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STEKLOPLAST KOMPOZIT MATERIALNI FREZALASHDA KESUVCHI
ASBOSGA TASIR ETUVCHI KUCHLANISHLARNI MODELLASHTIRISH VA TADQIQ
QILISH

Sh.N. Fayzimatov, B.N. Rustamov

Farg‘ona davlat texnika universiteti
abdubannob63gmail.com; +998 90 534 09 36
(Qabul gilindi 05.12. 2025 y.)

Annotatsiya. Ushbu magolada stekloplast kompozit materialni frezalash jarayonida kesuvchi
asbobga ta’sir etuvchi kuchlanishlarni modellashtirish va tahlil qilish amalga oshirildi. 3D kontakt
modeli yordamida plastik deformatsiya, girindi ajralishi va kesuvchi asbob yeyilishi hisobga olindi.
ANSYS Workbench (Explicit Dynamics) dasturida simulyatsiya gilinib, ekvivalent kuchlanishlar,
kesish parametrlari (tezlik, surish miqgdori, kesish chuqurligi) va kesuvchi asbobning holatiga
bog ‘ligligi aniglangan. Natijalar ish jarayonini optimallashtirish va frezalash operatsiyasini
loyihalashda qo ‘llanishi mumkin.

Kalit so‘zlar: Shisha-plastik, kompozit material, frezalash, kesuvchi asbob, kuchlanishlar,
modellashtirish, simulyatsiya, ANSYS Workbench.

Aunomauun: B OanHOU pabome BbINOIHEHO MOOeIUPOBAHUe U AHAIU3 HANPAICEHUL,
Oelicmeylowux Ha  pexdcywuli.  UHCmMpyMeHm npu  gpezeposanuu  CMeKIoNIACmMuUK08020
KOMNO3UMHO20 mamepuaia. C nOMOUbIO 3D koumaxmmuou mooenu yuumbvleaiucb niacmudeckas
depopmayus, 0bpazoearue CMpPYHCKU U USHOC UHcmpymenma. Mooenuposarue ObLIO 8bINOIHEHO 6
ANSYS Workbench (Explicit Dynamics), onpedenenvl 3a8UCUMOCIU IKBUBAIEHMHBIX HANPANCEHUL
om napamempos pe3anusi (CKopocmwv, nooaud, 21yOuHa pe3anusi) u COCMOAHUS UHCMPYMeHmA.
Pe3yﬂbmambl mozcym ObImb  UCNOAL308aHbL  OJIS onmumusayuu npoyecca u npoeKmupoeaHusl
onepayuu pezeposanusi.

Kniouesvte cnosa: Cmexioniacmuk, KOMRO3UMHBLIL Mamepua, @pe3eposanue, pexcyujull
UHCMPYMeHm, Hanpsicenuss, mooeauposanue, cumynayus, ANSYS Workbench.

Abstract: This study focuses on modeling and analyzing the stresses acting on the cutting tool
during milling of glass-plastic composite material. Using a 3D contact model, plastic deformation,
chip formation, and tool wear were considered. Simulations were conducted in ANSYS Workbench
(Explicit Dynamics), identifying the relationship between equivalent stresses, cutting parameters
(speed, feed, cutting depth), and the state of the cutting tool. The results can be applied to optimize
the process and design the milling operation.

Keywords: Glass-plastic, composite material, milling, cutting tool, stresses, modeling,
simulation, ANSYS Workbench.

Ishlov berilayotgan zagatovka va kesuvchi asbob o‘rtasidagi kontaktli o‘zaro ta’sir 3D model
yordamida tahlil gilinadi. Tahlilda plastik deformatsiya, qgirindi ajralishi hamda kesuvchi asbobning
yeyilish jarayoni hisobga olinadi. Kesuvchi asbob sifatida gattig qotishma material 2-jadval
tanlanadi, ishlanadigan material esa ikki komponentli epoksi smola va shisha tolali kompozitdan
iborat 1-jadval.

Ishlov beriladigan zagatovka va frezaning kesuvchi qirrasi o‘rtasidagi o‘zaro ta’sir 3D model
yordamida modellashtiriladi 1-rasm. Modellashda 1 va 2-jadvaldagi fizik-mexanik xususiyatlar
ma’lumotlari inobatga olindi. Hisoblash sxemasining muhim jihati sifatida mahkamlovchi
yuzalardagi tugunlarda qat’iy chegaraviy shartlar qo‘llanadi. Boshlang‘ich shart sifatida frezaning
kesuvchi girrasi kontaktga kirishdan oldin asosiy harakat holatida joylashtiriladi [1].

Qirindi ajralish mezoni sifatida materialning chegaraviy deformatsiyasi gabul gilindi. Kesish
jarayoni siqilish deformatsiyasi sifatida tahlil gilinadi. Ko‘rib chiqilayotgan nuqtadagi deformatsiya
ma’lum bir chegaraviy qiymatdan oshsa, material uzilishi yuzaga keladi. Shuning uchun qirindi
ajralish jarayoni boshlanishi uchun deformatsiya giymati belgilangan chegara darajasidan oshishi
talab etiladi [2].
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1-jadval.
Komponentlarning fizik-mexanik xususiyatlari
Qiymatlar
Parametrlar To‘ldiruvchi modda | Bog‘lovchi YD - 20
Elastiklik modul, MPa 8,2x105 3,5x103
Puasonga nisbati 0,25 0,2
Zichlik, kg/m? 2,5x103 1,25x103
Ko‘zilishdagi mustahkamlik kuchi, MPa 4,2x103 0,70x103
Chizigli issiglik kengayishi koeffitsienti, 107 (1 / °C) 4,3 6

2-jadval.

VK8 markali kesuvchi ashobning fizik va mexanik xususiyatlari

Xususiyatlar Qiymatlar
Yung moduli, MPa 5,9x105
Zichligi, kg/m?* 1,48x104
Bikirligi, MPa 2,8x103
Chiziqli kengayish koeffitsienti, 10¢ (1 / °C) 51

0.000

1.000

1.000 (mm)
1

0.250

0.250 0.550

1-rasm. Kesuvchi asbob va ishlov beriladigan
detalning o°zaro ta’siri sxemasi.

2-rasm. Hisoblash modeli.

ANSYS Workbench (Explicit Dynamics) dasturida geometriya katakchalari hosil gilinib, ishlov

beriladigan zagatovkaga chegaraviy shartlar belgilanadi va kesuvchi girrani
hisoblash modeli yaratiladi (2-rasm). Simulyatsiya jarayonida kesuvchi asbob

harakatlantirish orgali
va ishlov beriladigan

zagatovkaga ta’sir giluvchi kuchlar alohida tahlil gilindi. Modelning ishonchliligini baholash uchun
hisob-kitoblar amalga oshirildi va natijalar I.A. Shchurovning ishida keltirilgan ma’lumotlar bilan
solishtirildi. Simulyatsiya shartlari (boshlang‘ich parametrlar va mahkamlovchi sxemalar) bir xil
bo‘lganda, olingan ekvivalent kuchlanish qiymatlari 1-jadvalda ko‘rsatilganidek 10% dan ortiq

bo‘lmagan farq bilan mos keladi [4].

3-jadval.
Simulyatsiya natijalarining ishonchliligini baholash
o | ) | Ekvivalent kuchlanish, Pa
arametriar Qiymatlar Hisoblangan (simulyatsiya natijalari) Adabiyot [95]
Kesish tezligi, m/min 0,1
- — 3,68*%108 I1a 4*108 T1a
Kesish chuqurligi t, mm 0,15

10
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Simulyatsiya natijalari eng yugori kuchlanishlar kesish girrasi atrofida joylashganligini tasdigladi
(3-rasm) va [6] ishida keltirilgan ma’lumotlar bilan mos keladi. Kesish jarayonida qirindi hosil bo‘lishi
kuzatildi, bu esa stekloplastni mexanik ishlov berishning haqigiy jarayoniga mos keladi. Shuningdek,
simulyatsiya shuni ko‘rsatdiki, eng yuqori kuchlanishlar shisha tolalar kesilayotgan paytda yuzaga
keladi [5]. Modelni o‘rganish natijalarini umumlashtirganda, simulyatsiya modeli kesish rejimi
parametrlarining va kesuvchi asbobning holatining kesish zonasidagi kuchlanish darajasiga ta’sirini
baholash uchun samarali vosita

sifatida  ishlatilishi ~ mumkinligi SRS
Xulosasi chigarildi. s

frezalash Lz

(L

Stekloplastni
jarayonida kesuvchi asbob qgirrasida 5

L

paydo bo‘ladigan ckvivalent HES

kuchlanishlar ~ miqgdoriga  kesish ¥ i

parametrlarining ta’sirini baholash

tajribani rejalashtirish usuli

yordamida amalga oshirildi.

Modellashtirishning asosiy magsadi e .

quyidagi shakldagi darajali 3-rasm. Kesish jarayonida kuchlanishlarning tagsimlanish xarakteri.

bog‘liglikni aniqlashdan iborat:
o=AV*.S.t

bu yerda A, X, y, z - koeffitsient va daraja ko'rsatkichlari.

O‘zgaruvchan parametrlar sifatida quyidagilar qabul qilindi: kesish tezligi V (m/min), Surish
miqdori S (mm/tish) va kesish chuqurligi t (mm).

Parametrlarning o‘zgarish chegaralari:

Kesish tezligi: Vimin = 63 m/min, Vmax = 628 m/min;

Surish migdori: Smin = 0,02 mm/tish, Smax = 0,1 mm/tish;

Kesish chuqurligi: tmin = 1 mm, tmax =5 mm.

O‘zgaruvchan omillar soni 3 ta bo‘lgani va har bir omil ikki qiymatga (maksimal va minimal) ega
bo‘lgani sababli, tajriba reja matritsasidagi qatorlar soni 8 taga teng bo‘ladi. Tajribalar sonini
kamaytirish magsadida 2”(K-P) darajali faktorial tajriba metodologiyasi qo‘llaniladi.

Tajriba sonining qisqarish darajasi kasrli replika P bilan belgilanadi. Bu ko‘rsatkich ikkining
darajali shkalasida ishlaydi: P=1 bo‘lganda tajribalar soni ikki baravar, P=2 bo‘lganda to‘rt baravar, P=3
bo‘lganda sakkiz baravar kamayadi va hokazo [4].

Reja matritsasi va 27(3-1) sonli tajriba natijalari 2-jadvalda berilgan. Matritsaga muvofiq,
imitatsion modelga o‘zgaruvchan parametrlarning qiymatlari kiritildi va hisob-kitoblar amalga oshirildi.
Keyinchalik ekvivalent kuchlanish giymatlari aniglanib, jadvalga Kiritildi.

4-jadval.
Reja Matritsasi va Sonli Tajriba Natijalar
N O¢zgaruvchan parametrlar Nazorat gilinadigan parametr
V, m/min S, mm/tish 1, mm ¢, MPa
1 + + + 3780
2 + - - 1250
3 - + - 1800
4 - - + 1350

maksimal (b) qiymatlarida kesish pichog‘i tasvirlangan.

Simulyatsiya natijalari 4-rasmda keltirilgan bo‘lib, unda kesish parametrlarining minimal (a) va

Sonli tajriba natijalari “Eng kichik kvadratlar usuli” dasturiy majmuasi yordamida kompyuterda
gayta ishlanib, ekvivalent kuchlanish o ning kesish tezligi VV (m/min), surish migdori S (mm/tish) va
kesish chuqurligi ttt (mm) bilan bog‘liqligi darajali funksiya ko‘rinishida ifodalandi:

a= 926V 012 SO,44 _t0,26

Olingan natijalar mualliflar tomonidan keltirilgan ma’lumotlar bilan yaxshi mos keladi, o‘rtacha

farq esa 10% dan oshmaydi.
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Olingan simulyatsiya natijalarining grafik talgini 5-rasmda ko‘rsatilgan. Grafiklardan ma’lum

bo‘lishicha, ekvivalent kuchlanishlarga eng katta
ta’sir kesish chuqurligi orgali namoyon bo‘ladi:
chuqurlik ikki baravar oshganda, kuchlanishlar 1,6
baravar o‘zgaradi, kesish tezligi esa ikki baravar
oshganda kuchlanishlar 1,44 baravarga o‘zgaradi.
Shu bilan birga, eng yuqori kuchlanishlar asosiy
kesish qirrasiga yaqin hududlarda paydo bo‘ladi (4-
rasm).
XULOSA

Ushbu ishda stekloplastni frezalash jarayonida
kesuvchi asbob va ishlov beriladigan zagatovka
o‘rtasidagi o‘zaro ta’sir 3D modellashtirish
yordamida tahlil qilindi. Simulyatsiya natijalari
ko‘rsatdiki, kesish jarayonida hosil bo‘lgan qirindi
va ekvivalent kuchlanishlar haqgigiy mexanik
jarayonlarga mos keladi, eng yuqori kuchlanishlar
esa asosiy kesish girrasiga yagin hududlarda paydo
bo‘ladi.

Tajriba rejalashtirish usuli orgali kesish
parametrlarining — chuqurlik, tezlik va surish
miqdori ekvivalent kuchlanishlarga ta’siri
baholandi. Natijalar shuni ko‘rsatdiki, kesish
chuqurligi eng katta ta’sir ko‘rsatadi, kesish tezligi
esa kuchlanishlarni nisbatan kamroq o‘zgartiradi.

Ik

.

L

b)

4-rasm. Kesuvchi ashobning kesish qirrasidagi
ekvivalent kuchlanishlarning tagsimlanishi:

a - V=70 m/min; S=0,02 mm/tish; t=5 mm; b - V=628
m/min; S=0,1 mm/tish; t=5 mm.

Olingan natijalar mualliflar keltirgan ma’lumotlar bilan yaxshi mos keladi, o‘rtacha farq 10% dan
oshmaydi. Shu bilan, yaratilgan simulyatsiya modeli kesish jarayonidagi kuchlanishlarni baholash,
parametrlarni optimallashtirish va kesuvchi asbobning ishlash samaradorligini oshirish uchun samarali

vosita sifatida foydalanilishi mumkin.
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COMPARISON OF DRYING EFFICIENCY OF MINERAL FERTILIZERS IN DRUM,

FLUIDIZED BED, AND SPRAY DRYERS
R.J. Tojiyev, M.A. Khusanboev

Fergana state technical university,
(Received on December 5 th, 2025.)

Abstract. This study presents a quantitative comparison of the drying efficiency of mineral fertilizers

(e.g. ammonium nitrate, superphosphate, urea) using three industrial-scale drying technologies: drum
(rotary) dryers, fluidized bed dryers, and spray dryers. Experiments and process simulations were conducted
over a range of operating conditions: feed moisture contents from 25-60 wt% (wet basis), inlet air
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temperatures between 100-300 °C, air velocities from 1.5 to 7 m/s, and load throughputs from 1 to 10
tons/hour. Key performance metrics evaluated include specific energy consumption (SEC, kWh per kg of
water removed), drying rate (kg water/h/m?), thermal efficiency (%), and final product moisture content and
particle size distribution.

Keywords. Drying efficiency; mineral fertilizer; drum dryer; fluidized bed dryer; spray dryer;
specific energy consumption; thermal efficiency; drying rate; product moisture.

Introduction

Drying of fertilizer granules, prills, or slurries is a critical operation in fertilizer manufacture,
impacting both product quality and energy consumption. In mineral fertilizer production, the wet feed
materials (such as ammonium salts, phosphates or mixed NPK compounds) may have moisture contents
ranging from 30 wt% up to 60 wt% depending upon upstream processing such as granulation,
neutralization, or precipitation. Efficient removal of that moisture influences operational cost: energy for
water evaporation can represent 10%-30% of total plant energy demand in amine or nitrification
processes, or even higher in plants treating high-moisture byproducts.

Among the many dryer types, three are particularly relevant for mineral fertilizers:

Drum (rotary) dryers, which are robust for handling large throughput and coarse particle size
distributions. These systems often operate with inlet air at high temperature (200350 °C), gas
throughputs in the range of several m®/s, and residence times on the order of 20—60 minutes.

Fluidized bed dryers, which provide more intense solid—gas contact, thereby enhancing convective
heat transfer. In some reported fertilizer-industry cases, fluidized bed dryers reduce moisture from ~50
wt% to ~2-5 wt% within 5-15 minutes of residence time, depending on air velocity (e.g. 3-6 m/s) and
temperature (100-250 °C).

Spray dryers, which atomize wet slurries into fine droplets, allowing very rapid evaporation owing
to the large surface area to volume ratio; often used when very fine or uniform powder is desired. Spray
dryers may achieve drying rates exceeding 10 kg water/m?-h with moisture reductions from >50 wt%
slurry to <1 wt% final moisture in seconds to a few minutes[1,2].

In this work, we therefore aim to fill several gaps:

1. Simultaneous experimental evaluation of the three dryer types under matched feed moisture,

airflow rates, and thermal inputs for mineral fertilizer slurries/granules.

2. Quantitative metrics of specific energy consumption, thermal efficiency, product moisture, and

particle size distributions across dryers.

3. Predictive modelling of how changes in parameters — e.g. inlet temperature, spray droplet

size, bed voidage — affect drying performance, energy costs, and product quality.

4. Comparative lifecycle cost analysis (capital and operating) to suggest optimal dryer selection

in fertilizer plants under varying throughput and feed moisture scenarios.

We predict that fluidized bed dryers will provide the best energy-efficiency vs. throughput trade-offs
for mid to high moisture feeds (>40 wt%), whereas drum dryers may still be preferred when particle
sizes are large or abrasive, or in high throughput, low capital cost settings. Spray dryers are expected to
excel in cases demanding very low residual moisture and uniform fine powders, but with higher energy
cost penalties.

Literature Analysis and Methodology

Literature Analysis. A number of prior studies and reports offer data relevant to comparing drum,
fluidized bed, and spray dryers, although often not under fully comparable conditions for mineral
fertilizer materials.

e In industrial minerals and building-materials sectors, comparisons between drum (rotary) dryers
and fluid bed dryers indicate that fluid beds often provide 20-40 % lower specific fuel
consumption than rotary drums when drying granules or particles at moderate moisture loads.

e ANDRITZ and other equipment suppliers note that spray dryers yield very rapid moisture
removal and very low residual moisture, but energy consumption (thermal plus electrical) can be
1.5-3x higher than for fluidized beds for the same amount of water evaporated.

e  AT-Minerals’ report on selection between drum vs fluidized bed dryers (for minerals) stresses that
factors such as particle size and distribution, feed moisture content, desired final moisture,
throughput, air handling capacity, and maintenance/dust control are as determinant as raw heat
input.
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e Thermal efficiency in reported fluidized beds for bulk granular mineral drying often reaches 65—
80 % under optimal conditions; drum dryers typically lower, about 50-70 % depending on load
and temperature. Spray dryers, while fast, frequently incur higher losses (exhaust gases, droplet
carryover), leading to net thermal efficiencies more variable—somewhere in the range of 40-60
% in fertilizer slurries if not carefully optimized. Literature is thin for fertilizer-specific trials,
although data from food and chemical sectors provide approximate analogies.

e  Specific energy consumption (SEC), defined here as total energy input per kg water removed, in
previous studies for fluidized bed dryers under moderate loading (e.g. granules at ~45 wit%
moisture) has been reported between 1.5 and 2.8 kWh/kg; for drum dryers under comparable
conditions, SEC values often lie between 2.5 and 4.0 kWh/kg; spray dryers under high
throughput/fine droplet spray may reach 3.5 to 6.5 kWh/kg [3,4].

Methodology
To generate comparative data, this study employed both pilot-scale experiments and process
simulations. The methodology comprises:

Materials

. Three mineral fertilizer formulations: Urea (approx. 46 % N), Monoammonium Phosphate
(MAP), and Compound NPK (15-15-15). Feed moisture contents adjusted to ~50 wt%, ~40 wt%,
and ~30 wt% by mixing with water and slurries.

. Particle size distributions for granules simulated: ranged from fine powder (<100 pum) up to
coarse granules (~3 mm) to test effects of size, especially for drum and fluid bed modes.

Experimental Dryers and Conditions

o Drum dryer (rotary dryer): pilot-scale cylindrical drum, length ~4 m, diameter ~1 m, flights for
lifting. Inlet-air temperatures tested at 200, 250, and 300 °C; air velocity 3, 5, 7 m/s; throughput 2,
5, and 10 tons/hour.

. Fluidized bed dryer: a bubbling fluidized bed with perforated plate, bed height ~500 mm,
cross-sectional area ~0.5 m?; tested at inlet temperatures 120°, 180°, 220° °C; superficial gas
velocities at 2x, 3%, and 5% the minimum fluidization velocity for the material; throughputs scaled
proportionally.

. Spray dryer: using nozzle atomization; feed solids content (slurry solid fraction) tested at 20, 35,
and 50 % solids; inlet air temperatures at 250°, 300°, 350° °C; airflow matched to droplet load to
avoid droplet carryover; residence times inherent in droplet drying (< 60 seconds).

Metrics Measured

. Specific energy consumption (SEC) in terms of thermal + electrical energy per kg water
evaporated.

. Drying rate, expressed as kg water removed per m? of heat transfer surface per hour.

. Thermal efficiency, defined as theoretical minimum energy (latent heat of vaporization plus
sensible heating of water and solids) vs. actual input[5].

. Final moisture content (% wet basis), uniformity of moisture across particles, and particle size
distribution (mass % in given sieve sizes).

. Dust/fine particle generation, product quality (e.g. hardness, caking behavior, chemical integrity).

Simulations

. A computational model (based on convective-evaporative drying) calibrated with the
experimental data, allowing prediction over extended ranges: moisture up to 70 wt%, air
temperature from 100400 °C, throughput up to 20—30 tons/hour, scale effects, and sensitivity to
particle diameter.

. Simulation also included estimates of capital and operating costs (fuel, electricity, depreciation) to
estimate total cost per ton of dried fertilizer under different annual production scales (e.g. 5
kton/year, 50 kton/year).

Results
Table 1. The following summarizes the principal findings from experiments & modelling under
matched fertilizer feed (NPK 15-15-15) at ~50 wt% moisture, throughput ~5 tons/h.
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Table 1.
. . . |SEC Drying Rate |Thermal Final Particle Size
? ryzr ?elre; Azlorc) }Allrlu\i/c(jeilzogtli%/n (kWh/kg |(kg Efficiency Moisture |Retention (>1
P p water)  |water/m>-h) |(%) (%) mm) (%)
Drum 200 Smis | 32+02| 1.8+0.1 5543 [3.5+05| 85+4
Dryer
Drum
300 7m/s 2.8+0.15| 2.2+0.12 60£2 2.8+04 82+5
Dryer
Fluidized 3> min
Bed 180 fluidization | 2.0+0.1 | 2.8+0.2 72+3 2.0+0.3 75+ 6
velocity
Fluidized 3% min
Bed 220 fluidization |1.85+0.1| 3.4+0.25 78 £2 1.5+0.2 70+7
velocity
Spra atomization, <20 (fine
pray 300 dropletdiam | 5.0+0.3 | 10.5+0.5 50+5 0.8+0.1 powder
Dryer
~50 um largely)
Sora atomization,
pray 350 | dropletdiam |4.8£0.25| 11.2+0.6 5244 |0.5+0.1 <15
Dryer 30 um

Additional modelling over extended ranges shows:

Raising inlet air temperature from 180 °C to 260 °C typically reduces SEC in fluidized bed by
~15-20%, but above ~260 °C the deterioration in product quality (especially for urea, where
decomposition begins above ~200-220 °C) sets practical limits.
Scale up from 5 to 50 tons/hour for fluidized bed dryer shows diminishing returns: SEC improves
by ~8-10% for large scale, but capital cost increases significantly (=1.8x), so cost per ton of dried
product plateaus.
Sensitivity to particle size: for particle sizes >2 mm, drum dryers retain >80% particles above that
size; fluidized bed loses more fines (20-30% <1 mm) unless careful control of bed overflow and
sieving is applied.
Dust generation in spray dryers is much higher — fine particulate losses up to 5-10 % of mass
unless efficient cyclones or bag filters used[6].

Discussion

The comparative data suggest several trade-offs between the dryer types, many of which align with

predictions from literature, but also reveal some fertilizer-specific constraints.

1.

Energy Efficiency vs Drying Rate. Fluidized bed dryers provide a favorable balance: relatively
low SEC (~1.8-2.5 kWh/kg water) and high drying rate (=2.8-3.5 kg/m?-h) under moderate
temperatures (~180-220 °C) and airflow. Drum dryers, while more tolerant to larger throughput
and coarser materials, show higher SEC (=2.5-3.5 kWh/kg water) and lower drying rates (1.5-2.5
kg/m?-h). Spray dryers deliver the highest drying rates (=10-12 kg/m?-h) and lowest final moisture
(=0.5-1 wt%), but SEC is much higher (4-6 kWh/kg water), and thermal efficiencies are lower due
to higher exhaust losses and more complex atomization and handling.

Product Quality Constraints. For mineral fertilizers, chemical stability (e.g. urea decomposition,
ammonium loss), granule integrity, resistance to caking, and particle size distribution are critical.
Drum dryers and fluidized beds both allow retention of large granules; spray dryers generally
produce fine powders unless post-agglomerated. Also, high inlet temperatures in spray dryers may
lead to thermal damage or undesired chemical reactions in certain fertilizer types (especially those
with ammonium salts). In our experiments, urea began to show discoloration and minor
decomposition above ~250 °C in spray mode.

Capital and Operating Costs. While the spray dryer’s capital cost per unit throughput is
significantly higher (=1.5-2x) due to atomization hardware, air heaters, cyclones or filters, drum
and fluidized bed systems have lower cost but higher mechanical maintenance (drum liners,
flights, sealing) or air handling complexity. In modeled life cycle cost for a 50 kton/year plant
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with feed moisture ~50 wt%, the fluidized bed dryer achieves lowest total cost per ton dried
fertilizer (operating + capital) in most scenarios except those needing ultra-fine powders or lowest
moisture.

4. Practical and Safety Constraints. Drum dryers are simpler and robust, tolerant of variations in
feed moisture and particle size, but tend to have lower control over moisture uniformity. Fluidized
beds require good control of air velocity, bed voidage, and often are more sensitive to fines that
may clog. Spray dryers risk dust explosion, require more sophisticated control of atomization, and
may need pre-treatment of slurries.

5. Optimal Conditions and Recommendations. Based on our data, for mineral fertilizer plants:

If feed moisture is above ~40 wt% and throughput is large (>10 tons/h), fluidized bed dryers
operating at ~200-220 °C provide the best compromise of energy efficiency, drying rate, and product
quality.

If product needs coarse granules, lower risks of fines/losses, and capital constraints, drum dryers
remain competitive, especially if feed moisture is moderate (~30-40 wt%), and high temperature exhaust
heat can be recovered.

Spray dryers are most appropriate when the final product requirement demands very low moisture
(<1 wt%), fine particle size, or for specialty fertilizer additives. But due to high energy cost and more
complex maintenance, their use should be justified by premium product value[7,8].

6. Predicted Improvements. Novel configurations may further improve performance:

Hybrid dryers, e.g. spray + fluid bed (where spray drying is followed by fluid bed finishing), to
combine rapid drying with improved energy recovery.

Heat recovery and exhaust gas recirculation, especially in spray and drum dryers, to reduce thermal
losses.

Optimization of droplet size and spray nozzle design to minimize SEC in spray dryers.

Scale effects: large fluidized beds tend to gain small incremental gains in SEC; above certain scale,
mechanical and air handling costs may dominate.

Conclusion

This study compared the drying efficiency of three industrial drying technologies—drum dryers,
fluidized bed dryers, and spray dryers—applied to mineral fertilizers. The results demonstrated that
dryer selection must be made with consideration of product characteristics, feed moisture content, and
desired final quality.

Fluidized bed dryers were found to be the most energy-efficient option, with specific energy
consumption values averaging 1.8-2.5 kWh per kg of water removed and thermal efficiencies up to
80%. They provide rapid and uniform drying for granulated fertilizers, particularly when the feed
moisture exceeds 40 wt%. Drum dryers, while less efficient (SEC 2.5-3.5 kWh/kg water; thermal
efficiency 50-65%), remain attractive for large-throughput operations due to their robustness and ability
to handle coarse particle feeds. Spray dryers achieved the fastest drying rates and lowest residual
moisture (<1 wt%), but at the expense of much higher energy consumption (4—6 kWh/kg water) and
higher capital and operational costs.

From a practical standpoint, fluidized bed dryers represent the optimal choice for large-scale
fertilizer plants where energy efficiency and balanced product quality are priorities. Drum dryers
continue to serve as a cost-effective solution when robust operation and particle size retention are key,
whereas spray dryers are justified mainly for high-value specialty fertilizers requiring ultra-low moisture
content or fine powder form.

Future improvements may include hybrid systems, energy recovery technologies, and advanced
control of particle/droplet properties to further optimize performance. These developments are essential
as fertilizer production expands globally to meet the projected 1.2% annual growth in demand through
2030, with sustainability and energy efficiency being increasingly critical.
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Annotatsiya. Logistika sohasidagi mavjud muammolar va tezkor o ‘zgarishlar bilan bog lig,
globallashuv va xalgaro savdoning faol o ‘sishi sharoitida yuk tashishni samarali tashkil etish asosida Jizzax
shahrida mavjud logistik provayderlar yordamida tashilgan yuk ogimlarini bashoratlash modeli ishlab
chigilgan.

Tayanch so’zlar: Yuk, yuk tashish hajmi, yuk tashuvlar soni, yuk ogimlari, yuk tashishni tashkil
etish, logistik provayder.

Armomauuﬂ. B ces3u ¢ mexKywumu npo6ﬂeﬂ4amu u 6blC‘mpblMu USMEHEHUAMU 6 J102UCIMUYEeCKOM
cekmope ovLia pa3pa6omana MoOenb NPOCHO3UPOBAHUSL cPY30NONMOKO6, NEPeso3UMblX C UCNOIb306AHUEM
CYUeCmBYIowWUx T0SUCIMUYECKUX —Onepamopos 6 2opode [licuzak, OCHOGAHHAsL HA 3IPOexmusHoll
OpeaHu3ayUU 2pY30NePeso30K 8 YCI08UAX 210DANU3AYUY U AKTNUBHO20 POCHIA MENCOYHAPOOHOU MOP2O6IU.

Knrouesvie cnosa: [pys, obvem nepeso3ok, KOAUHECMBO NEPEBO30K, 2pPY30NOMOKU, OpeaHU3ayus
Nnepeso3ok, J102UCMUYeCcKull nposatioep.

Abstract. In connection with the current problems and rapid changes in the logistics sector, a model
for predicting cargo flows transported using existing logistics providers in the city of Jizzakh was developed
based on the effective organization of cargo transportation in the context of globalization and active growth
of international trade.

Keywords: cargo, transportation volume, number of shipments, freight flows, organization of
transportation, logistics provider.

Kirish. Jahonda logistika sohasidagi mavjud muammolar va tezkor o‘zgarishlar bilan
bog‘liq, globallashuv va xalqaro savdoning faol o‘sishi sharoitida yuk tashishni samarali tashkil
etish, ularning shaffofligi va samaradorligini oshirish bo‘yicha operatsiyalarining
moslashuvchanligini oshirish uchun narsalar interneti (10T), sun'iy intellekt (Al), blokcheyn va katta
ma'lumotlar (Big data) kabi innovatsion yechimlarni birlashtirish zarurati yuzaga kelmoqda.

Dunyoda logistika sohasidagi ragamli texnologiyalar ta'minot zanjirining barcha
ishtirokchilari - ishlab chigaruvchilardan tortib to iste'molchilargacha bo‘lgan o‘zaro
munosabatlarni yaxshilashga yordam beradi, bu o‘zgaruvchan tashqi omillar sharoitida va
mijozlarning tez va xavfsiz yuk yetkazib berish bo‘yicha o‘sib borayotgan ehtiyojlari sharoitida
juda muhimdir.

Respublikamizda yuk tashish va transport-logistik xizmatlarda ragamlashtirish jarayonlari
tez sur’atlarda rivojlanmoqda. Bu borada transport-logistika provayderlari tomonidan ragamli
texnologiyalardan foydalanish xizmatlarni yanada tez, aniq va samarali gilishga yordam beradi.
Xususan, yuk tashishning barcha bosgichlarini ragamlashtirish orgali jarayonlarni kuzatish,
ma'lumotlarni tahlil gilish va xavfsizlikni ta'minlash osonlashadi. Bu esa transport va logistika
sohasida raqobatbardoshlikni oshirish, vaqt va mablag‘ni tejash imkonini beradi.

Oc‘zbekiston Respublikasi Prezidentining 2020-yil 5-noyabrdagi PF-6079-sonli farmoni —
“Raqamli O‘zbekiston - 2030”[1] strategiyasini tasdiqlash va uni samarali amalga oshirish chora-
tadbirlari to‘g‘risidagi va "Transport va logistika xizmatlari samaradorligini oshirish,

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 17


mailto:transportlogistikasi@mail.ru
mailto:axunov.aja@mail.ru

MEXAHHKA

raqobatbardoshligini ta’minlash va ragamlashtirishni jadallashtirish chora-tadbirlari to‘g‘risida",
2022-yil 27-avgustdagi PF-27-sonli Prezident farmoni — “O‘zbekiston Respublikasining transport-
logistika tizimini modernizatsiya qilish va ragamlashtirish dasturi”, 2021-yil 2-fevraldagi PQ-3422-
sonli Prezident garori — “Logistika va transport koridorlari infratuzilmasini rivojlantirish, eksport-
import jarayonlarini soddalashtirish to‘g‘risida”[2], 2023-yil 15-maydagi PQ-4230-sonli Prezident
garori — “O‘zbekiston transport koridorlarining o‘tkazuvchanlik imkoniyatlarini kengaytirish chora-
tadbirlari to‘g‘risida”gi farmon va qarorlar raqamli texnologiyalarni joriy etish orqgali transport-
logistika sohasini modernizatsiya gilishga, vaqt va xarajatlarni tejashga, shuningdek, ushbu faoliyat
samaradorligini oshirishga garatilgan.

Mazkur vazifalarni bajarishda transport-logistik provayderlar xizmatlarini ragamlashtirish,
dispetcherlik tizimining ish samaradorligini oshirish, yuk tashish tizimidagi ilg‘or texnologiyalarini
takomillashtirish bo‘yicha ilmiy-tadgiqot ishlarini olib borish, shuningdek, ushbu magsadlar uchun
ragamli platforma ishlab chigish va ishga tushirish bilan bog‘liq tadgiqotlar olib borish dolzarb
vazifadir.

O‘zbekiston Respublikasi Jizzax viloyatida oxirgi o‘n yilliklarda tashilgan yuk hajmining
o‘zgarish dinamikasi quyidagi 1-jadvalda berilgan.

1-jadval
O‘zbekiston Respublikasi Jizzax viloyati bo‘yicha yillar kesimida yuk tashuvlar soni,
ming tonna (2010-2024-yillar)
Yillar
2010 2011 2012 2013 2014 | 2015 2016 2017

Ko‘rsatkich

Tashilgan
yuk hajmi, 58,285 | 69,146 | 75,509 | 79,177 | 84,452 | 87,251 | 90,75 | 93,577
ming t.

Yillar
2018 2019 2020 2021 2022 2023 2024

ko‘rsatkichlar

Tashilgan
yuk hajmi, 105,162 | 111,388 | 98,816 | 110,412 | 120,38 | 150,45 | 180,256
ming t.

Vaqt qatorlarini eng kichik kvadratlar usuli bo‘yicha silliglash vaqtinchalik silliglashning
eng keng targalgan usuli gatorlar eng kichik kvadratlar (EKKU) usuli hisoblanadi. Uning mohiyati
kvadratlar yig‘indisi bo‘lgan parametrlarni topishda hisoblangan darajadagi qiymatlarni ularning
haqiqiy qiymatlaridan klonlash bu minimal bo‘ladi, ya’ni ifoda minimallashtiriladi:

Zn:(yi —-¥.)? > min(i =12,...,n) (1.1)

Bu yerda y; — vaqgt qatorlari darajalarining haqiqiy qiymatlari;
¥; — berilgan formula bo‘yicha hisoblangan qiymatlar.

Ijtimoiy-iqgtisodiy statistikada aniglash va analitik vaqt ketma-ketligi tendensiyasining
ifodasi ko‘pincha quyidagi funksiyalardan foydalaniladi:
— birinchi darajali (chizigli funksiya)

Y, =a, +at (1.2)
— ikkinchi darajali (parabola)
y, =a, +at+a,t? (1.3)
Ikkinchi darajali parabola tenglamasi quyidagi ko‘rinishga ega:
¥, =a, +at+a,t? (1.4)

Noma’lum parametrlarni aniqlash uchun normal tenglamalar tizimi as a1 va az quyidagicha
yoziladi:
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Na, +a, Y t+a, > t> =D y;
a, ) t+a y t?+a,y t?=>"yt; (1.5)
a, > tP+a, ) tP+a, y tt=> yt%

Agar t ning toq darajalar yig‘indisi nolga teng bo‘lsa, butun tizimni ancha soddalashtirish

mumkin:

Na, +a, > t*=>y;
a )t =>yt; (1.6)
a, ) th+a, ) th =yt

Silliglashdan foydalanib, ba’zi korxonalar uchun yuklarni avtomobil transportlariga
ortishning istigbolli hajmlarini prognoz gilish lozim, ularning dastlabki vaqt gatori taxminan
ikkinchi darajali parabola bilan tavsiflanadi. Misolni yechish uchun dastlabki va hisoblangan
giymatlari 2-jadvalda keltirilgan.

2-jadval
Yuk tashish hajmining vaqtli gatorlar usulida aniglanishi
Vaqtli
Hisobot Tashish gatorlar
davri, xajmi, kont. usulida t* t? yt yt? Vi
yillar Vi gayta ishlash
usulit
2010 58,285 -7 49 2401 | -407,995 | 2855,965 69,9
2011 69,146 -6 36 1296 | -414,876 | 2489,256 70,4
2012 75,509 -5 25 625 -377,545 | 1887,725 71,8
2013 79,177 -4 16 256 -316,708 | 1266,832 74,1
2014 84,452 -3 9 81 -253,356 | 760,068 77,3
2015 87,251 -2 4 16 -174,502 | 349,004 81,5
2016 90,75 -1 1 1 -90,75 90,75 86,5
2017 93,577 0 0 0 0 0 92,5
2018 105,162 1 1 1 105,162 105,162 99,3
2019 111,388 2 4 16 222,776 445,552 107,1
2020 98,816 3 9 81 296,448 889,344 115,8
2021 110,412 4 16 256 441,648 | 1766,592 1255
2022 120,38 5 25 625 601,9 3009,5 136,0
2023 150,45 6 36 1296 902,7 5416,2 1474
2024 180,256 7 49 2401 | 1261,792 | 8832,544 159,8
Jami: 1515,011 0 280 9352 | 1796,694 | 30164,494 | 1515,09

1.4-jadvalning oxirgi ustunida tekislangan darajalar keltirilgan. Parametrlarning hisoblangan
giymatlarini jadvaldan tenglamalar tizimiga kiritish orgali quyidagi tenglamalar tizimini olingan.

15a, + 280a, =1515,011
280a, =1796,694 (1.7)
280a, +9352a, = 30164494

Parametrlarni hisoblanadi (birinchi va ikkinchi tenglamalarni mos ravishda 56 va 3 ga
ko‘paytiriladi):
~1796,694
280
5652866

a, =
2 12376

3, =6,417

=0,457
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1515,011— 280- (0,457)
%= 15

= 92,475 (1.8)

Shuning uchun,
Y, =92,475+ 6,417t + 0,457t? (1.9)

Chizigli tengamaning ko‘rsatkichlari va ifodasini 1-ilovada aniglangan natijadan kelib
chiqib, quyidagicha bo‘ladi:
¥, =101,001+ 6,417t (1.10)
Yugqoridagi usullarni qo‘llash bo‘yicha ba’zi umumiy xulosalar chigarish mumkin. Vaqt
gatorlarini eng kichik kvadratlar usuli yordamida tekislash orqgali ekstrapolyatsiya gilishdan
ehtiyotkorlik bilan foydalanish kerak va agar rivojlanish tendensiyasini ifodalovchi yaginlashuvchi
funksiya noto‘g‘ri tanlangan bo‘lsa, prognoz natijalari noto‘g‘ri bo‘lishi mumkin [3].

Amalda parametrlari eng kichik kvadratlar usuli bilan aniglanadigan tendensiya funksiyasi
turini tanlash ko’p hollarda empirik tarzda, bir qator funksiyalarni qurish va ularni bir-biri bilan
quyidagi mezonlar orgali tagqoslash yo’li bilan amalga oshiriladi:

-o‘rtacha mutloq og‘ish:

A=y~ %) (1.11)

-o‘rtacha kvadratik og‘ish:

o= (1.12)
-o‘zgaruvchanlik (variatsiya) koeffitsiyenti:
v="2.100% (1.13)
y
- nazariy jarayon ¥, ni boshlang‘ich ma’lumotlarga yaqinligini baholash
—R korrelyatsiya koeffitsenti:
Z (yt - )A/t)2
R?=1-12 (1.14)
Z (yt - yt)z
n=1

bunda Y,,¥,, Y, - vaqt qatorining boshlang‘ich, nazariy va arifmetik o‘rtacha darajalari; n -

trend funksiyasida aniglanadigan parametrlar soni [4].

(1.7) va (1.8) funksiyalarning parametrlarini hisoblash eng kichik kvadratlar usuli bilan
amalga oshiriladi, uning asosiy talabi empirik giymatlardan hisoblangan giymatlarning kvadratik
og‘ishlarining minimal yig‘indisidir. Kerakli hisob-kitoblarni amalga oshiriladi.

Yugorida keltirilgan formulalar yordamida quyidagi mezonlar hisoblanadi: |A|, 5, v va R?.

3-jadval
Ishlab chigildan modellarni mezonlarni hisoblash jadvali
- Mezonlar
Ishlab chigilgan modellar Al S 5 R?
Y, =10L,001+ 6,417t -0,004 12,6 4,09 0,9235
¥, =92,475+ 6,417t +0,457t* -0,074 9,16 2,37 0,9521

Tahlil shuni ko‘rsatadiki, parabolik funksiya asosida olingan model barcha mezonlar bo‘yicha
qo‘yilgan talablarga javob beradi, shu sababli prognoz qilish uchun ushbu modelni gabul qilinadi
(1-rasm).
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1-rasm. Yuk tashish hajmininig prognozlanganlik dinamikasi.

$, = 92,475+ 6,417 = 8 + 0,457 * 87

2026 — yil uchun (t=9)

vV, =92,475+ 6,417 #9 + 0,457 9°

2027 — yil uchun (t=10)
V., =92475+ 6,417 * 10 + 0,457 * 10% = 202,345t
2028 —yil uchun (t=11)
V., =92475+ 6,417 *11 + 0,457 * 11% = 218,359t
2029 — yil uchun (t=12)
V. =92475+ 6,417 12 + 0,457 * 12% = 235,287t
2030 — yil uchun (t=13)
V. =92475+ 6,417 13 + 0,457 * 13% = 253,129t

T S S
WA\ S 4 Jv i
ADT AR ADT AR ADT A

A b
Q' Q7 Qv
O ’LQ ,]’Q

2

Kvadratik parabola
asosida  ishlab  chigilgan
modelga ko‘ra  avtomobil

transportida tashilgan
konteynerlar soni 2025 — 2030
yillar uchun prognoz

qiymatlari quyidagi ko‘rishda
bo‘ladi (4-jadval):
2025 — yil uchun (t=8)

173,055,

187,245t

Model ma’lumotlarini yaqinlashtirishdagi o‘rtacha xato quyidagi formula bilan aniqlanadi:

e=1v2% jp0=
n ¥

1 1513%.011-151309

15 1515,09

.100 = -0.00097684  (1.13)

4-jadval

Yuk tashish hajmininig prognozlanganlik jadvali

Yillar

2025
2026
2027
2028
2029
2030

Bashorat

173,059
187,245
202,345
218,359
235,287
253,129

Bashorat
xatosi

-0,0017
-0,0018
-0,0020
-0,0021
-0,0023
-0,0025

Ishonchlilik intervali

yugorisi
173,057
187,243
202,343
218,357
235,285
253,127

pasti
173,061
187,247
202,347
218,361
235,289
253,131

Yuk egalaridan istemolchilarga, yuk tashishni tashkil etishning matematik modelini ishlab
chiqgildi hamda avtomobil transportida yuk tashish hajmini dinamik qatorlar asosida bashorat
qilindi. Bu esa kelgusida O‘zbekistonda yuk tashuvchi transport vositalari orqgali yuklarni manziliga

yetkazib berish sezilarli

oshishiga olib keladi,

hamda ushbu tashishlarni muammolarini

rejalashtirish va prognozlashning eng yaxshi usuli orqari yechiladi. To‘g‘ri tanlangan usullar
bashorat sifatini sezilarli darajada yaxshilaydi, chunki ular prognozning funksionalligi, ishonchliligi
va aniqligini ta’minlaydi, shuningdek yuk to‘g‘risidagi ma’lumotlarni real vaqt rejimida olish
imkoniyatini beradi, vaqtni tejaydi va prognozlash xarajatlarini kamaytiradi.
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Xulosa. Olib borilgan ilmiy tahlillar shuni isbotlaydiki, transport-logistik provayderlar
faoliyatini raqamli texnologiyalar yordamida boshqarish O‘zbekistonda logistika Xizmatlari
samaradorligini sezilarli darajada oshiradi. Shu bilan birga, Jizzax shahrida yuk oqimlari bo‘yicha
amalga oshirilgan prognoz tahlillari kelgusi yillarda ushbu jarayonlarni takomillashtirish va ilmiy
asoslangan garorlar gabul gilish uchun zaruriy metodik asosni yaratadi.

Axborot texnologiyalarini joriy etish natijasida qgaror gabul qilish tezligi, anigligi va
shaffofligi oshadi, bu esa transport xizmatlari bozorida resurslardan ogilona foydalanish,
qo‘shimcha xarajatlarni kamaytirish hamda mijozlar ehtiyojiga tezkor javob berish imkonini beradi.

Jizzax shahrida mavjud logistik provayderlar yordamida tashilgan yuk ogimlari 2010-2024
yillar oralig‘ida muntazam ravishda o‘sib borgan. Statistik ma’lumotlarga ko‘ra, yuk hajmi 2010
yildagi 120,5 ming tonnadan 2024 yilda 170,1 ming tonnaga yetgan, ya’ni 41% ga o‘sish
kuzatilgan. Ushbu dinamikani chuqur tahlil gilish orgali kelgusi tendensiyalarni aniglash magsadida
eng kichik kvadratlar usuli (EKKU) qo‘llanildi va ishlab chigilgan regressiya modeli
7, = 92,475+ 6,417t + 0,457t asosida 2025-2030 vyillar uchun quyidagi prognoz natijalari
olindi:

e 2025 - yil uchun (t=8) #, = 92,475+ 6,417 # 8 + 0,457 # 8% = 173,059t
e 2026 —yil uchun (t=9) ¥, = 92,475 + 6,417 * 9 + 0,457 = 9% = 187,245t.
e 2027 —vyiluchun (t=10) ¥, = 92,475 + 6,417 * 10 + 0,457 = 107 = 202,345t
e 2028 —yil uchun (t=11) #, = 92,475+ 6,417 * 11 + 0,457 = 11* = 218,359,
e 2029 —vyil uchun (t=12) #, = 92,475+ 6,417 = 12 + 0,457 = 12 = 235,287t
e 2030 - yil uchun (t=13) #, = 92,475+ 6,417 = 13 + 0,457 = 13 = 253,129,

Natijalardan ko‘rinib turibdiki, Jizzax shahrida yuk oqimlari kelgusi olti yil davomida har
yili o‘rtacha 8-9 ming tonna ortib borishi kutilmogda va 2030 yilga kelib 253 ming tonnadan
oshishi prognoz gilinmogda. Bu esa transport-logistik infratuzilmani kengaytirish, qo‘shimcha
ombor va terminal quvvatlarini yaratish, ragamli dispetcherlik va monitoring tizimlarini joriy etish
zaruriyatini ilmiy asosda ko‘rsatib beradi.
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MEXAHHKA

Taanu cyznap: asmomobunv Uyiiapu, xapakam mesiucu, mpaHcnopm OKUMU, Xapakam Muxoopu,
OKUM 3Uudiucu, 11)7]1 mapmoau 3uliucu.

AHH(Imal{u}l.’ ()aHH(l}l cmambovs nocesAuleHa U3Y4YeHUr0 COCMOAHUA MPAHCNOPMHO2O0 NOMOKA HA
asmomobunvivix 0opocax Depeanckoil OOIUHBL, UZVHEHUIO B3AUMOCBA3U 00beMa O08UNCEHUS, CKOPOCU
08UIICEHUS U NIIOMHOCIU NOMOKA.

Knwouesvie cnoea: asmomodbunvhas 0opoea, CKOPOCMb OUIHCEHUS, MPAHCHOPMHLIL NOMOK,
Koiuvecmeo ()GM.?fceHu}l, NJAOMHOCmMb nOomokKa, niomHocms cemu ()0[)02.

Abstract: This article is devoted to the study of the state of traffic flow on the highways of the Fergana
Valley, the study of the relationship between traffic volume, traffic speed, and flow density.

Keywords: highway, speed of movement, traffic flow, traffic volume, flow density, road network
density.

JKaxoHma, KymnajaH, Y30eKHCTOHJA XaM aBTOMOOMIb HYIIapM MaMIAKaTHHHT MYXHM
ooiuiurn 6ynu6, PecryOinka MKTUCOAMETMHUHI TasHYM Ba YHU PHUBOKIAHTHUPUIIHUHI ACOCUH
yCTYBOp HyHaNmuIuiapuaan Oupu xucoOaaHaIu.

V36ekucron Pecrny6nukacuma Gyrynrn kyHaa 98 % ra skuH itymoBummap Ba 92 % maH
KYIIPOK FOKJIap aBTOMOOMIIb HYJIapy OpKajau TallMIMOKIA

X03Upru KyHJa axojyd COHUHHHI Iy OMjaH Ouprajukia TPaHCIOPT OKUMMHHUHI KaJaJUINK
Ounan ycub Oopuim, aBTOMOOWI HYIIapu Ba maxap Kydajapuaa XapaKaTHHHT XaBIMIUK
JlapakaCUHM aHUKJAIl Ba XapakaT XaB()CHU3IUTMHU TabMUHIALI acocui Joia3ap0 MyaMMoIapaaH
Ooupu 0yIMO KOJIMOK/IA.

Pecny6nuka Xymyau Mainonu 4489 munr xm? 6yiu6 myngan daproHa BOAMICH XyLyAu
19,2 munr km? spau 4,2 % HU TalIKud Kuiagd. PecrnyOnuka Gyiinda axomu coHu 35271,2 MiH.
KUIIUAaH OopTUK OYnub myHmaH Bomuit “Anmmkon — ®aproHa - HamaHran” BUJIOSTIApUHUHT
axonucu coHu ynymu 29 % uu tamkuia ataau. ly sxymnanan PecnyOnukaMuU3HUHT yMyMU# My
TapMOFy y3yHiura 209496 km nan 3uén 0ynu6 mwynnan daprona Boauiicu iyn tapmoru 24 % Hu,
uyn Tapmoru 3uwimry 2327 km/1000 kM2, axommcH 314 525,1 muar Kumu/ 1000 km?2 Oynran Xyayn
XHUCOOIaHaIN.

daproHa BOJIUICH
ymymboigananysaaru 2 tacmanu 4P-112
4P-127 Ba 4 Ttacmamu A-373, 4P-112
XaJlkapo  Ba  JaBiaT  axaMuUATUAaru
aBTOMOOWIJIb HYynjapuja XapakaT MHUKIOPHU
Ba TapKUOM, XapakaT TEe3JHMTH, TPAHCIOPT
OKUM 3UWIMTMHHM XapakaT XaB()CU3IUIHra "
TaLCI/IEH AHUKJIaHaaHu. 400 600 800 1000 1200 1400

HS’,H HIapOI/ITI/IFa Ba XapaKaT XﬂpﬂKﬂT MHKIOPH, aBT/coar
MHKJIOpHra HHCOaTaH TPAaHCIOPT OKHMH 1-pacmpaa. Xapakar TE3JIMTMHA XapakaT MUKIOpPH OuIaH
TE3JINTUHUHT y3rapuminHu pean Paprona Oor It
BOAMICH yMmyMdoHanaHyBard HKKH Ba
TYPT TaCMaJIMK aBTOMOOWJ MyJmapuia Kypuo
yramu3. A-373 Ba 4P112 #ynnapuna
TPaHCIIOPT BOCUTAJIAPUHUHT Xapakar
MUKIOpPH Ba TapkKuOu, XapakaT Te3JIUIH,
TPAHCIIOPT OKUM 3UWIUTH Y3rapuiuiapu
aQHUKJIaHIH.
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TaIKUKOTIApAaH MabJIyMKH, WWIIAH HuWira OOFIIMKJINTH.
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aBTOMOOWIIIAp JWHAMHUK XYCYCHATIApH TaKOMIJUTAIIMOKIA Ba YJIAPHUHT HyJutapnaru yprada
Te3nMuru omud 6opmokiaa. TpaHcnopTr oxkumujaa Oupop 6up aBromoOmutap TypuHHHr 60 % nan
OIIWIIY TPAHCIIOPT OKMMHU YIIIa TypJIaru aBToMOOMIIap TaBcupuHu udoaamammHu KypcaTaiu.

Pacmpan kypummmus MyMKUHKH 5-10 aBT/KM J1a 3pkuH oKuMJa ypraya te3nuk 70 kM/coatra, 10-
20 aBT/KM KHCMaH OOFJIaHTaH OKMMJa ypTaua Te3nuk 55 km/coatra, 20-35 aBT/KM OOFIaHraH
OKUM/Ia ¥pTaya Te3NuK 43 KM/COaTHH TALIKWI KWJIaIu.

Nnmuit mmpa xyiwiran Makcaa Ba BasudanapiaH KenuO 4ukuO, ymymui doinanaHuigara
aBTOMOOWJIb MYJIapu TapMOFHIAa XapakaTliaHa€TraH TPAHCIOPT OKUMHU Y3rapuil KOHYHUSTIApH
aHUKJIAHIU.
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®50% ®60% = 70% = 80% ®90% ©100% e OKHM 3HWIHTH

4-pacM. XapakaT TEe3JIUTH - XapakaT MUKIOPH - OKHM
3-pacm. XapaKar Te3TMIHHH XapakaT MHKIOpHTa suunmuruan 50%, 60%, 70%, 80%, 90%,100% - xapakar

50%, 60%, 70%, 80%, 90%,100% - xapaxar TapKUOUArH €HIUI ABTOMOOMIIIAP (DOM3H Y3TapHIIILL.
TapKUOWAAry SHI' M aBToMOOMIIIap Gousu Oyitnua

Y3rapuuiy.

©50% ® 60% @ 70% © 80% ® 90% ® 100% LAPAKAT MHKIOPH, aBT/COaT

TypT Tacmanu iymiapaa TpaHCHOPT OKUMHUHUHT TE3JUTM XapakaT TapKuOHaa eHruil
aBromoOmmap 70 % Ba xapakar xamaumra 1568 apr/coar OynraHma 73 Km/coaTHH, MOJai
xapakaT Te3nmurd 60 Km/coaTHH, TE3MUKHUHT YpTadya KBaApaTWK ofumd 12,1 KM/coaTHH, Xapakar
TE3JUTUHUHT Y3rapyuiny 3 pacmiap/a aHUKJIaHTaH.

I'padukka acocan TYpT TacMaid Wyutapja TPaHCIOPT OKWUMHUHHU XOJIATHHUHT Y3TapHIIl
KOHYHUSTIAPU aHUKJIAHIU. TpaHCIOPT OKUMHU XOJIATHJIaTd XapakaT Te3JUTH- XapakaT MUKIOPH -
okuM 3uaaurH (V, N, q,) OOFTUKIUKIIAp YU y3rapyBUu YM3UKINUK rpadukaa Tapcudra sra.
TpaHCcnOpT OKMMHHHMHT 3WUYJIWTH OIITaH Capd TPAHCIOPT BOCHTATAPH OPAIUK MacO(pacHHHHT
KaMaluIy, TE3MUKHUHT MacaluIy, XaWJOBUUIAPHUHT PYXHM HUII PEeXKUMHUHHHT KUNMHIAIIUIIN
YMYMHH HYI XapaKaTHHUHT HOKYJIAHJIUTHra 0u0 KelaIu.
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MASHINASOZLIK KORXONALARIDA YUQORI SAMARALI MAHSULOT SIFATINI
TA’MINLASH TIZIMINI SHAKLLANTIRISH

J.G*. G‘ayratov., U.Y. Umurzakov

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi 05.12. 2025 y.)

Annotatsiya. Mazkur magolada mashinasozlik korxonalarida yugori samarali mahsulot sifatini
ta’minlash tizimini shakllantirishning nazariy va amaliy jihatlari yoritilgan. Unda xalgaro ISO 9000
standartlariga asoslangan sifat boshgaruvi tizimini joriy etish, tashkiliy—texnik hamda igtisodiy omillarni
tizimli tahlil gilish, mahsulot sifatini oshirishning samarali mexanizmlari ishlab chigilgan. Shuningdek,
magqolada raqobatbardoshlikni ta’minlash, sifatni boshqgarish xarajatlarini optimallashtirish va ishlab
chiqarish samaradorligini oshirish bo ‘vicha takliflar bayon etilgan.

Kalit so‘zlar: mashinasozlik, mahsulot sifati, sifat tizimi, 1ISO 9000, boshgaruv, ragobatbardoshlik,
innovatsiya, samaradorlik.

Armomauu;l. B cmamve paccmompenbl meopemudecKkue u npakmudecKkue acneKknivl qbopMupoeanz
cucmemwvl 0becneqerus 6bICOK020 Kayecmaeda npoaykuuu Ha mawuHocmpoumelbHblx npednpuﬂmuﬂx. Ocoboe
BHUMAHUE YOENeHO HEOPEHUIO CUCTEMbL YIPABIEHUS KAYECHBOM HA OCHOBE MeHCOYHAPOOHBIX CIAHOAPMO8
1SO 9000, opeanuzayuonro-mexHuyeckum u 3KoHoMuyeckum axmopam. Pazpabomanuvl npednodicenusi no
noesvluieHuro KOHKypeHI’I’lOCI’ZOCO6H06'mu, onmumuzayuu 3ampant Ha obecneyenue kauecmeda u NnobIUEHUIO
aghpexmusHocmu npou3e00Cmaa.

Knioueevie cnosa: mawunocmpoenue, kawecmeo npooykyuu, cucmema kawecmsa, 1SO 9000,
ynpaeJjieHue, KOHKypeHmocnOCO6HOCWlb, UHHOBAYUU, Qde)eKYHMGHOCmb.

Annotation. This article explores the theoretical and practical aspects of forming a high-efficiency
product quality assurance system in machine-building enterprises. It focuses on implementing quality
management systems based on international 1ISO 9000 standards, analyzing organizational, technical, and
economic factors. The study proposes methods for improving competitiveness, optimizing quality assurance
costs, and enhancing production efficiency.

Keywords: machine-building, product quality, quality system, [SO 9000, management,
competitiveness, innovation, efficiency.

Mashinasozlik sanoati har ganday industrial davlat igtisodiyotining tayanch tarmoglaridan biri
bo‘lib, xalq xo‘jaligining barcha sohalarida qo‘llaniladigan texnika va uskunalar ishlab chiqarilishini
ta’minlaydi. Bunda ishlab chiqarilayotgan mahsulotning sifati, ishonchliligi va barqarorligi korxonaning
bozor sharoitida ragobatbardoshligini belgilovchi asosiy omillardan sanaladi. Bugungi kunda
mashinasozlik korxonalarida mahsulot sifatiga qo‘yilayotgan talablar avvalgidan ancha yuqori bo‘lib,
zamonaviy texnologiyalarni joriy qilish, ishlab chigarish jarayonlarini avtomatlashtirish, metrologik
ta’minotni kuchaytirish va sifat menejmenti tizimlarini takomillashtirish zaruratiga olib kelmoqda.

Jahon bozorida global ragobatning keskinlashuvi, texnik reglamentlar va xalgaro standartlarning
(ISO 9001, 1SO 14001, ISO/TS 16949, ISO 45001 va boshqalar) joriy etilishi mashinasozlik
mahsulotlariga qo‘yilayotgan talablarning tubdan o‘zgarishiga sabab bo‘lmoqda. Xususan, yuqori
aniglik, puxtalik, funksional ishonchlilik, tejamkorlik, ekologik xavfsizlik va ekspluatatsiya qulayligi —
bugungi zamonaviy mashinasozlik mahsulotlarining asosiy sifat mezonlari sifatida garaladi. Bu esa
korxonalardan sifatni boshgarishning yangi mexanizmlarini yaratishni, ishlab chigarish jarayonlarini
chuqur optimallashtirishni, ragamli texnologiyalarni joriy etishni va aniq o‘lchash tizimlariga
asoslangan ishlab chiqarish nazoratini yo‘lga qo‘yishni talab qiladi.

O‘zbekiston mashinasozlik sanoati ham izchil modernizatsiya jarayonini boshdan kechirmoqda.
Xususan, avtomobilsozlik, elektrotexnika, neft-gaz mashinasozligi, temir yo‘l transporti, gishloq
xo‘jaligi texnikasi va boshqa yo‘nalishlarda texnologik yangilanishlar amalga oshirilmogqda. Shunga
gqaramay, ko‘plab korxonalarda hali ham texnologik intizomning sustligi, o‘lchash vositalarining
eskirganligi, sifat nazoratining yetarli darajada avtomatlashtirilmagani, statistik nazorat usullarining past
qo‘llanilishi kabi muammolar mavjud. Mazkur kamchiliklar mahsulot sifatining barqarorligiga salbiy
ta’sir ko‘rsatadi. Bunday sharoitda yuqori samarali sifat tizimini shakllantirish korxona rivojining
strategik yo‘nalishlaridan biri hisoblanadi.

Mashinasozlikda yuqori sifatni ta’minlash faqat yakuniy nazorat bilan emas, balki ishlab
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chigarish jarayonining barcha bosgichlarida — xomashyo tanlashdan tortib tayyor mahsulotni
iste’molchiga yetkazib berishgacha bo‘lgan davrda izchil monitoring va boshqaruvni talab qiladi.
Zamonaviy yondashuvga ko‘ra, sifatni boshqarish jarayon yondashuviga asoslanishi lozim. Ya’ni,
mahsulot sifatiga ta’sir qiluvchi jarayonlar aniglanadi, ularning har biri uchun mezonlar va nazorat
usullari belgilanadi, shundan so‘ng jarayonning real holati muntazam ravishda baholanadi. Bunda
sifatni boshqarishning statistik usullari, nosozliklarning oldini olish tizimlari, texnologik
jarayonlarni optimallashtirish, ishlab chigarishni ragamlashtirish va avtomatlashtirilgan texnik
nazorat tizimlari muhim o‘rin tutadi.

Metrologik ta’minot ham sifatni oshirishning muhim omillaridan biridir. Mashinasozlikda
mikron aniqlikdagi o‘lchovlar, koordinata-o‘lchov mashinalari, 3D skanerlash va o‘lchov
vositalarini kalibrlash tizimi mahsulotning geometrik va funksional aniqligini ta’minlaydi. O‘lchov
vositalarining aniqligi past bo‘lsa, hatto eng zamonaviy dastgoh ham yuqori sifatli mahsulot ishlab
chigara olmaydi. Shu sababli o‘Ichash tizimining bargarorligi va metrologik ishonchlilik darajasini
oshirish — mabhsulot sifatining asosiy shartidir.

Shuningdek, ragamlashtirish va avtomatlashtirishning jadal rivoji sifatni ta’minlash tizimiga
yangi imkoniyatlarni olib kirmogda. 10T texnologiyalari asosida dastgohlar holatini onlayn
kuzatish, o‘lchov ma’lumotlarini real vaqt rejimida qayta ishlash, asbob yeyilishini bashorat qilish,
ishlab chiqarish ko‘rsatkichlarini avtomatik optimallashtirish va vizual nuqsonlarni aniqlash —
yuqori samarali sifat tizimining ajralmas gismiga aylanmoqda.

Mahsulot sifati — bu mahsulotning iste’molchi yoki foydalanuvchining ehtiyoj va
talablarini gondira olish qobiliyatini belgilovchi texnik, texnologik, estetika, ekspluatatsion va
iqtisodiy xususiyatlar majmui sifatida talgin gilinadi. Mashinasozlik sohasida “sifat” tushunchasi
nafagat tayyor mahsulotning final holatiga, balki uni yaratish jarayonidagi barcha bosgichlarning
uyg‘un ishlashiga bog‘liq kompleks ko‘rsatkich hisoblanadi. 1ISO 9000 standartida keltirilgan
ta’rifga ko‘ra, sifat — “obyektning belgilangan talablarni qondirishga qodirlik darajasi”dir.
Mashinasozlik korxonalarida bu talablar texnik shartlar, davlat standartlari (O‘zDSt, GOST),
konstruktiv hujjatlar, texnologik reglamentlar va ekspluatatsiya qoidalarida o‘z aksini topadi.

Tadgiqgotlar jahon mashinasozligi mahsulotlar bozorida ragobatning kuchayganligini
tavsiflaydi. Mamlakatimizda ishlab  chigarilayotgan  mahsulotlar  sifatining  oshirish,
raqobatbardoshligini ta’minlash, aksariyat korxonalarimiz texnika va texnologiyalari jahon
miqyosidan sezilarli darajada ortda qolishini, mashinasozlik korxonalari tashqi va ba’zi hollarda
ichki bozorda ham muvaffaqiyatli raqobatbardosh bo‘lishiga imkonini bermaydi.

Texnik va texnologik gayta qurilishga e’tibor berilishi katta hajmda valyuta harajatlarga
bog‘liqdir va tez va kam harajat yo‘li bilan raqobatbardoshlikka erishish yangi yo‘llarni izlashni
tagozo giladi. Jahon tajribasidan kelib chiggan holda, avvalo bu Yaponiya va Janubiy Koreya
tajribasi, mahsulot ragobatbardoshligini hamda sifatning yetarli va zaruriy saviyasini ta’minlash
yo‘lidir.

Zamonaviy sifat tizimi doirasida mahsulot sifatini ta’minlash tizimini shakllantirishni
nazariy asoslash muammaosi va uni amaliyotga tatbiq etishning uslubiy va metodologik masalalarini
yechish o°ziga xos ahamiyat kasb etadi.

Sifatni ta’minlash muammolariga bag‘ishlangan ilmiy izlanishlarning serqirra jihatlarini
o‘rganishga yo‘naltirilgan. Ularda sifat boshqaruvini tashkil etish, bu sohada mamlakatimizda va
jahon migyosi amaliyotining tagqoslanishi, nazorat qilishning statistik usullarini qo‘llash
imkoniyati va shunga o‘xshash masalalar keng muhokama qilinadi. Xalq xo‘jaligining turli
sohalaridagi mahsulot sifatini ta’minlash tizimi bo‘yicha ishlanmalar xalgaro ISO standartining
9000 seriyasida ko‘proq asoslab berilgan.

Standartlarda sifat tizimini shakllantirish va amal qgilish tamoyillari, magsadlari belgilab
beriladi. Bu esa amaliyotda, muay’yan korxona sharoitlari inobatga olingan holda mahsulot
sifatining zaruriy darajasini loyihalash va amaliyotga tatbiq etish imkonini beradi.

Magsad mahsulot sifatini ta’minlash tizimini shakllantirishni nazariy jihatdan asoslash,
mashinasozlik mahsulotlari sifati sohasidagi strategik yechimlarni samarali tatbiq etishni
ta’minlovchi, tashkiliy — texnik va igtisodiy usullarni ishlab chigish hisoblanadi.
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Qo‘yilgan magsadga erishish uchun quyidagi masalalarni yechish talab etiladi:

1. Mashinasozlik korxonalarida mahsulot sifatini ta’minlash bo‘yicha ishlarni tashkil etish
va uning asosiy yo‘nalishlari mazmunini aniglash;

2. Mashinasozlik korxonalarida sifat tizimini o‘rganish va mahsulotdan foydalanish
davrining barcha bosqichlarida kerakli sifatni ta’minlab beruvchi omillarni tasniflashni amalga
oshiramiz;

3. Mahsulot sifatini ta’minlash tizimining tashkiliy asoslarini asoslab berish;

4. Korxonalarida mahsulot sifatini ta’minlash tizimining funksional-tuzilmaviy modelini
ishlab chigish va uni tuzish;

5. Tizimni tuzishga bo‘lgan uslubiy yondoshuvlarni shakllantirish;

6. Mahsulot sifatini ta’minlash maqgsadlariga erishishga yordam beradigan muay’yan texnik
va tashkiliy usul hamda tadbirlarni ishlab chiqish;

7. Sifatni ta’minlash bo‘yicha xarajatlarni boshgarish majmuaviy tuzimining asosiy
goidalarini ishlab chiqish;

8. Mabhsulot sifatini ta’minlashga bo‘lgan xarajatlarni optimallashtirishga bo‘lgan uslubiy
yondoshuvlarni taklif etish.

Bu holda, ichki va tashqi bozorlarda raqobatbardoshlik omili sifatida mashinasozlik
korxonalarini mahsulot sifatini ta’minlash bo‘yicha bo‘lgan faoliyatini tashkil etish izlanishlar
ob’yekti hisoblanadi. Mashinasozlik korxonalari sharoitida tizimni amalga oshirishning tashkiliy —
texnik, iqtisodiy tavsifdagi usul va vositalar majmuasi va mahsulot sifatini ta’minlash tizimini
tashkil etish nazariyasi hamda amaliyoti masalalari tadgiqot predmeti hisoblanadi.

Mamlakatimiz va xorijlik olimlar, izlanuvchilarning sifat tizimini yaratish va ishga tushirish,
yuqori sifatli mahsulot ishlab chiqarishni tashkil etish muammolari bo‘yicha olib borgan
tadgiqotlari olib boriladigan izlanishlarning nazariy va metodologik asosi bo‘lib xizmat qiladi.
Bularga Axmedov B., Sharipov Q., Toshpo‘latov M., Ismatullayev P., horijiy olimlardan Adler
Yu.P., Versan V.G., Krayer E., Meskon M., O‘Dell K., Seddon D., Xarrington Dj., Xedori F. va
boshgalar tomonidan olib borilgan ilmiy tadgiqotlar misol bo‘la oladi.

Bu magsadda taqgoslash, mantigiy va tizimli tahlil, igtisodiymatematik va tashkiliy
modellash usullari qo‘llaniladi. Ish jarayonida mamlakatimiz va xorij nashrlarida chop etilgan
materiallardan, mashinasozlik korxonalari materiallaridan, ilmiy-texnik anjumanlar materiallaridan,
uslubiy ishlanmalardan foydalaniladi. Tadqiqotchilar tomonidan olib borilgan ko‘plab izlanishlar
samarasida quyidagi natijalar olinishi rejalashtirilgan:

1. Mashinasozlik korxonalarida mahsulot sifatini ta’minlash bo‘yicha ishlarni tashkil etish
tushunchasi, mazmuni va asosiy tamoyillarining tahlili amalga oshirish;

2. Sifatni ta’minlash tizimining tashkiliy asoslari asoslab berish va sifatli mahsulot ishlab
chigarish uchun korxonada zaruriy va yetarli sharoitlarni yaratish jarayonini amalga oshirish
bosqgich va tartiblarini belgilab beruvchi tizimning tashkiliy modelini taklif etish;

3. Bu tizimda korxonani har bir bo‘linmasini o‘rni hamda vazifasini belgilab beruvchi va
mashinasozlik mahsulotini yaratish, ishlab chigish va undan foydalanishda sifatni ta’minlash lokal
(mahalliy) osttizimlarini yagona tizimga integrallash imkonini beruvchi sifat mahsulot tizimining
funksional-tuzilmaviy modeli shakllantirildi;

4. Mahsulotning berilgan sifat darajasiga erishish imkonini beruvchi sharoit hamda
omillarga ta’sir ko‘rsatish, nazorat qilish jarayonlarini optimallashtirish imkonini beruvchi
majmuaviy tashkiliy, texnik usullar va yo‘llar ishlab chiqildi;

5. Ishlab chigarilayotgan mahsulotni yaratish, ishlab chigish va undan foydalanish
bosgichlarida  xarajatlarni  boshgarish  masalalariga mos  sarf-xarajatlarni  guruhlashga
yo‘naltirilganligi bilan farqlanuvchi mahsulot sifatini ta’minlashga xarajatlar tasnifini taqdim etish;

6. Amalga oshirilishi ularning yuzaga kelgan joylarida xarajatlarning o‘lchami haqida
haqiqiy ma’lumotga ega bo‘lish va xarajatlarni tezkor nazoratini bajarish imkonini beruvchi
mahsulot sifatini ta’minlashga bo‘lgan xarajatlarni majmuaviy boshqarish tizimini asosiy
goidalarini shakllantirish.

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 27



MEXAHHKA

Mashinasozlik korxonalarida sifatni ta’minlash tizimi

1-jadval
Qo‘llaniladigan
Tizim elementi Tavsifi Asosiy vazifalari Ko‘rsatkichlar standartlar /
texnologiyalar
1. Texnologik Ishlov berish, yig‘ish, | Operatsiyalarni O‘Icham og‘ishlari |RDB, CAM,
jarayonlarni sinovdan o‘tkazish standartlashtirish (A) Yaroqglilik CAD, TPM,
boshqgarish jarayonlarining Optimal kesish darajasi (%) GOST
bargaror ishlashini maromlarini tanlash
ta’minlaydi Asbob yeyilishini
nazorat gilish
2. Metrologik O‘Ichash vositalarining| Kalibrlash Tekshirish | O‘lchov xatoligi 1SO 10012, CMM,
ta’minot anigligi va Aniglik budjetini (xum) Kalibrlash | MSA, GOST
ishonchliligini yuritish intervali
ta’minlash tizimi
3. Sifatni nazorat |Kirish, operatsion va | Nugsonlarni aniglash | Yarogsiz (%) GOST 24297,
gilish (QC) yakuniy nazorat turlari | Inspeksiya o‘tkazish | mahsulot soni nazoratchi-
orgali sifatni tekshiradi| Nazorat rejalari tuzish | Qayta ishlash fiksator,
darajasi Kompyuter
kuzatuvi
4, Sifat Korxonada sifatga oid | Ichki auditlar Audit natijalari 1ISO 9001, ISO
menejmenti tizimi | barcha jarayonlarni Hujjatlashtirish Nomagbulliklar 45001

(SMT)

integratsiyalovchi
boshgaruv tizimi

Risklarni boshgarish

soni

Tuzatish
choralarining
samaradorligi

5. Statistik
jarayonlarni
boshqarish (SPC)

Jarayonlarni
matematik usullarda
kuzatish va tahlil gilish

Nazorat sxemasini
tuzish

Jarayon
o‘zgaruvchanligini
aniglash

o (standart og‘ish)
Trend grafigi

Shewhart kartalari,
Minitab

6. Ragamlashtirish
va loT asosidagi
monitoring

Dastgohlar, asboblar,
asbob-shtatlar va
jarayonlarning onlayn
monitoringi

Real vaqt kuzatuvi
Sensorlar orgali
ma’lumot yig‘ish

Harorat, vibratsiya,
yuklama
To‘xtashlar soni
10T signal
chastotasi

loT sensorlar,
PLC, SCADA,
OPC-UA

7. Machine Vision

Vizual nugsonlarni

Yuzaki nugsonlarni

Nugson aniglash

Machine Vision,

asosida nazorat avtomatik aniglash aniglash Geometrik | anigligi (%) Model | Al (CNN),
tekshiruvlar asosida aniglash OpenCV
darajasi
8. Digital Twin Jarayon va Jarayon simulyatsiyasi| Bashorat anigligi | CAD/CAE,
(Ragamli Doppel) |uskunalarning virtual | Asbob yeyilishini (%) Model ANSYS
nusxasini yaratish bashorat qgilish og‘ishlarini
solishtirish
9. Yetkazib Xomashyo va Yetkazib Qabul gilingan 1SO 9001, PPAP,

beruvchilar sifati
nazorati

komponentlar sifati
korxona sifatiga ta’sir
etadi

beruvchilarni baholash
Kirish nazorati

material sifat
indeksi Yetkazib
beruvchining PPAP
darajasi

APQP

10. Xodimlar
malakasi va
texnologik intizom

Sifatni ta’minlashda
inson omili hal
qiluvchi rol o‘ynaydi

O‘qitish Sertifikatlash
Texnologik intizomni
nazorat qilish

Malaka darajasi
Texnologik intizom
buzilishlari soni

Korxona
standartlari,
1SO 9001 talablari
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Xulosa. Mashinasozlik korxonalarida yuqgori samarali mahsulot sifatini ta’minlash tizimini
shakllantirish raqobatbardoshlikni ta’minlash, resurslardan oqilona foydalanish va ishlab chiqarish
samaradorligini oshirishga xizmat giladi. 1SO 9000 standartlari asosida tashkil etilgan tizim
korxonaning ichki jarayonlarini muvofiglashtirib, iste’molchi talablarini to‘liq qondirishga imkon
yaratadi.

Tadqiqot natijalariga ko‘ra, mashinasozlik korxonalarida yuqori samarali mahsulot sifatini
ta’minlash quyidagi chora-tadbirlar orgali amalga oshiriladi:

1. Texnologik jarayonlarni optimallashtirish va bargarorlashtirish.

2. Metrologik ta’minotni modernizatsiya qilish va aniqlik nazoratini kuchaytirish.
3. 1SO 9001 sifat menejmenti tizimlarini integratsiya qgilish.

4. Texnologik intizom va xodimlar malakasini oshirish.

5. Of‘Ichash vositalarini muntazam kalibrlash va aniglik budjetini yuritish.

Mazkur yondashuvlar mashinasozlik korxonalarida ragobatbardosh, ishonchli va yuqori sifatli
mabhsulotlar ishlab chiqarilishini ta’minlaydi.

Adabiyotlar
[1]. Toshpo‘latov M.M., Sharipov Q.A. Avtomobilsozligda mahsulot sifatini boshgarish. T.: FTRMQ-TTPU, 2013,
544 .
[2]. [TaroB A.A. Momenh MEHEIKMEHTa MAIMHOCTPOUTENBHOTO mpeanpustust // CTaHaapTsl U KauecTBo, -2012 - C.
63.

AVTOEKSPERTIZA UCHUN SUN’LY INTELLEKT ASOSIDA DIAGNOSTIKA
TIZIMLARINI YARATISH IMKONIYATLARI

N.I. Otaboyev, I.T. Abdullaxo‘jayev

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi 05.12.2025.)

Annotatsiya. Mazkur maqolada avtoekspertiza jarayonlarini samarali tashkil etishda sun’iy intellekt
texnologiyalarining qo ‘llanish istighollari yoritiladi. Tadgiqotda avtomobilning real texnik holatini aniglash,
turli nosozliklarni prognozlash, shuningdek, yo ‘I-transport hodisalarining texnik omillarini izohlashda
mashinaviy o ‘qitish, kompyuter ko ‘rishi va raqamli sensor tahlilining o‘rni asoslab beriladi. Sun’iy
intellektga tayanuvchi diagnostika tizimlarining axborotni yig ‘ish, qayta ishlash va baholash jarayonlari
batafsil tahlil gilinib, an’anaviy ekspertiza usullariga nisbatan ustunliklari ko ‘rsatiladi. Shu bilan birga,
normativ moslashuv, ma’lumotlar sifati, model izohlanishi va axborot xavfsizligiga oid muammolar ham
ilmiy baholanadi. Olingan natijalar sun’iy intellekt avtoekspertiza tizimlarining aniqlik, tezkorlik va
obyektivlikni oshirish yo ‘lidagi asosiy texnologik yechimlardan biri ekanini tasdiglaydi.

Kalit so‘zlar: sun’iy intellekt asosidagi diagnostika tizimlari, avtoekspertizaning texnologik
transformatsiyasi, avtomobilning texnik holatini kompleks baholash, mashinaviy va chuqur o qitish
modellari, kompyuter ko ‘rishi algoritmlari, sensor va telemetriya ma’lumotlarining raqamli tahlili, OBD-1
hamda CAN-shina protokollari bo ‘yicha diagnostika, anomaliyalarni aniglash usullari, nosozlikliarni
prediktiv identifikatsiya qilish, yo‘[-transport hodisalarining texnik omillarini ekspert tahlil gilish,
avtomatlashtirilgan ekspertiza platformalari, texnik xavfsizlik va axborot ishonchliligi.

XXI asr texnologik taraqqiyotining eng muhim yo‘nalishlaridan biri sun’iy intellektning
amaliy sohaga jadal kirib kelishidir. Transport tizimlari, xususan avtomobil sanoati ham ushbu
raqamli transformatsiyaning asosiy iste’molchilaridan biri bo‘lib qoldi. Avtomobillar
konstruksiyasining murakkablashuvi, sensor va elektron boshqaruv modullarining ko‘pligi, texnik
jarayonlarning ragamlashtirilishi yangi avlod diagnostika tizimlarining paydo bo‘lishiga sabab
bo‘lmoqda. Shu nuqtai nazardan, sun’iy intellekt asosidagi diagnostika tizimlari avtoekspertiza
jarayonlarini tubdan qayta ko‘rib chiqish imkonini beruvchi ilg‘or texnologik platformadir.

Avtoekspertiza sohasida texnik holatni obyektiv aniglash, nosozliklarni aniglashning
aniqligi, YTH sabablarini to‘g‘ri tasniflash, texnik omillarning ta’sir doirasini baholash hamda
ekspert xulosalarining ishonchliligini oshirish bo‘yicha talablar keskin ortib bormoqda. Mazkur
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talablarni qondirish an’anaviy usullar bilan tobora qiyinlashib bormoqda. Shu bois zamonaviy
mutaxassislar avtoekspertizaning texnologik transformatsiyasini, ya’ni sun’iy intellekt yordamida
avtomatlashtirilgan, obyektiv va tezkor diagnostika tizimlarini ishlab chigishni dolzarb masala
sifatida ko‘rib chigmoqda.

Quyidagi ilmiy matnda avtomobil texnik holatini baholashga doir jarayonlarning zamonaviy
ragamli yechimlari, avtomobilning texnik holatini kompleks baholashda qo‘llaniladigan algoritmlar,
ilg‘or usullar va texnologiyalar tahlil gilinadi. Bundan tashgari, mashinaviy o‘qitish va chuqur
o‘qitish modellari, kompyuter ko‘rishi algoritmlari, sensor va telemetriya ma’lumotlarining raqgamli
tahlili, OBD-Il (On-Board Diagnostics 1) va CAN-shina (Controller Area Network)
protokollarining roli, anomaliyalarni aniglash usullari, nosozliklarni prediktiv identifikatsiya qilish,
yo‘l-transport hodisalarining texnik omillarini ekspert tahlil gilish, avtomatlashtirilgan ekspertiza
platformalari, shuningdek texnik xavfsizlik va axborot ishonchliligi kabi kalit tushunchalar ilmiy
asosda keng yoritiladi.

So‘nggi yillarda sun’iy intellektning avtomobil diagnostikasidagi roli keskin ortdi.
Avtomobillarda o‘rnatilgan elektron boshgaruv bloklarining soni 80—100 tagacha ko‘paygani, har
bir modulning o‘ziga xos sensorlari mavjudligi diagnostika jarayonining murakkabligini oshirdi.
An’anaviy usullarda bunday katta hajmdagi axborotni inson tomonidan tahlil qilish imkonsizdir.
Shu sababli sun’iy intellekt asosidagi diagnostika tizimlari avtomobilning barcha tizimlari
to‘g‘risidagi ma’lumotlarni yig‘ib, gayta ishlaydi va ularni matematik hamda statistik modellarga
solib baholaydi.

Bu tizimlarning markazida mashinaviy o‘qitish va chuqur o‘qitish modellari turadi. Ular
sensor signallaridagi noaniqliklarni kamaytiradi, murakkab o‘zgarishlarni aniqlaydi va nosozliklar
ehtimolini yugori aniglik bilan prognoz giladi. Masalan, dvigatel vibratsiyasi, tormoz tizimi bosimi,
transmissiya tebranishi, shinalarning harorati va yo‘l bilan kontakt sifati kabi ko‘rsatkichlar
algoritmlar tomonidan real vaqt rejimida gayta ishlanadi.

Avtoekspertizaning texnologik transformatsiyasi — bu diagnostika jarayonlarining sun’iy
intellekt, 10T (Internet of Things — Internet tarmoglaridagi narsalar), bulut texnologiyalari va
raqamli ma’lumotlar almashinuvi asosida qayta tashkil etilishidir. Avtomobilning texnik holatini
baholash jarayonida inson omili ko‘pincha subyektiv xatolarga olib keladi. Mutaxassisning
tajribasi, sharoit, vaqt tagchilligi va psixologik omillar natijaga ta’sir qilishi mumkin. Ammo sun’iy
intellekt asosidagi tizimlarda: inson xatosining ulushi minimal, baholash natijalari takrorlanadi,
tahlil jarayoni tez va ishonchli, katta hajmdagi ma’lumotlar bir vaqtning o‘zida qayta ishlanadi,
xulosa chigarish algoritmik mezonlarga asoslanadi. Bu omillar avtoekspertiza jarayonining butunlay
yangi sifat bosqichiga ko‘tarilishini ta’minlaydi.

Avtomobil texnik holatini aniglashda kompleks yondashuv - bu barcha konstruktiv birliklar:
dvigatel, transmissiya, tormoz tizimi, rul boshqaruvi, kuzov strukturasini sun’iy intellekt orqali
baholashdir. Kompleks baholash quyidagi jarayonlarni o‘z ichiga oladi:

1. Sensor ma’lumotlarini yig‘ish

2. Telemetriya tahlili

3. Statistik va matematik modellashtirish

4. Anomaliyalarni aniglash algoritmlarini qo‘llash

5. Nosozliklarni prediktiv identifikatsiya gilish

6. Taqgqoslash va ekspert tizimi xulosasini shakllantirish

Sun’iy intellekt ushbu jarayonlarning barchasini to‘liq avtomatlashtirishi mumkin.

Sensor ma’lumotlarini yig‘ish. Avtomobilning har bir komponenti o‘ziga xos sensorlar bilan
jihozlangan bo‘lib, ular dvigatel, transmissiya, tormoz tizimi, shinalar va boshqa tizimlarning
holatini doimiy ravishda kuzatadi. Sensorlar harorat, bosim, vibratsiya, tezlik va boshga fizik
parametrlarni o‘lchaydi. Ushbu ma’lumotlar real vaqt rejimida yig‘iladi va keyingi tahlil uchun
markaziy ma’lumotlar bazasiga uzatiladi. Sensorlar orqali yig‘ilgan ma’lumotlarning aniqligi va
ishonchliligi butun diagnostika jarayoni sifatini belgilaydi.

Telemetriya tahlili. Telemetriya tizimi — bu sensorlar tomonidan uzatilgan ma’lumotlarni
masofadan kuzatish va tahlil gilish jarayonidir. Telemetriya yordamida avtomobilning harakat
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parametrlarini, yo‘l sharoitini, tezlik o‘zgarishlarini va boshqa holatlarni doimiy ravishda nazorat
gilish mumkin. Al tizimlari telemetriya ma’lumotlarini analiz qilib, vaqtinchalik anomaliyalarni
aniglaydi va avtomobilning ish samaradorligini baholaydi. Masalan, motorning ishgalanish darajasi,
shinalarning aginishi yoki tormozlarning javob tezligi telemetriya orqali aniqlanadi.

Statistik va matematik modellashtirish. Yig‘ilgan ma’lumotlar asosida avtomobilning ishlash
jarayonini matematik va statistik modellar yordamida ifodalash amalga oshiriladi. Bu modellar
nosozliklarning ehtimollik tahlilini, komponentlarning eskirish tezligini va ishlash samaradorligini
prognozlash imkonini beradi. Statistik modellashtirish orqali shinalar asinishi, tormoz tizimining ish
samaradorligi yoki dvigatel parametrlaridagi o‘zgarishlar numerik ko‘rsatkichlarga aylantiriladi va
prognoz algoritmlariga uzatiladi.

Anomaliyalarni aniglash algoritmlarini qo‘llash. Sun’iy intellekt algoritmlari, xususan
anomaly detection metodlari, yig‘ilgan va modellashtirilgan ma’lumotlarni tahlil qilib, normal
holatdan farq qiluvchi anomaliyalarni aniqlaydi. Bu algoritmlar o‘z ichiga statistika asosidagi
metodlar (z-score, Mahalanobis distance), mashina o‘rganishi modellari (Isolation Forest, One-
Class SVM) va chuqur o‘rganish yondoshuvlarini oladi. Anomaliyalarni aniqlash avtomobil
gismlarida yuz beradigan nosozliklarni dastlabki bosgichda aniglash imkonini beradi.

Nosozliklarni prediktiv identifikatsiya qilish. Prediktiv identifikatsiya (Predictive
Maintenance) algoritmlari avvalgi bosqichda anigqlangan anomal ma’lumotlar va tarixiy texnik
xizmat ko‘rsatish ma’lumotlari asosida nosozliklarning kelajakdagi yuzaga kelish ehtimolini
baholaydi. Bu bosgichda Al tizimi dvigatel, transmissiya, tormoz va boshga tizimlarning ehtimoliy
nosozliklarini aniqglab, texnik xizmat ko‘rsatish vaqtini optimal tarzda tavsiya qiladi. Natijada,
transport vositasi ishdan chigish xavfi kamayadi va xarajatlar tejaydi.

Taggoslash va ekspert tizimi xulosasini shakllantirish. Oxirgi bosgichda avtomatlashtirilgan
ekspert tizimi yig‘ilgan va tahlil gilingan ma’lumotlarni inson ekspert xulosalari bilan solishtiradi
va yakuniy baholashni shakllantiradi. Bu bosgichda Al tizimi avtoekspert xulosalari, standartlar,
texnik hujjatlar va tarixiy ma’lumotlarni hisobga oladi. Natijada, avtomobilning texnik holati
bo‘yicha to‘liq, aniq va mantiqiy xulosa chiqariladi, bu esa texnik xizmat ko‘rsatish va xavfsizlik
choralarini rejalashtirishda muhim rol o‘ynaydi.

Mashinaviy o‘qitish modellari nosozliklarni tasniflash va prognozlash uchun qo‘llaniladi. Ular
sensor ma’lumotlaridagi nagshlarni o‘rganib, avtomobil tizimidagi o‘zgarishlarni real vaqt rejimida
baholaydi. Misol uchun: random forest, support vector machines, gradient boosting algoritmlari.

Chuqur o‘qitish modellari esa murakkab signallarni gayta ishlaydi: masalan, audio signal
(dvigatel tovushi), vibratsiya to‘lqinlari, kamera tasviri yoki termal akslar.

Bunday usullar nosozliklar paydo bo‘lishidan oldin ular bilan bog‘liq anomaliyalarni aniqlash
imkonini beradi.

Kompyuter ko‘rishi algoritmlari avtomobilning tashqgi va ichki holatini vizual tahlil gilish uchun
ishlatiladi. Ular quyidagilarni aniglashi mumkin: kuzov deformatsiyalari, shinalar eskirishi,
yorug‘lik tizimi nosozliklari, xavfsizlik yostiqchalari faollashuv izlari, YTHdan keyingi zarba
yo‘nalishlari.

Neyron tarmoqlari yordamida olingan tasvirlar matematik jihatdan tahlil qilinib, inson ko‘zi
ilg‘amaydigan mayda o‘zgarishlar ham aniqlanadi.

Avtomobil diagnostikasining asosiy manbai sensor va telemetriya ma’lumotlaridir. Mazkur
ma’lumotlar ragamli tahlil uchun ideal material hisoblanadi. Keng qo‘llanadigan ikki asosiy
telemetriya standarti mavjud:

OBD-II (On-Board Diagnostics II)

Bu tizim dvigatel, uzatma, yonilg‘i tizimi, chiqindi gazlar nazorati, xavfsizlik tizimlari haqida
ma’lumot beradi.

CAN-shina (Controller Area Network)

CAN-shina avtomobilning deyarli barcha elektron modullarini bog‘laydi va moduldan modulga
ma’lumot oqimini boshgaradi.

Har ikki tizimdan olinadigan signallar sun’iy intellektga o‘rgatilgan modellar orqali chuqur
tahlil gilinadi.
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Anomaliyalarni aniglash — bu normal ish rejimidan chetga chiqgan holatlarni topish. Sun’iy
intellekt yordamida: elektr signallaridagi o‘zgarishlar, vibratsiya spektridagi farqlar, sensor
signallaridagi keskin o‘zgarishlar, telemetriya ketma-ketligidagi uzilishlar aniglanadi.

Bu nosozliklarning dastlabki belgilari hagida ma’lumot beradi.

Nosozliklarni oldindan aniqlash avtoekspertizaning eng rivojlangan yo‘nalishidir. Prediktiv
identifikatsiya mezonlari quyidagilardan iborat: tahlil qilingan tarixiy ma’lumotlar, real vaqt
rejimidagi sensor signallari, matematik modelning prognozlari. Misol uchun, dvigatelning harorat
o‘sishi, tormoz suyuqligi bosimining kamayishi yoki transmissiya tebranishining ko‘payishi
avvaldan ogohlantiriladi. Bu esa YTHIarning texnik sabablarini kamaytiradi.

YTH sabablari ko‘pincha noto‘g‘ri haydovchilik harakatlari bilan bog‘lansa-da, texnik omillar
ahamiyatli ulushga ega. Sun’iy intellekt bunday holatlarni aniq tahlil qiladi: tormoz tizimi
ishlamaganmi, rul boshgaruvi bloklanganmi, shinalarning muvozanati buzilganmi, sensorlar xato
signal berganmi. Bu jarayonda texnik omillarni ekspert tahlil qilish aniq ishonchli xulosalar
chigarish imkonini beradi.

Sun’ty intellekt asosida avtomobil diagnostikasi va avtoekspertizani kompleks baholash
jarayonlari transport vositalarining texnik holatini aniglash va nosozliklarni oldini olishda yuqori
samaradorlikka ega ekanligini ko‘rsatadi. Sensor ma’lumotlarini yig‘ish va telemetriya tahlili
avtomobilning har bir komponentining ish holatini real vaqt rejimida kuzatishga imkon beradi, bu
esa nosozliklarni dastlabki bosgichda aniglash imkonini yaratadi. Statistik va matematik
modellashtirish esa yig‘ilgan ma’lumotlar asosida tizimli prognozlar ishlab chiqgish va eskirish
jarayonini baholashga xizmat giladi.

Anomaliyalarni aniglash algoritmlari va prediktiv identifikatsiya metodlari avtomobil
gismlarining kelajakdagi nosozliklarini oldindan aniglashga yordam beradi, bu esa texnik xizmat
ko‘rsatishning samaradorligini oshiradi va transport vositalarining xavfsizligini ta’minlaydi.
Taqqoslash va ekspert tizimi xulosasini shakllantirish esa yig‘ilgan ma’lumotlarni standartlar va
ekspert baholari bilan solishtirib, ilmiy asoslangan va ishonchli xulosa chigaradi.

Shu tariga, sun’iy intellekt texnologiyalari yordamida avtomobil diagnostikasi nafagat texnik
xizmatni optimallashtirish, balki transport xavfsizligini oshirish, xarajatlarni kamaytirish va
avtomobil  ekspluatatsiyasini  uzaytirishga  xizmat qiladi. Kompleks  baholashning
integratsiyalashgan yondoshuvi avtoekspertizani yanada samarali, anig va ilmiy asoslangan
jarayonga aylantiradi. Bu esa kelajakda avtonom transport vositalari va aglli diagnostika tizimlari
uchun mustahkam ilmiy va texnologik asos yaratadi.
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TUKSIZLANTIRISH MASHINALARIDA CHIGIT OQIMINING SHAKLLANISH
JARAYONI VA UNING TEXNIK OMILLARI

R.K. Djamolov?, 1.G*. G‘ayratov 2, M.G*. Aloydinov?

Tolali ekinlar ilmiy tadgiqgot instituti.
2Farg ‘ona davlat texnika universiteti

(Qabul qilindi 05.12. 2025 y.)

Annotatsiya. Ushbu maqolada tuksizlantirish mashinalarida chigit ogimining shakllanish jarayoni,
uning barqarorligiga tasir qiluvchi texnik va fizik omillar, shuningdek ta’minlash moslamasi geometriyasi,
chigitning granulometrik tarkibi, tuklilik darajasi, namlik, aerodinamik hamda tebranish kuchlarining
ogimga ta Siri ilmiy asoslangan holda tahlil gilinadi. Chigit ogimining noto ‘g ‘ri shakllanishi yuklamaning
notekis taqsimlanishi, shikastlanishning ortishi va tuksizlantivish sifati pasayishiga olib kelishi ko ‘rsatib
o ‘tiladi. Tadqiqot natijalari ogimni bargaror shakllantiruvchi maxsus dozator va konstruktiv modernizatsiya
zarurligini asoslaydi.

Kalit so‘zlar: Chigit oqimi, tuksizlantirish mashinasi, ta’minlash moslamasi, granulometrik tarkib,
tuklilik darajasi, aerodinamik qarshilik, tebranish, barqarorlik, yuklama, ogim bo ‘linishi.

Annotation. This article investigates the formation process of cottonseed flow in delinting machines
and analyzes the technical and physico-mechanical factors that determine its stability. The effects of feeder
geometry, seed granulometric composition, lint content, moisture level, as well as aerodynamic and
vibrational forces on flow behavior are examined. It is shown that improper flow formation leads to uneven
loading, increased seed damage, and reduced delinting efficiency. The findings justify the need for
specialized dosing mechanisms and improved feeding system designs to ensure stable and uniform seed flow.

Keywords: Cottonseed flow, delinting machine, feeding device, granulometric composition, lint
content, aerodynamic resistance, vibration, flow stability, load uniformity, flow segmentation.

Annomayusi. B oannoti cmamve paccmampueaemcs npoyecc Qopmuposanisi NOMOKA XJ10NKOGbLX
CeMsIH 8 MAwUHAax 01 00e380/IaUUBAHUs, A MAKJCe MeXHUuecKue U Qu3uKo-mexanuyeckue (Gaxkmopol,
enuAruue Ha eco CcmabuibHOCMb. HpOClHGJlLL?MpOGGHbl 6lIUsAHUE ceomempuu 6yHKepa, cpanyiomempudeckoco
cocmaea, yYpoeH:i onymé'HHocmu, GIAANCHOCMU CeMAH, d maKoace aapoduHamulteCKux u 6u6pal4u0HHblx
6030elicmeutl Ha xapaxmep Osudicenuss nomoxa. Ilokazano, umo HenpasuibHoe Gopmuposanue HOMOKA
npueodum K Hepa@HOMepHOZJ Haepyske, YyeeiudeHuro noepe:)fcdeHuﬁ CeMAH U CHUJMCEeHUI0 Kadecmeda
obessonawusanus. Pezynomamol  uccnedosanus noomeepiicoarom — HeoOXOOUMOCMb  UCHONb308AHUS
CReYUATU3UPOBAHHBIX 003AMOPO8 U MOOCPHUZAYUU NOOAIOWUX YCIPOUICTE.

Knroueevie cnoea: Ilomox CEeMAH, MauluHa ons 056360Jlamu661Hu}1, nodarow;ee ycmpoﬁcmeo,
2PanyIoMempu4eckKull  COCmaes,  ONYWEHHOCMb,  A’POOUHAMUYECKOe  COnpomueénenue,  subpayuu,
cmadbuIbHOCMb nomoka, HacpysKkad, cecmenmayusl nomokKa.

Tuksizlantirish mashinalarida chigit ogimining shakllanish jarayoni jarayonning umumiy
samaradorligini belgilovchi eng asosiy bosgichlardan biridir, chunki chigitning ishchi organga
ganday tushishi, kameraga ganday tagsimlanishi, ogqimning tezligi va zichligi tuksizlantirish sifatini,
yuklamaning bargarorligini, ishchi organlar bilan o‘zaro ta’sir davomiyligini hamda mexanik
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ta’sirning bir xilligini ta’minlab beradi. Chigit ogimi dastlab bunker yoki ta’minlovchi moslama
orgali shakllanadi, so‘ngra gravitatsiya, inertsiya va ogimning ichki ishgalanish kuchlari ta’sirida
mashinaning ishchi organiga yo‘naltiriladi; ushbu jarayonning barqgarorligi esa ta’minlovchi
moslamaning konstruksiyasi, chigish bo‘shlig‘ining shakli, bunker devorlarining moyillik burchagi,
chigitning granulometrik tarkibi, tuklilik darajasi va namlik miqdoriga bevosita bog‘ligdir. Amaliy
tadgigotlar chigitning ogimi to‘g‘ri shakllanmaganda ogimning yuqori gatlamlari erkin tusha
boshlashi, pastki gatlamlar esa zichlanib, klaster holiga kelishi, buning natijasida ogim tezligining
keskin o°zgarishi va ishchi kameraga notekis yuklama uzatilishi yuzaga kelishini ko‘rsatadi.
Chigitning o‘zaro ishgalanish koeffitsientining turlicha bo‘lishi, tukning uzunligi va tukning ildiz
gismida paydo bo‘ladigan kuchlanish ogimni tashkil etuvchi zarralarning ko‘chish trayektoriyasiga
ta’sir giladi; ogimning “tigilish”, “bo‘laklanish”, “osilib qolish” kabi holatlari aynan ushbu omillar
bilan bog‘lig bo‘lib, ular ogimni bargaror shakllantirishga imkon bermaydi [1].

Tuksizlantirish mashinalarida ogim shakllanishiga eng katta ta’sir ko‘rsatuvchi texnik
omillardan biri — ta’minlovchi qutining yoki bunkerning geometriyasidir. Uning devor burchagi
38-45° oralig‘ida bo‘lganda chigitning tabiiy siljish burchagi bilan mos kelishi ogimning o‘z-
o°zidan siljishini ta’minlaydi, ammo burchak bundan kichik bo‘lsa, chigit devorga yopishib qoladi,
ogim uziladi; burchak kattalashganda esa chigit ogimi haddan tashqari tezlashib, kameraga zarba
bilan tushadi, bu esa yuklamaning beqarorligiga olib keladi. Ogim shakllanishiga bunker ichki
sirtining qo‘pol yoki silligligi ham ta’sir giladi: qopol sirtlar ishgalanishni oshirib, ogimning pastki
gatlamlarini ushlab qgoladi, ustki gatlamlarni esa erkin tushishga majbur qgiladi; sillig sirtlarda esa
chigit haddan tashqari siljiydi va ogim tezligi bargaror emas bo‘ladi.

Ogimga ta’sir qiluvchi yana bir muhim texnik omil — ta’minlash bo‘shlig‘ining kengligi va
shaklidir. Bo‘shliq tor bo‘lganda chigitning klaster holatida siqilishi, ko‘p qatlamli tigilishlar yuzaga
kelishi kuzatiladi; bo‘shliq keng bo‘lganda esa oqim bo‘laklanib, ishchi organ bo‘ylab bir tekis
targalmaydi, bu esa yuklamaning notekis tagsimlanishiga sabab bo‘ladi. Aynigsa 1LB, OS va
UCHDM rusumli mashinalarda ta’minlash bo‘shlig‘ining konstruktiv jihatdan moslashuvchan
bo‘lmasligi chigit oqimini boshqarishni qiyinlashtiradi va oqimning o‘z-o‘zidan bo‘linishiga olib
keladi. Chigitning tuklilik darajasi yuqori bo‘lganda zarralar bir-biriga ilashib, oqimning “ip holida”
siljishiga sabab bo‘ladi; aksincha, tuklilik past bo‘lganda chigit zarralari erkin siljiydi va oqim
barqaror emas holatga keladi. Bu holatlar texnik adabiyotlarda “ko‘p massali oqimdagi dinamik
beqarorlik™ sifatida qayd etilgan [2].

Chigit ogimini shakllantiruvchi yana bir texnik omil — ta’minlovchi moslamadagi tebranish
kuchlari, mikroharakatlar va kameraga o‘tish zonasi geometriyasidir. Mashina korpusidagi
tebranishlar ogimning pastki gatlamlarida zichlanishni kuchaytiradi, ustki gatlamlarda esa siljish
tezligini oshiradi, oqimning umumiy barqarorligini buzadi. Bundan tashqgari, kameraga o‘tish
bo‘shlig‘ining radiusi yoki qirrali shakli chigit zarrasining kirishdagi trayektoriyasini o‘zgartiradi;
qirrali shakllarda oqim bo‘laklanib, zarbali tushish kuchayadi; radiusli shakllarda esa oqim haddan
tashqari tezlashadi va yuklama begarorlashadi.

Ogim shakllanish jarayoni fagat mexanik omillar bilan emas, balki aerodinamik omillar
bilan ham bog‘ligq. Tuksizlantirish mashinalarining ishchi kameralarida hosil bo‘ladigan havo
oqimlari chigitning kirish tezligi va yo‘nalishiga qarshilik ko‘rsatishi yoki aksincha uni tortib olishi
mumkin; aynigsa OS va UCHDM mashinalarida ichki havo ogimlarining boshgarilmasligi
oqimning notekis bo‘lishiga sabab bo‘lishi ko‘rsatilgan [3].

Yuqoridagi ilmiy dalillar shuni ko‘rsatadiki, chigit oqimining shakllanish jarayoni ko‘p
omilli, murakkab va barqgarorlikka sezgir tizimdir. Har ganday kichik geometrik o‘zgarish,
yuklamadagi tebranish, sirt holati yoki chigitning tuklilik darajasi ogim bargarorligini keskin
buzadi. Bu esa tuksizlantirish jarayonida yuklamaning notekis tagsimlanishi, chigitning bir xil
sharoitda ishlov olmasligi, tuk ajralish samaradorligining pasayishi va shikastlanishning ortishi kabi
salbiy holatlarga olib keladi. Shu sababli chigit ogimini boshgarish, uni bir tekis shakllantirish va
ishchi organga dozalangan holda uzatish uchun maxsus konstruktiv yechimlar talab etiladi; mavjud
mashinalardagi oddiy ta’minlash moslamalari bunday murakkab jarayonni boshqarish uchun yetarli
emasligi ilmiy manbalarda ham tasdiglangan.
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Tuksizlantirish mashinalarida chigit oqimining shakllanish jarayoni ko‘p bosqichli,
murakkab va barqgarorlik darajasi past bo‘lgan dinamik tizim sifatida qaraladi, chunki chigitning
tabiiy fizik-mexanik xususiyatlari — tuklilik darajasi, po‘stlogning qattigligi, granulometrik
tarkibning notekisligi, namlik va massaning turlicha bo‘lishi oqimni shakllantiruvchi kuchlarning
vaqt bo‘yicha keskin o‘zgarishiga olib keladi. Oqim shakllanishining boshlang‘ich bosqichi
ta’minlovchi bunker yoki quti ichida sodir bo‘lib, unda chigitning erkin siljishi, g‘ovaklikning
o‘zgarishi va massasining o°‘z-o‘zidan qayta tagsimlanishi kuzatiladi; bularning barchasi ogimning
kelgusi shakliga to‘g‘ridan-to‘g‘ri ta’sir qiladi. Bunker devorlarining yuqori qismi bo‘ylab
chigitning erkin ogimi boshlanganda yuqori gatlamlardagi zarralar pastga nisbatan tezroq siljiydi,
pastki gatlamlar esa ichki ishgalanish tufayli sigiladi; bu holat “qatlamli oqimning buzilishi” nomi
bilan ilmiy adabiyotlarda qayd etilgan bo‘lib, tuksizlantirish jarayoniga kiruvchi chigitning zichligi,
tezligi va tagsimlanishining barqaror emasligiga sabab bo‘ladi.

Oqgim shakllanish jarayonida chigit zarralari o‘zaro yopishishi yoki ilashib qolishi natijasida
oqimning “klasterlashuvi” kuzatiladi; bunday holat aynigsa tuklilik darajasi 8—12% oralig‘ida
bo‘lgan paxta navlarida kuchli namoyon bo‘ladi. Tuklar chigitning tashqi qatlamida tabiiy ravishda
hosil bo‘lgan mikroilashuv sababli zarralarni bir-biriga bog‘lab turadi va oqimning erkin siljishiga
qarshilik ko‘rsatadi. Tukning uzunligi ortgan sari oqimning bo‘laklanish darajasi kuchayadi;
natijada chigitning ayrim massalari ta’minlash bo‘shlig‘idan bir butun bo‘lak holida tushadi, bu esa
ishchi organlarga zarba energiyasining oshishiga, yuklamaning notekis tagsimlanishiga va
chigitning mexanik shikastlanishi ortishiga olib keladi.

Bundan tashqari, ta’minlash bo‘shlig‘ining shakli, kengligi va geometriyasi chigit ogimining
tezligi va yo‘nalishiga hal qiluvchi ta’sir ko‘rsatadi. Ilmiy tadqiqotlar bo‘yicha, bo‘shligning
toraytirilgan shaklda bo‘lishi oqim tezligini sekinlashtiradi va pastki qatlamlarda siqilish hodisasini
kuchaytiradi; aksincha, bo‘shliq keng bo‘lsa, chigit oqimi ikki yoki undan ortiq mustaqil oqimga
bo‘linib ketadi, bu esa ishchi organlar bo‘ylab yuklamaning simmetrik emas taqsimlanishiga sabab
bo‘ladi. Aynigsa 1LB va OS rusumli mashinalarda bo‘shligning konstruktiv jihatdan o‘zgarmas
shaklda bo‘lishi oqimni boshgarishni qiyinlashtiradi, bunker ichidagi tebranishlar esa oqimni pastga
qarab “sakrab tushuvchi” holatga keltiradi. UCHDM mashinalarida esa kameraga kirish oldidan
aerodinamik garshilik keskin ortgani sababli chigit ogimining yuqori gatlamlari torayib, pastki
qatlamlari to‘planib qoladi; bu holat oqim barqarorligini yanada pasaytiradi.

Chigit oqimining shakllanishiga ta’sir giluvchi muhim omillardan biri — chigitning namlik
miqdoridir. Namlik 8-10% dan yuqori bo‘lganda chigitning sirt yopishqoqgligi ortadi, zarralar bir-
biriga yopishib, ogimning siljish qobiliyati keskin kamayadi; bu esa ogimning sekinlashuvi va
pastki qatlamlarda zichlanishning ortishiga sabab bo‘ladi [30]. Aksincha, namlik 6% dan past
bo‘lganda po‘stlogning qattiqligi ortadi, tukning ildiz qismi bilan po‘stloq orasidagi bog‘lanish
mustahkamlanadi, ogim esa haddan tashqari tezlashadi va zarbali harakat kuchayadi — bu esa
ishchi organlarga tushayotgan chigitning shikastlanish xavfini oshiradi.

Shuningdek, ogim shakllanishiga mashina korpusidagi tebranish kuchlari ham kuchli ta’sir
ko‘rsatadi. Vertikal tebranish oqimning pastki qatlamini zichlashtiradi, gorizontal tebranish esa
chigit massalarining bir tomonga siljishiga olib keladi, bularning kombinatsiyasi ogimning tabiiy
simmetrik shaklini buzadi va yuklamani bargarorligini pasaytiradi. Bunday tebranishlar
ta’minlovchi moslamaning sirt silligligi bilan uyg‘un holda oqimning “sakrashi”, “bo‘linishi”,
“aralashib ketishi” kabi nojo‘ya holatlarni kuchaytiradi.

Ogim shakllanishidagi eng kam o‘rganilgan omillardan biri — aerodinamik qarshiliklar
tizimidir. Tuksizlantirish mashinalari ishchi kamerasi ichida hosil bo‘ladigan havo oqimlari
chigitning kirish tezligi va yo‘nalishiga qarshilik ko‘rsatishi, oqimni yuqoriga gaytarishi yoki pastga
tortishi mumkin; aynigsa OS mashinalarida havo ogimlarining notekisligi ogqimning shaklini doimiy
ravishda o‘zgartiradi, bu esa yuklamaning beqaror bo‘lishiga olib keladi. Shuningdek, havo
oqgimlari chigitning tuklariga ta’sir etib, tuklarning bir tomonga og‘ishini kuchaytiradi va oqimning
yo‘nalishini simmetrik bo‘lmagan shaklga keltiradi.

Yuqoridagi omillar kompleks tarzda chigit ogimini shakllantiradi; har bir omilning kichik
o‘zgarishi oqimning umumiy barqarorligiga katta ta’sir giladi. llmiy manbalarda gayd etilishicha,
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tuksizlantirish jarayonida kuzatiladigan asosiy texnologik yo‘qotishlarning 60-70% aynan
ogimning bir tekis tushmasligi bilan bog‘liq bo‘lib, bu jarayonda yuklamaning notekis
tagsimlanishi, chigitning qizib ketishi, po‘stloq yorilishi, tukning to‘liq ajralmasligi kabi
muammolar kelib chiqadi. Shuning uchun ham diinyoda tuksizlantirish mashinalarining ishchi
organlarini takomillashtirish bo‘yicha ko‘plab ilmiy ishlanmalar mavjud bo‘lishiga qaramasdan,
ogimni shakllantiruvchi qurilmalarni modernizatsiya qilish eng muhim va hozirgacha to‘liq hal
qilinmagan masala ekani ta’kidlanadi.

Demak, chigit oqimining shakllanish jarayoni murakkab, ko‘p omilli va yuqori darajada
noaniqlikka ega tizim bo‘lib, uning barqarorligini ta’minlash uchun maxsus dozator konstruksiyasi
zarur. Bunday dozator ogimning zichligi, tezligi, tagsimlanishi va simmetriyasini boshqarishi,
kameraga kirish jarayonini me’yorlashtirishi hamda tuksizlantirish sifati va texnologik
samaradorlikning oshishini ta’minlashi kerakligi ilmiy nuqtai nazardan tobora aniq isbotlanmoqda

[4].
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Annotatsiya: Ushbu ilmiy magolada aramid tolalari asosida ishlab chigariladigan matolarning
to ‘qilish texnologiyasi, strukturaviy xususiyatlari va mexanik ko ‘rsatkichlari kompleks tarzda o ‘rganilgan.
Aramid tolalarining fizik-mexanik xossalari, ip tayyorlash jarayoni, to‘qima turlari hamda texnologik
parametrlarning mato sifatiga ta’siri ilmiy asosda tahlil gilinadi. Tadgiqot natijalari yugori harorat va
mexanik yuklama sharoitida ishlatiladigan texnik hamda himoya matolarini loyihalashda amaliy ahamiyatga
ega.

Kalit so‘zlar: aramid tolasi, to ‘qish texnologiyasi, to ‘qima struktura, mexanik xususiyatlar, texnik

mato.
Annotation:This scientific article analyzes the weaving technology, structural characteristics, and
mechanical properties of aramid-based fabrics. The physical and mechanical properties of aramid fibers,
yarn preparation processes, weave structures, and the influence of technological parameters on fabric
performance are systematically examined. The research results are significant for designing technical and
protective fabrics used under high thermal and mechanical loads.

Keywords: aramid fiber, weaving technology, fabric structure, mechanical properties, technical
textiles.

Annomauusn: B Oannou HayuHou cmamve paccMampuearomcs MexHONo2Us MKAYecmaed,
CMPYKMYpPHbLE 0CODEHHOCMU U MEeXAHUYECKUe C8OUCMEa apamuonvlx mranell. Ilpoanarusuposanst guszuro-
MexaHuyeckue Cceoucmea apaMudezx 60JI0OKOH, no02omoeKa npsAocu K mKavecmey U 61uUdAHUe
MEeXHOI0CUHECKUX napamenpoe Ha Kadecmeo mxaneil. HO]lylleHHble pe3yiomanivl umerom npaxkmudeckoe
3HAYeHUe npu npoekmuposanuu mexHu4eCKux U 3auyummnvblx Mamepualos.

Knrwueswvrie cnosa: apaMudﬂoe 60JIOKHO, mexHosocusl  mKadvecmeda, cmpykmypa  nmKaHu,
MexanuyecKue c8olucmad.
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Hozirgi har tomonlama rivojlanib borayotkan bir davirda texnik va maxsus himoya
matolariga bo‘lgan talabning ortishi hamda kundan - kunga yangiliklarni paydo bo‘lishi yuqori
ekspluatatsion xususiyatlarga ega bo‘lgan tolalarni chuqur o‘rganishni taqozo etmoqda. Aynigsa,
yuqori harorat, mexanik zarba va agressiv muhit sharoitida ishlatiladigan matolar uchun an’anaviy
paxta, jun yoki oddiy sintetik tolalar yetarli darajada samaradorlikni ta’minlay olmaydi. Shu bilan
birga aromatik poliamidlar asosida olingan aramid tolalari to‘qimachilik sanoatida alohida ilmiy va
amaliy ahamiyat kasb etmogda. Aramid matolarining funksional xususiyatlari nafagat tolalarning
kimyoviy tuzilishiga, balki ularning to‘qilish texnologiyasi, ip tayyorlash sifati va strukturaviy
tuzilishiga ham bevosita bog‘liqdir. Shuning uchun aramid matolarini to‘qish jarayonini ilmiy
asosda tahlil qilish va texnologik parametrlarning mexanik xossalarga ta’sirini o‘rganish dolzarb
masala biri hisoblanadi. Shu bilan birgalikda yuqorldagl kabi bir gator muammolarni hal gilishga
katta yordam beradi.

Aramid tolalarining *
to‘qimachilikdagi bir qancha  xususiyatlari:
Aramid tolalari aromatik halgali poliamid
birikmalardan tashkil topgan bo‘lib, ularning
molekulyar zanjiri yuqgori darajada tartiblangan
tuzilishga ega. Bu holat tolalarga juda yugori
mustahkamlik va elastiklik modulini ta’minlaydi.
Aramid tolalarining asosiy afzalligi shundaki, , i
ular yuqori harorat ta’sirida erimaydi, yonmaydi 1-rasm para aramid, meta aramid matolar.
va mexanik xususiyatlarini uzoq vaqt saglab golishi bilan birga u karroziyaga bardoshliy hamda
elektr to‘kini bir muncha o‘zida saqlab qoladi va inson tanasini himoya qiladi.

Aramid tolali matolar amaliy jihatdan aramid tolalari ikki asosiy guruhga bo‘linadi: meta-
aramid va para-aramid. Meta-aramid tolalari asosan issiqqa chidamli va yong‘inga garshi himoya
kiyimlarida qo‘llaniladi. Para-aramid tolalari esa yuqori mexanik mustahkamligi tufayli ballistik
himoya vositalari, kuchlanishga bardoshli texnik matolar va kompozit materiallarda keng
qo‘llaniladi. Ushbu tolalarning to‘qish jarayonidagi xatti-harakati ularning gattigligi va past
cho‘ziluvchanligi bilan belgilanadi.

Aramid iplarini to‘qishga tayyorlash jarayoni: Aramid tolalarining mexanik jihatdan qattiq
va nisbatan mo‘rtligi to‘qishdan oldingi tayyorlov jarayoniga alohida talablar qo‘yadi. Ip tayyorlash
jarayonida asosiy magqsad tolalar uzilishining oldini olish, to‘qish dastgohida barqaror ishlashni
ta’minlash va mato sifatini oshirishda quydagicha ishlar olib boriladi:

Birinchi bosqichda iplarning tashqi sifati tekshiriladi, ya’ni notekisliklar, nugsonlar va
strukturaviy kamchiliklar aniglanadi. Keyingi bosgichda antistatik ishlov berish amalga oshiriladi,
chunki aramid tolalari statik elektr yig‘ilishiga moyil bo‘lib, bu to‘qish jarayonida iplarning
chalkashishiga olib kelishi mumkin. Namlikni me’yorlash esa tolalarning mo‘rtligini kamaytirib,
ularning egiluvchanligini nisbatan oshiradi. Ushbu bosgichlar ketma-ket va ilmiy asosda
bajarilganda, to‘qish samaradorligi sezilarli darajada ortadi va kutilgan natijalarga erishish darajasi
ortadi.

Aramid matolarining to‘qima strukturasi: Aramid matolarining strukturaviy tuzilishi
ularning mexanik va ekspluatatsion xususiyatlarini belgilovchi asosiy omillardan biridir. To‘qima
turi iplarning o‘zaro bog‘lanish darajasini va yuklamaning mato bo‘ylab tagsimlanishini aniglaydi.
Oddiy polotno to‘gimasini oladigan bo‘lsak to‘qima eng sodda struktura bo‘lib, iplarning zich
bog‘lanishi natijasida matoning shakl barqarorligi va mustahkamligini saqlash ta’minlanadi. Biroq
bunday matolar egiluvchanlik jihatidan cheklangan bo‘lishi mumkin. Sarg‘ich twill to‘qima
diagonal bog‘lanishi bilan ajralib turadi va mexanik yuklamani bir tekis taqsimlaydi. Shu sababli u
aramid matolarida eng ko‘p qo‘llaniladigan to‘qima hisoblanadi. Atlas to‘qima esa iplar kesishish
nugtalarining kamligi bilan ajralib turib, matoga silliglik va nisbatan yuqori egiluvchanlik beradi.

To‘qish texnologik parametrlarining mexanik xossalarga ta’siri: Aramid matolarining
mustahkamligi va sinishga chidamliligi bir qator texnologik parametrlar bilan belgilanadi. Ip
zichligining oshishi matoning massasi va mustahkamligini orttiradi, birog bu holat
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egiluvchanlikning kamayishiga olib kelishi mumkin. Va buning natijasida mato birmuncha
elastiklik darajasini yoqotadi. Burama darajasining yuqori bo‘lishi iplar orasidagi ishqalanishni
kuchaytirib, matoning sinishga chidamliligini oshiradi. Shu bilan birga, to‘qima murakkablashgan
sari matoning strukturaviy barqgarorligi ortadi, birog ishlab chigarish jarayoni birmuncha
murakkablashadi. Shu sababli aramid matolarini loyihalashda texnologik va ekspluatatsion talablar
o‘rtasidagi optimal muvozanatni ta’minlash juda muhim hisoblanadi.
Aramid iplarini to‘qishga tayyorlash bosqichlari
1-jadval

Bosgich Mazmuni

Sifat nazorati Ip nugsonlarini aniglash

Antistatik ishlov Statik elektrni kamaytirish

Namlikni sozlash Ip mo‘rtligini pasaytirish

O‘rama To‘qish dastgohiga moslash

Mazkur jarayonlarning ilmiy asosda tashkil etilishi mato sifatining bargarorligini ta’minlaydi.

Meta-aramid va para-aramid tolalarining solishtirma xususiyatlari

2-jadval
Ko‘rsatkich Meta-aramid Para-aramid
Uzilishdagi mustahkamlik, 600-900 2800-3600
Issigga chidamlilik, °C 370-400 450-500
Elastiklik moduli, GPa 25-40 70-130
Asosiy qo‘llanish Yong‘inga garshi kiyim Ballistik va texnik matolar

Jadvaldan ko‘rinib turibdiki, para-aramid tolalari yugori yuklama talab gilinadigan matolar
uchun, meta-aramid esa asosan issiqqa chidamli himoya kiyimlarida qo‘llaniladi.

Aramid iplarini to‘qishga tayyorlash texnologiyasi: Aramid tolalarining qattiqligi va past
cho‘ziluvchanligi to‘qishdan oldingi tayyorlov jarayoniga alohida talablar qo‘yadi. Ip tayyorlash
jarayonining asosiy vazifasi tolalarning uzilishini kamaytirish va to‘qish jarayonining barqarorligini
ta’minlashdan iborat.

Aramid iplarini to‘qishga tayyorlash bosqichlari
2-jadval

Bosqich Mazmuni

Sifat nazorati Ip nugsonlarini aniglash

Antistatik ishlov Statik elektrni kamaytirish

Namlikni sozlash Ip mo‘rtligini pasaytirish

O‘rama To‘qish dastgohiga moslash

Mazkur jarayonlarning ilmiy asosda tashkil etilishi mato sifatining barqarorligini ta’minlaydi.
Aramid matolarining to‘qima strukturasi: To‘qima turi aramid matolarining mexanik va
ekspluatatsion xususiyatlarini belgilovchi asosiy omil hisoblanadi. Ip bog‘lanishlarining zichligi
yuklamaning mato bo‘ylab tagsimlanishiga bevosita ta’sir ko‘rsatadi.
Aramid matolarida qo‘llaniladigan asosiy to‘qima turlari

3-jadval
To‘qima turi Strukturaviy xususiyat Afzalligi
Polotno Ip bog‘lanishi zich Shakl bargarorligi
Sarg‘ich Diagonal bog‘lanish Yugori mustahkamlik
Atlas Kam kesishish nugtalari Egiluvchanlik

Texnologik parametrlarning mexanik xususiyatlarga ta’siri: Aramid matolarining mexanik
mustahkamligi ip zichligi, burama darajasi va to‘qima murakkabligiga bog‘liq. Ip zichligi oshishi
matoning mustahkamligini oshiradi, biroqg egiluvchanlikni kamaytiradi. Burama darajasining ortishi
asinishga chidamlilikni oshiradi, lekin ishlab chigarish jarayonini murakkablashtiradi.
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Texnologik parametrlar va ularning ta’siri

4-jadval
Parametr Ta’sir yo‘nalishi Natija
Ip zichligi Oshishi Mustahkamlik ortadi
Burama darajasi Oshishi Asmishga chidam ortadi
To‘qima murakkabligi Oshishi Strukturaviy bargarorlik ortadi

lImiy tahlillar natijasida aramid matolarining mexanik va ekspluatatsion xususiyatlari
to‘qish texnologiyasi va strukturaviy parametrlar bilan chambarchas bog‘liq ekanligi aniglandi.
Para-aramid tolalari asosida sarg‘ich va atlas to‘qimalardan foydalanish yuqori mexanik yuklama
sharoitida eng samarali hisoblanadi. Texnologik jarayonlarni ilmiy asosda optimallashtirish orqgali
aramid matolarining xizmat muddati va himoya xususiyatlarini sezilarli darajada oshirish mumkin.

Aramid tolali matolar parametrlari

5-jadval
Ko‘rsatkich Meta-aramid Para-aramid
Uzilishdagi mustahkamlik, MPa 600-900 2800—3600
Issiqqa chidamlilik, °C 370-400 450-500
Elastiklik moduli, GPa 25-40 70-130
Asosiy qo‘llanish Yong‘inga garshi kiyim Ballistik va texnik matolar

Jadvaldan ko‘rinib turibdiki, para-aramid tolalari yuqgori yuklama talab gilinadigan matolar

uchun, meta-aramid esa asosan issiqga chidamli himoya kiyimlarida qo‘llaniladi.
Xulosa

O‘tkazilgan ilmiy tahlillar natijasida aramid matolarining mexanik va ekspluatatsion xususiyatlari
to‘qish texnologiyasi va strukturaviy parametrlar bilan chambarchas bog‘liq ekanligi aniqglandi.
Para-aramid tolalari asosida ishlab chigarilgan sarg‘ich va atlas to‘qimali matolar yuqori mexanik
yuklama sharoitida eng samarali natija ko‘rsatadi. Texnologik parametrlarni ilmiy asosda tanlash va
optimallashtirish orgali aramid matolarining xizmat muddati, himoya darajasi va umumiy
samaradorligini oshirish mumkin.
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Annotatsiya: Ushbu maqolada yengil sanoat sohasida eksperiment o ‘tkazishning ilmiy-metodik
asoslari va uning amaliy ahamiyati keng yoritilgan. Eksperimentning mohiyati, uni rejalashtirish bosgichlari
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hamda laboratoriya, natural, sanoat va modellashtirilgan tajriba turlari yengil sanoat texnologiyalariga
mos misollar yordamida sharhlab berilgan. Tadgiqgot texnologik jarayonlarni optimallashtirish, xomashyo
va tayyor mahsulot sifatini yaxshilashda eksperimental yondashuvning ahamiyatini ochib beradi.

Kalit so“zlar: Eksperiment, yengil sanoat, laboratoriya sinovi, natural eksperiment, sanoat tajribasi,
modellashtirilgan tajriba, texnologik jarayon, to ‘gimachilik, tikuvchilik, mahsulot sifati.

Abstract: This article presents the scientific and methodological foundations of conducting
experiments in the light industry and highlights their practical significance. It describes the essence of
experimentation, the stages of planning, and the main types of experiments—laboratory, natural, industrial,
and simulation-based—supported by examples relevant to textile and apparel technologies. The study
emphasizes the importance of experimental approaches in optimizing technological processes and improving
the quality of raw materials and finished products in the light industry.

Keywords: Experiment, light industry, laboratory testing, natural experiment, industrial trial,
simulation experiment, technological process, textiles, apparel production, product quality.

Aunomauuﬂ: B oannou cmamove PACKpbI8AIOMCA HaytzHo—MemoduquKue OCHOBbl I’lpOG@@éHZ/l}l
IKCnepumenmoe 6 JlecKoll npomsluiieHHocmu u Ux npakmudeckas 3HAYUMOCH1b. Paccmampueaiomc;z
CYWHOCNb JKCnepumerma, smanvl €20 Ni1anupoeaHusl, a makxKoice OCHOBHble 8UO0bI IKCNEPUMEHMANTbHbIX
uccnedosanuli — 1abopamopHule, HAMypHvle, NPOU3800CmMEeHHbIe U Moderupyembie. IIpusedenv npumepsl,
xapakmepHvle Ol MeKCMUIbHBLIX U WIGCUHbIX mexHoao2ull. B uccreoosanuu noduepkueaemc;z PpPOJb
IKCnepumMermaitbHoco nooxooa 6 onmumuzayuu mexHojl0cU4eCKUX npoyeccos u noevblileHuu xKavecmea
CbIpbs U 20MOBOU NPOOYKYULL.

Knroueesnle cnosa: Jxcnepumenm, ne2kas NPOMbLIULEHHOCHb, 1AO0PAMOPHbLE UCHbIMAHUS, HAMYPHLLU
IKCnepumenm, np0u36’006’m6€HHbl€ uCCﬂ@@OGCZHu}Z, ModeﬂupoeaHue, MexXHON02UYeCKUl npoyecc, mexkcmiuiio,
uigetinoe npou3B00CmMe0, Kauecmeao npooyKyuu.

KIRISH

Hozirgi davrda yengil sanoat tarmoglari mamlakat iqtisodiyotining eng faol va dinamik
rivojlanayotgan yo‘nalishlaridan biri sifatida alohida o‘rin egallab bormoqda. To‘qimachilik,
tikuvchilik, trikotaj va charm-poyabzal korxonalari uchun mahsulot sifati, jarayonlar samaradorligi
va ishlab chiqarish bargarorligi nafagat texnologik imkoniyatlarga, balki ilmiy asoslangan tajribalar
orqgali olingan aniq ma’lumotlarga ham bevosita bog‘ligdir. Bugungi kunda har qanday yangi
mahsulot yaratish, mavjud texnologiyani takomillashtirish yoki ishlab chigarish resurslarini
optimallashtirish jarayoni eksperimental tadgigotlarga tayanmasdan amalga oshirilmaydi.

Mavjud ilmiy adabiyotlar tahlili shuni ko‘rsatadiki, yengil sanoatda texnologik jarayonlarning
murakkabligi, ularning ko‘p bosqichliligi va o°‘zaro bog‘ligligi sabab tajribalar puxta
rejalashtirilgan, o‘Ichov aniqligi yuqori bo‘lgan metodlar asosida o‘tkazilishi talab etiladi. Masalan,
ipning buram kuchi, gazlamaning havo o‘tkazuvchanligi, poyabzal tagligining elastikligi yoki
bo‘yoqlarning mustahkamligi kabi ko‘rsatkichlar barcha bosqichlarda gat’iy nazorat qilinmasa,
yakuniy mahsulot sifati sezilarli darajada kamayishi mumkin. Shu nugtai nazardan, eksperiment
texnologik jarayonlarning ichki gonuniyatlarini ochib beruvchi, yangi xulosalar chigarishga yordam
beruvchi eng muhim ilmiy vosita sifatida garaladi.

Yengil sanoat korxonalarida eksperimentlar nafagat laboratoriya miqgyosida balki sanoat
sharoitida ham qo‘llaniladi. Masalan, bo‘yash jarayonida haroratni o‘zgartirish orqali rangning
bargarorligi qanchalik o‘zgarishini aniqlash, tikuv mashinasining differensial transport mexanizmi
chok sifatiga ganday ta’sir ko‘rsatishini baholash yoki sintetik tolalar ulushini oshirish gazlamaning
gigiyenik xususiyatlarini qay darajada o‘zgartirishini sinovdan o‘tkazish — bularning barchasi
eksperimental tadgigot namunalaridir. Shu sababli, tajriba — nazariy bilimni amaliyot bilan
bog‘lovchi mustahkam ko‘prik sifatida xizmat qiladi.

IlImiy eksperimentlarning eng muhim jihatlaridan biri shundaki, ular jarayonni boshqarish,
o‘lchash va tahlil qilishda ob’ektivlikni ta’minlaydi. Bu esa, texnologlar, konstruktorlar va
tadgiqotchilarga ishlab chigarish jarayonida kuzatiladigan xatoliklarni aniglash, ularning sabablarini
tahlil qilish va optimal yechimlarni ishlab chiqish imkonini beradi. Aynigsa so‘nggi yillarda yengil
sanoatga yugori texnologiyalar — avtomatlashtirilgan boshgaruv tizimlari, matematik
modellashtirish dasturlari, zamonaviy o‘lchash uskunalari keng joriy etilayotgani sabab,
eksperimentlarning metodik jihatdan to‘g‘ri tashkil etilishi yanada dolzarb tus olmoqda.
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Shu asosda mazkur mavzuning ahamiyati shundaki, tajriba ishlarini ilmiy nuqtai nazardan
o‘rganish, ularni tasniflash, samarali tashkil etish va natijalarni to‘g‘ri talqin qilish yengil sanoat
korxonalarida sifatni oshirish, resurs sarfini kamaytirish, energiya tejamkor texnologiyalarni joriy
etish hamda innovatsion mahsulot ishlab chigarish jarayonlarini jadallashtirishga xizmat giladi.
Eksperimentlarni to‘g‘ri o‘tkazish nafaqat ishlab chiqarish natijasiga, balki butun korxonaning
raqobatbardoshligiga ta’sir ko‘rsatadi.

Ushbu ishda yengil sanoatdagi eksperimentning mohiyati, uning asosiy ko‘rinishlari, har bir
turining o°‘ziga xos jihatlari hamda amaliy misollari batafsil ko‘rib chiqiladi. Shuningdek,
eksperimental tadgiqotlarni bosgichma-bosqich tashkil etish tamoyillari, o‘zgaruvchilarni aniglash
va natijalarni tahlil qgilish kabi masalalar ham ilmiy asosda yoritiladi. Mazkur kirish gismi
mavzuning dolzarbligini ochib berish, tadgigotning mazmuni va ahamiyatini belgilashga xizmat
giladi.

ASOSIY QISM

Yengil sanoat tarmoglarida ilmiy asoslangan eksperimentlar o‘tkazish texnologik jarayonlarni
chuqur tushunish, yangi materiallar yaratish va mavjud texnologiyalarni takomillashtirishning eng
samarali yo‘llaridan biri hisoblanadi. To‘qimachilik, tikuvchilik, trikotaj va charm-poyabzal kabi
yo‘nalishlarda mahsulot sifati ko‘plab omillarga bog‘liq bo‘lib, ularning har birini alohida o‘rganish
va sinovdan o‘tkazish zarur. Eksperimentning nazariy mohiyati shundaki, u jarayonlarni
boshgqariladigan sharoitda o‘rganish imkonini beradi. Tadqiqotchi ma’lum parametrlarni o‘zgartirib
yoki boshgarib, ushbu o‘zgarishlarning xomashyo, yarim tayyor yoki tayyor mahsulot
xususiyatlariga qanday ta’sir ko‘rsatishini aniq aniqlay oladi. Yengil sanoat texnologiyalari
murakkabligi sabab eksperimentlar ushbu sohada nafagat ilmiy ahamiyatga ega, balki korxonalar
uchun bevosita igtisodiy foyda keltiruvchi amaliy vositaga aylanadi.

Yengil sanoatda qo‘llaniladigan eksperimentlar turli shakllarda bo‘lib, eng avvalo,
laboratoriya sharoitida amalga oshiriladigan sinovlar alohida ajralib turadi. Laboratoriya
eksperimentlarida tolalarning uzunligi, ipning buram kuchi, gazlamaning havo o‘tkazuvchanligi,
bo‘yoqlarning kimyoviy barqarorligi, choklarning uzilish kuchi kabi asosiy ko‘rsatkichlar maxsus
uskunalar yordamida sinovdan o‘tkaziladi. Mazkur sinovlar texnologik jarayonlarning boshlang‘ich
bosqichlarida juda muhim bo‘lib, ulardan olingan natijalar ishlab chiqarishning keyingi
bosgichlarini rejalashtirishga yordam beradi. Laboratoriya muhitining asosiy afzalligi shundaki, bu
yerda barcha parametrlar nazorat ostida bo‘lib, o‘Ichov aniqligi yuqori bo‘ladi.

Eksperimentning navbatdagi turi — natural yoki tabiiy eksperimentlar ham yengil sanoatda
muhim o‘rin egallaydi. Bunday tajribalar mahsulotning real foydalanish sharoitiga yaqin holatlarda
amalga oshiriladi. Masalan, sport kiyimlarida ter chiqarish va havo o‘tkazuvchanlik xususiyatlarini
baholash uchun professional sportchilar ishtirokida sinovlar o‘tkaziladi. Poyabzal tagligining
chidamliligini aniglashda esa insonning kundalik yurish jarayoni modellashtiriladi. Himoya
kiyimlarining issiq, sovuq, nam yoki kimyoviy agressiv muhit ta’sirida qay darajada barqarorligini
aniglash ham tabiiy eksperimentlarga kiradi. Bunday tajribalar mahsulotning ekspluatatsion
sifatlarini to‘liq ochib berishi bilan ahamiyatlidir.

Yengil sanoat korxonalarida keng qo‘llaniladigan yana bir muhim eksperiment turi — sanoat
yoki ishlab chigarish sharoitidagi tajribalar hisoblanadi. Bu eksperiment real ishlab chiqgarish
liniyasida, mavjud texnologik jarayon davomida o‘tkaziladi. Masalan, bo‘yash jarayonida yangi
turdagi reaktiv bo‘yoqlarni joriy etish, tikuv mashinasiga yangi transport mexanizmini o‘rnatish
yoki charm poyabzal uchun nanopolimer asosidagi himoya qatlamlarini sinash kabi jarayonlar
aynan ishlab chiqgarish eksperimentlari orgali baholanadi. Bunday tajribalar eng ishonchli natijani
beradi, chunki jarayon aynan real sharoitda amalga oshiriladi va barcha omillar tabiiy holatda oz
ta’sirini ko‘rsatadi.

So‘nggi yillarda yengil sanoatda modellashtirilgan virtual eksperimentlar ham keng
go‘llanilmoqgda. 3D kiyim modellashtirish dasturlari, matematik modellar, fizik jarayonlarni
kompyuter orqali qayta yaratish imkoniyatlari eksperiment o‘tkazish jarayonini ancha
yengillashtirmogda. Misol uchun, kiyimning inson tanasiga moslashuvi, gazlamaning cho‘zilish
kuchi yoki bo‘yash jarayonidagi rangning kirish chuqurligi kompyuter dasturlari orqali oldindan
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baholanishi mumkin. Bu esa vaqtni tejaydi, xomashyo sarfini kamaytiradi va ishlab chigarish
jarayonidagi xatoliklarni oldindan aniglash imkonini beradi.

Eksperiment o‘tkazishning samaradorligi, avvalo, uning to‘g‘ri rejalashtirilishi va metodik
jihatdan to‘g‘ri tashkil etilishiga bog‘liq. Tajriba boshlanishidan oldin muammo aniq qo‘yiladi,
gipoteza shakllantiriladi va tadgigotning maqgsadi belgilanadi. So‘ngra o‘zgaruvchilar aniqlanadi:
mustaqil o‘zgaruvchilar (harorat, vaqt, bosim), bog‘liq o‘zgaruvchilar (rang intensivligi, cho‘zilish
kuchi) va nazorat qilinadigan o‘zgaruvchilar (namlik, eritma konsentratsiyasi va boshqalar).
Eksperimentning ishonchli bo‘lishi uchun rejalashtirish bosqichi muhim o‘rin tutadi. Statistik
rejalash, masalan Taguchi metodikasi yoki to‘liq faktorli reja, tadqiqot samaradorligini oshiradi.

Tajriba o‘tkazish jarayonida metrologik talablarga qat'iy amal gilinadi. Yengil sanoatda rang
o‘lchagichlar, havo o‘tkazuvchanlik o‘lchagichlar, tenzometrlar, yorilish kuchini aniglash asboblari,
iglim kameralaridan foydalaniladi. Har bir o‘lchov kamida bir necha marta takrorlanadi, chunki
takrorlanuvchanlik — ilmiy eksperimentning eng muhim mezonlaridan biridir.

Tajriba natijalarini tahlil gilish bosgichi ham juda muhimdir. Statistik usullar — korrelyatsiya,
regressiya, dispersiya tahlili (ANOVA) orqali o‘zgaruvchilar o‘rtasidagi real bog‘lanishlar
aniglanadi. Bu jarayon texnologik qarorlar qabul qilishda, yangi materiallarni sinovdan o‘tkazishda
va ishlab chigarishni optimallashtirishda muhim ahamiyat kasb etadi. Natijalar asosida texnologik
jarayonlar takomillashtiriladi, chigindilar gisgaradi, energiya tejamkorligi oshadi va mahsulotning
ragobatbardoshligi kuchayadi.

Umuman olganda, yengil sanoatda eksperiment o‘tkazish tizimi nafaqat ilmiy tadqiqotlar
uchun, balki ishlab chigarishning kundalik faoliyati uchun ham strategik ahamiyatga ega. Har bir
tajriba korxonaning texnologik rivojlanishiga, innovatsion mahsulotlar yaratishga, sifat nazorati
mexanizmlarini takomillashtirishga, eksport salohiyatini oshirishga xizmat giladi. Shuning uchun
eksperiment chuqur asoslangan, puxta rejalashtirilgan, metrologik mezonlarga mos ravishda
bajarilgan bo‘lishi zarur.

XULOSA

Yengil sanoat tarmogqlarida texnologik jarayonlarni chuqur o‘rganish va mahsulot sifatini
doimiy ravishda yaxshilab borish bugungi ragobat muhitida muhim ahamiyat kasb etadi. Ushbu
jarayonda eksperimentlar asosiy ilmiy vosita sifatida texnologlar va tadqiqotchilarga aniq yo‘nalish
berib, jarayonlardagi ichki qonuniyatlarni ochib berishga xizmat qiladi. Tadqiqot davomida ko‘rib
chigilgan laboratoriya, natural, sanoat va modellashtirilgan eksperimentlar yengil sanoatning turli
bosqichlarida samarali qo‘llanilishini tasdiglaydi. Har bir tur o‘zining ma’lum afzalliklariga ega
bo‘lib, ular xomashyo xususiyatlarini baholashdan tortib tayyor mahsulotning ekspluatatsion
ko‘rsatkichlarini sinashgacha bo‘lgan jarayonlarni gamrab oladi.

Eksperimentlarni ilmiy asosda rejalashtirish, o‘zgaruvchilarni to‘g‘ri tanlash va natijalarni
statistik tahlil gilish jarayonlari natijaviylikni oshirib, ishlab chigarishdagi xatoliklarni kamaytiradi.
Bu esa texnologik jarayonlarning bargarorligini ta’minlaydi, energiya sarfini kamaytiradi va ishlab
chigarish tannarxining optimallashuviga olib keladi. Aynigsa, modellashtirilgan eksperimentlar vaqt
va resurslarni tejash bilan birga, jarayonni oldindan baholash imkonini yaratadi. Bu esa yengil
sanoat korxonalariga innovatsion yechimlarni tezroq joriy etish va bozor talabiga mos mahsulot
chigarish imkonini beradi.

O‘tkazilgan tahlillar shuni ko‘rsatdiki, yengil sanoatdagi har bir innovatsion texnologiya yoki
yangi material avvalo sinovlardan o‘tishi, ya’ni eksperimental asosga ega bo‘lishi zarur. Sifat,
chidamlilik, gigiyenik xususiyatlar va estetik ko‘rsatkichlarni aniglashda to‘g‘ri o‘tkazilgan
tajribalar ishlab chigarish jarayonining barcha bosqgichlarini yanada takomillashtiradi.
Eksperimentlar natijasiga asoslangan ilmiy garorlar korxonalarga nafagat ichki bozorda, balki
xalgaro maydonda ham ragobatbardosh mahsulot ishlab chigarish imkonini beradi.

Xulosa sifatida aytish mumkinki, yengil sanoat sohasida eksperiment o‘tkazish nafaqat ilmiy
tadgiqot faoliyatining ajralmas qismi, balki ishlab chigarishning strategik rivojlanishiga xizmat
qiluvchi asosiy vositadir. Tajribalar to‘g‘ri tashkil etilgan taqdirda, ular mahsulot sifatini oshirish,
yangi texnologiyalarni joriy qilish, korxonalarning innovatsion salohiyatini kuchaytirish hamda
texnologik jarayonlarni optimallashtirishga katta hissa qo‘shadi. Shu bois eksperimentni to‘g‘ri
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tashkil qilish, ilmiy-metodik talablarni to‘liq bajarish va natijalarni chuqur tahlil qilish yengil
sanoatning bargaror rivojlanishida hal giluvchi omillardan biri sifatida e’tirof etiladi.
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ZAMONAVIY TRIKOTAJ MASHINALARIDA OLINAYOTGAN YANGI
TO‘QIMALARNI TUZILISHI VA OLISH USULLARI
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Annotatsiya: Maqolada aralash tarkibli iplar asosida ishlab chigarilgan trikotaj matolarining sifat
ko ‘rsatkichlarini oshirish imkoniyatlari, jumladan paxta-viskoza, paxta-poliester, paxta-poliamid va nitron-
paxta aralashmalarining afzalliklari yoritilgan. Shuningdek, ikki qatlamli trikotaj to ‘qimalarining yangi
tuzilishlari, ularni olish texnologiyasi va konstruktiv yechimlari yoritilgan.

Kalit so’zlar: trikotaj sanoati, to‘qimachilik tolalari, tabiiy tolalar, kimyoviy tolalar, trikotaj
to ‘gimasi, ikki gatlamli trikotaj, glad to ‘qimasi, hosilali lastik to ‘gimasi.

Armomauu;l: B cmamve PaACCMOMPERbL 6O3MOINCHOCMU NOBLIUEHUA KAYECIMBEHHbIX noxaszameieul
MPUKOMAJNCHBIX NOJIONIEH, np0u3eedé’HHbzx HA OCHOB6€ nNpidCU CMEULAHHOSO cocmaeda, 6 uYdacmurocmu
PACKpblmbsl npeumyuiecmea cmecel XJAONOK—6UCKO3a, XJIONOK—hoauscmep, XJIONOK—NOAUAMUO U HUMPOH—
xnonox. Kpome mozo, oceewyeHvl HOGble CMPYKMYpbl OBYXCIOUHBIX MPUKOMAICHBIX NepenjiemeHull,
mexrnojiocuu UxX noaydyenusd u KOHCmpyKmuerHole petuerHus.

Knroueevte cnoea: mMpuKomadsiCHas nNpPpOMbIUIIEHHOCMb, MEKCMUlIbHble 60JI0KHA, HamypdajlbHble
60J10KHA, XumudeckKkue 60J10KHA, MmMPUKOmMAdJNICHOoEe nepenienmenue, OGyXCﬂOﬁHblﬁ mpuxKomaoic, anaoeeoe
nepenjiemenue, npouaeoduoe PE3UHKOB0€E nepenjiemeHue

Annotation: The article discusses the possibilities of improving the quality characteristics of knitted
fabrics produced from blended yarns, including the advantages of cotton—viscose, cotton—polyester, cotton—
polyamide, and nitron—cotton blends. In addition, new structures of double-layer knitted fabrics, their
manufacturing technologies, and constructive design solutions are presented.

Keywords: knitting industry, textile fibers, natural fibers, chemical fibers, knitted structure, double-
layer knitted fabric, plain knit structure, derivative rib knit structure.

Respublikamizning to‘gimachilik sanoati rivojlantirish bo‘yicha olib borilayotgan asosiy
vazifalardan biri iste’molchiga sifatli hamda tashqi ko‘rinishi bejirim tikuvchilik buyumlari bilan
ta’minlashdir. Shuningdek, mahsulotlar iste’molchiga atrof-muhitdan zararli xususiyatlarini
kamaytiririshga, ularning tashqi ko‘rinishini yaxshilashga mo‘ljallangan. Trikotaj mahsulotlarining
barchasi to‘qimachilik xomashyolaridan iborat. Turli xil mahsulotlarning tashqi ko‘rinishi,
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ko‘rsatkichlari va trikotaj sanoatida ishlatilishi ularni tashkil etuvchi tolalarning sifat
ko‘rsatkichlariga bog‘liq. To‘qimachilik tolasi deb egiluvchan, ma’lum bir uzunlik va pishiqlikka
ega bo‘lgan, kesimi yuzasi kichik, to‘qimachilik mahsulotlari olish uchun ishlatish mumkin bo‘lgan
mahsulotga aytiladi. Shikastlanmasdan ajralmaydigan tolaga yakka tola deb ataladi. Bir necha yakka
tolalarning qo‘shilishidan hosil qilingan to‘qimachilik tolasi birikkan (kompleks) tola deb ataladi

[4].

Asosan kelib chigishi (ishlab chigarilishi) va kimyoviy tarkibi bo‘yicha tolalar ikki guruhga
ajratiladi: tabiiy va kimyoviy tolalar.

To‘qimachilik tolasi deb kalava va to‘qimachilik buyumini yasash uchun yaroqli kichik
ko‘ndalang kesim va cheklangan uzunlikdagi egiluvchan va mustahkam jismlarga aytiladi.

Tabiiy tolalarga tabiatda insonning ishtirokisiz shakllanadigan va organik geterozanjirli,
yuqori molekulali birikmalardan iborat bo‘lgan tolalar mansubdir.

Kimyoviy tolalar esa zavod sharoitida ishlab chiqgariladigan va asosan organik getero va
karbonozanjirli sintetik yugori molekulali birikmalardan va juda kichik gismi — tabiiy anorganik
moddalardan iboratdir.

Tabiiy tolalarning o°zi uch guruhga bo‘linadi:

1. Yuqori karbonsuvlar, xususan sellyulozalardan iborat tolalar. Bu tolalar paxtaning
chigitidan, zig‘ir, jut, rami, kanoplarning poyasidan, sizal, abaka o‘simliklarining bargidan olinadi.

2. Ogsil tolalari yoki boshgacha qilib aytganda hayvonot tolalari. Bular: keratindan iborat
qo‘y, echki, tuya va boshqa hayvonlarning juni, fibroindan iborat tut va eman ipak qurtlari tolalari.

3. Mineral tabiatiga ega anorganik tolalar. Ular tog* jinslaridan olinadi va silitsiy birikmalari
ko‘rinishida bo‘ladi. Masalan asbest.

Tabily yuqori molekulali birikmalardan hosil qilinadigan sun’iy kimyoviy tolalar 2 ga
bo‘linadi: yuqori karbonsuvlardan va ogsillardan olinadigan tolalar. Jun tolasidan tayyorlangan
Kiyim-kechaklarning tashqi ko‘rinishini yaxshilash maqsadida jun tarkibiga 6-10 foizgacha
(umumiy og‘irlikka nisbatan) paxta ipi, viskoza, sun’iy ipak, shtapel tolasi qo‘shib yigiriladi va
aralash matolar olinadi. Kimyoviy tolalarni ishlab chiqarish tarmog‘i ancha keng. Kimyoviy tolalar
tabily tolalarga nisbatan mustahkam, egiluvchan, ishgalanishga chidamlidir. Kimyoviy tolalar
namni yaxshi yutmaydi. Shuning uchun ulardan tayyorlangan kiyimlar terni shimmaydi va fagat
ma’lum iqlim sharoitida kiyiladi [5].

Namlikni oshishi bilan tola va iplarning elektrlanish garshiligi kamayadi. Viskoza tolasi, ipi,
gazlamasi ho‘llanganda pishiqligi ikki marotaba kamayadi. Paxta, zig‘ir va boshqa turdagi o‘simlik
tolalarida aksincha bo‘lib, ularning pishiqligi 20-30 foizgacha oshadi. Viskoza tolasini olish uchun
xomashyo sifatida archa, qarag‘ay, qora qayin yog‘ochlaridan olingan sellyuloza ishlatiladi [6].

Trikotaj buyumlari ham barcha to‘qimachilik mahsulotlari kabi to‘qimachilik tolalaridan
tayyorlanadi. Yengil sanoat korxonalari tomonidan sifatli mahsulotlar hajmining ko‘payishi, hamda
ularni eksportga yo‘naltirish trikotaj sanoatining muhim vazifalaridan biri bo‘lib, bu o‘z navbatida
respublikaning xomashyo resurslariga bog‘lig.

Trikotaj mahsulotlari assortimentini kengaytirish va sifatini oshirish, trikotajni ishlab
chiqarishda turli xil xomashyolardan samarali foydalanish, yangi tuzilishli trikotaj to‘qima va
mahsulotlarini ishlab chiqgarish, ularni nazariy va amaliy jihatdan rivojlantirish masalalari
mamlakatimiz va chet el olimlari tomonidan hal gilinmogda.

Hindistonlik olimlar tomonidan kimyoviy tola poliesterga o‘xshash ipakli to‘qimani olish
texnologiyasi taklif gilingan. Mualliftning fikricha, tabiiy va sun’iy tolalarni ma’lum miqdorda
aralashmasidan olingan ipakli to‘qimalar bilan katta eksportga erishish mumkin [7].

AQSh mutaxassislarining fikricha trikotaj sanoatida eng ommabop aralashmalar: paxta-ipak,
zig‘ir-ipak, mayda tolalar bilan aralashgan ipak, jun tolalar bilan aralashgan ipak hisoblanadi.

D.M.Mirzaraxmetova tomonidan nitron-paxta ipining xossalari, tuzilishi, hamda undan
tayyorlangan trikotaj mahsulotlarining sifati o‘rganib chiqilgan. Nitron-paxta ipidan tayyorlangan
mahsulotlarning shakl saglash xususiyati paxta ipidan ishlab chigarilgan mahsulotlarga nisbatan
bargaror va ishgalanishga chidamli ekanligi aniglangan. Nitron-paxta ipidan tayyorlangan matolar
gigienik xususiyatlariga ko‘ra toza nitrondan tayyorlangan matolardan ustunligi isbotlangan [8].
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Bugungi kunda sifat nafagat barcha standartlarga va texnik xususiyatlarga, balki
to‘qimachilikning tez va doimiy o‘zgaruvchan moddaga mos kelishini ham oz ichiga oladi. Shu
sababli, to‘qimachilik mahsulotlari assortiment turlarini kengaytirish zarur. Uning uchun yangi
turdagi aralash iplarni ishlab chiqarish texnologiyasini ishlab chiqish kerak bo‘ladi. Olimlar
tomonidan olib borilgan tadgiqot ishida [9] trikotaj kiyimlari uchun paxta va kimyoviy tolalar
aralashmasidan halqali yigirish tizimida olingan iplarini ishlab chigarishning ilmiy asoslangan
texnologik ko‘rsatkichlari ishlab chiqilgan. Muayyan xususiyatli trikotaj mahsulotini olishda
xomashyoga ishlov berish muhimligi aytib o‘tilgan. Paxta-viskoza, paxta-poliamid va paxta-
poliester aralash tarkibli iplarining xususiyatlari va ularning foiz miqdorlari o‘zgarishiga ta’siri
tekshirilgan. Natijada, ilmiy ishda paxta bilan kimyoviy tolalar aralashmasidan olingan ipning
sifatini trikotaj matosining xususiyatlariga ta’siri o‘rganilgan.

Hozirgi kunda dunyo to‘qimachilik bozorida turli xomashyolardan samarali foydalanib,
to‘qimachilik mahsulotlarini ishlab chiqgarishga bo‘lgan ehtiyoj ortib bormoqda. Bu esa oz
navbatida sifat ko‘rsatkichlari yuqori bo‘lgan, xomashyo sarfi kam, aralash tarkibli to‘qimachilik
mahsulotlari assortimentini kengayishiga zamin yaratadi.

So‘nggi vaqtlarda trikotaj ishlab chiqarish sohasida turli tarkibli trikotaj matolarini ishlab
chiqgarish, mahalliy xomashyolardan samarali foydalanish, assortiment turlarini kengaytirish va sifat
ko‘rsatkichlarini oshirish yo‘nalishlariga katta e’tibor qaratilmoqda. Ushbu yo‘nalish bo‘yicha bir
gator chet el olimlari tomonidan ilmiy tadgiqgot ishlari olib borilmogda.

Xitoylik olimlar [10] tomonidan trikotaj ishlab chigarishning yuqori texnologiyalari asosida
aralash tola tarkibli paxta va ipak iplaridan foydalanib, sport paypoglari ishlab chigarilgan. Sport
paypog‘ining iste’molchilik, kiyilish qobiliyati, shakl saqlash xususiyati, shu jumladan cho‘zilishi,
so‘kilishi, ishqalanishga chidamliligi, havo o‘tkazuvchanligi, pilling hosil bo‘lishiga garshiligi,
namlikni o‘tkazuvchanligi kabi xususiyatlari sinab ko‘rilgan. Natijada, shakl saqlash xususiyati,
ishqgalanishga chidamliligi va havo o‘tkazuvchanlik ko‘rsatkichlarining talab darajasida ekanligi
aniqlangan. Ushbu turdagi sport paypoqlari ishlab chiqarishga tavsiya etilgan. Trikotaj to‘qimalarini
modellashtirish bilan bog‘liq bo‘lgan ushbu tadqiqot ishida [11] ipak iplaridan foydalanib
ko‘ndalangiga to‘qib olingan yigirma xil (chiziqli zichligi, to‘qima tuzilishi, halqa ipi uzunligi
o‘zgartirib olingan) variantdagi trikotaj to‘qima namunalari ishlab chiqilgan. Olingan
namunalarning mexanik ko‘rsatkichlari aniqlanib, uzilish kuchi va cho‘zilish ko‘rsatkichlari
o‘zgarishiga to‘qima tuzilishini ta’siri o‘rganilgan va uning matematik modellari ishlab chiqilgan.
Natijalar shuni ko‘rsatdiki, ishlab chiqilgan modeldan trikotaj matolarining yuqori cho‘ziluvchanlik
koeffitsiyentlari asosida trikotaj tuzilishining mexanik ko‘rsatkichlarini tavsiflash imkoni
yaratilgan. Ishda ikki qatlamli trikotaj to‘qimasining assortimentini kengaytirish va xomashyo
sarfini kamaytirish maqgsadida bitta qatlamning halgasi boshqasining halgasi bilan nagsh bo‘yicha
tanlab olingan halgalar bir-birining ustiga tashlanmasdan, bittasi ikkinchisi orasidan tortib olish
yo‘li bilan biriktirilgan gatlamlari glad to‘qimasidan hosil bo‘lgan trikotaj to‘qimasini ishlab
chigarish usuli taklif etilgan.

Halgalarini bir ignadondan ikkinchi ignadonga ko‘chirish uchun, mo‘ljallangan moslama va
halgalarni kengaytirish hamda bitta gatlam halgalarini ikkinchi gatlam halqgalari orasidan tortib
olingandan so‘ng, halga tashlanishidan ushlab qolish moslamasiga ega bo‘lgan ikki ignadonli
mashinalarda ishlab chigariladi. Tagdim etilgan yangi trikotaj to‘qima tuzilishida qo‘shimcha
biriktiruvchi elementlar mavjud emasligi, xomashyo sarfi kam bo‘lgan ikki gatlamli trikotaj
to‘qimasini olish imkonini beradi. Ikki gatlamli trikotaj qatlamlarida turli bir qavatli to‘qimalardan
foydalanib, uning assortimentini kengaytirish va to‘qimaning kerakli deformatsion, gigienik va
estetik xususiyatlariga erishish mumkin.

Glad to‘qimasi asosida olingan ikki qatlamli trikotaj to‘qimasining tuzilishi (a) va grafikli
yozuvi (b) 1.1 - rasmda taqdim etilgan.

Ikki gatlamli trikotaj to‘qimasi (1.2, a - rasm) old tomon gatlamining I - V halga gatori va 1-
5 halga ustunchalaridan, orga tomon gatlamining I' - V' halga gatori va 1'-5' halga ustunchalaridan
tashkil topgan. Bunda, | - gator I'- gator bilan bog‘lanmagan, balki, Il - V qatorlar oralig‘ida har
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biri old qatlam tanlab olingan halqalarini orqa qatlamning qo‘shni halqalari orasidan tortib olish
yo‘li bilan bog‘langan.

Shuningdek, Il - gatorda old gatlam halqgasi P1 orqa qatlamning qo‘shni P1' halqasi orasidan
bir-birining ustiga tashlanmasdan tortib olinadi. Jarayonda tortib olishdan avval o‘zining ignasidan
chiqarib olinadi va keyinchalik yonma - yon halgaga kiritiladi. Keyingi 11l va IV - gatorlarda mos
ravishda P2, P2' va P3, P3' halgalarning tortilishi natijasida ikkala halga kengayadi va shakli
o‘zgaradi. Bu o‘z navbatida uncha katta bo‘lmagan ajur teshikchalarining hosil bo‘lishiga olib
keladi va trikotaj yuzasida yorug‘lik qaytarish darajasini o‘zgartiradi.

Il - gatorda gatlamlarni birlashtirish holatidagi halgalar joylashuvi, ikki gatlamli glad
asosida olingan trikotaj to‘qimasi tuzilishining grafikli yozuvi 1.2, b - rasmda keltirilgan. Orga
gatlam halga ustunchasi 3' ning halgasi P2 ichidan tortib olinayotgan old gatlam halga ustunchasi 3
ning halqasi P2, ko‘chirilgandan keyin old tomondan, P2' halqasi esa orqa tomondan ko‘rinadi.

2 Vg :ulul- orga 1 » 4 )
Y o~ n
V.., IV.5, 1,'; IV orga @ ®_.%_ (x} J,.,_®____ ,.®._

5

4

31

Ly
4

a b

1.1- rasm. Glad to‘qimasi asosida olingan ikki qatlamli trikotaj to‘qimasining tuzilishi va grafikli yozuvi

Shunday qilib, tagdim etilgan ikki gatlamli trikotaj gatlamlarining birikkan gismida turli
gatlamlarning yonma - yon qo‘shni halqalarining tortilishi natijasida ajurli naqsh va rang effekti
hosil bo‘ladi. Xomashyo turi, chiziqli zichligi, uzilishdagi cho‘zilish yoki boshqa xususiyatga ega
bo‘lgan xomashyodan foydalanilganda sifat ko‘rsatkichlarining oshishiga, rangi bo‘yicha farq
qgiladigan xomashyoni qo‘llash esa rang samarasiga erishishga olib keladi [15-17b].

1.2 - rasm. Asosi hosilali lastik to‘qimasidan bo‘lgan, ikki qatlamli trikotaj to‘qimasining grafikli yozuvi

Mahsulot birligiga nisbatan xomashyo sarfini kamaytirish va trikotaj to‘qimasining shakl va
issiqlik saqlash xususiyatlarini oshirish magsadida [12] ishda hosilali lastik to‘qimasi asosida ikki
qatlamli trikotaj to‘qimasi taklif etilgan. Bu yerda ignalar orgama - orga joylanishida protyajkalar
uzunligi ikkita halqa qadamiga teng bo‘ladi, old va orqa halqa ustunchalari orasi esa to‘rtta
uzaytirilgan protyajkalardan iborat bo‘ladi (1.4, a - rasm).

Trikotaj to‘quv mashinalarining ish unumdorligini oshirish magsadida ilmiy ishda hosilali
lastik to‘qimasi asosida ikki qatlamli trikotaj to‘qimasining tuzilishi va to‘qish usuli ishlab
chiqgilgan (Il - variant) (1.4, b - rasm). Bu to‘qimaning bitta rapporti uchta ipdan shakllantirilgan,
uni olish usuli esa, ignalarning shaxmat tartibida joylashtirilganligi bilan farq giladi. Mazkur
to‘qimaning bitta rapportini shakllantirish uchun uchta to‘quv tizimi kerak bo‘ladi.
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CHARM POYABZAL ISHLAB CHIQARISH TEXNOLOGIYA, BOSQICHLARI
G.A. Mirboboyeva I.1. Sultonov

Farg ‘ona davlat texnika universiteti,

(Qabul gilindi 05.12. 2025.)

Annotatsiya: Ushbu magolada charm poyabzal ishlab chigarish jarayonining asosiy bosqichlari,
texnologik ketma-ketliklari, xomashyo tanlash mezonlari hamda zamonaviy sanoatda qo ‘llanilayotgan
innovatsion usullaryoritilgan.Shuningdek, sifatnazorati, ekologik muammolar va ishlab chigarish.

Kalitso‘zlar: Charm, poyabzalsanoati, texnologikjarayon, tikuvchilik, qolip, pastalik, yugorigism,
presslash, sifatnazorati.

AHHOIM(luuil.' B oannou cmamve pacemampuearomcs OCHOB6Hble 2mdanbl npoyecca np0u36000m6a
KOMCAHOTL 06y6u, mexHoJiocudecKue nOCﬂeOOGClmeJZbHOC'mM, Kpumepuu 0m60pa Cblpbsl U UHHOBAYUOHHbIE
M@moabl, Ucnojibzyemole 6 COBpeM@HHOIJ NPOMbBIUIIEHHOCMU. A maxowce KOHmMpOJib Kadecmed, sKojlocudecKue
e6onpocsl u np0u360()cm60.

Knrwueeswvie cnosa: KOO!CCZ, O6y8Ha}Z NPpOMbIULIIEHHOCNTD, MexHoI02UYecKull npoyecc, uwumoe,
Gopmoska, WHYpOSKa, 6epx, NPecco8anue, KOHMpPOib Kauecmsd.

Abstract: This article covers the main stages of the leather shoe manufacturing process, technological
sequences, criteria for selecting raw materials, and innovative methods used in modern industry. Also,
quality control, environmental issues, and production.

Keywords: Leather, shoe industry, technological process, sewing, molding, lacing, upper, pressing,
quality control

Nazariy gism

Bugungi kunda charm poyabzal insonhayotida muhim ahamiyatga ega bo‘lgan kiyim-kechak
buyumlaridan biridir. Uning sifatli, qulay va uzogmuddat xizmat qilishi ishlab chiqgarish
jarayonining mukammalligiga bevosita bog‘lig. Shu sababli charm poyabzal sanoatida texnologik
jarayonlarni ilmiy asosda tashkil qilish, zamonaviy uskunalarni qo‘llash va sifat nazorati tizimini
kuchaytirish muhimahamiyat kasb etadi.Charm poyabzal sifatiga eng katta ta’sirko‘rsatadigan omil
bu xomashyo. Asosiy turlari:
Tabiiy charm (mol, qo‘y, echkiterisi)
Sun’iy charm (PU, PVC qoplamalar)
Sintetik materiallar (tekstil, nafas oluvchi membranalar)
Tanlash mezonlari:qalinlik,elastiklik,mustahkamlik,yuzasining tekisligi, namlikka
chidamlilik,ekologik xavfsizlik.
Charm poyabzal ishlab chigarish murakkab, ketma-ketlikka asoslangan jarayon bo‘lib, quyidagi
asosiy bosgichlardan iborat.
Texnologik loyihalash va model yaratish,poyabzalning vazifasi aniglanadi, (erkaklar, ayollar, sport,
kundalik), model eskizi chiziladi.Konstruktsion chizmalar tayyorlanadi.
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Poyabzal sanoati yengil sanoatning muhim tarmogqlaridan biri bo‘lib, aholining kundalik
ehtiyojlarini gondirishda katta ahamiyatga ega. Poyabzal inson salomatligi, mehnat unumdorligi va
ijjtimoiy hayotida muhim rol o‘ynaydi. Aynigsa, charm poyabzal gigiyenik xususiyatlari,
mustahkamligi va uzoq xizmat muddati bilan ajralib turadi.

Zamonaviy poyabzal sanoatida texnologik jarayonlarning takomillashuvi, avtomatlashtirilgan
uskunalardan foydalanish va sifat menejmenti tizimlarining joriy etilishi ragobatbardosh mahsulot
ishlab chigarish imkonini bermoqda.

Charm poyabzal ustki qismi to‘liq yoki gisman tabiiy charmdan tayyorlangan poyabzal turi
bo‘lib, u yuqori mexanik mustahkamlik, havo o‘tkazuvchanlik va qulaylik xususiyatlariga ega.
Charm poyabzallar quyidagi belgilariga ko‘ra tasniflanadi:
foydalanish magsadiga ko‘ra (kundalik, maxsus, sport);
mavsumiga ko‘ra (yozgi, qishki, demi-mavsum);
jins va yoshga ko‘ra (erkaklar, ayollar, bolalar);
konstruktiv tuzilishiga ko‘ra (past poshnali, poshnali, platformali).

Charmni tayyorlash va detallarni girgish.

Charm qirqgish (bichish)
bu poyabzal ishlab chigarish
jarayonining muhim bosqgichi
bo‘lib, unda charm
materiallardan ~ poyabzalning
ustki va ichki gismlarini tashkil
etuvchi detallar belgilangan
andozalar asosida kesib olinadi.
Ushbu jarayon mahsulot sifati,
2 tashqi ko‘rinishi va material

1-rasm charm rqihrydni - sarfiga . bevosita ta’sir

' ko‘rsatadi.

Nazariy jihatdan charm girgish jarayoni aniglik, tejamkorlik va texnologik intizom tamoyillariga
asoslanadi. Charm qirgish jarayonining asosiy magsadi materialdan maksimal darajada unumli
foydalanib, texnik va estetik talablarga javob beradigan detallarni tayyorlashdir. Asosiy vazifalar:
charm yuzasidagi nuqsonlarni hisobga olish;  detallar shakli va o‘lchamining aniqligini
ta’minlash,material isrofini kamaytirish; keyingi tikish va yig‘ish jarayonlari uchun qulay detallar
olish.Maxsus qirqish presslari yordamida o‘lchamga mosravishda yuqori gism detallar kesiladi.
Taglik, astar, tovon va boshgaqgismlar alohida ishlab chiqiladi. Yuqori gismlarni yig‘ish (yuqori
konstruksiyasi)detallar  tikiladi.Mustahkamlovchi materiallar qo‘llanadi.Dekorativ  tikishlar
bajariladi.Shamollatish teshiklari, bog‘ichlar o‘rnatiladi.

Qolipga  tortish bu
poyabzal ishlab chigarish
texnologiyasining  asosiy  va
mas’uliyatli bosgichlaridan biri
bo‘lib, unda tikilgan
poyabzalning ustki gismi maxsus
golip (kalip) yordamida poyabzal
shakliga  keltiriladi.  Ushbu
jarayon poyabzalning anatomik
mosligi, qulayligi va tashqi
ko‘rinishini belgilaydi.

Nazariy jihatdan qolipga
tortish ~ jarayoni  geometrik
aniqlik, mexanik ta’sir va material xossalariga moslashuv tamoyillariga asoslanadi. Asosiy magsad

2-rasm Qolipga tortish.
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poyabzalga bargaror shakl berish va uni keyingi texnologik bosgichlarga tayyorlash. Asosiy
vazifalar:ustki charmni golip yuzasiga tekis tortish; bukilish va burmalarni bartaraf etish;detallarni
aniq joylashtirish; poyabzal shaklining saglanishini ta’minlash.Bujarayon poyabzalning shaklini
belgilovchi engmuhim bosqichdir. Tayyorlangan yuqori gism maxsus metall yoki yog‘och qolipga
tortiladi.lssiglik va bosim yordamida shakl mustahkamlanadi.Yopishtirish usuli:Bunda kleylanadi
yoki qgizdirish orgali. Eng ko‘puchraydigan usul. Maxsustermo-yelimlar ishlatiladi.Mustahkam
sport poyabzallarida qo‘llanadi. Kuydirish (vulkanizatsiya)Kauchuk asosidagi tagliklarda, tovonni
o‘rnatish. Tovon materialiga qarab:yog‘och,plastik, kauchuk.
- e Kleylash  (yelimlash)  bu
X\' ; 4 b poyabzal ishlab chigarish
i L texnologiyasining muhim
| N e i . bosgichlaridan  biri bo‘lib, unda
/ e poyabzalning ustki gismi (yoki o‘rta
gismi) taglik bilan maxsus yelimlar
yordamida mustahkam biriktiriladi.
Ushbu jarayon poyabzalning
mexanik  mustahkamligi,  xizmat
3-rasm kleylash jarayoni. muddati va foydalanishdagi
ishonchliligini ta’minlaydi.
Nazariy jihatdan kleylash jarayoni adhesiya va kohesiya hodisalariga asoslanadi, ya’ni yelimning
material yuzalariga yopishishi va yelim molekulalarining o°zaro bog‘lanishi hisobiga mustahkam
birikma hosil bo‘ladi.
Kleylash jarayonining asosiy maqsadi poyabzal detallari orasida mustahkam, uzoq muddat
saglanadigan birikma hosil gilishdir. Asosiy vazifalar: ustki gism va taglikni ishonchli biriktirish,
yelim gatlamining bir tekis tagsimlanishini ta’minlash, namlik va mexanik ta’sirlarga chidamlilikni
oshirish,poyabzalning umumiy sifatini yaxshilash. Presslash va vintlash usullari bilan biriktiriladi.
Yakuniy ishlov berish. Qiyshiglarni tekislash,yelim goldiglarini tozalash,laklash,yog‘lash,lentalar,
bog‘ichlar, aksessuarlar  go‘shish.
Charm poyabzalni sifat bo‘yicha
tekshirish  quyidagilarni  o‘zichiga
oladi. Tashqi ko‘rinish nazorati,
tikuvsifati, charm yuzasidagi
nugsonlar, shaklning simmetriyasi.
Texnik  ko‘rsatkichlar  tekshiruvi:
mustahkamlik, yelastiklik, namlikka
chidamlilik, lazer kesish texnologiyasi
aniglikni oshiradi,chigimni
kamaytiradi, vaqtni tajaydi. Kimyoviy
moddalarni kamaytirish, gayta tiklanuvchi materiallardan foydalanish. Ergonomik konstruktsiyalar.
Oyoq shakliga moslashadigan, ortopedik qulaylikka ega modellar.

Yakuniy tayyor mahsulot bu charm poyabzal ishlab chigarishning barcha texnologik

bosqgichlaridan o‘tgan, sifat nazoratidan o‘tgan va iste’molchi ehtiyojlariga javob beradigan tayyor
poyabzal hisoblanadi. Nazariy jihatdan tayyor mahsulot sifatini aniglashda quyidagi omillar muhim
hisoblanadi, tashqi ko‘rinish va estetik jihatlar;anatomik va ergonomik moslik,mustahkamlik va
chidamlilik,gigiyenik va xavfsizlik talablariga javob berish. Yakuniy tayyor mahsulotni ishlab
chiqarishning so‘nggi bosqichida sifat nazorati amalga oshiriladi. Nazorat quyidagi parametrlar
bo‘yicha olib boriladi:
O‘Icham va shakl aniqligi poyabzal belgilangan o‘lchamga to‘g‘ri kelishi. Tashqi ko‘rinish detallar,
tikuvlar va pardozlash sifatining tekshirilishi. Mexanik mustahkamlik taglik va ustki gismning
yelim yoki tikuv orgali mustahkam birikkanligi.Gigiyenik va ekologik talablar materiali va yelimlar
inson salomatligiga zarar keltirmasligi.Ishlab chigarish standartlariga muvofiglik SO yoki milliy
standartlar bo‘yicha sertifikatlash.
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Qadoglash  bu  poyabzal ishlab
chigarish jarayonining yakuniy bosgichi
bo‘lib, tayyor mahsulotni transport, saglash
va sotuvga tayyorlash magsadida maxsus
paket yoki qutiga joylashtirishdir. Qadoglash
jarayoni mahsulot sifatini saglash, tashish
paytida shikastlanishdan himoya qilish va
iste’molchiga qulay yetkazishni ta’minlaydi.
Qadoglashning magsadi va vazifalari:

Mahsulotning tashqi muhitdan
himoyalanishini ta’minlash.

Transport va  saglash  paytida
shikastlanishning oldini olish.

Brend va mahsulot identifikatsiyasini

saglash.

Iste’molchiga qulaylik yaratish.

Vazifalar: Poyabzal juftini alohida qutiga joylashtirish.
Qutiga ichki o‘ram (tissue paper) bilan himoya qilish.
Brend yorlig‘i, o‘lcham va model ma’lumotlarini ko‘rsatish.
Quitini yopish va tayyor holatda yetkazish uchun paletlash.

Xulosa

Charm poyabzal ishlab chiqarish ko‘p bosqichli, yuqori aniqlik va tajribani talab giladigan
murakkab texnologik jarayondir. Xom ashyo sifatining to‘g‘ri tanlanishi, zamonaviy uskunalar
go‘llanilishi, yuqori darajali tikuvchilik madaniyati hamda samarali sifat nazorati poyabzalning
mustahkamligi va qulayligini ta’minlaydi. Sanoatda innovatsion texnologiyalarning joriy etilishi esa
ishlab chigarish samaradorligini oshirib, ekologik xavfsiz mahsulot yaratish imkonini
beradi.Shunday qilib, charm poyabzal sanoati kelajakda ham o‘z ahamiyatini yo‘qotmaydigan
strategik yengil sanoat yo‘nalishidir.
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[3]. International Leather Council Reports, 2023.
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[5]. A.Johnson, “Modern Footwear Production”, London, 2022.
[6]. wikipedia.uz

PHYSICAL-MECHANICAL PROPERTIES OF FLAX FIBERS AND THE FACTORS
INFLUENCING THE YARN PRODUCTION PROCESS
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Abstract: Flax (Linum usitatissimum) is one of the most important bast fibers used in the production
of high-performance yarns and linen textiles. Its physical-mechanical properties—fiber length, fineness,
tensile strength, flexibility, and microstructural organization—play a decisive role in determining yarn
quality. Equally important are the technological factors that operate during fiber preparation, retting,
scutching, hackling, and spinning. This article provides an analytical overview of flax fiber characteristics
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and how these factors influence fiber alignment, fiber extent, overlap, cohesiveness, and ultimately the
tensile performance of yarns. Comparative insights from spinning studies indicate that parameters such as
fiber overlap index (FOI), spinning-in coefficient, and hook formation directly affect yarn strength and
uniformity. The combined evidence demonstrates that optimized retting, controlled fiber opening, and
reduced hook formation are essential for producing high-quality flax yarns with minimal defects.

Key words: Physical-mechanical properties, fiber overlap index, tensile performance,
microstructural, retting, scutching, hackling, and spinning.

Annomanyusn:jlén (Linum usitatissimum) s61aemcs. 00HUM U3 HAubOAee BANCHLIX 1YOSHBIX 60JIOKOH,
UCNoOJ1b3yemulx 6 np0u3eodcmee 6bICOKONPOUHBIX NPANC U TOHAHBIX MEKCMUIbHbIX MaAmMepualos. FEeo d)lL?uKO-
MexaHuyeckue ceoucmea — OAUHA 60JIOKHA, MOHKOCMb, HNPOYHOCNb HA pas3pbole, aubkocms U
MUKPOCIMPYKIMYPHASL OP2AHU3AYUS — USPAIOM Peularouyro pojib 8 onpedeiienuu kavecmea npsscu. He menee
BAJNCHbIMU  ABJAIONMCA MEXHO/I0cUYEeCKUeE npoyeccsl, conpoeoofcdaiou;ue l’lOdZOWlO@Ky 60JIOKHA. MOYKAa,
mpenanue, mpenarue-ebiuécoieanie u npsoenue. B oannot cmamve npeocmaenen anarumudeckuii 0630p
Xapakmepucmux JbHAHO20 B0JI0KHA U (PAKMOPO8, GIUAIOWUX HA €20 BblpasHUsanue, Iphdexmusnyro Oaumy,
CNeneHsb nepeKkpvlmusl, Koce3uro, a makKkace Ha KOHevYrvle nokasameju npoYHocmu npsscu. Cpaenumeﬂbnblﬁ
AHANU3 UCCTIe008AHU npoyeccoe I’lp}laeHu}l nokaswvleaem, 4nio maxKkue napamempul, KaKk UHOEKC nepekpsvlmus
sonokorn (FOI), roaghpuyuenm 6ogneuenuss GONOKOH 8 NPANCY U 00OPA308AHUE «KPIOUKOB», NPAMO
6030€lCM8YIOm HA NPOYHOCMb U pasHomepHocmb npsidcu. COBOKYNHOCHb  HOAYYEHHBIX OAHHBIX
()eMOHcmpupyem, unmo OonmumajibHasl MO4YKd, KOHmMpojaupyemoe packKkpvlmue 60JI0KHA U CHUJICEeHUe
06pa3060Hu}1 KPIOYKOE8 ABJAIOMCA KIH4YesblMU YCI08UAMU ()]Z}l noJjy4enus B8bICOKOKAYECMBEEHHOU TIbHAHOU
NPANACU C MUHUMATIbHBIMU OeheKmami.

Knrueswvie cnosa: Ouzuxo-mexanuveckue CGOZZCWIGCZ, UHOeKc nepeKkpvlmusl 60J10KOH, NPOYHOCHHbLE
Xapaxmepucmuxu, MUKpOCMPYKmMypd, MOYKa, mpenanue, yecauue, npsoemnue.

Annotatsiya: Zig‘ir (Linum usitatissimum) yugori mustahkamlikka ega iplar va linar tekstil
mahsulotlarini ishlab chigarishda go ‘llaniladigan eng muhim poyali tabiiy tolalardan biridir. Uning fizik—
mexanik xususiyatlari — tolalarning uzunligi, ingichkaligi, uzilishga bo ‘Igan mustahkamligi, egiluvchanligi
va mikrostrukturaviy tuzilishi — olingan ipning sifatini belgilashda hal giluvchi ahamiyatga ega. Shu bilan
bir gatorda, tola tayyorlash jarayonlarida amalga oshiriladigan texnologik bosgichlar, jumladan,
mo ‘yloviash (retting), maydalash (scutching), tarash (hackling) va yigirish kabi jarayonlar ham muhim rol
o‘ynaydi. Ushbu magqolada zig‘ir tolalarining asosiy xususiyatlari va mazkur omillarning tolaning
tekislanishi, samarali uzunligi, bir-biri bilan qoplanish darajasi, kohezivligi hamda yakuniy ipning
mustahkamlik ko ‘rsatkichlariga qanday ta’sir ko ‘rsatishi tahliliy tarzda yoritilgan. Yigiruv jarayoniga oid
taqqoslovchi ilmiy manbalar shuni ko ‘rsatadiki, fiber overlap indeks (FOI), tolalarning yigirishga qo ‘shilish
koeffitsienti va “ilgak” (hook) hosil bo ‘lishi kabi parametrlar ipning mustahkamligi hamda bir xilligiga
bevosita ta’sir etadi. Umumiy dalillar shuni ko ‘rsatadiki, optimallashtirilgan mo ylovlash, nazorat ostidagi
tola ochish jarayoni hamda ilgak hosil bo lishini kamaytirish yuqori sifatli, kam nugsonli zig ‘ir iplarini
ishlab chigarishda muhim omillardir.

Kalit so“zlar:Fizik-mexanik xususiyatlar, fiber overlap indeks, mustahkamlik ko ‘rsatkichlari,
mikrostrukturaviy tuzilish, mo ‘ylovlash, maydalash, tarash, yigirish.

1. Introduction

Flax is one of the earliest known textile fibers and possesses distinctive physical-mechanical
characteristics that make it highly suitable for producing strong yarns, garment fabrics, and various
technical textile materials. The manufacturing of linen yarn involves a series of intensive biological
and mechanical treatments—such as retting, breaking, scutching, and hackling—hbefore the fibers
become appropriate for the spinning stage. As noted in A Guide to Spinning Flax (pp. 3-10),
effective flax preparation relies on eliminating woody particles, retaining long and well-parallel
cellulose filaments, and ensuring sufficient fiber pliability for smooth drafting during the spinning
process.

In contrast to cotton or man-made fibers, flax is composed of long, rigid bundles of highly
crystalline cellulose. Its spinning performance is strongly influenced by the degree of fiber
straightness and the level of overlap among fibers within the yarn structure. Tensile analyses of
spun yarns indicate that axial fiber arrangement, effective fiber length, and overlap ratio serve as
key indicators of yarn strength and elongation properties.[1]

This study explores the physical-mechanical response of flax fibers and highlights the
fundamental technological factors that impact the efficiency and quality of yarn production.
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1-Figure a) Flax plants, b) Flax stalk c) flax flowers.

2. Methodology
Physical-Mechanical Properties of Flax Fibers and fiber Length and Morphology. Flax
fibers represent elongated bast fibers extracted from the plant stem. Their length typically varies
between 25 and 90 cm, influenced largely by the efficiency of retting and hackling operations.
Maintaining the full length of line flax is essential for obtaining strong and uniform yarns, as longer
fibers create a greater number of inter-fiber contact points.The spinning guide (pp. 11-12) includes
visuals depicting long, glossy flax bundles prepared for spinning, underscoring the importance of
minimizing fiber breakage and maximizing parallel alignment.
Tensile Strength and Elasticity

Flax fibers exhibit the following characteristics:
1. Considerable tensile strength resulting from their crystalline cellulose composition.
2.Very low elongation at break (around 2—-3%), making them stiffer than wool or most synthetic
fibers.
3.High dimensional stability, which is beneficial for producing durable linen fabrics.

The tensile performance of yarns produced from long flax fibers is strongly dictated by fiber
extent—the effective length of fibers within the yarn structure—and the fiber overlap index (FOI).
According to studies on spun yarn structure, yarns with greater fiber extent and higher FOI show
improved tensile behavior due to stronger frictional bonding among fiber bundles under stress. [2]

Bending Rigidity and Flexibility Flax possesses moderate bending rigidity, meaning its
pliability must often be improved through moisture treatment or wet-spinning methods. Jude
Daurelle notes that wetting the fibers enhances draftability and facilitates smoother alignment of
long fibers during the spinning process [3].

Results

Key Factors Influencing the Yarn Production Process Retting is a biochemical treatment
that separates fiber bundles from the plant’s woody components.

This process affects several key aspects:

1. Detachment and liberation of fibers
2.Cleanliness and removal of unwanted residues
3.Fiber softness and flexibility

4.0verall spinnability

The spinning guide describes retting as “the most difficult stage,” since over-retting can
weaken fibers, while insufficient retting leaves too much woody material, thereby obstructing the
spinning process Breaking and scutching are mechanical operations that remove shive and fracture
the woody stem structure.

Proper execution leads to:

1. Reduced fiber breakage and minimal reduction in fiber length
2. Preservation of the structural integrity of fiber bundles
3. Enhanced alignment of fibers for further processing

Hackling is the combing stage in which fibers are drawn through progressively finer combs,

creating long, parallelized fiber bundles [4].
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Effective hackling achieves the following:
1.Decreases the occurrence of hooks
2.Increases the effective fiber extent
3.Removes shorter tow fibers
4.Improves the overall uniformity of the yarn
As highlighted in yarn structure research, hook formation significantly disrupts axial fiber
alignment and reduces fiber extent, ultimately resulting in weaker yarn.

Core yarn
Pressure

Woven fabric

O

High Excellent Microscopic, " Mass  Uniform Strong &
,_ strength flexibility morphology 1 distribution  Flexible

2-Figure. (a) Preparation process of the biomass-based composite. (b) Properties of core-spun yarn.
(c) Properties of woven fabric. (d) Features of the biomassbased composite.

Fiber extent refers to the effective length of a fiber projected along the yarn axis. Research

indicates that spinning systems characterized by:

1. More consistent drafting,

2.Reduced fiber buckling, and

3.Minimal hook formation

Tend to produce yarns with greater fiber extent. Increased fiber extent enhances yarn strength and
overall structural stability.

The Fiber Overlap Index quantifies the degree to which fibers overlap within the yarn
structure. Higher FOI values correspond to increased inter-fiber friction and improved cohesion.
According to the referenced study, air-jet spun yarns achieved the highest FOI due to superior fiber
alignment and very low hook frequency. In contrast, rotor-spun yarns exhibited the lowest FOI,
largely because of fiber buckling and inadequate orientation.[6]

Hooks—fiber bends created during opening or drafting—negatively affect yarn structure by
reducing:

1. Fiber straightness,
2. Axial orientation, and
3. The effective working length of fibers.

In flax spinning, controlling and minimizing hook formation during hackling and drafting is

essential for achieving strong and uniform yarn.

Spinning Methods and Their Impact on Flax Yarn Quality

Flax is traditionally spun under wet conditions to enhance fiber pliability. Water softens the
fibers, lowers friction, and improves drafting control. The spinning guide (pp. 16—17) stresses that
continuous wetting of the fingers or fiber bundle is important for maintaining smooth, cohesive
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fiber flow during spinning. Dry spinning generally produces rougher yarns with increased surface
hairiness because the fibers lack sufficient lubrication. This reduces drafting smoothness and leads
to more structural irregularities.[7]

Handspinning techniques—such as tow spinning, line spinning, and distaff spinning—
offer greater precision in controlling fiber drafting. Images in the guide (pp. 11-17) highlight how
critical proper fiber preparation, distaff arrangement, and controlled drafting are for generating
consistent yarn.[8]

Machine spinning, while more efficient, is highly sensitive to several processing parameters,
including:
1.Drafting tension,

2. Break draft ratios,
3. Fiber alignment quality, and
4. Moisture conditioning.
Proper control of these factors is essential when spinning flax on industrial equipment.
Discussion

The inherent characteristics of flax fibers—such as their high tensile strength, rigidity, and
naturally extended fiber length—make them highly suitable for producing strong yarns. However,
these same attributes also require careful and precise handling throughout the processing stages.
Findings from studies on fiber extent demonstrate that yarn mechanical performance is more closely
linked to structural parameters, including the Fiber Overlap Index (FOI) and the spinning-in
coefficient, than to fiber strength alone.Moreover, conventional pre-spinning treatments—retting,
scutching, and hackling—exert significant influence on the internal arrangement of the yarn. [9]

Excessive processing can lead to fiber damage and reduced fiber extent, whereas insufficient
processing results in residual woody material that disrupts fiber alignment.
Thus, successful flax spinning relies on achieving an optimal balance between biological and
mechanical operations, requiring fine-tuned adjustments at each processing step.

Conclusion

Flax fibers exhibit outstanding physical-mechanical qualities that make them ideal for
manufacturing strong and long-lasting yarns. Nonetheless, the final yarn performance is dictated not
only by the intrinsic attributes of the fibers but also by the technological factors that govern fiber
alignment, overlap, and cohesion during spinning.

The main conclusions can be summarized as follows:

1. Effective retting and thorough hackling significantly enhance fiber pliability and increase usable
fiber extent.

2. Hook formation and poor alignment diminish the effective working length of fibers, weakening
the resulting yarn.

3. A high Fiber Overlap Index (FOI) is strongly associated with improved tensile behavior.

4. Moisture-assisted spinning (wet spinning) reduces friction during drafting and promotes
smoother fiber integration.

Overall, optimizing flax yarn production requires a comprehensive approach that unites
principles of material science with precise process engineering.
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TAJRIBALARNI MATEMATIK REJALASHTIRISH ORQALI
TAKOMILLASHTIRILGAN SAKKIZ QIRRALI QORISHTIRISH BARABANINI
RATSIONAL PARAMETRLARINI ANIQLASH
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Annotatsiya: Magolada dorilangan urug‘lik chigitlarni sakkiz qirrali qorishtirish barabanini
takomillashtirish magsadida o ‘rnatilgan plankalar va quvurli aralashtirgichlarni parametrlarini chigitni
dorilash to‘ligligi va qorishtirish barabanining ish unumdorligiga ta’sirini tajribalarni matematik
rejalashtirish usuli bilan aniglash natijalari keltirilgan.

Kalit so“zlar: gorishtirgich, dorilash to ‘ligligi, unumdorlik, quvurli aralashtirgich, omillar, regressiya
tenglamasi, ratsional giymat.

AnHomauuu: B Oaunnou cmamve npedCmagieHvl pe3yibmamsl UCCIe008aHUU, HANPAGIEHHbIX Hd
coeepuierncmeosarnue 60CbMucpanHHoco 6apa6aHa Ol CMEUUBAHUS npompaeieHHblX CeMAH XJ10nYamHuKda.
OcHosHnoe enumanue y()eﬂeHo GIIUAIHUIO YCMAHOBIIEHHbIX 6HYMPU 6apa6aHa NJIAHOK U mpy6qamblx MeuaioxK
Ha noIHOMY 00pabomKu ceMsAH U npouzgooumenvHocmv Oapabana. C  UCnOIbL308AHUEM MeMOo0a
mamemamuieckoco NniaaHupoearusl sKcnepumenma onpedeﬂeﬂbl napamenipusl, oxKdasvledrowue Hauboavuee
GIUAHUE HA KAYeCmeo npompasiusanusi u spgexmusenocms pabomol dbapabana. Ha ocnose noayuennuix
OaHHbIX ObLIU nocmpoeHbl pecpeCCUOHKblE YPABHEHUS U YCMAHOB/IERbL pAYUUOHAIbHbLE 3HAYEHUA qbakmopoe.

Knwuesvie cnosa: Meuwlaika, nojiHoma npompaeiu6aHusl, I’lpOMé’GOaMI’I’IEJZbHOCWlb, mpy6qamaﬂ
mewanka, ¢a1<m0pbz, pecpeccuoHnoe ypaeHerue, payuoHaibHoe 3HavyeHue.

Annotations: This article presents the results of research aimed at improving an octagonal mixing
drum used for treating cotton seeds with protective agents. The study focuses on the influence of the internal
blades and tubular agitators installed inside the drum on the completeness of seed treatment and the
productivity of the mixer. Using the method of mathematical experiment planning, the parameters that most
significantly affect treatment uniformity and operational efficiency were determined. Based on the obtained
results, regression equations were developed and the optimal values of the influencing factors were
established.

Key words: mixer, treatment completeness, productivity, tubular agitator, factors, regression
equation, optimal value.

Kirish
Hozirgi kunda ixtisoslashtirilgan urug‘lik chigit tayyorlash korxonalarida asosan tukli va
tuksizlantirilgan urug‘lik chigitlar tayyorlanadi. Tukli va mexanik usulda tuksizlantirilgan urug‘lik
chigit tayyorlash texnologik jarayoni “UChT 97-2022 Urug‘lik chigit tayyorlash texnologik
reglamenti” [1] bo‘yicha olib borilishi belgilab qo‘yilgan bo‘lib, tukli urug‘lik chigit tayyorlash
texnologik uskunalari tizimining o‘rnatilish ketma-ketligi 1-rasmda, tuksizlantirilgan urug‘lik
chigit tayyorlash texnologik uskunalari tizimining o‘rnatilish ketma-ketligi 2-rasmda Keltirilgan.
Ushbu texnologik ketma-ketliklarda asosan quyidagi jarayonlar amalga oshiriladi: urug‘lik chigitni
pnevmo-mexanik usulda tozalash va saralash, tuksizlantirish, o‘lchamlari bo‘yicha kalibrlash,
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dorilash xamda qgadoglash ishlari bajariladi. Bu texnologik jarayonlar ichida dorilash texnologik
jarayoni asosiy jarayon xisoblanib, chigitlarni ekishdan oldin gommoz, ildiz chirish va boshqa
zararkunandalarga garshi kimyoviy preparatlar bilan ishlov beriladi [2].

Adabiyotlar sharxi

Prezidentimiz tomonidan urug‘chilik tizimini takomillashtirish, g‘o‘zaning tezpishar,
hosildorligi yuqori va zararkunandalarga chidamli yangi seleksion navlarini yaratish, jumladan tukli
va tuksizlantirilgan urug‘lik chigit tayyorlash texnika va texnologiyalarini takomillashtirishga
garatilgan garor va farmonlari gabul gilingan [3, 4].

Ilmiy texnik adabiyot va xisobotlarni o‘rganish natijasida aniqlandiki, tukli va
tuksizlantirilgan chigitlarni tayyorlash uchun ixtisoslashtirilgan urug‘lik chigit tayyorlash sexlari
modernizatsiya va rekonstruksiya qurilib, ushbu sexlarda asosan Yubus (Ispaniya) firmasida ishlab
chiqarilgan dorilash mashinalari ishlatilib kelinmoqda [5, 6, 7].

Bu dorilash mashinalari chigitga dori suspenziyasini sepish kamerasi va olti qirrali
qorishtirish barabanidan iborat bo‘lib, tuksiz urug‘lik chigitlarni dorilashda talablarga javob beradi.

. . s o . :_--l ________ |
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14 13 12 1
1-rasm. Tukli urug‘lik chigit tayyorlash texnologik uskunalari tizimining o‘rnatilish ketma-ketligi sxemasi.
1-gabul  qilish  bunkeri;  2-chigit saralash  agregati; 3- mexanik  chigit  tozalagich;
4- siklon; 5- tukli chigit saralash va tozalash  mashinasi; 6- bunker  dozalagich;
7- dorilagich; 8- iflos havoni tozalash qurilmasi; 9- chigitni o‘lchab qoplash apparati 10- qop tikish mashinasi;
11- elevatorlar; 12- arrali linter; 13- yig‘uvchi vintli konveyer; 14- tagsimlovchi vintli konveyer.

Owmbopra

2-rasm. Tuksizlantirilgan urug‘lik chigit tayyorlash texnologik uskunalari tizimining o‘rnatilish ketma-
ketligi sxemasi. 1-gabul gilish bunkeri; 2-chigit saralash agregati; 3-mexanik chigit tozalagich; 4-siklon;
5-kalibrlagich; 6-trier; 7-tuksizlantirilgan chigitni yig‘ish va me’yorlab uzatib berish bunkeri; 8-chigit
dorilash mashinasi; 9-chigitni o‘lchab qoplash apparati; 10-qop tikish mashinasi; 11- urug‘lik chigit
delinterlash mashinasi; 12-iflos havoni tozalash qurilmasi; 13-ortigcha chigitni gaytaruvchi vintli konveyer.

Lekin tukli urug‘lik chigitni dorilash jarayonida bu mashinalarda dorilangan tukli chigitlar yuzasiga
dori eritmasi bir tekisda tagsimlanmasligi aniglangan. Buning asosiy sababi shundaki, tukli chigit
qiyin sochiluvchan urug‘lik material bo‘lganligi va olti qirrali barabanning ichki yuzasida
qo‘shimcha aralashtirgichlar yo‘qligi sababli chigit yuzasiga ishchi suspenziyani teng taqsimlanish
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samarasi past bo‘lmoqda. Shuning uchun olti qirrali qorishtirish barabanining ichki ishchi
yuzasining konstruksiyasini takomillashtirish bo‘yicha ilmiy izlanish olib borilmoqgda (1-rasm) [8,
9].

Tadqiqot metodologiyasi. Dorilangan urug‘lik chigitlarni
aralashtirish barabani konstruksiyasiga kiritilgan
takomillashtirilgan texnologik jarayoni ratsional parametrlarini
aniqlash bo‘yicha tajribalarni o‘tkazish vaqtida urug‘lik chigitlarni
dorilanish to‘ligligi aniqlandi, buning uchun dorilanmagan va
dorilangandan keyingi urug‘lik chigitlarni amaldagi metodik
uslublarga asosan olingan namunalarini laboratoriya sharoitida
taxlil qilish yo‘li bilan dorilanish to‘ligligi o‘rganildi [10, 11]. Har
bir variantdagi tajribalarni takrorlanishini uch martadan kam
bo‘lmasligini ta’minlandi. Xuddi shuningdek aralashtirish vaqtida
chigitning mexanik  shikastlanganlik  ko‘rsatkichlari  xam
o‘rganildi.

Demak baholash mezonlari sifatida gorishtirish barabanining ish
unumdorligi Y1 va urug‘lik chigitni dorilanish to‘ligligi Y2 ni
aniglash kerak deb qabul qilindi. Bu mezonlarga ta’sir etuvchi
asosiy omillar sifatida: gorishtirish barabanining aylanish tezligi
, barabanning devorlariga plankalarni o‘rnatish burchagi a va
quwvurli gorishtirgichning quvurlar orasidagi tirgish | tanlab olindi.
Tahlil va natijalar. Dastlabki tadgigotlar natijalari va analitik
tahlillar asosida qorishtirish barabanining ish unumdorligi Y1 va : — _
o1 . . . o (1e qe s , . . 1-rasm. Takomillashtirilgan sakkiz
urug hk. chigitlarni dor11an1§h to‘ligligi Y2 ga ta’sir etl,‘lVCh¥ qirrali gorishtirish barabanining
omillarning gabul qilingan o‘zgarish darajalari ichki ko‘rinishi.
1- jadvalda keltirilgan.
Tajriba sinovlarini o‘tkazishda to‘liq faktorli Bz rejalashtirish usulidan foydalanildi.

1- jadval
Tajribalarni o‘tkazish uchun tanlab olingan omillarni o‘zgarish chegaralari
Omillar belgilari Variatsiya darajalari
. N Variatsion
Omillar Birligi .
Natural | Kodlangan | intervallar | -1 0 | +1
Sakkl_z qlrra_ll_barabannlng min-. © X4 9 8 10 12
aylanish tezligi
Sakkiz girrali  ba-
rabanning devorlariga
plankalarni o‘rnatish grad. ¢ X2 20 S0 70 %0
burchagi
Quvurli qorlshtlrglc_hn!ng mm | Xa 4 14 18 29
quvurlar orasidagi tirgish

Tajriba natijalarini, kompyuter amaliy Planxr-2 ikkinchi tartibli dasturidan foydalanilgan holda,
sakkiz qirrali qorishtirish barabanining tukli urug‘lik chigit bo‘yicha ish unumdorligi Y1 ga ta’sir
etuvchi parametrlarini yetarli darajada tavsiflovchi quyidagi regressiya tenglamani olindi:

¥, = 3925,0 + 343,3x, + 120,0x, + 0,00x; — 0,00x] + 0,00x,x, + 0,00x,x; + 0,00x7 +
+0,00x,x5 + 0,00x3

)
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Xuddi shuningdek, tajriba natijalarini, kompyuter amaliy Planxr-2 ikkinchi tartibli dasturidan
foydalanilgan holda, tukli urug‘lik chigitni dorilanish to‘liqligi Y2 ga ta’sir etuvchi parametrlarini
yetarli darajada tavsiflovchi quyidagi regressiya tenglamani olindi:

¥, =93,81— 1,08 x, + 0,49 x, + 1,6933 x; + 0,725x,x, — 10,50 x7 — —0,75x,%; — 3,43x3
)

Dorilangan urug‘lik chigitni sakkiz qirrali qorishtirish barabanida qorishtirish unumdorligi va
chigitlarni dorilanish to‘ligligiga ta’sir etuvchi asosiy omillar: sakkiz girrali barabanning aylanish
tezligi o, barabanning devorlariga plankalarni o‘rnatish burchagi a va quvurli gorishtirgichning
quvurlar orasidagi tirgish | ning parametrlarini quyidagi chegaraviy shartlar asosida magbul
ko‘rsatkichlarini aniqlash magsadida optimallashtirish masalasini ko‘rib chiqildi.

Chegaraviy shart: Y1< 4 bo‘lishi shart.

Y2 max bo‘lishi shart.

Hosil bo‘lgan optimizatsiya masalasi tasodifiy qidiruv usuli va zamonaviy kompyuter amaliy

dasturlari yordamida yechildi va quyidagi ratsional giymatlar olindi:
2-jadval
Matematik modelni optimallashtirish natijalari

Omillarning giymati X1 X2 X3
Kodlangan 0,205 0,039 0,242
Natural 10,41 70,78 18,97
Yaxlitlangan 10 71 19

Xulosa va takliflar

Demak, o‘tkazilgan tajribalar natijasi bo‘yicha takomillashtirilgan sakkiz qirrali qorishtirish

barabanining tajribalarni matematik rejalashtirish bilan aniglangan magbul parametrlari -

gorishtirish barabanining aylanish tezligi 10 min-, plankalarni baraban devoriga o‘rnatish burchagi
71° va quvurli qorishtirgichning quvurlar orasidagi tirgishi 19 mm ga teng bo‘lishi maqsadga
muvofiqg ekan.
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Annotation: This review analyzes studies on solar water heating systems, focusing on constructive
solutions and building-integrated applications. Collector types, absorber designs, and materials are
reviewed. Integration into roofs, facades, and envelope elements is highlighted. Building-integrated systems
may have slightly lower efficiency but offer architectural and space benefits. Research gaps on adaptability
and real operating conditions are identified. The need for improved, flexible constructive concepts is
emphasized.

Key words: solar water heating system, structural solution, energy efficiency, renewable energy
source, structural solutions.

Aunnomauyusn: B Oaunnoi 0030pHOU cmamve NPOAHATUSUPOBAHbI UCCACO08AHUS, NOCEAUJEHHbLE
cucmemam COJNIHeYHOo20 6000H(l2p€6(1, C AKYEHMOM HA KOHCMPYKMuUBHvle peluerHusl U unmezpayuro 6 30aHUA.
Paccmompenvr munet xonnekmopos, KoHcmpykyuu abcopdoepos u npumersiemvie mamepuanvt. Ocsewjervl
BONPOCHl UHMeESPAYUU CUCMEM 6 Kpbilil, (Pacadbl U 31eMeHmbl 02PANCOAUUX KOHCIPYKYUU 30AHUIL.
Omfwelzaemc;z, umo cucmemsl, UHmecpupoeaHHbvle 6 30617—!1/{}1, mozcym umems HeCKONbKO bonee HUzKUU
Koaghhuyuenm nonesnoco Oelicmeusi, 00HAKO 001A0AIOM APXUMEKMYPHLIMU U  NPOCMPAHCINGEHHLIMU
npeumyuiecmeamul. Buissnenur }’lp06€ﬂbl 6 uCCJIGOOGGHu}lX, CEA3AHHbIE C A0ANMUEHOCMbIO U pa60m0ﬁ
cucmem 8 PeanbHbIX IKCHAYAMAYUOHHuIX ycaosusx. Iloouépxusaemces neobxodumocms pazpabomiu
YCOBEPULEHCMBOBAHRHbLX U 2u6KMX KOHCMPYKMUBHbIX pemeﬂuﬁ.

Knroueevie ciuoea. cucmema COJIHEYHO20 eodOHazpeea, KOHCMPpYKmueHoe  peutleHue,
IHEP203PPeKkmusHOCmb, 80300HOGAAEMbIU UCHOYHUK dHEPSULU, KOHCIPYKIMUGHBLE PEULEHUSL.

Annotatsiya: Ushbu magola sharhida quyosh suv isitish tizimlari bo ‘yicha olib borilgan ilmiy
tadgigotlar tahlil gilinib, asosiy e 'tibor konstruktiv yechimlar va binoga integratsiyalashgan go ‘llanilishiga
garatilgan. Kollektor turlari, absorber konstruksiyalari va ishlatiladigan materiallar ko ‘rib chigilgan.
Tizimlarni tomlar, fasadlar va bino qobig ‘i elementlariga integratsiya qilish masalalari yoritilgan. Binoga
integratsiyalashgan tizimlar samaradorligi biroz past bo ‘lishi mumkin, biroq ular arxitektura va joy tejash
Jihatidan muhim afzalliklarga ega. Moslashuvchanlik va real ekspluatatsiya sharoitlarida ishlash bo ‘yicha
ilmiy bo ‘shliglar aniglangan. Takomillashtirilgan va moslashuvchan konstruktiv yechimlarni ishlab chigish
zarurligi ta’kidlangan.

Kalit so“zlar: quyosh suv isitish tizimi, konstruktiv yechim, energiya samaradorligi, gayta tiklanuvchi
energiya manbai, konstruktiv yechimlar.

INTRODUCTION

Over the past decade (2015-2025), the sharp increase in global demand for energy
resources, the limited availability of conventional fuel sources, and the growing environmental
impacts have made the use of renewable energy sources a priority direction. In particular, the
implementation of energy-efficient and environmentally friendly technologies in hot water supply
systems for buildings and facilities has become a pressing scientific and practical issue[1]. From
this perspective, solar water heating systems (SWH) represent one of the most promising alternative
solutions and have been extensively studied.

Solar water heating systems are distinguished by their relatively simple structural design,
low energy and maintenance requirements during operation, and the potential to reduce harmful
emissions into the atmosphere[2]. These systems can partially or fully meet the hot water needs of
residential buildings, public facilities, medical institutions, and certain industrial facilities.
Especially in developing countries, where disruptions in energy supply are common, solar water
heating systems serve as a stable and reliable source of energy.
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Analysis of the existing literature indicates that recent research has focused on improving
the structural design of solar water heating systems, enhancing their thermal efficiency, and
ensuring long-term operational stability[5]. Within this scope, flat-plate collectors, evacuated tube
collectors, thermosiphon-based natural circulation systems, and pump-assisted forced circulation
systems have been widely investigated. Additionally, various approaches have been proposed to
increase system efficiency, including the use of reflectors, optimization of absorber geometry,
application of novel materials, and reduction of hydraulic resistance.

However, most of the reviewed studies concentrate on specific structural solutions or results
obtained under laboratory and controlled conditions, while the integration of solar water heating
systems into real building structures has not been sufficiently generalized. In recent years, research
dedicated to directly integrating solar water heating systems into building roofs, facades, and
external cladding elements has emerged as a distinct scientific direction. Such integrated systems
not only enhance energy efficiency but also ensure compliance with architectural-aesthetic
requirements and urban planning standards.

In this context, there is a clear need for a systematic analysis of the structural solutions,
efficiency improvement methods, and building integration approaches for solar water heating
systems. This review article, based on previously published scientific works, provides a
comprehensive analysis of the main types of solar water heating systems, their structural
characteristics, operational efficiency, and possibilities for integration into buildings. Furthermore,
the advantages and limitations of existing approaches are identified, and prospective directions for
future research are outlined.

RESEARCH METHODOLOGY.

This review article was prepared based on a systematic analysis of scientific research
dedicated to the structural solutions of solar water heating systems, methods for improving their
operational efficiency, and their integration into buildings. The research process involved step-by-
step selection, screening, and synthesis of the existing scientific literature. During the literature
selection process, primarily scientific articles, conference proceedings, and journal publications
indexed in Google Scholar and Scopus databases were used. The scope of the study included works
published between 2005 and 2025. In the initial stage, more than 30 scientific articles were selected
using keywords such as “solar water heating system,” “flat plate collector,” “evacuated tube
collector,” “thermosyphon system,” “solar thermal system efficiency,” and “building integrated
solar thermal system.”

The selected articles underwent preliminary analysis to examine their content, research
objectives, and obtained results. The screening process was based on the following criteria: (1) the
article is directly dedicated to structural solutions of solar water heating systems; (2) the presence of
concrete results regarding thermal efficiency or performance indicators; (3) presentation of
experimental, computational, or real-condition analysis results; and (4) scientific novelty and
practical relevance. Based on these criteria, 18 out of the initially selected 30 articles were chosen
for detailed analysis.

The analyzed articles were categorized into several thematic groups according to their
content. These included the types of solar water heating systems (flat-plate and evacuated tube
collectors), natural and forced circulation systems, methods for optimizing structural and material
solutions, as well as studies focused on integrating the systems into buildings. Such classification
enabled comparison and synthesis of the results presented in the literature.

For each selected article, key technical parameters—such as thermal efficiency, operating
temperature range, system configuration, and operating conditions—were examined through
qualitative analysis. The obtained data were evaluated using comparison, synthesis, and logical
analysis methods. To visually present the results, some sections included schematic illustrations and
tables summarizing the information.

Based on this methodological approach, the main findings regarding the existing structural
solutions of solar water heating systems, their performance indicators, and possibilities for
integration into buildings were identified and systematically analyzed in the subsequent sections.
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ANALYSIS AND RESULTS.

Main types and structural solutions of solar water heating systems.

Based on the results of the analyzed scientific literature, solar water heating systems are
primarily classified into flat plate collector (FPC) and evacuated tube collector (ETC) systems
according to their structural design and operating principle. Among the 18 key reviewed articles, 10
focused on flat plate collectors, 6 on evacuated tube collectors, and 2 on hybrid or improved
collector types.

Flat plate collectors are distinguished by insulation  Inner tank Electric booster
their simple construction, relatively low cost, ’ L Shell
and ease of maintenance (Figure 1). According 1 ) )

to the reported results, the thermal efficiency of
such collectors typically ranges from 45% to
70%, depending on operating conditions. In the
analyzed studies, the water outlet temperature
was often recorded between 50 and 75 °C, which
is sufficient for hot water supply in residential -
and public buildings. However, it has been noted Flow channel,” /TAM,M_,
that decreases in ambient temperature and the

effects of wind can significantly reduce the
efficiency of flat plate collectors.

Evacuated tube (vacuum) collectors are distinguished by their low heat losses. The reviewed
scientific articles indicate that the efficiency of such systems can reach 60—-85%. In some studies,
the water outlet temperature was reported to reach 80-90 °C. Evacuated tube collectors are
considered suitable for cold climates and for facilities that require stable operation throughout the
year. Moreover, these collectors are less affected by wind and ambient temperature fluctuations
compared to flat plate collectors, ensuring more consistent hot water supply. Their modular design
allows for easy scaling of system capacity to meet varying demands. However, their structural
complexity and higher cost remain the main limiting factors, which may affect large-scale
implementation.

Collector

Frame

Insulation

Figure 1. Flat-plate solar water heater.

The analysis results indicate that many fasder taric~ss._gemmy
studies have achieved improved efficiency by —
modifying the geometry of the collector’s water tank :

absorber surface. In particular, the use of
serpentine  flow channels,  multi-channel
absorbers, and dual-inlet systems has been
reported to enhance heat transfer. Some articles Solar vacuum tube
note that optimizing the absorber design can
increase efficiency by 8-15%.

Additionally, methods for directing solar
radiation onto the collector surface using
reflectors have been extensively studied. In the
analyzed studies, flat plate collectors equipped
with reflectors demonstrated an average thermal 2
efficiency 10-20% higher compared to standard Figure 2. Evacuated tube solar water heater.
collectors. However, such systems involve increased mechanical complexity and require additional
adjustments during operation.

Performance characteristics of natural and forced circulation solar water heating
systems
According to the results of the reviewed studies, the method of heat carrier circulation in solar water
heating systems directly affects system efficiency and operational reliability. In the literature, these
systems are mainly classified into natural circulation (thermosiphon) and forced circulation (pump-
assisted) systems.

\(777/’/'/'%. /

7

Stand frame
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Natural circulation solar water heating — Hot water flow
systems are characterized by their simple
construction  and  independence  from
electricity. The analyzed articles report that the
thermal efficiency of thermosiphon systems
typically ranges from 40% to 65%. The water cold water return
outlet temperature in such systems is usually
between 45 and 70 °C, which is sufficient for
small residential buildings and rural areas. At  Figure 3. Operation scheme of a passive (thermosiphon) FPC
the same time, it has been noted that the solar water heater.
efficiency of  thermosiphon systems
significantly depends on the height difference between the collector and the storage tank, as well as the
layout of the piping (Figure 3).

In forced circulation systems, the circulation of the heat carrier is ensured by a pump (Figure 4).
The analysis results indicate that such systems exhibit higher and more stable efficiency compared to
thermosiphon systems, with reported thermal efficiency ranging from 55% to 80% in most studies.
Pump-assisted systems can maintain water outlet temperatures between 60 and 85 °C, making them
suitable for large public buildings, medical facilities, and other facilities with a constant hot water
demand.

Hot water
storage tank

At the same time, the main drawbacks ‘9%,,
of forced circulation systems include their R griflorsic "%,,b
dependence on electricity, the complexity of a closed-loop 2
control systems, and higher initial investment ~ Domestic —
costs. Some studies have reported that Hot water
improper pump operation can reduce overall flow
system efficiency by 5-10%. Therefore, the Insulated
use of automated control and monitoring oo e i
systems is recommended for such .
installations. cold water @ =
Efficiency improvement based on Ci’:;'";‘g"g
structural and material solutions Figure 4. Operation scheme of an active (pump-assisted) FPC
In an experimental study conducted solar water heater.

under the conditions of Basra city, the

maximum collector outlet temperature of a flat plate solar water heater was found to be 85.9 °C, while
the water temperature in the storage tank reached 48 °C. According to the study results, 25% of the total
pressure losses were attributed to the collector, and the system’s maximum overall efficiency was
estimated at approximately 60% [1].

Experiments conducted on a natural circulation solar water heater demonstrated that system
efficiency is directly dependent on the water flow rate. In a study carried out in Ado-EKiti, Nigeria, the
optimal flow rate of 0.1 kg/s'm? resulted in a maximum collector efficiency of 68.5% and an average
daily efficiency of 57.7%. Under these conditions, the maximum water temperature reached 83.5 °C [2].

Evacuated ‘“water-in-glass” type solar collectors have been found to exhibit more stable
performance under high-temperature conditions compared to flat plate collectors. Studies conducted
according to the ISO 9459-2 testing method reported that the simplicity and low manufacturing cost of
such collectors contribute to their practical efficiency [5].

A study conducted under Malaysian climatic conditions involved the development and testing of
a flat plate solar water heater with a polymer heat absorber. The results showed that the system
produced hot water at a temperature of up to 65 °C and maintained a storage temperature of 63 °C. The
maximum photothermal energy conversion reached 23%, indicating that polymer absorbers can serve as
an effective alternative to metallic absorbers [4].

DISCUSSION.

The analysis of the reviewed literature indicates that the efficiency of solar water heating
systems is primarily influenced by collector design, absorber material, flow regime, and the degree
of building integration.
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For instance, a study conducted by Hashim et al. (2018) under the conditions of Basra city
showed that in a flat plate solar water heater, the maximum water temperature at the collector outlet
reached 85.9 °C, while the water in the storage tank reached 48 °C. The results suggest that the collector
efficiency can be around 60%, although the effect of pressure losses on overall circulation was
identified as a significant factor.

For natural circulation systems, flow rate plays a decisive role. In an experimental study
conducted by Bolaji in Nigeria, the maximum collector efficiency reached 68.5% and the average daily
efficiency was 57.7% at the optimal flow rate. These results highlight the importance of selecting an
appropriate flow regime to achieve high efficiency.

Regarding material selection, new structural solutions have been proposed. In experiments
conducted by Mohamad and Shaifudeen in Malaysia, a spiral-flow collector system with a polymer heat
absorber achieved a water temperature of 65 °C and a photothermal conversion efficiency of 23%. This
demonstrates an affordable and corrosion-resistant alternative to metallic absorbers.

Studies on evacuated tube collectors by Morrison et al. indicate that they perform more
efficiently than flat plate collectors under high-temperature conditions. In particular, the “water-in-
glass” concept stands out for its simplicity in manufacturing and economic feasibility.

Concerning building integration, research by Wang, Zhan, and Qian notes that installing solar
water heating systems can pose risks to roof and wall structures, and involves high initial investment
and maintenance costs. However, the authors also emphasize that such systems can enhance building
energy efficiency, ensure environmental sustainability, and improve architectural value.

Overall, the literature review shows that while existing systems offer high technical capabilities,
solutions that combine structural simplicity, cost-effectiveness, and seamless integration into buildings
have not been sufficiently developed.

CONCLUSION

This article presents a comprehensive analysis of existing scientific research on solar water
heating systems. The results of the analysis indicate that flat plate, evacuated tube, and newly designed
solar water heaters are capable of effectively heating water to temperatures ranging from 60 to 85 °C.

It was also found that collector efficiency is closely dependent on flow rate, absorber material,
and heat losses. In building-integrated systems, preventing structural damage, ensuring long service life,
and achieving economic efficiency remain the primary challenges.

This literature review provides a scientific basis for the future modeling of solar water heating
systems that are suitable for buildings, energy-efficient, and structurally optimized.
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Annotatsiya: sug‘oriladigan yerlarning meliorativ holatini yaxshilash va suv resurslaridan ogilona
foydalanish bo ‘vicha meliorativ tadbirlardan biri sho ‘rlangan sho ‘r yuvish tizimlarini joriy etish, zamonaviy
GIS texnologiyalaridan foydalangan holda qishlog xo ‘jaligi sug ‘oriladigan yerlari xaritasini tuzishning
afzalliklari bo ‘yicha ilmiy izlanishlar olib borishdir. amalga oshirilmogda.

Kalit so‘zlar: ArcGIS, GIS texnologiyalari, sug ‘oriladigan yerlar, gishlog xo ‘jaligi

Annomauusn: OOnum U3 MEIUOPAMUBHBIX MEPONPUSIMULL RO YIYHULEHUIO METUOPAYUU OPOUACMBIX
3eMenb U PAYUOHATLHOMY UCTOAb308AHUI0 B0OHBIX PECYPCO8 SGNACMCS GHeOpeHUe CUCeM HPOMbIEKU
CONeBbIX PACMBOPOS, HAYUHbIE UCCACO08AHUSL NPEUMYUEeCME CO30AHUSL KAPMbl OPOULAEMbIX 3eMelb
CeNbCKOXO3AUCMBEHHO20 HAZHAYEHUSL C UCNOb308aHUeM cogpemennblx I UC-mexnonouil. npogooumcsi.

Knroueeswie cnosa: ArcGIS, I'HC-mexnonozuu, opowiaemvle 3eMiu, ceibCKOe X03AUCMEO

Annotation: One of the reclamation measures to improve the reclamation of irrigated lands and the
rational use of water resources is the introduction of saline leaching systems. Scientific research on the
advantages of creating a map of agricultural irrigated lands using modern GIS technologies is being carried
out.

Keywords: ArcGIS, GIS technologies, irrigated lands, agriculture

Introduction.

During the years of independence, Uzbekistan has undergone significant changes in the water
sector. In particular, the water resources management system has been improved, the technical
condition of irrigation networks has been improved, extensive work has been done to improve the
reclamation of irrigated lands and increase their water supply, introduce modern water-saving
technologies, install automated control and monitoring systems, increase agricultural production.
Extensive attention was paid to diversification work. Water-intensive crops such as cotton and rice
have been reduced and replaced by cereals, vegetables and melons and orchards. Also, the
widespread use of GIS technologies in the creation of electronic maps of irrigated lands has been
introduced [1,2,3].

In the context of growing water shortages due to global climate change, it is important to use
available water resources and widely introduce GIS technologies in the mapping of irrigated lands
to ensure a guaranteed harvest of agricultural crops and increase the sustainability of food security.
To solve the above data, the condition of arable lands of "Pakhtakor" massif of Marhamat district of
Andijan region was studied. Massive land soil map, arable land plan, statistical data and other
geodetic-cartographic sources were collected.

By washing the soil saline, pests are released for the plants to grow and develop. Taking into
account the level of salinity of soils and the mechanical composition of soils, the terms of saline
leaching have been developed in the country.

This work is carried out mainly in winter and early spring. In farm areas, low-salinity soils are
washed away by the ridges, while in medium and high-salinity soils, they are divided into
boundaries and washed away [4,5].

Methods.

In the developed countries of the world, the rapidity of land information shows its positive aspects
significantly in all directions of the land system. It is no secret that modern technologies and
scientific achievements are used in the creation of agricultural maps even in the developed
countries, which rank high in the world in terms of the use of land resources. We will study several
cases including it.Studying the work done by Uzbek and foreign scientists on the topic of updating
land use maps using space data and GIS technologies and the articles published based on this work.
In the world, and first of all, in the United States, developed countries of Europe and the Russian
Federation, research has been carried out on the issues of improving the efficiency of land use,
which, in turn, has led to the development of scientifically based methods of creating maps of land
types and improving them using modern GAT technologies and remote sensing methods. Requires
[6,7,8]. Such research is carried out by foreign scientists D.I. Kozlova S.V. Koplova, Pavlov A.V.,
Kutumov A.A., Shvedov D.O. Anikeneva 1.A., Zaichko V.A. Conducted by Ben-Dor, Banin,
Dwivedi, Mettyernicht, Zinck, et al. Among them: E.Yu.Safarov, T.Mirzaliyev, [.Musayev, E.Kh
Isakov, A.Rakhimov, Z.Mamatkulov, I.Abdurakhmonov, Sh.Prenov and R.Oymatov, the proposals
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and recommendations are bearing fruit.It is worth noting that scientific research on the
identification and assessment of land types, the creation of improved attributive maps and
monitoring of regions by processing remote sensing data with the help of GIS technologies has not
been carried outenough [9,10]

Result and Discussion

The size of the saline wash borders depends on the mechanical composition and water permeability
of the soil, the degree of leveling and slope of the field. The smaller the well-leveled slope of the
field surface and the lower the water permeability of the soil, the larger the check area can be. If the
saline soil is leveled with levelers and geodetic tools, 14-18 kilograms of salt will be washed away
at the expense of each water consumed. Conversely, if the soil is washed without leveling, 9-10 kg
of salt is washed away at the expense of each water. On farms, special attention should be paid to
leveling the soil salinity well before washing it. On uneven lands, water does not flow well, the
quality of irrigation and saline washing decreases, and excess water is wasted. Simultaneously with
water saving on flat lands it is easier to wash the soil saline - the soil is desalinated all over the
floor, the effectiveness of agro-technical measures increases [3].

Reclamation requirements will need to be taken into account when leveling the soil before
washing the soil saline. The fields have a longitudinal and a transverse slope, and when the water
is submerged, the water must be evenly distributed on the floor. The difference in height inside
the floor should not exceed 5-7 centimeters. When leveling, the longitudinal slope should not
exceed 0.002-0.003 and the transverse slope should not exceed 0.0012-0.0018. When leveling
the ground, use P-2.8A and PA-3 long-base and MV-6.0 leveling rakes, as well as N-Geodetic
instruments such as 3 7, N — 3K ”and laser levels are used [2].

In particular, as in all areas, there is a need to effectively use the achievements of geographic
information technology (GIS) in the creation of agricultural maps. It is known that the GIS is a
hardware-software human-machine complex that collects, analyzes, processes, models, stores
and transmits spatial data on interregional relationships and differences between territorial and
periodically changing multi-component socio-economic geosystems. [4].

Figure 1. The process of creating an electronic map of 1rr1gated lands using ArcGIS 10.2.

Management of irrigated lands in agriculture The stages of work performed in the GIS in the
design and creation of the necessary maps can be described as follows: collection of primary data,
data entry into computer memory and storage from external means, their processing, creation of a
database of irrigated agricultural lands; go, create systemically themed maps of the field, carry out
editorial work on structured maps. There are many unresolved technological and organizational
problems in the application of the GIS program in the field of agriculture, which can be solved on a
scientific basis in the management of irrigated agricultural land, the organization of land monitoring,
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protection of lands from degradation and others [11,12].

It is known that in the design and creation of maps of irrigated lands in agriculture, the data on the
work performed in the GIS have a number of characteristics: geographical location, legal address,
territorial integrity, completeness, continuity, visibility, accuracy, etc. The geographical features of
the main stages are as follows [4]:

1. Geographical location - geodetic, geographical and other coordinates of objects;

2. Legal address - depending on the legal status of the property, including the owner of the land,
ways of land management, term, etc .;

3. By property unit - farmers, water user associations

(SFU), at the district and provincial level;

4. Natural, economic and legal data of the economy;

5. Continuity - the creation of a database and it is regular

be updated;

6. In terms of accuracy - to correspond to the current situation, to ensure the real situation;

7. Demonstration - a completely simple and straightforward presentation;

8. Thematic maps are created on the basis of data on various sectors of agriculture and are
constantly updated based on their cartographic laws;

9. It is necessary to collect the above set of data on agricultural irrigated lands in the model of
hierarchy (categorical division);

As aresult of the above work, it is possible to create analytical, synthetic maps, create a hierarchical
database at the stage of determining the relationship between socio-economic indicators [13,14].
The process of linking data to each other, comparing with existing sources, forms a database of
data, which is based on a systematic automated agricultural technological process. This serves as a
key tool in the organization of monitoring of various socio-economic events and happenings.

Conclusion

In conclusion, it can be said that the proportional territorial organization of agriculture in areas with
limited land and water resources, due to natural and socio-economic conditions, can increase the
productivity of existing irrigated lands by improving the reclamation of soils and the application of
advanced science. . Thematic, comprehensive and agricultural, cadastral maps play an important
role in the task of territorial organization of this network. They are used to visualize the distribution
of events in space and time, to compare the regional location and specific features of agricultural
irrigated land, to create opportunities for scientific analysis. Thus, the authors studied the process of
creating an electronic map of irrigated lands in ArcGIS 10.2 using space velocities. We believe that
our map will help to improve the condition of irrigated lands in agriculture.

References:

[1].  Yusufovich G. Y. et al. The use of remote sensing technologies in the design of maps of agricultural land //Texas
Journal of Agriculture and Biological Sciences. — 2023. — T. 23. — C. 17-21.

[2].  Yusufovich G. Y., Shavkat o‘g‘li S. Y. Cartographic resources used in the creation of electronic agricultural
maps of fergana region //Finland International Scientific Journal of Education, Social Science & Humanities. —
2023. - T.11.— Ne. 3. — C. 1001-1009.

[3]. Abduvakhabovich A. A., Shavkat o‘g‘li S. Y. Improving the method of mapping agriculture using remote
sensing data //Finland International Scientific Journal of Education, Social Science & Humanities. — 2023. — T.
11. — Ne. 3. — C. 1093-1100.

[4]. Eshnazarov D. et al. Describing the administrative border of Koshtepa district on an electronic digital map and
creating a web map //E3S Web of Conferences. — EDP Sciences, 2023. — T. 452. — C. 03009.

[5]. Khakimova K. et al. Application of GIS technologies for improving the content of the tourist map of Fergana
province, Uzbekistan /E3S Web of Conferences. — EDP Sciences, 2023. — T. 386.

[6]. Khakimova K., Yokubov S. Creation of agricultural electronic maps using geoinnovation methods and
technologies //Science and innovation. — 2023. — T. 2. — Ne. D1. — C. 64-71.

[7]. Mamatqulov O., Qobilov S., Yokubov S. Cultivation of medicinal saffron plant in the soil cover of fergana
region //Science and Innovation. — 2022, — T. 1. — Ne. 7. — C. 240-244.

[8]. qizi Olimova D. S. et al. Theoretical basis for the use of modern gis technologies in the creation of natural cards
//research and education. — 2022. — T. 1. — Ne. 4. — C. 4-10.

[9]. Mavlyankulova S. Z. et al. The essence of cartographic maps is that they are used for cartographic description of

66 Scientific-technical journal (STJ FerSTU, ®ap/ITY UTXK, HTXK ®epI TV, 2025, T.29.cmer.Bbimyck Nel9)



CTPOUTEJIBCTBO

the terrain. Generalizing works in the preparation of maps //research and education. — 2022. — T. 1. — No. 4. — C.
27-33.

[10]. Alakhanov Z. M. et al. The state cadastre for the regulation of information resources for the formation and
improvement //Educational Research in Universal Sciences. — 2022. — T. 1. — Ne. 1. — C. 47-53.

[11]. Shavkat o‘g‘li Y. S., Zuxriddinovna M. S., Qizi O. D. S. ARC Create an Agricultural Card in GIS and Panorama
Applications //Central Asian Journal of Theoretical and Applied Science. — 2022. — T. 3. — Ne. 6. — C. 429-434.

[12]. Arabboevna A. M., Shavkat o‘g‘li Y. S. The Use of Geoinformation Systems in the Study of the Land Fund of
Household and Dekhkan Farms //Texas Journal of Multidisciplinary Studies. — 2022. — T. 8. — C. 163-164.

[13]. Khakimova K. R. et al. Some technological issues of using gis in mapping of irrigated lands //Galaxy
International Interdisciplinary Research Journal. — 2022. — T. 10. — Ne. 4. — C. 226-233.

[14]. O°G°Li S. Y. S., Zuxriddinovna M. S., Qizi A. S. B. The use of mapinfo program methods in the creation of
cadastral cards //Science and innovation. — 2022. — T. 1. — No. A3. — C. 278-283.

INNOVATIVE APPROACHES TO LAND RESOURCE MONITORING BASED ON
DIGITAL GEODESY TECHNOLOGIES

X.T. Murodilov

Fergana state technical university,
xasanboy.murodilov@fstu.uz
(Received on December 5 th, 2025.)

Abstract: This study explores innovative methods for monitoring land resources using digital geodesy
technologies. The research compares the current state of land monitoring systems in Uzbekistan with
international best practices, emphasizing the integration of satellite imagery, GPS, and GIS tools for precise
and sustainable management of land resources. The study identifies gaps in data accuracy, automation, and
digital infrastructure while highlighting advanced global approaches, such as Al-based land analysis and
automated geospatial databases. Recommendations are provided for implementing a comprehensive digital
geodesy framework in Uzbekistan.

Keywords: Digital Geodesy, Land Monitoring, GIS, Remote Sensing, Innovation

Annotatsiya: Ushbu tadgiqot ragamli geodeziya texnologiyalaridan foydalanib yer resurslarini
monitoring qilishning innovatsion usullarini o ‘rganishga bag ‘ishlangan. Tadqiqotda O ‘zbekiston va xorijiy
daviatlarda yer resurslarini kuzatish tizimlari solishtirildi hamda sun’iy yo ‘ldosh tasvirlari, GPS va GIS
texnologiyalarining integratsiyasi orqali yer resurslarini aniq va bargaror boshqarish imkoniyatlari tahlil
gilindi. Ma’lumot aniqligi, avtomatlashtirish va raqamli infratuzilma sohalaridagi kamchiliklar aniglanib,
ilg ‘or xalqaro tajribalar asosida tavsiyalar ishlab chiqildi.

Kalit so‘zlar: Ragamli geodeziya, Yer monitoringi, GIS, Masofadan zondlash, Innovatsiya.

Annomayusa: Jlannoe uccinedoganue noceAueHO U3Y4eHUI0 UHHOBAYUOHHBIX MeMO008 MOHUMOPUHRA
3EMENbHbIX Pecypco8 ¢ UCNONb308AHUEM MEXHON02ULl Yu@dposoll ceodesuu. B uccredosanuu cpasHu8aucy
cucmembl  MOHUMOPUHSA 3EMENbHbIX pecypcod 6 Y3bexkucmane u Opyeux CmMpawax, a makoice
AHATUBUPOBATIUCL  BOZMOMCHOCIU — MOYHO20 U  YCMOUYUBO20 YNPAGLEHUS 3eMENbHbIMU  Pecypcamu
nocpedcmeom unmezpayuu cnymuuxoguix chumkos, GPS u I'HC-mexnonocuii. bvinu viaenenvl nedocmamxu
8 obnacmax mouHOCmMU UHDOPMAYUU, asmomamuzayuu U Yuppoeou uHGpacmpykmypul, a maxoice
paspabomarsl peKkOMeHOAYUU Ha OCHOBe NEPEO0B8020 MENHCOYHAPOOHO20 ONbIMA.

Knrouesvie cnoea: Lugposas ceooesus, Monumopune semenv, I'UC, Jucmanyuonnoe 30H0upoganue,
Hunosayuu.

1. Introduction

Land resource monitoring is a key factor for sustainable environmental and economic
development. In Uzbekistan, traditional geodetic methods are gradually being replaced by digital
systems, yet many processes remain partially automated. In contrast, developed countries such as
Germany, Japan, and the United States have implemented fully digitalized land management
frameworks that integrate real-time satellite data, GIS, and artificial intelligence for predictive
analysis [1]. While Uzbekistan has launched several national programs to develop its
geoinformation infrastructure, including the “National Spatial Data Infrastructure (NSDI)”
initiative, the transition toward digital geodesy technologies is still in its formative stage.
Comparing Uzbekistan’s efforts with international experience reveals that greater emphasis is
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needed on open-access geospatial databases, digital cadastral systems, and the use of cloud-based
analytical tools. The evolution of land resource monitoring reflects a rapid shift from manual
surveying methods to fully digitalized geospatial systems. A comparatiSve analysis from 2000 to
2025 shows remarkable progress in the accuracy, speed, and accessibility of geospatial data [2, 4].

In 2000—2005, most land monitoring in Uzbekistan and other developing countries relied on
ground-based topographic surveys and analog maps, which limited spatial accuracy to around 10—
20 meters. Data collection was time-consuming and largely manual, resulting in delayed
environmental and cadastral updates. In contrast, developed countries such as the United States and
Germany had already started implementing GPS-based geodetic control networks and early GIS
applications, improving their mapping precision and data management efficiency [3]. Between 2010
and 2015, Uzbekistan initiated several modernization efforts, including the introduction of GIS
laboratories in universities and pilot projects for satellite-based agricultural monitoring. During this
period, international organizations such as the European Space Agency (ESA) and the United
Nations Environment Programme (UNEP) supported regional programs for remote sensing training.
Meanwhile, advanced economies adopted high-resolution satellite imagery (Landsat 8, Sentinel-2)
and began integrating real-time GNSS (Global Navigation Satellite System) into land surveys,
achieving sub-meter accuracy. From 2016 to 2020, the global shift toward cloud-based geospatial
systems transformed how data were stored and analyzed. Countries like Japan and Canada
introduced Al-assisted land classification models, enabling near-real-time detection of land
degradation and urban sprawl. Uzbekistan, in this period, launched the National Spatial Data
Infrastructure (NSDI) initiative and began integrating cadastral data into a unified digital platform
[5]. The monitoring accuracy increased to 1-3 meters, significantly improving resource
management and agricultural planning. By 20212025, the trend moved toward fully automated
land monitoring using machine learning algorithms, drone-based photogrammetry, and loT-enabled
sensors. Uzbekistan has started adopting UAV (Unmanned Aerial Vehicle) technologies for land
inspection and crop analysis, while international agencies employ Al-driven predictive models to
forecast soil erosion and land-use changes. As a result, land boundary detection accuracy has
improved to within 0.5 meters, with processing times reduced by over 60% compared to two
decades ago.

This year-by-year progression clearly demonstrates that digital geodesy has shifted from a
data-collection tool to a decision-making system. The integration of Al, cloud computing, and
remote sensing enables a more sustainable and data-driven approach to land resource management,
providing a solid foundation for future smart land governance in Uzbekistan and beyond [6].

2. Methods

This study employed a comparative methodology, combining literature analysis, remote
sensing data review, and GIS-based spatial analysis. Digital elevation models (DEM) and
multispectral satellite imagery (from Landsat and Sentinel missions) were used to evaluate land-use
changes. In addition, international best practices were reviewed from the European Space Agency
(ESA) and USGS (United States Geological Survey) databases to assess how digital geodesy
improves land monitoring efficiency. Analytical tools such as QGIS, ArcGIS Pro, and Python-based
geospatial libraries were utilized to process and visualize the data [8].

Data Collection
Land monitoring data were collected from multiple sources between 2000 and 2025, including:
1. Satellite imagery from Landsat (USGS) and Sentinel (ESA) missions;
2. GNSS/GPS measurement datasets from geodetic networks in Uzbekistan;
3. National cadastral and topographic databases provided by the State Committee of Land

Resources and Geodesy of Uzbekistan;

4. International datasets, such as the Copernicus Open Access Hub and Global Land Cover

Facility (GLCF), for cross-country comparison.

The datasets were selected to represent temporal changes in land use, boundary accuracy, and
spatial data management practices.
Data Processing and Tools
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Spatial and geodetic data were processed using both open-source and commercial platforms:

= ArcGIS Pro and QGIS for mapping, overlay analysis, and coordinate transformation;

= ENVI software for image classification and land-cover change detection;

= Python (GeoPandas, Rasterio, and Scikit-learn) for geospatial automation and Al-based data

analysis;

= (Cloud-based systems such as Google Earth Engine for large-scale image processing and

time-series analysis.

All datasets were reprojected to a unified coordinate system (WGS 84) to ensure spatial
consistency.

Compamtive Analysis Comparison of Land Monitoring and Geodesy P;ig::f:mmm
The research included a year-by-year Financial Resources e
comparative  analysis  of  land
monitoring approaches across different
time periods (2000-2005, 2010-2015, Technical Expertise
2016-2020, and 2021-2025).

Indicators such as data accuracy, spatial ClouBased 615
resolution, processing speed, and
automation level were evaluated.
Uzbekistan’s progress Was  Automated Data Systems
benchmarked against international b 35 m % 5
examples, particularly from Germany, _ o mpEmentation tevel )
Japan, and the United States, where Figure 1. Comparision of land monitoring and geodesy practices.
digital geodesy technologies are most advanced.

Validation and Accuracy Assessment
Accuracy was validated by comparing satellite-derived land boundaries with ground control points
(GCPs) obtained through GPS surveys. The Root Mean Square Error (RMSE) method was used to
evaluate spatial accuracy improvements across different technologies. A confidence interval of 95%
was applied to ensure statistical reliability [7].

Methodological Framework
The overall methodology follows a hybrid geospatial framework, integrating traditional surveying
methods with digital automation and Al analytics. The framework emphasizes three key
components:

1. Data acquisition — collecting multi-source geospatial data;

2. Data integration and analysis — processing and harmonizing datasets in GIS;

3. Decision support — applying digital geodesy outputs for sustainable land management and

policy-making.

Data Integration

Al-Supported Analysis

3. Results

The analysis showed that digital geodesy technologies significantly enhance the accuracy
and timeliness of land resource monitoring. In Uzbekistan, the integration of satellite data with
cadastral records improved the identification of agricultural land boundaries by up to 25%
compared to traditional surveys. Furthermore, geospatial automation reduced data processing time
by 40%. Internationally, countries using Al and machine learning models in geodesy achieved real-
time land degradation mapping and more precise urban expansion detection, suggesting that similar
approaches could be applied in Uzbekistan.

4. Discussion

Comparing Uzbekistan’s land monitoring practices with those of advanced economies
demonstrates clear opportunities for improvement. The introduction of automated data collection
systems, Al-supported analysis, and cloud-based GIS platforms could transform national geodesy
operations. Challenges include limited technical expertise, data integration issues, and financial
constraints for acquiring high-resolution satellite data. Therefore, strategic partnerships with global
institutions (e.g., ESA, JAXA, and UN-SPIDER) and the implementation of educational programs
in digital geodesy are recommended. Overall, adopting innovative geospatial technologies can
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significantly enhance land management, environmental sustainability, and decision-making
efficiency in Uzbekistan.
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Abstract. The advancement of geospatial technologies has significantly transformed modern geodesy,
particularly in the pursuit of high-precision measurements. This study explores the integration of Global
Navigation Satellite Systems (GNSS) and Real-Time Kinematic (RTK) technologies within Geoinformation
Systems (GIS) to enhance the accuracy and efficiency of geodetic measurements. The research demonstrates
that combining real-time satellite positioning with geospatial data processing enables centimeter-level
precision in coordinate determination. Data were collected using dual-frequency GNSS receivers and
processed with RTK correction signals through a GIS-based framework. The integration not only reduced
measurement errors but also improved data visualization, spatial analysis, and decision-making processes.
Results indicate a substantial increase in positional accuracy compared to traditional surveying techniques,
while also optimizing fieldwork time and resource use. This approach can be effectively applied in land
cadastre, construction engineering, and environmental monitoring. The findings emphasize that the synergy
between GNSS, RTK, and GIS provides a powerful tool for modern geodetic applications, ensuring
accuracy, reliability, and operational efficiency in spatial data management.

Keywords: GNSS, RTK, geodetic measurements, geoinformation systems, accuracy improvement,
satellite positioning, spatial data integration, digital surveying

Global Navigation Satellite Systems (GNSS) have become a crucial part of modern
transportation systems. When combined with Real-Time Network (RTN) technology, GNSS
achieves a high level of positioning accuracy, reliability, and availability. This combination —
known as GNSS-RTN — supports a wide range of transportation applications, from intelligent
traffic systems to autonomous vehicles. This study aims to investigate the integration of GNSS
and RTK technologies within GIS to enhance the accuracy of geodetic measurements. The research
focuses on evaluating the impact of this integration on positional precision, operational efficiency,
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and data management. By

~ o%o analyzing experimental

%j e~ CeltrTower Y Ny results and comparative data,
& <(( )) Y | this paper demonstrates how
combining these

‘. technologies contributes to

Cﬁ the advancement of digital
wesser | geodesy and spatial
information systems [1].

The RTK technique
was implemented to improve
positional  accuracy by
applying real-time
differential corrections from
the base station to the rover
receiver. Correction data
were transmitted in RTCM
3x format, and processing was performed using open-source GNSS software and manufacturer-
specific tools. The corrected coordinates were compared with those obtained from conventional
static GNSS post-processing to evaluate precision improvements. Data quality indicators such as
Dilution of Precision (DOP), fixed-integer ambiguity ratio, and residual errors were recorded
for accuracy analysis.
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Figure-1 The Role of GNSS-RTN in Transportation Applications [3].
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spatial analysis and S
visualization. In the GIS g = g T
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datasets were overlaid with Figure-2 GIS.

topographic base maps, cadastral boundaries, and engineering survey layers. The integration
allowed for real-time monitoring of spatial consistency, data validation, and the elimination of
redundant or erroneous points. Custom geoprocessing tools were developed to automate accuracy
evaluation and to compare positional data with reference coordinates from control benchmarks.
Accuracy assessment was performed by comparing GNSS-RTK results with benchmark
coordinates obtained from high-precision total station measurements. Statistical parameters such as
Root Mean Square Error (RMSE), standard deviation, and mean positional offset were used to
quantify measurement accuracy. The performance of the integrated GNSS-RTK-GIS approach was
evaluated based on its positional precision, data acquisition speed, and field efficiency relative to
traditional surveying methods. One of the key advantages of this integration is the real-time
availability of accurate spatial data, which minimizes the delay between data acquisition and
processing. The RTK corrections transmitted via base stations ensure immediate coordinate
refinement, while the GIS environment allows for instant visualization, validation, and quality
control. This workflow not only enhances accuracy but also streamlines geodetic operations by
reducing manual intervention and post-processing time. In comparison with traditional static GNSS
or total station methods, the integrated system offers greater operational flexibility, particularly in
large-scale or time-sensitive projects such as cadastral surveys, engineering construction, and
environmental monitoring. [6] Another important aspect highlighted by this study is the
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reduction of human-induced errors through automation. By integrating GNSS and RTK data directly
into GIS, surveyors can efficiently monitor measurement quality, detect anomalies, and adjust data
collection strategies in real time. Furthermore, the ability to overlay corrected coordinates with existing
spatial layers, such as topographic maps or cadastral boundaries, enhances contextual understanding and
decision-making accuracy. This integrated workflow supports not only geodetic measurement but also
broader geospatial data management processes. Overall, this study confirms that
the integration of GNSS and RTK technologies into GIS-based workflows provides a robust, efficient,
and scalable solution for modern geodetic applications. The approach significantly contributes to the
development of digital geodesy, enabling high-accuracy mapping, spatial analysis, and real-time
monitoring that support sustainable infrastructure development and spatial decision-making. [1]
Results

The integration of GNSS and RTK technologies within Geoinformation Systems (GIS) yielded
significant improvements in the precision, efficiency, and reliability of geodetic measurements. The
results of the experimental survey revealed that the application of RTK corrections to GNSS
observations reduced positional errors to 1-2 centimeters, a marked enhancement compared to the 5-10
centimeter accuracy typically achieved with standalone GNSS measurements. This finding validates
the effectiveness of combining real-time correction data with spatial data processing tools available in
GIS environments.
a. Positional Accuracy Improvement

The analysis of collected field data showed that RTK-corrected GNSS measurements achieved
an average Root Mean Square Error (RMSE) of +1.5 em in horizontal positioning and +2.8 ¢m in
vertical positioning. In contrast, the uncorrected GNSS data exhibited RMSE values exceeding +8 ¢m
horizontally and +12 em vertically. These results indicate an overall 80% improvement in coordinate
precision when GNSS and RTK systems were integrated with GIS for post-processing and visualization.
b. Operational Efficiency

In addition to enhanced accuracy, the integrated approach substantially reduced field data
collection time. Using the GNSS-RTK system, surveyors required 40% less time to measure control
points compared to conventional static GNSS or total station techniques. Real-time corrections
eliminated the need for extensive post-processing, allowing immediate verification of data quality
within the GIS interface. The ability to visualize and validate positional data during field operations also
reduced the need for repeated measurements.
c. Data Integration and Visualization

The integration of GNSS-RTK data into GIS platforms such as ArcGIS and QGIS provided
advanced visualization and analysis capabilities. Spatial overlays with existing cadastral and
topographic datasets enabled accurate feature alignment and identification of potential spatial
discrepancies. The geodatabase management tools in GIS facilitated systematic organization, error
detection, and adjustment of geodetic data, thereby improving overall project reliability and
reproducibility.
d. Comparative Evaluation

When compared to traditional surveying techniques, the GNSS-RTK-GIS integration
demonstrated superior performance in terms of positional accuracy, time efficiency, and data
consistency. The comparative analysis showed that the integrated system maintained sub-centimeter
precision even over larger observation areas, whereas conventional methods experienced progressive
accuracy degradation. These findings confirm the potential of GNSS and RTK integration in GIS to
meet the growing demands for high-accuracy geospatial data in engineering, cadastre, and
environmental monitoring.
Conclusion

In conclusion, integrating GNSS and RTK technologies within GIS represents a forward-looking
solution for high-precision geodesy. It provides a robust, efficient, and intelligent framework for spatial
data acquisition, processing, and analysis—Ilaying the foundation for more
accurate, automated, and sustainable geospatial practices in the future.
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DETALNING GEOMETRIK SIRTLAR ORQALI TASNIFLASH VA ISHCHI
CHIZMASINI TAYYORLASH
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Annotatsiya: Muhandislik chizmalarini loyihalashda detalni takibiy geometrik sirtlarini  shakl
o zgarishi, o ‘lchamlari, materialini to‘gri ko ‘rsata olishda muhim ahamiyatga egadir. Shu sababdan
geometrik sirtlar to‘la qolinli bilish zarur hisoblanadi. Magolada mshinasolik detallarini layihalash
chizmasini noanigliklarni kamaytirish uchun hizmat giluvchi terminlar keltrilgan. Detalni geometrik
sirtlarini o ‘lchami orqali chizish noaniqliklarni kamaytrish uchun xizmat qiladi.

Kalit so“zlar: Silindrsimon gism, Kvadrat prizma, O ‘Ichash bazalari, Chiziglar turla, Rostlovchi detal,
Ishchi chizma, O ‘Ichash bazalari, Masshtablar.

Annomauusn: Ilpu pazpabomke uHIMICEHEPHBIX Hepmedicell 8ANCHO NPABUILHO Omoopaxdcams hopmy,
pasmepsvl U Mamepuanl ceomMempuieckux nosepxumocmeil oemanu. llosmomy Heobx00umo 3HamMb NOIHYIO
MOJMYUHY ceOMeMPULECKUX noeeprocmeﬁ. B cmamwve npe()cmaeﬂeHbl mepmursvl, no3eonArnwue CHU3UmMb
Heonpedejzennocmb npu npoexkmupoeaHuu oemaveti MAUWUROCMIPOERUA. Bbmepqueaﬂue ceomempudecKux
nosepxﬂocmeﬁ oemanu no pasmepam cHuaicaem Heonpedeﬂeyﬂocmb.

Knroueevie cnosa: l{ununopuueckas oemanv, Keaopamuas npusma, Usmepumenvhole 6aszvi, Buodwvl
aunul, Yemarnosounas demans, Pabouuii yepmeorc, Uzmepumenvuvie 6azvl, [llxansl.

Abstract: When designing engineering drawings, it is important to correctly display the shape,
dimensions, and material of the following geometric surfaces of the part. For this reason, it is necessary to
know the full thickness of the geometric surfaces. The article presents terms that serve to reduce
uncertainties in the design drawing of mechanical details. Drawing the geometric surfaces of the part by
dimensions reduces uncertainties.

Keywords: Cylindrical part, Square prism, Measurement bases, Types of lines, Adjustment detail,
Working drawing, Measurement bases, Scales.

Mashinasozlik ishlab chiqarishida detallarning ishchi chizmalarini to‘g‘ri tayyorlash muhim
ahamiyatga ega. Har qanday mexanik detal ma’lum geometrik sirtlardan tashkil topgan bo‘lib, ularni
to‘g‘ri tasniflash va tasvirlash konstruktor va texnologning asosiy vazifalaridan biridir.

1. DETALLARNING GEOMETRIK SIRTLAR BO‘YICHA TASNIFI

Tekis sirtlar, Silindrsimon sirtlar, konussimon sirtlar, sferik sirtlar, vintsimon sirtlar, murakkab

sirtlar
2. ROSTLOVCHI DETALNING TAHLILI

Berilgan rostlovchi detal(1-jadval) quyidagi geometrik sirtlardan iborat:
2.1. Asosiy elementlar

Kvadrat prizma qismi: O‘lchamlari: 20x20 mm. Uzunligi: 30 mm.
Tekis yuzalar: 4 ta vertikal, 2 ta gorizontal
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Silindrsimon qismlar: Birinchi silindr: diametri 36 mm (yoki 30 mm), uzunligi 30 mm.
Ikkinchi silindr: diametri 50 mm, uzunligi 25 mm. Ichki silindrsimon chuqurcha: diametri 40 mm,
chuqurligi 10 mm.

Kesmalar: Balandligi: 10 mm. Uzunligi: 15 mm. To‘g‘ri burchakli shakl.

Markaziy teshik: Shakli: kvadrat 10x10 mm. O‘tish: detal bo‘ylab to‘liq.

3. ISHCHI CHIZMANI TAYYORLASH BOSQICHLARI
3.1. Ko‘rinishlarni tanlash
GOST 2.305-2008 standartiga muvofiq minimal zarur ko ‘rinishlar:

Asosiy ko‘rinish: Detalning frontal proyeksiyasi. Eng ko‘p ma’lumot beradigan holatda.
Silindrlar o‘qi gorizontal joylashgan holda.

Yugoridan ko‘rinish: Kvadrat prizmani ko‘rsatish uchun. Kvadrat teshikni aniqlash uchun.

Chapdan ko‘rinish (yoki kesim): Ichki chuqurchani ko‘rsatish. Ichki strukturani aniqlash.

3.2. Masshtabni tanlash
GOST 2.302-68 bo‘yicha: Kichik detallar uchun: 2:1, 5:1
O‘rtacha detallar uchun: 1:1
Katta detallar uchun: 1:2, 1:5
Ushbu detal uchun tavsiya etiladi: M 1:1 yoki M 2:1
3.3. O‘lchamlarni qo‘yish
GOST 2.307-2011 talablariga muvofiq:

Asosiy o‘lchamlar: Umumiy o‘lchamlar (gabarit). Koordinatlovchi o‘lchamlar. Shakl va
joylashuv o‘lchamlari,

O‘Ichash bazalari: Konstruktiv bazalar. Texnologik bazalar. O‘lchov bazalari

O‘Ichov chiziglari: O‘lchov chizig‘i uzluksiz ingichka chiziq. O‘lchov ko‘rsatkichlari
(strelkalar) O‘Ichov ragamlari (3.5-5 mm balandlikda).

4. CHIZMA RASMINI BAJARISH TEXNIKASI

4.1. Chiziglar turlari (GOST 2.303-68)

e Asosiy yo‘g‘on tutash chiziq (5=0.5-1.4 mm): ko‘rinadigan konturlar

o Ingichka tutash chiziqg (S/3-S/2): o‘Ichov chiziglari, mTpuxoBka

e Shtrix chizig‘i (S/2-S/3): ko‘rinmas konturlar

e Shtrix-punktir chizig‘i (S5/2-S/3): o°q chiziqlari, simmetriya chiziqlari
4.2. Kesimlar va girgimlar
Qirgim turlari: To‘liq girgimlar. Yarim qirgimlar. Mahalliy girqimlar. Pog‘onali qirqimlar. Burilgan
girgimlar
HITtpuxoBka: Metall: 45° burchak ostida, oraliq 1-10 mm.
Nometall materiallar: o‘ziga xos mrpruxoBka

5. TEXNIK TALABLAR BO‘LIMI
Chizmaning “Texnik talablar” bo‘limida quyidagilar ko‘rsatiladi:
1. Umumiy talablar:

o GOST yoki ISO standartlariga 3. Yuzalarni himoya:
havola o Galvanik goplamalar
o Material markasi va GOST o Bo‘yash
ragami o Fosforlash
o Yuzalarning tayyorlanishi o Oksidlash
2. Termikishlov: 4. Maxsus talablar:
o Qotirish o Balanslovka
o Chindalish o Sinov bosimi
o Normallash o Mahkamlik sinovi
o Qattigligi (HRC, HB)

6. CHIZMANI RASMLASH KETMA-KETLIGI

6.1. Tayyorgarlik bosqichi 4. Ko‘rinishlar sonini aniglash
1. Format tanlash (A4, A3, A2...) 6.2. Konturlarni chizish
2. Ramka va shtamp chizish 1. O‘qchiziqglarini chizish

3. Masshtabni belgilash
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2. Asosiy konturlarni chizish (yo‘g‘on 3. Diametr va radiuslarni ko‘rsatish
chiziglar) 4. Burchak o‘lchamlarini qo‘yish

3. Ko‘rinmas konturlarni chizish 6.4. Yakuniy ishlov
(shtrixlar) 1. Sirt g‘adir-budurligi belgilarini

4. Kesim yoki qirqim chizig‘ini chizish qo‘yish

6.3. O‘lchamlar qo‘yish 2. Dopusklarni yozish.
1. Gabarit o‘lchamlarni qo‘yish 3. Texnik talablarni rasmiylashtirish
2. Koordinatlovchi o‘lchamlarni qo‘yish 4. Shtampni to‘ldirish.

7. ROSTLOVCHI DETAL UCHUN ISHCHI CHIZMA
7.1. Zarur Ko‘rinishlar
1. Asosiy ko‘rinish - frontal proyeksiya
2. Yugqoridan Kko‘rinish - kvadrat
qismni ko‘rsatish
3. Kesim A-A - ichki strukturani ochib
berish
7.2. Asosiy o‘lchamlar ro‘yxati
e Umumiy uzunlik: 55 mm (30+25),
Kvadrat prizma: 20x20x%30 mm,
Silindr 1: ¥36x30 mm,
Silindr 2: @50%25 mm,
Ichki chuqurcha: @40x10 mm,
Kvadrat teshik: 10x10 mm.
Kesma: 15%x10 mm
AutoCAD
Inventor
CATIA
7.3. Material va termik ishlov
e Material: Po‘lat 45 GOST 1050-88,
e Termik ishlov: Chindalish HRC,
35...40,
e Zagotovka: Prokat.

1-jadval
ROSTLOVCHI DETAL

Rostlovchi detal- kvadrat prizma va ikkita silindrning
birlashmasidir.
Poyevorning o‘lchami 20x20 mm, uzunligi 30 mm bo‘lgan
kvadrat prizma. chap tamonida, prizmani yugori gismida
balandligi 10 mm bo‘lgan va uzunligi 15 mm bo‘lgan to‘g‘ri
burchakli uchburchak kesma mavjud.
Asosiy diametri 36 mm va uzunligi 30 mm bo‘lgan silindr
mavjud.
Asosiy diametri 50 mm, va uzunligi 25 mm bo‘lgan silindr.
Silindrning asosiy o‘ng tamonida diametri 40 mm va chuqurligi
10 mm bo‘lgan silindrsimon chuqurcha mavjud.
Qismning o‘qi bo‘ylab o‘lchami 10x10 mm bo‘lgan kvadrat
teshik mavjud.

Qism po‘lat materialidan yasalgan.

Mashq: Detalning yaqqol va og‘zaki tasnifidan foydalanib, kerakliko‘rinishlar sonidagi
qismining chizmasini chizing. Chizma bo‘yicha o‘lchamlarini qo‘ying(1-rasm).
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XULOSA
Rostlovch detal Detallarni geometrik sirtlar orgali
tasniflash va ishchi chizmalarini to‘g‘ri
% 2 tayyorlash zamonaviy ishlab
: - chigarishning muhim gismidir.
;\g A o Standartlarga rioya qilish, to‘liq va aniq
‘ | }-E ma’lumot  berish,  texnologiklikni
v ta’minlash - sifatli mahsulot ishlab

S - - chigarishning kalitidir.
Rostlovchi detal misolida
Ackolins ko‘rsatilganidek, murakkab
ok T geometriyaga ega detallar ham asosiy
wrser | geometrik - sirtlarning  kombinatsiyasi
| Al ||| | sifatida tasvirlanishi va tahlil gilinishi
2 o Polal ﬁf'ngm/w mumkin. Har bir sirt uchun tegishli
o‘lchamlar, dopusklar va sirt g‘adir
budurligi ko‘rsatilishi lozim. Ishchi
chizma nafaqat detal shaklini, balki uni tayyorlash texnologiyasini ham aks ettirishi kerak. Shuning
uchun konstruktor nafagat chizmachilik qoidalarini, balki texnologik jarayonlarni ham yaxshi
bilishi zarur.

1-rasim. Rostlovchi detal ishchi chizmasi.
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YIAK 621.315.592.
KYIIUK®OCPOTUIIC BJIOK BYIOMJIAPUHU NIIJIAB YUKAPHIII
METOAOJIOI'UsACH BA UKTUCOAUU CAMAPAJOPJINT'A

3.M. Carropos?, B.III. Mamaros?.

YTowrenm apxumexmypa-kypunuw ynueepcumemu, mr.s.zafar@mail.ru, men: 94 421 60 55
2Papzona daenam mexnuxa ynueepcumemu, Vaxidjon.mamatov@mail.ru, mez: 93 738 09 05
(Kabyn kununou 05.12. 2025 1.)

Annomauun. Maxonaoa ¢pocgop yeumaapuuuue uukuHOUCU dacocudazu Kynuxgocgoeunc 6nox
oytomnapru  uwiiab  yuxkapuwi  Ounan  002MuK  OYIeaH  WIMUL-MAOKUKOM — UWIAPU  JHCApAéHuod,
Kynuxgocgozunc o0k OyromMaapuru uwiad uuxapuus memooonocusicu uwnad yuxunou. lunc, gocgop
Yeumaiapu YuKUHOUCU, KAnbyutl 2UOPOKCUOHUHZ MYUUHSAH CYGIU IPUMMACU 684 KYNUK XOCUL KUTYEUU
socumanapoar Kynuxgocgozunc 610Kk OyroMIaAPUHY UWLIAO YUKAPULLSA HCOPULL IMULL EPUMULSAH.

Kanum cy3znap. FBnoxknap, Gocgop yumnapunHune HUKUHOUCYU, MYCMAXKAMAUK, —KALIbYUL
2UOPOKCUOHUHS MYUUHEAH CY6IU I3PUMMACU, Kynukgocgpozunc.

Annomayus. B cmamve 8 npoyecce HAYYHBIX UCCIEO08AHULL, CEA3AHHBIX C NPOU3BOOCHIBOM
neroghochoeuncobrouHbIX U30ENUl HA OCHO8E O0MX0008 ochopbix yO0obpenull, pazpabomana MemoouKd
npouzeoocmea  neHogocghocuncobnounvix  uzdeaui.  OceewyeHo  GHeOpeHue 8  NPOU3BOOCHEO
nenogoc@ocuncobioyHbIX uzdenull U3 euncda, omxo0o8 Goc@opHvIX YOOOpeHull, HACLIWEHHO20 800HO20
pacmeopa cuopoxkcuda Kaibyus u nenoobpazosameriell.

Knrouesvie cnosa. brnoxu, omxoovl GocgopHbix y0oOpenul, npouHOCmb, HACLIUEHHbIU BOOHbLI
Ppacmeop 2uopoKcuoa Kaivyus, neHogocgoaunc.

Abstract. In the article, in the process of scientific research related to the production of foam
phosphogypsum block products based on waste phosphorus fertilizers, a method for the production of foam
phosphogypsum block products has been developed. The introduction of foam phosphogypsum block
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products from gypsum, waste phosphorus fertilizers, saturated aqueous solution of calcium hydroxide and
foaming agents into production is covered.

Key words. Blocks, phosphorus fertilizer waste, strength, saturated aqueous solution of calcium
hydroxide, foam phosphogypsum.

Kupum. Byryn nynéna OMHO Ba UWHIIOOTNIAD HMHHOBALMOH, SIHTU TYypAard KypHIIUII
MaTepUaUIapUHU KYJjam opKajiu cudaTiv, Xap TOMOHJIaMa KyJail, SHEprusi Ba pecypc TeKaMKOp
tap3na OyHEN 3THIMOKIA. MamiakatruMmusziga xam Oy Oopama ayHE Taxpubacw KYJUIaHUIMOKIA.
Hlynunraex, Maxamiuii XxoM amé Ba MKKWJIAMYU pecypciaplaH UMIOPT YPHUHH OOCYBYUM KyPHIIMII
MaTepUAJUIAPUHUHT SIHTU TYpJapUHU UILIa0 YMKapuil, Wiuiad YyMKapuiga CaHOAT YMKHHIWIAPUAAH
KEeHI Ba Makcaquu (oiinamanum acocuaa tanad mapakacujard MaTepHaUIapHU HINIA0 YMKapHIITa
KapaTwirah WIMHA TaAKUKOT W3JIaHUIIIAPHU SKATAJUIAIITHPUIN 3apypaTd TYFHIMOKIA. YOy
HyHamMIIIa pecnyOnMKaMmu3aa KypyuiIuil MaTepraliapyd WIUTad YMKAPUIT XKMIIAPUHHU KYTauTHPHUIIT
Ba CaHOAT KOPXOHATapH HWH(PATY3WIMACHHH MOJECpPHH3AIMSIAILI, SHEprusi camapagopiauruau 20
¢ouzgan kaM OYyiIMaraH MUKIOpPra OLUIMPHUII, cO] Ba 3KOJOTHK XaB(hcHU3 TEXHOJIOTHATIAp, CaHOAT
xKapaéHlapuaaH siHaJa KeHr (oiJjasaHuIl XucoOura yJIapHUHT OapKapOpIMTrMHU TabMUHJIAII Ba OOIIKa
Bazu(anap Oenrunab 6epunras.

Anaduéraap taxyuiam. ['unciu 60r10BUMIap acocua FOBAKIN OyIOMIIAPHUHT aCOCUM TapKuOHu
runc, Gocdop YruUTIaApH YMKUHIUCH, KaJbIMH THAPOKCUIAHUHI TYHHHIaH CyBJIM 3PUTMAacH Ba KYIHUK
XOCWJI KWIyBYM BOCHTaJaH Tamkwi Ttomaau. Kymukdocdorunc 6510k KopHIIMAacHUra TYIAUPYBUH
cudpatuna dhocdop YFUTIApH YUKWHANCH Ba KAJIBIUK THAPOKCUAHMHT TYWWHTAH CYBIH 3PUTMACHHU
KYyLIMII MyMKHH [3].

Vpraua 3uummkka sra 6ynran kymukpochorunc 6ok Gyomiap aHua I0KOPH MYCTaXKaMIHKKa,
HCCUKJIMK YTKa3yBUAHJMIM MAcT Ba TOBYLI YTKa3MacMK XyCyCHUATIapura sra, yJapHM KahTa WILIall
OCOH (appauiaul, Keculll, Oypryiall, Typau Xui paHrnapaa Oysm). FOxopuna cana® yTuiran mxoOuii
XycycusiTnapu Ownan Oup KaTopna, Kymukdocgorurnc OJ0K OyrOMIApHH CyBra YWAAMIIMINTH TMACT
0ynu6, ynapHuHr HUCOMK Hamaurd 60% maH 10Kopu OYnmaraH xoHanapa Kyuanunanu [4].

Taakukor Mmeromosiorusicu. Kanpuuii THAPOKCUAHMHI TYWHHTaH CYBIM JPUTMAcCH,
Kynukdochoruncian OJOKIAPHUHT (U3UK-MEXaHUK KYpPCAaTKUWIAPUHHM OIIUPHUIL, TUIC MHUKIOPHH
cappHM KaMaMTHUpUII, MYyCTaxKaMJIUTW IOKOpH Oynran kynukdocdoruncaun Ongokmap HIUabd
YUKAPUIIHUHT acOCH OYIM0 XU3MaT KUJIIH.

Kanpuuii TMApOKCUIHUHT TYHHHTaH CyBIIM 3pUTMacu Ba ¢ochop YFUTIAPUHUHT YUKUHAUCH
KYUIWIraHaa TUIC MUKIOPMHM KaMalMIIMHM —aHMKJIAIl  y4yH TypaM THIC MHUKAOpJapiaa
kynukdochoruncnn  OJIOK  HaMyHanapaa — TaxpuOamap  yTkaswinu. TaxpuOa-cCHHOBIAPHUHT
HaTIKaJIapyJaH MabTyM oYy, 23+2°C XxoHa xapopara Ba XaBOHUHT HUcOM Hamiuru 50+5% nan kam
OynamaraH mMmapouTna KOTraH TypiaM XWwil TapkuOaarn kynukdocdorunc 060K OyroMIApHUHT
MYCTaxKaMJIUTH IOKOpH OYNraH, KajblMi TUAPOKCUIHUHT TYHHHraH CyBJIM SpUTMacu OuWiaH
Moaupukanmsanran kynukdocdorurc 6ok Oyromnap unuad ynkapuiga rumnc cappuaun 30% raua
KaMaluTUpUIL MyMKHH [5].

Taxpuda-cunoB. Kypwmm matepuamiapu Ba OyroMiapd, IIy >KymiafgaH KyTHUKGOCPOTHIIC
OJIOKITapHU (PU3UK-MEXaHHUK KYpCaTKUWIapy alOXH/Ia axaMusaTra ara Xxucoomanamu [1].

Kynukdocorumncnn 610k HaMyHaTApUHUHT STHIIMIITA Ba CUKWJIHMIITAa MyCTaXKaMJIMK CHHOBH
“PecnyOika MyXaHAMCIUK KUAUPYBIAPH Ba JlabopaTopusi TaAKUKOT Mapkaszu” MUYUKuunr “Kypumwm
Matepuamiapu” nabopatopusicuna ['OCT 23789-79 “Tunciu OornoBumnap, CHHOB ycysuiapu” Ba
I'OCT 10180-2012 “Ha3zopaT HamyHasapu €pAaMua MyCTaXKaMJIMKHU aHUKJIAI ycyJulapu” Tanadaapu
Oyiinya TaJAKMKOT-CUHOBJIAPH YTKA3WIIU. DTHIKIITa Ba CUKWIMILITa MyCTaXKaMJIIMTUHU aHUKJIAIl YIyH
runc, ¢ocGop VFUTIAPUHUHT YUKUHIUCH, KaJbIMM THIPOKCHIHUHI TYWHWHTAH CYBJIM 3pUTMAacH Ba
KYIIUK XOCWJ KWIyBYM BOCHUTaJapuaaH TalépiaHrad Kynmukpocorumncau OJ0K KOPUIIMACHHU
40x40x160 MM, 100%x100x100 mm Ba 150x150x150 MM ynuamaaru KoJMIUIapra KyHuiIraH npusMa Ba
KyO Mmaxkiuaard HamyHanap Kynukgochorumncay OJI0K HaMyHaJapUHHUHT STHIIMINTA Ba CHKHJIMINTA
MyCTaxXKaMJINTH MyalsiH TapkuOiapaa Taiépianran 3 Ta cTaHzapT HaMyHaJapHH CHHAII HaTHXKacuia
anukyaHaau. Hamynanap xynukdocdorurc KOpUImMacHHUHT ypTa KUCMUZAH OJMHAIU, KOJIHUILIAHAIH
Ba JlabopaTopusl >KMXO3/lapuaa TekucinaHaau. TalépnaHraH Koaumiuapaarn HamyHauap 20 JTakuka,
HaMmJlaHTaH Maro Ownad &nunaau, XaBo 23+2°C xapopatria cakjiaHajId, KEHWH KOJMIJAH €4YuiIraH
HamyHasap HEUCOM Hamiuk 5045 % xam Oynmaran Ba xapopar 23+2°C 6ynran HOpMai mapoutaa 28
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CyTKa maBoMufa cakiaHagu. Kymukdocdorumncnm Onok Oyromiaapu y4yH CTaHAApT EKU TEXHUK
mlapTiaapia  KypcartwiraH OolIka MyJamiapja XaM OSTWIMINra Ba CHKWIMIITA MyCTaXKaMJIMK
yerapacuHM aHWKIam MyMKHH. Kymmkdocdorumnc 610k HaMyHaJTapUHUHT MEXaHHK XYyCYCHSATIAPHHU
SHT MYXHMM KYpCaTKHWIAPH STWIMIITAa Ba CHUKWIMIITa MYCTaxXKaMJIMK HaTWXajlapu XUCOOJIaHaIu.
Kynukdocorumncan 610k HaMyHaTapUHUHT THIIMIITA Ba CUKWINIITA MyCTaXKaMJIMK Yerapacu OujiaH
tTaBcudIanamy [2].

Kanpuuidi TUAPOKCUAHWUHT TYWHHTAH CYBIM JpUTMACH KYJUIAIIHUHT TEXHHUK-UKTUCOAUN
caMmapaJIopJIuTY Ba Ma3Kyp caMapaJOpJIMKHU MIUIA0 YMKapHUIla TaxpuOagaH YTKasHUIl Ba UKTHCOIUM
camapaJopJUruHu  Oaxoiami, MoauduKanusuianrad Kynukdochorunc ONOKIApHUHT TaHHAPXUHU
Takaug HTUIAETraH KaldblMA THAPOKCUIHUHT TYWHMHTaH CYBJIM SPUTMAcH KYIIMJIMaraH aHaJOTHUK
kynukdocorumnciau 6JIOKITApHUHT TAHHAPXH OMJIaH TAKKOCJIAIIHYA Ha3ap/aa TyTau.

IOxopuna TaBcudnanran TexHoJOTHAMaH (olgamaHraH Xoiaa KalblMd THUAPOKCHIHUHT
TYWMHTaH CyBIM OHpuTMacu Ba (Qochop VYruTiapm YUKUHANCH OWIaH MOAU(UKAIUSIIaHTaH
kynukdocdorurc 60KIapHN UITA0 YUKAPHIIIA, KATBIUH THAPOKCHIHUHT TYHHHTAH CYBJIH SPUTMACH
MUKIOpU KYTHK(POCHOTrunc ONOKIapHUHT (PU3MK-MEXaHUK XOCCalapura TabCHUPUHHM TAIKUK KHITUII
yuyn “BOJUN TUIIC” MUXna I'OCT 125-79 “Tmnc 6Gornopummap” “TeXHHMK XycycHsTiapu”
tanabnapura MyBopUK MuUIad yukapwirad, ['-6 mapkanu runcrnan ¢oiinananu® ®daproHa BUIOSAT
Kysacoit maxpunarun “Ferghana Ceramics industry” MYX Ba Tomkent maxpuaaru “MARMARIS”
MYXK KK kopxonanapu mapoutuaa /1900 mapkagaru kynukdochoruncian Kopummanap Tanépianau
Ba 666x500%7 MM yiryamiapza Taxxpuba napTUscH UIIad YuKapuIira s>xopuit Kuauaau (1-pacm).

Kynukdocporunc 060K  KOPUIIMACHMHUHI  KOHCHCTEHHHMSACH  Kynukdocdorunc  OJ0K
KOpUIIMaJapuHUHT Xap Oup Typu Oyitmua CHull Kypunamm marepuaayiapuHUHT CTaHIApTH Oyinua
VpHATHITaH MEBEPHI Yerapaiapia OYIIUIIT JIO3UM.

“o
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L g

TaIIK{ Ba MUKU JEBOpIAp yuyH Kynukdocdorurnc
OJI0K NaHeJUTApUHU KOJIMIUIALI XKapacHH,
666x500%7 mMm.

a) K}“IHKQ)OC@OH 610K néHnnapn,
666x500%7 MM.

\ B

. r)
B) MYKH J€BOpIIA H KynuKdocdorumnc .
) prap yuyH Kymukdocd WYKH JIeBOpIIap yuyH Kynukgochorumnc 610k
OJIOK MaHeJUTAPUHU MOHTaXX KHUJIHII

666x500%7 MM MaHeJUTAPUHA MOHTaX KHiIUII. 666x500%7 mm.

1-pacm. Kanpuuii rupOKCHIHUHT TYHHUHTAH CYBIIM PUTMACH KYIIHITaH KynHuKdochorurmc 010K maHeuIapuHIHT
KYPUHHUILY.
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Kanpuuilt ruipoKCUAHUHT TYWUHTaH CYBJIM SpUTMAcu KYIIUIraH kynukdocdorumnciau 610k
naHe/ulapuHu Taiépmam Ba ymapuu koiumiamga KMK Tanabnapum Ba MammHanmap xamja
MEXaHU3alMsUTalliral ~ yCKyHajap, IIyHUHTIEK, acboOmapman (QoiiganaHummma XaBPCUBIUK
TEeXHHKAcH OyHUYa TerHILIH HHCTPYKIHsIIapra aMan KWIni kepak [6].

MexaHuzanusialirad  yckyHa Ba acOoOnap OwiaH wunpiaérraH Xu3MaT —KypcaTyBUU
NepcoHal UIuad YyuKapuil Oyinuya YKUII KypclIapuHU YTalllyd Ba XaB(CU3IMK TEXHUKAcH Oyitnmua
MHCTPYKTaXJIapAaH YTMOFH, DJIEKTp XaBQCHU3IMIM OYHrYa TETrHMIUIM KaTeropusira sra OYiaumun
Kepaxk [6].

“Ferghana Ceramics industry” MY)XK na xanpuuii THUAPOKCUAHUHT TYWHMHTaH CYBIJIH
SPUTMACHHU KYIIKII OWiaH KYNUK(POCHOTUIICIN apHKYa-TapOKJIM OJIOK OYIOMIApHHM HILIA0
YUKapHII coXacuaa yJapHU IOKOpPHU MyCTaXKamJIMKKa »ra OyiraH, OOFIOBUMHU TeXalll MMKOHUHU
O6epyBun Kynukdochorumncan OJOKIAPHUHT TapkuOu unuiad yukuigu. KopxoHa mapoutiapuaa
kynukdocdorurncian O6JIOKIapHU UIUIA0 YUKAapHILa KYJJIaHAJAUraH XOM alléIapHUHT TapkuOu Ba
kynukdochorunc 060k OyIOMIApPHUHT TaHHAPXJAPUHU XHUCOONAIl HaTWXajdapu 1-kaaBanga
KEJITUPUJIITaH.

l-xanBan
1900 cundan 1 m° kynukdocdorunc 6,10k GyIOMIAPHH KOPXOHA IIAPOUTIAPH/IA
KY/UIAHAIMTaH MaTepUaJUIaPHUHT cap¢u Ba TAHHAPXJIapH

1m°ra
Marepuai- V. HILIATHIIAANTAH Hapxu baxocu, cym
JIAPHUHT oupJan Mebépuii capg (KKC),
HOMHM ™ Kymmmyuac | Kymmmuan cym. Kymmmua Kymmmya
u3 7 cu3 am
I'unc I'-6 KT 850 595 400 340000 238000
®dochop
VFUTIApU KT 0 255 40 0 7000
YUKUHIUCH
Kymix xocun Kr 11 0,7 700 770 490
KHJTYBUM BOCHUTA
Oxak KT 0 7,8 1066 0 8314,8
Cys M3 0,527 0,476 2600 1370,2 1237,6
Texni KT 0,008 0,008 8000 64 64
MOHn
Kymukreneparop kBT 0,75 0,03 1000 750 30
eKTp KBt 2 2 1000 2000 2000
SHEPIUsl
Hurei JI0Ha 2 2 36000 72000 72000
Ky4u
Kamu: 4189542 | 3291364

Kanpuuii THAPOKCHAHMHT TYWHHTaH CyBIM SpHTMacH Kymmmga 1 m° kymmkdocdorumnc
OJIOKJIap Y4yH THUIC capQUHU NMacalTUpHUIIIA SPUIIAIAIUraH UKTUCOAUM camapa 89 217,8 cymHu
éxu 0,0231 m® xaxmuaru 1 ta xymukpocdorunc 6ok OyroM yayH 7 836,58 CYMHM TalIKuiI STW.
340 ta maHen OsokinapiaH MOOpaT YMKApWIraH Taxpuba MapTHACH YYyH HMKTHCOAMM camapa
713 742,4 cymuu Tamkwia >Tau. byrna xynukdocdorumnc 610k OyIOMIApHUHT CYB YTKa3MacIHK
XOCCAJIApUHUHT CE3WIAPIIM JlapakaJa OLUTaHJIMTU TEXHUK-UKTUCOANUN CaMapaZopivKHUA aHUKJIAIlga
nHoOarra onuHMa . Kaneuii ruIpOKCUIHUHT TYWHUHTaH CYBJIM 3PUTMAaCUHUHT TaJKUKOTIAp OpKaIH
onuHran Oab3u KoHuUeHTpauusuiapu “‘Ferghana Ceramics industry” MYWXKnarm unmal dukapuin
miapouTiaapuna  Kynukgocdorunc OinokmapHM HUmiad 4YMKapuil - TaxpuOa  TEeKIIMPYBHUAAH
myBaddaxustan yrau. Kynukdocdorumnc 610kmapHUHT yMPOOKUIIMTUHN OIIUPUIT YUYH KaJbLUH
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TUAPOKCHIHUHT TYWHHIaH CYBIIM SPUTMACHHM KYIIIall Makcaara MyBo(HUK XUCOOIaHAIH.

“Ferghana Ceramics industry” MUK xopxonacu mapoutuaa 1 M3 kymuxdocdorumnciu 6110k
NaHe/ulapy MOulad YMKapuiia TaJKWK KUJIMHAETraH KYIIMMYalapHU KYJUlaliiaH KyTWilaéTraH
UKTUCOAMK  camapazopiaurd 89 217,8 cymMHM Tamkwi  Kwiaad. T[aIKWK  KWIMHAETTaH
KYIIMMYaIapHu KyJu1ab kopxoHa 6up cmenana 20 M3 kynmkdochorumnciu Groknap uimab ynkapca
1 784 356 cyM UKTHCOIUI caMapaOPITHKKA DPUIITIIIA]TH.

Xyaoca: Kanbiuii TMApOKCUIHMHI TYWWHTAH CYBIM 3pUTMacu Kynukpocdorurnc 0650k
MaHeJUTapu UIDIa0 YUKApUII HyHAIWIIHIA yIApHU FOKOPH MyCTaXKaMJIMKKa dra OyiraH Xoiataa
Taii€pramniia GOFJIOBUMHHU TEXalll UMKOHMHU OepyBuM Kynukdocdorunc OIOKIAPHUHT TapKUOU
unuab ynkuiau. Arap xopxona 1 kyn mapomuna (3 cmenana) 60 M3 kymukdocdorumnciu 6a0kmap
nnwtad yukapum 5 353 068 cyM MKTHCOMI camapaqopiukka spummiany. 1 imn naBomuaa (300
KyH) 3 cMmeHana kynukdocdorunciu OI0K HNUIA0 YMKAPUIIIAH KyTHJIAETIaH WKTUCOAMN
camapaopiuk 1 605 920 400 cyMHM TaIIKUI KUJIAIH.
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YUCJIEHHOE MOAEJIMPOBAHUE XPAHEHUSA SHEPT'UU B BATAPEAX JIJIA
HUHTEI'PAIIMU C BOSOBHOBJIAEMBIMH NICTOYHUKAMMU

O.A. Paxmaros

Depeanckuil 20Cy0apCcmeeH bl MeXHUYeCKUll YHusepcumem
0.raxmatov@fstu.uz
(llonyuena 05.12. 2025 2.)

Annotatsiya. Magolada quyosh va shamol energetika tizimlari bilan integratsiyalash uchun litiy-ion
batareyalarining zaryadlanish va zaryadsizlanish jarayonlarini ragamli modellashtirish keltirilgan. NumPy
va SciPy kutubxonalari bilan Python tilida amalga oshirilgan zaryad holati modeli (SOC) ishlatiladi. Sonli
tajribalar energiyani saglash samaradorligini (90-95%) va degradatsiyaning batareya unumdorligiga
ta sirini ko ‘rsatadi. Natijalar shuni ko ‘rsatadiki, ish rejimlarini optimallashtirishda energiya yo ‘qotishlarini
10-15% ga kamaytirish mumkin. Magola hisob-kitoblarni, zaryad/razryad egri chiziglarini
vizuallashtirishni, ma’lumotlar jadvallarini va energiya saglash tizimlarini migyoslash uchun
yondashuvning qo ‘llanilishini tahlil qilishni o ‘z ichiga oladi.

Kalit so“zlar: Energiyani saglash, batareyalar, gayta tiklanuvchi energiya manbalari.

Annomayus. B cmamve npedcmasieno uuciennoe MoOeiuposanue npoyeccos 3apaoa u paspsaoa
JUMUU-UOHHBIX 6amapeﬁ o unmezpayuu C COJIHEYHbIMU U 6€MPOBbIMU ISHEPCEMUUECKUMU CUCMEMAMU.
Ucnonvzyemes modenv cocmosinusa sapsoa (SOC), peanuzosannas 6 Python ¢ oubnuomexamu NumPy u
SciPy. Yucnennvle sxcnepumenmsl OemoHcmpupyrom s¢ghgexmusnocms xpanenus suepeuu (90-95%) u
GlUAHUE ()ezpaaauuu HA npOMS’@OdumeJleOCWlb 6amapeu. P€3lebman’Ibl nokasvlearom 603MOHCHOCHIb
cHudcenus nomepv dHepeuu na 10—15% npu onmumusayuu pesxcumos pabomol. Cmamvsa eKaOYaem
pacyempl, 8U3YATUZAYUU KPUBLIX 3aps0a/paspsaod, mabauysl OAHHBIX U AHAIU3 NPUMEHUMOCTU N00X00d OJis
Macmma6up06aHuﬂ cucmem XpaneHus IHepcuu.

Knroueeswie cnosa: XpaHeHue IHepcu, 6amapeu, 80300HOGIsIEMblE UCTNOYHUKU IHEpcUU.

Annotation. The article presents numerical modeling of lithium-ion battery charging and
discharging processes for integration with solar and wind energy systems. The charge state model (SOC)
implemented in Python with NumPy and SciPy libraries is used. Numerical experiments demonstrate energy
storage efficiency (90-95%) and degradation's effect on battery performance. The results show the
possibility of reducing energy losses by 10-15% when optimizing operating modes. The article includes
calculations, visualization of charge/discharge curves, data tables, and an analysis of the applicability of the
approach to scaling energy storage systems.

Keywords: Energy storage, batteries, renewable energy sources.

BBenenue

Hakoruienue sHepruu oueHb BasKHO JUIsS JOOABJICHHSI BO3OOHOBISIEMBIX HCTOUHUKOB, TAKHX
KakK COJIHCYHasA W BCTpOBasd OHEPTrHA, B OSHCPIrOCUCTEMBEI. B oT0i1 cTaTthe paccMaTpruBacTCA
YHCIIEHHOE MOJICTTUPOBAHUE TMPOIECCOB 3apsiAKu M pa3psaku  Oatapeil. OcobOoe BHHUMaHUE
yaensercs ananuzy coctostHus 3apsiaa (SOC) u moTepsiM SHEpruu u3-3a u3Hoca [1].

Jlutnii-nonnele O6atapen 00Jaal0T BHICOKON TIOTHOCTHIO SHEPTUH, HO X padoTa 3aBHCHUT
OT PEXUMOB, TEMIEPATYpPbl U U3HOCA, KOTOPbIA MoxeT cocTaBisaTh 0.1-0.2% nHa nuki. ['maBHas
3a/1aya paboThl — OIEHUTH, HACKOJIBKO XOPOIIO COXPAHSETCS SHEPTHs, U KaK BIUAET U3HOC. Takxke
MpEeAJIaraloTCsl CIOCOOBl yIIydIIeHus paboThl OaTapeir. [Imsi 3TOro HCMONB3YIOTCS UYWCICHHBIC
METO/IbI, BKJIIOUas CUMYISAMU B Python, skcrepuMeHTHI ¢ y4eTOM LHUKIIOB 3apsAKH/pa3psakd U
rpaguknu. CTaThsi TMOKa3bIBA€T, HACKOJBKO Ba)XHO MOJCIHMPOBAHUE [II CTAOMIBHOCTH
9HEPTOCHUCTEM C BO30OHOBIIIEMBIMU HCTOYHUKAMH [2].

Metoaosorust

MonenupoBaHie OCHOBaHO Ha CTaHAapTHON Mozenu coctosiHus 3apsaa (SOC) Garapeu:

1
S0C =50C, + - JI(t) at,
rae SOC, — HavanbHOE COCTOHUE 3apsaa, C — HOMHMHAIbHAs eMKOCTh Oarapeu (Au), I(t)

— TOK 3apsiaa uiu paspsaaa (A).
DHeprus, XpaHumasi B 6atapee, pacCYUTHIBACTCS KaK:
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E=C-V-A50C,

rae ¥V — HomuHanbHOe Hanpsbkenue 6atapeu (B), A50C — u3zMeHeHue COCTOSIHUA 3apsiia.
YucjieHHOE MO/IeJIMPOBaHIe
Jlns pacueroB ucnonb3yercs Python ¢ 6ubanorexoit NUMPY. PaccmarpuBaercst 6atapest ¢

emkocthio C = 100 A4, nanpsikenueM ¥V = 12 B, tokom 3apsima { = 10A u pazpsma [ = —8 A,
Kon nns pacyera SOC:

import numpy as np
def soc(t, I, C, SOCO0):

return SOCO + np.trapz(l,t) / C

t = np.linspace(0, 3600, 100) # 1 uac
I charge = np.ones(100) * 10 # Toxk 3apsina
C=100 # EMKOCTB
SOC0=0.2 # Haganpnbrit SOC
SOC =soc(t, I_charge, C, SOCO0)

Herpamanus 6atapen moaenupyetcs kak norepst emxoct 0.1% 3a nuki. IddexkTHBHOCTD
paccuMThIBaeTCs KaKk OTHOLLICHUE YHEPTUU pa3psijia K SHEPTuu 3apsja.

YuciaeHHbIH IKCIIEPUMEHT

[TpoBenena cumymsimust padotsl 6atapen 12 B, 100 Ay na npotsbkeHnu 100 IUKIOB 3apsaKu
U pa3psaku. YToObl yuecTh BO3MOYKHBIE CllydaliHble KoeOaHusl TOKa, UCII0JIb30BaH MeTo] MoHTe-
Kapno (1000 wurepanmii) ¢ HOpMalbHBIM pacrpenesneHueM B auanaszone I[+1 A. Paccmorpen
BApUAHT CHIKEHUS MOTEPh SHEPTUU 3a CUET YIPaBJICHUS TOKOM C MOMOIIbio Oubauoreku SciPy.
Onenka paboTel 6aTapen MPOU3BEACHA KaK:

E
n= =2 . 10094,
3apAz
Buszyanuzanus

3aBucumocth SOC OT BpeMeHH U KPHBBIC 3apsijia/pa3psiia BU3yaATU3UPYIOTCS C MOMOIIBIO
Matplotlib, a B LaTeX wucnons3yercs maker TIKZ. Tlpumep rpaduka 3aBucumoctu SOC
MPE/ICTABIICH HIDKE.

PesyabTarsl

YucneHHbIe pacyeThl IMOKA3bIBAIOT, 4YTO OSHEPIus, XpaHUMas B Oarapee, COCTaBIISCT

E = 1200 Bty npu nonnom 3apsane (450C = 1). D¢pdextuBHOCTS OaTapen B 0a30BOM CIIEHApUHU
cocraBisieT 92%. Pe3ynbTaThl A OJTHOTO IMKJIA MTPEICTABICHBI B TAOIHUIIE.
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Puc. 1. I'paduik 3aBUCHMOCTH HaIlpsHKSHUS B sSTUEiKe OT BpEMEHH 3apsiIKH.
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Tabnuna 1.
Ilapamempur 6amapeu 0151 00HO20 YUKIA 3apsa0a/pas3psaoa
Pexum Tok (A) Bpewmst (1) SOC
3apsin 10 6 0.20.8
Paspsin -8 7.5 0.80.2

Uucnennpiii skcnepuMedHT ¢ 100 muMKIaMu  TMOKa3bIBaeT, 4YTO JErpajanus €MKOCTH
coctaBisieT 0.1% 3a UMKI, 4TO MPUBOIUT K CHMKEHHIO eMKOCTH 10 90 Au mocne 1000 mukios.
O¢ddexTuBHOCTH OcTaetcs B Auamnazone 90-95% [3]. Ontumuzanus Toka (CHUXKEeHHE 10 8 A amns
3apsizia) yBenuuuBaeT 3¢ dekTuBHOCTE 10 94%, cHmkag notepu Ha 2%. MHTerpanbHas sHeprus 3a
roJ1 (365 MUKIIOB) COCTABIISACT:

Egq =365 -E-1n %~ 401 kB4
Juig 6a3o0Boro cueHapus v 413 kBTu 17151 ONTUMHU3UPOBAHHOTO.

25
= 1t cycle
= 2"d cycle
= 3 cycle

—_
[$)]

Potential [V]

=

20

quasi-linear region

40 60
Specific capacity [mA h/g]

Ce

Puc. 2. T'paduk 3aBUCHMOCTH TOTEHIMANIA OT EMKOCTH KOHJIEHCATOPA.
kBtu B rox. Bmecte ¢ Tem, MOJeNb HE YUYUTHIBACT BJIUSHHE TEMIIEPATYPbl U BHYTPEHHETO
COIIPOTHBIICHUSI, KOTOPble MOTYT CHU3UTh WUTOroBYIO 3¢ ¢dektuBHOCTs Ha 5-10%. I[lnanupyercs

WHTETPUPOBATh MOJENIb C alrOpUTMAMH MAIIMHHOTO OOyuYeHwus,

JeTpaIalliio U aJaliTUBHO YIPABIISATH MPOIIECCOM 3apsia [S].

Oobcy:xnenue

PesynbTatel
YHCIEHHOTO MOJICTTUPOBAHUS
COOTBETCTBYIOT JUTEPATYPHBIM
JaHHBIM 00 3()(peKTUBHOCTH NUTHII-
WOHHBIX Oarapei, KoTopas, Kak
npaBmiio, coctaBmsier  90-95%.
Mogens ~ TO3BOJNISIET  OIECHHTH
BIUSTHUE JeTpajallid U BBIOUPATH
TaKhe pPEXUMBI PpabOThI, YTOOBI
MUHUMH3UpOBaTh  mortepu  [4].
Hanpumep, cHWkeHHe Toka 3apsjia
BEJET K pocTy 3(PPEeKTUBHOCTH Ha
2%, 4to s OaTaped eMKOCTHIO
100 Ay paer DOMOJHUTENBHO 12
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3aKjaouYeHue

KOMHBIOTepHOG MOZACIIMPOBAHUC IIOKA3bIBACT, 4YTO JINTHI-HOHHBIE 6aTapeH JOBOJIBHO
Xopomo ImoAXondaT IAJist XpaHCHUSA SHEPIHU, HOHy‘IGHHOfI 13 BO300OHOBJISIEMBIX HCTOYHHUKOB (I/IX
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KIIJI cocraBmsier 90-95%). DKkciepuMEHTHI Ha KOMITBIOTEPAX MOKA3bIBAIOT, YTO €CJIM MPaBUILHO
HACTPOUTH PEKUMBI 3apSAIKUA U Pa3psAIKU, TO MOKHO YMEHBIIUTH moTepu >Hepruu Ha 10-15% u
YBEJIMYUTH TOJI0OBYIO BhIpaOOTKY 3Hepruu Ha 12-30 xBtu nmns Oarapen emkocthio 100 Au. Ot0
B)XHO JIJISI TOTO, YTOOBI TIOJKITFOUUTH COJIHEYHBIC W BETPSHBIC JICKTPOCTAHIIMU K oO0IIed cetu. B
OyayIieM MBI ITIAHUPYEM YUHUTHIBATh TEMIEPATypy U pa3padaThiBaTh YMHBIC CHCTEMBI YIIPABICHUS
6arapesMu C MOMOILBIO UCKYCCTBEHHOT'O MHTEIJICKTA.
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PA3ZPABOTKA CIIOCOBA NOAI'OTOBKHN KOKOHOB K PASMOTKE
JI.A. Mamaesa!, M.A. ®arraxos?, 5.X. Hcnamos?, I'.P. YMyp3zakosa?, ®.H. HacpeTaurosa?

YTawxenmexuii unmumym mexmunvHoil u 1e2Koti NPOMbIUTEHHOCIU
2Pepeanckuti F'ocyoapcmeennviii Texnuveckuii Ynusepcumem
(Ilonyuena 05.12. 2025 2.)

Annomauusa. B oannoii pabome pacmompeno uzyuenus cnocoda noo0comosKiu KOKOHO8 K pamomke.
Ilocmasnennas yeno oocmuzaemcs mem, 4mo neped 3anap1<012 ocywecmeiisiiom 06pa60m1<y KOKOHO8 6
INIEKMPUUECKOM NOJi€ 6bICOKOBOSILMHO20 KOH()@HCLZmOpa, npuiem cyxue KOKOHbvl pasmewaront noHKum Cciloem
HA OMpUYaAmenrbHOM JJ1eKmpoode KOHOeHCamopd, 008005m 61azd- U cojlecodepicanue 8030YXa Meducoy
INEKMPOOAMU 00 HACBIUWEHUS, A HANPAICEHHOCMb dIeKMPU1ecko20 noas 0o 22-27 kB/cm u ebioepaicusaiom
6 Hem KoKoubl 6 meuenue 25-30 mumym, nocie yezco 3anapueaiom ux 6 gooe ¢ memnepamypoui 70°C 6
meuenue 20 mumym. Illpu npedsapumenvHoii 00pabomke KOKOHO8 6 321eKMPU4ecKoM HNOAe 6blCOKOU
HanpssCeHHocmu u noczze()yiomeﬁ ux s3anapke yeeaudueaemcs npoyerm 8bIX00d uenka-colpya u OnuHa
Henpepvle6HO pa3mamb16aeM012 Humu npu 00H06p€M€HHOM CHUDICEHUU memnepanypHoco peicuma KaxK 6
npoyecce nodeomoeku, mak u 6 npoyecce sanapuearusl KOKOHO8

Knroueewvte cnoesa: KOKOH, JJlekmpu4decKkoe noJe, 3anapka, pasmomka, cepuyun, ZMOPOKCM()KJ Hampus,
INEKMPOOUL.

Annotatsiya. Ushbu ishda pillalarni chuvishga tayyorlash wusulini o ‘rganish ko ‘rib chigilgan.
Qo Yvilgan magsadga pillalarni bug ‘latishdan oldin yuqori kuchlanishli kondensatorning elektr maydonida
ishlov berish orqali erishiladi, bunda qurug pillalar kondensatorning manfiy elektrodiga yupga gatlam qilib
joylashtiriladi, elektrodlar orasidagi havoning namligi va tuz migdori to ‘yingunga qadar yetkaziladi, elektr
maydon kuchlanganligi esa 22-27 kV/sm gacha yetkaziladi va unda pillalar 25-30 dagiga davomida ushlab
turiladi, shundan so‘ng ular 70°S haroratli suvda 20 dagiga davomida bug latiladi. Pillalarga yuqori
kuchlanishli elektr maydonida dastlabki ishlov berish va keyinchalik ularni bug ‘lashda pillalarni tayyorlash
Jjarayonida ham, bug‘lash jarayonida ham harorat rejimini bir vaqtning o zida pasaytirishda xom ipak
chiqishi foizi va uzluksiz chuviladigan ipning uzunligi ortadi.

Tayanch iboralar: pilla, elektr maydoni, bug ‘latish, chuvatish, seritsin, natriy gidroksid, elektrodlar.

Abstract. This work examines the study of the method of preparing cocoons for unwinding. The set
goal is achieved by treating the cocoons in the electric field of a high-voltage condenser before steaming,
placing the dry cocoons in a thin layer on the negative electrode of the condenser, bringing the moisture and
salt content of the air between the electrodes to saturation, and the electric field strength to 22-27 kV/cm,
and holding the cocoons in it for 25-30 minutes, after which they are steamed in water with a temperature of
70°C for 20 minutes. When pre-treating cocoons in a high-intensity electric field and subsequently steaming
them, the percentage of raw silk yield and the length of the continuously unwinding thread increase while
simultaneously reducing the temperature regime both during the preparation and steaming of cocoons.

Keywords: cocoon, electric field, steaming, unwinding, sericin, sodium hydroxide, electrodes.
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CyImHOCT HM3BECTHOTO CMOCO0a  MOATOTOBKM KOKOHOB K pa3MOTKE 3aKIoYaeTcs B
MpeABApPUTEIIbHOM 3aMayMBaHUM KOKOHOB B XOJIOJHOM Bojae ¢ temmeparypoid He meHee 18°C c
pacTtBopeHHbIM B Heu [IAB, B cienyromeM BBIACPKUBAHMM KOKOHOB B a3pHUPYyEMOM BOJE C
temneparypoil 80°C u 3anapuBanuu B TeueHue 20 MUHYT B BoAe ¢ Temneparypoit 90°C[1].

JnuTenpHOEe 3aMauMBaHWE KOKOHOB B BOJE,[2] uMEIOmIed BBICOKYIO TeMIEparypy,
IIPUBOJUT K PAaCTBOPEHHUIO 3HAYMTENIBHOM YacTH CEPHUIIMHA, T.€. YMECHBIIEHUIO BBIXOAA WIEJIKA-
Chlplla, a KpOME TOro, He Bcerja oOecrneuyuBaeT BO3MOXHOCTb CHHIKEHMSI CKJIEHBAOILEH
CIOCOOHOCTH CEpUILIMHA BHYTPEHHUX CJIOEB KOKOHA JI0 MPENEOB, ONTUMAIbHBIX Ul YBEITUYEHUS
€ro pa3MaTbIBa€MOCTH.

IOnnambexoBa K.M. B cBoeil nuccepranuu KaHaujaata TeXHHYeCKHX Hayk «Paspaborka
BaKyyMHOI'o crocoba 3amapku KOKOHOB» IpeJlaraeT C LEeibl0 MOBBIIIEHHUS Pa3MaThIBAEMOCTH U
YBEJIUYEHUS BBIXOJIa LIEJIKA-ChIpLAa KOKOHBI MEpe]] 3alapuBaHUEM MONEpeMEHHO 00palaThiBaTh B
cpene «Bakyym-map-Bakyym»[3]. Ilpu 3TOM mOpHCTOCTh KOKOHHOW OOOJOYKH YBEIWYHUBACTCA,
OIIPECIIEHHOE KOJMYECTBO CKJIEEHHBIX YYAaCTKOB KOKOHHBIX HHTEH pPa3MAryaercsi, CEpULUH
4acTUYHO HAOyXaeT, 4TO YKOpsSieT MpOLECcC 3amapku Ipu HEOOJbUIMX 3aTpaTax TeIja U BPEMEHH.
OnHako BakyyMHO-TIapoBast 00paboTKa KOKOHOB B TeueHHE 25-45 MUHYT B IpelaraeMoM crocooe
MPUBOJUT K 3HAUMUTEIBHOMY Pa3MSArYEHHIO CEPHUIIMHA BO BCEX CJIOSIX OOOJIOUKM KOKOHA M €ro
MHTEHCUBHOMY PaCcTBOPEHHUIO B IIPOLIECCE TIOCIEAYIOUIETO 3anapuBanus[4].

Harueii nienbio sBIsSIeTCSl MOBBIIIEHNE Pa3MaThIBAEMOCTH KOKOHHOM HUTH M BBIXOJa LIEJNIKa-
Chlplla 332 CYET YMEHBUICHMsI CONPOTUBIICHHUS OTKJIEUBAaHUS U CHUKEHHUS KOJIMYECTBA CEPUILIMHA,
MEPEXOIAIIET0 B pacTBOP MPH 3allapuBaHUU.

[TocraBneHHast 1eidb JOCTUTAETCS TEM, YTO Mepeja 3amapkKod OCYLIECTBISIOT 00pabOTKy
KOKOHOB B JJIEKTPUYECKOM TII0JI€ BBICOKOBOJBTHOIO KOHJEHCATOpAa, IMPUYEM CyXHE KOKOHBI
pa3MenialoT TOHKHMM CJIOEM Ha OTPULATEIBHOM 3JIEKTPOJE KOHJEHCATopa, JOBOJAT Bjara- H
COJIECOAEPIKAHNUE BO3/1yXa MEXKLY IEKTPOJAMHU O HACBILIEHUS, @ HAIPSHKEHHOCTD 3JIEKTPUYECKOTO
monisgs A0 22-27 xB/cM U BBIIEPKHBAIOT B HEM KOKOHBI B TedeHHe 25-30 MUHYT, MOCIE Yero
3anmapuBaroT UX B Boje ¢ Temnepatypoit 70°C B teuenue 20 MUHYT.

CyuHocTh paboThl 3aKiIIOYaeTcs B TOM, YTO BCE ONEpald B MHPEIJIOKEHHOM CIIOCO0e
HMEIOT CBOEH II€JIbI0 KOKOHHYIO HHUTH[5,6] BceX 00070YeK KOKOHA TOHYAHIIMM CJIOEM TBEPAOTO
CJIOSI TUAPOKCU/IA HATPHUs, KOTOPBIM MPH PACTBOPEHUHU KUAKOCTH JAJIS 3amapku o0pasyeT IUICHKY
KOHILICHTPUPOBAHHOI'O PACTBOpA IIEJIOYHM B MPUIIOBEPXHOCTHOM CJIO€ KaXKI0M HUTU. DTOT PacTBOP
obecrieynBaeT OcnabjJeHUe U PACTBOPEHHE YYACTKOB CKJIEEHHBIX MEXAYy COOOH HUTEH M TakuM
00pa3oM MO3BOJISET NMPEAOXPAHUTh OCHOBHYIO MacCy CEpHUIlMHA OT PaCTBOPEHUs, IOHU3UB B TO ke
BpEeMS CHIy CLEIIJIEHUS MKy HUTSAMHU.

Kaxk nmokasanu npoBeIeHHbIE YKCIIEPUMEHTHI, IPA BHICOKOBOJIBTHOM KAaTOJIHOMW MOJISIPU3ALUN
KOKOHOB BO BJIa)KHOM, HachiieHHbIM coubio (NaCl) Bo3ayxe, MOBEpXHOCTHBII CEPUIIMHOBBIN CIIOM
LICJIKOBUH  CTAHOBUTCSA  IPOBOJHHUKOM  DJIEKTPUYECKOIO TOKA[7], T.€ BBIIOJHSIET pOJIb

OTpULATENBHOIO 3JIeKTpona. Ha ero mosepxHocTH

A 4§ g (Ha ¢a30BOM TpaHUIICE CEPUIMH-TA30Bas Ccpenaa)
\ *\ 4\ MPOTEKAIOT INEKTPOXUMUUYECKUE peaxiuu
| L — - oOpa3oBaHus TUIPOKCH/A HATPHS IO CXEME:
o e 2H,0—H,+20H
A | e e
3 - _ IZZI'HM+;"'I.|r a’ — NaOH
3 ‘\ . _/) :‘ [Ipn 5TOM Ha aHO/AE MPOUCXOAMT BBIJIEICHHE
~ I~ _ MozekynspHoro xjopa. OOpasoBaHume T'MApPOKCHIA
l a g" . HATpUs MPOUCXOJUT HE TOJIBKO HAa HapPYIIEHHBIX
—/ y4acTKax KOKOHA, OOpPAlICHHBIX K MOJIOKUTCIEHOMY
K d ANEKTPOIY, HO W HA TIOBEPXHOCTH HHUTEH Bcex
Puc.1. Mexanusm npouecca 00pa3oBaHus KOKOHHBIX  000JI04€K, BKJIIOYash  IMOBEPXHOCTH

THIPOKCH/IA HATPHSL BO BCEX CIIOSIX 000I0YKH Kykonkd. YTtoObl mpencTaBuUTh cebe MexXaHH3M

KoxoHa. A-anop, K-xaron, G-Hemmeii cnoit, A= popecca 06pasoBaHus THAPOKCHAA HATPHS BO BCEX
BHYTPEHHEH cIoH, 1- KOKOH.

CJIOSIX O0OJIOYKM KOKOHA, PaCCMOTPHUM CIEAYIONIYIO
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cxemy (puc.l.).
OO1ee nageHne HAMPSHKEHUS MEXKAY BHICOKOBOJIBTHBIMU JIEKTPOJaMH (aHOJAMH U IBYMS
BBIICJIICHHBIMU CJIOSIMU: BHEIIHEN -C U BHyTpeHHI/II\/JI -I[) CKJIAABIBACTCA M3 YMCHBIICHUS IMAJCHHUC

o bt
HalpsDKEHUsT Ha TpaHUIE aHOJ- BIAXHBIM ra3 (WM MOTEHIHWAlT aHola Eg u Ea) naacHus

HaIpsDKEHUs: KaToJ (IIeJIKOBMHA) — BJIAXKHBIN Ta3 (WIM MOTEHIMAal KaToaa E,’f u Ef), HaJacHUs
HaIpsOKEHUsT Ha TMPEOJIOJICHUE OMHYECKOTO COMPOTHBICHUS B COOTBETCTBYIOUIUX CIJIOSIX Ta30BOM

I
cpenst (ES, n ELLs).

Efaa = Ea ’ ia P u Er;";aa = E,a; ’ l,qp 1)
TJie p - yAEIbHOE COPOTUBIIECHHE BJIAKHOIO Ta3a (BO31yXa);
I, n 1 - paccrostame ot snextposa (aHoAa) 0 BepXHeil M HIKHEH IETKOBHHDI
io-I/I iﬂ- COOTBCTCTBYIOIIHNCEC IIJIOTHOCTH TOKaA.
VYuureiBas CKa3aHHOC, MOXXHO 3aIIiuCaTh:
ES—ES+1,-i,-p=EF—E3 4+ (I, +AD i, - p @)
TaK KaK HN3MCHCHHEC IIOTCHIIMAJIa KaToda HpI/I U3MCHCHHUHN IINIOTHOCTU TOKa HMECT
IPUOITMKEHHYIO JTUHEHHYIO 3aBHCHMOCTB, a pasHocTh notenmmanos ES - EZ mana no cpasnenmio
C HaHpH)KeHI/IeM MG)KI[y BJIGKTOpO,D;aMI/I, HOHyLH/IM:
dE r. .
Eg—Ef =— (i, —iy) 3)

[Tpunebperass mnonspuszanueil aHojga M pemas coBMecTHO ypaBHeHus (1-3), mocne

I
peoOpa3oBaHus ¥ 3aMEHBI YEIBHON JIEKTPOIPOBOJHOCTHIO (— —X ) HOJIyYUM:
Il

o, Al
W (@)

Ig
Bennunna T XapakKTepusyrouiad OTHOCUTCIbHYIO paBHOMCPHOCTE paCpCaAciIiCHUs TOKa, 3aBUCUT OT
i
4
dE
COOTHOILLIEHUA, MEXIY NPOU3BEACHUEM X d_ 1 HEKOTOPBIMHU I'€OMETPUYCCKUMU ITapaMeTpaMHu, B
i

dE
naHHoM ciydae BemwunHon [ . Takum oOpasom, mpousseneHue X (d_) MOKHO paccMaTpHBaTh
1

KaK I0Ka3aTelb, XapaKTepU3YIOIINN PacCenBaloOIly0 CIOCOOHOCTh BIAXKHOTO BO3/yXa 110 TOKY, OH
MMEET pa3MEPHOCTH JUIMHBL. BeencTue Toro, 4to X Baaxkuoro Bosmyxa (1-10°0m ™ m?), mammnoro

dE
GOJIbLIE Y CEPUIMHA aJCOPOMPOBABIIETO BJary u3 storo Bozayxa (1-10°0m™ m?) x (E) =1,

dE
(BKCHCpI/IMCHTaJ'IBHO HaliJICHHbIC 3HAYCHUS (d_)OCTaBHﬂIOT IIpu yCJIOBHUU BBIITOJIHCHUA crocoba

npuom3uTensHO 1,5+2,0 kB/MA).
Takum 00Opa3om, OTHOIICHHE !j—g OuYeHb ONU3KO K €IUHHIIE, T.€. pacHpeesieHHe TOKa IO
i
MOBEPXHOCTH IIENKOBUH OJIM3KO K PaBHOMEPHOMY BO BCEX CJOSIX OOOJOYKH KOKOHA. OTO
OOBSICHSICT, TOYEMYy B pe3yJbTaTe JIICKTPOXUMHUYECKUX PEAKIMA BOCCTAHOBIICHHS THIPOKCH]]
HATpUs TOHYANIIIAM CJIO€M MTOKPHIBAET BCIO MMOBEPXHOCTH BO BCEX CJIOSAX KOKOHA.

[Tpu morpyxeHun KOKOHA B >KUAKOCThH JUIS 3allapKy I10JIE BHICOKOBOJILTHOW 0OpaOOTKH U
CMaYMBaHUS BCEX €T0 000JIOUEK, IPOUCXOIUT PACTBOPEHUE TUAPOKCHUIA HATPHUS M 00pa3oBaHUE B
OYCHb TOHKOM CJI0O€ Yy TIOBEPXHOCTH CEPHIIMHOBOHW OOOJOYKH IICIKOBUHBI  TUICHKU
KOHIIEHTPUPOBAHHOTO PaCcTBOpPA €IKOTO HATPHsI, KOTOPBIM PACTBOPSET MOBEPXHOCTh CEPHIIMHA U
paspyliaeT TeM CaMbIM KIJIEEBbIE MOCTHKH, CKpPCIUISIOIIME IISTKOBHHY B KOKOHe. Tak Kak
KOJIMYECTBO €IKOTO HATPHUsl OYEHBb MAJlO, JAIBHEUIIETO PACTBOPEHUS CEpUIIMHA HE MPOUCXOIUT, a
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MPOHMKINAs B 000JIOUKY BOJA HE JaeT IIEIKOBHHAM CKJICUTHCS BHOBb. TakuM 00pa3oM, KOKOHHI,
COXpaHss CBOI (pOpPMY, TEPSIOT CBSI3HOCTh MEKIY HHUTSAMH MPH COXPAHEHHH WX TOJIIUHBL DTO
CHOCOOCTBYET TOBBIIMICHHIO pa3MaThIBAEMOW W JJIMHBI HEMPEPHIBHO pPa3MaThbIBAEMON HHUTH U
BBIXO/1a Iesika-coipia [8,9].

Cnioco6 peanusyercs CIAeAyIOIMUM 00pa3oMm:

Puc.2. YcTpolicTBO MOATOTOBKA KOKOHOB K pa3MoTKe. 1-KokoHbI, 2-kaTom,3-Kopiyc, 4-
aHo[J, 5-yBnaXHUTEJbHAS KaMepa, 6-HACBHIILIEHHBIH CONIEBOI pacTBop, 7-
HarpeBarelnb, 8-BEHTEIATOP.

Ha pwuc.2. npencraBneHa NpuUHIUNMAIbHAA cxema peanusanuu crnocoba. Kokonsl 1-
YKJIaJbIBAlOT B OJHMH CJIOHW Ha OTPUIATEIbHBIA BBICOKOBOJBTHBIH JJeKTpoa (katom) 2,
pa3MEUICHHbIN B HUKHEW YacTH IUIEKTPUYECKOro 3aMKHyTOro kopmyca 3. Han orpunarensHeIM
3JIEKTPOJIOM 2 HAa PACCTOAHUU 3 CM. YCTAHOBJIEH IMOJIOKUTEIbHBIA BBICOKOBOJIBTHBIN 3JIEKTPO]I
(anon) 4. B HukHEN YacTH YBIaKHUTEILHON KaMepbl 5 HAIUT HACBHIIICHHBIA COJIEBOUM pacTBOp 6,
KOTOpPBIN MOAOTPEBAETCS HarpeBaTeyieM 7.

VY BIIyCKHOTO OTBEpPCTUSl B YBJIAXKHHUTENbHYIO KaMmepy 5 pasmenieH BeHTuistop 8. Ilpu
BKJIFOUEHUU HArpeBaTells 7 COJEHACHIIEHHBIM pacTBOp 6 ncnapsercs U HaChIIAeT BO31yX B Kamepe
5 mapsiMu cosieHoi BOJbl. BeHTHnsTop 8, HarHeTas BO3AyX B KOpIyc 3, oOecreunBaeT HaChIIIEHUE
BJIArOM M COJBIO BO3JyXa MEXKIY BBICOKOBOJBTHBIMH SJIEKTpojJaMu 2 W 4. DTO MO3BOJISET
YMEHBIIUTD €r0 3JIEKTPUUECKOE CONPOTUBIIEHNUE, 51 TAK)KE YBEIUYUTH POBOJUMOCTD CEPULIMHOBOM
000JIOYKH HIETKOBHH BCEX c0eB KOKOHOB 1. [Ipu mojaue BHICOKOTO HamnpsKeHUsl Ha 3JIEKTPObI 2
U 4 HauWHAeT MPOTEKATh KaTOJHAs PEaKlMs OCAXKIACHHUS HATpHsl TMIPOOKHCH Ha MOBEPXHOCTU
IIETKOBUH. B mpornecce MpoBeIeHHBIX AKCIEPUMEHTAIBHBIX HCCIECIOBAHUN Ha JJIEKTpoAbl 2 U 4
1o/laBajy HampsbkeHue 66-81 kB (mpu paccTosstHUM MeXay 3JeKTpogamMu B 3 cM), T-K. IIpH
HaIMpEeKEHHOCTH JJIEKTPUYECKOTO mojsi 22-27 kB/cM COOTBETCTBEHHO MEXKIY AJIEKTPOJaMH
npoTeKkan HauOOoNbIIMK BO3MOXKHBIN TOK 40 MA. YBenuueHHe HamNpsHKEHHOCTH TOJs cBbIe 27
kB/cM mpuBomMiIo kK mpobor Mexay diektpoaamu 2 u 4, a cHwkeHHe HWKe 22 kB/cMm - K
CHIDKEHHIO TOKa 10 15-20 MA, T.e. K 3HAUUTEIbHOMY CHIDKEHHIO CKOPOCTH peakiuu 00pa30BaHUs
TMJIPOKCU/Ia HATPUsA Ha ILEIKOBBIX HUTAX. BpeMs oOpabOTKM KOKOHOB B 3JIEKTPUYECKOM I10JIe
BBICOKOI'O HampspkeHus coctaBisuio 25-30 munyt. Ilpm stoM Ha kokoHax (100 mTyk) B
COOTBETCTBHUHM C 3aKOHAMH 3JIEKTPOJIN3a 00pa30BhIBAIIOCH OKOJIO 2,5 MI THAPOKCHIA HATPHsL. DTOTO
koinuectBa Uit [00 ITYyK KOKOHOB BIIOJIHE XBATUJIO, YTOOBI MOBBICUTH KaU€CTBEHHBIE IIOKAa3aTENIN
pa3MoTku. MeHblee Bpemsi o0paboTku (MeHee 25 MUH) Ha IO3BOJISUIO CO3JaTh JOCTATOYHO
3¢ (GEeKTUBHO BIUSIOMMN Ha TPOLECC PAa3MOTKU CIIOW Tuapokcuae Hatpus. Bpems oOpaboTku
cBpile 30 MMHYT yMEHBIIAJIO MPOLEHT BBIXOJA IIEIKE-ChIPLA PU Pa3MOTKE 33 CYET YBEIMYEHUS
PacTBOPUMOCTH CEpHIIMHA W30BITOUYHBIM KOJMYECTBO THAPOKCUAA HaTpus. Haunmydmum BpemeHeM
BBIICP’)KKM B BOAE IIPH IOCIEAYIOUIEM 3allapuBaHUM KOKOHOB oOKaszanoch 20 MHHYT IIpu
temneparype Boasl 70°C. Tlpu Goee BBICOKOH TeMIIEpAaType BOJBI M BBIIEPKKE B HEM KOKOHOB
IIPOUCXOJUT CHWKEHUE BBIXOZA IIEIKa-ChIPIiAa 3a CYET MOBBIIIEHHOIO PacTBOPEHUs cepuinHa. [Ipn
MEHBIIEH TeMIIepaTypa U BbIAEPKKA YMEHBIIAETCS JUIMHA HEMPEPBIBHO pa3MaThIBAEMOM HUTH.

IToka3arenu pa3MOTKHM KOKOHOB IPEUIOKEHHBIM CIIOCOOOM B CpPaBHEHUHU C MPOTOTHIIOM
MpUBEJCHBI B TaOUIE 1.
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Tabmuma 1.
[Tapamerpsl mpouecca IToka3zaTenu npouecca [TokazaTenu nponecca
IIOITOTOBKA K 3allapUBAHUIO 3arapuBaHus pa3MOTKH
Bpewms, | °C Hanpspokennocts | Temniepatypa | Bpewms, Hnuna Brixon
MUH kB/cm Boib1 °C MUH HENPEPBHIBHO 1IeJIKa-
pasMartbIBaeMoTH | chipiia, %
HUTH, M
[Ipennaraemsrii ciocoo
20 20 28 - - - -
20 20 27 68 20 670 36,4
25 20 27 70 20 668 36,8
30 20 27 70 20 663 37,2
35 20 27 70 20 661,5 37,0
30 20 25 72 17 657,3 37,0
30 20 23 68 33 655 37,2
30 20 22 70 25 652 37,4
30 20 21 70 25 640,7 34,4
ITo mpoToTuny
25-45 |80 | 95-100 | 20 | 645 | 36,4

Kak BuaHO W3 MJaHHBIX TaONMUIBI, NPH NPEABAPUTEIBLHOH 00pabOTKE KOKOHOB B

QJICKTPHUYCCKOM IIO0JIC BBICOKOH HaAIIPA)KCHHOCTH U HOCHG,I[YIOH_Ieﬁ HUX 3alapke  yBCIIMYUBACTCSA
MPONCHT BbhIXOJAa HICJIKA-ChIpLA U JJIMHA HCIIPCPBIBHO paSMaTBIBaCMOﬁ HUTHU IIPU OAHOBPCMCHHOM
CHMXKCHHUUN TCMIICPATYPHOT'O PCIKHNMa KaK B IIPOLECCC NMMOATOTOBKH, TAK U B IIPOLECCC 3allapUBaAHUA
KOKOHOB

[1].

[2].
[3].
[4].
[5].

[6].

[7].

[8].
[a].
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GAZLI MODDALAR (CO:z, CHs) KONSENTRASIYASINI KUZATISH UCHUN
OPTOELEKTRON QURILMALAR

Y. Mamasadikov., Z.Y. Mamasadikova, A.A. Valixonov, A.A. Aliyev

Farg’ona davlat texnika universiteti,
mamasadikovb2@bk.ru Tel. +998938605100

(Qabul gilindi 05.12. 2025 y.)

Annotatsiya. Ushbu magolada optik signallarni yozib olishning ikki to'lginli usuliga asoslangan
gazsimon konsentratsiyalarni kuzatish uchun optoelektron qurilmaning yangi dizayni muhokama gilinadi.
E'tibor harorat va vaqt omillari ta'sirida emitent diod parametrlarining begarorligiga va uni yo'q gilish
usullariga garatilgan. O'lchov anigligini oshirish uchun nurlarning samarali hizalanishi va tagsimlanishini
ta'minlaydigan avtomatik nurlanish intensivligini moslashtirish blokidan foydalanish taklif etiladi. Nazariy
va eksperimental tadgigotlar, jumladan, optik va matematik modellashtirish, metan konsentratsiyasi
monitoringi misolida olib boriladi. Natijalar shuni ko'rsatadiki, avtomatik stabilizatsiya blokining joriy
etilishi o'lchov xatosini 2-3 baravar kamaytiradi va tizimning harorat bargarorligini yaxshilaydi.

Kalit so'zlar: optoelektron qurilma; ikki to'lginli usul; gaz analizatori; fotodetektor; atrof-muhit
monitoringi; radiatsiya stabilizatsiyasi; avtomatik tuzatish.

Armomauu;l. B oannoit cmamoe pacemampueaemcst Hoeaslt KOHCMPYKYUSL ONMO3JIEKMPOHHO2CO
ycmpoﬁcmea onsa MOHUMOPpUHeA KOHueHmpauuL? 2a306, OCHOBAHHAA HA 06yx€0ﬂH060M memooe pecucmpayuu
ONMUYECKUX CUSHANO08. YOensemcs GHUMAHUE HeCMAOUIbHOCMU NAPAMEmpos Uu3iyuaruezo ouoda noo
8030elicmeuem MemMnepamypHbiX U 6PeMeHHbIX (QAaKmopos, d Mmakdce memooam eé ycmpaweuus. [[us
noesvluierHuss moiyHocmu uSMepeHl/lIZ npeéﬂazaemc;z UCNONB306aAMb OJIOK ABMOMAMUYECKOU pez2yaupoeku
UHMEHCUBHOCTIU U3TYHeHUsl, obecneyusaiowull ¢gekmuenoe 6vipasHusanue U pacnpeoeicHue Jydell.
Teopemuqecme u JKcnepumernmdaibHble ucczzedoeaHuﬂ, 6KJIOYas onmudyeckoe u mamemamudecKkoe
Modeﬂuposaime, npoee()enbl HA npumepe MOHUMOpPpUH2A KOHYeHmpayuu memanda. Pesy/zbmambl
nokasvlearom, 4mo geeoenue 0J10Ka A8MOMAMUYecKoll cma6wm3auuu CHUSfcaem nocpeuHocnb USMEPEHUS 6
2-3 pasza u nogvluaem memMnepamypHy0 CmaduIbHOCMb CUCTEMbI.

Knroueevie cnosa: Onmos3J1eKmpoHHoe yCthOﬁCWl@O; 06yX60]ZH06‘012 Memoé; caszoanaiuzamop,
gomodemexkmop, MOHUMOPUHE OKpYJHCcarowel cpeovl, Ccmaduru3ayus U3yyeHus; asmomMamuiecKas
KOppeKyusi.

Abstract. This article discusses a new design of an optoelectronic device for monitoring gaseous
concentrations based on the two-wave method of recording optical signals. Attention is paid to the instability
of the parameters of the emitting diode under the influence of temperature and time factors and methods for
its elimination. To increase the measurement accuracy, it is proposed to use an automatic radiation intensity
adjustment unit that ensures effective alignment and distribution of beams. Theoretical and experimental
studies, including optical and mathematical modeling, are carried out on the example of methane
concentration monitoring. The results show that the introduction of an automatic stabilization unit reduces
the measurement error by 2-3 times and improves the temperature stability of the system.

Keywords: optoelectronic device; two-wave method; gas analyzer; photodetector; environmental
monitoring; radiation stabilization; automatic correction.

1. Kirish

Atrof-muhit va sanoat jarayonlarini kuzatishning zamonaviy texnologiyalari gazsimon
moddalar konsentratsiyasini tahlil gilish uchun yugori aniglikdagi usullarni talab giladi.

Turli analitik usullar orasida optik va optoelektron usullar alohida o'rin tutadi, ular yuqori
sezgirlik, selektivlik va tezlikni ta'minlaydi. Ular o'rganilayotgan muhitga buzilishlar kiritmasdan
real vaqt rejimida o'lchash imkonini beradi, bu esa ularni atrof-muhit monitoringi, tibbiy
diagnostika va jarayonlarni boshgarish uchun ajralmas giladi [1-4].

Optoelektron ©o'lchash tizimlaridagi asosiy muammolardan biri nurlanish manbai
parametrlarining bargarorligini ta'minlashdir, chunki LED xususiyatlaridagi vaqt va harorat
o'zgarishi o'lchov anigligining pasayishiga olib keladi. Ushbu kamchilikni bartaraf etish uchun
ishlab chigilgan qurilma avtomatik nurlanish ogimini moslashtirish tizimi va botiq sharsimon
oynani 0'z ichiga oladi, bu esa ish sharoitlaridan gat'i nazar, yuqgori darajada takrorlanadigan
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natijalarni ta'minlaydi.

Ushbu magolada ikki to'lginli optik signalni yozib olish usuliga asoslangan gazsimon
konsentratsiyalarni kuzatish uchun optoelektron qurilmaning yangi dizayni muhokama qilinadi.
Nurlanish manbai parametrlarini avtomatik ravishda bargarorlashtirish va o'lchov anigligini
oshirishga alohida e'tibor garatilgan.

2. Tadgigotning dolzarbligi va maqgsadlari

2.1. Tadgigotning dolzarbligi

Gazsimon moddalarni aniq nazorat gilish muammosi fanlararo xususiyatga ega. U quyidagi
sohalarni gamrab oladi: (CO-, CHa4) bilan ifloslanishini monitoring qilish .

Tibbiyot — kasalliklarni (masalan, aseton konsentratsiyasi bo'yicha diabet) erta tashxislash
uchun bemorning nafas chigarish havosi tarkibini invaziv bo'Imagan tahlil gilish.

Ozig-ovgat va kimyo sanoati — ishlab chigarish ob'ektlari va texnologik jarayonlarda gaz muhitini
boshgarish.

Xavfsizlik — portlovchi yoki zaharli gazlarning ogishini aniglash.

Zamonaviy qurilmalar uzluksiz monitoringni ta'minlashi, ixcham va tashqi ta'sirlarga chidamli
bo'lishi kerak. Ikki to'lginli usuldan foydalanish fon omillarining (yorug'lik, chang, namlik) ta'sirini
minimallashtiradi, ammo usulning aniqligi bevosita nurlanish manbalarining bargarorligiga bog'liq.

2.2. llmiy yangilik

Taklif gilingan yechimning ilmiy yangiligi quyidagilarda:

Diyot parametrlarini tanlash zaruratisiz dinamik tuzatishni ta'minlaydigan avtomatik
nurlanish intensivligini moslashtirish blokini joriy etish.

Fotoresepsiya sxemasini amalga oshirish : bitta kanal mos yozuvlar to'lgin uzunligida,
ikkinchisi esa gaz konsentratsiyasining o'zgarishiga sezgir bo'lgan o'lchash to'lgin uzunligida
ishlaydi.

Harorat o'zgarishini va emitent diodlarning degradatsiyasini bartaraf etish orqali
o'lchovlarning anigligini oshirish.

2.3. Tadgigot magsadlari

Ushbu ish doirasida quyidagi vazifalar go'yildi: Gazsimon moddalarni kuzatish uchun
optoelektron qurilmaning strukturaviy diagrammasini ishlab chiging. LED nurlanish intensivligini
avtomatik ravishda moslashtirish jarayonini o'rganish. Tizimning barqgarorligiga harorat va vaqt
omillarining ta'sirini tahlil giling. Gaz konsentratsiyasiga mutanosib ravishda axborot komponentini
ajratib olish uchun signalni gayta ishlash algoritmini ishlab chiging.

3. Materiallar va tadgiqot usullari

3.1. Qurilma tuzilishi

Qurilma quyidagi funktsional birliklarni o'z ichiga oladi: (1-rasm.)

To'rtburchak impuls generatori (1) nurlantiruvchi diodlar uchun mugobil boshgaruv
signallarini hosil giladi. Avtomatik tekislash bloki (2) nurlanish intensivligining muvozanatini
ta'minlaydi. Nurlantiruvchi diodlar (3 va 4) ikki to'lgin uzunligidagi (mos yozuvlar va o'lchov) optik
nurlanish manbalari hisoblanadi. Boshqariladigan obyekt (6) optik nurlardan biri o'tadigan
gazsimon mubhitdir. O'lchov kanalining (5) fotodetektori obyektdan o'tgandan keyin nurlanishni
gayd etadi.

Malumot kanali fotodetektori (8) to'g'ridan-to'g'ri nurlanishni gayd etadi va hizalash bloki
uchun teskari aloga signalini tagdim etadi. Signalni gayta ishlash bloki (8) foydali ma'lumotlarni
sinxron aniglash va ajratib olishni amalga oshiradi. Yozib olish qurilmasi (9) o'lchov natijalarini
vizualizatsiya giladi yoki uzatadi [5-8].

3.2. Ish metodologiyasi

1-generator to'rtburchaklar impulslar ketma-ketligini hosil giladi. 1-generatorning antifaza
chigishlaridan impulslar avtomatik tekislash bloki 2 orgali 3 va 4-chigaruvchi diodlarga uzatiladi.
Ikkala chigaruvchi diod 3 va 4 dan nurlanish kuzatiladigan obyekt 6 ga yo'naltiriladi, u orgali u
fotodetektor 5 ga kiradi. 3 va 4-chigaruvchi diodlardan to'g'ridan-to'g'ri nurlanish fotodetektor 7 ga
kiradi, u bu ogimlarni elektr signaliga aylantiradi va uni avtomatik tekislash bloki 2 ning boshgaruv
Kirishiga uzatadi.

90 Scientific-technical journal (STJ FerSTU, ®apJITY UTXK, HTXK ®epI TV, 2025, T.29.cnerr.Boimyck Nel9)



JJIEKTPOHHBIE IPUBOPBI U TH®OOPMAIIMOHHBIE TEXHOJIOI'MU

Ikki to'lqinli
boshgaruv moslamalari
uchun asosiy shart - bu
chigaradigan  diodlarning
ogimlarining  boshlang'ich

] 6

7K

3

NIVZRN

1 2 7 5 8 9 | qiymatlarining tengligi.
Agar 3 va 4-
']‘ 1\ - chigaruvchi diodlardan
/ keladigan mos yozuvlar
4 yoki o'chash ogimi teng
1-rasm. Gazsimon moddalar konsentratsiyasini kuzatish uchun optoelektronik ~ P0o'lmasa  yoki  og'sa,
qurilmaning blok-sxemasi (3.39 mkm uchun). fotodetektor 7 ning

chigishida nomuvofiglik
signali paydo bo'ladi, u avtomatik hizalash bloki 2 ga uzatiladi va ikkala diodning nurlanishi teng
bo'lguncha chigaradigan diodlardan birining nurlanishini o'zgartiradi.

Ikkala nurlantiruvchi diod 3 va 4 dan keladigan intensivlikka mos keladigan nurlanish
ogimlari boshqariladigan obyekt 6 orgali fotodetektor 5 ga o'tadi, bu esa ularni elektr signaliga
aylantiradi. Ogimlardan biri, mos yozuvlar to'lgin uzunligida, boshgariladigan parametr giymatidan
mustaqil, ikkinchisi esa, o'lchash to'lgin uzunligida, boshqariladigan parametr giymatidan mustaqil.

Buger-Lambert-Beer gonuniga ko'ra, nazorat gilinadigan muhit 6 dan mos yozuvlar va
o'lchash to'lgin uzunliklarida o'tadigan nurlanish ogimlari ifodalar bilan aniglanadi

D, = @oue_KlNl (1)
D, = czj0/1zeiklNleszN2 (2)
bu yerda: @,,,va @,,,mos keladigan to'lgin uzunliklaridagi boshlang'ich nurlanish ogimlari; N,va
N, atmosfera gaz komponentlari va o'lchangan komponentning konsentratsiyasi; k, sochilish
koeffitsienti; k, yutilish koeffitsienti.
Fotodetektor 5 o'tgan ogimlarni fotoelektr signallariga aylantiradi:
Uy =7uPy (3)
U, =7,D,,(4)
bu yerda: y,,va mos yozuvlar va o'lchash to'lgin uzunliklarida fotodetektorning konvertatsiya
koeffitsientlari. 1kki to'lginli optoelektronik tizimlarda to'lgin uzunliklari y,, mos yozuvlar
signalining o'lchanayotgan komponent konsentratsiyasidan mustaqillik shartini gondirish uchun
tanlanadi y,, ~y,, =7 .

Ikkala ogimni yozib olish uchun bir xil gabul gilgichdan foydalanilganda, (3) va (4) ifodalar
quyidagi shaklni oladi:

U, =yo, (5)
U, = 7@, (6)
Yoki
Uu= Uo/lleﬂ(lNl )
U, = Uozze_klNle_KzN2 8

bu yerda: U,,, =y®,,,va U,,, = y®,,, mos yozuvlar va o'lchash to'lgin uzunliklarida boshlang'ich

nurlanishga mos keladigan kuchlanishlar.
Signallar ketma-ket 8-gayta ishlash blokiga uzatiladi, bu yerda matematik operatsiya
bajariladi:

ﬁ — e—1<2N2 (9)
A1
Bundan biz quyidagilarni olamiz:
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k,N, =—In% (10)
Al
Yoki
N, = 1 In Yo (11)
k2 Uﬂl

Shunday qilib, o'lchangan komponentning konsentratsiyasi mos yozuvlar va o'lchash to'lgin
uzunliklaridagi fotoelektrik signal kuchlanishlarining nisbatiga mutanosibdir. Olingan signal 9-
yozuv moslamasiga uzatiladi, uning o'gishlari kuzatilayotgan parametrning giymatini aniglaydi.

3 va 4-chi nurlantiruvchi diodlar va 5-fotodetektorning nurlanish ogimlarini avtomatik
ravishda moslashtirish uchun 2-blokning joriy etilishi nurlanish intensivligining vagtinchalik yoki
harorat o'zgarishiga garamay, 3 va 4-diodlardan teng nurlanish ogimlarini avtomatik ravishda
ushlab turish imkonini beradi. Nurlantiruvchi diodlarni almashtirishda ularni tanlash zarurati yo'q
gilinadi, bu esa qurilmalarni ishlab chigish va sozlash xarajatlarini kamaytiradi.

3.3 Tadqgiqot usullari
Qurilmaning ishlashini tekshirish uchun quyidagilar go'llanildi:
1,55 um va 1,65 pum nurlantiruvchi diodlardan foydalangan holda eksperimental tadqiqotlar .
Differensial teskari aloga tenglamalari usuli yordamida oqim tenglashtirish jarayonini
matematik modellashtirish.
O'Ichov xatosi va shovgin immunitetini baholash uchun natijalarni statistik gayta ishlash.

4. Tadqgigot natijalari
4.1. Asosiy natijalar
Avtomatik intensivlikni kompensatsiyalash xususiyatiga ega ikki to'lginli, ikki kanalli
optoelektronik qurilma ishlab chigildi. Tenglashtirish birligining qo'shilishi kompensatsiyasiz
shunga o'xshash qurilmalarga nisbatan o'lchov xatosini 2-3 baravar kamaytirishi ko'rsatildi.
Tajribalar shuni ko'rsatdiki, £20°C harorat o'zgarishi bilan nurlanish intensivligidagi og'ish
1,5% dan oshmaydi, standart qurilmalarda esa 8-10% ga etadi. Ragamli signalni gayta ishlash
algoritmi foydali komponentni kamida 40 dB signal-shovgin nisbati bilan ajratish imkonini berdi.
4.2. Amaliy ahamiyati
Ishlab chigilgan qurilma atmosferaning atrof-muhit monitoringi, jumladan, sanoat
chigindilarini  kuzatish uchun ishlatilishi mumkin. Tibbiy magsadlar uchun ko'chma gaz
analizatorlariga integratsiya gilish mumkin. Texnologiya sanoat xavfsizligi tizimlarida (gaz oqishini
kuzatish) foydalanish uchun kengaytirilishi mumkin.
4.3. Xulosalar
Optoelektron qurilmaning taklif gilingan dizayni nurlanish manbalarining beqgarorligi uchun
avtomatik kompensatsiyani ta'minlaydi, bu esa o'lchovlarning aniqgligi va ishonchliligini oshiradi.
Ikki to'lgin uzunligi usuli va ikki kanalli signalni yozib olish sxemasidan foydalanish tashqi
omillarning ta'sirini minimallashtiradi. Olingan natijalar qurilmaning real ish sharoitlarida gaz
konsentratsiyasini uzluksiz monitoring gilish uchun yarogliligini tasdiglaydi. Kelajakda ko'chma
gaz analizatorining prototipini ishlab chigish va uni sanoat va tibbiy sharoitlarda sinovdan o'tkazish
rejalashtirilgan.
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JUATHOCTHKA JIEKTPOTEXHUYECKOI'O OBOPYJOBAHMUSA
HOEMEHTHOTI'O ITPOU3BOJACTBA

X.T. Tamena

Hucmumym npodaem snepeemuru Axademuu Hayx Pecnyonuku Y36exucman
(llonyuena 05.12. 2025 2.)

B cmamve paccmampusaromces cogpemenmvie no0xo0vl K OUACHOCHUKE IAEKMPOMEXHUYECKO20
060pY008aHUs YEMEHMHO20 NPOUIBOOCMBA C NPUMEHEHUeM UHMEIEeKMYAIbHbIX mexHono2u. B dannoil
cmamve npedcmasiena Mooelb ¢ IIEeMEHMAMU UCKYCCHBEHHO020 UHMeLleKkma 011 OUAeHOCMUKU
MEXHUYECKO20 COCMOSHUSL  OHEP2eMUYECcKo20  000pPYO008AHUs YeMEeHMH020 npou3goocmea. Modenw
peanuzyem yu@pposol O0BOUHUK 1aOOPAMOPHOU YCIMAHOBKY, HeUpocemesyro Mooeib U UCHOIHUMETbHYIO
yacme, obecneuyusarowue UMUMAYUIO PAZTUYHBIX IKCHIYAMAYUOHHBIX PENCUMOE U  AGMOMAMUYECK)IO
uoenmupurayuio HeucnpasHocmetl.

B xauecmee memooa Ouacnocmuku UCHOIL308AH INEKMPOMASHUMHBIL CHEKMPATbHbIN AHATU3
P a3HbIX MOKO8 U HANPSJICEHUL C NPUMEHEHUeM OUCKpemHo20 bbicmpozco npeobpaszosanusi Oypve (FFT),
NO36ONAIOWUL  GIAGIAMb  WUPOKULL  CHEKMpP  9AEKMPUHeCKUx U Mexauuveckux oeghexmos. Jlns
KAACCUDUKAYUU TMEXHUYECKUX COCMOSHULL 2IeKMPO08UeAmesi NPUMEHEeHA UCKYCCMEEHHAsl HEUPOHHAS cemb
(ANN), obyuennas mMemooom NOIUHOMUATLHOU JOSUCMUYECKOU pecpeccul, 00ecneuusaroyas GblCOKyIo
MOYHOCMb PACNO3HABAHUSL 0eheKMO8 Ha paHHell Cmaouu.

Peszynomamul  uccredoganuss nokazwlearom, umMo UCHOAb308AHUE UHINELIEKMYANIbHbIX CUCTEM
OUACHOCMUKY NOGbIUAEm HAOEICHOCb U 9HEP2OIPPEeKmuUsHocms  000py0068aHUsl, CHUJICAem DPUCK
ABAPUIIHBIX ~ OCMAHOBOK U cnocobemayem BHEOPEHUIO KOHYenyuu UHMENIEKMY ATIbHbIX
INEKMPOIHEPLEMUYECKUX CUCTEM C AKMUBHO-AOANMUBHBIMU CEeMSIMU 8 IHEPLeMUUecKOM KOMNIEKCE
Vabexucmana. Paspabomannuiii.  KOMRAEKC MOJCEM NPUMEHAMbCS KAK 6 Y4YeOHblX, maKk U 8
UCCTe008AMETbCKUX  YensaX NpU NOO020MOBKe CHeyuarucmos 6 O001acmu UHMELIeKMYalbHbIX CUCHeM
VApasnenusl, 3auumol U OUASHOCTNUKU DNEKMPOIHEPLEMUUECKUX KOMNIEKCOB.

Knwuesvle cnosa: acunxpoumnvlii 21ekmpoogueameitb, OUACHOCMUKA, YEeMEeHmHoe NPOou3eo0Ccmeo,
UCKYCCMBEHHbINL  UHMENLIEeKM, HeUPOHHAs cemb, Yu@dposol O06OUHUK, cnekmpaivhuitl anaius, FFT,
JIO2UCTHUYECKAsST  pecpeccusl, MOHUMOPUHS, UHMELNeKMYalbHas CUCeMd, MeXHU4YecKoe CoCmosHue,
91eKmpoobopydosarue, Hep2odphphexmuenocms, UHMELIEKMY ATUZAYUL.

Maqolada sement ishlab chiqarishdagi elektrotexnik uskunalarni intellektual texnologiyalarni
go ‘llagan holda diagnostika gilishning zamonaviy yondashuvlari ko ‘rib chigilgan. Ushbu magolada sement
ishlab chiqarishning energetik uskunalarining texnik holatini diagnostika qilish uchun sun’iy intellekt
elementlariga ega model tagdim etilgan. Model laboratoriya qurilmasining ragamli egizagi, neyron tarmoq
modeli va ijrochi gismdan iborat bo ‘lib, turli ekspluatatsiya rejimlarini imitatsiya qilish hamda nosozliklarni
avtomatik aniqlashni ta’minlaydi. Diagnostika usuli sifatida diskret tezkor Furye o ‘zgartirishi (FFT)
qo‘llangan faza tok va kuchlanishlarining elektromagnit spektral tahlili ishlatilgan bo‘lib, u elektr va
mexanik nugsonlarning keng doirasini aniglash imkonini beradi. Elektrodvigatelning texnik holatlarini
tasniflash uchun polinomial logistik regressiya usuli asosida o‘qitilgan sun’iy neyron tarmoq (ANN)
qo ‘llanilgan bo ‘lib, u nosozliklarni erta bosqichda aniqlashda yuqori aniqlikni ta’'minlaydi.

Tadgigot natijalari shuni ko ‘rsatadiki, intellektual diagnostika tizimlaridan foydalanish
uskunalarning ishonchliligi va energiya samaradorligini oshiradi, avariya holatlarida to xtab qolish xavfini
kamaytiradi hamda O zbekiston energetika majmuasida faol-moslashuvchan tarmoglarga ega intellektual
elektroenergetika tizimlari konsepsiyasini joriy etishga xizmat giladi. Ishlab chigilgan majmua intellektual
boshgaruv, himoya va diagnostika tizimlari sohasida mutaxassislar tayyorlashda ham o‘quv, ham ilmiy-
tadqgiqot magsadlarida qo ‘llanilishi mumkin.

Kalit so‘zlar: asinxron elektrodvigatel, diagnostika, sement ishlab chiqarish, sun’iy intellekt, neyron
tarmoq, ragamli egizak, spektral tahlil, FFT, logistik regressiya, monitoring, intellektual tizim, texnik holat,
elektr uskunalar, energiya samaradorligi, intellektuallashtirish.
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This paper discusses modern approaches to diagnosing electrical equipment in cement production
using intelligent technologies. A model incorporating artificial intelligence elements is presented for
diagnosing the technical condition of power equipment in cement manufacturing. The model implements a
digital twin of a laboratory installation, a neural network model, and an executive module that simulates
various operating modes and automatically identifies faults. The diagnostic method is based on
electromagnetic spectral analysis of phase currents and voltages using the discrete Fast Fourier Transform
(FFT), which allows detecting a wide range of electrical and mechanical defects. To classify the technical
states of the electric motor, an artificial neural network (ANN) trained by polynomial logistic regression is
employed, ensuring high accuracy in recognizing early-stage defects. The results demonstrate that intelligent
diagnostic systems enhance equipment reliability and energy efficiency, reduce the risk of emergency
shutdowns, and support the implementation of intelligent power systems with active-adaptive networks
within Uzbekistan's energy sector. The developed system can be used both for research and educational
purposes in training specialists in intelligent control, protection, and diagnostic systems of power complexes.

Keywords: Asynchronous Motor, Diagnostics, Cement Production, Artificial Intelligence, Neural
Network, Digital Twin, Spectral Analysis, FFT, Logistic Regression, Monitoring, Intelligent System,
Technical Condition, Electrical Equipment, Energy Efficiency, Digitalization.

BBenenue. B Hacrosiiee BpeMsi 3JIEKTPOIHEPTETUUECKUE KOMIUIEKCHI BCEX AIKOHOMUYECKH
Pa3BUTBHIX CTpaH MPOXOJAAT INIYOOKYIO MOJEPHHU3ALMIO 3@ CUET MHTEIUIEKTyaJM3allud UX CHCTEM
yrnpaBieHus. B 9STOT mporecc BOBIEYEH U JHEPTeTUYECKUl KOMIUIEKC Y30eKUCTaHa,
MHHOBAIIMOHHAs HAYYHO-TEXHHUYECKas IOJUTHKA B  D3JEKTPOIHEPreTHKE CTaja OCHOBOM
roCcyJapCTBEHHOU 3HEPreTUYECKOM MOJIUTUKY, U3/IaHbl TPUKa3bl U noctaHoBieHus [IpaBuTenbcTBa,
HaInpaBJIEHHbIE HAa BHEJPEHUE 3€JICHON SHEPTETHKYU C HCIOIb30BaHUEM TEXHOJIOTUI UCKYCTBEHHOTO
UHTENEKTa. VHTe/uIeKTyanbHass SHEPreTHYecKas CUCTEMA C aKTHBHO-aJAalTUBHOM CETBI0 — 3TO
€MHBII YHEPronH(OPMALIMOHHBIN KOMIUIEKC C MHTEJUIEKTYaJIbHbIM YIPaBICHUEM U HETPEPHIBHBIM
MOHHUTOPUHIOM TEXHUYECKOTO COCTOSIHUA U peXUMa pabOThI BCEX €€ IIIEMEHTOB.

HoBas koHuenuust mO3BOJS€T CHU3UTh 3aTpaTbl Ha MPOU3BOJACTBO U Iepeaavy
ANEKTPUYECKON IHEPrHM, CHU3UTh TEXHUYECKHE U KOMMEPYECKHE IOTEPU NPU TPAHCIIOPTUPOBKE
EKTPOIHEPIUHU, a TAKXKE 3HAUNUTEIHHO MOBBICUTH HA/IEKHOCTh PabOThI AJNEKTPOOOOPYI0BaHUS 32
CUET AMCTAHIMOHHOTO MHTEJUICKTYaJIbHOTO TUarHOCTUYECKOTr0 MOHUTOpHHTa [ 1-5].

[IpoBenenslii 0030p mMyOMUKalUWM, MOCBSIIEHHBIX HCCIEAOBAaHUSM U pa3paboTke
UHTEJJIEKTYaJIbHBIX MHCTPYMEHTOB M JUAarHOCTMYECKMX CHCTEM ISl 3JIEKTPOIHEPreTHYECKHUX
KOMIUIEKCOB IOKa3aJl CIeayIOIIee.

B craTesx [6-7] npeanaraercs UCNOJIb30BaTh MOJIENb CBEpTOUHOU HelipoHHOU ceTH (CNN),
a Takke ee Oojee OOHOBICHHYIO BEPCHIO - MHOTOKaHaIbHYIO 1D cBepTOUHYIO HEHpPOHHYIO CETh
(1D CNN) 1 tnarHocTUKa HEUCIPABHOCTEH B aseKTpoaBuraressix. HelipoHHas ceTb pacro3HaeT
pa3iauyuHble HEUCHPABHOCTH NpPHU Pa3IMYHBIX YpOBHSAX Harpy3ku. B [8] mpexacraBien meron
MCTOJIb30BaHUSI MHOTOKJIACCOBBIX HAOOPOB JAHHBIX JUIS AMArHOCTHKH COCTOSIHUSI CTEP)KHS poTOpa
U KJIacCU(PHUKAIMU HEUCTIPAaBHOCTH HA OCHOBE 3THX JIaHHBIX.

ABTOpBI paboT [9-10] onmmchIBaIOT METOJ JUATHOCTHKU HEUCIPABHOCTEH B aCMHXPOHHBIX
JIBUTATEJSIX, OCHOBAHHBIA Ha MCHoJib3oBaHuU Kiaccupukatopa ANN. HelipoHHast ceTh mpsiMOro u
00paTHOTO PAaCHpPOCTPAHEHHUS HCIOJb3YyeTcs Ui KIAcCU(UKAMHM PA3IMYHBIX COCTOSHUH
MOAIIHUITHUKOB.

AHanu3 accopTUMEHTa J1abOpaTOPHBIX YCTAHOBOK, BBIMYCKAE€MBIX OTE€YECTBEHHBIMHU
MPOU3BOMUTENSAMU Ui y4eOHOro  oOOpynoBaHMSA, IpeJHa3HAue€HHOE JUId  M3YYEHHUs
VMHTEJUIEKTYAJIbHBIX MHCTPYMEHTOB M CHCTEM JUArHOCTUKHU SJIEKTPOTEXHHUYECKUX KOMILUIEKCOB,
I10Ka3aJI0, YTO Ha CErOJHAIIHUN JIEHb TaKUX J1a00paTOPHBIX YCTAHOBOK HE CYILIECTBYET.

Jnst oOecniedeHuss YCIOBUH peanu3alii 00pa30BaTEIbHOW MPOrpamMMbl MOATOTOBKHU
MarucTpoB "VIHTeIEKTyalbHBIE CPEICTBA W CUCTEMBl YIPABJICHUS, 3ALIUTBl U JUArHOCTUKU
JNEKTPOIHEPIeTUYECKUX KOMIUIEKCOB" OBLJIO TMPUHATO pEUIeHHe O CO3JaHuu  y4eOHO-
HCCIIEI0BATENbCKOr0 KoMIuiekca "CUCTEMBl TUArHOCTHKU JAMATHOCTUKH 3JIEKTPOIHEPTreTHUECKHUX
KOMILJIEKCOB".
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Metoasl u matepuanbl. B kauectBe 00BEKTa IMATHOCTHKH OBLI BBIOpaH TpexQazHbIi
ACUHXPOHHBIN 3JEKTPOJABUTATENb C KOPOTKO3AMKHYTBIM POTOPOM, BXOJSIIHWNA B COCTaB MOJIYJIA
Harpy3KkH JIEKTPUYECKON MaIIUHBbI.

AcuHXpoHHBIN anektpoaBuratens (AD]]) sBusercs Hambosee pacHpOCTPAHEHHBIM TUIIOM
MEKTPUYECKUX MAIIMH, IPUMEHSEMbIX B TPOMBIIUIEHHOCTH, B TOM YHCJIE€ B LEMEHTHOM
npousBojacTBe. Ero mnomynspHocTh 00yclIOBI€Ha MPOCTOTONH KOHCTPYKIMH, HaIAEKHOCTBIO,
HEBBICOKOH CTOMMOCTBIO M CPABHHUTEIBHO JIETKUM O00CITyKMBaHHEM. B TEXHOJIOIMUECKUX JTHHMSIX
LIEMEHTHBIX 3aBOJIOB ACHUHXPOHHBIE [JBUTAaTEIM MHCIOJB3YIOTCS JUIsl IPUBOJA MEJBHHUIL,
BEHTWISITOPOB,  TPAHCIOPTEPOB, HACOCOB, KOMIIPECCOPOB M  JIpyroro  00OpyAOBaHUA,
o0ecreynBaroILero HelpepbIBHOCTh POU3BOJICTBEHHOT'O MPOLECCa.

[IpuHIMD JEWCTBUSA ACMHXPOHHOIO JJIEKTPOJABUIaTeNisi OCHOBAaH Ha B3aWMOJICHCTBUU
BpAIL[AIOIIEroCsl MAarHUTHOTO TMOJIA CTaTopa M TOKOB, MHIYLUUPYEMbIX B 0OMOTKe (win
KOPOTKO3aMKHYTBIX CTEpXKHSAX) poropa. Pa3HOCTH ckopocTell BpalleHHs MarHUTHOIO MOJii U
poTopa — CKOJIbKEHHE — ONpEeAeseT XapakTep 3JIEKTPOMEXaHHMYECKOro IpeoOpa3oBaHMs
sHepruu. KOHCTPYKTUBHO pa3inyaroT ABUTATEIN C KOPOTKO3aMKHYTHIM U (ha3HBIM POTOPOM, YTO
MI03BOJISIET NOAOMPATh ONTUMAJIbHBIE TApAMETPBI 110J] KOHKPETHBIE YCIOBUS HKCILTyaTaIUH.

B ycinoBusix 1EMEHTHOrO MpPOU3BOJCTBA ACHUHXPOHHBIE JJIEKTPOJBUraTelid paboTaloT B
TSOKEIBIX  AKCIUTYaTAallMOHHBIX PEXUMaX — TPU MOBBIIIEHHONW 3ambUIEHHOCTH, BUOpaIUH,
KoJieOaHusX Harpy3Ku U TEMIIEPATypHbIX Mepenaaax. ITu (HakTopbl CYIIECTBEHHO BIMSIIOT Ha CPOK
CIIY’)KOBl M30JISIIMM, MOJIIMITHUKOBBIX Y3JI0B M OOMOTOK, a TaKKe Ha OOLIyl0 Haa&XKHOCTb
oOopynoBanusi.  Iloatomy  cBoeBpeMeHHass  JHMAarHOCTUKAa  TEXHUYECKOIO  COCTOSHUS
JJIEKTPO/IBUraTeNIel MMEET KIIOUYEBOE 3HAUEHUE I NPEAOTBPAIICHUS ABAPUNHBIX OCTAaHOBOK,
ONTHMU3ALNHU I'PaUKOB PEMOHTA U MOBBIIIEHUS YHEProd(HPEeKTUBHOCTU IPOU3BOCTBA.

CoBpeMEHHBIE CHUCTEMBl JUArHOCTUKM ACUHXPOHHBIX 3JIEKTPOABHUIaTEIed OCHOBaHbI Ha
aHAJIM3€ AJIEKTPUYECKUX, BUOPALMOHHBIX U TEIUIOBBIX MapamMeTpoB. OHM MO3BOJIIOT BBISBISATH
paHHUE NPU3HAKU JePEKTOB — HaIpUMep, MEKBUTKOBBIC 3aMbIKaHUs, pa30aJlaHCHPOBKY POTOpa,
M3HOC MOJIIMIIHUKOB WJIM OTKJIOHEHHs B NMUTAaHUM. VICIOJIb30BaHWE HMHTEIJIEKTYyalbHBIX CHCTEM
MOHHUTOPHHTA, UHTETPUPOBAHHBIX B aBTOMATU3UPOBAHHbBIE CUCTEMBl  YIIpaBJICHUS
TEXHOJIOTMYECKUMHU MPOIIECCaMU LIEMEHTHBIX 3aBOJIOB, 00ecreynBaeT MOBbIIICHHE HAIEKHOCTH U
IIPOU3BOUTEIILHOCTH BCETO 3JIEKTPOXO3SICTBA IPEATIPUATHS.

Ha acuHXpOHHBIE 3JEKTPOJBUTATENN MPUXOJINUTCS OCHOBHAs IPOMBIIUICHHAs] Harpy3ka u
okoso 80% Bcelt OTpeOIIIeMON MEKTPOIHEPTUU B LIEMEHTHOM Mpou3BOACTBE. OT MX HAAEKHON
paboThI 3aBUCUT ycIenIHOe (PYHKIIMOHMPOBAHUE ITPOU3BOJICTBA; OTKA3bl 3JIEKTPOABUTATEIEH MOTYT
IIPUBECTH K CEPHE3HBIM IIOCIEACTBHUSIM — BO3HUKHOBEHHIO aBapUUHBIX CUTYaLlUH, SJKOHOMUUYECKOMY
u 2KojormueckoMy ymepOy. IloaTomy 3amaua  MOHHUTOPUHIA TEXHUYECKOTO COCTOSHUS
JJIEKTPO/IBUraTeNel, NPUBOJAIIMX B JBWKCHHME TEXHOJIOIMYECKHE arperarbl, U BbISABICHUS
HEUCIIPAaBHOCTEN HA PAHHUX CTAIUAX pa3pabOTKH SBISICTCS BECbMa aKTyalbHOH [14].

OaHMM M3 NEPCHEKTUBHBIX METOAOB JHUAarHOCTUPOBAHUS AJIEKTPOJABMUraTENICH SBIIAETCS
3JIEKTPOMArHUTHBIN CIEKTPAJIbHBIA METOJ, OCHOBAaHHBIM Ha aHaJIU3€ MapaMeTpOB CIIEKTpa
TapMOHUYECKUX COCTABISIONIMX (ha3HBIX TOKOB M HAmNpsDKeHUH anekTpojasurarens. CyTh JaHHOTO
MEeToJla JMAarHOCTHKH 3aKJI04YaeTcsi B  peructpaudd (pasHbIX TOKOB M HAIpPSHKEHUH
ANEKTPO/IBUraTENsl C MOCIEAYIOUMM CHEKTPAJIbHBIM AHAIM30M C HMCIOJIb30BAaHUEM JUCKPETHOIO
osicTporo npeodpazoanusi dypee FFT (Fast Fourier Transform) [14]. DToT MeTox MO3BOMISET ¢
JIOCTaTOYHO BBICOKON TOYHOCTHIO MACHTHU(UIMPOBATH IIMPOKHM CIIEKTP HEUCIPABHOCTEH Kak B
JJIEKTPUYECKOM, TaK U B MEXaHUYECKOM 4acTAX ycTpoucTBa. [Ipy BOZHMKHOBEHUHU IOBPEKICHUS
YCTPOMCTBO 3JEKTPOJBUIATENb TE€HEPUPYET XapaKTEpPHBIM CIEKTP BBICIIMX TapMOHHYECKHUX
COCTAaBJISIOUIMX TOKOB U HampspkeHHid. Habop rapMoHMYECKHMX MapaMeTpoB IO3BOJISIET BBISIBUTH
KOHKPETHYIO HEHCIPABHOCTh HJIM OXapaKTepPU30BaTh 00IIee TEXHUYECKOE COCTOSHHUE JIBUTaTels.
OTOT METOA [MAarHOCTUKU SIBJSIETCS OTHOCHUTENBHO HEJOPOTMM, HE TpeOyeT yCTaHOBKH
CHELHUATbHBIX M3MEPUTEIbHBIX JATUYUKOB B TPYIHOAOCTYIHBIX MECTaX WU MO3BOJSET MPOBOJMTH
JUCTAHLIMOHHYIO JIMAarHOCTHKY, T.€. MOJKIOYaTh JAaTYMKHM TOKA W HANpPSDKEHHUS HE TOJBKO
HEMOCPEAICTBEHHO K KJI€MMaM JBUraTells, HO M K paclpeleNUTeNIbHBIM YCTPONCTBAM K
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COEIUHEHMSIM, OT KOTOpbIX nHMTatoTcsi JjBuratenu. llocinenHee o0OOCTOATENBCTBO —J€NaeT
3JIEKTPOMArHUTHBIN CIIEKTPaJIbHBII METOJI MPUBJIEKATENbHBIM C TOUYKH 3pEHHsI HCHOJIb30BAHUS B
VMHTEJUIEKTyAJIbHOM  DHEPreTUYECKOM CHCTEME C aKTMBHO-AJAIITHBHOM CETBIO B  COCTaBe
UHTEJUIEKTYaJIbHON CUCTEMBI IMarHOCTUKH JIEKTPOIHEPTETUUECKOT0 KOMILIEKCA.

Hcnonp30BaHne CHEKTPAIbHOIO METOAA JJIs AaHaju3a YacTOTHBIX XapaKTEPUCTHUK
JIEKTPOABHUraTeNss MO3BOJSET pPEIIUTh OOpaTHYK 3ajJjadyy - CMOJEIHMPOBATH pPa3IUYHbIC
TEXHUYECKUE COCTOSIHUSI U DPEXUMbI paboThl aBurarens. Pa3paboTka YacTOTHBIX Mojenen
JIEKTPOABUraTeNs C UCIOIb30BAHUEM ITaPAMETPOB TAPMOHMUECKUX COCTABIISIOIINX FeHEPHUPYEMBIX
UM (pa3HBIX TOKOB M HANpsDKEHUM MpoBoawiack B mporpaMMHubix nakerax MATLAB Simulink u
Typhoon HIL [13].

Hccnenyemast Mosieb OCHOBaHA Ha CYIIECTBYIOLIEM 00OPYAOBAaHUU LIEMEHTHBIX 3aBOJIOB U
JIONIOJTHEHA €ro LU(POBBIM aHAIOIOM - HEHpOHHAs ceTh, 6a3a YaCTOTHBIX Mojelneil u uHTepdeiic,
oOecrnieunBaroIui B3alMO/IeIicTBHE MEXy OTJEJIbHBIMU 3JIeMEHTaMU yueOHO-
HCCJIEI0BATEIBCKOIO KOMIUIEKCA .

CrpyKTypa MporpaMMHOM YaCcTH MOJIENIA COCTOUT U3 CIEAYIOLIUX YacTen:

udpoBoii 1BOIHUK 1a00PATOPHOTO CTEH/IA.

Heliponnas ceTs.

ba3a yacTOTHBIX MOJIEI€H SIIEKTPOABUTATENEH.

BusyanbHslii uHTEpdEiic.

JUis peanuszanuu AaHHOW CTPYKTYpbI ObLIT BBIOpAH JOCTYIHBIM S3BIK IMPOTPaMMUPOBAHUS
Python Bepcuu 3.9 ¢ ob6mmpHO# cTanmapTHO# OnOIHMOTEKOM. KOoMIuiekcHas pa3paboTka cpemnoi ais
s3bika Python sensiercs PyCharm. LudpoBoit ABOHHNK 1a00paToOpHOTo CTEH/IA pealu30BaH B BUJIE
OKOHHOI'O IPUJIOKEHHUS ¢ UCTOoNb30BaHueM Oubnuoreku PyQtS, coneprkarueit Habop rpadudeckoro
¢bpeiimBopka Qt mns s3eika Python, w mpunokenust QtDesigner, oOnamgarorero ymoOHBIM
rpapuueckuM uHTepdeiicom. Maremarnyeckue pacyeTbl BBINOJHAIOTCS C  MCIOJb30BaHHEM
Ooubnuorekn numpy, KoTtopas oOnamaer OorateiM HaOOpOM BCTPOCHHBIX (DYHKIMHA, HMeeT
OTKPBITBIH MCXOAHBIN KOJ M MOAJEPKHUBAET ONEpaly ¢ MaccuBaMu U Matpuueil. [IporpamMmmHuas
YacTh MOJICNM COJEPKUT BU3YaJbHBIH MHTEp(Ec M TMPHIOKEHHS, KOTOPBIE CO3/1al0T OOLIYIO
CTPYKTYPY U OPraHU3YIOT B3aMMOCBSI3U MEKIY POTPAMMHBIMU 3JIEMEHTaMH.

WneHTudukanus TEXHUYECKOTO COCTOSHHS AIIEKTPOABHUraTeNsl OCYHIECTBISIETCS ITyTEM
aHajuu3a IapaMeTpoB T'apMOHMYECKHUX COCTABIAIOIIMX  (a3sHBIX TOKOB M  HamlpsOKEHHUH,
TEHEPUPYEMBIX 3JIEKTPOABUIATEIEM, HCKycCTBEHHON HelpoHHo cerbto (MHC). Jna storo
UCTONb3YeTCsl  MHTEUIEKTYaJbHbI  KIacCU(UKATOpP JaHHBIX, KOTOpBIH pemaer 3aaady
MHOTOKJIACCOBOM KJIacCU(UKAIIMK C UCTIOIB30BAHUEM METOJa OTIOPHBIX BEKTOPOB. MHCTpyMEeHTOM
o0paboTkn naHHbBIX B Kiaccupukatope ANN sBiIseTcs NOJIMHOMMAIbHAS JIOTMCTHYECKAs
perpeccusi - pPa3sHOBHJIHOCTb MHOKECTBEHHOM pPErpeccuM, LENbI0 KOTOPOH SBIIAETCS aHaJIN3
B3aMMOCBS3b MEX/1y HECKOJIBKUMHU HE3aBUCUMBIMU IIEPEMEHHBIMH U 3aBUCHMOI TepEeMEHHOM.
Crpykrypa INN, ocHOBaHHasi HA MOJIENIA MOJTMHOMHAIBHONU JIOTUCTHYECKOM perpeccuu, mokazaHa
Ha puc. 1,

Input layer
oz Output laye

2 harmonic I |
3 harmonic I |

4 harmomic I |

10 harmonic |

2 harmomsc U
3 harmonic U |

4 harmonic U |

10 harmonc U :

Puc. 1. CtpykTypa HEHipoHHOI ceTH.
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Omna comepxut 3 crost:
e BxonHoil ypoBeHb (input layer, mepBbIii c0i B HEHPOHHOW CETH, KOTOPBIN NMPUHHUMAET
BXOJISIIIE CUTHAJIBI U NIEpeaeT UX Ha MOCIEAYIOIINE YPOBHU).
e  CKpBITHI yPOBEHb, BEIYMCIUTEIHHBIN YPOBEHD.
e BrixonHoii ypoBeHs (output layer, mocneaHuii cioi B ceTH, neneBas QyHKIHA).

bruto ycraHoBiieHo, 4TO AJisi o0ecniedyeHus TpeOyeMoro ypoBHs OTHOLIEHHS] CUTHAII/IIYM U
MIPUEMJIEMON TOYHOCTH OIPENETICHUS] TEXHUYECKOIO COCTOSHUS BJIEKTPOABHUIaTeNsl J1OCTaTOYHO
HCIIONTB30BaTh NepBbie 9 rapmonuk (0T 2 10 10) Toka u HanpsokeHus (as3sl A. [lepBble TapMOHUKH
TOKa W HAIIPSHKEHUS - OCHOBHBIE TAPMOHUKHU — UCKITFOUEHBI U3 aHAJIN3a U3-32 HECOIIOCTABUMOCTH 110
BETMYMHE C AaMIUIMTyJlaMHd JPYyruX TapMOHMK W Maloil uHpopMaTUBHOCTH. B KkaudecTBe
MH(POPMATHUBHBIX IMapaMeTPOB TAPMOHHUKH OEpyTCsl COCTABISIONIME (ha3HBIX TOKOB M HANPSKEHHH,
WX aMIUMTY/AbI, KOTOpble SBISIOTCA BXOAHBIMU naHHbiMH ans MHC. ®opmupyercss BbIOOpKa
naHHBIX B ¢opmate MS Excel B 6a3e manHBIX Ui ganpHeimiel 3arpy3ku B MHC. OgHa ctpoka
COOTBETCTBYET OJHOMY H3MEPEHUIO, COCTOMT W3 9 3HAUeHMI aMIUTUTyJ TapMOHUK TOKa, 9
3HAYEHUH aMIUINTY/ TapMOHUK HalpsyKEHUS U OTMETKHU Kjacca (3a4aHO OJHO U3 5 TEeXHHUYECKHX
COCTOSIHMI siekTpoasurarens). HeliponHas cetb oOydaercs Mo MNPUHIMIYY KOHTPOJIHUPYEMOTO
00y4YeHHs C HCIIOIb30BaHHEM METO/1a JIOTHCTHUECKON Perpeccuu, KOTOPBIi BKIIIOYAET ONpeIeIeHNe
BITUSTHUS BXOJHBIX HE3aBUCHUMBIX MIEPEMEHHBIX HA HEKOTOPHIEC BHIXOHBIC JAHHBIE.

JlaHHBIE U3 BXOJHOIO CJIOSI MOCTYNAIOT B CKPBITHIM CIIOM, IZl€ BBIUMCISIOTCS 3HAUYECHUS
JJIEMEHTOB BECOBOM MAaTpULbl U BEKTOpa cMemieHus. JIOruTel — 3TO BEKTOPBI HCXOAHBIX
MIPOTHO30B, CI€HEPUPOBAHHBIX Kiaccu(pUKaMOHHOW Mozenbto. [lpum  pemenun 3agaun
KJIacCU(UKAIMU JIOTUTHI CTAHOBSATCS BXOJHBIMH JTAHHBIMH JIJIS (DYHKIIMU aKTUBaruu - SOftmax.
@yHK1Ms softmax reHepupyeT BEKTOP HOPMAJIM30BaHHBIX BEPOSTHOCTEN C OJHUM 3HAUEHUEM IS
KaX/I0T0 BO3MOXKHOTO Kiacca. To cocTosiHMA (DYHKIMM aKTUBAlMM Softmax COOTBETCTBYIOT 5
3aJlaHHBIM COCTOSIHUSIM BBIXOJHBIX HEMPOHOB, KOTOpBIE OMPEIENSIIOT HaHOOJIBIIYI0O BEPOSATHOCTD
IIPUHAJUIEKHOCTH K OJHOMY M3 5 TEXHUYECKHMX COCTOSHUH anekTpoxasurarensd. [locne 3arpysku
oOyuatomieit BeiOopku aBToMatnueckuiit ML.NET koHcTpykTOp Moneneit Boioupaer mozenb ANN c
HaWIydiiei TOYHOCTBIO, TPUEMIIEMOM ISl MPAKTUYECKOTO UCIIOJIb30BaHU.
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Puc. 2. MnTepdetic mudpoBoro ABOMHUKA MOJETH IS JUATHOCTUKH MIEKTPOTEXHUYECKOTO 000PYIOBAHUSL.

Pesynbrarom o0Oyuenus ANN sBisieTcss HUHTeJUIEKTyajdbHas Monenb. llpu 3arpyske
pe3yabTaTOB M3MEPEHHUH HOBBIX 3HAYEHUH MapamMeTpOB I'APMOHUYECKHUX COCTABISIOMIMX (Pa3HBIX
TOKOB W HaIIPSDKEHUM OHM MOCTYHAKOT HAa BXOJ MHTEIJIEKTYaJIbHOW MOJEIH, KOTOpask ONpEIEseT,

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 97



JJIEKTPOHHBIE IPUBOPBI U TH®OOPMAIIMOHHBIE TEXHOJIOI'MU

Kakhe M3 5 TEXHHYECKOE COCTOSIHHUE DIICKTPOJABUTATENS €r0 TEKYIIee TEXHUYECKOE COCTOSHHUC
otHocutcs k [11, 13-14].
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Puc. 3. Cxema HOJAKIOYCHUA MO,I[yJ'Ieﬁ MoOJCIN ML AUArHOCTUKU JJICKTPOTEXHUICCKOI O O60py,Z[OBaHI/I$I.

B pesynbraTe aHamm3a BO3MOXKHOCTH HMCIIOJIB30BAHMS PA3JIMYHBIX THIIOB HEHPOHHBIX CeTei
6bu1 BeIOpaH Kiaccupukatop ANN, KOTOpBI HCIONB3yeT BBIOOPKY MapamMeTpoB rapMOHUYECKHX
COCTABIIIIONINX (Da3HBIX TOKOB M HAIPSDKEHHW HA OCHOBE MOJIENH JIOTHCTHYECKOH perpeccuu s
pacro3HaBaHMs TEXHUYECKOIO COCTOSIHUS 3JIeKTpoaBHuratens. Ha ocHOBe pe3ynbTaToB CpaBHEHUS
MOJIEJICH JIOTUCTHYECKON PErpeccuu, peajn30BaHHBIX PA3IUYHBIMH HEHPOHHBIMU CETSIMH, OBLIO
0o0OHapy»KEHO, YTO HEHMPOHHBIE CETU MPSAMOTro JEHCTBUS C ABYMS CKPBITHIMH CIOSIMH MUMEIOT Ooiiee
HU3KYI0 YacTOTy OmMOOK. TOYHOCTh OIIEHWBAJIACh C HCIIOJIB30BAaHHEM TECTOBas BBIOOpKA ¢
JIONIOJTHUTEIbHOM MpPOBEpPKON, YTOOBI yOEOUThCSA, YTO alNroOpuTM He OblI meperpykeH. bbui
MIPOBEJICH aHaJlu3 aJeKBaTHOCTH MOJENH, BKJIOYasi OUEHKH OOBEKTUBHOCTH, MOCIIE0BATEIbHOCTH
u 3¢ dexruBHocTH. [1o Mepe yBenndyeHust 00beMa BEIOOPKH OLIEHKH CTAHOBSITCS OJFKE K MUCTUHHBIM
3HAYEHUSIM, YTO CBUJIETEIILCTBYET O JIOCTOBEPHOCTU MOJIEIH.

Vcnonp30oBaHue MOJENTH IO3BOJIIET MOBBICUTH I(PQPEKTUBHOCTH pabOThl 000PYHOBaHUS
LIEMEHTHOIO0 IPOU3BOJCTBA, CBECTH K MHHUMYMY PHCKH BO3HMKHOBEHMS HKCTPEMaJbHBIX
CUTYyaLlUM.

[Io mepe pa3BUTHS HHTEIUIEKTYaJIbHBIX 3JIEKTPOIHEPreTUUECKUX CHCTEM TOSBISIOTCS
WHTEJUIEKTyaJIbHble WHCTPYMEHTBI W CHUCTEMbI JUCTAHIMOHHOTO JMArHOCTHYECKOTO KOHTPOJIS
TEXHUYECKOTO COCTOSIHUSI 3JIEKTPOOOOPYAOBAHHUS.

BeiBoabl. B pe3ynbraTe mpoOBEeAEHHOTO UCCIENOBaHWS pa3paboTaHa MoJenb JJis
JUArHOCTUKM TEXHUYECKOIO COCTOSIHMSI AJIEKTPOTEXHUYECKOr0 O0OpYAOBaHHUS LEMEHTHOIO
MIPOU3BOJICTBA C UCIIOJIb30BAHUEM JIEMEHTOB UCKYCCTBEHHOTO MHTEIIICKTA.

1. Pa3pabGotanHas cuctemMa BKIIOYAaeT IU(POBON JIBOMHUK J1aOOPATOPHOW YCTAHOBKH,
HelpoceTeByI0 MoJieNb U 0a3y YaCTOTHBIX XapaKTEPUCTUK aCUHXPOHHBIX 3JEKTPOJBUTATENIEH, YTO
MO3BOJISIET MOJICJIUPOBATh PA3IUYHbIE SKCIUIyaTallUOHHBIE PEXUMBI M OMNPEHENATh TEXHUYECKOE
COCTOSIHUE 000PYIOBaHMS C BBICOKOW CTETIEHBIO JIOCTOBEPHOCTH.

2. [lpumeHeHHE 3IEKTPOMArHUTHOTO CIEKTPAIbHOIO METOJla aHAJIMW3a C HCIOJIb30BAHUEM
ovicTporo mpeoOpazoBanust DPypre (FFT) B coderaHun ¢ HEHMpPOHHOW CEThIO, OCHOBAaHHOW Ha
MOJENU TOJMHOMHUAJIBLHOW JIOTUCTHYECKOM perpeccud, OOeCHedusio BBICOKYI0 TOYHOCTH
KIacCU(UKAMU  COCTOSHUIM  DJEKTPOJABUTATENSI W BO3MOXKHOCTh  PaHHETO  BBISBICHHUS
HEUCTIPAaBHOCTEH. DTO CHOCOOCTBYET CHHXEHHUIO aBaApPUHUHOCTH, TOBBIIMICHUIO HAJIEKHOCTH |
9HEprodPPeKTUBHOCTH 000PYIOBAHUS [IEMEHTHBIX MTPEIIPUATHIA.

Pe3ynbratel paboThl MOATBEPXKAAIOT MMEPCHEKTUBHOCTh BHEAPEHUS WHTEIIEKTYaTIbHBIX
JMAarHOCTHYECKUX CHUCTEM B DJIEKTPOIHEPreTHMUECKU KoMIUlekc Y30ekucrtana. PazpaboraHHBIN
KOMIUIEKC MOJKET OBITh HCIIOJIb30BaH HE TOJIBKO [IJISl HCCIIEOBATENbCKUX 3a]ady, HO U B
00pa30BaTENbHBIX IEAX — MPH MOATOTOBKE CHEIUAINCTOB B O0JIACTH UHTEIJICKTYaIbHBIX CUCTEM
yIpaBJIeHUs, 3aIIUTHl U JUATHOCTUKH 3JIEKTPOIHEPTETHUECKUX KOMILIEKCOB.

CnMcoK JuTepaTypsbl
[1].  Order of the Government of the Russian Federation of 03.04.2013 N 511-r, On Approval of the Strategy for the
Development of the Electric Grid Complex of the Russian Federation. Official Internet Portal of Legal
Information, http://www.pravo.gov.ru

98 Scientific-technical journal (STJ FerSTU, ®ap/ITY UTXK, HTXK ®epI TV, 2025, T.29.cmer.Bbimyck Nel9)


http://www.pravo.gov.ru/

JJIEKTPOHHBIE IPUBOPBI U TH®OOPMAIIMOHHBIE TEXHOJIOI'MU

[2]. D. Cao, J. Zhao, W. Hu, N. Yu, F. Ding, Q. Huang, Z. Chen, Deep reinforcement learning enabled physical-
model-free two-timescale voltage control method for active distribution systems, IEEE Transactions on Smart
Grid, 13, 149-165 (2021) DOI:10.1109/TSG.2021.3113085

[3]. N.lJin, F.Yang, Y. Mo, Y. Zeng, X. Zhou, K.Yan, X. Ma, Highly accurate energy consumption forecasting
model based on parallel LSTM neural networks, Adv. Eng. Informatics, 51, 101442 (2022)
DOI:10.1016/j.aei.2021.101442

[4]. M. Perez-Ramirez, G. Arroyo-Figueroa, A. Ayala, The use of a virtual reality training system to improve
technical skill in the maintenance of live-line power distribution networks, Interactive Learning Environments,
29(3), 1-18 (2019) DOI: 10.1080/10494820.2019.1587636

[5]. A. Titova, M. Suchkova, Digital twins in the quality improvement of educational services, Techno-technological
problems of service, 4(58), 57-63 (2021)

[6]. M. Abdelmaksoud, M. Torki, M. El-Habrouk, M. Elgeneidy, Convolutional-neural network-based multi-signals
fault diagnosis of induction motor using single and multi-channels datasets, Alexandria Engineering Journal, 73,
231-248 (2023)

[7]. R. Ribeiro jr., I. Areias, M. Campos, C. Teixeira, L. Silva, G. Gomes, Fault detection and diagnosis in electric
motors using 1d convolutional neural networks with multi-channel vibration signals, Measurement, 190(3),
(2022)

[8]. W. Abu Elhaija, Q. Abu Al-Haija, A novel dataset and lightweight detection system for broken bars induction
motors using optimizable neural networks, Intelligent Systems with Applications, 17(3), (2023)

[91. A. Sharma, R. Jigyasu, L. Mathew, Sh. Chatterji, Bearing Fault Diagnosis Using Frequency Domain Features
and Aurtificial Neural Networks, Proceedings of ICTIS, 2, 539-547 (2018) DOI:10.1007/978-981-13-1747-7_52

[10]. R.Jigyasu, L. Mathew, A. Sharma, Multiple faults diagnosis of induction motor using artificial neural network,
Springer Nature Singapore Pte Ltd, 701-710 (2019)

[11]. M. Bashirov, N. Khisamov, Y. Zhurba, O. Volkova, Science and business: ways of development, Science and
business: ways of development, 4, 17-23 (2023)

[12]. M. Bashirov, A. Khafizov, R. Adelguzhin, Digital twin of laboratory complex with regulator on the basis of
fuzzy logic, South-Siberian Scientific Bulletin, 3, 108-113 (2023)

[13]. M. Bashirov, M. Shvan, E. Akhmetshina, A. Khakimov, Development of a digital twin of the training laboratory
complex, Components of Scientific and Technological Progress, 6 (84), 138-141 (2023)

[14]. M. Baghdasaryan, V. Hovhannisyan, T. Hakobyan, Evaluating the possibilities of applying an artificial neural
network for control and diagnostics of the electric drive systems, National Polytechnic University of Armenia, 1-
9 (2022) DOI:10.53297/18293328-2022.

MONOLITHIC DUAL-WAVE ALGAE-BASED ULTRAVIDEO LEDs WITH
CONTROLLABLE SPECTRAL PROFILE

A.A. Aliyev

Fergana state technical university,
(Received on December 5 th, 2025.)

Introduction. Calculated energy band diagrams of UB-LEDs with high multiple quantum barrier
(MQB) configurations UBC and UBB.

The thermal equilibrium energy band diagrams for UB-LEDs with two different multiple quantum
barrier (MQB) configurations were calculated using the commercial software package Advanced Physical
Model of Semiconductor Devices (APSYS).

Key words: UBC, UBB, UB-LED, QCB.

The UBC-high QB configuration UB-LED developed for the demonstration consists of the
following layers: a 220 nm thick Alo.sGao.2N transition layer, a 1.5 pm thick n-Ale.cGao.«N layer
([Si] = 5 x 10'® cm™), 3 pairs of UBB QBs (multiple quantum barriers): Alo.2Gao.sN (1.6 nm)
Alo.7Gao.sN (10 nm, [Si] =3 % 10" cm™), a 4.5 nm thick Alo.7Gao.sN coupling layer ([Si] =3 x 10'®
cm?), a UBC QB (single quantum barrier): Alo.4Gao.sN (2 nm), a 5 nm thick final barrier layer:
Alo.7Gao.sN ([Si] = 3 x 10" cm™), 20 nm thick p-Alo.sGao.2N electron blocking layer ([Mg] = 5 %
108 cm™), 40 nm thick p-Alo.sGao.sN layer ([Mg] = 8 x 10'® cm™), 8 nm thick p*-GaN top contact
layer ([Mg] =2 x 10" cm™)[1].

This configuration is designed to efficiently generate UBC and UBB radiation bands, and
each layer in the structure performs a specific function, such as controlling electron flow,
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generating light, or acting as a barrier[2].

The structure of the UB-LED with the UBB-high QCB configuration is the same as the
previous structure, except for the QCB (multiple quantum barrier) layer. This configuration consists
of 3 pairs of UBC QCBs (Alo.4Gao.sN (2 nm)/Alo.7Gao.sN (10 nm, [Si] =3 x 10" cm™)), a 4.5 nm
thick Alo.7Gao.sN junction layer ([Si] =3 % 10® cm™), a 1.6 nm thick UBB QCB (Alo.2Gao.sN) and a
5 nm thick Alo.7Gao.sN final barrier layer ([Si] =3 x 10'® cm™)[3-4].

In addition, the band offset ratio for the AlGaN/AIGaN heterostructure is determined as
AEc/AEv = 0.65/0.35. A polarization screening factor of 40% is taken into account in this
simulation.

Figure 1 (Sla) and Figure 2 (S1b) show the calculated energy band diagrams in thermal
equilibrium of UV-LEDs with UBC-high and UBB-high KKB configurations, respectively[5].

The energy bands in the area marked by the gray box in Figures la and 1b are shown in
expanded form in Figures 1c and 1d[6].

It can be seen that the hole transport barrier (AE1) between the two quantum barriers (QB) in
the UBC-high QB design is effectively reduced compared to the hole transport barrier (AE2) in the
UBB-high QB design at thermal equilibrium, which is consistent with our design.
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Figure 1. Calculated energy band diagrams of UV-LEDs in thermal equilibrium: (a) UBC-high MQB (multi quantum

barrier) configuration and (b) UBB-high MQB configuration. (c) Expanded energy band diagrams of the region inside
the gray box in Figure 1(a) and (d) the region inside the gray box in Figure 1(b).
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Confirmation of the MQB (multiple quantum barrier) structures

The high-angle annular dark-field scanning transmission electron microscope (HAADF-
STEM) image for the IT-LED sample with the MQB structure is shown in Figure 2(a). The
corresponding energy-dispersive X-ray spectroscopy (EDS) maps of Al, Ga and N elements are
shown in Figure 2(b), Figure 2(c) and Figure 2(d). The ultra-thin UBC single quantum barrier
(YKB) thickness is measured to be 1 nm, which is consistent with our design. The cross-sectional
HAADF-STEM image of the MQB structure for the S2 sample is shown in Figure 3(a). The
corresponding EDS maps of Al, Ga and N elements are shown in Figure 3(b), Figure 3(c) and
Figure 3(d). The thickness of the conventional UBC single quantum barrier (SQB) was measured to
be 2 nm as designed. It can be seen that both the IT-LED and STANDARD LED samples have a
high-quality dual-wavelength MQB (multi-quantum barrier) structure, which consists of a UBC
SQB on top and a three-layer UBB SQB on the bottom. The difference between the SQBs in the IT-

100 Scientific-technical journal (STJ FerSTU, ®ap/ITY UTXK, HTXK ®epl' TV, 2025, T.29.crem.Boimyck Nel9)



JJIEKTPOHHBIE IPUBOPBI U TH®OOPMAIIMOHHBIE TEXHOJIOI'MU

LED and STANDARD LED samples is the thickness of the UBC SQB, which is suitable for our

Figure 2. (a) Cross-sectional view of the multiple quantum barriers (MQBSs) in the IT-LED sample, as shown in a
high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) image. Corresponding
energy-dispersive X-ray spectroscopy (EDS) maps for: (b) Al, (c) Ga, and (d) N elements.

Figure 3. (a) Cross-sectional view of multiple quantum barriers (MQBs) in a STANDARD LED sample, as
shown in a high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) image.
Corresponding energy-dispersive X-ray spectroscopy (EDS) maps for: (b) Al, (c) Ga, and (d) N elements.

S4: Measurement of the internal quantum efficiency (IQE) of dual-wavelength CCLs As
shown in Figure 4, we measured the photoluminescence (PL) spectra of dual-wavelength CCLs of
IT-LED and STANDARD LED samples at temperatures of 10 K and 300 K, respectively, using 213
nm laser irradiation.

Assuming that the non-radiative recombination centers are inactive at 10 K, we estimated the
internal quantum efficiency (IQE) by comparing the total PL intensities measured at 300 K and 10
K. The total IQE of the CCPs for the IT-LED sample was 44.0%, where the IQE for UBC and UBB
irradiation was 52.2% and 45.1%, respectively. On the other hand, the total IQE of the CCPs for the
STANDARD LED sample was 47.9%, where the IQE for UBC and UBB irradiation was 21.1%
and 51.3%, respectively.
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P — UVB emission
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Figure 4. Photoluminescence (PL) spectra measured at temperatures of 10 K and 300 K for multiple quantum
barriers (MQBs) of (a) IT-LED and (b) STANDARD LED samples.

It is worth noting that the ultra-thin UBC single quantum well (SQW) in the IT-LED sample
exhibits a higher internal quantum efficiency (IQE) value than the conventional UBC SQW
(standard-LED). Considering that the IQE value for the UBB CQWs is similar in both samples, the
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increase in IQE for the UBC SQW is mainly due to the use of the ultra-thin UBC SQW. As
discussed in the previous article, the ultra-thin UBC SQW in the IT-LED provides a larger overlap
of the electron-hole wave function, which leads to a higher radiative recombination rate and an
increase in IQE.

In general, photoluminescence (PL) measurements ensure that the same number of photons is
excited across all the CCLs. However, electroluminescence measurements mainly depend on the
introduction of photons through the electrodes and the diffusion of photons in the CCL. Given the
low radiative recombination rate and ISK in the UBC CCL, a large fraction of the holes are not
captured and migrate to the UBB CCLs to undergo radiative recombination. Therefore, this may
contribute to the smaller difference in ISK observed for the IT-LED and STANDARD LED tested
compared to the overall DUS (radiative efficiency).

To demonstrate the difference between ultra-thin quantum barriers (UTBs) and conventional
QBs, we used the commercial software Advanced Physical Model of Semiconductor Devices
(APSYS) to model the energy band diagrams of UV-LEDs with identical structures except for the
QBs.

The UV-LED structure consists of the following layers: a 1.5 pm thick n-Alo.sGao.4N ([Si] =5
x 10" cm™) layer, five pairs of Multiple Quantum Wells (MQWs), a 15 nm thick p-Alo.ssGao.1sN
electron barrier layer ([Mg] =5 x 10" cm™), a 40 nm thick p-Ale.sGao.«N layer ([Mg] = 8 x 10'®
cm), an 8 nm thick p*-GaN top contact layer ([Mg] =2 % 10" cm™). The MQWs for sample A are
as follows: five pairs of Alo.3Gao.7N (1 nm) / Alo.7Gao.sN (10 nm). The KKBs for sample B are as
follows: Five pairs of Alo.s2Gao.ssN (2 nm) / Alo.7Gao.sN (10 nm).

As shown in Figure 5, the ultra-thin AlGaN quantum well (KB) near the p-ETQ has a much
higher electron-hole wavefunction overlap than that of ordinary quantum barriers. This
demonstrates the superiority of ultra-thin AlGaN quantum barriers.

As illustrated in Figures 5b and 5d , our analysis shows that reducing the spatial separation of
the electron and hole wavefunctions in an ultra-thin quantum well significantly increases their
degree of mutual overlap (from 61% to 91%).
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Figure 5. Energy band diagrams of samples (a) A and (c) B at a current density of 100 A/cm?. The electron-hole wave
function overlap in the quantum well near the p-junction in samples (b) A and (d) B.
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Measurement of EL spectra using the bottom-emission configuration of LED light and an
integrating sphere
It is worth noting that the EL spectra measured in the bottom-emission configuration are different
from those obtained using the integrating sphere, as shown in Figure 6. The reason for this
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difference is that the EL spectra measured in the bottom-emission configuration mainly collect the
direct radiation from the irradiating side of the LED chips, which leads to a part of the condensed
magnetically polarized light remaining undetected. Nevertheless, it is worth noting that the
superiority of our dual-wavelength UV-LED design is confirmed in both measurement methods.
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Figure 6. Current-dependent UBC irradiance ratio of IT-LED and standard-LED obtained
through the integration sphere and bottom emission configuration.

Performance of IT-LED2 and IT-LED3 samples

The current-dependent light output power (LOP), voltage and wall-watt efficiency (DUS) of
IT-LED2 and IT-LED3 samples for 20x20 mil®> chips were measured by a photoelectric
measurement system with a 30 cm diameter integrating sphere. As shown in Figure 7(a), when the
injection current increases from 10 mA to 100 mA, the LOP increases from 2.24 mW to 19.27 mW
for IT-LED2 and from 1.67 mW to 18.11 mW for IT-LEDS3.
Meanwhile, as shown in Figure 7(b), the operating voltage increases from 5.33 V to 6.01 V for the
IT-LED2 sample and from 5.09 V to 5.93 V for the IT-LED3. As shown in Figure 7(c), the DUS for
the IT-LED2 changes from 4.20% to 3.21% and from 3.28% to 3.05% for the IT-LEDS,
respectively. It can be seen that the IT-LED2 sample shows a maximum DUS of 4.20% under a
current injection of 10 mA, while the IT-LED3 shows a maximum DUS of 3.43% under a current
injection of 20 mA. These values are similar to the maximum DUS of 3.86% for the IT-LED
sample, confirming the existence of highly efficient dual-wavelength UV-LEDs with tunable El

spectral profiles in this work.
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Figure 7 depicts: (a) Current-dependent light output power (LOP) of IT-LED2 and IT-LED3
samples. (b) Current-dependent voltage values of IT-LED2 and IT-LED3 samples. (c) Current-
dependent wall-socket efficiency (DUS) of IT-LED2 and IT-LED3 samples.
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Bi-color light-emitting diodes (LEDs) are widely used in modern optoelectronics. They serve
as important components in multi-color displays, indication devices, communication technologies,
and medical devices. However, the efficient and stable operation of bi-color LEDs depends on the
influence of their physical and electrical parameters - operating voltage, current, temperature
sensitivity, radiation frequency, and efficiency. Changes in these parameters make it difficult to
ensure the stability of the brightness and spectral properties of LEDs. Therefore, there is a need to
develop effective methods to ensure the stability of the parameters of bi-color LEDs.

Theoretical foundations

Bi-color light-emitting diodes (LEDs) are semiconductor devices that convert electrical
energy directly into light energy. While traditional LEDs are designed to emit light in a single color,
bi-color LEDs can operate in two separate spectral ranges (e.g., red and green, or red and blue).
These devices are typically made by combining two different semiconductor materials or by
creating two separate emission centers in a single device. The principle of operation of two-color
LEDs is the recombination of electric charges and the emission of photons as a result of the passage
of current through the P-N junction. During the recombination process, electrons and holes
combine, and energy is released in the form of light. The color of the light is directly related to the
energy gap (band gap) of the semiconductor material. Therefore, the chemical composition of the
material and its structure are the main factors in choosing the color of LEDs.

The most commonly used bi-color LED materials are gallium arsenide (GaAs), gallium
phosphide (GaP), and their alloys, especially aluminum gallium indium phosphide (AlGalnP)[1],
[2], [7], [8]. GaAs is a material with a small energy band gap, so it usually operates in the red and
infrared range, with high brightness and low operating voltage. GaP is more suitable for operation
in green and yellow colors, with a larger energy band gap and higher temperature stability. AlGalnP
alloy covers a wide spectral
range and  provides high
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intensity. Therefore, temperature control, efficient heat dissipation and optimal operation of the
LED are important tasks.

Among the important physical parameters of bi-color LEDs, the operating voltage (forward
voltage), the operating current (forward current), the temperature sensitivity, the radiation frequency
and the luminous efficiency are of particular importance. The operating voltage depends on the
semiconductor material and the temperature, and usually decreases with increasing temperature.
This leads to an increase in the current and a change in the operating mode of the LED. The
operating current directly affects the brightness and efficiency, but too high a current causes the
device to fail quickly.

The emission frequency determines the light spectrum of an LED, and controlling it ensures
the quality of the device. Spectral stability is very important in multi-color displays and optical
systems where a precise spectrum is required. Luminous efficiency is considered the coefficient of
conversion of electrical energy into light energy of an LED. The higher the efficiency, the less
energy is consumed and the device will operate stably for a long time. Various technological
approaches are used to stabilize the interaction of two-color LEDs and their parameters. For
example, separate current control for each color, automatic control systems with temperature
sensitivity, voltage stabilization, and sensors that allow continuous monitoring of light intensity are
used to create optimal operating conditions for LEDs. Also, in recent years, new materials such as
graphene have played an important role in improving the light-emitting efficiency of LEDs and
controlling the direction of radiation. Graphene, with its high electrical conductivity and optical
transparency, enhances the light output on the surface of LEDs, which significantly improves the
overall efficiency of LEDs. As a result, the effective operation of bi-color LEDs depends on a
thorough study of their physical and electrical parameters and the improvement of methods for their
stabilization, which is essential for creating bright, reliable, and long-lasting LED technologies.

Parameter analysis

The performance and stability of bi-color light-emitting diodes can be improved by in-depth
analysis of their basic electrical and physical parameters. Among these parameters, the forward
voltage, forward current, temperature dependence, emission frequency, and luminous efficiency
play an important role. Each parameter has its own influence and interrelationship, and their
comprehensive analysis is one of the main tasks in optimizing the performance of bi-color LEDs
and stabilizing them.

The operating voltage is one of the most important electrical parameters of an LED, which
determines the current flowing through the diode. The operating voltage depends on the band gap
and structure of the semiconductor material, and usually varies from 1.8 to 3.3 volts[2]. In bi-color
LEDs, the operating voltage for each color is different, since different materials have different
energy gaps. For example, red LEDs based on GaAs usually have a low operating voltage, while for
green and yellow LEDs based on GaP or AlGalnP this value is higher. The operating voltage
decreases with increasing temperature, which leads to an increase in current and, as a result, the
thermal state of the device may deteriorate. Therefore, it is necessary to thoroughly analyze the
dependence of voltage on temperature and create thermal management systems.

Operating current is the most important parameter that determines the brightness and
efficiency of an LED. As the current increases, the light output of the LED also increases, but high
currents can cause the device to overheat and risk failure. In bi-color LEDs, precise control of the
current is necessary for each color, since the operating current and thermal load of the different
color parts are different. For example, a red LED can often withstand high currents, while a green
LED may have a shorter life. Therefore, systems must be designed taking into account the electrical
characteristics of each color to optimize the current and prevent overloads. Temperature
dependence — LEDs are very sensitive to temperature changes. Increasing temperature reduces the
operating voltage, increases the current, and changes the spectral characteristics of the LED. As a
result of increasing temperature, there is a decrease in light intensity and a shift in the spectral
output. This can lead to color mixing, especially in bi-color LEDs, reducing spectral stability. Heat
sinks, thermal sensors, and cooling systems are used to control temperature. The thermal stability of
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LED materials is also important: for example, AlGalnP materials operate more stably at higher
temperatures than GaP or GaAs.

Emission frequency and spectral characteristics - The frequency of the light emitted by an
LED determines its color. In bi-color LEDs, the spectral range for each color must be precisely
controlled. Variations in spectral output often affect the brightness and visual comfort of the device.
For example, the contrast between red and green, their spectral density and shift, determine the
visual quality of the device. Therefore, high-quality materials and strict control are required in the
production of LEDs to ensure spectral stability. Recent research is exploring the possibility of
enhancing and controlling the direction of spectral output using new materials such as graphene,
which will increase the luminous efficiency of LEDs.

Luminous efficiency is one of the most important parameters of an LED, indicating the degree
to which electrical energy is converted into light energy. High efficiency means less energy
consumption and less heat, which ensures long-term operation of LEDs. In bi-color LEDs, the
material properties, current and temperature conditions of each color are optimized to increase
efficiency. Factors that reduce efficiency include thermal losses, defects in the semiconductor
material and inefficiency of spectral output. Therefore, these factors are being reduced by using
nano-technologies and new semiconductor materials in the production of LEDs.
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Methods for stabilizing parameters

The efficient and long-term operation of bi-color light-emitting diodes depends on ensuring
the stability of their electrical and physical parameters. Loss of stability leads to a decrease in the
brightness of the LED, a shift in the spectral output, a decrease in energy efficiency, and overall
device failure. Therefore, the issue of parameter stabilization is one of the priority areas of scientific
and practical study of bi-color LEDs. This section provides an in-depth analysis of the main
parameters - operating voltage, operating current, temperature, spectral characteristics, and methods
for stabilizing the luminous efficiency.

Methods for stabilizing the operating voltage are very important, since changes in the
operating voltage lead to an uncertain increase or decrease in the current, which negatively affects
the reliability of the device. To ensure a stable voltage in power supply systems, stabilizers, mode
controllers, and constant current sources are used. For example, using DC-DC converters, the
voltage supplied to the LED is maintained at a constant level. Also, the structure of the contact
layers and the semiconductor layer is revised in order to optimize the internal parameters of
semiconductor diodes. Such design solutions serve to reduce voltage fluctuations.

The most common method for stabilizing the working current is to precisely and stably
control the current source. For this, current-regulating power supplies are used, the task of which is
to supply the LED with a constant and required amount of current. Modules are being developed
that allow for separate current control for each color in bi-color LEDs. In addition, the temperature
dependence of the parameters is taken into account when controlling the current - it works in
conjunction with thermal management systems so that an increase in temperature does not increase
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the current. Maintaining a stable current maintains the brightness, spectral stability of the LED, and
extends the life of the device.

Temperature stabilization is the most complex, but also the most important problem in the
operation of LEDs. The efficiency and stability of LED operation are directly related to the level of
temperature control. An increase in temperature reduces the operating voltage of the diode,
increases the current, and as a result, thermal shock occurs. This leads to a decrease in the light
intensity of the LED and a change in the color spectrum. Heat dissipation radiators, cooling
systems, liquid or gas coolers, as well as new high-thermal conductivity materials are used to
control the temperature. Advanced materials such as nanostructured substrates and graphene layers
play an important role in improving heat dissipation. Thermal monitoring systems, on the other
hand, measure the temperature of the LED in real time and help the system respond in a timely
manner.

Spectral stabilization is one of the most important issues in bi-color LEDs. Shifts in spectral
output and color mixing are often associated with temperature and current changes. To ensure stable
spectral output, the selection of LED materials requires high-quality semiconductor layers and
perfect interfaces between layers. In addition, optical filters, photonic crystals, or nanodevices are
used to control the spectral output. In recent years, the use of graphene and other two-dimensional
materials has made it possible to enhance and target the spectral output. This significantly increases
the color stability of LEDs.

To stabilize the luminous efficiency, continuous improvement of the material and
construction technologies of LEDs is required. In order to minimize heat losses that reduce
efficiency, heat dissipation elements and cooling systems are effectively used. In addition, the
structure of the semiconductor layers used in LEDs is important, reducing defects and creating
nanoscale textures to efficiently emit photons. Innovative materials, such as AlGalnP-based layers
and graphene layers, help to maximize light output. At the same time, continuous monitoring and
diagnostic systems are introduced to reduce the degradation processes that occur during the
operation of LEDs.

In general, the stabilization of the parameters of bi-color LEDs is a complex process that
requires a multi-faceted and systematic approach. The introduction of innovative materials and
advanced technologies at all stages, from the stabilization of electrical parameters to thermal and
optical control, significantly increases the reliability and performance of LEDs. Therefore, it is
important to apply these methods in an integrated manner in research and production, in which the
interaction of each parameter and compensation mechanisms are fully taken into account.

Conclusion

This work deeply studied the issues of stabilizing the parameters of bi-color light-emitting
diodes. Ensuring the stability of key parameters such as operating voltage, current, temperature,
spectral characteristics, and luminous efficiency is of great importance in extending the reliability,
brightness, and service life of LEDs.

To stabilize the operating voltage and current, it is recommended to use modern power supply
systems, current regulators and stabilizers. These methods maintain the electrical parameters of the
light-emitting diode in a constant and controlled state, reducing the likelihood of device failure.
Effective temperature control is a key factor in increasing the efficiency of the LED and reducing its
degradation. The use of nanomaterials and advanced cooling systems creates new opportunities for
temperature stabilization.

The stability of spectral properties is important for maintaining the quality of light, and
spectral control methods based on optical filters and new materials provide effective results in this
area. To maintain maximum light efficiency, it is important to improve the quality of materials,
minimize heat loss, and create nanoscale textures.

Thus, stabilizing the parameters of bi-color LEDs requires an integrated approach and the
combination of innovative technologies from various fields. The results of this research have
important scientific and practical significance in ensuring high-quality and long-term operation of
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light-emitting diodes and set the main directions for creating more efficient and stable LED devices
in the future.
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Annomauus. So ‘ngi yillarda dunyo olimlari tomonidan plastik-biomasa, plastmassa-ko ‘mir, shina-
biomasa, shina-ko ‘mir va plastmassa-shina co-pirolizi kabi polimer co-pirolizining har xil turlariga e ’'tibor
garatib, turli tadgiqotlar olib borilmogda. Tadgiqotda co-pirolizning kinetik hisoblash va sinergetik ta’siriga
e’'tibor beriladi.

Tasnu cysnap: co-pirolizi, co-gazlashtirish, shina-biomasa, sof biomassa, degradatsiya, piroliz
yogqilg ‘isi.

Annomayus. B nocineonue 200bl yueHvle no 6cemy Mupy NpoSeau MHOICECMBO UCCIeO08aNUl,
NOCBAWEHHBIX PA3TUYHBIM MUNAM CO- NUPOJIU3A NOJUMEPOB, NMAKUM KAK CO-NUpOIuU3 niacmuxka u 6MOMaCCbl,
niacmuxka u Y, WuH U buomaccol, WUH U yens, a makxogce NAACmMuKa U UWUH. HUccneoosanusa
cocpe()omoqenbl HA KUHemu4Yeckux pacuemax u cunepeemuideckKux 3qb(j)el<max COBMECMHO20 NUPOIU3A.

Kniroueswie cnosa: CO-nupous, co-ea3uqbui<auuﬂ, buomacca uz WuH, ducmasd 6MOMCZCCCI, pasioaicenue,
nUpoIU3IHOE MOoniueo.

Annotation. In recent years, various studies have been conducted by scientists around the world,
focusing on various types of polymer co-pyrolysis, such as plastic-biomass, plastic-coal, tire-biomass, tire-
coal, and plastic-tire co-pyrolysis. The research focuses on the kinetic calculation and synergistic effects of
co-pyrolysis..

Key words: co-pyrolysis, co-gasification, tire-biomass, pure biomass, degradation, pyrolysis fuel.

1. Dolzarbligi

Taraqgiyot rivojlanishi bilan birgalikda insoniyatning ehtiyojlari ham kundan-kunga ortib
bormoqgda. So‘nggi o‘n yilliklarda yuqori molekulyar birikmalardan, shu jumladan plastmassa va
shinalardan foydalanish keskin oshdi. Tabiiyki ko‘p miqdorda plastmassa va shinalar chigindilari
hosil bo‘lib, atrof-muhitga tashlanib, insoniyat uchun uzoq davom etadigan ekologik muammolarni
keltirib chiqaradi, chunki ularni tabily ravishda parchalash juda qiyin bo‘lgan chiqindilar
hisoblanadi. Chigindi plastik va shinalarni gayta ishlash va ulardan yangi turdagi mahsulotlar
olishga qaratilgan yechimlarni topish juda zarur [1]. Bugungi kunda sanoatda va xo‘jaliklarda
yuzlab plastmassa materiallari mavjud bo‘lsa-da, bu plastmassalar past zichlikdagi polietilen
(LDPE), yuqgori zichlikdagi polietilen (HDPE), polipropilen (PP), polivinilxlorid (PVX), polistirol
(PS) va polietilen tereftalat (PET) - umumiy iste’molning qariyb 92% ni tashkil qiladi [2]. Eng
ko‘p uchraydigan polietilen turlari LDPE va HDPE. Qisqa va uzun zanjirlar bilan LDPEda sezilarli
dallanish kamroqg bir xil kristalli tuzilishga olib keladi. HDPE ning polimer zanjiri ozgina
dallanishga ega va kristalli hududlarning katta qismiga ega. HDPE ning taxminan 40% iste’mol
tovarlari sanoatiga, xususan, plastik turli gadoglash idishlari va tozalash eritmalari kabi tegishli
mahsulotlar uchun ajratilgan bo‘lib eng ko‘p tarqalgan mahsulotlardan biridir [3].
PP dunyodagi eng ko‘p ishlatiladigan termoplastiklar sifatida tan olingan. Vaqti-vaqti bilan metil
guruhlari bilan almashtiriladigan uglerod atomlarining chizigli zanjiri bilan tavsiflangan PP ning
oddiy molekulyar tuzilishi PP ni kimyoviy moddalarga va yuqori haroratga chidamli giladi. PP ning
moslashuvchanligi uni funktsional va iste’mol mahsulotlari uchun tanlov materialiga aylantiradi,
0zig-ovqat mahsulotlarini qadoglash uchun moslashuvchan to‘sigli plyonkali qoplardan tortib
sanoat tashish va saqlash uchun yig‘iladigan qutilargacha ushbu xom-ashiyo asosida tayyorlanadi.
PVX boshqga tijorat plastmassalaridan farq giladi, chunki uning asosiy tarkibiy gismlari sifatida
nafaqat uglerod va vodorod, balki xlor ham (og‘irligi bo‘yicha taxminan 57%) mavjud. Polimer
zanjirida xlor atomlarining mavjudligi PVX ni o‘z-0‘zidan o‘chirish xususiyatlarini beradi va shu
bilan yonuvchanlikni kamaytiradi. Bu esa uni boshga polimer mahsulotlardan ustunligini beradi.
Shu bilan birga, kimyoviy chidamliligi, ishgalanishga chidamliligi, izolyatsiyasi va boshqga
xususiyatlari tufayli u sanitariya, qurilish va elektrotexnika sanoatida keng qo‘llaniladi [ 4].  PS -
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bu aromatik monomer stirolni polimerizatsiya qilish natijasida olingan shaffof, rangsiz termoplastik
mahsulotdir. Odatda gadoglash materiallari va bir martalik idish sifatida uchraydi [5]. PET
tereftalik kislota va etilen glikolning esteridir. O‘zining ajoyib kuchi, shaffofligi va kimyoviy va
issiglikka chidamliligi bilan mashhur bo‘lgan PET ozig-ovqgat va ichimliklar gadoglash sektorida
hukmronlik qiladi [6]. Qadoqlashdan tashqari, PET to‘qimachilik sanoatida bardoshli va
moslashuvchan tolalar ishlab chigarishda va muhandislik plastmassalarini ishlab chigarishda keng
qo‘llaniladi [ 7 ].
2. Muammonining qo‘yilishi

Okeanlarda, tuprogda va hatto tanamizda plastik chigindilarning to‘planishi zamonaviy
zamonning asosiy ifloslanish muammolaridan biri bo‘lib, hozirgacha 5 milliard tonnadan ortiq
chiqgindilar utilizatsiya qilingan. Plastik mahsulotlarni qayta ishlash bo‘yicha katta sa'y-harakatlarga
garamay, polimer mahsulatlarning rang-barang aralashmasidan foydalanish qiyin masala bo‘lib
golmoqda[8].

Asosiy muammo shundaki, plastmassalar juda ko‘p turli xil navlarda bo‘ladi va ularni
qandaydir tarzda qayta ishlatilishi mumkin bo‘lgan shaklga aylantirish uchun kimyoviy jarayonlar
har bir plastmassa turiga xos bo‘ladi. Oddiy non idishlaridan tortib samaliyot qismlarigacha bo‘lgan
chigindilarni saralashni keng miqyosda amalga oshirish juda giyin. Bugungi kunda gayta ishlash
dasturlari orqali to‘plangan plastik materiallarning katta gismi baribir chigindixonaga tashlanadi [8].

Bugungi kunda yuqori molekulyar birikmalar polimerlar plastmassa buyumlar, tolalar,
kauchuk, gadoglash materiallari, elektron mahsulotlar, avtotransport vositalarining ehtiyot gismlari,
xo‘jalik mahsulatlari, qurilish materiallari ishlab chiqarish va boshqa sohalarda keng qo‘llaniladi.
O‘rganishlarga ko‘ra har yili dunyo miqyosda ishlab chigarilgan polimerlar miqdori yuzlab million
tonnaga yetdi, bu ko‘rsatkich 2023 yilda 413,8 million tonnaga yetgan bo‘lsa [ 2], umumiy
magsadli kauchuk mahsulotlari esa 2020 yilda Yevropa Ittifogida 2,3 million tonnani tashkil gildi
[ 9]. Shu bilan birga, polimerlarning keng qo‘llanilishi ham katta migdordagi chigindilarning paydo
bo‘lishiga olib keldi. Dunyo olimlarining hisob-kitoblarga ko‘ra, 2050 yil oxiriga kelib 26 ming
million tonnadan ortiq plastmassa ishlab chigariladi [ 10 ]. Chigindilarni boshqarish bo‘yicha joriy
global tendentsiyalarga asoslanib, 2050-yilda 12 000 million tonna plastmassalar chigindiga
tashlanadi [10 ]. Plastmassa chiqgindilarining 40% butun dunyo bo‘ylab poligonlarga tashlandi
[11], ilm-fan yugori molekulyar birikmalarni gayta ishlashning muqobl variantlarini ishlab
chigmas ekan, plastik chigindilarin poligonga tashlash yoki yoqish eng keng tarqalgan yo‘q qilish
usuliga aylantirdi. Bu esa ekologiya va atrof-muhitga toksik chigindilarni chigarishda davom
etishini bildiradi.

3. Yechish usullari

Yugqori molekulyar birikmalarni o‘zaro co-piroliz qilish yoki biomassa, ko‘mir va boshga
materiallar bilan birgalikda pirolizlash polimerlarni qayta tiklash va yoqilg‘i va boshqa qo‘shimcha
giymatli mahsulotlarni olishning istigbolli usuli hisoblanadi. So‘ngi yillarda dunyo olimlari
tomonidan plastik-biomasa, plastmassa-ko‘mir, shina-biomasa, shina-ko‘mir va plastmassa-shina
co-pirolizi kabi polimer co-pirolizining har xil turlariga e’tibor garatib, turli tadgiqotlar olib
borilmoqda.

Tadgigotda co-pirolizning Kkinetik
hisoblash va sinergetik ta’siriga e’tibor
beriladi. Bundan tashgari, harorat, |
reaktivlar ~ va  katalizatorlar ~ kabi \ ,
omillarning piroliz jarayoniga ta’siri N\ \ g
muhokama gilinadi. Tadgiqotlar N N St Bl *
shuningdek, co-pirolizning gattig, suyuq NN B R
va gazsimon mahsulotlarini o‘rganadi va ANg / |
potentsial  ilovalarni  o‘rganilmoqda. - Tl
Bundan tashqari, birgalikda piroliz 1-rasm. Yugori molekulyar birikmalarning gayta ishlash.
tadgiqotlarida turli qurilmalar, reaktorlar
va qo‘shimcha jihozlarni ishlash prinsplari o‘rganilmoqda. Tadqidotlarning asosiy maqsad
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polimerlarni samarali qayta ishlash uchun qulay yo‘llarni ishlab chiqish, chiqindilarni boshqarishni
yaxshilash, yoqilg‘i va boshqa qimmatli mahsulotlarni qayta tiklashda sinergik ta’siri o‘rganib
kelinmoqda.
4. Olingan natijalar va muhokama

Piroliz orgali plastik chigindilarni gimmatbaho resurslarga aylantirish istigbolli kimyoviy
gayta ishlash usuli bo‘lib, energiya yoki materiallarni qayta tiklash uchun past molekulyar
og‘irlikdagi mahsulotlarni beradi va yondirishdan ko‘ra ekologik nuqtai nazardan yanada barqaror
energiyani gayta tiklash jarayonidir [ 12 ]. Plastmassa piroliz yugori haroratlarda, odatda 500 dan
800 °C gacha bo‘lgan termokimyoviy va parchalanish jarayoni bo‘lib, polimer zanjirlarini kichikroq
molekulalarga, shu jumladan gimmatli uglevodorodlar va kimyoviy xom ashyolarga [ 13]
parchalaydi . Plastik chigindilar kimyoviy jihatdan farglanadi va bu farglar piroliz natijalarida aks
etadi, bu jarayon dinamikasiga ham, mahsulot unumdorligiga ham ta’sir qiladi. Suyuq yoqilig‘i
uchun piroliz orgali gayta ishlangan plastmassalar orasida LDPE, HDPE, PP, PS va aralash
plastmassalar asosiy xom ashyo sifatida qo‘llaniladi [ 14 ]. Beshta keng targalgan plastmassa,
LDPE, HDPE, PP, PS, PVX va PETning piroliz kinetikasi Tehron universiteti olimlari
Mortezaeikia va boshgalar tomonidan umumlashtirilgan. Olimlar plastmassalarning piroliz
kinetikasini tizimli ko‘rib chiqib turli xulosalarni bayon etgan va issiqlik degradatsiyasi
mexanikasini o‘rganish va farqning istigbolli ko‘rinishini tahlil qilgan. [ 15] Plastmassalarning
parchalanish harorati odatda molekulyar zanjir tuzilishi va molekulyar og‘irligiga bog‘liq. Umumiy
plastmassalarning parchalanish harorati odatda 600 ° C dan past bo‘ladi va piroliz
mexanizmi odatda erkin radikal zanjir reaktsiyasi mexanizmidir [ 15 ].

4 Birog, plastik piroliz jarayonining
turli xil texnik muammolari hali ham
mavjud. PVXni piroliz qilish jarayonida
vodorod xlorid hosil bo‘lishining magsadli
mahsulotga ta’siri va yuqori haroratli xlor
korroziyasi muammosi ko‘rib chiqilishi
kerak [16]. PET pirolizining yon
mahsuloti  bo‘lgan benzo Kislotasi reaktor

quvurlarida to‘siglarga olib kelishi mumkin
[17].

Qattiq plastmassaning yugori

2-rasm. Polimerdan monomer ajralishi. haroratli fazali viskoz eritmaga o‘zgarishi

[ 18 ] hatto issiqlik tagsimotiga to‘sqinlik

gilishi va reaktor devorlariga yopishishi mumkin [19]. Bundan tashqari, reaktor eritilgan

plastmassa zarralarining yopishqoqligi va yopishqoqligi tufayli defluidizatsiyaga moyil bo‘ladi
[20].

Xuddi shu piroliz sharoitida (500 ° C) har xil turdagi plastmassalar 3-rasmda ko‘rsatilgan
piroliz jarayonida sezilarli darajada turli xil mahsulot tagsimot xususiyatlarini ko‘rsatadi. Adabiyot
ma’lumotlaridan ko‘rinib turibdiki, poliolefin plastmassalar (HDPE, LDPE va PP kabi) juda yuqori
suyuqlik rentabelligiga ega, ular orasida HDPE suyuqlik rentabelligi og‘irligi 98,1% [ 22 ] va LDPE
ham og‘irligi 96-97% ga yaqin [ 21 ]. PP ning suyuglik rentabelligi biroz pastroqg, ammo baribir
og‘irligi 95-96% dan yuqori bo‘lib qolmoqda [ 22 ]. Ushbu plastmassalarning gaz chigishi odatda
past, odatda og‘irligi 2-4% oralig‘ida va qattiq qoldiq asosan nolga teng yoki juda past, fagat 0,01-
1,0 og‘irlik (%) [ 23 ]. Ko‘rinib turibdiki, poliolefinlar suyuq yoqilg‘ini olish uchun juda foydali
xom ashyo hisoblanadi. PS ham yaxshi ishlaydi, suyuqlik rentabelligi og‘irligi 94-100%
[[21],[22], [23] ]. Buning sababi shundaki, samarali depolimerizatsiya PS ning pirolizida sodir
bo‘ladi, asosan stirol va uning hosilalari kondensatsiyalanishi va yig‘ilishi oson bo‘lganligi bilan
izohlash mumkin. Biroq, PET va PVX kabi kislorodli va xlor o‘z ichiga olgan polimerlar uchun
piroliz mahsulotlarini tagsimlash farq giladi. PET ning suyuglik rentabelligi sezilarli darajada
kamayadi, faqat og‘irlikka nisbatan 54 % (32 % gacha qattiq qoldiq bilan birga), bu uning piroliz
jarayoni nisbatan murakkab va uchuvchan bo‘lmagan qattiq qoldiglarni shakllantirishga moyil
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ekanligini ko‘rsatadi [ 23 ]. PVX ning gaz unumdorligi nihoyatda yuqori, og‘irligi 60 % ga yaqin,
ularning ko‘pchiligi dexlorinatsiya reaktsiyasi natijasida chiqgarilgan HCI, suyuqlik chiqishi esa atigi
32,39 % [ 21 ]. Bu shuni ko‘rsatadiki, PVXning piroliz jarayoni uskunalar uchun juda korroziy
bo‘lishi mumkin va ehtiyotkorlik bilan ishlov berish kerak.

Poliolefinlar va PS suyuq yoqilg‘i ishlab chiqarish uchun ko‘proq mos keladi, PET va PV X
esa murakkab mahsulotlar va qo‘shimcha reaktsiyalar tufayli piroliz resurslaridan foydalanishda

giyinchiliklarga duch keladi.

5. Xulosa va takliflar

Piroliz jarayoni bilan
birgalikda Gazifikatsiya jarayoni ham
sodir bo‘ladi. Tahlil qilingan 3-
rasmdagi diogrammada gaz
mahsulotlarining tarkibi [ 22 ] bilan
birgalikda turli plastmassalar
tomonidan chiqgarilgan gaz turlari
sezilarli darajada  farglanishini
kuzatish mumkin. LDPE va HDPE
asosan CHa4, C2H4 va C:Hs chiqaradi,
PP gazidagi CsHs miqdori juda
yugori bo‘lib, 60% dan ortigni tashkil
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etadi, pirolizda bu propilen uchun yuqori selektivligini ko‘rsatadi (CsHe) oziga xos gaz
komponentlarini sanoatda qazib olish uchun gimmatli bo‘lgan mahsulot olinishini ko‘rish mumkin.
PS asosan C:H4, undan keyin CHa4 va deyarli hech qanday Cs komponentini o‘z ichiga olmaydi, bu
uning asosiy piroliz yo‘li monomer depolimerizatsiyasi va parchalanishsiz gaz hosil bo‘lishini
tasdiglaydi. Umuman olganda, piroliz jarayonida har xil turdagi plastmassalarning mahsulot tarkibi
va tagsimlanishi sezilarli darajada farq giladi.
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Annotatsiya. Vagtinchalik saglash omborlari tashqi igtisodiy faoliyat jarayonida tovarlarning
bojxona rasmiylashtiruvidan avval saqlanishi uchun mo ‘[jallangan maxsus hudud yoki inshootlar
hisoblanadi. Ushbu omborlarning asosiy vazifasi — import yoki eksport gilinayotgan yuklarni xavfsiz,
tartibli va nazorat ostida saqlash, bojxona organlari tomonidan ko ‘zdan kechirish, identifikatsiya qilish
hamda tegishli rasmiylashtirish jarayonlarini osonlashtirishdir.

Kalit so‘zlar: bojxona rasmiylashtiruvi, bojxona nazorati, tashqi iqtisodiy faoliyat, import-eksport
jarayonlari, yuklar.

Anuomauuﬂ. Crnaowi BPDEMEHHOCO XPAHEHUA — INMO CheyudalbHble nﬂomadu Uiu Coopyostcenus,
npeoHa3HaueHHble 051 XPAHEHUs. MOBAPO8 00 MAMONCEHHO20 OPOPMIEHUs 8 X00€ BHEeUHEEKOHOMUYECKOU
OesmenbHOCmu. OcHogHOUl  3a0ayell 5MUX CKIA008 sAGdemcsi 0e30nacHoe, YnoOpsO0oHeHHoe U
KOHMPOAUpyemoe XpPAaHeHue UMROPMUPYEMbIX UIU KCIOPMUPYEMbIX MO8Apos, 00ae2ueHue Npoyeccos
npoeepku, udeumuqbukamcuu u coomeemcmeyrouieco Od)OpMJléHM}Z CO CNMOPOHbL MAMONCEHHBIX OPSAHOE.

Knrwuesvie cnosa: mamoorcennoe oqbopMﬂeHue, MAMOINCEHHbILL KOHmMpOJlb, 6HEULHEEKOHOMUYECKAA
aeﬂmeﬂbnocmb, UMNOPNMHO-39KCNOPNIHblE NPOUECCHL.

Abstract. Temporary storage warehouses are special areas or structures intended for storage of
goods before customs clearance in the course of foreign economic activity. The main task of these
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warehouses is to store imported or exported goods in a safe, orderly and controlled manner, to facilitate
inspection, identification and appropriate clearance processes by customs authorities.

Key words: customs clearance, customs control, foreign economic activity, import-export processes,
temporary storage of goods.

Kirish. Vagtinchalik saglash omborlari — bu ma’lumotlarni yoki materiallarni cheklangan
vaqt davomida saqlashga mo‘ljallangan maxsus joylar bo‘lib, ularning asosiy vazifasi
materiallarning xavfsizligini ta’minlash va ularni kerakli paytda foydalanuvchilarga etkazishdir.
Zamonaviy jamiyatda vaqgtinchalik saglash omborlari logistika tizimlarida, kutubxonalar, arxivlar,
sanoat korxonalari va ma’lumotlar markazlarida keng qo‘llaniladi. Ushbu omborlar turli materiallar
uchun — qog‘oz hujjatlar, texnik jihozlar, ozig-ovqat mahsulotlari yoki ragamli ma’lumotlar uchun
mo‘ljallangan bo‘lishi mumkin.

Vagqtinchalik saqlash omborlarining asosiy jihatlari quyidagilarni o‘z ichiga oladi:

— saglash muddati cheklanganligi,

— xavfsizlikni ta’minlash,

— materiallarning tartibli joylashuvi va monitoringi,

— logistika jarayonlarini soddalashtirish.

Bu omborlar samarali boshgarilmasa, materiallar yo‘qolishi, shikastlanishi yoki buzilishi
xavfi yuzaga keladi. Shu sababli, ularning tashkil etilishi va boshgarilishi juda muhim hisoblanadi.
Vagtinchalik omborlarga uyum va xandaqlar ta'lugli bo'lib, ular asosan ildizmevalilarni va karamni,
ba'zan esa piyozni saglashda foydalaniladi. Xandaglarga garaganda uyumlardan ko'proq
foydalaniladi. Xandagga mahsulotni yuklash va bo'shatish ishlarini mexanizatsiyalashtirish uyumga
nisbatan bir oz murakkabroq, lekin uyumda saglanayotgan mahsulotni sovuq urish ehtimoli yugori.
Uyum deb - uzun shtabellarga to'kma holda solingan mahsulotlar (kartoshka, ildizmkvalilar, karam)
bo'lib, er ustida yoki unchalik chuqur bo'lmagan kotlovan ko'rinishidagi joyda tashkil etilgan, usti
poxol va tuproq bilan yopilgan, mahsulotni shamollatish uchun havo ogimini Kiritish chigarish
moslamalari, hamda haroratni nazorat giluvchi asboblar bilan jixozlangan vagtinchalik omborga
aytiladi. Xandaq sabzavotlar va kartoshka bilan to'ldirilgan va uyum singari poxol va tuprog bilan
yopilgan, shamollatish va haroratni nazorat gilish tizimlari bilan jihozlangan uzun o'ra. Shuningdek,
chuqurlashtirilgan uyum-xandaglardan ham foydalaniladi. Sabzavotlar va kartoshkani u yoki bu
usulda saglashni tashkil etish o'rtasida deyarli fag yo'q. Saglanadigan mahsulot turlari va
muntaganing tuprog iglim sharoitlarini hisobga olgan holda u yoki bu saglash usuli tanlanadi .
Uyum va xandaglarni tashkil etish uchun joy tanlashda quyidagilarga e'tiborni garatish lozim :
yog'ingarchilik suvlarining ogib ketishi uchun tanlangan joy bir oz nishab bo'lib balandlikda
jaylashgan bo'lishi kerak sizot suvlar chuqurligi 2 metrdan kam bo'Imasligi lozim. Tanlangan joy
tuprog'i granulometrik tarkibigiga ko'ra (qumlog tuprogli) yumshoq bo'lishi kerak bo'lib, bu holat
uyum va xandaglarni tashkil etishda xarajatlarni ko'p talab etmaydi; tanlangan joy oftob kam
tushadigan shimoliy nishablikda va gishki shamollardan himoya giluvchi daraxtzor yoki tepalik
bilan himoyalangan bo'lishi kerak; tuprogning yuqori gatlami chirigan goldiglar va axlatlar
bo'lmasligi lozim; -sanitar talablarga ko'ra uyum va xandaq uchun joy chorvachilik inshootlari va
em - xashak va somon g'aramlari yaginidan tanlanmasligi kerak, chunki bu erda kemiruvchilar ko'p
bo'lishi mumkin; -imkoni boricha xarajat manbalarini kamaytirish magsadida uyum va handaglar
transport keladigan yo'lga yaqin joylashtirilishi kerak. Vagtinchalik omborlar uchun joy
tanlanganidan so'ng uyum va xandaglarni joylashtirish rejalashtiriladi. Shu bilan birgalikda uyum
va xandaglarni oftob tomonga nisbatan gilib, ya'ni gishning sovugli kunlarida saglanadigan
mahsulot haroratiga quyosh nuri va shamolning ta'sir etishini kamaytiradigan gilib joylashtirish
zarur bo'ladi. Uyum va xandaglarning bo'ylama o'gini shimoliy janub tomonga garatib yoki shunga
yaqin qilib yo'naltirish lozim. Bunda quyosh nuri ta'sirida uyum yoki xandagning kamroq yuzasi
gizib saglanayotgan mahsulot harorati o'zgaradi. O'z navbatida amaliyotda uyum yoki Xandaglarni
joylashtirishda garor gabul gilishda ikkala ko'rsatmani ham inobatga olish lozim bo'ladi . Uyum va
xandaglari tashkil etishda echiladigan muammolardan ya'na biri bu yo'llar rejasini tuzishdir. Agarda
kartoshka va sabzavotlar o0'zi to'kar avtomashinalarda tashiladigan bo'lsa unda tashkil etiladigan
maydonda yon va asosiy kirish yo'llarini eni 6 metrli gilib, tashkil etish va yo'llarni har ikki gator
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uyum yoki xandaglardan keyin yonlama qilib joylashtirish kerak bo'ladi. Kartoshka va
sabzavotlarni saglash joyiga idishda tashilsa yoki donalab taxlab joylashtirilsa (masalan karamni)
unda uyum yoki xandagga asosiy yo'llar bo'ylama holida joylashtiriladi.

Tadgigot uslubiyati.Ushbu tadqiqot Qo‘shtepa tumani hududida faoliyat ko‘rsatuvchi
vaqtinchalik saqlash omborining ish jarayonlarini o‘rganish, uning samaradorligi va amaldagi
texnologik sharoitlarini baholash magsadida olib borildi. Tadgiqot davomida quyidagi usullar
majmuasi qo‘llanildi:

1. Normativ va texnik manbalarni o‘rganish. Ombor faoliyatiga oid qonun, qoida, bojxona
talabnomalari hamda texnik pasportlar tahlil gilindi. Ushbu hujjatlar orgali omborning rasmiy
ishlash tartibi, xavfsizlik talablari va texnologik jarayonlar haqida dastlabki ma’lumotlar aniglandi.
2. Ish jarayonini joyida kuzatish

Tadgigotchi tomonidan omborda yuklarni gabul qilish, sanash, saralash, saglash va chigarish
jarayonlari amalda kuzatildi. Kuzatuv davomida texnik jihozlarning ishlash holati, xodimlar
faoliyati va jarayonlar ketma-ketligi gayd etildi.

3. Xodimlar bilan suhbatlar o‘tkazish.

Ombor mutaxassislari, bojxona xodimlari va yuk egalaridan intervyu olindi. Suhbatlar orqali
mavjud muammolar, jarayonlardagi kechikishlar, xavfsizlik choralarining amaldagi holati va xizmat
ko‘rsatish sifati haqida ma’lumotlar to‘plandi.

4. Statistik ko‘rsatkichlarni tahlil qilish.

Omborning oxirgi yillik yuk ogimi, saglash davomiyligi, bojxona rasmiylashtiruvi tezligi va
xatoliklar bo‘yicha statistik ma’lumotlar yig‘ildi. Ular asosida umumiy samaradorlik, o‘zgarishlar
dinamikasi va muammoli nuqtalar aniglab chiqildi.

5. Taqgoslash va solishtirish.

Qo‘shtepadagi ombor faoliyati boshqa hududlardagi vaqtinchalik saglash omborlari bilan
solishtirildi. Tagqoslash orgali omborning kuchli va zaif jihatlari, texnik daraja va xizmat sifati
bo‘yicha farglar belgilandi.

6. Mutaxassislarning ekspert xulosalari.

Tajriba va malakaga ega mutaxassislarning fikrlari o‘rganilib, ombor faoliyatini takomillashtirish
bo‘yicha tavsiyalar shakllantirildi. Ekspert baholari natijalarni aniqlashtirish uchun qo‘shimcha
mezon sifatida xizmat qildi.

Tadqiqot natijalari.Olib borilgan tadqiqotlar Qo‘shtepa tumanidagi vaqtinchalik saglash
omborining tashkiliy tuzilishi, texnik ta’minoti va amaliy ish jarayonlari bo‘yicha quyidagi
natijalarni ko‘rsatdi:

1. Omborning texnik jihozlanganlik darajasi yugori. Ombor zamonaviy kuzatuv kameralariga,
xavfsizlik signalizatsiyasiga, raqamli ro‘yxatga olish tizimiga va yuklarni o‘lchash hamda saralash
uskunalariga ega ekani aniqlandi. Bu esa yuklarni xavfsiz va sifatli saqlanishini ta’minlaydi.

2. Yuklarni gabul gilish va chiqgarish jarayonlari tartibli. Kuzatuvlar natijasida yuklarni gabul gilish,
hujjatlarni tekshirish, ro‘yxatdan o‘tkazish va saqlash zonalariga joylashtirish jarayonlari
belgilangan qoidalarga muvofiq ravishda tashkil etilgani ma’lum bo‘ldi. Jarayonlar ketma-ketligi
uzluksiz va xatoliklar minimal darajada.

3. Bojxona nazorati jarayonlari tizimli amalga oshiriladi. Ombor bojxona organlari bilan
integratsiyalashgan holda faoliyat yuritadi. Tovarlar identifikatsiyasi, sanash, tekshirish va
rasmiylashtirish ishlari elektron tarzda gayd etilib boriladi. Bu esa vaqt tejalishiga hamda inson
omili xatoliklarini kamaytirishga yordam beradi.

4. Yuk oqimi barqaror va muvozanatli. Statistik tahlil natijalariga ko‘ra, ombor yil davomida
o‘rtacha barqaror yuk oqimini qabul qiladi. Ko‘p hollarda eksport va import yuklarining aylanishi
teng bo‘lib, omborning yuk sig‘imi to‘liq ozlashtirilgan.

5. Xodimlar malakasi etarli, ammo takomillashtirish zarur Intervyular asosida xodimlar o‘z
vazifalarini yaxshi bajarayotgani ma’lum bo‘ldi. Biroq yuklarni skanerlash, elektron monitoring va
xavfsizlik bilan bog‘liq ayrim jarayonlarda qo‘shimcha o‘quv ishlari talab etiladi.

6. Elektron boshgaruv tizimini kengaytirish ehtiyoji mavjud
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Hozirda ma’lum jarayonlar elektronlashtirilgan bo‘lsa-da, to‘liq avtomatlashtirilgan ombor
boshqaruv tizimi (WMS) yo‘lga qo‘yilmagan. Bu esa ba’zi jarayonlarda qo‘lda yuritiladigan
gaydlar tufayli vaqtning ko‘proq sarflanishiga sabab bo‘ladi.

7. Umumiy samaradorlik yuqori, lekin takomillashtirish mumkin. Olib borilgan tahlillarga ko‘ra,
ombor o0°‘z vazifalarini samarali bajaradi, xavfsizlik talablariga javob beradi va tashqi savdo
jarayonlarida muhim bo‘g‘in sifatida faoliyat yuritadi.

Tadgigot usullar va natijalart

Tadgiqor Tadqgigot usuli Magsad Natija Xulosa
yo‘nalishi
Saglash
Ombor_ - Kuzatish jarayoni va 95% haxfsiz Samarali
1| samaradorligini ketalash aylanma | q bosh
baholash anketalas tezlikni saglanmoqda oshgaruv
aniglash
Logistika vagtva | 20% vaqt, 15%
5 jarayonlarini Modellashtir xarg'atni Oharg'z;t 0 Optimallashtiris
optimallashtir ish K Jatn h K jat h samarali
ish amaytiris amayadi
3 | Xavfsizlik tizimi | Texnik tekshiruv Yl?ag](:;ﬁlgﬁm 2% yo‘qolish | Tizim samarali
. . . Ish yo‘qlamini 0 . Avtomatizasiya
4 | Avtomatizasiya Sistemal taxlil kamaytirish 30% kamayish foydali
Sensor Mikroklimat Minemal
5| Saglash sharoiti monitorin tasirtni buzilish Sharoiti muhum
g baholash

Tadgigot uslubiyati. Qo‘shtepa tumanidagi vagtinchalik saglash ombori faoliyatini
o‘rganishga qaratildi. Unda quyidagi usullar qo‘llanildi: xujjatlar tahlili: omborning tashkiliy
tuzilishi, bojxona qonunchiligi va ichki tartib qoidalari o‘rganildi.Amaliyot kuzatuvi: yuklarni qabul
qilish, saralash, saglash va chigarish jarayonlari bevosita kuzatildi. Intervyular: xodimlar va bojxona
inspektorlari bilan suhbatlar orqali amaliy ma’lumotlar to‘plandi.Statistik tahlil: ombor yuk hajmi
va harakatining yillik ma’lumotlari tahlil qilindi.

Tadqgigot natijalar. Ombor zamonaviy texnik va xavfsizlik imkoniyatlari bilan
jihozlangan, yuklarni xavfsiz va nazorat ostida saqlash ta’minlangan. Yuk qabul qilish va bojxona
rasmiylashtiruvi jarayonlari tizimli va qonuniy talablarga muvofig amalga oshirilmoqda. Yuk ogimi
bargaror va uzluksiz, tashqi savdo operatsiyalarida muhim ahamiyatga ega.Samaradorlikni yanada
oshirish uchun elektron nazorat tizimini kengaytirish va personal malakasini oshirish tavsiya gilindi.

1-rasm.Vagtinchalik saglash omborlari.
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Xulosa.Vagtinchalik saglash omborlari tashqi igtisodiy faoliyat jarayonida tovarlar harakati
va bojxona rasmiylashtiruvi tizimining ajralmas bo‘g‘ini hisoblanadi. Ular yuklarni belgilangan
muddat davomida xavfsiz saglash, ularni to‘g‘ri identifikatsiya qilish, bojxona organlari tomonidan
tekshiruvlarni osonlashtirish hamda tashqi savdo jarayonlarining uzluksizligini ta’minlashda muhim
rol o‘ynaydi.

Olib borilgan tadqiqotlar shuni ko‘rsatdiki, zamonaviy texnik vositalar bilan jihozlangan
vagtinchalik saglash omborlari yuk ogimini boshqgarish samaradorligini oshiradi, hujjatlashtirish
jarayonlarini soddalashtiradi va vaqt tejalishiga xizmat giladi. Omborlarda xavfsizlik choralarining
kuchaytirilishi, videokuzatuv, Kkirish-chigish nazorati va elektron monitoring tizimlaridan
foydalanish tovarlarning butligini kafolatlaydi.

Shuningdek, bunday omborlarning samarali faoliyati tashqi savdo operatsiyalarini
tezlashtiradi, transport-logistika tizimining bargaror ishlashiga yordam beradi, hamda bojxona
tartib-taomillarining sifatini yaxshilaydi. Birog, ayrim hududlarda elektron boshgaruv tizimlarini
to‘liq joriy etish, xodimlar malakasini oshirish va avtomatlashtirish darajasini kengaytirish
ehtiyojlari mavjudligi aniglangan.
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Annotatsiya Mazkur maqolada qattiq maishiy chigindilarni to ‘plash, tashish, qayta ishlash hamda
ularni energiya manbai sifatida qayta foydalanish masalalari yoritilgan. Turli mamlakatlarda aholi boshiga
to ‘g ri keladigan chiqindi miqdorlari tahlil qilinib, chiqindilarni parchalanish muddati bo ‘yicha ekologik
xavflilik darajasi ko ‘rsatilgan. Chigindilarni to‘g‘ri boshqarish atrof-muhit barqgarorligining muhim
omillaridan biri ekanligi ilmiy asoslangan.

Kalit so‘zlar: chigindi, ekologiya, gayta ishlash, chigindi migdori, parchalanish muddati, energiya
manbai.

Aunnomayus. B OanHOU cmamvbe paccMampusaomcs 60npockl  cbopda, MpPAHCHOPMUPOSKU,
nepepa6om1<u meé’pdbzx ObIMOBLIX omxodoe, a makoice uUxX noemopHO2cO UCNONb306AHUS 6 Kadecmee
UCMOYHUKA SHepcUuu. Hpoaﬂaﬂusupoeaﬁbl 06‘b€]l/lbl OI’I’DCO()OG Ha dymy HAcelleHUus 6 pas3ludHblX Cmpandax u
noKaszaHa -JKojocuvecKkas OnacHocmbs omxodoe 6 3asucumocmu om CpPOKO6 UX pAa310HCEeHUA. Haytmo
06OCH0661H0, umo npasujlibHoe ynpdaejilenue omxo0amu  AGAAemcsi OOHUM U3  GANICHEUUIUX qbakmopoe
9IKON02UYECKOU YCIMOUYUBOCHU OKPYcaroueli cpeobi.

Knroueewvie cnoea: omxodbz, OKOJIO2UA, nepepa60mka, Koaudyecmaeo OI’I’DCO()OG, CPOK pA310H#CERUAL,
UCMOYHUK SHeP2CUU.

Annotation. This article discusses the issues of collection, transportation, and recycling of solid
household waste, as well as their reuse as an energy source. The amount of waste generated per capita in
various countries has been analyzed, and the level of environmental hazard based on the decomposition
period of waste has been demonstrated. It has been scientifically proven that proper waste management is
one of the key factors ensuring environmental sustainability.

Keywords: waste, ecology, recycling, amount of waste, decomposition period, energy source.
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Kirish

So‘nggi o‘n yilliklarda insoniyat faoliyatining atrof-muhitga ta’siri keskin ortib bormoqda.
Aholi sonining o‘sishi, sanoatlashuv darajasining yuqoriligi, urbanizatsiya jarayonlarining
jadallashuvi va iste’mol madaniyatining o‘zgarishi natijasida dunyo miqyosida chigindilar hajmi
yildan-yilga oshib bormogda. Bugungi kunda har yili insoniyat tomonidan ishlab chigariladigan va
iste’mol qilinadigan mahsulotlar natijasida trillionlab tonna chiqindilar hosil bo‘ladi.

Statistik ma’lumotlarga ko‘ra, insoniyat tomonidan har yili sayyora Yyuzasida
harakatlantiriladigan umumiy moddalar massasi 4 trillion tonnadan oshadi. Shu moddalar orasida
120 milliard tonna (Gt) miqgdoridagi gazilma xom ashyo va biomassa har vyili jahon igtisodiyoti
tomonidan safarbar etiladi, birog ularning atigi 9 Gt (7,5 foizi) yakuniy mahsulotga aylanadi.
Qolgan qismi ishlab chiqarish jarayonida chiqindilar sifatida hosil bo‘ladi va bu ekologik muhitga
jiddiy yuklama beradi.

Chigindilar — bu ishlab chigarish yoki iste’mol jarayonida hosil bo‘ladigan xom ashyo,
material, yarim tayyor mahsulot yoki tayyor mahsulot qoldiglari bo‘lib, ular o‘zining dastlabki
iste’mol qgiymatini to‘liq yoki gisman yo‘qotgan bo‘ladi. Bugungi kunda chigindilar muammosi
nafagat ekologik, balki ijtimoiy-igtisodiy masalaga aylangan. Chunki chiqindilarni to‘g‘ri
boshgarish, ularni gayta ishlash, ikkilamchi xom ashyo sifatida gayta foydalanish nafagat tabiatni
muhofaza qilish, balki igtisodiyotda resurslarni tejashga xizmat giladi.

Jadval 1.
Chiqindilar muammosining global miqyosdagi asosiy ko‘rsatkichlari
No Ko‘rsatkich nomi Tavsif (mazmuni) Qiymati
1 | Insoniyat tomonidan har | Yer yuzasida inson faoliyati natijasida 4 trillion
yili harakatlantiriladigan | siljiydigan barcha xom ashyo, biomassa, | tonnadan ortiq
moddalar massasi texnologik mahsulotlar va chigindilar
umumiy miqgdori
2 | Jahon igtisodiyotida | Qazib olinadigan tabiiy resurslar va | 120 milliard
yillik safarbar etiladigan | biomassa miqgdori tonna (Gt)
gazilma xom ashyo va
biomassa
3 | Yakuniy  mahsulotga | Ishlab chigarish natijasida tovar shakliga | 9 Gt (7,5 %)
aylanadigan modda | o‘tgan moddalar miqdori
ulushi
4 | Qayta ishlab | Ishlab chigarish jarayonida ikkilamchi 80 % dan
chigarishga qaytadigan | aylanmaga gaytadigan resurslar ortiq
modda ulushi
5 | Bevosita inson | Ozig-ovgat, kiyim-kechak va boshga 1,5 Gt
iste’moliga  tushadigan | iste’mol tovarlari migdori atrofida
modda miqdori
6 | Ekologik Chigindilarning haddan ziyod to‘planishi, Global
muammolarning asosiy | ularning qayta ishlanmasligi va noto‘g‘ri ekologik
sababi saglanishi yuklama ortib
bormoqda
7 | Chigindilarni Ekologik muvozanatni saglash, Barqaror
boshgarishning resurslarni tejash, igtisodiy samaradorlikni | rivojlanishning
ahamiyati oshirish muhim omili
Asosiy gisim.
Chigindilar tushunchasi va ularning shakllanish manbalari Chigindilar — bu ishlab

chiqarish yoki iste’mol jarayonida hosil bo‘ladigan xom ashyo, materiallar, yarim tayyor mahsulot
yoki tayyor mahsulot goldiglari bo‘lib, ular o‘zining dastlabki iste’mol qiymatini to‘liq yoki qisman
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yo‘qotgan bo‘ladi. Har ganday ishlab chigarish yoki iste’mol faoliyati natijasida ma’lum miqdorda
chigindilar hosil bo‘lishi tabiiy jarayondir. Shu bois chiqindilarni to‘g‘ri aniglash va ularning
shakllanish manbalarini tahlil gilish ekologik boshgaruv tizimining muhim bosgichini tashkil etadi.

Chigindilar asosan ishlab chigarish chigindilari va iste’mol (maishiy) chiqgindilariga
bo‘linadi. Ishlab chiqarish chigindilari — bu turli sanoat tarmoglarida texnologik jarayonlar
natijasida hosil bo‘ladigan va ishlab chiqarish jarayonida to‘liq foydalanilmagan resurslardir.
Ularning tarkibida ko‘pincha kimyoviy, mexanik yoki termik jarayonlar natijasida hosil bo‘lgan yon
mahsulotlar, shuningdek, metall, shisha, plastmassa, kauchuk, yog‘och va boshqa materiallarning
chigindilari mavjud bo‘ladi.

Masalan, metallurgiya sanoatida shlaklar va changlar, kimyo sanoatida turli reagentlar
goldiglari, neft-gaz tarmog‘ida esa neftli loy, gaz kondensati va ishlatilgan sorbentlar chigindilar
sifatida ajraladi. Ushbu chiqindilar ekologik xavf tug‘diruvchi moddalarning asosiy manbalaridan
biri hisoblanadi. Iste’mol yoki maishiy chigindilar esa aholining kundalik turmush faoliyati
jarayonida hosil bo‘ladi. Bular — ozig-ovqgat goldiglari, kiyim-kechak, qog‘oz, plastik buyumlar,
idish-tovoglar, shuningdek, chigindi suvlar va turli turmush buyumlarining ishlatilmay qolgan
qismlaridir. Shahar va aholi punktlarida hosil bo‘ladigan maishiy chiqindilar hajmi yil sayin ortib
borayotgani ekologik va sanitariya nugtayi nazaridan dolzarb masalaga aylangan.

Bundan tashqari, chiqindilarni shakllanish manbalariga ko‘ra qishloq xo‘jaligi chiqindilari,
energetika chigindilari, transport chiqgindilari, qurilish chigindilari va tibbiy chigindilar kabi
toifalarga ham ajratish mumkin. Har bir toifa o‘ziga xos tarkib, xavflilik darajasi va qayta ishlash
imkoniyatiga ega. Shunday qilib, chigindilarni manbalarga ko‘ra to‘g‘ri tasniflash ularni qayta
ishlash, zararsizlantirish yoki ikkilamchi xom ashyo sifatida foydalanish imkoniyatlarini aniglash
uchun ilmiy asos bo‘lib xizmat qiladi.

Chigindilar turlari bo'yicha indikator ko'rinishida tagsimoti
Tibbly

Qurilish

Energetika

Chigindi turi

Qishlag xojaligl

Maishiy

Ishlab chigarish 3I0%

0 5 10 15 20 25 30
Folz ulushi (%)

1-rasm. Chiqindilar turlari bo‘yicha indikator ko‘rinishida tagsimot diagrammasi.

Tahlil.

Diagrammadan ko‘rinib turibdiki, chigindilarning eng katta gismini ishlab chigarish va
maishiy chigindilar tashkil etadi (mos ravishda 30% va 25%). Bu holat sanoat korxonalari faoliyati
va aholining kundalik iste’moli natijasida chiqindilar hajmining ortayotganini ko‘rsatadi. Qishloq
xo‘jaligi, energetika, transport va qurilish sohalaridan hosil bo‘ladigan chiqindilar ulushi nisbatan
kamrogq, biroq ularning ekologik ta’siri ham muhim ahamiyatga ega. Tibbiy chiqindilar esa umumiy
hajmda eng kichik ulushni egallaydi, ammo ular sanitariya xavfsizligi nugtayi nazaridan eng xavfli
toifaga kiradi.
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Jadval 2.
Turli mamlakatlarda aholi boshiga to‘g‘ri keladigan qattiq chiqindilar miqdori
Ne Mamlakat Yiliga hosil bo‘ladigan Izoh
chigindi (kg/odam)

1 O‘zbekiston 450-510 O‘rtacha 1.2-1.4 kg/kun

2 [Yevropa mamlakatlari ~700 Yuqori daromadli davlatlarda
3 |AQSh ~900 Juda yuqori iste’mol darajasi
4 |Yaponiya ~700 Qayta ishlash darajasi yuqori

Jadval ma’lumotlariga ko‘ra, eng ko‘p chiqindi AQShda hosil bo‘ladi — taxminan 900
kg/odam/yil, bu esa yuqori iste’mol darajasi bilan izohlanadi. Yevropa mamlakatlari va Yaponiyada
chigindi hajmi o‘xshash — yiliga o‘rtacha 700 kg/odam, biroq Yaponiya bu chiqindilarning katta
gismini qayta ishlaydi. Ozbekistonda esa bu ko‘rsatkich nisbatan past — 450-510 kg/odam/yil, bu
aholining iste’mol darajasi va chiqindilarni boshqarish tizimi rivojlanish darajasiga bog‘liq.

Chigindilarning parchalanish muddati (indikator ko‘rinishida)

_ mte

2000y

Shisha

Plastik butilka

Rezina shina 120.0 il

Beton, folga, batareya 1000y

0.0l

Yog'och, metal

Chigindi tur

Qog'oz f2-0 yil

1.0y

Karton quti
Gazeta gogozi |-'J-'= ¥

Pishig chigindilar H#.0% yil

200 ac0 600 800 1000
Parchalanish muddati (yil)

=

2-rasm. Chiqindilarning parchalanish muddati indikator ko‘rinishida.

Ushbu diagrammadan ma’lum bo‘lishicha, eng uzoq parchalanadigan chiqindi — shisha
(1000 yil) bo‘lib, u deyarli gayta tiklanmaydi va tabiatda ming yillab saglanib qoladi. Plastik ham
o‘zining 200 yillik parchalanish muddati bilan ekologik xavfli chiqindilar gatoriga kiradi. Rezina
shinalar va batareyalar ham yuz yildan ortiq vaqt davomida parchalanadi, bu esa tuprog va suv
resurslariga zarar yetkazadi. Aksincha, qog‘oz, karton, organik chiqindilar (pishiq chiqindilar) qisqa
muddatda — bir necha oy yoki vyil ichida parchalanib, atrof-muhitga nisbatan kamroq zarar
keltiradi.

Xulosa

Yugqoridagi tahlillar shuni ko‘rsatadiki, chiqindilar muammosi global miqyosda dolzarb
ekologik, igtisodiy va ijtimoiy masalalardan biridir. O‘zbekiston sharoitida chiqgindilarning katta
gismini ishlab chigarish (30%) va maishiy chigindilar (25%) tashkil etadi. Bu holat iqtisodiy
rivojlanish, urbanizatsiya va aholining iste’mol darajasi oshib borayotgani bilan izohlanadi. Turli
mamlakatlar tajribasi shuni tasdiglaydiki, aholi boshiga to‘g‘ri keladigan chiqindilar hajmi iqtisodiy
rivojlanish darajasiga mutanosib ravishda ortib boradi. Masalan, AQShda bu ko‘rsatkich yiliga 900
kg/odam, Yevropa mamlakatlarida 700 kg/odam, Yaponiyada esa 700 kg/odamai tashkil etadi.
O‘zbekistonda esa bu ragam 450-510 kg/odam atrofida bo‘lib, chigindilarni qayta ishlash tizimini
rivojlantirish imkoniyatlari mavjudligini ko‘rsatadi. Bundan tashqari, chigindilarning parchalanish
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muddati ularning ekologik xavfini belgilovchi asosiy omillardandir. Shisha (1000 vyil), plastik (200
yil) va rezina (120 vyil) kabi materiallar tabiiy muhitda juda sekin parchalanadi va uzog muddat
davomida atrof-muhitga zarar yetkazadi. Aksincha, qog‘oz, karton va organik chiqgindilar tez
parchalanadigan turlar sirasiga kiradi va ekologik xavfi nisbatan past. Shunday ekan, chigindilarni
boshqarish sohasida quyidagi yo‘nalishlarga alohida e’tibor qaratish zarur:

Adabiyotlar

[1]. Oc‘zbekiston Respublikasi Prezidenti. Atrof-muhitni muhofaza qilish tizimini takomillashtirish to‘g‘risida: PQ—
5024-son garori. — Toshkent: O‘zbekiston Respublikasi Prezidenti Administratsiyasi, 2021. — 12 b.

[2]. Oc‘zbekiston Respublikasi Qonuni. Maishiy chiqindilar to‘g‘risida: O‘RQ-667-son, 2021-yil 5-aprel. —
Toshkent: Oliy Majlis nashriyoti, 2021. — 8 b.

[3]. Oc‘zbekiston Respublikasi Davlat statistika qo‘mitasi. O‘zbekiston Respublikasida chigindilar hosil bo‘lishi va
ularni qayta ishlash ko‘rsatkichlari bo‘yicha hisobot. — Toshkent: Statistika nashriyoti, 2023. — 45 b.

[4]. United Nations Environment Programme (UNEP). Global Waste Management Outlook. — Nairobi: UNEP
Publishing, 2022. — 180 p.

[5]. World Bank. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050. — Washington, DC:
The World Bank Group, 2018. — 295 p.

[6]. European Environment Agency (EEA). Municipal waste management across European countries. —
Copenhagen: EEA Publications, 2021. — 85 p.

[7]. Japan Ministry of the Environment. Waste and Recycling Data Book 2022. — Tokyo: Ministry of the
Environment Press, 2022. — 110 p.

[8]. Khasanov, S.; Rakhimov, A. O‘zbekiston sharoitida maishiy chigindilarni boshqarishning zamonaviy usullari //
Ekologiya va bargaror rivojlanish jurnali. — 2022. — Ne3. — B. 45-52.

[9]. Qodirov, B. Chigindilarning parchalanish xususiyatlari va ularning ekologik xavfi // Fan va innovatsiya. —
2023. — Ne2. — B. 33-38.

[10]. Oc‘zbekiston Respublikasi Ekologiya, atrof-muhitni muhofaza qilish va iqlim o‘zgarishi vazirligi. 2024-yilgi
yillik hisobot. — Toshkent: Ekologiya vazirligi nashriyoti, 2024. — 60 b.

[11]. Odilov, O.Z.; Bazarov, B.l. Qattig maishiy chigindilarni boshgarishning innovatsion yondashuvlari // Farg‘ona
politexnika axborotnomasi. — 2024. — Nel. — B. 27-34.

[12]. World Bank. What a Waste 2.0: A Global Snapshot of Solid Waste Management. — Washington, DC: The
World Bank, 2023. — 310 p.

[13]. United Nations Environment Programme (UNEP). Waste Management Outlook for Central Asia. — Nairobi:
UNEP, 2022. — 142 p.

NANOZARRACHALAR SHAKLIDA QALAY DIOKSIDINI OLISH
BIOTEXNOLOGIYASI

K.A. Raximbekov

Farg ‘ona davlat texnika universiteti,

Email: kar1l8@tpu.ru
(Qabul gilindi 05.12. 2025 v.)

Annotatsiya: Qalay dioksidi (SnO2) nanozarrachalar shaklida katalitik, fotokataliz, sensorlar va
batareyalarni o'z ichiga olgan turli xil zamonaviy texnologiyalar uchun asosiy materialdir. So'nggi yillarda
nanozarrachalarni sintez qilishning mugqobil, ekologik toza va tejamkor usullariga, shu jumladan
biotexnologik yondashuvlarga gizigish ortib bormogda. O'simliklar, mikroorganizmlar va ularning
ekstraktlaridan foydalangan holda biosintez an‘anaviy kimyoviy sintez usullariga istigbolli mugobil bo'lib,
nanozarrachalarning hajmi va morfologiyasini nazorat gilish imkonini beradi. Ushbu maqolada galay
nanodioksidini ishlab chigarishning biotexnologik usullari, ularning afzalliklari, shuningdek, ushbu
sohadagi asosiy yutuglar ko'rib chigiladi.

Kalit so’zlar: nanozarrachalar, qalay dioksidi, biotexnologiya, olish usullari, ekotexnologiya,
mikroorganizmlar, fermentasiya, bioinjeneriya, texnologik jarayon.

Annomayus: ouoxcud onosa (SnNOz) 6 popme Hanouacmuy s61emMcs OCHOGHBIM MAMEPUATOM OJisL
PaA3TUUHBIX COBPEMEHHBIX I’I’ZBXHOJZOZUZZ, 6KJIrovuas Kamafzumuttecwﬁ, qbomoxamaﬂus, oamuuxu u 6amapeu. B
nocieonue 200bl 603pP0OC UHmMepec K adlbmepHamueHblM, 3KOJ10cUYeCKU Yucmvim U SIKOHOMUYHbIM Memooam
CUHME3d HAHOYACMUY, BKIIOYAsL ODUOMeXHON02UYeCKUe ROOX00bL. HHomayus: ouoxcud onosa (SN0z) 6 popme
Hanovacmuy Aeiiaemcsi OCHOBHbIM Mamepuaiom o PA3ITUYHBIX COBPEMEHHbIX meXHOJZOZMﬁ, BKIIo4as
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Kamanumuveckuti, ¢omoxamanus, oamuwuxu u oamapeu. B nociedonue 200vi 603poc ummepec K
arbmepHamueHbiM, I9KOJI0cUYECKU YUCMbIM U IKOHOMUUYHBIM Memooam cunmesda Hanodacmuy, e6Kjarudasi
6MOMEXHOJZOZMHeCKue I’IOOXOabl. buocunmes c¢ ucnonvzosanuem pacmeHmZ, MUKPDOOPSAHUIMOE U UX
IKCMPAKmMOoe Ae6Jjislemcst nepcnekmueuoﬁ aﬂbmepﬁamueoﬁ mpaduuuouﬂbm Memooam XUMU4ecko20 CcuHmesa,
N0380/151 KOHMPOAUPOBAMb pasmep U mopgono2uto nanowacmuy. B dannoii cmamwve 6y0ym paccmomperul
6MOMEXHOJZOZMHeCKue Memodbl noJsy4ernus HaHOOKCM()a ooe6a, ux npeumyuiecmed, a maxkotice OCHOBHblE
docmudicenus 8 3moti obaacmil.

Knroueevie cnosa: HaHodyacmuybwvl, ouoxcuo oJloea, 6u0m€XHOJ202u}Z, Memoowl u3ejlevyeHusl,
3K0meXHOJ102u}1, MUKPOOPpcaAHU3MDBL, gbepMeHmauuﬂ, 6u0uHDfC€H€pM}Z, MEexXHON02UYeCKULL npoyecc.

Annotation: tin dioxide (SnO;) in the form of nanoparticles is the main material for a variety of
modern technologies, including catalytic, photocatalysis, sensors and batteries. In recent years there has
been a growing interest in alternative, environmentally friendly and cost-effective methods of nanoparticle
synthesis, including biotechnological approaches.nnotation: tin dioxide (SnO) in the form of nanoparticles
is the main material for a variety of modern technologies, including catalytic, photocatalysis, sensors and
batteries. In recent years there has been a growing interest in alternative, environmentally friendly and cost-
effective methods of nanoparticle synthesis, including biotechnological approaches. Biosynthesis using
plants, microorganisms and their extracts is a promising alternative to traditional chemical synthesis
methods, allowing control of the size and morphology of nanoparticles. This article reviews biotechnological
methods for the production of tin nanodioxide, their advantages, as well as the main achievements in this
field.

Keywords: nanoparticles, tin dioxide, biotechnology, production methods, ecotechnology,
microorganisms, fermentation, bioengineering, technological process.

1. Kirish

Qalay dioksidi (SnO2) o'zining noyob fizik-kimyoviy xususiyatlari tufayli nanotexnologiya
sohasida eng ko'p o'rganilgan va qo'llaniladigan materiallardan biridir. Bu yuqori elektr
o'tkazuvchanligi, issiglikka chidamliligi va qattiq kimyoviy moddalarga chidamliligi bo'lgan
yarimo'tkazgich oksididir. Ushbu xususiyatlar tufayli SnO, katalizator sifatida, turli gazlarni
(masalan, uglerod oksidi va azotni) aniglash sensorlarida, quyosh panellarida, shuningdek litiy-ion
batareyalarida va anodlar va katodlar uchun material sifatida ishlatiladi [1].

So'nggi vyillarda mikroskopik zarrachalarga garaganda yanada o'ziga xos xususiyatlarga ega
bo'lgan SnO, nanozarrachalarini olish alohida e'tiborni tortmoqda. Zarracha kattaligi (1 dan 100 nm
gacha) va yugori 0'ziga xos sirt yuzasi nanozarrachalarni kataliz, elektronika, fotokataliz, sensorlar
va hatto sohalarda samaraliroq giladi [2].

SnO2 nanozarrachalarini sintez qilishning an'anaviy usullari, masalan, kimyoviy cho’ktirish,
gidrotermal sintez, piroliz va termoliz usullari ko'pincha zaharli kimyoviy reagentlar, yugori harorat
va uzoq davom etadigan jarayonlardan foydalanishni talab giladi, bu ularning narxini oshiradi va
bargarorlikni pasaytiradi [3]. Shu munosabat bilan SnO, nanozarrachalarini sintez qilishning
ekologik toza va igtisodiy jihatdan foydali usullarini ishlab chigish zarurati tug'iladi.

Bunday usullardan biri tirik organizmlar yoki ularning ekstraktlaridan metall ionlarini
nanozarrachalarga gaytarish uchun foydalanishga asoslangan biotexnologik sintezdir. Biotexnologik
yondashuvlar jozibador alternativa hisoblanadi, chunki ular zaharli kimyoviy moddalardan
foydalanishdan gochadi, jarayonlarning energiya sarfini kamaytiradi, morfologiya va zarrachalar
hajmini nazorat gilish kabi go'shimcha afzalliklarni taklif giladi. Ushbu yondashuv so'nggi o'n
yilliklarda faol o'rganilmoqda va ilmiy doiralarda ham, sanoatda ham katta e'tiborni tortmoqda.

SnO2 nanozarrachalarini sintez qilish uchun o'simliklar, mikroorganizmlar (bakteriyalar,
zamburug'lar) va ularning ekstraktlaridan foydalanishni o'z ichiga olgan bir nechta biotexnologik
usullar mavjud. Ushbu usullar ekologik xavfsizligi va hosil bo'lgan nanozarrachalar parametrlarini
boshgarish qobiliyati tufayli tobora ommalashib bormogda.

Ushbu magqolada galay nanodioksid biosinteziga turli xil yondashuvlarni, shuningdek
ularning an'anaviy kimyoviy usullarga nisbatan afzalliklari va kamchiliklarini ko'rib chigadi.

2. Adabiyotlar taxlili

So'nggi o'n yilliklar davomida tadgigotchilar SnO2 nanozarrachalarini sintez gilishning turli

usullarini ishlab chiqishga e'tibor qaratdilar, ular orasida yuqorida aytib o’tilganidek kimyoviy
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cho’ktirish, tuz hosil qilish, gidrotermal sintez va piroliz kabi an'anaviy kimyoviy usullar yetakchi
o'rinni egalladi. Imkoniyatlarning keng doirasiga garamay, ushbu usullar yugori haroratni, maxsus
reaktivlarni talab giladi va atrof-muhitga salbiy ta'sir ko'rsatadi. Ushbu muammolarni hal gilish
uchun so'nggi yillarda nanozarrachalarni sintez qilishning biotexnologik usullari faol
rivojlanmoqda, bu ko'plab tadgiqotlar shuni ko'rsatdiki, ekologik toza va tejamkor alternativalarni
taklif gilishi mumkin.

2.1. Mikroorganizmlar yordamida nanozarrachalar biosintezi

Eng gizigarli va faol o'rganilgan usullardan biri mikroorganizmlar yordamida biosintezdir.
Tadgiqotlar shuni ko'rsatdiki, turli bakteriyalar va zamburug'lar metall ionlarini kamaytirish
gobiliyatiga ega nanozarrachalar. Ushbu xususiyat oltin, kumush, mis va boshga metallarning
nanozarrachalarini sintez qilish uchun faol ishlatiladi. Bacillus subtilis va Escherichia coli
bakteriyalari kabi mikroorganizmlar va Fusarium oxysporum kabi zamburug'lar yordamida SnO2
nanozarrachalarining sintezi hosil bo'lgan zarrachalarning yuqori samaradorligi va bargarorligini
ko'rsatdi [4].

Mikroorganizmlar metall ionlarini gaytarish uchun elektrokimyoviy jarayonlardan
foydalanishga moyildirlar. Ushbu bakteriyalar atrof-muhitdan galay ionlarini o'zlashtirishi va ularni
nano o'lchamdagi zarrachalarga gaytarishi mumkin. Bunday jarayon, qoida tarigasida, xona
haroratida sodir bo'ladi, bu an'anaviy usullarga qgaraganda energiya sarfini sezilarli darajada
kamaytiradi.

Bundan tashqgari, mikroorganizmlar zarrachalarning hajmi, shakli va tarqgalishini nazorat gila
oladi, bu ularni biosintetik jarayonlar uchun ideal nomzodga aylantiradi. Bunday SnO:
nanozarralari yugori samarali katalizatorlar yoki sensorlarni yaratish uchun ishlatilishi mumkin.

2.2. O'simlik ekstraktlari yordamida biosintez

Yana bir yondashuv-SnO> nanozarrachalarini sintez gilish uchun o'simlik ekstraktlaridan
foydalanish. O'simliklar tarkibida flavonoidlar, fenol kislotalar, terpenlar kabi ko'plab faol moddalar
mavjud bo'lib, ular nanozarrachalarni hosil gilish uchun kamaytiruvchi vositalar va stabilizatorlar
vazifasini o'tashi mumkin. Choy barglari, sarimsoq, evkalipt va boshga o'simliklarning ekstraktlari
turli metallarning nanozarrachalarini va ularning oksidlarini, shu jumladan SnO2 ni sintez qilish
uchun muvaffagiyatli go'llaniladi [5].

O'simlik ekstraktlari yordamida sintez jarayoni boshga usullarga nisbatan bir gancha
afzalliklarga ega. Birinchidan, o'simlik ekstraktlari arzon va ekologik toza manbalar bo'lib, ularni
ko'p migdorda osongina olish mumkin. Ikkinchidan, o'simlik ekstraktlari yordamida sintez past
haroratlarda va zaharli kimyoviy reagentlarni ishlatmasdan sodir bo'lishi mumkin. Uchinchidan,
o'simlik ekstraktlari nanozarrachalarning o'lchami va shaklini boshgarishi mumkin, bu kataliz yoki
sensorlar kabi ko'plab ilovalar uchun juda muhimdir.

2.3. Biotexnologik sintezning afzalliklari

Nanopartikullarning biotexnologik sintezining asosiy afzalliklaridan biri bu zarrachalar
hajmi, shakli, morfologiyasi va targalishi kabi boshqgariladigan fizik-kimyoviy xususiyatlarga ega
zarralarni ishlab chiqgarish qobiliyatidir. Tirik organizmlar yoki ularning ekstraktlaridan foydalanish
kimyoviy agressiv moddalardan foydalanishni minimallashtirish va energiya sarfini kamaytirishga
imkon beradi.

Bundan tashqgari, biosintetik usullar yugori biomoslashuvchanlikka ega bo'lgan toza va
bargaror nanozarrachalarni ishlab chigarishga imkon beradi, bu ularni biotibbiyotda, masalan, dori-
darmonlarni etkazib berishda, shuningdek ekologiya, elektronika va kataliz kabi boshga sohalarda
qgo'llash uchun ideal giladi [6].

2.4. Muammolar va istigbollar

Biotexnologik sintezning ko'plab afzalliklariga garamay, go'shimcha tadgigotlarni talab
giladigan bir gator muammolar mavjud. Xususan, hosil bo'lgan nanozarrachalarning bargarorligini
yaxshilash, sintez sharoitlarini optimallashtirish, shuningdek, uni sanoat maqgsadlarida qo'llash
uchun jarayonni kengaytirish imkoniyatlarini o'rganish kerak. Bundan tashqari, har bir sintez usuli
optimal biologik vositalarni tanlashni talab giladi, bu ham keyingi tadgigotlar uchun giyinchilik
tug'diradi.
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Shunday qilib, galay nanodioksidini sintez gilishning biotexnologik usullari an'anaviy
kimyoviy usullarga istigbolli alternativani taqdim etadi. Ular nanozarrachalarning o'lchami, shakli
va barqarorligini nazorat gilish imkonini beradi, bu esa ularni kataliz, sensorlar va elektronika kabi
turli sohalarda qo'llash uchun yangi imkoniyatlar ochadi.

3. Eksperimental gism

Biotexnologik usullardan foydalangan holda galay nanodioksidini sintez gilish uchun ikkita
yondashuv tanlandi: o'simlik ekstraktlari va mikroorganizmlardan foydalanish. Ushbu usullar turli
xil biologik vositalarning galayni tiklash jarayoniga va nanozarrachalar hosil bo'lishiga ta'sirini
o'rganishga imkon berdi.

3.1. Material va reagentlar
Kimyoviy moddalar: galay (I1) xlorid (SnCl.).
Eritmalar: distillangan suv, etanol, ammiak eritmasi.

3.2. O'simlik ekstrakti yordamida galay nanodioksidini sintez gilish usuli

1. Ekstrakt tayyorlash: ekstraktni olish uchun yangi sarimsoq barglarini yaxshilab yuvib,
maydalab qo’llanildi. Olingan massa etanolda 24 soat davomida uvitildi.

2. Nanozarrachalar sintezi: SnCI2 eritmasi ekstraktga turli hajmlarda qo'shilib, galay
ionlarini nanozarrachalarga qaytarish jarayoni xona haroratida 48 soat davomida olib
borildi.

3. Ishlov berish: Reaksiya tugagandan so'ng, hosil bo'lgan nanozarrachalar cho'ktirildi,
filtrlandi va iflosliklarni olib tashlash uchun distillangan suv bilan yuvildi.

4. Quritish: Olingan nanozarrachalar quritish pechida 60°C da 12 soat davomida quritildi.

4. Tadgigot metodologiyasi
Olingan nanozarrachalarni tahlil gilish uchun bir necha usullardan foydalanilgan:

o Rentgen difraksiyasi (XRD): galay nanodioksidining kristalli tuzilishini aniglash uchun.

o Dinamik yorug'lik tarqalishi (DLS): zarrachalar hajmining tagsimlanishini baholash
uchun.

o Skanerlash elektron mikroskopi (SEM): Nanozarrachalarning morfologiyasini o'rganish
uchun.

e Furye-konvertatsiya qilingan infraqizil spektroskopiya (FTIR): hosil bo'lgan
zarralardagi funktsional guruhlar va kimyoviy bog'lanishlarni tahlil gilish uchun.

5. Natijalar
Tajribalar natijalariga ko'ra, olingan SnO> nanopartikullari 5 dan 20 nm gacha bo'lgan. XRD
tahlili shuni ko'rsatdiki, barcha namunalar galay dioksidiga xos bo'lgan tetragonal tuzilishga ega.
SEM tasvirlari yaxshi morfologik bir xillikka ega bo'lgan bir tekis tagsimlangan nanozarrachalar
mavjudligini tasdigladi. DLS tahlili zarrachalarning o'lchamlari bo'yicha tor tagsimlanishini
ko'rsatdi, bu sintez jarayoni wustidan yuqori darajadagi nazoratni ko'rsatadi. Ftir tahlili
nanozarrachalar tuzilishida xarakterli SN—-O bog'lanishlari mavjudligini tasdigladi.
6. Xulosa
Qalay nanodioksidini sintez gilishning biotexnologik usullari hajmi, shakli va bargarorligi
kabi kerakli xususiyatlarga ega nanozarrachalarni samarali olish imkonini beradi. SnO: sintezi
uchun o'simlik ekstraktlari va mikroorganizmlardan foydalanish ekologik toza va igtisodiy jihatdan
foydali yondashuv bo'lib, keyingi rivojlanish uchun katta salohiyatga ega. Ushbu usullar katalitik,
sensorlar, batareyalar va yuqori sifatli nanozarrachalarni talab giladigan boshga sohalarda galay
nanodioksidni go'llash uchun yangi imkoniyatlar ochadi.
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BROYLER TOVUQLARDA KASALLIKLARNI ERTA ANIQLASH VA OLDINI
OLISHNING ILMIY ASOSLARI VA ZAMONAVIY METODLARI
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Annotatsiya. Ushbu magolada broyler tovuglarda kasalliklarni erta aniglash bo ‘yicha zamonaviy
ilmiy yondashuvlar, texnologik monitoring tizimlari, klinik kuzatuv, laboratoriya diagnostikasi va
bioxavfsizlik choralarining ilmiy asoslari keng yoritilgan. Tadqgigot broyler parrandachiligi samaradorligini
oshirishda erta diagnostika usullarining o ‘rni va ahamiyatini ko ‘rsatadi. Zamonaviy sensorga asoslangan
monitoring, video-analitika, ovoz diagnostikasi, mikroiglimni avtomatik nazorat gilish, immunologik testlar
hamda stress-indikatorlar tahlil gilindi. Profilaktik choralarning, xususan vaksinalar dasturi, dezinfeksiya
strategiyasi, ozuga gigiyenasi, mikroiglim boshgaruvi va parazitlarga garshi kurashning samaradorligi ilmiy
manbalar asosida bayon qilindi. Tadgigot natijalari broylerlarda kasalliklarni erta aniglash va oldini olish
integratsiyalashgan tizimini joriy etish o ‘sish sur’atini 8—12%, o ‘lim ko ‘rsatkichini esa 15-35% kamaytirishi
mumkinligini ko rsatadi.

Kalit so‘zlar: broyler, erta diagnostika, bioxavfsizlik, laboratoriya tahlili, mikroiglim, stress,
monitoring tizimlari, parrandachilik.

Almomauuﬂ. B cmamve npedcmaeﬂeﬁbl COBpeEMEHHblE HAYYHbIE nooxoovl K PAHHEM)Y 6blABTEHUIO
3a001e6aHULl Y OPOUNIEPHLIX YbINIAM, GKIIOHAS KIUHUYECKOe HabodeHue, 1abopamophyro OUazHOCHUKY,
cucmemvbl aemomamusupoeanHoco MOHUMOPpUHZA, 6u0al<ycmuqecmtﬁ AaAHalus, MukpomuMamuquKuﬁ
KOHmMpOJib U mepbvl buobezonacnocmu. PaCCMOI’}’lpeHbl Memoowl OYEHKU N0BEOCHYEeCKUX USMEHEHUN nmuy,
OUHAMUKU NOEOAHUS Kopma u 600bl, noxazameietl pocma, canumaproco COCMOAHUA U UMMYHHO20 cmam)cda.
Ocoboe eHUMAaHUE YOeNeHO NPOPUIAKMULECKUM MePaM — 6aAKYUHAYUY, Oe3UuH@eKyul, YNnpasieHuo
MUKPOKIUMANOM, cucueHe KOpmoe U KOHMPOJIIo napasumapHsvlx sabonesanuil. Hccneoosanue nokasaino,
umo 6H€()p€l—lu€ KOMNAEKCHOU cucmembl paHHeﬁ OUACHOCIUKY U npoqbwzakmuku Mooicent CHU3UNb ypoBeHb
cmepmuocmu opotiiepos Ha 15—35% u nosvicums npodyxmusnocms Ha 8—12%.

Knrouesvle cnoea: Opoiinepvi, pauHias — OUASHOCMUKA,  OUODE30NACHOCMb,  MUKPOKIUMAM,
21a60pamopHslil AHAIU3, MOHUMOPUHS, RPOPUIAKMUKA.

Annotation.

This article presents modern scientific approaches to early detection and prevention of diseases in
broiler chickens, including clinical observation, laboratory diagnostics, automated monitoring systems,
bioacoustic analysis, microclimate control, and biosecurity measures. The study analyzes changes in feeding
behavior, water intake, growth performance, respiratory patterns, fecal characteristics, and stress indicators
as early markers of disease. Preventive strategies such as vaccination, sanitation, microclimate optimization,
feed hygiene, and parasite control are described in detail. Research results show that implementing an
integrated early diagnosis and prevention system can reduce mortality by 15-35% and improve growth
performance by 8-12%.

Key words: broiler, early detection, laboratory diagnostics, biosecurity, microclimate, monitoring,
feeding behavior.

KIRISH

Parrandachilik sohasida broyler tovuglarning iqtisodiy ahamiyati yildan yilga oshib
bormoqgda. Broylerlarning tez o‘sishi, yuqori ozuqa aylanish koeffitsiyenti va go‘sht sifatining
yugoriligi uni dunyodagi eng talabgir parrandachilik mahsulotlaridan biriga aylantirgan. Ammo
intensiv  yetishtirish jarayonida broylerlar mikroiglim, gigiyena, ozuga sifati va yuqumli
kasalliklarga nisbatan juda sezgir bo‘lib, kasalliklarni kech aniglash o‘lim darajasining oshishiga va
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iqtisodiy zararlarning ko‘payishiga olib keladi.

Kasalliklarni erta aniglash - bu nafagat veterinariya amaliyotining asosiy yo‘nalishi, balki
ishlab chiqgarish samaradorligini oshirishning ham muhim omilidir. XX-XXI asrlarda broyler
yetishtirishda mikroiglimni avtomatik boshqarish, datchikli monitoring, sun’iy intellekt yordamida
ovoz tahlili, videokuzatuv, laborator ekspress testlar, immunoferment tahlil kabi usullar jadal
rivojlandi. Shunga qaramay, ko‘plab fermer xo‘jaliklarida hali ham kasallik faqat tashqi klinik
belgilarning namoyon bo‘lish bosqichida aniglanadi. Bunday kech diagnostika esa iqtisodiy zarar,
o‘sish sur’atining sekinlashuvi, ozuqa samaradorligi pasayishi, go‘sht sifatining yomonlashuvi va
yuqumli kasalliklarning tez tarqalishiga sabab bo‘ladi.[4]

Mazkur ilmiy magolaning magsadi - broylerlarda kasalliklarni erta aniglashning ilmiy
asoslari, diagnostika usullari va profilaktika choralari samaradorligini ilmiy manbalar asosida
chuqur tahlil gilish.

MATERIALLAR VA METODLAR
Tadgigot materiali

Tahlil uchun broyler parrandachiligiga oid 42 ta xalqaro maqola, 8 ta darslik, O‘zbekiston,

Rossiya, Yevropa va AQSh veterinariya qo‘llanmalaridagi metodlar o‘rganildi.
Klinik kuzatuv metodlari

Broyler tovuglarda kasallikning erta bosgichlarini aniglash magsadida bir gator muhim
fiziologik va xulg-atvor ko‘rsatkichlari tahlil gilindi. Jumladan, parrandalarda ozuqa iste’molining
me’yoriy holatga nisbatan 10-15 foizga kamayishi kasallikning dastlabki belgilaridan biri sifatida
qayd etildi. Shu bilan birga, suv iste’molida kuzatilgan o‘zgarishlar organizmdagi metabolik
jarayonlarning buzilganidan dalolat berdi.

Kasallik rivojlanishining dastlabki davrlarida broylerlarning umumiy faolligi pasayib,
ularning kam harakatlanishi va tashqi ta’sirlarga sust javob berishi kuzatildi. Nafas olish tizimida
yuzaga kelgan o‘zgarishlar, xususan nafas olish hajmining oshishi, xirillash va aksirish kabi belgilar
respirator kasalliklarning erta namoyon bo‘lishini ko‘rsatdi. Bundan tashqari, najas rangining va
konsistensiyasining o‘zgarishi hazm qilish tizimi faoliyatida buzilishlar mavjudligini bildiruvchi
muhim diagnostik belgi sifatida baholandi.

Shuningdek, tana haroratining ko‘tarilishi yoki pasayishi hamda parrandalarda holsizlanish
holatining  kuzatilishi  kasallik  jarayonining boshlanayotganidan darak berdi. Ushbu
ko‘rsatkichlarning kompleks tahlili broyler tovuglarda kasalliklarni erta aniglash, o‘z vaqtida
profilaktik va davolovchi choralarni ko‘rish hamda ishlab chigarish samaradorligini saqlab qolishda
muhim ahamiyat kasb etadi.

Texnologik monitoring

Texnologik monitoring jarayonida broyler parrandachiligida qo‘llanilayotgan zamonaviy
infratuzilma va raqamli nazorat vositalari chuqur o‘rganildi. Xususan, parrandalarning tana
vaznidagi o‘zgarishlarni real vaqt rejimida aniqlash imkonini beruvchi elektron vazn
platformalarining samaradorligi baholandi.[3] Ushbu qurilmalar broylerlarning o‘sish dinamikasini
uzluksiz nazorat gilish va oziglantirish rejimini optimallashtirishda muhim ahamiyatga ega ekanligi
aniglandi.

Parrandaxonada mikroiglim holatini bargaror saglash magsadida harorat, nisbiy namlik,
karbonat angidrid (CO:) va ammiak (NHs) miqdorini doimiy ravishda o‘lchab boruvchi sensor
tizimlarining ishlash mexanizmlari tahlil qilindi. Ushbu ko‘rsatkichlarning me’yoridan chetga
chiqishi parrandalar salomatligi va mahsuldorligiga salbiy ta’sir ko‘rsatishi sababli, sensorlar orqali
olingan ma’lumotlar tezkor boshqgaruv garorlarini gabul gilish imkonini beradi. Bundan tashqari,
kamera asosidagi sun’iy intellektga (Al) tayangan monitoring tizimlari yordamida broylerlarning
harakati, guruhlanishi va faollik darajasi kuzatildi. Ushbu texnologiya stress holatlari va kasallik
belgilari erta bosgichda aniglanishiga xizmat qiladi. Bioakustik tahlil tizimlari orgali esa
parrandalarning ovoz chiqarish chastotasi va intensivligi o‘rganilib, nafas olish tizimi kasalliklari va
umumiy holatdagi o‘zgarishlarni aniglash imkoniyati yaratildi.[2]

Shuningdek, ozuqa va suv iste’molini avtomatik hisoblab boruvchi tizimlar yordamida
parrandalarning oziglanish rejimi doimiy nazorat qgilindi. Bu usullar broylerlarning fiziologik
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ehtiyojlarini aniq baholash, yemdan foydalanish samaradorligini oshirish hamda ishlab chigarish

jarayonini raqamlashtirish orqali umumiy xo‘jalik samaradorligini yuksaltirishga xizmat qiladi.
Avtomatlashtirilgan monitoring samaradorligi

Monitoring tizimlari klinik belgilardan oldin kasallikni aniglay oldi:

1-jadaval
Monitoring turi Erta aniqlash vaqti Aniglik darajasi
Ovoz (bioakustik) 24-36 soat oldin 82%
Kamera-analitika 12-24 soat oldin 75%
Energiya iste’moli 10-15 soat oldin 67%
Ozuqa lagermlari 1 kun oldin 70%

Laboratoriya natijalari

Laboratoriya tadqiqotlari natijalariga ko‘ra, broyler tovuglarda Nyukasl kasalligi (ND) va
infeksion bronxitni (IB) aniqlashda qo‘llanilgan virusologik testlar erta bosqichda 95 foiz aniqlik
ko‘rsatdi. Ushbu yuqori aniqlik darajasi kasalliklarni klinik belgilar namoyon bo‘lishidan avval
aniglash imkonini berib, 0z vaqtida profilaktik va davolovchi choralarni amalga oshirishga sharoit
yaratadi.[7] Natijada parrandalar orasida infeksiyalarning keng targalishining oldi olinib,
xo‘jaliklarda yuzaga keladigan iqtisodiy yo‘qotishlar sezilarli darajada kamayadi.

Oksidioz kasalligini erta bosqichda aniqlash va tezkor davolash choralari qo‘llanishi
natijasida broyler tovuqlarda o‘lim darajasi 35 foizdan 8 foizgacha kamaygani qayd etildi. Bu holat
laboratoriya diagnostikasining ahamiyatini yana bir bor tasdiglab, profilaktik tadbirlarning
samaradorligini ko‘rsatadi. O‘lim ko‘rsatkichining pasayishi broylerlarning saqlanib qolishi, o‘sish
sur’atlarining barqarorlashuvi va umumiy mahsuldorlikning oshishiga ijobiy ta’sir ko rsatadi.

Shuningdek, (Escherichia coli) infeksiyasi aniglangan broyler tovuglarda faollik
darajasining o‘rtacha 25 foizga kamayishi kuzatildi. Bu holat parrandalarning umumiy fiziologik
holati yomonlashganini, stress omillarining kuchayganini hamda yem iste’moli va tana vaznining
o‘sish sur’atlari pasayganini ko‘rsatadi. Mazkur ko‘rsatkichlar E. coli infeksiyasining broyler
parrandachiligida nafaqat sog‘liq holatiga, balki ishlab chiqarish samaradorligiga ham salbiy ta’sir
ko‘rsatishini tasdiglaydi.

Profilaktika chora-tadbirlari va ularning broyler parrandachiligidagi ahamiyati

Profilaktika chora-tadbirlari broyler parrandachiligida kasalliklarning oldini olish va ishlab
chigarish samaradorligini oshirishda muhim strategik vosita hisoblanadi. Ushbu tadbirlar nafagat
parrandalarning sog‘lom rivojlanishini ta’minlaydi, balki fermalarda yuzaga keladigan iqtisodiy
yo‘qotishlarni sezilarli darajada kamaytiradi.

Birinchidan, fermada bioxavfsizlik choralarini qat’iy ta’minlash kasallik agentlarining
tashqgaridan kirib kelish xavfini minimallashtiradi. Bu choralar kirish nazorati, ishchi kiyim va
uskunalarning dezinfeksiyasi, transport vositalarining tozaligi hamda tashqi kasallik manbalaridan
himoyani o‘z ichiga oladi. Natijada parrandalar orasida infeksiyalarning tarqalishi kamayadi va
kasalliklarning oldini olish imkoniyati oshadi.[6]

Ikkinchidan, vaksinatsiya va profilaktik emlash dasturlari broylerlarning immun tizimini
mustahkamlashda hal giluvchi ahamiyatga ega. Vaksinalar kasalliklarni erta bosgichda nazorat
qilish, og‘ir kechishini kamaytirish va o‘lim darajasini pasaytirishga yordam beradi. Shu bilan
birga, ular kasalliklar targalishining oldini olishda muhim profilaktik vosita sifatida xizmat giladi.

Uchinchidan, mikroiglimni nazorat gilish — harorat, nisbiy namlik, CO. va NHs darajalari
monitoringi, to‘shama sifati va ventilyatsiya samaradorligi — parrandalarning stresssiz va sog‘lom
muhitda rivojlanishini ta’minlaydi. Shu bilan birga, ozuqa va suv gigiyenasi parrandalarning
immunitetini qo‘llab-quvvatlash va o‘sish sur’atlarini barqarorlashtirishda muhim rol o‘ynaydi.

Umuman olganda, profilaktika chora-tadbirlari kasalliklarni erta aniglash va ularning
targalishini oldini olish, parrandalarning faolligi va oziglanishini yaxshilash hamda broyler
fermasining ishlab chigarish samaradorligini oshirishda hal giluvchi ahamiyatga ega. Tizimli
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yondashuv fermalarda kasallik bilan bog‘liq yo‘qotishlarni minimal darajaga tushirish va barqaror
ishlashni ta’minlash imkonini beradi.

2-jadval
Profilaktika samaradorligi
Chora turi Natija
Bioxavfsizlik kasallik xavfi 2,5 martaga kamaydi
To‘shama gigiyenasi respirator kasalliklar 40% kamaydi
Mikroigim boshqaruvi o‘sish sur’ati 8-12% oshdi
Ozuqa gigiyenasi ichak kasalliklari 30—45% kamaydi

Tadqiqot natijalari shuni ko‘rsatadiki, broylerlarda kasalliklarni erta aniqlash faqatgina o‘lim
darajasini kamaytiribgina qolmay, balki oziga samaradorligini, o‘sish sur’atini va go‘sht sifatini
sezilarli darajada yaxshilaydi. Avtomatlashtirilgan datchiklar va Al-tizimlar klinik belgilardan oldin
kasallikni aniglab, fermerga tezkor choralar ko‘rish imkonini beradi. Birog bunday tizimlar gimmat
bo‘lgani uchun kichik fermer xo‘jaliklarida hali keng joriy etilmagan. Shunga qaramay, oddiy klinik
kuzatuv, laboratoriya tekshiruvi va bioxavfsizlik choralarini to‘g‘ri tashkil etish ham sezilarli
samaraga ega.

Xulosa qgilib shuni aytish kerakki ushbu tadgiqot broylerlarda kasalliklarni erta aniglash va
oldini olishning muhimligini ilmiy tomonlama tasdiglaydi. Klinik kuzatuv, texnologik monitoring,
laboratoriya tahlillari va profilaktika choralarini integratsiyalashgan holda qo‘llash: o‘lim
darajasini 15-35% kamaytiradi, o‘sish sur’atini 8-12% oshiradi, oziqlanish samaradorligini
6-9% yaxshilaydi, infeksion kasalliklar tarqgalishini 2-3 barobar kamaytiradi. Bunday tizimni
joriy etish broyler ishlab chigarishda barqarorlik, igtisodiy samaradorlik va yuqori sifatli mahsulot
olish uchun asos bo‘ladi.

Adabiyotlar
[1]. Ergashev, M., & Rustamov, A. (2020). Ozuqa gigiyenasi va broylerlar sog‘ligi.

[2]. Norboyev, D. (2019). Broiler tovuglarda yuqumli kasalliklarni profilaktika gilish.

[3]. Raximov, B., & Turaev, N. (2022). Parrandachilikda erta aniglash va monitoring tizimlari.

[4]. Sattarova, B. N., Asqarov, 1. R., & Abdullayev, Sh. X. (2020). Tovuq go‘shtini kimyoviy tarkibi asosida
tasniflash va sertifikatlash muammolari.

[5]. Xolmurodov, S. (2021). Parrandachilikda mikroiglim va bioxavfsizlik choralarining samaradorligi.

[6]. Yodgorov, F. (2021). Broyler tovuqlarning sog‘lom rivojlanishida vaksinalar va emlash dasturlarining roli.

[7]. de Wit, S. (Ed.). (2022). Optimising poultry flock health. Burleigh Dodds Science Publishing.

[8]. Zhao, Y., Cambra-Lépez, M., Jorge de Moura, D., & Zheng, W. (Eds.). (2022). Precision poultry farming.
MDPI Books.

O'SIMLIKLARDAN OLINADIGAN SUTLARNING OZUQAVIY QIYMATI VA ISHLAB
CHIQARISH BOSQICHLARI

Magistrant M.M. Aminova

Farg‘ona davlat texnika universiteti,
E-mail: aminovamohira69@gmail.com tel: +998936373932
(Qabul gilindi 05.12.2025V.)

Annotatsiya: Ushbu ilmiy ish o ‘simliklardan olinadigan sut mahsulotlarining ozuqaviy qiymati va
ularning ishlab chiqarish bosqichlarini chuqur tahlil qilishga bag ‘ishlangan. Bugungi kunda laktozaga togat
gilmaslik, vegetarian va vegan ovgatlanish, ekologik barqarorlik hamda sog ‘lom turmush tarzi kabi omillar
o ‘simlik sutlariga bo ‘Igan talabning ortishiga sabab bo ‘Imoqda. Tadgiqotda soya, bodom, kokos, yong ‘oq,
guruch, jo xori va boshqa xomashyo turlaridan olinadigan sutlarning kimyoviy tarkibi, vitamin-mineral
moddalar bilan boyitish imkoniyatlari, ogsil, yog ‘ va uglevodlarning hazm bo ‘lish xususiyatlari ilmiy asosda
ko ‘rib chiqgiladi. Shuningdek, xomashyodan tayyor mahsulotga qadar bo‘lgan jarayon — xomashyoni
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tayyorlash, maydalash, ekstraksiya, filtratsiya, homogenizatsiya, termik ishlov berish va qadoglash
texnologiyasi bosgichma-bosgich bayon etiladi. Olingan natijalar o ‘simlik sutlari ishlab chigarishning
xavfsizlik me’yorlari va sifat talabalarini ta’minlashda, shuningdek mahalliy xomashyolar asosida yangi
parhez mahsulotlar yaratishda go ‘llanilishi mumkin..

Kalit so‘zlar: o simlik suti, laktozasiz mahsulot, ozugaviy giymat, soya suti, bodom suti, yong ‘oq
suti, jo'xori suti, ekstraksiya, filtratsiya, homogenizatsiya, termik ishlov, parhez mahsulot, vegan
ovgatlanish, bioaktiv moddalar, vitaminlar va minerallar, ozig-ovgat xavfsizligi, sifat nazorati.

O‘simliklardan olinadigan sut mahsulotlari so‘nggi o‘n yillikda sut va sut mahsulotlari bozorida alohida
segment sifatida shakllandi. Ushbu mahsulotlar tarkibi, texnologiyasi va funksional qiymati bo‘yicha
an’anaviy hayvon sutidan farq qilishi bilan birga, iste’molchilarning ozuqaviy va parhez talablariga
moslashgan mahsulot turini tashkil etadi. O‘simlik suti — o°simlik xomashyolaridan mexanik maydalanish,
suvli ekstraksiya, fizik-kimyoviy ajratish va bir qgator texnologik ishlovlar natijasida olingan emulsiya
ko‘rinishidagi suyuq ozig-ovqat mahsulotidir. Uning tashqi ko‘rinishi, konsistensiyasi va ishlatilish
funksiyasi jihatidan hayvon sutiga muqobil bo‘lishi ularni sut sanoatida strategik mahsulotga aylantirgan.
Dunyo sog‘ligni saqlash va oziq-ovqat xavfsizligi tashkilotlari ma’lumotlariga ko‘ra, yer aholisi orasida
laktoza intoleranti bo‘lgan shaxslar ulushi 65-70% atrofida bo‘lib, bu populatsiyaning katta qismi sigir
sutidan to‘liq yoki qgisman voz kechishiga sabab bo‘lmoqda. Shuningdek, kazein allergiyasi, hazm
jarayonidagi o‘zgarishlar, vegetarian va vegan ovqatlanish tamoyillarining kengayishi o‘simlik sutlari
iste’moliga talabni oshirmoqda. Bundan tashqari, hayvonchilik sektori atrof-muhitga sezilarli bosim
ko‘rsatishi — issiqxona gazlari chiqindisi, suv va yer resurslari iste’molining yuqoriligi bilan tavsiflanadi.
Tadgiqotlar sigir suti ishlab chigarish jarayonida 1 litr mahsulot uchun o‘rtacha 600 litr suv sarflanishini
ko‘rsatadi, bu esa barqaror oziq-ovqat tizimiga o‘tishda muqobil o‘simlik asosidagi sut mahsulotlarining
rolini kuchaytiradi. O‘simlik sutlari funksional ozig-ovgat sifatida bioaktiv moddalarga boy bo‘lib,
organizmda metabolik jarayonlarni qo‘llab-quvvatlash, kardioprotektiv va antioksidant xususiyatlarga ega.
Masalan, soya suti izoflavonlar, bodom suti tokoferollar, jo‘xori suti esa beta-glyukanlar manbai hisoblanadi.
Ushbu birikmalar surunkali kasalliklarning rivojlanishini cheklashda muhim omil bo‘lishi haqgida ilmiy
adabiyotlarda yetarlicha dalillar mavjud. O‘simlik sutlari bozorining iqtisodiy tahlili shuni ko‘rsatadiki,
2023-yilda global bozor giymati 25 mird dollardan oshgan va 2030-yilgacha yillik o‘rtacha 11-12%
o‘sish kutilmoqda. Asosiy iste’molchilar Shimoliy Amerika, Yevropa, Janubi-Shargiy Osiyo va Yaqgin Sharq
mintaqalariga to‘g‘ri keladi. Bozor tarkibida soya suti yetakchi bo‘lsa-da, bodom, jo‘xori, kokos, guruch,
no‘xat kabi mahsulotlar segmenti ham izchil kengaymoqda.

O‘simlik sutlari texnologiyasining shakllanishi tarixan gadimiy mahsulotlardan — xususan, shargona
oshxonalarda keng qo‘llanilgan soya sutidan boshlanadi. Bugungi sanoat ko‘lamiga chiqish jarayonida
mahsulotlar texnologik standartlashtirish, ozig-ovgat xavfsizligi va sensor ko‘rsatkichlar barqarorligi
bo‘yicha yirik tadqgiqotlarni talab gilmogda. Shu bilan birga, iste’molchining funksional, to‘yimli, allergensiz
mahsulotga bo‘lgan ehtiyojini qondirish o‘simlik sutlarini fan va sanoat kesishgan soha sifatida qarashga
asos bo‘ladi. O‘simlik sutlarining ozigaviy, biologik va funksional xususiyatlari bozor segmentatsiyasiga
sezilarli ta’sir ko‘rsatadi. Ular nafaqat sigir sutiga o‘xshash mahsulotlarni takrorlash, balki yangi toifa
sifatida mustaqil iste’'mol madaniyatini shakllantirmoqda. Xususan, viskozlik darajasi, yog‘ miqdori,
bo‘tqasimon tuzilma hamda ta’m-xushbo‘y komponentlari iste’molchi guruhlariga ko‘ra differensial ishlab
chigilmoqda. Ilmiy izlanishlar natijasida o‘simlik sutlariga prebiotik va probiotik komponentlar qo‘shish,
ularni simbiotik 0zig-ovgat mahsulotiga aylantirish bo‘yicha jadal tadgiqotlar olib borilmogda. Ozig-ovgat
xavfsizligi nuqtayi nazaridan o‘simlik sutlarining tarkibida tabiiy antinutrientlar — fitatlar, taninlar,
oksalatlar bo‘lishi mumkin. Ular mikroelementlarning (Ca, Mg, Fe, Zn) so‘rilishiga ta’sir ko‘rsatadi. Shu
sababli maxsus biofermantativ ishlov berish, issiklik gidrolizi, ultratovushli aktivatsiya Kkabi
texnologiyalar orqali antinutrient konsentratsiyasini kamaytirish bo‘yicha innovatsion yondashuvlar
qo‘llanilmoqda. Bundan tashqari, mikrobiologik barqarorlikni ta'minlash uchun pasterlizatsiya, UHT-
sterilizatsiya va aseptik gadoglash muhim ahamiyatga ega.

O‘simlik sutlari bargaror oshkoralangan ozig-ovqat tizimining bir elementi bo‘lib, ishlab chiqarish
jarayonida atrof-muhitga zarar yetkazuvchi omillar sezilarli darajada kamayadi. Masalan, ilmiy
adabiyotlarda bodom suti ishlab chigarishining karbon izi sigir sutiga nisbatan 3-4 barobar pastligi gayd
etiladi. Shuningdek, soya va jo‘xori asosidagi mahsulotlar qishloq xo‘jaligi resurslaridan samarali
foydalanishni ta’minlaydi. O‘zbekiston sharoitida o‘simlik sutlari bozori hali shakllanish bosqichida bo‘lsa-
da, mahalliylik omilini hisobga olgan holda bodom, yong‘oq, suli, no‘xat, makkajo‘xori, pista kabi
xomashyolardan keng ko‘lamda foydalanish imkoniyatlari mavjud. Qishloq xo‘jaligi xomashyolarining
mavsumiyligi, narx tebranishi, qayta ishlash infratuzilmasining yetishmasligi esa rivojlanishga to‘siq
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bo‘layotgan omillar sifatida baholanadi. Shu bois o‘simlik sutlari ishlab chiqarish texnologiyalarini
lokallashtirish, import o‘rnini bosuvchi innovatsion mahsulotlar ishlab chigish mamlakat ozig-ovgat sanoati
uchun istigbolli yo‘nalishdir. Ilmiy tadqiqotlar ko‘rsatishicha, iste’molchilarning o‘simlik sutlariga bo‘lgan
talabining o‘sishi nafaqat sog‘liq bilan bog‘liq ehtiyojlar, balki sensor xususiyatlar bilan ham bog‘liq.
Ta’m, konsistensiya va ko‘rinishning an’anaviy sutga yaqinlashtirilishi marketing muvaffaqiyatining asosiy
sharti bo‘lib bormoqda. Shu sababli ishlab chigaruvchilar emulsifikatorlar, stabilizatorlar, tabiiy
bo‘yoqlar qo‘llash orqali mahsulotning organoleptik parametrlarini maqbullashtirmoqda. O‘simlik sutlari
ishlab chigarish va iste’molning jadal kengayishi ushbu mahsulotlar uchun xalgaro standartlar va
normativ-huquqiy bazani shakllantirish ehtiyojini kuchaytiradi. Yevropa Ittifogi, AQSH FDA, Codex
Alimentarius kabi tashkilotlar tomonidan o‘simlik sutlarining nomlanishi, kimyoviy-tarkibiy ko‘rsatkichlari,
boyitish me’yorlari, xavfsizlik parametrlari bo‘yicha turli yondashuvlar mavjud. Ba’zi davlatlarda “milk”
atamasi fagat hayvon sutiga nisbatan qo‘llanib, o‘simlik manbalariga “drink”, “beverage” kabi nomlanishlar
tavsiya etiladi. Bu esa bozor marketingi va texnologik tasnifni bir xil standart asosiga keltirish zaruriyatini
tug‘diradi. O‘simlik sutlarining ilmiy asoslangan tasnifi kimyoviy tarkibga ko‘ra ogsilli guruh (soya, no‘xat,
loviya), yog‘li guruh (bodom, yong‘oq, pista), uglevodli guruh (jo‘xori, guruch), shuningdek kokos
asosidagi mahsulotlar kabi segmentlarga bo‘lish orqali aniqlashtirilishi mumkin. Bu tasnif ularning
ozuqaviy afzalliklari va iste’molchi segmentiga yo‘naltirilgan formulalarni shakllantirishda muhim
ahamiyatga ega. Ilmiy izlanishlar so‘nggi yillarda protein konversiya samaradorligi, metabolik moslik,
sensor modulatsiya kabi yo‘nalishlarga qaratilgan bo‘lib, o‘simlik sutlarini hayvon sutiga maksimal
darajada yaqinlashtirish texnologiyalari yaratilmoqda. Masalan, no‘xat ogsilidan foydalanish orqali barqaror,
allergensiz va yuqori ozugaviy giymatli mahsulotlar ishlab chigarish istigbollari kengaymoqda. Jo‘xori
sutida esa beta-glyukanlarning mavjudligi kardiovaskulyar kasalliklarning oldini olishda ahamiyat kasb
etmoqda. Sutga muqobil mahsulotlarni iste’mol qilish faqat parhez ehtiyojlardan iborat emas, balki
psixologik va ijtimoiy omillarga ham bog‘liqdir. Sog‘lom turmush tarzi, ekologik ong, axloqiy tamoyillar,
hayvonlar farovonligi kabi qadriyatlar yangi iste’molchi segmentini shakllantirmoqda. Shuning uchun
o‘simlik sutlari sanoati interdisiplinar yondashuv — ozig-ovqat texnologiyasi, biotexnologiya, marketing,
ekologiya tarmoqlarining uyg‘unligini talab etadi. O‘zbekiston bozorida bu mahsulotlar hali keng
ommalashmagan bo‘lsa-da, ichki talabning of‘sish dinamikasi mavjud. Mamlakat qishloq xo‘jaligi
xomashyosi diversifikatsiyasi hisobiga yuqori qo‘shilgan giymatga ega ichki brendlarni yaratish imkoniyati
mavjud. Mahalliy korxonalarda o‘simlik sutlari ishlab chiqarishning yo‘lga qo‘yilishi import o‘rnini bosish,
sog‘lom ovqatlanish bozorini kengaytirish va eksport salohiyatini oshirishga xizmat qiladi. Yuqgorida
keltirilgan ilmiy tahlillar shuni ko‘rsatadiki, o‘simlik sutlari global ozig-ovqat tizimidagi strategik
mahsulot sifatida garalishi lozim. Ularning kengayishi gigiyenik xavfsizlik, bioxilma-xillik, iqtisodiy
samaradorlik va aholining sog‘lom ovqatlanish ko‘rsatkichlarini yaxshilashga xizmat qiladi. Shu sababli
keyingi bo‘limlarda o‘simlik sutlarining ozuqaviy qiymati, bioaktiv komponentlari va texnologik jarayonlari
chuqur ilmiy asosda ko‘rib chiqiladi.

O‘simliklardan tayyorlanadigan sutlar inson salomatligi uchun kerak bo‘lgan ogsil, yog‘, uglevod,
vitamin va minerallarni o‘z ichiga oladi. Bu mahsulotlar sog‘lom ovqatlanishda, parhez tutuvchilarda va
hayvon mahsulotlarini iste’mol gilmaydiganlarda juda muhim o‘rin egallaydi. Har bir o‘simlik suti tarkibi,
foydasi va qo‘llanishi bilan bir-biridan farq giladi.

Ogsillar
Soya suti tarkibida ogsil migdori eng yuqori hisoblanadi. Uning tarkibidagi aminokislotalar hayvon
sutidagi ogsillarga juda yaqin bo‘ladi. No‘xat va loviya kabi dukkaklilardan olinadigan sutlarda ham ogsil
yetarli. Bodom va yong‘oq sutlarida oqsil miqdori kamroq bo‘lsa-da, ular o‘z foydali yog‘lari bilan ajralib
turadi. Guruch sutida esa ogsil juda kam, lekin alergiyasi bor bolalar uchun xavfsiz sanaladi.
Yog‘lar
O‘simlik sutlarida hayvon yog‘lari bo‘lmaydi va xolesterin mavjud emas. Bodom va boshqa yong‘oqlar
sutida yurak uchun foydali bo‘lgan yog* kislotalari ko‘p. Kokos sutida energiyani tez beradigan yog‘lar ko‘p
bo‘lib, u sportchilarga va keto parhezida to‘g‘ri keladi.
Uglevodlar
Jo‘xori sutida beta-glyukanlar deb ataladigan foydali tolalar mavjud. Ular qondagi shakar va xolesterinni
kamaytirishga yordam beradi. Guruch suti esa oson hazm bo‘ladigan uglevodlarga boy bo‘lgani sababli sport
bilan shug‘ullanuvchilarga mos.
Vitamin va minerallar
Ba’zi vitaminlar ishlab chiqarish jarayonida kamayib ketishi mumkin, shu sabab ishlab chiqaruvchilar
mahsulotni:
o D vitamini
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e B12 vitamini
o Kalsiy

bilan boyitishadi. Bu vitamin va minerallar suyaklar, gon aylanishi va immunitet uchun juda zarur
hisoblanadi.
Bioaktiv moddalarning foydasi
O‘simlik sutlarida organizmni himoya qiladigan antioxidant moddalar ko‘p bo‘ladi. Masalan:
e polifenollar

o fitosterollar

Bu moddalar yurak kasalliklari xavfini kamaytirishi mumkin. Soya sutida gormonal muvozanatga ijobiy
ta’sir qiladigan izoflavonlar bor.
Allergiyaga mosligi
O‘simlik sutlarining eng katta afzalliklaridan biri:
o tarkibida laktoza yo‘q

o hayvon ogsillariga allergiya chagirmaydi
e Xxolesterinsiz

Guruch, jo‘xori va kokos sutlari allergiyasi bor odamlar uchun juda mos mahsulot hisoblanadi. Bodom
suti esa yong‘oqqa allergiyasi borlar uchun mos emas

O‘simliklardan olinadigan sutlarni ishlab chiqarish bosqichlari xom ashyo tayyorlashdan boshlanadi
bunda dukkakli ekinlar yuviladi saralanadi va begona aralashmalardan tozalanadi soya no‘xat yoki loviya
urug‘lari yumshashi uchun ma’lum vaqt davomida suvda ivitiladi yong‘oqlar va donlar esa tashqi
po‘stlog‘idan tozalanadi va maydalash uchun tayyorlanadi keyingi bosqich maydalash va namlash jarayoni
bo‘lib bunda xom ashyo ma’lum nisbatda suv bilan aralashtirilib blender yoki sanoat maydalagichlarida bir
xil massaga keltiriladi massa o‘simlik hujayra tuzilishini buzish orqali ozuqaviy moddalar suvga o‘tishini
ta’minlaydi keyingi bosqich ekstraksiya jarayoni bo‘lib bu davrda olingan aralashma qizdiriladi va issiqlik
yordamida ogsillar yog‘lar va vitaminlar suvga ko‘proq ajralishi kuchaytiriladi filtratsiya jarayonida
massadagi tolali yoki qo‘pol qattiq zarrachalar mato filtrlaridan yoki maxsus sanoat filtrlaridan o‘tkazilib
suyuq o‘simlik suti ajratib olinadi keyinchalik gomogenizatsiya bosqichi o‘tkaziladi bunda suyuqlik ichidagi
yog‘ tomchilari bir xil tagsimlanadi bu jarayon mahsulotning barqaror konsistensiyasini ta’minlaydi
gomogenizatsiyadan so‘ng stabilizatorlar tabiiy emulsifikatorlar yoki vitaminlar qo‘shilishi mumkin bu
mahsulotning organoleptik xususiyatlarini yaxshilaydi va saglanish muddatini uzaytiradi pasterizatsiya
jarayoni esa mikroorganizmlarni yo‘q qilish orqali xavfsizlikni ta’minlaydi odatda 72-85°C haroratda 15-20
soniya davomida qayta ishlash yetarli bo‘ladi agar fermentatsiyalangan sut tayyorlanayotgan bo‘lsa maxsus
probiotik bakteriyalar qo‘shilib ma’lum vaqt davomida fermentatsiya olib boriladi tayyor mahsulot shisha
gadoq tetrapak yoki PET idishlarga solinib germetik yopiladi va sovutilgan holda saglanadi saglash
sharoitlari 2-6°C harorat oralig‘ida bo‘lishi kerak o‘simlik sutlari ishlab chiqarishda sifat nazorati ham
majburiy bosqich bo‘lib fizik-kimyoviy ko‘rsatkichlar (pH zichlik yog‘ oqsil miqdori), mikrobiologik
xavfsizlik (koliform bakteriyalar mog‘or va xamirturush), sensor tahlil (ta’m rang hid) muntazam tekshiriladi
ishlab chigarish jarayoni davomida ozig-ovqgat xavfsizligi talablariga amal gilinishi HACCP tizimi asosida
monitoring qilinadi o‘simlik sutlarini sanoat miqyosida ishlab chigarishda energiya tejamkor texnologiyalar
filtratsiya samaradorligi yuqori bo‘lgan membranali tizimlar va avtomatlashtirilgan boshqaruv uskunalari
qo‘llanadi bu jarayon mahsulot sifatini bargaror saglashga va chigindi migdorini kamaytirishga yordam
beradi O‘simliklardan olinadigan sutlar bugungi kunda dunyo bo‘ylab sog‘ligni saqlash, ekologik barqarorlik
va ozig-ovgat xavfsizligi talablarining kuchayishi bilan birga keng rivojlanmogda. Ushbu turdagi
mahsulotlar sigir sutiga nisbatan allergenlik darajasi pastligi, laktoza yo‘qligi, xolesterin tarkibining nolga
tengligi bilan ajralib turadi. Aholining veran, vegetarian turmush tarziga o‘tishi, shuningdek laktoza
intoleransi bilan bog‘liq kasalliklarning ko‘payishi ushbu mahsulotlarga bo‘lgan talabning yil sayin oshishiga
olib kelmoqda. O‘simlik sutlari tarkibiy jihatdan ogsil, to‘yinish darajasi past yog‘lar, oziq tolasi, vitaminlar
va mineral moddalarga boy bo‘lib, inson salomatligini mustahkamlashda muhim ahamiyatga ega. Aynigsa,
yong‘oq va soya asosidagi sutlarda to‘liq qiymatli ogsillar mavjud bo‘lib, ular organizm uchun zarur bo‘lgan
aminokislotalarni o‘z ichiga oladi. Oziqaviy giymati bo‘yicha o‘simlik sutlari turlari bir-biridan sezilarli farq
qiladi. Masalan, soya suti tarkibidagi oqgsil miqdori sigir sutiga eng yaqin bo‘lsa, bodom sutida yog‘lar va

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 131



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

antioksidantlar ko‘p, jo‘xori sutida esa oziq tolasi yuqori bo‘ladi. Shuningdek, o‘simlik sutlarini ishlab
chigarish jarayonida ularning tarkibi qo‘shimcha ravishda boyitiladi, ya’ni kaltsiy, D vitamini, B guruhi
vitaminlari qo‘shilib, sigir suti bilan ozuqaviy tenglashtirish amalga oshiriladi. Dunyo miqyosida o‘simlik
sutlari bozorining giymati 2025-yilga borib 30 milliard AQSH dollaridan oshishi prognoz gilinmogda. Eng
keng tarqalgan turlariga quyidagilar kiradi: soya suti, bodom suti, jo‘xori (ovsyanoy) suti, guruch suti, kokos
suti, kungaboqar va mosh (gorchitsa) urug‘laridan olingan sutlar. Shuningdek, mahalliy xomashyolar —
masalan, pista, yeryong‘oq, zig‘ir, no‘xat va loviya asosidagi sut mahsulotlari ham ilmiy izlanishlar asosida
ishlab chigilmoqda. O‘simlik sutini sanoat miqyosida ishlab chiqgarish bir gancha texnologik bosqichlarni o‘z
ichiga oladi: xomashyoni tayyorlash (saralash, tozalash, ivitish), mexanik maydalash va ekstraksiya gilish,
fraksiyalash va filtrlash usullari orgali gattiq komponentlardan ajratish, homogenizatsiya, issiglik bilan gayta
ishlash (pasterizatsiya yoki UHT), barqarorlashtiruvchi qo‘shimchalar bilan to‘yintirish va aseptik
gadoglash. Jarayon davomida sifat va xavfsizlik nazorati HACCP hamda ISO 22000 standarti asosida olib
boriladi. O°‘simlik sutlarining ozuqaviy qiymati ko‘p jihatdan ishlatilgan xomashyo turi, texnologik
parametrlar, issiqlik ta’siri va qo‘shilgan komponentlarga bog‘liq. Masalan, yuqori haroratda qayta ishlash
ogsil strukturasining denaturatsiyasiga olib kelishi mumkin, ammo mikrobiologik xavfsizlikni ta’minlaydi.
Nanofiltratsiya va ultrafiltratsiya kabi ilg‘or texnologiyalar ozuq moddalarining yo‘qotilishini kamaytirishga
yordam beradi. Fermentativ ishlov berish (fitaza qo‘llash) fitat miqdorini kamaytirib, mineral moddalarning
bioo‘zlashtirilishini oshiradi. O‘simlik sutlarining sog‘lomlashtiruvchi xususiyatlari va funksional afzalliklari
alohida e’tiborga molik. Ulardagi omega-3, omega-6 yog* kislotalari yurak qon-tomir kasalliklarining oldini
olishda samarali. Oziq tolasi migdori yugoriligi ichak mikroflorasini normallashtiradi, gandli diabet va
semirish xavfini kamaytiradi. Polifenollar esa antioksidantlik faoliyat ko‘rsatib, qarish jarayonlarini
sekinlashtiradi. Bundan tashqari, o‘simlik sutlari atrof-muhitga ta’sir darajasi past bo‘lib, ishlab chiqarish
jarayonida suv va energiya sarfi ham an’anaviy sut sanoatiga nisbatan ancha kam. Bu esa ushbu
mahsulotlarning ekologik bargaror ozig-ovqgat tizimlaridagi ahamiyatini yanada oshiradi. Mahalliy sharoitda
o‘simlik sutlari ishlab chigarishning innovatsion yo‘nalishlari sifatida bodom, pista, yeryong‘oq, loviya,
lupin, zig‘ir urug‘i, kungaboqar urug‘idan olinadigan sut turlarini sanoatga tatbiq etish dolzarbdir. Ushbu
xomashyolarning O‘zbekistonda mo‘l-ko‘l yetishtirilishi import o‘rnini bosish va eksport salohiyatini
oshirish imkonini beradi. Masalan, pista suti yuqori biologik giymatga ega, yeryong‘oq suti esa ogsilga boy
va narxi iqtisodiy jihatdan arzonroq. Loviya asosidagi sutlar allergenligi past bo‘lib, bolalar ovqgatlanishida
qo‘llash imkoniyatiga ega. Texnologik jarayonda sifat ko‘rsatkichlari mikrobiologik, fizik-kimyoviy,
organoleptik va toksikologik nazorat usullari orgali baholanadi. Asosan quyidagi parametrlar doimiy
monitoring qilinadi: pH darajasi, quruq modda miqdori, yog‘lar va ogsillar ulushi, AFD (antimikrob faol
tizimlar) mavjudligi, barqarorlik koeffitsienti, viskozitet ko‘rsatkichlari. Xavfsizlik me’yorlari bo‘yicha
pestitsid qoldiqlari, og‘ir metallar, mikotoksinlar miqdori va mikroorganizmlar soni qat’iy me’yorlashtiriladi.
Sutni barqarorlashtirish maqsadida saqarlantiruvchilar, stabilizatorlar, emulgatorlar qo‘llaniladi. Ulardan eng
keng targalganlari — karragenan, guar saqgizi, lesitin, xanthan gum. Qadoglash esa aseptik paketlar, PET
butilkalar yoki TetraPak texnologiyalari asosida amalga oshiriladi, bu esa mahsulotning raf muddati 6-12
oygacha saqlanishini ta’minlaydi. Ilmiy ishlanmalar natijasida probiotik o‘simlik sutlari yaratish bo‘yicha
izlanishlar kuchaymoqda. Laktobakteriyalar qo‘shilgan fermentatsiyalangan o‘simlik sutlari hazm bo‘lish
jarayonini yaxshilaydi, immunitetni mustahkamlaydi va ichak kasalliklarining oldini oladi. Ushbu
mahsulotlar funksional ozig-ovqat toifasida bo‘lib, ularning bozor ulushi tez sur’atlar bilan ortmoqda. Xulosa
qilib aytganda, o‘simliklardan olinadigan sutlar nafagat sog‘lom ovqatlanish tamoyillariga mos, balki
ekologik ahamiyati yuqori bo‘lgan, global ozig-ovqgat tizimida istigbolli yo‘nalish hisoblanadi. Ularning
mahalliylashtirilgan ishlab chiqarishi O‘zbekiston oziq-ovgat sanoatini diversifikatsiya gilish, importni
gisqartirish, innovatsion mahsulotlar ulushini oshirish va aholi salomatligini mustahkamlashda muhim rol
o‘ynaydi. Kelgusida ilg‘or biotexnologiyalar va ilmiy tadqiqotlarni chuqurlashtirish orgali o‘simlik
sutlarining organoleptik va funksional xususiyatlarini yanada takomillashtirish imkoniyatlari mavjud
O‘simlik sutlari ishlab chigarish texnologiyasining yanada rivojlanishi ekologik bargarorlik, ozigaviy
xavfsizlik va funksional ozig-ovaqatlar ishlab chigarish sohasida yangi imkoniyatlarni yuzaga keltirmoqda.
Zamonaviy iste’molchilarning sog‘lom ovgatlanish tamoyillariga qiziqishi oshgani sababli, o‘simlikka
asoslangan sut mahsulotlarining bozordagi ustunligi yildan-yilga kuchaymogda. Bu mahsulotlar tarkibida
tabiiy antioksidantlar, polifenol birikmalar, karotinoidlar, fitosterollar va metabolik faol moddalarning
mavjudligi ularning biologik giymatini yanada oshiradi. Shu bilan birga, laktoza, xolesterin, hayvon manbali
allergenlar bo‘lmaganligi ularni maxsus parhez turlarida qo‘llashga keng imkon yaratadi. O‘simlik
sutlaridagi uglevodlarning asosan murakkab polisaxaridlardan iborat bo‘lishi glyukoza o‘zlashtirilishining
asta-sekin sodir bo‘lishiga olib keladi, bu esa gand moddasining keskin ko‘tarilib-ketishini oldini oladi. Shu
sababli diabet bilan kasallangan bemorlarga ham tavsiya etiladi. O‘simlik yog‘larining asosiy qismi
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to‘yinmagan yog* kislotalaridan iborat bo‘lib, ular yurak-qon tomir sog‘lig‘ini qo‘llab-quvvatlashda muhim
ahamiyatga ega. Aynigsa omega-3 va omega-6 yog* kislotalari miqdorining muvozanatli bo‘lishi organizmda
yallig‘lanish jarayonlarini kamaytiradi, immun tizimini mustahkamlaydi. Shu jihatdan kunjut, chia va zig‘ir
urug‘idan olingan sutlarning ozuqaviy ahamiyati juda yuqori. O‘simlik sutlari ishlab chigarishda xomashyo
sifatini baholash alohida ahamiyatga ega. Bunda organoleptik ko‘rsatkichlar (rang, ta’m, hid, tuzilma), fizik-
kimyoviy parametrlar (pH, ekstraktivlik darajasi, quruq modda miqdori, yog‘ tarkibi), toksikologik
xavfsizlik, mikrobiologik holat va pestitsid qoldiqlari nazorat gilinadi. Aynigsa, urug‘ va yong‘oqlarda
mog‘or zamburug‘larining toksinlari (aflatoksin B1, ochratoksin A va boshqalar) nazorati muhim bo‘lib,
xalqaro standartlarga gat’iy amal qilinadi. Ko‘plab sanoat korxonalarida ishlab chiqarilayotgan o‘simlik
sutlari mahsulotlarning funksional xususiyatlarini oshirish magsadida vitaminlar bilan boyitiladi. Masalan, D
vitamini suyak to‘qimalari uchun zarur bo‘lgan kalsiyning o‘zlashtirilishini yaxshilaydi, E vitamini esa
kuchli antioksidant hisoblanadi. B12 vitamini qo‘shilishi aynigsa veganda iste’molchilar uchun katta
ahamiyatga ega, chunki bu vitamin hayvon manbali mahsulotlardan olinadi. O‘simlik sutlarining funksional
va biotexnologik xususiyatlarini oshirishda fermentatsiya jarayoni muhim rol o‘ynaydi. Oziqaviy
moddalarning parchalanishi natijasida ularning biologik mavjudligi (bioavailability) ortadi. Masalan, loviya
va yong‘oq asosida tayyorlangan sut fermentatsiyalansa, antinutrient (fitin kislotasi kabi) moddalarning
miqdori kamayadi va ogsilning hazm bo‘lish darajasi oshadi. Probiyotik mikroorganizmlar qo‘shilishi esa
mahsulotning ichak mikrobiotasiga ijobiy ta’sirini kuchaytiradi. Fermentatsiyalashgan o‘simlik sutlari
kelajakda sog‘lom ichimliklar bozorining eng istigbolli yo‘nalishlaridan biri sifatida baholanmoqda.
O‘simlik sutlarini qayta ishlash jarayonida mahsulotning fizik-kimyoviy bargarorligini saglash muammo
bo‘lishi mumkin. Chunki dispers tizimning achish, ajralish va koagulyatsiya jarayonlari tez sodir bo‘ladi.
Shu sababli stabilizatorlar (karragenan, pektin, guar sagich), emulgatorlar (lesitin) hamda hokazolar
go‘llaniladi. Biroq, iste’molchining “clean label” (ortiqcha qo‘shimchasiz mahsulot) tamoyiliga qiziqishi
ortgani bois ishlab chiqaruvchilar tabiiy stabilizatorlar va mexanik homogenizatsiya usullariga o‘tayapti.
O‘simlik sutlarini issiqlik bilan ishlov berish ham muhim bosqich bo‘lib, mikroorganizmlarni yo‘q qilish,
fermentlarning faolligini pasaytirish hamda mahsulotning saglanish muddatini uzaytirishga xizmat giladi.
Asosiy usullar quyidagilar: « UHT — juda yuqori haroratda gisqa muddatli ishlov (140°C, 4-5 soniya) °
Pasterizatsiya — yumshoqgroq issiglik ishlovi (72-90°C) e Sterilizatsiya — uzoq muddatli yugori haroratli
ishlov Mazkur jarayonlar oziq moddalar saqlanish darajasiga farqli ta’sir ko‘rsatadi. Masalan, UHT ishlovi
ogsil tuzilmasiga kam zarar yetkazadi, C vitamini saqlanish ko‘rsatkichi yuqoriroq bo‘ladi. O‘simlik sutlari
gadoglash texnologiyasi ham mahsulot sifatiga ta’sir qiluvchi muhim omil hisoblanadi. Nur o‘tkazmaydigan,
kislorod kirishini cheklovchi, polimer asosli aseptik gadoglardan foydalanish keng targalgan. Qadoglashda
quyidagi talablar e’tiborga olinadi: ¢ Gigiyenik xavfsizlik * Ekologik qayta ishlash imkoniyati
Mabhsulotning ta’m va nutrisiologik barqarorligini saqlash Kelajakda biologik parchalanadigan qadoqlar va
to‘liq gayta ishlanishi mumkin bo‘lgan materiallarga o‘tish dolzarb hisoblanadi. Bozor talablari nuqtayi
nazaridan, o‘simlik sutlarining o‘ziga xos organoleptik xususiyatlarini yaxshilash muhimdir. Buning uchun
tabiiy lazzat beruvchilar, probiyotik kulturaga asoslangan fermentatsiya va filtratsiya texnologiyalari
takomillashtirilmoqda. Masalan, noxat sutida o‘tkir dukkak ta’mini pasaytirish uchun enzimatik hid
neytrallash usullari qo‘llaniladi. O‘zbekiston uchun o‘simlik sutlari ishlab chiqarishni rivojlantirish juda
dolzarb yo‘nalish bo‘lib, galla, soya, ziroat, bodom, pista, zig‘ir, gand lavlagi, shuningdek meva-sabzavot
sanoati chigindilaridan foydalanish imkoniyatlari mavjud. Bu nafaqat import o‘rnini bosishga, balki eksport
salohiyatini oshirishga xizmat giladi. Mahalliy xomashyoga asoslanib, ragobatbardosh, ekologik toza va
funksional mahsulotlar ishlab chigarish ozig-ovqat sanoati diversifikatsiyasiga ijobiy ta’sir ko‘rsatadi.
Xulosa qilib aytganda, o‘simlik sutlari yuqori ozuqaviy qiymati, parhezbopligi, ekologik ustunliklari va
bozor talabi ortib borayotganligi sababli kelajakning istigbolli mahsulotlaridan biri hisoblanadi. Sifatli
xomashyo tanlash, innovatsion gayta ishlash texnologiyalari, funksional boyitish va xavfsizlik standartlariga
rioya gilish ushbu mahsulotlarning sanoat migyosidagi muvaffagiyatini ta’minlaydi
Xulosa

O‘simliklardan olinadigan sut mahsulotlari bugungi kunda sog‘lom turmush tarzi, funksional ovqatlanish
va parhez talablariga javob beradigan eng istigbolli 0zig-ovqgat turlaridan biri hisoblanadi. Ularning tarkibida
laktoza, xolesterin va hayvon manbali allergenlar mavjud emasligi tufayli, nafagat vegetarian va veganlar,
balki allergik kasalliklarga ega bo‘lgan iste’molchilar uchun ham muhim alternativ mahsulot
sanaladi.Tadqiqot davomida o‘simlik sutlarining ozugaviy giymati yuqoriligi, ular tarkibidagi ogsil, tabiiy
antioksidantlar, probiyotiklar (fermentatsiya qilingan variantlarda), to‘yinmagan yog* kislotalari va vitamin-
mineral komplekslar mavjudligi aniglangan. Shu bilan birga, ishlab chigarish jarayoni xomashyo sifatini
baholashdan boshlab, namlash, maydalash, ekstraksiya, filtratsiya, homogenizatsiya, issiglik bilan ishlov
berish va aseptik qadoqlash kabi bosqichlarni o‘z ichiga oladi.Innovatsion texnologiyalar qo‘llanilishi,

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 133



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

fermentatsiya jarayonining tatbiq etilishi, antinutrient moddalarning kamayishi va mahsulotning funksional
xususiyatlarining ortishi o‘simlik sutlari ishlab chiqarish sanoati rivojlanishida muhim omil bo‘lib xizmat
qiladi. O‘zbekiston sharoitida soya, bodom, kungabogar, no‘xat, zig‘ir, yong‘oq va boshqa mahalliy
resurslardan foydalanish orqali o‘simlik sutlari ishlab chigarishning keng ko‘lamda yo‘lga qo‘yilishi import
o‘rnini bosish, ozig-ovqgat xavfsizligini mustahkamlash hamda eksport salohiyatini oshirishga yordam beradi.
Umuman olganda, o‘simlik sutlari texnologiyasi zamonaviy ma’lumotlarga asoslangan holda
takomillashtirilib borilsa, yuqori sifatli, xavfsiz, ekologik toza va parhezbop mahsulotlar ishlab chigarish
imkoniyati yanada kengayadi.
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Annotatsiya. Magolada ilmiy tadgigotda kimyo muhandisligi tamoyillariga asoslangan holda ozig-
ovgat mahsulotlarini quritish jarayonlarining issiglik va massa almashinuvi gonuniyatlari, quritish
apparatlarining konstruktiv yechimlarini optimallashtirish hamda energiya tejamkor texnologiyalarni ishlab
chigishning nazariy va amaliy jihatlari ko ‘rib chiqildi. Quritish jarayonlarini avtomatlashtirilgan boshqaruv
tizimlari yordamida optimallashtirish mahsulot sifati va energiya samaradorligini oshirishda muhim
ahamiyat kasb etishi isbotlandi.

Kalit so‘zlar: quritish jarayoni, kimyo muhandisligi, issiglik almashinuvi, massa almashinuvi,
energiya tejamkorlik, quritgich apparatlari, oziq-ovgat mahsulotlari.

Armomauuﬂ. B cmamuve paccmompenbl 3aKOHOMepHocmu meniomaccooomena npoyeccos Cyulku
nuujeevix npoaykmoe HA OCHO6E NPUHYUNOB XUMUUYECKO2O0 MAULUHOCMIPOEHUA 6 HAYYHOM uCCJze()oeaHuu,
meopemuyecKkue u npakmuyeckue dacnekmsl onmumusayuu KOHCMPYKMUEHbIX pemeHuL? CYULUIbHbLX
annapamoe u pa3pa6om1<u 9H€p2006epezaiowux MexHoN02Ull. ,ZZOKCBGHO, umo onmumusayus npoyeccoe
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CYUWKU C UCNONb306AHUEM ABMOMAMUSUPOBAHHbIX CUCMEM YNpAaeleHusl umeen e6diCHoe 3HAYeHUe onsa
NOBbIUEHUST KAUecmed NPOOYKYUU U IHep2o3IPpexmusHocmu.

Kﬂlolleeble cuoea: npoyecc  CywKu, Xumudeckasd UHIICEHEPUSL, men]l006M€H, MCICCOO6M€H,
aHepeochepedicerue, CyuurbHoe 000pyo0osanue, NPoOyKmMbl NUMAHUSL.

Abstract: The article examined the laws of heat and mass exchange of food drying processes,
optimization of constructive solutions of drying apparatus, and theoretical and practical aspects of the
development of energy-efficient technologies based on the principles of Chemical Engineering in a scientific
study. Optimization of drying processes using automated control systems has proven to be important in
improving product quality and energy efficiency.

Keywords: drying process, chemical engineering, heat exchange, mass exchange, energy saving,
drying equipment, food products.

Ozig-ovgat mahsulotlarini quritish insoniyat tarixidagi eng gadimiy saglash usullaridan biri
bo‘lib, bugungi kunda kimyo muhandisligi tamoyillari asosida tubdan takomillashib bormoqda.
Quritish jarayoni mahsulotdagi erkin va bog‘langan namlikni bug‘lantirish orqali mikrobiologik
bargarorlik, ekologik xavfsizlik va uzoq muddatli saglanishni ta’minlaydi. Shu bilan birga, quritish
texnologiyalarida energiya sarfi umumiy ishlab chigarish xarajatlarining 20-35% ini tashkil etadi.

Zamonaviy ilmiy tadgiqotlarning magsadi - energiya tejamkor quritish apparatlari va
jarayonlarini modellashtirish, optimallashtirish hamda mahsulotning fizik-kimyoviy xususiyatlarini
maksimal saglagan holda yuqori sifatga erishishdir.

Kimyo muhandisligi tamoyillari quritish jarayonlarida katta o‘rin tutadi. Quritish vaqtida
mahsulot ichki strukturasida issiqlik va massa almashinuvi, fazoviy holatlar o‘zgarishi, diffuziya,
kapillyar jarayonlar sodir bo‘ladi. Ularning murakkab tabiati ilmiy modellashtirishni talab qiladi.
Quritish texnologiyalari samaradorligi quyidagi ko‘rsatkichlar bilan baholanadi:

- Energiya sarfi;

Quritish tezligi;

Yakuniy namlik va suv faolligi;

Sifat va ozigaviy moddalarning saqlanish darajasi;
Mahsulotning geometrik bargarorligi (hajm, zichlik, shakl).

Tadgiqot laboratoriya va tajriba-sanoat sharoitlarida amalga oshirildi. Tajribalar ob’ektlari
sifatida O‘zbekiston sharoitida keng yetishtiriladigan olma (Malus domestica) va sabzi (Daucus
carota) tanlandi. Ularning kimyoviy tarkibdagi boshlang‘ich namlik miqdori mos ravishda 67,7—
74,2% oralig‘ida bo‘ldi.

Namunalarga dastlabki ishlov berish. Har ikki mahsulot:

Yugqori sifatli, bir xil o‘lchamdagi namunalar tanlab olindi

1. Yugori sifatli, bir xil o‘lchamdagi namunalar tanlab olindi

2. Yuvish — po‘stlogni ajratish — bo‘laklash ketma-ketligi bilan tayyorlandi

3. Doimiy geometriyani ta’minlash uchun:

- Olma: 5x5 mm kub shaklda

- Sabzi: 4 mm qalinlikdagi halgalar

Kesishdan so‘ng namlik tarqalishi tenglashguncha 15 daqiqa dam oldirish jarayoni amalga
oshirildi.

Namlik miqgdorini aniglash metodikasi. Mahsulotning namligi gravimetrik usul asosida,
ya’ni 95°C da issiqlik shkafida to‘liq quritish orqali aniqlanadi:

w ="M 10006 1)
ml
bu yerda: m; - — boshlang‘ich massa, g; m - to‘liq qurigan mahsulot massasi, g;

Energiya sarfi hisoblash usuli. Quritish jarayonida umumiy spesifik energiya sarfi

quyidagicha hisoblandi:

Pt @
mO

bu yerda: E - energiya sarfi (kVt-soat/kg); P — quritgich quvvati (kVt); t — jarayon vaqti (soat); mo—

E=
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Grafik 1. Olmaning quritish kinetikasi.

Fizik-kimyoviy xususiyatlarni baholash.

1-jadval
Ko‘rsatkich Usul Asbob
Rangi CIE Lab* tizimi bo‘yicha Kolorimetr
Zichligi Piknometrik Laboratoriya to‘plami
Vitamin C miqdori Titrimetrik BYUR apparati
Suv faolligi a<sub>w</sub> o‘Ichagich Agqualab

Hamma o‘Ichovlar 3 marotaba takrorlandi, statistik ishonchlilik P>75% da hisobga olindi.
Quritish jarayonining matematik modellari. Namlikning vaqt bo‘yicha o‘zgarishi FIK
tenglamasi asosida tahlil gilindi:

MR:M (3)
MO _Me
INMR=—k -t 4)

bu yerda: k - quritish kinetikasi tezlik koeffitsienti; t - vaqt.
Regression tahlil uchun OriginPro va MATLAB dasturlaridan foydalanildi.
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Grafik 2. Sabzining quritish kinetikasi.
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Kimyo muhandisligi tamoyillari asosida ozig-ovgat mahsulotlarini quritish jarayonlarini
tahlil gilish va modellashtirish natijasida, energiya tejamkor quritish texnologiyalarini ishlab chigish
va ularni amaliyotga tatbiq etish bo‘yicha quyidagi xulosalarga kelindi:

1. Quritish jarayonida issiglik va massa almashinuvi qonuniyatlari chuqur o‘rganilib,
mahsulotdagi namlikning diffuzion chigish mexanizmi matematik modellashtirildi. Bu
esa quritish kinetikasini oldindan bashorat gilish va parametrlarga mos optimallashtirish
imkonini berdi.

2. Infragizil nurlanishdan foydalangan holda quritish usuli an’anaviy issiq havo konvektiv
quritishga garaganda namlikni tezroq chigarishi, issiglik sarfini kamaytirishi va mahsulot
sifat ko‘rsatkichlarini yaxshilashi ilmiy asosda tasdigqlandi. Tajriba natijalari energiya
sarfining o‘rtacha 20-25 % ga kamayganini ko‘rsatdi.

3. Quritish jarayonini boshgarishda real vaqt monitoringi, mikroiglim parametrlarini
avtomatik nazorat gilish va havo ogimining optimal tagsimoti mahsulotlar rangini, tabiiy
tuzilishini, vitaminlar saglanish darajasini 55-65 % gacha oshirishga erishildi.

4. Kombinatsiyalashgan quritish texnologiyasi (infragizil + konvektiv) mahsulot sifatini
saqlashda eng yuqori samarani ko‘rsatdi:

- quritish vaqti 3540 % ga qgisqgardi;

- mikrobiologik bargarorlik oshdi;

- oksidlanish jarayonlari sekinlashtirildi.

5. Mabhsulotning qayta namlanish koeffitsiyenti, to‘qima elastikligi, fiziologik faol
moddalarning degradatsiyasi bo‘yicha tahlillar uning uzoq muddatli saqlashga mosligini
ko‘rsatdi — saqlash muddati 2—3 baravar uzaytirildi.

6. Yaratilgan energiya tejamkor quritish apparati issiglik gayta ishlash moduli bilan
jihozlandi va bu orqali issiqlik yo‘qotilishi 20-30 % ga kamaytirildi. Qurilma
konstruktsiyasi hududiy sharoitlar uchun moslashtirilgan bo‘lib, kichik va o‘rta
quvvatdagi ishlab chigarishlarga joriy etish tavsiya etiladi.

Kimyo muhandisligi tamoyillari asosida ozig-ovgat mahsulotlarini quritish jarayonlari va
apparatlarini optimallashtirish bo‘yicha olib borilgan ilmiy izlanishlar shuni ko‘rsatadiki, quritish
texnologiyasi ko‘p omilli, murakkab issiglik va massa almashinuvi jarayonlariga tayangan jarayon
bo‘lib, uning samaradorligi asosan energiya oqimlari muvozanati, mahsulotning fizik-kKimyoviy
xususiyatlari va quritish apparatining konstruktiv yechimlariga bog‘liq. Ushbu ilmiy tadqiqotlar
natijasida quyidagi xulosalarga kelindi:

Birinchidan, kimyo muhandisligining asosiy printsiplari - modda va energiya uzatish,
gidrodinamika, termo-kimyoviy jarayonlar va transport hodisalarini chuqur tahlil gilish, quritish
jarayonining hagigiy mexanizmini aniqlashda asosiy rol o‘ynadi. Mevalarning diffuzion
xususiyatlari, bog‘langan va erkin suvning migratsiya tezligi, kapillyar strukturaning tuzilishi
hamda sirtning aktivligi jarayonda hal giluvchi omil ekanligi tasdiglandi. Bu esa quritish uchun
optimal parametrlarni aniq tanlash imkonini beradi.

Ikkinchidan, quritish uskunalarining konstruktiv optimalligi jarayon samaradorligi va
energiya sarfi o‘rtasida muvozanatni ta’minlashda muhim omil ekanligi aniqlandi. Infraqizil
energiya manbalaridan foydalanish issiglikni mahsulot ichiga chuqur kirib borishini tezlashtiradi va
quritish vaqtini 20-30% ga qisqgartiradi. Konvektiv quritkichlarda havo ogimining turbulentligini
boshgarish, issiglik almashinish yuzalarini oshirish va issiglik rekuperatsiya qurilmalarini qo‘llash
energiya samaradorligini sezilarli oshiradi.

Uchinchidan, tadqiqotlar shuni ko‘rsatdiki, energiya tejamkor texnologiyalarni ishlab
chigish va joriy etish quritish jarayonini modernizatsiya gilishning eng muhim gismidir. Issiqlik
nasosli quritgichlar, gibrid 1Q—quyosh quritish tizimlari, past haroratli bosgichma-bosqgich quritish
texnologiyalari hamda regenerativ issiglik almashinuvi modullari 1 kg mahsulot uchun energiya
sarfini 15-50% gacha kamaytirishga imkon beradi. Bunday texnologiyalar nafagat igtisodiy
samaradorlikni, balki ekologik bargarorlikni ta’minlaydi.

To‘rtinchidan, quritish jarayonini matematik modellashtirish va kompyuter simulyatsiyasi
kimyo muhandisligi amaliyotida nihoyatda samarali vosita ekanligi isbotlandi. CFD (Computational
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Fluid Dynamics), termo-massa almashinuvi tenglamalari, Arrenius modeli, Fik gonunlari asosidagi
simulyatsiya metodlari quritish jarayonidagi issiqlik oqimlari, bug‘lanish tezligi, diffuziya
jarayonlarini aniglik bilan prognoz gilish imkonini berdi. Bu esa laboratoriya tajribalariga bo‘lgan
ehtiyojni kamaytirib, samarali konstruktiv yechimlarni bepul topish imkonini yaratdi.

Beshinchidan, raqamli boshqaruv va sun’iy intellektni jalb qilish quritish tizimlarining
samaradorligini yangi bosqichga ko‘tardi. IoT sensorlari yordamida harorat, namlik, havo ogimi va
mahsulotning qoldiq namligi real vaqt rejimida monitoring qilindi. Mashina o‘rganish algoritmlari
yordamida quritish trayektoriyasi optimallashtirildi, energiya sarfi minimal darajaga yetkazildi,
mahsulot sifati esa bargaror saglandi.

Oltinchidan, energiya tejamkor quritish texnologiyalarini joriy etish nafagat texnologik
jarayonni takomillashtiradi, balki ozig-ovgat sanoatining bargaror rivojlanishi, ekologik xavfsizlikni
oshirish, chigindilarni kamaytirish va gayta tiklanuvchi energiya manbalaridan foydalanishni
kengaytirish imkonini beradi. Shu ma'noda, sanoat miqyosida quyosh energiyasidan foydalanish,
issiglik rekuperatsiyasi, chigindi issiglikdan gayta foydalanish texnologiyalari yuqori natija berdi.

Yettinchidan, tadqiqotlar shuni ko‘rsatadiki, quritish jarayonlarining optimallashtirilgan
modeli orgali mahsulotning ozigaviy giymati, vitaminlar miqdori, tabiiy rangi va aromatik
birikmalari sezilarli darajada saqlanishi ta’minlanadi. Bu esa eksport salohiyatini oshiradi, global
bozorda ragobatbardosh mahsulot ishlab chigarish imkonini yaratadi.

Umuman olganda, kimyo muhandisligi tamoyillari asosida quritish jarayonlari va quritish
apparatlarini optimallashtirish, energiya tejamkor texnologiyalarni ishlab chigish - ozig-ovqgat
sanoatini modernizatsiya qilishning eng muhim yo‘nalishlaridan biridir. Bu yondashuv iqtisodiy
samaradorlikni oshiradi, energiya sarfini kamaytiradi, ekologik xavfsizlikni mustahkamlaydi hamda
tayyor mahsulot sifatini yangi bosgichga ko‘taradi. Bunday innovatsion tizimlar kelajakda ozig-
ovqat xavfsizligini ta’minlash va barqaror ishlab chiqgarishning ilmiy-texnologik asosini tashkil
giladi.

Ilmiy ish natijalari shuni ko‘rsatadiki, kimyo muhandisligi tamoyillariga asoslangan
energiya tejamkor quritish texnologiyalarini joriy etish - ozig-ovgat mahsulotlarining giymatini
maksimal saglash, energiya resurslaridan ogilona foydalanish va aholi uchun xavfsiz ozig-ovgat
yetkazib berishning samarali yo‘lidir.
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Annomauus: B pabome npeocmasnena cucmemamusayus 6e€3anKo20NbHbIX HANUMKOE C YYEMOM
UCNONBL3YEMO20 CHIPbS, MEXHOI0SUUECKUX 0COOEHHOCMel NPOU3Bo0CMEa, YPOGHS 2a3UpPOSaHusl U Memooo8
obpabomku. OmoenvHoe HUMAHUE YOeIeHO XapaKmepucmuke cUponos, NPUMeHsemblx npu U320mosieHuu
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oanHnoti  npooykyuu. Ilpoananusupoean coBpemMeHHblll  ACCOPMUMEHm  0e3aIKO20NbHbIX — HANUMKO8
omeuecmeeHH020 Npou3eoo0Ccmed, a makdce 0000weHbl aumepamypHvle UCMOYHUKY, NOCBAUJEHHbIE
BO3MOJCHOMY HE2AMUBHOMY GIUSHUIO De2YIsIPHO20 NOMpeONeHUsi CIAOKUX 2a3UPOSBAHHbIX HANUMKO8 HA
opeanusm  yenogeka. Paccmompeno  8osoeiicmeue  noociacmumenetl, NUWeESbLIX  Kpacumeneu U
Kogheuncooepacawux KoMNoHeHmos. Bbviagnenvl ocHogHble Qakmopvl pucka u npeonodceHnvl mepbl,
Hanpasientvle Ha YMeHbUeHUe HeONa2ONPUSIMHO20 GIUAHUA OAHHOU Kame2opuu NpooyKyuu HaA 300posbe
nompebumerneti.

Kniouesvie cnoea: Gesankozonvhas npoOyKyus, CUpONHble OCHO8bl, HANUMKU C 2aA3UPOBAHUEM
noociawusarowue geuecmed; nuuesvle Kpacumenu; apomamuyeckue 000asku; Gakxmopvl pucka, 300pogve
Hacenenus.

Beenenue
CoBpeMEeHHBIHM CerMeHT pbIHKa 0€3aJIKOT0JIbHBIX HAITUTKOB XapaKTEePH3YyeTCsl IIMPOKUM aCCOPTUMEHTOM
U pa3sHOOOpa3ueM BHUIOB MPOAYKLUH, Pa3IMYAIOIIUXCA 10 COCTaBy, TEXHOJOIMH M3TOTOBICHHS H
Ha3HA4YEeHUIO. B 3aBUCUMOCTH OT BHEIIHETO BU/IA BBIJCIAIOT HAIUTKH B )KUAKOH (hopMe, KOTOpbIE MOTYT
ObITb MNPO3pPAYHBIMU WM MYTHBIMH, a TaKKe KOHLEHTPUPOBAHHBIE IPOAYKTHI, pealu3yeMble B
HOTPEOUTENBCKOM YIaKOBKE.
C yuéToM NpPUMEHSIEMOTO ChIPbsl, 0COOEHHOCTEH MPOU3BOJCTBEHHOIO Ipolecca U (YHKIMOHAIBHOIO
Ha3zHaueHUsl 0€3aJIKOrOJIbHbIE HAIIUTKU KIACCU(PHULUUPYIOTCS Ha HECKOJIBKO OCHOBHBIX TPYIII: HAIIUTKH
Ha CEpOCOAEPXKAILLEH OCHOBE; IMPOMYKThI, HM3TOTOBICHHBIE C MCIIOIB30BAHUEM 3€PHOBOIO CBIPBS;
HAIlUTKU, IIOJIyYECHHBbIE U3 IPSIHO-apOMAaTHYECKOTO PACTUTEIBHOIO CBIPbS; HAIUTKH, CO3JaHHBIE C
IIPUMEHEHUEM apOMaTH3aTOPOB, ICCEHLMN U apOMAaTHBIX CIUPTOB; HAIMTKH, IIPOU3BEAEHHBIE IIyTEM
OpOXKeHHs; IPOLYKIHS CIIEAaIbHOTO Ha3HAUEHMS; a TAK)Ke UCKYCCTBEHHO MUHEPAIM30BaHHbIE BOABI.
XKungkue Oe3anKoroibHble HANUTKM B 3aBUCUMOCTH OT YpPOBHS HACBHILIIEHUS YIJIEKHCIBIM Ta3oM
MOJPA3JeJIAIOTCS Ha HECKOJIBKO KAaTEropuil: HAIMTKHU C BBICOKUM COJEpPKAHMEM JUOKCUAA YIIIepona,
YMEPEHHO Ta3UpOBaHHbIE, CJ1a00 HACHIILIEHHBIE I'a30M, a TAKXKE IMOJHOCTHIO HETa3sMpOBAaHHBIE BUJBL.
C yuéToM NpUMEHSIEMBIX TEXHOJOIHYECKUX MPUEMOB 00pabOTKM pa3INyaroT HAIUTKU, HE MPOILEAIINe
MAaCTEPU3ALHNIO, TACTEPU30BAHHbBIE IIPOLYKTHI, U3EIUS C UCIOIb30BAHUEM KOHCEPBUPYIOIUX BELIECTB
u 0e3 ux 100aBIEeHHUs, a TAKXKE HAIIUTKHU, IPOU3BEAEHHBIE METOIOM XOJIOJHOTO WK TOPSYEro PO3JIMBA.

JUii caMOCTOSITENbHOTO IMPUIOTOBICHUS HANUTKOB B OBITOBBIX YCIOBUSX IPOMBIIIJIEHHBIMU
NPEINPUATUSIMU BBIITYCKAIOTCSI CUPOIBL, (JacyeMble B IOTPEOUTENbCKYIO YIIakOBKY. [1o BHemIHEMY BUy
JaHHAs MPOAYKLUS IOAPA3AEIACTCS Ha MPO3padyHble U MYTHBIE CUPOIBI. B 3aBUCMMOCTH OT COCTaBa M
LIEJIEBOI0 HA3HAUYEHMs CUPOIIBl KJIACCU(PULIUPYIOTCS Ha U3EIHs ¢ J00aBIeHHEM KOHCEPBAaHTOB M 0€3
HUX, CHPOIIBI TOPSYETO PO3JIMBA, 4 TAKXKE NACTEPU30BAHHBIE CUPOIIBI.

B Hacrosmiee BpeMs NpeANpUSATHS OTEUECTBEHHOH O€3alKOrolbHON HPOMBIIIIEHHOCTH HU
CIELMAIM3UPOBAHHBIE IIPOM3BOACTBEHHBIEC MOAPA3AEICHHS BBIIYCKAIOT IIUPOKUN CIIEKTP MPOIYKIIWH,
BKJIIOYAIOLIUH CIEAYIOLUIME OCHOBHBIE IPYIIIIBL:

¢ HuskokajopuiiHble ra3MPOBaHHbIC HANMMTKH, a TAKXKE IMPOAYKLHIO, NPEAHAZHAYCHHYIO IJIS
oui ¢ caxapHbiM - guaberom. Ilpm  MX  NpOM3BOACTBE  HCHOJB3YIOTCS  pa3IUYHbIC
caxapo3aMEHHUTEINM, TaKhe KaK acrapraMm, KCHJIUT, COPOUT M ApPYrHe, YTO IO3BOJIIET OTHECTH
JTaHHBIE HAIIUTKH K KaTeTOpUU MPOTYKIUH CIIELUATbHOIO HA3HAUYEHUS.

o T'a3upoBaHHble 0€32JIKOr0JIbHbIe HANUTKM, TMPEACTABISIONINE COOOW BOJHBIE PACTBOPHI
caxapocoepiKalliX KOMIIOHEHTOB, HACBHIIIEHHBIC JWOKCHJIOM Yyriepoga M oOoraméHHble
NPOJYKTaMy NepepabOTKU IIOJOBO-ATOHOTO CBIPbS (COKH, KOHLEHTPAThI, KCTPAKTHI), IPSIHO-
apOMATUYECKUMH  KOMIIOHEHTAMH  PACTUTEIBHOTO  IPOMCXOXKIEHHs, apOMaTHYECKUMHU
BEILIECTBAMH, MUIIEBBIMU KPACUTEIISIMU M OPTaHUYECKUMH KUCIOTAMHU.

e HanuTkn, M3roToB/IeHHbIE HA OCHOBE 3€PHOBOIO ChIPbfl, KOTOpPbIE MPEACTaBIIOT COOOM
ra3supOBaHHBIE PACTBOPHI KOHIIEHTpAaTa KBAaCHOI'O cyclla ¢ J00aBICHUEM C€axapo3bl, MHUILEBBIX
KUCJIOT U BKyCOapOMaTHUECKUX 100aBOK.

o IIpoaykrbl OpokeHHsi, K KOTOPbIM OTHOCSTCS XJIGOHBIM KBac M KBachl, NPOU3BEAEHHBIE U3
IUIOZI0BO-SITOTHOTO ChIPbS.

e Boabl ¢ uCcKyccTBeHHO COPMHPOBAHHBIM MHUHEPAJBHBIM COCTABOM, IOJy4YacMble IIyTEM
PacTBOPEHHs] MUHEPAIIBHBIX COJIEH B BOJIE C MOCIETYIOIUM HACBIILIEHUEM YIIIEKUCIIBIM Fa30M.
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e HeradupoBaHHble HAMTKHU, BKJIIOYasi CyXHe KOHLEHTPATHI, & TAKXKE MIUITYYHEe M HEIIUITy4dHe
BUJBI, W3TOTOBISIEMBIE C HCIIOJNB30BAaHMEM Caxapa, OPraHWYeCKUX KHCJIOT, COJIBI,
apOMAaTHUYECKUX ICCEHIUH, PACTUTEIBHBIX SKCTPAKTOB M MHUILEBBIX KPACUTEICH.

Bo3aeiicTBHe ciIaAKHX Fa3MPOBAHHBIX HAIMTKOB HA COCTOSIHUE 3I0POBbS YeJI0BeKa

PerynspHoe BkiIIOUEHHE CIAJKMX Ta3UPOBAHHBIX HAMHMTKOB B PAIMOH MOXET OKa3bIBaTh
HEeOJIaroNpHsITHOE BIMSHUE Ha OPraHU3M, CIIOCOOCTBYS (DYHKIIMOHAIBHBIM HAPYIICHUSIM, 3aMe]JICHUIO
OOMEHHBIX IPOLIECCOB U MPEKIECBPEMEHHOMY HM3HOCY OTIENIBbHBIX CHCTEeM. J[nurenbHOoe moTpebieHue
JTAHHOM MPOJYKIMU CBSI3aHO C MOBBIIIEHHON HAarpy3KoW Ha BHYTPEHHHE OPTaHbl U MOKET OTPaKaThCS
Kak Ha (u3nyeckoM, TaK M Ha ICUXOSMOIMOHAJIBHOM COCTOSHUM YelnoBeka. Hmke paccMOTpeHbI
OCHOBHBIE HETaTHBHBIE MTOCIIC/ICTBHSI, BBISBICHHBIEC B X0/1€ HAYYHBIX UCCIIECIOBAHHA.

H3meHeHNs1 SMOIHOHAILHOTO COCTOSIHUS M MOBeIEHYeCKHe PeaKkuu

B psne HayuHbIX paOOT OTMeudaeTcsl CBSI3b MEXKIY YacThIM YNOTPEOJIEHHEM TIa3HpOBaHHBIX
CJIaJIKUX HAIMTKOB M M3MEHEHUSIMU B MOBeACHUU. Tak, B Mcciaea0BaHuu, mpoeaéHHOM B 2020 roay c
ydactueMm OoJiee MATH ThICAY MOAPOCTKOB B Bo3pacte 11-16 net, Oblia ycTaHOBIEHA KOPPEISLMS
MEX1y MOTpeOJICHHEM JaHHOM MPOAYKIMHM W TOBBILIEHHOW pa3Apa)kKUTEIbHOCTHIO, CKIOHHOCTBIO K
ArpecCHBHBIM pEAKIUsAIM W TPU3HAKAMHU SMOIMOHAIBHONW HECTaOWIBLHOCTH. ABTOpBHI HCCIIEIOBaHUS
MIPUIILUTA K BBIBOMY, YTO PETYJSPHOE YMOTpeOIeHNE ra3upOBAHHBIX HAITUTKOB MOKET OBITH CBSA3aHO C
YXYAIIEHUEM TICHXO0JOTHYeCKoro camouyBcTBus. [Ipenmomaraercs, 4ro momoOHBIE 3((EKTH MOTYT
OBITH 00YCIIOBJICHBI BBICOKOW CTETIEHBIO TEXHOJIOTUYECKOW 00pabOTKM HAITUTKOB, a TaK)Ke HATMYUEM B
WX COCTaBe OTIEIbHBIX KOMIIOHEHTOB. B KadecTBe BO3MOXKHBIX (DaKTOPOB paccMaTpUBAIOTCS
HCKYCCTBEHHBIE MOJICIACTUTEINH, B TOM YHCIIE acapTaM, KOTOPbI CIOCOOCH BBI3bIBATh HEXeNaTeIbHbIE
HEBPOJIOTUYECKUE PEAKLUH, a TakKe KO(PEeHH, U3BECTHBI CBOMM CTUMYJHMPYIOIUM BO3JICHCTBHEM Ha
HEpBHYIO cucteMy. HecMOTpsi Ha 3TO, ME€XaHU3MbI BIMSHMS IaHHBIX BEUIECTB TPEOYIOT AajbHEHIIEro
KOMIIJIEKCHOT'O U3YyYEHUS.
BeposiTHOCTH pa3BUTHS OHKOJIOTHYECKHX 3200/ 1eBAHM A

B nHay4HO# nmTepartype MIMpPOKO paccCMaTpUBAETCS BOMPOC BIMSHHS CIAIKUX Ta3WPOBAHHBIX
HaIMTKOB HAa PHUCK BO3HUKHOBEHHSI OHKOJIOTMUYECKUWX MATONOTHWid. Pe3ynbTarhl psna wuccienoBaHHA
YKa3bIBAIOT Ha CYIIECTBOBAaHHE CTATUCTHMYECKH 3HAYMMOM CBS3UM MEXIY PETyJISIpHBIM HOTpeOJIeHHEeM
JTAHHOW TPOJIYKIIMHA M TIOBBIMICHHOW BEPOSTHOCTBIO PA3BUTHUS 3JI0KAYECTBEHHBIX HOBOOOpPA30BaHUH.
Tak, B oHOM U3 MacITaOHBIX HCCIEOBaHUH, omnyoOnukoBaHHOM B 2019 romy B aBTOpUTETHOM
MEJUIMHCKOM H3JaHUHM M oxBaTuBmIeM Oosee 100 ThICAY yYaCTHHUKOB JETCKOTO U IOJIPOCTKOBOTO
BO3pacTa, ObUIO YCTAHOBJICHO, YTO YACTOE YIOTPEOICHUE CIAKNX HATUTKOB aCCOLUUPYETCS C POCTOM
OHKOJIOTHYECKHX PUCKOB, B YACTHOCTH HOBOOOPA30BaHUI MOJIOYHOM KeJe3bl. ABTOPHI pabOThI MPHUILLITH
K BBIBOAY, YTO YBEJIWYCHHE EXKEAHEBHOrO 00BEMA NOTPeOJCHHs CIIAJKUX HANUTKOB Jake Ha
OTHOCHUTENLHO HEOOJBIIYI0 BEJIHMUYMHY MOXKET CONPOBOKIATHCS 3aMETHBIM POCTOM BEPOSATHOCTH
Pa3BUTHSI OHKOJIOTHYECKUX 3a00ICBaHUIA.
3a0osieBaHMsA CepAECYHO-COCYIMCTON CHCTEMBI

CBs3p MeXay NOTpeOJIeHHEM CIaJKAX Ta3WPOBAHHBIX HANMUTKOB U COCTOSIHHEM CepIeyHO-
COCYIUCTOM CHCTEMBI TaKKe IMOJITBEPXKAAeTCs pe3yiabTaTaMH HaydHbIX HaOmroneHwil. B
WCCIICIOBAaHUAX, TPOBEAEHHBIX AMEPUKAHCKHMMH CIICIHATIMCTAaMH, OBIJIO BBISBIEHO, YTO Yy JIWI,
PEryJSpHO YNOTPEOJAIOMUX HECKOJIBKO IMOPUUNA BBICOKOKAIOPUWHBIX HAIMTKOB B TEUEHHUE [HS,
oTMeyaeTrcs ©Oojee BBICOKMH YPOBEHb CMEPTHOCTH, OOYCIIOBJICHHOH CEpAeYHO-COCYAMCTHIMU
HapylICHUSIMU. YCTaHOBJICHO, YTO PHUCK BO3pPACTaeT IMPOMOPLUUOHAIBLHO KOJIMYECTBY MOTpeOIIsieMoid
MPOJYKIIMH: KaXKJasi JOMOJHUTENbHAS MOPIHS CIaJAKOTO HAIMTKA, BKIOYEHHAS B €KETHEBHBIN PaIlMoOH,
CBSI3aHA C JAJbHEHIIMM YBEIWYCHHEM BEpPOSATHOCTH HEONArONpUSATHBIX CEepACYHO-COCYIUCTBIX
HCXOJIOB.

Biusinue NUIEeBBIX 100aBOK U CJIAJKHX I'a3HPOBAHHBIX HAIIMTKOB HA 3/10POBbE

HexoTopble MCKYyCCTBEHHBIE MOJCIACTUTENN U INHUINEBbIE JOOABKU, UCIIOJIB3YEMbIE B CIIaJKUX
ra3upOBaHHBIX HAMMTKaX, MOTYT MHPEACTAaBIATH ONACHOCTh IS ONpeeNEHHbIX KaTeropuil mopeil.
Hanpuwmep, ynorpebnenue acnaprama (E 951) npoTuBonokasaHo AeTsSM U JHLAM C (GEHUIKETOHYpHEH.
Huknamat Hatpus (E 952) ¢ koHuma 1960-x romoB 3ampemiéH B psAe CTpaH M3-32 BO3MOXKHOTO
HeraTuBHOro BiuusHUSA Ha nouku. Caxapun (E 954) He pexoMeHIyeTcs 310pPOBBIM JIIOASM, a €ro
noTpebiieHHe CBS3aHO C O0OCTpeHHEM S>KeITYHOKaMeHHOH Oone3Hu; BcemupHas opranuzanus
3apaBooxpaHenus (BO3) ycranaBimBaeT 10MyCTUMYIO HOPMY Uil B3pOCIBIX — He Oosee 5 mr Ha 1 kr
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maccel Tena. CymectByioT nanuble, yto E 952 mw E 954 wMoryT mnoBbIIaTh PHUCK Pa3BUTHS
onkojorudeckux 3aboneBanuii. Kcwmut (E 967) u copoutr (E 420) moTeHIManbHO CHOCOOCTBYIOT
Pa3BUTHI0O MOYEKAMEHHOW OoJie3HW, a mpu Oonbmmx go3ax (ceeime 30 r 3a omuH mpuém) E 967
BBI3bIBACT PACCTPONCTBA MUILEBAPCHHUS.

Kpome noacnactuteneii, BMusHUE OKa3bIBAaeT KO(GEUH, COJIEepKaIINiics B HEKOTOPBIX HAMUTKAX.
Ero perynspHoe motpe0iicHHE CBSI3aHO ¢ M3MEHEHUEM HACTPOCHHS U (HOpPMHUpOBaHHEM (GU3NUECKON
3aBHCUMOCTH. [IuIeBpIe KpacuTeNn U apoMaTH3aTOPhl, OTHOCSIIHUECS K IIECTH KaTerOopuu MPOIYKTOB
[0 CTENEeHN MHUKPOOHOMW 3arps3HEHHOCTH 1o kinaccudukannu BO3, MOryT BBICTYNaTh ajiepreHaMu U
CIOCOOCTBOBATh PA3BUTHIO PA3IMYHBIX COMATHYECKMX M OHKOJIOTMYECKUX 3aboneBanHuil. OcobeHHO
OMACHBl XUMHMYECKHE COCAVHEHHUS, MPUCYTCTBYIOIIME B TEMHBIX HANMUTKaX, M[OIY4aeMbIX C
WCIOJb30BaHUEM TaK Ha3bIBAEMOTO «KapaMEJIbHOTO KpacHUTeNs», KOTOPBIH (QopMupyeTcs TpHU
0o0pa0oTKe caxapa ¢ aMMHAaKOM M CyJb(UTaMHU IMOJ BBICOKMM JIaBJICHHEM M TemmepaTypoil. B Takux
KpacuTellsiX MOTyT OOpa30BbIBaThCS BEIIECTBA, CIOCOOHBIE MOBBIIIATH PUCK 3a00JEBaHMN JIETKUX,
MEYEeHH, LIUTOBUIHON >Kele3bl U KPOBH, BKIIOUYash OCTpbI seliko3. Kpacurtenu moapaznensiorcs Ha
HaTypaJlbHble U CUHTeTHYeckue. HaTypanbHble BKIIOUAIOT, Hampumep, Kojep M3 KKEHOro caxapa,
KpacuTelld W3 BUHOTPATHOW BBDKMMKH WIHM CYIIEHBIX Aron Oy3wHbI. CHHTETHYECKHWE KpacUTeld —
WH/UTOKapMUH, TapTPa3uH, skenThlii «conHeunslit 3aka™» FCF (E 110), opamxeBo-xéntsiit S (E 110) —
MOTYT BBI3BIBATH AJUIEPTUYECKUE PEAKIMH, TOIITHOTY, OONMM B >KMBOTE W THIIEPAKTUBHOCTH. boiee
Oe3onacHbIM cumTaercs caxapubiii kojep I (E 150a), Torma kax konepsr II-1V (E 150-E 150d),
MOJIy4aeMble C HCIIOJIb30BAaHUEM ILEIOYeH M KHUCIOT, dydiie u3derats. Hambonee omacHbMH IO
xumudeckomy coctaBy npusHanel E 104, E 110, E 133, E 102. HarypansHble kpacutenu u3 siroj u
OBOIIEH NpPaKTUYEeCKH Oe30MmacHbl s 3A0pOBbS. BKyc HanmuTKoB (OPMHUPYIOT apOMaTHUYECKHE
BELIECTBA, BKJIOYasl SKCTPAKTBI, HACTOU M CUHTeTHYEeCKue dcceHIu. docdaThl yCHINBAIOT BKYC, HO
MENIal0T YCBOEHUIO JKeje3a W Kaiblusa. Bce kpacuTenu n apoMaTu3aTopbl paclIEIUIAIOTCS B MEYECHH,
4TO cOo34aéT Harpy3ky Ha oprad. Ciajkue ra3upoBaHHBbIC HAIIUTKU IMPOTHUBONOKA3aHBI JAETAM A0 TPEX
JIET, JIOJIIM C CaXapHbIM JAMabeTOM, aJUIePrHsIMU, XPOHUYECKUMH 3a00JI€BaHUSMH MHIIEBAPUTEIHHOM
CHCTEMBI, TOKEITyIOYHON KeJIe3bl M ¢ M30BITOYHON Maccod Tenma. Y XPOHHMUYECKHX MAIMEHTOB 3TH
HaIMUTKHA MOTYT yXyALIaTh CAMOYYBCTBHE M ITPOBOLIUPOBATH 000CTpeHNE 3a00JIeBaHHH.

3akiaoueHue

AHau3 JIUTEpaTypHBIX WCTOYHHUKOB TO3BOJIMII BBIIBUTH BpenHBIC (DAaKTOPBI A PaOOTHHKOB
OPEINpUATHA TIO0 TPOU3BOACTBY W PO3IMBY CHAAKUX Ta3UPOBAaHHBIX HANUTKOB, OLICHUTH
MOTEHIMAIBFHOE HETaTHBHOE BIMSHHE TPOJAYKIIMHA HA 370pOBbE IMOTpeOHTENed M CPOpMYyIHpOBAThH
pexomenaaiuu no e€ ynorpednenuro. Ha ocHoBanum 0030pa MOKHO CZeNIaTh BBIBOJ O HEOOXOAUMOCTH
OrpaHN4YMBaTh HOTpe6HeHHC TaKHuXx HaIIMTKOB, 0CO0€EHHO cpeaun HCTCI;’I, )41 IIOBBIIIIATH
WH(POPMHPOBAHHOCTh HACEJICHHUS O CBSI3aHHBIX pUcKax. Oco00e BHUMAHUE CIICYET YICNATh KOHTPOJIIO
32 MCIOJB30BAHMEM NHIIEBBIX J00aBOK M COOJIONEHUIO TEXHOJOTMYECKHMX HOPM Ha IPOU3BOJCTBE,
9TOOBI MUHUMHM3HPOBATh BPEIHOE BO3/ICHCTBHE KaKk HAa paOOTHUKOB, TaK M HA KOHEYHBIX ITOTPEOUTENEH.
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Annotatsiya: Qurilish maydonchasini tanlashda quyidagi yer parametrlari, geomorfologiyasi,
relyefi, geologik tuzilishi majburiy ravishda o ‘rganiladi, chunki ob’yekining joylashuvi paxtani birlamchi
qgayta ishlash, yigiruv, to ‘quv, bo ‘vash, tikuv sexi kabi bir qancha ishlab chigarish ob’ektlarini oz ichiga
oladi. Bundan tashqari, ma’ ’muriy-maishiy binolar, ishlab chiqarish sexlari, yordamchi sexlar, yoqilg ‘i
quyish shoxobchalari, podstansiyalar, tozalash inshootlari, suv minorasi, ichimlik va sanoat suvi qudug ‘i va
boshgalar mavjud.

Kalit so‘zlar: Yer parametrlari, geomorfologiyasi, topografiyasi, geologik tuzilishi, yer osti
cho ‘kindilari, ishlab chiqarish binolari, yer osti suvlari.

Annomauyus. Ilpu evibope niowaoxku 01 CMpoOUmMenbCmea 00a3amenbHO U3YUAIOMCs Cledyliouue
napamenpbol 3emiu, eeomoquwzoeuﬂ, peﬂbeqb, ceojliocudecKkoe cmpoeHue, maKk Kak pasmeujeHue 06‘b€Kma,
KOI’l’ZOpbliZ umeem HeCKOJbKO np0u3600cm6, maxkux Kak nepeuldnasi nepepa60m1<a XJI0NKda, l’lp}l()u]Zbelﬁ yex,
MKayKuil yex, Kpacuibhslli yex u yex nowusa usdenutl. Hapsoy ¢ smum umeemcs AOMuHucmpamueHo-
bvimoesoe nomeujeHue, Hpou%oécmeeu%ze yexa, Bcnomocamenvnwie yexa, Aemo3anpa60wble cmanyuu,
HodcmaHuuu, OHYUCMHbIE COOPYIHCEHUAL, eoc)ommopﬂaﬂ 6CIWH}Z U CKeaxdCuHa aflﬂ numvesoll U mexHu4eckou
6000bl U M. 1.

Knioueevie cnosa. Illapamempor 3emau, ceomopgonozus, penvegh, eeonocuieckoe cmpoeHue,
noozemmovle OMJIIOHCEHUA, np0M360()CWl@€HHbl€ Kopnyca, epyHmoebsle 8000l.

Abstract. When selecting a construction site, the following parameters are essential: land
parameters, geomorphology, topography, and geological structure, as the site comprises several production
facilities, including primary cotton processing, a spinning mill, a weaving mill, a dyeing shop, and a sewing
shop. Additionally, there are administrative and amenity buildings, production facilities, auxiliary facilities,
gas stations, substations, treatment facilities, a water tower, and a well for drinking and industrial water,
etc.

Keywords: Land parameters, geomorphology, topography, geological structure, subsurface
sediments, production buildings, groundwater.

Qurilish maydonini tanlashda quyidagi yer parametrlari, geomorfologiyasi, topografiyasi va
geologik tuzilishi o'rganiladi. To‘qimachilik majmuasini qurish uchun o‘rganilayotgan yer Marg‘ilonsoy
daryosining allyuvial fanining o‘rta qismi yuzasida, uning shimoliy chegarasiga yaqinroq joylashgan.

Bu yerdagi allyuvial fanning yuzasi sharg-g‘arbga ifodalaydi umumiy nishabli sovigan
tekislikdir [1-11].

Hududning geologik tuzilishi quyidagi xususiyatlar bilan ifodalanadi: kunduzgi yuzaning yuqori
gismi to'rtlamchi tizimning (yuqori to'rtlamchi) prolyuvial genezisning Oltin-dasht davri yotgiziglari
bilan qoplangan.

Bu erda ularning umumiy qalinligi taxminan 125 metrni tashkil giladi. Ularning kesimining
yugori gismi galinligi 11-17,7 metr bo'lgan mayda tuprogli goplama gatlami bilan ifodalanadi. U tez-tez
o'zgarib turadigan gatlamlar va linzalardan iborat bo'lib, tuprog, qumloq va loyli yoki mayda qum, ham
hududda, ham vertikal ravishda.

Ushbu geologik jismlarning galinligi bir necha o'n santimetrdan 7 metrgacha. Ba'zan gatlamning
butun gismi fagat gil tuproglardan iborat bo'lishi mumkin. Ularning ostida qum, shag'al va qumli mayda
toshli konlar yotadi.

Ularning galinligi 2 dan 6,5 metrgacha bo'lgan gatlamlari galinligi 8-10 metrgacha bo'lgan
gatlamlarni hosil gilishi mumkin va ko'pincha linzalar va galinligi 5,5 metrgacha bo'lgan loy
tuproglarning oraliq gatlamlari bilan ajralib turadi.

Er yuzasidan bunday konlarning birinchi birligi umumiy qalinligi 28-32 metrni tashkil etadi,
shundan mayda va yirik donli tuproglar 18,5 dan 26,5 metrgacha yoki 66—-83% ni tashkil giladi.

Gidrogeologik nugtai nazardan, bu birlik yuzadan birinchi bo'lib chegaralangan suvli gatlamdir.
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Pastki tuproq gatlamining aniglangan va taxminiy galinligi (birinchi ajratuvchi gatlam) 6 dan 9,5
metrgacha. Bu gatlam 42-50 metr chuqurlikdan boshlanadi.

Gidrogeologik sharoitlar. Gidrogeologik jihatdan tavsiflangan hudud yomon drenajlangan
zonada joylashgan. Bu Marg‘ilonsoy daryosi allyuvial fanining o‘rta qismidagi er osti suvlari oqimining
pyezometrik darajasi yer osti suvlari sathidan oshib ketadigan subregionning o‘rta qismidagi
chegaralangan va chegaralangan yer osti suvlarining yagona majmuasining rivojlanish zonasi.

Yer osti suvlari qoplama gatlamining mayda zarrali cho'kindilarida aylanadi. Uning oziglanish
manbalari sug'orish tarmog'idan (25,5%) va sug'oriladigan dalalardan suvning Kirib borishi (166,486%),
go'shni hududlardan keladigan suv ogimi (0,01) va pastki chegaralangan suvli gatlamlardan toshib
ketishi (189%). Atmosfera yog'inlari (3,12%).

Yer osti suvlari kollektor-drenaj tarmog'iga singib ketish (80,56%), o'simliklar tomonidan
bug'lanish va transpiratsiya (19,43%) va uchastkadan tashgariga chigish (-0,01%) orqali iste'mol
gilinadi. Ushbu uchastkadan o'tadigan ogim tezligini 1 km kenglik uchun kuniga 31 m?* deb hisoblash
mumkin.

Yer osti suvlari ogimi rejimi ikkita maksimal va ikkita minimaga ega. Birinchi (kichik)
maksimal mart-aprel oylarida kuzatiladi (namlik - erni gayta sug'orish). Undan keyin may-iyun oylarida
birinchi minimum.

Ikkinchi (asosiy) maksimal iyul-avgust oylarida (ko'pincha sentyabrda) (vegetatsiyani sug'orish
paytida) sodir bo'ladi. Asosiy (ikkinchi) minimum gish oylarida (dekabr, yanvar, fevral) kuzatiladi.
Ogim amplitudasi 0,82 m.

Sentyabrda er osti suvlarining yillik o‘rtacha chuqurligi 1,95 m. Bu shuni anglatadiki, er osti
suvlari sathi iyul-sentyabr oylarida 2 m dan kam chuqurlikda, yilning golgan davrida va drenajlar
bo'ylab 2 m dan oshadi.

Yozyovon irrigatsiya geologiya boshqarmasi (IGS) ma’lumotlariga ko‘ra, mayda tuproq
qoplamini tashkil etuvchi tuproqlarning filtratsiya koeffitsientlari quyidagi o‘rtacha qiymatlarda
baholanadi:

= yer yuzasida qumloglar - 0,35 m / kun;

= chuqurlikdagi qumloglar (to'yinganlik zonasida) - 0,25 m / kun;

= Loyli qumlar - 1,52 m/kun;

= Yupga qumlar - 3,4 m/kun;

= Qattig solonchak tipidagi tuproglar - 0,1 m/sutka;

= To'yingan zonada qumli tuproq - 0,55 m / kun;

= Gipsli qumli tuproq - 0,75 m / kun.

“O‘zbekgidrogeologiya” ishlab chiqgarish birlashmasi bo‘linmalari tomonidan olib borilgan
tadqiqotlarga ko‘ra, qoplovchi mayda tuproq qatlamlarining vertikal filtrlash koeffitsienti sutkada 0,05-
0,02 m. Har xil don o'lchamdagi suvli gatlamlar ko'proq o'tkazuvchan - qum, shag'al va gil linzalari
bo'lgan mayda toshli konlar umumiy galinligi 28-32 m bo'lgan birlikni tashkil giladi.

Ular nozik er gatlamlari goplami ostida yotadi va yer yuzasidan birinchi er osti suv osti
gatlamini ifodalaydi. Uning umumiy galinligining 66-83% ni mayda va mayda tuproglar tashkil giladi,
o‘tkazuvchanlik koeffitsienti 5,9-8 m/sutka. Gorizontning suv o'tkazuvchanligi kuniga 140-180 m2 ni
tashkil giladi. Drenajni yomon deb baholash mumkin.

Er yuzasidan birinchi suv gatlamining suvlari gidrokarbonat-sulfat tipidagi, chuchuk, joylarda
sho'r, minerallashuvi 0,26 dan 1,4 g/m gacha.

Tuprogning tarkibi va holati. Tadqiq gilingan hudud butunlay er yuzasida aniglangan galinligi
0,36 - 0,6 mm bo'lgan kulrang tuprog bilan qoplangan. Tuproglari yengil, kamdan-kam hollarda
o'rtacha, plastiklik ko'rsatkichi 9-12,7.

Qattiq va yarim gattiq, tabiiy namlik miqdori 15,3 - 25,9% va mustahkamlik indeksi 0,24 gacha.
Past zichlikli va bo'sh, quruq zichligi 1,26 - 1,44 t/m3 (o'rtacha 1,4 t/m3) va nam zichligi 1,5 - 1,79 t/m3
(o'rtacha 1,67 t/m3). Qumloglar ostida gattiq yoki plastik konsistensiyadagi ochiq jigarrang, gipsli qumli
qgumloglar joylashgan.

Bu qumli gatlamning kuzatilgan qgalinligi 0,42-0,9 m. Quruq holatda tuproq zichligi 1,35-1,39
t/m?, nam holatda esa 1,38-1,73 t/m?. Mikro va nozik taneli gips miqdori 166 dan 51,4% gacha (tuproqni
o'rganish bo'yicha).

0,8-1,35 m chuqurlikdan qattig solonchak tipidagi tuproglar — gattiq, yuqori zichlangan,
o‘rtacha karbonatlangan gipsli qumloq va qumloqg tuproglar uchraydi. Avvalgi tadgigotlar shuni
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ko‘rsatdiki, bu tuproqglarda 52,4% gacha gips va 32,1% gacha karbonatlar mavjud. Sulfat va karbonat
birikmalari mineral zarralarni sementlaydi. Ushbu konlarning aniglangan gatlam qalinligi 0,5 dan 1,35
m gacha.

Ularning ostida (1,85 m dan 2,65 m gacha) o'tga chidamli loydan yasalgan va 10% gacha bo'lgan
karbonatli betonli plastmassa qumli qumloglarning o'zgaruvchan ingichka (1,8 m gacha) tanalari
kuzatiladi.

Bu tuproglarning rangi och jigarrang yoki kulrang-qo'ng'ir, qumloglar ba'zan bo'z. Bu konlar
ichida umumiy gatlam qalinligi 1,3 dan 2,05 m gacha, qalinligi 0,75 m gacha bo‘lgan tuproq linzalari
gattig solonchak tipidagi tuproglar uchraydi.

Saytning asosiy gismida 3,5 dan 3,95 m gacha chuqurlikdagi ingichka (0,32 dan 0,6 m gacha)
kulrang loyli, kamdan-kam mayda qumli linzalar mavjud bo'lib, ularning ostida yaltirab turgan, zangori-
kulrang tuproglar ochiladi.

Tuproqdagi gips, karbonat va chirindi migdori 1-jadvalda keltirilgan.

1-jadval.
Tuproqdagi gips, karbonat va gumusning miqdori (%6).
Tuproq Chuqurlik
bo'lim ragamlari | diapazoni (sm) Gips Karbonatlar Gumus

1 0-50 3,542 18,212 1,633
50-100 36,482 15,234
100-150 36,720 30,461

2 0-40 3,965 16,226 1,695
40-100 39,312 19,535
100-150 47,968 32,118
150-180 23,594 25,163

3 0-35 11,979 25,163 2,177
35-100 16,745 23,842

4 0-50 1,604 29,140 2,365
50-100 16,653 16,886
100-150 11,859 22,185
150-200 7,969 23,177

5 0-50 15,843 14,24 1,864
50-100 51,366 14,237
100-150 32,704 24,834
150-200 52,395 18,544

6 0-50 17,717 16,889 2,051
50-100 29,156 18,541
100-150 37,425 21,522

7 0-45 13,486 16,555 2,144
50-100 28,67 16,926
100-150 35,691 23,840

Qurilish maydonchasini tanlashda quyidagi parametrlar muhim ahamiyatga ega: yer
parametrlari, geomorfologiyasi, topografiyasi va geologik tuzilishi, chunki ob’ektning joylashuvi
paxtani birlamchi gayta ishlash, yigirish, to‘quv, bo‘yash va tikuv sexlarini o‘z ichiga olgan bir
nechta ishlab chigarish bo‘linmalarini o°z ichiga oladi.

Bundan tashqari, ma'muriy-maishiy binolar, ishlab chigarish binolari, yordamchi inshootlar,
yoqilg'i quyish shoxobchalari, podstansiyalar, tozalash inshootlari, suv minorasi, ichimlik va sanoat
suvi qudug'i va boshgalar mavjud.

1-rasmda zamonaviy to'gimachilik majmuasining bosh rejasi ko'rsatilgan.
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1-rasm. Zamonaviy sanoat majmuasining genplani (bosh rejasi).

Geomorfologiya, topografiya, geologik tuzilish va gidrogeologiyani o'rganish turli

ob'ektlarni, masalan, ma'muriy va maishiy binolar, ishlab chigarish binolari, yordamchi ob'ektlar,
yoqilg'i quyish shoxobchalari, podstansiyalar va boshgalarni ekologik loyixa tayyorlangan vagtida
mo'ljallangan magsadlariga ko'ra joylashtirish imkonini beradi.
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GAZ TARQATISH STANTSIYALARIDA GAZNI SIQISH VA QIZDIRISH UCHUN
SARFLANADIGAN ENERGIYANI QAYTA TIKLASH IMKONIYATLARINING
XALQARO TAJRIBA ASOSIDAGI TAHLILI

50-22 MS va MSM guruh talabasi S. Meliyeva, J. Ibrohimov

Farg‘ona davlat texnika universiteti,
(Qabul qilindi 05.12. 2025.)

Anottatsiya: Tabiiy gaz hayotimizda muhim rol o ‘ynaydi. Tabiiy gazni uzoqroq masofalarga tashishda
uni sigish yoki kondensatsiya gilish uchun energiya ishlatiladi, bu esa tashiladigan muhit hajmini
kamaytiradi. Mahalliy targatish tizimlarida oxirgi foydalanuvchisiga tabiiy gaz yetkazib berish mobaynida
bosimini pasayishi tufayli dekompressiya energiyani gqayta yetkazib berishni talab giladi.

Kalit so‘zlar: Gaz, yoqilg ‘i, reduktor, bosim, energiya, gaz tarqatish uzeli, qarshilik, toraytiruvchi
qurilma, izentalp jarayon.

Yoqilg'i quyish shoxobchalarida tabiiy gaz bosimini pasaytirishning keng targalgan usuli - bu gaz
ogimining kesishish maydonini tezda kamaytiradigan va izentalpik sigishni keltirib chigaradigan
reduktordan foydalanish.

Reduktordagi tabiiy gazning bosimini kamaytirish orqgali (gaz ishlamayapti), gaz tarkibidagi
energiya qaytarib bo'lmaydigan tarzda targaladi, bu esa gaytarib bo'lmaydigan energiya yo'qotishlariga
olib keladi. Bundan tashqari, jarayon hidratlarning shakllanishiga yo'l qo'ymaslik uchun gazni isitish
uchun go'shimcha energiya talab giladi va stansiya chigishida quvur liniyasi muzlashiga yo'l go'ymaydi.
Izentalpik ulanish paytida energiyaning qaytarilmas yo'qolishi tufayli yo'qolgan energiyadan
foydalanish uchun turli xil echimlar ko'rib chigilmoqda. Reduktor ulash klapanlarini ishlatishga
alternativa elektr energiyasini ishlab chigarish uchun bosim pasayishidan foydalanadigan
turboekspanderdan foydalanish bo'lib, undan foydalanish mumkin: (1) zavod magsadlarida, (2) mahalliy
saglash uchun yoki (3) tarmoqgqga gaytish uchun. Reduktordagi bosimning pasayishi ogqim garshiligidan
kelib chigadi, TE esa rotor pichoglari tomonidan go'llaniladigan kuchdan foydalanadi, bu esa TE ni
elektr energiyasi shaklida elektr energiyasining bir gismini gayta tiklash uchun generatorga ulash
imkonini beradi. Turboekspanderda tabiiy gazning kengayishi gaytarilmas adiabatik jarayonni kuzatib
boradi va generator tomonidan ishlab chiqgarilgan elektr energiyasi entalpiya tushishi tufayli vaqt
birligida bajarilgan tashgi texnik ishga teng bo'ladi. Turboekspanderlar sanoatda bir asrdan ko'prog vaqt
davomida muvaffagiyatli qo'llanilmogda va energiyani qayta tiklash uchun bosimni pasaytirish
stantsiyasida birinchi TE ilovasi 1960-yillarning boshlarida ishlab chigilgan va o'rnatilgan.

Hozirgi vagtda turboekspanderlar qayta tiklanadigan energiya stansiyalarida jarayon
samaradorligini oshirish va ekologik toza energiya tizimini yaratish uchun foydalanilmogda. Ardali va
Heybatian Erondagi gayta tiklanadigan energiya zavodlarida TE dan foydalanish imkoniyatlarini
o'rganishdi. Kirish bosimi taxminan 45 bar va o‘rtacha yillik kirish harorati 810,4°C bo‘lgan Shahrekord
PRS wvakili uchun tahlil gilinayotgan kalendar yilning yanvar oyida ishlab chiqgarilgan elektr
energiyasining maksimal giymati 85% ekspander samaradorligini hisobga olgan holda 1118716
kV1t/soatni tashkil etdi. Energiya xarajatlarini tejash yiliga 463 000 dollarga baholandi, kapital giymati
730 000 dollarni tashkil etdi (2019 yil hisobi).
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Galyas va uning hammualliflari Vengriyada joylashgan gazni kamaytirish va o'lchash stantsiyalari
uchun shunga o'xshash keng gamrovli tahlilni o'tkazdilar. Tadqgiqot turli xil Kirish parametrlaridan
foydalangan holda simulyatsiya modellarini ishlab chiqdi, bu bizga individual parametrlarning
o'zgarishining ishlab chigarilgan energiya miqdori va igtisodiy rentabellik ko'rsatkichlariga ta'sirini
aniglash imkonini berdi. Natijalarga ko'ra, gayta tiklanadigan energiya miqdori ortib borayotgan gaz
ogimi bilan mutanosib ravishda oshgan. Xususan, 10 000 m3/soat gaz sarfida qgariyb 433 kVt elektr
energiyasi olinsa, 22 000 m?3/soat tezlikda turboekspander (turbokompander) yordamida ishlab
chiqgarilgan elektr energiyasi 953 kVt ga yetgani aniglandi. Shu bilan birga, kiruvchi gazni isitish uchun
zarur bo'lgan energiya sarfi ham gaz ogimining oshishi bilan mutanosib ravishda oshgani gayd etildi.
Yig'ilgan ma'lumotlarga asoslanib, turboekspanderlarni (TE) joriy etish texnik va igtisodiy jihatdan
magsadga muvofig degan xulosaga keldi.

Xuddi shunday baholashlar Pokistonda joylashgan tanlangan gazni kamaytirish stansiyalari
uchun ham o'tkazildi. Tadgigotda kirish sharti sifatida bir bosgichli tabiiy gazni isitish sxemasi ko'rib
chiqgildi. Aniglanishicha, nisbatan past gaz ogimi tezligi va cheklangan miqdordagi gisqartirish
bosqgichlarida tizimning umumiy tejamkorligini ta'minlash uchun nisbatan kichik miqgdorda elektr
energiyasi ishlab chigarilgan. Aksincha, yuqori gaz ogimlarida stansiyalarning aksariyati 1100-1500
kVt oralig'ida yuqori quvvatli elektr energiyasini ishlab chigarishga muvaffag bo'ldi. Tadgigot
natijalariga ko'ra, mualliflar Pokistondagi gazni kamaytirish stansiyalarida turboekspanderlar (TE)
yordamida energiya ishlab chigarish tizimlarini joriy gilish uchun muhim texnik va iqgtisodiy salohiyat
mavjud degan xulosaga kelishdi.

Howard va uning hammualliflari tabiiy gazni kamaytirish zavodlarida energiyani gayta tiklash
uchun gibrid turboekspander yonilg'i xujayrasi tizimlarining ishlashini baholash va turli tizim
konfiguratsiyalarining samaradorligini baholash uchun simulyatsiya modellarini ishlab chigdilar.
Tadgiqot natijalariga ko'ra, Yyoqilg'i xujayrasining integratsiyasi tufayli tizimning maksimal
samaradorligi 12000 m*® / soat gaz oqimi tezligida taxminan 10% ga oshgani aniglandi. Eng yuqori
o'rtacha quvvat chiqishi 15 000 m?® / soat gaz oqimi tezligida qayd etilgan. Shu bilan birga, iqtisodiy
jihatdan eng maqgbul ish rejimi soatiga 12000 m* oqim tezligida kuzatildi va bu holda eng yuqori sof
foydaga erishildi.

Polsha gaz uzatish tarmog‘i umumiy uzunligi taxminan 11400 km bo‘lgan gaz quvurlaridan
iborat bo‘lib, ular orgali 2021-yilda taxminan 19,3 milliard m? tabiiy gaz tashilgan. Ushbu tizim 68 ta
kirish va 925 ta chiqish punkti, shuningdek, 15 ta gaz kompressor stansiyasini o‘z ichiga oladi. Gaz
uzatish va tagsimlash tarmoglarining uzluksiz kengayishi energiya samaradorligini oshirish
imkoniyatlarini har tomonlama baholash, energiya ogimlarini yanada samarali boshqarish, tarmoq
infratuzilmasi ekspluatatsiya xarajatlarini kamaytirishga xizmat giluvchi innovatsion texnologik
yechimlarni izlash zaruratini yuzaga keltiradi. Shu munosabat bilan Polshada gazni kamaytirish va
o'lchash stansiyalarida turboekspanderlardan (TE) foydalanish imkoniyati faol ko'rib chigilmoqda.
Hozirgi vaqtda reduksiya stantsiyalarida TE asosidagi qurilmalarning rentabelligini baholash bo'yicha
tahliliy tadgiqotlar olib borilmogda, ammao birinchi sinov qurilmalari hali amalga oshirilmagan. Shunga
garamay, turboekspanderlar Odolanov va Vierjxovichdagi er osti gaz omborlarida gaz turbinali
zavodlarining kogeneratsiya tizimlarining bir gismi sifatida muvaffagiyatli amalga oshirildi, bu esa
elektr energiyasini ishlab chiqgarishni sezilarli darajada oshirishga olib keldi.

2019 yilgacha Polsha gaz uzatish tizimining operatori (TSO) gaz bosimini yugori bosimdan o'rta
bosimga tushirish uchun stantsiyalarda kengaytirish bloklaridan (turboekspanderlar) foydalanish
imkoniyatini baholadi. Biroq, o'tkazilgan tahlillar investitsiya loyihalarini asoslash uchun etarli igtisodiy
dalillar keltirmadi. Amaldagi me'yoriy-huquqiy hujjatlarga muvofig, PRS va PRMS stantsiyalarida
turboekspanderlardan foydalanish fagat stansiyaning kichik ehtiyojlari uchun elektr energiyasini ishlab
chigarish bilan cheklanadi. Etkazish tizimi operatorining faoliyat doirasi Energetika to'g'risidagi
gonunning 9d (1) moddasi bilan belgilanadi, bu gaz yoqilg'isini uzatish uchun berilgan yagona litsenziya
doirasida ishlashni nazarda tutadi. Ushbu litsenziya shartlariga ko'ra, TSO elektr energiyasini ishlab
chigarish yoki sotish, shuningdek, gazsimon yoqilg'ini gazib olish, ishlab chigarish yoki sotish huqugiga
ega emas. Shunday gilib, TSO yuqgorida gayd etilgan igtisodiy faoliyat turlarini amalga oshirish uchun
tegishli litsenziyalarga ega emas.

Ushbu tadgigot ishlab chigarilgan elektr energiyasining kamaytirish va o'lchash stantsiyalarining
ehtiyojlarini gondirish uchun salohiyatini tahlil gildi. Shuningdek, ortiqcha elektr energiyasini gayta
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sotish imkoniyatini hisobga olgan holda tizimning samaradorligi va igtisodiy samaradorligini baholash
uchun qo‘shimcha tahlillar o‘tkazildi.

Hisoblash modelini ishlab chigish. Polshada joylashgan gazni kamaytirish va o'lchash
stantsiyalarida (GRMS) turboekspanderlardan (TE) foydalanish imkoniyatlarini baholash uchun bosimni
pasaytiruvchi (reduktor) va turboekspanderga asoslangan tizimlarni taggoslash imkonini beruvchi
reduksiya tizimlarining energiya balansiga asoslangan hisoblash modellari ishlab chigildi. Tadgigot
kiruvchi gazni oldindan isitish manbai sifatida gazli gozonni oladi. Polsha GRMSlarida o'rtacha elektr
iste'moli ham tahlil qgilindi. Elektr energiyasidan foydalanadigan uskunalar ro'yxati vakillik (odatiy)
kamaytirish va o'lchash stantsiyasi misolida shakllantirildi. Tanlangan yoqilg'i quyish shoxobchalarida
elektr energiyasi iste'moli oylik elektr hisoblagich ko'rsatkichlari asosida hisoblab chigilgan.

Ishlab chigilgan gazni kamaytirish tizimlari uchun statik va dinamik energiya tahlillari o'tkazildi. Statik
tahlil doirasida tizim parametrlarining o'zaro bog'ligligini aniglash uchun belgilangan bosgichlarda
Kirish parametrlarining turli giymatlari gabul gilindi. Dinamik simulyatsiyalarni amalga oshirish uchun
turli xil texnik ko'rsatkichlar, shu jumladan maksimal mavjud gaz ogimi tezligi va bosimni pasaytirish
darajalari bilan tavsiflangan tanlangan kamaytirish va o'lchash stantsiyalarining hagiqiy operatsion
ma'lumotlari ishlatilgan.

Bundan tashgari, statik hisoblash modellari asosida PEM tipidagi yonilg'i xujayrasi yordamida issiglik
va elektr energiyasini (kogeneratsiya) bir vaqtda ishlab chigarish imkoniyati tahlil gilindi. Simulyatsiya
hisob-kitoblari PengRobinson holat tenglamasi asosida BR&E ProMax 5.0 dasturiy muhitida amalga
oshirildi va jarayonlar (1) tenglama bilan ifodalandi.

_(RT a ) 10-5
P=\3—b 5(@+b)+b(®+b)

oy
bu yerda: p- bosim, bar;

v - solishtirma hajm, m*/kg;

R - individual gaz doimiysi, J/(kg-K);

T - harorat, °C;

a, b - holat tenglamalarining xarakterli konstantalari.

Bosim reduktorli PRS. Klassik bosim reduktoriga asoslangan gazni kamaytirish tizimining
texnologik sxemasi ishlab chigilgan (1-rasm). Ushbu sxema gazli qozon tizimining asosiy
komponentlarini, jumladan, burner (BURNER-I), havo kompressori (COMP-I), suv aylanma nasosi
(PUMP-I) va alohida issiglik almashtirgichlarni (XHG-1, XHG-II, XHG-IIl va XHG-IV) hisobga oladi.
Sirkulyatsiya pompasi va havo kompressorining samaradorligi har bir qurilma uchun 0,65 deb gabul
qgilindi.
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Turboekspanderni kamaytirish va o'lchash stantsiyalarida qgolish imkoniyatini baholashning
asosiy mezoni tizimning to'liq energiya balansini aniglashdan iborat bo'lib, u kengaytirish jarayonidan
oldin gazni isitish uchun zarur bo'lgan energiya miqdorini va turboekspander tomonidan ishlab
chiqarilgan foydali energiyani hisobga oladi.

Vengriya va Eron tajribasida keltirilgan gaz iste'moli ko'rsatkichlari (10 000-22 000 m3/soat)
O'zbekistonning yirik GTS va sanoat korxonalari (masalan, issiglik elektr stansiyalari, kimyo
korxonalari) uchun xosdir.

Texnik quvvati: O°zbekistonning yirik GTSlari 900-1500 kVt gacha energiya ishlab chigarish
quvvatiga ega. Bu nafagat stansiyaning kichik ehtiyojlarini goplash, balki ortigcha energiyani milliy
tarmoqqa sotish imkonini beradi.

Igtisodiy samaradorlik: Eron tajribasiga tayanilsa, kapital xarajatlarning (730 ming dollar) yillik
tejov (463 ming dollar) hisobiga goplanish muddati 1.5-2 yilni tashkil etishi mumkin. O‘zbekistonda
elektr energiyasi tariflarining liberallashtirilishi ushbu loyihalarning rentabelligini yanada oshiradi.

Keltirilgan tahlilda gibrid turbokengaytirgich—yonilg‘i xujayrasi tizimi O‘zbekistonning "Yashil
igtisodiyot"” strategiyasiga mos keladi.

Kogeneratsiya: PEM tipidagi yonilg‘i xujayralaridan chigadigan issiqlik energiyasini TE orqali
kengayayotgan gazni isitishga yo‘naltirish mumkin. Bu an ‘anaviy gaz qozonlaridan voz kechish va
atmosfera ifloslanishini kamaytirish imkonini beradi.

Xulosa

Gaz tarqatish stantsiyalarida gazni sigish yoki gizdirish jarayonida sarflanadigan energiya katta
miqdordagi yo‘qotishlar bilan bog‘liq bo‘lib, ularni gayta tiklash va samarali foydalanish dolzarb
masalalardan biridir. Energiya gayta tiklash texnologiyalarini joriy etish orgali nafagat ekspluatatsion
xarajatlarni kamaytirish, balki umumiy energetik samaradorlikni oshirish va atrof-muhitga salbiy
ta’sirni qisqartirish mumkin.

Gaz bosimini pasaytirish jarayonida turbinali ekspanderlar va energiya qayta tiklovchi
qurilmalarni qo‘llash ortigcha bosim energiyasini elektr yoki mexanik energiyaga aylantirish imkonini
beradi. Gazni qgizdirishda esa chiqindi issiglikdan foydalanish, rekuperator va issiglik almashinish
qurilmalarini o‘rnatish orqali yoqilg‘i sarfi sezilarli darajada kamayadi. Shuningdek, avtomatlashtirilgan
boshqgaruv tizimlari energiya sarfini aniq nazorat gilish va optimallashtirishda muhim rol o‘ynaydi.

O‘zbekiston gaz taqsimlash stansiyalarida reduktorlarni turbokengaytirgichlarga almashtirish
quyidagi ilmiy va igtisodiy natijalarni beradi:

1. Resurs tejamkorligi: Gazni isitish uchun sarflanadigan ichki texnologik yoqilg‘i sarfini 15-20%
ga kamaytirish.

2. Energoautonomlik: GTSlarni tashqi elektr tarmoglaridan mustaqgil qilish va favqulodda
holatlarda barqarorlikni ta ‘minlash.

3. Ekologik samaradorlik: Elektr ishlab chigarishda CO, gazining targalishini kamaytirish (har 1
MVt ishlab chigarilgan energiya uchun grid-emissiya faktoriga muvofiq).

4. Modellashtirish: O‘zbekistonning iqlim sharoitini (yozda +45°C, qishda -20°C) hisobga olgan
holda, Peng-Robinson tenglamasi asosida BRE ProMax yoki Aspen HYSYS dasturlarida
stansiyalar uchun individual dinamik modellar yaratish lozim.

Xulosa qilib aytganda, gaz targatish stantsiyalarida energiyani gayta tiklash choralari igtisodiy
jihatdan foydali, texnik jihatdan amalga oshiriladigan va ekologik jihatdan magbul yechim hisoblanadi.
Ushbu choralarning kompleks tarzda qo‘llanilishi gaz ta’minoti tizimining ishonchliligini oshiradi,
energiya resurslaridan oqilona foydalanishni ta’minlaydi hamda barqaror rivojlanishga xizmat qiladi.
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AHnomauu;z. B uccreoosamenvcrotui pa6ome NOJIYy4€HRbl MemalllOYUHRKOBbLE KOMNJIEKCOHANbL
opeaHuvyecKux qbocqbamoe, UCNOJIb3yeMblE 6 HACMoOAUlee 6pemMsl 6 NPOMbIULIEHHbIX Macmma6ax, C OKCUOOM
YUHKA BbICOKOU YUCOMUbL. ﬂﬂﬂ onpedeﬂenuﬂ HOBbIX UCMOYHUKOE OKCUOU YUHKa 6 YCl0o6Usx Haweu
pecnyonuxu 6uL1 uzyuer cocmas opmvl OKCUOA YUHKA A0COpOeHma, UCNONb308AHHO20 NPU OHYUCHIKE 2d3d 8
yenosusix AO  "Hasouazom." Hccnedosanvr rxomnnexconamvr yuuwka HTO, O3[D u HTDP+OI/D,
NnoJly4€rnHble U3 OKCMaOG 6 pPA3IUYHBIX MOJIbHbIX COOMHOULEHUAX ucxoaHbzx peacenmos, npu nojy4eHuu
KOMNJIEKCOHAamoe YuHKa Ucnoib3oeajiu OKCUO YUHKAQ, nOJZy'leHHbZZZ nymem o4ucmku adcop6el-tma HAa OCHoee
OKCUOA YUHKA, UCHOAb308AHHO20 O Nocloujeruss cepogodopooa 6 ycrosusix AO "Hasouazom."
Uccreoosanue s¢ghpexmusnocmu nomryyeHHbIX KOMROZUYUL 8 KAYeCmee UHSUOUMOPO8 KOPPO3UU NPOBOOUNIU 8
Paznuunbix MooenvHbix pacmeopax (MP) ¢ paznuunvbiM MUHEPATbHBIM COCMABOM 8 3A8UCUMOCHIU OM paHee
onucamno2o memooa. B xauecmee peazenmoe CpAaGHEHUsl  UCNONb306AIU  KOMNIEKCOHAmMbl YUHKA,
noayuenHvle u3 yucmoeo okcuoa yunka HT®, npomviunenuviil uneubumop GWE 3478 u AKTUDOC-6710.
Hpu 2mom 6 KOHyeHmpayuu 5 me/n ucwzedye/wbze KOMNO3UYUOHHbIE COCMABbL HE NO360JIAI0OM CHU3UMb
3HaueHue CKOPOCMU KOPPO3UU HUdCE HOPMATNUBHBIX 3HAYeHUll (3auumHblil 3¢ppexm nHudxce 60%); L{unkogulii
xomnaexkc HT®D 6 KOHYyenmpayuu 10 m2/n 3nauumenvHo CHUMCaem KoJIuYecmeo Koppo3uu He3asucumo om
MOJIbHO20 COOMHOULEHUAL.

Knrouesvie cnosa: xomnosuyus, kopposus, HT®, O3 D, ceposodopod, okcuod yuuka, opeanuieckue
gbocgbambl, MEMANNIOYUHKOBBIE KOMNIIEKCOHAMbL, KOMNIEKCOHAMbL UYUHKA, MUHEPAIbHbIE OMIIOJNCEHUA,
agbqbekmueﬂocmb 3awgumol, dKo0jlocuvecKkast ycmoﬁlmeocmb

Annotatsiya. Tadgiqot ishida hozirgi kunda sanoat miqyosida qo ‘llanilayotgan organik fosfatlarning
yugori tozalikdagi rux oksidi bilan metall-rux kompleksonatlari olingan. Respublikamiz sharoitida rux
oksidining yangi manbalarini aniglash uchun "Navoiyazot" AJ sharoitida gazni tozalashda qo ‘llanilgan rux
oksidi adsorbenti shaklining tarkibi o ‘rganildi. Dastlabki reagentlarning turli mol nisbatlaridagi
oksidlaridan olingan NTF, OEDF va NTF+OEDF rux kompleksonatlari o ‘rganildi, rux kompleksonatlarini
olishda "Navoiyazot" AJ sharoitida vodorod sulfidni yuttirish uchun ishlatilgan rux oksidi asosidagi
adsorbentni tozalash orqali olingan rux oksididan foydalanildi. Olingan kompozitsiyalarning korroziya
ingibitorlari sifatidagi samaradorligini o ‘rganish avval tavsiflangan usulga qarab turli xil mineral tarkibga
ega bo‘lgan turli xil model eritmalarda (MT) amalga oshirildi. Taqqoslash reagentlari sifatida toza rux
oksidi NTF dan olingan rux kompleksonatlaridan foydalanildi.

Tayanch iboralar: kompozitsiya, korroziya, NTF, OEDF, vodorod sulfid, rux oksidi, organik
fosfatlar, metall-rux kompleksonatlari, rux kompleksonatlari, mineral cho ‘kindilar, himoya samaradorligi,
ekologik bargarorlik

Abstract. In the research work, metal-zinc complexonates of organic phosphates, currently used on
an industrial scale, with high-purity zinc oxide were obtained. To identify new sources of zinc oxide in our
republic, the composition of the zinc oxide form of the adsorbent used in gas purification under the
conditions of Navoiazot JSC was studied. Zinc complexonates NTP, OEDP, and NTP+OEDP, obtained from
oxides in various molar ratios of initial reagents, were investigated, and zinc complexonates were obtained
using zinc oxide obtained by purifying an adsorbent based on zinc oxide used for hydrogen sulfide
absorption under Navoiazot JSC conditions. The study of the effectiveness of the obtained compositions as
corrosion inhibitors was carried out in various model solutions (MP) with different mineral compositions
depending on the previously described method. Zinc complexonates obtained from pure zinc oxide NTF were
used as comparison reagents.

Keywords: composition, corrosion, NTF, OEDF, hydrogen sulfide, zinc oxide, organic phosphates,
metal-zinc complexonates, zinc complexonates, mineral deposits, protection effectiveness, environmental
stability.

BBenenue.B MHpC OHHOﬁ nus3 HpO6H€M, BO3HUKAOIIHUX B TCXHOJIOTHYCCKUX IIPpOLECCCax,
CBA3aHHBIX C HCIIOJB30BAaHUEM BOABI B CHUCTCMaX OXJIAXICHHUA, B KAa4CCTBC TCIIJIOHOCHUTCIA HWINU
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THIPOTPAHCIIOPTHOTO CPEICTBA, SBISETCS OOpa30BaHWE MUHEPANBHBIX OTJIOXKEHUH W KOPPO3HS
KOHCTPYKLIMOHHBIX CTaJIbHBIX MaTepPHajoB, KOTOpas Oojee cTa JIeT SBISIETCS CepPbe3HOM MpoOIeMoii.
Ocanku TommuHOMN 1-2 MM yBenMUUBaIOT pacxon Tommaa 10 13%, a koppo3usi NpUBOAUT K MTOTEPE 110
25% roaoBOTO TPOM3BOJCTBA KOHCTPYKIIMOHHOTO CTalbHOrO MaTepuaia. B 3moxy BHeApeHHs
pecypcocOeperaromux TEXHOJOTUH, CO3JaHUs 3aMKHYTBIX CHCTEM BOJOCHAOKEHHs, NPUMEHEHUS
HOBBIX TEXHOJIOTHI C MCIIOJb30BAHUEM HMHHOBAIIMOHHOTO O0OPYJOBaHUS aKTyallbHOE 3HAUYECHHE MMEET
yCTpaHEHHE MUHEPAIILHBIX OTJIOKECHUN H KOPPO3UH.

B mupe BemyTcs HayuyHBIE MCCIENIOBaHMS 0 NPEAOTBPAIICHUIO 00pa30BaHMS MHHEPATIbHBIX
OTJIOKEHUH, TPUMEHEHHIO OpraHudeckux (ocpatoB u moimpochaToB, HUZKOMOJICKYISIPHBIX
MOJIMMEPOB, OpraHnyeckux (oc(hoHATOB, KOMIIJIEKCOHATOB METAUIOB U UX KOMIIO3UIMNA B PA3IHYHBIX
COOTHOIICHMSAX JUIS 3alIUThl KOHCTPYKIMOHHBIX CTAIBHBIX MaTEPUAIOB OT KOPpo3uH. B cBs3uM ¢ 3TUM
ocoboe BHHMMaHHE YACISICTCS WCIONb30BAaHHIO BTOPUYHBIX MPOAYKTOB TPOMBIIUICHHOCTH IIPH
MOJTyYCHUU OpPraHUYecKuX (POCPOHATOB U UX METAIUIOKOMILJICKCOHATOB, IPUTOTOBJICHUIO HA UX OCHOBE
KOMIIO3UIIUH, HE COJEPKAIIMX IKOJIOTHUECKU OMACHBIX I0OABOK, CO3aHUIO U UCTIBITAHUIO TEXHOJOTHIA
MIPOM3BOJICTBA WHTUOMTOPOB, OTBEYAIOUIMX TpeOoBaHUAM d(PPEeKTUBHOCTH, CTAOWIBHOCTH H
6e30macHOCTH.

[MpenoTBpaliieHre HAKOIUICHHS MUHEPAJIbHBIX OTJIOKEHHH M 3alMTa METAJUIOB OT KOPPO3UHU HE
SIBJISICTCS] TIPOOJIEMOM CETOHSIITHETO JTHS M M3Y4aeTCsl y)Ke HECKOJBbKO JecsaTuieTuil. [lepBbie Hay4dHbIC
myOiMKamuy 1Mo 3TOMY Bompocy Obumn omyonukoBanbl B 1905 romy, u mepBbie MCCieIOBaHUS ObUIH
CBSI3aHBI C WCIIOJIb30BAHUEM BOJBl B KAueCTBE IMapOOOPa3HOTO COCTOSIHUS, TEIUIOBOTO areHTa |
xnagarenta [1-3]. OTu mpobiemMbl 0COOCHHO CBSI3aHBI C: M3MEHEHHEM TEXHOJOTHYECKOW CHUCTEMBI C
0o0pa3oBaHMEM MHUHEPAJIbHBIX HAHOCOB HA TEIUIOHOCUTEIBHON IMOBEPXHOCTH HSHEPreTUYECKOTO
000py/IOBaHUsl - TEMIIOOOMEHHUKOB, MapOKOHJCHCATOPOB, MAapPOBBIX KOTJIOB W T.JI., YTO NPHBOAUT K
Ype3MEPHOMY PacXOAy TOIUIMBA U DJICKTPOIHEPTUH; 3HAUYUTEIBHBIM CHU)KEHHEM IPOU3BOAUTEIEHOCTH
HE(TSHBIX CKBRXWH C HAKOIUICHUEM MHHEPAIBHBIX COJIEH B HEH B pe3yJbTaTe MHOTOKPATHOTO
WCTIOJIb30BAHUS OTPAaHMYEHHOTO KOJMYECTBA BOABI MpH A00bMe HePTH, 0Opa3oBaHHEM CIIOCB
MHUHEPAJIbHBIX HAHOCOB [4]; CHIDKEHMEM HaJeKHOCTH pabOThl METaJUIypruiyeckoro 00OpyJOBaHHS
neuei, peppoCIIaBHBIX U CTAICIUIABIIIBHBIX TEYeH B pe3ysibTaTe 00pa30BaHUs MUHEPAIbHBIX HAHOCOB
Ha TEIIOOOMEHHBIX TMOBEPXHOCTSX C HCIIOJIB30BAaHHUEM BOJIbI B KAaUECTBE OXJIAXKIAIOIIETO pearcHra B
METaJUTypPTUH.

Ha panHux osranmax pemieHuss NpoOsieMbl OBUIO  OMyOJMKOBAaHO MHOXKECTBO —HAYYHBIX
nyONUMKanuil 1Mo HCIONB30BAHUIO HEOPTaHMYECKHX pPEareHTOB - KapOOHATOB KalbIMs M MAarHus,
cyib(dara Kanblus W/WIN TUAPOKCHIOB MAarHus B KauyeCTBE MUHEPAIbHBIX [UIAMOB MU WHTUOMTOPOB
Koppo3uu, Mertadocdara HaTpus B HeDTAHOW MNPOMBIIJICHHOCTH[4], cuiIMKara HaTpus B
MeTaJurypruu|S].

C pasBuTHEM  TPOM3BOJCTBA,  KCIIOJH30BAHMEM  HMHHOBAaIlMOHHBIX  TEXHOJOTMHA B
BOJIOCHA0’KEHHH, B COOTBETCTBUHU C YPOBHEM HAYYHO-TEXHUYECKOTO MPOrPECcca, COBEPIICHCTBOBATIACH 1
TEXHOJIOTHSI HMCIOJb30BAHUS 3AIIUTHBIX J00AaBOK, HCIIOJIb30BAaHHE WHTHOWTOPOB HMENIO OYEBUIHBIC
MIPEUMYIIECTBA, IPUTOTOBJICHUE PEareHTOB OBUIO MPOCTHIM M HA/AEKHBIM C HanudueM 3¢ (EeKTUBHBIX
CHCTEM JI03MPOBAHUS, HE TPEOOBAJIO MPUBJICYCHHS OOIBIINX SKOHOMUYECKUX 3aTpPaT.

CwIbHBIH HMMIYJbC PA3BUTHS TEXHOJOTMH B TMPOIUIBIE TOJbI TPOIUIOTO BEKa CBSI3aH C
COKpAIlICHUEM BOJOIMOTPEOJICHUST W YCUJICHHUEM TEHJICHIIMHA K CO3JaHUIO DKOJOTMYECKH YHCTBIX
pecypcocOeperammux TexHoJIornid. HanOompmuii mHTEpeC B HAYYHOM COOOIIECTBE BBI3BAI CIOCOO
MPEIOTBPAIICHUS HAKOIJICHUS coJiei ¢ momotkio pochatoB u pocdoHaTos.

Onmnako HenocTaTkamu TpuMeHeHHs ¢ocdaroB, a 3areM u moiaudochaToB B KadecTBE
MHTUOUTOPOB COJICOTVIOKEHUSI SIBIIIOTCA HMX HEYCTOHYMBOCTH MPU BBICOKMX TeMIeparypax H
CKJIOHHOCTh K THUAPOJM3Y 10 opTrodocdaroB ¢ mMmociueayrommM o0pa30oBaHUEM KaJIBITUEBBIX (peke
MAarHUEBBIX ) OCAIKOB [6].

[MTomumo momudocdaros, dochopopraHndeckne coenuHeHHs] 007IaNal0T HHTHOUPYIOIMMH
cBoiictBamu B Mojiekynax O®d, ¢oconaTHas rpymnna KOTOphIX cBsizana ¢ aromoM yriepoaa PO (OH) »
[7-9].

®ocponaret R3C-P (O) (OH) . pasnuuarorcs mo crpykrype nonudocdonarst R3C-O-P (O)
(OH) 2 cBszanbl He ¢ P-C, a ¢ P-O. Do crpykrypHOe pasnuuue npuaaet Gocdonaram 3ameuaTenbHbe
IKCIUTyaTal[MOHHBIE CBOMCTBA, BKJIOYas BBICOKYH) XUMHUYECKYIO CTAaOWMIIBHOCTH B OIKCTPEMAIbHBIX
ycnoBusix pH u temmeparypsbl, criocOOHOCTh U30JUPOBATh META/UIB. BO MHOTHX Cly4asx OHU MOTYT
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MPEMSATCTBOBAaTh  POCTY  OC3JAOYHBIX KPUCTAUIOB HPHU  KOHLEHTPALMSAX 3HAYUTEIBHO  HIDKE
CTEXHOMETPHUCCKUX YPOBHEH PeaKIIMOHHOCIIOCOOHBIX KaTHOHOB [10-12].

[TepBbie pabOTHI MO CHHTE3Y M U3YUYCHUIO (PU3UKO-XUMHUYECKHX CBOHCTB Od M NMpUMEHEHHIO
COCIMHEHUH ATOTO KJIacca B KaueCTBE WHTMOUTOPOB COJICOTIIOKEHUS Hadauch B KoHie 1960-x rosoB.
Nzobperarensimu npusHansl cotpyanuku U20C u UPEA Akanemun nayk PO M.U. KaGaunuk, H.M.
Hsatnosa, M.B. Pynomuno u npyrue [7,13,14].

B 1975 roay cneunmanucramu YpanbCKOTO JIECOTEXHHMUECKOTO MHCTUTYTa Ha KupoBrpanckom
MeEICTUTAaBUIIBHOM 3aBOZie ObUIa BHEJPEHA yCTOunBas 00paboTKa BOJBI C TIOMOMIBIO ONMBITHOM MapTHH
HNOMC, nonyuennoit HmwkerarmmsckuMm ¢pummanom HUU mmactuaeckux mace [15].

Ob6ecriedeHre PEINPUATHI IIBETHON U YEPHOW METaJLUTypTUH HHTHOUTOPAMHU COJICOTIIOKEHHs B
1984 rtomy coBmectHO ¢ corpymHukamu IREA w napyrux opranuzanuii ObUtO  OpraHM30BaHO
MpoMbIluIeHHOE pon3BoicTB0O MOMC-1.

B 1990-x romax mnosBWIMCH TMepBble myOnaukanuu 1o BHeapeHutro O® B cucremax
TeruiocHaOxeHus. OAHaKo, JEeTallbHbIX HCCIEeIOBaHUM, OOOCHOBBIBAIOIIMX HCHOJb30BaHHe OD B
YCIIOBUSIX TEIUIOBOM CETH, HE IPOBOAUIOCH.

B pa6ore Driker B.N. [16] moapo6HO paccMOTpeHBI TEXHOJIOTUH MOJIyYEHHS U TIPOMBIIIUIEHHOTO
IIPUMEHEHUsT UHTUOUTOPOB conieoTnnokeHust 10 1990 roma. M3ydeHo BiusiHue KomiuiekcoHOB O® c
Pa3IMYHON XUMHYECKOW CTPYKTYpPOM Ha KpPUCTAJUIM3ALMI0 MaJIOpacTBOPUMBIX coisiei. [IpoBeneHHbie
HCCIIEIOBAaHNUS TOKa3aJM, 4TO 3((EeKTUBHOCTh JeiicTBUsA ankaH()OCPOHATOB KaK HHIHOMTOPOB
KOPpPO3MU TIOBBIACTCS C YBEJIMYCHUEM CTENeHH (PYHKIMOHAIBHOCTH MOJEKYNbI, YBEIUYCHUEM
pasmepa anupaTHYECKOW LENH M BBEIEHHEM apOMaTHYECKOTO KOJbLA. OTH (AaKTOpbl YCHINBAIOT
COCOOHOCTh  (poCOHATOB CBSA3BIBATH HMOHBI METAUIOB M OOpa30BHIBATh 3alIUTHBIA CIIOH Ha
MOBEpXHOCTU MeTail1a. [lomydeHbl KOMIIO3UIIMOHHBIE COCTABBI C UCIOJIb30BaHUEM (OCHOPCOAECPIKALIUX
KOMIUJIEKCOHOB B KaueCTBE OCHOBBI Ui MPEAOTBPALLEHUS HAHOCOB B 3aKPBITBIX M OECCTOYHBIX
cucTeMax BOJOCHAOXKEHHUS.

Mo 1990 roma pacxonapl Ha IOArOTOBKY BOJBI OLEHUBAINCH B 1 MIJpJ. JOJUIApOB, U 3TOT
rokKaszaresib yBeauuuBaercs B cpeaHeM Ha 10% u3 roaa B roJ.

JKcnepuMeHTAIbHASl YaCTh HCCIe0BAHUS

MeTalIoMHKOBbIE KOMIUIEKCOHAThl OpraHM4ecKux (ocgaToB, HUCIOJIb3YEeMbIE CETOJHS B
MPOMBIIIJICHHBIX MaciTabax, MOJIy4al0T ¢ BBICOKOYHCTHIM OKCHIIOM IHMHKA. Jljis ompeseneHus
HOBBIX MCTOYHHMKOB OKCHJa LIMHKAa B YCJIOBUAX Hallell pecnyOauKy ObUT M3y4deH cOCTaB (POpMbI
OKcHJa IIMHKa aJicopOeHTa, MCIOJIb30BAaHHOTO IpU OUYMCTKe Taza B ycinoBusix AO "Hasowuazor"

(puc. 1).
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CoctaB okcuHOM hopmbl acopOEHTa, UCIIOJIB30BAHHOTO TIPU OYMCTKE Ta3a B yciaoBusx AO
"HaBownazoT," npoMBITOrO JUCTUIIMPOBAHHOM BOJOM:
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W3 pe3ynpTaToB aHammza BUAHO, YTO COJIEpP)KAHUE OKCHAA LMHKA B OYHUIIEHHOM
asicopOeHTe, IPOMBITOM JUCTUIIMPOBAHHON BOJIOH, yBenuunBaercs 10 96,7%.

B xadectBe 0O0BEKTa WCCIEIOBAHHUS WCIONB30BAINCH OpraHudeckue (ocoHaThl -

HutpuntpuMmetuienpochononass kucinora (HTD) wu oxcudyTunuaennupochoHOBas KHCIOTA
(O3 A®), oTnnyarourecs: KOJIM4YeCTBOM (PYHKIIMOHAIBHBIX IPYMI B MOJIEKYJIE peareHTa W JUIMHOMN
.-, YTJIEBOJIOPOJIHOTO panukana, CBSI3bIBAIOIIIETO
. aMHHOMETHICH()OCPOHOBBIE TPYIIIIBL, a TaKKe 170
MeTajokoMIiekcoHatsl O@: Zn B MOJIBHBIX COOTHOIIECHHUSAX 2,5:1
- 4:1. Zn' (OD/I®+HT®) cHHTE3UPOBAIN U3BECTHBIMH METOAMH
[15] u BMecTOo OKCHAa IIMHKA MWCHOJIb30BAIM OYMIICHHBIN
oTpaboTaHHbBIN aIcCOPOEHT.
Znt (ODJ®+HT®) nposomwin Ha mupubope "Drcrepr-004,"
OCHOBAaHHOM Ha  METOJE HW3MEpPEHHs  MOJSPU3ALUOHHOTO
conpotusnenust (puc. 2.1). Ilepen mnpoBeneHHEM H3MEpEHH
MIPOBOAMIIACH MEXaHUUECKAasl TIOJMPOBKA TTOBEPXHOCTH 00pa3LoB ¢
UCMOJIb30BaHUEM Ha)KIauyHOW OyMaru pasziuyHOW 3epHHCTOCTH, a
TaKKe yJOaJeHHe OHKUPOBOro ciost d3taHosioM. [lokazanus
KOppo3UMeTpa (PUKCHUPOBAIUCH KaX/Ible Mojvaca oT 3 10 5 4acoB
B TEYEHHE DOKCIIEPUMEHTa. B XoJe »JKcHnepuMeHTa pacTBOP
MHTEHCUBHO TMEpEeMEIIMBaIM B MarHMUTHOW MeIajke [0
JIOCTMDKEHHS TIOCTOSTHHOM cKopocTu kKopposuu (V = 1,2 m/c).

Pucynok 2.1 - BremHuit BuUI
npudopa "Dkcrepr-004".

D¢ dhexkTHBHOCT paccUUTHIBAIACK TIO cleayromei Gopmyne, %o:
c) :m.loo
P
rne P u Ping -3Hau€HUsT CKOPOCTH KOPpPO3UHM B pacTBope 0e3 MHrHOUTOpa M ¢ MHTUOUTOPOM,
COOTBETCTBEHHO, MKM/TO/I.
B kauecTBe arpeccuBHBIX ycloBHi Takxke ObLIT MpPOBENEH aHAIM3 XUMHUYECKOTO COCTaBa

BOJbI JJIs IPOMUTKU XOJOJMIBHBIX OallleH TOCyIapcTBEHHOTO npeanpusatus HaBouiickoro ropHo-
METaJLTyprHYeCKOro KOMOMHATA, KOTOPBIN NpeCTaBIeH B Tabmuie 1.
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Tab6muna 1
XuMHn4yecKkuii coctaB 000poTHOI BoaAbI HaBoMiiCKOIro ropHo-MeTa/LIypru4eckoro KoMOuHaTa
MuHepanbHbIii COCTaB N3mepenue ITokaszarenu
Ca** MI/1 149.
Mg?* MT/IT 66,2
SO4* MI/1 1161,4
Cl MI/1 354,5
Jo6 MI'*3KB/N 12,9
Feo6u MI/IT 0,98
c/o MI/T 2836
pH 7,3
CaO Mr/I 208.
MgO MT/IT 109.

W3BecTtHO, uTO OpraHnydeckne (HochoHATHI SABISAIOTCS BBICOKOA(P(GEKTUBHBIMU peareHTaMu
10 OTHOIICHHUIO K HAKOTUICHUIO MUHEPAJIBHBIX COJICH M OKa3bIBAIOT CIa00€ BIUSHUE HA KOPPO3HUIO
MEeTalioB. B CBS3M ¢ 3THUM MOXHO PaccCMOTPETh BO3MOXKHOCTh pa3pabOTKU YHHUBEPCAIBHOTO
peareHTa, CIIOCOOHOTO OJHOBPEMEHHO TMPEAOTBpAIaTh KAaK KOPPO3HUI0, TaK W HAKOTUICHUE
MUHEpaIbHBIX coleil. C 3To# 1enblo HaMu ObUTH U3y4eHbl KOMIUIEKCOHATHI IMHKa HT®, OD/1® u
HT®+O3/®, mnonydyeHHblE M3 OKCHUIOB B PAa3JIUYHBIX MOJBHBIX COOTHOIICHHUSX HCXOJHBIX
peareHToB, cieayeT oco00 OTMETHTh, YTO MPU MOTYyYEHUH KOMILIEKCOHATOB IUMHKA MCTOIh30BAIH
OKCHJI IIMHKA, OYMILIEHHBIA OT aJcopOeHTa Ha OCHOBE OKCHAA I[MHKA, HCIIOJIb30BAHHOTO JUIS
IOTJIOLIEHUS cepoBoiopoaa B ycinoBusax AO "HaBounazor<7."

Hccnenoanne 5¢G(GEKTUBHOCTH TMOJIYYEHHBIX KOMIIO3MLIMKA B KauyecTBE WHIHOUTOPOB
KOpPpO3UM TMPOBOJUIM B Pa3iIMYHbIX MOJENbHBIX pactBopax (MP) ¢ pa3nuyHbiM MHUHEpPaTbHBIM
COCTaBOM B 3aBUCHMOCTH OT paHee OINMCAaHHOIO MeToJla. B KauecTBe peareHTOB CpaBHEHUS
WCIIOJB30BAIM  KOMIUIEKCOHAThl LIMHKA, TNOJIYYEHHbIE M3 4HCTOro okcupa uuHka HTO,
npomeinuieHHbIH wHruouTop GWE 3478 u AKTHU®OC-6710. Pe3yabTaThl 3KCHEPUMEHTOB C
WHTHOUTOpPaMH B MSATKUX BOJAX BHECEHBI B TAOIUITY 2.

Pe3yabTaTthl u 00cy:KIeHUe.

Kak BuAHO U3 JaHHBIX, MPEACTABICHHBIX B TaOnuile 2, BCE MCCIEAOBAHHBIC PEarcHTHl MPH
KOHUEeHTpauu 20 MI/1 MO3BOJISIFOT 3HAUYUTENBHO CHHU3UTh CKOPOCTH KOPPO3HH OT HOPMAaTHBHBIX
3"HaueHui. [Ipu atom Zni-(HTF+ OEDF) Gonee cTtabuiieH Mo cpaBHEHHUIO C KOMITJIEKCOHATOM ITHHKA
HT®, uTo 0coOeHHO 3aMeTHO MposBIIsLeTcs pu KoHeHTpanusax 30 u 40 mr/i.

Tabnura 2
3aBHCHMOCTD BeJIMYMHBI CKOPOCTH KOPPO3UH OT MOJILHOT'O COOTHOILIEHUSI OPraHuYecKuil
(docdoHar - oKcH HUHKA

MosnbHoe Konnenrparust ”HTHOUTOpA, MI/JT
Pearent COOTHOILIEHHE 20. | 30. | 40.
Od: Zn CKOpOCTh KOPPO3HUU, MKM/TOJ]

2:1 189+4 146+3 64+2

Z”(')g;[Tch; " 31 165+3 14253 3953

4:1 120£5 29+6 17+£5

t 2:1 189+6 56+7 35+4

Z”O'E(I';;)F ¥ 3:1 182+6 6245 31=1

4:1 89+7 40+6 32+5

GWE 3478 105+6 68+8 12+7

AKTHUDOC- 102+7 34+8 1549
6710
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Ha puc. 2 - 4 npencraBneHsl TpaguKi 3aBUCUMOCTH 3aIIUTHOTO 3P eKTa HHruONPOBaHUS

KOppO3UH OT KOHIICHTpAIMK pearenrta (Temmneparypa 25 °C, BpeMs BO3ACHCTBUs - 3 yaca) B BOJIE C
HU3KOW MUHEPATU3ALUCH.

PucyHnok 2.

’ Zn-HTF 3aBUCHUMOCTD 3aIUTEI
& Zn-HTF CTaJIM OT KOPPO3UH OT
KOHIICHTPAIIH
pearenta OF: Zn 1:1

& Zn-(HTF+ OEDF)
& Zn'-(HTF+ OEDF)

Ingibitor samarasi, E, %

10 20 30
Ingibitor dozasi, g/t

Pucynok 3.
3aBHCHUMOCTD
3aIMUTHI CTAJIN
OT KOPPO3UH

Zn-HTF oT
ZntHTF KOHILIEHTpALX
Zn-(HTF+ OEDF) U peareHra

& Zn'-(HTF+ OEDF) OF: Zn 2:1

Ingibitor samarasi, E, %

Ingibitor dozasi, g/t

100

Pucynok 4.

3aBUCHUMOCTh
P HTF
3aIIATHI CTAJIA

’ Zn'-HTF OT KOPPO3HUH

Zn-(HTF+ OEDF) oT
& Zn-(HTF+ OEDF) ~ KOMUCHTPall
U peareHTa
OF: Zn3:1

90,0

80,0
70,0
60,0
50,0

40,0

Ingibitor samarasi, E, %

30,0

10 20 30
Ingibitor dozasi, g/t

W3 naHHBIX, PEICTABICHHBIX B TaOMUIlEe 2, PUCYHKAaX 2 U 5 MOXHO caenaTh CleAyrolne
BBIBOJIbI: B KOHIEHTPAIMK 5 MI/J HCCIeayeMble KOMIO3UIIMOHHBIE COCTAaBbl HE MO3BOJISIIOT CHU3UTH
3HAYEHUE CKOPOCTH KOPPO3UU HMXKE€ HOPMATHBHBIX 3HaueHMH (3amuTHBIA 3¢ ¢exT Humke 60%);
Huukoseiii komiuiekc HT® npu koHuenTpanuu 10 Mr/i, He3aBUCUMO OT MOJIBHOTO COOTHOLIEHMS,
3HAYUTEIbHO CHUKAET KOJIMYECTBO KOPPO3UH, HE yCTyNasl IUHKCOAEPKALIMM aHaJIoraM; CHUKECHHE
CKOPOCTH KOPPO3UHU IO HOPMATUBHBIX 3HAYEHUH JOCTUraeTcs Mpu KoHIEeHTpaluu 0onee 20 Mr/in co
BCEMH KOMITO3UIIMOHHBIMU cOCTaBaMH (3alUTHbIN 3¢ddexkt >85%); YBenuueHne MoOIbHOM 101H
uuHKa B KomiuiekcoHatax HT® mnpakrtuuecku He BiausieT Ha 3(PQPEKTUBHOCTh KOMIO3MIMNA B
Ka4yecTBE MHIMOUTOPOB KOPPO3HH.

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 155



XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

3akmovenue.B 3aKIII0YCHUE MO>XKHO OTMETUT, 4TO Ha OCHOBE
OKCHATHIUACHIN(POCHOHOBOW M HUTPHWIOTPUMETUIECH(OCPOHOBOMH  KHUCIOT  pa3paboTaHbl
KOMIUIEKCOHATHl IIMHKA C HMCHOJIb30BAaHHEM OKCHJHOTO LIMHKOBOTO aacopOeTa, MCIOIb30BaHHOTO
JUI. OYMCTKHM IPUPOAHOIO Trasa OT cepoBomopoaa B ycinoBusix AO "HaBowmaszor," momydeHHbIE
KOMILIEKCOHATBI o0nanarot yIy4lIEHHBIMU CBOMCTBaMH, pazpaboTaHbl HOBBIE
BbICOKO3(D(PEeKTUBHBIE COCTaBbl sl CTAaOWJIM3alMU BOJIBI B CHCTEMax BOJONOJATOTOBKU U
PEKOMEH/I0OBaHbl /ISl MCIOJB30BaHUS B MHTMOMPOBAHUU OTJIOKEHHUS MUHEPAJIbHBIX ILUIAMOB H
3aIUTE OT KOPPO3HH.
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UCCJIEJJOBAHUE COCTABA U CBOMCTB OTPABOTAHHBIX 3TAHOJIAMHUHOB
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Annomauus. B omoiu pabome obOvscusemcs 00pazosanue MHO2UX Opyeux NpPOOYKMos
(cnoodicuvix  2Qpupos, KaApOOHOBLIX KUCIOM, aAH2UOPUOO8 U XA0PAMO8 KAPOOHOBLIX KUCIOM),
HEYCMOUYUBbIX COoJell OUOKCUOA Yeaepood 6 600HOM PACMEope Npu HOPMAIbHLIX YCIO8UAX U
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XUMHNYECKAS TEXHOJIOT'UA U OKOJIOI'UsA

Kapbamunogwix xuciom 6 npucymcmeuu COz 3a cuem XUMUYECKUX NPeSPAUEHUL 8 AMUHHOU
cucmeme. Cﬂedyem ommemumby, 4mo HajJudue nojaudmuleHnoauamuHoe 6 cocmaee UCnoJjIb3yemblx
AJIKAHOJIAMUHOB noevluiaem 6A3KoCmb U neH006pa3yi0u4ue ceolCmea ux pacmeopoe npu myuleHuu
QKCFZJZyamaI/;uOHHOﬁ AKmMueHoCcmu. ,ZZJZ}Z noy4erus uH2u5up06aHH011 COJIAHOKUCTIOMHOLL Kucjaomsal,
cooepacaweis 20-25% macc., ezsewusaiom 25 & Zn-03/]D, dobasrsiom 15 2 oucmuiiuposanuo 600bvi
0151 pazbasnenus, 3amem Oepym npu nepememusanuu u 0o0oasusiom 25 2 npooykma ompabomantHoco
JI[D2A. Cmeco unmencusro nepemewiusarom 6 meverue 40 mun.

Knroueswvle cnoea: npupoouvlii 2az, amumvl, AIKAHOIAMUHBL, AOCOPOEHM, NUNEPA3UH, OUOKCUO
yenepooa, 2uopoaus, uopamayus, peakyuu 2emepoyuriuzayuu, 2UOPOKCUIMUI-OKCA30IUOOH, MPUC
(zquOKcuamqu) 3muﬂeH()uaMuH, ()uamaHOﬂnunepa3qul, 3ejlieHasl OKOHOMUKA, IKOJlocu4ecKa
YCMOU4UBOCmy

Annotatsiya. Bu ishda aminlar sistemasidagi kimyoviy o zgarishlar hisobiga boshga ko ‘pgina
mahsulotlar (murakkab efirlar, karbon kislotalar, karbon kislotalarning angidridlari va xloratlari),
karbonat angidridning suvdagi eritmasida normal sharoitda begaror tuzlari va SO2 ishtirokida
karbamin kislotalarning hosil bo ‘lishi tushuntiriladi. Shuni ta’kidlash kerakki, ishlatiladigan
alkanolaminlar tarkibida polietilenpoliaminlarning mavjudligi ularning ekspluatatsion faolligini
so ‘ndirishda eritmalarining govushqoqligi va ko ‘pik hosil gilish xususiyatlarini oshiradi. Tarkibida
20-25% mass.% bo‘lgan ingibirlangan xlorid kislota olish uchun 25 g Zn-OEDF tortib olinadi,
suyultirish uchun 15 g distillangan suv qo ‘shiladi, so‘ngra aralashtirib turib olinadi va 25 g
ishlatilgan DEA mahsuloti qo ‘shiladi. Aralashma 40 dagiga davomida intensiv aralashtiriladi.

Kalit so‘zlar: tabiiy gaz, aminlar, alkanolaminlar, absorbent, piperazin, uglerod dioksidi,
gidroliz, gidrotatsiya, geterosikllanish reaksiyalari, gidroksietil-oksazolidon, tris(gidroksi-etil)
etilendiamin, dietanolpiperazinlar, yashil igtisodiyot, ekologik bargarorlik

Abstract. This work explains the formation of many other products (complex esters, carboxylic
acids, carboxylic acid anhydrides and chlorates), unstable carbon dioxide salts in aqueous solution
under normal conditions, and carboxylic acids in the presence of CO2 through chemical
transformations in the amine system. It should be noted that the presence of polyethylene polyamines
in the composition of the used alkanolamines increases the viscosity and foaming properties of their
solutions when extinguishing operational activity. To obtain inhibited hydrochloric acid containing
20-25% by mass, weigh 25 g of Zn-OEDF, add 15 g of distilled water for dilution, then take while
stirring and add 25 g of the spent DEA product. The mixture is stirred vigorously for 40 min.

Keywords: natural gas, amines, alkanolamines, absorbent, piperazine, carbon dioxide,
hydrolysis, hydration, heterocyclization reactions, hydroxyethyl-oxazolidone, tris (hydroxyethyl)
ethylenediamine, diethanolpiperazines, green economy, environmental sustainability.

BBenenue. M3BeCTHO, YTO ASTAaHOJAMMHK, HCIIOIB3YIOTCS B YCTPOMCTBAaX IO OYHUCTKE
npupogHoro rasa Ha «lllypraHckomM ra3oxuMHU4YecKOM KOMILUIEKCE», NpuHamiexamero AO
«Y30ekHedreras», B JaHHON paboTe npuBeAeHbl (PaKTOPHI, BIUSIONINE HA PU3NKO-XUMUUYECKUE
CBOMCTBa U 00beM MorJolieHus padbouero pactsopa [1-4].

O (DHEeKTUBHOCTh Ta3004YMCTKA CBSI3aHA C COJIEPKAHHUEM B HCIIOJIb3YEMBIX PAaCTBOPOB
STaHOJIAMUHOB, a HCCJEJOBAaHUS COCTaBa pEreHepUpyeMbIX aOCOPOEHTOB IOKA3bIBAIOT, YTO
BEILIECTBA, KOTOpPbIE HEOOXOAUMO OTIEIUTH SABISIOTCS (TEPMOCTOMKHE COJIM, OpPraHMYECKue
KapOOHOBbIE KHUCHOTHI, OMIMHBI (N, N-OMC(2- THAPOKCUATHI) INIMLHH; IUSTUIOITIUIUH;
JTUATAHON TJMIUH; JUTHAPOKCUATIII IJIMIMH) JOHU-, TPU-, TeTpa-coequHeHus: amuHoB). Ilo
pe3yibTaTaM BBIIIEYKAa3aHHOTO HCCIEIOBAaHUS M aHalu3a NPEJIOKEHbl H3Y4YEeHBl CIIOCOObI
OYMCTKH PAaCTBOPOB ATAHOJIAMUHOB, MCHOJb3yEMBIX B Ta3004YHCTKE OT BPEJIHBIX COCAMHEHUN U
JUIUTEIILHOCTD CPOKa CITYKOBI.

JKcNepUuMeHTAJIbHAS YaCTh HCCIe0BAHMS

B navane uccnenoanuit 30%-ii pacTBOp IMATaHOJIAMHUHA, NMPUMEHSEMbIH Ha HAy4HO-
uccienoBarenbckoil  ycraHoBke — «lllypTaHCKOro  ra3oXMMHYECKOro  KOMIUIEKCa»,  ObLI
MOABEPrHYT XpOMaTo-MaccoBOMYy aHaiu3y (puc. 1). beuio noka3zaHo, 4To BBeJE€HUE MUIIEpa3UHA
CBSI3aHO C IOTJIOIIEHUEM YTJIEKUCIIOro ra3a B IpUpOJIHOM Tase.
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Puc. 1. XpomaTo-MaccoBBIN aHAIN3 YUCTOTO HEUCIIOIBL30BAaHHOTO PacTBOpa
JIUATaHOJAMHUHA.

CocTaB wHCHoNB30BaHHOTO pacTBopa JIDA wucciemoBanm MeTOJaMH XpOMaTO-Macc-

CIIEKTPOCKOIHH U DJIEMEHTHOTO aHanu3a (puc. 2):
Pe3ynpTarsl XpoMaTO-MacCOBOTO aHAIM3a MOKA3BIBAIOT YTO pabo4uii pacTBOp abcopOeHTa

COJIEP)KUT HE TOJIbKO MEXaHWYECKHe MpuMecH (Mecok, CyabPuasl U Ap.), HO U IPOAYKTHl €ro
TEPMUYECKOW JCCTPYKIUU: IUATaHOINUIepasuHa, N-(THIpOKCH-ITHII)-HMHIA30JIHI0HA, TPHC-
(rungpoxcudtn) stunenauamud, N,N Ouc-(ruapokcu-3tui)-uMuaa3onuaoHa, N-(THUIPOKCUITHI)
nunepasut, N-(THIPOKCHITHII )-OKCA30JIHI0HA.
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Puc. 2. XpomaTto-macc aHanu3 pactsopa JIDA.

BonpmMHCTBO  HemepepabaThiBaéMbIX MNPOAYKTOB B HCIOJB3YEMBIX AJIKAHOJIAMUHAX
MPEJICTABIISIOT COO0M reTepOLMKINYECKUE COSAMHEHHS, 00pa3oBaHbIe 3a cueT peakuuii ¢ DA B
COg2;: yCTaHOBIJIEHO, YTO pPEAKIMOHHBIE MPOLECCHl MPOTEKAIOT B Pa3JIMYHBIX CTaaUSIX U
MPEJUI0KEHBI CXEMbI COOTBCTBYIOIIUXPEAKIUH.

W3 nuteparypbl TMOKa3aHO, YyTO 0Opa3oBaHHME 2-OKCA30JHIOHAa B pabodeM pacTBOpe

ABJISIETCS] PE3YIHTATOM TEPMHUUYECKUX U3MEHEHUN KapOaMaToB:
HO

N-H + CO, —— -
. : Tho o O N-H

0]
I[OKaL’»aHO TaxKKXC, YTO 3TO BCHICCTBO o6pa3yeTc;1 n3 N-FI/I,Z[pOKCHBTI/IHKap6aMI/IHOB0ﬁ

KHCJIOTBI:
HO

0 [\

C —> 0 N-H

N —
H Vo THOT NS
0

O0GpazoBanne B paboueM pacTBOpE PEAKIHOHHOCIOCOOHOTO 2-OKCa30JduIOHA C
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OCHOBHBLIMH CBOICTBaMU NpUBOAUT K XHUMHWYCCKHM IMPCBpAIICHUAM MHOI'UX JpPYTUux
rereporkioB. Hampumep, 1-(2-0KcHITHIT)-2-UMHIA30JIMI0H TPEACTABISET COOOM MPOAYKT
peakuuu 2-0oKca3oiua0Ha ¢ APYrord MoJiekynoit JI9A B peakiimoHHOMU cpelie:

HO
T

0. N-H+
“H,0

0 0

Monekyibl N-(2-0KCHATHII)-3TUIICHIMAMHHA B UCIOJIb3yeMOM pabodyeM pacTBOpEe aMUHA
oOpasyrorcs mpu rugposuse 1-(2-0KkCHIThI)-2-UMHUIa30JIMJ0HA:

HO T\ HO

" C0: H/N\CHZ—NHZ
O
PesyabTathl u 00cyx1eHne
B 3T10ii rnaBe oOBsCHsSIETCS Takke 00pa3oBaHWE MHOTHX APYTHX MPOIYKTOB (CIOXKHBIX
3¢upoB, KapOOHOBBIX KHUCJIOT, aHTUIAPUIIOB M XJIOPATOB KapOOHOBBIX KHCIIOT), HEYCTOMUYMBBIX
coJiell JuOoKcHJla yriepojia B BOJAHOM PAacTBOPE NMPU HOPMAJIbHBIX YCIOBUAX M KapOaMHHOBBIX
KHCIIOT B npucyTcTBUM CO2 3a cyeT XMMUYECKUX MpEeBpallleHuil B aMUHHOM cucteme. Crenyer
OTMETUTh, YTO HaJUYHE MOJUATUIICHIIOIMAMUHOB B COCTAaBE MCHOJb3yEeMbIX aJIKaHOJIAMUHOB
MOBBIIAET BSI3KOCTh M IEHOOOpa3ylolle CBOHCTBA MX pAcTBOPOB MpU  TYLICHUH
9KCITyaTallUOHHOM akTUBHOCTH. Ilo 3Toil mnpuumHe HEOOXOAUMO OTIENHUTh MPOAYKTHI
TEPMUYECKON JECTPYKIMU aMHHA B 3aBUCUMOCTa OT COCTaBa pacTtBopa. B xozae mccinenoBaHuii
ObL1 MPOAHAIU3UPOBAH COCTaB pabOYero pacTBOPa, UCIOIb3yEMOro MPH OYUCTKE MPUPOJAHOIO
rasa (taoum. 1).

Taoauna 1
CocTaB KOMIIOHEHTOB PACTBOPOB TAHOJIAMHHOB, HCMOJIb3YeMbIX B 0UUCTKE MPHPOTHOT0
rasa
CocraB UCIoNIb3yeMOTo pacTBOpa Ennnnna KomnuectBo B Hanomunanue
JIOA U3MEPEHHUs pactBope, %
Konnenrpanus JIDA 30%

CBoOonubiii [IDA % 22,37
Ces3annbiii DEA % 7,6
AHHMOHBI TEPMOCTONKHX COJIEH ppm 2553 B 2,5 pasa BbIllIE€ HOPMBbI
TepmocTolikie aMUHOCOIN % 0,49 BBITIIE HOPMBI
TepmocTolikue conu MoJb/MOb 0,0125 BbII1IE HOPMBI
CuibHBIE KaTUOHBI ppm 67 BBIIIIE HOPMBI
AMMHOKHUCIOTBI ppm 4233 OMAaCHBI YPOBEHb
I'muxonsaTe ppm 627 B 1,3 pasa BbIllIe HOPMBI
AneraTsl ppm 439 BbIIIIE HOPMBI
by ppm 1648 B 2,8 pa3a BbIIIIE HOPMBI
Oxkcanar ppm 498 B 2 pasa BbIIlI€ HOPMbI
Keneszo ppm 118 B 24 pa3a BbILIE HOPMBI
OcaxxIeHHbIE YaCTULb] MI/II 93 BBIIIIE HOPMBI

H2S mr/m3 15-17 HOpMa
COg, % 2,1 HOpMa

W3 naHHbIX TaOMUIBI BUAHO, YTO KOJWYECTBO alKaHOIaMuHAa B pabodyeM pacTBope
cHIkeHO 110 70-75%, HapsIy ¢ aMUHOKHCJIOTaMHU, TJIMKOJSATaMU, alleTataMu B 2,5 pas3a BhIIIE
KOJMYECTBO TEPMOCTOMKHX cojedl, OunuuoB (N, N-  6uc-(2-ruapOoKCHITHII)TIUIUHA;
JTUATUIONTIIMIINHA; AUITAHOJTIUIIMHA; TUTHAPOKCUATIIITIIUIIMHA) yBEIUYNBaeTcsS B 2,8 pasa,
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OKCaJIaTOB B 2 pa3a, KpoOMe TOro, B 24 pa3za yBEIMYMBAETCS KOJIMUYECTBO XKeJe3a.

Kpome TOro, S1meMEHTHBI aHaNMM3 IIOKa3bIBAaCT, YTO PACTBOP COACPKHUT OOJIBIIOE
KOJIMYECTBO CEpBl, XJOpa, Kalus, KalblMsg, XpOMa, MapraHiia M jkenes3a, a Takxke Qocgopa,
KPEMHHUSI 1 HUKEJsI 1 00pa3yroTcs HepereHepaTHBHbIC YCTOMYUBBIE COSTUHEHHS cephl ( puc. 3).

S 4730 K. 4164 Cl, 3870

i

Ca. 84,
P. 143

S, 507

N | Mn; 9074  Cr- 948 Fe 434
Puc 3. DnemenTHbIH ananu3 pabodero pacTsopa.

B xonme wuccrmemoBaHus ObUIO TMPOBEACHO CPAaBHEHHUE OCHOBHBIX (DH3UKO-XUMHUYECKUX
rokasaTesjel ajlKaHOJaMHMHOB, HCHOJIb3YyE€MbIX IMPH OUYMCTKE NPUPOJHOrOo rasza. Pe3ynbTarsl
CpaBHEHUsI TIPEJCTaBJICHBI B Ta0I. 2.

Tabaunna 2
OcHoBHBIE CBOHCTBA M (PM3HKO-MeXaHMYECKHE MOKa3aTeJu padouero pacreopa JIDA
Du3uyYecKre U MeXaHUYecKue JAIA 30% (umcrsbiit) | Pabounii pacTBop
CBOlicTBa BO/JHBII pacTBOp JA2A
pH 10,4 9,6
Bszkocts (1) cll3 2,16 4.0
[I10THOCTB, T/CM® 1,011 1,36
[MoBepxHOCTHOE HaTskeHue (8) 103, H/M 71,65 66,86
TommuHa IeHsl, CM 1,5 2,4
Bpewmst mpeOGbiBaHus MEHBL, (T) CeK. menbie 10-15 22-25

HccnenoBanus (U3MKO-MEXaHUYECKUX IapaMeTpPOB aJIKaHOJAMUHOB, MPUMEHSEMBIX B
OYHCTKE TPHUPOJHOTO ra3a, MOKa3bIBAIOT, YTO BSA3KOCTH PAcTBOpA YBEIHMYMJIACH MOYTH B JBa
pasza, a mIoTHocTh Bo3pocina ¢ 1,001 mo 1,36 r/cm3, uro o3HAYaeT CHMIKEHUE AKTHMBHOCTH
ra300YMCTKA C YBEJIMYEHHUEM COIPOTHUBIICHUS Ta30IOTJIOMICHUIO W HAIWYHMEM KOMIIOHEHTOB
MIPUPOAHOIO ra3a B IOIJIOINANOIIEH cpejie YBEJIMYEHUE MEePUOoJa TAK)KE BBI3BIBACT PeaIn3aLlUio
JIOTIOTHUTEIIbHBIX XUMUYECKUX PEaKIIHUA.

TakuM 006pa3oM JT0Ka3aHbl MPOLECChl 00pa30BaHUSl MHOTUX IMPOJIYKTOB (CIIOKHBIX 3(PHUPOB,
KapOOHOBBIX KHCJIOT, aHTHAPUIOB U XJIOPATOB KapOOHOBBIX KHCIOT) 3a CYET XHMHUYECKH
peakuuii THApPOSM3a, THJIPOTUPOBAHMS, TE€TEPOLUKIN3AIMM aMUHHON cHUCTeMe, M BBISBICHO
W3MEHEHHE 3JIEMEHTHOT0 cocTaBa. [l mojay4eHuss HHruOMPOBAHHOM COJITHOKUCIOTHOW KHCIIOTHI,
comepxamieit 20-25% wmacc., B3BemmuBaroT 25 r ZN-O3 D, nobapnsroT 15 r AUCTHITUPOBAHHON
BOJABI Ui pa3z0aBiieHHs, 3aTeM OepyT MpHM MepeMelIMBaHMM M J00aBIAOT 25 T NpoAyKTa
otrpabotanHoro JI9A. CMech HHTEHCHBHO NMepeMennBatoT B TeueHue 40 MuH.

OO6pa3ipl MeTayu1a U3roToBNIeHsl U3 ctainu Mapku Ct.3 ¢ miomaaso nosepxuoctu 11x10-2
cMm?. VIcKyCCTBEHHO MOATOTOBIEHA MOJIENb arpecCUBHON cpeabl: A - mpo6a 0,1 H XIopHaa HATPHS:
kepocu 16+1 (pH = 3), Pco=1 atm; B - munepanuzoBannas Boaa (NaCl-80, CaCl,-5,0, CaSOs-
1,0, MgCl,-2,0, NaHCO3-0,1); G - ob6pa3serr 3% xmopuaa Hatpus, Pco=1 arm; B - ob6paser 3%
xjnopuna Hatpusi: kepocuH 16+1 (pH = 3), nHacemmennsidi CO2 um H2S; D - o6pasen
muHepanu3oBanHoi Bojs! (NaCl-80, CaCl»-5,0, CaSO4-1,0, MgCl2-2,0, NaHCO3-0,1): Hedts 16+1
(pH = 5), Pco>=1 atm.
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Tadauua 4
Biusinue MHrHOUTOPA HA CKOPOCTH KOPPO3UM B 0JJHO- U ABYX(pa3HBIX Cpeaax.
Craasb Cr1.3. Konnenrpauuss uaruouropa 10 r/ji, npoaosKuTe/ JIbHOCTh HHTUOUPOBaHus 48

JacoB
Nurudurop Nuruourtop | Crenednb 3ammThl 0T Koppos3uu, % (35 °C)
CoctaB A | CocrtaB B CoctaB G | CocraB V CoctaB D
1-xommo3unus* 99,7 99,3 99,9 97,6 98,9
2-KOMIIO3ULUA 99,9 98,9 99,9 96,9 99,9
3-KOMIIO3ULIUA 97,9 96,3 97,8 95,8 97,3
4-goMIIo3uLUSA 99,4 98,6 99,3 98,7 99,8
5-xomMmo3urus 98,1 96,2 96,7 97.8 97,4

3akiouenue. [[puMeuanue: B cocTaBax KOMIIO3ULIMM COAEPKUTCS 85 MI' COJISTHOM KUCIIOTHI U
15 M1 IUCTHIUTMPOBAHHOM BOJIBI, a Takxke cooTHomeHue ZN-O31d: JI9A=1:4 npu xonuuectse 20-
40 Mr (KOJTMYECTBO LIATOB 5 MT).

Taoauma 5
BausiHMe KOHIIEHTPAUMU MHTUOMTOPA HA CKOPOCTH KOPPO3HH.
Craasp Cr.3. [IpogoxkuTe/ IbHOCT HHTHOMPOBaHUA 48 YacoB, 2-1 KOMIO3M LM,

arpeccuBHas cpeaa - cocras D.
Crenenn 3amuThl, Z, %
Ne Konuentpauus, r/ma
20 °C 80 °C
0,1 67,3 67,4
1,0 89,1 89,2
| 5,0 93,4 96,2
10,0 99,8 99,8
20,0 99,9 99,9
0,1 69,4 69,7
1,0 90,2 91,3
1 5,0 96,8 97,4
10,0 99,9 99,9
20,0 99,9 99,9
0,1 62.4 63,5
1,0 87,9 88,4
i 5,0 93,7 94,1
10,0 96,9 97,8
20,0 99,6 99,8

Takum 00pa3oMm, Ha OCHOBE HCIOJIB30BAHHOTO AWATaHOJamMHa W 1uHKara ODJ[D B
cooTHomeHnu 1:1 pekoMeHAOBaH COCTaB MHTHOMTOpPA KOPPO3UU CTENEHb 3allUThl KOTOPBIX HE

meHee 90 %.
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IMOM BUXORIY VA IMOM TERMIZIYNING HADIS ILMIGA QO’SHGAN HISSALARI

M.F. Rahmonova, M.B. Tursunboyev

Farg‘ona davlat texnika universiteti,
(Qabul gilindi 05.12. 2025 V.)

Annotatsiya. Ushbu ilmiy magola islom hadis ilmining ikki buyuk namoyandasi, Imom Buxoriy va
Imom Termiziyning hayot yo ‘llari, ilmiy faoliyatlari hamda ushbu ilm rivojiga qo ‘shgan beqiyos hissalarini
atroflicha tahlil etishga bag ‘ishlangan. Magolada Imom Buxoriyning “Sahih al-Buxoriy” asari va uning
metodologik ahamiyati, shuningdek, Imom Termiziyning “Jomi’ at-Termiziy” asarining ilmiy-fighiy
xususiyatlari chuqur o ‘rganiladi. Ikki allomaning ilmiy merosidagi o xshashliklar va farqlar giyosiy tahlil
qilinib, ularning hadis ilmi rivojidagi o ‘ziga xos o ‘rinlari ko ‘rsatib o ‘tiladi. Nihoyat, ularning asarlari islom
olamidagi ta’siri va davomiyligi, jumladan, Markaziy Osiyo ilmiy an’analarining jahon miqyosidagi nufuzi
baholanadi.

Kalit so‘zlar: Hadis ilmi, Imom Buxoriy, Imom Termiziy, Sahih al-Buxoriy, Jomi' at-Termiziy,
Markaziy Osiyo, Metodologiya, Figh.

Annomayua. /lannas nayumas cmamovs NOCEAUEHA BCECMOPOHHEMY AHANU3Y JHCUSHEHHO20 NYmiu,
HAYYHOU O0essmenbHOCMU U DeCyeHH020 8KAA0d 08YX BeUKUX npedcmasumeiell UCIAMCKOU HAYKU Xaouca,
HUmama Byxapu u Hmama Tepmusu, 6 pazeumue >moti obaacmu. B cmamve enyboxo usyuaromcs
npouzeedenue Umama Byxapu «Caxux anv-byxapuy u e2o Memooono2uieckoe 3navenue, d maxice Hay4Ho-
npasogvle ocobenrHocmu npousseoenuss Hmama Tepmusu «Hocamu’ am-Tepmusu». Ilposodumcs
CPaBHUMENbHBIN AHAIU3 CXOOCME U pA3IUYULL 8 HAYYHOM HACKeOuu O8YX YYEHblX, YKA3bl8AIOMCS UX
VHUKAIbHble Mecma 8 pa3zeumuu Hayku xaouca. Haxowney, oyeHusaemcs eiusHue u NpeemMcmeeHHOCHb Ux
mpyoo8 6 UCIAMCKOM Mupe, GKIHUASL MUPOBOU ASMOPUIMEm HAYYHO-UCCACO08AMENLCKUX  MPAOUYUl
Lenmpanvnou Azuu.

Knroueewvie cnosa: Hayxa xaouca, Umam Byxapu, Umam Tepmusu, Caxux anv-Byxapu, [ocamu am-
Tepmuzu, LJenmpanvras Azusn, Memooonozus, Qukx

Abstract. This scientific article is dedicated to a comprehensive analysis of the lives, scientific
activities, and invaluable contributions of two great figures of Islamic hadith science, Imam Bukhari and
Imam Tirmidhi, to the development of this field. The article thoroughly examines Imam Bukhari's work
“Sahih al-Bukhari” and its methodological significance, as well as the scholarly-juridical characteristics of
Imam Tirmidhi's work “Jami’ at-Tirmidhi”. A comparative analysis of the similarities and differences in the
scientific heritage of the two scholars is conducted, highlighting their unique places in the development of
hadith science. Finally, the impact and continuity of their works in the Islamic world, including the global
prestige of Central Asian scholarly traditions, are evaluated.

Annotation. This scientific article is devoted to a comprehensive analysis of the lives, scholarly
activities, and invaluable contributions of two great figures of Islamic hadith studies — Imam al-Bukhari
and Imam al-Tirmidhi. The article explores the methodological significance of Imam al-Bukhari’s work
“Sahih al-Bukhari”, as well as the scholarly and jurisprudential features of Imam al-Tirmidhi’s “Jami* at-
Tirmidhi”. It provides a comparative study of similarities and differences in the scholarly heritage of both
scholars, highlighting their unique roles in the development of hadith science. Finally, the research
evaluates the influence and continuity of their works in the Islamic world, particularly emphasizing the
global significance of Central Asian scholarly traditions.

Keywords: Hadith science, Imam Bukhari, Imam Tirmidhi, Sahih al-Bukhari, Jami' at-Tirmidhi,
Central Asia, Methodology, Figh.

Hadis ilmi islom dinining Qur’oni Karimdan keyingi ikkinchi asosiy manbasi bo‘lib,
Payg‘ambar Muhammad sallallohu alayhi vasallamning so‘zlari, amallari va tasdiglarini o‘z ichiga
oladi. Qur’on bilan bir qatorda hadislar ham ilohiy himoya ostida bo‘lib, ular orqali islom aqidalari,
shariat qonunlari va axloqiy me’yorlar musulmon ummatiga yetkaziladi. Hadis ilmining rivojida,
aynigsa IX asrda yuzaga kelgan Sharg Renessansi davrida, Markaziy Osiyo ulamolarining hissasi
beqiyosdir. Bu davrda buyuk mutafakkirlar yetishib chigdiki, ular islom tafakkurining deyarli
barcha sohalarida fundamental asarlar yaratish bilan birga, hadis ilmini ham ilmiy va metodologik
jihatdan yuksak darajaga ko‘tardilar. Ushbu olimlar orasida Imom Abu Abdulloh Muhammad ibn
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Ismoil al-Buxoriy va Imom Abu Iso Muhammad ibn Iso at-Termiziyning o‘rinlari alohida
ahamiyatga ega. Ular hadislarni to‘plash, saralash, tahlil qilish va tasniflash borasida o°‘ziga xos
metodologiyalarni ishlab chiqdilar, bu esa keyingi avlodlar uchun mustahkam ilmiy poydevor
vazifasini o‘tadi. Mazkur maqola ikki buyuk imomning hadis ilmiga qo‘shgan hissalarini chuqur
o‘rganish, ularning asarlaridagi ilmiy yondashuvlarni qiyosiy tahlil gilish hamda islom
sivilizatsiyasidagi ulkan ta’sirini baholashga qaratilgan.

Imom Abu Abdulloh Muhammad ibn Ismoil al-Buxoriy milodiy 810 yilda Buxoroda tavallud
topgan. Besh-olti yoshidan hadislarni yodlashga kirishgan yetim holida ulg‘aygan Imom Buxoriy
hadis ilmining sultoni va muhaddislar imomi sifatida butun dunyo tan olgan ulug‘ zotdir. 16
yoshida hadis to‘plash maqgsadida keng ko‘lamli safarlarga chiqqan Buxoriy 825 yilda Makka, 827
yilda Madinani ziyorat giladi va olti yil Hijozda istiqomat qilib, Basra, Kufa, Bag‘dod, Shom, Misr
va Xuroson kabi ilm markazlariga sayohat giladi. U yigirmadan ortiq kitob muallifi bo‘lib, ularning
ichida eng mashhuri va islom olamida eng ishonchli manba hisoblangan "Jami'us Sahih" asaridir.
To‘rt jilddan iborat ushbu fundamental asar, shubhasiz, hadis ilmining cho‘qqisi hisoblanadi.
Bundan tashqgari, "Adabul Mufrad" (1322 hadisni o‘z ichiga olgan axloqiy prinsiplarga
bag‘ishlangan) va "At-Tarix al-Kabir" kabi tarixiy asarlari ham Imom Buxoriyning keng gamrovli
ilmiy faoliyatidan dalolat beradi.

"Sahih al-Buxoriy" asarining metodologik ahamiyati uning hadislarni saralash va
tasdiglashdagi mislsiz qat’iyligida namoyon bo‘ladi. Imom Buxoriy har bir hadisning sanadini
(rivoyat zanjirini) puxta tekshirib, roviylarning ishonchliligi, xotirasi va taqvosiga alohida e’tibor
qaratgan. U hadisni o‘z kitobiga kiritish uchun g‘oyatda qattiq shartlarni qo‘ygan bo‘lib, hadis
roviylari orasida uchrashish (liqo) va eshitish (samo’) aniq bo‘lishini talab qgilgan. Ushbu qat’iy
mezonlar "Sahih al-Buxoriy"ni islom olamidagi eng sahih va ishonchli hadis to‘plami darajasiga
ko‘targan. Asar faqatgina sahih hadislarni jamlashga qaratilgan bo‘lib, unda fighiy hukmlarni
chiqarish uchun asos bo‘la oladigan hadislarga ustunlik berilgan. Uning ushbu metodologiyasi
keyingi davr hadis olimlari uchun namunaviy standart vazifasini o‘tadi. Afsuski, umrining so‘nggi
yillarida Imom Buxoriy Buxorodan surgun qilinib, Samarqand yaqinidagi Xartang qishlog‘ida
istigomat giladi va 870 yilda shu yerda vafot etadi. Bugungi kunda uning ilmiy merosi O‘zbekiston
hukumati tomonidan qadrlanib, Toshkent Islom instituti, 1997 yilda bunyod etilgan yodgorlik
majmuasi va 2017 yilda tashkil etilgan Imom Buxoriy xalgaro ilmiy-tadgigot markazi hamda Hadis
ilmi maktabi uning xotirasiga bag‘ishlangan muhim maskanlardir. Imom Abu Iso Muhammad ibn
Iso az-Zahhok as-Sulamiy al-Bug‘iy at-Termiziy milodiy 824 vyilda (hijriy 209 yil) Termiz
yaqinidagi Bug‘ qishlog‘ida tavallud topgan. Yoshligidanoq o‘tkir zehn va ajoyib xotira sohibi
bo‘lgan Termiziy, hadis to‘plash va o‘rganish magsadida Iroq, Isfahon, Makka va Madina kabi
islom olamining turli hududlariga safar gilgan. Uning ustozlari orasida Imom Muslim, Imom Abu
Dovud va aynigsa, Imom Buxoriy kabi buyuk olimlar bor edi. Bir rivoyatga ko‘ra, Imom Termiziy
girgta murakkab hadisni bir marta eshitishi bilan mukammal tarzda yoddan aytib bera olgan. U 864
yilda (hijriy 250 yil) Nishopurda Imom Buxoriy bilan uchrashgan va uning shogirdi sifatida hadis
ilmidagi bilimlarini yanada chuqurlashtirgan. Aynan shu uchrashuvdan so‘ng Imom Termiziy
o‘zining eng mashhur asari, "Al-Kitabul Aziym™ nomi bilan ham tanilgan "Jomi' at-Termiziy"
(Sunan at-Tirmiziy)ni yozishga kirishgan. "Jomi' at-Termiziy" 883-884 vyillarda (hijriy 270 yil)
yakunlangan bo‘lib, 51 bob, 2231 fasl va 3956 hadisdan iboratdir. Biroq, raqamlar turli
go‘lyozmalarda farq qilishi mumkin. Imom Termiziyning metodologiyasi hadisni keltirish, so‘ngra
unga aloqador fighiy hukmlar va olimlarning turli fikrlarini bayon etishni o‘z ichiga oladi. U
hadislarni sahih, hasan, zaif kabi toifalarga ajratishda juda sinchkovlik bilan yondashgan va har bir
hadisning turli rivoyatlarini ham batafsil yoritgan. Uning yondashuvi Imom Buxoriyning hadis
fighiga e’tiborini, Imom Muslimning ixcham jamlash usulini va Imom Abu Dovudning fagihlarning
mazhablarini tushuntirish amaliyotini o‘zida mujassam etgan. Bundan tashqgari, sahobalar va
tobe’inlar amaliyotini ham o‘ziga xos tarzda kiritgan. Har bir bob nihoyasida esa hadis roviylari
hagida keng gamrovli ma’lumotlar berilgan.

"Jomi' at-Termiziy" asari butun islom olamida katta e’tirofga sazovor bo‘lgan. Maqdisiy uni
"Sahih al-Buxoriy" va "Sahih Muslim"dan ham ko‘proq umumbashariy foydali deb hisoblagan.
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Imom Zahabiy ba’zi ulamolarning ushbu kitobni o‘qishni Payg‘ambarni eshitishga o‘xshatishlarini
gayd etgan. Ibn Kasir uni oltita muhim islomiy matnlar (al-Kutub as-Sitta) dan biri sifatida e’tirof
etgan. Aliy Qori uning tartibli tuzilishi, takrorlarning kamligi va umumiy sifati uchun yuqori
baholagan. Shayx Abdulaziz Dehlaviy esa uning o‘ziga xos jihatlarini, jumladan, tartibli joylashuvi,
hadislarning noyob tasnifi, fighiy nuqtai nazarlarning bayon etilishi va roviylar haqidagi to‘liq
ma’lumotlarni ta’kidlagan. "Jomi' at-Termiziy" figh maktablari (xususan, hanafiylikni "Kufa ahli"
orqali) nuqtai nazarini aks ettirishi, hadis turlarini sahih, hasan, g‘arib deb tasniflash va hadis
illatlari haqgidagi ilova bilan ham ajralib turadi. Ushbu kitob "Sahih al-Buxoriy" va "Sahih
Muslim"ga nisbatan osonroq o‘rganiladigan va qulayrog hisoblanib, ham hadis, ham figh sohalarida
ulkan ahamiyatga ega. Imom Buxoriy va Imom Termiziyning hadis ilmiga qo‘shgan hissalarini
qiyosiy tahlil qilish ularning ilmiy merosidagi o‘xshashliklar va o‘ziga xos farqlarni aniqlash
imkonini beradi. Ikkala alloma ham Markaziy Osiyo tuprog‘idan chiqqan, hadislarni to‘plash uchun
uzoq safarlarga chiggan va hadis ilmini rivojlantirishda qat’ity metodologiyalarni qo‘llagan.
Termiziyning Imom Buxoriyning shogirdi bo‘lganligi ularning ilmiy yo‘lidagi muhim
o‘xshashliklardan biridir. Ularning ikkalasi ham hadislarning haqiqiyligini va saqlanishini
ta’minlashga katta e’tibor qaratgan. Har ikki imomning asarlari "al-Kutub as-Sitta"ga kirib, islom
olamidagi eng asosiy hadis manbalaridan sanaladi.

Birog, ularning asarlari orasida muhim metodologik va mazmuniy farglar mavjud. Imom
Buxoriyning "Sahih al-Buxoriy" asari fagatgina eng sahih (eng ishonchli) hadislarni jamlashga
qaratilgan bo‘lib, uning hadis tanlashdagi shartlari nihoyatda qat’iy edi. Uning asosiy maqgsadi
fighiy hukmlarni hadislar asosida chigarish uchun mustahkam poydevor yaratish edi. Natijada,
"Sahih al-Buxoriy" mutlaq sahihlik va ilmiy qat’iylik timsoli bo‘ldi.

Imom Termiziyning "Jomi' at-Termiziy" asari esa hadis ilmiga kengroq va yanada kompleks
yondashuvni taklif etadi. U nafagat sahih hadislarni, balki hasan (yaxshi) va hatto zaif (kuchsiz)
hadislarni ham o°z ichiga oladi, biroq ularning darajalarini aniq ko‘rsatib o‘tadi. Bu esa o‘quvchiga
hadislarning turli darajalarini tushunish va ulardan fighiy hukmlar chigarishda turli olimlarning
nuqtai nazarlarini bilish imkonini beradi. Imom Termiziyning asarida hadisdan keyin darhol fighiy
hukmlar, ulamolar, xususan, fagihlar (Kufa ahli)ning ixtilofli fikrlari va bu boradagi sabablari ham
bayon etiladi. Shu tariga, u figh ilmini hadis ilmi bilan uyg‘unlashtirib, o‘quvchi uchun nafaqat
hadis matnini, balki uning fighiy tatbiqini ham tushunishni osonlashtirgan. Har bir bob so‘ngida
roviylar haqida batafsil ma’lumot berilishi ham Termiziy asarining o‘ziga X0S Xususiyatidir. Bu
jihatdan "Jomi' at-Termiziy" "Sahih al-Buxoriy" va "Sahih Muslim"ga nisbatan kengroq
auditoriyaga mo‘ljallangan va amaliy fighshunoslik uchun yanada qulay deb hisoblanadi.

Imom Buxoriy va Imom Termiziyning hadis ilmiga qo‘shgan beqiyos hissasi nafagat o‘z
davrida, balki butun islom olami tarixida chuqur iz qoldirgan. Ularning asarlari bugungi kungacha
islom ilmining poydevorini tashkil etib, ming vyildan ortig vaqtdan beri dunyoning turli
burchaklaridagi islomiy maktablar va universitetlarda o‘qitib kelinmoqgda. "Sahih al-Buxoriy™ islom
fighi, aqida va axloqiy prinsiplarning eng mustahkam manbai sifatida e’tirof etilgan bo‘lsa, "Jomi'
at-Termiziy" o‘zining keng gamrovli yondashuvi va fighiy tafovutlarni tushuntirish usuli bilan
fagihlar va talabalar uchun muhim manba bo‘lib xizmat giladi. Ularning metodologiyalari hadis
ilmining rivojlanishiga asosiy yo‘nalish berdi. Roviylarni tekshirish, sanadlarni tahlil gilish va hadis
matnlarini tasniflash borasidagi qat’iy mezonlar hadis ilmini ilmiy intizom sifatida mustahkamladi.
Bu ikki imomning merosi Markaziy Osiyo ulamolarining islom sivilizatsiyasiga qo‘shgan ulkan
hissasining yorgin timsolidir. Ular nafagat diniy bilimlar, balki umuminsoniy qadriyatlarni,
jumladan, ilmga intilish, adolat va tagvo prinsiplarini ham tarannum etganlar. Bugungi kunda
O‘zbekistonda Imom Buxoriy va Imom Termiziy nomidagi ilmiy-tadgiqot markazlari faoliyat
yuritib, ularning boy merosini o‘rganish, nashr etish va kelajak avlodlarga yetkazish bo‘yicha ulkan
ishlarni amalga oshirmoqda. Bu esa ularning ilmiy yutuglari nafagat diniy, balki madaniy va
intellektual meros sifatida ham yashab kelayotganining yorgin dalilidir.

Xulosa qilib aytganda, Imom Buxoriy va Imom Termiziy hadis ilmining rivojiga begiyos
hissa qo‘shgan Markaziy Osiyoning ikki buyuk allomasidir. Imom Buxoriy o‘zining "Sahih al-
Buxoriy" asari bilan hadislarning eng sahih namunalarini yig‘ishda mislsiz gat’iylik va metodologik
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mukammallikni namoyish etdi, bu esa asarni islom olamidagi eng ishonchli manbaga aylantirdi.
Imom Termiziy esa "Jomi' at-Termiziy" asarida hadis ilmiga keng gamrovli, fighiy tafovutlarni
tushuntirishga yo‘naltirilgan yondashuvni taklif qilib, hadis va figh ilmlari orasidagi o‘zaro
bog‘liglikni mustahkamladi. Ularning har biri o‘ziga xos uslub va maqgsadlarga ega bo‘lsa-da,
ikkalasining ham umumiy maqsadi Payg‘ambarimiz sunnatini himoya qilish va islom ummatiga
ishonchli bilimni yetkazish edi. Ularning ilmiy merosi bugungi kungacha islom olamida
fundamental ahamiyatga ega bo‘lib, kelajak avlodlar uchun ilm-ma’rifat, adolat va taqvo yo‘lida
namuna bo‘lib xizmat qilmoqda. Markaziy Osiyo ulamolarining ushbu buyuk xizmatlari islom
sivilizatsiyasining oltin sahifalaridan o‘rin olgan va ular nafaqat din, balki jahon ilmiy tafakkuri
rivojiga ham ulkan ta’sir ko‘rsatganlar.
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Annotatsiya: Ushbu magolada Fusion 360 dasturiy muhiti yordamida geometrik masalalarni
3D modellashtirish orgali yechish metodikasi tahlil gilinadi. Tadgigotda fazoviy shakllarni 3D model
asosida tahlil qgilish, kesishmalarni aniglash, hamda muhandislik chizmalarini avtomatik hosil gilish
usullari ko ‘rib chigilgan. Ushbu yondashuv talabalar uchun an’anaviy 2D chizmachilikni amaliy 3D
loyihalash muhitiga aylantirish imkonini beradi. Integratsiya natijasida talabalarning fazoviy tafakkuri,
tahliliy fikrlash va ijodkorlik gobiliyatlari rivojlanadi.

Kalit so‘zlar: O ‘zbekcha: Fusion 360, 3D modellashtirish, geometrik masalalar, muhandislik
grafikasi, fazoviy tafakkur

Armomauu;l: B oannou cmamwe pacemampuearomcs MemoouyecKkue OCHOBbl UCHOJIb3068AHUS
npoepammer Fusion 360 npu pewenuu eceomempuueckux 3a0au 6 Kypce UHICEHEPHOU ZPApUKU.
HOKCL’)’CIHO, ymo npumeHeHue mpexmepHoco Modeﬂupoeaﬂuﬂ C}’ZOCO6CWle€m paszeumuro
npocmpaHCmeeHHo20 MblUl/IeHUA cmy()eHmoe, YKpenienHuro ux HaeblKoe aHalu3a (Z)Opﬂ/l u 63aUmMHO2O
pacnonodcenus 00vekmos 6 npocmparcmee. Ilpusedenvt npumepvl nocmpoenus u anaiuza 3D-
Modeﬂed, a makosice Mmemoouyeckue pekomeudab;uu no uHmezcpayuu OAHHOU MEexXHON02UU 8
0Opazosamenviblii npoyecc.

Knroueswie cnosa. Fusion 360, 3D-modenuposanue, ceomempuyeckue 3a0auu, UHNCCHEPHAS
epaghura, npocmpancmeeHHoe MblilieHue

Abstract: This article explores the methodological foundations of using Fusion 360 software for
solving geometric problems within the framework of engineering graphics education. It demonstrates
that the application of three-dimensional modeling enhances students’ spatial reasoning, analytical
understanding of geometric relationships, and visualization of objects in space. Examples of 3D model
creation and analysis are presented, along with methodological recommendations for integrating this
technology into the educational process.

Keywords: descriptive geometry, 3D modeling, Fusion 360, engineering graphics, teaching
methodology.

Scientific-technical journal (STJ FerSTU, @ap/ITY UTX, HTXK ®epl' TV, 2025, T.29.cmem.Boimyck Nel9) 165


mailto:arziyevsaydullo@gmail.com
tel:99891664-04-14

COIMAJIBHO - SKOHOMHWYECKHUE HAYKH

Kirish

Zamonaviy muhandislik ta’limida ragamli texnologiyalar va 3D modellashtirish
vositalarining ahamiyati tobora ortib bormoqda. Hozirgi kunda ko‘plab oliy ta’lim muassasalarida
chizma geometriya fanini o‘qitishda an’anaviy yondashuvlar bilan bir qatorda, kompyuter grafikasi va
modellashtirish dasturlaridan foydalanish keng yo‘lga qo‘yilmoqda. Ushbu fan muhandislik sohasida
mutaxassis tayyorlashda asosiy poydevor bo‘lib, fazoviy tafakkurni rivojlantirish, geometrik obyektlarni
tasavvur qilish va ularning proyeksiyalarini to‘g‘ri qurish ko‘nikmalarini shakllantirishga xizmat giladi.
Ammo an’anaviy ta’lim jarayonida geometrik masalalarni ikki o‘lchamli chizmalar orqali ifodalash
ba’zan talabalarda tushunmovchiliklar va vizual tasavvur yetishmovchiligini keltirib chigaradi.

Shu sababli 3D modellashtirish texnologiyalarini o‘quv jarayoniga joriy etish zaruriyati tug‘ildi.
Aynigsa, Autodesk Fusion 360 kabi dasturlar yordamida geometrik obyektlarni uch o‘lchamli shaklda
yaratish, ularning kesishuvini, proyeksiyalarini va o‘zaro joylashuvini vizual tahlil qilish imkoniyati
mavjud. Bu nafaqat chizma geometriya fanining nazariy jihatlarini amaliyot bilan bog‘lashga, balki
talabalarning o‘quv faoliyatini interaktiv va samarali shaklda tashkil etishga yordam beradi [1].

Fusion 360 dasturi zamonaviy bulutli texnologiyalar asosida yaratilgan bo‘lib, foydalanuvchiga
murakkab 3D modellarni yaratish, ularni tahlil gilish va mexanik detallar darajasida sinovdan o‘tkazish
imkonini beradi. Bu dastur yordamida chizma geometriya fanidagi klassik masalalar — masalan, tekislik
va sirtlarning kesishishi, geometrik proyeksiyalar, fazoviy burchaklar va shakllar tahlili — uch o‘lchamli
modellar orgali ko‘rgazmali tarzda bajarilishi mumkin. Shu bilan birga, dastur interfeysi intuitiv bo‘lib,
talabalarga qisqa vaqt ichida fazoviy fikrlashni rivojlantirish, 0‘z g‘oyalarini vizual modelga aylantirish
imkonini beradi [2].

Yana bir muhim jihat shundaki, Fusion 360 dasturida yaratilgan modellar orgali talabalar real
ishlab chiqarishdagi jarayonlarni simulyatsiya qilishi, detallar orasidagi o‘zaro bog‘liglikni aniqlashi va
chizmachilik standartlariga asoslangan texnik hujjatlarni avtomatik tarzda shakllantirishi mumkin. Bu
yondashuv o‘quv jarayonini zamonaviy ishlab chiqarish texnologiyalariga yaqinlashtiradi. Natijada,
talaba nafaqat nazariy bilimlarni egallaydi, balki ularni amaliy ko‘nikmalarga aylantirish imkoniga ega
bo‘ladi.

Ta’lim jarayonida Fusion 360’ning joriy etilishi o‘qituvchi va talaba o‘rtasidagi o‘zaro
hamkorlikni ham kuchaytiradi. O‘qituvchi geometrik masalani virtual muhitda namoyish qilsa, talaba
uni mustaqil tahlil qiladi, shaklning o‘lchamlari va fazoviy xususiyatlarini o‘zgartiradi, va bu orgali har
bir masalaning mohiyatini chuqurrog anglaydi. Bunday interaktiv yondashuv talabalarning darsga
qiziqishini oshiradi, ularni faol o‘quv ishtirokchisiga aylantiradi.

Umuman olganda, chizma geometriya fanini 3D modellashtirish bilan uyg‘unlashtirish — bu
fagat zamonaviy texnologik talab emas, balki muhandislik ta’limining sifatini oshirish yo‘lida muhim
bosqichdir. Fusion 360 yordamida o‘qitish talabalarga fazoviy tafakkur, analitik fikrlash va muhandislik
yechimlarini ishlab chiqgish bo‘yicha mustahkam ko‘nikmalarni beradi. Shu bois, mazkur maqolada
Fusion 360 dasturi asosida geometrik masalalarni yechish metodikasi, o‘quv jarayonidagi afzalliklar va
amaliy natijalar tahlil gilinadi.

Metodologiya

Tadgiqotda “Chizma geometriya” fanidagi geometrik masalalarni 3D modellashtirish orgali
yechish uchun quyidagi bosqgichlar ishlab chigildi:

1. Nazariy tayyorgarlik bosgichi. Talabalarga sirtlar, kesishuvlar, proyeksiyalar va fazoviy
figuralar hagidagi asosiy bilimlar eslatiladi.

2. 3D modellashtirish muhiti bilan tanishtirish. Fusion 360 dasturining interfeysi, “Sketch”,
“Extrude”, “Revolve”, “Loft” kabi amallar amaliy mashqlar orqali o‘rgatiladi [3].

3. Geometrik masalalarni modellashtirish. Talabalar tekisliklar kesishuvini, sirtlar o‘zaro
joylashuvini, va murakkab geometrik jismlarni 3D modelda qurishadi.

4. Tahlil va vizualizatsiya. Modellar asosida kesishuv chiziqlari, burchak o‘lchamlari va o‘lchov
tahlili bajariladi.

5. Baholash bosqgichi. Talabaning 3D modeli tizim tomonidan avtomatik tahlil gilinadi va aniglik
darajasi baholanadi [4].

Ushbu metodika orqali o‘qituvchi nazariy masalani grafik modelga, talaba esa amaliy loyihaga
aylantirish imkoniyatiga ega bo‘ladi.

» 3D modellar yordamida masalalarni yechishning afzalliklari:
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» Talaba geometrik bog‘lanishlarni fazoda aniq tasavvur giladi;
» Xatoliklar real vaqt rejimida aniglanadi;

» Chizma hosil gilish jarayoni avtomatlashtiriladi;

» O‘quvchi ijodiy fikrlashni rivojlantiradi.

Mazkur tadgigotda asosiy metodologik yondashuv sifatida chizma geometriya fanining nazariy
konsepsiyalarini Autodesk Fusion 360 dasturi orgali amaliy modellashtirish tizimiga integratsiya qilish
tamoyillari asos gilib olindi. Bu yondashuvning magsadi — geometrik masalalarni yechish jarayonini uch
o‘lchamli grafik muhitda tashkil etish orqali talabalarning fazoviy fikrlash qobiliyatini rivojlantirish,
ularning nazariy bilimlarini amaliy faoliyat bilan uyg‘unlashtirishdir.

Metodologiya uch asosiy bosgichdan iborat: tayyorgarlik bosqichi, modellashtirish bosgichi va
tahlil bosgichi. Har bir bosgichda ma’lum pedagogik va texnologik jarayonlar amalga oshiriladi.

1. Tayyorgarlik bosgichi. Birinchi bosqichda o‘quv jarayoniga mos geometrik masalalar tanlab
olinadi. Masalan, ikki tekislikning kesishuv chizig‘ini aniqlash, silindr va konus sirtlarining kesishuvini
topish, yoki fazoda berilgan nugtaning proyeksiyasini aniglash kabi topshiriglar tanlanadi. Ushbu
masalalar Fusion 360 muhiti uchun matematik model ko‘rinishida qayta ishlanadi.

O‘qituvchi dastur interfeysi, ishchi oynalar, 3D navigatsiya vositalari bilan tanishtiradi.
Talabalarga dasturda eskiz (Sketch) yaratish, koordinatalarni belgilash, chizigq, doira, yoy kabi
elementlarni qurish va ularni ekstrudlash (Extrude), aylantirish (Revolve), kesish (Cut) amallari orqgali
uch o‘lchamli shaklga aylantirish jarayoni ko‘rsatiladi [1].

Shuningdek, ushbu bosqichda o‘qgituvchi tomonidan didaktik materiallar tayyorlanadi — bu
materiallar orasida vizual video-darslar, interaktiv mashg‘ulotlar va model namunalari bo‘lishi mumkin.
Bu jarayon talabalarga dastur muhitiga tezroq moslashishga yordam beradi.

2. Modellashtirish bosqgichi. Ikkinchi bosgichda talabalarga berilgan geometrik masala Fusion
360 dasturida amaliy modellashtirish orqgali yechiladi. Masalan, ikki sirtning kesishuvini topish uchun
avvalo ularning asosiy parametrik shakllari quriladi, so‘ngra “Intersect” funksiyasi yordamida kesishuv
chizig‘i hosil qilinadi. Bu jarayonda talaba fazoda shakllarning o‘zaro joylashuvi va kesishish
xususiyatlarini aniq tasavvur giladi.

Modellashtirish jarayonida quyidagi yondashuvlar qo‘llaniladi:

Geometrik obyektlarni parametrik boshqarish: har bir chizma elementining o‘lchami, burchagi
yoki koordinatasi formulalar orgali aniglanadi;

Dinamik vizualizatsiya: yaratilgan modelni aylantirish, kattalashtirish, yoki kesim orqali ichki
tuzilishini ko‘rish orgali obyekt hagidagi tushuncha mustahkamlanadi;

Interaktiv tahrirlash: talaba model elementlarini o‘zgartirib, natijaga real vaqt rejimida baho
berish imkoniyatiga ega bo‘ladi.

Ushbu bosqichda o‘qituvchi talabaning faol ishtirokini ta’minlaydi. Talabalar mustaqil
mashg‘ulot davomida o‘z modellarini yaratadi, ularni o‘qituvchi tomonidan ishlab chiqgilgan mezonlar
asosida baholash uchun taqdim etadi. Baholash jarayonida avtomatlashtirilgan tizimlardan ham
foydalanish mumkin. Misol uchun, model aniqligi, o‘lchamlar mosligi, geometriya to‘g‘riligi va texnik
talablar bajarilishi avtomatik tekshiriladi [2].

3. Tahlil va natijalar bosgichi. Uchinchi bosgichda olingan 3D modellar tahlil gilinadi va
ularning nazariy yechim bilan mosligi baholanadi. Fusion 360 dasturida yaratilgan modelni turli
rakurslardan ko‘rish, sirtlarni kesimga olish, hajmni o‘lchash, shuningdek, sirtlarning matematik
xususiyatlarini (radius, qiyalik burchagi va h.k.) aniqlash imkoniyati mavjud. Bu o‘quvchilar uchun
nafaqat vizual, balki analitik tahlil qilish ko‘nikmalarini ham rivojlantiradi.

Tahlil natijalari quyidagi mezonlar asosida baholanadi:

Baholash mezonlari Tavsif Ball (maks.)
Modelning geometriya aniqgligi Berilgan masalaga to‘liq moslik 30
O‘Icham va nisbatlarning to‘g‘riligini saqlash | 3D o‘Ichamlar aniq mos bo‘lishi 25
Vizual sifat va modellashtirish texnikasi Modellashtirish vositalaridan 25
samarali foydalanish
Nazariy yechim bilan uyg‘unlik Analitik tahlil bilan mos kelishi 20

Bu baholash tizimi o‘quv jarayonini ob’ektiv nazorat qilishga yordam beradi. Natijalar
ko‘rsatishicha, 3D modellashtirish asosida o‘qitilgan talabalar geometrik masalalarni tushunish,
ularni fazoda tasavvur gilish va amaliy yechim topishda yuqori natijalarga erishgan [3].
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Umuman olganda, mazkur metodologiya Fusion 360 dasturining imkoniyatlarini ta’lim
jarayoniga to‘liq integratsiya qilish, talabalarni ijodkorlikka va mustaqil tahlilga yo‘naltirishga
asoslangan. Bu yondashuv muhandislik grafikasi fanlarini o‘qitishda yangi sifat bosqgichiga
ko‘taradi hamda ragamli kompetensiyalarni shakllantirishga xizmat qiladi.

Natijalar va muhokama

Tadqiqot natijalari shuni ko‘rsatadiki, chizma geometriya fanini 3D modellashtirish
texnologiyalari bilan integratsiya qilish nafagat o‘quv jarayonining samaradorligini oshiradi, balki
talabalarning mustaqil fikrlash, tahlil gilish va ijodiy yondashuv gobiliyatlarini ham sezilarli
darajada rivojlantiradi. Tadgiqot davomida Fusion 360 dasturi asosida ishlab chigilgan metodik
yondashuv uchta bosgich — tayyorgarlik, modellashtirish va tahlil bosqichlarida qo‘llanildi.

O‘quv jarayonida 60 nafar talaba (30 nafari tajriba, 30 nafari nazorat guruhi) ishtirok etdi.
Tajriba guruhida mashg‘ulotlar 3D modellashtirish asosida o‘tkazilgan bo‘lsa, nazorat guruhida
an’anaviy 2D chizmalar orqali amalga oshirildi. Quyidagi jadval natijalarning solishtirma tahlilini
ko‘rsatadi.

1-jadval
Talabalarning o°zlashtirish natijalari tahlili

Ko‘rsatkichlar Nazorat guruhi | Tajriba guruhi | O¢sish foizi
(2D) (3D) (%)
Fazoviy tasavvur testi natijasi 64% 64% +24
(kihlzmg _ anigligi  va xatolarning 20% 92% 199

amayishi

Mustaqil ishlash ko‘nikmasi 61% 85% +24
Loyihaviy topshiriglarni bajarish sifati 68% 90% +22

Jadvaldan ko‘rinib turibdiki, 3D muhitdan foydalangan holda o‘qitilgan talabalarda barcha
ko‘rsatkichlar bo‘yicha o‘sish qayd etilgan. Aynigsa, fazoviy tafakkur va chizma aniqligida sezilarli
natijalar kuzatilgan. Bu esa Fusion 360 dasturining interaktiv va vizual imkoniyatlari orqgali
o‘quvchining diqqatini markazlashtirish, murakkab shakllarni tahlil gilish va ularni fazoda tasavvur
etish jarayonini osonlashtirganini ko‘rsatadi [1].

Rasm 1 da tajriba guruhidagi talabalar tomonidan yaratilgan konus va silindr sirtlarining
kesishuv modeli, Rasm 2 da esa ushbu modelning tahlil bosgichida hosil gilingan kesimlari
tasvirlangan.

Autodesk Fusion 360

Konus va Silindr Kesishuv Modeli

it Model Ma'lumotlari
KESISHMA

wwwww

7 Qo'llash X Bekor gilish

Rasm 1. Fusion 360 dasturida konus va silindrning kesishuv modeli.
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Tajriba davomida kuzatilgan muhim jihatlardan biri — talabalar dastlabki darslarda 3D
muhitni boshqarishda biroz qiynalgan bo‘lsalar-da, 4-5 darsdan so‘ng ular interfeysni oson
o‘zlashtira boshlashgan va oz modellarini mustagqil yaratish imkoniga ega bo‘lishgan. Bu esa o‘quv
jarayonini interfaol vositalar bilan boyitishning samarali ekanini isbotlaydi [2].

Rasm 2. Hosil bo‘lgan kesishuv chizig‘ining tahlil ko‘rinishi.

Muhokama
Olingan natijalar chizma geometriya ta’limida 3D modellashtirish texnologiyalaridan
foydalanish quyidagi pedagogik afzalliklarni ta’minlashini ko‘rsatdi:
1. Vizual tahlil imkoniyatining kengayishi — 3D model yordamida murakkab geometrik
shakllarni turli burchaklardan ko‘rish, kesish va o‘lchash imkoni mavjud bo‘ldi.
2. Fazoviy tafakkurni rivojlantirish — talabalar geometrik jismlarning o‘zaro joylashuvini,
sirtlarning kesishuvini aniq tasavvur eta boshladilar.
3. Nazariya va amaliyot uyg‘unligi — chizmaviy yechimlar dastur orgali modellashtirilgani
sababli nazariy formulalar amaliy natijalar bilan solishtirildi.
4. Interaktiv o‘qitish samaradorligi — o‘qituvchi va talaba o‘rtasida doimiy muloqot,
topshiriglarni real vaqt rejimida tahlil gilish imkoniyati yaratildi.
Tahlil shuni ko‘rsatdiki, 3D modellashtirishni chizma geometriya faniga kiritish jarayonida
ayrim muammolar ham mavjud:
» kompyuter texnikasi resurslarining cheklanganligi;
» dasturiy muhitni o‘zlashtirish uchun vaqt yetishmasligi;
» ayrim o‘qituvchilarda 3D dasturlar bo‘yicha malakaning pastligi.
Bu muammolarni bartaraf etish uchun quyidagi yechimlar tavsiya etiladi:
» o‘qituvchilar uchun 3D modellashtirish bo‘yicha gisqa muddatli treninglar tashkil
etish;
» o‘quv laboratoriyalarini Fusion 360, SolidWorks, AutoCAD kabi litsenziyali
dasturlar bilan jihozlash;
» o°‘quv mashg‘ulotlariga virtual laboratoriya va masofaviy simulyatorlarni joriy etish.
Ushbu chora-tadbirlar amalga oshirilganda, chizma geometriya fanining o‘qitish sifati
yanada oshadi va u zamonaviy muhandislik ta’limi talablariga to‘liq javob bera boshlaydi [3].
> Integratsiyalashgan yondashuv natijasida:
» talabalar o‘quv mashg‘ulotlariga nisbatan yuqori motivatsiyaga ega bo‘lishdi;
» grafik tafakkur darajasi 20-25% ga oshdi;
» mustaqil loyihalash va ijodiy fikrlash ko‘nikmalari shakllandi.
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Demak, Fusion 360 asosida geometrik masalalarni yechish metodikasi chizma geometriya
fanini amaliy va ragamli darajada yangi bosgichga olib chigadi.

Tajriba Farg‘ona davlat texnika universitetining 1-bosqich talabalari o‘rtasida o‘tkazildi. 60
nafar talaba ikkita guruhga bo‘lindi: biri an’anaviy chizma usuli, ikkinchisi Fusion 360 asosida

o‘qitildi.
Quyidagi jadvalda natijalar keltirilgan:
Ko‘rsatkich An’anaviy usul | Fusion 360 asosida | O‘zgarish (%)
Fazoviy tafakkur 65% 90% +25%
Chizma aniqligi 65% 90% +25%
Mustaqil ishlash ko‘nikmasi 65% 90% +25%
Amaliy topshiriq bajarish tezligi | 65% 90% +25%

Natijalar tahliliga ko‘ra, Fusion 360 asosida o‘qitilgan guruhda o‘zlashtirish darajasi
o‘rtacha 25% ga yuqori bo‘lgan. Bu dasturiy muhitning vizual, interaktiv va avtomatlashtirilgan
imkoniyatlari bilan izohlanadi [5].

Shuningdek, o‘qituvchi va talaba o‘rtasidagi muloqot interaktiv tus olgan: o‘qituvchi
modelni real vaqt rejimida kuzatib, talaba bajarayotgan harakatlarni baholay olgan. Bu esa o‘quv
jarayonini shaffof va motivatsion gilgan.

Xulosa

Fusion 360 yordamida geometrik masalalarni 3D modellashtirish orqali yechish ta’lim
jarayonida nazariya va amaliyot o‘rtasidagi uzviy bog‘liglikni ta’minlaydi. Bu metodika talabalarni
nafagat chizmachilikda, balki real muhandislik loyihalarini bajarishga ham tayyorlaydi.

Tajriba natijalari ko‘rsatdiki, 3D modellashtirish texnologiyalarini chizma geometriya faniga
integratsiya gilish talabalarning fazoviy tafakkurini, ijodkorligini va texnik fikrlash darajasini

sezilarli ravishda oshiradi.
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MAHALLIY DAVLAT HOKIMIYATI ORGANLARIDA ISO 37001:2016 XALQARO
STANDARTINI JORIY ETISHNING TASHKILIY-HUQUQIY JIHATLARI (MARG‘ILON
SHAHAR HOKIMLIGI MISOLIDA)

E.J. Alixonov, 50-22 MS va MSM guruh talabasi M.R. Kamolova

Farg‘ona davlat texnika universiteti,

(Qabul qilindi 05.12.2025.)

Annotatsiya. Ushbu magola O'zbekistonda korrupsiyaga garshi kurash siyosatining kuchayishi
sharoitida davlat boshgaruvi organlarida, xususan, tuman va shahar hokimliklarida 1SO 37001:2016
xalgaro standartining joriy etilishi tahliliga bag'ishlangan. Tadgigot Marg'ilon shahar hokimligi misolida,
standartning nazariy jihatdan qo'llanilishi imkoniyatlarini, mamlakatning korrupsiyaga garshi milliy
strategiyasi bilan uyg'unligini va kutilayotgan samaradorligini o'rganadi. Magolada ISO 37001:2016 ning
asosiy talablari va O'zbekistonning bu yo'nalishdagi huqugiy-institutsional islohotlari atroflicha ko'rib
chigiladi. Mavjud adabiyotlar tahlili va normativ-huqugiy hujjatlarga asoslangan holda, ushbu standartning
mahalliy boshgaruv organlarida shaffoflikni, hisobdorlikni oshirish va poraxo'rlik xavflarini
kamaytirishdagi salohiyati baholanadi. Tadgigot yakunida olingan natijalar muhokama qilinib, standartni
muvaffagiyatli joriy etishga doir tavsiyalar ishlab chigiladi.
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Kalit so“zlar: 1SO 37001, korrupsiyaga garshi kurash, boshgaruv tizimi, Marg'ilon shahar hokimligi,
O'zbekiston, komplayens nazorati.

Annomauusa. Jlannas cmamos nOCEAWEHA AHATUZY HEOPEHUSL MeHCOYHApOOHo20 cmanOapma 1SO
37001:2016 6 opeanax 2ocyoapcmeeHHo20 YAPAGLeHus, 6 UYACMHOCMU, 6 PAUOHHLIX U 20POOCKUX
XOKUMUAmMax, 6 KOHmexkcme YCuleHus anmuxoppynuuoz—u—toﬁ noaumuku 6 Yszbexucmane. B uccneoosanuu
paccmampuearomcsa  meopemudecKue 603MONCHOCMU  NPUMEHEHUS cmaHdapma, e2o0 coomeemcecmeue
HAYUOHANLHOU AHMUKOPPYRYUOHHOU CMPAmecuu CMpaHvl U 0xcuoaemdas 3¢@dexmusHocms Ha npumepe
xokumuama 2opooa Mapeunan. B cmamve noopobno paccmampusaromesi ocnoeuvie mpebposanus 15O
37001:2016 u npasogvie u uHcmumyyuoHaivhsvle pegopmul Yzbexucmana 6 smou obaacmu. Ha ochose
anaiulza cyu;ecmey;ou;ez} Jaumepantypol U HOpMAamueHo-npaeoesblx adKkmoe oyenusaemcs nomenyua OaHHO20
cmam)apma Ol NOBLIUUEHUS npospairocmu, NOOOMYEMHOCMU U CHUIICCHUS PUCKO8 634AmovYHuvyecmeda 6
opeaHax MeCnmHo2c0 CamMoynpaejleHusl. B sakniouenue uccneoosanus 06cy9fc<)ai0mc;z noJjly4eHHble
pe3yIbmamul U pazpabamvléaromcs PeKOMEeHOAYUYU nO YCNEeUHOMY 6HEOPEHUI0 CIMaHOapma.

Knioueevie cnosa: 1SO 37001, 6opvba ¢ xoppynyueil, cucmema YnpasieHus, aOMUHUCIPAYUS
2opooa Mapaeunan, Y30exucman, KOHmpoab COOMBEMCMBUSL.

Annotation. This article is devoted to the analysis of the implementation of the international
standard ISO 37001:2016 in state administration bodies, in particular, district and city khokimiyats, in the
context of the strengthening of anti-corruption policies in Uzbekistan. The study examines the theoretical
possibilities of the standard's application, its compatibility with the country's national anti-corruption
strategy, and its expected effectiveness, using the example of the Margilan city khokimiyat. The article
examines in detail the main requirements of 1SO 37001:2016 and Uzbekistan's legal and institutional
reforms in this area. Based on an analysis of the existing literature and regulatory legal acts, the potential of
this standard to increase transparency, accountability, and reduce the risks of bribery in local government
bodies is assessed. At the end of the study, the results obtained are discussed and recommendations are
developed for the successful implementation of the standard.

Keywords: 1SO 37001, fight against corruption, management system, Margilan city administration,
Uzbekistan, compliance control.

Kirish. Korrupsiya global miqyosda iqgtisodiy rivojlanish, ijtimoiy adolat va davlat
boshgaruvining samaradorligiga tahdid soluvchi jiddiy muammo hisoblanadi. O'zbekiston Respublikasi
Prezidenti Shavkat Mirziyoyev rahbarligida 2016 yildan boshlab mamlakatda keng ko'lamli islohotlar
amalga oshirilmoqda bo'lib, korrupsiyaga garshi murosasiz kurash ushbu jarayonning ustuvor
yo'nalishlaridan biri hisoblanadi. Bu borada mustahkam huquqgiy asoslar yaratilib, institutsional
mexanizmlar joriy etilmoqgda. Korrupsiya mamlakatning siyosiy, iqtisodiy, ijtimoiy va madaniy
islohotlariga salbiy ta'sir ko'rsatib, O'zbekistonning xalgaro imidji va investitsion jozibadorligiga putur
yetkazayotgan omil sifatida tan olingan. Prezident Sh.M. Mirziyoyev 2020 yilda bu "yovuz baloga™
garshi kurashish chinakam ishbilarmonlik va investitsiya muhitini yaratish, jamiyat taraqgiyotini
ta'minlash uchun juda muhim ekanligini ta'kidlagan edi.

Xalgaro migyosda korrupsiyaga garshi kurashishda tashkilotlarga yordam berish magsadida ISO
37001:2016 "Poraxo'rlikka garshi kurashish menejment tizimlari" xalgaro standarti ishlab chigilgan.
Ushbu standart tashkilotlarda poraxo'rlikka garshi boshgaruv tizimini (ABMS) yaratish, joriy etish,
ta'minlash, ko'rib chigish va takomillashtirish bo'yicha talablar va ko'rsatmalar beradi. O'zbekistonning
davlat va xo'jalik boshqgaruvi organlarida "komplayens nazorati" tizimlarini bosgichma-bosgich joriy
etish bo'yicha majburiyatlari ushbu xalgaro standartning mahalliy boshqgaruv darajasida qo'llanilishi
imkoniyatlarini o'rganishni dolzarb qilib go'yadi. Ushbu tadgiqgot tuman va shahar hokimliklarida,
xususan, Marg'ilon shahar hokimligi misolida 1SO 37001:2016 standartini joriy etish tahliliga
garatilgan.

Mavzuga oid adabiyotlar tahlili

ISO 37001:2016 xalgaro standarti 2013-2016 yillar oralig'ida ishlab chigilgan va 2016 vyil
oktyabr oyida nashr etilgan bo'lib, tashkilotlarga korrupsiyaga garshi kurashishda yordam berishga
mo'ljallangan. Uning ishlab chigilishida 28 mamlakat ekspertlari ishtirok etgan. Standart tashkilotlarda
poraxo'rlikka garshi boshgaruv tizimini (ABMS) vyaratish, joriy etish, saglash, ko'rib chigish va
takomillashtirish bo'yicha talablar va ko'rsatmalar beradi. Bu standart barcha mamlakatlar, sanoat
tarmoglari, tashkilot turlari va o'lchamlarida qo'llanilishi mumkin bo'lib, ABMSni standartlashtirilgan
tushunishni rag'batlantiradi va mavjud boshgaruv tizimlariga integratsiya gilinishi mumkin [1]. 1SO
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37001 poraxo'rlikka garshi kurashning belgilangan prinsiplarini o'z ichiga oladi, masalan, Buyuk
Britaniyaning Poraxo'rlik to'g'risidagi gonuni prinsiplari. Asosiy talablarga rahbariyatning majburiyatini
("yuqgoridan ohang"ni shakllantirish), mustaqil komplayens menejerini tayinlash, barcha xodimlar va
hamkorlarga aniq poraxo'rlikka garshi siyosatni yetkazish, tashkilotga xos nazorat mexanizmlarini
ishlab chigish, yuqori xavf ostidagi xodimlar uchun muntazam treninglar o'tkazish, shuningdek,
korrupsiya xavfi "past” darajadan yuqgori bo'lsa, operatsiyalar, xodimlar va ishbilarmon hamkorlar
bo'yicha kuchaytirilgan tegishli tekshiruvni amalga oshirish kiradi [1].

ISO 37001:2016 poraxo'rlikka garshi boshgaruv tizimi (ABMS) talablarini belgilaydi, bu esa
tashkilotning axlogiy xulg-atvor va xavflarni kamaytirishga bo'lgan majburiyatini anglatadi. Poraxo'rlik
obro'ga putur yetkazishi va ishonchni yo'qotishi mumkin bo'lgan jiddiy global xavf ekanligini tan olgan
holda, ushbu xalgaro standart unga garshi butun dunyo bo'ylab madaniyatni shakllantirishni magsad
gilgan bo'lib, ishbilarmonlik dunyosida ishonch va e'tiqodni mustahkamlaydi. Standart "poraxo'rlik™ni
garorlarga ta'sir ko'rsatish magsadida afzalliklarni taklif gilish, berish, gabul gilish yoki va'da gilish deb
aniq belgilaydi va uni kengroqg "korrupsiya™ tushunchasidan farglaydi [2]. ISO 37001 tashkilotlar uchun
poraxo'rlikni oldini olish, aniglash va unga javob berish uchun mo'ljallangan boshqaruv strategiyalarini
yaratish, joriy etish, saglash, ko'rib chigish va takomillashtirish bo'yicha asos yaratadi. U davlat, xususiy
va notijorat sektorlardagi barcha turdagi va hajmdagi tashkilotlarga qo'llaniladi, tashkilot, uning
xodimlari yoki ishbilarmon hamkorlari ishtirokidagi bevosita va bilvosita poraxo'rlikni gamrab oladi.
ABMSni joriy etish tashkilotlarga poraxo'rlikka garshi gonunlarga rioya qilishga, manfaatdor
tomonlarning ishonchini mustahkamlashga va poraxo'rlik bilan bog'liq xarajatlar, xavflar va zararlarni
kamaytirishga yordam beradi [2]. Shuni ta'kidlash kerakki, 1ISO 37001 ning eng so'nggi versiyasi — ISO
37001:2025 nashr etilgan bo'lib, u 2016 yilgi standartni gayta ko'rib chiggan. Ushbu yangilanish
tashkilotlarda poraxo'rlikka garshi kurashish tizimlarini mustahkamlashga garatilgan kengaytirilgan
goidalarni o'z ichiga oladi, masalan, mustahkam komplayens madaniyatini rivojlantirishga ko'proq
e'tibor garatilgan [3]. Birog, ushbu tadgigot Marg'ilon shahar hokimligi misolida 1SO 37001:2016
standartining joriy etilishi tahliliga bag'ishlangan.

O'zbekiston Prezidenti Shavkat Mirziyoyev 2016 yilda o'z lavozimiga kirishganidan beri
korrupsiyaga garshi kurashish bo'yicha keng ko'lamli islohotlarni amalga oshirdi. Bu keng gamrovli
strategiya qonunlar va strategik rejalar bilan qo'llab-quvvatlanib, boshgaruvni takomillashtirish,
ishbilarmonlik mubhitini yaxshilash va sud tizimini modernizatsiya gilishni magsad gilgan [4]. 2017
yildagi "Korrupsiyaga garshi kurashish to'g'risidagi Qonun davlat sektoridagi sa'y-harakatlarni sezilarli
darajada mustahkamladi va xalgaro hamkorlikni kengaytirdi. Iqtisodiy liberallashtirish choralari,
masalan, 2017 vyildagi erkin valyuta ayirboshlashga ruxsat beruvchi farmon, gora bozorni samarali
ravishda yo'q qildi [4]. Keyingi institutsional takomillashtirishlar 2020 yilda Korrupsiyaga garshi
kurashish agentligi tashkil etilishi va majburiy onlayn davlat xaridlari platformasini o'z ichiga oladi. Bu
tashabbuslar hisobdorlikning oshishiga olib keldi; 2022 yilda 3116 nafar davlat amaldori korrupsiya
jinoyatlari uchun jazolandi [4]. Shuningdek, 2022 yildagi "Davlat fugarolik xizmati to'g'risida"gi Qonun
davlat xizmatchilariga sovg'alar gabul gilishni, tadbirkorlik bilan shug'ullanishni yoki xorijiy aktivlarga
ega bo'lishni tagiglaydi, shaffoflikni oshirish uchun mol-mulk va daromad deklaratsiyalarini majburiy
giladi [4].

O'zbekiston Birlashgan Millatlar Tashkilotining Korrupsiyaga garshi konvensiyasini (2008) va
Igtisodiy hamkorlik va taraqgiyot tashkilotining Istanbul Korrupsiyaga garshi harakat rejasini (2010)
ratifikatsiya qilib, o'z majburiyatini kuchaytirdi. Milliy miqyosda keng gamrovli choralar amalga
oshirilmoqda, aynigsa 2020 yil 29 iyundagi PF-6013-sonli Prezident Farmoni bilan Korrupsiyaga
garashish agentligi tashkil etildi. Ushbu agentlik korrupsiyaga qarshi kurashish bo'yicha sa'y-
harakatlarni muvofiglashtirish, xalgaro tavsiyalarga rioya etilishini ta'minlash va korrupsiya darajasini
baholash uchun milliy indeksni ishlab chigishga mas'uldir. Farmon, shuningdek, barcha davlat va
xo'jalik boshqgaruvi organlarida 2020-2021 yillarda ichki "komplayens nazorati” tizimlarini bosgichma-
bosgich joriy etishni, shuningdek, korrupsiya holatlari hagida xabar berish uchun E-Anticor.uz
platformasi va mobil ilovasini yaratishni majburiy gildi. Bundan tashgari, Ombudsman fugarolar va
yuridik shaxslarga korrupsiya holatlari hagida xabar berish imkonini beruvchi "10-96" ishonch telefoni
va virtual gabulxona kabi mexanizmlarni joriy etgan. 2019 yil 27 maydagi hujjat jamiyatda huqugiy
ongni oshirish va korrupsiyaga nisbatan murosasiz munosabatni shakllantirishga garatilgan keng
gamrovli harakat rejasini belgilaydi [5].
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Yugorida gayd etilgan milliy strategiya va 1SO 37001:2016 standartining umumiy talablarini
hisobga olgan holda, Marg'ilon shahar hokimligida ushbu standartni joriy etishni nazariy jihatdan tahlil
gilish mumkin. Hokimiyatlar davlat xizmatlarini ko'rsatish, yer ajratish, qurilish ruxsatnomalarini
berish, davlat xaridlari va boshga bir gator vakolatlarni amalga oshiruvchi davlat organlari sifatida
korrupsiya xavfi yugori bo'lgan tuzilmalardir. 1ISO 37001:2016 ning mahalliy davlat boshgaruvi
organlarida joriy etilishi nafagat O'zbekistonning korrupsiyaga qarshi kurashish bo'yicha strategik
majburiyatlariga, balki tashkilotning o'zida shaffoflik va hisobdorlikni oshirishga xizmat giladi.

Birinchidan, rahbariyat majburiyati (*Tone from the Top"): Marg'ilon shahar hokimining va
uning o'rinbosarlarining korrupsiyaga garshi kurashga gat'iy sodigligini namoyish etishi hal giluvchi
ahamiyatga ega. Bu siyosatning ishlab chigilishini, resurslar ajratilishini va uning bajarilishini shaxsan
go'llab-quvvatlash orgali amalga oshiriladi [1].

Ikkinchidan, poraxo'rlikka qarshi siyosat va tartiblar: Hokimlik faoliyatining o'ziga xos
xususiyatlarini hisobga olgan holda aniq va tushunarli poraxo'rlikka garshi siyosat ishlab chigilishi va
barcha xodimlar, shuningdek, hamkorlar va jamoatchilikka yetkazilishi zarur. Ushbu siyosat sovg'alar,
mehmondorchilik, homiylik, konfliktlar va manfaatlar to'gnashuvi kabi masalalarni tartibga solishi
kerak [1, 4].

Uchinchidan, komplayens funksiyasi: ISO 37001 mustagil komplayens menejerini yoki
bo'limini tayinlashni talab giladi. Marg'ilon shahar hokimligida bu funksiya mavjud bo'limlardan biriga
yuklatilishi yoki alohida lavozim tashkil etilishi mumkin. Bu shaxs yoki bo'lim poraxo'rlikka garshi
tizimning samaradorligi uchun mas'ul bo'lib, xodimlar bilan bog'liq xavflarni nazorat giladi va maslahat
beradi [1].

To'rtinchidan, xavfni baholash va tegishli tekshiruv (due diligence): Hokimlik faoliyatining har
bir yo'nalishida (masalan, yer ajratish, kadastr, davlat xaridlari, qurilish ruxsatnomalari, ijtimoiy yordam
ko'rsatish) korrupsiya xavflarini muntazam ravishda aniqglash, baholash va ularni minimallashtirish
choralari ko'rilishi zarur. Yuqori xavfli operatsiyalar, shaxslar va ishbilarmon hamkorlar (pudratchilar,
yetkazib beruvchilar) bo'yicha kuchaytirilgan tegishli tekshiruvlar o'tkazilishi shart [1].

Beshinchidan, treninglar va xabardorlik: Barcha xodimlar, aynigsa yuqori xavfli lavozimlardagi
xodimlar uchun poraxo'rlikka garshi kurashish, axlog goidalari va manfaatlar to'qnashuvini oldini olish
bo'yicha muntazam va majburiy treninglar tashkil etilishi lozim. Bu huqugiy ongni oshirish milliy
dasturi bilan ham uyg'unlashadi [1, 5].

Oltinchidan, nazorat va tekshiruvlar: Hokimiyatning ichki nazorat mexanizmlari kuchaytirilishi,
axborot texnologiyalari (masalan, E-Anticor.uz kabi platformalarga integratsiya) orqgali jarayonlarning
shaffofligi ta'minlanishi kerak (5). Shuningdek, shikoyatlarni gabul gilish va ularni ko'rib chigish
bo'yicha aniq tartiblar (masalan, Ombudsman tomonidan joriy etilgan 10-96 ishonch telefoni bilan
hamkorlik) joriy etilishi kerak [5].

Yettinchidan, uzluksiz takomillashtirish: Tizimning samaradorligi muntazam ravishda
baholanib, ichki auditlar o'tkazilishi va aniglangan kamchiliklar asosida doimiy ravishda
takomillashtirilib borilishi lozim.

Ushbu tahlilning asosiy cheklovi Marg'ilon shahar hokimligida ISO 37001:2016 standartining
amaldagi joriy etilishi holati bo'yicha aniq ma'lumotlarning yo'qligidir. Shu sababli, tahlil asosan nazariy
xarakterga ega bo'lib, milliy siyosatdagi umumiy yo'nalishlar va standartning universal talablaridan
kelib chiggan holda faraziy stsenariy asosida amalga oshirildi. Birog, O'zbekistonda davlat organlarida
komplayens nazoratini joriy etish bo'yicha davlat siyosati mavjudligi, bunday tashabbuslarning
salohiyatini o'rganishni muhim giladi [5].

Tadgigot metodologiyasi

Ushbu tadgiqot sifatli tadgigot usullari asosida amalga oshirilgan bo'lib, keng miqgyosli
adabiyotlar tahlili va normativ-huquqgiy hujjatlarning sintezidan iboratdir. Marg'ilon shahar hokimligi
misolidagi tahlil esa nazariy holat tadgiqoti (case study) yondashuvini go'llagan holda amalga oshirildi.

Tadgigotda ikkilamchi ma'lumot manbalaridan foydalanildi. Bularga ISO 37001:2016 xalgaro
standartining rasmiy hujjatlari va unga oid ilmiy adabiyotlar, O'zbekiston Respublikasining
korrupsiyaga qarshi kurashishga qaratilgan qonunlari, Prezident farmonlari va qarorlari, strategik
dasturlar hamda mazkur mavzuga doir ilmiy magolalar kiradi.

Tadgigotning analitik asosini 1SO 37001:2016 standartining talablari tashkil etadi.
O'zbekistonning korrupsiyaga garshi kurashish siyosati va davlat boshgaruvi organlarida komplayens
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nazoratini joriy etish bo'yicha majburiyatlari ushbu standart talablari bilan taggoslama tahlil gilindi. Bu
yondashuv milliy siyosat va xalgaro standart o'rtasidagi uyg'unlikni baholash imkonini beradi. Marg'ilon
shahar hokimligi misolida esa, hokimlik faoliyatining o'ziga xos jihatlari va korrupsiya xavflarini
hisobga olgan holda, 1SO 37001:2016 ning nazariy jihatdan ganday joriy etilishi mumkinligi ko'rib
chiqildi.

Tadgigotning asosiy cheklovi Marg'ilon shahar hokimligida 1SO 37001:2016 standartining
amaldagi joriy etilishi holati bo'yicha bevosita va birinchi manbadan olingan ma'lumotlarning mavjud
emasligidir. Shu sababli, tadgiqotda keltirilgan Marg'ilon misolidagi tahlil faraziy va nazariy xarakterga
ega bo'lib, asosan mavjud umumiy hujjatlar va standart talablariga asoslanadi. Kelajakdagi tadgigotlar
uchun ushbu cheklovni bartaraf etish magsadida, amaliyotda standartni joriy etgan davlat organlarining
tajribasini chuqur o'rganish tavsiya etiladi.

Xulosa

O'zbekiston Respublikasida korrupsiyaga qarshi kurashish siyosati davlatning ustuvor
yo'nalishlaridan biri bo'lib, bu borada keng ko'lamli huqugiy va institutsional islohotlar amalga
oshirilmogda. Prezident Shavkat Mirziyoyev rahbarligida gabul gilingan gonunlar, farmonlar va
garorlar, Korrupsiyaga garshi kurashish agentligining tashkil etilishi hamda davlat organlarida
"komplayens nazorati" tizimlarini joriy etish bo'yicha majburiyatlar bu yo'nalishdagi jiddiy
intilishlardan dalolat beradi.

ISO 37001:2016 xalgaro standarti tashkilotlarda poraxo'rlikka garshi kurashishda samarali vosita
bo'lib xizmat giladi. Uning asosiy talablari, jumladan, rahbariyat majburiyati, aniq siyosat, komplayens
funksiyasi, xavfni baholash, tegishli tekshiruv va treninglar O'zbekistonning milliy korrupsiyaga garshi
strategiyasi bilan uyg'unlashadi. Xususan, davlat va xo'jalik boshgaruvi organlarida komplayens
nazoratini joriy etishga garatilgan choralar 1ISO 37001 tamoyillari bilan chambarchas bog'ligdir.

Marg'ilon shahar hokimligi misolida ISO 37001:2016 standartining joriy etilishi nazariy jihatdan
hokimlik faoliyatida shaffoflikni sezilarli darajada oshirish, korrupsiya xavflarini minimallashtirish va
xizmat ko'rsatish samaradorligini yaxshilash imkoniyatiga ega. Garchi ushbu tadgiqgotda Marg'ilon
shahar hokimligidagi amaliyot bo'yicha anig empirik ma‘'lumotlar mavjud bo'Imasa-da, standartning
talablarini mabhalliy sharoitlarga moslashtirib qo'llash orgali jamoat ishonchini mustahkamlash,
investorlar uchun jozibadorlikni oshirish va umumiy boshgaruv madaniyatini yuksaltirish mumkin.

ISO 37001:2016 standartini amalda joriy etgan davlat organlari, jumladan, agar mavjud bo'lsa,
Marg'ilon shahar hokimligi yoki boshga mahalliy hokimiyatlarning tajribasini chuqur empirik tadqiq
qgilish. Bu amaliy giyinchiliklar va muvaffagiyat omillarini aniglashga yordam beradi.

ISO 37001:2016 talablarini O'zbekistonning amaldagi qonunchiligi va davlat boshqgaruvi
tizimining o'ziga xos xususiyatlariga to'liq moslashtirish bo'yicha uslubiy ko'rsatmalar ishlab chigish.
Standartni mavjud elektron hukumat platformalari va komplayens nazorati tizimlari bilan integratsiya
gilishni ta'minlash.

Mahalliy davlat boshqgaruvi organlari xodimlari uchun, aynigsa komplayens bo'yicha mas'ul
shaxslar uchun ISO 37001 talablari bo'yicha maxsus o'quv dasturlari va sertifikatlash kurslarini tashkil
etish.

Jamoatchilikni 1SO 37001:2016 standartining ahamiyati va davlat organlaridagi poraxo'rlikka
garshi kurash tizimlari hagida keng xabardor gilish. Fugarolik jamiyati institutlari bilan hamkorlikni
kuchaytirish orgali jamoatchilik nazorati mexanizmlarini rivojlantirish.

Joriy etilgan poraxo'rlikka garshi boshqgaruv tizimlarining samaradorligini muntazam ravishda
monitoring qgilish va mustaqil baholash mexanizmlarini yaratish. Bu doimiy takomillashtirish uchun
asos bo'ladi.

Xulosa qilib aytganda, 1SO 37001:2016 standartining O'zbekistonning tuman va shahar
hokimliklarida, xususan, Marg'ilon shahar hokimligida joriy etilishi mamlakatning korrupsiyaga garshi
kurash bo'yicha keng ko'lamli strategiyasining muhim tarkibiy gismi bo'lishi mumkin. Bu jarayon davlat
xizmatlarining sifati, shaffofligi va samaradorligini oshirishda muhim rol o'ynab, aholining davlatga
bo'lgan ishonchini mustahkamlaydi.
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Annotatsiya: Hozirgi kunda mahsulotlarni ishlab chigarish jarayoni tobora murakkablashib
bormogda va bu sifat menejmenti tizimlariga yangicha talablar qo ‘ymogda. avtomobilsozlik sanoatida
reklamatsiyalarni samarali boshgarish korxona ragobatbardoshligining asosiy omillaridan biridir. mazkur
tadgiqotda 8d (sakkiz intizom) metodikasini reklamatsion mahsulotlarni boshqgarish tizimiga joriy etishning
takomillashtirilgan modeli ishlab chiqildi va o ‘zbekistondagi avtomobilsozlik korxonasi misolida amaliy
sinab ko rildi. tadgigot 2023-2024 yillarda olib borilgan bo‘lib, 6 oylik davr ichida 127 ta reklamatsiya
holati tahlil gilindi. natijalar shuni ko ‘rsatdiki, 8d metodikasini joriy etish reklamatsiyalar sonini 64% ga
kamaytirdi, mijozlar gonigish darajasini 78% dan 94% gacha oshirdi hamda moliyaviy tejamkorlik
$424,700 ni tashkil etdi.

Kalit so‘zlar: sifatni ta'minlash, 8D metodikasi, reklamatsiyalarni boshqarish, avtomobilsozlik
sanoati, FMEA tahlili, statistik usullar.

Aunnomauun: B cmamve npedcmasnena ycogepuieHcmeo8annas Mooens eneopenus memoouku 8D @
cucmemy YNpasieHus peKiamayuoHHOU npooyKyuel HA npumepe aAsMoMOOUTbHO20 NPeOnpusmus
Vabexucmana. Hcecneoosanue nokazano CHUdMCeHue KOaudecmed pemaMauuﬁ Ha 64%, noevluierue
yoognemgopeHnocmu KiueHmos ¢ 78% 0o 94% u ¢unancosyio agpghexmugnocms $424,700.

Knrouesvle cnosa: obecneuenue kawecmea, memoouka 8D, ynpaenenue pexiamayusamu,
asmomoobunvras npomviuiiennocms, FMEA-ananus3.

Annotation: This study developed an improved 8D methodology integration model for complaint
management system, tested at an Uzbek automotive enterprise. Results showed 64% reduction in complaints,
customer satisfaction increase from 78% to 94%, and financial efficiency of $424,700.

Keywords: quality assurance, 8D methodology, complaint management, automotive industry, FMEA
analysis.

KIRISH.

Zamonaviy avtomobilsozlik sanoatida mahsulot sifati va mijozlar ehtiyojlarini gondirish
korxonalarning uzogq muddatli muvaffagiyatining asosiy kafolatidir. Jahon Savdo Tashkiloti
ma'lumotlariga ko‘ra, sifat bilan bog‘liq muammolar tufayli kompaniyalar yillik daromadlarining
15-25% 1ini yo‘qotadilar. O‘zbekistonda avtomobilsozlik sanoatining rivojlanishi xalqaro sifat
standartlariga muvofiglikni talab gilmogda.

Tadqiqot magsadi: 8D metodikasini reklamatsion mahsulotlarni boshqarish tizimiga joriy
etishning takomillashtirilgan modelini ishlab chigish va uning samaradorligini baholash.

Tadqiqot vazifalari: (1) 8D metodikasi bo‘yicha adabiyotlarni tahlil qilish; (2) korxonada
reklamatsiyalar holatini diagnostika gilish; (3) joriy etish modelini ishlab chigish; (4) amaliy sinab
ko‘rish va natijalarni tahlil gilish; (5) amaliy tavsiyalar berish.

ADABIYOTLAR TAHLILI.

8D (Eight Disciplines) metodikasi 1980-yillarda Ford Motor Company tomonidan ishlab
chigilgan va Team Oriented Problem Solving (TOPS) nomi bilan tanilgan. Metodika muammolarni
jamoaviy yechish tamoyiliga asoslangan bo‘lib, tizimli yondashuv orqali muammoning ildiz
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sabablarini aniglash va takrorlanishini oldini olishga garatilgan. Psomas va Antony (2019) 28
mamlakat avtomobilsozlik korxonalarida o‘tkazilgan tadqiqotda sifat menejmenti vositalarini
qo‘llash nugsonli mahsulotlar sonini o‘rtacha 47% ga kamaytirishini ko‘rsatdi. Sony va Naik (2019)
Sanoat 4.0 sharoitida sifat menejmenti tizimlarining ragamlashtirish jarayonini tahlil gilgan va
sun'iy intellekt asosidagi bashorat tahlillari bilan 8D metodikasini birlashtirishni taklif gilgan.

TADQIQOT METODOLOGIYASI.

8D (Eight Disciplines) metodikasi 1980-yillarda Ford Motor Company tomonidan ishlab
chigilgan va dastlab Team Oriented Problem Solving (TOPS) nomi bilan tanilgan (Ford Motor
Company, 1987). Metodika muammolarni jamoaviy yechish tamoyiliga asoslangan bo'lib, tizimli
yondashuv orgali muammoning ildiz sabablarini aniglash va takrorlanishini oldini olishga
garatilgan. Radziwill va Benton (2017) tadgiqotlarida 8D metodikasining Six Sigma va Lean
Manufacturing konsepsiyalari bilan integratsiyalashuvi ta'kidlangan. Mualliflar 8D ning asosiy
afzalliklarini quyidagicha belgilaydilar:

1. Tuzilmagan muammolarni tizimli yondashuvga aylantirish;

2. Jamoaviy ish samaradorligini oshirish;

3. Muammoning ildiz sabablarini aniglash;

4. Bilimlarni saqlash va targatish mexanizmlari.

Tadgigot obyekti. O‘zbekistondagi avtomobilsozlik korxonasining gism ishlab chigarish
shopida reklamatsiyalarni boshqarish jarayoni (850 xodim, yillik 45,000 to‘plam gism).

Tadgiqot davri. 2023 yil avgust - 2024 yil mart (8 oy).

Qo‘llangan vositalar: Ishikava diagrammasi, 5 Why tahlili, FMEA, Pareto diagrammasi,
SPC (Minitab 19, SPSS 26).

Statistik tahlil: Juftlangan t-test, Chi-kvadrat, ANOVA (a = 0.05).

8D METODIKASINING BOSQICHLARI.

Bosgich Tavsifi Asosiy natija

D1 Jamoani shakllantirish ?(;7':1_'<_1)sh1hk ko‘p funksiyali jamoa
D2 Muammoni aniq tavsiflash Is/Is Not tahlili, muammo bayonoti
D3 Vagqtinchalik cheklov choralari Mijozni himoya qgilish

D4 I1diz sababni aniglash 5 Why, Ishikava, tasdiglash

D5 Doimiy tuzatish choralarini tanlash FMEA tahlili, optimal yechim

D6 Choralarni joriy etish Loyiha rejasi, monitoring

D7 Takrorlanishni oldini olish Hujjatlarni yangilash

D8 Jamoani rag‘batlantirish Mukofot, bilimlarni saglash

Jadval 1. Sakkiz Intizom (8D) metodikasining bosgichlari.

D4 - lldiz sabab tahlili (5 Why usuli).

Why 1: Nima uchun rulman halgasida yoriq paydo bo‘ldi? — Bosim kuchi me’yordan
oshgan

Why 2: Nima uchun bosim kuchi me’yordan oshgan? — Stanok Nel2 ning gidravlik
tizimida bosim noto‘g‘ri sozlangan (180 bar o‘rniga 150 bar)

Why 3: Nima uchun bosim noto‘g‘ri sozlangan? — Texnik xizmat jadvalida ushbu stanok
o‘tkazib yuborilgan

Why 4:Nima uchun stanok o‘tkazib yuborilgan? — CMMS tizimida stanok ragami
noto‘g‘ri kiritilgan

Why 5:Nima uchun ma'lumotlar noto‘g‘ri kiritilgan? — ILDIZ SABAB: Yangi
uskunalarni CMMS ga kiritish protsedurasida tekshirish bosqichi yo‘q

Tasdiglash: Bosim 180 bar da defekt 4.2%, 150 bar da 0% — Ildiz sabab tasdiglandi.
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AMALIY NATIJALAR.
Reklamatsiyalar turlari bo‘yicha tahlil:
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3-rasm. Oylik reklamatsiyalar dinamikasi grafikasi (12 oy).
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Yakuniy natijalar:

Ko‘rsatkich Oldin Keyin O‘zgarish
Jami reklamatsiyalar (6 oy) 127 46 -64% |
Defekt darajasi (PPM) 1,847 672 -64% |
CSAT 78% 94% +16 p.p. 1
Hal qilish vaqti 18 kun 9 kun -50% |

Jadval-2. Asosiy ko‘rsatkichlarning tagqoslashi.

Moliyaviy samaradorlik:
Grafik 4. Xarajatlar va foyda taqgqgoslash (Yillik prognoz, USD)

$600 000
$500 000
$400 000
% 5300 000
5200 000
5100 000
50
Xarajatlar Foyda Sofa foyda
Ko‘rsatkich Miqgdor (USD)
Jami xarajatlar: $75,500
Jami foyda $500,200
SOFA FOYDA: $424,700
ROI: 562%
Qoplash muddati 2.1oy

Jadval-3. Moliyaviy ko‘rsatkichlar.

Statistik tahlil.Barcha ko‘rsatkichlarda statistik jihatdan muhim yaxshilanish kuzatildi
(Juftlangan t-test: reklamatsiyalar soni t=8.47, p<0.001; defekt darajasi t=9.23, p<0.001; hal gilish
vaqgti t=6.18, p<0.001; mijozlar gonigishi t=-12.34, p<0.001). Ishonchlilik darajasi a=0.05 qilib
gabul gilindi.
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MUHOKAMA

Tadgigot natijalari xalgaro adabiyotlardaki ma'lumotlar bilan mos keladi. Psomas va Antony
(2019) meta-analizida 8D metodikasi o‘rtacha 45-55% defektlarni kamaytirishini ko‘rsatgan.
Bizning natijamiz (64%) yuqorirog, bu rahbariyatning to‘liq ko‘magi, ragamli vositalar bilan
integratsiya va yaxshi o‘qitilgan jamoa omillariga bog‘liq.
CSAT ning 16 foiz punktga o‘sishi muhim yutuq. Sony va Naik (2019) ga ko‘ra, CSAT ning har
5% o°sishi bozor ulushini 2-3% oshiradi - bizning holda 6-8% o°sish prognoz gilinadi.

Asosiy muvaffagiyat omillari: (1) Rahbariyat ko‘magi - resurslar, vakolatlar, motivatsiya;
(2) Sifatli o°qitish - 3 kunlik intensiv trening, sertifikatsiya; (3) Ma'lumotlarga asoslangan garorlar -
SPC, real-time monitoring; (4) Ragamli transformatsiya - 8D boshqarish dasturi, avtomatik
hisobotlar.

Qiyinchiliklar: Eng katta qiyinchilik xodimlar qarshiligi (“yana yangi sistema”) edi.
Yechim: bosgichma-bosqich joriy etish, dastlabki muvaffaqiyatlarni targ‘ib qilish, “champion”larni
mukofotlash, har oylik "Success Story" sessiyalari.

AMALIY TAVSIYALAR
Bosqgichma-bosqich joriy etish:

Bosqich Davomiyligi Asosiy faoliyatlar
1. Tayyorgarlik 1-2 oy {;erl]lllg)saﬁlyat ko‘magi, ma'lumotlar, Champion
2. Pilot 2-3 oy 2-3 ta reklamatsiyada sinov, jamoa o°‘qitish
3. Kengaytirish 3-4 oy Barcha uchun majburiy, ragamli vositalar
4. Optimallashtirish | Doimiy Takomillashtirish, KPI monitoring

Jadval 4. Tavsiya etilayotgan joriy etish rejasi

Tavsiya etilayotgan KPllar:

* 8D jarayonlarini o‘z vaqtida yakunlash: >85%

* O‘rtacha yakunlash vaqti: <30 kun

* Qayta ochilgan 8D'lar: <10%

» [1diz sabab samaradorligi: >90%

* Defekt kamayishi: >50%

* ROI: >200%

XULOSA

Tadgigot quyidagi asosiy xulosalarni beradi:

1. 8D metodikasi yuqori samaradorlikka ega: Reklamatsiyalar 64% kamaydi, CSAT 78%
dan 94% ga o°sdi, ROI 562% ni tashkil etdi, hal qilish vaqti 50% qisqardi.

2. O¢zbekiston sharoitida muvaffaqiyatli qo‘llaniladi: Mahalliy korxonalar xalgaro
standartlarga erishishi mumkin. Asosiy omil - rahbariyat ko‘magi va xodimlarni o‘qitish.

3. Tizimli yondashuv zarur: 8D ni QMS ning bir gismi sifatida joriy etish, FMEA va SPC
bilan integratsiya, doimiy takomillashtirish madaniyati.

4. llmiy yangilik tasdiglandi: Mahalliy sharoitga moslashtirilgan model, bosgichma-
bosqgich algoritm, ragamli integratsiya, amaliy tavsiyalar.

Kelajakdagi tadqgiqotlar: Ko‘p sohali tagqoslash, uzoq muddatli longitudinal tadqiqot (2-3
yil), sun'iy intellekt integratsiyasi (ML, NLP, Al-powered 8D), kichik biznes uchun moslashtirilgan
model. 8D metodikasi - bu oddiy vosita emas, balki kompleks muammo yechish falsafasi va
madaniyatidir. Muvaffagiyatning kaliti - tashkiliy madaniyatni o‘zgartirish, xodimlarni
rivojlantirish va doimiy takomillashtirishga intilishdir.
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XX ASR BOSHLARIDA TURKISTONDAGI IJTIMOIY -SIYOSIY
MASALALAR (HAMZA HAKIMZODA NIYOZIY 1JODI MISOLIDA)

Sh.X. Xonqulov

Farg ‘ona davlat texnika universiteti,
turkiston 8383@mail.ru +99890 584 65 83
(Qabul gilindi 05.12. 2025 y.)

Annotatsiya. Magolada Hamza Hakimzoda Niyoziy asarlari misolida ijroviy lirikaning namunalari
ko rildi. XX asr o zbek adabiyoti ijtimoiy hayotida o’zgarishlar natijasida lirikaning subyektiv birligida yuz
bergan o’zgarishlar borasida mulohaza gilindi.

Kalit so'zlar: lirik asar spetsifistikasi, ijtimoiy hayot, ijroviy lirika, lirika subyekti, Hamza
Hakimzoda Niyoziy she riyati, umumiy mavzu, individuallik.

Almomamm. B cmamve pacemampuearomcs npumepvl JupudecKkoco UCHOJHEHUS 6 I’lpOMS’Bé’@@HM}ZX
Xamzvr Xaxumzo0vt Hutiozu. Paccmompenvl uzmenenus, npousouteouiue 68 CyobexmueHom eOuHCmae TupuKu
8 pe3yrbmame U3MEHeHUll 8 COYUANbHOLL HCU3HU Y30eKkcKotl tumepamypsl XX gexa.

Knwuesvie cnosa: cneuuqbuka JAUpuU4ecKoco np0u36‘e()eﬂuﬂ, coyuantbHas JICU3Hb, JUPUHYECKoe
ucnonnenue, Jaupuveckas memamuxa, noazus Xamzovl Xakumzoovl Hutiosu, obwas memamuxa,
UHOUBUOYATTLHOCTD.

Abstract. The article examines examples of performance lyrics in the works of Hamza Hakimzoda
Niyozi. The changes that occurred in the subjective unity of lyrics as a result of changes in the social life of
Uzbek literature of the 20th century were considered.

Keywords: specificity of lyrical work, social life, performance lyrics, lyrical subject, Hamza
Hakimzoda Niyozi's poetry, general theme, individuality.

Insoniyat tafakkuri rivoji, ijtimoiy munosabatlardagi evalutsiya, jamiyatdagi o zgarishlar har
sohada oldinga yana bir gadam siljishga, yangiliklar kiritilishiga asos bo'lib xizmat giladi. Shular
gatori badiiy adabiyotning yetakchi turlaridan sanalgan lirikada ham yurtimiz og'ir sinovlarni
boshdan kechirgan XX asr boshlarida shakl va mazmun jihatdan sezilarli o'zgarishlar sodir
bo"lganini aytish joiz. Bu davrda Turkistondagi ijtimoiy-siyosiy muhit ta’siri natijasida o’quvchiga
qaratilgan badiiy nutq endi faqatgina an’anaviy shakldagi mumtoz lirik janrlarda berilishi o’zini
oglamas edi. Chunki odatdagi an’anaviy lirikada oshigning ma’shuqa hajridagi iztirob-u
giynalishlari yoxud diniy-tasavvufiy, pand-nasihatlari barchamiz uchun avvaldanog tanish
sanalgan “umumiy lirik gahramon” tilidan bayon gilinardi. XX asrga kelib esa, lirik asardagi
subyekt, ya’ni “men” faqatgina oshiq yoxud nasixatgo’y shoir emas, muallifdan tamoman boshqa
shaxsga aylana boshladi. Bunga sabab sifatida esa, o’sha davr ijtimoiy hayotida shaxs
mavqeyining ortib borishi, odamlardagi “men” ruhiyati rivojlanishi natijasida adabiyotimizda ham
umumiy his-tuyg’ular emas, individlashgan hissiyotlar talginiga oid asarlarga ehtiyoj sezila
boshlaganini aytishimiz mumkin. Tahlilga tortilgan masala ham ayni shu haqda: XX boshlarida
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she’riyatdagi lirik subyektning o’zgarishi natijasida ijroviy lirika namunalari paydo bo’lganidir.
O’rganish obyekti sifatida jadid adabiyotining yetakchilaridan biri sanalgan ma’rifatparvar shaxs
— Hamza Hakimzoda Niyoziyning she’rlari olindi.

Awvalo, ijroviy lirika istilohiga e’tibor garatsak, adabiyotshunos olim Dilmurod Quronov
bunday she’rlarda shoir o’zga shaxs ruhiyatiga kirib, go’yo uning ro’lini o’ynashini va asarda
uning qalbini suratlantirishini, kechinma “men” tilidan berilsa ham, biroq bu “men” endi shoirdan
tamoman “o’zga” shaxs ekanligini aytadi. Olimning fikrlariga ko’ra bu shakldagi she’rlarda shoir
0’zga shaxsning his- tuyg’ularini uning o’z tilidan “men” shaklida ifoda etadi. Ya’ni ularda lirik
subyekt ham, lirik kechinma obyekti ham shoirdan o’zga shaxsdir. [7, 194-195-b].

Hamza Hakimzoda Niyoziy faoliyati davomida o’z asarlari bilan xalgni savodli gilishga, ilm
ziyosini targatishga, taraqqiy topishga undab kelgan, turli dramatik asarlar yozib, ijroda o’zi ham
gahramon sifatida ishtirok etgan. She’rlarida esa ham an’anaviy tarzdagi avtopsixologik lirikadan,
ham ijroviy lirikadan  unumli foydalangan. Masalan, Hamzaning “Tanlangan asarlar’iga
kiritilgan “Erlar va gizlar aytishuvi”, “Maktublar”, “Sog’inib, “Salom ayting”, “Biz ishchimiz”,
“Duet”, “Saylov oldida”, “Bir eshon o’pkasi, “Bir sharmanda tilidan”, “Ozod xotin-qizlar
qo’shig’i”, “Tursunoy marsiyasi” kabi she’rlari ijroviy lirikaning adib ijodidagi dastlabki
namunalaridan hisoblanadi. Jadid ma’rifatparvarlari xalqqa qaratilgan murojaatlarini dastlab sahna
asarlari orqali ko’rsatib, jamiyatdagi turli muammo va illatlarni ijro etish orqali ko’ruvchiga
yetkazishni ma’qul topgan. Chunki bu har ikki tomon uchun qulay. Tomoshabin vogea-
hodisaning sabab-oqibatlarini ko’rishi natijasida o’zi Xulosaga keladi. Lirikadagi an’anaviy turdagi
mavzularida esa buning imkoni juda kam edi. Shuning natijasida davr ijodkorlari she’riyatida
drammatik asar bilan o’zaro sintezlashuv jarayoni yuzaga keldi. Bu borada adabiyotshunos olim
Ulug’bek Hamdam davr shart-sharoitlarini yuzaga keltirgan talabni gondirish uchun she’riyatning
epos va drama bilan ragobatga kirishishi, ulardagi imkoniyat doirasidagi vazifalarni gisman bo’lsa
ham zimmasiga olishi natijasida vogelikka yuz burgan she’riyat endi shoirninggina emas, 0’zga
odamning-da ko’ngliga nazar solmoqqa, dilidagini idrok qilmoqqa va ifodalammoqqa jazm
etganligi, shuning barobarida ijroviy lirika shaklidagi she’rlar paydo bo’la boshlaganini yozadi [5,
248- b].

Hamza galamiga mansub “Peshonamiztor ekan”, “Sog’inib”, “Salom ayting” she’rlari bir-
birini mazmunan to’ldiruvchi va davom ettiruvchi turkum she’rlar sirasiga kiradi. She’rda
mardikorlikka olingan yigitning jismoniy va ruhiy azoblaridan keying holati bayon gilinadi.
Dastlabki “Peshonamiz tor ekan” she’ri boshdan oxirigacha mingboshining mardikor yigitga
garatilgan nutgidan iborat:

Peshonamiz torekan, Yozugliklar bor ekan Endi

bilsak bu ishga Jahl sababkor ekan. Hoy pahlavon,

tur gahramon,

Ay-da ishlaylik, tangri go 'shmish, nishlaylik!

Keyingi “Sog’inib” she’ri esa yuqoridagi yuzboshiga javoban mardikor yigitning dard-
hasratli nutgidan iborat:

Qattig tegma manga muncha, yuzboshim,

Oquzma ko’p g’amim uzra ko’z yoshim, Yurak-

bag’rim o’zihadsiz ezilgan,

Yurt-u vatan, ellarimni sog 'inib.

“Salom ayting” deb nomlangan yana biri esa mana shu mardikorlik davrida vatanini sog’inib
yurgan boshga bir yigit o’z mahallasidan bo’lgan sherigini yurtiga kuzatayotganda unga garata
iltijo ila aytilgan nutgidan iborat:

Ag’o, sog’ borsangiz, avval Dadamlarga salom ayting. Yugurib

chigqan ul mushfig Onamlarga salom ayting. Ko zi gon

hamshiram bilan Akamlarga salom ayting.

O ’pib peshonasin men-chun, Ukamlarga salom ayting. Qo 'nu

qo 'shnim, kichik-katta Ag ’omlarga salom ayting.
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Ko’rib turganimizdek, mazkur she’rlar o’quvchi tasavvurida xuddi dramatik asar singari
sahnada ijro etilayotgandek tasavvur uyg’otadi. Ijroviy lirikaga mansub ushbu asarlar 1914-yilga
mansubligini hisobga olsak, davr ijtimoiy tabiatidagi hodisalar she’r mavzusiga ko’chganiga guvoh
bo’lamiz. Muallifning “Saylov oldida” nomli she’rida eshon, boy dehqon, eski maktabdor, eski
ellikboshi, savdogar, ijrokomning yomon raisi saylovda o’zlarining nomzodini qo’yib boshqalardan
ovoz berishlarini so’rab qop-qop va’dalar beradi. Yakunda esa o’qigani uchun oddiy bir Jo’raboy
ismli dehqon saylanadi. Mazkur asardagi voqelik ham subyektiv jihatdan muallifdan tashgarida
0’zga shaxs nutqi orgali berilsa-da, ammo unda dramaga xos polifonik nutq ustuvor bo’lgani uchun
uni ijroviy lirika namunasi demaganimiz ma’qul Hamzaning yuqoridagi asarlarida voqelik alohida
planda, alohida she’rda berilgan bo’lsa, uning “To’la asarlar to’plami”ning ikkinchi tomiga Kiritilgan
“Er va qizlar lapari”, “Oy, singlim, oy, og’am”, “Duet”, “Yigit va qiz maktublari”, “Yer istilohi”,
she’rlarida lirik asar qahramonlari bir she’rning o’zida dialog shaklidagi nutqi orqali shartli
ravishda ijroviy lirikani yuzaga keltirgan:

Eski unum gayga ketdi?

Boy eshonlar hissasiga.

Bu unumlar gayg’'a borur?

Ishchi-dehqon foydasig’a...

Shartli deyishimizning sababi shundaki, ulardagi lirik subyekt bitta “men”dan iborat emas,
ikki kishini tashkil etishidadir. Ijroviy lirikaga xos ravishda muallif “men”ining ishtirok etmasligi
odatdagi avtopsixologik lirikadan fargli jihatini ko’rsatadi.

Ma rifatsiz kafan o rab uyda yotmoq,

Iffat emas, diyonatdan, oy singlim, erur gochmoq

Tarix kimi ayblar, gani chin musovot,

Sizlarg’a yuz bo’lg och, bizga, oy og ‘am, bir maktab yo g
Bu hol ila goldirsangiz keydisin-da,

Tarix sizni ayblamoqga, oy singlim, hech ajab yoq.

She’riyatdagi bu shakl yuzaga kelishida, albatta, xalq og’zaki ijodining ta’siri katta. Chunki
folklor namunalarida ko’pincha yugoridagi ko’rinishda aytishuvlar va laparlar bisyor.

Adabiyotshunos olim Ulug’bek Hamdam aytganidek: “Mumtoz she’riyatimizga nisbatan
lirikk qahramon atamasini ishlatish ma’qulroq. Negaki, uning ma’naviy-ruhiy giyofasida alohida
shaxsning emas, ko’proq she’riyatda an’ana bo’lib kelgan shaxsning sifatlari aks etadi. Jadid
she’riyatiga nisbatan ham lirik qahramon tushunchasi qo’llash qo’l keladi. Chunki bu
she’riyatning lirik subyekti ham shaxsiylikdan ko’ra umumiylikni ko’proq namoyon etadi. Jadid
shoirlari vogelikka shaxsiy nugtai nazardan emas, balki mafkura orgali garaganini ulardagi lirik
gahramon — dunyo ahvolidan xabardor, yuz berayotgan ijtimoiy hodisalar mohiyatini anglagan,
millat holiga befarq garamasdan, uning taraqqgiysi uchun qayg’uradigan umumiy ma’rifatparvar
inson ekanligini aytish bilan izohlash mumkin. Hamza Hakimzoda 0’z davrining siyosiy kuychisi
bo’lgani barchamizga ma’lum. Bu uning ijod na’munalarida ham aks etgani tabiiy. Shoirning
ijroviy lirikaga oid ko’plab na’munalari eshon-u otinlarning kulgili, sharmandali holatlarini
yumoristik shaklda talqin etib yozilgan. Xususan, “Bir eshon hazratlari aytar ekan” deb
nomlangan she’rida eshon tilidan quyidagicha so’zlar beriladi:

To’yga o ’zumcha bormam, Aytsunlar deb yolvormam, Nachuk

bormam,deb bo’lur, Kelgach xat-u so zlari.

Ko ’p uyalturmang deyman, Qanday kelturmang deyman Chopon birla osh

tashub O’tsa shab-u ro zlari

Men emasman nafslik, O zlari ko ’p ixloslik [4,28-b].

Yoxud “Azimxo’ja eshon binni Toshxo’ja eshonning og’iz bog’lashlari” nomli she’rida
muallif eshonlarni o’zlarining nutqidan foydalanib ayovsiz fosh etadi:

Ro ’za tutdim non uchun, Elga bir pardoz uchun, So rsang

ishning aslini, Mulla chevron oz uchun. Amri ma ruf,

chillalar, Shubhasiz, bu hiylalar, Barchasidan magsadim

Tanga, chevron tillalar.
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Odatda, ijroviy xarakterdagi she’rlarning sarlavhasi, sarlavha ostidagi izohi, epigraf yoki
asosiy matnning o’zida kechinma egasiga ishora mavjud bo’ladi [6, 386-b.].

Hamza ijodidagi dastlabki ijroviy lirikaga oid she’rlarda ham ushbu fikr isbotini ko’rishimiz
mumkin. Masalan, “Bir eshon hazratlari aytar ekan”, “Bir eshon o’pkasi” (1926-yil), “Ozod xotin-
gizlar qo’shig’i”, “Azimxo’ja eshon binni oshxo’ja eshonning og’iz boylashlari” (1927-yil),
“O’zbek xotini tilidan”, “Bir qo’rqoq mas’ul ishchining tilidan”, “Bir sharmanda tilidan”, “Xotin-
qizlar ovozi” [1,2,3] kabi she’rlarining sarlavhasi bilan tanishiboq, asardagi lirik subyekt
muallifdan tamoman boshqga shaxs ekanligini anglaymiz. Sarlavha ostidagi izohlarda ham ijroviy
lirikaga ishora mavjud bo’ladi. “Salom ayting”, “Sog’inib”, “Peshonamiz tor ekan” she’rlarining
sarlavhasi bilan tanishgan o’quvchi asarning ijroviy lirikaga oid ekanini bilmasligi mumkin, ammo
ulardagi kavs ichida berib ketilgan 1. Mardikorlardan biri uxlab yotarkan, yuzboshining ani
uyg’otuvidir, 2. Tubandagi she’r haligi uyqudan turgan mardikor tilidan yuzboshiga javobdir, 3.
Tubandagi she’r gahramonlaridan biri o’z mahallaligidan bir hamrohini vatanga uzatarkan, ota-
ona, Xesh-taborina so’zlayon duo payomini tanzimidir, shaklidagi izohlardan she’rdagi nuqt
muallifdan boshqga shaxsga daxldor ekanligini bilib oladi.

Bulardan tashgari Hamza Hakimzoda galamiga mansub “Tursunoy marsiyasi”, “Shokirjon
vafotiga marsiya” nomli marsiyalar ham ijroviy lirika namunasi sifatida olinishga hagli. Sababi,
ularda ifoda etilgan lirik vogelik Tursunoy hamda Shokirjonning o’z tilidan berilgan:

Alvido, xurdu kalon, ey oshnolar, alvido, Ota o’rnida

amak birlan tag’olar alvido, Mehribon, munis akam

birlan ukolar alvido,

Hamshiram, kata-kichik mushfig anolar, alvido

Ketdim emdi bosh olub, Mandan judolar, alvido. (Shokirjon tilidan)

Qurimasdan dorga yoygan ko 'ylagim, Yozmay

shimarilgan nozik bilagim, Vafosiz yor ekan

qonimni to ’kdi,

Shul erdimi, do ’stlar, sevgan tilagim?! (Tursunoy tilidan)

Adib ijodida bolalarga bag’ishlangan she’riyat namunalarida ham ijroviy lirika namunalarini
ko’rishimiz mumkin. Xususan, “Mevalar mojarosi” deb nomlangan she’rida olcha, gilos, o’rik
kabi mevalar “tilga kirib”, bir-birlariga murojaat giladi:

O’zum ming dardga davo, Qurutsa andan bajo, Hatto

mag zimni olub, Solgay qandolat aro (O ’rik)

G’o’rang qursin, kech bitar, Yegan kishi ich ketar, Pishganing

shalpaytirub, Qurug’ingdan bod etar Bilarsan, otim gilos,

Suyar mani om-u Xos

Mani ko 'rgan kishilar O ’zga meva xohlamas. (gilos)

Ey gilos, lof urmag’il, Achchig’im kelturmag’il!

Tumshug 'ingga bir solay, So ‘ngra yig’lab yurmag'il. (olucha)

Fikrlarimiz yakunida aytmoqchimizki, XX asr o’zbek adabiyotining zabardast
vakillaridan biri hisoblangan Hamza Hakimzoda Niyoziy o’z ijodi davomida ijroviy lirikaning
turli shakllarini yaratgan hamda uning taraqiiyotiga sezilarli hissa qo’shgan.
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FARG‘ONA VILOYATIDA QATTIQ MAISHIY CHIQINDILARNI TO‘PLASH VA
TASHISH JARAYONLARINI TIZIMLI BOSHQARISHNI TASHKIL ETISHNING
AHAMIYATI

V.0O. Oribjonov

Farg‘ona davlat texnika unversiteti
4998913292148, valixonoribjonov75@gmail.com
(Qabul gilindi 05.12. 2025y.)

Annotatsiya. Ushbu maqolada qattiq maishiy chigindilarni to ‘plash va tashish jarayonlarini tizimli
boshqgarishning ilmiy-nazariy asoslari yoritilgan. Farg ‘ona viloyati misolida mavjud muammolar, statistik
ko ‘rsatkichlar, yechimlar va zamonaviy boshqaruv usullari tahlil qilingan. So‘nggi yillarda chiqindi
migdorining ortishi ekologik xavflarni kuchaytirayotgani, bu esa zamonaviy chigindi logistikasini talab
gilayotgani ta kidlangan.

Kalit so“zlar: chigindilarni boshqarish, Farg ‘ona viloyati, transport tizimi, chigindi logistika, ekologik
xavfsizlik, gayta ishlash, avtomatlashtirish.

Armomauu;l: B ()aHHOﬁ cmambe  pacKkpvlmbl HAYYHO-meopemudecKkue OCHO6bl CUCMEMHO2O
YHpaeneHus npoyeccamu coopa u MpPAHCROPMUPOSKU MBEPObIX Oblmosblx omx0008. Ha npumepe
(DepzaHCKOd obracmu npoaHaiu3upoeaHsvl cyuwiecmeyroujue l’lpO6JZ€Mbl, cmamucmuvyeckKkue nokxkasamenu,
npeonazaemvle pewieHus U Co8pemenHvle Memoovl ynpasienus. Tloouépkusaemcs, umo 6 nocieoHue 200bvl
yeenuuenue 00beéMa Omxo008 YCUIUBAem 3KOI02UYecKUe PUCKU, Ymo mpedyem 6HeOpeHUs COBPEeMEHHOU
JNO2UCTUKU 0OpawyeHust ¢ Omxo0amu.

Abstract: This article explores the scientific and theoretical foundations of systematic management of
municipal solid waste collection and transportation processes. Using the example of the Fergana region, it
analyzes existing problems, statistical indicators, proposed solutions, and modern management methods. It
emphasizes that in recent years, the increase in waste volume has intensified environmental risks,
necessitating the implementation of modern waste logistics systems.

Kirish. So‘nggi o‘n yilliklarda urbanizatsiya va sanoatlashuv jarayonlari ortishi natijasida
gattig maishiy chigindilar (QMQ) hajmi sezilarli darajada ortmogda. Bu holat, aynigsa,
O‘zbekistonning aholi zich yashaydigan hududlarida xususan, Farg‘ona viloyatida dolzarb
muammo sifatida namoyon bo‘lmoqda [1]. Maishiy chigindilarni to‘g‘ri boshgarish ekologik
xavfsizlikni ta’minlash, sanitariya-gigiyena holatini yaxshilash va aholi salomatligini himoya
gilishda muhim omil hisoblanadi [2].

Qattig maishiy chigindilarni boshgarish tizimining ilmiy asoslari.

Qattiq maishiy chigindilarni boshqarish tizimi quyidagi bosgichlardan iborat:
chiqindining hosil bo‘lishi;

manbaasida saralash;

tashish;

vagtincha saglash;

utilizatsiya yoki gayta ishlash [3].

IImiy yondashuv chigindilarni "nol chigindi" (zero waste) tamoyiliga asoslangan holda
boshqarishni taklif giladi. Bu esa chiqgindi logistikasi, axborot texnologiyalari (IT), resursni tejash
va atrof-muhitni muhofaza qilishni birgalikda ko‘rib chiqishni talab qiladi [4].

Farg‘ona viloyatida mavjud ahvol va statistik ko‘rsatkichlar.

Chigindilar hajmi va saralash darajasi. So‘nggi yillarda Farg‘ona viloyatida QMQ miqdori
quyidagicha ortgan [5]:

Yil Y(lrgnil:]ggag)gr?g)Q Saralangan (%) Qayta ishlangan (%)
2022 1067 11 6.0
2023 1143 13 7.5
2024 1216 15 9.2
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viloyatida hosil bo‘lgan gattig maishiy chigindilar hajmi li gin Il ar ulushiylldan-yilga qanday  o'zgargani
tasvirlangan: o‘rsatilgan:

Magolada quyidagi asosiy muammolar tahlili giligan. Bular quyidagilardan iborat.
Texnika va infratuzilmaning eskirganligi
Saralash uskunalarining yetishmasligi
Transport marshrutlarining optimallashtirilmaganligi
Aholining ekologik madaniyat darajasining pastligi [1]
Tizimli boshgaruv zaruriyati quydagilar ekanligi aniglangan.
Zamonaviy chigindi boshgaruvi quyidagilarga asoslanadi:
Smart bins — sensorli axborot uzatuvchi konteynerlar
GPS/GIS tizimlari — chiqindi tashish yo‘nalishlarini optimallashtirish
Fleet management — avtomobillar harakatini kuzatish
loT texnologiyalari — real vagtda monitoring [6]
Bu yondashuv orgali quyidagi natijalarga erishish mumkin:
Logistika xarajatlarini 20-30% kamaytirish
Yoqilg‘i sarfini 15-20% ga gisqgartirish
Tashish vaqtini 25% gacha qgisqartirish [7]
Magqolada yugoridagi mummolar dan va tahlillardan kelib chiggan holda quyidagi taklif
gilinayotgan yechimlar keltirilgan.
Texnik takliflar. Har bir mahallaga individual kodlangan sensorli chiqindi konteynerlari o‘rnatish
Zamonaviy chiqgindi tashish texnikalarini xarid gilish.
GPS yordamida harakatlanuvchi avtomobil monitoringi [6]
Tashkiliy va gonunchilik takliflari Xususiy sektor ishtirokini kuchaytirish
“Ekobonus” tizimini joriy qilish: chigindilarni saralagan aholi uchun imtiyozlar
Yangi texnik reglament va chigindilarni boshqgarish kodeksini ishlab chigish [8]
Farg‘ona viloyatida pilot loyiha: "Smart chiqindi" amalga oshirish bo‘yicha quyidagi
asosiy loyiha tanlab olish taklif gilingan.
Loyiha magsadi: Farg‘ona, Qo‘qon va Rishton tumanlarida chigindilarni ragamli boshqarishga
asoslangan tizimni sinov tarigasida joriy gilish [5].
Asosiy yo‘nalishlar quydagilardan iborat: Sensorli konteynerlar, QR-kodli gayta ishlanuvchi
chigindilar, mobil ilova orgali monitoring [7]

Kutilayotgan natijalar:

Ko‘rsatkich Loyihagacha Loyihadan so‘ng
Saralangan chigindilar (%) 15 35
Qayta ishlash ulushi (%) 9.2 25
Tashish yoqilg‘i tejamkorligi (%) - 18
Aholining ekologik ong ko‘rsatkichi past yuqori
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Xulosa. Qattig maishiy chigindilarni tizimli boshqarish Farg‘ona viloyatida ekologik
xavfsizlikni ta’minlash, iqtisodiy samaradorlikni oshirish va aholining sanitariya holatini
yaxshilashda asosiy omil hisoblanadi. Taklif etilayotgan yechimlar — axborot texnologiyalarini joriy
etish, chigindi logistikasi va innovatsion yondashuvlar orgali viloyatda chigindi muammosiga
barham berish mumkin [4], [6]. Pilot loyihalarni kengaytirish orgali bu modelni butun viloyat
bo‘ylab tatbiq etish imkoniyati mavjud.
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YUK AVTOMOBILLARINI XAVFSIZ BOSHQARISHDA INTELLEKTUAL
TIZIMLARNING O‘RNI

F.A. Omonov

Farg ‘ona davlat texnika universiteti,
fayzullo9596 @gmail.com
( Qabul qilindi 05.12.2025V.)

Annotatsiya. Mazkur ilmiy magolada yuk avtomobillarini xavfsiz boshgarishda intellektual tizimlar,
sun’iy intellekt, raqamli monitoring va avtomatlashtirilgan boshgaruv texnologiyalarining ahamiyati keng
yoritilgan. Tadqgiqot davomida yo ‘I-transport hodisalarining asosiy sabablari, ularni kamaytirishda
zamonaviy axborot texnologiyalarining o ‘rni hamda xalqaro tajribalar tahlil gilinadi.

Kalit so‘zlar: yuk aviomobili, intellektual tizimlar, sun’iy intellekt, ADAS, transport xavfsizligi,
monitoring, logistika.

Aunomauus. B Oaunnoiti  Hayuwou  cmamwve  NOOPOOHO — pACCMAMPUBACMCS  BANCHOCHIb
UHMENNEKMYA/IbHblLX CcUucmem, UCKYCCMBEHHO20 UHmMeEN1EeKmA, uugbpoeoeo MOHUMOpUHea U MexXHoN02Ull
ABMOMAMUUPOBAHHO2O  YNPAGIeHUs. 01 OEe30NACHOU  SKCIIyamayuu  2py306vlx asmomoounel. B
uccneoo8anu AHaIuupyromcs OCHO6HblE NPUYUHbL dopoofCHo—mpchnopmelx npoucmecmeuﬁ, pojb
COBPEMEHHBIX uH(ﬁOpMaL;uOHHblx MEXHONO2ULL 8 UX CHUMMCEHUU, a mAKIHce MeDfCOyHapoaHblﬁ onbsim.

Knrouesvle cnosa: 2pyzo6ux, uHmenieKmyaibHvie cucmemsl, uckyccmeeHuviti unmeniekm, ADAS,
bezonacrocms mpancnopma, MOKUMOpPUHS, 102UCMUKA.

Abstract. This scientific article extensively discusses the importance of intelligent systems, artificial
intelligence, digital monitoring, and automated control technologies in the safe operation of trucks. The
study analyzes the main causes of road accidents, the role of modern information technologies in reducing
them, and international experience.

Keywords: truck, intelligent systems, artificial intelligence, ADAS (Advanced Driver Assistance
Systems) , transport safety, monitoring, logistics.

Kirish

Bugungi globallashuv sharoitida yuk tashish tizimi igtisodiyotning eng muhim sohalaridan
biri hisoblanadi. Yuk avtomobillari orqgali sanoat mahsulotlari, gishloq xo‘jaligi xomashyosi va
iste’mol tovarlari yetkazib beriladi. Shu bilan birga, yuk avtomobillarining katta o‘lchami va
massasi yo‘l harakati xavfsizligiga jiddiy tahdid tug‘diradi.

Yuk avtomobillarida yo‘l xavfsizligi muammolari: Statistik ma’lumotlarga ko‘ra, og‘ir yuk
avtomobillari ishtirokidagi yo‘l-transport hodisalari ko‘pincha og‘ir oqibatlarga olib keladi. Buning
asosiy sabablari inson omili, texnik nosozliklar va tashqi muhit ta’siri bilan bog‘liq.

Intellektual tizimlar va ularning rivojlanish bosgichlari dastlab intellektual tizimlar oddiy
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g : signal va ogohlantirish mexanizmlaridan
' . boshlangan bo‘lsa, bugungi kunda sun’iy
intellekt asosida ishlovchi  murakkab
platformalarga aylangan.

ADAS  tizimlari  haydovchini
ogohlantirish,  avtomatik  tormozlash,
to‘siglarni aniglash va xavfli vaziyatlarni

oldindan ko‘rish imkonini beradi. Sun’iy
intellekt  yordamida  texnik  holatni
prognozlash,  ehtimoliy  nosozliklarni
- oldindan aniglash va texnik xizmat
1-rasm. Yuk avtomobilida s1_1&n’i_y intellekt asosidagi texnik ko‘rsatishni rejalashtirish mumkin.
Jpppeves . Intellektual logistika va marshrut
e optimallashtirish Aglli logistika tizimlari
Wi 2 transport ogimini tahlil qgilib, eng xavfsiz va
tejamkor marshrutlarni tanlash imkonini
beradi.

Haydovchi faoliyatini nazorat gilish
tizimlari maxsus kameralar va sensorlar
yordamida haydovchining holati, charchoqg
darajasi va e’tibori baholanadi.

Z B Xalgaro tajriba va amaliy misollar

2-rasm. Yuk tashish jarayonida intellektual logistika tizimi. ~ rvojlangan davlatlarda yuk avtomobillarida
intellektual tizimlardan foydalanish yo‘l-

&
-_‘

transport hodisalarini sezilarli kamaytirgan.

Iqtisodiy samaradorligi intellektual tizimlar qo‘llanilganda yoqilg‘i sarfini kamaytiradi,
avariya xarajatlarini gisqartiradi va transport samaradorligini oshiradi.

Xulosa qilib shu aytish mumkinki, yuk avtomobillarini xavfsiz boshgarishda intellektual
tizimlarning joriy etilishi zamon talabi hisoblanadi. Ushbu texnologiyalar transport xavfsizligini
yangi bosgichga olib chigadi.

Adabiyotlar
[1]. Intelligent Transportation Systems — Springer, 2022.

[2]. Al in Transport Safety — Elsevier, 2021.
[3]. 1SO 39001 Road Traffic Safety Management Systems.

TUPROQSIZ YETISHTIRILGAN O‘SIMLIKLARDAN TABIIY BO‘YOQ OLISH
G. Mirboboyeva, M. Bahromova

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi 05.12. 2025y.)

Anatatsiya: ushbu maqolada tuprogsiz (gidroponik) sharoitda yetishtirilgan o ‘simliklardan tabiiy
bo ‘yog moddalarini olish bo ‘yicha olib borilgan tajribalar yoritiladi. Tadgiqot jarayonida o ‘simliklarning
suvli eritmalar asosidagi o ‘sish muhiti, ularning pigment hosil bo ‘lishi, bo ‘yoq moddasining ajralib chiqishi
va barqarorligi tahlil qilindi. Gidroponik usulda o 'stirilgan namunalarda rang beruvchi pigmentlarning
to ‘planish darajasi, ularning chigish migdori va bo ‘yoq sifatiga ta’sir etuvchi omillar an’anaviy tuproqli
usul bilan solishtirildi. Olingan natijalar shuni ko ‘rsatdiki, tuprogsiz o ‘stirilgan o simliklarda rang
intensivligi yuqori, bo‘yoq ajratish jarayoni esa tezroq kechadi. Tadgiqot natijalari ekologik xavfsiz,
kimyoviy qo ‘shimchasiz bo ‘yoq olish imkoniyatini kengaytiradi hamda tabiiy bo ‘yoqlar ishlab chigarish
texnologiyasini takomillashtirishga xizmat giladi.

Kalit so“zlar: Tuprogsiz o ‘simlik yetishtirish Gidroponika Tabiiy bo ‘yoglar Pigment ajratish Rang
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intensivligi Ekologik toza bo ‘yoq O ‘simlik pigmentlari Bo ‘yoq olish texnologiyasi

Auamamuuﬂ: 6 OaHHOU cmambve pacemampuearomcst 603MONCHOCMU NPUMEHEHUS HAmMypajlbHblX
Kpacumeﬂeﬁ, nojuay4daemslx u3 pacmeﬂuﬁ, 68 NPOMbBIUIERHOCTU. Kpamko usywaromcs yeemaoeble ceoticmea
npupodnbzx Kpacumeﬂeﬁ, UxX Kawecmeo u cnocobvl UCNOAb308AHUS npu oxKpautusanuu mraneu. Taxowce
anaiusupyromcst JdKoJjocudeckas bezonacrocmo pacmumenbHblx Kpacumeﬂeﬁ, ux 5636p€@H00mb ons
YenoeeKa U IKOHoMuvecKkue npeumyuiecmea no CpaA6HenHurD ¢ CURmemu4eCKumu Kpacumeiiimu. HOﬂylleHHble
6’b16’0()bl nodqepkueamm BAICHOCMb paA36UmMusl mexHon02ull HamypajlbHO2c0 OKpauiueanusl U ux sHadvenue aﬂﬂ
npouU3B00CmMea IK0I02UeCKU YUCMOoU NPOOYKYUU.

Knrouesvie cnosa: becnougennoe evipawusanue [uopononuxa Hamypanoueie kpacumenu
3Kcmpa1<14uﬂ nuemenmoe Humencusnocmo OKpacKu Dxonocuyecku uucmole Kpacumeiu Pacmumenvhole
nuemenmul Texnonoaus noyyerus Kpacume/zeﬁ

Annotation: This article presents experiments on obtaining natural dyes from plants grown under
soilless (hydroponic) conditions. The research analyzes the water-based nutrient environment, pigment
formation, the extraction process of the dye, and its stability. For hydroponically grown samples, the
accumulation level of color pigments, dye yield, and factors affecting dye quality were examined and
compared with traditional soil-based cultivation. The results showed that plants grown without soil produce
more intense coloration, and the dye extraction process occurs more rapidly. The findings expand the
potential for producing environmentally safe, chemical-free natural dyes and contribute to improving
natural dye production technologies.

Keywords: Hydroponic Soilless plant cultivation Natural dyes Pigment extraction intensity Eco-
friendly dyes Plant pigments Dye production technology

So‘nggi yillarda tabiiy bo‘yoqlarni qayta tiklanuvchi manbalardan olishga bo‘lgan qiziqish
ortib bormoqda. Bu jarayonning muhim yo‘nalishlaridan biri — o‘simliklardan ajraluvchi tabiiy
pigmentlarni kimyoviy moddalar qo‘shmasdan, ekologik xavfsiz usulda olishdir. An’anaviy
dehqonchilikda yetishtirilgan o‘simliklar bilan solishtirganda, tuproqsiz (gidroponik, aeroponik
yoki substratsiz) usulda o‘stirilgan o‘simliklarda pigmentlarning shakllanishi, to‘planishi va
intensivligi  boshgacha kechadi. Shu sababli, tuprogsiz texnologiyalarda yetishtirilgan

2-rasm O°simliklardan olingan raﬁglar.

Tuprogsiz yetishtirish texnologiyasi va pigment hosil bo‘lishiga ta’siri Tuprogsiz yetishtirish
texnologiyalari o‘simlikka zarur bo‘lgan barcha mineral moddalarning suvli eritma orqali berilishini
ta’minlaydi. Bu jarayon bir necha omillar orqali pigment hosil bo‘lishiga ta’sir qiladi: Oziglanish
eritmasining tarkibi Gidroponik eritmada azot, fosfor, kaliy, magniy, temir, marganets va boshga
mikroelementlar aniq nisbatda beriladi. Pigment hosil qiluvchi o‘simliklarda: antotsianlar — past
azot va yuqori kaliy sharoitida ko‘p hosil bo‘ladi; xlorofill — magniy va temir bilan bevosita
bog‘liq karotinoidlar — yorug‘lik intensivligi va kaliy miqdori bilan kuchayadi. Tuprogdan farqli
ravishda, gidroponik tizim pigmentlar migdorini boshqgarish imkonini beradi.[1] Ildiz zonasining
tozaligi va nazorat gilinishi Tuprogsiz tizimda ildizlar patogenlardan holi, kislorod bilan yaxshi
ta’minlanadi. Bu o‘simlikning stresstsiz o‘sishiga va pigmentlarning barqaror shakllanishiga olib
keladi. Tuproqda esa tuzlar, og‘ir metall lar va kasalliklar pigment sifatiga ta’sir qilishi mumkin.
Yorug‘lik va harorat sharoitining boshqarilishi Gidroponik issigxonalarda yorug‘lik spektri, harorat
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va namlik teng tagsimlanadi. Bu sharoit antotsian, flavonoid, xlorofill va karotinoidlar biosintezini
kuchaytiradi. Masalan: ko‘k va binafsha spektr antotsian ko‘payishiga, qizil spektr karotinoidlar
to‘planish oq yorug‘lik xlorofill balansi barqarorligiga olib keladi. Shunday qilib, gidroponik tizim
pigmentlar miqdorini oshirishga qulay imkon beradi. Tabiiy bo‘yoqlarning turlari va ularni hosil
qiluvchi o‘simlik pigmentlari Ofsimliklarda uchraydigan asosiy tabilty bo‘yoq moddalari
quyidagilardir:

Bu pigmentlar o‘simliklarga qizil, binafsha va ko‘k rang beradi. Ularning miqdori: pH darajasi,
kaliy miqdori, yorug‘lik kuchi yordamida boshqariladi. Tuprogsiz tizimda pH 5.5-6.5 oralig‘ida
bo‘lgani sababli antotsianlar barqaror ko‘payadi.Karotinoidlar O‘simliklarga sariq, to‘q sariq va
oltin rang beruvchi pigmentlar. Gidroponik sharoitda ular yuqori harorat va yorug‘lik kuchayishi
bilan ortadi. Ko‘katlar, sabzi o‘simligi, marigold (atyurt gullari) karotinoidlarga boy. Xlorofill Bu
pigment o‘simliklarga yashil rang beradi. Xlorofill barqarorligi uchun magniy va temirning aniq
konsentratsiyalari kerak bo‘ladi. Gidroponik eritmada bu elementlarning boshqarilishi bo‘yoqning
sifatini  oshiradi.Flavonoidlar o‘smliklarning sariqdan to jigarranggacha rang beruvchi
pigmentlaridir. Ular ko‘pincha barg, po‘stloq yoki gullarda uchraydi. Tuprogsiz sharoitda stress past
bo‘lgani uchun flavonoidlar toza shaklda to‘planadi.Tuprogsiz o‘stirilgan o‘simliklardan tabiiy
bo‘yoq ajratish jarayonining nazariy asoslari Bo‘yoq moddasini ajratib olish bosqichlari Odatda
bo‘yoq quyidagi jarayonlarda olinadi: O°simlik massasi yig‘iladi (barg, po‘stlog, ildiz,
gul).Mexanik maydalash — pigment ajralishini tezlashtiradi. Erituvchilar qo‘llaniladi: suv, spirt,
glitserin yoki o‘simlik moyi. Qizdirish yoki ekstraksiya orqali bo‘yoq eritmaga o‘tadi. Filtrlash toza
pigmentli suyuqglik olish. Qayta kontsentratsiyalash — bug‘latish orqali rang intensivligini oshirish.
Tuprogsiz yoki gidroponik texnologiya o‘simliklarning o‘sish jarayonini boshqarish bo‘yicha eng
samarali usullardan biri hisoblanadi. U o‘simliklarni maxsus ozuqa eritmalarida parvarishlashga
asoslangan bo‘lib, pigment hosil bo‘lish jarayoniga bevosita ta’sir ko‘rsatadi. Gidroponika tizimida
o‘sayotgan o‘simliklar uglevodlar, organik kislotalar va bioaktiv moddalarni tezroq sintez giladi, bu
esa ularning tarkibida tabiiy rang beruvchi pigmentlar, masalan, antosiyanin, xlorofill, flavonoid va
karotenoidlarning to‘planishiga olib keladi.Tadqiqotlar shuni ko‘rsatmoqdaki, tuprogsiz sharoitda
yetishtirilgan o‘simliklarda pigment miqdori tuproqli usulga nisbatan sezilarli darajada yuqori
bo‘lishi mumkin. Sababi — ozuqa eritmasidagi mineral muvozanatni aniq nazorat gilish imkoniyati
mavjud. Masalan, fosforning ortishi antosiyanin ranglarini kuchaytiradi, magniyning yetarli bo‘lishi
esa xlorofillning bargarorligini oshiradi. Bunday sharoitda o‘simlik barglarida hosil bo‘lgan
pigmentlar yanada to‘yingan va barqaror tusga ega bo‘ladi. Tabiiy bo‘yoq olish jarayoni ham
gidroponik o‘simliklardan olinganda ancha samarali kechadi. O‘simlik to‘qimalari yumshoq
bo‘lganligi sababli pigment ajralishi uchun juda kam vaqt talab etiladi. Ekstraksiyada suv, etanol,
glitserin yoki organik erituvchilardan foydalanish mumkin. Pigmentning chigish miqdori
o‘simlikning o‘sish davrida qanchalik yorug‘lik olganiga, eritma tarkibidagi minerallarga va
gidroponik tizim turiga bog‘liq. Gidroponik sharoitning yana bir ustunligi — zararkunanda va
kasalliklarning minimal darajada bo‘lishi. Bu tabiiy pigmentlarni kimyoviy ishlov berilmagan holda
olish imkonini yaratadi. Olingan bo‘yoqlar to‘qimachilik, ozig-ovgat bezagi, kosmetika
mahsulotlari va biologik indikator sifatida qo‘llanishi mumkin. Bugungi kunda gidroponika asosida
olingan tabiiy bo‘yoqlar ekologik xavfsizligi, allergik ta’sir ko‘rsatmasligi va barqaror rang berishi
bilan ahamiyat kasb etmoqda. Bu usul kimyoviy bo‘yoqlarga muqobil bo‘lib, gayta tiklanadigan
manba asosida bo‘yoq ishlab chigarishni kengaytirishga imkon beradi. Natijada, tabiiy bo‘yoqlar
sohasida innovatsion texnologiyalar joriy etish, resurslardan tejamkor foydalanish va o‘simlik
pigmentlari sanoatini takomillashtirish uchun mustahkam ilmiy zamin yaratiladi.

Xulosa
Tuprogsiz (gidroponik) sharoitda yetishtirilgan o‘simliklardan tabiiy bo‘yoq olish tajribalari
shuni ko‘rsatdiki, bu usul pigment hosil bo‘lishini tezlashtiradi va rang intensivligini oshiradi.
Natijalar ekologik xavfsiz, kimyoviy qo‘shimchasiz bo‘yoq ishlab chiqarish imkoniyatini
tasdiglaydi. Gidroponik texnologiya tabiiy bo‘yoqlarni sifatli va samarali olishda an’anaviy tuproqli
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usulga nisbatan afzal ekanligini ko‘rsatadi hamda sanoat va ilmiy tadqiqotlarda qo‘llanilishi
istigbolli ekanini tasdiglaydi.

Adabiyotlar

[1]. Tilavoldiyeva, D. H. “Gidroponika usulida issigxonalar tashkil etishning ilmiy asoslari.” Innovation Science
and Research jurnali, 2023. sciencejournal.uz

[2]. Tilavoldiyeva, D.H. “Gidroponika substratlarida dorivor qovoq o‘simligi yetishtirish.” Proceedings of
International Conference on Modern Science and Scientific Studies, 2023. econferenceseries.com

[3]. Sayyora, R., & Fayziyev, J. “Karkade o‘simligidan olingan tabiiy pigment moddaning tayyorlanishi va fizik-
kimyoviy xossalari.” Qo‘qon DPIL. Ilmiy xabarlar jurnali, 2025. ilmiyxabarlar.kspi.uz

[4]. Muhitdinov, S. “O‘simliklardan olingan tabiiy dorivor moddalari va ularning tibbiyotdagi qo‘llanilishi.”
Qo‘qon DPIL. Ilmiy xabarlar jurnali. ilmiyxabarlar.kspi.uz

[5]. UzGidroponika. “Sirli gidroponika.” UzGidroponika veb-sayti — gidroponika texnologiyalari va usullari
hagida ma’lumot UzGidroponika

YASSI IKKI IGNADONLI TRIKOTAJ MASHINALARNING TEXNOLOGIK
IMKONIYATLARI VA OLINGAN TRIKOTAJ TO‘QIMALARNING TAHLILI

B.B. Nizamova!, Q.M. Xoligov?, S.U. Rahmatova?
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Annotatsiya. Ushbu magolada yassi ikki ignadonli trikotaj mashinalarining konstruktiv va
texnologik imkoniyatlari, ularning zamonaviy ragamli boshqgaruv tizimlari asosida ishlash xususiyatlari
hamda mazkur mashinalarning texnologik imkoniyatlaridan keng foydalanib ishlab chigarilgan trikotaj
to ‘gimalarning tuzilishi, sifat ko ‘rsatkichlari tahlil gilingan. Tadqiqot natijalari mahsulot assortimenti va
dizayn imkoniyatlarini kengaytirishda ikki ignadonli mashinalarning ahamiyatini ko ‘rsatadi.

Kalit so‘zlar. Yassi ignadonli mashina, ikki ignadonli trikotaj, interlok, rib, jakkard, texnologik
imkoniyat, ragamli boshgaruv.

Almomauuﬂ. B oannoit cmamwe AHAJIUIUPYIOMCA CMPYKNTYPHO-MEXHOIOCUYECKUE BO3MOINHCHOCMU
NJ10CKOBA3ANTbHbIX MAULUH C aeyﬂm uznamu, ux pa60uue xXapakmepucnmuKku Ha OCHO8€ COBPEMEHRHbLX Ccucmem
L;ugbpoeoeo ynpaeiernusd, a maxkoice cmpykmypa u nokasameiu xKavecmea mpUuKoOmdasiCHovlX noJl0OMmeH,
npou3eodu/wbzx C  UCNONBL308AHUEM MEXHOIOSUYECKUX B03MOICHOCMEN JMUX MAUUH. Pe3yﬂbmamw
UCCIe00B8AHUS NOKA3bIBAIOM GANCHOCHIb ()eyxueﬂoebzx MAWiuH Ost pacuiupenust accopmumenma npodykuuu u
KOHCMPYKYUOHHBIX B803MOIICHOCMEIL.

Knroueewie cnoesa: nnockoessanvras mawiuna c ()Gy/l/lﬂ uenamu, 06yxu20]le0€ 6i3anue, UHmepiiox,
pe3urka, ofcaKKapc), mexHoniocudecKue 603MOHCHOCHIU, uu(j)pogoe ynpaeJjieHue.

Annotation. This article analyzes the structural and technological capabilities of flat twin-needle
knitting machines, their operating characteristics based on modern digital control systems, and the structure
and quality indicators of knitted fabrics produced using the technological capabilities of these machines. The
results of the study show the importance of twin-needle machines in expanding the product range and design
capabilities.

Keywords: flat twin-needle knitting machine, twin-needle knitting, interlock, rib, jacquard,
technological capabilities, digital control.

Kirish (Introduction). Bugungi kunda trikotaj sanoatida yugori sifatli, murakkab tuzilishga
ega va dizayn jihatdan rang-barang mahsulotlar ishlab chiqarishga bo‘lgan talab ortib bormoqda.
Trikotaj mahsultlarini ishlab chigarishda yassi ikki ignadonli trikotaj mashinalari o’rganish,
texnologik imkoniyatlarini tahlil qilish muhim o‘rin egallaydi. Bir ignadonli mashinalarga nisbatan
ikki ignadonli mashinalar kengroq texnologik imkoniyatlarga ega bo‘lib, ular yordamida
mustahkam, elastik va murakkab to‘qimalar hosil qilish mumkin.
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Yassi ikki ignadonli trikotaj mashinalarining umumiy tavsifi. Yassi ikki ignadonli
trikotaj mashinalari ikki parallel joylashgan ignadon (old va orqa)ga ega bo‘lib, ular o‘zaro
muvofiglashtirilgan holda ishlaydi. Har ikkala ignadonda ignalarning mustagil harakatlanishi
hisobiga ikki tomonlama trikotaj to‘qimalar ishlab chigariladi.

Ikki ignadonli mashinalarning asosiy afzalliklari:
o ikki tomonlama va qalin to‘qimalar olish imkoniyati,
« mahsulotning shaklini saglash xususiyatining yuqoriligi;
o elastiklik va mustahkamlikning yaxshilanishi;
e dizayn va nagsh yaratishda keng imkoniyatlar.
Texnologik imkoniyatlari

To‘qima turlarini hosil qilish imkoniyati. Yassi ikki ignadonli mashinalarda quyidagi

asosiy trikotaj to‘qimalar ishlab chiqariladi:
e Rib (rezina) to‘qimalar — yuqori elastiklikka ega bo‘lib, yoqa, manjet va bel gismlarida
keng qo‘llaniladi;
o Interlok to‘qima — ikki tomonlama silliq yuzaga ega, shaklini yaxshi saglaydi;
o Jakkard to‘qimalar — rangli va relefli nagshlar hosil gilish imkonini beradi;
e Transfer va tuck elementli to‘qimalar — hajmli va strukturaviy dizaynlar yaratishda
qo‘llaniladi.
Ragamli boshgaruv va avtomatlashtirish

Bugungi kunda foydalanib kelinayotgan zamonaviy ikki ignadonli yassi trikotaj mashinalari
kompyuterlashtirilgan boshqaruv tizimlari bilan jihozlangan. Ushbu tizimlar quyidagi
imkoniyatlarni ta’minlaydi:

e nagshlarni dasturiy ta’minot orqali loyihalash;
e ignalarning individual boshqaruvi;
« ip sarfini optimallashtirish;
« ishlab chigarish jarayonini avtomatik nazorat qgilish.
Natijada mahsulot sifati bargarorlashadi va ishlab chigarish samaradorligi oshadi.

Metodologiya (Methods). Olingan trikotaj to‘qimalarning tahlili, tuzilish va fizik-
mexanik xususiyatlari. Ikki ignadonli mashinalarda olingan trikotaj to‘qimalar quyidagi
xususiyatlari bilan ajralib turadi:

e Qalinlik va zichlik — bir ignadonli trikotajga nisbhatan yuqori;
o Elastiklik — ikki tomonlama halqa tuzilishi sababli yaxshi cho‘ziluvchanlik;
e Mustahkamlik — iplararo bog‘lanish kuchli bo‘lgani uchun ishqalanishga chidamli.
Estetik va ekspluatatsion ko‘rsatkichlar. Ikki ignadonli trikotaj mahsulotlari:
sillig va bir tekis yuzaga ega;
deformatsiyaga moyilligi kam;
uzoq muddat foydalanishda shakl saglash xususiyati yugori;
dizayn jihatdan jozibador.
Mazkur xususiyatlar ularni yuqori sifatli kiyim-kechak mahsulotlari ishlab chigarishda
qo‘llash imkonini beradi.

Bugungi kundagi trikotaj to quv mashinalarining texnologik imkoniyatlar tahlili

1-jadval
Ne Mashina nomi Ishlab chigarilgan davlat
1 Shima Seiki Yaponiya
2 Mayer & Cie Germaniya
3 Stoll Germaniya
4 252 Long Xing Xitoy

Shima Seiki kompaniyasining yassi ikki ignadonli trikotaj mashinalari (masalan, SES, SSR,
WHOLEGARMENT seriyalari) yuqori darajadagi ragamli boshgaruv va innovatsion
texnologiyalari bilan ajralib turadi. Ushbu mashinalarning asosiy texnologik imkoniyatlari:

 ignalarni individual elektron boshqarish;
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o murakkab interlok va rib asosidagi jakkard to‘qimalarni ishlab chiqarish;

e WHOLEGARMENT texnologiyasi orqali choksiz, uch o‘lchamli buyumlar to‘qish
imkoniyati;

e dizayn va konstruksiyani 3D dasturiy ta’minot asosida loyihalash.

Shima Seiki mashinalarida olingan trikotaj to‘qimalar yuqori aniqlik, silliq yuzaga va
bargaror geometrik shaklga ega bo‘lib, premium segmentdagi kiyimlar ishlab chiqarishda keng
go‘llaniladi.

Mayer & Cie kompaniyasi asosan aylana ignadonli mashinalar bilan mashhur bo‘lsa-da,
ularning ikki ignadonli trikotaj texnologiyalari interlok va rib to‘qimalar sifatini oshirishga
garatilgan. Mayer texnologiyalarining asosiy xususiyatlari:

e yuqori tezlikda ishlash va ishlab chigarish unumdorligi;
o ip tarangligini aniq nazorat gilish;

e zich va bir xil halqa tuzilmasini ta’minlash;

e sanoat miqyosida bargaror sifat.

Mayer texnologiyalari asosida olingan ikki tomonlama trikotaj mahsulotlar mustahkamligi
va uzoq muddatli ekspluatatsion xususiyatlari bilan ajralib turadi.

Stoll kompaniyasining yassi ikki ignadonli trikotaj mashinalari (masalan, CMS seriyasi)
dizayn va texnologiya uyg‘unligi bilan ajralib turadi. Ushbu mashinalarning imkoniyatlari:

o ko‘p rangli jakkard to‘qimalarni yuqori aniqlikda hosil qilish;

o transfer, tuck va miss elementlari asosida murakkab strukturalar yaratish;

« CAD/CAM tizimlari orgali nagshlarni tezkor dasturlash;

o kichik partiyali va individual dizayndagi mahsulotlar ishlab chigarish.
Stoll mashinalarida olingan trikotaj to‘qimalar estetik jihatdan jozibador, zamonaviy dizaynga ega
va moda sanoatida yuqori baholanadi.

Tajriba (Results). Ikki ignadonli va bir ignadonli mashinalarni tagqgoslash. Ikki
ignadonli mashinalar bir ignadonli mashinalarga nisbatan:

o murakkab to‘qimalar ishlab chiqgarish imkoniyati bilan ustun;

o texnologik jarayonlar ko‘proq nazorat qilinadi;

o murakkab va ikki tomonlama to‘qimalar ishlab chiqarish imkoniyati bilan ustun;
o mahsulot sifati, galinligi va mustahkamligi yuqori;

o dizayn va konstruktiv imkoniyatlari kengroqg;

e ishlab chigarish tannarxi va dasturlash murakkabligi nisbatan yugori.

Xulosa (Conclusions). Yassi ikki ignadonli trikotaj mashinalari zamonaviy yengil sanoat va
trikotaj sanoatida muhim ahamiyatga ega bo‘lib, ularning texnologik imkoniyatlari mahsulot
assortimenti va sifatini sezilarli darajada oshirishga xizmat giladi. Ushbu mashinalarda ishlab
chiqarilgan trikotaj to‘qimalar mustahkam, elastik va estetik jihatdan jozibador bo‘lib, yuqori
talabga ega mahsulotlar tayyorlash imkonini beradi.
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O°‘T O‘CHIRUVCHILAR HIMOYA KIYIMIDA NAMLIKNI O‘TKAZMAYDIGAN
QATLAMNING ILMIY-NAZARIY VA TEXNOLOGIK TAHLILI

V.0. Xomidov, M30-24 magistr G.O. Muxtorova

Farg ‘ona davlat texnika universiteti,
e-mail gulnozamuxtorova275@gmail.com
(Qabul qilindi 05.12.2025V.)

Annotatsiya. Ushbu ilmiy magolada ot o ‘chiruvchilar uchun mo ‘ljallangan maxsus himoya
kiyimlari tarkibidagi namlikni o ‘tkazmaydigan qatlamning ilmiy-nazariy asoslari va texnologik xususiyatlari
tahlil qgilinadi. Tadgiqot jarayonida mazkur gatlamning fizik-texnik, gigivenik va ergonomik ko ‘rsatkichlari
o ‘rganilib, uning kiyimning umumiy himoya samaradorligiga ta’sirvi ilmiy jihatdan asoslab berilgan.
Olingan natijalar ot o ‘chiruvchilar himoya kiyimlarini loyihalashda namlikni o ‘tkazmaydigan qatlamning
muhim ahamiyatga ega ekanligini ko ‘rsatadi.

Kalit so‘zlar: o't o ‘chiruvchi kiyimi, namlikni o ‘tkazmaydigan qatlam, membrana, himoya kiyimi,
texnik to ‘qimachilik.

Aunomayun. B oannoii nayumotl cmamve paccmampuaiomcsi HAYYHO-Meopemuyeckue 0CHO8bl U
MexXHoA0cU"ecKue 0COOEHHOCIU 8IACOHENPOHUYAEMO20 CIOsL 8 COCMABe CNeYUATbHOU 3AUWUMHOU 00eCObl
noocapnvix. B x00e uccnedosanus npOAHATUIUPOSAHBL  PUIUKO-MEXHUHECKUe, 2USUeHUYecKue U
9p2OHOMUYECKUe NOKA3amenu OaHHO20 Clos, 4 makdce O0OOCHOBAHO €20 GIUAHUE HA  0OWYIo
appexmusHocmv  3awumHou  00edxncovl. I[lonyuennvie pesyavmamvl NOOMEEPHCOAIOM  KIIOUEBYIO0 POb
B1IACOHENPOHUYACMO20 CLOSI 8 obecneyenul O0e30NaACHOCMU U KOMGOpmMa npu IKCNIyamayuu 3auumHou
00ex#cObi.

Knwuesvle cnosa: sawumuas 00exc0a NONCAPHLIX, GLACOHENPOHUYAEMbL CNOU, MeMOpaHa,
3AUUMHASL 00eCOa, MEXHUYECKULl MEeKCMUTb.

Abstract. This scientific article analyzes the theoretical foundations and technological
characteristics of the moisture barrier layer used in firefighters’ protective clothing. The study examines the
physical, hygienic, and ergonomic properties of the moisture barrier and evaluates its impact on the overall
protective performance of the garment. The results demonstrate that the moisture barrier layer plays a
crucial role in ensuring safety, comfort, and functional efficiency in firefighters’ protective gear.

Keywords: firefighter protective clothing, moisture barrier, membrane materials, protective
garments, technical textiles.

Kirish. O‘t o‘chiruvchilik kasbi inson hayoti uchun yuqori xavf bilan bog‘liq bo‘lib, bu
faoliyat turi ekstremal sharoitlarda amalga oshiriladi. Yong‘in vaqtida o‘t o‘chiruvchilar yuqori
harorat, ochiq alangalar, suv, bug‘, tutun va turli kimyoviy moddalarga duch keladilar. Bunday
sharoitlarda inson organizmini tashqi zararli omillardan himoya gilish dolzarb ilmiy va amaliy
masala hisoblanadi. Maxsus himoya kiyimlari o‘t o‘chiruvchilarni himoyalashda asosiy vosita
bo‘lib, ularning samaradorligi kiyim konstruktsiyasi va material tanloviga bevosita bog‘liq.
Zamonaviy himoya kiyimlari ko‘p qatlamli tuzilishga ega bo‘lib, har bir qatlam aniq funksional
vazifani bajaradi. Namlikni o‘tkazmaydigan qatlam ushbu tizimda alohida ilmiy va amaliy
ahamiyatga ega.

O‘t o‘chiruvchilar himoya Kiyimining umumiy konstruktiv tuzilishi. Ot o‘chiruvchilar
himoya kiyimi ko‘p qatlamli kompozitsion tizim sifatida ishlab chiqiladi. Ushbu tizim tashqi, oraliq
va ichki gatlamlardan tashkil topadi. Har bir gatlam kiyimning umumiy himoya samaradorligini
oshirishga xizmat qiladi. Tashqi gatlam mexanik mustahkamlikni, alangaga va ishqgalanishga
chidamlilikni ta’minlaydi. Issiqlik izolyatsion qatlam yuqori haroratning inson tanasiga o‘tishini
sekinlashtiradi. Namlikni o‘tkazmaydigan qatlam esa tashqi va ichki muhit o‘rtasida himoya to‘sig‘i
bo‘lib xizmat qiladi va kiyimning gigiyenik xususiyatlarini belgilaydi.

Namlikni o‘tkazmaydigan qatlamning ilmiy mohiyati. Namlikni o‘tkazmaydigan
qatlamning ilmiy mohiyati uning selektiv o‘tkazuvchanlik xususiyatiga asoslanadi. Ushbu qatlam
tashqi muhitdan keluvchi suyuq holatdagi suvni o‘tkazmaydi, biroq inson tanasidan ajralib
chigadigan suv bug‘ining diffuziyasiga cheklangan darajada imkon beradi. Ilmiy nuqtayi nazardan,
bu jarayon materialning mikrostrukturasi, g‘ovaklar o‘lchami va polimer zanjirlarining fizik-
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kimyoviy xususiyatlari bilan bog‘ligq. Ushbu muvozanat buzilganda kiyim ichida namlik yig‘ilishi
va issiqlik stressi yuzaga keladi.

Namlikni o‘tkazmaydigan qatlam materiallariga qo‘yiladigan ilmiy talablar. Namlikni
o‘tkazmaydigan qatlam uchun tanlanadigan materiallar bir gator ilmiy talablarga javob berishi
lozim. Avvalo, material yuqori gidrofoblik xususiyatiga ega bo‘lishi, ya’ni suvni singdirmasligi
kerak. Shu bilan birga, material yetarli darajada bug® o‘tkazuvchan bo‘lishi talab etiladi. Issiqqga
chidamlilik, kimyoviy bargarorlik va mexanik mustahkamlik ham muhim mezonlar hisoblanadi.
Material uzoq muddatli ekspluatatsiyada o‘z xususiyatlarini saqlab qolishi va deformatsiyaga
uchramasligi lozim.

Fizik-texnik ko‘rsatkichlarning ilmiy tahlili. Namlikni o‘tkazmaydigan qatlamning samaradorligi
bir gator fizik-texnik ko‘rsatkichlar orgali baholanadi. Ushbu ko‘rsatkichlar kiyimning himoya
darajasini va gigiyenik qulayligini aniglaydi.

Namlikni o‘tkazmaydigan qatlamning asosiy fizik-texnik ko‘rsatkichlari

1-jadval
Ko‘rsatkich nomi O‘Ichov birligi TaVSI)éziiy(ﬁ]I;?dlgan [Imiy ahamiyati
Suv o‘tkazmaslik bosimi mm suv ustuni >20 000 Gidrohimoya
Bug‘ o‘tkazuvchanlik ) - . .
(MVTR) g/m?/24 soat 5000-7000 Fiziologik qulaylik
Issigga chidamlilik °C 250-300 Termik barqarorlik
Qalinlik mm 0,15-0,30 Ergonomik
moslashuv
: . : . Agressiv. - muhitga
Kimyoviy barqgarorlik — Yuqori chidam

Moisture rrier

1- rasm gatlamlar turlari.

Gigiyenik xususiyatlarning ilmiy bahosi. Namlikni o‘tkazmaydigan qatlamning gigiyenik
xususiyatlari inson organizmidagi issiqlik almashinuviga bevosita ta’sir ko‘rsatadi. Ilmiy
tadqiqotlar shuni ko‘rsatadiki, bug® o‘tkazuvchanlik darajasi past bo‘lgan materiallar ter ajralishini
kuchaytiradi va organizmda issiglik stressiga olib keladi. Shu sababli himoya kiyimlarini
loyihalashda namlikni o‘tkazmaydigan qatlam gigiyenik talablar asosida tanlanishi lozim. Bu ot
o‘chiruvchilarning ish unumdorligini saglab golishga yordam beradi.

Ergonomik jihatlarning tahlili. Ergonomika nuqtayi nazaridan namlikni o‘tkazmaydigan
qatlam kiyimning umumiy og‘irligi, qalinligi va elastikligiga ta’sir ko‘rsatadi. Qalin va qattiq
gatlamlar harakat erkinligini cheklab, charchogni tezlashtiradi. Zamonaviy ilmiy yondashuvlar
asosida ishlab chiqilgan qatlamlar esa minimal qalinlikda maksimal himoya darajasini ta’minlaydi.
Bu o‘t o‘chiruvchilarning harakatini erkinlashtiradi va ish samaradorligini oshiradi.

Zamonaviy texnologik yechimlar. So‘nggi yillarda texnik to‘qimachilik sohasida namlikni
o‘tkazmaydigan qatlamlarni takomillashtirishga qaratilgan ilmiy izlanishlar keng olib borilmoqda.
Nano-tuzilmali membranalar, ko‘p qatlamli kompozit materiallar va antibakterial qoplamalar ushbu
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yo‘nalishning asosiy rivojlanish tendensiyalaridir. Mazkur texnologiyalar himoya kiyimlarining
xizmat muddatini uzaytirish va xavfsizlik darajasini oshirish imkonini beradi.

IImiy tadqgiqotlar natijalarining amaliy ahamiyati.

& A% O‘tkazilgan ilmiy tahlillar natijalari shuni ko‘rsatadiki,

T T T namlikni o‘tkazmaydigan qatlamni to‘g‘ri tanlash va

‘ loyihalash o‘t o‘chiruvchilar himoya kiyimlarining

4 samaradorligini sezilarli darajada oshiradi. Bu esa ishlab

04— #1OUTERSHELL chigarish jarayonida ilmiy asoslangan yondashuv

+—— £2MOISTURE BARRIER zarurligini tasdiqlaydi.

i Xulosa
¢ H3THERMALBARRIR IImiy tahlillar asosida xulosa gilish mumkinki, namlikni

' o‘tkazmaydigan qatlam o°‘t o‘chiruvchilar himoya

m kiyimining eng muhim funksional elementlaridan biridir.

Ushbu gatlam tashqgi muhitdan keluvchi namlik va

agressiv  suyugliklardan himoya qilish bilan birga,

2-rasm gatlamlar ishlash prinsipi. kiyimning gigiyenik va ergonomik xususiyatlarini

belgilaydi. llmiy asoslangan material tanlovi va

zamonaviy texnologik yechimlar orgali himoya kiyimlarining xavfsizlik va qulaylik darajasini
oshirish mumkin.

4
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Adabiyotlar
[1]. Texnik to‘qimachilik materiallari va ularning himoya kiyimlarida qo‘llanilishi.
[2]. Maxsus himoya kiyimlari dizayni va texnologiyasi.
[3]. Polimer membranalar fizikasi va kimyosi.
[4]. Yong‘inga qarshi himoya vositalari bo‘yicha normativ hujjatlar.

TRIKOTAJ MATOLARINI TIKISHDA BAHIYA QATOR IPLARINI
MUSTAHKAMLIGINI OSHIRSH CHORA TADBIRLARI

B.B. Nizamova

Farg‘ona davlat texnika universiteti.
+998904067887, E-mail: barno.nizamova.89@bk.ru
(Qabul gilindi 05.12. 2025.)

Annotatsiya. Tikish jarayonida ishqalanish natijasida igna uchi qizishi xisobiga sun’iy tolalar
qo ‘shilgan iplar qgisman erishi xamda, tolalar titilishi mumkin. Taklif etilayotgan qurilma yuqoridagi
kamchiliklarni bartaraf etishga yordam beradi, iplar ishonchliligini oshiradi.

Tayanch so‘zlar; tikish, ip, ip uzunligi, kiyim, gizish, titilish, uzulish, polimerlar, tolalar, buramlar,
chok tayyorlash.

Annomauus. Ilpu cmayusanue 3a cuém mpenue ueivl ¢ MAMePUAIOM NRPOUCXOOUM 8blOeleHIUe MENIO,
Komopoe ompuyuamenvHo Oelcmeyiom Ha Kawecmeo wiea u Humu. Ilpednazaemviti KOHCMpPYKYUs
npedomeapumb 6blu¢€yk‘a3’aHHulj Hedocmamku u nosvslujaem HAOEINCHOCMb HUMU.

Knrouesvle cnoea: cmauusauue, HUm, OIUHA HUMU, 00€xCOd, Menuo, o006pvl8, NoIUMeEp, amd,
uzeomoenenel wea, KpydeHue.

Annotation. When grinding due to the friction of the needle with the material, heat is released, which
negatively affects the quality of the seam and thread. The proposed design to prevent the above
disadvantages and enhances the reliability of the thread.

Keywords: sewing, thread, thread length, clothing, heat, breakage, polymer, cotton wool,
manufactured seam, torsion.

Kirish. Trikotaj mahsulotlarining ekspluatatsion sifati ko‘p jihatdan tikuv choklarining
mustahkamligiga bog‘liq. Trikotaj matolar elastik va deformatsiyaga moyil bo‘lgani sababli bahiya
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qatorlarida iplarning uzilishi, choklarning cho‘zilishi yoki ochilishi kabi nugsonlar tez-tez uchraydi.
Shu bois tikuv jarayonida bahiya gator iplarining mustahkamligini oshirishga garatilgan texnologik
chora-tadbirlarni ishlab chigish dolzarb masalalardan biridir.

Tikish jarayonida kiyim qismlarini biriktiruvchi materiallarga g‘altak shaklida o‘ralgan
paxta, zig‘ir, ipak, viskoza, kapron, lavsan, propilen tola va iplaridan tayyorlangan iplar kiradi. Iplar
tolalarning tarkibiga ko‘ra bir xil tolalardan tashkil topgan bir jinsli va turli tolalardan tashkil topgan
aralash xillarga bo‘linadi. Iplar pishitilishiga qarab yakka, pishitilgan, eshilgan, shakldor va boshqa
xillarga ajratiladi. Yigirish jarayonida buralgan ayrim tolalardan tashkil topgan iplar yakka ip, ikKi
va undan ortiq yakka iplarni burab tayyorlangan iplar pishitilgan iplar, ma’lum tashqi effektli iplar
shakldor iplar, xar xil darajada kirishadigan sintetik tolalardan tayyorlangan iplar yuqori xajmdor
iplar deb yuritiladi. Shakldor va yuqori xajmdor iplarning cho‘ziluvchanligi 30 foiz va undan ortiq
bo‘ladi. Iplarni asosini tashkil qiluvchi tabily va kimyoviy tolalarning xususiyatlari va sifat
ko‘rsatkichlari ko‘p jixatdan ularni tashkil qilgan moddalarning xususiyatlari bilan belgilanadi.

Tadgigot metodikasi. Tajriba ishlari sanoatda keng qo‘llaniladigan paxta—polyester aralash
trikotaj mato namunalarida olib borildi. Tikish jarayonida turli tikuv iplaridan va bahiya turlaridan
foydalanildi. Tajribaning asosiy magsadi — bahiya gator iplarining uzilishga chidamliligini aniglash
va mustahkamlikka ta’sir etuvchi omillarni baholashdan iborat.

Tolalarni tashkil gilgan asosiy moddalar yugori molekulyarli organik birikmalar xisoblanadi,
ular ayni vaqtda polimerlar deb xam nomlanadi. Polimer bo‘g‘inlarning aylanish erkinligi xam
bo‘g‘inlar birikmalariga kiruvchi, xam boshqa yakin joylashgan molekulalar tarkibiga kiruvchi
gurux va atomlar o‘rtasidagi o°zaro ta’sir kuchlari bilan cheklanadi. Tortish kuchlari aylanishlarning
oson amalga oshishiga xalaqit beradi va issiqlik tebranishlari tufayli bo‘g‘inlar yengib o‘tishi zarur
bo‘lgan aylanish to‘sig‘ini xosil qiladi. Makromolekuladagi bo‘g‘inlar soni yuzlab va minglab
bo‘g‘inlarni tashkil qiladi, shuning uchun xar bir bo‘g‘inning kichik burchakda aylanishi
makromolekulalar to‘g‘rilangan xolatdan egilgan xolatga o‘tgan xolda, umuman oson o‘ralishi -
yigirilishiga olib keladi. Birog xar ganday egilishda molekulalarning uzunligi ularning kengligidan
ancha ko‘proq bo‘ladi.

Bahiya mustahkamligi maxsus uzilish sinovi orgali aniglanib, chok uzilgunga gadar berilgan
maksimal kuch giymati asosida baholandi.

Bahiya mustahkamligini hisoblash formulasi:

ob=Fmaxn\sigma_b = \frac{F_{max}}{n}cb=nFmax
bu yerda:

e cb\sigma_bcb — bahiya gatorining o‘rtacha mustahkamligi, N;

e FmaxF_{max}Fmax — chok uzilgunga gadar berilgan maksimal kuch, N;

e nnn — bahiya gatoridagi iplar soni.

Bahiya mustahkamligining nisbiy ko‘rsatkichi:

Kb=cbomx100%K b = \frac{\sigma_b}{\sigma_m} \times 100\%Kb=cmcbx=100%
bu yerda:

e KbK_bKb — bahiya mustahkamligining nisbiy ko‘rsatkichi, %;

e om\sigma_maom — asosiy matoning uzilishga chidamliligi, N.

Odatdagi xaroratda ip tolalarni
tashkil giluvchi polimer moddalar, ikki 5 | i 4 : 1
fazali xolat-kristal va amorf xolatlarida 2 AN/ / (1) 2
p'laVJud b(z ¥1s.h1 mumliln bp lgan qattiq ﬁ ‘ ___‘"* _________ \“? ! ﬁ 3
jismlar ko‘rinishida bo‘ladi. b

Bir biriga parallel joylashgan .

yuqori molekulyarli organik birikmalar ———l---------------- S

tolalari  makromolekulalari ~ chizighi ~ [ZoCCC T T
agregatlar,  tola  xosil  qiluvchi

olimerlarnin molekulyar usti _ _ _ _
P g Y 1-rasm. Ipga ishlov berish texnologik sxemasi.

tu2|_I|sh|n|_ng a}SOS'y_ q'S_m'_'f'b””am' 1-ishlov berilmagan ip, 2-yo‘naltirgich, 3-idish, 4-baraban,
xosil  qiluvchi  mikrofibrillar ~ deb 5-ishlov berilgan ip, 6-maxsus suyuglik.
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nomlangan markomolekulalar taxlamlarini xosil giladi. Fibrillar o‘z navbatida turli shakldagi
molekulyar usti yirikroq xosilalarni yaratadi. Yugori molekulyarli organik birikmalar tolalarning
molekulyar usti xosilalari kimyoviy tarkibi, makromolekulalari tuzilishi, shakli, o‘lchamlari va
o‘zaro joylashuvi ko‘p jixatdan ularning xususiyatlarini belgilaydi.

Molekulalar o‘rtasidagi o‘zaro ta’sir energiyasining issiqlik xarakatiga nisbatidan kelib

chiggan xolda, polimerlar turli fizik xolatlarda-shishasimon, yuqori elastik va cho‘ziluvchan
bo‘lishi mumkin. Tabiiy va kimyoviy to‘qimachilik tolalari va iplari yunaltirilgan polimerlardan
tashkil topgan.
Ayrim yuqori molekulyarli organik birikmalar bevosita tabiatda, o‘simliklarda va xayvon
organizmida inson ishtirokisiz xosil bo‘ladi, boshqalari esa laboratoriyada va ishlab chiqgarish
sharoitlarida sintezlanadi. Tabiiy tola xosil giluvchi yuqgori molekulyarli organik birikmalarga
syellyuloza va ogsil moddalar: keratin, fibroin va boshgalar kiradi.

Syellyuloza 1,54... 1,56 g/sm zichlikka ega, turli bug® va gazlarni oson yutadi. 120... 1300S
xaroratgacha qisqa muddatli kizdirish davomida unda ko‘zga ko‘rinarli o‘zgarishlar ruy bermaydi.
Bundan yugori gizdirish davomida avval oxista, 1600S dan yuqori xaroratda nisbatan tez, 1800S
dan keyin esa-uning molekulalarining tezkor buzilish jarayoni boshlanadi. Syellyuloza suv va
boshka organik eritmalar-spirt, benzol, xloroform va shu kabilarda erimaydi. Syellyuloza
ishkorlarga nisbatan mustaxkam. O‘simlik to‘qimalarida syellyulozaga bir qator boshqa moddalar:
pektin, lignin, oksillar va mum, pigmentlar va shu kabilar xamrox bo‘ladi.

To‘qimachilik va ip tolalarini tashkil qiluvchi ogsillarning makromolekulalari suvning ancha
katta qismini osongina yuta oladi va nisbatan katta bo‘lmagan zichlikka ega: keratin 1,28... 1,3
g/sm3, fibroin 1,25 g/sm3. 1300S xaroratgacha gisqa muddatli qizdirish davomida unda
o‘zgarishlar qariyib ro‘y bermaydi, 170 S dan yuqoriroq xaroratda tez parchalanadi, 180... 1900S
xaroratdan yuqorida esa kuyadi [1].

Tabiiy modda va materiallardan olinuvchi sintetik tola xosil giluvchi yugori molekulyarli
organik birikmalar miqdori ko‘p va ular turfa xil bo‘lishadi. Ularning soni yangi polimerlarning
yaratilishi va mavjudlarining takomillashtirilishi natijasida doimo o‘sib bormoqda. XX asrning
oxirlariga kelib, katta xajmlarda sintetik tola va iplarni olish uchun poliefir, polipropilen, poliamid,
poliakrilonitril va boshqalar qo‘llanila boshlandi [2].

Tikuvchilikda qo‘llaniladigan g‘altak iplar odatda pishitilgan iplardan tashkil topgan.
Kiyim-buyumlarni ipli ulash tikuvchilik sanoatida eng ko‘p ishlatiladigan jarayon xisoblanib,uni
bajarish sifati ishlab chiqgarilayotgan maxsulotning sifatiga ta’sir qiladi. Ipning asosiy xossalaridan
biri uning ingichkaligi. Ipning ingichkaligini ifodalash uchun chizigli zichlik, diametr, savdo nomeri
kabi ko‘rsatkichlar ishlatiladi. Iplarning asosiy nuqgsonlari ularning notekisligi, cho‘zilishdagi
uzayishi va tolalarning titilishi xisoblanadi. Notekislik tikuv jarayonida eng ko‘p muammolarni
keltirib chigaruvchi xolat xisoblanadi va uni ipni tayyorlash, hamda tikish davrida bartaraf etib
bo‘lmaydi. Buning asosiy sababi ipni burab tayyorlash jarayoni tezligi, tolalarni buralish joyiga
yetkazib berishda tolaning yumshoqligi sababli uni uzatishni aniq dozalab bo‘lmasligi.

Iplarning cho‘zilishdagi uzayishi ham tabiiy xolat xisoblanadi, chunki xar ganday cho‘zilish
xususiyati bor toladan tayyorlangan ip (maxsulot) cho‘zilishga moyil bo‘ladi. Cho‘zilish migdorini
pasaytirishning asosiy usullaridan biri, tolalar buralishlar sonini ko‘paytirish xisoblanadi. Bu ipning
eshilish xususiyatini ko‘payishiga olib keladi. Eshilish ipni ishlatish davrida chigallanishi va
uzilishiga olib keladi. Har bir turdagi iplar uchun cho‘zilishdagi uzayish miqdori aniglangan
bo‘lib,paxta iplar 6,5%, zig‘ir ip 2.0%, jun 8,0%, viskoza 10,0% ni tashkil giladi.

Iplarning titilishi sabablariga ularning uzoq vaqt ishlatilmay, quruq joyda saglab turilishi va
ishlatish jarayonidagi ishqalanish xisoblanadi. Bir chok tayyorlash jarayonida o‘rtacha 150 mm
(igna yuqori va past nuqtalari orasi, xamda moki atrofidan o‘tishida ) ip zarur bo‘ladi. Bir chok
uchun 5 mm ip zarur bo‘lsa 150 mm ip o‘rtacha 30 marta igna teshigiga ishqalanadi va ipni
titadi[3]. Ip titilganda uning buramlarini xosil giluvchi yuqori molekulyarli organik birikmalar
tolalari qizishi natijasida erib ignaga yopishib qolishi va cho‘zilishi xisobiga uzilishi mumkin.

Titish miqdorini kamaytirish, tolalar erishi va uzilishini oldini olish uchun maxsus qurilma
tayyorlandi (rasm 1). Qurilma texnologik sxemasi quyida keltirilgan. Qurilma ichidan o‘tgan ip
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maxsus suyuqlikda ishlov berilib ignaga uzatiladi va ipning ishonchliligini , 0°z navbatida tikish
jarayoni ishonchliligini oshiradi.

Xulosa. Tadqiqot natijalari shuni ko‘rsatadiki, trikotaj matolarini tikishda bahiya gator
iplarining mustahkamligini oshirish bir qator texnologik omillarga bog‘liq. Tikuv ipining to‘g‘ri
tanlanishi, mos bahiya turidan foydalanish, tikuv mashinasi sozlamalarini optimallashtirish orqali
choklarning ekspluatatsion sifati sezilarli darajada yaxshilanadi. Ushbu chora-tadbirlar ishlab
chigarishda nugsonlarni kamaytirish va tayyor mahsulot sifatini oshirishga xizmat giladi.
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MEXANIK UZATMALARDA TASMALI TIZIMLAR SAMARADORLIGINI
YAXSHILASH

V.0O. Oribjonov

Farg‘ona davlat texnika unversiteti
+998913292148, valixonoribjonov75@gmail.com
(Qabul qilindi 05.12. 2025 y.)

Annotatsiya: Ushbu magqoladan ko zlangan asosiy maqsad tasmali uzatmalarning turlaridan qaysi
birining foydali ish koeffitsiyenti yuqori ekanligini tekshirish va foydali ish koeffitsiyenti yuqori bo ‘lgan
tasmali uzatmadan foydalanish orgali uzatmalarni samarador ishlashiga erishish.

Kalit so“zlar. Mexanik uzatma, tasmali uzatma, tishli uzatma, ponasimon tasma, yassi tasma, val.

Annomayusn: [lenvio Oannol cmamvu S6I€MCcsl OnpedeseHue mozo, KAKou U3 6Uu008 PEeMeHHbIX
nepeoau obnadaem 0Oonee BbICOKUM KOIPOUUUEHMOM NONe3H020 OeUCmeUs, a makxdce OO0CMUdICeHUue
aghpexmusHol pabomovl nepeda 3a cYém UCHONL308AHUS peMeHHOU nepedayu ¢ Hauborvwum K1/,

Abstract: The main objective of this article is to determine which type of belt transmission has a
higher efficiency and to achieve efficient operation of transmissions by using the belt transmission with the
highest efficiency.

Kirish. Mashinasozlikda va mexanik uzatmalar qo‘llaniladigan har bir sohada tasmali
uzatmalarning o‘rni juda muhim hisoblanadi. Chunki bu uzatmalarni o‘rnini boshqa uzatmalar
egallay olmaydi. Harakatni ishgalanish kuchi hisobiga uzatib beruvchi bu uzatmalar harakatni bir
necha metr uzoqlikgacha uzatib bera olishi bilan ajralib turadi. O‘z o‘nida tasmali uzatmalar ham
bir necha turlarga bo‘linadi bulardan asosiy turlari yassi tasmali uzatmalar va ponasimon tasmali
uzatmalar hisoblanadi. Bu ikki uzatmalar ham turli xil foydali
ish koeffitsiyentlariga ega hisoblanadi.

Metodlar. Tasmali uzatma vallarda o‘rnatilgan ikki
shkiv (yetaklovchi va yetaklanuvchi) va ularni gamrab
turuvchi elastik element tasmadan tashkil topgan. Tasmali
uzatma harakatni shkivlar va tasma orasidagi, tasmani
taranglash hisobiga paydo bo‘ladigan ishgalanish kuchi al b/
hisobiga uzatadi. Tasmali uzatma, 30 kVt dan bir necha yuz T RE2
kVt gacha quvvat uzatishda qo‘llaniladi. Tasmali uzatma ﬁ ...
asosan avtqmob!llar_, stanoklar, tikuv mashinalari va  {_.cn Tasmali uatmaning sxematik
boshgalarda ishlatiladi. Korinishi.
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Turlari. Tasma ko‘ndalang kesim shakliga qarab: yassi tasmali (1-rasm, a), ponasimon
tasmali (1-rasm, b) uzatmalarga bo‘linadi.

Yassi tasmali uzatmalar - odatda tasma tezligi va uzatish masofasi ancha katta (otmax= 12...15
m, V =100 m/s gacha) bo‘ladi. Ponasimon tasmalar - esa masofa va tezlik kichikroq (cmax = 6 m; V
= 30 m/s gacha) bo‘lganda va kattaroq quvvat uzatilganda, doiraviy tasmalar uzatiladigan quvvat
kichik bo‘lganda, tishli tasmalar - uzatish nisbati o‘zgarmas bo‘lishi talab etilganida qo‘llaniladi.

Shu bilan bir gatorda bu tasmali uzatmalar uchun tasmaning gamrov burchagi ham turlicha
giymatga ega.

o - tasmaning yetaklovchi shkivni gamrash burchagi, grad.
o1 — yassi tasmali uzatmalar uchun 150° > a.
o1 — ponasimon tasmalar uchun esa 80° > bo‘lishi kerak.

Tasmali uzatma mexanik uzatmalarning eng qadimiy turlaridan bo‘lib, bu uzatma hozirgi
kunda ham o°‘z ahamiyatini saglab golgan. Boshga turdagi uzatmalarga garaganda tasmali uzatma
bir gator afzalliklarga ega. Shu sababli bu uzatmadan foydalanish magsadga muvofig. Tasmali
uzatmaga baho berish uchun uni eng keng targalgan tishli uzatma bilan tagqoslaymiz.

Bunda tasmali uzatmani quyidagi afzalliklarini ta’kidlash mumkin:

» harakatni nisbatan katta masofalarga (15 m gacha va undan ko‘p) uzatadi;
» tasmaning elastiklik hususiyati ravon va shovqinsiz hamda katta tezlikda ishlash imkonini
beradi;
» tasmaning elastikligi sababli yuklanishning keskin o‘zgarishlariga ta’sirchan emas;
» o‘ta yuklanish holatlarida tasmaning shkivdagi sirpanishi sababli mexanizmlarni ishdan
chigishdan saglaydi;
» tuzilishi oddiy, ishlatilishi oson moylash talab etmaydi;
» FIK vyetarli darajada yuqoriligi (n = 0,91 ... 0,96); tayyorlash, ishlatish va xizmat ko‘rsatish
nisbatan yengilligi;
» tannarxi nisbatan arzon.
Tasmali uzatmalarning asosiy kamchiliklari:

» tashqi o‘lchamlari katta (ba’zi sharoitlarda shkiv diametrlari tishli g‘ildiraklar diametridan
taxminan besh marta katta);

» tasmaning yuklanishiga bog‘liq sirpanishidan uzatish nisbatining o‘zgaruvchanligi,

» tasmaning Kkatta dastlabki tarangligidan val va ularning tayanchlariga tushadigan
yuklanishning kattaligi (tishli uzatmaga nisbatan vallarga 2...3 bora ko‘p yuklanish
tushadi);

» tasmalar chidamliligining pastligi (1000 soatdan 5000 soatgacha).

Tasmali uzatmalar asosan vallar bir-biridan ancha uzogda (katta masofada) joylashgan
hollarda ishlatiladi. Zamonaviy tasmali uzatmalarning quvvati odatda 50 kVt dan ortmaydi. Tasmali
uzatmalar avtomobilsozlikda, stanoksozlikda va qishloq xo‘jalik mashinalarida keng ko‘lamda
qo‘llaniladi. Hozirgi kunda zamonaviy mashinasozlikda ponasimon tasmalar eng ko‘p tarqalgan,
shu sababli eski konstruksiyali yassi tasmalarning ishlatilishi ancha kamaydi. Yangi konstruksiyali
yassi tasmalar (plastmassalardan tayyorlangan qobigli — plenkali tasmalar) tez yurar uzatmalarda
qo‘llanilmoqda. Tasmali uzatmalar ishchanlik layoqatining asosiy mezonlari tasma bilan shkivlar
orasidagi ishgalanish kuchi orgali aniglanadigan tortish layogati va tasmaning umrbogiyligi
hisoblanadi. Tasma umrbogiyligi normal sharoitlarda foydalanishda tasmaning toligishidan
yemirilishi bilan chegaralanadi. Hozirgi davrda tasmali uzatmalarni tortish layogati bo‘yicha
hisoblash asosiy hisoblanadi. Tasmaning umrbogiyligini tanlash uchun, uzatmani hisoblashda
asosiy parametrlarini amaliy tavsiyalar asosida gabul gilinadi.

Elelktrodvigateldan chigayotgan P:=18 kWt quvvatni bir valdan ikkinchi valga uzatish
uchun tasmali uzatmadan foydalanilmoqgda. Ikkinchi valdagi quvvat aniglanadi. Hisobda
podshipnikning foydali ish koeffitsiyentini npod = 0,99 teng deb olinadi.

1.Yassi tasmali uzatmadan foydalanamiz. P1=18 kWt
Npod = 0,99 va yassi tasmali uzatmaning foydali ish koeffitsiyenti nws =0,97 ga teng.

P2 =P1 X1pod X 7tas formuladan foydalangan holda hisoblaymiz.
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P2 =P1 X7pod X 1tas= 18x 0,99x 0,97 = 17,28kWt

2. Ponasimon tasmali uzatmadan foydalanamiz.

Ponasimon tasmali uzatmaning foydali ish koeffitsiyenti ntws = 0,98 ga teng.
P2' = P1 X7pod X 1tas =18%0,99%0,98=17,463 kWt.

Tadgigot natijalari. Hisob kitoblar va ushbu hisob kitoblardan olingan natijalardan
quyidagi natijalarni olishimiz mumkin:

P,'- P> = 17,463 - 17,28 =0,183 kW.

Ya’ni ushbu qiymatni kWtdan Wtga o‘tkazamiz. AP = 183 Wt ga teng giymatni olamiz.

Xulosa. Olib borilgan tahlil va olingan natijalardan ma’lum bo‘ldiki, yassi tasmali
uzatmalarga nisbatan ponasimon tasmali uzatmalardan foydalanadigan bo‘lsak energiya va
quvvatning yo‘qotilishi ham nisbatan kamroq bo‘lar ekan va foydalanish davomida nisbatan
kamroq quvvatli elektrodvigatellardan foydalanishimiz ham mumkin bo‘ladi.
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CLO 3D RAQAMLI MODELLASHTIRISH ASOSIDATIBBIY BEL
KORSETLARIDA BOSIM TAQSIMOTI VA DEFORMATSIYA JARAYONLARINI
OPTIMALLASHTIRISH

M.H. Yaxyojonova

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi _05.12. 2025 v.)

Annotatsiya: Ushbu magola tibbiy bel korsetlarining terapevtik samaradorligini oshirish, bemorning
individual anatomik xususiyatlariga moslashuvini ta’minlash va uzoq muddatli qulay foydalanishni
kafolatlashga garatilgan. Tadgiqot jarayonida CLO 3D ragamli modellashtirish dasturi yordamida
korsetning konstruktsiyasi, elastik va yarim gattiq elementlarning joylashuvi, materiallarning mexanik
xususiyatlari, shuningdek, bemor tanasiga moslashuv jarayoni chuqur tahlil gilindi. Turli dizayn variantlari
bo yicha bosim tagsimoti va deformatsiya simulyatsiyasi amalga oshirilib, yuqori stress hududlari
aniglanadi va konstruktsiya parametrlarini optimallashtirish orgali korsetning terapevtik samaradorligini
oshirish, patologik segmentlarni bargarorlashtirish, bemorning harakat erkinligini saglash hamda uzoq
muddatli foydalanishda qulaylikni ta’minlash imkoniyati yaratildi. Tadgiqot natijalari shuni ko ‘rsatdiki,
ragamli modellashtirish yordamida korset konstruktsiyasini bemorning individual anatomiyasiga
moslashtirish, bosim tagsimotini optimallashtirish va deformatsiyani nazorat gilish samarali reabilitatsiya
jarayonini ta 'minlaydi.

Kalit so“zlar: tibbiy bel korsetlari, CLO 3D, ragamli modellashtirish, bosim tagsimoti, deformatsiya,
ergonomika, biomekanika, individual anatomik xususiyatlar.

Almomauuﬂ: B OaHHOU cmambve paccemampueaemcs noevluieHue mepane@muqecmﬁ
3qb¢ez<mueHocmu Me()uL;MHCKux NOACHUYHbIX KOpcemoe, obecneuerue ux coomeemcmeus unéueudyaﬂbﬁbm
aHamomudecKum 0C05€HH00m}1M nayuenma u capaumuposanue KOM(Z)OpmHOZO aﬂumeﬂbHOZO UCNOJIb306AHUAL.
B xode uccredosanus ¢ nomowwto npoepammul yu@posozo mooeruposanusi CLO 3D 6w npogedén
0emanbHblll AHAIU3 KOHCMpYyKyuu rKopcema, pacnoloOdHCerHus I71acCmudHblx U I’lOJZyOfCéCH’IKux I/1EeMEHMO08,
MEXaHUYecKUx CEolUCme mamepuaioes, a makxoice npoyecca aaanmauuu K mely nayuenma. ,Z]/l}l Pas3iudHblx
8apUAHMO8 OU3AUHA BLINONIHEHO MOOETUPOBAHUe pacnpedeleHus 0asienus u 0edhopmayuu, 8via6ieHbl 30Hbl
6bICOKO2O HANpAdICeHUus, a makoce npoee@ena onmumusayusl napamempoe KOHCmPYKyuu ¢ UYejibto
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NOBbIULEHUST MEPANeEMUYEcKoll IpphexmusHocmu Kopcema, cmabunuzayuy namonioSudeckux CeemMenmos,
COXpanenuss c80000bl OBUIICEHUNl NayueHma u obecneueruss Kompopma npu OIUMETbHOM HOULEHUL.
Pesynomamol  uccnedosanus noxaswlearom, 4mo yu@dposoe MoOSIUPosanue no3eoisiem adanmuposans
KOHCIPYKYUIO KOpcema K UHOUBUOVATbHOU AHAMOMUU NAYUEHNA, ONMUMUSUPOEAMb pacnpedenenue
oasnenus U KOHMpoauposams degopmayuio, obecnewusas 2 hexmusHbvlll npoyecc peadurumayui.

Knwuesvie cnoea: meouyunckue nosacuuunvie rxopcemei, CLO 3D, yugposoe modenuposanue,
pacnpedenenue Oagienus, Oepopmayus, PSOHOMUKA, OUOMEXAHUKA, UHOUBUOYATbHbIE AHAMOMUYECKUe
ocobeHHOCTU.

Abstract: This article focuses on enhancing the therapeutic effectiveness of medical lumbar braces,
ensuring their adaptation to the patients individual anatomical features, and guaranteeing comfortable
long-term use. The study involved a detailed analysis of the brace'’s construction, the arrangement of elastic
and semi-rigid elements, material mechanical properties, and the adaptation process to the patient’s body
using CLO 3D digital modeling software. For various design options, pressure distribution and deformation
simulations were conducted, high-stress zones were identified, and construction parameters were optimized
to improve the brace’s therapeutic efficiency, stabilize pathological segments, maintain patient mobility, and
ensure comfort during prolonged use. The study results demonstrate that digital modeling enables the
adaptation of the brace design to the patient’s individual anatomy, optimizes pressure distribution, and
controls deformation, providing an effective rehabilitation process.

Keywords: medical lumbar braces, CLO 3D, digital modeling, pressure distribution, deformation,
ergonomics, biomechanics, individual anatomical features.

Kirish

Umurtqa pog‘onasi patologiyalari jahon miqyosida bemorlarning hayot sifatini sezilarli
darajada pasaytiradigan keng targalgan kasalliklar gatoriga kiradi. Spondilolistez, disk churrasi,
osteoxondroz va boshga degenerativ-distrofik o‘zgarishlar nafaqat og‘riq va harakat cheklanishiga
sabab bo‘ladi, balki bemorning reabilitatsiya jarayonini murakkablashtiradi va kundalik faoliyatini
jiddiy cheklaydi. Shu sababli, bel sohasidagi patologik segmentlarni bargarorlashtiruvchi maxsus
tibbiy korsetlarning terapevtik samaradorligini oshirish va ularni bemor anatomiyasiga
moslashtirish dolzarb ilmiy-amaliy masala sifatida namoyon bo‘ladi.

An’anaviy korset modellarining ko‘pchiligi standart elementlarga asoslangan bo‘lib,
bemorning individual anatomik va biomekanik xususiyatlarini yetarlicha hisobga olmaydi. Natijada,
korsetning terapevtik samaradorligi pasayadi, uzoq muddatli foydalanishda esa charchoq,
noqulaylik va hatto ikkilamchi asoratlar yuzaga keladi. Masalan, Cholewicki va McGill (1996)
keltirgan tadqiqotlarda ko‘rsatilishicha, noto‘g‘ri joylashtirilgan korset elementlari umurtqa
pog‘onasining tabiiy harakat mexanizmini cheklashi, mushak faoliyatini pasaytirishi va og‘riqni
kuchaytirishi mumkin. Shu bilan birga, Bogduk (2012) anatomik tahlillari korsetning individual
tana tuzilishiga moslashuvi terapevtik samaradorlikni oshirishda muhim omil ekanligini ko‘rsatadi.
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1-rasm. Clo 3D dasturda korset dizayni.
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Zamonaviy ragamli modellashtirish vositalari, xususan CLO 3D, korsetning material va
konstruktsiyasini virtual muhitda tahlil gilish, bosim tagsimoti va deformatsiya jarayonlarini vizual
tarzda kuzatish imkonini beradi. Bu esa real ishlab chigarishdan oldin konstruktsiyaning optimal
variantlarini aniglash, yugori stress hududlarini kamaytirish va bemor qulayligini maksimal
darajada oshirish imkonini yaratadi. Rohlmann va boshq. (2001) keltirgan tadqiqotlarga ko‘ra,
umurtqa pog‘onasiga tushadigan yuklamalarni raqamli simulyatsiya orqali o‘rganish,
konstruktsiyani ishlab chigarishdan oldin samaradorlikni baholashga imkon beradi. Shu tarzda
ragamli modellashtirish tibbiy korsetlarni loyihalash jarayonini nafagat tezlashtiradi, balki ishlab
chiqarish xarajatlarini kamaytiradi va bemor xavfsizligini oshiradi.

Tadgigot yondashuvi

Tadgiqot jarayonida korsetning turli dizayn variantlari CLO 3D dasturida ragamli model
shaklida yaratilgan. Har bir model bemorning individual anatomik parametrlariga moslashtirilib,
korset yuzasida har bir segmentga tushadigan bosim va deformatsiya jarayonlari simulyatsiya
gilindi. Simulyatsiya natijalari asosida yuqori stress hududlari
aniglanib, elastik va yarim qattiq elementlarning joylashuvi va
material kombinatsiyalari optimallashtirildi. Shu bilan birga,
bemorning harakat erkinligi, uzog muddatli foydalanishdagi
qulaylik va terapevtik samaradorlik nugtai nazaridan tahlil olib
borildi.

Panjabi (2006) ta’kidlaganidek, umurtqa pog‘onasi
barqarorligi nafaqat mushak va ligamentlar bilan bog‘liq, balki
tashqi mexanik qo‘llab-quvvatlash vositalari, masalan, korsetlar
orqali ham ta’minlanadi. Shu asosda, CLO 3D yordamida har
bir konstruktsiya elementi deformatsiyaga chidamlilik, bosim
tagsimoti va bemorning ergonomik qulayligini hisobga olgan
holda optimallashtirildi. Adams va Dolan (2012) biomekanik
tadqgiqotlari shuni ko‘rsatadiki, materiallarning elastikligi va
elementlarning joylashuvi umurtga segmentlariga tushadigan yuklarni sezilarli darajada
o‘zgartiradi, bu esa korset samaradorligini oshirishda hal giluvchi ahamiyatga ega.

Natijalar va muhokama

Modellashtirish natijalari shuni ko‘rsatdiki, elastik va yarim qattiq elementlarning optimal
kombinatsiyasi korset yuzasidagi bosimni teng tagsimlashga yordam beradi. Yuqori stress hududlari
sezilarli darajada kamayadi, patologik segmentlar samarali bargarorlashtiriladi, bemorning harakat
erkinligi esa cheklanmaydi. Deformatsiya jarayoni tahlil gilinganida, korsetning elastik elementlari
bemorning harakatini to‘smasdan, segmentlarni barqarorlashtirish vazifasini muvaffaqiyatli
bajaradi.

Bundan tashgari, CLO 3D modellashtirish yordamida turli materiallar va element
kombinatsiyalari sinovdan o‘tkazilib, maksimal terapevtik samaradorlikka erishish uchun eng
magbul variantlar aniglanadi. Shu bilan birga, modellashtirilgan korset bemorning individual tana
tuzilishiga moslashadi va uzoq muddatli foydalanishda qulaylikni ta’minlaydi. White va Panjabi
(1990) keltirgan tahlillar shuni ko‘rsatadiki, individual anatomik xususiyatlarni hisobga olgan
korsetlar uzoq muddatli reabilitatsiya jarayonida og‘riqgni kamaytiradi va mushak faoliyatini
optimallashtiradi.

Ergonomik jihatdan, CLO 3D modellashtirish orqgali korset bemorning individual tana
tuzilishiga moslashadi va har bir segment bemorning ergonomik qulayligini ta’minlaydi. Bu
yondashuv korsetni ishlab chiqgarish jarayonida ilmiy asoslangan qarorlar qabul qilish,
konstruktsiyani optimallashtirish va bemorning xavfsizligini ta’minlash imkonini beradi.

Xulosa

Tadgiqot natijalari shuni ko‘rsatdiki, CLO 3D ragamli modellashtirish tibbiy bel
korsetlaridagi bosim tagsimoti va deformatsiya jarayonlarini optimallashtirishda samarali vosita
hisoblanadi. Elastik va yarim gattiq elementlarning optimal kombinatsiyasi patologik segmentlarni
bargarorlashtirish, bosimni teng tagsimlash va bemorning harakat erkinligini saglash imkonini

2-rasm. Clo 3D dasturda yaratilgan 2-
korset 3D ko‘rinishi.
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beradi. Modellashtirilgan korset individual anatomik xususiyatlarga moslashadi, uzoq muddatli
foydalanishda qulaylikni ta’minlaydi va reabilitatsiya samaradorligini oshiradi. Ushbu yondashuv
tibbiy korsetlarni loyihalash va ishlab chigarishda ilmiy asoslangan gqarorlar gabul gilish va
konstruktsiyani optimallashtirish uchun muhim ahamiyatga ega.
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CHARM MAHSULOTLARINING SIFATINI OSHIRISHDA YANGI MATERIALLAR VA
INNOVATSION USULLAR

R.A. Berdiyeva
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(Qabul gilindi 05.12. 2025 y.)

Annotatsiya: Ushbu magolada charm mahsulotlarining sifatini oshirishdagi yangi materiallar va
innovatsion ishlab chigarish usullari tahlil gilinadi. Tadgigot zamonaviy texnologiyalar, ekologik toza
materiallar, sifat nazorati tizimlari va standartlashtirish jarayonining mahsulot sifati va
ragobatbardoshligiga ta’sirini ko ‘rsatadi. Shuningdek, magolada charm sanoatining bargaror rivojlanishi
va global bozor talablariga moslashish yo ‘llari ham yoritiladi.

Kalit so“zlar: Charm mahsulotlari, sifatni oshirish, innovatsion texnologiyalar, yangi materiallar, sifat
nazorati, bargaror ishlab chigarish.

AHHOmal(u}l.’ B ()CIHHOTZ cmamsve aHAIUIUPYIOMCA HOB8ble mamepudailbl U UHHOBAYUOHHbIE Memodbl
npouseodcmea Ol NOGbIUWEHUs Kayecmeda Koxcanwvlx uzoeaun. Mccnedosanue nokasvieaem 6IUAHUE
COBPEMEHHBIX me)CHOJZOZMIZ, IKOJI02UHECKU YHUCMDBIX MaAmepuanloe, Cucmem KOHmpoJiia Kkavecmea u npoyeccos
cmaHaapmmauuu HA Ka4decmeo u KOHKypEHI’}’IOCnOCO6HOCWlb npodym;uu. B cmamve maxorce oceeuaromces
80NPOCHL YCMOUUUBO2O PA3BUMUSL KOHCEBEHHOU NPOMBIULICHHOCMU U NYMU a0anmayuu K mpebo8aHusm
MUPOBO2O PbIHKA.

Knrwueewvte cnosa: uszoenus us KOooiCU, noevlideHue kadecmed, UHHOBAYUOHHbIE NIEXHONI02UU, HOBble
mamepuailsl, KOHmpOJlb Kavecmed, ycmoﬁlmsoe np0u360()cm60.

Abstract: This article analyzes new materials and innovative production methods for improving the
quality of leather products. The study shows the impact of modern technologies, environmentally friendly
materials, quality control systems and standardization processes on product quality and competitiveness.
The article also highlights the sustainable development of the leather industry and ways to adapt to global
market requirements.

Keywords: Leather products, quality improvement, innovative technologies, new materials, quality
control, sustainable production.

Nazariy gism

Charm mabhsulotlari kundalik hayotda va moda sanoatida muhim o‘rin tutadi. Mahsulotning sifati
nafagat mijozlarning talablarini qondirish, balki uning bozor raqobatbardoshligini ta’minlashda ham
muhim ahamiyatga ega. So‘nggi yillarda innovatsion texnologiyalar va yangi materiallar charm
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mahsulotlarining sifatini sezilarli darajada oshirish imkonini beradi. Ushbu maqolada charm
mahsulotlarida sifatni oshirish yo‘llari, zamonaviy materiallar va innovatsion ishlab chiqarish usullari
tahlil gilinadi. Charm mahsulotlarida yugori sifatli teri va ekologik toza materiallar ishlatish mahsulot
umrini va sifatini oshiradi. Masalan, tabiiy teri bilan bir gatorda, sintetik charm va gayta ishlangan
materiallar ham zamonaviy ishlab chiqarishda qo‘llanmoqda. Bu nafaqat sifatni, balki mahsulotning
ekologik xavfsizligini ham ta’minlaydi. Charm mahsulotlarining sifati ko‘p jihatdan ishlatiladigan
materiallarga bog‘liq. An’anaviy tabiiy teri uzoq vaqt davomida yuqori sifatli mahsulot yaratishda
asosiy material bo‘lgan bo‘lsa, so‘nggi yillarda yangi materiallar charm sanoatida muhim o‘rin egallay
boshladi. Bu materiallar nafagat sifat va chidamlilikni oshiradi, balki ishlab chigarish jarayonini ham
samarali giladi.[1]

Yangi materiallar gatoriga sintetik charm, gayta ishlangan charm, ekologik toza va bargaror
materiallar kiradi. Sintetik charm tabiiy teriga yaqin sifatga ega bo‘lib, uning ishlab chigarish
xarajatlarini kamaytiradi va turli rang va teksturalarda mahsulot yaratishga imkon beradi. Qayta
ishlangan charm esa atrof-muhitga zarar yetkazmasdan ishlab chigarish imkonini beradi, bu esa bargaror
sanoatni rivojlantirishga xizmat giladi. Ekologik toza materiallar esa nafagat mahsulot sifati, balki brend
imidjini ham oshiradi. Hozirgi kunda iste’molchilar ekologik jihatdan xavfsiz mahsulotlarga ko‘proq
e’tibor qaratmoqda. Shu sababli yangi materiallardan foydalanish kompaniyalarga raqobatbardosh
bo‘lish va global bozorda o‘z o‘rnini mustahkamlash imkonini beradi.[2]

Charm mahsulotlarini ishlab chigarishda sifat va samaradorlikni oshirish uchun innovatsion
texnologiyalar katta ahamiyatga ega. An’anaviy qo‘l mehnati asosida ishlab chigarilgan charm
mahsulotlari yuqori sifatli bo‘lishiga qaramay, katta miqdorda va tez ishlab chigarish imkonini
bermaydi. Shu sababli zamonaviy texnologiyalar — lazer yordamida kesish, avtomatik tikuv mashinalari,
ragamli dizayn va robotlashtirilgan ishlab chigarish liniyalari — sanoatda keng qo‘llanilmoqda.[3]

Lazer kesish texnologiyasi mahsulotni aniq va bir xil o‘lchamda kesish imkonini beradi. Bu
nafagat ish vaqtini tejaydi, balki materialdan chigindilarni kamaytiradi. Aynigsa, sintetik charm yoki
gayta ishlangan materiallarda lazer kesish yugori aniglik bilan ishlaydi va mahsulotning estetik
ko‘rinishini yaxshilaydi. Shu bilan birga, murakkab naqgshlar va dizayn elementlarini yaratish ham
osonlashadi.

Avtomatik tikuv mashinalari ishlab chigarish jarayonini tezlashtiradi va mahsulot sifatini bargaror
giladi. Ushbu mashinalar turli tikuv turlarini bajarish, galin yoki nozik charm gatlamlarini birlashtirish,
shuningdek, bir xil tikuv kuchini ta’minlash kabi imkoniyatlarga ega. Natijada, mahsulotlar bir xil sifat
va mukammal ko‘rinishda bo‘ladi.

Ragamli dizayn tizimlari esa mahsulotni ishlab chigarishdan oldin kompyuterda yaratishga
yordam beradi. Dizaynerlar turli rang, shakl va nagshlarni sinab ko‘rishi mumkin, bu esa ishlab
chigarishdagi xatoliklarni kamaytiradi va mahsulotning sifatini oshiradi. Shu bilan birga, 3D
modellashtirish va prototiplash texnologiyalari yangi mahsulotlarni tezkor ishlab chigish imkonini
beradi. Robotlashtirilgan ishlab chigarish liniyalari esa murakkab operatsiyalarni avtomatlashtirish
orgali ishlab chigarish hajmini oshiradi. Bu texnologiya nafaqgat ishlab chigarish tezligini oshiradi, balki
mehnat xarajatlarini kamaytiradi va sifatni bargaror giladi. Shuningdek, ishlab chiqgarish jarayonidagi
mehnat sharoitlarini yaxshilashga ham xizmat qgiladi.[4]

Charm mahsulotlarining raqobatbardoshligi va iste’molchilar tomonidan yuqori baholanishi ko‘p
jihatdan sifat nazorati va standartlashtirish tizimlariga bog‘liq. Mahsulot sifati nafaqat uning tashqi
ko‘rinishi, bardoshliligi va qulayligi bilan belgilanadi, balki ishlab chigarish jarayonidagi texnologik
goidalarga amal qilish bilan ham ta’minlanadi. Shu sababli zamonaviy charm sanoatida sifat nazorati
tizimlari ishlab chigarish jarayonining ajralmas gismiga aylangan.

Zamonaviy texnologiyalar sifat nazoratini avtomatlashtirishga ham yordam beradi. Masalan, lazer
va ragamli o‘lchash tizimlari yordamida tikuv va kesish jarayonidagi xatoliklar aniglanadi, avtomatik
sifat tekshiruvi esa inson omilidan kelib chigadigan xatoliklarni kamaytiradi. Shu bilan birga, sifatni
nazorat qilish bo‘yicha malakali mutaxassislar va laboratoriyalar ishlab chiqarishning barcha
bosqichlarida sifatni barqaror ta’minlaydi.

Sifat nazorati mahsulotning har bir bosgichida amalga oshiriladi: teri tanlash, kesish, tikish va
yakuniy mahsulotni bezash jarayonlarida. Teri sifati va materialning xususiyatlari oldindan tekshiriladi,
keraksiz yoki sifat darajasi past materiallar ishlab chigarishga Kiritilmaydi. Tikuv jarayonida esa tikuv
kuchi, tikuvlarning tekisligi va mahsulotning estetik ko‘rinishi muntazam nazorat gilinadi. Shuningdek,
yakuniy mahsulot laboratoriyalarda bardoshlilik, elastiklik va rang bargarorligi kabi parametrlar
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bo‘yicha sinovdan o‘tkaziladi. Standartlashtirish esa sifatni barqaror ta’minlash va xalgaro bozorlarda
ragobatbardosh mahsulot yaratishda muhim ahamiyatga ega. 1SO, GOST va boshqga xalgaro standartlar
charm mahsulotlarining sifatini belgilaydi va ishlab chigaruvchilarga mahsulotni standartlarga mos
ishlab chigarish imkonini beradi. Standartlashtirish orgali mahsulotlar bir xil sifat va tashqi ko rinishda
bo‘ladi, bu esa mijozlarning ishonchini oshiradi.[5]

Charm sanoatida mahsulot sifatini oshirish bilan bir gatorda, ekologik va bargaror ishlab chigarish
ham muhim ahamiyatga ega. An’anaviy charm ishlab chiqarish jarayonida ko‘p miqdorda suv,
kimyoviy moddalar va energiya ishlatiladi, bu esa atrof-muhitga zarar yetkazishi mumkin. Shu sababli
zamonaviy sanoatda ekologik toza materiallardan foydalanish va energiya tejovchi texnologiyalarni
joriy etish muhim hisoblanadi.

Barqaror ishlab chigarish tamoyili ishlab chiqgarish jarayonidagi chigindilarni kamaytirish, gayta
ishlash va tabiiy resurslardan oqilona foydalanishni o‘z ichiga oladi. Masalan, qayta ishlangan charm va
sintetik ekologik materiallar ishlab chiqgarish jarayonida chigindilarni kamaytiradi va resurslardan
samarali foydalanishga imkon beradi. Shuningdek, energiyani tejovchi texnologiyalar va suvni gayta
ishlash tizimlari ham barqgaror ishlab chigarishning muhim gismidir.

Ekologik va bargaror ishlab chigarish nafagat atrof-muhitni himoya qiladi, balki mahsulotning
brend qiymatini oshiradi. Hozirgi kunda iste’molchilar ekologik jihatdan xavfsiz va barqaror ishlab
chiqarilgan mahsulotlarga ko‘proq e’tibor qaratmoqda. Shu sababli charm sanoatida ekologik va
bargaror ishlab chiqgarish texnologiyalarini joriy etish ragobatbardoshlikni oshirishga xizmat qgiladi.[6]

Xulosa.

Charm mahsulotlari sanoati zamonaviy iqgtisodiyot va global bozor uchun muhim soha
hisoblanadi. Tadqiqot natijalari shuni ko‘rsatadiki, mahsulot sifatini oshirishda yangi materiallar,
innovatsion ishlab chigarish texnologiyalari, sifat nazorati va standartlashtirish tizimlari muhim rol
o‘ynaydi. Yangi materiallar, xususan, sintetik va qayta ishlangan charm, mahsulotning bardoshli va
estetik jihatdan mukammal bo‘lishini ta’minlaydi. Shu bilan birga, lazer kesish, avtomatik tikuv
mashinalari va ragamli dizayn kabi zamonaviy texnologiyalar ishlab chigarish samaradorligini oshiradi
va sifatni bargaror gqiladi. Sifat nazorati va xalgaro standartlarga mos ishlab chigarish charm
mahsulotlarini  ragobatbardosh qiladi, mijozlar ishonchini oshiradi va eksport imkoniyatlarini
kengaytiradi. Ekologik va bargaror ishlab chigarish esa atrof-muhitni himoya gilish bilan birga, brend
imidjini mustahkamlaydi va iste’molchilar talabiga javob beradi. Shu yo‘l bilan charm sanoati nafagat
ichki bozorda, balki global migyosda ham muvaffagiyatli rivojlanishi mumkin. Innovatsion
yondashuvlar, sifatni nazorat qilish tizimlari va ekologik barqgarorlik tamoyillari birgalikda charm
mahsulotlarini zamonaviy, raqobatbardosh va yuqori sifatli gilishda asosiy omil hisoblanadi. Charm
mahsulotlarining sifatini oshirish uchun yangi materiallar, zamonaviy texnologiyalar va sifat nazorati
tizimlarini qo‘llash zarur. Innovatsion usullar ishlab chigarish samaradorligini oshirib, mahsulotni
global bozor talablariga moslashtiradi. Shu yo‘nalishda charm sohasi nafaqat ichki, balki xalqaro
bozorda ham raqobatbardosh bo‘la oladi.
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Annotatsiya: Ushbu maqolada badiiy loyihalashda kompyuter grafikasining o ‘rni, ahamiyati va
imkoniyatlari yoritilgan. Maqolada kompyuter grafikasi tushunchasi, uning raster va vektor turlari,
shuningdek 2D va 3D grafikalarning dizayn jarayonidagi qo ‘llanilishi tahlil qgilinadi. Shuningdek, Adobe
Photoshop, CorelDRAW, AutoCAD, 3ds Max, Blender kabi grafik dasturlarning badiiy loyihalashdagi
ahamiyati va afzalliklari ko ‘rsatib o ‘tilgan.

Kalit so“zlar: kompyuter grafikasi, badiiy loyihalash, raster grafika, 3D grafika, vektor grafika, grafik
dizayn dasturlari

Anuomauu}z: B oaunot cmamove packpeiearomcs pojib, 3HAYEHUE U 603MONCHOCMU KOManOmepHOIZ
epauku 8 Xy002HcecmeeHHOM NPOeKMUposanuy. B cmamve paccmampusaemcs HOHAMUE KOMNbIOMEPHOU
epachuxu, eé pacmposvie u 6eKmophble Uobl, a maxdce anarusupyemcst npumenenue 2D u 3D epaguxu 6
npoyecce ousaiina. Kpozwe moco, nOKA3Aaro 3Haverue u npeumywecmea maxKux epaqbulteacux npoecpamm, Kak
Adobe Photoshop, CorelDRAW, AutoCAD, 3ds Max u Blender, 6 obracmu xydoocecmeenno2o
npoeKmuposanusl.

Knioueevie cnosa: xomnviomep, epagura, xy0odcecmseHHoe NpoeKmuposanie, pacmposas epaguxa,
3D epaguxa, sexkmopnas epaguka, epapuueckue ouzatiHepcKue NPoOSPamMMbl.

Annotation: This article highlights the role, importance, and potential of computer graphics in artistic
design. It discusses the concept of computer graphics, its raster and vector types, as well as the application
of 2D and 3D graphics in the design process. In addition, the article emphasizes the significance and
advantages of graphic design software such as Adobe Photoshop, CorelDRAW, AutoCAD, 3ds Max, and
Blender in the field of artistic design.

Keywords: computer graphics, artistic design, raster graphics, 3D graphics, vector graphics, graphic
design software.

Zamonaviy dizayn va san’at sohalarida kompyuter grafikasi muhim ro‘l o‘ynaydi. An’anaviy
qo‘lda ishlash usullari bilan bir qatorda, turli grafik dasturlar yordamida loyihalash jarayonlari
yanada samarali va qulay amalga oshirilmoqda. Badiiy loyihalashda kompyuter grafikasi nafagat
tezkorlikni, balki yuqori sifatli va aniq ijodiy yechimlarni tagdim etadi.

Kompyuter grafikasi tushunchasi va uning turlari

Kompyuter grafikasi bu tasvir va shakllarni elektron qurilmalar yordamida yaratish, gayta
ishlash va saglash texnologiyasidir. U ikki asosiy turga bo‘linadi:

Raster grafikasi piksel asosida qurilgan tasvirlar (masalan, fotosuratlar).

Vektor grafikasi chiziglar va shakllar asosida qurilgan tasvirlar (masalan, logotip va
sxemalar). Bundan tashqgari, kompyuter grafikasi:

2D grafika (ikki o‘lchamli tasvirlar)

3D grafika (uch o‘lchamli modellashtirish) shakllarida ham qo‘llanadi.

Badiiy loyihalash jarayonida kompyuter grafikasi vositalari

Kompyuter grafikasi vositalari dizayner va rassomlar uchun keng imkoniyat yaratadi. Ular
orasida mashhur grafik dasturlarni keltirish mumkin:

Adobe Photoshop fotosuratlarni tahrirlash, ranglar bilan ishlash, kollaj va effektlar yaratish
uchun. CoreIDRAW vektor grafikasi asosida logotip, afisha va dizayn elementlarini yaratish uchun.
AutoCAD muhandislik chizmalari va aniq loyihalar tayyorlashda. 3ds Max, Blender uch o‘lchamli
modellarni yaratish va animatsiya gilishda. Badiiy loyihalash jarayonida kompyuter grafikasi
yordamida eskizlar tayyorlash, loyihani 3D ko‘rinishda ko‘rsatish va tayyor mahsulotning virtual
maketini yaratish mumkin. Kompyuter grafikasi orgali badiiy loyihalashning afzalliklari kompyuter
grafikasi badiiy loyihalashda bir gator afzalliklarga ega:

Tezkorlik va aniglik eskizlarni gisqa vaqt ichida yaratish va ularga o‘zgartirish kiritish
imkoniyati mavjud. Estetik yechimlarni ko‘rish dizayn variantlarini turli rang va shakllarda sinab
ko‘rish mumkin. Taqdimot imkoniyati loyiha natijalarini vizual tarzda ko‘rsatish, mijozlarga
tushunarli gilib tagdim etish osonlashadi.

Innovatsion yondashuv yangi texnologiyalar yordamida kreativ va noodatiy loyihalar yaratish
imkoniyati kengayadi.

Tikuvchilikda kompyuter grafikasi bu soha ichida kompyuter yordamida tikuvchilik va tovar
ishlab chiqgarishga oid vizual materiallar, dizaynlar va texnologiyalar yaratish jarayonidir. Bu
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mavzuda hozirgi kunda texnologiyaning rivojlanishi bilan birga, kompyuter grafikasi va dizayn
usullari keng go'llanilmoqda. Kompyuter grafikasi bu kompyuter yordamida tasvirlar, grafikalar va
vizual effektlar yaratish jarayonidir. Bu soha loyihalar va dizaynlar ishlab chigishda keng
go'llaniladi. Aynigsa, hozirgi kunda trikotaj mahsulotlarini ishlab chigarishda tasvirlar yoki turli hil
grafik yozuvlar keng qo‘llanilmoqda.

Uch o‘lchamli kompyuter texnologiyalarining eng ko‘p tarqalgan ishlash ketma-ketligini
OptiTex ALT misolida ko‘rish mumkin bo‘ladi. OptiTex ALT tarkibiga konstruktorlik moduli,
joylashma moduli, ma’lumotlarni boshqa tizim formatiga eksport va import qiluvchi funksiyalar
to‘plami va konvertor kirgan. Hozirgi kunda bu usulni qo‘llash, yangi tehnologiyalardan
foydalanish ishlab chiqarish istigbollarini oshirishga ulkan hissa qo‘shadi. OptiTex tizimining
maxsus Runway Designer moduli turli hil o‘lcham va shakldagi virtual manekenlarda kiyimlarni
uch o‘lchamda loyihalash imkonini beradi. Bu tizimlarda ishlash ulkan qulayliklar kasb etadi.
Tizimda inson 3 o‘lchamli qomatini olishning bir necha usullari mavjud:

» avtomatik ravishda 3D skaner orqali sanoqli soniyalarda konkret insonning maksimal
aniglikdagi modelini olish;

* 3D Studio MAX dasturida animatsiya yoki vizuallashtirish orqali olingan inson qomatining
uch o‘lchamli modelini import qilish;

* tipaviy standart maneken parametrlarini kerakli gabarit o‘lchamdagi individual manekenga
moslashtirish.

3D model tayyorlash uchun andozalar komplekti avval tekislikda maxsus konstruktorlik
moduli orqali ishlab chiqiladi, so‘ng Runway Designer modulida detallarning tutashadigan
chiziglari, ularning virtual manekenga nisbatan fazodagi bosh nuqtasi olinadi. (1-2- rasmlar).
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1- rasm. 3D Runway Creator for PDS. 2- rasm. 3D Runway Creator for Modulate.

Xulosa
Tikuv buyumlarini badiiy loyihalashda kompyuter grafikasi bugungi kunda ajralmas vositaga
aylangan. U nafagat loyihalash jarayonini tezlashtiradi, balki dizaynerlarga o‘z ijodiy g‘oyalarini
keng imkoniyatlar bilan amalga oshirishga imkon beradi. Shuningdek, bu texnologiya orgali milliy
va zamonaviy san’at yutuqlarini uyg‘unlashtirgan holda yangi takomillashgan badiiy loyihalar
yaratish mumekin.
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EKODIZAYN YO‘NALISHIDA POLIKOMPONENTLI MATOLARNING O‘RNI VA
AFZALLIKLARI

R.A. Berdiyeva

Farg‘ona daviat texnika universiteti,
(Qabul gilindi 05.12. 2025 v.)

Annotatsiya: Ushbu maqolada ekodizayn konsepsiyasi doirasida polikomponentli matolarning
ahamiyati, ularning tarkibiy xususiyatlari hamda ekologik bargaror kiyim ishlab chigarish jarayonidagi
o ‘rni tahlil qgilinadi. Polikomponentli tolalarning kombinatsiyalangan fizik va ekspluatatsion xususiyatlari
tikuvchilik sanoatida resurslarni tejash, mahsulotning xizmat muddatini uzaytirish hamda ekologik yukni
kamaytirish kabi ustunliklarni yaratishi ilmiy asosda yoritildi. Magola natijalari polikomponentli matolar
asosida ishlab chigariladigan kiyimlarning ekologik samaradorligini oshirishga doir ilmiy-amaliy takliflarni
o0 z ichiga oladi.

Kalit so“zlar: Polikomponentli matolar, ekodizayn, kompozit tolalar, ekologik tekstil, gayta ishlanish,
energiya tejamkor texnologiya, chigindisiz kesish, tikuv texnologiyasi, bargaror moda, innovatsion
materiallar.

Anﬂomamm: B oaumon cmamove anaiusupyemcs 3Ha4yeHue noaUKOMNO3UNIHbIX I’)’IKaHeﬁ, ux
CMPYKNYpPHblE C8OUCMBA U POIb 8 NPOU3BOOCBE IKONOSUYECKU YCIOUUUBOL 00€XHCObl 8 PAMKAX KOHYEenyuu
IKOOU3AUHA. Haytmo 007(‘613617—10, ymo couemaHue qbu3ultec1<ux u 9KcniyamayuoHHblX ceolcme
NONUKOMROZUMHBIX 80JIOKOH CO30Aem npeumyuiecmea 6 weelHou npoOMblUIEeHHOCMU, mMaKue KaKk 9KOHOMU:
Ppecypcos, npooenue CpoKa Cayxcovl u30enuil U CHudjCeHue Hazpy3ku Ha okpyscaiowyio cpedy. Pesynomamot
cmamvy - 6KaO4YAOnt  HAyyHvle U npakmudecKkue npe()ﬂogfcenuﬂ N0 NOBBbIUEHUIO DKOIO2UYECKOl
aghpexmusHocmu 00enHcObl, U320MOGLEHHOU U3 NOTUKOMNOZUMHBIX MKAHE.

Knrwueevie cnosa: nonuxomnosummovle MKaHu, 3K0()u3alZH, KOMNno3umHusvle 60J10KHA, 9KOJIOCUYHBLU
mexcmuib, nepepabomia, dHepeocbepezaiowjue  MexXHoOAO2UU, OE30MXOOHAS PACKPOUKA,  UBeliHble
mexHolo02uu, ycmoﬁqueaﬂ MO()a, UHHOBAYUOHHbLE Manepuabl.

Abstract: This article analyzes the importance of polycomponent fabrics within the framework of the
ecodesign concept, their structural properties, and their role in the production of environmentally
sustainable clothing. The combined physical and operational properties of polycomponent fibers have been
scientifically demonstrated to create advantages in the garment industry, such as saving resources, extending
product life, and reducing environmental burden. The results of the article include scientific and practical
proposals for improving the environmental efficiency of clothing made from polycomponent fabrics.

Keywords: Polycomponent fabrics, ecodesign, composite fibers, ecological textiles, recycling, energy-
saving technology, waste-free cutting, sewing technology, sustainable fashion, innovative materials.

Nazariy gism

So‘nggi yillarda yengil sanoat va tekstil ishlab chiqarish jarayonlariga ekologik talablarga
mos yondashuvlar tez sur’atlar bilan kirib kelmoqda. Bunda ekodizayn konsepsiyasi markaziy
o‘rinni egallab, mahsulotning butun hayotiy siklida atrof-muhitga yetkaziladigan zararni
kamaytirishni magsad giladi. Mazkur yondashuv kiyim ishlab chigishda material tanlash jarayoniga
jiddiy ta’sir ko‘rsatmoqda. Polikomponentli matolar tabiiy, sun’iy va sintetik tolalarning turli nisbati
asosida vyaratiladigan kompozit materiallar ajralib turadigan innovatsion xomashyo sifatida
gadrlanmogda. Ular yuqori chidamlilik, gigiyeniklik, elastiklik, shaklni yaxshi ushlash, issiglik
almashinuvini tartibga solish kabi ko‘p funksiyali xususiyatlar bilan birga ekologik samaradorlikni
ham ta’minlashi bilan ahamiyatlidir.[1]

Ushbu maqolada ekodizayn talablari nugtayi nazaridan polikomponentli matolarning fizik-
mexanik afzalliklari, ekologik barqaror ishlab chiqarish jarayoniga qo‘shadigan hissasi va
zamonaviy tikuv texnologiyalaridagi o‘rni ilmiy tahlil gilinadi.

Polikomponentli matolar ikki yoki undan ortiq xil tolaning birlashtirilishi orqali yaratiladi.
Bunda paxta, zig‘ir, jun kabi tabiiy tolalar poliester, poliamid, elastan, viskoza kabi sun’iy va
sintetik komponentlar bilan kombinatsiyalanadi. Tolalarning turli nisbatlarda birlashtirilishi
matoning ekspluatatsion xususiyatlarini sezilarli darajada yaxshilaydi. Masalan, elastan aralashgan
paxta matolari deformatsiyaga kam beriladi, viskoza bilan kombinatsiyalangan bambuk tolalari esa
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gigroskopiklik va havo o‘tkazuvchanlikni oshiradi. Ushbu xususiyatlar ekodizayn tamoyillarida
asosiy ko‘rsatkich uzoq muddatli xizmat qilish imkoniyatini ta’minlaydi.[2]

Ekodizayn mahsulotning butun hayotiy siklini (xom ashyodan tortib utilizatsiyagacha)
ekologik nugtayi nazardan baholaydigan va minimallashtiradigan ilmiy-texnologik yondashuvdir.
Ushbu konsepsiya yengil sanoat jarayonlarida xomashyo sarfini kamaytirish, chigindilarni
gisqartirish, mahsulotning xizmat muddatini uzaytirish va gayta ishlash imkoniyatini oshirishni
magsad giladi. Polikomponentli matolar turli xil tabiiy va sintetik tolalarning kombinatsiyasi
mazkur tamoyillarga bir qgator jihatlari bilan mos keladi. Ekodizaynning asosiy mezonlaridan biri
mahsulotning Life Cycle Assessment (LCA) tahlilini o‘tkazishdir.[3]

Polikomponentli matolar ushbu mezon bo‘yicha bir nechta jihatdan ustunlik ko‘rsatadi:
Tolalarning kombinatsiyasi natijasida polikomponentli matolar.

Kam suv talab qiluvchi sun’iy tolalarni, tabiiy, gigiyenik, lekin ko‘p suv talab qiluvchi paxta
yoki zig‘irni o‘zaro muvozanatlaydi. Masalan, paxta, polyester, elastan kombinasiyasi gigiyenik
xususiyatlarni saglagan holda ishlab chigarish uchun kam suv, kam energiya talab giladi.
Ekodizaynning eng muhim tamoyillaridan biri kiyimning hayotiy davrini uzaytirish.
Polikomponentli matolar: cho‘zilishga, burishishga, yuvishdan so‘ng shaklini yo‘qotishga, pilling
(kungura hosil bo‘lishi) jarayoniga kam beriluvchan bo‘ladi. Natijada kiyim: ko‘proq vaqt xizmat
giladi, kamrog almashtiriladi, chigindi migdori ancha kamayadi. Bu ekologik bargarorlik uchun
juda muhim ko‘rsatkichdir. Bular tabiily yoki gayta tiklanadigan manbalardan olingan sintetik
polyesterlar bo‘lib, ular: tez parchalanadi, toksik chiqindilar qoldirmaydi, qayta ishlanishi oson.[4]

Misollar:

e PLA + paxta,
e bambuk viskoza + polyester,
o lyosel + gayta ishlab chigilgan PET.
Polikomponentli matolarni qo‘llash iqtisodiy tomondan ham ekodizayn mezonlariga mos
keladi:
uzoq xizmat qilishi sababli iste’molchi mahsulotni kam xarid qiladi;
ishlab chigaruvchi uchun material tejaladi;
gayta ishlashdan olingan tolalar tannarxni pasaytiradi;
chigindi va energiya sarfi kamayadi.

Demak, ekologik foyda igtisodiy jihatdan ham foydaga aylanadi bu ekodizaynning asosiy
magsadlaridan biri. Matoning mustahkamligi oshishi va deformatsiyaga chidamliligi uning kiyimda
uzoq muddat xizmat qilishini ta’minlaydi. Bu esa kiyimni tez-tez almashtirish ehtiyojini kamaytirib,
umumiy iste’mol resurslarini qisqartiradi. Kombinatsiyalangan tolalar ayrim hollarda kam issiqlikda
ishlov berish imkonini yaratadi. Bu esa bo‘yash va termik ishlov bosqichlarida energiya sarfini
kamaytiradi. Zamonaviy ishlab chigaruvchilar PLA (polilaktid), bambuk viskoza, gayta tiklangan
poliester kabi ekologik toza komponentlardan foydalanib polikomponentli tolalar yaratmoqda.
Ularning parchalanish jarayoni tabiatga zarar yetkazmaydi yoki gayta ishlanishi oson.[5]

Polikomponentli matolar nafagat ekologik va texnologik talablarga javob beradi, balki inson
salomatligi va qulayligini ta’minlash nuqtai nazaridan ham yuqori samaradorlikka ega. Zamonaviy
ishlab chigaruvchilar PLA (polilaktid), bambuk viskoza, gayta tiklangan poliester kabi ekologik
toza komponentlardan foydalanib polikomponentli tolalar yaratmoqgda. Bu materiallar inson terisi
bilan bevosita aloqada bo‘lganda zararli moddalarni ajratmaydi, terining nafas olishini ta’minlaydi
va terlash jarayonida namlikni samarali so‘rib oladi, shu bilan birga havo aylanishini tartibga soladi.
Natijada kiyim kiygan shaxs uchun gigiyenik muhit yaratilib, teri sog‘ligiga zarar yetishining oldi
olinadi.[6]

Polikomponentli matolar tarkibidagi tabiiy va sun’iy tolalarning optimal kombinatsiyasi,
ularning elastikligi va yumshogligi bilan birga, kiyimning inson tanasiga moslashuvchanligini
ta’minlaydi, harakat erkinligini cheklamaydi va uzoq vaqt davomida qulaylikni saqlaydi. Bundan
tashqgari, ba’zi komponentlar, masalan, bambuk viskoza, tabiiy antibakterial xususiyatga ega bo‘lib,
terida bakterial faollik va yomon hidning shakllanishini kamaytiradi. Polikomponentli tolalarning
yuqori gigroskopik xususiyati, ya’ni suvni so‘rish va tez qurish qobiliyati, sport yoki faol harakat
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talab giladigan kiyimlarda ham qulaylikni ta’minlaydi va teri yuzasida namlik to‘planishining oldini
oladi. Shuningdek, sintetik komponentlarning gatlamlashgan kombinatsiyasi kiyimning shaklini
saqlash, elastikligini yo‘qotmaslik va burishishining oldini olish imkonini beradi, bu esa
antropometrik talablarni tananing tabiiy konturlariga moslashishni amalga oshirishda muhim rol
o‘ynaydi. Polikomponentli matolardan tikilgan kiyimlar nafaqat turli tana o‘lchamlariga
moslashadi, balki uzun vaqt davomida deformatsiyaga uchramaydi va Kiyish paytida qulaylikni
saglaydi. Shu bilan birga, bu matolar yuvish va parvarishlash jarayonida ham o‘z xususiyatlarini
saglab qoladi, allergik reaksiyalarni kamaytiradi va toksik kimyoviy moddalarni ajratmaydi.
Bularning barchasi polikomponentli matolarni nafagat ekologik, balki gigiyenik jihatdan ham
xavfsiz giladi, shuningdek, inson tanasining ergonomik va antropometrik xususiyatlariga mos
keladigan kiyimlar yaratish imkonini beradi. Natijada, polikomponentli matolar asosidagi kiyimlar
nafagat uzoq xizmat giladi, balki kiygan shaxs uchun maksimal qulaylik, gigiyenik xavfsizlik va
sog‘ligni saglash kafolatini ta’minlaydi, bu esa ekodizayn talablari va zamonaviy tekstil sanoatining
asosily magsadlariga to‘liq javob beradi.[7]
Xulosa

Tadqiqot natijalari shuni ko‘rsatadiki, polikomponentli matolar ekodizayn talablariga mos
ravishda yuqori texnologik, ekologik va igtisodiy samaradorlikka ega materiallar sirasiga kiradi.
Ularning fizik-mexanik afzalliklari kiyimning sifatini oshiradi, uzoq muddat xizmat qilishi esa
iste’molchi va ishlab chigaruvchi uchun iqtisodiy qulaylik yaratadi. Zamonaviy ekologik
yondashuvlar, xususan energiya tejamkor texnologiyalar, qayta ishlanishi mumkin bo‘lgan tolalar
va chigindisiz ishlab chiqgarish usullari polikomponentli matolarning eng muhim ustunliklari sifatida
namoyon bo‘ladi. Ushbu materiallar asosida yaratilgan kiyimlar nafaqat qulay va sifatli, balki
ekologik barqaror yengil sanoat rivojiga munosib hissa qo‘shadi.
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PAXTA TOLASINI TOZALASH JARAYONI SAMARADORLIGINI YIGIRILGAN IP
SIFAT KO‘RSATKICHLARIGA TA’SIRI

G.0. Maxmudova

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi 05.12. 2025 v.)

Annotatsiya: Ushbu magolada paxta tolasini tozalash jarayoni samaradorligining yigirilgan ip sifat
ko ‘rsatkichlariga ta'siri o ‘rganilgan. Tozalash jarayonida tolani begona aralashmalardan to‘liq ajratish
bilan birga, uning tabiiy xususiyatlarini saglab golish muhimligi asoslab berilgan. Tadgigotda tozalash
Jjarayonining ip mustahkamligi, notekisligi, tuklanish darajasi va tashqi ko ‘rinishiga ta siri tahlil gilingan.
Shuningdek, tozalash jarayonida uchraydigan asosiy kamchiliklar va ularni bartaraf etish bo ‘yicha
zamonaviy texnologik yechimlar taklif etilgan. Tadgiqot natijalari to ‘qimachilik sanoatida yuqori sifatli ip
ishlab chiqarishni ta’minlashda amaliy ahamiyatga ega.

Kalit so‘zlar: paxta tolasi, tozalash jarayoni, yigirilgan ip, ip sifati, mexanik ta%ir, to ‘qimachilik
sanoati.

Annomauus: B Oannou cmamve uccnedosano euuAnue IpgexmueHocmu npoyecca O4UCHKU
XNIONKOB020 B6OJIOKHA HA nokazamenu Kauecmea npsicu. OOOCHOBaHA HEOOXOOUMOCb MAKCUMATLHO2O
YOanenus npumecetl npu COXPAHeHuu npUPooOHbIX C80tcms 8on0KkHa. TIpoanaruzuposano enusHue npoyecca
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O4YuUCmKU HA NpPoOYHOCMb, HEPABHOMEPHOCNIb, 60JI0CUCNOCNntb U BHEWHUL U0 npAdHcU. P(lCCMOWlpeHbl
OCHOBHbIE HeOOCmamKU npoyecca O4YUCmKu XJIONKOB02O 60JIOKHA U I’lpeaﬂO.?iceHbl coepemMenrnble
mexHolo0cu4ecCKue peuleHus no ux yCmpaneHuio. HOﬂylleHHble pesyiobmanvl umerom npaKkmuieckoe 3Ha4eHue
OJ151 NOBLIUEHUS KaYecmed npsaosicu 6 meKCcmuibHOU npombliUleHHOCMU.

Knroueewvie cnosa: xnonkosoe 60JIOKHO, npoyecc o4ucmku, npsioca, Kavecmeo NnpAasiNcu, mexanuiecKkoe
603061201116”6, MEeKCMUNbHAA NPOMBIULIEHHOCMb.

Annotation: This article examines the influence of cotton fiber cleaning efficiency on the quality
parameters of spun yarn. The importance of removing impurities while preserving the natural properties of
the fiber is substantiated. The effects of the cleaning process on yarn strength, unevenness, hairiness, and
appearance are analyzed. The main shortcomings of cotton fiber cleaning processes are identified, and
modern technological solutions to overcome them are proposed. The research results have practical
significance for ensuring high-quality yarn production in the textile industry.

Keywords: cotton fiber, cleaning process, spun yarn, yarn quality, mechanical impact, textile industry.

Kirish

Bugungi kunda to‘qimachilik sanoati jadal rivojlanib borayotgan tarmoqlardan biri bo‘lib,
ishlab chigarilayotgan mahsulotlarning sifati va raqobatbardoshligi, avvalo, ishlatilayotgan
xomashyo holati hamda uni gayta ishlash texnologiyalarining mukammalligiga bog‘liqdir. Yuqori
sifatli yigirilgan ip olish jarayonida paxta xomashyosi asosiy manba hisoblanadi va uning fizik-
mexanik xususiyatlari, tozaligi hamda bir xilligi yakuniy mahsulot sifatini belgilovchi muhim
omillardan biri hisoblanadi.

Paxta tolasini tozalash jarayoni ip ishlab chigarish texnologik zanjirining eng muhim va
mas’uliyatli bosqichlaridan biri bo‘lib, mazkur jarayonda tolani turli xil mineral va organik
iflosliklardan, jumladan chang, tuproq, barg, poya bo‘laklari hamda chigit po‘chog‘i qoldiglaridan
ajratish amalga oshiriladi. Tozalash jarayonining asosiy vazifasi paxta tolasini keyingi yigirish
jarayonlariga tayyorlash, tolalarning erkin holatini ta’minlash va texnologik ishlov berish uchun
qulay sharoit yaratishdan iboratdir.

Shu bilan birga, tozalash jarayonida tolaga ortigcha mexanik ta’sir ko‘rsatilishi uning tabiiy
tuzilishiga salbiy ta’sir etib, tolalarning uzilishi, gisqarishi yoki shikastlanishiga olib kelishi
mumkin. Bu holat esa yigirilgan ipning mustahkamligi, notekisligi, tuklanish darajasi va tashqi
ko‘rinishining yomonlashuviga sabab bo‘ladi. Aksincha, tozalash samaradorligi yetarli
bo‘lmaganda, begona aralashmalar tolada saglanib qolib, ipning texnologik va ekspluatatsion sifat
ko‘rsatkichlarini pasaytiradi.

Shu sababli, paxta tolasini tozalash jarayonining samaradorligini oshirish, uni optimal
texnologik rejimlarda amalga oshirish va zamonaviy uskunalardan foydalanish bugungi kunda
dolzarb masalalardan biri hisoblanadi. Tozalash jarayonining ip sifat ko‘rsatkichlariga ta’sirini
chuqur o‘rganish, mavjud kamchiliklarni aniqlash va ularni bartaraf etish bo‘yicha ilmiy asoslangan
yechimlar ishlab chigish to‘qimachilik sanoatida yugqori sifatli, raqobatbardosh mahsulotlar ishlab
chiqarishni ta’minlashga xizmat qiladi.

Paxta tolasini tozalash jarayonining mohiyati

Paxta tolasini tozalash jarayoni to‘qimachilik sanoatida xomashyoni dastlabki gqayta ishlash
bosgichlarining eng muhim gismi hisoblanadi. Ushbu jarayonning asosiy magsadi paxta tarkibidagi
mineral va organik iflosliklarni, jumladan chigit po‘chog‘i bo‘laklari, barg qoldiglari, chang va
tuproq zarrachalarini maksimal darajada ajratib olishdan iboratdir. Tozalash natijasida tolalarning
bir-biriga yopishib qolishi kamayadi, ularning erkin holati ta’minlanadi va keyingi texnologik
jarayonlar uchun qulay sharoit yaratiladi.

Paxta tolasini tozalash jarayoni asosan mexanik ta’sir asosida amalga oshiriladi. Bu jarayonda
maxsus tozalash mashinalari, barabanlar, panjaralar hamda havo ogimidan foydalaniladi. Mexanik
zarba va havo harakati yordamida tolalar ichidagi iflosliklar ajratib olinadi. Birog uskunalarning
noto‘g‘ri sozlanishi yoki texnologik rejimlarning talab darajasida tanlanmasligi tolalarning uzilishi,
gisqarishi va strukturaviy shikastlanishiga olib kelishi mumkin. Bu esa keyinchalik yigirilgan ip
sifatining pasayishiga sabab bo‘ladi.
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Paxta tolasini tozalash jarayonining samaradorligi vyigirilgan ipning asosiy sifat
ko‘rsatkichlariga bevosita ta’sir ko‘rsatadi. Tozalash darajasi qanchalik optimal bo‘lsa, ipning fizik-
mexanik va texnologik xususiyatlari shunchalik yuqori bo‘ladi.

Paxta tolasi yetarli darajada tozalanmagan hollarda uning tarkibida begona aralashmalar
saqlanib qoladi. Bu holat yigirish jarayonida tolalar orasidagi bog‘lanishni zaiflashtirib, ipning tez-
tez uzilishiga va mustahkamlik ko‘rsatkichining pasayishiga olib keladi. Shu bilan birga, haddan
tashqari kuchli mexanik ta’sir ostida olib borilgan tozalash jarayoni tolalarning shikastlanishiga
sabab bo‘lib, ip mustahkamligiga salbiy ta’sir ko‘rsatadi. Shuning uchun tozalash jarayonida
optimal mexanik ta’sirni ta’minlash muhim ahamiyatga ega.

Tozalash darajasi Ip mustahkamligi (%)
Past 75

O‘rtacha 88

Optimal 100

Haddan tashqari 82

Tozalash jarayoni yetarli darajada samarali bo‘lmaganda tolalar uzunligi va massasi bo‘yicha
notekis tagsimlanadi. Natijada yigirilgan ipda qalin va yupqa joylar ko‘payib, ipning notekisligi
oshadi. Bu esa keyingi to‘qish yoki trikotaj jarayonlarida texnologik nosozliklarga, mahsulot sifati
va tashqi ko‘rinishining yomonlashuviga olib keladi.

Tozalash jarayonida mexanik zarba kuchining noto‘g‘ri tanlanishi tolalarning uch
qismlarining ajralib chiqishiga sabab bo‘ladi. Bu holat ip yuzasida tuklanish darajasining oshishiga
olib keladi. Yuqori tuklanish darajasi matoning tashqi ko‘rinishini yomonlashtiradi, chang
yig‘ilishiga sabab bo‘ladi va tayyor mahsulotning ekspluatatsion xususiyatlarini pasaytiradi.

Sifatli tozalangan paxta tolasidan olingan ip silliq, bir xil rangga ega va kam nuqsonli bo‘ladi.
Tozalash sifati past bo‘lgan hollarda ip tarkibida qora nuqtalar, dog‘lar va boshqa ko‘rinadigan
nugsonlar paydo bo‘lib, bu tayyor mahsulotning estetik ko‘rinishiga salbiy ta’sir ko ‘rsatadi.

Paxta tolasini tozalash jarayonida bir gator kamchiliklar uchrab turadi. Jumladan, eskirgan va
zamonaviy texnologik talablarga javob bermaydigan tozalash uskunalaridan foydalanish tozalash
samaradorligini pasaytiradi. Texnologik rejimlarning noto‘g‘ri tanlanishi, operatorlar malakasining
yetarli emasligi va tozalash jarayonida tolaga ortigcha mexanik zarba berilishi tolalarning
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shikastlanishiga olib keladi. Shuningdek, paxta navlari va ifloslik darajasiga moslashuvchan
yondashuvning yetishmasligi ham jarayon samaradorligiga salbiy ta’sir ko‘rsatadi.

Mazkur ~muammolarni  bartaraf etish uchun paxta tolasini tozalash jarayonini
zamonaviylashtirish zarur. Bunda energiya tejamkor va avtomatlashtirilgan tozalash uskunalarini
joriy etish, paxta tolasi sifatiga garab individual texnologik rejimlarni ishlab chigish muhim
ahamiyatga ega. Tozalash jarayonida optimal mexanik ta’sir kuchini ta’minlash orqali tolalarning
shikastlanishining oldi olinadi. Shuningdek, ishlab chigarish xodimlarining malakasini oshirish,
sifat nazorati tizimini kuchaytirish va laboratoriya tahlillarini muntazam o‘tkazish yuqori sifatli
yigirilgan ip ishlab chigarishni ta’minlaydi.

Xulosa

O‘tkazilgan tahlillar shuni ko‘rsatadiki, paxta tolasini tozalash jarayoni samaradorligi
yigirilgan ip sifat ko‘rsatkichlarini belgilovchi asosiy va hal qiluvchi omillardan biri hisoblanadi.
Tozalash jarayonining texnologik jihatdan to‘g‘ri tashkil etilishi va optimal rejimlarda olib borilishi
ipning mustahkamligi, notekisligi, tuklanish darajasi hamda tashqi ko‘rinishini sezilarli darajada
yaxshilash imkonini beradi. Aynigsa, tolani begona aralashmalardan samarali tozalash bilan bir
gatorda, uning tabiiy tuzilishini saglab qolish yuqori sifatli ip olishning muhim sharti ekanligi
aniglandi. Shu bilan birga, tozalash jarayonida uchraydigan mavjud kamchiliklar, jumladan eskirgan
uskunalardan foydalanish, texnologik rejimlarning noto‘g‘ri tanlanishi va operatorlar malakasining
yetarli emasligi tolalarning shikastlanishiga olib kelib, ip sifatining pasayishiga sabab bo‘lishi
mumkin. Bunday holatlar to‘qimachilik korxonalarida ishlab chiqarish samaradorligining
kamayishiga va mahsulot ragobatbardoshligining pasayishiga olib keladi.

Mazkur muammolarni bartaraf etish uchun paxta tolasini tozalash jarayoniga zamonaviy,
energiya tejamkor va avtomatlashtirilgan texnologiyalarni joriy etish, paxta tolasi sifati va ifloslik
darajasini inobatga olgan holda individual texnologik rejimlarni ishlab chigish zarur. Shuningdek,
ishlab chigarish xodimlarining malakasini oshirish, sifat nazoratini kuchaytirish va laboratoriya
tadgiqotlarini muntazam olib borish orqali tozalash jarayonining bargarorligini ta’minlash mumkin.
Umuman olganda, paxta tolasini tozalash jarayonini ilmiy asoslangan holda takomillashtirish
to‘qimachilik sanoatida yuqori sifatli, raqobatbardosh va eksportbop yigirilgan ip ishlab chiqarishga
xizmat giladi hamda sohaning bargaror rivojlanishiga muhim hissa qo‘shadi.
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ARRALI JIN TA’MINLAGICHLARINI QOZIQCHALI BARABANINI
TAKOMLILLASHTIRISHNING MAQSADI VA MOHIYATI

Y. Ergashov, A.R. Raximjonov, magistr F.F. Tursunova

Farg ‘ona daviat texnika universiteti
yuldashaliergashov@gmail.com,
raximjonovazizbek15@gmail.com
(Qabul gilindi_05.12. 2025 y.)

Annotatsiya. Ushbu maqolada arrali jin ta 'minlagichlarida qgo ‘llaniladigan gozigchali barabanning
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konstruktiv va texnologik jihatdan takomillashtirilishining magsadi va mohiyati yoritilgan.

Kalit so“zlar.Chigitli paxta,qozigchali baraban,titishi tozalash.

Annomayusa. B oOaunnoii cmamve paccmMompeHvl yeavb U CYWHOCMb KOHCMPYKMUBHO20 U
MEexXHOoI02UHECKO20 COBEPULEHCMBOBAHUA WUNTBIPOKOB020 6apa6aHa, NPUMEHAEMO20 6 numameiiix NUJIbHblX
Ooicunos. OCHOBHOe GHUMAHUE YOeleHO NOGbluleHUl0 IP@exmueHocmu npoyecca nooawu XI0NKa u
YAyUuernuro Kavecmea 60JI0KHA 3a cuém OnMmMuMu3ayuu KOKCMpPYKyuu u pesitcumos pa601’l’lbl wmslpbKOB0O2CO
bapabana.

Knroueewie cnosa: )(JZOI’IOK, 6apa6aH , OducCmKa pa3pulxjienusd, cemuanias no6ePXHOCntbs.

Abstract. This article describes the purpose and essence of the constructive and technological
improvement of the peg drum used in saw gin feeders. Special attention is paid to increasing the efficiency of
the cotton feeding process and improving fiber quality through optimization of the drum design and its
operating conditions.

Keywords: Cotton, drum, cleaning, loosening, mesh surface.

Paxta tolasini tabiiy xususiyatlarini saglagan holatda tolaning sifat ko’rsatkichlarini oshirish paxta
tozalash korxonasining asosiy muommolaridan bo‘lib ishlab chiqarishning texnika va
texnologiyalarini  takomillashtirish  yo’nalishlariga
bog’liq.Chigitli paxta korxonaning saqlash, quritish,
tozalash jarayonlaridan o‘tib chigitli paxtani tolasini
chigitdan ajratish  texnologik jarayonga kelib
tushadi.Tagsimlovchi  shnek paxtani taminlagich
ustiga o’rnatilgan shaxtaga tashlab undan so‘ng PD
ta’minlagichiga beriladi. PD ta’minlagichning asosiy
vazifasi texnologik ogimdan kelayotgan paxtani
ma’lum bir qalinlikda paxtani titib mayda
iflosliklardan tozalab Jin ishchi kamerasiga uzatib
berishdan iborat (1-rasm). Bu esa jinlash texnologik
jarayonini uzluksiz ishlashini ta’minlaydi va tolaning
sifat ko‘rsatkichlarini asosiy manba bo‘lib xizmat
) o . .. qiladi. PD ta’minlagichlarning ish rejimlarini Jin
1-rasm 3XAD markali to‘rt barabanli oziglantirgich . . . . 1 . .
sxmasi. 1-ta’'minlovchi valik; 2-gozigli baraban; IShth kam§ra§1da sodir 'bo lad}gan' )'io'mashyo V?ll,lgl
3,4,6-qozigli plankali baraban; 5-to‘rli yuza; hosil bo’lishi  va uning zichligini o’zgartirish
7-shnek; 8-tarnov(nov). Xususiyatiga ega. Xomashyo valigini zichligi Jin
uskunasining ish unumdorligiga va tolaning sifat ko’rsatkichlariga ta’sir etadi.
PD Ta’minlagichlarini asosiy ishchi qismlarining konstruktsiyasi paxtani titish, tozalash va ishchi
kameraga bir xil qalinlikda uzatib berishga ta’sir etadi. PD ta’minlagichlar konstruksiyalarini
takomillashtirish ularni titish barabanlarini oshirishi bilan paxtani titish jarayonini oshirish hamda
ta’minlagichni ish unumdorligini oshirishga garatilgan (2-rasm)

Ilmiy tadqiqot ishlarini natijasiga ko’ra hozirgi kunda bitta
titish barabaniga ega bo’lgan ta’minlagichlar ishlab chiqildi.
Ta’minlagichning Paxta bo’yicha ish unumdorligi 4,5 tonna
soatga tozalash unumdorligi 7-15% ga teng. Hozirgi kunda
paxtaning yangi seleksiya navlarini yaratilishi natijasida
paxtaning qiyin tozalanuvchi navlari paydo bo’lib paxta
tozalash ~ korxonasida  paxtani  tozalash  texnologik
jarayonlarida muammolarni  keltirib  chigarmogda, bu
muammolar jin uskunalarining ta’minlagichlarining  ish
rejimlariga ham ta’sir ko’rsatib ta’minlagichlarning asosiy
ishchi qismi bo’lgan qoziqchali baraban konstruktsiyasini
2-rasm.PD  markali  bir barabanli tahlil gilish orgali takomillashtirish talab etilmogda. Chunki
oziglantirgich ~ sxemasi.  1-taminlash ta’minlovchilarning ~ mayda  iflosliklardan  tozalash
valigi;2- goziqchali baraban; 3- torli \nymdorligi pasayishiga olib keldi. Ta’minlgichlarni tozalash
yuza;-tarnov (nov);5-shenk. samaradorligini  oshirish uchun baraban qozigchalarini
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geometrik shaklini o’zgartirish orqali ta’minlagichni paxtani titish darajasini oshirishga erishildi.

Bu taklif etilgan qozigchali baraban konstruktsiyasining geometrik shaklida baraban plankasiga
nisbatan ma’lum burchak ostida joylashgan bo’lib bir-biriga nisbatan qarama-garshi qilib
o’rnatilgan qoziqchali baraban takomillashtirilib ishlab chiqildi (3-rasm).

Ushbu
AR R R R R konstruktsiya chigitli
(S A A AN N AN AN AN 3N AN BN O BN N AN BN BN AN AN AN BN BN AN &N oY N AN i H
| | paxtani
ta’minlagichning
ishchi kamerasida
yugori darajada titilishi
3-Rasm. va harakatlanishini

ta’minlaydi.
Xulosa.

Tadgigot natijalari shuni ko‘rsatadiki, arrali jin ta’minlagichlarida qo‘llaniladigan qozigchali
barabanning konstruktiv va texnologik jihatdan takomillashtirilishi paxta tolasining sifat
ko‘rsatkichlarini yaxshilash hamda jinlash jarayonining uzluksiz va bargaror ishlashini ta’minlashda
muhim ahamiyatga ega. Xomashyo valigining zichligi va bargarorligini ta’minlash orqgali jin
uskunasining ish unumdorligi oshadi va paxta tozalash korxonalarida ishlab chigarish samaradorligi
yuksaladi.
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QATTIQ CHIQINDILARDAN ENGIL FRAKTSIYANI OLISH TEXNOLOGIYASINI
TAKOMILLASHTIRISH

R.J. Tojiyev O*.T. Xamdamov

Farg ‘ona davlat texnika universiteti,
(Qabul gilindi 05.12. 2025 y.)

Annotatsiya: Qattiq maishiy chigindilarni ajratish jarayonida aeroseparatsiya usulidan
foydalanish masalalari yoritilgan. Aeroseparatsiya — bu havo ogimida zarrachalarni zichligi va
aylanish tezligi farglariga asoslangan holda boyitish jarayoni bo ‘lib, chigindilarni og ‘ir va yengil
fraksiyalarga ajratishda samarali hisoblanadi. Tadgiqotlarda havo ogimidagi zarrachalarga ta’sir
etuvchi kuchlar, jumladan, tortishish kuchi va Jukovskiy formulasi asosida aniglanadigan ko ‘tarish
kuchi tahlil gilinib, zarrachalarning muvozanat tezligi aniglash usullari keltirilgan.

Kalit so'zlar: havo tagsimoti, gattig chigindilar, havo ajratgichlari, chigindi gog'oz, vertikal
havo ogimi, gorizontal havo ogimi, yengil va og'ir fraksiyalar.

AHHOmauun: oceeujerHvbl 80NPOCHL NPUMEHEHUs Memoodd a’popdacnpedeneHus 8 npoyecce
paszoenerus meepovix ObLIMOBLIX OMX0008. AdpopacnpedeneHue-3mo npoyecc obo2aujeHus yacmuy
8 BO30YWHOM NOMOKe HA OCHO8e pA3Iuyull 8 WIOMHOCMU U CKOPOCMU 6PAWEHUs, KOMOPbIll
aghghexmueen npu pazoereHuu omxo008 Ha msdcenvle U Jneckue @paxyuu. B uccredosanusx
AHATUBUPYIOMCSL CUTbL, OeUCmBYIoujue HA Yacmuybl 8 6030YUIHOM NOMOKe, 8 MOM 4ucie cuid
msicecmu U noOvemMHas cuia, onpedeisiemas no gopmyne Kykosckozo, u npusoosamcs memoovl
onpeodenerusi CKOpoCmu pagHO8ecUst 4acmuy.

Knrouesvie cnosa: aspopacnpedenenue, meepovie OmMX00bl, Cenapamopvl 6030yXd,
MAaKyiamypa, 6epmuKaibHblil 6030YUIHbIL NOMOK, 20PUBOHMAILHBIU 6030VUIHbIN NOMOK, lecKue U
msdcenvie ppaxkyuu.
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Abstract: the issues of using the aerodistribution method in the process of solid household
waste separation are highlighted. Aerodistribution is the process of enriching particles in an air
stream based on differences in density and rotational speed, which is effective in separating waste
into heavy and light fractions. The research analyzes the forces acting on particles in an air stream,
including gravity and lifting force, determined by the Zhukovsky formula, and provides methods for
determining the equilibrium velocity of particles.

Keywords: aeroseparation, solid waste, air separators, waste paper, vertical air flow,
horizontal air flow, light and heavy fractions.

Qattig chigindilarni ajratish uchun ularni saralashda asosiy operatsiyalardan biri og‘ir va engil
fraktsiyalarda va ulardan chiqindi qog‘ozni olish aeroseparatsiya. Aeroseparatsiya - bu havodagi
materialni boyitish komponent zichligi farglaridan foydalanishga asoslangan ogim va ularning
aylanish tezligi. Aylanish tezligi minimal deb tushuniladi zarrachaning tortishish kuchi
muvozanatlashgan havo tezligi va havo ko‘tarish.rni ajratish uchun ularni saralashda asosiy
operatsiyalardan biri og‘ir va engil fraktsiyalarda va ulardan chigindhavo oqimi bilan.

Havo separatorlarini aerodinamik hisoblashda quyidagilar zarur qgattig chigindilarni kompleks gayta
ishlash jarayonida asosiy vazifa ekanligini hisobga oling faqat engil va og‘ir uchun oldindan
saralash bo‘lmasligi mumkin fraktsiyalar, shuningdek yakuniy mahsulotni olish-chigindi qog‘oz.
Shuning uchun ajratgichlarda hisoblangan havo tezligi hisoblab chiqilishi kerak chiqindi qog‘oz
uchun-qattig chigindilarning engil tarkibiy gismi. Asosiy nuqgta ajratgichning aerodinamik hisob-
kitobi-W aylanish tezligini aniglash gattiq faza zarralari.
Havo ogimidagi bitta zarracha tortishish kuchiga ta'sir giladi
FT=V-pTg
va N. E. Jukovskiy formulasi bilan aniqlangan ko‘tarish kuchi,
FIT = CApI'w2H/2,
bu erda v-zarracha hajmi, m?; rt va rg-zarracha materialining zichligi va gaz, kg/m?; CA-tortishish
koeffitsienti; w-aylanish tezligi zarrachalar, m / s; n-zarrachaning sirt maydoni, m2.
Gravitatsiya va ko‘tarish kuchi muvozanat holatida tezlik bitta zarrachaning aylanishi quyidagi
formula bo‘yicha aniqlanadi
w = (26Tg/(CApI'H))0,5
bu erda 6t \ u003d V/H - tekis materialning qalinligi (chigindi qog‘oz), m.
Hisoblangan nazariy ish tezligi havo uchun vertikal ogimda qattiq chigindilarni ajratish 5 m / s,
gorizontal ogimda esa 2,5 m / s. yogilgan amalda, aeroseparatsiya havo tezligidan oshib ketganda
amalga oshiriladi hisoblangan 1,5+2,0 marta.
Gorizontal turdagi aeroseparatorni o‘rnatish quyidagilardan iborat asosiy komponentlar: ramka,
eksenel fan, Panjur qopqog‘i havo oqimi tezligini tartibga solish, tezlikni tenglashtirish zonalari
odatda havo, yuklash moslamasi, ish maydoni to‘rtburchaklar kesimning ketma-ket ulangan
bo‘limlari qatori shaklida fraktsiyalarni pastki tushirish (bo‘linish zonasi, oraliq zona va o‘simlik
kamerasi).
Qattiq chigindilarni gorizontal havo ogimida saralash uchun separatorlarning turli xil dizaynlari.
Misol sifatida ko‘rib chiqing separator, rasmda ko‘rsatilgan. 2.2, Germaniyada e'lon qilingan.attiq
chigindilarni gorizontal havo ogimida saralash uchun separatorlarning turli xil dizaynlari. Misol
sifatida ko‘rib chiqing separator, rasmda ko‘rsatilgan. 2.2, Germaniyada e'lon qilingan. Qurilma
havo aylanish tizimi 4 va quyidagi shaklda tayyorlangan kamera bilan jihozlangan quvurlar, 2
yuklash qutisi bilan, unda maydalangan material mavjud vibratsiyali oziglantiruvchi 3 bil.
Tushirish xonalari orasidagi kamera ichidagi ajratishni tartibga solish uchun teshiklar 6 va 9
harakatlanuvchi gismlarga o‘rnatiladi. O‘zgarish septum balandligi 7 kichik zarrachalarni siklon 5
ga olib chiqish sozlanishi. O‘rnatishda 60x80 mm o°‘lchamdagi qattiq chiqindilarni aeroseparatsiya
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gilish natijasida gorizontal separator ekstraktsiyaning engil nisbati ekanligi aniglandi chigindi
qog‘oz fraktsiyasi tezlikda 90 % (tarkib 70 %) ni tashkil giladi gorizontal havo oqimi taxminan 4,5
m/sushirish xonalari orasidagi kamera ichidagi ajratishni tartibga solish uchun teshiklar 6 va 9
harakatlanuvchi qismlarga o‘rnatiladi).

7 ; 73
11 10 12
1-rasm Qattig chigindilarni gorizontal ogimda saralash uchun

aeroseparator havo: 1-fan; 2-yuklash qutisi; 3-vibratsiyali
oziglantiruvchi; 4-havo aylanish tizimi; 5-siklon; 6 va
9 — harakatlanuvchi gismlar; 7-tartibga soluvchi gism; 8, 10, 11,
12 — alohida fraktsiyalar uchun to‘plamlar

Vertikal turdagi aeroseparator - boshga xarakterli guruh materiallar vertikal ravishda
tarkibiy qismlarga bo‘linadigan qurilmalar havo oqimi. Shunday qilib, maydalangan qattiq
shaharlarni aeroseparatsiya qilish uchun hajmi 100 mm gacha bo‘lgan chigindilar sxemasi bo‘lgan
qurilma taklif etiladi 2-rasm rasmda keltirilgan.

U vertikal ajratuvchi ustundan iborat 4 Kirish va
chigish uchun yuqori va pastki gismida ochilgan
to‘rtburchaklar kesim havo. Havo oqimi havoni
so‘ruvchi 7-fan tomonidan yaratilgan 5 ustunning
ochiq uchidan va engil fraktsiya uchun 10 prefabrik

kameradan Qattig chigindilar. vertikal ajratuvchi N !
ustundan iborat 4 Kirish va chigish uchun yugori va

pastki gismida ochilgan to‘rtburchaklar kesim havo. £ 0
Havo oqimi havoni so‘ruvchi 7-fan tomonidan 77N

yaratilgan 5 ustunning ochiq uchidan va engil /é H—n

fraktsiya uchun 10 prefabrik kameradan Qattiq
chigindilar. Manba materiallari taxminan vertikal ¢
ustunga yuklanadi uning balandligi o‘rtasida 2-
truba orgali aylanadigan oziglantiruvchi 3
yordamida. Uchun yuqori havo ogimi va kiruvchi ‘B
materialning kechikishi, shuningdek havo va !
materialning aylanishi va aylanishini ta'minlash

7,

P

N

2-rasm Ezilgan gattig chigindilar uchun vertikal

ajratuvchi ustunda reflektorlar o‘rnatilgan 1. Havo
ogimi, ustundan chigib, yuqori bilan uchrashib,
yo‘nalishini o‘zgartiradi kameraga o‘rnatilgan 6
devor va 9 reflektor. Qattiq moddalarning engil
fraktsiyasi 11-bunkerga tushadi va 12-damper
orgali tushiriladi. Ishlatilgan havo 8-panjara orgali

aeroseparator: 1-reflektorlar; 2-truba;
3-oziglantiruvchi aylanish  moslamasi; 4-ustun;
5-ustunning ochig uchi; 6-ustun devorining yugori
gismi; 7-assimilyatsiya foniy; 8-panjara;
9-reflektor; 10-kamera; 11-engil fraktsiya uchun
bunker; 12-damper.
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fanatga o‘tadi.jratuvchi ustunda reflektorlar o‘rnatilgan 1. Havo oqimi, ustundan chiqib, yuqori
bilan uchrashib, yo‘nalishini o‘zgartiradi kameraga o‘rnatilga

Tadgqiqotlar shuni ko‘rsatdiki, qattiq chigindilarni aeroseparatsiya qilish natijasida vertikal
havo oqimida 60x80 mm o‘lchamdagi yorug‘lik chiqariladi fraktsiya — chiqindi qog‘oz (75+80%),
asosan gazeta tomonidan tagdim etilgan polimer plyonka aralashmalari bilan ifloslangan qog‘oz
(100% qazib olish) va to‘qimachilik. Materialning kattalashishi bilan chiqindi qog‘ozni olish ulushi
va yengil fraktsiya kamayadi.
Maksimal quvvatni ta'minlaydigan qattiq chiqindilarni aeroseparatsiya qilish texnologiyasi og‘ir va
engil fraktsiyalarni ajratib olish ikki bosqichdan iborat bo‘lishi kerak: birinchi bosqich - manba
materialining vertikalda asosiy ajratilishi havo ogimi va ikkinchisi-og‘ir fraktsiyani qo‘shimcha
ajratish gorizontal havo ogimidagi birinchi bosgich (3-rasm). Natijada ikkita mahsulot olinadi-engil
(chigindi qog‘oz 0°z ichiga olgan mahsulot) va og‘ir fraksiyalar.
Birinchi bosqichda o‘rnatilgan vertikal turdagi aeroseparator ajratish kamerasi, yuklash va tushirish
moslamalari va siklon tipidagi o‘simlik kamerasi (3- rasm. ko‘rsatilmagan). Ajratiladigan material
yuklash moslamasi tomonidan ta'minlanadi havo tezligining pasayishi zonasida, poydevorlar ustida
ajratish kamerasi kesilgan konusning elementlari (yugori gismi). Bu erda gattiq chigindilardan past
zichlikdagi komponentlar vertikal havo oqimi bilan puflanadiBirinchi bosqichda o‘rnatilgan vertikal
turdagi aeroseparator ajratish kamerasi, yuklash va tushirish moslamalari va siklon tipidagi o‘simlik
kamerasi (3-rasm ko‘rsatilmagan). Ajratiladigan material yuklash moslamasi tomonidan
ta'minlanadi havo tezligining pasayishi zonasida, poydevorlar ustida ajratish kamerasi kesilgan
konusning elementlari (yugori gismi). Bu erda gattiq chigindilardan past zichlikdagi komponentlar
vertikal havo oqimi bilan puflanadi (chiqindi qog‘oz, polimer plyonka va to‘qimachilikning bir
gismi). Qattiq chigindilarni o‘rnatishda ular ikkita mahsulotga bo‘linadi — engil va og‘ir (metall,
toshlar, shisha va boshqa) fraksiyalar. Og‘ir fraktsiya silindrsimon kameraning pastki qismiga
tushadi ajratish va yorug‘lik siklon tipidagi cho‘kindi kamerada to‘planadi. Ushbu bosgichdan keyin
og‘ir fraktsiya gorizontal holatga keladi qo‘shimcha ajratish uchun aeroseparator.

Sxemaning bunday qurilishi sizga eng

E;l fraksiva yaxshi foydalanishga imkon beradi ajratish
ob'ekti sifatida gattig moddalarning tabiiy
xususiyatlari. Umuman olganda, keyin i va
Il bosgichlarning engil fraktsiyalarini
birlashtirish, mahsulot olinadi taxminan
95% qazib olinsa, chiqindi qog‘oz tarkibi
80% da bargaror asl nusxadan%. Asosiy
aralashmalar to‘gqimachilik va polimer
plyonkalardir (tarkibi taxminan 12 %).
Birlashtirilgan mahsulotning chigishi(engil

Dastlabki mahsulot
N

1-fraksiva

(Ve =5,5 m/c)

og'ir fraksiva 1

LW 2-bosqich fraktsiya) - asl og‘irligi bo‘yicha 45% dan
(Ve =4,5 w/c) ortig.
Qattiqg chigindilardan engil fraktsiyani

olish texnologiyasining nazariy asoslari
Qattiq chigindilarni fraksiyalarga
og'ir fraksiya 2 vengil fraksiya 2 aj ratish nazariyaSi
Qattiq  chigindilarni gayta  ishlash
3-rasm Qattig maishiy chigindilar aralashmasini ikki texnologiyalarida asosiy vazifalardan biri
tomonlama aeroseparatsiya gilishning texnologik sxemasi. ularni  fizik-mexanik xossalariga ko‘ra
fraksiyalarga ajratish hisoblanadi. Fraksiyalash jarayoni materiallarning zichligi, zarracha

o‘lchami, shakli, aerodinamik xossalari va sirt holati kabi parametrlardagi farglarga asoslanadi.
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Engil fraksiya deganda zichligi past, ko‘pincha katta sirt maydoniga ega bo‘lgan va tashqi muhit
bilan o‘zaro ta’sirga tez kirishuvchi materiallar tushuniladi.

Nazariy jihatdan fraksiyalash jarayoni ko‘p fazali dispers tizimlarni ajratish masalasiga taallugli
bo‘lib, bu jarayonlarda qattiq zarrachalar gaz yoki suyuqlik muhitida harakatlanadi. Engil fraksiyani
ajratishda asosiy e’tibor zarrachalarning tashqi kuchlar ta’siridagi harakatiga qaratiladi.

2. Zichlik va gravitatsion ajratish nazariyasi

Materiallarni engil va og‘ir fraksiyalarga ajratishning eng oddiy nazariy asosi — zichliklar farqi
hisoblanadi. Zichligi past bo‘lgan zarrachalar tashqi muhit ta’sirida yuqoriga ko‘tarilish yoki ogqim
bilan olib ketilish xususiyatiga ega bo‘ladi. Gravitatsion ajratish jarayonida zarrachalarga quyidagi
kuchlar ta’sir qiladi:

tortishish kuchi,

muhitning garshilik kuchi,

inertsion kuchlar.

Engil fraksiyalar uchun tortishish kuchining ta’siri nisbatan kichik bo‘lib, bu ularning oqim bilan
tez ajralib chiqishiga sabab bo‘ladi. Shu sababli zichlikka asoslangan ajratish jarayonlari nazariy
jihatdan fazalar muvozanati va mexanik barqarorlik tushunchalariga tayangan holda tahlil
gilinadi.

3. Aerodinamik ajratishning nazariy asoslari

Engil fraksiyani olishda keng qo‘llaniladigan nazariy yondashuvlardan biri aecrodinamik ajratishdir.
Bu usul zarrachalarning havo ogimidagi harakat gonuniyatlariga asoslanadi. Aerodinamik ajratishda
zarracha harakati quyidagi omillarga bog‘liq:

zarracha massasi,

shakli va sirtining qo“pol yoki silligligi,

havo oqimining tezligi va yo‘nalishi.

Nazariy jihatdan, zarracha oqimda muallaq holatda bo‘lishi yoki ajralib chigishi uchun aerodinamik
kuch tortishish kuchiga teng yoki undan katta bo‘lishi kerak. Shu sababli engil fraksiya zarrachalari
uchun kritik havo tezligi tushunchasi muhim ahamiyatga ega. Ushbu tezlikdan yuqori giymatlarda
engil zarrachalar ogqim bilan ko‘chadi, og‘ir fraksiyalar esa pastga tushadi.

4. Granulometrik tarkib va zarracha shaklining ta’siri

Qattig chigindilarning granulometrik tarkibi fraksiyalash samaradorligini belgilovchi muhim
nazariy omillardan biridir. Mayda va notekis shaklli zarrachalar aerodinamik jihatdan yirik va silliq
zarrachalarga nisbatan boshqacha harakat giladi. Nazariy modellar shuni ko‘rsatadiki:

sferik shakldagi zarrachalar bargarorroq harakat giladi,

notekis va yassi shaklli zarrachalar havo ogqimiga sezgir bo‘ladi.

Engil fraksiya ko‘pincha katta sirt maydoni va past zichlikka ega bo‘lganligi sababli, uning ajralishi
granulometrik tarkib bilan bevosita bog‘liq.

5. Namlikning ajratish jarayoniga ta’siri

Nazariy jihatdan chigindilardagi namlik zarrachalar orasidagi yopishish kuchlarini oshiradi va bu
ajratish jarayonini murakkablashtiradi. Namlik:

zarrachalar massasi ortishiga,

aerodinamik qarshilikning o‘zgarishiga,

fraksiyalar aralashib ketishiga olib keladi.

Shu sababli nazariy modellar chigindilarni fraksiyalashdan oldin ularning namlik holatini hisobga
olishni talab giladi. Past namlik sharoitida engil fraksiya ajralishi osonlashadi va jarayon bargaror
kechadi.

6. Fraksiyalash jarayonining umumiy samaradorligi
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Nazariy nuqgtai nazardan fraksiyalash jarayonining samaradorligi tizimga kiruvchi va undan
chigayotgan material oqimlarining miqdoriy va sifat ko‘rsatkichlari orgali baholanadi. Engil
fraksiyani olish samaradorligi quyidagilarga bog‘liq:

ajratish kuchlarining muvozanati,

jarayon rejimining bargarorligi,

materialning fizik xossalari.

Nazariy jihatdan optimal rejimda ishlovchi texnologik tizim minimal energiya sarfi bilan maksimal
ajratish darajasini ta’minlaydi.

7. Texnologiyani takomillashtirishning nazariy yo‘nalishlari

Qattig chigindilardan engil fraksiyani olish texnologiyasini takomillashtirish nazariy jihatdan
quyidagi yo‘nalishlarga asoslanadi:

ajratish jarayonida ta’sir etuvchi kuchlar muvozanatini optimallashtirish;

aerodinamik va gravitatsion ta’sirlarni birgalikda qo‘llash;

zarracha harakatining matematik modellarini aniglashtirish;

tizimning energetik va moddiy balansini takomillashtirish.

Bu yondashuvlar fraksiyalash jarayonini chuqur nazariy tahlil gilishga va samaradorligini
oshirishga imkon beradi.

8.Mexanik-selektiv ajratish nazariyasi

Qattiq chigindilar tarkibi murakkab va ko‘p komponentli bo‘lgani sababli, fraksiyalash jarayoni
ko‘pincha mexanik-selektiv ajratish nazariyasiga asoslanadi. Bu nazariya material zarrachalarining
mexanik mustahkamligi, mo‘rtligi va elastikligi farglaridan foydalanadi.

Mexanik ta’sir ostida:

engil fraksiya odatda tezroq parchalanadi,

og‘ir va zich fraksiya esa barqarorroq bo‘ladi.

Bu hodisa zarrachalarning sinish energiyasi va ichki kuchlanishlariga bog‘liq bo‘lib, selektiv
maydalash orqali engil fraksiyani ajratib olish imkonini beradi.

9. Dispers tizimlar bargarorligi nazariyasi

Engil fraksiya ajratilayotgan jarayonlar ko‘pincha gaz—gattiq yoki suyug-gattiq dispers tizimlar
doirasida kechadi. Ushbu tizimlarning barqarorligi zarrachalar va muhit o‘rtasidagi o‘zaro ta’sir
bilan belgilanadi.

Nazariy jihatdan:

bargaror dispers tizimlarda zarrachalar uzoq vagt muallag holatda saglanadi,

beqaror tizimlarda esa tezda cho‘kadi yoki ajraladi.

Engil fraksiyani olish jarayonida tizimni gisman bargaror holatda ushlab turish zarrachalarni
samarali ajratish uchun muhimdir.

10. Inertsion ajratish nazariyasi

Inertsion ajratish nazariyasi zarrachalarning harakat yo‘nalishini o‘zgartirishga bo‘lgan qarshiligiga
asoslanadi. Ogim keskin burilganda:

og‘ir va zich zarrachalar to‘g‘ri yo‘nalishda harakatni davom ettiradi,

engil fraksiya esa oqim bilan birga yo‘nalishni o‘zgartiradi.

Ushbu nazariya siklonlar, separatorlar va kombinatsiyalangan qurilmalarda qo‘llaniladi. Engil
fraksiya uchun inertsion kuchlar kichik bo‘lgani sababli, ular ogimdan ajralmasdan olib ketiladi.

11. Elektrofizik ajratish jarayonlarining nazariy asoslari

Ba’zi chiqindilarda engil fraksiya elektrofizik xossalarga ega bo‘lishi mumkin. Elektrofizik ajratish
nazariyasi zarrachalarning:

elektr zaryadlanish qobiliyati,

dielektrik xossalari,

elektromagnit maydonga sezgirligi
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farqlariga asoslanadi. Engil fraksiya ko‘pincha past elektr o‘tkazuvchanlikka ega bo‘lib, elektr
maydonida boshgacha harakat giladi. Bu usul nazariy jihatdan Koulon kuchlari va maydon
energiyasi tushunchalariga tayangan.

sifatida yagona tizim deb garaladi. Kompleks modellashtirish orqali jarayonning har bir bosgichi
o‘zaro bog‘langan holda tahlil qgilinadi.

15. Takomillashtirishning umumiy nazariy konsepsiyasi

Texnologiyani takomillashtirish nazariyasi quyidagi asosiy konsepsiyalarga tayangan holda
shakllanadi:
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UMURTQA POG*‘ONASI PATOLOGIYALARI BO‘'LGAN BEMORLAR UCHUN MAXSUS
BEL KORSETLARI KONSTRUKTSIYASINI ERGONOMIK VA BIOMEKANIK
ASOSLARDA TAKOMILLASHTIRISH

M.H. Yaxyojonova

Farg‘ona daviat texnika universiteti,
(Qabul gilindi 05.12. 2025 v.)

Annotatsiya: Ushbu maqolada umurtga pog ‘onasi patologiyalari bilan og ‘rigan bemorlar uchun
maxsus bel korsetlarining konstruktsiyasini ergonomik va biomekanik tamoyillar asosida takomillashtirish
masalalari keng qamrovda ko rib chigilgan. Tadgiqot jarayonida umurtga pog‘onasining anatomik-
biomekanik xususiyatlari, bel sohasiga tushadigan statik va dinamik yuklamalar, shuningdek, bemorlarning
individual antropometrik ko ‘rsatkichlari batafsil o ‘rganildi.

Taklif etilgan konstruktsiya elastik va yarim qattiq elementlarning optimal kombinatsiyasini oz
ichiga oladi. Bu yondashuv nafagat bel sohasidagi yuklamani teng tagsimlash, umurtga segmentlarini
barqgarorlashtirishga yordam beradi, balki bemorning kundalik faoliyati va harakat erkinligini saglashga
imkon yaratadi. Shu bilan birga, konstruksiya uzoq muddatli foydalanishda qulaylikni ta’'minlaydi. Olingan
natijalar maxsus tibbiy korsetlarni loyihalash va ishlab chigarishda ergonomik-biomekanik talablarni
samarali go ‘llashga xizmat giladi.

Kalit so‘zlar: maxsus bel korsetlari, umurtqa pog ‘onasi patologiyalari, ergonomika, biomekanika,
konstruktiv yechim, bemor qulayligi.

Annomauus: B O0annoti cmambe noOpoOHO pACCMAMPUBAIONC B0NPOCHL YCOBEPULEHCIBOBAHUS
KOHCIPYKYUU CREYUATbHBIX HOACHUYHBIX KOPCemos8 0 NAYUEHMO8 C NAMOLOUSMU TNO360HOYHUKA HA
OCHOBE IP2OHOMUYECKUX U OUOMEXAHUYecKux npunyunos. B xode uccredosanus Obliy HOOPOOHO U3YUeHbl
aHamoMo-buomexanuieckue 0COOEHHOCMU NO360HOYHUKA, CMAmMuYyecKue U OUHAMUYECKUe HASPY3KU 8
NOSACHUYHOU 001acmu, a maKdice UHOUBUOYATbHbIE AHMPONOMEMPUYECKUe NOKA3amenu NayueHmos.

Ipeonazaemas KoHCMPYKYus GKIIOUAEM ONMUMATLHOE COYEMAHUE dNACTNUYHBIX U NOTYHCECKUX
onemenmos. Takoti nooxod no3eonsiem He MONbKO PAGHOMEPHO PACHpedensmb HASpY3KY HA NOSCHUYHYIO
obnacmv U cmMabUIU3UPOBAMYb CecMenmbl NO360HOYHUKA, HO U COXPAHAMbL HOOBUICHOCHb nayuenma u
B03MOJICHOCTL  BLINONHEHUS. NOBCeOHesHOU Oeamenvrhocmu. Kpome moeo, xoncmpyxkyus obecneyusaem
Komgpopm npu  OnumenvHoM ucnoabsosanuu. Ilomyuennvie pesyibmamsl Mo2ym Ovimb  hpekmusHo
NPUMEHeHbl NPU NPOSKMUPOSAHUU U NPOU3BOOCBE CNEYUATIbHBIX MEOUYUHCKUX KOPCemos8 C YHemom
9P2OHOMUKO-OUOMEXAHUYECKUX MPeDOBAHUIL.
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Knroueevie cnosa: cneyuailbHovle NOACHUYHbLE KOpcembl, namojlocuu NO360HOYHUKA, 3P2OHOMUKA,
6u0MexaHuKa, KOHCMPYKMUBHOE peulerHue, KOMd)Opm nayuernma.

Abstract: This article provides a comprehensive review of the improvement of the design of special
lumbar corsets for patients with spinal pathologies based on ergonomic and biomechanical principles. The
study thoroughly analyzed the anatomical and biomechanical characteristics of the spine, the static and
dynamic loads in the lumbar region, as well as the individual anthropometric parameters of patients.

The proposed design incorporates an opti mal combination of elastic and semi-rigid elements. This
approach not only allows for even distribution of loads in the lumbar region and stabilization of spinal
segments but also maintains the patient’s mobility and the ability to perform daily activities. Additionally, the
design ensures comfort during prolonged use. The results obtained can serve as a practical guideline for the
design and manufacturing of special medical corsets, taking into account ergonomic and biomechanical
requirements.

Keywords: special lumbar corsets, spinal pathologies, ergonomics, biomechanics, constructive
solution, patient comfort.

Kirish

Umurtqga pog‘onasi patologiyalari, jumladan spondilolistez, disk churrasi, osteoxondroz va boshqa
degenerativ-distrofik o‘zgarishlar, bugungi kunda keng tarqalgan. Bu holatlar bemorlarning
kundalik hayot sifatini sezilarli darajada pasaytiradi, mehnat gobiliyatini cheklaydi va turli
harakatlarda noqulayliklarni keltirib chiqaradi. Shu bois, umurtqa pog‘onasining patologik
holatlarini davolash va reabilitatsiya gilish tibbiyot va injeneriya sohalarida dolzarb ilmiy-amaliy
vazifa hisoblanadi.

Konservativ davolash usullarida maxsus

bel korsetlarining qo‘llanilishi keng . \“\‘\ m,’ 'y !)
targalgan. Korsetlar umurtgani tashqi g 4
mexanik qo‘llab-quvvatlash, patologik "4 q‘ 3\‘ V)
harakatlarni cheklash va belga tushadigan ';‘f ‘—; » | ?, )
yuklamani kamaytirish imkonini beradi. ISl 1
Shu bilan birga, bemorning mushak » i [} 1) \r/
faoliyati sag/lanib, umurtga Cem — oy -
segmentlaridagi ortigcha stress kamayadi. 1 ,
Biroq amaliyot shuni ko‘rsatadiki, “J «d

mavjud korset modellarining ko‘pchiligi
standart konstruksiyaga ega bo‘lib,
bemorning individual anatomik va biomekanik xususiyatlarini yetarlicha hisobga olmaydi. Natijada,
terapevtik samaradorlik pasayadi, uzoqg muddatli foydalanishda charchoq va noqulaylik yuzaga
keladi. Shu sababli ergonomik va biomekanik asosda, bemorning individual anatomiyasiga
moslashtirilgan korsetlar ishlab chigish zarurati mavjud.

Takomillashtirilgan bel korsetlarining konstruktsiyasi bir nechta muhim komponentlarni o‘z
ichiga oladi:

— Biomekanik taqgsimot: Korsetda elastik va yarim gattiq elementlar optimal nisbatda
qo‘llaniladi. Bu bel sohasiga tushadigan yuklamani teng tagsimlash, umurtqa segmentlarini
bargarorlashtirish va mushaklarning tabiiy faolligini saglash imkonini beradi. Shu bilan birga,
patologik segmentlarning harakatlari cheklanadi, lekin bemorning kundalik harakatlari uchun
zarur bo‘lgan minimal harakat erkinligi saqlanadi.

— Ergonomik moslashuv: Korset bemorning individual tana tuzilishiga moslashadi, uzoq
muddatli foydalanishda charchoq va noqulaylikni kamaytiradi. Uning kiyish va sozlash tizimi
bemor uchun qulay bo‘lib, kundalik faoliyatdagi harakatlarni cheklamaydi.

— Foydalanish qulayligi: Korsetning konstruktsiyasi intuitiv va qulay bo‘lib, kiyish va
chiqarish jarayoni murakkablik tug‘dirmaydi. Shu bilan birga, ortiqcha qattiq elementlar
harakatni cheklamaydi va bemor uchun maksimal komfortni ta’minlaydi.

Optimal  kombinatsiya  tufayli ~ konstruktsiya umurtga  segmentlarini  samarali
bargarorlashtiradi, belga tushadigan yuklamani teng tagsimlaydi va patologik harakatlarni

1-rasm. Umurtqa pog‘onasi skaleti.
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cheklaydi. Shu tarzda, takomillashtirilgan konstruktsiya bemorning individual anatomik

xususiyatlariga moslashadi va uzoq muddatli foydalanishda qulaylikni ta’minlaydi.

Korsetning ergonomik jihatdan moslashuvi bemorning individual anatomiyasini hisobga
oladi. Bu uzoq muddatli foydalanishda charchoq va noqulaylikni sezilarli darajada kamaytiradi,
reabilitatsiya jarayonining samaradorligini oshiradi.

Biomekanik jihatdan, korset bel sohasiga tushadigan statik va dinamik yuklamalarni teng
tagsimlaydi, mushaklarning ortigcha yuklanishini kamaytiradi va umurtga segmentlarining
patologik harakatlarini cheklaydi. Shu bilan birga, elastik va yarim qattig elementlarning
kombinatsiyasi bemorning harakat erkinligini saglab goladi, lekin segmentlarni bargarorlashtirishni
ta’minlaydi. Bundan tashqari, korset konstruktsiyasida ishlatilgan materiallar bemorning tana
haroratiga mos, terlashni kamaytiruvchi va uzoq muddatli foydalanishda qulay bo‘lishi bilan
tavsiflanadi. Bu esa reabilitatsiya jarayonining uzluksizligi va bemorning motivatsiyasini oshiradi.

Takomillashtirilgan bel korsetlari klinik amaliyotda bemorlarning hayot sifatini sezilarli
darajada yaxshilaydi. Ular bel og‘rig‘ini kamaytiradi, mushak faolligini qo‘llab-quvvatlaydi va
umurtga segmentlarini barqgarorlashtiradi. Shu bilan birga, ergonomik moslashuv tufayli bemor
korsetni kundalik hayotda bemalol ishlata oladi, ish faoliyatini davom ettiradi va jismoniy faolligini
saglaydi.

Korsetning biomekanik va ergonomik jihatdan takomillashtirilganligi nafagat terapevtik
samaradorlikni oshiradi, balki bemorning psixologik qulayligini ham ta’minlaydi. Uzoq muddatli
foydalanishdagi qulaylik bemorning harakat motivatsiyasini oshiradi va reabilitatsiya jarayonining
samaradorligini sezilarli darajada kuchaytiradi.

Xulosa

Takomillashtirilgan bel korsetlarini loyihalashda ergonomik va biomekanik tamoyillarni
integratsiyalashgan holda qo‘llash muhim ahamiyatga ega. Optimal yuk tagsimoti umurtqa
pog‘onasining patologik segmentlarini barqarorlashtirishga yordam beradi. Individual anatomik
moslashuv uzoq muddatli foydalanishda charchogni kamaytiradi, kundalik harakat erkinligini
saglaydi va reabilitatsiya jarayonining samaradorligini oshiradi.

Mazkur yondashuv maxsus bel korsetlarini ishlab chigarish, klinik amaliyotga joriy etish va
bemorlar uchun qulay va samarali konstruktsiyalar yaratishda nazariy va amaliy asos bo‘lib xizmat
giladi. Shu bilan birga, ergonomik-biomekanik tamoyillarga asoslangan yondashuv bemorlarning
hayot sifatini yaxshilash va ularning reabilitatsiya jarayonini samarali amalga oshirish imkonini
beradi.
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Annotatsiya. Ushbu tadgigot algoritmik nutg kompetensiyasini strukturaviy lisoniy-analitik trening
orqali qanday rivojlantirish mumkinligini o ‘rganadi. Talabalar ketma-ketlik va sabab-natija bog ‘lovchilari
yordamida algoritmik bosgichlarni, mantiqiy ogimlarni va hisoblash qarorlarini ifodalashni o ‘rgandilar.
Tadgiqot Farg‘ona daviat texnika universitetida o ‘tkazilib, unda bir nechta o ‘quv guruhlari ishtirok etdi.
Mashg ‘ulotlarda “Kodingizni tushuntiring” topshiriglari, jarayon xaritalash, va og‘zaki mantiqiy
modellashtirish metodlari qo ‘llandi. Natijalar ketma-ketlikni tashkil etish, fikrning ravonligi va kodni
tushuntirish bo ‘yicha sezilarli o ‘sishni ko ‘rsatdi. Talabalar algoritmning ganday ishlashini aniq va ishonchli
bayon qilishda yanada dadil bo ldilar. Tadgiqot shuni ko ‘rsatadiki, algoritmik nutq — Al ta’limi va
sanoatga tayyorlik uchun asosiy kommunikativ ko ‘nikmadir.

Kalit so“zlar: algoritmik nutg, Al kommunikatsiya, mantiqiy ketma-ketlik, kodni tushuntirish, og zaki
mantiqiy fikrlash, kompyuter tafakkuri, lingvistik qo ‘llab-quvvatlash, texnik ifoda, jarayon xaritalash, Al
ta’limi

AHHomauml. B oannom uccreooearnuu pacemampueaemcs, KAaKum 06pa30M MOOJCHO pas3eueamo
ancopummudecKyro peuesyro KOMNemerRmHocmy uepe3 CmpyKmypupoeannyo JUHS6UCMUKO-ARAIUMUYECK) IO
noozomosky. Cmyodenmsl 00yYaIUCL DOPMYIUPOSANb ANCOPUMMULECKUE WASU, NOSUHeCKUe NOMOKU U
6blHUCTIUMENIbHbIE DEWEHUA C UCNONb306AHUEM NoCie008amenbHbix U npuquHHo—Cﬂe()cmeeHHblx C6A30K.
HUccneoosanue 6vi10 npoge()eHo 6 @epeaHCKOM eocydapcmgeHHOM mexXHuyecKkom yHueepcumeme u 6Kio4ajlo
HECKoabKO yueOHbIX epynn. B npoyecce obyuenusi npumeHsIucy maxue memoowl, kak 3aoanusi « Obwvsichu
6ol KO())), npoyecc-mannurne u ycmmnoe jlocuiecKkoe MO@@JZMPOGaHue. P€3yﬂbmambl nokasaiu 3HavumelbHoe
VAVHUeHUe 6 QOopMUpoBanHuU NOCIe008AMeNbHOCMY, SACHOCMU PACCYHCOeHUll U O00BACHEHUU KOoOd.
CmydeHmbz cmanu bonee Y6EPEHHO U NIOYHO ONUCHIEANb noseoenue ajneopummos. HUccneoosanue
nodqepkueaem, umo ajlieopummudecKkas pevdb AGAEenmcs KIAIo4eebiM KOMMYHUKAMUBHbLIM HABbIKOM ons
obpazosarnus 6 cihepe UU u npogeccuonanbHoii H0020mogKuU.

Knroueswvie cnosa. ajeopummuveckas peub, KOMMYHUKAYUs 6 HH, JocudecKkast nOCﬂ6006am€ﬂbHOCMb,
obwscHenue KO@LI, eep6a/zbuoe paccy:)fcdeHue, eblyuciumeslbHoe Mmbludilerue, JUHZBUCMUYECKoe
CONPOBOIHCOCHUE, MEXHUYECKAs. apMUKYIAYUSA, npoyecc-mannute, oopazosanue 6 cihepe UHU

Abstarct. This research examines how algorithmic speech competence can be developed through
structured linguistic-analytical training. Students learned to articulate algorithmic steps, logical flows, and
computational decisions using sequential and causal connectors. Conducted at Fergana State Technical
University, the study involved multiple instructional groups using methods such as Explain-Your-Code tasks,
process mapping, and verbal logic modeling. Results showed strong improvements in sequencing, reasoning
clarity, and code explanation. Students became more confident and accurate in articulating algorithm
behavior. The study highlights algorithmic speech as a core communication skill for Al education and
industry readiness.

Keywords: algorithmic speech, Al communication, logical sequencing, code explanation, verbal
reasoning, computational thinking, linguistic scaffolding, technical articulation, process mapping, Al
education.

Introduction.

In contemporary higher education, especially within technologically advanced disciplines like
Artificial Intelligence (Al), the development of professional speech skills has become an essential
pedagogical objective. Al students are expected not only to master programming languages, algorithms,
data structures, and computational models but also to communicate their knowledge clearly, coherently,
and persuasively in academic, research, and industrial contexts. Professional speech competence
includes the ability to articulate complex technical processes, justify methodological choices, explain
model decisions, interpret outputs, and defend analytical interpretations. However, many Al students
struggle to verbalize their knowledge because traditional teaching focuses on coding rather than
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communication. This gap becomes more visible in academic presentations, technical interviews,
collaborative projects, and scientific writing tasks. As a result, educational institutions must adopt new
linguistic methodologies that equip students with analytical reasoning and structured speech patterns
appropriate for the Al domain. One such methodology is the linguistic-analytical approach, which
integrates linguistic structure with technical cognition, enabling students to transform complex
computational reasoning into precise communicative units.

The linguistic-analytical approach assumes that effective communication in technical fields is not
merely a matter of vocabulary acquisition but rather the result of integrating linguistic forms with
logical reasoning. In other words, Al students must learn how to speak analytically, not only what to
speak. This involves structuring speech through sequencing connectors, causal markers, problem—
solution frames, hypothesis—evidence logic, and data-based argumentation. Furthermore, students
must understand terminological layers, functional semantics, discourse coherence, and professional
rhetoric specific to the Al field. Traditional language-learning approaches often neglect these analytical
structures, leading to fragmented or incomplete explanations when students attempt to describe
algorithms, models, or system behaviors. The linguistic-analytical approach attempts to solve this issue
by teaching students to deconstruct, categorize, reconstruct, and verbalize technical knowledge through
systematic linguistic frameworks.

Recent research in computational linguistics and STEM education emphasizes the importance of
blending language teaching with analytical thinking, particularly for engineering and Al students whose
future professions require constant explanation of abstract processes. Employers increasingly value
communication skills alongside technical expertise, and students with strong analytical speech
competencies typically perform better during technical interviews, especially when asked to explain
code, justify design decisions, compare models, or analyze errors. Thus, the need for structured speech-
training methodologies has become urgent. This study explores the effectiveness of such an approach
applied to Al students at Fergana State Technical University (FSTU), demonstrating how linguistic-
analytical strategies significantly improve professional communication outcomes. By focusing on five
different student groups across various academic levels, the research provides comprehensive insights
into how structured linguistic training enhances clarity, accuracy, and analytical depth in students’
speech. Overall, the introduction of linguistic-analytical pedagogy marks a transformative shift in Al
education, promoting an integrated model where communication and computation develop
simultaneously.

METHODS

This study was conducted with Al-specialized students at Fergana State Technical University and
involved five different academic groups representing various stages of Al education. The sample
included 129 students, categorized into first-year students with minimal technical vocabulary, second-
year students with intermediate English proficiency, senior students engaged in machine-learning
research, technically strong but communicatively weak groups, and computer linguistics students with
strong grammar but poor algorithmic explanation abilities. The study lasted ten weeks, during which
various linguistic-analytical techniques were applied depending on group needs. These techniques
included Terminological Decomposition, Algorithmic Speech Training, Technical Text Dissection,
Model- Explanation Simulation, and Analytical Presentation Frameworks.

Technical Text Dissection was used primarily for Group 3, whose academic readiness allowed them
to analyze paragraphs from Al research papers. They learned to extract hypotheses, identify
methodological flows, summarize findings, and convert theoretical statements into accessible language.
Model-Explanation Simulation helped students verbalize neural network architectures, training
pipelines, data flow, parameter adjustments, validation metrics, and evaluation strategies using
structured linguistic formulas. Finally, Analytical Presentation Frameworks were implemented across all
groups, helping students prepare professional Al presentations using structured narrative patterns such
as problem-solution—impact or claim—evidence—interpretation.

Data collection included pre-tests and post-tests, video recordings of oral tasks, terminological
quizzes, structured presentations, peer evaluations, and instructor-scored speech rubrics. Quantitative
analysis measured percentage improvements across clarity, terminology use, logical sequencing, and
model explanation capabilities. Qualitative data were analyzed through thematic coding of speech
transcripts, identifying patterns of improved reasoning, increased precision, and reduced structural
errors. The research design ensured that each group received tailored linguistic-analytical instruction,
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allowing for comprehensive evaluation of the approach’s effectiveness across the full spectrum of Al
learners.
RESULTS

The results demonstrated significant improvements in communication skills across all five groups,
although each group showed different strengths depending on the methodology applied. Group 1,
consisting of beginner-level Al students, showed dramatic improvement in terminological accuracy.
Their correct usage of Al terminology increased by 67%, and errors decreased by 43%. Students who
previously described systems using everyday language began employing precise professional terms such
as “input layer,” “loss function,” “feature extraction,” and “hyperparameter tuning.” Group 5, the
computer linguistics students, also improved in this area but focused more on structural correctness and
semantic categorization.
Group 2 achieved substantial gains in algorithmic speech competence. Their ability to articulate
algorithmic sequences improved by 52%, and their logical coherence improved by 49%. Before training,
explanations were linear and disconnected; afterward, students used cohesive structures like “first, the
model receives...,” “next, it processes data through...,” “then, optimization occurs...,” and “finally, the
system evaluates performance.” Group 4, despite strong coding abilities, initially struggled with verbal
explanation but improved by 57% in model verbalization skills after applying linguistic-analytical
scaffolding.
Group 3’s improvements centered around academic reading and research communication. Their ability
to summarize technical texts improved by 61%. They demonstrated stronger analytical reasoning,
identifying main arguments, methodological patterns, and research conclusions more effectively. All
groups showed improvements in analytical presentation skills, with presentation coherence increasing
by an average of 48%.
These findings indicate that linguistic-analytical training significantly enhances professional
communication across Al academic stages. Students became more confident, articulate, and accurate in
expressing technical knowledge.
DISCUSSION

The discussion reveals that linguistic-analytical pedagogy is highly effective for Al students
because it addresses both linguistic and cognitive deficiencies. The five groups benefited differently
depending on their academic readiness. Early-stage learners needed vocabulary scaffolding, while
advanced learners needed analytical structuring. Group 4’s progress confirms that technical skill alone
does not guarantee communicative ability. Structured linguistic frameworks enable even technically
competent students to articulate reasoning clearly.
This approach supports contemporary pedagogical theories that communication in technical fields
requires integrating linguistic knowledge with analytical reasoning. The multi-method instructional
design—combining terminology training, algorithmic speech, text analysis, model explanation, and
presentation frameworks—proves more effective than single-method approaches. Students also reported
increased motivation and reduced communication anxiety, suggesting psychological benefits.

Linguistic-analytical training strengthens not only language use but also critical thinking, cognitive
organization, and professional readiness. Future research may incorporate Al-driven linguistic tools to
enhance feedback quality.

9 ¢
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Annotatsiya. Ushbu maqolada bikomponent to ‘quv iplarining shakllanish mexanizmi, tasnifi, ularning
fizik-kimyoviy xususiyatlari hamda sanoat tarmoqlarida qo ‘llanilish istigbollari keng yoritilgan. Zamonaviy
polimer kimyosi asosida ishlab chigarilayotgan bikomponent iplarning texnologik jarayonlardan tortib,
yakuniy mato sifatiga ta’siri ilmiy asosda tahlil gilingan.

Kalit so‘zlar: bikomponent iplar, polimer, yadro—qobiq struktura, termobonding, texnik tekstillar,
sintetik tolalar.

Annomauyusn: B oOaunHoll cmambe 8CeCMOPOHHE OCBEWAIOMCA  MEXAHUBMbL  (POPMUPOBAHUSL
OUKOMNOHEHIMHbLX mKayxKux Humeﬁ, ux maccu¢ukauuﬂ, 4)M3MKO-XLLMM'{€CKLI€ ceoﬁcmea, a makokce
nepcnekmuebvl NpPpUMEHEHUS 6 PpPA3TUYHbIX Oompaciix npombliUIEeHHOCMU. Ha ocnose CO@peMeHHOIZ
nOﬂuMepHOﬁ XUMUU HAYYHO NpOAHAIUIUPOBAHO 6lUAHUE OUKOMNOHEHMHBIX Humeﬁ, np0u3600uﬂ4blx C
UCNOJ1b306AHUEM COBPEMEHHbBLX meXHOJZOZMIZ, HA mexHoJlocu4ecKue npoyeccvl u Kavecmeo KOHEeYHO20
MeKCmulbHOoco mamepuaia.

Knrouesvle cnosa:  Ouxomnowenmmuvle  HUmMU,  HOAUMED,  CHIPYKMYpa  «10po—000a0uKay,
mepmocKkpenjieHue, mexnudecKkue mekcmuiu, CuHmemu4ecKue 60J10KHaA.

Abstract: This article comprehensively examines the formation mechanisms of bicomponent weaving
yarns, their classification, physicochemical properties, and prospects for application across various
industrial sectors. Based on modern polymer chemistry, the influence of bicomponent yarns produced using
advanced technologies on technological processes and the quality of the final textile fabric is scientifically
analyzed.

Keywords: bicomponent yarns, polymer, core—sheath structure, thermobonding, technical textiles,
synthetic fibers.

Bugungi kunda jahon to‘qimachilik sanoatida yuqori sifatli, funksional va raqobatbardosh
mahsulotlar ishlab chigarish muhim ustuvor vazifalardan biri hisoblanadi. Jahon bozorida
iste’molchilarning talablarining o‘zgarishi, sport va texnik to‘qimachilik mahsulotlariga bo‘lgan
ehtiyojning ortishi ip va matolarning fizik-mexanik xossalarini takomillashtirishni tagozo etmoqda.
Shu nuqtai nazardan, to‘quv iplarining strukturaviy tuzilishi va texnologik xususiyatlarini chuqur
ilmiy asosda o‘rganish dolzarb masala hisoblanadi.

An’anaviy monokomponent to‘quv iplaridan foydalanish iqtisodiy jihatdan qulay bo‘lsa-da,
ularning funksional imkoniyatlari cheklangan. Zamonaviy texnologiyalar asosida ishlab
chiqarilayotgan bikomponent to‘quv iplarining paydo bo‘lishi esa iplarning elastikligi, hajmiyligi va
ekspluatatsion bargarorligini oshirish imkonini bermoqda. Xususan, bikomponent iplarning “side-
by-side” va “sheath-core” tuzilishlari teksturizatsiya jarayonida yuqori samaradorlikni ta’minlaydi.

O‘zbekiston to‘qimachilik sanoatining jadal rivojlanishi, mahalliy xomashyo asosida yuqori
qo‘shimcha qiymatga ega mahsulotlar ishlab chiqarish zarurati bikomponent to‘quv iplarining ilmiy
asoslarini chuqurlashtirishni talab etadi. Shu sababli mazkur magolada monokomponent va
bikomponent to‘quv iplarining tuzilishi, texnologik xususiyatlari, xorijiy va mahalliy olimlar
tadqiqotlari asosida tagqosiy tahlil gilinadi.

O‘zbekiston olimlari tomonidan ham to‘quv iplarining tuzilishi va xossalarini
takomillashtirish bo‘yicha bir qator ilmiy tadqiqotlar olib borilgan. Xususan, M.A.Alimova va
R.X.Karimov tomonidan olib borilgan tadgiqotlarda sintetik va aralash tolalardan tayyorlangan
iplarning fizik-mexanik xossalari chuqur tahlil gilingan. Ularning ishlarida ip strukturasining
o‘zgarishi mato sifatiga bevosita ta’sir ko‘rsatishi ilmiy asoslangan.

B.M.Mukhamedov va A.A.Tursunov o‘z ilmiy ishlarida texnik to‘qimachilik materiallari
uchun mo‘ljallangan iplarning strukturaviy mustahkamligini oshirish masalalarini yoritgan.
Tadqiqot natijalariga ko‘ra, ko‘p komponentli iplar asosida ishlab chigarilgan matolar
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deformatsiyaga chidamli bo‘lib, ekspluatatsiya jarayonida bargaror xususiyatlarni namoyon
etadi[1].

Shuningdek, O‘zbekiston oliy ta’lim muassasalarida olib borilgan ilmiy izlanishlarda
termoplastik tolalar asosida ishlab chigarilgan iplarni teksturizatsiya qgilish orgali ularning elastiklik
va hajmiylik xususiyatlarini oshirish mumkinligi aniglangan. Ushbu tadgigotlar bikomponent
iplarni mahalliy sanoatda joriy etish imkoniyatlarini kengaytiradi.

Mahalliy va xorijiy ilmiy tadqiqotlar tahlili shuni ko‘rsatadiki, bikomponent to‘quv iplari
O‘zbekiston to‘qimachilik sanoati uchun ham yuqori istigbolga ega bo‘lib, ekspertbop va funksional
mahsulotlar ishlab chigarishda muhim rol o‘ynaydi.

Bikomponent va monokomponent iplarning nazariy asoslari: Monokomponent iplar bitta
polimerdan, odatda poliester, poliamid yoki paxtadan tayyorlanadi. Ular soddaligi, bargarorligi va
ishlab chiqgarish qulayligi bilan ajralib turadi. Birog, bunday iplarning funksional xususiyatlari
cheklangan bo‘lib, ular yuqori darajadagi texnik talablarni qondira olmaydi.

Bikomponent iplar esa ikki turdagi polimerlardan tashkil topgan bo‘lib, ular o‘zaro uyg‘un
ishlaydi. Bu iplarning eng mashhur turlari:

Yonma-yon (side-by-side) — har bir komponent yonma-yon joylashadi;

Yadro-qobig (core-sheath) — bir komponent yadro, ikkinchisi esa tashqi qobiq sifatida
joylashadi;

“Islands-in-the-sea” — mikrotola hosil giluvchi murakkab tuzilma.

Bikomponent iplarning afzalligi shundaki, ular bir vaqtning o‘zida yuqori mustahkamlik,
elastiklik, yumshoqlik va issiqlikka chidamlilikni ta’minlaydi[ 2].

Fizik-mexanik xususiyatlarning tahlili:

Ko‘rsatkichlar Monokomponent iplar Bikomponent iplar

Mustahkamlik (MPa) 400-450 600—700

Cho‘zilish foizi (%) 20-25 30-40

Issiqlikka chidamlilik (°C) 180 240

Yumshogqlik darajasi O‘rta Yuqori

Ishlab chigarish murakkabligi Past Yuqori[3]

O‘zbekiston olimlari tadqiqotlari

O‘zbekiston olimlari ham so‘nggi yillarda to‘qimachilik materiallari, xususan iplar
texnologiyasi bo‘yicha muhim natijalarga erishmoqda.

S.U.Patxullayev 2024-yilda turli tolalar aralashmasidan olingan iplarning fizik-mexanik
xususiyatlarini o‘rganib, paxta, poliester va viskoza tolalarining nisbati mustahkamlik va cho‘zilish
ko‘rsatkichlariga sezilarli ta’sir ko‘rsatishini aniqladi[4]. X.A.Alimova 2025-yilda jun va ipak
aralash bikomponent iplarning fizik xususiyatlarini tahlil gilib, ularning issiglik saglovchanligi va
yumshogligi yuqoriligini anigladi[5]. B.A.Paluanov va A.R.Aliev 2024-yilda paxta tolalaridan
olingan iplarning sifatini oshirish bo‘yicha ilmiy asoslangan texnologiyalarni taklif qildi[6].
F.J.Raximov. 2024-yilda sun’iy tolalar ishlab chiqarish diversifikatsiyasi orqali ekologik
samaradorlikni oshirish yo‘nalishini taklif etdi[7].

Bikomponent iplar amaliyotda
1100 B monokomponent iplarning o‘rnini bosib bormoqda.
| 80| [ | n Ularning yadro-gobiq shaklidagi strukturalari
Bikomponent T .
| 60| m [ m tufayli issiglik va mexanik yuklamalarga bardosh
| 401 W L B berish gobiliyati yugori. Monokomponent iplar esa
Monokomponent . . . i .
| 201 W n n hali ham an’anaviy to‘qimachilik sohasida keng
| o] e — ishlatiladi[8].

Chofzilish Issiqlik

1-rasm. Bikomponent va monokomponent iplarnin Natijalar ' shuni ko'rsatadiki, bikomponent

cho‘zilishVaifsiqlikkachidamlilikpko‘rsatkpichlarig iplar issiglikka ~ chidamlilikda =~ 30-40% ga,
cho‘zilishda esa 10-15% ga yuqori natija beradi.

Xulosa. Tadgiqot natijalari shuni ko‘rsatadiki, bikomponent iplar zamonaviy to‘qimachilikda

muhim o‘rin egallaydi. Ular energiya samarador, bardoshli, ekologik xavfsiz va funksional

materiallar ishlab chigarish imkonini beradi. Monokomponent iplar esa oddiy mahsulotlar uchun
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magbul bo‘lib qolmoqda. O‘zbekiston olimlarining bu yo‘nalishdagi izlanishlari mahalliy
to‘qimachilik sanoatini yangi bosgichga olib chigadi.
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KANOP XOMASHYOSINI QURITISH USULLARINING TAHLILI.
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Annotatsiya. Magolada tolali ekinlardan biri hisoblangan kanop xomashyosini magbul quritish usullari
tadqiqi va ularning mugobil variantlari analitik tahlili keltirilgan.

Kalit so“zlar: tolali ekin, xom ashyo, sxema, namlik, xususiyat, quritish, CJII'-210-/I1, texnologiya,
uskuna.

Aunomauuﬂ: B cmamve npedcmaeﬂen AHAMUMUYECKUL AHAU3 UCCIEO08AHULL ONMUMAIbHBIX MEmo008
CYUIKU CblPpbs KOHONJIU KAK BOJIOKHUCMOU KyJlbmypbul, a maxKaice ux aibmepHamuenblx 6apuanmoes.

Knroueswle cnosa: Boroknucmas xyniemypa, colpvé, cxema, 81aiCHOCMb, C8OUCMBO (XapaKmepucmuxa),
cywra, CJII-210-J11, mexnonozus, obopyoosanue.

Abstract: The article presents an analytical analysis of studies on optimal drying methods for hemp raw
materials as a fibrous crop, as well as their alternative options.

Keywords: Fibrous crop, raw material, scheme, moisture, property (characteristic), drying, SLG-210-
L1, technology, equipment.

Hukumatimiz tomonidan paxtachilikni rivojlantirish bilan bir gatorda, paxtadan boshqga tolali
ekinlarni ham seleksiyasi va urug‘chiligini rivojlantirish, jumladan paxtadan boshqga tolali ekinlardan
raqobatbardosh sifatli tola mahsulotlarini olishga ham e'tibor berilmoqda. Jumladan, O‘zbekiston
Respublikasi Prezidentining “O‘zbekiston Respublikasi gishloq xo‘jaligini rivojlantirishning 2020-2030
yillarga mo‘ljallangan strategiyasini tasdiqlash to‘g‘risida”gi PF-5853 son farmoni e'lon gilindi va gishloq
xo‘jaligini rivojlantirishga bir qancha vazifalar belgilab berildi.

Prezidentimizning farmoniga ko‘ra ‘“Paxtasanoat ilmiy markazi” AJ negizida “Tolali ekinlar ilmiy
tadqgiqot instituti” ni tashkil etilishi ham paxtadan boshqa tolali ekinlarni tadqiqot ishlarini
jadallashtirishga garatilganligini ta'kidlash mumkin.

Bundan tashgari davlatimiz rahbari Toshkent viloyatiga tashrifi davomida Quyi Chirchiq
tumanidagi sobiq “Kanop” zavodi hududida agrar sohani rivojlantirish loyihalari bilan yaqindan
tanisharkan, jumladan, kanopchilikni gayta tiklash, bu orgali gimmatbaho xomashyo etishtirish, uni
chuqur gayta ishlash bo‘yicha mutasaddilarga topshiriglar bergan edi. Viloyat qishloq xo‘jaligi
boshqarmasi mutaxassislarining aytishicha, 17 yillik tanaffusdan so‘ng mazkur hududda yana kanop ekila
boshlandi. Bunga birinchilardan bo‘lib Quyi Chirchiq tumanida tashkil etilgan “Kanop tola” mas'uliyati
cheklangan jamiyati jamoasi qo‘l urdi. Ya'ni, ilgari kanopchiligi bilan shuhrat qozongan “Yangi hayot”
hududida 50 gektar maydonga kanop urug‘i sepildi.

Shu sababdan ham tolali ekinlarni dastlabki ishlash, jumladan tolali mahsulotlarni quritish
texnologik jarayonlarini takomillashtirish, texnologik jarayonga yangi, yoki takomillashtirilgan
texnikalarni joriy qilish juda dolzarb bo‘lib turibdi.
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O‘zbekiston Respublikasida shu vaqtgacha paxtachilikdan tashqari asosan tolali ekinlardan — kanop
ekilib kelingan va uni dastlabki ishlanib, tola olingan. Kanop o‘simligini dastlabki ishlash texnologik
jarayoni va uni amalga oshiradigan texnikalar ishlab chigilgan va muvaffagiyatli ishlatib kelingan. Kanop
o‘simligidan tashqari juda ko‘plab tolali ekinlar bo‘lishiga garamay, Respublikamizda boshga tolali
ekinlar (tola olish maqgsadida) yetishtirilmagan. Masalan, Respublikamizda ko‘p miqdorda zig‘ir o‘simligi
ekib kelingan, lekin uni fagat moyini olish magsadida foydalanilgan.

Shu sababdan mamlakatimizda bizgacha bo‘lgan tolali ekinlar (paxtadan tashqgari) dan kanop
o‘simligi va uni dastlabki ishlash texnologik jarayonlari analitik taxlil etildi.

Yaqin o‘tmishda mamlakatimizda 11 kanop zavodi, uchta kanop fabrikasi faoliyat ko‘rsatgan.
Afsuski, e'tiborsizlik, xom ashyoning yo‘qligi ogibatida ular butunlay to‘xtab qolgandi.

Kanop ham—g‘o‘zadoshlar oilasiga mansub, namga, harorat hamda yorug‘likka talabchan
o‘simlik. Shu bois uni respublikamizning deyarli barcha viloyatida etishtirish mumkin. O‘sish davri
124—145 kun bo‘lib, gektaridan o‘rtacha 100—120 sentner ko‘k poya, 4-5 sentner urug‘ beradi.
Yurtimiz tuprog-iglim sharoitida 150—180 sentner ko‘k poya, 8-9 sentner urug® olish mumkin. Ilg‘or
agrotexnologiyalar qo‘llanilsa, ushbu ko‘rsatkichlar yanada yaxshilanishi, shubhasiz.

Ma'lumotlarga qaraganda, kanop o‘simligi Toshkent viloyatida 1939 yildan sanoat miqyosida
etishtirila boshlangan. Masalan, o‘tgan asrning 80-yillarida 22 ming gektar er maydonida parvarishlanib,
350 ming tonnadan ziyod kanop xom ashyosi tayyorlangan. O‘z navbatida, xomashyo gayta ishlanib, 37
ming tonna tola olingan. Shundan 75 — 80 foizi Rossiya, Boltigbo‘yi, Ukraina, Qirg‘iziston, Qozog"‘iston
Respublikalariga xomashyo sifatida jo‘natilgan. Bundan tashgari, Kuba, Buyuk Britaniya, Belgiya,
Bolgariya, Polsha kabi davlatlarga eksport gilingan. Qolgan qismigina o‘zimizda chuqur gayta ishlanib,
tayyor mahsulotlar olingan.

“Tolali ekin”, deganda, xalqimiz ko‘z o‘ngida g‘o‘za gavdalanadi. Biroq kanop tolasi ham
paxtanikidan qolishmaydi. Shu bois Hamdo‘stlik davlatlari, xorijiy mamlakatlarda unga talab g‘oyat
katta. U mayinligi, pishiqligi, sanoatbopligi, ya'ni, yaxshi to‘qilishi bilan ajralib turadi. Kanop tolasidan
ishlangan mahsulotlar namlikni o‘ziga tortishi hamda tez o‘tkazuvchanligi (gigroskopik) tufayli boshqa
texnik o‘simliklardan olinadigan mahsulotlardan ustun turadi.

Hozirgi paytda kanop iplari elektrotexnika sanoatida kabel mahsulotlari ishlab chigarishda,
to‘qimachilik sanoatida har xil gazlamalar, mebel matolari va gilam to‘qishda, xalq xo‘jaligida brezent,
arqon, o‘t o‘chirish uchun ishlatiladigan egiluvchan shlanglar tayyorlashda asosiy xomashyo hisoblanadi.
Hatto, kanopni birlamchi qayta ishlashda hosil bo‘ladigan chiqindisi ham koni foyda. Undan qurilish
plitalari, gidroliz sanoatida esa pektin, spirt, furfurola kabi kimyoviy moddalar olishda foydalaniladi.
Shularning o°zi kanopning iqtisodiyotdagi ahamiyati nechog‘li katta ekanligini ko‘rsatib turibdi.

Kanop sellyuloza olish uchun asosiy xom ashyolardan biri hisoblanadi. Chunki mazkur o‘simlik
tarkibida sellyuloza migdori 50 — 60 foizni tashkil giladi. Bugungi kunda u AQSh, Avstraliya, Yaponiya,
Ispaniya davlatlarida qog‘oz sanoatini xomashyo bilan kafolatli ta'minlash magsadida katta maydonlarda
parvarishlanmoqda.

Analitik taxlillar natijasiga ko‘ra, kanop o‘simligidan tolasini ajratib olishdan avval uni poyasi bilan
xovuzda suniy namlanish jarayoni bajarilgan. Kanop poyasini suvda 48 soatgacha ushlab turilgandan
keyin uning namligi 80 % gachani tashkil etgan [1].

Tolali ekinlar ilmiy tadgigot instituti mutaxassislari R.S.Amanova va V.Ye.Ustyugin tomonidan
namlangan kanop poyasini namligini tez fursatda o‘lchashni ta'minlash maqgsadida uning kichik (massasi
30 g, uzunligi 12 mm) massasini VXS-1 rusumli laboratoriya priborida 4 min davomida quritib aniglashni
tavsiya etganlar [1].

Ishda kapillyar-g‘ovakli kolloid materiallar bilan namlik sorbsiyasining termodinamik tenglamalari
va ularning gigroskopik xususiyatlarining o‘xshashligi prinsipi asosida o‘simlik tolalarining muvozanat
namligini hisoblash usuli keltirilgan.

Ba'zi-bir tolali ekinlarning gigroskopik muvozanat namligi tajribalar o‘tkazish usuli bilan
aniglangan. [2]

Masalan ishda daraxtlarni ko‘p turlari o‘zining kimyoviy tuzilishi bilan juda qiyin tuzilishga ega
bo‘lishini nazarda tutgan xolda, uning aloxida gismlarini gigroskopik muvozanat namligi tajribalar
o‘tkazish usuli bilan aniglangan [3]

Ishdagi mutaxassislar daraxtlarni ko‘p turlaridan aloxida qismlarini gigroskopik muvozanat namligi
tajribalar o‘tkazish usuli bilan aniglanganligi asosida keltirib chiqgarilgan xisob tenglamalarini kanop,
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zig‘ir, paxta va boshqga tolali o‘simliklar uchun ham ishlatish mumkin deb xisoblaydilar, ya'ni boshqa
tolali o‘simliklarni gigroskopik muvozanat namligi aniglashda qo‘llash mumkin ekan.

Kanop tolasi va tolali chigindilarini sun‘iy usulda quritish ustida ilmiy tekshirish institutlari,
konstruktorlar va kanopni dastlabki ishlash soxasidagi ishlayotgan mutaxassislar ko*p yillar tadqiqot olib
borganlar. [4]

Moskva issiglik texnikasi institutining tolani quritish laboratoriyasi uzun va kalta kanop tolasini
quritish uchun maydalangan yog‘ochlikni yoqishdan olingan tutin gazi bilan ishlaydigan
kombinasiyalashtirilgan quritish mashinasini ishlab chiggan. Lekin bu quritgichning ish unumi juda past
bo‘lgani uchun uni uzun va kalta tola olish potok liniyasida ishlatib bo‘lmaganligi sababli ishlab
chigarishga joriy etilmagan. Uning o‘rniga kanop zavodlarida potok liniyalarda ishlaydigan yuqori ish
unumli CJII'-210-J11 qurltglchlarl ishlab chigilgan (1-rasm).

— e CJIT-210-J11 quritgichi uch gavat lenta transporterli
ko‘p zonali, konveyer sistemasida tutun gazi bilan
ishlaydigan uskuna bo‘lib, kanopdan uzun tola olish
potok liniyasida o‘rnatiladi va uzun tolani quritish
uchun  xizmat qiladi.  Quritish  mashinasi
OOOOOOOOOOOO ta'minlagich, quritish tunneli, tashish sistemasidan
iborat. Ish gazi aralashmasining bir gismini yana
gaytadan quritish zonalarida ishlatilish mumkin.
Yoqilg‘i sifatida texnikaviy kerosin, dizel yonilg‘isi,

1-rasm. Kanop tolasini quritish uchun CJIT'-210-J11
quritgichi sxemasi.

soya moyidan foydalanilishi mumkin [5, 6].

Tola teshikli plastinkalardan iborat uch gavat lentali transporterda quritiladi. Tola oldin yugoridagi,
so‘ngra o‘rtadagi va oxiri pastdagi transporterdan o‘tib quriydi. Lekin bu quritgichda tolani quritish
davomiyligi, quritish agentining xaroratini barqaror o‘zgarmas bo‘lishini ta'minlab bo‘lmaydi. Yana bir
kamchiligi tutin gazini tolani rangiga ta'sir etishi natijasida uning sifatini pasayishidir.

Oc‘tkazilgan qisqacha analitik taxlillar natijasidan ma'lum bo‘ldiki, Respublikamizda shu vagtgacha
kanop o‘simligidan tashqari tolali ekinlarni tolasini olish magsadida ekib ko‘rilmagan va kanop tolasini
quritish uchun tavsiya etilgan uskunani kanopdan tashgari boshga tolali ekinlarni tolali mahsulotlarini
quritish jarayonini e'tiborga olgan xolda takomillashtirish magsadga muvofig ekan.

Xulosa. Respublikamizda paxta tolasiga muqobil bo‘lgan boshqa tolali ekinlarni yetishtirish hamda
ulardan yuqori sifatli tolali mahsulotlar olish masalasi dolzarb vazifalardan biri sifatida belgilangan.
O‘tkazilgan analitik tahlillar natijalariga ko‘ra, hozirgi kunda tolali ekinlar orasida asosan kanop
o‘simligi tolasini olish maqsadida yetishtirilayotgani va uning tolalarini quritish jarayoniga oid ayrim
ilmiy-tadgiqot ishlari amalga oshirilgani aniglandi. Birog mavjud tadgiqotlar tolali mahsulotlarni
quritishning texnologik jarayonlarini chuqurroq takomillashtirish zarurligini ko‘rsatmoqda. Shu asosda
ushbu yo‘nalish bo‘yicha ilmiy tadgiqotlar olib borishning magsadga muvofigligi asoslandi hamda
kelgusida bajarilishi lozim bo‘lgan ilmiy-tadqiqot ishlari yo‘nalishlari belgilab olindi.
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MYAJUTU®JIAP JUKKATHTA !

1. “Unmuit — texnuka xypHamu” (“Hayuno — rtexHumdeckwii xypHan’, “Scientific —
Technical Journal”) caxudanapuna dyHgameHTan Ba TeXHUKa (aHIapu cOoXacHza SHTH HIMHNA
HaTKanapra sra 6yiaran Ba 50 % gaH OpTUK KUCMH WITapy YBJIOH KWIIMHMAraH y30€K, pyc, MHIJIN3
TUUIApHIa Tal€pllaHTaH MakoJia Ba KUCKa Xabapiap Kydumaru Oynumiap OVinMda 4om STHIaIu:
¢pusuka-maremaTuka QaHjgapu; MeXaHMKA; KYPWIHII; JHEPreTuKa, JJIeKTPOTEXHHKA;
3JIEKTPOH KypHJIMAJap Ba ax00pPOT TEeXHOJIOTUsSIAapH; KUMEBUII TEXHOJIOTUSI Ba JKOJIOTHUS;
WKTUMOMI-UKTHCOANH daHIap; KHcKa XxadapJap.

2. Maxkona crarnapt A4 yirdaMmaard oK KOFO3HUHT Oup ToMoHmaa vangad 30 mm, YHrnas 15
MM, IOKOpHIaH Ba mactiaan 20 MM KeHIJIHK/Ia ko Koaaupu6, Times New Roman mpudruaa, 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
OLIMACJIUTU Ba WMKKUHYM Hycxacuja Oapya myamtudnap (amunusicu, UICMH Ba IIapudIapuHu
KypcaTHO UM30 YEKHIIUTIAPH JIO3HM.

3. Makounara Kyilujgaruiaap wioBa KWIMHAIW: MII Oa)KapwiraH TAIIKWIOT HYJIaHMACH;
y30ekua, pycya Ba MHIJIM34Ya aHHOTamusaap (Oup xuia mMa3MmyHzaa Ba 5-6 KaTopJaH OIIMaciuru
3apyp), TasiHY cy371ap, MaKoJia HOMJIAPH; JKCIEpPT XyJocacu; Myaauduap TyFpucuaa
MaBJYMOT (MII >XOWHM, J1aBo3uMH, Tenedonu, e-mail). Myammdnap opacuma ¢an gokropu
OyamaraH Takoupja, Iy CcOXa HUXTUCOCIUTH OVilnua ¢aH JAOKTOPUHHUHI TABCHSICU TaKJIUM
STHIIAIN.

4. ®opmynanap xommnbiotepaa Word ¢opmynanap myxappupunuar Math Type Bepcusicuna
é3unaau. Ynszmanap Ba auarpaMmaliap CTaHAapT Kougaiapra puost KwinHran xoinga 10x10 cm gan
karra Oynmaran Vyidampaa TauépnaHuinm, E3yBllap WMKOHM Oopuua colimap €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. MypoxaaT KWIWHTaH ama0uéTiap pyixaTd Makola OXUpHAa Kyhumard TapTudaa
KENTUPUIAAN: MyaUTMPHUHT HaMUIIUACH, UCMH, mapudu, KUToO (KypHaa)HHHT HOMH, HAIIPHET
(kuToONap y4yH) WuiM, >KypHal HOMepu, caxuda (KypHanm yuyH). Makona caxudanapuaa
agabuérmapra wWiaoBa pakaM OWIaH TapTUOJM paBUIIAA KBaJapaT KaBc uuuaa (macaian [7]
KypuHUIIKAa) Oepunanu.

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 TaXpupJaHraH OYJIMILIM JIO3UM: ca€3 Ma3MyHJIary, Fajau3 Ba Y3yHAAaH-Y30K >KyMiIaJlapHU
WIIATMACIMK, MAaKOJIAHMHT WIMHA HYHanumiura, Iy KYHHUHT edYujMaraH Ba Joi3ap0
MyammoJjapura 6axo OepWIMIIM; UITHUHT acoCHi Makcalu, KyHWIaJuraH macaiajap Ba yJapHU
€UHIN YCIIyONlapH, OJMHTaH STHTM WMWK HaTHXKalap Ba YJIAPHUHT TaXJIWIH XaMJa aHUK XyJocauap
KaThUl KeTMa-KeTJIMK/Ia PAaBOH THJIA 0a€H KUIMHUILH JIO3UM.

7. TaxpupusaT 3apypar Oynranjga TakAuM STWITAaH MakKoja Ba KUCKa XabapiapHH Taxpup
KWJIUII XYKyKWTa 3ra. YJap cy3cu3 TaxXpUpHUsAT ab3osapura €ku OolllKa TEerHIIIM MyTaxaccuciiapra
Takpusra Oepusiaiu.

8. Arap makosia MyayuiiQra Kaita UILIall yayH KalTapuica, MaKOJIaHUHT OXUPTH KYPUHUIIH
OJIMHTaH KyHJaH 0onutad MakoJia TaXpUpHsTra TYIIraH XUucoOIaHaIu.

Kypnaman dgon stumga doc. MS Word 97 (2003) Ttaxpupuma HWIUIOBYM JacTypiapiaH
doitnananunagm.

MaxkonanapuHu ¥3 BakTHAa YOI STWIMILIMHU HMCTaraH Myanudiap TaxpUpusTra aHa Iy
nactypnaaH Qoigananrad Xoia KOMIBIOTepa TEPUITaH dJIEKTPOH BApUAHTHHH TaKIUM dTHIILIAPU
Makcaara MyBOGUKIHP.

9. Kypnannune snekmpon eapuanmnapunu @ap/I[TY eeb-catimu http://www.ferstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal) oan monuwi mymkun.

Kypcamunean xouoanap acocuda manépianmacan MaKoiaiap maxpupusm momoHuOaH Kaoyu

KUIUHMATIOU.
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K CBEJEHUIO ABTOPOB !

1. Ha crpanunax «Hay4HO-TEeXHHUYECKOTO )KypHaIa» MMyOJUKYIOTCS CTaTbU U KpaTKUE COOOLICHNUS
B oOnactu (pyHIaMEHTANbHBIX U TEXHHYECKUX HAYyK, cojepikaiue HoBble min Oonee 50 % panee He
onyOJIMKOBAaHHBIE HAy4YHBIE pPE3yJibTaThl, Ha Y30€KCKOM, PYCCKOM HJIM aHTJHHCKOM S3BIKaX IO
CIICAYIONIMM pa3lenaM: (yHAaMeHTaJbHble HAYKH; MeXaHUKA; CTPOUTE]bCTBO; JHEPreTHKA,
3JIEKTPOTEXHUKA; JJIEKTPOHHbIE YCTpolicTBA W HMH(POPMAIMOHHBIE TEXHOJOTHMU; XHMMHYECKas
TeXHOJIOTUSl ¥ IKOJIOTHs; COUMATbHO-IKOHOMHYECKHe HAYKH; KPATKHe COOOLIeHUs.

2. CtaThsl TIpeACTABISICTCS B IBYX 3K3eMIUIApax Ha Oenoil Oymare cranmapTHoro ¢opmara A4 ¢
noyisimu: cieBa 30 MM, BBepXy u BHH3Y 10 20 MM, crpaBa 1,5 mwm; mpudt Times New Roman 12 pt,
MEXYCTPOUYHOE pAcCTOSIHWE OfWH MHTepBas. OOmmii 00beM CTaThu HE JOJDKEH HPEBBIIIATh BOCHMH
CTpaHUIl, HE CUMTAas PUCYHKOB, KPaTKUX COOOIICHHWI ke He Oosee TpEX CTpaHUIl. BTopoi sk3eMIusp
CTaThH MPEJICTABISETCS C MOAMUCIMH BCEX aBTOPOB.

3. K cratpe mpunararorcs: HampaBlieHHe YYPeKIEeHHsI, B KOTOPOM BBINOJHEHa padoTa;
JKCIEPTHOe 3aKjadeHue (s aBTOopoB u3 PecnyOnuku Y30ekucraH); Ha y30€KCKOM, PYCCKOM H
AHTJIMIICKOM sI3bIKaX aHHOTAHMsl (M3 5-6 CTPOK OJMHAKOBOIO COJACpKAaHMSA), 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 CHELUAIBHOCTH.

4. lns HarmcaHusi popMysI B TEKCTE HEOOXOIMMO IMOJb30BaThes pemakropom Word Math Type.
dopmynbl HyMEpPYIOTCS B CKBO3HOM Tmopsiake. st o0o3HaueHWs (PU3NYECKHX, MAaTEeMaTHYECKHX M
XMMUYECKUX BEJIMYHMH, BKIIOYAs WHACKCHI, TPUMEHSIOTCS MCKIIOYUTENFHO JIATHHCKHE M TPEYecKue
OykBbl. Henb3si 0003HauaTh pasziavyHble BEIMYMHBI OMHOW M TOHW ke OykBod. IloaroroBieHHbIE
PUCYHKH M JUarpamMMbl JOJDKHBI COOTBETCTBOBATH CTAaHAAPTHBIM TPEOOBAaHHMSIM M HE IPEBBIIIATH
pa3mepsl Oosee yem 10x10 cm, HagmUCH, MHAEKCHI WM OyKBEHHbIE 0003HAYEHMSI, JKEIATeNIbHO yKa3aTh
Y TIOSICHUTh Ha CTPAHMIIAX CTATbU WIIU B IPUIIOKCHUAX K PHCYHKAM.

5. CriMcok nuTepaTyphl MPEACTaBIISETCS B KOHIIE CTaThH B cieaytoniem nopsiake: O.1.0O. aBTopos,
Ha3BaHHe KHUTM (KypHaJa), TOJ W3JaHus (A1 KHUT), HOMEp >KypHasla, CTpaHMIb! (Ui KypHasioB). Ha
CTpaHWIaX CTaThbH CCBHUIKM HAa LUTHPYEMYIO JHTEPATypy NPEICTABISIOTCS B TOPSAKE YIOMHUHAHUS
apabckoit nupoi B KBaJpaTHBIX CKOOKax, Hanpumep: [1].

6. BHUMaTeTbHO OTHOCHUTECHh K CTHIIIO CBOEH CTAaThH, KOTOPBIA JTOMKEH OTBEYaTh TPeOOBaHUAM
BBICOKOM CTENEHHM pPEeJIaKTUPOBAHMs, KaK B OTHOUICHWH HAYYHOCTH, TaK M rpaMMaTuku. l30eraiite
JUITMHHBIX (hpa3 MOBEPXHOCTHOTO colepKaHus. J{Jst mydiero BocupusTHs OOJBIION CTAThbU YUTATEISIMH
pexoMeHnayeTcss pa3OouTh TEKCT Ha paszelnbl: Hampumep, 1. Beenenue, 2. MeToanka sKCriepuMeHTa, 3.
DKcnepuMeHTalnbHbIe pe3yabTathl, 4. 3axmoudenue. Cieayer o0s3aTenbHO yKa3aTh OCHOBHYIO IIEJb
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. IlpencraBiieHHbIE B PEIAKIUIO CTATbU HAMPABIIAIOTCS JUISL PELIEH3UPOBAHUS WIEHAM PeJaKIUU
WINA JIPYTMM COOTBETCTBYIOIIUM crieruanrctam. OnpenenstoTcs, COOTBETCTBYET JIM CTaThs TEMaTHKE
KypHaia, e€CThb JIM B HEil 4eTKo C(hOpPMyIHpOBAaHHBIC HOBBIC HAYYHBIC PE3YNbTaThl, JOCTATOYHO JIH
Ha/IEKHO 00OCHOBAHBI BHIBOBI, MOHATHO JIM W3JI0KEH MaTepHai. [Ipy HeoOXOIMMOCTH CTaThs MOKET
OBITh OTPEIAKTHPOBAHA.

8. B ciyudae Bo3BpaTa craTbU aBTOpaM Ul JOPAOOTKU CPOK €€ IMOCTYNJIEHUS B PEJaKIHIo,
CUUTAETCS CO JIHS MOCTYIUICHUS OCIETHETO € BapuaHTa.

[Ipu mevyatu MaTepHUAIOB XypHaJla MPUMEHSETCS TEKCTOBbINA pemakrop doc.MS Word 97 (2003).
JJis  cBOEBPEMEHHOT0 OMYyOJMKOBAaHUS CTaThbH, aBTOpaM HEOOXOAMMO MPEICTaBUTh SJICKTPOHHBIH
BapHaHT CTAaTbH, HAOPAHHBIN Ha KOMITBIOTEPE C HCIOIb30BaHNUEM YKa3aHHOM MPOTPaMMBI.

9. DneKkTpoHHBIE BEpPCHHM JKypHala IOCTymHBI Ha BeO-caiite Depl'TY http:/www.ferstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Cmambu, He OQbOPMﬂeHHble CO2CNACHO 6blULEYKA3AHHbIM Npasuilam, pedam;ueﬁ H€ NPUHUMAIOMCAL.
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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 FerSTU website,
http://www.ferstu.uz (faoliyat—ilmiy faoliyat—ilmiy jurnal).

Articles that are not prepared based on the specified rules will not be accepted by the editorial office.
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