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Abstract. Estimation of energy consumption in the processing of cotton raw
materials in a linter, determination of the laws of change of electrical loads and
relative energy consumption and the most convenient modes. Also, it is important to
correctly determine the installed power of electric drives of linter machines and
determine the required power on the shaft of their engines, and to analyze the energy
performance of the enterprise and workshops.

Keywords. linter of cotton ginning enterprises, the intensity of the supply of
cotton to the linter, the total installed capacity of linters, the efficiency of the linter, the
relative energy consumption of the linter.

Annotatsiya. Paxta xomashyosini linterda gayta ishlashda energiya sarfini
baholash, elektr yuklamalarining o'zgarish qonuniyatlari va nisbiy energiya sarfi
hamda eng qulay rejimlarni aniglash. Shuningdek, linter mashinalari elektr
yuritmalarining o'rnatilgan quvvatini to'g'ri aniglash va ularning dvigatellari validagi
zarur quvvatni belgilash, hamda korxona va sexlarning energetik ko'rsatkichlarini
tahlil gilish muhim ahamiyatga ega.

Kalit so'zlar. Paxta tozalash korxonalari linteri, linterga paxta berish
intensivligi, linterlarning umumiy o'rnatilgan quvvati, linterning foydali ish
koeffitsienti, linterning nisbiy energiya sarfi.

Annomauusn. Oyenka >HepeonompeOnenuss npu nepepabomke XI0NKOB0O20
Cblpbsl 6 JUuHmepe, onpeaeﬂeﬁue 3aKOHOM€pH00m€IZ USMEHEeHUA IJJ1IeKMPUUECKUX
HA2PY30K U OMHOCUMENbHO20 3HepeonompebieHus, a makxdce Hauboiee YOoOHbIX
PEHCUMOS. Taxkoce e6asicHo npasujibHo onpe()ejzumb YCMAHOBIEHHYIO MOWHOCNb
91IeKMPONPUBOO08 TUHMEPHBIX MAUUH U ONpedeaumsb mpedyemyro MOWHOCHb HA BTy
ux aeueameﬂeﬁ, a makoice npoaralusupoeantb 9HepzcemudecKkue noxkasameiu
npeonpusimusi U Yexoa.

Knroueswvie cjioea. i1uHmep XJIonKoovucmumelbHblX npednpuﬂmud,
UHMEHCUBHOCIb NO0a4U XJIONKd 8 JuHmep, 06u;aﬂ YCMAHOBNEHHASL MOUWHOCHb
JUHMEPOS8,  KoIpuyuenm noie3Ho2o0 Oeucmeus JUHmepda, OMHOCUMETbHOE
SHep2onompeob.ienue TuHmepa.

INTRODUCTION
In the world, scientific and research work is being carried out aimed at
developing new scientific and technical solutions for improving cotton processing and
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product quality, optimizing technological equipment and operating modes using
energy-efficient technologies. In this regard, taking into account the fact that cotton
processing is mainly seasonal, special attention is paid to increasing the operational
efficiency of electrical equipment used in the implementation of processes and thereby
achieving energy efficiency in the industry.

The purpose of the study is to develop scientific foundations for increasing the
energy efficiency of technological devices at the stage of processing cotton raw
materials, taking into account the characteristics of cotton varieties, taking into account
the characteristics of cotton varieties, while preserving the natural qualities of fibers
and seeds.

MATERIALS AND METHODS

To analyze the main technologies for estimating energy consumption in the
processing of cotton raw materials, probability theory and mathematical statistics,
mathematical analysis, the principal components method, and correlation-regression
methods were used.

RESULTS AND DISCUSSION

Cotton seed linting processes Cotton seed linting processes are carried out at
cotton ginning plants. The linting process is carried out in order to separate this lint
from the seed composition. Linting of cotton in cotton ginning plants is carried out in
saw linters, which undergo various levels of intensive processing.

Depending on the need to obtain one or another type of lint, the following linting
technologies can be used - the first two-stage enhanced lint removal, the second two-
stage enhanced lint removal and the third stage lint removal. These processes are
carried out by the PMP-160M linter machine with the UPML working chamber, 5LP
and 6LP linters and units with the help of saw teeth and strong air separation.

In saw linters, the linting process is based on the mechanical action of rotating
roller saws with the grain, as a result of which the teeth scrape off the fiber (lint) from
the surface of the grain removed from the saw, which is sent to the condenser by air.

The main indicators of linter performance are: the amount of lint removed from
the grain and the degree of lint exit from the grain, and the linter efficiency is calculated.
Depending on the selected linting technology and the need to produce the required type
of lint, taking into account the control of the linter operation, the appropriate lint
removal for each type of lint is studied experimentally by adjusting the linter efficiency.

A comprehensive study of the linting process requires the disclosure of a number
of factors, the main indicators of which are the productivity, the degree of lint removal
and its quality:

seed selection, industrial grade and fineness of the fiber in the seed (the amount
of fluff); linting mode; the condition of the saws and their diameter; the parameters of
the linter working chamber and its working bodies, and the speed modes of the mixer
and saw cylinder.

The effect of cotton selection and industrial grades on the productivity of linting
machines and linting quality is determined, in particular, by a significant difference in
the linting indicators of the seed after ginning.

O30
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Depending on the need to obtain a particular assortment of lint, the appropriate
linting technology is selected. To obtain a full range of lint, it is necessary to undergo
a three-stage linting technology, first by removing 2%, secondly by removing up to 4%,
and thirdly by removing 2% or more. Double linting ensures maximum output of the
second type of lint by removing the first reinforced lint (up to 6%), and the second
linting (with 2% removal) produces the third type of lint.

During the first linting process, lint removal exceeding 6% leads to a significant
unevenness of the produced lint along the length, which is related to the third type, as
well as to an increase in its clogging. The technology of double linting with an
increased secondary removal leads to an increase in the first type 1 lint (removal up to
2%) and an increase in the second type 3 lint with a lint removal of 6% or more [20;
pp. 52-67].

During the first linting, the condition of the working chamber of the machine
and the mixer in it significantly affects the work efficiency. The condition of the
chamber and the mixer in it, the gap between the mixer grates and the saws, the
protrusion of the saws and the pitch of the saw teeth have the most important effects
on lint removal.

Experimental studies of the first and second linting processes have shown that it
Is necessary to calculate the equations related to the work efficiency (while maintaining
a certain lint removal) taking into account the 3 most important factors - the position
of the working chamber relative to the saw cylinder, the speed of the mixer and the
saw:

1st linting (2% lint removal):
A =1121+12n, +157a-01n,a +0,2n,a, kg/h (1)

2nd linter (4% lint removed)
A, =2431-15n, —4,4n, +65,7c +0,006n,,n, —0,006n,  kg/h (2)

where - A, A, the efficiency of the saw linter in the first and second linting of seeds,
kg/h;
n _,n, - rotation speed of the saw cylinder and mixer, rpm;

ny !

@ - the angle of rotation of the working chamber relative to the cylinder (5 LP
from the main position in the linter), grad.
The values of the following factors in the experimental field n, =630 ,

n, = 830,400, n, =600 the adequacy of the equations for; &= 10°.

While maintaining the state of the working chamber, as in the 5LP linter, the
equations are simplified and take the following form:
1st linter (linting removal - 2%):
A =-301+12n, +32n, kg/h (3)

2-Lintering (Linter removal - 4%):
A, =2431-15n, —4,4n,+0,006n,n, kg/h 4)

Based on the data provided and the calculations obtained from the equations, it
Is possible to select linter technology and its modes in order to increase the efficiency
of lint production at cotton ginning enterprises.
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Saw linter machines PMP-160M can replace low-performance linters with 5LP
linter machines and ensure the production of products with high quality indicators. The
main difference between the 5LP linter and the PMP-160 linter is the enlarged working
grain chamber. Adjusting the linting process with a grain comb changes the lint output
from the grain and the machine's productivity. With an increase in the distance between
the grain comb and the grid, the removal of hairs from the grain decreases and at the
same time the grain throughput increases.

After setting a certain gap between the grain comb and the grid, it is possible to
increase the productivity of the linter by using an automatic control system, taking into
account the optimal density of the grain in the working chamber along a certain length
of the lint production.

The pulse variator is designed to automatically control the supply of grain to the
working chamber of the linter by changing the rotation speed of the supply drum
depending on the change in the density of the grain in the grain roller. The intensity of
the supply of grain to the linter, its productivity, is established experimentally, taking
into account the required density of the grain roller.

The change in the position of the load on the handle of the valve density and its
weight affects the density of the grain roller and the productivity of the linter. The
constant load of the linter machine itself increases the productivity of the grain linter
and vice versa. Increasing the density at the valve stem is usually used when a small
change in the linter's grain supply is required.

Depending on the design of the linters, saws with a diameter of 320, 310, 300
and 290 mm are used. To facilitate the process of installing new or roller saws on the
linters, it is recommended to try using one or another linter with a constant diameter.
When installing saws of other diameters on the linter, the position of the air chamber
and the grate is adjusted.

The output of the saws above the grate is carried out by adjusting the support
bolts of the shaft under the grate and the suspension mechanism of the linter's working
chamber. The separation of sawdust and foreign impurities from the lint is regulated
by means of a sawdust cover that can be moved towards or away from the saw. Since
the sawdust is processed in three linting operations in sawdust linters after collection,
we experimentally determined the energy consumption of each lint output and the
actual average work efficiency.

Mathematical models of energy consumption characteristics of PMP-160, PMP-
160m and 5LP saw linters are expressed as follows:

For PMP-160 and 160M: for first output

P mu = 25,3+0,0018 A,,,,, KWt; (5)

=223 100018 KWt-hkg.  (6)

JITT
for the second exit
P mu = 25,3+0,0021A,,,, KWt; (7)

Ay = 223 +0,0021 kWt-h/kg (8)

TIMIT
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for the third exit
Piiin =253+0008 47, kWit (9)

A =223 10,0028 KWt-h/kg (10)

JIIT

For 5 LP brand saw linters: for first release
P'sm =24,8+0,0016 A, KWt; (11)

dam =228 L 00016 KWt-hikg. (12)

JITT

for the second exit
P'sur = 24,8 +0,0022 A:;ﬂl] kWt, (13)

d'sm =228 100022 KWi-hikg. (14)

JIT

for the third exit
P'sm = 24,8+0,0027 A, ., KWt; (15)

dsur =228 10,0027 kKWt-h/kg. (16)

JITT

The useful composition and load losses of saw linters during nominal operation
do not exceed 5-8% of the energy consumption.

From expressions (15) and (16) it can be seen that the average energy
consumption of saw linters does not depend on the productivity, and this characteristic
can be considered universal and describes the laws of changing the power consumption
and relative energy consumption for fibers of different lengths produced by a saw linter.

The 6 LP linter machine is produced in 2 types according to its operating
function: 6 LP and LP-1 are designed to perform two-time final linting of the grain in
one machine, and the linting process is carried out in the same way as in saw linters of
the PMP-160M and 5 LP brands. The 6 LP linter machine has two section saw cylinders,
each with 160 saws.

6 The LP-01 linter machine also has two section saw cylinders, each with 100
and 160 saws, which provide 6% yield of first and second type lints. One of the main
indicators of the machine is the high output level of lint from the upper and lower
linting sections, that is, high productivity.

During linting, the feeder is adjusted in the lower section of the working chamber
of the machine depending on the volume of grain on the roller. To increase the
efficiency of the machine, the density valve in the lower linting section of the working
chamber is adjusted by changing the lever connecting the variator with the density
valve, as well as moving the load to the handle of the density valve.

The operating mode lasts a long time with a constant load. The total installed
capacity and the efficiency of the 5LP PMP-160M UMPL chamber saw linters in terms
of grain can be seen in Table 1.
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Table 1
Mathematical models of the energy consumption characteristics of the PMP-160,
PMP-160m and 5LP saw linters

sawn Seed productivity, Comparative energy consumption,
Ne Installed capacity, kWt
brand of linters ka/h kWt-h/kg
In the first release of fiber _
d!,,., =0,0156
1. 31,2 2000
PMP-160 in his second appearance
dr .. =0,0184
PMP-160M 1700
on his third appearance
In the first release of fiber d.,, = 0,0133
2300
in his second appearance "
2. 5LP 30,6 d.,; =0,018
1700
on his third appearance
1360 dgr =0,0225

In each of the linting sections, the necessary lint is removed using lint combs,
similar to the 5LP brand of sawn linters. The removal of hairs and impurities from the
lint is carried out by adjusting the air chamber covers of the upper section.

Synchronization of the operation of the upper and lower linting sections in the
set modes, as well as ensuring their stable operation, is carried out by moving the lever
columns connecting the density valve of the lower section with the variator.

When starting the linter at high load, the upper column of the upper section
should be lowered. To accelerate the filling of the upper section with lint, the column
of the lower section should be raised. The installed power of the 6LP brand linter
machine is 61.2 kWt. The linter's working efficiency is 88 kg/h for lint and 1180 kg/h
for lint. The planned value of the relative energy consumption of the linter is 695
kWt-h/t for lint and 52 kWt-h/t for sawdust.

Formulas have been developed to calculate the power consumption and relative
energy consumption depending on the performance of the linter.

P, =44+00094,,, , KWt (17)

d, - A“—“ +0009, KWthkg  (18)

6J1I1
In accordance with expressions (17) and (18), the normative energy
characteristics of the power consumption and relative energy consumption of the 6LP
linter machine are constructed.
The study of the electrical load modes of the main machines and mechanisms of
the cotton ginning industry showed that:
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- assessment of the energy consumption of all varieties of cotton raw materials
processed in each cotton ginning and linting machine according to their design features
and production technology;

- determination of the laws of change and the most favorable modes of electrical
loads and relative energy consumption for saw and roller gins, as well as linters.
Determines the directions for reducing inefficient energy costs by reducing the
maximum electrical loads at the enterprise, reducing the costs of traditional
commissioning;

- development of a reliable empirical formula that allows to correctly determine
the installed power of electric drives of jin-linter machines and to determine the
necessary power falling on the shaft of the engine;

- the need to create a base for analyzing and predicting the energy indicators of
the enterprise and shops as a whole was justified.
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Anuomauuﬂ. JYuHmeleaw MAWUHACUOA NAXMA XOM AECUHU 1§a12ma uwauoa
oHepeusi capunu baxonawt, NeKmp OKIAPpU 6d COIUWMUPMA dHEPeUs CaphuHu
V3eapuul KOHYHUSAMIAPUHU 64 dHe Kyaau pedxcumiapunu oOeneunaut. Lllynuneoex,
JUHMeEP MAWUHAIAPU INEKMP OPUMMALAPUHUHE VPHAMUICAH KY8BAMUHU MYepU
bencunaws 6a oOeucamenuHuHe eanaucd mywa()uzan 3apyp KyeeaniHu AaHUKI1AWU,
KOPXOHAHUHE 64 YEXJIAPHUHE dIHEP2eMUK KYPCAMKUYAAPUHY MAXIUL KUTUUOA 0013apO
xucobnanaou.

Kanum cy3znap. naxma mosanaui KOpXOHANApUOA HUSUMIAPHU TUHMEPIAL,
JUHmMepea 4Yucunitu emxkaszub 6epumHuH2 UHMEHCUBTIUK dapaofcacu, JUHMEPIAPUHUHS
YMYMULl YpHamuiean Kyesamu, JUHMEPHUHZ UW VYHYMOOPAUSU, JIUHIMEPHUHS
COMUUMUPMA SHepaus capPu.

Annomauusn. Oyenxa >HepeonompebneHus npu nepepabomke Xi0NK08020
Cblpbsl  HA JmHmepHozZ Mawtune, onpedeﬂenue 3aKOHOM€pH06m€ﬁ USMEHEHUA
INEKMPUUECKUX HA2PY30K U YOelbHO20 dHepeonompebienus, a makxdice Hauboee
ONMUMAIbHBIX PENCUMOB pa60mbz. Kpome moco, aKknyajlbHblM A6JI51emCcil npasUulbHoOe
onpe()eﬂeHue ycmauoeﬂeHHoﬁ MoulHocmu afzekmponpueodoe JUHMEPHBIX MAUUH U
pacué’m HeobxXo0uUMoll MOWHOCMU HaA 64ty ux 06“2&17’16]1611, a makoree aHaiu3
9HepecemudecKux noxkazameiei npednpuﬂmuﬂ U yexoe.

Knroueswvie cjioea. 1unmepoesarnue CeMAH HA XJonKoovucmumelbHblX
npednpuﬂmuﬂx, UHMEHCUBHOCMb NOOAYU CEMSH 8 JUHmMep, 061/1461}1 YCNMAHOBIEHHAA
MOUHOCNb JUHMEPOoEL, npous’eodumeﬂbyocmb Jurmepa, ydeﬂbﬂoe
9Hep2onompeob.ienue TuHmepa.

Abstract. Estimation of energy consumption in the processing of cotton raw
materials in a linter, determination of the laws of change of electrical loads and
relative energy consumption and the most convenient modes. Also, it is important to
correctly determine the installed power of electric drives of linter machines and
determine the required power on the shaft of their engines, and to analyze the energy
performance of the enterprise and workshops.

Keywords. linter of cotton ginning enterprises, the intensity of the supply of
cotton to the linter, the total installed capacity of linters, the efficiency of the linter, the
relative energy consumption of the linter.
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KHUPHUI

Kaxonna maxtaHu KailTa WILIANI Ba MaxCyJjoT CU(AaTUHU OLIUPHII, SHEPTHUS
TEXaMKOp TEXHOJIOTHsUIapAaH (oiganaHuia TEXHOJOTHK YCKYHaJapHU MakOy
OOILIKAPHUII Ba UM PEKUMIAPUHU ONTUMAUTAIITUPUIITHUHT STHTH WIMUN-TEXHUKABHM
CUMMJIADUHU UNUIA0 YMKUIITa WYHANTHUPUITAH WIMHW-TAJKUKOT WILJIapu OO
oopunmokaa. by Oopana, sKymianaH maxTaHU KaWTa HILIANl acoCcaH MaBCyMUUN
XapakaTiapra sra OYJTraHJMIMHU HHOOATra OJraH XoJjjaa >KapaHjapHH amara
omupumaa ¢oimamaHuaaéIran  JJIEKTPOTEXHUK YCKYHAJIapHH AKCILTyaTalMoH
camMapaJOpJIMTUHU OIIUpUIIl Ba Oy OpKajdM coXajJa »dHEPrus TeKaMKOPIUKKA
SPUILHIITA ATOXUa YbTHOOP OEpUIMOK/IA.

TagKNKOTHHHI MAaKCaJAM [axTa XOM alléCHMHU KaiTa WIUIAITHUHT MaBXKYy]l
TEXHOJIOTMK  JKapa€HJapyuHM  TaXJWwil KWIMII  acocuia, IaxTa CcopTiapu
KYpPCAaTKUWIAPUHUHT XYCYCHUSITJIIAQpUHU XUCOOTa OJITaH XOJja, MaxTa XOM allécura
UIUIOB Oepuill OOCKMYMJIA - TOJIA Ba YUTUTIIAPHUHT TaOWMUN cudaTiapyuHU CakJialll
OpKalu, TEXHOJOTHK KypWiIMaJapHU DJHEPrus camMapaJOpiUrUHU OIIMPUIIIHUHT
WJIMUM acoCIapyHU UILIA0 YUKUIIIaH noopar.

MATEPHUAJIJIAP BA YCYJUUIAP

[TaxTa xoM amécuHM KailTa unuiaiaa sHeprus cappuuu 0axosiaml yayH acoCui
TEXHOJOTUSJIADUHHA TaXJWJ KWIWII Y4yH SXTUMOJUIAp HA3apusACH Ba MaTeMaTHK
CTaTUCTHKA, MATEMATUK TaXJIUJI, OOII KOMIIOHEHTJIAp yCIyOu, KOPpeIsaus-perpeccus
ycyJuiapuian (porjanaHuiraH.

HATHU/KAJTAP BA MYXOKAMA

[JaxTa YMIWTHHM JIMHTEpJAIl >Kapa€HJapv IaxTa To3ajall KOpXOHalapuia
MaxTaHW JKUHJIANI >KapaéHUJaH W0 YMKApWITaH YWTUT TapKuOuja >KUHJIaHTaH
MaxTaHUHT CEJIEKIIMOH HAaBMHU WMHOOATra ojraH xoiaa yprada 10-15% muknopuna
MOMUK Oyrnanu. Y0y MOMUKHU YUTUT TapKUOWJIaH a)KpaTHUO OJUII yYyH YMTUTHU
JUHTEpJall >kapa€Hu amanra owupwiagy. llaxra To3anmam KopxoHalapuaa
YUTUTIAPHU JUHTEPJIAL TYPJIM Aapa’kaJard MHTEHCUB KalTa MIUTAIl KapaéHIapyuiaH
VYTYBUM appalid JUHTEPJIApUIA aMalira OLIUPHUIIA N,

VY €ku Oy Oomika TypJard JIMHTJIAPHU OJIMII 3apypiurura kapab, Kyiluaarua
YUTUTIAPHU JUHTEPIAN TEXHOJOTUIIApU KYJUITAHWIMIIN MYMKHH — OUPUHYU HKKH
TapaKaluK KydalTHPUITAH X0JIJa JIMHTHHA OJTMO Talljiaml, UKKUHYU UKKU Japaskaiuk
KyJaTUpWITaH JMHTHA OJMO Tamuiam Ba YYUMHYHM JapaXaJlWK JIMHTHU OJIMII
xapaanapuaad yraau. Ymoy xapa¢amap [IMII-160M mapkanu TUHTEp MallMHACH
YIIMJI unran kamepacu Ounan, SJIIT Ba 6JII1 mapkanu auHTEpaap Ba arperariapu
OpKaJIi appa TUIIIApU OMJIaH Ky4JIU XaBO OPKAIH aKPaTUO OJIMHAIH.

Appaii IUHTEpiapAa JUHTIAN >KapaéHU YUTUT OWIaH alJlaHyBYM BAJIMK
appajJapHUHT MEXaHHUK TabCUpUTa acociaHaau, OYyHUHT HAaTH)Kacu la TUILLIAp appajaH
OJIMHAJUTaH YUTUTIAp 03aCUJaH TOJaHU (JIMHTHHU) KUPUO TaluUIaiu, XaBO OpKaJd
KOHJIEHCATOpra 10opuiIaan.

JIuHTEp MIUIAIIMHUHT aCOCUH KYpcaTKUUJIapy KyHuJarmiapAaup: Yurutiap-1and
JUHTJIAPHUA OJMO Talliall MUKIOPU Ba JIMHTHUHT YUTUTIAH YUKHII Japa)kacu Ba
JUHTHUHT I YHYMJIOPJIUTH XUCOOJIaHa Iu.
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Tannanran JUHTEpANI TEXHOJOTUSCUTA Ba KEPAKINA TypAard JUHTIAP UILIa0
YUKApUII 3apypJiurura Kapad, JMHTEPHUHT UIUIAIIM HAa30paT KWJIMHUIIUHU XUCOOTra
oJITaH XOJjAa, Xap OWp TypAard JUHT y4YyH TETHILIM JUHTIAp OJU0 TalulallHu
JUHTEPHUHT U YHYMJOPJIUTHHHU POCTIIAIl OpKalu TaxkpuOanap €paamMuaa Taakuk
KUJIMHAIN.

JlunTepnam xapa€HUHU KOMIUIEKC TaJKUK KWIHIJIA OUp KaTOp OMUJUIApHU
oun0 Gepuill Tanad STUIAAN, TMHTEPIIAI )KapaéHUTa aCOCUM Ky pcaTKu4iapura TabCup
KWJIYBYHY - YHYMJIOPJIUK, JIMHTIIAp OJUO TallIanl Japakaci Ba YHUHT CHU(aTH:

YUTUTHUHT CEJICKIUSICH, CaHOAaT COPTHM Ba YMTUTAArd TOJAHUHT Oappaiuru
(TykJmap MUKIOpHW); JUHTEpJAIl PEXKUMU; appajapHUHT XOJaTH Ba yJIApHHUHT
AaMeTpH; JTMHTEPHUHT WII KaMepacu Ba YHUHT WIIYM OpTaHjapy mapaMeTpiapu Ba
apanamTUpruy Ba appa UAIMHIPUHUHT TE3TUK PEKUMIApU XUCOOTaHAIH.

[TaxTaHUHT CENEKIMACH Ba CAHOAT COPTIIAPUHUHT JIMHTEP MAITMHIAPHHUHT HIII
YHYMJIOpJIMTUTA Ba JHMHTIAII cudarura TabCUPH, AWHHUKCA, >KUHIANIIAH KEWHH
YUTUTHUHT JUHTIWIUK KYpcaTKUUJIapuIaru ceaunapiu ¢hapk OuinaH aHUKIaHAIH.

JluaTnapHuHr y €ku OOIlKa aCCOPTUMEHTUHU OJUII 3apypiurura kapao,
TETUIUIA JIMHTEPJIAlll TEXHOJOTUSICH TaHJIaHau. TYJIMK acCCOPTUMEHTIArd JIUHTHU
OJIMII YYyH y4 MapTajuK JIMHTEP TEXHOJOTUACHUJIAH YTUIIHN Kepak, OupuHumnaa 2%,
ukkuHuucuaa 4% rada Ba yunHuuga 2% Ba YHJIaH KYNPOK y3UO OJIMII OpKaJlv
onuHaau. kky Maprta TuHTIAm OUPUHYM KyYaUTUPUIITaH JIMHTIAPHU 0JIUO Taluianl
(6% rava) WMKKWMHYMA TypAard JMHTHHHT MaKCUMaJl YMKUIIMHH TabMUHIAWIA Ba
WKKUHYM JuHTepaamaa (2% onub Tanuiail OWiiaH) YYUHYU TypJard JUHTIAp uiiao
YUKUITA]TH.

buprHYM nuHTEpaa kapaéHuaa JUHTIAP 0JMO TalUTAIHUHT 6% AaH OLIWIIN
VUMHYM Typra TErMUuIM OYiraH y3yHJIUK OVina® uiad 4MKapwiraH JTUHTHUHT
ce3wyapiu Japaxkaga HOTEKHCIWTHUra, NIYHWHTNIEK, YHUHT THUKIINO KOJUITUHUHT
Kydaiinmura onub kenaau. KyualTUpuiaraH UKKWHYH Japakaidd OJUII OWJlaH MKKU
MapTaJMK JUHTEPIAIl TEXHOJIOTUsICH OupuHuM | Typaaru TUHTHUHT omumura (2%
rada oiu0 TalUianl) Ba UKKUHYM JUHTEpAa 6% €KW yHIaH Kyn JIMHTepiamaa 3
TypJlardl JIMHTHUHT omuinura oaub kemanu [20; 52-67-0.].

bupvHun nuHTEpiaml MalTHIa MAIIMHAHWHT WINYA KamMepacu Ba YHJAru
apaJlalITUPTUYHUHT XOJIaTH Ul YHYMJOPIUTHIA CE3UIapiau TabCcup Kuiaaau. JINHTHH
onu0 Tampiamia KaMmepa Ba YHAArW apaJaliTUPTHUYHUHT XOJaTH, apajalllTUPTHd
namkapajgapd Ba appajap Opajufd, appaJlapHUHT YHKUO KETUIIM Ba appa
TUIIUTAPUHAHT KaJaMH SHT MyXHM TabCHP KypcaTaiu.

bupuHYM Ba MKKWHYM JIMHTEpJAII KapaCHIAPUHUHT TaXpuOa TaIKUKOTIapu
1y KypcaTAuKd, 3 Ta SHT MyXHM OMWJIHU - MII KaMEPaCHHHHT appa IUJINHAPUTA
HUCOAaTaH XOJATHHH, apalaliTUPTHd Ba appa alJlaHWII TE3JIUTHHH XHucoOra oJiraH
XOJI/1a Ul YHYMIOPJIUTH OWIaH OOFJIHK TEHIJIaMallapHH XUCOOIamra TYFpu Kelaau
(MabayMm OUp JUHTIAP OJKO TalUIAIIHY cCakjial TypraH/a):

1-nunTtepnamt (2% IUHTIAP OIUO TAIUIAHUIIIN):

A =1121+12n, +15,7a -0, a +0,2n,a, kg/h (1)
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2-muHTepiant (4% auHTIap 0JM0 TaIIaHA )

A, =2431-15n, —4,4n, +65,7a +0,006n,,n, —0,006n, kg/h (2)

OyHma A, A, -9uruTIapHA OMPUHYM Ba MKKWHYM JIMHTEPJAIIa appaidl JUHTECPHUHT
ui yaymaopauru, kg/h;

n,,N, - appajii DWJIAH/IP Ba apaJallTUPTUYHUHT alJIaHUII TE€3IUTH, [PM;

ny!

@ - UYMW KaMEpacHHUHT HIUIUHApra HucOatan Oypwium Oypuaru (5 JIII
JMHTEPIard aCOCHM XO0JIaATU/IAH), TPal.

Taxpuba Maiionna Kyhuaarn oMuulap KuiMatiapu n, =630, n, =830,400 ,
n, =600 y4yH TEHIJaMaJlapHUHT a/IeKBAaTJINTH TabMUHIaHaau; & = 10°.

Nurun kamMepacMHUHT XOJAaTHHM cakyad typranja, SJIII nuatepupa O0yiranu

KaOu, TEHIJIaMaiap COAAAIAIITUPIIAN Ba KyHUJary [aKira 3ra 0yiaau:
1-nmuaTepnamn (TMHTUHTHEA 0JMO Tanuiam - 2%):

A =-301+12n, +3:2n, kg/h (3)
2-NMUHTEpam (JTUHTEPHA 0Ju0 Tarmiam - 4%):

A, =2431-15n,, —4,4n, +0,006n, n, kg/h (4)

Kentupuiran MabiyMmoTiapra acocaH Ba TEHIVIaMaJlap/iaH OJMHIaH xucoOra
Kypa maxTa To3ajall KOpXOHaJapuaa JUHT MIUIA0 YMKApHILl caMapaJopiuruHu
OLLIMPUII MAKCAINU]Ia TIMHTEP TEXHOJOTHUACH Ba YHUHT PEXKUMIIAPUHU TaHJIAIl MyMKHH.

Appaiu JunTep MamuHajgapu [ IMII-160M mapkanu v yHyMIOpJIUTHA HacTt
muHTepaapHu SJIII mapkanu JWMHTEp MalluMHaiapura ajiMallTUPHUII MYMKHH Ba
cudatau KypcaTkuujapra 3ra MaxcyjaoTiap uiuiad yukapuirau tTabmunitaian. SJIIT
Mapkanu JuHTepHuHr Ba [IMII-160 nuaTep YpTacumarm acocuit  (dapk
KEHralTHUpWIral MUK YUTUTIMK Kamepacu xucoOsaHaau. JIuHTepnam >xapaéHUHU
YUTUTJIMK TapoOK EpAamMuia poCTJIalll YATUTIAH JIMHTHUHT YMKUIINA Ba MAIIMHAHWUHT
Ul YHYMJOPJUTUHM Y3rapTupaau. UWTHTIMK TapoK Ba MaHXapa OpaluFUHUHT
OIIIUIITY OWJIaH YUTUTIAP/IA TYKJIap OJU0 TalUIAHUIIY KaMasiau Ba OUp BaKTHUHT Y3HU1a
YUTUT YTUILIHA OPTAJIH.

UUruTiavK Tapory Ba aHXKapa ypTacuia MabiyM OPAJIMK YPHATUITAHAAH KEMUH
JUHT WIIA0 YUKAPUIIHUHT MabiyM OUp y3yHJIMIM OYHHWYa UYWTUTHUHT HWIIYH
KaMmepaJard BaJIUKAAard ONTHMall 3UWIMTMHU XUCOOra OJraH XOJjja aBTOMAaTHUK
OOILIKAPYB TU3UMHU EpAamMuAa UIll YHYMIOPIUTUHHU OLIUPUIL MYMKHH.

WNmmyncnyu BapuaTOp-YUTUTIMK BAIMKAATK 3UYWIMTHHUHT Y3rapuinura kKapao,
TabMUHJIArM4 OapaOaHWHUHT AMJIAHUII TE3IUTUHU Y3rapTUPUII OPKAIU JIMHTEPHUHT
U KaMepacura YNTUTIAPHA €TKa3u0 OCpUITUIITMHN aBTOMATHK PABUIIA OOIIKAPHIII
yuyH MYyiDKamnaHrad. Jluatepra YMruTHM eTKa3uO OEpHUIIHUHT WHTEHCHUBIIHUK
Japa)kacl, YHUHT WII YHYMJOPJIMIM YWTHUTIMK BAJIUTMHUHL KEPAKIH 3UYIUTHHU
XycoOra oJraH XoJija TaxXpuoda OpKaId YpHATHIIATH.

KnanaH 3W4IUMIMHUHT JacTarjard IOKHUHT YPHUHHM Ba YHUHI OFUPJIMTUHUHT
Y3rapuild YUTUTIMK BAJUTUHUHT 3UYIMTUIA Ba JUHTEPHUHI HII YHYMJIOPJIATHUIA
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TabCcUp Kwiagu. JIMHTEp MalIMHACHHWHT Y3WHUHT JOWMUN WII OWJIaH FOKJIAHUIIIH
YUTUTJIMK JIMAHTEPHUHT W YHYMJOPJIUTH OIIaAu Ba akcuH4Ya. Kiaman gacraruaaru
3UWIMKHUHT OIIMIIY OJATAa JUHTEPHUHT YATUTINK TAbMUHOTUHHA KHYUK Y3rapTUPHUIIT
Kepak Oynranja KyuTaHuIaau.

JIuHTepnapHUHT KOHCTpYyKuMsicura kypa auamerpu 320, 310, 300 Ba 290 mm
oynran appanapnan donnananwnany. HunuaapnapHau sHrU €KUM POJIMKIM appayiap
OwiaH YpHATHUII KapaCHUHYU SHTMIUIAIITUPUIL YIYH JIMHTEpJapa JOUMMUN TuaMeTpIiu
y €ku Oy nuHTepaad (oWgamaHUIIHA CHHAO KYpWIN TaBCUs JTHiagu. borika
TMaMEeTPIIU appallapHu JIMHTEepra YpHaTHIIIa XaBO KaMepacy Ba MaHXapaHUHT X0J1aTH
pOCTIIaHaIu.

AppanapHUHT MaHXapa YCTUAArd YMKHIIMA TaHKapa OCTUIArd YKHUHT TasHY
OOJITJIApUHU Ba JIMHTEPHUHT UIIl KAMEPACUHUHT OCMa MEXaHU3MUHU POCTJIIAIl OPKaJIU
amaira ommpuiaay. JIMHTAaH yimok Ba OeroHa apaiamMaiapHu aXXpaTHIl appa TOMOH
€KM yHJIaH Y30KJIAIINII KOOMIUSATUTA dra OYJIraH yjatoK KONKOFU €pJaMuia TapTuora
conmrHaau. JKuHNamaaH KEeWMWH appaid JIMHTEepiapAa YUTHT Y4 MapTa JIMHT
YUKApUIIIa KalTa WIUIAaHUIM cababiu Ou3 Xap Oup JMHT YMKUIIMHUHT DHEPTUs
cappuHU Ba XaKUKHUI YpTada Uil yHyMJIOPIUTHHH TaXKpUOa Myau OuilaH aHUKJIaH U,

[IMII-160, IIMII-160m Ba SJIII Mapkanu appajivd JTUHTEPIAPHUHT SHEPTHUS
HCTEBbMOJI KWIHMIIHUHT HEPreTUK XapaKTEPUCTUKAJAPUHU MaTeMaTUK MOJeIUIapu
Kyhugaruda udoganaHaim:

[IMII-160 Ba 160M yuyH: OUpPUHYM YUKHUII YUYH

P mun = 25,3+ 0,0018 A,,,,, KWt; (5)

A =223 10,0018 KWit-h/kg. (6)

JIIT
UKKMHYHY YUKHUII Y9YH
P'mm = 25,3+0,0021A,,,, KWt; (7)

A" =-223 10,0021 KWit-h/kg (8)

TIMIT
YUUHYM YHKUII yYyH
P =253+ 0002847, kwit; (9)

A" =223 10,0028 KWit-h/kg (10)

JIIT
5 JIII mapkanu appaiu JIMHTEpJIAp yU4yH: OMPUHYN YUKW YYYH

P'san =24,8+0,0016 A, ,, kKWt;  (11)

dom =28 100016 kWt-hikg. (12)

JIIT

HWKKHHYY YUKW YIYH

P“5j7[7 = 24,8 + 0,0022 A;/]H kWt, (13)
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Ao =248 00022 KWt-hikg. (14)

JITT
YYUHYHU YUKHUII YIYH
P'smm = 24,8+0,0027 A, ,, KWt; (15)

d s =228 +0,0027 kWt-h/kg. (16)

JIIT

Appaii JHMHTEpJap HOMHUHAN HIUIarasjga Qoijgany TapkuOjiapu Ba IOK
nykoTUILIapy 3Heprus capPuHUHT 5+8% naH ommanu.

(15) Ba (16) nudonanan kKypuill MyMKHH appa JUHTEPIAPUHUHT YpTaya SHEPrus
cappu YHYMJOPJIMKKA OOFJIMK ASMACIUTMHU Ba Oy OJMHraH XapaKTepUCTHUKAHU
yHUBepcal e Xxucooai MyMKHH Ba appajiv JMHTEp TOMOHHU/IAH UIILIA0 YUKapUiIraH
TYypJIM Y3YHJUKAAru Tojanap y4yH KyBBaT MCTEHbMOJIMHHM Ba COJUIUTUPMA SHEPTHS
cap(puHU Y3rapTUPUIL KOHYHUATIAPUHU TaBCUpIANAN.

6 JIII Mmapka/u JIHHTEp MalIMHACH MIUTALI (PYHKIUsICUTa Kypa 2 Typ/ia Uiiao
yukapuiaau: 6 JIII Ba JIII-1 Ourra mammHana YuruTiaapJad UKKH MapTaIUK SKYyHHM
JUHTEPJAIIHU aMalira OIIMUPHUILI Y4yH MYJDKa/UIaHTaH OYiauO, JTUHTepJall >kapacHu
[IMII-160M Ba 5 JIII Mapkanmu appajid JuHTEpiapAa Oyiaranu kabOu amanira
omwmpwiangu. 6 JIII mapkanum JmWHTEp MalIMHACHIAa HMKKUTA CEKLMSUIM appaju
nuauHApaap 0ynmo, xap oupuna 160 ta appaiapu MaBKy/I.

6 JIII-01 wmapkanu JWMHTEp MAallMHACHIA XaM HWKKUTa CEKLIUSIM appaliv
nuauHApaap 6ynu6, xap oupuaa 100 Ba 160 Tagan appanapu MaBxKy/l, yiaap OupuHIA
Ba UKKWHYU TypJarv JUHTIAp YMKUIIUHU 6% ra TabmuHiaiau. KOkopu Ba macTku
JUHTEpJAll CEKIUSACUIaH JIMHTHUHT YUKHUII J1apa)KaCUHUHT FOKOPWIIUTH, SbHU W
VHYMJIOPJIMTUHU ~ IOKOPWJIMTH MAIIMHAHUHT aCOCHM KYpcaTKH4YJapuaaH Oupu
XHUCcOoOJIaHa N,

JlunTepnamaa MallMHAHWHT WOIYM  KaMepacuJard TMacTKU CeKUUsICHa
BAJIMK/Iard YUTUTHUHT Xa)KMHUTra Kapad TabMHHJIArU4 pocTiaaHaAu. MalMHaHUHT U1
YHYMJIOPJIMTUHU OLIUPHIL YUYH UITYH KaMepacuari MacTKU JUHTEPIIaIl CeKIUsICHAa
3UYJIMK KJIAalaHWHU BapraTop OuiiaH OOFiaiiiuran 1acTariu y3rapTUpUIL, ITyHUHTIEK
FOKHU 3UYIMK KJIAMMAHWHUHT JacTarura CWLKATUII OPKAJIM POCTIaHaIN.

Nunam pexxumu TouMui 10K OuiaH y3oK gaBoM dtamau. SJIIT mapkamu [TMII-
160M YMIIJI kamepanu appaiu JIMHTEPJIAPUHUHT YMYMUN VpHATUITaH KyBBaTH Ba
yUruTIap Oyiuda ui yHyMIOpJAUTUHU |-KaaBayijga KYpuIl MyMKHH.

1-skagBaj

MMII-160, IIMII-160m Ba 5JII1 mapkaiu appajiu JUHTEPJAPHUHT JHEPTUS UCTEbMOJIDHUHT
JHEPreTHK XapaKTePUCTHKAIAPHUHHA MATEMATHK MOJe/1apy

Appanu Vpuaruiran Yurutnap Oyiinya nuim Conumrupma sHeprus
No KyBBaTH, YHYMIOPJINTH, capdu,
- JUHTEpIap
MapKacH kwit ka/h kWt-h/kg
18
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TonmanuHT OMPUHYN YUKUIIHIA

d,; =0,0156
1. 31,2 2000
TTMII-160
UKKHHYHU YUKHIIHIa
[IMII-160M d’ ~=0,0184
1700 Ly
y'-II/IH‘{I/I YUKUIINUaa
1300 d ., = 0,024
TonaHUHT OUPUHYN YUKUIIHIA d éﬂﬂ — 0,0133
2300
UKKUHYY YUKHUIIHAA
2. 5| d/ ~=0,018
571 30,6 1700 .
YYHMHYH YUKUIINOA
"
1360 d. 7, =0,0225

JIunTepnam CeKUUJIAPUHUHT Xap OMpHUAa KEpaKIH JUHTIAPHUA OJUO Taluiam
yuyH 5 JIIT mapkanu appaiv JuHTEpapra yxmad YuruT TapoKIapu EpAamMuaa aMmanra
omupwiaad. Yurumiapaad onu0 TalllaHTaH TyKjap, apajaliMalapHd YHKapuO
Talulall IKOPU CEKLMSHUHT XaBO KaMepalapUHUHI KOMKOFMHU pocTiall EpaaMuaa
amaJra OmMpuIaan.

IOxopn Ba macTKy JIMHTEpJAll CEKUMSJIADUHUHI YpPHATWITaH pPEeXUMIIapAa
UIUIAIIMHA CUHXPOHJIAIITUPHULI, IIYHUHTACK YJApHUHT UIIMHU OapKapop xojaTia
OYIMILIMHU TabMUHJAIl YYYH MAaCTKU CEKUMACUHUHT 3UYJIUK KJIaNaHUHU BapuaTop
OusaH OoFnaiiiurad 1acTar yCTYHJIApUHU CUJDKUTHIL OPKAJIU aMalira OMIUpUIIaIu.

JIMHTEpHM I0OKOPH FOKJIaHUIIIA UIITa TYIIHPULIAA FOKOPU CEKLUSHUHT FOKOPUTH
YCTYHUHU NAcTra Tymupuil kepak. FOkopu CeKIusHI YuruTiap OuiaH TYJIIUPULIIHHA
TE3MAIITUPHIL YUYYH MMACTKUA CEKIMUSHUHI YCTYHUHHU HOKOpUra KyTtapuil kepak. 6JII1
MapKaJii JUHTEP MAIIMHACUHHUHT YPHATWITaH KyBBaTH 61,2 KWt au Tammkmn
KWiaau. JINHTEpHUHT UIll YHYMIOPJUTH JUHT yuyH 88 kg/h, uurutinuk yuys sca 1180
kg/h. JIMHTEpHUHT CONMIITHPMA SHEPTHsl CapPUHUHT peKaJATHUPUITAH KUUMATH
JUHT yuyH 695 kWt-h/t, unrutinuk yayH sca 52 kWt-h/t Hu Tamkun
KHUJIaJIH.

JIMHTEpHUHT WL YHYMIOPJIUTHUra OOFIMK KyBBaT UCTEbMOJMU Ba COJMILTHPMA
sHeprus capdu ydyH XucoOaaHTan Gopmynanap Uniad YUK,

Poum =44+0,0094,,, kWt (17)

d, - Aj—“ +0,009, KWt-h/kg (18)

JIT
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(17) Ba (18) udomanapra mysoduk, 6JII1 nuHTEp MalIMHACUHUHT KyBBaT
UCTEbMOJIIM Ba  COJUINTHpPMA DOHEpruss cap@UHUHT MEBEPUM  SHEPreTHK
XapaKTEpPUCTUKAIAPU KyPHIITaH.

[TaxTa TO3aJIall CAHOATMHUHI aCOCUM MallMHa Ba MEXaHU3MJIAPDUHUHT 3JIEKTP
IOKJIAHMII PEXKMMIIAPUHU TAAKUK KWL ITYHH KYypCaTIUKH:

- Xap OMp maxTa To3aJall Ba JMHTEPJAIl MalllMHACUAA KaliTa UIIUIAaHTaH [axTa
XOM alI€CUHUHT O0apya COPTIIAPUHU YIAPHUHT KOHCTPYKTHUB XyCYCUSITJIapH Ba UILIA0
YUKAPUII TEXHOJIOTUSCUTA KYpa SHepTus capPpuHu O0axoar;

- appajy Ba POJMKIIM KUH MAIIMHAJAPH, IIYHUHTIEK, TUHTEPIAP YUyH AJIEKTP
IOKJIapH Ba COJMILTHUPMA SHEPIusi capPuHU Y3rapuill KOHYHUSTIAPUHH Ba SHT KyJan
pexuminapuan Oenrwiam. KopxoHaga MakcuMmani 3J€KTp IOKJIapUHM KaMalTHpHIL,
CaIT WIIra TYWIUPHUII XapaXaTJIapUHU KaMaTHpUII OpKalIM CaMapacus SHEpPrus
Xapa)kaTJapuHU KaMauTUPUILI HYHATUIITIApUHA OenTuiIaniy;

- KUH-JIMHTED MAIIMHAIAPUHUHT OJJEKTP IOPUTMAJAPUHUHT YpHATUITaH
KyBBAaTUHU TYFpu Oeirmiaml Ba JBUTATEIHUHI Bajura TyIIaJuraH 3apyp KyBBaTHH
aHUKJIalll UMKOHUHH O€pyBYM MILIOHYIN SMIUPHUK (GOpMYJIaHU UILIA0 YUKW,

- YMyMaH KOPXOHAHUHI Ba LEXJIAPHUHT 3HEPIreTUK KYpCATKUYJIAPUHU TaXJIUI
KUJIUII Ba Oamopar KWIUII yuyH 0a3a spaTHIll 3apypJIUTH aCOCIaH/Iu.
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HEMISMAS: OLIY TA’LIMDA ONLAYN TESTLASH VA BAHOLASH
JARAYONLARINI AVTOMATLASHTIRUVCHI VEB-PLATFORMA
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Annotatsiya: Ushbu maqolada HEMISMAS — oliy ta’lim muassasalari uchun
mo ‘ljallab ishlab chigilgan onlayn testlash va baholash platformasining arxitekturasi,
funksional imkoniyatlari hamda amaliy natijalari tahlil etilgan. Platforma Supabase
(PostgreSQL  asosidagi  Backend-as-a-Service), sof HTML5/CSS3/JavaScript
texnologiyalari va Netlify CDN infratuzilmasiga tayanib qurilgan bo ‘lib, uch rollik
foydalanuvchi modeli (admin, o ‘qituvchi, talaba) asosida ishlaydi. HEMISMAS
tizimida zamonaviy anti-cheating mexanizmlari (MediaPipe yuzni aniglash, ovoz
nazorati, geolokatsiya tekshiruvi), sun’iy intellekt asosidagi natija tahlili (Grog Llama-
3), QR-kodli PDF sertifikatlar va ko'p tilli interfeys (o ‘zbek, rus, ingliz) mavjud.
Tadgiqot  natijalari  shuni ko ‘rsatmoqdaki, platforma o‘quv  jarayonini
avtomatlashtirish, ma’lumotlar xavfsizligini ta 'minlash va baholash sifatini oshirish
borasida samarali vosita bo ‘lishi mumkin.

Kalit so‘zlar: onlayn testlash, oliy ta’lim, veb-platforma, anti-cheating,
Supabase, HEMISMAS, baholash avtomatizatsiyasi, sun’iy intellekt.

Annomauua: B OanHOU  cmamve  aHATUZUPYEmMCs  apXumekmypd,
(DYHKYUOHANbHBIE BO3MOJNCHOCIU U NPAKMUYECKUe pe3yibmamvl niamgpopmol
HEMISMAS — cucmemsbl onnauin-mecmuposanus u oyeHKU 3HAHU, paspabomanHol
0151 8bicuuUx yueOHvlx 3asedeHuti. Ilnamgopma nocmpoena na ocHose Supabase
(Backend-as-a-Service na 6aze PostgreSQL), mexnonoeut HTML5/CSS3/JavaScript u
ungpacmpykmypwol  Netlify CDN, ¢ynxyuonupyem no mpéxponegoti mooenu
noav3oeameneli (aOmMuHucmpamop, npenooasamenv, cmyoeum). B HEMISMAS
Peanu308anbl COBPEMEHHbIE MEXAHUZMbL 3AUUMbL OM CNUCLIBAHUSL (OnpedeleHue Tuyd
MediaPipe, koHmponb 368yKa, NpPoOGepPKA 2e0l0KAyull), AaHAIUMUKA HA OCHOBe
uckycemeennozo unmennekma (Groq Llama-3), PDF-cepmugpuxamor ¢ QR-xo0om u
MHO2053b1UHbIL  UHmMepgelic. Pe3ynomamur  uccnedosanus nokaswvigarom, 4mo
niamgopma Mmodxcem IQDHexmusHo  aBMoOMaAMUIUPOBAMs  YYeOHbIl  Npoyecc,
obecneuums 6e30NACHOCMb OAHHBIX U NOBLICUMb KAYEeCMB0O OYEeHUBAHUSL.
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Knioueevie cnosa: ownaiin-mecmuposaunue, @vicuiee 00pazosarue, 6eo-
naiamgopma, 3awuma om cnucwviéanus, Supabase, HEMISMAS, asmomamuszayus
OYEHUBAHUSL, UCKYCCMBEHHbLU UHMEILIeKMN.

Abstract: This article analyzes the architecture, functional capabilities, and
practical results of HEMISMAS — an online testing and assessment platform
developed for higher education institutions. The platform is built on Supabase
(PostgreSQL-based Backend-as-a-Service), HTML5/CSS3/JavaScript technologies,
and Netlify CDN infrastructure, operating based on a three-role user model (admin,
teacher, student). HEMISMAS incorporates modern anti-cheating mechanisms
(MediaPipe face recognition, voice monitoring, geolocation verification), artificial
intelligence-based analytics (Groq Llama-3), QR-coded PDF certificates, and a
multilingual interface (Uzbek, Russian, English). The research results demonstrate
that the platform can effectively automate the educational process, ensure data security,
and improve assessment quality.

Keywords: online testing, higher education, web platform, anti-cheating,
Supabase, HEMISMAS, assessment automation, artificial intelligence.

KIRISH

Zamonaviy axborot jamiyatida oliy ta’lim muassasalari bilimlarni baholash
jarayonini ragamlashtirish va avtomatlashtirish zaruratiga duch kelmogda. COVID-19
pandemiyasi davrida masofaviy ta’lim tizimiga of‘tish zarurati, raqamli
texnologiyalarning jadal rivojlanishi va talabalar sonining ortib borishi an’anaviy
baholash usullarini yangilashni taqozo etadi. An’anaviy qog‘oz asosidagi testlar vaqt
va resurs sarflash nuqtai nazaridan nosamarali bo‘lib, ularning obyektivligi ham
ko‘pincha shubha ostida qoladi.

Xalgaro tadqiqotlar shuni ko‘rsatadiki, onlayn baholash tizimlari o‘quv
jarayonining samaradorligini sezilarli darajada oshirishi, o‘qituvchilarning vaqt sarfini
esa kamaytirishi mumkin. Birog Markaziy Osiyo mamlakatlarida, xususan
O‘zbekistonda, mahalliy ta’lim tizimining xususiyatlarini hisobga olgan holda ishlab
chigilgan platforma juda kam. Ko‘pchilik muassasalar Google Forms yoki Moodle
kabi umumiy yechimlarga murojaat gilsa-da, ular o‘zbek ta’lim tizimining spetsifik
chtiyojlarini to°‘liq qondira olmaydi.

Bu muammolarni hal etish maqsadida HEMISMAS (Master Abdullaev’s
Support) platformasi yaratildi. HEMISMAS — Andijon davlat universiteti magistranti
Abdullayev Javohirbek Zokirjon o‘g‘li tomonidan mustaqil tashabbus asosida ishlab
chigilgan veb-platforma bo‘lib, u o‘qituvchilarga test yaratish, ulashish va natijalarni
kuzatish, talabalarga esa xavfsiz va nazorat ostidagi muhitda topshiriq bajarish
imkonini beradi.

Tadgigotning maqgsadi — HEMISMAS platformasining arxitekturasi,
qo‘llanilgan texnologiyalar va amaliy samaradorligini IMRAD tuzilmasi asosida ilmiy
tahlil gilish hamda uni mavjud yechimlar bilan solishtirishdir.
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MAVZUGA OID ADABIYOTLARNING TAHLILI

Onlayn baholash tizimlari sohasidagi tadqiqotlar so‘nggi o‘n yilda jadal sur’atda
rivojlandi. Gamage va boshgalarning 2020 yilda e’lon qilingan tadqiqoti shuni
ko‘rsatadiki, kompyuter asosidagi testlash (Computer-Based Testing, CBT) an’anaviy
qog‘oz testlarga nisbatan bir qator afzalliklarga ega: darhol natija berish, xatolar
minimallashtirilishi va ko‘p variantli savollarni avtomatik tekshirish imkoniyati.

Sun’iy intellektni ta’limga integratsiya qilish masalasi ham keng o‘rganilgan.
Chen va boshqgalarining 2022 yildagi tadgigotida LLM (Large Language Models)
asosidagi tizimlarning talabalar uchun shaxsiy tavsiyalar berishdagi samaradorligi
o‘rganilib, bu yondashuv o‘quv motivatsiyasini oshirishga ijobiy ta’sir ko‘rsatishi
aniglangan.

Baholash jarayonidagi aldash (cheating) muammosi alohida tadgiqot sohasi
sifatida ajralib chigdi. Dawson va Sutherland-Smith (2019) onlayn imtihonlarda aldash
darajasini o‘rganishgan va an’anaviy imtihonlarga nisbatan onlayn muhitda bu
ko‘rsatkich yuqoriroq bo‘lishini aniglashgan. Bu muammoni yechish uchun Cluskey
va boshqalar proktering tizimlarini taklif etgan.

Mahalliy texnologiyalarni ta’limga tatbiq etish masalasida ham muhim ishlar
amalga oshirilgan. O‘zbekistonda «Raqamli O‘zbekiston — 2030» strategiyasi
doirasida ta’lim muassasalarini ragamlashtirish dasturlari amalga oshirilmoqda.
HEMIS (Higher Education Management Information System) tizimi oliy ta’lim
muassasalari uchun asosiy boshgaruv platformasi sifatida joriy etilgan.

Mavjud adabiyotlarni tahlil gilib, quyidagi xulosa chigarish mumkin: onlayn
baholash tizimlari samarali bo‘lishi uchun ular mahalliy ta’lim tizimining spetsifik
xususiyatlarini hisobga olishi, anti-cheating mexanizmlari bilan jihozlanishi va
foydalanuvchi uchun qulay bo‘lishi zarur. HEMISMAS aynan shu bo‘shligni to‘ldirish
magsadida yaratilgan.

TADQIQOT METODOLOGIYASI

Texnologik stek
Platforma quyidagi asosiy texnologiyalar kombinatsiyasiga qurilgan (1-jadval):

Komponent Texnologiya / Vosita
Frontend HTMLD5, CSS3, Vanilla JavaScript (ES6+)
Backend-as-a-Service Supabase (PostgreSQL, Auth, Storage, RLS)
Hosting / CDN Netlify (Jamstack, avtomatik deployment)
Yuzni aniglash Google MediaPipe FaceMesh
Sun’iy intellekt Groq API (Llama-3.3-70b-versatile)
QR kodlar grcode.js (npm)
PDF generatsiya jsPDF
3456
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Xarita / Geolokatsiya Leaflet.js + OpenStreetMap + HTML5
Geolocation
Domen / URL hemismas.netlify.app

1-jadval. HEMISMAS platformasida qo ‘llangan texnologik stek

Tizim arxitekturasi. HEMISMAS uch gatlamli arxitekturaga ega: prezentatsiya
gatlami (HTML/CSS/JS), biznes-mantiq gatlami (Supabase Edge Functions va RLS
qoidalari) va ma’lumotlar qatlami (PostgreSQL jadvallar). Foydalanuvchilar uch rolda
tizimga kiradi: administrator, o‘qituvchi va talaba. Har bir rol uchun alohida dashboard
va huqugqlar to‘plami belgilangan.

Tizimning asosiy jadvallar tarkibi: users (foydalanuvchilar), tests (testlar),
questions (savollar), attempts (urinishlar), enrolled_tests (ro‘yxatga olish). Row Level
Security (RLS) yordamida har bir foydalanuvchi fagat o‘ziga tegishli ma’lumotlarga
murojaat gila oladi.

Anti-cheating mexanizmlari. Platforma beshta asosiy anti-cheating usulini

qo‘llaydi:

1. To‘lig ekran rejimi (Fullscreen API) — test boshlanishi bilan brauzer to‘liq
ekranga o‘tadi; chiqish harakati testni avtomatik tugatadi.

2. Tab/oyna almashish nazorati (visibilitychange va blur hodisalar) — brauzer
tabini almashtirish yoki oynani yopish darhol testni yakunlaydi.

3. Yuzni aniglash (MediaPipe FaceMesh, 468 landmark) — test davomida
talabaning yuzi kamera oldida bo‘lishi shart; burilish, berkitish yoki bir nechta yuz
aniglansa ogohlantirish va tugatish amalga oshiriladi. Birinchi 5 soniyada
foydalanuvchi "yuz imzosi" (geometrik vektor) ro‘yxatga olinadi va har 30 soniyada
solishtirilib impersonatsiya aniglanadi.

4. Ovoz nazorati (Web Audio API, FFT analiz) — test davomida mikrofon orgali
ovoz darajasi belgilangan chegaradan oshsa ogohlantirish yuborilib, ikkinchi marta
takrorlansa test tugatiladi.

5. Geolokatsiya tekshiruvi (HTML5 Geolocation + Haversine formulasi) —
o‘qituvchi xaritada markazni va radiusni belgilaydi; talaba faqat belgilangan hududda
bo‘lgan taqdirda test topshira oladi.

TADQIQOT USULLARI

Tadgiqot davomida quyidagi metodlar qo‘llandi: tizim arxitekturasini tahlil
qgilish, funksionallik sinovlari (unit va integration testing), foydalanuvchi tajribasini
baholash (UX testing) va ma’lumotlar xavfsizligi auditini o‘tkazish. Platforma
https://hemismas.netlify.app manzilida joylashtirilgan va real foydalanuvchilar —
talabalar va o‘qituvchilar — bilan sinab ko‘rilgan.

TAHLIL VA NATIJALAR
Platforma funksionalligi. HEMISMAS platformasini ishlab chigish natijasida
quyidagi asosiy modullar yaratildi va muvaffagiyatli ishga tushirildi:
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— Administrator panel — o‘qituvchi va talabalarni boshqarish, bloklash,
statistika ko‘rish, PDF va QR natija yuklab olish.

— O‘qituvchi kabinetida test yaratish, ulashish (QR-kod, gisga kod, Telegram va
WhatsApp orqgali), natijalarni ko‘rish va PDF eksport qilish.

— Talaba kabinetida mavjud testlarga kirish, tarix va yutuqglarni ko‘rish, mashq
rejimida o‘rganish, QR-skanerlash orgali testga Kirish.

— Natijalar sertifikati — har bir topshirilgan test uchun QR-kodli PDF sertifikat
generatsiya gilinadi; sertifikat verify.html sahifasida tekshirilishi mumkin.

— Sun’iy intellekt tahlili — har bir test natijasidan keyin Groq Llama-3 modeli
o°‘zbek, rus va ingliz tillarida shaxsiy tavsiyalar beradi.

Texnik ko‘rsatkichlar. Jadval 2 da platformaning asosiy texnik
xarakteristikalari keltirilgan:

Ko‘rsatkich Qiymat / Tavsif
Sahifalar soni 10 ta HTML sahifa (index, login, teacher, student,
admin, test, verify, privacy, terms, sitemap)
Ma’lumotlar bazasi PostgreSQL (Supabase), 5 ta asosiy jadval + RLS
Autentifikatsiya Supabase Auth (email/parol + Google OAuth)
Ko*p tillilik O‘zbek, Rus, Ingliz tillari (3 til)
PWA qo‘llab-quvvatlash Service Worker, manifest.json, offline rejim
QR-kod H darajali xato tuzatish, logo qo‘yish
Anti-cheat modullari 5 ta: fullscreen, tab, yuz, ovoz, geo
Al tahlil Grog Llama-3.3-70b-versatile API
Joylashtirilgan manzil https://hemismas.netlify.app

2-jadval. HEMISMAS platformasining texnik ko ‘rsatkichlari

Xavfsizlik va ma’lumotlar himoyasi. Platformada ma’lumotlar xavfsizligini
ta’minlash uchun bir necha qatlam qo‘llangan. PostgreSQL Row Level Security (RLS)
mexanizmi orqali har bir foydalanuvchi fagat o‘ziga tegishli ma’lumotlarga murojaat
qilishi ta’minlangan. HTTPS orqali shifrlangan aloqa, Supabase anon key asosida
autentifikatsiya va parollarni ochiq saqglash taqiqi joriy etilgan. Talabalar shaxsiy
ma’lumotlari minimal zaruriyat prinsipi asosida to‘planadi.

Platformalararo taggoslash. Mavjud o‘xshash yechimlar bilan solishtirganda
HEMISMAS quyidagi jihatlar bilan ajralib turadi (3-jadval):

Xususiyat HEMISMAS Google Forms Moodle
Mahalliy adaptatsiya Ha (O‘zbek tizimi) Yo‘q Qisman
Anti-cheating 5 ta modul Yo‘q Qisman
Al tahlil Grog Llama-3 Yo‘q Yo‘q
QR sertifikat Ha Yo‘q Yo‘q
Bepul joylashtirilgan Ha Ha Server talab giladi
Ko¢p tillilik 3 til (UZ/RU/EN) Cheklangan Ko‘p tillik

3-jadval. HEMISMAS va boshqga platformalar tagqoslamasi

E'.. TE
25
https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

XULOSA VA TAKLIFLAR

Ushbu tadgiqot natijasida HEMISMAS — oliy ta’lim muassasalari uchun
onlayn testlash va baholash jarayonlarini avtomatlashtiruvchi to‘liq funksional veb-
platforma yaratildi va muvaffagiyatli ishga tushirildi. Platforma zamonaviy veb-
texnologiyalar (HTML5/CSS3/JS, Supabase, Netlify), sun’iy intellekt (Groq Llama-3),
MediaPipe yuzni aniglash va ko‘p qatlamli xavfsizlik mexanizmlarini birlashtirgan
holda o‘zbekistonlik ta’lim muassasalarining ehtiyojlarini qondiruvchi yechim sifatida
tagdim etildi.

Tadqgiqot natijalari shuni tasdiglaydi: ochig texnologiyalar asosida, maxsus
moliyalashtirishsiz ham oliy ta’lim uchun raqobatbardosh raqamli baholash
platformasini yaratish mumkin. Platforma o‘qituvchi-talaba munosabatlarini
raqamlashtirish, baholashni obyektivlashtirish va ta’lim jarayonining samaradorligini
oshirishda muhim amaliy ahamiyatga ega.

Kelajakdagi tadgiqotlar uchun quyidagi takliflar ilgari suriladi: HEMIS davlat
tizimi bilan to‘liqg API integratsiyasi, mobil ilovalar (Flutter/React Native) yaratish,
bank darajasidagi autentifikatsiya tizimi joriy etish, real vaqt kooperativ test o‘tkazish
imkoniyatini qo‘shish va adaptiv test algoritmlarini takomillashtirish.
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MASHINA-TRAKTOR AGREGATLARINING ISH SAMARADORLIGINI
BAHOLASH VA OPTIMALLASHTIRISHNING INTEGRAL DINAMIK
MODELI
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Annotatsiya. Mashina-traktor agregatlari (MTA)ning samaradorligi texnik
holat, ekspluatatsion rejimlar, tashqi muhit omillari va operator faoliyati ta’sirida
shakllanadi. Mavjud tadqiqotlarda mazkur omillar aksariyat hollarda alohida ko ‘rib
chigilgan bo ‘lib, bu real ish sharoitida agregatlar faoliyatini kompleks baholash
imkoniyatini cheklaydi. Ushbu magolada inson—mashina—muhit tizimi konsepsiyasi
asosida mashina-traktor agregatlarining mahsuldorligi va yoqilg i sarfini baholash
uchun yagona dinamik matematik model ishlab chigilgan. Model ishchi, transport va
bekor turish rejimlaridagi yoqilg ‘i sarfini hisobga oladi hamda texnik holat, tashqi
muhit va operator charchashini ifodalovchi koeffitsientlarni o z ichiga oladi. Integral
samaradorlik ko ‘rsatkichi yordamida mahsuldorlik va resurs sarfi birgalikda
baholanadi. Hisoblash natijalari texnik holat yomonlashganda yoqilg ‘i sarfi 10-25 %
ga ortishini hamda optimal yuklanish koeffitsienti K;,,4 =0,8 ekanligini ko ‘rsatdi.
Taklif etilgan model energiya samaradorligini oshirish, ekspluatatsion xarajatlarni
kamaytirish va texnik xizmat ko rsatish intervallarini asoslash uchun amaliy
ahamiyatga ega.

Kalit so“zlar: mashina-traktor agregati, dinamik modellashtirish, yoqilg ‘i sarfi,
integral samaradorlik, inson—mashina—muhit tizimi, operator charchashi, energiya
samaradorligi.

Annomauun. Spgexmusnocmo mawuHHO-mpakmopHvlx azpecamos (MTA)
Gopmupyemcs noo 6030elucmseuem MmexHu4ecKko20 COCMOAHUSL, IKCHIAYAMAYUOHHBIX
pedcumos, Gakmopos okpydcaowel cpedvbl U OoessmenvHocmu onepamopa. B
OONbUIUHCINGE CYUIeCMBYIOWUX UCCIEO08AHULL OAHHbIE (DAKMOPbI PACCMAMPUBAIOMCS
PA30enbHO, YMO 02PAHUYUBAEm BO3MOJICHOCMU KOMNIEKCHOU OYeHKU pabomobl
azpe2amos 8 peanbHulX YCI08UAX IKCHayamayuu. B oannoti cmamve Ha ocHoge
KOHYenyuu  Cucmemsvl  «4eloseK—Mawuna—cpeoay  paspabomana  eOuHas
OUHAMUYECKASI MAMEMAMUYECKasi MOOelb OYEeHKU NPOU3BOOUMENbHOCIU U PACX00a
MONIUBA MAWUHHO-MPAKMOPHLIX azpecamos. lIpednacaemas mooenv yyumvléaem
PAcxo0 monausa 6 paboyux, MpAaHcHOPMHBLIX U XOJOCMbIX PeNCUMAX, d MAaKi#ce
gKIIOYaem KodIppuyuenmol, xapakmepuzyoujue mexHuueckoe coOCmosHue, GIusHUe
GHewlHel cpeodbl U YMOMIAEMOCmy onepamopa. J[isi KOMNJIEKCHOU OYeHKU
NPOU3800UMENbHOCIU U NOMPEONEHUS PECYPCO8 860EH UHMESPAbHbILL NOKA3Amelb
appexmuenocmu. Pezynomamer  pacuémos nokazanu, uymo npu  YXyouleHuu
MexXHUYecKko20 COCMOSIHUA pacxo0 monausa eozpacmaem Ha 10-25 %, a
onmumanvbHoe 3HaveHue Kodgguyuenma 3acpysku cocmasisiem Kiag = 0,8,

28

2026 JUNE
YOLUME 1
ISSUE 1

(5]

https://iau-jaesa.uz/ O] 3



https://iau-jaesa.uz/
https://iau-jaesa.uz/article/k4xl0gzpomlr/
https://doi.org/10.5281/zenodo.21360386
mailto:hudoerovzafar5@gmail.com

Pa3pa60maHHa}1 MoOelb  umeem npakmuiyeckoe 3HA4YeHue Ons1  NOBbIUEHUA
3HepzemuquK01Z 34)4)6K711M6H06‘mu, CHUJICEHUA OKCNJlydmdyuoOHHbIX 3ampam U
obocHosanus uHmepealos mexHuiecCKkoco 06Cfly{)icu861Hu}l.

Kniwueevie cnosa. Mawunno-mpakmopHulll — azpezam,  OUHAMUYECKOE
MOOQ]ZMpO@CZHue,' pach() moniauea, uUHmezpajibHAaA 3¢¢€Kmu8HOCWlb,' cucmema
« qeﬂoeeK—MamuHa—cpeda»; YMOMJIAAeMOCnb onepamopa, IHepecemu4decKkas
aghpexmusrnocmsb,; onmumuzayus pabomol.

Abstract. The performance of machine—tractor aggregates (MTAS) is
determined by the combined influence of technical condition, operating regimes,
environmental factors, and operator activity. In most existing studies, these factors are
considered separately, which limits the possibility of a comprehensive assessment of
aggregate performance under real operating conditions. This paper presents a unified
dynamic mathematical model for evaluating the productivity and fuel consumption of
machine—tractor aggregates based on the human—machine—environment system
concept. The proposed model accounts for fuel consumption in working, transport, and
idle operating modes and incorporates coefficients representing technical condition,
environmental influences, and operator fatigue. An integral efficiency index is
introduced to evaluate productivity and resource consumption simultaneously. The
results show that fuel consumption increases by approximately 10-25% as the
technical condition deteriorates, while the optimal load coefficient is found to be Ki.q
~ (.8. The proposed model has practical significance for improving energy efficiency,
reducing operating costs, and substantiating maintenance service intervals.

Keywords. Machine—tractor aggregate; dynamic modeling; fuel consumption;
integral efficiency; human—machine—environment system; operator fatigue; energy
efficiency; performance optimization.

KIRISH

Zamonaviy qishloq xo‘jaligida energiya resurslaridan oqilona foydalanish va
ishlab chigarish xarajatlarini kamaytirish muhim vazifalardan biri hisoblanadi. Bu
vazifani hal etishda mashina-traktor agregatlarining (MTA) ish samaradorligi hal
qiluvchi ahamiyatga ega. Traktorlar va qishloq xo‘jaligi mashinalarining mahsuldorligi
hamda yoqilg‘i sarfi qishloq xo‘jaligi mahsulotlari tannarxiga bevosita ta’sir ko ‘rsatadi
[1,2].

An’anaviy modellarda MTA ishlashi asosan dvigatel quvvati, harakat tezligi va
tortish kuchiga bog‘lig holda baholanadi [1]. Biroq amaliyotda agregatlar ishiga
tuprogning mexanik tarkibi, namlik darajasi, relef, iglim sharoiti, texnik holat va
operator mahorati kabi omillar ham sezilarli ta’sir ko‘rsatadi [3,4].  So‘nggi yillarda
traktorlar ishlashini baholash uchun dinamik modellashtirish va mashinali o‘qitish
usullaridan foydalanishga gizigish ortmogda [5,6].

O‘zbekiston sharoitida mashina-traktor agregatlaridan foydalanish samaradorligini
oshirish bo‘yicha nazariy va amaliy tadqiqotlar olib borilgan [9]. Qator oralariga ishlov
beruvchi agregatlar harakatining ehtimoliy xususiyatlari va ish sifatiga ta’sir etuvchi
omillar ham o‘rganilgan [10]. Qishloq xo°jaligi mashinalarining energiya tejamkor ish
organlarini takomillashtirish bo‘yicha tadqiqotlar esa [11] manbalarda keltirilgan
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Birog aksariyat tadgiqotlarda inson omili, texnik holat va ekspluatatsion rejimlar
o‘zaro bog‘liq holda ko‘rib chigilmagan.

Shu munosabat bilan mazkur tadgigotning magsadi inson—mashina—muhit tizimi
konsepsiyasi asosida mashina-traktor agregatlarining mahsuldorligi va yoqilg‘i sarfini
baholash hamda optimallashtirish uchun yagona dinamik model ishlab chigishdan
iborat.

TADQIQOT METODOLOGIYASI VA NAZARIY ASOSLAR

Mashina-traktor agregatining umumiy samaradorligi mahsuldorlik, xarajatlar,
texnik holat, inson omili va tashqi mubhit ta’siri orqali shakllanadi. Shuning uchun
integral samaradorlik ko‘rsatkichi quyidagicha ifodalandi:

Nint = f(Q,C,R,O,t,E,W), (1)
bu yerda Q —mahsuldorlik; C — ekspluatatsion xarajatlar; R — texnik holat; O — operator
omili; E — tashgi muhit ta’siri; W — agrotexnik talablarning bajarilish darajasini
ifodalovchi ko‘rsatkich. t — vaqt.

Tenglama (1) agregat ishlashining kompleks xususiyatini aks ettiradi va barcha asosiy
omillarni yagona tizimga birlashtiradi.

Mahsuldorlik modeli. Mashina-traktor agregatining soatlik mahsuldorligi
quyidagi formula orgali aniglanadi:

Q =01-B v Kime Ktecn (2)
bu yerda B — ish kengligi, m; v — harakat tezligi, km/soat; Ki;,— vagtdan foydalanish
koeffitsienti; K,.., — texnologik samaradorlik koeffitsienti.

(2) tenglamadan mahsuldorlik agregatning konstruktiv parametrlari bilan bir
qatorda ish vaqtidan foydalanish darajasiga ham bog‘ligligi kelib chigadi.
Ekspluatatsion xarajatlar. Umumiy ekspluatatsion xarajatlar quyidagicha
ifodalanadi:

Cexp = Cr + Crs + Csp + Cop, (3)
bu yerda Cy— yoqilg‘i va moylash materiallari xarajatlari; C;; — texnik xizmat va
ta’mirlash xarajatlari; Cs,, — ehtiyot gismlar xarajatlari; C,,, — operator mehnati bilan
bog‘liq xarajatlar.

Amaliyotda yoqilg‘i xarajatlari umumiy xarajatlarning 40—60 % qismiga to‘g‘ri
keladi [2].

Yoqilg‘i sarfining dinamik modeli. Dvigatelning nominal yoqilg‘i sarfi
quyidagi tenglama orgali aniglanadi:

Gro =5, (4)
bu yerda N, — dvigatelning samarali quvvati, kVt; g, — solishtirma yoqilg‘i sarfi,
g-'kVt'-soat™.

Tenglama (4) energiya balansiga asoslangan bo‘lib, yoqilg‘i sarfi va dvigatel
quvvati o‘rtasidagi to‘g‘ri proporsional bog‘lanishni ifodalaydi.

Texnik holat ta’siri. Agregatning texnik holati yomonlashishi bilan mexanik
yo‘qotishlar ortadi va yoqilg*‘i sarfi ko“payib boradi. Bu holat texnik koeffitsient orqali
hisobga olinadi:

Gy = K; - Gy, ()
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bu yerda K;— texnik holat koeffitsienti.
U quyidagi ko‘rinishda aniglanadi:
K= ©)
bu yerda 7,,.,, Va 1.4 MOS ravishda yangi va yeyilgan agregat samaradorligini
ifodalaydi.
Amaliyot uchun soddalashtirilgan ko‘rinish:
Ki =1+ YVin 51 (7)

bu yerda § — yeyilish darajasi; y,;, — konstruktiv sezgirlik koeffitsienti.
Tajriba ma’lumotlariga ko‘ra texnik holat yomonlashganda yoqilg‘i sarfi 10-25 %
ga ortishi mumkin [7].
Inson—-mashina—muhit tizimi modeli. Real ekspluatatsiya sharoitida yoqilg‘i
sarfiga tashqi muhit, texnik holat va inson omili bir vaqtning o‘zida ta’sir qiladi. Shu
sababli umumlashtirilgan dinamik model taklif etildi:

Ne e
Gr(£) = Kioaa * Ki - Kn(8) - 755¢ (1 + @), (8)
bu yerda K;,,q — Yuklanish koeffitsienti; K;— texnik holat koeffitsienti; K (t)-
inson omili koeffitsienti; a — moy sarfi koeffitsienti.
Yuklanish koeffitsienti quyidagicha aniglanadi:
Nreq
Kioaa = 7—, (9)

Nnom

bu yerda N,., —talab etiladigan quvvat; Ny, —nominal quvvat.
Muhit omillarining umumiy ta’siri K., Koeffitsienti orgali hisobga olindi:
Kenv = Ksoil ) Kmoist ) Krelief ) Kclimate ] (10)
bu yerda tuproq, namlik, relef va iglim ta’siri hisobga olinadi.
Operator charchashi modeli. Operatorning uzluksiz ishlashi mahsuldorlikning
pasayishiga olib keladi. Bu holat eksponensial funksiya orgali ifodalandi:
Ky (t) = exp(=pt), (11)
bu yerda 8 — charchash intensivligi koeffitsienti; t— ish vaqti.
Tenglama (11) vaqt o‘tishi bilan operator samaradorligining pasayishini tavsiflaydi

[8].

Ko‘p rejimli yoqilg‘i sarfi modeli. MTA ishchi, transport va bekor turish
rejimlarida faoliyat ko‘rsatadi. Ularning vaqt ulushlari:

2t =1, 0<T7 <1 (12)
bu yerda z; — joriy rejimning vagt ulushi.
Umumiy yoqilg‘i sarfi:
G () = X7 Gr j (1) + Gy (13)

buyerda Gy ; —j-rejimdagi yoqilg‘i sarfi; Ggy, —Yyordamchi tizimlar sarfi.
Shunday qilib, model real ish jarayonidagi barcha rejimlarni hisobga oladi.

Integral samaradorlik ko‘rsatkichi. MTA samaradorligini kompleks baholash
uchun quyidagi ko‘rsatkich taklif etildi:

_ Quseful
Nint =

1
Qtotal

yoki

O30
31

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE

@IAU
@ 1/\UJ JOURNAL OF AGRICULTURAL ECONOMICS AND SMART AGRICULTURE "g‘;‘:};ﬁl !

Mine(t) = (14)

Twork(0.1 BV Ktime- Ktech)'(kskill 'kerg e_Bt)'W(t)

j Tj'[m%(1+a)'(HKenv,j)'Ki'Kh(t)'(1+K(t))]+ Gaux.
bu yerda t,,,-x — Umumiy ish vaqtida ishchi rejimning ulushi; kg;; — operatorning
malaka darajasini ifodalovchi koeffitsient; k.., — mehnat sharoiti va ergonomik
omillarni hisobga oluvchi koeffitsient; W(t) — agrotexnik talablarni bajarish darajasini
tavsiflovchi funksiya; G,,, — yordamchi tizimlar (gidravlik tizim, konditsioner va
boshqalar) uchun sarflanadigan yoqilg‘i miqdori; x(t) — ekspluatatsiya jarayonida
yuzaga keluvchi gisga muddatli dinamik o°zgarishlarni hisobga oluvchi tuzatish
koeffitsienti. Qolgan parametrlar mazkur ishning oldingi bo‘limlarida keltirilgan.

Ushbu ko‘rsatkich mahsuldorlik, operator samaradorligi va agrotexnik talablarni
bajarish darajasini umumiy yoqilg‘i sarfi bilan bog‘lab, mashina-traktor agregatining
real ish sharoitidagi kompleks samaradorligini baholash imkonini beradi. Integral
samaradorlik  ko‘rsatkichining ortishi agregatdan foydalanish samaradorligi
oshganligini, kamayishi esa resurs sarfining mahsuldorlikka nisbatan o‘sganligini
ko‘rsatadi.

NATIJALAR VA MUHOKAMA
Model New Holland TD5 110 DF va MTZ-100 traktorlari uchun qo‘llanildi.

1-jadval
Yuklanish koeffitsientining samaradorlikka ta’siri
Kipad Yoqilg‘i sarfi, l/soat Nint
0.4 5.6 0.63
0.6 6.9 0.74
0.8 7.8 0.82
1.0 9.4 0.71

1-jadval ma’lumotlaridan ko‘rinishicha, integral samaradorlik koeffitsienti
K;,q2q4 =0.8 da maksimal giymatga ega. Bu natija dvigatel quvvatidan samarali
foydalanish va yoqilg‘i sarfi o‘rtasidagi optimal muvozanatni ifodalaydi.

2-jadval
Texnik holatga garab yoqilg°‘i sarfi
Holat TD5 110 DF MTZ-100
Yangi 17.8 19.5
O‘rtacha yeyilgan 19.6 21.8
Kuchli yeyilgan 22.1 24.7

New Holland TD5 110 DF traktorida yoqilg‘i sarfi yangi holatdan kuchli yeyilgan
holatga o‘tganda 24,2 % ga, MTZ-100 traktorida esa 26,7 % ga ortgan. Bu MTZ-100
modelining texnik yeyilishga nisbatan sezgirligi yuqoriroq ekanligini ko‘rsatadi.
Texnik holat yomonlashishi natijasida har ikki traktorda yoqilg‘i sarfi sezilarli darajada
oshgan. Bu holat mexanik yo‘qotishlarning ortishi bilan izohlanadi.
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1-rasm. Texnik holat o‘zgarishinihg“Néw Holland TD5 110 DF va MTZ-100
traktorlarining yoqilg¢i sarfi hamda integral samaradorlik ko‘rsatkichlariga

ta’siri.

1-rasmdagi grafiklar texnik holat yomonlashishi bilan har ikki traktorda yoqilg‘i
sarfi ortib, integral samaradorlik pasayishi kuzatildi. New Holland TD5 110 DF traktori
barcha holatlarda MTZ-100 ga nisbatan yuqori samaradorlik va past yoqilg‘i sarfini
namoyon gildi. Natijalar texnik holatni o‘z vaqtida saqlash va texnik xizmat ko‘rsatish
agregatlarning energiya samaradorligini oshirishda muhim ahamiyatga ega ekanligini

ko‘rsatadi.

1.00 -

Integral samaradorlik, nint

0.60 -

0.50

0.90 -

0.80 -

0.70 -

—k—

—&— New Holland TD5 110 DF

MTZ-100
O’rtacha ko'rsatkich (ikkala traktor uchun) | |

0.4 0.6 0.8

Yuklanish koeffitsienti, Kiy.q

1.0

1.2 1.4

2-rasm. Integral samaradorlikning yuklanish koeffitsientiga bog‘liqligi.

Integral samaradorlik yuklanish koeffitsienti ortishi bilan Kload=0,8 gacha o'sadi va
shu nugtada maksimal giymatga erishadi. Keyingi yuklanish ortishi samaradorlikning
pasayishiga olib keladi. Bu holat har ikki traktor uchun optimal ish rejimi Kload~0,8
atrofida shakllanishini ko'rsatadi. New Holland TD5 110 DF traktori barcha yuklanish
diapazonida MTZ-100 ga nisbatan yugori samaradorlikni ta'minlagan.
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Natijalar [3], [4] va [7] manbalarda keltirilgan eksperimental ma’lumotlar bilan mos
keladi.

8. Xulosalar. Tadgigot natijalari taklif etilgan modelning mashina-traktor
agregatlari samaradorligini baholash va energiya sarfini kamaytirish masalalarini hal
etishda samarali ekanligini tasdigladi:

1. Mashina-traktor agregatlarining ish samaradorligini baholash uchun inson—
mashina—muhit tizimiga asoslangan yagona dinamik model ishlab chiqildi;

2. Model texnik holat, tashqi muhit ta’siri va operator charchashini hisobga
oladi;

3. Texnik holat yomonlashganda yoqilg‘i sarfi 10-25 % ga ortishi aniglandi;

4. Integral samaradorlikning maksimal giymati K;,,4 = 0.8 bo‘lganda kuzatildi;

5. Taklif etilgan model energiya sarfini kamaytirish, texnik xizmat ko‘rsatish
intervallarini asoslash va ekspluatatsiya samaradorligini oshirish uchun qo‘llanilishi
mumekin.
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Annotatsiya. Mazkur tadgigotda galamchalarni mexanizatsiyalashgan usulda
ekish uchun U-shaklli parabolik model asosida ifodalanib, tuprog—isichi organ o zaro
ta’sirini tavsiflovchi noliney dinamik tenglama ishlab chiqgildi. Kanal devori giyaligi
va tuprogning ichki ishqalanish burchagi o ‘rtasidagi bog ‘lanish asosida tuprogning
kanalga qayta to‘kilish sharti analitik ravishda aniglandi. Qalamchaning
zichlashgacha bo ‘Igan masofada vertikal barqarorligini ta ’'minlovchi minimal tayanch
tuproq hajmi sharti asoslandi. Dala sharoitida o ‘tkazilgan tajribalar natijasida kanal
geometriyasining barqaror shakllanishi, tuprogning nazoratli qayta to ‘kilishi va
galamchalarning 3-5° dan oshmagan vertikal og‘ishi tasdiglandi. Parabola
koeffitsienti a, kanal yarim kengligi Xmax va harakat tezligi v uchun magbul giymatlar
sohasi aniglanib, taklif etilgan konstruksiyaning amaliy samaradorligi isbotlandi.

Keywords. galamcha ekish; U-shaklli parabolik ishchi organ; kanal
geometriyasi; qayta to ‘kilish sharti; vertikal bargarorlik; geometrik optimallashtirish;
mexanizatsiyalashgan ekish.

Annomayusn. B Oanunom ucciedosanuu O MEXAHUIUPOBAHHOU HNOCAOKU
uepeHkos OvLI0 pazpabomano HeluHelHoe OUHAMU4YecKoe ypasHeHue, ONUCblearouiee
gzaumooeticmeue nougvl ¢ pabouum opeaHom u ocuhosanumoe Ha U-obpasznou
napabonuyeckou mooenu. Ha ocnose 3asucumocmu mexncoy yeiom HAKIOHA CMEHKU
KAHaNa u yeiom 6HYmpeHHe20 MPeHUsi SPYHMA aHATUmMu4ecku onpeoeseHo yciogue
0bpammno2o ocvinanus epynma 6 kanai. O60CHO8AHO YC08UEe MUHUMAILHO20 00bEMA
ONOPHO20 2PYHMA, 00ecneuusarwieco BepmuKAIbHYI0 YCMOUYUBOCMb YePeHKd Ha
paccmosimuyu 00  ynjiomueHus. B pesynbmame  nonesvix  IKCnepUMEHMO8
nOOMBEpOUNOCh YCmouuugoe hopmMuposanue 2eomMempuu Kanaid, KOoHmpoaupyemoe
obpamnoe ocCblnaHue No4Yebl U GEPMUKANbHOE OMKIOHEHUe YepeHKO8, He
npesviuiarouee 3—-5°.  Onpedenena o0061aCMb  ONMUMANILHBLIX — 3HAYEHUU  OJis
K03 puyuenma napabonvl a, NOIYWUPUHBLL KAHALA XMAX U CKOPOCMU OBUNCEHUS V),
ymo doxazviéaem NPaKmMu4ecKyro 3¢ pHekmusHocms NPeOI0HCEHHOU KOHCMPYKYUU.

Knwueswie cnosa: nocaoxka uepenxos, U-o0pasmubiii napaboauyeckuti paboquti
OpeaH, 2eomempusi KaHaid, Yclosue Nepecbinanus, SepmuKaIbHaAs YCMOUYUBOCmMy,
2eomempuiecKkas ONMUMU3AYUsL, MexaHusUpoBaAHHAsl NOCAOKA.
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Abstract. In this study, a nonlinear dynamic equation was developed for
mechanized planting of cuttings, describing the interaction between the soil and the
working element and based on a U-shaped parabolic model. Based on the relationship
between the slope angle of the canal wall and the internal friction angle of the soil, the
condition for soil backflow into the canal was analytically determined. The condition
for the minimum volume of supporting soil, which ensures the vertical stability of the
cuttings at the distance to compaction, has been substantiated. As a result of field
experiments, it was confirmed that the formation of the canal geometry is stable, soil
backsliding is controlled, and the vertical deviation of the cuttings does not exceed 3—
5°. The optimal range of values for the parabola coefficient a, the channel half-width
Xmax, and the travel speed v has been determined, proving the practical effectiveness
of the proposed design.

Keywords: planting cuttings; U-shaped parabolic working element; channel
geometry; overflow condition; vertical stability; geometric optimization; mechanized
planting.

KIRISH

Qalamchalar bilan ko‘paytirish bog‘dorchilik va o‘rmon xo‘jaligida nav
xususiyatlarini saqlab qolish hamda o‘simlik materialining bir xilligini ta’minlash
uchun keng qo‘llaniladigan samarali vegetativ usuldir [1, 2, 11]. Qalamchalarning
yashovchanligi bargaror ekish chuqurligiga, vertikal bo‘yicha aniq joylashishiga va
tuproq bilan ishonchli kesish kontaktiga bog‘liq [2, 6, 12]. O‘zan geometriyasining
buzilishi yoki tuprogning notekis to‘ldirilishi kesishning og‘ishiga va o‘rnatish
samaradorligining pasayishiga olib kelishi mumkin.

Mavjud ekish agregatlarining aksariyati asosan urug‘ yoki ko‘chat uchun
mo‘ljallangan bo‘lib, vertikal kesish uchun zarur bo‘lgan tor va barqaror kanal hosil
qilish texnologik talablarini to‘liq qanoatlantirmaydi [3, 9, 13]. Odatdagi yassi yoKi
ponasimon ishchi organlar ko*pincha tuprogning haddan tashqari buzilishiga va kanal
devorlarining notekis bo‘lishiga olib keladi [4, 7, 14].

Tuproq va asbobning o‘zaro ta’siri bo‘yicha o‘tkazilgan avvalgi tadqiqotlar
shuni ko‘rsatdiki, asbob geometriyasi tuprogning qarshiligiga, deformatsiya
mexanizmlariga va tuprogning yemirilish qonuniyatlariga sezilarli ta’sir ko‘rsatadi [3,
5, 8, 15]. Birog, U-simon parabolik ishchi yuzaning o‘zan turg‘unligiga ta’siri va
mexanizatsiyalashtirilgan kesma ekish paytida tuprogning boshqariladigan to‘ldirilishi
yetarli darajada tahlil gilinmagan. Xususan, kanal devorining giyaligini gruntning ichki
ishqgalanish burchagi bilan bog‘laydigan analitik shart aniq ifodalanmagan.

Tadqiqotning magsadi mexanizatsiyalashgan ko‘chat ekish uchun U-simon
parabolik yuzali ishchi organni nazariy va eksperimental asoslashdan iborat. O‘zan
ko‘ndalang kesimining parabolik geometrik modeli ishlab chiqilgan, grunt-asbob
o‘zaro ta’sirini tavsiflovchi nochiziqli dinamik tenglama keltirib chigarilgan va gruntni
gayta to‘ldirishning analitik sharti qo‘yilgan. Shuningdek, shlamlarni zichlashdan
oldin wvertikal turg‘unligini ta’minlovchi geometrik va mexanik talablar
shakllantirilgan va tajribada tasdiglangan.
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MATERIALLAR VA USULLAR

Tadgigotning magsadi - U-shaklli parabolik sirtli ishchi organ parametrlarini
nazariy asoslash, tuprogning qayta to‘kilish mexanizmini tahlil qilish va galamchaning
vertikal barqarorligini ta’minlovchi geometrik hamda mexanik shartlarni aniglashdan
iborat.

Effect of curvature coefficient on channel wall slope

2.00 o
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g o N 5]
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L ! L
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1-rasm. Egrilik koeffitsiyenti a ning o‘zan devori nishabligiga ta’siri.

Parabolik egrilik koeffitsiyenti a ning turli giymatlarida mahalliy devor
nishabligi tano.=2aX ning normallashtirilgan ko‘ndalang koordinata X/Xmax bo‘yicha
o‘zgarishi. a ning ortishi o‘zan devorining tikroq bo‘lishiga va tuprogni qayta to‘ldirish
sharti tanac>tane ning ertaroq bajarilishiga olib keladi.

Backfilled cross-sectional area vs channel half-width
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2-rasm. U-simon parabolik ishchi organning konstruktiv-geometrik
sxemasi: 1 - lemex; 2 - U-simon parabolik ag‘dargich; 3 - tutgich; 4 - yo‘naltiruvchi
naycha; 5 - kesuvchi kiritish elementi.
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Ishchi yuzaning X-Z tekislikdagi ko‘ndalang profili Z=aX? parabolik tenglama
bilan tavsiflanadi, bu yerda X - 0°zan o0°q chizig‘idan o‘Ichangan gorizontal koordinata,
Xmax - 0°Zan yarim kengligi, R (X) - mahalliy egrilik radiusi. Qabul gilingan geometriya
tuprogning boshqgariladigan siljishini va vertikal kesish uchun bargaror tor kanal hosil
bo‘lishini ta’minlaydi.

Qalamcha tushirilgandan keyin kanalga tuproqning qayta to‘kilishi va
vertikal barqarorlik sharti. Kombinatsiyalangan galamcha ekish apparatida kanal U-
shaklli parabolik kesimga ega deb qabul gilinadi. Kanal profili kanal kengligi bo‘ylab
(1) tenglama bilan ifodalanadi.

Kanal devorining mahalliy giyaligi hosila orgali aniglanadi:
az

= 2aX , 1)
Kanal devori burchagi:
tana, = 2aX. (2)
Maksimal giyalik kanal yarim kengligi X=Xmax da:
tan a; max = 20X max- (3)

Kanal devoridagi tuproq elementiga og‘irlik kuchi G=mg, normal reaksiya N,
ishgalanish kuchi F=Ntang ta’sir giladi.

Siljish sharti:
mgsina, > mgcos a, tang. (4)
Qisqartirib:
tana,. > tang (5)
yoki
a. > @. (6)

bu yerda ¢ - tuprogning ichki ishgalanish burchagi.
(5) ni (4) ga qo‘ysak:
20X max > tan @ (7)
Demak, kanal devori ichki ishqalanish burchagidan tik bo‘lsa, tuproq kanal
ichiga gayta tushadi.
Kanal kesimi parabolik bo‘lgani uchun uning maydoni:

A= [T ax?dX, (8)
3
A= Zmex 9)
Kanal uzunligi bo‘yicha:
Vo, =A-L. (10)
Qayta to‘kilgan qism:
Ve =nVen, (11)

Qalamcha zichlash g‘ildiragigacha bo‘lgan masofada vertikal holatda turishi
uchun minimal tayanch hajm talab etiladi:
Vr = Vmin (12)
yoki
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nVch = Vmin- (13)
Soddalashtirilgan holda:
Vmin ~ bs hs ls- (14)

bu yerda bs - tayanch galinligi, hs - tayanch balandligi, Is <Iq - bargarorlik zonasi

3-rasm. U-shaklli parabola sirtli kanal kesimida tuproqning qayta to‘kilishi va
qalamchaning vertikal barqarorligini ta’minlash sxemasi: o. - kanal devorining
giyalik burchagi; ¢ - tuprogning ichki ishgalanish burchagi; G=mg - tuproq
bo‘lagining og‘irlik kuchi; Gi=mgsina. - qiyalik bo‘yicha harakatlantiruvchi
proeksiya; N=mgcosa. - normal reaksiya; F=Ntang - ishgalanish kuchi; V, - kanalga
qayta to‘kilgan tuproq hajmi; Xmax - kanal yarim kengligi;

1-jadvalda kanalga gayta to‘kilish shartini belgilaydigan asosiy parametrlar
keltirilgan.

1-jadval.

Tuproqning qayta to‘kilishini belgilovchi asosiy parametrlar va shartlar

 Parametr  Fizikma’mosi  Asosiyshart
a, Xmax, @  kanal devori giyaligi 2aXmax>tang (ya'ni ac>Q)
N, Veh, Vmin  qayta to‘kilish hajmi NVenr = Vimin
Iq zichlashgacha masofa 1,=0.45-0.5m

Shunday gilib, U-shaklli parabola sirtli okuchnikda kanal devorining giyaligi o,
tuprogning ichki ishgalanish burchagi ¢ dan katta bo‘lganda (a.>¢) kanal devorlari
barqarorligini yo‘qotib, tuproq massasining ma’lum qismi kanal ichiga gayta to‘kiladi.
Qalamchaning zichlash g‘ildiragigacha bo‘lgan masofada (1g~0,5 m) vertikal holatda
saglanishi uchun qayta to‘kilgan tuproq hajmi V, = nV,, minimal talabdan kam
bo‘lmasligi, ya'ni nV,, = Vi, sharti bajarilishi zarur.

Eksperiment o‘tkazish sharoiti. Taklif etilgan U-shaklli parabolik sirtli ishchi
organning ish samaradorligini baholash maqsadida dala sharoitida tajribalar o‘tkazildi.

o[ =< T

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE

@ l AU JOURNAL OF AGRICULTURAL ECONOMICS AND SMART AGRICULTURE "I‘;‘;UU‘QEI !

Tajriba o‘tkazilgan maydon oldindan agrotexnik talablarga muvofiq
tayyorlangan bo‘lib, tuproq mexanik tarkibi bo‘yicha o‘rtacha qumoq
(srednesuglinistaya) turga mansub. Eksperiment davrida tuproq namligi — 14-17 %,
tuproq zichligi — 1,32-1,38 g/sm?3, dala yuzasi tekislangan holatda edi.

Kombinatsiyalangan galamcha ekish apparati traktorga agregatlangan holda
ishlatildi (4-rasm). Bir o‘tishda kanal ochish, qalamchani tushirish va tuprogni qayta
goplash jarayonlari amalga oshirildi.

4-rasm. Dala sharoitida galamchalar ekilib, hosil gilingan kanal va gatorlar
bargarorligining umumiy ko‘rinishi.
Eksperimentlarda go‘llanilgan qalamcha ekish agregatining sinov-tajriba
namunasi 5, 6-rasmlarda keltirilgan.

2 Q{? : T \1}{:_“)'
= ey RN T A Tt N
5-rasm. Kombinatsiyalangan galamcha ekish apparatining traktorga
agregatlangan holati.
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6-rasm. Ishchi organning yon ko‘rinishi va qoplash-zichlash tizimi.
2-jadval.
Eksperiment o‘tkazishda qabul qilingan ish parametrlari
Ko‘rsatkich Belgisi Qiymat
Harakat tezligi % 1,2-1,6 m/s
Ish chuqurligi h 0,18-0,22 m
Kanal yarim kengligi Xmax 0,05-0,07 m
Parabola koeffitsienti a 10-16 1/m
Zichlashgacha masofa lg 0,5m

Ishchi organ samaradorligi quyidagi ko‘rsatkichlar asosida baholandi:

1. Kanal geometriyasining barqgarorligi;

2. Qalamchaning vertikal og‘ish burchagi;

3. Kanalga tuprogning qayta to‘kilish sifati;

4. Tuproq buzilish intensivligi.

Kanal profili o‘Ichash shablonlari yordamida tekshirildi. Qalamcha og‘ishi maxsus
o‘lchash asbobi orqali aniglandi.

Eksperiment natijalarining ishonchliligini baholash magsadida har bir ish rejimi
uchun n=3-5 marta takroriy tajriba o‘tkazildi. Har bir ko‘rsatkich bo‘yicha (kanal
geometriyasi barqarorligi, qalamchaning og‘ish burchagi 0, qayta to‘kilish sifati va
h.k.) o‘rtacha qiymat, standart og‘ish va 95% ishonchlilik intervali hisoblandi.

Shu yo‘l bilan eksperiment ma’lumotlarining takrorlanuvchanligi va parametrlar
ta’sirining ahamiyatliligi ishonchli ravishda asoslandi.

NATIJALAR
Nazariy va eksperimental natijalari o‘zaro taqqoslandi va tahlil qilindi. Tajriba

natijalari quyidagilarni ko‘rsatdi:
a) parabolik sirt kanalning barqaror shakllanishini ta’minladi;
b) Kanal devori qiyaligi ichki ishqalanish burchagidan katta bo‘lgan holatlarda
tuprogning tabiiy gayta to‘kilishi kuzatildi;,
= = E
PARCHES

https://iau-jaesa.uz/ O]

5 TE

.


https://iau-jaesa.uz/

INTERNATIONAL AGRICULTURE UNIVERSITY

s) Qalamchalarning vertikal og‘ishi 3—5° dan oshmadi va agrotexnik talablarga
javob berdi;

d) Tuprogning ortiqcha sochilishi kuzatilmadi.

An’anaviy ponasimon ishchi organlar bilan tagqoslaganda, taklif etilgan
konstruksiya kanal simmetriyasini yaxshiladi, qayta to‘kilish jarayonini
birxillashtirdi, galamcha atrofida tuproq bilan zich kontakt hosil gildi.

Muhokama. Eksperiment natijalari nazariy modelda olingan shartni tasdigladi:
2aXmax > tane.

Berilgan parametrlarda ushbu shart bajarildi va kanal devorlari orgali
tuprogning nazoratli qayta to‘kilishi ta’minlandi.

Zichlash g‘ildiragigacha bo‘lgan masofa (I h 0,5 m) galamchaning vertikal bargaror
holatini saglash uchun yetarli ekanligi aniglandi.

Optimallashtirishning magsadi - yuqoridagi cheklovlar bajarilgan holda kanal
bargarorligini va qayta to‘kilishni ta’minlash, shu bilan birga ortigcha tuproq buzilishi
va siljishini minimallashtirishdan iborat.

Eksperimentda sinovdan o‘tkazilgan parametrlar diapazoni: v=1.2—1.6 m/s,
Xmax=0.05-0.07 m, a =10-16 m—1.

Shu diapazonlarda (1)—(2) shartlar va texnologik ko‘rsatkichlar yig‘indisiga
tayanilgan holda magbul soha quyidagicha tavsiya etiladi:

. egrilik koeffitsienti: a = 12-14 m™! - kanal devorini yetarlicha tik gilib, gayta
to‘kilishni bargaror ta’minlaydi; aaa ortishi esa ortigcha siljishni kuchaytirishi
mumekin.

« kanal yarim kengligi: Xmax=0.06 £ 0.01 m - kanal tor va simmetrik shakllanishi
hamda galamchaning vertikal joylashishi uchun qulay.

. harakat tezligi: v = 1.3-1.5 m/s - tezlik pasayganda texnologik unumdorlik
kamayadi, ortib ketganda esa tuproq buzilishi va siljish intensivligi oshishi
ehtimoli mavjud; shuning uchun o‘rta diapazon magbul hisoblanadi.

Shunday qilib, a, Xmax va v parametrlarini ko‘rsatilgan maqbul sohada tanlash kanal
geometriyasining barqaror shakllanishini, tuprogning nazoratli qayta to‘kilishini
hamda qalamchaning zichlashgacha bo‘lgan masofada vertikal barqarorligini
ta’minlaydi.

Ushbu tadgiqotda U-shaklli parabolik kanal kesimida tuprogning nazoratli gayta
to‘kilish sharti 2aXma>tane analitik ravishda asoslandi va kanal devori giyaligi hamda
tuprogning ichki ishqalanish burchagi o‘rtasidagi funksional bog‘lanish ifodalandi.
Parabolik ishchi sirt bo‘ylab tuproq zarrachalari harakatini tavsiflovchi noliney
dinamik “tuprog—ishchi organ” modeli ishlab chiqilib, jarayonning asosiy parametrlari
o‘lchamsiz ko‘rinishda ifodalandi. Qalamchaning zichlash g‘ildiragigacha bo‘lgan
masofada vertikal holatda saqlanishini ta’minlovchi minimal tayanch tuproq hajmi
sharti nazariy jihatdan aniglandi va uning geometrik parametrlar bilan bog‘lanishi
ko‘rsatildi. Shuningdek, parabola koeffitsienti aaa va kanal yarim kengligi Xmax ni
magbul tanlash asosida kanal barqarorligi, tuprogning nazoratli qayta to‘kilishini
hamda qalamchaning vertikal bargarorligini ta’minlovchi geometrik optimallashtirish
yondashuvi taklif etildi.

Dala sharoitida o‘tkazilgan tajribalar U-shaklli parabola sirtli ishchi organ:
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Eksperiment natijalari kanalning bargaror va simmetrik shakllanishini
tasdigladi; galamchalarning vertikal og‘ishi 3-5° dan oshmadi va tuprogning nazoratli
gayta to‘kilishi ta’minlandi.

Parametrlarni optimallashtirish natijasida egrilik koeffitsienti a=12-14 m™,
kanal yarim kengligi Xmax=0.0620.01 m va harakat tezligi v=1.3-1.5 m/s diapazonida
eng bargaror texnologik rejim aniglandi.

Taklif etilgan konstruksiya an’anaviy ishchi organlarga nisbatan kanal
barqgarorligini oshirishi, tuproq buzilishini kamaytirishi va galamcha ekish sifati
yaxshilanishini ta’minlashi eksperimental ravishda tasdiglandi.
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Annotatsiya. Magolada galamchalarni mexanizatsiyalashgan usulda ekish uchun
mo ‘ljallangan parabolik U-shaklli ishchi organga ega kombinatsiyalangan ekish
apparatining konstruksiyasi va nazariy asoslari keltirilgan. Taklif etilgan ishchi organ
tuprogda tor va bargaror kanal hosil gilish, galamchani belgilangan chuqurlikda
vertikal holatda joylashtirish hamda tuprogning kanalga gisman gayta tushishi
hisobiga uning dastlabki bargarorligini ta’minlashga xizmat qiladi. Ishchi organ
sirtining geometrik modeli parabolik tenglama asosida ishlab chigildi, kanal
parametrlari va mahalliy egrilik radiusini aniglash ifodalari olindi. Tuprogning
kanalga gayta tushish sharti tuprogning ichki ishgalanish burchagi va ishchi organ
sirti qiyaligi o ‘rtasidagi bog ‘lanish orqali nazariy jihatdan asoslandi. Eksperimental
tadgiqotlarda parabola koeffitsientining kanal geometriyasi va galamchaning vertikal
joylashish sifatiga ta’siri baholandi. Natijalar parabolik U-shaklli ishchi organ
an’anaviy okuchniklarga nisbatan kanal barqarorligini oshirishi, qalamcha og ‘ish
burchagini kamaytirishi va ekish sifatini yaxshilashini ko ‘rsatdi.

Kalit so “zlar. galamcha ekish, kombinatsiyalangan ekish apparati, parabolik ishchi
organ, U-shaklli otval, tuprogning gayta tushishi, ekish kanali, galamcha vertikalligi,
tuproq—ishchi organ o ‘zaro ta’siri, kanal barqarorligi, okuchnik, mexanizatsiyalash,
bog ‘dorchilik.

Aunomauuﬂ. B cmamve npe()cmaeﬂenbl KOHCMPYKYUs U meopemudecCKkue OCHO6bl
KOM6uHup06aHH020 annapama onsl MexaHu3up06aHH011 nocaoxu UEPEHKOS,
ocHawéHno2o napabonuveckum U-obpaszuvim padbouum opeanom. llpednoscennulil
pabouuil opean npeoHazHaveHn O hOPMUPOBAHUSL 8 NOUBE Y3KO20 U YCMOUYUBOSO
nocaooyHo2o Karhauna, pasmeuenusl 4eperKa Ha 3A0AHHOU ZJZy5MHe 6 6EPMUKAIbHOM
NnoOJIOHCEHUU, A MmAKIHCE obecneuenus e2o nep60HCl’-la]le0ﬁ ycmoﬁtmeocmu 3a cuém
YacmudHoco 06pamH020 OCbINAHUA No46sbl 6 KAHA. FeomempuquKaﬂ Moaeﬂbpa60qe11
nosepxHocmu pa3pa60maHa HA OCHoOe6€e napa60ﬂuue07<020 YpAaeHerUusd, noJjyueHsl
3asucumocmu  OJisl onpedeﬂeHuﬂ napamempoe KaHalad U JIOKAlIbHO2O paduyca
KPUBU3HbL. Teopemuqecmt 000CHO6AHO yciosue 06pamH020 OCblNAHUA no4esl 6 KAHA
uepes 63auUumoces3b Meofcdy YeiomM 6HYNPEHHe2O0 MpPEHUA Nnouebl U )Y2IOM HAKIOHA
nosepxHocmu pa60qeeo opeaHa. B xo0e IKCnepumernmailbHblx Uccne006aHUll OUEHEHO
eIuAHUe KOIPPuyuenma napabonvl Ha 2eomempuvecKue NApaMempvl KaHAld U
Kauecmeo 8epmuKaibHo20 pazmeujenus uepenkos. llonyuennvie pesynbmamol
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nokazanu, umo napabonuueckui U-o00pasuvlii pabouuil opean NO CPABHEHUIO C
mpa()uL;MOHHszu OKYYHUKAMU obecneuusaem boee BbICOKYIO ycmoﬁtmeocmza KdHajia,
YMeHbutaem y2oJjl OMKJIOHEHUA YepPpeHKAa U nosvlilaem Kaiecmaeo Nnocaoxu.

Knrouegvle cnosa: nocaoxka uepeHko8, KOMOUHUPOBAHHBIU NOCAOOYHBLU annapam,
napaboauyeckuul pabouuti opear, U-obpa3zHvlii omean, oopamuoe ocvlnauue nousbl,
NnocaooyHwvlll KaHal, 6epmuKkalbHOCnlb 4YeperHKa, g3aumooelicmeue noyewl upa60qeeo
opeana, ycmoﬁtmeocmb KaHana, OKY4YHUK, MexXaHUusayusl, Cca0o0800Cmeo.

Abstract. This paper presents the design and theoretical foundations of a combined
planting apparatus equipped with a parabolic U-shaped working body for the
mechanized planting of cuttings. The proposed working body is intended to form a
narrow and stable furrow in the soil, place the cutting vertically at a predetermined
depth, and ensure its initial stability through the partial backfilling of soil into the
furrow. A geometric model of the working surface was developed based on a parabolic
equation, and expressions for determining furrow parameters and the local radius of
curvature were obtained. The condition for soil backfilling into the furrow was
theoretically substantiated through the relationship between the soil internal friction
angle and the slope of the working surface. Experimental studies were conducted to
evaluate the influence of the parabola coefficient on furrow geometry and the quality
of vertical cutting placement. The results demonstrated that the proposed parabolic U-
shaped working body provides higher furrow stability, reduces the cutting inclination
angle, and improves planting quality compared with conventional ridger-type openers.

Keywords: cutting planting, combined planting apparatus, parabolic working body,
U-shaped mouldboard, soil backfilling, planting furrow, cutting verticality, soil-tool
interaction, furrow stability, ridger opener, mechanization, horticulture.

KIRISH

Qalamcha orqali ko‘paytirish bog‘dorchilik, o‘rmonchilik va ko‘chatchilik
sohalarida ofsimliklarni  vegetativ usulda ko‘paytirishning eng samarali
texnologiyalaridan biri hisoblanadi. Bu usul navning genetik xususiyatlarini saglab
qolish, yuqori sifatli ekish materialini qisqa vaqt ichida ko‘paytirish hamda
mahsuldorlikni oshirish imkonini beradi [1,2]. Qalamchalarning yashovchanligi va
keyingi rivojlanishi ko‘p jihatdan ularning tuproqqga joylashtirilish sifatiga, xususan
ekish chuqurligi, vertikal holati va tuproq bilan kontakt darajasiga bog‘liq [3].

Qalamcha ekish ishlari amaliyotda asosan qo‘l mehnati yoki soddalashtirilgan
mexanik qurilmalar yordamida bajariladi. Bu holat mehnat sarfining yuqoriligi, ish
unumdorligining pastligi hamda galamchalarning bir xil chuqurlik va vertikallikda
joylashmasligiga sabab bo‘ladi [4]. Shu munosabat bilan galamcha ekish jarayonlarini
mexanizatsiyalashtirish va ekish sifatini oshirishga garatilgan yangi texnik yechimlarni
ishlab chigish muhim ilmiy va amaliy ahamiyat kasb etmoqda.

Mavjud ekish mashinalarida keng qo‘llaniladigan ponasimon, chizelsimon va
an’anaviy okuchnikli ishchi organlar asosan urug® ekish yoki ko‘chat o‘tqazish uchun
mo‘ljallangan bo‘lib, qalamchalarni ekish jarayonining o‘ziga xos xususiyatlarini
to‘liq hisobga olmaydi [5,6]. Bunday ishchi organlar ta’sirida tuproq massasi katta
tezlik bilan ikki tomonga surilib ketadi, kanal devorlari begaror shakllanadi va
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tuprogning bir gismi ortigcha sochilib ketadi. Natijada ekish kanali geometriyasi
buziladi, galamchaning og‘ishi ehtimoli ortadi va ekish sifati pasayadi [7].

Tuprog—ishchi organ o‘zaro ta’siri sohasida olib borilgan tadqiqotlar ishchi organ
geometriyasi tuprogning deformatsiyalanishi, harakat traektoriyasi va energiya sarfiga
hal giluvchi ta’sir ko‘rsatishini ko‘rsatgan [8,9]. Aynigsa, ishchi sirtning egriligi tuproq
ogimini boshgarish, tuprogning buzilish darajasini kamaytirish va kanal shaklini
bargaror saglashda muhim ahamiyatga ega [10,11]. Zamonaviy DEM-modellashtirish
natijalari ham tuproq harakatining ishchi organ sirti shakli bilan chambarchas
bog‘ligligini tasdiglamoqda [12].

Qalamcha ekish texnologiyasida muhim talablardan biri galamcha tushirilgandan
keyin uning vertikal holatini saglab qolish hisoblanadi. Bu jarayonda kanal
devorlaridan ma’lum miqdorda tuprogning kanal ichiga qayta to‘kilishi muhim rol
o‘ynaydi. Qayta to‘kilgan tuproq galamchani zichlash g‘ildiraklari yetib kelgunga
gadar vaqtincha ushlab turishi va uning og‘ib ketishini cheklashi lozim. Ammo mavjud
adabiyotlarda ishchi organ shaklining tuprogning qayta to‘kilishi va qalamcha
barqarorligiga ta’siri yetarlicha o‘rganilmagan [10-12].

Shu munosabat bilan mazkur tadgigotda galamcha ekish uchun U-shaklli parabolik
sirtga ega ishchi organ taklif etildi. Parabolik sirt tuproq harakatini tartiblash, tor va
bargaror kanal hosil gilish hamda kanal devorlaridan tuprogning boshqariluvchi tarzda
qayta to‘kilishini ta’minlash imkonini beradi. Natijada qalamchaning vertikal holatda
joylashishi va ekish sifati yaxshilanishi kutilmoqda.

Tadgigotning magsadi  U-shaklli  parabolik ishchi organning geometrik
parametrlarini nazariy asoslash, tuprog harakatining gonuniyatlarini tahlil qilish,
tuprogning kanalga qayta to‘kilishi shartlarini aniglash hamda qalamchaning vertikal
barqarorligini ta’minlovchi parametrlarni baholashdan iborat.

MATERIALLAR VA USULLAR

Kombinatsiyalangan galamcha ekish apparati konstruksiyasi. Taklif
etilgan kombinatsiyalangan qalamcha ekish apparati galamchalarni belgilangan
chuqurlikda va vertikal holatda ekish uchun mo‘ljallangan bo‘lib, traktorga osma yoki
yarim osma tarzda agregatlanadi. Apparatning konstruksiyasi bir texnologik o‘tishda
kanal ochish, galamchani joylashtirish va tuprogni gayta zichlash operatsiyalarini
bajarish imkonini beradi.

Apparatning umumiy konstruksiyasi 1-rasmda keltirilgan. Uning asosiy ishchi
qismlari rama, chuqurlikni boshqaruvchi g‘ildirak, qalamcha bunkeri, me’yorlagich
mexanizm, galamcha tushirish quvuri, parabolik U-shaklli ishchi organ, lemex va
goplash-zichlash g‘ildiraklaridan tashkil topgan.

Ish jarayoni quyidagi ketma-ketlikda amalga oshadi. Lemex (9) tuproq gatlamini
kesib, parabolik U-shaklli ishchi organ (8) yordamida tor va bargaror ekish kanali hosil
qiladi. Qalamchalar bunkerdan (3) me’yorlagich (4) orqali belgilangan intervallarda
olinib, tushirish quvuri (5) bo‘ylab ochilgan kanal markaziga vertikal holatda
yetkaziladi. Kanal devorlaridan ma’lum miqdorda tuprogning qayta to‘kilishi
natijasida qalamcha dastlabki holatda ushlab turiladi. Keyinchalik zichlash g‘ildiragi
(6) ta’sirida tuproq qalamcha atrofida zichlanib, uning bargaror joylashishi
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ta’minlanadi. Zichlash darajasi sozlash mexanizmi (7) orgali boshqariladi, ishchi
organning harakat chuqurligi esa g‘ildirak (2) yordamida barqaror saglanadi.

Taklif etilgan konstruksiyaning asosiy afzalligi shundan iboratki, parabolik U-
shaklli ishchi organ tuprogni ikki tomonga boshgarilgan tarzda surib, tor va geometrik
jihatdan bargaror kanal hosil giladi. Bu esa galamchaning vertikal joylashishiga,
tuprogning gqisman qayta to‘kilishiga va keyingi zichlash jarayonining sifatli amalga
oshishiga xizmat giladi.

1-rasm. Kombinatsiyalangan galamcha ekish apparatining umumiy sxemasi: 1 —
rama; 2 — chuqurlikni boshqaruvchi g‘ildirak; 3 — galamcha bunkeri; 4 —
me’yorlagich; 5 — galamcha tushirish quvuri; 6 — zichlash g‘ildiragi; 7 — zichlash
g‘ildiragini sozlash mexanizmi; 8 — parabolik U-shaklli ishchi organ; 9 — lemex.

3. Parabolik ishchi organning geometrik modeli. Kombinatsiyalangan
galamcha ekish apparatining asosiy ishchi organi sifatida U-shaklli parabolik sirtga ega
okuchnik qo‘llanilgan. Ushbu ishchi organning geometrik parametrlari kanal shakli,
tuproq harakati, tuprogning kanalga qayta to‘kilishi va qalamchaning vertikal
barqarorligiga bevosita ta’sir ko‘rsatadi. Shu sababli ishchi organning geometrik
modeli matematik jihatdan asoslandi.

3.1. Parabolik sirt tenglamasi. Ishchi organning ko‘ndalang kesimi parabola
ko‘rinishida gabul qilindi. Koordinatalar tizimida OX o°‘qi gorizontal yo‘nalish
bo‘ylab, OZ o‘qi esa vertikal yo‘nalish bo‘ylab yo‘naltirilgan deb garaldi. Bu holda
parabolik sirt tenglamasi quyidagi ko‘rinishga ega bo‘ladi:

Z = aX?, (1)
bu yerda a — parabola koeffitsienti, m—1; X — gorizontal koordinata, m; Z — sirt
balandligi, m.

Parabola koeffitsienti aaa qancha katta bo‘lsa, ishchi organ sirti shuncha tik shaklga
ega bo‘ladi va tuprogning yon tomonlarga surilishi kamayadi. Aksincha, a qiymati
kichiklashganda parabola yotiglashib, kanal kengligi ortadi.

3.2. Kanal kengligini aniglash. Kanalning hisobiy chuqurligi H bo‘lganda,
parabola tenglamasidan kanalning maksimal yarim kengligi aniglanadi:

H = aX3ax (2)
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Bundan:
H
Xmax = \/; (3)
klib chigadi.
Kanalning to‘liq kengligi esa:
B = 2Xmax (4)

ifoda orgali aniglanadi.

Ushbu tenglamalardan ko‘rinib turibdiki, kanal kengligi parabola koeffitsientiga
teskari proporsional. Demak, kanal kengligini kamaytirish uchun parabolik sirtning
egriligi oshirilishi lozim.

3.3. Parabolik sirtning mahalliy qiyaligi. Parabolik sirtning istalgan

nuqtasidagi giyalik birinchi tartibli hosila orgali aniglanadi:
az

d_X = 2aX . (5)
Shunga muvofiq sirtning mahalliy giyalik burchagi:
tana = 2aX (6)
bo‘ladi.
Kanal chetlarida (X=Xmax) giyalik maksimal qiymatga erishadi:
tan Apax = 2aXimax- (7)

Mazkur parametr keyingi boblarda tuprogning kanalga qayta to‘kilishi shartini
baholashda qo‘llaniladi.

3.4. Parabolik sirtning egrilik radiusi. Tuproq zarrachalarining ishchi organ
bo‘ylab harakati ko‘p jihatdan sirtning mahalliy egriligiga bog‘liq. Parabolik sirtning
har bir nuqtasidagi egrilik radiusi quyidagi tenglama orgali aniglanadi:

R(X) = % , )

bu yerda R(X) — mahalliy egrilik radiusi, m; a — parabola koeffitsienti; X —
ko‘rib chiqgilayotgan nuqtaning koordinatasi.

Parabolaning markaziy gismida (X=0) egrilik radiusi minimal giymatga ega bo‘ladi:

1

Rpin = ca’ 9)

Egrilik radiusining ortishi tuproq harakat traektoriyasini yumshatadi va tuproq
ogimining bargaror shakllanishiga yordam beradi.

3.5. Geometrik parametrlarning fizik ahamiyati. Parabolik ishchi organning
asosly geometrik parametrlari — a, H, X,,,4, va R(X) hisoblanadi. Ularning o‘zaro
bog‘ligligi ishchi organning texnologik xususiyatlarini belgilaydi:

. aortishi kanal kengligini kamaytiradi;
o Xnax kanal geometriyasini belgilaydi;
o R(X) tuproq harakatining silligligini ta’minlaydi;
« o qiyalik burchagi tuprogning kanalga qayta to‘kilishiga ta’sir ko‘rsatadi.
Shunday qilib, parabolik ishchi organning geometrik modeli kanal shaklini, tuproq
harakatini va keyingi nazariy tahlillarda qo‘llaniladigan asosiy parametrlarni aniglash
imkonini beradi. Bu model keyingi bo‘limlarda tuprogning kanalga qayta to‘kilishi
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hamda galamchaning vertikal barqarorligini baholash uchun nazariy asos bo‘lib xizmat
giladi.

4. Tuprogning kanalga qayta to‘kilishi nazariyasi. Qalamcha ekish
texnologiyasida muhim agrotexnik talablardan biri galamchaning kanalga
tushirilgandan keyin vertikal holatini saglab qolish hisoblanadi. Bunda zichlash
g‘ildiraklari yetib kelgunga gadar kanal devorlaridan ma’lum miqdorda tuprogning
gayta to‘kilishi muhim ahamiyatga ega. Qayta to‘kilgan tuproq qalamcha atrofida
vaqtinchalik tayanch muhit hosil qilib, uning og‘ib ketish ehtimolini kamaytiradi.

Parabolik ishchi organ tuprogni ikki tomonga surib chigaradi va kanal devorlari
ma’lum qiyalik ostida shakllanadi. Kanal devorining mahalliy qiyaligi parabolik
sirtning birinchi hosilasi orgali aniglanadi:

tan a = Z—)Z( = 2aX , (10)
bu yerda a — parabola koeffitsienti, m™; X — gorizontal koordinata, m.
Ushbu tenglamaga ko‘ra kanal markazidan uzoqlashgan sari devor qiyaligi oshib
boradi.

4.1. Tuprogning gayta to‘kilishi sharti. Kanal devorida joylashgan tuproq
elementiga og‘irlik kuchi G=mg, normal reaksiya N va ishqalanish kuchi Fy ta’sir
giladi.

Tuprogning siljishga garshi garshiligi:
Fr = N tan ¢, (11)
bu yerda ¢ — tuprogning ichki ishgalanish burchagi.

Qiyalik bo‘ylab harakatga keltiruvchi og‘irlik kuchi proeksiyasi:

Gi=mgsina. (12)

Normal bosim:

N=mgcosa. (13)

Tuprogning kanal ichiga siljishi uchun harakatlantiruvchi kuch ishgalanish kuchidan
katta bo‘lishi lozim:

mgsina > mgcosa. (14)
Soddalashtirishdan keyin:
tana > tang (15)
yoki
a> @ (16)

shart kelib chigadi.
Bu shart tuproq qayta to‘kilishi nazariyasining asosiy tenglamasi hisoblanadi.

1.80
1.35

0.90

2aX va tan@ qiymatlari

0.45

0 0.01 0.02 0.03 0.04 0.05
X, m
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2-rasm. Parabolik ishchi organ sirti bo‘ylab tuproqning kanalga qayta tushish
shartining grafik talgini.
a=8, 12 va 16 m! giymatlarda 2aX funksiyalari hamda tuprogning ichki
ishgalanish burchagiga mos tan¢@ = 0.577 chizig‘i keltirilgan. Chiziglarning
kesishish nugtalari kritik koordinatalarni tashkil qgilib, ular mos ravishda X.=0.036,
0.024 va 0.018 m ga teng. Parabola koeffitsienti ortishi bilan tuprogning kanalga gayta
tushishi ertarog boshlanishi kuzatiladi.
4.2. Parabolik ishchi organ uchun qayta to‘kilish sharti. (10) va (16)
tenglamalarni birlashtirsak:
2aX > tang (17)
hosil bo‘ladi.
Ushbu tenglama parabolik ishchi organ parametrlari bilan tuprogning gayta
to‘kilishi o‘rtasidagi bog‘lanishni ifodalaydi.
Tenglama (17) dan gayta to‘kilish boshlanadigan kritik koordinata aniglanadi:

Xer = tC;TCll(p. (18)
bu yerda X, — kanal devorida tuprogning siljishi boshlanadi gan kritik nuqta.
Agar
X > X, (19)

bo‘lsa, tuproq massasi kanal ichiga gayta tushadi.

4.3. Qayta to‘kilgan tuproq hajmini baholash. Kanal hosil gilish jarayonida
chigarilgan umumiy tuproq hajmi X, bo‘lsin. Uning ma’lum gismi kanalga qayta
tushadi:

Ve =1 Vep, (20)
bu yerda V. — kanalga gayta tushgan tuprog hajmi; V., — kanaldan chigarilgan
umumiy tuproqg hajmi; n — gayta to‘kilish koeffitsienti (0<n <1)).

Qayta to‘kilgan tuproq qalamchani vertikal holatda ushlab turishi uchun uning hajmi
minimal talab qilinuvchi hajmdan kichik bo‘lmasligi kerak:

Vi 2 Viin (21)
yoki
n Vch = Vmin’ (22)
bu yerda V,,;,, — qalamcha atrofida hosil bo‘lishi lozim bo‘lgan minimal tayanch
tuproq hajmi.
4.4. Nazariy tahlil. Tenglama (17) dan ko‘rinib turibdiki, tuprogning kanalga
qayta to‘kilishi asosan ikki omilga bog‘liq:

« parabola koeffitsienti a;

« tuprogning ichki ishgalanish burchagi ¢.

a giymati ortishi bilan kanal devorlari tiklashadi va 2aX qiymati ortadi. Natijada
tuprogning kanalga gayta tushishi osonlashadi. Aksincha, a qiymati kichik bo‘lganda
kanal devorlari yotiq bo‘lib qoladi va tuprogning qayta to‘kilishi kamayadi.

Shunday qilib, parabolik ishchi organning geometrik parametrlarini tanlashda

2aX 0y > tang (23)
sharti ta’minlanishi lozim. Ushbu shart bajarilganda kanal devorlaridan tuprogning
boshqgariladigan miqdorda qayta to‘kilishi ta’minlanadi va qalamcha zichlash
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g‘ildiragigacha bo‘lgan masofada vertikal holatini saqlab qoladi. Bu tenglama mazkur
tadgigotning asosiy nazariy natijalaridan biri hisoblanadi.

5. Eksperimental tadqgiqgotlar. Parabolik U-shaklli ishchi organning texnologik
va agrotexnik ko‘rsatkichlarga ta’sirini baholash maqsadida ko‘p omilli eksperimental
tadqiqotlar o‘tkazildi. Tadqiqotlarda ishchi organning geometrik parametrlari hamda
ish rejimi ko‘rsatkichlarining ekish sifatiga ta’siri o‘rganildi.

Eksperimentlarda mustagil omillar sifatida agregat harakat tezligi V, ish chuqurligi
h va parabola koeffitsienti aaa gabul gilindi. Ushbu omillar kanal geometriyasi hamda
galamchaning joylashish sifatiga bevosita ta’sir ko‘rsatadi.

5.1. Parabola koeffitsientining kanal parametrlari va galamcha vertikalligiga
ta’siri. Tajribalarda harakat tezligi V=1.2 m/s va ish chuqurligi h=0.20 m o‘zgarmas
saglanib, parabola koeffitsienti aaa o‘zgartirildi. Kanal kengligi, qalamcha og‘ish
burchagi va vertikallik koeffitsienti aniglandi.

Tajriba natijalari shuni ko‘rsatdiki, parabola koeffitsientining ortishi bilan kanal
kengligi kamayib bordi. Bu holat nazariy jihatdan olingan Xm.x=Ha tenglamaga mos

keladi.
1-jadval.
Parabola koeffitsientining ekish sifatiga ta’siri
1 8 118 200 9.8 0.985
2 10 104 200 7.2 0.992
3 12 92 200 4.8 0.996
4 14 84 200 3.9 0.998
5 16 78 200 5.7 0.995

a=8+10 m! giymatlarda kanal kengligi nisbatan katta bo‘lib, kanal devorlaridan
tuprogning gayta to°kilishi yetarli darajada kuzatilmadi. Natijada galamchalarning
vertikal holatdan og‘ishi 7-10° atrofida bo‘ldi.

Parabola koeffitsienti a=12+14 m™' bo‘lganda kanal devorlari giyaligi oshdi va
tuprogning kanalga boshgarilgan gayta to‘kilishi ta’minlandi. Bu holatda galamcha
og‘ish burchagi minimal giymatgacha kamayib, vertikallik koeffitsienti eng yuqori
giymatga yetdi. a=16 m™! da esa kanal haddan tashqgari tor shakllandi va tuproq
ogimining bargarorligi pasayishi hisobiga galamcha og‘ish burchagi biroz ortdi.

Tajriba natijalariga ko‘ra, parabolik ishchi organ uchun ratsional giymat
a=12-14 m™! oralig‘ida joylashadi. Ushbu diapazonda kanal geometriyasi bargaror
shakllanadi, tuprogning gayta to‘kilishi ta’minlanadi va qalamchaning vertikal
joylashish sifati yugori bo‘ladi.

NATIJALAR VA MUHOKAMA

Parabolik U-shaklli ishchi organning ishlash samaradorligi an’anaviy ganotli
okuchnik bilan tagqoslandi. Tahlil natijalari shuni ko‘rsatdiki, oddiy okuchnikda
ochilgan kanal kengroq va devorlari begaror bo‘lgani sababli tuprogning gayta tushishi
nazoratsiz kechadi. Bu esa galamchaning og‘ishiga va kanal shaklining buzilishiga olib
keladi.
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Parabolik U-shaklli ishchi organda esa tuproq zarrachalari sirt bo‘ylab tartibli
harakatlanib, tor va bargaror kanal hosil giladi. Kanal devorlarining parabolik shakli
tuprogning ma’lum gismini kanalga gayta tushishini ta’minlaydi va galamchaning
zichlash g‘ildiragigacha vertikal holatini saglab turishga yordam beradi.

2-jadval.
Ishchi organlar ko‘rsatkichlarining taqqoslanishi
Ko‘rsatkich Oddiy okuchnik  Parabolik U-shaklli ishchi organ
Kanal bargarorligi O‘rtacha Yugori
Tuprogning gayta tushishi Notekis Boshqgarilgan
Qalamcha og‘ish burchagi, ° 8-12 3-5
Vertikallik koeffitsienti Kv 0.985-0.990 0.996-0.998
Tortish garshiligi, kN 1.18 1.05

Olingan natijalar parabolik U-shaklli ishchi organ qo‘llanilganda kanal
geometriyasi bargaror shakllanishini, galamchaning vertikal joylashish sifati
yaxshilanishini va tortish garshiligi 10—12 % gacha kamayishini ko ‘rsatdi. Bu esa taklif
etilgan konstruksiyaning galamcha ekish jarayoni uchun texnologik jihatdan magbul
ekanligini tasdiglaydi.

XULOSALAR

1. Qalamcha ekish jarayoni uchun parabolik U-shaklli ishchi organ konstruksiyasi
ishlab chiqildi. Taklif etilgan konstruksiya bir o‘tishda kanal ochish, galamchani
tushirish va tuprogni qoplash operatsiyalarini bajarish imkonini beradi.

2. Ishchi organning ko‘ndalang kesimi parabolik qonuniyat asosida Z=aX?
tenglama bilan ifodalandi hamda kanal geometriyasi, yarim kengligi va sirt egrilik
radiusi o‘rtasidagi analitik bog‘lanishlar aniqlandi.

3. Nazariy tahlil natijalariga ko‘ra, kanal devorining mahalliy qiyalik burchagi
tuprogning ichki ishqgalanish burchagidan katta bo‘lganda 2aX > tang kanaldan
chiqarilgan tuprogning ma’lum qismi kanalga gayta tushishi ta’minlanishi aniqlandi.

4. Kanalga gayta tushgan tuprog galamcha atrofida dastlabki tayanch muhit hosil
qilib, uning zichlash g‘ildiragigacha bo‘lgan masofada vertikal holatini saglashga
xizmat qilishi nazariy jihatdan asoslandi.

5. Eksperimental tadgigotlar natijalari parabola koeffitsientining a=12+14 m™!
diapazonida kanal geometriyasi barqaror shakllanishi, qalamcha og‘ish burchagining
3-5° gacha kamayishi va vertikallik koeffitsientining Kv=0.996+0.998 giymatlarga
yetishi ta’minlanishini ko‘rsatdi.

6. Oddiy okuchnik bilan tagqoslaganda parabolik U-shaklli ishchi organ kanal
bargarorligini oshirishi, tuprogning gayta tushish jarayonini yaxshilashi, galamchaning
vertikal joylashish sifatini oshirishi va tortish garshiligini 10-12 % ga kamaytirishi
aniglandi.

Umuman olganda, taklif etilgan parabolik U-shaklli ishchi organ galamchalarni
belgilangan chuqurlikda va vertikal holatda ekish sifatini oshirishga xizmat giladi
hamda galamcha ekish jarayonini mexanizatsiyalash uchun samarali konstruktiv
yechim hisoblanadi.
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Abstract. This study compared the effects of infrared (IR) drying and freeze-
drying (lyophilization) on the quality parameters of three strawberry cultivars:
Malwina, Portola, and San Andreas. Fresh strawberries were subjected to IR drying
at 60°C for 8 hours and freeze-drying at -70°C for 52 hours. Quality parameters
including moisture content, vitamin C, total carbohydrates, organic acids, proteins,
color (L*a*b*), and antioxidant activity were evaluated. The results showed that
freeze-drying preserved significantly higher levels of vitamin C (92.5-94.2%), organic
acids (89.2-92.0%), and antioxidants (90.5-93.1%) compared to IR drying (vitamin C:
68.3-72.5%; organic acids: 71.4-75.8%; antioxidants: 70.2-74.6%). However, IR
drying required substantially less time (8 hours vs. 52 hours) and consumed less energy.
Among cultivars, Malwina showed the best nutrient retention under both drying
methods. Infrared drying at 60°C is recommended for rapid, energy-efficient
processing, while freeze-drying is preferred when maximum nutrient preservation is
required.

Keywords: Strawberry; infrared drying; freeze-drying; lyophilization; cultivar
comparison; nutrient retention; Malwina; Portola; San Andreas; antioxidant activity.

Annotatsiya. Ushbu tadgigotda uchta qulupnay navi — Malwina, Portola va San
Andreasning sifat ko'rsatkichlariga infragizil (1Q) quritish va sublimatsion quritish
(liofilizatsiya) usullarining ta'siri giyoslandi. Yangi qulupnaylar 60°C haroratda 8
soat davomida 1Q quritishga va -70°C haroratda 52 soat davomida sublimatsion
quritishga duchor gilindi. Namlik miqgdori, S vitamini, umumiy uglevodlar, organik
kislotalar, ogsillar, rang (L*a*b*) va antioksidant faollik kabi sifat ko'rsatkichlari
baholandi. Natijalar shuni ko'rsatdiki, sublimatsion quritish 1Q quritishga nisbatan
sezilarli darajada yuqori darajadagi S vitaminini (92.5-94.2%), organik kislotalarni
(89.2-92.0%) va antioksidantlarni (90.5-93.1%) saglab qgolgan (IQ quritishda: S
vitamini — 68.3-72.5%; organik kislotalar — 71.4-75.8%; antioksidantlar — 70.2—
74.6%). Birog, 1Q quritish sezilarli darajada kamroq vagt (52 soatga nisbatan 8 soat)
talab gilgan va kamroq energiya sarflagan. Navlar orasida Malwina ikkala quritish
usulida ham eng yaxshi ozuga moddalarini saglash ko'rsatkichini namoyish etdi. 60°C
haroratdagi infraqizil quritish tez va energiya tejamkor gayta ishlash uchun tavsiya
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etiladi, sublimatsion quritish esa maksimal ozuga moddalarini saglash talab etilganda
afzal ko'riladi.

Kalit so'zlar: qulupnay; infraqgizil quritish; sublimatsion quritish; liofilizatsiya;
navlarni giyoslash; ozuga moddalarini saglash; Malwina; Portola; San Andreas;
antioksidant faollik.

Annomauusn. B 0aHHOM UCCIe008AHUU CPABHUBAIOCH BIUAHUE UHDPAKPACHOU
(UK) cywku u cyoaumayuounHou cywku (nmuoguiuzayuu) Ha KavecmeeHHbvle
noxkazamenu mpex copmog kayonuxu. Malwina, Portola u San Andreas. Ceedrcas
Kk1yoruxka noogepeanace MK-cywxe npu memnepamype 60°C 6 meuenue 8 uacos u
cyonumayuonHot cyuke npu memnepamype -70°C 6 meuenue 52 uacos. Oyerusanucs
maxue KawecmeeHHble napamempwvl, Kax cooepoicanue erazu, sumamur C, odbwue
Venegoosl, opearuueckue Kuciomwl, Oenku, ysem (L*a*b*) u ammuoxcudanmmuas
akmusHocmo. Pezynemamvr nokazanu, umo cyoOIUMAYUOHHAS CYUIKA COXPAHUILA
3HauumenvHo 0Oonee evicokue yposuu eumamuna C (92.5-94.2%), opeanuueckux
kuciom (89.2-92.0%) u aumuoxcuoanmos (90.5—-93.1%) no cpasuernuio ¢ UK-cywxoii
(eumamun C: 68.3—72.5%, opeanuueckue kucromol. 71.4—75.8%, anmuoxcuoanmol:
70.2-74.6%). Oomnaxo HUK-cywxa mpebosanra cywecmeeHHo MmeHbuie epemenu (8
yacos npomus 52 uacog) u nompebasina menvuie snepeuu. Cpeou copmos Malwina
NnoKazana Hauiyuuiee COXpaHeHue NUmMamenbHblX Gewecms npu 000uUx Memooax
cywku. Hugpaxpacnas cywxa npu 60°C  pexkomenoyemcs 011 Oblcmpoll u
SHEpPeoIhexmuenoll nepepabomku, 6 mo 6pems KAaK CYOIUMAYUOHHASL CYUKA
npeonoumumenvbHa, Ko2oa mpebyemcs MAKCUMAIbHOE COXPAHeHUe NUMAMeTbHbIX
gewecms.

Knioueevie cnosa: knyonuxa,; unHghpaxpacras cywka,; cyonumMayuorHas CyuKa,
quoguIU3AYUs, CpaBHeHUe COPMOo8; COXpaHeHue numamenvbHbvlx sewecms, Malwina,
Portola; San Andreas; anmuoxkcuoanmmuas akmuéHocme.

1. INTRODUCTION

1.1 Background. Strawberry (Fragaria x ananassa Duch.) is one of the most
widely consumed berries worldwide due to its attractive red color, pleasant aroma, high
nutritional value, and various health-promoting properties. Strawberries are rich in
essential nutrients including carbohydrates (glucose, fructose, and sucrose), organic
acids (citric, malic, and succinic acids), proteins, vitamin C, and numerous phenolic
compounds with antioxidant activities (Giampieri et al., 2015; Afrin et al., 2016).

However, fresh strawberries have a very short post-harvest life (10-15 days
under refrigeration) due to their high moisture content (88-95%) and soft texture.
Therefore, various drying methods have been developed to extend the shelf life of
strawberries while preserving their nutritional quality (Kumar & Sharma, 2022).

1.2 Drying Methods for Strawberries. Among the various drying technologies,
freeze-drying (lyophilization) is widely recognized as the most advanced method for
preserving heat-sensitive fruits. Freeze-drying operates at low temperatures (-70°C to
+25°C) under vacuum conditions, which minimizes thermal degradation of nutrients.
However, freeze-drying has significant drawbacks: it is expensive, time-consuming
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(typically 48-72 hours), and has low energy efficiency (Zhao et al., 2017; Abouelenein
etal., 2021).

Infrared (IR) drying is an innovative alternative that has gained increasing
attention in recent years. Unlike conventional hot air drying, which heats the product
surface through convection, infrared radiation penetrates the food material and directly
heats its internal layers. This mechanism offers several advantages: shorter drying time
(typically 4-12 hours), higher energy efficiency, and better product quality compared
to hot air drying (Sun et al., 2024).

1.3 Cultivar Importance. Not all strawberry cultivars respond to drying in the
same way. Different cultivars have different initial chemical compositions, which
directly affects how well they retain nutrients during processing. Factors such as sugar-
to-acid ratio, fiber content, and cell wall structure vary significantly between cultivars
and influence drying kinetics and final product quality (Saridas & Paydas Kargi, 2023).

1.4 Problem Statement and Objectives. Despite the availability of individual
studies on infrared drying and freeze-drying of strawberries, there is a lack of
systematic comparative research that evaluates both methods using the same
strawberry cultivars under controlled conditions. In particular, no study has directly
compared IR drying and freeze-drying across multiple cultivars using identical quality
parameters.

Therefore, the objectives of this study were:

1. To compare the drying kinetics of infrared drying and freeze-drying for
three strawberry cultivars (Malwina, Portola, San Andreas).

2. To evaluate and compare the quality parameters (moisture, vitamin C,
carbohydrates, organic acids, proteins, color, antioxidant activity) of
strawberries dried by both methods.

3. To determine which cultivar performs best under each drying method.

4. To provide recommendations for selecting the appropriate drying method
based on specific quality requirements.

2. MATERIALS AND METHODS
2.1 Plant Materials. Three strawberry (Fragaria x ananassa Duch.) cultivars
were used in this study:
I. Malwina: Late-fruiting variety, very sweet and fragrant, disease-resistant
(Cornell University, 2014)
n. Portola: Cross between "Cal 97.93-7" and "Cal 97.209-1", bred in 2001
(Shaw & Larson, 2009)
ni. San Andreas: Day-neutral variety, very firm, sweet, and aromatic fruits
(Saridas & Paydas Kargi, 2023)
The fruits were hand-picked at full ripeness, transported to the laboratory within
2 hours, and stored at 4°C until processing.
2.2 Sample Preparation. Strawberries were washed with distilled water, gently
dried with paper towels, and the calyx and stem were removed. The fruits were then
sliced into uniform 4 mm thick slices using a stainless steel slicer.
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2.3 Infrared Drying. Infrared drying was performed using a laboratory-scale
infrared dryer (IR-3000, LabTech, USA) equipped with medium-wave infrared lamps
(wavelength: 2.5-4.0 um). Strawberry slices (4 mm thickness) were placed in a single
layer on the drying tray. The drying conditions were as follows:

Table 1.
Drying temperature 60°C
Infrared power 500 W
Distance between lamp and sample 15 cm
Air velocity 1.0 m/s
Total drying time 8 hours

Samples were weighed every 30 minutes during the first 2 hours, then every hour
until constant weight was achieved.

2.4 Freeze-Drying (Lyophilization). Freeze-drying was performed using a
laboratory-scale lyophilizer (Labconco FreeZone, Kansas City, MO, USA). Strawberry
slices (4 mm thickness) were pre-frozen at -40°C for 12 hours, then subjected to freeze-
drying under the following conditions:

Table 2.
Parameter  valee |
Chamber pressure 0.081 mbar
Condenser temperature -70°C
Primary drying time 52 hours
Secondary drying temperature +25°C

2.5 Determination of Initial Dry Matter. To determine initial moisture content,
approximately 100 g of fresh strawberry slices from each cultivar were dried in a
conventional oven at 105°C for 24 hours until constant weight (AOAC International,
2019).

2.6 ANALYTICAL METHODS

2.6.1 Moisture Content

Moisture content was determined using the oven drying method (105°C, 24
hours). Moisture percentage was calculated as:

Moisture (%) = [(W1 - W2) / W4] x 100
where W1 = initial weight, W2 = weight after drying.

2.6.2 Vitamin C Content

Vitamin C (ascorbic acid) content was determined using the 2,6-
dichlorophenolindophenol (DCPIP) titration method. Five grams of strawberry powder
was mixed with 50 mL of 3% metaphosphoric acid, homogenized, and filtered. The
filtrate was titrated with DCPIP solution until a pink color persisted. Results were
expressed as mg ascorbic acid per 100 g fresh weight.

2.6.3 Total Carbohydrates
Total carbohydrate content was determined using the phenol-sulfuric acid method.
Absorbance was measured at 490 nm using a UV-Vis spectrophotometer. Glucose was
used as the standard (AOAC International, 2019).
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2.7 Statistical Analysis. All experiments were performed in triplicate. Results
were expressed as mean * standard deviation (SD). Two-way ANOVA was used to
determine significant differences between drying methods and cultivars. Tukey's post-
hoc test was applied for multiple comparisons (p < 0.05). Statistical analyses were
performed using SPSS software (version 26.0, IBM Corporation).

3. RESULTS

3.1 Drying Kinetics. The total drying time for infrared drying was 8 hours for
all cultivars, while freeze-drying required 52 hours.

During infrared drying, moisture content decreased rapidly during the first 3
hours (from approximately 90% to 45%), followed by a slower reduction phase.
Malwina showed the fastest drying rate among the three cultivars, reaching final
moisture below 5% after 7.5 hours. Portola required the longest drying time (8 hours)
due to its higher initial moisture content (91.5%).

For freeze-drying, all cultivars reached final moisture below 4% after 52 hours
with no significant differences among cultivars.

Table 3. Drying parameters for both methods

Parameter Infrared drying Freeze-drying
Total drying time 8 hours 52 hours
Temperature 60°C -70°C to +25°C
Final moisture (Malwina) 4.2 £ 0.3% 3.2+0.2%
Final moisture (Portola) 4.8 £ 0.4% 3.8+0.3%
Final moisture (San 4.5+ 0.3% 3.5+0.2%
Andreas)

3.2 Initial Composition of Fresh Cultivars
The initial composition of fresh strawberry cultivars is presented in Table 4
Significant differences were observed among cultivars for all parameters.
Table 4. Initial composition of fresh strawberry cultivars (mean = SD, n=3)

Parameter Malwina  Portola San Andreas
Moisture (%) 89.2+03 915+04 90.1+0.3
Vitamin C (mg/100g) 586+15 523+1.2 62.4+1.8
Total carbohydrates (%) 8.2+0.2 6.8+0.1 75%0.2
Organic acids (mg%o) 524+15 58.6+1.8 67.8+2.0
Proteins (%) 0.78 +0.04 0.62 +0.03 0.71 £0.03
L* (lightness) 385+£05 362+04 37.8+£0.5

a* (redness) 324+06 351+05 342 +0.6

b* (yellowness) 186+04 19.2+0.3 189+04
Antioxidant activity (%) 856+12 789+15 823+1.3

3.3 Quality Comparison: Infrared vs. Freeze-Drying
The quality parameters of strawberries dried by both methods are compared in Table
5.
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Table 5. Quality parameters of dried strawberries by method and cultivar (mean +
SD, n=3)

Parameter

Cultivar

Infrared

drying Freeze-drying

70°C, 52h

(_

Moisture (%) Malwina 4.2+0.3 3.2+0.2
Portola 48+04 3.8+0.3
San Andreas 45+0.3 35+£0.2
Vitamin C (mg/100g) Malwina 425+1.2 55.2+1.0
Portola 35.8x+1.0 495+0.9
San Andreas 452+1.3 588+ 1.1
Carbohydrates (%) Malwina 528+ 1.5 52415
Portola 482+1.2 486+1.2
San Andreas 495+1.3 50.3+1.3
Organic acids (mg%o) Malwina 385+1.0 482+1.2
Portola 425+1.2 51.4+15
San Andreas 485+1.4 60.5+1.8
Proteins (%) Malwina 42+0.2 51+0.3
Portola 3.5+0.2 42+0.2
San Andreas 3.8+£0.2 48+0.2
L* Malwina 425+0.6 524 +0.5
Portola 40.2+0.5 50.8+0.4
San Andreas 41.5+05 51.6 +0.5
a* Malwina 185+0.4 242+0.4
Portola 20.2+0.4 26.5+0.4
San Andreas 195+04 25.8+0.4
Antioxidant activity (%) Malwina 625+15 79.8+1.2
Portola 55.8+1.3 715+14
San Andreas 50.2+14 76.2+1.3
Parameter Cultivar Infrared drying Freeze-drying (-
(60°C, 8h) 70°C, 52h)

3.4 Nutrient Retention Comparison. Table 6 presents the nutrient retention
percentages for both drying methods.

Table 6. Nutrient retention (%) by method and cultivar

2

62

1<

Nutrient Cultivar Infrared drying Freeze-drying
Malwina 725+15 942+1.0
Vitamin C Portola 68.3+1.2 945+1.1
San Andreas 723+1.4 94.0+1.0
Malwina 89.2+1.2 895+1.2
Carbohydrates Portola 86.1+1.3 86.2+1.5
San Andreas 88.0+14 88.5+1.3
Malwina 735+1.2 92.0+1.0
Organic acids Portola 725+1.3 87.7+1.3
San Andreas 715+14 89.2+1.2
Malwina 885+15 915+1.1
Proteins Portola 85.2+1.4 88.7+1.2
San Andreas 86.5+1.3 90.2+1.0
Antioxidant activity = Malwina 73.0x+16 93.1+1.2
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Nutrient Cultivar Infrared drying Freeze-drying
Portola 708+ 14 90.5+1.3
San Andreas 72015 925+1.2
Nutrient Cultivar Infrared drying Freeze-drying
Vitamin C Malwina 725215 942+1.0

3.5 Summary of Results

v Freeze-drying preserved significantly higher levels of vitamin C (94.0-94.5%),
organic acids (87.7-92.0%), and antioxidant activity (90.5-93.1%) compared to
infrared drying.

v Infrared drying required substantially less time (8 hours vs. 52 hours) and
showed good preservation of carbohydrates (86.1-89.2%) and proteins (85.2-
88.5%).

v Malwina cultivar consistently showed the best nutrient retention under both
drying methods.

v Color parameters (L, a) were better preserved by freeze-drying (higher
lightness and redness values).

4. DISCUSSION

4.1 Drying Kinetics. The total drying time for infrared drying (8 hours) was
significantly shorter than for freeze-drying (52 hours). This difference is explained by
the fundamental mechanisms of each method. Infrared radiation directly penetrates the
food material and generates heat within the product, accelerating water evaporation
from both surface and internal layers. In contrast, freeze-drying relies on sublimation
of ice under vacuum, which is inherently slower (Sun et al., 2024; Zhao et al., 2017).

4.2 Vitamin C Retention. Vitamin C is highly sensitive to heat and oxidative
degradation. Freeze-drying preserved 94.0-94.5% of vitamin C across all cultivars,
while infrared drying preserved only 68.3-72.5%. This significant difference
(approximately 22-26% higher retention in freeze-drying) is attributed to the low-
temperature conditions of lyophilization. During infrared drying at 60°C, vitamin C
degradation occurs through both thermal and oxidative pathways (Abouelenein et al.,
2021).

Among cultivars, San Andreas showed the highest vitamin C retention under
infrared drying (72.3%), likely due to its higher initial vitamin C content (62.4 mg/100g)
and firmer tissue structure that may provide better protection against thermal
degradation.

4.3 Organic Acid Retention. Organic acids (citric, malic, succinic) are also heat-
sensitive. Freeze-drying showed superior retention (87.7-92.0%) compared to infrared
drying (71.5-73.5%). The 15-20% difference in organic acid retention between
methods is consistent with previous studies (Giampieri et al., 2015).

Interestingly, Malwina showed the highest organic acid retention under freeze-
drying (92.0%) despite having the lowest initial organic acid content (52.4 mg%). This
suggests that factors beyond initial concentration, such as the specific composition of
organic acids or their binding within cell structures, influence retention.
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4.4 Carbohydrate and Protein Retention. For carbohydrates and proteins, the
differences between drying methods were smaller (approximately 2-3% higher
retention in freeze-drying). Both methods showed excellent retention for these
nutrients (carbohydrates: 86.1-89.5%; proteins: 85.2-91.5%). This indicates that
carbohydrates and proteins are more stable under thermal processing compared to
vitamins and organic acids (Kumar & Sharma, 2022).

4.5 Color Preservation. Freeze-dried strawberries had significantly higher L*
(lightness) and a* (redness) values compared to infrared-dried samples. The higher
redness (a*) in freeze-dried samples (24.2-26.5 vs. 18.5-20.2) indicates better
preservation of anthocyanins, the pigments responsible for strawberry's red color.
Anthocyanins degrade rapidly at temperatures above 50°C, explaining their better
preservation during freeze-drying (Saridas & Paydas Kargi, 2023).

4.6 Antioxidant Activity. Antioxidant activity followed a similar pattern to vitamin
C retention. Freeze-drying preserved 90.5-93.1% of antioxidant activity, while infrared
drying preserved 70.8-73.0%. The strong correlation between vitamin C content and
antioxidant activity (r = +0.89, p < 0.05) suggests that vitamin C is a major contributor
to the antioxidant capacity of strawberries.

4.7 Cultivar Performance. Malwina consistently showed the best nutrient
retention under both drying methods. This cultivar had the lowest initial moisture
content (89.2%), highest initial carbohydrate (8.2%) and protein (0.78%) levels, and
firm fruit texture. These characteristics likely contributed to better structural integrity
during drying and reduced nutrient loss (Cornell University, 2014; Saridas & Paydas
Kargi, 2023).

Portola showed the lowest nutrient retention under both methods, consistent with its
high initial moisture (91.5%) and low initial nutrient levels.

4.8 Practical Implications. For applications where maximum nutrient
preservation is critical (e.g., functional foods, nutraceuticals, infant foods), freeze-
drying is recommended despite its higher cost and longer processing time.

For applications where processing speed and energy efficiency are priorities
(e.g., large-scale industrial production, snack foods), infrared drying at 60°C is
recommended as it provides acceptable nutrient retention (68-89% depending on
nutrient) with substantial time savings.

For both methods, Malwina cultivar is recommended as it consistently
outperformed Portola and San Andreas.

5. CONCLUSION

This study compared the effects of infrared drying (60°C, 8 hours) and freeze-
drying (-70°C, 52 hours) on the quality parameters of three strawberry cultivars:
Malwina, Portola, and San Andreas.

The main conclusions are:

1. Freeze-drying is superior for nutrient preservation— It retained
significantly higher levels of vitamin C (94.0-94.5%), organic acids (87.7-92.0%), and
antioxidant activity (90.5-93.1%) compared to infrared drying (vitamin C: 68.3-72.5%;
organic acids: 71.5-73.5%; antioxidants: 70.8-73.0%).
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2. Infrared drying is faster and more energy-efficient — It required only 8
hours compared to 52 hours for freeze-drying, with good retention of carbohydrates
(86.1-89.2%) and proteins (85.2-88.5%).

3. Malwina is the best-performing cultivar — This cultivar showed the highest
nutrient retention under both drying methods, likely due to its low initial moisture
content, high initial nutrient levels, and firm fruit texture.

4. Cultivar selection matters — Portola, with the highest initial moisture and
lowest nutrient levels, consistently showed the lowest retention under both methods.

5. Method selection depends on application — Freeze-drying is recommended
for maximum quality (functional foods, premium products), while infrared drying is
recommended for rapid, cost-effective processing (snack foods, large-scale
production).
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UDK 631.563:681.5
MEVA-SABZAVOT OMBORLARIDA YORUG‘LIK DATCHIKLARINING
SIMULYATSIYASI: SAQLASH VA QAYTA ISHLASH JARAYONLARIDA
AVTOMATLASHTIRILGAN BOSHQARUYV TAHLILI

M.N.Rajabov?,
M.Yo‘ldoshev?
1.Katta o‘qituvchi. Qarshi Davlat Texnika Universiteti, Qarshi sh., O‘zbekiston.
2. Talaba. Qarshi Davlat Texnika Universiteti, Qarshi sh., O‘zbekiston.

Annotatsiya. Maqola meva-sabzavot omborlarida yorug ‘lik datchiklarining
simulyatsiyasi va real vaqt monitoringi orgali avtomatlashtirilgan boshgaruv
imkoniyatlarini tahlil giladi. MATLAB R2023a muhitida ishlab chigilgan simulyatsiya
tizimi saglash sharoitida (50-100 lux, £5% xatolik) va gayta ishlash jarayonida (200—
500 lux, £10% xatolik) yorug ‘lik o ‘lchoviarining aniqligini baholaydi. Real vagt
monitoringi 10 soniyalik tsiklda 0—150 lux oralig ‘ida yorug ‘likni kuzatib, chegaradan
yuqori (100 lux) holatlarda ogohlantirish beradi. Natijalar: o ‘Ichov xatoligi saqlashda
4,82%, gayta ishlashda 9,24% ni tashkil etdi, monitoring tizimi bargaror boshgaruvni
ta’minladi. Tadgigot meva-sabzavot mahsulotlarini (uzum va anor misolida) saqlash
va gayta ishlash jarayonlarini avtomatlashtirish orgali samaradorlikni oshirishga
xizmat giladi.

Kalit so‘zlar: yorug lik datchiklari, meva-sabzavot omborlari, saglash, gayta
ishlash, simulyatsiya, real vagt monitoringi, avtomatlashtirilgan boshgaruv, MATLAB.

Annomauyus. B cmamuve AHAUZUPYIOMCSL 803MOIACHOCMU
ABMOMAMUZUPOBAHHO20 YNPABIEHUS HA CKAAOAX XPAHEHUs ()PYKMO8 u ogoujeli ¢
HOMOWBIO MOOEIUPOBAHUS PAOOMbL OAMYUKO8 OCEEUEHHOCU U MOHUMOPUH2A 8
pedicume peanvrozo epemeru. Cucmema MoOerupo8anus, paspabomannas 8 cpeoe
MATLAB r2023a, nozeonsem oyenums MOYHOCMb UBMEPEHUS OCBEUEHHOCU 8
yenosusx xpanerus (50—100 aroke, noepewnocms £5 %) u 60 epems oopabomku (200—
500 noxc, noepewnocmv 10 %). Monumopune 6 pesicume peanvbHO20 6pemeHU
omcnedcusaem ocgewyeHHocms 6 ouanazorne om () 0o 150 noxc ¢ 10-cexyHOHbLM
YUKTIOM, Npeodynpexcoas o0 npesvluleHuu nopo2osoco 3Havenus (100 noxc).
Pezynomamei: noepewnocms uzmepenuil npu xpameHuu cocmasuna 4,82 %, npu
oopabomke — 9,24 %, cucmema moHumopuHea obecneuuna cmadbuibHoe ynpasieHue.
Uccneoosanue  muanpasneno Ha  nosvluieHue  3pgekmusHocmu  3a - cuem
ABMOMAMU3AYUU NPOYECCco8 XPaHeHusi U 00pabomku ni00008OWHOU NPOOYKYuu (Ha
npumepe 6UHO2pPaoa U paHama,).

Kntouesvie cnosa: ceemogvle Oamuuku, XpaHenue QpyKmo8 u osowel,
XpaueHue, 06pabomka, MOOeIUPoOsanue, MOHUMOPUHS 8 PENCUME PEATIbHO20 8PEMEH,
asmomamusupoganroe ynpaegnenue, MATLAB.

Abstract. The article analyzes automated control capabilities in fruit and
vegetable warehouses through simulation of light sensors and real-time monitoring. A
simulation system developed in the MATLAB r2023a environment assesses the
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accuracy of light measurements under storage conditions (50-100 lux, £5% error) and
during processing (200-500 lux, £10% error). Real-time monitoring monitors light in
the 0-150 lux Range in a 10-second cycle, providing warning in cases above the
threshold (100 lux). Results: measurement error was 4.82% in storage, 9.24% in
processing, the monitoring system provided stable management. The study serves to
increase efficiency by automating the processes of storage and processing of fruit and
vegetable products (on the example of grapes and pomegranate).

Keywords: light sensors, fruit and vegetable storage, storage, processing,
simulation, real-time monitoring, automated control, MATLAB.

KIRISH

Meva-sabzavot mahsulotlarini saqlash va qayta ishlashda yorug‘lik sharoitlarini
to‘g‘ri boshqgarish mahsulot sifatini saglash va saglanish muddatini uzaytirishda muhim
ahamiyatga ega [1]. Yorug‘lik intensivligi mahsulotlarning biologik faolligiga ta’sir
giladi, aynigsa uzum va anor kabi nozik mahsulotlar uchun optimal yorug‘lik darajasi
(saglashda 50-100 lux, gayta ishlashda 200-500 lux) zarur [2]. Avtomatlashtirilgan
boshqaruv tizimlari real vaqt rejimida yorug‘likni monitoring qilish va boshqarish
imkonini berib, jarayonlarni optimallashtirish va samaradorlikni oshirishda muhim rol
o‘ynaydi [3]. Ushbu maqola MATLAB asosida ishlab chiqilgan simulyatsiya tizimi
yordamida meva-sabzavot omborlarida (uzum va anor misolida) yorug‘lik
datchiklarining avtomatlashtirilgan boshgaruv imkoniyatlarini tahlil giladi. Tadgigot
saglash va gayta ishlash jarayonlarida yorug‘likni boshgarishning samaradorligini
oshirishga garatilgan.

Yorug‘lik intensivligi meva-sabzavot mahsulotlarining saglanish muddatiga
sezilarli ta’sir ko‘rsatadi. Saqlash sharoitlarida 50-100 lux oralig‘i uzum va anor kabi
mahsulotlar uchun optimal deb hisoblanadi, chunki bu daraja biologik faollikni
pasaytiradi va mahsulotlarning chirishini oldini oladi [1]. Qayta ishlash jarayonlarida,
masalan, gadoglash va saralash liniyalarida, 200-500 lux oralig‘i ish samaradorligini
oshirish uchun tavsiya etiladi [2]. Ragamli datchiklar, xususan, fotorezistor va
fotodiodlar, yorug‘likni o‘lchashda +5—10% xatolikka ega bo‘lib, sanoat standartlariga
mos keladi [3]. Real vagt monitoring tizimlari bargarorlik va moslashuvchanlikni
ta’minlashda muhim ahamiyatga ega [5]. Avtomatlashtirilgan boshqaruv tizimlari
meva-sabzavot omborlarida yorug‘likni boshqarish jarayonlarini soddalashtirib,
mahsulot sifatini saglashga xizmat qgiladi [4]. Ushbu tadgigot avtomatlashtirilgan
boshqaruvning afzalliklarini simulyatsiya orqali ko‘rsatishga qaratilgan.

MATERIALLAR VA METODLAR
Tadqiqgot MATLAB R2023a mubhitida simulyatsiya sifatida o‘tkazildi. Meva-
sabzavot omborlari, xususan, uzum saqlash omborlari va anor gadoglash liniyalari
misol qgilib olindi. Tadgiqot uch bosgichda amalga oshirildi:
¢ Saglash sharoitida tekshiruv: Fotorezistor asosida 50-100 lux oralig‘ida 10 ta
o‘lchov, £5% xatolik simulyatsiyasi. Ushbu bosqich uzum saqlash omborlariga
moslashtirildi.
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e Qayta ishlash jarayonida tekshiruv: Fotodiod asosida 200, 300, 400, 450, 500 lux
giymatlari, £10% xatolik simulyatsiyasi. Bu bosgich anor gadoglash liniyalariga
moslashtirildi.

e Real vagt monitoringi: 0-150 lux oralig‘ida 10 soniyalik tsiklda yorug‘lik
monitoringi, 100 lux chegaradan yuqori holatlarda ogohlantirish. Ushbu bosqgich
meva-sabzavot omborlarida mahsulot sifatini saglash uchun optimallashtirildi.

Simulyatsiya jarayonida MATLAB kodi quyidagi algoritm asosida ishlab chiqildi:

e Yorug‘lik qiymatlari tasodifiy generatsiya qilindi (rand va randn funksiyalari
orqali).

e Xatolik foizi abs(haqigiy - olchangan) / haqigiy * 100 formulasi asosida
hisoblandi.

¢ Real vagt monitoringi 1 soniyada yangilanish va ogohlantirishlar (fprintf) orqali
amalga oshirildi.

Natijalar 2D (xatolik foizi) va 3D (yorug‘lik-energiya-vaqt) grafiklar orqali
vizualizatsiya qilindi. Umumiy tahlil o‘rtacha xatolik va samaradorlikni baholash
uchun jadvallar shaklida tagdim etildi.

NATIJALAR
1. Saglash sharoitida tekshiruv. Uzum saglash omborlarida 50-100 Ilux
oralig‘ida 10 ta o‘lchov amalga oshirildi. Fotorezistor yordamida simulyatsiya qilingan
natijalar Jadval 1 da keltirilgan.
1-jadval. Uzum saqlash omboridagi yorug‘lik natijalari

ID Hagqiqiy Yorug‘lik (lux) O‘Ichangan Yorug‘lik (lux) Xatolik (%)
1 72,34 74,12 2,46
2 65,19 68,45 5,00
3 88,76 92,15 3,82
4 53,42 55,91 4,66
5 91,23 94,87 3,99
6 78,65 82,34 4,69
7 62,14 65,87 6,00
8 95,32 99,12 3,99
9 70,45 73,21 3,92
10 84,56 89,34 5,65

O‘rtacha xatolik 4,82% ni tashkil etdi, bu fotorezistorning saglash sharoitlarida
anigligini tasdiglaydi.

2. Qayta ishlash jarayonida tekshiruv. Anor gadoglash liniyalarida 200-500 lux
oralig‘ida 5 ta o‘lchov amalga oshirildi. Fotodiod yordamida simulyatsiya qilingan
natijalar 2- Jadvalda keltirilgan.

2-jadval. Anor gadoglash liniyasidagi yorug‘lik natijalari

Hagqiqiy Yorug‘lik (lux) O‘Ichangan Yorug ‘lik (lux) Xatolik (%)
200 | 218,54 9,27
300 324,12 8,04
400 442,65 10,66
450 495,23 10,05
500 542,15 8,43
E-.. 'L'E
68

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

P 2026 JUNE
I AU VOLUME 1

ISSUE 1

O‘rtacha xatolik 9,24% bo‘lib, fotodiodning yugori intensivlikdagi (200-500 lux)
yorug‘lik sharoitlarida ishonchliligini ko‘rsatdi.

3. Real vagt monitoring. Real vaqt monitoringi 10 soniyalik tsiklda 0-150 lux
oralig‘ida amalga oshirildi. Har 1 soniyada yorug‘lik qiymatlari yangilandi, 100 lux
chegaradan oshgan holatlarda ogohlantirish berildi. Quyida monitoring natijalaridan
namunalar keltirilgan:

e 4-soniyada: 87,65 lux (ogohlantirishsiz).
e 6-soniyada: 132,41 lux (ogohlantirish: “Yorug‘lik 132,41 lux — meva-sabzavot
ombori uchun chegaradan yuqori!™).
¢ O-soniyada: 112,34 lux (ogohlantirish: “Yorug‘lik 112,34 lux — meva-sabzavot
ombori uchun chegaradan yuqori!”).
Tizim barqaror ishladi, har 1 soniyada yangilanishni ta’minladi.
4. Umumiy tahlil. Simulyatsiya natijalari asosida umumiy tahlil Jadval 3 da keltirilgan.

3-jadval . Meva-sabzavot omborlari uchun umumiy tahlil natijalari

4,82 9,24
0,20 0,45
382,10 4444,44

5. Avtomatlashtirilgan boshgaruvning ahamiyati.

e Aniglik: Saqlash sharoitida xatolik 4,82%, qayta ishlashda 9,24% bo‘lib,
datchiklarning ishonchliligini tasdigladi.

e Real vaqt monitoringi: Tizim har 1 soniyada yangilanishni ta’minlab, 100 lux
chegarasidan oshgan holatlarni anigladi (masalan, 6-soniyada 132,41 lux). Bu
uzum va anor sifatini saglashda (optimal 50—100 lux) tezkor garorlar gabul gilish
imkonini berdi.

e Moslashuvchanlik: Simulyatsiya turli yorug‘lik sharoitlarida (50-500 lux)
barqaror ishladi, bu tizimning moslashuvchanligini ko‘rsatdi.

e Foydalanuvchi qulayligi: 2D (xatolik foizi) va 3D (yorug‘lik-energiya-vaqt)
grafiklar orgali vizualizatsiya boshqaruv jarayonlarini soddalashtirdi.

MUHOKAMA

Simulyatsiya natijalari fotorezistor va fotodiodlarning meva-sabzavot
omborlarida ishonchliligini tasdigladi [3]. Saglash sharoitida 4,82% xatolik uzum
saglashda gabul gilinadigan darajada ekanligini ko‘rsatdi, chunki uzum uchun optimal
yorug‘lik 50-100 lux oralig‘ida bo‘lishi kerak [1]. Qayta ishlash jarayonida 9,24%
xatolik anor gadoglash liniyalarida (200-500 lux) sanoat standartlariga mos keladi [2].

Real vagt monitoringi tizimi 1 soniyalik yangilanish tezligi bilan bargaror ishladi,
bu meva-sabzavot saglash va gayta ishlashda muhim afzallik beradi [5]. Monitoring
tizimi 100 lux chegarasidan oshgan holatlarni aniqlab, mahsulotlarning yorug‘lik
ta’siridan zarar ko‘rishini oldini olishga xizmat qildi. Kelajakda tizimni [oT
integratsiyasi va qo‘shimcha sensorlar (namlik, harorat) bilan rivojlantirish mumkin.
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MATLAB asosida ishlab chigilgan simulyatsiya tizimi meva-sabzavot
omborlarida yorug‘lik datchiklarining avtomatlashtirilgan boshqaruv imkoniyatlarini
ko‘rsatdi. O‘rtacha xatolik saqlashda 4,82%, qayta ishlashda 9,24% ni tashkil etdi. Real
vagt monitoringi 1 soniyada yangilanish va ogohlantirishlar (masalan, 132,41 lux da
ogohlantirish) orqali tezkor boshqaruvni ta’minladi. Tizim uzum va anor sifatini
saglash va gayta ishlash samaradorligini oshirishda muhim ahamiyatga ega bo‘ldi.
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Annotatsiya. Mazkur maqolada qishlog xo ‘jaligida elektr traktorlardan
foydalanishning texnik, igtisodiy va ekologik jihatlari tahlil gilingan. Elektr energiyasi
asosida ishlovchi zamonaviy traktorlarning tuzilishi, ishlash prinsipi, asosiy texnik
ko ‘rsatkichlari hamda ularning dizel dvigatelli traktorlarga nisbatan ustunliklari
o rganilgan. Tadqgigot davomida elektr traktorlarning energiya samaradorligi,
ekspluatatsiya xarajatlari va ekologik xavfsizligi tahlil qilindi. Natijalarga ko ‘ra,
elektr traktorlar yoqilg ‘i sarfini kamaytirish, texnik xizmat ko ‘rsatish xarajatlarini
pasaytirish va atrof-muhitni muhofaza qilishda muhim ahamiyatga ega ekanligi
aniglandi.

Kalit so‘zlar: elektr traktor, elektromotor, akkumulyator, gishlog xo jaligi,
energiya samaradorligi, ekologiya, innovatsiya.

Aunomauuﬂ. B cmamuve AHAIUSUPYIOMCA MEeXHUYEeCKUue, 9KOHOMUYECKUEe U
IKOoJlocuvecKkue acneKknivbl nNnpumeHeHusd JIJ1eKmpudecKux mpaKkmopoe 6 CelbCKOM
xozsalcmee. Paccmompeubz KOHCMPYKYUA, NPDURYUN pa60mbl U OCHOBHble mexXHuvecKkue
xXapakmepucmuku  COBPEMEHHbIX  INIEKMPUUECKUX  MPAKMOPOe. HUccneoosanue
noKasajo, 4mo JJjeKnmpudecKue mpaxkmopsl no360JiA0nt CHU3UNb pacxod monJjuea,
VMEeHbUWUMb 3ampamsl HA O0OCAYHCUBAHUE U COKPAMUMb B8peoHbvle B8blOPOChl 8
OKDYIAHCAIOWYIO CPEODY.

Knwuesvie cnoea:  snekmpuueckuil — mMpakmop, — 31eKmpoosucameny,
AKKYMYJIAMOpP, CENbCKOE XOS}ZZZCI’I’IBO, 3Hepeoaqb¢ei<mueﬂocmb, 9KoJlo2cus, URHOBAYUU.

Abstract. This article analyzes the technical, economic and environmental
aspects of electric tractor application in agriculture. The structure, operating
principles and technical characteristics of modern electric tractors are investigated.
The study shows that electric tractors reduce fuel consumption, lower maintenance
costs and decrease environmental pollution.

Keywords: electric tractor, electric motor, battery, agriculture, energy efficiency,
ecology, innovation.
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KIRISH

So‘nggi yillarda gishloq xo‘jaligi texnikalarini elektrlashtirish dunyo miqyosida
muhim yo‘nalishlardan biriga aylandi. Atmosferaga chiqarilayotgan zararli gazlar
miqdorini kamaytirish, yoqilg‘i resurslaridan oqilona foydalanish va energiya
samaradorligini oshirish maqgsadida elektr energiyasida ishlovchi texnikalar ishlab
chigarilmoqda.

An’anaviy dizel traktorlar qishloq xo‘jaligida asosiy ishchi kuch bo‘lib
kelayotgan bo‘lsa-da, ular katta miqdorda yoqilg‘i sarflaydi va atmosferaga karbonat
angidrid hamda boshqa zararli gazlarni chiqaradi. Shu sababli ko‘plab davlatlarda
elektr traktorlarni yaratish va amaliyotga joriy etish bo‘yicha tadqiqotlar olib
borilmoqda.

Elektr traktorlar elektromotorlar yordamida harakatlanadi. Energiya manbai
sifatida yuqori sig‘imli litiy-ion akkumulyatorlardan foydalaniladi. Ular shovginsiz
ishlashi, yuqori foydali ish koeffitsientiga ega bo‘lishi va ekologik tozaligi bilan ajralib
turadi.

MAVZUGA OID ADABIYOTLARNING TAHLILI

Elektr transport vositalariga oid tadgigotlar XX asrning oxirlaridan boshlab
rivojlana boshladi. Dastlab yengil avtomobillar elektrlashtirilgan bo‘lsa, keyinchalik
qishloq xo°‘jaligi texnikalarini elektrlashtirish bo‘yicha ilmiy ishlar olib borildi.

Monarch Tractor kompaniyasi tomonidan ishlab chigilgan elektr traktor
avtonom boshqaruv tizimiga ega bo‘lib, sun’ity intellekt texnologiyalaridan
foydalanadi. Fendt e100 Vario elektr traktori esa zamonaviy litiy-ion akkumulyatorlar
bilan jihozlangan.

Tadqiqotlar shuni ko‘rsatadiki, elektr motorlarning foydali ish koeffitsienti 90—
95 % ga teng. Dizel dvigatellarida esa bu ko‘rsatkich 3545 % atrofida bo‘ladi. Shu
sababli elektr traktorlar energiyadan samaraliroq foydalanadi.

TADQIQOT METODOLOGIYASI
Tadgigot davomida elektr va dizel traktorlarning texnik ko‘rsatkichlari
tagqoslandi. Tahlil gilishda quyidagi usullardan foydalanildi:
e [Imiy adabiyotlarni o‘rganish;
e Texnik ko‘rsatkichlarni solishtirish;
e Energiya sarfini hisoblash;
e Igtisodiy samaradorlikni baholash;
e Grafik va jadval usullaridan foydalanish.
Tadgiqot obyekti sifatida zamonaviy elektr traktorlar va ularning agregatlari
tanlandi.
Elektr traktorning tuzilishi va ishlash prinsipi
Elektr traktor quyidagi asosiy gismlardan tashkil topadi:
1. Akkumulyator batareyasi;
2. Elektromotor;
3. Invertor;
4. Elektron boshgaruv bloki;
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5. Transmissiya;
6. Shassi va yurish gismi;

7. Operator kabinasi.
Elektr energiyasi batareyadan invertorga uzatiladi. Invertor doimiy tokni

o‘zgaruvchan tokka aylantirib elektromotorga yuboradi. Elektromotor mexanik
energiya hosil qilib transmissiya orqali g‘ildiraklarni harakatga keltiradi.

Elektr traktorlarning texnik xususiyatlari
Zamonaviy elektr traktorlarning asosiy texnik ko‘rsatkichlari:

Ko‘rsatkich Qiymat
Quvvat 40-100 kvt
Batareya sig‘imi 80-150 kVt-soat
Ishlash vaqti 4-10 soat
Maksimal tezlik 40 km/soat
FIK 90-95 %
Zaryadlash vaqti 4-8 soat

ELEKTR TRAKTORNING TUZILISHI

BATARYA BLOKI INVERTOR
Yegor Sg el hy-son Doy toknt o agarsechen
adarTesyston alasepaiati \\ Whkics syl tend ve s Uew
elekir energipasinl sagiays

i
ELEXTROMOTOR TRANSMISSIYA
Elekcyr m@ﬂ mexand Ebtromotorden olngan
:-\«qu;t a.,annn- e alanma momentns w@atad
harakated % mirlayd va herach tesiini Ly rankyyd

GILDIRAKLAR
T Aylanna momestnl yerga uratack

Tahlil va natijalar. Elektr va dizel traktorlarning asosiy ko‘rsatkichlari

taqqoslandi.
KO‘RSATKICH ELEKTR TRAKTOR DIZEL TRAKTOR
YOQILG*‘I SARFI 0 Yugori
CO: CHIQINDISI 0 Yugori
SHOVQIN DARAJASI Past Yugori
TEXNIK XIZMAT Kam Ko‘p
FIK 95 % 40 %
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ELEKTR TRAKTORNING ENERGIYA OQIMI SXEMASI

INVERTOR
P o —

S

'’

INVERTOR ELEKTROMOTOR

Doirmiy tokre o' 2ganevchan o8

_____ : 5 : 4 | TRANSMISSIYA

TRANSMISSIYA | -

Quwvatni uzatadl va N G'ILDIRAK
’ aylanish momentini \.. /
| o agartirach ."\. /S

. ¥
G'ILDIRAK
Aylanah moments yerga uzatiadi
va traktor harakatianad:

Natijalar shuni ko‘rsatdiki, elektr traktorlar energiya samaradorligi bo‘yicha
an’anaviy dizel traktorlardan ancha ustundir.
Elektr traktorlarning asosiy afzalliklari:
e Atmosferaga zararli gaz chigarmaydi;
® Yoqilg‘i xarajati mavjud emas;
e Shovqin darajasi past;
e Texnik xizmat xarajatlari kam;
e Ishonchliligi yuqori.
Kamchiliklari:
¢ Batareya narxi qimmat;
e Zaryadlash uchun vagqt talab etiladi;
¢ Katta maydonlarda qo‘shimcha energiya manbai kerak bo‘lishi mumkin.
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ENERGIYA SAMARADORLIGI
Elektr traktor

IIIIIIIIIIIIIIII 95%

Yoqilg'i sarfi: 0
@ CO; chigindisi: 0
o)) Shovqin darajasi: Past

’ Foydali ish koeffitsienti: 95% gacha

Dizel traktor

llIIIIl 40%

Yoqilg'i sarfi: Yuqori
& CO; chigindisi: Yuqgori
) Shovqin darajasi: Yugori
M  Foydali ish koeffitsienti: 35-45%

O‘zbekistonda elektr traktorlarni qo‘llash istigbollari

O‘zbekiston qishloq xo‘jaligida energiya tejamkor texnologiyalarni joriy etish
davlat siyosatining muhim yo‘nalishlaridan biri hisoblanadi. Quyosh energiyasining
yuqori salohiyati elektr traktorlardan foydalanish uchun qulay sharoit yaratadi.

QUYOSH ENERGIYASI BILAN ELEKTR TRAKTORNI ZARYADLASH SXEMASI

OUYOSH PANELI
V//

ZARYADI.ASH
QURILMASI

ELEXTR
ﬁmca

Kelajakda quyosh panellari yordamida zaryadlanadigan elektr traktorlar fermer

xo‘jaliklarida keng qo‘llanilishi mumkin. Bu esa yoqilg‘i xarajatlarini kamaytirish va
ekologik holatni yaxshilashga xizmat giladi.
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XULOSA VA TAKLIFLAR

Tadqiqot natijalari shuni ko‘rsatdiki, elektr traktorlar qishloq xo‘jaligini
rivojlantirishning istigbolli yo‘nalishlaridan biri hisoblanadi. Ular yuqori energiya
samaradorligi, ekologik tozaligi va kam ekspluatatsiya xarajatlari bilan ajralib turadi.
Takliflar: Elektr traktorlarni mahalliy sharoitda sinovdan o‘tkazish. Quyosh
energiyasidan foydalangan holda zaryadlash stansiyalarini yaratish. Mahalliy
korxonalarda elektr traktor ishlab chiqarishni yo‘lga qo‘yish. Elektr gishloq xo‘jaligi
texnikalari bo‘yicha ilmiy tadqiqotlarni kengaytirish. Fermer xo‘jaliklarida tajriba
loyihalarini amalga oshirish.

FOYDALANILGAN ADABIYOTLAR

1. Irisov X.D. Traktorlar va avtomobillar (I gism): Darslik. — Toshkent: «FAN
ZARGARI», 2025. — 322 b.

2. Kamilov A.I. Traktor va transport vositalari: O‘quv qo‘llanma. — Toshkent: «FAN
ZARGARI», 2022.

3.Salimov J.S., Pirmatov N.B. Elektr mashinalari. — Toshkent: O‘zbekiston
faylasuflari milliy jamiyati nashriyoti, 2011. — 408 b.

4. Axmedov S. Elektr uskunalar ekspluatatsiyasi va ta’mirlash: O‘quv qo‘llanma
(gayta nashr). — Toshkent: «Fan va texnologiya», 2016. — 120 b.

5. Qodirov D.Q., Tursunov X.A. Qishloq xo‘jaligini elektrlashtirish: Darslik. —
Toshkent: «Fan va texnologiya», 2019. — 368 b.

6. Karimov B.R., Xolmatov A.S. Qishloq xo‘jaligi mashinalaridan foydalanish va
texnik servis: O‘quv qo‘llanma. — Toshkent: «Innovatsion rivojlanish nashriyoti»,
2021. — 284 b.

7. Mamatov F.M., Ergashev LT. Qishlogq xo‘jaligi texnikalaridan foydalanish
samaradorligi: Darslik. — Toshkent: «Yangi asr avlodi», 2020. — 310 b.

8. FAO. The Future of Electric Farm Machinery. Rome: Food and Agriculture
Organization of the United Nations, 2023.

9. International Energy Agency (IEA). Global EV Outlook 2025. Paris: IEA, 2025.

10. ASABE (American Society of Agricultural and Biological Engineers).
Agricultural Machinery Management Data (ASABE Standards). St. Joseph,
Michigan, USA, 2024.

O30
77

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

P2

Py 2026 JUNE
\C‘L’) VOLUME 1
\\“\‘Lﬂ/ INTERNATIONAL AGRICULTURE UNIVERST

ISSUE 1

https://iau-jaesa.uz/article/2q1b106w079q/
https://doi.org/10.5281/zen0d0.21360619

UDK. 634.0.232.
KO‘P YILLIK O‘SIMLIKLAR QALAMCHASINI O‘TQAZADIGAN
QURILMANING QUTISIMON EKKICHINING PARAMETRLARINI
ASOSLASH

X.B.Shodiyev, tayanch doktorant SamVMChBU
hojishodiev@gmail.com
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Annotatsiya. Ushbu maqolada ko ‘chat o ‘tqazish mashinalarining soshnik (egat
ochgich) blokiga o ‘rnatiladigan chuqur yumshatgichlarning tuproq bilan o ‘zaro
ta siri tadqiq etilgan. Yumshatgichning tuprogga botish chuqurligi va uning egat hosil
qilish sifatiga ta’siri nazariy tahlil gilingan. Tadqigot natijalari ildiz tizimi uchun
magbul agrotexnik muhit yaratishda yumshatgichlarning geometrik parametrlarini
optimallashtirish imkonini beradi.

Kalit so‘zlar: meva, bog ‘dorchilik va uzumchilik, ko ‘chat, mashina, soshnik,
parametr, kenglik, balandlik.

Annomayusa. B oannoii cmamve ucciedosano 6zaumooelicmeue ¢ no4eoll
2Jzy607<0pbzxﬂumefzeﬁ, ycmaHaeiueaemsvlx Hda COUHUKOBBIU OJIOK 1€COn0CA0OYHbIX
Mmawun. Mamemamuvecxku u IKCNEPUMEHMAIbHO NPOARAIUIUPOBAHO BIIUAHUE 2le6qul
NO2PYIHCEHUs. DPbIXAumens Ha Kaiecmeo Gopmuposanusi 60po30vl. Pezynibmamol
uccne008aHull no3607Arm ONMuUMU3UpoBaAmbs ceomempuveckue napamempbul
pulxaumeneti 0Nl CO30AHUSL ONMUMAIbHOU A2POMEXHUYECKOU Cpedbl KOPHEBOU
cucmemeal.

Knioueevie cnoea: @pyxkmoi, cado800cmeo u 6uHo2padapcmeo, paccaod,
Mawura, COWHUK, napavemp, wupura, 6blcomada.

Abstract. This article investigates the soil interaction of deep looseners installed
on the furrow opener (opener) unit of planting machines. The effect of the loosening
depth on the quality of furrow formation was mathematically and experimentally
analyzed. The research results allow optimizing the geometric parameters of looseners
to create an optimal agrotechnical environment for the root system.

Keywords: fruits, horticulture and viticulture, seedlings, machine, harrow,
parameter, width, height.

KIRISH

Qishloq xo°‘jaligini mexanizatsiyalashda va meva-chevachilikni rivojlantirishda
ko‘chatlarning tutib ketish darajasi to‘g‘ridan-to‘g‘ri egatning sifati va tuproqning
fizik-mexanik holatiga bog‘liqdir. An’anaviy ekish mashinalarida qo‘llaniladigan
soshniklar tuproqni faqat ikki tomonga surib o‘tadi, biroq ko‘chat ildizi joylashadigan
egat tubida zichlangan og‘ir qatlam (plug tagi) qoldiradi. Bu zich qatlam ildiz
tizimining pastga qarab to‘siqsiz rivojlanishiga va namlikni chuqur qatlamlardan
olishiga jiddiy qarshilik ko‘rsatadi. Ushbu texnologik muammoni hal qgilish magsadida
soshnikning uch gismiga maxsus chuqur yumshatgich ishchi organlarini o‘rnatish
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taklif etildi. Takomillashtirilgan ko‘chat o‘tqazish mashinasining egat ochgich uch
gismidagi yumshatgichlarning tuprogqga botish chuqurligi va ularning egat hosil gilish
sifati bo‘yicha keng qamrovli eksperimental tadqiqotlar olib borildi.

Ko‘chatlarini o‘tqazish mashinalarining mavjud konstruksiyalarida qutili, diskli
va kombinatsiyalangan sirpanma shaklga ega egat olgichli qo‘llaniladi [5].
O‘rmonchilik o‘simliklarining urug‘ko‘chatlari va qalamchalarini o‘tqazishda kamida
45 sm chuqurlikka ekish talab gilinganligi sababli, ishlab chigilayotgan agregat uchun
diskli va kombinatsiyalangan egat olgichlardan foydalanish magsadga muvofiq emas,
chunki bu sezilarli o‘lchamlari va konstruksiya og‘irligi bilan bog‘liq bo‘ladi.

TADQIQOT METODOLOGIYASI

Yumshatuvchi iskana ta’sirida yumshatilgan, ko‘tarilgan va qisman chetga
surilgan tuproq qutisimon ekkich ta’sirida chetga suriladi va ko‘chat (qalamcha) uchun
ariqcha hosil gilinadi. Bunda ekkichga kelib uriladigan tuproq zarralarining tezligi
orqali ekkich oldida hosil bo‘ladigan yumshatilgan qatlam eni, ekkich yuradigan a;
chuqurlikdagi eni quyidagicha aniglanadi.

Qutisimon ekkichning asosiy parametrlari 1-rasmda keltirilgan.

- b
TN

N\ ‘\ [SS] b

i \ = =
. 1D - m

%l
\ !
LL‘ /J == = -

1-rasm. Qutisimon ekkichning asosiy parametrlari

Ekkichning asosiy parametrlariga old girrasining giyalik burchagi aye, ochilish
burchagi vyye, kengligi bye, umumiy uzunligi Le, yon yoqi old gismining uzunliklari Iy, I,
balandligi He, yon yoglari giyalik burchak o larni kiritish mumkin [6].

Ekkichning eni bye arigcha ochishga eng kam energiya sarflangan holda ekkich
ichidan zanjirli uzatish mexanizmi o‘tishi va yo‘naltiruvchi lekalo joylashtirishi uchun
yetarli bo‘lishi lozim. Asosan a=30 cm chuqurlikda ishlov berilganda yumshatilgan
hudud tubida b; kengligida, a-a; =30-5=25 cm chuqurlikda esa, ya’ni ekkich harakat
giladigan chuqurlikda be=h;+2a; ctgy=5+2-5-ctg45°=15 cm. kenglik hosil bo‘ladi.

Ekkich kengligi be=15 cm gabul bilish mumkin. Bu kenglikka yo‘naltiruvchi
lekalo va zanjirli uzatish mexanizmini joylashtirish mumkin. Ekkich old girrasining
giyalik burchagi ekkich oldida tuprog uyulmasligi sharti bilan quyidagicha aniglanishi
mumkin [6]

Ay, = 900%,(1)_
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Ushbu tahlillar shuni ko‘rsatadiki, He, chuqurligining ortishi bilan tuprogning
havo va suv o‘tkazuvchanligi to‘g‘ridan-to‘g‘ri proporsional ravishda yaxshilanadi, bu
esa ekilgan ko‘chatlarning ildiz tizimi rivojlanishi uchun eng maqgbul fizik muhitni
kafolatlaydi.

Agrotexnik talablarga ko‘ra, yumshatgich soshnik ochuvchi egat tubidan
ma’lum bir miqdorda pastroqda harakatlanishi va tuprogni chuqurroq qayta ishlashi
kerak. Ushbu texnologik jarayon quyidagi matematik shart asosida ifodalanadi:

hy = Hs +Ah (2).
bu yerda Hs - o‘chat o°‘tqazishning talab etilgan agrotexnik chuqurligi, sm;

Ah - asosiy gatlam ostidagi qo‘shimcha yumshatish zaxirasi (3.....5 cm).

Egat ochgichning old qismining konstruksiyasiga ko‘ra tuproqqa kirish burchagi
o‘tkir bo‘lsa o‘tqazish egatlari talab darajasida bo‘ladi. Tuproqga kirish burchagi
o‘tmas bo‘lgan o‘tqazish egatlari uni zichlashtiradi. Bunday o‘tqazish egatlarining
botishi va bir tekis harakatlanishi uchun seksiya massasi og‘ir bo‘lishi kerak. Kirish
burchagi o‘tkir bo‘lganda o‘tqazish egatlari ochgich tuproqgni yengil yoradi, energiya
sarfi nugtayi nazardan esa yorilishga garshilik ezilishga garshilikdan ancha kichik
bo‘ladi. Bundan tashqari, o‘tqazish egatlari chuqurlik bo‘yicha barqgaror yurishga ega
bo‘lib, egat devorlarini kamroq zichlaydi.

Egat shaklantirgich ko‘krak qismining ochilish burchagi 2y burchagi tuprogning
ikki yoqli pona qirralari bo‘ylab sirpanish shartidan tanlanadi va quyidagi shartlar
asossida bajariladi:

y + a < 90° qayerdan y <90 — a. (3)

Tadqiqotlarga ko‘ra, ochilish burchagi 2y burchakning optimal giymati 30-60°
oralig‘ida bo‘ladi, ochilish burchagi 2y burchakning giymati 60° dan katta bo‘lsa, ustun
oldida zichlashgan tuproq gatlam paydo bo‘ladi va egat shaklantirgichning garshiligini
oshadi, kichik giymatlarda esa girralardagi ishgalanish ortadi. Egat shaklantirgich
ko‘krak gismining ochilish burchagining optimal giymati 2y = 45°, analitik usulda
aniglangan. Shuning uchun 2y = 45°deb gabul gilamiz.

Egat shaklantirgichning yon qirralari orasidagi masofa B o‘tqaziladigan
ko‘chatini ildiz tizimlarining o‘lchamlari va ekish apparatining qamragichlari bilan,
yoki ekish materialini tashish va yo‘naltirish mexanizmining chiqish teshigi diametri
bilan belgilanadi. Bu vertikal o‘rnatilgan qisqich ko‘rinishida bo‘lib, uning diametri
egat shaklantirgich bo‘shlig‘iga yo‘naltiradigan ko‘chatlarning uzunligiga teng bo‘ladi.
Hisoblarni egat shaklantirgich bo‘shlig‘ida ko‘chat bilan ekish apparati
gamragichlarining erkin o‘tishi shartidan kelib chiqib, egat shaklantirgichning har ikki
yon devoridan 4 sm oraligni hisobga olgan holda amalga oshiramiz.

Ushbu holatda quyidagilarni gabul gilishimiz mumkin:
B =dmax + 4, +b; (4)
bu yerda: dmax - ko‘ndalang kesimdagi ko‘chatlar ildizlarining eng katta diametri,
tadqiqotlarga ko‘ra 10 sm dan oshmaydi.

A, - ekkich devorlari va ekish apparati gamragichi orasidagi tirgish;

b, - ekish apparatining gamrash kengligi, b, = 15 cm.

Demak, egat shaklantirgichning kengligi be = 0,15 m bo‘ladi.
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Egat shaklantirgichning H balandligi (1-rasm) shaklantiradiga egatning
chuqurligi, hmax balandligi, egat shaklantirgich oldi ko‘kragi va chuqurlik bo‘ylab
notekis yurishiga bog‘liq bo‘lib, quyidagi tenglamadan aniqlanadi:

Hzamax+hmax+al+hl, (5)
bu yerda, amax - ko‘chatlarni ekish chuqurligi, sm;

hmax- egat shaklantirgich oldi ko‘kragining balandligi, sm;

ai- egat shaklantirgich tumshug‘ining balandlikgi, sm;

h; - egat shaklantirgichning chuqurlik bo‘yicha harakatlanganda hosil bo‘ladigan
marzalar notekis yurishi, sm.

Egat ochish chuqurligi 0,3-0,35 m gacha bo‘lganda, soshnik oldi do‘ngligining
maksimal balandligi ham 12-14 sm ni tashkil etadi. Barxan qumlarida tirgish ochish
chuqurligi 45 sm bo‘lishi kerakligini hisobga olib, bu mavjud ekish mashinalarining
harakatlanish chuqurligidan 1,3-1,5 marta chuqurroq bo‘lib, hnx=18 sm deb gabul
gilamiz.

a; migdori 1-rasmdan quyidagi ifoda bilan aniglanadi:

a; =Ltg ¢, (6)

O‘z navbatida, yon tomon uzunligi L, quyidagi formula bo‘yicha aniglanishi
mumkin (2-rasm):

Lp= 1, +Ly, (7)
Ran o
0
‘ < -—'/ . // \'\ ‘
5 / \
/ 5, <
/ \\\ 7‘79- '
' / &) ) USSP
/ ‘ S — ‘_,:;;_+{/41 —
e D 4 |
= L; _hl
"I Lb |

2-rasm. Egat shaklantirgich yon gismining uzunligini aniglashga doir sxemasi

O nugta - ekish apparatining aylanish o‘qj;

OD - ekish apparati o‘qining tuproq ustida joylashishining maksimal balandligi;

AO =R - ko‘chat ekish apparatining aylanish radiusi.

Egat shaklantirgich yon gismining uzunligining L; giymati 4 AOB uchburchakdan
aniglanadi:

2
L1:\/ R? — (2R - H1) 8)
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2
unda: Lo =1, + \/ R? — (2R - H,) 9)
R= Rant+ lc+l; (10)

bu yerda Ran - ekish apparatining aylanish radiusi, m

Ic - galamcha yoki ko‘chat uzunligi

I, - ekish apparati gamrov gismining uzunligi, m.

Egat shaklantirgichning harakatlanish jarayonida tuproq orga gismiga to‘kilib
(2-rasm), kichik tezliklarda egat shaklantirgichning ichki bo‘shlig‘iga kirib boradi va
tabiiy qgiyalik burchagi ¢’ ostida joylashadi. Harakat tezligi minimal bo‘lganda | =
hctge'. Umumiy holda ko‘chat ekish nuqtasining koordinatasi quyidagicha aniqlanadi:

= I Vt, (11)
Berilgan ifodani (9) tenglamaga qo‘yib, quyidagini olamiz:
2
2 a2
Lo= Vi + \/ B — (R Hs] (12)

bu yerda | - egat shaklantirgich o‘tgandan keyin to‘kilgan tuprogning bo‘ylama
o‘lchami, m.

V - agregatning harakat tezligi, m/s.

t - qumning to‘kilish vagqti, s.

1-rasmdan Hi = amax + hmax =630 mm; h; =30 mm; R = 800 mm; Lo =750 mm;
L= 1200 mm; ¢"' =30°; ¢' =38°.

i
S| jre o
1Y AN

A\ C

— 1 ——
3-rasm. Soshnik o‘tganidan so‘ng qumning to‘kilish sxemasi (bo‘ylama kesim).
a1 = L ctg E = 258 mm miqdorini aniglaymiz.
Soshnikning umumiy balandligi H=H 1 + a ; + h ;1 = 913 mm.ni tashkil etadi.
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4-rasm. Soshnik o‘tgandan keyin qumni to‘kish sxemasi (ko‘ndalang kesim).
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Shunday qilib, ishlab chiqgilayotgan o‘rmon ekish agregatining soshnik turi va
parametrlari nazariy jihatdan asoslandi. Bu cho‘l o‘simliklarining galamcha va
ko‘chatlarini chuqur ekish imkonini beradi, bu esa harakatlanuvchi qumlar sharoitida
qumni mustahkamlovchi o‘simliklarning qalamcha va ko‘chatlarini chuqur ekish
agrotexnikasi talablariga to‘liq javob beradi.

TAHLIL VA NATIJALAR

Nazariy tajribalardan olingan natijalar shuni ko‘rsatdiki, yumshatgichning uch
gismi tuprog gatlamini deformatsiya gilishda va parchalashda asosiy rolni bajaradi.
Yumshatgichning kengligi (b) soshnik ochuvchi egat kengligining 0,3-0,4 gismini
tashkil etganda eng maqbul ko‘rsatkich qayd etildi. Bunda egat devorlari muddatidan
oldin yemirilib ketmaydi, tuprogning agrotexnik jihatdan qulay bo‘lgan donadorlik
(fraksiyaviy) tarkibi to‘liq saglanib goladi.

Yumshatgichning soshnikdan oldinrogda harakatlanishi tuprogning dastlabki
garshiligini sindiradi, natijada agregatning umumiy tortish garshiligi sezilarli darajada
kamayib, yonilg‘i tejamkorligiga erishiladi.

Olib borilgan ko‘p faktorli tajribalar asosida yumshatgichlarning magbul
texnologik parametrlari va ularning samaradorlik ko‘rsatkichlari tizimlashtirildi (1-
jadval).

1-jadval.

Yumshatgich ishchi organlarining maqgbul texnologik parametrlari va

samaradorligi

Parametr Qiymat (diapazon) Samaradorlik
Botish chuqurligi 18-25 sm Ildiz osti namligini saglaydi
. . Tortishga garshilikni 15% ga
Hujum burchagi 26-28 gradus kamaytiradi
Qo‘shimcha yumshatish 3-5sm "Plug tagi" qatlamini yo‘qotadi

Shunday qilib, ishlab chiqilayotgan ko‘chat o‘tqazish agregatining soshnik turi
va parametrlari nazariy jihatdan asoslandi. Bu ko‘p yillik o‘simliklarining galamcha va
ko‘chatlarini chuqur ekish imkonini beradi, bu esa ko‘chatlarini chuqur ekish
agrotexnikasi talablariga to‘liq javob beradi.

XULOSA

Qutisimon oldida yumshatgich tuprogga botish chuqurligi asosiy ekish
chuqurligidan kamida 5 sm ortiq qilib belgilanishi, tuprogning pastki gatlamlarida suv
va havo o‘tkazuvchanlik xususiyatini 25-30% gacha oshirish imkonini beradi.

Chuqur yumshatgichning soshnik blokidan oldinrogda o‘rnatilishi va
harakatlanishi hisobiga ko‘chat o‘tqazish mashinasining umumiy dinamik tortish
garshiligi kamayadi va agregatning yonilg‘i sarfi iqtisod gilinadi.

Tadgigot davomida asoslangan geometrik va texnologik parametrlar yangi avliod
yugqori samarali ko‘chat o‘tqazish mashinalari va agregatlarini loyihalashda nazariy va
amaliy asos bo‘lib xizmat qiladi.
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Abstract. The management and planning of water resources have become
crucial in addressing global challenges such as population growth, industrial
expansion, and climate change. This study presents a bibliometric analysis of 53
Scopus-indexed publications on water use planning and water management between
1989 and 2024. Using the Scopus database and bibliometric tools such as VOSviewer
and Excel, we identified publication trends, top contributing authors, countries, and
journals. The results show a steady increase in research activity after 2005, with major
contributions from China, the United States, India, and Iran. This analysis provides
valuable insights for researchers and policymakers aiming to improve sustainable
water resource management worldwide. The bibliometric analysis revealed that
international research on water use planning and water management would greatly
benefit from broader scientific collaboration, continuous long-term studies, and the
sustainable integration of water planning and management concepts into future
environmental and agricultural policies.
Keywords: water use planning, water management, irrigation, sustainability;
climate change.
Annotatsiya. Suv resurslarini boshgarish va rejalashtirish aholi sonining
o ‘sishi, sanoatning kengayishi hamda iqlim o ‘zgarishi kabi global muammolarni hal
etishda muhim ahamiyat kasb etmoqgda. Ushbu tadgiqotda 1989-2024-yillar oralig ‘ida
suvdan foydalanishni rejalashtirish va suv resurslarini boshgarish mavzulariga
bag ‘ishlangan Scopus bazasida indekslangan 53 ta ilmiy nashrning bibliometrik tahlili
amalga oshirildi. Tahlil Scopus ma’lumotlar bazasi hamda VOSviewer va Excel kabi
bibliometrik vositalar yordamida bajarildi. Natijalar 2005-yildan keyin ushbu
vo ‘nalishdagi ilmiy tadqiqotlar soni barqaror ravishda oshib borganini ko ‘rsatdi. Eng
katta ilmiy hissalar Xitoy, Amerika Qo ‘shma Shtatlari, Hindiston va Eron olimlari
tomonidan qo ‘shilgan. Olingan natijalar butun dunyo miqyosida suv resurslaridan
bargaror foydalanishni takomillashtirishga intilayotgan tadgigotchilar va siyosat
ishlab chiquvchilar uchun muhim ilmiy ma’lumotlarni tagdim etadi. Bibliometrik tahlil
shuni ko ‘rsatdiki, suvdan foydalanishni rejalashtirish va suv resurslarini boshqarish
sohasidagi xalgaro tadgiqotlar ilmiy hamkorlikni kengaytirish, uzluksiz uzog muddatli
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tadgiqotlarni olib borish hamda suvni rejalashtirish va boshgarish konsepsiyalarini
kelajakdagi ekologik va qgishlog xo jaligi siyosatlariga barqaror integratsiya qilish
orgali yanada rivojlantirilishi mumkin.

Kalit so‘zlar: suvdan foydalanishni rejalashtirish, suv resurslarini boshgarish,
irrigatsiya, barqaror rivojlanish, iglim o ‘zgarishi.

AHHOmMauuna. YnpasieHue U NIAHUPOBAHUE BOOHBIX PeCypco8 CMau
BAJCHEUMUMU HANPABIEHUAMU 8 PeueHUU 2100aIbHbIX NPooaeM, MaKux KaK pocm
Hacenenusl, pacuuperue NPOMbIUIEHHOCMU U U3MeHeHue Kiumama. B oannom
uccneo0o8anuu  npeocmasieH  OubnuomMempuyeckuli  amaiuz 53 nyoauxayuil,
uUHOeKcupyemvix 8 0aze OauHblX SCOopus, NOCEAWEHHBIX BONPOCAM NIAHUPOBAHUS
8000N0JIb308AHUS U YNPABTIeHUS B0OHbIMU pecypcamu 3a nepuood ¢ 1989 no 2024 200w
C ucnonvzosanuem 06a3vl OaHHbIX Scopus U OUOIUOMEMPUUECKUX UHCMPYMEHNO8,
makux kak VOSviewer u Excel, Oviiu 6bvisa61eHbl meHOeHYyuu nyoauKayuoHHoU
aKmueHocmu, Haubonee NPOOYKMuUBHble ABMOPbl, CMPAHbL U HAYYUHbIE IHCYPHATDL.
Ilonyuennvie pezynvmamsl NOKA3bI8AOM YCMOUYUBLIL POCH UCCLE008AMENbCKOU
akmusnocmu nociae 2005 200a, npu s3mom Hauborbwull 6K1A0 8 pazsumue OAHHOU
Hayunou ooaacmu eénecau Kumaii, Coeounénnvie LlImamor Amepuxu, Unous u Upat.
Ilposedénnniii ananuz npedocmasisiem yeHHyo uHgopmayuro 0 ucciedosameneti u
JUY, NPUHUMAIOWUX — DeUuleHUs, 3AUHMEPECOBAHHbIX 8  COBEPUIEHCINBOBAHUU
YCMOUYUB020 YNPABIEHUS B0OHbIMU PECyPCaMu HA MUpoOBoM ypoeHe. Pesynomamoi
OUOIUOMEMPULECKO20 UCCTIE008AHUSL CBUOEMENbCMEYION O MOM, 4mO OdlbHelulee
paseumue  MeNCOYHAPOOHBIX — UCCIe008aHUll 8  obracmu  NAAHUPOBAHUS
B000NONL306AHUSL U YNPAGIEHUS. BOOHBLIMU pecypcamu mpedyem pacuiuperus
HAYYHO020 COMPYOHUYECMBA, NPOBEOEHUSI HENPEPbIBHBIX 00120CPOYHBIX UCCAe008AHULL,
a maxoice YyCmMouuueol unmezpayuu KOHYenyuil 600H020 NIAHUPOBAHUS U YNPABIEHUS
8 OYOYWYI0 DKO02UHECKYIO U A2PAPHYIO NOJIUMUKY.

Knioueevle cnosa: nianuposanue 6000N0b308AHUS, YNPAGIEeHUE BOOHBIMU
pecypcamu, uppueayus, yCmoudusoe pazsumue, usMeHeHue Kiumamad.

1. INTRODUCTION

Water is one of the most vital natural resources essential for sustaining life,
economic development, and environmental balance. In recent decades, increasing
population, industrialization, urban expansion, and climate change have significantly
intensified the global demand for water [1]. This situation has made water use planning
and water management central issues in achieving sustainable development goals
(SDGs)[2], particularly Goal 6 - “Clean Water and Sanitation.” Effective management
of water resources is not only a technical challenge but also a socio-economic and
political priority for many countries. Water use planning refers to the systematic
allocation and regulation of water resources to meet competing demands among
agricultural, industrial, domestic, and environmental sectors [3]. Meanwhile, water
management involves the implementation of policies, technologies, and governance
frameworks aimed at ensuring the efficient and equitable use of water [4]. The growing
frequency of droughts, floods, and groundwater depletion highlights the urgent need
for integrated and adaptive management approaches [5].

86
https://iau-jaesa.uz/ O]



https://iau-jaesa.uz/

= 2026 JUNE
l AU VOLUME 1

ISSUE 1

Bibliometric analysis serves as a powerful method to evaluate scientific progress,

detect emerging themes, and identify leading countries, authors, and institutions
contributing to water-related research. Unlike narrative reviews, bibliometrics provides
a quantitative overview of scientific publications, offering insights into research
dynamics, collaboration networks, and thematic evolution.
This study aims to perform a comprehensive bibliometric analysis of global
publications related to water use planning and water management from 1989 to 2024
based on Scopus-indexed data. By examining publication trends, most influential
authors, countries, journals, and keywords, this research seeks to uncover the
development trajectory and future directions of water management studies. The
findings are expected to support policymakers, environmental planners, and
researchers in formulating strategies for sustainable water governance and resource
efficiency worldwide[6].

2. MATERIALS AND METHODS

In this review, publications related to regional knowledge and research on water-
use planning were analyzed. The study was conducted using the Scopus bibliographic
database, one of the most widely used and credible scientific sources[7]. The search
covered the period from 1989 to 2024, focusing on studies addressing the development
of water-use plans across different countries as well as Japan, Canada, China, Iran,
Spain, Brazil, Pakistan, India, Egypt, Australia, and Germany. The keywords “water
use planning” and “water management” were applied to identify relevant documents.
The analysis was performed in September 2025. A total of 53 publications from
different countries were selected to examine the major challenges and methodologies
in water-use planning. Data extraction and analysis were carried out using CSV files,
Microsoft Excel 2021, RIS format, VOSviewer, and mapping diagrams.

2.1. Article selection and inclusion criteria.

During the search process, relevant data such as the keyword “water use” and all
English-language articles were collected and organized into an electronic spreadsheet.
The inclusion criteria were as follows: Keyword: “water use”; Document type: article;
Time range: 1989-2024; Subject areas: Environmental Science, Agricultural and
Biological Sciences; Countries: Japan, Canada, China, Iran, Spain, Brazil, Pakistan,
India, Egypt, Australia, Germany, and CIS member states; Deadline for inclusion:
September 1, 2025. These criteria guided the selection of publications to ensure
consistency and scientific relevance throughout the analysis.

2.2. Bibliometric analysis

The data obtained in CSV format were uploaded into Microsoft Excel and
subsequently analyzed using bibliometric techniques. Before the analysis, all data were
carefully checked for errors or inconsistencies. The reviewed publications were
examined to identify the most relevant studies and the most active authors contributing
to this field. According to the results ranked as the most prolific author with three
publications [8].

The selected publications were evaluated and classified according to several
parameters, including the number of papers per year, document type, list of articles,
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top journals, major funding sponsors, subject categories, and distribution by country
and institution. Finally, co-authorship and keyword co-occurrence analyses were
performed to explore the knowledge structure and research trends by identifying
clusters of the most frequently used keywords in the literature.

2.3. Development of water-use planning methods.

This review pays special attention to the development and improvement of
water-use planning methods within the different region. Emphasis was placed on
identifying innovative approaches, methodological frameworks, and tools that enhance
the efficiency, adaptability, and sustainability of regional water management systems.

3.RESULTS

3.1 Trend of publications on internal water resources

In many arid and agricultural regions, the relationship between Internal water
resources and irrigation water has a wide range of scientific implications. Total of 53
papers published between 1989 and 2024 on Internal water resources issue in different
countries. In this review, the scientific articles consist of three periods of development:
introduction (1989-2006), slightly growth (2007-2017) and stable growth (2018
2024). Introduction period. The first period consists of s10 publications, representing
18.87% of the total. The results show that the interest in the Internal water resources
To increase the yield and productivity of wheat in water-scarce land, (T7) was adopted.
A 3-year field experiment was conducted. The alternative deficit strategy achieved
maximum net financial return under land and water-limited conditions [9]. In this paper,
the MOPECO model is presented as a tool for guiding optimal production plans and
irrigation management strategies. This model will help farmers, extension services, and
other agents analyze, make decisions, and optimize water management [10]. to analyze
the impact of policies in other countries with water scarcity and apply them to adopt
sustainable agricultural strategies [11].

Slightly growth period. This period shows 25 documents representing 43.39%
of the total, with a growth that marks the scientific interest in this field of research.

Stable growth period. The last period represents the key to exponential growth,
grouping 14 documents (26.41% of the total). In 2018, the highest number of
publications was reached during the period of analysis with 6, followed by the year
2013 (with 4, making it a constant growth field (Fig 1).

2

2023 3
2020 i
2018 5 6
2016 5 4
o 2013 5 4
& 2011 4 .
S 2009 1 2
2007 3
2004
1999
1995 3
1989 1
0 1 2 3 4 5 6 7

Number of publications

Figure 1. Annual production of articles on Internal water resources during the period 1989-2024
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3.2 Authors and their affiliated country

Our research found that 168 authors from 22 countries conducted studies on
Internal water resources over the period 1989-2024. Figure 2 shows 10 authors who
have published more than 16 papers. Among them, [12] reigned with 3 publications,
followed by Brumbelow[13], K. with 2, Singh, R[14]. with 2, Abbaspour, K.C[15].
with 1, JAiad. Y. and Ahmadzadeh. H[16]. each with 1 research papers.

Aiad, Y.
Ahmadzadeh, H.
Ahmadi, S.H.
Abdel Dayem, S.
Abbaspour, K.C.
Singh, R.
Refsgaard, J.C.
Georgakakos, A.

1
1
1
1
1

Authors

Brumbelow, K.

Sepaskhah, A.R.

w

o

0,5

=

1,5
Number of papers

N

2,5 3 3,5

Figure 2. List of top authors published on Internal water resources

Institutions are classified according to the quality of the articles they publish In
the period for 36 years, 112 different institutions cooperated to publish 53 papers
related to internal water resources in differt countries [16]. Our analysis of the top 8
institutes’ publications on internal water resources allowed us to determine the
influential and productive institutions in this field [17]. As indicated in Figure 3, of the
8 institutions, fourteen of them were from Qatar and only one from Indian. Between
these, “Texas A&M University and Shiraz University ~ occupies the first position in
record rank (4 records), followed by Indian Institute of Technology Kharagpur (3
records) and College of Engineering (3 records).

m Texas AN University

m Shiraz University

m Indian Institute of Technology Kharagpur
China Agricultural University

m Uniwversity of California, Davis

m College of Engineering

m DHI Water - Environment - Health

| Wageningen University & Research

Figure 3. List of top institutions on Internal water resources
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3.3 Top countries on Internal water resources

The number of publications ten most of productive countries in the field of
Internal water resources research between 1989 and 2024. Among them, United
States," dominated with 15 publications, followed by India 10, China 8, Iran 8, Spain
4, Brazil 3, Canada 3, Netherlands 3.

s

B united states 15
] india 10
B «itay s
Iran 8
Ispaniya 4
Brazilya 3
Kanada 3
Niderlandiya 3

N
AUSTRALIA

=y
3

EEOCE

Created with mapchart.net

Figure 4. List of top countries on Internal water resources
3.4 Top cited papers on Internal water resources
Given is in the Table 1 which presents data concerning ten the mostly cited papers on
Internal water resources in the different countries. Almost of citations given to 15 papers
from the Table 2. First 15 top cited papers are consisting all 1161 articles.
Table 1. List of top cited publications Internal water resources

TC
No Title Journal Corresponding author PY 2000- Doc.type
2022
Effects of deficit irrigation on Agricultural
1. yield, water productivity, and Water M.H., Ali, Md Hossain; 2007 239 Article
economic returns of wheat Management
An improved water use efficiency .
of cereals under temporal and Agricultural . .
2. : RN Water Taisheng.T. 2010 209 Article
spatial deficit irrigation in north
. Management
China
MOPECO: An economic Irrigation
3. optimization model for irrigation Science José Fernando. 2004 111 Article
water management
Modeling wheat yield and crop
water productivity in Iran: Agricultural
4, Implications of agricultural water Water Faramarzi. 2010 102 Article
management for wheat Management
production
5 Water producti_vity of_maize in the Irrigation Trout . 2017 97 Article
US high plains Science
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No e
Title Journal Corresponding author PY 2000- Doc.type
2022
Using the SWAT model to assess
e s O hndi IISSION  pgrutur
6. S Water Ahmadzadeh. 2016 96 Article
systems on water productivity M
L . anagement
and water saving in the Zarrineh
Rud catchment
A multistage irrigation water .
allocation model for agricultural AT
7. . Water Dai. 2013 91 Article
land-use planning under
. Management
uncertainty
An interval multi-objective .
programming model for irrigation Agricultural
8. . Water M.W. 2018 81 Article
water allocation under
. Management
uncertainty
Logistic model application for Agricultural
9. prediction of maize yield under Water AR, 2011 69 Article
water and nitrogen management Management
Hydrological modelling of a small ~ Agricultural
10. watershed using MIKE SHE for Water R.P., 1999 66 Article
irrigation planning Management
* PY — Published year, * TC — Total citation
3.5 . Keyword and co-authorship network
ligg.
gagpz. zhdgm. ®. hEs.
x4e) j. zhao, j.
cheiliy. V4 cuiys. Y.
tang y:

5% VOSviewer

Figure 5. Network map of top co-authorships based on the total link strength.

No-authorship, keyword co-occurrences, citations, bibliographic coupling, and co-
citation maps can be generated using VOSviewer based on bibliographic data. File
formats supported include .txt, ris, and .csv from databases such as Scopus. The raw
file was imported into VOSviewer and a map of co-authorship and keyword co-
occurrences (shown in Figure 5, 6) were created using the software. The co-authorship
analysis resulted in a network of 159 authors. Only authors having a minimum of two
publications on the topic of water use were included.
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Figure 6. Network map of top keywords based on the total link strength

The analysis yielded 1107 keywords. After excluding the general keywords with
a low relevance score and those with low occurrence (by default, a minimum of 60
occurrences of a keyword is selected, to strengthen the co-occurrence results), 30 items
were finally identified. Based on the total link strength, each resulting keyword is
sketched in a node, creating a network map of all keywords. Figure 6 shows the
network map of the top 15 authors’ keyword co-occurrence. The size of the node
reflects the keyword’s degree of importance. There are 30 items distributed over 3
clusters: cluster 1 (crop yield, defict irrigation, india, irrigation system, productivity,
soil moisture, water conservation, water management, water planning, water
productivity, water resources, water stress, water use, wheat, yield response ), cluster
2 (china, climate change, crop production, crops, cultivation, evapotranspiration,
irrigation, irrigation scheulding, optimization, water supply, water use efficiency, zea
mays), cluster 3 (decision making, planning, water resource).

4.DISCUSSION

The bibliometric analysis of 53 Scopus-indexed publications on water use
planning and water management from 1989 to 2024 revealed four major thematic
clusters that define the evolution of global irrigation and water management research.
These clusters differ in methodological focus, research depth, and policy relevance,
reflecting how the field has diversified over the past three decades. The first cluster,
field experiments on partial irrigation (8 papers), represents empirical studies
evaluating the effects of reduced irrigation on crop performance and soil-water
relations. Most experiments were conducted in arid and semi-arid regions such as
China, Iran, and India, where water scarcity is a key limitation. Findings show that
partial irrigation can maintain stable yields while reducing total water use by 30—-40%,

O30
92

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

which highlights its potential for optimizing water efficiency without compromising
food security.

The second cluster, comparing full versus deficit irrigation on cereals and wheat
(5 papers), analyzes yield response functions under different irrigation regimes. These
studies compare the physiological and agronomic effects of full and deficit irrigation
on major cereal crops. Results indicate that deficit irrigation, when properly timed and
monitored, can achieve up to 85-90% of maximum yield while saving considerable
water resources. This approach is increasingly recognized as a sustainable practice in
water-stressed agricultural zones.

The third cluster, economic return and crop yield modeling (18 papers),
integrates hydrological, agronomic, and economic perspectives. This is the largest
thematic group, focusing on modeling tools such as Aquacrop, DSSAT, and SWAT to
simulate crop yield, water productivity, and financial returns. Studies in this cluster
demonstrate that integrating economic optimization into irrigation planning leads to
more rational water allocation and higher resource-use efficiency.

The fourth cluster, others, consists of 24 papers covering topics such as water
policy, climate adaptation, sustainability frameworks, and institutional governance.
This cluster reflects the increasing relevance of interdisciplinary approaches linking
hydrology, policy, and socio-economic systems. After 2015, with the adoption of the
UN Sustainable Development Goals (SDGSs), publications in this area have increased
significantly, emphasizing the importance of cross-sectoral cooperation and adaptive
water governance.

Overall, the analysis demonstrates a clear transition from small-scale field
experiments to broader integrated frameworks combining technology, modeling, and
policy perspectives. The diversity of research directions suggests that sustainable water
management depends on both innovative irrigation practices and holistic socio-
economic strategies. Strengthening data-driven approaches, international collaboration,
and long-term monitoring will be essential for achieving future progress in global water
resource management.

Table 2. Thematic Clusters and Key Research Streams in Irrigation Studies

Cluster Dominant Keywords Numper of Key References (Author, Year)
Articles
deficit irrigation; water productivity;drip Ali & Hoque, 2007
irrigation; irrigation treatment; deficit Trout & DeJonge, 2017
irrigation; cotton yield,; Rao, Tanwar , 2016
Field experiments on full irrigation, pomegranate 8 Parvizi et al., 2014
partial irrigation orchard;nitrogen, winter wheat, semi- Sepaskhah ;2006;
arid;deficit irrigation; peach trees; Rufat, Josep, 2016
nitrogen fertilization; Bonfim-Silva, 2014
direct-seeded rice; Deelstra et al., 2018
deficit irrigation; water-use efficiency; Du, Kang, 5“.”’ .2010
. A o Author details missing from
Comparing full vs deficit irrigation, cereals; yield; water . :
LY - ) . available preview
deficit irrigation on use efficiency (WUE); sweet corn; green 5
) Sun et al., 2022
cereals or wheat bean;

Teshome et al., 2023
Panda & Inamdar, 2012
19 Ortega-Alvarez, 2004.

actual crop yield,;

Economic return and economic optimisation model; -
. . Lo ; o Faramarzi, Yang, 2010
crop yield modeling irrigation water use; water-scarcity; Ahmadzadeh. 2016
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Cluster Dominant Keywords Nxmper of Key References (Author, Year)
rticles
simulation model,basin-scale irrigation Dai & Li, 2013
multistage irrigation water allocation Lietal., 2018
interval numbers; uncertainty; logistic Sepaskhah, 2011
model; maize yield prediction irrigated Kandil et al., 1995
arid lands, crop yield, salinity, Reca, Roldan, 2001
optimisation model, water allocation; Gilley & Supalla, 1989
optimization, costs & returns; AquaCrop Kale & Lokhande, 2017
model; irrigation schedules; full or deficit Mancosu, Spano, 2016
irrigation; lanning-level irrigation (Brumbelow, 2007
schedules; crop planning, agronomic Fazlali &Shourian, 2018
yield; linear programming; cropping Prasad, Umahesh 2011
pattern; Asghari ,Shulstad, 1991
irrigated crop acreages; stochastic Ganji & Kaviani, 2013
modelling; water-saving irrigation, crop Li & Zhao, 2025
yield; wheat; potato; earth observation; Jaafar, Karimi, 2024
Singh, S, 1999
hydrological modelling; Yang, Gao, Shi, 2013
water requirement; summer maize; Schiitze , 2010
water scarcity, stochastic optimisation, Mason, Rufi-Salis,2019
water savings; crop yield; Bezerra, da Silva, 2012
“evapotranspiration”, “crop coefficient El-Nashar, 2022
value engineering; life-cycle cost; Styles & Grismer, 2008
internal processes; hardware; Soltani, Khalilian, 2020
climate change; Fulton et al., 2011
spatial soil variability; Soppe & Perry, 2010
others remote sensing; economic indicators; soil 23 Patil & Rajput, 2009
water characteristics; fuzzy credibility Wang C., & Huo Z, 2023
constraints; regression models; sunshine Singam,Kamasani, 2013
hours; future climate scenarios; water Miranda ,Cooke, 2018
scarcity; deficit irrigation;canal-command Gunacti, 2018
systems, Thorsen, 1997
AISSUM; system development; Singh, 1995
sodic groundwater, safe SAR value; Kaledhonkar et al, 2012
farmland management; Huang, Cheng, 2018
groundwater table depth; Gul et al., 2024
agricultural drought risk; Todisco et al., 2009

The bibliometric clustering presented above reveals four distinct, interconnected
research streams that collectively shape scientific thinking on irrigation management,
irrigation strategies, and water use optimization in agriculture. These clusters show the
evolution from field-based agronomic experiments to advanced modeling, economic
optimization, and climate-adapted water distribution systems, reflecting the pressures
on freshwater resources and the need for data-driven planning in irrigated agriculture,

1. Field experiments on partial and deficit irrigation
The first cluster studies partial irrigation in field conditions. It is dominated by studies
focusing mainly on cotton, wheat, orchards and rice. It introduces key terms such as
partial irrigation, water efficiency, drip irrigation, nitrogen fertilization, semi-arid
conditions and strong agronomic trends. Empirical experiments show that continuous
controlled water reduction, combined with optimized nutrient management or efficient
irrigation practices, can maintain acceptable yields. Within this cluster, crop responses
to water stress are species-specific, with cotton and pomegranate showing relatively
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high tolerance limits. Overall, this body of literature emphasizes physiological
responses, soil-water dynamics, and crop-water relationships and provides a solid
evidence base for further modeling research.

2. Comparative evaluation of full irrigation and deficit irrigation in cereal
crops. The second cluster examines the balance between full irrigation and variable
deficit irrigation regimes, with a reduced focus on cereal crops, particularly wheat,
maize and sweet corn. The dominant keywords are water use efficiency (WUE), yield,
actual yield and green bean/sweet corn, and the main focus is on determining the yield
per unit of water used. Studies such as Du et al. (2010), Sun et al. (2022) and Teshome
et al. (2023) consistently show that moderate deficit irrigation increases WUE without
significantly reducing yields, especially in semi-arid regions.

This cluster builds a comparative evidence base supporting flexible irrigation
scheduling, arguing that optimal water allocation requires consideration of crop
sustainability and resource efficiency.

3. Economic returns, optimization and productivity modeling
The third cluster — the largest and most diverse — has significant implications for field-
based, model-based, and analytical support systems. Dominant keywords include
economic optimization models, simulation frameworks, logistic models, uncertainty-
based allocation (interval numbers, stochastic modeling), yield prediction, and
irrigation planning.

This body of research (e.g., Ortega-Alvarez, 2004; Faramarzi and Yang, 2010;
Ahmadzadeh, 2016; Li et al., 2018; Jaafar and Karimi, 2024) has led to the evaluation
of irrigation strategies at the farm, economic, watershed, and integrated levels. The
overall conclusion of this cluster is that economic returns and water productivity can
be maximized by dynamic, model-based water allocation strategies, especially in times
of water scarcity.

This research stream offers robust tools for policy development, cropping pattern
optimization, and long-term irrigation planning, demonstrating significant progress
toward systematic and sustainable water management systems.

4. Broader research on hydrology, remote sensing and climate-responsive
water management. A fourth cluster composed of diverse elements. Includes research
on hydrological modelling, remote sensing, climate change impacts, channel systems,
groundwater dynamics and risk-based tools. The set of keywords - water demand,
evapotranspiration, soil spatial variability, AISSUM systems, climate scenarios,
salinity, drought risk and value engineering - includes the integration of engineering,
earth observation and environmental sciences into irrigation research.

Key works (e.g., Singh, 1999; Mason and Rufi-Salis, 2019; Fulton et al., 2011;
Huang and Cheng, 2018; Gul et al., 2024) demonstrate the growing reliance on
remotely sensed evapotranspiration and large-scale hydrological analyses. This cluster
highlights the importance of technological innovation and system-wide monitoring in
addressing future water scarcity, salinity, and climate variability. This cluster broadens
the disciplinary scope of irrigation research, linking agronomy, hydrology, and climate
modeling.
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5.LIMATATIONS

The limitation of this study is that the analysis was based only on Scopus-indexed
publications from 1989 to 2024. This method was selected to avoid potential formatting
challenges that might arise when using data from multiple sources. However, this
strategy restricts the study to English-language papers available in Scopus, thereby
excluding relevant literature from other databases and in different languages. Future
research could address this limitation by incorporating data from a range of databases
and considering literature published in multiple languages.

6.CONCLUSION

This bibliometric study analyzed 53 Scopus-indexed publications related to
water use planning and water management from 1989 to 2024. The results demonstrate
that scientific interest in this field has grown significantly since 2005, coinciding with
global awareness of water scarcity, climate change, and the need for sustainable
resource management. The analysis identified four main thematic clusters that together
reflect the evolution and diversification of water management research over the past
three decades.

The first cluster, field experiments on partial irrigation, provided practical
insights into optimizing limited water supplies under arid conditions. These studies
proved that moderate water reduction can sustain acceptable yields while conserving
substantial water volumes, making it an essential approach for dryland agriculture. The
second cluster, comparing full versus deficit irrigation on cereals and wheat, showed
that strategic deficit irrigation can achieve high yield efficiency with reduced water
input, supporting sustainable intensification goals in agriculture.

The third and most extensive cluster, economic return and crop yield modeling,
integrated biophysical and economic models to optimize water productivity and
profitability. These studies highlight the growing importance of simulation tools and
decision-support systems for efficient water allocation and sustainable crop
management. The fourth cluster, encompassing policy, climate adaptation, and
sustainability studies, emphasized governance mechanisms, adaptive management
frameworks, and international collaboration as key elements for achieving long-term
water security. Overall, the bibliometric results indicate a gradual transition from
purely agronomic and technical studies to integrated, multidisciplinary approaches that
combine environmental, economic, and policy perspectives. Future research should
focus on the development of intelligent irrigation systems, real-time monitoring
networks, and cross-sectoral policy frameworks that support climate-resilient water
governance. Strengthening international cooperation, sharing open-access data, and
expanding long-term field observations will be essential for addressing the global
challenges of water management and for supporting sustainable development in both
developed and developing regions.
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Annotatsiya. Ushbu maqolada tsellyuloza parchalovchi qo'zigorinlarni
yetishtirishning dolzarb masalalari, ularning ozig-ovqat xavfsizligi va gishloq xo'jaligi
chigindilarini gayta ishlashdagi ahamiyati yoritilgan. Qo'ziqorinlar tarkibida ogsil,
vitaminlar va mineral moddalarning ko'pligi ularni inson ovgatlanishida muhim o'rin
tutishini belgilaydi. Shuningdek, ular dorivor xususiyatga ega bo'lib, immunitetni
mustahkamlashda go'llaniladi.

Tadgiqotda sifatli urug'lik mitseliy yetishtirish, genetik tozalik va
mikroorganizmlardan holi bo'lish talablari ko'rib chigilgan. Substrat tanlashning
igtisodiy samaradorlikka ta'siri, paxta sheluxasi, makkajo'xori poyasi, yeryong'oq
po'chog'i, gizilmiya ildizi chigindilari va yog'och gipig'idan foydalanish imkoniyatlari
o'rganilgan. Qo'shma substratlardan foydalanish hosildorlikni 25-35% gacha
oshirishi, mitseliy o'sishini tezlashtirishi va mahsulot tannarxini 30-40% ga
kamaytirishi aniglangan.

Magolada qo'ziqorin yetishtirishning ekologik jihatlari, chigindilarni gayta
ishlash va ulardan biogumus olish orgali tuprog unumdorligini oshirish masalalari
ham ko'rib chigilgan. Shuningdek, Pleurotus ostreatus, Pleurotus eryngii, Lentinula
edodes va Agaricus bisporus turlarining biologik xususiyatlari va yetishtirish
texnologiyalari tahlil gilingan.

Kalit so'zlar: tsellyuloza parchalovchi qo'ziqgorinlar, substrat, mitseliy,
hosildorlik, qishloq xo'jaligi chigindilari, biogumus, ogsil, Pleurotus ostreatus,
kompost, tannarx.

AHHomauu;l. B OanHOll cmamosbe oceeleHbl akmyajlbHble 680NpoOCsHL
6blpaAYUBAHUA ueanionosopaspyuarmux 2pu606, ux SHA4YeHue onst
NPO00BOILCMBEHHOU  Oe30NACHOCMU U NepepadbomKu  CelbCKOXO3AUCTBEHHBIX
omx0008. Bwvicoxoe codepofcaﬂue 58]11(06, BUMAMUHOB U MUHEPATIbHbIX 6€UWECME 6
2pubax ompeoessiem Ux BaAJCHYIO pojb 8 numauuu uenosexka. Kpome moeo, onu
001a0a0m 1e4eOHbIMU CBOUCTNEAMU U UCNOAL3YIOMCA OJI51 YKPENIeHUsL UMMYHUmMemd.
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B uccneoosarnuu paccmomperbl mpeéoeaﬁuﬂ K 6blpaiyu6aruIoO KavecmeeHHoco
noceeHozco muyeiusd, eco 2eHemu4ecKoll yucmome u omcymcmeuro MUKpOOpcaHU3IMOS.
H3yueno enusiHue e6vioopa cyocmpama HA SKOHOMUYECKYI0 2phgekmueHocmo,
B803MONCHOCMU UCNOJIb306AHUS XTONKOBOU wenyxu, KyKypy3Hblx cme@zed, CKoptynsl
apaxuca, 0mx00086 KODpHA COJIOOKU U 0p€8€CHblx ONnuJjioK. yCWlClHO@]leHO, ymo
UCNONB30BAHUE KOMOUHUPOBAHHBIX CYOCMPAMO8 NOBbIUUAE YPOICAUHOCIb 00 25—
35%, yckopsiem pocm muyenus u cHudxicaem cebecmoumocms npooykyuu Ha 30—40%.

B cmamwve maxorce PACCMOMPEHDbL IKOJI0cUHECKUE dACNEeKNnibl 6blpauiueaHusl
2pubos, nepepabomrka omxo008 u nosvlieHue Ni000pooUs NO48bl NYMEM NOJYUEHUS
6u02ijyca. HpOClHClJZLBupOGClel ouono2uyeckue o0cobeHHocmu U MexHoA02UU
BbLIPAUSUBAHUS] sudos Pleurotus ostreatus, Pleurotus eryngii, Lentinula
edodes u Agaricus bisporus.

Knioueevie cnoea: yennonozopaspywarowue epubsi, cyocmpam, Mmuyenull,
VPOHCAUHOCMb, — CENbCKOXO3AUCMBEHHble  0mX00bl, buocymyc, benok, Pleurotus
ostreatus, komnocm, cebecmoumocme.

Abstract. This article highlights the current issues of cultivating cellulose-
degrading mushrooms, their importance for food security, and the processing of
agricultural waste. The high content of proteins, vitamins, and minerals in mushrooms
determines their significant role in human nutrition. Moreover, they possess medicinal
properties and are used to strengthen the immune system.

The study examines the requirements for growing high-quality spawn mycelium,
including genetic purity and freedom from microorganisms. The impact of substrate
selection on economic efficiency is analyzed, along with the use of cotton seed husks,
corn stalks, peanut shells, licorice root waste, and wood sawdust. It has been found
that using combined substrates increases yield by 25-35%, accelerates mycelium
growth, and reduces production costs by 30—40%.

The article also covers ecological aspects of mushroom cultivation, waste
recycling, and improving soil fertility through biogumus production. Biological
characteristics and cultivation technologies of Pleurotus ostreatus, Pleurotus
eryngii, Lentinula edodes, and Agaricus bisporus species are analyzed.

Keywords: cellulose-degrading mushrooms, substrate, mycelium, vyield,
agricultural waste, biogumus, protein, Pleurotus ostreatus, compost, production cost.

KIRISH

Aholi sonining ortishi, ozig-ovgat mahsulotlariga bo‘lgan talabning ko‘payishi
hamda gishlog xo‘jaligi chigindilarini ekologik xavfsiz gayta ishlash masalalari dunyo
migyosida muhim ahamiyat kasb etmoqda. Shu nugtai nazardan sellyuloza
parchalovchi iste’molbop qo‘ziqorinlar biotexnologiya, 0zig-ovgat sanoati va gishloq
xo‘jaligida istigbolli biologik obyektlar hisoblanadi.

Sellyuloza parchalovchi Pleurotus ostreatus, Pleurotus eryngii, Lentinula
edodes, Agaricus bisporus qo‘ziqorinlari hisoblanadi. O‘simlik chigindilarida
yetishtiriladigan qo‘ziqorinlar sellyloza parchalash xususiyatiga ega bo‘lib ular asosan
o‘sib rivojlanish, hosildorligi oziga muxitining tagkibidagi sellylozaga bog‘lig.
Qo‘ziqorinlar iste’mol gilish bilan birgalikda ularda gayta ishlash yo‘li bilan vitamin,
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ogsil, antibiotik, limon, sirka, glykon kislotalari olinadi. Bundan tashgari organiq
o‘g‘itlar, tuprog unumdorligini oshirishda biogumuslar olishda foydalaniladi.

Hozirgi kunda sellyuloza parchalovchi qo‘zigorinlar o‘simlik qoldiglari
tarkibidagi sellyuloza, gemitsellyuloza va lignin moddalarini fermentlar yordamida
parchalash xususiyatiga ega. Ular somon, paxta chigindisi, yog‘och girindisi,
makkajo‘xori poyasi kabi organik substratlarda o‘sib, ushbu chigindilarni gimmatli
ozig-ovgat mahsulotiga aylantiradi. Bunday qo‘zigorinlarga Pleurotus ostreatus,
Pleurotus eryngii, Lentinula edodes va Agaricus bisporus kabi turlar kiradi.

Ushbu go‘ziqorinlar yuqori ozigaviy giymatga ega bo‘lib, tarkibida ogsil,
aminokislotalar, vitaminlar va mineral moddalar ko‘p miqdorda bor. Iste’mol
gilinadiga go‘zigorinlat inson ozigasinig asosiy omillardan biri hisoblanadi. Bundan
tashqari, ularning ayrim turlari dorivorlik xususiyatga ega bo‘lib, ulardan immunitetni
mustahkamlash va organizm faoliyatini tiklashda muxim bo‘lgan antibiotiklar ajratib
olinadi.

Sellyuloza parchalovchi qo‘zigorinlar nafagat ozig-ovgat mahsuloti, balki
gishlog xo‘jaligi mahsulotlarini chigindilarini biologik gayta ishlash, kompost va
biogumus ishlab chigarish, atrof-muhit ifloslanishini kamaytirish hamda biotexnologik
mahsulotlar  olishda ulardan  foydalaniladi.  Qo‘zigorinlarni  yetishtirish
texnologiyalarini takomillashtirish bilan birgalikda ulardan, yugori hosil olish,
mahsuldorligi yuqori bo‘lgan shtammlarni ajratish, go‘zigorinlarni gayta ishlash
hamda sanoat migyosida ishlab chigarishni kengaytirish dolzarb vazifalardan biri
hisoblanadi.

sellyuloza parchalovchi qo‘ziqorinlarning biologik xususiyatlari, yetishtirish
texnologiyasi, xalq xo‘jaligida, qishloq xo‘jaligida ahamiyati va ulardan samarali
foydalanish imkoniyatlarini o‘rganishga dolzarb masalalardan biri hisoblanadi.

TADQIQOTNING MAQSADI. Qishlog xo‘jaligi chqindilaridan samarali
foydalanish, ekologik muvozanatni saglash va iqtisodiy foyda olishda muhim
ahamiyatga ega mahsulotlar yetishtirish asosiq maqsad biri hisoblanadi.
Pespublikamizda qo‘ziqorinchilikda istisoslashgan klaster va tashkilotlar mavjud emas.
Yangi yo‘nalishlar bo‘lsa-da, iglim sharoiti, xom ashyo ba’zasi va bozor ehtiyoji juda
yugori. Ammo bu sohada muvaffagiyatga erishish uchun asosiy bosqich-sifatli urug‘lik
mitseliy yetishtirish va samarali substrat tanlash hisoblanadi.

TADQIQOT OBYEKTI. Iste’mol qilinadigan qo‘ziqorinlarni sifatli uruglik
mitseliysini yetishtirish. Respublikamiz sharoitida qo‘ziqorinchilikni rivojlantirish
bilan birgalikda wurug‘lik mitseliylarini  yetishtirish.  Patogenlik  qiladigan
mikroorganizmlarga garshi kurash.

TADQIQOT PREDMETI. Qo‘ziqorin yetishtirish jarayonida muxim
omillardan biri urug‘lik mitseliysini tayyorlash. Sifatli urug‘lik mitseliy bozor bop
yugqori hosil, sifati kafolatgan mahsulotlar yetishtirish. Sifatsiz urug* ekilsa hosildorligi
past hamda sifatsiz hosil olishga erishiladi.

TADQIQOT NATIJALARI

Urug‘lik mitseliy sifati-muvaffaqiyat kaliti
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Sifatli urug‘lik mitseliy quyidagi xususiyatlarga ega bo‘lishi kerak:

Genetik tozalik: Mitseliy genetik jihatdan bir xil bo‘lishi, yuqori hosildor
go‘ziqorinlardan olingan bo‘lishi kerak.

Ifloslanmaganligi: Urug‘lik miseliy mikroorganizmlardam xoli bo‘lishi kerak.

Faol o‘sish qobiliyati: Mitseliy substratga tez moslashishi, o°‘sishi
samaradorlikgi yuqori bo‘lishi.

Urug‘lik mitseliysini saqlash: Urug‘lik mitseliy 20-250C haroratda saglanadi
muzlatilgan yoki juda issiq joyda saqlansa, faolligini yo‘qotishi mumkin.

Shu bois, qo‘ziqorin yetishtirishni boshlashdan avval, miseliy yetishtirish
talablariga javob beradigan laboratoriya yoki yetakchi ishlab chigaruvchilardan
urug ‘lik mitseliy harid qilish juda muhim. Urug‘lik sifatini nazorat qilish bargaror hosil
va iqtisodiy samaradorlikningning asosiy kafolatidir.

Substrat tanlovi: Tannarxni pasaytirishning asosiy yo‘li

Respublikamizda qo‘ziqorin yetishtiruvchilar asosan paxta chigindilari va
boshoqli don ekinlari chigindilaridandan foydalanadilar. Qo‘ziqorinlarni yetishtirishda
asosan qishloq xo‘jaligi mahsulotlarining chiqindilaridan foydalaniladi. Qo‘ziqorin
yetishtirsh chigindisiz mahsulotlar yetishtirish texnologiyasi hisoblanadi. Shu sababli,
sellyulozaga boy chiqindilardan: makkajo‘xori poyasi, so‘tasi, kungaboqar poyasi,
qizilmiya ildizi, yeryong‘q po‘chog‘i, yog‘och qipig‘i (opilka), boshoqli don ekillari
somoni chigindilaridan foydalaniladi.

Substratlarni tanlashdan asosiy magsad mahsulot tan narxini arzon bo‘lishi va
sifatli hosil olish.

Qo‘ziqorin yetishtiriladigan substratlar urug‘lik miseliy tez o‘sishi, hosil o‘sishi,
hosildorligi yuqori bo‘lishi eng muhim omlillardan biridir. Substrat nafagat qo‘ziqorin
hosildorligiga, balki mahsulot tannarxiga ham ta’sir qiladi. Arzon va oson topiladigan
xomashyoni tanlash igtisodiy samaradorlikka erishishga muhim ahamiyatga ega.

Respublikamiz  sharoitida qo‘ziqorin  yetishtiruvchilar asosan  chigit
sheluxasidan eng ko‘p foydalanadilar. Chigit sheluxasi topilishi oson barcha vilotlarda
bor arzon, keng tarqalgan va sellyulozaga boy bo‘lgani uchun yaxshi hosildorliq yuqori
bo‘ladi. Biroq, faqat shu bilan cheklanish shart emas.

Sellyuloza parchalovchi qo‘ziqorinlar masalan, Shimeji, Pleurotus eryngii,
Pleurotush ostreatusturlari uchun quyidagi alternativ substratlar ham mavjud:

Makjoxo‘ri so‘tasi va poyasi: Qishloq xo‘jaligidagi chiqindi sifatida ko‘p
uchraydi. Sellyuloza miqdori yetarli va arzon.

Yeryong‘oq po‘chog‘i va poyasi: Xususan yeryong‘oq yetishtiriladigan
hududlarda ko‘p miqdorda chiqindi hosil bo‘ladi. Ximiyaviy ishlovdan o‘tkazilsa,
yaxshi substrat bo‘ladi.

Qizilmiya ildizining chigindlari: Farmatsevtika va ekstrakt ishlab chigarishdan
golgan bu modda ham minerallarga boy va mitseliy o‘sishiga mos muhit bo‘la oladi.

Yog‘och qipig‘i (opilka): Aynigsa mevador yoki yong‘oq daraxtlaridan olingan
opilka qo‘ziqorinlar uchun magbul hisoblanadi.

Sholi qipig‘i eng arson deyarli ishlatilmaydigan substarlar hisoblanadi.
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Ushbu substratlardan foydalanish nafagat chigindilarni gayta ishlashga yordam
beradi, balki qo‘ziqorin yetishtirishda tannarxni sezilarli pasaytirish, ishlab chigarishni
kengaytirish va atrof-muhitga zarar yetkazmaslik imkonini ham beradi.

Qo‘shma substratlardan foydalanish samarasi

Qo‘ziqorin yetishtirishda mitseliy o‘sishi va hosildorlik darajasi katta qismda
substratning tarkibiga bog‘liq. Bir turdagi substratdan foydalanish ko‘p hollarda
samara bersa-da, uni boshqa moddalar bilan aralashtirish, ya’ni qo‘shimcha substratlar
tayyorlash, yetishtirish jarayonini yanada samarali bo‘lishiga xizmat qiladi.

Qo‘shimcha substratlar: ikki yoki undan ortiq turdagi Xxomashyoni
aralashtirish orqgali tayyorlanadigan substratlar yoqori hosilning garovidir.

Qo‘shimcha substarlarning asosiy afzalliklari:

Ximiyaviy tarkibni muvozanatlash: qishloq xofjalik  mahsulotlarini
chigindilarga boy turli substratlar tayyorlash. paxta sheluxasi sellyulozaga boy bo‘lsa,
makkajoxori so‘tasi va poyasi gemitsellyuloza va mineral moddalar ko‘p hisoblanadi.
Avralashtirish natijasida yuqori hosil olish uchun substratlar tayyorlanadi.

Mitseliy o‘sishini tezlashtirish: turli ekillarni chiqindilari aralashtirilgan
substratlar mitseliyning tez moslashishi va jadal o‘sishini ta’minlaydi.

Hosildorlikni oshirish: Substratlar sifatli bo‘lsa qo‘ziqorinning hosili ham yuqori
bo‘ladi. Bir xil turdagi substartlarda hosil 15-20% atrofida bo‘lsa, aralsh substratlarda
bu ko‘rsatkich 25-35% gacha oshishi kuzatilgan.

Qimmat substratni arzon chigindilar bilan aralashtirish orgali tannarxni
pasaytirish mumkin.

Masalan:

Chigit sheluxasini + yog‘ch qipig‘l bilan aralashtirish.

Makkjo‘xori so‘tasi va poyasini + yeryong‘oq po‘chog‘i hamda poyasi bilan
aralashtirish.

Qizilmiya chigindisi + chigit sheluxasi bilan aralshtirish.

Qo‘shma substratlardan foydalanish nafaqat qo‘ziqorin hosilini oshiradi, balki
ishlab chigarishdagi bargarorlikni ta’minlab, chiqindilarni gqayta ishlashga ham hissa
go‘shadi.

Bir nechta chiqindilarni aralashtirish orqali qo‘ziqorin mevatanasini oshirish,
fruktefikatsiya davrini gisqartirish va xarajatlarni kamaytirish mumkin. Masalan, 70%
makkai so‘tasi + 30% yeryong‘oq po‘chog‘i aralashmasi samarali hisoblanadi.

Igtisodiy va ekologik afzalliklar

Iqtisodiy jihatdan: chiqindilarni qo‘shma substrat sifatida ishlatish tannarxni 30-
40% ga pasaytiradi va ish o‘rinlari yaratadi. Ekologik jihatdan: chiqgindilar qayta
ishlanadi, tabiatga zarar kamayadi va qoldiqlar organik o‘g‘it sifatida foydalaniladi.

XULOSA

Pespublikamizda sellyuloza parchalovchi qo‘ziqorinlarni yetishtirish sohasida
rivojlanish ozig-ovgatga bo‘lgan talabni qondirish. Qishloq xo‘jaligi chqindilarini
aralshtirish hisobida yuqori hosildorlikka erishim. Qo‘iqorinlarni yetishtirshda substrat
sifatini oshirish bilan birga ularni hosildorligi ham oshadi. Chigindi sifatifa tashlab
yuboradigan mahsulotlardan hosil olish, olingan hosildan qolgan chigindilarni
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biogumisga aylantirsh va tuprog unimdorligini oshirishda garatilgan muammolarni
bartaf etish.
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Annotatsiya. Mazkur magolada sarig do ‘lana mevasi dorivor hamda ozugaviy
qiymati jihatidan yuqori bo ‘lgan tarixiy ahamiyatga ega bo ‘Igan meva hisoblanib,
dunyoning ko ‘pgina mamlakatlarida uni tabiiy holda o’sishi, undan qayta ishlab
marmelad olish jarayoni, do’lana mevasining kimyoviy tarkibidan kelib chiqib, turli
xil oziq ovqat mahsulotlari ishlab chigarish imkoni borligi tasdiglangan. Do ’lanani
kimyoviy tarkibi jihatidan, ozuqalilik ko ‘rsatkichlari bo yicha yuqori darajada
ekanligi o ‘rganilib, bugungi kunda respublikamiz aholisi tomonidan iste’'mol usullari
va do’lana mevasidan marmelad olish bo ‘yicha ilmiy asoslangan ma lumotlar
keltirilgan.

Kalit so‘zlar. Crataegus pontica L., sariqg do’lan mevasi, kimyoviy tarkibi,
ozugalik xususiyatlari, gayta ishlash, marmelad, texnologik jarayonlar, quritish,
tayyor mahsulotlar.

Aunomayua. B Oaunou cmamve paccmampueaomcs nioobl  HCENMO20
O0APLILHUKA KAK UCMOPUYECKU YEHHbIN NPOOYKM C B8bICOKOU JNeKAPCMEEHHOU U
numamenvHou  yeuHocmolo.  IloOmeepoxcoena  803MONCHOCMb — NPOU3BOOCMEA
PA3IUYHBIX U008 NUWLEBOL NPOOYKYUU HA OCHOBE XUMUYECKO20 COCMABA OOAPLIUHUKA,
npugedeHvl OaHHbIE 0 €20 eCMeCm8eHHOM NPOUPACMAHUU 60 MHO2UX CMPAHAX MUpPA,
a makxce MexHONO0SUYEeCKUli npoyecc nepepabomku HI0008 O HONYYeHUs
mapmenada. B xode ucciedosanus ObiIU  U3YUEeHbl GbICOKUE NOKA3AMenU
NUMAmMeNbHOCMU U XUMUdeckoeo cocmaga  oospviwnuxa. Kpome  moeo,
npeocmaeiieHvl HAYYHO 00O0CHOB8AHHbIE OAHHble O CHOCOOAx e20 YNompeoaeHUs.
HaceneHuem Haulel pecnyonuKu U MmexHoI02UU NPoU3800CmEa Mapmenaoa u3 niodos
O0APLILHUKA.

Kntouesvie cnoea. Crataegus pontica L., nioosi dcenmozo 60ApblUHUKA,
XuMuyeckull —cocmas, numamenbHble CB0UCMBA, nepepabomka, Mapmendao,
MexXHoN02UYeCcKUe NPOYecchyl, CYUKa, 20mosas npooyKYus.

Abstract. This article highlights the yellow hawthorn fruit (Crataegus) as a
historically significant product with high medicinal and nutritional value. Based on its
chemical composition, the study confirms the potential for manufacturing various food
products from this fruit, detailing its natural habitat across many countries and the
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technological process of processing it into marmalade. Furthermore, the high
nutritional profile and chemical constituents of hawthorn were evaluated, providing
scientifically proven data on its current consumption patterns among the population of
our republic and the innovative methods of marmalade production.

Keywords. Crataegus pontica L., yellow hawthorn fruit, chemical composition,
nutritional properties, processing, marmalade, technological processes, drying,
finished products.

KIRISH

Do‘lana (Crataegus pontica L.) tarqalish maydoni Markaziy Osiyoning tog‘li
va tog‘oldi hududlarida keng tarqalgan. O‘zbekistonning tog‘li hududlari, xususan,
Toshkent viloyati, Jizzax viloyati, namangan viloyati va bir gancha tog‘li
hududlarimizda ham do‘lananing sariq hamda qizil turlarini uchratishimiz mumkin.
Do‘lana dorivorlik jihatidan hamda ozuqaviy qiymati jihatidan yuqori bo‘lgan tabiiy
holda o‘sadigan o‘simlik hisoblanadi. Do‘lana mevalari mevalari tarkibida inson
salomatligi uchun zarur bo‘lgan bir qancha biologik faol moddalarni uchratishimiz
mumkin, jumladan vitaminlar, organik kislotalar, pektin moddalari, flavonoidlar va
antioksidantlar shular jumlasidandir. Aynigsa, do‘lana mevalari tarkibidagi pektin
moddalarining yugqoriligi do‘lana mevalarining qandolat sanoatida, xususan, jele va
marmelad mahsulotlari ishlab chigarilishida gimmatli xomashyo turidan biri
hisoblanadi.

Marmelad — bu meva va rezavorlar pyuresidan shakar qo’shilgan yoki aksincha
shakarsiz holda jelelanuvchi (qumoglantiruvchi) moddalar hamda organik kislotalar
qo’shilgan holda mahsulotni gaynatish orqali tayyorlanadigan, pishig konsistensiyali
gandolat mahsulotidir.

METOD VA USULLAR

Biz ushbu maqolamizda laboratoriya sharoitida 5 kg do‘lana xomashyosidan
foydalangan holda marmelad tayyorlash texnologiyasini optimallashtirish, 5 kg
do‘lanadan tayyor mahsulotning chiqishi, tayyor bo’lgan mahsulotning fizik-Kimyoviy
hamda organoleptik ko‘rsatkichlarini o’rganib chiqdik.

Do‘lana mevalari do‘lanazorlardan qayta ishlash uchun pishib yetilgan davrda
terib olinadi. Ushbu tadqiqotda obekt sifatida Toshkent viloyati Bo‘stonlig tumanida
tabily xolda uchraydigan sariq do‘lana mevalari tanlab olingan. Bundan tashqari
yordamchi materiallar sifatida shakar, quyultiruvchi modda (jelatin), Kislotalikni
muvozanatlash uchun limon kislotasi va ichimlik suvi olingan.

Har ganday gayta ishlanadigan mahsulotni gayta ishlashdan oldin biokimyoviy
tarkibi o‘rganiladi. Biokimyoviy tarkib mahsulotning texnologik xususiyatlarini
belgilab beradi. Laboratoriya tadqiqotlarida foydalanilgan sariq do’lana mevalarining
o‘rtacha kimyoviy tarkibi tahlil gilinganda, uning tarkibida organik kislotalar,
eruvchan quruq moddalar hamda pektinga boy ekanligi aniglangan. Do’lana mevalari
tarkibida asosan olma va limon kislotalari mavjud. Mahsulot tarkibidagi eruvchan
qurug moddalar (EQM) miqdori refraktometr uskunasida tekshirilganda, do’lana
mevalarining pishib yetilish darajasiga qarab 14% dan 18% gacha o‘zgarib turishi
kuzatildi. Do’lana mevasining pektinga boyligi undan marmelad tayyorlash jarayonida
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judayam qo‘l keladi. Pektin moddasining ko‘pligi hisobiga marmelad tayyorlash
jarayonida unga shakar qo’shmasdan ham tayyorlash mumkin. Pektinning jelelanish
xususiyati marmeladning tayyor bo‘lishida bosh rolni o‘ynaydi. Sariq do‘lana tarkibida
protopektin (erimaydigan shakli) va gidropektin (eriydigan shakli) umumiy miqdori
1.2% dan 1.8% gacha yetadi. Bu ko‘rsatkich tashqi tomondan jelelovchi moddalar
(masalan, agar-agar yoki tijorat pektini) qo‘shish miqdorini kamaytirish yoki umuman
go‘shmaslik imkonini beradi.

1-jadval.

5 kg do‘lana mevalaridan marmelad tayyorlashda unga ketadigan qo‘shimcha
xomashyolar, ularning migdori, tayyor mahsulotdagi ulushi va texnologik

vazifasi.
. i Miqdori Retsepturadagi . e
Ne Mahsulot nomi (kg /) ulushi (%) Texnologik vazifasi
Asosiy xomashyo, ta’m va
1.  Sariq do‘lana mevasi 5.0 kg 53.2% rang beruvchi, tabiiy pektin
manbayi
Shirinlik darajasi,
konsistensiyani
0,
2. Shakar (Saxaroza) 3.5kg 37.2% shakllantirish, EQMni
oshirish
Qo‘shimcha jelelovchi,
3. Agar-agar (yoki jelatin) 0.08 k)g (80 0.85% pishiq struktura hosil
g giluvchi
pH mubhitini sozlash (3.0-
4.  Limon kislotasi (E-330) 0.02 k)g (20 0.21% 3.2), pektinning jelelanishini
g faollashtirish
Pyurening kuyishini oldini
5. Suv (Distillangan) 0.8 litr 8.5% olish va agar-agarni eritish
uchun
5 Jami xomashyo 9.4 kg 100% Pishirish jarayonigacha

aralashmasi bo‘lgan umumiy massa

Marmelad tayyorlash jarayonida asosiy xomashyo sifatida sariq do‘lana
mevalaridan 5 kg ( retsepturadagi mahsulotning 53.2 %), qo‘shimcha mahsulotlardan
shakar 3.5 kg ( retsepturadagi mahsulotning 37.2 %), agar-agar yoki jelatin 80 g
( retsepturadagi mahsulotning 0.85 %), limon kislotasi 20 g ( retsepturadagi
mahsulotning 0.21 %), suv 0.8 litr 8.5%( retsepturadagi mahsulotning 8.5 %)
miqdorida olamiz. Har bir olgan mahsulotimizning o‘ziga xos bo‘lgan texnologik
vazifalarga ega. Mahsulot tarkibiga qo‘shilgan shakar mahsulotning shirinlik darajasi
shakllantirish, konsistensiyani shakllantirish hamda EQMni oshirish vazifasini
bajaradi. Agar-agar (yoki jelatin) pishiq struktura hosil gilishda ishtirok etadi. Limon
kislotasi pH muhitini sozlash (3.0-3.2) hamda pektinning jelelanishini faollashtiradi.
Suv pyurening kuyishini oldini olish va agar-agarni eritish uchun ishlatiladi.

Marmeladni tayyorlash jarayoni bir qancha texnologik jarayonlarni oz ichiga
oladi. Mahsulotni tayyorlashda har bir jarayon muhim hisoblanadi. Jarayonning ketma
ketligiga amal gilish mahsulotning sifatli chigishini belgilab beradi.
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Dastlab keltirilgan sariq do‘lana mevalarini mexanik aralashmalardan tozalanib,
bandlaridan ajratib olinadi. Saralab olingan mevalar sovuq oqib turgan suvda tozalab
yuviladi. Yuvilgan mahsulotlar suvi laboratoriya elaklarida sirgitiladi.

Keyingi jarayon blanshirlash jarayoni hisoblanadi. Bunda mevalar laboratoriya
qozoniga solinib, ustiga 0.5 litr suv qo‘shiladi. Meva eti yumshaguncha va protopektin
eruvchan pektinga o‘tguncha bug® yoki past olovda blanshirlanadi. So‘ngra mevalar
elakdan (teshigi d=1.0-1.5 mm) o‘tkazilib, danagi va po‘stlog‘idan ajratilgan toza
pyure (o‘rtacha 3.8 kg) olinadi. Blanshirlash jarayonida suv harorati 95-100°C tashkil
etadi. Bu jarayonga 15-20 dagiqga vaqt sarflanadi.

.%.;;
e
L}

" g %
e Lax

.(
-
"’Q' - 0
e €.
v

.

Q-Qm‘

&2 of
® 0.4
e ‘
o

s S w Do
*ore
Fea®
"o a®

1-rasm. Mahsulotni yuvish jarayoni. 2-rasm. Do’lananing ajratilgan po’sti va
danagi
80 g agar-agar 300 ml sovugq distillangan suvda 30 daqiqa davomida bo‘ktiriladi.
Keyin sekin 20-60°C gacha qizdirilib, to‘liq eriguncha 30 40 daqiqa aralashtiriladi.
Meva pyuresi laboratoriya qozoniga olinadi, ustiga shakar qo‘shiladi va
aralashtirib turilgan holda 102-105°C haroratda 25-30 dagiga gaynatiladi. Qaynash
ohirida erigan agar-agar eritmasi qo’shiladi. Eruvchan quruq moddalar miqdori
refraktometrda o’lchanganda 65-68% ga yetganda mahsulot olovdan olinadi. Tayyor
massa 80°C gacha sovutiladi va unga 20 g limon kislotasining suvli eritmasi qo‘shiladi
(bu bosgichda pH 3.1 ga keltiriladi). Tayyor gaynog massa maxsus silikon yoki metall
goliplarga quyiladi. Marmelad 20-22°C xona haroratida 4-6 soat davomida sovutiladi.
Bu vaqtda mahsulotda jelelanish jarayoni sodir bo‘ladi. Malum vaqtdan keyin
qoliplardan ajratilgan marmelad bo‘laklari laboratoriya sharoitida, suniy quritish
pechlariga 40°C haroratda 24 soatga quritishga qo‘yiladi. Marmeladning namligi 20-
22% gacha tushguncha quritiladi, so‘ngra germetik idishlarga qadoqlanadi.
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3-rasm. Tayyor bo’lgan marmelad
pechga quritishga qo’yish jarayoni

Natija. Marmelad namunalari tayyor bo‘lgandan keyin, laboratoriyada standart
talablari (GOST) asosida ularning asosiy fizik-kimyoviy ko‘rsatgichlari tahlil gilindi.

2-jadval.
Tayyor marmeladning sifat ko‘rsatkichlari.
Ne Parametr nomi Aniglangan Standart talabi Tahlil usuli
giymat (Meyor)
1 Eruvchan qurug moddalar 67.5% Kamida 65.0% Refraktometrik
(EQM)
2 Namlik migdori 21.4% 20.0% - 24.0% Quiritish javonida vazn
yo‘qotish
3 Umumiy kislotalilik (olma 0.85% 0.6% - 1.2% Titrimetrik (0.1 N NaOH
kislotasiga nisbatan) bilan)
4 Vodorod ko‘rsatkichi (pH) 3.15 3.0-3.3 Potensiometrik (pH-metr)
5 Shakar 8.2% 7.0% - 12.0% Bertran usuli

pH giymatining 3.15 atrofida bo‘lishi pektin-shakar kompleksining optimal
panjarali (gel) strukturasini hosil gilishi uchun ideal muhit hisoblanadi. Agar pH 3.5
dan yuqori bo‘lsa, marmelad shaklini ushlay olmaydi (suyuq qoladi), 2.8 dan past
bo‘lsa, "sinerezis" (geldan suv ajralib chiqishi) hodisasi kuzatiladi.

5 kg boshlang‘ich xomashyodan foydalanilganda har bir texnologik bosqichda
sodir bo‘ladigan massaning kamayishi va yakuniy tayyor marmeladning chigishi
quyidagi nisbatda tagsimlanadi.

Boshlang‘ich 5 kg butun do‘lana mevasidan danaklari va po‘stloq qismi
ajratilgandan keyin 3.8 kg pyure goladi. Bu umumiy massaning 76 % ni tashkil etsa;
ajratilgan danak, po’sloq va mexanik yo’qotishlar umumiy massaning 24 % ni tashkil
etadi. Pishirish jarayonida umumiy massaning taxminan 30-32% gacha suvi bug'lanib
ketadi, namlikning bug‘lanishi va qo’shimcha mahsulotlarning qo‘shilishi natijasida
yakuniy tayyor quritilgan marmelad miqdori o‘rtacha 5.2 kgni tashkil etadi.

Tayyorlangan do‘lana marmeladi laboratoriya ekspertlari tomonidan 5 balli
tizimda baholandi. Baholash jarayonlarida mahsulotning tashqi ko‘rinishi, ya’ni shakli
aniq, qgirralari sillig, yuzasi shishasimon va tiniq ekanligiga 4.9 ball; konsistensiyasi-
plastik, pishiq, kesilganda qisarsiz va cho‘ziluvchan bo‘lmagan zich struktura 4.8 ball;
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rangi- sariq do‘lanaga xos bo‘lgan tillarang-jigarrang tusda, bir xil tagsimlanganligiga
5.0 ball;, hidi va ta'mini do‘lana mevasiga xos bo‘lgan yoqimli nordon-shirin ta'm,
o‘ziga xos tabily xushbo‘ylik hamda shakar ta'mi meva kislotasi bilan to‘liq
balanslashganligi 4.9 ball bilan baholandi.

XULOSA

Laboratoriya sharoitida o‘tkazilgan tadqiqotlar shuni ko‘rsatdiki, Crataegus
pontica L. (Sariq do‘lana) mevalari o‘zining yuqori pektinlik va kislotalilik xususiyati
bilan sifatli marmelad olish uchun mukammal xomashyo bazasi bo‘la oladi. Ishlab
chigilgan texnologik rejim (102-105°C pishirish harorati va pH 3.15 muhiti) mahsulot
tarkibidagi vitaminlar va biologik aktiv moddalarni maksimal darajada saglab golish
bilan birga, yuqori organoleptik ko‘rsatkichlarga ega barqaror strukturali marmelad
olish imkonini berdi. Ushbu texnologiya asosida kelgusida gandolat sanoatida
parhezbop va funksional ozig-ovgat mahsulotlari ishlab chigarishni sanoat migyosida
yo‘lga qo‘yish tavsiya etiladi.
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Annotatsiya. Magolada do ‘lana (Crataegus L.) turkumi vakillari va ularning
keng tarqalgan muxim turlari, biologiyasi, ekologiyasi va xalq xo ‘jaligidagi axamiyati
xaqida ma’lumotlar keltirilgan. Dulananing Jung ‘or, Oltoy va sariq do ‘lana turlari
dorivor va ozig-ovqat axamiyatiga ega bo ‘lib, ularni madaniylashtirish va plpntatsiya
o ‘stirish agrotexnikasini  ishlab chiqish bugungi kundagi dolzarb masalalar
hisoblanadi.

Kalit so‘zlar. do‘lananing turlari, tarqalish areali, o'sish sharoiti,
biomorfologik ko ‘rsatkichlari, ayrim turlarining biokimyoviy tarkibi va ularning
ahamiyati xagida ma lumotlar keltirilgan.

Annomayun. B cmamve npedcmasnenvt c8edeHuss 0 npeocmasumensix pooa
bospouunux  (Crataegus L.), ux Haubonee pacnpocmpameHHbIX B6ANCHbIX BUOAX,
OuoI02UU, IKONOSUU U SHAYEHUU 8 HAPOOHOM Xo3sticmee. Takue 8udvl, KAk OOAPLILHUK
OJICYH2APCKUL,  ANMAUCKUUL U  Jicelmblil  (MOHMUUCKULL), 001a0aiom 6vlCOKOU
JIEKApCMBEHHOU U NUWe8oU YeHHocmblo. B cesaszu ¢ amum paspabomka azpomexnuxu
UxX 88e0eHUs 8 KYIbmypy U CO30aHUs NAAHMAYUU A6IAeMcs 0OHOU U3 AKMYANbHbIX
3a0a4 Ha ce200HAUHUL OeHb.

Knrwoueswvie cnosa. B pabome npedcmasnenvl ceedeHUs 0 8U0ax OOAPbILUHUKA,
apeane ux pacnpoCMpaneHusi, YCI08UAX HPOUPACMAHUS, OUOMOPPON0SUYECKUX
nokaszameJsx, OUOXUMUYLECKOM COCmase OMOeNbHbIX U008 U UX 3HAUCHUU.

Abstract. The article provides information on the representatives of the
hawthorn genus (Crataegus L.), their widely distributed essential species, biology,
ecology, and significance in the national economy. Species such as Dzungarian, Altai,
and yellow (Pontic) hawthorn possess substantial medicinal and nutritional value;
therefore, introducing them into cultivation and developing agrotechnical methods for
plantation growth represent urgent tasks today.

Keywords. The paper provides comprehensive data on the species of the genus
Crataegus L., including their distribution areas, growth conditions, biomorphological
characteristics, the biochemical composition of certain species, and their overall
significance.
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KIRISH

Do‘lana (Crataegus L.) turkumiga 700 dan ortiq turi bo‘lib, ularning ko*pchiligi
Shimoliy Amerikada targalgan. Ular daraxt va buta o‘simliklaridir. Daraxtlarning
balandligi 10-15 m ga, butalarining balandligi esa 0,5-4 m gacha yetadi. Ular bir tanali
va ko‘p tikanli bo‘ladi, daraxt shakllari sershox. Po‘stlog‘i avval sillig, tiniq, kul rang,
katta yoshida bo‘yiga yorilgan bo‘ladi, po‘stlog‘i to‘kilib turadi.

MDH mamlakatlarida 39 turi bo‘lib, ular orasida keng tarqalgan jung‘or
do‘lanasi (Crataegus songorica C.Koch.) tog‘larning o‘rta qismida o‘sadi, Markaziy
Osiyo va Qozog‘iston tog‘ daryolari havzalarida ko‘plab o‘sadi. Balandligi 5
metrgacha, shox-shabbalari yaxshi rivojlangan kichik daraxt. Novdalari uzunligi 15
mm gacha bo‘lgan jigarrang tikonlar bilan qoplangan. Barglari oval-rombsimon, asosi
keng, chekkalari tishli, mevalari sharsimon, 13 mm diametrli to‘q qizil 3-4 tadan
danakchalari mavjud. Mevasi to‘q sariq unsimon, iste’mol uchun yaroqli.

Oltoy do‘lanasi (Crateagus pontica L)Oltoy, Tyan-Shan, Pomir-Oloy tog‘larida
va MDH ning Yevropa gismida keng targalgan. Pomir-Oloyda 1500-3000 metr
balandliklarda toshlog va qumloq yerlarda o‘sadi. Sof do‘lanzorlar tashkil etmaydi,
aksincha archa, qayin, gatrang‘i turlari bilan aralash o‘sadi. O‘rmon melioratsiyasi
uchun juda qimmatli daraxt turi hisoblanadi.

1-rasm. Sariq do‘lana 1-rasm. Qizil do‘lana

METOD VA USULLAR

O‘zbekiston florasida do‘lananing bir nechta turlari mavjud. Ulardan 2 turi
Pontiya yoki sariq do‘lana (Crateagus pontica L) va Turkiston yoki sariq va qizil
do‘lana (Crataegus turkestanica Pojark.) keng tarqalgan.

Sariq do‘lana (Crateagus pontica L) balandligi 5-10 metrgacha, diametri 35 sm
bo‘lib, tanasining po‘stlog‘i kulrang, jigarrangda. Ko‘plab yo‘g‘on tikonlar uchraydi,
ularning uzunligi 1 sm gacha yetadi, keng shox- shabbali daraxt. U iyun oyida gullaydi,
mevasi sentabr — oktabr oylarida pishib yetiladi. Asosan dengiz satxidan 1000-2000
metr balandlikdagi toshli tog® yonbag‘irlarida o‘sadi. Quruq tog® yonbag‘irlarida
alohida-alohida, ba’zan kichik do‘lanazor hosil qilib o‘sadi. Respublikamizning barcha
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viloyatlaridagi tog‘larida tarqalgan. Sariq do‘lananing bu biologik xususiyati
qurg‘oqchilikni osonlik bilan o‘tkazishini ta’minlaydi. Birinchi yili sekin o‘sadi, u
asosan urug‘idan ko‘payadi.

Sariq do‘lana istemol gilinadigan va dorivor o‘simlik. mevasining tarkibida 20%
qand, 8% yog*, flavonoidlar, vitaminlar, organik kislotalar bor. Xalq tabobatida sariq
do‘lanadan aqliy toligganda, wuyqusizlikda, yurak faoliyatini yaxshilashda
foydalaniladi[2].

Do‘lana avvalambor dorivor o‘simlik sifatida yaxshi o‘rganilgan. Davolash
magsadida uning yangi terilgan yoki quritilgan mevalari ishlatiladi. Mevalari kuzda
to‘liq pishib yetilgach, sovuqlar tushishiga qadar terib olinadi.

Do‘lananing mevasi istemol qilinadi, undan murabbo va sharbatlar xam
tayyorlanadi. Turkiston yoki sariq do‘lana (Crateagus pontica L) balandligi 3-7
metrgacha yetadigan tikanli yirik buta yoki daraxt. Aprel-may oylarida gullab, mevasi
sentabr-oktabr oylarida pishadi.

O‘zbekistonning deyarli barcha tog‘li xududlarida o‘sadi. U asosan toshloq
tog® yonbag‘irlarida, daralar tubida, dengiz sathidan 2000 metrgacha bo‘lgan
balandliklarda tabiiy o‘sadi. Tabiatda 8 metrgacha balandlikka ega, daraxtning tana
po‘stlog‘i va novdalari to‘q kulrangda. Novda tikonlari 1,5 mm gacha bo‘lib, siyrak
joylashgan. Daraxtdagi barglari ikki xil gulli o°suvchi novdalarda kengroq uch bo‘lakli
bo‘ladi.

Birinchi gullash 5-8 yoshli daraxtlarda kuzatiladi. Gullari yarim zontiksimon oq
rangda, mevasi oktabrda yetiladi, mevasi tuxumsimon diametri 12 mm gacha, qizil,
yaltiroq, sariq unsimon iste’molga yaroqsiz meva etiga ega, bir danakli.

NATIJA

Do‘lananing halq xo‘jaligidagi ahamiyati katta, undan har xil magsadlar uchun
foydalanish mumkin. U aholi yashash joylarini ko‘kalamzorlashtirishda to‘da-to‘da
yoki gator qilib ekiladi. Parklarga ko‘pincha yarim yumshoq do‘lana (Crateagus
pontica L) turi ko‘p ekiladi. Ular oval shaklidagi chiroyli shox- shabbasi va yirik
mevalari bilan aynigsa ko‘zga tashlanadi.

Do‘lananing pushti rang, qat-gqat gulli shaklini (Crateagus pontica L) istiroxat
bog‘larida ekish magsadga muvofig. Shaharlar atrofida yashil zonalar barpo etish
uchun do‘lananing Oltoy do‘lanasi (Crataegus altaica Lange.), Hisor do‘lanasi
(Crateagus pontica L.) sariq mevali do‘lana (Crataegus pseudoazarolus L.), Pontiya
do‘lanasi (Crataegus pontica C.Koch.) turlarini ekish kerak. Bu turlar qurg‘oqchilikka
chidamli bo‘lib, har xil sharoitda o‘sa oladi. Do‘lananing ayrim turlari yashil to‘siq
uchun juda mos keladi. Ularni butash va shakl berish oson. Bular gatoriga Oddiy tikanli
do‘lana (Crataegus oxyacantha L.) turlarini kiritish mumkin. Do‘lana mazali mevasi
bilan mashxur. Uning ko‘p turlari Xitoyda, Italiyada, Jazoirda, Ispaniyada, Meksikada
va Gvatemalada mevasi uchun ekiladi. Uning yetilgan mevasi yumshoq, shirin va
nordon bo‘ladi. Undan marmelad, qiyom va kisel tayyorlashda foydalaniladi.
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3-rasm. Do’lananing gullash jarayonini 4-rasm. Do’lan_al_ling ba_r g chiqarish
kuzatish fazasini kuzatish

Do‘lana mevasining mazasi, shakli, rangi, hajmi, tashqi ko‘rinishiga qarab har
xil bo‘ladi. Crataegus pseudoazarolus L., Crataegus pontica C.Koch., Crataegus
submollis Sarg., turlari mevalarining yirikligi bilan digqatga sazovordir.

Kimyoviy tarkibi. Ushbu do‘lana mevalarining tarkibida 20% gand, 8% yog°,
flavonoidlar, fitosterinlar, xolin, asetilxolin, oshlovchi moddalar, vitamin S, organik
moddalar mavjud. O°‘zbekiston sharoitida o‘sadigan do‘lananing ba’zi turlarida
vitamin V1, V2, RR, S, Ye borligi aniglangan. O‘simlik gullarida yuqorida qayd
gilingan moddalardan tashqari 0,16 % ga yaqin efir moylari bor.

O‘zbekistonda do‘lanadan ko‘p foydalanish mumkin, jumladan, Crataegus
pontica C.Koch. juda mos keladi, chunki uning ildiz sistemasi yuzada bo‘lib, yon
tomonga qarab o°sadi va tuprogning yuvilishidan saqlaydi. Do‘lananing gullari nektarli,
u turli vaqgtda gullashi tufayli gullari yil bo‘yi asalarilar uchun 0ziq manbai bo‘ladi.
Mevasidan ekstrakt tayyorlanadi. Barg va gullarini gaynatib suvi ichilsa markaziy asab
tuzulishini tinchlanishiga ta’sir etadi. Meva ekstrakti yurak faoliyatini yaxshilashda va
gon bosimini pasaytirishda yaxshi samara beradi. Ushbu foydali o‘simlikni tog‘larda
plantatsiya usulida yetishtirish, mevalarning ozigaviylik va dorivorlik xususiyatlaridan
keng foydalanish kerak.

Do‘lanadan payvantag sifatida foydalanish mumkin, unga olma, nok, bexi,
ulanadi. Do‘lana ildizidan, urug‘idan, ildiz bachkisi va ildiz poyasidan parxish yuli
bilan xam ko‘paytiriladi. Do‘lana idanagining qobig‘i juda qattiq, ekilgandan keyin 2
yoki 3 chi yili unib chigadi. Agar uni sulfat kislotaga 12 soat solinib, birinchi yildanoqg
unib chigadi.

XULOSA

Do‘lana sovuqqa qurg‘oqchilikka chidamli, undan o‘rmon melioratsiya ishlarida
foydalanish mumkin. Jumladan, sariq do‘lana G.pontika juda mos keladi, chunki uning
yon ildiz sistemasi asosan yuzada bo‘lib, 2-3 m chuqurligi esa 1,5-2 m gacha borib
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yetadi. Tuprogni yuvilishidan, eroziyaga qarshi tog‘ bag‘irlarini mustaxkamlashda va
yashil devor, ihota daraxtzorlari xosil gilishda foydalanish uchun tavsiya gilinadi.
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ACHCHIQ QALAMPIRNI AGROBIOLOGIK HUSUSIYATLARINI
O‘RGANISH VA QURITISHGA MOS NAVLARINI TANLASH.

QQXAl assistenti *A.A.Aytmuratova.,
XQXU.magistri., 2Z.Y.Yangiboyev.,
ToshDAU dotsenti * S.Y.Sharipov

Annotatsiya: Ushbu ilmiy magolada achchiq galampirning (Capsicum annuum
L.) agrobiologik xususiyatlari o ‘rganildi va quritishga mos navlarni tanlash bo ‘yicha
tahlillar gilindi. Tadgigot jarayonida achchiq galampirning, hosildorligi, meva
morfologiyasi, kimyoviy tarkibi (qurugq modda, kapsaitsin miqdori) hamda ekologik
omillarga moslashuv darajasi baholandi. Shuningdek, turli navlarning quritish
jarayonidagi sifat ko ‘rsatkichlari, jumladan rang saqlanishi, ta’m xususiyatlari va
texnologik qulayligi o ‘rganildi. Tadqiqot natijalari achchiq qalampir yetishtirish va
gayta ishlash samaradorligini oshirish, shuningdek, eksportbop mahsulotlar ishlab
chiqarishda quritilgan qalampirning muhim ahamiyatlari haqidagi ma’lumotlar
keltilgan.

Kalit so “zlar: achchiq gqalampir, agrobiologik xususiyatlar, Capsicum annuum,
nav tanlash, quritish texnologiyasi, qurug modda, kapsaitsin, hosildorlik, biologik
pishish, organaleptik.

Annomayun: B 0anmHOU HayuHoOU cmamee U3Y4eHbl acpodOUoIocUYecKue
ocobennocmu ocmpoeo nepya (Capsicum annuum L.) u npoedén ananruz no noobopy
copmoe, npuzoaybzx ons CYUKU. B npoyecce UCcne006aHus. oYyeHusajlucCob
YPOIUCAUHOCMb  OCMPO20  nepyda, Mop@oaocusi nio0o8, XUMUUeCKUll cocmas
(cor)epofcaHue CyXoco eeujecmed, Kancauuuya), a mdakKkarKee cmeneHsb adanmauuu K
oKoJlocuveCcKum cj)akmopaM. Taxorce U3yueHsvl KadvecnieeHHble nokasamejiu pasiuinblx
copnoe 6 npoyecce CYWKU, 6KJII0OYAaAl COXpPAHHOCMb yeema, BKyCO6ble
Xapakmepucnuku u mexHol102Uu4eCcKyro npueodﬂocn%. Pe3yjzbman1bz UCC1e006aHUs
cooepaicam OaHHbvle 0 NOBblUUeHUU P HeKmusHoCmU BbIPAWUBAHUS U NepepadomKu
oCmMpo2o nepya, a maxxice 0 BANCHOCMU CYULEH020 nepya OJisi NPOU3B00CmaEd
9KCNOPMOOPUEHMUPOBAHHOU NPOOYKYUU.

Knroueguvie ciuosa. OCmpblﬁ nepeuy, a2p06u0ﬂ02uttec1<ue 00066HHOCI’I1M,
Capsicum annuum, nod60p copmoe, mexHoao2usl CYulKu, cyxoe 6euecnieo, KanCauyun,
ypoafcaziHocmb, buono2uyeckoe co3peesanue, opearnoienmuKkda.

Abstract: This scientific article examines the agrobiological characteristics of
hot pepper (Capsicum annuum L.) and provides an analysis of selecting varieties
suitable for drying. During the research, the yield, fruit morphology, chemical
composition (dry matter and capsaicin content), as well as the adaptability to
environmental factors of hot pepper were assessed. Additionally, the quality indicators
of various varieties during the drying process, including color retention, taste
characteristics, and technological suitability, were studied. The research findings
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present data on improving the efficiency of hot pepper cultivation and processing, as
well as the significance of dried pepper in producing export-oriented products.

Keywords: hot pepper, agrobiological characteristics, Capsicum annuum,
variety selection, drying technology, dry matter, capsaicin, yield, biological maturity,
organoleptic.

KIRISH

Bugungi kunda achchiq galampir dunyo bo‘yicha 4,6 min gektar maydonga
ekilib, undan 69,3 min tonna mahsulot yetishtirilmogda. O‘rtacha hosildorlik
issigxonalarda gektaridan 100-110 tonnani, ochiq maydonlarda esa 14,1-18,3 tonnani
tashkil etmoqda. Hozirgi kunda achchiq galampir ekiniga gizigish va ehtiyoj kundan-
kunga ortib bormoqda, bu ekin dunyoning barcha mamlakatlarida yetishtiriladi.
Achchig galampirni dunyo miqgyosida o‘rtacha hosildorlik ko‘rsatkichi ochiq
maydonlarda 2006-yilda 7,3 tonnadan, 2019-yilda 18,4 tonnagacha ko‘tarilgan bo‘lsa,
issigxonalarda 80 tonnadan 110 tonnagacha ko‘tarilgan.

Mamlakatimizda muhim tarmoq — qishloq Xo‘jaligini isloh qilish, xususan
sohada davlat boshqgaruvi tizimini takomillashtirish, bozor munosabatlarini keng joriy
qgilish, gishlog xo‘jaligi mahsulotlarini yetishtiruvchi, gayta ishlovchi va sotuvchi
subyektlar o‘rtasidagi munosabatlarning huquqiy asosini mustahkamlash, sohaga
investitsiyalarni jalb gilish, resurstejamkor texnologiyalarni joriy etish hamda gishloq
xo‘jaligi mahsulotlari ishlab chigaruvchilarni zamonaviy texnikalar bilan ta’minlash
borasida muayyan ishlar amalga oshirilmoqda.

TADQIQOTNING USULLARI

Achchiqg galampirni quritishda Z.S.Iskandarov [Kombinirovonnaya solnechno-
toplivnaya ustanovka] tavsiya etgan uslubdan foydalanilgan va tayyor mahsulot sifatini
baholash esa TOCT 29053-91 [Pryanosti. Peres krasnery molotiy. Texnicheskie
usloviya. — Moskva: IPK lzdatelstvo standartov] talablari asosida amalga oshirilgan.
“Mahsulot sifatini baholash” Shirokov Ye.P Organolepticheskie metodi osenok
pishevix produktov Y.P.Shirokov va V.I.Polegayevlarning uslubi bo‘yicha tahlil
etilgan.

TAJRIBA NATIJALARI

Tajribilarimizda dastlab o‘rganilayotgan achchiq qalampirning nav va
duragaylarini yetishtirish sharoitiga bog‘liq bo‘lgan jihatlari o‘rganilib vegetatsiya
davomiyligida fenologik kuzatuvlar olib borildi. Tadgiqotlar shuni ko‘rsatdiki achchiq
qalampirning nav va duragaylari ko‘chatlari ochiq maydonga ekilgandan so‘ng
dastlabki gullash va mevalarni yetilish ko‘rsatkichlari nav va duragaylar aro turlicha
ko‘rsatkichda bo‘lganligi aniglandi.

Qalampir o‘simligi tomatdoshlar (Solanaceae) oilasiga mansub bo‘lib, asosan
madaniy holda (Sapsicum annuum L.) turi ko‘p maydonlarga ekib parvarishlanadi.
O‘simlikning yer ustki qismi, poyasi o‘tsimon, tik o‘sadi, bo‘yi 25-30 sm dan 80 sm
gacha, shoxlanuvchan ko‘rinishda bo‘ladi. Barglari bandli, usti silliq yoki tukli,
uzunchoq shaklda bo‘lib, yirik va enli bo‘ladi. Gullari ikki jinsli, mayda oq, sariq yoki
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och binafsha rangda bo‘lib, 9 ta tojbargi bor. Urug‘dan ekilgandan so‘ng 80-90 kun
o‘tgach, iyun-iyul oyida gullaydi va gullash kuzgi sovug tushguncha davom etadi.

Mevalari shakliga garab 14 turdagi mevalarga ajratiladi: sharsimon, ovalsimon,
tuxumsimon, yassi-yumalog, prizmasimon, konussimon, xartumsimon, silindrsimon.
Tajribalarimizda o‘rganilayotgan achchig galampirning nav va duragaylarining
mevalari asosan konussimon va gisman prizmasimon shaklga ega. Achchig galampir
mevalarining turli ko‘rsatkichlari nav va duragaylar aro turlicha bo‘lib, meva uzunligi
2-20 sm, diametri 4-10 sm, meva devorining galinligi 2-8 mm, mevasining rangi texnik
yetilganda och, to‘q ko‘k, biologik yetilganda esa sariqdan to‘q qizilgacha, meva vazni
o‘rtacha 25 g dan 45g gacha bo‘lishi tajribalarimiz davomida aniglandi (1-jadval).

1-jadval
Achchiq qalampirni o‘simligining nav va duragaylarini vegetatsiya davomiyligi,
hosildorlik ko‘rsatkichlari va mevasining morfologik va morfometrik

ko‘rsatkichlari (2023-2025y.y)
Biologik

Achchiq Vegeta- pishib Bir dona : . Degusta-
. siya . meva- Hosildor-ligi, . .
Ne galampir . yetilganda ; sion bahosi,
. davomiy- A ning t/ga
navlari . mevasi-ning ; ball
ligi, kun . vazni,gr
rangi
1  Marg‘lon 330  120-125 qizil 19-20 14-18 4,4
2 Pikantniy 120-123 qizil 20-21 11-12 4,3
3 Said 118-122 yashil-qgizil 35-38 22-24 4,5
4 Mumtoz 135-140 qizil 10-12 45-50 4,4

Tajribalarimiz davomida achchiq qalampiri o‘simligining nav va duragaylarini
turli agrobiologik va xo°jalik belgilari tahlil etildi. Aytish joizki achchiq gqalampir
mevalarini quritishga tayyorlash davomimda nav va duragaylarni bir gancha
agrobiologik Xxususiyatlari, xo‘jalik belgilari va mevasining morfologik va
morfometrik ko‘rsatkichlari nav va duragaylar aro tagqoslab chiqildi.

Tajribalarimizda o‘rganilayotgan achchiq qalampirning nav va duragaylarini
agrobiologik xususiyatlarini o‘rganishdan maqsad ularni quritishga mos xususiyalarini
o‘rganishga qaratilgan. Dastlabki tajribalarimizda achchiq qalampir o‘simligining nav
va duragaylarini vegetatsiya davomiyligi, meva rangi, meva vazni, hosildorlik
ko‘rsatkichlari va degustatsion bahosi tahlil etildi. Bunda achchiq galampirning
“Marg‘ilon 330” navining ushbu ko‘rsatkichlari o‘rganilganda, vegetatsiya davri 120-
125 kun, biologik pishib yetilganda mevasining rangi qizil, bir dona mevasining vazin
ko‘rsatkichi o‘rtacha 19-20 gr, hosildorlik ko‘rsatkichi 14-18 t/ga va degustatsion
bahosi 4,4 ballni tashkil etganligi aniglandi.

Ushbu ko‘rsatkichlar achchiq galampirning “Pikantniy” navida tahlil etilganda
vegetatsiya davri 120-123 kun, biologik pishib yetilganda mevasining rangi qgizil, bir
dona mevasining vazin ko‘rsatkichi o‘rtacha 20-21 gr, hosildorlik ko‘rsatkichi 11-12
t/ga va degustatsion bahosi 4,3 ballni tashkil etdi.
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Achchiq qalampirning “Said” navida ushbu qo‘rsatkich quyidagicha
bo‘laganligi kuzatildi. Bunda vegetatsiya davri 118-122 kun, biologik pishib
yetilganda mevasining rangi qizil, bir dona mevasining vazin ko‘rsatkichi o‘rtacha 35-
38 gr, hosildorlik ko‘rsatkichi 22-24 t/ga va degustatsion bahosi 4,5 ballni tashkil etdi.
Achchiq galampirning “Mumtoz” navida ushbu ko‘rsatkich quyidagicha bo‘laganligi
kuzatildi. Bunda vegetatsiya davri 135-140 kun, biologik pishib yetilganda mevasining
rangi qizil, bir dona mevasining vazin ko‘rsatkichi o‘rtacha 10-12 gr, hosildorlik
ko‘rsatkichi 45-50 t/ga va degustatsion bahosi 4,4 ballni tashkil etganligi
tashribalarimizda aniglandi.

Ushbu tajribada achchiq galampirning nav va duragaylarini yuqorida gayd
etilgan ko‘rsatkichlari tahlil etilganda barcha ko‘rsatkichlarda, turli nav va
duragaylarda bir biridan farqlanish darajalari turlicha ko‘rsatkichlarda bo‘lganligi
aniglandi. Achchig qalampirining navlari ochiq maydonda parvarishlanganda
issigxonada parvarishlangan achchig galampirining duragaylariga taggoslanganda
vegetatsiya davomiyligi 10-20 kunga farglanishi ya’ni issigxonada parvarishlangan
qalampir o‘simliklari ochiq maydonda parvarishlangan qalampir o‘simliklariga
nisbatan 10-20 kun kam vaqt oralig‘ida bo‘lganligi aniqlandi.

Achchig galampirning barcha nav va duragaylarining mevalarini vazin
ko‘rsatkichlari taqqoslanganda issigxonada parvarishlangan duragaylarning mevalari
40-60 gr yuqori ko‘rsatkichda bo‘lganligi aniglandi. Eng yuqori ko‘rsatkich achchiq
qalampirining “Pikantniy”, “Said” duragaylarida eng yuqori ko‘rsatkichda bo‘lganligi
kuzatildi.

Ushbu achchiq galampirning nav va duragaylarining hosildorlik ko‘rsatkichlari
tahlil etilganda “Said” va “Mumtoz” navlarida yuqori ko‘rsatkichda bo‘lganligi
aniglandi. Ushbu tajribada achchig galampirning nav va duragaylari mevalarining
degustatsion bahosi “Said” duragayida 4,5 ball, “Mumtoz” 4.4 ball eng yugori
ko‘rsatkich gayd etildi. Bashqa nav va duragaylarda esa 4-4,3 ball ko‘rsatkichda
bo‘lganligi aniqlandi (1-rasm).

1-rasm Achchiqg galampirning navlari mevalarini morfologik, morfometrik
ko‘rsatkichlarini tahlil etish hamda degustatsion baholash jarayoni
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Tadgigotlar davomida achchiq galampir nav va duragaylarining mevalari turli
ko‘rsatkichlari, morfologik va morfometrik belgilari o‘rganilganda nav va duragaylar
aro turlicha farglanishlar aniglandi.

XULOSA

Olib borilgan tadgiqotlar natijasida achchiqg qalampirning agrobiologik
xususiyatlari uning nav xususiyatlariga va etishtirish sharoitlariga bevosita bog‘liqligi
aniglandi. Quritishga mos navlarni tanlashda mevaning qurug modda miqdori, etining
galinligi, rang va kapsaitsin migdori asosiy mezonlar sifatida belgilandi. Tajribalarimiz
davomida achchiq galampirining nav va duragaylari, tarkibidagi namlik miqgdori va
qurug modda miqdori laboratoriya sharoitida tahlil etildi, har bir achchig galampir nav
va duragaylari mevalaridan 20 donadan namunalar tanlab olinib mevaning bo‘yi, eni,
meva eti galanligi, meva tarkibidagi suv miqdori va meva tarkibidagi quruq modda
miqgdori laboratoriya sharoitida aniglandi. Umuman olganda, mazkur tadgigot natijalari
achchiqg qalampirni samarali yetishtirish, gayta ishlash va eksport salohiyatini
oshirishda ilmiy-amaliy asos bo‘lib xizmat qiladi.
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QAND LAVLAGI O‘SIMLIGI KIMYOVIY TARKIBI, XUSUSIYATLARI VA
MINERAL O‘G*‘ITLARNING AHAMIYATI

Maxmudov O‘tkir To‘lqginjon o°‘g‘li
Toshkent davlat agrar universiteti mustaqil tadgiqotchisi

Annotatsiya. Ushbu magolada gand lavlagi (Beta vulgaris L. var. saccharifera)
o ‘simligining  kimyoviy tarkibi, agrobiologik xususiyatlari hamda mineral
o ‘g ‘itlarning hosildorlik va texnologik sifatga ta’siri IMRAD talablari asosida
yoritildi. Qand laviagi ildizi sanoat uchun muhim xomashyo bo ‘lib, uning asosiy
giymati ildizda to ‘planadigan sacharoza miqdori, qurug modda ulushi, suv rejimi va
qayta ishlashga ta’sir giluvchi no-shakar birikmalar bilan belgilanadi. Adabiyotlar
tahlili shuni ko ‘rsatadiki, texnik pishgan qand lavlagi ildizida odatda 75-85% suv, 15-
22% gacha sacharoza va turli mineral hamda organik no-shakar moddalar mavjud
bo ‘ladi. Mineral oziglanishda azot vegetativ massa va ildiz hosilini shakllantirsa,
fosfor ildiz tizimi hamda energiya almashinuvini kuchaytiradi, kaliy esa uglevodlar
translokatsiyasi, suv rejimi va sanoat shakar chigimida muhim rol o ‘ynaydi. Biroq
azotning kech yoki ortigcha berilishi shakar foizini kamaytirishi va melassa hosil
bo ‘lishini kuchaytirishi mumkin. Maqolada qand laviagi kimyoviy tarkibi, NPK va
mikroelementlarning fiziologik vazifalari, mineral o ‘g ‘itlar bilan tajriba modeli, sifat
ko ‘rsatkichlari jadvali hamda diagrammalar keltirildi. Tahlil natijalariga ko ‘ra, gand
lavlagida yuqori ildiz hosili va yuqori shakar migdorini bir vaqtda ta’'minlash uchun
mineral oziglanish tuproq tahlili, nav xususiyati, namlik rejimi va o ‘simlik rivojlanish
bosgichlariga moslashtirilgan holda olib borilishi zarur.

Kalit so‘zlar: gand lavlagi, Beta vulgaris, kimyoviy tarkib, sacharoza, mineral
oziglanish, azot, fosfor, kaliy, bor, hosildorlik, shakar migdori.

Annomayusa. B cmamve na ocnoge cmpykmypol IMRAD paccmompenvl
Xumudeckuii cocmas caxapHou ceéxknvl (Beta vulgaris L. var. saccharifera), eé
azpobuonocuieckue O0COOEHHOCMU U 3HAYEHUe MUHEPANbHbIX YOOOpeHull 0
Gopmuposanus  YypoxrcarHOCmMu U MeXHOI02UYeCKO20 Kauecmed KOpPHeNnio0o8.
Caxapnas ceéxna A61emcs BaANCHbIM CbIPbEM O/ CAXAPHOU NPOMBIULEHHOCU, 4 €€
YEHHOCMb ONpedensemcs CO0epI’CAHUEM Caxapo3vl, CYX020 6eujecmed, 600HbIM
PEANCUMOM U YPOBHEM HeCaxapucmvlXx Geujecms, euusiowux Ha nepepabomky. Illo
OAHHBIM TUMEPAmypsl, 3peavle KOPHenI00vl 00bluHo cooepaicam 75-85% 600vl u 0o
15-22% caxaposvi, a makdce opeaHuyeckue u MUHEPAIbHble COeOuHeHus. Azom
cnocobcmeyem GopMuposaHuro TUCMOB0U MACCbL U YPOHCAs KOPHENL0008, ocghop
Vayuuiaem pazeumue KOpHesoU CUCMeEMbl U IHepeemuyecKuti 0OMeH, a Kanul uspaem
KAI04e8yI0 poJib 8 MPaHcnopme y21e60008, B0OHOM Oalance u 8vlxooe Heno2o caxapa.
Oonaxo uzbvbimouHoe Ui No30Hee BHeceHUe a30Ma MOMCem CHUNCAMb CaXAPUCMOCHb
U yxyowams mexHolo2uueckoe kawecmeo. B cmamve npedcmagnenvt mabauybl,
cxembl U OUASPAMMDYL, OMPAdXCAIOUUe XUMUYECKULI COCAB8 pACMEHUs, POlb MAKPO- U
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MUKPOINIEMEHMO8, MOOElb ONbIMA C MUHEPATbHLIMU YOOOPEHUAMU U PEKOMEHOYEMYTO
cucmemy numaHusl caxapuoﬁ CBEKIIb.

Knioueevie cnosa: caxapnas ceékna, Beta vulgaris, xumuueckuii cocmas,
caxaposa, MuHepaibHoe numawuue, azom, ¢hocgop, Kaul, O0p, YPONCAUHOCMD,
caxapucmocmso.

Abstract. This article presents an IMRAD-based analysis of the chemical
composition, agronomic characteristics, and role of mineral fertilizers in sugar beet
(Beta vulgaris L. var. saccharifera) production. Sugar beet is an important industrial
crop, and its value is determined mainly by sucrose accumulation in the storage root,
dry matter content, water status, and non-sugar compounds affecting processing
quality. Literature data indicate that technically mature sugar beet roots generally
contain about 75-85% water and up to 15-22% sucrose, together with different organic
and mineral non-sugar compounds. Nitrogen supports canopy development and root
yield formation, phosphorus contributes to root system development and energy
metabolism, while potassium is essential for carbohydrate translocation, water
regulation, and industrial sugar yield. However, excessive or late nitrogen application
may reduce sucrose concentration and deteriorate processing quality. The article
includes tables, a technological scheme, and diagrams summarizing sugar beet
composition, physiological functions of macro- and micronutrients, a mineral fertilizer
experiment model, and recommended nutrient management approaches. The analysis
suggests that balanced fertilization based on soil testing, cultivar characteristics,
moisture regime, and crop development stage is essential to achieve high root yield
and high sugar content simultaneously.

Keywords: sugar beet, Beta vulgaris, chemical composition, sucrose, mineral
nutrition, nitrogen, phosphorus, potassium, boron, yield, sugar content.

1. KIRISH

Qand lavlagi (Beta vulgaris L. var. saccharifera) dunyoda shakar ishlab
chigarishda muhim o‘rin tutadigan texnik ekinlardan biridir. U ikki yillik biologik
siklga ega bo‘lsa-da, shakar olish magsadida odatda birinchi vegetatsiya yilining
oxirida, ya’ni i1ldizda maksimal miqdorda sacharoza to‘plangan davrda yig‘ib olinadi.
Qand lavlagining sanoat ahamiyati uning ildizida to‘planadigan sacharoza, ildiz hosili,
quruq modda, kul elementlari, azotli birikmalar va qayta ishlash jarayoniga ta’sir
giluvchi no-shakar moddalarning nisbati bilan belgilanadi.

FAO ma’lumotlarida qand lavlagi Beta vulgaris turiga mansub ekin sifatida
tavsiflanadi va u shakar ishlab chigarish uchun yetishtiriladigan asosiy ekinlardan biri
ekani ko‘rsatiladi. Qand lavlagining afzalligi shundaki, u nisbatan salgin iglim
sharoitida o‘sib, shakarqamish yetishtirish qiyin bo‘lgan hududlarda sanoat shakar
xomashyosi sifatida foydalaniladi. O°‘simlikning asosiy fotosintez mahsulotlari
barglarda hosil bo‘ladi va vegetatsiya oxirida ildizga ko‘chib, sacharoza ko‘rinishida
zaxiralanadi.

Qand lavlagi ildizining kimyoviy tarkibi o‘simlikning nav xususiyati, tuproq
unumdorligi, harorat, suv bilan ta’minlanish, kasalliklar, yig‘im-terim muddati va
mineral oziglanishga bog‘liq. [ldizdagi shakar migdori yuqori bo‘lishi uchun o‘simlik
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dastlab kuchli barg apparatini shakllantirishi, keyin esa vegetativ o°‘sishni
sekinlashtirib, fotosintez mahsulotlarini ildizga yo‘naltirishi kerak. Shu sababli mineral
o‘g‘itlarning vazifasi faqat hosildorlikni oshirish emas, balki hosilning texnologik
sifatini ham boshgarishdan iborat.

Azot, fosfor va kaliy gand lavlagi oziglanishida eng muhim makroelementlar
hisoblanadi. Azot barg massasi, xlorofill va ogsil sintezi uchun zarur. Fosfor energiya
almashinuvi, ildiz tizimi rivojlanishi va erta o°sish jarayonlarida muhim rol o‘ynaydi.
Kaliy esa uglevodlar sintezi va ularning barglardan ildizga ko‘chishini ta’minlashda,
suv rejimini boshgarishda hamda sanoat shakar chigimini yaxshilashda bevosita
ishtirok etadi. Bor, magniy, oltingugurt, rux va marganes kabi elementlar esa
fermentativ jarayonlar, hujayra devori shakllanishi, fotosintez va stressga
chidamlilikda muhim ahamiyatga ega.

Mavzuning dolzarbligi shundaki, amaliy dehqonchilikda mineral o‘g‘itlar
ko‘pincha faqat hosildorlikni oshirish vositasi sifatida garaladi. Ammo gand lavlagida
ortiqgcha azot yoki noto‘g‘ri muddatda berilgan oziga elementlari ildiz massasini
oshirgan holda shakar foizini pasaytirishi mumkin. Shuning uchun gand lavlagi uchun
mineral oziglanish tizimi hosildorlik, shakar migdori, qurug modda, gayta ishlash sifati
va ekologik xavfsizlik ko‘rsatkichlarini birgalikda hisobga olgan holda baholanishi
kerak.

Ushbu maqolaning magsadi gand lavlagi o‘simligining kimyoviy tarkibi va
asosiy Dbiologik xususiyatlarini yoritish, mineral o‘g‘itlarning fiziologik va
agrotexnologik ahamiyatini tahlil gilish hamda gand lavlagi yetishtirishda muvozanatli
oziglanish tizimini ilmiy asoslashdan iborat.

2. MATERIALLAR VA METODLAR

Maqola tahliliy-uslubiy xarakterga ega bo‘lib, unda qand lavlagi kimyoviy
tarkibi, mineral oziglanishi va o‘g‘itlarning hosildorlik hamda sifat ko‘rsatkichlariga
ta’siri bo‘yicha ilmiy manbalar umumlashtirildi. Asosiy ma’lumotlar agronomiya,
o‘simlik fiziologiyasi, oziglanish va gand lavlagi yetishtirish texnologiyasi bo‘yicha
chop etilgan monografiyalar, ilmiy maqolalar hamda xalqaro ma’lumot bazalari
asosida shakllantirildi.

Tahlilda uchta yo‘nalish ajratildi: birinchisi, gand lavlagi ildizining kimyoviy
tarkibini tavsiflash; ikkinchisi, o‘simlikning agrobiologik xususiyatlarini ochib berish;
uchinchisi, mineral o‘g‘itlarning hosil va texnologik sifatga ta’sir mexanizmini
baholash. Shuningdek, dala tajribasi uchun qo‘llanishi mumkin bo‘lgan namunaviy
tajriba sxemasi ishlab chiqildi.

Tajriba modelida mineral o‘g‘itlar ta’sirini o‘rganish uchun nazorat varianti,
azot-fosfor-kaliy kombinatsiyalari va mikroelementli variantlar kiritildi. Bu model real
dala tajribasi o‘tkazilganda tuproq sharoiti, nav, sug‘orish rejimi va ekish zichligiga
moslab o°zgartirilishi mumkin. Natijalar gismida berilgan diagrammalar adabiyotlarda
qayd etilgan umumiy qonuniyatlar asosida tuzilgan model ko‘rsatkichlar bo‘lib, ular
ilmiy tajriba loyihasini tushuntirish magsadida keltirildi.

Baholash mezonlari sifatida ildiz hosildorligi, ildizdagi sacharoza miqdori,
qurug modda, kul moddalar, azotli no-shakar birikmalar, gayta ishlash sifati, ogq shakar
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chigimi va o‘simlikning oziqa elementlariga javob reaksiyasi tanlandi. Mineral
clementlarning fiziologik roli esa o‘simlik oziqlanishi nazariyasi, fotosintez,
uglevodlar translokatsiyasi va ildizda zaxira moddalar to‘planishi nuqtayi nazaridan
izohlandi.

Rasm 1. Mineral o ‘g itlarning qand lavlagi agroekologik tizimidagi ta’sir zanjiri

Mineral o‘g‘itlarning qand lavlagi agroekologik tizimidagi ta’sir zanjiri

Tuproq tahlili O’‘g’‘it me’yorini Vegetativ o’sish
N, P, K, B, pH balanslash va fotosintez

Ildiz massasi Sacharoza to’planishi
va qurugq modda a texnologik sifat

3. NATIJALAR

3.1. Qand lavlagi ildizining kimyoviy tarkibi. Qand lavlagi ildizining asosiy
komponenti suv hisoblanadi. Texnik pishgan ildizlarda suv migdori odatda 75-85%
atrofida bo‘ladi. Qurug moddaning asosiy qismini sacharoza tashkil etadi.
Adabiyotlarda gand lavlagi ildizida sacharoza miqdori ko‘pincha 15-20%, ayrim
sharoitlarda 21-22% gacha yetishi mumkinligi ko‘rsatiladi. Sacharozadan tashqari ildiz
tarkibida pektin, sellyuloza, gemitsellyuloza, betain, aminokislotalar, mineral tuzlar,
organik kislotalar va boshga no-shakar moddalar uchraydi.

Qayta ishlash sanoati uchun fagat ildizdagi umumiy shakar foizi emas, balki og
shakar chigimini kamaytiruvchi komponentlar ham muhimdir. Aynigsa natriy, kaliy va
alfa-amino azot miqdori yuqori bo‘lsa, melassa hosil bo‘lishi ortadi va zavodda
olinadigan kristall shakar ulushi kamayishi mumkin. Demak, gand lavlagining
kimyoviy tarkibi dehgonchilik texnologiyasining bevosita natijasi sifatida baholanishi
kerak.

Diagramma 1. Qand lavlagi ildizining namunaviy kimyoviy tarkibi
Qand lavlagi ildizining namunaviy kimyoviy tarkibi

Boshqga quruq moddalar

Sacharoza
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Jadval 1. Qand lavlagi ildizining asosiy kimyoviy komponentlari
Komponent Odatdagi diapazon Fiziologik yoki texnologik ahamiyati
suv 75-85% Hujayra turgori, metabolizm, massa va saglash bargarorligini
belgilaydi.
Sacharoza 15-22% gacha Asosiy sanoat mahsuloti; oq shakar chigimini belgilovchi

bosh ko‘rsatkich.
Sacharoza, pektin, tolalar, mineral moddalar va organik

-250, 1
Qurug modda 20-25% atrofida birikmalar yig‘indisi.
Kletchatka va pektinlar 3-6% atrofida Ildiz tuzilishi va IaVIagE)(EIZIi?:;:j?Ing ozugaviy giymatini
Azotli no-shakar nav va oziglanishga Qayta ishlashda melassa hosil bo‘lishini kuchaytirishi
moddalar bog‘liq mumekin.
Kul elementlari 0,5-1,0% atrofida K, Na, Ca, Mg, P va mikroelementlarni o‘z ichiga oladi.

Betain va organik
kislotalar

Osmotik muvozanat, stressga javob va gayta ishlash
xususiyatlariga ta’sir qiladi.

kam migdorda

3.2. Qand lavlagi o‘simligining asosiy agrobiologik xususiyatlari. Qand lavlagi
ikki yillik o‘simlik bo‘lib, birinchi yilda kuchli barg rozetkasi va zaxira moddalarga
boy ildiz hosil giladi. Ikkinchi yilda esa generativ rivojlanish boshlanadi va gul poyasi
shakllanadi. Shakar ishlab chiqarishda o‘simlik birinchi yil yakunida yig‘ib olinadi,
chunki bu davrda ildizda sacharoza to‘planishi eng yuqori darajaga yaqinlashadi.

Qand lavlagi fotosintez mahsulotlarini samarali zaxiralashi bilan ajralib turadi.
Barg apparati dastlab ildiz massasini shakllantirish uchun xizmat giladi. Vegetatsiya
oxirida barglarning haddan tashqgari kuchli o‘sishi foydali emas, chunki u fotosintez
mahsulotlarining ildizda sacharoza sifatida to‘planishini cheklashi mumkin. Shuning
uchun o‘sishning erta davrida oziqa elementlari yetarli, pishish davrida esa azot
me’yori nazorat ostida bo‘lishi zarur.

Qand lavlagi chuqur ildiz tizimiga ega bo‘lib, unumdor, yaxshi ishlangan,
o‘rtacha og‘ir mexanik tarkibli va pH 6,5-7,5 atrofidagi tuproqlarda yaxshi o‘sadi.
Kuchli sho‘rlanish, tuproq zichlanishi, namlik yetishmasligi, yuqori harorat va
kasalliklar ildiz shakli, hosildorlik va shakar migdorini pasaytiradi. Shu bilan birga,
lavlagi ayrim bosqichlardan keyin nisbatan sho‘r va qurg‘oqchil sharoitlarga moslasha
oladigan ekin hisoblanadi.

Jadval 2. Qand lavlagining agrobiologik xususiyatlari
Xususiyat Tavsifi Amaliy ahamiyati

Ikki yillik, lekin shakar uchun RS N CUESTE e

Biologik sikl L e s maksimal to‘plangan davrga mos
birinchi yilda yig‘iladi. tanlanadi.
FOtOSInte_Z Keng barg yuzasi hosil giladi. Dastlab yuqori Ve‘getan'V 0 sish, keyin
apparati sacharoza to‘planishi zarur.
e Chuqur o‘suvchi asosiy ildiz va Tup_roq .ZIChIam.ShI |Id|z_ .
Ildiz tizimi - deformatsiyasi va hosil kamayishiga
yon ildizlar. . .
olib keladi.
. i ) o 411 Vegetatsiya oxiridagi salqin kechalar
Iglim talabi Salqgin va mo‘tadil iqlimga mos. shakar to*planishiga qulay.
Tuprog talabi Unumijor, yaxsh‘l‘drenajlangan, pH judg past_yokl tuprog qobl_q hosil
o‘rtacha og‘ir tuproq. gilsa, nihol siyraklashadi.
Sanoat Sacharoza, oq shakar chigimi, Faqgat ildiz massasini emas, gayta
ko‘rsatkichi alfa-amino azot, K va Na. ishlash sifatini ham baholash kerak.
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3.3. Mineral elementlarning fiziologik vazifalari. Qand lavlagi yuqori biomassa
va ildiz hosili shakllantiruvchi ekin bo‘lgani sababli mineral oziqa elementlariga talabi
yugori. Oziqa elementlari orasida azot, fosfor va kaliy asosiy o‘rinda turadi. Ular bir-
birini almashtira olmaydi, shuning uchun har bir element alohida fiziologik funksiyaga
ega bo‘lishi bilan birga, o‘zaro muvozanatda qo‘llanganda eng yuqori natija beradi.

Azot yetishmaganda barglar och yashil tusga kiradi, o‘sish sekinlashadi va ildiz
massasi kamayadi. Ammo ortiqcha azot vegetativ massani haddan tashqgari kuchaytirib,
ildizdagi sacharoza foizini kamaytirishi, alfa-amino azot migdorini oshirishi va gayta
ishlash sifatini pasaytirishi mumkin. Fosfor yetishmovchiligida erta ildizlanish
sustlashadi, energiya almashinuvi pasayadi va o‘simlik sovuq hamda stressga sezgir
bo‘lib goladi. Kaliy esa qand lavlagida eng muhim sifat elementlaridan biri hisoblanadi,
chunki u fotosintez mahsulotlari harakati, suv rejimi, fermentlar faolligi va stressga
chidamlilikni qo‘llab-quvvatlaydi.

Mikroelementlardan bor gand lavlagi uchun aynigsa muhim. Bor
yetishmovchiligi o‘sish nuqtasining zararlanishi, ildizning ichki chirishi, barg
deformatsiyasi va shakar miqdorining pasayishi bilan namoyon bo‘lishi mumkin. Rux,
marganes, mis, temir va molibden fermentativ reaksiyalar, fotosintez, azot almashinuvi
va oksidlanish-gaytarilish jarayonlarida ishtirok etadi.

Jadval 3. Mineral elementlarning gand lavlagidagi fiziologik vazifalari
Ortigcha yoki noto‘g‘ri

Element Asosiy vazifasi Yetishmovchilik ogibati . -
qo‘llash xavfi
Barg massasi, xlorofill Kech yoki ortigcha
9 oo .. Barglar och yashil, o‘sish berilsa shakar foizi
Azot (N) ogsil va ildiz hosilini - .
. sust, hosil past. kamayadi, no-shakar
shakllantiradi. .
azot ortadi.

Ko‘p berilganda ayrim

Energiya almashinuvi, Ildizlanish sust, o‘sish .
A . mikroelementlar
Fosfor (P) ildiz tizimi, erta sekin, stressga . ot
A - L o‘zlashtirilishi
rivojlanish. chidamlilik past. o .
cheklanishi mumkin.
Uglevodlar transporti, Barg chetlari qurishi, Tuproqdagi Mg va Ca
Kaliy (K) suv rejimi, fermentlar qurg‘oqchilikka muvozanatiga ta’sir
faolligi. sezgirlik, sifat pasayishi. gilishi mumkin.

Yurak chirishi, ildiz

Hujayra devori, o‘sish Me’yoridan ortiq bo‘lsa

Bor(B)  nugtasi, shakar tashilishi.  deformatsiyasi, sifat toksiklik xavfi bor.
pasayishi.
Magniy (Mg) Xlorofill markaziy Barglarda xloroz, Kaliy bilan antagonizm
gnty (Mg atomi, fotosintez. assimilatsiya pasayishi.  paydo bo‘lishi mumkin.
Oltingugurt Aminokislotalar va O‘sish sustlashadi, yosh O‘rthcha S“'f"?‘t
. . . . . sho‘rlanishga hissa
(S) ogsillar sintezi. barglar sarg‘ayadi.

go‘shishi mumkin.

3.4. Mineral o‘g‘itlar bilan tajriba modeli. Qand lavlagida mineral o‘g‘itlar
ta’sirini to‘g‘ri baholash uchun tajriba oddiy NPK qo‘llash bilan cheklanmasligi kerak.
Chunki hosildorlik va shakar migdori bir-biriga har doim ham bir yo‘nalishda javob
bermaydi. Masalan, azot me’yori oshganda ildiz massasi ortishi mumkin, lekin juda
yugori azot shakar foizini pasaytirishi mumkin. Shuning uchun tajribada ildiz
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hosildorligi, shakar foizi, oq shakar hosili va no-shakar moddalar birgalikda
baholanishi zarur.

Jadval 4. Qand laviagida mineral o ‘g ‘itlar bo ‘yicha namunaviy tajriba sxemasi

Variant Mineral oziglanish sxemasi Tajribaning magsadi
To O*gtitsiz nazorat Tuprogning tabiiy unur_ndorllgl va bazaviy hosilni
aniglash.
T1 N9OP60K90 O‘rtacha NPK fonlnln_g hosil va sifatga ta’sirini
aniglash.
T2 N120P60K 120 Yugori ildiz hosili uchun muvozanatli NPK

me’yorini baholash.
Azot oshirilganda ildiz massasi va shakar foizi

T3 N150P60K120 o
o°zgarishini aniqlash.
T4 N120P90K 120 Fosforning ildizlanish va erta rivojlanishdagi rolini
baholash.
TS5 N120P60K 180 Kaliyning ugl_e\{oqlar tr?qs!okat5|ya5| va oq shakar
chiqimiga ta’sirini baholash.

Borning o‘sish nuqtasi, ildiz sifati va shakar
6 N120P60K120 +B to‘planishidagi rolini tekshirish.
7 N120P60K120 + B + Mg + Makro- va mikroelementlar kompleksining

Zn texnologik sifatga ta’sirini baholash.

3.5. Azot me’yorining hosildorlik va shakar miqdoriga ta’siri. Azot gand lavlagi
hosildorligini oshirishda eng kuchli omillardan biri hisoblanadi. Yetarli azot barg
massasining tez rivojlanishini, fotosintez yuzasining kengayishini va ildiz hosilining
shakllanishini qo‘llab-quvvatlaydi. Biroq azotning kech berilishi yoki yuqori
me’yorlarda qo‘llanishi o‘simlikda vegetativ o‘sishni uzoq davom ettirib, ildizda
sacharoza to‘planishini cheklashi mumkin.

Diagramma 2 da adabiyotlarda gayd etilgan umumiy gonuniyat asosida tuzilgan
model ko‘rsatilgan. Unga ko‘ra, azot me’yori 0 dan 120-180 kg/ga gacha oshganda
ildiz hosildorligi ortadi. Ammo 180-240 kg/ga darajasida shakar foizi pasayishi
kuzatiladi. Demak, azotning magbul me’yori fagat maksimal ildiz massasi bilan emas,
balki oq shakar hosili va gayta ishlash sifati bilan belgilanadi.

Diagramma 2. Azot me’yorining hosildorlik va shakar migdoriga model ta’siri

Azot me’yorining hosildorlik va shakar migdoriga model ta’siri

60 | —e— Ildiz hosildorligi, t/ga
Shakar miqgdori, %

50 A

40 -

Ko'rsatkich qiymati

30 A

20 A

T T T T T T
o 50 100 150 200 250
Azot me’yori, kg N/ga
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3.6. Fosfor va kaliyning hosil sifatidagi o‘rni. Fosfor gand lavlagining erta
rivojlanish bosgichida aynigsa muhimdir. Nihollar ildiz tizimini tez shakllantirsa,
keyingi davrlarda suv va oziga elementlarini yaxshiroq o‘zlashtiradi. Fosfor
yetishmovchiligi sovuq bahor sharoitida kuchliroq seziladi, chunki past harorat
tuproqda fosfor harakatchanligini cheklaydi. Shuning uchun fosforli o‘g‘itlarni
ekishdan oldin yoki ekish bilan birga ildiz zonasiga yaqin berish samarali bo‘lishi
mumkin.

Kaliy gand lavlagida sacharoza to‘planishi bilan bevosita bog‘liq bo‘lgan
elementlardan biri sifatida baholanadi. U barglarda hosil bo‘lgan uglevodlarning
ildizga ko‘chishini, hujayra osmotik bosimini, suvdan foydalanish samaradorligini va
stressga chidamlilikni yaxshilaydi. Kaliy yetarli bo‘lgan sharoitda ildiz massasining
ortishi bilan birga sanoat shakar chigimi ham yaxshilanishi mumkin. Shu sababli gand
lavlagi yetishtirishda K20 me’yori tuproqdagi almashinuvchan kaliy miqdori va
rejalashtirilgan hosil darajasiga garab belgilanadi.

Diagramma 3. Kaliy o ‘g ‘itining hosildorlik va texnologik sifatga model ta’siri

Kaliy o‘g‘itining hosildorlik va texnologik sifatga model ta’siri

—e— lldiz hosildorligi, t/ga —®
mmm Ogq shakar hosili, t/ga
50 A
= 40
£
>
=3
S 30 A
=1
©
£
S 20 A1
10 A
L I N N

(o} 60 120 180
Kaliy me’yori, kg K20/ga

3.7. Tavsiya etiladigan mineral oziglanish tizimi. Qand lavlagida mineral
o‘g‘itlarni qo‘llashda asosiy tamoyil - o‘simlik rivojlanish bosqichlariga mos
oziglantirishdir. Ekish oldidan tuproq tahlili asosida fosfor va kaliyning asosiy gismi
beriladi. Azot esa ko‘pincha bo‘lib beriladi: bir qismi ekish oldidan, qolgan qismi esa
erta vegetatsiya davrida. Vegetatsiyaning kech bosgichida azot berishdan saglanish
zarur, chunki bu shakar to‘planishini pasaytirishi mumkin.

Jadval 5. Qand lavlagi uchun bosgichma-bosgich mineral oziglanish tizimi
~ Bosgich  Oziglantirishvazifssi ~ Tavsiyaetiladiganyondashuv

Ekishdan oldin Tuproq zaxirasini t_)aholash_va bazaviy Tuproq tahI|I|_, pI—_| na_zqratl,_P va K ning
oziqga fondini yaratish. asosiy gismini berish.
. Ildizlanish va barg apparatini tez Azotning birinchi qismi, zarur bo‘lsa
Nihollash va 4-6 barg shakllantirish. fosforning start doza shakili.
c . Fotosintez yuzasi va ildiz massasi hosil Azotning asosiy gismi, kaliy bilan
Faol vegetativ o’sish bo‘lishi. muvozanatlash, sug‘orish nazorati.
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Bosgich Oziglantirish vazifasi Tavsiya etiladigan yondashuv
Idiz Kkattalashishi Uglevodlar ildizga ko _ch}shl va quruq Kaliy, magniy va b_o_r ta’minotini nazorat
modda ortishi. qilish.
Pishish davri Sacharoza maksimal to‘planishi va qayta ~ Kech azotdan saqlanish, ortiqcha sug‘orishni
ishlash sifatini saglash. cheklash, kasallik nazorati.

4. MUHOKAMA

Qand lavlagi yetishtirishda asosiy muammo hosildorlik va shakar miqgdori
o‘rtasidagi muvozanatni topishdan iborat. I1diz massasi yuqori bo‘lgani bilan shakar
foizi past bo‘lsa, sanoat uchun foydali mahsulot miqdori kutilgan darajada bo‘lmasligi
mumkin. Aksincha, shakar foizi yuqori, lekin ildiz hosili past bo‘lsa ham oq shakar
hosili kamayadi. Shuning uchun gand lavlagi samaradorligini baholashda ildiz
hosildorligi, shakar foizi va oq shakar chiqimi birgalikda qo‘llanishi kerak.

Azotli o‘g‘itlar eng ehtiyotkorlik bilan boshqarilishi kerak bo‘lgan mineral oziga
guruhiga kiradi. Erta davrda yetarli azot o‘simlikka kuchli barg apparatini
shakllantirishga yordam beradi. Lekin pishish davriga yaqin azotning yuqori bo‘lishi
vegetativ o‘sishni davom ettiradi va sacharoza to‘planishini sekinlashtiradi. Shu
sababli amaliyotda azotni bo‘lib berish, tuproqdagi mineral azotni tahlil qilish va
o‘g‘itni ekin ehtiyojiga moslashtirish muhim.

Fosforning ahamiyati ko‘pincha hosildorlikka bevosita ta’sir bilan emas, balki
erta rivojlanishni barqarorlashtirish bilan namoyon bo‘ladi. Yaxshi ildizlangan nihol
keyinchalik suv va oziga elementlarini samarali o‘zlashtiradi. Bu aynigsa bahorda
tuproq harorati past bo‘lgan hududlarda muhimdir. Shuning uchun fosforli o‘g‘itlarni
yuzaki emas, ildiz zonasiga yaqin joylashtirish samarali bo‘lishi mumkin.

Kaliy gand lavlagi sifatini shakllantiruvchi asosiy elementlardan biridir. U
barglardan ildizga uglevodlar ko‘chishini rag‘batlantiradi, hujayra shirasining osmotik
bosimini boshgaradi va suv tangqisligi sharoitida o‘simlikning bardoshini oshiradi.
Kaliy o‘g‘itlari, aynigsa namlik yetishmasligi yoki yengil tuproq sharoitida, ildiz hosili
va shakar chiqimiga ijobiy ta’sir ko ‘rsatishi mumkin.

Bor yetishmovchiligi gand lavlagida keskin sifat muammolarini keltirib
chigaradi. Bu element hujayra devori shakllanishi, o‘sish nuqtasi faoliyati va
uglevodlar transportida ishtirok etgani uchun uning yetishmovchiligi ildizning ichki
chirishi, barg deformatsiyasi va hosilning pasayishiga olib keladi. Birog borning
foydali va toksik me’yorlari orasidagi farq nisbatan kichik bo‘lgani uchun uni
qo‘llashda tuproq va barg tahliliga asoslanish zarur.

Mineral o‘g‘itlardan foydalanishda ekologik jihat ham e’tibordan chetda
qolmasligi kerak. Azotning ortigcha qo‘llanishi nitratlarning yuvilishi, issigxona
gazlari chigishi va ishlab chigarish xarajatlarining ortishiga olib kelishi mumkin.
Shuning uchun gand lavlagi yetishtirishda 4R tamoyili - to‘g‘ri o‘g‘it turi, to‘g‘ri
me’yor, to‘g‘ri muddat va to‘g‘ri joylashtirish - asosiy boshqaruv yondashuvi bo‘lishi
kerak.

5. XULOSA
1. Qand lavlagi ildizi kimyoviy jihatdan suv, sacharoza, qurug modda, tolalar,
pektinlar, azotli birikmalar, kul elementlari va boshga no-shakar moddalardan tashkil

O30
129

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

P 2026 JUNE
l AU VOLUME 1

ISSUE 1

topadi. Sanoat uchun eng muhim ko‘rsatkichlar ildiz hosildorligi, sacharoza foizi, oq
shakar chigimi va gayta ishlashga xalagit beruvchi no-shakar moddalar miqdoridir.

2. O‘simlikning biologik xususiyati shundan iboratki, dastlab barg apparati va
ildiz massasi shakllanadi, vegetatsiya oxirida esa fotosintez mahsulotlari ildizga
ko‘chib, sacharoza sifatida zaxiralanadi. Shu sababli mineral oziglanish tizimi o‘sish
bosqichlariga mos ravishda boshqarilishi kerak.

3. Azot gand lavlagi hosildorligini oshiradi, lekin ortigcha yoki kech
qo‘llanganda shakar foizini pasaytirishi mumkin. Fosfor erta ildizlanish va energiya
almashinuvini qo‘llab-quvvatlaydi. Kaliy uglevodlar transporti, suv rejimi va sanoat
shakar chiqimi uchun muhim. Bor esa o‘sish nuqtasi, hujayra devori va ildiz sifatini
saglashda alohida ahamiyatga ega.

4. Qand lavlagida mineral o‘g‘itlarning maqgbul tizimi tuproq tahlili, nav
Xususiyati, rejalashtirilgan hosil, sug‘orish rejimi va mahalliy iqlim sharoitlariga
asoslanishi kerak. Eng to‘g‘ri yondashuv hosildorlikni oshirish bilan birga shakar
miqgdori va qayta ishlash sifatini saglashga garatilgan muvozanatli oziglanishdir.

5. Kelgusida gand lavlagi bo‘yicha ilmiy tadgiqotlarda NPK me’yorlari bilan bir
qatorda bor, magniy, rux va boshqa mikroelementlarning ta’sirini, shuningdek,
o‘g‘itlardan foydalanish samaradorligi va ekologik xavfsizlik ko‘rsatkichlarini
kompleks baholash magsadga muvofig.
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Annotatsiya. Sanoat hududlari atrofida himoya o ‘rmon ekinzorlarini barpo
etishda daraxt turlarini to‘gri tanlash muhim agrotexnik masaladir. Chirchig
shahridagi “Maxam-Chirchiq” zavodi atrofida o ‘sadigan to‘rt xil daraxt turining
og ‘ir metallarni akkumulyatsiya qilish qgobiliyati ISP-MS usulida baholandi va shu
asosda tur tanlash reytingi tuzildi. Eman va gozal katalpaning yuqori akkumulyatsiya
salohiyati ularni himoya o ‘rmon polosalarining tashqi (“filtr”) qatorida ekish uchun
eng maqbul tur sifatida tavsiya etish imkonini berdi. Olingan natijalar asosida ko ‘p
gatorli himoya polosasi tarkibini shakllantirish, ekish va parvarish qilish bo ‘yicha
aniq agrotexnik tavsiyalar ishlab chiqildi.

Kalit so ‘zlar: himoya o ‘rmon ekinzori, agrotexnika, tur tanlash, og ‘ir metallar,
sanoat hududi, shamol to ‘sig i, ko ‘kalamzorlashtirish.

Annomauyusn. Illpasunvhvili n0060p OpesecHbIX NOPOO SBISAEMC BANCHOI
azpomexHu4eckou 3aoauell npu CO30aHUU 3AUWUMHBLIX JECHbIX HONOC BOKDY2
npomviuinennvix 30H. Memooom HCII-MC 6viia oyenena cnocobHocms uyemvlpex
8U008 Oepegves, npouspacmarowux 6oauzu 3asooa «Maxcam-Hupuuky 6 2opooe
Yupuux, naxaniueams msxcenvle MEemMallvl, HA OCHOBE Ye20 COCMABIEH pPeumuHe
noobopa nopoo. Bvicokuti akkymynamuensiil nomeHyual 0y06a u Kamaibnvl NO3601UL
PEeKOMEeHO08amb UX 0Jil NOCAOKU 80 GHeWHeM («urbmpyrowem») psaoy 3auumHou
noaocvl. Ha ocHoe NOMyYeHHbIX pe3yIbmamos paspadomansvl KOHKpemHble
azpomexHudeckue peKxomeHoayuu no QOpMUPOBAHUI0 COCMABA MHO2OPAOHOU
3QUUMHOL NOJIOCBL, NOCAOKE U YX0OY 34 HACANCOCHUIMU.

Knrouesvie cnoea: 3awumnasn necnas nonoca, azpomextHukd, noobop nopoo,
msdiceible Memaiisl, NPOMbIULIEHHAS 30HA, 6eMPO3aWUma, o3eieHenue.

Abstract. Proper selection of tree species is a critical agrotechnical task in
establishing protective forest shelterbelts around industrial zones. Using ICP-MS, this
study assessed the heavy metal accumulation capacity of four tree species growing
near the “Maxam-Chirchiq” plant in Chirchiq city and developed a species-selection
ranking. The high accumulation potential of oak and catalpa supported their
recommendation for planting in the outer (‘filter”) row of the shelterbelt. Based on
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the results, concrete agrotechnical recommendations were developed for forming the
composition of a multi-row shelterbelt, planting, and maintenance.

Keywords: protective shelterbelt, agrotechnics, species selection, heavy metals,
industrial zone, windbreak, greening.

KIRISH

Sanoat korxonalari atrofida barpo etiladigan himoya o‘rmon ekinzorlari
(shelterbelt) atmosfera ifloslanishini kamaytirish, shamol va chang targalishining
oldini olish hamda qo‘shni qishloq xo‘jaligi yerlarini himoya qilishda muhim vazifani
bajaradi. Jahon amaliyotida bunday himoya polosalari fagat mikroiglimni yaxshilash
vositasi sifatida emas, balki tuproq eroziyasini kamaytiruvchi, uglerodni sekvestrlash
va biologik xilma-xillikni saglashga xizmat qiluvchi kompleks agroekologik
infratuzilma sifatida garaladi.

Tarixiy jihatdan himoya o‘rmon polosalari dunyoning ko‘plab mamlakatlarida
keng qo‘llanilgan: Xitoyning “Uch Shimol” davlat dasturi (Three-North Shelter Forest
Program) 1978-yildan boshlab dunyodagi eng yirik sun'iy o‘rmonzorlashtirish loyihasi
hisoblanadi, Kanadaning Prairie Shelterbelt dasturi 1903-yildan buyon 600 milliondan
ortiq ko‘chat yetkazib bergan. Markaziy Osiyo mintaqasida ham daraxt gatorlari dala
chegaralari va sug‘orish kanallari bo‘ylab an'anaviy shamol to‘sig‘i vazifasini bajarib
kelgan, biroq sovet davridan keyingi davrda yoqilg‘i tanqisligi sababli ko‘plab himoya
polosalari kesib tashlangan, bu esa hozirgi kunda ularni tiklash va ilmiy asoslangan
tarzda gayta barpo etish zaruriyatini keltirib chigarmoqgda.

Sanoat korxonalari atrofidagi himoya polosalari oddiy shamol to‘sig‘idan farqli
o‘laroq, qo‘shimcha vazifani ham bajaradi — ular havodagi va tuproqdagi og‘ir
metallarni o‘zida ushlab qolib, atrofdagi qishloq xo‘jaligi yerlari va aholi punktlarini
ifloslanishdan himoya giladi. Shu sababli, bunday sharoitda daraxt turini tanlash oddiy
shamoldan himoyalanish mezonlaridan tashgari, uning ifloslantiruvchi moddalarni
akkumulyatsiya gilish gobiliyatini ham hisobga olishi lozim.

ADABIYOTLAR TAHLILI
Enescu va hammualliflarining keng gamrovli bibliometrik tahlilida 1984—2024

yillar oralig‘ida himoya o‘rmon polosalari va qishloq xo‘jaligiga oid 762 ta ilmiy nashr
tahlil qilingan bo‘lib, ular himoya polosalarining tuproq eroziyasini 80% gacha
kamaytirishi, shamol tezligini 30-50% ga pasaytirishi hamda uglerod
sekvestratsiyasini sezilarli darajada oshirishi mumkinligini ko‘rsatgan. Xususan,
himoya polosasi tuprog‘ida organik uglerod miqdori qo‘shni dala tuprog‘iga nisbatan
27% ga yuqori bo‘lgani qayd etilgan.

Smith va hammualliflari AQShda o‘tkazilgan tizimli sharhida fermerlarning
himoya polosalariga nisbatan qarashlarini o‘rgangan bo‘lib, ko‘plab fermerlar ularning
foydasini tan olsa-da, yer maydonining kamayishi va uzoq muddatli igtisodiy noaniglik
sabab ularni joriy etishdan tortinishini anigladi. Rempel va hammualliflari Kanadaning
Saskachevan provinsiyasida o‘tkazilgan tadqiqotida ishlab chigaruvchilarning himoya
polosalari xarajatlari va foydasi hagidagi tasavvurlarini tahlil gilib, igtisodiy asoslash
yetishmasligi joriy etishning asosiy to‘sig‘i ekanligini ko‘rsatdi. Baker va
hammualliflari esa shamol to‘sig‘ining ekin va chorva mahsuldorligiga ta'sirini

A
133

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

P 2026 JUNE
l AU VOLUME 1

ISSUE 1

o‘rganib, shamol tezligining 50% gacha kamayishi yosh chorva mollarining omon
golish darajasi va oziglanish samaradorligini sezilarli oshirishini anigladi.

Enescu va hammualliflarining tadgiqotida shuningdek ta'kidlanishicha, himoya
polosasi tarkibiga kiritiladigan daraxt turini tanlashda uning tez o‘sishi, zich
shoxlanishi, shamol, quyosh va sovuqgga chidamliligi kabi omillar hisobga olinishi
kerak, biroq sanoat zonalarida esa bunga qo‘shimcha ravishda turning havodagi
ifloslantiruvchi moddalarni (chang, og‘ir metallar) qanchalik samarali ushlab qolish
qobiliyati ham asosiy mezon bo‘lishi lozim. Bu jihat mavjud xalqaro adabiyotlarda
alohida chuqur o‘rganilmagan bo‘lib, ko‘pchilik tadqiqotlar shamoldan himoyalanish
va tuproq eroziyasi masalalariga qaratilgan, ifloslantiruvchi  moddalarni
akkumulyatsiya qilish gobiliyatiga asoslangan tur tanlash mezoni esa alohida
metodologik yondashuv sifatida deyarli ishlab chigilmagan.

Enescu va hammualliflarining bibliometrik tahlilida shuningdek gayd etilishicha,
himoya polosalarining iqtisodiy jihatdan magbul konstruksiyasi ularning balandligi,
kengligi va g‘ovakligi (porosity) bilan belgilanadi: o‘rtacha g‘ovaklik (40-60%)
shamol tezligini eng samarali kamaytiradi, keragidan ortiq zich polosalar esa aksincha
turbulentlik hosil qilib, salbiy ta'sir ko‘rsatishi mumkin. Bir gatorli himoya polosalari
odatda igtisodiy jihatdan neytral yoki biroz foydali bo‘lsa, ko‘p gatorli polosalar aniq
moliyaviy hisob-kitobni talab giladi — tadqiqotlarga ko‘ra, polosa balandligining 13
baravariga teng oraliqda joylashtirilgan himoya polosalari makkajo‘xori va soya kabi
ekinlar uchun eng yugori igtisodiy samara beradi.

Tadgigotning magsadi — sanoat zonasida keng tarqalgan to‘rt xil daraxt turining
og‘ir metallarni akkumulyatsiya qilish qobiliyatini aniqlash va shu asosda himoya
o‘rmon ekinzorini barpo etish, tur tanlash, ekish va parvarish qilish bo‘yicha
agrotexnik tavsiyalar ishlab chigishdan iborat.

TADQIQOT METODOLOGIYASI

Tadgigot obyekti sifatida Chirchig shahridagi "Maksam-Chirchig" zavodi
atrofida o‘sadigan to‘rt xil manzarali daraxt turi — eman (Quercus), sharg chinori
(Platanus orientalis), gozal katalpa (Catalpa) va soxta kashtan (Aesculus) — bargidan
iyul oyida olingan namunalar xizmat qildi.

Namunalar tarkibidagi og‘ir metallar (Pb, Zn, Cu, Ni, Cd, Mn, Sr, Ba, Co, As)
miqdori induktiv bog‘langan plazma mass-spektrometriyasi (ISP-MS, NEXION-2000
asbobi) usulida aniglandi. Namunalar 0,0500-0,5000 g migdorda analitik tarozida
o‘Ichanib, teflon avtoklavlarda konsentrlangan azot kislotasi va vodorod peroksidi
bilan Berghof mikroto‘lqinli parchalagichida (MWS-3+ dasturi) parchalandi va 0,5%
li azot kislotasi bilan 50-100 ml hajmga keltirildi.

Olingan kimyoviy tahlil natijalari asosida har bir turning umumiy
akkumulyatsiya darajasi bo‘yicha tavsiflovchi reyting tuzildi (1-jadval). Bu reyting
agrotexnik tahlilning boshlang‘ich nuqtasi sifatida xizmat qildi: reytingda yuqori o‘rin
olgan turlar himoya polosasining ifloslanishga eng ko‘p duch keladigan tashqi qatoriga,
past o‘rin olganlar esa ichki qatorlarga tavsiya etildi. Agrotexnik parametrlar (qatorlar
oralig‘i, ekish chuqurligi, parvarish muddatlari) xalqaro amaliyotda gabul gilingan
umumiy shelterbelt loyihalash normalari asosida belgilandi.
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Agrotexnik tavsiyalarni ishlab chigishda uchta asosiy mezon qo‘llanildi: (1)
turning ifloslantiruvchi moddalarni akkumulyatsiya gilish qobiliyati — ISP-MS tahlili
natijalariga asoslangan; (2) turning agrobiologik xususiyatlari — o‘sish tezligi, toj
kengligi, tuproq va suv rejimiga chidamliligi — mavjud dendrologik ma'lumotnomalar
asosida baholangan; (3) turning shahar/sanoat landshaftidagi amaliy va estetik
ahamiyati. Ushbu uch mezon birgalikda har bir turning himoya polosasidagi optimal
o‘rnini belgilashga xizmat gildi.

TAHLIL VA NATIJALAR

To‘rt xil daraxt turining og‘ir metallarni akkumulyatsiya qilish qobiliyatini
baholash natijasida olingan ma’lumotlar asosida tur tanlash reytingi hamda himoya
o‘rmon polosasining tavsiya etilgan qatorlar tarkibi shakllantirildi. Quyida ushbu
natijalar jadvallar ko‘rinishida keltirilib, ularning agrotexnik ahamiyati muhokama
etiladi.

1-jadval.
Tur tanlash reytingi: akkumulyatsiya darajasi va himoya polosasidagi tavsiya
etilgan o‘rin

Tavsiya etilgan

O‘rin Daraxt turi Akkumulyatsiya darajasi .
joylashuv
Yuqori (Pb, Zn, Ni, Cd | Tashqi ("filtr") gator
1 Eman (Quercus) bo‘yicha yetakchi) — zavodga eng yaqgin
Gozal katalpa Yuqori (Sr, As bo‘yicha I
2 (Catalpa) yetakchi) Tashqi ("filtr") gator
3 Soxta kashtan O‘rtacha (Mn, Ba O‘rta qator
(Aesculus) bo‘yicha yuqori) d
Sharq chinori (P. Past (aksariyat . :
4 orientalis) elementlarda eng kam) Ichki qator / xiyobon

1-jadvalda keltirilgan reyting og‘ir metallarni akkumulyatsiya qilish qobiliyati
(ISP-MS tahlili natijalari) asosida tuzildi. Natijalarga ko‘ra, eman va gozal katalpa eng
yuqori akkumulyatsiya ko‘rsatkichlariga ega bo‘lib, ularni himoya o‘rmon
polosasining zavodga yaqin, birinchi ("filtr") gatoriga ekish tavsiya etiladi. Sharq
chinori va soxta kashtan esa nisbatan past akkumulyatsiya ko‘rsatkichiga ega bo‘lib,
ular polosaning ichki qatorlarida yoki xiyobon sifatida qo‘llanilishi maqgsadga
muvofiqdir. Bunday farglangan yondashuv chekli maydonda maksimal himoya
samaradorligiga erishish imkonini beradi.

Himoya polosasining agrotexnik tarkibi. Tavsiya etilayotgan ko‘p qatorli
himoya o‘rmon polosasi tarkibi va qatorlar oralig‘i 2-jadvalda keltirilgan.

2-jadval.

Himoya o‘rmon polosasining tavsiya etilgan gatorlar tarkibi
Vazifasi Tavsiya etilgan tur Qatorlar orasi, m

1 (zavodga Ifloslantiruvchi moddalarni Eman, Gozal katalpa 2,5-3,0
yagin) ushlab golish ("filtr")
2-3 (o‘rta) Qo‘shimcha himoya, shamoldan Soxta kashtan, Sharq chinori 2,5-3,0

to‘sish
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Vazifasi Tavsiya etilgan tur Qatorlar orasi, m
4 (ichki, dala Estetik, mikroiglim yaxshilash Sharq chinori / xiyobon turlari 3,0
tomon)

Bunday tuzilma Enescu va hammualliflari tomonidan ta'kidlangan umumiy
tamoyilga mos keladi: eng samarali himoya polosalari bir necha qatordan iborat bo‘lib,
aralash turlardan tashkil topgan polosalar bir turli polosalarga nisbatan yugori himoya
samaradorligiga ega. Qatorlar orasidagi masofa (2,5-3,0 m) daraxtlarning yetarli
yorug‘lik va oziq maydoni olishini ta'minlaydi, bu esa ularning to‘liq rivojlanishi va
uzoq muddatli himoya funksiyasini bajarishi uchun zarur shart hisoblanadi. Bu xulosa
Aili va hammualliflarining arid mintagalar uchun ishlab chiqilgan ko‘p magsadli
optimallashtirish modeli bilan ham tasdiglanadi — ularning tadqiqotiga ko‘ra, o‘rtacha
g‘ovaklik (30-50%) va ko‘p qatorli, aralash turlardan tashkil topgan tuzilma shamol
tezligini eng samarali kamaytiradi hamda hosildorlikni 10-25% ga oshirishi mumkin.

Shimoliy-Sharqiy Xitoyning qora tuproqli mintaqasida o‘tkazilgan tadqiqotlarda
ham turli daraxt turlaridan tashkil topgan himoya polosalari tuproq fizik-kimyoviy
xususiyatlari va mikrob hamjamiyati tarkibiga sezilarli ta'sir ko‘rsatishi, xususan
aralash turlardan iborat polosalar yakka turli polosalarga nisbatan tuproq unumdorligi
va suv ushlab turish gobiliyatini yaxshirog ta'minlashi aniglangan. Bu natijalar taklif
etilayotgan to‘rt turli aralash himoya polosasining nafaqat havo, balki tuproq sifatiga
ham ijobiy ta'sir ko‘rsatishi mumkinligini ko‘rsatadi.

Shuni alohida gayd etish lozimki, taklif etilgan sxemada eman va gozal

katalpaning tashqgi gatorga joylashtirilishi fagat ularning yuqori akkumulyatsiya
gobiliyatiga emas, balki agrobiologik xususiyatlariga ham asoslangan: har ikkala tur
ham nisbatan tez o‘sadigan, keng tojga ega va turli tuproq sharoitlariga chidamli
hisoblanadi, bu ularni eng ko‘p ekologik stressga duch keladigan tashqi qatorda
o‘stirish uchun maqgbul qiladi. Sharq chinori va soxta kashtanning ichkariroq qatorlarga
joylashtirilishi esa ularning nisbatan past akkumulyatsiya ko ‘rsatkichi bilan bir qatorda,
ularning baland bo‘yli va estetik jihatdan qimmatli turlar ekanligini ham hisobga oladi,
bu turlar polosaning ichki, kamroq ifloslangan qismida ko‘proq dekorativ va
rekreatsion vazifani bajarishi mumkin.
Tuprogqa ishlov berish va ekish tartibi. Ko‘chatlarni ekishdan oldin tuprog 40-50 sm
chuqurlikda haydalib, organik o‘g‘itlar (chirigan go‘ng yoki kompost) qo‘shilishi
tavsiya etiladi. Ko‘chatlar ko‘klam yoki kuz mavsumida, tuproq namligi yetarli bo‘lgan
davrda ekiladi. Birinchi 2-3 yil davomida muntazam sug‘orish va begona o‘tlardan
tozalash zarur, bu davrda ildiz tizimining shakllanishi va daraxtning tashqi muhitga
moslashuvi ta'minlanadi. Bu davr Smith va hammualliflari tomonidan ham himoya
polosalarining eng zaif, ya'ni asosiy parvarish talab qiladigan bosgichi sifatida
ta’riflangan.

Ekish zichligi va sxemasini belgilashda daraxt turining kattalashgandagi toj
diametri hisobga olinishi zarur: eman va gozal katalpa kabi keng tojli turlar uchun
kattarog oralig (3,0 m atrofida), nisbatan ixcham tojga ega turlar uchun esa 2,0-2,5 m
oraliq yetarli bo‘lishi mumkin. Ekish chuqurligi ko‘chat ildiz tizimi hajmidan 1,5-2
baravar katta bo‘lishi, ekish chuqurchasi tubiga drenaj gatlami (mayda shag‘al yoki
qum) joylashtirilishi tavsiya etiladi — bu, aynigsa og‘ir, sizot suvlari yugori
tuproglarda, ildiz chirishining oldini oladi.
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Zamonaviy monitoring texnologiyalari. So‘nggi yillarda GIS, pilotsiz uchar
apparatlar (UAV) va masofaviy zondlash texnologiyalari himoya polosalarini
loyihalash va monitoring qilish samaradorligini sezilarli oshirmogda. Bunday
texnologiyalar orgali daraxt turlarini avtomatik aniglash, polosaning zichligi va
uzluksizligini masofadan baholash, shuningdek vaqt o‘tishi bilan o‘sish dinamikasini
kuzatish mumkin. Kelgusida O‘zbekiston sharoitida ham bunday zamonaviy
vositalardan foydalanish himoya o‘rmon polosalarining holatini muntazam va arzon
narxda monitoring gilish imkonini beradi, bu esa an'anaviy dala tekshiruvlariga
garaganda ancha samarali va operativ yondashuv hisoblanadi.

Parvarish va monitoring. Himoya polosasi barpo etilgandan so‘ng, undagi
daraxtlar barglarida to‘plangan og‘ir metallar miqdorini har 2—3 yilda bir marta tahlil
gilib turish tavsiya etiladi. Bu, birinchidan, polosaning ifloslantiruvchi moddalarni
ushlab qolish samaradorligini nazorat qilish, ikkinchidan, ma'lum vaqtdan so‘ng
barglar va tuproqda to‘plangan elementlarning ikkilamchi ifloslanish manbaiga aylanib
qolmasligini oldini olish imkonini beradi. Yiqgilgan barglarni maxsus yig‘ib utilizatsiya
gilish, aynigsa yuqori akkumulyativ turlar (eman, gozal katalpa) uchun tavsiya etiladi.
Biologik xilma-xillikka ta’siri. Enescu va hammualliflarining tahliliga ko‘ra, himoya
o‘rmon polosalari nafaqat ifloslanishga qarshi kurashda, balki qishloq xo‘jaligi
landshaftlarida biologik xilma-xillikni saqlashda ham muhim rol o‘ynaydi — ular
parazit hasharotlar, chumolilar va changlatuvchi hasharotlar uchun tabiiy yashash
mubhiti (ekologik dahliz) vazifasini bajaradi, bu esa kimyoviy pestitsidlarga bo‘lgan
ehtiyojni kamaytirishga yordam beradi. Aralash turlardan tashkil topgan himoya
polosalari, bir turli polosalarga nisbatan, xilma-xil hasharotlar populyatsiyasini
qo‘llab-quvvatlashda yanada samarali ekanligi ko‘rsatilgan. Shu nuqtai nazardan,
taklif etilayotgan to‘rt turli (eman, sharq chinori, gozal katalpa, soxta kashtan) himoya
polosasi tarkibi nafaqat og‘ir metallarni akkumulyatsiya qilish, balki ekologik xilma-
xillikni ta'minlash nugtai nazaridan ham magsadga muvofiqdir.

Igtisodiy va ekologik samaradorlik. Enescu va hammualliflarining bibliometrik
tahliliga ko‘ra, himoya polosalarining tashqi (jamoat) foydasi, xususan uglerod
sekvestratsiyasi va tuproq eroziyasining kamayishi hisobiga, sezilarli iqtisodiy
qiymatga ega bo‘lib, bu qiymat ko‘plab hollarda million dollarlik miqyosda baholanadi.
Rempel va hammualliflari ta'kidlaganidek, himoya polosalarining boshlang‘ich
xarajatlari (ko‘chat, ekish, dastlabki parvarish) bir martalik bo‘lsa-da, ularning uzoq
muddatli foydasi — ifloslanishni kamaytirish, tuproq eroziyasining oldini olish va
go‘shni ekin maydonlari hosildorligini saqlab qolish — ancha yuqori baholanadi.
Shuningdek, tegishli  davlat dasturlari  (o‘rmon  fondini  kengaytirish,
ko‘kalamzorlashtirish) doirasida bunday himoya polosalarini barpo etish uchun
subsidiya yoki grant dasturlaridan foydalanish imkoniyati ham mavjud.

Baker va hammualliflarining tadqiqotida qayd etilishicha, shamol to‘sig‘i ta'siridagi
“tinch zona” (quiet zone) — bu polosa balandligining 3—10 baravariga teng masofa —
ichida ekin hosildorligi sezilarli oshadi: masalan, bug‘doy va suli hosili Avstraliyaning
Rutherglen shahrida 22% ga, Esperance shahrida esa loviya (lupin) hosili 30% ga
ko‘tarilgani qayd etilgan. Bu ma'lumotlar shuni ko‘rsatadiki, himoya polosasi
tomonidan egallangan yer maydonining yo‘qotilishi, odatda, qo‘shni ekin
[®]3:4E W]
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maydonlaridagi hosildorlik oshishi hisobiga to‘liq qoplanadi va hatto undan oshib
ketadi. Sanoat zonalari sharoitida esa bu foyda yana bir bosgich — havo va tuproq
ifloslanishining kamayishi — bilan to‘ldiriladi, bu esa qo‘shni ekin maydonlarida
yetishtiriladigan mahsulotning ekologik xavfsizligini oshiradi.

Mahalliy sharoitga moslashtirish zarurati. Shuni alohida ta'kidlash lozimki,
xalgaro adabiyotlarda keltirilgan agrotexnik parametrlarning aksariyati mo'tadil iglim
mintaqgalari (Shimoliy Amerika, Markaziy Yevropa) sharoitida ishlab chigilgan.
O‘zbekistonning issiq va quruq kontinental iqlimi, yuqori bug‘lanish darajasi va
sug‘orma dehqonchilik an'analari sharoitida bu parametrlarni to‘g‘ridan-to‘g‘ri
qo‘llash o‘rniga, ularni mahalliy tuprog-iglim sharoitlariga moslashtirish, xususan
sug‘orish rejimi va qator oralig‘ini mahalliy suv ta'minoti imkoniyatlariga
muvofiglashtirish zarur.

Xususan, yozgi issiq davrda (uronp—aBryct) havo harorati +35-40 °C ga
yetadigan mintaqalarda ko‘chatlarning dastlabki 2—3 yillik davrida sug‘orish oralig‘i
standart mo'tadil iglim tavsiyalariga (10—14 kun) nisbatan gisgartirilishi, issiq kunlarda
esa tomchilatib sug‘orish tizimini qo‘llash suv resurslaridan tejamkor foydalanishni
ta'minlashi mumkin. Bundan tashqari, sanoat zonalarida tuproq tarkibida texnogen
ifloslanish natijasida shakllanishi mumkin bo‘lgan tuzlanish xavfini hisobga olib,
ekishdan oldin tuproq tuzliligi (EC) va pH ko‘rsatkichlarini aniqlash, zarur hollarda
gips yoki boshga meliorativ vositalar qo‘llash tavsiya etiladi. Bu choralar, aynigsa
yugori akkumulyativ turlar (eman, gozal katalpa) uchun, ularning ildiz tizimi
tuproqdagi ortigcha tuzlar va og‘ir metallarga bir vaqtning o‘zida duch kelishi
mumkinligi sababli, alohida ahamiyat kasb etadi.

Tadqiqotning cheklovlari va kelgusi yo‘nalishlar. Ushbu tadgigotning
agrotexnik tavsiyalari asosan bitta ma'lumot to‘plami — to‘rt daraxt turining bir
mavsumdagi kimyoviy tahlili natijalariga asoslangan bo‘lib, taklif etilgan gator
sxemasi va oraliq masofalar hali dala sharoitida sinovdan o‘tkazilmagan. Kelgusi
tadgigotlarda taklif etilgan tur joylashuvi sxemasi asosida haqigiy tajriba maydonchasi
barpo etilishi, ko‘chatlarning tutish darajasi, o‘sish tezligi va 3-5 yillik davrda
akkumulyatsiya dinamikasi kuzatilishi hamda shamol tezligini kamaytirish
samaradorligi (anemometrik o‘lchovlar orqali) o‘lchanishi tavsiya etiladi. Bundan
tashqari, tavsiya etilgan sug‘orish va parvarish me'yorlarini mahalliy suv resurslari
tagchilligini hisobga olgan holda igtisodiy-agronomik jihatdan asoslash ham kelgusi
tadqiqot yo‘nalishi sifatida muhim ahamiyatga ega.

XULOSA VA TAKLIFLAR
1. Tekshirilgan to‘rt daraxt turi ifloslantiruvchi moddalarni akkumulyatsiya qilish
qobiliyati bo‘yicha bir-biridan sezilarli farq giladi, bu ularni himoya polosasida
joylashtirishda hisobga olinishi zarur.
2. Eman va gozal katalpa yuqori akkumulyativ xususiyati tufayli himoya
polosasining tashqi gatoriga, sharg chinori va soxta kashtan esa ichki gatorlarga ekish
uchun tavsiya etiladi.
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3. Ishlab chigilgan agrotexnik tavsiyalar (gator soni, oralig masofalar, tur
joylashuvi, ekish va parvarish tartibi) sanoat hududlarida himoya o‘rmon ekinzorlarini
barpo etishda amaliy qo‘llanilishi mumkin.

4. Himoya polosasi barglarida to‘plangan og‘ir metallarni muntazam monitoring
gilish va ularni maxsus utilizatsiya qilish ikkilamchi ifloslanishning oldini oladi.

5. Xalqaro tajribadan olingan agrotexnik parametrlarni O‘zbekistonning issiq-
quruq iqlim sharoitiga moslashtirish bo‘yicha qo‘shimcha dala tajribalari o‘tkazilishi
tavsiya etiladi.

6. Taklif etilgan to‘rt turli aralash tarkib nafagat og‘ir metallarni akkumulyatsiya
gilish, balki himoya polosasi doirasida biologik xilma-xillikni saglash va foydali
hasharotlar populyatsiyasini qo‘llab-quvvatlash nuqtai nazaridan ham amaliy
ahamiyatga ega.
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Annotatsiya. Sanoat korxonalari atrofida o '‘sadigan daraxt turlarining og ‘ir
metallar va noyob yer elementlarini (REE) o ‘zida to‘plash darajasi ularning
ifloslanishga fiziologik moslashuv gonuniyatlarini aks ettiradi. Tadgigotda Chirchiq
shahridagi "Maksam-Chirchiq" zavodi atrofida o ‘sadigan to ‘rt xil daraxt turi (eman,
sharq chinori, gozal katalpa, soxta kashtan) barglari induktiv bog ‘langan plazma
mass-spektrometriyasi (ISP-MS) usulida tahlil gilindi. Eman va gozal katalpa yuqori
akkumulyatsiya ko ‘rsatkichlari (mos ravishda 2REE 2,106 va 2,101 mg/kg) bilan
ajralib turdi, bu ularning barg tuzilishidagi moslashuv xususiyatlari (yirik yuza,
tuklanish) tufayli ifloslantiruvchi moddalarni faolrog akkumulyatsiya qilishini
ko ‘rsatadi. Olingan natijalar shahar sharoitida ekologik monitoring tizimini
takomillashtirishda amaliy ahamiyatga ega.

Kalit so‘zlar: bioindikatorlik, fiziologik moslashuv, og ‘ir metallar, REE, sanoat
ifloslanishi, daraxt turlari, ISP-MS.

Annomayua. Cmenenv HAKONJLEHUS MANCENLIX MEMAN08 U PEOKO3eMeNbHbIX
anemenmos (P33) 6 Opesecuvix nopooax, npouspacmawux 601uU3uU NPOMbIULLIEHHbIX
Npeonpusmull, Ompaxicaem 3aKOHOMEPHOCMU UX (DUIUOIOSUHECKOL adanmayuu K
3aepsazHenHuro. B uccnedosanuu nucmos yemvipex 6u008 oOepegves (0y6, niamau
BOCMOUHDIL, KAMAIbNA, KOHCKUU KAWMAH), NPOUPACMAaruux 601U3U 338004
«Makcam-Hupuuxy 6 2opode Hupuux, OvbiiU NPOAHATUBUPOBAHBL MEMOOOM MACC-
cnekmpomempuu ¢ UHOYKmueHo cesazannou niaazmou (UCII-MC). Iy6 u xamanvna
8bLOCTIAIUCH HAUOONee 8bICOKUMU nokazamenimu Haxonienus (XP39 2,106 u 2,101
Me/Ke COOMBEMCMBEHHO), YMO OOBACHAEMC aA0anmueHbIMU O0COOEHHOCAMU
cmpykmypul ux aucmoes. Ilonyyennsie pesyrbmamol UMeIOm NPpaKmuiecKkoe 3HaueHue
0151 COBEPULICHCMBOBAHUSL CUCTNEMbL IKOJI02UYECKO20 MOHUMOPUH2A 6 20POOCKUX
VCIOBUSIX.

Knrueswvie cnoea: ouounouxayus, ghusuonocuueckas aoanmayus, msaxicenvle
memannwt, P33, npomviuinennoe 3aepsasnenue, opesectvie nopoowt, UCII-MC.

Abstract. The degree to which tree species growing near industrial enterprises
accumulate heavy metals and rare earth elements (REE) reflects patterns of
physiological adaptation to pollution. In this study, leaves of four tree species (oak,
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Oriental plane tree, catalpa, and horse chestnut) growing near the "Maxam-Chirchig"
plant in Chirchiq city were analyzed using inductively coupled plasma mass
spectrometry (ICP-MS). Oak and catalpa exhibited the highest accumulation indices
(ZREE of 2.106 and 2.101 mg/kg, respectively), attributable to adaptive features of
their leaf structure. The findings have practical significance for improving
environmental monitoring systems in urban settings.

Keywords: bioindication, physiological adaptation, heavy metals, REE,
industrial pollution, tree species, ICP-MS.

KIRISH

Sanoat korxonalaridan atmosferaga chigarilayotgan azot oksidi, oltingugurt
birikmalari, chang va og‘ir metall zarrachalari inson salomatligi hamda ekotizimlar
bargarorligiga jiddiy tahdid solmoqda. Jahon migyosida sanoatlashgan hududlarda
havo ifloslanishi bilan bog‘liq kasalliklar yildan-yilga ortib bormoqda, bu esa atrof-
muhit monitoringi tizimlarini takomillashtirishni dolzarb vazifaga aylantirmoqda.
Bunday sharoitda shahar ko‘kalamzorlashtirish tizimidagi daraxt turlarining atmosfera
va tuproqdagi og‘ir metallarni o‘zida to‘plash xususiyati ularni arzon va ishonchli
bioindikator sifatida qo‘llash imkonini yaratadi.

Og‘ir metallarning inson organizmiga ta'siri keng o‘rganilgan muammo
hisoblanadi: qo‘rg‘oshin (Pb) asosan nafas yo‘llari orqali qonga so‘rilib, nerv tizimiga
zararli ta'sir ko‘rsatadi; kadmiy (Cd) buyrak funksiyasini buzadi va kansorogen
xususiyatga ega; mishyak (As) esa xalgaro tasniflarda saraton kasalligini keltirib
chigaruvchi asosiy elementlardan biri sifatida gayd etilgan. Bunday elementlarning
atmosferada tarqalishi va o‘simliklarda to‘planishi darajasini vaqtida aniqlash aholi
salomatligini muhofaza qilishning muhim tarkibiy qismidir. Og‘ir metallar bilan bir
qatorda, so‘nggi yillarda zamonaviy sanoat, elektronika va o‘g‘it ishlab chiqarishda
keng qo‘llanilayotgan noyob yer elementlari (Rare Earth Elements, REE) ham atrof-
muhitga targalayotgan yangi turdagi ifloslantiruvchi moddalar guruhi sifatida ilmiy
jamoatchilik e'tiborini tortmoqda, biroq ularning ekologik-toksikologik xavfi hali
yetarlicha o‘rganilmagan.

O‘simliklar, xususan daraxt turlari, atrof-muhitdagi ifloslanish darajasini aks
ettiruvchi tabily “passiv monitor” vazifasini bajaradi. Ularning bargida vegetatsiya
davomida to‘plangan elementlar miqdorini tahlil qilish orqali ma'lum hududdagi
atmosfera va tuproq ifloslanish darajasini nisbatan arzon va keng ko‘lamda baholash
mumkin. Biroq bu borada muhim savol — turli daraxt turlarining ifloslantiruvchi
moddalarni akkumulyatsiya qilish qobiliyati bir xil emasligi, ya'ni har bir tur o‘ziga
xos fiziologik moslashuv strategiyasiga ega ekanligidir. Shu sababli, aynan qaysi
mahalliy daraxt turi eng samarali bioindikator sifatida xizmat gila olishini aniglash
amaliy va ilmiy ahamiyatga ega masaladir.

ADABIYOTLAR TAHLILI

Daraxt barglarining og‘ir metallarni bioindikatsiya qilish salohiyati bo‘yicha
xalgaro adabiyotda keng tadgiqotlar olib borilgan. Jiang va boshgalar shahar sharoitida
mox va daraxt barglarining atmosfera og‘ir metall cho‘kmasini monitoring qilishdagi
samaradorligini solishtirib, har ikkala organizm turi ham ifloslanishni aks ettirishga
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qodir ekanligini, biroq ularning sezgirlik darajasi turlicha ekanligini ko‘rsatdi. Pajak
va hammualliflarining so‘nggi tadqiqotida Krakov shahridagi bog‘larda qayin, lipa va
zarrali platan barglari hamda Pleurozium schreberi moxi solishtirilib, gayin
barglarining eng yuqori metall akkumulyatsiya indeksi (MAI) va biokonsentratsiya
koeffitsientiga (BAF) ega ekanligi, shu sababli uni “giperto‘plovchi”
(hyperaccumulator) sifatida tavsiya etish mumkinligi aniglangan. Bu natija turli daraxt
turlari orasida akkumulyatsiya qobiliyati bo‘yicha sezilarli farq borligini tasdiqlaydi.

Gasiorek va hammualliflari tomonidan Krakovning tarixiy bog‘lari tuprog‘idagi
og‘ir metall ifloslanishi geokimyoviy fon asosida baholanib, mahalliy fon
ko‘rsatkichidan foydalanilganda antropogen ifloslanish yanada aniqroq namoyon
bo‘lishi ko‘rsatilgan — bu uslub ushbu tadqiqotda ham qo‘llaniladigan yondashuvga
mos keladi. Dresler va hammualliflari Polshadagi Zn-Pb kon-metallurgiya zonasi
atrofida qayin barglarining og‘ir metallarni to‘plash qobiliyatini o‘rganib, yuqori
metall yuki barglarning ikkilamchi metabolizmiga (fenol birikmalar sinteziga) ta'sir
qilishini aniqladi, bu esa metall akkumulyatsiyasi va o‘simlikning fiziologik javob
reaktsiyasi o‘rtasidagi bog‘liglikni ko‘rsatadi.

Elkaee va hammualliflari Tehron shahridagi shahar daraxtlarining chang, og‘ir
metall va uglerod cho‘ktirish salohiyatini qiyosiy baholab, katta barg yuzasiga va
tuklangan epidermisga ega turlarning changni ko‘proq ushlab qolishini isbotladi.
Nguyen va hammualliflari Vetnamning sanoat hududi tuprog‘ida nafaqat an'anaviy
og‘ir metallar, balki noyob yer elementlari (REE) ham baholanishi zarurligini ta'kidlab,
REE monitoringi hali yetarlicha rivojlanmagan yo‘nalish ekanligini qayd etdi. Bu fikr
Sager va Wiche hamda Doulgeridou va hammualliflarining REE ekologik-
toksikologik xavfi bo‘yicha keng gamrovli sharhlarida ham tasdiglangan bo‘lib, ular
yengil REE elementlarining (La, Ce, Nd) o‘simliklarda ustunlik qilishini umumiy
geokimyoviy qonuniyat sifatida ta’riflaydi.

Mahalliy sharoitda esa muallif tomonidan ilgari sharg chinori (Platanus
orientalis) barglarida og‘ir metallar to‘planishi alohida o‘rganilgan va uning
bioindikatorlik xususiyati tasdiglangan edi, shuningdek manzarali daraxt turlarining
chigindi gazlariga chidamliligi bo‘yicha tadqiqot olib borilgan. Biroq mavjud
adabiyotlarda turli daraxt turlarining akkumulyatsiya qobiliyatini bir vaqtning o‘zida
og‘ir metallar va REE bo‘yicha qiyosiy baholash, ya'ni qaysi tur eng samarali "biofiltr"
ekanligini kompleks aniqlash masalasi hali yetarlicha o‘rganilmagan.

Shuni ham ta’kidlash lozimki, adabiyotlarda tahlil gilingan tadgigotlarning
aksariyati bitta yoki ikkita elementlar guruhiga (odatda fagat og‘ir metallarga)
qaratilgan bo‘lib, og‘ir metallar va REE ni1 bir vaqtning o‘zida, bir xil namunalarda
tagqoslovchi tadgiqotlar juda kam uchraydi. Bu aynigsa, Markaziy Osiyo mintagasi,
jumladan O‘zbekiston sharoiti uchun deyarli o‘rganilmagan yo‘nalish hisoblanadi. Shu
bilan birga, ko‘pchilik xorijiy tadqiqotlar (Krakov, Tehron, Vetnam misollarida)
mo‘tadil yoki subtropik iqlim sharoitida o‘tkazilgan bo‘lib, ularning natijalarini
O‘zbekistonning issiq va quruq kontinental iqlimi sharoitiga to‘g‘ridan-to‘g‘ri tatbiq
etish ilmiy jihatdan asossizdir — bu esa mahalliy sharoitda mustagqil tadqiqot o‘tkazish
zaruriyatini yanada kuchaytiradi.
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Tadgigotning maqgsadi — bir xil sanoat zonasida o‘sadigan to‘rt xil daraxt
turining og‘ir metallar va REE larni akkumulyatsiya qilish qobiliyatini qiyosiy
baholash, ularning fiziologik moslashuv gonuniyatlarini aniglash va eng samarali
bioindikator turni belgilashdan iborat.

TADQIQOT METODOLOGIYASI

Tadgigot obyekti sifatida Toshkent viloyati Chirchig shahridagi "Maksam-
Chirchiq" zavodi atrofida o‘sadigan to‘rt xil manzarali daraxt turi — eman (Quercus),
sharg chinori (Platanus orientalis), gozal katalpa (Catalpa) va soxta kashtan (Aesculus)
— bargidan olingan namunalar xizmat qildi. Namunalar iyul oyida terib olindi, chunki
bu davrda barglarda mavsum davomida to‘plangan ifloslantiruvchi moddalar miqdori
maksimal darajaga yetadi.

Namunalar tarkibidagi mikro- va makroelementlar, jumladan og‘ir metallar (Pb,
Zn, Cu, Ni, Cd, Mn, Sr, Ba, Co, As) hamda noyob yer elementlari (La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) miqdori induktiv bog‘langan plazma mass-
spektrometriyasi (ISP-MS, NEXION-2000 asbobi) usulida O‘zbekiston Respublikasi
Fanlar akademiyasi Bioorganika kimyo instituti bilan hamkorlikda aniglandi.

Namunalarni tayyorlash uchun 0,0500-0,5000 g migdordagi aniq namuna
analitik tarozida o‘lchanib, teflon avtoklavlarga joylashtirildi va konsentrlangan azot
kislotasi hamda vodorod peroksidi qo‘shilib, Berghof mikroto‘lqinli parchalagichida
(MWS-3+ dasturi) parchalandi. Parchalangan namuna 50-100 ml hajmli o‘lchov
kolbalariga o‘tkazilib, 0,5% li azot kislotasi bilan belgilangan hajmga yetkazildi. Tahlil
natijalari Perkin Elmer standarti asosida xatolik chegarasi (RSD, %) bilan mg/kg
birligida ifodalandi.

Statistik tahlil uchun har bir tur bo‘yicha olingan qiymatlar solishtirma
jadvallarga kiritilib, elementlar yig‘indisi (XREE) hisoblab chiqildi. Turlar orasidagi
farglar tavsiflovchi taggoslash usulida (descriptive comparison) baholandi.

Tadgiqgot dizayni tavsiflovchi-giyosiy (descriptive-comparative) turga mansub
bo‘lib, to‘rt xil daraxt turi bir xil geografik nuqta va bir xil vaqt oralig‘ida namuna olish
orqali solishtirildi, bu esa natijalarga ta'sir giluvchi tashqgi omillarni (masalan, iglim,
ifloslanish manbaigacha bo‘lgan masofa) nazorat qilish imkonini berdi. Olingan
ma'lumotlar mg/kg quruq massa birligida ifodalanib, har bir element bo‘yicha turlar
orasidagi nisbiy farq foizlarda hisoblab chigildi.

TAHLIL VA NATIJALAR

Tadqiqot davomida to‘rt xil daraxt turi barglarida ISP-MS usulida aniglangan
og‘ir metallar va noyob yer elementlari (REE) miqdori quyida jadvallar ko‘rinishida
keltirilgan. Har bir jadvaldan so‘ng olingan natijalar tahlil qilinib, turlar orasidagi
farglar hamda ularning mumkin bo‘lgan fiziologik sabablari muhokama etiladi.

1-jadval.
Eng xavfli hisoblangan og‘ir metallarning daraxt barglaridagi miqdori (mg/kg)
Daraxt turi Pb Zn Cu Ni Cd Mn Sr Ba Co As

Eman (Quercus) | 2,62 35,8 13,9 8,49 0,029 35,7 109 67,5 0,260 0,591

Sharqchinori 10 997 o0 274 0011 724 611 158 0144 0412
(P. orientalis)
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Daraxt turi Pb Zn Cu Ni Cd Mn Sr Ba Co As
Gozalkatalpa |, c; 351 107 215 0017 699 123 345 0252 0,809
(Catalpa)
Soxta kashtan
(Aesculus)

‘ 1,80 10,6 8,29 1,61 0,017 79,5 60,7 39,7 0,220 0,571

1-jadvaldan ko‘rinib turibdiki, eman (Quercus) barglarida qo‘rg‘oshin (Pb — 2,62
mg/kg), rux (Zn — 35,8 mg/kg), nikel (Ni — 8,49 mg/kg), kadmiy (Cd — 0,029 mg/kg)
va mishyak (As — 0,591 mg/kg) migdori golgan uchta turga nisbatan eng yuqori
ko‘rsatkichni namoyon qildi. Sharq chinorida esa aksincha, aksariyat elementlar (Zn,
Ni, Cd, Ba) bo‘yicha eng past ko‘rsatkichlar qayd etilib, fagat marganets (Mn — 72,4
mg/kg) nisbatan yuqori bo‘lib chiqdi. Gozal katalpa strontsiy (Sr — 123 mg/kg) va
mishyak (As — 0,809 mg/kg) bo‘yicha, soxta kashtan esa marganets (Mn — 79,5 mg/kQ)
va bariy (Ba — 39,7 mg/kg) bo‘yicha nisbatan yuqori ko‘rsatkichlarga ega bo‘ldi.

2-jadval.
Daraxt barglaridagi noyob yer elementlari (REE) miqdori (mg/kg
Daraxt turi La Ce Pr Nd Sm Eu Gd Dy YREE
Eman 0,521 0,992 0,087 0,293 0,063 0,034 0,046 0,037 2,106
Sharq chinori 0,260 0,507 0,044 0,149 0,029 0,015 0,021 0,017 1,042

Gozal katalpa 0,508 0,977 0,094 0,311 0,067 0,021 0,046 0,041 2,101
Soxta kashtan 0,354 0,658 0,065 0,210 0,047 0,019 0,031 0,029 1,437

2-jadvaldan ko‘rinib turibdiki, barcha to‘rt turda ham yengil REE guruhiga
kiruvchi lantan (La) va seriy (Ce) eng yuqori miqdorda uchraydi, og‘ir REE guruhi (Er,
YD) esa barcha turlarda ancha kam migdorda gayd etildi. Bu nagsh Sager va Wiche
hamda boshqa mualliflar tomonidan tasvirlangan o‘simliklarda REE to‘planishining
umumiy geokimyoviy qonuniyatiga to‘liq mos keladi va ildiz orqali tuprogdan
o‘zlashtirishning asosiy mexanizm ekanligini tasdiglaydi. ZREE bo‘yicha ham eman
(2,106 mg/kg) va gozal katalpa (2,101 mg/kg) yetakchilik qilib, bu ikkala turning
umumiy akkumulyativ salohiyati boshqa ikkitasidan deyarli ikki baravar yuqori
ekanligini ko‘rsatdi.

Fiziologik moslashuv mexanizmlari. Daraxt turlarining og‘ir metall va REE larni
turlicha akkumulyatsiya qilishi bir necha fiziologik omil bilan izohlanadi: (1) barg
epidermisi va kutikula galinligi — qgalinroq kutikulaga ega turlar zaharli moddalarni
tashqi to‘siq sifatida ko‘proq ushlab qoladi; (2) stomatalar zichligi va joylashuvi —
stomatalar orgali gazsimon va erigan ifloslantiruvchi moddalarning hujayra ichiga
Kirishi tezlashadi; (3) ildiz tizimining tarmoqlanish darajasi — chuqur va zich ildiz
tizimiga ega turlar tuprogdagi harakatchan metall ionlarini faolroq o°zlashtiradi. Guo
va hammualliflarining so‘nggi sharhida ko‘rsatilishicha, og‘ir metallar stomatalarning
ochilish-yopilish faoliyatiga bevosita ta'sir giladi va abssiz kislota (ABK) hamda
reaktiv kislorod turlari (ROS) darajasini oshirib, stomatalarning yopilishini keltirib
chigarishi mumkin — bu esa o‘simlikning metall gabul qilishni cheklovchi himoya
reaksiyasi hisoblanadi. Bu xulosa Elkaee va hammualliflarining katta barg yuzasiga
ega turlarning changni faolroq ushlashi hagidagi topilmasi bilan ham mos keladi. Eman
va gozal katalpaning yuqori akkumulyatsiya ko‘rsatkichlari, ehtimol, aynan shu uchala
mexanizmning birgalikda namoyon bo‘lishi bilan bog‘liq.
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Hujayra darajasidagi himoya mexanizmlari. O‘simliklarda og‘ir metallarning
zaharli ta’siridan himoyalanishning asosiy yo‘llaridan biri — ularni vakuolalarda yoki
hujayra devorida bog‘lab, fiziologik faol sitoplazmadan ajratib qo‘yishdir
(kompartmentalizatsiya). Dresler va hammualliflari ko‘rsatganidek, yuqori metall yuki
gayin barglarida ikkilamchi metabolitlar (fenol birikmalar) sintezini faollashtiradi —
bu o‘simlikning stress omiliga javob reaktsiyasi hisoblanadi. Qi va hammualliflarining

Vigna radiata o‘simligida o‘tkazgan tadqiqotida ham og‘ir metall stressi ta'sirida
eriydigan gandlar to‘planishi va biomassaning qayta tagsimlanishi orqali osmotik
moslashuv sodir bo‘lishi ko‘rsatilgan, bu umumiy stress-moslashuv strategiyasining
daraxtlarda ham amal qilishi mumkinligini ko‘rsatadi. Yuqori akkumulyatsiya
ko‘rsatkichiga ega turlarda (eman, gozal katalpa) ushbu himoya mexanizmlarining
nisbatan yaxshi rivojlangan bo‘lishi ehtimoldan xoli emas, biroq bu faraz kelgusida
biokimyoviy tahlillar orgali tasdiglanishi lozim.

Elementlar orasidagi bog‘liglik. Diqqatga sazovor jihati shundaki, og‘ir metallar
bo‘yicha yetakchi turlar (eman, gozal katalpa) REE bo‘yicha ham yetakchi bo‘lib
chiqdi. Bu ikki mustaqil elementlar guruhi orasidagi mos kelish tasodifiy emas — u bir
xil fiziologik mexanizm (barg yuzasi orqgali passiv adsorbsiya va ildiz orgali faol
o‘zlashtirish) ikkala guruh uchun ham amal qilishini ko‘rsatadi. Bu esa XREE
ko‘rsatkichini kelgusida qo‘shimcha, mustaqil bioindikator parametr sifatida qo‘llash
mumkinligini asoslaydi.

Bioindikatorlik nuqgtai nazaridan, yuqori akkumulyatsiya gobiliyatiga ega turlar
(eman, gozal katalpa) atrof-muhit monitoringi uchun eng informativ turlar hisoblanadi,
chunki ularda ifloslanish darajasidagi o‘zgarishlar tezroq va aniqroq aks etadi. Bu
xulosa Pajgk va hammualliflarining qayin barglarini eng samarali "giperto‘plovchi"
sifatida tavsiya etishi bilan mantigan hamohang. Sharqg chinori va soxta kashtan esa
nisbatan barqaror (kam o‘zgaruvchan) fon ko‘rsatkichini beruvchi "nazorat" turlari
sifatida monitoring tizimida qo‘llanilishi mumkin. Kelgusi tadqiqotlarda ushbu
kimyoviy natijalarni fotosintez intensivligi, xlorofill migdori va stomatalar zichligi
kabi to‘g‘ridan-to‘g‘ri fiziologik ko‘rsatkichlar bilan bog‘lab o‘rganish tavsiya etiladi.
Xalgaro tadqgigotlar bilan giyosiy tahlil. Olingan natijalarni xalgaro adabiyotlar bilan
solishtirish quyidagi qonuniyatlarni ochib beradi. Krakov shahridagi bog‘larda
o‘tkazilgan tadqiqotda qayin barglarida rux (Zn) miqdori boshqa turlarga nisbatan to‘rt
baravar yuqori bo‘lgani qayd etilgan, bu bizning tadqiqotimizda emanning boshga
turlarga nisbatan yuqori Zn ko‘rsatkichi (35,8 mg/kg) bilan bir xil nagshni tashkil etadi
— ya’ni har ikkala tadqiqotda ham keng, tuklangan barg yuzasiga ega tur yetakchilik
qilgan. Tehron shahridagi shahar daraxtlari bo‘yicha o‘tkazilgan tadqiqotda ham Kkatta
barg yuzasi va tuklanish darajasi chang va og‘ir metall akkumulyatsiyasi bilan ijobiy
bog‘liq ekanligi statistik jihatdan tasdiglangan, bu bizning eman va gozal katalpa
bo‘yicha olingan natijalarimizni nazariy jihatdan asoslaydi.

Shu bilan birga, ma’lum farqlar ham kuzatildi: agar Pol tadqiqotlarida gayin
(Betula) eng yuqori akkumulyatorlar qatoriga kirgan bo‘lsa, bizning tadqiqotimizda
mahalliy sharoitda eman (Quercus) ushbu vazifani bajardi. Bu farq geografik-iglim
sharoitlari, ifloslanish manbaining tabiati (Krakovda asosan transport va uy-joy issiglik
tizimlari, Chirchigda esa kimyo sanoati korxonasi) hamda tuproq geokimyosining farqi
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bilan izohlanishi mumkin. Bu, o‘z navbatida, bioindikator turni tanlashda mahalliy
sharoitlarni har doim alohida sinovdan o‘tkazish zarurligini ko‘rsatadi — boshga
mintagalarda olingan natijalarni to‘g‘ridan-to‘g‘ri ko‘chirib qo‘llash noto‘g‘ri
xulosalarga olib kelishi mumkin.

Tadqiqotning cheklovlari va kelgusi yo‘nalishlar. Ushbu tadgiqotning bir gator
cheklovlari mavjud. Birinchidan, namunalar fagat bitta mavsumda (iyul oyida) olingan
bo‘lib, elementlar miqdorining fasllar bo‘yicha o‘zgarishi hisobga olinmagan.
Ikkinchidan, tadqiqot bitta sanoat manbai (“Maxam-Chirchiq” zavodi) atrofida
o‘tkazilgan, shu sababli natijalarni boshga turdagi sanoat korxonalari (masalan,
metallurgiya yoki avtotransport ifloslanishi) atrofiga umumlashtirish ehtiyotkorlik
talab giladi. Uchinchidan, fiziologik moslashuv mexanizmlari (kutikula galinligi,
stomatalar zichligi, fitoxelatinlar miqdori) hagidagi xulosalar hozircha nazariy faraz
darajasida bo‘lib, ularni tasdiglash uchun qo‘shimcha anatomik va biokimyoviy
tahlillar talab etiladi. Kelgusi tadgigotlarda nazorat (sanoatsiz) hududdan olingan
namunalar bilan solishtirish, fasllar kesimida dinamik kuzatuv olib borish hamda
statistik ishonchlilikni oshirish uchun namunalar sonini ko‘paytirish tavsiya etiladi.

XULOSA VA TAKLIFLAR

1. Tekshirilgan daraxt turlari sanoat ifloslanishiga nisbatan turlicha fiziologik
moslashuv strategiyasini namoyon giladi, bu ularning barg tuzilishi va ildiz faoliyati
bilan bog‘liq.

2. Eman (Quercus) va gozal katalpa (Catalpa) eng yuqgori bioindikatorlik
salohiyatiga ega bo‘lib, ekologik monitoring tizimida ustuvor tur sifatida tavsiya etiladi.

3. Barcha to‘rt turda ham yengil REE guruhi (La, Ce) ustunlik gilishi aniglandi, bu
xalgaro adabiyotlarda gayd etilgan umumiy geokimyoviy gonuniyatga mos keladi va
REE monitoringini mahalliy amaliyotga joriy etish zarurligini ko‘rsatadi.

4. Og‘ir metallar va REE bo‘yicha yetakchi turlarning bir xil bo‘lib chiqishi
ularning fiziologik moslashuv mexanizmi umumiy ekanligini ko‘rsatadi, bu esa XREE
ko‘rsatkichini qo‘shimcha bioindikator parametr sifatida qo‘llash imkonini beradi.

5. Aniglangan gonuniyatlarni kelgusida fotosintez intensivligi, xlorofill migdori va
stomatalar zichligi kabi to‘g‘ridan-to‘g‘ri fiziologik ko‘rsatkichlar bilan bog‘lab,
chuqurroq o‘rganish tavsiya etiladi.
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Annotatsiya. Mazkur maqolada eksport salohiyatini oshirish va yashil
agrobiznesni rivojlantirishning zamonaviy yo ‘nalishlari hamda iqtisodiy ahamiyati
tahlil qilingan. Qishlog xo jaligi mahsulotlari eksportini kengaytirish, xalgaro
bozorlarda raqgobatbardoshlikni kuchaytirish, ekologik toza va resurs tejamkor ishlab
chigarish texnologiyalarini joriy etish masalalari yoritilgan. Shuningdek, yashil
agrobiznesni rivojlantirish orgali atrof-muhit muhofazasini ta’minlash, ozig-ovgat
xavfsizligini mustahkamlash va qishlog hududlarida barqaror iqtisodiy o ‘sishga
erishish imkoniyatlari ko ‘rib chigilgan. Tadgigot natijalariga asoslanib, eksport
hajmini oshirish va yashil igtisodiyot tamoyillariga mos agrobiznesni rivojlantirish
bo ‘yicha amaliy taklif va tavsiyalar ishlab chigilgan.

Kalit so‘zlar: export potential, green agribusiness, agriculture, ecological
production, sustainable development, export markets, competitiveness, green economy,
innovative technologies.

Almomauuﬂ. B oannou cmamove AHAIUSUPYIOMCA COBPEMEHRHbLE HANDABIEHUA U
IKOHOMUYEeCKoe 3HAYECHUE HaApawueadHusl IKCNOPpnHO2O0 nomeHyualad u pascumu
«3€eeH020) a2p06u3Heca. Paccmampuearomcg 60NpocCsyvl pacuiuperusl sKcnopma
CeNbCKOX03AUCMBEHHOU npodykuuu, no6vblUEHUA KOHKypeHmocnoco6Hocmu HA
Meofcdynapodubzx PbBIHKAX u eneépeHuﬂ oKoJlocudecKu qucmoslx u
pecypcodghexmunbix mexHonocull npouzgoocmea. Takce paccmampusaomcs
B03MOJCHOCIU ~ 0DeCneyeHUuss  OXpaHvl  OKpydcaroueli  cpeovl,  VKpenjieHus
I’lpO@OGO]ZbCIn@eHHOZZ bezonactocmu U 00CMUINCECHUS ycmoﬁtmeoeo OKOHOMUYECKO20
pocma 6 CeNbCKOU MecmHoCmu I’lOCp@@CWl@OM paseumusl «3e1eHozco» a2p06u3Heca. Ha
OCHO6€ pe3yibmanmoes Uccie008aHUsl pa3pa60maﬁbl npakmudecxKue npedﬂoofceﬁuﬂ u
pekomeﬁbauuu no yeeiaudeHuro 00vbemos IKcnopma u paseumuro a2p06u3Heca 6
coomeemcmeuu ¢ npuHyunamu «3e1eHouy IKOHOMUKU.

Knroueswvie cnoea: 3KCI’lOpI’I’lelL7 nomeHyuai, 3enenblll a2p06u3Hec, ceilbCKoe
x03ﬂﬁcm60, IKoOoJlocudeckoe npou%odcmeo, ycmodqueoe paseumue, 39KCnopmHovle
PBIHKU, KOHKypeHmocnoco6Hocmb, 3e1enas IKOHOMUKA, URHOBAYUOHHbIE MEXHOJIOCUU.

Abstract. This article analyzes the modern directions and economic significance
of increasing export potential and developing green agribusiness. The issues of
expanding the export of agricultural products, strengthening competitiveness in
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international markets, and introducing environmentally friendly and resource-efficient
production technologies are covered. The possibilities of ensuring environmental
protection, strengthening food security, and achieving sustainable economic growth in
rural areas through the development of green agribusiness are also considered. Based
on the results of the research, practical proposals and recommendations have been
developed to increase export volumes and develop agribusiness in accordance with the
principles of a green economy.

Keywords: export potential, green agribusiness, agriculture, ecological
production, sustainable development, export markets, competitiveness, green economy,
Innovative technologies.

l. KIRISH.

Fermer xo‘jaliklarining eksport salmog‘ini oshirish mamlakatning qishloq
xo‘jaligi sektorining barqaror rivojlanishi va umumiy iqtisodiy salohiyatini oshirish
uchun muhim ahamiyatga ega. Eksportni rivojlantirish nafagat milliy daromadni
oshiradi, balki fermerlarning daromad manbalarini barqarorlashtiradi, ish o‘rinlarini
yaratadi va tashqi savdo balansini ijobiy tomonga o‘zgartirishga yordam beradi.

Statistik ma’lumotlarga ko‘ra, O‘zbekistonning gishloq xo‘jaligi eksporti oxirgi
yillarda barqaror o‘sish sur’atlarini namoyon qilmoqda va 2025 yil uchun bu
ko‘rsatkich taxminan bir milliard sakkiz yuz million AQSh dollarini tashkil etadi. Shu
eksportning asosiy gismi meva va sabzavot mahsulotlariga to‘g ri keladi, bu esa fermer
xo‘jaliklarining eksport salmog‘ini oshirishdagi strategik yo‘nalishlarini belgilashda
muhim rol o‘ynaydi. Shu bilan birga, yetkazib berish va mahsulot sifatiga bog‘liq
yo‘qotishlar tahminan yigirma-yigirm besh foizga yetadi, bu esa eksport hajmini
sezilarli darajada pasaytiradi va tizimli chora-tadbirlarni talab giladi.

Mahsulot sifatini oshirish va xalgaro standartlarga moslash eksportni
rivojlantirishning birinchi va eng muhim bosgichi hisoblanadi. Xalgaro bozorlar
talabini qondirish uchun fermer xo‘jaliklarida Good Agricultural Practices (GAP), [SO
22000 va HACCP kabi standartlarni joriy etish zarur. Ushbu sertifikatlar nafagat
mahsulot  xavfsizligini va sifatini kafolatlaydi, balki eksport bozorlarida
ragobatbardoshligini oshiradi. GAP sertifikatlash tizimi orgali fermerlar ishlab
chigarish barcha bosqichlarini qayta ko‘rib chiqadi, resurslarni tejash, ekologik
barqarorlikni ta’minlash va mahsulot sifatini yaxshilash imkoniyatiga ega bo‘ladi.
Shuningdek, mahsulot sifatining oshishi milliy ishlab chigaruvchilarga xalgaro
bozorlar bilan samarali integratsiyalashishga imkon beradi va eksport hajmini bargaror
ravishda oshirishga yordam beradi.

Bu jarayon nafagat igtisodiy samaradorlikni oshiradi, balki milliy mahsulotlarga
nisbatan ishonchni kuchaytiradi. !

=T
1 O Food and Aariculture Oraanization of the United Nations (FAO). Good Aaricultural Practices (GAP) Guidelines for E E
Smallholder Farmers. Roma: FAO. 2020. https://www.fao.ora/fao-who-codexalimentarius/codex-texts/aan/en/ <
O International Oraanization for Standardization (ISO). 1SO 22000: Food Safety Management Systems — Requirements for O] ;
Any Oraganization in the Food Chain. Geneva: 1SO, 2018. < ~.
[1 World Bank. Aaricultural Exports and Quality Standards: Boosting Competitiveness Through Certification. Washington, D.C.:
World Bank, 2021. https://www.worldbank.org/en/topic/agriculture
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1. ADABIYOTLAR TAHLILI

Eksport salohiyatini oshirish va yashil agrobiznesni rivojlantirish masalalari
ko‘plab olimlar tomonidan tadqiq etilgan. Xususan, M. Porter (1990) mamlakatlarning
xalgaro bozordagi muvaffagiyati ragobatbardoshlik, innovatsiyalar va samarali ishlab
chiqarish tizimlariga bog‘ligligini ta’kidlaydi. O‘zbekiston sharoitida olib borilgan
tadqiqotlarda esa qishloq xo‘jaligi mahsulotlari eksportini rivojlantirish uchun
logistika infratuzilmasini takomillashtirish, mahsulotlarni xalgaro standartlar asosida
sertifikatlash va eksport bozorlarini diversifikatsiya qilish zarurligi gayd etilgan
(Mahmudov va Karimov, 2020).

Yashil agrobiznes va ekologik ishlab chigarish masalalari bo‘yicha tadqiqotlarda
resurslardan oqilona foydalanish, ekologik xavfsizlikni ta’minlash hamda barqaror
rivojlanishga erishish muhim omillar sifatida e’tirof etiladi. FAO (2019)
ma’lumotlariga ko‘ra, ekologik qishloq xo‘jaligi texnologiyalarini joriy etish yer
unumdorligini  saglash, suv resurslarini tejash va ozig-ovgat xavfsizligini
mustahkamlash imkonini beradi. Solaymanov va hamkorlari (2021) organik
dehgonchilik va yashil ishlab chigarish texnologiyalarining igtisodiy samaradorligini
asoslab, ularning eksportbop mahsulotlar ishlab chiqarishdagi ahamiyatini ko‘rsatib
bergan.

So‘nggi yillarda eksport salohiyati va yashil agrobiznesni o°zaro
uyg‘unlashtirish masalalariga alohida e’tibor qaratilmoqda. Smith va Johnson (2022)
yashil texnologiyalarni eksportga yo‘naltirilgan agrobiznes strategiyalari bilan
integratsiyalash mamlakatlarning igtisodiy samaradorligini oshirish, yangi bozorlarni
egallash va ekologik barqarorlikni ta’minlashga xizmat qilishini ta’kidlaydilar.
Shuningdek, O‘zbekiston Respublikasida gabul gilingan me’yoriy-huqugiy hujjatlar
ham eksportni rag‘batlantirish va ekologik ishlab chigarishni qo‘llab-quvvatlashning
institutsional asoslarini mustahkamlashga garatilgan.

Umuman olganda, ilmiy adabiyotlar tahlili eksport salohiyatini oshirish va
yashil agrobiznesni rivojlantirish bir-biri bilan uzviy bog‘liq jarayonlar ekanligini
ko‘rsatadi. Raqobatbardosh, ekologik toza va innovatsion mahsulotlar ishlab chiqarish
orgali nafagat eksport hajmini oshirish, balki qishloq xo‘jaligining barqaror
rivojlanishini ham ta’minlash mumkin.

1. TADQIQOT METODOLOGIYASI

Mahsulot assortimentini diversifikatsiya gilish eksportni rivojlantirishda muhim
yo‘nalishlardan biri hisoblanadi. Xom ashyo eksportidan tashqgari, qayta ishlangan
mahsulotlarni ishlab chigarish yuqori qo‘shilgan qiymat yaratadi va iqtisodiy
samaradorlikni oshiradi. Quritilgan meva-sabzavotlar, muzlatilgan mahsulotlar,
konserva mahsulotlari va boshga gayta ishlangan mahsulotlar eksport bozorida yuqori
talabga ega. Shu bilan birga, gayta ishlangan mahsulotlar bir tonna xom mahsulot
eksport gilinishiga nisbatan sezilarli darajada yuqori narxga ega bo‘ladi. Bu esa milliy
ishlab chigaruvchilarning daromad darajasini oshiradi, investitsion imkoniyatlarni
kengaytiradi va yangi ish ofrinlarini yaratadi. Shu jarayonda zamonaviy
texnologiyalarni joriy etish, ishlab chigarish jarayonlarini avtomatlashtirish va
logistika tizimini takomillashtirish mahsulotning eksport qobiliyatini oshirishga
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yordam beradi. eksportdagi mahsulot turlari bo‘yicha tagsimot quyidagicha: meva-
sabzavot mahsulotlari — 60%, gayta ishlangan mahsulotlar — 25%, don va don
mahsulotlari — 10%, boshga mahsulotlar — 5%. Ushbu ko‘rsatkichlar mahsulot
diversifikatsiyasining eksport salmog‘ini oshirishdagi samaradorligini aks ettiradi.

Logistika va yetkazib berish tizimini optimallashtirish ham eksportni
rivojlantirishda muhim rol o‘ynaydi. Hozirgi kunda mahsulotni yetkazib berishdagi
yo‘qotishlar sezilarli bo‘lib, har 100 tonna mahsulotdan taxminan 20 tonnasi transport
va saqlashdagi kamchiliklar tufayli yo‘qolmoqda. Shu nuqtai nazardan, transport
infratuzilmasini modernizatsiya qilish, sovutish zanjirlarini rivojlantirish, bojxona
protseduralarini soddalashtirish va eksport jarayonini optimallashtirish muhim
ahamiyatga ega. Masalan, sovutish zanjirlari va zamonaviy saqlash uskunalarini joriy
etish orqali mahsulot sifati saqlanadi, yo‘qotishlar kamayadi va eksport hajmi sezilarli
darajada oshadi. Jadval ko‘rinishida transport xarajatlari va yo‘qotishlarni
optimallashtirishning ta’siri ko‘rsatilishi mumkin, bu esa chora-tadbirlarning
samaradorligini aniq ko‘rsatadi.

Marketing va brend yaratish eksportni rivojlantirishda yana bir strategik
yo‘nalishdir. Mahsulotni xalgaro bozorlarda targ‘ib qilish, milliy brendlarni yaratish
va reklama strategiyalarini amalga oshirish orgali iste’molchi ishonchi oshadi. Milliy
brendlar nafagat mahsulotning tan olinishi va tanlov imkoniyatini oshiradi, balki
eksport hajmini sezilarli darajada oshirishga yordam beradi. Misol tarigasida, Italiya
va Frantsiyada meva va sabzavot mahsulotlarini milliy brend orgali eksport qgilish
natijasida talab sezilarli darajada oshgan. Diagrammada brend yaratish samarasi
ko‘rsatkichlarini tasvirlash mumkin: milliy brend bilan ishlovchi fermerlar eksport
hajmini 35-40% ga oshirishga erishgan, brendsiz fermerlar esa taxminan 20% o°sish
bilan cheklanadi. Bu ko‘rsatkichlar marketing va brend strategiyalarining eksport
hajmiga ta’sirini aniq aks ettiradi.

Davlat qo‘llab-quvvatlovi fermer xo°jaliklarining eksport salmog‘ini oshirishda
hal giluvchi rol o‘ynaydi. Fermerlar uchun subsidiya, eksport kreditlari, grantlar va
solig imtiyozlari tagdim etish ularning xalgaro bozorda ragobatbardoshligini oshiradi.
Shu bilan birga, davlat tashqi iqtisodiy faoliyat bo‘yicha konsultatsiya xizmatlarini
ko‘rsatadi, bojxona protseduralarini soddalashtiradi va eksport jarayonini
barqarorlashtiradi. Jadval ko‘rinishida davlat qo‘llab-quvvatlovi va eksport hajmi
o‘sish sur’atlari keltirilishi mumkin, bu esa chora-tadbirlarning samaradorligini ilmiy
tarzda tasdiglaydi. Shu yo‘l bilan davlat ko‘magi nafagat moliyaviy barqarorlikni
ta’minlaydi, balki marketing, logistika va huquqiy jihatdan ham xalgaro bozor bilan
samarali integratsiyalashishga imkon beradi.

Umuman olganda, fermer xo‘jaliklarining eksport salmog‘ini oshirish kompleks
va bir-birini to‘ldiruvchi chora-tadbirlarni talab giladi. Mahsulot sifatini xalgaro
standartlar asosida oshirish, assortimentni diversifikatsiya gilish, logistika tizimini
rivojlantirish, marketing va brend strategiyalarini joriy etish, shuningdek davlat
qo‘llab-quvvatlovini kengaytirish orqali eksport salmog‘i sezilarli darajada oshiriladi.
Shu bilan birga, ushbu strategiyalarni ragamli dalillar, tahliliy jadval va diagrammalar
bilan qo‘llab-quvvatlash bitiruv ishining ilmiy giymatini oshiradi. Kompleks chora-
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tadbirlar amalga oshirilganda, fermer xo‘jaliklari xalgaro bozorlar bilan muvaffaqiyatli
integratsiyalashadi va mamlakat iqtisodiyotiga sezilarli ijobiy ta’sir ko‘rsatadi.

GAP sertifikatlangan fermer xo‘jaliklarining eksport hajmi (mln. USD)

1-Jadval
Umumiy GAP sertifikatli Foiz
eksport mahsulotlar ko‘rsatkich

2022 1,5 450 30%
2023 1,6 560 35%
2024 1,7 680 40%
2025 1,8 810 45%

Jadvaldan ko‘rinib turibdiki, GAP sertifikatlash eksport hajmini yil sayin **10—
15%**ga oshiradi, bu esa mahsulotlarning xalqaro talabga javob berishini ko ‘rsatadi.
Shu bilan birga, sifatni oshirish fermerlarning daromadini bargarorlashtiradi.

Mabhsulot assortimentini diversifikatsiya gilish: Xom ashyo eksportidan
tashqari, gayta ishlangan mahsulotlarni ishlab chigarish ham eksport hajmini oshiradi.
Masalan, quritilgan meva-sabzavotlar, muzlatilgan mahsulotlar, konserva mahsulotlari
yuqori qo‘shilgan giymatga ega. Shu yo‘l bilan bir tonna xom meva eksport qilinsa,
uning giymati 500600 USDni tashkil etsa, gayta ishlangan mahsulotlarda bu
ko‘rsatkich 800-1200 USDgacha yetadi.

Eksportdagi mahsulot turlari bo‘yicha tagsimot (2025 y.)

Mpopaxku

B Meva-sabzavot: 60%

M Qayta ishlangan
mahsulotlar: 25%

® Don va don
mahsulotlari: 10%

Boshqga: 5%

Quyidagi raqamlar shuni anglatadiki qishloq xo°jaligi mahsulotlarining eksport
tarkibini aks ettiradi. Meva va sabzavot mahsulotlari eksportning asosiy gismini tashkil
etadi, bu sohaning mamlakat iqtisodiyotidagi yetakchi o‘rni va xalgaro bozorlarda
talabning kuchliligini ko‘rsatadi. Qayta ishlangan mahsulotlar eksportda ikkinchi yirik
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segment bo‘lib, mahsulotga qo‘shimcha qiymat qo‘shish orqali daromadni oshirish
imkoniyatini beradi. 2

Don va don mahsulotlari eksport tarkibida kichikrog ulushni tashkil etadi, ammo
ular ham iqtisodiy diversifikatsiyaga hissa qo‘shadi va ishlab chigarish hajmini
oshirish orgali eksportni rivojlantirish imkoniyatini beradi. “Boshqa” kategoriyasidagi
mahsulotlar esa kichik bo‘lishiga qaramay, yangi bozorlarni egallash va maxsus niche
mahsulotlar orqali qo‘shimcha daromad olish imkoniyatlarini bildiradi.

Umuman olganda, diagramma eksport salmog‘ining asosiy manbalari va
diversifikatsiya imkoniyatlarini ko‘rsatadi. Eksport siyosati va davlat qo‘llab-
quvvatlovi ushbu segmentlarni barqaror rivojlantirishga yo‘naltirilishi kerak.

Logistika va yetkazib berish tizimini optimallashtirish: Eksport jarayonida
transport va saglash tizimlarini takomillashtirish muhim hisoblanadi. Hozirgi kunda
mahsulotning 1 tonnasini eksport gilish xarajatlari 480-500 USDni tashkil etadi va
yetkazib berishdagi yo‘qotishlar tufayli har 100 tonnadan 20 tonna mahsulot isrof
bo‘lmoqda. Logistika tizimini optimallashtirish orgali transport xarajatlarini 16-20%o,
yo‘qotishlarni esa **40%**gacha kamaytirish mumkin.

Eksport logistikasini optimallashtirish ta’siri

2-Jadval

Shu orgali mahsulot sifatini saglab eksport gilish samaradorligi oshadi, bu esa
fermerlarning iqtisodiy foydasini ko‘paytiradi.

Marketing va brend yaratish: Eksportni rivojlantirishda marketing va brend
yaratish strategiyalari muhim rol o‘ynaydi. Xalgaro ko‘rgazmalarda gatnashish, onlayn
savdo platformalarida mahsulotni targ‘ib qilish, milliy brendlarni yaratish mahsulotga
talabni oshiradi. Misol uchun, Italiya va Frantsiyada milliy brend orgali meva eksporti
25-30% ga oshgan.

Eksportda brend marketingining samarasi (%0)

. Brend yaratmagan fermerlar: 20% o‘sish
. Milliy brend bilan ishlovchi fermerlar: 35-40% o°‘sish

Bu ragamlar brend yaratishning eksport hajmini oshirishda sezilarli ta’sir

ko‘rsatishini tasdiglaydi. 3

2 Mvammdbnap TOMOHHIAH TV3HITaH.
3 Myamumdrap TOMOHHIAH Ty3UITaH.
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EKSPORTDA BREND MARKETINGINING SAMARASI (%)

Milliy brend bilan

ishlovchi
fermerlar: 35-40% Brend yaratmagan
o‘sish fermerlar: 20%

28% o‘sish

72%

Davlat qo‘llab-quvvatlovi: Fermer xo‘jaliklarini moliyaviy va tashkiliy
qo‘llab-quvvatlash eksportni rivojlantirishda muhim vosita hisoblanadi. 2025 yilda
O‘zbekistonda fermerlarga 100 min. USD subsidiya ajratilgan bo‘lib, bu eksport
hajmini 15-20% ga oshirishga xizmat gilgan. Shu bilan birga, davlat tashqi igtisodiy
faoliyat bo‘yicha konsultatsiya xizmatlarini ko‘rsatadi, bojxona protseduralarini
soddalashtiradi va eksport kreditlari ajratadi.

Davlat qo‘llab-quvvatlovi ta’siri (2022-2025y.)

3-Jadval
Ajratilgan subsidiya Eksport hajmi
(miIn. USD) (mIn. USD)
2022 60 1,5 —
2023 70 1,6 6,7%
2024 85 1,7 6,3%
2025 100 18 5,9%

Jadvaldan ko‘rinib turibdiki, davlat qo‘llab-quvvatlovi eksport hajmini bargaror
oshirishga yordam beradi.
Fermer xo°‘jaliklarining eksport salmog‘ini oshirish quyidagi yo‘llar orqali
amalga oshiriladi:
1.  Mahsulot sifatini xalgaro standartlar asosida oshirish.
2. Mahsulot assortimentini diversifikatsiya gilish va gayta ishlangan
mahsulotlar ishlab chigarish.
3. Logistika va transport tizimini takomillashtirish.
4.  Marketing va brend strategiyalarini joriy etish.
5.  Davlat qo‘llab-quvvatlovi orgali moliyaviy bargarorlikni
ta’minlash.
Ushbu chora-tadbirlarni ragamli dalillar, diagrammalar va jadval bilan qo‘llab-
quvvatlash eksportni sezilarli darajada oshiradi va mamlakat qishloq xo‘jaligi
mahsulotlarini xalgaro bozor bilan samarali integratsiya gilish imkonini beradi.

IV. TAHLILLAR VA ASOSIY NATIJALAR

Tadqiqot natijalari shuni ko‘rsatadiki, eksport salohiyatini oshirish va yashil
agrobiznesni rivojlantirish o‘zaro bog‘liq hamda bir-birini to‘ldiruvchi jarayonlar
hisoblanadi. Qishloq xo‘jaligi mahsulotlarini xalqaro bozorlarga chigarishda mahsulot
sifatini oshirish, ekologik talablarga mos ishlab chiqarishni yo‘lga qo‘yish va
zamonaviy boshgaruv usullarini joriy etish muhim ahamiyat kasb etadi.
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Tahlillar natijasida aniglanishicha, xalgaro standartlar asosida sertifikatlangan
mahsulotlar tashqi bozorlarda yuqori talabga ega bo‘lib, ularning ragobatbardoshligi
sezilarli darajada ortadi. Shu sababli fermer xo‘jaliklarida sifat menejmenti tizimlarini
joriy etish eksport faoliyatining samaradorligini oshirishning muhim omili hisoblanadi.

Yashil agrobiznesni rivojlantirish orqali qishloq xo‘jaligida resurslardan ogilona
foydalanish, ekologik xavfsizlikni ta’minlash va ishlab chigarishning barqarorligini
kuchaytirish imkoniyati mavjudligi aniglandi. Ekologik toza mahsulotlar ishlab
chigarish nafaqat ichki bozor ehtiyojlarini gondirishga, balki xalgaro bozorlarda yugori
qo‘shilgan gqiymatga ega mahsulotlar ulushini kengaytirishga xizmat qiladi.

Tadgigot davomida mahsulotlarni gayta ishlash va assortimentni diversifikatsiya
qilish eksport samaradorligini oshiruvchi muhim yo‘nalishlardan biri ekanligi
asoslandi. Qayta ishlangan mahsulotlar xalqaro bozorlarda yuqori talabga ega bo‘lib,
ishlab chiqaruvchilarga qo‘shimcha daromad olish imkonini yaratadi. Bu esa qishloq
xo‘jaligi  mahsulotlarining eksport tarkibini takomillashtirish va iqtisodiy
samaradorlikni oshirishga yordam beradi.

Shuningdek, logistika infratuzilmasini rivojlantirish, mahsulotlarni saglash va
tashish  tizimlarini  takomillashtirish ~ eksport  faoliyatidagi  yo‘qotishlarni
kamaytirishning muhim sharti ekanligi aniglandi. Zamonaviy logistika xizmatlari
mahsulot sifatini saqlash, yetkazib berish muddatlarini gisqgartirish va tashqi bozorlarda
ishonchli hamkorlikni shakllantirish imkonini beradi.

Marketing faoliyatini kuchaytirish va milliy brendlarni rivojlantirish ham
eksport salohiyatini oshirishning muhim omillaridan biri sifatida baholandi.
Mahsulotlarni xalqaro bozorlarda targ‘ib qilish, ularning imijini shakllantirish va
iste’molchilar ishonchini mustahkamlash eksport hajmining ortishiga xizmat qiladi.

Umuman olganda, tadgigot natijalari eksport salohiyatini oshirish va yashil
agrobiznesni rivojlantirish uchun sifat menejmenti, ekologik ishlab chigarish,
mahsulotlarni  gayta ishlash, logistika tizimini takomillashtirish, marketing
strategiyalarini rivojlantirish hamda davlat tomonidan qo‘llab-quvvatlash choralarini
kompleks ravishda amalga oshirish zarurligini ko‘rsatdi. Ushbu yo‘nalishlar qishloq
xo‘jaligining  barqaror  rivojlanishini ~ ta’minlash,  xalgaro = bozorlarda
ragobatbardoshlikni oshirish va mamlakat eksport salohiyatini yanada kuchaytirishga
xizmat qiladi.

V. XULOSA VA TAKLIFLAR

Tadqiqot natijalari shuni ko‘rsatdiki, eksport salohiyatini oshirish va yashil
agrobiznesni rivojlantirish qishloq xo‘jaligi tarmog‘ining barqaror o°‘sishini
ta’minlashda muhim omillardan hisoblanadi. Jahon bozorlarida ragobatning kuchayib
borishi qishloq xo‘jaligi mahsulotlarining sifati, xavfsizligi va ekologik talablarga
mosligiga bo‘lgan talabni oshirmoqda. Shu sababli eksportga yo‘naltirilgan va
ekologik bargarorlik tamoyillariga asoslangan agrobiznes modelini shakllantirish
dolzarb vazifa hisoblanadi.

Tahlillar natijasida mahsulot sifatini xalgaro standartlar asosida oshirish,
ekologik toza ishlab chigarish texnologiyalarini joriy etish, mahsulotlarni chuqur gayta
ishlash va logistika infratuzilmasini rivojlantirish eksport samaradorligini oshirishning
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asosiy omillari ekanligi aniglandi. Shuningdek, marketing faoliyatini takomillashtirish,
milliy brendlarni rivojlantirish va davlat tomonidan qo‘llab-quvvatlash mexanizmlarini
kuchaytirish eksport hajmini kengaytirishga xizmat qilishi asoslandi.

Tadgigot natijalariga tayangan holda quyidagi takliflar ishlab chigildi:

. fermer xo‘jaliklari va agrobiznes subyektlarida xalqaro sifat va
xavfsizlik standartlarini keng joriy etish;

. ekologik toza va resurs tejamkor texnologiyalarni qo‘llash orqali
yashil agrobiznes faoliyatini kengaytirish;

. qishloq xo‘jaligi mahsulotlarini chuqur qayta ishlash va yuqori
qo‘shilgan qiymatli mahsulotlar ishlab chigarishni rag‘batlantirish;

. mahsulotlarni saglash, tashish va eksport gilish bilan bog‘liq
logistika infratuzilmasini modernizatsiya qilish;

. xalgaro bozorlarda milliy mahsulotlarning imijini  oshirish
magsadida marketing va brending strategiyalarini takomillashtirish;

. eksport faoliyati bilan shug‘ullanuvchi tadbirkorlarni moliyaviy va
institutsional jihatdan qo‘llab-quvvatlash mexanizmlarini yanada rivojlantirish;

. yashil iqgtisodiyot tamoyillariga mos investitsion loyihalarni
kengaytirish va innovatsion texnologiyalarni amaliyotga joriy etishni
rag‘batlantirish.

Xulosa qilib aytganda, eksport salohiyatini oshirish va yashil agrobiznesni
rivojlantirish bo‘yicha kompleks chora-tadbirlarni amalga oshirish gishloq xo‘jaligi
mahsulotlarining xalgaro bozorlardagi raqobatbardoshligini kuchaytiradi, qishlog
hududlarida iqgtisodiy faollikni oshiradi hamda mamlakatning barqgaror iqtisodiy
rivojlanishiga xizmat giladi.
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Y3BEKUCTOHJA PAKAMJIN JIOTUCTHUKA: I'VIOBAJI
TEXHOJIOTUSIJIAP BA MIJUIMA NCJIOXOTJIAP HHTET' PAIIUSICH
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TomkenT maxpunaru CUHranyp MEHe:>KMEHTHU PUBOKIIAHTUPUII HHCTUTYTH
MYCTaKWJI U3JaHYyBUYHCH
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Annomayua: Maskyp maxonanune maxcaou byromnap ummepnemu (loT),
OI0KYellH, cynvuti  uumennekm  (AI)  ea  ombOopHu  OGoWKAPUWHUHE
asmomamaawmupunean musumnapu (WMS) kabu paxamau mexHoN02UAIAPHUHS
MALMUHOM  3AHICUPU  CaMAPAOOpaUcU2d  MABCUPUHU Oaxonaul xamoa YiapHu
V3bexucmon Muniuii 102UCmuKa musumued UHmMezpayus Kuiul ucmukOoLIapuH
AHUKIAWOaH ubopam.

Kanum cyznap: mpancnopm xopuoopu, Tpanc-Kacnuii tuynanuwiu, 61oxqetin
UH@pamy3uImMacy, CyHvuil UHMENLEKm OPKeCmpayusacu, mpau3um xab, pakamiu
JI02UCUKA.

Annomayusa: lLlenvio 0anHou cmamvu A61A€MCA OYEHKA GIUAHUSA YUPDPOBLIX
mexnonoauti, maxkux kax Humepnem eeweii (loT), OnokueiH, ucKyccmeeHHuvlll
unmennekm (Al) u asmomamuzuposanuvle cucmemsl ynpasierus ckiaoom (WMS), na
aghghexmusnocmv  yeneu NOCMABOK, a MakKyHce OnpeoereHue NepPcneKmus Uux
uHmezpayuu 8 HAYUOHANLHYI0 TOSUCTNUYECKYIO cucmemy Y30ekucmanua.

Knrwoueesvie cnoea: mpancnopmusiii kopuoop, Tpaunckacnutickuil mapuipym,
ungpacmpykmypa  ON0OKYeliHa, OopKecmpayus UCKYCCMBEHHO20  UHMEeNLIeKMmd,
MPAan3UmMHblil Xao, yugposas 102ucmuxa.

Abstract: This article aims to evaluate the impact of digital technologies,
including the Internet of Things (loT), blockchain, artificial intelligence (Al), and
Warehouse Management Systems (WMS), on supply chain efficiency and to explore the
prospects for their integration into Uzbekistan’s national logistics system.

Keywords: transport corridor, Trans-Caspian route, blockchain infrastructure,
artificial intelligence orchestration, transit hub, digital logistics.

1. KUPHII

3aMOHAaBUH JIOTUCTHKA Ba TabMUHOT 3aHXXKUpPU OOIIKAPYBH TYPTTa aCOCHA
TEXHOJIOTUK JIpaiiBep TOMOHHJAH OOIIKApWIAIUraH paKamian TpaHChopMaIus
OOCKMYMHU YTaMOKJa: IOKIAPHH peall BaKT PEKUMHUHAA HA30paT KWJIHII Y4YyH
Byiomunap untepHern (l10T), Tpamzakuusuiap xaBhcu3nuru Ba mapodauruHu
TAbMHHJIOBYH OJIOKYEiiH, MapIIPyTIapHU ONTHMAJUIAIITUPYBYH Ba TaTAOHU TIPOTHO3
KWIyBUM  CyHbHil  uWHTe/uIeKT  (Al)  xamma  omOop  sxapaHIIapHHH
aroMaTiamtupyBun WMS tuzumaapu [1,2].
AHDbaHAaBUH JIOTUCTHKA THU3UMIIAPH IOKOPH XaXMIArn KOF03003JHK, Ky3aTyB
UMKOHUSTIIAPUHHUHT MMACTINTH Ba MHCOH OMWJIM OulaH OOFJIMK XaToJUKIap Tydaitnu
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OpTHKYa Xapa)kaT Ba BaKT HYKOTWIMILNATA 0110 Kenaau. Ha3apuii »kuxataad, pakamiiu
TpaHchopmalisi  XyxoKarT — ailmaHvimmyd  BakTMHM 24 coarmaH 3 coarraya
KUCKapTUPHUIITHU, Ky3aTUIl aHUKJIUTUHU 95% NnaH OMIMPUIITHY Ba YMYMHU OllepanuoH
xapaxariaapau kamuaa 40% ra kamaWTupuinHd BabAa Kwiaau [3]. bupok, ymly
TEXHOJIOTUSJIADHU MWLIUHN Tapa)kaja UHTErpalusl KWINII HUPUK KaruTail Madaariap,
KaJipJiap MajaKacHHU OIIMPHUII Ba MyCcTaXKaM XyKyKHuil 0a3aHu Tanab 3Tajiu.

V36exncron Pecnybmukacn "Vibekmctom — 2030"  crpaTermscu  Ba
"Tpancnopr-noructika Tu3uMuHA 2030 Hunraya pUBOKIAHTUPHUIL KOHUEnuusicu'"
(2025 #mn 27 suBapmarm [IK-28-con kapopu) poupacuaa KEHT KaMpPOBIH
MCJIOXOTJIADHU aMajira OUIMPMOKAA. YOy KOHLENIMATa Kypa, XalKapo FOK TalluIl
X@)KMUHH HWKKHA OapaBap OIIMPHIN, TPAH3UT XAKMHHM Wuiaura 22 MIIH TOHHAara
eTtkazuil Ba JKaxon OankuHuHT Jloructuka camapamgopyuru wunHzaekcuna (LPI)
MaMJIAKaT YpHUHH &88-YypuHAAH S55-YpUHTra KYTApWII MakKcaJ KWJIWHTaH. byryHru
kyHaa ymymuit kuitmatu 588 mia AKII nommapura Tenr Oynran Wupuk Jonnxanap,
xymnanat, "Silkway Central Asia" 300 muiH Ba TOMIKEHT MyJIbTUMOAN TEPMUHAIH
288 ma DP World 6apmo stuamoxma. Pakamiaun iyuanumiga sca "Uztrans" siroHa
ax0opoT THU3UMH HINTa TYMIMPUIUO, XYyXAOKATIApHU PACMUMIAIITHPUIL BaKTUHU
Ce3WIapIn Japaxaaa KUCKapTUPUIITa SPULTUIIHN.

AJABHUETJIAP TAXJINJIN

Anabuérnap TaxJIIIN IyHU KypCaTaJuKH, anpum paKaMmiIa
TEXHOJIOTHSUIAPHUHT caMapaJIopJIury aioXy1a ypranuiarad oyica-aa, rao0an pakamiu
KYpCaTKNUIApHN Y 30eKHCTOHHUHT Peasl MUJLTHIT HCIOXOTIApH OMITaH KMECHIT TaxX Ik
KWJITaH KOMIUIEKC TaAKUKOTIAp MaBXy[ 3Mac. YOy TaAKUKOTHUHT MaKCaH:

1. Pakamiam  JOTMCTMKA  BOCHTAJAPUHUHT  WKTUCOAWM  Ba  OMEparlioH
camMapaJIopJIMTHHU MUKIOPHH KUXaTaaH 0axoJiar;
2. Y30€KHUCTOH JIOTUCTHKAa THU3UMUHUHT TJIO0an CTaHaapTiapra MOCIHUK

Japa’kaCUHUA aHUKJIAIIL;
3. Mapxya TEXHOJOTUK OyuuukiaapHu Oaptapad otum yuyH 2026-2030
HuJutapra MyJoKaJJlaHTaH aMaliuid Wyl XapuTacuHU Takiaud KUIUIIIaH noopar.

2.1. MabaymoTtiap MaH6aapu

Ommupuk MabiaymoTiaap 2023-2025 finsuiap opanurua paoausT OPUTTaH ydTa
TYpJIM TPAHCIIOPT-JIOTUCTUKA KOMITaHUsUTapuHUHT xamu 3100 Ta pean )kyHaTMallapu
acocujia makutanTupuiy (1-xaasan):

1-'xkaaBaJi.

TpaHcHOpPT-T10rHCTHKA KOMIIAHUSJIAPUHUHT KYHATMAJIAPH
Komnanus Koitnamysn (Mapka3s) DaoauAT TypH Mawaymoraap
X2KMH
A KOMIIaHMSICH V36exucTon (ToukeHT) AT W e, $AAL 1200 Ta xyHaT™Ma
XH3MaTIIapu
b xomMnanusicu Xwuroit (Cuanp) Temup Ayl 5a MyILTUMOAT 850 Ta xxyHaT™Ma
TauryBaap
C xoMnaHusicu T'epmanus (EN) AN T e ) 1050 Tta xyHaTMa
0oMOOp JIOTUCTHKACH

Camapanopiaukau 0Oaxonamr y4yH Kywuaarum acocuit kypcarkuunap (KPT)
TaHaa0 OJIMHIU: XYXOKaT allJIaHUIIM BaKTH (COaT), peall BaKTJaru Ky3aTyB aHUKJIUTH
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(%), mapmpyTHH onTHUMaUTamTUpuin fapaxacu (%), Oup OHpPIAMK 0K YUYyH
onepanuoH xapaxat (USD) Ba eTka3u6 Oepuiiaru xaronukiap koddduiuentu (%).
2.2. baxoJaHraH TeXHOJIOTusJIap TaBcu(u:

. 10T Tu3umuapu: TpaHcmopT BocUTallapyu Ba KOHTEHHepJjiapra YpHaTWITaH
GPS, xapopaT Ba HaMJIUK AaTYUKIIAPH.

. Baokyeitn: HwuszomapHu aBTOMAaTWK XaJl KWIHMII Ba  TpaH3aKLMsIIap
xaB(cusnuru yayH cMapt-koHnTpaktiap (EW Ba Xurtoi HamyHaiapua).

. Cynbnii uaresiekT (Al): TayabHu Oamropat KWIUII Ba MAallMHABAN TabIUM
acocujia MapuIpyTIapHU ONTUMAIIIAIITUPYBYH AJITOPUTMIIAp.

. ABtomaTanamTupuwiran  WMS: Owmbopna rokimapHH poOOTIAIITHPUITAH

capaJjail Ba >KOWJIAIITHPHUII TU3UMIIAPH.
2.3. Cuécnii Ba MHCTUTYIIMOHAJ TAXJIMJI JOUPACH.

V36eKNCTOHHUHT ~ JIOTHCTHKA HCIOXOTNIApH  Y30EeKHCTOH — PecryOiMKacHHMHT
"Tpancnopt Tyrpucuaa’'tu KOHyHH, Bazupnap MaxkamacuHUHT 633-COHIM Kapopu
(2025 #un 8 okTa0pe) Ba "Tpancmopt-noructuka TuzuMuHU 2030 iinnrada
PUBOKJIAHTUpUII KoHUenuusicu" acocuaa taxyaui kKunuuaau. [Ilynunrnex, CAREC
2030 pactypu me3onsiapu Ba JKaxon OankunHuHr LPI kypcartkuunmapu Musumii
pexanap OWIaH CONMUIITHPUIIN.

TAIAKUKOT METOJOJOI'UACHU

Pakamiau TEXHONOTMSUIAPHUHT aHbaHABUW TU3MMIIApra HUCOATaH YCTYHJIMTUHU
Oaxonail ydyH KUE€CHI Ba CTATUCTUK TaXJIWJI MeTojuiapu Kysutanuingu. [IlyHuHraexk,
V36eKMCTOHHUHT TPAHCHIOPT-JIOTUCTUKA COXACUIATH MULIMH HcIoxoTiaapu (2030
Hunrada Myiokamianran konmernmws, 588 wmua AKII mommapu KuidMatugaru
uH(ppaTy3uama Jonnxanapu) OaxonaHau.

HATHUXAJIAP

3.1. Ymymuii camapanopiuk kypcarkuuiaapu (I's106aa tTanianma)
Yura KOMIAHUSHUHI YMyMHM MabJIyMmMOTJapu AacoCHJa aHbaHABUM Ba paKaMiiv
JOTHUCTUKA TU3UMJIAPUHUHT KUECUN HATHXKAJIApU ONUHAM (2-)KaiBan).

2-5KaaBaJI.
AHbaHaBHil Ba paKaMJIM JIOTUCTUKAHUHT KUECUIT caMapagopJIuK
KypcaTKu4jiapu
Kpearau (KP1) AHLaHaBHUH Pakamian vI-Iucﬁml
JIOTHCTHKA JIOTHCTHKA y3rapuin
XyxKoKaT aiJIAaHUIINA BaKTH (COAT) 24 3 1 87,5%
Kysarumi anukanru (%) 62 98 1 36,0%
Maprupyt ontumautanraiiury (%) 45 89 1 44,0%
bup nona rok yuyn xapaxar (AKII 120 73 139.2%
JIOJIIIAPH)
ETka3u6 6epungaru xaToaukiap 8,2 14 1 82,9%
napaxacu (%)

byngan Ttamkapu, OJIOKUYEHH acoCHAAard CMapT-KOHTPAKTIAPHU KYJUlaln
TabMUHOT 3aH>KMPHU MIITUPOKYMIAPHU YPTACHIATA PACMHUN Ba MOJMSBHI HU30JApHU
94% ra xamaittuprannuru kKy3atwian (I'epmanus Ba XuTOM KOoMMaHUsIapu
MHUCOJIUA).
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3.2. TexHOJIOTHSIJIAP KECUMH/IA HATHKAJIAp

. loT: FOxkHuHr XonaTuHu pean BakTaa 98% aHMKIMKIA KypcaTau, Oy sca Te3
Oy3uiaauraH Ba (papmarieBTHKa MaxCysaoTiapy HOOY T OYIMIIIMHUHT OJITUHU OJIJIH.
. Al: Jluaamuk wmapmpyTiam xucooura €EKwIFu capdu Ba arMmocdepara

yukapunagurad CO: yukunauiaapudu 30% raya KUCKapTUPIU.
. WMS: Ombopnapaa capanaii xatoiaukiapunu 6 6apasapra (8,2% nan 1,4% ra)
KaMauTUP/IH.

3.3. V36eKknCTOH JJOrHCTHKA TH3MMHHHUHT 17106271 CTAHAAPTIAPTa MOCIHIH
V36CKHCTOHHUHT XO3HMPTH PaKaMIANITHPHIN [apaKacH Ba HCIOXOTIApH II00al
cTaHaaptTiaap OunaH Kuécnad yukmwiay (2-KaaBan).

2-maaBaJl.
Y30eKHCTOH JIOTHCTHKA Kj"pcaTanJIaannHr rJ00aJ CTaHaapT/Iapra MoCJIMK
MaTpHULACH
Kypcarkuu V36exncronaaru pean xoaar (2025-2026) I'n06aa cranxaprra
MOCJIUTH
Xy:KKaT ailIaHMIIN "Uztrans" tuzumu opkanu 24 coatnal 3 coaTra TyHIMPUITaH Tymux Moc
Ky3atyB anukauru Pakamiu ky3atyB muioT 6ockuuanaa, 2027 dunrada TYIUK Kucman moc
YKOPHH STHIIMIIY KyTHIMOKIA
MapmpyTuzanus Vunpux oneparopmapaa Masxyr; 2026 iiniian Kopwuii sTrnMoK1a
MapKeTIUIeHCIap YIyH MaXOypuii TiO OenrmiaHral
XapaxxaTaapHu Pakamnmamrupuiras itfyHamunapaa ~40% ukruconnit Tynuk Mmoc
KaMailTHpHII caMapazopirK Ky3aTHIMOKIA
OMO0p aBTOMATH3ALHUSICH DP World Ba Silkway mMapka3snapu uiira TyIHIIH OUIaH Wxpo xapauuyia
(WMS) (2026/2027) Tynuk 6ynamgu
Biok4eiiH HHTErpanuscu TpaucniopT TU3UMHK/IA XaJId KYJUIaHUJIMarad TexHonmoruk 6K

Harumxkanap: PakamMiyd JOTMCTHKAHUA >KOPUW JTHUIIN HATHXKACUIA XYXOKaT
alinanuiy BakTy 24 coatnan 3 coatra (| 87,5%), 10k Ky3aTui aHuKIuru 62% nan 98%
ra (136%), mapuipyTiapHi onTUMaLIAIITUpUII Aapaxkacu 45% nan 89% ra (144%)
sximtanay. [y 6unan Oupra, Oup Oupiivk 0KHA Tamui xapaxkatd $120 gan $73 ra
(139,2%) Ba erka3ub Oepuminaru xaronukiap 8,2% nan 1,4% ra (| 82,9%) kamaiiau.
biiok4eitn acocuiaru cMapT-KOHTPAaKTIIap HU30JIM BazuATiIapHu 94% ra KUCKapTUP K.
V36exucron "Uztrans" muaTopMach OpKaaM Xy#oKaT HIIAPHHH Te3NIAIITHPUII
Oyiinua rmo0an KypcaTKuuiapra SpUIIU, ONPOK OJOKYECHH TU3UMHUHU KOPHM dTUIIIIA
XU XaM TEXHOJOTHK y3UJIUII MaBXKY]I.

3.4. Munanii uHpaTy3wiMa JoiuxaJapuHHHT TAXJIUIH
V36ekucTonna amanra OmMMPMIASTraH Ba yMymmii Kuiimatn 588 wmmm  AKIII
JNOJUITApUHU TaIlIKWJI 3TYBUYM WHPUK JIOWHMXalap napamerpiapu Kyiupgaruda (3-
XKaJBan):

3-:KkaaBal.
V36eKHCTOHHMHT CTPAaTernK TPAHCHOPT-T0TMCTHKA JIOHNXAIApH

» HNuBecTnnms . Nmira tymum myagaTa
Jloiinxa HoMH — Jloiiuxa KyBBaTH L)
Hactiad 350 MUHT T/HuT : . .
Silkway Central Asia 300 muH (2035 iimrava 3 tMitH} LT AV
o oo1n
/W)
TolmKeHT MYJIbTHMOIAT 288 t Ml 15&922;:/?2?;631822 2 1-0ockuu: 2026 finin
tepmunau (DP World) Maxf[Myacn p oxupu — 2027 iiun
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TAXJIMJIJIAP BA ACOCHM HATHUKAJIAP

4.1. TonuaMaJapHUHT aCOCJAHUIIU BA TAJIKUHU

TagkUKOT HaTHKAJIApU LIYHU KypcaTaauKH, paKaMJId JIOTUCTUKA TU3UMIIapUTa
YTUm  eTka3ud Oepulll 3amKUPUHUHT Oapya OYFWHIApUJIa KECKUH WKOOUH
y3rapuiuiapHu [03ara KeNTHpaau. XyXoKaT allaHUIMHUHT 24 coaThnaH 3 coatra
tymumu (87,5%) MabMypuil TYCUKITapHH HYKOTaIH. V36eKnCTOH MUILIHIA JIapaxkana
"Uztrans" Tu3uMu opkKaau Oy HaTwKara Odpulla OJIFaHU  XYKYMaTHUHT
paKaMJIalITUPUIN CHECATH TYFPU WYHAIMINJA ODKAHJIWIMHM KypcaTaau. DbHpOK,
uH(DpaTy3uIMaBuii Ba HWHCTUTYIIMOHAT PHUBOXKJIAHUII (POHHUIA WKKHTA KUIIANA
TEXHOJIOTHK OYIIUIMK Ky3ra TalulaHaau: 0JJOKYeH HHPPATY3NJIMACHHUHT MaBXKy/J
IMACJIMIM Ba MUJLINH MUKécAa Al opkecTpauMsCHHUHT eTHIIMACJIMIH.

4.2. bnokyenn Ba Tpanc-Kacnnii TpaHCIOPT KOPUAOPH CTPATETUACH
NudpaTty3uamaBuii Ba WHCTUTYLUHUOHAJ PHUBOXJIAHUII (POHUAA HKKUTA SKUIIUM
TEXHOJIOTHK OYIIIWK KYy3ra TaluulaHaau: OJOKYEHH MH(QPaTy3UIMACUHUHT MaB¥KYJ
AMaciiurd Ba MWUIMA MuKEcaa CyHbH uUHTEUIEKT (Al) opkecTpauusCHHUHT
€TULIMACIIUTH.

V36exucron Y3UHUHT KyJiail reoCUECHil )KOMIaryBura Kypa, yoy TpaHCIoOpT
kopuaopu opkainu Xurtod Ba EBpona UrtudokuHu OGOFnoBUM MapKa3uil TpaH3UT
xabra aWjIaHWIIHM pexalalTupMoKaa. Maskyp xankapo WyHamuin Oup Hedrta
nasnatiap (Xutoit, Ko3zorucrtow, V36ekucTon, Ozapb6aitkon, ['py3usi, Typkus)
00KXOHa Ba TPAHCIOPT TU3UMJIAPUHM KecuO Yyranu. Ymoly 3aHxupia OJIOKYelH
TEXHOJIOTHSICUHUHT MYKJIWIKM XyXOKaTiap allaHWIId Ba OKJIApHHM Ky3aTulga
(tracking) ce3mnapiv TYCUKJIApHU F03ara KEITUPMOK/IA.

4.3. Al Ba ESG cTranaapT/iapu CHHEPrusicu

Cynbpuil  WHTEIIEKT  €pAaMHaa  MapUIpyTJIapHU  ONTUMAJUIAIITHPUII
napaxacuHuHr 89% ra kyTapuwiuinu ¢akaT UKTUCOAUN (oiia kenTupmacaaH, Oamku
ESG (Okonoruk, WKTUMOMH Ba KOpropaTuB OOIIKapyB) ME30HJIapUTra
PUBOXIIAHAETTAaH JlaBJATIAPHUHT MOCTAIIMIIMHA TabMuHIaiau. Kampox macoda
6ocub yrunumm ékwiru capdu Ba kapOonat anruapun (CO2) unkuaaucuau 30% ra
Kamaiitupanu. Basupmap MaxkamacuHUHT 633-COHNIM Kapopura MyBOQUK >KOPHIA
ATUNAETraH TPAHCIOPT SKOJOTHK CTaHAApTJIapyd Ba JIOTUCTHKA MapKa3JlapUHUHT
PEUTHHT TU3UMH CYHBUU UHTEJUIEKT AITOPUTMIIAPUCU3 TYJIMK UILIAMANIN.

XYJOCA BA TABCUSIJIAP

5.1. XyJioca

Pakamiu jorucTuka TabMUHOT 3aHKUPU CaMapaiopIMTUHU OIIHUPUIITHUHT SHT
camapaii BOCHTAcH XucoOmaHamu (omepamuoH xapaxkatiap |39,2%, xatomukiap
182,9%). V36ekncron pakammn miardopmainap ("Uztrans") Ba iupuk HHGpaTy3HIMa
WHBECTHUIIMSUIAPU KaTTa foTykjiapra spuinau. [lyHra kapamaii, xaakapo TpaH3UT Ba
WYKY 3aHKUPIIAPHU T100aJ1 TU3UMIIapra TYJIMK MHTETPAIlis KUJIHII YYyH OJIOKYCHH Ba
CYHBUH MHTEIUIEKT OPKECTPaIMsICH OViYa TU3UMIIH Yyopajap KYpUIUIId 3apyp.
5.2. VY36eKHCTOH TpPAHCIOPT-TOTHCTHKA THU3UMHHM DPHBOXIAHTHPHII Oyiinda
taBcustaap (2026—2030 inmiapra My pKauiaHraH Wy xaputacu)(4-kaasan).
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4-xkanBaJl.

MuJsiui JIOTHCTUKA TU3UMUHH PAKAMJIAINTHPHUIN 0YHMYA CTPATEruK 40pa-
Taaoupaap

Nynammm

bnokuein TuzumMu

Cynbuit UHTEnN1EKT
(Al)

ESG mezonmapu

3PL/4PL
OnepaTopiuk

LPI nanexcu (Makcan:
55-Ypun)

AHMK aMaJHii Yopa-Taa0dupJap

"Vpra itynak" TpaH3uT
nynanumuna Xutoid, Kozorucron
Ba Y36eKucToH ypracuia
OJIOKYElH acocuaard cMapT-
KOHTpPAKTJIap MHUJIOT JOHUXACHHU
WINTa TYIIUPHII.
broxueiiH acocuaru 3J1eKTpoH 0K
XYXOKaTIapy Ba KOHOCAMEHTIIAPHU
KOHYHUI Ky4ra 3ra 1e0 3pTHpod
STHIIL
Vmpux puteiin TapMoKIapH Ba
MapKeTIUIeHcIap y9yH TAbMHHOT
3amxupuaa Al acocuaaru pakamimn
OpKecTparys TU3UMIIapUIaH
¢olinananuHn MaxOypuid 5THO
Oenrunar.
JaBnaT-xycycuil mepuKInK
acocuza Srona muuit Al
JIOTHCTHKA TIaThOPMaCHHU
SIpaTHIL.

IOk TparcnopTH BocHTanapu yuyH
maxxOypuii CO2 xuco6oT
TU3UMHHH PAKaMJIN paBHIIJa
SKOpUM HTHILL.
Jlornctuka xabnapu Xyayanaa
3JIEKTPOMOOHIUIApPHH KyBBaTIALl
xXamjia ra3 HHPpaTy3uIMacHHH
KypHILHH JIaBJIaT TOMOHHUJIAH
cyOcuausIIan.

DP World 6unan xaMmkopiiuka
MaxaJlIMil KOMIIAHUSJIAPHU
aHbaHABHM 3KCIIEUTOPIIUKIAH
xankapo 3PL/4PL omneparopnuk
Jlapaskacura KyTapHl.

LPI Tapkubuit kucmmapu
(boxxoHa, Ky3aTyB, cudar)
Oy¥in4a HMIUTHK paKaMiId ayiuT
TU3UMUHHY HYIra Kyium.

MacbyJ1 HKpO4H
uaopaiap
Tpancnopt Ba3upaury,
"V36eKHCTOH TeMHp
nymapu" AX, Pakamiu
TEXHOJIOTHsIIap
Ba3UPJIUTH

AMst Ba3UpIIUTH,
JlaBiat 60xx0Ha
KymMuTacu, Mapkazui
OaHK
Pakamim TexHONOTHATIAD
Bazupiuru, CaBzo-
caHoAT manaracu

"Uztrans" MUX,
maxamauii 1 T-
HWHTErparopiap

DOKOJIOTHS Ba3UpJIUTH,
Tpancnopr Ba3upauru

WuBectunusnap, caHoat
Ba TaIIKH CaBJIO
Ba3HPJINTH

TpaHcniopT Ba3upiury,
Wxrucoauér Ba Monust
Ba3HPJINTH

Tpancnopr Ba orucTrKa
MyaMMOJIapUHH YpraHuil
Mapkasu, CraTucTuka
areHTJINTH

5.3. Keaaxkakaaru TaIKMKOT HYHAJIUILIAPU

HUctukodomnna:

"Tpancnopt xopumopu" OVitna®d ONOKYEHH TU3UMUHU
UKTHCOJUIN caMapaJopJiury Oyinda paHIoMU3aIisUIaHral Taxpudamap YTKa3ull,
V36ekucron mapoutuga Al anropuTviapw KyJUTaHWITaHAa UCpo(rapymiivk Ba
AKOJIOTHK 3apap KaMaluIMMHA MaTeMaTHK MoOJeuiap €paaMmaa XucoOjaml Tajaad

STHUJIAIH.

AMaJ KHJINII
MYAJATH
20262027 iiii.

2027-2028 iiit.

2026 iimn (Mxpo
Ha30paTH)

2027-2028 iii1.

2026 i

2027-2030 iiid.

20262028 iii1.

2026-2030 iiit.
(Xap vinmm)

KOPUH OITULIHUHT

VY30ekucTonna aMmaira OmUPMWIAETIal TU3UMIIM UCIOX0TIap Ti1odan pakamiin
JIOTUCTHKA CTaHAapTIApUra MoC Kellaau, aMMo OJI0K4eiH Ba TYIuK Al opkecTparusicu
XaJIu TU3UMIIA WyJra KyHuiaMaras.
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NISBATI DINAMIKASI VA RIVOJLANISH TENDENSIYALARI
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Annotatsiya. Mazkur maqolada O ‘zbekistonda davlat qarzining yalpi ichki
mahsulotga (YaIM) nisbati ko ‘rsatkichining 2017-2026-yillar mobaynidagi dinamikasi
va rivojlanish tendensiyalari tahlil gilingan. Tadgigotda Igtisodiyot va moliya vazirligi
hamda Markaziy bankning rasmiy statistik ma’lumotlaridan foydalanilgan holda,
davlat qarzining tashqi va ichki tarkibi, kreditorlar bo ‘yicha tagsimlanishi, shuningdek
qarz yukining o ‘sish va pasayish omillari o ‘rganilgan. Tahlil natijalariga ko ‘ra, 2020-
yildagi pandemiya davrida keskin oshgan qarz-YaIM nisbati so ‘nggi yillarda
igtisodiyotning jadal o ‘sishi hisobiga nisbiy pasayish tendensiyasini namoyon etmoqda,
birog garzning mutlag hajmi mutzasil o ‘sib bormogda. Maqola yakunida daviat garzini
boshgarish samaradorligini oshirish bo ‘vicha amaliy tavsiyalar berilgan.

Kalit so‘zlar: davlat qarzi, yalpi ichki mahsulot, garz-YalM nisbati, tashqi garz,
ichki garz, byudjet taqchilligi, garz bargarorligi, fiskal siyosat, garzni boshqarish,
O ‘zbekiston.

Aunomayuna. B Oaumnoiu cmamve awnanusupyemcsi OUHAMUKA U MEHOEHYUU
pazeumusi  noxazamens OMHOWEHUSI 20CYOAPCMBEHHO20 0072d K  8Al080OMY
sHympennemy npooykmy (BBII) Yzoexucmana 3a nepuoo 2017-2026 2co006. Ha ocnoge
0QPUYUATLHBIX cmamucmudecKux 0anuvlx Munucmepcmea 9KOHOMUKU U (PUHAHCO8 U
Llenmpanvnoeo  Oanka  usyueHvl — 6HEWHSs U BHYMPEHHAS — CMPYKMypa
20CY0apcmeeHHo20 0071ed, pacnpeoeiieHue no Kpeoumopam, a makice haxkmopol
pocma u CHudiCceHusi 0012080 Hazpy3ku. Peszynomamur ananuza noxasviearom, umo
coomHnowenue donea k BBII, pe3xo so3pocuiee 6 nepuoo nanoemuu 2020 2ooa, 6
noCieoHuUe 200bl OEMOHCMPUPYEm MEHOSHYU0 K OMHOCUMETbHOMY CHUNCEHUIO 3d
cuém omepedicarowe20 pocma IKOHOMUKUY, XOMms aOCOMOMHbIL 00béM 0doea
npoooIdCAem Y8eIuuu8amscs. B 3aknouenue cmamou npeocmasiienvl npaKmuyecKkue
peKoMeHOayuu no No8blleHU0 d¢gekmusHocmu ynpasieHus 20cy0apcmeeHHbIM
00J120M.

Knioueevle cnoea: zocyoapcmeeHHblil 0072, 8aAN0BOU GHYMPEHHUN NPOOYKM,
omuouerue oonea k BBII, enewnuti 0one, 6Hympennuil 0012, 61002cemunvlii oepuyum,
007120845 YCMOUYUBOCHb, (DUCKATbHAS NOTUMUKA, YNpasieHue 00120M, Y30ekucman.

166

2026 JUNE
YOLUME 1
ISSUE 1

(5]

https://iau-jaesa.uz/ [gj 3


https://iau-jaesa.uz/
https://iau-jaesa.uz/article/yxcv54waonin/
https://doi.org/10.5281/zenodo.21361104
mailto:omonovashahlo77@gmail.com

) VOLUME 1

ISSUE 1

Abstract. This article analyzes the dynamics and development trends of
Uzbekistan's public debt-to-GDP ratio over the period 2017-2026. Drawing on official
statistical data from the Ministry of Economy and Finance and the Central Bank, the
study examines the external and domestic composition of public debt, its distribution
among creditors, and the factors driving the rise and decline of the debt burden. The
findings show that the debt-to-GDP ratio, which rose sharply during the 2020
pandemic, has shown a relative downward trend in recent years due to GDP growth
outpacing debt growth, even as the absolute volume of debt continues to increase. The
article concludes with practical recommendations for improving the efficiency of
public debt management.

Keywords: public debt, gross domestic product, debt-to-GDP ratio, external debt,
domestic debt, budget deficit, debt sustainability, fiscal policy, debt management,
Uzbekistan.

KIRISH

Bugungi globallashgan iqtisodiy sharoitda davlat garzi nafagat byudjet
tagchilligini qoplash vositasi, balki iqtisodiy o‘sishni rag‘batlantirish, infratuzilma
loyihalarini moliyalashtirish va ijtimoiy dasturlarni qo‘llab-quvvatlashning muhim
moliyaviy instrumentiga aylangan. Biroq, qarz hajmining nazoratsiz o°‘sishi
makroiqtisodiy bargarorlikka, milliy valyuta kursiga va davlat byudjetining uzoq
muddatli bargarorligiga jiddiy tahdid solishi mumkin. Shu sababli davlat garzining
yalpi ichki mahsulotga (YalM) nisbati ko‘rsatkichi xalgaro amaliyotda garz yukini va
uning iqtisodiyot uchun xavfsizlik darajasini baholashning asosiy mezoni sifatida
garaladi.

So‘nggi o‘n yillikda O°zbekiston iqtisodiyoti faol islohotlar bosqichini boshidan
kechirmoqda: bozor igtisodiyoti tamoyillariga o‘tish, eksport-import operatsiyalarini
erkinlashtirish, infratuzilmani modernizatsiya qilish va davlat dasturlarini
moliyalashtirish magsadida xalgaro moliya bozorlaridan mablag‘ jalb qilish miqyosi
sezilarli darajada kengaydi. Natijada, 2017-yildan 2025-yilgacha bo‘lgan davrda davlat
qarzining nominal hajmi qariyb to‘rt baravar oshdi. Bunday sharoitda qarz-YalM
nisbatining dinamikasini, uni shakllantiruvchi omillarni va rivojlanish tendensiyalarini
chuqur ilmiy tahlil gilish alohida dolzarblik kasb etadi.

Mazkur tadgiqotning magsadi — O‘zbekistonda davlat qarzining YalMga nisbati
ko‘rsatkichining 2017-2026-yillar mobaynidagi dinamikasini tahlil gilish, uning
rivojlanish tendensiyalarini aniqlash va qarzni samarali boshqarish bo‘yicha ilmiy
asoslangan tavsiyalar ishlab chigishdan iborat. Ushbu maqgsadga erishish uchun
quyidagi vazifalar belgilandi: birinchidan, davlat garzi va uning YalMga nisbati
ko‘rsatkichining nazariy-uslubiy asoslarini, shu jumladan xalgaro garz bargarorligi
mezonlarini o‘rganish; ikkinchidan, O‘zbekiston Respublikasi Iqtisodiyot va moliya
vazirligi hamda Markaziy bankning rasmiy statisttk ma’lumotlari asosida
ko‘rsatkichning yillar va choraklar kesimidagi dinamikasini tahlil qilish; uchinchidan,
qgarz tarkibi (tashqi/ichki, kreditorlar, valyuta) va uning nisbatga ta’sirini baholash;
to‘rtinchidan, xalqaro tajriba va me’yorlar bilan tagqoslash asosida amaliy takliflar
shakllantirish.
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Magqola tarkibi quyidagicha tashkil etilgan: birinchi bo‘limda mavzuga oid
mavjud ilmiy adabiyotlar tahlil gilingan, ikkinchi bo‘limda tadqiqot metodologiyasi
bayon etilgan, uchinchi bo‘limda statistik ma’lumotlar asosida tahlil va natijalar
keltirilgan, yakunda esa xulosa va amaliy tavsiyalar berilgan.

MAVZUGA OID ADABIYOTLARNING TAHLILI

Davlat garzi nazariyasi igtisodiy fikr tarixida uzoq vaqtdan beri muhokama
mavzusi bo‘lib kelmoqda. Keynscha yondashuvga ko‘ra, iqtisodiy inqiroz yoki
pasayish davrida davlat garz olish hisobiga xarajatlarni kengaytirishi, yalpi talabni
rag‘batlantirishi va shu orqali iqtisodiy faollikni tiklashi mumkin. Bunga garama-
qarshi o‘laroq, neoklassik yondashuv tarafdorlari davlat garzining haddan tashqari
o‘sishi xususiy investitsiyalarni «siqib chigarishi» (crowding-out effekti), foiz
stavkalarining oshishiga va uzoq muddatda igtisodiy o‘sish sur’atining pasayishiga olib
kelishi mumkinligini ta’kidlaydilar. Ushbu ikki qarama-qarshi nazariy yo‘nalish davlat
qarzini boshgarishda muvozanatli yondashuvning zarurligini ko‘rsatadi.

Xalgaro amaliyotda davlat garzining xavfsiz darajasini baholash uchun YalMga
nisbat ko‘rsatkichidan foydalaniladi. Yevropa Ittifoqining 1992-yilgi Maastrixt
bitimida belgilangan mezonlarga ko‘ra, davlat qarzi YalMning 60 foizidan oshmasligi
tavsiya etiladi, Xalgaro valyuta jamg‘armasi va Yevropa Ittifoqi rivojlanayotgan bozor
igtisodiyotlari uchun esa 50 foiz atrofidagi darajani xavfsiz chegara sifatida belgilaydi.
O‘zbekiston Respublikasining «Davlat qarzi to‘g‘risida»gi qonunida ham davlat
qarzining YalM prognoz ko‘rsatkichiga nisbatan 60 foizdan oshmasligi belgilab
qo‘yilgan, 50 foizga yetganda esa Hukumat qo‘shimcha nazorat chora-tadbirlarini
ko‘rishi shart qilib qo‘yilgan.

O‘zbek 1iqtisodchi-tadqgiqotchilarining so‘nggi ishlarida mavzu turli qirralardan
yoritilgan. Boxodirxonova (2025) davlat garzining kelib chiqish sabablari, jahon
mamlakatlari tajribasini qiyosiy tahlil qilib, O‘zbekistonning davlat garzi tarkibini,
kreditorlar bo‘yicha tagsimlanishini va «O‘zbekiston-2030» strategiyasi doirasidagi
qarz boshqaruvi yo‘nalishlarini batafsil yoritgan. Muhammadjonov (2023) davlat
garzini boshgarish zarurligi va uning institutsional-huqugiy asoslarini tahlil gilgan.
Eshonqulov (2025) esa davlat ichki va tashqi garzlarini samarali boshgarishning
nazariy va amaliy yondashuvlarini, xalgaro tajribani va milliy qarz boshgaruvi tizimini
takomillashtirish yo*‘nalishlarini ko‘rib chigqgan.

Shunga garamay, mavjud tadgiqotlarning aksariyati garzning umumiy holatini
tasviriy tarzda yoritish bilan cheklangan bo‘lib, qarz-YaIM nisbati ko‘rsatkichining
ko‘p yillik va chorak kesimidagi dinamik tendensiyasini, shuningdek bu nisbatga
ta’sir etuvchi makroiqtisodiy omillarni (YalM o°‘sish sur’ati, valyuta kursi o‘zgarishi,
byudjet taqchilligi) migdoriy va giyosiy nuqtai nazardan chuqur tahlil giluvchi ishlar
nisbatan kamchilik giladi. Mazkur maqola aynan mana shu bo‘shligni gisman
to‘ldirishga, ko‘rsatkichning 2017-2026-yillar mobaynidagi rivojlanish
tendensiyalarini rasmiy statistik ma’lumotlar asosida yoritishga qaratilgan.

TADQIQOT METODOLOGIYASI
Tadqiqotda O‘zbekiston Respublikasi Iqtisodiyot va moliya vazirligining «Davlat
garzi holati to‘g‘risidangi davriy hisobotlari, O‘zbekiston Respublikasi Markaziy
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bankining to‘lov balansi, xalgaro investitsiyaviy mavqei va tashqi qarz bo‘yicha
tahliliy sharhlari, shuningdek Xalqaro valyuta jamg‘armasi va Jahon bankining tegishli
statistik va prognoz materiallari asosiy ma’lumot manbai sifatida olingan. Tahlil 2017-
2026-yillarni gamrab oladi, bunda 2026-yil ko ‘rsatkichlari rasmiy prognoz xarakteriga
ega.

Tadgigot jarayonida quyidagi ilmiy usullardan foydalanilgan: vaqt gatorlari
(dinamika) tahlili — ko‘rsatkichning yillar bo‘yicha o‘zgarishini aniqlash uchun;
giyosiy tahlil — O‘zbekiston ko ‘rsatkichlarini xalqaro me’yorlar (Maastrixt mezonlari,
IMF/Yel tavsiyalari) bilan solishtirish uchun; statistik guruhlash va grafik usul —
qarzning tarkibiy qismlari (tashqi/ichki, kreditorlar, valyuta) bo‘yicha tagsimlanishini
vizuallashtirish uchun; mantigiy umumlashtirish va tizimli yondashuv — olingan
natijalar asosida amaliy tavsiyalar shakllantirish uchun.

Tadqiqot davomida muhim wuslubiy jihatga alohida e’tibor qaratildi:
O‘zbekistonning yalpi ichki mahsulot statistikasi davriy ravishda qayta ko‘rib
chiqilishi (revizyon qilinishi) tufayli, ayni bir yil uchun turli sanalarda e’lon qilingan
davlat garzi-YalM nisbati ko‘rsatkichlari bir-biridan biroz farq gilishi mumkin. Shu
sababli maqolada eng so‘nggi rasmiy nashr etilgan ma’lumotlar (2026-yil fevral
holatiga) asos qilib olindi, zarur o‘rinlarda esa ilgari €’lon qilingan dastlabki (prognoz)
ko‘rsatkichlar bilan taqqoslash orqali ma’lumotlarning ishonchliligi va dinamikasi

yanada ochib berildi.

TAHLIL VA NATIJALAR

O‘zbekistonda davlat qarzining mutlag hayjmi so‘nggi to‘qqiz yil mobaynida
bargaror o‘sish tendensiyasini namoyon etmoqda. 1-jadval va 1l-rasmda keltirilgan
ma’lumotlarga ko‘ra, 2017-yil yakunida 11,6 mird. AQSH dollarini (YalMning 16,1
foizi) tashkil etgan davlat garzi 2020-yildagi COVID-19 pandemiyasi davrida 23,4
mlrd. dollarga, ya’ni YalMning 33,4 foiziga yetdi — bu ko‘rsatkichning to‘qqiz yillik
davr ichidagi eng yuqori sakrashlaridan biri bo‘lib, pandemiya davridagi qo‘shimcha
ijtimoiy-tibbiy xarajatlar va igtisodiy faollikning gisqarishi bilan izohlanadi.

1-jadval. O‘zbekistonda davlat qarzi va uning YalMga nisbati dinamikasi (2017-

2026)
Yil Davlat garzi hajmi, mlrd. AQSH YalMga nisbati, %
dollarida
2017 11,6 16,1
2020 23,4 334
2024 40,2 33,1
2025 46,8 31,9
2026 (prognoz)* ~53,0 37,9*

* 2026-yil ko ‘rsatkichi 2025-yil o ‘rtalarida e’lon gilingan rasmiy prognoz asosida
keltirilgan.Manba: O ‘zbekiston Respublikasi Igtisodiyot va moliya vazirligi,
Markaziy bank ma’lumotlari asosida muallif tomonidan tuzilgan.
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1-rasm. O‘zbekistonda davlat garzining YalMga nisbati dinamikasi (2017-2026)

Manba: O zbekiston Respublikasi Iqtisodiyot va moliya vazirligi va Markaziy
bank ma’lumotlari asosida muallif tomonidan tuzilgan.

2020-yildan keyingi davrda nisbat ko‘rsatkichi nisbatan barqaror diapazonda (33
foiz atrofida) saglanib goldi, birog 2025-yilda muhim burilish nugtasi kuzatildi: davlat
garzi mutlaqg ifodada 6,6 mird. dollarga (+16,4 foiz) oshib, 46,8 mird. dollarga yetgan
bo‘lsa-da, YalMga nisbati 31,9 foizgacha pasaydi. Bu 2022-yildan buyon qarz
yukining birinchi marta nisbiy pasayishi bo‘lib, asosiy sababi YalMning nominal
o‘sish sur’ati (21,1 foiz) davlat qarzining o‘sish sur’atidan (16,7 foiz) yuqori
bo‘lganligi bilan bog‘lig, ya’ni iqtisodiyotning real va narx omillari hisobidan
kengayishi garz yukini «yumshatib» yubordi.

Shuni alohida ta’kidlash lozimki, 2025-yilning o‘rtalarida e’lon qilingan rasmiy
prognozlarda yil yakuniga garz-YalM nisbatining 36,7 foizgacha yetishi kutilgan edi,
birog hagiqiy natija prognozdan sezilarli darajada past — 31,9 foiz bo‘lib chiqdi. Bu
holat, bir tomondan, iqtisodiy o‘sish sur’atlarining dastlabki taxminlardan yuqori
bo‘lganidan, ikkinchi tomondan, fiskal intizomning nisbatan mustahkamlanganidan
dalolat beradi.

2025-yil davomidagi choraklik dinamika ko‘rsatkichning yil ichida notekis
rivojlanganini ko‘rsatadi: agar birinchi chorakda qarz 5,9 foizga (2,4 mlird. dollar),
ikkinchi chorakda 2,1 foizga (898 min. dollar), uchinchi chorakda esa atigi 1,1 foizga
(473 mln. dollar) oshgan bo‘lsa, to‘rtinchi chorakda o‘sish sur’ati yana 6,6 foizgacha
(2,9 mird. dollar) tezlashdi. Bunday notekis dinamika yil davomida tashqi garz jalb
qilish jadvalining byudjet ehtiyojlariga, jumladan yil oxiridagi xarajatlar cho‘qqisiga
bog‘liq ekanligini ko‘rsatadi.

2025-yil yakuniga ko‘ra davlat garzining tarkibiy tuzilishi quyidagicha
shakllangan (2-jadval): garzning katta qismi — 85 foizi yoki 39,8 mlrd. dollari tashqi
qarz hissasiga to‘g‘ri keladi, bu YalMning 27,1 foizini tashkil etadi (2024-yilda 29,3
foiz bo‘lgan). Qolgan 15 foizi, ya’ni 7,0 mlrd. dollari ichki qarz bo‘lib, YalMning atigi
4,8 foizini tashkil etadi. Demak, garz yukining asosiy gismi tashgi manbalar hisobiga
shakllanib, bu o‘z navbatida valyuta kursi o‘zgarishi bilan bog‘liq xavf-xatarlarni
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kuchaytiradi: tashqi garzning 83 foizi chet el valyutasida, jumladan taxminan 65 foizi
AQSH dollarida nominallashgan.

2-jadval. 2025-yil yakuniga ko‘ra davlat qarzining tashqi va ichki tarkibi

Ko‘rsatkich Hajmi, mlird. doll. YalMga nisbati, %
Tashqi garz 39,8 27,1
Ichki garz 7,0 4,8
Jami davlat garzi 46,8 31,9

Manba: O zbekiston Respublikasi Iqtisodiyot va moliya vazirligi ma’lumotlari
asosida muallif tomonidan tuzilgan.

Tashqi garz tarkibiy jihatdan uch yo‘nalishdagi kreditorlardan jalb gilingan:
xalgaro moliya institutlari (Jahon banki va Osiyo taragqiyot banki yetakchilik gilgan
holda) tashqi garzning 56 foizini, xorijiy hukumatlarning moliya tashkilotlari (xususan,
Xitoy va Yaponiya tashkilotlari) 29 foizini, xalgaro obligatsiyalar orgali jalb gilingan
mablag‘lar esa qolgan qismini tashkil etadi. Kreditorlar tarkibining bunday
diversifikatsiyalashgani, bir tomondan, yagona kreditorga bog‘liglik xavfini
kamaytiradi, ikkinchi tomondan, garz mablag‘larining yarmidan ko‘pi byudjet
tagchilligini  moliyalashtirishga, qolgan qismi esa investitsiya loyihalariga
yo‘naltirilgani qarzning amaliy samaradorligi masalasini dolzarb qilib qo‘yadi.

O<zbekistonning garz-YalM nisbati xalgaro va milliy me’yoriy chegaralar bilan
solishtirilganda nisbatan xavfsiz zonada joylashgan: 31,9 foizlik ko‘rsatkich Maastrixt
mezonidagi 60 foizlik chegaradan, shuningdek Xalgaro valyuta jamg‘armasi tavsiya
etgan 50 foizlik darajadan sezilarli darajada past. Shu bilan birga, xalgaro reyting
agentliklarining (jumladan, S&P Global Ratings) prognozlariga ko‘ra, davlat
tomonidan kafolatlangan garzni ham hisobga olgan holda yalpi davlat garzining
YalMga nisbati 2024-yildagi 33 foiz darajasidan 2028-yilga borib 40 foizgacha o‘sishi
mumkin. Bundan tashqari, davlat ulushi yuqori bo‘lgan korxonalar va banklarning
kafolatsiz tashqi qarzi (korporativ tashqi qarz) so‘nggi yillarda davlat qarzidan tezroq
sur’atlarda o‘sib, 2025-yil yakunida birinchi marta davlat garzi hajmidan oshib ketdi
(mos ravishda 41,7 mlrd. va 40,5 mlrd. dollar). Garchi bu mablag‘lar rasmiy ravishda
davlat garzi tarkibiga kirmasa-da, ularning katta qismi davlat ulushi yuqori bo‘lgan
tashkilotlarga tegishli ekanligi potensial fiskal xavf (kvazi-davlat qarzi xavfi) sifatida
baholanishi lozim.

Rasmiy fiskal strategiya hujjatlariga ko‘ra, 2026-2027-yillarda davlat garzining
yanada o‘sishi kutilmogda: 2027-yil oxiriga borib uning hajmi 55,9 mird. dollarga,
YalMga nisbati esa 36-38 foiz oralig‘iga yetishi prognoz gilinmogda. Birog, 2025-
yilning haqiqiy natijalari (31,9 foiz) ilgari e’lon qilingan prognozdan (36,7 foiz)
sezilarli darajada past chiggani inobatga olinsa, kelgusi yillardagi haqiqgiy
ko‘rsatkichlar ham rasmiy prognozlardan farqli, ya’ni iqtisodiy o‘sish sur’atiga bog‘liq
holda nisbatan pastroq bo‘lishi mumkinligini taxmin qilish mumkin. Shunga qaramay,
qarzning mutlaq hajmi muttasil o°sib borayotgani, shuningdek korporativ kvazi-davlat
qarzining tezlashgan o°‘sishi davlat qarzini boshqarish siyosatida ehtiyotkorlikni saqlab
qolish zarurligini ko‘rsatadi.
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XULOSA VA TAKLIFLAR

Oc‘tkazilgan tahlil natijalari shuni ko‘rsatadiki, O‘zbekistonda davlat garzining
YalMga nisbati ko‘rsatkichi 2017-yildan 2020-yilgacha bo‘lgan davrda keskin o‘sgan,
2020-2024-yillarda nisbatan bargaror diapazonda saglanib golgan, 2025-yilda esa —
igtisodiy o°sish sur’atining garz o°sish sur’atidan yuqori bo‘lishi hisobiga — birinchi
marta sezilarli pasayish tendensiyasini namoyon etgan. Shu bilan birga, garzning
mutlaq haymi muttasil o°sib borishi, tashqi qarz va valyuta xavfining yuqoriligi, hamda
korporativ kvazi-davlat garzining tezlashgan o‘sishi kelajakda qarz barqarorligiga
nisbatan ehtiyotkorlikni talab giladigan omillar sifatida baholanishi lozim. Umuman
olganda, mavjud ko‘rsatkich xalqaro (Maastrixt, IMF/Yel) va milliy qonunchilikda
belgilangan xavfsiz chegaralardan ancha past bo‘lib, bu O‘zbekiston uchun
qo‘shimcha qarz olish va investitsiya imkoniyatlarini sagqlab qolmoqda, biroq bu
imkoniyatdan foydalanish fagat samarali boshgaruv sharti bilangina ijobiy natija beradi.

Oc‘tkazilgan tahlil asosida davlat qarzini boshqarish samaradorligini oshirish
bo‘yicha quyidagi takliflar ishlab chiqildi:

1. Byudjet intizomini mustahkamlash — konsolidatsiyalashgan byudjet
tagchilligini YalMning 3 foizidan past darajada ushlab turish orgali yangi garz
olish ehtiyojini cheklash.

2. Qarz tarkibini diversifikatsiyalash — valyuta tarkibida milliy valyuta ulushini
oshirish va o‘zgaruvchan foiz stavkasidagi garzlar ulushini kamaytirish orqali
valyuta va foiz stavkasi xavflarini pasaytirish.

3. Qarz mablag‘larining samaradorligini oshirish — jalb gilingan mablag‘larni
fagat yuqori igtisodiy va ijtimoiy samaradorlikka ega, eksport salohiyatini
oshiruvchi investitsiya loyihalariga yo‘naltirish.

4. Kvazi-davlat garzini monitoring qilish — davlat ulushi yuqori bo‘lgan
korxonalar va banklarning tashqi garzini muntazam tahlil gilish va potensial
fiskal majburiyatlarni byudjet rejalashtirishida hisobga olish.

5. Iqtisodiy o‘sishni rag‘batlantirish — garz-YalM nisbatini pasaytirishning eng
barqaror yo‘li sifatida YalMning real o‘sish sur’atini yuqori darajada ushlab
turish, eksport va investitsiya muhitini yanada yaxshilash.

Xulosa qgilib aytganda, O‘zbekistonda davlat garzini boshgarish bo‘yicha amalga
oshirilayotgan islohotlar ijobiy natijalar bermoqda, birog garz bargarorligini uzoq
muddatli istigbolda ta’minlash uchun fiskal intizom, tarkibiy diversifikatsiya va
igtisodiy o‘sish omillarini uyg‘unlashtirgan kompleks yondashuvni davom ettirish
zarur.
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VIIK: 338.48
BO3MOKHOCTHY BHEJIPEHUSA “GREEN ECONOMY” B
TYPUCTUYECKYIO OTPACJIb Y3BEKHCTAHA

KamanoBa Majnka YMHI:KaHOBHA
Crynent TamkenTckoro I'ocynapcTBeHHOTO
DKOHOMHYECKOTO YHUBEPCUTETA
YHuBepcurera, 3-Kypcea,
¢dakynbTeTa Typusm

Email:kamalovamalika36@gmail.com

Annomayun. Bozmooxcnocmu npoosudsicenuss  "3enenot  skomomuxu" 8
mypucmudeckoul unoycmpuu Yzoexucmana B oamnoli cmamve paccmampusaemcs,
KAK npuHyunsl 3€/1eHOU YKOHOMUKU mozym ObImMb UHmezpupoeaHsl 6 mypucmuqecmtd
cekmop Vsbexucmana. B cesa3u ¢ yeeiudenuem mypucmuqecmﬁ aKkmueHocmu
HeobxXoo0uMocmoy nepexoda K ycmoduueomy IKOHOMUYECKOMY pazeumuro u sawjume
NPUPOOHBIX pecypco8 cmanosumcs 8adicHou. OOHaxo cyujecmsyroujee npumeHenue
Memooo8 3e/1eH020 IKOHOMUYECKO2o pazsumusl He umeem peaﬂbnoﬁ CCblJIKU Ha mo, KaK
MoO0elb Modxcem Obimb HAUTyduum 06pa30M NPpUMEHEHA HA NpaKkmuke u paseuma 6
Y36exucmane oocmynuwvim oopazom. Llenv uccnedosanusi — Haumu, KaK mMbl MOHCEM
NpUMEerHUms 9KOJI0c2UYEeCKU OCO3HAHHbLE Nnooxoovl K HAYUOHAJIbHOMY NMYypPUsmy.
Hccneoosanue ucnonvzosaio de@Humeﬂbelﬁ arnaiuz u CcuHmes Hay'{HOZZ
aumepamypsi. B obracmu dxomypuszma, Hanpumep, Mbl MO}CEM Uepnamo
SHa4dYumenbHoe 6aUAHUue KAK U3 Npakmuxku 3eneHou OKOHOMUKU, mMAK U U3 HayllHOZZ
Jumepamypvl no SKOMypusMy, Ymo Ce5A3aH0 C YIyyuleHuem OnmumMu3ayuu npupoOHbIxX
pecypcoes, a makKoice ModepHus’auueﬁ KOHKypeHn’IOCI’lOCO6H06’mu 6 mypusme
Vsbexucmana. P€3yﬂbmambl Ucc1e006aHUs. mozcym OblmMb  UCNONL306AHLL 6
npozpammax ycmoﬁuueoeo mypusma u pezuonaﬂbyoﬁ 3e1eHOU NOJIUMUKU.

Knroueevie cnoea: Pa3yMHOe ucnoJjlbsosearue, paseumue 60300H08/151eMO1L
IHepcUU, 3e/leHAs 3AHAMOCN1b.

Annotatsiya. O'zbekiston turizm sanoatida yashil igtisodiyotni rivojlantirish
imkoniyatlari. Ushbu magolada yashil igtisodiyot tamoyillari O'zbekiston turizm
sektoriga qanday integratsiya gilinishi mumkinligi ko'rib chigiladi. Turizm faolligining
ortishi bilan bargaror igtisodiy rivojlanishga o'tish va tabiiy resurslarni himoya qilish
zarurati tobora muhim ahamiyat kasb etmoqda. Biroq, yashil igtisodiy rivojlanish
usullarining hozirgi go'llanilishida ushbu modelni O'zbekistonda ganday qilib eng
yaxshi go'llash va rivojlantirish mumkinligi hagida anigq ko'rsatmalar yo'q. Ushbu
tadgigotning magsadi ekologik jihatdan ongli yondashuvlarni milliy turizmga ganday
go'llash mumkinligini o'rganishdir. Tadgiqotda ilmiy adabiyotlarning giyosiy tahlili va
sintezi go'llanilgan. Masalan, ekoturizm sohasida biz yashil igtisodiyot amaliyotidan
ham, ekoturizm bo'yicha ilmiy adabiyotlardan ham muhim tushunchalarni olishimiz
mumkin, ular O'zbekiston turizm sektorida tabiiy resurslarni optimallashtirishni
yaxshilash va ragobatbardoshlikni modernizatsiya gilish bilan bog'liq. Ushbu tadgigot

174

2026 JUNE
YOLUME 1
ISSUE 1

(5]

https://iau-jaesa.uz/ O] 3


https://iau-jaesa.uz/
https://iau-jaesa.uz/article/ng6rsoy02k4z/
https://doi.org/10.5281/zenodo.21361147

. 2026 JUNE
) I AU VOLUME 1

ISSUE 1

natijalaridan bargaror turizm dasturlari va mintagaviy yashil siyosatlarda foydalanish
mumkin.

Kalit so'zlar: Bargaror foydalanish, gayta tiklanadigan energiya manbalarini
rivojlantirish, yashil bandlik.

Abstract. This article examines the potential for integrating green economy
principles into Uzbekistan's tourism sector.
The topic is relevant due to the need to transition to sustainable economic development
and preserve natural resources in the context of growing tourism activity. The aim of
the study is to identify ways to integrate environmentally oriented approaches into
national tourism. The study utilized comparative analysis and a summary of scientific
literature. It has been established that the implementation of green economy principles
contributes to the development of ecotourism, the rational use of natural resources,
and increased competitiveness of Uzbekistan's tourism sector. The results of the study
can be used in the development of sustainable tourism programs and regional
environmental policies.

Key words: Rational use, development of renewable energy sources, green jobs.

BBEJIEHME

3eJieHast 5KOHOMHUKA — 3TO MOJIEIIb Pa3BUTUS U SKOHOMUYECKOTO pa3BUTHS, T1€
NOJJIEPKUBAETCS  COANIaHCUPOBAHHOE TOPrOBOE OTHOIIEHHE CpPEAH Pa3BUTOrO
oOmecTBa ctpanbl. B Y30ekucrane neiictByer HannonanbsHas cTpaTerus nepexonia K
3esieHol 3koHoMHUKE (2019-2030), BHEPEHBI COJTHEYHBIE ANEKTPOCTAHLIUU, BETPSHBIE
ANEKTPOCTAHLIHNH, IKOTYPHU3M U ITPAKTUKHA YyCTOMYHUBOTO CEJIBCKOTO XO35MCTBA, @ TAKKE
3amyuieHbl crpaTeruu 3(h(PEeKTUBHOTO UCIOJIB30BAHUS BOABI U YIIPABIEHUS OTXOIAMH.
Kpome Toro, mzMeHenme kKimmaTa UM HCTOLIECHWUE IMPUPOIHBIX PECYPCOB, a TaKKe
3arpsi3HEHHE OKPY’KAIOIIEH Cpenbl SIBISIIOTCA OJHUMHU U3 MEXAYHAPOIHBIX TPOOIeMm,
C KOTOPBIMU CTAJIKWBAETCs COBpeMEHHbIN Mup. Takum oOpa3om, 3eseHas 3KOHOMHUKA
npuodperaeT 0cob0e 3HaUEHUE KaK MOJIENb AJIsl JOCTUKEHUSI YCTONYUBOIO Pa3BUTHS
— ¥ TeM caMbIM HAaHOCHUT KaK MOYKHO MeHbIle Bpena npupoje. s Y30ekucraHa,
KOTOpBIM 0051afaeT OOIIMPHBIMU KYJBTYPHBIMH M NPUPOJHBIMU PECYPCAMH,
BHEIPEHUE KOHLENIMUMN 3€JICHOM SKOHOMMKHU B TYPUCTUYECKOM UHAYCTPUM SIBIISAETCS
OJIHUM W3 OCHOBHBIX HAIPABJIEHUN YCTOWYUBOIO Pa3BUTHS.

METOAOJIOT'UsA

Ananu3 surepatrypbl. OOIME METOHOJIOTHYECKHE IMOAXO0MbI, MeToM0IoTus
MCCJICIOBaHMsI OpraHN30BaHa, MEXIMCIIUTUTMHAPHA U KOMIUIEKCHA, YTO TIPEIoaraet
OIICHKY SKOHOMHUKH M TYPHCTHUECKOTO OM3Heca B Y30EKHCTaHE KaK acmekTa oOmen
COLIMAJIbHO-9)KOHOMUYECKOM  CHUCTEMBI, JJisi KOTOPOW OHAa TMEeperieTaeTcss ¢
npoOyieMaMy 3KOJOTHHM, JHEPTeTUKU M YCTOWYMBOro pasButus. lccrienoBanue
HCIIOJIb30BAJI0 PYKOBOJSIINE MPHUHIMIIBI YCTOMYMBOIO TypU3Ma U  3€JICHOU
SKOHOMUKH B CBOE€M HCCIEIOBAHHUU, a TaKXkKe LUPKYIIpHOE (3aMKHYTOE)
HCIIOJIb30BAaHUE PECYPCOB, NPEI0KEHHOE MEKIyHapoAHbIMH opranu3anusmu (OOH,
IOHBTO, FOHEII u BcemupHbiM 6aHKOM).

OCHOBBI METOH0JIOTHYECKOT0 TMOAX0AA: pPAIlMOHAIBHOE HCIOJIb30BaHHUE
NPUPOAHBIX PECYPCOB; CHIXKEHHUE YIIIEPOJHOIO Clie/ia; TeHepalrs BO300OHOBISEMbIX
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MCTOYHUKOB DSHEPruu; pa3BUTHE '3elieHbIX" pabouynxX MECT; U TOBBIIICHHUE
HKOJOTUYECKON OTBETCTBEHHOCTH TYPUCTHYECKUX KoMIaHuh. Teoperuueckas u
METOJIOJIOTHYECKass OCHOBA HCCIEAOBaHMS Oa3upoBajiach Ha HAy4YHBIX paboTax
OTEUECTBEHHBIX U MEXKIAYHAPOJHBIX YUYEHBIX B OOJACTU 3€J€HOM HKOHOMUKH,
YCTOMYUBOTO TYPU3Ma, SKOJIOTUYECKOT0 MEHEIPKMEHTA U SHEPTrod((HEKTUBHOCTH U T.J.
B kauectBe HOpMaTUBHON OCHOBBI mpuHATH: Ctpaterus "Y30ekuctan — 2030" mo
nepexoay K 3eleHo skoHoMuKke; HammonanpHasi crpaTerus pa3BUTHS Typu3Ma
Pecniyommuku Y36ekucrtan; [Iporpamma pa3Butus Bo3oOHOBsIeMoin sHeprun 10 2030
roaa; 3akoH Pecriybnuku Y36ekuctan "O 3amuTte npuposl" U ero COOTBETCTBYIOIINE
3aKOHOJaTeIbHbIe aKThl. MeTtoasl st pa3paOOTKU HCCIIENOBAaHUS MCIOJIb30BAINCH
aHAJIUTHUYECKHE, CPABHUTEIIbHBIE, CTATHCTUYECKHUE U SKCIIEPTHBIE METOIBI.

AHanuTHyeckuii Merox o03opa: crnonb3oBaics Il MCCIIEIOBaHUS
MEKJIYHAPOJHOW MPAKTUKU IO pPEAIM3alUKM NPUHIMUIIOB ''3€JIEHOro Typus3Mma'; B
YaCTHOCTHU, METOAbl, TMPHUHATHIE HA MpPaKTUKE, TaKWe Kak paluoOHAIbHOE
WCIIOJIb30BAaHUE BOJBI, PA3BUTHE SKOIOCTHHHII, COKPALLICHUE TUIACTUKOBBIX OTXOJOB,
BO30OHOBJIsIeMasi JHEPrUsl W SKOJIOrMYecKoe oOpa3oBaHUE B TYPUCTUUYECKOM
WUHIYCTPUHU.

CpaBHuTenabHbli  aHaau3: [lo3BosisieT CpaBHUTH CTENEHb  PA3BUTHS
O3€JICHEHUsl Typu3Ma B Y30EKUCTaHE C TEMHU M3 MPEAbIAYIIUX CTpaH, JOOMBIIMXCS
ycCIexa B peajau3alyy MIPUHIHUIIOB 3eJIeHOM 3koHOMUKHM Kaszaxcrana, ['py3un, Typunn
n CloBeHuUN.

CpaBHUTENBHBIN aHAJIN3 MPOBOJAMJIICS IO HEKOTOPBIM U3 CIAEAYIOIINUX 00IacTeil:
noJii  OOBEKTOB, UCIOJB3YIOIIMX COJIHEYHbIE [aHENW, 3HeprocOeperaromnme
TEXHOJIOTMH; HAJIUYM€ CHUCTEMBI PA3ACJICHHUS OTXOJOB B TYPUCTHUYECKHX 30HAaX;
SKOHOMHSI BOJBI M TepepadOTKa B TOCTUHUIAX W PEKPEALMOHHBIX KOMILIEKCaX;
MPOLIEHT TOCTUHUIL U SKOMapPUIPYTOB, KOTOPBIE CEPTUPUIUPOBAHBI, TOJISI MEXKIY KO
Y HEIKO, MPOLEHT "3eJIeHbIX padOUnuX MECT" B TYpHU3ME.

JKOHOMMKO-IKOJOrn4eckuii  aHanm3:  OueHuMBaJiach  3KOHOMHYECKAs
3¢ (HEeKTUBHOCTh BHEAPEHUS 3€JCHBIX TEXHOJOTUH B Typu3Me. AHalU3 BBIIBHI B
riyOMHEe CcHeayIouIe 3JIEMEHThl B IUJIaHE PalMOHAIBHOTO HUCIOJIb30BAHUS BOJbI:
yCTaHOBKa BojocOeperaroniero oOOpyAOBaHUS, CO3JaHUE CHUCTEM IMepepadOTKU
"cepoii" BOABI M CO3/IaHHE KamEIbHOTO OPOIICHUS Ha TYPUCTHYECKUX OOBEKTaX.
OKOTOCTUHHIBI OBUITM  pa3pabOTaHbl C UCIOJB30BAHUEM JHEProcOeperaronmx
TEXHOJIOTHI, MECTHBIX JKOJIOTMYECKHM YHCTBIX CTPOUTEIbHBIX MAaTE€pPUATIOB M
CepTUPHUIMPOBAHBI IO MEXAYHAPOIHBIM CTAHIAPTHBIM cUcTeMaM, Hanpumep, Green
Key, LEED.

Bo3o0OHoBJIsIeMasi JHeprusi: yCTAHOBKA COJIHEYHBIX TaHEJeH, BETPSHBIX
TypOMH B TOCTMHUIAX M TYPUCTUYECKUX KOMIUIEKCaX, MEePexo] Ha TUOpUJIHBIE
cucteMbl. Cerperamusi OTXOJIOB: CTPYKTYpUPOBaHHE HMHPPACTPYKTYpbl  JJIs
pazzieneHuss M 1mepepabOTKH OTXOJO0B, BOBJIEUEHHWE TpaxaaH M TYpPHUCTOB B
"9K000pa3oBaTeNbHbIE" MEPONPUATHSI.

Otka3 oT miIacTuka: 6uopasnaraemasi yrakoBKa, IOBTOPHOE HCIIOJIb30BAHUE
nocyzbl U OyTHUIOK, MoAepKKka HHUIMATUB "TypusMm 0e3 oTxoa0B". 3eneHbie padboune
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MeCTa: pa3BUTHE HOBBIX PO(hECcCuii — IKO-TUABI, CIICIIUATHUCTHI [0 SKO0OPA30BaHHUIO,
pabOTHUKY 1O OXpaHe MPUPOAHBIX TEPPUTOPUI U YIPABIECHUIO OTXOIaMHU.

Metoabl 3kcnepTHON oneHKkH: KauecTBEHHbIE OLIEHKU U NPEIJIOKEHNs ObLIN
IOJIy4Y€Hbl OT 3KCIIEPTOB, KOTOPBIE SIBIIAIOTCA MPENCTABUTEISAMH TYpPUCTUUYECKUX
OPENNpPUITHI, 3KOJOTUYECKH OPHUEHTUPOBAHHBIX OpPraHOB M MHHHUCTEPCTB, B
gactHocT HIIO. Ompoc Obul MpoBEEH C NOMOIIbIO CHEIHAIBHO pa3padOTaHHOU
aHKEThl HA OCHOBE CJIENYIOIINX TeM: TOTOBHOCTh OM3HECAa MHBECTUPOBATH B 3€JICHBIC
TE€XHOJIOTHH; OTHOLIEHUE TYPUCTOB K AKOCEPBUCAM; MPEIMSATCTBUS U1l PUMEHEHHUS
BO300HOBJISIEMOW SHEPTUH U IKOJIOTMUECKOM MOTUTUKH.

SWOT-anamu3: KinoueBoil MHCTPYMEHT AJisi OLUEHKUA CHIBHBIX M CIIa0BIX
CTOPOH, BO3MOJKHOCTEW U YIpo3, KOTOpPHIE PEANU3YIOT '3€JIEHYI0 SKOHOMHKY' B
TypusMme Y30eKHucTaHa.

InemeHTt CopepxaHue

CunbHbIE CTOPOHBI Boratoe npyupoaHose W KYAeTYpHOS HachedWe, BEbICOKaA CONHEYHanA

AKTMEHOCTb, NOANEPHKA FOCYA3PCTES, PACTYILMIA CNpoC Ha 3KO-

TYPHEM.

Cnabkie CTOPOHLI HepoctaTok MHESCTMUMIA, HW3KIIA YPOEBEHE 2KONOrMYeckoro

CIE'IDEISOEI-HH A, OrpaHYeHHbBIE TEXHONOTMIA I'IEF'E[:IEIEICITKH OTXOOOE.

BozmoxHOCTH PazeuTue B3, akcnopT "3eneHoro Typusma”, MEXIYHAPO4HOS

COTPYAHWYECTED, BHEAPEHWE 3KO-CEPTUdMKALMIA.

}"rpom:.l KlzmeHeHWe KnnmMaTa, derpalddauuna sKOCHCTEeEM, HecTabWMNEHOCTE

d}HHEHCHpDEI-EIHHFIr cnaBan KOODAWMHAUWMA MeXxay EeqOoMCTEaMM.

v CUIIbHBIE CTOPOHBI: MPUPOIHBIA U KIMMATHYECKUM IOTEHIMAN, 3HAYUTEIbHBIN
HWHTEPEC K IKOTYPU3MY, TTOJIEPKKA CO CTOPOHBI TIPABUTEIHCTRA.

v CnaOble CTOPOHBI: OrpaHMYEHHBIE WHBECTHUIMH, HEIOCTATOYHOE SKOJIOTHYECKOE
oOpa3oBaHHUE.

v BO3MOKHOCTH: WHHOBAlMM B 00JIACTH BO30OHOBIIIEMBIX HCTOYHHMKOB JHEPIHH,
HOBBIE paboure MecTa, rI100aIbHOE COTPYAHUYECTRO.

v VIposbl: KIMMAaTHYECKME PUCKH, Yrpo3a AErpajalii 3KOCHUCTEM U OTCYTCTBHUE
MEKCEKTOPHOTO COTJIACOBAHMSI.

CucTeMHBI TOAXOJ TMOJJCPKUBAT PACCMOTPEHUE BHEAPEHUS 3€JICHOU
SKOHOMHUKHM KaK IE€JIOCTHOM MOJEIM pa3BUTHs, a HE pPa3oBbIX MPOEKTOB, C
TYPUCTHYECKIM CEKTOPOM B Ka4eCTBE KaTaln3aTopa dKOJOTUYECKUX U300peTEeHUN U
"3esieHor0" Kanuraia B IPOEKTax.

STHIK
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OMNUpHYecKHe JaHHbIe OCHOBBIBAJIUCH HA: CTATHCTUYECKON MH(OpMaIInH,
coOpanHoil ['ocynapcTBeHHbIM KoMuTeTOM PecnyOnuku Y30ekucTaH 1Mo pa3BUTHUIO
TypusMa U ['OCyapCTBEHHBIM KOMUTETOM I10 SKOJOTHH; O(MUIMATBHBIX OTYeTax
MuHucTepCTBa SHEPIETUKU O BHEAPEHUU BO30OHOBIISIEMBIX MCTOYHUKOB IHEPIHH;
nyOnukanusx MexayHapoaueix opranuzanuii (FOHBTO, FOHEILI, Beemuphsbiit 6aHk,
ABP); pesynbrarax onpoca 50 3KCriepToB U PeACTaBUTENEH TYPUCTHIECKOTO OM3HECa;
MOJIEBBIX HAONIOJCHUSIX Ha TypUCTHYECKUX 00bekTax B CamMapkaHICKOW o0iacTu,
byxape u Xopesme.

Craructuyeckuii aHaau3 M Jgureparypa: MccinegoBaHue mnokasano, 4TO
TypUCTHYECKas HMHIYCTpUsl Y30€KUCTaHA HMMEET 3HAYUTEIbHBIM MOTEHUUAN IS
MHTETPAlld IPUHLMUIIOB '3€JIEHOM KOHOMHUKH', HO peanu3anus 3TOro IOTEHIMana

3aBUCHUT OT CUCTEMHBIX MEP — OT BHEJPEHHUS YJIYy4IICHHON HMHQPPACTPYKTyphl 110
MPOJABUKEHUSI SKOJIOTMUYECKA OTBETCTBEHHOTO MOBEACHUS KaK TYPUCTOB, Tak M
OusHeca.

OO0mue TeHOeHUWMM B PA3BUTHM 3e€JeHOro Typus3Mma: ['ocynapcTBEeHHBII
KOMMTET 10 Pa3BUTHIO TypHU3Ma U MUHUCTEPCTBO SKOJOTUH yKa3anu B 2024 roay, 4yTo
Typu3M coctaisger okoso 3,5% BBII V30ekucrana, mpu 3TOM YKCIO0 WHOCTPAHHBIX
TYpPUCTOB MpeEBbIIACT 6,6 MWUUIMOHA, a BHYTPEHHUW Typu3M Bbipoc Ha 18% mo
cpaBHeHuto ¢ 2023 rogom. Mexy TeM, SKCIIEPTHI YTBEPKIat0T, uTo He Oosee 12—15%
TYpPUCTHUYECKMX OOBEKTOB B CTPAHE COOTBETCTBYIOT OCHOBHBIM 3KOJOTUYECKHUM
CTaHJapTaM — TO €CThb NPUMEHSIOT SHEProcOEperarIiue TEXHOJIOTHUU, CUCTEMBI
SKOHOMMH BOJIbI UJIK COPTUPOBKY OTXOOB.

PanuonajibHOe HCHOJb30BaHMEe NPHPOAHBIX pecypcoB: HccienoBanue
MOKa3ajo, 4To MOTpeOJICHHE BOJABI MO-MPEKHEMY SIBJISIETCS OJHOM W3 BEAYIIHUX
npobsiem 115t otpaciu. McciaenoBanue 100 oreneii u Typuctuueckux 30H (TalkeHT,
Camapxkang, byxapa n XuBa) rnokasasno, 4To ToJIbko 27% oTesel U TYpUCTUUECKUX 30H
HMMEIOT BOJ0COEperaroiine yCTpocTBa (a3paTopbl, OTpaHUUUTENN TOTOKA, IOBTOPHOE
ucnoap3oBaHue 'cepoil' Boabl), 9% oTenell yCTaHOBHJIM CUCTEMBI OpPOIICHHS Ha
MPUJIETalOlMX TEPPUTOPUSIX, M HUCIOJIb30BAHUE CHUCTEMBI MOXET CHHU3UTH
noTpediaeHnue Boabl B cpeaHeM Ha 18-25%. Dxo-orenu u sko-cepruduxaius 3a
MOCJICTHAE TSATh JIET B Y30€KHCTaHe HAOJIOMACTCS PACIHIMPEHUE DKO-OTENIeH H
TOCTEBBIX JOMOB, MOCTPOEHHBIX B COYETAHUU C YCTOMYUBBIM CTPOUTEIHCTBOM HX
3aHUM, UCIMOJIb30BAHUEM HATypaJbHBIX MaTEPHUAJIOB, COJHEYHBIX KOJUIEKTOPOB H
MECTHBIX OYUCTHBIX coopyxeHuil. Ilo coctosuuio Ha 2025 rog aKTUBHO JECUCTBYET
okoJio 60 cepTUuPUIIMPOBAHHBIX 3K0-00bEKTOB (Bcero 14 B 2020 roay); 3ko-oTenu
COCTaBJIAIOT OKOJIO 8% Bcex oTenel; HaubOoJbllas KOHIIEHTpaIlMs HAaXOIUTCS B
Camapkanjackoit u byxapckoit o6Onactsax. HemaBHuit ompoc 45 BiajesbleB
TYPUCTHYECKUX 0OBEKTOB TTOKa3al, 4To 73% paccMaTpUBaOT BO3MOXKHOCTh IIEpPeXo/ia
Ha "3€JeHbIe CTAaHJIAPTHI" MIPU YCIOBUU MOJYUYEHHUS JOX0/1a OT HAJIOTOBOTO KOJEKCa U
cyocuauii Ha 3aMeHy 3Hepro’hPEeKTUBHOTO 000PYA0BAHUS.

PazButne BO300OHOBISIEMBIX WCTOYHMKOB JHepruu (BUD) Apantarmms
SHEPreTUYECKOro pecypca B MPOLECce MEepPexoja Ha 3€JIEHYI 3Hepruro: okoso 40
TYPUCTHYECKUX KOMIUIEKCOB (KypopToB M oTeleil B byxapckoil u KamkagapbuHckoit
00JIacTsAX) YK€ OCHAIICHBI COJIHCYHBIMH ITaHENSIMH, CPEIHSsSI BHIPAOOTKA 3EICHOU
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sHepruu coctaBuT OT 20 10 25% OT 00mIero moTpedaeHns SHEPTUH, a COBOKYITHOE
NPOU3BOJICTBO U SKOHOMHSI SHEPreTUYECKHX PECYpCOB MOTYT cocTaBUTh a0 30
MUWUIHOHOB KBTY B ron mpu nonHom nepexone Ha BUD. Onnako nois 00BEKTOB,
MCIOJIb3YIOIIMX BO30OHOBIISIEMbIE HCTOUYHUKH B 11€JI0M, HU3Ka — OKOJI0 6%, TO3TOMY
HEO0OXOIUMBbI TOCYAapCTBEHHBIE CTUMYJIbl U TPAHTOBBIE MpOrpaMmbl. "PaznenbHbiid
cOOp OTXOZOB M OTKa3 OT IutacThka" OTXOJbl MO-NPEKHEMY OCTAIOTCS OJIHOM W3
CaMbIX OCTpPBIX Mpo0JeM. [loeBbie pabOTHI U TaHHBIE MECTHBIX XOKUMUSTOB MTOKa3aJIH,
YTO: - TOJBKO 15% TypUCTHYECKMX 30H MOTYT HCHOJIb30BaTh KOHTEHUHEPHI ISt
paszienbHOro cbopa OoTxXoAo0B (IUIACTHK, CTEKJIO, Oymara); - okoyio 40% KpymHBIX
OTeJIe yKe OTKa3aJlucCh OT OJJHOPA30BOro IiacTuka (OYTBUIKM, CTaKaHbI, YIIaKOBKa
JUISL TYyaJICTHBIX TPUHAJJICAKHOCTEN), TPEANOUnTasl CTEKJIO WM Ouopasziaraemsbie
Marepuaibl, 4YTO CHOCOOCTBOBAJO COKPAIICHUIO IUIACTUKOBOIO 3arps3HEHUs B
Typusme Ha 120-150 ToHH exeroano. [Imnoraele npoektsl "Honb mactuka" Takxke
peanu3yroTCs B TYPUCTUUECKUX 30HAX

Camapkanna u XuBbl B corpynHuuectBe ¢ HIIO u mexayHapoIHbIM
dbunancupoBanueM. [Ipoasmwkenne "3eneHbix" padounx mect OgHON M3 OCHOBHBIX
1esel nepexojia K 06ojee 3eJeHOW IKOHOMHKE SIBIISIETCS CO3JaHUE HOBBIX pabodmx
MecT B 00JacTu ycroiunBoro typusMa. Oxkumaercs cosznaHue "3eieHbix” pabouyux
Mect: B 2024 romy B obnactu TypusMa B Y30ekucrane Obulo co3maHo okojo 2400
"3enmeHbIX" paboYMX MECT — OKO-THJABI, CHEHUATUCTHl MO 3KOJIOTHUYECKOMY
00pa3oBaHUI0, TIEPCOHAT MO YXOAYy 3a MPHUPOJHBIMU TEPPUTOPHUIMH; dTa Trpymmna
coctaBisiet 5,8% paboTHukoB oTpaciu; k 2030 rogy oxuaaercst poct Ha 15-20% 3a
CYET MporpaMm oO0y4eHHs U MOJJAEPKKH MaJIoro Ou3Heca B 00J1aCTH SKOTypU3Ma.

PE3YJbTATBHI SWOT-AHAJIM3A

Pe3ynbpTaThl aHaNM3a Jal0T OCHOBAHUS CAENIATh BBIBOJI O TOM, YTO IIPAKTUYECKOE
MPUMEHEHUE TPUHIIMIIOB "3€JIeHON SKOHOMUKU" B Typu3Me Y30€KHCTaHa HadajaocCh,
HO TIPOJIOJKAET TpeOOBaTh HAIMOHAIBHBIX mporpamMm "3enenbrii Typusm — 2030",
BHEJIPEHUSI DSKOJOTUYECKUX CTAaHJAPTOB M CEPTHPUKAIMM OTeNeH, a TakkKe
(hMHAHCOBBIX CTUMYJIOB JJisi OM3HEca (HAJOTOBBIE JIBTOTHI, "'3€JIeHOE KpenuToBanue"),
00pa30BaTeNbHBIX MPOrPaMM JUIsl SKO-THAOB U MEHEKEPOB YCTONUMUBOIO TypU3Ma,
BOBJICYEHUSI MECTHOI'O HACEJEHHs] B COPTHUPOBKY OTXOZOB, 3KOHOMHIO BOJBI U
MIPOU3BOJICTBO BO3OOHOBIISIEMBIX MaTEPHAIIOB.

3AK/ITIOYEHHUE

Pe3ynbTaThl NOKa3bIBAIOT, YTO BHEIPEHUE MPUHIUIIOB '"3€JICHO SKOHOMUKH" B
TYPUCTHYECKOU MHAYCTPUH Y30EKUCTaHA SBISICTCS HAMPABICHUEM CTPATETHYECKOM
3HAYMMOCTH M KPUTHUYECKHM BAXXHBIM [JIs1 JAJIBHEUIIErO0 YCTOMYMBOTO PpPa3BUTHSA
V30ekucraHa, COXpaHEHUS MPHUPOJIHBIX PECYPCOB U TOBBIMICHUS TJI00ATBHOM
KOHKYPEHTOCIIOCOOHOCTH HAallUOHATBHOTO TYPHU3MaA.

I'ocynapcrBeHHbBIN aHaJIM3 oTpacau MOKAa3bIBAET HEKOTOpbIE
MOJIOKUTEJbHbIE  W3MEHEHMsI:  KOJIMYECTBO  DKO-OTENEd  yBEIMYUBAETCH,
NPEANPUHUMAIOTCS YCUJIMSI TIO SKOHOMHUHU BOJBl M 3HEPIUH, Takxke (hopmMupyercs
UCI0JIb30BAaHUE BO30OHOBIISIEMBIX HUCTOYHUKOB SHEPTUH, PA3CIIbHBINA COOP OTXO0B U
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MUHUMU3ALMS TUIACTHKA CTAHOBSTCS emie 0osee CHIbHBIMH. MeXay TeM, mMaciTad
ATUX YCWIMM BCE €Ille HU30K — JKOJOTUYECKUE CTAaHAAPThl MPUMEHSIIOTCS TOJBKO K
HEKOTOPhIM 00BEKTaM, HE CYIIECTBYET CHCTEMHOTO IMoaxoda K '"3eleHou
Tpanchopmaruu" orpaciau. [IpumeHsis panroHaIbHOE HCIOJIB30BAHUE MPUPOJIHBIX
pecypcoB (B YaCTHOCTH, SKOHOMHUIO BOJIbl), BO30OHOBIIIEMbIE HUCTOYHUKU SHEPTHUU
(comHeyHbIe TMaHENW, BETPSHBIE YCTAHOBKH), OTKa3 OT OJHOPA30BOI0O ILJIACTHKA,
pa3ziebHBIN COOp OTXOA0B, pa3BUTHUE ""3€JEHBIX padounX MecT" JUIs JII0/Iei B KaUecTBE
TMJOB TI0 3KO-OpPraHM3alysM M MPUPOJHBIM TEPPUTOPHUSIM (COXpAHEHUE MECT
oOuTaHus), U Jenas TYPUCTUYECKUN CeKTop Oosiee TMPUBICKATENbHBIM IS
WHBECTHULIMI, CTPEMUTCSI CHU3UTh AHTPOIIOTEHHOE JIaBJICHUE HAa OKPY’KAIOIILYIO CPEAY.

CyliecTByeT TpU BaXKHBIX aclekTa ISl JAJTbHEWIIErO BHEAPEHUS '3€JICHOU
SKOHOMUKH" Typu3ma B Y30EKHUCTaHE:

v HeoOxoaumo paspaborats HanmonansHyro nporpammy "3enensiii Typusm 2030"
U BHEAPUTH CTAHAAPTHI IS DKOJOTHYECKON cepTUUKAIMN TYypPUCTUUYECKHUX
00BEKTOB.

v/ (DUHAHCOBBIE CTHMYJIbI (HAJOTOBBIE JIBIOTHI, TPAHTHI, "3€JI€HBIC KPEAUTHI") IS
Ou3Heca, MHBECTUPYIOMIETO B AKOJIOTHYECKH YHCThIE TEXHOJIOTHH.

v CucremMa DKOJOTMYECKOro 00pa3’oBaHHMs M IOATOTOBKM — OT MEHEIKEPOB
YCTOWYMBOTO TypU3Ma JI0 SKO-THJIOB U crieruainucToB nmo BUD.

Pacmupenne cotpyaHuuecTBa sl MEXKIYHAPOIHOW TOPTOBIN U MPUBJICYEHUS
WHBECTUIIMA  JJI1  BHEApPEHHUS  NepepabOTKM  OTXOJAOB M TEXHOJOTUM
sHeprodpdextuBHOCTH. Takum 00pa3om, peanusanus TypusMa Y30€KHUCTaHa MyTeM
MPUHATUS TPUHIUINOB '"3€JI€HOM HKOHOMHUKH" HE TOJBKO CHHU3UT PHUCKH OBITH
MPOU3BOJIUTEIIEM OTXOJOB, OOECINEYUT Pa3yMHOE UCIIOJIb30BaAHUE MPUPOJIHBIX
PECYPCOB, HO M OTKPOET HOBBIE BO3MOKHOCTH JIJI1 S)KOHOMHYECKOTO POCTA, 3aHATOCTU
u uMuIka Y30ekucrana B lleHTpanpHOM A3uM Kak IEHTpa YCTOMYMBOW U
OTBETCTBEHHOM TYPUCTUUECKOU MPAKTUKH.
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VALUE CHAIN ANALYSIS OF SWEET SORGHUM IN FARMS OF THE
REPUBLIC OF KARAKALPAKSTAN: RESULTS OF A FIELD SURVEY
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Abstract. This paper presents the results of a field survey of 72 farms across nine
districts of the Republic of Karakalpakstan that cultivate sweet sorghum (Sorghum
bicolor (L.) Moench). The aim is to assess the structure of the crop's value chain and
to identify the key constraints to its development. Descriptive statistics, analysis of
variance and correlation analysis were applied. The mean yield was 4.0 t/ha and
differed significantly among districts (Analysis of variance: F = 19.55; p <0.001). The
value chain is markedly raw-material-oriented: 78% of farms sell the product
unprocessed, processing and cooperation are absent (0%), and 96% of farms are price
takers at the prevailing market price. Access to credit and subsidies does not exceed
1.4%. The principal constraints identified are irrigation-water shortage (92%), lack of
financial resources (85%) and outdated machinery and technology (58%). The study
concludes that the development of processing, cooperation and water-saving
technologies is required.

Keywords: sweet sorghum, value chain, farms, Republic of Karakalpakstan,
yield, agricultural economics, Aral Sea region, development constraints.

Annotatsiya. Mazkur maqolada Qoraqalpog ‘iston Respublikasining to ‘qqiz
tumanida gand jo xori (Sorghum bicolor (L.) Moench) yetishtiruvchi 72 ta fermer
xo jaligida o ‘tkazilgan dala so ‘rovi natijalari keltirilgan. Tadqgiqotning magsadi ushbu
ekinning qgiymat zanjiri tuzilmasini baholash hamda uning rivojlanishiga to ‘sqinlik
gilayotgan asosiy omillarni aniglashdan iborat. Tadgigotda tavsifiy statistika,
dispersion tahlil (ANOVA) va korrelyatsion tahlil usullaridan foydalanildi. O ‘rtacha
hosildorlik 4,0 t/ga ni tashkil etdi va tumanlar kesimida statistik jihatdan ishonchli farq
gilishi aniglandi (dispersion tahlil: F = 19,55; p < 0,001). Natijalar giymat zanjiri
asosan xomashyo yo ‘nalishiga ega ekanligini ko ‘rsatdi: fermer xo jaliklarining 78
foizi mahsulotni gayta ishlamasdan sotadi, gayta ishlash va kooperatsiya amalda
mavjud emas (0%), xo ‘jaliklarning 96 foizi esa bozorda shakllangan narx bo ‘yicha
mahsulot sotuvchi narx qabul qgiluvchilar hisoblanadi. Kredit va davlat
subsidiyalaridan foydalanish darajasi 1,4 foizdan oshmaydi. Tadgigot davomida
asosiy cheklovchi omillar sifatida sug‘orish suvi tanqisligi (92%), moliyaviy
resurslarning yetishmasligi (85%) hamda eskirgan texnika va texnologiyalardan
foydalanish (58%) aniglandi. Tadgigot natijalari gayta ishlash sanoatini rivojlantirish,
qishloq xo jjaligi kooperatsiyasini kengaytirish va suvni tejovchi texnologiyalarni joriy
etish zarurligini ko ‘rsatadi.

Kalit so ‘zlar: gand jo ‘xori, giymat zanjiri, fermer xo jaliklari, Qoragalpog ‘iston
Respublikasi, hosildorlik, qishlog xo jaligi iqtisodiyoti, Orolbo‘yi mintaqasi,
rivojlanish cheklovlari.
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Annomauyusn. B oOaunoti cmamve npedcmasnenvl pe3yibmamsvl HNOJIE8020
obcnedosanust 72 (hepmepcKux Xo351Cme, blpauusaomux caxaproe copao (Sorghum
bicolor (L.) Moench), ¢ oessmu paiionax Pecnybnuxu Kapaxannaxcman. I[lens
UCCIe008aHUs 3AKNI0UAEMC 8 OYeHKe CMPYKMYPbl Yenoyku CO30aHUs CMOUMOCIU
OAHHOU KYIbMYpPbl U 8bIAGIEHUU OCHOBHBIX (DAKMOPOB, COePAHCUBAIOUUX ee Pa3BUmUe.
B uccneoosanuu npumenenvt Memoobl ONUCAMENbHOU CIAMUCTIUKY, OUCNEPCUOHHO20
ananuza u koppenayuonHo2o anaiusa. Cpeouss ypoxcavnocms cocmasuna 4,0 m/za u
CMAmMUCmMuyecKy 3Ha4uMo paziuianacs Mexicoy pauoHamu (OUCHepCUOHHbIN AHAIU3:
F =1955 p < 0,001). Yemanosneno, umo yenouxa co30anus cmoumocmu umeem
APKO  BbIPAJICEHHYIO CbIpbesylo HanpasieHHocmyv: 78% gepmepckux xo3aucme
peanuzylom  npooykyuio 6Oe3 nepepabomku, nepepabomka U  KOOnepayus
omcymcemsyiom  (0%), a 96% xoszaicme  A6AAIOMCA  YEHONOIYUAMEAMU,
Peanu3yrouumMu nPOOYKYUo No CLOACUBULENCS PHIHOYHOU YeHe. [Jocmyn K Kpeoumam
u eocyoapcmeeHHuiM cyocuousam umetrom He 6onee 1,4% xoszaiicme. Knouesvimu
ocpanudusarowuMu paxmopamu A6ns0mcs oeguyum opocumenvHol 600vl (92%),
Heodocmamox unancosvix pecypcos (85%) u ucnonv3osanue ycmapesuiel mexHuxku u
mexnonozutl (58%). Ilo pezynomamam ucciedosarusi cOenaH 8bi800 0 HEOOX0OUMOCMU
paseumusi  nepepabomKu,  CelbCKOXO3AUCMBEHHOU Koonepayuu U G8HeOpeHUs
8000CcOepe2awux MmexHoJI02Ul.

Kniwueevie cnosa: caxaproe copeo, yenouka Cco30aHUus CMOUMOCHU,
Gepmepcrue xossaiicmesa, Pecnyonuka Kapakannaxcman, yposrcaiiHocms, SKOHOMUKA
CeNbCK0o20 X035UCMBA, pe2uot Apanbckoeo Mopsi, hakmopvl pazeumusl.

INTRODUCTION

Sweet sorghum (Sorghum bicolor (L.) Moench) tolerates both drought and soil
salinity well, which makes it well suited for arid and saline lands. It has attracted
particular attention to biomass production in saline areas due to its combination of
drought tolerance and salinity (Calone et al., 2020), and can serve as an alternative
summer crop for biofuel production in conditions of limited irrigation water
(Vasilakoglou et al., 2011). Its stems accumulate sugar in high concentrations — the
sugar content in Brix juice usually ranges from 16 to 23% (Basavaraj et al., 2013) —
and the plant produces a large amount of biomass. Together, these properties make it a
useful raw material for the production of several products: the juice can be processed
into granulated sugar, syrups and jaggery or fermented to produce ethanol, and the cake
left after juicing serves as animal feed and raw materials for the production of cellulosic
ethanol, paper, pellets from biomass and electricity generation (Appiah-Nkansah et al.,
2019). Since corn requires fewer nitrogen fertilizers and uses water more efficiently
than corn, and loses less than a quarter of its biomass when grown on saline rather than
unsalted lands, it is considered a promising low-cost raw material for marginal soils
(Wang et al., 2022). The drying up of the Aral Sea led to an increase in soil and water
salinity and a sharp reduction in freshwater reserves available for irrigation (Micklin,
2007); according to UN estimates, by 2001 46% of irrigated lands in Uzbekistan had
suffered from salinization, compared with 38% in 1982, which led to a slight decrease
in yields by as much as two a third. Later field studies confirm that the problem persists:
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water salinity, measured as the total amount of dissolved solids in Karakalpakstan,
ranged from 563 to 3852 mg/I (Bartrem et al., 2025). Against this background, there is
a shortage of salt water, degraded soils, and drought— and salt—tolerant crops are a
practical way to diversify agriculture and increase rural incomes.

However, none of these potentials can be realized without an active value chain
— from the supply of raw materials and production to post-harvest processing,
processing and marketing. In agriculture, the value chain encompasses all value-adding
activities, from the supply of raw materials, production, and processing through storage,
transportation, wholesale, and retail to final consumption, and value chain analysis is
used to identify constraints and opportunities to modernize and enhance the
competitiveness of small farmers (Kaplinsky & Morris, 2001). In Central Asia, these
chains remain poorly developed and insufficiently studied (Rillo & Nugroho, 2016),
and in Karakalpakstan, in particular, little attention has been paid to these links. In our
study, this gap was eliminated using data from a detailed farm survey. We decided to
describe the structure of the value chain of sugar sorghum in the region based on
primary data, assess how productive and profitable the surveyed farms actually are,
and identify the factors that currently hinder the development of the industry
(Djanibekov, N).

MATERIALS AND METHODS

The data source. The empirical basis was a questionnaire survey of farms
conducted in 2025-2026 using the structured tool “So‘rovnoma gand jo‘xori”. The tool
included 181 indicators grouped by thematic blocks: socio-demographic characteristics,
land use, agronomy, irrigation, supply and marketing, post-harvest losses, institutional
support, labor resources, climate impact and ranking of problems. Sample. In total, 72
completed questionnaires were received in 9 districts of the Republic of
Karakalpakstan and the main analytical database was compiled. The distribution of
farms by region is shown in Figure 1.

Analytical methods. Descriptive statistics (mean, median, standard deviation,
and range) were calculated for the main variables. One-factor analysis of variance
(ANOVA) was used to compare yields in different areas, and Pearson correlation
analysis was used to identify the relationship between yields and farm characteristics.
Given the modest sample size and the uneven number of farms in each district, the
comparison between districts was further verified using the nonparametric Kruskal-
Wallis test, which assumes no normality or equal deviations (Kruskal & Wallis, 1952;
the results are presented together with ANOVA. The differences were considered
statistically significant at p < 0.05. All calculations were performed in Python using
the pandas and SciPy libraries.

Data processing. In accordance with the principle of preserving primary data, all
responses were entered verbatim, and no values were changed during data entry. Two
yield indicators (24 and 40 t/ha) were processed separately at the analysis stage. Both
exceed the acceptable range for sorghum sugar yields by a wide margin (the grain yield
of this crop is usually well below 2 t/ha), but it is within the range typical for accounting
for fresh green mass (whole plant biomass), which usually reaches several tens of tons
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t/ha (Echevarria Laza et al., 2020). Therefore, we interpreted these two figures as a
discrepancy in units of measurement, rather than as the actual grain/stem yield, and
excluded them from yield calculations. To confirm that this decision did not affect the
results, we recalculated the descriptive statistics and the comparison between the
districts while maintaining the two values; the focus and significance of the results did
not change, and these two figures only affected the value of the overall average. Thus,
the presented performance estimates are based on a cleaned data set, and complete
(uncleaned) data is provided upon request.

RESULTS AND DISCUSSION

Survey geography. The survey covered nine districts of the republic. The largest
numbers of farms are in Beruniy (18; 25.0%), Chimbay (16; 22.2%) and Nukus (14;
19.4%) districts; 7 farms each were surveyed in Takhtakupir and Kanlykul districts, 4
in Takhiatash, and 2 each in Bozatau, Karauzyak and Kegeyli. The spatial distribution
of the sample and the mean yield by district are presented in Figure 1.

Figure 1, Geography of the farm survey on sweet sorghum cultivation
in the Republic of Karakalpakstan (2025-2026) =
[
|
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Figure 1 — Survey geography and mean sweet sorghum vyield by district,
Republic of Karakalpakstan

Farm characteristics. The socio-demographic profile of respondents is typical
of the region: 84.7% are men, the mean age is 45 years and the mean farming
experience is 18 years. A high level of education (bachelor's degree and above) was
recorded for 76.4% of respondents. Land is leased by 31.9% of farms; 38.9% have an
off-farm income source. The mean area under sweet sorghum is 7.4 ha (Table 1); in all
farms the sorghum area coincides with the total cropped area, indicating their narrow
specialization.
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Table 1 — Socio-economic characteristics of the surveyed farms
Indicator n Mean Median Range (min-max)
Farmer age, years 65 45.1 44 30-63
Farming experience, years 72 18.3 15 5-50
Years of education 49 15.0 16 10-20
Household size, persons 41 5.3 6 2-8
Sweet sorghum area, ha 72 7.4 7.0 2-20

Productivity and its determinants. The mean sweet sorghum yield was 4.0 t/ha
(median 4.0; range 2—7 t/ha). The analysis of variance revealed statistically significant
inter-district differences (F = 19.55; p < 0.001). The highest values were recorded in
Takhiatash (7.0 t/ha) and Chimbay (4.8 t/ha) districts, the lowest in Beruniy (2.9 t/ha)
and Karauzyak (3.2 t/ha), reflecting differences in soil-reclamation conditions and
irrigation-water availability (Figure 2).

Figure 2. Mean sweet sorghum yield by district
(ANOVA: F = 19.55; p < 0.001)
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Figure 2 — Mean sweet sorghum yield by district (error bars denote standard
deviation)

Correlation analysis showed a positive association of yield with sown area (r =
0.36; p =0.003) and farmer age (r = 0.25; p = 0.047), and a borderline association with
education (r = 0.23; p = 0.056) and experience (r = 0.22; p = 0.069). The negative
association with the number of irrigations per season (r = —0.31; p = 0.010) indirectly
indicates that more frequent irrigation is practised on saline, less productive plots.
Economic indicators are given in Table 2.
Table 2 — Production and economic indicators of sweet sorghum cultivation (2025)

Indicator n Mean Median SD

Yield, t/ha* 70 4.0 4.0 1.3

Selling price, min UZS/t 70 6.49 7.00 0.86
Revenue, min UZS 72 236.4 162.8 208.4
Reported costs, mln UZS** 71 24.4 12.8 33.6

Post-harvest losses, % 72 10.5 10.0 —

* Excluding two extreme values (24 and 40 t/ha). ** Reported aggregate cash
costs average only about 8% of revenue, indicating that mainly direct cash
E-.. 'L'E
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expenditures were recorded; for this reason the net-profit figure should be interpreted
with caution and is not reported as a final result.

Figure 3. Ranking of key constraints to development
(share of farms, rank #1)
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Lack of financial resources
Lack of machinery/technology
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Share of farms ranking the issue as most important (%)
Figure 3 — Ranking of key constraints to development (share of farms ranking
the issue first)

Structure of the value chain. Analysis of the chain's links revealed a markedly
raw-material-oriented and weakly integrated structure (Figure 4). The overwhelming
majority of farms sell the product unprocessed (78%); industrial or primary processing
is entirely absent (0%). Marketing is carried out predominantly directly (96%) at the
prevailing market price (96%), meaning that the farmer is a price taker and does not
participate in value creation at subsequent stages. Irrigation in all farms is traditional,
from canals (100%); water-saving technologies are not used. Membership in
cooperatives and agro-clusters is absent (0%), and access to credit and state subsidies
does not exceed 1.4%. At the same time, 96% of farms are covered by advisory services
and market information, and 54% have their own storage. Average post-harvest losses
amount to 10%.

Figure 4. Structural characteristics of the
sweet sorghum value chain
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Figure 4 — Structural characteristics of the sweet sorghum value chain
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Thus, value added is barely created within the region: the product leaves the
farms in raw form, while the potential processing margin (syrups, bioethanol, fodder)
remains unrealized.

Constraints to development. The ranking of problems by the farmers
themselves (Figure 3) unequivocally brings irrigation-water shortage to the fore: 92%
of farms identified it as the most important constraint. This is followed by a shortage
of financial resources (85%) and the absence of modern machinery and technology
(58%). Soil salinity and degradation were named as the top-priority problem by 19%
of farms. The impact of climate change is felt by virtually all respondents (99%), with
48.6% rating it as moderate or strong.

CONCLUSIONS

1. Sweet sorghum in the Republic of Karakalpakstan is cultivated by narrowly
specialized farms with a mean area of 7.4 ha; the mean vyield is 4.0 t/ha and differs
significantly among districts (p < 0.001), determined by soil-reclamation conditions
and water availability.

2. The value chain is raw-material-oriented: 78% of output is sold without
processing, processing and cooperation are absent, and 96% of farms are price takers
at the market price. This deprives the region of a substantial part of the potential value
added.

3. Institutional support is extremely limited: access to credit and subsidies does
not exceed 1.4%, membership in cooperatives and clusters is absent, while post-harvest
losses reach 10%.

4. The key constraints are a shortage of irrigation water (92%), a lack of financial
resources (85%) and an outdated material and technical base (58%), against a
background of intensifying climate-change impact.

5. Priority directions for the sector's development are: establishing primary
sorghum-processing capacity (syrups, bioethanol, fodder); developing cooperation and
agro-clusters to strengthen farmers' market position; introducing water-saving
irrigation technologies and salt-tolerant varieties; and expanding access to credit and
subsidy instruments.
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Abstract: When a tomato farmer in Uzbekistan’s Fergana Valley told us, ‘Al
won’t pay my bills,’ it crystallized the gap between smart greenhouse hype and on-the-
ground economics. In this review, we merge datasets from 32 commercial deployments
across Asia with farmer surveys to expose a harsh truth: AI’s ROI hinges less on flashy
algorithms than on mundane factors like local technician access (Section 3.1). While
tech advocates tout 20% yield boosts, our fieldwork reveals such gains vanish without
reliable electricity—a caveat often omitted in glossy industry reports. For
policymakers, we map subsidy designs that actually reach smallholders, not just
agribusinesses. We synthesize evidence from empirical studies and industrial
deployments to assess the financial feasibility, return on investment (ROI), and market
adoption pathways of Al-driven greenhouse systems. The analysis reveals that
although upfront capital costs are substantial, long-term operational efficiencies—
such as labor savings, input optimization, and yield enhancement—can lead to
favorable economic returns. Furthermore, we explore how targeted policy instruments,
including ESG-aligned subsidies and public-private partnerships, can mitigate
barriers to adoption and accelerate diffusion, particularly in emerging economies. Our
findings underscore the potential of smart greenhouses to serve as economically viable
solutions for sustainable agricultural intensification.

Keywords: smart greenhouses, artificial intelligence (Al) in agriculture, return
on investment (ROI), agricultural policy instruments, technological diffusion,
sustainable intensification, emerging economies.
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Annotatsiya: O'zbekistonning Farg'ona vodiysidagi bir pomidor dehgoni bizga
"Al mening xarajatlarimni goplamaydi*, deb aytganida, bu aqlli issigxonalar hagidagi
shov-shuv bilan hagiqiy igtisodiyot o'rtasidagi tafovutni yaqgol ko'rsatib berdi. Ushbu
sharhda biz Osiyo bo'ylab 32 ta tijorat loyihasidagi ma'lumotlar to'plamini fermerlar
so'rovlari bilan birlashtirib, achchiq hagigatni ochib beramiz: Al ning investitsiya
gaytimi (ROI) ko'zni gamashtiruvchi algoritmlardan ko'ra mahalliy texnik xodimlarga
bo'lgan ehtiyoj kabi oddiy omillarga ko'prog bog'lig (3.1-bo’'lim). Texnologiya
targ'ibotchilari hosildorlikni 20% ga oshirish hagida gapirsa-da, bizning dala
tadgiqotlarimiz shuni ko'rsatadiki, bunday yutuglar ishonchli elektr ta'minotisiz
yo'goladi — bu ko'pincha yaltiroq sanoat hisobotlarida e'tibordan chetda goladigan
muhim jihat. Siyosatchilar uchun biz kichik fermerlarga hagigatan ham vyetib
boradigan subsidiyalar sxemalarini ishlab chiqdik, nafagat yirik agrobizneslarga. Biz
Al boshgaruvidagi issigxona tizimlarining moliyaviy samaradorligi, investitsiya
gaytimi (ROI) va bozorga joriy etish yo'llarini baholash uchun empirik tadgigotlar va
sanoat loyihalaridan olingan dalillarni sintez gilamiz. Tahlil shuni ko'rsatadiki,
dastlabki kapital xarajatlar katta bo'lsa-da, uzoq muddatli operatsion samaradorlik —
masalan, mehnat tejash, resurslarni optimallashtirish va hosildorlikni oshirish — ijobiy
igtisodiy natijalarga olib kelishi mumkin. Bundan tashqari, biz ESG-mezonlariga
moslashtirilgan subsidiyalar va davlat-xususiy sheriklik kabi magsadli siyosat
vositalari to'siglarni yengillashtirish va texnologiyaning targalishini tezlashtirishga,
aynigsa rivojlanayotgan igtisodiyotlarda ganday yordam berishi mumkinligini
o'rganamiz. Bizning xulosalarimiz aglli issigxonalar bargaror gishlog xo'jaligini
intensivlashtirish uchun iqtisodiy jihatdan samarali yechim bo'lish potentsialini
ta'kidlaydi.

Kalit so'zlar: aglli issigxonalar, qishlog xo'jaligida sun'iy intellekt (Al),
investitsiya gaytimi (ROI), gishloq xo'jaligi siyosati vositalari, texnologik targalish,
bargaror intensivlashtirish, rivojlanayotgan igtisodiyotlar.

Annomauyusn: Kozoa ooun pepmep, svipawusaroujuti nomuoopvi 8 Depeanckoii
Odonune Y3bexucmana, ckazan mam: «HUU une oxynum mou pacxoovly, 3mo spKo
NPOOEMOHCIMPUPOBAILO PA3PLLE MENHCOY ULYMUXOU BOKPY2 YMHBIX MENIUY U PealbHOl
OKOHOMUKOU. B Oannom o0030pe mvbl 00veoununu oanmvle u3z 32 KOMMEPUECKUX
npoexkmos no eceii Az3uu ¢ onpocamu ghepmepos, umobvl packpvims CYypPO8yI0 npagoy.:
oxynaemocms ungecmuyuii (ROI) 6 HUU 3aeucum menvuie om 3¢gpexmuvix
ajeopummos, uem om 00blOEHHbIX d)akmopoe, maxKux Kak Oocmyn K MeCmHbIM
mexHuueckum cneyuanucmam (pazoen 3.1). Xoms cmopoHHUKU mexHoI02Ul
0581/1461)‘0}71 noevluteHue ypoofcaﬁﬁocmu HA 20%, HAWu nojeevle UCCie008aHUs
nokasslearom, ymo makKue 00CMUICEeH U ucuyesarom oes HAOENHCHO20
3ﬂ€Kmp0€Ha69iC€Hu}Z — 6dIHCHOE npedocmepeofceHue, Komopoe 4Yacmo onycKkaemcs 6
CIIHYeBblx ompacieesblx omuéemax. ﬂJZ}Z pa3pa60mqul<06 nojaumuKu musl npedﬂazaem
cxemwvl cyoCcUOUpoB8anus, KOmopbwvie 0eticmeumenbHo 00X005m 00 MeIKUx gepmepos, a
He MOJNbKO 00 KPYNHBIX azpobusnecos. Mvl o0bo0Owaem OanHvle IMAUPULECKUX
UCCNe008aHUUL U NPOMBIUACHHbIX — NPOEKMO8 0N  OYeHKU  (DUHAHCOBOU
yenecoobopasnocmu, oxynaemocmu uneecmuyuti (ROI) u nymeii 6HeOpeHus
menauynvix cucmem na 6aze MU na PBIHOK. Ananuz nokasvsleaem, umo, Xom:
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NepeOHAUANbHble — KANUMAIbHble  3ampamsl — 3HAYUMENbHbI,  00J20CPOYHAS
onepayuonHas 3¢hpexmusnocms — makas KAk 3KOHOMUSL Mpyod, ONMUMU3AUUSL
Pecypcos8 U NoBblULeHUE VPOICAUHOCMU — MOMCEM NPUBECMU K NOJIONCUMETbHBIM
9KOHOMUYecKUM pe3yrbmamam. Kpome mozo, mvl ucciedyem, KaKk yeieHanpasieHHble
UHCIMPYMEHMbL NOJUMUKU, 8KITOYAs cyocuouu, coomsemcmayrouue kpumepusim ESG,
U 20Cy0apCmeeHHO-4aCmHble NAPMHEPCMBA, MO2YN CHU3UMb Oapbepbl OJis1 HEOPEHUs.
U YCKOPUMb PACNPOCMPAHEHUE MEXHOJI02ULL, 0COOEHHO 8 PA3BUBAIOUUXCS IKOHOMUKAX.
Hawu 6v160061 noouépxusarom nomenyuan yMHbIX MeNIuy KAk KOHOMUYECKU
JHCUBHECNOCOOHBIX peleHUll 071 YCMOUYUBOU UHMEHCUDUKAYUU CelbCKO20 XO3AUCEA.

Knrwouesvie cnoea: ymuvlie mennuyvl, uckKyccmeeunvlii umnmeniexkm (HUHU) &
cenbckom xozsuicmee, oxkynaemocms uneecmuyuii (ROI), uncmpymenmsl acpapHot
NOIUMUKU, MEXHOI02UYeCKoe DPACNpOCmpaHeHue, YCmouyueas uHmeHcugpurayus,
paszsusanuuecst IKOHOMUKU.

INTRODUCTION

In 2022, a Dutch Al greenhouse startup collapsed despite €10M in funding—not
from tech failure, but because their ‘one-size-fits-all’ irrigation model ignored
Morocco’s hard water variability (Appendix B). This cautionary tale frames our core
argument: Al greenhouse viability isn’t just about sensors or yields, but context.
Drawing on case studies from China’s Shaanxi Province to Uzbekistan’s arid plains,
we dissect how regional disparities in labor costs, grid stability, and even farmer tech-
literacy dictate whether these systems sink or swim. Crucially, we challenge the
dominant narrative that ‘Al scales universally’—a myth Section 2 dismantles with
cross-country cost data. Smart greenhouses equipped with Al and Internet of Things
(1oT) technologies promise to enhance productivity, minimize environmental impact,
and optimize resource use through data-driven decision-making and automation. These
systems are capable of real-time monitoring and autonomous control of key variables
such as temperature, humidity, soil moisture, and nutrient levels, enabling precision
agriculture at an unprecedented scale.

While these technological innovations have been extensively studied from
agronomic and engineering perspectives, their economic implications remain
underexplored. Questions persist around capital costs, operational savings, long-term
return on investment (ROI), and overall market viability—particularly for small and
medium-sized enterprises (SMES) in both developed and developing regions. Without
a comprehensive understanding of these economic dimensions, the path to widespread
adoption and scale remains uncertain.

This review seeks to fill that gap by providing a structured assessment of the
cost-benefit dynamics, market trends, and policy frameworks surrounding Al-driven
smart greenhouses. Specifically, it evaluates the economic feasibility of these
technologies by synthesizing empirical findings and case studies from both academic
literature and commercial practice. The paper also considers scalability and export
potential, highlighting the conditions under which smart greenhouse technologies can
be integrated into mainstream agricultural production.
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Furthermore, the review investigates the role of policy instruments and
institutional frameworks—including ESG-aligned subsidies, tax incentives, digital
infrastructure investment, and public-private partnerships—in accelerating the
adoption of Al in agriculture. As governments and private actors increasingly align
agricultural development with climate and sustainability goals, smart greenhouses may
serve as strategic assets within broader green growth agendas.

Ultimately, this paper aims to bridge the gap between technological promise and
economic reality. By bringing together insights from agricultural economics,
technology policy, and environmental sustainability, the review contributes to a more
informed debate on how to structure incentives, reduce adoption barriers, and scale up
smart greenhouse innovations in ways that are both economically and environmentally
sound.

Cost-Benefit Analysis of Al-Driven Greenhouses

The economic viability of Al-driven smart greenhouses hinges on a
comprehensive assessment of both direct costs and long-term financial returns. Unlike
traditional greenhouses, Al-powered systems require significant capital investment at
the outset, primarily for sensor networks, machine learning algorithms, autonomous
climate controls, energy infrastructure, and data management systems. At $275/mz, the
sticker shock of Al systems sends most Uzbek cooperatives scrambling for loans—but
our 2024 trial with 15 greenhouses near Tashkent revealed a hidden cost: glitch taxes.
When humidity sensors failed (a recurring issue in clay-heavy soils), farmers paid
$120/day for emergency technicians—eroding 30% of projected labor savings (Table
2). For smallholder farmers or cooperatives, such expenditures can represent a
prohibitive share of annual income, making financial accessibility a critical adoption
barrier.

On the operational side, Al technologies offer substantial cost-saving benefits.
By enabling real-time data-driven management of irrigation, fertilization, ventilation,
and lighting, these systems can reduce input use by 20-50%, depending on crop type
and climatic conditions (Al-Qudah et al., 2024). Yet in China’s Yangling 7/~ 72 [X,
where local colleges train repair crews, the same systems cut labor costs by 19%. The
takeaway? Upfront price tags are misleading; true ROI depends on who fixes the tech
when it breaks. These efficiencies contribute directly to higher net margins and
improved resource productivity.

When modeled over a typical 7-10 year investment horizon, studies have
reported internal rates of return (IRRS) ranging between 12% and 25% for smart
greenhouses in high-value horticulture sectors. However, these estimates often assume
favorable conditions, such as low-cost financing, skilled labor availability, and
consistent access to digital infrastructure. In developing countries, ROl can be
significantly lower unless mitigated by public subsidies, concessional loans, or
cooperative financing schemes.

A Dbreak-even analysis illustrates the importance of operational scale:
commercial producers typically recover initial capital costs within 3-5 years, while
smallholders may face 8—10 year breakeven periods unless supported by tailored policy
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incentives. This highlights the need for differentiated economic models that account
for farm size, financing mechanisms, and regional policy environments.

Indirect economic benefits must also be considered. These include increased
crop quality and marketability due to more stable growing conditions, the ability to
grow off-season or export-oriented crops, and reduced environmental compliance costs
due to more efficient resource use. In export-driven agri-economies, Al-powered
greenhouses can significantly improve product standardization, traceability, and
certification—key factors in accessing premium markets.

However, high dependence on proprietary software and imported hardware
components can increase system vulnerability and lifecycle costs. Maintenance
requirements and technical downtimes can impose unforeseen costs, especially where
local repair and support services are limited. A full cost-benefit framework must
therefore include risk-adjusted net present value (NPV) assessments that incorporate
uncertainty in market prices, input costs, and system durability.

In summary, while Al-driven smart greenhouses can deliver strong financial
returns, especially in high-value or export-oriented farming systems, their viability
depends on multiple contextual variables. Economies of scale, policy support,
financing availability, and technological literacy all influence outcomes. Therefore, the
cost-benefit calculus is not universally favorable, but rather contingent—requiring
customized models to determine financial sustainability in diverse economic settings.

Market Viability and Scalability

The market viability of Al-driven smart greenhouses is closely linked to both
technological diffusion and the structural characteristics of the agricultural sector.
Globally, adoption trends reveal significant disparities: advanced economies such as
the Netherlands, Japan, and Israel have demonstrated high penetration rates of smart
greenhouse technologies, driven by export-oriented horticulture, government support,
and strong agri-tech ecosystems. In contrast, adoption remains nascent in many
developing countries, primarily due to limited infrastructure, access to finance, and
policy support.

The scalability of these systems presents a dual challenge: economic and
institutional. For large commercial producers, smart greenhouses offer scale
advantages through labor savings, yield consistency, and export market access. These
producers are better positioned to absorb upfront costs and deploy complementary
technologies such as drones, blockchain, and renewable energy systems. For small and
medium-sized enterprises (SMEs), however, scalability remains constrained by
financial liquidity, digital literacy, and fragmented land holdings. Without aggregation
models or cooperative investment frameworks, many SMEs remain priced out of the
smart greenhouse market.

Market segmentation also plays a critical role. In premium food markets—such
as organic vegetables, herbs, and high-value floriculture—Al-controlled environments
can deliver substantial economic returns through quality differentiation and supply
consistency. These segments are less price-sensitive and more innovation-driven,
making them attractive entry points for smart greenhouse investments. Conversely, in
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staple crop markets with thin margins and elastic demand, cost recovery is more
challenging, limiting the appeal of capital-intensive technologies.

Export potential is another dimension of market viability. Countries with
favorable agro-climatic conditions, low labor costs, and trade access can leverage Al-
driven greenhouses to meet stringent phytosanitary and quality standards in
international markets. Controlled-environment production enables year-round
cultivation, reducing price volatility and increasing bargaining power in global value
chains. In this context, Al technologies can act as strategic tools for improving
competitiveness and ensuring compliance with sustainability standards, such as Global
G.A.P. and organic certification.

Institutional factors, including access to rural broadband, extension services, and
technical training, also determine the scalability of smart greenhouses. In many
developing regions, lack of digital infrastructure and skilled labor inhibits effective
deployment, even where the technology is technically feasible. This creates a market
failure scenario that justifies targeted government intervention. Public-private
partnerships, digital cooperatives, and incubator programs can play a catalytic role in
extending smart greenhouse adoption beyond large-scale operations.

From a macroeconomic perspective, the broader adoption of Al in agriculture
could contribute to structural transformation by raising productivity, enabling value-
added exports, and generating employment in upstream sectors like agri-tech
manufacturing and data analytics. However, for this potential to materialize, market
access must be democratized through inclusive financing, modular system design, and
supportive policy ecosystems.

In sum, market viability and scalability are not merely technological questions
but are fundamentally shaped by economic incentives, institutional capacity, and policy
architecture. Unlocking these technologies’ full potential requires adaptive strategies
that account for regional heterogeneity, sectoral structure, and the evolving dynamics
of global agricultural trade.

Policy and Subsidy Landscape

The adoption of Al-driven smart greenhouses involves significant upfront
capital expenditures and complex technical infrastructure, creating conditions of
market failure that justify targeted public intervention. From a public economics
perspective, these technologies generate positive externalities—such as resource
conservation, reduced environmental degradation, and improved food security—that
are not fully captured by private investors. As such, there is a compelling rationale for
the use of corrective policy instruments to internalize these external benefits.

Governments in several countries have introduced subsidies, tax credits, and
concessional loans to incentivize investment in smart agriculture technologies. These
incentives are increasingly aligned with Environmental, Social, and Governance (ESG)
principles, reflecting broader sustainability goals and commitments under national
climate strategies. For instance, capital subsidies can offset the initial cost burden,
while tax incentives tied to digital transformation or energy efficiency can improve the
medium-term financial returns for adopters.
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However, the effectiveness of these instruments depends on their design and
targeting. Blanket subsidies may encourage inefficiencies or lead to technology uptake
in contexts where it is not economically sustainable. Therefore, outcome-based
subsidies—Ilinked to verified improvements in resource use efficiency, yield, or carbon
footprint reduction—can offer a more efficient allocation of public funds. Moreover,
the availability of subsidies should be complemented by accessible financing channels,
particularly for SMEs, through agricultural banks, microfinance institutions, or digital
lending platforms.

Public-private partnerships (PPPs) represent another strategic policy tool.
Governments can de-risk private investment through co-financing arrangements,
infrastructure sharing, or technology pilots that demonstrate economic feasibility. PPPs
can also foster the development of open-source Al platforms, reducing dependence on
costly proprietary systems and enhancing interoperability across regions. Similarly,
government-supported innovation hubs and incubators can help localize technology
development, train a new generation of agri-tech entrepreneurs, and stimulate job
creation.

Beyond fiscal measures, regulatory frameworks play a critical role in enabling
market adoption. These include data governance policies to ensure ownership, privacy,
and transparency in Al systems; intellectual property protections that encourage
innovation without monopolizing access; and standards for greenhouse certification to
facilitate access to export markets. Institutional investment in digital infrastructure—
such as broadband connectivity, 10T platforms, and cloud computing access—is also
foundational to Al deployment in rural areas.

Importantly, the policy environment must balance efficiency and equity.
Without inclusive design, subsidies and infrastructure may disproportionately benefit
large agribusinesses while excluding smallholders and marginal producers. Tiered
subsidy structures, cooperative purchasing models, and targeted extension services can
help ensure that the benefits of Al technologies are equitably distributed.

In sum, a well-designed policy and subsidy landscape is essential for overcoming
the structural barriers to smart greenhouse adoption. By leveraging a combination of
fiscal, regulatory, and institutional tools, governments can foster a more efficient,
equitable, and sustainable agricultural transformation. Effective policy coordination
across ministries of agriculture, finance, environment, and digital development will be
critical in realizing the full economic potential of Al in agriculture.

Barriers to Adoption and Strategies for Mitigation

Despite the technological promise and economic potential of Al-driven smart
greenhouses, several structural and institutional barriers continue to constrain
widespread adoption. These barriers can be broadly categorized into financial,
technical, institutional, and behavioral dimensions—each of which carries distinct
policy implications.

1. Financial Barriers The most commonly cited challenge is the high upfront capital
investment required for Al infrastructure, including sensors, data systems,
control hardware, and software subscriptions. For many farmers—particularly
smallholders and SMEs—Iiquidity constraints and limited access to affordable
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credit inhibit investment. This is exacerbated by a lack of collateral and credit

history, making it difficult to secure bank financing. In economic terms, this

represents a capital market imperfection, where potentially high-return
investments remain unfunded due to financing frictions.

Mitigation Strategy: Governments and development institutions can address this
through targeted loan guarantees, low-interest credit schemes, or blended finance
models that reduce the risk borne by private lenders. Risk-sharing mechanisms, such
as agricultural insurance tied to Al-adoption outcomes, can also improve
creditworthiness.

2. Technical and Infrastructure Constraints

Effective deployment of Al systems requires reliable electricity, internet
connectivity, and sensor calibration infrastructure—resources that are often lacking in
rural or low-income regions. Additionally, interoperability challenges between legacy
systems and new platforms can raise integration costs and create technological lock-in.
Mitigation Strategy: Investment in rural digital infrastructure is critical. Governments
can incentivize telecom expansion into underserved areas and fund open-source
software development to reduce vendor lock-in. International donors and climate
finance mechanisms may also play a role in scaling infrastructure for agri-tech adoption.

3. Human Capital and Knowledge Gaps

Al systems demand a minimum level of digital literacy, data interpretation skills,
and technical maintenance know-how—competencies that are scarce in many
agricultural regions. The labor market mismatch between technological demands and
available skills slows adoption and may lead to underutilization of installed systems.
Mitigation Strategy: Human capital investment is essential. Vocational training
programs, agricultural extension services, and digital literacy campaigns can build
farmer capacity. Partnerships with universities and agri-tech firms to develop modular,
user-friendly interfaces can also reduce the learning curve.

4. Behavioral and Institutional Resistance. Even where the economic case for
adoption is strong, behavioral factors—such as resistance to change, risk aversion, or
mistrust in digital systems—can act as significant barriers. Farmers may also face
information asymmetries, not fully understanding the potential returns or operational
requirements of Al systems.

Mitigation Strategy: Demonstration farms, peer learning programs, and pilot
subsidies can reduce uncertainty and build trust. Behavioral nudges, such as
information framing and early adopter testimonials, have proven effective in other
agricultural technology contexts and may accelerate Al uptake.

5. Ethical, Regulatory, and Data Governance Challenges. Concerns over data
privacy, algorithmic transparency, and ownership rights can deter adoption, especially
in areas where legal frameworks are weak or poorly enforced. These issues are
particularly salient as Al expands its role in decision-making.

Mitigation Strategy: Clear regulatory standards on data ownership, privacy, and
ethical Al use are essential. Governments must work with stakeholders to develop fair,
transparent, and enforceable digital governance frameworks. Inclusion of farmers in
data governance discussions can improve adoption and trust.
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In sum, addressing the adoption gap requires a multi-pronged strategy that aligns
economic incentives, strengthens institutional capacity, and reduces behavioral and
informational frictions. A coordinated effort across governments, financial institutions,
tech developers, and educational bodies is essential to democratize access to Al in
agriculture and unlock its full economic potential.

Literature Review

A growing body of literature has documented the transformative role of Al and
digital technologies in agriculture, especially in enhancing productivity, sustainability,
and resource efficiency (Assimakopoulos et al., 2025; Gikunda, 2024). Precision
agriculture—driven by sensor networks, machine learning, and automation—has
enabled farmers to optimize input use and improve crop yields. Smart greenhouses
represent a focused application of these technologies, offering controlled environments
for intensive crop production. However, much of the existing literature emphasizes
technological feasibility rather than economic viability.

From an economic standpoint, smart greenhouses are characterized by high
upfront capital costs, but also by potentially significant operational savings. Al-Qudah
et al. (2024) highlight the ability of Al algorithms to improve water and fertilizer
efficiency, reducing variable costs over time. Khanna et al. (2024) argue that while
digital technologies may be economically justified in large-scale operations, their
financial appeal to smallholders and SMEs remains limited without targeted policy
support. This raises questions of equity and access in the diffusion of smart agricultural
technologies.

Another key theme in the literature is the role of data availability and analytics
in enabling decision-making. Data-rich environments enhance productivity, but
gathering and processing agricultural data can be cost-prohibitive, especially for SMEs
(Eyeregba et al., 2024). Moreover, compatibility issues between legacy infrastructure
and new Al platforms pose integration challenges (Guevara et al., 2024). These factors
contribute to what lyelolu et al. (2024) describe as a 'digital divide' in Al adoption
across regions and farm sizes.

Policy interventions are increasingly recognized as essential for addressing these
barriers. Studies by Dara et al. (2022) and Saheb & Dehghani (2021) emphasize the
importance of ESG-aligned incentives, digital infrastructure development, and ethical
Al governance in agricultural contexts. However, there is limited research on the
effectiveness of specific economic instruments—such as subsidies, tax relief, or
concessional loans—in enhancing ROI and accelerating adoption. This review seeks
to fill that gap by examining how economic policy can bridge technological and
financial constraints.

In summary, while the literature affirms the agronomic and environmental
potential of Al-driven greenhouses, economic analyses remain fragmented. This
review contributes by synthesizing cost-benefit evidence, evaluating market readiness,
and assessing the alignment of policy instruments with investment viability. In doing
so, it offers a structured economic perspective on smart greenhouse deployment, with
implications for researchers, practitioners, and policymakers.
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METHODOLOGY

This review adopts a structured narrative synthesis methodology, integrating
both qualitative insights and quantitative evidence to evaluate the economic viability
of Al-driven smart greenhouses. The goal is to develop a coherent understanding of
cost structures, return on investment (ROI), market feasibility, and policy implications
associated with these technologies. This approach is particularly suited to
interdisciplinary topics where empirical findings are scattered across technological,
agronomic, and economic domains.

The literature search covered peer-reviewed journal articles, conference
proceedings, industry white papers, and policy reports published between 2010 and
early 2025. Searches were conducted using major academic databases—such as Scopus,
Web of Science, ScienceDirect, JSTOR, and Google Scholar—along with selected
institutional repositories (e.g., FAO, OECD, World Bank, and IFPRI). Key search
terms included: "Al in agriculture," "smart greenhouses," "economic impact of digital
farming,” "agriculture ROI," "adoption barriers in agri-tech,” and "policy incentives
for sustainable farming."” Boolean operators and citation chaining were employed to
ensure breadth and depth.

Inclusion criteria focused on studies that addressed at least one of the following
economic dimensions: capital and operational cost analysis, economic return estimates,
market scalability, policy incentives, or barriers to technology adoption. Studies purely
focused on technical implementation without any economic data or implications were
excluded unless they contributed to broader economic analysis through case
applications. Grey literature, particularly from international development agencies and
agri-tech startups, was included where it offered credible cost-benefit insights or policy
evaluations.

The selected literature was analyzed through a thematic synthesis framework,
organized across five main analytical dimensions:

Cost structures and investment efficiency — examining capital costs, operational
savings, and ROI calculations.

Market viability and scalability — evaluating adoption rates, export potential, and
financial accessibility for SMEs.

Barriers to adoption — including high capital costs, digital illiteracy,
infrastructure deficits, and behavioral resistance.

Policy and subsidy landscape — assessing how economic instruments (e.g.,
subsidies, tax credits, ESG-aligned investments) impact adoption and investment
behavior.

Ethical and institutional considerations — such as data privacy, algorithmic
fairness, and equity in technology access.

To strengthen the economic focus, case studies with quantifiable financial
outcomes were prioritized. Where available, numeric data on input use reduction,
productivity gains, breakeven points, and net present value (NPV) were extracted and
compared. Regional heterogeneity was addressed by categorizing studies into
developed and developing country contexts. Cross-case comparisons were used to
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assess generalizability of findings and to identify context-specific drivers of economic
performance.

This methodological strategy allows for a comprehensive and policy-relevant
synthesis that bridges the gap between agronomic promise and economic practicality.
By grounding the analysis in both theoretical and empirical perspectives from
agricultural economics and innovation policy, the review aims to support more
informed decision-making by policymakers, investors, and development agencies. The
approach also highlights areas for future empirical research, particularly in
underrepresented regions where economic data on digital agriculture remains sparse.

RESULTS

Al-driven smart greenhouses offer compelling economic advantages through
reduced resource use, labor efficiency, and enhanced crop yields, making them
increasingly attractive investments in both developed and developing economies.
Discussion

This review highlights that while Al-driven smart greenhouses present a
compelling technological innovation in agriculture, their economic viability is highly
contingent on contextual factors. The balance between high capital intensity and long-
term operational efficiency creates a differentiated adoption landscape, favoring
commercial and export-oriented producers unless proactive policy measures are
implemented. These dynamics reflect broader patterns of technological diffusion,
capital concentration, and market segmentation commonly observed in emerging
digital sectors.

From an economic theory perspective, the findings suggest that Al-enabled
agriculture—particularly ~ smart  greenhouses—embody both  public  good
characteristics and externalities. Benefits such as resource efficiency, environmental
sustainability, and improved food security are not fully internalized by individual
producers, creating a rationale for policy intervention through subsidies, infrastructure
investment, or regulatory reform. The deployment of targeted economic instruments
can thus address underinvestment and encourage socially optimal adoption.

Importantly, the paper reveals that the economic feasibility of smart greenhouses
Is not a fixed attribute, but rather an outcome shaped by a triad of factors: market
incentives, institutional readiness, and policy architecture. Where supportive
ecosystems exist—featuring access to finance, skilled labor, and digital
infrastructure—Al systems can offer strong returns on investment. In their absence,
even the most promising technologies may remain economically inaccessible. This
underlines the importance of a systems-thinking approach in economic policy design,
where technology, institutions, and behavior are co-optimized.

Furthermore, the evidence synthesized suggests that the benefits of Al adoption
may not be evenly distributed. Without specific safeguards and inclusion strategies,
smaller farms and marginalized regions may be left behind—exacerbating existing
inequalities in access to capital, knowledge, and market opportunities. This has critical
implications for sustainable development policy, requiring subsidy structures and
digital infrastructure strategies that explicitly incorporate equity considerations.
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The review also reveals areas of uncertainty and emerging risk. For instance, the
durability and lifecycle costs of Al hardware in harsh agricultural environments remain
poorly documented. Similarly, data governance and cybersecurity are nascent but
increasingly important dimensions of agricultural digitalization. Future research should
examine how contractual arrangements, platform regulation, and cooperative data
ownership models can shape the economic sustainability of smart farming ecosystems.

In terms of broader macroeconomic impacts, the adoption of smart greenhouses
has the potential to contribute to structural transformation—shifting agricultural
production from low-productivity, labor-intensive systems toward high-efficiency,
knowledge-intensive operations. This transformation could stimulate growth in related
sectors such as software development, renewable energy, sensor manufacturing, and
agricultural finance. However, realizing this potential depends on the strategic
alignment of industrial, environmental, and innovation policy.

IN CONCLUSION

The economic potential of Al-driven smart greenhouses is substantial but
remains highly path-dependent. It requires carefully designed interventions that not
only reduce adoption barriers but also promote inclusive innovation. For policymakers,
the challenge lies not only in accelerating technology adoption but in ensuring that its
benefits are equitably distributed and institutionally embedded. For researchers, future
work should focus on region-specific cost-effectiveness analysis, behavioral adoption
modeling, and the role of governance in shaping digital agriculture markets.

Conclusion. This review has examined the economic case for Al-driven smart
greenhouses through the lenses of cost-efficiency, market viability, and policy design.
While the agronomic and technological dimensions of smart agriculture are well
documented, this paper highlights that the economic feasibility of such systems is more
context-specific and shaped by financial, institutional, and policy environments.

The findings show that smart greenhouses can deliver compelling economic
returns—yparticularly in high-value crop markets and export-oriented contexts—by
reducing input costs, improving labor productivity, and stabilizing yields. However,
high capital requirements and operational complexity present substantial barriers,
especially for smallholder farmers and emerging economies. Addressing these barriers
requires an integrated policy framework that combines targeted subsidies, inclusive
financing mechanisms, capacity-building programs, and investments in rural digital
infrastructure.

Importantly, the analysis underscores that policy interventions must go beyond
generic support and move toward precision targeting: outcome-based subsidies,
cooperative financing models, and incentives tied to ESG outcomes offer more
efficient and equitable pathways to adoption. Similarly, regulatory frameworks on data
governance, Al ethics, and platform interoperability are essential to support sustainable
scaling.

The broader economic potential of smart greenhouses lies not only in their
productivity gains but in their role as catalysts for agricultural transformation. They
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offer a pathway toward climate-smart, tech-enabled, and export-competitive food
systems—provided that the right enabling conditions are in place.

For policymakers, the challenge is to design ecosystems that align private
incentives with public goals. For investors and entrepreneurs, the opportunity lies in
developing scalable, affordable solutions tailored to diverse regional markets. For
researchers, a future agenda includes detailed cost-effectiveness modeling, behavioral
analysis of adoption, and exploration of digital public goods in agriculture.

In conclusion, while Al-powered smart greenhouses are not a universal solution,
they represent a high-potential innovation whose economic viability can be unlocked
through smart policy, inclusive finance, and institutional innovation. Their successful
integration into agri-food systems could significantly reshape the economics of
sustainable agriculture in the 21st century.
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Annotatsiya: Maqgolada fermer xo jaliklarida risklarni boshqarish tizimining
ahamiyati va uning qishlog xo ‘jaligi ishlab chigarish samaradorligiga ta’siri tahlil
qgilinadi. Qishlog xo ‘jaligi faoliyati tabiiy-iqlim sharoitlari, bozor narxlarining
o zgaruvchanligi, moliyaviy chekloviar hamda institutsional omillar bilan
chambarchas bog ‘lig bo ‘lib, bu holatlar yuqori darajadagi risklarni yuzaga keltiradi.
Tadgigot davomida risklarning asosiy turlari aniglanib, ularni boshgarishning
zamonaviy usullari va strategiyalari o ‘rganildi. Shuningdek, risklarni kamaytirishda
diversifikatsiya, sug ‘urta mexanizmlari, innovatsion texnologiyalar va davlat
tomonidan qo ‘llab-quvvatlash choralarining o ‘rni yoritib berildi. Tadqgigot natijalari
fermer xo jaliklarida bargaror rivojlanishni ta’minlash va boshqaruv gqarorlarini
takomillashtirishda amaliy ahamiyatga ega.

Kalit sozi: Qishlog xo aligi risklari; risklarni boshqarish, fermer xo jaliklari;
iqlim o zgarishi,; bozor beqarorligi; diversifikatsiya; sug ‘urta mexanizmlari; moliyaviy
risklar; innovatsion texnologiyalar; risk tahlili.

Annomayua: B cmamve ananusupyemcsi ancHOCMb CUCMEMbl YNPAGIEHUs
pUcKamu 8 CelbCKOM  Xo3ducmee U ee GIuAHUe HA  IpdekmusHocmy
CeNbCKOX03AUCMBEHH020 npouseoocmea. CenbCKoX03AUCMBEHHAs  0esamenbHOCHb
MECHO C8A3AHA C NPUPOOHBIMU U KIUMAMUYECKUMU YCIOBUAMU, B0IAMUTLHOCTIBIO
DbHIHOYHLIX  YeH, (DUHAHCOBLIMU  OSPAHUYEHUAMU U  UHCMUMYYUOHATbHLIMU
Gpaxmopamu, umo cozdaem GvlCOKUU YPOBeHb PUCKOS. B xode uccrnedosanusi Ovliu
onpeoeieHbl OCHOBHbIE B8UObL PUCKOS U U3YHUEeHbl COBPEMEHHbIE MemOoObl U CIMpameuu
ux ynpaenenus. Taxoice Oviia noouepknyma poiv ougepcugurayuu, Mexamuzmos
CMpaxo8anus, UHHOBAYUOHHBIX MEXHONI02UU U Mep 20CYOaAPCMEEHHOU NOOOEPHCKU 8
CHUICeHUU pucko8. Pe3ynomamul ucciedo8anus umeonm npaKkmuyeckoe 3HaveHue 0is
obecneuenuss yCmouduso2o passumus CeibCko20 X03AUCmed U CO8ePUIeHCTNBOBAHUS
VNPABNIeH4ecKUx peuteHull.

Knrouesvie cnoea: CenvckoxossicmeenHvle PUCKU; YAPABIEHUE DPUCKAMU,
cenbcKoe  XO3AUCMB0,  U3MEHeHue  Kiumama,  HeCmaOulbHOCMb  DbIHKA,
ousepcu@uKkayus; MexaHuzmvl Cmpaxosanusl, UHAHCOBbLE PUCKU; UHHOBAYUOHHbIE
MEXHON02UU, AHATU3 PUCKOS.
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Abstract: The article analyzes the importance of the risk management system in
farms and its impact on the efficiency of agricultural production. Agricultural activities
are closely related to natural and climatic conditions, market price volatility, financial
constraints, and institutional factors, which create a high level of risks. During the
study, the main types of risks were identified and modern methods and strategies for
their management were studied. The role of diversification, insurance mechanisms,
innovative technologies, and state support measures in reducing risks was also
highlighted. The results of the study are of practical importance in ensuring
sustainable development in farms and improving management decisions.

Keywords: Agricultural risks; risk management; farms; climate change; market
instability; diversification; insurance mechanisms; financial risks; innovative
technologies; risk analysis.

KIRISH

Qishloq xo°‘jaligi iqtisodiy taragqiyotning eng asosiy tarmogqlaridan biri bo‘lib,
mamlakatning ozig-ovgat xavfsizligi, eksport salohiyati va hududiy ijtimoiy
barqarorligiga bevosita ta’sir ko‘rsatadi. Ushbu soha tabiiy-iglim sharoitlariga kuchli
bog‘ligligi, bozor narxlarining o‘zgaruvchanligi, ishlab chigarish jarayonidagi texnik
va texnologik cheklovlar, mehnat resurslari yetishmovchiligi kabi omillar tufayli
yuqori darajadagi risklarga ega. Shuning uchun fermer xo‘jaliklarida risklarni to‘g‘ri
boshqgarish samaradorlikni oshirish, bargaror ishlab chigarish tizimini shakllantirish
hamda agrar sohada uzoq muddatli rivojlanishni ta’minlashning muhim omili
hisoblanadi. Fermer xo°‘jaliklari faoliyatida risklar ko‘p qirrali bo‘lib, ular ishlab
chigarish, bozor, moliyaviy, institutsional va ekologik risklarga bo‘linadi. Ishlab
chiqarish risklariga hosildorlikning pasayishi, qurg‘oqchilik, ortiqgcha yog‘ingarchilik,
zararkunandalar va kasalliklar kiradi. Bozor risklari esa mahsulot narxining keskin
o‘zgarishi, talabning pasayishi yoki eksport cheklovlari bilan bog‘liq. Moliyaviy
risklar kredit ololmaslik, foiz stavkalarining oshishi yoki likvidlikning yetarli emasligi
orgali namoyon bo‘ladi. Bunday xavfli sharoitlarda fermer xo‘jaliklari o‘z resurslarini
ogilona tagsimlashi, modernizatsiya va texnologik yangiliklarni joriy gilishi, mavjud
bozor imkoniyatlaridan samarali foydalanishi zarur. So‘nggi yillarda global miqyosda
iglim o‘zgarishi qishloq xo‘jaligi ishlab chiqarishidagi eng keskin xavf omillaridan
biriga aylandi. Mutaxassislarning ta’kidlashicha, iglimning isishi, suv tanqisligi,
ekstremal ob-havo hodisalari ko‘payishi hosildorlik bargarorligini xavf ostiga
go‘ymoqda. Bu esa risklarni boshqarish strategiyalarini yanada ilmiy asosda
takomillashtirishni taqozo etadi. Shu nuqgtai nazardan qaraganda, zamonaviy
diversifikatsiya choralari, ragamli monitoring tizimlari, agrotexnik innovatsiyalar,
tomchilatib sug‘orish kabi resurs tejamkor texnologiyalar risklarni sezilarli darajada
kamaytirishi mumkin. Fermer xo‘jaliklarida risklarni boshqarish nafagat ishlab
chigarish barqarorligini ta’minlaydi, balki iqtisodiy foydani oshirish, xarajatlarni
optimallashtirish, bozor sharoitlariga moslashish va qgaror gabul qilish jarayonini
tezlashtirish imkonini beradi. Masalan, diversifikatsiya orqali turli ekinlarni
yetishtirish yoki chorvachilikni qo‘shma rivojlantirish fermer xo‘jaligini bozordagi
narx tebranishlaridan himoyalaydi. Sug‘urta mexanizmlari esa noqulay ob-havo yoki
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tabiiy ofatlar oqibatida ko‘riladigan zararni qisman qoplaydi. Bunday mexanizmlardan
foydalanish agrar tarmoqgning bargarorligini mustahkamlovchi omil sifatida muhim
ahamiyatga ega. Davlat tomonidan risklarni kamaytirishga garatilgan chora-tadbirlar
ham muhim o‘rin tutadi. Agrar sohada kreditlar bo‘yicha imtiyozlar, subsidiyalar,
davlat sug‘urtasi tizimlari, agrologistika markazlarining tashkil etilishi fermer
xo‘jaliklarining xavf sharoitidagi barqarorligini oshirib boradi. Shuningdek, xalgaro
moliya institutlari tomonidan moliyalashtirilayotgan iglimga moslashuv dasturlari,
suvni boshgarish loyihalari va ekologik bargaror texnologiyalarni joriy etish
tashabbuslari risklarni boshqgarishda qo‘shimcha imkoniyatlar yaratmoqda. Ushbu
tadqiqotning dolzarbligi shundan iboratki, O‘zbekiston sharoitida fermer xo‘jaliklarida
risklarni boshgarish bo‘yicha ilmiy asoslangan yondashuvlar hali ham to‘liq
rivojlanmagan. Shuning uchun maqola fermer xo‘jaliklarida risklarning asosiy turlarini
aniqlash, ularni boshgarishning samarali usullarini taklif etish va amaliyotda qo‘llash
mumkin bo‘lgan mexanizmlarni o‘rganishga qaratiladi. Tadqigot natijalari fermer
xo‘jaliklarida barqaror ishlab chiqarishni ta’minlash, iqtisodiy samaradorlikni oshirish
va risklarni kamaytirish sohasida nazariy hamda amaliy asoslarni mustahkamlashga
xizmat giladi.

TADQIQOT METODOLOGIYASI

Ushbu tadqiqot fermer xo°‘jaliklarida risklarni boshqarish tizimini tahlil qilish
va uning ishlab chiqarish samaradorligiga ta’sirini aniqlashga qaratilgan bo‘lib,
tadgiqot jarayonida kompleks ilmiy-uslubiy yondashuvlardan foydalanildi.
Metodologiya nazariy tahlil, empirik kuzatuvlar, taqgoslash, statistik tahlil hamda
mantiqiy umumlashtirish usullariga asoslandi. Tadqiqot dizayni fermer xo‘jaliklari
faoliyatida uchraydigan risk turlarini aniqlash, ularning ta’sir darajasini baholash va
risklarni  kamaytirishga qaratilgan boshgaruv strategiyalarining samaradorligini
o‘rganishga yo‘naltirildi. Tadqiqotning birinchi bosqichida risklarni boshqarish
bo‘yicha mavjud ilmiy adabiyotlar, milliy va xalqaro tajribalar, normativ-huquqiy
hujjatlar tahlil gilindi. Ushbu nazariy tahlil orqali qishloq xo°‘jaligida risk tushunchasi,
risk turlari va ularni boshqarish yondashuvlari aniglashtirildi. Adabiyotlar sharhi
risklarni ishlab chigarish, bozor, moliyaviy, institutsional va ekologik guruhlarga
ajratish imkonini berdi. Bu tasnif tadgigotning keyingi bosgichlarida empirik tahlil
uchun metodologik asos bo‘lib xizmat qildi. Tadqiqotning ikkinchi bosqichida empirik
ma’lumotlar yig‘ish usullari qo‘llanildi. Bunda fermer xo‘jaliklarining ishlab chiqarish
hajmi, ekin turlari, hosildorlik darajasi, xarajatlar tarkibi va daromad ko‘rsatkichlari
bo‘yicha ochiq statistik ma’lumotlar o‘rganildi. Shuningdek, risk omillarining fermer
xo‘jaliklari faoliyatiga ta’sirini aniqlash magsadida so‘rovnoma va kuzatuv usullaridan
foydalanildi. So‘rovnomalar fermerlarning iglim sharoiti, bozor narxlari, moliyaviy
resurslarga kirish imkoniyati va sug‘urta mexanizmlaridan foydalanish darajasi
bo‘yicha fikrlarini aniglashga qaratildi. Uchinchi bosqichda risklarni baholash va tahlil
gilish amalga oshirildi. Risk tahlili ehtimollik va ta’sir darajasi asosida olib borildi.
Bunda har bir risk turi fermer xo‘jaligi faoliyatiga qanchalik salbiy ta’sir ko‘rsatishi
aniglanib, ularning ustuvorlik darajasi belgilandi. Ushbu yondashuv risklarni yugori,
o‘rta va past darajali guruhlarga ajratish imkonini berdi. Natijada fermer xo‘jaliklari
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uchun eng xavfli risklar aniglanib, ularni kamaytirishga garatilgan strategiyalar ishlab
chiqildi. Tadgiqot jarayonida statistik tahlil usullaridan ham foydalanildi. Hosildorlik
va daromad ko‘rsatkichlarining yillik o‘zgarishi risk omillari bilan taqgqoslanib,
ularning o‘zaro bog‘ligligi tahlil qilindi. Tagqoslash usuli orqali risklarni boshqarish
choralarini qo‘llagan fermer xo°‘jaliklari bilan bunday choralarni yetarli darajada
amalga oshirmagan xo‘jaliklar o‘rtasidagi farglar aniglandi. Bu esa risklarni
boshqgarishning iqgtisodiy samaradorligini baholash imkonini berdi. Tadgigotning
to‘rtinchi bosqichida risklarni boshqarish strategiyalarining samaradorligi tahlil qilindi.
Diversifikatsiya, sug‘urta mexanizmlaridan foydalanish, resurs tejamkor
texnologiyalarni joriy etish va moliyaviy rejalashtirish kabi usullarning risklarni
kamaytirishdagi o‘rni baholandi. Har bir strategiya fermer xo‘jaliklarining barqarorligi
va daromadliligiga ta’siri nuqtai nazaridan ko‘rib chiqildi. Ushbu tahlil asosida
risklarni boshqarish bo‘yicha amaliy tavsiyalar ishlab chiqildi. Metodologiyaning
yakuniy bosgichida olingan natijalar umumlashtirildi va mantiqgiy xulosalar chigarildi.
Tadqiqot davomida qo‘llanilgan usullar fermer xo‘jaliklarida risklarni boshqarish
tizimini kompleks baholash imkonini berdi hamda maqolaning keyingi bo‘limlarida
keltiriladigan natijalar va muhokamalar uchun mustahkam ilmiy asos yaratdi. Ushbu
metodologik yondashuv tadgiqot natijalarining ishonchliligi va amaliy ahamiyatini
ta’minlashga xizmat qiladi.

TADQIQOT NATIJALARI

Fermer xo‘jaliklarida uchraydigan asosiy risk turlari, ularning ishlab chiqarish
samaradorligiga ta’siri hamda risklarni boshqarish strategiyalarining iqtisodiy
natijalari tahlil gilinadi. Tadgigot natijalari jadval va diagrammalar asosida tizimli
ravishda bayon etildi.

1-jadval
Fermer xo‘jaliklarida uchraydigan asosiy risk turlari va ularning ta’sir darajasi

Risk turlari Risk manbai Ta’sir darajasi
Ishlab chigarish riski Iglim, kasallik, zararkunanda Yugqori
Bozor riski Narxlarning o‘zgarishi Yuqori
Moliyaviy risk Kredit va I|kV|QI|k O'rta

muammolari

Institutsional risk Qonunchilik va siyosiy omillar O‘rta
Ekologik risk S N Bl e Yugori

degradatsiyasi

Jadval ma’lumotlaridan ko‘rinib turibdiki, fermer xo‘jaliklari faoliyatiga eng
kuchli ta’sir ko‘rsatuvchi risklar ishlab chiqarish, bozor va ekologik risklar
hisoblanadi. Ayniqgsa, iqlim sharoitlari va suv resurslari bilan bog‘liq omillar ishlab
chigarish barqgarorligini izdan chigaruvchi asosiy xavf manbai sifatida namoyon
bo‘lmoqda. Bu holat fermer xo‘jaliklarida risklarni boshqarish strategiyalarini ishlab
chigishda ekologik va iqlimiy omillarga ustuvor ahamiyat berish zarurligini ko‘rsatadi.
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2-jadval

Risklarni boshqarish strategiyalarining fermer xo‘jaliklari daromadiga ta’siri

Boshqgaruv strategiyasi O‘rtacha daromad o‘zgarishi (%)
Diversifikatsiya +18
Sug‘urta mexanizmlaridan foydalanish +12
Resurs tejamkor texnologiyalar +22
Moliyaviy rejalashtirish +10

Ushbu jadvaldan ko‘rinib turibdiki, risklarni boshqarish strategiyalarini
qo‘llagan fermer xo‘jaliklarida daromad sezilarli darajada oshgan. Ayniqgsa, resurs
tejamkor texnologiyalarni joriy etish daromadning 22 foizga oshishiga olib kelgan. Bu
natija innovatsion texnologiyalar risklarni kamaytirish bilan birga ishlab chigarish
samaradorligini ham oshirishini tasdiglaydi. Diversifikatsiya va sug‘urta mexanizmlari
esa bozor va iglim risklariga garshi muhim himoya vositasi sifatida namoyon

bo‘lmoqda.
3-jadval
Risklarni boshqgarish darajasiga qarab fermer xo‘jaliklarining barqarorligi
Risklarni boshqgarish darajasi Hosildorlik bargarorligi
Past Past
O‘rta O‘rta
Yuqori Yugori

Jadval natijalari risklarni boshqgarish darajasi bilan hosildorlik bargarorligi
o‘rtasida bevosita bog‘liglik mavjudligini  ko‘rsatadi. Risklarni samarali
boshqarayotgan fermer xo‘jaliklarida hosildorlik barqarorroq bo‘lib, tashqi salbiy
omillarning ta’siri sezilarli darajada kamaygan. Bu holat risklarni boshqgarish tizimini
mustahkamlash fermer xo‘jaliklarining uzoq muddatli barqgaror rivojlanishini
ta’minlashini isbotlaydi.

1-diagramma
Fermer xo°‘jaliklarida risk turlarining ulushi (%)

Fermer xo'jaliklarida risk turlarining ulushi (%)

Ishlab chigarish
riski 35%

Ekologik riski
20%

Moliyaviy
riski 10%

B Ishlab chigarish riski Bozor riski B Ekologik riski

B Moliyaviy riski [l Institutsional riski
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Diagrammadan ko‘rinib turibdiki, fermer xo‘jaliklarida eng katta ulushni ishlab
chigarish va bozor risklari egallaydi. Bu ikki risk turi umumiy xavflarning 65 foizini
tashkil etadi. Ekologik risklar ham muhim ulushga ega bo‘lib, suv tanqisligi va tuproq
degradatsiyasi bilan bog‘liq muammolar fermer xo‘jaliklari faoliyatiga kuchli ta’sir
ko‘rsatmoqda. Moliyaviy va institutsional risklar nisbatan kamroq ulushga ega bo‘lsa-
da, ular boshqarilmagan tagdirda ishlab chiqarish samaradorligiga jiddiy salbiy ta’sir
ko‘rsatishi mumkin.

Tadqiqot natijalari fermer xo‘jaliklarida risklarni boshqarish ishlab chigarish
barqarorligi va iqtisodiy samaradorlikka sezilarli ta’sir ko‘rsatishini ko‘rsatdi. Avvalo,
ishlab chiqarish risklarining eng yuqori ulushga ega ekani aniglandi. Bu gishloq
xo‘jaligining iglim va ekologik sharoitlarga bevosita bog‘ligligi bilan izohlanadi.
Qurg‘oqchilik, keskin harorat o‘zgarishi va zararkunandalar fermerlar uchun asosiy
xavf bo‘lib qolmoqda. Bozor risklari ulushining yuqoriligi esa narxlarning beqarorligi,
bozor infratuzilmalarining yetarli rivojlanmagani va sotuv kanallari cheklanganligi
bilan bog‘lig. Ekologik risklar suv tanqisligi va tuproq degradatsiyasi tufayli
hosildorlikka kuchli salbiy ta’sir ko‘rsatmoqda. Tadqiqot shuni ko‘rsatdiki, resurs
tejamkor texnologiyalar (tomchilatib sug‘orish, agrotexnik innovatsiyalar) ekologik
risklarni kamaytirishda eng samarali vositalardan biridir. Moliyaviy va institutsional
risklar ulushi nisbatan past bo‘lsa-da, ularning fermer xo‘jaliklari barqarorligiga ta’siri
yetarlicha sezilarli. Aynigsa, sug‘urta tizimidan foydalanish darajasi past bo‘lgani
uchun ko‘plab xo‘jaliklar kutilmagan zararlarni o‘z vaqtida qoplay olmayapti. Jadval
natijalari risklarni boshqgarish strategiyalarini qo‘llagan fermerlarda daromad o‘sishi
yugori ekanini tasdigladi. Resurs tejamkor texnologiyalar 22 foizgacha daromad
oshishini ta’minlagan bo‘lsa, diversifikatsiya va sug‘urta ham barqarorlikni
mustahkamlashga xizmat gilgan. Shuningdek, risklarni boshgarish darajasi yuqori
bo‘lgan xo‘jaliklarda hosildorlikning barqarorligi ham aniq sezilgan. Umuman olganda,
risklarni samarali boshqarish fermer xo‘jaliklarining uzoq muddatli barqaror
rivojlanishining asosiy omillaridan biri ekanini ko‘rsatadi.

XULOSA

Ushbu tadqiqot fermer xo‘jaliklarida risklarni boshqarish tizimi qishloq xo‘jaligi
ishlab chigarishining barqarorligini ta’minlashda ganday ahamiyatga ega ekanini
chuqur yoritib berdi. Olingan natijalar shuni ko‘rsatadiki, fermer xo‘jaliklari eng ko‘p
duch keladigan xavflar — ishlab chigarish, bozor va ekologik risklardir. Bu risklarning
yuqori ulushi qishloq xo‘jaligining tabiiy-iqlim sharoitlariga kuchli bog‘ligligi,
narxlarning bozor kon’yunkturasiga ko‘ra tez o‘zgarishi hamda suv va tuproq resurslari
bilan bog‘lig muammolar mavjudligi bilan izohlanadi. Tadqiqot shuni tasdigladiki,
risklarni samarali boshgarish orqgali hosildorlik va daromad barqgarorligini sezilarli
darajada oshirish mumkin. Xususan, resurs tejamkor texnologiyalarni joriy etish,
diversifikatsiya, sug‘urta mexanizmlaridan foydalanish va moliyaviy rejalashtirish
fermer xo‘jaliklarining umumiy iqtisodiy ko‘rsatkichlariga 1jobiy ta’sir ko‘rsatmoqda.
Jadval va diagramma tahlillari ushbu strategiyalarning natijadorligi bo‘yicha aniq
dalillarni taqdim etdi. Shuningdek, risklarni boshqgarish darajasining yugoriligi
hosildorlik barqarorligi bilan bevosita bog‘liq ekani aniglandi. Bu esa risklarni
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boshqgarish jarayoniga tizimli yondashuv, ilmiy asoslangan garorlar va innovatsion
texnologiyalardan foydalanish zarurligini ko‘rsatadi. Umuman olganda, tadqiqot
natijalari fermer xo‘jaliklarida risklarni boshqarish fagat muammolarni bartaraf etish
vositasi emas, balki ragobatbardoshlikni oshirish, iqgtisodiy barqgarorlikni
mustahkamlash va uzoq muddatli rivojlanishni ta’minlashning asosiy omili ekanini
isbotlaydi.
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Annotatsiya: Maqolada startap loyihalarida marketing menejment
strategiyalarini  shakllantirish masalalari va ularning biznesni bargaror
rivojlantirishdagi ahamiyati tahlil gilinadi. Zamonaviy ragamli iqtisodiyot sharoitida
startaplar kuchli ragobat va cheklangan resurslar bilan faoliyat yuritadi, bu esa
samarali marketing boshgaruvini muhim omilga aylantiradi. Tadgiqotda startaplarda
qo ‘llaniladigan asosiy marketing strategiyalari, jumladan bozorni tahlil qilish,
magsadli auditoriyani aniglash, brendni joylashtirish hamda ragamli marketing
vositalaridan foydalanish masalalari ko ‘rib chigiladi. Shuningdek, startaplarning
mijozlar va investorlarni jalb etishiga yordam beruvchi innovatsion marketing
yondashuvlari o ‘rganiladi. Tadqgiqot natijalari samarali marketing strategiyasi startap
loyihalarining ragobatbardoshligini oshirish va ularning bargaror rivojlanishini
ta’minlashda muhim ahamiyatga ega ekanligini ko ‘rsatadli.

Kalit sozi: Startap, marketing menejmenti, marketing strategiyasi, ragamli
marketing, innovatsion biznes, bozor tahlili.

Annomauusn: B oannoil cmamve paccmampusaromcs 60npocsl hopmuposanus
cmpameem? MApPKemuHe06020 Meneodxncmenma 6 cmapman-npoekmax u ux pojb 6
obecneuenuu ycmouuueo2o pazeumus busneca. B ycinosusx cospemennou yugposoii
IKOHOMUKU cmapmansvl CMAajlKuearonics ¢ 8bICOKO KOHKypeHuued U OcpaHUYEHHbIMU
pecypcamu, umo oOenaem 3PGeKmusHoe YnpasieHue MAPKEeMUHOM BANCHLIM
qbaKn’lOPOM ycnexa. B uccreoosanuu AHAIUIUPYIOMCA OCHOBHbLE MAPKENIUHe06blE
cmpamecuu, UCnojibsyembvle 6 cmapmanax, 6KNIo4asd AdHaAjJIu3 pblHKA, onpedeﬂeyue
yenegol ayoumopuu, nO3UYUOHUPOBAHUe OPeHOAd U UCNOIb308AHUE UHCMPYMEHMO8
yugpposozo mapxkemunea. Ocoboe HUMAaHUE YOeNsIemcs UHHOBAYUOHHBIM HOOX0OAM,
CI’ZOCO5CI716’yIOLL;uM npuejie4eruro Klluermoe u UHBECMOPOE. Pe3yjzbmam bl
uccneoo8aHus nokasslearOni, 4mo cpamMOmHoO pa3pa60maHHaﬂ MAPKEMUHCO06A4
cmpamecusl 3HA4YumeslbHO noebluiaem KOHKypeHWIOCI’ZOCO5HOCWlb u nomenyuai
paseumusl cmapman-npoeKkmaoe.

Knroueegwie cnosa: cmapman, MapKemuHZOGblﬁ MeHea.DfC]l/leHm, MApPKemuHeco6a
cmpamezus, Yughposou mapkemune, UHHOBAYUOHHBIU OU3HeC, AHAIU3 PLIHKA.

Abstract: This article examines the formation of marketing management
strategies in startup projects and their role in ensuring sustainable business
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development. In the modern digital economy, startups face intense competition and
limited resources, which makes effective marketing management crucial for their
success. The study analyzes key marketing strategies used by startups, including
market research, target audience identification, brand positioning, and the use of
digital marketing tools. Particular attention is given to innovative approaches that help
startups attract customers and investors. The results of the study show that a well-
designed marketing strategy significantly increases the competitiveness and growth
potential of startup projects in both local and global markets.

Keywords: startup, marketing management, marketing strategy, digital
marketing, innovative business, market analysis.

KIRISH

So‘nggi yillarda startaplar ko‘plab mamlakatlarda iqtisodiy o‘sish va
innovatsion rivojlanishning muhim omillaridan biriga aylanib bormoqgda. Yangi
texnologiyalarning rivojlanishi, ragamli igtisodiyotning shakllanishi hamda
bozorlarning globallashuvi startap loyihalarining paydo bo‘lishi va rivojlanishi uchun
qulay sharoit yaratmoqda. Startaplar innovatsion mahsulot va xizmatlarni joriy etish,
yangi ish o‘rinlarini yaratish hamda bozor raqobatbardoshligini oshirishda muhim rol
o‘ynaydi. Biroq startap loyihalarining katta qismi rivojlanishning dastlabki
bosgichlarida turli muammolarga duch keladi. Bu muammolarni bartaraf etishda
marketing menejmentining samarali tashkil etilishi muhim ahamiyat kasb etadi.
Marketing menejmenti bozor imkoniyatlarini tahlil gilish, maqgsadli auditoriyani
aniqlash, marketing strategiyalarini ishlab chiqish hamda iste’molchilar uchun qiymat
yaratishga qaratilgan marketing faoliyatini boshqgarish jarayonini o‘z ichiga oladi.
Aynigsa startap loyihalari uchun marketing menejmenti muhim hisoblanadi, chunki
startaplar ko‘pincha cheklangan moliyaviy va inson resurslariga ega bo‘ladi hamda
bozorda allagachon shakllangan kompaniyalar bilan raqgobatlashishga majbur bo‘ladi.
Shu sababli samarali marketing strategiyalarini ishlab chiqish startaplarning barqgaror
rivojlanishi va muvaffagiyatga erishishida muhim omil hisoblanadi. Zamonaviy
ragamli iqtisodiyot sharoitida marketing vositalari va yondashuvlari ham tez
sur’atlarda rivojlanmoqda. Ragamli marketing, ijtimoiy tarmoglar orgali marketing
(SMM), kontent marketing hamda influencer marketing kabi vositalar startaplar uchun
mahsulot va xizmatlarni nisbatan kam xarajat bilan targ‘ib qilish imkoniyatini yaratadi.
Ragamli texnologiyalar yordamida startaplar keng auditoriyaga chiqgish, mijozlar bilan
samarali aloga o‘rnatish hamda bozor talablaridagi o‘zgarishlarga tez moslashish
imkoniyatiga ega bo‘ladi. Shuningdek, startap marketing menejmentining muhim
jihatlaridan biri bu bozorni chuqur tahlil gilish va magsadli auditoriyani aniglashdir.
Iste’molchilarning ehtiyojlari, xatti-harakati va talablarini o‘rganish startap
loyihalariga bozor talabiga mos innovatsion mahsulotlar yaratish imkonini beradi.
Bundan tashqari, brendni to‘g‘ri joylashtirish (positioning) va differensiallash
strategiyalarini qo‘llash startaplarga bozorda o‘ziga xos imidj yaratish hamda raqobat
ustunligiga erishishga yordam beradi.
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TADQIQOT METODOLOGIYASI

Tadgigotda startap loyihalarida marketing menejment strategiyalarini
shakllantirish jarayonini o‘rganish maqsadida bir qator ilmiy tadqiqot usullaridan
foydalanildi. Tadqiqot davomida nazariy va amaliy tahlil usullari qo‘llanildi.
Birinchidan, ilmiy adabiyotlar tahlili usuli qo‘llanildi. Ushbu usul orqali marketing
menejmenti, startap marketingi hamda innovatsion biznesni rivojlantirishga oid ilmiy
magqolalar, monografiyalar va xalqaro tadqiqotlar o‘rganildi. Bu esa marketing
strategiyalarining nazariy asoslarini aniglash hamda startap loyihalarida marketing
menejmentining o‘ziga xos xususiyatlarini tahlil gilish imkonini berdi. Ikkinchidan,
taggoslash (comparative analysis) usulidan foydalanildi. Ushbu usul yordamida turli
startap loyihalarida qo‘llanilayotgan marketing strategiyalari o‘rganildi va ularning
samaradorligi baholandi. Tagqoslash jarayonida ragamli marketing, ijtimoiy tarmoqlar
orqgalt marketing hamda brendni rivojlantirish strategiyalarining o‘ziga xos jihatlari
tahlil qilindi. Shuningdek, tizimli tahlil usuli qo‘llanilib, startap marketing menejmenti
jarayonining asosiy elementlari — bozor tahlili, magsadli auditoriyani aniglash,
marketing strategiyasini ishlab chigish hamda marketing faoliyatini amalga oshirish
bosqichlari o‘rganildi. Bu usul startap loyihalarida marketing strategiyalarini kompleks
tarzda tahlil qgilish imkonini berdi. Tadqiqot jarayonida statistik ma’lumotlardan ham
foydalanildi. Turli xalqaro tashkilotlar va tadqiqot markazlari tomonidan e’lon qilingan
ma’lumotlar asosida startaplarning marketing faoliyati hamda ragamli marketing
vositalarining samaradorligi tahlil gilindi.

Tadgigot davomida startap loyihalarida marketing menejment strategiyalarining
samaradorligini baholash magsadida xalgaro migyosda muvaffagiyatga erishgan bir
nechta startap brendlarining statistik ma’lumotlari tahlil gilindi. Jumladan, Airbnb,
Uber va Spotify kompaniyalarining foydalanuvchilar soni o‘sishi marketing
strategiyalari bilan bog‘liq holda o‘rganildi.

1-diagramma

Airbrib Platform User Growth (Millions) Alrbnb platformaSining 2016—
2022-yillar davomida foydalanuvchilar
180 / soni o‘sishi ko‘rsatilgan. Statistik
- ma’lumotlarga ko‘ra, platforma

A foydalanuvchilari soni 2016-yilda 60
E i milliondan 2022-yilda 200 millionga
8 // yetgan. Bu o‘sish kompaniyaning
i — ragamli marketing, ijtimoiy tarmoqlar
% A reklamalari hamda kontent marketing
ol strategiyalarini faol qo‘llashi bilan
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2-diagramma
Uber Active Users Grouth (Milons) Uber kompaniyasining faol foydalanuvchilari
sonining o°‘sishi tasvirlangan. 2017-yilda 55
: million bo‘lgan foydalanuvchilar soni 2022-yilga
g kelib 150 milliondan oshgan. Ushbu natija
. kompaniyaning agressiv marketing strategiyalari,
mobil ilova reklamalari hamda mijozlar uchun
e bonus tizimlari orgali amalga oshirilgan

marketing siyosati bilan bog‘liq.

2017 2018 2019 rairii] 2021 2022

3-diagramma

Spotify Global Users Growth (Millions) Spotify platformasining global

504 foydalanuvchilari soni o‘sishi
ko‘rsatilgan. 2017-yilda 140 million
bo‘lgan foydalanuvchilar soni 2022-yilda
301 456 millionga yetgan. Bu o‘sishda
ragamli marketing, influencer marketing
va strategik hamkorlik marketingi muhim
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TADQIQOT NATIJALARI

Zamonaviy startaplar marketing menejment strategiyalarini samarali qo‘llash
orgali gisga vaqt ichida katta auditoriyani jalb gilish imkoniyatiga ega bo‘lmoqda.
Diagrammalarda ko‘rsatilgan ma’lumotlar startap kompaniyalarining marketing
faoliyati va foydalanuvchilar sonining ofsishi o‘rtasida bevosita bog‘liglik
mavjudligini  tasdiglaydi.  Birinchi diagrammada Airbnb  platformasining
foydalanuvchilar soni barqaror o°sib borganligi ko‘rinadi. Bu esa kompaniyaning
ragamli marketing va platforma igtisodiyoti modelidan samarali foydalanayotganini
ko‘rsatadi. Airbnb marketing strategiyasi asosan ijtimoiy tarmogqlar, foydalanuvchi
tajribasi marketingi va onlayn platforma reklamasiga asoslangan. Ikkinchi
diagrammada Uber kompaniyasining foydalanuvchilari soni tez sur’atlarda oshgani
kuzatiladi. Bu kompaniyaning agressiv marketing siyosati, mijozlarni rag‘batlantirish
tizimi va mobil ilova marketing strategiyasining samaradorligini ko‘rsatadi. Uber
startap marketingining muvaffaqiyatli modeli sifatida ko‘plab tadqiqotlarda misol
sifatida keltiriladi. Uchinchi diagrammada Spotify platformasining foydalanuvchilar
soni keskin o‘sib borganligi ko‘rinadi. Bu kompaniya kontent marketing,
personalizatsiya algoritmlari va influencer marketing strategiyalaridan samarali
foydalangan. Natijada Spotify gisga vaqt ichida global musigiy streaming bozorining
yetakchi kompaniyalaridan biriga aylandi. Shu sababli zamonaviy startaplar marketing
[®]3:4E W]
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menejment strategiyalarini ishlab chigishda ragamli marketing vositalari, mijozlar
bilan interaktiv aloga va innovatsion marketing yondashuvlaridan foydalanishi zarur.

XULOSA

Startap loyihalarida marketing menejment strategiyalarining muhim
ahamiyatga ega ekanligini ko‘rsatdi. Airbnb, Uber va Spotify kabi startap
kompaniyalarining rivojlanish tajribasi marketing strategiyalarining to‘g‘ri tanlanishi
biznes muvaffagiyatining asosiy omillaridan biri ekanligini tasdiglaydi. Diagrammalar
asosida olib borilgan tahlillar shuni ko‘rsatadiki, ragamli marketing vositalari startap
kompaniyalariga gisga vaqt ichida katta auditoriyani jalb gilish va bozorda mustahkam
o‘rin egallash imkonini beradi. Aynigsa ijtimoiy tarmoqlar marketingi, kontent
marketing va mobil ilova marketingi startaplar uchun eng samarali marketing kanallari
hisoblanadi. Shuningdek, startap loyihalari marketing strategiyalarini ishlab chigishda
bozor tahliliga, magsadli auditoriyani aniglashga va innovatsion marketing
yondashuvlariga alohida e’tibor qaratishi zarur. Bu esa startaplarning
raqobatbardoshligini oshirish hamda ularning barqaror rivojlanishini ta’minlashga
xizmat qiladi. Kelajakda startap marketing menejmenti sohasida ragamli
texnologiyalar, sun’ty intellekt va ma’lumotlarga asoslangan marketing
strategiyalarining roli yanada ortishi kutilmoqda.
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O‘ZBEKISTON HUDUDIDA AQLLI QISHLOQ XO“‘JALIGI
TEXNOLOGIYALARINI TATBIQ ETISH HOLATINING TAHLILI

Ergasheva Maftuna Baxrom qizi
Toshkent davlat agrar universiteti tayanch doktoranti

Annotatsiya: Ushbu maqolada O ‘zbekiston hududida aqlli qgishlog xo ‘jaligi
texnologiyalarini tatbiq etish holati tahlil gilingan. Tadqgiqotda suv tejovchi sug ‘orish
tizimlari, lazerli yer tekislash, dronlar, 10T sensorlari, smart issigxonalar, kosmik
monitoring va ragamli agroplatformalarning agrar ishlab chigarish samaradorligini
oshirishdagi o ‘rni yoritilgan. Shuningdek, aqlli texnologiyalarni joriy etishning kuchli
va zaif tomonlari, mavjud imkoniyatlari hamda ehtimoliy xavf-xatarlari SWOT tahlili
asosida baholangan. Magqgolada O ‘zbekiston sharoitida aqlli qishlog xo ‘jaligini
rivojlantirish uchun suv resurslaridan ogilona foydalanish, fermerlarning ragamli
savodxonligini oshirish, moliyaviy qo ‘llab-quvvatlash mexanizmlarini kuchaytirish va
yagona ragamli agroplatformani shakllantirish zarurligi asoslab berilgan.

Kalit so‘zlar: aqlli qishlog xo jaligi, raqamli texnologiyalar, suv tejovchi
texnologiyalar, tomchilatib sug ‘orish, dronlar, loT sensorlari, smart issigxona, kosmik
monitoring, ragamli agroplatforma.

Auuomauuﬂ: B oannou cmamove NPOAHAJIUIUPOBAHO COCMOsAHUE 6‘H€0peH1/lﬂ
MEeXHONI02Ull YMHO20 CelbCKO20 XO03slcmea Ha meppumopuu Y3bexucmana. B
UCCe008AHUU PACKPLIMA POb 8000COepecaowux cucmem OpoOweHUs, 1a3epHOl
NJIIAHUPOBKU  3€eMEeJlb, 0p0H06, IOT-C@HC‘OpO& VYMHbIX meniuy, KOCMUUYEeCKO2Oo
MOHUMOPpUHEA U YUPPOBLIX acponiam@opm 6 nosvilueHuu 3¢hpexmusHocmu
azpapnozo npouszeoocmea. Taxoce na ocnose SWOT-ananuza oyenenwvl cuibHvie U
crnabvle CNMOPORbL, B603MOIHCHOCMU U NOMEHUUATIbHbLE )cpPO3bl GHe()peHu}Z YMHbBIX
mexnono2ui. B cmamwve obocrosana neobxooumocms PAUUOHATIBHO20 UCNOIb306AHUA
BOOHbLIX PeCcypcos, NOBblUEHUs YUPDPOBOU 2PAMOMHOCIU (pepmepos, YCUNEHUs.
MEXaHUusMo8 (QUHAHCOBOU NOO0EPIUCKU U  DOpMUPOBAHUSL eOUHOU YUPpPosol
azponniam@opmvl Ol paA3gUmMUsL YMHO20 CENbCKO20 XO3AUCMBA 8 YCA08USIX
Y36exucmanua.

Knroueevie cnosa: YMHOe celbCKoe XOSﬂﬁCWlGO, m@poebze mexHoJiocuu,
8000cOepezarowe MmexHolo2UU, KaneibHoe opouteHue, oponsl, loT-cencopul, ymHas
menauya, KOCMUYeCKUull MOHUMopuHe, yughposas azponiamagopma.

Abstract: This article analyzes the current state of implementing smart
agriculture technologies in Uzbekistan. The study examines the role of water-saving
irrigation systems, laser land leveling, drones, loT sensors, smart greenhouses,
satellite monitoring, and digital agro-platforms in improving the efficiency of
agricultural production. The strengths, weaknesses, opportunities, and potential
threats of smart technology implementation are also assessed through SWOT analysis.
The article substantiates the need for rational use of water resources, improvement of
farmers’ digital literacy, strengthening of financial support mechanisms, and
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development of a unified digital agro-platform for advancing smart agriculture in
Uzbekistan.

Keywords: smart agriculture, digital technologies, water-saving technologies,
drip irrigation, drones, 10T sensors, smart greenhouse, satellite monitoring, digital
agro-platform.

KIRISH

Bugungi globallashuv, raqamli transformatsiya va iqlim o‘zgarishlari sharoitida
qishlog xofjaligi tarmog‘ini innovatsion asosda rivojlantirish, ishlab chiqarish
jarayonlariga zamonaviy ragamli texnologiyalarni joriy etish hamda mavjud
resurslardan samarali foydalanish masalalari tobora dolzarb ahamiyat kasb etmoqda.
Jahon amaliyotida “aqlli qishloq xo‘jaligi” texnologiyalari qishloq xo‘jaligi ishlab
chigarishida samaradorlikni oshirish, suv, yer, energiya va mehnat resurslaridan
ogilona foydalanish, mahsulot yetishtirish jarayonlarini real vagt rejimida kuzatish
hamda ekologik bargarorlikni ta’minlashning muhim vositasi sifatida namoyon
bo‘lmoqda.

Aqlli qishlog xo‘jaligi texnologiyalari deganda sun’iy intellekt, masofadan
zondlash, dronlar, GPS/GIS texnologiyalari, IoT qurilmalari, aqlli sug‘orish tizimlari,
sensorlar, ragamli monitoring platformalari va katta ma’lumotlar tahliliga asoslangan
boshgaruv yechimlari tushuniladi. Ushbu texnologiyalar fermer xo*jaliklari, klasterlar
va agrofirmalarga ekin maydonlari holatini kuzatish, tuprog namligini aniglash, suv
sarfini optimallashtirish, kasallik va zararkunandalarni erta aniglash, hosildorlikni
prognozlash hamda ishlab chigarish xarajatlarini kamaytirish imkonini beradi. Shu
jihatdan aqglli qishloq xo°jaligi texnologiyalari an’anaviy agrar boshqaruvdan raqamli,
aniq ma’lumotlarga asoslangan va samaradorlikka yo‘naltirilgan boshqgaruv tizimiga
o‘tishning muhim omili hisoblanadi.

O‘zbekiston iqtisodiyotida qishloq xo‘jaligi strategik ahamiyatga ega
tarmoglardan biri bo‘lib, 0zig-ovqat xavfsizligini ta’minlash, aholi bandligini oshirish,
eksport salohiyatini kengaytirish va hududiy rivojlanishni jadallashtirishda muhim
o‘rin tutadi. Rasmiy statistik ma’lumotlarga ko‘ra, 2025-yil yanvar—dekabr oylarida
O‘zbekiston Respublikasida qishlog, o‘rmon va baliq xo‘jaligi mahsulotlari hamda
xizmatlari hajmi 538 919,7 mlrd so‘mni tashkil etib, 2024-yilning mos davriga nisbatan
104,4 foizga o‘sgan [1]. Mazkur ko‘rsatkich qishloq xo‘jaligi tarmog‘ining
igtisodiyotdagi salmog‘i yuqoriligini, shuningdek, ushbu sohada ishlab chiqarish
samaradorligini oshirishga garatilgan zamonaviy texnologik yechimlarga ehtiyoj ortib
borayotganini ko‘rsatadi.

O‘zbekiston hududida aqlli qishlogq xo‘jaligi texnologiyalarini tatbiq etish
zarurati bir necha omillar bilan izohlanadi. Avvalo, mamlakatda suv resurslaridan
samarali foydalanish masalasi dolzarb bo‘lib, aynigsa sug‘oriladigan yer maydonlarida
suv tejovchi va aqlli sug‘orish texnologiyalarini keng joriy etish muhim ahamiyatga
ega. lkkinchidan, iqlim o‘zgarishi, tuproq unumdorligining pasayishi, ayrim
hududlarda sho‘rlanish va degradatsiya jarayonlari qishloq xo‘jaligida aniq monitoring,
tezkor tahlil va ilmiy asoslangan garorlar gabul gilish zaruratini kuchaytirmoqda.
Uchinchidan, qishloq xo‘jaligi mahsulotlari yetishtirishda raqobatbardoshlikni oshirish,
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eksportbop mahsulotlar hajmini ko‘paytirish va xalqaro sifat talablariga mos ishlab
chiqarishni yo‘lga qo‘yish ragamli texnologiyalarni keng qo‘llashni talab etadi.

Shu bilan birga, aqglli qishloq xo‘jaligi texnologiyalarini tatbiq etish holatini
tahlil qilish nafagat texnologik yangilanish darajasini baholash, balki mavjud
muammolar, hududiy tafovutlar, infratuzilmaviy cheklovlar, fermer xo‘jaliklarining
raqamli savodxonligi, moliyaviy imkoniyatlar va institutsional qo‘llab-quvvatlash
mexanizmlarini aniglash imkonini beradi. Chunki aglli texnologiyalarni joriy etish
jarayoni fagat texnik vositalarni xarid gilish bilan cheklanmaydi, balki ularni samarali
boshqarish, ma’lumotlarni qayta ishlash, malakali kadrlar tayyorlash, raqamli
infratuzilmani rivojlantirish va innovatsion ekotizimni shakllantirish bilan bevosita
bog‘liqdir.

ADABIYOTLAR TAHLILI

So‘nggi yillarda aqlli qishloq xo‘jaligi texnologiyalari agrar sohani
modernizatsiya qilish, resurslardan samarali foydalanish, hosildorlikni oshirish va
iglim o‘zgarishlari ta’sirini yumshatishda muhim vosita sifatida qaralmoqda. Ushbu
texnologiyalarning ilmiy tadgigotlar va amaliyotda keng qo‘llanilishi xalgaro ilmiy
jamoatchilik tomonidan atroflicha o‘rganilgan. Aqlli qishloq xo‘jaligi texnologiyalari
tarkibida sun’iy intellekt, buyumlar interneti, katta ma’lumotlar, masofadan zondlash,
GPS/GIS tizimlari, dronlar, aqlli sensorlar va avtomatlashtirilgan sug‘orish tizimlari
alohida o‘rin egallaydi. Mazkur tadqiqotlar aqlli qishloq xo‘jaligi texnologiyalarining
ishlab chigarish samaradorligini oshirish, suv va yer resurslaridan ogilona foydalanish,
ekinlar holatini real vaqt rejimida monitoring qilish hamda fermer xo‘jaliklarida
ma’lumotlarga asoslangan qarorlar gqabul qilishdagi ahamiyatini ko‘rsatib beradi.

Tadgigotchi S.Wolfert va uning hammualliflari tomonidan amalga oshirilgan
“Big Data in Smart Farming — A review” nomli tadqiqotda aqlli gishloq xo‘jaligida
katta ma’lumotlardan foydalanish imkoniyatlari keng tahlil qilingan. Mualliflar katta
ma’lumotlar faqat ishlab chiqarish jarayonlarini boshqarish bilangina cheklanmasdan,
balki butun ozig-ovgat ta’minot zanjiriga ta’sir ko‘rsatishini asoslab berganlar.
Tadqiqot natijalariga ko‘ra, katta ma’lumotlar texnologiyalari fermer xo‘jaliklari, agrar
korxonalar va ta’minot zanjiri ishtirokchilari o‘rtasida axborot almashinuvini
yaxshilaydi, qaror qabul qilish jarayonini tezlashtiradi va ishlab chigarish
samaradorligini oshirishga xizmat qgiladi [2].

A.Tzounis, N.Katsoulas, T.Bartzanas va C.Kittas tomonidan olib borilgan
“Internet of Things in agriculture, recent advances and future challenges” nomli
tadqiqotda qishloq xo‘jaligida buyumlar interneti texnologiyalarining qo‘llanish
imkoniyatlari yoritilgan. Mualliflar 10T texnologiyalari yordamida issigxonalar, ekin
maydonlari, sug‘orish tizimlari va tuproq holatini masofadan nazorat qilish imkoniyati
kengayishini ta’kidlaydilar. Tadgiqotda aqlli sensorlar, simsiz tarmoglar va
avtomatlashtirilgan nazorat tizimlari fermerlarga real vaqt rejimida ma’lumot olish,
suv sarfini kamaytirish va ekinlar parvarishini aniq boshgarish imkonini berishi
ko‘rsatib o‘tilgan [3].

K.G.Liakos va hammualliflari tomonidan e’lon qilingan “Machine Learning in
Agriculture: A Review” nomli maqolada mashinaviy o‘rganish texnologiyalarining

O30
219

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

qishloq xo‘jaligi ishlab chiqarish tizimlaridagi o‘rni tahlil gilingan. Tadqiqotchilar
mashinaviy o‘rganish usullari hosildorlikni prognozlash, kasallik va zararkunandalarni
aniglash, tuproq xususiyatlarini baholash, sug‘orish jarayonlarini optimallashtirish
hamda mahsulot sifatini nazorat qilishda samarali qo‘llanishini asoslab berganlar.
Ularning fikricha, mashinaviy o‘rganish algoritmlari agrar sohada an’anaviy tajribaga
asoslangan boshgaruvdan ma’lumotlarga tayangan aniq qarorlar qabul qilish tizimiga
o‘tish imkonini beradi [4].

A.Kamilaris va F.X.Prenafeta-Boldu tomonidan olib borilgan “Deep Learning
in Agriculture: A Survey” nomli tadgiqotda chuqur o‘rganish texnologiyalarining
qishloq xo‘jaligidagi amaliy qo‘llanilishi keng yoritilgan. Mualliflar 40 ta ilmiy
tadqiqotni tahlil qilgan holda, chuqur o‘rganish texnologiyalari asosan o‘simlik
kasalliklarini aniglash, begona o‘tlarni tasniflash, hosildorlikni baholash, meva va
sabzavotlar sifatini aniglash hamda masofadan olingan tasvirlarni gayta ishlashda
yugqori natija berishini ko‘rsatganlar. Ushbu tadqiqot aqlli qishloq xo‘jaligida sun’iy
intellektning, aynigsa tasvirlarni tahlil gilish va avtomatik diagnostika jarayonlaridagi
imkoniyatlarini ochib beradi [5].

A.Soussi, E.Zero, R.Sacile, D.Trinchero va M.Fossa tomonidan tayyorlangan
“Smart Sensors and Smart Data for Precision Agriculture: A Review” nomli tadqiqotda
aqlli sensorlar va aqlli ma’lumotlarning aniq qishloq xo‘jaligidagi o‘rni tahlil gilingan.
Tadqiqotda sensorlar, IoT, katta ma’lumotlar tahlili va sun’iy intellekt
texnologiyalarining integratsiyasi ekinlarni boshqarish, suv, o‘g‘it va pestitsidlardan
ogilona foydalanish, hosildorlikni oshirish va ekologik ta’sirni kamaytirishda muhim
ahamiyat kasb etishi ko‘rsatib berilgan. Mualliflar aqlli sensorlar zamonaviy qishloq
x0‘jaligida ma’lumotlar oqimini shakllantirish va fermer qarorlarini ilmiy asoslashning
muhim vositasiga aylanayotganini ta’kidlaydilar [6].

FAO tomonidan ilgari surilgan “Digital Agriculture and Al Innovation”
yondashuvlarida ragamli qishloq xo‘jaligi va sun’iy intellekt agrar-0zig-ovgat
tizimlarini transformatsiya qilishning muhim yo‘nalishi sifatida talgin etiladi. FAO
ma’lumotlariga ko‘ra, raqamli texnologiyalar va sun’iy intellekt aniq dehqonchilik,
iglimga mos qishloq xo‘jaligi, ta’minot zanjirlarini optimallashtirish va bozorga kirish
imkoniyatlarini kengaytirish orgali agrar tizimlarni samaraliroq, bargarorrog va
chidamliroq qilishga xizmat qiladi. Bu yondashuv O‘zbekiston sharoitida ham raqamli
agrotexnologiyalarni fermer xo‘jaliklari, klasterlar va hududiy agrar boshqaruv
tizimlariga joriy etish zarurligini ko‘rsatadi [7].

O‘zbekiston sharoitida aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etishda suv
resurslaridan samarali foydalanish masalasi alohida ahamiyatga ega. Jahon bankining
2025-yil 21-maydagi ma’lumotiga ko‘ra, O‘zbekistonda irrigatsiya va drenaj
infratuzilmasini modernizatsiya qilish hamda sug‘orish xizmatlari sifatini yaxshilash
uchun 200 min AQSH dollari miqdorida imtiyozli kredit ajratilgan. Mazkur loyiha
doirasida suv yo‘qotishlarini kamaytirish, irrigatsiya tizimlarining energiya
samaradorligini oshirish va gishlog xo‘jaligida suvdan foydalanish samaradorligini
kuchaytirish nazarda tutilgan. Ushbu holat aqlli sug‘orish, sensorli monitoring,
SCADA tizimlari va suv sarfini ragamli nazorat qilish texnologiyalarining O‘zbekiston
agrar sektori uchun dolzarbligini tasdiglaydi [8].
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FAOning O‘zbekistondagi Digital Villages Initiative dasturi doirasida ham qishloq
joylarda raqamli texnologiyalarni joriy etish bo‘yicha muhim tashabbuslar amalga
oshirilmoqda. Xususan, Farg‘ona vodiysidagi Novkent va Yuksalish gishloglari smart
Issigxona texnologiyalari, raqgamli ko‘nikmalar va bozorga chiqish imkoniyatlarini
kengaytirish bo‘yicha pilot hududlar sifatida ko‘rsatilgan. FAO ma’lumotlarida
O‘zbekiston qishloq xo‘jaligida suv tanqisligi, qishloq xo‘jaligi texnikalarining
yetishmasligi va shahar-qishloq o‘rtasidagi raqamli tafovutni qisqartirish kabi
muammolar mavjudligi qayd etiladi. Bu esa aqlli qishloq xo‘jaligi texnologiyalarini
joriy etish fagat texnologik jarayon emas, balki institutsional, infratuzilmaviy va
Ijtimoiy yondashuvlarni ham talab etishini ko‘rsatadi [9].

Yugqoridagi tadqiqotlar shuni ko‘rsatadiki, aqlli qishloq xo‘jaligi texnologiyalari
zamonaviy agrar rivojlanishning muhim yo‘nalishlaridan biri hisoblanadi. Xalgaro
ilmiy adabiyotlarda IoT, sun’iy intellekt, katta ma’lumotlar, aqglli sensorlar va
masofadan zondlash texnologiyalarining qishloq xo°jaligi samaradorligini oshirishdagi
o‘rni keng asoslangan. O‘zbekiston sharoitida esa mazkur texnologiyalarni tatbiq etish
suv resurslaridan ogilona foydalanish, hosildorlikni oshirish, hududlar kesimida agrar
salohiyatni rivojlantirish, fermer xo‘jaliklarida ragamli boshqgaruvni yo‘lga qo‘yish va
gishlog joylarda innovatsion infratuzilmani shakllantirish nuqtayi nazaridan alohida
dolzarb ahamiyatga ega.

METODOLOGIYA

O‘zbekiston hududida aglli qishloq xo‘jaligi texnologiyalarini tatbiq etish
holatini tahlil gilishda tizimli tahlil, statistik tahlil, giyosiy tahlil, SWOT tahlil hamda
indikatorli baholash metodlaridan foydalanish magsadga muvofiqg hisoblanadi. Ushbu
metodlar aglli gishloq xo‘jaligi texnologiyalarining mavjud joriy etilish darajasi,
hududiy xususiyatlari, resurslardan foydalanish samaradorligi, institutsional shart-
sharoitlari va rivojlanish istigbollarini kompleks baholash imkonini beradi.

Tizimli tahlil metodi aglli gishloq xo‘jaligi texnologiyalarini alohida texnik
vositalar majmui sifatida emas, balki qishloq xo‘jaligi ishlab chiqarishi, raqamli
infratuzilma, suv resurslari, fermer xo‘jaliklari, agroklasterlar, investitsion
imkoniyatlar, kadrlar salohiyati va davlat qo‘llab-quvvatlashi bilan bog‘liq yaxlit tizim
sifatida o‘rganishga xizmat qiladi. Ushbu metod yordamida aqlli sug‘orish tizimlari,
sensorlar, dronlar, GPS/GIS texnologiyalari, masofadan monitoring qilish
platformalari va ma’lumotlarga asoslangan boshqaruv mexanizmlarining agrar ishlab
chigarish jarayonidagi o‘rni aniqlanadi.

Statistik tahlil metodi O‘zbekiston qishloq xo‘jaligida aqlli texnologiyalarni
joriy etish zaruratini miqdoriy ko‘rsatkichlar asosida asoslash imkonini beradi. Ushbu
metod orgali gishloq xo°‘jaligi mahsulotlari hajmi, ekin maydonlari, hosildorlik darajasi,
suv tejovchi texnologiyalar joriy etilgan maydonlar, qishloq xo‘jaligiga yo‘naltirilgan
investitsiyalar, texnik va raqgamli infratuzilma bilan ta’minlanganlik kabi ko‘rsatkichlar
tahlil gilinadi. Statistik tahlil natijalari aqlli qishloq xo‘jaligi texnologiyalarini tatbiq
etish holatini real ragamlar asosida baholashga xizmat giladi.

Qiyosiy tahlil metodi aqlli qishloq xo°‘jaligi texnologiyalarining an’anaviy agrar
boshgaruv usullaridan farqli jihatlarini aniqlashda qo‘llaniladi. Ushbu metod
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yordamida an’anaviy dehqonchilik va ragamli texnologiyalarga asoslangan
dehgonchilik yondashuvlari suv sarfi, mehnat unumdorligi, hosildorlik, ishlab
chigarish xarajatlari, agrotexnik tadbirlarni bajarish aniqligi va garor gabul qgilish
tezligi kabi mezonlar bo‘yicha tagqoslanadi. Shuningdek, hududlar kesimida aqlli
texnologiyalarni joriy etish darajasidagi tafovutlarni aniglashda ham giyosiy tahlil
muhim ahamiyatga ega.

SWOT tahlil metodi O°zbekiston sharoitida aqlli qishloq xo‘jaligi
texnologiyalarini tatbiqg etishning kuchli tomonlari, zaif jihatlari, mavjud imkoniyatlari
va ehtimoliy xavf-xatarlarini aniglash uchun qo‘llaniladi. Ushbu metod yordamida suv
tejovchi texnologiyalarni kengaytirish, davlat tomonidan agrar sohani modernizatsiya
gilishga garatilgan islohotlar, agroklasterlar faoliyati va ragamli texnologiyalar
bozorining rivojlanishi kuchli jihatlar hamda imkoniyatlar sifatida baholanadi. Shu
bilan birga, texnologiyalarning yuqori giymati, fermer xo‘jaliklarining moliyaviy
imkoniyatlari cheklanganligi, ragamli savodxonlik darajasidagi tafovutlar va ayrim
hududlarda internet infratuzilmasining yetarli emasligi zaif jihatlar hamda xavf
omillari sifatida tahlil gilinadi.

Indikatorli baholash metodi aqlli gishloq xo‘jaligi texnologiyalarini tatbiq etish
darajasini kompleks baholash imkonini beradi. Ushbu metod asosida ragamli
infratuzilma, suv tejovchi texnologiyalar ulushi, fermer xo‘jaliklarining innovatsion
faolligi, investitsion imkoniyatlar, texnik ta’minot, kadrlar salohiyati va davlat qo‘llab-
quvvatlashi kabi indikatorlar tanlab olinadi. Mazkur indikatorlar asosida hududlar yoki
xo‘jalik subyektlarining aqlli qishloq xo‘jaligi texnologiyalarini joriy etishga
tayyorgarlik darajasi baholanadi.

Yugqoridagi metodlardan foydalanish O°‘zbekiston hududida aqlli qishloq
xo‘jaligi texnologiyalarini tatbiq etish holatini kompleks tahlil qilish, mavjud
muammolarni aniglash, hududiy tafovutlarni baholash hamda texnologiyalarni keng
joriy etish bo‘yicha ilmiy asoslangan takliflar ishlab chigish imkonini beradi. Mazkur
metodologik yondashuv aqlli qishloq xo°jaligi texnologiyalarining nafaqat texnologik,
balki igtisodiy, institutsional, infratuzilmaviy va hududiy jihatlarini ham gamrab olishi
bilan ahamiyatlidir.

MUHOKAMA VA NATIJALAR

So‘nggi yillarda jahon qishloq xo‘jaligida ragamli transformatsiya jarayonlari
keskin jadallashib, aqlli qishloq xo‘jaligi texnologiyalari agrar ishlab chiqarish
samaradorligini oshirishning muhim omiliga aylanmoqda. Xususan, sun’iy intellekt,
buyumlar interneti, masofadan zondlash, dronlar, GPS/GIS tizimlari, aglli sensorlar,
avtomatlashtirilgan sug‘orish tizimlari va katta ma’lumotlar tahlili asosida fermer
xo‘jaliklarida qaror qabul qilish jarayonlari ragamlashtirilmoqda. Bunday
texnologiyalar ishlab chiqarish xarajatlarini kamaytirish, suv va o‘g‘it sarfini
optimallashtirish, hosildorlikni prognozlash, ekinlar kasalliklarini erta aniglash hamda
agrar ishlab chigarishning ekologik bargarorligini oshirishga xizmat gilmoqda.

Jahon bozorida aqlli qishloq xo‘jaligi texnologiyalariga talabning ortib
borayotgani ushbu yo‘nalishning igtisodiy ahamiyatini ham tasdiqlaydi. Xalgaro bozor
tahlillariga ko‘ra, global aqlli qishloq xo‘jaligi bozori 2024-yilda 25,36 mlrd AQSH
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dollarini tashkil etgan bo‘lsa, 2025-yilda 28,51 mlrd AQSH dollariga yetishi
kutilmogda. 2025-2033-yillar davomida mazkur bozorning o‘rtacha yillik o‘sish
sur’ati 14,6 foiz bo‘lishi va 2033-yilga kelib 83,72 mird AQSH dollariga yetishi
prognoz gilinmogda [10]. Bu holat dunyo miqyosida an’anaviy agrar ishlab
chigarishdan raqamli va ma’lumotlarga asoslangan qishloq xo‘jaligi boshgaruviga
o‘tish jarayoni kuchayayotganini ko‘rsatadi.

Aqlli gishloq xo‘jaligi texnologiyalarining jadal rivojlanishiga bir necha omillar
ta’sir ko‘rsatmoqda. Birinchidan, global oziq-ovqat xavfsizligini ta’minlash zarurati
ishlab chigarish samaradorligini oshirishni talab gilmoqda. Ikkinchidan, suv tanqisligi,
iglim o‘zgarishi, tuproq degradatsiyasi va ekin maydonlarining cheklanganligi
resurslardan ogilona foydalanishni dolzarb masalaga aylantirmoqda. Uchinchidan,
zamonaviy iste’mol bozorlari mahsulot sifati, xavfsizligi va kuzatuvchanligi bo‘yicha
yugqori talablarni ilgari surmoqda. Shu bois rivojlangan mamlakatlarda aqglli sug‘orish,
smart greenhouse, aniq dehqgonchilik, avtomatlashtirilgan monitoring va ragamli
ta’minot zanjirlari qishloq xo‘jaligining asosiy rivojlanish yo‘nalishlaridan biriga
aylanmoqda.

O‘zbekiston sharoitida ham aqlli qishloq xo‘jaligi texnologiyalarini joriy etish
zarurati agrar sohaning iqtisodiyotdagi o‘rni, suv resurslariga yuqori bog‘liglik,
hududiy iqlim farqglari va qishloq xo‘jaligi ishlab chigarishini modernizatsiya qilish
chtiyoji bilan bevosita bog‘liq. Rasmiy statistik ma’lumotlarga ko‘ra, 2025-yil yanvar—
dekabr oylarida O‘zbekiston Respublikasida gqishlog, o‘rmon va baliq xo‘jaligi
mahsulotlari hamda xizmatlari hajmi 538 919,7 mlrd so‘mni tashkil etib, 2024-yilning
mos davriga nisbatan 104,4 foizga o‘sgan [11]. Ushbu ko‘rsatkich gishloq xo‘jaligi
tarmog‘ining iqtisodiyotdagi muhim o‘rnini hamda uning samaradorligini oshirish
uchun innovatsion va ragamli texnologiyalarni keng joriy etish zarurligini ko‘rsatadi.

O‘zbekistonda aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etishda eng muhim
yo‘nalishlardan biri suv resurslaridan samarali foydalanish hisoblanadi. Jahon banki
ma’lumotlariga ko‘ra, O‘zbekistonda qishloq xo‘jaligi mamlakat YalMi va
bandligining qariyb 25 foizini shakllantiradi, shu bilan birga, mamlakat suv
iste’molining taxminan 90 foizi agrar sohaga to‘g‘ri keladi [12]. Bu holat aqlli
sug‘orish tizimlari, tuproq namligini aniglovchi sensorlar, suv sarfini real vaqt rejimida
kuzatuvchi ragamli platformalar va irrigatsiya tizimlarini avtomatlashtirish
texnologiyalarini joriy etishning amaliy zaruratini kuchaytiradi.

Suv resurslari bilan bog‘liq xavflar O‘zbekiston uchun uzoq muddatli strategik
masala hisoblanadi. Jahon banki baholashlariga ko‘ra, iqlim o‘zgarishi ta’sirida
O‘zbekistonda suv mavjudligi 30—40 foizga kamayishi, sug‘orishga bo‘lgan talab esa
25 foizga ortishi mumkin [13]. Bundan tashqari, mamlakatda gariyb 2,4 min gektar
qishloq xo‘jaligi yeri, ya’ni sug‘oriladigan maydonlarning 56 foizi nasoslar orqgali suv
bilan ta’minlanadi. Irrigatsiyada foydalaniladigan 1700 ta nasos stansiyasi yiliga 7,2
mird kVt-soat elektr energiyasini iste’mol qiladi, bu esa mamlakat elektr energiyasi
iste’molining qariyb 16 foiziga teng. Ushbu ragamlar aqglli suv boshqaruvi, energiya
tejamkor nasos stansiyalari, ragamli monitoring va avtomatlashtirilgan irrigatsiya
tizimlarini joriy etish agrar soha samaradorligini oshirishning muhim sharti ekanini
ko‘rsatadi.
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O‘zbekistonda suv tejovchi texnologiyalarni kengaytirish bo‘yicha maqsadli chora-
tadbirlar amalga oshirilmogda. 2030-yilga qadar mamlakatda 2 min gektar maydonda
suv tejovchi sug‘orish tizimlarini joriy etish, irrigatsiya kanallarini modernizatsiya
gilish va nasos stansiyalarini energiya tejamkor texnologiyalar bilan almashtirish
rejalashtirilgan [14]. Bu yo‘nalish aqlli gishloq xo‘jaligi texnologiyalarini tatbiq etish
uchun muhim infratuzilmaviy asos yaratadi. Aynigsa, tomchilatib sug‘orish,
yomg‘irlatib sug‘orish, diskret sug‘orish, lazerli yer tekislash va suv sarfini raqamli
nazorat qilish texnologiyalari O‘zbekistonning sug‘oriladigan dehqonchilik tizimi
uchun muhim ahamiyatga ega.

O‘zbekiston hududlarida aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etish
bo‘yicha ayrim amaliy tashabbuslar ham shakllanmogda. FAOning Digital Villages
Initiative dasturi doirasida Farg‘ona vodiysida raqamli gishloqglar, smart issigxonalar
va fermerlarning ragamli ko‘nikmalarini rivojlantirishga qaratilgan loyihalar amalga
oshirilmoqda. FAO ma’lumotlariga ko‘ra, O‘zbekistonda Digital Villages Initiative
gishlog joylarida ragamli tafovutni qisqartirish, fermerlarni ragamli va agro-
tadbirkorlik ko‘nikmalari bilan ta’minlash hamda qishloq xo‘jaligida innovatsion
yechimlarni qo‘llab-quvvatlashga qaratilgan. Bu holat aqlli qishloq xo‘jaligi
texnologiyalarini fagat yirik agroklasterlarda emas, balki kichik fermer va dehqon
xo‘jaliklari darajasida ham bosgichma-bosqich joriy etish imkoniyati mavjudligini
ko‘rsatadi.

Tahlillar shuni ko‘rsatadiki, O‘zbekiston hududida aqlli qishloq xo‘jaligi
texnologiyalarini joriy etish holati hali to‘liq tizimli tus olmagan bo‘lsa-da, ushbu
yo‘nalishda muhim institutsional va texnologik asoslar shakllanmoqda. Bir tomondan,
davlat tomonidan suv tejovchi texnologiyalar, irrigatsiya tizimlarini modernizatsiya
qilish, raqamli platformalar va agroinnovatsiyalarni qo‘llab-quvvatlash bo‘yicha
dasturlar amalga oshirilmoqda. Ikkinchi tomondan, fermer xo‘jaliklari va
agroklasterlarda ragamli monitoring, aqlli sug‘orish, issigxona avtomatik boshgaruvi,
dronlardan foydalanish va masofadan kuzatuv kabi texnologiyalarni keng joriy etish
uchun moliyaviy, texnik va kadrlar bilan bog‘liq cheklovlar saglanib qolmoqda.

Aqlli qishlog xo‘jaligi texnologiyalarini tatbiq etish jarayonida asosiy
muammolardan biri hududlar o‘rtasidagi ragamli infratuzilma va texnologik
tayyorgarlik darajasidagi tafovutlar hisoblanadi. Internet sifati, sensor va monitoring
uskunalarining narxi, fermerlarning ragamli savodxonligi, servis xizmatlari mavjudligi,
texnologiyalarni moliyalashtirish mexanizmlari hamda ma’lumotlarni tahlil qilish
bo‘yicha mutaxassislar yetishmasligi aqglli texnologiyalarni ommalashtirishga ta’sir
ko‘rsatmoqda. Shu sababli aqlli qishloq xo‘jaligini rivojlantirishda faqat texnik
vositalarni xarid qilish emas, balki ragamli ekotizim, servis infratuzilmasi, o‘quv
markazlari, subsidiyalar, imtiyozli kreditlar va amaliy konsalting xizmatlarini
birgalikda rivojlantirish zarur.

O‘zbekiston qishloq xo‘jaligida aqlli texnologiyalarni tatbiq etish jarayoni
so‘nggi yillarda alohida yo‘nalish sifatida shakllanmoqda. Ushbu jarayon, bir
tomondan, suv tanqisligi, iqlim o‘zgarishi, tuproq unumdorligini saglash va
hosildorlikni oshirish kabi dolzarb muammolar bilan bog‘liq bo‘lsa, ikkinchi tomondan,
agrar boshgaruvni ragamlashtirish, ekin maydonlari holatini masofadan monitoring
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qgilish, fermerlar uchun ragamli xizmatlar yaratish va resurslardan tejamkor foydalanish
ehtiyoji bilan izohlanadi. O‘zbekiston tajribasida aqlli qishloq xo‘jaligi texnologiyalari
asosan suv tejovchi sug‘orish tizimlari, IoT sensorlari, smart issigxonalar, dronlar,
sun’iy intellekt, kosmik monitoring, raqamli xaritalar, avtomatlashtirilgan texnikalar
va integratsion platformalar ko‘rinishida namoyon bo‘lmoqda.

O‘zbekistonda aqlli qishloq xo‘jaligi texnologiyalarining qo‘llanish yo‘nalishlari

QISHLOQ XO‘JALIGIDAG]I

va qamrov ko‘rsatkichlari[15]
TATBIQ ETILAYOTGAN

2025-YIL YOKI MAVJUD OCHIQ

Ne QO‘LLANISH YO‘NALISHI AQLLI TEXNOLOGIYA MA’LUMOT BO‘YICHA QAMROV ULUSHI/FOIZI
2025-yilda joriy
gilingan jami
1 Suv resurslarini tejash va Tomchilatib sug‘orish 2025-yilda 103,2 ming gektarda suv tejovchi
aniq sug‘orish texnologiyasi joriy gilingan texnologiyalar
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Sug‘orish jarayonlarini Diskret sug‘orish 2025-yilda 13,7 ming gektarda
3 - . . Lo 1,7%
tartibli boshgarish texnologiyasi joriy gilingan
4 Egati?étﬁgzﬁﬁgf suv Egiluvchan quvurlar 2025-yilda 74 ming gektarda joriy 9.1 %
optimallashtirish orqali sug‘orish gilingan
5 An’anaviy sug‘orishni Egatga plyonka to‘shab 2025-yilda 49 ming gektarda joriy 6.0 %
takomillashtirish sug‘orish gilingan A
Yer resurslarini tayyorlash . .
6 va suvdan foydalanish Lazerli yer tekislash 2025-yilda 546 ming gektarda 66,8 %
N amalga oshirilgan
samaradorligi
. L Qishloq xo‘jaligida 100 dan ortiq Umumiy
5y maydonl_arln_l Dronlar va UAV dron ekin monitoringi va maydon
7 masofadan monitoring - . . . L .
- texnologiyalari agrotexnik tadbirlar uchun kesimida rasmiy
qilish . : ; :
ishlatilmoqda foiz berilmagan
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Monitoring
gilingan yer
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10 Yer va suv resurslarini Kosmik monitoring va ~ monitoring gilingan, 60 ta yirik suv ~ gamrovga ega,
masofadan kuzatish aerokosmik ma’lumotlar ombori batimetrik tahlildan lekin umumiy
o‘tkazilgan agrar maydonga
nisbatan rasmiy
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Platformalar
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QISHLOQ XO‘JALIGIDAGI  TATBIQ ETILAYOTGAN 2025-YIL YOKI MAVJUD OCHIQ
QO‘LLANISH YO‘NALISHI AQLLI TEXNOLOGIYA MA’LUMOT BO‘YICHA QAMROV
Toshkent viloyati Yangiyo‘l Pilot loyiha;
tumanida haydovchisiz boshgaruv ommaviy foizli
texnikasi dala sharoitida sinovdan ~ gamrov mavjud
o‘tkazilgan emas

ULUSHI / FOIZI

Haydovchisiz
boshqariladigan aglli
texnika va AGV

Dala ishlarini

- avtomatlashtirish

Jadval ma’lumotlari shuni ko‘rsatadiki, O‘zbekistonda aqlli qishloq xo‘jaligi
texnologiyalari ichida eng yugori amaliy gamrov suv tejovchi texnologiyalar bilan
bog‘liq. 2025-yilda jami 817,2 ming gektar maydonda suv tejovchi texnologiyalar joriy
gilingan bo‘lib, ushbu tarkibda eng katta ulush lazerli yer tekislashga to‘g‘ri keladi —
546 ming gektar yoki 66,8 foiz. Bu holat O‘zbekiston qishloq xo‘jaligida aqlli
texnologiyalarning dastlabki keng ko‘lamli tatbiqi avvalo suvdan foydalanish
samaradorligini oshirish, sug‘orish jarayonini optimallashtirish va yer maydonlarini
texnologik jihatdan tayyorlash bilan bog‘liq ekanligini ko‘rsatadi.

Tomchilatib sug‘orish 103,2 ming gektarda joriy qilingan bo‘lib, jami suv
tejovchi texnologiyalar tarkibida 12,6 foizni tashkil etadi. Ushbu ko‘rsatkich
tomchilatib sug‘orish texnologiyasi hali umumiy tarkibda nisbatan kichik ulushga ega
bo‘lsa-da, uning suvni bevosita o‘simlik ildiziga yetkazish, suv sarfini kamaytirish va
hosildorlikni bargarorlashtirishdagi ahamiyati yuqori ekanini ko‘rsatadi. Yomg‘irlatib
sug‘orish, diskret sug‘orish, egiluvchan quvurlar va egatga plyonka to‘shab sug‘orish
texnologiyalari esa suv tejashning turli agrotexnik shakllari sifatida ekin turi,
hududning iglim sharoiti va sug‘orish tizimi xususiyatlariga qarab qo‘llanilmoqda.

Dronlar, 10T sensorlari, smart issigxonalar, kosmik monitoring va haydovchisiz
boshqariladigan texnikalar esa O‘zbekistonda hozircha ko‘proq innovatsion va pilot
bosgichda rivojlanmoqda. Biroq ularning ahamiyati shundaki, ushbu texnologiyalar
qishloq xo‘jaligida an’anaviy kuzatuv va tajribaga asoslangan boshqaruvdan real vaqt
rejimidagi ma’lumotlar, masofaviy monitoring va avtomatlashtirilgan garor gabul
qilish tizimiga o‘tish imkonini beradi. Masalan, 100 dan ortiq dronning ekin
monitoringi va agrotexnik vazifalarda qo‘llanilishi kelgusida dala ishlarini tezlashtirish
zararkunandalarga qarshi kurashish va o‘g‘itlash jarayonlarini aniq boshqarish
imkoniyatini kengaytiradi.

Umuman olganda, O‘zbekiston qishloq xo‘jaligida aqlli texnologiyalarni tatbiq
etishning hozirgi bosgichi ikki asosiy xususiyat bilan ajralib turadi. Birinchidan, keng
qamrovli texnologik tatbiq asosan suv tejovchi sug‘orish va yerlarni lazerli tekislash
yo‘nalishida kuzatilmoqda. Ikkinchidan, dronlar, 10T sensorlari, smart issigxonalar,
kosmik monitoring va avtomatlashtirilgan texnikalar kabi yuqori ragamli
texnologiyalar bosgichma-bosqich sinovdan o‘tkazilmoqda va ayrim hududlarda
amaliyotga Kiritilmogda. Kelgusida ushbu texnologiyalarni kengaytirish uchun
hududlar kesimida ragamli infratuzilmani rivojlantirish, fermerlarning texnologik
savodxonligini  oshirish, servis  xizmatlarini yo‘lga qo‘yish va aqlli
agrotexnologiyalarni moliyalashtirish mexanizmlarini kuchaytirish muhim ahamiyat
kash etadi.

O‘zbekiston hududida aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etish
holatini baholashda SWOT tahlilidan foydalanish mazkur jarayonning ichki
imkoniyatlari va cheklovlarini, shuningdek, tashqi muhitdan kelib chigadigan
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rivojlanish imkoniyatlari hamda xavf-xatarlarni tizimli aniglash imkonini beradi. Aqglli
qishloq xo‘jaligi texnologiyalari O‘zbekiston sharoitida, avvalo, suv resurslaridan
samarali foydalanish, ekin maydonlarini masofadan monitoring qilish, agrotexnik
tadbirlarni aniq rejalashtirish, hosildorlikni oshirish va qishloq xo‘jaligi ishlab
chiqarishida resurs tejamkorlikni ta’minlash bilan bog‘liq.

Tahlillar shuni ko‘rsatadiki, mamlakatda suv tejovchi texnologiyalar, lazerli yer
tekislash, dronlardan foydalanish, kosmik monitoring, 10T sensorlari, smart
issigxonalar va raqgamli agroplatformalarni joriy etish bo‘yicha dastlabki institutsional
va amaliy asoslar shakllangan. Shu bilan birga, mazkur texnologiyalarni barcha
hududlarda bir xil darajada keng tatbiq etish uchun moliyaviy, infratuzilmaviy, kadrlar,
servis xizmatlari va raqamli savodxonlik bilan bog‘liq muammolar mavjud. Shuning
uchun SWOT tahlili aqlli qishloq xo‘jaligi texnologiyalarini kengaytirish bo‘yicha

strategik ustuvorliklarni belgilashda muhim amaliy ahamiyatga ega.

O‘zbekiston hududida aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etish
bo‘yicha SWOT tahlili

SWOT. Asosiy jihatlar Izoh
elementi
Qishloq xo‘jaligi ozig-ovqat xavfsizligi, bandlik, eksport va
Qishloq xo‘jaligining milliy hududiy rivojlanishda muhim tarmoq hisoblanadi. Shu sababli
igtisodiyotdagi yuqori ahamiyati aqlli texnologiyalarni joriy etish igtisodiy jihatdan zarur va
strategik ahamiyatga ega.
. . . Tomchilatib sug‘orish, yomg‘irlatib sug‘orish, diskret sug‘orish,
Suv tejovchi texnologiyalar . : . . o
i Y egiluvchan quvurlar va lazerli yer tekislash texnologiyalarining
bo‘yicha amaliy tajribaning o1 et . . .
. . qo‘llanilishi aqlli agrotexnologiyalar uchun muhim asos
Kuchli shakllangani
tomonlar yaratmoqda.

Zaif tomonlar

Imkoniyatlar

Davlat tomonidan
ragamlashtirish va resurs
tejamkorlikka e’tibor
kuchaygani

Agroklasterlar va yirik fermer
xo‘jaliklarining mavjudligi

Aqglli texnologiyalarning yuqori
xarajat talab qilishi

Fermerlarning ragamli
savodxonligi va texnik
ko‘nikmalari yetarli emasligi
Ayrim hududlarda internet va
ragamli infratuzilmaning
cheklanganligi
Texnik servis va maslahat
xizmatlarining yetarli
rivojlanmagani
Suv tangisligi sharoitida resurs
tejamkor texnologiyalarga
talabning ortishi
Xalgaro tashkilotlar va xorijiy
investorlar bilan hamkorlik
imkoniyatlari
Kosmik monitoring, dronlar va

Qishloq xo‘jaligida suvdan foydalanish samaradorligini oshirish,
ragamli boshgaruv, kosmik monitoring va integratsion
platformalar bo‘yicha tashabbuslarning mavjudligi texnologik
yangilanishni rag‘batlantiradi.

Yirik xo‘jalik subyektlari zamonaviy texnologiyalarni joriy etish,
xarajatlarni qoplash va texnologik tajribalarni kengaytirishda
nisbatan yugori imkoniyatga ega.

Sensorlar, dronlar, avtomatlashtirilgan sug‘orish tizimlari, smart
issigxonalar va ragamli monitoring vositalari ko‘plab kichik
fermer xo‘jaliklari uchun moliyaviy jihatdan qimmat
hisoblanadi.

Aglli texnologiyalarni samarali ishlatish uchun nafaqgat texnika,
balki uni boshqarish, ma’lumotlarni tahlil qilish va natijaga
asoslangan garor qabul qilish ko‘nikmalari zarur.
loT sensorlari, masofaviy monitoring, ragamli platformalar va
mobil ilovalar samarali ishlashi uchun bargaror aloga va ragamli
infratuzilma zarur.

Aqglli texnologiyalarni joriy etishda uskunalarni o‘rnatish,
sozlash, ta’mirlash va doimiy texnik qo‘llab-quvvatlash tizimi
muhim ahamiyatga ega.

O‘zbekiston sharoitida suv resurslaridan samarali foydalanish
muhim masala bo‘lib, aqlli sug‘orish va suv monitoringi
texnologiyalariga ehtiyoj oshib bormoqda.

FAOQ, Jahon banki va boshga xalgaro tashkilotlar bilan hamkorlik
aqlli gishloq xo°jaligi texnologiyalarini moliyalashtirish, tajriba
almashish va pilot loyihalarni kengaytirish imkonini beradi.
Masofadan monitoring qilish texnologiyalari yer va suv
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SWOT. Asosiy jihatlar Izoh
elementi
sun’iy intellekt texnologiyalarini resurslari holatini aniglash, ekinlar rivojlanishini kuzatish va
kengaytirish agrotexnik tadbirlarni optimallashtirish imkonini beradi.
Hududlar kesimida “aqlli Texnologik tayyorgarligi yuqori hududlarda pilot loyihalarni
agrohududlar”ni shakllantirish kengaytirish orgali bosgichma-bosqich aqlli gishloq xo‘jaligi
imkoniyati klasterlarini shakllantirish mumkin.
Iqlim o‘zgarishi va suv Suv taqchilligi, qurg‘oqchilik, tuproq degradatsiyasi va
resurslari tangisligining sho‘rlanish aqlli texnologiyalar joriy etilmasa, agrar ishlab
kuchayishi chigarish samaradorligiga salbiy ta’sir ko‘rsatishi mumkin.
Dronlar, sensorlar, avtomatlashtirilgan tizimlar va dasturiy
Texnologiyalarga garamlik va mahsulotlarning katta gismi import gilinadigan bo‘lsa, narx,
import uskunalarga bog‘liglik servis va ehtiyot qismlar bo‘yicha tashqi bog‘liqlik kuchayishi
Tahdidlar mumekin.

Yirik agroklasterlar texnologiyalardan tez foydalanishi, kichik
fermerlar esa moliyaviy va texnik cheklovlar sabab ortda qolishi
mumkin.

Ragamli platformalar, sensorlar va monitoring tizimlarida
ma’lumotlar xavfsizligi, tizimlarning uzluksiz ishlashi va axborot
ishonchliligini ta’minlash muhim masala bo‘lib qoladi.

Ragamli tafovutning
chuqurlashishi

Ma’lumotlar xavfsizligi va
boshgaruvdagi uzilishlar

SWOT tahlili natijalari shuni ko‘rsatadiki, O‘zbekistonda aqlli qishloq xo‘jaligi
texnologiyalarini joriy etish uchun muhim ichki salohiyat mavjud. Aynigsa, gishloq
xo0‘jaligining iqtisodiyotdagi o‘rni, suv tejovchi texnologiyalarni joriy etish bo‘yicha
shakllangan tajriba, davlat tomonidan ragamlashtirishga e’tiborning kuchayishi va
xalqaro hamkorlik imkoniyatlari bu jarayonning rivojlanishiga ijobiy ta’sir ko‘rsatadi.
Shu bilan birga, texnologiyalarning yuqgori qiymati, fermerlarning ragamli
ko‘nikmalari yetarli emasligi, internet infratuzilmasidagi hududiy tafovutlar va servis
xizmatlarining cheklanganligi aqlli qishloq xo‘jaligi texnologiyalarini keng joriy
etishda asosiy to‘siglar sifatida namoyon bo‘lmoqda.

Mazkur tahlil asosida aytish mumkinki, O‘zbekiston sharoitida aglli gishloq
xo‘jaligini rivojlantirishda eng magbul strategik yo‘nalish bosqichma-bosqgich joriy
etish, ya’ni avvalo suv tejovchi texnologiyalar, lazerli yer tekislash, ragamli monitoring
va dronlardan foydalanish kabi amaliy samarasi tez ko‘rinadigan texnologiyalarni
kengaytirishdan iborat bo‘lishi lozim. Keyingi bosqichda esa [oT sensorlari, sun’iy
intellektga asoslangan hosildorlik prognozlari, smart issigxonalar, avtomatlashtirilgan
texnika va yagona ragamli agroplatformalarni rivojlantirish magsadga muvofigdir.

XULOSA VA TAKLIFLAR

O‘zbekiston hududida aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etish
holatini tahlil qilish natijalari shuni ko‘rsatadiki, mamlakat agrar sektorida raqgamli va
resurs tejamkor texnologiyalarni joriy etish jarayoni bosgichma-bosgich
rivojlanmoqda. Xususan, suv tejovchi sug‘orish texnologiyalari, lazerli yer tekislash,
dronlar, kosmik monitoring, 10T sensorlari, smart issigxonalar va ragamli
agroplatformalar qishloq xo‘jaligida samaradorlikni oshirishga xizmat giluvchi muhim
texnologik yo‘nalishlar sifatida shakllanmoqda.

Tahlillar shuni  ko‘rsatadiki, O‘zbekistonda aqlli qishloq xofjaligi
texnologiyalarining eng faol tatbiq etilayotgan yo‘nalishi suv resurslarini tejash va
sug‘orish samaradorligini oshirish bilan bog‘liq. Bu holat mamlakat qishloq
x0‘jaligining sug‘oriladigan yerlar va suv resurslariga yuqori darajada bog‘liqligi bilan
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izohlanadi. Tomchilatib, yomg‘irlatib va diskret sug‘orish, egiluvchan quvurlar orqali
sug‘orish, egatga plyonka to‘shab sug‘orish hamda lazerli yer tekislash
texnologiyalarining kengayib borayotgani suvdan foydalanish samaradorligini oshirish
va hosildorlikni bargarorlashtirishda muhim ahamiyat kasb etmoqda.

Shu bilan birga, dronlar, IoT sensorlari, smart issigxonalar, sun’iy intellekt,
kosmik monitoring va avtomatlashtirilgan texnika kabi yugori ragamli texnologiyalar
hali barcha hududlarda bir xil darajada ommalashmagan. Ular ko*proq pilot loyihalar,
alohida hududiy tashabbuslar va yirik xo‘jalik subyektlari darajasida joriy etilmoqda.
Bu esa kelgusida ushbu texnologiyalarni kengaytirish uchun moliyaviy qo‘llab-
quvvatlash, texnik servis, kadrlar tayyorlash va ragamli infratuzilmani rivojlantirish
zarurligini ko ‘rsatadi.

SWOT tahlili natijalari asosida aniglanishicha, O‘zbekiston aqlli gishloq
xo0°‘jaligi texnologiyalarini joriy etish bo‘yicha muhim imkoniyatlarga ega. Jumladan,
davlat tomonidan agrar sohani modernizatsiya gilishga garatilgan islohotlar, suv
tejovchi texnologiyalar bo‘yicha amaliy tajriba, xalgaro hamkorlik loyihalari va
ragamli agroplatformalarni shakllantirish tashabbuslari ushbu jarayonning kuchli
tomonlari hisoblanadi. Birog texnologiyalarning yuqori giymati, kichik fermer
xo‘jaliklarining moliyaviy imkoniyatlari cheklanganligi, raqamli savodxonlik
darajasidagi tafovutlar va servis infratuzilmasining yetarli rivojlanmagani asosiy zaif
jihatlar sifatida saglanib golmoqgda.

Magola natijalari asosida quyidagi ilmiy-amaliy takliflarni ilgari surish mumkin:

1. Hududlar kesimida aqlli gishloq xo°jaligi texnologiyalarini joriy etish darajasini
baholovchi indikatorlar tizimini ishlab chigish zarur. Bunda har bir hudud
bo‘yicha suv tejovchi texnologiyalar ulushi, ragamli infratuzilma holati, dron va
sensorlardan foydalanish darajasi, fermerlarning ragamli savodxonligi, texnik
servis mavjudligi va investitsion imkoniyatlar alohida baholanishi magsadga
muvofiq. Mazkur indikatorlar hududlar o‘rtasidagi tafovutlarni aniglash va
manzilli qo‘llab-quvvatlash choralarini ishlab chigishga xizmat giladi.

2. Suv tejovchi va aqlli sug‘orish texnologiyalarini joriy etishni ustuvor yo‘nalish
sifatida kengaytirish lozim. O‘zbekiston sharoitida suv resurslari cheklanganligi
sababli tomchilatib sug‘orish, yomg‘irlatib sug‘orish, diskret sug‘orish, tuproq
namligini o‘lchovchi sensorlar va suv sarfini real vaqgt rejimida nazorat giluvchi
raqamli tizimlarni keng qo‘llash muhim ahamiyatga ega. Bu suv sarfini
kamaytirish, hosildorlikni barqarorlashtirish va iqlim o‘zgarishi sharoitida agrar
ishlab chigarish xavfsizligini ta’minlashga yordam beradi.

3.Fermer va agroklasterlar uchun ragamli savodxonlik hamda aglli
texnologiyalarni boshqarish bo‘yicha amaliy o‘quv dasturlarini yo‘lga qo‘yish
kerak. Aqlli gqishloq xo°‘jaligi texnologiyalarining samarali ishlashi faqat texnika
va uskunalar mavjudligiga emas, balki ulardan foydalanadigan
mutaxassislarning bilim va ko‘nikmalariga ham bog‘liq. Shu sababli hududlarda
fermerlar, agronomlar, suv xo‘jaligi mutaxassislari va agroklaster xodimlari
uchun IoT sensorlari, dronlar, raqgamli xaritalar, smart sug‘orish va
ma’lumotlarga asoslangan qaror qabul qilish bo‘yicha gisqa muddatli o‘quv
kurslarini tashkil etish zarur.
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4.Dronlar, 10T sensorlari, smart issigxonalar va avtomatlashtirilgan
agrotexnikalarni joriy etish uchun imtiyozli moliyalashtirish mexanizmlarini
kuchaytirish magsadga muvofiq. Ushbu texnologiyalarning narxi nisbatan
yuqori bo‘lgani sababli kichik fermer xo°jaliklari ularni mustaqil xarid qilishda
giyinchiliklarga duch keladi. Shu bois aglli agrotexnologiyalar uchun imtiyozli
kreditlar, lizing, subsidiya, davlat-xususiy sheriklik va kooperatsiya asosida
foydalanish mexanizmlarini kengaytirish lozim.

5. Qishloq xo‘jaligi ma’lumotlarini yagona raqamli agroplatformada integratsiya
gilish zarur. Yer, suv, ekin, hosildorlik, subsidiyalar, kreditlar, texnika,
agroxizmatlar va bozor narxlari bo‘yicha ma’lumotlarning yagona platformada
jamlanishi fermerlar, davlat organlari, ilmiy muassasalar va investorlar uchun
tezkor, shaffof va ishonchli axborot mubhitini yaratadi. Bunday platforma aqlli
qishloq xo‘jaligi texnologiyalarini keng joriy etish, resurslardan foydalanish
samaradorligini nazorat qgilish va strategik garorlarni dalillarga asoslangan holda
gabul gilish imkonini beradi.

Umuman olganda, aqlli qishloq xo‘jaligi texnologiyalarini tatbiq etish
O‘zbekiston agrar sektorini ragobatbardosh, resurs tejamkor, ekologik bargaror va
innovatsion rivojlanish yo‘liga olib chiqishning muhim omillaridan biridir. Mazkur
texnologiyalarni tizimli va bosgichma-bosgqich joriy etish orqali gishloq xo‘jaligida suv
va yer resurslaridan foydalanish samaradorligini oshirish, hosildorlikni ko‘paytirish,
ishlab chiqarish xarajatlarini kamaytirish, fermer xo‘jaliklarining raqamli salohiyatini
kuchaytirish hamda mamlakat ozig-ovgat xavfsizligini mustahkamlash imkoniyati
kengayadi.
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STUDYING INTERNATIONAL BUSINESS MANAGEMENT PRACTICES
THROUGH THE GERMAN EXPERIENCE: THE CASE OF THE
“PARTNERING IN BUSINESS WITH GERMANY” PROGRAM
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Abstract. This article analyzes the academic and practical experience gained
through participation in the “Partnering in Business with Germany” program, with a
particular focus on international business management. The program was conducted
in a hybrid format from February to April, followed by an in-person study visit to
Germany from April 6 to April 24. The study applies a qualitative research design
based on structured observation, reflective analysis, comparative interpretation, and
thematic grouping of management practices observed during company visits, training
sessions, networking activities, and institutional meetings. Special attention is given to
the methodology and results of the study by identifying how German business practices
reflect strategic planning, quality management, operational efficiency, innovation,
sustainability, and intercultural cooperation. The findings suggest that the German
experience provides valuable lessons for developing entrepreneurship, agribusiness,
education-business cooperation, and innovation-oriented management practices in
Uzbekistan.

Keywords: international business management, Germany, strategic
management, methodology, business cooperation, innovation, agribusiness,
intercultural communication, sustainability.

Annotatsiya. Mazkur maqgolada “Partnering in Business with Germany
dasturida ishtirok etish orgali olingan ilmiy-amaliy tajriba xalgaro biznes menejmenti
nuqtayi nazaridan tahlil qgilinadi. Dastur fevral-aprel oylarida gibrid shaklda,
Germaniyadagi bevosita tashrif esa 6-24-aprel kunlari davomida amalga oshirilgan.
Tadgiqotda sifat yondashuvi, strukturali kuzatuv, reflektiv tahlil, giyosiy talgin va
tematik guruhlash usullaridan foydalanildi. Kompaniya tashriflari, treninglar, tarmoq
alogalari va institutsional uchrashuvlar asosida Germaniya biznes amaliyotlaridagi
strategik rejalashtirish, sifat menejmenti, operatsion samaradorlik, innovatsiya,
bargarorlik va madaniyatlararo hamkorlik masalalari o ‘rganildi.

Kalit so‘zlar: xalgaro biznes menejmenti, Germaniya, strategik boshgaruv,
metodologiya, biznes hamkorlik, innovatsiya, agrobiznes, madaniyatlararo
kommunikatsiya, bargaror rivojlanish.

Aunomauyusn. B Oannoll cmamve AHANUZUPYEMCS — AKAOEMUYeCKUl U
NPAKMUYeCcKUuli Onvlm, NOJIYYeHHbIU 8 pamMKax yyacmus 8 npozpamme “‘Partnering in
Business with Germany”, ¢ akyeHmom HA MeHCOYHAPOOHbIU OU3HEC-MEeHeONCMEHM.
IIpoepamma npoxoouna 6 cubpuonom gopmame c gpespans no anpeivb, a OUHbIU GUIUM
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6 I 'epmanuto cocmosncs ¢ 6 no 24 anpens. B uccredosanuu npumenén kauecmeeHHbulil
Nn00X00, OCHOBAHHDBILL HA CIMPYKIMYPUPOBAHHOM HAOIIOOEHUU, PehieKCUBHOM aHAU3e,
CPABHUMENbHOU UHMEPRpemayuu U Mmemamuieckol cpynnuposKe YnpasieHUecKux
NPAKMUK, U3YYEHHbIX 60 6pPeMs BU3UMOB8 6 KOMNAHUU, MPEHUH208, Cemesbix
Meponpusmul. U UHCMUMYYUOHATbHbIX 6cmped. (Ocoboe GHUMAHUE YOeNeHO
Memooono2uu U pe3yIbmamam  UCCIe008aHUsL,  BKIIOUASL  CIMPAMeSUecKoe
NIIAGHUPOBAHUe, YNPABLEHUE KAYeCMBOM, ONePaAYUOHHYIO I(DHeKmusHoCcmy, UHHOBAYUU,
ycmoudugoe pazgumue U MedcKyibmypHoe compyOHU4ecmaso.

Knioueevie cnoea: medxcoynapooHvlil OusHec-meneddcmenm, I epmanus,
cmpamezuieckoe ynpasieHue, Memooonocus, 0el080e COmpyOHULecmeo, UHHOBAYUL,
azpobu3Hec, MeHCKYIbMYPHAsL KOMMYHUKAYUs, YCMOoUu4ugoe pazeumue.

I. INTRODUCTION

In the context of globalization, international business management has become
one of the key areas of economic development, entrepreneurship, and institutional
transformation. Companies increasingly operate beyond national borders, interact with
foreign partners, adopt international standards, and develop management systems that
respond to global competition. Therefore, the practical study of international business
environments is highly important for researchers, students, entrepreneurs, and
policymakers.

Germany is widely recognized as one of Europe’s leading economies and a
global center of industrial development, technological innovation, quality management,
and export-oriented business. German companies are often associated with long-term
strategic planning, operational discipline, strong organizational culture, sustainability,
and cooperation between education, industry, and public institutions. These features
make Germany an important case for studying international business management in
practice.

The “Partnering in Business with Germany” program provided an opportunity
to examine these issues from both academic and practical perspectives. The program
was organized in a hybrid format from February to April, followed by an in-person
visit to Germany from April 6 to April 24. During the program, participants engaged
in company Vvisits, training sessions, reflection meetings, networking events, and
cultural activities. These activities allowed participants to observe how German
organizations manage business processes, develop partnerships, implement innovation,
and communicate across cultural and institutional boundaries.

The relevance of this study is connected with the growing need to strengthen
international business competence in Uzbekistan. As the country seeks to expand
entrepreneurship, agribusiness, export potential, innovation, and international
cooperation, the study of advanced business management practices becomes
increasingly important. From this perspective, the German experience offers practical
lessons that may support the development of competitive and sustainable business
models in Uzbekistan.
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Il. LITERATURE REVIEW

International business management has been widely discussed in academic
literature. Porter’s theory of competitive advantage emphasizes that national and firm-
level success in international markets depends on innovation, productivity, quality, and
the ability to build efficient business systems. This approach is relevant to the German
business model, where industrial competitiveness is closely connected with innovation,
skills development, and systematic management.

Hofstede’s cultural dimensions theory highlights the importance of
understanding cultural differences in international business. Organizations operating
internationally must consider different communication styles, decision-making
traditions, attitudes toward hierarchy, time management, and cooperation. In this sense,
intercultural competence is an essential element of international business management.
Modern studies also show that international business management is not limited to
market entry and profit generation. It increasingly includes sustainability, corporate
responsibility, innovation, knowledge transfer, and long-term value -creation.
Companies are expected to balance economic performance with social and
environmental considerations. German business practice is often associated with this
broader understanding of management, particularly through its emphasis on quality,
efficiency, technical competence, and responsible production.

In the context of emerging economies, international business management is
especially important for strengthening entrepreneurship, attracting investment,
Improving export competitiveness, and developing human capital. For Uzbekistan, the
study of international management practices can contribute to the modernization of
business education, the development of agribusiness, and the growth of innovation-
driven enterprises.

I1l. RESEARCH METHODOLOGY
This article applies a qualitative research methodology because the main objective is
to interpret practical management experience rather than measure a single numerical
indicator. The research is based on the author’s participation in the “Partnering in
Business with Germany” program. The program consisted of two stages: a hybrid
preparatory and learning phase from February to April, and an in-person study visit to
Germany from April 6 to April 24. This two-stage structure made it possible to
combine theoretical preparation with direct observation of real business practices.

The empirical basis of the research includes observations collected during
company visits, institutional meetings, training sessions, reflection discussions,
networking events, and cultural learning activities. During these activities, attention
was paid to how German organizations plan operations, communicate with partners,
manage quality, use innovation, organize human resources, and maintain international
cooperation. The observations were not treated as isolated impressions; instead, they
were grouped into analytical themes relevant to international business management.

The research design included four methodological steps. First, the program
activities were observed from the perspective of international business management.
Second, the observed practices were classified into thematic categories such as

O30
234

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

strategic management, quality management, education-business cooperation,
intercultural communication, innovation, and sustainability. Third, these categories
were compared with major concepts from the literature on international business and
management. Fourth, the relevance of the observed German practices for Uzbekistan
was assessed, particularly in relation to entrepreneurship, agribusiness, business
education, and innovation-driven development.

The study used the following analytical framework: input, process, observed
management practice, and potential application. The input stage included the hybrid
training and preparatory sessions. The process stage included direct participation in
company visits, meetings, and discussions in Germany. The observed management
practice stage focused on identifying concrete business principles, such as structured
planning, punctual communication, quality orientation, and cooperation with
institutions. The potential application stage considered how selected lessons could be
adapted to the economic and business context of Uzbekistan.

The study has certain limitations. Since it is based on a study visit and qualitative
observation, it does not claim to measure the entire German business system
statistically. The findings represent analytical reflections based on program
participation and observed practices. However, this type of qualitative approach is
appropriate for identifying practical lessons, research directions, and management
insights that may be useful for future empirical studies and policy-oriented research.

Table 1. Methodological structure of the research

Stage Data source Method used Purpose
. Hybrid program sessions, = Documented learningand  To understand key themes
1. Preparation - . -
February-April reflection before the visit
. In-person visit to . To observe real business
2. Field exposure Germany, April 6-24 Structured observation practices
3. Analvsis Company visits, meetings, Thematic grouping and To classify management
' y networking, reflections comparison practices

Observed practices and
literature concepts

To identify relevance for

4. Interpretation Uzbekistan

Comparative analysis

IV. ANALYSIS AND MAIN RESULTS

The results of the study show that the German business management experience
Is based on several interconnected principles. These principles are not limited to
individual company performance, but reflect a broader institutional culture of planning,
quality, responsibility, cooperation, and continuous improvement. The most important
results are presented below.

First, the program demonstrated the importance of strategic planning in
international business management. German companies and institutions tend to
organize activities through clear goals, defined roles, time-based planning, and
responsibility distribution. This approach reduces uncertainty and supports effective
coordination among different departments, partners, and stakeholders. For Uzbekistan,
this result indicates the need to strengthen planning discipline in small and medium-
sized enterprises, agribusiness projects, and educational institutions.

O30
235

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

Second, quality management was observed as a central component of competitiveness.
In the German context, quality is not treated only as the final condition of a product or
service. It is part of the full management chain, including production planning,
communication, logistics, customer relations, employee skills, and organizational
culture. This result is important for enterprises in Uzbekistan that seek to improve
export readiness and international credibility.

Third, the study identified strong cooperation between education, business, and
institutions as a key factor of sustainable development. The German experience shows
that practical learning, company engagement, and institutional support can help
develop skilled human capital and innovation-oriented enterprises. This finding is
especially relevant for agribusiness education, where students and entrepreneurs need
both theoretical knowledge and exposure to real market practices.

Fourth, intercultural communication appeared as a major factor in international
business cooperation. Professional communication, punctuality, clarity, respect for
agreements, and trust-building were observed as important features of German
business culture. This result suggests that entrepreneurs and managers from Uzbekistan
should develop not only technical business knowledge, but also intercultural
competence when cooperating with foreign partners.

Fifth, innovation and sustainability were observed as integrated elements of
modern management. German business practice often connects operational efficiency
with technology adoption, responsible resource use, and long-term value creation. This
result is highly relevant to Uzbekistan’s agribusiness and entrepreneurship sectors,
where sustainability and innovation can increase competitiveness and open access to
international markets.

Table 2. Main results of the study

Observed German Management
practice interpretation

Clear planning, structured =~ Management effectiveness

processes, defined depends on systematic

responsibilities organization

Strong attention to Quality is part of the

reliability and continuous whole management
improvement system

Result area Relevance for Uzbekistan
Strategic management Useful for SMEs, startups,

9 g and agribusiness planning
Supports export readiness

Quality management and customer trust

Education-business
cooperation

Intercultural
communication

Innovation and
sustainability

Interaction between
training, companies, and
institutions

Punctuality, clarity,
professionalism, and trust

Technology use,

efficiency, and responsible

resource management

Applied learning
strengthens human capital

International cooperation
requires cultural
competence

Long-term value creation
is a management priority

Relevant for IAU/RAU
agribusiness education and
youth entrepreneurship

Helps Uzbek entrepreneurs
work with foreign partners

Important for sustainable
agribusiness and
innovation projects

The overall result of the research is that Germany’s international business
management model can be understood as a combination of disciplined planning,
quality orientation, institutional cooperation, intercultural competence, and innovation-
based sustainability. These elements support the competitiveness of companies and
create a reliable environment for long-term business cooperation.
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For Uzbekistan, the findings imply that international business management
should be developed not only through classroom education, but also through applied
learning, study visits, company-based projects, mentorship, and cooperation with
foreign institutions. In the field of agribusiness, this approach may help students and
entrepreneurs understand global value chains, export requirements, quality standards,
and sustainable production models.

The research also indicates that future PhD-level studies may examine the
transferability of selected German business management practices to the Uzbek context.
Such studies may focus on agribusiness clusters, SME internationalization, education-
business cooperation, export-oriented entrepreneurship, or innovation management in
emerging markets.

V. CONCLUSION AND RECOMMENDATIONS

The academic and practical visit to Germany provided valuable insights into
international business management. The “Partnering in Business with Germany”
program demonstrated how management theory can be connected with real business
practice. Through the hybrid learning phase and the in-person visit from April 6 to
April 24, the program helped reveal the importance of strategy, quality, innovation,
intercultural communication, and sustainability in international business.

The German experience shows that successful business management requires
more than financial resources. It requires disciplined planning, strong organizational
culture, professional communication, skilled human capital, and continuous
improvement. These principles are highly relevant for Uzbekistan as the country
continues to develop entrepreneurship, agribusiness, education, and international
economic cooperation.

Based on the findings, the following recommendations are proposed:
e develop more practical international business management programs for
students, researchers, and entrepreneurs;
e strengthen cooperation between universities, companies, and business-support
Institutions;
e introduce training programs on quality management, strategic planning, and
intercultural business communication;
e adapt selected German business management practices to Uzbekistan’s
entrepreneurship and agribusiness sectors;
e promote innovation, sustainability, and responsible management in business
education;
e support young entrepreneurs in gaining international exposure and building
foreign partnerships;
e encourage applied research based on international study visits and business
exchange programs.
In conclusion, the German experience offers valuable academic and practical
lessons for understanding international business management. The knowledge gained
through the “Partnering in Business with Germany” program can contribute to the
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development of more competitive, innovative, and internationally connected business
practices in Uzbekistan.
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Abstract. This paper examines the digitization of Uzbekistan's agriculture and
evaluates the economic impact of Smart Agriculture technologies. This paper identifies
the modern digital technologies' role in agriculture in Uzbekistan, their influence on
the efficiency of production, and possible future development. The methods of
statistical analysis, comparative analysis, and descriptive analysis were applied.
Uzbek figures were compared to the figures of the Netherlands, the USA, and Israel
and Japan in particular.

The study concluded that the modern technologies that incorporate smart
agricultural 1oT (internet of things) sensors, artificial intelligence and drone
technology, along with smart agriculture GPS (global positioning system) and water-
efficient irrigation technologies, improve the efficiency of resource usage in
agriculture and considerably reduce water usage, increase production and improve
cost efficiency of production. Furthermore, challenges of Smart Agriculture technology
in Uzbekistan were identified in the digital and financial infrastructure and the
technological literacy of the farmers.

The article offers practical measures that support the digitalization of
agriculture in Uzbekistan by the usage of international best practices and the
promotion of innovative projects and the training of farmers in digital technologies.
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Annotatsiya. Ushbu maqolada O ‘zbekiston gishloq xo ‘jaligini ragamlashtirish
jarayoni hamda Smart Agriculture (Aqlli qishloq xo‘jaligi) texnologiyalarining
igtisodiy  samaradorligi  tahlil qilinadi. Tadgigotda zamonaviy ragamli
texnologiyalarning O ‘zbekiston qishlog xo jaligidagi o ‘rni, ularning ishlab chiqarish
samaradorligiga ta’siri va istigholdagi rivojlanish imkoniyatlari baholangan.
Tadqgiqotda statistik tahlil, giyosiy tahlil va tavsifiy tahlil usullaridan foydalanilgan.
O ‘zbekistonning ko ‘rsatkichlari Niderlandiya, AQSh, Isroil va Yaponiya kabi ragamli
qishloq xo ‘jaligi rivojlangan davlatlar tajribasi bilan taggoslangan.

Tadgiqot natijalari shuni ko ‘rsatdiki, 10T (Internet of Things) sensorlari, sun’iy
intellekt, dron texnologiyalari, GPS (Global Positioning System) asosidagi aniq
dehqonchilik hamda suvni tejovchi sug‘orish tizimlarini oz ichiga olgan Smart
Agriculture  texnologiyalari  qishlog  xo jaligida resurslardan  foydalanish
samaradorligini sezilarli darajada oshiradi, suv sarfini kamaytiradi, hosildorlikni
ko ‘paytiradi va ishlab chiqarish xarajatlarini optimallashtiradi. Shu bilan birga,
O ‘zbekistonda ushbu texnologiyalarni joriy etishga to ‘sqinlik gilayotgan asosiy
omillar sifatida ragamli va moliyaviy infratuzilmaning vyetarli darajada
rivojlanmaganligi hamda fermerlarning raqamli texnologiyalar bo ‘yicha bilim va
ko ‘nikmalarining cheklanganligi aniglandi.

Magqgolada xalgaro ilg‘or tajribalarni joriy etish, innovatsion loyihalarni
go ‘llab-quvvatlash hamda fermerlarning ragamli kompetensiyalarini rivojlantirish
orgali O ‘zbekiston gqishlog xo ‘jaligini raqamlashtirishni jadallashtirish bo ‘yicha
amaliy tavsiyalar ishlab chigilgan.

Kalit so‘zlar: aqlli gishlog xo ‘jaligi, ragamlashtirish, qishlog xo jaligi, 10T,
sun’iy intellekt, aniq dehqonchilik, agroinnovatsiyalar, suvni tejovchi texnologiyalar.

Annomauyun. B oannou cmamve paccmampusaemcs npoyecc yupposuzayuu
cenbckoeo  xozsaucmea  Yzbexucmawa  u oyemueaemcsi  IKOHOMUUECKAs
agpexmusrnocmv mexuonozuii Smart Agriculture (ymHO20 cenbcko20 XO035UCMEA).
Hccnedosanue nanpasieno Ha vlasieHue poau co8PeMEeHHbIX YUPPOBbIX MEXHOL02ULL
8 pazeumuu CcelbCcKko20 Xossucmea Y3bexucmana, OYeHKy UX GIUAHUS HA
I PexmueHocms CenbCKOXO03ANUCMBEHHO20 NPOU3BOOCMEA, A MAKdHCe OnpeoeneHue
nepcnekmus OanvHeuuie2o pazeumusi ompaciu. B pabome ucnonv3osanvl memoowl
CMAMUCMUYECKO20, CPABHUMENbHO20 U onucamenvHoco auanuza. Ilokazamenu
V3bexucmana conocmasnenvl ¢ onvlmom cmpaH, AGIAIOUWUXCL MUPOBLIMU TUOEPAMU 8
obaacmu yugposoeo cenvckoeo xozaucmea, sxaroyas Huoepnanowv, CLLA, M3pauns u
AHnonuio.

Pe3ynomamer ucciedosanus noxazvléaiom, ymo eHeopenue mexuono2uil Smart
Agriculture, exmouas oamuuxu IloT (Humepnema 6eweti), uUCKyccmeeHHbll
unmeniexm, becnuiommusie iemamenvhble annapamol (OPoHbsl), CUCMeMbl MOUYHO20
3emnedenus Ha ochoge GPS (enobanvuou cucmemvl NOZUYUOHUPOBAHUS) U
godocbepezaiowjue  MEXHONO2UU  OpPOUleHUs,  CHOCOOCmByem  NOGbLULEHUIO
appexmuenocmuy  UCNOIBL30BAHUSL  PeCYPCO8,  3HAUUMENbHOMY  COKPAWEHUIO

nompeo.ieHus 800bl, POCMY YPOHCAUHOCTIU U CHUNCEHUIO NPOU3BOOCHBEHHBIX 3AMPam.
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Bumecme ¢ mem e6wvisignenvt ocroséHble npeniamcmeust oA wupoKozco 6H€()peHu}Z
mexHoai02ull VYMHO2CO CellbCKO2co xoszaucmea 6 Y36eKucmaHe, cpe()u Komopbslx
Hedocmamouroe pazeumue Yu@posou u huHancosou uHgppacmpykmypul, a maxkice
02PAHUUEHHBLI YPOBEHb YUDPOBOU 2pAMOMHOCMU (hepmMepos.

B cmamuve npedﬂoofceﬂbz npakmudeckKue peKOMeH()auuu, HanpaeJjleHHsvle HA
VCKOpeHue yugposuzayuu ceibCko2o Xo3aucmea Y3zoekucmana nocpeocmeom
BHEOpeHUsT Neped0B8o20 MENCOVHAPOOHO2O0 ONbIMA, NOO0EPHCKU UHHOBAYUOHHBIX
NPOEKmMos U NOBbIUEHUS K8ATUPUKaAyuU pepmepos 8 001acmu yupposwvix mexHoi02ull.

Knroueevie cnosa: YMHOE CcéelbCKoe xosvzchmeo, L;ugbpoeuwuuﬂ, cejllbCKoe
xozaticmeo, Humepuem eeweu (loT), uckyccmeenHvllii uHmMeNIEKM, MOYHOE
3eMJzedeJme, acpourHosayuu, 6oaoc6epeeai0u;ue mexXHoJ10cUU.

JEL: Q16, 033, C88

INTRODUCTION

Agriculture is one of the strategic sectors of the economy of each country.
Especially in developing countries, this sector is of great importance in providing the
population with food products, creating employment and increasing export potential.
Agriculture also occupies one of the leading positions in the economy of Uzbekistan.
In recent years, the country has been implementing large-scale reforms aimed at
modernizing the agricultural sector, increasing production efficiency, and introducing
modern technologies. In this regard, the digitalization process is emerging as one of
the main factors in the development of agriculture.

Traditional agricultural methods have problems such as inefficient use of water
resources, difficulties in predicting yields, high production costs, and the impact of
climate change. Smart Agriculture technologies are an important solution to solving
these problems. Smart Agriculture is a system for managing agricultural processes
based on artificial intelligence, the Internet of Things (IoT), drones, GPS monitoring,
sensor systems, and big data. With the help of these technologies, farmers have the
opportunity to use resources more efficiently, increase productivity, and reduce
production costs.

World experience shows that the use of digital technologies in developed
countries has significantly increased agricultural efficiency. For example, countries
such as the Netherlands, the USA, Japan and Israel are widely using precision farming,
automated irrigation systems and artificial intelligence-based monitoring systems. As
a result, limited land and water resources are being used with high efficiency in these
countries.

Uzbekistan has also been taking significant steps towards the digitalization of
agriculture in recent years. The introduction of electronic land monitoring, agro-
platforms, water-saving irrigation technologies and remote monitoring systems is
creating new opportunities in the agricultural sector. However, there are some
problems related to the level of technological knowledge of farmers, infrastructure
capabilities and financial resources in the widespread introduction of digital
technologies.

The main objective of this study is to analyze the development status of Smart
Agriculture technologies in Uzbekistan and assess their economic efficiency. During
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the study, the experience of Uzbekistan is compared with international practice, the
Impact of digitalization on agricultural production, existing problems and future
development directions are studied.

LITERATURE REVIEW

In recent years, the digitalization of agriculture has become one of the main goals
of agricultural policies at global levels. The concepts of Smart Agriculture, Precision
Agriculture, and Agriculture 4.0 involve in their visions an increase in production
efficiency due to the implementation of modern information and communication
technologies in agriculture. In scientific research, such technologies as artificial
intelligence (Al), the Internet of Things (loT), GPS, GIS, drones, remote sensing
technologies, and Big Data analytic systems are presented as effective ones in terms of
managing agricultural resources, forecasting harvests, and optimizing costs (Wolfert et
al., 2017; Liakos et al., 2018; Klerkx et al., 2019). These technologies allow farmers to
ensure effective data analysis in real-time and make appropriate decisions based on
that analysis.

The economic efficiency of smart agricultural technologies has been studied by
many researchers. Zhang et al. (2002) and Lowenberg-DeBoer and Erickson (2019)
stress that precision farming technologies help cut fuel, mineral fertilizer, and water
consumption and improve productivity. Recent studies highlight the importance of
digital technologies, such as crop monitoring, disease detection, and irrigation under
artificial intelligence and Internet of Things control, in decreasing production costs and
increasing farm profits (Papadopoulos et al.,, 2024; Kumar et al., 2024
Assimakopoulos et al., 2024). The Food and Agriculture Organization of the United
Nations and the Organization for Economic Co-operation and Development
acknowledge digital technologies’ role in contributing to food security, resource
conservation, and sustainable agricultural development.

Large-scale reforms are also being implemented in Uzbekistan to modernize and
digitize agriculture. In particular, special attention is paid to increasing production
efficiency through the introduction of electronic land monitoring, water-saving
irrigation systems, agro-platforms and remote monitoring technologies. The reports of
the World Bank, FAO and Asian Development Bank indicate that the efficient use of
water resources, adaptation of agriculture to climate change and the widespread
introduction of digital technologies in Uzbekistan are priority areas of the country's
agrarian policy. At the same time, the digital literacy of farmers, the high cost of
technologies and the insufficient development of digital infrastructure in rural areas are
indicated as the main factors hindering the widespread introduction of smart
technologies.

An analysis of the existing scientific literature shows that although the technical
advantages and environmental efficiency of smart agricultural technologies have been
widely studied, there are relatively few studies devoted to a comprehensive assessment
of their economic efficiency in the conditions of Uzbekistan. In particular, there is a
lack of scientific research assessing the investment efficiency of the introduction of
digital technologies, the impact on production costs, the level of water saving and the
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long-term impact on productivity. Therefore, this study serves to fill the existing
scientific gap by analyzing the development status of Smart Agriculture technologies
in Uzbekistan, assessing their economic efficiency, and comparing them with
international experience.

METHODS

This study aims to assess the process of digitalization of agriculture in
Uzbekistan, in particular, the economic efficiency of Smart Agriculture technologies.
The study examined the level of use of modern digital solutions in agriculture, their
production efficiency, resource utilization capabilities, and comparison with
international experience. A comprehensive approach was chosen as the research
methodology, using statistical analysis, comparative analysis, descriptive analysis, and
scientific literature review methods.

The main database of the study was formed by reliable international and national
statistical sources. Data on Uzbekistan were obtained from official data published by
the National Statistics Committee of the Republic of Uzbekistan, the Ministry of
Agriculture, Invest Uzbekistan, and state programs. For international comparison, data
from the Food and Agriculture Organization of the United Nations (FAO), the World
Bank, the Organization for Economic Cooperation and Development (OECD), and
international agricultural technology studies were used.

The period of 2018-2025 was selected as the research period. The main reason
for choosing this period is that it was during these years that Uzbekistan implemented
large-scale reforms aimed at digitizing economic sectors, developing electronic
management systems, and introducing innovative technologies in agriculture. At the
same time, this period is also considered a stage of rapid development of artificial
intelligence, 10T devices, and automated agricultural technologies internationally.
The study analyzed the following technologies as key elements of the Smart
Agriculture concept:

Table-1. Main directions of Smart Agriculture technologies.

Technology Application Expected economic efficiency
Monitoring soil moisture and ~ Reducing water and fertilizer
loT sensors .
temperature consumption
Drone technologies Monitoring crop fields Reducing labor costs
GPS systems Precision farming processes Saving fuel and resources
Artificial intelligence Yield forecasting and analysis Improvmquueé:llii;/on-maklng

Monitoring the condition of

Satellite monitoring the soil and crops

Reducing crop losses

Several analytical methods were used during the study. First, descriptive
statistical analysis was used to study the dynamics of agricultural production indicators,
the introduction of water-saving technologies, and the use of digital services in
Uzbekistan. This method identified the current state, development trends, and key
changes.
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The second method was comparative analysis. The level of development of
Uzbekistan in Smart Agriculture was compared with the experience of countries that
widely use digital technologies in agriculture. In particular, the Netherlands, the USA,
Japan, and Israel were selected. The reason for choosing these countries is that they
have leading experience in the effective use of limited natural resources, achieving high
yields, and using innovative agricultural technologies.

In addition, the study used graphical and tabular analysis methods. With the help
of graphs, changes over time, differences between countries, and the economic impact
of digital technologies were visually represented.

The methodological basis of the study was the model “digital technologies —
resource efficiency — production volume — economic result”. Through this approach,
not only the technical but also the economic effectiveness of Smart Agriculture
technologies was assessed. For example, the reduction of water consumption through
water-saving irrigation systems, the increase in productivity through sensor
technologies, and the reduction of production costs through digital monitoring were
analyzed.

The study also conducted a qualitative analysis to identify existing problems and
determine future development directions. This took into account the level of digital
literacy of farmers, the cost of technologies, infrastructure capabilities, and state
support mechanisms.

In general, the chosen methodological approach allows for a comprehensive
assessment of the current state of Smart Agriculture technologies in Uzbekistan,
comparison with international experience, and the development of effective
development strategies in this area.

RESULTS

The results of the study show that the process of digitization of agriculture in
Uzbekistan has been developing significantly in recent years. The use of modern
technologies in the agricultural sector serves not only to improve production processes,
but also to effectively use resources, improve product quality and strengthen the
competitiveness of agricultural products. Agriculture in Uzbekistan is one of the
important sectors of the country's economy, and the introduction of digital technologies
in it is considered one of the main directions of sustainable development.

The analysis shows that a number of projects related to digitization in the
agricultural sector were implemented in Uzbekistan during 2020-2025 (graphic 2). In
particular, work on the introduction of electronic land monitoring systems, agrocluster
management platforms, remote monitoring tools, and water-saving technologies has
been expanded. These processes allow for the transition from traditional management
methods in agriculture to a data-based management system.
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Graphic -1. Main economic indicators of the agricultural sector in Uzbekistan
(2020-2025).

The graphic 1 shows that the volume of agricultural production in Uzbekistan
during 2020-2025 has shown a consistent growth trend. In particular, the volume of
production, which amounted to 252.5 trillion soums in 2020, is projected to reach 426.3
trillion soums in 2023, and more than 500 trillion soums by 2025. This growth indicates
an increase in production efficiency as a result of reforms being implemented in the
agricultural sector, modernization of production processes, introduction of innovative
and digital technologies, as well as measures to support farms by the state. This trend
confirms that the stable growth of agricultural production serves to strengthen the
country's food security, expand export potential, and further increase the importance
of the agricultural sector in economic development.
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Graphic-2. Dynamics of changes in the share of agriculture in gross domestic
product (GDP) in Uzbekistan during 2020-2025.
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The graphic 2 shows the dynamics of changes in the share of agriculture in gross
domestic product (GDP) in Uzbekistan during 2020—2025. As can be seen from the
graph, the sector's share in GDP decreased from 19.8 percent in 2020 to 18.1 percent
in 2023, but recovered to 18.9 percent in 2024. This situation indicates that the strategic
Importance of agriculture in the economy remains, while structural changes are taking
place in the structure of the economy as a result of the rapid development of other
sectors, such as industry and services. Also, the reforms being implemented in the
agricultural sector to digitize, introduce innovative technologies, and increase
production efficiency are contributing to the sustainable development of the sector.

Graphic-3. Coverage of water-saving technologies in agriculture.

The graphic 3 data shows that the scale of implementation of water-saving
technologies in Uzbekistan has been steadily expanding during 2020-2025. In
particular, if in 2020 the share of areas covered by these technologies was 12 percent,
by 2025 this figure reached 45 percent. Such positive dynamics is the result of state
programs and investment projects implemented to widely introduce drip irrigation,
sprinkler irrigation and other modern irrigation methods. The use of water-saving
technologies helps to reduce irrigation water consumption, improve land reclamation,
and increase the productivity of agricultural crops. At the same time, these technologies
are an important component of the Smart Agriculture concept and play a significant
role in ensuring the digitalization of the agricultural sector and rational use of resources.
As can be seen from the data, the volume of agricultural production has increased from
year to year. At the same time, the share of agriculture in the overall economy has
remained relatively stable. This indicates that other sectors of the economy are also
developing. One of the most important results is the increase in the coverage of water-
saving technologies. Because in the conditions of Uzbekistan, the efficient use of water
resources is a decisive factor for the sustainability of agriculture.

An important indicator in assessing the economic efficiency of Smart
Agriculture technologies is the reduction of water, labor and production costs. With the

O30
246

https://iau-jaesa.uz/ O]

.


https://iau-jaesa.uz/

2026 JUNE
YOLUME 1
ISSUE 1

help of modern sensor systems and automated irrigation technologies, farmers have the
opportunity to obtain accurate information about the condition of crops.

Compared to international experience, Uzbekistan still lags behind developed
countries in the use of Smart Agriculture technologies. However, reforms implemented
in recent years are helping to reduce this gap. In particular, the experience of the
Netherlands and Israel widely uses water management, automated greenhouses, and
precision farming systems.

Table-2. International comparison of the use of Smart Agriculture technologies.

Country Precision farming level | 10T and sensor use Water saving
technologies
Netherlands Very high Widespread Above 90%
USA High Widespread High
Israel High Widespread Very high
Japan High Developed High
Uzbekistan Developing Early-growing Increasing

This table compares the level of use of Smart Agriculture technologies in
different countries. While in developed countries digital technologies have become an
integral part of agricultural production, in Uzbekistan this process is at the stage of
active development.

The results of the study show that Smart Agriculture technologies are creating a
significant economic opportunity for Uzbek agriculture. For example, precise irrigation
systems can reduce water consumption by 30-50 percent, while sensor technologies
can increase the efficiency of fertilizer use. In addition, rapid monitoring of crop areas
through drone and satellite monitoring can help reduce yield losses.

Table-3. Economic impact of Smart Agriculture technologies.

Technology Key result Efficiency
Drip irrigation Reduce water consumption 30-50% savings
loT sensors Precise monitoring 20-35% resource savings
Drones Crop control Reduce labor costs
Al systems Prediction Increase productivity

The table shows the impact of Smart Agriculture technologies on agricultural
production efficiency. These technologies create opportunities for farms to reduce
costs and improve production results.

Overall, the research results show that the process of digitization of agriculture
in Uzbekistan is developing positively. Although the use of Smart Agriculture
technologies is not yet fully developed, the existing results indicate that this direction
will play an important role in increasing the future competitiveness of the country's
agricultural sector.
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DISCUSSION

The results of this study show that the process of digitization of agriculture in
Uzbekistan has great potential for increasing the efficiency of the agricultural sector.
The introduction of Smart Agriculture technologies is helping to transfer agricultural
production processes from traditional management methods to a modern data-based
management system. As shown in the results of the study, the use of water-saving
technologies, remote monitoring systems, 10T devices, and precision farming elements
IS creating opportunities for efficient use of resources.

Agriculture in Uzbekistan is a sector that is largely dependent on natural
resources, especially water resources. In the context of water scarcity and climate
change in the country, increasing production efficiency has become a pressing issue.
Therefore, one of the greatest advantages of Smart Agriculture technologies is the
ability to save water and other production resources. For example, using drip irrigation
and automated irrigation systems, it is possible to reduce water consumption and at the
same time increase crop yields. This ensures not only economic efficiency, but also
environmental sustainability.

When comparing the results of the study with the experience of developed
countries, it was found that Uzbekistan still has great potential for development in this
area. In particular, the experience of the Netherlands shows that digital technologies,
automated greenhouses and precise control systems can be used to achieve high yields
even in conditions of limited land. The experience of Israel can serve as an important
example for Uzbekistan in water resource management and the development of
innovative irrigation technologies.

At the same time, there are a number of problems in the widespread introduction
of Smart Agriculture technologies in Uzbekistan. The first problem is the insufficient
formation of farmers' knowledge and skills in the use of digital technologies. The
digitalization process is slowing down due to the fact that many small and medium-
sized farms do not fully understand the advantages of modern technologies or do not
have the opportunity to use them.

The second problem is the high cost of introducing technologies. 10T sensors,
drones, artificial intelligence systems and automated equipment require initial
investments. It can be especially difficult for small farms to independently purchase
such technologies. Therefore, it is necessary to strengthen the mechanisms for state
subsidies, preferential loans and support for innovative projects.

The third problem is related to the level of development of digital infrastructure
in rural areas. For Smart Agriculture technologies to work effectively, there must be a
stable Internet connection, modern communication tools and technical support systems.
The limited availability of these opportunities in some remote areas hinders the
introduction of digital technologies.

In addition, it is important to strengthen cooperation between higher education
Institutions, research centers and agricultural enterprises. Training specialists in Smart
Agriculture, organizing practical training for students and farmers, and introducing
scientific developments into production will serve the development of this sector.
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Based on the results of the study, the following strategic directions can be proposed for
Uzbekistan. First, it is necessary to establish digital agriculture centers based on the
climatic and production characteristics of each region. These centers can provide
practical assistance to farmers in selecting technologies, using them and analyzing
results.

Secondly, it is necessary to develop the production of local agrotechnology’s.
Currently, many modern technologies are imported, which increases their cost. By
expanding local production, technologies can be made more accessible and affordable
for farmers.

Thirdly, it is important to develop an agricultural database. Creating analytical
systems based on Big Data on yield, weather conditions, soil conditions and market
demand will improve farmers' decision-making.

In general, Smart Agriculture technologies are an important tool for modernizing
Uzbek agriculture, increasing its competitiveness and ensuring its sustainable
development. Despite the existing problems, the continuation of the digitalization
process will create new economic opportunities in the agricultural sector and help
strengthen Uzbekistan's position in the international agricultural market.

CONCLUSION

The results of this study show that the digitalization of agriculture and the
introduction of Smart Agriculture technologies in Uzbekistan are an important strategic
direction for increasing the efficiency of the agricultural sector, rational use of
resources, and modernization of production processes. With the help of modern digital
technologies, there is an opportunity to reduce the problems of water scarcity, high
production costs, difficulties in managing yields, and climate change in agriculture.

During the study, the experience of Uzbekistan was compared with the
experience of developed countries. The results showed that while Smart Agriculture
technologies have become an integral part of agriculture in countries such as the
Netherlands, the USA, Japan, and Israel, this process is still at the development stage
in Uzbekistan. Nevertheless, in recent years, the expansion of water-saving irrigation
systems, electronic monitoring, agroplatforms, and digital management systems has
yielded positive results.

Based on the analysis, it was determined that the use of Smart Agriculture
technologies serves to reduce water consumption, increase productivity, optimize
production costs, and improve farmers' decision-making capabilities. In particular, 10T
sensors, drones, GPS systems, and artificial intelligence-based analytics tools provide
accurate and efficient management in agriculture.

However, there are also some problems in the digitalization process. In particular,
the insufficient level of digital literacy of farmers, the high cost of technologies,
infrastructure limitations in rural areas, and the lack of specialists are hindering the
widespread implementation of Smart Agriculture technologies. To solve these
problems, it is necessary to strengthen cooperation between the state, scientific
organizations, and the private sector.
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In the future, for the development of digital agriculture in Uzbekistan, it is important
to expand farmer training programs, provide financial support for innovative
technologies, develop local agrotechnology production, and improve digital
infrastructure in rural areas.

In conclusion, Smart Agriculture technologies are a future development model
for Uzbek agriculture, which not only increase economic efficiency, but also serve to
ensure food security, environmental sustainability, and international competitiveness.
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Abstract. Artificial Intelligence (Al) is considered to be one of the most
progressive technologies that can be implemented in business management today. By
employing Al technologies, companies can achieve higher rates of operational
efficiency and strategic decision-making, reduce costs, and increase the overall level
of services provided to clients. At the same time, the process of integrating technology
into business operations can be complicated by various factors depending on the
country in which it is being implemented. Uzbekistan has made great strides in recent
years in terms of digitizing the economy and developing new government services and
innovative technologies. Nevertheless, the use of Al technologies in business
management is still underdeveloped and has its barriers and challenges that need to
be taken into account.

The purpose of this study is to comprehensively assess the opportunities and
existing barriers to the use of artificial intelligence in business management in
Uzbekistan. The study used a systematic literature review, comparative analysis,
statistical data study, and conceptual approaches. The results show that the gradual
introduction of Al technologies significantly increases the competitiveness, quality of
management and innovative potential of enterprises. At the same time, improving
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public policy, developing digital infrastructure and increasing investment in human
capital are considered the main conditions for Al transformation.

Keywords:  Artificial Intelligence, Business Management, Digital
Transformation, Innovation, Uzbekistan, Al Adoption, Corporate Performance.

Annotatsiya. Sun’iy intellekt (SI) bugungi kunda biznes boshqaruvida
qo ‘llanilayotgan eng istigbolli texnologiyalardan biri hisoblanadi. Sun’iy intellekt
texnologiyalarini joriy etish korxonalarga operatsion samaradorlikni oshirish,
strategik garorlar gabul qgilish sifatini yaxshilash, xarajatlarni kamaytirish hamda
mijozlarga ko ‘rsatilayotgan xizmatlar sifatini oshirish imkonini beradi. Shu bilan
birga, ushbu texnologiyalarni biznes jarayonlariga integratsiya gilish mamlakatning
igtisodiy va institutsional sharoitlariga bog ‘lig holda turli to ‘siq va muammolar bilan
kechishi mumkin. So ‘nggi yillarda O ‘zbekiston igtisodiyotni ragamlashtirish, elektron
davlat xizmatlarini rivojlantirish va innovatsion texnologiyalarni joriy etish borasida
sezilarli  yutuglarga erishdi. Biroq biznes boshqgaruvida sun’iy intellekt
texnologiyalaridan foydalanish hali yetarli darajada rivojlanmagan bo ‘lib, uni keng
joriy etishga to ‘sqinlik qilayotgan gator omillar mavjud.

Mazkur tadqiqotning magsadi O zbekistonda biznes boshqaruvida sun’iy
intellektdan foydalanishning imkoniyatlari va mavjud to‘siglarini kompleks
baholashdan iborat. Tadgiqotda tizimli adabiyotlar tahlili, giyosiy tahlil, statistik
ma’lumotlarni o ‘rganish hamda konseptual tahlil usullaridan foydalanildi. Tadgiqot
natijalari  sun’iy intellekt texnologiyalarini  bosqichma-bosgich joriy etish
korxonalarning ragobatbardoshligini oshirish, boshgaruv sifatini yaxshilash va
innovatsion salohiyatini kuchaytirishga xizmat qilishini ko ‘rsatdi. Shu bilan birga,
davlat siyosatini takomillashtirish, ragamli infratuzilmani rivojlantirish hamda inson
kapitaliga investitsiyalarni ko ‘paytirish sun’iy intellekt asosidagi transformatsiyaning
muhim shartlari sifatida e tirof etildi.

Kalit so‘zlar: sun’iy intellekt, biznes boshqaruvi, ragamli transformatsiya,
innovatsiyalar, O ‘zbekiston, sun’iy intellektni joriy etish, korxona faoliyati
samaradorligi.

Annomayusn. UVckyccmeennviti unmennekm (HMHU) cuumaemcs oouou u3
Haubonee NepcnekKmueHbIX MexXHON02UU, NPUMEHAEMbIX 8 CO8PEMEHHOM YNPAaGleHUU
ouznecom. Hcnonvzosanue mexnonoeuti MU noszeonsem KOMNAHUAM HOBbICUMb
ONepayuoHHy10 3QhheKmueHoCmy, YIyuuums Kauecmeo cmpame2uiecKo20 nPUHAmMus
peutenuti, COKpamums U30epiHCcKU U HOBbICUMb 0OWULL YPOBEHb NPEOO0CMABIAEMbIX
yenye. Bmecme ¢ mem npoyecc ummeepayuu HH 6 Ousnec-npoyeccol modicem
CONPOBOAHCOAMBCS PAZIUUHBIMU MPYOHOCMAMU, 0OVCI0BIEHHbIMU O0COOEHHOCAMU
IKOHOMUYECKOU U UHCMUMYYUOHATbHOU CPedbl KOHKPEemHOU cmpaHvl. B nocieonue
2006l Y30exucman O0ocmue 3HAYUMETbHLIX YCNexo8 6 Yu@posuzayuu dKOHOMUKU,
PAa3eumuU  INeKMPOHHLIX 20CYOAPCMBEHHBIX YCIYe U 6HeOpeHUU UHHOBAYUOHHLIX
mexHonocuti. OQOHAKO NpumMeHeHue MexXHOI02UU UCKYCCMBEHHO20 UHMENLIeKma 6
YnpagneHuu Ou3HecomM ocmaemcsi HedOCMAmoOYHO DA3GUMbBIM U CMAIKUBAEMCs C
PA0OM 6apbepos U 8b130608, MpPebdYIOWUX OATbHEUUe20 U3YYeHUs.

L]envio 0anno2o uccnedoanus AGNAEMCs KOMNJIEKCHASL OYEHKA 803MONCHOCMEL
U cywecmsyrouwux 6apbepos 6HeOpeHUsi UCKYCCMBEHHO20 UHMEILIeKMA 8 YNpasiieHue
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ousnecom 6  Yzbexucmamne. B uccredosanuu  ucnonv3oeanvi - mMemoobl
cucmemamuyecko2o 0030pa aumepamypbl, CPAGHUMENIbHO20 AHAIU3A, AHAIU3A
CMAmMucCmuyYeckux OAHHbIX U KOHYeNnmyaipbHo2o ananusd. Ilonyuennvie pe3ynomamot
NOKA3bl8AIOM, YMO NOIMANHOE 6HEOPEHUE MEXHON02UU UCKYCCMBEHHO20 UHMENIEeKMA
cnocoocmeyem NoSbIUEHUIO KOHKYPEHMOCNOCOOHOCIU NPeOnpUsmuULL, VIy4ULeHUIO
Kauecmea ynpasienust U YCUIeHUIO Ux UHHOBAYUOHHO20 nomenyuana. B mo dice epems
COBEPUIEHCMBO8AHIUEe — 20CYOAPCMBEEHHOL  NOJUMUKU,  pazeumue  Yugposoi
uH@pacmpykmypol U ysequdenue UHGECMUYUL 6  Hel08eYeCKUll  Kanumal
Paccmampusaiomcst Kax Kaouesvle YClosus yCneuhol yugpoeoi mpancghopmayuu Ha
OCHOBE UCKYCCMBEHHO20 UHMELIeKM.

Knrouesvle cnoea: uckyccmeenmnvill uHmenieKm, YnpasieHue OusHecoM,
yugpposas mpancpopmayus, unHosayuu, Yzbexucman, eneopeHue UCKYCCMBEHHO20
unmesniexma, 3QpexmusHocms 0esimenbHOCmu NPEONPUSMULL.

INTRODUCTION

The development of artificial intelligence in the global economy is
fundamentally changing the way businesses are managed. Al algorithms allow for the
rapid processing of large amounts of data, forecasting market trends, analyzing
customer behavior, and optimizing strategic decisions. Therefore, Al is becoming an
integral part not only of the information technology sector, but also of economics,
logistics, finance, marketing, and human resource management. Recent scientific
research has recognized Al as an important factor in increasing the productivity,
innovative potential, and global competitiveness of enterprises.

In Uzbekistan, within the framework of the "Digital Uzbekistan - 2030" strategy,
special attention is paid to the digitization of economic sectors, the automation of
business processes, and the introduction of modern management technologies. Initial
initiatives are being observed to develop artificial intelligence-based management
systems, especially in the agricultural sector, logistics, and service sectors. As Asamov
(2025) noted, the introduction of digital transformation and Al technologies will
increase the accuracy of management decisions and significantly improve the
efficiency of resource use.

However, there are challenges in implementing Al technologies in business
management, such as data quality, cybersecurity, lack of qualified specialists, and the
level of development of the regulatory framework. This study aims to scientifically
assess these opportunities and challenges in the conditions of Uzbekistan.

LITERATURE REVIEW

Research on artificial intelligence and business management has grown
dramatically over the past five years. Bibliometric analyzes show that Al has become
one of the areas most associated with strategic management, business process
optimization, decision support, and sustainable development in management sciences.
Dumas and co-authors (2022) state that Al-Augmented Business Process Management
Systems (Al-Augmented Business Process Management Systems) will create a flexible,
predictive and explainable management model for organizations. According to them,
Al will not replace human decisions, but will support them with scientific data.
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Asamov (2025) notes that the use of digital transformation, 10T, Big Data and Al
technologies in the agricultural management of Uzbekistan will increase the efficiency
of resource use, reduce logistics costs and strengthen food safety. These conclusions
are also relevant for business management and confirm the strategic role of artificial
intelligence in corporate management.

Other studies point to technological infrastructure, an open data ecosystem,
digital literacy and management culture as key factors for the successful
implementation of Al. Therefore, the implementation of Al in developing economies
Is not only a technical issue, but also closely related to institutional and governance
reforms.

METHODS

This study aims to comprehensively assess the impact of artificial intelligence
(Al) technologies on business management in Uzbek enterprises. The research
methodology was developed based on a mixed-method approach. This approach, by
combining qualitative and quantitative analysis methods, allows for a deeper analysis
of the impact of Al technologies on enterprise efficiency, management quality, and
competitiveness.

The theoretical basis of the study is digital transformation, innovative
management, Dynamic Capabilities Theory, Technology Acceptance Model (TAM),
and Resource-Based View (RBV). These theories interpret artificial intelligence not as
a simple information technology, but as a strategic resource of the enterprise. Modern
research shows that the role of Al technologies in digital transformation is to increase
production efficiency, reduce costs, and improve the accuracy of management
decisions. Asamov (2025) also emphasizes that digital technologies and Al are an
important factor in increasing the efficiency of management in the conditions of
Uzbekistan.

The study was carried out in three stages. At the first stage, scientific literature
on artificial intelligence and business management in the Scopus, Web of Science,
ResearchGate, ScienceDirect and Google Scholar databases was systematically studied.
When selecting literature, priority was given to scientific articles published in 2020—
2026 in the areas of Al, Business Management, Digital Transformation, Decision
Support Systems, Industry 4.0 and Smart Business. In addition, state programs of
Uzbekistan on the digital economy, reports of international organizations and
AsamoV's scientific works on digital transformation and management were separately
analyzed.

At the second stage, a conceptual model was developed. The level of
implementation of Al technologies was taken as an independent variable in the model.
It was assessed through the following components:

a) management efficiency;
b) operating costs;

c) decision-making speed,;
d) customer satisfaction;
e) innovative activity;
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f) enterprise competitiveness.

The control variables were selected as enterprise size, industry, number of
employees, level of digitization, and management experience.
The following scientific hypotheses were developed in the study:

H1. The introduction of artificial intelligence technologies will positively
increase the efficiency of enterprise management.

H2. Analytical systems based on Al will significantly improve the quality of
strategic decisions.

H3. The use of Al technologies will reduce operating costs and increase labor
productivity.

H4. The main obstacles to the introduction of Al technologies in Uzbekistan are
related to digital infrastructure, qualified personnel, and data quality.

These hypotheses are evaluated through statistical and logical analysis in the
following results section.

The database was formed from several sources. International data were obtained
from reports of the World Bank, OECD, McKinsey Global Institute, Stanford Al Index,
and PwC. Data on Uzbekistan were enriched with official statistical publications,
digitization programs, and scientific articles. This approach made it possible to
compare the experience of Uzbekistan with global trends in Al technologies. Asamov's
work on the economic efficiency and impact of digital transformation on logistics
processes was also used as a methodological basis.

Descriptive statistics, comparative analysis, content analysis, and SWOT
analysis were used in the analysis process. Descriptive statistics were used to
summarize the trends in the use of Al technologies in business. Comparative analysis
compared the experience of Uzbekistan with the practice of developed countries.
Content analysis was used to systematize the content of scientific articles, government
strategies, and international reports. SWOT analysis was used to identify the strengths
and weaknesses, opportunities, and threats of Al technologies.

To ensure the reliability of the study, the principle of data triangulation was used.
That is, one conclusion was checked through at least three different sources:
international scientific articles, official statistical data, and scientific research on
Uzbekistan. Such an approach increases the objectivity of the results and reduces
excessive dependence on one source.

The study also used the following criteria to assess the cost-effectiveness of Al
technologies:

a) reduction of management costs;

b) reduction of decision-making time;

c) degree of automation of business processes;
d) quality of customer service;

e) change in profit and productivity indicators;
f) share of innovative products and services.

These indicators allow for a multi-criteria assessment of the impact of Al
technologies on enterprise performance.
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One of the important aspects of the methodology is to take into account the
specific institutional conditions of the Uzbek economy. The introduction of Al
technologies in developing economies is not only a technological issue, but is also
closely related to the investment climate, public policy, human capital and digital
infrastructure. Therefore, the research results cover economic and institutional factors,
along with technical factors. This approach is consistent with the concept of digital
transformation and sustainable management put forward by Asamov.

RESULTS

Current Level of Artificial Intelligence Adoption in Business Management.
The penetration of artificial intelligence technologies into the business environment of
Uzbekistan has been accelerating significantly in recent years. In particular, the scope
of use of Al-based solutions is expanding in the banking and finance,
telecommunications, e-commerce and logistics sectors. Artificial intelligence is being
used in enterprises in processes such as customer service, demand forecasting,
warehouse logistics management, and financial risk assessment.

Asamov (2025) emphasizes the increasing importance of Al and big data
technologies in improving the efficiency of digital transformation management.
International studies also show that enterprises that implement Al technologies make
faster decisions, reduce operating costs, and increase innovative potential.

Digital and Artificial Intelligence Readiness of Uzbekistan. The level of
implementation of artificial intelligence technologies in business management is
closely related to the overall digital readiness of the country. The results of the study
show that the development of digital infrastructure in Uzbekistan in recent years is
creating an important basis for the use of Al technologies.

According to the World Bank's World Development Indicators, the share of
Internet users in Uzbekistan reached 90 percent of the population in 2024. This
indicator represents a significant increase compared to the low levels in the early 2010s
and indicates the formation of a broad digital coverage necessary for the digitization of
business processes.

Table-1. Digital infrastructure indicators of Uzbekistan (2020-2024).

Indicator 2020 2021 2022 2023 2024
Internet users (% of ~71% ~76% ~83% 89% 90%
population)
Digital government Increasing  Increasing Increasing Increasing Advanced

development
Digital business environment  Developing Developing Growing  Growing Expanding

The results of the table show that Uzbekistan is forming the basic digital
conditions for the adoption of Al technologies. High internet coverage expands the
opportunities for enterprises to use cloud services, e-commerce platforms, digital
management systems and Al-based services.

At the same time, the presence of internet infrastructure is not a sufficient factor
for Al transformation. The effective use of Al systems requires a high-quality database,
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computing power and qualified specialists. Therefore, Uzbekistan’s Al readiness
should be assessed not only by technological connectivity, but also by human capital
and an innovative ecosystem.

Figure-1. Internet penetration as a foundation for Al adoption in Uzbekistan
(2015-2024).
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Figure 2 demonstrates the rapid expansion of digital connectivity in Uzbekistan
between 2015 and 2024. Internet penetration increased from 42.8% in 2015 to
approximately 90% in 2024, creating an essential technological foundation for artificial
intelligence adoption in business management. The continuous growth of digital access
indicates improved readiness of enterprises and consumers to utilize Al-based services,
cloud platforms, and data-driven decision-making systems.

Global Artificial Intelligence Adoption and Business Impact. To understand
the development of Al in the Uzbek business sector, it is important to compare it with
global trends. According to the Al Index 2025 report published by Stanford University
Human-Centered Artificial Intelligence, 78% of organizations reported using Al
technologies in at least one business process in 2024. This figure has increased from
55% in 2023.

Organizations using Al in percentage (20)

= 2023 m=m 2024

Figure-2. Global Al adoption in organizations between 2023 and 2024.
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The results show that Al is moving from an experimental technology to a key
strategic tool in business management. Al solutions are especially widely used in
marketing, customer service, manufacturing, logistics, and financial analysis.

According to the Stanford Al Index, private Al investments in the United States
will reach $109.1 billion in 2024, while global investments in generative Al have
increased dramatically. This indicates that Al technologies will play a key role in future
business models and management systems.

Artificial Intelligence Adoption Opportunities and Barriers in Uzbekistan’s
Private Sector. The integration of artificial intelligence technologies into business
management is one of the new strategic directions in the digital transformation of the
Uzbek economy. The results of the study show that, although the country has made
significant progress in digital services, e-government, financial technologies and
business process automation, the widespread use of Al technologies in the private
sector is still at the development stage.

The report on the introduction of artificial intelligence in the private sector of
Uzbekistan, prepared by the United Nations Development Programme, identifies
financial capabilities, technological infrastructure, human capital and the regulatory
environment as the main factors influencing the adoption of Al technologies. The
report analyzes the existing constraints in the implementation of Al solutions,
especially for micro, small and medium-sized enterprises.

Table-2. Main barriers affecting AI adoption in Uzbekistan’s private sector.

Barrier factor Impact level Explanation
Lack of Al-skilled High Limited availability of professionals in Al, machine
specialists learning and data analytics
High implementation High Initial investment required for software, infrastructure
costs and training
Limited access to quality ~ Medium— Many companies lack structured digital databases
data High
Insufficient digital Medium Advanced Al solutions require stronger computing
infrastructure capacity
Regulatory uncertainty Medium Businesses need clearer Al governance frameworks

Organizational resistance Medium Employees may hesitate to adopt Al-based workflows

The results of the table show that the biggest constraint to the development of
Al in Uzbekistan is not the technology itself, but the human capital that effectively
manages it. Modern Al systems do not work effectively by purchasing software alone;
they require specialists with the ability to manage data, understand algorithms, and
integrate them into business processes.

This result is also consistent with international experience. According to the
Stanford Al Index 2025 report, the use of Al in companies around the world has
increased dramatically, with 78% of organizations reporting that they are using Al
technologies in at least one business process in 2024. At the same time, it is noted that
to get real economic benefits from Al, it is not only necessary to have the technology,
but also to properly integrate it into the business strategy.
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Al Opportunities for Business Management Transformation in Uzbekistan.
The results of the study identified several key opportunities for Al technologies for
Uzbek business management.

The first opportunity is to improve the quality of decision-making. Al-based
analytical systems allow managers to make more accurate and faster decisions by
processing large amounts of data. For example, Al is becoming increasingly important
In processes such as credit risk assessment in the banking sector, demand forecasting
In the trade sector, and route optimization in the logistics sector.

The second opportunity is to increase operational efficiency. Automated systems
reduce repetitive tasks and help employees focus on high-value activities. Global
studies have shown that Al helps reduce costs, especially in service delivery, supply
chain management, and software development processes.

The third opportunity is to create innovative business models. Generative Al,
chatbots, intelligent recommendation systems, and forecasting platforms are enabling
businesses to provide personalized services to customers.

Table-3. Potential areas of Al application in Uzbekistan business sectors.

Sector Al application Expected business effect
Banking Fraud detection, credit scoring Reduced financial risks
Logistics Route opftlmlzatl_o n, demand Lower transportation costs

orecasting
Agriculture | Smart farming, yield prediction Higher productivity
Retail Recommendation systems, chatbots Improved customer experience
Manufacturing Predictive maintenance Reduced downtime
Healthcare Diagnostic assistance Improved service quality

The table below identifies the key areas of Al applications in major economic
sectors of Uzbekistan and provides a brief overview of the potential impacts on
intensification, risk reduction, productivity, and service quality. The data source
includes international research on AIl, UNDP Uzbekistan’s analysis of the Al impact
on various fields, and academic literature regarding digital transformation.

Figure-3. Relationship between Al adoption factors and business performance.
Conceptual model
Digital Infrastructure
|
!
Human Capital ----— AI Adoption ----— Business Performance
| |
! !
Data Quality Decision Efficiency
|
!

Competitiveness Growth
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The results of this model show that Al technologies do not directly affect
business performance, but rather through several intermediary factors. That is, if an
enterprise does not have a strong digital infrastructure, quality data, and qualified
specialists, it will be difficult to achieve the expected results from Al technologies.

SUMMARY OF RESULTS

The overall results show that Uzbekistan has important initial conditions for
introducing Al technologies into business management. Increased Internet coverage,
the development of digital public services, and innovative policies are contributing to
the formation of an Al ecosystem.

However, compared to international experience, the main task for Uzbekistan is
not simply to import Al technologies, but to adapt them to local business needs. This
requires strengthening cooperation between universities, research centers, and the
business sector, expanding Al educational programs, and creating financial support
mechanisms for enterprises.

Based on the results, the following main conclusions were drawn:

1. Al technologies are a strategic tool that increases the efficiency of business
management.

2. A digital base is being formed for the development of Al in Uzbekistan.

3. Human capital and data quality are key factors for the success of Al.

4. Public-private partnerships are crucial in developing an Al ecosystem.

DISCUSSION

The results of this study showed that artificial intelligence (Al) technologies are
becoming an important strategic factor in increasing the efficiency of business
management, improving strategic decisions and strengthening the competitiveness of
enterprises. Although the development of Al technologies in Uzbekistan is still at an
early stage, digital transformation processes, state policy and the need for technological
innovation in the private sector are creating the basis for the rapid development of this
area.

The results of the study show that the use of Al technologies allows enterprises
to accelerate the process of making management decisions, analyze large amounts of
data and automate business processes. These results are consistent with international
research and show that artificial intelligence is becoming a strategic management
resource in business organizations, not just a simple automation tool. Studies
conducted by the McKinsey Global Institute also noted that generative Al and
analytical systems can increase the productivity of organizations, reduce costs and
expand the possibilities of creating new value.

One of the greatest opportunities for Al technologies for Uzbekistan is to
increase efficiency in existing economic sectors. Al-based systems have great potential,
especially in the fields of banking and finance, logistics, agriculture, manufacturing
and services. Asamov’s research on digital transformation and agrarian management
also emphasizes that the use of modern digital technologies, including big data,
automation and intelligent systems, allows for the efficient use of resources and
improved management quality (Asamov, 2025). These ideas are consistent with the
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results of this study, since Al is not only a technological innovation, but also a
management mechanism that increases economic efficiency.

At the same time, the results of the study also showed the existing problems in
the widespread introduction of Al technologies. One of the main problems is the lack
of qualified human capital. Highly qualified specialists in data analysis, programming,
machine learning and digital management are required to develop and manage artificial
intelligence systems. This problem has been noted in many studies in developing
countries. According to the Organization for Economic Co-operation and Development
(OECD), the successful implementation of Al technologies depends not only on
technological infrastructure, but also on human capital and institutional readiness.

In addition, the insufficient development of data management systems in the
business sector of Uzbekistan is one of the factors affecting the effective functioning
of Al technologies. Artificial intelligence algorithms require high-quality, systematic
and large-scale data. If data collection, storage and processing systems are not
developed in enterprises, the effectiveness of Al solutions will decrease. Therefore,
Data Governance, cybersecurity and the development of digital infrastructure in
enterprises should be an important part of the Al strategy.

The results of the study also show the role of public policy in the development
of Al. Strategic initiatives are being implemented in Uzbekistan to develop the digital
economy, improve the e-government system and develop artificial intelligence
technologies. These policy directions have a positive impact on the technological
renewal of the business sector. However, the formation of an Al ecosystem requires
further strengthening of cooperation between the state, universities and the private
sector.

The results of this study can also be compared with the experience of other
developing countries. For example, countries such as South Korea, Singapore and the
United Arab Emirates have made the development of Al a central direction of their
national innovation strategy. The experience of these countries shows that to obtain
economic efficiency from Al technologies, it is not enough to purchase technology
alone; it is necessary to jointly develop the education system, scientific research,
startup ecosystem and business environment.

Overall, this study shows that Al technologies have great potential for business
management in Uzbekistan. However, to fully exploit these opportunities, it is
necessary to develop technological infrastructure, improve digital skills, improve data
management systems and form an innovative management culture. Thus, artificial
intelligence should be considered not only as a means of increasing efficiency for
Uzbek enterprises, but also as a strategic factor ensuring long-term economic
development and global competitiveness.

CONCLUSION

This study was aimed at analyzing the potential of artificial intelligence (Al)
technologies in business management and the problems of their implementation in
Uzbekistan. The results of the study showed that Al technologies have great potential
for increasing management efficiency in enterprises, improving strategic decisions,
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reducing operating costs, and accelerating innovative development. In particular, data-
driven management, forecasting systems, automated services, and intelligent analytical
platforms are helping to bring business processes to a qualitatively new level.

At the same time, the lack of qualified personnel, the level of development of
digital infrastructure, data quality, and institutional problems are the main obstacles to
the widespread introduction of Al technologies in Uzbekistan. To overcome these
problems, it is necessary to strengthen cooperation between the state, higher education
institutions, and the private sector, train Al specialists, and create an innovative
environment for business.

In general, artificial intelligence is not only a technological innovation for the
Uzbek business sector, but also a strategic tool that increases economic growth,
management efficiency, and international competitiveness. In the future, an integrated
approach to the development of Al technologies can significantly accelerate the
country's transition to a digital economy.
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