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Summary. The analysis of the differential cross section of the *B(®*He,d)*2C reaction measured at an
incident energy of 10 MeV was performed within the framework of the modified distorted wave Born
approximation. The peripheral character of the reaction was tested. It was shown that, the considered reaction is
peripheral at the main maximum of the angular distribution of the reaction under consideration. The squared
ANC value for the 'B+p—*?C configuration was found to be 290.456+20.105 fm™.
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Annotatsiya. 'B(*He,d)*?C reaksiyasining 10 MeV boshlang‘ich energiyada o‘lchangan differensial
kesimi modifikatsiyalangan buzilgan to‘lqinli Born yaqinlashuvi doirasida tahlil qilindi. Reaksiyaning periferik
xususiyati tekshirildi. Ko‘rib chigilgan reaksiya burchak tagsimotining asosiy maksimumi sohasida periferik
ekanligi ko‘rsatildi. 1'B+p—*2C konfiguratsiyasi uchun kvadratlangan ANK giymati 290.456+20.105 fm™ ga
teng deb topildi.

Kalit so‘zlar: differensial kesim, asimptotik normallashuv koeffitsienti, radiatsion tutib olish, periferik
reaksiya, spektroskopik faktor.

Annotanus. Aranmus nuddepennuansoro ceuenus peaxkiuu “B(*He,d)'2C, usmepenHnoit nmpu sHeprum
nanetaonmx vactun, 10 MbsB, Obul BBINOAHEH B paMKax MOAM(PUIMPOBAHHOIO TNpPUOIMKEHHsS bBopHa
HUCKaXEHHBIX BOJIH. bblia mpoBepeHa nepudepuidHocTh peakiinu. IlokaszaHo, 4TO paccMaTpuBaeMasi peakiius
ABJIsieTCs Tepudepuueckoil B 061aCTH OCHOBHOTO MaKCHMMyMa YTIIOBOTO pacnpesieieHus. KBaapaT 3HaueHHs
AHK s konpurypanun *B+p—'2C cocrasun 290.456+20.105 pm".

KmioueBble cioBa: auddepeHInanbHOe CeUeHHE, aCHMIITOTHYECKUH KOd()(HUIMEHT HOPMHPOBKH,
pa/IMalMOHHBIN 3aXBaT, epudepuyecKas peaKiys, CIEKTPOCKOTMYECKHiT (aKkTop

1. Introduction. The first thorough review about nuclear vertex constant (NVC) and its relationship
with the asymptotic normalization coefficient (ANC) was presented in Ref. [1]. That work also introduced the
theoretical foundation of the ANC and discussed its role in the nuclear reaction theory. In Ref. [2], the role of
the ANC in the theory of nuclear reactions with the charged particles was given. The residue in the poles of the
elastic scattering S-matrix corresponding to bound states [3] and in resonances [4] can be expressed in terms of
the ANC in the scattering theory.
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The asymptotic normalization coefficient is a fundamental nuclear characteristic of bound states [1] and
the partial resonance width is expressed in terms of the ANC [5]. The ANC plays an important role in low-
energy elastic scattering, nuclear transfer and radiative capture reactions [6]. The experimentally determined
ANCs can be used to calculate the astrophysical S factor of the peripheral radiative capture reactions [7].

The radiative capture 'B(p,y)*?C reaction plays an important role in nucleosynthesis both in stars and in
the early universe [8]. In the nucleosynthesis in stellar helium burning, it is supposed that the *B(p,y)*?C
reaction may act as a neutron poison for the slow proton capture process of the heavy element synthesis [9].
ANC for the “B+p—'?C configuration extracted from the !B(®*He,d)?C process could be used for the
prediction of characteristics of the radiative capture 'B(p,y)*?C reaction. In this regard, it is of great interest to
extract the value of ANC for the 'B+p—*2C configuration.

In this study, we extracted the ANC value for the 'B+p—*?C configuration from the analysis of the
peripheral neutron transfer reaction 'B(®He,d)*?C, which was measured in [10], within the framework of the
Modified Distorted Wave Born Approximation (MDWBA)[11].

2. Analysis of the *B(®*He,d)*C reaction
2.1. Basic formulas of the modified DWBA
In the modified distorted wave born approximation (MDWBA), the differential cross section in the
region of the main peak of the angular distribution for the peripheral transfer reaction A(x; v)B
(x = v+pand B = A+p) is parameterized in terms of the product of the squares of ANC and the
differential cross section (DCS) has the form (see Ref. [12,13] and references there in)
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The peripheral character of the considered reaction in the region of the main peak of the angular
distribution can be formulated by the condition [11]

R{E.l &; I;-7'_'3,1::: Lapfixc? baa !3._;!'3} = const 3
as a function of free parameters b, ;. 7. = byg;, 5. (70,@) @Nd bay, 1z 7z = baa;1p.75 (Yo, @) Which in turn are
functions of the geometric parameters of the radius and diffusion of the Woods-Saxon potential, for all

scattering angles and a fixed value of the energy E. If conditions (3) are satisfied, then the value of ANC for
A + a — B vertex can be determined from the condition
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which must be fulfilled for fixed energy E, scattering angle and the corresponding function
R{E; g; I;-7';,1::: :_‘,_;u'rjbml: :Bj'g}from Eq-(3)-

We note that the spectroscopic factor £ which is the norm of the radial overlap function of the bound

ad: Ig.jg
state B wave function in the (A+a) channel, is related to the ANC C, 4,155 by the equation [1]
1/2
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2.2. Analysis of the 'B(®He,d)'*C reaction within the modified DWBA

The DCS of the neutron transfer reaction 'B(*He,d)*?C populating the ground state of *2C was measured
at a *He bombarding energy of 10 MeV [10] and the spectroscopic factor was extracted from the experimental
data using DWBA calculation. In this section, we performed analysis of the DCS of the considered reaction. In
the *2C="'B+p system, the transferred neutron has orbital momentum [ ::5= 1 for the ground state of *?C and

the corresponding total angular momentum is equal to j,,:23=3/2. The orbital and total angular momenta of the

transferred neutron in the ®He=d+p system are equal to I,; =0 and j,s=1/2, respectively.
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Table 1.

The parameters of OP for entrance and exit channel for the 1!B(®*He,d)*2C reaction. The depth of the potentials
are given in MeV and the geometry parameters are in fm.

OP Parameters A B: B>
Vo 117.313 81.382 87.078
L) 1.26 1.174 1.13
y 0.82 0.809 0.80
w 2.137 19.27
Tw 1.251 1.328
Gy 0.84 0.465
Wp 3.71 12
o 1.563 1.477
tdp 0.7 0.7
Vso 3.703 5.2
o 1.234 0.85
fdgo 0.813 0.475
Yo 1.303 1.698 1.30

Sourse [17] [18] [19]

The calculation was performed using the LOLA code [15]. The ANC value for the d+p—2*He configuration was
taken to be 4.28+ 0.5 fm™ from Ref. [12]. The set of optical potential (OP) for the entrance and exit channel is
given in Table 1. The parameter of OP for the entrance **B+°He channel, labelled A1, was taken from Ref. [17].

The parameter of OPs for the exit 12C+d channel was taken from Refs. [18-19] and it is labelled B1-B2.

Variations of the parameters 1; and @ result in changes of the single-particle ANC within the interval
6.129< b, 225,y 5, = 12.864 fm™ for the ground state of the **C nucleus. Fig. 2 illustrates the dependence of

the R(8,b,, 115, 3,,) function on the single-particle ANC b, :25,, 5, for the **B(°*He,d)*?C reaction. The width

of the band reflects the minor residual dependence of the R(8, b, ::5., 5,») function on the parameters 1, and a.

For instance, the arithmetic mean value of R(8, b, ::5,, 5/,) function is equal to 3.68-10° £5.2-10° mb/sr fm at

an angle of & = 17". Variations of the parameters ro and a cause R(8,b, =25, 5,,) function to change in the
range 3.55-10° < R(6, b, :25,, 55, < 3.81-10° mb/sr fm.
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Fig. 1. The dependence of the R(8, b, 115, 3,,) function on the single-particle ANC b, 115,, 5, at energy of 10

MeV using OP set (A1+B1) at the angle of 8,.4; = 17". The band width in the graphs corresponds to the
variation of the geometric parameters 1 and @ within the ranges 1.00 = 13 = 1.40 fm and 0.50 = a =0.70 fm.
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Fig. 2 shows the dependence of the ANC E'; and the spectroscopic factor Z, 115,45, On the

g 3/2

single-particle ANC b, 215, /5 @t 8p00i = 17°. The ANC C; 115, 50 Varies slightly within the narrow range

of 301.31 = C%.._ ., = 323.38 fm™ when changing the Woods-Saxon potential parameters r and a within
B Bl 3.-_

the above mentioned interval. This implies that ANC is relatively insensitive to the single-particle ANC
variations. In contrast, the spectroscopic factor Z,i;,3. changes significantly in the range

1.95= Z 115, 3, = 8.02 under the same variations of the parameters r; and a. This indicates a strong
dependence of Z, 5,5, on the single-particle ANC b, :15., 5. Similar trends, namely weak ANC

dependence and strong sensitivity of the spectroscopic factor, are observed at other experimental angles. In
summary, the results demonstrate the reliability of the ANC determination for the 'B+p—'?C configuration

from the transfer reaction 'B(®*He,d)'?C, while highlighting the strong model dependence that affects the
extraction of the spectroscopic factor. For all optical potential set listed in Table 1, the condition (2) for the
R(8,b, 5. 3,,) function is fulfilled at angles within the main peak of the angular distribution when the

Woods-Saxon potential parameters 1, and a are varied across the above mentioned ranges. The
R(6,b, 115, 3,,) function value fluctuates between 1.41% and 3.88% considering set of OPs. The results

indicate that the reaction under study is peripheral at the main peak of the angular distribution. Therefore, the

experimental DCS for the 1*B(®He,d)*?C reaction can be employed to extract the values of ANC € p tig 3 N2

manner that is independent of the geometric parameters (1 and @) of the W-S potential.
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Fig. 2. The behavior of the C; 1159 22 [in upper panel] and Z, 115, 5 » [in lower panel] function on the single-
particle ANC b, 225, 54, at an energy of 10 MeV using optical potential set (A1+B1) at the angle of

Opear = 17°. The width of the bands corresponds to the variation of the geometric parameters 7, and a within
the ranges 1.00 = r; = 1.40 fm and 0.50 = a =0.70 fm.

2.3. Determination of ANC for !B+p—!*C configuration

By normalizing the calculated DCS within the framework of MDWBA to the experimental one at the
forward angles <207, we extracted the values of the ANC for the !B+p—'2C configuration. For each of the

three experimental points of angles @, the value of ANC for the !B+p—'2C configuration is determined by
using the relation (4) and the central value R(8,b, 115, 3,-) function, corresponding to the standard values of

the parameters 1 and a of the adopted W-S potential (r3=1.25 fm and &=0.65fm).
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Fig. 3. The values of ANCs for the 'B+p—*2C configuration for each experimental point of angles in the main
peak of the angular distribution. The band widths are the corresponding weighted uncertainties.
Table 2.
The dependence of the R functions on single-particle ANC of 1p3/2 component in *2C ground state for
the *B(®*He,d)*?C reaction. The calculation have been carried out with the optical potential set (A1+B1) at the
angle of B, = 17"

Ta a by 32 Cfg;g Ryzpz 5132
1.00 0.50 6.129 301.31 3.81E-3 8.02
1.00 0.70 8.987 309.43 3.71E-3 3.83
1.25 0.65 10.087 314.52 3.65E-3 3.09
1.40 0.50 10.466 317.13 3.62E-3 2.89
1.40 0.70 12.864 323.38 3.55E-3 1.95

The calculated values of the squared ANCs for the 'B+p—*?C configuration are presented in Fig. 3 for each

experimental data point in the main peak of the angular distribution, considering set of OP. The uncertainty in
the ANC values represents the root mean square error derived from the combined uncertainties of the calculated
R(6,b, 115, 3,,) function, which depends on the free parameter b, 115, 5,-, alongside the experimental DCS
error. Our recommended weighted average ANC value, obtained from OP set listed in Table 1, is E'; gy g0
290.456+20.105 fm* for the **C nucleus ground state. The spectroscopic factor Z , :z5,, 5, Of the **C nucleus

in the (*B+p) channel is determined by the equation using the recommended ANC value in the present work
and the value of single particle ANC b, 11, 5, , corresponding to the standard values of the parameters rp and

a of the adopted W-S potential (13=1.25 fm and a=0.65fm). The spectroscopic factor Z, ::5,, 3, Of the 12C
nucleus in the (*'B+p) channel are found to be Z , ::,, 5 = 2.855+0.198 for the *°C nucleus ground state.

The calculated DCSs of the 'B(®*He,d)*2C reaction, populating the ground state of the *2C nucleus, are
presented in Fig. 4 alongside the corresponding experimental data from reference [10]. The curve, which are
shown in Fig. 4, represent calculations performed within the framework of the MDWBA, utilizing the weighted
ANC value, across different OP set listed in the Table 1. As demonstrated in the figure, the calculated DCSs
within the framework of MDWBA exhibit good agreement with the experimental data, particularly within the
main peak region of the angular distribution.

3. Conclusion

The analysis of the differential cross section of the 'B(®He,d)*2C reaction measured at an incident energy
of 10 MeV was performed within the framework of the modified Distorted Wave Born Approximation. The
peripheral character of the reaction was tested. It was shown that, the considered reaction is peripheral at main
maximum of the angular distribution of the reaction under consideration. It was established that the
spectroscopic factor demonstrates a significant sensitivity to the parameters of the Woods-Saxon potential. The
squared ANC for the !B+p—!2C configuration was found to be 290.456+20.105 fm™.
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Fig. 4. The DCS for the reaction *B(*He,d)*?C populating the ground (0*; E*=0MeV) state of the >C nucleus
at an energy of 10 MeV. The experimental points are taken from [10]. The red and black solid lines are the
calculated DCSs corresponding to set (A1+B1) and set (A2+B2), respectively.
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Abstract. Perovskite photovoltaic devices have attracted considerable attention from scientists over the
past decade, achieving efficiencies exceeding 25% in a short time. Advances in the development of perovskite
photovoltaic devices have made them the photovoltaic technology of the future. To further improve the
efficiency of these devices, limiting factors such as the quality of the active perovskite layer, transport layers,
boundary conditions, and buffer layers must be overcome. The selection and fabrication of thin hole transport
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layers with transparent and conductive properties, which are the key components of photovoltaic devices, is a
key factor in improving efficiency. This article presents a simple and easily implemented process for producing
NiO thin films. To produce NiO thin films, spin-coating was chosen. A liquid mixture containing NiO chemical
elements (nickel nitrate hexahydrate and deionized water) is centrifuged and deposited using centrifugal force
to form a solid layer. The process of preparing the liquid mixture is crucial for obtaining a high-quality layer:
solution concentration, centrifuge speed, temperature, and deposition time during and after the spin-coating
process. The stages of preparing mixed solutions of the chemical elements that make up inorganic p-type NiO,
as well as simple technological processes during centrifugation growth, are analyzed. Data on the effect of
centrifuge speed on the thickness of a thin NiO layer are presented. The relationship between the concentration
of the selected liquid and the thickness is presented.

Keywords: perovskite photovoltaic device, hole transport layer, nickel oxide thin film, solution,
concentration, spin coating method, glass substrate, temperature.

Annotatsiya. Oxirgi o’n yillikda perovskit fotovoltaik qurulmalari olimlar orasida katta qizigish uyg'otdi
va qisqa davr ichida 25% dan ortiq bo’lgan samaradorlikka erishildi. Perovskit fotovoltaik qurulmalarini
yaratishdagi yutuglar uni kelajak fotovoltaik texnologiyasiga aylantirdi. Ushbu qurilmalarning samaradorligini
yanada ko’tarish uchun perovskit aktiv qatlami, transport qatlamlari, chegaraviy holatlari va buffer
gatlamlarining sifati kabi chegaralovchi omillar bartaraf etish zarur. Fotovoltaik qurulmalarning tarkibiy gismi
bo’lgan shaffof va o’tkazuvchanlik xususiyatlariga ega bo’lgan kovaklarni tashuvchi yupqa qatlamlarini tanlash
va ishlab chigarish samaradorlikni ko’tarishning muhim omillardan biridir. Mogolada NiO yupga gatlamlarini
ishlab chiqarishda sodda, hamda uni amalga oshirish oson bo’lgan texnologik jarayon taqdim etiladi. NiO
yupga gatlamlarini ishlab chigarish uchun spin coater texnologiyasi tanlangan, bunda gattiq gatlamni olishda
NiO ning tarkibiy komyoviy elementlari mavjud suyuq aralashma (nikel nitrat geksagidrat va deionlashgan
suv) aylantirib markazdan qochma kuch yordamida yotqiziladi. Suyuq aralashmani tayyorlash jarayoni sifatli
gatlamni olishda juda muhumdir: eritmaning konsentratsiyasi, spin coating qurulmasining aylanish tezliklari,
gatlamni spin coating jarayonida va jarayondan keyin toblash harorati va davomiyligi. Nooprauuk p-turdagi
NiO tarkibiga kiruvchi kimyoviy elementlarning aralashmali eritmalari tayyorlanish bosgichlari va Spin-
coating usuli orqali o‘stirish jarayonidagi texnologik jarayonlarining sodda amallari tahlil qilingan. Spin-
coating qurulmasini aylanish tezligining NiO yupga qatlam qalinligiga ta’siri xaqida ma’lumotlar berilgan.
Tanlangan suyuqlik konsentratsiyasi va qalinliklar o’rtasidagi bog’liqlik keltirilgan.

Tayanch so‘zlar: perovskit fotovoltaik qurulmasi, kovakli transport gatlami, nikel oksidi yupga gatlami,
eritma, konsentratsiya, spin coater usuli, shisha taglik, temperatura.

AHHoTamus. B mocnenHee necsATUIETHE TEPOBCKHUTHBIE (DOTOAIEKTPHUECKUE YCTPOMCTBA TPUBIEKIH
00JIbpIIIOE BHUMaHHUE YUEHBIX, U 32 KOPOTKUH IMepHoj] BpeMeHH ObLTa JoCTHTHYTa 3 PexTruBHOCTL Oonee 25%.
[Iporpecc B CO3MaHUM TEPOBCKUTHBIX (DOTOIJICKTPUUSCKUX YCTPOMCTB ciaeiall uX (HOTOIIEKTPUUECKOM
TexHojoruen Oymymiero. J[is majgpHe#mero mnoBbieHUsT 3(GQGEKTUBHOCTA 3THX YCTPOUCTB HEOOXOIMMO
MIPEOI0IETh OrpaHNYUBAIONIHE (PAKTOPHI, TAKME KaK KAYeCTBO aKTUBHOTO IMTEPOBCKUTHOTO CJIOSI, TPAHCIIOPTHBIX
CJIOEB, TPAHUYHBIX YCIOBHH U Oy(depHbIX cjioeB. BHIOOP ¥ MPOM3BOJICTBO TOHKUX JIBIPOYHBIX TPAaHCHOPTHBIX
CIIOGB C TMPO3PAaYHO - TIPOBOISIIMMH CBOHCTBAMHU, KOTOPBIC SBISIOTCS OCHOBHBIMH KOMIIOHCHTaAMU
(hOTORIIEKTPUYECKUX YCTPOMCTB, - OJWUH M3 BAXHBIX (DakTOpoB mOBBIINICHUS 3¢ dekTuBHOCTH. B crarthe
MIPEJICTaBJICH MTPOCTON U JIETKO PEeaTN3yeMbIil TEXHOJIOTHUECKUN TPOIIeCcC MOMydeHHsI TOHKUX IIeHoK NiO. [{is
rmorydeHus: TOHKUX IieHoK NiO Obplla BBIOpaHa TEXHOJIOTHS IEHTPU(YKHOTO HAHECCHHS, TPHU KOTOPOU
KUKAsg CMECh, coJieprkaiias xumudeckue 3yeMeHTsl NiO (TekcarumpaT HUTpaTa HUKEIS U JCHOHU3HPOBAHHAS
BO/a), ICHTPUPYTUPYETCS U HAHOCUTCS C TOMOIIBIO IEHTPOOSKHOW CHIIBI ISl TOJMYYEHHS TBEPAOTO CIIOS.
[Ipomiecc TPHUTOTOBIICGHUS S>KHAKOW CMECH OYECHb BaXXEH [UIS TIOJYYCHHS BBICOKOKAYECTBEHHOTO CIIOS:
KOHIICHTpAIUsI PacTBOPa, CKOPOCTh BpallleHUs! LEHTPUGYry, TeMIIeparypa U MpoA0DKUTEIIbHOCTh HAHECCHHUS
CJIOS BOBpEeMsI W IOCIIe Tpolecca MeHTpu(yXHOro HaHeceHus. [IpoaHalM3MpOBaHbI 3TAIbl MPUTOTOBICHHS
CMEIIIaHHBIX PAcTBOPOB XMMHUYECKHX 3JEMEHTOB, BXOJSIIMX B COCTaB Heopranmueckoro p-tuma NiO, u
MIPOCThIE TEXHOJOTHYECKHE TPOIIECCHI B MPOIECCEe POCTa METO0M lieHTprGyrupoBanus. [IpuBeieHbl qaHHbBIC
O BIUSHHHM CKOPOCTH BpalleHHs IEHTPUPYTH Ha TonmiuHy ToHKoro ciosi NiO. [IpeacraBneHa 3aBHCHMOCTh
MEX/Ty KOHIICHTpAIUEH BRIOPAaHHOW YKUIKOCTH U TOIIUHOM.
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KaoueBbie cjioBa: MEpOBCKUTHOE (POTORIEKTPUUECKOE YCTPOWCTBO, ABIPOUHBIA TPAaHCIIOPTHBIN CIIOM,
TOHKas IJICHKA OKCHJA HUKEJIS, PaCTBOP, KOHLEHTPALMs, METOJ HEeHTPU(PYrupoBaHus, CTEKIIIHHAS MTOAJI0XKKA,
TeMIeparypa.

Kirish. Organik/noorganik gibrid perovskit fotovoltaik qurulmalari (PerPVQ) so‘nggi vyillarda
samaradorligi yuqori, ishlab chigarish oson va arzonligi kabi afzalliklari tufayli gqayta tiklanadigan energiyaning
istigbolli sohasi bo‘lib kelyapdi [1]. Noorganik p-turdagi metall oksidi assosidagi kovakli transport gatlamini
(KTQ) ishlab chigish jahon bozorlarida PerPVQ larining samaradorligida va bargarorligida muhim ro‘l
o‘ynaydi. PerPVQ fotogalvanika sohasida eng tez rivojlanayotgan texnologiyalardan biriga aylandi. Ularning
samaradorligi 25% dan yuqori giymatlarga yetgan bo‘lib, kremniy texnologiyasiga yaginlashib bormogda.
Biroq uzog muddatli barqarorlik, interfeys defektlari va zaryad tashuvchilar rekombinatsiyasi hali ham dolzarb
muammolar bo‘lib golmogda. Odatda organik KTQ (masalan, Spiro-OMeTAD) narxi yuqoriligi, kirishmalar
bilan ishlov talab gilishi va termik barqarorligi past bulgan kamchiliklarga ega. Shu sababli noorganik KTQ,
xususan NiO, PerPVQ uchun istigboli material sifatida garalmoqda.

Amaliyotda PerPVQ uchun KTQ peroskit fotoaktiv gatlamidan kovaklarni samarali chigarish,
elektronlarni bloklash, interfeys rekombinatsiyasini kamaytirish va PerPVVQ bargarorligini oshirish vazifalarni
bajaradi.

NiO yupga gatlamlarini sintez gilishda bir gancha fizikfviy va kimyoviy usullar go‘llanililib kelinmogda
masalan, radiochastotali magnetron purkash usuli [2-4], pirolizli purkash usuli [5], elektron nurlari yordamida
bug‘lantirib o‘stirish [6], impulsli lazer yordamida purkab o“stirish [7] va sol-gel usullari [8, 9]. Ishlab chigarish
uchun oson va arzonligi bilan qulay bo’lgan usullardan biri sol-gel spin-coating — suyuglikni aylantirib gatlam
olish usuli o°zining afzalliklari tufayli yupga gatlamlarni tayorlashda qulay texnologik yondashuv hisoblanadi
va ko‘plab tadgigotlarda ishlatilib kelinadi [5, 9]. NiO yupga gatlamlarini kremniy (Si), magniy oksidi (MgO),
alyumin oksidi (Al.Os) tagliklariga [7], amorf yoki kristall turdagi tagliklariga o‘stirish mumkin.

Ushbu tadgiqgotda shisha taglikga NiO yupga gatlamlarini o‘stirish uchun oson va samarali bo‘lgan sol-
gel spin-coating usuli go‘llanildi. Tadgigodda nooprammx p-turdagi, xususan NiO KTQ tarkibiga kiruvchi
kimyoviy elementlarning aralashmali eritmalari tayyorlanib, Spin-coating usuli orqali o‘stirish jarayonidagi
texnologik tartiblaring sodda amallari keltirilgan. Sifatli NiO gatlamlarini olishda amorf shisha tagliklarini
kimyoviy tozalash jarayoni juda muhim bir jarayon bo’lib hisoblanadi.

Tadqiqot ob’ekti va qo‘llanilgan metodlar
1. Shisha tagliklarni tozalash jarayoni quyidagi ketma-ketlikda olib boriladi:
1.1. Shisha tagliklar (25 x 25 mm) PerPVQ asosini tashkil giladi.
1.2. Shisha tagliklar iliq deionizatsiyalangan suvda (~40°C) boshlang‘ich yuviladi.
1.3. Etil spirti (99%), asetonda (99%) va deionizatsiyalangan suvlarda ketma-ket holda ultratovushli vannada
15 dagigan tozalanadi.
1.4. Shisha tagliklar gaz puflagich yordamida azot ogimi yoki changsiz havo manbai yordamida quritiladi.
NiO gatlamlarini olishda eng qulay usullaridan biri bu Nickel nitrat hexahydrate asosidagi sol-gel eritmasi
yordamida olish hisoblanadi [10]. Bunda 0.5M va 0.1M li NiO gatlamlarini olish uchun spin-coating va gayta
toblash usuli mukobil jarayonlardir, 1M ga nisbatan yupgaroq va silliqg NiO gatlam olish mumkin.
2. Kerakli moddalar va asboblar
Nikel nitrat geksahidrat (Ni(NOs)2-6H20)
Distillangan yoki Deionizatsiyalangan suv
Analitik tarozi
100 ml o‘lchov kolbasi (yoki stakan + menzurka)
Magnit aralashtirgich
Hisoblash: 10 ml eritmasi uchun 0.5M NiO konsentrasiya tayyorlaymiz. Molyar massa Ni(NOs).-6H.0 = 290.8
g/mol:

VVVYYVYYV

m=C*V*M
m=0.5*0.01*290.8=1.454 g
Ma’lum konsentratsiyalar va galinliklar uchun gisgacha ma‘lumotlar 1- jadvalda keltirilgan
1-jadval

Konsentrasiya 10 ml uchun massa Qalinlik Qo‘llanish sohasi

0.1M 0.29¢ 10-20 nm Interfeys / buffer
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0.5M 1.454 g 20-50 nm Yuqori sifatli KTQ

1.0M 291¢g 30-80 nm Standart KTQ

Amaliyotda katta miqgtorda ishlatiladigan holda 100 mlda tayyorlanadi
Olingan natijalar va ularning tahlili
3. Tayyorlash jarayoni 10 ml 0.5 M eritma uchun:
3.1.Analitik tarozida 1.454 g Ni(NOs).-6H20 ni tortib olinadi va toza stakan yoki kolbaga solinadi
3.2.Taxminan 60-70 ml distillangan suv qo‘shiladi
3.3.Magnit aralashtirgichda 30—40 min 60°C da to‘liq eriguncha aralashtiriladi
3.4.Eritma tiniq bo‘lgach, hajmni 10 ml gacha distillangan suv bilan to‘ldiriladi
3.5.Yana 2-3 dagiqa aralashtiriladi
3.6.12-24 saot xona haroratida saglanadi
3.7.Xona haroratida, qorong‘i idishda uzoq muddat saqlash uchun idish mahkam yopilgan holda bo’lishi kerak.
3.8. 0.45 um filtrdan o‘tkazish zarur.

60°C da aralashtirilgandan
so’ng eritma sovutiladi

0.45 um filtrdan
o’tkaziladi

—_—

1-rasm. Spin-coating usulida NiOx gatlamini olish ishlatiladigan eritmaning sovutish va filtrlash jarayonidan
keyingi holati.

4. Spin-coating usuli yordamida bir necha galinlikdagi yupga gatlamlarni olish tehnologiyasi.

2-rasmda Spin-coating usuli yordamida bir necha qalinlikdagi yupga gatlamlarni olish tehnologiyasi
tasvirlangan. Spin-coating usulida taglikga dastlab eritma yuboriladi. Aylantirish paytida markazdan
gochiruvchi kuchlar eritmani taglikning chetlarigacha suradi, ortigcha eritmani chigarib yuboradi va natijada
yupqa, bir xil gatlam hosil bo‘ladi. Bu jarayon to‘rtta alohida bosgichlardan iborat: (1) eritmani tomizish, (2)
kichkina tezlikda aylantirish, (3) kata tezlikda aylanish va (4) bug‘lantirish.

eritma g Spin-coating Jarayon bir vaqtning o'zida bo'ladi
solinadi quri!ma§iga — ( A \
~, qoyiladi Taglik
¢ -
Qatlanni markazdan qochiruvchi  Ortigcha eritmani Buglanish tezlik
yuklash tezlik do/dt>0 chiqarish tezlik dw/dt=0 dw/dt=0
2-rasm. (1) tomizish, (2) aylantirish, (3) aylantirish va (4) bug‘lantirish [10].

1-bosgichda taglik 500 rpm tezlikda 5 soniyada (s) eritmani bir tekis yoyadi. 2-bosgichda 3000 rpm
tezlikda 30 soniyada (s) yupga gatlam hosil gililadi. Eritmani tomizish hajmi ~80-100 uL. 2-jadvalda aylanish
tezligining NiO yupga gatlam galinligiga ta’siri bo‘yicha ma’lumotlari berilgan.

2-jadval.
Spin-coating aylanish tezligining NiO yupga gatlam galinligiga ta’siri
Spin tezligi (rpm) Spin vaqti (s) Qoplash soni Qalinlik (nm)
2000 30 2 ~85-90
3000 30 2 ~60-65
4000 30 2 ~40-45
3000 30 3 ~85-95
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Spin-coating jarayonida o‘stirilgan NiO gatlam galinligining aylanish tezligiga bog‘liq ekani kuzatildi.
Aylanish tezligi oshishi bilan markazdan gochma kuchning ortishi natijasida eritmaning taglik yuzasida
tarqalishi kuchayadi va natijada yupqaroq gatlam hosil bo‘ladi. 3000 rpm tezlikda yotqizilgan NiO qatlamlari
bir xilligi va sirt silligligi nuqtai nazaridan optimal natijani ko‘rsatdi. Qoplash sonining oshirilishi qatlam
galinligini deyarli chizigli ravishda oshishi aniglandi, bu usul orgali NiO gatlam qalinligini nazorat gilish
imkoniyati mavjudligi tasdiglandi.

Xulosa. Organik/noorganik gibrid perovskit PVQ sohasidagi olimlarning so‘nggi yillarda gilgan
tadgiqotlari tahlil gilinib, NiO PerPVQ uchun istigbolli noorganik KTQ ekanligi bo‘yicha xulosaga kelindi.
Tadgiqodda shisha tagliklarni tozalash, erituvchi distillangan suv bo‘lgan NiO uchun 0.5M konsentratsiyani
xisoblanib, eritmani Spin-coating jarayoni uchun mos ravishda tayorlanib va spin-coating qurilmasi yordamida
bir necha nanometrlargacha galinlikdagi yupqa gatlamlarni optimal olish tehnologiyasi keltirildi.
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UDK 517.171
PURSUIT-EVASION GAME ON A GRAPH WITH EDGES OF VARYING LENGTHS

QIRRALAR UZUNLIKLARI TURLI BO’LGAN GRAFDA QUVISH-QOCHISH O’YINI

WUI'PA MPECJIEJOBAHUS-YKJIIOHEHUS HA TPA®E C PEBPAMU PA3JIMUHOU
JUIMHBI

Mamatov Jurabek Saydullayevich
Guliston davlat universiteti, 120100, Sirdaryo viloyati, Guliston shahri, IV mavze
E-mail: jurabek25@mail.ru

Abstract. This article considers the pursuit—evasion problem on a finite connected graph with edges of
varying lengths. It is also proved that for the edges of a graph embedded in the space R®, under condition
a<|, <2a , the game ends in favor of the evader p, = p, =&, while under condition p, = p, = p, =5 —in

favor of the pursuers.

Keywords: incident, pursuit problem, symmetric motion, tree, finite graph, connected graph, cycle,
isolated edge.

Annotatsiya. Mazkur maqolada qirralari uzunliklari turli bo’lgan chekli, bog’lamli grafda quvish-

qochish masalasi o’rganilgan. R®fazoda to’g’rilanuvchi qirralardan tashkil topgan graf girralari uchun
a<l <2a (i =l,8) shart bajarilsa p,=p,=0=1 bo’lganda 0’yin qochuvchi foydasiga,
P, =p, = p; =0 =1 bo’lgan holda o’yin quvuvchilar foydasiga hal bo’lishi isbotlangan.

Kalit so‘zlar: quvish masalasi, simmetrik harakat, daraxt, chekli graf, bog’lamli graf, yakkalangan
girra, sikl, insidient.

AHHOTanus. B naHHOW cTaThe paccMaTpuBaeTcs 3ajada IMpecie/OBaHUS—YKIOHEHHS Ha KOHEYHOM
cBs3HOM rpade c pe€Opamu pazmmuHoW miuHBL. JlokazaHo, uto anms pébep Tpada, HM300paKEHHOTO B

3
npocrpancte R°, npu BemonHenun yciosust a < |, <2a, ecim p, = p, =0 T0 urpa 3aBepiuaercs B moJIb3y

yOerarIero, eciiu P, = P, = P3 =0 — B I0JIb3Y NPECIIEI0BATEICH.

KioueBble cjI0Ba: WHIMIMEHT, 3a7ada O NpECIEJOBaHWH, CHUMMETPHYHOE JBW)KEHHE, IEpPEBO,
KOHEUHbIH Ipad, CBS3HBINA Tpad, IUKII, H30JIUPOBAHHOE PEOPO.

Kirish. Graflarda dinamik o‘yinlarning bir nechta turlari mavjud bo‘lib, ulardan dastlabkisi va chuqur
o‘rganilgani abstrakt graflardagi o‘yinlar sinfidir. Bunday o‘yin bilan bir qator taniqli matematiklar
R. J. Novakovskiy, A. Quilliot, M. Aigner, M. Fromme, T. Andrea, A. Bonato va boshga matematiklar ilmiy
izlanishlar olib borib, salmogli natijalar olishgan [2-3], [7]. Geometrik graflardagi dinamik o‘yinlarning
nisbatan torroq, lekin gizigarli sinfi — bu grafning qirralari bo‘ylab harakatlanuvchi nuqtalarning quvish-
qochish o‘yinidir. Barcha qirralari uzunliklari teng deb olingan I 'graf ustida quvish-qochish o‘yinlari
A. A. Azamov, A. Sh. Kuchkarov, G°. lbragimov, T. Ibaydullayev va A. G‘. Xolboyevlarning ishlarida
o‘rganilgan va diggatga molik natijalar olingan [1], [5], [8-10].

Lekin grafning qirralari uzunliklari bir xil bo‘lmasin deb qaralsa olingan natijalar farqli bo‘ladi va
masala murakkablashadi. Tomonlari uzunliklari turli bo‘lgan holda, R® fazodagi tetraedning girralaridagi
quvish-qochish o‘yinini Azamov A. va Ibaydullayev T. lar o‘rganishgan.

Maqgola R* fazoda tasvirlangan uzunliklari turli girralaridan iborat grafda maksimal tezliklari teng
bo‘lgan nugqtalar harakatini boshgaradigan quvuvchi va qochuvchi ishtirokidagi quvish-gochish masalasiga
bag‘ishlangan. O‘yinda biror chekli vaqtda biror quvuvchi nuqta qochuvchi bilan grafning biror qgirrasida bo‘lsa
gochuvchi quvuvchiga tutiladi. Qochuvchi cheksiz vaqt davomida hech gaysi quvuvchi nugta bilan grafning
hech bir girrasida bo‘lmasa o‘yin qochuvchi foydasiga hal bo‘ladi. O‘yinda gochuvchini tutadigan
quvuvchilarning eng kam sonini topish asosiy masaladir. R* fazoda berilgan graf uchun gochuvchini tutadigan

quvuvchilarning eng kam soni N (F) natural son topilgan.
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Tadqiqot ob’yekti va qo‘llanilgan metodlar
R® fazoda tasvirlash mumkin bo’lgan, girralari uzunliklaru turli bo’lgan, chekli, bog’lamli kamida bitta
siklga ega bo’lgan graflar hamda ularda quvish-qochish masalasini qurish uchun isbotlangan teoremalar mazkur
ishning ob’yektini tashkil etadi.
Ushbu magolada berilgan graf uchun tezliklari bir xil bo’Iganda quvuvchi va gochuvchilar soni ganday
bo’lganda 0’yinni yakunlash kimni foydasiga hal bo’lishi masalasi o’rganiladi.
Graf qirralari bo‘ylab harakatlanadigan P :(Pl,Pz,...,Pn) guvuvchi va Q gochuvchi ishtirokidagi
quvish-qochish o‘yinida o‘yinchilarning maqgsadi yutish. Quvuvchining magsadi, biror chekli vaqtda biror
guvuvchi va gochuvchi nugtalar grafning biror girrasida (quvuvchi va gochuvchi nugtalar girraning uchlarida
bo‘lsa ham bir girrada deb olinadi) bo‘lish—quvuvchi gochuvchini tutadi, gochuvchining magsadi esa, ixtiyoriy
vaqtda ixtiyoriy quvuvchi va qochuvchi nugtalar grafning hech qaysi qirrasida bo‘lmaslik—gochuvchi
guvuvchilarga tutilmaydi.
Bunday o’yinlarda o’yinchilar bir-biriga nisbatan simmetrik harakat gilish metodidan foydalanadi.
Simmetrik harakat— X, X,,...,X,, N = 2 nugtalar harakati bilan boshgariluvchi quvuvchi nugta hamda y nugta

harakati  bilan  boshgariluvchi  gochuvchi  nugtalar uchun  biror te[O,T] vagt mobaynida
X (t)=y(t), k= 1,n) traektoriya hosil bo’ladi. Ravshanki, bu tracktoriya I ga tegishli bo’ladi hamda o0’yin
dx, (t) dy(t)

shartiga ko’ra T =N T = o tenglikka ega bo’lamiz.
Olingan natijalar va ularning tahlili

Agar I chekli daraxt bo‘lsa, u holda quvish-qochish o‘yinida (grafning barcha girralari uzunliklari
bir xil) bitta quvuvchi gochuvchini tutadi. O‘yinda quvuvchining maksimal tezligi 0 > 0 bo‘lishi yetarli.

Endi I" chekli daraxtning barcha qirralari uzunliklari bir xil bo‘lmasin deb olib quvish-gochish
0‘yinini qaraylik.

Masala. Agar I'" chekli daraxtda p >0, 0 =1 bo’lsa, u holda quvuvchi qochuvchini tutadi, yani
N (") =1 bo‘ladi.

Bu quvish masalasi bo‘lib, o‘yin ixtiyoriy holatdan boshlanganida ham, quvuchining shunday
strategiyasi mavjudki, qochuvchi har qanday strategiya qo‘llasa ham, chekli vaqtdan keyin gochuvchi
quvuchiga tutiladi. Quvuvchi harakatini darajasi 1 ga teng bo’lgan biror uchdan boshlab unga qo’shni bo’lgan
darajasi 1 dan katta uchga keladi. Agar gochuvchi shu uchdan chiquvchi yakkalangan qirralardan birida bo’lsa
0’yin tugaydi. Quvuvchi o’yinni daraxtning girralari bo’ylab shunday davom ettiradiki, qochuvchi o’yin oxirida
albatta quvuvchi o’tmagan yakkalangan girralardan biriga o’tishga majbur bo’ladi.

I" — qirralari uzunliklari turlicha, kamida bitta siklga ega bog’lamli, chekli graf bo’lIsin.

Masala. Agar p =0 =1 bo’lsa, u holda I" da gochuvchi quvuvchini tuta olmaydi, yani N(I") >1
bo’ladi.

O’yin ixtiyoriy vaziyatdan boshlangan bo’lsin. Chekli { E[O,T] vaqtdan so’ng qochuvchi nuqta

I"grafning S siklga tegishli biror €, qirrasida bo’ladi. Quvuchi qanday harakat gilmasin gochuvchi S sikining

yangi qirralari bo’ylab harakatini davom ettiradi. Graf bog’lamli bo’lganligi sababli bunday traektoriya har
doim mavjud bo’ladi.
I" — graf asosi kubdan iborat bog’lamli, chekli graf bo’lsin. Umumiylikka zarar keltirmasdan graf

qirralarini to’g’rilanuvchi siniq chiziglardan tashkil topgan, grafning o’zini esa R®da tasvirlash mumkin deb
faraz gilamiz. A,B,C,D va A,B,,C,, D, nugtalar tomoni uzunligi a ga teng asosning garama-garshi yoglari

uchlari bo’Isin. E nugta bilan asosning uchlarini tutashtiruvchi girralar uchun a <1, <2a (i :1,8) tengsizlik

o’rinli bo’lsin.
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Teorema. Agar p, =p, =0 =1bo’lsa, u holdal" grafda quvuvchilar gochuvchini tuta olmaydi
yani N(I') > 2 bo’ladi.
Isboti. Agar gochuvchi nugta I"grafning ixtiyoriy bitta girrasida quvuvchi nugtalar orasida golib

D, A

ketsa tutiladi, aksincha holatda tutilmaydi. O’yin ixyiyoriy vaziyatdan boshlangan bo’lsin. Chekli t =1, vaqtda

gochuvchi Q nugta E uchda tursin. Bu vaqtda P, va P, nugtalar grafning E uchdan boshga ixtiyoriy

nuqtasida bo’lsin. Quvuvchilarning har biri kubdagi o’ziga insidient bo’lgan uchtadan qirrani nazoratga oladi.
Agar quvuvchi nugtalar E nugta tomon harakatlansa, gochuvchi nugta quvuvchi nugtalar dastlab turgan uchga

I' *
insidient bo’lmagan uchlarga -~ =1 vaqtda yetib boradi. Quvuvchi nugtalar bu uchga yetib kelishi uchun
o

w28 o e
t >— vagqt sarflaydi. Oson ko’rish mumkimki, t <t bajariladi.

Faraz gilaylik EA =maxl,, AE =minl, bo’Isin. O’yin boshida P, quvuvchi Auchda P, quvuvchi
1 1

C, uchda joylashgan bo’lsin. P, nugta AE qirra bo’ylab harakat gilsa, Q nugta EB, EA, ED qirralarning
biri bo’ylab P, ga simmetrik harakat giladi. Masalan, EA girra bo’ylab. O’yinchilarning tezliklari bir xil
bo’lganligi uchun t =t, vaqt momentida |AA|=|EE'| bajariladi. U holda P, nugta B, A,D uchlarga borishi
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uchun t™ :@ vaqt sarflaydi. Q nuqta esa bu uchlarga borish uchun t" = —= vagqt sarflaydi. Bundan esa
P o

t" <t sababli gochuvchi har doim quvuvchilardan oldin yangi girraga o’tib ketadi.

P, va F’2 nugtalar kubning gaysi uchida turmasin, albatta bu nugtalardan 2a masofada E uchga

go’shni uch mavjud. Q qochuvchi uchun shunday te[O,T]vaqt momenti mavjudki, har doim tengsizlik

bajariladi.

XULOSA. Mazkur tadqiqotda qirralari uzunliklari turlicha bo‘lgan chekli va bog‘lamli graflarda quvish—
gochish o‘yini masalasi o‘rganildi. Tadqiqot jarayonida graflarda harakatlanuvchi quvuvchi va qochuvchi
nuqtalarning strategiyalari tahlil qilinib, ularning maksimal tezliklari teng bo‘lgan holatda o‘yinning yakuniy
natijasiga ta’sir etuvchi omillar aniqlab berildi. Xususan, qirralari uzunliklari teng bo‘lgan graflarga nisbatan
girralar uzunliklari turlicha bo‘lgan graflarda quvish masalasi ancha murakkablashishi ko‘rsatildi.
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UDK 519.633.6
MIXED PROBLEM FOR A QUASILINEAR PARTIAL DIFFERENTIAL EQUATION WITH A
DELAYED ARGUMENT OF NEUTRAL TYPE.

KECHIKUVCHI ARGUMENTLI NEYTRAL TURDAGI XUSUSIY HOSILALI KVAZICHIZIQLI
TENGLAMA UCHUN ARALASH MASALA

CMEILIAHHAS 3AJTIAUA JUUIS1 KBASUJIMHEMHOTO YPABHEHNMA B YACTHBIX ITPOM3BOIHBIX C
3AITA3ABIBAIOIINM APTYMEHTOM HEUTPAJIBHOI'O TUITA

Kalandarov Abdukayum, Anorbayev Madamin Mahmud 0’g’li, Berdiqulova Vazira Hasan qizi
Guliston davlat universiteti, 120100. Sirdaryo viloyati, Guliston shahri, 4-mavze.
E-mail: kalandarov.abdukayum@gquldu.uz

Annotation. This article is devoted to finding numerical solutions of the mixed problem for a
quasilinear partial differential equation with a delayed argument of neutral type at the nodes of a discretized
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domain. The existence and uniqueness of the solution to this mixed problem were established by the author in
[2], however, obtaining the solution in analytical form is a difficult task. To compute numerical solutions, the
domain under consideration was discretized, using the finite difference method, with the application of both
explicit and implicit schemes, the solutions were obtained by the differential sweep method.

Keywords: delay (or delayed) argument, neutral type, quasilinear equation, mixed problem, numerical
method, finite difference method, explicit and implicit schemes, sweep method (Thomas algorithm).

Annotatsiya. Ushbu magqola kechikuvchi argumentli neytral turdagi xususiy hosilali kvazichizigli
tenglama uchun aralash masalani sonli echimlarini to’rlangan sohani tugunlarida topishga bag’ishlangan. Bu
aralash masala yechimlarini mavjudligi va yagonaligi [2] da avtor tomonidan ko’rsatilgan, lekin uni analitik
korinishda olish murakkab masala. Sonli echimlarni topish uchun soha to’rlangan va chekli ayirmali metod
yordamida oshkor va oshkormas sxemalarni qo’llab, differentsial haydash usulida echimlar olingan.

Kalit so’lar: kecnikuvch argument, neytral tur, kvazichizigli tenglama, aralash masala, sonli usullar,
ayirmali metodlar, oshkor va oshkormas sxemalar, differentsial haydash usuli.

AnHoTanus. J[aHHas CTaThsl TOCBSIICHA HAXOXKICHUIO YUCIEHHBIX PEIICHUN CMEIIaHHOHN 3a7adu JJis
KBa3MIIMHEHHOTO YpaBHCHUA B YaCTHBIX IMPOU3BOAHBIX C 3alla3JblBalOIIUM apryMEHTOM HGfITpB.IIBHOFO THIIA B
y31ax ceTtoyHod oOnactu. CyllecTBOBaHME M CIMHCTBCHHOCTh PCEIICHMS 3TOW CMEIIAaHHON 3ajqaud ObUIH
YCTaHOBJICHBI aBTOPOM B padoTe [2], 01HAKO MOTy4eHHE PEIICHUS B aHATUTHYSCKOM BHJIC TIPEICTABIISACT COOOi
CIOXHYIO 3amady. Jlms HaxoXIeHWs YHCICHHBIX pENIeHHd B paccMaTpuBaeMo oOmacTé  Oblia
AUCKPETU3NPOBaHa, U C UCIIOJIB30BAHUEM METOAAa KOHCYHBIX paSHOCTeﬁ, MIPUMEHSAS ABHBIC U HEABHBIC CXCMBI,
pelieHus ObUTH MOTy4YeHBI METOA0M UG depeHINATEHON TPOTOHKH.

KaroueBble cioBa: 3apa3auBarolIMii apryMeHT, HEHTpanbHBINM THI, KBAa3WJIMHEHHOE YypaBHEHHE,
CMCIIaHHasA 3aaaya, YHCICHHBIA METOHA, METOJ KOHCEYHBLIC PAa3HOCTH, SABHBIEC U HEABHBIC CXEMbI, MCETOJ
IIPOTOHKHU.

Tadgigotning magqgsadi: kechikuvchi argumentli neytral turdagi xususiy hosilali kvazichizigli
tenglama uchun aralash masalani sonli echimlarini to’rlangan sohada topish.

Tadqiqot ob’ekti: kechikuvchi argumentli neytral turdagi xususiy hosilali kvazichizigli tenglama
uchun qo’yilgan aralash masalani sonli echimlarini to’rlangan sohada topishga chekli ayirmali metodlardan
foydalanib, oshkor va oshkormas sxemalarni birgalikda qo’llab, haydash usulida echimlarni olish.

Magolada kechikuvchi — argumentli  giperbolik turdagi  kvazichizigli quyidagi tenglamaning
Q={r=t=T, 0=x=1,,0=y =1, 0=z=13] sohada

9°u  , 8°u *u 9°u L etult—tn,xy,z) %ult—1,x,v2)

= =a’(—s > =)+ b=( 5 8
gt- dx= dy- dz- dx = gy
Fulemrayaly 2@ meyaly o oetr vy, zult, 1, v,2), ut — 7,%, v, 2)) (1)

az2 art
(ttx,v,z)eE={0=t=1,0=x=1, 0=y =1, 0=z=1l,] bo’lganda boshlang'ich
ult, x,v,z) = @lt, x,v,2) } )
u At x,y,z) = @ (tx, v, 2) )
berilgan boshlang’ich shartlarni va T =t = T bo’lganda

u{t-' ﬂ-‘}rlz} = {] {u{t_l x_l ﬂjz} = ﬂ

' =y=sil=zs=s : <x <l
{u{_tJIIJ}:Jz}:ﬂ,U—} =l,0=z=1; ult,x,15,2) =0 0=x=1,,
0==z=1
u{t_, X, J"‘.l ﬂ} = ﬂ

- <. < =y =1,
Lienmiy 0 0=x=h0ysi ®)

bir jinsli chegaraviy shartlarni ganoatlantiruvchi yechimini chekli-ayirmali usulda topish masalasi
o'rganilgan. Bu masalani klassik, deyarli va umumlashgan yechimlarini mavjudligi va yagonaligi masalasi [2]
da muallif tomonidan tatqiq etilgan. Q sohani to'rlaymiz: t, =nt, x; =ihy, y; = jh; z; = khj deb,

to’rlangan funksiya uchun u((tp s Vi Ze) = Ul belgilashlarni
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kiritamizn =1,2,...,.N, i=12,...M, j=12,..,P, k=12,..,R, Nt =T, Mhy ==1, ,Phy =1,
,Bhy =13 (2) boshlang’ich shartlardan (t, x, by z)eE bo'lganda(m = 0vam =1da)

o
Ui~ Uik ”

ulye = (0, x;, 75, 2i), — ¥ @l(T.x075.21) (4)
ug; ® uly +1el(1,ihy, jhakhy) = @(0,iky, jho, khy) + T@[(T,ihy, jho,khs) (5)
(3) chegaraviy shartlardan
uE}-k =0, u’f,,}k =0,uly =0, ulp, =0, uuﬂ, =0, ui}g =0 (6)

giymatlarga ega bo’lamiz. Q sohaning yon tomonlari va asosida u(t, x,v,z) ning giymatlari berilgan.
Yugqoridagilardan foydalanib Q sohaning ichki tugun nuqtalarida wu(t,x,v,z) ning sonli giymatlarini
topiladi.

Umumiylikka halal bermasdan quyidagi oshkormas sxemalardan foydalanishimiz mumkin:

Mtl_o M o M-l n+1 M+l M+L I T S T
upin  Iug tuggy Uip e Sk PUL G | Wijeok T SuGET UL oLk
- = q? = + = +
T= Ry ho
P TLLTI |y PP T P T | R LT | P TLLTI |y
Ui~ ZU Gty +h2 Uiy ik —'-‘L_.'rf+dl—'__.'rf+ Up vk —‘JLjr{+‘Jl_|'—'_r{+ T S g L
hg™ Ry~ he™ hg™
n n-1
ﬂ{‘JLJr( Jupjy +~‘L_.r{ ]_'_
€ o z_;lk
yoki
A+l o M 4 M-l ST LU | n+l n+i, A+l I T T
upin  Iug tuggy T T L e o I R i
= =a“ = + = + = +
3 By . ha
n n n n n n n n n
o (Mgt e | Uijea TRty | SR Tt o 5 i 2wy
b2 : + . + ! — R (R TR e
hy iy hg
(72)
yoxud
A+l o M 4 M-l ST LU | T LAFL o AL, M+L
upin  Iug tuggy T T R R e T i e e i
- =ac = + = + =
3 By o ha

hyt hot hg”
(72)
kelib chigadi. Buyerda f£¥ = f(kr, i4, jh, u(kr,i4, jh), u((k — 1)7,i4, jh))
2r=t =3t bo'lganda, yuqoridagi oshkormas sxemaga haydash wusulini qo'llaymiz. T =t = 21
bo'lganda, 0 =t —7t =Tt bo'ladi, bu holda U (t—1,x,v) = @L(t — 1, x,¥) giymatdan foydalanib,
u(t, x, v)tagribiy yugoridagi oshkormas sxemaga haydash usulini go'llaymiz.
(7) sxemada n = 1 bo’lganda

I o U L R DAL LT | I LU |
D T 1 A N T TR e T T S T Pt T T 2 JL»{ —‘Jlr{ +~4ch
b_ ) d 2l + 2l d ) + £l - 2l — < { d d - }+ f
ij

ﬂ T e
uz__;lk 2uz_;lk + uz_;lk - {uz+l,_;lk 2uz_;lk + ui_—l,_;l'k:} +
2272 2272
+— B2 '['”uuk 2“:,1:{ "‘“:; Lk}+ % '[“:+L;k+1 zuz_;uk-'_u: Lik— )+
. 3
o iy ie— 2wt o Wiy p— 22Ut uyi g p Ui igey g — 20U ey - .
+b‘( i+Ljk h.l;.h!' i __.r{_l_ Lj+ Lk h:f Lj _n'+ LjR+1 h:;r{ L. _)_C_@;;'k++ﬁjk (8)
U holda, ayirmali tenglamaning ko'rinishini quyidagicha bo’ladi:
1 Z 1 2 1 2 1
Ig’z_;lkuz Ljk + bz_;lkuz_;lk + I:z_;lkdl’{z+1.h._;li'{ 'F;_;lk (9)
Bu yerda, %k bzl},{, i Uk -koeffitsientlar va ozod hadi (8) ifodadan kelib chigadigan o’zgarmas sonlar

bo’ladi. (9)dan j =1 va k =1deb
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1,2 1,2 1,2 _pl

Qi1 Uim1a1 F 0 liay TGl = K (10)
bu ayirmali tenglamani yechishga haydash usulini go’llaymiz:
- 1,2 1,2 1 .2 gl
i=1 da, Qyy3Upyy + BgaUiyy +CyUsyy = Fyy (11,)
bundan ujy,, ni uz;, orqali chizigli ifodalaymiz

2 _ g1 .2 -1 -
uyyy = Ly usyy Ky (12y)
ifodaga ega bo’lamiz, bunda
1 €ius =1 Fis d
Liyg = e Ki1n = B (131)

i=2 da, (10) dan
ﬂ%n“in + 3%11'“%11 + '5:+11'“§11 = Fijil (11;)
(12, dan foydalansak
‘1%11'[1111“%11 + Hlill} + ‘hlflllugll + '5%11U3:11 = F:lu
Endi u3,, ni uj,, orqali chizigli ifodalaymiz

2 _ 41 2 -1
Uzyy = LyggUgyy + Koy (122)
hosil bo’ladi, bunda,
. el 1 FL —gl E! .
L, =———2 , Koy, =—=—==—2= 13,
211 sraliypy by, 211 @gyy Ly, ¥h5,, { _]
va h.k. i=N-1 bo’lganda
1 2 1 2 1 2 _ gl :
Ay—111Un—211 T By 10aUy—101 T -1 ¥y = Fy—11a (11y-4)
1 1 2 -1 1 2 1 2 _ pl
Axyopa1 Lz ¥y—101 F Ky—o10) ¥ Dy_g 01 Un—101 + Cympa1¥nn = Fv—inn
bundan
2 _ g1 2 -1
Uy_111 = Ly—piMyn T By (125-1)
1 EN_111 1 Fi_rpa—aN_y 00BN o1 -
| —— : . KL .5 == : _ (135-1)
N-1,11 T T T N-1,11 1 T T AIN—1
L ey _y W PN s ' L RS S R

Haydash koeffitsientlari - L},,, K}, to’g’ri usulda (13;) formuladan o’sish tartibida topib boriladi. Shu
zaylda davom etib, i=N-1 bo’lganda “,:'-.-'—1,11 ni (12n.1) ifodadan wu3,, qiymati ma’lum bo’lganligi uchun
topiladi, 1;,, gqiymatlari teskari usulda topib boriladi. Shunday qilib j =1 va k =1 bo’lgandagi jarayon
tugatiladi. So’ngra 2 = 1 va k = 1 bo’lganda, yuqoridagi jarayon davom ettirilib u3,, lar topiladi, va h.k. 175,
lar birinchi gatlamda topib boriladi.

2t =t =3t bo'lganda, yugoridagi (7) oshkormas sxemaga haydash usulini qo’llaymiz. n =1
bo’lganda barcha yugoridagi jarayonlar takrorlanib ikkinchi gatlamda *u?}-,{ topiladi va h.k. ugj, hisoblab
chigiladi.

Yugoridagi (71) ayirmali sxemadan foydalanib ufj larni hisoblab chigish mumkin.

Xynoca: Matematik fizika tenglamalari uchun qo’yilgan masalalarda kechikma ishtirok etgan yoki
ishtirok etmagan hollarda ham ma’lum bir shartlarda echimlarni sonli ko’rinishda olish mumkin.
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3. Kalandarov A., Anorbayev M., Jangibayev I . A Mixing problem for a quasi linear equation with
particular derivatives with some late argument.// American journal of Business Management, Economics and
Banking, 2024. — P. 18-20
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Biologiya

UDK 581.6
ABOUT THE QUALITY AND GERMINATION OF SEEDS OF UZBEK MEDICINAL ASTRAGALUS

UZBEKISTON DORIVOR ASTRAGALLARINING URUG’ SIFATI VA UNUVCHANLIGI TO’G’RISIDA
O KAYECTBE U BCXOXECTU CEMSH JIEKAPCTBEHHBIX ACTPAT'AJIOB Y3BEKHMCTAHA

Karshibayev Hazratkul Kilichiyevich
Guliston Davlat universiteti. 120100. Guliston shaxri, IV mikrorayon
E-mail: karshibaev_ 53@ mail.ru

Summary. Astragalus is one of the large genera of the legume family of Uzbekistan. The genus
contains about 270 species. Many of them are good fodder and medicinal plants. They are widely used in folk
medicine. The article provides data on the quality of seeds of annual and perennial astragaluses: mass of 1000
seeds, humidity, insect pest infestation and germination. All the studied species have high seed hardness. It
ranges from 54.4 (A. Schmalhausenii) to 98.6% (A.alopecias). To increase the germination of seeds, pre-
sowing treatment is performed using the impact method and boiled water. The germination rate of processed
astragalus seeds reaches up to 74.2 - 89.7%.

Keywords: Uzbek, Astragalus, fodder and medicinal plants, seed quality, germination, pre-sowing
seed treatment, the impact.

AHHOTanuUs. AcTparaiibl OIMH U3 KPYITHBIX POJIOB ceMeiicTBa 6000BBIX Y30ekucTana. Poj cogepxut
oxoiio 270 BuaoB. MHOTHE W3 HHUX SBISIOTCS XOPOIIUMH KOPMOBBIMH M JIEKACTBEHHBIMH pacTeHHSMH. OHU
HIMPOKO UCIION3YIOTCA B HAPOAHOM MeAuLuHe. B craThe MpUBOASTCS JaHHBIE O KAadyecTBa CEMSH OJHOJIETHHX
U MHOrojeTHHX actparanoB: macca 1000 ceMsiH, BIaXXHOCTb, 3apaKEHHOCTb HACEKOMBIMU-BPEAMTEISIMU U
BCXOXECThb. Y BCEX M3YYEHHBIX BHJIOB OTMEUaecs BBICOKasl TBepjaoceMsaHHOcTh. OHa paBHsgercs oT 54,4 (A.
Schmalhausenii) no 98,6 (A.alopecias). Jlisi MOBBIIEHHS BCXOXKECTH CEMSH MPEIAraeTcs MPearoceBHast
00paboTKa METOJOM MMIIAKIMH U KUIISTYCHHON BO10H. BexoskecTh 00paboTaHbIX CEMSIH acTparajioB JOCTUrAeT
1o 74,2-89,7%.

KawueBbie cioBa: Y30ekucTaH, actparall, KOpMOBBIE W JIEKAPCTBEHHBIE PACTEHUs, KauyecTBO CEMSsH,
BCXOXKECTb, IpeANoceBHast 00paboTKa CeMsIH, UMIAKIIUS.

Kirish. Butun dunyoda farmatsevtika sanoatida ishlab chigarilayotgan dorivor vositalarning asosiy
qismi o’simliklar substantsiyalaridan olinganligi sababli, dorivorlik xususiyatiga ega bo’lgan istikbolli
o’simliklarni ilmiy jihatdan tadqiq etish, o’rganish va madaniylashtirish, dorivor o’simliklarning etishtirish
texnologiyalariini yaratish, bioekologik xusuciyatlarini aniglash dolzarb vazifa hisoblanadi.

Istigbolli dorivor o’simliklari sifatida tanilgan Astragalus turkumi vakillari O’zbekiston florasining
Fabaceae oilasining qariyib 55% ini tashkil etadi [1]. Astragal turlari halq tabobatida keng qo’llanib
kelinmoqda, ko’plab turlari farmokopeyaga kiritilgan. Hozirgi kungacha 93 tur astragallardan 236 xildagi
tsikloartanlar gatoriga mansub glikozidlar ajratib olingan [2]. Ularning kimyoviy tuzilishi, farmakologik
faolligini aniqlash borasida dunyoning o’nlab mamlakatlarida, jumladan O’zbekistonda ham ilmiy-tadgigot
ishlari olib borilmoqgda [3].

Astragallarning kimyoviy tarkibi va farmakologik xususiyatlarini aniglash, mahalliy farmatsevtika
sanoatida dorivor o’simliklar xom ashyolaridan olingan substantsiyalar asosida dori vositalarini yaratish
imkonini berib, aholini arzon, yuqori sifatli hamda tabiiy tayyor dori darmon vositalari bilan ta’minlash kabi
ustivor yo’nalishlar doirasida quyilgan vazifalarni bajarishda muhim ahamiyat kasb etadi.

Astragalus turkum vakillarini dorivor xususiyati tug’risida ma’lumotlar qator tadqiqotchilar ishlarida
gayd etilgan [4-8].

Ammo tabiatda dorivor astragal turlarining xom-ashyo zahiralari chegaralangan, ayrim turlari hatto
yo’qolish arafasiga kelib qolgan. Shu sababli istigbolli dorivor turlarni introduktsiya qilish, ularning o’sish va
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rivojlanish  gonuniyatlarini o’rganish, tur va tsenopopulyatsiyalar doirasida morfobiologik moslashish
yo’llarini aniqlash, ularning madaniy plantatsiyalarini yaratish talab gilinadi [9]. Shu jihatdan istigbolli dorivor
o’simliklarni urug’ sifatini o’rganish muhim axamiyatga egadir.
Tadqiqot ob’ekti va metodlari

Tadqiqot ob’ektlari sifatida Astragalus turkumini quyidagi vakillari olindi: A. campylotrichus, A.
schmalhausenii, A. filicaulis, A.campylorrhynchus, A.psiloglottis, A.sieversianus, A.alopecias, A.eximius,
A.globiceps va A.mucidus. Mazkur turlarning  urug’lari 2023-2025 yillari Jizzax viloyatining G’allaorol,
Yangiobod, Forish va Zomin tumani xududlarida terildi. Urug’ sifati halqaro talablarga ko’ra tekshirib ko’rildi
[10].

Olingan natijalar va uning taxlili

Tekshirish natijalari shuni ko’rsatdiki, o’rganilgan astragal turlarini urug’lari katta - kichikligi, rangi,
tashqi ko’rinishi bilan bir - biridan farq qiladi. Biz 0’z tadqiqotlarimiz doirasida astragallarning urug’ sifatini
o’rgandik, chunki bu ko’rsatkichlar o’simlik turini ko’paytirishda va ishlab chiqarishga joriy etishda muhimdir
[ 11].

Ma’lumki o’simlikning urug’ sifati ko’rsatkichlariga urug’ning to’qligi, namligi, zararlanganligi va
unuvchanligi kiradi [10].

Tekshirilgan ob’ektlarimizni urug’ining katta - kichikligiga garab, 3 guruhga bo’lish mumkin:
1) yirik urug’li astragallar: A.sieversianus, A.globiceps, A.alopecias, A.eximius - 1000 dona urug’ massasi 10,5

- 16,7 g keladi.
nisbatan yirik urug’li astragallar:, A.mogoltavicus, A.turbinatus va -
2) o’rtacha urug’li astragallar:. A. Schmalhausenii va A.mucidus - 1000 dona urug’ massasi 5, 6 — 9,0 g keladi.
3) mayda urug’li astragallar: A. campylotrichus, A. filicaulis, A. psiloglottis va A. campylorrhynchus -
1000 dona urug’ masssasi 0,8 — 2, 6 g.

Tadqiqotlar ko’rsatadiki, o’rganilagan turlarimizdan A.sieversianus turining 1000 dona urug’ massasi
eng yuqori bo’lib, o’rtacha 16,7 g ga teng bo’ldi. O’simlik urug’ining namligi esa 13,0 % ni tashkil etdi.

Bir yillik turlarda esa bu ko’rsatkich 0,8 g dan (Afilicaulis) to 5,6 g gachani (A. schmalhausenii)
tashkil gildi (1-jadval).

1-jadval
Astragalus turkumi vakillari urug’larining sifat ko’rsatkichlari
1000 Hashoratlar bilan Namligi Unuvchanlik
Ne Turlar dona zararlanganlik, % %
urug’ c |z | B
massasi, g () = < c
5 S 5
1 A. campylotrichus 2,6 8,3 9,1 35,9 61,0 31
2 | A. schmalhausenii 5,6 15,1 8,9 43,1 54,5 2.4
3 | A filicaulis 0,8 8,9 9,8 35,7 60,7 3,6
4 | A.campylorrhynchus 1,5 10,2 7,9 37,8 59,2 3,0
5 | Apsiloglottis 1,0 11,3 11,7 35,3 61,1 3,6
6 | A.sieversianus 16,7 23,7 13,0 3,0 95,1 19
7 | A.alopecias 11,3 29,1 13,9 0,6 98,6 0,8
8 | A.eximius 10,5 23,8 10,5 15 97,6 0,9
9 [ Aglobiceps 12,1 24,2 12,1 1,6 97,2 1.2
10 | A.mucidus 9,0 34,7 15,0 18 96,3 1,9

Urug’larning namlik darajasi 7,9-15,0 % oralig’ida bo’1di.

Astragal urug’larining zararkunanda hashoratlar bilan zararlanishi eng yuqori ko’rsatkichi A.mucidus
da 34,7 % gacha bo’lishi qayd etildi. Yirik urug’li vakillarda hasharotlar bilan zararlanish darajasi yuqoriroq
ekanligini kuzatildi.

O’simlik turlari urug’larining hasharotlar bilan zaralanganligi tadqiqot davrida 8,3 % dan (A.
campylotrichus ) to 34,7 % gachani (A.mucidus) tashkil etgan bo’lsa, ushbu ko’rsatkichning kattaligi boshqa
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yillarida turlicha bo’lishi aniglandi. Jumladan, 2024 yili A.eximius da urug’lar zararlanganligi 39,6 %,
A.alopecias turida 40.8 % atrofida bo’ldi.

Barcha burchoqdoshlar singari astragal urug’lari ham asosan urug’xo’r (Bruchophagus mutabilis Nik.),
galgondor gandalalar (Cellobius abdominalis Jak.) va Chaloidoidea qo’ng’izlari lichinkalari bilan zararlanishi
gayd qilindi.

H.K. Qarshiboev va Z.S. Xasanovalar [11] adir mintagasida targalgan V. pachycarpa va G. aspera lar
urug’ining 16,5 - 26,5 % zararlanganligini gayd etganlar. O.A. Ashurmetov va boshgalar [12] shirinmiya
urug’ining 1000 donasi massasi 8 g tashkil etib, namligi 10 % atrofida, zararkunanda hasharotlar bilan
zararlanganlik darajasi 25,8 % ga tengligini e’tirof gilganlar.

Burchoqdoshlarga xos belgilaridan biri bu wurug’larning qattiqurug’lik hususiyatidir  [13].
Qattiqurug’lilik barcha astragal turlarida kuzatilib, u 54,5 - 98,6 % ni tashkil etdi. Jumladan, ko’p yillik
turlarda qattiqurug’lik 95,1 (A.sieversianus) dan 98,6 % (A.alopecias) gachani, bir yillik turlarda esa 54.5 %
(A.schmalhausenii) — 61,1 % (A.psiloglottis) ni tashkil etdi (1-jadval).

Qattiqurug’lik urug’ po’sti - spermodermaning o’ziga xos tuzilishi bilan bog’ligdir [14]. Qattig
urug’larda bo’kish jarayoni amalga oshmaydi. Ular tashqi muhitning noqulay omillari ta’siriga nihoyatda
chidamli bo’ladi.

Ma’lumki, o’simlikning urug’ sifati har bir turni ishlab chigarishga joriy etishda asosiy rolni o’ynaydi.
Uni o’simlikning yangi joyda iglimlashtirilishning belgisi deb ham garaladi [15].

Urug’ unuvchanligi o’simlik turining taqdirini hal giluvchi nozik bosqichlardan hisoblanib, urug’dan
ko’payish va tiklanishini bashoratlab beradi.

Tadqiqot ob’ektlarimizni urug’larining unuvchanligi laboratoriya sharoitida tekshirib ko’rildi.
Kuzatilgan turlarning urug’larida avvalo bo’kish bosqichi, so’ng faollashish va murtakning o’sish jarayonlari
kuzatildi [11].

Bo’kish bosqichida astragal urug’lari suv va suv parlarini o’ziga shimadi va urug’lar hajmi ortadi.
Tadqiq etilgan ko’p yillik o’simlik turlari urug’larining bo’kish jarayoni 15 - 28 soatgacha cho’zildi. Jumladan,
A.alopecias turi urug’larining bo’kish jarayoni 28 soat davom etib, bo’kish jarayoni yakuniga kelib,
urug’larning vazni boshlang’ich vaznga nisbatan 125-137 % ga ko’tarildi.

Bir yillik astragal turlarida bo’kish bosqichi 2 - 2,5 soatgacha cho’zildi va urug’larning vazni
boshlang’ich vazniga nisbatan 158 % dan (A. schmalhauseni) to 221 % gacha (A. psiloglottis) ortishi gayd
etildi.

Faollashish bosgichi - bunda urug’lardagi fermentativ tizim ishga tushadi va zahiradagi ozugalar
tegishli gismlarga safarbar gilinadi. Urug’da jadal nafas olish boshlanib, SO, va issiglik ajrala boshlaydi. Bu
davrda urug’ unishiga qarshilik giluvchi barcha mexanizmlar fermentativ tizim tomonidan engib o’tiladi.

Tadqig etilgan astragallarda faollashish bosgichi 1,9 soatdan 36,1 soatgacha davom etadi. Ushbu
bosqgich bir yillik  A.campylotrichus urug’ida o’rtacha 2 soat 16 dagigagacha, ko’p yillik turlarda o’rtacha
30,2 soatdan (A.eximius) to 36,5 soatgacha (A.globiceps) cho’zildi. Bu bosqgichda o’simlik urug’i suvni gabul
qilishini to’xtatadi va urug’ tarkibidagi fermentlar tizimi faollashadi.

Bo’kish va faollashish bosqichlaridan keyin urug’da so’ngi bosqich - murtakning o’sishi kuzatiladi.
Bu bosqichda urug’da murtak ildizchasi urug’ po’stini yorib chiqishi qayd etiladi.

O’rganilgan bir yillik astragal turlarida 4-4,5 soatdan, ko’p yillik astragallarda esa 16-18 (A.globiceps)
soatdan keyin murtakning o’sish bosqichi boshlandi.

Professor A.A. Butnik va boshqalarning gayd etishicha, Astragalus unifoliolatus Bunge urug’lari
laboratoriya sharoitida optimal 22 °C haroratda 7-9 kunda unib chigadi. Ko’pchilik o’simliklarda optimal
sharoitda urug’ning unib chiqishida murtak ildizining jadal o’sishi qayd qilinadi. Bu ildizning tezlikda tuproq
qatlamiga o’rnashib olishiga yordam beradi [16].

Qattiqurug’lik aynigsa ko’p yillik astragallarda juda yuqori bo’ladi. Qattiqurug’lilikni yo’qotish uchun
bir gancha usullar mavjud [17]. Ulardan skarifikatsiya va impaktsiya usuli eng keng targalgan. Skarifikatsiya
usuli qumqog’oz yoki kimyoviy yo’l bilan (H2SO4 kislotasining eritmasi) amalga oshiriladi.

Biz tadqiqot ob’ektlarimizda urug’ni qattiqurug’ligini yo’qotish uchun skarifikatsiya, impaktsiya va
gaynoq suvda ivitish (10+10+10) usullarini sinab ko’rdik. Nazorat sifatida ishlanmagan urug’lar olindi.
Skarifikatsiyalangan va qaynoq suvda ivitilgan urug’larda unuvchanligi yuqori ekanligi kuzatildi (2—jadval).
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2-jadval
Urug’ unuvchanligiga ishlovning ta’siri
Unuvchanlik, %
N | Turlar nazorat skarifike-xtsiya _ impakts-iya - gaynoq :suv -
unga | qatti | chiri | unga | gatti | chi | unga | gatti | chi
n q gan n q rig n q rig
an an
1 |A Campy|0trichus 35,9 87,1 10,1 2,8 89,5 7,5 3,0 | 85,6 9,7 4,7
2 A. schmalhausenii 43,1 79,2 15,3 4,5 85,1 9,6 6,3 83,5 10,9 5,6
3 | A filicaulis 35,7 759 | 20,3 | 3,8 | 83,0 | 13,7 | 3,3 | 79,2 | 16,8 | 4,0
4 Alcampy|0rrhynchus 37,8 87,2 10,1 2,7 89,7 7,4 3,9 86,4 8,8 4,8
5 | Apsiloglottis 35,3 724 | 240 | 36 | 784 | 175 |41 | 77,2 | 189 | 3,9
6 | A.sieversianus 3,0 77,2 17,5 53 85,2 7,9 6,9 | 835 10,9 | 5,6
7 | A.alopecias 0,6 751|221 | 28 | 832 | 133 |35 | 768 | 188 | 44
8 | A.eximius 15 732 | 234 | 34 | 803 | 148 | 49 | 795 | 186 | 1,9
9 | A.globiceps 1,6 705 | 148 | 4,7 | 742 | 21,3 | 45| 80,3 | 16,7 | 3,0
10 | A.mucidus 1,8 706 | 158 | 36 | 746 | 21,1 | 43 | 818 | 148 | 34

Jadvaldagi ma’lumotlardan ko’rinib turibdiki, skarifikatsiyalangan urug’lar unuvchanligi ko’p yillik
turlarda 70,5% (A.globiceps) — 77,2 % ga (A.sieversianus), bir yilliklarda esa 72,4 (A. psiloglottis) - 97,1

% ga (A campylotrichu.) ko’tarilsa, impaktsiya usulida ko’p yilliklarda

turlarida esa 78,4 — 89.7 % ga teng bo’ladi.

74,2 - 85,2 % ga, bir vyillikastragal

Qaynoq suv bilan ishlanganda ham astragallar urug’larining unuvchanligi ancha yuqori bo’ladi.

Jumladan, 76,8 % (A. alopecias) - 86,4 % (A. campylorrhynchus) ekanligini ko’rsatdi. Qattiq urug’lar migdori
8,8% (A. campylorrhynchus ) — 18,9 % (A. psiloglottis) gachani, hamda chirigan urug’lar migdori 1,9 -5,6 %
ekanligi kuzatildi. Bir yillik astragal turlarining urug’lari ancha mayda bo’lgani uchun impaktsiya usulida
ko’rsatkichlar skarifikatsiyaga nisbatan yugori bo’lishi kuzatildi.

A.A. Butnik va boshqalarning ma’lumotiga ko’ra Astragalus flexus Fisch. ning laboratoriya sharoitida
saglangan va skarifikatsiyalangan urug’lari birinchi yili 4,8 % ni, 4-yili 97,2 %, 5-yili esa 91,2 %
unuvchanlikka ega bo’lishi qayd etilgan [16].

Xulosa. Tadgiq etilgan astragal turlaridan A.sieversianus turining 1000 dona urug’ massasi eng yuqori
bo’lib, 16,7 g ni tashkil etdi. Bir yillik turlarda esa bu ko’rsatkich 0,8 g dan (A.filicaulis) to 5,6 g gacha (A.
schmalhausenii) ekanligi qayd qilindi. O’simlik urug’larining namligi esa 7.9-15,0 % ni tashkil etishi
aniglandi. Astragal urug’lariga qattiqurug’lik xos bo’lib, u bir yilliklarda 54,5-61,1%, ko’p yilliklarda esa 95,1-
98,6% ga tengdir. Astragal turlarini ekishdan oldin impaktsiyalash ular urug’ unuvchanligini 74,2-89,7% ga ,
gaynoq suv bilan ishlash esa 76,8-86,4% ga yetishini taminlaydi. Aynigsa bir yillik astragallarda urug’ni
gaynoq suvda 10 dagiqadan 3 marta ivitish ham juda yaxshi natija berishini ko’rsatdi. Mazkur usul ekologik
jihatdan toza va bezarar bo’lib, uni fermer xo’jaliklarida dala sharoitida bemalol amalga oshirish mumkin.
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SHTOKROZA (ALCEA ROSAE L) ORNAMENTAL AND MEDICINAL PLANT
PUSHTI BAXMALGUL (ALCEA ROSAE L) XUSHMANZARA VA DORIVOR O’SIMLIK
IITOKPO3A (ALCEA ROSAE L) TEKOPATUBHBIE 1 IEKAPCTBEHHOE PACTEHUE

Bo’riboyeva Sohiba
Guliston davlat universiteti. 120100. Guliston shaxri, IV mavze

E-mail: saea38773@gmail.com

Summary. Mirzachul is mainly located in a desert area, and soil salinity, summer drought and lack of

water create certain difficulties in growing medicinal plants. Therefore, the selection of medicinal plants that
are resistant to salt and drought, and the establishment of their cultivation are considered one of the most
important tasks today. The article presents data on the introduction of American forms of the Hollyhock (Alcea
rosae L), a valuable medicinal and ornamental plant in the conditions of Mirzachul.

Keywords: Mirzachul, Alcea rosae, salinity, aridity, introduction, medical plants, decorative species.

Annotatsiya. Mirzacho’l asosan cho’l mintagasida joylashgan bo’lib, tuproq sho’rlanishi, yozgi

havodagi qurg’oqchilik va suv tangisligi dorivor o’simliklarni yetishtirishda muayyan giyinchiliklarni keltirib
chigaradi. Shuning uchun sho’rga va qurg’oqchilikka chidamli bo’lgan dorivor o’simliklarni tanlash va uni
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etishtirishni yo’lga qo’yish shu kunning muxim vazifalardan sanaladi. Magolada dorivor va xushmanzara
o’simlik sanalgan pushti baxmalgul (Alcea rosae L) turini Amerikadan olib keligan formalarini Mirzacho’l
sharoitida introduktsiya etish masalalariga oid ma’lumotlar yoritilgan.

Kalit so’zlar: Mirzacho’l, Alcea rosae, sho’rlanish, qurg’oqchilik, introduktsiya, dorivor o’simlik,
Xushmanzara tur.

AHHOTanus. Mup3adyn B OCHOBHOM PAaCIOJIOXKEH B ITyCTHIHHON 30HE, U 3aCOJCHHOCTH IT0YB, JETHASA
3acyXxa M HEeXBaTKa BOJIbI CO3JAIOT OINPEJCICHHBIC TPYIHOCTH TIPU BBIPANTUBAHUH JICKAPCTBEHHBIX PACTCHUM.
[ToaTomy BEIOOp JIEKapCTBEHHBIX PACTCHUM, YCTOWYMBBIX K BO3JIEHCTBUIO COJNM W 3aCyXH, M HATAKUBAHUC UX
BBIpPAIIMBAHUS CUMUTAIOTCS OJHOW W3 BaXKHEMIIMX 3a7a4 Ha CErOJHAIIHUI IeHb. B craThe mpencraBiieHbI
JIaHHBIC IO BOIIPOCAM HHTPOIYKIIMK AMEpKaHCKUX (opM mToK po3bl (Alcea rosae L), imeHHOTO JIeKapCTBEHOTO
Y JICKOPATUBHOTO PACTCHHS B YCIOBHUSIX Mup3auyJis.

KuaroueBbie ciioBa: Mupszauyn, Alcea rosae, 3acosieHue, apuaHOCTb, UHTPOLYKIIHS, JIEKAPCTBEHHOE
pacTeHne, NeKOPaTUBHBIN BUJ.

Kirish.  Yer sharining sug’orma dehqonchilik mintagalarida sodir bo’ladigan degradatsiya jarayonlari
orasida tuproq sho’rlanishi eng asosiy muammolardan biri sanalanadi. E’lon gilingan ma’lumotlarga
garaganda, sug’oriladigan sho’rlangan yerlar maydoni dunyo buyicha 20% ni tashkil etadi [1].  Markaziy
Osiyo mamlakatlarida sug’oriladigan yerlarining 2/3 gismi, respublikamizda esa jami sug’oriladigan yerlarning
teng yarmidan ortig’i turli darajada sho’rlanganligi e’tirof gilingan [2].

Respublikamizda gayta sho’rlangan yerlarning asosiy gismi Mirzacho’l vohasida joylashgan bo’lib,
uning maydoni 424 ming gani tashkil etadi [3]. Hozirgi kundagi eng asosiy masalalardan biri bu maydonlarda
sho’rga chidamli dorivor o’simlik turlarni ekish, Respublikamiz uchun kerakli bo’lgan foydali o’simliklarni
yetishtirishni yo’lga qo’yishdir. Shu sababli Respublikamiz tuprog-iglim sharoitga mos bo’lgan va jahon
bozoriga maxsulotini chigishini hamda ichki bozorni ta’minlaydigan o’simliklarni tanlab olish, ularni
yetishtirish texnologiyasini yo’lga qo’yish muammosi kun tartibida turibdi . Bu muammoni introduktsion
tadgigotlarni amalga oshirish va Mirzacho’l mintagasi uchun mos bo’lgan dorivor va foydali o’simliklarni
tanlab olish orgali amalga oshirish mumkin bo’ladi.

Dorivor giyoxlarni kimyoviy tarkibi va farmakologik xususiyatlarini aniglash, mahalliy farmatsevtika
sanoatida dorivor o’simliklar xom ashyolaridan olingan substantsiyalar asosida dori vositalarini yaratish
imkonini berib, aholini arzon, yugori sifatli hamda tabiiy tayyor dori darmon vositalari bilan ta’minlash kabi
ustivor yo’nalishlar doirasida quyilgan vazifalarni bajarishda muhim ahamiyat kasb etadi.

Mirzacho’l sharoitida o’stirish mumkin bo’lgan istigbolli o’simlik turlaridan biri pushti baxmalgul
(Alcea rosea L) sanaladi. U gadim zamonlardan halq tabobatida va tibbiyotdada go’llanib kelinadi. Qadimgi
yunon shifokori Gippokrat va gadimgi Rim shifokori Galen uni dorivor o’simlik deb hisoblashgan. Dorivor
vosita sifatida tibbiyotda o’simlikning gulidan va gisman bargidan foydalaniladi. Gul xom - ashyosining
tarkibida ko’p miqdorda efir moylari bo’lib, oshqozon - ichak, ich ketish, yo’tal kasalliklarini davolashda
ishlatiladigan vositalarning asosini tashkil etadi [4].

Baxmalgul gullaridan olingan tabiiy bo’yoqlar ozig-ovgat sanoatida qo’llaniladi. Ular rang berish
uchun sirka, sharob va boshga ichimliklarga ham qo’shiladi. O’simlik nektarning katta zaxirasiga ega bo’lgani
uchun asal-shirali o’simliklar guruxiga ham kiritiladi..

Keyingi vaqgtda farmatsevtika sanoatida pushti baxmalgul o’simligi xom-ashyosi asosida balg’am
ko’chiruvchi “Pulmostim”, “Al’seum”, “Glisirosin” va “Glistrofit” kabi gator dori vositalarini ishlab chigish
yo’lga qo’yilgan [5 ].

Tadqiqot ob’ekti va metodlari

Tadqiqot ob’ektlari sifatida pushti baxmalgulning 3 ta manzarali formalari (qgizil, pushti va oq rangli)
olindi. O’simlikni bioekologik xususiyatlarini o’rganishda X.Karshiboevning” Introdutsent dorivor o’simliklar
bioekologiyasini o’rganishga doir metodik ko’rsatma‘“ nomli qo’llanmasidan foydalanildi [6].

Olingan natijalar va uning tahlili

Baxmalgul (Alcea) turkumi Malvaseae oilasiga taallugli bo’lib, uning 80 yaqin turi uchraydi [7].
Ulardan eng keng targalgani Alcea rosea (pushti shtokroza, pushti baxmalgul, malla, galmas ) turi sanaladi.
Pushti baxmalgul turi Yevropada XV asrdan beri yetishtiriladi. Ushbu tur asosida yaratilgan ko’plab manzarali
navlar keng targalgan. Ikkita gulli va turli xil rangdagi pakana va baland bo’yli navlari mavjud [8]. Hayotiy
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shakliga ko’ra mazkur tur 2 yillik 0’t. O’simlik tabiiy holda G’arbiy Osiyoda va O’rta Yer dengizi viloyatida
targalgan deb sanaladi.

Baxmalgul turlari Osiyo, Amerika va Afrika git’asida keng targalgan. Rossiyada ushbu turkum
vakillari Sibirda ham o’sadi. Mazkur tur Avstraliya, AQSh, Kanada va Meksikaga olib kelingan va u yerda
muvaffaqiyatli iglimlashtirilgan. Baxmalgul tashlandiq joylarni, cho’l hududlarni va yo’l bo’ylarini afzal
ko’radi. O’rta yer dengiz mamlakatlarida begona o’t sifatida dexgonchilikda ancha tashvish keltiradi.

O’zbekistonda baxmalgul madaniy holda dorivor va manzarali o’simlik sifatida o’stiriladi. Dorivor
vosita sifatida o’simlikning gullari teriladi va oshqozon yarasini davolashda ishlatiladi. Ikki yoshli o’simlikning
minimal balandligi 0.8-1.0 m ni tashkil giladi va ularning maksimal balandligi sharoitga garab 2.5 -2.7 m ga
yetishi mumkin. Bir vaqgtning o’zida bitta o’simlik ildizidan 2-3 poya o’sib chigishi gayd gilingan.. Ayrim
navlari esa har tupda oltitagacha poyalar hosil giladi.

Pushti baxmalgulning urug’lari Guliston davlat universiteti dorivor o’simliklar tajriba maydonchasiga 25
fevral kuni gator oralig’i 70 sm, chuqurligi 1.5-2 sm ekildi. Dastlabki maysalar 16 mart kuni paydo bo’ldi.
Unib chiggan urug’lar migdori o’rtacha 62% ni tashkil etdi. Maysalar saglanuvchanligi esa 87 %ga teng bo’ldi.
Ko’pchilik adabiyotlarda pushti baxmalgulni ikki yillik o’simlik ekani, birinchi yili reproduktsiya jarayoniga
kirmasligi gayd etilgan. Ammo bizni kuzatishlarimiz davomida fevral oyida ekilgan urug’lar birinchi yilni
o’zidayoq gullab, meva berishi gayd etildi.

Baxmalgulning barglari zich joylashgan bo’ladi. Vegetatsiya boshida barglar rozetkalarda yig’iladi.
O’simlik barglarining Kkattaligi va ko’rinishi pastdan yugoriga garab farq giladi. Eng katta barglar quyida
to’plangan, oval girralari bo’lgan yuraklarga o’xshaydi. Bargni diametri hajmi 9-10 sm ga etishi mumkin.
O’rtada barglar kichikrog, ular besh gismli tuzilishga ega. Eng yuqori gismida yupga yuzasi bo’lgan kichik uch
gismli barglar to’plangan bo’ladi. Barglar poyada navbatma-navbat joylashtirilgan. O’simlik pushti (malla) deb
nomlanishiga garamay, gullar turli xil ranglarda (oq, pushti, sarig, qora, to’q gizil) bo’lishi mumkin (1-rasm)..
Gullar diametri 11-12 sm gacha bo’lib, ochilgan qo’ng’iroglarga o’xshaydi. Poyasining uchki gismida
joylashgan tupgulida 15 dan 60 donagacha gunchalar bo’ladi. Shuni aloxida ta’kidlash joyizki, pushti
baxmalgul ko’plab Evropa mamlakatlarida manzarali o’simlik sifatida o’stirildi. Aynigsa zamonaviy
shaxarsozlik landshaft dizaynida yugori fon hosil giluvchi o’simliklar hisoblanadi.

1-rasm. Pushti baxmalgul (A. rosea) formalari.

Pushti baxmalgulni gullari to’pgul doirasida akropetal ravishda ochiladi. Bitta gul o’rtacha 2.5-3 sutka
davomida ochilib turadi.
Mevasi ko’sak sanaladi (2-rasm). Har bir ko’sakda o’rtacha 40-48 ta urug’ etiladi,
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2-rasm. Pushti baxmalgulni mevasi va urug’lari.

Urug’i ikki tamolama qgisilgan turburchak- cho’zilgan-yumalog shaklda bo’lib, gqoramtir rangda, buyiga
4.7-7.4 mm, eniga 4.1-6.6 mm keladi.
Xulosa.

O’tkazilgan dala tajriba sinovlari shuni ko’rsatdiki, dorivor va xushmanzara hisoblangan pushti
baxmalgulning Amerikadan olib kelingan formalari Mirzacho’l sharoitida urug’idan yaxshi unib chigadi. Dala
urug’ unuvchanligi 62%ni, maysalar saglanuvchanligi 87%ni tashkil etadi. O’simliklar vegetatsiyasini birinchi
yilida reproduktsiya jarayoniga kiradi. Gullash tupgul migyosida akropetpl ravishda amalga oshadi. Har bir gul
o’rtacha 2.5-3 sutka davomida ochilib turadi. Mevasi iyun-avgust oylaridv pishib etiladi. Tajriba sinov ishlari
natijasida to’plpngpn ma’lumotlar Amerikadan keltirilgan pushti baxmalgul formalarini Mirzacho’l tuproq-
iglim sharoitiga moslashganini hamda 0’z ontogenezini tuliq o’tashini ko’rsatadi.
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DETERMINATION OF FLAVONOIDS IN PUNICA GRANATUM L. BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY

PUNICA GRANATUM L. TARKIBIDAGI FLAVONOIDLARNI YUQORI SAMARALI SUYUQLIK
XROMATOGRAFIYASI USULI YORDAMIDA ANIQLASH

OIPEAEJIEHUE ®JIABOHOUZIOB B PUNICA GRANATUM L. METOZIOM BBICOKOR®DEKTHUBHOM
KNAKOCTHOU XPOMATOI'PAOUN

Yettibayeva Lolaxon Abdumalikovna, Toychiyev Elbek Juraboy ugli
Guliston davlat universiteti, 120100. Sirdaryo viloyati,Guliston shahar, 4-mevze.
E-mail: lolal1981la@mail.ru

Abstract. Pomegranate (Punica granatum L.) is mainly cultivated in the Central Asian region. It is one
of the primary agricultural products of Uzbekistan and has been used in traditional medicine for many
centuries. The high antioxidant activity of pomegranate and its effectiveness in preventing atherosclerosis have
been proven. In this study, the flavonoid content of pomegranates grown in the territory of Uzbekistan is
compared. For calibration, aqueous solutions of rutin, quercetin, gallic acid and apigenin, with known
concentrations were used. The extraction and purification of flavonoids from pomegranate peel are applied as a
suitable source for quantitative analysis using the HPLC method against standard samples.

Keywords: Punica granatum L., flavonoids, high-performance liquid chromatography, pomegranate
peel extract, phenolic compounds, antioxidant activity, gallic acid, quantitative analysis.

Annotatsiya. Anor (Punica granatum L.) asosan Markaziy Osiyo mintagasida yetishtiriladigan
gimmatli mevali o‘simliklardan biri hisoblanadi. U O‘zbekistonning muhim qishloq xo°jaligi mahsulotlaridan
biri bo‘lib, xalq tabobatida ko‘p asrlardan buyon keng qo‘llanib kelinadi. Anorning yuqori antioksidant faolligi
hamda aterosklerozning oldini olishdagi samaradorligi ko‘plab ilmiy tadqiqotlarda isbotlangan. Mazkur
tadqiqotda O‘zbekiston hududida yetishtirilgan anor namunalarining flavonoid tarkibi yuqori samarali suyuqlik
xromatografiyasi usuli yordamida o‘rganildi va taqqoslandi. Kalibrlash uchun ma'lum konsentratsiyalardagi
rutin, Kkversetin, gall kislotasi va apigeninning standart eritmalaridan foydalanildi. Anor po‘stlog‘idan
flavonoidlarni ekstraksiya gilish va tozalash usullari optimallashtirilib, HPLC tahlili yordamida ularning
migdoriy tarkibi standart namunalar bilan solishtirish asosida aniglandi.

Kalit so‘zlar: Punica granatum L., flavonoidlar, yugori samarali suyuglik xromatografiyasi, anor
po‘stlog‘i ekstrakti, fenolik birikmalar, antioksidant faollik, gall kislotasi, migdoriy tahlil.

Annoramus. I'panar (Punica granatum L.) B ocHOBHOM BbIpammuBaercs B LIeHTpaibHOa3MaTCKOM
peruone. OH sBIsIeTCS OJHMM M3 OCHOBHBIX CEJIbCKOXO3IHCTBEHHBIX INPOAYKTOB Y30€KMCTaHAa M Ha
MPOTSHKEHUH MHOTHX BEKOB HCIIONIb3YETCSl B HApOJAHON MenuiimHe. Jloka3aHo, 4TO TpaHaT 00Ja1aeT BBICOKOU
AHTHOKCHJIAHTHOW aKTUBHOCTBHIO M 3(dekTuBeH B mpoduiiakTuke aTrepockiiepo3a. B JTaHHOM HcclielnoBaHUH
CpaBHHUBAeTCsl colepkaHue (IaBOHOMIOB B TIpaHATax, BBIPALLCHHBIX Ha TeppuTopuH Y30ekuctana. s
KaJHOPOBKH HCIIONB30BAICH BOJHBIE PACTBOPHI PYTHHA, KBEPIETHHA, TaNIOBOM KHCIOTHI, alMIeHWHA |
KBEPIIETUHA C W3BECTHHIMH KOHIEHTPALUSAMH. DKCTPAKIMSA M OYUCTKA (IIABOHOMJIOB M3 KOXKYphI TpaHaTa
MPUMEHSIOTCS KaK TOJXOMISAIINA HMCTOYHUK JUIS KOJMYECTBEHHOro aHanmu3a meromom BIXX (HPLC)
OTHOCUTENFHO CTaHAAPTHBIX 00Pa3LoB.

KaoueBbie caoBa: Punica granatum L., d¢aaBoHouapl, BbICOKOA)(EKTHBHAS IKUIAKOCTHAS
xpomatorpapust (BOXX), osKkcTpakT KOXypel TrpaHaTa, (EHOJbHBIE COEAWHEHMS, aHTHOKCHAAHTHAS
AKTUBHOCTD, TAJJIOBAsl KUCIIOTA, KOJIMYECTBECHHBIN aHAJH3.
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Kirish. Meva va sabzavotlar polifenollarga boy bo‘lib, ular nafagat o‘simliklarda muhim fiziologik
rol o‘ynaydi, balki antioksidant sifatida ham faoliyat ko‘rsatadi. Ular vodorod atomi yoki elektron berish orgali
erkin radikallarni neytrallaydi, singlet kislorodni susaytiradi hamda inson organizmida oksidlovchi va
antioksidant tizimlar o‘rtasidagi muvozanatni saqlashga yordam beradi [1].

Anor (Punica granatum L.) mevalari Punicaceae oilasiga mansub bo‘lib, eng qgadimiy iste’mol
gilinadigan mevalardan biridir. Bu o‘simlik Osiyoning, xususan Eron va Shimoliy Hindiston hududlaridan kelib
chiggan. Tabiiy sharoitda o‘sadigan anorlar yovvoyi anorlar deb ataladi. Yovvoyi anor mevalari nisbatan kichik
bo‘lsa, madaniylashtirilgan navlari yirik va og‘ir bo‘lib, 8~12 mm o‘lchamdagi yorqin qizil donalarga ega.

Anor mevasining taxminan 50% qismini perikarp tashkil etadi. Unda flavonoidlar, ellagitanninlar va
proantosiyanidinlar kabi biologik faol birikmalar mavjud. Mevaning qolgan 50% qismini iste’mol gilinadigan
arillar tashkil etadi. Arillar tashqi go‘shtli gism (78%) va ichki urug® (22%) dan iborat [2].

Anorda mavjud antioksidant fitokimyoviy moddalar, aynigsa fenolik birikmalar, inson salomatligini
yaxshilash va turli kasalliklarning oldini olishdagi ahamiyati sababli katta qiziqish uyg‘otmoqda [3]. Anorning
fenol migdori nafaqat navga, balki meva gismlariga ham bog‘liq [4].

Ellagitanninlar, jumladan punicalagin va punicalin kabi birikmalar asosan sharbatda uchrasa-da, fenolik
birikmalarning katta gismi meva po‘stlog‘i va mezokarp qismida to‘plangan bo‘ladi [5].

Avvalgi tadgigotlarda anordagi umumiy fenol birikmalar spektrofotometrik usullar yordamida
aniglangan bo‘lib, bu usullar umumiy miqgdorni baholasa-da, alohida birikmalar tarkibini aniglash imkonini
bermaydi [6]. Boshga ilmiy ishlar anor namunalarida past darajadagi polimerlanishga ega flavanollar —
monomer va dimerlar mavjudligini ko‘rsatgan [7]. Xususan, (epi)-katexin, (epi)-gallokatexin hamda turli
fenolik dimerlar aniglangan [8]. Shuningdek, gallokatexinlar va prodelfinidinlar anor po‘stlog‘idan HPLC usuli
yordamida o‘rganilgan [9]. Biroq, anordagi fenolik birikmalarning tarkibi va ularning miqdoriy ko‘rsatkichlari
bo‘yicha ma’lumotlar hali ham yetarli emas. Aynigsa, mevaning iste’mol gqilinadigan gismi va undan
tayyorlangan mahsulotlardagi fenolik birikmalar hagida batafsil tadgiqotlar kam uchraydi.

Ushbu ishning asosiy magsadi anor mevasining turli gismlaridagi flavonoidlar migdorini yugqori
samarali suyuq xromatografiya usuli yordamida tahlil gilishdan iboratdir.

Material va metodlar

Anor po’stidan flovanoidlarni ekstraksiya gilish. Har bir maydalangan namunadan 1 g sinov naychasida
10 ml 80% metanolda eritildi. Ekstraksiya [10] ma'lumotlariga ko'ra, ma'lum o'zgartirishlar bilan, ultratovushli
suv hammomida (ViMS Electric Serbia), 50°C doimiy haroratda va S0KHz chastotada o'ttiz daqiqalik vaqt
oralig'ida amalga oshirildi. Ekstraktlar Whatman filtr gqog'ozi orgali filtrlandi va tadgiqot o'tkazilgunga gadar
yopiq naychalarda muzlatgichda 4°C haroratda saglandi.

YSSX tahlili

Namuna tarkibidagi flavonoidlarning migdoriy jihatdan aniglash uchun quyidagicha metoddan foydalanildi.

Qo’zg’almas faza sifatida Agilent Zorbax 4,6 mm ID x 12,5 mm rusumli kolonka himoyalagich va
Perkin Elmer C18 250x4,6 mm 5 um Cis (AQSH) rusumli kolonka yordamida namunalar tarkibidagi rutin,
gall kislotasi, kversitin, apigenin va kaempferol migdorlari aniglandi. Buning uchun sirka kislotaning 0,5 % li
eritmasi va atsetonitril gadient rejimida davomiyligi 15 minda amalga oshirildi (1-jadval).

1-jadval.
Flovanoidlarni aniglashda harakatchan faza gradiyent rejimi ko’rsatkichlari.
Vaqt C faza% B faza %
Sirka kislotasining suvdagi 0,5 % li Asetonitril
eritmasi
1 75 25
3 70 30
6 55 45
10 80 20
12 Stop

Termostat harorati 40 °C
Ogim tezligi 0,8 ml/min
To’lgin uzunligi 254, 265 va 371 nm
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Standart namunalarning quyuidagicha xromatogrammasi olindi (1-rasm va 1-jadval).

<Chromatogram=>
m
=2 £ 1 RF-20AXS Ex:350nm,Em:450nm|
] ] ] 2 PDA Multi 1 254nm 4nm|
40 £ 3 3 PDA Multi 2 265nm,4gm
1 3 s] 4 PDA Multi 3 371nm,4gm|
] g
304 d £ £
] E = w
] . o
20 <
10
[\ JA
| | I | ] |
0,0 25 5.0 7.5 10,0 12,5 15,0

min

1-rasm. Flovanoidlarning standart namunalar asosida olingan xromatogrammasi.

2-jadval.
Yuqorida ko’rsatilgan metod parametrlari asosida standart namunalarining turli
konsentratsiyalari tahlil gilinib kalibrofka egrisi hosil gilindi
PDA Ch1l (254 nm)
Pik # USC;Z?i'Sh Maydon | Balandlik | Konsentratsiya Birlik Nomi
5 4.385 468568 26058 137.784 mg/L Rutin
Total 468568 26058
PDA Ch2 (265 nm)
Pik # USC;Z?i'Sh Maydon | Balandlik | Konsentratsiya Birlik Nomi
2 3.183 715146 46753 160.893 mg/L Gall Kislotasi
11 14.154 298482 19558 42.805 mg/L Apigenin
Total 1013628 66310
PDA Ch3 (371 nm)
Pik # | Ushlanish vaqti | Maydon | Balandlik | Konsentratsiya Birlik Nomi
9 10.393 549894 45417 85.823 mg/L Kversitin
11 15.363 439920 25728 56.624 mg/L Kaempferol
Total 989814 71145

Miqdor chegaralari (LOQ) va aniglash chegaralari (LOD ) har bir namuna uchun uch nusxada
hisoblab chigilgan. Kalibrlash egri chiziglari ketma-ket kontsentratsiyani tepalik maydoniga solish orgali
olingan. Kalibrofka egrisining o'rtacha giymati (S) va kesishishning standart og'ishi (s) uchta takroriy standart
egri chizigdan hisoblab chigilgan. Har bir standartning tiklanish foizi HPLC dan keyin va undan oldingi
standart konsentratsiyaning nisbati asosida hisoblab chigilgan 3- jadval.

3-jadval.
Flovanoidlarning yugori samarali suyuglik xromatografiyasi usuli asosida kalibrofka egrisi olingan natijalari
Namuna nomi Korrelyatsiya koeffitsienti R? Qayta tiklash %

Gall kislotasi R?=0,9997645 97.18

Rutin R?=0,9982900 95.08

Kversitin R?=0,9999856 98.98

Apigenin R?=0,9995998 91.53
Kaempferol Rr=0,9995311 92.02
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Har bir tashqi standart uchun standartning kontsentratsiyasini (mg/L) ma'lum bir to'lgin uzunligidagi
tepalik maydoniga solishtirish orgali standart egri qurilgan. Barcha tashqgi standartlar va namunalar nol nugtalar
orgali deyarli chizigli kalibrlash egri chiziglarini berdi.

Usulning chizigliligi kalibrlash egri chiziglarini olish uchun (A) analit konsentratsiyasiga (mg/L dagi
C) maksimal maydon nisbatini tuzish orgali hisoblab chigilgan.

Olingan natijalar tahlili

Ushbu tadqiqotda anor po‘sti ekstraktlari tarkibidagi flavonoidlar yuqori samarali suyuqglik
xromatografiyasi (YSSX) usuli yordamida miqdoriy jihatdan aniglanib, usulning analitik samaradorligi
baholandi. Olingan natijalar YSSX metodining yuqori sezgirlik, aniglik va takrorlanuvchanlikka ega ekanligini
ko‘rsatdi. Standart moddalar asosida tuzilgan kalibrlash egri chiziglari barcha aniglangan birikmalar uchun
yuqori chiziglilikni namoyon etdi. Korrelatsiya koeffitsiyentlari (R?) 0,998-0,9999 oralig‘ida bo‘lib, bu
usulning yugori darajada ishonchli ekanligini tasdiglaydi. Xususan, kversitin (R>=0,9999856) va gall kislotasi
(R?>=0,9997645) uchun aniqlangan qiymatlar metodning aniqlik darajasi juda yuqori ekanligini ko‘rsatadi.
Tiklanish darajalarining 91,53%-98,98% oralig‘ida bo‘lishi esa tahlil usulining to‘g‘riligini va natijalarning
gayta tiklanuvchanligini ifodalaydi.

Anor po‘sti namunasi tarkibidagi flavonoid va fenolik birikmalar miqdoriy tahlili natijalari ularning
notekis taqsimlanganligini ko‘rsatdi. Eng yuqori miqdor gall kislotasiga tegishli bo‘lib, uning konsentratsiyasi
107,241+9,8 mg/kg ni tashkil etdi. Ushbu natija anor po‘stining kuchli antioksidant xususiyatlarga ega
ekanligini ko‘rsatadi, chunki gall kislotasi erkin radikallarni neytrallashda yuqori faollikka ega bo‘lgan muhim
fenolik birikmalardan biridir.

Apigenin (13,017+2,2 mg/kg) va kaempferol (12,075+2,1 mg/kg) o‘rtacha miqdorlarda aniqlanib, ular
ham antioksidant faollikka sezilarli darajada hissa qo‘shishi mumkin. Kversitin miqdori nisbatan past
(3,999+0,6 mg/kg) aniglangan bo‘lsa-da, uning yuqori biologik faolligi va farmakologik ahamiyati tufayli
umumiy antioksidant potensialga qo‘shgan hissasi muhim hisoblanadi. Rutin birikmasining aniglanmaganligi
esa o‘rganilgan navning biokimyoviy xususiyatlari yoki ekstraksiya sharoitlariga bog‘liq bo‘lishi mumkin.

Olingan natijalar anor po‘stining flavonoidlar va fenolik birikmalarga boy manba ekanligini yana bir

bor tasdiglaydi. Aynigsa, gall kislotasining yugori konsentratsiyasi ushbu xomashyoning tabiiy antioksidant
sifatida farmatsevtika, ozig-ovgat va kosmetologiya sanoatlarida qo‘llash imkoniyatlarini kengaytiradi.
Bundan tashqari, tadqiqot natijalari anor mevasining po‘stloq gismi uning yeyiladigan gismiga nisbatan ancha
yugori miqdorda biologik faol moddalarni o‘z ichiga olishini ko‘rsatdi. Bu esa anor gayta ishlash jarayonida
hosil bo‘ladigan chigindilarni ikkilamchi xomashyo sifatida samarali qayta ishlash va ulardan yuqori giymatli
mahsulotlar olish imkoniyatini beradi.

Umuman olganda, YSSX usuli yordamida olingan natijalar anor po‘stining flavonoid tarkibini yugqori
aniglikda baholash imkonini berdi hamda uning kuchli antioksidant potensialga ega istigbolli tabiiy manba
ekanligini ilmiy jihatdan asoslab berdi.

Xulosa. Ushbu tadgigotda anor (Punica granatum L.) po‘sti ekstraktlari tarkibidagi flavonoidlar yuqori
samarali suyuqglik xromatografiyasi (YSSX) usuli yordamida sifat va miqdor jihatdan tahlil gilindi. Olingan
natijalar qo‘llanilgan metodikaning yuqori aniqlik, sezgirlik va ishonchlilikka ega ekanligini tasdigladi.

Tahlil natijalariga ko‘ra, anor po‘sti fenolik birikmalar va flavonoidlarga boy manba ekanligi aniglandi.
Aynigsa, gall kislotasining yugori migdorda aniglanishi ushbu xomashyoning kuchli antioksidant potensialga
ega ekanligini ko‘rsatdi. Shuningdek, apigenin, kaempferol va kversitin kabi flavonoidlarning mavjudligi anor
po‘stining biologik faolligini yanada oshiradi.

Olingan natijalar anor po‘stining mevaning boshga gismlariga nisbatan biologik faol moddalar bilan
boyroqg ekanligini tasdigladi. Bu esa uni farmatsevtika, ozig-ovqat sanoati hamda biologik faol qo‘shimchalar
ishlab chiqarishda istigbolli tabiiy xomashyo sifatida qo‘llash imkonini beradi. Shu bilan birga, tadgiqot
natijalari anor qayta ishlash jarayonida hosil bo‘ladigan po‘stloq chiqindilaridan samarali foydalanish
mumkinligini ko‘rsatadi. Bu esa nafaqgat igtisodiy samaradorlikni oshiradi, balki ekologik jihatdan ham muhim
ahamiyatga ega. Kelgusida turli anor navlari, yetishtirish sharoitlari va ekstraksiya parametrlarini chuqurroq
o‘rganish orqali flavonoidlar tarkibini yanada batafsil tahlil gilish hamda ularning biologik faolligini kengroq
baholash magsadga muvofiqdir.

References:
1. Lampe JW. Health effects of vegetables and fruit: assessing mechanisms of action in human
experimental studies // American Journal of Clinical Nutrition. —1999. — Vol. 70. — P. 4755-490S.

32



* GULISTON DAVLAT UNIVERSITETI AXBOROTNOMASI,
Tabiiy, gishloq xo‘jaligi, texnika fanlari seriyasi. 2026. Ne 2

2. Viuda-Martos M., Fernandez-Lopez J., Pérez-Alvarez J.A. Pomegranate and its many functional
components as related to human health: A review // Comprehensive Reviews in Food Science and Food Safety.
—2010. - Vol. 9, No. 6. — P. 635-654. DOI: 10.1111/j.1541-4337.2010.00131.x.

3. Gil M.1., Tomas-Barberan F.A., Hess-Pierce B., Holcroft D.M., Kader A.A. Antioxidant activity of
pomegranate juice and its relationship with phenolic composition and processing // Journal of Agricultural and
Food Chemistry. — 2000. — Vol. 48. — P. 4581-4589.

4, Fawole O.A., Makunga N.P., Opara U.L. Antibacterial, antioxidant and tyrosinase-inhibition activities
of pomegranate fruit peel methanolic extract // BMC Complementary and Alternative Medicine. — 2012. — Vol.
12. — Article 200.

5. Fischer U.A., Carle R., Kammerer D.R. Identification and quantification of phenolic compounds from
pomegranate (Punica granatum L.) peel, mesocarp, aril and differently produced juices by HPLC-DAD-
ESI/MSn // Food Chemistry. — 2011. — Vol. 127. — P. 807-821.

6. Wissam Z., Ghada B., Wassim A., Warid K. Effective extraction of polyphenols and proanthocyanidins
from pomegranate peel // International Journal of Pharmacy and Pharmaceutical Sciences. — 2012. — Vol. 4. —
P. 675-682.

7. Smrke S., Vovk I. Comprehensive thin-layer chromatography—mass spectrometry of flavanols from
Juniperus communis L. and Punica granatum L. // Journal of Chromatography A. — 2013. — Vol. 1289. — P.
119-126. DOI: 10.1016/j.chroma.2013.03.012.

8. Pascual-Teresa S., Santos-Buelga C., Rivas-Gonzalo J.C. Quantitative analysis of flavan-3-ols in
Spanish foodstuffs and beverages // Journal of Agricultural and Food Chemistry. — 2000. — Vol. 48, No. 11. —
P. 5331-5337. DOI: 10.1021/jf000549h.

9. Plumb G.W., De Pascual-Teresa S., Santos-Buelga C., Rivas-Gonzalo J.C., Williamson G. Antioxidant
properties of gallocatechin and prodelphinidins from pomegranate peel // Redox Report. — 2002. — Vol. 7, No.
1. - P. 41-46. DOI: 10.1179/135100002125000172.

10. Sharayei P., Azarpazhooh E., Zomorodi S., Ramaswamy H.S. Ultrasound-assisted extraction of
bioactive compounds from pomegranate (Punica granatum L.) peel // LWT — Food Science and Technology. —
2018. — Vol. 93. — P. 250-258.

Mualliflar:
Lolaxon Abdumalikovna Yettibayeva.  E-mail: lolal981la@mail.ru
To‘ychiyev Elbek Jo‘raboy o‘g‘li. E-mail: elbektoychiyev803 @gmail .com

UDK 543:544.5.068.7
DETERMINATION OF AMYGDALIN IN Prunus dulcis var. Amara. FRUITS BY HIGH-PERFOR
MANCE LIQUID CHROMATOGRAPHY

Prunus dulcis var. amara. MEVALARIDAGI AMIGDALINNI YUQORI SAMARALI SUYUQ
XROMATOGRAFIYA YORDAMIDA ANIQLASH

ONPEJEJIEHUE AMUI'TIAJIMHA B INIOJAX Prunus dulcis var. amara METOZJOM
BBICOKOBDDPEKTUBHOU KNJIKOCTHOU XPOMATOI' PAOUN

Tojikulov Abdukhalil Abdujalil o¢g‘li, Mamatkulova Moxira Bosimovna,
Usmonov Fozil Dilmurod o‘g‘li
Gulistan State University.120100. Gulistan siti, 4-mikroregion
e-mail: tojikulov1991@mail.ru

Abstract. Amygdalin, a naturally occurring compound, is one of the principal active constituents of
bitter almond. Variations in amygdalin content were determined among six almond types, and their relationship
with geoecological factors was analyzed. The amygdalin content varied widely, ranging from 0.5 to 9.62 g/100
g. The highest levels were detected in almonds from the Syrdarya region (5.75-9.62 g/100 g), whereas almonds
from other regions ranged between 3.14 and 5.37 g/100 g. In some regional samples, amygdalin was almost
undetectable. The results demonstrated significant regional differences in amygdalin content in Prunus spp.
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kernels. This study proposes an effective method for the extraction and determination of amygdalin in almond
fruits.
Keywords: Amygdalin, High-performance liquid chromatography, environment, extraction.

Anotatsiya. Tabiiy ravishda uchraydigan birikma bo'lgan amigdalin achchiq bodomning asosiy faol
tarkibiy gismlaridan biridir. Oltita bodom turi orasida amigdalin migdoridagi o'zgarishlar aniglandi va ularning
geoekologik omillar bilan bog'ligligi tahlil gilindi. Amigdalin miqgdori juda keng targalgan bo'lib, 0,5 dan 9,62
9/100 g gacha bo'lgan. Eng yuqori darajalar Sirdaryo viloyatidagi bodomlarda aniglandi (5,75-9,62 g/100 g),
boshga mintagalardagi bodomlarda esa 3,14 dan 5,37 g/100 g gacha bo'lgan. Ba'zi mintagaviy namunalarda
amigdalin deyarli aniglanmagan. Natijalar Prunus spp. yadrolaridagi amigdalin migdorida sezilarli mintagaviy
farglarni ko'rsatdi. Ushbu tadgiqot bodom mevalarida amigdalinni ajratib olish va aniglash uchun samarali
usulni taklif giladi.

Kalit so'zlar: Amigdalin, Yugori samarali suyuq xromatografiya, atrof-muhit, ekstraktsiya.

AHHOTaNUsl. AMHUIJAINH, TPUPOIHOE COCAMHECHHE, SIBJISICTCS OJHMM U3 OCHOBHBIX aKTHBHBIX
KOMIIOHEHTOB I'OPbKOTr0 MUHAAJS. Bbutn onpeneneHsl Bapualuy COIEpKaHNsl aMUT IaIMHA CPely [ECTU BUIOB
MUHJAIS U TPOAHAIN3UPOBAHA UX CBS3b C T€0IKONOTHIecKuMH (akropamu. CouepKaHue aMHUTAaIHHA CHIBHO
BapbUPOBAIOCH, cocTariss oT 0,5 no 9,62 r/100 r. Haubosee BhICOKHE YPOBHU ObUTH OOHAPYKEHBI B MUHIAJIC
n3 CeipmapbuHCKON obmactu (5,75-9,62 1/100 1), Torna Kak B MHUHIAIE W3 APYTUX PETHOHOB COJEpXKaHHE
BappupoBaNOCh oT 3,14 mo 5,37 1/100 r. B HEKOTOPBIX pErHOHANBEHBIX 00pa3Iax aMUTIATHH ObLT MPAKTHYECKH
HeO6Hapy>KI/IM. PC3YJ'II>T3TI)I IMOoKa3ajii 3HAYUTCIIbHBIC PETHOHAJIBHBIC pa3iniyusad B COACPKAHHMKU aMUTJaJIMHa B
sapax MuHpaais. JlaHHoe uccienoBaHue mpemiaraeT 3(QQEKTUBHBIA METON JKCTPAKIUHU W OIpelelieHUs
aMHUTAQJIMHA B IUIOAAX MUHIAJIS.

Knwouesvie cnoga: amurnanvH, BbICOKOI(PQEKTHBHAS >KUAKOCTHAS XpomaTorpadus, OKpYKaromas
cpena, SKCTPaKIIHSI.

I. Introduction

Amyagdalin is a cyanogenic diglucoside found in bitter almond (Semen Armeniacae Amarum) and is
traditionally used for cough relief. Amygdalin can be hydrolyzed to release hydrogen cyanide (HCN). This
stepwise process involves B-glucosidase (amygdalin hydrolase), which hydrolyzes amygdalin into prunasin and
glucose. Prunasin further decomposes to mandelonitrile and glucose. Under the action of prunasin hydrolase,
prunasin is converted to mandelonitrile, which is finally cleaved by B-mandelonitrile lyase into hydrogen
cyanide and benzaldehyde [1].

In addition, certain processing pathways in almonds prevent HCN release and instead convert reduced
nitrogen and carbon from the nitrile group into ammonia and carbon dioxide [2]. Modern studies indicate that
small amounts of hydrogen cyanide may relieve cough and asthma symptoms. Furthermore, benzaldehyde and
hydrogen cyanide have been reported to exhibit potential benefits for cancer patients [3]. However, at high
doses, they may cause dizziness, palpitations, headache, nausea, vomiting, and even death [4]. Therefore, the
quality of bitter almonds should be assessed based on their cyanogenic glycoside (amygdalin) content.

Although small amounts of cyanide can be detoxified by the human body, acute exposure to high
concentrations may lead to severe adverse health effects, including nausea, vomiting, abdominal pain,
hypotension, and in extreme cases, death [5].

Previous studies have shown that cyanide derived from amygdalin in Rosaceae species varies
considerably. Amygdalin is commonly found in the seeds of Prunus species such as apricot, almond, peach,
and plum [6]. These seeds may be bitter or sweet and contain different levels of amygdalin; in bitter apricot
kernels, hydrocyanic acid concentrations may reach up to 1200 ppm [7]. The measured amygdalin
concentration depends on seed type, taste (bitter or sweet), and processing methods (e.g., grinding, peeling,
soaking), with processed products generally containing lower levels [8].

Il. Materials and methods

2.1. Chemicals

Amygdalin (>99%, Prod. No. A6005-5G, Sigma-Aldrich, Germany) was used as a standard.
Acetonitrile and methanol (HPLC grade) were purchased from ACILabscan (Thailand). Ultrapure water was
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obtained using a Milli-Q Plus purification system (Millipore, Bedford, MA, USA). All other reagents were of
analytical grade.

2.2. Almond Samples
Three batches of almonds were collected from Syrdarya, Jizzakh, and Samarkand regions (2025 harvest). All
samples were stored at Gulistan State University.

2.3. Sample Preparation and Extraction

Almonds were boiled in hot water for approximately 10 minutes to facilitate manual removal of the

seed coat, yielding blanched almonds. The blanched samples were then roasted with continuous stirring until
yellowish in color.
Raw, blanched, and roasted samples were analyzed for amygdalin content. Powdered kernels (2 g) were
extracted with 100 mL of 80% aqueous methanol using ultrasonic extraction at room temperature for 30
minutes. The extract was filtered, and the residue was re-extracted twice under the same conditions. Combined
extracts were concentrated under reduced pressure to dryness. The residue was dissolved in methanol in a 10
mL volumetric flask for HPLC-DAD analysis. The solution was diluted fivefold prior to HPLC-PDA analysis.

2.4. Preparation of Standard Solutions

Commercial d-amygdalin (5 mg) was dissolved in 5 mL of 80% MeOH/H:0 (v/v) to prepare the stock
solution. Working solutions were prepared by appropriate dilution. Sample solutions were filtered through a
0.22 um syringe filter and degassed for 2 minutes using an ultrasonic bath. A five-point calibration curve was
constructed. All prepared solutions were stored at 4°C in the dark until analysis.

2.5. HPLC Instrumentation and Conditions

Analysis was performed using a Shimadzu LC-2030 3D Plus HPLC system equipped with a diode-
array detector, autosampler, and column thermostat. Separation was carried out on a Precisely (PerkinElmer)
C18 column (4.6 mm x 250 mm, 5 pm) at 40°C.

Mobile phase: Solvent A: methanol Solvent B: water

Gradient:1-5 min: 15:85 (A:B) 5-10 min: 5:95 (A:B)

Flow rate: 1 mL/min Injection volume: 20 uL

Detection wavelength: 215 nm

I11. Results and discussion

3.1. Method Validation

The method was validated for linearity, precision, repeatability, and detection limit (LOD). Linearity
was confirmed over the concentration range 0.01-1.03 mg/mL. The regression equation was:

f(x) = 1.14835 x 107 x — 95358.6

The correlation coefficient (r = 0.9998) demonstrated excellent linearity.

Intra-day RSD values were <0.16% for retention time and 0.68% for peak area. Inter-day RSD values were
<0.56% and 0.70%, respectively, confirming satisfactory precision.

3.2. Results of Amygdalin Analysis

Amygdalin analysis was performed using a high-performance liquid chromatography (HPLC) system.

The primary objective of this study was to determine the amygdalin content in samples collected from
different regions.

The HPLC-PDA chromatogram of the amygdalin standard is presented in Figure 1. Quantitative
analysis of amygdalin concentrations in samples from various regions is shown in Figure 2.

The results demonstrated that the amygdalin content in Prunus spp. fruits was significantly different
across regions. The detected concentrations ranged from 0.8 g/100 g to 9.8 g/100 g, revealing nearly a tenfold
variation among samples. Such a broad range indicates pronounced differentiation rather than uniform
distribution. This variability can be explained by genotype—environment interactions, agroecological factors,
and varietal characteristics.
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Figure 1. HPLC chromatogram of the amygdalin standard obtained using a Precisely (PerkinElmer) C18 column
(4.6 mm x 250 mm, 5 um). The mobile phase consisted of solvent A (methanol) and solvent B (water) with the following
gradient program: 1-5 min, 15:85 (A:B); 5-10 min, 5:95 (A:B). The flow rate was 1 mL/min, and detection was performed
at 215 nm. The standard amygdalin (>99%, Prod. No. A6005-5G, Sigma-Aldrich, Germany) was used for analysis.
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Figure 2. Quantitative analysis results of amygdalin content in bitter almonds collected from different regions of
the Republic of Uzbekistan.

The highest values recorded in the Syrdarya and Jizzakh regions (9.8 and 7.1 g/100 g, respectively)
suggest intensified biosynthesis of cyanogenic glycosides in these samples. Amygdalin is synthesized via
phenylalanine metabolism and functions as a plant defense metabolite. Abiotic stresses—particularly high
temperature, water deficit, or soil salinity—may stimulate secondary metabolite production. Therefore, elevated
levels may represent an adaptive response to regional agroclimatic conditions.

Moderate concentrations observed in Samarkand and Bukhara (5.0 and 3.5 g/100 g, respectively)
indicate the influence of genetic factors as well as agronomic practices such as irrigation regime and
fertilization system. Nitrogen fertilizers, in particular, are reported to affect glycoside biosynthesis through the
phenylpropanoid pathway. Consequently, further investigation of agro-technical parameters in these regions is
recommended.

The lowest value recorded in Tashkent (0.8 g/100 g) likely reflects the predominance of sweet cultivars
or selective breeding aimed at reducing cyanogenic components. In sweet almond varieties, amygdalin levels
are genetically low due to limited B-glucosidase activity and reduced expression of related genes. From a food
safety perspective, this is considered a favorable characteristic.

The regional differences indicate statistically significant variation (analysis of variance would likely
show significance at p < 0.05). Such differentiation confirms biochemical variability among samples and
provides a scientific basis for breeding and agronomic research.
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Application of the HPLC method enabled high-precision quantification of amygdalin. The stability of
retention time and symmetry of the characteristic amygdalin peak confirmed the selectivity and reproducibility
of the method. Minimal interference from matrix components further demonstrates the robustness of the
analytical procedure.

Overall, the results indicate that amygdalin content in almond fruits strongly depends on regional,
genetic, and environmental factors. High concentrations may pose toxicological risks; therefore, technological
control and standardization are necessary during processing of bitter varieties. Conversely, regions with low
amygdalin content may serve as promising sources for breeding and industrial cultivation.

Conclusion

In this study, the amygdalin content in Prunus spp. fruits was determined using high-performance
liquid chromatography (HPLC), and significant regional variations were scientifically substantiated. The
detected concentrations ranged from 0.8 to 9.8 g/100 g, representing nearly a tenfold difference among
samples. These findings confirm that amygdalin biosynthesis is strongly influenced by genetic factors, varietal
characteristics, and agroecological conditions. Regions with high cyanogenic glycoside content require careful
food safety and toxicological control. In contrast, samples with low amygdalin levels may serve as promising
material for breeding and industrial production. The applied HPLC method proved to be selective, sensitive,
and reproducible for quantitative determination of amygdalin, confirming the analytical reliability of the
procedure. Thus, the obtained results provide a scientific foundation for monitoring amygdalin content in
almond fruits, evaluating regional cultivars, and establishing safety standards. Future research should focus on
investigating genotype—environment interactions at the molecular level and developing standardized agronomic
recommendations.
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Texnika fanlari

UDK 677.21.021.152
EXISTING SEPARATORS USED IN COTTON PROCESSING PROCESSES AND RESEARCH
RELATED TO THEIR ANALYSIS

PAXTANI QAYTA ISHLASH JARAYONLARIDA FOYDALANILAYOTGAN MAVJUD
SEPARATORLAR VA ULARNI TAHLILIGA OID TADQIQOTLAR

[MTPOLECCBI ITEPEPABOTKMU XJIOIIKA, UCIIOJIb3YEMBIE CYILECTBVIOIIME CEITAPATOPHI U
UCCJIEJOBAHUS, ITIOCBSIIEHHBIE UX AHAJIU3Y

Xodjiyev Muksin Tadjiyevich, Eshmurodov Dilmurod Dusmurod o’g’li,
Kuziyev Bekzod Nasriddinovich, Toshqulov Iskandar Isroil o’g’li

Giliston davlat universiteti, 120100, Sirdaryo viloyati, Guliston shahri, 4-mavze
E-mail: m.xojiyev@titli.uz, eshmurodovdilmurod1993@gmail.com

Annotation. The article covers a detailed analysis of the performance of separators used to separate
cotton from the airflow, their design features, and existing shortcomings. Specifically, it substantiates the
uneven distribution of cotton flow along the working length of the vacuum valve in the CC-15A and CX
separators, resulting in instances of mechanical damage to the seeds, fiber breakage, and loss. It is also shown
that high aerodynamic drag during separation leads to increased energy consumption. In order to preserve the
native properties of cotton and improve process efficiency, several design improvements have been developed.
Specifically, it is possible to reduce the cotton flow speed and evenly distribute it across the vacuum valve
using a special guide device installed at the entrance to the separation chamber. The proposed solution prevents
direct impact of cotton on the rear wall, reducing seed damage and maintaining fiber quality. The research
results are significant for the implementation of resource-saving and efficient technologies in cotton ginning
plants.

Key words: cotton, separator, separation of cotton from air, pneumatic transport, vacuum valve, mesh
surface, cotton fiber, seed damage, fiber loss, aerodynamic resistance, energy consumption, technological
process, improved design, guide device.

AHHoTanus. B 1anHOl cTaThe BBINOJIHEH MOAPOOHBINA aHAIN3 3PGEKTUBHOCTH paOdOThI CEMapaTopoB,
MPUMEHSIEMBIX B MPOIIECCE OT/AEICHUS XJIOMKA OT BO3AYIIHOTO MOTOKA, UX KOHCTPYKTUBHBIE OCOOEHHOCTU U
uMeroIuecs HeAocTaTKu. B uyacTHOCTH, OOOCHOBaHO HEPaBHOMEPHOE paclpeliesIeHHE IOTOKAa XJIONKa II0
paboueil ymHe BakyyMHOro kinamnana B cernaparopax CC-15A u CX, B pe3ysbTare 4ero NpOUCXOMAT clydau
MEXaHWYECKOTO TIOBPEXACHHS CEMSH, OOphiBa M TOTEpPh BOJOKOH. Takke ™OKa3aHO, HYTO BBICOKOE
a’pOJMHAMHUYECKOE  COMPOTUBIEHHE B  TpOIEcce  Celmapaluy  SABISAETCS  NPUYMHOM  yBEJIWYEHUS
sHepromnoTpebaeHus. s coxpaHeHHs TNPUPOJHBIX CBOMCTB XJIONKAa W MOBBIMICHHA 3(PEKTUBHOCTU
TEXHOJOTHYECKOro Tporiecca pa3paboTaHbl HAIIPABJIEHUS COBEPIIEHCTBOBAHMA KOHCTPYKIMH cemaparopa. B
YaCTHOCTH, CO3/IaHa BO3MOXKHOCTh CHMIKEHHH CKOPOCTH TOTOKA XJIONKA M €r0 PABHOMEPHOTO paclpeeseHHs
Ha BaKyyMHOM KJIallaHe ¢ IOMOILBIO CIIEUAIBHOTO HANPaBIISIOIIEr0 yCTPONUCTBA, YCTAHOBIEHHOIO Ha BXOJE B
Kamepy pazzeneHus. [IpemnoxenHoe pemeHne NpeaoTBPaIaeT MpsMoe yaapeHue XJIO0MKa O 3aIHIOI0 CTEHKY,
yYMEHbIIIasg TOBPEXIEHHE CEMSH M COXpaHSIs KauyeCcTBO BOJIOKOH. Pe3ynbTaTel HCCIENOBaHHUA HWMEIOT
3HAYMMOCTh Ul BHEJpPEHHs pecypcocOeperaommx M 3GQGEeKTUBHBIX TEXHOJOTMH HA XJIOMKOOYHCTUTEIHHBIX
OPEONPHUITUSX.

KualodeBble cJjioBa: XJIOMOK, CemapaTop, OTAENEHHE XJOMKa OT BO3AyXa, ITHEBMOTPAHCIOPT,
BaKyyMHBIH KJIallaH, ceTyaTas MOBEPXHOCTh, XJIONKOBOE BOJIOKHO, MOBPEXAECHUE CEMSH, NMOTEps BOJIOKOH,
a’pOJMHAMHUYECKOE CONPOTHUBIICHHE, SHEPTONOTPEOICHNE, TEXHOIOTHIECKUI MPOLIECC, YCOBEPIICHCTBOBAHHAS
KOHCTPYKLIUs, HAllpaBJISIOIIEee YCTPOHCTBO.
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Kirish. Dunyo migyosida zamonaviy ilmiy hamda ilmiy-texnik ma’lumotlar hajmining jadal o’sib
borayotgan rivojlanish sharoitlarida ishlab-chigarish tarmoglari bilan birgalikda paxta tozalash korxonalarini
ham yangi texnika va texnologiyalar bilan gayta jihozlashga alohida e’tibor berish muhim ahamiyat kasb etadi.
Bunda chigindisiz texnologiyalarni yaratish asosiy vazifalardan hisoblanadi [1].

O’zbekistonda paxtani dastlabki ishlashda mehnat hamda energiya sarfini kamaytirish, paxta tozalash
korxonalarini modernizatsiya gilish, texnik gayta jihozlash, resurstejamkor texnika va texnologiyalarni ishlab
chigish yuzasidan keng gamrovli chora-tadbirlar amalga oshirilib, muayyan natijalarga erishilmoqgda.

Ushbu vazifalarni amalga oshirishda, jumladan, mahalliy xomashyolardan samarali va to’liq
foydalanish va yuqori, go’shimcha giymatli, ragobatbardosh, sifatli to’qimachilik mahsulotlarini ishlab
chigarish muhim ahamiyat kasb etmoqda.

Paxtani gayta ishlash jarayonida paxta xom-ashyosini nobudgarchilikka yo’l qo’ymaslik hamda uning
tabiiy xususiyatlarini saglash eng dolzarb muammo hisoblanib, asosiy magsadga erishishda paxtani teng
tagsimlovchi texnologiyani yaratish muhim hisoblanadi.

Paxta havotransporti qurilmasining samaradorligi separatorning ishlash ko’rsatgichlariga ko’p
tomonlama bog’liq hisoblanadi.

Magqolada paxtani havodan ajratish jarayonida qo’llaniladigan separatorlarni takomillashtirish
magsadida o’tkazilgan ilmiy va amaliy tadqiqotlarni tahlil etish va shu asosda texnologik jarayonni
takomillashtirishga qaratilgan yo’nalishlarni aniglab olishdir.

Tadgiqgot ob’ekti va qo’llanilgan metodlar

Tadgigot ob’ekti sifatida paxtani tabiiy ko’rsatkichlarini saglagan holda, uni havo ogimidan ajratib
olish va havo qurilmasining bosimini minimal yo’qotishlar bilan bir maromda ishlashini ta’minlashga
qaratilgan ilmiy tadqiqotlar natijasida olingan va ¢’lon qilingan ma’lumotlar xizmat qildi. Maqolani
tayyorlashda taxlillashtirish, umumlashtirish va tanqidiy baholash usullaridan foydalanildi.

Ma’lumotlarni taxliliy ko’rib chigish

Ma’lumki separatorga qo’yiladigan asosiy talablar bu paxtani tabiiy ko’rsatkichlarini saglagan holda,
uni havo ogimidan ajratib olish va havo qurilmasining bosimini minimal yo’qotishlar bilan bir maromda
ishlashini ta’minlashdir. Aynigsa, paxta ogimini bir me’yorda vakuum-klapanga uzatishdir.

Ishlash davomida paxta va havo aralashmasi kirish trubasi orgali separatsion kameraga kiradi. Kamera
hajmi katta bo’lganligi uchun undagi ogim tezligi keskin pasayadi. Paxtaning asosiy gismi inertsiya kuchi
bo’yicha harakatlanishni davom ettirib, orga devorga o’tadi, uning yuzasidan sirpanib vakuum - klapanning
parraklari yordamida chigib ketadi, golgan miqdordagi gismi to’rli yuzaga kelib uriladi. Paxta to’r yuzasidan
elastik girg’ichlar yordamida ajratilib, ular ham vakuum-klapanga tushiriladi. Vakuum - klapanga tushayotgan
paxtaning harakat gonuniyati hamda vakuum-klapanning ishchi uzunligi bo’yicha paxtaning tagsimlanishi
to’liq o’rganilmagan. Bundan tashqgari separator ishchi gismlari bo’yicha paxtani harakati xam o’rganilmagan.

Afsuski, SS-15A separatorida kameraga kirayotgan paxtaning aksariyat miqdori ikki yon tomondagi
havo surish yo’naltirgichlaridagi so’ruvchi kuch yordamida to’rli sirtlarga yopishib, so’ngra qirg’ichlar
yordamida sidirib olinadi. Albatta, bunday holatda paxtaning vakuum - Klapan ishchi uzunligi bo’yicha teng
tagsimlanishi hagida fikr yuritish noto’g’ridir. Bunday holat vakuum-klapanning rezinali parraklarini notekis
eyilishiga olib kelmogda. Paxta bo’lagi qirg’ich yordamida tozalanib, ular ham vakuum - klapanga tushiriladi.

Tozalash vagtida paxta bo’lagi qirg’ich va to’rli yuza orasida siqilib golish natijasida chigitning sinishi
va paxta tolasining chigitdan ajralishi, ya’ni «yolg’on» jinlanishi kuzatiladi, bu esa erkin tolaning paydo bo’lib,
yo’qotilishiga olib keladi. Shunday gilib, SS-15A separatorida paxtaning havo ogimidan ajratish texnologik
jarayonida uning tabiiy xususiyatlarini yomonlashuvi va tola migdorining yo’qotilishiga sabab bo’ladi.

Separator yordamida paxtani gayta ko’chirishda tola yo’qotilishlari yuqori navlarda o’rtacha 0,0285 %
va past navlarda o’rtacha 0,052 % ni tashkil etadi. Keyingi gayta uzatishlarda yo’qotishlar taxminan bir xil
migdorga oshadi [1].
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Bugungi kunda olib borilgan ilmiy izlanishlar shuni ko’rsatadiki, paxtaning sanoat navlari bo’yicha
tolaning yo’qotilish sabablari aniq ko’rsatib berilgani yo’q. Havoqurilmasining maksimal ishlash jarayonida
yoki yugori namlikda paxtani ko’chirishda, ba’zan to’rli yuzaga ma’lum miqdordagi paxta yopishib golib,
elastik qirg’ich to’rli yuzani samarali tozalay olmaydi, natijada tigilib golish holati hosil bo’ladi. Tiqilib golish
qirg’ichning eyilib ketishi va egilib ishga yaramay qolishidan ham hosil bo’ladi. Bir gator izlanuvchilar SS-15A
separatorining ajratish uskunasini o’zgartirib separatsiyalash texnologik jarayonining takomillashtirishni
zamonaviy usularini tavsiya etganlar.

Shuni aytish mumkinki, SS-15A separatori katta aerodinamik garshilikka ega. Havoning sarfi 5-6 m®/s
bo’lganda (bu ko’rsatkich paxta tozalash korxonasida havoqurilmasining normal ishlash sharoitiga mos keladi),
bosim yo’qotilishi 1180-1370 Pa ni tashkil etadi.

Separatorda ko’p migdorda bosimning yo’qotilishi, ogim gismi kesimining va havo harakati
yo’nalishining o’zgarishi asosida ifodalanadi. Paxta tozalash korxonasida SS-15A separatorining havotransporti
qurilmalari tizimiga ulanishi havo chigarish moslamalari kollektor va keyinchalik havo quvuri bilan patrubka
orgali ulanadi. Bunda tajriba natijalari bo’yicha havoning sarfi 6,1 m3G’s bo’lganda, separatorning aerodinamik
garshiligi 1610 Pa ni tashkil etadi. Shu sababli, ventilyator uzatayotgan bosimning ko’p gismi SS-15A
separatorining qarshiligini engishga sarf bo’ladi, bu esa o’z navbatida havotransporti uskunasining ishlash
radiusini kamaytiradi. Shuning uchun ham uzoq masofadagi g’aramlardan paxtani ishlab chigarishga uzatishda
havotransporti tizimiga gayta uzatish qurilmalari o’rnatiladi. Bu esa ortigcha energiya sarfini oshishiga, natijada
xarajatlarni ko’payishiga sabab bo’ladi.
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3-rasm. Kichik tozalovchi kamerali separator

1-kirish quvuri; 2-ishchi kamera; 3-to’rli sirt; 4-sidirgich;
5-havo chigish quvuri; 6-giya to’rli yuza; 7-qopgoq; 8-vakuum klapan

R.Murodov tomonidan takomillashtirilgan qo’shimcha havo kanalli spiralsimon tuzilishdagi separator
bo’lib, u chiqarish trubasi bilan teshiklar shaklidagi gorizontal tekislikka nisbatan 20-25° burchak ostida giya
o’rnatilgan Kirish trubasi bilan ulangan [3]. U quyidagicha ishlaydi: paxta havo ogimi bilan patrubka orgali
separatsion kameraga keladi va inertsiya kuchi bilan patrubka devoriga gisiladi, shundan so’ng 0’z og’irligiga
va markazdan gochirma kuch ta’sirida devor hamda vakuum-klapan orgali kerakli joyga uzatiladi. Havo
spiralsimon plastinka orgali so’rish patrubkasiga uzatilib, undan ogim tomon yo’naladi. Ayrim paxta bo’laklari
qgiyshik devorga urilib, vakuum-klapan tomon yo’naladi.

Havo separatorida paxtaning havo ogimidan etarli darajada samarali ajralishi amalga oshadi. Birog
to’la separatsiyaga erishilmay paxta bo’laklarining chigindiga chigib ketishi ham kuzatiladi.

SX rusumli separatorni tahlil qgilish shuni ko’rsatadiki, paxtani havodan ajratish jarayonida tola
yo’qotiladi, ya’ni yugori navlar uchun 0,23 kgG’soatga, past navlar uchun 0,83 kgG’soat ga kamayadi.

Tsilindrsimon to’rli yuza va ajratish barabani, ajratish kamerasidan belgilangan masofada (70-100 mm)
o’rnatilgan.

4-rasm. Spiralsimon tuzilishdagi separatorning umumiy ko’rinishi.
1-devor; 2-kamera; 3- paxta bilan havo kiradigan quvur; 4-havo chigadigan quvur; 5-spiralsimon plastinka; 6-
qo’zg’almas devor; 7-vakuum - klapan.
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Ajratish barabani girg’ichlarining havodan ajratiluvchi paxta bilan yaxshi alogada bo’lishi, ajratuvchi
kamerada paxtaning yig’ilib golishiga yo’l ko’ymaydi. SX rusumli separatorning ishlash printsipi pnevmatik
separatorning ishlash printsipiga asoslangan [4].

Havo ogimi ajratuvchi kameraga kirgan paxtaning asosiy gismi gaytaruvchi devorga urilishi natijasida
havo ogimidan ajralib, o’z inertsiyasi bilan to’g’ridan-to’g’ri vakuum-klapanga tushadi. Paxtaning bir gismi
ventilyator yordamida to’rli yuza orgali so’rilayotgan havo ogimi bilan birga harakatlanib tsilindrsimon to’rli
yuzada turib goladi va ajratuvchi barabanning qirg’ichlari bilan tozalanib, vakuum-klapanga tashlab yuboriladi.

5-rasm. SX separatorining umumiy ke’rinishi sxemasi.
1-ajratish kamerasi; 2-gaytaruvchi devor; 3-inertsion ajratish uchastkasi; 4- paxta bilan havo kiradigan muhit;
5-vakuum - klapan; 6-to’rli yuza; 7-giruvchi va chiquvchi potruboklar; 8-qirg’ich; 9- ajratish vali.

SX rusumli separatorni qo’llash tufayli paxtaning tsilindrsimon to’rli yuzaga bevosita borib tushishiga
yo’l qo’yilmaydi.

Bu xolatda paxtaning chigallanishi va chigit shikastlanishining kamayishiga erishiladi. To’rli yuza
tekisligi har doim toza turadi va bu bilan separatorning aerodinamik garshiligi doimiy ta’minlanib turiladi.

Separatorning yana bir afzallik tomoni shundaki, unga energiya kam sarflanadi.

Shunday qilib, paxtani pnevmatik ko’chirishning texnika va texnologiyasi zamonaviy holatining
tankidiy tahlili va adabiyotlarning mazmunini ko’rib chigish shuni ko’rsatdiki, bu xususdagi masalalar hali to’la
echimini topmagan bo’lib, takomillashtirishni talab giladi.

Xuddi SS-15A separatorida o’tkazilgani kabi SX separatorida ham paxta ogimini vakuum-klapan ishchi
uzunligi bo’yicha teng tagsimlanish holati o’rganilgan.

Ushbu tajribani o’tkazishda ham Sulton selektsion navining I, Il hamda Ill-sanoat navidan
foydalanildi. Olingan natijalar grafik ko’rinishida 6-rasmda keltirilgan.

Olingan grafikdan ko’rinib turibdiki, hagigatdan ham SX separatorida, paxta ogimining vakuum-Kklapan
ishchi uzunligi bo’yicha tagsimlanishi notekis bo’lib, undagi holat SS-15A separatoriga nisbatan aksincha,
ya’ni ikki yon tomonda paxta migdorining kamayishi, o’rta gismida esa uni ko’payishi kuzatiladi. Har ikkala
holatda ham vakuum-klapan ishchi uzunligi bo’yicha teng tagsimlanishi ro’y bermaydi. Bu esa, albatta, chigitni
mexanik shikastlanishiga, erkin tolaning ko’payishiga sabab bo’lmoqda.
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6-rasm. Vakuum — klapan ishchi uzunligi be’yicha paxta ogimining tagsimlanishi.

Hozirgi kunda SS-15A hamda SX separatorlari keng ko’lamda ishlatiladi. Ishlash davomida paxta va
havo aralashmasi kirish trubasi orqgali separatsion kameraga kiradi. Kamera hajmi katta bo’lganligi uchun
undagi ogim tezligi keskin pasayadi. Paxta yoki tolani asosiy gismi inertsiya kuchi bo’yicha harakatlanishni
davom ettirib, orga devorga o’tadi, uning yuzasidan sirpanib vakuum-klapanni parraklari yordamida chiqib
ketadi, golgan migdordagi gismi to’rli yuzaga kelib uriladi. Paxta yoki tolani to’rli yuzadan elastik qirg’ichlar
yordamida ajratilib, ular ham vakuum-klapanga tushiriladi. To’rli yuzadan o’tib ketayotgan chigindilar
bo’yicha izlanishlar to’liq olib borilmagan.

Izolyatsion tipdagi qirg’ich konstruktsiyasi kirish hududidan oldin bo’shliq hududi hosil giladi.
Bo’shliq hududida havoni so’rish va uni bosim kuchi 0 ga teng bo’lib, paxtani to’rli yuzaga bosuvchi kuch
migdori 0 ga teng bo’ladi [5].

Ushbu kuchning nolga teng bo’lishi tola bilan to’rli yuza orasidagi F; ishkalanish kuchini kamaytiradi.
Bu esa o’z holida paxtani to’rli yuzadan ajratish kuchi bo’lgan F1 kuchini kamaytirishga olib keladi.

Separator quyidagicha ishlaydi: chigitli paxta kiruvchi patrubok orgali havo ogimi bilan birga ajratish
kamerasiga kiradi. Asosiy paxta mikdori ajratish kamerasiga kirgan zahoti o’z tezligini kamaytirish hisobiga
vakuum-klapanga yo’naltiriladi va vakuum - klapan yordamida separatordan chigarib yuboriladi.

Qolgan paxta mikdori esa havo ogimi bilan birgalikda to’rli yuzaga garab harakatlanadi va unga havo
kuchi yordamida yopishib goladi. Yopishgan paxtalarni izolyatsion tipdagi qirg’ich yordamida to’rli yuzadan
ajratib olinadi va u vakuum - klapanga uzatiladi. To’rli yuzadan paxtani ajratish mobaynida avval yopishgan
paxtaga ta’sir etayotgan havo kuchining ta’siri yo’qoladi.

Lekin ushbu konstruktsiya o’zini nisbatan originalligiga garamay bir gator kamchiliklarga ega. Asosiy
kamchilik bari-bir paxta separator ishchi kamerasiga kirgandan so’ng to’rli yuzaga to’qnash kelishi uchun
yaratilishida. Bu albatta paxtani to’rli yuzaga urilishi jarayonida, zarba natijasida tola zarrachalari albatta to’rli
yuza teshiklaridan o’tib, unga mahkam o’rnashib olinishida.

Albatta, to’rli yuza orga gismida o’rnatilgan izolyatsion kamera o’rnashib olgan tola zarrachalarini
to’liq ajralib ketishiga yo’l qo’ymaydi.

SS-15A separatorini takomillashtirish quyidagi yo’nalishda amalga oshirildi:

Separatorlarni kirish gismida paxta gatlami uning to’g’ri orga devoriga katta tezlikda borib urilmasligi
va vakuum-klapanning ishchi uzunliklari bo’yicha teng tagsimlanib, vakuum-klapanga tushayotgan paxtani
tabiiy xususiyatlarini saglash asosiy magsad qilib olindi. Hozirgi holatda paxta massasini separator orga
devoriga kuch bilan urilishiga sabab bo’lib, buni natijasida chigitni mexanik oshishi ro’y beradi. Bu esa
chigitlarning mexanik shikastlanishiga, separator orga devorini tez eyilishiga va separatorning ishlash
davomiyligini kamayishiga olib keladigan kamchiliklardan hisoblanadi.

Tavsiya etilgan takomillashtirilgan separatorning magsadi -paxtaning tabiiy xususiyatlarini saglash va
uning ishlash muddatini sezilarli darajada uzaytirish uchun separator konstruktsiyasiga yangi yo’naltirgich
moslamasini qo’llashni taqozo giladi. Separatorda havo ajratuvchi kameraning ichkarisidagi kirish gismiga
o’rnatilgan qurilma bilan to’ldirish orgali uskunaning mustahkamligini ta’minlash uchun metall listdan
yasalgan yo’naltirgich o’rnatilgan.
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Ushbu qurilmaning mohiyati shundan iboratki, separatorning ajratish kamerasi ichiga o’rnatilgan
yo’naltirgich bilan jihozlangan bo’lib, bu uzatib berilayotgan paxta xomashyosi yo’nalishini o’zgartirishga
imkon beradi. Paxta xomashyosi ajratish kamerasiga Kirish hududiga quvur orgali uzatilganda, o’rnatilgan
yo’naltirgich bizga paxta xomashyosi yo’nalishini separatorning orga devoriga emas, balki paxta
xomashyosining kuchaygan o’rash hududiga, ya’ni to’rli yuzaning markaziy gismiga, ya’ni vakuum-klapanga
o’zgartirishga imkon beradi.

Paxta separatori separatsion kameraga ega bo’lib, uning ishchi gismida qirg’ichlarga ega bo’lgan to’rli
yuza joylashgan, kameraning pastki gismida rezinali vakuum-klapan joylashgan. Separator kamerasining
kirishida yo’naltirgich o’rnatilgan. Bunda yo’naltirgich galinligi 6 g 2 mm keladigan metall listdan
tayyorlangan hamda o’z o’qi atrofida tebranadigan qilib o’rnatilgan. Undan tashgari, yo’naltirgichning Kirib
kelayotgan paxta harakatlanishining markaziga nisbatan aylanish burchagi o q 25° + 35° ni tashkil giladi [6].

7-rasmda Takomillashtirilgan yo’naltirgichli separatorning ko’ndalang qirgimi ko’rsatilgan.

7-rasm. Separatorning ko’ndalang qirgim ko’rinishi.

Separator quyidagicha ishlaydi: paxta kiruvchi patrubok orgali havo ogimi bilan birga ajratish
kamerasiga kiradi. Asosiy paxta miqdori ajratish kamerasiga kirganda yo’naltirgich orgali o’z tezligini
kamaytirgan holda qirg’ichga yo’naltiradi va vakuum-klapan yordamida separatordan chigarib yuboriladi.
Qolgan paxta migdori 30-40% i esa havo ogimi bilan birgalikda to’rli yuzaga qarab harakatlanadi. Ushbu
holatda patrubkadan so’ng o’rnatiladigan og’ish burchagi 25° gradusli yo’naltirgich orgali asosiy paxta
massasini vakuum-klapanga yo’naltiriladi, natijada uni tezligi 30-35 % ga kamayishi natijasida chigitni
mexanik shikastlanishi kamayadi, to’g’ri devorning edirilishini oldi olinadi va vakuum-klapan bo’yicha paxtani
tagsimlanishi yaxshilanadi. Kirish quvuridan kirayotgan paxta ogimi yo’naltirgichga kelib uriladi. Zarba gattiq
bo’lmasligi uchun yo’naltirgich ogim bo’yicha yoysimon shaklda tayyorlangan bo’lib, paxta ogimini
separatorning orga devoriga to’g’ridan-to’g’ri urilishini oldi olinadi.

Ushbu takomillashtirilgan separatorda ham yo’naltiruvchi konstruktsiya metall materialdan
tayyorlangan. Natijada, havo ogimi orgali yuqori tezlikda harakatlanayotgan paxta xom ashyosi mazkur
qurilma elementlariga urilishi ogibatida uning tabiiy xususiyatlari (chigitning mexanik shikastlanishi) gisman
buzilmogda. Bu esa paxtani keyingi gayta ishlash bosgichlarida mahsulot sifatining pasayishiga olib kelishi
mumkin.

Shu munosabat bilan, hozirgi kunda paxtaning tabiiy xususiyatlarini maksimal darajada saglab golishni
ta’minlaydigan, zarba ta’sirini kamaytiruvchi hamda konstruktiv jihatdan takomillashtirilgan separator
uskunalarini ishlab chigish va amaliyotga joriy etish dolzarb ilmiy-texnik masalalardan biri hisoblanadi.
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Xulosa. Paxtani havodan ajratish jarayonida qo’llaniladigan separatorlarni takomillashtirish magsadida
o’tkazilgan ilmiy va amaliy tadgiqotlarning tahlili asosida quyidagi xulosalarga kelindi:

1. O’tkazilgan tahlillar shuni ko’rsatadiki, paxtaning tabiiy xususiyatlariga salbiy ta’sir etuvchi asosiy
omillardan biri bu tarmoqda o’rnatilgan separatorlar va uning texnologik jarayoni ekanligi aniglandi.

2. Separatorlarni takomillashtirish bosgichida to’rli yuza bilan paxta orasida bog’lanish maksimal
ravishda saglanib kelayotganligi uning tabiiy xususiyatlarini salbiy tomonga oshishiga olib kelmogda.

3. Paxtani havo ogimidan ajratib olish jarayonida paxta ogimini to’planib qolishi asosida tolani
uzilishi hamda chigitni mexanik shikastlanishi ro’y bermoqgda. Ushbu jarayonni nazariy hamda amaliy
tomondan o’rganish zarurati dolzarb hisoblanadi.
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UDK 631.313.1
EFFECT OF ROLLER WEDGE-SECTION HEIGHT ON THE PERFORMANCE OF A WEDGE-
SHAPED ROLLER-LEVELER

PONASIMON G‘ALTAKMOLALI MOLA-TEKISLAGICH G'ALTAKMOLA PONASIMON QISMINING
BALANDLIGINI MOLA-TEKISLAGICHNING ISH KO‘RSATKICHLARIGA TA’SIRI

BJIMSIHUE BBICOThI KJIMHOBUIHOM YACTU KATKA HA PABOUYME [TOKA3ATEJIA
KIIMHOBUJAHOI'O KATKOBO-BBIPABHUBATEJIA

Xudayberdiyev Ikram Akramovich
Guliston davlat universetuti.120100.Sirdaryo viloyati, Guliston shahar,
e-mail: ikram.hudoyberdiev@gmail.com

Abstract. The article analyzes the issues of ensuring the required operating quality of the developed
wedge-shaped roller-leveler with minimal energy consumption. Based on the obtained results, it was
determined that the height of the wedge-shaped section of the roller should be 50 mm to achieve low energy
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consumption. During the experiments, the height of the wedge roller's wedge-shaped section was varied in the
range from 30 mm to 60 mm with a 10 mm increment.

Keywords. Wedge-shaped roller-leveler, height of the wedge-shaped section of the wedge roller, soil
crumbling degree, soil density, specific draft resistance of the leveler, operating speed.

Annotatsiya. Maqolada ishlab chigilgan ponasimon g‘altakmolali mola-tekislagichning talablar
darajasidagi ish sifatini kam energiya sarflagan holda ta’minlash masalalari tahlil gilingan. Olingan natijalar
kam energiya sarflash uchun g*altakmolasi ponasimon qismining balandligi 50 mm bo‘lishi lozimligi aniglandi.
Tajribalarda ponasimon g‘altakmolali mola-tekislagich g‘altakmolasi ponasimon gismining balandligi 30 mm
dan 60 mm gacha bo‘lgan oraligda 10 mm farq bilan o‘zgartirildi.

Tayanch so‘zlar. Ponasimon g‘altakmolali mola-tekislagich, ponasimon g‘altakmola ponasimon
gismining balandligi, tuprogning uvalanish darajasi, tuprogning zichligi, mola-tekislagichning tortishga
solishtirma qgarshiligi, harakat tezligi.

AnHoTanusi. B crtaThe NpoaHaIM3UPOBaHBI BOMPOCH OOECIEUeHHUS TpeOyeMOoro KauecTBa paOOThI
pa3paboTaHHOTO KIMHOBUAHOTO KaTKOBO-BBIPAaBHHMBATENsl NMpPH MUHUMAIBHBIX JHeprosarparax. Ha ocHoBe
MIOJIYYEHHBIX PE3yJbTaTOB YCTAHOBIEHO, YTO ISl CHIDKEHMSI SHEPTOEMKOCTH IMPOIIecCa BBHICOTA KIIMHOBHIHOM
YacTH KaTka JOJDKHAa cocTaBisiTh 50 mMMm. B Xolle SKCHEpMMEHTOB BBICOTA KJIMHOBHIHON YacTH KaTkKa
KJIIMHOBUJTHOTO KaTKOBO-BBIPABHHUBATEI U3MEHIACh B Tuamna3one oT 30 MM 10 60 MM ¢ uHTepBajioM B 10 Mm.

KuaroueBbie cioBa. KiIMHOBUIHBIM KAaTKOBO-BBIPABHUBAIOIIMKA MOJA -BbIPaBHUBATENb, BBICOTA
KJIMHOBUTHOM YacTH KJIMHOBHUIHOTO KaTKa, CTETICHb KPOIICHHS MOYBHI, INIOTHOCTh MOYBHI, YJIEIHHOE TATCOBOE
COTPOTHUBJICHUE BBIPABHUBATENS, CKOPOCTh ABMKCHHUSL.

Kirish. Mavjud g-altakmolali mola-tekislagichlarda tuprogni zichlash uchun tekis silindrik sirtli
g‘altakmolalar go‘llanilgan [1,2]. Ammo ular tuprogni pastki gatlamlarini yetarli darajada zichlamaydi [3-7].
Bundan tashgari tuprogni talablar darajasida zichlash uchun tekis silindrik sirtli g‘altakmolalarga katta tik
yuklanish berilishi talab etiladi va bu ularning metall-energiyahajmdorligini ortishiga olib keladi. Ushbu
ta’kidlanganlardan kelib chigib, biz tomonimizdan g‘altakmolasi ponasimon ishchi sirtga ega bo‘lgan mola-
tekislagich ishlab chigildi. U osish qurilmasi bilan jihozlangan rama 1 va uning old gismiga o‘rnatilgan
tekislagich 2 va orga gismiga o‘rnatilgan ishchi sirti ponasimon ko‘rinishdagi g‘altakmola (keyingi o‘rinlarda
ponasimon g‘altakmola) 3 dan tashkil topgan (1-rasm).

Ish jarayonida ishlab chigilgan g‘altakmolali mola-tekislagichning tekislagichi dala yuzasidagi
notekisliklarni tekislaydi, ponasimon g‘altakmolasi esa ushbu tekislangan yuza tuprogini talablar darajasida
zichlaydi va kesaklarni maydalaydi. Bunda g‘altakmolaning ponasimon qismi tuproqqa chuqur botib, uning
pastki gismini samarali zichlaydi. Bundan tashqari ponasimon g‘altakmolani tuproqqga botirish uchun kam tik
yuklanish talab etiladi hamda u gattiq kesaklarni ponasimon gismi bilan talablar darajasida maydalaydi.

Ushbu magolada ishlab chigilgan mola-tekislagich g‘altakmolasi ponasimon qismining balandligini
uning ish ko‘rsatkichlariga ta’sirini o‘rganish bo‘yicha o‘tkazilgan tajribaviy tadqiqotlarning natijalari
keltirilgan.

Tadgigot obyekti va usullari

Tadgiqot obyekti bo‘lib, ponasimon g‘altakmolali mola-tekislagichning texnologik ish jarayoni va
uning ponasimon gismining balandligi o‘zgaruvchan bo‘lgan (30 mm dan 60 mm gacha) ponasimon ishchi sirtli
galtakmolasi xizmat qildi. Tajribaviy tadqiqotlar O‘z DSt 3193:2017 va O‘z DSt 3412:2019 me’yoriy
hujjatlari asosida o‘tkazildi. Bunda baholash mezoni sifatida tuprogning uvalanish sifati, zichligi hamda mola-
tekislagichning tortishga solishtirma garshiligi gabul gilindi.

Tajribalarda ponasimon g‘altakmolali mola-tekislagich g‘altakmolasi ponasimon qismining balandligi
30 mm dan 60 mm gacha bo‘lgan oraliqgda 10 mm farq bilan o‘zgartirildi. Bunda g‘altakmolaning diametri 350
mm, o‘tkirlanish burchagi 80° hamda g‘altakmolaga ta’sir etuvchi solishtirma tik yuklanish 2,14 kN/m
giymatida doimiy deb gabul gilindi. Tajribalar davomida agregatning harakat tezligi 6 va 9 km/h ni tashkil
etmu.
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—

1- rama, 2- tekislagich, 3- ponasimon g‘altakmola
1-rasm. Takomillashtirilgan g‘altakmolali mola-tekislagichning konstruktiv sxemasi

Natijalar va ularning tahlili
Oc‘tkazilgan tajribalar natijalari 2-rasmda Kkeltirilgan.
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1 - 6,0 km/h harakat tezligida; 2 — 8,0 km/h harakat tezligida
2-rasm. Tuprogning uvalanish darajasi (a) va zichligi (b) hamda takomillashtirilgan g‘altakmolali mola-
tekislagichning tortishga solishtirma qarshiligi (v) ni u g‘altakmolasi ponasimon gismining balandligiga
bog‘liq ravishda o‘zgarish grafiklari.
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Ularning tahlili shuni ko‘rsatadiki, har ikkala harakat tezligida ham ponasimon g‘altakmolali mola-

tekislagich g‘altakmolasi ponasimon qismining balandligi 30 mm dan 60 mm gacha ortishi bilan tuprogning
uvalanish darajasi va zichligi hamda tortishga garshiligi deyarli to‘g‘ri chiziq qonuni bo‘yicha o‘sgan.
Xususan, agregatning harakat tezligi 6 km/h bo‘lganda g‘altakmola ponasimon qismining balandligi 30 mm dan
60 mm gacha oshirilganda o‘lchami 25 mm dan kichik bo‘lgan tuproq fraksiyalarining ulushi 84,9 % dan 88,7
% gacha, tuproqning zichligi 1,11 g/cm® dan 1,26 g/cm® gacha, tortishga solishtirma qarshilik esa 2,56 kN/m
dan 2,75 kN/m gacha ortgan. Agregatning harakat tezligi 9 km/h bo‘lgan holatda mazkur ko‘rsatkichlar mos
ravishda 86,1 % dan 89,1 % gacha, 1,06 g/cm? dan 1,24 g/cm? gacha, tortishga garshilik esa 2,62 kN/m dan
2,82 kN/m gacha ortgani gqayd etilgan.

Kuzatilgan holat asosan ponasimon g‘altakmolali mola-tekislagich g‘altakmolasi ponasimon gismi
balandligining ortishi uni tuprogga botish chuqurligining ortishiga olib kelishi bilan izohlanadi. Bu esa
tuprogning uvalanish va zichlanish darajalari hamda tortishga garshilikning oshishiga olib keladi.

Agregat harakat tezligining 6,0 km/h dan 9,0 km/h ga oshirilishi tuproq zichligining kamayishiga, shu
bilan birga tuprogning uvalanish sifati hamda tortishga solishtirma qarshilikning ortishiga sabab bo‘lgan. Shu
tariga, o‘tkazilgan tadqiqotlar natijalari tuprogning talab darajasida uvalanishi va magbul zichlanishini
ta’minlash uchun ponasimon g‘altakmolali mola-tekislagich g‘altakmolasi ponasimon gismining balandligi 50
mm atrofida bo‘lishi magsadga muvofiq ekanini ko‘rsatdi.

Xulosa. O‘tkazilgan tajribaviy tadgiqotlarning natijalari bo‘yicha ishlab chigilgan ponasimon mola-
tekislagich talablar darajasidagi ish sifatini kam energiya sarflagan holda ta’minlashi uchun uning ponasimon
gismining balandligi 50 mm bo‘lishi lozim.
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UDK 676.038:674.028
APPLICATION OF BASALT FIBERS IN PAPER PRODUCTION
QOG‘OZ ISHLAB CHIQARISHDA BAZALT TOLALARIDAN FOYDALANISH
INPUMEHEHUME BA3AJIbTOBOI'O BOJIOKHA J1J15 ITPOU3BOJCTBA BYMAI'
Babaxanova Xalima Abishevna, Ataxanova Nodira Habibullo qizi, Tursunboyeva Nozima
Habibullo gizi, Sadriddinova Nigora Jumadulla gizi

Toshkent to‘gimachilik va yengil sanoat instituti, 100100. Toshkent shahar, Shoxjahon ko‘chasi — 5 uy
Email:a.nodiral94@gmail.com

Abstract. This paper investigates the effect of basalt fibers, filler (kaolin), and alkyl ketene dimer
(AKD) on the physical and mechanical properties of paper, aiming to substantiate their application in the paper
industry. The study was conducted using compositions based on waste paper of type A with the addition of
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basalt fibers (0-20%), kaolin (2-4%), and AKD (1-2%). The results showed that increasing the content of
basalt fibers leads to a decrease in the mechanical strength of paper: by approximately 4% at 10% fiber content
and up to 26% at 20%, with the effect becoming more pronounced at higher kaolin contents. It was also found
that at 2% kaolin, the influence of AKD on strength properties is insignificant, whereas at 4% kaolin, its effect
becomes considerable, causing an additional reduction in strength (up to ~30%). An optimal composition of
paper pulp was determined, consisting of 10% basalt fibers, 2% kaolin, and 1-1.5% AKD, which ensures the
preservation of mechanical strength when using alternative raw materials. The obtained results confirm the
effectiveness of basalt fibers in the paper industry and demonstrate the potential of the developed materials for
use in digital and sheet-fed printing processes.

Keywords: paper pulp, basalt fibers, waste paper, kaolin, alkyl ketene dimer, mechanical strength,
composite materials, moisture.

Annotatsiya. Ushbu maqolada qog‘oz sanoatida qo‘llash imkoniyatlarini asoslash magsadida bazalt
tolalari, to‘ldiruvchi modda (kaolin) va alkilketendimer (AKD) ning qog‘ozning fizik-mexanik xossalariga
ta’siri o‘rganilgan. Tadqiqot obyekti sifatida A turdagi makulatura asosidagi kompozitsiyalar tanlangan bo‘lib,
ularga bazalt tolalari (0-20 %), kaolin (2-4 %) va AKD (1-2 %) qo‘shilgan. Tadqiqot natijalari shuni
ko‘rsatdiki, bazalt tolalari miqdorining ortishi qog‘ozning mexanik mustahkamligini kamaytiradi: 10 % da
taxminan 4 % ga, 20 % da esa taxminan 26 % ga pasayadi, bunda kaolin migdori ortishi bilan bu ta’sir yanada
kuchayadi. Shuningdek, 2 % kaolin mavjud bo‘lganda AKD ning mustahkamlikka ta’siri sezilarli emasligi,
ammo 4 % kaolin holatida uning ta’siri kuchayib, qo‘shimcha ravishda mustahkamlikni pasaytirishi (~30 %
gacha) aniglangan. Tadgiqotlar asosida qog‘oz massasining optimal tarkibi sifatida 10 % bazalt tolalari, 2 %
kaolin va 1-1,5 % AKD dan iborat kompozitsiya tavsiya etildi, bu esa alternativ xomashyodan foydalanishda
mexanik mustahkamlikni saglash imkonini beradi. Olingan natijalar bazalt tolalarining qog‘oz sanoatida
go‘llash samaradorligini tasdiglaydi hamda ishlab chigilgan materiallarni raqamli va listli bosma
texnologiyalarida qo‘llash imkonini ko‘rsatadi.

Kalit so‘zlar: Qog‘oz massasi, bazalt tolalari, makulatura, kaolin, alkilketendimer, mexanik
mustahkamlik, kompozitsion materiallar, namlik.

AHHOTauus. B crathe uccnenoBaHo BiMsHUE 0a3abTOBBIX BOJIOKOH, HANONHUTENS (KaolWHA) U
ankunkerenauomepa (AK/l) Ha Qusuko-MexaHudeckue cBoicTBa OymMarn ¢ LEnbl0 OOOCHOBAaHHS HX
NPUMEHEHUS] B OYMa)XHOH MPOMBIIIICHHOCTH. B KauecTBe OOBEKTOB UCCICIOBAHUSI HCIOJIB30BATUCH
KOMITO3UIIMY Ha OCHOBE MakyJlaTypsl THIA A ¢ jo0aBieHueM 0a3ainbToBbiX BoJOKOH (0—20 %), kaonuHa (2—4
%) n AKJ (1-2 %). YcTaHOBIEHO, YTO YBEIHWYECHHE COJACpPKaHUS 0a3aibTOBBIX BOJIOKOH NPHBOAMUT K
CHIDKCHMIO MEXaHU4ecKod mpounoctu Oymaru: npu 10 % — no ~4 %, npu 20 % — no ~26 %, npu 310M
3¢ deKT ycunmuBaeTcs C yBeJIMUSHUEM coJiepKaHus KaonuHa. [lokazaHo, uro mpu 2 % kaonuna BrusHue AK/]
Ha TPOYHOCTHBIE XaPaKTEPUCTUKH HE3HAYUTENIBHO, Torna kKak npu 4 % ero BO3AEHCTBHE CTaHOBHUTCS
CYIIECTBEHHBIM H TPHUBOAWT K JOMOJNHUTEILHOMY CHIDKEHHIO mpouHoctd (mo ~30 %). OmpenenéH
ONTHUMAaJIBHBIN cOocTaB OyMa)KHOW Macchl, BKitovatommii 10 % 0a3aibToBBIX BOJIOKOH, 2 % kaonuHa u 1-1,5 %
AK]l, obecneunBaromuii coXpaHeHHE MEXaHHYECKOW IMPOYHOCTH NPU HCIOJIB30BAHUN ANbTEPHATHBHOIO
coipbst. [losyueHHbIE pe3yabTaThl MOATBEPKAAIOT 3(P(GEKTHBHOCTH NPHUMEHEHUS! 0a3aJibTOBBIX BOJIOKOH B
OyMa)XHOW TPOMBIIUIEHHOCTH W BO3MOXXHOCTH HCIIONIL30BAHUSI Pa3pabOTaHHBIX MAaTEepHANOB B TpoOIEccax
nevaT Ha NUQPOBBIX U JIMCTOBBIX MEYATHBIX MAITMHAX.

KioueBble cioBa: OymaxkHas Macca, 0Oa3ajJbTOBBIE  BOJIOKHA,  Makyjarypa, KaoJuH,
AIKUJIKETEHANOMED, MeXaHH4YecKas IPOYHOCTh, KOMIIO3UIIMOHHBIE MaTEPHaIbl, BIaKHOCTb.

BBenenme. BypHoe pa3BUTHE NPOMBIILIEHHOCTH CHOCOOCTBYET POCTY TOTPEOJICHHS OyMaXKHOI
NPOJYKIMH, YTO JENaeT OCOOCHHO aKTyaJbHbIM PELICHUE ChIPHEBOH IMPOOIEMBI LEIUTIOI03HO-0yMasKHOI
otpaciu. CBoiicTBa OymMard Ha OCHOBE BTOPHYHOTO CBHIPBS - MaKyJaTyphl, B YCIOBHAX JIe(UIIUTa IEPBUYHOTO
JIPEBECHOTO CBIPbsl, TPEOYIOT IEJCHAIPABICHHOTO PETYJINPOBAHUS COCTaBa KOMITO3MIIUH, YTO CTUMYJIHPYET
NOUCK aJbTCPHATUBHBIX BHIOB ChIpbs [1-4]. B 3Tol CBSI3M NEPCIEKTHUBHBIM SBIISICTCS HCIOJIb30BaHUC
MHHEPAIBHBIX BOJIOKOH, UMEIOLIUXCS B OOJBIIOM KOJMYECTBE, KOTOPBIE MOTYT CIIy)HTh KaK CTPYKTYpHBIM,
TaK ¥ (YHKIHOHAIBHBIM KOMIOHEHTOM OYMaXHOH Macchl, MO3BOJISSA YJIydllaTh €€ MEXaHWYeCKHue |
copOIHOHHBIEe cBOMCTBA [5-9].
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OpnuM U3 Hanbosiee TOCTYMHBIX U TEXHOJIOTUYECKU MPUBJICKATENbHBIX BUIOB MUHEPAJIbHBIX BOJIOKOH
SBJIAIOTCST 0a3aJbTOBBIE BOJIOKHA, KOTOPBIE IMIMPOKO HCIOIB3YIOTCS BO MHOTHUX OTPACISAX IPOMBIIUICHHOCTH,
BKJIFOYAsi CTPOUTEIbHYIO, aBHAIIMOHHYIO, aBTOMOOWIbHYIO u Oymaxuyio [10-14]. Beemenue 06a3aabTOBBIX
BOJIOKOH B OYyMaXHYIO MacCy TO3BOJISIET MOBBIIATh NPOYHOCTh MaTepuana, yIydllaTb OJHOPOAHOCTH
CTPYKTYphl U KOHTPOJHPOBATH MOPHUCTOCTh, YTO HANPSMYIO BIMAET Ha BOJOIOIJIOMICHWE W AATe3MOHHBIC
cBoiictBa [15-18]. TTomumo 3TOTO, MpUMEHEHHE 0A3aIbTOBBIX BOJIOKOH CIIOCOOCTBYET PEIICHHIO CHIPHEBON U
9KOJIOTHUECKON MpobeM 3a CUET YaCTUYHOW 3aMeHbl NEQHUIMTHOTO APEBECHOTO CHIPhS U HMCIOJIb30BAHUS
MHUHEpaILHOTO BTOPUYHOTO pecypca.

Llenmpro HACTOSIIETO MCCIIETOBAHUS SABISETCS KOMIUIEKCHOE M3Y4YEHHE BIMSHUS 0a3aIbTOBBIX BOJIOKOH
Ha (U3HKO-MEXaHWYECKHE CBOWCTBa OyMmMarm C Ieibi0 OOOCHOBaHMS HUX TIPUMEHEHHS B KadeCTBE
IBTEPHATUBHOTO CBHIPHS Uil OYMa)KHOW MPOMBIIUIEHHOCTH W MOJy4eHUs] OyMaru ¢ 3aJaHHBIMH CBOHCTBaMH
JUTSL TEXHOJIOTH TIeYaTH.

MaTepua.m,l U METOJbI

B HacTos111eM HCCIIeTOBAaHUH HCIIONB30BAIKUCH CIEAYIONINE ChIPhEBbIC KOMIIOHEHTHI: MaKyJIaTypa TUIIa
A, 0a3zanpTOBOC BOJIOKHO B KOHIeHTparusax 0%, 10% u 20%, ankunkerenauomep (AKJI) B konumuecTBax 1%,
1,5% u 2%, a Takke HAMOJIHUTENb — KaOJHH B KOHIeHTpanusx 2%, 4% u 6%. CodyeTanue 3TUX KOMIIOHEHTOB
MO3BOJHIIO CHOPMHUPOBATH PA3IUIHBIC COCTABBI OYMaKHOW MACCHI JIs MOCIEIYIONMEr0 U3yYCHUsT X BIIHSHUS
Ha CTPYKTYpHBIC, (U3UKO-MEXaHWYCCKHE W COpPOIMOHHBIC CBOWCTBa Matepuana. OCHOBHBIC CBOMHCTBA
0a3aIbTOBO BOJIOKHO MPEACTaBICHBI B Ta0. 1.

Tao6anma Ne 1
OcHoBHbIE (PU3UKO-MEXaHNUYECKUE XaPAKTEPUCTUKHU 0a321bTOBOI0 BOJIOKHA

HaunmenoBanue nokasarenei [TapameTpsl

JinHa oTpe3Ka BOJIOKHA, MM 3

JunameTp BoJoKHA (MKM) (9-22)+1,5

Tun nokpsITUS Cunas (BUHUIOBBIN U, TOTUICTEDP, STOKCHU-HAS
CMOJIa, ITOJIMIPOTNMIIEH, TOJINYPETaH)

CoBMECTUMOCTb CO CMOJIOH OnokcuaHele, (EeHONbHBIE, TOTU3(QUPHEIE,

BUHHJIOBBIC, aKPUJIOBBIE

Maccosast gois Biaru, % 0,2

MaccoBast 70181 3aMaciuBaTens, %o 0,3

[TnoTHOCTS, I/cM® 2,6

Koaddunment yammaenus, % 2-45

Mopnyns ynpyroctu, I'Tla He 6omee 80

Koaddunument Temnonposogaoctu Br/mMK 0,031 - 0,038

TeMmnepaTypHasi CTOMKOCTb, t °C ot 250 1o 850

PeSy.]'ll)TaTbl H 06cy>m]elme

BymakHble OTIMBKM TOJy4ann M3 0a3aJbTOBBIX BOJIOKOH 0€3 MpeaBapUTENbHOIO pa3Moyia Ha
JUCTOOTJIMBHOM ariapaTe Mo CJIeAyIoIed TeXHoIornueckon cxeme (puc.1).
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Puc.1. O0mas TexHoJornyeckas cxeMa M3roToBjaeHusi ymaru ¢ 106aBjaeHueM 0a3aJbTOBBIX
BOJIOKOH

CBoiicTBa OIBITHBIX 00pa3loB OymMard M3y4eHbl COINIACHO CYLIECTBYIOIIMX CTaHAAPTHBIX METOIUK,
takux kak [OCT P MCO 536-2013 mnst onpenenenust Maccel Oymaru, [OCT 27015-86 nns onpeaenceHus
TomuuHbl, wiotHocty Oymaru, OCT UCO 1924-1-96 nns n3ydeHus: MeXaHUUECKOW MPOYHOCTH. Pe3ynbrars
WCCIIe/IOBAaHNHN TIPUBE/ICHBI B Ta0I. 2.

Taoauma Ne 2
DU3NKO-MeXaHMYEeCKHe XapAKTEPUCTHKH ONBITHBIX 06pa310B GyMaru ¢ pa3InyHbIM COJIEPKAHNEM
023aJIbTOBOI'0 BOJIOKHA

IIpouentHoe

COOTHOIIICHUE AKJI, Ka(())J'II/IH, Tommuma, PasphiBHas Konuuects Benmsia

MaKyJIaTyphl: % ) MK — 0 1IB. %

6a3aabTOBOE ’ CrudoB

BOJIOKHO

100:0 1 2 191 2400 7 84,30
100:0 15 2 189 2400 5 84,56
100:0 2 2 190 2500 4 84,35
90:10 1 2 188 2300 4 76,30
90:10 15 2 189 2300 3 74,70
90:10 2 2 187 2500 2 14,72
80:20 1 2 189 2000 2 70,66
80:20 15 2 190 2000 3 69,81
80:20 2 2 188 2100 2 70,07
100:0 1 4 186 2700 5 83,23
100:0 1,5 4 189 2600 6 82,41
100:0 2 4 187 2500 6 73,54
90:10 1 4 186 2100 2 75,76
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90:10 15 4 188 2000 3 75,44
90:10 2 4 189 1900 3 72,61
80:20 1 4 187 2000 3 70,51
80:20 15 4 188 1800 3 70,02
80:20 2 4 186 1600 2 82,24
100:0 1 6 184 2300 4 83,24
100:0 15 6 188 2200 5 84,39
100:0 2 6 186 1900 5 85,09
90:10 15 6 189 1800 3 75,86
90:10 2 6 185 1800 3 72,01
90:10 1 6 189 1900 1 68,27
80:20 15 6 187 1400 2 67,48
80:20 2 6 188 1300 2 65,74

MIPOYHOCTb.

LNMHA PAIPHSa, M

Ha mepBoMm sTane nccnenoBanus ObLI MPOBENEH aHATIM3 BIMSHHS J0OaBICHHS 0a3aIbTOBBIX BOJIOKOH B
muanaszone ot 0 10 20 % npu BBeaeHun 2 % kaoiuHa U pazindHbix kKoHneHTpausax AK (1 %, 1,5 % u 2 %).
PesynbTarthl mokazanm, 4TO MeXaHHWYeCKas NPOYHOCTh Marepuana mpu godaeieHuu 10 % 06a3ambTOBBIX
BOJIOKOH CHU3MIACH ¢ 2,4 kM 10 2,3 kM (oKxomo 4 %), a mpu 20 % — ¢ 2,4 xm 1o 2,0 xm (okoio 17 %) (puc.2,
a). Usmenenne kounentpamnu AKJ] B mpeaenax 1-2 % He oka3ajao 3aMETHOTO BIHUSHUS HA MEXaHUYECKYIO

2600 4

2200 4

1800 -

1600 1

0.0 2.5 5.0 15
Conepxarmne 6A3aNnTOBONO BONOKHA, %

100 125

a)

15.0

17.5

200

Neorsie nepernbe

0.0

2.5 5.0 15

10.0

125 150 175 200

Conepxanne 6aransToBOrO BONOKMA, %

P

0)

Puc.2. 3aBucuMOCTb Pa3pbIBHOM NJMHBLI (2) 1 YHCJIa ABOHHBIX crUOOB (0) OT comep:kaHus 6a3a1bTOBbBIX
BOJIOKOH

Ha BTOpoMm 3Tare uccienoBanus ObLI NIPOBEAEH aHAIN3 BIHUSHUS JOOABICHHUS 0a3a1bTOBBIX BOJIOKOH B
nuamnasone oT 0 1o 20 % npu BBeaeHuu 4 % kaonmHa U pa3znumaHbix KoHTeHTpanmax AK/L (1 %, 1,5 % u 2 %).
Pe3ynprarhl mokazanm, 4TO MEXaHHYECKas MPOYHOCTh Marepuaya npu goOasineHun 10 % 0a3ambTOBBIX
BOJIOKOH CHH3HJIACh € 2,7 KM 110 2,1 KM, 4TO COCTaBIIICT CHIDKEHHE ITpuMepHo Ha 22 %, a ipu 20 % — ¢ 2,7 km
10 2,0 kM (cHmkeHre okosio 26 %). M3menenue konuentpaimu AKJI B mpegenax 1-2 % oka3aio 3aMeTHOE
BIUSHUE Ha mMpoyHOocTh: mpu 2 % AKJl mpounocts coctaBmia 1,9 kM, 9TO COOTBETCTBYET CHWIKEHHUIO
npumepHo Ha 30 %.
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Puc.3. 3aBucumMocTb 0eTU3HBI (2) U BJIAKHOCTH (0) OT copep:kanus 6a3a1bTOBBIX BOJTOKOH

[lo puc.2 ycraHOBIEHO, YTO C YBEJIMYEHHEM COJCpKaHUS 0a3albTOBOTO BOJIOKHA HaOmromaeTcs
CHIDKEHUE JTMHBI Pa3pbiBa M YMCIIa JBOWHBIX MEPETHO0B, UTO CBHJIETENLCTBYET 00 yXyAIICHHA MEXaHIIECKIX
cBoiictB Oymaru. [lpu sToM Takxke (UKCHpyeTcs yMeHbIIEHHE OCNM3HBI U BIaKHOCTH 00pasioB (puc.3).
[Mony4yeHHble pe3ynbTaThl  OOBSCHSIOTCS ~ OTCYTCTBHEM  MEKBOJOKOHHOTO — B3aMMOJICHCTBUS ~ MEXIY
0a3aIbTOBBIMHA U IEJUTIONIO3HBIMU BOJIOKHAMH, YTO MPUBOTUT K OCIA0IEHUIO CTPYKTYPBI OYMaKHOTO TIOJIOTHA.

Takum 00pa3omM, yCTaHOBIIEHO, YTO yBEIWYEHHE COJepKaHus 0a3ajbTOBBIX BOJIOKOH TPHUBOIUT K
CHIDKCHHIO MEXaHHUYECKOW MPOYHOCTH, NPUYEM JaHHbIN 3()(EeKT ycumBaeTcs Npy MOBBIIICHUN COAEPIKaHHS
HanonHuTens (kaonuHa). [lpm Hu3koM cogepxanmn kaonmwHa (2 %) Bmusaune AKJl Ha mpouHoCcTh
HE3HAYHUTEIHHO, TOT/Ia KaK pu 4 % KaoJlHMHA ero BO3JEHCTBHE CTAaHOBUTCS Ooliee BhIpakeHHBIM. [lomydeHHbIe
pe3ynbTaThl CBUAETENHCTBYIOT O HEOOXOJUMOCTH ONTHMH3AIMH COBMECTHOTO COAEp)KaHHA 0a3albTOBBIX
BOJIOKOH, HAIOJIHUTENI W MPOKJIEUBAIOIIEro areHra JUisi oOecriedyeHuss TpeOyeMbIX MPOYHOCTHBIX
XapaKTePUCTHK MaTepHaia.

BriBoabI

YcTraHOBNIEHO, YTO YBEIMYCHHE COJICpKaHUsl 0a3albTOBBIX BOJIOKOH B OymaxHoil macce mo 20 %
MIPUBOANT K CHIDKEHUIO MEXaHWYECKOW MPOYHOCTH (10 ~26 %), mpuyéM maHHBIA 3PPEeKT ycumuBaeTcs npu
TIOBBIIIICHUHN coiepkaHus kaonuHa 10 4 %. [lokazano, uTo npu conepxannu kaonunaa 2 % siausane AKJ] (1-2
%) Ha TPOYHOCTHBIE XapaKTEPUCTUKM HE3HAYMTENbHO, TOorAa Kak mpu 4 % KaolnHa €ro BO3ZeicTBHe
CTAHOBUTCS CYIIECTBEHHBIM U MPUBOAUT K JIOMOJIHUTEIFHOMY CHIKEHHIO TIpouHOoCcTH (10 ~30 %).

Omnpeneneno, 4to Hambolee palMOHAJIBHBIM SBISETCS OrPaHMUYCHHE COACP)KaHUs 0a3albTOBBIX
BOJIOKOH Ha ypoBHe 10 %, NMpH KOTOPOM CHW)KEHHE MPOYHOCTH He mpeBbimaer ~4 %. Takum oOpasom,
ONTHMANBHBIN cOocTaB OyMa)KHOM Macchl BKIItodaeT MakynaTypy tuma A, 10 % 0a3aipToBBIX BOJOKOH, 2 %
kaonuHa u 1-1,5 % AKJI, uyto oGecrnieunBaeT coxpaHeHUE MPOYHOCTHBIX XapAKTEPUCTHK NPU OJTHOBPEMEHHOM
UCIIOJIb30BaHUU aJIbTEPHATUBHOTO CHIPHSI.

JlaHHOe wuccnenoBaHue TOATBEpXkaaeT 3((EKTUBHOCTh IMPUMEHEHUs 0a3albTOBBIX BOJIOKOH B
OyMa)XHOH TPOMBIIIJIEHHOCTH, IOCKOJbKY IIONYyYEHHbIE 3HAUYEHHs MEXaHMYECKOHW MPOYHOCTH SIBISIFOTCS
JIOCTaTOYHBIMHU JIJISl MCIIOJIB30BAHUS MaTepuaia B MPOIleCcax IeYaTH Ha IMUQPPOBBIX M JIUCTOBBIX MEYaTHBIX
MalluHax.
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Qishlog xo‘jaligi

UDK 631.5:631.8:633.37
INFLUENCE OF DIFFERENT CULTIVATION TECHNOLOGIES ON THE DURATION OF
PHENOLOGICAL DEVELOPMENT STAGES OF CHICKPEA UNDER RAINFED AGRICULTURAL

LALMIKOR MAYDONLARDA TURLI EKISH TEXNOLOGIYALARINING NO‘XAT O‘SIMLIGI
RIVOJLANISH FAZALARI DAVOMIYLIGIGA TA’SIRI

BJIMSTHUE PA3JIMYHBIX TEXHOJIOT UM BO3/IEJIBIBAHIS HA TTPOJIOJDKUTEJIBHOCTh
OEHOJIOI'NMYECKUX ®A3 PA3BUTUA HYTA B YCIIOBUAX BOI'APHOI'O 3EMJIEJEJINA

Musurmanov Alisher Amirqulovich Khayitalieva Madina Khudoyarovna
Muratkasimov Alisher Sattarovich
Guliston davlat universiteti. 120100. Sirdaryo viloyati, Guliston shaxri, 1V mavze
E-mail: musurmanov1975@mail.ru

Abstract. This article investigates the effect of different sowing technologies and fertilization methods
on the duration of growth stages of chickpea under rainfed conditions. The study compares traditional and
mulching technologies. The results show that mulching and combined fertilization accelerate plant
development stages and reduce the vegetation period.

Keywords: rainfed agriculture, chickpea, mulching, agrotechnology, fertilization, phenological stages,
development.

Annotatsiya. Mazkur maqgolada lalmikor maydonlarda turli ekish texnologiyalari va o‘g‘itlash
me’yorlarining no‘xat o‘simligining o‘suv va rivojlanish fazalariga ta’siri o‘rganilgan. Tadqiqotlarda an’anaviy
va mulchalash texnologiyalari sharoitida o‘simlikning unib chiqish, shoxlanish, gullash, dukkaklash va pishish
bosgichlarining muddatlari tahlil gilingan. Olingan natijalarga ko‘ra, mulchalash texnologiyasi va kompleks
o‘g‘itlash variantlari no‘xatning rivojlanish fazalarini tezlashtirib, vegetatsiya davrini qisqartirishi aniqlangan.

Kalit so‘zlar: lalmikor maydonlar, no‘xat, mulchalash, agrotexnologiya, o‘g‘itlash, fenologik
bosqichlar, rivojlanish, vegetatsiya.

AHHOTanus. B cTaThe M3ydeHO BIMSHUE PA3IMYHBIX TEXHOJOTHH MOCEBa U BapUAHTOB yIOOPEHUS HA
IMPOAOJDKUTCIIBHOCTD (1)33 pa3sBUTUA HYyTa B 60FapHBIX YCIIOBUSIX. HCCHGI{OBaHI/IH IMPOBOJUJINCE B YCJIOBUAX
TPAJAWIMOHHOW W MYJIBUYMPYIONIEH TEXHOJIOTHHA. YCTaHOBJIEHO, 4YTO TPHUMEHEHHE MYJIbYHPOBAHUS U
KOMILJIEKCHBIX yI0OpEHHI CIIOCOOCTBYET YCKOPEHHIO (ha3 pa3BUTHS PACTCHHI M COKPAICHHUIO BereTatSioHHOTo
nepuoa.

KawueBbie ciaoBa: OorapHble 3eMIIM, HYT, MyJIbYHPOBAaHHE, AarpOTEXHOJIOTHS, YyIOOpEHMUs,
(enonornueckue Qasbl, pa3BUTHE.

Kirish.  Hozirgi kunda jahon qishloq xo‘jaligida ozig-ovqat xavfsizligini ta’minlash, tuproq
resurslaridan samarali foydalanish va iqlim o‘zgarishi sharoitida bargaror hosildorlikka erishish ustuvor
vazifalardan biri hisoblanadi. Aynigsa, qurg‘oqchil va yarim qurg‘oqchil hududlarda joylashgan lalmikor
maydonlarda qishloq xo‘jalik ekinlarini yetishtirishda agrotexnologik yondashuvlarni takomillashtirish muhim
ilmiy va amaliy ahamiyat kasb etadi.

O‘zbekiston sharoitida gishloq xo‘jaligi yerlarining katta qismi lalmikor maydonlardan iborat bo‘lib,
ushbu hududlarda asosiy cheklovchi omil tuproq namligining yetishmasligi hisoblanadi. Iglim o‘zgarishi
natijasida yog‘ingarchilik miqdorining kamayishi, uning notekis tagsimlanishi va havo haroratining ortishi kabi
omillar o‘simliklar rivojlanishiga salbiy ta’sir ko‘rsatmoqda. Bu esa, ayniqgsa, dukkakli ekinlar, jumladan no‘xat
yetishtirish samaradorligini pasaytirish xavfini yuzaga keltirmoqda.

Tadgigot ob’ekti va usullari. Tadqiqot ob’ekti sifatida No‘xat (Cicer arietinum L.) o’simligi olindi.
Dala va laboratoriya sharoitlarda tajribalarda kuzatish, hisoblash va tahlillar Butunittifoq O°‘simlikshunoslik
ilmiy-tadgiqot instituti (Leningrad 1980) Roda CICER L. (Nut) klassifikatori bo‘yicha, tajribalarni joylashtirish
“Dala tajribalarini o‘tkazish uslublari” (O‘zPITI, 2007) va Lalmikor dehgonchilik ilmiy-tadgiqot instituti
tomonidan tavsiya etilgan (2004) uslubiy ko‘rsatmalari asosida bajarildi.
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Olingan natijalar va ularning tahlili. No‘xat (Cicer arietinum L.) dunyoda eng muhim dukkakli ozig-
ovqat ekinlaridan biri bo‘lib, aynigsa qurg‘oqchil va yarim qurg‘oqchil hududlarda barqgaror hosil berishi bilan
ajralib turadi. No‘xatning qurg‘oqchilikka chidamliligi ko‘p jihatdan uning kuchli ildiz tizimi bilan bog‘liq.
Tadgiqotlarda ildiz uzunligi zichligi, ildiz biomassasi va chuqur gatlamlarga kirib borish xususiyati
o‘simlikning tuproqdagi namlikdan samarali foydalanishini ta'minlashi hamda qurg‘oqchilik sharoitida
hosildorlikni oshirishi aniglangan [1].

International Crops Research Institute for the Semi-Arid Tropics olimlari tomonidan olib borilgan
tadqgiqotlarda no‘xatning ildiz morfologiyasi qurg‘oqchilikka moslashishning asosiy omillaridan biri ekanligi
ko‘rsatilgan. Xususan, ildiz uzunligi zichligi va maksimal ildiz chuqurligi yuqori bo‘lgan genotiplar nam
tangisligi sharoitida yugori hosildorlikni saglab golgan. Mualliflar markerlarga asoslangan seleksiya usullaridan
foydalanish orqali qurg‘oqchilikka chidamli navlarni yaratish imkoniyatlari mavjudligini ta'kidlaydilar [2].

Dala tajribalarida qurg‘oqchilik sharoitida no‘xat genotiplarining ildiz tizimi rivojlanishini baholagan.
Natijalarga ko‘ra, 45 kundan keyingi ildiz uzunligi zichligi, chuqur gatlamlardagi ildiz quruq massasi hamda
ildiz va poya massasining nisbati hosildorlik bilan kuchli ijobiy bog‘liglikka ega ekanligi aniglangan. Ushbu
ko‘rsatkichlar seleksiyada muhim mezon sifatida tavsiya etilgan [3].

No‘xatning qurg‘oqchilikka chidamliligini oshirishda ildiz tizimining fiziologik va molekulyar
xususiyatlari ham muhim hisoblanadi. Kumar va hammualliflari zamonaviy "root-omics” yondashuvlari
yordamida ildiz arxitekturasi, oziqa elementlari o‘zlashtirilishi va suvdan foydalanish samaradorligini
boshgaruvchi genlar aniglanayotganini gayd etganlar. Ushbu yondashuvlar kelajakda iqlim o‘zgarishi
sharoitiga mos navlar yaratishda muhim ahamiyat kasb etadi [4].

So‘nggi yillarda chop etilgan sharh maqolalarda no‘xatning iqlim o°‘zgarishi sharoitidagi ahamiyati
yanada ortib borayotgani ta'kidlanmogda. Yugqori harorat va nam tanqisligi hosildorlikka salbiy ta'sir ko‘rsatsa-
da, mos agrotexnologiyalar, qurg‘oqchilikka chidamli navlar va ildiz tizimini takomillashtirish orqali ushbu
salbiy ta'sirlarni sezilarli darajada kamaytirish mumkinligi ilmiy jihatdan asoslab berilgan [5].

No‘xat (Cicer arietinum L.) dukkakli ekinlar orasida ozig-ovgat va yem-xashak sifatida Kkatta
ahamiyatga ega bo‘lib, uning doni ogsilga boyligi (20-30%), yuqgori ozigaviy giymati va agrotexnik jihatdan
tuprog unumdorligini oshirish xususiyati bilan ajralib turadi. No‘xat o‘simligi ildiz tizimida azot to‘plovchi
bakteriyalar bilan simbioz holda yashab, atmosfera azotini o‘zlashtirish orqali tuproqda biologik azot zaxirasini
oshiradi. Shu jihatdan, u lalmikor dehqonchilik tizimida tuprog unumdorligini tiklash va saglashda muhim
agrobiologik omil hisoblanadi.

Shu bilan birga, no‘xat o‘simligining o‘suv va rivojlanish bosgichlari tashqi muhit omillariga, ayniqsa
namlik va harorat sharoitiga juda sezgir hisoblanadi. Uning fenologik bosqichlarining o‘z vaqtida va optimal
davom etishi hosildorlikni shakllantirishda hal giluvchi ahamiyatga ega. Shu sababli, turli agrotexnologiyalar,
jumladan ekish usullari, o‘g‘itlash tizimlari va zamonaviy agrotadbirlarning no‘xatning rivojlanish
dinamikasiga ta’sirini o‘rganish muhim ilmiy masala hisoblanadi.

So‘nggi yillarda qishloq xo‘jaligida resurs tejovchi va ekologik barqaror texnologiyalarni joriy etishga
alohida e’tibor qaratilmoqda. Shular qatorida mulchalash texnologiyasi muhim o‘rin tutadi. Mulchalash tuproq
yuzasini organik moddalar (somon, o‘simlik qoldiglari) bilan qoplash orgali tuproq namligini saqlash,
bug‘lanishni kamaytirish, tuproq haroratini me’yorlashtirish va eroziya jarayonlarini cheklash imkonini beradi.
Bu esa lalmikor sharoitda o‘simliklarning barqaror o‘sishi va rivojlanishini ta’minlashda muhim ahamiyatga
ega.

Ushbu tadqiqot ishida lalmikor sharoitda no‘xat Yyetishtirishda an’anaviy va mulchalash
texnologiyalarining turli o‘g‘itlash variantlari bilan uyg‘unlashgan holda o‘simlikning fenologik bosqichlari
davomiyligiga ta’siri o‘rganilishi mavzuning dolzarbligini yanada oshiradi. Chunki fenologik jarayonlarning
o‘zgarishi orgali o‘simlikning tashqi muhit omillariga moslashuv mexanizmini baholash mumkin.

Lalmikor sharoitda no‘xat o‘simligining o‘suv va rivojlanish bosgichlariga turli ekish texnologiyalari
hamda o‘g‘itlash me’yorlarining ta’sirini baholash maqsadida olib borilgan tadqiqotlarda o‘simlikning asosiy
fenologik fazalari unib chigish, shoxlanish, gullash, dukkaklash va pishish bosqichlari bo‘yicha kuzatuvlar
amalga oshirildi.

Tadqiqot natijalari shuni ko‘rsatdiki, no‘xat o‘simligining unib chiqish bosqichi barcha variantlarda deyarli bir
xil muddatda kuzatildi. Jumladan, barcha variantlarda urug‘larning unib chigishi 3 aprelda boshlanib, 10
aprelga kelib to‘lig unib chiqdi. Shoxlanish bosqichi tahlili shuni ko‘rsatdiki, an’anaviy texnologiya (A1)
sharoitida bu bosqich asosan 25 apreldan 1 maygacha bo‘lgan davrda kuzatilgan. Biroq o‘g‘itlash variantlari
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qo‘llanilgan hollarda (B2, B3, B4 va B5) shoxlanishning boshlanishi 1 kunga ertaroq (24 aprel) kuzatilgan. Bu
esa mineral o‘g‘itlar qo‘llanilishi o°‘simlikning dastlabki o‘sish jarayonlarini faollashtirishini ko‘rsatadi.

Lalmikor maydonlarda turli ekish texnologiyalarining no‘xat o‘simligi rivojlanish fazalari (muddatlari)

davomiyligiga ta'siri.

O‘simliklarning o‘suv va rivojlanish bosqichlari aniglangan muddat, kun, oy, vil sanasi

N Variantlar Unib chiqish Shoxlanish Gullash Dukkaklash Pishish
0% | 75% 0% | 5% 10% | 75% 10% | 75% 10% | 75%
An’anaviy texnologiya
1 | O*g'itsiz nazorat varianti. 03.04.24 | 10.04.24 | 25.04.24 | 01.05.24 | 20.05.24 | 26.05.24 | 02.06.24 | 07.06.24 | 04.07.24 | 09.07.24
2 E;OII:;O ckish oldidan +Nso (3-4 chin | )3 4 54 | 100424 | 24.0424 | 300424 | 19.0524 | 25.05.24 | 01.06.24 | 06.06.24 | 03.07.24 | 08.07.24
3 | P3oKso ekish oldidan +Nso (34 chin | 3 04 54 | 100424 | 24.0424 | 30,0424 | 19.05.24 | 250524 | 01.0624 | 06.06.24 | 03.07.24 | 08.07.24
barg+shoxlanish)
4 igzzﬁs‘]’g N2o (3-4 chin barg- 03.04.24 | 10.04.24 | 24.04.24 | 30.04.24 | 19.05.24 | 25.05.24 | 01.06.24 | 06.06.24 | 03.07.24 | 08.07.24

N20P30Kao + Nag (3-4 chin barg +
RG (rokogumin biopreparat) - 2,5
Vga + fungisit 0,15 l/ga + insektisit
0.15 V/ga -shoxlanish (suspenziya))

03.04.24 | 10.04.24 | 24.04.24 | 30.04.24 | 18.05.24 | 24.05.24 | 30.05.24 | 05.06.24 | 01.07.24 | 06.07.24

“Mulchalash™ texnologiya asosida ekish (Somon bilan).

1 | O*g'itsiz nazorat varianti. 03.04.24 | 10.04.24 | 25.04.24 | 01.05.24 | 18.05.24 | 24.05.24 | 31.05.24 | 05.06.24 | 02.07.24 | 07.07.24

P1oKao ekish oldidan + N3¢ (3-4 chin 03.04.24 | 10.04.24 | 24.04.24 | 30.04.24 | 19.05.24 | 23.05.24 | 29.05.24 | 04.06.24 | 01.07.24 | 05.07.24

barg)

3 | PoKao ckish oldidan +Nso (3-4 chin | 13 4 54 | 10,0424 | 24.04.24 | 30.04.24 | 19.05.24 | 23.05.24 | 20.05.24 | 04.06.24 | 01.07.24 | 05.07.24
barg+shoxlanish)

4 | N20P3Kao +Noo (3-4 chin barg- 03.04.24 | 10.04.24 | 24.04.24 | 30.04.24 | 19.05.24 | 23.05.24 | 29.05.24 | 04.06.24 | 01.07.24 | 05.07.24
shoxlanish)

N20P30K20 + N2o (3-4 chin barg +
RG (rokogumin biopreparat) - 2,5
I/ga + fungisit 0,15 l/ga + insektisit
0,15 VV/ga -shoxlanish (suspenziya))

03.04.24 | 10.04.24 | 24.04.24 | 30.04.24 | 16.05.24 | 21.05.24 | 28.05.24 | 03.06.24 | 29.06.24 | 03.07.24

Mulchalash texnologiyasi (A2) sharoitida ham shoxlanish bosgichi deyarli shu muddatlarda kuzatilgan
bo‘lsa-da, keyingi bosqichlarga o‘tish tezligi yuqoriroq bo‘lgani aniglandi. Bu esa mulchalash orqali tuproq
namligining saqlanishi va o‘simlik uchun qulay mikroiqlim sharoiti yaratilishi bilan izohlanadi.

Gullash bosgqichi tahlili tadqiqotning eng muhim jihatlaridan biri hisoblanadi. An’anaviy texnologiyada
gullash 20-26 may oralig‘ida kuzatilgan bo‘lsa, mulchalash texnologiyasida bu bosqich 16—24 may kunlariga
to‘g‘ri kelgan. Aynigsa, B5 variantida (o‘g‘itlar + biopreparatlar) gullashning ertaroq boshlanishi (16 may)
kuzatildi. Bu holat biopreparatlar va kompleks o°g‘itlash o‘simlik fiziologik jarayonlarini tezlashtirishini
ko‘rsatadi.

Dukkaklash bosgichi ham yugori darajada agrotexnologik ta’sirga uchragan. An’anaviy texnologiyada
bu bosgich 1-7 iyun kunlari kuzatilgan bo‘lsa, mulchalash texnologiyasida 28 may — 4 iyun oralig‘ida amalga
oshgan. Bu esa dukkak hosil bo‘lish jarayonining 2—4 kunga ertaroq boshlanganini ko‘rsatadi.

Eng ahamiyatli farqlar pishish bosqgichida kuzatildi. An’anaviy texnologiyada no‘xatning to‘liq pishishi
4-9 iyul kunlariga to‘g‘ri kelgan bo‘lsa, mulchalash texnologiyasida bu jarayon 29 iyun — 5 iyul oralig‘ida
kuzatildi. Demak, mulchalash texnologiyasi vegetatsiya davrini o‘rtacha 3—5 kunga gisgartirgan.

Bu natijalar shuni ko‘rsatadiki, mulchalash texnologiyasi o‘simlik rivojlanish bosqichlarini tezlashtirib,
uning ertaroq pishib yetilishiga olib keladi. Bu esa lalmikor sharoitda juda muhim ahamiyatga ega, chunki
namlik tanqisligi sharoitida o‘simlikning vegetatsiya davrini qisqartirish hosilni saqlab qolish imkoniyatini
oshiradi.

Oc‘g‘itlash variantlari tahlili shuni ko‘rsatdiki, mineral o‘g‘itlarni lokal va so‘chma usullarda qo‘llash
(B3 va B4 variantlari) o‘simlik rivojlanish bosqichlarini ma’lum darajada tezlashtirgan. Biroq eng yuqori
samara B5 variantida kuzatildi, ya’ni mineral o‘g‘itlar biopreparat (rokogumin), fungitsid va insektitsidlar bilan
birgalikda qo‘llanilganda.

B5 variantida gullash, dukkaklash va pishish bosgichlari barcha variantlarga nisbatan ertaroq
boshlangani kuzatildi. Bu esa kompleks agrotexnologik ta’sir natijasida o‘simlikning fiziologik va bioximik
jarayonlari faollashganini ko‘rsatadi.
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Shu bilan birga, nazorat variantida (0‘g‘itsiz) barcha bosqichlar nisbatan kechikkan holda kuzatildi. Bu
esa tuproqda ozuga elementlarining yetishmasligi o‘simlik rivojlanishini sekinlashtirishini yana bir bor
tasdiglaydi.

Xulosa qilib aytganda lalmikor sharoitda no‘xat o‘simligining fenologik bosgichlari qo‘llanilgan
agrotexnologiyalarga bevosita bog‘liq holda o‘zgarishi va mulchalash texnologiyasi o‘simlik rivojlanish
bosgichlarini tezlashtirib, vegetatsiya davrini o‘rtacha 3-5 kunga gisqgartirishi aniglandi. Mineral o‘g‘itlar va
biopreparatlarni kompleks qo‘llash eng yuqori samara berib, barcha fazalarda ertaroq rivojlanish kuzatildi. Shu
bilan birga, o‘g‘itsiz nazorat variantida o‘simlik rivojlanishi nisbatan sekin kechib, fenologik bosgichlar
kechikdi. Umuman olganda, olingan natijalar lalmikor maydonlarda no‘xat yetishtirishda mulchalash va
kompleks o‘g‘itlashni birgalikda qo‘llash magsadga muvofiq ekanligini ko‘rsatdi.
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UDK 581.1:631.8
NON - TRADITIONAL FERTILIZERS OF PREPARATION TECHNOLOGY
NOAN’ANAVIY O’G’IT TAYYORLASH TEXNOLOGIYASI
TEXHOJIOI' YA ITPUT'OTOBJIEHUA HETPAJIWMIIMOHHBIX Y}IOBPEHHIZ
Atoyev Baxtiyor Qo’ldoshevich

Tuprogshunoslik va agrokimyoviy tadgiqgotlar instituti. 100000. Toshkent shaxri, Qamarniso ko’chasi, 3 uy.
E-mail: baxtiyor.atoev@mail.ru

Abstract. Increase of Organic matters in the irrigated lands is the guarantee of clean yield. Organic
fertilizers have a special role in the increase of organic, macro and micro elements in the soil. Organic
fertilizers improve soil properties. In article it is a question of use of a various waste and emissions as fertilizers
in agriculture. For this purpose it is necessary to develop technology of preparation of nonconventional
fertilizers from a waste. In this article the technology of preparation of fertilizers from the firm waste of the
sewerage which have fallen down sheets in trees and silt of fresh waters is given. Soils are divers in terms of
their type and composition. Due to the influence of various factors (treatment, fertilizers, irrigation etc.) soil
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properties are subject to change. Soil fertility depends more on the nutrients that applied to soil during
management. Demand for organic food production has been increasing while it will require to reintroduce of
the practice of the application of organic fertilizers, including nontraditional ones. One of those organic
amendments are composts made from wastes and crop residues. In this study, we studied the influence of the
proportions and amounts of compost on the physic-chemical properties of the grey-brown meadow and
irrigated meadow soils. It was revealed that compost affected those soils in two different ways, which led to
improve their organic matter content followed by nutrients. In this study, we studied the influence of the
proportions and amounts of compost on the physic-chemical properties. It was revealed that compost affected
those, which led to improve their organic matter content followed by nutrients. The soils of the area under study
in the article are moderately and weakly saline soils of irrigated brown-grass and irrigated meadow soils, the
soils are light and medium sandy, both soils are poor in nutrients. Activity of soil microorganisms depends on
organic matter. Change of the amount of soil microorganisms may occur with the addition of organic fertilizers
and as well as soil properties.

Keywords: waste, firm waste, nonconventional fertilizers, technology, leaves and fresh waters is given,
bacteria and fungus.

AHHOTaI.II(lﬂ. VBennuenue OPraHu4YCCKUX BCIICCTB HA OPOMIACMBIX 3CMJIIX SABJIACTCA 3aJIOTOM YHUCTOI'O
ypoxas. OcoOyi0 pojiib B YBEJIMYCHUH OPTraHUYECKHX, MaKpO- W MHKPORJIEMEHTOB B II0YBE HIPAIOT
opranuueckue ynoopenus. OpraHuueckue yJoOpeHHs YJIydllaroT CBOMCTBA MOYBHL. B craThe peub uueT o0
WCTIONB30BaHUH PA3IMYHBIX OTXOJOB M BHIOPOCOB B KaueCTBE YJOOPEHHUH B CENbCKOM Xo3siicTBe. st 3TOTO
HEOOXOAMMO pa3paboTaTh TEXHOJOTHUIO TIPUTOTOBICHUS HETPATUIMOHHBIX YAOOpEHWH W3 OTXOJIOB.
[Iporopiui ¥ KOJUYECTBO KOMIIOCTA, IMPHUIOTOBJICHHOrO0 Ha (OHE PAa3IMYHBIX YIOOpPCHUM, OKa3bIBAIU
pa3inuYHOE BIHMSHME Ha TEKCTypHBIE CBOMCTBA TIOYBHI, YTO MPHBEJIO K YIYUIICHHUIO TEKCTYPHBIX CBOWCTB OoJiee.
[TouBBI OTMMYAIOTCA IPYT OT JIpyra MO THITY, COCTaBy. M3-3a BAMSIHHUSA pa3lUYHBIX (aKTOPOB (arpOTEeXHUKH,
ynoOpeHuii, BOJbI, KJIMMaTa W JPYIHX) Ha MOYBY HM3MEHSIOTCS TEKCTypHBIE CBOMCTBa MouBHL. [lnomoponue
MOYBKI OyieT B OOJIbIIIEH CTEIIEHU 3aBUCETh OT MUTATEIBHBIX AJIEMEHTOB, KOTOPhIE MonaaT B mouBy. Ocoboe
3HAYCHUC MMCECT HUCIHOJIb30BAHUC OPraHUYCCKHUX y):[O6p6HPIﬁ, 0COOEHHO CECroaHs. HpOHOpLIPII/I U KOJMNYCCTBO
KOMIIOCTa, NPUTIOTOBJICHHOI'O Ha (1)0H6 Pa3JINYHBIX yI[O6p€HPIﬁ Ha OpoHIacMbIX HaCT6I/II]_IHBIX U OpOoHIaCMbIX
HaCT6I/IIHHBIX Imo4YBax, OKa3bIBAJIM Pa3JIMYHOC BJIHNAHUC Ha TCKCTYPHBIC CBOMCTBA IMOYBBI, YTO IIPUBEJIO K
VIIYYIIEHUIO TEKCTYPHBIX CBOHCTB 00Jiee OpolraeMbIX MacTOUIIHBIX 1MO4B. [[04BBI UCCIIeyeMOoi TeppuTOpun B
CTaTbC - YMCPCHHO H ¢J1a003aCOJIEHHBIE TTOYBEI OpomIaeMbIX 6yp0 TPaBHBIX U OPOLIACMBIX JIYT'OBBIX IIOYB,
IMOYBBI JICTKUEC U CPCJ] HETICCUAHBIC, 066 II0YBBI 6eI[HBI IIUTATCIIbHBIMU BCUICCTBAMMU. B I[aHHOfI CTaTbE JACTCsA
TEXHOJIOT'UA ITPUTOTOBJICHUA y}106peHHﬁ M3 TBCPAbIX OTXOJ0B KaHaIU3allUuH, OINMaBIINX JIMCThI B ICPECBLCB U UJIa
IMPECHBIX BOA. AKTHUBHOCTB MHUKPOOPraHnu3MOB B TIIOYBE CBA3aHO C KOJHNYCCTBOM BHECEHHOIO B Heé
OpraHnu4eCKoro y,IlO6peHI/I$I. Ha wusmeHeHue koandecTBa MHUKPOOPraHM3MOB B ITIOYBE BJIMACT KOJIUYCCTBO
yI00pEHUii, a TaK)Ke CBOMCTBA TIOYB.

KuaroueBble ciioBa: OTXO040B, BI:I6p000B, HETPAAULTUOHHBIX y,[[OGpﬁHPIfI, TEXHOJIOI'Us, B ICPCBHEB U HUJia
IMMPECHBIX BOJ, MUKPOOPTaHU3MBI, 6aKTepI/II/I u FpI/I6KOBI>I€.

Kirish. Dehgonlar juda gadim zamonlardan buyon tuproq unumdorligini oshirish uchun turli-tuman
vositalardan foydalanib kelganlar. Qadimdan turli halglar chigindi va goldiglardan samarali foydalanib, bilib-
bilmay turli noan’anaviy o’g’itlar turini tayyorlab ekinlarga go’llaganlar. Yillar, asrlar o’tib, zamon taraqqiy
etib, zavodlarda mineral o’g’itlar ishlab chigarish boshlandi. Hozirda dehqonlar ekin etishtirishda mineral
o’g’itlardan keng foydalanmoqdalar. «O’zkimyosanoat AJ» korxonalari (2018 yil ma’lumoti bo’yicha) 100 %
oziga elementi hisobida 908,46 ming tonna azot, 135,15 ming tonna fosfor va 188,4 ming tonna Kkaliy
o’g’itlarni ishlab chigargan. Ma’lumotlar ko’rsatishicha azotli o’g’itlar hajmi talabga to’liq javob beradi, fosfor
o’g’iti esa talabning atigi 20 % ni ya’ni 5 barobar azotga nisbatan kam, kaliy o’g’iti ishlab chigarilgan
hajmining 5 % yoki 20 barobar azotga nisbatan kam miqdorni tashkil giladi. Mineral o’g’itlarni qo’llash qulay
bo’lishi mumkin, lekin ularni tuproqga ortiqcha go’llanilishi tuproqg strukturasiga, unumdorligiga salbiy ta’sir
ko’rsatadi. Bunday holatda, tuprog unumdorligini ko’tarish esa oson bo’Imaydi. Bugungi kunda respublikamiz
sug’oriladigan tuproglar asosiy (fosfor va kaliy) oziga elementlarga kambag’alashib qolgan. Statistik
ma’lumotlarga garaganda gishloq xo’jaligini azotli o’g’itlarga bo’lgan talabi 70-80 %, fosforli o’g’itlar bo’lgan
talabi 30-40 % ga, kaliyli o’g’itlarga bo’lgan talabi esa undan ham kamroq gondirilmogda. Shuning uchun
tuprogga berish mumkin bo’ladigan organik massa va oziq elementlarning go’shimcha manbalarini topishni
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talab etadi. Mana shunday manbalarga sanoat va gishlog xo’jaligi ishlab chigarishning chigindilari, gishlog
xo’jalik mahsulotlarini gayta ishlash korxonalarining qoldiglari, maishiy xizmat, ozig-ovqgat shahobchalari,
xonadon chigindilari, chuchuk suv loygasi, kuzda to’kilgan daraxt barglari, bakterial preparatlar va h.k.kiradi.
Bularning tarkibida ko’p miqgdorda, ya’ni 50 % gacha organik moddalar, makro- va mikro- elementlar va
o’simlik o’sishi uchun zarur bo’lgan boshga moddalar bo’ladi, bu moddalarning tuproqda tangisligi esa
dehgonchilikda asosiy muammo hisoblanadi. Shu bilan bir gatorda noan’anaviy o’g’itlar ishlab chigarish
texnologiyasini yaratish, uni go’lashning amaliy, ilmiy echimlarini topish tagozo etadi.

Rivojlangan mamlakatlarda ham (Angliya, Germaniya, Rossiya, Koreya, Xitoy va boshgalar) chigindi va
goldiglardan o’g’it sifatida foydalanadilar. Bu esa mamlakatning o’g’itga talabini 20-30 % ini tashkil giladi.
Bizning respublikamizda chigindi va qoldiglardan foydalanishga alohida e’tibor garatilgan va ko’plab ilmiy-
amaliy izlanishlar olib borilgan. Bu borada Tuproqunoslik va agrokimyo ITIl, O’zRFA Umumiy va noorganik
kimyo instituti, Paxta selektsiyasi, urug’chiligi va etishtirish agrotexnologiyalari ilmiy-tadgiqot instituti
(O’zPITI), O’zbekiston Davlat tabiatni muhofaza gilish go’mitasining “Vodgeo” instituti, Samargand
veterinariya va meditsina instituti (Samargand gishloq xo’jaligi instituti) va boshga ko’plab tashkilotlar gishlog
xo’jaligida turli chigindi, goldiglardan noan’anaviy o’g’itlar tayyorlash borasida bir gator olimlar jumladan,
akademik Sh.S.Namazov, |.T.Shamshidinov, G.E.Melikulova, R.Q.Qo’ziyev, J.S.Sattorov, M.M.Toshko’ziyev,
A.A.Karimberdiyeva, A.Ergashov, J.Ikromov, U.Qosimov, N.Urazmatov, G.O’rinboyevalar, B.Niyazaliyev,
L.Mirzayev, Sh.M.Bobomurodov, Sh.Ch.Mamiyev, B.lzbosarov, F.Xamroyev, X.Toshev, S.A.Azimboyev,
B.S.Zokirov, B.S.Musayev, N.M.lbragimov va boshgalar tomonidan olib borilgan va hozirda ham ilmiy
izlanishlar davom etmoqda.

Bugungi kun gishlog xo’jaligida foydalanilishga yarogli, mavjud chigindi, goldiglardan noan’anaviy
o’g’itlar tayyorlashni albatta yo’lga qo’yish zarur. Noan’anaviy o’g’itning afzalligi shundaki, birinchidan, ular
arzon xom-ayosh hisobiga olinadi, ikkinchidan, joyning o’zida tayyorlangani sabab transport harajatlari kam,
uchinchidan atrof-muhit toza holatda tutiladi, to’rtinchidan noan’anaviy o’g’it tarkibida mineral o’g’itlarda
yo’q oziq moddalar bo’lgani uchun va ta’sir kuchi uzog davom etishi bilan farglanib, noan’anaviy o’g’itlar
tuprog xossalarini yaxshilab, gishlog xo’jalik ekinlari hosildorligini oshiradi, sifatini yaxshilaydi. Noan’anaviy
o’g’itlar bilan tuprogga o’simlik uchun zarur bo’lgan barcha oziq elementlar bilan bir vagtda ancha migdorda
mikroorganizmlar ham tushadi va mikroorganizmalar tuprog mikroflorasini boyitib, uning tarkibida kechadigan
mikrobiologik jarayonlar (chirish, mineralizatsiya, ammonifikatsiya) ni faollashtiradi, organik birikmalarni
chiritadi, tuproqdagi suvda erimaydigan mineralarni ham parchalaydi, fosfor, kaliy va boshga kul elementlarni
ham harakatchan shaklga o’tkazadi va o’simlikning ular bilan ta’minlanganligini yaxshilaydi. Noan’anaviy
o’g’itlarning yana bir ahamiyati shundaki, tuprogni SO, bilan boyitadi, bu esa o’simlik o’sib, rivojlanishi,
hosiliga ijobiy ta’sir ko’rsatadi. Masalan, bizni ma’lumotlarimiz bo’yicha, kuzgi bug’doy 1 gektardan o’rtacha
50-55 tsG’ga don hosili shakllantirishi uchun o’simlik tomonidan gektariga 200 kg SO ni ta’lab giladi, buning
uchun esa tuprogga gektariga 20-30 tonna tayyorlangan noan’anaviy o’g’it go’llanilishi kerak deganidir. SO,
gazining kontsentratsiyasini oshishi o’simlikdagi fotosintez mahsuldorligini o’simlik tomonidan oziq
elementlarni noan’anaviy o’g’itlar hisobidan olishga giyinchilik tug’ilmaydi, chunki o’simlik kerakli vagtga
foydalana olishga sharoit yaratadi. Shuning uchun noan’anaviy o’g’itni turli me’yor va nisbatda tayyorlash
mumkin, bo’lib tayyorlanadigan chigindi va goldiglar tarkibiga bog’liq bo’ladi.

Hozirgi etapda gishlog xo’jaligida ekinlar tuprogda ekilsa ham hosilni ko’tarish funktsiyasini o’g’it
bajaradi. Er sharida ko’payib borayotgan aholining Qishloq xo’jalik va ozig-ovgat maxsulotlari havfsizligini bir
gektardan olinadigan hosildorlikni oshiribgina ta’minlash mumkin. Bunday vazifani xolos o’g’it yordamida
amalga oshirsa bo’ladi. Shu tufayli er sharida juda ko’p mamlakatlarda, jumladan O’zbekistonda ham o’g’it
ishlab chiqarish yo’lga go’yilgan va rivojlanib bormoqgda. Dunyoda 2014 yili 180 min.t. o’g’it ishlab
chiqarilgan bo’lsa, 2022 yili 220 min.t o’g’it ishlab chiqgarish rejalashtirilmogda. O’g’it ko’paytirish bilan hosil
0’z-o’zidan oshmaydi. Yildan-yilga ko’payib borayotgan o’g’itni agl bilan ilmiy asosda go’llashni o’rganish
lozim bo’Imoqgda.

Bugungi kunda er osti suvi yagin, sho’rlangan, eroziyaga uchragan, mexanik tarkibi engil bo’lgan
tuproglar uchun alohida o’g’it go’llash tizimini ishlab chigish o’g’it samarasini oshiradi. Hozirga paytda ishlab
chiqgariladigan o’g’itlarning ko’pchiligini tarkibida 2-3 ta oziq elementi mavjud va ular kompleks o’g’itlar
hisoblanadi. Bu o’g’itlarni har xil tuproglarda jiddiy sinovlardan o’tkazib ishlab chigarishga tavsiya gilinsa
yaxshi bo’ladi, chunki bu o’g’itlar tuprogga tushgandan keyin har xil o’zgarishlar, jarayonlar borib ijobiy yoki
salbiy ozig muhiti yuzaga kelishi noma’lum. Ko’payib barayotgan o’g’itning maxsulotlar sifatiga va atrof
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muhitga ta’sirini ham doimo o’rganib borish kerak. O’g’itlar ta’sirini xujayra, molekula, atom darajasiga
o’rganmasdan turib o’g’itni to’g’ri go’llash muammosini echib bo’Imaydi.

O’g’itni go’llash bo’yicha o’rganilishi va echilishi kerak bo’lgan ilmiy va amaliy muammolarni juda
ko’p sanash mumkin. Har yili ko’plab o’g’itlar ishlab chiqarilaversa, biz uni to’g’ri go’llay bilmasak,
hosildorlikni oshiraolmay qolamiz va jiddiy giyinchiliklar paydo bo’ladi. Buning uchun yuqori malakali
mutaxassislar tayyorlashni ko’paytirish ayni muddao buladi [1].

Tadgiqgot ob’ekti va go’llanilgan metodlar

Tajriba o’tkazish, biometrik kuzatuvlar olib borish, tuprog, o’simlik namunalari olish ularning tarkibida
azot, fosfor, kaliyning har xil birikmalari migdorini aniglash “Metodo’ agroximicheskix analizov pochv i
rasteniy Sredney Aziy” qo’llanmasida berilgan usullar bilan amalga oshirildi [2]. Tajriba natijalarini
ishonchlilik darajasi B.A.Dospexovning “Metodika polevo’x opo’tov” kitobida berilgan matematik usul bilan
aniglandi [3].

Olingan natijalari va ularning tahlili

Dunyoda bebaho narsalardan biri — bu azotli, fosforli va kaliyli o’g’itlardir. Bu degani hosili mavj urib
turgan g’o’za, g’alla, sabzavot va poliz ekinlari dalalaridir.

Biroq respublikada hozircha gqishlog xo’jaligining barcha oziga elementlariga talabi to’lig
gondirilayotgani yo’q. Azotli o’g’itlar (ammiak selitrasi, karbamid, suyuq ammiak, ammiak suvi, ammoniy
sulfat) mamlakatni o’zida etarli darajada ishlab chigariladi. Fosforli (ammofos, superfos va h.k.zo) o’g’it ham
O’zbekistonda ishlab chigariladi. Biroq etarli miqdorda emas. Kaliyli o’g’itlar (KCI, KCI-NaCl va h.k.zo)
Dehgonobod zavodida ishlab chigarilmogda. Qolgan mikro — (S, Ca, Mg, Fe) va mikroelementlarni (B, Mu,
Mo, Zn, Cu, Co va h.k.zo) o’simliklar tuprog va beriladigan mahalliy o’g’itlardan oladilar. Etishmaydigan
oziga elementlarni etkazib berishning boshga imkoniyatlari ham bor.

Sanoat, qgishlog xo’jaligi ishlab chigarishi atrofida aholi yashaydigan joylarda doimo chigindi va
goldiglar mavjud. Bu qoldiglar o’z tarkibida organik moddalar va barcha biofil elementlarni saglaydi hamda
ular albatta zararli va zaharli narsalardan tozalanishi shart. Demak, shu goldiq va chigindilarni o’g’itga yoki
o’g’itsimon massaga aylantirilsa, ularni gishloq xo’jaligida foydalanish mumkin bo’ladi.

Bunday o’g’itlar birinchidan organik gism va ko’proq makro va mikroelementlar saglasa, ikkinchidan
juda arzon turadi va fermer uchun xarajatni kamaytiradi. Bunday o’g’itlarni tayyorlash uchun alohida
texnologiyalar zarur bo’ladi. Kanalizatsiya massasining qattig gismi, daraxtlarning kuzda to’kilgan barglari,
chuchuk suv loygasi va hokozo goldiglar go’ng yordamida organomineral noan’anaviy o’g’itlarga aylantirilgan.
Qoldiglar tarkibidagi organika, azot, fosfor va kaliy migdorlari 1- jadvalda berilgan.

1-jadval
Qoldig va chigindilarda oziga elementlar migdori, %
Umumiy miqdori , %
Qoldiglar nomlari
C N P K

Kanalizatsiya chigindisining

qattiq qobig’i (30 %) 591 0,46 0,26 0,25
Daraxtning to’kilgan barglari

(15 % namligi bilan 38,3 0,68 0.19 0,28
Chuchuk suv loyqasi (40 % 751 045 023 0.60

namligi bilan) ’ ’ ’ ’
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Qoramol go’ngi (65 %

20 6,83 0,48 0,21 0,55
namligi bilan)

Ko’rinib turipdiki yuqorida keltirilgan goldiglar organika va oziga moddalarni foydali darajada ko’p
saglaydi. Bu goldiglarni o’g’itga aylantirish uchun ularni go’ng bilan gat-gat qgilib aralashtiriladi (1- rasm).

1- rasm. Chigindi va qoldiglardan noan’anaviy o’g’itlar olish texnologiyasi.

Aralashgan massa go’ng ta’sirida chiriy boshlaydi. Natijada barcha oziga moddalar ajraladigan
suyugliklar tarkibiga o’tadi va ular butun massa tomonidan shimib olinadi. Go’ng va har ganday qoldiq hidsiz
va zararsiz bir xil massaga aylanadi. Massani yarim chirigan holatini topib uni gishlog xo’jaligida o’g’it sifatida
foydalanish mumkin.

Yuqgorida aytilgan goldig va chigindilardan olingan noan’anaviy o’g’itlarning kimyoviy tarkibi 2 —
jadvalda berilgan.

2-jadval
Noan’anaviy o’g’itlar tarkibi, %
Noan’anaviy o’g’itlar N P K
Go’ng-kanalizatsiya
qoldiglari 0,51 0,29 0,44
Go’ng-daraxt
barglari 0,60 0,22 0,46
Go’ngl-chuch_uk suv 0,49 0,29 0.61
oyqasi

Jadval ko’rsatishicha tayyorlash jarayonida hosil bo’lgan noan’anaviy o’g’it qoldiglarga nisbatan ham
oziga elementlarga boyrog bo’ladi. Ikkinchidan, goldiglar hisobida organik o’g’it migdori ko’payadi. Bunday
o’g’itlar respublikamiz sug’oriladigan tuproglari uchun suvdek zarur. Jadvalda keltirilgan noan’anaviy
o’g’itlarni har ganday tuprogga shudgordan oldin, ekishdan avval va gator orasiga qo’llasa ham bo’ladi.
Tuprogda makro va mikro elementlar ko’payib boradi [4].

62



* GULISTON DAVLAT UNIVERSITETI AXBOROTNOMASI,
Tabiiy, gishloq xo‘jaligi, texnika fanlari seriyasi. 2026. Ne 2

Xulosa.

1. O’g’itlar tarkibida harakatchan shakldagi oziga birikmalar ko’p bo’ladi. Organik tarkibidagi oziga
elementlar ham sekin-asta harakatchan shaklga o’tib o’simlik oladigan zahirani to’ldirib boradi.

2. Tuprogda makro va mikro elementlar ko’payib boradi. Tuprogda tabbiy oziga elementlarni
ko’payishi esa tuprog unumdorligini oshiradi.

3.Noananaviy o’g’itlar tuprok xossalarini yaxshilaydi. Shudgordan oldin noananaviy o’g’itlarni
go’llash ahamiyatli xisoblanadi. Noananaviy o’g’itlar oson o’zlashtiriladigan moddaga aylanadi.
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UDK 595.71:504.5(575.14)
COLLEMBOLA AS BIOINDICATORS OF ANTHROPOGENIC IMPACT: EFFECTS OF SOIL pH,
HEAVY METALS AND TEMPERATURE IN INDUSTRIAL ZONES (A CASE STUDY OF NAVOI
MINING AND METALLURGICAL COMPLEX)

KOLLEMBOLA TURLARIGA ANTROPOGEN TA’SIRIDA BIOINDIKATSIYALASHDAGI O‘RNI:
TUPROQNING pH, OG‘IR METALLAR VA HARORATNING TA’SIRI (NAVOIY KON-
METALLURGIYA KOMBINATI MISOLIDA)

KOJUIEMBOJIbI KAK BUOMHJIUKATOPEI AHTPOITOI'EHHOI'O BO3JIEMCTBUS: BJIMSIHUE pH
HHOYBBI, TSDKEJIBIX METAJLIJIOB 1 TEMIIEPATYPBI B IIPOMBILIIIEHHBIX 30HAX (HA IIPUMEPE
HABOUNCKOI'O TOPHO-METAJUTYPITMYECKOI'O KOMBHMHATA)

Hamidullayev Fatxulla Lutfulla 0’g’li, Xalilova Umida Abduxalil gizi,
Olimjonova Sevinch Odiljonovna
O‘zbekiston Milliy Universiteti, 100174, Toshkent, O‘zbekiston
E-mail: hamidullayevfatxulla@gmail.com, E-mail: umidahalilova217@gmail.com

Abstract. Collembola (springtails) are among the most sensitive soil mesofauna organisms and serve as
reliable bioindicators of environmental pollution. This review investigates the combined effects of soil pH,
heavy metal contamination, and temperature fluctuations on Collembola communities in industrial zones, with
a focus on the area surrounding the Navoi Mining and Metallurgical Complex (NMMC) in Uzbekistan. Field
studies were conducted at 27 sampling stations located at distances of 0.5 to 25 km from the complex, with a
total of 243 soil samples collected during two seasonal expeditions (September 2025 and April 2026). The
results demonstrate that proximity to NMMC correlates with significantly reduced Collembola density, species
richness, and Shannon-Wiener diversity index (H”). Soil pH values near the complex ranged from 4.5 to 5.5,
substantially lower than the optimal range of 6.5-7.5 observed at reference sites. Elevated concentrations of Cd,
Pb, Zn, and Cu were detected within a 2 km radius, coinciding with minimal faunal diversity. Temperature
analysis revealed that anthropogenic heat emissions further stress Collembola populations beyond natural
seasonal variation. The transition from euedaphic to atmobiont ecomorphs was observed as a consistent
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response to increasing pollution gradients. These findings confirm the value of Collembola as sensitive
bioindicators for assessing the ecological state of soils in industrially impacted zones.

Keywords: Collembola, bioindicators, soil pollution, heavy metals, soil pH, Navoi Mining and
Metallurgical Complex, ecomorphs, Shannon-Wiener index, anthropogenic impact, soil temperature.

Annotatsiya. Kollembola (bahorganotlilar) tuproq mezofaunasining eng sezgir vakillari bo‘lib, atrof-
mubhit ifloslanishining ishonchli bioindikatorlari hisoblanadi. Ushbu adabiyotlar tahlili magolasida Navoiy kon-
metallurgiya kombinati (NKMK) atrofidagi sanoat zonasini misol sifatida olgan holda tuproq pH, og‘ir metallar
va harorat o‘zgarishlarining Kollembola jamoalariga kompleks ta’siri o‘rganilgan. Dala tadgiqotlari NKMK
dan 0.5 dan 25 km gacha bo‘lgan masofada joylashgan 27 ta stansiyada o‘tkazildi; jami 243 ta tuproq namunasi
2025-yil sentabr va 2026-yil aprel oyidagi ikki mavsumiy ekspeditsiya davomida to‘plandi. Olingan natijalar
shuni ko‘rsatadiki, NKMK ga yaginlik Kollembola zichligi, tur xilma-xilligi va Shannon-Wiener indeksining
(H’) sezilarli darajada kamayishi bilan bog‘liqdir. Kombinat yaqinidagi tuproq pH qiymatlari 4.5-5.5 oralig‘ida
bo‘lib, nazorat stansiyalaridagi optimal 6.5-7.5 giymatidan ancha past. 2 km radiusda Cd, Pb, Zn va Cu ning
yuqori konsentratsiyalari aniqlandi. Harorat tahlili shuni ko‘rsatdiki, antropogen issiqlik emissiyalari
Kollembola populyatsiyalariga tabiiy mavsumiy o‘zgarishlardan tashqari qo‘shimcha stress yaratadi. Ifloslanish
gradiyenti ortishi bilan euedafik ekoformadan atmobiont ekoformaga o‘tish kuzatildi.

Tayanch so‘zlar: Kollembola, bioindikatorlar, tuproq ifloslanishi, og‘ir metallar, tuproq pH, NKMK,
ekoformalar, Shannon-Wiener indeksi, antropogen ta’sir, tuproq harorati.

Annoramus. KomreMOompl (XBOCTOYKHM) SBISAIOTCS OJHUMH W3 HanOoiee YyBCTBHUTENBHBIX
MpeAcTaBuTeNied TMOYBEHHOW Me3odayHbl M CIyKaT HaASKHBIMH OWOWHAMKATOpaMU  3arps3HEHUS
OKpy>Karomel cpeapl. JJaHHBIN 0030p MOCBANIEH KOMILUIESKCHOMY BO3JCHCTBHIO pH MOYBHI, TSHKEMBIX METAILIIOB
W TeMIepaTrypsl Ha cooOliecTBa KOJUIEMOON B MPOMBIIUICHHBIX 30HaX HA MpUMepe 30HBI BIMAHUS
Hagowutickoro ropao-metamnypruueckoro komounata (HI'MK). IloneBbie nccienoBanus mpoBOIMINCH Ha 27
CTaHITUAX, PACIOJOXKEHHBIX Ha paccrtosHuu 0.5-25 kM or HI'MK, B xome IBYX CE30HHBIX SKCIICIUIIMA
(centsa6pb 2025 u anpens 2026) 6pu10 0TOOpaHO 243 00pa3ia MOYBHL. Pe3ynbTaThl MOKA3bIBAIOT, YTO OJIM30CTh
k HI'MK cBsf3aHa co 3HAUMTENBHBIM CHIDKEHHEM YHCICHHOCTH M BHAOBOIO pa3zHOOOpas3us KoJueMOodl.
3HaueHus: pH NOYBBI B KPUTHUYECKOH 30HE COCTaBIsUIM 4.5-5.5, 4TO 3HAYUTENHHO HMKE ONTHMAIBHOTO
muamazoHa 6.5-7.5. lloBeimenHble konneHTpaimu Cd, Pb, Zn um Cu BBISBIGHBI B paguyce 2 KM.
AHTPOIIOTEHHBIH HArpeB YCWJIMBAJ CTpecC U MOMYJSALUH KOUIeMOON CBEpX €CTECTBEHHOM CE30HHOH
n3MeHuuBocTH. [lepexox or dy’aaduyHBIX K aTMOOMOHTHBIM dKOMOpdaM 3aQHUKCHPOBAaH KaK XapaKTepHas
peaknus Ha yCHICHHE TpajJleHTa 3arpsi3HeHus. llomydeHHble JaHHBIE MOATBEPXKIAIOT BBICOKYIO LIEHHOCThH
KOJIJIEMOOJI Kak 4yBCTBUTEJBHBIX OMOMHIMKATOPOB ISl OLEHKH SKOJIOTMYECKOTO COCTOSHHS TOYB B 30HAX
MPOMBIIIIJICHHOT'O BO3JICHCTBUSL.

KiroueBble cioBa: KoJieMOOIIbI, OMOMHIMKATOPKI, 3arps3HEHUE TIOYBBI, TSHKENbIE MeTaILTBI, pH MOUYBEL,
HI'MK, skomopdsl, unnekc lllenHoHa-YuHEpa, aHTPONOT€HHOE BO3JEHCTBUE, TEMIIEpPATypa MOYBHI.

Introduction.

Soil contamination from industrial activities represents one of the most critical environmental challenges
of the 21st century, particularly in regions with intensive mining and metallurgical operations [1]. The Navoi
Mining and Metallurgical Complex (NMMC) in Uzbekistan is one of Central Asia’s largest industrial
enterprises, and its operations have generated significant concerns regarding the ecological integrity of
surrounding soils [2]. Assessing the ecological condition of soils requires sensitive, reliable biological
indicators that can reflect cumulative pollution effects rather than single-point chemical measurements.

Collembola (springtails, Order Collembola) are hexapods belonging to the class Entognatha and
represent one of the most abundant and diverse groups of soil mesofauna, with densities often exceeding
10,000-100,000 individuals per square meter in undisturbed ecosystems [3]. Their direct contact with soil
particles, dependence on soil moisture and temperature, feeding on fungi and decaying organic matter, and
rapid reproductive response to environmental changes make them exceptionally responsive bioindicators [4].
According to Hopkin (1997), Collembola are among the most suitable organisms for evaluating soil quality in
industrially impacted zones [5].

Despite decades of international research on Collembola ecology, relatively few studies have examined
these organisms in the context of Central Asian industrial zones, particularly in the arid and semi-arid
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environments of Uzbekistan. The NMMC zone, characterized by uranium ore processing, gold extraction, and
chemical production, represents a unique multi-pollutant environment where the interactive effects of pH
depression, heavy metal accumulation, and elevated temperatures require comprehensive investigation.

The present review synthesizes existing literature on the effects of soil pH, heavy metal contamination,
and temperature on Collembola communities, and integrates original field data collected from 27 stations in the
NMMC influence zone. The aim of this study is to evaluate Collembola fauna as bioindicators of anthropogenic
soil pollution, to characterize the ecomorphological response patterns under industrial stress, and to establish
ecological gradient zones based on combined physico-chemical parameters.

Materials and Methods. Field investigations were conducted during two seasonal expeditions:
September 2025 (post-summer, early autumn) and April 2026 (early spring), in the territory surrounding the
Navoi Mining and Metallurgical Complex (NMMC/NKMK), Navoi region, Uzbekistan (latitude 40.09°N,
longitude 65.37°E). This two-season design allowed comparison of Collembola community structure under
contrasting thermal conditions. A total of 27 sampling stations were established along radial transects extending
from 0.5 km to 25 km from the industrial complex perimeter, representing a pollution gradient from highly
impacted to near-natural reference conditions [6].

At each station, soil samples (n = 243 total; 9 samples per station) were collected from the upper 0-15
cm horizon using standard soil zoological methods. Collembola were extracted using high-gradient Berlese-
Tullgren funnels over a 72-hour period. Specimens were preserved in 70% ethanol, identified to species level
using keys of Gisin (1960) [7], Fjellberg (1998, 2007) [8], and Potapov (2001) [9], and classified into
ecomorphs (atmobiont, hemiedaphic, euedaphic) following the system of Dunger (1983) [10]. Soil pH was
determined in 1:2.5 water suspension using a pH-meter (HANNA HI9813-6). Soil and air temperatures were
recorded using calibrated digital thermometers at each sampling event. Heavy metal concentrations (Cd, Pb,
Zn, Cu) were analyzed by atomic absorption spectrophotometry (AAS) at the laboratory of the Institute of
General and Inorganic Chemistry, Uzbekistan Academy of Sciences. The bioavailability of heavy metals was
assessed in relation to soil pH according to Kabata-Pendias (2011) [11].

Species diversity was calculated using the Shannon-Wiener index (H> = —X pi X log: pi) and Margalef
species richness index. Spearman rank correlation coefficients were computed between Collembola density,
diversity indices, and abiotic parameters (pH, temperature, heavy metal concentrations). Principal Component
Analysis (PCA) was performed to identify major environmental gradients driving community composition.
Statistical analyses were conducted using STATISTICA 10.0 and R software [12].

Results and Discussion.
3.1. Effects of Soil pH on Collembola Communities

Soil pH emerged as one of the most significant determinants of Collembola distribution across the
NMMC gradient. At stations within 0.5-2 km of the complex, pH values ranged from 4.3 to 5.6, while at
reference stations (15-25 km), pH averaged 6.8-7.4 (Table 1). This acidification pattern is consistent with the
deposition of sulfur dioxide and other acidifying compounds generated by metallurgical processes [13].

Collembola density showed a strong positive correlation with soil pH (rs = 0.84, p < 0.001). In stations
with pH < 5.0, mean density was 487 + 92 ind./m?, compared to 9,840 + 1,120 ind./m? at near-neutral reference
stations. Shannon-Wiener diversity index followed a similar pattern, ranging from H* = 0.72 in the critical zone
to H> = 3.18 at reference sites. These findings align with Van Straalen and Verhoef (1997), who reported
optimal Collembola diversity at pH 6.0—7.5 and severe decline below pH 5.0 [14].

The mechanisms underlying pH sensitivity include direct physiological stress through disruption of
cuticle integrity, impaired osmoregulation at extreme pH values, and indirect effects through reduction of
fungal food resources. Furthermore, acidic conditions enhance the mobility and bioavailability of toxic heavy
metals, creating a synergistic stress effect [11].

Table 1. Soil pH, Collembola density, and Shannon-Wiener diversity index across distance gradient
from NMMC
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Figure 1. Collembola community parameters along the NMMC pollution gradient
(Navoi Mining and Metallurgical Complex, Uzbekistan)
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3.2. Heavy Metal Contamination and Collembola Response

Analysis of heavy metal concentrations revealed a pronounced gradient from NMMC outward. Cadmium
(Cd), lead (Pb), zinc (Zn), and copper (Cu) concentrations all decreased significantly with increasing distance
(Table 2). Within 2 km of the complex, Cd concentrations reached 18.4 mg/kg dry weight, exceeding
Uzbekistan’s maximum permissible levels (1.0 mg/kg) by more than 18-fold. Pb concentrations averaged 124
mg/kg in the critical zone, compared to 12 mg/kg at reference stations.

The relationship between heavy metal contamination and Collembola was strongly negative. Cd showed
the highest correlation with reduced diversity (rs = —0.91, p < 0.001), consistent with its recognized status as
the most ecotoxicologically relevant metal for soil organisms [15]. The combined toxic effect index, calculated
as the sum of metal concentrations normalized to their respective threshold values, showed near-perfect inverse
correlation with Shannon-Wiener diversity (rs = —0.88).

The pH-metal interaction is particularly critical: as soil acidification progresses near NMMC, metal
bioavailability increases nonlinearly. At pH 5.0, Cd solubility increases approximately 10-fold compared to pH
7.0 [11]. This synergistic effect explains why the most severely impacted stations show Collembola community
collapse even when individual metal concentrations are below acute toxicity thresholds. Among the observed
tolerance mechanisms, metal-tolerant ecotypes of Folsomia candida and Isotoma viridis were identified at
intermediate distance stations (2-8 km), suggesting local adaptation through metallothionein-based
detoxification [16]. These findings are consistent with Fountain and Hopkin (2005), who documented genetic
differentiation in Collembola populations from contaminated sites [17].

Table 2. Heavy metal concentrations (mg/kg dry soil) at selected NMMC gradient stations
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Figure 2. Heavy Metal Concentrations (mg/kg) in Scils Along the
NMMC Pollution Gradient (Navoi Mining and Metallurgical Complex, Uzbekistan)
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3.3. Temperature Effects and Natural vs. Anthropogenic Variation

Both soil and air temperatures showed significant anthropogenic modification near NMMC. At stations
within 1 km, mean soil temperature (0-5 cm depth) was 3.2—4.8°C higher than at reference stations, attributable
to industrial heat emissions, reduced vegetation cover, and altered soil albedo from deposited industrial dust
[2]. Seasonal temperature amplitude was also greater near the complex. Collembola activity is known to be
optimal between +5°C and +25°C, with populations undergoing vertical migration to deeper soil horizons when
surface temperatures exceed this range [5]. In polluted zones near NMMC, the combined thermal and chemical
stress created double-barrier conditions: high surface temperatures discouraged surface-active atmobiont
species, while toxic soil conditions prevented euedaphic species from persisting at depth.

Natural temperature variation in the study area is characterized by a continental semi-arid climate, with
summer air temperatures reaching 38-42°C and winter minima of —15°C. Anthropogenic heating compressed
the vertical activity zones for soil fauna and extended the period of heat stress. Our field expeditions conducted
in September 2025 (post-summer, early autumn) and April 2026 (early spring) captured two contrasting
thermal states of the soil system. In the September 2025 campaign, residual heat stress was still evident at
stations within 5 km of NMMC, where hemiedaphic Collembola abundance was reduced by more than 78%
compared to reference stations. By contrast, the April 2026 sampling revealed partial recovery of Collembola
populations at intermediate distances (5-15 km), while critical zone stations (less than 2 km) remained
suppressed, indicating that thermal and chemical stressors jointly prevent seasonal recovery in the most
impacted areas.

3.4. Ecomorphological Shifts as Pollution Indicators

The ecomorph composition of Collembola communities proved to be a highly informative indicator of
pollution gradient. In natural reference conditions, euedaphic species (deep-dwelling, unpigmented, blind, with
reduced appendages) comprised 45-55% of total Collembola abundance, reflecting well-structured soil with
rich organic matter and stable microbial activity. Hemiedaphic species comprised 30—40%, and atmobiont
forms (surface-active, pigmented, long appendages) 10-15%. Across the NMMC gradient, a systematic
replacement of euedaphic by atmobiont ecomorphs was observed. At critical zone stations (0.5-2 km),
atmobiont species constituted up to 72% of total abundance, with euedaphic forms reduced to less than 8%.
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This shift reflects the destruction of deep soil microhabitats by chemical contamination, compaction, and loss
of organic substrate. Atmobiont species, being more mobile and capable of escaping adverse soil conditions,
persist longer in disturbed environments.

This ecomorphological shift represents a diagnostic bioindication signal: the atmobiont:euedaphic ratio
increased from 0.3 in reference conditions to 9.0 in critical zones (30-fold increase), providing a quantitative
pollution index independent of species-level identification, which requires specialist expertise [10].

Conclusion. This review and field study demonstrate that Collembola fauna serve as highly sensitive,
multi-parameter bioindicators of anthropogenic soil pollution in the NMMC industrial zone. The combination
of soil pH depression, elevated heavy metal concentrations (particularly Cd and Pb), and anthropogenic
temperature increases creates synergistic stress that results in quantifiable, progressive degradation of
Collembola communities along a distance gradient from 0.5 to 25 km.

Key findings include: (1) soil pH values below 5.5 near NMMC are associated with more than 90%
reduction in Collembola density; (2) Cd concentrations exceeding MPC by 18-fold in critical zones are strongly
correlated with community collapse (rs = —0.91); (3) ecomorphological shift from euedaphic to atmobiont
ecomorphs provides a robust, early-warning pollution signal; and (4) the Shannon-Wiener index successfully
differentiates four ecological gradient zones (critical, impact, buffer, reference).

The study recommends the adoption of Collembola bioindication protocols in routine monitoring of
industrial zones in Uzbekistan, including standardized 27-station transect designs aligned with existing
chemical monitoring networks. Future research should focus on molecular ecotoxicology of metal-tolerant
Collembola ecotypes and integration of Collembola data into regional soil quality indices.
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Abstract. The article is devoted to the reproduction processes of 3 populations of Goebelia pachicarpa (C.A.Mey.) Bungein the arid zones of Uzbekistan. While
studying the reproductive biology of plants the works of Sasyperova I.F. (1993), Ashurmetov A.A.and Karshibaev H.K. (2002) were used. Seed production of plants was
defined according to the methods of Ashurmetov A.A. (1982) and Zlobin Yu.A. (2002). Reproduction strategies of species were determined by Ramenskyi —Grime
system........ (Abstract 180-200 ta so zdan kam bo ‘Imasligi kerak).
Keywords: Goebelia pachicarpa, reproduction, reproduction strategy, seed productivity, dissemination, seed and vegetative reproduction, diaspore, seed renewal (8-10
ta).

Annotatsiya. Ushbu maqola Goebelia pachicarpa (C.A.Mey.) turining 2 ta populyatsiyasida..............(180-200 ta so zdan kam bo ‘Imasligi kerak

Tayanch so‘zlar: Goebelia pachicarpa, reproduktsiya, ................ (8-10 ta).
AunHoranus. JlanHas craTs nocesiuieHa K 1sym nomyisiusim Goebelia pachicarpa (C.A.Mey.)......... (180-200 wir.)
Kuochesie ciioBa: Goebeliapachicarpa, penpoaykuwsi, .............. 8-10 wr.

Matn keltiriladi:

Kirish. Muammoning dorzarbligi asoslanadi va magsad ko‘rsatiladi (maqolaning magsadi ... aniqlash, ishlab chiqish, tavsiya berish, tasdiglash, baholash, yechimini
topish, ...).

Tadgiqot ob’yekti va qo‘llanilgan metodlar... .

Olingan natijalar va ularning tahlili...

Xulosa, rahmatnoma (majburiy emas) ketma-ketlikda keltiriladi.

5. Foydalanilgan adabiyotlarga havola to‘rtburchak gavsda [1], jadval va rasmlarga havolalar esa dumaloq gavslarda keltiriladi (1-jadval), (2-rasm). Jadval va rasmlar
matndan keyin berilishi lozim. Ularning umumiy soni 5 tadan oshmasligi kerak.

6. Adabiyotlar ro‘yxati matnda kelishi bo‘yicha keltiriladi, masalan [1], [2], ....

Adabiyotlar ro‘yxati: (adabiyotlar nomi asl (original) holda keltiriladi)
Kitoblar: Muallif, nomi, shahar, nashriyot, yil va betlar keltiriladi (Namuna: 1. Usanos U.U. JlekapcrBeHHble cpeicTsa. - M.: Mexuunna,1997. - 328 ¢.)
Magolalar: Muallif, maqola nomi // Jurnal nomi, yil, Ne, betlar. (2. Kapumosa C.K. Aqup muntaqacuuusr jona typaapu. // O‘36. 6uoi. sxypH., 2009. -Ne 2. - B. 10-18.)
Avtoreferatlar: Muallif, nomi: doktorlik. diss. avtoreferati, shahar, yil, betlar. (3. Xomxkaes JI.X. BiausHie MUKpO3JIeMEHTOB Ha yposkaiiHOCT xyonchatHuka: ABroped. Jucc...
ni-pa 6uon.Hayk.- Mocksa, 1995. - 35 ¢.)
Tezislar: Mualliflar, nomi // To‘plam nomi, shahar, yil va betlar. (4. Kapum6aes X.K., Axmenos I'.A. buoskonorucheckue uccienoBanus BuioB sintaka // Marepuaist
Pecny6. naych. koud. «Kopmossie pacrenust Y3oekucranay. - ['ynucran, 2006. - C. 15-17.)
7. Adabiyotlar ro‘yxati go‘shimcha lotin imlosida takror keltiriladi:
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8. Tahririyat fizik o‘lchovlarni keltirishda xalgaro tizim (SI), biologik ob’yektlarni nomlashda xalqaro Kodeks nomenklaturasidan foydalanishni tavsiya etadi. Butun
sondan keyingi sonlar nugta bilan ajratiladi (0.2).

9. Tahririyatga magqolaning elektron varianti topshiriladi. Magolaning so‘ngi betida hamma mualliflarning imzosi bo‘lishi shart. Qo‘lyozmaga ish bajarilgan
tashkilotning yo‘llanma xati, tasdiglangan ekspertiza akti, tagrizlar ilova gilinadi. Magolaning oxirgi betida mualliflar to‘g‘risidagi ma’lumotlar keltiriladi. Masalan:
Mualliflar:

Botirova Laziza Axmadjon gizi — Guliston davlat universiteti Dorivor o ‘simliklar va botanika kafedrasi mudiri, b.f.n., dotsenti. E-mail: liliya_15@mail.ru

Karimova Inobatxon - Andijon gishloq xo ‘jaligi instituti tadgiqotchisi. E-mail: inobat_90@ inbox.ru

10. Tahririyat maqolani tagrizga yuboradi, tagriz ijobiy bo‘lsa maqola jurnalda chop etish uchun gabul gilinadi. Magola jurnalda maxsus hisobga (Guliston davlat
universiteti Moliya vazirligi G‘aznachiligi x/r. 23402000300100001010, INN 201122919, MFO 00014. Markaziy bank XKKM Toshkent sh. BB STIR 200322757, ShXR
400110860244017094100350002 axborotnoma uchun) mehnatga haq to‘lashning bazaviy hisoblash migdorida (412 000 so‘m) to‘lov amalga oshirilgandan keyin chop etiladi.
Jurnalda anjuman tezislari va ma’ruzalari chop etilmaydi. E’lon gilingan materiallarning haqqoniyligiga va ko‘chirilmaganligiga shaxsan muallif javobgardir.

11. Tahririyat magolaga ayrim kichik o‘zgartirishlarni kiritishi mumkin. Yuqoridagi talablarga javob bermaydigan magolalar tahririyat tomonidan ko‘rib chigilmaydi va
muallifga gaytarilmaydi.
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