya, sinov va ishga tushirish (commissioning), monitoring va ekspluatatsiyaga
topshirish.

Dastlabki tekshiruv (texnik audit) va talablarni aniqlash. O‘rnatishdan oldin obyekt bo‘yicha
quyidagi ma’lumotlar yig‘iladi:

. Korxonani yoki xonadonni elektr yuklamasi: kunlik/oylik energiya sarfi (kWh),
maksimal quvvat (kW), pik soatlar.

. Tarmoq parametrlari: kuchlanish (1-faza/3-faza), chastota, tarmoq sifati (kuchlanish
tebranishi).

. O’natish joyi va sharoiti: tom/yer maydoni, shamol va qor yuklamasi, konstruksiya
ko‘tarish imkoniyati.

. Soyalanish tahlili: daraxt, bino, ustun, antennalar keltirib chigaradigan soyalar.

. Ekspluatatsiya talablari: on-grid (tarmoqga ulangan), off-grid (akkumulyatorli), hybrid
(aralash).

Mazkur bosqichda noto‘g‘ri baholash (masalan, soyalanishni e’tiborsiz qoldirish yoki
tomning ko‘tarish qobiliyatini hisobga olmaslik) keyingi barcha bosqichlarning iqtisodiy va texnik
samaradorligiga juda katta salbiy ta’sir qiladi.

Quvvat tanlashda quyidagi masalalar ilmiy asosda ko‘rib chiqiladi:

« kutilayotgan vyillik energiya ishlab chigarish (kWh/yil),

« tizim yo‘qotishlari (kabel, invertor, harorat, ifloslanish),

130 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Boimyck Ne 6)



SHEPI'ETUKA, JIEKTPOTEXHHUKA

« panel samaradorligining haroratga bog‘ligligi,

« inverter va panel quvvatlari nisbati (DC/AC).

Natijada stansiya quvvati “fagat panel soni” bo‘yicha emas, balki real ishlash sharoitida
energiya hosildorligi bo‘yicha optimallashtiriladi.

Joylashtirish geometriyasi: yo‘nalish (azimut), giyalik va soyalanishni kamaytirish.

Fotoelektrik modullar joylashtirilganda:

« azimut (gaysi tomonga garashi),

« giyalik burchagi (tilt angle),

« gatorlar orasidagi masofa (soyalanmaslik sharti),

« mavsumiy quyosh balandligi va nurlanish burchagi hisobga olinadi.

Soya hatto modulning kichik qismini yopsa ham, string bo‘yicha tok cheklanishi kuzatilishi
mumkin.  Shu  sababli  soyalanish ~ zonalari  uchun stringlarni to‘g‘ri  bo‘lish,
optimizator/mikroinvertor yoki MPPT kanallarni moslash kabi yechimlar ko‘rib chiqiladi.

Mexanik montajning ilmiy-texnik talablari:

« shamol va qor yuklamalariga chidamlilik,

« korroziyaga garshi himoya (galvanizatsiya/anodlash),

o termik kengayish va vibratsiya ta’sirini hisobga olish,

« tom yopmasini shikastlamaslik (gidroizolyatsiya),

e servis uchun kirish tramp yo‘laklari.

Panel ramkasi va konstruksiya orasida elektr kontaktlarning tasodifiy hosil bo‘lishi (potensial
farq) oldini olish uchun tegishli izolyatsion elementlar va yerga ulash (3azemnenue) choralari ham
ko‘riladi.

DC qismini yig‘ish: stringlar, kabellar va DC himoya tizimlari. Bu bosgichda quyidagilar
bajariladi:

« modullarni ketma-ket (series) ulab string ishchi kuchlanishini hosil gilish,

« kerak bo‘lsa modullarni parallel ulab tokni oshirish,

e DC kabellarni yuqori kuchlanish va haroratga chidamli turini tanlash,

« kabel kesimini tok va masofa bo‘yicha hisoblash (yo‘qotishlarni cheklash),

« string combiner box (SCB) o‘rnatish (katta tizimlarda),

« DC ximoya, DC avtomat va surge protection (SPD) ni qo‘llash.

Aynigsa DC tarafda xavfsizlik juda muhim: yuqori kuchlanishli DC yoy (arc) yuzaga kelishi
mumkin. Shuning uchun kontaktlar sifati, konnektorlar mosligi va kabel ulangan joylarning
mexanik mustahkamligi qat’iy nazorat gilinadi.

Invertorni o‘rnatish va o’zgaruvchan kuchlanish (AC) tomonni ulash, Invertor tanlash va
o‘rnatishda:

o MPPT kanallari soni va string konfiguratsiyasi,

« invertorning sovitilishi (ventilyatsiya) va joylashuvi,

e AC himoya: avtomat, RCD/RCBO (zarur bo‘lsa), SPD,

« tarmoqqa ulanish shartlari (grid kod talablari) hisobga olinadi.

AC qismida kabel kesimi, fazalar bo‘yicha yuk taqsimoti, kuchlanish tushuvi va qisqa
tutashuv toki hisoblari bajariladi.

Yerga ulash QFESning uzoq muddatli ishonchliligi va odam xavfsizligining asosi
hisoblanadi. Bunda:

« metall konstruksiya va panel ramkalarini yerga ulash,

« invertor va elektr shkaflarni yerga ulash,

e chagmoqdan himoya (LPS) bo‘lsa, u bilan muvofiqglashtirish,

e SPDlarni to‘g‘ri daraja va joyda qo‘yish amalga oshiriladi.

Ishga tushirishdan oldin majburiy tekshiruvlar:

« DC kuchlanishni tekshirish,

e string kuchlanishi va izolyatsiya qarshiligini o‘lchash,

« konnektor va gistirmalarning gizib ketishini baholash,

« invertorga ulangan klemniklar, himoya sozlamalari,
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« tarmoq parametrlari mosligi.

Xulosa qilib aytganda sinovlar natijasi protokollashtirilib, obyekt ekspluatatsiyaga
topshiriladi.

Quyosh fotoelektrik stansiyalarini sozlash va ishga tushirish

1. Invertorni sozlash

Invertor sozlamalari (kuchlanish, chastota, MPPT rejimi) mahalliy elektr tarmog‘i
standartlariga mos ravishda amalga oshiriladi. MPPT (Maximum Power Point Tracking) algoritmi
quyosh panellaridan maksimal quvvat olishni ta’minlaydi.

2. Monitoring va nazorat

Zamonaviy QFESIlar SCADA, Wi-Fi yoki GSM asosidagi monitoring tizimlari bilan
jihozlanadi. Bu tizimlar yordamida real vaqt rejimida quvvat, kuchlanish va energiya ishlab
chiqarish ko‘rsatkichlari nazorat qilinadi.

Energiya samaradorligini oshirish masalalari

IImiy tadgiqotlar asosida quyosh stansiyalarining samaradorligini oshirish uchun quyidagi
chora-tadbirlar tavsiya etiladi:

« panellarni muntazam tozalash;

« optimal burchak va yo‘nalishni saqlash;

« yugori samarali invertorlardan foydalanish;

« aglli monitoring va boshgaruv tizimlarini joriy etish.

Xulosa

Quyosh fotoelektrik stansiyalarini to‘g‘ri o‘rnatish va ilmiy asoslangan sozlash energiya
ishlab chigarish samaradorligini sezilarli darajada oshiradi. QFESIar ekologik toza va iqtisodiy
jihatdan samarali bo‘lib, ularni keng miqyosda joriy etish mamlakat energetik xavfsizligini
mustahkamlashga xizmat qiladi. llmiy yondashuv asosida amalga oshirilgan loyihalar uzoq
muddatli va barqaror ishlashni ta’minlaydi.
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Abstract. This review article examines recent work at the intersection of multimodal clinical
monitoring, federated learning, privacy-aware optimization, and communication-efficient deployment. The
paper is intentionally organized as a pure review rather than a hybrid review-method article. The synthesis
is centered on five tightly connected themes that recur across the reviewed literature: cross-institutional
federated learning in real clinical systems, multimodal temporal risk modeling, missing-modality learning,
personalization and fairness under heterogeneity, and deployment-aware design under bandwidth and
latency constraints. The available evidence suggests that several important subproblems have already been
addressed. Structured EHR federation has improved cross-site robustness, multimodal monitoring has
strengthened deterioration and triage prediction, and communication-aware federated designs have reduced
the practical burden of distributed learning. However, the field still lacks an integrated framework for real-
time multimodal clinical monitoring that simultaneously addresses non-1ID variation, modality
incompleteness, subgroup reliability, privacy constraints, and communication efficiency. In response, this
article introduces DMPF-Monitor as a literature-grounded conceptual framework rather than as a
completed empirical model. The review also proposes a layered dataset strategy based on elCU-CRD,
MIMIC-1V, PTB-XL, and NHANES, and argues that future benchmarks should move beyond discrimination
metrics to include calibration, subgroup performance, latency, communication cost, and review-burden
reduction.

Keywords: federated learning; multimodal clinical monitoring; electronic health records;
personalized risk prediction; privacy-preserving artificial intelligence; edge loMT

Annotatsiya. Ushbu sharh magola multimodal klinik monitoring, federatsiyalashgan o qitish,
maxfiylikka yo ‘naltirilgan optimallashtirish va kommunikatsiya jihatdan samarali joriy etish kesishmasidagi
so ‘nggi tadgiqotlarni tahlil giladi. Magola gibrid review—method formatidan voz kechib, sof sharh magola
sifatida qayta tuzilgan. Tahlil review gilingan adabiyotlarda takroran uchraydigan va o ‘zaro chambarchas
bog‘liq besh yo‘nalishga qaratilgan: real klinik tizimlarda ko'p institutli federatsiyalashgan o ‘qitish,
multimodal vaqtga bog‘liq xavf modellashtirish, yo‘q modalitylarni o ‘rganish, heterogenlik ostida
shaxsiylashtirish va adolatlilik, hamda bandwidth va kechikish cheklovlari mavjud sharoitlarda joriy etishga
mos dizayn. Mavjud dalillar shuni ko ‘rsatadiki, ayrim muhim kichik muammolar allagachon qisman hal
gilingan: structured EHR federatsiyasi markazlararo bargarorlikni oshirgan, multimodal monitoring
yomonlashuv va triaj bashoratini kuchaytirgan, kommunikatsiyaga sezgir federatsiyalashgan dizaynlar esa
distributed o ‘qitishning amaliy yukini kamaytirgan. Biroq sohada hali real vaqtli multimodal Klinik
monitoring uchun non-IID farqlar, modality to ‘ligsizligi, subgroup ishonchliligi, maxfiylik talablari va
kommunikatsiya samaradorligini bir vagqtning o zida qamrab oladigan integrallashgan framework
yetishmaydi. Shu sabab ushbu magolada DMPF-Monitor tayyor empirik model sifatida emas, balki
adabiyotlarga tayangan konseptual framework sifatida taklif etiladi. Shuningdek, elCU-CRD, MIMIC-1V,
PTB-XL va NHANES asosidagi gatlamli dataset strategiyasi tavsiya qilinadi hamda kelajakdagi
benchmarklar fagat discrimination metrikalari bilan cheklanmay, calibration, subgroup performance,
latency, communication cost va review-burden reduction ko ‘rsatkichlarini ham qamrab olishi zarurligi
asoslanadi.

Kalit so“zlar: federatsiyalashgan o ‘qitish; multimodal klinik monitoring; elektron tibbiy yozuvlar;
shaxsiylashtirilgan xavf bashorati; maxfiylikni saqlovchi sun’iy intellekt; edge loMT

Annomauua. B Oannoil 0030pnoll cmamve paccmampusadmcs Co8peMeHHble UCCIe008aHUs HA
cmoblke MYTbMUMOOAIbHO2O KIUHUYECKO20 MOHUMOPUH2d, (edepamusHo2o o00yueHUs, NpueamHoCmHo-
OPUEHMUPOBAHHOL  ONMUMUZAYUU U  KOMMYHUKAYUOHHO-9¢hexmusnozo  pazgepmoisanus. Cmambs
YeNeHanpagiIeHHO OP2aHU308aHA KAK YUCmbll 0630p, a He Kak cubpuonas paboma muna review-method.
Cunme3 noOCmMpoeH GOKpye HAMU MECHO CGA3AHHbIX MeM, KOMopbvle pe2yisipHO BCMPeUarmcs 8
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NPOAHATUBUPOBAHHOU UMeEpamype:. MeNCUHCIMUMYYUOHATbHOe (hedepamusHoe oOyYeHue 6 peanbHbIX
KAUHUYECKUX CUCEMAX, MYTbMUMOOAIbHOE GPEMEHHOe MOOEIUPOBAHIUEe PUCKA, 00VUeHUe npu OMCymcmeuu
OMOENbHBIX MOOATLHOCE, NEPCOHATUZAYUSL U CHPABEOTUBOCHL 6 YCIOBUIX 2eMeEPOSeHHOCMU, A MAKice
NPOEKMUPOBAHUEe C YUeMmOM 02PAHUYEHUll NPONYCKHOU chnocobnocmu u 3adepoicku. Mmerowuecs Oannvle
NOKA3b18aIOM, 4MO Psi0 8ANCHLIX N003a0ay yoice yacmuyno peuter. @edepayus cmpyxmypuposannvix EHR
NOBbIULACT MENCCAUMOBYIO YCMOUMUBOCTb, MYTbIMUMOOATbHBIIL MOHUMOPUHS VIYYUAem NPOSHO3UPOBAHUE
VXYOuleHusi COCIMOAHUS U KIUHUYECKO20 MPUaica, a KOMMYHUKAYUOHHO-0OPUEHMUPOBAtHble pedepamuenvle
CcXembl YMEeHbULAIOM NPAKMUecKylo HazpysKy pacnpeoeiennozo ooyuenus. Tem ne menee ¢ dannou obnacmu
NO-NPENCHEMY OMCYMCMEYem UHMESPUPOBAHHASL CXeMA PEealbHO20 6PeMeHU OJisl MYTbMUMOOAIbHO2O0
KAUHUYECKO20 MOHUMOPUH2d, KOmMOpas 00Hogpemenno yuumwigana 6Ovr non-11D-eapuayuu, nenonnomy
MoOanvHOCmel,  HAOEICHOCMb — NOO2PYNN,  OZPAHUYEHUS.  NPUBATMHOCMU U KOMMYHUKAYUOHHYIO
appexmusnocms. B omeem na smom npoben ¢ cmamve 6sooumcss DMPF-Monitor e xax 3asepuwennas
IMAUPUYECKAST MOOeTb, A KAK KOHYENMYAlbHAsl cXxeMa, onupaiowascs na aumepamypy. Kpome moeo,
npeonazaemcst MHO2OCIOUHAs cmpamezust ebloopa Habopos oanuwix Ha baze elCU-CRD, MIMIC-IV, PTB-
XL u NHANES, a maxkoce obocuosvigaemcsi, umo Oyoyugue OCHUMAPKU OOANCHBL GLIXOOUMb 30 PAMKU
moavko discrimination-uempux u exnrouams calibration, noxazamenu noozpynnosoi nadesxcnocmu, latency,
communication cost u cruoicenue Hazpysxu na KiuHuueckuil review.

Knrouesvie cnosa: ¢eoepamusnoe obyuenue; MyibmuMOOAIbHbIL KIUHUYECKUN MOHUMOPUHL,
ONIEKMPOHHbIE MEOUYUHCKUE 3ANUCU;, NEPCOHANUIUPOBAHHOE NPOSHOZUPOBAHUE DPUCKA, UCKYCCMBEHHDbII
unmeniexm ¢ coxpanenuem npusamuocmu,; edge loMT

1. Introduction. Clinical monitoring has become a data integration problem. Intensive care
units, emergency departments, and remote care pathways now generate structured electronic health
records, laboratory trajectories, clinical notes, imaging, physiological waveforms, and patient-
reported observations on different time scales. That diversity is clinically useful, but it also
complicates model design because data are fragmented across institutions, governed by privacy
regulation, and often incomplete at the patient level.

Federated learning has attracted sustained attention in this context because it supports
collaborative model development without requiring raw data to leave local institutions. In structured
EHR settings, federated models have already approached centralized performance while improving
robustness relative to local-only baselines. At a larger scale, EXAM showed that a chest X-ray plus
EMR model trained across twenty institutions could improve both average performance and cross-
site generalizability compared with local models.

The current literature is nevertheless fragmented. Real clinical FL studies are usually
strongest in structured EHR prediction and institutional heterogeneity, but weaker in real-time
multimodal fusion. Multimodal monitoring studies often produce clinically meaningful patient-level
prediction systems, yet many remain single-center and non-federated. Edge-oriented work improves
deployment realism, but often simplifies the clinical data problem. Privacy-aware and fairness-
aware studies add methodological depth, but they are rarely integrated into a full end-to-end
monitoring system.

This review addresses that gap by reorganizing the literature around the actual technical
problem: real-time multimodal personalized federated clinical monitoring under heterogeneous,
privacy-constrained, and communication-limited conditions. Rather than preserving earlier
administrative groupings, the article uses a problem-oriented synthesis that makes the literature
easier to interpret as one connected research agenda.

2. Review Scope and Analytical Strategy. This article is a structured review and
conceptual integration paper. It does not present newly executed experiments and should not be
interpreted as an original empirical study. Instead, it synthesizes the previously reviewed corpus and
uses that evidence to build a technically grounded framework for future work.

The literature is examined through five analytical dimensions that repeatedly determined its
value for automated clinical monitoring: data realism and institutional heterogeneity, multimodal
fusion quality, federated optimization under non-1ID conditions, privacy and fairness under
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personalization, and deployment feasibility including communication cost, latency, and clinician
workload.

Figures 1-4 and Tables 1-3 are therefore integral to the review argument. They consolidate
the literature into an interpretable structure: Figure 1 frames the monitoring problem itself, Figure 2
explains the layered dataset strategy, Figure 3 visualizes the integrated conceptual framework, and
Figure 4 connects that framework to deployment logic. The tables position representative methods,
define dataset roles, and distinguish between established evidence and forward-looking benchmark
targets.

3. Federated Learning in Real Clinical Systems. The strongest evidence for FL in
healthcare still comes from structured EHR prediction. Dang et al. demonstrated that federated
learning is viable for electronic health records and that simple baselines such as FedAvg or related
variants can remain competitive when cohort definition and local preprocessing are stable. This is
an important corrective to the assumption that clinical FL necessarily requires elaborate
optimization to be useful.

A second lesson from real clinical FL studies is that client heterogeneity is not just a
nuisance. Kim et al. showed that heterogeneous EHR systems require both representation alignment
and pragmatic participant selection. Their cost-aware design makes a point that is often neglected in
conceptual discussions: adding every possible site does not automatically improve the model. In
practice, schema compatibility, institutional similarity, and marginal contribution all matter.

The best-known large-scale example remains EXAM. Dayan et al. trained a chest X-ray plus
EMR model across twenty institutions and reported strong short-horizon prediction performance
together with clear gains in generalizability. For a review paper, the key point is not only the
reported AUC. It is that real clinical federation can improve robustness when local datasets are
small, skewed, or institution-specific.

4. Multimodal Clinical Monitoring and Temporal Risk Modeling. Where FL papers
provide the collaborative backbone, multimodal monitoring papers define the behavior that a
clinically useful system should exhibit. Choi et al. proposed a real-time deterioration model for the
emergency department that combined sparse tabular features, dense vital-sign sequences,
radiographs, and clinical text. A notable strength of that work is its temporal framing. Predictions
were made over rolling windows rather than over a single admission snapshot, which makes the
model structurally closer to actual clinical monitoring.

McLean et al. approached the same problem from the perspective of postoperative remote
care. Their multimodal system fused patient-reported outcome measures and wound images for
surgical-site infection triage. The study is especially valuable because it went beyond discrimination
metrics and estimated operational impact. The hybrid rule-out pathway substantially reduced
simulated review time while maintaining acceptable detection performance.

Longitudinal oncology surveillance adds a third perspective. Jung et al. combined baseline
clinical-pathological-molecular information with follow-up laboratory and radiology-report data to
generate a dynamic recurrence score. The paper is not federated, but it illustrates a key point for this
review: automated clinical monitoring is often better understood as risk trajectory estimation than as
one-time classification.

5. Missing Modalities, Personalization, Fairness, and Privacy. Multimodal clinical data
are rarely complete. In one hospital, repeated laboratory testing may be abundant but imaging
limited. In another, imaging may be frequent while text quality is uneven. Yet many multimodal
systems still handle this through naive zero-filling, fixed late fusion, or exclusion of incomplete
cases. The reviewed literature suggests that this remains a weak point rather than a solved problem.

Personalization adds a second layer. Real hospital populations differ in case mix, severity
distribution, workflow, and data density. The best clinical FL studies already hint that a single
monolithic global model is unlikely to be optimal in all settings. Work on demographic fairness and
personalized aggregation further shows that performance, calibration, and subgroup reliability can
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move in different directions,
discrimination alone.

Privacy-aware clinical modeling also needs to be interpreted carefully. Differential privacy,
secure aggregation, encrypted sharing, and related mechanisms are useful, but privacy protection is
not the same as clinical adequacy. A privacy-preserving model that produces poorly calibrated
predictions or large subgroup error gaps remains difficult to justify in practice. For this reason,
fairness-aware calibration and subgroup-level reliability should be treated as core monitoring
requirements rather than as optional extensions.

especially when the training objective emphasizes global

6. Edge Deployment and Communication-Constrained Monitoring. Deployment realism
is one of the clearest dividing lines between promising methodology and practical monitoring
systems. In clinical settings, data are often generated at the bedside or through resource-limited
devices and gateways. Edge-oriented studies show that local inference and partial local training are
feasible, but they also make clear that bandwidth, synchronization cost, and communication rounds
affect what can be sustained in practice.

Communication-efficient federated learning therefore matters for more than engineering
elegance. In a monitoring pipeline, repeated updates and repeated inference accumulate cost. If a
method improves discrimination modestly but requires unrealistic bandwidth or synchronization, its
practical value is limited. This is why compression, partial parameter sharing, split learning, and
asynchronous coordination remain relevant to the review argument.

From a review perspective, the main limitation of the deployment-oriented literature is that
it often simplifies the clinical data side. Many edge or loMT papers are stronger on systems design
than on rich multimodal hospital validation. Even so, they remain essential because they identify the
constraints that any clinically credible framework must survive outside the lab.

Table 1.
Comparison of representative directions in clinical monitoring and federated learning
Study Primary data | Real-time | Federated | Personalization | Deployment | Main gap
/ fairness realism
Dang et al., Structured Limited Yes Limited Moderate Restricted
2022 EHR multimodal
coverage
Dayan et al., CXR + EMR Short- Yes Limited Good Two-
2021 horizon modality
design
Choi et al., 2024 | Vitals + labs + Yes No No Moderate Single-
text + image center
setting
McLean et al., PROMs + Yes No No Stron | Remote SSI
2025 wound images g workflow | triage only
focus
Jung et al., 2025 Clinical + Longitudinal No Risk Mod Not
molecular + stratification erate federated
lab + only
radiology text
Communication- Mixed / Limited Yes Limited Strong Often weak
aware FL simulated clinical
studies realism
Integrated target | EHR + text + Yes Yes Yes Yes Requires full
of this review | image + signal validation
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Table 1 makes the review argument more explicit. No prior direction is weak in every
respect; instead, each one is incomplete in a different way. Real clinical FL contributes cross-site
learning, multimodal monitoring contributes temporal clinical realism, and deployment-oriented
work contributes communication and execution realism. The gap is therefore integrative rather than
purely incremental.

P ™~ P ™~
elCU-CRD Core monitoring tasks
multi-hospital ICU mortality, AKI,
heterogeneity sepsis, deterioration B
- _/ -
' ~ s ~
MIMIC-1V Signal branch
longitudinal ICU data - Layered benchmark »  multimodal fus.mn NV mntegrated
notes, labs, outcomes site heterogeneity and temporal risk N T
- J label skew = _/ perspective

modality incompleteness

'S ~ 'S ~
PTB-XL Fairness benchmark
ECG signals + /] subgroup calibration
metadata and robustness
— _/ — _J

Figure 2. Dataset strategy and multimodal data flow.

Figure 2 explains why the benchmark should be layered rather than centered on a single
dataset. elCU-CRD provides institution-level heterogeneity, MIMIC-IV provides deeper local
temporal structure, PTB-XL adds waveform realism, and NHANES supports subgroup-oriented
fairness analysis. The figure therefore ties the dataset strategy directly to the review’s central
research problem.

7. An Integrated Conceptual Framework for Real-Time Multimodal Personalized
Federated Monitoring. The literature reviewed above supports a clearer conclusion than a simple
list of research gaps. The field does not mainly need another isolated optimizer or another single-
center multimodal model. It needs an integrated monitoring framework that treats multimodality,
federation, personalization, fairness, and deployment as parts of the same pipeline.

s ~ s ~
Structured EFIR Temporal tabular
labs, meds, encoder
chart events
o J L v
s ~
‘g I (_ TN
ini Cross-modal fusion
not(e:&limclg?;;le:i;ts Text encoder o4 shared trunk
Teports (ClinicalBERT) namic missing-modality gate
9 availability - _J
~ ~ ~ quality
uncertainty — ~
- ™ . ™~ )
e D Personalized adapter
18 Image encoder / (site/patient state)
radiograph or (CNN/Swin)
wound image | \.L J
- _/ (. _/ ~ ~
Fairness-aware
( ) ' -~ calibration
Signal branch ] - . J
1D signal
}ﬁg‘;fg};ﬁ' encoder — \L ~
\_ J _ p, Outputs

risk, uncertainty,
triage priority
L S/

Figure 3. DMPF-Monitor as an integrated conceptual framework.
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This review uses the term DMPF-Monitor for that integrated conceptual direction. The name
is provisional, but the technical idea is specific. The framework combines modality-aware encoders,
dynamic missing-modality gating, patient-state-aware personalized aggregation, fairness-aware
calibration, and communication-efficient update sharing. The point is not to claim that these
components have been validated together already. They have not. The point is that the reviewed
evidence justifies their integration as a coherent next step.

Figure 3 should be interpreted as a synthesis figure, not as proof of an already completed
architecture. It shows how modality-specific branches, missing-modality gating, cross-modal
fusion, personalized local adaptation, and fairness-aware calibration can be combined without
conflating literature evidence with experimental validation. That distinction is essential for a review
paper.

7.1 Conceptual components. Modality-aware encoders. Each modality should be processed
with an encoder that matches its statistical structure rather than being forced into premature fusion.
Structured EHR streams, clinical text, imaging, and physiological signals differ too much for one
shared early encoder to be consistently appropriate.

Dynamic missing-modality gating. Instead of treating missing inputs as blank placeholders,
the framework assigns modality weights using availability, data quality, and uncertainty cues. This
allows the monitoring representation to degrade gracefully when one branch is absent or unreliable.

Personalized aggregation. Sample-size weighting alone is unlikely to be sufficient when
clients differ in severity mix, modality completeness, and local drift. A more plausible federated
strategy is to keep a shared trunk global while leaving adapters or calibration parameters local.

Fairness-aware calibration. In monitoring, probability quality matters because decisions are
threshold-based. Calibration should therefore be examined overall, by site, and by subgroup. This
becomes more important, not less, when federation spans multiple institutions.

Communication-efficient update sharing. Only the transferable part of the model should be
communicated. This keeps the framework aligned with resource-limited deployment settings and
avoids treating communication cost as invisible.

7.2 Hlustrative conceptual formulation. To clarify the integrated framework without
presenting it as a completed empirical model, the fused multimodal state may be written
conceptually as follows:

Zit = 2 0™ - P, ) 1)

Here, h denotes the modality-specific encoder output, P denotes projection into a shared
latent space, and a denotes a dynamic gate derived from modality availability, local data quality,
and uncertainty.

The aggregation logic may also be expressed at a high level as:

e o (i / Xy ny) - exp(-Pds - yug) - (1 +mew) 2)

In this expression, ni denotes local sample size, di reflects local drift, ux summarizes
uncertainty, and ¢ captures modality completeness. The equation is presented only as an illustrative
formalization of the review-based conceptual framework.

~ ~

Local site Global trunk update
raw data remain local broadcast to sites

SE— |
() )
Server aggregation
Local training state-aware weighting Clinical deployment
encoders + adapter secure coordination edge or gateway inference

v, protecte

Monitoring output
review queue, alert,
rule-out decision

Compressed uplink
shared trunk only

N

Figure 4. Edge-to-cloud training and deployment pathway for the integrated framework.
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Figure 4 connects the conceptual framework to deployment logic. It clarifies which parts of
the model remain local, which parts are aggregated, and where inference is expected to run. In a
review article, this kind of systems diagram is useful because it turns a high-level idea into a
technically interpretable pipeline without overstating experimental maturity.

8. Datasets, Benchmark Design, and Evaluation Considerations. A credible benchmark
for this topic should do more than report one discrimination metric on one dataset. The benchmark
should expose site heterogeneity, modality incompleteness, subgroup imbalance, and operational
cost. This is why a layered dataset strategy is more convincing than a one-dataset design.

elCU-CRD is the natural starting point for hospital-level federation because it contains
multiple hospitals and realistic institution variation. MIMIC-IV complements it with richer event
structure and stronger temporal depth. PTB-XL adds a dedicated waveform branch for signal-aware
monitoring, while NHANES supports fairness and subgroup calibration analysis. Used together,
these datasets let the researcher test not just predictive performance, but which parts of the
framework are helping under which conditions.

Client construction should reflect the intended failure modes. For elCU, hospitals can be
treated as natural clients. For MIMIC-1V, clients can be simulated by unit, time period, or severity-
based partition. PTB-XL can be stress-tested through controlled prevalence shifts across diagnostic
labels, sex, or age. NHANES can be partitioned by demographic group and survey cycle. In a
review context, what matters is not the exact partition recipe, but that the federation is designed to
surface clinically meaningful heterogeneity.

Table 2.
Dataset characteristics and their roles in a layered benchmark
Dataset Primary data Main strength Role in the Typical federation
benchmark strategy
ICU EHR, vitals, Real multi-hospital C_ore benchmark_for Natural clients by
elCU-CRD ; site-level federation .
labs, outcomes heterogeneity s hospital
and deterioration tasks
o Rich temporal Core benchma_rk for _ _
MIMIC-IV Longitudinal ICU structure and feature temporql modeling and Slm_ula_ted chent; by
EHR, notes, labs denth multimodal event unit/time/severity
P construction
- Waveform branch and | Simulated clients by
PTB-XL ECG waveforms + Public signal multimodal signal label/prevalence
metadata benchmark . i
fusion shift
Auxiliary benchmark Clients by
NHANES Tabular health and Subgroup diversity for fairness and demographic
demographics o
calibration group/cycle

Table 2 underscores an important review conclusion: dataset choice should follow the
scientific question, not convenience. If the goal is real-time multimodal personalized federated
monitoring, then site heterogeneity, temporal depth, signal branching, and subgroup analysis all
need explicit support somewhere in the benchmark design.

8.1 Evaluation perspective. Discrimination remains necessary, so AUROC, AUPRC, and
Fl-score should be reported. However, these are not sufficient for a monitoring-oriented
benchmark.
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Calibration should be assessed through metrics such as expected calibration error or related
probability-quality measures because threshold-based review decisions depend on reliable
probabilities, not only on ranking.

Fairness and subgroup robustness should be examined through worst-group performance
and subgroup disparity metrics rather than overall averages alone.

Latency, communication cost, and review burden should also be measured. A monitoring
system that is statistically strong but operationally expensive may still be unsuitable for
deployment.

9. Open Challenges and Future Research Directions. The most important unresolved
issue is integration. The literature already contains strong examples of cross-site FL, multimodal
monitoring, workload-aware triage, communication-aware learning, and fairness-aware calibration.
What is still missing is a system that unites these components under realistic clinical constraints.

A second unresolved issue is the treatment of missing modalities as a primary modeling
problem. Many papers acknowledge incompleteness, but fewer make it central to the architecture.
This matters because modality availability is often tied to acuity, workflow, and institutional
practice.

A third challenge is evaluation realism. Reviewers increasingly expect more than one
headline metric. Monitoring systems should be assessed in a way that captures cross-site robustness,
calibration, subgroup safety, and deployment cost. Without that, claims of practical relevance
remain weak.

Future work should therefore move toward benchmarked, reproducible studies that compare
local-only, centralized, and federated multimodal systems under controlled heterogeneity and
modality dropout. In that setting, the value of the integrated framework can be tested rigorously
rather than assumed.

Table 3.
Interpreting representative evidence and benchmark targets for future validation
Source of evidence Repres_enta_mve What it establishes What it still leaves
contribution open
Clinical federation Limited modality
Large-scale FL across .
Dayan et al., 2021 L improves robustness and breadth and
20 institutions NS -
generalizability personalization
Real-time multimodal Temporal multimodal No federated

Choi et al., 2024 monitoring is clinically

collaboration
useful

deterioration prediction

McLean et al., 2025 Multimodal triage with | Operational burden should | Task is narrow and non-

workload reduction be part of evaluation federated
Communication- Bandwidth-sensitive Efficiency can change Often limited clinical
aware FL studies distributed learning practical feasibility realism

Integrat_ed . Conceptual synthesis A technically grounded Fu!l e>§per|menyal
framework in this " . validation remains
for future work direction exists

review future work

Table 3 is included to preserve methodological credibility. It separates what the literature
has already established from what remains a forward-looking proposition. That separation is
important in a review paper because a conceptual framework should be presented as a justified next
step, not as a completed empirical result.

10. Conclusion. This review argues that the field has reached a point where the main barrier
is no longer the absence of promising components. The barrier is that those components remain
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distributed across separate literatures. Real clinical FL establishes the value of cross-site
collaboration. Multimodal monitoring studies establish the need for temporal, clinically rich fusion.
Edge-oriented work establishes the importance of communication-aware design. Privacy- and
fairness-aware studies establish that responsible deployment requires more than discrimination
performance.

The logical next step is therefore integrative. Real-time multimodal personalized federated
monitoring should be pursued as a single systems problem rather than as several loosely related
model improvements. The integrated framework outlined here is not offered as a completed
solution. It is offered as a technically grounded and literature-supported direction for future
research.

In that sense, the value of the present article lies in synthesis. By reorganizing the literature
around the actual monitoring problem, it clarifies where the field already has strong evidence and
where the main gaps still lie. That is precisely the contribution a review paper should make.
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Annotatsiya. Ushbu ishda Qorao ‘zak vermikuliti va uning asosida sintez gilingan ionitlarning
kristal yoki amorf tuzilishi darajasini aniglash Rengen fazaviy analizi yordamida amalga
oshiriladi. Rengen fazaviy analiz uchun Vermikulit xom-ashyosi, kengaytirilgan vermikulit hamda
VMT-PFA anionitlarning rentgenografik tahlili olib borildi. Qorao ‘zak vermikulit>shishirilgan
vermikulit>VMT-PFA anionit gatorida olingan namunalarning kristallik darajasi kamayganligi,
amorflik darajasi esa ortganligini ko ‘rishimiz mumkin. 30°, 38° va 60° sohalardagi cho ‘qqilar
pasayganligi, 40° hamda 45° sohalarda esa cho ‘qqilarning yo ‘qolganligi, Vermikulitga garaganda
VMT-PFA anionitda amorflik xossasi ortganligini ko ‘rishimiz mumkin.

Kalit so‘zlar: Qorao zak vermikuliti; ionit; rengen fazaviy analizi, CuK a-nurlanish |,
vermikulit xom-ashyosi, kengaytirilgan vermikulit; VMT-PFA anioniti.

AnnOmauusn. B oOawnnoti pabome ¢ nomowwto peHmeeHopazo6020 anaiuza onpeoeneHd
cmenenb KpUCmMaiiuyHocmu u amopgrocmu eepmukyiuma Kopaysaxckoco mecmopooicoenus u
UOHOOOMEHHbIX ~ MAamepuanos,  CUHME3UPOBAHHLIX HA  e20  OcHoge. JIna  npoeedeHus
PpeHmeeHoha3068020 aHAIU3A ObLIU UCCIE008AHbL UCXOOHOE BEPMUKYIUMOBOE CbIPLE, BCHYUEHHDIN
gepmuxyium, a makxdce auvuonumsl muna VMT-PFA. Ycmanoeneno, umo 6 pady obpa3zyos
«eepmukyium Kopayzaxckoco mecmopooicoenus — ecnyueHuwlil epmuxyaum — avuonum VMT-
PFA» nabnrooaemcs cHudcenue cmeneHu KpUCMALIUYHOCIU U y8eluyeHue cmenesu amopphHocmu.
CHuorcenue unmencuenocmu nuxkos 6 ooaracmsax 30°, 38° u 60°, a makowce ucuesnosenue nuKkog 6
oonacmsx 40° u 45° ceuoemenvcmayrom o 8o3pacmanuu amopguvix ceoticms anuonuma VMT-PFA
1O CPABHEHUIO C UCXOOHBIM 8EPMUKYIUMOM.

Kntouesvie  cnosa:  sepmuxyrum — Kopaysaxckoco — mecmopoodicoenus;, — uUOHUM,
penmeenoghazosviil ananus;, CuKo-uznyuenue;, 8epmMuxyIumogoe colpbé, 6CHYUEeHHbIl 6ePMUKYIUM,
anuonum VMT-PFA.

Abstract: In this study, the degree of crystallinity and amorphous structure of Qorao zak
vermiculite and ion-exchange materials synthesized on its basis were determined using X-ray phase
analysis. For the analysis, raw vermiculite, expanded vermiculite, and VMT-PFA anion-exchange
materials were investigated by X-ray diffraction. It was found that in the sequence “Qorao ‘zak
vermiculite — expanded vermiculite — VMT-PFA anionite,” the degree of crystallinity decreases
while the degree of amorphousness increases. The decrease in peak intensity at 30°, 38°, and 60°,
along with the disappearance of peaks at 40° and 45°, indicates an increase in the amorphous
nature of the VMT-PFA anionite compared to the original vermiculite.

Keywords: Qorao ‘zak vermiculite; ionite; X-ray phase analysis; CuKe radiation; raw
vermiculite; expanded vermiculite; VMT-PFA anionite.

KIRISH.
Tabiiy suvning ifloslanishi aholi salomatligidan tashqari, sanoatga va qishloq xo°jaligi, ishlab
chigarish, hattoki, iqtisodiyotga katta xavf solmoqda. Suvdan chiqindi moddalarni olib tashlashning

142 Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.crei.Boimyck Ne 6)


mailto:tursunmuratovobid@gmail.com
mailto:dildoramurodova2003@gmail.com
mailto:azizaurinova70@gmail.com
mailto:bekchanov100987@mail.ru

XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

bir gancha usullari: adsorbsiya, biologik tozalash, kimyoviy koagulyatsiya, filtrlash, sedimentatsiya,
elektrokoagulyatsiya va kristallanish usullari qo‘llanilib kelinadi [1].

Yugqoridagi usullarning bir nechta o‘ziga xosligi bor, masalan, adsorbsiya (bo‘yoqlar va metall
ionlarini uchun yuqori samaradorligi), fenton reagentlari (suvda eriydigan, suvda erimaydigan
ifloslantiruvchi moddalarning yuqori samaradorligi), ozonlash ( loy hosil bo‘lmasligi), oksidlanish
(qo‘llashning osonligi va qulayligi), fotokimyoviy (loy hosil bo‘lmasligi), ion almashinuvi (qayta
ishlatish imkoniyati), koagulyatsiya (tannarxi arzonligi), biologik jarayon (ekologik sofligi) va
koagulyatsiya flokulyatsiya (tannarxi arzonligi) kabi bir qancha qulayliklarga ega. Biroq, bu
usullarning ba‘zilari kamchiliklardan holi emas [2], masalan filtrlash usulining kamchiligi: o‘lchami
jihatdan kattaligi, tannarxiining qimmatliligi, cho‘kmadan filtrlarni tozalashning qiyinligini misol
keltirish mumkin. An’anaviy usullarning yana bir kamchiligi ularda ko‘p energiya talab qilishi va
chiqindi suvlar tarkibida metall ionlarining konsentratsiyasi faqat yuqori bo‘lgandagina maqbul
usullar qatoriga kiradi, past konsentratsiyali holatda ishlatib bo‘lmaydi [3].

Adsorbsiya usuli boshqa usullardan farqli o‘laroq, samaradorligi, alternativ aniqligi, yuqori
selektivlik, tannarxining pastligi, foydalanish sodda yoki qulayligi, har xil eksperimental muhitda
foydalanish mumkinligi kabi afzalliklarga ega. Adsobsiya usulning yana bir qulayligi juda past
konsentratsiyali moddalarni ham tozalash imkoniyatiga ega ekanligi aniglangan [4].

Adsorbentlarning g‘ovak tuzilishi va sorbsion xossalarini chuqur o‘rganish ularning amaliy
go‘llanilish samaradorligini belgilovchi muhim bosqich hisoblanadi. Shu sababli bunday
materiallarni tavsiflashda bir nechta zamonaviy fizik-kimyoviy tahlil usullaridan kompleks tarzda
foydalaniladi. Jumladan, skanerlovchi elektron mikroskopiya (SEM) usuli yordamida adsorbent
sirtining morfologiyasi, ya’ni zarrachalarning shakli, o‘lchami hamda g‘ovaklarning tashqi
ko‘rinishi aniglanadi.

Ty

v

1-rasm. Rengenografik difraksion tadgiqotlari XRD-6100 (Shimadzu, Yaponiya) va uning ishlash sxemasi

Azot bug‘ining adsorbsiyasi usuli esa adsorbentning solishtirma sirt maydoni, g‘ovaklar hajmi
va ularning o‘lcham taqsimotini aniqlashda keng qo‘llaniladi. Ushbu jarayon odatda BET
(Brunauer—Emmett—Teller) nazariyasi asosida tahlil qgilinadi. Benzol va suv bug‘lari adsorbsiyasi
orgali adsorbentning gidrofob yoki gidrofil xususiyatlari baholanadi. Masalan, benzol bug‘i
adsorbsiyasi organik moddalarga nisbatan moyillikni ko‘rsatsa, suv bug‘i adsorbsiyasi materialning
namlikni yutish qobiliyatini aniglashga xizmat giladi. Rentgen fazaviy analiz usuli yordamida esa
adsorbentning kristall yoki amorf tuzilishga ega ekanligi aniglanadi. Difraksion chiziglar orqali
kristall fazalar, ularning tarkibi va strukturaviy tartibliligi hagida xulosa chigarish mumkin. Bu
ma’lumotlar adsorbentning mexanik barqarorligi va sorbsion xususiyatlariga bevosita ta’sir
ko‘rsatadi[5].

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 143



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

Rentgen fazaviy analiz (XRD) — materiallarning kristall tuzilishi, fazaviy tarkibi va atomlar
joylashuvini aniglash uchun eng muhim fizik-kimyoviy tahlil usullaridan biridir. Ushbu usul
materialshunoslik, kimyo, geologiya va nanomateriallar sohasida keng qo‘llaniladi.

Rentgen fazaviy analizning asosiy ahamiyati:
Fazaviy tarkibni aniglaydi (qaysi minerallar yoki birikmalar mavjudligini ko‘rsatadi)

Lo

1. Kiristall va amorf tuzilishni farglaydi

2. Kristall panjara parametrlarini hisoblaydi

3. Moddada yuz bergan o‘zgarishlarni (sintez, issiqlik, kimyoviy ishlov) kuzatadi
4. Yangi materiallar (ionitlar, katalizatorlar, sorbentlar) strukturasini baholaydi

5. Sanoat va ekologik materiallarni sifat nazoratida qo‘llanadi [6]

Ushbu ilmiy tadgigot ishida tabiily xomashyo Qorao‘zak vermikuliti va uning

polietilenpoliamin (PEPA) va formaldegid yordamida sintez gilingan sorbent namunalarining
kristall tuzilishi va fazaviy tarkibi o‘rganildi.
Ularning strukturaviy xossalari rentgen fazaviy tahlil (RFA) usuli yordamida aniglanib, olingan
difraktogrammalar asosida natijalar muhokama gilindi. Rentgenografik difraksion tadgiqotlar XRD-
6100 (Shimadzu, Yaponiya) qurilmasi yordamida o‘rganildi. Quyida (1-rasm) rentgen difraktometri
qurilmasining sxematik ko‘rinishi keltirilgan [7,8].

NATIJALAR VA MUHOKAMA.

Olingan adsorbentning Kristal yoki amorf tuzilishi darajasini aniglash Rengen fazaviy
analizi yordamida amalga oshiriladi.
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Rengenografik difraksion tadgigotlari XRD-6100 (Shimadzu, Yaponiya) uskunasida yordamida
diffraktsiya chiziglari asosida amalga oshirildi. CuK a-nurlanish (b-filtr, Ni, 1,54178 ogim rejimi va
uchlanishi 30 mA, 30 kV) va 0,02 daraja bilan 4 deg / min doimiy detektor aylanish tezligi
ishlatilgan. Skanerlash burchagi 4 dan 80° oralig‘ida olib borildi. Rengen fazaviy analiz uchun
Vermikulit xom-ashyosi, kengaytirilgan vermikulit hamda VMT-PFA anionitlarning rentgenografik
tahlili olib borildi[9,10].

Rentgen tuzilish tahlili yugoridagi 2-rasmda keltirilgan, ushbu rasmga (2 A, B, C rasm)
asoslanadigan bo‘lsak, Qorao ‘zak vermikulit>shishirilgan vermikulit>VMT-PFA anionit gatorida
olingan namunalarning kristallik darajasi kamayganligi,
amorflik darajasi esa ortganligini ko‘rishimiz mumkin. 30°, 38° va 60° sohalardagi cho‘qqilar
pasayganligi, 40° hamda 45° sohalarda esa cho‘qqilarning yo‘qolganligi, Vermikulitga qaraganda
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VMT-PFA anionitda amorflik xossasi ortganligini ko‘rishimiz mumkin. Bu esa ionitning sorbsion

xossasiga ijobiy ta’sir etadi. 42°, 55° 65° sohada yangi paydo bo‘lgan piklar esa vermikulitga

polietilenpoliamin hamda formaldegid kiritilishi ta’sir etganligi bilan tushuntirish mumkin[11,12].
XULOSA

Mazkur tadqiqotda Qorao‘zak vermikuliti asosida sintez gilingan kengaytirilgan vermikulit va
VMT-PFA anionitlarning fazaviy tarkibi rentgen fazaviy analiz (RFA) usuli orqali o‘rganildi.
Tahlillar XRD-6100 (Shimadzu, Yaponiya) difraktometri yordamida CuKa nurlanish sharoitida olib
borilib, olingan difraktogrammalar asosida materiallarning kristall va amorf tuzilishidagi
o‘zgarishlar baholandi. Natijalarga ko‘ra, boshlang‘ich Qorao‘zak vermikulitidan boshlab
kengaytirilgan vermikulit va undan VMT-PFA anionitga o‘tish jarayonida kristall tuzilishning asta-
sekin susayishi hamda amorf faza ulushining ortishi kuzatildi. 30°, 38° va 60° burchak sohalaridagi
difraksion cho‘qqilarning kamayishi, shuningdek 40° va 45° hududlarda piklarning yo‘qolishi
material strukturasi buzilib, amorflanish jarayoni kuchayganligini ko‘rsatadi. Bundan tashqari, 42°,
55° va 65° sohalarda yangi difraksion signallarning paydo bo‘lishi vermikulitga polietilenpoliamin
va formaldegid komponentlari kiritilishi natijasida yangi fazaviy tuzilmalar hosil bo‘lganligini
anglatadi[13].

Umuman olganda, olingan natijalar VMT-PFA anionitning amorf tuzilishi uning g‘ovaklik
darajasi va faol markazlar sonining ortishiga olib kelishini, bu esa materialning sorbsion
xususiyatlarini sezilarli darajada yaxshilashini ko‘rsatadi. Shu sababli, ushbu turdagi materiallar
ekologik tozalash va ion almashinish jarayonlarida samarali sorbent sifatida qo‘llanilishi mumkin.
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URAN METALLINING FIZIKAVIY VA KIMYOVIY XOSSALARI
R.T. Turg‘unboyev., O.K. Raxmonov., A.A. Xaydarov., E.D. Abdisamatov

Farg’ona davlat texnika universiteti,
(Qabul gilindi 10.03.2026 y.)

Annotatsiya. Ushbu magolada uran metallining fizikaviy va kimyoviy xossalari, uning davriy
jadvaldagi o ‘rni, allotropik shakllari, oksidlanish darajalari hamda asosiy birikmalari tahlil
qilinadi. Uran yadroviy energetika va sanoatda muhim ahamiyatga ega bo ‘Igan radioaktiv element
hisoblanadi.

Kalit so‘zlar: uran, aktinoidlar, radioaktivlik, oksidlanish darajasi, uran oksidlari, yadroviy
yoqilg .

Annomayua. B oOannoll cmamve  aHANUBUPYIOMCA  QUUKO-XUMUYECKUE  C8OUCMEA
Memaniuyecko20 ypaud, e20 NOJOJdHCeHUe 6 Nepuooudeckol madnuye, aiiomponHvie Qopmol,
cmeneHu OKUCHEHUSL U OCHOBHbIE COCOUHEHUA. ypaH — paduoakmuenbzd oJlemernm, umeiow;uﬁ
bonvuioe 3navenue 8 }u)epnod IOHepzemuKke u npomMvluleHHOCMU.

Knrouesvie cnosa: ypan, axmuHuovl, paouoaxmueHOCHb, CMeneHb OKUCIeHUS, OKCUObl
ypaua, si0epHoe moniueo.

Abstract. This article analyzes the physical and chemical properties of uranium metal, its
position in the periodic table, allotropic forms, oxidation states, and main compounds. Uranium is
a radioactive element of great importance in nuclear energy and industry.

Keywords: uranium, actinides, radioactivity, oxidation state, uranium oxides, nuclear fuel.

Kirish. Uran — davriy jadvalning aktinoidlar gatoriga mansub og‘ir metall bo‘lib, atom
ragami 92 ga teng. U ilk bor 1789-yilda Martin Heinrich Klaproth tomonidan kashf etilgan. Olim
ushbu elementni Uranus sayyorasi sharafiga nomlagan. Uran tabiatda keng tarqalgan bo‘lib, asosan
uraninit, karnotit va boshqa minerallar tarkibida uchraydi. Yer po‘stida uning miqdori juda katta
bo‘lmasa-da, u boshqa ko‘plab og‘ir metallarga nisbatan ko‘proq tarqalgan elementlardan biri
hisoblanadi. Uran o‘zining yuqori zichligi va metallik xususiyatlari bilan ajralib turadi. U
kumushsimon-kulrang rangga ega bo‘lib, havoda asta-sekin oksidlanadi va yuzasida goramtir oksid
qatlami hosil qiladi. Kimyoviy jihatdan u faol element bo‘lib, kislorod, galogenlar va ko‘plab
Kislotalar bilan oson reaksiyaga kirishadi. Uran bir nechta oksidlanish darajalarini (+3, +4, +5, +6)
namoyon qgiladi, bunda +6 daraja eng bargaror hisoblanadi.

Uran aynigsa o‘zining Radioaktivlik xossasi bilan muhim ahamiyat kasb etadi. Uning
yadrosi beqaror bo‘lib, vaqt o‘tishi bilan parchalanadi va katta miqdorda energiya ajratadi. Shu
sababli uran yadroviy energetikada asosiy yoqilg‘i sifatida ishlatiladi. Aynigsa U-235 izotopi yadro
bo‘linish reaksiyalarida muhim rol o‘ynaydi va atom elektr stansiyalarida keng qo‘llaniladi. Bundan
tashqgari, uran ilmiy tadgiqotlarda, tibbiyotda radioizotoplar manbai sifatida hamda harbiy sohada
ham qo‘llaniladi. Uning xossalarini chuqur o‘rganish zamonaviy energetika, ekologiya va sanoat
texnologiyalarini rivojlantirishda muhim ahamiyatga ega[1].

Uran metallining fizikaviy xossalari. Uran metallining fizikaviy xossalari uni boshga
metallardan ajratib turadigan noyob xususiyatlarga ega. Uran kumushsimon kulrang rangga ega
bo‘lgan og‘ir metalldir va uning zichligi 19,1 g/cm® ga teng, bu esa uni hatto oltindan ham og*ir
metallardan biri sifatida ko‘rsatadi. Yugqori zichlik uni sanoat va ilmiy texnologiyalarda, xususan
yadro energetikasida ishlatishga qulay giladi.

Uranning erish harorati 1132 °C, qaynash harorati esa 4131 °C bo‘lib, bu uni yuqori haroratli
sharoitlarda bargaror metall sifatida ishlatish imkonini beradi. Shu bilan birga, uran nisbatan
yumshoq metall bo‘lib, mexanik ta’sir ostida oson deformatsiyalanadi. Bu xossa uni shakllantirish
va turli konstruktsiyalarga moslashtirish jarayonida qulay qiladi. Uran metallining elektr
o‘tkazuvchanligi ham metallarga xos xossalardan biridir. U elektr toki va issiqlikni yaxshi
o‘tkazadi, bu esa uning sanoat va texnologik jarayonlarda qo‘llanilishini kengaytiradi.
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1-jadval
Uranning fizik xossalari
No Xossa nomi Qiymati/tasnifi
1 Kimyoviy belgisi U
2 Tartib ragami 92
3 Atmo massasi 238.03
4 Zichligi 19,1g/cm?3
5 Erish harorati 1132°C
6 Qaynash harorati 4131°C
7 Rangi Kumishsimon kulrang
8 Kristall tuzilishi Ortarombik (a-uran)
9 Elektr o‘tkazuvchanligi Metallarga xos
10 Mexannik xossasi Yumshoq, oson deformatsiyalanadi

Metallning sirt tuzilishi va kristall panjarasi uning boshqga fizik xossalariga ham ta’sir giladi. Shuni
ta’kidlash kerakki, uran yuqori zichlik, yuqori erish va qaynash harorati hamda yumshoqlik kabi
xossalarning kombinatsiyasi bilan ajralib turadi. Bu xususiyatlar uni metallurgiya, yadroviy
texnologiya va ilmiy tadqiqotlarda keng qo‘llanishiga imkon beradi. Uranning fizik xossalari,
aynigsa, yadroviy yoqilg‘i ishlab chigarish, sinov va o‘rganish jarayonlarida uning barqarorligi va
ishlov berish qulayligini ta’minlaydi.Uran metallining fizik xossalari — zichligi, yuqori erish va
qaynash harorati, mexanik yumshoqligi va elektr o‘tkazuvchanligi — uni ilm-fan va sanoat
sohalarida noyob va foydali element sifatida belgilaydi[2].

Allotropik shakllari. Uran uch xil kristall modifikatsiyada mavjud:

1. o-uran (alfa-uran) — past haroratda bargaror, ortorombik tuzilishga ega
2. B-uran (beta-uran) — o‘rta haroratda mavjud

3. y-uran (gamma-uran) — yugori haroratda kubik panjara hosil giladi[3].
Bu allotropik o‘zgarishlar uning fizik xossalariga sezilarli ta’sir ko‘rsatadi.

Uran metallining kimyoviy xossalari.Uran kimyoviy jihatdan faol metall bo‘lib, turli
elementlar bilan oson reaksiyaga kirishadi va ko‘plab birikmalar hosil giladi. U havoda asta-sekin
oksidlanib, yuzasida himoya qiluvchi oksid gatlami hosil giladi, birog yuqori haroratlarda bu
jarayon tezlashadi. Kislorod bilan reaksiyaga kirishib, UO,, UO3z va U3Og kabi oksidlarni hosil
giladi. Ushbu oksidlar orasida U3;Og eng barqaror hisoblanadi va sanoatda keng qo‘llaniladi.Uran
suv bilan ham reaksiyaga kirishadi, aynigsa bug® holatidagi suv bilan ta’sirlashganda uran dioksidi
va vodorod gazi hosil bo‘ladi. Kislotalar bilan reaksiyasi ham muhim bo‘lib, u nitrat, sulfat va
xlorid kislotalarda eriydi. Natijada turli uran tuzlari, masalan, uranil nitrat hosil bo‘ladi. Bu
birikmalar yadroviy texnologiyada va analitik kimyoda muhim ahamiyatga ega.

Uran galogenlar bilan ham faol reaksiyaga kirishib, UF¢, UCI, kabi birikmalarni hosil
qiladi. Aynigsa, uran geksaflorid sanoatda uranni boyitish jarayonida muhim rol o‘ynaydi. Uran bir
nechta oksidlanish darajalarini (+3, +4, +5, +6) namoyon giladi, bu esa uning murakkab va xilma-
xil kimyoviy xossalarini belgilaydi. Eng barqaror holati +6 bo‘lib, u ko‘pincha uranil ioni shaklida
uchraydi[4].

Uran havoda oksidlanib, turli oksidlar hosil giladi:

3U + 40, = U30g

UO, - uran(IV) oksid bo‘lib, uranning eng muhim va keng tarqalgan birikmalaridan biri
hisoblanadi. Bu modda qora rangli, kristall tuzilishga ega bo‘lgan qattiq birikma bo‘lib, suvda
deyarli erimaydi va kimyoviy jihatdan nisbatan bargaror hisoblanadi. UO, odatda uran rudalarini
gayta ishlash jarayonida yoki yugori haroratda uran metallining kislorod bilan reaksiyasi natijasida
hosil qgilinadi. Uran(IV) oksidning eng muhim xususiyatlaridan biri uning yadroviy yoqilg‘i sifatida
go‘llanilishidir. Aynigsa, u atom elektr stansiyalarida yoqilg‘i pelletlari shaklida ishlatiladi. UO,
yugori erish haroratiga ega bo‘lib (taxminan 2800 °C), bu esa uni yuqori haroratli sharoitlarda ham
bargaror saglaydi. Kimyoviy jihatdan UO, gaytaruvchi muhitda bargaror, ammo oksidlovchi
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sharoitda u osonlik bilan yuqori oksidlarga, masalan U;Og ga aylanishi mumkin. Shu sababli, uning
saglanishi va ishlatilishida muhit sharoitlari muhim ahamiyatga ega[5].

UO3 - uran(VI) oksid bo‘lib, uranning yuqori oksidlanish darajasidagi muhim birikmalaridan
biri hisoblanadi. Bu modda odatda sariq yoki to‘q sariq rangli kukun ko‘rinishida bo‘ladi va
kimyoviy jihatdan ancha faol hisoblanadi. UO; turli usullar bilan, xususan, uran oksidlarini
oksidlovchi muhitda qizdirish yoki uranil tuzlarini termik parchalanishi natijasida olinadi. UO3
amfoter xususiyatga ega, ya’ni u ham kislotalar, ham ishqorlar bilan reaksiyaga kirisha oladi.
Kislotalar bilan ta’sirlashganda uranil tuzlari hosil bo‘ladi, masalan, nitrat kislota bilan reaksiyada
uranil nitrat hosil qiladi. Ishqoriy muhitda esa uranatlar hosil bo‘lishi mumkin. Shu sababli, u
analitik kimyoda va sanoatda muhim ahamiyatga ega. Fizik jihatdan UOs3 nisbatan pastroq haroratda
parchalanib, U;0g yoki UO, ga aylanishi mumkin. Bu xossa uni gayta ishlash jarayonlarida muhim
giladi. UOs yadroviy vyoqilg‘i ishlab chiqarishning oraliq mahsuloti sifatida ham
qo‘llaniladi.Bundan tashqari, UO; katalizator sifatida va ba’zi kimyoviy jarayonlarda oksidlovchi
modda sifatida ishlatiladi. Uning xossalarini chuqur o‘rganish yadroviy texnologiya va
materialshunoslik sohalarida muhim ahamiyat kasb etadi[6].

U3Os — uranning aralash oksidi bo‘lib, u uran(IV) va uran(VI) oksidlanish darajalarining
kombinatsiyasidan tashkil topgan murakkab birikmadir. Bu modda odatda gora-yashil rangli kukun
ko‘rinishida bo‘ladi va uran oksidlarining eng barqgaror shakllaridan biri hisoblanadi. U3Og tabily
sharoitda ham uchrashi mumkin, lekin asosan uran rudalarini gayta ishlash yoki boshga uran
oksidlarini oksidlash orgali olinadi. Kimyoviy jihatdan UsOg nisbatan inert bo‘lib, ko‘pgina tashqi
ta’sirlarga chidamli. U suvda erimaydi va oddiy sharoitda kislotalar bilan ham sekin reaksiyaga
kirishadi. Shu sababli, u uranni uzog muddat saglash va tashish uchun qulay shakl hisoblanadi.
Yugori haroratda U3;Og gaytaruvchi muhitda UO, ga aylanishi mumkin, bu esa yadroviy yoqilg‘i
ishlab chiqgarish jarayonida muhim bosgich hisoblanadi. U;Og sanoatda keng qo‘llanilib, aynigsa
yadroviy yoqilg‘i tayyorlashda asosiy xomashyo sifatida xizmat qiladi. U “sariq uran konsentarati”
deb ataluvchi oralig mahsulotning asosiy tarkibiy qismi hisoblanadi. Bundan tashqari, uning
bargarorligi va nisbatan kam reaktivligi sababli radioaktiv materiallarni xavfsiz saglashda ham
muhim ahamiyatga ega [7].

2-jadval
Uranning asosiy oksidlanish darajalari va birikmalari
Ne | Oksidlanish darajasi mekma_ Birikma nomi Xususiyati
ormulasi
1 +3 UCl; Uran(111) xlorid Kam bargaror
2 +4 UoO, Uran(1V) oksid Yadro yoqilg‘isi
3 +5 U,O5 Uran(V) oksid Nisbatan kam uchraydi
4 +6 UO; Uran(VI) oksid Faol, amfoter xossa
5 +6 Uo,** Uranil ioni Eritmalarda bargaror
Uran aralash
6 Aralash U30g oksidi Eng bargaror shakl

Uranning suv bilan ta’sirlashuvi.Uran suv bilan reaksiyaga kirishishining asosiy sababi
uning kimyoviy faol metall ekanligidir. Uran atomlari tashqi elektronlarini oson berib,
oksidlanishga moyil bo‘ladi. Shu sababli u suv molekulalari bilan ta’sirlashganda oksidlanish-
qaytarilish (redoks) reaksiyasi sodir bo‘ladi. Bu jarayonda uran elektron berib oksidlanadi, suv esa
qaytarilib, vodorod gazi ajralib chigadi. Natijada odatda uran(IV) oksidi hosil bo‘ladi. Bu hodisa
Oksidlanish-gaytarilish reaksiyasi ga yaqqol misol bo‘la oladi[8].

U + 2H20 = UO2 + 2H;

Kislotalar bilan reaksiyasi: Uran kislotalar bilan faol reaksiyaga kirishadigan metall bo‘lib,
bu jarayon uning kimyoviy xossalarini yagqol namoyon etadi. Aynigsa, u kuchli oksidlovchi
kislotalarda yaxshi eriydi. Masalan, nitrat kislota bilan reaksiyada uran oksidlanib, eruvchan uranil
tuzlari hosil giladi.

U+4HNO3—UO2(NO3)2 + 2NO; + 2H.0
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Sulfat va xlorid kislotalarda ham uran eriydi, lekin bu jarayon ko‘pincha sekinroq kechadi.
Ba’zi hollarda reaksiya davomida yuzada hosil bo‘lgan oksid qatlami jarayonni sekinlashtiradi.
Hosil bo‘lgan uran tuzlari, aynigsa uranil birikmalari, yadroviy texnologiya va analitik kimyoda
muhim ahamiyatga ega[9].

Galogenlar bilan reaksiyasi. Uran galogenlar bilan oson reaksiyaga kirishadigan faol metall
bo‘lib, bu reaksiyalar natijasida turli galogenid birikmalar hosil bo‘ladi. Galogenlar gatoriga ftor,
xlor, brom va yod kiradi va ular uran bilan to‘g‘ridan-to‘g‘ri birikib, mos ravishda ftoridlar,
xloridlar, bromidlar va yodidlarni hosil giladi. Bu jarayonlar odatda yugori haroratda yoki faol
mubhitda tezroq kechadi. Eng muhim birikmalardan biri — uran geksaflorid (UF) bo‘lib, u gazsimon
holatda mavjud bo‘la oladi. UF¢ yadroviy yoqilg‘i ishlab chigarishda, xususan uranni boyitish
jarayonida keng qo‘llaniladi. Ftor bilan reaksiyada uran yuqori oksidlanish darajasiga (+6) o‘tadi.
Xlor, brom va yod bilan reaksiyalarda esa ko‘pincha UCl,, UBr, va Ul, kabi birikmalar hosil
bo‘ladi. Bu reaksiyalar Oksidlanish-gaytarilish reaksiyasi turiga kiradi, chunki uran elektron berib
oksidlanadi, galogen atomlari esa elektron gabul qilib gaytariladi. Natijada bargaror ionli yoki
kovalent bog‘langan birikmalar hosil bo‘ladi. Uran galogenidlari kimyoviy texnologiyada, aynigsa
yadroviy sanoatda muhim ahamiyatga ega. Ularning xossalarini o‘rganish uranni qayta ishlash va
boyitish jarayonlarini samarali tashkil etishda muhim rol o‘ynaydi[10].

Uranil ioni. (UO,?**) — uranning +6 oksidlanish darajasidagi asosiy shakli bo‘lib, suvli
eritmalarda barqaror mavjud bo‘ladi. Bu ion ikki kislorod atomidan iborat linear struktura hosil
qiladi va ikki valentli musbat zaryadga ega. Uranil ioni kimyoviy jihatdan faol bo‘lib, ko‘plab
kompleks birikmalar hosil giladi. Shu sababli u analitik kimyoda, kimyoviy tahlil va yadroviy
texnologiyada keng qo‘llaniladi. Uranil ionining eng muhim xossasi uning suvli eritmalarda
eruvchanligi va komplekslar hosil gilish gobiliyatidir. Masalan, u nitrat, sulfat, xlorid kabi anionlar
bilan reaksiyaga kirib, turli uranil tuzlarini hosil qiladi. Ushbu birikmalar yadroviy yoqilgi
tayyorlash jarayonida oraliq mahsulot sifatida ishlatiladi.

UO,** ionining kimyoviy xossalari uning elektron tuzilishi va oksidlanish gobiliyati bilan
bog‘lig. Bu ion oksidlovchi muhitda bargaror bo‘lib, qaytaruvchi sharoitda esa osonlik bilan U**
shakliga kamayadi. Uranil ionlari turli ligandlar bilan kompleks tuzlar hosil qilib, kimyoviy
reaktsiyalarda katalizator vazifasini ham bajaradi. Shuningdek, uranil ionlari atrof-muhitda suv va
tuproq bilan ta’sirlashganda ekologik xavf tug‘dirishi mumkin, chunki u radioaktiv va toksik
xususiyatga ega. Shu sababli uranil ionlarining harakatini nazorat gilish yadroviy sanoat va
ekologiyada muhim ahamiyatga ega[11].

Uran izotoblari. Uran tabiiy holda bir nechta izotoplardan iborat bo‘lib, ularning asosiylari
U-238, U-235 va U-234 hisoblanadi. U-238 - tabiiy uranning eng ko‘p uchraydigan izotopi bo‘lib,
uning umumiy miqdori taxminan 99,3% ni tashkil giladi. Bu izotopning yarim parchalanish
muddati juda uzog, taxminan 4,5 milliard yilni tashkil giladi, shuning uchun u tabiiy uran manbai
sifatida bargaror hisoblanadi. U-235 - esa fagat 0,7% ni tashkil qgiladi, lekin aynan shu izotop yadro
bo‘linishiga juda mos keladi va atom elektr stansiyalarida asosiy yoqilg‘i sifatida ishlatiladi. U-235
ning yarim parchalanish muddati taxminan 703 million yilni tashkil giladi. U-234 - esa juda kam
uchraydi va asosan U-238 ning parchalanishi natijasida hosil bo‘ladi.

Uran izotoplarining foydali xususiyatlariga quyidagilar kiradi: U-235 yadro bo‘linish
gobiliyati tufayli energiya ishlab chigarish, atom elektr stansiyalari va yadroviy reaktorlar uchun
asosly yoqilg‘i hisoblanadi. U-238 esa neytronlarni singdiruvchi va uran yoqilg‘isini boyitishda
ishlatiladi. Biroq, uran izotoplarining zararli xususiyatlari ham mavjud. U radioaktiv bo‘lib, uzoq
muddat ta’sirida organizmga toksik ta’sir ko‘rsatadi. U-235 ning yadroviy parchalanishi davomida
radiatsiya hosil bo‘ladi, bu esa sog‘liq uchun xavf tug‘diradi. Shu sababli uran izotoplarini saqlash,
tashish va ishlatishda gat’iy xavfsizlik choralari talab etiladi[12].

Qo ‘llanilishi. Uran metallining qo‘llanilishi juda keng bo‘lib, bir necha sohalarni qamrab
oladi, chunki u o‘zining noyob fizikaviy, kimyoviy va radioaktiv xossalari bilan ajralib turadi. Eng
muhim va asosiy soha — yadroviy energetika hisoblanadi. Aynigsa, U-235 izotopi atom
reaktorlarida asosiy yoqilg‘i sifatida ishlatiladi. U yoqilg‘i pelletlari shaklida reaktorlarga
joylashtiriladi va yadroviy bo‘linish jarayoni davomida katta miqdorda issiqlik energiyasi ajraladi.
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Hosil bo‘lgan issiqlik suvni bug‘ga aylantiradi, bu esa turbinalarni aylantirib, elektr energiyasini
ishlab chigarishga imkon beradi. Shu tariga, uran atom elektr stansiyalarining asosiy xomashyosiga
aylangan va zamonaviy energetika tizimida muhim rol o‘ynaydi.

Uranning yana bir muhim qo‘llanilishi — yadro sanoati va qurollanish sohasida. Udan harbiy
yo‘nalishda tanklar va raketalar uchun uran qoplamalari, shuningdek, atom qurollarini ishlab
chigarishda foydalaniladi. Uran yadro qurollarida kuchli portlovchi energiya manbai sifatida
ishlatiladi. Shu bilan birga, U-238 izotopi neytronlarni singdiruvchi va boyitishda ishlatiladi, bu esa
yadroviy texnologiyada muhim ahamiyatga ega. Shuningdek, uran ilmiy tadgigotlarda ham
go‘llaniladi. Uran birikmalari analitik kimyoda, katalizator sifatida va laboratoriya tajribalarida
ishlatiladi. Uranil ionlari (UO,%*) orgali kompleks birikmalar hosil gilib, kimyoviy reaktsiyalarni
o‘rganish mumkin.

Tibbiyotda ham uran radioaktiv izotoplari manbai sifatida ishlatiladi, masalan, radiografiya
va ayrim diagnostik tadgiqotlarda. Shu bilan birga, uran rudalari va aralash oksidlari sanoatda,
metallurgiya va qattiq materiallar ishlab chiqarishda ham qo‘llaniladi. Uranning qo‘llanilishi bilan
birga, uning zararli xususiyatlari ham hisobga olinadi. Uran radioaktiv bo‘lgani uchun uning
ishlatilishi qat’iy xavfsizlik choralarini talab qiladi. Shu sababli uran energiyasi ekologik va
xavfsizlik nuqtai nazaridan maxsus nazorat ostida bo‘ladi[ 13].

Uran metallining noyob fizikaviy, kimyoviy va radioaktiv xossalari uni ilmiy tadgiqotlar va
sanoatda muhim elementga aylantiradi. llmiy sohada uran asosan yadroviy energetika, kimyoviy
tadqiqotlar va radiologik tajribalar uchun qo‘llaniladi. Eng muhim qo‘llanilishlardan biri — atom
reaktorlarida yoqilg‘i sifatida ishlatiladigan U-235 izotopi. Bu izotop yadroviy bo‘linish jarayonida
katta miqdorda issiqlik energiyasi hosil qiladi, bu esa suvni bug‘ga aylantirib, turbinalarni
aylantirish va elektr energiyasini ishlab chigarish imkonini beradi. Uran shuningdek ilmiy
tadgiqotlarda, masalan, kimyoviy komplekslar va katalizatorlarni o‘rganishda, uran tuzlari
yordamida analitik kimyo va laboratoriya tajribalarida keng qo‘llaniladi.

Harbiy sohada uranning qo‘llanilishi uning radioaktiv va yuqori zichlik xossalari bilan
bog‘liq.U-235 izotopi yadro qurollari uchun asosiy material hisoblanadi. Shuningdek, U-238 izotopi
yugori zichligi va neytron singdiruvchi xossasi tufayli tank va harbiy texnika qoplamalarida
ishlatiladi. Uran qoplamalariga ega bo‘lgan zirhli texnika va raketalar o‘zining og‘irligi va himoya
xossasi tufayli qurolli kuchlar uchun samarali hisoblanadi. Uranning harbiy sohada qo‘llanilishi
bilan birga, u ekologik va sog‘liq xavfi tug‘diradi. Radioaktivlik tufayli uran bilan ishlashda maxsus
xavfsizlik choralari talab etiladi. Shu bilan birga, ilmiy va sanoat sohasida uran energiya manbali,
tadqiqot materiali va texnologik xomashyo sifatida keng qo‘llaniladi[ 14].

Xulosa.Uran metalli — davriy jadvalning aktinoidlar gatoriga mansub, noyob fizikaviy,

kimyoviy va radioaktiv xossalarga ega elementdir. Uning atom ragami 92 bo‘lib, tabiiy holda U-
238, U-235 va U-234 izotoplaridan iborat. Uran ilk bor 1789-yilda Martin Heinrich Klaproth
tomonidan kashf etilgan va ilm-fan, texnologiya hamda sanoat sohalarida muhim rol o‘ynaydi.
Fizik xossalari — yuqori zichlik (19,1 g/cm?), erish harorati (1132 °C), gaynash harorati (4131 °C),
yumshoqlik va yaxshi elektr o‘tkazuvchanlik — uranni sanoat va ilmiy tadgiqotlarda ishlatishga
imkon beradi. Kimyoviy xossalari bo‘yicha uran faol metall bo‘lib, kislorod, suv, kislotalar va
galogenlar bilan reaksiyaga kiradi. Shu bilan birga, uran turli oksidlar va kompleks birikmalar hosil
qiladi, masalan, UO., UOs, UsOs va uranil ionlari (UO2*"), bu esa uni analitik kimyo va yadroviy
texnologiyada muhim giladi.

Uranning ilmiy qo‘llanilishi asosan yadroviy energetika bilan bog‘liq. U-235 izotopi atom
reaktorlarida yoqilg‘i sifatida ishlatiladi va yadroviy bo‘linish natijasida katta miqdorda energiya
hosil bo‘ladi. Shu energiya atom elektr stansiyalarida elektr ishlab chiqarishda samarali
foydalaniladi. Uran shuningdek ilmiy tadgiqotlarda katalizator, analitik reagent va radioizotop
manbai sifatida ham qo‘llaniladi.

Harbiy sohada uran yuqori zichlik va radioaktiv xossalari tufayli tank va raketalar
goplamalari, shuningdek yadro qurollari ishlab chigarishda ishlatiladi. Birog, uran radioaktiv va
toksik xossaga ega bo‘lgani uchun uning ishlatilishi gat’iy nazorat va xavfsizlik choralarini talab
giladi.
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Xulosa gilib aytganda, uran metalli zamonaviy energetika, ilmiy tadgigot, sanoat va harbiy
texnologiyalar uchun muhim element hisoblanadi. Uning noyob fizikaviy va kimyoviy xossalari,
shuningdek radioaktivligi, uni ilm-fan va texnologiyada o‘rni beqiyos bo‘lgan elementga
aylantiradi, lekin xavfsizlik va ekologik ta’sir doimo hisobga olinishi zarur.
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Abstract. The solubility of the CuSOs — NH4sNOs — H20 system was investigated using the
visual polythermal method over the temperature range from -16.8°C to +55.0°C. The study was
carried out in order to determine the phase equilibria and crystallization behavior of the
components in the ternary system, which is of scientific and practical importance for the
development of complex mineral fertilizers containing micronutrients. The system was studied
along nine internal sections connecting the vertices of the concentration triangle. Based on the
obtained experimental data, polythermal solubility curves were constructed and a polythermal
solubility diagram of the system was developed.

The diagram revealed the presence of crystallization fields corresponding to ice, ammonium
nitrate, copper sulfate pentahydrate, anhydrous copper sulfate, and a previously unknown double
compound CuSO4-NH4NO3-H>0. As a result of the investigation, three ternary invariant points of
the system were identified, and the equilibrium compositions of the liquid phases as well as their
crystallization temperatures were determined. The newly formed compound CuSO4-NHiNO3-H>O
was isolated in pure crystalline form and characterized as an individual phase. Its structure and
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properties were confirmed using X-ray diffraction analysis, infrared spectroscopy, and thermal
analysis methods.

The obtained results allowed the determination of the crystallization region of the double
compound on the polythermal solubility diagram and clarified the phase relationships within the
CuSOs — NH4NO3 — H20 system. The research findings provide a scientific basis for understanding
the physicochemical interactions in this system. In addition, the results can be applied in the
development of micronutrient-enriched NPK fertilizers and in the creation of advanced materials
and technologies for agricultural and chemical industries.

Keywords: Copper sulfate, ammonium nitrate, ice, CuSO4-NH4NO3-H>0, visual polytherm.

1. Introduction

In developed countries, with the continuous growth of the world population, the demand for
high-quality food products is steadily increasing. Agricultural raw materials obtained from plant
sources are extremely important for large-scale food production, which requires the use of fertilizers
to meet the nutritional needs of crops. Fertilizer management in agriculture involves the balanced
application of mineral and organic fertilizers, as well as the selection of optimal doses adapted to
the specific nutritional requirements of each crop [1, 2]. In the agro-industrial sector, the
development of scientific approaches aimed at increasing soil fertility and crop productivity, as well
as ensuring sustainable agricultural productivity in the context of the continuous reduction of
cultivated land areas, is becoming increasingly important [3].

To meet human dietary needs and strengthen public health, the nutritional value and overall
quality of agricultural products are continuously improving [4].

Micronutrients are absorbed by plants in small quantities; however, their presence
significantly affects crop quality and productivity [5]. Each micronutrient performs a specific
biochemical function in the metabolism of plants, animals, and humans, and its deficiency cannot
be replaced by other elements [6].

Therefore, in order to meet the micronutrient requirements of plants and to determine the
optimal doses and limits for the addition of micronutrients to NPK components [7, 8], the solubility
of the CuSO4 — NH4sNO3s — H20 system was investigated using the visual polythermal method. This
system was studied along nine internal sections in the temperature range from -16.8°C to +55.0°C.
Based on the solubility polytherms of the binary systems and the internal sections, a polythermal
solubility diagram was constructed, characterized by the presence of crystallization fields of ice,
NH4NO3, CuSO4-5H,0, CuSOg4, and a new phase CuSO4-NH4NO3-H20.

2. Experiments

The objects of the study are water, ammonium nitrate, and copper sulfate. During the
research, chemically pure ammonium nitrate (GOST 22867-77) and copper sulfate (GOST 4165-78)
were used. In the study, the visual-polythermal method [9] using a TN-6 glass mercury thermometer
with a measurement range from -30°C to 60°C was applied, as well as the pycnometric method
(GOST 31992.1-2012) [10].

3. Results and discussion

Isotherms are drawn at every 10°C interval of the polythermal phase diagram. Sections I-1V
are drawn from the top of NH4NOs to the side of CuSO4 - H2O, and sections V-I1X are drawn from
the top of CuSOs to the side of NH4NOz — H>0.

The system is characterized by the presence of three ternary points. The equilibrium
composition of the solutions at the binary and ternary points of the system, as well as the
corresponding crystallization temperatures, were determined (Table 1).

The first ternary point corresponds to a composition of 38.8% ammonium nitrate, 1.7%
copper sulfate, and 59.5% water, with a crystallization temperature of -14°C. Under these
conditions, the solid phase consists of ammonium nitrate, ice, and CuSO4-NH4NO3-H>0.

The second ternary point corresponds to a composition of 20.4% copper sulfate, 3.3%
ammonium nitrate, and 76.3% water. The crystallization temperature at this point is -2.7°C, and the
solid phase consists of copper sulfate pentahydrate, ice, and the compound CuSO4-NH4NO3-H-O.
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Table 1.
Secondary and Ternary Points of the CuSO4 — NHsNO3 — H,O System.
Composition of the liquid phase, 1%
% @
>
I Solid phase
NHsNO3; | CuSO4 H20 “éi
et
48 4 25 491 -9,0 NH4NO3; + CuSO4-NH4NO3-3H20
42,7 - 57,3 -16,8 | ice + NH4NO3
38,8 1,7 59,5 -14,0 | ice+NHsNO3+CuSO4NHsNO3-3H20
29,6 19 68,5 -11,0 | ice + CuSO4NH4NO33H20
19,6 3,2 77,2 -8,0 | ice + CuSO4+NH4NO3-3H20
9,3 7,9 82,8 -5,0 | ice + CuSO4+NH4NO3-3H20
6,8 9,2 84,0 -4,0 | ice + CuSO4NH4NO3-3H20
3,2 19,3 77,5 -3,0 | ice + CuSO4NH4sNO3-3H20
- 11,0 89,0 -2,8 | ice + CuSO4:5H20
3,3 20,4 76,3 -2,7 | ice+CuS0O4-5H,0+CuSO4NH4NO3-3H.0
3,6 28,9 67,5 +29 | CuSO4-5H20 + CuSO4-NH4NO3-3H20
- 21,0 79,0 +35 | CuSO4'5H20 + CuSO4
3,7 30,8 65,5 +35 | CuSO4-5H20+CuS0O4+CuSO4+NH4NO3-3H.0
41 38,4 57,5 +55 CuSO4 + CuSO4NH4NO3-3H0
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The composition of the third ternary point corresponds to 3.7% ammonium nitrate, 30.8%
copper sulfate, and 65.5% water. The crystallization temperature at this point is 35 °C, and the solid
phase consists of copper sulfate pentahydrate, copper sulfate, and the compound
CuSO4'NH4NO3-3H0.

595877

100000 —

4,13507

50000 —

2,00565

6,13470
— 536609
3,72055
72073
— 1,90430

= 4,29317
- 3,02662

~ 2,15439

0 : T T T ; T T — i ; -
10 20 30 40 50 60 70

Fig. 2. X-ray diffraction pattern of the compound CuSO4-NH4NO3-3H,0.

In the X-ray diffraction pattern of CuSO4-NH4NO3-3H-0, the following interplanar spacings
were observed: 5.95877; 4.13507; 2.00565; 2.72073; 1.90430; 5.36609; 3.72055; 6.13470; 3.02662;
4.29317; and 2.15439 A. The corresponding maximum intensities are 100; 57; 23; 14; 13; 11; 10; 9;
7; 6; and 4%, respectively (Fig. 2).

The diffraction lines with interplanar spacings of 5.95877; 4.13507; 2.00565; and 2.72073 A
show the highest intensity and correspond to the data reported in the literature. At the same time, all
diffraction characteristics confirm that CuSO4-NH4NOz-3H>0 is an individual compound.
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Fig. 3. IR spectrum of the compound CuSO4-NHsNO3-3H;0.
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When studying the infrared absorption bands of various functional groups in the crystal
structure of CuSO4+NHsNO3-3H20, it is observed that the O-H group strongly bonded with
hydrogen is expressed in the bands at 3172.90 cm™ and 3061.03 cm™ (Fig. 3). In the infrared
absorption spectra, the frequency range of 1423.47 cm™ corresponds to the region representing the
degenerate deformation vibration of the NH4 group, as well as the lattice vibration region of 400-
600 cm™ corresponding to Cu-O bonds.

The asymmetric stretching bands at 1041.56 cm™ and 1128.36 cm’, the symmetric
stretching mode of SO4* at 979.84 cm™, and the absorption band at 825.53 cm-' correspond to the
spectroscopic absorption lines belonging to the NOs™ functional group. The analyzed IR spectral
data confirm the individuality of the new compound CuSO4+-NH4NO3-3H>0.
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Fig. 4. Derivatogram of the compound CuSO4-NH4NO3-3H0.

Thermal analysis of the compound CuSO4-NHsNO3-3H20 was carried out in the temperature
range of 0-1000°C for 90 minutes (Fig. 3.23). The thermal analysis revealed seven endothermic
effects corresponding to temperatures of 84.65°C, 131.65°C, 256.32°C, 278.72°C, 316.48°C,
375.49°C, and 714.91°C.

With increasing temperature, the decomposition of the initial substance reached 26.37% at
84.65°C and 87.53% at 714.91°C. During the thermal analysis of CuSO4-NH4NO3-3H20, no mass
loss was observed in the temperature range from 714.91°C to 1000°C due to the presence of CuO.

Differential thermal analysis (DTA) and thermogravimetric (TG) analysis were performed
using a Shimadzu DTG-60 simultaneous thermal analyzer at a heating rate of 10°C/min in a
porcelain crucible.

4. Conclusion

The solubility of the CuSO4 - NH4NO3 - H2O system was studied in the temperature range
from -16.8°C to +55.0°C using the visual-polythermal method. As a result of the study, a new
double compound — CuSO4NH4NO3z-3H2O - was identified, and its crystallization region was
determined on the polythermal solubility diagram.

This compound was isolated in a pure crystalline form and identified using X-ray diffraction,
infrared spectroscopy, and thermogravimetric analysis. The obtained results are of scientific and
practical significance for the development of NPK fertilizers enriched with microelements and for
the creation of advanced materials technologies.
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SUVNI YUMSHATISH JARAYONIDA HOSIL BO‘LGAN KALSIY KARBONATDAN

FOSFOR TUTUVCHI BIR KOMPONENTLI O‘G‘IT YA'NI DIKALSIY FOSFAT

DIGIDRAT (CaHPO4:2H:0) OLISH JARAYONI
X.M. Polvonov*, S.S. Ortikova, M.O’. Usmonova
Farg‘ona davlat texnika universiteti

Tel: +998(91)1097598, E-mail: akad,hurshid@gmail.com
(Qabul gilindi 18.03.2026 v.)

Annotatsiya: Ushbu maqolada kalsiy karbonat asosida dikaltsiy fosfat dihidrat (brushit—

CaHPO+2H-0) olishning kimyoviy asoslari, laboratoriya va yarim sanoat sharoitida amalga
oshirish usullari, texnologik parametrlari hamda mahsulotning qo ‘llanilish sohalari yoritib
beriladi. Dikalsiy fosfat digidrat ni fosforli o ‘g ‘itlar ishlab chiqarishda, yem qo ‘shimchalari va
biomateriallar tayyorlashda muhim xomashyo hisoblanadi.

Kalit

so‘zlar: brushit, dikaltsiy fosfat dihidrat, kalsiy karbonat, fosfor kislotasi, cho ‘ktirish

reaksiyasi.

Annotation: this article will highlight the chemical basis of obtaining Dicalcium Phosphate

dihydrate (brushite— CaHPO+2H>0) based on calcium carbonate, methods of implementation in
laboratory and semi-industrial conditions, technological parameters and areas of application of the
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product. Dicalcium phosphate dihydrate is an important raw material in the production of
phosphate fertilizers, feed additives, and biomaterials.

Keywords: brushite, dicalcium phosphate dihydrate, calcium carbonate, phosphoric acid,
precipitation reaction.

Annomauyun: B smoii cmamve 0yoym paccmompenvl Xumuyeckue OCHO8bL NOJYYeHUs
oueuopama oukanvyutipocpama (opywum— CaHPO,2H20) na ocnose kapbonama xanvyus,
Cnocodvl e2o peanuzayuu 8 1AOOPAMOPHBIX U NOJIYAPOMBIULEHHBIX VCA0BUAX, MEXHOI02uYecKue
napamempvl u obdracmu npumeneHus npooykma. Jueuopam ouxanvyutighochama sensemcs
BAJICHBIM CIPbeM 8 NPOU3800CcmEe hocHopHbIX YOOOPeHUl, KOPMOBLIX 00DABOK U OUOMAMEPUATLOS.
Knwueevie cnosa: oOpywum, ouxanvyuiichoccham oueudpam, rxapdoonam kanvyus, @ocgophas
KUCTIOMA, PeaKkyusi 0CaANCOeHUs.

KIRISH. Qishlog xo‘jaligida yuqori hosildorlikka erishishda fosforli o‘g‘itlarning
ahamiyati Kkatta. Fosfor o‘simliklarning ildiz tizimi rivojlanishi, energiya almashinuvi va hosil
shakllanishida muhim rol o‘ynaydi. Shu sababdan,a fosforli birikmalar asosida samarali va arzon
o‘g‘it turlarini olish dolzarb masalalardan biridir. Bu kabi birikmalardan biri — dikalsiy fosfat
digidrat (CaHPO4:2H20) bo‘lib, u suvda nisbatan yaxshi eriydi va o‘simliklar tomonidan tez
o‘zlashtiriladi. Dikalsiy fosfat digidrat qolishda kalsiy manbai sifatida keng targalgan va arzon
xomashyo - kalsiy karbonat (CaCOs) dan foydalanish iqtisodiy jihatdan magsadga muvofiqdir.

Suvni yumshatish chiqindilari murakkab tarkibga ega bo‘lib, quyidagilarni oz ichiga oladi:

1. Asosiy komponentlar

. CaCOs (70-90%)
. Mg(OH): (5-15%)
2. Qo‘shimcha komponentlar
. Si02 (kremniy birikmalari)
. Fe20s (temir oksidlari)
. organik moddalar
3. Namlik
. 50-80% gacha bo‘lishi mumkin

METOD VA USULLAR. Dikalsiy fosfat digidrat (brushite) kalsiy fosfatlarning muhim
fazalaridan biri bo‘lib, u dikaltsiy fosfat dihidrat shaklida mavjud. Kalsiy karbonatning fosfor
kislotasi bilan o‘zaro ta’siri natijasida brushit cho‘kma ko‘rinishida hosil bo‘ladi. Umumiy
reaksiyani quyidagicha ifodalash mumkin:

CaCOs + H5PO4 + H2O — CaHPO4-2H-0O | + CO2 1

Reaksiya davomida karbonat angidrid (CO:) ajralib chiqadi va muhit pH qiymatiga bog‘liq
holda turli kalsiy fosfat fazalari hosil bo‘lishi mumkin. Brushit hosil bo‘lishi uchun muhitning pH
giymati taxminan 4,5-6,0 oralig‘ida bo‘lishi magsadga muvofigq.

LABORATORIYA SHAROITIDA DIKALSIY FOSFAT DIGIDRAT OLISH JARAYONI
1. Kerakli moddalar
Kalsiy karbonat (CaCOs) 10 gr
Fosfor kislotasi (HsPOa, 48 %) 20 ml
Distillangan suv 50 ml
2. Jarayon tavsifi
a) Fosfor kislotasi suv bilan suyultirilib, 20-30 % li eritma tayyorlanadi.
b) Eritmaga doimiy aralashtirish ostida mayda kukun holidagi kalsiy karbonat sekin-asta qo‘shiladi.
¢) Reaksiya davomida CO: gazi ajralib chiqadi.
d) pH giymati 4,5-6,0 oralig‘ida ushlab turiladi.
) Hosil bo‘lgan oq rangli brushit cho‘kmasi filtrlash orqgali ajratib olinadi.
g) Cho‘kma suv bilan yuvilib, 40—60 °C haroratda quritiladi.

Natijada bizning labatoriyamizda cho‘kma hosil bo‘ldi.Quyida cho‘kmani Rentgen
gurilmasida diffraktogrammasini anigladik. Rentgen qurilmasining modeli: AL-27 MINI. Qurilma
nomi: ALONG. XRD - X - RAY difroetometr
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1 rasm. Cho‘kmaning diffraktogrammasi.

Bu diagramma dikalsiy fosfat digidrat diagrammasi bilan bir xil ekanligini Rentgen
qurilmasi aniglab berdi.
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4 100 ] [Tip: you can resizs this dialog ¥ desied
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] C 231104 V1D C R 3563 3563 3563 1000 9000 9000 9000 & 452 2528
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CaPOJOHIZH... 11-0293 D 4 mi32 1= (9] 5837 15192 6265 1073 90.00 11647 9000 4 497.3 2300
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eeeee 50 240556 o
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05-0588 D Brushite, syn
gg:gg ECﬁPOS(OH)IZ Hz O
Ca Ih034s - 0 Radistion=Cukal Lambda=1.54058 Filter=
CaHECa04 130198 D Calibration= 2T-11.6804-52.2925  Wc(RIR)-
CAHECa04 180233 O Ref: de Waolff. P Technisch Physische Dienst Delft The Netherlands
i CBH10Ca08 100781 ¥ ICDD Grantin-Aid
o Eaneoani” aoeca 3 o Monaclinic- Powder Diffraction, Ce (9) ] mp=
.. CAHBCaO4H2.. 130199 ? D
CAHECa04I05. 140792 v
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CaCa 01-0962 =
290308 v mP20 P21/ (14] 5334 4948 8033 1268 9000 10790 9000 4 2396 2775
CaCO6H20 340513 v
. Ca3(CO3ROH2 230106 7 D
Ca3(CO3JA0H) . 230107 3
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Yarim sanoat sharoitida jarayon aralashtirgichli reaktorlar yordamida olib boriladi.
Texnologik bosgichlar quyidagilardan iborat:
- Suyultirilgan fosfor kislotasini reaktorga berish;
- Maydalangan kalsiy karbonatni nazorat ostida qo‘shish;
- CO: gazini chiqarib yuborish uchun ventilyatsiya tizimini ta’minlash;
- 25-40 °C haroratda va 30-60 dagiga davomida aralashtirish;
- Hosil bo‘lgan cho‘kmani filtrlash yoki sentrifugalash orqali ajratish;
- Quiritish va tayyor mahsulotni gadoglash.
Texnologik jarayonda xomashyo tozaligi, harorat va pH qiymatini gat’iy nazorat qilish
mahsulot sifatiga bevosita ta’sir ko‘rsatadi.
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KALSIY KARBONATNI FOSFAT KISLOTA BILAN QAYTA ISHLASH
JARAYONINING BLOK-SXEMASI

— ( ) L = )
1. XOM ASHYO 2. REAKSIYA 3.AJRATISHVA | 4. MAHSULOTNI | 5.QURITISH VA 6. MAHSULOT VA ‘
TAYYORLASH BOSQICHI ‘ FILTRLASH [ TOZALASH | PARCHALASH SAQLASH J
Kalsiy karbonat Fosfat kislota —ee e
(€aco,) (H,PO,) Reaktor .
- 2 > (Aralashtirgichiidish) Qg suyud | Yuvish Quritish Dihidrat kalsiy
l l aralashmani | (H,0 bilan) ™ (60-120°0) fosfat
CaCo, + H;PO, — fitriash ) (CaHPO, 2H,0)
Maydalash Suyultirish CaHPO,2H,0 + CO,t | (Vacuum filtr yoki l l
press-filtr)

(<1 mm) (H,0 bilan)
= .

l l 1:.:::;: (ortiqcha suvni ajratish) et

a

i va elash | Saglash ombori
Elash Kislota saglash = gpa=—= L = L

rezervuari ' A nnm Qattiq mahsulot l l
l l (Cl“”OA 2“;0)
Qattiq mahsulot
Saqlash bunkeri ‘ (CaHPO,2H,0) ] s
""ﬂ"“ “"‘"" nam shakida
{ rostlash j
[ Gazni ywisty _ l
vt | Qayta ishlatish
¢ l (reaktorga qaytarish)
Atmosferaga I
yoki utilizatsiyaga
.................................................................................. Izoh:
Yordamchi tizimlar ——>  Asosiy jarayon ogimi
i ----» Qayta oqim (qayta foydalanish)
Suv ta'minoti Harorstol isl Lab nazorat Xavfsizlik va atrof-muhitni Gaz chigindi ogim
tizimi nazoratgilish | | cheruv tizimi va sifat nazorati muhofaza gilish tizimi | | TR SRR \
tizimi | | * ! —-=-» Yordamchi tizimlar
]

3 rasm. Dikalsiy fosfat digidrat olish blok sxemasi.

MAHSULOTDAN FOYDALANISH SOHALARI.
Olingan brushit quyidagi sohalarda keng qo‘llaniladi:
- Qishloq xo°‘jaligi — fosforli o‘g‘itlar tarkibiy qismi sifatida;
- Chorvachilik — yem qo‘shimchasi, kalsiy va fosfor manbai sifatida;
- Tibbiyot va biomateriallar — suyak to‘qimalarini tiklashda ishlatiladigan materiallar tarkibida

KALSIY KARBONATLI CHIQINDILAR ASOSIDA FOSFOR TUTUVCHI
BIR KOMPONENTLI VA KOMPLEKS O‘G‘ITLAR OLISH TEXNOLOGIK SXEMASI

1. XOM ASHYOLARNI TAYYORLASH Fosfor manbalari

Kalsiy karb Elaklash Tarkibiy tahlil ‘ « Fosforit kukuni
(ohaktosh chigindilari, marmar kukuni, Tarkibiy tahlil « Fosfatli boyitma
sanoat loygalari va h.k.) (CaCO; %, MgO, | « Fosfor kislotasi (H3P0,)
L ( < mm) Si0;, Fe;05 va hk.) ! Monoammomy fosfat (MAP)
| DI iy fosfat (DAP)

2. REAKSIYA JARAYONI (FOSFORNI FAOLLASHTIRISH VA BIRIKMA HOSIL QILISH) —l _.(

5A. BIR KOMPONENTLI FOSFORLI O‘G'IT ]

Aralashtirish Kimyoviy reaksiyaga kiritish Yetiltirish (maturatsiya)
Kalsiy karbonatli chigindi » Harorat: 50-90 °C * 2-6 soat | Fosfor tutuvchi bir komponentli o‘g'it
+ fosfor manbai « pH: 2,0-4,5 (kislota muhiti) + Kompleks birikmalar (Ca-P tipi)
+ suv + Vaqt: 1-3 soat hosil bo'lishi « Asosiy tarkibi: Ca(H,POy),, CaHPO, va h.k.
« Aralashtirish J « Fosfor (P,0s) miqdori: 15-25 %

« Suvda eruvchan P,0g: 10-18 %
+ Qo'llanilishi: dehgonchilik ekinlari uchun asosiy

3. QATTIQ VA suyuQ FAZALARNI AJRATISH fosforli o'git

Filtrlash / Yuvish " Quritish Elaklash |
Dekantatsiya (keraksiz (100-120°C) [ —L 5B. KOMPLEKS (NPK TIPIDAGI) O‘G'IT
i:i’;« tuzlar chiqarish) g (-3 i | : .
| ) Kompleks o'g'it (NPK)

« Fosforli yarim mahsulot
+ azot manbai (NH;NO;, (NH,),CO)
4. GRANULLASH VA KURITISH + kaliy manbai (K,SO4, KCI)

Granullash Kurutish Sovmsh ‘ Elaklash va doqllsh » NPK nisbati: masalan 15:15:15 yoki 10:20:10
g (2-4 mm) @ (80-110°C) L i saralash (25 50 kg) ‘ « Granula shaklida

NATIJALAR VA SAMARA

6. SIFAT NAZORATI 7. QO'LLANISH SOHALARI + Mahalliy chigindilarni gayta ishlash
« Tashgi ko'rinish, donadorlik y g « Fosforli o'g'itlar tannarxini kamaytirish
« Umumiy P,0s, eruvchan P,0g o = Standartiargs moskigh ¥ % # « Tuproq unumdorligini oshirish
. P L 7.8
. 8-0, MQO."nam"k miqdori . L’.‘U 2 @ kb ) + Ekologik xavsizlikni ta'minlash
+ Og'ir metallarning me'yoriy migdori ; = y e S g o
+ Fizik-mexanik mustahkamiik ~ Dehqonchilik Sabzavot va Bog' va uzumzor Import °9 itlarga bo'lgan qaramlikni
ekinlari poliz ekinlari ekinlari kamaytirish

Izoh: Texnologik parametrlar xom ashyo tarkibi va laboratoriya sinovlari natijasiga ko'ra optimallashtiriladi.

4 rasm. Jarayonning texnologik sxemasi.
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XULOSA: Kalsiy karbonatdan fosfor tutuvchi bir komponentli o°git ya'ni dikalsiy fosfat
digidrat olish texnologiyasi nisbatan oddiy, igtisodiy jihatdan samarali va amaliy ahamiyatga ega
jarayondir. To‘g‘ri texnologik sharoitlar (pH, harorat, xomashyo sifati) ta’minlangan holda yuqori
sifatli brushit olish mumkin. Ushbu birikma qishloq xo‘jaligi va boshga sohalarda keng qo‘llanilishi
bilan ahamiyatlidir.
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INEKMPOPUIUKAGULL YCYIIAPOA MAOKUKOM HAMUXNCAiapu Keamupuiean. Mesarapoan oima, ypuk 6a oaxypu
6a cabzasomaapOoan cabsu 8a NAGIASU HCMUXU EKU NYTbRACUOAH, KOMOUHAYUALAUWMUPULLAH 9TeKMPOOTU
VIOYnu snekmponnazmonuzamopoa Kyuumua wapbam onuuiHy Kynaumupuut, Matioaianeat, 0acmiabru
npecciab wapbamu OMUHeAH MYPAU MEBANAPHUHE HCMUXU EKU NYTbNACUOAH, OAOUHSU OTUHEAH wapbamea
Kywumua ypmava 12-14 % wapbam onunuwiu Xaxuoa, uimutl maoxuKom Hamudicaiapu oepuiean.

Tasnu cy3nap: mesa, cab3aeom, NIAZMOU3, INEKMP YMKAZYEUAHIUK, COTUUNUPMA  DNIEKMD
PMKA3YEUAHTUK, SNEKMPKAPUILUIUK, UYL SNeKmp MOKU, 3ekmpoo kamepacu, YIOYnu neu.

Annomauusn: B cmamve npedcmasnenvl pezyibmamvl UCCLEOOBAHUL NO  UCHOLLIOBAHUIO
INEKMPOPUIUYECKUX MEMOO08 0I5l NOGbIUUEHUS U3GTIedeHUsl OONOIHUMETbHO2O COKA U3 MAKOMU UU NYTbNb
@ppykmos  u  osowell. Ilpedcmasnenvi  pezyibmamvl  HAVUHGLIX — UCCIEO08AHULL  NO  U3BIEUEHUIO
OONONIHUMENIbHO2O COKA U3 MAKOMU UTU NYAbNbl SOI0K, 2Pyl U CIU6 U3z (QpyKmos, a maxdice MOpPKosu u
CBEKTBL U3 080WEll C UCNONBLIOBAHUEM KOMOUHUPOBAHHO20 DNIEKIMPOOHO-AUEEUHO20 INIeKMPONIAZMOU3epa, a
maxdice NO useneyeHuro 6 cpeonem 12-14% coka u3z MsAKOmMU UMY NYAbRLL  PA3IUYHLIX  (DPYKMOE,
NO0BEPSHYMbIX USMETLUEHUIO U NEPEUYHOMY HPECCOBAHUIO, NOMUMO PaHee NOJYYEeHHO20 COKA.

Knwouesvie cnosa: Gpyxmol, 080w, naazmMoau3,  9AEKMPONPOGOOHOCHb,  OMHOCUMETbHAS
NEKMPONPOBOOHOCTD, INEKMPULECKOe CONPOmusieHue, padouutl INeKMpuUdeckKull mox, 3I1eKmpooOHas
Kamepa, MUKpOBOIHO6As Neyb.

Abstract: This article presents the results of research using electrophysical methods to increase the
extraction of additional juice from the pulp or pulp of fruits and vegetables. The article presents the results
of scientific research on the extraction of additional juice from the pulp or pulp of apples, pears, and plums
(fruits), as well as carrots and beets (vegetables) using a combined electrode-cell electroplasmolyzer. It also
presents the results of research on the extraction of an average of 12-14% juice from the pulp or pulp of
various fruits subjected to crushing and primary pressing, in addition to the previously obtained juice.
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XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

Keywords: frukty, ovoshchi, plasmolysis, electroconduction, relative electrical conductivity, electric
resistance, working electric current, electrode chamber, microwave oven.

Kupum. Byryarun kynza ayHé wukécuaa, MeBa Ba ca03aBOT CTHINTHPHIN Kagall
cypratiapaa ycub 6opmokna. bynna Xuroi, Xunaucron, AKIl naBnaTinapu eTakdmiIvK KUJIAITH.
Cyurru 10 itnnga meBa-ca03aBOT MaxCyJlOTJIapuHH dKcopT Kunuil 10 maprara, SKCropT KuhMat
kypurnmuga 12 maprara omu [ 1 ]. Ly cababra kypa 6apua MeBa-cab3aBOTIapHH KalTa WILIAII
Ba ynapJaH SpuUMTaiép Ba Tal€p 03WK-OBKAT MaxCYJIOTJIApU ONUII OWiiaH Oupra, ylapHUHT KaiTa
WIIIOBHJArY XMHUXU €K MYJIMACUAaH 3aMOHABUH AJIeKTpo(U3NKaBUN ycysuiapaaH (oimananran
XOJ/1a, OJMHAIWTAH IIapOaTiapHd MUKIOPUHU OIIMPUIN OYyin4ya WIMHI TaAKUKOTIAp O0Ju0
OopwiMokaa. XO3UpPTM KyHAa O3UK - OBKaT MaxcyjloTigapu — Mmnuiad 4YMKapuil coxacuia
AMEeKTpOPU3NKABUI METOJUIApHU KYJUTalll KyHJaH KyH opTUO OopMokaa. OnekTpodusmkaBuit
METO/IapaH I0KOpH, yTa fokopu wactotamu (YIOU) snextp maiinonuuur (OM), KH3MI HypiH
(KH) oHeprusicHHUHT, 3IEKTPOIUANN3, JIEKTpoQIOTalMs, IJIa3MONN3, AIEKTPOCTPUKIIUSA Ba
OolIKaNapHU KYypcaTUIIMMU3 MyMKHUH [ 2,3 |.

KaxoHna WHCOHHUHT KYyHIANUK OBKATIAHUIIM paliOHWAa TaOMU{ BUTAMUHIAP, MHUKpPO- Ba
MakpodJieMeHTJIapra Ooi Oynran MeBa-ca03aBOTNIap, XKymJiaJgaH, YJIapHUHT KalTa MWIUTAHTaH
MaxCylOTJIapuHU 3aMOHAaBHM TexXHoJorwsap Epaamuaa wunuiad yukapuml, OyHma TaOuwmii
KOMITOHEHTJIAQDHH MAaKCHMaJl Cakjad KOJUI, IIYHHHTJEK, MaXCYJIOTJIapHHHT HCTEhMOJIOOTUINK
cudarnapuH SXIIUJIAIIL, YJTAPHUHT O3YKaBUN XaB(CU3IUTU Ba OWMOJOTHK KUMMATHHU OUIMPHIIL,
cudatiim MeBa cab3aBOT mapOaTH Ba KOHIIGHTPATH OJIUII TEXHOJIOTHSCHHY MIIUIA0 YMKHII Ba TaIOUK
KUJIUIL, MaXaJUTHi XOM amé pecypcliapuliaH palldoHal paBUIIa KOMIUIEKC ¢oiigananud, I0KopH
cudaTiii  MaxCynoT ONMII, WOUIA0 YHMKApWIA€TraH MaxCYJIOTHHHT —PakKoOaTOapONLIHTHHA
TabMUHJIAIN, MaxCYJIOTHHHT XapakaT Ba TaHHAPXWHHM KaMaWTUpUII KaOu mom3apd WyHanmumoiapaa
WIMHH-TAIKAKOTIIAp OJTMO OOpHIMOKIa.

Ymbynapau Oaxkapuiia, MeBa Ba ca03aBOT/Iap KaiiTa MIUIOBHIATH, ylapJaH KyIiuMya Imapoat
ONUII  MUKIOPHUHH  ONIMPHIIAA KOMOMHALMSUTAIITHPIITAH  dNekTpomn  YIOUnu
3JIEKTPOILIa3MOJIN3aTOpAaH (olganaHu yTa 10a3ap0 XucoOIaHaau.

TaaKUKOT METOAUKACH BA KYJUIAHUJITAH KUX03J1ap

KomOunanusiamran — 3J€KTpOUIM 3JEKTPOMArHuT Maiion (OMM) yTa 10KOpH yacToTalu
(VIOU)  91eKTpomnasMoIn3aTop OSKCIEPHMEHTAl  KYPHUJIMAHHHHT TEXHOJIOTHK CXEMAacH Ba
ANEKTpoAsIap SKyQTUHUHT 3aekTp Tokura (220 B,50 I'm) ymam cxemacu  1,2-pacmiapaa
KEITHPHITaH.

TankuKoT HaTHXKaIapy IIYHU KYpCaTIUKH, Mpecc 0apabaHHUHT AMAMETPH 30 c™m
Oynranma myiabena Oymakigap 3JEKTPOJ HMITYJIbC 103aCH KaTTa OVJITaHIWTH Y4yH, apOaTHUHT
YUKW OUpMYHYa KYTI OYIaau, JIEKMH KypHiMa KOHCTPYKUIHSICHUHUHT MYCTaXKaMIIUTH, UIIOHYIN
WIUIANM, HWIUIam MyngaTd HucOarran kam Oynmaau.  Illymapnan kenu® yukuO, OU3 MKKU
ANEKTPOAIH TIA3MOIM3HN UKKHU KaTopiu quameTpu 12 cm, Oupunuu xxydT 6apabannap opaaiuruHu
4-5 MM, IKKWHYHY )KY(QTUHUKUHU 2-3 MM KWJIUO, 3JIEKTPOIIA UMITYJILCHU UKKA MapoTo0a OepHIIHH
KYpuO YMKIUK Ba MeBa cab3aBOTIap MyJIbIIACKHAAH MIapOaT YMKUII SHIAM KyluMya yprada 2-3 % ra
OLUTaHJUTUra, MmapOaTHUHT cHU(ATUHU SXIIWIAHWUILWTA, BaJUKIAp OpajUFUIaH YTranjaa
(mpeccianrania) mynblia OYJIaKYaJapUHUHT BAJMKIAP CUPTHUTa EMUIIMACIUTHIa Ba MAITMHAHUHT
WUIOHWIM HWIUIANINra, MycTaxkaMm OyiMiiura Ba KYJUIAaHWITaH TUAJIEKTPUK MaTepHaUIapHUHT
WIIATUIT MYAJATH Y3aUTUPUIIUIIHATA DPUTTHIAIH.

KoMOHHAIMAIAIITAH HKKA SIekTpommd  YIOUIM 9IeKTpoIiasMoIn3aTtop JKCIepPHMEHTAN
KypWiIMa: WKKH 3JEKTPOUIM 3JIEKTPOIUIa3MOJIM3aTOp Y3rapyBuaH TOKKa YJall 3JEKTPOCXeMacu
ouman. (1-pacy) YIOU 1eKTporiasMoIn3aTop GuiIaH KOMOUpIAIraH GYIH0, YMyMHH TaIKHKOT
CTCHJIMHU TAIIKWJI 3TA]H.

Tankukor  KypwIMacMHUHT  OMpUHYM  KHCMHM  XHCOOJIaHTaH  WKKH  3JIEKTPOIUIU
anekTporuiazmonu3aTop nactinad dmaymendaym B.JL. [4], cyHr Omzmap  [5] Gakapranumusna,
JTacTIa0Ku KypriMaa oup sky(dT UKKH SISKTPOIUTAA, CYHT 2 )Ky(TIH Ba dSHAWINKAA 3 KyPTimnaa
3JIEKTP TOKH UMITYJILCH OepuIIajy.
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KypUIMaHHHT HKKHHYE KHCMMHHM, PE30HATOPIHM yTa rokopu uactoramu (YIOU) meu acocuaa
Ty3uiarad. [IedHMHr MarHeTpoH Ba TYJIKMH y3aTTHMUYM IOKOpU KUCMMJA OYIMO yHIaH 4MKAaETraH
TYJIKMHHA OWp TEKUCAAa Kamepa OViiad y3aTWil ydyH ailaHuO® TypyBYH JHUCCEKTOpJAH
¢oiigananunaay. [ledHUHT MUUAa KUPUIT KUCMH FOKOPUAA KWINHTAH JU3JIEKTPUK - GTOPOIUIACAaH
sicajraH IIHEHKIM Iapbar cukuO 4YuKapyBuM KypwimanaH Qoipananmwnanu. [llapbar cuxu6
YUKApyBUM KypWIMa KECHK KOHYC IIAaKJIWAard, W4YuJa KECUK KOHYCIHM IIMHEHKAaH wuobopar.
yuHedKHN allIaHTUPHIL YYYH T1€Y TalIKAPUCHUIA AJIEKTPOIUBUraTell YpHATHIA U (UMKULI YKUHUHT
aitmanmm  te3muru 50-60 aitn/mun). Illap6ar cuKyBYM KypWJIMAaHUHI  [e4 HM4ugaru Oapua
KHCUMJIapU MeTajul OynmaraH matepuanaaH scanrad. lllap6ar cukyBuUM KypMJIMaHMHI OXHpHA
IIMHEHKHUHT OCTKM KHCMUJA CeTKajJaH MapOaT axpaiud 4YHMKaad, YHUHT IOKOPH KHCMUAAH
map0aTH CUKWITaH XMUXJIapH axkpanu6 yukaau. [leyHuHr yctuaa pacMaa KypcaTuirad cxemaaru
JIEKTPOIUIa3MAIN3aToOp YpHATHITaH OYiaau. YHUHI 3JIEKTOP XaBCU3JIMIMHHM TabMHHJIAI YYyH
KapKacH, KOTIKOFU JAMAJICKTPUK Matepuangan Oymumu kepak. [yngait kunmmnb, 6u3 komOupiamran
MKKH 3JIEKTPOAJIM Ba ¥Ta FOKOPH YacTOTAIM 1IapOaT CUKUO YMKApyBUYM Kypuimara 3ra 0yiamus.
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Pacm.2. Hkkm SIEKTPOUTH  3JICKTPOIIIA3MOIH3ATOP
y3rapyBuaH TOKKa yJIall.

1. bup nosocnu pyOnIbHUK;
2 Ilpenoxpanutens (40A);

3. Amnepmerp;
4. BoneT™meTp;

5.Ha3opar nammnacu;
6. brokupoBKanamn KOHTaKTH;
7. T€KUCTOJINTIN BTYJIKA,;
8.Komtekrop xankacu
9.llerkaymuiaruy;

10. Ban-snextpon;

11. Epra ymam ctaHnHacH.

Pacm.1. KomOuHanusiamras 3J1eKTPOIN VIOU nu
AIIEKTPOILIA3MOJIU3ATOP TY3WJIMLI CXEMacH.
1-6ynkep; 2,28-311eKTpoAIn BaJIMKJIap;
3- mapukonogumouukiaap; 4,30-3JEKTPOU30ITOP;
5,18,29- masmommsarop Kopmycw; 6-YIOU —meu;
7-TIEYHUHT OSWINTH;  §-yIUIArud; 9-6omKkapuin
na”eny; 10-sonsr™merp; 11-amnepmerp; 12-BaTT™eTp;
13,14-8xum, Yumpum TyrMmadanapw; 15,16-curaan
JIaMIIOYKaJIapu; 17-nmynena YUKHIIY;
19,24->nexTponBATATENb; 20-penyxTop;
21-3amxupnm  y3arMa;  22,23-mmap0OaT  YMKUII,
Wurruum; 25,26-mHeiknu npecc; 27- Typ;

Kypunma Kyiunarnda nnutatninand. Kypuimara XoMm amé COMMIINAH OJIUH YHUHT DJIEKTP
XaBQCH3MUTU TEKMUPUINO, YMyMHUH anektp Tapmorura (220 B, 50 T'm) ynanagm.
DOneTpoIulaMoiiu3ra 3JEeKTp TOKMHUHI MaWgo OYIMIIMHM YHUHT CHUTHAl JIaMIIOYKAJIUPUHUHT
¢anmmaal ounumuMu3 MyMkuH. LIyHuUHTIEK, YTa IOKOpHM 4YacTOTadM NMEYHUI WYMAard ImapOat
CHUKYBYM KypWIMa €KWJIagu Ba OXUPHJA yTa FOKOPU YacTOTAIM NEYHUHI Y3M HIUIATWIAIN, XE4
KaHJail 9JeKTp XaBpu €KM HOXYII HIOBKMH OYnmacnuruHu TabmMuHnaHanu. Ulynnan cyHr, neu
YCTUAArd 3JE€TOPIUIa3MOJIM3AaTOp SUIMIMM  O4YMIAMO yHra XoM ameé KeTMa-KeT COJIMHAIM.
ONEeKTPOIUIa3sMaI3aToOp 3JIEKTPOJ BaJMKIApU OpacHUIaH yTraH XOM ame€ Xy)Kalipacu KHCMaH
MIMKACTIIAHUO JIEKTPOILIA3MOIIH3 Kapa€Hu oub Oopwiaan. YHIAH YTraH MaiiiaJaHrad, CUKAITaH
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Oynaknap MEYHUHI YCTKM KUCUMAArd 8 MM JIM TEHIMKJIM MeTall CeTKadaH YTHO med nuuujaaru
map6aT CHMKyBYM MallMHara Tylnaau Ba iy acHoga 60-70 °C xapoparaa map0aT CHKyBYM KECHK
KOHYCJIM IIMHEHKN Ba KOPITYCH OpAacHAaH 33WINO Ba CUKHINO OXHMpHUAa mapOaTH OJMHTAH KUMHX
anoxuaa yukapwiagu. MabllyM MUKIOpAAru mapoar unpiad YuKapuiraHfaH CYHT, KypUJIMaHU
9JICKTP TOKUAAH y3UO YUupmiIaau Ba CYHT To3anad roBuiagu. Anbarra KypuiMaaa WILJTOBYMHUHT
OEFU OCTUA PE3WHAIH THiIaMya OVIIUIIN JI03UM, UIYHUHT/ICK KypHUJIMaHU Oapya MeTana KHCUMIIapu
epra yJaHraH OyiIMIny Kepak.

Taxxpuba HaTHKAJIAPU BA YIAPHUHT MYX0KAMAaCH

MeBanapaH: oinma, YpHK, oIxypu Ba cab3aBoTAaH cab3u Oyiinya, KOMOMHALMSIAIITAaH UKKH
snektpomni YIOUmM 9IeKTpoIIasMoIn3aTtop SKCIEPHMEHTAl — KypHIMAcHAa Onub Gopuira
TaxpuOanap HATIKACH |- jKaJBana KeITHpHIraH. DiekTpoany Ba YIOU Kaiita HILIOBHAH CYHT,
MeBa Ba ca03aBOTJaH KaH4a HIapOaTHU CUKUO YMKApWITaHWHU aHMKJIALI YYyH, aBBaj (akaT UKKU
JIEKTPOJ] OPAJUFUIAH YTKAa3UIHO, TbHU JIEKTP TOKHUIa yilaMai IapOaTHUHT YMKUIIW aHUKJIAHIN
(nmwtoB OepuiMaraH, 3JeKTp KaiTta unuioBcu3). CYHT, WKKH JJIEKTPOUTH mapdar cuxkuim 3,5
CeKyHJI BaKT jgaBomuzaa oayektp Toku (220 B, 50 T'm y3rapyBuan TOK) Tabcupuaa IapOaT
cukuniary mwap6at muxkaopu ymyannu. lllynnan keluH, XaM MKKHM 3JIEKTPOJJIM TOK TabCUPHIA,
xam YIOU DMM ( 0,4 kBT pesonaropra 6epuiran Kyssar) 20, 30 ceKyH; BAKT TabCHPHIA KaHYa
map0aT YMKHIIK aHUKIAHUO, Takiaug STWIraH METOJa KaMu KaHya I1apOaT oIl MYMKHHJIMTU
XMCOOTaH N,

1-:kanBaJ.
MeBajap Ba ca03aBoTIaH HKKH 1ekTpoan YIOUan /1eKTponiazMoan3aTopaa mapoar
YUKUIIN.
XoMm amé| DJIeKTPOIJIN HIILJIOB lapobar YIOY Hlap6aTHUHT Kamu
Oepuin HUHT HIIIOB YUKHUIIIH, apOaTHUHT
YHKHIIIH, oepuin %. YHKHIIIH,
HNunos Kydran % BaKTH, CeK. %.
Oepui JIOHA
BaKTH
Oama Hnnos 62.4 0 0 62,4
OepuimMaraH 68.7 0 0 68,7
3,0 73.8 260 2,2 76,0
5,0 75.0 300 3,6 78,6
Vpuk Wnios 70.1 0 0 70,1
Oepuimaras 78.6 0 0 78,6
3,0 79,2 260 2,3 81,5
5,0 80,3 300 2,9 83,2
Ouaxypu | Umios 47.0 0 0 47,0
Oepuimarax 59.6 0 0 59,6
3,0 64.0 260 3,2 67,2
5,0 66,1 300 3,8 69,9
Cao3n HNmmnos 53.7 0 0 53,7
Oepuimarax 57.3 0 0 57,3
3,0 65.4 260 2,7 68,1
5,0 68,1 300 3,2 71,3
JlaBaaru | Umnios 43,1 0 0 43,1
OepunmMaraH 47,4 0 0 47,4
3,0 55,4 260 2.7 58,1
5,0 57,2 300 2,9 60,1

MeBasap (onma, YpUK Ba OJIXYpH) Ba ca03aBOTAAH Ca03WHH, KOMOMHAIMSIIAIITAH UKKA
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3IEKTPOIITH VIOY s AIEKTPOTUIA3MOIN3aTOpAa MIApOAT YHMKHINK OYyirdua OJMHTaH HaTHXallap
TaXJWIM [IYHU KYpcaTAuku, Oapua XojaTna XaMm UILIoB OepMaraHuJaH Kymumua Kym mapOat
onmuarad. [llapOaTHUHT KymalWimy MeBa Ba ca03aBOT Typura, HaBHTra, XOJATHTa Ba HWKKHU
3JIEKTPOJIapAaH YTUII BAaKTUIa Ba VIOU MM HYpAW KU3AUPHUII JTaBOMUIIUTUTA OOFITUK DKaH.
Macanan, onManaH mapoar OJuIIa MaiallaHTaH OJMa MyJIBIIACHHUHT SJICKTPOJIap OpaJIuFUTa
3,5 CeKyHI CUKWIUIINAA WIUIOB OepunMaranra Hucoaran 8,2 - 9,4 % mapbar YnKuIny KynairaH.
LIlyHuHr ek, VIOU DMM na 20,30 cexyHa KU3IMPUII Ba NTHEHKIIM MIpECCiaiiia, sHa Kymumya 2,2
- 3,6 % mapO6at opTuk uukkas. XKamu, ypraya onmagan mapoar yukumu-11,7 % , ypuknan-7,85%
, onxypunan 16,75; cad3uman 14,6 Ba naBnaruman 13,8 % wunuioB Oepuimaranra HucOaTaH Kym
OYIUSINTH.

DNEeKTp TOKMHUHT THUPHUK TYKUMajapra >KOHJIAHTHPYBYM TabCUPU OWOJIOTHSAIAH MAablIyM.

Venmmmk TYKAMacuUra 3JeKTp TOKHHHUHT TabCHPU HATIDXKACHa MOHIAP XapaKaTura ojaub Kemaau.
VYnapuuHr TyKMManaru (Xykailpagaru) OSpKMH ~XapakaTura yiaapJard sSpuM - YTKa3zyBUH
MpOTOMJIa3Macu TYCKUHJIMK Kuidaau. bByHUHT okubOaTtuga OKCHWUIM — MOJJanap IOKOpH
KOHIIGHTpAlMsUTA HMOHJIAp MpOTOoIUIa3MaZa  HUFWIMINIATM Ba KOTYJSIIUSAIAHUO — Xy)KaWpaaa
ma3mMonu3 cababiau Typrop Xoaucacu 103 Oepajau, HaTHXKaJla YHUHT JeBOpJapy MIMKACTIAHAAHN Ba
KJIeTKaark mapOaTIapHHHT OCOH UMKHMIINra cababuu 6ymamu. Kymumua, YIOU SMM rascupuia
yauar temmneparypacu 70-80 ¢ C ma kyrapunu6 miua3sMonu3 KapaéHMHM >KalaUIalTHPaad Ba
map0aT YMKUIIMHU sHana Kynmautupaan. Mkku xonatma xaM, yHIA MpOTOIUia3Ma KOOMFWHUHT
Te3Ja MIMKACTIAHUIIM HATIKACUAA XyKalpalapHUHT YTKAa3yBUAHIWTH OIIagd Ba OOCHM
HaTWXKacuJa MapOaTHUHT YMKIIHN CE3UIapind Aapakazaa OpTau.
MeBa Ba ca03aBOTIapHHU D3JEKTPOILIa3Moiu3aTopaa Oup Heua Oop KaiTa WIUIAHUIIM YHAAH
OJIMHAJUTaH IapOaT cudaTiury Kyn TabCUp dTMaiId. AHUKJIAaHTaH MeBa Ba ca03aBoOTiap ypTrada
KUMEBUH TapKUOMHM (2-)Ka/iBajl) HaTypal KUMEBHH TapkuOu [6]na xentupuiaraniap OuinaH oiaud
OopuiTaH KUECUI TaXJIUIU TaCAUKIaIn.

2-3KaaBaj
MeBa Ba ca03aBoT1/1ap ypTaua KUMEBHI TAPKUOH

Mesga- [lak | Okcun- | Lemto- | Kucno- K Ca| P Bl B2 | C
ca03aBOT HOMH | ap Jap J03a Tanap

Onma 14.3 0.3 1.0 0.46 278 16 | 11 | 0.03 | 0.02 | 19

Vpuk 17.8 0.9 0.5 0.7 363 20 | 34 | 0.04 |0.06| 9

Onxypu 11.4 0.3 0.7 0.6 213 19 119 | 06 | 04 | 9

Ca6su (xku3un) | 3.5 1.4 1.1 0.2 200 51 | 55 | 0.06 | 0.07 | 5

JlaBnaru 6.2 1.6 0.9 0.43 288 36 | 41 | 0.02 |0.04 | 9

Ocnamma: KUMEBHUM Tapkudu %, MuHepan Ba BuTamuniap —mr/100 r.

XVJO0CA

MesBanap (onma, YpuK Ba ONXypH) Ba ca03aBoTAaH (cab3m, JaBiaru), KOMOWHANMsIIAIITAH
MKKH 1ekTpomn YIOU 1 371eKTporuia3Monyu3aTopaa map6aT YMKuIy Oyiinda, 6apya XomaTaa
XaM HIUIOB OepuiMaraHuiaH Ky (Kymumua) map6ar onuHaau. IllapoaTHUHT Kymaiumm MeBa Ba
ca03aBOT TypHUra, HABHra, XOJIATUIa Ba HKKH EKTPOIapaaH yTumr Baktura Ba Y10U DMM nypiu
KU3IUPUIL JAaBOMUWUIUTHra OOFIMK OJKaH: OJIMaJaH ImapOaT oOJuIa MaijajnaHraH  oJiMa
MyJILIIACHHUHT 3JICKTPOJIap OpAIUFUTA 3,5 CeKYH[ CHKWINIIUAA WIUIOB OepriiMaranra Hucoarax
8,2 - 9,4 % wapOat unkumu kynasau. lllyHunraex, VIOU DMM na 20,30 cexkyH1 KWU3AMpUIL Ba
ITHEWKIIM TIpecciania, sHa Kymum4da 2,2 - 3,6 % map06ar optuk unkaau. Kamu, ypTada oiamaaaH
map6at uukumu-11,7 % , ypuknan-7,85% , onxypunan 16,75; cabzunan 14,6 Ba naBiarugan 13,8
% wnuioB OepriiMaranra HucOaran Kym Oyiap SKaH.

Anaduériaap
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[2]. Kyp6anosa M.JK. MeBa ca63aBoTiapHy OONUTAHFUY UMITYJIEC SHEPTUACH €paaMuma KyputHml. / ABTopedepar
nokr. muce. —T. TXTH. 2018. — 41 6.
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Annotatsiya. Ushbu maqolada bro ‘yler tovuq go ‘shtining ozigaviy qiymati, kimyoviy tarkibi hamda
inson salomatligiga ko ‘rsatadigan ijobiy va salbiy ta’sirlari kompleks tarzda ilmiy jihatdan tahlil gilinadi.
Tadgiqot davomida bro ‘yler go ‘shtining asosiy tarkibiy gismlari — oqsillar, yog ‘lar, vitaminlar va mineral
moddalar migdori o ‘rganilib, ularning organizm faoliyatidagi o ‘rni yoritib beriladi. Shuningdek, mazkur
mahsulotning parhezbop xususiyatlari, uning tez hazm bo ‘lishi va yuqori biologik giymati asoslab beriladi.
Bundan tashqari, maqgolada bro‘yler tovuglarini sanoat usulida yetishtirish jarayonida qo ‘llaniladigan
zamonaviy texnologiyalar, jumladan, ozuga qo ‘shimchalari, antibiotiklar va o ‘sishni tezlashtiruvchi
moddalar qo ‘llanilishining go ‘sht sifati va inson salomatligiga ehtimoliy ta’siri muhokama qilinadi. Ayrim
hollarda ushbu omillar sababli yuzaga kelishi mumkin bo‘lgan xavflar, xususan, antibiotiklarga
chidamlilikning ortishi, allergik reaksiyalar va oziq-ovqat xavfsizligi bilan bog ‘lig muammolar tahlil etiladi.

Kalit so‘zlar. bro‘yler tovuq, tovuq go ‘shti, ozigaviy qiymat, ogsil, yog lar, vitaminlar, mineral
moddalar, parhez mahsulot, sog ‘lom ovqatlanish, antibiotiklar, ozig-ovqat xavfsizligi, allergik reaksiyalar,
parrandachilik, biologik giymat, inson salomatligi

Amwmauu}l: B Oannou cmamve koMmniekcHo u HAy4HO aHaluupyemcs nuujeedsl YEHHOCMb
KYPUHO2O MAaca 6p011./1€p06, €20 XUMUYECKULL cocmae, a makoatce noaosacumenlbHoe u ompuyameivbHoe 6iausinue
HA 300p06b€ yenoeeka. B xooe uccneoosanus U3y4€enbl OCHO6HbLE KOMNOHKEHNTbL 6p01/7ﬂ€pH020 MACA — 6€JZKM,
IHCUPBL, BUMAMUHBL U MUHEPATIbHbIE seuecmed, d maKdce Ux pojib 6 qbyHKquHupoeaHuu opeaHusma. Kpoxwe
moeo, paccmampuearomcs ouemuueckue Cceolucmed npodyxma, €20 JleeKkasl yceosemocnmv U 6blCOKas
buonocuyeckas YEHHOCMmb. Cmamos makoice 06(2)/3/6‘0618}’}1 GIUAHUE COBPDEMEHHBIX MexHoN02ull
NPOMBIULIEHHO20 8bIPAWYUBAHUST OPOTLLEPOS, BKIIOUAS. KOPMOBble 000ABKU, AHMUOUOMUKU U CIMUMYJISIMOPbL
pocma, HA Kavecmeo mAaca U nomeHyualbHoe 8o30elicmeue Ha 300p06b€ yenoeexa. B HEKOMOopbIX Cydasiax
pacemampuearomcst  603MOJMCHblEe  PUCKU, maAKUue KaxKk paseumue ycmoﬁlmeocmu K aumu6u0mw<am,
ajuiepcuvecKue peakyuu u npO6JZ€Mbl numeeoﬁ bezonacrocmu.

Knrouesvle cnosa: Opoiiiep, Kypumoe MsCO, NUWeBdAs YEHHOCHb, OelKU, JHCUPbl, SUMAMUHDL,
MUHEpAIbHble eeuyecmed, ouemu4eckutl I’lpOOme, 300]9060@ numadue, aHmu6u0mui<u, nuweea
6e30nacnocmb, aniepzsudecKkue peakyuu, nmuueeodcmeo, buono2uyeckas YEHHOoCmb, 300p06b€ yenoesexka

Kalit so“zlar. bro‘yler tovug, tovug go‘shti, ozigaviy giymat, ogsil, yog lar, vitaminlar, mineral
moddalar, parhez mahsulot, sog lom ovqatlanish, antibiotiklar, ozig-ovgat xavfsizligi, allergik reaksiyalar,
parrandachilik, biologik giymat, inson salomatligi

Abstract: This article provides a comprehensive scientific analysis of the nutritional value of broiler
chicken meat, its chemical composition, and its positive and negative effects on human health. The study
examines the main components of broiler meat — proteins, fats, vitamins, and minerals — and highlights
their role in the functioning of the human body. Additionally, the dietary properties of the product, its easy
digestibility, and high biological value are discussed. The article also considers the impact of modern
industrial broiler farming technologies, including feed additives, antibiotics, and growth stimulants, on meat
quality and potential effects on human health. In some cases, risks associated with these factors, such as
antibiotic resistance, allergic reactions, and food safety issues, are analyzed.

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 165


mailto:hamroliyevhojiakabar9@gmail.com

XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

Keywords: broiler chicken, chicken meat, nutritional value, proteins, fats, vitamins, minerals, dietary
product, healthy nutrition, antibiotics, food safety, allergic reactions, poultry farming, biological value,
human health.

Kirish

So‘nggi o‘n yilliklarda bro‘yler tovuq go‘shti dunyo bo‘yicha eng ko‘p iste’mol qilinadigan
hayvon go‘shtlari turlaridan biriga aylangan. Buning asosiy sabablari uning nisbatan arzonligi,
yugori ozigaviy giymati va tez yetishtirilish imkoniyatidir. Bro‘yler go‘shti yuqori sifatli ogsillar,
muhim vitaminlar va minerallar manbai bo‘lib, inson organizmi uchun zarur bo‘lgan energiya va
moddalarni ta’minlaydi. Shu bilan birga, sanoat usulida yetishtiriladigan bro‘ylerlar tez o‘sishini
ta’minlash maqsadida ozuqa qo‘shimchalari, antibiotiklar va ayrim hollarda o‘sishni tezlashtiruvchi
moddalar ishlatiladi, bu esa go‘sht sifatiga va inson sog‘lig‘iga potentsial ta’sir ko‘rsatishi mumkin
[7].

Magqola magsadi bro‘yler tovuq go‘shtining oziqaviy qiymati, kimyoviy tarkibi hamda inson
salomatligiga ko‘rsatadigan ijobiy va salbiy ta’sirlarini ilmiy jihatdan tahlil gilishdan iborat. Shu
bilan birga, bro‘yler yetishtirish texnologiyalarining go‘sht sifatiga ta’siri va ozig-ovqgat
xavfsizligiga bo‘lgan ehtimoliy xavflar ham ko‘rib chiqiladi. Tadqiqot natijalari sog‘lom
ovqatlanish, parhez ovqgat va sifatli go‘sht mahsulotlarini tanlash bo‘yicha tavsiyalar berishga
xizmat qiladi.

1. Bro‘yler tovuq go‘shtining oziqaviy va biologik qiymati

Bro‘yler tovuq go‘shti inson organizmi uchun zarur bo‘lgan asosiy oziq moddalar bilan boy
mahsulot hisoblanadi. Uning tarkibida o‘rtacha 18-22% yuqori biologik giymatga ega ogsil mavjud
bo‘lib, bu ogsillar muhim aminokislotalar, xususan lizin, metionin, treonin va triptofan bilan boydir.
Ushbu aminokislotalar inson organizmida sintez gilinmaydi va ular ozig-ovqgat orgali olinishi zarur
hisoblanadi. Shu sababli bro‘yler go‘shti biologik qiymati yuqori bo‘lgan oqgsil manbai sifatida
muhim ahamiyat kasb etadi. Bundan tashqari, bro‘yler go‘shtida yog‘ miqdori nisbatan past bo‘lib,
aynigsa ko‘krak qismida yog‘ miqdori 1,5-3% atrofida bo‘ladi. Bu esa uni parhezbop mahsulot
sifatida tavsiflaydi. Yog* tarkibida esa to‘yinmagan yog*‘ kislotalari ustun bo‘lib, ular yurak-gon
tomir kasalliklari profilaktikasida muhim rol o‘ynaydi [2].

Jadval 1.
Bro‘yler tovuq go‘shtining o‘rtacha kimyoviy tarkibi (100 g mahsulotda)

Ko‘rsatkichlar Miqdori 100 g Biologik ahamiyati
Ogsil 18-22 ¢ Mushak to‘qimalari rivoji, ferment
va gormonlar sintezi
Yog* 1,5-10g¢ Energiya manbai, hujayra
membranalari tarkibi
Uglevod 0-1g¢ Energiya manbai (kam miqdorda)
Energetik qiymat 110-190 kkal Organizm uchun energiya ta’minoti
Vitamin B1 (tiamin) 0,05-0,1 mg Asab tizimi faoliyati
Vitamin B2 (riboflavin) 0,1-0,2 mg Energiya almashinuvi
Vitamin B6 0,3-0,6 mg Ogsil almashinuvi
Vitamin B12 0,2-0,4 mkg Qon hosil bo‘lishi
Temir (Fe) 1-1,5mg Gemoglobin sintezi
Fosfor (P) 150-200 mg Suyak va tishlar mustahkamligi
Kaliy (K) 200-300 mg Yurak faoliyati, suv muvozanati
Sink (Zn) 1-2 mg Immunitetni mustahkamlash

Shuningdek, bro‘yler go‘shtini laboratoriya tajribalarida ko‘rilganda B guruhi vitaminlariga
(B1, B2, B6, B12), nikotin kislotasi (PP), hamda A va D vitaminlariga boyligi aniglandi. Mineral
moddalar tarkibida esa temir, fosfor, kaliy, magniy va sink mavjud bo‘lib, ular qon hosil bo‘lishi,
suyak mustahkamligi va fermentativ jarayonlarda muhim rol o‘ynaydi. Bro‘yler go‘shtining yana
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bir muhim xususiyati uning oson hazm bo‘lishidir. Bu esa uni bolalar, qariyalar va kasallikdan
tiklanayotgan bemorlar uchun aynigsa foydali ozig-ovgat mahsulotiga aylantiradi.

Yuqoridagi jadvaldan ko‘rinib turibdiki, bro‘yler tovuq go‘shti yuqori biologik qiymatga ega
bo‘lgan ogsil, muhim vitaminlar va mineral moddalar bilan boy mahsulot hisoblanadi. Ayniqgsa,
undagi ogsil miqdori va aminokislotalar tarkibi inson organizmi uchun muhim bo‘lib, ularning
to‘liq o‘zlashtirilishini ta’minlaydi. Shu bilan birga, past yog* miqdori va muvozanatlangan mineral
tarkibi uni parhezbop 0zig-ovqat mahsuloti sifatida keng qo‘llash imkonini beradi.

2. Bro‘yler go‘shtining inson salomatligiga ijobiy ta’siri

Bro‘yler tovuq go‘shtining muntazam va me’yorida iste’mol qilinishi inson salomatligiga bir
qator ijobiy ta’sir ko‘rsatadi. Avvalo, undagi yuqori sifatli ogsillar mushak to‘qimalarining
rivojlanishi va tiklanishini ta’minlaydi. Bu aynigsa sport bilan shug‘ullanuvchilar va jismoniy
mehnat giluvchi shaxslar uchun muhimdir.

Bro‘yler go‘shti tarkibidagi temir moddasi gemoglobin sintezida ishtirok etib,
kamqonlikning oldini olishga yordam beradi. B guruhi vitaminlari esa asab tizimi faoliyatini
yaxshilaydi, modda almashinuvini tezlashtiradi va organizmning umumiy energiya balansini
qo‘llab-quvvatlaydi. Bundan tashqari, past yog‘li va kam kaloriyali mahsulot bo‘lgani sababli
bro‘yler go‘shti ortiqcha vaznni nazorat qilishda ham muhim rol o‘ynaydi. Shu sababli u parhez
ovqatlanishda keng qo‘llaniladi. Yana bir muhim jihat shundaki, bro‘yler go‘shti tez hazm
bo‘ladigan mahsulot bo‘lib, oshqozon-ichak tizimiga ortigcha yuk tushirmaydi. Bu esa uni
oshqgozon-ichak kasalliklari bilan og‘rigan bemorlar uchun ham mos qiladi.

3. Bro‘yler go‘shtining salbiy jihatlari va xavflari

Shu bilan birga, bro‘yler tovuq go‘shtining ayrim salbiy jihatlari ham mavjud bo‘lib, ular
asosan sanoat ishlab chiqarish texnologiyalari bilan bog‘liq. Zamonaviy parrandachilikda
bro‘ylerlarning tez o‘sishini ta’minlash magsadida ozuqa qo‘shimchalari va antibiotiklardan
foydalaniladi. Ushbu moddalar noto‘g‘ri qo‘llanilganda yoki me’yoridan ortiq ishlatilganda go‘sht
tarkibida ularning goldiglari saglanib golishi mumkin.

Antibiotik qoldiglari inson organizmida antibiotiklarga chidamlilik (rezistentlik)
rivojlanishiga sabab bo‘lishi mumkin, bu esa kelajakda davolash jarayonlarini murakkablashtiradi.
Bundan tashqgari, ayrim hollarda allergik reaksiyalar yuzaga kelishi ehtimoli mavjud. Bro‘yler
go‘shtining yana bir xavfli jihati mikrobiologik xavf bilan bog‘liq.[2] Noto‘g‘ri saqlash yoki yetarli
darajada termik ishlov berilmagan go‘sht tarkibida Salmonella va Campylobacter kabi patogen
mikroorganizmlar saglanib qolishi mumkin. Bu esa ozig-ovgat zaharlanishiga olib keladi.
Shuningdek, sifatsiz yoki nazoratsiz ishlab chigarilgan parranda mahsulotlari sanitariya-gigiyena
talablariga javob bermasligi mumkin, bu esa inson salomatligi uchun jiddiy xavf tug‘diradi.

Jadval 2.
Bro‘yler tovuq go‘shtining salbiy jihatlari va ular bilan bog‘liq xavflar

Xavf omili Kelib chiqish sababi Inson salomatligiga ta’siri

Antibiotik goldiglari Parrandachilikda Antibiotik rezistentlik, allergik

antibiotiklardan foydalanish reaksiyalar
O‘sishni tezlashtiruvchi Sun’iy ozuqa qo‘shimchalari Gormonal muvozanat buzilishi
moddalar (ehtimoliy)
Mikroorganizmlar (Salmonella, Noto‘g‘ri saqlash yoki Ozig-ovqat zaharlanishi, ichak
Campylobacter) pishirmaslik kasalliklari
Sanltanyg _talablquga rioya Nazoratsiz ishlab chigarish Infeksion kasalliklar xavfi
gilinmasligi

Noto‘g‘ri saqlash sharoitlari

Harorat va gigiyena goidalariga
amal gilmaslik

Bakteriyalar ko‘payishi,
mahsulot buzilishi

Haddan tashqari iste’mol qilish

Me’yoridan ortiq iste’mol

Ogsil muvozanati buzilishi,
buyrakka yuklama
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Yugqoridagi jadvaldan ko‘rinib turibdiki, bro‘yler tovuq go‘shti bilan bog‘liq asosiy xavflar
asosan ishlab chiqarish texnologiyasi, saqlash sharoitlari va iste’mol madaniyati bilan chambarchas
bog‘liqdir. Aynigsa, antibiotik qoldiglari va mikrobiologik xavflar ozig-ovqgat xavfsizligi nuqtai
nazaridan muhim muammolar hisoblanadi. Shu sababli, mazkur mahsulotni ishlab chigarishdan
tortib iste’molgacha bo‘lgan barcha bosqichlarda sanitariya-gigiyena talablariga qat’iy rioya etish
zarur hisoblanadi.

4. Bro‘yler yetishtirish texnologiyalarining go‘sht sifatiga ta’siri

Zamonaviy bro‘yler yetishtirish texnologiyalari yuqori samaradorlikka erishish bilan birga
mahsulot sifatiga ham bevosita ta’sir ko‘rsatadi. Bro‘ylerlar maxsus balanslangan ozuqalar bilan
bogqiladi, bu esa ularning tez o‘sishini ta’minlaydi. Ozuqa tarkibiga qo‘shiladigan ogsil, vitamin va
mineral qo‘shimchalar go‘shtning oziqaviy qiymatini oshiradi. Biroq, o‘sishni tezlashtiruvchi
moddalar va antibiotiklardan noto‘g‘ri foydalanish mahsulot sifatini pasaytirishi va inson
salomatligiga salbiy ta’sir ko rsatishi mumkin.[3]

Shu sababli zamonaviy ishlab chigarishda HACCP va ISO 22000 kabi ozig-ovqgat xavfsizligi
tizimlarini joriy etish muhim ahamiyatga ega. Bu tizimlar ishlab chigarishning barcha bosgichlarida
xavflarni aniglash va ularni nazorat gilish imkonini beradi.

Xulosa: O‘tkazilgan tahlillar shuni ko‘rsatadiki, bro‘yler tovuq go‘shti yuqori ozigaviy va
biologik giymatga ega bo‘lgan muhim ozig-ovgat mahsuloti hisoblanadi. Uning tarkibida mavjud
bo‘lgan yuqori sifatli ogsillar, muhim aminokislotalar, vitaminlar va mineral moddalar inson
organizmining normal faoliyat yuritishi, energiya almashinuvi hamda immun tizimining
mustahkamlanishida muhim ahamiyat kasb etadi. Aynigsa, past yog‘ miqdori va oson hazm bo‘lish
xususiyati bro‘yler go‘shtini parhezbop mahsulot sifatida keng qo‘llash imkonini beradi. Shu bilan
birga, bro‘yler tovuq go‘shtining sifati va xavfsizligi bevosita uni yetishtirish, qayta ishlash va
saqlash jarayonlariga bog‘liqdir. Sanoat asosida yetishtirishda antibiotiklar va boshqa ozuqa
go‘shimchalarining noto‘g‘ri qo‘llanilishi inson salomatligiga salbiy ta’sir ko‘rsatishi, xususan
antibiotiklarga chidamlilikning ortishi, allergik reaksiyalar va ozig-ovqat xavfsizligi bilan bog‘liq
muammolarni Kkeltirib chigarishi mumkin. Bundan tashqari, mikrobiologik xavflar ham noto‘g‘ri
saqlash va termik ishlov berish natijasida yuzaga kelishi ehtimoli mavjud. Shu sababli, bro‘yler
tovuq go‘shtidan maksimal foyda olish va salbiy oqibatlarning oldini olish uchun ishlab chiqarish
jarayonida zamonaviy ozig-ovgat xavfsizligi tizimlarini joriy etish, sanitariya-gigiyena talablariga
gat’iy rioya qilish hamda iste’mol jarayonida mahsulotni to‘g‘ri saqlash va yetarli darajada pishirish
muhim hisoblanadi. Umuman olganda, bro‘yler tovuq go‘shtini me’yorida va oqilona iste’mol
qilish inson salomatligini saqlashda muhim omillardan biri bo‘lib xizmat qiladi.
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Annomauusa: B Oannoti cmamve aumanuzupyemcs poib MUKPOOPSAHUSMOG 6 obecneuenuu
YCMOUYUBOCU IKONIO2UYECKUX CUCIEM U UX 6IUAHUE HA 300p0gbe yenogeka. Mukpoopeanusmol
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uzparont 864’ CHyYI0 poJjlb 6 OUO2eoXUMUYECKUX YUK1ax, pasnodCeHuu opeanudecKux eeuiecme u noédepofcaHuu
9KoN02UYecko2o pasHosecusi. Kpome moeo, ouu ¢hopmupyrom HOPpMATbHYIO MUKPODIOPY OpeanHuzma
uen06eKa u no00epICUBAION PYHKYUOHUPOBAHUE UMMYHHOU cucmemsl. Bzaumoceaszv mesicdy sxonoeuveckou
cpeéoﬁ u 3d0p06b€M yejloeeka pacemampueaemcs Ha OCHO6€ COBPEMEHHBIX HAYYHbIX UCCe008aHUll.

Knroueewvie cnosa: MUKPOOP2AHU3MbL, IKOCUcCmema, 3()0p06b€ yejnoeeKkda, Mqu06u0M, UMMYHUmMem,
buoz2eoxumuyeckutl UYUKIL, OKOJI02UAL.

Annotatsiya: Ushbu maqolada mikroorganizmlarning ekologik tizimlar bargarorligini
ta’minlashdagi o°‘rni hamda ularning inson salomatligiga ta’siri tahlil qgilingan. Mikroorganizmlar
biogeoximik tsikllar, organik moddalarni parchalash va ekologik muvozanatni saglashda muhim rols
o0 ‘ynaydi. Shu bilan birga, ular inson organizmida normal mikroflorani shakllantirib, immun tizim faoliyatini
qo ‘llab-quvvatlaydi. Ekologik muhit va inson salomatligi o ‘rtasidagi o‘zaro bog ‘liglik zamonaviy ilmiy
tadgiqotlar asosida yoritilgan.

Kalit so“zlar: mikroorganizmlar, ekosistema, inson salomatligi, mikrobiom, immunitet, biogeoximik
tsikl, ekologiya.

Abstract: This article analyzes the role of microorganisms in ensuring the stability of ecological
systems and their impact on human health. Microorganisms play a crucial role in biogeochemical cycles, the
decomposition of organic matter, and the maintenance of ecological balance. In addition, they form the
normal microbiota of the human body and support the functioning of the immune system. The
interrelationship between the ecological environment and human health is discussed based on modern
scientific research.

Keywords: microorganisms, ecosystem, human health, microbiome, immunity, biogeochemical cycle,
ecology.

MHUKpPOOPTraHU3MBl ~ SBISIOTCS. OJHAMH W3 BRKHEWITUX OHOJOTHMYECKHMX OpPTaHWU3MOB,
UTPAOLIMX PELIAIOLIYIO POJIb B IIPUPOJE U KU3HU desloBeKa. HecMoTps Ha CBOIO HEBUAUMMOCTD IS
HEBOOPYKEHHOTO TJIa3a, OHHM BBICTYNAIOT KIIFOUEBHIM (PAKTOPOM B OOECHEUEHUHM YCTOWYHBOTO
(YHKIIMOHMPOBAHUSI DKOCHUCTEM W TOAJEPKAaHUM 370POBbS 4enoBeka. VX IesTeIbHOCTh TECHO
CBsi3aHA C OMOTCOXMMHUYECKHMH IHMKIAMH, PAa3JI0OKEHHEM OPTaHWYECKHX BEIIECTB, TUIOJAOPOIUEM
MOYBBI, @ TAKXKe C MOJIep)KaHueM MUKPOOHOIOTHYEeCKOro Oananca B OpraHu3Me 4eloBeKa.

MHUKpPOOPTaHU3MBI SBISIFOTCS OCHOBHBIMH YYaCTHHKAMH KPYTOBOPOTa BEIIECTB B MPHPOJIE.
OHHU aKTUBHO YUaCTBYIOT B HUKIIAX a3oTa, yrjiepolda, CCpbl U APYrux 3JICMCHTOB, OGGCHC‘{I/IBaH
COXpaHEHHE eCTECTBEHHOro OajaHca B OKpykaromied cpeme. Hampumep, a3oTdukcupyromme
OakTepuu MpeodpazyroT aTMOCHEPHBIA a30T B (GOpMY, AOCTYIHYIO AJS YCBOCHHS PACTCHUSMH, a
MHUKPOOPTaHU3MBI-JIECTPYKTOPBI PAa3JIaratoT OPraHUIeCKHe OCTATKH JJO MUHEPATbHBIX BEIIECTB.

Takum 00pa3oM, MUKPOOPTaHU3MbI BBIMIOJIHSIOT HE3aMEHUMYIO0 (DYHKIHUIO B MOJCPKAHUU
SKOJIOTUYECKOW YCTOMYMBOCTH. HapylieHne uxX eCTeCTBEHHOM aKTMBHOCTH MOKET MPUBECTH K
Cepbé3HBIM 9KOJIOTUYCCKUM noCIICACTBUAM, BKJIXO4as ACTrpaganuto I104YB, CHHXKXCHUC
OMOpa3HOOOpa3us U YXY/AIICHUE COCTOSHUS OKPYKAIOIIECH CPEIbI.

C ToukM 3peHHs 37J0POBbs YEJIOBEKa MHUKPOOPTaHU3MBI TAK)KE UMEIOT OTPOMHOE 3HAUYEHHE.
MukpobroTa 4YeraoBeka, OCOOCHHO KHIIEYHAs, UTPAeT BAKHYIO POJb B THIIEBAPECHUH, CHHTE3E
BUTAMHWHOB, 3allIUTC OpraHnu3Ma OT NAaTOICHHBIX MHUKPOOPraHUu3MOB U (bOpMI/IpOBaHI/II/I HUMMYHHOTI'O
otBeta. [lone3Hple OakTEepUU CIOCOOCTBYIOT YKPEIUICHUIO UMMYHHOH CHUCTEMBI U TIOIICPKAHHIO
0011ero GU3noIOTHIECKOT0 PAaBHOBECHS OPTaHU3MA.

CoBpeMeHHBIC UCCIIEIOBAaHMS TIOKA3bIBAIOT, YTO HAPYIIEHHE COCTaBAa MHUKPOOHOMA MOMKET
CcTaTh HpI/I‘II/IHOf/'I Ppa3iInYHbIX 3a60J’IeBaHHﬁ, BKJIIOYas aJUVICPTrHYCCKUC PCAKIWU, BOCIIAIHUTCIBHBIC
MPOIIECChl, META0OJWYECKUE HApYIICHUs M CHWKEHWEe HWMMYHHOHM 3ammuThl. Ha cocrosHue
MUKPOGIIOPBl OKa3bIBAIOT BIUSHHE DKOJOTHUECKUE (DAKTOpPBI, Ka4eCTBO OKPYXKAKOIIEH Cpelbl,
paIoH MUTAHMS, MPUMCHCHHE aHTUOMOTUKOB M 00pa3 )KU3HU YEIIOBEKA.

Dkoyioruveckass cpega M 30pOBbE 4YENOBEKa HAXOAATCS B TECHOW B3aMMOCBS3H.
3an$I3HCHI/IC BO31yXa, BOAbI W IIOYBbBI OKa3bIBACT HCTATHBHOC BOSIICfICTBPIe HC TOJIBKO Ha
MaKpOOPIraHU3Mbl, HO U Ha MHKpPOOHBIC COOOIIECTBA, YTO B KOHEYHOM HTOTE OTPaKAeTCs Ha
310poBbe HaceneHus. llodTomMy wH3ydeHHE MHUKPOOPTaHM3MOB B KOHTEKCTE SKOJIOTUYECKOTO
MOJIX0/1a PUOOPETAET 0COOYIO aKTYaTbHOCTb.
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Takum 00pa3zoM, MUKPOOPIaHU3MBI MIPEACTABISAIOT OO0 BaKHENIIEE 3BEHO, COSANHSIIOIIEE
9KOJIOTHYECKYI0 YCTOWYMBOCTh M 370POBhE dYeloBeka. VX BcecTOpoHHee HM3ydeHHE MO3BOJISET
riTy0Ke MOHATh MEXaHU3Mbl ()YHKIIMOHUPOBAHUS TIPUPOIHBIX CHCTEM H pa3padboTaTh I((HEeKTUBHBIC
MepBI IO COXPAHEHHIO KOJIOTUYECKOTO PABHOBECHSI U YKPETICHUIO OOIIECTBEHHOTO 3/I0POBBSI.

Kpome TOro, MUKpOOpPraHW3MBI MOBBIIIAIOT IUIOJOPOJIME TIOYBHI, OKA3bIBAIOT BIIMSHHUE HA
KayecTBO BOJBI M BO3JyXa, a TaKKe OO0ECHEeUMBAIOT HEMPEPHIBHBIH KPYrOBOPOT BEIECTB B
skocucTeme. Hapymienne — nesSTENbHOCTH  MHUKPOOPTaHW3MOB — MPHBOAWT K  HAPYIICHHUIO
€CTECTBEHHOTO OajlaHCca M BO3HMKHOBEHHUIO 3KOJIOTMYECKHUX MpoOjeM, BKIIOYas 3arps3HEHue
OKPY’KaIOIIeH Cpeibl U COKpaIieHne OnopazHooopasusi.

[ToMrMO 3TOr0, MHUKPOOPTaHU3MBlI IIUPOKO MPUMEHSIOTCS B MEIUIMHE NPU CO3/JAaHUHU
AQHTUOMOTHKOB, BaKIMH W NPOOMOTHYECKHX TNpenapatoB. biaromaps #uX HCHOIB30BAHUIO
OCYILECTBIIsICTCS MPO(DUITAKTUKA U JICYEHUE MHOTUX MH(PEKIIMOHHBIX 3a00JI€BaHUM.

MHuKpoOpraHu3Mbl UMEIOT HEOIICHHMOE 3HAYeHHE KaK JUIsi O0ECIeYeHHUs yYCTOWYMBOCTH
9KOJIOTUYECKUX CHCTEM, TaK M s COXpaHEHHs 370poBbsi dyenoBeka. OHUM o00ecneunBaroT
KPYrOBOPOT BEIIECTB B MPUPOAEC, IMOAJIEPKUBAIOT CTAOMIBHOCTh 3KOCHCTEM H CIIOCOOCTBYIOT
HOPMaJIbHOMY (DYHKLIMOHMPOBAaHUIO OpraHu3Ma 4ejoBeka. VIMEHHO MO3TOMYy H3y4YeHHE
MHUKPOOPTaHU3MOB U COXPaHCHHE WX TIOJE3HOHW AKTUBHOCTH SIBIISIETCS OJHUM W3 BaKHEHIIHX
HanpaBJICHUN COBPEMEHHON OMOJIOTUU U HKOJIOTHH.

['moGanpHBIE SKOJIOTUYECKHE W3MEHEHHs] OKa3bIBAIOT HENOCPEICTBCHHOE BIIMSHUE Ha
3I0pOBbE 4YEJIOBEKAa. 3arpsi3HEHHE OKPY)KAIOLIEH cpeapl, COKpalleHue OuopasHooOpazus u
HapylmIeHHE OJKOJOTMYECKOTO pPAaBHOBECHS TPHUBOIAT K YBEIMUCHHIO YHCIA Pa3IMIHBIX
3aboneBaHuid. B 3THX mpoleccax MHKPOOPraHH3MBbl HIPAIOT KIIOYEBYIO pOJIb, IMOCKOJIbKY
BBINIOJIHSIOT BaXKHeHIIne GyHKIIMHN KaK B 9KOCHCTEME, TaK U B OPraHu3Me YeJIOBeKa.

1. B3auMocBsI3b MeK1y IKOJTOTHYECKOH YCTOHYNBOCTHIO H 3[0POBbEM YeI0BeKa

Y CTOWYMBOCTD AKOCUCTEM SIBJISIETCS OJHUM M3 KIHOYEBBIX (PAKTOPOB 370POBbs UEIOBEKA.
YucThlii BO31yX, KaueCTBEHHAsi BOJA M IUIOJOPOJHAS IOYBA BO MHOTOM SIBIISIIOTCS PE3YIbTaTOM
NeSITeIbHOCTH MUKPOOPraHnu3MoB. [lpu Hapyienuu ux QyHKIMOHUPOBAHUS:

* IPOMCXOIUT 3arpsS3HEHUE BOIbI;

* CHUXKAeTcs IJI0JJ0pO/iie TIOYBHI;

* BO3MOYKHO aKTUBHOE Pa3MHOKE€HHE MAaTOI€HHBIX MUKPOOPTaHU3MOB.

370, B CBOIO OUYEPE]lb, MOXKET MPUBOAUTH K BOSHUKHOBEHUIO HH(PEKIIMOHHBIX U
XPOHUYECKHX 3a00JIeBaHUI y UelIOBeKa.

2. MukpoOHOM 4YeI0BeKA M ero 3HaYeHHne

B opranusme uenoBeka 0OMTaIOT TPUILTMOHBI MUKPOOPTIaHU3MOB, KOTOPBIE 00pa3yroT
MHUKpOoOHoM. OCOOEHHO BaXXHYIO POJIb UTPAET KHUIIEYHAss MUKPO(dIIOpa, KOTOpast:

* o0ecrieyuBaeT MpoLeCChl MUIIEBAPECHNUS;

 cuHTE3UpyeT BUTaMuHbI (rpynisl B u K);

* YKpeIuIsieT MIMMYHHYIO CHCTEMY.

[Tone3Hble MUKPOOPraHU3MBbI TPOTUBOACHCTBYIOT NATOIC€HHBIM OAaKTEepHUsM, 0OecrieurBas
3alUTy OpraHu3Ma.

3. AMMyHHasl cMCTeMa H MUKPOOPTaHU3MbI

MHUKpOOPraHU3MBbl UTPAIOT BXKHYIO POJIb B Pa3BUTUH U (YHKIIMOHUPOBAHUU UMMYHHOMH
cucTeMsl yenoBeka. OHuU:

* (hOopMHUPYIOT UMMYHHBIH OTBET;

* CHIDKAIOT PUCK aJUIEPTUYECKUX M ayTOMMMYHHBIX 3a00JI€BaHUM;

* IOAATOTABIMBAIOT OPTaHU3M K BO3JICHCTBUIO BHEIIHUX HH(EKIUH.

CornacHo «rUTHEHUYECKOH THIIOTE3e», Ype3MEPHO CTEPHIIbHAS Cpela MOXKET IPUBOIUTH K
ocnabIeHNI0 UMMYHHON CHCTEMBI.

4. JKoJiorHYecKUe U3MeHEeHUs U 3200J1eBaHus

[Tpu HapyIeHNH SKOJIOTHYECKOT0 PABHOBECHS U3MEHSIETCS U COCTaB MUKPOOPTaHU3MOB.
DTO MOXKET MPUBECTH:
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* K MTOSIBIICHUIO HOBBIX MH()EKIIMOHHBIX 3a00JIeBaHUi;

* K MyTaI[lsIM BUPYCOB U OaKTEpHii;

* K TIOBBIIICHUIO PUCKA BOZHUKHOBEHUS TTAHIEMUH.

Hanpumep, paszpyliiieHue ecTecTBEHHOM cpeibl OOMTaHUS YCUIIMBAET PAacIpOCTPaHEHHE
300HO3HBIX 3a00JIEBaHUH.

5. Be3onacHOCTh BOAbI U MUIIEBBIX MPOIYKTOB

MukpoopraHu3Mbl OMPENEISIOT Ka4eCTBO BObI U MMPOYKTOB MUTAHUS:

* [10JIE3HbIE OAKTEpUHU YUaCTBYIOT B Ipolieccax pepmeHTamu;

* BpeJHbIE MUKPOOPTraHU3Mbl CTAHOBSITCS] IPUYMHON OTPaBICHUN U UHPEKIUH.

Uucras nuTheBasi BoJ1a U 6€30IaCHBIC MUIIEBBIC MTPOYKTHI SBISIOTCS BaXKHEHIIIUMU
YCIIOBUSIMU COXPaHEHUS 3/J0POBbS YEJIOBEKA.

6. IlpumeHeHne B OMOTEXHOJIOTMH U MeIMIMHE

Mukpoopranu3Mbl IUPOKO UCHIOIb3YIOTCS B MEAULIMHE U OMOTEXHOJIOTHU:

* IPOU3BOJICTBO AHTHOMOTUKOB;

* CO3/JaHKE BAKIIMH;

* pa3paboTKa MPOOMOTUYECKUX MTPENapaToB.

WUx mnpumeHeHHe crocoOCTBYeT MNPO(UIAKTUKE, JUArHOCTUKE M JICYEHUIO pPa3IMYHBIX
3a00NIeBaHUH, a TAKIKE PA3BUTHIO COBPEMEHHBIX MEIUIIMHCKUX TEXHOJIOTHUH.

Kpome Toro, oHu UrparoT BaXXHYIO pOJib B CHUYKEHUH YPOBHS SKOJIOTHMUECKOTO 3arpsS3HEHMUS.

B Hacrosmiee BpeMmsi IIUPOKOE paclpoCTpaHEeHHE WHQPEKIUOHHBIX 3a00JeBaHUA U
MOSIBJICHWE HOBBIX MMATOT€HHBIX MHKPOOPTaHU3MOB TOBBIMIAIOT HEOOXOIUMOCTh TMPUMEHEHUS
COBPEMEHHBIX METOJIOB IUArHOCTUKU B MEIUIIMHE U OMOJIOTUU. MUKpPOOHONOTHS, BUPYCOIOTHSI U
MMMYHOJIOTHSl HM3y4alOT MPOUCXOXKJIECHHE HMHPEKIUOHHBIX 3a00JIeBaHM, MEXaHU3Mbl UX
pacmpocTpaHeHus, a TAKXKe CIIOCOObI OOPHOBI ¢ HUMHU.

B coBpeMeHHON MeIWIMHE METOJbl MOJIEKYISPHOW IWAarHOCTHKH ITO3BOJISIIOT BBISBIISATH
3a00/eBaHMsT Ha paHHUX CTagusIX MyTéM  OOHApYKCHHMsI TEHETHYEeCKOro  Marepuala
MHKPOOPraHW3MOB. OTH METOAbl OTIMYAKOTCS BBICOKOM TOYHOCTBIO, YYBCTBUTEIBHOCTBIO M
ONEepPaTUBHOCTHIO. B TO ke BpeMsi MUKpOOpPraHU3MbI SBJISIFOTCS HEOTHEMIIEMOM YaCThIO MPUPOIHBIX
JKOJIOTUYECKHUX cUCTEM. OHM UTPAIOT PEIIAIOUIYIO POJIb B KPYTOBOPOTE BELIECTB, SHEPIETHUECKOM
00OMEHE U OCYIIECTBICHUN OMOT€OXUMHYECKUX IIUKIIOB.

MounekynspHasi TMarHOCTHKA MPEACTaBIsAET COO0N KOMILJIEKC COBPEMEHHBIX J1a00paTOPHBIX
METOJIOB, MPUMEHSIEMBIX JUIS UICHTU(PUKAIUUA MUKPOOPTaHU3MOB U U3YUCHHUS UX CBOUCTB. [laHHBIE
MeToJibl 0ocHOBaHbI Ha BbisABIeHUU JJHK nin PHK MukpoopraHu3sMoB v XapakTepu3yrTCsl BEICOKOM
TOYHOCTBIO M OBICTPBIM IOJIYY€HUEM PE3yIbTaTOB.

I[P (monumepa3Hasi ueNnHasi peaklusi) SBJSIETCS OJHUM U3 Haubojee MIMPOKO
MPUMEHSIEMBIX METOJIOB MOJEKYISAPHOM IUATHOCTUKH. DTO OJUH U3 caMbiX (G (EKTUBHBIX U
pacnpocTpaHEHHBIX CIIOCOOOB BBISBICHHUS MHUKPOOPTraHM3MOB, MO3BOJIAIOIIMNA OOHApYKHUBATh UX
Jake B MHHUMAJbHBIX KOJMYECTBAaX 3a CUET MHOTOKPATHOTO yBENWYCHHs (amIuin(UKAIN)
renernueckoro matepuana — JAHK wiau PHK.

Merton IILIP 6511 pa3pabotan B 1983 rogy amepukanckum o6noxumukom Kopu Mysmmucom,
Y 3TO OTKPBITHE CTAJIO HACTOSIIEH PEeBOJIIOLMEN B MOJIEKYIISIPHOM OMOJIOTUY U MEIUIIUHE.

I'eHOMHOe ceKBeHHMPOBaHUE — 3TO MOJIEKYJISIPHO-OMOJIOTUYECKUI METO/, HalpaBJIECHHBIN
Ha TMOJHOE ONpEIEJICHUE IOCIEA0BATEIIbHOCTH HYKIECOTHJAOB B TEHOME OpraHu3Ma WIH
MuKpoopranu3ma. C €ero mOMONIIbI0 CTAHOBUTCA BO3MOXHBIM BCECTOPOHHEE H3YyUEHHE
TE€HETUYECKOMN CTPYKTYPbl MUKPOOPTraHU3MOB.

JlaHHBII1 METO/T TO3BOJISIET:

* BBISIBJISITH MYTAIIMM ¥ TEHETUYECKUE U3MEHEHNS,

* ONPENENITh YCTOWYMBOCTh MUKPOOPTaHU3MOB K aHTUOMOTHKAM;

* OTCJIEKHUBATh 3BOJIOLUIO IATOTEHOB;

* pa3zpabaThIBaTh HOBbIE METO/IbI TMATHOCTUKHU U JIeYeHUs NH(EKIIMOHHBIX 3a00JIeBaHU.

Hcnonb30BaHnEe COBPEMEHHBIX MOJIEKYJISIPHBIX METOAOB JUArHOCTUKU UMEET OOJIbIIOE
3HaUYE€HHE HE TOJIBKO I KIMHUYECKOW MEIULIUHBI, HO U JUISl 3KOJIOTMYECKOr0 MOHUTOPUHTA,
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MTOCKOJIbKY TIO3BOJISIET CBOEBPEMEHHO BBISIBIISITH ONTACHBIE MUKPOOPTaHU3MbI B OKPY KaIOILEl cpeie
U MPEeI0TBPAIaTh PaCIPOCTPaHEHUE HHPEKIHUI.

B coBpemeHHOI MeaWIIMHE W MHKPOOWOJIOTHHM JaHHAs TEXHOJIOTHS pPa3BHBACTCS
ype3BblYaiiHO ObICTphIMH Temmnamu. Hampumep, TexHonoruu HoBoro mokoieHus (NGS —
CeKBEHMPOBAHHE HOBOI0 IIOKOJIEHHSsI) IIO3BOJISIIOT OJIHOBPEMEHHO AaHAJIU3UPOBATH THICAYU
TeHETUYECKUX (PparMeHToB.

3HaueHue JTaHHOW TEXHOJIOTHH:

* BBISIBJICHHE HOBBIX IIITAMMOB BUPYCOB;

* U3yYCHHUE YCTOMYMBOCTU OaKTepUil K aHTUONOTHKAM;

* aHAJIU3 3BOJIIOLMU MUKPOOPTraHU3MOB;

* [IPOBEJICHUE UIEMUOIOTHYECKOTO MOHUTOPHHTA.

MertareHoMuKa — DTO Hay4HbI METOJ, HAIIPaBJICHHBII HAa OJHOBPEMEHHBIN AaHAIU3
TFeHETUYECKOTr0 MaTepuasa BCeX MUKPOOPTraHM3MOB, COJEpKalIuXcs B oOpa3lax, MOITYyYeHHbIX U3
IIPUPOJHOM CpEIBbI.

MerareHoMHKa SIBIETCS OAHUM M3 HanOoJiee TEepeOBBIX HANPABJICHHN COBPEMEHHOMU
HayKM, [IO3BOJIIIOUIMM T[IOJIy4aTh TIJIyOOKYH0O M BCECTOPOHHIOIO HH(POPMALMIO O MHUPE
MUKpoOopraiu3mMoB. OHa uMeeT OOJbIIOE 3HAUEHUE JI SKOJOTUH, MEIULHHBI, OMOTEXHOJOTUU U
CEeNIbCKOro Xo3siicTBa. biaromapss sToMy MeTOIy CTaHOBUTCS BO3MOXKHBIM Oosee TiyOokoe
MMOHMMAHHUE HEPa3pbIBHON B3aMMOCBSI3M MEXAY YCTONYMBOCTBIO HKOJOTMYECKUX CHUCTEM H
3I0POBBEM YEJIOBEKA.

MeTtareHoMuKa MpeACTaBiIsieT cOOOW COBPEMEHHBIM MOJIEKYISIPHO-OUOIOIMYECKUNH METO/,
HaIpaBJICHHBIM Ha MpsAMOl OJHOBpPEMEHHBIM aHanu3 reHetuueckoro marepuana (JHK) Bcex
MHUKPOOPIaHU3MOB, COJEpKalluxcsd B 00paslax, B3SATHIX W3 HMPHUPOJHOM cpenbl (IIOYBBI, BOJBI,
BO3/yXa, OpraHnu3Ma 4eJIOBeKa U APYTruX IKOCUCTEM).

B oTnuuune oT TpaguIMOHHBIX MUKPOOHMOJIOTMYECKUX METOJI0B, METar€HOMUKA HE TpeOyeT
MPEBAPUTEIILHOTO KYJbTUBHUPOBAHUS MMKPOOPTaHM3MOB B JaOOpPAaTOPHBIX YCIOBUSX. OTO
O0COOEHHO B@)XHO, IIOCKOJIBKY 3HAuuTeJIbHAas 4acTb MHUKPOOPTaHM3MOB He MoAgaércs
BBIPALMBAHUIO CTAHIAPTHBIMU METOAAMM.

[TpuMeHeHne MeTareHOMHKH 1103BOJISET:

* UCCIIeIoBaTh OMOpa3HOOOpa3re MUKPOOPTaHU3MOB;

* BBISIBJIATh PAHEE HEU3BECTHBIE BU/Ibl MUKPOOPTaHU3MOB;

* QHAJIM3UPOBATH U3MEHEHHS] MUKPOOHBIX COOOILECTB 1101 BO3ACUCTBUEM IKOJIOTHYECKUX

(hakTopoB;

* U3y4aTh BIMSHHE MUKPOOHOMA Ha 3/J0POBbE YETIOBEKA;

* pa3pabaThIBaTh HOBBIE MTOAXObI K IUArHOCTUKE U JICYEHUIO 3a00JI€BaHuUI.

B meauiuHe MeTareHOMHKa aKTMBHO TNPHUMEHSETCS Ul JAMAarHOCTUKM WHQPEKIMOHHBIX
3a00J1eBaHUM, UCCIIEOBAaHUS MUKPOOMOMA YelIOBEKa U BBISABIEHUS MATOTE€HOB. B skosoruum stor
METOJ UCIIOJIB3YETCS JUIsl OLIEHKH COCTOSIHMSI OKPYXKAroIled Cpeibl, MOHUTOPHHIA 3arpsi3HEHUN U
U3Yy4YEHHs YCTOHUYMBOCTU 3KOCUCTEM.

Takum oOpa3oMm, pa3BUTHE TEXHOJOTMHA CEKBEHHPOBAaHUS HOBOTO TIIOKOJICHHS U
METareHOMHOI'0 aHajiM3a OTKPbIBAECT IIMPOKUE IMEPCIEKTUBBI Ui M3YYEHUS MHKPOOPraHH3MOB,
COBEPILICHCTBOBAHMS JMArHOCTUKM 3a00JIEBaHUM M pEIIeHUS] aKTyaJbHBIX OJKOJIOTHYECKHX
pooeM.

M3BecTHO, YTO 3HAYMTENbHAs 4YacTb HPUPOAHBIX MHKPOOPraHU3MOB HE pacTéT B
MCKYCCTBEHHOH cpejie MO0 KyJIbTUBUPYETCs ¢ 00IbIINM TpyaoM. 1o 3Toi mpuunHe ux u3ydeHue ¢
MIOMOIIBIO KJIACCHYECKMX METO/0B ObUIO OIpaHMYEHO. MeTareHoMHMKa yCTpaHujIa 3T0 OrpaHUYCHHE
U OTKpbLIa BO3MO>KHOCTb ITOJTHOLIEHHOTO UCCIIEI0BAHUS «HEBUIUMOTO MUPAa MUKPOOPTaHU3MOBY.

OcHOBHOE 3HAYeHHE JAHHOI0 MEeTO/1a 3aKJII0YAeTCs B CJeyIoIeM:

* U3y4eHHe MUKPOOHOTO pa3HO00pa3us B MPUPOIHBIX SKOCHCTEMAX;

* aHAJIN3 MUKpPOOHOMa YellOBEKa;

* BBISIBJICHHE HOBBIX BUJIOB MUKPOOPIaHNU3MOB;

* OLIEHKA HKOJIOTHUECKOT0 PAaBHOBECHSL.
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Takum 00pa3oM, METOIBI MOJICKYJSPHOH JMAarHOCTUKA WMEIOT pelIaoliee 3HauYeHUEe B
MUKpoOuonoruu, Bupyconoru u ummyHonoruu. I[II[[P, reHOMHOe CcekBeHHWpOBaHUE U
METareHOMHUKa INMUPOKO TPUMEHSIOTCS Ui PAHHETO BBISABICHUS WHQEKIMOHHBIX 3a00JI€BaHHIA,
M3YYEHHS TEHETHUECKUX 0COOEHHOCTE MUKPOOPTaHU3MOB U aHalln3a MUKPOOHOTO pasHOOOpa3us B
HKOJIOTHYECKUX CHCTEMax. OTH TEXHOJIOTUM WIPAOT BAXKHYIO pOJb B PAa3BUTHH MEAHIUHBI,
OMOTEXHOJIOIMU U SKOJIOTUH.

MHUKpOOpPTraHU3MBbl ~ SBIISIIOTCS.  OCHOBHBIMH ~ yJaCTHHKAaMH KPYrOBOpOTa BEUIECTB B
9KOJIOTUYECKUX CHCTEMaX, IPOIECCOB PA3JIOKEHHS OPraHMYECKUX OCTATKOB U IMOJJEpPKAHUSA
OHOJIOrMYECKOr0 PABHOBECHS.

OnHM npeAcTaBisAlOT co00i HEOTHEMJIEMYIO M BaXXHEUIIYI0 COCTABHYIO YacTh HMPHUPOIHBIX
HKOJIOTUYECKUX CHCTEM, aKTHBHO YYacTBYs B KPYrOBOPOTE BEIECTB, PA3IOKECHUU OPTaHMYECKHX
COEMHEHUH, TpaHChOopMalMi MUHEPAIBHBIX 3JIEMEHTOB U 00ecIieueHuN OMOJI0rHYecKoro 6anaHca.
MMeHHO TI03TOMY MHKPOOPTaHM3MBI PACCMATPHBAIOTCA KAaK OIMH W3 KIIOYEBBIX (PAKTOPOB
ycroitunBocTu Ouochepsl.

OpHol U3 BaKHEHMIIMX (YHKIMH MUKPOOPTaHU3MOB B 3KOCHUCTEME SIBJIIECTCS Pa3sIoKEHUE
opranuueckux BemiecTB. llocie 3aBepiueHHs] XU3HEHHOTO LMKJIA PACTEHUH M JKUBOTHBIX HX
OCTaTKH TOMANAIOT B OKPYXAIOIIYIO Ccpeny. OTH OpraHMYecKHe BEIIeCTBAa IOJIBEPTaloTCs
(epMeHTaTUBHOMY PACIICIUICHUIO 1101 BO3JeiicTBUEM OakTepHii u rpuboB. B pesynbrare cioxHbIE
OpTaHUYeCKHE COSUHEHHS TPeoOpa3yroTCs B IPOCThIE MUHEPAIGHBIC BEIIECTBA!

* OeJIKM — aMHUHOKHCIIOTHl — aMMHUAK;
* YTJIEBOABI — YTIICKUCIBINA Ta3 U BOJA.

OOpa3oBaBuiecs MHHEpaJbHbIE BEIIECTBA IIOCTYMAIOT B COCTAaB IOYBHl M BHOBb
yCBaMBalOTCA pacTeHUssMH. Takum oOpa3om oOecreunBaeTcs HENPEephIBHOCTh KPYroBOpOTa
BEIIECTB B MPUPOJIE.

Mukpoopranu3Mbpl UIparOT Ba)KHEHIIYI0 pOJib B KPYrOBOPOTE OCHOBHBIX XHMHUYECKHX
9JIEMEHTOB, TO €CThb B OHOreOXMMHYECKMX IMKIax. Hampumep, B a30THOM IHKIIE
azoTdukcupyommue OakTepun Mpeodpa3yroT MOJEKYIIPHBIM a30T arMocdepbl B aMMHaK,
JOCTYIHBIN JUIsI YCBOEHHSI pacTeHHsMU. B mporecce HUTpUpHUKAIMKM aMMHAK IpEBpalaeTcs B
HUTPUTBI U HUTPATHI, & B IpoLecce ACHUTPUPUKALUN HEKOTOpble OaKTEpUU BO3BpAILAIOT a30T B
aTMocdepy B Bue ra3000pa3Horo a3ora.

Kpome TOro, MHUKpOOpPraHu3Mbl SBISIOTCS OJHUM M3 BaXKHEUIIMX OHOJOTHYECKHX
(akTOpoB, 0OECTIEUNBAIOIINX YCTOHUNBOE (QYHKIIMOHHUPOBAHUE MPUPOIHBIX IKOCUCTEM. YUaCTBYs
B HENPEPHIBHOM KPYrOBOPOTE BEIIECTB, OHU BBICTYNAIOT OCHOBHOM JBIKYIIEW CHIION
OMOTreOXMMHUYECKUX IUKIOB. KpyroBopor aszora, yriepona, cepbl M MPOIECCH Pa3IOKEHUS
OpPraHMYECKUX BEILECTB HEPA3PhIBHO CBSI3aHbI C IEATEIbHOCThIO MUKPOOPIaHU3MOB (puc. 1).

A3OTHBIH HHUKJ SBISETCS OOHUM W3 BaXXHEHIIUX OHOTCOXMMHYECKHUX TIPOIECCOB B
npupoge. AtmochepHbiii a30T (N2) HE MOXKET HANpsSMYK0 YCBamBaThCA pacTeHusMH. [losTomy
azoTdukcupyronme O0akTepuu MpeodpasyioT ero B JOCTYIHYIO IJIsi pacTeHuil (opMy — aMMHUaK
(NHs). Ha nocnenmyrommx sTamax B Ipolecce aMMOHH(UKAIUU 00pa3yloTcs HOHBI aMMOHUS
(NH4"). 3arem B x07ie HUTpUHUKAIMU TIOJ JecTBUEM OakTepuil cHadana (GOpMHUPYIOTCS HUTPHUTHI
(NO2"), a 3atem HutpaThl (NOs3"). DTH coeTMHEHUS JIETKO YCBaWBAIOTCS PACTEHUSIMH U YYaCTBYIOT B
CHHTE3€ OEJIKOB U APYTUX OPTaHUYECKUX BEIIECTB.

YriepoaHblii HUKJI TakKe HENPEpPHIBHO MPOTEKAET MPU YYaCTUU MHUKPOOPTaHHU3MOB.
AtMmocdepnsbiii yraekucnbiii raz (CO2) B mpoiecce (OTOCHMHTE3a MPEBPALIACTCS PACTCHUSIMH B
opranuueckue BemecTBa. [locme rubenn pacTeHU W KUBOTHBIX HMX OCTAaTKH IIOJIBEPTAOTCS
mpoleccaM THHEHUST U OpOKeHusT TOJ BO3JCHCTBHEM MHKpOOpraHu3smMoB. B pesynbrare
obpa3zyrotcst yraekucnsiid a3 (CO2) u metan (CHa), KoTOpble BHOBH BO3BpAIIAIOTCS B aTMOCHEDY.
Taxum o6pazom obecriedynBaeTCsl €CTECTBEHHBIN KPYrOBOPOT YIepoaa.

B mnpomecce pa3nokeHus OPraHMYECKHX BEIIECTB MHUKPOOPTAaHM3MBI TaKXKe WIrParoT
pemaronryto posib. OCTaTKu pacTeHU U KUBOTHBIX MepepadaThIBAIOTCS OaKTEpUsIMU U TPUOAMU B
MUHEpaJIbHBIE BEIIECTBA. JTH MUHEPANbI MOCTYNAIOT B IOYBY U BHOBb YCBAaUBAIOTCS PACTECHHSIMHU.
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CnenoBarenbHO, IOYBEHHBIE  MUKPOOPIaHMU3MBl  SIBJISIFOTCS.  BAKHEHIIMMM  y4YaCTHUKaMU
MPUPOJHOTO KPYTrOBOPOTA BEILECTB.

KPYTOBOPOT BEILEECTB B f1pypg

P Azor (N,) ) <= Kpyrosopor yrneposa = sy
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be3 MUKPOOpPraHu3mMoB 3KOCUCTEMA HE MOXET (byHKuMOHMpOBaTb.

Pucynok 1. Kpyroopot BemecTs.

[{uks cepbl TakKe OCYIIECTBIISAETCS IPU YYaCTUU CIELMATN3UPOBAHHBIX MUKPOOPTaHU3MOB.
B xone atoro mpornecca cepoBogopon (H2S) oxucnsgercs no cynspar-uonoB (SO+*). B gaHHbIX
OMOXMMHUYECKUX MPEBPAILEHUSIX aKTUBHOE Y4acTHE MPUHUMAIOT 0cOOble OaKTepHH. DTOT MPOLECC
WTPAET BAXKHYIO POJIb B MOJIEPKAHUA XUMUYECKOTO PAaBHOBECHSI B TIPUPOJIE.

OOm1ast posib MEKPOOPTaHU3MOB UPE3BBIYaiHO MHOTOTrpaHHa. OHU OYHUIIAIOT OKPYKAIOLIYIO
cpeny, pas3iarasi OpraHMuecKre BEIlecTBa, 00ECIeUnBalOT HEMPEPBIBHBIN KPYTOBOPOT XUMHUECKUX
9JIEMEHTOB M TIOAJEPKUBAIOT OHOJIOrMYecKoe paBHOBeCME B JKocucreMax. Kpome Toro,
MHUKpPOOPTaHU3Mbl OTPAaHUYMBAIOT YPE3MEPHOE Pa3MHOKEHHWE MAaTOT€HHBIX (OpPM, BBITOJIHAS
(YHKIIHIO €CTECTBEHHOM 3aIMTHON CHCTEMBI.

[ToaTOMy MHKpPOOPTaHU3MBI SIBISIOTCS HEOTHEMJIEMOM YacThI0 BCEX OMOT€OXUMHUYECKHX
LMKJIOB B Mpupoje. be3 HuX HEBO3MOKEH €CTECTBEHHBIM KPYrOBOPOT YIJIEpoja, a30Ta M JAPYIHX
anemeHToB. CnefoBareabHO, MHUKPOOPTaHM3MBI BBICTYMAIOT OJHUM M3 KIIOYEBBIX (DaKTOPOB,
00eCTIeYMBAIOIINX HE TOJIBKO YCTOMUUBOCTH AKOCUCTEM, HO U )KU3HECITEIHLHOCTh BCel OMOCHEpHI.
WNupimu cnoBamu: «be3 MUKpOOPraHU3MOB 9KOCHUCTEMA HE MOXKET (DYHKIIMOHUPOBATDHY.

Mukpoopranu3Mbl UrparoT BaXKHYIO POJib U B MOJAEPKAHUN SKOJIOTMUECKOTO PaBHOBECHS.
B mnpuponHoii cpene MeXAy pa3iMUYHBIMH MHKPOOPTraHU3MaMH CYIIECTBYeT Ouosiornyeckas
KOHKYPEHLIUS, KOTOpasi OrpaHMYMBAET YPE3MEPHOE pPa3MHOKEHHUE IATOT€HHBIX OPTraHU3MOB.
HekoTtopeie 6akTepun CHHTE3UPYIOT BEUIECTBA C aHTUOMOTUYECKHUMH CBOMCTBAMHU, MOJABIISISI POCT
BpPEAOHOCHBIX MMKpOOpraHu3moB. Kpome TOro, mosie3Hbple MHUKPOOPTaHU3MbI TOYBBI M BOJHOMU
Cpelbl CIIOCOOCTBYIOT 00€CTIEYeHUIO OUOIOTMYECKON YCTOMYUBOCTH SKOCUCTEM.

B mocnenHue TOABI NOCTMKEHHS B 00JACTH MOJEKYJISPHOM OHOJOTHMM W TEHETHUKH
3HAUYUTEJIBHO PACIIUPUIN BO3MOXHOCTH HM3YYE€HHS] MHUKpPOOpPraHu3MoB. COBpEMEHHBIE METObI
MOJICKYJISIPHOM JHMAarHOCTHKH, BKJIIOYas moiuMmepasHyio nenHyw peakuuto (IILIP), renomnHoe
CEKBEHHPOBAHHME U TEXHOJOTUU METAareHOMHUKH, MO3BOJIAIOT OBICTPO M TOYHO MIECHTHU(PUIIUPOBATH
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MHUKPOOPTaHU3MBL. OTH METOABl HMEIOT OOJbIIOe 3HAYEHWE I paHHEeH JUarHOCTUKU
UHQEKIMOHHBIX  3a00JeBaHMN,  M3y4YeHHsS  TEHETHYECKUX  OCOOEHHOCTEH  MaTOTeHHBIX
MHUKpPOOPTaHU3MOB U aHaJIM3a MUKPOOHOTO pa3HOOOpa3us B IKOJIOTMUYECKOH cpeie.

Takum 00pa3oM, MUKpOOPraHU3Mbl 00€CTIEYMBAIOT YCTOMUMBOCTE Onochepsl MOCpencTBOM
Pa3joKEeHUs] OPraHUYEeCKUX BEIIECTB, pealu3aluy OMOT€OXMMHUYECKHX IMKJIOB U MOJAEpKaHUS
9KOJIOTHYECKOr0 paBHOBecHs. COBpeMEHHbIE TEXHOIOIMU MOJIEKYJIIPHOM THAarHOCTUKU MO3BOJISIOT
riy0ke u3ydaTb MHUKPOOPTaHW3Mbl M OLIEHHMBAaTh HX BIMSHHE Ha 3/I0pOBbE 4YeEJIOBEKa U
OKPY>KaIOIIYIO CPELly, YTO UMEET OIPOMHOE HayYHOE 3HAUEHUE.

['mo0anbHbIE 3KOJOTUYECKHE U3MEHEHHUS OKa3bIBAIOT MpPSIMOE M MacIITaOHOE BO3/EHCTBHE
Ha 37I0pOBbE YeJOBEKa. 3arpsi3HEHHE OKPYXKAIOLIeH cpeabl, COKpalleHHe OHOJIOrHnYecKoro
pa3HOOOpa3ys U HapylIEHUE IPUPOIHOIO SKOJIOTHYECKOro OajlaHCca IMPUBOJAT K POCTY pa3IUYHbIX
3a0oseBaHui. B 3THX CI0XKHBIX MpoLeccax MUKPOOPIaHU3MbI 3aHUMAIOT 0CO00€ MECTO, BBITOJIHSS
BaKHeHIMe Ouosiornyeckue pyHKIMU KaK B 9KOCHCTEMax, TaK U B OpraHu3Mme uenoseka. [loatomy
U3yYeHHUE JesITeIbHOCTH MUKPOOPIaHM3MOB M MOHHMMAHHME UX HKOJOTHYECKOTO0 U MEIUIMHCKOIO
3HAYCHUS SBJISIOTCS OJTHOW M3 aKTYaJIbHBIX HAYYHBIX 3a/1a4.

Kak yxe oTMmMedanoch BBIIIE, MEXAY SKOJIOIMYECKOH YCTOWYMBOCTBIO U 310pPOBBEM
4ej0BeKa  CYyIIECTBYeT IiyOokas B3auMOCBs3b. CTaOWMJIBHOCTH INPHPOJHBIX  3KOCUCTEM
HEMOCPEJCTBEHHO BIUSET HAa KAueCTBO JKU3HHU uesioBeKa. Takue (akTopbl, KaK YHUCTBHIA BO3MAYX,
KauecTBEHHasl MUThEBas BOJAa M IUIOJOPOJHAs I0YBAa, TECHO CBA3aHBI C JIEATEIbHOCTHIO
MHUKpOOpranu3MoB. HapyimieHne 3TuX OHOJOTMYECKMX IPOLIECCOB NPUBOAUT K 3arpsa3HEHUIO
BOJHBIX PECYPCOB, CHIKEHHUIO IUIOJAOPOJMS TOYBBI M CO3/IaHUIO OJIArONPUSTHBIX YCJIOBUN s
Pa3sMHOXKEHHUSI TATOT€HHBIX MUKPOOPTaHU3MOB. DTO OKa3bIBACT HEraTUBHOE BIMSHUE HA 3]J0POBbE
YeJIOBEKA U CIIOCOOCTBYET Pa3sBUTHIO PA3IMYHBIX HHPEKIIMOHHBIX U XPOHUYECKUX 3a00JI€BaHUM.

B opranusme yenoBeka 0OMTAaET OrPOMHOE KOJMYECTBO MHUKPOOPTaHU3MOB, COBOKYITHOCTb
KOTOPBIX Ha3bIBaeTCss MUKPOOHMOMOM. OCOOEHHO BaXKHYIO POJIb B MOJAEP)KAHUM 370POBbS UTPAET
kumieyHass Mukpogiopa. OHa obecredynBaeT MPOLECCH MUIEBAPEHHs, CUHTE3UPYET >KU3HEHHO
BaXKHbIC BEIIECTBA, TaKM€ KaK BHUTaMHMHbI rpymnnel B u BurtammH K, a Ttakxke cnocoOCTByeT
YKPEIUIEHUI0O UMMYHHOU cucTeMbl. KpoMe TOro, mosiesHble MHUKPOOPTaHH3MBl KOHKYPHPYIOT C
[IaTOr€HHBIMU OAaKTEPUSAMH, 3alUIIAs] OPraHU3M OT Pa3IMUHBIX 3a00JI€BaHUM.

MHUKpOOpPraHu3Mbl HUIPalOT BaXHYIO poJib B (OPMHPOBAHMU U (YHKIIMOHHUPOBAHUHU
UMMYHHOH cucTeMbl. OHH CIOCOOCTBYIOT pPa3BUTHIO €CTECTBEHHBIX 3alllUTHBIX MEXaHHU3MOB
OpraHu3Ma, CHUKAIOT PUCK PA3BUTHUS AJUIEPIUYECKUX PEAKUUH M ayTOUMMYHHBIX 3a00JeBaHMA, a
TaK)K€ YCWJIMBAIOT CIIOCOOHOCTh OpraHu3Ma IPOTHUBOCTOATH BHEIHMM HH(eknusM. CoryiacHo
Hay4YHBIM HCCJIEIOBaHMAM, YPE3MEPHO CTEpUJIbHAs Cpela, paccMarpuBaeMas B paMKax
«TUTUEHUYECKON TUIIOTE3bD», MOXKET IIPUBECTH K HEOCTATOUHOMY Pa3BUTHIO UMMYHHOM CUCTEMBI.

DKOJIOTUYECKHE  M3MEHEHHUs  OKa3blBalOT  CYIIECTBEHHOE  BJIMSHHE Ha  COCTaB
MHUKPOOPIaHU3MOB M UX (YHKLIHMOHAJIbHYIO aKTUBHOCTh. [Ipy HapyIIeHnu NpupoaHOTro paBHOBECHUS
BO3PACTaeT BEPOATHOCTH MOSBICHHUS HOBBIX MH(EKIMOHHBIX 3a00JIeBaHUI, MyTaluil BUPYCOB U
OaKkTepuil, a TaKKe YBEIMUYMBACTCA PHUCK INI0OAIbHBIX NaHAeMUid. OcoOeHHO pa3pylleHue
€CTECTBEHHOH cpeabl CHOCOOCTBYET paclpOCTPAaHEHHIO 300HO3HBIX 3a00JIeBaHUH, TO €CTh
MHQEKIUH, IepeAaouXcs OT )KUBOTHBIX K YEJIOBEKY.

Ponme MHMKpOOpraHM3MOB Upe3BBIYAHHO BaKHA W B BOMpOcax OE30MacHOCTH BOIBI U
MUILEBBIX NpoaAyKTOB. [Tone3Hble GakTepuy ydacTBYIOT B Ipoleccax (pepMeHTanuu, odecnednBas
MIPOU3BOJICTBO Pa3IMYHBIX MULIEBBIX MPOIYKTOB. OHAKO BPEJOHOCHBIE MUKPOOPTaHU3MbI MOTYT
MIPOHHUKATh B OPraHWU3M YEJIOBEKa Yepe3 BOJY M IUIY, BBI3bIBAs OTPABJICHUS M WH(EKIMOHHBIC
3a0oneBaHus. VIMEHHO MOATOMY YHMCTas NHUTbeBas BoJa W Oe30MacHble MPOIYKTHl MUTAHUSA
SIBJIIOTCSI OAHUMH U3 BAKHEHIINX YCIOBUM COXpPaHEHHMS 3/10pOBbsI YEJIOBEKA.

MHUKpOOpPraHu3Mbl IUPOKO NPUMEHSIOTCS B OMOTEXHOJOTMM M MeauuuHe. OHM ciyKaT
BOXHBIM HMCTOYHUKOM JJISi TPOU3BOJICTBA AHTHMOMOTHKOB, CO3JaHHMS BaKIUMH U Pa3pabOTKU
npobuoTHyeckux mpemnapatoB. Kpome Toro, MHKpoopraHusMbl 3(QQGEKTHBHO HCHOJIb3YIOTCS B
IpoLecCcax CHUKECHUS 3arpsi3HEHUs OKPYXKAIOILEH Cpelibl, OMOJIOrHYeCKOTr0 Pa3yIoKEHHUsI OTXOA0B U
9KOJIOTUYECKOM OUMCTKH.
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HO[[BOI[SI uTor, CJ'IGI[yGT OTMECTHUTH, YTO MI/IKpOOpFaHI/ISMI)I HC TOJIBKO O6€CH€‘-II/IBaIOT
YCTOMYMBOCTh IKOCHCTEM, HO U SIBISIOTCA BAKHEHIIMM OHOJIOTHYECKHUM TapaHTOM 30POBBS
yejoBeKa. bamaHc MeXIy SKOJOTMYECKOW CHCTEMOM M OPraHU3MOM 4YEJIOBEKa MOJJICPKUBAETCS
MMEHHO Onarojaps AesTeNTbHOCTH MHUKpoOpraHuzMoB. [loaToMy oxpaHa OKpy»Xaromieil cpemsl,
coXpaHeHHEe OMOJIOTHYECKOTO PAa3HOO0pa3usl U pallMOHAIBHOE YIPaBIEHNE MUKPOOUOIOTHYECKUMHU
MIPOLIECCaMHU SIBJISIFOTCS] BAKHEUIITUMH YCIOBUSIMH 00€CTICUSHHSI 3JI0POBbSI YEIOBEKA.

MGTOI[I)I MOJ'IeKy.]U[pHOI\/II INArHOCTUKHW UMCHOT 6OJ'IBHIOG HaquOG 158 Hp&KTH‘I@CKOC 3HAYCHUC
B MHUKpPOOWOJIOTUH, BUPYCOJOTUU M UMMYHOJOTHH. OHHU TO3BOJSIOT BBISBIATh WH(EKIHOHHBIC
3360H€BaHI/I$I Ha paHHI/IX cTagusx, I/I3yanI) TCHECTUYCCKUC OCO6€HHOCTI/I IIaTOT€HHBIX
MHUKpPOOPTaHU3MOB U paspabarbiBaTh (P (GEKTUBHBIE CTpaTerud JiedeHus. B CcBow ouepensb,
MUKpPOOPTaHU3Mbl SIBJISIOTCS OJIHUM M3 OCHOBHBIX OMOJIOTMYECKHX (DaKTOPOB, 00ECIEeUMBAIOIINX
YCTOMUYMBOCTh IKOJOTUYECKUX CUCTEM. IMEHHO MO3TOMY HMX M3Y4YEHHE Ha OCHOBE MOJIEKYJISPHBIX
METOAOB MMECT UCKIIFOUUTCIIbPHO BAKHOC 3HAYCHUEC IS paSBI/ITI/ISI COBpeMeHHOﬁ HaYKI/I.
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Annomauus. B nacmosiwetl pabome ucciedosan npoyecc noiyienus oboauénHozo cyneppocpama
U OHCUOKUX  KOMIJIEKCHBIX — CYCNEHOUPOBAHHLIX  YOOOpeHUll NocpedCmeomM paszdeieHusi NnpooyKmos
ceproghocpoprorucrommozo pasnodxcenus gocghopumosori myku Llenmpanvhoix Koi3viikymos na meépoyio
u AHcudKyIo haszwl. Paznooicenue ocyuecmensinocy npu maccosvix coomuowenusix IOK : H:SOq4 : P20s OM =
100:5:10 w 100:5:15, npooonxcumenvrocmu  peakyuu 45 munym u  memnepamype  70°C.
DocpopHoKkucIOmHO-2Uncosvle nyavnvl neped Guibmpayuell no08epeaIucy AMMOHU3AYUU 00 3HaveHus pH
= 3, nocne we20 Ha 0cHOGe MEEPOOU (Paszvl Nynbnbl ObLIU NOTYUEHbL 0002AUWEHHBIE AMMOHUSUPOBAHHbIE
cynepgocghamul. B xode uccredosanus ycmanosiena cmenenv pacnpeoeneHus KOMNOHEHMO8 YaCMUYHO
AMMOHUBUPOBAHHOU (POCHOPHO-CEPHOKUCTOMHOU NYAbIbL MEHCOY HCUOKOU U meépooll gazamu. Ha ocnose
BIAJNCHOU  AMMOHUBUPOBAHHOU  CYRep@OChamuoll  Maccvl ¢ 000asieHueM Xiopuoa Kaaius Oblio
cunme3supogarno PK-yoobpenue. Pazpaboman memoo noOnyueHUsi KOMAAEKCHBIX JHCUOKUX YOOOpeHull Ha
OCHOBE AMMOHUUPOBAHHOU cepHOopocioprokucromuoi nyrvnel. C yeavio noayueHus cOANaHCupo8aHHbIX
Mapox yoobpeHuti 8 peakyuoHHyI0 CMeCb, 0OPA308AHHYIO NOCIe AMMOHU3AYUU CEPHOPOCHOPHOKUCIOMHOU
nynvnel U nocredyrwel uibmpayuu Heuokou asvi, 6600UIUCL AZ0MCOOEPHCAWUTL KOMNOHEHM HUMPAM
amMmonus u Kkanuticooepacawuti komnonenm. Ilonyuennvle maxum oopazom NP(K)-yoobpenus omnocames K
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Klaccy 6blCOKOKOHRYERMPUPOBAHHbLX becoannacmubix y006peHuL7, 6 Konmopblx 6ce numamejlbHbvle JJ1EMEHNbL
NPUCYMCMBYIOM  UCKTIOYUMETbHO 6  800opacmeopumoll  opme.  CywjecmeeHHbiM — OOCIMOUHCIBOM
pa3pa6omaHHOﬁ MexXHOIocUU  ABIAEmCA  603MOINCHOCMb pecyauposanust COONHOUWIEHUA NUumamelbHblx
eeuecme 6 KOHEeYHOM npodykme 6 WUpoxKom ouanasone 6 COOMBEemCcmeuU acpoHomMudecKkumu
mpebosanuaMu.

Knwuuesie cnosa. cmecv u3z IKCMpAKyUoHHOU DOC@OpHOll U CepHOU KUCTIOm, pazoereHue,
obozawennviii cynepgocgam, NP (K)-yoobperue, xumuneckuii cocmas, niomHOCHb U 853KOCMb.

Annotatsiya. Ushbu ishda Markaziy Qizilqum fosforit unini fosfat-sulfat kislotali parchalash
mahsulotlarini qattiq va suyuq fazalarga ajratish orqali boyitilgan superfosfat va suyuq kompleks o ‘g ‘itlar
olish jarayoni tadqiq etilgan. Parchalash EFK : H:SO+ : FM = 100:5:10 va 100:5:15 massa nisbatlarida, 45
dagiqa davomida, 70°C haroratda amalga oshirildi. Fosfat-gipsli bo ‘tqani filtratsiyadan oldin pH = 3
giymatigacha ammoylishtirildi, shundan so ‘ng bo ‘tganing qattiq fazasi asosida boyitilgan ammonlashgan
superfosfatlar olindi. Tadgiqot davomida qisman ammonizatsiya qilingan fosfatsulfatli bo ‘tqani
komponentlarining suyuq va qattiq fazalar o'rtasida tagqsimlanish darajasi aniglandi. Kaliy xlorid
qo ‘shilgan  nam  ammonizatsiyalangan  superfosfat  massasi  asosida  PK-o‘g‘iti  tayorlandi.
Ammonizatsiyalangan fosfat-sulfat kislotali bo‘tqa asosida kompleks suyuq o‘g‘itlar olish usuli ishlab
chigildi. Muvozanatlashgan markali o ‘g ‘itlar olish magsadida fosfat-sulfat kislotali bo ‘tqani ammonizatsiya
gilgandan so ‘ng suyuq fazani filtratsiya qilib ajratib olingan reaksion aralashmaga azot tutgan komponent
ammoniy nitrat va kaliy tutgan komponent qo ‘shildi. Shunday yo‘l bilan olingan NP(K)-o°g ‘itlar yuqori
konsentratsiyali balastsiz o ‘g ‘itlar sinfiga kiradi va ularda barcha ozuga elementlari fagat suvda eruvchan
shaklda mavjud. Ishlab chigilgan texnologiyaning muhim afzalligi shundaki, yakuniy mahsulotdagi ozuga
moddalar nisbatini agrotexnik talablarga muvofiq keng diapazonida tartibga solish imkoniyati mavjud.

Tayanch so‘zlar: ekstraksiyali fosfat va sulfat kislotalar aralashmasi, ajratish, boyitilgan superfosfat,
NPK-o ‘g iti, kimyoviy tarkibi, zichligi va yopishqoqligi.

Abstract. In this work, the process of obtaining enriched superphosphate and liquid complex
suspended fertilizers by separating the products of sulfuric phosphoric acid decomposition of phosphate rock
from the Central Kyzyl Kum Desert into solid and liquid phases was investigated. Decomposition was
carried out at mass ratios of EFK : H.SOs : PhF = 100:5:10 and 100:5:15, a reaction duration of 45
minutes and a temperature of 70°C. Before filtration, phosphoric acid-gypsum pulps were ammoniated to a
pH of 3, after which enriched ammoniated superphosphates were obtained from the solid phase of the pulp.
In the course of the study, the degree of distribution of the components of the partially ammoniated
phosphoric-sulfuric acid pulp between the liquid and solid phases was established. A PK fertilizer was
synthesized using wet ammoniated superphosphate mass with the addition of potassium chloride. A method
for producing complex liquid fertilizers based on ammoniated sulfuric phosphoric acid pulp was developed.
To obtain balanced fertilizer grades, the nitrogen-containing component ammonium nitrate and a potassium-
containing component were added to the reaction mixture formed after ammoniation of the sulfuric
phosphoric acid pulp and subsequent filtration of the liquid phase. The resulting NP(K) fertilizers belong to
the class of highly concentrated ballast-free fertilizers in which all nutrients are present exclusively in water-
soluble form.

Keywords: mixture of extraction phosphoric and sulfuric acids, separation, enriched superphosphate,
NPK fertilizer, chemical composition, density and viscosity.

Introduction. According to the analytical review of the global mineral fertilizer market
prepared by BusinesStat [1], world sales of mineral fertilizers increased by 9.4% between 2012 and
2016, rising from 528.3 to 577.8 million tonnes. This sustained growth trajectory is attributable to a
combination of interrelated factors: continuous demographic expansion of the global population,
progressive reduction of available arable land resources, the aspiration of developing nations to
independently process their natural resources and integrate their national economies into global
value chains, increasingly stringent requirements for agricultural product quality, the growing
deficit of freshwater resources, and the rising standard of living worldwide. The cumulative effect
of these factors necessitates a substantial increase in the productivity of agricultural land and the
intensification of mineral fertilizer production through the application of advanced chemical science
and rational technological approaches.

The scientific and technical literature contains data on the production of nitrogen-phosphorus
fertilizer - ammophosphate - through the decomposition of various types of phosphorites with
extraction phosphoric acid (EPhA), followed by pulp ammoniation, granulation, and drying of the
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final product [2-8]. The authors of study [7] recommend the use of partially ammoniated EPhA for
the synthesis of this type of fertilizer. It should be noted that the production of ammophosphate with
a high P.Os content is achievable only when high-quality phosphate raw material - apatite
concentrate - is decomposed with extraction phosphoric acid derived from the same source material.
The method proposed in the present work involves the utilization of low-grade phosphate raw
material from the Central Kyzylkum deposits, with the simultaneous production of two target
products: high-concentration ammophosphate and concentrated phosphorus fertilizer with a
minimal nitrogen content. The underlying principle of the process is as follows: the phosphoric acid
phosphate pulp is first subjected to partial ammoniation, whereupon the resulting ammophosphate
pulp is separated into solid and liquid phases. The solid phase represents enriched single
superphosphate, whereas the liquid phase, following post-ammoniation, granulation, and drying, is
converted into high-quality ammophosphate [3-7].

Decomposition of phosphorite raw materials with sulfuric acid is the most widely used method
worldwide: more than 90% of the world’s phosphoric acid is produced by digesting phosphate rocks
with sulfuric acid [9]. Rasulov A.A. et al. (2022) studied the decomposition of washed dried
phosphate concentrate (WDPC) with a mixture of phosphoric and sulfuric acids at SO3:P,0s ratios
of 1.2, 1.65, and 2.6, demonstrating the possibility of obtaining high-quality NPS(Ca) fertilizers
[10].

Kosimov D.M., Rasulov A.A., Namazov Sh.S. et al. (2023) investigated the process of obtaining
ammonized superphosphate and liquid NP fertilizers in a single cycle by processing washed
calcined phosphate concentrate (WCPC) with a mixture of sulfuric and phosphoric acids. At a ratio
of 100:5+10:15, the composition of ammonized superphosphate samples was as follows: P2Osgotal
20.60-24.85%; N 4.20-4.79%; pH 2.95-3.17. The liquid NP fertilizer composition consisted of:
3.22-4.49% N, 16.92-17.75% P20s, 2.18-2.86% CaO [11,12].

In a paper published in the Journal of Chemical Technology and Metallurgy (2024), they studied the
technology of processing washed dried concentrate containing 26% P20s into ammophos,
sulphoammophosphate, and nitroammophosphate fertilizers. Studies showed that high-quality
ammophos was obtained at the optimal ratio P2O0swepa : H2SO4 : P20swppc = 1:0.28:0.08 [13].
Liquid complex fertilizers (LCF) occupy an important place in both industry and agriculture.
Academician M.N. Nabiev and his colleagues, in developing methods for producing complex
fertilizers from phosphate raw materials, proposed the SUM-J-5 method for obtaining LCF, with
these fertilizers having a density of 1.5-1.7 g/cm?® and viscosity of 100-150 cPs [14].

Qarshiyev B.N., Seytnazarov A.R., Namazov Sh.S. (2022) obtained balanced liquid NP fertilizers
by ammonizing purified extraction phosphoric acid (35% P20s) and adding ammonium nitrate to
the resulting ammophos slurry. The study examined the composition and properties (density,
viscosity, saturated vapor pressure, electrical conductivity) of the LCFs. At pH = 6.52 and
temperature of 20°C, when the N:P2Os ratio changed from 1:0.5 to 1:1, the density of LCFs
changed from 1.297 to 1.367 g/cm?3, and viscosity from 4.83 to 11.66 cPs [15].

In work conducted the physicochemical properties of ammophos pulp were studied in detail
depending on pH and N : P2Os mass ratio. At 80°C, these parameters decreased from 1.275 to 1.326
g/cm?® and from 1.53 to 2.82 cPs, respectively. It was also shown that the electrical conductivity of
LCF significantly increases with rising solution temperature [15].

Suspended fertilizers are dispersion systems with fine solid particles distributed in a liquid; they can
contain more nutrients compared to liquid fertilizers. Czubaszek A. et al. (2021, MDPI Agriculture)
emphasized that suspension fertilizers should ideally have high apparent viscosity at low shear rates
and low apparent viscosity at high shear rates. According to recommendations, viscosity should not
exceed 1000 mPa-s at 27°C and 1500 mPa-s at 30°C [16].

Inkoua S. et al. (2025, MDPI Processes) conducted research on obtaining NPK suspension fertilizer
from furfural residues via hydrothermal treatment. The authors demonstrated that the Herschel-
Bulkley equation describes the rheological characteristics of suspension fertilizer with accuracy R2
> 0.99. This suspension system was identified as a pseudoplastic non-Newtonian fluid, and its high
static viscosity was proven to provide good anti-agglomeration properties [17].

178 Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.crei.Boimyck Ne 6)



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

He F. et al. (2024, Journal of Taiwan Institute of Chemical Engineers) conducted in-depth research
on preparing high-concentration ammonium phosphate suspensions from wet-process phosphoric
acid and studying their rheological properties. The authors comprehensively studied the effects of
P2Os concentration, temperature, and pH on suspension viscosity, identifying optimal parameters
[18].
The rheological properties of liquid and suspended fertilizers - density, viscosity, flow
characteristics - are of decisive importance in the design of pumping systems, storage, and
application processes. According to the Centre for Industrial Rheology (2023), suspensions
intended for agricultural chemistry often exhibit non-Newtonian behavior, meaning their viscosity
changes depending on the applied shear stress [19].
Vapor pressure and electrical conductivity are also important properties of liquid fertilizers.
Research shows that increasing the P.Os concentration relative to N leads to a significant increase
in vapor pressure due to the increased mass fraction of free water in the LCF. The saturated vapor
pressure of the studied LCF in the range of 20-70°C was 1.25-21.26 Pa, demonstrating their low
volatility in the hot climate of Central Asia [20-21].
Among the most widely used models in suspension rheology are the Herschel-Bulkley, Casson, and
Power Law models. These models allow predicting viscosity behavior in advance for designing
pumping systems and optimizing various technological processes [18]. While Newtonian fluid
behavior is more characteristic for liquid fertilizers, at high solid particle concentrations,
suspensions take on pseudoplastic character [17].
The stability of suspension fertilizers is directly related to their storage life, transportation, and
application conditions. As described in patent W02022086924A1 (2022), rheological agents such
as fumed silica, magnesium aluminum silicate, xanthan gum, and bentonite are used to ensure
suspension stability. The formulation developed in this patent passed 14-day storage tests at 0°C,
room temperature, and 45°C [19].
Purpose of research. The purpose of this study is to study the possibilities of obtaining enriched
superphosphate and suspended liquid NPK fertilizers by phosphorus-sulfuric acid treatment of
washed calcined concentrate (LC) in the technological process.
Materials and method. The decomposition was carried out at the mass ratios of EPhA: H2SO; :
PhF = 100: 5: 10; 100: 5: 15 for 45 min at 70 °C. In this case, EPhA from JSC Ammophos Maxam
was used, with the composition (wt.%): 18.45 P20s; 0.34 CaO; 0.15 MgO; 0.45 Fe203; 0.45 AlOs3;
2.98 SOz and sulfuric acid of 93.5% concentration and ordinary phosphate rock of the composition
(wt.%): 15.86 P.Os; 43.93 CaO; 1.05 MgO; 0.67 Fe203; 1.39 AlO3; 3.48 SOgz; 15.93 CO». Before
filtration, the phosphoric acid-gypsum pulps were ammoniated to pH 3. During ammoniation of the
phosphoric acid-gypsum pulp, monocalcium phosphate is converted to citrate-soluble dicalcium
phosphate according to the reaction:

Ca(H2P04)2 + NH3 = CaHPO4 + NH4H2PO4
The experiments were conducted as follows: a specified amount of phosphorus-sulfuric acid
mixture was introduced into a thermostated beaker, then phosphorite raw material (FS) was
gradually added while constantly stirring. In this case, the mass ratio of EPhA : H2SOusmg : PhF =
100: 5:15 was chosen. The interaction time of the components was 45 minutes at a temperature of
70 °C. After this, the phosphoric acid-gypsum pulp was neutralized with a 25% ammonia solution
to a pH=3.0. Then, the mixtures were separated into liquid and solid phases by vacuum filtration.
The liquid phase, i.e., the filtrate, can be used as (LCF) liquid complex fertilizer. Enriched
superphosphate was obtained from the precipitate remaining on the filter. For this, the sample was
dried in a drying oven: first at a temperature of 60 °C, then at 90 °C until a constant mass was
reached, and a low-nitrogen product was obtained.
To obtain SLCF from this liquid phase, it was completely neutralized with a 25% aqueous solution
of ammonia to pH=6.0. Then, a 26% bentonite suspension with a ratio of 100:3 was added,
followed by ammonium nitrate and potassium chloride. Thus, a suspended liquid NPK-fertilizer
was obtained. The content of components in the obtained products was analyzed according to
standard methods.
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Results and discussion. The ammoniated pulps were separated into liquid and solid phases by
vacuum filtration. The filter cake remaining on the filter was dried at 75°C, and granulation was
achieved during the drying process using intensive mixing and pelleting. The dried products were
analyzed for various components using generally accepted methods. The experimental results are
presented in Tables 1 and 2.

Table 1
Composition of enriched superphosphate and liquid nitrogen-phosphorus fertilizer samples
EFK : H.SO. : PhF 100:5:10 100:5:15
pH of the pulp before separation pH=3.0 pH=3.0
Phases Solid Liquid Solid Liquid
High pH of 10% solution 3,33 - 3,33 -
P20s5 total. 26.88 15.85 26.88 15.85
P20s jim. 26.64 15.85 26.64 15.85
P20s 1r-8 26.41 15.85 26.41 15.85
P20s5 wat. 23.61 15.47 23.61 15.47
P20s acid - 0.26 - 0.26
CaO total 13.65 0.86 13.65 0.86
CaoO |im. 13.52 0.86 13.52 0.86
CaO wat. 12.88 0.83 12.88 0.83
MgO 0.60 0.07 0.60 0.07
Fe20s 1.57 0.06 1.57 0.06
Al2Os3 1.97 0.003 1.97 0.003
SO3 total 20.09 1.85 20.09 1.85
N 5.13 4.0 5.13 4.0
P20s im. /P20s total 99.11 100 99.11 100
P20s -8 /P20s total 98.25 100 98.25 100
P20s wat. /P20s total 87.83 97.60 87.83 97.60
Ca0 im. /Ca0 total 99.05 100 99.05 100
CaO wat. /Ca0 total 94.36 96.51 94.36 96.51

In accordance with agronomic requirements, single phosphorus fertilizers must be characterized by a
high content of both total and assimilable forms of P.Os. Based on the established criteria of
agrochemists and soil scientists, an optimal phosphorus fertilizer is defined as one in which the water-
soluble fraction of P-Os constitutes no less than 50% of its total content. Guided by these requirements
and on the basis of laboratory experimental data, the optimal mass ratio EPA : H2SO. : PhF =
100:5:15 has been determined and recommended for practical application.

The solid phase of the pulp obtained under the aforementioned conditions yields enriched
ammoniated superphosphates exhibiting the following physicochemical characteristics (wt.%): total
P20s - 26.78; assimilable P-Os relative to total P-Os by citric acid - 98.35; assimilable P»Os relative to
total P.Os by Trilon B - 97.23; water-soluble P-Os relative to total P.Os - 81.62; nitrogen content -
4.57; total SOs - 18.71; granule compressive strength - 3.55 MPa. The obtained product fully meets
the quality criteria established for single phosphorus fertilizers intended for autumn plowing
application.

Under the recommended ratio EPA : H.SO4 : PhF = 100:5:15, the liquid phase of the pulp is
characterized by the following composition (wt.%): total P-Os - 17.34; assimilable P-Os relative to
total P-Os by citric acidity - 100; assimilable P-Os relative to total P-Os by Trilon B - 99.94; water-
soluble P2Os relative to total P-Os - 98.73; total CaO - 1.65; nitrogen - 3.22; total SOs - 1.41. The
exceptionally high proportion of water-soluble and assimilable phosphorus forms in the liquid phase
confirms the suitability of this fraction as a highly effective feedstock for the production of complex
liquid fertilizers.
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The distribution of components of partially ammoniated phosphoric acid-gypsum pulp between the
liquid and solid phases was systematically investigated. The findings demonstrate that an increase
in the mass fraction of phosphate rock leads to a progressive enhancement in the degree of
transition of impurity components into the solid phase. Consequently, the liquid phase undergoes
maximum clarification from suspended particulate matter, thereby enabling the production of a
concentrated P-Os-enriched solution. Quantitative analysis revealed that 54.30% of the total P-Os
content is transferred into the liquid phase under the studied conditions.

This phenomenon is attributed to the fact that at a pulp pH value of 3.0, the formation of water-
insoluble salts is initiated. Specifically, during the ammoniation of wet-process phosphoric acid,
citrate-soluble forms of dicalcium phosphate, dimagnesium phosphate, and complex salts of
sesquioxides undergo precipitation and are concentrated in the solid phase. Furthermore, the
complex compound (NHa)2(Fe,Al)-Mg(HPOu4):F5 is identified as a constituent of the solid phase,
contributing to the selective partitioning of impurity elements away from the liquid fraction and
thereby improving the overall purity and phosphorus concentration of the filtrate.

Table 2
The degree of distribution of the components of ammoniated phosphate pulp into solid and liquid
phases
[ g Degree of distribution of components, wt.%
> b
.. o -~
< Q_Q
% 2 © | Phases
T 28 P,Os | CaO MgO | Fe:O3 | Al,Os | SOs N
M 5 ©
& T
o
Solid
hase 39,99 | 86,18 77.10 | 91,14 | 99,61 | 80,98 | 33.50
1005:10 | pH=3,0 =
g 60,01 | 13,82 2290 | 8,86 0,39 | 19,02 | 66.50
phase
Sﬁ;'si 45,70 | 84,45 85.38 | 94,05 | 99,39 | 87,85 | 43.61
100:5:15 | pH=3,0 Ei e
pr?ase 54,30 | 15,55 1462 | 5,95 0,61 | 12,15 | 56.39

The presence of water-soluble SOs in the liquid phase serves as an indicator that a phosphogypsum
conversion reaction proceeds during the ammoniation process. The free sulfuric acid contained in
the initial phosphogypsum pulp reacts preferentially with the phosphate raw material, resulting in
the formation of CaSOa4-2H:0O. Subsequently, during the ammoniation of the phosphoric acid-
gypsum pulp, partial conversion of calcium sulfate into highly soluble ammonium sulfate occurs in
accordance with the following reaction:
NHsH2PO4 + CaSOs + NH3z — (NH4)2SO4 + CaHPO4

The incorporation of ammonium sulfate into complex fertilizer formulations is of considerable
agrochemical significance, primarily due to its sulfur content. Sulfur participates directly in the
biosynthesis of proteins and amino acids during crop formation and serves as an effective protective
agent against late blight and root rot pathogens. In terms of its physiological significance in plant
nutrition, sulfur occupies fourth place in the hierarchy of essential macronutrients, following
nitrogen, phosphorus, and potassium.

Calcium ranks fifth among the biogenic elements essential for plant nutrition, succeeding nitrogen,
phosphorus, potassium, and sulfur in order of physiological importance. When introduced into the
soil in a readily plant-available form, calcium supplementation contributes substantially to yield
enhancement. Agricultural crops assimilate the biogenic nutrients required for growth and
development through both root absorption and foliar uptake mechanisms, underscoring the
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importance of ensuring the availability of all essential elements in appropriate chemical forms
within the soil-plant system.

In the present study, a phosphorus-potassium (PK) fertilizer was successfully synthesized. The
production of phosphorus-potassium fertilizers was carried out utilizing wet ammoniated
superphosphate mass as the primary feedstock, which was prepared by decomposing phosphate raw
materials with a mixture of sulfuric and phosphoric acids, followed by ammoniation of the resulting
phosphoric acid-gypsum pulps to pH = 3 and subsequent separation of the acidic phosphate pulp
into liquid and solid phases. Potassium chloride with a particle size fraction of 0.16 mm was
introduced into the reaction mixture at predetermined ratios of the principal components. The
reaction was conducted under continuous mechanical stirring for a duration of 15-20 minutes. The
resulting mixture was subjected to granulation by the rolling method at a temperature of 70—75°C,
followed by drying to achieve the required moisture content. The experimental findings are
summarized in Table 3. Analysis of the data presented in Table 3 indicates that the obtained
samples.

Table 3
Composition of RK fertilizers obtained by processing the solid phase of sulfuric phosphoric
acid decomposition of phosphorite flour with the addition of potassium chloride

EFK : H.SO. : PhF 100:5:15
Product (potassium P,0Os5:K>0
chloride added) 1:0.5 1:1 1:1.5
pH of 10% solution 3.52 3.47 3.49
P20s total. 21,89 18,52 16,04
P20s Jim. 20,89 17,84 15,93
P20s 1r8 20,88 17,84 15,92
P205 wat. 17,78 15,50 13,97
Ca0 total 13,44 11,37 9,85
CaO |im. 12,95 10,76 9,51
Ca0 wat. 8,51 7,62 8,19
P20s tim. /P20s total 95,44 96,35 99,31
P20s -8 /P20s total 95,39 96,35 99,25
P205 wat. /on5 total 81,24 83,68 87,11
CaO jim. /Ca0 total 96,32 94,63 96,58
Ca0 wat. /Ca0 total 63,32 67,05 83,15

Conclusion. Comparative studies have demonstrated no statistically significant difference in the
effect of solid complex fertilizers on the qualitative parameters of crop production. It is noteworthy
that even under conditions of moisture deficit, no fundamental distinction in phosphorus availability
to plants has been observed between liquid and solid fertilizer forms. A distinguishing agronomic
advantage of liquid fertilizers lies in their capacity for more extensive diffusion from the point of
application within the soil profile, which enhances their accessibility to the root system relative to
solid counterparts. The suspended liquid complex fertilizers obtained through the described
technology are well-suited for application via irrigation water in protected cultivation systems,
including orchards, berry plantations, vineyards, and a broad range of other agricultural crops.
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Annotation: In the article, the climatic conditions of Uzbekistan are favorable for the production of

fruits and vegetables, and more than 3.5 million tons of fruits are grown in the country every year. However,
10-25% of the crop is lost in post-harvest processes.nnotation: in the article, the climatic conditions of
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Uzbekistan are favorable for the production of fruits and vegetables, and more than 3.5 million tons of fruits
are grown in the country every year. However, 10-25% of the crop is lost in post-harvest processes. This
article will cover the issues of preserving bioactive compounds, reducing energy consumption and protecting
biodiversity by modeling advanced fruit drying technologies based on biotechnological and energy
approaches in the conditions of Uzbekistan. Based on experimental data, the effectiveness of solar, infrared
and heat pump dryers is compared. The results make it possible to strengthen food safety by developing
scientifically based models of fruit drying.

Keywords: fruit drying, biotechnological technologies, energy efficiency, modeling, biodiversity, food
safety.

Aunnomauun: B cmamve Kiumamuyeckue yciosus Y3oexucmana 6na2onpusmmbl 05 8blpauueanus.
@dpykmos u osowell, exce200Ho 6 cmpane svipawusaemcs 6onee 3,5 man. moun pykmos. Oonaxo 10-25%
Vpoodicas mepsiemcsi 8 npoyeccax nocieyoopounol obpabomxu.omayus: B cmamve Kiumamuyeckue yciogust
Yzbexucmana bnaconpusmusl 015 8ulpaWUBAHUS PPYKMOS U 08OWEl, €XHCE2O0HO 68 CIPAHE SblPAUUBACMCS
bonee 3,5 man. moun pyxmos. Oonaxo 10-25% ypoowcas mepsemca 6 mnpoyeccax nocieybopouHol
06pa60m1<u. B oaunot cmamove oceewaromcst 60npocovl COXpaHeHus OUOAKMUBHBIX coe()uHeHuﬁ, CHUDICEHUA
9HEepeonompebiIeHus U 3auumol OUOPAZHOOOPA3USL NYMeM MOOCTUPOSAHUS NEPEO0BbIX MEXHON0SUN CYUIKU
@Ppyxkmog 6 ycrogusx Y3zbexkucmana Ha OCHOBE OUOMEXHONOLUYECKUX U IHepeemuyeckux nooxodos. Ha
OCHOB€E  IKCNEPUMEHMAIbHbIX OAHHbIX cpasHueandacob 3d)d)€Kmu6HOCWlb CYUWUIOK C  COJIHEYHbIM,
qubpaKpaCHbm u menioesiM Hacocamu. Pe3yﬂbmambl nozeoiArom yKpenuniob bezonacnocmo nuujesvix
nPOOYKMO8 3a cuem pa3pabomKy HaAy4HO 0O0CHOBAKHBIX MOOelell CYUWKU PPYKmos.

Knrouesvle cnosa: cywka ¢pyxmos, Ouomexnono2uueckue mexHouiocul, 3HepeoIdhhexmusHocm,
Modenuposarue, 6UopazHoodpasue, 6e30NACHOCMb NUWEEbIX NPOOYKMOo8, Y30eKkucman.

Annotatsiya: Magolada O ‘zbekistonning iqlim sharoiti meva-sabzavot yetishtirish uchun qulay
bo ‘lib, mamlakatda har yili 3,5 million tonnadan ortiq meva yetishtiriladi. Biroq, hosilning 10-25 % gismi
post-hosil jarayonlarida yo ‘qotiladi. Ushbu maqolada O ‘zbekiston sharoitida mevalarni biotexnologik va
energetik yondashuvlar asosida quritishning ilg‘or texnologiyalarini modellashtirish orqali bioaktiv
birikmalarni saglab qolish, energiya sarfini kamaytirish va biologik xilma-xillikni muhofaza qilish
masalalari yoritiladi. Tajriba ma’lumotlari asosida quyosh, infraqizil va issiqlik nasosli quritgichlarning
samaradorligi solishtirilgan. Natijalar mevalarni quritishning ilmiy asoslangan modellarini ishlab chigish
orqgali ozig-ovgat xavfsizligini mustahkamlash imkonini beradi.

Kalit so‘zlar: mevalarni quritish, biotexnologik texnologiyalar, energiya samaradorligi,
modellashtirish, biologik xilma-xillik, ozig-ovgat xavfsizligi.

Introduction. In recent years, large-scale reforms have been implemented in the Republic of
Uzbekistan to ensure food security, preserve biodiversity and modernize the processing industry.
Including in-depth processing of fruit and vegetable products, long-term storage while maintaining
their nutritional value, and increasing export potential, are considered as one of the statewide
priorities. The climatic conditions of Uzbekistan-the wealth of solar energy, the relative dryness of
the air and the variety of types of fruits and vegetables-provide great opportunities for natural
drying and the application of energy - efficient technologies.

Although traditional drying technologies (natural drying in the sun, drying in the air stream,
etc.) have been used for centuries, today their efficiency, hygienic safety and level of maintaining
the quality of products do not fully meet modern requirements. Therefore, the development of
modeled drying systems based on biotechnological and energy approaches remains an urgent
scientific and technical issue.

Biotechnological approaches, on the one hand, allow you to control the enzymatic processes
in the fruit, increase microbiological stability and preserve natural antioxidants. For example, by
applying biopolymer coatings (for example, based on pectin, chitosan) to reduce enzymatic
darkening in the drying process of fruits such as dates, pomegranates, apples and apricots, not only
improves product quality, but also reduces drying energy consumption.

The energy approach, on the other hand, involves the creation of energy-efficient drying
systems through the reuse of solar energy, heat pumps or waste heat. In the conditions of
Uzbekistan, especially the high number of sunny days (280-300 days a year) provides a great
opportunity to use energy on the basis of renewable sources. Therefore, modeling hybrid (solar +
electric) based drying Chambers is one of the most promising areas at the moment.
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In addition, biodiversity conservation is an important component of food security, not just an
environmental issue. Local varieties of fruits growing in different regions of Uzbekistan (Fergana
Valley, Surkhandarya, Kashkadarya, Tashkent region) have their own genetic characteristics. Their
natural properties can be preserved by biotechnological approaches to their preservation and
processing (for example, identification of varieties based on genetic markers, enzyme analysis,
study of the stability of the cell structure in the process of storage).

This study used a set of scientific methods aimed at modeling fruit drying technologies
based on biotechnological and energy approaches, improving the energy efficiency of the drying
process, and strengthening food security by maintaining biodiversity. The study consisted of several
stages, with specific theoretical and practical methods applied at each stage.
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Graph 1. Energy consumption by drying method.

The study was conducted on the example of the main types of fruits suitable for the climatic
conditions of Uzbekistan - Persimmon, apricot, apple, pomegranate and grape products. These fruits
are obtained from horticultural farms in the Fergana Valley, Surkhandarya and Tashkent regions,
each of which is distinguished by its natural sugar, pectin, flavonoid and antioxidant content.

The moisture content, sugar content, cell density, and enzymatic activity of each fruit were
determined in the laboratory, and the dynamics of changes during the drying process were observed.

Methods. Biotechnological approach methods. The biotechnological approach is aimed at
controlling enzymatic reactions and slowing down oxidation processes in the process of drying
fruits. The following techniques were used:

- Protection of the surface of the fruit on the basis of a biopolymer coating (pectin, chitosan).
This method will help preserve the color, shape and taste of the fruit.Biotechnological approach
methods

The biotechnological approach is aimed at controlling enzymatic reactions and slowing
down oxidation processes in the process of drying fruits. The following techniques were used:

- Protection of the surface of the fruit on the basis of a biopolymer coating (pectin, chitosan).
This method will help preserve the color, shape and taste of the fruit.

- Reduce oxidation using solutions that reduce enzyme activity (e.g., ascorbic acid, citric
acid solution).
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- Microbiological analysis-conducted to determine the level of bacterial contamination
before and after drying.

In the laboratories of the Research Institute of Agriculture of Uzbekistan, with the
spectrophotometer “Shimadzu UV-1900” and the biochemical analyzer “Thermo Fisher”, the
antioxidant activity, polyphenol content and sugar balances in the composition of the fruit were
measured. Energy approach and modeling methods. A hybrid drying system model based on a
combination of solar energy and heat pumps has been developed to improve the energy efficiency
of the drying process.
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Graph 2. Moisture reduction over time.

The mathematical model was constructed based on the following basic equations:
Drying speed:
dm
ot k(M -M,) 1)
where M is the current moisture content in the product, Me is the equilibrium moisture content, K is
the drying rate coefficient.
The seeds, genetic markers, and phenotypic properties of dried fruits were studied and their
genetic stability analyzed following biotechnological processing.
In this:

- Genetic stability of plant varieties through DNA analysis (PCR-method;

- Through biochemical analysis, the activity of enzymes (peroxidase, polyphenoloxidase) was
determined and the effect on the drying process was assessed.

Technical solution adapted to the conditions of Uzbekistan. As a result of the study, the following
technical solution was developed, which is effective in the conditions of Uzbekistan:

- An experimental device, "BioSolarDry-25", allows the system to integrate heat from solar
collectors with a heat pump to dry at temperatures of 35-55°C.Technical solution adapted to
the conditions of Uzbekistan

- As aresult of the study, the following technical solution was developed, which is effective in
the conditions of Uzbekistan:

Results in biodiversity conservation. The genetic stability of seed materials after drying was

tested using the PCR (Polymerase Chain Reaction) Method. According to the results obtained, with
a biotechnological approach, the seeds of dried fruits retain DNA stability at a level of 70-85%.

186 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Boimyck Ne 6)



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

Biotechnological Drying
Conventional Drying

80

wu (o)) ~l
o o o
T T

Drying Efficiency (%)

B
o

30

30 40 50 60 70 80
Temperature (°C)

Graph 3. Drying efficiency and temperature.

This means that the genetic characteristics that ensure the biodiversity of the fruits are not
disturbed during the process.

Also in enzymatic activity analysis, it was observed that the activity of the enzyme
polyphenoloxidase decreased by 15%, and the enzyme peroxidase decreased by 17%. This slowed
the darkening process of the fruit.

The following results were obtained by using these technologies as a Test at the enterprises
of Andijan region “AgroFruitDry”, Kashkadarya “BioSun Process”, and Tashkent region “EcoDry
Energy:

- product export quality adapted to EU requirements;

- the shelf life for dried fruits has been extended 2 times (from 10 to 22 months);

- production emissions were reduced to 18%.

Results. The results of the studies carried out show that by modeling fruit drying technologies
based on biotechnological and energy approaches, it is possible to significantly increase the level of
energy efficiency, product quality and Biodiversity Conservation. Especially in the conditions of
Uzbekistan, the rational use of sunlight, wind energy and low-temperature heat sources makes it
possible to dry fruits environmentally friendly and cost-effective. Solar-integrated bioreactor drying
systems, automatic moisture control sensors, as well as Al and loT technology-driven drying
processes play an important role in maintaining the nutritional value of fruit and vegetable products.

In the southern regions (Surkhandarya, Kashkadarya) and central regions of Uzbekistan
(Samarkand, Jizzakh), the high number of sunny days throughout the year (up to 320 days) makes
the use of the sun as a source of energy more attractive. It has been experimentally demonstrated
that photothermal drying chambers developed on this basis can retain up to 55-75% of their natural
pigments, vitamins (especially vitamin C) and enzymes by drying fruits such as dates, apples,
pomegranates and grapes at 20-35°C.

Also, energy-efficient heat pumps and biomass-based mini-drying modules are recommended as
suitable technological solutions for domestic manufacturers. With these technologies, energy
consumption is reduced by 15-22% when drying 1 ton of fruit, while the volume of waste is reduced
by 12-16%. This directly contributes to Uzbekistan's food security strategy while ensuring
environmental sustainability.

Studies also show that the use of biotechnological fermentation processes helps to stabilize the
polyphenols contained in the fruit and slow down the oxidation processes. Especially as a result of
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processing with poly-enzyme complexes, the appearance, color and taste of dried fruits are
improved. Through this, the competitiveness of products intended for export increases.

Discussion:

1. The use of hybrid systems that combine solar and biomass energy in drying technologies —
this increases energy efficiency by 10-35%.

2. The introduction of digital monitoring systems that monitor the quality of products in real
time — allows you to control the speed of moisture, temperature and air circulation of the
product.

3. The introduction of the enzymatic preparation stage is important in maintaining the natural
color, smell and nutritional value of fruits.

4. Development of biotechnological drying equipment suitable for local conditions-for

example, models integrated with energy-saving vacuum dryers or solar panels.

Conclusion. The use of agricultural waste as biofuels - it not only serves the principle of waste-
free production, but also ensures energy independence. Development of biotechnological drying
equipment suitable for local conditions-for example, models integrated with energy-saving vacuum
dryers or solar panels.

In conclusion, it can be said that advanced biotechnological and energy models of fruit drying
provide a solid scientific and practical basis for the creation of Sustainable Food Systems of
Uzbekistan, the widespread introduction of innovations in agriculture, and the increase of national
export potential. These approaches not only ensure economic efficiency, but also strengthen the
country's environmental security by maintaining biodiversity.
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BARQAROR IQTISODIY TARAQQIYOTDA INSON KAPITALINI
RIVOJLANTIRISHNING STRATEGIK AHAMIYATI

Yu.S. Shakirova, S.E. Shokirov

Farg‘ona davlat texnika universiteti,
(Qabul gilindi 18.03.2026 v.)

Annotatsiya: Mazkur magolada iqtisodiyotning turli sohalarida inson omilini rivojlantirishning
nazariy va amaliy jihatlari tahlil gqilingan. Inson omilining iqtisodiy taraqqiyotdagi o ‘rni, uning
samaradorlikka ta’siri va boshqaruv tizimidagi ahamiyati yoritilgan. Shuningdek, inson kapitalini
rivojlantirishda uchrayotgan muammeolar va ularni bartaraf etish yo ‘llari bo ‘yicha ilmiy asoslangan xulosa
va takliflar keltirilgan.

Kalit so‘zlar: inson omili, inson Kkapitali, igtisodiy rivojlanish, mehnat resurslari, innovatsion
taraqqiyot, raqgamli kompetensiya, ta’lim tizimi.

Aunomauu;z: B oannou cmamve npoanalusupoeaHsbl meopemudecKkue u npakmudeckKkue acnexknivl
paseumus yeiloee4ecKkozco gbakmopa 6 pPAa3IUYHbIX OmMpPAacisiAxX IKOHOMUKU. 0666W€Hbl POJb UeiloeedecKkoco
gbaKmopa 6 OKOHOMUYeCKOM pazeumuu, €20 6IuidHue Ha 3¢d)eKmu6HOCWIb u 3HaYeHue 6 cucmeme
ynpaenenus. Takoce npedcmasieHvl HAYYHO 0O0CHOBAHHbLIE BbIBOOLL U NPEONOANCeHUsT NO NPoOIeMAaM,
BO3HUKAIOWUM 6 npoyecce pazsumus 4ejloee4ecKoco Kanumania, a maxKoice nymsim ux yCmpaneHusl.

Knwuesvie cnosa: uenoseueckuii @axkmop, 3KOHOMUUECKoe pazgumue, mMpyoosvle pecypcul,
UHHOBAYUOHHOE pazeumue, L;uqbpoeaﬂ KomnemeHyus, cucmema 06pa306aHuﬂ.

Abstract: This article analyzes the theoretical and practical aspects of developing the human factor
in various sectors of the economy. It highlights the role of the human factor in economic development, its
impact on efficiency, and its significance in the management system. The paper also presents scientifically
grounded conclusions and recommendations regarding the challenges encountered in the development of
human capital and ways to overcome them.

Keywords: human factor, economic development, labor resources, innovative development, digital
competence, education system.

Globallashuv, ragamlashtirish va innovatsion igtisodiyotning shakllanishi sharoitida inson

omili igtisodiy taraqgiyotning asosiy drayveriga aylanmogda. Zamonaviy iqtisodiy tizimlarda
barqaror o‘sishni ta’minlash faqat moddiy resurslar yoki texnologik imkoniyatlar bilan emas, balki
inson kapitalining sifati va rivojlanganlik darajasi bilan belgilanadi.
Bugungi kunda rivojlangan davlatlar tajribasi shuni ko‘rsatadiki, iqtisodiy o‘sishning asosiy manbai
tabiiy resurslar emas, balki yuqgori malakali, kreativ va innovatsion fikrlovchi inson resurslaridir.
Shu bois inson omilini rivojlantirish masalasi igtisodiyotning barcha tarmoglarida ustuvor vazifa
sifatida garalmoqda.

Bargaror iqtisodiy o‘sishning ta’minlanishi ko‘p jihatdan inson salohiyatidan oqilona
foydalanish, uni muntazam rivojlantirib borish hamda mehnat bozorining zamonaviy talablariga
moslashtirishga bog‘liq.

Inson omili igtisodiy faoliyatda ishtirok etuvchi shaxslarning bilim, malaka, tajriba, ijodiy
salohiyat, tashabbuskorlik va innovatsion fikrlash qobiliyatlari yig‘indisini ifodalaydi.

Igtisodiot nazariyasida inson kapitali konsepsiyasi XX asrning ikkinchi yarmida shakllangan
bo‘lib, T. Shults va G. Bekker tomonidan ilmiy asoslangan. Ushbu nazariyaga ko‘ra, ta’lim,
sog‘ligni saqlash va kasbiy tayyorgarlikka yo‘naltirilgan investitsiyalar iqtisodiy samaradorlikning
oshishiga xizmat giladi.

Inson kapitali nazariyasiga ko‘ra, insonning bilim va ko‘nikmalariga Kkiritilgan
investitsiyalar kelgusida yuqori iqtisodiy samaradorlikni ta’minlaydi. Inson omili iqtisodiy
o‘sishning eng muhim omillaridan biri bo‘lib, zamonaviy iqtisodiyotda texnologiya va kapitaldan
kam bo‘lmagan strategik resurs hisoblanadi.

Ishlab chigarish jarayoniga muntazam ravishda sarflanadigan turli xil resurslar orasida,
inson omili ko‘proq ta’sir kuchini ko‘rsatadi. Uning ongi va dunyoqarashini shakllantirish yoki
o‘zgartirish muayyan vazifalarni amalga oshirishni taqozo etadi.
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Shuning uchun mehnat jamoalarida insoniy sifatlar samaradorligini doimiy ravishda oshirib
borish borasida chora-tadbirlar amalga oshirish lozim. Inson omili turmush tarzining rivojlanish
xususiyati va yo‘nalishi bilan shakllanadi. Ularni tahlil qilish orgali oldinda turgan dolzarb
vazifalarni aniglab olish va xodimlarning amaliy faolligini oshirishga erishish mumkin. Inson
kapitalining qiymati (salohiyati) noma’lum bo‘lgach, investorlar ham inson kapitali uchun
investitsiya kiritish bo‘yicha garor gabul gilishda giynalishadi. Korxona biznesini va inson kapitali
giymatini doimiy baholab borish inson kapitalini uzluksiz rivojlanishi natijasida korxonaning
ragobatdoshligini orttirib boradi va biznesning jozibadorligini oshiradi.

Har ganday demokratik jamiyat rivojining asosiy magsadi — inson degan, bir garashda
oddiy, ammo zamirida biror ma’no yashiringan fikr har bir mamlakat hukumati oldiga jamiyatda
yugoridagi maqgsadga erishishga yordamlashadigan hayot tarzini shakllantirish ichki va tashqi
siyosat yuritish vazifasini qo‘ydi. Har qanday mamlakat u boy yoki kambag‘al bo‘lishidan qat’iy
nazar, inson taraqqiyoti g‘oyalarga sodiqligini quyidagilar orqali ko‘rsatish mumkin:

- iqtisodiy o‘sish va ishlab chiqarish samaradorligini oshirish uchun qulay imkoniyatlar
yaratish;

- ijtimoiy murosa va barqarorlik yo‘lida imkoniyatlar kiritish;

- aholiga ish faoliyat sohasi, daromad olish, ijtimoiy ne’matlar olishning rivojlanish
imkoniyatlarini erkin tanlash uchun keng huquq va imkoniyatlar yaratish; - jamiyat hayotiga tallugli
bo‘lgan qarorlarni gabul gilishda omma ishtirokini kengaytirish.

Barqaror inson taraqqiyoti konsepsiyasi odamlarni ishlab chiqarish faoliyatidan ko‘zlangan
magsadi, manbai — insonning taraqqiy ettirishga e’tibor qaratadi. Bu yerda ishlab chigarish magsad
emas balki insonning shu yuksak nomga loyiq kun kechirish yo‘lidagi vositasidir. Shu bilan birga
bunda aks ta’sir ham mavjud kishilarning taraqqiyot darajasini oshirish orqali ishlab chigarishnng
yanada yuqori darajasiga erishiladi. Jamiyatni rivojlanganlik darajasi nafagat mamlakatning
iqtisodiy salohiyati yuqoriligi bilan balki, bu salohiyatdan har bir insonni uyg‘un va har taraflama
rivojlantirish uchun ganchalik foydalanilayotganligi bilan o‘lchanadi.

Ishlab chigarishda inson rolga yangicha garashning ifodasi sifatida 80-yillarning o‘rtasida
iqtisodiy adabiyotlarda “Inson omili” va “Mehnat salohiyati” degan terminlar tez-tez
foydalaniladigan bo‘ldi. Bu bilan odatda insoniy (yoki goho shaxsiy) degan tushunchalar
igtisodiyotda insonning faol roliga e’tibor qaratish lozimligini nazarda tutadi. Bu eng ko‘p darajada
yangi ijtimoiy sharoitda hali tirik mehnat manbaidan samarali foydalanishga mos emasligini
tavsiflaydi. “Inson omili” tushunchasiga “ishchi kuchi” va “mehnat resurslariga” nisbatan keng va
chuqur ma’no singdirilgan.

Akademik T.I.Zaslavskaya “Inson omili” — “bu o‘zaro ta’sir etuvchi, turli pog‘ona
holatlarini egallovchi gatlam va guruhlarning jamiyatni taraqqiyparvar rivojlanishini ta’minlovchi
faoliyat va o‘zaro ta’sirdir” — deya ta’rif beradi. Umuman olganda inson omili — insonni turli
o‘Ichovlarda namoyon etadi: mehnatkash, fugaro va oila a’zosi, ko‘p qirrali his-tuyg‘ular egasidir.
Inson omili juda keng ma’nodagi tushuncha bo‘lib, unga quyidagicha ta’rif berishni tavsiya etamiz:
inson omili — bu insonning jismi va ruhiyatining qobiliyati, olami, qudrati va insoniylik makonidir.
Ya’ni, umuman olganda insoniylik — kelbatidir.

Insonni faollashtirish — unda mujassam topgan xususiyatlar, imkoniyatlar va sifatlar
evazigagina amalga oshadi. O‘ylab topilgan sun’iy yo‘l-yo‘riglar uzoqqga bormay, ma’lum masofada
qolib ketadi, izini yo‘qotadi. Tizgin bilan boshgarish — istalgan natijani bermasligi hayotiy
haqiqatdir. Lekin shunday bo‘lsada, insonlar faolligini oshirish uchun qulay va erkin usulning
yo‘qligi, bu ishni ma’muriy-buyrugbozlik yo‘li bilan amalga oshirishga e’tibor ustuvorroqdir.

Ijtimoy-igtisodiy islohotlarni amalga oshirishning magsad va mohiyatini anglab etishda
insonning shaxsiy orzu-havaslari, uning ichki dunyosi, talab va ehtiyojlari hisobga olinmasa, yoki
ilmiy asosga ega bo‘lmasa, buning pirovard yechimi hech qachon ijobiy natija bermaydi.
Rivojlanishning bosh maqgsadi bilan uni amalga oshirish vositalari, shakllari, uslublari o‘rtasida
vujudga kelgan nomuvofigliklar ijtimoiy taraqqiyot sur’atlariga, odamlarning fe’l-atvoriga,
g‘oyaviy, axloqiy-ruhiy dunyosiga o‘z ta’sirini o‘tkazmay qolmaydi.

Igtisodiy taraqgiyot odamlar manfaati uchun xizmat gilishi kerak, buning uchun ularning
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rivojlanish darajasi asosiy vosita bo‘lib xizmat qiladi. BMT Rivojlanish dasturi ta’rificha; “Insonni
rivojlantirish omillarini kengroq tanlash imkoniyati bilan ta’minlash jarayonidir. Bunday tanlov
cheksiz bo‘lishi va vaqt o‘tishi bilan o‘zgarishi prinsipal ahamiyatga egadir. Biroq rivojlanishning
barcha darajasida uzoq va sog‘lom hayot kechirish, bilimlarni egallash va munosib turmush
kechirishda rivojlantirishning asosiy mohiyatidir. Agar insonda bunday asosiy tanlov bo‘lmasa u
boshqa imkoniyatlardan ham foydalana olmaydi” deyiladi. Bugungi kunda jamiyat oldida turgan
vazifalarni odamlarning ongli, asosli, hayotbaxsh va yaratuvchan faoliyatisiz hal qilib bo‘Imaydi.

Inson omilini faollashtirmasdan turib gilinadigan harakatlar foyda bermasligi mumkin.
Insonlarga sa’y-harakatlar orqali namoyon bo‘luvchi ma’naviy ishonch, ruh, chin ishtiyoq, ongli
faollik zarur. Ma’lumki, keyingi paytda inson mehnati natijalarini baholashda nomoddiy aktiv
ko‘rinishidagi intellektual mulk ya’ni ilm-fan jadal rivojlanmoqda. Mahsulot sifatiga bo‘lgan
talabning ortib borishi, ragobatning kuchayishi, innovatsion texnologiyalarning rivojlanishi, ishlab
chigarishni mutassil ravishda takomillashtirishni tagozo etmoqda. Bu esa, xodimlar tayyorligini
doimiy shay holatda tutish, inson omilining yanada follashtirishni zarurat qilib qo‘ymoqda. Inson
omili bilan bog‘liq ko‘plab tadqiqotlarning tahlillari iqtisodiyotni boshqarishdagi oliy magsad —
inson omilini faollashtirish yo‘li bilan ijtimoiy-iqtisodiy taraqqiyotni vujudga keltirishning muhim
jihati sifatida asoslanadi.

Xodimlarning inson omili faolligini aniglash va shu asosda mehnatni intellektual boshqgarish
malakali mehnat, yuqori sifatli ishchi kuchiga mo‘ljallangan bo‘lishi kerak. Boshqaruvda mehnat
resurslarining tabagalashtirish siyosatini olib borish lozim. Firmalar va korxonalarda xodimlarni
tanlash, malakasini oshirishga katta ahamiyat garatmogqlari, navatorlarni shakllantirishlari zarur
bo‘ladi. Shuningdek zamonaviy xodimlarning ijodiy mehnatga ilgari surilgan g‘oyalarini amalga
oshirishga imkon yaratilishi, munosib rag‘batlantirishi, xodimlarning garorlarni tayyorlash va gabul
qilishdagi ishtiroklarini kengaytirish, o‘zini-o‘zi boshqarishi mehnatni tashkil etishning muhim
jihati bo‘ladi.

Inson omili shu davrga gadar yaxlit tizim sifatida garalmadi. Undan foydalanish targqoq
holda, zaruratga garab ishlab chigarishga uning ayrim elementlaridangina foydalaniladi. Bu esa,
mavjud vazifa va masalalarni to‘laqonli ado etish imkonini bermaydi. Inson omilini tarkibiy-
tashkiliy tuzilmasi va uning turkumlar kesimidagi elementlarini shakllantirish muhim ahamiyatga
molik masala. Shu sababli, inson omilining murakkab va sergirra xarakteridan kelib chiggan holda
uning insoniy-ma’naviy, axloqiy qadriyatlar, mehnatga munosabat, ilm va kasb-hunar gismlardan
tashkil topgan elementlarining tarkibiy tuzilmasi ishlab chiqilib, unda ishtirok etayotgan insoniy
sifatlarning o‘zaro bog‘lanishi, o‘zaro ta’sirini o‘rganilishi xodimning mehnat jarayonidagi
faolligini baholash imkonini beradi.

Mustaqillik yillarida yurtimizda inson omili, inson manfaatlari, uning huqugi va
erkinliklarini himoya qilish davlat siyosati darajasigacha ko‘tarildi. “Inson omili” tushunchasiga
“ishchi kuchi” va “mehnat resurslari” tushunchalariga nisbatan ancha kengroq va chuqurroq ma’no
singdiriladi. Inson omili o‘zaro bir-biri bilan munosabatda bo‘ladigan turli mavqeni egallagan
sinflar, gatlamlar va guruhlar tizimidan iborat bo‘lib, ularning faoliyati va o‘zaro munosabati
jamiyatning ilg‘or rivojlanishini ta’minlaydi. Boshgacha aytganda, inson omili uni mehnatkash,
fugaro, oila boshlig‘i va inson sifatida butun his-tuyg‘ulari va fikrlar xilma-xilligi bilan aks ettiradi.

Inson omili — korxona, muassasalarning birgalikda faoliyat yuritishi uchun birlashgan
Kishilardir. Tarkibi jihatidan u birinchi navbatda shaxs, ishchi guruhi, mehnat jamoasidir. Bu faqgat
jamoa xodimi emas, balki ijtimoiy hayotning jamoa subyektidir, u ijtimoiy, demografik, igtisodiy
va siyosiy tuzilmaga ega bo‘lib, uning elementlarining o‘zaro harakati jamiyat rivojlanishini
ta’minlaydi. Inson omili, inson kapitali va inson salohiyatining aniq manzarasi, amal gilish doirasi
to‘g‘risida hali ilm-fanda muayyan to‘xtamga kelingan emas. Turli davrlarda turli olimlar ushbu
masalaga turlicha o‘z nuqtai nazarlari bilan yondashib keladi va talqin etadi. Bu masalaga subyektiv
fikr bilan yondashadigan bo‘lsak, inson omili, inson kapitali va inson salohiyati bir-biri bilan o‘zaro
bog‘lanish doirasidagi kategoriyalardir. Inson kapitali va inson salohiyati inson omili negizida
shakllanadi. Ya’ni, inson omili deganda, insonda mavjud bo‘lgan barcha xususiyatlar yaxlit holda
gamrab olinishi kerak. Ularni inson hayotini har bir daqiqasi va turli damlarda qo‘llash imkoniga
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ega bo‘ladi. Inson kapitali xususida fikr yuritadigan bo‘lsak, bu inson omiliga nisbatan torroq
doiradagi faoliyat shaklini o‘zida ifoda etib, xodimlarni ishlab chiqarishdagi imkoniyati va
professional kasb mahoratini belgilashda qo‘llaniladi. Bunda u ko‘proq xodimning muayyan soha,
yo‘nalish va funksional kasbi bo‘yicha faoliyatini ta’minlab berish bilan o‘z vazifasini ado etadi.
Ya’ni xodim o‘z faoliyat yuritayotgan ish o‘rnida inson kapitali sifatida ilm,malaka, tajriba va
hakozolardan tashkil topadi.

Korxonalar faoliyatidan kelib chiggan holda inson kapitalining manzarasi shakllantiriladi va
rivojlantirilib boriladi. Inson kapitali orgali korxonada mehnat unumdorligi, mahsulot sifati,
innovatsion siyosat yuritish va boshga ishlab chigarish turlariga erishish imkoni mavjudligi katta
ahamiyat kasb etadi. Shu sababdan ham ish joylarida inson kapitalini rivojlantirishga katta e’tibor
qaratiladi. Ya’ni xodim muttasil o‘z ustida ishlashi va ilm, tajriba, malakasini oshirib borishi lozim
bo‘ladi. Bir korxonada yuqori inson kapitaliga ega bo‘lgan xodim, ixtisosligi boshqa korxonaga
o‘tishi bilan uning kapital qiymatida o‘zgarish sodir bo‘ilishi mumkin.

Shuning uchun ham bozor igtisodiyoti sharoitida rivojlangan mamlakatlarda xodimlarning
bir korxonada faoliyat yuritishi bir umrga, yoki uzoq muddatga yollanishi kuzatiladi. Xodimda oz
kasb-koridan tashqgari boshga imkoniyat va xususiyatlar ham bo‘lishi, bulardan bevosita ish joyida
foydalanishning hojati bo‘lmasligi mumkin. Shuning uchun bunday holat inson kapitali doirasidan
tashqgarida goladi, lekin inson omilining doirasidan tashgariga chigib ketolmaydi va shaxsning turli
ko‘rinishlardagi intellektual mulki yoki imkoniyati sifatida o‘zini namoyon qiladi. Inson salohiyati
ham keng ma’nodagi tushuncha bo‘lib, undan ham, inson kapitali doirasida to‘la foydalanishga
zarurat bo‘lmasligi mumkin.

Masalan, igtisodiyotning turli sohalarida faoliyat yuritayotgan xodimlarda san’at, madaniyat
va adabiyot sohasi bo‘yicha muayyan iqtidorga ega bo‘lishi mumkin. Lekin xodim, o‘zidagi bu
salohiyatni bevosita ish joyida qo‘llay olmaydi. Chunki mehnat faoliyatining yo‘nalishi bo‘yicha
bunday sifatga hojat yoki ehtiyoj bo‘lmaydi. Shu sababdan insonning bunday salohiyati — inson
kapitalining tarkibidan o‘rin ololmay, ushbu doiradan tashqarida qoladi. Shu sababdan bu qism ham
inson omili sifatida har bir shaxsning o‘zida mujassamlanadi va o‘zining shaxsiy istagi intilishi,
giziqishi natijasida rivojlanib boradi.

Mana shulardan xulosa gilib aytish mumkinki, inson kapitali va inson salohiyati bitta yaxlit
majmua tarzida inson omilini tashkil etadi. Shu yerda ushbu masalaga subyektiv yondashib, fikr
giladigan bo‘lsak, taraqqgiyotning tub asosida inson omilini faollashtirish yotadi. Inson kapitalini
rivojlantirish ham inson omilini faollashtirish orqali sodir bo‘ladi. Inson omilini, inson shaxsiy
sifatlarining mehnat faolligiga ta’sir ko‘rsatuvchi butun majmua sifatida namoyon bo‘lishi deb
garash kerak. Mazkur tushuncha insonning ishlab chigarish jarayonidagi hal qiluvchi rolini
ko‘rsatadi. Jamiyat tadbirkorlar, menejerlar va muhandis-texnik xodimlarning shaxsiy sifatlariga,
ularning halolligi, betartibligi, ijtimoiy manfaatlarga sodiqligiga tobora ko‘proq bog‘liq bo‘lib
boradi. Ishlab chigarishning real ravishda umumlashtirilishi, xususiylashtirilishi va
ixtisoslashtirilishi tizimliiqtisodiy alogalar miqdorini ko‘paytiradi.

Inson omiliga nisbatan berilgan turli ilmiy asarlardagi ta’rif va sifatlardan kelib chigqan
holda, ularni umumlashtirib, quyidagicha ta’rif berish mumin: Inson omili — inson his-tuyg‘ulari,
aql-idroki, ilmi, insoniy sifatlari, ma’naviy-ahloqiy qadriyatlari, tabiati, fe’l atvori, mehnatga
munosabati, malaka, tajriba, ongi, dunyoqarashi, jismi, sog‘ligi, yoshi, jinsi, e’tiqodi, ruhiyati,
gobiliyati, maylidan iborat murakkab sinergetik tizimdir. Xodimlarni boshgarishda inson omiliga
turli xil usullar orgali yondashishga, faollashtirishga, unga to‘g‘ri munosabatda bo‘lishga harakat
qilib kelinadi. Lekin buning uzil-kesil usuli hanuzgacha ishlab chigilgan emas. Hayotda va ishlab
chiqarishda qaysidir omillar ustuvor va muhim hisoblanib, asosiy e’tibor shunga garatib kelinadi,
ayrim omillar esa, ahamiyatsizdek chekkada qolib ketaveradi.

Boshgarishda inson omilini faollashtirish yo‘li bilan resurs va xizmatlarning unumdorligi,
sifatining ortib borishini ta’minlash, va ulardan intensiv foydalanish natijasida maksimal darajadagi
ishlab chigarish qobiliyatini shakllantirish mumkin bo‘ladi deb hisoblash lozim.

Darhagigat, inson omili — bu resurslarning son va sifat borasida muayyan natijalarga erishish
uchun ishlab chigarish jarayonlarida foydalaniladigan va vujudga keladigan funksional xususiyatdir.
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Inson hayoti — uning sifatlari majmuida qaror topadi. Ushbu sifatlar ikkiga bo‘linadi, birinchisi,
ijobiy ahamiyat kasb etuvchi — fazilatlar, ikkinchisi esa uning aksi bo‘lgan salbiy tomoni
hisoblanadi. Biz buni, ya’ni inson fazilatlarini insoniy sifatlar tarzida qo‘llashni tavsiya etamiz.
Chunki insoniy sifatlar deganda faqat insonlarning inson sifatida shakllanishi va namoyon bo‘lishini
ta’minlovchi xislatlar nazarda tutiladi. Bu sifatlardan oqilona, to‘g‘ri va omilkorlik bilan
foydalanish, inson umrini bezaydi, hayotini benugson, betartib va samarali kyechishini ta’minlaydi.
Ya’ni inson omili faolligi — nafagat kishilarda mehnat faoliyatini tashkil etish, balki insoniyligini
tashkil etish xususiyatiga ham egadir.

Mehnat jamoalarining umumiy faoliyati natijalariga erishishida inson faoliyatiga ta’sir
etuvchi insoniy sifatlar tizimi va ularning o‘lchov mezoni yo‘qligi ko‘p imkoniyatlarni boy
berilishiga olib kelmoqda. Shuning uchun insoniy sifatlarning xususiyatlarini tahlil etilib, tizimi va
mezonini toppish juda dolzarb masalalardan biriga aylangan. Axir olamdagi barcha narsa o‘lchovli
hisoblanadi. Buning uchun dastavval insoniy sifatlar majmuasini ishlab chigib va shu orgali ularni
turkumlab borish lozim. Bunday tizimni yaratishdan magsad uning yordamida insonni mukammal
darajada shakllantirish, inson faoliyatini tashkil etishga ta’sir etuvchi asosiy elementlar ochib
berishdan iboratdir. Inson faoliyatiga ta’sir etuvchi insoniy sifatlar tizimi shunday qurilishi kerakki,
u keng gamrovli, imkoniyatlari beqiyos, cheksiz, ochig, barcha uchun qulay va foydalanish
imkoniyati mavjud bo‘lmog‘i darkor. Insoniy sifatlardan to‘lagonli va barchasidan samarali
foydalanish insoniyat oldida turgan eng murakkab va eng dolzarb masalalardan biri bo‘lganligi bois
bu borada ko‘plab olimlar, tadqiqotchilar o‘zlarining g‘oya va nazariyalari, ishlanmalari va
garashlarini ilgari surmoqdalar.

Inson faoliyatiga ta’sir etuvchi omillardan keng va samarali foydalanishning ko‘plab
mugobil variantlari, shakllari ishlab chigilib hayotga tadbiq etilgan. Lekin inson fe’l-atvori va
faoliyatini tashkil etuvchi insoniy sifatlarining tartibga solingan tizimi, ularning o‘lchov mezonlari
va bir-biriga bog‘liqlik darajasi hanuzgacha yaratilmagan. Ularning muayyan tizim-majmuasini
ishlab chigmasdan, har bir insoniy sifatning vazifalari nimalardan iborat ekanligini bilmasdan,
ulardan faol darajada foydalanib bo‘lmaydi. Bularsiz insoniy sifatlarning gaysi turlaridan qanday
foydalanilayotganligini aniqlash qiyin masala bo‘lib, inson faoliyati doirasidan chetda qolib
ketayotganligini aniglash mavhumligicha gqolmoqda.

Inson faoliyatini faollashtirish ko‘plab insoniy sifatlar ta’sirida yuzaga keladi. Shu boisdan
inson faoliyatiga ta’sir etuvchi sifatlar tizimini ko‘rib olmoq kerak. Ularning har birini ganday
ahamiyatga ega ekanligining tavsifini ishlab chigish juda muhim masaladir. Shuningdek, ularning
har birini insoniy sifatlar to‘plamidagi o‘rni, salmog‘i va mezonini ishlab chiqish zarur. Bu keng
gamrovli, imkoniyatlari cheksiz, ochiq, barcha uchun qulay, foydalanish imkoniyati yuqori darajada
aniq va ijtimoiylashtirilgan tizim shaklida garor topmog‘i lozim. Inson fe’l-atvori va faoliyatiga
ta’sir etuvchi insoniy sifatlarning har biridan alohida foydalanish yoki bir tomonlama qarab chiqish
hech gachon kutilgan natija bermaydi. Chunki, insoniy sifatlar majmua tarzida bir-biri bilan uzviy
bog‘langan holda mavjud bo‘ladi.

Shuning uchun inson faoliyatini tashkil etuvchi insoniy sifatlarni majmua tarzida ko‘rish,
ularning o‘zaro uzviylik darajasini aniqlash, sifatdagi o‘zgarishlar oqibatda ular insonni
shakllantirishda qanday kuch va ahamiyatga ega ekanligini o‘rganish juda muhmdir. Chunki, inson
fagat jisman emas, ruhiyati bilan ham yashaydi. Shuning uchun uning faoliyatida ruhiyati ham hal
etuvchi vazifani o‘taydi.

Zamonaviy iqtisodiy rivojlanish sharoitida inson omilini takomillashtirish jarayonida bir
qator tizimli muammolar mavjud bo‘lib, ular barqaror iqtisodiy o‘sishni ta’minlashga salbiy ta’sir
ko‘rsatmoqda.

Avvalo, ta’lim tizimi bilan mehnat bozori talablari o‘rtasida nomuvofiqlik kuzatilmoqda.
Ko‘plab ta’lim muassasalarida berilayotgan nazariy bilimlar amaliyot ehtiyojlariga to‘liq mos
kelmaydi. Natijada bitiruvchilarning kasbiy tayyorgarlik darajasi ish beruvchilar talablariga javob
bermasligi holatlari uchramogda. Ragamli savodxonlik darajasining pastligi ham dolzarb
muammolardan biridir. Aynigsa, ayrim hududlarda axborot-kommunikatsiya texnologiyalaridan
foydalanish ko‘nikmalarining sustligi iqtisodiy jarayonlarga moslashishni qiyinlashtirmoqda.
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Ragamli transformatsiya sharoitida bu holat mehnat bozorida ragobatbardoshlikning pasayishiga
sabab bo‘ladi.

Hududlar o‘rtasidagi ijtimoiy-iqtisodiy tafovutlar inson kapitalini rivojlantirishda jiddiy
to‘siq bo‘lib qolmoqda. Yirik shaharlarda ta’lim va malaka oshirish imkoniyatlari keng bo‘lsa,
chekka hududlarda bunday imkoniyatlar cheklangan. Bu esa hududlar kesimida malakali kadrlar
salohiyatining notekis shakllanishiga olib keladi.

Motivatsion boshgaruv mexanizmlarining yetarli darajada takomillashmaganligi ham inson
omilining rivojlanishiga salbiy ta’sir ko‘rsatadi. Ayrim korxona va tashkilotlarda xodimlarni
rag‘batlantirish tizimi samarali yo‘lga qo‘yilmaganligi sababli ularning tashabbuskorligi va
innovatsion faolligi pasaymoqda.

Bundan tashqari, innovatsion fikrlash madaniyatining sust rivojlanganligi ham muhim
muammolardan biridir. Ko‘plab tashkilotlarda yangicha yondashuvlarni qo‘llashga nisbatan
konservativ qarashlar saqlanib qolgan bo‘lib, bu innovatsiyalarni joriy etish sur’atlarini
sekinlashtiradi. Shuningdek, sog‘ligni saqlash tizimidagi ayrim kamchiliklar ham inson kapitali
sifatiga ta’sir ko‘rsatadi. Sog‘lom mehnat resurslarining shakllanishi uchun tibbiy xizmat sifati,
profilaktik tadbirlar va sog‘lom turmush tarzini targ‘ib qilish yetarli darajada yo‘lga qo‘yilishi
lozim. Mazkur muammolarni bartaraf etish inson omilini rivojlantirishning samarali mexanizmlarini
ishlab chigish va kompleks yondashuv asosida amalga oshirilishini talab etadi.

Barqaror iqtisodiy o‘sishni ta’minlashda inson omilining rolini yanada kuchaytirish uchun,
avvalo, uzluksiz ta’lim tizimini rivojlantirish zarur. Zamonaviy iqtisodiyot sharoitida bilim va
ko‘nikmalar tez eskirayotganligi sababli xodimlarning kasbiy salohiyatini muntazam yangilab
borish muhim ahamiyat kasb etadi. Shu magsadda malaka oshirish kurslari, gayta tayyorlash
dasturlari hamda masofaviy ta’lim platformalaridan keng foydalanish magsadga muvofiq.

Shu bilan birga, korxona va tashkilotlarda xodimlar uchun muntazam ravishda amaliy
treninglar, seminarlar va master-klasslar tashkil etilishi lozim. Bu xodimlarning zamonaviy
texnologiyalarni o‘zlashtirishiga, innovatsion fikrlash ko‘nikmalarini rivojlantirishga hamda mehnat
unumdorligini oshirishga xizmat giladi.

Ragamli iqgtisodiyotning jadal rivojlanishi sharoitida aholining ragamli savodxonligini
oshirishga alohida e’tibor qaratish zarur. Xususan, axborot-kommunikatsiya texnologiyalaridan
samarali foydalanish, sun’iy intellekt elementlari bilan ishlash hamda ragamli boshqaruv
vositalarini o‘zlashtirish bo‘yicha maxsus dasturlar ishlab chiqilishi lozim. Ta’lim tizimini mehnat
bozori ehtiyojlariga moslashtirish ham dolzarb vazifalardan biridir. Buning uchun oliy ta’lim
muassasalari va ish beruvchilar o‘rtasidagi hamkorlikni kuchaytirish, dual ta’lim tizimini keng joriy
etish hamda o°‘quv dasturlarini amaliyotga yo‘naltirish zarur.

Bundan tashqari, innovatsion faoliyatni rag‘batlantirish mexanizmlarini takomillashtirish
muhimdir. Xodimlarnking tashabbuskorligi va ijodiy salohiyatini qo‘llab-quvvatlash magsadida
moddiy va ma’naviy rag‘batlantirish tizimlarini joriy etish, hududlar o‘rtasidagi ta’lim va malaka
imkoniyatlari tafovutini kamaytirish maqgsadida chekka hududlarda zamonaviy ta’lim markazlari
tashkil etish, internet infratuzilmasini rivojlantirish hamda masofaviy ta’lim imkoniyatlarini
kengaytirish lozim.

Umuman olganda, inson omilini rivojlantirishga garatilgan kompleks chora-tadbirlarni izchil
amalga oshirish mamlakat iqtisodiyotining barqaror o‘sishini  ta’minlash, xalqaro
ragobatbardoshlikni oshirish va ijtimoiy farovonlini yuksaltirishga xizmat giladi. Inson omilining
rivojlanganligi yangi texnologiyalar yaratish va joriy etishning muhim shartidir. Innovatsion
iqtisodiyot sharoitida kreativ fikrlashga ega mutaxassislar iqtisodiy o‘sishning asosiy
harakatlantiruvchi kuchi hisoblanadi.

Shuningdek, global bozorda muvaffagiyatga erishish uchun yuqori kompetensiyaga ega
mutaxassislar zarur. Inson kapitalining rivojlanganligi mamlakatning xalgaro ragqobatbardoshligini
oshiradi. Bandlik darajasining oshishi, aholining daromadlari ko‘payishi va kasbiy imkoniyatlarning
kengayishi jamiyatdagi ijtimoiy barqarorlikni ta’minlaydi. Iqtisodiyotning barcha sohalarida inson
omilini rivojlantirish barqaror iqtisodiy o‘sishning muhim shartidir. Zamonaviy sharoitda
mamlakatning raqobatbardoshligi tabiiy resurslarga emas, balki inson kapitalining sifati va
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salohiyatiga ko‘proq bog‘liq. Shu sababli inson omiliga investitsiya kiritish - kelajak taraqgiyotiga
investitsiya hisoblanadi.

Xulosa qilib aytganda, igtisodiyotning turli sohalarida inson omilini rivojlantirish
mamlakatning barqaror iqtisodiy taraqqiyotini ta’minlashning strategik yo‘nalishidir. Zamonaviy
igtisodiyot sharoitida inson kapitaliga investitsiya Kiritish eng samarali va uzoq muddatli igtisodiy
natijalarni beradi. Shu bois davlat, biznes va ta’lim muassasalari o‘rtasida samarali hamkorlikni
yo‘lga qo‘yish orqali inson salohiyatini rivojlantirish ustuvor vazifaga aylanishi lozim.
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Abstract. This article examines the relationship between advertising discourse and neurolinguistics.
Contemporary advertising texts have evolved beyond mere instruments of information transmission into
complex linguo-psychological systems designed to regulate consumers' consciousness, emotions, and
behaviour. The article analyses the structural characteristics of advertising discourse, the linguistic means
of influence employed therein, and their neurocognitive foundations. The findings demonstrate that
metaphors, symbols, and emotional lexis used in advertising texts directly affect consumers' decision-making
processes. Situated at the intersection of linguistics, cognitive psychology, and neuroscience, the article
reveals the mechanisms of linguistic influence in advertising through an interdisciplinary approach.
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Annomanyua. B oannoil cmamove paccmampusaemcst 83auMocesizb Mexicoy pPekiamHbiM OUCKYPCOM U
neupoaunesucmuro. CogpeMeHHble PEeKIAMHble MEeKCMbl Nepecmani Oblmb Jullb CPeOCmEoM nepeoayu
qubopMauuu u npespamuiucob 6 CIHONHCHYIO JIUHSB0-NCUXONI0CUUECKYIO Ccucmemy, HAanpaelernnyio Ha
ynpaeieHue CO3HaHuem, IMoyusimu u noseoenuem nompe6umeﬂeﬁ. B cmamve AHAJIUIUPYIOMCA
CMPYKMYPHble 0COOEHHOCMU PEeKIAMHO20 OUCKYPCd, NpUMeHseMble 6 HEM JUHIBUCMUYeCcKUe cpedcmed
8030€elicmeust u ux HeﬁPOKOZHumMGHble OCHOGB6bl. Pe3yfzbmambl Ucce008anus nokasvlearom, 4mo Memaqbopbz,
CUMBOJIbL U IMOYUOHRANIbHAA JIEKCUKA, UCNOTIb3YEMbLE 8 DEKTIAMHbBIX MEKCMAX, Henocpedcmeenﬂo 6IUAIOM HA
npoyeccvl nNpuHAmMuUs pemeﬂuﬁ nompe6umeﬂﬂﬂm. Cmambs Haxooumcs Ha nepeced4enHuu JaUHe6UCMUKU,
KOCHUMUBHOU NCUXOJIO2UU U HeﬁPOHayK Uu packpslieaem mMexanHusmvl A3blKO6020 8030elcmeust pexiamsvl Ha
OCHOB€ MENCOUCYUNTUHAPHO2O NOOXO0Od.

Knrwoueswvie cnosa: peK./ZaMHbZIZ 0ucxypc, HezZpOﬂuﬁzeucmuka, KOCHUMUBHAA JUHSBUCMUKA, A3blKOBOE
603@@11077’161/{6, Memad)opa, peK./ZaMHbllZ mekKkcm, noseoenue nompe6umeﬂﬂ, IMOYUOHATbHAA JIEKCUKA.

Annotatsiya. Ushbu magqolada reklama diskursi va neyrolingvistika o’rtasidagi munosabat ko ’rib
chigiladi. Zamonaviy reklama matnlari fagat axborot uzatish vositasi bo’lib qgolmasdan, balki
iste’'molchilarning ongi, his-tuyg ulari va xulg-atvorini boshqgarishga yo naltirilgan murakkab lingvistik-
psixologik tizimga aylangan. Maqolada reklama diskursining tarkibiy xususiyatlari, undagi lingvistik ta’sir
usullari va ularning neyrokognitiv asoslari tahlil gilinadi. Tadgiqot natijalari shuni ko 'rsatadiki, reklama
matnlarida qo 'llaniladigan metaforalar, ramzlar va emotsional leksika iste ‘'molchilarning garor gabul gilish
jarayonlariga bevosita ta’sir ko rsatadi. Magola tilshunoslik, kognitiv psixologiya va neyrofan sohalarining
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kesishmasida joylashgan bo’lib, interdistsiplinar yondashuv asosida reklama tilining ta’sir mexanizmlarini
ochib beradi.

Kalit so’zlar: reklama diskursi, neyrolingvistika, kognitiv tilshunoslik, lingvistik ta’sir, metafora,
reklama matni, iste ‘molchi xulg-atvori, emotsional leksika.

KIRISH
Zamonaviy dunyo igtisodiyotida reklama nafagat tovar yoki xizmatni targ’ib giluvchi vosita, balki
jamiyatning madaniy-lingvistik landshaftini shakllantirishda muhim rol o’ynovchi hodisadir. Har
kuni dunyoning turli burchaklarida millionlab reklama xabarlari televideo, matbuot, internet va
tashqi reklama tarmogqlari orqali tarqaladi. Ushbu xabarlarda qo’llaniladigan til nafagat ma’lumot
uzatish, balki iste’'molchilarning ongsiz garorlarini boshgarish magsadida quriladi. (4[]
Reklama diskursi — bu oddiy so’zlar to’plami emas. U murakkab semiotik tizim bo’lib, unda
lingvistik, vizual, akustik va pragmatik elementlar bir-biri bilan uyg’ unlashadi. 1 Shu bilan birga,
so’nggi o’n yilliklarda neyrofan va kognitiv tilshunoslikning rivojlanishi reklama tilining inson
miyasiga ta’sirini yangi nuqtai nazardan o’rganish imkoniyatini berdi. Neyrolingvistika — til tizimi
va inson neyral tarmog’i o’rtasidagi munosabatni o’rganuvchi fan — reklama matnlarini idrok etish
jarayonlarini tushunishda muhim yo’l-yo’riq beradi. [
Ushbu maqgolaning magsadi reklama diskursi va neyrolingvistikaning tutash nugtalarini aniglash,
reklama tilining kognitiv-neyral ta’sir mexanizmlarini tahlil qilish hamda bu ikki sohaning o’zaro
boyitishini ko’rsatishdan iborat. Tadqiqot Fairclough Bl, Van Dijk Bl Lakoff va Johnson [ kabi
olimlarning nazariy asoslariga tayanadi.

Diskurs tushunchasi va uning reklama sohasidagi qo’llanishi

“Diskurs” tushunchasi zamonaviy tilshunoslikda keng qo’llaniladi va unga turli ta’riflar
beriladi. N. Fairclough diskursni ijtimoiy amaliyotning bir turi sifatida ko’rib, uni til, ong va
jamiyat munosabatlarining ifodasi deb belgilaydi. (4 T. A. Van Dijk esa diskursni kognitiv, ijtimoiy
va siyosiy o’ lchamlarni 0’z ichiga oluvchi murakkab hodisa deb ta’riflaydi. [°]

Reklama diskursi ushbu umumiy diskurs tushunchasining o’ziga xos ko’rinishi sifatida bir qator
belgilar bilan ajralib turadi: magsadlilik (persuazivlik), gisqalik, obrazlilik va ko’p kodlilik. G.
Cook reklama diskursini "insonni o’zgartirishga qaratilgan matn" deb ta’riflaydi. !4 Bu ta’rif
reklama tilining mohiyatini to’g’ri aks ettiradi: har bir reklama xabari iste’molchida biror his, fikr
yoki xulg-atvorni shakllantirish niyatida quriladi.
Reklama diskursining asosiy xususiyatlari quyidagilardan iborat: (1) anig auditoriyaga
yo’naltirilganlik; (2) emotsional ta’sir ustuvorligi; (3) lingvistik tejamkorlik (minimal so’z —
maksimal ta’sir); (4) semiotik ko’pqatlamlilik; (5) intertekstuallik. [*51116]

Reklama matnining tarkibiy xususiyatlari

Reklama matni, qoida tarigasida, bir nechta tarkibiy gismlardan iborat: sarlavha (headline),
asosiy matn (body copy), shior (slogan) va ta’sitli xulosadan (call to action) tashkil topadi. 1]
Ushbu elementlarning har biri 0’ziga xos lingvistik va pragmatik vazifalarni bajaradi.

Sarlavha reklama matnining eng muhim elementi hisoblanadi: u o’quvchini to’xtatib,
e’tiborini jalb qilishi kerak. Buning uchun reklama yaratuvchilari savol shakli, buyrugq maylli
gaplar, so’z o’yini, ziddiyatli jumlalar va emotsional ta’siriga ega so’zlardan foydalanadilar. (21 D.
Ogilvy tomonidan aniglangan qoidaga ko’ra, sarlavhani o’qigan iste’molchi reklama mazmunining
80 foizini idrok etadi.

Shior esa brend bilan iste’molchi o’rtasida doimiy emotsional aloga o’rnatuvchi formuladir.
Muvaffaqiyatli shiorlar gisqa, ritmik, esda qoladigan va ma’no jihatdan teran bo’ladi. Masalan,
"Just Do It" (Nike), "Think Different" (Apple) kabi shiorlar butun dunyo iste’molchilarining ongiga
jo’n tilshunoslik imkoniyatlari yordamida chuqur singib ketgan. %]

Neyrolingvistikaning predmeti va vazifalari

Neyrolingvistika — tilshunoslik va nevrologiyaning kesishmasida paydo bo’lgan fan bo’lib,
tilning miya mexanizmlari bilan munosabatini o’rganadi. Bu fanning asosiy savollari
quyidagilardan iborat: inson miyasi tilni qanday ishlab chiqaradi va qabul qiladi? So’zlar, gaplar va
matnlar miyada qanday saqlanadi va gayta ishlanadi? Emotsiya va til o’rtasidagi neyral aloqalar
ganday tashkil topgan? [10]
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S. Pinker tilni "biologik xususiyat" deb ataydi va uning evolyutsion-neyral asoslarini tahlil
giladi. [*9 A, Damasio esa his-tuyg’ular va qaror gabul gilish jarayonlari o’rtasidagi munosabatni
o’rganib, “somatik marker” nazariyasini ilgari suradi — bu nazariyaga ko’ra, har qanday qaror
emotsional baholashsiz amalga oshmaydi. [ Ushbu kashfiyot reklama uchun hal giluvchi
ahamiyatga ega: agar qarorlar doim emotsional komponentga ega bo’lsa, unda iste’molchini
ratsional dalillar emas, balki his-tuyg’ular boshqaradi.

Kognitiv tilshunoslik va reklama: Metaforaning roli

G. Lakoff va M. Johnsonning “Metaforalar biz yashaydigan dunyo” asari kognitiv
tilshunoslikda ingilob yaratdi. 81 Ular metaforani shunchaki badiiy bezak emas, balki inson
tafakkurining asosiy mexanizmi sifatida ko’rsatdilar. Metafora bir tushuncha sohasini boshqasiga
orttirish orqali yangi ma’no yaratadi va muammoni muayyan nur ostida ko’rishga majbur giladi.
Reklama matnlarida metaforadan keng foydalaniladi. Avtomobil reklamalarida mashinalar
“erkinlik”, “kuch” yoki “muvaffaqiyat” bilan tenglashtiriladi; parfyum reklamalarida esa mahsulot
“sehrli dunyo”ga kirish kaliti sifatida taqdim etiladi. '®] Bunday metaforik ramkalar iste’molchining
miyasida kuchli assotsiyativ alogalar shakllantiradi va brend giymatini yuqori darajada belgilaydi.

G. Lakoff keyingi tadqiqotlarida “ramkalashtirish” (framing) tushunchasini ishlab chigdi. [
Ramkalashtirish — bu vogelikni muayyan til vositalari orgali muayyan nuqtai nazardan
ko’rsatishdir. Reklama diskursida ramkalashtirish mahsulotni muvaffaqiyat, sog’liq, baxt yoki
o’zligini namoyon etish bilan bog’lash orqali amalga oshiriladi. Bu jarayon iste’molchining
miyasida to’g’ridan-to’g’ri neyral izlar qoldiradi.

Reklama diskursidagi lingvistik ta’sir usullari: neyrokognitiv tahlil

Emotsional leksika — reklama matnining eng kuchli quroli. Psixolingvistik tadgiqotlar
shuni ko’rsatadiki, emotsional yukli so’zlar miyaning amigdala zonasini faollashtiradi — bu zona
esa xotira va garor gabul gilish jarayonlari bilan bevosita bog’lig. [** Shu sababli reklama matni
“yaxshi” o’rniga ‘“‘ajoyib”, “yangi” o’rniga “inqilobiy”, “arzon” o’rniga “qulay narx” kabi
so’zlardan foydalanadi.

R. Cialdini o’zining klassik “Ta’sir” asarida ijtimoiy ta’sir va ishontirish tamoyillarini tahlil
qilib, ularning lingvistik ifodasini ko’rsatadi: o’zaro almashinuv (reciprocity), tanqislik (scarcity),
avtoritet (authority), izchillik (consistency), yoqgimlilik (liking) va ijtimoiy isbotlash (social proof).
[121 Ushbu tamoyillar reklama matnlarida muayyan til shakllari orqali amalga oshiriladi: “Faqat 3 ta
goldi!”, “Ekspertlar tavsiya qiladi”, “Millionlab odamlar tanlagan” kabi formulalar.

Pragmatik ta’sir: Grice implikaturalari va aloqadorlik nazariyasi

G. P. Grays tomonidan ishlab chigilgan kooperatsiya tamoyili va aloga maksimalari
pragmatikaning asosi hisoblanadi. %] Reklama matnlari, qizigarli holda, ko’pincha Grice
maksimalarini ataylab buzadi — bu buzilish esa implicatura yaratadi va iste’molchini xulosa
chigarishga majbur qiladi. Masalan, “Boshgalar nima ichishini bilasizmi?” savoli 0’z ichiga
mazmunan “Siz ham shuni ichishingiz kerak” mazmunini yashiradi.

D. Sperber va D. Wilsonning alogadorlik nazariyasi (Relevance Theory) reklama diskursini
tushunishda muhim ahamiyatga ega. [ Bu nazariyaga ko’ra, kommunikatsiya minimal kognitiv
harajat hisobiga maksimal kontekstual effekt olishga intiladi. Reklama matnlari aynan shu
tamoyilga asoslanadi: qisqa, ammo ta’sirli xabar yordamida keng semantik mazmun uzatiladi.

Sintaktik qurilish va kognitiv yuk

Sintaktik qurilish ham reklama ta’sirini belgilashda muhim rol o’ynaydi. Qisqga, buyruq
shaklidagi gaplar (“Bugun buyurtma bering!”) to’g’ridan-to’g’ri motor tizimini faollashtiradi va
xulg-atvoriy reaktsiyani rag’batlantiradi. Uzun, murakkab sintaktik tuzilmalar esa kognitiv yukni
oshirib, ishontirish samaradorligini pasaytiradi. [']

M. A. K. Hallidayning sistemik funksional grammatikasi reklama matnlarini tahlil gilishda
keng qo’llaniladi. *1 Ushbu yondashuvga ko’ra, har bir lingvistik tanlov (leksema, grammatik
shakl, sintaktik qurilma) muayyan ideatsion, interpersonal va matniy funksiyani bajaradi. Reklama
diskursida interpersonal funksiya — ya’ni tinglovchi bilan munosabat o’rnatish — ustuvor o’rin
tutadi.
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Zamonaviy reklama fagat matndan iborat emas — u vizual, akustik va lingvistik
elementlarni bir-biriga qo’shib, multimodal diskurs hosil qiladi. G. Kress va T. Van Leeuwen
“Tasvirlarni o’qish” asarida vizual grammatika nazariyasini ishlab chiqib, rasmlar ham til kabi
grammatik tuzilishga ega ekanligini ko rsatdilar. [?¢]

Neyrovizualizatsiya tadqiqotlari shuni ko’rsatadiki, insonning miyasi vizual ma’lumotni
verbal ma’lumotdan 60 000 marta tezroq qayta ishlaydi. [?°) Shu sababli reklama dizaynida rang,
shakl, kompozitsiya va tasvir tanlovi lingvistik elementlar bilan uyg’unlashtiriladi. Masalan, qizil
rang shoshilishni va harakatni, ko’k rang esa ishonch va barqarorlikni uyg’otadi — bu neyral
assotsiatsiyalar reklama yaratuvchilari tomonidan ongli ravishda ishlatiladi.

R. Barthes “konotatsiya” tushunchasini kiritib, tasvirning ma’nosi ko’p qatlamli ekanligini
ko’rsatdi: denotativ ma’no (tasvirda nima ko’rsatilgan) va konotativ ma’no (bu tasvir nimani
anglatadi) bir-biridan farq giladi. [l Reklama matnlarida konotativ ma’no asosiy ta’sir quroli bo’lib
xizmat qiladi.

K. Tanakaning Britaniya va Yaponiya reklamalarini giyosiy tahlil gilgan tadgiqotlari shuni
ko’rsatadiki, har xil madaniyatlarda vizual va verbal elementlarning nisbati turlichadir. 1 G’arb
reklamalari ko’proq verbal ta’sirga, Sharq reklamalari esa vizual va ramziy ta’sirga tayanadi. Shu
sababli reklama diskursini tahlil gilishda madaniy-lingvistik kontekstni hisobga olish muhimdir.

Reklama va neyrovizualizatsiya: zamonaviy tadgigotlar

So’nggi o’n yilliklarda fMRI (funksional magnit-rezonansli tomografiya) va EEG
(elektroensefalografiya) texnologiyalari reklama tadqiqotlarida keng qo’llanilyapti. Ushbu
texnologiyalar iste’molchilarning reklamalarga miyaviy javob reaktsiyalarini kuzatish imkonini
beradi. (2%

G. Zaltman o’zining “Mijozlar qanday fikrlaydi” asarida iste’molchilarning 95 foiz qarorlari
ongsiz ravishda qabul gilinishini ta’kidlaydi. ) Bu ma’lumot reklama strategiyasi uchun
fundamental ahamiyatga ega: agar garorlar asosan ongsiz darajada shakllansa, u holda reklama
matnlari ratsional argumentatsiyadan ko’ra emotsional va ongsiz ta’sir mexanizmlariga tayanishi
kerak.

Neyromarketing tadgiqotlari quyidagi muhim xulosalarga olib keldi: (1) miya ijtimoiy
ma’lumotlarga aynigsa sezgir — insonning yuzi, imo-ishorasi va ovozi reklamalarda kuchli neyral
aktivatsiyani keltirib chigaradi; (2) syujetli reklamalar faktlarga asoslangan reklamalarga garaganda
miyada kuchliroq izlar goldiradi; (3) musigiy komponent reklama eslab qolish darajasini sezilarli
darajada oshiradi. [“111]

F. Ungerer va H. J. Schmidning kognitiv tilshunoslik asoslariga bag’ishlangan tadqiqotlari
reklama leksikasining kategoriyalashtirish nazariyasi bilan bog’ligligini ochib beradi. 1?2 Prototip
nazariyasiga ko’ra, inson tafakkuri tushunchalarni markaziy va periferik elementlar sifatida tashkil
etadi. Reklama matnlari brend mahsulotini 0’z kategoriyasining "ideal namunasi" (prototip) sifatida
tagdim etishga intiladi. Quyida bir nechta reklama matnining neyrolingvistik tahlili keltiriladi.
Tahlil Fairclough B ning kritik diskurs tahlili metodologiyasi va Lakoff Bl ning metaforik
ramkalashtirish nazariyasi asosida amalga oshiriladi.

1) Tesla avtomobil kompaniyasining “The future is electric” shiori. Bu shiorni neyrolingvistik
jihatdan tahlil qilsak, “future” (kelajak) so’zi istigbol va optimizm bilan bog’liq neyral
assotsiatsiyalarni faollashtiradi; “electric” so’zi esa energiya, tezlik va innovatsiya metaforalarini
uyg’otadi. Shior iste’molchiga: "Elektr mashinani tanlash — bu zamonaviylik va progressning bir
qismi bo’lish" degan ongsiz xabarni yetkazadi. Sintaktik qurilma — anig, qisga, uchinchi shaxs —
ishonchli, ob’ektiv hagiqat kabidir. [112]

2) “Red Bull gives you wings” shiori. Bu metaforik ifoda jismonan uchib ketish imkoniyatini emas,
balki energiya, erkinlik va chegara bilmaydigan imkoniyatni anglatadi. [ G. Fauconnier va M.
Turnerning kontseptual birlashtirish (conceptual blending) nazariyasiga ko’ra, [?°1 bu shior ikkita
inputni — “Red Bull” va “qanotlar” — birlashtiradi va yangi semantik makon hosil giladi:
mahsulot= “erkinlik”.

3) “Because you’re worth it” (L’Oreal). Ushbu ibora Grays implikaturasi asosida ishlaydi:
bevosita mazmunan kosmetik mahsulot tavsiya qilinadi, ammo implicatura darajasida iste’molchiga

[26]
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0’z-0’zini hurmat qilish va layoqatlilik hissi uyg’otiladi. “’You’re worth it” — bu to’g’ridan-to’g’ri
iste’molchining o’zini qadrlash ehtiyojiga murojaat. Bu mexanizm R. Beudgrand va W.
Dresslerning matn lingvistikasi tamoyillariga mos keladi. (24!

Reklama diskursining etik muammolari: neyrolingvistik nuqgtai nazar

Reklama diskursining kuchli neyrolingvistik ta’sir mexanizmlari bir qator etik muammolarni
kun tartibiga qo’yadi. Agar reklama matnlari iste’molchilarning ongsiz jarayonlariga bevosita ta’sir
qila olsa, u holda bu ta’sirni “manipulyatsiya” deb baholash mumkinmi? Bl

N. Fairclaf kritik diskurs tahlili nugtai nazaridan reklama diskursini kuch munosabatlarini
yashiradigan va ideologik dominantlikni mustahkamlaydigan mexanizm sifatida ko’rib chiqadi. [I3]
T. A. Van Dijk esa reklama diskursining ijtimoiy tengsizliklarni takror ishlab chigarishdagi rolini
ta’kidlaydi: reklamalar ko pincha muayyan gender, sinf va irq stereotiplarini mustahkamlaydi. 4[]

R. Wodak va M. Meyerning kritik diskurs tahlili metodologiyasiga ko’ra, reklama matnlarini
tangidiy tahlil gilish jamoaning ommaviy axborot savodxonligini oshirishga xizmat giladi. [€]
Neyrolingvistik bilimlar iste’molchilarga reklamanin ongsiz ta’sirini anglab, ongli tanlov qilishga
yordam beradi. Bu jihat zamonaviy media ta’limi uchun ham muhimdir.

M. Boden kreativlik va kognitiv jarayonlarni o’rganar ekan, reklama ijodkorligining ham
neyral va madaniy asoslarini ko’rsatadi. 3% Reklama matnini yaratish — bu chuqur lingvistik bilim,
psixologik ko’nikma va madaniy kompetentlikni talab giladigan ijodiy jarayondir. Shu sababli
reklama diskursini etik jihatdan baholash uning yaratilish jarayoni va magsadlarini ham hisobga
olishni tagozo etadi.

XULOSA

Ushbu tadqiqot reklama diskursi va neyrolingvistika o’rtasidagi munosabatlarning murakkab
va ko’p qirrali ekanligini ko’rsatdi. Reklama matni — bu fagat tovarga oid axborot emas, balki
iste’molchining ongi, xotirasi, his-tuyg’ulari va xulg-atvorini boshqarishga mo’ljallangan nozik
lingvistik qurilmadir.

Tadgigot davomida quyidagi asosiy xulosalarga kelindi: birinchidan, reklama matnlarida
go’llaniladigan metaforalar va ramkalar iste’molchining miyasida chuqur neyral izlar qoldiradi;
ikkinchidan, emotsional leksika miyaning amigdala zonasini faollashtirish orgali garor gabul gilish
jarayonlariga bevosita ta’sir ko’rsatadi; uchinchidan, pragmatik mexanizmlar — Grice
implicaturalari va alogadorlik tamoyillari — reklama matnlarida ongsiz ta’sir kanalini ochadi;
to’rtinchidan, multimodal reklamalar verbal va vizual elementlarning uyg’unlashuvi orqali ta’sirini
ko’p barobar oshiradi.

Lingvistika, kognitiv psixologiya, semiotika va neyrofanning interdistsiplinar tutashuvi
reklama diskursini o’rganishda yangi gorizontlarni ochadi. Kelajak tadqiqotlari neyrovizualizatsiya
texnologiyalari (fMRI, EEG) yordamida reklama matnlarining miyaga ta’sirini yanada aniqroq
o’lchash va reklama lingvistikasining nazariy asoslarini boyitish imkonini beradi.

Reklama diskursining neyrolingvistik tahlili nafagat nazariy ahamiyatga ega, balki amaliy
jihatdan ham muhim: u reklama yaratuvchilarga samaralirog kommunikatsiya strategiyalari ishlab
chiqishda, iste’molchilarga esa ommaviy axborot ta’sirini ongli idrok etishda yordam beradi.
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Y4urbes — 3T0 He TSKeAbIi CKYYHBIH TPYA,

a pagocTh NO3HAHMS,

U TO caMoe BOJIHYIOLIee NPeABKYIIeHHEe HOBOIO,
KOTOpPOe OTKPbIBAETCSI B HOBOM NHTEPECHO KHHUTe
WJIH JIEKIIMH XOPOLIero NnpenojaaBareis

(Ouner Poii)

Aunomauusn. B cmamve paccmampugaromcs UHMEPAKMUSHblE POpMbl U MemoObl NPOBeOeHUs.
3(1Hﬂmu12, 0COOEHHOCMU UX npumeHerus, 061/141/!6 pe3yiemambsl U Qd)(i)eKWlbl UHmMepaxKmueHo2o 06y"t€Huﬂ.
Cmambsi noceéawjena axmyanvHou npooneme IQD@eKmueHvix Memooo8 UHMEPAKMUeHo20 00yUeHUs
cmyéeﬂmoe 6y3d C no3uyuu KomnemeHnHocniHozco nooxooa. HHmepaKmueHoe 06yqeﬂue nocmpoeHo Ha
UHMEHCUBHOM PeqhIeKCUBHOM B3AUMOOEUCMBUY CYObEeKma ¢ 00paz08amenbHol cpedoli 00yUeHUsl.

Knrouesvle cnosa: unmepaxkmughvie mMemoowvl 00yueHuUs, YueOHblll npoyecc, Ouano2osoe obyuenue,
UHMEPAKMUBHOCMb, URMEPAKMUBHbLE MEXHOIOCUU.

Abstract. The article examines interactive forms and methods of conducting classes, the specific
features of their application, as well as the general outcomes and effects of interactive learning. The study is
devoted to the axmyal problem of effective interactive teaching methods for university students from the
standpoint of the competency-based approach. Interactive learning is based on intensive reflective
interaction between the learner and the educational environment.

Keywords: interactive teaching methods, educational process, dialogic learning, interactivity,
interactive technologies.

Annotatsiya. Maqolada mashg ‘ulotlarni tashkil etishning interaktiv shakl va metodlari, ularni
qo‘llash xususiyatlari, shuningdek interaktiv ta’limning umumiy natijalari hamda samaralari ko ‘rib
chigiladi. Maqola kompetensiyaviy yondashuv nuqtayi nazaridan oliy ta’lim talabalari uchun samarali
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interaktiv ta’lim metodlari muammosiga bag ‘ishlangan. Interaktiv ta’lim subyektning ta’lim muhiti bilan
intensiv refleksiv o zaro ta’siri asosida quriladi.

Kalit so“zlar: interaktiv ta’lim metodlari, o‘quv jarayoni, dialogik ta’lim, interaktivlik, interaktiv
texnologiyalar.

[Ipoucxonsmue mnpeoOpa3oBaHWsi B CHCTEME BBICIIETO O0Opa30BaHUS  OOYCIOBJICHBI
JIBUKCHHEM B CTOPOHY HHHOBAIlMOHHOW JUYHOCTHO-PA3BUBAIOIIEH MMapaJurMbl 0O0pa30BaHUSA,
HEOOXOJMMOCTBIO HCIIOJIB30BAHUSI HHTEIUICKTYaIbHO-TBOPUYECKOTO IMOTCHIMANA YeJIOBeKa IS
CO3UJaTeIbHON JeATeIbHOCTH BO Bcex cdepax »xku3Hu [1]. Peamusanus oOpa3oBaTenbHBIX
nporpaMMm OakajaBpuaTa TpeOyeT 00s3aTeNbHOrO NMPUMEHEHUS WHTEPAKTHBHBIX (OPM 3aHATHH,
MOCKOJIbKY TaKh€ METOJAbl BBICTYHNAIOT KIIOYEBBIM HMHCTPYMEHTOM TIOBBIIICHHUS KadecTBa
npoeCCHOHATBPHON MOATOTOBKH B By3ax. COBPEMEHHOMY MpEMOJABATENI0 HEJIOCTaTOYHO
OTPAaHUYUBATHCS TPAHCISAIUEH TEOPETHUECKUX 3HAHUHN; HE0OX0IMMO TpaHCHOPMHUPOBATH MOAXO K
yuyeOHOMY mporieccy. MccienoBaHusT TOATBEPKIAIOT, YTO WHTEPAKTHUBHBIE TEXHOJIOTHU
oOecrieunBaroT Haubosee 3(PQeKTHBHOE YCBOCHHE HOBOIO MaTepualla U 3aKpelyieHHe paHee
W3YYEHHOTO.

CryneHTaM Mpolle BOCHPUHUMATh W 3allOMUHATh WH(OPMAINIO, KOTJAA OHU BBICTYMAIOT
aKTUBHBIMH cyObekTamMu oOyueHus. CieloBaTelbHO, METOJMWYECKHE pa3pabOoTKH MO JIHOObIM
JUCIHILTAHAM JIOJDKHBI BKITFOYAaTh HHTEPAKTUBHBIE JIEMEHTHI AJIs1 BOBJICUCHUS BCEX 00YJArOIIUXCSI.

[lpuMeHeHHe TakUX METOJOB peIIaeT psja 3aJad: CII0COOCTBYET TITyOOKOMY OCBOCHHIO
yueOHOro Marepualia, pa3BHUBACT HMHTEUICKTYAIbHYIO CAMOCTOSITENBHOCTh, YYHUT YBAXKCHHIO K
Yy)KOW TOYKE 3pEHMs, HaJlaXUBAaeT KOMMYHHMKAIMIO MEXIy CTyAeHTaMu U (opMupyer
npoeccuoHaNbHBIC U KU3HEHHBIE KOMIICTCHIIUU.

JunakTuueckue TNPUHIUIBI TMPOHU3BIBAIOT BCE aCHEKThl Yy4yeOHOro mpoiuecca — OT
COJIEp>KaHUsl 0O METOJOB M CpeAcTB oOydeHus. DopMbl opraHu3anu OOy4YeHHUS MPEICTaBISIOT
coboif CcrmocoObl CTPYKTYPUPOBaHHs Y4eOHOro Tmpolecca, a METOAbl — HHCTPYMEHTaMHU
MeJarorn4eckoro B3auMoOJeHCTBUS. B aumaktuke (opmbl pacKphIBAIOTCS dYepe3 MEXaHU3MBbI
B3aMMO/JICHCTBUS MPENoAaBaTesss U CTYICHTOB IPH pEUIeHUH 00pa30BaTelbHBIX 3a7ad, KOTOpbIE
peau3yroTCcs  TIOCPEACTBOM  YIIPABJICHHUS IO3HABATEIILHON  JEATENBHOCTBIO, OOIIECHUS W
oTHOIIEHUH. IMEHHO B 3THUX paMKaX BOIUIOLIAIOTCS cofepxaHue 00pa3oBaHUs, METO/IbI, CPEJICTBA
1 00pa30BaTeNbHBIC TEXHOIOTHH [2]

B coBpemenHBIX ycnmoBusx K oOpa3zoBannio XXI Beka MpeabsBIsSIOTCS HOBbIE TPEOOBaHUS, U
npobiemMa KayecTBa MOATOTOBKU CTYJEHTOB CTAHOBUTCS OCOOEHHO OcTpoi. CyIiecTByeT pas3phiB
MEXJYy YPOBHEM IPAKTHUECKON TOTOBHOCTH BBIMYCKHUKOB W TMOTPEOHOCTAMM MPEINPUSITUIH,
KOTOPBIC B YCIOBUSX PHIHOYHOW KOHKYPEHIIMH aKTUBHO BHEAPSIOT HOBBIE TEXHOJIIOTUU. Y CTPAHUTH
3TOT mpoled MOXKHO IyTeM MIMPOKOTO HCIHOJb30BaHUS HHHOBALMOHHBIX 00pa30BaTeNbHBIX
TE€XHOJIOTHA.

CyTb MHHOBaLIMI B COBPEMEHHOM OOpa30BAHMUU 3aKIIOYAETCA B ONTUMHU3ALMU y4eOHOTO
mporiecca yepe3 BHEJAPEHNE aKTUBHBIX (POpM 3aHATHH, CTUMYITUPOBAHUE CAMOCTOSTEIBHON pabOTHI
oOyyaromuxcss W pa3BUTHE UX KOMIIETEHTHOCTH, OTpaXKarolled CHOCOOHOCTh K COIMAIbHOM
akTUBHOCTH [3, ¢.47].

KittoueBbIM BEKTOPOM COBEPILIEHCTBOBAHMS BY30BCKOW MOJITOTOBKU CTAHOBUTCS WHTETPAIUs
WHTEPAKTUBHBIX TEXHOJOTHA. DTO TO3BOJSET MPEToJaBaTeNli0 MPOASCMOHCTPUPOBATh HE TOJBKO
npodeccnoHanu3M, HO M YyMEHHE BOBJE€Yb CTYICHTOB B YBJEKATEIbHYIO IO3HABaTEIbHYIO
JeSITeTbHOCTb.

TepMuH «UHTEPAKTHBHBINY MPOMCXOAMT OT JIaT. inter (B3auMHO) M act (JIGMCTBOBATh), UTO
MoJipa3yMeBaeT B3auMoJjieiicTBue B (opmare nuaiora. B oTnuume OT aKTUBHBIX METOJIOB, TJie
OCHOBHOE BHUMAaHHE yJelseTcss KOHTAKTy CO IMpernojaBaTelieM, WHTEPAaKTHUBHBIC ITOAXOJbI
cMmemaT GoKyc Ha MIMPOKOE B3aUMHOE OOIIEHHE CTYIEHTOB MeXy co00il, Aenas UX aKTUBHOCTh
JOMMHHUPYIOILEH COCTaBIsIoNIe 00yueHus [4].

[Tpu UCTONIL30BAHUH TAKHX METOIOB YUeOHBIH MPOIIECC CTPOUTCS TAK, YTOOBI KaXK/IbIi yU4aCTHHK
TpyIIIbL ObBLI BOBJIEUEH B rmo3Hanue. CoBMecTHAs pa60Ta npeamnojaract 0OMEH 3HAaHUAMHU U nacsaMu, rac
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KOKIBIA MPUBHOCUT WHIWBUIYadbHBIA BKIad. [IpumeHstoTcs (OpMBbI MHIMBUAYIBHOH, IMapHOU W
IPYyNIIOBOM paboThI, MPOEKTHAS AEATEIBHOCTD, POJIEBBIE UIPHl U AHAIN3 PA3JIMYHBIX HCTOYHHKOB. DTH
MeTOBI 0a3UPYIOTCS HA MPUHLIUIAX B3aUMOACHCTBHUS, aKTUBHOCTH YYaIIUXCS, ONOPE HA KOJUIEKTUBHBIN
onmbIT W oOs3arenbHOM oOpaTHOM cBsa3u. Co3maercs arMocdepa 00pa3oBaTENBHOTO OOIICHUSA,
OTJIMYAIOMIASICS OTKPBITOCTHbIO, PABHONPABHUEM apryMEHTOB, COBMECTHBIM HAKOIUICHMEM 3HAHWHA U
BO3MOXHOCTBIO B3aUMOKOHTPOJIA [5].

A.TI. [TandwioBa BEIACIACT CIACAYIONIYIO KIacCH(DHUKAIINI0O MHTEPAKTUBHBIX METOJIOB [6]:

1. PamukanbHple — MpPEaNoNaraloT KapJuHAJIbHYIO MEPECTPOMKY Mpolecca ¢ MCHOIb30BaHUEM
M (POBBIX TEXHOJIOTHH (IUCTAaHIIMOHHOE 00y4YeHHE, BUPTyaIbHbIC KOH()EPESHIIUN U UTPHI).

2. KomOuHaTOpHBIE — OOBEAMHSIOT TPAIUITMOHHBIC AJIEMEHTHI (JICKIIHSI-THAJIOT, TTapHAs JICKITHS ).

3. Momudunupyromme — HampaBleHHbIE HA YIY4YIIEHHE CYNIECTBYIOIIUX METOAUK 0e3
(yHIaMeHTaJIbHBIX U3MEHEHUH (HanmpuMmep, JeyioBasi Urpa).

T.C. Ilanuna u JI.LH. BaBunoBa npeanararot AeluTh HHTEPAKTUBHBIE METO/bI HA TPU KaTErOpHU
[7]:

1. IucKkyccuoHHbIE: IUAJIOT, TPYIIOBbIE TUCKYCCHH, Pa300p MPaKTHUECKUX KEHCOB.

2. UrpoBwle: paHMIaKTUYECKHE, TBOPYECKHE, JICJIIOBBIC, pOJIEBHIE W  OpPraHU3AIMOHHO-
JeSTeIbHOCTHBIE UTPHI.

3. TpeHWHrOBBIE: KOMMYHUKATUBHBIE W CEH3UTHBHBIC TPEHHWHTH, pa3BUBaromue oOpa3zHoe U
JIOTUYECKOE MBITIICHHE.

HHTepakTUBHOE 00y4YeHUE MPEICTABISIET COOOH Crenn(pUIECKy0 OPTaHU3AIMIO TO3HABATEIBHOM
JESTENILHOCTU C YETKO OINPEEICHHBIMU U IPEICKa3yEeMbIMU LEIISMHU.

KiroueBbIMU 1eNSIMH TPUMEHEHUSI MHTEPAKTUBHBIX METOJMK B 00yUEHHH BHICTYIIAIOT:

a) CTUMYJIMPOBAaHUE NIO3HABATEILHON MOTHBALIMU O0YUYaAIOLINXCS;

0) MakcUMaJbHO 3(P(PEKTUBHOE YCBOCHHE 00Pa30BaTEIbHOIO KOHTEHTA;

B) pa3BUTHE HAaBBIKOB CAMOCTOSATEIHHOTO MIOWCKA peIIeHui y4eOHBIX 3a7ad (BKIIIOYasi BIOOP M3
MIPEITIOKEHHBIX aJIbTEPHATHB WJIM TEHEPanio COOCTBEHHOTO BapHAHTA C €r0 apryMeHTaIlNe );

T') pa3BUTHE KOMMYHHKATHBHBIX KOMIIETCHIIMH U KOMaHAHON pabOThI, BKIIFOYAsi TOJIEPAHTHOCTD K
WHAKOMBICJIMIO M YBa)KCHHE TIPaBa KaXKIOT0 Ha BRIPAXKEHUE CBOCH TOUYKHU 3PCHHS,

1) GOpMHUPOBaHHE Yy CTYJACHTOB KPHUTUYECKOTO MBIIIJICHUS U OMOPHI Ha (aKThl MPU BHIPAOOTKE
COOCTBEHHBIX CYKJICHUI;

€) TOCTHXKEHUE YPOBHS 0CO3HAHHOM MPOECCHOHAIBHON KOMITETEHTHOCTH [4].

HaubGonpiryro nmonmysiasipHOCTb Cpelu MEJaroroB MOJIYYWJIM CIEAYIOUIME WHTEPaKTUBHbIE
(dopMaThl: Kpyrible CTONBI (IUCKYCCHOHHBIE TUIOIIAIKH, 1e0aTbl), MO3TOBBIE IITYPMbI, KEHC-METON
(aHanmM3 KOHKPETHBIX CHUTYallHMii), MacTep-KIacChl, KOJUIEKTHBHas paboTa B HEOONBIIMX TpyIIax,
oOyuaroie Urpsl (pojeBbie, JEIOBbIE, UMUTAIIMOHHBIE W TMPOYUE BHUIbI), MPUBICUYCHHUE BHEUTHHX
pecypcoB (JEKIIMU CHEIHATUCTOB, AKCKYPCHOHHBIE MOE3/KH), COIMAJbHO-3HAYMMBIE TPOCKTHl U
BHEy4YeOHas 1eATeNbHOCTh (KOHKYPCHI, IOCTAHOBKH, BBICTABKH, MPOCMOTpP (PUIBMOB), HHTEPAKTHBHEIC
JEKIUU C HCIOJIb30BAHUEM MYJIbTHUMEIUNHHBIX MAaTE€pPHAJIOB, COKPAaTUYECKHM AMAIOr, TUCKYCCHH IO
CIOPHBIM BONPOCAM C MCHOJb30BAaHMEM TEXHHUK Bponae «3aiimu mnosunuio», «lllkama MHeHuU»,
WHCTPYMEHTHI NMPUHATHS pelieHuil u aHanuza («JlepeBo pemieHuit», pa3dop Ka3ycoB, TPEHUHTHU IO
MeJMaliy, HaCTOJIbHBIE UTPhI TUIIA «JIeCTHUIIBI U 3MEWKH»); TPEHUHTU ¥ UHbIE METOBI[§].

BaxxHo mog4yepkHyTh, YTO HpPU MOATOTOBKE 3aHATHS MPENOAAaBATENI0 HEOOXOJUMO HE MPOCTO
BBIOpaTh ONTHMAJBHBIA (QopMAT MOA TEMy, HO U PACCMOTPETb BO3MOKHOCTb KOMOMHHUPOBAHUSA
HECKOJIbKMX METOA0B. Takod MOAXO0J 3HAUMTENBHO IMOBBIIIAET KAayecTBO YCBOCHMS MaTepuaa
cTyneHTamu. Takum oOpa3oM, IenecooOpa3HO aHAIM3HPOBATh HEOOXOAMMOCTh TPUMEHEHUS
Pa3NUYHBIX HHTEPAKTUBHBIX HHCTPYMEHTOB JJIsl IOCTH)KEHUSI KOHKPETHBIX YU€OHBIX IIeIIeH.

OCHOBHBIE IPUHIUIIBI IPOBEACHNS HHTEPAKTUBHOTO 3aHATHS:

. (dbopmar npernosaraeT COBMECTHYIO JICSITEIbHOCTD, @ HE MOHOJIOTHYECKOS YTCHUE JICKIIHH;

. PaBCHCTBO BCEX YYaCTHUKOB TIPOILECCA BHE 3aBHCHMOCTH OT HX BO3pacTa, COIHAIbHOIO
TMTOJIOXKEHUS, OTBITA UIIK MECTa pabOThI;

. rapaHTUPOBAHHOE TPAaBO Ka)JOT0 YYacTHHKA Ha BBIPAKCHHWE COOCTBCHHOTO MHCHHMS I1O
T000My 00CYKJIaEMOMY BOITPOCY;

. OTCYTCTBHE MPSMOU KPUTHKH JIMYHOCTH; 00ObEKTY KPUTUKH MOYKET OBITh TOJIBKO HCs, a HE aBTOD;
d BBICKA3bIBAHUA HA 3aHATHUU CIIYKAT MATCPpHUAJIOM JJId PASMBIIIJICHUSA, @ HE CTPOTrUM PYKOBOACTBOM

K HEMEJIEHHOMY JIeHCcTBHUIO [5].
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Jns  mpoBeieHUS HMHTEPAKTHBHOTO CEMHHAapa MPEenojaBaTelio  HEeoOXOIHMMO TLIATEIBHO
MTOATOTOBUTHCSL.

HyxHo BbIOpaTh Temy, pabouyio CHTyaunuio U cHopMyIHpOBaTh KIIO4EBbIe ornpeneneHus. [lpu
CO3/IaHUU TPOTPaMMbl PEKOMEHIYETCS YUeCThb Cleytomue (GakTophl:

a) BO3pacTHbIE 0COOEHHOCTH, HHTEPECHI U MPO(HIIb OYyAyIIel Kapbephl CIIylIaTeNei;

0) nocTymHOE BpeMs JJisl TPOBEICHUSI MEPOIIPHSTHS,

B) CTEIIEHb BOBJICYCHHOCTH ayJUTOPUU B IPEJIAraeMyI0 TEMY.

[TepeueHn TpeOGOBaHMIT K OpraHU3aIMU CEMHHAPA:

. SCHO c(hOpMyJIUPOBAHHASA 1I€JIb 3aHATHUS;

. BBISIBJIEHHE KOHKPETHBIX MPOOJIEMHBIX 3a7a4;

. pa3paboTKa CTPYKTYpbl IPOrPaAMMBI;

. HOATOTOBKA MEYaTHBIX MAaTEPHAJIOB;

. HaJIM4Ke TEXHUYECKOM 0a3bl;

. CHCTEMaTHU3alLUs BOIIPOCOB U UX JIOTHUECKAs! I10CIE10BATENbHOCTD;

. 3aMMCTBOBAaHHUE KU3HEHHBIX KEHCOB;

. IPUMEHEHNE BU3YAJIbHBIX CPEJICTB (IHarpaMMm, CXeM, H300paskeHHi );
. aTMocdepa 10BepHsl U MOJIEPIKKHU;

. pasHooOpa3ue MeTO0B 101auy HHPOPMAIK U GOPM aKTUBHOCTH.

Havano Bkimouwaer oObsiBieHHE TeMbl W 1meniedl. CrymaTteny H3y4aroT MPeayioKEeHHBIH Keiic,
hopmynupyroT COOCTBEHHYIO 11e7b U 3a1a4u. [IpenomaBaTens pa3bsICHSIET MpaBuiia TPYMIOBONA pabOThI
U, TIPYU HEOOXOAUMOCTH, 3HAKOMHUT YYaCTHUKOB (0COOCHHO B MEXKIUCIIUIUIMHAPHBIX (hopMaTax).

B mporniecce BaxkHO 10OUTHCS €IMHOTO MOHMMAHUS TEPMHUHOJOTHU. Yepe3 AMaor YTOUHSIETCS
MOHSATUWHBIN ammapar, 4To (OPMHUPYET Yy CTYJACHTOB MPHUBBIYKY YETKO HCIIONH30BATh TEPMUHBI,
n30eraTh HESCHBIX CIIOB M 00paIaThCs K CIPABOYHUKAM.

ConepxaHue OCHOBHOM 4YaCTH 3aBUCHT OT BbIOpaHHOro ¢opmara. BaxHO KOpPpEeKTHO
MO3UIIMOHUPOBATh YYaCTHUKOB: 3TO MPOIECC OCMBICIEHHS OOIIMX CMBICIOB U (DOPMHUPOBAHUS HOBBIX
B3IJIS/IOB HA OCHOBE apT'yMEHTOB.

Pednexcust opueHTHpOBaHA MPEXKIE BCETO HA IMOIMOHAIBHYIO c(hepy U TO3BOJSECT BBIIBUTH
YyBCTBA W TMEPEXKUBAHUS, KOTOpPbIE YYaCTHUKUA HCIHBITHIBATM B Xoje 3aHsATHsA. O0s3aTenbHbIM
KOMITOHEHTOM BBICTYHAa€T OLEHOYHBIA 3Tal, B paMKax KOTOPOTO OMNpPEAENSIETCS OTHOIICHHE
00ydJaronmxcsi K COJIEPKaHUI0 UCIOJIb30BAaHHBIX METOJIUK, 3HAYMMOCTHA BBIOPAHHOW TEMBI M JIPYTUM
acmieKTaM 3aHATHA. 3aBepriaercs peduiekcus (OpMyJIMpPOBaHHEM OONIMX BBIBOAOB, K KOTOPBIM
oOyuJaroluecs: MPUXOAST MPH MOMOIIY HABOISIINX BOIIPOCOB MPENOIaBATEIS.

WnTtepakTBHOE O0Y4YeHHE MOMOTAET CTYAEHTAaM CaMOCOBEPIICHCTBOBATHCS, yCTaHABIMBATDH
SMOILIMOHAJIBHBIM KOHTAKT, pa0oTaTh B KOMaHJE, MPHUCIYIIMBATHCS K MHEHHUIO CBOUX TOBAPUIICH,
o0OecreunBaTh BBICOKYI0 MOTHBAIMIO, TBOPYECTBO M (paHTa3Wi0, WHAWBHUIYaTbHOCTH, CBOOOIY
CaMOBBIPAYKECHHUS.
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Annotatsiya: Ushbu magolada innovatsion muhandislikni mehnat bozori talablari bilan
uyg ‘unlashtirish orqali raqobatbardosh va zamonaviy kadrlar tayyorlash masalasi ilmiy-amaliy jihatdan
tahlil gilingan. Zamonaviy iqtisodiyot sharoitida ishlab chigarish jarayonlarining ragamlashuvi,
avtomatlashuvi va texnologik yangilanishi muhandis kadrlardan yuqori darajadagi kasbiy kompetensiyalar,
kreativ fikrlash va innovatsion yondashuvni talab etmogda. Muhandislik ta’limida kompetensiyaviy
yondashuvni kuchaytirish ragobatbardosh mutaxassislarni shakllantirishning muhim sharti ekanligi asoslab
berilgan.

Kalit so‘zlar: innovatsion muhandislik, mehnat bozori, ragobatbardosh kadrlar, kasbiy kompetensiya,
dual ta’lim, ragamli texnologiyalar, loyihaga asoslangan ta’lim, sanoat integratsiyasi, kreativ fikrlash,
texnologik rivojlanish.

Annomayusn: B oannoti cmamve npedcmasien HaAy4HO-npakmudeckuti aHaiu3 onpoca noo2omosKu
KOHKypeHI’I’lOCI’lOCO6Hblx U CoBpeEMEHHbIX Ka()poe nymem cod4emanus UHHOBAUYUOHHBIX UHIMHCEHEPHbLX pemeHud
¢ mpebogaHuaMU pbIHKA mpyoa. B coépemeHHOU SKOHOMUKe yudposuzayus, asmomamuzayus u
mexHoJjiocu4deckas ModepHus'auuﬂ np0u36006m€€HHle npoyeccos mpeéyrom Om UHINCEHEPHO2O nepcoHala
6blCOKO2O YPOBHA I’lpO(l)&?CCUOHCZJZbHOlZ KOMNemMernHocmu, meop4ecKkoco MblilleHUusl U UHHOBAYUOHHO2O
nooxooa. Ymeepowcoaemcs, wmo yKpenieHue KOMNemeHmHOCMHO20 N00X00Ad 8 UHICEHEPHOM 00paA308aHUU
ABNAENICA 8AINCHBIM YCI1OBUEM ¢opmup06aHuﬂ KOHKypeHInOC}'ZOCO6Hblx cneyuaiucnaoes.

Knrouesvle cnosa: unHOBayUOHHAS UHIICEHEPUS, PLIHOK MPYOd, KOHKYPEHMOCHOCOOHbIL NepCcoHal,
I’lpOQbECCMOH(,UZbHa}Z KOMNnemeHnHocCm»y, ayaﬂbH0€ 06]?6130662HM6, uugbpoeble mexHojlocuu, npoeKkniHoe
o6pa306aﬁue, npoOMblULIEHHAS UHmezpayusl, KpeadmueHoe MblilleHue, mexHojiocuiecKkoe passumue.

Abstract: This article analyzes the issue of training competitive and modern personnel by combining
innovative engineering with labor market requirements from a scientific and practical perspective. In the
conditions of the modern economy, digitization, automation and technological modernization of production
processes require high-level professional competencies, creative thinking and an innovative approach from
engineering personnel. It is argued that strengthening the competency-based approach in engineering
education is an important condition for the formation of competitive specialists.

Key words: innovative engineering, labor market, competitive personnel, professional competence,
dual education, digital technologies, project-based education, industrial integration, creative thinking,
technological development.

Kirish. O‘zbekiston Respublikasi Prezidenti Shavkat Mirziyoyevning Oliy Majlis va
O‘zbekiston xalqiga Murojaatnomasida ta’lim tizimini mehnat bozori talablari bilan
uyg‘unlashtirish orqali ragobatbardosh va zamonaviy kadrlar tayyorlash zarurati asoslab berilgan.
Davlatimiz rahbari tarmoq, korxona va oliy ta’lim muassasasi uzviyligini mustahkamlash, oz
sohasida ilg‘or, raqobatdosh mutaxassislar tayyorlash zarurligini ta’kidladi [1-3].

Yangi O‘zbekistonning Taraqqiyot strategiyasi va “O‘zbekiston-2030” strategiyasi doirasida
mamlakatimiz ta’lim-tarbiya va ilm-fan sohalarida salmoqli va ko‘lamdor ishlar amalga
oshirilmoqda. O‘zbekiston Respublikasining bugungi kunini yirik sanoat korxonalari, turli
muhandislik inshootlari va tizimlari, madaniy va maishiy binolar, zamonaviy mashinasozlik
korxonalari qurilishlarisiz tasavvur etib bo‘lmaydi. Mamlakatimiz iqtisodiyotini rivojlantirishda
chet el investitsiyalarini kirib kelishi ko‘plab sanoat korxonalari dunyo standartlariga javob
beradigan darajada yangi qurilmoqda, eskilari modernizatsiya gilinmoqda [3,4].
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“Texnologik mashinalar va jihozlar” kafedrasida yangi rusumdagi mashinalar yaratish
bo‘yicha

ilmiy izlanishlar olib borilmoqda. Xususan, materiallarni quritish, ho‘l usulda chang va gaz
tozalash, suyugliklarni ekstraksiyalash, absorbsiya, sanoat va tabiiy chigindilardan foydalanib
ko‘mir briketlari olish, xom ashyo materiallarni saralash qurilmalari yaratildi va bu loyihalar turli
xil tanlovlarda, “Innovatsion g‘oyalar” Respublika yarmarkalarida namoyish etilib, mutaxassislar
tomonidan ijobiy baholandi. Yuqoridagi vazifalarni bajarish maqgsadida, talabalarga texnik
jjodkorlikni o‘rgatish o‘ta dolzarbdir [4].

Tadqiqot obyektlari va usullari. Texnikaning taraqqiyot tarixidan ma’lumki, har ganday
texnik yechimlar ham o°‘z davrida eng yaxshi hisoblanib, vaqt o‘tishi bilan ularni yangilash,
modernizatsiyalash talab gilinadi. Yangi mashina yaratishda avvalo quyidagi savollarga javob
topish o‘rinlidir: yaratilayotgan mashinada ayrim ko‘rsatkichlarni oshirish yoki kamaytirish yoki
funksiyalar sonini kengaytirish mumkinmi; mashinani yangi rivojlanish bosqichiga o‘tkazish
mumkinmi; yangi yaratilgan mashina ergonomik, dizayn nuqgtai nazaridan talabga javob beradimi.
Bu esa muhandis kadrlardan texnik ijodkorlikni, yangi texnik yechimlar topishni, muammoli
masalalarni mustaqil yechish mahoratiga ega bo‘lishni, oz energiya sarflab, iqtisodiy samarali
mashinalar yaratish talab etiladi. Shu sababli 60720400 - “ Texnologik mashinalar va jihozlar”
bakalavriat yo‘nalishida ta’lim olayotgan talabalarga “Mashinalar yaratishning texnik asoslari‘
fanida texnik ijodkorlik masalalari o‘rgatilmoqda [5,8]. Natijada talabalar texnik ijodkorlik
bosqichlari: prognozlash, loyihalash, ishlab chigarishga tayyorlash va tadbiq etish qobiliyatiga ega
bo‘lmoqda.

Talabalarda texnik ijodkorlikni rivojlantirish maqgsadida mashinalar yaratishning texnik
asoslari fanida mashinalarga qo‘yiladigan asosiy talablar, loyihalash, konstruksion materiallar
tanlash va igtisodiy asoslash, tizimli tahlil, standart va estetika, konstruktorlik hujjatlarini tuzish,
ilmiy-tadgiqot ishlari, dizayn, ergonomika, avtomatlashtirilgan loyihalash tizimi, ixtiro va
ratsionalizatorlik faoliyati, uslublari o‘rgatilmoqda [5,6,7,9].

Olingan natijalar va muhokama. Texnik ijodkorlikda yangi yechimlarni ishlab chigishdan,
to rasmiylashtirishgacha bo‘lgan davrni amalga oshirishda, undagi jarayonlarning muhimligi,
murakkabligi va ahamiyatga bog‘liq holda fikrlash jarayoni turli davrlarda amalga oshadi. Bu
o‘rinda eng katta qiyinchiliklar aniq, haqiqatdan mavjud qurilma va ko‘rsatkichlardan abstrakt,
yaratilajak mavhum modellarga o‘tish va nazariy-tajriba sinov ishlarini bajarish bilan bog‘liq
bo‘ladi. Talabalardagi bilim va ko‘nikmalarni reproduktiv, reproduktiv-ijodiy, ijodiy-reproduktiv va
jjodiy darajalarga bo‘lib ko‘rsatadi. Shu asosda texnik ijodkorlik g‘oyalarini amalga oshirishning
fikrlash faoliyati produktiv va reproduktiv xususiyatlari almashuviga bog‘liq bo‘lgan to‘rtta davrini
ajratib oldik (1-rasm).

Birinchi davrda fikrlash gobiliyati
produktiv xususiyatiga ega bo‘ladi,
bunda mavjud muammoni anglash,
idrok gilish, yechimini topishga ehtiyoj ~ Produktivi- —— ——
sezish jarayoni boradi. lIzlanuvchining  Rreproduktiv
bilim va tajribasi qanchalik ko‘p bo‘lsa,
bu jarayon shu gadar kam vaqgt davom
etib, reproduktiv  xarakterga ega
bo‘lgan ikkinchi davr — muammo I
yechimini  topishga o‘tiladi. Bu
davrning davomiyligi ham izlanuvchi
bazaviy bilimi, tajribasi, dunyogarashi kengligi, qidirilayotgan yechimning izlanuvchi
mutaxassisligiga bog‘liq bo‘lib, unda qaralayotgan muammoning yechimi bo‘lib xizmat qila
oladigan holatlar tahlil gilinadi. Uchinchi produktiv davrda hal qilinishi lozim bo‘lgan muammo va
tanlangan yechim o‘zaro bog‘lanadi va texnik yechim konsepsiyasi taklif qilinadi. U ixtironi amalga
oshirishning eng mas’uliyatli davri bo‘lib, uning muvafaqqiyatli amalga oshirilishi taklif etilayotgan
g‘oyaning ijtimoiy bahosini shakllantirishga hal qiluvchi ta’sir ko‘rsatadi. Ya’ni yechim ijobiy

Fikilashfae: — e s o ms oo oo e s s ez e

| I [ o v | Davrlar
1-rasm. Texnik yechim g‘oyasini amalga oshirish davrlari.

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 205



KPATKHE COOBLIEHUA

natija bersa uning amaliyotga tatbig gilinishiga asos yaratiladi, yoki aksincha, yechim kutilgan

natijani bermasa u inkor qilinadi. To‘rtinchi, reproduktiv davrda taklif etilayotgan yechimni

asoslash uchun hisoblash va tajriba — sinov ishlari bajarilib, texnik yechimni ishlab chigishning
uchinchi davrida amalga oshirilayotgan ishlarning natijasi nazariy va amaliy isbotlab beriladi.

Har bir bosqichning natijaligi talabalarda texnik fikrlash, mehnat ko‘nikmalari va malakalari
rivojlanishi bilan uzviy bog‘liqdir.

Biz tomonimizdan tajriba natijalari asosida talabalarning ijodiy faoliyatiga tayyorgarlikni

beshta darajasini ko‘rsatuvchi me’yoriy ilmiy jihatlar aniqlandi. Ular quyidagilardan iborat: 1.

Talabalarning mashina shaklini takomillashtirish yoki detallarni ratsional joylashtirish magsadida

chizmaga, sxemaga qisman o‘zgartirish kiritib, berilgan hujjatlar bo‘yicha texnik loyiha tayyorlay

olishi. 2. Talabaning instruksiyalanishi oxiriga yetkazilib va berilgan texnik hujjatga yoki alohida
sxemaga o‘zgartirishlar kiritib mashinani yasay olishi. 3. Talabaning mashina konstruksiyasini
dastlabki original takomillashtirib va texnologik sxemaga mustaqil holda o‘zgartirishlar kiritib
tayyorlay olishi. 4.Talabaning original konstruktorlik g‘oyasini mustaqil holda texnologik jihatdan
ishlab chigishi va uni tayyorlashni uddalay olishi. 5. Talaba mashinaning original konstruktorlik,
ixtiro va ratsionalizatorlik g‘oyasini mustaqil holda asoslab, ta’riflab, hujjatlarni ishlab chiqib

mashina yasashni bajara oladi [5,7].

Xulosalar. Innovatsion muhandislikni mehnat bozori talablari bilan uyg‘unlashtirish
zamonaviy kadrlar tayyorlashning strategik asosi hisoblanadi [6]. Tadgigot natijalari shuni
ko‘rsatadiki, ta’lim mazmunini ishlab chiqarish ehtiyojlariga moslashtirish, amaliy ko‘nikmalar
ulushini  oshirish va sanoat bilan hamkorlikni  kuchaytirish muhandis  kadrlarning
raqobatbardoshligini ta’minlaydi. Shuningdek, innovatsion fikrlash, texnologik moslashuvchanlik
va mustaqil garor gabul qilish gobiliyatini shakllantirish mehnat bozorida bargaror ish bilan
ta’minlanishning muhim omili hisoblanadi. Shu bois, oliy ta’lim muassasalarida innovatsion
muhandislik ta’limini takomillashtirish, dual ta’lim elementlarini keng joriy etish va loyihaga
asoslangan o‘qitishni rivojlantirish orqali zamonaviy, ijodkor va ragobatbardosh mutaxassislar
tayyorlash mumkin.
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HACOC CTAHIUAJIAPTA YPHATHJITAH MAPKA3JIAH KOUMA HACOC _
AT'PETATJIAPUHU XUCOBJIAIII YCYJIN ACOCHJA DQHEPI'USI BA UKTUCOAUN
CAMAPAJIOPJIMK BAXOCH

B.M. Illakupos!, O.H. Cynaiimonos?, b.5. Illaxupos?, W.III. Ypunos!, U.A. A6ayrammopos?,
H.P. Mupsaxamaamonal
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YUnousicon Kuwnox xyocanueu 6a aspomexronozus uncmumymu,
2Qapeona Oasnam mexHuka yHusepcumemi
(Kabyn kununou 18.03.2026 11.)

Annomayusn: Yuby maxonaoa Hacoc CManyusiapuoa Kyaiauiaouean Maprazoan Kouma Hacoc
acpecamiapuHune JHepus CamMapadopauSUHU  Owupuw macaianapu  kypub uuxuieas. Hacoc
acpecamiapuHute Ul pexcumaapu, gotoaru uuwl Kosppuyuenmu 6a diexmp IHepeusicu capu
xucobaaw ycyaiapu maxaui KUIUHUO, SHepeus meiCcamkop MeXHOLOSUSIAPHU HCOPUL IMUUL OpKaau
OIUHAOUSAH UKMUCOOUU camapa Oaxonanean. TaoOKUKOmM Hamudicaiapu HAcoc CMAaHYusiapuoa
IKCNILYAMAYUOH XAPANCAMIAPHU KAMAUMUPULL UMKOHUSMUHU KYPCAMAOU.

Tasanu cyznap: Hacoc cmanyusacu, MApKa30aH KoUMa HACOC, SHepeusl camapaoopaueu, ouoaiu
U KO puyueHmu, UKmMuUcooull camapa.

Annomauyusn: B Oaunoti cmamve paccmompenvl B0NPOCHLI NOBGLIULEHUS DHEP2eMUUECKOll
aqbqbekmuel-locmu L]eHmp06€9fCHblx HACOCHbIX acpecamoe, NPUMEHAEMbIX HA HACOCHbIX CMAHYUAX.
Ipoananusuposansvl pexcumvl pabomvl HACOCHLIX azpe2amos, Kodpuyuenm noae3nozo Oelcmeus u
MemoOobl pacuéma nompeodieHUs 1eKmpUYecKoll SHepeull, a MaKice OYeHeH IKOHoOMuYeckull 3¢gexm,
oocmuzaemvlii 30 Cuém 6HeOpeHus 3HepzochOepezaowux mexroaocuti. Pezyrbmamul ucciedo8anus
NnoKaszvlearom 603MONCHOCNTb CHUINCERUSL DKCNLYaAmAayUOHHbLX 3ampanm Had HACOCHbIX CMAHYUAX..

Knrwuesvie ciaoea: HACOCHA:A cmanyuA, L;eHmp05€0fCHbl1Z Hacoc, dHepeemuveckas
agppexmuernocmo, KoIduyuenm none3no2o 0elucmsust, IKOHOMULECKULl Sghghexm.

Abstract: This article examines the issues of improving the energy efficiency of centrifugal pump
units used at pumping stations. The operating modes of pump units, their efficiency, and methods for
calculating electric power consumption are analyzed, and the economic benefits obtained through the
implementation of energy-saving technologies are evaluated. The research results demonstrate the
possibility of reducing operating costs at pumping stations.

Key words: pumping station, centrifugal pump, energy efficiency, efficiency (coefficient of
performance), economic efficiency.

byryuru kynna PecmyOmumkamuspa skamu 4.3 MJIH TeKTap Cyropuiagurad epjapHuHr 60
¢dousura akuH KucMu 1688 Ta Hacoc cranuusuiap Ba 4000 1aH OPTHUK CYropHIll KyIyKJIapH OPKIU
cyropwin0 ymi0y Hacoc craHuusuiapHuHr 74 dowmsu 30 HuinmgaH OpTUK DKCIUTyaTacHsl KWIMHHIINA
HaTWXKacHujJa arperarjap MaHaBUil SCKUpraHiuru cabaliM, HacOC CTaHLMSIIApAard arperatTjiapHu
Ul PpeKMMHMHU TapTUOIa CONUII caMapalid YCYJJIapUHU JKOPHUH 3TUII XHCOOMTa CyB XYXKaJlUru
OOBEKTIApUHU DJIEKTP DSHEPrusick ucTeMoiauHM Kamuzaa 10 d¢ousra KUCKapTUPHII XamJa
“V36exucTon PecryGnukacH CyB XyKaIUTHHH PHBOMIAHTHpHIIHEHT  2020-2030 itmmnapra
MY’KaJlaHraH KOHLEMUUsCH HUHT 6 O6o0uja CyB XOXalUTW Ba3HUPIUTH THU3UMHIATM HAcoC
CTaHLIMSUTAPHUHT WHJUIMK 3JIEKTP dHeprusicu ucremonunu 8.0 mapx .kBT. gan 2025 dunna 7 mupg
KBT. gan Ba 2030 iiunga 6 mupa.xkBT rava kamatupunumu keatupuiaras [1].

Ymly craHuusngapaa 3J€KTp SHEPrusiCMHUHT acoCHil KHCMM Mapka3JaH KouMa Hacoc
arperarjapyd TOMOHHUJAH MCTEBMOJ KWIMHAOU. DHEPIHsl PECypCIapuHUHI KMMMATJIAallyBd HAcOC
arperaTjapuHUHI SHEPrusi CcaMapaZOpJMIMHU OIIMPHUIN Ba UKTUCOAMN JKUXATAaH MakOyn
BapHaHTJIApHU TaHJAIIHU 10J13ap0 Macanara aitmantupmokna. Iy cababmu Hacoc arperaTmiapuHu
XycoOuiaml, oNnTuMai UMl PeXUMUHHM aHUKJIAIl Ba 3HEPIHsl TEKAMKOP TEXHOJIOTHSUIAPHU >KOPUMA
STHII MYXUM WIMHUI-aManuii axaMHsT KacO 3Tajiu.

TagKuKOT 00beKkTH “XaKuKaT-1K” HACOC CTAHIMSACH TEXHUK NMapaMeTpJiapu.

Iapametp Kuiimat
Hacoc typu J1630-90
Cys kyTapum 6amaummuru (H) 53 metp
Onektp aBurarens KyBBath (N) 315 kBt
Bocum kyBypu nuamerpu (D) 319 Mmm
Bocum kyByp y3ynmuru (L) 701 meTp
Hacoc cyB unkapuin Kooumusty (Q) 630 M3/coart
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J1630-90 mapkan HACOCHUHT CXEMacH Ba XapaKTePUCTHUKACH.

Hacoc cranmmsuiapuma 3HEpPTHs camMapaJopiiurd, acOCaH, HAcOC arperaTHHHHT ONTHMAJl HII
peXUMHIAa MILIAK OKOpU Qoiganu um koddduuuentura sra Oynumm OuinaH OelruiaHaiu.
ManaBuii 3CKHpPraHaurua cababiau, HacOCIapHM CyB YHKApUII KOOWIUSATH Macain® KeTHII
HaTWKacuaa XaKuKaT -1k HacoC CTaHNMSACHIA YJIBTPATOBYILIA PAacXoOJOMep KyBYp OpPKalIH CYB
cap@uHM YIYaHraHIa, HACOC arperaTMHUHT CyB caphu 567 m3/coartHn kypcarau. Ymidy Hacoc

arperatura capud OyiamuraH >J€KTp SHEPTUS MUKIOPU KyHUaruda aHuKIaHaIH.

p P 315 kBT.coat 0.555 B
. -_--———-———---- . H 'I
At @ 567 m¥/coar

Hacoc arperaTMHMHT WII PEXUMUHH TAaKOMWIUIAIITHPUIN HaTWkacuaa 1 coar maBoMuzia
YUKAPWITaH CYB MUKIOPHIA CE3WJIApIU Y3rapuil Kaia 3Twiau. XycycaH, sSTHTH HAaCOCHHHT HII
pexumu 6yiinua cys duKapuin KOOmsTH Quurn=630 M%/coaT X03Upru HACOC YCKUPTaH XOJIaTh/Ia 3¢a
Qocxu=567 M3/coatr Hu Tamkwn 3TaAu. CoaTnmk cyB capduaaru dapk Kyduaarun udoma OWIaH
AHMKJIAH/IN:

AQ = Qaum — Qsexn = 630 Maz'rcnar— 567 Maz’rcuar= 63 Mafcnar

Hemak, saru J1630-90 mapkaiu Hacoc arperaTUHU TaI0MK KUJIUII HATHXKacuaa xap Oup coar
WII JaBOMHJA KYIIMMYa paBulaa 63 M?/coaT cyB OpTHKYA YMKAPUINTA dpHUINTaH. Ma3Kyp Hacoc
arperaTMHUHT YMyMHH WOuiam gaBoMuiiurd 341 coaTHH TalIKWI ITraHUHU HHOOATra OJICakK,
YMYMHUI KyIIMMYa YUKAPWITaH CYB Xa)KMHU KyHHlarnya aHUKJIaHA U,

Qopracea = AQ -t =63-341= 21483m°

TaakuKoTIap MIyHW KYpcaTaauKH, SSHTH HACOC arperaTHHU CYB YMKAPHII KOOWIISITH XO3UPTH
KypcaTkuura HucOatan 21 483 m* cyBHM Kkynpok y3aragu. YmoOy saru J[630-90 mapkanu Hacoc
arperaTUHU Taa0MK KWIWII HaTW)Kacuaa KWIMHAIUTaH WKTHCOIUN caMapaJopiuK KyhHujaruda
AHUKJIAaHAJIH.

W =0Q" P
Oy epma: Q — OpTUKYA YHUKAPWITaH CYB XaXMH, Pyuen — Oup M* KyTapwiuim ydyH
capdiaHaJIuraH COJIMIITHPMA JJICKTP SHEPTHSL.
W=0Q F,= 21483m° - 0,555 kBr = 11923,06 kBT coat x 900 cjm

= 10 730 758,5 MaH. cfM
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ManaBuil 3ckupranauru cabaliau camapaJopiurd nacaliraH 3CKM Hacoclap YpHUTa SHIU
Hacoc arperaTuHu ypHatum opkaiu 10 730 758,5 MaH.cyM Mabnar Texalira dpuliniagm, 0y Hacoc
CTAaHLIMSICHHUHT HEPTe€TUK Ba UKTUCOANN caMapaJOpJIMTMHU CE3UIAPIIN Japa)kaaa OlIKUpaIu.
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KAMUGLERODLI PO’LATLARNI DASTAK YOYLI USULDA PAYVANDLASH VA
ELEKTRODLARNI QIZDIRISH VAQTINING NAZARIY HISOBI

S.A. Malikov

Namangan davlat texnika universiteti
(Qabul gilindi 18.03.2026 v.)

Annaotatysiya. Ushbu magqola payvandlash ishlariga va jarayonlariga bog’liq bo’lib
magolada payvandlashning dastak yoyli usulidan foydalanib payvandlashda yuzaga keladigan
jarayonning mohiyati va ushbu jarayonlarida elektrodning gizishi hisoblari keltirilgan.

Kalit so‘zlar: Payvandlash, dastak yoy, hisob gism, jarayon, material, deformatsiya, elektrod,
mohiyat, atomlararo, eritib payvandlash, elektr yoy.

Anuomauu}l. ﬂaHHa}Z cmambsil nocesiAuieHa ceapo4Hbim pa60mam u npoyeccam. B cmamuwe
PACKpbI8aemcs CYWHOCmMb Npoyecca py4Hotl 0yeo8oul ceapku. Takoice npusedensvl paciémol Hacpesa
eﬂekmpoda, 603HUKAoueco 6 xooe aaHHOZO npoyecca.

Knrouegvie cnosa: ceapra, pyunas 0y208as c8apka, pacuémuas 4acmes, npoyecc, Mmamepual,
6egbopmaz4uﬂ, 3Jze1<mpoa, CYUWHOCMb, MENCAMOMHbBIE CBA3U, CBAPKA NIABGIEHUEM, J1eKmpudecKkas
oyea.

Abstract. This article is devoted to welding operations and processes. It describes the essence
of the manual arc welding process. Additionally, calculations of electrode heating occurring during
this process are presented.

Keywords: welding, manual arc welding, calculation part, process, material, deformation,
electrode, essence, interatomic bonding, fusion welding, electric arc.

Kirish. Payvandlash - bu atomlararo kuchlarning ta’siri natijasida qattiq materiallari
biriktirish texnologik jarayoni bo'lib bular payvandlanayotgan gismlarda mahalliy bosim yoki
birgalikdagi plastik deformatsiya natijasida hosil bo'ladi. Bu deformatsiyalarni sigish kuchlari yoki
eritish haroratlari keltirib chiqaradi. Atomlararo kuchlar ta’siri oqibatida birikmalar hosil qilish
jarayoniga mareriallari payvandlash deyiladi. Ma’lum bo’lishicha, detal metali yuzasidagi
atomlarning erkin to'yinmagan alogalari mavjud bo'lib bular atomlararo kuch ta’siri masofasida
bo’lgan har xil atom va molekulalarni 0’z ichiga oladi.[1] Agar ikki metal detalni atomlararo kuch
ta’siri masofasigacha yaqinlashtirsak, ya’ni metall ichida qanday masofada bo'lishsa shungacha,
unda tutashgan yuzalarning bir butun ulanishini ko'ramiz. Metallarni payvandlashni bir necha uslub
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va usullarga bo’lib o’rganishimiz mumkin. Bular eritib payvandlash hamda bosim ostida

payvandlash uslublari bo’lib ular 0’z ichida turlarga ya’ni u

v

v

sullarga bo’linadi (1-rasm).
Ushbu payvandlash
usullari  ichida eng keng

Bosim ostida

targlgani bu goplamali elektrod
— bilan dastak yoyli payvandlash

usuli hisoblanadi.

| Yoyli dastakli
——  payvandlash - yoyli
| payvandlashda, yoy yonishi,

elektrod uzatilishi va siljitishi

qo‘lda bajariladi. Yoyli dastakli
| payvandlashda, yoy yonishi,
payvandlash davrida uni ushlab
turish, payvandlanayotgan yuza
bo‘yicha siljitishni payvandchi

1-rasm payvandlash usulublarining klasifikatsiyasi.

etadi. Payvandlash ishlarining asosiy hajmini 90-350 A va
18-30 V kuchlanishda bajariladi. (2-rasm) [2].

Asosiy gism. Metallarni payvandlashda ma’lum
belgilangan rejimlar tanlab olinadi. Payvandlash rejimi
deganda payvandlash jarayonida bajariladigan shartlar
yig‘indisi tushuniladi. Payvandlash rejimi parametrlari
asosiy va qo‘shimcha parametrlarga bo‘linadi. Payvandlash
rejimining asosiy parametrlariga tokning Kkattaligi, turi va
qutbi; elektrodning diametri, kuchlanish, payvandlash
tezligi va elektrod uchining ko‘ndalang tebranish Kattaligi
Kiradi, qo‘shimcha parametrlarga — elektrod qulochining
kattaligi, elektrod goplamasining tarkibi va galinligi, asosiy
metallning boshlang‘ich harorati, elektrodning fazodagi
vaziyati (vertikal, giya) va payvandlash vaqtida buyumning
holati kiradi. Elektrod simining diametri payvandlanadigan
metall galinligiga garab tanlanadi (1-jadval).

—— qo‘lda bajaradi. Normal yoy
uzunligi elektrod diametridan
0,5-1,1 ga oshmaydi. Elektrod
diametri 3-6 mm ni tashkil

.

1
2-rasm dastak yoyli payvandlash usulining
sxematik tuzilishi. 1 — elektrod o‘zagi;

2 — elektrod qoplamasi; 3 — gaz yoki gaz-
shlak himoya; 4 — payvandlash vannasi;
5 — payvand chok; 6 — shlak qoplamasi.

1-jadval

Uchma-uch birikmalarni payvandlashda payvand-lanayotgan
metall qalinligiga nisbatan elektrod simi diametri

metall  galinligi,
mm

Payvandlanadigan|0,5-1,5 |[1,5-3 [3-5 |68 [9-12|13-20

diametri, mm

Elektrod simining|1,5-2,0 [2-3 34 45 46 |56

Payvandlash ishlarini bajarishimizda ma’lum rejimlarni tanlab olishimizni hisobga olsak
elektrodlarni qizdirish uchun ham ma’lum rejimlar kerak bo’ladi.

Bunda avvalo Ct3 markali kamuglerodli po’latlarni payvandlash uchun M-3 markali
elektrod tanlab olamiz bu elektrod rutil qoplamali universal elektrod bo’lib tarkibi Temirdan

210 Scientific-technical journal (STJ FSTU, ®ATY UTX

, HTXK ®I'TY, 2026, T.30.crem.Boimyck Ne 6)



KPATKHE COOBLIEHUA

tashgari C (uglerod) - 0,08-0,15 % ni Mn (marganes) ~0.3-0.6% ni Si (kremniy) esa ~0.1-0.3%
ni tashkil giladi. Keling misollar orqali ko’rib chigamiz St3 markali kamuglerodli po’latni dastak
yoyli payvandlashda MP-3 markali universal elektrod bilan payvandlashda gizdirish tezligi W
o’zgarmas bo’lganda gancha vaqt ichida T-100 °C ga gizishini aniglaymiz.

Birinchi payvandlash rejimlarini belgilaymiz
Payvandlash rejimi: lyoy= 110...130 A, Uyoy= 28...32 V, d1 = 3 MM, d3 = 4,4 mMm,
T, = 20 °C. Bunda di-elektrod o’zagining diametri
Materialning issiglik-fizik koeffissientlarini giymatlarini jadvallardan olamiz. Bunda kamuglerodli
po’lat uchun: a = 8-:10"* J/(sm?-s-°C),cy, = 6 J/(sm3.°C),
o =15-10° Om-sm ni tashkil giladi.
Qizdirish tezligini quyidagi formula orgali hisoblaymiz:

pJ ‘- Ot(T _To )47(:123
w2t 4 1)
dt cy
Keyingi ishimiz to’k zichligini topish bo’ladi.
2 2
. I 41 4.120
2 6
g (ﬂTj - (mj - 26820 At @)
1 ¥ H

15.10°.2,88-10° —8-10*(100-20)-4-0,44/0,3
6

W

=7°C/s.

Endi esa masalamizning asosiy qismi bo’lgan elektrodimizni T-100 °C gacha gizishi uchun ketgan
vaqtni hisoblaymiz:

tzl:@ =14,3sek 3
w7

Xulosa. Xulosa o’rnida aytishimiz mumkinki Biz metallarni payvandlashda elektrodni
gizdirishni hisoblash orgali payvandlash rejimlarini hisoblashni o;rganishimiz mumkin. Bundan
tashgari olingan natijalarimizni amaliy ishlarimizga tadbiq etish orgali payvand choklarda kelib
chigishi mumkin bo’lgan nugsonlarni oldini olishimiz mumkin. Bu oddiy formula bilan emas, balki
issiglik ajralishi va fizik koeffitsiyentlar orqali topiladi.

Jarayonning fizik mohiyati. Bu yerda elektrod:
1. Elektr toki o‘tganda ichidan qiziydi (Joul-Lens qonuni)

2. Shu bilan birga atrofga issiqlik yo‘qotadi

Demak, real jarayon issiqlik kelishi (tok hisobiga), issiqlik yo‘qotilishi (atrof-muhitga) balansiga
asoslangan.

Bu masala orqali biz:
-Elektrod ganday qizishini fizik jihatdan tushunib oldik
-Tok va kuchlanishning ta’sirini ko‘rib chiqdik
-Issiglik yo“qotishlarni hisobga olishni o‘rganib oldik.
Ushbu masala nazariy + amaliy payvandlash fizikasi masalasi bo’lib elektrodni qizdirish oddiy
chizigli emas, balki:
-elektr energiya
-issiqlik sig‘imi
-issiqlik yo‘qotishlar hisobiga bog‘liqdir.
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UDK 631.314
KOMBINATSIYALASHGAN G‘ALTAKMOLANING GEOMETRIK PARAMETRLARINI
NAZARIY ASOSLASH

M.T. Mansurov, talaba O.G*. Tursunboyev

Namangan davlat texnika universiteti
mansurov1990mm@gmail.com
(Qabul gilindi 18.03.2026 vy.)

Annotatsiya. Ushbu maqolada kombinatsiyalashgan zichlovchi g ‘altakmolaning konstruktiv sxemasini
ishlab chiqish va uning geometrik parametrlarini nazariy asoslash bo ‘yicha tadgiqot natijalari keltirilgan.
Bunda kombinatsiyalashgan zichlovchi g ‘altakmola ishchi gismlarining geometrik o ‘Ichamlarini aniglash
imkonini beruvchi analitik ifodalar olingan hamda ularning tavsiya etilgan giymatlari sonli yechimlar
asosida aniglangan.

Aunomauus. B Oannoi cmamve npegedeHbl pe3yIbmamvl UCCIe008AHUN No  paspabomxe
KOHcmpyKWZI/IGHOﬁ cxemol KOM6MHup06(lHH020 npuxkamslearouieco Kamka u meopemudecKkomy obocHo8aNHUIO
ceOMEeMPUHECKUX napamenpoe. Hpu omom OwLiu NOJIY4€erHbl aHAIUumu4yecKue 6oblpdiCerusl, noseojiAaroujue
onpedeﬂumb ceomempudecKue pasmepol pa6oqux yacmeul KOM6uHup06aHH020 npuxkamslearoujeco Kkamka u
HA OCHO6€ YUC/IEHHbIX pemeﬂuﬁ noJjiy4ensvl uxpekomeﬂdyesze SHA4Y€HUA.

Knrouesvle cnosa. [Ipuxamvisarowuii kamox, 60po30a, ayK, OUCK, YUIUHOPUYECKUL, KIUHOBUOHDbIL,
KOHMH@CKMIZ, wupura.

Annotation. This article presents the results of research on the development of a design scheme of a
combined rolling roller and the theoretical justification of geometric parameters. At the same time,
analytical expressions were obtained that make it possible to determine the geometric dimensions of the
working parts of the combined rolling roller and, based on numerical solutions, their recommended values
were obtained.

Keywords. Rolling roller, furrow, bow, disc, cylindrical, wedge-shaped, conical, width.

Urug‘larni qatorlab ekish texnologiyalari, ekishni mexanizatsiyalash texnikalari bo‘yicha olib
borilgan ilmiy-tadgiqotlar va patent izlanishlar asosida shuni tahkidlash mumkinki, piyoz
urug‘larini qatorlab ekishda albatta pushtaning ustki qismi tekis va zichlangan, uning shakli
trapetsiyasimon, urug‘larni ekish uchun ochilgan tor arigchalarning devorlari zichlangan, ekilgan
urug‘lar mayin tuproqli qatlam bilan ko‘milishi lozim ekan [1, 2, 3].

Yuqorida keltirilgan texnologik jarayondan kelib chigib, piyoz urug‘larini gatorlab ekish
uchun egatning geometrik o‘lchamlarini asoslaymiz. Piyoz urug‘ini ekishda egatga qo‘yilgan asosiy
talablar biri bu uning kengligidir. [4] ga ko‘ra, O‘zbekiston sharoitida piyoz urug‘i kengligi 70 sm
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bo‘lgan egatlarga ekiladi yoki sepiladi, bunda sug‘orish egatining chuqurligi [5, 6] da keltirilgan
mahlumotlarga ko‘ra (10-15) sm. Piyoz urug‘ini ekish chuqurligi [7] ga asosan 1,5-2 sm, Qishloq
x0‘jaligini mexanizatsiyalash ilmiy-tadqigot instituti tomonidan ishlab chigilgan agrotexnik
talablarga ko‘ra, piyoz urug‘ini qatorlab ekish sxemalari quyidagicha, yahni (40x10x10x10)8/4 sm,
(40x15x15)8/3 sm, (50x10x10)8/3 sm va (50x20)8/2 sm [8, 9, 10].

Yugqoridagilardan kelib chiqib, piyoz ekiladigan egatning shakli va geometrik o‘lchamlarini
quyidagicha keltirish mumkin (1-rasm).

< b, >
= ) bm 5
~y b PR
4 A
<
I > v
a4 , /7 VL4 V4 Y4
- c3 o la bng N

1-rasm. Piyoz ekiladigan egatning shakli va geometrik o‘lchamlari.

Tahlillar va piyoz ekiladigan egatning shakliga muvofiq bir o‘tishda pushtaga trapetsiya shakl
berib, tekislab-zichlaydigan va urug‘lar uchun tor arigchalar ochadigan kombinatsiyalashgan
g‘altakmolaning konstruktiv sxemasini ishlab chigamiz.

Tavsiya etilayotgan konstruktsiyaning moxiyati shundan iboratki, g‘altakmola tarkibli qilib
tayyorlangan bo‘lib, aylanma xarakat qiladigan o°‘qqa tartib bilan kesik konussimon disklar xamda
tsilindrsimon va ponasimon xalqalarni bir-biriga biriktirish orqali yig‘iladi. Bunda tsilindrsimon
xalqalar qayishqoq rezinadan tayyorlangan bo‘lib ish jarayonida elastik deformatsiyalanib
tayanchlarga tushadigan reaktsiya kuchlarni va shovqinni kamaytiradi xamda ravon ishlashini
tayminlaydi. Agarda ish jarayonida urug® ekish chuqurligini o‘zgartirish lozim bo‘lgan xollarda
ponasimon Xalgalarni almashtirish mumkin, agarda qatorlar orasi kengligini o‘zgartirish lozim
bo‘lsa, u xolda qayishqoq rezinali tsilindrsimon xalqalar almashtiriladi.

Kombinatsiyalashgan g‘altakmola quyidagilardan iborat (2-rasm): aylanma xarakat qiladigan
pog‘onali 0°q 1, unga kiydirilgan pushtaning yon devorlarini zichlaydigan kesik konussimon disk 2
va 3 lar, pushtaning ustki qismini zichlaydigan ikki chetki 4 va 5 xamda uchta oraliq 6, 7 va 8
qayishqoq rezinali tsilindrsimon xalqalar, urug‘larni ekish uchun tor ariqchalar ochadigan
ponasimon xalga 9, 10, 11 va 12 lardan iborat. Ponasimon xalga 9, 10, 11 va 12 larda urug‘lar
uchun tor arigchalar ochadigan pichogsimon uchi 13 lar va tor arigchalardan defomatsiyalanib
chigqan tuproqgni urug‘ ekilgandan so‘ng ko‘mish uchun pushta yuzasida kichik cho‘qqilar xosil
qgiladigan o‘yiqcha 14 lar mavjud. Kombinatsiyalashgan g‘altakmolaning ishchi qismlari o‘zaro
qo‘zg‘almas o‘rnatilishi uchun o°q 1 ning bir tomonida kesik konussimon disklar 2 va 3 ning ichki
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==
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2-rasm. Kombinatsiyalashgan g‘altakmolaning konstruktiv sxemasi.
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diametridan katta bo‘lgan pog‘ona 15 mavjud, ikkinchi tomonida esa rezba ochilgan va ular prujina
shayba 16 va gayka 17 yordamida sigib qgotiriladi.

Seyalkalarning kombinatsiyalashgan galtakmolasi qo‘yidagi tartibda ishlaydi: ish jarayonida
0‘q 1 ga o‘rnatilgan kesik konussimon disklar 2 va 3 aylanma xarakat qilib pushtaga trapetsiya
shaklini berish uchun pushtaning yon devorlarini zichlaydi va talab etilgan chuqurlikda sug‘orish
egatlarini shakllantiradi. SHu bilan bir vaqtda qayishqoq rezinali tsilindrsimon xalqa 4, 5, 6, 7 va 8
lar pushtaning ustki qismini zichlaydi va tekislaydi, ponasimon xalqa 9, 10, 11 va 12 lar
pichogsimon uchi 13 yordamida pushtaning ustki gismidagi mavjud kesaklarni maydalaydi va
urug‘lar uchun tor ariqchalar ochadi. Ochilgan tor ariqchalardan deformatsiyalanib chiggan tuproq
ponasimon xalga 9, 10, 11 va 12 lardagi o‘yiqcha 14 lar yordamida ekiladigan urug‘larni ko‘mish
uchun pushta yuzasida kichik cho‘qgqilar xosil qilib ketadi.

Tavsiya etilayotgan seyalkalarning kombinatsiyalashgan g‘altakmolasi pushtaga trapetsiya
shaklini berishni, suv o‘tkazuvchanlikni va urug‘larni gatorlab bir tekis ekilishini tahminlaydi.
Kombinatsiyalashgan g‘altakmolani loyixalash uchun uning asosiy geometrik o‘lchamlarini nazariy

asoslaymiz.
by bs bs & \J% br
N\ ]

Kombinatsiyalashgan g‘altakmolaning

Y

aniqlanishi ko‘zda tutilgan asosiy geometrik
o‘lchamlari qo‘yidagilardan iborat (3-rasm):
g‘altakmolaning umumiy garmash kengligi
(b1), m; galtakmola tsilindrsimon qismining
kengligi (b2), m; g‘altakmola konussimon
gismining kengligi (bs), m.

Quyida kombinatsiyalashgan 7

id;
idj

galtakmolaning sanab o‘tilgan  asosiy
geometrik o‘lchamlarini asoslab chigamiz.
Kombinatsiyalashgan g‘altakmolaning
umumiy gamrash kengligi piyoz ekiladigan
pushtaning kengligiga teng bo‘lishi lozim,
yahni bi=70  sm. Lekin ushbu
kombinatsiyalashgan g‘altakmola mashina ramasiga maxkamlanishi va ish jarayonida o‘z o‘qi
atrofida aylanma xarakatni amalga oshirishi uchun u qayndaydir tayanchga o‘rnatilishi lozim.
Shuning uchun uning umumiy gamrov kengligini quyidagicha ifodalaymiz

b =b, -3s-2b, 1)
bunda be-piyoz ekiladigan pushtaning kengligi, m; s-ishchi organlar orasidagi tirgish, m; by-
kombinatsiyalashgan g‘altakmola tayanchi maxkamlanadigan ramaning qalinligi, m.

Agar ishchi organlar orasidagi tirgish s va kombinatsiyalashgan g‘altakmola tayanchi
maxkamlanadigan ramaning qgalinligi by lar 1 sm dan xamda piyoz ekiladigan pushtaning kengligi
b1 ni 70 sm ga teng ekanligini inobatga olsak, u xolda (1) ifodaga ko‘ra kombinatsiyalashgan
g‘altakmolaning umumiy gamrov kengligi 65 sm ga teng bo‘lishi kerakligi kelib chigadi.
Kombinatsiyalashgan g‘altakmola ish jarayonida pushtaning ustki qismini to‘liq qamrashi,
tekislashi va zichlashi uchun tsilindrsimon qismining umumiy kengligi piyoz urug‘i ekiladigan
zonaning kenligiga teng bo‘lishi lozim. SHuning wuchun 2 va 3-rasmlarga ko‘ra,
kombinatsiyalashgan g‘altakmola tsilindrsimon qismining umumiy kengligini quyidagicha
ifodalaymiz

bs bs | v
< >

b;

3-rasm. Kombinatsiyalashgan g‘altakmolaning asosiy
geometrik o‘lchamlarini aniglashga doir sxema.

b,=b,,, (2)
bunda bpe-piyoz ekiladigan pushtadagi piyoz urug‘i ekiladigan zonaning kenligi, m.

Demak, kombinatsiyalashgan g‘altakmola tsilindrsimon gismining umumiy kengligi (2) ga
asosan 43 sm bo‘lishi lozim ekan. Lekin, ekish va gator oralariga ishlov berish jarayonlarida traktor
shinalarining deformatsiyalanishlarini inobatga olib xamda o‘nib chiqqan ko‘chatlarga shikast
yetkazish xavfini kamaytirish magsadida uning giymatini 40 sm gabul gilib olamiz.

Kombinatsiyalashgan g‘altakmola konussimon qismining kengligini 3-rasmga ko‘ra,
quyidagicha ifodalaymiz
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-b
b, = % . (3)
Yuqorida aniqlangan qiymatlarni inobatga olsak, u xolda (3) ifodaga ko‘ra
kombinatsiyalashgan g‘altakmola konussimon qismining kengligi 12,5 sm teng bo‘lishi lozimligi
kelib chigadi.
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PIYODALAR O‘TISH JOYLARINI TARTIBGA SOLISH CHORA TADBIRLARI
S.U. Xujamqulov
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Annotatsiya. Ushbu ishda zamonaviy urbanizatsiya sharoitida piyodalar xavfsizligini ta’minlashning
dolzarb masalalari ko rib chigiladi. Piyodalar o ‘tish joylarida yo ‘I-transport hodisalarining oldini olishga
garatilgan muhandislik-texnik yechimlar va xalgaro tajriba tahlil gilingan. Tadgigot davomida "aqlli"
svetoforlar, tungi yoritish tizimlari va piyodalar ogimini boshgarishning innovatsion usullarini joriy etish
bo yicha aniq chora-tadbirlar ishlab chigilgan. Maqgola yo'l harakati xavfsizligi mutaxassislari va
shaharsozlik sohasi vakillari uchun mo ‘ljallangan.

Kalit so“zlar: transport, avtomobil, piyodalar, yotiq chiziglar, svetaforlar.

Abstract. This paper examines the pressing issues of ensuring pedestrian safety within the context of
modern urbanization. Engineering and technical solutions aimed at preventing road traffic accidents at
pedestrian crossings are analyzed, alongside international best practices. Throughout the study, specific
measures were developed for the implementation of "smart" traffic lights, night lighting systems, and
innovative methods for pedestrian flow management. The article is intended for road safety specialists and
urban planning professionals.

Keywords: transport, automobile, pedestrians, road markings, traffic lights.

Annomayusa. B oOannoii pabome paccmampuearomcsi AaKmyaibHvle GONPOChl 0becneyeHus
besonacHocmu newexo008 6 YCI08UAX cospemennol ypoanuzayuu. Ilpoananuzuposamvl UHICEHEPHO-
MexHuuecKue pewleHus U MeNHCOVHAPOOHbLL ONblM, HANPAGIeHHbIe HA HPeOOMEPAWEHUE OOPOICHO-
MPAHCNOPMHBIX NPOUCUECTEUIL HA Neulexo0uvlx nepexooax. B xode uccrnedosanusi paspabomarvl
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KOHKpemHble Mepbl N0 8HEOPEHUIO «YMHBIXY C8eMOpOpO8, CUCHeM HOUHO20 OC8eUjeHUs U UHHOBAYUOHHbIX
Memo008 ynpasneHus neulexoonvimy nomokamu. Cmamvs npednasHauena O CREYUAIUcmos no
bezonacHocmu 00POACHO20 OBUIICEHUS U npedcmagumeell cghepvl 2padocmpoumensbCmaa.

Knioueswie cnosa: mpancnopm, asmomoouns, neuexoosl, O0POI*CHAS PAZMEMKA, C8emopopbl.

Farg‘ona viloyatida piyodalar ishtirokidagi yo‘l-transport hodisalari (YTH) bo‘yicha aniq va
tahliliy ma’lumotlar quyidagilardan iborat. Shuni ta’kidlash lozimki, viloyat aholi zichligi eng
yugori hududlardan biri bo‘lgani sababli, piyodalar bilan bog‘lig hodisalar masalasi doimo dolzarb
bo‘lib kelgan.

Hodisalarning asosiy sabablari:

Belgilanmagan joydan of‘tish: YTHIarning katta gismi piyodalarning yo‘Ini
belgilanmagan, ya’ni piyodalar o‘tish joyi mavjud bo‘lmagan gismlaridan kesib o‘tishi natijasida
sodir bo‘ladi.

Tezlikni oshirish: Haydovchilarning piyodalar o‘tish joyiga yaginlashganda tezlikni
kamaytirmasligi.

Tungi vaqt va yoritish: Hodisalarning gariyb 40-50% qismi kunning qorong‘u vaqtida,
yoritish darajasi past bo‘lgan o‘tish joylarida yuz beradi.

Statistik ragamlar (Taxminiy yillik tahlil):

Respublika miqyosida sodir bo‘layotgan YTHlarning taxminan 10-12% qismi Farg‘ona
viloyati hissasiga to‘g‘ri keladi.

Piyodalar ishtirokidagi hodisalar umumiy YTHIarning deyarli yarmini (45-50%) tashkil etadi.
Bu juda yuqori ko‘rsatkich.

Zamonaviy hayotda avtomobil transporti inson faoliyatining ajralmas gismiga aylanib ulgurdi.
Yo‘llar har doim avtomobillar, velosipedchilar, piyodalar va boshqa ishtirokchilar bilan gavjum.
Ammo bu intensiv harakatlar jarohatlanish va noxush hodisalarga olib kelishi mumkin. Shuning
uchun yo‘l harakati havfsizligi haqidagi bilimlarni chuqurroq tushunish va ularga rioya qgilish juda
muhimdir.

Birlamchi goidalar

Har bir haydovchi o'zini nazorat gilishni o'rganishi lozim. Haydovchilik davomida emosional
holat, jismoniy kasalliklar yoki charchash havf ostiga tushishiga sabab bo'lishi mumkin. Shuning
uchun:

Avtomobil boshgarishdan oldin dam oling.

Stressli yoki nerv bo'lgan paytlarda haydovchilikdan voz keching.

Texnik jihatdan to'g'ri tayyorgarlik

Avtomobilning texnik holati ham yo‘l havfsizligida ahamiyatli rol o‘ynaydi. Har safar yo‘lga
chigishdan oldin quyidagilarga e’tibor bering:

Shinalarning bosimi va holatini tekshiring.

Tormoz tizimining ishlayotganligiga ishonch hosil giling.

Faralarning toza va ishlayotganligiga e’tibor bering.

Mashina moyi va suv sathi darajasini nazorat giling.

Qoidalar va belgilarga rioya qilish

Har bir davlatda yo‘l harakati qoidalari mavjud, shu bilan bir qatorda bizning davlatda ham,
ular hayotni saglash uchun mo‘ljallangan. Bu qoidalarga amal qilish haydovchining mas’uliyati
hisoblanadi:

Tezlik chegarasini buzmaslik.

Oc‘tish, ulash va to‘xtash qoidalariga rioya qilish.

Piyodalarga va boshga transport vositalariga hurmat bildirish.

Yol belgilari va signallariga e’tibor berish.

Boshqa ishtirokchilarga hurmat

Yo'l harakatida fagat siz emas, balki boshga odamlar ham mavjud. Ularga hurmat bildirish va
ularga havfsizlik yaratish har bir haydovchining vazifasi:

Velosipedchilarga va piyodalarga imkon qadar ko‘proq joy tashlash.

Kuchli shamol yoki yomg‘ir sharoitida tezlikni kamaytirish.
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Kunning ko‘rinmas paytida faralar yordamida yo‘lning yaxshi ko‘rinadigan qilib ushlab
turilishi.

Zamonaviy hayotda transport vositalarining soni tobora ortib bormoqgda. Bu esa bir tomondan
insonlarning harakatlanishini osonlashtirsa, ikkinchi tomondan yo‘l harakati xavfsizligi
muammolarini kuchaytirmoqda. Har yili minglab odamlar yo‘l hududlarida sodir bo‘lgan baxtsiz
hodisalarga duch keladi. Shuning uchun ham, yo‘llarda harakat qilishda havfsizlikni ta’minlash har
bir fugaroning bosh vazifasi hisoblanadi.

Jamiyatda xavfsizlik madaniyatini tarbiyalash

Yol harakati havfsizligini ta’minlash faqat qonuniy talablarga amal qilish bilan
cheklanmaydi. Buning uchun jamiyatda xavfsizlik madaniyatini rivojlantirish ham muhim:

e O‘quv muassasalarida yo‘l havfsizligi darslari: Maktab va bog‘chalarda bolalarga
yo‘l harakati qoidalari haqida darslar o‘tish.
o ljtimoiy reklama va axborot kampaniyalari: Radio, televizor va ijtimoiy tarmoqlarda yo‘l
havfsizligi haqgidagi axborotlarni targatish.
Nafagat transport vositalari bundan tashgari boshga ishtirokchilar velosipedchilar va
piyodalar ham chorrahalardan o‘tish qoidalariga qat’iy rioya qilishlari shart.

1-rasm. Piyodalar o°tish joylari. 2-rasm. Piyodalar o‘tish joylari.

Shahar markazlaridagi 1.14.1 oq sariq rangli “zebra” piyodalarning o‘tish joyi chizig‘i
o‘rniga 1.14.3 yotiq chizigning yo‘naltirgichlari piyodalarning hatakatlanish yo‘nalishini
ko‘rsatuvchi chizig‘iga almashtishi kerak. Bu bilan biz
piyodalarning piyodalar o‘tish joylarinidan o‘tishlar
sonini ortirishimiz mumkin ya’ni yo‘lning o‘tag‘onlik
koeyfitsentini oshirishimiz mumkin.

Piyodalar o‘tish joylarida piyodalarning gatnov
&8 gismiga chigib  mashinalarning  harakatlanishiga
¥ to‘sqinlik qilmaslik maqgsadida kutish chegaralarini
§ belgilab qo‘yish zarur.

Piyodalar o‘tish joylarini yetarli darajada
yoritish zarur. Bu bizga transport vositalariga

" -y / harakatlanish paytida piyodalarini yetarli darajada
3-rasm. Yoritilgan piyodalar o‘tish joyi. ko‘rinishini ta’minlaydi, xavfsizlikni yetarli darajada
oshiradi.
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PAHTA O‘SIMLIGINI AQLLI SUG*ORISH TIZIMI ORQALI SUV SARFINI
KAMAYISHINI TAHLIL QILISH
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Annotatsiya: Ushbu maqolada paxtachilikda an'anaviy sug'orish usullarining suv sarfi samaradorligi
va zamonaviy aqglli sug'orish texnologiyalarining imkoniyatlari giyosiy tahlil gilingan. Tadgigotda loT
sensorlar, masofaviy zondlash (drone va sun'iy yo'ldosh), machine learning algoritmlari hamda tomchi
sug'orish tizimlarining integratsiyalashgan modeli ko'rib chigilgan.Tahlil natijalari shuni ko'rsatadiki,
an'anaviy kanal sug'orish usulida bir vegetatsiya davri davomida gektariga o'rtacha 8 500 m? suv sarflanadi,
holbuki Al-sensor asosidagi aqlli tizim bu ko'rsatkichni 3 200 m* gacha — ya'ni 60% dan ortiq —
kamaytirish imkonini beradi. Bundan tashgari, magolada O'zbekiston sharoitida ushbu texnologiyalarni
joriy etishning ekologik va igtisodiy ahamiyati, shuningdek, joriy etishdagi asosiy to'siglar va ularni bartaraf
etish yo'llari ko'rib chigilgan. Maqola agrotexnologiya, suv resurslari menejmenti va qishlog xo'jaligi
ragamlashuvi sohasidagi mutaxassislar, tadgigotchilar hamda siyosatchilar uchun mo'ljallangan.

Kalit so'zlar: aqglli sug'orish, paxta, 10T, suv tejash, tomchi sug'orish, machine learning, O'zbekiston,
suv resurslari.

Abstract: This article presents a comparative analysis of water use efficiency in traditional irrigation
methods and the potential of modern smart irrigation technologies in cotton cultivation. The study examines
an integrated model combining 0T sensors, remote sensing (drones and satellites), machine learning
algorithms, and drip irrigation systems. The findings indicate that conventional canal irrigation consumes
an average of 8,500 m? of water per hectare over a single growing season, whereas Al-sensor-based smart
irrigation systems can reduce this figure to 3,200 m* — a reduction of over 60%. In addition, the article
discusses the ecological and economic significance of adopting these technologies under Uzbekistan's
specific conditions, as well as the primary barriers to implementation and potential strategies to overcome
them. The article is intended for specialists, researchers, and policymakers in the fields of agrotechnology,
water resource management, and agricultural digitalization.

Keywords: smart irrigation, cotton, 10T, water conservation, drip irrigation, machine learning,
Uzbekistan, water resources.

Annomayua: B Oannou cmamve NPoBeOEH CPAGHUMENbHbIN aHalu3 3pgexmuenocmu
8000N0Ib306AHUS npu mpaduuuonﬁblx Memooax opouteHus u 803MOIICHOCmEU COBPEMEHHBIX MexHoN02Ull
UHMELIEKMYANIbHOZ0 OPOWEHUsL 8 XJIONKOBoOCmeEe. B uccie0o8anuu paccmMompeHa uHmezpuposanHas
MoOenb, obveounsaowas loT-0amuuku, oucmaHyuoHHoe 30HOUPOBanue (OpPOHbL U CHYMHUKY), Al20pUMMbl
MAMWMUHHO20 O6y1£€Hu}Z Uu cucmemvl KanejilbHoco OPpOULEHUA.

P€3y]lbmal’l’Zbl aHaau3la nokaswvlearom, 4mo mpac)uuuonnoe KaHajlbHoe opouileHue nompe6fz;lem 6
cpeonem 8 500 M3 600b1 Ha 2exkmap 3a 0OUH Be2eMAYUOHHDBIL HEPUoOd, mMo20a KaK UHMEeLLIeKmyaibHAas
cucmema Ha ochoge Al-Oamuukos nozeonsiem cHuzumo smom nokazamenv 0o 3 200 m?> — mo ecmv Oonee
yem Ha 60%. Kpome moeo, 6 cmambsve pacemampuearomcst 9KoJlocu4ecKkoe U IKOHOMUYeCKoe 3HAYeHUue
6‘H€()p€HM}Z OAHHBIX MEXHON02Ull 6 YCaosusx Y36eKucmaHa, a makoie OCHOBHble 6apbepbz HA nymu ux
6H€()p€Hu}l U 603MOJICHbIE nymU Ux npeodOﬂesz.

Cmamoes  npeouasnauwena OJs CHEYUATUCMO8, UcCaedosamenell U NOIUMUKOE 8 obaacmu
azpomexHonocull, YRPasieHusi 60OHbIMU PECYPCAMU U YUPDPOBUZAYUU CEbCKO20 XO3AUCMEA.

Knroueevie cnoesa: UHmelleKmyaibHoe opoulerue, XJIOnok, IOT; 600006@])@9!6‘61—!146, KaneivbHoe
opouleHue, MawurHoe obyuenue, Y30eKucmat, 600HblE PECYPCHL.

O'zbekiston sharoitiga xos asosiy ragamlar (ilmiy asosda)

Paxta — dunyoning eng ko'p suv talab giladigan ekinlaridan biri. Bitta kilogramm paxta tolasini yetishtirish
uchun o'rtacha 10 000 litr suv sarflanadi. Aqglli sug'orish texnologiyalari bu ko'rsatkichni 30-50% ga
kamaytirish imkonini beradi.
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10 000 L
1 kg paxta tolasiga sarflanadigan suv (an‘anaviy)
45%
aglli tizim bilan mumkin bo'lgan tejash
60%
O'zbekiston gishloq xo'jaligida suv ulushi
2050

yilgacha global suv tanqisligi prognozi

An'anaviy va aqlli sug'orish: asosiy farglar

An'anaviy sug'orish:Dala-kanal orgali suv berish, 30—40% suv yo'qotiladi

Jadval bo'yicha sug'orish

Tuprog namligini bilmasdan

Yuza va ildizdan bug'lanish yuqori

Aglli sug'orish tizimi: Tomchi yoki namlash usuli,5-10% dan kam yo'qotiladi,Sensor ma'lumotlariga
asosan,Real vagtda tuprog namligi,Bug'lanish minimallashtiradi

Suv sarfi tagqoslagich (m’/gektar, vegetatsiya davri)
An‘anaviy kanal

8500 m?
Yomg'irlatish

6 100 m?
Aglli tomchi

4200 m?
Al-sensor tizim

3200 m?

Aglli tizim ganday ishlaydi?

Zamonaviy aglli sug'orish tizimlari bir nechta texnologiyani birlashtirib ishlaydi. Dala bo'ylab joylashtirilgan
tuprog namligi sensorlari, harorat va havo namligi o'lchagichlari real vagtda ma'lumot to'playdi. Bu
ma'lumotlar markaziy loT platformaga uzatiladi va sun'iy intellekt algoritmlari gachon, gancha suv berish
kerakligini hisoblab chigadi.

10T sensorlar

Tuproq namligi, harorat, sho'rlanishni 24/7 o'lchaydi
Masofaviy zondlash

Drone va sun'iy yo'ldosh orgali o'simlik holati tahlili (NDV1)
ML modellari

Ob-havo va o'sish fazasiga garab sug'orish rejasini tuzadi
Tomchi tizim

Ildiz zonasiga anig miqdorda suv yetkazadi

O'zbekiston uchun ahamiyati

Orol dengizi havzasidagi suv tangisligi va iglim o'zgarishi sharoitida O'zbekiston uchun aglli sug'orishga
o'tish nafaqat igtisodiy, balki ekologik zaruratdir. Mamlakatimizda paxta yetishtirish uchun yiliga 12—-14
milliard m? suv sarflanadi. Aqlli texnologiyalarni keng joriy etish orqali bu ko'rsatkichni 5—6 milliard m?
gacha kamaytirish mumkin — bu Amudaryo yillik ogimining taxminan 20 foiziga teng.

Sensorli tomchi sug'orish tizimlarini go'llagan tajriba dalalarda hosildorlik 15-20% ga oshgani holda suv
sarfi 40% dan ko'prog kamaygan. Bu ikkala magsad — hosil va suv tejashni bir vagtda amalga oshirish
mumkinligini ko'rsatadi.
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Qiyinchiliklari va yechimlar

Aqlli sug'orish tizimlarini joriy etishning asosiy to'siglari — dastlabki investitsiya xarajatlari yuqoriligi,
fermerlarning texnologik savodxonligi yetarli emasligi va infrastruktura (internet, elektr)
yetishmovchiligidir. Ushbu muammolarni hal gilishda davlat subsidiyalari, fermerlar birlashmalari orgali
texnika umumiy ishlatilishi va mobil ilovalar asosidagi oddiy boshgaruv tizimlari samarali yondashuv
hisoblanadi.

Bosgich  Sug'orish boshlanish chegarasi O'zbekiston tuproglari uchun VWC

Unib chigish  FC ning 70% 0.21 m*/m?
Rivojlanish FC ning 70% 0.21 m*/m?
Gullash—ko'sak FC ning 70% 0.21 m*/m?
Pishish FC ning 60% 0.18 m*/m?

Toshkent atrofi silt loam tuprogda FC = 0.30 m?*/m? ekanligini hisobga olsak, bu ragamlar bevosita sensor
o'gishiga mos keladi. Qashgadaryo va Xorazm viloyatlarida tuproq turli bo'lgani uchun alohida kalibrovka
tavsiya etiladi — aynan Evett (2007) tadgigoti buning amaliy yo'lini ko'rsatgan.

1. Eng keng gamrovli meta-tahlil

Touil va boshg. (2022), Irrigation and Drainage jurnali — 2005-2024 yillar oralig'ida chop etilgan 150 ta
ilmiy maqgola asosida: tuprog namligi sensorlari suv sarfini 20-92%, evapotranspiratsiya kontrollerlari 20—
71%, yomg'ir sensorlari 7-50% ga kamaytirdi, hosil sifati va o'sishi saglab golindi. An'anaviy nazorat
gilinadigan defitsit sug'orish esa fagat 13%o suv tejalishi bilan hosildan 25% yo'gotdi. Bu ragam aynigsa
muhim: ya'ni, "kamroq suv ber, tejamkor bo'l'" deb oddiy kamaytirsangiz, hosil yo'qotasiz. Ammo sensor
asosida aniq boshgarsangiz — ham suv tejaysiz, ham hosil o'sadi.

2. O'zbekistonning o'z tadgiqoti — eng muhim manba

Ibragimov, Evett va boshq. (2007) — Toshkent yaginidagi UNCGRI Markaziy tajriba stansiyasida 2003—
2005 vyillarda o'tkazildi. FC ning 70% da sug'orish rejimi go'llanganda tomchi sug'orish jo'yak sug'orishga
nisbatan suv unumdorligini o'rtacha 71% oshirdi. Ibragimov va boshg. shuningdek shuni ko'rsatdiki:
tomchi sug'orish paxta hosildorligini 10-19% ga oshirdi. Bu ragamlar O'zbekiston sharoiti — sho'rlangan
tuprog, gattiq yoz, suv taqchilligi — da olingan.

3. Qashgadaryo viloyati — nima bo'ladi, agarda nazorat zaif bo'lsa

Qashgadaryo (Qarshi cho'li) tadgigotida paxta sug'orishni texnologiya go'llanganda ham natija pastrog
chiqdi, sababi: malakali mutaxassislar yetishmasligi sababli sug'orish jadvalini nazorat gilish giyinlashdi,
natijada rejalashtirilgandan ko'ra ko'prog suv stressi yuzaga keldi. ResearchGate

Bu — aynan Sl tizimining asosiy zarurligini ko'rsatadi: texnologiya borligining o'zi yetmaydi, uni to'g'ri
boshqarish kerak. Sl tizimi insoniy xatolarni bartaraf etadi.

4. 10T tizimining bevosita igtisodiy samarasi

Igtisodiy taqgoslash ko'rsatdi: aqlli tizim bir xil hosil uchun 61.4% kamroq suv ishlatadi. Dastlabki sarmoya
an'anaviy tizimga garaganda +400% gimmat, ammo operatsion Xarajat 50% arzon. Pakistan tajribasi (9 oy,
2 gektar limon bog'i): 1oT + garor go'llab-quvvatlash tizimi go'llanganda 50% kamroq suv ishlatildi, shu
bilan birga hosil 35% oshdi. Daromad ham 35% yuqori bo'ldi.

5. Aqglli tizimning go'shimcha isbotlangan foydalari

Sun'iy intellekt asosidagi sug'orish tizimlari real vaqtda ekin salomatligi, ob-havo va tuprog namligini
kuzatib, sug'orish rejalarini optimallashtiradi. Bu tuproq sho'rlanishi va botgoglanishni ham oldini olishga
yordam beradi. O'zbekistonda sug'oriladigan yerlarning 50% allagachon sho'rlangan — bu muammo bevosita
ortigcha va noto'g'ri sug'orishdan kelib chigadi.
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Annotatsiya: Mazkur magolaning mohiyati, mamlakatimizda barcha sanoat tarmoglari ishlab-
chigarish korxonalarida tikuv jixozlarini qo‘llash va ularni harakatlari bo ‘yicha to‘liq ko ‘rsatilgan,
Respublika hududlarida ta’mirlash va texnik xizmat ko 'rsatishda muammolar kelib chigmogda. Ushbu
magolada yengil sanoatda xam nagadar bunday muammo muhim ahamiyatga ega ekanligi va
vertikaltekislikda aylanma harakat giluvchi moki mexanizmini texnologiyasini faoliyat olib borilishi yoritib
berilgan.

Kalit so‘zlar: shlaklar, rangli metal, listli plankalar, mexanizm, materiallar, elektrod, similar o ‘rami,
metal gatlami.

Annomauyusa: Cywnocms OauHOU cmamvy @ NOAHOU Mepe PACKpulng 8 NPUMEHEHUU WEElHO20
000py0osanus u e20 0elUCmeUsx Ha NPOU3800CMEEHHBIX NPEONPUAMUAX 8CEX OMPACiel NPOMbIULIEHHOCIU
Hawell CMpanbsl, 603HUKAIOM NPOOAEMbL NPU PEeMOHmMeE U COOepIHCAHUY meppumoputi pecnyoauxu. B dannoii
cmambove O5’b}ZCH}Z€n’lC}1, HACKOJIbKO 6aJ2CHaA makKkas npo6ﬂeMa 8 J11e2Koll NPOMbILULIEHHOCMU U MEeXHOol0cUuU
YEJIHOYHO20 MeXaHuIma, nepemeuiaronecocs 6 6€pmul('ajle012 nrockocmu. Knroueswie cnosa: uinakx, MGBWIHOIZ
Memanun, IUCMo8ol NPOKAmM, MeXaHusM, Mamepuaisl, 31eKmpoo, N0O0OHA YNAKOBKA, CIOU Memdaid, CIAb,
cnjaesl, J1eMerRmbl, OCmamok, mMawuHocmpoernue, CelbCKoe XOB}ZIZCH’WO, OoCHacmka, cmeno. 060py60@anue,
OoCHacmka, npucnoco6ﬂeﬂue, Memoduka, mexHolocusd, napamempbsl, 6HYmMpeHHee U HaApysICHoe omeepcmie,
woe, epawameilbHoe osuoicerue.

Knrouesvle cnoea: winax, yeemuou Memaui, JUCMOBOU NPOKAM, MEXAHUM, MAMEPUATbl, IeKmpoo,
n000OHAA YNAKOBKA, CIIOU Memalld.

Abstract: The essence of this article is fully shown in the use of sewing equipment and their actions in
the production enterprises of all industrial sectors in our country, problems arise in the repair and
maintenance of the republic's territories. This article explains how important such a problem is in the light
industry and the technology of the shuttle mechanism moving in the vertical plane.
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Kirish

Vertikal tekislikda aylanma harakat giluvchi moki mexanizmlari 1022, 97-A, 862 sinf va ular
bazasida yaratilgan mashinalarida ishlatiladi. Moki mexanizmlari chok xosil gilish jarayonida bosh
val bilan bir xil tezlik yoki aylanishda harakat gilsa uning burunchasi igna ipini ushlab ola olmaydi,
chunki igna ipi solgisi bosh valning 200° burchakga burilganda to‘liq xosil bo‘ladi. Bu davrda esa
moki burunchasi o‘ng tomonga o°tib ketgan bo‘ladi. Igna ipi solqisini o‘z vaqtida ushlashni
ta’minlash uchun moki mexanizmiga ko‘p xollarda 2 marta ko‘p harakat beriladi va u vazifa tishli
g‘ildiraklarni tishlari sonini o‘zgartirish yoki barabanli tasmali uzatmalarda baraban diametrini
o‘zgartirish orqali amalga oshiriladi[1].

1022-M ,,Orsha’’ (Belorussiya) rusumli tikuv mashinasi kostyumbop, paltobop va qishki
harbiy kiyimlik gazlamalarni ikki ipli bitta moki baxyakator yuritib tikishga mo‘ljallangan. Asosiy
valning aylanish chastotasi 4500 ayl/min ga etadi, baxya uzunligini 0 dan 5 mm gacha o‘zgartirsa
bo‘ladi.

Nazariy gism

Tikiladigan gazlamalarning tepki tagida kisilgan holatdagi galinligi 8 mm gacha. Mashina
tanasining ishchi qulochi 260 mm. Ne 90-150 ignalar ishlatiladi. Mashina tanasiga
markazlashtirilgan moylash sistemasi, naychaga avtomatik ip uraydigan qurilma joylashtirilgan.
Ko‘pgina birikmalarda tebranish podshipniklari ishlatilgan. 1022 rusumli tikuv mashinasi asosida
turli vazifali, takomillashtirilgan bir gancha tikuv mashinalari ishlab chigarilmogda. 1022-M va
1022 rusumli tikuv mashinalarining bir-biridan farki shundaki, aylanma harakat asosiy valdan
taksimlash valiga tishli G‘ildiraklar yordamida emas, balki tishli tasma yordamida uzatiladsi,
materiallarni surish mexanizmining konstruktsiyasiga kichigrok massali detallar ishlatilib
o‘zgartirish kiritilgan. Mexanizmlar mashina platformasi tagidagi moy karteri ichiga joylashgan
1022-3 rusumli tikuv mashinasi
kuylak va bolalar kiyimlarining
detallari girgimlarini
magizlashga, 1022-4 esa palto
detallari girgimini magizlashga
mo‘ljallangan.

1022-4 tikuv mashinasi
konstruktsiyasining o‘ziga xos
xususiyati shundaki, shakllagich
(magizlagich) tishli reyka bilan

kinematik bog‘langan.
Suriladigan shakllagich
qo‘llanilishi, ishlovchini

kamrok charchatib, detal

o o ~qgirgimlariga  ishlov  berish
1-rasm. a. 1022-M OZLM rusumli tikuv mashinasi moki va materialni surish sifatini oshirish imkonini

mexanizmlarining konstruktiv sxemasi. .
beradi.

Hozirgi vaqgtda Orsha yengil mashinasozlik firmasida 1822 rusumli tikuv mashinasi
chiqarilayotgan bo‘lib, u ko‘ylak, kostyum va paltolarga bezak baxyakator yuritish uchun
ishlpatiladi. Baxyasi 10 mm gacha vyiriklashtirilgan. 1322 rusumli tikuv mashinasida igna berilgan
holatda (ustki va ostki holatda) mexanik tarzda tuxtatish, tepkini avtomatik ko‘tarish, ipni Ip taqish
va uning tarangligini sozlash. girgish qurilmalari mavjud. 1022-M OZLM rusumli tikuv mashinasi
moki mexanizmi - Mashinada markaziy naychali bir tekis aylanadigan moki ishlatiladi (rasm 1).
Asosiy val 1 ga (1-rasm) ikkita vint 2 yordamida tishli baraban 3 mahkamlangan; taksimlash vali 18
ga ikkita vint 16 yordamida tishli ostki baraban 15 mahkamlangan. Bu barabanlarga plastmassadan
yasalgan tishli tasma 5 kiydirilgan bo‘lib, tasma 5 ni uk buylab siljishi barabanni xalqali ariqchasiga
qo‘yilgan prujinali o°‘rnatish xalqalari 4 yordamida bartaraf etiladi [2].
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Tagsimlash vali 18 sharikli podshipnik 17 va ikkita vtulka 19,73 da aylanadi. Tagsimlash vali
18 ning uk buylab siljishi o‘rnatish xalqasi 20 yordamida bartaraf etiladi. Tagsimlash vali 18 ga
ikkita vint 69 yordamida
kiya tishli g‘ildirak 21
mahkamlangan bo‘lib, u
moki vali bilan birga
tayyorlangan g‘ildirak 22
bilan ilashadi iql:2. Moki
vali mashina korpusiga vint
31 bilan mahkamlangan
vtulka 30 da aylanadi[3].

Moki valining chap
uchiga ikkita vint 33
yordamida moki 34
mahkamlangan.Maxovik
g‘ildirak aylantirilganda,
moki 34 soat mili harakatiga

2-rasm. b. 1022-M OZLM rusumli tikuv mashinasi moki va materialni  garshi aylanadi. Mokining
surish mexanizmlarining kinematik sxemasi. uchi ignaga uz vagtida etib

kelishi vintlar 33 ni bo‘shatib, moki 34 ni burib rostlash yuli bilan bajariladi. Bunda igna eng pastki
holatidan 1,6-1,9 mm ko‘tarilganda moki uchi igna kuzidan 0,9:1,1 mm yuqorida turishiga erishish
lozim. Moki uchi 34 bilan ignaning orasidagi masofa 0,1-0,5 mm bo‘lishi kerak. Ushbu masofa vint
31 ni bo‘shatib, vtulka 30 ni 0‘q bo‘ylab siljitish yuli bilan rostlanadi [4].

Mokini avtomatik moylash sistemasi. Moki va gazlamani surish mexanizmlaridagi bir kancha
birikmalarining avtomatik
moylanib  turishi  uchun
mashina platformasi tagida
maxsus moy Kkarteri bor.
Karterni mashina
platformasi qo‘yma
burtiklariga to‘rtta vint 24
yordamida mahkamlangan
mashina kopkogi 19 hosil
qilib turadi (3-rasm). Moy
okib  ketmasligi  uchun
gopgoqg 19 bilan platforma
go‘yma burtiklarining
orasiga gistirma 25
qo‘yilgan[5].

2 Platforma kuyma
3-rasm. Mokini avtomatik moylash tizimi. burtiklariga vint 23
yordamida vtulka 5
mahkamlangan, platforma yo‘nalmasiga esa vint 11 yordamida pilik 18 ni tutib turadigan plastina
12 mahkamlangan. Moy pilik 18 orgali moki vali 13 ning konus gismiga va gisman radial teshik 10
orgali kanal 4 ning ukiga kelib tushadi. Moyning kolgan gismi moy xaydovchi rezba 9 orqali
chapga yo‘nalib, moki vali 13 bilan vtulka 5 ning tutatish joylarini moylaydi[6]. Moy xaydovchi
rezba 9 orqali moy moki vali 13 ning o‘rta o‘yikchasiga tushadi va radial kanal 7 bo‘ylab moki
valining ichiga utib va kanallar 4, 3 orqali moki pazi 1 bilan naycha tutgich belbog‘ining tutash
joylari moylanadi. Moy xaydovchi rezba 6 ga moy tushib, moki vali 13 ning o‘rta o‘yikchasidan
zarrachalari kanal 8 ga otilib chigadi va teshik 22 orqali paz 20 dan gopqoq 19 ning karteriga kaytib
keladi. Moki vali 13 ning konussimon yuzasida moy zarralarini tutib turadigan moy sidirish
plastinalari 16 vint 17 yordamida vtulka 5 ning yo‘nalmasiga mahkamlanadi. Moki vali 13 bilan

o

A f) 8 9 g0 11 12 3 14

e ) )
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birgalikda tayyorlangan tishli g‘ildirak 14 katta tishli g‘ildirak karterdagi moyga botishi natijasida
moylanadi [7].
Xulosa

Yugqorida keltirilgan jadvallardan xulosa qilib shuni ta’kidlash joizki, bichuvchilari uchun
ishlab chigilgan bo‘lib, unda qo‘llanilgan tikuv mashina jihozlarining markasi va nomi
keltirilmagan. Keyingi vyillarda tikuvchilik ishlab chigarish korxonalari texnik darajasi va
imkoniyatlaridan kelib chiggan holda olib boriladi va jixozlarga gqo’yilayotgan talablar oshib
bormoqgda. Fan-texnika va ijtimoiy ishlab chikarishdagi o‘zgarishlar, yangilanish davri texnika
va texnologiyalarni yangi avlodini joriy etish, iqtisodiyotning yangi asosini yaratishdek
murakkab sharoitda bormoqda. Bunday o‘zgarishlar albatta, soha mutaxassisini bilim darajasini
keng gamrovli, mukammal ayni paytda aniq mutaxassislikni egallashga qaratilgan bo‘lishini
tagozo etadi.
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Annotatsiya: Ushbu ilmiy maqolada hozirgi kungacha keng qo ‘llanilib kelinayotgan hamda bugungi
kunda takomillashgan va ommaga taqdim etilayotgan jeans (denim) matolarining o ‘zaro farglari chuqur
tahlil qilinadi. Tadgigot davomida ularning xomashyo tarkibi, tolalar sifati, aralash materiallardan
foydalanish darajasi hamda ishlab chigarish texnologiyalaridagi o ‘ziga xos jihatlar ilmiy asosda
o ‘rganiladi. Shuningdek, an’anaviy va zamonaviy denim matolarining fizik-mexanik xossalari, jumladan
mustahkamlik, elastiklik, asinishga chidamlilik va qulaylik darajasi solishtirma tarzda baholanadi.
Magolada denim matolarining zamonaviy yengil sanoatda tutgan o ‘rni, ulardan tayyorlanayotgan
mahsulotlarning bozordagi ahamiyati va iste 'molchilar talabi bilan bog ‘ligligi ham ko ‘rib chigiladi. Bundan
tashqari, innovatsion denim matolarining ustunliklari, ularning ekologik bargarorlikka qo ‘shayotgan
hissasi, resurs tejamkorligi hamda atrof-muhitga salbiy ta’sirini kamaytirishdagi roli ham batafsil
yoritilgan.

Kalit so‘zlar: denim, an’anaviy denim, innovatsion denim, indigo bo ‘yoq, stretch denim, barqaror
modda.
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Annomauyusn. B 0annou HayyHOU cmamove npedcmasieH yeayOieHHbll aHAAU3 PA3TUYULL MeNCOY UUPOKO
UCnoib3yemovimu 0o HacmosAweco 6pemernu OAHCUHCOBLIMU ~ MKAHAMU U YCOBEPULEHCNMBOBAHHBIMU,
NpeoCcmasienHbiMu ce200Hs nyonuke mamepuaiamu. B xooe ucciredosanusa na HayyHol ocHoO8e U3YUAIOMCSL
ux Cbzpbeeoﬁ cocmae, Kavecmeo 60JI0KOH, VYPOBEHb UCNOJIb306AHUA CMEWAHHbIX Mamepuaios Uu
cneuu¢uuecz<ue acnekmol MexHOA02Ul I’lpOMS’BO@CI’I’lGCl. Taxoice npoeo@umc;z CpasHumenvbHasl OYEeHKa
dmsuKo-MexaHuquKux ceoticme mpa()uuMOHHblx U COBPEMEHHBIX ().?fCMHCOGblx I’I’IKaHeﬁ, BKIIOYAsl NPOYHOCNIb,
ajlacmuyrHocms, UBHOCOCMOUKOCMb U KOM(Z)Opm. B cmamve maxorce pacemampueaenici poJib anCMHCOGblx
mKaneu 6 COBpeMeHHOﬁ JN1e2KOU npomsluiieHHocmu, 6AlNCHOCMb npodykuuu U3 HUX Ha pvlHKe U UX C643b C
nompebumenvckum cnpocom. Kpome moeo, noopobno o006cyxncoaromest npeumyuecmed UHHOSAYUOHHBIX
OJICUHCOBBIX MKAHel, UX 6KIA0 8 IKOL0SUYECKYIO YCMOUYUBOCb, pecypco 3(dexmusHocms u poib 8
CHUMICEHUU He2AMUBHO20 8030eliCIEUS HA OKPYICAIOUWYIO CPEDY.

Knrouesvle cnosa: oenum, mpaouyuoHHbll OeHUM, UHHOBAYUOHHBIL OCHUM, UHOULOBbIU KPACUMED,
2NIACMUYHbBIY deHuM, IKOJI02UYHAA MKAHb.

Abstract. This scientific article provides an in-depth analysis of the differences between jeans (denim)
fabrics that have been widely used to this day and those that have been improved and presented to the public
today. During the study, their raw material composition, fiber quality, the level of use of mixed materials,
and specific aspects of production technologies are studied on a scientific basis. Also, the physical and
mechanical properties of traditional and modern denim fabrics, including strength, elasticity, wear
resistance, and comfort, are comparatively evaluated. The article also examines the role of denim fabrics in
modern light industry, the importance of products made from them in the market, and their relationship to
consumer demand. In addition, the advantages of innovative denim fabrics, their contribution to
environmental sustainability, resource efficiency, and their role in reducing the negative impact on the
environment are also discussed in detail.

Keywords: denim, traditional denim, innovative denim, indigo dye, stretch denim, sustainable fabric.

Nazariy qgism

Denim matosi yengil sanoatning eng ommabop va talab yuqori bo‘lgan materiallardn biri
hisoblanadi. Denim matosi-bu an’anaviy ravishda 100% paxtadan tayyorlangan, bardoshli,
mustahkam va zich to‘qilgan mato. Tarixiy jihatdan denim ilk bor Fransiyaning Nimes shahrida
ishlab chiqarilgan (“serge de Nimes”-denim atamasining kelib chigishi shundan). Keyinchalik u
AQShda, ayniqsa Levi Strauss tomonidan ishlab chiqarilgan jinsi shimlar orqali mashhur bo‘lib
ketgan. Denim matosi ko‘pincha ko‘k rangda bo‘ladi, bu esa indigo bo‘yoqdan foydalanish bilan
bog‘lig. Uning asosiy mexanik xususiyatlariga yuqori cho‘zilish kuchi (taxminan 350-450 N
egrilik), yugori ishgalanishga garshiligi va spandex bilan aralashtirilganda elastiklik va qulaylikning
yaxshilanishi kiradi. Dastlab ishchi kiyimlar uchun mo‘ljallangan denim bugungi kunda kundalik,
sport va hatto klassik kiyimlarda keng qo‘llanilmoqda. U quyidagi yo‘nalishlarda keng qo‘llaniladi:
Kundalik kiyimlar(jinsi shim , kurtka), dizaynerlik kolleksiyalari, aksessuarlari(sumka, poyabzal).
Zamonaviy texnologiyalarning rivojlanishi natijasida an’anaviy denim matolari bilan bir gatorda
innovatsion xususiyatlarga ega yangi avlod denimlari ishlab chigilmogda. Denim ishlab chigarish
jarayonida zamonaviy texnologiyalar qo‘llanilib, uning ekologik ta’sirini kamaytirish ustida ham
ish olib borilmogda.Masalan: Suv sarfini kamaytiruvchi texnologiyalar, organik paxta ishlatish,
gayta ishlangan tolalardan foydalanish. Ushbu maqolaning asosiy magsadi-an’anaviy va
innovatsion denim matolarini taqgoslash hamda ularning afzalliklarini ilmiy asosda yoritishdan
iborat.

Denim to‘qimasining strukturaviy tavsifi. Denim-bu sarja(twill) to‘qima turiga mansub bo‘lib,
unda iplarning o‘zaro joylashuvi diagonal chiziglarni hosil qiladi. Denimda odatda quyidagi rapport
ishlatiladi: 3/1 sarja (twill 3/1). Uchta asosiy ip ustidan, bitta arqoq ip ostidan o‘tadi. Kamroq
hollarda: 2/1 yoki 2/2 sarja. Bu tuzilma quuyidagi xususiyatlarni ta’minlaydi: yuqori zichlik va
mustahkamlik , sirtning notekisligi (diagonal effekt ), ishgalanishga chidamlilik.

Bo‘yash texnologiyasi denim ishlab chiqarishda indigo bo‘yoq keng qo‘llaniladi. Uning
Xususiyati-suvda erimaydigan pigment, reduksiya(leuco-indigoga aylantirish) orgali ipga
singdiriladi, oksidlanish natijasida ip yuzasida rang hosil qgiladi. Bo‘yashning selektivligi fagat
asosiy iplar (warp) bo‘yaladi, arqoq iplar (weft) bo‘yalmaydi yoki oq holda qoladi. Natijada esa
mato yuzasi ko‘k rangli, ichki qismi och rangli bo‘ladi.
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1.An’anaviy denim matosining xususiyatlari.

An’anaviy denim matosi asosan 100% paxta tolalaridan tayyorlanadi va qiya to‘qima usulida
ishlab chiqariladi. An’anaviy denim matosi quyidagi tolalardan tashkil topadi. Paxta
tolasi(Gossypium)-asosiy component (90-100%). Uning asosiy belgilaridan biri- iplarning indigo
bo‘yoq bilan bo‘yalishi va matoning orqa tomoni och, old tomoni esa to‘q rangda bo‘lishidir. Shu
bilan birga indigo bo‘yoq tolaga to‘liq singmaydi, faqat yuzasiga qoplanishi natijasida , vaqt o‘tishi
bilan rang asta-sekin oqaradi hamda “fading” efekti paydo bo‘ladi. Denim turli og‘irlikda bo‘ladi :
og‘ir denim- gattiqg va bardoshli, yengil denim-yumshoq va qulay.An’anaviy denimning asosiy
afzalliklari quyidagilardan iborat: yuqori chidamlilik va mustahkamlik, havo o‘tkazuvchanlik, tabiiy
tolalar asosida ishlab chiqarilishi, uzoq muddat xizmat qilishi. Shu bilan birga, an’anaviy denimning
kamchiliklari ham mavjud bo‘lib, ular orasida elastiklikning pastligi, og‘ir vazni va ishlab chiqarish
jarayonida suv hamda kimyoviy moddalar sarfining yuqoriligi keltiriladi.

2.Innovatsion denim matolarining rivojlanishi.

Innovatsion denim matolari zamonaviy texnologiyalar asosida ishlab chigilib, ularning
tarkibiga polyester-chidamlilik va shaklni saglash uchun, elastan(2-5%), viskoza kabi sun’iy va
sintetik tolalar qo‘shiladi. Bunday matolar nafaqat mustahkamlik, balki qulaylik va funksionallik
jihatidan ham ustunlikka ega.

Innovatsion denim turlariga quyidagilar kiradi:

Stretch denim- elastan qo‘shilishi natijasida cho‘ziluvchanlikka ega;

Recycled denim- gayta ishlangan tolalardan tayyorlanadi;

Eco denim- suvni kam sarflovchi va ekologik xavfsiz texnologiyalar asosida ishlab chiqgariladi;

Smart denim- antibakterial, suv itaruvchi yoki issiglikni saglovchi xususiyatlarga ega.

3.An’anaviy va innovatsion denim matolarining taqqoslanishi.

An’anaviy denim matolari tabiiyligi va mustahkamligi bilan ajralib tursa, innovatsion denimlar
qulaylik, yengillik va zamonaviy dizayn talablariga mosliggi bilan ustunlik giladi. Innovatsion
denimlar kiyim konstruksiyasida harakat erkinligini ta’minlaydi va iste’molchilar ehtiyojiga
moslashuvchan hisoblanadi.

Ekologik jihatdan ham
innovatsion denim matolari
an’anaviy denimga nisbatan
samaralirog  bo‘lib,  suv,
energiya va kimyoviy
moddalar sarfini
kamaytirishga xizmat giladi.

Innovatsion (smart 1-
rasm.) va an’anaviy (2-rasm.) e = : S i
denim matolari. 1-rasm. 2-rasm.

Xulosa.

Xulosa qilib aytganda, an’anaviy va innovatsion denim matolari yengil sanoat tizimida muhim
o‘rin egallaydi hamda ularning ahamiyati turli texnologik va ekspluatatsion xususiyatlar orqali
namoyon bo‘ladi. An’anaviy denim matolari, asosan, paxta tolalariga asoslangan holda ishlab
chiqarilib, o‘zining yuqori mexanik mustahkamligi, aginishga chidamliligi va uzoq muddat xizmat
gilish xususiyatlari bilan ajralib turadi. Shu bilan birga, ular klassik dizayn va tabiiy tarkibi sababli
iste’molchilar orasida doimiy talabga ega.

Innovatsion denim matolari esa zamonaviy ilmiy-texnologik yutuglar asosida takomillashtirilib,
tarkibiga elastik tolalar, sintetik komponentlar hamda funksional qo‘shimchalar kiritilishi orqali
yangi sifat ko‘rsatkichlariga ega bo‘lmoqda. Xususan, bunday matolar yuqori darajadagi elastiklik,
qulaylik, namlikni boshqarish, antibakteriallik va yengillik kabi xususiyatlarni ta’minlaydi. Bundan
tashqari, ekologik muammolarning dolzarbligi sababli, innovatsion denim ishlab chigarishda suv va
energiya sarfini kamaytiruvchi, kimyoviy moddalarni cheklovchi hamda gayta ishlashga
yo‘naltirilgan texnologiyalar keng qo‘llanilmoqda.
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Shu jihatdan, kelajakda denim sanoatining bargaror rivojlanishi innovatsion yondashuvlar,
ekologik toza ishlab chigarish texnologiyalari va resurs tejovchi usullar bilan uzviy bog‘liq bo‘lib
goladi.
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Abstract. Newborn clothing requires special attention in terms of both production technology and
sanitary-hygienic safety. This article explores the crucial requirements that must be met in designing and
manufacturing garments for newborns. It highlights the importance of textile selection, sewing techniques,
environmental safety, ergonomic design, and hygienic certification standards. Recommendations are also
provided for improving the quality and safety of clothing for infants.

Keywords. newborns, baby clothing, hygiene, textile, safety, ergonomic, infant health

Annotatsiya: Yangi tug'ilgan chagaloq kiyimlari ishlab chigarish texnologiyasi va sanitariya-
gigiyena xavfsizligi nuqtai nazaridan alohida e'tibor talab giladi. Ushbu magola yangi tug'ilgan
chagaloglar uchun kiyimlarni loyihalash va ishlab chigarishda bajarilishi kerak bo'lgan muhim talablarni
o'rganadi. Unda to ‘qimachilik mahsulotlarini tanlash, tikuv texnikasi, ekologik xavfsizlik, ergonomik dizayn
va gigiyenik sertifikatlash standartlari muhimligi ta’kidlangan. Shuningdek, chaqaloglar uchun kiyim-
kechak sifati va xavfsizligini oshirish bo'yicha tavsiyalar berilgan.

Kalit sozlar: yangi tug'ilgan chaqaloglar, chagalogq kiyimlari, gigiena, to'gimachilik, xavfsizlik,
ergonomik, chagalog salomatligi

Annomauun. Ooedicoa 018 HOBOPOICOEHHBIX mpebyem 0c00020 SHUMAHUAL KAK C MOYKU 3PEeHUs.
mexHoJjocuu np0u360()cm6a, maxk u CdHumdeO-ZuZueHull&?CKOIZ bezonacrocmu. B oanmon cmamve
paccmampuearomcs OCHOBHble mpe606aHu}z, Komopbvie OO0JIICHBL yuumsledmsvCsi npu npoeKmupoearnuu u
npouzeoocmee 00excobl 0iisi HOBOPoxCOeHubix. Ocoboe eHUMaHUe YOensiemcs 6blO0py MeKCIMULbHBIX
mamepuanoe, MmexHoa02UAM weeltHo20 npou%ot)cmsa, IKOJI02UYECKOU 6630]’16101—!00}111/!, IP2OHOMUYUHOMY
ou3aiiny, a makice CMaHOApmam cueueruieckoi cepmugurayuu. Taxoice npedcmasienvl peKoOMeHOAyUY no
NOBBIUEHUIO KAYecm8a U He30NACHOCMU 00edCObl, NPEOHAZHAYEHHOU OJist MIAOCHYES.

Knroueevie cnosa: HOGOpOOdeéHHbl@, oemckasl oaeofcda, cucuena, mexKcmujibHvle mamepuansl,
be30nacHocmb, 3P2OHOMUKA, 300P0Bbe MIADEHYES.

Newborn clothing requires special attention in terms of both production technology and
sanitary-hygienic safety. This article explores the crucial requirements that must be met in
designing and manufacturing garments for newborns. It highlights the importance of textile
selection, sewing techniques, environmental safety, ergonomic design, and hygienic certification
standards. Recommendations are also provided for improving the quality and safety of clothing for
infants [1].
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Newborn babies have highly sensitive skin, immature immune systems, and limited ability to
regulate temperature. Therefore, the design and production of their clothing must meet strict
hygienic and technological standards. Clothing is not only a means of protection but also a tool for
thermoregulation and comfort in the early stages of life. A carefully designed garment supports the
baby's well-being and reduces risks of dermatological and allergic reactions [2].

Natural and organic fibers such as organic cotton and bamboo are preferred due to their
breathability, softness, and hypoallergenic properties. These fabrics ensure maximum comfort and
reduce the risk of allergic reactions. Additionally, all fabrics must be tested for harmful substances
such as formaldehyde and azo dyes, which are strictly prohibited in baby garments.

Material properties

Table 1
Fabric Type Key Property Advantages Restrictions / Notes
Organic Cotton |Softness, Minimizes skin irritation |Must be OEKO-TEX
Breathable certified

Bamboo Fiber |Hypoallergenic,

Moisture-wicking

Reduces allergic reactions |Avoid chemically

treated bamboo

Polyester
Blends

Durability, Stretch

Maintains shape, supports
thermoregulation

Must be free of harmful
residues

Wool (Merino)

Thermal insulation

Keeps warm in cold
climates

Sensitive skin may
require lining

Flat seams are mandatory to prevent friction against sensitive skin. Labels should be printed
or placed externally. Avoid hard elements like zippers, rough Velcro, or sharp snaps. Instead, use
soft plastic or covered snap closures. Buttons should be securely sewn with reinforced backing to
prevent choking hazards.

Proper sizing is essential for growth accommodation and mobility. Clothes must not be tight
around the neck or chest. Kimono-style wrap tops and footed sleepers with adjustable closures are
highly recommended. Patterns must consider average measurements of neonates and infants,
including limb flexibility.

All garments must meet international safety certifications, such as 1SO 14184-1 for
formaldehyde content and OEKO-TEX® Standard 100[3]. In some countries, local regulations
such as GOST 31408-2009 apply. Items in direct contact with newborn skin must be free of
carcinogenic and sensitizing substances.

Safety standarts
Table 2
Standard Parameter Tested Allowed Limits / Notes
ISO 14184-1 Formaldehyde Content | Must be below 75 mg/kg

OEKO-TEX 100
GOST 31408-2009

Harmful Substances
Chemical Residues, pH

Certification required
Compliance mandatory in local market

Newborn clothing must be machine washable at high temperatures (60°C or more) without
significant wear. Only neutral pH detergents should be used to avoid residue build-up. Fabric
softeners containing fragrances or dyes are discouraged.

Sustainability is an added concern. Garments should not shed microplastics during washes
and should preferably be made from biodegradable materials. Packaging should also comply with
eco-friendly guidelines.

Clothes should insulate in cold conditions and ventilate in hot weather. Fabrics with thermo-
regulating properties are ideal. Layering systems using bodysuits, onesies, and outerwear allow
flexibility in various climates.
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Functional properties

Table 3
Functional Recommended Fabrics|  Application Examples Importance (%)
Property
Elasticity Polyester + Elastane Sportswear, sleepers 90
blend
Hygiene Cotton + Antibacterial  [Hospital gowns, infant wear |85
fiber
Durability Polyester blends Outerwear, protective wear |80
Thermal Insulation Wool, Merino, bamboo (Winter wear, layered systems |75
Moisture Bamboo, cotton blends |Summer wear, bodysuits 70
Management

The baby’s skin should not be in direct contact with seams or elastics. Clothing with inner
padding around cuffs or edges minimizes friction. Special designs are recommended for preterm
infants whose skin is even more fragile.

Parents and medical personnel should be able to dress and undress the infant quickly. Closure
systems must be intuitive and allow for easy diaper changes. This reduces stress for both caregiver
and child.

Clinical studies by pediatric hospitals have shown a correlation between certified garments
and reduced rates of infant eczema. A 2022 Korean study by Park et al. indicated that OEKO-
TEX® certified textiles reduced rashes by 40% [4]. Another trial in Sweden demonstrated
improved sleep duration among infants dressed in thermo-regulating onesies.

Newborn clothing is a critical component in early infant care. Meeting both technological and
sanitary-hygienic standards ensures that garments support the baby's health, comfort, and growth.
With growing awareness and technological advancements, the industry must continue to innovate
while upholding global safety and hygiene benchmarks [5]. Another important consideration is the
psychological impact of clothing on newborns. Colors, textures, and fabric patterns may influence
the baby's emotional response and development. Studies suggest that soft, pastel colors tend to have
a calming effect on infants, promoting better sleep and reduced crying episodes.

Furthermore, seasonal adaptation of newborn clothing is critical. In colder climates, layered
garments made from insulating natural fibers help maintain body temperature. In hot or humid
conditions, breathable and moisture-wicking fabrics prevent overheating and rash formation [6].

In recent years, smart textiles have begun to emerge in the field of infant clothing. These
materials can monitor body temperature, track sleep patterns, and alert caregivers to potential
health concerns. Although still in developmental stages, such innovations represent a promising
future for newborn care.

Finally, ethical manufacturing practices should not be overlooked. Brands committed to fair
labor, sustainable sourcing, and transparency in supply chains gain more trust from consumers.
Parents increasingly seek assurances that the products they choose for their newborns are not only

safe but also ethically produced.
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Annotatsiya: Ushbu maqgolada gorizontal tekislikda aylanma harakat qiluvchi  moki
mexanizmlarining tuzilishi, ishlash prinsipi va asosiy xususiyatlari ko rib chiqgilgan. Moki mexanizmining
tikuv jarayonidagi o ‘rni, iplarning o ‘zaro bog ‘lanish jarayoni hamda chok hosil bo ‘lish mexanizmi ilmiy
asosda yoritilgan. Shuningdek, ushbu mexanizmlarning afzalliklari, kamchiliklari va zamonaviy tikuv
mashinalaridagi qo ‘llanilishi tahlil gilingan.

Kalit so‘zlar: moki mexanizmi, gorizontal aylanish, tikuv mashinasi, chok hosil bo ‘lishi, ip halqasi,
g ‘altak, mexanizm, tikuv texnologiyasi

Annomayus: B OanHOl cmambe paccmMompenvl KOHCMPYKYUS, NPUHYUN pabomvl U OCHOBHbIE
XapakmepucmuKku 4elHOYHblLX MEXAHU3IMOB C 6pauyamelbHbIM osudicenuem 6 zopuaonaﬂbﬁoﬁ niockocmu.
OCG@LL;@HCI POJIb YEIHOUYHO20 MeXAHU3IMA 6 npoyecce uuntvs, npoyecc nepenjiemerus Humeti u 06pa306aHue
CmeodcKa Ha HayHHOﬁ ocrnose. Takoice npoaHalIu3upoeaHsvl npeumyuecmed, Hedocmamku u npumeHeHue
OAHHBIX MEXAHUZMOE 6 COBPEMEHHBIX WBECUHBIX MAUUHAX.

Knrwueevie cnosa: uennounwviil MEXAHU3M, cOPU3OHmMANIbHOE e6palierue, weetnas mauiuna,
06p61306aH1/l€ cmedicKa, nenuisl Humu, wnyaibKa, MeXaHusm, mexnoaocusld uumos

Annotatsiya: This article discusses the structure, working principle, and main characteristics of
shuttle mechanisms with rotational motion in a horizontal plane. The role of the shuttle mechanism in the
sewing process, the interlacing of threads, and stitch formation are explained on a scientific basis. In
addition, the advantages, disadvantages, and applications of these mechanisms in modern sewing machines
are analyzed.

Keywords: shuttle mechanism, horizontal rotation, sewing machine, stitch formation, thread loop,
bobbin, mechanism, sewing technology

Kirish

Tikuv mashinalari yengil sanoatning muhim texnologik vositalaridan biri hisoblanadi. Ular
kiyim-kechak, maishiy buyumlar va turli to‘qimachilik mahsulotlarini ishlab chiqarishda asosiy rol
o‘ynaydi. Tikuv jarayonining sifati va samaradorligi esa bevosita mashinaning asosiy ishchi
mexanizmlariga bog‘liq bo‘lib, ular orasida moki mexanizmi alohida ahamiyatga ega.

Moki mexanizmi tikuv mashinasida iplarning o‘zaro bog‘lanishini, ya’ni chok hosil bo‘lish
jarayonini ta’minlaydi. Ushbu mexanizmning ishlash aniqligi va barqgarorligi tikuv sifatiga,
iplarning uzilmasligiga hamda umumiy ishlab chiqarish unumdorligiga katta ta’sir ko‘rsatadi. Shu
sababli moki mexanizmlarining turli konstruksiyalari ishlab chiqilgan va amaliyotda qo‘llanib
kelinmogda. Zamonaviy tikuv mashinalarida gorizontal tekislikda aylanma harakat giluvchi moki
mexanizmlari keng tarqalgan. Bunday mexanizmlar an’anaviy tebranma (vertikal) moki
mexanizmlariga nisbatan bir gator ustunliklarga ega. Xususan, ular yuqori tezlikda ishlashi, kam
shovqin chigarishi, vibratsiyaning pastligi va chok sifatining yuqoriligi bilan ajralib turadi. Bu esa
ishlab chigarish jarayonini yanada samarali va qulay giladi.

Bundan tashqari, gorizontal aylanma moki mexanizmlari konstruktsiyasining takomillashuvi
natijasida ularning ishonchliligi ortib, xizmat muddati uzaygan. Shu bilan birga, ularni sozlash va
ekspluatatsiya gilish jarayonida muayyan texnik bilim va aniqlik talab etiladi.

Ushbu magolada gorizontal tekislikda aylanma harakat giluvchi moki mexanizmlarining
tuzilishi, ishlash prinsipi, afzalliklari va qo‘llanilish sohalari batafsil yoritib beriladi.

Moki mexanizmining vazifasi va ishlash prinsipi. Moki mexanizmi tikuv mashinasining
asosiy funksional mexanizmlaridan biri bo‘lib, u chok hosil qilish jarayonining markaziy bo‘g‘ini
hisoblanadi. Ushbu mexanizmning asosiy vazifasi igna yordamida hosil gilingan yugori ip halgasini
tutib olish va uni pastki ip bilan o‘zaro bog‘lash orqali mustahkam chok hosil qilishdan iborat. Bu
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jarayon natijasida ikki ipli, ya’ni qulf chok hosil bo‘ladi va u tikuvning mustahkamligini
ta’minlaydi [1]. Tikuv jarayonida igna asosiy ishchi organ sifatida gazlamani teshib o‘tadi va yuqori
ipni igna plastinasi ostiga olib tushadi. Ignaning pastki holatidan yugoriga gaytishi vaqtida ip
bo‘shashadi va igna orqasida halga hosil bo‘ladi. Aynan shu bosqichda moki mexanizmi ishga
tushadi va hosil bo‘lgan ip halqasini ilib oladi. Moki mexanizmining ishlash prinsipi shundan
iboratki, u igna ipidan hosil bo‘lgan halgani o‘zining ilgak qismi yordamida tutib olib, uni
kengaytiradi va 0‘z o‘qi atrofida aylantirib pastki ip bilan chalishtiradi. Natijada yuqori va pastki
iplar o‘zaro bog‘lanib, chok hosil qiladi. Ushbu jarayon har bir tikuvda takrorlanadi va tikuv
mashinasining uzluksiz ishlashini ta’minlaydi [2]. Gorizontal tekislikda aylanma harakat giluvchi
moki mexanizmlarida bu jarayon yanada silliq va uzluksiz amalga oshiriladi. Bunda moki tebranma
emas, balki doimiy aylanish harakatini bajaradi. Shu sababli ip halgasini ilib olish va uni
chalishtirish jarayoni tezroq va bargarorrog amalga oshadi. Bu esa tikuv tezligini oshirish va chok
sifatini yaxshilashga xizmat giladi [1]. Shuningdek, moki mexanizmi tikuv mashinasining boshqa
mexanizmlari — igna mexanizmi, ip tortgich va materialni surish mexanizmi bilan o‘zaro sinxron
holda ishlaydi. Agar ushbu mexanizmlar o‘rtasidagi vaqt muvofiqligi buzilsa, ip uzilishi, chokning
sifatsiz chiqishi yoki umuman chok hosil bo‘lmasligi mumkin. Shu sababli moki mexanizmining
aniq sozlanishi muhim ahamiyatga ega. Moki mexanizmi tikuv mashinasining eng muhim
mexanizmlaridan biri bo‘lib, uning to‘g‘ri ishlashi yuqori sifatli va mustahkam chok hosil
gilishning asosiy sharti hisoblanadi. Aynigsa, gorizontal aylanma mokilar yuqgori tezlik va
ishonchlilikni ta’minlashi bilan zamonaviy tikuv mashinalarida keng qo‘llaniladi [2].

Gorizontal aylanma moki mexanizmining tuzilishi. Gorizontal tekislikda aylanma harakat
qiluvchi moki mexanizmi murakkab, ammo aniq ishlashga mo‘ljallangan konstruksiyaga ega bo‘lib,
bir nechta asosiy gismlardan tashkil topadi. Ushbu mexanizmning tuzilishi uning uzluksiz va
barqaror ishlashini ta’minlashga qaratilgan bo‘lib, har bir detal o‘ziga xos vazifani bajaradi. Mazkur
mexanizmning asosiy elementi — moki (ilgak) hisoblanadi. Moki aylanma harakat bajarib, igna
ipidan hosil bo‘lgan halqani ilib oladi. Uning ilgak qismi maxsus shaklda bo‘lib, ip halgasini oson
tutib olish va uni uzluksiz harakatda olib yurish imkonini beradi. Mokining konstruksiyasi yugori
aniqlikda tayyorlanadi, chunki uning noto‘g‘ri ishlashi butun tikuv jarayoniga salbiy ta’sir
ko‘rsatadi [3]. Mexanizm tarkibida muhim gqismlardan yana biri — g‘altak (shpulkali qism)
hisoblanadi. G*altak ichida pastki ip joylashadi va u maxsus galtak qutisiga o‘rnatiladi. Moki
aylanish jarayonida ip halgasini aynan shu galtak atrofidan o‘tkazadi va natijada yuqori hamda
pastki iplar o‘zaro chalishtiriladi. Bu esa chok hosil bo‘lishining asosiy bosqichi hisoblanadi.
Bundan tashqgari, moki mexanizmi tarkibiga moki korpusi ham kiradi. Ushbu korpus barcha
elementlarni bir joyda ushlab turadi va ularning o‘zaro aniq joylashuvini ta’minlaydi. Korpusning
mustahkamligi va aniqligi mexanizmning uzoq muddat xizmat qilishida muhim rol o‘ynaydi.
Harakat uzatuvchi mexanizmlar ham moki tizimining ajralmas gismi hisoblanadi. Bular val (o‘q),
tishli g‘ildiraklar va boshqa uzatmalar orqali mokiga aylanish harakatini beradi. Ushbu uzatmalar
yordamida moki igna mexanizmi bilan sinxron ishlaydi. Sinxronlikning buzilishi tikuv sifatiga
salbiy ta’sir ko‘rsatishi mumkin, shuning uchun uzatmalar tizimi yuqori aniglikda sozlanadi.
Gorizontal aylanma moki mexanizmlarining yana bir o‘ziga xos jihati — ularning ochiq yoki yarim
ochiq konstruksiyaga ega bo‘lishidir. Bu esa ularni tozalash, moylash va texnik xizmat ko‘rsatishni
osonlashtiradi. Natijada mexanizmning ishlash muddati uzayadi va nosozliklar kamayadi [4].
Gorizontal aylanma moki mexanizmi bir nechta o‘zaro bog‘langan qismlardan tashkil topgan
murakkab tizim bo‘lib, uning har bir elementi chok hosil qilish jarayonida muhim vazifani bajaradi.
Ushbu mexanizmning to‘g‘ri tuzilishi va sozlanishi tikuv mashinasining samarali ishlashini
ta’minlaydi.

Gorizontal aylanma moki mexanizmining ishlash jarayoni. Gorizontal tekislikda aylanma
harakat qiluvchi moki mexanizmining ishlash jarayoni tikuv mashinasining asosiy mexanik
tizimlari — igna mexanizmi, ip tortish tizimi va materialni surish mexanizmlari bilan uzviy bog‘liq
holda amalga oshiriladi. Ushbu mexanizmlar o‘zaro sinxron ishlashi natijasida sifatli va mustahkam
chok hosil bo‘ladi. Tikuv jarayoni ignaning yuqoridan pastga garab harakatlanishi bilan boshlanadi.
Igna matoni teshib o‘tib, yuqori ipni o‘zi bilan birga pastga olib tushadi. Ignaning eng pastki
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nuqtaga yetib, keyin yuqoriga ko‘tarilishi jarayonida ipda bo‘shashish yuzaga keladi va igna orga
qismida ip halqasi hosil bo‘ladi. Ushbu halga chok hosil qilish jarayonining asosiy elementi hisoblanadi
[5]. Hosil bo‘lgan ip halgasini moki mexanizmi o‘zining ilgak qismi yordamida ilib oladi. Gorizontal
aylanma moki mexanizmlarida moki doimiy aylanish harakatida bo‘lgani sababli, bu jarayon juda tez va
aniqlik bilan bajariladi. Moki ip halqasini tutib olgach, uni o‘zining aylanish yo‘nalishi bo‘ylab olib
yuradi va galtak (pastki ip joylashgan qism) atrofidan o‘tkazadi [7]. Keyingi bosgichda yuqori ip
halqasi pastki ip bilan o‘zaro chalishtiriladi. Bu jarayonda ikki ip bir-biriga bog‘lanib, qulf chok hosil
qiladi. Shundan so‘ng ip tortgich mexanizmi yuqori ipni tortib, chokni mahkamlaydi. Natijada chok
mato gatlamlari orasida mustahkam joylashadi va tikuv sifati ta’minlanadi. Gorizontal aylanma moki
mexanizmlarining asosiy xususiyati — ularning uzluksiz ishlashidir. Tebranma mokilardan fargli
ravishda, bu turdagi mexanizmlarda ortga-gaytma harakat mavjud emas. Bu esa mexanizmning silliq
ishlashini, tebranishlarning kamayishini va shovqinning past bo‘lishini ta’minlaydi. Natijada tikuv
mashinasining umumiy samaradorligi oshadi. Ushbu mexanizm yuqori tezlikda ishlash imkonini beradi.
Zamonaviy sanoat tikuv mashinalarida moki mexanizmi juda katta aylanish tezligida ishlashi mumkin,
bu esa ishlab chigarish jarayonini tezlashtiradi. Shu bilan birga, ipning uzilishi kamroq kuzatiladi,
chunki ip harakati uzluksiz va sillig amalga oshadi [7].

Gorizontal aylanma moki mexanizmining afzalliklari va kamchiliklari. Gorizontal tekislikda
aylanma harakat qiluvchi moki mexanizmlari zamonaviy tikuv mashinalarida keng qo‘llanilishining
asosiy sababi ularning yuqori texnik samaradorligi va sifat ko‘rsatkichlari bilan bog‘ligdir. Ushbu
mexanizmlar konstruktsion jihatdan takomillashgan bo‘lib, tikuv jarayonining barqgarorligini ta’minlaydi
hamda ishlab chigarish unumdorligini oshiradi. Avvalo, bunday mexanizmlarning eng muhim
afzalliklaridan biri — ularning uzluksiz aylanma harakatda ishlashidir. Ya’ni, moki doimiy 360°
aylanish harakatini bajaradi va ip halgasini silliq ushlab, uni pastki ip bilan chalishtiradi. Bu esa chok
hosil bo‘lish jarayonini tezlashtiradi va tikuv sifatini yaxshilaydi [9]. Shuningdek, uzluksiz aylanish
tufayli mexanizmda tebranishlar kamayadi, bu esa mashinaning sokin ishlashiga olib keladi. Yana bir
muhim afzallik — chok sifatining yuqoriligi hisoblanadi. Moki mexanizmi yuqori va pastki iplarni aniq
va barqaror tarzda bog‘laydi, natijada mustahkam va bir tekis chok hosil bo‘ladi. Bu holat aynigsa
sanoat tikuv mashinalarida muhim ahamiyatga ega, chunki mahsulot sifati bevosita chok sifatiga bog‘liq
[8]. Bundan tashqari, gorizontal aylanma mokilar yuqori tezlikda ishlash imkoniyatiga ega. Zamonaviy
sanoat mashinalarida bunday mexanizmlar bir necha ming aylanish tezligida ishlashi mumkin, bu esa
ishlab chigarish hajmini sezilarli darajada oshiradi. Shu bilan birga, ip uzilishlari kamroq uchraydi,
chunki ip harakati sillig va uzluksiz amalga oshiriladi. Shu bilan birga, ushbu mexanizmlarning ayrim
kamchiliklari ham mavjud. Eng avvalo, ularning konstruktsiyasi nisbatan murakkab bo‘lib, yuqori
aniqlik bilan ishlab chiqarishni talab qiladi. Moki va igna o‘rtasidagi sinxronlik juda muhim bo‘lgani
sababli, mexanizmni sozlash jarayoni murakkab va tajriba talab giladi [3].

Bundan tashqgari, ayrim hollarda texnik xizmat ko‘rsatish va ta’mirlash ishlari qiyinroq bo‘lishi
mumkin. Agar mexanizmda nosozlik yuzaga kelsa (masalan, ipni tutib olmaslik yoki vagt mos
kelmasligi), bu butun tikuv jarayonining buzilishiga olib keladi. Shu sababli mexanizmni muntazam
tekshirib turish va to‘g‘ri sozlash zarur [10].

Xulosa

Gorizontal tekislikda aylanma harakat giluvchi moki mexanizmlari tikuv mashinalarining eng
muhim va asosiy funksional gismlaridan biri hisoblanadi. Ushbu mexanizmlar yordamida yuqori va
pastki iplarning o‘zaro bog‘lanishi ta’minlanib, mustahkam va sifatli chok hosil qilinadi. Moki
mexanizmining to‘g‘ri ishlashi tikuv jarayonining samaradorligi, mahsulot sifati hamda ishlab chigarish
unumdorligiga bevosita ta’sir ko‘rsatadi. Maqolada ko‘rib chiqilganidek, moki mexanizmi igna bilan
o‘zaro sinxron holda ishlaydi va ip halqasini ilib olib, uni pastki ip bilan chalishtirish orqali chok hosil
giladi. Aynigsa, gorizontal aylanma harakatli mokilar uzluksiz ishlashi, tebranishlarning kamligi va
yugori tezlikda faoliyat yuritishi bilan boshga mexanizmlarga nisbatan ustunlikka ega.

Shuningdek, ushbu mexanizmlarning tuzilishi murakkab bo‘lishiga qaramay, ularning har bir
elementi muhim vazifani bajaradi va umumiy tizimning samarali ishlashini ta’minlaydi. Mexanizmning
to‘g‘ri sozlanishi va texnik xizmat ko‘rsatish jarayonlari uning uzoq muddatli va ishonchli ishlashida
muhim omil hisoblanadi. Tahlillar shuni ko‘rsatadiki, gorizontal aylanma moki mexanizmlari yuqori
sifatli chok hosil gilish, ishlab chigarish tezligini oshirish va texnologik jarayonni bargaror tashkil
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etishda muhim ahamiyat kasb etadi. Shu bilan birga, ularni samarali ishlatish uchun mexanik tizimlar
o‘rtasidagi aniq muvofiqlikni ta’minlash zarur.

Xulosa qilib aytganda, gorizontal tekislikda aylanma harakat giluvchi moki mexanizmlari
zamonaviy tikuv mashinalarining ajralmas qismi bo‘lib, ularning takomillashuvi tikuvchilik sanoatining
rivojlanishida muhim o‘rin tutadi. Kelgusida ushbu mexanizmlarni yanada modernizatsiya qilish orgali
ularning samaradorligini oshirish va texnik imkoniyatlarini kengaytirish mumkin.
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Annotatsiya. Ushbu magolada to ‘gimachilik va tikuv-trikotaj sanoatida kalava ip ishlab chigarishning
zamonaviy va innovatsion texnologiyalari, ularning ishlab chigarish samaradorligiga ta’siri hamda
rivojlanish istigbollari yoritilgan. Kalava ip ishlab chigarishda zamonaviy avtomatlashtirilgan ip yigirish
mashinalari, raqgamli boshqaruv tizimlari, ekologik toza va energiya tejamkor uskunalar qo ‘llanilishi
natijasida mahsulot sifati oshmoqgda, ishlab chigarish samaradorligi va ragobatbardoshligi kuchaymoqda.

Kalit so‘zlar: kalava ip, to ‘qimachilik, innovatsion texnologiya, ring yigirish, rotor yigirish, air-jet,
trikotaj, rivojlanish istigbollari.

Armomauml. B oannou cmamve pacemampuearomcst CO6peEMEHHble U UHHOBAYUOHHbIE MEXHOI02UU
np0u3eodcm6a npsoicu 6 MEeKCMUIbHOU U meezZHo-mpukomanCHoﬁ npomMvlulieHHocmu, ux 6JauslHue Ha
aghpexmusHocms  npoussoOCmeq, a makdce nepcnekmusvbl pazeumus. B pezyiemame npumeHeHus
COBPEMEHHbIX A6MOoMaAmu3upO6aArHbIX I’lpﬂdufleblx MAUUH, uu(j)poeblx cucmem ynpaejieHus, 3KojlocudecKu
YUCmMo20 U HEPeoIPHEeKmusHo20 000PYO008aHUL 8 NPOU3BOOCBE NPANCU NOBLIUACMC  KAYECME0
NPOOYKYUU, NOBLIUAETNCS HPOEKMUBHOCIb NPOU3EOOCMBA U KOHKYPEHIMOCNOCOOHOCb.

Knroueewie cnosa: npAsca, mexkcmuiab, UHHOBAUUOHHbIE MEXHOJIOCUU, KOJIbYEBOE npﬂdenue, epaujerHue
pomopa, 8030YUtHAsL CMPYsl, 853aHUe, NePCHEeKMUBLL PA3GUMUSL.

Abstract. This article discusses modern and innovative technologies for yarn production in the textile
and clothing industry, their impact on production efficiency, and development prospects. The use of modern
automated spinning machines, digital control systems, and environmentally friendly and energy-efficient
equipment in yarn production improves product quality, production efficiency, and competitiveness

Keywords: yarn, textile, innovative technologies, ring spinning, rotor rotation, air jet, knitting,
development prospects.

Nazariy qism
O‘zbekistonda to‘gqimachilik sanoati so‘nggi yillarda keng ko‘lamli islohotlar, yangi
texnologik loyihalar va xorijiy investitsiyalar hisobiga jadal rivojlanmogda. Aynigsa, kalava ip
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ishlab chiqarish sohasida innovatsion texnologiyalarni qo‘llash orqali mahsulot sifati va
assortimentini kengaytirish, eksport hajmini oshirish hamda xalgaro bozorlarda ragobatbardoshlikni
mustahkamlash bo‘yicha sezilarli natijalarga erishilmoqgda[1].

Respublikamizda to‘qimachilik va tikuv-trikotaj sanoatining investitsion jozibadorligini va
ragobatbardoshligini yanada oshirish, sohaning eksport salohiyatini yanada kengaytirish, mahalliy
to‘qimachilik mahsulotlarining xorijiy bozorlarga kengroq kirib borishi uchun sharoitlar yaratish
magsadida chora tadbirlar ishlab chigilgan. Zamonaviy ishlab chigarish jarayonlarida yuqori sifatli
xomashyo, ilg‘or texnologiyalar va avtomatlashtirilgan tizimlardan foydalanish mahsulot sifati,
ishlab chigarish unumdorligi hamda ekologik barqarorlikni ta’minlash imkonini bermoqda.

Kalava ip ishlab chigarishdagi innovatsion texnologiyalar — bu ilg‘or yigiruv usullari,
ragamli boshgaruv tizimlari, energiya tejamkor uskunalar hamda gayta ishlangan tolalardan
samarali foydalanish imkoniyatlarini o‘z ichiga oladi. Bunday yondashuv nafaqat iqtisodiy
samaradorlikni oshiradi, balki global ekologik muammolarni kamaytirish va bargaror rivojlanishni
ta’minlashga ham xizmat qiladi. Xususan, To‘qimachilik va tikuv-trikotaj sanoatini yangi sifat
bosqichiga olib chiqishning asosiy istigbolli yo‘nalishlari belgilangan.

Kalava ip — bu trikotaj va to‘qimachilik mahsulotlarini tayyorlashda asosiy xom-ashyo
bo‘lib, paxta, jun, ipak, sintetik va aralash tolalardan olinadi. Kalava ipning sifati matoning
mustahkamligi, silligligi, elastikligi va ko‘rinishiga bevosita ta’sir qiladi. Shu sababli, ip yigirish
jarayoni eng muhim texnologik bosqgichlardan biridir. Kalava ip ishlab chigarish texnologik
bosqichlari quyidagilardan iborat:

1. Tolani tayyorlash (aralashtirish, tozalash, tarash)

2. Ip yigirish (uzatish, burash, to‘qish)

3. Qadoglash va sifat nazorati

Ammo bugungi kunda ushbu bosgichlar ragamli va avtomatik tizimlar yordamida amalga
oshirilmogda. So‘nggi yillarda kalava ip ishlab chiqarishda bir qator ilg‘or texnologiyalar joriy
etilgan. Ular orasida eng muhimlari quyidagilardir:

Ring (halqali) yigirish texnologiyasi ko'p girrali yigiruv usuli hisoblanadi (1-rasm). Halgali
yigiruv aylanuvchi halgali sayyoh orqgali shpal yoki aylanuvchi tolali shpalni chizishni o‘z ichiga
oladi. Bobin sayohatchiga garaganda tezrog shamollaydi, ipni nozik ipga aylantiradi. Bu usul turli
xil gisga shtapelli yigirish jarayonlarida, masalan, tarogli, tarogli va aralash yigirishda keng
go'llaniladi. Sayohatchi g'altak yordamida ip ipidan o'tadi va ipni burish uchun po'lat halga atrofida
aylanadi. Halga halgasidan ishgalanish ipning g'altakdan bir oz sekinroq aylanishiga olib keladi,
natijada ip zichroq bo'ladi [3]. Yigiruv tezligi yuqori bo‘lib, halgali ip konussimon spiralni hosil
giladi, tolalar asosan ip ichida bir-biriga bog‘langan va o‘zaro bog‘langan. Bu zichlikka olib keladi,
yugori quvvatli ip ip ishlab chigarish, to'gish va trikotaj uchun javob beradi. Ring Spinning
diagrammasi (2-rasm).

z Fiber Supply (Roving)
r Roving

Drafting System . Q %l
> o
‘ Closeup view of

yam formation
4 Thread Guide
Spindie

|
‘ Bobbin . ' . Yam Balloon

Ring D. Traveler
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1-rasm. Ring yigirish texnologiyasida innovatsion o L
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3-rasm. Rotor (ochiq uchli) yigirish 4-rasm. Air-Jet (havo reaktiv) yigirish
texnologiyasi. texnologiyasi.

J
b ‘
6-rasm. Trokotaj tugish jarayoni.

5-rasm. Jet weft.

Rotor (ochiq uchli) yigirish texnologiyasi quyidagicha bo’ladi. 1. Halga yigirilgan ip deganda
halga yigiruv ramkasida an’anaviy yigirish usuli bilan o‘ralgan ip tushuniladi. Ipdagi ichki va tashqi
tolalar bir-biriga bog'langan va bog'langan, shuning uchun ipning tuzilishi gattiq va mustahkamligi
yugori. 2. Ochiq uchli ip yuqori tezlikda aylanadigan rotor ogimi maydonida yoki elektrostatik
maydonda tolalarning koagulyatsiyasi va buralishi natijasida hosil bo'lgan ipni anglatadi. Ipni
burish va o'rash turli komponentlar bilan yakunlanadi, shuning uchun samaradorlik yugori va
xarajat past bo'ladi[3]. Erkin yigiruvning vakili - rotorli yigiruv ip: (OPEN END) rotorli yigiruv
deb ham ataladi, u yigiruv idishidagi tolalarni yuqori tezlikda kondensatsiyalash va burish va ularni
ipga chigarish uchun havo ogimidan foydalanadi. Havo ogimining iplari xususiyatlari: ipning
tuzilishi halgali ipga qaraganda yumshoqroq, asinmaya bardoshli, tekislik, yorqin bo'yash, lekin
past kuch. U asosan to'gilgan matolarda katta hajmli oddiy mato va nozik kigiz flanellet uchun
ishlatiladi. (3-rasm)

Air-Jet (havo reaktiv) yigirish texnologiyasi - bu yugori tezlikdagi havo ogimi natijasida hosil
bo'lgan sigilgan havoni chigarishdan foydalanish, yangi turdagi to'quv dastgohlarini joriy etishni
yakunlash uchun to'quv og'zi orgali to'quv iplarini tortish, hozirgi vaqtda eng tez rivojlanayotgan
to'quv dastgohidir(4-rasm). Jet weft - tortish uchun ishgalanish tortishish hosil gilish uchun sigilgan
havo ogimini ortigcha oro bermay ipga yuborish uchun havodan ortiqcha oro bermay qo'zg'atuvchi
vosita sifatida foydalanish, to'gmog mokining og'zi orqali, reaktiv tomonidan ishlab chigarilgan
reaktiv orgali. to'quv qo'zg'atish magsadiga erishish(5-rasm).

Vortex yigirish texnologiyasi - bu Yaponiyaning Murata kompaniyasi tomonidan ishlab
chigarilgan, havo reaktivini yigirish asosida ishlab chigarilgan yangi yarim bepul uchirish
texnologiyasi. U tolali to'plamlarni ipga o'rash uchun yugori tezlikda aylanadigan havo ogimidan
foydalanadi, bu gisga jarayon, kam mehnat, yuqori avtomatlashtirish va yuqori mahsuldorlik
afzalliklariga ega. Bu Xl asrda eng katta ip yigirish texnologiyalaridan biridir. Uyda va chet elda
ko'plab olimlar ipni shakllantirish printsipi, ipning tuzilishi va reaktiv vorteksni yigirishning
mahsulotini ishlab chigish bo'yicha ko'p tadgiqgotlar olib borishdi, ammo ishlatilgan xom ashyoning
aksariyati regeneratsiya qgilingan tsellyuloza tolalari bo'lib, ko'krak tuzilishi dizayni kamroqg.
Yigirma poliester va paxta tolalarida hanuzgacha muammolar mavjud va Xitoyning reaktiv
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vorteksli ip yigirish uskunalari importga juda bog'lig. Bundan tashgari, havo reaktivli vorteks
ipining chaygalishi va ipning sifatiga atrof-muhit harorati va namligi katta ta'sir ko'rsatadi[4].

O‘zbekistonda innovatsion texnologiyalarni joriy etish holati

* “O‘zto‘qimachiliksanoat” uyushmasi tarkibidagi korxonalarda Germaniya, Yaponiya,
Shveysariya, Turkiya va Janubiy Koreya uskunalari keng joriy etilgan.

* BCT Cluster, Uztex, Indorama Kokand Textile kabi yirik korxonalar Air-jet va Vortex
tizimlariga asoslangan zamonaviy ishlab chiqgarish liniyalarini ishga tushirgan.

* Davlat tomonidan paxtani chuqur gayta ishlashga oid investitsion loyihalar va subsidiyalar
tagqdim etilmoqda.

Rivojlanish istigbollari kalava ip ishlab chiqarish quyidagi yo‘nalishlarda rivojlanishi
kutilmogda:

* Ekologik toza iplar (biotola, qayta ishlangan polyester) ishlab chiqgarish.

* Ragamli ishlab chiqgarish liniyalari (Smart Factory) yaratish.

* Energiya tejamkor uskunalarga to‘liq o‘tish.

* Mahalliy brendlarni yaratish va eksportni kengaytirish.

Xulosa
Xulosa qilganimizda to‘qimachilik va tikuv-trikotaj sanoatida kalava ip ishlab chiqgarish
sohasida innovatsion texnologiyalarni joriy etish jarayoni jadal rivojlanmogda. Zamonaviy
avtomatlashtirilgan yigirish mashinalari, ragamli nazorat tizimlari, energiya tejamkor texnologiyalar
hamda ekologik toza xom ashyolardan foydalanish ishlab chigarish samaradorligini oshirishga
xizmat gilmogda. Innovatsion texnologiyalar yordamida ishlab chigarilayotgan kalava iplar sifat
jihatidan yaxshilanib, ularning mustahkamligi, elastikligi va gigiyenik xususiyatlari yuqori darajaga
yetmoqda. Shu bilan birga, chigindisiz ishlab chigarish tizimlarini yaratish, gayta ishlangan
tolalardan ip olish va ragamli monitoring tizimlarini tatbig etish sanoatning bargaror rivojlanishini
ta’minlamoqda.
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Anotatsiya. Quyidagi maqgolada tikuv-trikotaj korxonalarida mehnatni me yorlashtirish tizimining
hozirgi holati va mavjud muammolar hamda ularni bartaraf etish yo ‘llari ilmiy jihatdan tahlil qilingan.
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Mehnat me’yorlarini  takomillashtirish orqali ishlab chigarish samaradorligini oshirish, mavjud
resurslardan ogqilona foydalanish hamda ishchilar mehnatini rag ‘batlantivish masalalari yoritilgan.
Shuningdek, zamonaviy texnologiyalar va boshgaruv yondashuvlarini joriy etishning ahamiyati asoslab
berilgan.

Tayanch so‘zlar: mehnat me'yorlash, tikuv-trikotaj sanoati, ishlab chigarish samaradorligi, mehnat
unumdorligi, normativ tizim, optimallashtirish.

Amwmauu;l: B aaHHOﬁ cmambe HAYYHO NpOoaHalu3upoedaHbl COBPEMEHHOE COCMOAHUE CUcCnembvl
HOPMUPOBAHUSA MPYOAd HA WEEUHO-MPUKOMANICHLIX NPEONPUSIMUAX, Cywecmayowue npodiemvl u nymu ux
pewtenus.  Paccmompenvt  eonpocet  noeviuenus  spgexmusHocmu - npouzeoocmea  3a  cuém
coeepuiencmeosarnusl HOpm mpy()a, PAYUOHANIBHO2CO UCHONb3068AHUA UMEIOWUXCA pecypcos, A maKaHce
CMUMYIUPOBAHUs Mpyoosoli OesmenvHocmu pabomuukos. Kpome mozo, obocHosana 3HaAUUMOCHb
BHEOPEHUSL COBPEMEHHBIX MEXHOL02ULL U YNPABIEHYECKUX NOOX0O08.

Knrouesvle  cnosa:  nmopmuposanue  mpyoa, WBEIHO-MPUKOMAICHASL  NPOMBIULIEHHOCHD,
aghhexmusHoCnb NPoOU3BOOCMEA, NPOU3BOOUMETbHOCb MPYOd, HOPMAMUBHASL CUCEMA, ONMUMUAYUSL.

Abstract. This article provides a scientific analysis of the current state of labor standardization
systems in garment and knitwear enterprises, existing problems, and ways to address them. It examines the
issues of increasing production efficiency through improving labor standards, rational use of available
resources, and enhancing employee motivation. Additionally, the importance of implementing modern
technologies and management approaches is substantiated.
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Nazariy gism

Yengil sanoat, xususan tikuv-trikotaj tarmog‘i mamlakat igtisodiyotida muhim o‘rin tutadi.
Ushbu sohada ishlab chigarish samaradorligini oshirish ko‘p jihatdan mehnatni to‘g‘ri tashkil etish
va uni ilmiy asosda me’yorlashtirishga bog‘liq. Mehnatni me’yorlashtirish — bu ishlab chigarish
jarayonida ish vagtining ilmiy asoslangan sarfini aniglash, ish hajmini belgilash hamda ishchilar
faoliyatini tartibga solish tizimidir.

Hozirgi sharoitda tikuv-trikotaj korxonalarida ishlab chigarish hajmining oshishi,
assortimentning kengayishi va raqobatning kuchayishi mehnatni me’yorlashtirish tizimini
takomillashtirishni talab etmoqgda[1].

Aniqlangan ma’lumotlar bo‘yicha bugungi kunda tikuvchilik sanoati iqtisodiyotning muhim
tarmoglaridan biri hisoblanadi. Aholining kiyim-kechakka bo‘lgan ehtiyoji doimiy ravishda ortib
borayotgani ushbu sohani yanada rivojlantirishni talab etadi. Shu bilan birga, global ragobat
sharoitida mahsulot sifati va ishlab chigarish samaradorligi asosiy omillardan biri bo‘lib qolmoqda.
Zamonaviy sharoitlarda tikuvchilik korxonalarida ilg‘or texnologiyalarni joriy etish mehnat
unumdorligini oshirishning eng muhim yo‘llaridan biridir. Avtomatlashtirilgan uskunalar,
kompyuterlashtirilgan loyihalash tizimlari (CAD), hamda ragamli boshgaruv tizimlari ishlab
chiqarish jarayonini tezlashtirib, inson omiliga bog‘liglikni kamaytiradi. Natijada mahsulot tannarxi
pasayadi, sifat esa yanada yaxshilanadi.

Xozirgi yangi zamonaviy korxonlarda mehnatni me’yorlashtirish iqtisodiy nazariyada ishlab
chigarishni boshgarishning asosiy instrumentlaridan biri sifatida garaladi. U mehnat sarfini
miqgdoriy jihatdan baholash, ishlab chigarish operatsiyalarini standartlashtirish va mehnat
unumdorligini oshirishga xizmat giladi[2].

Mehnat me’yorlari quyidagi asosiy turlarga ajratiladi:

- vaqt me’yorlari;

- ishlab chiqarish me’yorlari;

- xizmat ko‘rsatish me’yorlari.

Mazkur ko‘rsatkichlar ishlab chiqarish jarayonining texnologik murakkabligi, texnik
jihozlanganlik darajasi va ishchi malakasiga bog‘liq.

Tahlillar shuni ko‘rsatadiki, ilg‘or texnologiyalarni joriy etish tikuvchilik korxonalarida ishlab
chiqgarish samaradorligini sezilarli darajada oshiradi. Xususan, ishlab chigarish vagtining gisqgarishi,
mahsulot sifatining yaxshilanishi va tannarxning pasayishi kuzatiladi. Bundan tashqari,
ragamlashtirish jarayonlari korxonalarning global bozordagi ragobatbardoshligini oshiradi. Shu
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bilan birga, texnologiyalarni joriy etish dastlab katta investitsiyalarni talab gilishi mumkin, ammo
uzoq muddatda bu xarajatlar o‘zini oqlaydi.

Korxonalarda mavjud amaldagi normativ bazaning eskirganligi ishlab chiqgarish
samaradorligini pasaytiruvchi asosiy omillardan biridir. Zamonaviy texnologiyalar joriy etilganiga
garamay, ko‘plab korxonalarda eski me’yorlardan foydalanilmoqda. Bu esa real mehnat sarfi va
normativ ko‘rsatkichlar o‘rtasida tafovut keltirib chigaradi[3].

Ishlab chiqarish korxonalaridan olingan xronometraj tadqiqotlari natijalariga ko‘ra, ishlab
chigarish jarayonida yordamchi operatsiyalar ulushi yuqori. Ish joyining ergonomik jihatdan
noto‘g‘ri tashkil etilishi va logistika kamchiliklari vaqt yo‘qotilishiga olib keladi.

Ishlab  chigarish  korxonalarida ~ mehnat  differensiasiyasining  past  darajasi
individual yondashuvning yetishmasligi mehnat unumdorligini baholashda aniglikni pasaytiradi.
Ishchilarning kasbiy kompetensiyalari yetarli darajada hisobga olinmaydi.

Mavjud korxonalarda rag‘batlantirish tizimining samarasizligi
mehnat natijalariga asoslangan differensial rag‘batlantirish tizimi rivojlanmaganligi sababli
ishchilarda motivatsiya darajasi past.

Korxonalarda mehnatni me’yorlashtirish tizimini takomillashtirish yo‘llari quyidagi
bosqichlarda amalga oshirilsa maqsadga muvofiq bo‘lar edi, bular: raqamli texnologiyalarni joriy
etish, xronometraj va fotoxronometraj usullarini qo‘llash, moslashuvchan normativ tizimni yaratish,
kadrlar salohiyatini rivojlantirish[4].

Ishlab chigarishda ERP, CAD/CAM tizimlari va avtomatlashtirilgan monitoring vositalaridan
foydalanish orqgali mehnat samaradorligini oshirish mumkin. Xronometraj va fotoxronometraj
usullari joriy etish korxonalarda ish vaqtini chuqur tahlil gilish orgali ortigcha operatsiyalarni
aniglash va ularni optimallashtirish imkoniyati yaratiladi.

Moslashuvchan normativ tizimni yaratish korxonalarda mahsulot turiga garab adaptiv
normativlar ishlab chigish ishlab chigarish anigligini oshiradi.

Kadrlar salohiyatini rivojlantirish esa malaka oshirish va treninglar orgali inson kapitalining
rivojlanishi ta’minlanadi.

Agar korxonalarda Innovatsion yondashuvlarni joriy etilsa, masalan, Lean manufacturing, Six
Sigma va ragamli monitoring tizimlari ishlab chigarish samaradorligini oshirishda muhim
ahamiyatga ega bo‘ladi. Ushbu yondashuvlar ortiqgcha xarajatlarni kamaytirish va sifatni
yaxshilashga xizmat giladi.

Iqtisodiy samaradorlikni oshirish uchun mehnatni me’yorlashtirish tizimini takomillashtirish
natijasida ishlab chigarish hajmi oshadi, tannarx kamayadi va korxona foydasi ortadi. Bu esa
korxonaning ragobatbardoshligini kuchaytiradi.

Mehnatni  me’yorlashtirish ~ tizimini  takomillashtirishda  zamonaviy ilmiy-uslubiy
yondashuvlardan foydalanish muhim ahamiyatga ega. Ushbu yondashuvlar ishlab chigarish
jarayonlarini chuqur tahlil gilish va optimallashtirish imkonini beradi.

Funktsional-giymat tahlili ishlab chigarish operatsiyalarining funksional ahamiyatini baholash
orgali ortigcha xarajatlarni aniglashga xizmat qgiladi. Tikuv-trikotaj korxonalarida bu usul:

v ortigcha texnologik operatsiyalarni gisqartirish;
4 ishlab chigarish siklini optimallashtirish;
v mahsulot tannarxini kamaytirish imkonini beradi.

Ishlab chigarish jarayonlarini matematik modellashtirish orgali mehnat sarfini prognozlash
mumkin. Bu esa normativlarni ilmiy asosda shakllantirishga yordam beradi[5].

Mehnatni me’yorlashtirish samaradorligini aniqlash uchun quyidagi asosiy ko‘rsatkichlardan
foydalaniladi: Mehnat unumdorligi koeffitsienti

MU=TQ( 1)

Bu yerda:
MU — mehnat unumdorligi,
Q - ishlab chigarilgan mahsulot hajmi,
T — sarflangan vaqt.

Bu ko‘rsatkich ish vaqtining ganchalik samarali ishlatilganini ifodalaydi.
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Tikuv-trikotaj korxonalarida mehnat samaradorligi ko‘p jihatdan ergonomik sharoitlarga
bog‘liq: ish joyining qulay joylashuvi; yoritish va mikroiqlim sharoitlari; ishchi harakatlarining
optimalligi.

Ergonomik talablar bajarilmaganda: ishchining charchashi ortadi; ish sifati pasayadi; mehnat
unumdorligi kamayadi. Shuning uchun mehnatni me’yorlashtirishda ergonomik omillarni hisobga
olish zarur[6].

Tikuv-trikotaj korxonalarida mehnatni me’yorlashtirish tizimini takomillashtirish ishlab
chigarish samaradorligini oshirishning strategik yo‘nalishlaridan biridir. Ilmiy asoslangan
yondashuvlar, zamonaviy texnologiyalar va inson kapitalini rivojlantirish orgali yuqori iqtisodiy
natijalarga erishish mumkin. Tikuv-trikotaj korxonalarida mehnatni me’yorlashtirish tizimini
modernizatsiya qilish ishlab chigarish samaradorligini oshirishning muhim omilidir. Zamonaviy
texnologiyalarni joriy etish, ilmiy asoslangan normativlar ishlab chigish va inson kapitalini
rivojlantirish orgali yuqori natijalarga erishish mumkin.

XULOSA
Xulosa qilib shuni aytadigon bo‘lsak ishlab chiqarish xorxonalari yengil sanoat tarmog‘ining
eng muhim yo‘nalishlaridan biri sifatida — nafaqgat tayyor mahsulot ishlab chigarishga, balki uning
butun zanjiridagi har bir bosqichga e’tibor garatishni talab giladi. Texnologiyalar uyg‘unligi orqali
tikuvchilik sanoati nafagat ichki ehtiyojlarni gondiradi, balki xalgaro bozorlarda sifatli va ekologik
toza mahsulotlar bilan ishonchli ishtirok etadi.
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Annotatsiya: Ushbu magolada milliy liboslarni zamonaviy moda talablariga moslashtirish jarayonida
yuzaga keladigan muammolar tahlil gilinadi. Milliy kiyimlarning tarixiy va madaniy ahamiyati saglangan
holda, ularni global moda tendensiyvalariga uyg ‘unlashtirish masalalari ko ‘rib chiqgiladi. Shuningdek,
dizaynerlar duch kelayotgan asosiy qiyinchiliklar, innovatsion yechimlar va istiqgbolli yo ‘nalishlar hagida
fikr yuritiladi.

Kalit so‘zlar: milliy libos, zamonaviy moda, dizayn, an’ana, innovatsiya, tekstil, madaniyat,
globalizatsiya, moda sanoati, estetik yondashuv
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Anﬂomauuﬂ:B OaHHOU cmamove paccmampuearomcst I’lpOéJl@Mbl, B6O03HUKAwwue 6 npoyecce
aoanmayuyu HAYUOHAILHOU 00edCcObl K mpebOo8aHUAM CospeMeHHOU Mo0bl. Ocoboe sHUManue yoensemcs
COXPAHEHRUIO ucmoputtecxoﬁ u Kyﬂbmypnoﬁ YEeHHocmu mpaduquHHblx KOCmMIOMO6 npu ux unmezpayuu 6
2100aibHble  MOOHbIE meH()eHuuu. Taxorce AHAIUIUPYIOmcs OCHOBHble mpyaﬂocmu, Cc KomopbiMu
CMajlIKuearomc: ()uS’alZHepbl, a makoice 603MOIJHCHblE UHHOBAYUOHHbLIE peuleHUus U nepcneKkmusHbvle
HanpaejieHuss paseumusl.

Knrouesvle cnoea: nayuonanvHas 00ex4co0d, COBPEMEHHAsE MO0, OU3AUH, MPAOUyUU, UHHOBAYUU,
meKCmuib, Kyibmypa, 2100aiusayus, UHOYCmpust MOObl, 3CMemuyeckull nooxoo

Annatation:This article examines the challenges that arise when adapting traditional clothing to the
requirements of contemporary fashion. It explores how garments with deep historical and cultural
significance can be integrated into modern global fashion trends without losing their identity. In addition,
the paper discusses the main difficulties faced by designers, as well as possible innovative approaches and
future development directions in this field.

Keywords: traditional clothing, modern fashion, design, heritage, innovation, textile, culture,
globalization, fashion industry, aesthetic approach.

Kirish

Milliy liboslar har bir xalgning o°ziga xosligini, tarixini va madaniy merosini aks
ettiruvchi muhim unsurlardan biridir. Ular asrlar davomida shakllanib, turli ijtimoiy va madaniy
jarayonlar ta’sirida rivojlangan. Hozirgi globallashuv davrida esa moda sanoati tez sur’atlarda
o‘zgarib bormoqda. Bu esa milliy kiyimlarni zamonaviy modaga moslashtirish zaruratini yuzaga
keltirmoqda. Zamonaviy moda nafaqgat estetik jihatdan, balki funksionallik, qulaylik va texnologik
yangiliklarni ham talab giladi. Shu sababli milliy liboslarni hozirgi davr talablariga moslashtirish
jarayoni oddiy emas, balki murakkab va ko‘p qirrali masala hisoblanadi. Ushbu maqolada aynan
shu jarayonda uchraydigan muammolar keng yoritiladi. Milliy liboslarni zamonaviy modaga
moslashtirish jarayonida birinchi navbatda an’anaviylik va zamonaviylik o‘rtasidagi muvozanat
muammosi yuzaga chigadi

Asosiy gism

Milliy kiyimlar o‘zining shakli, bezagi va ranglari bilan ajralib turadi. Agar bu elementlar
haddan tashqari o‘zgartirilsa, kiyim o‘z milliylik xususiyatini yo‘qotishi mumkin. Aksincha, agar
umuman o‘zgartirilmasa, u zamonaviy iste’molchilar talablariga javob bermasligi mumkin. Shu
sababli dizaynerlardan juda nozik yondashuv talab etiladi. Yana bir muhim muammo bu zamonaviy
iste’molchilar didining o‘zgarishidir. Bugungi kunda yoshlar qulay, sodda va universal kiyimlarni
afzal ko‘rishadi. Milliy liboslar esa ko‘pincha murakkab
bichim, ko‘p qatlamlilik va bezaklarga ega bo‘ladi. Bu
esa kundalik foydalanishda noqulaylik tug‘diradi.
Natijada milliy kiyimlar fagat bayram yoki maxsus
tadbirlarda kiyiladigan libosga aylanib golmoqda.
Material va texnologiya bilan bog‘liq muammolar ham
dolzarb hisoblanadi. An’anaviy matolar ko‘pincha qo‘lda
tayyorlanadi va ularning narxi yuqori bo‘ladi. Zamonaviy
ishlab chigarishda esa arzon va tez tayyorlanadigan
materiallarga talab katta. Shu bois milliy matolarni sanoat
miqgyosida ishlab chigarish va ularni zamonaviy
texnologiyalar bilan uyg‘unlashtirish muhim masala
bo‘lib qolmoqda. Bundan tashqgari, madaniy identitetni
saglash muammosi ham mavjud. Global moda ta’sirida
ko‘plab milliy elementlar yo‘qolib ketish xavfi ostida.
Dizaynerlar ba’zan xalqaro trendlarni ortiqcha takrorlab,
milliylikni ikkinchi o‘ringa qo‘yib qo‘yishadi. Bu esa
milliy merosning asta-sekin unutilishiga olib kelishi
mumkin.Iqtisodiy omillar ham muhim rol o‘ynaydi.
Milliy liboslarni zamonaviylashtirish ko‘pincha katta mablag® talab qiladi. Yangi dizayn yaratish,

1-rasm Mlilliy va zamonaviy libos.
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sifatli mato topish va ishlab chiqarish jarayonini yo‘lga qo‘yish hamma uchun ham oson emas. Shu
sababli kichik ishlab chigaruvchilar bu jarayonda giyinchiliklarga duch kelishadi. Yana bir
muammo bu marketing va targ‘ibotning yetarli emasligidir. Ko‘plab milliy kiyimlar zamonaviy
shaklda yaratilayotgan bo‘lsa-da, ular keng ommaga yetib bormaydi. Zamonaviy reklama, ijtimoiy
tarmogqlar va brending yetarli darajada qo‘llanilmasa, bunday mahsulotlar bozorda 0‘z o‘rnini topa
olmaydi. Shu bilan birga, ushbu muammolarga garamay, ijobiy jihatlar ham mavjud. Masalan,
ayrim dizaynerlar milliy elementlarni zamonaviy kiyimlarga muvaffaqiyatli qo‘shib, yangi
uslublarni yaratmoqda. Minimalizm bilan milliy nagshlarni uyg‘unlashtirish, an’anaviy bezaklarni
zamonaviy kesimlar bilan birlashtirish kabi yondashuvlar tobora ommalashib bormoqda. Kelajakda
milliy liboslarni rivojlantirish uchun innovatsion yondashuvlar
zarur. Ragamli dizayn, 3D modellashtirish va yangi
materiallardan foydalanish orgali milliy kiyimlarni yanada
jozibador va qulay qilish mumkin. Shu bilan birga, yosh
dizaynerlarni qo‘llab-quvvatlash va milliy moda maktablarini
rivojlantirish muhim ahamiyat kasb etadi. Milliy liboslar
jamiyatning tarixiy taraqgiyoti, ijtimoiy munosabatlari va
estetik qarashlarini o‘zida mujassam etgan murakkab madaniy
hodisa hisoblanadi. Ular nafagat[2] kiyim-kechak sifatida,
balki ma’naviy merosning muhim elementi sifatida ham
gadrlanadi. Har bir milliy libosda xalgning turmush tarzi, urf-
odatlari, iqlim sharoiti va hatto dunyoqarashi o°z aksini topadi.
Zamonaviy moda esa doimiy ravishda yangilanib boradigan,
tez o‘zgaruvchan tizim bo‘lib, unda global tendensiyalar,
texnologik taraqqiyot va iste’molchilar talabi asosiy o‘rin
tutadi. Moda nazariyasiga ko‘ra, kiyim nafaqat estetik vosita,
balki ijtimoiy kommunikatsiya shakli hamdir. Inson o‘z kiyimi

2-rasm Ayollar milliy libosi. orgali o‘zining didi, maqomi va shaxsiy garashlarini namoyon
giladi

Milliy liboslarni zamonaviy modaga moslashtirish jarayonini tushunishda “an’ana” va
“innovatsiya” tushunchalarining o‘zaro alogasi muhim ahamiyatga ega. An’ana bu avloddan-
avlodga o‘tib kelayotgan barqaror qadriyatlar tizimi bo‘lsa, innovatsiya esa yangilik kiritish va
rivojlanish jarayonini anglatadi. Ushbu ikki omil of‘rtasidagi muvozanatni saqlash dizayn
faoliyatining asosiy vazifalaridan biridir.Shuningdek, madaniy identitet tushunchasi ham nazariy
jihatdan muhim o‘rin egallaydi. Milliy liboslar orqali xalq o°zining o‘ziga xosligini saglab qoladi va
uni boshgalarga namoyon etadi.

Globalizatsiya sharoitida esa turli madaniyatlar o‘zaro aralashib, yagona moda
makonini shakllantirmoqda. Bu jarayon bir tomondan yangi imkoniyatlar yaratsa, ikkinchi tomonda
milliylikning yo‘qolib ketish xavfini ham kuchaytiradi.Zamonaviy[4] dizayn nazariyasida
funksionallik, ergonomika va estetik uyg‘unlik muhim mezonlar sifatida qaraladi. Kiyim nafaqat
chiroyli, balki qulay va amaliy bo‘lishi kerak. Shu sababli milliy liboslarni zamonaviylashtirishda
ularning bichimi, materiali va foydalanish qulayligi qayta ko‘rib chiqiladi. Bunda inson omili, ya’ni
Kiyimni kiyuvchi shaxsning ehtiyojlari va turmush tarzi asosiy mezon sifatida olinadi.Bundan
tashqari, texnologik taragqiyot ham nazariy asos sifatida muhim rol o‘ynaydi. Ragamli dizayn,
avtomatlashtirilgan ishlab chigarish va yangi materiallar milliy Kkiyimlarni yangicha talginda
yaratish imkonini bermoqda. Bu esa dizaynerlarga an’anaviy elementlarni saqlagan holda, ularni
zamonaviy shaklda ifodalash imkonini beradi.Umuman olganda, milliy liboslarni zamonaviy
modaga moslashtirish nazariy jihatdan ko‘p omilli jarayon bo‘lib, unda madaniyat, texnologiya va
estetika o‘zaro uzviy bog‘liq holda namoyon bo‘ladi. Ushbu jarayonni chuqur o‘rganish va ilmiy
asosda yondashish milliy moda rivojining muhim sharti hisoblanadi.

Xulosa
Xulosa qilib aytganda, milliy liboslarni zamonaviy modaga moslashtirish murakkab, ammo
muhim jarayondir. Bu jarayonda an’anaviylikni saqlab qolish bilan birga, zamonaviy talablarni ham
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inobatga olish zarur. Dizaynerlar, ishlab chiqaruvchilar va tadqiqotchilar o‘zaro hamkorlikda
ishlasalar, milliy kiyimlar nafagat saqlanib qoladi, balki global moda sahnasida ham munosib o‘rin
egallashi mumkin.
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Annomauus. Maxonada xyunrakbon MamoHuHe QU3UK-MEXAHUK XYCYCUSIMIAPUHU MAOKUK KUTUlL
acocuoa yrapea mavCup 3mysuy napamempiap ypeaHud YuKUIeaHAucU 6d VIAPHU Y32apmupuus acocuod
cugam KypcamxuiiapuHuHe AXWUIAHUWUSA SPULUILAHAUSY OAEH IMUNCAH.

Kalit so’zlar: to ‘qimachilik sanoati, ko ‘vlakbop matolar, tolaviy tarkib, fizik-

mexanik xususiyatlar, uzilish kuchi, ishgalanishga chidamlilik, mato zichligi, ip tuzilish.

Abstract: The article states that, based on a study of the physical and mechanical properties of shirt
fabrics, parameters were studied and improvements in quality indicators were achieved by modifying them.

Keywords: textile industry, dress fabrics, fiber composition, physical-mechanical properties, tensile
strength, abrasion resistance, fabric density, yarn structure.

Almomauuﬂ. B cmampve YVKA3aHo, 4mo Ha OCHoee uccneoo8anus qbus'uko- MexXaHUuyecKux ceoucme
COpOYEHHbIX mKawneu usydyensvl napamempuvl u OOCI’I’IMZHymO yiyuuienue noxazameiell Kavecmea 3a cuem ux
USMEHEHUAL.

Knroueewvie cnosea: mexcmunvnas NPOMbIULIEHHOCMb, Nl1admbesble MKAHU, BOJIOKHUCMbILL cocmae,
gbu3uKO-M€xaHult€CKue CGOZZCWI@CI, paspsvlé6HAsl HaAcpy3Ka, CMOUKOCMb K ucmuparnuro, NioOnMHOCmMb MKAHU,
CMPYKMYpa npaxicu.

To’qimachilik sanoatida ishlab chiqarilayotgan matolar turli xilma- xildir. Ularning tuzilishi,
ishlatilish magsadlari, tola tarkibi va xususiyatlari bo’yicha bir-biridan farglanadi.

Mahalliy xomashyodan foydalanib, yangi mato assortimentlarini kengaytirish va ishlab chigarish,
mabhalliy to’qimachilik xomashyolarini qayta ishlash hajmini oshirish, ilg’or chet el firmalari bilan
hamkorlikda soha korxonalariga eng yangi texnologiya va uskunalarni joriy etish hozirgi kunning asosiy
masalalaridan biri bo’lib hisoblanadi [1].

Ko’ylakbop matolari juda xilma -xil bo’lib, ular xomashyo tarkibiga ko’ra, ular paxta, zig’ir, jun,
tabiiy ipak va kimyoviy tolalardan, aralash tuzilishdagi iplar asosida ishlab chiqariladi. Paxta tolaviy
tarkiblii matolar har xil magsaddagi liboslar uchun ishlatiladi - mavsumiy kiyim kechaklar, sarafanlar,
xalatlar, bluzkalar, bolalar liboslari va boshqgalar.

Ko’ylakbop matolar mavsumiyligiga qarab yozgi, mavsumiy va qishga bo’lingan keng va xilma-
xil libosli holda ishlab chiqaradi. Ko’plab yangi, istigbolli matolar joriy qilinganiga garamay, eski
turdagi matolar ko’p miqdorda ishlab chigariladi.
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Masalan, mavsumiy gishki va bahorgi ko’ylakbop matolar karda va qayta tarash yigirish sistemasi
bilan olingan iplardan ishlab chiqgariladi. Bu guruhga kiruvchi gazlamalar yozgi guruhdagilarga nisbatan
bir oz qalin, zich va og’irroq bo’ladi.

Bu ko’ylakbop matolar turli xil magsadlarda foydalanish uchun ishlab chigariladi - kundalik yozgi
va qishki ko’ylaklar uchun, sport uslubidagi ko’ylaklar va hokazo. Kundalik sport turidagi ko’ylaklar
uchun, asosan, yorqin rangli matolardan foydalaniladi. Ko’ylakbop matolar yengil, yumshoq, elastik
bo’lishi talab etiladi. Bundan tashqari, ular havo o’tkazuvchanlik xususiyatiga ega, kam qisqarishi,
pishiq bo’lishi, aynigsa yorug’lik va yuvish ta’siriga chidamli bo’lishi kerak.

Ko’ylakbop matolarning asosiy ko’rstkichlaridan biri, ularning uzilish kuchi, ishgalanishga
chidamliligi kiradi.

Ko’ylakbop matolarning uzish kuchi - bu yuqorida aytilgan o’lchovli namunalarni uzish uchun
sarf qilingan kuch. Uzish kuchi matolarning uzilish kuchini ko’rsatadi.

Ko’ylakbop matolarning uzilish kuchi ularning tola tarkibiga, hosil giluvchi iplarning tuzilishi va
chiziqiy zichligi, o’rilishi, zichligi, pardozlash turiga bog’lig. Iplar qancha yo’g’on va qancha zich
bo’lsa, u shuncha mustahkamdir. Bosish, appretlash kabi pardozlash jarayonlari matolarning
mustahkamligini oshiradi, oqartirish, bo’yash jarayonlari bo’lsa, mustahkamlikni biroz pasaytiradi.
Uzish kuchini aniglash bilan bir paytda namunalarning cho’zilishdagi uzayishi ham aniqlanadi.
CHo’zilishdagi uzayishi deb namunalarning dastlabki uzunligi bilan uzilgungacha cho’zilgandagi
uzunligi orasidagi fargi tushuniladi [2]. Ko’ylakbop matolarning asosiy ko’rsatkichlaridan biri uning
ishgalanishga chidamliligidir. Matolarning ishgalanishga chidamliligi tola tarkibiga, zichligiga,
iplarning ingichka yoki yo’g’onligiga, qalinligiga va boshqa ko’rsatkichlariga bog’liqdir. Masalan,
matolar qanchalik ko’p ishqalansa, tuzilishi buziladi, tarkibidagi iplar uziladi, mustahkamligi pasayadi.

Ko’ylakbop matolarning yemirilishi asosan ishqalanish ta’siri natijasida bo’ladi. Matolarning
ishqalanishga chidamliligi ularning tolaviy tarkibiga, sirtining tuzilishiga bog’liq. Eng avval
matolarning sirtiga chiqib turgan tola uchlari ishqalanish ta’sirida bo’ladi.

Ko’ylakbop matodagi iplarning bukilgan joylariga chiqib turgan tolalar yemirila boshlaydi. Tola
sirtining ba’zi joylari shikastlanadi va tolalar uziladi. Ayrim tolalar yoki tola gismlari ip tarkibidan
chiggani tufayli iplar ham uziladi.

Ko’ylakbop matolarning sirtiga chiqib turgan iplarning bukilgan joylari ishqalanish ta’sirida eng
birinchi bo’lib yemiriladi. Bu joylar matolarning tayanch sirti hisoblanib, ya’ni matolarning tayanch sirti
gancha katta bo’lsa, uning yemirilishga chidamliligi ham shuncha yaxshi bo’ladi. Matolarning tayanch
sirtini kuchaytirish yo’li bilan uning yemirilishga chidamliligini oshirish mumkin. Buning uchun uzun
qoplamali o’rilishlar (satin, atlas), tola tarkibida ishqalanishga chidamli tolalar (kapron, lavsan) yoki
pardozlash jarayonlar (appretlash) qo’llaniladi.

Ko’ylakbop matosining ishqalanishga chidamliligi ham tayanch sirti miqdoriga bog’liq. Shuning
bilan birga trikotajni hosil qiluvchi iplar ishqalanib uzilganda matolarning o’rilishiga ko’ra halqa
ustunchalaridagi yoki gatoridagi halgalar biri biridan chigadi va matolarning tuzilishi buziladi.

Tolalar tarkibi turlicha bo’lgan ko’ylakbop matolarning mexanik xossalarini aniglash borasida
tadgiqot ishlari o’tkazildi va olingan sinov natijalari quyidagi 1-jadvalda keltirildi.

1-jadval
Tolalar tarkibi turlicha bo’lgan ko’ylakbop matolarning mexanik xossalarining tadgigoti
Ko’ylakbop matoning tola tarkibi bo’yicha variantlar

Ne | Ko’rsatkichlar nomi 60% paxta va 40% 70% paxta va 65% poliester
poliester tolali 30% poliester tolali | va 35% paxta
Matoning uzilish kuchi, N
1 tanda bo’yicha 284 279 287
" | arqoq bo’yicha 209 253 261
Matoning uzilishdagi
5 uzayishi, % tanda bo’yicha |21 28 28
" |arqoq bo’yicha 43 46 43
3 Eihljalanlshga chidamliligi, 8800 8000 10300
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Tolalar tarkibi turlicha bo’lgan ko’ylakbop matolarning tanda va arqoq yo’nalishi bo’yicha
uzilish kuchi, tanda va arqoq yo’nalishi bo’yicha uzilishdagi uzayishi, ishqalanishga chidamliligiga
tola tarkibining ta’sirini tadqiq etishdan olingan sinov natijalari gistogramma ko’rinishida 1-3-
rasmlarda keltirildi.
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Turli aralashma tolali mato 1-tanda bo’yicha; 2-arqoq bo’yicha.
1-rasm. Ko’ylakbop matolarning tanda va arqog yo’nalishi bo’yicha uzilish kuchiga tola
tarkibining ta’siri.
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Turli aralashma tolali mato
1-tanda bo’yicha; 2-arqoq bo’yicha.
2-rasm. Ko’ylakbop matolarning tanda va argqoq yo’nalishi bo’yicha uzilishdagi uzayishiga
tola tarkibining ta’siri.
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Turli aralashma tolali mato
3-rasm. Ko’ylakbop matolarning ishqgalanishga chidamliligigtola tarkibining
ta’siri.

Tolalar tarkibi turlicha bo’lgan ko’ylakbop matolarning mexanik xossalari tadqiq etildi.
Olingan sinov natijalari 60% paxta tolasi bilan 40% poliester tolali ko’ylakbop matoning
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ko’rsatkichlariga nisbatan solishtirildi. 70% paxta tolasi bilan 30% poliester tolali ko’ylakbop
matoning tanda yo’nalishi bo’yicha uzilish kuchi 1,8% ga kamaydi, arqoq yo’nalishi bo’yicha
uzilish kuchi 17,4% ga, tanda yo’nalishi bo’yicha uzilishdagi uzayishi 25,0% ga, arqoq yo’nalishi
bo’yicha uzilishdagi uzayishi 6,5% ga oshdi, ishgalanishga chidamliligi 9,1% ga kamaydi, 65%
poliester tolasi bilan 35% paxta tolali ko’ylakbop matoning tanda yo’nalishi bo’yicha uzilish kuchi
1,1% ga kamaydi, arqoq yo’nalishi bo’yicha uzilish kuchi 19,9% ga, tanda yo’nalishi bo’yicha
uzilishdagi uzayishi 25,0% ga oshdi, arqoq yo’nalishi bo’yicha uzilishdagi uzayishi o’zgarmadi,
ishgalanishga chidamliligi 14,6% ga oshdi [3].

Tadqiqot natijalari tahlilidan ko’rinib turibdiki, ko’ylakbop mato tarkibida poliester tolasining
miqdori ganchalik ko’p bo’ladigan bo’lsa, uzilish kuchi va ishqalanishga chidamlilik ko’rsatkichi
yugori bo’lishi kuzatildi, ya’ni ko’ylakbop matoning tanda yo’nalishi bo’yicha uzilish kuchi 1,1%
dan 1,8% gacha, arqoq yo’nalishi bo’yicha uzilish kuchi 17,4% dan 19,9% gachacha, tanda
yo’nalishi bo’yicha uzilishdagi uzayishi 25,0% gacha, arqoq yo’nalishi bo’yicha uzilishdagi
uzayishi 6,5% gacha, ishgalanishga chidamliligi 9,1% dan 14,6% gacha oshganligi aniglandi.
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Annotatsiya :Ushbu maqolada sport poyabzallari uchun go ‘yiladigan talablar va sport poyabzallari
uchun ishlatiladigan tabiiy va sun’iy charm larni fizik va mexanik xususyatlari va sport poyabzalarni
erganomik xususyatlari ko rib chigilgan va sport poyabzallari uchun magbul charm tavsiya etilgan.

Kalit so‘zlar: qalinlik, xavo o ‘tkazuvchanlik, namlik ,qulaylik, chidamlilik, ishqalanish,egilish, siqilsh
,sport, cho ‘zilish.

Annomayus: B Oannoui cmamve paccmampugaromcs mpe0oeanus K CnopmusHol 00yeu, dusuxo-
Mexanuyeckue C80UCMea HAMypanbHOU U UCKYCCMEEHHOU KOdcU Ol CHOPMUBHOU 00Y6U, 3p2OHOMUYECKUe
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Abstract: This article reviews the requirements for sports shoes, the physical and mechanical
properties of natural and artificial leathers for sports shoes, the ergonomic properties of sports shoes, and
recommends leather for sports shoes.

Keywords: thickness, breathability, moisture, comfort, elasticity, friction, flex, compression, sports,
stretch.

Kirish: O‘zbekiston Respublikasida sportga bo‘lgan e’tibor kundan kun oshib kelmoqda
xususan O‘zbekiston Respublikasi Prezidenti bu soxada juda yirik isloxatlar olib bormogda xususan
O‘zbekiston Respublikasi Sportni rivojlantirish vazirligi tashkil etilgani sportga bo‘lgan e’tibor
yanada oshirilganligi yaqqol namoyon bo‘lib kelmogda.Bu esa yurtimiz sportchilarini oldiga
yanada yuksak marralar qo‘yishga yurtimiz shanini jaxon miqyosida ximoya qilishga zamin yaratib
kelmoqda.Bu soxa uchun maxsus Sport poyabzali sportchilar uchun juda muhim xisoblanib oddiy
poyabzaldan fargli ravishda sport mashg‘ulotlari vaqtida oyoqni himoya qilish, qulaylik
yaratish va harakat samaradorligini oshirish uchun maxsus ishlab chigiladi. Shuning uchun
sport poyabzallariga bir gator gigiyenik, mexanik, ergonomik va konstruktiv talablar qo‘yiladi.

Nazariy gism

Gigiyenik talablar: Sport poyabzal oyoq gigiyenasini saqlashi va oyoq uchun sog‘lom mubhit
yaratishi kerak sportchi mashg‘ulot paytida oyoq xarakatlari tufayli inson tanasida terlash xosil
bo‘ladi bu esa sportchini mashg‘ulot davrida poyabzal ichidagi oyoq uchun noqulaylik tug‘diradi ,
oyoq terlash natijasida sportchini oyogni oyog‘l poyabzal ichida sirpanishiga olib keladi bunday
muamolarni oldini olish uchun sport poyabzali materyali xavo o‘tkazuvchanligi yaxshi nam
shimuvchanligi yaxshi bo‘lgan material dan foydalanish tavsiya etiladi. Yana bir muhim jixati
poyabzal ozida qish mavsumlarida issiqlik saqlash xususyati xam yaxshi darajada bo‘lishi lozim
agarda poyabzalda inson oyog‘l issiq turmasa sportchini butun tanasi issimasligi tadgigod
natijaraida isbotlangan shu sababdan poyabzal issiglik saglash xususyati xam juda yaxshi bolishi
kerak.[1]

Anatomik va ergonomik talablar:Sport boyabzallari loyxalanilayotgan payita yana bir
muhim jixati xisobga olinadi poyabzal inson oyoq tuzilishga mos bo‘lishi va va mashg‘ulot
davrida oyoq barmoglari erkin xarakat gila olishi , sportchini sakirash va yugurish davrida tovon
gismini mahkam ushlab turishi va oyoqni erkin xarakatini cheklamasligi inobatga olinadi agarda
yuqoridagi sabablar bartaraf etilmasa siportchini oyoq qismlarida turli xil yallig‘lanishlarga sabab
bo‘ladi.

Mexanik talablar: Sport poyabzal materiali va konstruktsiyasi turli yuklamalarga bardosh
berishi kerak mashg‘uloda davrida sporni turiga garab sportchini oyoq gismiga turli yuklamalar
tushadi bunday yuklamalar tushgan payitda sport poyabzali uchun ishlatilgan material
mustahkamligi yuqori bo‘lishi cho‘zilishga jidamlik bo‘lishi uzilish mustahkamligi yuqori bo‘lishi
kerak.

Estetik va dizayn talablari: Sport poyabzal zamonaviy ko‘rinishga ega bo‘lishi va
zamonaviy dizayn uyg‘unlashuvi va sport turlariga mos xolda loyxalanishi lozm va zamonaviy
brend ko‘rinishga ega bo‘lishi boshqa poyabzallardan ajralib turishga sabab bo‘ladi.

Charm poyabzal ustki gismi :Tashqi ko‘rinishi va ishlashini saqlab qolish uchun muntazam
tozalashni talab giladi. Foydalanuvchilar har foydalanishdan keyin chang va kirni yumshoq cho‘tka
yoki nam mato bilan tozalashlari kerak. Chuqurroq tozalash uchun egar sovuni yaxshi ishlaydi,
chunki u tabiiy yog'larni yo‘qotmasdan tozalaydi. Ko‘pgina mutaxassislar muntazam parvarish
gilish uchun ilig suv va poyabzal sovunidan foydalanishni tavsiya qiladilar. Tozalashdan so‘ng,
poyabzal 24 dan 48 soatgacha havoda quritilishi kerak. Ho‘l poyabzallarni isitgichlar yoniga
qo‘yish mo‘rtlikka olib kelishi mumkin, shuning uchun ularni qog'oz bilan to‘ldirish ularning sekin
va bir tekis qurishiga yordam beradi. Havo yordamida qurutish charmni yumshoq va egiluvchan
holda saglaydi. Har bir necha haftada charm konditsionerini surtish yorilishlarning oldini oladi va
ustki gismining ishlash muddatini uzaytiradi. Otter Wax yoki Nikwax kabi mahsulotlar namlik
to‘siglarini hosil giladi va materialning nafas olishiga imkon beradi. Gidroizolyatsiya spreyi yoki
mumidan muntazam foydalanish suvning shikastlanishidan himoya giladi. Tozalashdan keyin ushbu
muolajalarni qayta qo‘llash doimiy himoyani ta'minlaydi [2].
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1-rasm Sport poyabzali uchun qo‘y va echki terilarini yarm tayyor namunalari.

Tabiiy charmni uzoq vaqt xizmat qilishiga ta’sir etuvchi omillar:Charm poyabzal ustki
qismi o‘zining mustahkamligi bilan ajralib turadi, ammo u boshqa materiallarga qaraganda ko‘proq
parvarish talab giladi. Charm balzam bilan namlash vaqt o‘tishi bilan gattiqlashishning oldini oladi.
Charm namlikni yutadi, bu esa nam sharoitda ustki qismni og‘irlashtirishi mumkin. Doimiy
tozalash, konditsionerlash va suv o‘tkazmasligi uzoq umr ko‘rishni ta’minlaydi, bu esa charmni
uzoq muddatli himoya izlayotganlar uchun ogilona investitsiyaga aylantiradi.[3]

Tabiiy va sun’iy charm materiallar haqida xizmat qilishi va narx borasida farqlanishi :

1-jadval
Qulaylik Uzoq O‘rtacha Xizmat
Ne Material turi aytix. xizmat narx ko‘rsatish
Xususiyatlari S ) .
gilishi (yil) (so‘m) qulayligi
. Muntazam texnik
Bardoshli, suv xizmat
1 Teri (don) 0 tkazmayd_lgan, 3-5 150-300 Kko‘rsatishni talab
nafas oladigan o
giladi
engil, asinmaya Tozalash oson,
2 Sintetik bardoshli, suv 1-3 70-150 parvarishlash
o‘tkazmaydigan oson
. . Yengil, nafas L
3 To qlmflchlllk oluvchi, 1.9 50120 Parvarish q|I_|sh_
(to‘r) oson, tez quriydi
moslashuvchan

Ustki kiyimlar turli xil mexanik va fizik kuchlanishlarga, masalan, bo‘ylama va ko‘ndalang
cho‘zilish, cho‘zilish va siqish, egilish, namlik va ichki terlashga duchor bo‘ladi. Ushbu
kuchlanishlarga dosh berish uchun ustki kiyimlarning tashqgi guruhini tashkil etuvchi materiallar
0‘ziga xos xususiyatlarga ega bo‘lishi kerak, jumladan, cho‘zilish kuchlanishlarida elastik-plastik
xatti-harakatlar, cho‘zilish va yirtilishga chidamlilik, yuqori moslashuvchanlik, asinmaya
bardoshlilik, gigienik, estetik va ekologik xususiyatlar. Qalinligi 0,9 dan 2,5 mm gacha bo‘lgan
an'anaviy materiallar, ya'ni charmlar (quti, zamsh, nubuk, patentlangan), shuningdek, to‘qimachilik
(matolar, trikotaj buyumlar) va charmlarga alternativ sintetik materiallar ushbu talablarga javob
berishi mumkin.

Oyoqning dorsal yuzasini himoya qilishning asosiy vazifasi bo‘lgan astar gigienik
xususiyatlarga ega va nam va quruq asimmaya, cho‘zilishga va ter ta'siriga chidamliligini
ta'minlaydigan materiallardan tayyorlanishi kerak. Ushbu talablarga javob beradigan materiallar
orasida turli xil yupqa charmlar (qo‘y, echki, cho‘chqa) va to‘qimachilik materiallari (to‘qilgan va
trikotaj mato, to‘qilmagan matolar) mavjud [4].
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2-rasm Sport uslubidagi poyabzallarni umumiy ko‘rinishi.

Yugorida keltirilgan 2-rasmda tasvirlangan sport poyabzallari dizayniga tabiiy qo‘y va echki
terisidan  foydalanib yangu turdagi sport poyabzallarini loyxalash orgali sport uslubidagi
poyabzallarni xizmat gilish mudtati uzayishi va mustaxkamligi oshiriladi ushbu turdagi sport
uslubidagi poyabzallar axolining yosh qatlami orasida keng ommalashgani sababli ushbu
poyabzallarga talab ortib bormoqda lekin sun’iy chardan tayyorlanga poyabzallarni avzal tomoni
bo‘lgani kabi kamchiligi xam mavjud avzal tomon narx borasida hamyonbob va estetik jihatdan
jozibali lekin poyabzalni kiyish va sport mashg‘ulotlarini bajarish davrida sportichidagi yuqori
dinamik bosimni ko‘p qismi oyoq qismioga tushgani sababli kiyib yurgan sport poyabzali mexanik
kuchlanish cho‘zilishga bardosh bera olmay yirtilib ketishi va quyosh tasirida o‘z xususyatini
yo‘qotishi va yirtilib ketish holatlari kuzatilib kelmogda bunday muamolarni yechimi sifatida tabiiy
charmdan foydalanish poyabzalni mustahkamligini oshiradi.[5]

Xulosa

Ushbu maqolada sport poyabzallari uchun qo‘yiladigan talablar va sport poyabzallari uchun
ishlatiladigan tabiiy va sun’iy charm larni fizik va mexanik xususyatlari va sport poyabzalarni
erganomik xususyatlari ko‘rib chiqilgan va sport poyabzallari uchun maqbul charm tavsiya etildi
ishlab chigarish korxonlariga yangi turdagi zamonaviy poyabzal ishlab chigarish uchun yangi
model namunalari tavsiya asosida ko‘rsatildi .Sport poyabzallarini mustahkamligini oshirish uchun
sun’ily charm va to‘qima mato uyg‘unlashuvi tavsiya etildi va natijada poyabzalni mustahkamligi
oshirilishi xulosa gilib olindi.
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Annotatsiya: Ushbu magolada sanoat korxonalarida ishlab chigarish jarayonida sifat nazoratini
amalga oshirishda optik va raqamli usullarning qo ‘llanilish imkoniyatlari va ularning samaradorligi
o ‘rganilgan. Sifatni baholashda sun’iy intellekt, mashinani ko ‘rish tizimlari, optik sensorlar hamda tasvirni
qayta ishlash algoritmlaridan foydalanish yo ‘llari tahlil gilingan. Tadgiqotda raqamli nazorat tizimlarining
mahsulot sifatini avtomatik aniglash, nugsonlarni erta bosgichda aniglab kamaytirish va ishlab chiqgarish
samaradorligini oshirishdagi o ‘rni ilmiy asosda yoritilgan. Shuningdek, optik nazorat texnologiyalarining
ishlab chigarishdagi aniqlik, tezkorlik va inson omilini kamaytirishdagi ahamiyati ko ‘rsatib o ‘tilgan.
Olingan natijalar sanoat jarayonlarida ragamli yondashuvlar yordamida sifatni nazorat gilishning istigbolli
vo ‘nalishlarini aniglashga xizmat qiladi.

Kalit so‘zlar: sifat nazorati; optik tizim; ragamli tahlil; avtomatik aniglash; tasvirni qayta ishlash.

Abstract: This paper explores the potential and efficiency of applying optical and digital methods in
industrial quality control systems. The study examines the integration of artificial intelligence, machine
vision systems, optical sensors, and image processing algorithms in evaluating product quality. The research
highlights the role of digital inspection systems in automatic defect detection and reduction at early
production stages, as well as their contribution to improving manufacturing efficiency. Special attention is
given to the importance of optical control technologies in ensuring accuracy, speed, and minimizing human
influence. The findings identify promising directions for the implementation of digital approaches in
industrial quality management.

Keywords: quality control; optical system; digital analysis; automatic detection; image processing.

Armomauu}l: B Oannoti cmamwve uccinedosanvl 603MONCHOCIU npuUMeHeHus onmudeckKkux u
L;uqbpoebzx Memoooe 6 cucmeme KOHmMpOoJA Kadecmea Ha NnpoMblUlIEHHblX npednpuﬂmuﬂx, a makxoice ux
3¢qb€Kmu8HOCﬂ’lb. PaCCMOmp€Hbl 0CObeHHOCMU UCHOIb308AHUS UCKYCCMBEHHOCO UHmMeeKma, cucmem
MAUWURHOCO 3PERUA, ONMUYECKUX CEHCOPOB8 U AJIcOPUMMOE 06pa60m}<u u306panC€H1/HZ npu OyeHKe Kadecmeda
npooykyuu. B pabome npoanarusuposana ponv yugposvix cucmem KOHMPOIL 6 ABMOMAMUYECKOM
onpedeﬂeﬁuu U CHUXMCEeHUU deqbekmoe Ha parrux osmanax npou3eodcmea, a makKoKee 6 noevluleHuu
agpexmusHocmu npouzsoocmeennvix npoyeccos. OmoenvrHoe SHUMAHUE YOENeHO 3HAYEHUID ONMUYECKUX
mexHnono2ull 8 obecnederuu moy4YrHocmu, onepamueHocmu U CHUMNCEHUU 6IUSAHUA YelloB8eHeCKo20 qbaKmopa.
Honyuennvie pezyiomamovl  cnocoOCmMEYIom onpeoeneHul0 NePCneKmusHbIX HANPAGIeHUl YUppoeo2o
nooxooa e NPOMBIULIIEHHOM KORmMpOJie Kadecmed.

Knroueenie cioea. KOHMpOJlb Kavecmeda, onmudeckas cucmema, L;uqbpoeoﬁ AaAHalu3,
asmomamuueckoe oonapyicenue, 00pabomka u30opadicenu

Asosiy gism

O‘zbekiston Respublikasida ishlab chiqarish jarayonlarini modernizatsiya qilish va ragamli
texnologiyalarni joriy etish davlat siyosatining muhim yo‘nalishlaridan biri hisoblanadi. Xususan,
O‘zbekiston Respublikasi Prezidentining PQ-4699 qarori hamda ,,Ragamli O‘zbekiston — 2030
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strategiyasi”’da sanoat korxonalarida ragamli texnologiyalarni joriy etish, ishlab chigarish
jarayonlarini avtomatlashtirish va zamonaviy nazorat tizimlaridan foydalanish vazifalari
belgilangan.

An’anaviy, ya’ni inson omiliga asoslangan sifat nazorati usullarida mahsulot sifati
ko‘pincha mutaxassis tomonidan bevosita tekshiriladi. Masalan, to‘qimachilik sanoatida mato
yuzasidagi nugsonlarni aniqlash uchun nazoratchi matoni maxsus yorug‘lik ostida vizual kuzatish
usuli orqali tekshiradi.Bu jarayonda mutaxassis mato yuzasidagi teshik,ip uzilishi, dog® yoki
to‘qishdagi notekislik kabi nuqsonlarni ko‘z bilan aniqlaydi. Bunda mutaxassis mahsulot
yuzasidagi chiziq, tirnalish yoki deformatsiyalarni ko‘z bilan aniqglaydi. Biroq ushbu usul insonning
tajribasi, diqqat darajasi hamda charchoqlik omiliga bog‘liq bo‘lgani sababli ayrim hollarda
xatoliklar yuzaga kelishi mumkin. Shu sababli, ishlab chigarishda optik va ragamli sifat nazorati
usullarini joriy etish dolzarb masalaga aylanmoqda.

Optik nazorat usullari nurlanish, lazer yoki infragizil skanerlash orgali mahsulot yuzasini
tahlil giladi. Ragamli tizimlar esa olingan ma’lumotlarni sun’iy intellekt yordamida qayta ishlaydi
va natijani avtomatik baholaydi. Ushbu yondashuv sifatni yuqori aniglikda, real vaqt rejimida va
inson xatosisiz nazorat gilish imkonini beradi. Jahonda ishlab chigarish korxonalarida optik va
ragamli nazorat tizimlaridan foydalanish keng targalgan. Xususan, rivojlangan davlatlarda
to‘qimachilik, avtomobilsozlik va elektronika sanoatida mahsulot sifatini nazorat qilishda
kompyuter ko‘rish texnologiyalari faol qo‘llanilmoqda. Statisttk ma’lumotlarga ko‘ra,
avtomatlashtirilgan optik nazorat tizimlarini joriy etish ishlab chigarishdagi nugsonlarni aniglash
samaradorligini 30—40 % ga oshiradi hamda inson omili bilan bog‘liq xatoliklarni sezilarli darajada
kamaytiradi.

1. Optik sifat nazorati tizimlarining mohiyati va afzalliklari

Optik tizimlar mahsulot sirtini yoki ichki tuzilishini yorug‘lik to‘lqinlari yoki lazer nurlari
yordamida o‘rganadi. Bunda maxsus kamera yoki sensorlar tasvirni qayd etadi va dasturiy modul
orgali tahlil giladi.Optik tizimlarning eng katta afzalliklaridan biri — ularning yuqori aniglik va
sezuvchanlikka ega bo‘lishidir.Bunday tizimlar juda nozik o‘lchovlarni amalga oshirish,tiniq va
aniq tasvirlarni olish imkonini beradi.Shuningdek, optik tizimlar tezkor ishlash Xxususiyatiga
ega.Yorug‘lik signallari juda tez harakatlanadi,bu esa ma’lumotlarni uzatish va gayta ishlash
jarayonini tezlashtiradi.Optik tizimlarning yana bir muhim ustunligi-elektromagnit xalagitlarga
bardoshliligidir.Ular elektr signallaridan farqli ravishda tashqi elektromagnit to‘lginlardan kamroq
ta’sirlanadi,bu esa signal sifatining barqaror bo‘lishini ta’minlaydi.Bundan tashqari,optik tizimlar
kichik o‘lcham va yengillik bilan ajralib turadi.Linzalar, prizma yoki optik tolalar juda ixcham
bo‘lib, ularni turli qurilmalarga joylashtirish oson.Ular energiyani tejaydi,chunki ko‘plab qurilmalar
elektr energiyasini kam sarflaydi va ekologik jihatdan ham foydalidir.Eng muhimi, optik tizimlar
keng qo‘llaniladigan texnologiyalar bo‘lib, ular tibbiyotda mikroskop va lazer operatsiyalarida,
sanoatda nazorat tizimlarida,metallsozlikda tashqi sifatni baholashda hamda ta’limda turli tajriba va
o‘qitish vositalarida keng ishlatiladi.

Masalan, to‘gimachilik sanoatida optik kamera yordamida matoning silligligi, tolalar
orasidagi zichlik va rang bir xilligi aniqlanadi. Metallsozlikda esa sirt dag‘alligi yoki mikro
yoriglarni aniglash uchun lazerli skanerlar qo‘llaniladi.

2. Ragamli tahlil va tasvirni gayta ishlash texnologiyasi

Ragamli sifat nazorati tizimlari optik ma’lumotlarni kompyuter yordamida tahlil giladi. Bu
tizimlar mashinaviy ko‘rish (Machine Vision) va sun’iy intellekt (Al) algoritmlariga asoslanadi.

Kamera orqali olinayotgan tasvirlar raqamli formatda saqlanadi, so‘ng maxsus dasturlar
yordamida tahlil gilinadi. Tasvirni gayta ishlash algoritmlari nugsonlarni avtomatik ajratadi, aniglik
darajasini belgilaydi va ma’lumotlarni sifat hisobotiga kiritadi.

Ragamli tahlil tizimining asosiy afzalliklari shundan iboratki, u sifat bahosini tezkor olish
imkonini yaratadi.Avval ko‘p vaqt talab qilgan nazorat jarayonlari endi qisqa fursatda, inson
aralashuvisiz amalga oshiriladi.Shu bilan birga, tizim nugsaonlarni oldindan aniglashga yordam
beradi.Bu esa ishlab chigarishdagi xatolarni erta bosgichda bartaraf etish va mahsulot sifatini
oshirishga  xizmat  qiladi.Yana bir  muhim  afzallik-ishlab ~ chigarish  jarayonini
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avtomatlashtirishdir. Tasvirlarni ragamli tahlil qilish orqgali tizim sifat nazoratini mustaqil olib
boradi, aniglangan natijalarni esa avtomatik tarzda ma’lumotlar bazasida saqlaydi.Bu esa inson
mehnatini kamaytiradi, vaqt va resurslarni tejaydi, shuningdek, nazoratning aniqligi va
samaradorligini oshiradi.

3. Optik va ragamli usullarning integratsiyasi

Optik va ragamli tizimlarning integratsiyasi natijasida intelektual sifat nazorati tizimi
shakllanadi.Bunday tizimda optik sensorlar mahsulot yuzasini skanerlaydi va olingan ma’lumotlarni
ragamli formatda uzatadi.So‘ngra ushbu ma’lumotlar sun’iy intellekt algoritmlari yordamida tahlil
gilinadi. Tahlil natijalari avtomatik tarzda baholanadi yoki zarur hollarda operatorga yuboriladi.

Bu integratsiya jarayoni inson omilini kamaytiradi,chunki ko‘p hollarda tahlil va baholash
ishlari avtomatik tarzda bajariladi.Natijada ishlab chiqgarish jarayonining ishonchliligi,anigligi va
tezkorligi ortadi.Shuningdek, bunday yechimlar Sanoat 4.0 konsepsiyasiga mos ravishda zamonaviy
avtomatlashtirilgan tizimlarni shakllantirishga xizmat gialdi.

Umuman olganda, optik va ragamli usullarning birlashuvi ishlab chigarish jarayonini
ragamlashtirish,sifat nazoratini yaxshilash va texnologik samaradorlikni oshirishda muhim
ahamiyat kasb etadi.

4. Amaliy qo‘llanilish natijalari

Optik va ragamli sifat nazorati tizimlari hozirgi kunda turli sohalarda keng
go‘llanilmogda.Ular yordamida ishlab chiqgarish jarayonlarida mahsulot sifati yaxshilanib,
texnologik samaradorlik oshmoqda.Masalan, to‘qimachilik sanoatida ushbu tizimlar mato sirtidagi
nugsonlarni  aniqlashda  qo‘llaniladi.Kamera va sensorlar yordamida mato yuzasi
skanerlanadi,ragamli tahlil orgali tolalar orasidagi nomuvofiglik,ip uzilishi yoki rangdagi farglar
aniglanadi.

Avtomobilsozlik sohasida optik va ragamli tizimlar bo‘yoq qatlami silligligini va detallar
orasidagi  moslikni  o‘lchashda muhim rol o‘ynaydi.Natijada  avtomobillar  sifati
bargarorlashadi,ishlab chigarish jarayonidagi xatoliklar kamayadi.

Tadqiqotlar shuni ko‘rsatadiki, bunday tizimlarni joriy etgan korxonalarda mahsulot
sifatining barqarorligi 20-25 foizga, ishlab chigarish samaradorligi esa 15-20 foizga oshgan.Bu esa
optik va ragamli tahlil texnologiyalarining ishlab chigarisda nagadar muhim ahamiyatga ega ekanini
isbotlaydi.

Xulosa

Optik va ragamli sifat nazorati usullari ishlab chigarishda avtomatlashtirish, tejamkorlik va
yuqori aniqlikni ta’minlaydi. Ular mahsulot sifati, ekologik xavfsizlik va ragobatbardoshlikni
oshiruvchi zamonaviy texnologik yechim hisoblanadi.Kelajakda ushbu tizimlarni sun’iy intellekt,
neyron tarmoqlar va bulutli texnologiyalar bilan birlashtirish orqali yanada ilg‘or, aqilli va
moslashuvchan nazorat tizimlarini yaratish imkoniyati mavjud. Optik va ragamli sifat nazorati
tizimlari O‘zbekiston sanoat korxonalari uchun ragamli transformatsiya yo‘lida muhim bosqich
hisoblanadi.Ular ishlab chigarishning tejamkorligi, anigligi va samaradorligini oshirish bilan birga,
milliy mahsulotlarning xalgaro bozordagi ragobatbardoshligini kuchaytiradi.Xulosa gilib aytganda,
optik va ragamli tahlil tizimlari nafagat ishlab chiqgarish sifati va tezligini oshiradi, balki mamlakat
igtisodiyotining ragamli rivojlanishiga, sanoatni avtomatlashtirishga va texnologik mustaqgillikka
erishishiga xizmat giladi.Shu bois, kelajakda ushbu tizimlarni yanada keng joriy etish va ularni
sun’iy intellekt bilan boyitish O‘zbekiston sanoatini yangi bosqichga olib chiqishi shubhasiz.
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Annotasiya :Ushbu maqolada kelajak energiyasini ta’'minlashda muhim o ‘rin tutuvchi qayta
tiklanadigan va ekologik xavfsiz manbalardan biri — “sho ‘rlanish-gradient energiyasi (SGE)’ning
membrana texnologiyalari analiz gilingan. Sho‘r suv va chuchuk suv orasidagi osmotik bosim fargidan
energiya ishlab chigarish prinsipi tahlil gilinib, teskari elektrodializ (RED) hamda bosimli retardatsion
osmoz (PRO) jarayonlarining samaradorlik omillari ko ‘rsatilgan. Membranalar tarkibi, ion
o ‘tkazuvchanligi, gidravlik qarshilik, selektiviik, ularning energiya ishlab chigarish jarayoniga ta’siri aniq
ilmiy asoslari shuningdek, SGE texnologiyasining ekologik afzalliklari, sanoat miqyosida qo llash
imkoniyatlari, potensial energetik quvvati hamda mavjud texnik cheklovlar bo ‘yicha tahliliy xulosalar
berildi.

Kalit so‘zi: sho ‘rlanish-gradient energiyasi, membrana texnologiyalar, gayta tiklanadigan energiya,
ekologik xavfsiz energiya, teskari elektrodializ (RED), bosimli retardatsion osmoz (PRO), ion-selektiv
membranalar, osmotik energiya, bargaror energiya tizimlari sanoat migyosida energiya.

Annomayusa:B OanHol cmamve paccMampusaiomcs cocmas MemOpaH, UOHHASL NPOBOOUMOCHIb,
2u0pa6ﬂuqecme conpomueieHue, CeleKmueHocntb U Ux 6lusdHue Ha npoyecc cenepayuu sHepeuu Ha H(ly’{HOIZ
OCHoee. Kpozwe moceo, npueodﬂmc;l AHAAUMUYECKUE 6bl800bL O IKOIOSUHECKUX npeumyuiecmeax mexHono2Uull
SGE, BO3MOINCHOCMIAX NPOMBIUUIEHHOCO NPUMEHEHUA, nOmeHl{uaJZbHOﬁ 3H€p2€mull€CKOL7 MowHocmu U
cyuyecmeyromyux mexHudeCKux OcpaHuv4eHusx. P€3yﬂbmal’l’lbl uccne008anus nokasvlearom, 4mo CONEHO-
zpaaueﬂmnaﬂ IHepcUusl moatcen uzpams 6AdNCHY0 pOoJjb 6 pazeumuu yCWlOlZ'IZ/IGle IHepeemu4decKux cucmem
6yoyweeo.

Knwuesvie cnosa: Conéno-epaouenmmuasn sHepeus, Membpannvie mexnonoeuu, Bozobnosnsemas
9Hepeus, Konoeudecku besonacuasn snepeus, Obpammuwiti s1ekmpoouanus (RED), Ocmoc ¢ 3amedreHubim
oasnenuem (PRO), Hon-cenexmusnvie memopanst, Ocmomuueckas suepeus, Ycmouiuusvie dnepeemuyeckue
cucmemal, 9Hep2w1 6 NPOMBIULTIEHHOM Mmacwmabe.

Annotation: This article scientifically investigates the generation of salinity gradient energy (SGE)
based on membrane technologies as one of the renewable and environmentally safe energy sources, playing
an important role in ensuring future energy supply. The principle of energy production due to the osmotic
pressure difference between saltwater and freshwater is analyzed, and the efficiency factors of reverse
electrodialysis (RED) and pressure-retarded osmosis (PRO) processes are presented. The composition of
membranes, ion conductivity, hydraulic resistance, selectivity, and their influence on the energy generation
process are examined on a scientific basis. Furthermore, analytical conclusions are provided regarding the
environmental advantages of SGE technologies, possibilities for industrial application, potential energy
capacity, and existing technical limitations. The research results indicate that salinity gradient energy can
play a significant role in the development of sustainable energy systems in the future.

Key words: Salinity gradient energy, Membrane technologies, Renewable energy, environmentally
safe energy, Reverse electrodialysis (RED), Pressure-retarded osmosis (PRO), lon-selective membranes,
Osmotic energy, Sustainable energy systems, Industrial-scale energy.

Mavzuning dolzarbligi
Hozirgi kunda global energiya sohasida asosiy muammo — energiya manbalarining
cheklanganligi va an’anaviy yoqilg‘ilarning atrof-muhitga keltirayotgan salbiy ta’siridir. Neft, gaz
va ko‘mir kabi yoqilg‘ilarni ko‘p ishlatish natijasida atmosfera va suv havzalarida zararli gazlar,
issigxona effekti va ekologik muammolar ortib bormoqda. Shu sababli, dunyo ilmiy hamjamiyati va
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sanoat sektori qgayta tiklanadigan, ekologik xavfsiz va bargaror energiya manbalarini
rivojlantirishga jiddiy e’tibor qaratmoqda.

Sho‘rlanish-gradient energiyasi (SGE) — bu dengiz va daryo suvlaridagi tuz konsentratsiyasi
farqidan energiya olish usuli bo‘lib, u “kelajak energiyasi” sifatida e’tirof etilgan. Bu texnologiya
quyidagi jihatlari bilan dolzarb hisoblanadi:

1. Barqarorlik: Sho‘rlanish-gradient energiyasi tabily jarayonlarga asoslangan bo‘lib,
uzluksiz va gayta tiklanadigan manba hisoblanadi. Dengiz va daryo suvlari tabiiy ravishda mavjud
bo‘lgani uchun energiya ishlab chigarish davomiyligi yuqori.

2. Ekologik xavfsizlik: SGE jarayonida atmosfera va suvga zararli chigindilar chigarilmaydi.
Bu energiya turini ishlab chigarish atrof-muhitni ifloslantirmaydi, issigxona gazlarini kamaytirishga
yordam beradi.

3. Texnologik istigbolli rivojlanish. Membrana asosidagi texnologiyalar — teskari
elektrodializ (RED) va bosimli retardatsion osmoz (PRO) — energiya ishlab chiqgarish
samaradorligini oshirish imkonini beradi. Membranalar orgali ionlarning selektiv harakati osmotik
bosimni elektr energiyasiga aylantiradi.

Membranalar tarkibi, ion o‘tkazuvchanligi, selektivlik, gidravlik qarshilik kabi xususiyatlar
SGE tizimlarining samaradorligiga to‘g‘ridan-to‘g‘ri ta’sir qiladi. Shu bilan birga, texnologiya
sanoat miqyosida qo‘llanilganda, energetika tizimlarini diversifikatsiya gilish va uzluksiz energiya
ta’minotini yaratish imkonini beradi.

Hozirgi kunda dunyoning ko‘plab mamlakatlari, xususan Evropa Ittifoqi, Yaponiya, Janubi-
Sharqiy Osiyo va Shimoliy Amerika, sho‘rlanish-gradient energiyasini rivojlantirishga katta
sarmoya kiritmogda. Bu esa SGE texnologiyasining nafagat ilmiy, balki igtisodiy jihatdan ham
dolzarbligini ko‘rsatadi.

Ushbu magolada SGE texnologiyasining ilmiy asoslari, membrana jarayonlari, ekologik
afzalliklari, sanoat miqyosida qo‘llash imkoniyatlari, potensial energetik quvvati va mavjud texnik
cheklovlari batafsil tahlil gilinadi. Tadqiqot natijalari sho‘rlanish-gradient energiyasining kelajakda
barqaror energiya tizimlarida muhim rol o‘ynashini isbotlaydi.

Muammoning qo’yilishi

Hozirgi kunda global energiya tizimi bir gator dolzarb muammolar bilan yuzlashmoqda.
Asosan fosil yoqilg‘ilarga — neft, gaz va ko‘mirga — tayanish natijasida ekologik va ijtimoiy-
igtisodiy xavflar ortib bormogda. Ushbu manbalar atmosferaga karbonat angidrid va boshqa zararli
gazlar chiqaradi, bu esa issigxona effekti, iqlim o°‘zgarishi va ekologik tizimlarning buzilishiga olib
keladi. Shu bilan birga, traditsion energiya manbalarining cheklanganligi ularning bargarorligini
ta’minlashni qiyinlashtiradi.

Shu munosabat bilan gayta tiklanadigan va ekologik xavfsiz energiya manbalarini izlash
ilmiy va amaliy jihatdan dolzarb vazifa sifatida namoyon bo‘ladi. Sho‘rlanish-gradient energiyasi
(SGE) aynan shu kontekstda innovatsion yechim sifatida garaladi. SGE dengiz va daryo suvlari
orasidagi tuz konsentratsiyasi fargidan energiya ishlab chigarish imkonini beradi va bu jarayon
membrana texnologiyalari — teskari elektrodializ (RED) va bosimli retardatsion osmoz (PRO)
orgali amalga oshiriladi.

Biroq, SGE texnologiyasini keng miqyosda qo‘llash bir gator ilmiy va texnik muammolarni keltirib
chigaradi:

1. Membrana samaradorligi: Energiya ishlab chigarish samaradorligi membrana selektivligi,
ion o‘tkazuvchanligi, gidravlik qarshilik va suyuqlik oqimi tezligiga bevosita bog‘liq.
Membranalarni optimallashtirish orqgali energiya ishlab chigarish quvvatini sezilarli darajada
oshirish mumkin.

2. Materiallar va chidamlilik masalalari: Membranalar uzoq muddat ishlashga va tuzli
muhitga chidamli bo‘lishi zarur. Materiallarning narxi va uzoq muddatli ishlash xususiyatlari SGE
tizimlarining igtisodiy samaradorligini belgilaydi.

3. Energetik va ekologik muammolar: SGE energiya ishlab chigarish jarayonida ekologik
zarar minimal bo‘lishi kerak, ammo tizimlarning samaradorligini oshirish va energiya quvvatini
maksimal darajada olish muhim.
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4. Sanoat qo‘llanilishi va integratsiya: SGE texnologiyasini energiya tizimlariga kiritish
logistika, moliyaviy va texnik cheklovlar bilan bog‘liq. Shu sababli, ilmiy tadqiqotlar ushbu
cheklovlarni aniglash, optimallashtirish va sanoat miqyosida qo‘llash imkoniyatlarini o‘rganishga
garatilgan.

Shunday qilib, hozirgi va kelajakdagi energetika tizimlarida ekologik xavfsiz, bargaror va
yugori samarali energiya manbalarini ishlab chigish uchun SGE texnologiyasining ilmiy asoslarini
chuqur o‘rganish dolzarb hisoblanadi. Bu muammo nafaqat ilmiy tadqiqotlar uchun, balki global
energetika xavfsizligini ta’minlash, barqaror rivojlanish va “yashil” energetika konsepsiyasini
amalga oshirishda ham muhimdir.

Xulosa: Sho‘rlanish-gradient energiyasi (SGE) membrana texnologiyalari yordamida
energiya ishlab chiqarishning istigbolli, barqaror va ekologik xavfsiz yo‘li sifatida ilmiy asosda
o‘rganildi. Tadqiqotlar shuni ko‘rsatadiki, SGE tizimlari dengiz va daryo suvlaridagi tuz
konsentratsiyasi fargidan energiya olish imkonini beradi. Bu jarayon teskari elektrodializ (RED) va
bosimli retardatsion osmoz (PRO) kabi membrana texnologiyalari orgali amalga oshiriladi, ular
osmotik bosimni elektr energiyasiga samarali aylantirishga yordam beradi.

Membranalar tarkibi, ion o‘tkazuvchanligi, selektivlik, gidravlik qarshilik va suv oqimining
tezligi kabi omillar energiya ishlab chigarish samaradorligini belgilovchi asosiy parametrlardir. Shu
bilan birga, membrana texnologiyalarini optimallashtirish SGE tizimlarining energiya ishlab
chiqgarish quvvatini sezilarli darajada oshiradi. SGE texnologiyasining ekologik afzalliklari
alohida ta’kidlanadi: jarayon davomida atmosfera va suv havzalariga zararli chiqindilar tushmaydi,
issigxona gazlari kamayadi va tabiiy resurslarga minimal ta’sir ko‘rsatiladi. Shu sababli, SGE
nafagat energiya manbai sifatida, balki atrof-muhitni himoya qilish va bargaror rivojlanish
strategiyalarini amalga oshirishda ham muhim ahamiyatga ega. Shuningdek, SGE tizimlari sanoat
miqyosida qo‘llanilganda, energetika tizimlarini diversifikatsiya qilish va uzluksiz energiya
ta’minotini yaratish imkonini beradi. Xalgaro tajriba shuni ko‘rsatadiki, SGE texnologiyalariga
sarmoya kiritish energetik mustaqillikni oshiradi va yangi ish o‘rinlari yaratish imkonini beradi.
Natijada, sho‘rlanish-gradient energiyasi kelajakda bargaror energiya tizimlarida muhim rol
o‘ynashi mumkin. Ushbu texnologiyaning ilmiy, ekologik va iqtisodiy afzalliklari uni global
energiya sohasida strategik yo‘nalish sifatida ajratib turadi. SGE energiyasi bargaror rivojlanish va
“yashil” energetika konsepsiyasini amalga oshirishda muhim vosita bo‘lib xizmat qiladi.
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AHHOmtll/(lUl. B cmamwe pacemampuearomcst OCHO6Hble IJKoJlocudecKue l’lpO6JZ€Mbl, C653aHHblE C
0esamenbHOCmbIo NPOMbIULIEHHbIX npednpuﬂmuﬁ 6 YClosusx 2N00ANbHO20  UBMEHEHUsT  KIUMAMmA.
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AHaJluf)’upleWlCﬂ B8UObI HE2AMUBHO20 603()61/7077161,{& makKkue Kak 6bl6p0€bl NAPHUKOBBIX 2A306, 3AcpPA3HEHUEe
B00HBIX pecypcos, odezpadayusi nouevl u ympama oOuopasnoobpasus. I[lpusoosmcsi npumepvi Hauboaee
3ACPAIHAIOUWUX OWlpaC]leﬁ npoOMblULIEHHOCMU U 050)/.?}0()(1}0]’1’16}1 Mepel, Komopbsle Mmocym CHU3UMb
9KOJI02UYeCKUl ywep6. ﬂeﬂaemc;z aKyeHm Ha edad)CHocmu 9KO0JI02UYeCcKol Modepnumuuu u nepexoda K
VCMOUYUBOMY NPOUBOOCME).

KﬂlolluGble cjlo6a. npomuvlUllleHHOCNb, Kiumam, 3depA3HeHue, 6bl6p0Cbl, NAapHUKoeBble 2asbl, IKOJI02UAL.
NpOMbIULIEHHble NPeOnpUsmus, 3aepssHeHue OKpydlcarowel cpeobl, UMeHeHUue KIUMAmad, YCmoudugoe
paseuniue, ()ekap60Hu3auu;z, aKoI02UYeCKdst Oe30naAcHOCMb.

Abstract. The article discusses the main environmental problems associated with the activities of
industrial enterprises in the context of global climate change. It analyzes the types of negative impacts, such
as greenhouse gas emissions, water pollution, soil degradation, and loss of biodiversity. Examples of the
most polluting industries are provided, and measures that can reduce environmental damage are discussed.
The article emphasizes the importance of environmental modernization and the transition to sustainable
production.

Keywords: industry, climate, pollution, emissions, greenhouse gases, ecology. industrial enterprises,
environmental pollution, climate change, sustainable development, decarbonization, and environmental
safety.

Annotatsiya. Maqolada global iglim o'zgarishi sharoitida sanoat korxonalari faoliyati bilan bog'liq
asosiy ekologik muammolar ko'rib chigiladi. Issigxona gazlari chigindilari, suvning ifloslanishi, tuprogning
degradatsiyasi va biologik xilma-xillikning yo'qolishi kabi salbiy ta'sir turlari tahlil gilinadi. Sanoatning eng
ifloslantiruvchi tarmoglariga misollar keltiriladi va atrof-muhitga etkazilgan zararni kamaytiradigan
choralar muhokama gilinadi. Ekologik modernizatsiya va bargaror ishlab chigarishga o'tish muhimligiga
e'tibor garatiladi

Kalit so'zlar sanoat, iglim, ifloslanish, emissiya, issigxona gazlari, ekologiya. sanoat korxonalari,
atrof-muhitning ifloslanishi, iglim o'zgarishi, bargaror rivojlanish, dekarbonizatsiya, ekologik xavfsizlgi

1. BBenenne. CoBpeMeHHas MPOMBIIUICHHOCTD SIBJISIETCS OJJTHUM U3 TIaBHBIX UCTOYHUKOB
HEraTUBHOI'O BO3JIEHCTBUS Ha OKpykaroulyio cpeny. C pa3BUTHEM TEXHOJIOTHI yBEJIWYUBAIOTCS
MaciuTabbl MPOU3BOJICTBA, & BMECTE C HUMHU M YPOBEHb 3arpsizHeHHsi atMochepsl, ruapocdepsl u
mutocdepsl. OCOOEHHO OCTpO MpobIeMa BCTaeT B AMOXY I100aJIbHOTO U3MEHEHHSI KJIIMMaTa, KOoraa
Ka)/10€ JIOTIOJHUTENIbHOE 3arpsi3HeHHE YCHIMBAeT PHUCKU A Bcedl IuiaHeTsl. HecmoTps Ha
MEXAYHapOAHbIE COIJIAIIEHUS W YCHJIUS OKOJIOTMYECKUX OpraHu3aluid, aHTPONOreHHOE
BO3/ICHCTBUE OCTAeTCS 3HAYUTEIbHBIM. B yCIIOBHSX yCKOpsIOmIerocs riio0albHOTO H3MEHEHHUS
KJIMMaTa BO3pacTaeT 3HAYMMOCTh M3Y4YEHHUS] BIUSHUS [POMBIIUICHHBIX MPEANPUATHN Ha
9KOJIOTUYECKOE COCTOSIHME OKpY’Kalollel cpeisl. B craTthe paccMaTpuBalOTCs OCHOBHBIE BHIbI
3arpsi3HEHUI, BBI3BAHHBIX IPOMBIIIICHHOW JESTeNbHOCTHIO, BKJIKOYas BBIOPOCHI MApHUKOBBIX
ra3oB, 3arps3HEHUE BOJHBIX pPECYpCOB, JErpajalfio MOYB U OHMOJIOTHYECKUX HKOCUCTEM.
AHaIM3UPYIOTCS COBPEMEHHBIE BBI30OBbl W MPEIJIaraloTCs HAIMpPaBJICHUS SKOJOTHYECKON
MOJICPHU3ALUH TPOMBIIIJICHHBIX 00beKTOB. Oc000€ BHUMaHHE Y/AEJICHO HEOOX0IUMOCTH IIepexo1a
K YCTOWYMBOMY IPOU3BOACTBY U peaiu3alii MEeKIYHAPOIHBIX KIMMATUYECKUX COTJIAIIeHUN

HeratuBHoe BIMSHHE MPOMBIIUICHHBIX NPEANPHUATHH HAa OKPYKAIOIIYIO Cpeay OCTa&Tcs
OJIHUM M3 BaXHEHIIMX BBI3OBOB JMJIs YENOBEUYECTBAa, OCOOCHHO B YCJIOBHUAX HapacTaloulero
KIIMMAaTHYeCKOTO Kpusnuca B yclnoBHAX yCKOpPSIOIIErocs TIJI0OaIbHOTO HW3MEHEHHMsS KJIMMara
BO3pAacTaeT 3HAYMMOCTh 3arpsi3HEHUN TMPOMBIIUICHHBIMU MPEINPUITHUSIMH Ha 3KOJOTHYECKOe
COCTOSIHUE OKpYXkarotieit cpesr [1].

AHTPOTIOTEHHOE BO3/ICHCTBUE MPOMBINIJIEHHBIX MPEANPHUITHI Ha Orocdepy ocTaeTcss 0OTHON
u3 Hambosiee OCTPBIX MPOOJIEeM COBPEMEHHOCTH, MpUoOpeTas 0coOyr 3HAYMMOCTh B KOHTEKCTE
MIPOrPECCUPYIOLIETO KIMMATUYECKOTO KpHU3Hca. YCKOpEHHWE TEMIIOB TIJI00albHOrO0 W3MEHEHUs
KIuMara TpeOyeT NepecMOoTpa IMOAXOJO0B K OLEHKE HKOJOTHUECKUX PHUCKOB, CBS3aHHBIX C
WHIYCTPUAIILHOU JIESITEIBLHOCTHIO [2].

Tpancopmanust ruapochepsl: 3arps3HEHHE CTOYHBIMH BOJAMU M HCTOILEHHE BOJHBIX
pecypcoB; JlutocdepHas nerpaganus: XUMHUYECKOE 3arps3HEHHE IIOYBEHHOIO IIOKpOBa H
HapyleHHe CTPYKTYPHI 3eMJICTIOIb30BAHUS. [TpoMBbIIINIeHHBIE TPEANPUATHS BEIOPACKIBAIOT B
atMoc(epy MHILIMOHBI TOHH MapHUKOBBIX ra3oB (CO:2, CHa, N20O) u npyrux mapHUKOBBIX ra3oB
COCTABJIIIOT OCHOBY AHTPOIIOTEHHOTO BO3JEHCTBHS Ha KiauMaT. llpeanpusitus Metamnypruu,
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XUMHUYECKOM, LEMEHTHOW, JHEPreTUYECKOM OTpacied SBISAIOTCA KPYNMHEHMIIMMH HCTOYHMKAMH
SMHCCUH  a Takke TOKCHYHBIX BemecTB (SO2, NOX, mblib, TSKENbIE METaIbl. DTO COCOOCTBYET
YBEJIMYEHUIO CpEJHEH TemmepaTypbl Ha 3emile, BO3HMKHOBEHHIO KHUCJIOTHBIX JOXKIEH U
YXYALICHUIO KaueCTBa BO3AyxXa B ropojax.[3]

COpocel HEOUMIEHHBIX WM HEAOCTATOYHO OYMILIEHHBIX CTOYHBIX BOJ BEOyT K
3arpsi3HEHUI0 peK, 03€p M Moped. XMMMUYECKas IMPOMBIIUIEHHOCTb, TEKCTUJIbHBIE W IIHUILEBHIE
MIPOM3BOJCTBA OCOOEHHO CWJIBHO BIMSIOT Ha Tujpochepy, paspylias 3KOCHUCTEMBI BOJOEMOB.
MHorue npeanpusTHs CcOpachIBAalOT CTOYHBIE BOJBI, COJEpXKAILUE TSKEIble MeTallbl,
He(TEeOTX0/Ibl M XMMHKATHI, B PEKHU U 03€pa, Hapyllas 3KOCUCTEMbI U yXy/lIasi KaueCTBO MUThEBON
BOJBI [4].

[IpombliieHHast AESITEIbHOCTh CIIOCOOCTBYET HAKOIUICHUIO TSKENBIX METAJUIOB U
TOKCHUHOB B IIO4BE, CHWXas e€ Iuiogopoaue. B paifoHax 100BIYM MOJIE3HBIX MCKONAEMbIX
MIPOUCXOJUT 3PO3Us TOYBBI, OIYCTHIHUBAHUE U YHUUTOKEHUE PACTUTENBHOCTH. [IpoMbliieHHbIe
OTXOZIbl, 3aXOPOHEHHBbIC WJIM HECAHKLIMOHWPOBAHHO BBIOPOIICHHBIE HAa 3E€MJII0, HIPUBOJAT K
3arpsiI3HEHUIO TIOYBBI, YTO OTPAXKAETCS HA arpapHOil OTpaciau U 310pOBbe HaceleHus [5].

B ycnoBusix yckopeHHOro npoMblliuIeHHOTO pa3Butus PecnyOnuku Y30ekuctan npobiema
9KOJIOTMUYECKON Harpy3ku npuoOperaer ocoOyro aKTyaJbHOCTb. AHAJIU3 OTPaciieBOM CTPYKTYpbI
HSKOHOMHKH [OKa3bIBAET, YTO HaMOOJbIIEEe BO3ACUCTBHE HA OKPY)KAIOLIYIO CPEIy OKAa3bIBAIOT
SHEpPreTHKa, METaLUTyprusi, XMMHuYeckas U HedTerazoBasi MPOMBIIUIEHHOCTb. J[aHHBIE OTpaciu
XapaKTepU3yIOTCS BBICOKMM YPOBHEM BBIOPOCOB 3arpsi3HSIOLIMX BEIIECTB, 3HAUYUTEIBHBIM
noTpedIeHueM MPUPOIHBIX PECYPCOB U 00pa30BaHUEM OTXOJ0B [6].

Ocoboe MecTO 3aHMMAaeT TEIJIOPHEPreTUKa, B 3HAYMTEIbHOH CTENEeHW OCHOBAaHHAs Ha
C)KUT'AaHUU HCKOIIAEMOro TOIUIMBA. DTO NMPHUBOAUT K YBEJIWYEHUIO BBIOPOCOB YIJIEKHCIIOTO Ta3a U
JPYTruX MapHUKOBBIX Ta30B, YCHIMBAIOIIUX IPOLECCHl M3MEHEHUs KIMMara. MeTamrypruyeckue
OpeanpusaTisi, (QYHKIUMOHUPYIOIIME B psjieé PETMOHOB CTPaHbl, OKAa3bIBAIOT KOMIUIEKCHOE
BO3/ICHCTBHE Ha aTMOC(EpPHBIH BO3AYX M BOJHBIC PECYpPCHI, BKJIIOYAs 3arps3HEHUE TSKEIbIMU
MeTaulaMd. XHMHUYECKas IPOMBIIIJIEHHOCTh OTJIMYAeTCd BBICOKUM YPOBHEM 00pa3oBaHUs
TOKCUYHBIX COCJUHEHUH, TPEOYIOIUX CIeNUATbHON YTHIN3AIHH.

BiusiHue NpOMBIIITIEHHOCTH BBIXOJUT 32 PAMKH JIOKAJIBHOTO 3arps3HEHUs U 3aTparuBacT
r00anpHble  KIMMATHUYECKHUE TPOIECChl. YCWICHHE NapHUKOBOTO 3(ddekra crmocoOCcTByeT
MOBBIIIEHUIO CpEeIHEH TeMIepaTypbl, WU3MEHEHHMIO TI'MJPOJIOIHMYECKOIO pEeXHMMa M YBEJIUYEHUIO
YaCcTOThI HKCTPEMAJIbHBIX MIPUPOTHBIX SBICHUH, BKIIOYAst 3aCyXH, XapakTepHble i LlenTpanpHon
Asun. Kpome TOro, aHTpONOreHHOe BO3/EHCTBHE CHUKAET CIIOCOOHOCTh MPUPOIHBIX IKOCUCTEM K
CaMOPETYJISILIMY U BOCCTAHOBJICHUIO [7].

Hapsany ¢ xumudeckuM 3arpsi3HEHHEM, aKTyalbHBIMHM OCTAarOTCsS MpPOOJIEMbI IIyMOBOTO
TEIJIOBOIO BO3ACHCTBUS MPOMBIIUICHHBIX OOBEKTOB, YTO OCOOCHHO 3aMETHO B KPYIHBIX
UHYCTPHAIIBHBIX IIEHTpax Y30ekucraHa. OTH (AKTOPbl OKa3blBAlOT HEraTUBHOE BIUSHHE KakK Ha
6uopazHoobpasue, Tak U Ha 3J0pOBbe HaceneHus| 8].

B coBpeMeHHBIX YCIOBHSIX OJHUM M3 KJIIOYEBBIX HANPABICHUH PELICHHs KOJIOTMYECKHX
npobseM SBISETCS BHEAPEHHE SKOJOTMUYECKH YHCTBIX M pecypcocOeperammmx TexHoJorui. B
V30ekucTaHe MOCTENEHHO Pa3BUBAETCS MCIOJIb30BAaHHE BO300HOBIISIEMBIX HMCTOYHHUKOB JHEPIHH,
BKJIIOYAsl COJIHEYHYIO U BETPOBYIO DJHEPreTHKY, 4YTO OOYCIOBIECHO BBICOKUM IPHPOTHBIM
MOTEHIMAJIOM cTpaHbl. [lepexon K 3aMKHYTBIM CHCTEMaM BOJ000OpOTa M BHEJIPEHUE HMPUHIUIIOB
0€30TX0IHOT0 MTPOU3BO/ICTBA MTO3BOJIAIOT CYIIECTBEHHO CHU3UTh Harpy3Ky Ha IPUPOJHBIE PECYPCHI.

BaKHBIM 3JIEMEHTOM 3KOJIOTMYECKOM MOJUTHKHU SBIISAETCS MOJCPHU3ALMS IMPOMBIIIIECHHBIX
npennpustiii. OOHOBIEHHE 000PYAOBaHMsS, MOBBIMIEHHE SHEProdp(EKTUBHOCTH U BHEAPEHHE
COBPEMEHHBIX CHCTEM OYUCTKH BBIOPOCOB CIIOCOOCTBYIOT CHIIKEHHMIO YPOBHS 3arps3HEHUS.
[lapannensHO pa3BUBAETCS KOHLEMIUS LUPKYJISIPHOM HSKOHOMHMKH, OPHUEHTHpPOBAHHAs Ha
nepepaboTKy OTXO/I0B M UX MMOBTOPHOE MCTIOIb30BaHuE [9].

'ocynapcTBeHHOE peryJupoBaHME UIpaeT ONpelessIoNlyl0 pojb B  00ecredeHuu
HKOJIOTHYECKOW Oe3omacHocTH. B cTpaHe peanu3yroTcss Mepsl 1O COBEPIICHCTBOBAHHUIO
9KOJIOTUYECKOT0 3aKOHOJATEIbCTBA, BBEAECHUI0 SKOHOMHUYECKMX MEXAaHH3MOB CTUMYJIMPOBAHUS
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MIPUPOIOOXPAHHON JEATEIbHOCTH, BKJIIOYAs SKOJIOIMUECKHUE IUIaTEXH U KOHTPOJIb 3a BbIOpocaMu
[10].

B menoMm, mepexoj K YCTOWYMBOMY pa3BUTHIO B Y30eKHCTaHe TpeOyeT KOMILIEKCHOTO
NoJX0Aa, OOBENMHSIONIETO0  TEXHOJIOTMYEeCKHEe  WHHOBauuM, 3(dexkTuBHOE  ympaBieHHE
MIPUPOJHBIMU PECYPCAMU U TMOBBIIIEHUE SKOJIOTMYECKONH OTBETCTBEHHOCTH HpeaupusTuid. Toibko
IIPY CHUCTEMHOM pealu3allii JAHHBIX MEP BO3MOXHO CHW)KEHHE JKOJIOTMYECKOM Harpy3ku u
COXpPaHEHHE IPUPOJIHOTO MOTEHIIHAIA CTPAHBL.
3aki0ueHue

B mnacrosimiee Bpemsi skojiorndyeckue mHpodsieMbl B Y30eKkHucTaHE CTaHOBSTCS BcE Oosee
aKTyaJbHbIMHM. Pa3BUTHE NPOMBIIUIEHHOCTH, POCT HACEJIEHUS W aKTUBHOE HCIIOJIb30BaHUE
MIPUPOJIHBIX PECYpCOB MPHUBOJAAT K 3arpsi3HEHUIO BO3/1yXa, BOJbI U IOYBBI. OJTO HEraTUBHO
CKa3bIBAaeTCs KaK Ha OKPYKAIOIIEH cpelie, TaK U Ha 30poBbe Jiroaei [11].

Haubonpiyto Harpy3ky Ha NpUpOy B CTpaHE CO3Jal0T DHEPreTHKa, MPOMBIIIICHHOCTh U
HedTerazoBast oTpacib. Kpome TOro, B HEKOTOPBIX pEruoHax HaOJIr0AaloTCs MpoOJIeMbl ¢
HEXBATKOW BOJBI U YXY/IICHUEM COCTOSHUS 3€MElb.

CHU3UTD HEraTMBHOE BO3JEHCTBUE MOJKHO 3a CYET BHEAPEHMS DKOJOTMYECKHM YHMCTBIX
TEXHOJIOTHH, HCIOJIb30BAHUS BO30OHOBISIEMBIX HMCTOYHUKOB JHEPrMM MU IMEpepabOTKH OTXOOB.
BaxHyto posib UrpaeT rocy1apcTBEHHbIN KOHTPOJIb, @ TAK)KE OTBETCTBEHHOE OTHOLLEHUE K IIPUPOJE
CO CTOPOHBI PeNpUITUNA U HaceneHus [12].

Takum o0pa3zom, oxpaHa OKpyXkarolled cpeibl B Y30ekuctane sBisieTcsl oOIei 3amaueil.
TonbkO COBMECTHBIMH YCWJIMSMHM MOXHO COXPaHHUThb IPUPOAHBIE PECYpCchl U 00ECHeuuTh
ONaronpusATHBIC YCIOBHS JUIS KU3HU OYAYIIUX TOKOJICHHA.
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KPATKHE COOBLIEHUA

OCHOBHbLE BUObL NPOMBIUAEHHBIX OMX0008 U UX BAUAHUE HA OKpYICcaiowyto cpedy. Ocoboe sHumaHue yoeneno
COBPEMEHHbIM Memooam 00pawjenus ¢ Omxo0amu, 6KIYAs NepepabomKy, mMepMu4ecKyro o0opabomky,
XUMUYECKYIO Heﬁmpcmmauwo u nosmopHoe UCNnoJib3064dHUEe CblpbA. PaCCMOMPEHbl npuryunsl
Gopmuposanus s¢pexmusnoll cucmemvl YNpAGieHUsT OMXO0AMU HA NPOMBIUAEHHLIX NPEONnpusImusx, d
makoice 3Havenue eHedpeHus pecypcocoepecarouyux u be3omxoonvix mexnonocutl. Coenamn 6vl600 0 MoM, YMo
oKoJiocudecKu 6630naCHa}l ymuausayus OH’DCO()OG ABNAEMCA BAINCHBIM YCIIOBUEM CHUINCEHUA aHmpOl’lOZeHHOTZ
HA2PY3KU HA OKPYIHCAIOUYIO Cpedy U 0becneyeHUs yCmouuU8o20 pa3eumus.

Knroueevie cnosa: npoOMblULIEHHblE omxodbl, ymuauzayus omxodoe, oKoJlocuvecKas 6630naCHOCI’I’lb,
nepepabomka, OKpyd’caowas cpeoaq, 3azpssHeHue, pecypcocoepedicernue, 0e30mx00Hvle MEeXHON02UU,
YCmotuuugoe pazgumue, YApasieHue omxooamu

Annomayua. Ushbu magolada zamonaviy sanoat rivojlanishi sharoitida sanoat chigindilarini
ekologik jihatdan xavfsiz utilizatsiya qilish masalalari ko ‘rib chigiladi. Sanoat chigindilarining asosiy turlari
va ularning atrof-muhitga tasiri tahlil gilingan. Chigindilar bilan ishlashning zamonaviy usullariga,
jumladan gayta ishlash, termik gayta ishlash, kimyoviy neytrallash va xom ashyoni gayta foydalanishga
alohida e'tibor qaratilgan. Sanoat korxonalarida chigindilarni boshqarishning samarali tizimini
shakllantirish tamoyillari hamda resurs tejovchi va chigindisiz texnologiyalarni joriy etishning ahamiyati
ko ‘rib chigilgan. Xulosa qilib aytganda, chiqindilarni ekologik jihatdan xavfsiz utilizatsiya qilish atrof-
muhitga antropogen yuklamani kamaytirish va bargaror rivojlanishni ta’minlashning muhim sharti
hisoblanadi.

Kalit so‘zlar: sanoat chigindilari, chigindilarni utilizatsiya qgilish, ekologik xavfsizlik, gqayta ishlash,
atrof-muhit, ifloslanish, resurs tejash, chigindisiz texnologiyalar, bargaror rivojlanish, chigindilarni
boshqarish

Abstract. This article examines issues of environmentally safe disposal of industrial waste under
conditions of modern industrial development. The main types of industrial waste and their impact on the
environment are analyzed. Special attention is given to modern waste management methods, including
recycling, thermal treatment, chemical neutralization, and reuse of raw materials. The principles of forming
an effective waste management system at industrial enterprises are considered, as well as the importance of
introducing resource-saving and zero-waste technologies. It is concluded that environmentally safe waste
disposal is an important condition for reducing anthropogenic pressure on the environment and ensuring
sustainable development.

Kew words: industrial waste, waste disposal, environmental safety, recycling, environment,
pollution, resource conservation, zero-waste technologies, sustainable development, waste management.

B coBpeMeHHBIX YCIOBHMSIX HMHAYCTPUAJIBHOTO pa3BUTHS MpoliieMa oOOpaieHus ¢
MPOMBIIIJICHHBIMA  OTXOZlaMU TpuoOpeTaeT o0coOyro akTyallbHOCTh. POCT TNPOW3BOICTBEHHBIX
MOIIIHOCTEH, paclIMpeHue XUMHUYECKOM, METaJUTyprudecKoi, SHEPreTUYeCKol U APYruxX oTpacieit
MIPUBOJIUT K YBEIHMUEHHIO 00BEMOB OTXO/IOB, 3HAUNTENbHAS YacTh KOTOPHIX OKa3bIBAE€T HEraTUBHOE
BO3/ICHICTBHE HAa OKPYXKAIOIIYI0 cpeny. B CBS3M C 3THUM SKOJIOTHMYECKH Oe30macHas yTHUIH3AIs
IIPOMBIIIIEHHBIX OTXO/10B CTAHOBUTCS Ba)KHEHIIIMM HapaBICHUEM YCTOMYUBOTO PA3BUTHSL.

[TpoMBbINITIEHHBIE OTXOABI MPEACTABISAIOT CO0OM pa3HOOOpa3HbIE MO COCTaBy M CTENEHU
OMACHOCTH MaTepuajbl: OT OTHOCHUTENBHO O€30IacHBIX HMHEPTHBIX OCTAaTKOB JO0 TOKCHYHBIX H
XUMHUYECKH aKTUBHBIX BemlecTB. llpu HempaBuIbHOM OOpalieHMH OHH MOTYT BBI3BIBATh
3arpsi3HeHue aTMoc(epHOro Bo3/yxa, IOUB U BOAHBIX PECYpPCOB, a TAK)XKE MPEACTABIATh YIpo3y IJis
3[I0POBBSI HACEIICHUSI.

OcHOBHOW 3aja4ell SKOJOTMYECKH O€30MacHOM YTHUIIM3AaIlMK SBISAETCS MHHAMU3ALIHS
HEraTUBHOTO BO3JICHCTBHS OTXOZOB Ha OKPYXKAIOUIyI0 cpeny. s 3TOro mpuMeHsIoTCSl pa3indHble
MeTo/lbl 00paboTKM U mepepaboTku. Cpeau HUX — MeXaHM4YecKash COPTHPOBKA, TepMHUYEcKas
o0paboTka (CKMUTaHHE C OYUCTKOM BBIOPOCOB), XMMHUYECKash HEUTpanu3aiusi, OUOJIOTHYecKas
nepepaboTKa, a TakKe BTOPUYHOE MCIOIb30BaHUE ChIpbsi. Ocoboe 3HaYeHHE MMeeT BHEIpEeHHE
TEXHOJIOTUI TepepabOTKH, MO3BOJISIONIMX BO3BpAalaTh 4acTh OTXOJIOB B NMPOU3BOJACTBEHHBIN ITUKI,
CHMKasi MOTpeOIeHNEe IPUPOIHBIX PECYPCOB.

BaxHpIM HanpaBieHHEM SIBISIETCS CO3/JaHUE KOMILJIEKCHOW CHUCTEMBbI YIPABICHUS OTXO/1aMU
Ha mpenmpusaTusx. OHa BKIOYaeT B ceOs dTambl 00pazoBaHUs, cOOpa, TPaHCIOPTHUPOBKH,
nepepaboTku U ytuiauzanud. IGHEKTUBHOCTh JAHHOW CHUCTEMBI BO MHOTOM 3aBHCHUT OT YPOBHSI
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TEXHOJIOTUYECKOTO OCHAILLIEHUS MPEANPUATHI, COONIONEHHS SKOJOTUYECKUX HOPM M KOHTPOJS CO
CTOPOHBI FOCYAApPCTBEHHBIX OPIaHOB.

CoBpeMEeHHbBIE HKOJIOTUYECKHE TpeOOBaHWS MPEINONAraloT BHEIPEHHE IPHHIUIIOB
«3eNEHON SKOHOMHUKM» M O€30TXOAHOTO MPOU3BOJCTBA. DTO MOApa3yMeBaeT COKpalleHrue 00bEMOB
00pa30BaHUs OTXOJOB YK€ Ha CTAJUH TEXHOJOTUYECKOTO MPOLIECcCa, UCIOJIb30BAHNE SKOJIOTHUYECKU
YHUCTHIX MAaTepHAaJIOB ¥ BHEIPEHUE PecypcocOeperaonux TexHonorui [ 1-4].

Takum oOpa3oM, »HKoJOrMYecKd Oe3omacHas YTWIM3alUs MPOMBILUIEHHBIX OTXO/OB
SBJISICTCS. HEOTHEMJIEMOM YacThIO HKOJIOTMYECKOM MOJMTHKHU Jroboro rocymgapctBa. EE pasButue
CIOCOOCTBYET CHMKEHHMIO YPOBHSI 3arpsi3HEHUS OKPY)KAIOIEH Cpelbl, COXPAHEHHUIO IPUPOTHBIX
pecypcoB 1 00eCeYeHHIO YCTOMYMBOTO Pa3BUTHUS MIPOMBILIUIEHHOCTH U O0OIIIECTBA B LIEJIOM.

MHorue BUIbl OTXO0B IPECTABISAIOT HOBBIIIEHHYIO ONMACHOCTH JUISl OKPYKAOILEl Cpeibl,
TOPOZICKOTO M CEJIbCKOIO HACEJIEHUS M3-3a BBICOKOW TOKCHYHOCTHU. Jlaxke MX CKIaAMpOBaHHUE WM
3axopoHeHue 0e3 coOMoeHNsI COOTBETCTBYIOIIUX MPEAYIPEIUTENbHBIX MEp O€30MaCHOCTH MOXKET
IIPUBECTU K CEPbE3HBIM IOCIEACTBUSAM JJIi HPUPOABI U JIIOACH, HKOJIOTMYECKOMY YIIEepOy.
Oco0eHHO 93TO OTHOCHUTCA K paAJUOAKTUBHBIM, B3pPbIBOONACHBIM OTXOJaM, JIETKOJETYYUM
OTPABJISIOIIMM BellecTBaM. B o0paleHnu ¢ 0TXonaMu BaXKHEHIIYI0 POJIb UTPAIOT YTHIU3ALUS U
o0e3BpexuBaHue. B To ke BpemMsi HEKOTOpbIE OTXOHbl IO CBOEMY XHMHUYECKOMY COCTaBy M
(U3NUECKOMY COCTOSTHHIO SIBIISIIOTCSI O€3BpEIHBIMU: UX MOYKHO 3aKallblBaTh, 3aTOILUIATH B MOPSIX U
okeanax. 5 [IIpoOnembr o00pa3oBaHUSI W UCIIOJB30BAaHUS OTXOJOB MHOTOTpaHHBI. OTXOIBI
IIPOU3BOJICTBA U MOTPEOSICHUS] MOTYT SIBIATHCS LEHHBIMHM BHJIAMH BTOPHUYHBIX MaTepUajbHBIX U
JHEPreTUYECKUX PECYPCOB.

[Ton Ge30TXOMHON TexXHOMOTHEH, OE30TXOIHBIM MPOM3BOIACTBOM, OE30TXOAHOHN cHUCTEeMOM
IIOHMMAIOT HE IIPOCTO TEXHOJOTHIO WM IPOU3BOACTBO TOTO WJIM MHOIO INPOAYKTA, a IPHUHLHII
opranuzani ¥ (yHKIHMOHHPOBAHMS  TNPOU3BOACTB,  PETHOHAIBHBIX  IPOMBIIUICHHO-
IIPOU3BOJCTBEHHBIX OOBEJUHEHUH, TEPPUTOPHAIBLHOIIPOU3BOJICTBEHHBIX KOMILJIEKCOB HApOIHOIO
x03sicTBa B 11es10M. [Ipy 3TOM panoHanbHO UCHONb3YIOTCS BCE KOMIIOHEHTHI ChIPbSl U SHEPIUU B
3aMKHYTOM LUKJE (IIEpBUYHBIE CHIPBEBBIE DPECYpChl — IPOM3BOACTBO — IMOTpeOeHue —
BTOPUYHBIE CBIPBEBBIE PECYPCHI), T. €. HE HAPYLIAETCSI CIOKUBILEECS IKOJIOTHUECKOE PABHOBECHUE B
ouocdepe. ManooTxonHass TEXHOJOTHs SBISETCS IPOMEKYTOYHOM CTYNEHBIO IIPU CO3AAHUU
6€30TX0IHOr0 Tpou3BoAcTBA. [Ipu MalOOTXOAHOM TNPOM3BOACTBE BPEAHOE BO3ICHCTBUE HA
OKPY)KAIOIyK0 CpeAy HE IpPEBBIAET YPOBHs, IOIYCTMMOIO CAHUTAPHBIMM OpraHamMH, HO IIO
TEXHUYECKUM, HKOHOMHMYECKUM OpIraHMU3allMOHHBIM WJIM JPYTUM IIpUYMHAM 4YacTb CBIpbS U
MaTepHUaoB MEPEXOANUT B OTXObI M HAIIPABIIAETCS HA JUIMTEIbHOE XPAaHEHUE WM 3aXOPOHEHUE.

Ha panHuX sTamax pa3BUTHS YEIOBEYECKOrO OOIIEeCTBAa AHTPOIOIEHHOE BO3ACHCTBUE HA
IpUpoAy ObUIO HE3HAUUTEIbHBIM. 3arps3HEHUE OKpYXKAarolled Cpeabl BbI3bIBAJIOCH B OOJIbLIECH
CTENIEHU €CTECTBEHHBIMU IPUPOJHBIMU IIPOLIECCAMU: U3BEPKEHUEM BYIKAHOB, 3€MJIETPACEHUSMH,
JIECHBIMM IIOKapaMy U APYTMMHU NPUPOJHBIMH KaTakiu3mamu. [lonoOHble siBIeHMs npoxonunu 0e3
Kakux-TM00 Cepbhe3HBbIX IOCIEACTBUI I pa3BuTHs XU3HM Ha 3emse. Ha mopore Ttperbero
TBICAYENIETHS B PE3YJIbTAaTe HAYYHO-TEXHUYECKOM PEBOJIIOLIMK ITPOU3O0IIEI KaYECTBEHHBIA CKAa4OK B
Pa3BUTHU TPOU3BOAMTENBHBIX CHJI, KOTOPBIA NMPHUBET K BO3HHUKHOBEHHUIO MPOOJIEM, OT pEUICHHUs
KOTOPBIX 3aBUCUT BBDKHMBaHHME 4Y€JIOBEKa KaK OMOIOrMYecKOro BuAa. MHOTMe HCHONb3yeMble U B
Halle BpeMs TEXHOJOTMHM COXpaHAITCA 0€3 NPUHIMUNMAIBHBIX W3MEHEHUH B TEUEHHE MHOIMX
JECSTUIETUH, & MHOTOKPAaTHOE yBEJIMYEeHHE O0BbEMOB MPOU3BOJCTBA MPOMBIIIJIEHHON MPOTYKIIMU
clienano 00pas3yroumecs IpU TOM OTXObI OTIACHBIME JJIsl OKpYKarolen cpeast [5-7].

Bornbiioe KoIM4ecTBO OTXOAOB MPOMBIIIJICHHOTO, CEIBbCKOXO3SHCTBEHHOTO M OBITOBOTO
IIPOUCXOKACHUS HapyLIWJIO PAaBHOBECHE, INPU KOTOPOM IPUPOAA YCIEHNIHO CIPAaBIAIach ¢
nepepadoTKOH  OTXOZOB C TOMOIIBIO OakTepwif, BOJBI, BO3AyXa U COJIHEYHOTO CBETa.
DKOJOrMyecKkue KaracTpo(bl CO3Jal0T KPU3MCHBIE CHUTyalluM JJs BCEro 4YeJlOBEYECTBa.
[IpoTtuBopeuns MKy pa3BUTHEM YEJIOBEUECKOTO OOIIECTBA U OTPAHUYEHHBIMU PECYPCAMU CPEJBL,
BO3MOXKHOCTSIMHU €€ CAMOpPEreHepallui CTAHOBITCS Bce 0osiee CyLIeCTBEHHBIMHU, JOJITOBPEMEHHBIMU
U TPYAHONPEOJONUMBIMU. B cBs3M ¢ co3maBuieiicss cuTyanueld He0OXOIMMO KOpEHHOE M3MEHEHHE
OTHOLIEHUs1 O0IlecTBa K MPHPOIOINOIb30BaHUIO. PerymupoBaHue HCIONB30BaHUA HPUPOIHBIX
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PECYpCOB OCTIOKHSETCS €IIe U TPOTUBOPEUNEM MEKIY CETOTHSAITHUMU MOTPEOHOCTAMU 00IIEeCTBa
u mpoOreMaMu Oyaymux TmokoleHui. Pemras cerogHsmiHue 3amadd, OOIIECTBO HUCHOIb3YET
MIPUPOJTHBIC PECYPCHI B yIIepO OyIyIIuM MOKOJIICHUsM. Pa3BuTHEe COBpEMEHHOTO OOMIECTBA BXOIHUT
B IPOTHBOPEUNE C BBDKUBAHUEM OYIYIIUX TTOKOJICHHIA.
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FARG‘ONA SHAHAR 1-AVTOKORXONASIDA TEXNIK XIZMAT KO‘RSATISH
INFRATUZILMASINI LOYIHALASHNING ZAMONAVIY ILMIY-METODIK
YONDASHUVLARI

A.M. Sattorov

Farg‘ona davlat texnika universiteti
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Annotatsiya. Mazkur maqolada Farg ‘ona shahar 1-avtokorxonasida texnik xizmat ko ‘rsatish (TXK)
infratuzilmasini zamonaviy muhandislik tamoyillari asosida loyihalashning ilmiy-metodik yondashuvlari
yoritiladi. TXK postlarining joylashuvi, texnologik jarayonlar oqimi, xizmat ko ‘rsatish zonalari o ‘rtasidagi
funksional bog ‘liglik, qurilish-montaj talablari, mehnat xavfsizligi me’yorlari va texnologik logistika tizimi
chuqur tahlil qgilingan. Korxona hududining mavjud imkoniyatlaridan ogilona foydalanish, energiya
samaradorligi, xizmat ko ‘rsatish quvvatini oshirish hamda zamonaviy servis standartlariga mos infratuzilma
varatish bo ‘yicha ilmiy takliflar ishlab chigilgan.

Kalit so‘zlar: texnik xizmat infratuzilmasi, texnologik oqgim, postlar joylashuvi, avtokorxona,
zamonaviy servis, ishlab chigarish logistikasi.

Aunomayusa. B Oannou cmamve  nNpeoCcmasieHvl  HAYYHO-Memoouyeckue  Nnooxoobl K
NPOeKmuposanuIo uH@Gpacmpykmypol mexnuveckozo oocayacusanus (1T0) na 6ase 1-eco asmonpeonpusmus
eopooa Depeanvl ¢ YUEMOM COBPEMEHHBIX UHIICEHEPHBIX NPUHYUNOS. Bbinoinen 2nyOoKkuti ananu3
pasmewernus nocmoe TO, MexHoJlocu4ecKux nomokoe, d)yHKL;MOHaJZbelX e3aumocessell Me.?dey 3O0HAMU
oocayacusanus, mpebosanull K CMpoumenrbHolM U MOHMANCHLIM pabomam, HOpM OXPaHvl MpPyoa U CUCHEMbL
MEXHON02UYECKOU TOSUCUKU. Paspa60maHbl HAay4HO obocrosannvie I’lpet)JlOcheHMﬂ no payuoHaibHoOMy
UCNONL306AHUIO  MEPPUMOPUU  NPEeONpUsmuUs, — NOGbIUEHUI)  IHEPeOIPHEeKMUsHOCmY,  YBeIUUeHUID
NPONYCKHOU — CROCODHOCMU U CO30QHUIO  UHDPACMPYKMYPLL,  COOMEEMCMBYIOWEU  COBPEMEHHbIM
cmanoapmam cepaucd.

Knrouesvie cnoea: ungpacmpykmypa TO, mexnonozuueckuii NOMOK, pasmeweHue nocmos,
aemonpe()npuﬂmue, COBpeMeHHblﬁ cepsuc, npouseo()cmgeHHaﬂ JocucmuKa.

Abstract. This article presents scientific and methodological approaches to designing the technical
maintenance (TM) infrastructure at the Fergana City No.1 motor enterprise based on modern engineering
principles. A comprehensive analysis is conducted on the layout of maintenance posts, technological process
flow, functional interconnections between service zones, construction and installation requirements,
occupational safety standards, and technological logistics. Scientifically grounded recommendations are
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developed for the rational use of the enterprise area, improving energy efficiency, increasing service
capacity, and establishing infrastructure that meets modern service standards.
Keywords: maintenance infrastructure, technological flow, post layout, motor enterprise, modern
service, production logistics.
Kirish
Avtotransport korxonalarida texnik xizmat ko‘rsatish infratuzilmasi avtomobillarni yuqori
texnik tayyorlikda saglashning asosiy omilidir. Infratuzilmaning to‘g‘ri loyihalanishi nafaqat xizmat
ko‘rsatish jarayonlarini optimallashtiradi, balki avtoparkning ekspluatatsion ishonchliligini oshiradi,
texnik nosozliklarni kamaytiradi va korxonaning iqtisodiy samaradorligiga sezilarli ta’sir ko rsatadi.
Farg‘ona shahar 1-avtokorxonasida ko‘p yillik foydalanish natijasida TXK postlarining eskirishi,
texnologik joylashuvning optimal bo‘lmasligi, diagnostika bo‘limlarining kamligi, avtomobillar
navbatda turishining ko‘payishi kuzatilmoqda. Bu holatlar korxonada xizmat ko‘rsatish
jarayonlarini takomillashtirishni, aynigsa 2-TXK bo‘limi infratuzilmasini qayta loyihalashni taqozo
etmoqda.
Mazkur magola aynan TXK infratuzilmasini ilmiy asoslangan muhandislik yechimlari orqali
gayta tashkil etish jarayonini tahlil giladi.
ILMIY ASOSLAR VA ADABIYOTLAR TAHLILI
Texnik xizmat infratuzilmasini loyihalash quyidagi ilmiy yo‘nalishlarga asoslanadi:
Sistemaning muhandislik yondashuvi
TXK infratuzilmasi — ko‘p bo‘g‘inli texnologik tizim:
- kirish hududi,
- diagnostika zonalari,
- TXK-1va TXK-2 postlari,
- yuvish sektori,
- moylash bo‘limi,
- ehtiyot gismlar ombori,
- ishchilar xonasi va yordamchi qurilmalar.
Har bir bo‘g‘in o°‘zaro mantiqiy bog‘langan bo‘lishi kerak.
Texnologik ogimning uzluksizligi
Infratuzilma loyihalanayotganda quyidagi ilmiy tamoyil asos bo‘ladi:
Bir xil operatsiyalar ortga gaytmasligi, avtomobil ortiqgcha manevr gilmasligi kerak.
Bu TXK vagtini 20-35% qisqartiradi.
Xalgaro servis standartlari
ISO 9001, ASE (Automotive Service Excellence), Bosch Service talablari infratuzilma loyihalashda
go‘llaniladi.
Qurilish me’yorlari
Binolarning yoritish, shamollatish, yong‘in xavfsizligi, issiqlik izolyatsiyasi, elektr xavfsizligi
me’yorlari O‘zbekistonning amaldagi SNIP va GOSTlariga asoslanadi.
TEXNIK XIZMAT INFRATUZILMASINING HOZIRGI HOLATI
Farg‘ona shahar 1-avtokorxonasida o‘tkazilgan tahlillar shuni ko‘rsatadiki:
- TXK postlari yuklamasi me’yorning 140-160% gacha ortgan;
- diagnostika posti yetishmaydi;
- avtomobillar gabul gilish-chigarish joyida tirbandliklar mavjud;
- texnologik ogim optimal tashkil etilmagan;
- yoritish va shamollatish tizimi eskirgan;
- yuvish sektori 2-3 baravar ortig yuklama bilan ishlamoqda.
Shu sababli infratuzilmani to‘liq qayta loyihalash zarur.
LOYIHALASHNING ILMIY-METODIK TAMOYILLARI
Hududni funksional zonalarga ajratish
Infratuzilma loyihalanayotganda hudud quyidagi 7 ta funksional zona bo‘yicha ajratiladi:
1. Kirish nazorati — avtomobilni ro‘yxatga olish va dastlabki ko‘rik.
2. D-1 diagnostika — xavfsizlik tizimlarini tekshirish.
3. D-2 diagnostika — chuqur kompyuter tahlili.
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TXK-1 posti — tezkor xizmat ko‘rsatish.
TXK-2 posti — kengaytirilgan servis.
Yuvish va moylash sektori.
. Ombor va texnik xonalar.
Har bir zona texnologik ogqim bo‘yicha ketma-ket joylashtiriladi:
Kirish — Diagnostika — TXK—1 — TXK-2 — Nazorat — Chiqish
Bu ketma-ketlik xizmat ko‘rsatish vaqtini sezilarli gisqartiradi.
TXK postlarini optimal joylashtirish
[Imiy hisob-kitoblarga ko‘ra, TXK postlari orasidagi masofa:
- yengil avtomobillar uchun: 6-8 metr,
- yuk mashinalari uchun: 10-12 metr
bo‘lishi kerak.
Bu:
- xavfsiz harakatni,
- texnik jihozlar o‘rnatilishi uchun bo‘sh zonalarni,
- texnologik oqim uzluksizligini ta’minlaydi.
Optimal joylashuvning afzalliklari:
- avtomobilning ortigcha manevr gilishini 40% kamaytiradi;
- xizmat vaqtini 25% qisqartiradi;
- xodimlarning ish jarayonidagi charchoglarini kamaytiradi;
- Xxavfsizlik darajasini oshiradi.
Diagnostika bo‘limlarini kengaytirish
Zamonaviy servislarda diagnostika xonasi xizmat jarayonining yuragi hisoblanadi.
2-TXK loyihasida quyidagilar joriy etilishi tavsiya gilinadi:
- kompyuterli D-2 diagnostika stendi,
- gaz analizator,
- balansirovka stendi,
- tormoz stendi,
- tebranish analizatori.
Bu texnik jihozlar nosozliklarni 92—-95% aniqlik bilan topadi.
Yoritish va shamollatish tizimi
[Imiy talablarga ko‘ra:
- ish zonasida yoritish kuchi: 300-500 Ix,
- shamollatish almashinuvi: 1 soatda 10—12 marta bo‘lishi kerak.
Bu ko‘rsatkichlar:
- texnik xatolarni kamaytiradi,
- xodimlarning samaradorligini oshiradi,
- yonilg‘i-moylash bug‘larining to‘planishini oldini oladi.
TEXNOLOGIK OQIMNI MODELLASHTIRISH
TXK jarayonlari quyidagi ilmiy algoritm asosida modellashtiriladi:
Qiymat yaratish zanjiri: Kirish — Diagnostika — TXK — Sifat nazorati — Chiqish
Har bir operatsiya uchun:
- davomiylik,
- jihozlar bandligi,
- texnik resurs sarfi,
- xodimlar soni hisoblab chigiladi.
Bu TXKning bir kunda gabul gilishi mumkin bo‘lgan avtomobillar sonini 1,7-2 baravar oshiradi.
IQTISODIY SAMARADORLIK TAHLILI
Yangi infratuzilma quyidagi natijalarni beradi:
Turib golish vagtining kamayishi
TXK postlari optimallashtirilganda avtomobilning bekor turish vaqti:
30-40 % ga kamayadi

No ok
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Yoqilg‘i sarfining kamayishi
Diagnostikaning takomillashuvi yoqilg‘i tejamkorligini:
6-10% ga oshiradi
Texnik xarajatlarning kamayishi
- ehtiyot gismlar sarfi — 12% kamayadi;
- nosozliklar soni — 20-25% kamayadi.

XULOSA

Farg‘ona shahar 1-avtokorxonasida texnik xizmat ko‘rsatish infratuzilmasini ilmiy asosda
gayta loyihalash nafagat ishlab chiqgarish jarayonlarining samaradorligini oshiradi, balki
korxonaning umumiy texnik tayyorligi va xavfsizlik darajasini tubdan yaxshilaydi. Tadgigot
natijalari shuni ko‘rsatadiki, TXK zonalarining funksional jithatdan to‘g‘ri ajratilishi, texnologik
oqimlarning uzluksiz va bir yo‘nalishda tashkil etilishi, diagnostika postlarining zamonaviy
talablarga mos jihozlanishi hamda TXK-1 va TXK-2 postlarining optimal joylashtirilishi texnik
xizmat ko‘rsatish vaqtini 30—40 foizga gisqgartiradi, avtomobil navbatlarini kamaytiradi va xizmat
sifati barqarorligini ta’minlaydi.

Infratuzilmani modernizatsiya gilish jarayonida yoritish, shamollatish, xavfsizlik talablari va
ergonimik me’yorlarni hisobga olish xodimlarning mehnat unumdorligini oshirib, nosozliklarni
aniqlashda inson omili ta’sirini kamaytiradi. Diagnostika bo‘limining kengaytirilishi esa texnik
nosozliklarni erta aniglash va ta’mir xarajatlarini optimal boshqarish imkonini beradi. Bu esa
avtotransport vositalarining ekspluatatsion ishonchliligini oshirishda hal giluvchi omil hisoblanadi.

Tahlillar shuni ko‘rsatadiki, infratuzilma va texnologik jarayonlarning ilmiy yondashuv
asosida gayta tashkil etilishi korxonaning ishlab chigarish quvvatini 1,5-2 baravarga oshiradi,
yoqilg‘i sarfi va texnik yo‘qotishlarni kamaytiradi, ekologik ko‘rsatkichlarni yaxshilaydi hamda
korxona iqtisodiy samaradorligini sezilarli oshiradi. Shuning uchun TXK infratuzilmasini
modernizatsiya gilish — bu fagat texnik zarurat emas, balki zamonaviy avtoservis tizimlarining
raqobatbardoshligini ta’minlaydigan strategik rivojlanish yo‘nalishidir.

Adabiyotlar

[1]. Ergashev, R. Avtotransport korxonalarining ishlab chigarish tuzilmasi va ogimlarini optimallashtirish. —
Toshkent: Innovatsion Ziyo, 2022. — 260 b.

[2]. Mirzayev, B. Servis markazlarida texnologik jarayonlarni loyihalash usullari. // “Transport texnologiyalari”
jurnali. — 2021. — Ne2. — B. 75-84.

[3]. GOST 31986-2012. Avtotransport korxonalarining texnik xizmat ko‘rsatish binolari va postlari uchun umumiy
talablar.

[4]. O°zDSt 1057:2020. Avtotransport korxonalari loyihalashda xavfsizlik va texnologik oqim me’yorlari.

[5]. Baranov, V.P. [IpoekTupoBaHne aBTOTPAHCIIOPTHBIX MPEANPHUATHNA U CTAHIIUA TEXHUIECKOTO OOCITY)KUBAHHS. —
Mocksa: MammnocTtpoenue, 2018. — 412 c.

[6]. Lapshin, A.M. Texnonoruueckue nporeccel TO u P aBromMoOuineii: npoekTupoBanue u opranusanus. — CaHKT-
[MerepOypr: IMurep, 2020. — 380 c.

TASK-BASED LANGUAGE TEACHING IN TECHNICAL UNIVERSITIES:
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Annotation: Task-Based Language Teaching (TBLT) has emerged as an effective approach in foreign
language education, emphasizing the use of meaningful tasks to promote communicative competence. In
technical universities, where students must integrate language skills with professional knowledge, TBLT
provides a practical framework for contextualized learning. This article examines the application of TBLT in
technical higher education institutions, highlighting its pedagogical advantages as well as potential
challenges, such as task design complexity, time constraints, and assessment difficulties. The study argues
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that when properly implemented, TBLT can significantly enhance students’ professional communication
skills and prepare them for real-world workplace demands.

Keywords: task-based learning, technical universities, foreign language teaching, communicative
competence, professional skills, methodology

Annomayusa: Obyuenue unocmpannvim sasvikam na ochose 3aoau (Task-Based Language Teaching,
TBLT) cmano aghpexmuenvim nooxooom 6 npenodasanui UHOCMPAHHBIX SA36IKOG, NOOYEPKUBATOUUM
UCNONIL306AHUE OCMBICIICHHBIX 3A0aHUll OJIA paseumust KOMMyHMKamuGHOﬁ KomnemeHyuu. B mexnuveckux
8y3ax, 20e CmyOeHmbl Q0ANCHbL UHME2PUPOSAMb A3bIKOBble HABIKU ¢ Npogeccuonanvhvimu 3nanusimu, TBLT
npeoocmasisiem npaKmuyeckylo OCHO8Y Ol KOHMEKCMYAIU3Upo8annoz2o obyuenus. B daunoi cmamove
paccmampugaemcsi npumernenue TBLT 6 mexnuueckux svicuiux yueOHvIX 3a6e0eHUsx, NOOUePKUBAIOMCI €20
neoazozuveckue npeumywiecmed, a maxoce nNoOmMeHyudilbHovle npo6ﬂesz, maxKue Kak CJH024#CHOCMb
paspabomku 3a0anull, 6PEMEHHbIE OSPAHUYEHUST U MPYOHOCMU C OYeHKOU. B ucciedosanuu ymeepoicoaemcs,
ymo npu npasurvhol pearusayuu 1BLT  moowcem snauumenvuo  yayuwums npogheccuonanvhvie
KOMMYHUKAMUBHblE HABLIKU cmydeﬂmog U NOO20MOBUMb UX K pealbHbIM mpe606anuﬂM POIHKA mpy()a.

Knroueevie cnosa: 06yll€HZ/l€ HA OCHoee 3a0au, mexHuvyecKue e6y3ul, npenoda@anue UHOCMPAHHbLX
S3bIKOB, KOMMYHUKAMUBHAA KOMNEMERYUA, leO¢€CCUOHCIJZbel€ HABLIKU, Memooono2us

Annotatsiya: Vazifaga asoslangan til o'gitish (TBLT) xorijiy til ta'limida samarali yondashuv sifatida
paydo bo'ldi, u kommunikativ kompetentsiyani rivojlantirish uchun mazmunli vazifalardan foydalanishga
urg'u beradi. Talabalar til ko'nikmalarini kasbiy bilimlar bilan birlashtirishlari kerak bo'lgan texnik
universitetlarda TBLT kontekstual o'rganish uchun amaliy asos yaratadi. Ushbu maqolada TBLTning texnik
oliy ta'lim muassasalarida go'llanilishi ko'rib chigiladi, uning pedagogik afzalliklari, shuningdek, vazifalarni
loyihalashning murakkabligi, vaqt cheklovlari va baholash giyinchiliklari kabi potentsial muammolar
ta'kidlanadi. Tadgigotda ta'kidlanishicha, TBLT to'g'ri go'llanilganda talabalarning professional mulogot
ko'nikmalarini sezilarli darajada oshirishi va ularni real ish joyidagi talablarga tayyorlashi mumkin.

Kalit so'zlar: vazifaga asoslangan o'rganish, texnik universitetlar, chet tillarini o'gitish, kommunikativ
kompetentsiya, professional ko'nikmalar, metodologiya.

1.Introduction. The increasing globalization of science, technology, and industry has
significantly strengthened the role of foreign language proficiency—particularly in English—as a
key component of professional competence for students in technical universities. Engineers, IT
specialists, and other technical professionals are now expected not only to possess strong subject
knowledge but also to communicate effectively in international and multilingual environments. As a
result, foreign language education in technical higher institutions has shifted from a purely
linguistic focus toward a more integrated, professionally oriented approach.

Traditional language teaching methods, which are largely based on grammar-translation and
teacher-centered instruction, often fail to equip students with the communicative skills required in
real-life professional contexts. Such approaches tend to emphasize passive knowledge of language
structures rather than active language use, limiting students’ ability to participate in discussions,
present ideas, or collaborate on technical projects in a foreign language.

In this context, Task-Based Language Teaching (TBLT) has emerged as a promising
alternative methodology. TBLT prioritizes meaningful communication and focuses on the use of
language as a tool for achieving specific outcomes through tasks that simulate real-world situations.
In technical universities, this approach is particularly relevant, as it allows for the integration of
language learning with discipline-specific content, enabling students to acquire both linguistic and
professional competencies simultaneously.

However, despite its pedagogical advantages, the implementation of TBLT in technical higher
education is not without challenges. Issues such as the complexity of task design, alignment with
curriculum objectives, varying levels of student language proficiency, and constraints of classroom
time and assessment practices require careful consideration. Therefore, a critical examination of
TBLT within the context of technical universities is necessary to ensure its effective and sustainable
application.

Theoretical Background: TBLT is grounded in communicative language teaching and is based
on the idea that language is best learned through use rather than through explicit instruction alone.
A “task” is typically defined as an activity in which learners use the target language to achieve a
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specific outcome, such as solving a problem, conducting a discussion, or completing a project.

In technical education, tasks can be designed to reflect real-world professional situations, such
as presenting a technical project, analyzing data, or collaborating on engineering solutions. This
makes TBLT particularly relevant for developing both linguistic and professional competencies.

Advantages of TBLT in Technical Universities

1. Development of Communicative Competence

TBLT encourages students to actively use the target language in meaningful contexts,
improving their speaking, listening, reading, and writing skills simultaneously.

2. Integration of Language and Content

Tasks can be tailored to specific disciplines, allowing students to learn technical terminology
and concepts while practicing the foreign language.

3. Increased Student Motivation

Real-life tasks make learning more engaging and relevant, which can increase students’
motivation and participation.

4. Preparation for Professional Situations

By simulating workplace scenarios, TBLT helps students develop skills necessary for
communication in international professional environments.

Challenges in Implementing TBLT

1. Complexity of Task Design: Designing effective tasks that balance linguistic and
professional objectives requires significant effort and expertise from teachers.

2. Time Constraints: Task-based activities often require more classroom time compared to
traditional methods, which may be problematic within limited course schedules.

3. Uneven Student Participation: In group tasks, some students may dominate while others
remain passive, reducing the effectiveness of the activity.

4. Assessment Difficulties: Evaluating task performance can be challenging, as it involves both
language proficiency and task completion, requiring clear and well-defined criteria.

2. Discussion. The successful implementation of Task-Based Language Teaching (TBLT) in
technical universities depends on several interrelated pedagogical and organizational factors. First,
tasks must be carefully designed to align with both linguistic objectives and students’ professional
fields. In technical education, this alignment is particularly important, as tasks should reflect
authentic situations such as presenting technical projects, interpreting data, or solving engineering
problems. Collaboration between language instructors and subject specialists can significantly
enhance the relevance, authenticity, and interdisciplinary value of such tasks.

Second, teachers should provide adequate scaffolding to support students during task
performance. This support may include pre-task activities, targeted vocabulary instruction, model
examples, and clear procedural guidelines. Scaffolding is especially crucial for students with lower
language proficiency, as it reduces cognitive overload and enables them to focus on both language
use and task completion. Gradually, as learners gain confidence and competence, the level of
support should be reduced to promote autonomy.

Third, effective classroom management strategies are essential to ensure balanced
participation among students. Since TBLT often relies on pair and group work, there is a risk of
unequal involvement, where more proficient or confident learners dominate the interaction.
Assigning specific roles (e.g., facilitator, note-taker, presenter), setting clear expectations, and
actively monitoring group dynamics can help ensure that all students are engaged and accountable.

In addition, assessment practices must be adapted to the nature of TBLT. Traditional testing
methods may not fully capture students’ performance in task-based activities. Therefore, the use of
analytic rubrics that assess both linguistic accuracy and task achievement is recommended. Such
rubrics can include criteria such as fluency, appropriateness of language use, collaboration, and the
successful completion of task objectives.

Another important consideration is the role of digital technologies in supporting TBLT. The
integration of online platforms, virtual simulations, and collaborative tools can create more
authentic and interactive learning environments. For example, students can participate in virtual
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meetings, work on shared documents, or engage in simulations that mirror real-world professional
scenarios. These technologies not only enhance engagement but also increase exposure to the target
language beyond the classroom.

Furthermore, it is essential to consider learners’ individual differences, such as motivation,
learning styles, and language proficiency levels. Flexible task design and differentiated instruction
can help accommodate these differences, ensuring that all students benefit from task-based
activities.

Finally, institutional support plays a crucial role in the effective implementation of TBLT.
This includes providing professional development opportunities for teachers, ensuring access to
appropriate teaching resources, and incorporating task-based approaches into curriculum design.
Without such support, even well-designed methodologies may not achieve their full potential.

Overall, TBLT offers significant advantages for foreign language teaching in technical
universities; however, its success depends on systematic planning, methodological awareness, and
continuous adaptation to the educational context.

3. Conclusion. Task-Based Language Teaching represents a promising approach for foreign
language instruction in technical universities. By focusing on meaningful communication and real-
world tasks, it enables students to develop both linguistic and professional competencies.

However, its successful implementation requires careful planning, teacher training, and
institutional support. Challenges such as task design complexity, time limitations, and assessment
issues must be addressed to maximize its effectiveness.

A balanced approach that combines TBLT with other instructional methods may provide the
most optimal learning outcomes. Future research should explore the long-term impact of TBLT on
students’ professional communication skills and its adaptability across different technical
disciplines.
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Annotation. Code-switching, defined as the alternation between two or more languages within a
conversation or instructional context, has become an increasingly recognized pedagogical strategy in
foreign language teaching. In technical universities, where students are required to master both professional
content and a foreign language (primarily English), code-switching can serve as a bridge between
conceptual understanding and linguistic competence. However, despite its advantages, the implementation of
code-switching in teaching methodology presents several challenges. This article explores potential
problems associated with the use of code-switching in technical higher education institutions, including
cognitive dependency, reduced target language exposure, inconsistency in teaching practices, and
assessment difficulties. The study highlights the importance of a balanced and strategic approach to ensure
effective learning outcomes.

Keywords: code-switching, technical universities, teaching methodology, bilingual education,
language learning challenges, professional competence
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Annomanyua. Illepexnouenue ko008, onpeoensemoe KAK uyepedosanue 08X uiu 0Oojaee S3bIKO8 6
PAMKAX pazeoe0pa uiu y4eOHo20 KOHMEKCmA, CIMaio éce 6oiee NPUHAHHOU Nedaz02uyecKkol cmpamezuell 6
npeno&aeaﬂuu UHOCMPAHHBIX S3bIKOE. B mexnuueckux 8y3dX, 206 om cmyaeﬂmoe mpe6yem0}l 6’]1(1()6HM€ KdK
npogheccuonanvbHbiM  coOeplcanuem, MmaxK U UHOCMPAHHBIM S3bIKOM (NPeUMyUjeCmeerHo aHeaUulicKum),
nepekiioderHue K0008 Modicem ClIyarcumsb MOCmom MeDfC()y KOHYenmyailbHbIM NOHUMAHUEM U S3bIKOGOU
xomnemenyueti. OOHAKO, HECMOMPsL HA CEOU NPEUMYIECTEA, HEOPEHUE NEPEKTIOYEHUL KOO0 8 MEMOOUK)
npenooasanusi CONPSNCEeHo ¢ ps0oM npobiem. B OaHHOU cmambe paccmMampuéaromcsi NOMeHYUdIbHble
}’lp06fl€]l/lbl, C6A3AaHHble C UCNOIb306AHUEM NEPEKTIIOYEHU KOO0O8 6 MEXHUYECKUX BblCULUX y‘{€5Hblx
3616@0€HM}ZX, BKJIIOYAsl KOZCHUMUBHYIO 3A8UCUMOCMb, CHUJCEHUE YPOBHA 811a0eHUs yenesvimM A3blKOM,
Henocnedo8amenbHOCMb 8 NpenoddasamenbCkol npakmuke u mpyoHocmu ¢ oyenkou. Hcciedosanue
noouepKuBaem BaANCHOCMb COAIAHCUPOBAHHO20 U  CIMPAME2U4ecKo2o0 nooxooa 01a obecneyeHus
IhpexmusHvIX pe3yrbmamos 0oyueHus.

Knrwoueeswie cnosa: nepexKiovyerue KOOO@, mexHu4yecKue 6y3bl, Memoouxka npenodaeaﬁwl, a8yﬂ3blllH0€
06pa306aHue, I’lp06_/le./l/lbl U3y4erusl A3vlKda, nqub@CCuOHa]le(l}l KomnemeHyus

Annotatsiya. Kod almashtirish, suhbat yoki o'quv kontekstida ikki yoki undan ortiq tillarning
almashinuvi sifatida ta'riflangan, xorijiy tillarni o'gitishda tobora ko'prog tan olingan pedagogik
strategiyaga aylanib bormogda. Talabalar ham professional kontentni, ham xorijiy tilni (asosan ingliz tilini)
o'zlashtirishlari shart bo'lgan texnik universitetlarda kod almashtirish kontseptual tushunish va lingvistik
kompetentsiya o'rtasida ko'prik bo'lib xizmat qilishi mumkin. Birog, uning afzalliklariga garamay, kod
almashtirishni o'gitish metodologiyasida go'llash bir gator giyinchiliklarni keltirib chigaradi. Ushbu magola
texnik oliy ta'lim muassasalarida kod almashtirishdan foydalanish bilan bog'liq potentsial muammolarni,
jumladan, kognitiv bog'liglikni, magsadli til ta'sirining kamayishini, o'gitish amaliyotidagi nomuvofiglikni va
baholash giyinchiliklarini o'rganadi. Tadgigot samarali o'quv natijalarini ta'minlash uchun muvozanatli va
strategik yondashuvning muhimligini ta'kidlaydi.

Kalit so'zlar: kod almashtirish, texnik universitetlar, o'gitish metodologiyasi, ikki tilli ta'lim, til
o'rganishdagi giyinchiliklar, professional kompetentsiya.

1. Introduction. In recent years, code-switching has gained attention as an instructional tool
in foreign language education, particularly in non-linguistic higher education institutions such as
technical universities. Students in these settings often face dual challenges: acquiring subject-
specific knowledge and developing proficiency in a foreign language. Code-switching can facilitate
comprehension by allowing instructors to alternate between the native language and the target
language.

However, while code-switching may ease understanding, its unregulated or excessive use may
lead to methodological complications. This paper examines the potential problems that may arise
when integrating code-switching into teaching practices in technical universities.

Theoretical Background: Code-switching has been widely studied in sociolinguistics and
applied linguistics as a natural phenomenon in bilingual communication. In educational contexts, it
is often used to clarify complex concepts, manage classroom interaction, and reduce students’
anxiety.

In technical universities, where content is often abstract and terminology-heavy, code-
switching appears particularly useful. Nevertheless, its pedagogical effectiveness depends on how
systematically and purposefully it is applied.

Potential Problems in Using Code-Switching

1. Overdependence on the Native Language

One of the primary risks of code-switching is that students may become overly reliant on their
native language. When instructors frequently switch to the first language (L1), students may lose
motivation to engage with the target language (L2), resulting in slower language acquisition.

2. Reduced Exposure to the Target Language

Language learning requires consistent exposure and practice. Excessive code-switching
reduces the amount of input students receive in the target language, which may negatively affect
their listening, speaking, and comprehension skills.

3. Inconsistency in Teaching Methodology
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If code-switching is not guided by a clear methodological framework, it may be applied
inconsistently. Different instructors may use it in varying ways, leading to confusion among
students and a lack of standardization in teaching practices.

4. Cognitive Interference

Switching between languages can sometimes create cognitive overload, especially for
students with lower language proficiency. Instead of facilitating understanding, frequent language
shifts may disrupt information processing and hinder learning.

5. Assessment Challenges

Evaluating students’ knowledge becomes more complex when code-switching is involved. It
may be difficult to determine whether a student’s performance reflects their understanding of the
subject matter or their language proficiency.

6. Professional Language Development Issues

In technical fields, mastering professional terminology in the target language is essential.
Excessive reliance on the native language may prevent students from developing the necessary
vocabulary and communication skills required in international professional environments.

2. Discussion.While code-switching can be a valuable pedagogical tool, its effectiveness
largely depends on controlled and intentional use. Teachers should establish clear guidelines
regarding when and how to switch languages. For example, code-switching may be appropriate for
explaining complex concepts, introducing specialized terminology, or giving instructions, but the
main instructional content should remain in the target language to ensure sufficient exposure and
practice.

Moreover, it is essential to consider students’ language proficiency levels when applying
code-switching strategies. For lower-level students, limited and strategic use of the native language
may reduce anxiety and support comprehension. However, for more advanced learners, excessive
reliance on code-switching may hinder the development of fluency and professional communication
skills. Therefore, the degree of code-switching should gradually decrease as students’ proficiency
increases.

Another important aspect is the functional distribution of languages in the classroom.
Educators should aim to assign specific roles to each language—for instance, using the native
language for clarification and the target language for discussion, practice, and assessment. Such
functional differentiation helps maintain balance and prevents random or excessive switching.

Additionally, teacher training programs should include strategies for effective code-switching
to ensure methodological consistency. Educators need to be aware not only of the benefits but also
of the potential risks associated with its misuse. Training should focus on developing teachers’
ability to make pedagogically justified decisions about language choice in real time.

From an institutional perspective, it is crucial to develop clear policies regarding bilingual
instruction. Without a shared framework, individual teaching practices may vary significantly,
leading to inconsistency in students’ learning experiences. Institutions should also design
assessment criteria that account for both subject knowledge and language proficiency, ensuring that
neither aspect is neglected.

Furthermore, the integration of modern educational technologies can support more balanced
language exposure. For example, digital learning platforms, multimedia resources, and interactive
tasks can provide additional input in the target language, compensating for reduced exposure caused
by code-switching in the classroom.

Finally, it is important to emphasize that code-switching should not be viewed as a default
teaching strategy, but rather as a supportive and temporary scaffold. Its ultimate goal is to facilitate
the transition toward greater independence in the target language. When applied thoughtfully and
systematically, code-switching can enhance both comprehension and professional competence
without compromising language acquisition.

3. Conclusion. Code-switching in technical universities offers both significant opportunities
and notable challenges. On the one hand, it serves as an effective pedagogical tool that can enhance
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comprehension, facilitate the understanding of complex subject-specific content, and reduce
psychological barriers in foreign language learning. On the other hand, its inappropriate or
excessive use may result in learners’ dependence on their native language, insufficient exposure to
the target language, and inconsistency in instructional practices.

The findings of this study suggest that the effectiveness of code-switching largely depends on
its strategic and purposeful integration into the teaching methodology. It should not function as a
substitute for target language instruction, but rather as a supportive mechanism that scaffolds
learning and gradually leads students toward independent language use. A well-balanced
approach—where the target language remains dominant while the native language is used
selectively—appears to be the most effective.

Furthermore, the successful implementation of code-switching requires not only individual
teacher awareness but also institutional support. The development of clear methodological
guidelines, teacher training programs, and appropriate assessment frameworks is essential to ensure
consistency and effectiveness across educational contexts.

In addition, particular attention should be paid to the development of students’ professional
communicative competence in the target language. Since graduates of technical universities are
expected to operate in international and multilingual environments, overreliance on the native
language may limit their future career opportunities.

Future research should focus on designing and testing structured models for the pedagogically
justified use of code-switching, taking into account variables such as students’ proficiency levels,
disciplinary specificity, and learning environments. Empirical studies are also needed to evaluate
the long-term impact of code-switching on both language acquisition and professional competence
development.

In conclusion, code-switching, when applied thoughtfully and systematically, can become a
powerful component of modern teaching methodology in technical higher education, provided that
its use is guided by clear objectives and pedagogical principles.
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MOTIVATION MANAGEMENT IN FOREIGN LANGUAGE LEARNING
M. Shamsutdynova, Lebedyuk Shamsutdynova, B.F. Shamsutdinov
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Abstract. Motivation plays a crucial role in the process of foreign language learning, influencing
learners’ engagement, persistence, and overall achievement. This paper examines the concept of motivation
management and its impact on language acquisition. It explores different types of motivation, including
intrinsic and extrinsic factors, and analyzes how teachers can effectively support and sustain learners’
motivation in educational settings. The study highlights practical strategies such as goal setting, creating a
supportive learning environment, and using interactive teaching methods. Furthermore, it emphasizes the
importance of individual differences among learners and the need for adaptive approaches in motivation
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management. The findings suggest that well-structured motivational strategies significantly enhance
learners’ performance and contribute to long-term success in foreign language learning.

Kew words: motivation, foreign language, teaching, central problems, performance.

Annomauus. Momueayus uepaem Kuouegyio poib 8 Hpoyecce U3VHeHusi UHOCMPAHHO20 A3bIKA,
BNUSASL HA BOGLEYEHHOCb YUAUWUXCSL, UX HACMOUMUBOCb U 0buue yuebHble docmudicenus. B oannou pabome
paccmMampusaencs NOHsImMue Ynpasienus MOMusayuel u e2o IusHue Ha yceoeHue sa3vika. Ananuzupyomes
Ppaznuunbie UObl MOMUBAYUY, BKIIOHAS. 6HYMPEHHUE U GHEUHUe (YaKmopbl, A MaKice UCCIe0Yemcs, KaKum
obpazom npenoodasamenu Mo2ym 3@@OexmueHo noO0EPICUBAMb U PA3CUEANMb MOMUBAYUIO 0OVHAIOWUXCSL 8
obpazosamenvholl cpede. B uccredosanuu Gul0ensIOMCs Npakmuyeckue cmpameuu, maxKue Kax
nocmanogka yeneu, cozoanue O1A2ONPUSIMHOLU YHeOHOU amMOChepbl U UCNONb308aAHUE UHMEPAKMUBHBIX
Memo0os obOyuenus. Kpome moco, nooduéprusaemcs 6AMCHOCMb UHOUBUOVALbHBIX PA3IUYULL MeHCOY
V4auumMucs U HeobX00UMOCMb  AOANMUBHBIX NOO0X0008 K ynpasienutro momusayuei. I[loryyennvie
pe3yrpmamypl NOKA3bI8AIOM, YMO ZPAMOMHO GbICIPOEHHbIE MOMUBAYUOHHbIE CMpAme2uu 3HAYUMETbHO
NOBLIUAIOM YCReBAeMOCHIb YHAWUXCS U CHOCOOCMBYION 00I20CPOYHOMY YCNeXy 6 UzyueHuUu UHOCMPAHHO20
A3bIKA.

Knwouesvie cnoea: momusayus, UHOCMPAHHBIL A3bIK, O0OVUeHUe, YEHMPATbHble NpoOIemMbl,
ycnesaemocmo.

Anotatsiya. Motivatsiya chet tilini o ‘rganish jarayonida muhim rol o ‘ynaydi, u o ‘quvchilarning
faolligi, gat’iyati va umumiy o ‘quv natijalariga ta’sir ko ‘rsatadi. Ushbu maqolada motivatsiyani boshqarish
tushunchasi va uning tilni o ‘zlashtirishga ta’siri ko ‘rib chiqiladi. Unda motivatsiyaning turli turlari,
jumladan ichki va tashgi omillar o ‘rganiladi hamda o ‘qituvchilar ta’lim jarayonida o ‘quvchilarning
motivatsiyasini ganday samarali qo ‘llab-quvvatlashi va saglab turishi mumkinligi tahlil gilinadi. Tadgigotda
magsad qo ‘yish, qo ‘llab-quvvatlovchi o ‘quv muhitini yaratish va interaktiv o ‘gitish usullaridan foydalanish
kabi amaliy strategiyalar yoritilgan. Bundan tashqari, o ‘quvchilar o ‘rtasidagi individual farqlarning
ahamiyati va motivatsiyani boshqarishda moslashuvchan yondashuviar zarurligi ta’kidlanadi. Natijalar
shuni ko ‘rsatadiki, puxta ishlab chigilgan motivatsion strategiyalar o ‘quvchilarning natijadorligini sezilarli
darajada oshiradi va chet tilini o ‘rganishda uzoq muddatli muvaffagiyatga hissa qo ‘shadi.

Kalit so“zlar: motivatsiya, chet tili, o ‘qitish, asosiy muammolar, natijadorlik.

Introduction

Motivation management in foreign language learning is one of the central problems of
teaching methods in foreign language schools. A foreign language as a subject has a number of
specific features, one of which is mastering foreign languages by teaching the ability to
communicate in foreign languages. Unfortunately, at the moment, teaching foreign languages is
mainly of an artificial and educational nature due to the lack of a “natural need” for communication
in foreign languages among schoolchildren.

In this regard, the teacher faces the task of creating an environment of foreign language
speech communication in the process of language learning that is as close as possible to natural
conditions.

The most important factor stimulating the process of foreign language speech communication
should be considered the motivation for learning foreign languages.

In recent years, this problem has been studied within the framework of the activity-based
approach to learning developed by Eccles, J. S., Wigfield, A., Shamsutdynova M.-S. and others.

Main text.

An analysis of the existing domestic and Western literature showed the following. At the
moment, there is no consensus or unambiguous solution to this problem, namely, what is motivation
in general and motivation of educational activity in particular.

According to Dornyei, "a motive is what explains the nature of a given speech act, while a
communicative intention expresses what communicative goal the speaker pursues when planning
one or another form of influence on the listener." [1]

In the field of teaching foreign languages, psychological issues of motivation are addressed
in the works of Dornyei, Z., Ushioda, E. and others.

In foreign literature, much attention is also paid to the role of motivation, called "Motor"
and "Key-word" by foreign authors in teaching foreign languages.
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Numerous experiments have shown that during one academic year, the attitude of students
to various types of speech activity in foreign languages can change dramatically in the negative or
positive direction.  This, in turn, depends on the teacher's style of work (constant use of only one
textbook, monotonous types of exercises weakens positive emotions, the student turns into a passive
observer), on the teaching and methodological kit, on the learning results, etc. Thus, Ushioda, E.
experiment showed that the higher the academic performance in foreign languages, the deeper in
the student's subconscious the positive attitude towards learning foreign languages [1]. And vice
versa, low academic performance strongly correlates with a negative cognitive, mnemonic,
communicative attitude. A positive attitude towards learning foreign languages contributes to
improving the results of mastering speech activity. [2]

For the optimal organization of cognitive and speech activities, it is essential to understand
the types of motivation. Learning motivation can be determined by external (narrowly personal)
motives and internal motives. [3]

External motives are not related to the content of the educational material: the sense of duty
or obligation (broad social motives), the motive of evaluation, personal well-being (narrow social
motives), and the lack of desire to learn (negative motives). Internal motives, on the other hand, are
related to the content of the educational material: motives for cognitive activity, interest in the
content of learning (cognitive motives), motives for mastering general methods of action, and
identifying cause-and-effect relationships in the studied material (educational-cognitive motives).

According to Elliot, A. and McGregor, H., interest in the process of learning foreign
languages is based on internal motives, which stem from the foreign language activity itself.
Therefore, in order to maintain interest in the subject, a foreign language teacher should develop
internal motives in students. [3]

The teacher faces a number of tasks, the main ones being the use of interpersonal
relationships and the creation of emotional well-being, which in turn will ensure the increased
effectiveness of foreign language communication training.

Since motivation is a multifaceted phenomenon, it should include a whole range of means to
sustain it. In the system of foreign language teaching, as a foreign language culture, the primary
importance lies in the means of sustaining motivation for cognitive, developmental, and educational
activities, which ultimately lead to the formation of communicative motivation in those learning
foreign languages.

In the overall structure of motivation, the dominant element is the primary motive that
determines educational activity and shapes the attitude towards it. This is the cognitive motive, as it
is based on a constant desire for knowledge; it is also connected to the content and organizational
aspects of the educational activity itself.

During the educational process, specific emerging motives also come into play, guiding the
setting, acceptance, and resolution of individual tasks to achieve specific goals in learning foreign
language communication.

Cognitive motives in mastering foreign languages are differentiated as follows: interest in
the foreign language as such contributes to the formation of motives for analyzing linguistic
phenomena, engaging in various activities with the foreign language in terms of form and content,
and developing linguistic thinking. The possibility of using the foreign language as a means of
exchanging information, acquiring knowledge, studying the culture, history, development, and
reality of the country of the studied language, and broadening one's horizons forms a motive for
relating to the foreign language as a necessary means of cognitive activity.

Since learning foreign language communication occurs through communication, which is a
highly personal process involving the exchange of ideas, interests, and the transmission of character
traits, considering students' personal qualities is of paramount importance in communicative
teaching. Without considering these factors, students' speech actions become detached from their
real feelings, thoughts, and interests, losing the source that fuels their speech activity.

It is precisely the consideration of personal qualities that leads to the emergence of
situational communicative motivation, ensuring students' proactive participation in
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educational or real communication.

From the vast array of personal qualities, the traditional approach to personal
individualization, which fosters communicative motivation, suggests considering six
methodologically significant personal qualities of the student: the context of activity; personal
experience; the sphere of desires, interests, and inclinations; the emotional-sensory sphere;
worldview; and the student's status within the group. All of these factors encourage students to
learn.

Summary and conclusions.

Success in mastering foreign languages in its cognitive function contributes to the
development of linguistic intuition; the satisfaction of cognitive motives during the study of a
foreign language forms a stable motivation for continuous work with it; the use of foreign
languages to obtain specific information (reading magazines, newspapers, dictionaries, etc.) makes
the language indispensable in the learner's cognitive activity. At the same time, the foreign language
itself enhances the overall cognitive activity of learners, thereby increasing their motivation to study
the language.

The use of cultural materials in the educational process for foreign languages creates
conditions that motivate the learning process and also contributes to the deepening and expansion of
students' cognitive activities.
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RAQAMLI MUHITDA VIRTUAL MAKONNI HUQUQIY TARTIBGA SOLISH
MASALALARI
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Davlat boshqaruv huquqi yo ‘nalishi magistranti
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Annotatsiya. Mazkur maqolada virtual makonda yuzaga kelayotgan hugqugiy munosabatlarni tartibga
solishning dolzarb masalalari tahlil gilingan. Ragamli texnologiyalar rivojlanishi natijasida virtual makon
igtisodiy, ijtimoiy va huqugiy munosabatlarning muhim maydoniga aylangani yoritilgan. O ‘zbekiston
Respublikasining axborotlashtirish, kiberxavfsizlik va shaxsga doir ma’lumotlarni himoya gqilishga oid
qgonunchilik normalari asosida virtual makonni tartibga solishning huquqiy mexanizmlari ko ‘rib chigilgan.
Shuningdek, sun’iy intellekt, ragamli platformalar, elektron dalillar va transchegaraviy
kiberhuqugbuzarliklar bilan bog ‘liq huqugiy muammolar tahlil etilgan hamda ularni bartaraf etish bo ‘yicha
ilmiy-amaliy takliflar ilgari surilgan.

Kalit so“zlar: Virtual makon, ragamli huquq, kiberxavfsizlik, sun’iy intellekt, elektron dalillar, axborot
xavfsizligi, shaxsga doir ma’lumotlar, kiberjinoyatchilik, raqamli platformalar, transchegaraviy
huqugbuzarliklar.

Annomauusa: B oaunoii cmamve ananuzupyrlomes akmyanbHvle 80NPOChl NPABOBO20 Pe2yIUPOBAHUsL
00WeCMBEeHHbIX  OMHOUWeHU, BOZHUKAIOWUX 6 eupmyanvhom npocmpancmege. Oceewjaemcss  ponb
BUPMYATLHO20 NPOCPAHCIMEA KAK CAMOCHOSMENbHOU Cpepbl IKOHOMUUECKUX, COYUATbHBIX U NPABOGLIX
OMHOWeHUIl 8 YCI08UsX pa3zeumus yugposvix mexnoroeui. Ha ocnoge 3axonooamenvcmea Pecnybnuku
Vabexucman 6 obnacmu ungopmamuzayuu, KubepbezonacHocmu U 3aujumvl NEPCOHATLHLIX OAHHBIX
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paccmompervl npaeosvle MeXaHUu3IMbl pez2yauposanus sUpmyajibHoco npocmpancmeda. Taxoice
npoaHalIu3upoeaHsvbl npaesoevlie l’lpO5ﬂ€Mbl, C653aHHblE C UCKYCCMBEHHbIM UHMEIEKNMOM, uugbpoebmu
nﬂamgbopmamu, IJIEKMPOHRHbIMU doxa3ameﬂbcm6amu u mpancepanudumelbHblMU
KubepnpasoHapyumeHusmMu, a makice npeonodicenHsbl HAy4HO-NPAKMUYecKue peKkoMeHoayul no ux peteHuro.

Knioueevie cnosa: Bupmyanbhoe npocmpancmeo, yugposoe npaso, Kubepbe3onacHocmo,
uCKyCCl’I’l@eHHbllJ UrHmejljliekm, JJIEKMPOHHbLE do;cas'ameﬂbcmea, MH@OpMaL;uOHHa}l 6630naCHOCWlb,
NnepCcoHabHble OaHHbIe, KUOEPNPeCmynHOCMYb, Yuppossvle niamgopmvl, MpaHcepanuiHble NPAGOHAPYULEHUSL.

Abstract. This article analyzes current issues related to the legal regulation of social relations arising
in virtual spaces. The study highlights the growing role of virtual space as an independent sphere of
economic, social, and legal relations in the context of digital transformation. Based on the legislation of the
Republic of Uzbekistan in the fields of informatization, cybersecurity, and personal data protection, the
article examines legal mechanisms for regulating virtual environments. In addition, legal challenges related
to artificial intelligence, digital platforms, electronic evidence, and cross-border cyber offenses are
analyzed, and scientific and practical recommendations for improving legal regulation are proposed.

Keywords: Virtual space, digital law, cybersecurity, artificial intelligence, electronic evidence,
information security, personal data, cybercrime, digital platforms, cross-border offense

Asosiy gism. O‘zbekiston Respublikasi Konstitutsiyasining yangi tahririda inson huquq va
erkinliklarining daxlsizligi, ularni sud qgarorisiz cheklash mumkin emasligi hamda davlat organlari
tomonidan qo‘llaniladigan huquqiy ta’sir choralarining mutanosiblik prinsipi mustahkamlangan.
Mazkur konstitutsiyaviy yondashuv virtual makonda ham inson huquqlarini to‘liq ta’minlash
zarurligini  ko‘rsatadi. Xususan, shaxsiy hayot daxlsizligi, axborot xavfsizligi, shaxsiy
ma’lumotlarni himoya qilish, fikr va axborot erkinligi kabi huquqlar ragamli muhitda ham samarali
kafolatlanishi lozim.

O‘zbekiston Respublikasining “Axborotlashtirish to‘g‘risida”gi Qonuni axborot resurslari va
axborot tizimlari sohasidagi munosabatlarni tartibga soladi hamda davlat organlari, tashkilotlar va
fuqarolarning axborotdan foydalanish tartibini belgilaydi. “Shaxsga doir ma’lumotlar to‘g‘risida”gi
Qonun esa shaxsiy ma’lumotlarni yig‘ish, saqlash va qayta ishlash jarayonida fuqaro huquqlarini
himoya qilishning huquqiy mexanizmlarini belgilaydi. So‘nggi yillarda gqabul qilingan
“Kiberxavfsizlik to‘g‘risida”gi Qonun ragamli infratuzilmani himoya qilish, kiberhujumlarning
oldini olish va davlat axborot xavfsizligini ta’minlashga garatilgan muhim huquqiy asos bo‘lib
xizmat gilmoqda.

Virtual makon bilan bog‘liq huquqiy munosabatlarni tartibga solishda jinoyat huquqi
normalari ham alohida ahamiyatga ega. O‘zbekiston Respublikasi Jinoyat kodeksida axborot
texnologiyalaridan noqonuniy foydalanish, ruxsatsiz kirish, zararli dasturlar tarqatish,
Kiberfiribgarlik va boshqa turdagi kiberjinoyatlar uchun javobgarlik nazarda tutilgan. Biroq ragamli
muhitning dinamik tabiati protsessual gonunchilikda ham yangicha yondashuvni talab giladi.
Xususan, elektron dalillarni yig‘ish, saqlash, tekshirish va baholash mezonlarini aniq belgilash sud-
tergov amaliyoti samaradorligini oshirishga xizmat giladi.

Bugungi kunda virtual makon doirasida sun’iy intellekt texnologiyalarining keng joriy etilishi
yangi huqugiy muammolarni yuzaga keltirmoqda. Sun’iy intellekt tizimlari tomonidan gqabul
gilinadigan qarorlar uchun javobgarlik, algoritmik shaffoflik, diskriminatsiya xavfi,
avtomatlashtirilgan qarorlar ustidan shikoyat gilish imkoniyati kabi masalalar huquqiy tartibga
solishni talab etadi. Shu bois fugarolik-huquqiy javobgarlik institutlarini takomillashtirish, sun’iy
intellekt faoliyati ustidan huquqgiy nazorat mexanizmlarini ishlab chigish va platformalar
javobgarligini aniglashtirish zarur.

Virtual makonning asosiy xususiyatlari anonimlik, tezkorlik va transchegaraviylikdan iborat.
Aynan shu xususiyatlar huqugbuzarlik subyektini aniglash, qo‘llaniladigan yurisdiksiyani belgilash
va javobgarlik choralarini tatbiq etishda murakkablik tug‘diradi. Shu ma’noda virtual makonni
huqugiy tartibga solish fagat milliy gonunchilik bilan cheklanib golmasdan, xalgaro hamkorlik
mexanizmlari bilan uyg‘un olib borilishi lozim. Kiberjinoyatchilikka qarshi kurashishda xalqaro
konvensiyalar normalarini milliy gonunchilikka izchil integratsiya qilish hamda transchegaraviy
tergov mexanizmlarini soddalashtirish dolzarb vazifa hisoblanadi.
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Ragamli muhitda huquqiy tartibga solishning asosiy muammolari:
1. virtual makon subyektlarini identifikatsiya gilishdagi giyinchiliklar;
2. platforma operatorlari va foydalanuvchilarning javobgarlik chegaralarining noanigligi;
3. sun’iy intellekt va algoritmik tizimlar faoliyati bilan bog‘liq huquqiy bo‘shliglar;
4. transchegaraviy huqugbuzarliklar bo‘yicha yurisdiksiya masalalarining murakkabligi;
5. ragamli dalillarni protsessual tartibda baholash va ularning ishonchliligini ta’minlashdagi
amaliy muammolar.
IImiy-amaliy takliflar:
1. virtual makon subyektlarini huquqiy tasniflash va javobgarlik mexanizmlarini aniglashtirish;
2. kiberjinoyatchilikka garshi profilaktik choralarni kuchaytirish hamda texnik nazorat
vositalarini rivojlantirish;
3. sun’iy intellekt va raqamli platformalar faoliyatini tartibga soluvchi normativ-huquqgiy bazani
takomillashtirish;
4. xalgaro hamkorlikni kengaytirish va transchegaraviy huqugbuzarliklar bo‘yicha tezkor
axborot almashinuvi tizimini rivojlantirish;
5. sudya, tergovchi va boshqa amaliyotchi mutaxassislar uchun kiberhuquq bo‘yicha maxsus
o‘quv kurslarini joriy etish;
6. maktab, texnikum va oliy ta’lim muassasalarida virtual makondan xavfsiz va huquqiy
jihatdan mas’uliyatli foydalanish bo‘yicha maxsus darslar hamda metodik qo‘llanmalarni ishlab
chiqish.
Xulosa
Virtual makonni samarali huquqiy tartibga solish O‘zbekiston Respublikasida raqamli
transformatsiya jarayonlarini jadallashtirish, shaxs huquqg va erkinliklarini himoya gilish hamda
axborot xavfsizligini ta’minlashda muhim ahamiyat kasb etadi. Bu borada yaratilayotgan normativ-
huqugiy asoslar virtual makon huqugini mustaqil va istigbolli huqugiy institut sifatida shakllantirish
uchun zamin yaratmogda. Kelgusida ragamli huquq sohasida kompleks gonunchilikni rivojlantirish,
sud amaliyotida raqamli dalillar institutini mustahkamlash, sun’iy intellekt va platforma
igtisodiyotiga oid huqugiy standartlarni aniglashtirish hamda malakali kadrlar tayyorlash ushbu
yo‘nalishning ustuvor vazifalari bo‘lib qoladi. Xorijiy tajriba shuni ko‘rsatadiki, regulyativ, liberal
va nazoratga asoslangan modellarning muvozanatli uyg‘unligi O‘zbekiston uchun eng maqbul
yondashuv bo‘lishi mumkin.
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Abstract. The article examines the importance of terminology in scientific and educational
activities, as well as its role in professional development. It is emphasized that mastering specialized
vocabulary contributes to a deeper understanding of learning materials, improves academic
performance, and enhances the quality of both written and oral communication. Moreover, it is
emphasized that the development of terminological competence is especially important in modern
education, where significant attention is given to interdisciplinary research and professional training.

Keywords: terminology, academic success, knowledge, improvement, development, importance,
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science, terminological system, formation.

Auuomauu;l. B cmamove pacemampueaemcs  3HA4YeHue - mepmuroiocuu 6 HayllHOIZ u
00pazo8amenvHOl  0eIMeNbHOCMUY, d maKdce e€ polb 8 NpopecCUOHANbHOM — PA3BUMUL.
Toouépxusaemcs, umo éradenue cneyuarbHol J1eKcuxKol cnocoocmayem boaee en1yO0KoMy NOHUMAHUIO
yll€5H020 mamepuaia, noevluiaem axademuqemyio ycnesaemocms u yayduiaem Kkavecmeo NUCbMEHHO
u ycmuou xKommynuxayuu. Kpome moeco, noouépkusaemcs, umo pazsumue mMepMuUHOI0SULECKOU
Komnemernyuu 0COOEeHHO BAJCHO 6 YCI0o6UAX COBPEMEHHO20 06pa306aHuﬂ, 20e bonvbuioe GHUMAHUE
VOeNAemcst MeHCOUCYUNTUHAPHBIM UCCTe008AHUAM U NPODeCCUOHATbHOU NOO2OMOBKE.

Knrueevie cnoea: mepmuHoiocusl, axkaoemu4eckuil ycnex, 3HAHUe, yJiayduleHue, paszeumue,
6AJICHOCMb, HAYKA, MEPMUHOTIOcUYECKAA cucmema, qbop/wupoeaﬁue.

Annotatsiya. Magolada terminologiyaning ilmiy va ta’limiy faoliyatdagi ahamiyati hamda uning
kasbiy rivojlanishdagi o ‘rni ko ‘rib chigiladi. Ta kidlanishicha, maxsus leksikani bilish o ‘quv materialini
chuqurrog tushunishga yordam beradi, akademik muvaffagiyatni oshiradi hamda yozma va og ‘zaki
mulogot sifatini yaxshilaydi.Bundan tashqari, terminologik kompetensiyaning rivojlanishi zamonaviy
ta’lim sharoitida aynigsa muhim ekani ta kidlanadi, chunki bu yerda fanlararo tadgigotlar va kasbiy
tayyorgarlikka katta e ‘tibor garatiladi.

Kalit so'zlar: terminologiya, akademik muvaffagiyat, bilim, yaxshilanish, rivojlanish, muhimlik,
fan, terminologik tizim, shakllanish.

To begin with, terminology, in a broad sense, refers to the entire set of terms within a natural
language, while in a narrow sense, it is associated with the terms of a specific scientific discipline or
a specialized field of practical activity. Within a particular theory, terms form a terminological
system. Terms can be defined as words (or word combinations) of the metalanguage of science and
its applied disciplines, as well as words denoting specific realities of particular areas of human
practical activity. In the latter case, the term “nomenclature” is often used. It follows that terms do
not include, for example, formulas, mathematical and various symbolic expressions, which are
certainly part of the metalanguage of the corresponding sciences, but cannot be regarded as part of
the vocabulary of natural language as a whole. In other words, metalanguage and terminological
system are not synonyms. The majority of terms enter the vocabulary of a language through
corresponding terminological systems. Consequently, terminology plays an important role in the
formation of scientific knowledge and in ensuring accurate communication between specialists.
Clearly defined terms help avoid ambiguity and misunderstanding in scientific communication. This
is especially important in the context of interdisciplinary research, where the same unit may have
different meanings in different scientific fields. [1]

Another key point is that, knowledge of terminology plays an important role in both
education and professional development. This can be illustrated by terms, which can be described as
the “language” of science, without which it is impossible to fully understand learning materials,
lectures, and assignments. For example, words such as photosynthesis, voltage, and molecule are
essential in biology and physics, and without understanding them, studying these subjects becomes
very difficult. Secondly, terminology ensures precision in thinking and communication. It helps
individuals express ideas clearly and without ambiguity. For instance, instead of the general phrase
“something affects,” more precise terms such as affect, impact, or influence can be used. This
makes speech more scientific and professional. Moreover, knowledge of terminology is directly
connected to academic success. Students who have a strong command of specialized vocabulary
find it easier to write essays, pass exams, and understand scientific articles. Additionally,
terminology helps them absorb complex information more quickly and improves the overall quality
of learning. In addition, terminology is essential for professional development. As a result, every
field, whether engineering, medicine, or information technology, has its own specific system of
terms. Without knowledge of these terms, it is impossible to work effectively and progress in a
profession [2].

Another important reason is communication with specialists. Mastering terminology enables
individuals to understand experts, participate in discussions, and exchange professional information
without difficulty. Finally, knowledge of terms saves time. It allows individuals to understand new
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topics more quickly and reduces the need to repeatedly explain basic concepts. Thus, terminology is
an essential tool for learning and professional growth, ensuring understanding, precision, efficiency,
and success in both academic and professional contexts. However, modern higher education
requires teachers to use such approaches to teaching educational material and organizing students’
independent work that ensure high-quality education, preparation for practical activity in the chosen
profession, and the development of self-organization and self-education skills. Moreover,
terminology becomes especially important in the context of globalization and international
cooperation, when specialists need to interact with representatives of different countries and
academic schools. [3] Mastery of professional terminology in both native and foreign languages
facilitates successful intercultural communication and enables participation in international projects,
conferences, and research. Thus, terminology becomes an integral part of modern education and an
important factor in the professional competence of a specialist. An important aspect of professional
education is the need to teach students to master professional terminology, use specialized terms,
express their own opinions in a well-reasoned manner, analyze facts, present counterarguments, and
conduct discussions with their help. In this regard, independent work on compiling a terminological
dictionary of the studied discipline becomes especially important.
It is important to note that modern higher education requires teachers to use such approaches to
teaching educational material and organizing students’ independent work that ensure high-quality
education, preparation for practical activity in the chosen profession, as well as the development of
self-organization and self-education skills. An important aspect of professional education is the
need to teach students to master professional terminology, use specialized terms, express their own
opinions in a well-reasoned manner, analyze facts, present counterarguments, and conduct
discussions with their help. In this regard, terminology acquires special importance as an integral
part of the academic process. Knowledge of terms ensures the understanding of scientific texts,
lecture materials, and professional literature. Mastery of terminology contributes to the
development of scientific thinking, helps students express their ideas accurately and consistently,
and enables them to participate effectively in academic discussions and research activities.[4]
Moreover, terminology plays an important role in the successful acquisition of educational material,
since it is impossible to fully study a discipline without understanding its key concepts. Thus, the
development of terminological competence is one of the most important conditions for academic
success and the professional formation of future specialists

All things considered, terminology is essential for academic success, and it plays a
fundamental role in both academic education and professional development. It serves as the
language of science and enables accurate communication, clear understanding of scientific
concepts, and effective exchange of professional information. Mastery of terminology helps
students better understand educational materials, participate in academic discussions, and
successfully carry out research activities. Furthermore, terminological competence contributes to
the development of critical thinking, precision in communication, and professional confidence. In
the context of modern higher education, the formation of terminological competence becomes an
essential component of preparing highly qualified specialists who are capable of continuous self-
education and effective professional activity in their chosen fields.
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Annotatsiya. Ushbu tadgiqot Al yo ‘nalishi talabalari kasbiy yozuv ko ‘nikmalarini rivojlantirishda
analitik tuzilmalashtirishning samaradorligini o ‘rganadi. Analitik Yozuv Kompetensiyasini Rivojlantirish
Modelidan foydalanilgan holda, talabar strukturalangan paragraf yozish, ketma-ket bayon qilish, dalilga
tayangan izohlash va analitik gayta tahrirlashni mashq gildilar. Natijalar aniglik, mantigiy izchillik,
terminologiva qo ‘llash va dalillarni talgin qilishda sezilarli o ‘sishni ko ‘rsatdi. Talabalar algoritmlarni
tavsiflash, model tanlovini asoslash va natijalarni akademik jihatdan mos tuzilmalar yordamida bayon
qilishda yanada malakali bo ‘Idilar.

Kalit so“zlar: kasbiy yozuv, analitik tuzilmalashtirish, Al hujjatlashtirish, dalilga asoslangan izoh,
paragraf tuzilmasi, fikr ravshanligi, terminologiya anigligi, texnik yozuv, strukturalangan bayon, akademik
ko ‘nikmalar.

AHHomtll(u}l. B oannom uccreoosarnuu paccmampueaemcs, KaKk anaiumuyeckoe cmpyKkmypupoeanue
CI’ZOCO5CI’I’16y€m paseumuro I’lpOd)éCCMOHaJZbeZX HABBLIKO6 nucema y cmydeHmoe HanpaesjleHus
UCKYCCNBEHHO2O0 UHmeiekmad. HCI’ZOJZb3y}Z MoOenb paseumust AHAAUMUYECKOU NUCbMEHHOU
KoMnemeHrmHocmu, 06yttai0u4uec;l npakmukosajiu CcmpyKmypupoeaHnHvie (163al4bl, nocie008amenbHoe
usnoaicerue, obvACHeHue ¢ OI’IOPOIJ Ha 0oKa3amenbcmed U aHaIUmu4ecKoe pedakmupoeaﬂue. P€3yﬂbmambl
nokasauau  3HA4YumenbHsvle  YAYHUULeHUs 6 ACHOCmU, CE6A3HOCmU, UCNOJIb306AHUU MEPMUHOIOCUU U
unmepnpemayuu OoKazamenbcms. CmydeHmbz cmanu 6onee CnOCOOHbIMU ONUCLIBANb ajneopummbl,
obocrosvieams 6bl50p Mmooeneu u npedcmagﬂﬂmb pesyiomamosl C UCNOJIb306AHUEM axkaoemuyecku
KOppEeKmHbIX CIMPYKmyp.

Knroueswle cnosa: npogeccuonaibHoe nucbMo, aHaAIUmMu4ecKoe CmpyKmypuposanue, 00KyMenmayus
6 obnacmu MU, OoxazamenvHoe 00vscHeHue, cmpykmypa abzaya, SACHOCMb DACCYHCOEHUL, MOYHOCHb
mepmuroiocuu, mexHuiecKkoe nucbmo, CmpyKmypupoBanHoe U3104#CERUE, axkaoemuyeckue HaeulKu

Abstract. This study examines how analytical structuring enhances professional writing skills among
Al students. Using the Analytical Writing Competency Development Model, learners practiced structured
paragraphs, sequential narration, evidence-linked explanation, and analytical revision. Results showed
major improvements in clarity, coherence, terminology usage, and evidence interpretation. Students became
more capable of describing algorithms, justifying model choices, and presenting findings using academically
appropriate structures.

Keywords : professional writing, analytical structuring, Al documentation, evidence-based
explanation, paragraph structure, reasoning clarity, terminology accuracy, technical writing, structured
narration, academic skills.

Introduction. Professional writing plays an indispensable role in Artificial Intelligence (Al)
education, as students are expected to document algorithms, describe model architectures, write research
papers, prepare technical reports, and communicate system behaviors in clear, precise, and structured
formats. Unlike general writing tasks, Al writing demands deep analytical reasoning, conceptual clarity,
accurate use of terminology, and the ability to transform mathematical and computational processes into
comprehensible textual explanations. Yet, many Al students struggle with professional writing because
their academic background predominantly emphasizes coding, mathematics, and problem-solving rather
than linguistic and rhetorical skills. As a result, they often produce writing that is disorganized, poorly
structured, terminologically inaccurate, or lacking analytical depth. This deficiency becomes evident
when students attempt to write lab reports, describe machine-learning models, justify hyperparameter
choices, interpret evaluation metrics, or summarize research findings.

Professional writing in Al requires more than grammatical correctness; it requires an analytical structure
that conveys meaning in a logical and coherent flow. Effective technical writing mirrors the analytical
flow of AI processes: data preprocessing — model design — training procedure — evaluation —
interpretation. Without explicit instruction on how to structure writing analytically, students tend to
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write linearly or descriptively without establishing logical connections between sentences and
paragraphs. This leads to fragmented explanations and ambiguous interpretations. To address this issue,
educators must integrate linguistic-analytical frameworks into Al curricula that train students to write
critically and structurally.

Analytical writing frameworks—such as the Problem—Method-Result-Conclusion (PMRC) model, the
Explanation—Evidence—Interpretation (EEI) model, and the Analytical Paragraph Structure (APS)—
offer systematic scaffolding for developing professional writing skills. These frameworks guide students
through the process of articulating research questions, explaining computational processes, presenting
results, interpreting findings, and supporting statements with evidence. They help students organize
information, maintain coherence, and present arguments persuasively. Such structure is essential in Al
writing, where clarity and logic determine the effectiveness of communication.

This study explores how analytical structuring techniques improve the professional writing abilities of
Al students at Fergana State Technical University. By applying structured writing frameworks,
linguistic scaffolding, and content-reasoning integration, the study demonstrates that Al students can
significantly enhance their ability to articulate technical knowledge. Findings reveal that analytical
structuring not only improves writing quality but also strengthens conceptual understanding, reduces
writing anxiety, and prepares students for academic research, industry documentation, and collaborative
engineering communication.

Methods

This study involved 109 Al undergraduate students from Fergana State Technical University, divided
into three groups based on their initial writing performance: beginners, intermediate writers, and
advanced writers. The research lasted 12 weeks and employed the Analytical Writing Competency
Development Model (AWCDM), a structured pedagogical approach that integrates linguistic
frameworks, analytical reasoning, and writing practice. The AWCDM consisted of four instructional
components: Analytical Paragraph Structure (APS), Structured Technical Narration (STN), Evidence-
Driven Explanation Training (EDET), and Analytical Revision Workshops (ARW).

Analytical Paragraph Structure (APS) taught students to write paragraphs using topic sentences,
analytical explanations, supporting evidence, and concluding statements. Students practiced
transforming linear paragraphs into analytically organized structures with clear logical flow. Structured
Technical Narration (STN) trained students to describe algorithms, data pipelines, training procedures,
and model components using sequential and causal connectors (“first,” “then,” “as a result,”
“therefore”). This approach ensured that students’ writing mirrored computational logic.
Evidence-Driven Explanation Training (EDET) focused on teaching students to support their claims
with quantitative and qualitative evidence. Students learned to interpret confusion matrices, accuracy
curves, ROC curves, and loss functions, and then present these results in written form using analytical
language. They practiced linking evidence with interpretation: “The model’s performance improved
because...”, “This result indicates that...”. Analytical Revision Workshops (ARW) required students to
evaluate their own and peers’ writing using structured rubrics. Students identified weaknesses in
structure, terminology, evidence linkage, and reasoning coherence, then revised their work accordingly.
Data collection involved pre-writing diagnostics, weekly writing exercises, marked assignments, peer-
review portfolios, and post-test writing assessments. Quantitative measures tracked improvements in
organization, clarity, terminology accuracy, evidence integration, and argument strength. Qualitative
evaluation involved discourse analysis of written samples to identify patterns of structural improvement
and analytical expression.

Results

The AWCDM methodology produced substantial improvements across all student groups,
demonstrating that analytical structuring significantly enhances Al students’ professional writing
competence. Overall writing clarity improved by 56%, with beginner writers showing the most
dramatic gains. Before the intervention, beginners struggled with sentence-to-sentence connections,
lacked topic sentences, and produced paragraphs with unclear focus. After training, their writing became
more structured, and they consistently used analytical paragraph patterns.

Intermediate writers displayed a 49% improvement in reasoning coherence and the logical sequencing
of technical descriptions. They began articulating algorithms, training steps, and model behavior in a
more professional and academically appropriate manner. For example, instead of writing, “The model
worked better after training,” students produced analytically structured sentences such as, “After
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increasing the batch size, the model exhibited improved stability during training due to reduced gradient
variance.”

Advanced writers demonstrated significant improvement in evidence integration, with a 43% increase in
their ability to link results with interpretation. They strengthened their analytical reasoning, producing
writing that resembled research-grade technical explanation. Students also showed greater accuracy in
using terminology such as “regularization,” “bias-variance tradeoff,” “hyperparameter tuning,” and
“model generalization.”

Analytical revision workshops contributed greatly to skill retention. Students became capable of
identifying weak reasoning, vague interpretations, and structural gaps in their writing. They improved
their ability to revise drafts, reducing errors by 41%. Peer evaluation sessions showed that students
could apply analytical rubrics reliably.

Qualitative analysis revealed that students' technical descriptions became more precise, their
explanations more logically coherent, and their overall writing more aligned with academic and industry
standards. Students expressed increased confidence in writing research reports, documenting projects,
and preparing internship applications. The combination of linguistic scaffolding and analytical
reasoning proved effective in transforming writing from descriptive to structured and argumentative.
Discussion

The findings of this study demonstrate that analytical structuring is essential for improving Al students’
professional writing competence. Al writing differs from general academic writing because it requires
not only linguistic accuracy but also technical reasoning, structured explanation, and evidence-based
interpretation. The AWCDM framework effectively addressed these needs by providing students with
explicit writing models that mirrored computational logic.

One of the key insights from the study is that structure serves as a cognitive scaffold. When students
learn to write analytically, they also deepen their understanding of Al concepts. Writing about
algorithms, model decisions, and evaluation metrics forces students to organize their thoughts, identify
knowledge gaps, and articulate reasoning clearly. This metacognitive benefit suggests that writing is
both a communication tool and a learning mechanism.

The success of structured technical narration highlights the importance of linguistic sequencing in Al
communication. When students use connectors and transitional devices, their writing becomes more
coherent and accurate. Similarly, evidence-driven explanation training significantly improved students’
ability to justify results using metrics and visual outputs. This reflects industry expectations, where
professionals must present model performance convincingly to engineers, managers, and clients.
Analytical revision workshops also played a crucial role by teaching students how to identify
weaknesses and refine their writing. Revision is essential in professional writing, yet many students lack
the skills to revise analytically. The workshop model helped students develop long-term writing habits.
Overall, this study suggests that analytical structuring should be an integral component of Al curricula.
By teaching students how to write structurally, educators can enhance not only communication skills but
also conceptual mastery, critical thinking, and professional readiness. Future research could explore the
integration of Al-based writing evaluation tools for automated feedback.

References

[1]. Kakhkhorova, G. (2015). Ingliz tili o‘rgatishning samarali yo‘llari. In IIm-zakovatimiz-senga, ona-vatan!: limiy-
amaliy anjuman materiallari. Fergana State University.

[2]. Kakhkhorova, G. (2016). Globallashuv jarayonida sohaviy tarjimaning dolzarb masalalari. In Til o ‘gitishda
zamonaviy yondashuvlar: Respublika ilmiy-amaliy konferensiyasi materiallari. Fergana State University.

[3]. Kakhkhorova, G. (2018). Linguokulturologiyada akmeologik yondashuvlarga asoslangan tadgiqotlar. In
Akmeologik yondashuv asosida bo ‘lajak pedagoglarning kasbiy kompetensiyalarini rivojlantirish strategiyalari:
IImiy-amaliy anjuman materiallari. Fergana State University.

[4]. Kakhkhorova, G. (2019). Tillar so‘z turkumlarining lisoniy tizimdagi o‘rni va ular tabiatining tahlili. In JSPI 1st
Annual International Conference Proceedings (pp. 3). Jizzakh State Pedagogical Institute.

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 279



MYAJUTU®JIAP JUKKATHTA !

1. “Unmuit — texnuka xypHamu” (“Hayuno — rtexnumdeckwii xypHan’, “Scientific —
Technical Journal”) caxudanapuna dyHmameHTan Ba TeXHUKa (aHIapu coxXacuja SHTH HIMHKA
HaTKanapra sra 6yiaran Ba 50 % gaH OpTUK KUCMH WITapy YBJIOH KWIIMHMAraH y30€K, pyc, MHIJIN3
TUUTApHIa Tal€pllaHraH MakoJia Ba KUCKa Xxabaprnap Kydumaru Oynumiap OVinda 9om STHUJIA/IH:
¢pusuka-maremaTuka QaHjgapu; MeXaHMKA; KYPWIHII; 3JHEPreTuka, JJIeKTPOTEXHUKA;
3JIEKTPOH KypHJIMAJap Ba ax00pPOT TEeXHOJIOTUsSIAapH; KUMEBUII TEXHOJIOTUSI Ba JKOJIOTHUS;
WKTUMOMI-UKTHCOANH daHIap; KHcKa XxadapJap.

2. Maxona crannapt A4 yirdaMmaard oK KOFO3HHUHT Oup ToMoHHaa vangad 30 mm, yHrnas 15
MM, IOKOpHIaH Ba mactiaan 20 MM KeHIJIHK/Ia ko Koaaupu6, Times New Roman mpudruma, 12

pt ymuamia, Karopiaap opacu OMp opajMK OunaH €3uiajd Ba MKKWM HycXaJa TaKAUM KWIMHA[U.
Makonanap XaXMH YU3Malapcu3 CaKKu3 caxuganaH, Kucka xalapiap sca y4 caxudanan
OLIMACJINTU Ba WMKKUHYM Hycxacuja Oapua myamnudriap (amunuscu, ucMH Ba IIapuQIapuHu
KypcaTHO UM30 YEKHIIUTIAPH JIO3HM.

3. Makounara Kyilujgaruiaap wioBa KWIMHAIW: MII Oa)KapwiraH TAIIKWIOT HYJIaHMACH;
y30eKkda, pycdya Ba WMHTIM34Ya aHHOTAanusuiap (Oup Xuin Ma3MyHJa Ba 5-6 KaropJaH ONIMACIUTH
3apyp), TasiHY Ccy3j1ap, MaKoJa HOMJIAPH; JKCIEpPT XyJocacu; Myaauduap TyFpucuaa
MaBJYMOT (MII >XOWHM, J1aBo3uMH, Tenedonu, e-mail). Myammdnap opacuma ¢an gokropu
OyamaraH Takoupia, Iy cOXa HUXTUCOCIUTH OVilnua ¢aH JAOKTOPUHUHI TABCHSICH TaKJIUM
STHIIAIN.

4. ®opmynanap xkomnbiotepaa Word opmynanap myxappupunuar Math Type Bepcusicuna
é3unaau. Ynszmanap Ba auarpaMmaliap CTaHAapT Kougaiapra puost KwinHran xoinga 10x10 cm gan
karra Oynmaran Vyidampaa TauépnaHuinm, E3yBllap WMKOHM Oopwda comiap €ku  Xapdiap
KYpUHHIIKAA OCpWIMIIU Ba ynap Makoyia caxudacuaa €Ky uyu3Mara WioBaja TYIIYHTHPWIHIIN
n03uM. Makonaia yn3manap conu 4 Tarada, KUCKa xabapiapaa 3ca 2 Tarada pyxcat dTHIaJIH.

5. Mypoxaar KUIUHTaH ana0ueTnap pyWxaTu Makojia OXHUpHIA KyWHIaru TapTudaa
KENTUPUIAAN: MyaUTMPHUHT HaMUIIUACH, UCMH, mapudu, KUToO (KypHaa)HHHT HOMH, HAIIPHET
(kuToONap y4yH) WuiM, >KypHal HOMepu, caxuda (KypHanm yuyH). Makona caxudanapuaa
amabuérmapra wuioBa pakaM OWIaH TapTUOJM paBUINJa KBajapaT KaBc Huuja (macaman [7]
KYpuHUIIKAA) Oepuiaau.

6. Maxkonanu Taii€éprnamra yTa CHHYKOBIMK Ba YTKUP AUKKAT OWiIaH EHIOIIMII TaBCHUS
STHIIAIU. Y WIMHNA Ba TPaMMAaTHK KUXATIaH IOKOPH Japaxaja TajabuaHIuK OWiaH WIMHA MakKola
MaKOMUJa TaXpupJaHTaH OYIMILIY JIO3UM: ca€3 Ma3MyHJaru, Fajau3 Ba Y3yHAaH-y30K >KyMiIaJlapHU
WIIATMACIMK, MAaKOJIAHMHT WIMHA HYHanumiura, Iy KYHHUHT edYujMaraH Ba Joi3ap0
MyammoJjapura 6axo OepWIMIIM; UITHUHT acoCHi Makcalu, KyHWIaJuraH macaiajap Ba yJapHU
€UHIN YCIIyOJlapy, OJMHTaH SIHTM WMWK HaTHXKalap Ba YJIAPHUHT TaXJIWIA XaMJa aHUK XyJocanap
KAaThUl KeTMa-KeTJIMK/a PAaBOH THJIA 0a€H KUIMHUILH JIO3KM.

7. TaxpupusaT 3apypar Oynranjga TakAuM STWITAaH MakKoja Ba KUCKa XabapiapHH Taxpup
KWIUII XYKYKHTa 3ra. YJap cy3cu3 TaXpUpUAT ab3oiapura €k OOIIKa TerHILIN MyTaxaccuciiapra
Takpusra Oepusiaiu.

8. Arap makosia MyayuiiQra Kaita UILia yayH KaliTapusica, MaKOJaHUHT OXUPTH KYPUHUIIH
OJIMHTaH KyHJaH 0onutad MakoJia TaXpUpHsTra TYIIraH XUucoOIaHaIu.

Kypnaman don stumga doc. MS Word 97 (2003) taxpupuma HWIUTIOBYM JacTypiiapaaH
doitnananunagm.

MaxkonanapuHu ¥3 BakTHAa YOI STWIMILIMHU HCTaraH Myauiudiap TaXpuUpusTra aHa Iy
nactypnaaH Qoigananrad Xoia KOMIBIOTepa TEPUITaH dJIEKTPOH BApUAHTHHH TaKIUM dTHIILIAPU
Makcaara MyBOGUKIHP.

9. JKypuannunz snexkmpon eapuanmaapunu @DATY ee6-caumu hitp://www.fstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal) oan monuwi mymkun.

Kypcamunean xouoanap acocuda manépianmacan MaKoiaiap maxpupusm momoHuOaH Kaoyu

KUIUHMATIOU.

280 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Boimyck Ne 6)


http://www.fstu.uz/

K CBEJEHUIO ABTOPOB !

1. Ha crpannnax «Hay4HO-TeXHHUYECKOTO )KypHaay MyOIUKYIOTCS CTaThU M KPaTKUEe COOOIIEHUS
B oOnactu (pyHIaMEHTANbHBIX U TEXHUYECKUX HAyK, cojepkaiue HOoBble miu Ooinee 50 % panee He
onyOJIMKOBAaHHBIE HAy4YHBIE pPE3yJibTaThl, Ha Y30€KCKOM, PYCCKOM HJIM aHTJHHCKOM S3BIKaX IO
CIEeQyIOIUM pa3zienaM: (yHIaMeHTaJIbHble HAYKHM; MEXaHHMKA; CTPOMTEIbCTBO; JHEPreTHKA,
3JIEKTPOTEXHUKA; JJIEeKTPOHHbIE YCTpolicTBa W HMH(OPMAIMOHHBIE TEXHOJOTHMU; XHMMHYECKas
TeXHOJIOTUSl ¥ IKOJIOTHs; COUMATbHO-IKOHOMHYECKHe HAYKH; KPATKHe COOOLIeHUs.

2. CtaThsl TIpeACTABISICTCS B IBYX 3K3eMIUIApax Ha Oenoil Oymare cranmapTHoro dopmara A4 ¢
nojisimu: cieBa 30 MM, BBepXy u BHH3Y 10 20 MM, crpaBa 1,5 mMm; mpudrt Times New Roman 12 pt,
MEXYCTPOUYHOE pAcCTOSIHWE OfWH MHTepBas. OOmmii 00beM CTaThu HE JOJDKEH HPEBBIIIATh BOCHMH
CTpaHUIl, HE CUHMTas PHUCYHKOB, KPaTKUX COOOIICHMI ke He Oosiee TpEX crpaHuIl. Bropoit sx3emIuisp
CTaThH MPEJICTABIISAETCA C MOANUCSIMH BCEX aBTOPOB.

3. K cratpe mpunararorcs: HampaBlieHHe YYPeKIEeHHsI, B KOTOPOM BBINOJHEHa padoTa;
JKCIEPTHOe 3aKjadeHue (s aBTOopoB u3 PecnyOnuku Y30ekucraH); Ha y30€KCKOM, PYCCKOM H
AQHTJIMIICKOM S3bIKaX aHHOTAHMsA (M3 5-6 CTPOK OJMHAKOBOIO COJACpKAHMSA), KJIIOYeBble CJIOBA,
Ha3BaHWe CTATbH, CBeJAeHHs] 00 aBTOpax (MecTo paboThl, JOKHOCTh, TenedoH, e-mail). B ciyuae
OTCYTCTBHSI CpPEIU aBTOPOB JOKTOpA HAyK IPEICTaBIIETCS PEKOMEHJAIMs JIOKTOpa HAayK B 00JIacTH
9TON CHEUAIBHOCTH.

4. lns HarmcaHust popMysI B TEKCTE HEOOXOIMMO IMOJb30BaThes pernakropom Word Math Type.
dopmynbl HyMEpPYIOTCS B CKBO3HOM Tmopsiake. st o0o3HaueHWs (PU3NYECKHX, MAaTEeMaTHYECKHX M
XMUMUYECKUX BEJIMYHMH, BKJIIOYAs WHACKCHI, MPUMEHSIOTCS HCKIIOUUTENFHO JIATHHCKAE M TPEUECKHE
OykBbl. Henb3si 0003HauaTh pasziavyHble BEIMYMHBI OMHOW W TOH ke OykBoil. IloaroroBieHHbIE
PUCYHKH M JUarpamMMbl JOJDKHBI COOTBETCTBOBATH CTAaHAAPTHBIM TPEOOBAaHHMSIM M HE IPEBBIIIATH
pa3Mepsl Oosiee yem 10x10 cm, HagmUCH, MHEKCHI WK OyKBEHHbIE 0003HAYCHMS], JKEIaTeIbHO YKa3aTh
Y TIOSICHUTh Ha CTPAHMIIAX CTAThU WM B MPHIJIOKCHUSAX K PUCYHKaM.

5. CriMcok nuTepaTyphl MPEACTaBIISETCS B KOHIIE CTaThH B cieaytoniem nopsiake: O.1.0O. aBTopos,
Ha3BaHHe KHUTM (KypHaJa), TOJ W3JaHus (11 KHUT), HOMEDp JKypHajia, CTpaHuIb! (1711 xKypHaioB). Ha
CTpaHWIaX CTaThbH CCBHUIKM HAa LUTHPYEMYIO JHTEPATypy NPEIACTABISAIOTCS B TOPAIKE YIOMHUHAHHS
apabckoit nupoi B KBaJpaTHBIX CKOOKax, Hanpumep: [1].

6. BHUMaTeTbHO OTHOCHUTECHh K CTHIIIO CBOEH CTAaThH, KOTOPBIA JTOMKEH OTBEYaTh TPeOOBaHUAM
BBICOKOM CTENEHHM pPEeJaKTUPOBAHMs, KaK B OTHONIEHWM HAYYHOCTH, TaK W rpamMmaruku. M30eraiite
JUITMHHBIX (hpa3 MOBEPXHOCTHOTO conepkaHus. J{Js ydinero BoCnpusTUs OOJBIION CTaThbU YUTATEISIMH
pexoMeHnayeTcss pa3OouTh TEKCT Ha paszelnbl: Hampumep, 1. Beenenue, 2. MeToanka sKCriepuMeHTa, 3.
DKcnepuMeHTanbHbIe pe3yibTarel, 4. 3axmouenue. Creayer 00s3aTeNbHO yKa3aTh OCHOBHYIO II€JTb
paboThI, TOCTAHOBKY 3ajiay, aKTYaJIbHOCTh U COBPEMEHHOCTh IPO0JIEMBbI, METObI U CIIOCOOBI PELICHNS,
MOJTy4YE€HHBIE HOBBIC HAYYHBIE PE3YJIbTATHI U UX aHAJIN3, & TAK)KE KOHKPETHBIE BBIBO/IBI.

7. IlpencraBieHHbIe B PEIAKIMIO CTaThU HAMPABISIOTCS ISl PELCH3UPOBAHUS WICHAM pPEAaKIHH
WINA JPYTHMM COOTBETCTBYIOIIUM creruamuctam. Omnpenensiorcsi, COOTBETCTBYET JM CTAaThsl TEMAaTHKE
KypHaia, e€CThb JIM B HEil 4eTKo C(hOpPMyIHpOBAaHHBIC HOBBIC HAYYHBIC PE3YNbTaThl, JOCTATOYHO JIH
Ha/IEKHO 000CHOBAHBI BBIBOJIBI, IMOHATHO JIM M3J0kKEH MaTtepuai. [Ipy HeoOX0IMMOCTH CTaThs MOXKET
OBITh OTPEIAKTHPOBAHA.

8. B ciyudae Bo3BpaTa craTbU aBTOpaM Ul JOPAOOTKU CPOK €€ IMOCTYNJIEHUS B PEJaKIHIo,
CUUTAETCS CO JIHS MOCTYIUICHUS OCIETHETO € BapuaHTa.

[pu mevyatu MaTepUAIOB XypHalla MPUMEHSETCS TeKCTOBbIN pepaktop doc.MS Word 97 (2003).
Jjis  cBOEBPEMEHHOI0 OMYyOJIMKOBAHUS CTaThH, aBTOpaM HEOOXOAMMO MPEICTaBUTh SJICKTPOHHBIH
BapHaHT CTAaTbH, HAOPAHHBIN Ha KOMITBIOTEPE C HCIOIb30BaHNUEM YKa3aHHOM MPOTPaMMBI.

9. DieKTpOHHBIE BEPCHU S>KypHajda JOCTYlHb Ha BeG-caiire ®I'TY http://www.fstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Cmambu, He Od)OpMﬂeHHble CO2JIACHO 6blULEYKA3AHHRbIM npasuiam, pedakuuezl Heé NPUHUMAIOMCAL.

Scientific-technical journal (STJ FSTU, ®TY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 6) 281


http://www.fstu.uz/

INFORMATION TO THE AUTHORS !

1. On pages “Scientific — Technical Journal” are published articles and short messages in the
field of the fundamental and technical science, containing new or more than 50% earlier not
published scientific results, in Uzbek, Russian or English languages according to the following
sections: fundamental sciences; mechanics; construction; power, electrical equipment; electronic
devices and information technologies; chemical technology and ecology; social and economic
sciences; short messages.

2. Article is submitted in duplicate on white paper of the standard A4 format with fields: at the
left 30 mm, above and below on 20 mm, on the right 1,5 mm; Times New Roman 12 pt font,
interlinear distance one interval. The total amount of article shouldn't exceed eight pages, apart
from drawings, the short messages, no more than three pages. The second copy of article is
submitted with signatures of all authors.

3. To article are applied: the direction of establishment in which work is performed; the expert
opinion (for authors from the Republic of Uzbekistan); in Uzbek, Russian and English languages
the summary (from 5-6 lines of the identical contents), key words, article name; data on authors
(work place, position, phone, e-mail). In case of absence among authors of the doctor of science the
recommendation of the doctor of science in the field of this specialty is submitted.

4. For writing of formulas in the text the Word Math Type editors need to use. Formulas are
numbered in a through order. For designation of physical, mathematical and chemical quantities,
including indexes, exclusively Latin and Greek letters are applied. It is impossible to designate
various sizes the same letter the Prepared drawings and charts have to conform to standard
requirements and not exceed the sizes more than 10x10 cm, inscriptions, indexes or alphabetic
references, it is desirable to specify and explain on pages of article or in annexes to drawings.

5. The list of references is submitted at the end of article in the following order: First name,
middle initial, last name authors, the name of the book (journal), year of the edition (for books), the
issue of the journal, pages (for Journal). On pages of article of the link to quoted literature are
represented as a mention in the Arab figure in square brackets, for example: [1].

6. Consider to the style of the article attentively which has to meet the requirements of high
extent of editing as concerning scientific character, and grammar. Avoid long phrases of the
superficial contents. For the best perception of big article readers recommend to break the text into
sections: for example, 1. Introduction, 2. Experiment technique, 3. Experimental results, 4.
Conclusion. It is necessary to specify surely a main objective of work, statement of tasks, relevance
and the present of a problem, methods and ways of the decision, the received new scientific results
and their analysis, and also concrete conclusions.

7. Articles presented to edition go for reviewing to members of edition or other corresponding
experts. Are defined, whether there corresponds article to journal subject, whether there are
accurately formulated according to new scientific results in it, whether it is enough reliably valid
conclusions, whether the material is clearly stated. If necessary article can be edited.

8. In case of article return to authors for completion, the term of its receipt in edition, is
considered from the date of receipt of its last option.

At the press of materials of the journal the text editor of doc.MS Word 97 (2003) is applied.
For timely publication of article, authors need to present the electronic version of article gathered on
the computer with use of the specified program.

9. The electronic version of the journal is available on the FSTU website, http://www.fstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Articles that are not prepared based on the specified rules will not be accepted by the editorial office.

282 Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.crei.Boimyck Ne 6)


http://www.fstu.uz/

NJIMHU-TEXHUKA XXYPHAJIN

TAXPUPUATU:
Macwyn myxappup H.X. FOnpames
Mycaxxux A.Ill. HurmaryiiHa
Mycaxxux A.X. MamaxconoBa
Komnerorepaa caxudanoBuu C.0. Uynnamena

TaxpupusatT MaH3WIH:
150107. ®aprona maxpu, PaproHa kydacu, 86 yi.
Temedon: 241-13-54.
dakc: 241-12-06.
busnunr caitr: http://www.fstu.uz
E-mail: jurnalfstu@mail.ru

V36ekncron PecriyGmukacu [Ipe3snaeHTH aMUHACTPALIMACH Xy3yPH/Iarh
Ax00poT Ba OMMaBHii KOMMYHHUKAIHUsJIAp areHTJIMTY TOMOHUIaH
OmMmMmaBuit ax00poT BocuTacu cudatuia gaBiaT pyixaTuaan YTKa3wino,
2020 #iun 6 aBryctaa Ne 1081 pakamiu ryBoXHOMa OJIMHIU.

Bocumira pyxcat stunau: 23.04.2026 i.
buunmu: A4. Tapautypa Times New Roman.
Bocma taboru:15,25. Ananu 10 nycxa. Byroptma Ne 3.
baxocu maptaoma acocupa.
VII «FDTU ALPHA PRINT» 6ocmaxoHacuia 40 STHIIH.
®daproHa maxap, Paprona kyyacu 86 -yu.


http://www.fstu.uz/
mailto:jurnalfstu@mail.ru

