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OCOBEHHOCTHU PABOTHI HOHU3AIIMOHHOM CUCTEMBI C
®OTONPUEMHUKOM U3 APCEHUJIA TAJLIUS

3. Xaitmapos, I'.A. Xamunosa, U.M. Amypanuesa, A Il [llapo6uxannos

Depeanckuil 20Cy0apCmMBEeHHbIL YHUBepcumen,
E-mail: zokir _ nursuh @mail.ru
(llonyuena 10.03.2026 2.)

Annotatsiya: yarimo ‘tkazgichli fotoelektrod va ikkala tomonida tokni gayd giluvchi kontrelektrodga
ega o ‘ta yupga (10 dan 700 um gacha galinlikdagi) gaz razryadi oralig ‘idan iborat fotosezgir gaz razryadli
tizim noyob obyektdir. Tizimning voltampere xarakteristikalarini o ‘rganish shuni ko ‘rsatadiki,
fotoelektrodning ishlov berilgan yuzasi tizimdagi fototokning barqgarorligiga sezilarli darajada ta‘sir giladi.
Gaz razryadi oralig‘ining va gaz bosimining ortishi elektr teshilish kuchlanishining ortishiga olib kelishi,
xususan, Paschen grafigiga mos kelishi aniglangan.

Tayanch so“zlar: o ‘ta yupqa gaz-razryadli yacheyka, fotoelektrod, voltamper xarakteristika, ishlov
berilgan fotoelektrod yuzasi.

AHHomauuﬂ: ceemovyscmeumelbras ea30pa3pﬂdﬂaﬂ cucmema, cocmoAawas U3 CBEPXMOHKO2O
(monmwyuna om 10 oo 100 mrm) eazopazpsadHo20 NpoOMed’CYmKa, umeowas ¢ O08YX CHIOPOH
NOJYAPOBOOHUKOB020  (hOMOdIIEKMpoOa U MOKOPE2UCMPUPYIOUe20  KOHMPIeKmpood, — AG1emcs
YHUKATTbHbIM obvexmom. Hccneoosanue GOJmeaMnepHOZZ XapakmepucmuKku cucmemsvl nokasvleaem, umo
obpabambieaemas NOBEPXHOCL (YOMONPUEMHUKA CUTLHO GIUSleM HA CMAOUIbHOCMb (HOMOMOKA 8
cucmeme. YCmaHOGJZeHO, umo yeeauveHue 2a30pa3p;10H020 3aszopa npueodum, no cywecmsy, K yeeiuderHuro
Hanpsoicenue I’lp050}l, KaK U usmenenue 0aeieHus casa, Yymo coomeenicnieyem KpMGOﬁ Tawena.

Knrouesvle cnoea: ceepxmonxas 2a3opaspsaoHas —sAYeuxd, omosnexmpoo,  60IbMAMNEPHAs
Xapakmepucmuxa, 0opabomanHas NO8EPXHOCHb (POMOINEKMPOOd.

Abstract: a photosensitive gas-discharge system consisting of an ultra-thin (10 to 100 um thick) gas-
discharge gap with a semiconductor photoelectrode and a current-detecting counterelectrode on both sides
is a unique object. A study of the system's current-voltage characteristics shows that the processed surface of
the photodetector significantly influences the stability of the photocurrent in the system. It has been
established that increasing the gas-discharge gap essentially leads to an increase in breakdown voltage, as
does a change in gas pressure, which corresponds to the Paschen curve.

Keywords: ultra-thin gas-discharge cell, photoelectrode, current-voltage characteristic, treated
photoelectrode surface.

BBenenue
Brusiaue pacrpenen€HHOro  CONPOTHBICHHS IS CTAaOMIBHOCTH PabOTBl  CHCTEMBI
«TIOYIIPOBOJHMK-TINIA3Ma Ta30BOTO pa3psija» 3aKioyaeTcss B JAeMIi(upyromem CBOMCTBE

conpoTuBiieHUsT (HOTONMPUEMHIKA MTPU BO3HUKHOBEHUU IOJIOKHUTEIBHBIX (DIYKTYyalluid pa3psiiHOTO
Toka. [Ipy 3TOM 4YacTh HaNpsDKEHUS Ha paspsijie MepepacrpeiessieTcsi Ha MONYIPOBOJIHUK U TeM
CaMBbIM TaCHT TIOJIOKUTENBHYIO (DIyKTYyaInio (oTpHUIaTensHas oopaTHas cBs3b). [1o moBoay
MEXaHH3Ma J3TOr0 Tpolecca W €ro KOJMYECTBEHHBIX 3aKOHOMEPHOCTEH CYIIECTBYIOT JIBE
PA3JIMYHBIC TOYKH 3PCHUA U PA3JINYHBIC KOJTMYCCTBCHHBIC KPUTCPUU YCTOI\/’I‘-II/IBOCTI/I.

B pabote [1, 2] Ha ocHOBe pacuéra ¢ pacCCMOTPEHHEM TOKOBBIX HEYCTOWYHMBOCTEH OBLIO
MOKa3aHO, YTO MMEHHO OHHM OINpPENEINISIOT IIHYpOBaHHE Pa3psAHOrO TOKa. B kadecTBe ycnmoBus
cTabmm3anuu GUrypupyeT CleayroIiee COOTHOIICHNE

R, =R

oym — LT
1)
rae Ryn — CONpOTHBIEHHE MOTYNPOBOAHUKA (HA EAMHUILY IUIOMIAAM TOBEPXHOCTH), Rux —
CONPOTHUBJICHHE IJIa3Mbl, BEJIMUYHHA, onpeaeaseMas otHomienueM Uy,/] (HampsbkeHne Ha paspsiae K
IJIOTHOCTU Pa3psAIHOTO TOKA). YMHOKas MPaBylO U JIEBYIO YacTH HepaBeHCTBa (1) Ha IJIOTHOCTH
TOKA J, OJYYUM YCIIOBHE CTAOMIIN3AIHH B BHIIE:
v, =U

mym = LT

()
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rae Un/n — MMaJJCHUC HAIIPAKCHHUA Ha IIOJYIIPOBOIHUKCE, Unn — MMaJCHUC HAIIPAKCHHUA B IIJIa3MC
ra3oBOro pa3psa.
%K (2) HCMOCPCACTBCHHO CJICAYCT HCPABCHCTBO MU NPCACIIBHOIO 3HAYCHUA YACIBHOI'O
06’BéMHOFO COHpOTI/IBHeHI/Iﬂ HOHprOBOI[HI/IKa
p=U_[i* 3)
U3 Hero BUIHO, YTO MO MEPE yMEHBLICHUS PaspsagHoro j- Toka Tpebyercss Bee OONbLIAS
BCJIMYMHA p, U CTaOWJIBHOCTHA MMEET HIKHIOIO 110 HAIPsKCHUIO I'PpaHUIly.
CornacuHo apyroii Touke 3penus [3, 4], ¢penomenonoruueckoe paccmorpenne BAX s
CTaOUIBHOCTHU MMPUBOJAUJIO K CIICAYIOIIEMY KPHUTCPHUIO
Rpp
P = L (4)
rae Rox — orpunarensHoe nudepeHnnanbHOe CONPOTHBIEHUE Ta30pa3pAAHOM SYEiKH C TEM Ke
MEKDJIEKTPOIHBIM PACCTOSTHUEM L 1 mapameTpamu ra30BOro 3alloHEHNs, HO 0€3 pacipeneaéHHOro
COIIPOTUBJICHUA. VYcnoBue (4) HC 3aBUCUT OT BCIIMYUHBI TOKA U B O6H_[eM B 3HAUUTEJIBLHON CTEIIEHU
AHAJIOTUYHO YCJIOBI/IIO MOHOTOHHOCTH BOHLTaMHepHOﬁ XapaKTepI/ICTI/IKI/I JJIA COCpeILOToquHOFO
OJIEMCHTA, COACPKAIICTO OTPULATCIIBHOC ,HI/I(b(l)epeHHI/IaHBHOC COIIPOTUBJICHUC, BKJIIOYEHHOE
[OCJIEIOBATENLHOE C PE3UCTOPOM. Pasiuuve 3aKiIiouaeTcss B ONPENEICHUH M (HU3UYECKOM
CYIIHOCTHU IapaMETpa RO[[ U pacrIpoCTpaHsACTCAd TOJBKO Ha OJWH BH HECTaO0WJILHOCTH TOKa, a
HUMEHHO ero IHypoBaHue. Benmnunny Roj ciemyer paccMaTpuBaTh Kak HEKHI 3KCIIEPHMEHTAIBHO
OHpeI[eJISIeMBIP'I mapamMeTp, SaBI/ICﬂIlH/Iﬁ OT COCTOSIHMSI M DMUCCHOHHOU CIIOCOOHOCTH IIOBEPXHOCTHU
31EKTPOJIOB.

0,3

lgG

0,2 J1f )5 J/ 14
7
0 0,2 04 0,6 08 V, kB

Puc. 1.  Bomprammepusle  xapaktepuctuku  (BAX)
MOHU3AIMOHHON CHCTEMbI ¢ (OTONPHEMHUKOM M3 apCeHHa
rajulis OPH PAaHBIX 3HAYEHUSX WHTEHCUBHOCTH csera J
(J1>J2>J3>J4).

0,1

Takum oOpa3oM, 00IIKe 3aKOHOMEPHOCTH YCTOWYMBOCTU pa3psa B MOTYNPOBOJTHUKOBBIX
Q)OTOFpaq)quCKI/IX CUCTEMAX HOHHU3AIIMOHHOI'O THIIA, onpenens[eMme YKa3aHHI)IMI/I ABYMsI
KPUTEPUSMH, KAUECTBEHHO PA3JIMYHBI U, B IPUHLINIIL, TOIAF0TCS IKCIIEPUMEHTAJILHOM MPOBEPKE.

[emro HacTosIIIEeH PabOTHI 3aKITIOYAETCS B TOM, YTO U3YyYUTh OCOOEHHOCTH MOHU3AIIMOHHON
cuctemsl ¢ potonpuéMHUKOM U3 GaAS, Py TOM MBI BBITIOJTHUIN PSJT SKCIIEPUMEHTAIbHBIX padoT,
peBy.]'H)TaTI)I KOTOpBIX HpI/IBe)IGHI)I HUXC.

DKCNePUMEHTAILHbBIE PE3YJIbTATHI

Ha puc. 1 npusemena cepus BAX cuCTEMBI C pacrpeneiéHHBIM CONPOTHBICHUEM
nonaynpopoanuka 107 Om-cM. KpuBble CHATBI NpHM  pasHBIX HMHTEHCHUBHOCTSAX —OCBEIICHHS
TOJTYNIPOBOIHMKA U C BU3yalbHBIM KOHTPOJIEM OJHOPOJHOCTH CBEYEHHMS Ia30pa3psaHOro 3a30pa.
3mech BO BCEX CIlydasiXx CBEYEHHE OBLIO CTPOrO OJHOPOJHBIM, HA4YMHAsS C CAMBIX MAalbIX
PETHCTPUPYEMBIX BEJIMYMH TOKA. BeNMYMHA CONPOTHUBIEHHS OCBEIIEHHOTO MOIYIPOBOIHMKA
MenseTcs B npeaenax 5.6:10%+2.2:10° Om.
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Takum o00pa3oM, @pH [JaHHBIX YCIOBHSX, B IIUPOKOM 00JAaCTH W3MEHEHHS pPun
MUHUMAaJbHBI TOK CpbIBa CTA0MJIBHOCTH OTCYTCTBYET. OTO MOATBEP)KIAEeTCS pe3yJibTaTaMu
uccnenoBanuii BAX [5].

[Ipu omnpeneneHUM SKCIEPUMEHTAIbHBIX YCIOBHM CTaOWIBLHOCTU PabOThl CHUCTEMBI OBLIO
BBISICHEHO, 4TO X0J1 BAX 3aBUCHT OT COCTOSIHMS ITOBEPXHOCTH, OOPAILIEHHON K pa3psly, a TaKkxKe OT
KadecTBa MOJIyNpPO3pavyHOro 3JIEKTPOAa Ha IMOBEPXHOCTH MOIYNpoBoAHMKA. Ha puc. 2 npusenena
cepussi BAX mnpu pasHoil ocBemEHHOCTH (OTONpUEMHUKA M3 apCeHHJAa Taulusl C «IUIOXO
00paboTaHHOHU pa3psIHON» MOBEPXHOCTHIO — HenuHeHoCcTH BAX. [locne TiarensHoi 00paboTku
(monupoBka) HenuHeWHocTH ucyesanu (puc. 1 — BAX Toro ke obpasua mociie MOJUPOBKH U
HaIbLIEHUS] HOBOTO IIPO3PAvYHOT0 3JIEKTPOJIa U3 HUKEIS).

0,3
0,2 /
< MUY J
s 1/ 2 3 4

_—

7 /

0,1

0 0,2 04 06 08 V,kB

Puc. 2. BAX noHn3anoHHoN cucTeMBl ((POTONPUEMHUK U3 apCeHUA
rauiist ¢ HeoOpaOOTaHHBIMH TOBEPXHOCTSIMH) TPH  PasHBIX
HHTEHCUBHOCTSX ocBerneHus J (J1>J>J3>J4).

Ha puc. 3 (a, 6, B) mpuBeaeHsl BAX Toro e oOpasma mnpu pasHBIX 3HAYCHUSX
HWHTCHCHUBHOCTU OCBCIICHUA U JaBJICHHUA BO3AYIIHOTO 3aIIOJTHCHUS I/IOHI/I33.LII/IOHHOI>'I KaMCPBhI. I[.HI/IHa
BO3yIIHOTO 3a30pa coctaBisieT 40 mkm. [lopor nmpoGoiHOTO HAMpsHKEHUST PACTET C JIaBIICHUEM H
COOTBETCTBYET BO3pacTarouiel BeTBu kpuBon [lamiena.

/3 2 1
//

10 / a

0,15

r~—~— &
\

i bMA

0 0,2 0,4 0,6 0,8 1,0 V, kB

Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 3) 11



OYHIAMEHTAJIBHBIE HAYKHN

0,15

EN
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IREN/ANE

0 0,2 0,4 0,6 0,8 1,0 V,KB

P —
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0,15 |
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/
«0,10 /
= 8
/
0,05
0 02 04 06 08 10 V,xB

[t}

Puc. 3. BAX HOHM3aMOHHOHN CUCTEMBI JJIs1 pa3HbIX 3HAUECHUH JaBlIeHUs BO3lyXa “p” B

€6 99

KaMepe U pa3HbIX MHTEHCHUBHOCTSX ocBerieHus J. “p” pasHo: a-100 Top , 6-500 Top, B-
760 Top. J pauo: 1-4.10° Br/cm?, 2-10®, 3-5.10, 4-10*.

BoIBOabI

Kak BuaHo u3 npusenénnsix BAX cucreMsl «I10J1ylIpoOBOJHUK-IIJIa3Ma Ia30BOro paspsia»
OT JaBJICHUs IPAKTHMYECKHM HE 3aBUCHUT. BO Bcex auanma3oHax W3MEHEHHME TOKA IPU PA3HBIX
3HAYEHUSIX JABJICHHS, BIUIOTH JO aTMOc(hepHOro, HaOII0AaI0Ch CTA0MIBHOE W PAaBHOMEPHOE IO
IIOBEPXHOCTH CBEUYEHUE Ia30pa3psAHOIO IPOMEKYTKA U OTCYTCTBUE IIIHYPOBAHUS U IPYTUX BUJIOB
HECTaOMILHOCTHU pa3psiia.

B pabore Taxke yCTaHOBIEHO, YTO YBEJIMYEHHE Ta30pa3psiIHOTO 3a30pa MPUBOAUT, IO
CYIIECTBY, K YBEIMYEHHUIO HampsHpkeHue Mpo0os, Kak W HM3MEHEHHE JIaBJCHHS Tas3a, dTo
cootBeTcTByeT KpuBoi [lamena. HaOmromaercss oOmiee yMmeHbIIEHWE TOKa, CBS3aHHOE C
BO3pacTaHueM mpobuBHOTO HampspkeHus. MccrmenoBanel BAX cucremsl ¢ poTonmpuéMHUKOM U3
apceHuJa TaulMs NpH  pa3HbIX 3HAYEHUSX TOJILMHBI NOJynpoBogHMKa. [lpu Tommuue
nonyrnpoBogHuKka 300 MKM HampspKEHHOCTH TOJISL B IMOJIYNIPOBOJHUKE IOCe MPoOO0si TOCTUTAET
4-10* B/cM, cucteMa BBIXOJWT M3 CTaOMIBHOTO PEKMMa. B 4acTHOCTH, HA  IIACTHHAX apCeHHU/A
rajums  TommuHOM 0,3 cM — npu Hampsokennn V=12 kB ormeueHo  cnemyromiee: mocie
BKJIFOUEHUS HamnpspKkeHus B TeueHue 10+15 ¢ umeer Mecto cTtabmibHas paboTa CHCTEMBI, a 3aTeM
nepuosi CcTaOmiIbHOM paboThl cokpamaercs. Bce 3To MokeT OBITh CBS3aHO C TEIUIOBOM
HEYCTOMYMBOCTH B MOIYIIPOBOJIHHKE.

B 3axmoueHne Mbl BbIpa)kaeM CBOM OJ1aroJapHOCTH HAlleMy HAay4YHOMY DPYKOBOIHUTEIIO,
noteHTy kadeapsl «dusukay, 10K. pus.-Mat. HayK 3. Xal1apoBy.
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VJIK 549.47
ON A METHOD OF SOLVING BOUNDARY VALUE PROBLEMS FOR SYSTEMS
OF PARABOLIC EQUATIONS DEGENERATING AT THE BOUNDARY OF A DOMAIN

A. Abdurazakov, Z.0. Arziqulov*

Fergana State Technical University
*Corresponding author, e-mail: abdurazakovabdujabbor46@gmail.com
(Received on March 10 th, 2026)

Abstract. This paper examines systems of quasi-linear parabolic equations degenerating on the
boundary of a domain, which arise in gas filtration problems. Based on the method of lines and the
differential sweep method, a numerical algorithm has been developed. A model problem of gas filtration in
hydrodynamically interconnected two-layer reservoirs is considered.

Keywords: parabolic, degenerating, equation, method of lines, sweep method, filtration, in
formations, numerical, algorithm.

Annotatsiya. Ushbu maqolada gaz filtratsiyasi masalalarida yuzaga keladigan, soha chegarasida
degeneratsiyalanuvchi kvazichizigli parabolik tenglamalar sistemalari o ‘rganilgan. To ‘g ‘ri chiziglar usuli
va differensial haydash usuli asosida sonli algoritm ishlab chigilgan. Gidrodinamik jihatdan o ‘zaro
bog ‘langan ikki qatlamli kollektornapoa gaz filtratsiyasining model masalasi ko ‘rib chigilgan.

Tayanch so‘zlar: parabolik, degeneratsiyalanuvchi, tenglama, to ‘g ‘ri chiziglar usuli, haydash usuli,
filtratsiya, gatlamlarda, sonli, algoritm.

Annomayus. B Oanmoti cmamve uccredyromes cucmemuvl KGAUIUHEUHBIX NAPAOOIUYECKUX
VDAGHEHUI, 8bIPOANCOAIOWUXCSL HA 2paHuye 001acmu, B03HUKAowuUe 8 3a0ayax guibmpayuu 2aza. Ha ocnoge
Memooa NpAMbIX U Memood Ou@@epenyuanbHol NPO2OHKU  pa3paboman YUCIEHHbIL AI20PUMM.
Paccmompena modenvnas 3a0aua gurempayuu 2aza 6 2uOPOOUHAMUYECKU 83AUMOCBA3AHHBIX O8YXCIOUHbIX
niacmax.

Knioueevie cnosa: napabonuueckutl, 6bipoONCOAIOWUNCS, VPABHEHUE, MeMOO NPAMbIX, Memoo
NPO2OHKU, PUIGMPAyUs, 8 NIACMAX, YUCLEHHbIU, ANCOPUMM.

1. Introduction. The study of partial differential equations of parabolic type that degenerate
on the boundary of the domain is motivated by their application to gas and fluid filtration problems
in multilayered reservoirs. Boundary value problems for parabolic equations have been extensively
studied in the literature.

In [7], the existence and uniqueness of solutions to boundary value problems for non-
degenerate parabolic equations are established. In [1], the solvability of the first boundary value
problem for degenerate parabolic equations is proven. In works [4, 6], finite-difference models are
used to obtain approximate solutions to the first boundary value problem for parabolic equations,
and the convergence of these solutions is demonstrated. Specifically, in [6], the Cauchy problem for
a quasi-linear nonlinear parabolic equation is considered. By applying the method of lines with
respect to the variable xx, a theorem on the existence and uniqueness of the solution is proven by
passing from an approximate to an exact solution as the step size tends to zero.

The present work is devoted to the study of a new class of degenerate parabolic equations
that describe gas filtration processes in hydraulically interconnected two-layer reservoirs [9]. A
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distinctive feature of these problems is that each equation in the system contains a "main™ unknown
function, which determines the structure of the entire system.

Based on the method of lines combined with a modified differential sweep method, a
numerical scheme has been developed and an algorithm constructed for solving gas filtration
problems in hydraulically interconnected reservoirs.

2. Problem Statement. Find in the domain Q={0<x<1, 0<z<1, 0<t<T} the curvature

of the function U (x,t) u V(x,z,t) satisfying the system of equations in Q.
1 0

ma—( (x )—)—l\/|(><tU)—+A(X)k (Z)_ZH o
1(2)5( k(2 ) ) M, (z tV)—
And with the initial
u(x,0)=e(x), V(x,2,0)=w(x,2), (x,2)e{0<x<1 0<z<1}
and boundary conditions
kO X s euxt)] =7 @
OX o0 x=0
k(x)a—u +eu(x,t),_ = 3)
OX o x=1
oV 1 dz
k, (X)E e 0 ecmu IO mdz < 400 4)
u(x,t) =V(x.Lt) . (5)
The conditions at z=0 are replaced by the condition
V(X 2,1, <+ (6)
Ddz J,mu@ade
kadndz_w, j e dz<o where k(x),m(x) xe[01], M(xt.u)=m,, and

M(x,t,u) given function in {0<x<1, 0<t<rz, |u[<+o}, k(2), m(x)>0, ze[0,1], k(0)=0,
k,(z) and  m,(z) given positive z>0. M,(z,t,v)>m, >0 given function in domain
{0<z<1 0<t<l V|<+x}, @(X)u @ (x 2)-are given functions in {0<x<1, 0<z<l}

3. Method of Solution. For the numerical solution of problem (1)-(6) we will cover Q with
the  lines t=t, where t,=jz, £>0, j=0,N; N :{I} Let's  denote
T
u(x,t;)=u;(x), V(xz,t;)=V,(x,t) r - the step in time.
We approximate problems (1)—(6) by the following differential-difference problem

i oV,
m&( (x )_) M. (x.t;, ,_1)5{U1+A(x)kl(z)ﬁ

(7)
K, iy M t.V,,)ov,, j=LN
m(2)52(() —) =My(z,1;,V; )6V, J
With initial  u,(x) = @(x), V,(x,z) =w(x,t) and boundary conditions
du,
k(X)K +CoU; (¥)] Ly =70 9)
x=0
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du;
k(X)W +e,u; ()|, =7 (10)
x=1
de i 1
kl(z)E . =0 , if jo K, (z)dz < +0 (11)
u,(x)=V;(x1), j=LN 12)
U. -U.
where 5.U =——= 7 —the step in time.

T
Problems (7) - (12) are linear with respect to u;(x), V,(x,t), j=LN. It is solved
sequentially, from layer to layer, starting with j =1, and each time we arrive at a system of

ordinary differential equations, the solution of the corresponding boundary value problem has a
unique solution [9], similar to the solution of systems of ordinary differential equations by the
modified differential sweep method [2, 8]:

k(x)%w,-(x)u,-(x)wj(x), =19 (13)
X aj(1)+cl
kl(z)%=dj(z)vj(x, 2)+0;(x1), u;(x)=V;(x,1) , j=LN (14)

The sweep functions «;(X), ;(x), d;(X), &,;(x,z) - will be determined by the direct sweep.

Direct sweep:
Since k;(0) =0 it is advisable to determine the functions d;(x) and &;(xt) in

domain {0 < x<1, 0 < z < &} using the formulas [13]

2 M, (& 8.V, J—
dj(z):L ml(g)gdg, j=Ln (15)
z,(z)°
. MGV —
5;(x,2)= 2_1( 15 € - b, om@ne, i-i (16)

£- is a small positive number.
To determine Z,(z) - we consider the integral equation

[ mEM stV )d
2,1 [ L AL

this integral equation has a unique solution, which can be shown using contraction mappings.

du, j=1LN (16 a)

z;(z2)=> 0, (z) the convergence of which follows from the principle of contraction
i=0

mappings. The terms of the series are determined by recurrence relations.

h M,(z,t;,V.,)
(@) ey (9)dg
GJO( ) O-jn ( ) J.O kl (77) n
uniform convergence follows from contraction mappings. By induction
[m e Eitd
O'j (Z) zJo ! P .
0<o. (2)< . o(@=] dn j=1
: n! 0 ky(77)
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c;(z) - s an absolute and monotonically increasing function, and o;(0)=0, in the recurrence

state, it is advisable to apply the method of weakening singularities.
On the segment [£,1] knowing d;(z) and o;(x,t) is determined by the numerical solution

of the system

. M,(z,t,V, ) d?(z)
d. = = =7 _
i(2) m, (2) k(@)
5 (x2)— - M, (z,tV, Vi, m, (2) d, (ZIZ?Z)(X z)
with the condition o
a;(2)|,_, =;(6), 6;(x,z)|_, =6,(x,0) j=LN

after calculating d;(z) and &;(x,t) with the Runge-Kutta method we construct the functions
a;(x) and g;(x) using the systems of equations

M(x,ty,uH) 0!,-2 R
a'j=(——————+AX)d;@D))M(x) - j=LN
k(x)
M(x,t. ,u. . )u. d. :
,B'- _ (_ (X y uj 1)u| 1 + A(X)5 (X,l))m(X)— ](X)ﬁj (X)
J J k(X)
with the initial condition «;(0)=c,, p,;(0)=7,
Reverse Sweep:
First, consider the equation in the form
du; =aj(x)uj(x)+,6j(x) j=1_n

dx k(x)

It has no singularities on the segment [0,1] and we construct the solution under the new
condition

ujzyl_ﬁo(l) j:l,_n
a;)+c,
Equations
dv; d;(2)V;(2)+9;(x,2)
dz K,(2)
at z=0 has singularities
d;(z2) 5;(x,2) j=l._

Ki(2) Kyi(2)
Here, two cases are distinguished
1. Let the limit

z M]_ at'av'_]_
L ml(f)Mdf
lim T

z—+0 K1 (Z) (17)

be finit.
Then from (16 a), considering the monotonicity of Z;(z) and using the Granul-Bellman
inequality, we get
1<Z,(z) <exp(o;(2))
Then after some calculations we have
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M, (z, tVJ 1)

d.(z m (Z)
lim @) :IimI
720 Kl(z) 720 Kl(z)
using L'Hopital's rule we have
2 M, (z,t,V,)
5;(x2)  5,(x0) jo ml(éf)—r dg
im = lim
=0 Ki(2)  M(ZLV,) =0 K,(2)
T
If (17) does not exist, then the solution V,(x,z) first, we will construct it in the following

domain {0<x<1,¢&<z<1} then we determine it using the formulas

V.(x,0) % 6. (x,t)d
Vi(xt) = A )_I Pl z;(z) .
z;(0) (K(5)z;(&)
4. Results of Numerical Experiments. We investigate the unsteady inflow to perfectly vertical

wells drilled in a highly permeable layer. The movement of the layered formation will be described
by a system of partial differential equations.

ou? ou? ou
—(K() 2) AK()1 =2m,u—*=
- oz

ou

1#51

{0<x<l, 0<z<H,, 0<t<T}
with the initial condition
u,(x,0)=u;(x,z,0)=u, =const, 0<x<1l, 0<z<H,
And with boundary conditions
K, (X) U, au,|
/,l l"Iam aX |x:0
K, (x )auz =0
OX

x=1

u,(x,t) =u,(x,H,,t)

bOHl = Q(t)

where A= i
H2

Here u,- is the initial distribution of formation pressure K,(z) and K,(x)- are the
permeabilities of the first and second formations, H,, H, - are the thicknesses of the formations,
Q(t) - is the daily flow rate of the galleries, and b, - is the width of the formation.

For numerical implementation, we move to dimensionless variables using the formulas
X z u

=—, =—, F)I=_I' i=1,2
¢ 7 H, U,
_Ki(2) K, (X
K

xop xop

« Ky Ug : - . :
t —2t K, — IS the characteristic permeability of the formation.
2M,

We will carry out the calculations with the following data:
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K, (z) =0.01 /iaapcu
Hl

u, =150 am; m, =0,01; m, =0.02

u#=0,0lcn3, K, =2(2- Iz) oapcu

Q=10°m®/cym, b, =50m, H, =200m, H,=50m
The accuracy of the numerical values of the pressure field is controlled by the balance
equation, which is applicable to this problem

Po ()= [ PE)AE=P, O - [ 6, (7)dr

qw)AjK@W““‘M§ O

g H1H2
1-table
t* 3.24 32.4 64.8
& 0 0.5 1 0 0.5 1 0 0.5 1
U
1 0.9868 [0.9860 |0.9899 | 0.8868 | 0.8893 |0.8904 |0.77 |0.7757 | 0.7758
57
0.5 0.9872 | 0.9890 | 0.9901 | 0.8871 |0.8896 | 0.8907 | 0.77 |0.7789 | 0.7802
61
0 0.9874 1 0.9894 | 0.9903 | 0.8873 | 0.8898 | 0.8809 | 0.77 | 0.7751 | 0.7804
63
P, 0.988765 0.889249 0.778744
1 * 0.988738 0.889020 0.778744
[[P.(&)ds
q, (t*) 0.44200-10°" 0.44517 0.89182
K, (t*) 0.6630 0.6670 0.6680

1 . .
From the table IO P,(&,t¥)d$=0.778261, P, =0.78744. Itis seen that the discrepancy

between the exact and approximate values does not exceed 0,05% at t*=64.8

4. Conclusion. This paper studies systems of degenerate parabolic equations that arise when
solving natural gas filtration problems in two-layer reservoirs. Based on the method of lines in
combination with the modified differential sweep method, a numerical scheme has been developed,
and solutions to the system have been obtained for solving gas filtration problems in hydraulically
interconnected two-layer reservoirs.Numerical schemes were proposed, and tables were analyzed
for solving practical problems. The results of the calculations provide grounds to believe that the
obtained pressure field is close to the true one.
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AN ANALYSIS OF THE PARAMETERS OF LASER CUTTER WEAR PREVENTION ON
TURNING MACHINES

Sh.N. Fayzimatov, J.S. Xomidov, E.V. Koraboev

Fergana state technical university,
Jumadillokhomidov95@gmail.com tel: 910428098
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Annotatsiya. Today, the most familiar phenomenon for anyone engaged in metalworking is cutting
errors. Cutting refers to everything associated with the penetration of the tool into the cutter during
machining a part or workpiece, as well as the collision of the working parts of the machine during metal
processing. Accordingly, the cutter insertion error is a violation of the conditions stipulated in the machining
process. The frequency of such errors can vary greatly and depends on many factors - the qualifications of
employees, the organization of production processes, the size of the batch of manufactured parts.

Keywords: Laser device, steel, cutter, part, lathe, vibration.

Annomauuﬂ. Mooicno ¢ Y6EPEHHOCNIbIO CcKasamv, 4mo ce2o00Hs owudbKy pe3anusl O4eHb 3HAKOMbl
KCZD!C@OM)/’, Kmo 3aHumaemcs 06pa60mi<0b7 memanna. [1oo pesanuem nonumaemcs ece, uno CeA3adHO0 C
NPOHUKHOBEHUEM UHCMPpYMEHma 6 pe3ey npu 06pa60m1<e oemanu uiu 3A20moeKu, a makxKoee ¢
CMOJIKHOBEHUEM pa60ttux yacmeul CMaHKa npu 06pa60m1<e memaiiia. Coom@emcmeeimo, owmubka 6600a
pe3ya A6AAeMCs  HApyuleHuem  YCaoeull, NpeoyCMOMPeHHbIX 8 npoyecce obpabomku. Yacmoma
BO03HUKHOBEHUS MAKUX OWUOOK MOodcem Oblmb eecoMmd pa&’]lullHOT;l u 3asucum om MHO2UX qbakmopoe - om
Keajzugbukauuu nepcorana, opearuzayuu np0u360()cm€€HHblx npoyeccos, pasmepos 6blnyule€HHblLX napmm?
demareil.

Knioueevie cnoea: Jlaseprnoe ycmpoticmeo, cmanw, pesey, 0emab, MOKAPHBIU CMAHOK, 8UOpayuUsl.

Annotation. Bugun kunda metallga ishlov berish bilan shug'ullanadigan har bir kishi uchun juda
tanish bo'lgan narsa - kesish xatolari deb aytsak adashmagan bo’lamiz. Kesish deganda asbobning qismga
yoki zagatovkaga ishlov berishda kesgichni kirib borishi, shuningdek, metallga ishlov berish paytida
dastgohning ishchi gismlarining to'gnashuvi bilan bog'lig bo'lgan barcha narsalar tushuniladi. Shunga
ko'ra, kesgichni kiritish xatosi ishlov berish jarayonida nazarda tutilgan shartlarning buzilishi hisoblanadi.
Bunday xatolarning paydo bo'lish chastotasi juda boshgacha bo'lishi mumkin va ko'plab omillarga bog'liq -
xodimlarning malakasiga, ishlab chigarish jarayonlarini tashkil etishga, ishlab chigarilgan gismlar
partiyasining hajmlariga bog’liq bo’ladi.

Tayanch so“zlar: Lazer qurilma, po ‘lat, keskich, detal, tokarlik dastgoh, tebranish (vibratsiya).

Incorrect storage of tools. Incorrect, careless processing of the tool often leads to a change in
its geometric dimensions (deviations, curvatures, etc.) or a change in the physical properties of the
material, which leads to errors during cutting. For example, uneven protrusion edges in the part lead
to a hole larger than the part's diameter, and the load on the machine spindle increases. The same
can be observed in a bent position. Incorrect installation of the tool in the holder or selection of an
incorrect cutting mode can lead to overheating, partial or even complete destruction of the cutting
part, which also inevitably leads to damage to the processed part. Of course, incorrectly installed
parts are also processed with errors and rejected. Choosing a cutting tool. There are cases when the
operator relies more on experience than on working documents and uses a tool that, in their opinion,
is "more suitable” than the one specified in the technology. In such cases, errors are not inevitable,
but this is very important, and they must be prevented. Position of the outlet side of the instrument.
During processing, especially for finishing tools, the cutting edges of the tool are subjected to wear,
and accordingly, this wear must be corrected in the CNC system of the machine. There is no need to
increase the values of the coordinator to large values, since the wear process can progress from
predictable to fatal, which leads to damage to the tool or part itself, as well as to overload or
overheating of the machine divegaters. It is necessary to constantly monitor the condition of the
cutting part and timely replace the tool.

Machine setup error. What should be done to reduce the risk of such errors? First of all,
improving the qualifications of employees. The development of rules for storing tools, monitoring
compliance with technological discipline, rules for transferring shifts, and monitoring the
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implementation of the above also contribute to reducing their number. However, we cannot
influence these factors 100%.

The current stage in the
development of systems for tracking the
state of cutting equipment is the use of
technology that allows tracking cutting
tools used on lathes based on built-in
microsensors and laser beams. It should
be noted that this technique has an
undoubted advantage, but the main
disadvantage may only be the |

complexity of manufacturing =

instrumental equipment with built-in s .,

- - . S H 1
microdetectors. However, in general, this 1% Figure. Machine setup process.

direction is considered promising at the stage of developing diagnostic tools for modern mechanical
engineering. Processing of the cutter inevitably leads to deformation and destruction of metals.
These processes contribute to the emergence of vibroacoustic radiation and the formation of a
vibroacoustic signal. Many domestic and foreign works describe techniques for controlling cutting
tools using vibroacoustic signals. This method is based on recording acoustic emission waves
accompanied by the cutting process using a microphone or piezoelectric accelerometer located in
the cutting zone. The obtained vibroacoustic signal is divided into components, the ratio of which is
used to assess the position of the cutting tool. The advantage of this method is that it allows for the
detection of cracks in the tool, preventing its wear of the cutter. The disadvantages of such methods
of monitoring the state of cutting processes include the fact that a change in at least one
technological factor leads to a change in the main characteristics of the signal (amplitude and
frequency). Another disadvantage of this method is the need to place sensors near the cutting zone,
since when passing through the links of the elastic system of technological equipment, the signal is
significantly weakened, which is often difficult to implement in practice. It should also be noted
that many defects of changes in the acoustic signal are currently poorly studied. The use of
pneumatic converters is very effective, which allows contactless, continuous control of the cutting
tools of lathes and the degree of their wear.

In particular, in some works, a method for 1 2 A
indirectly assessing the position of the tool
when measuring the diameter of the part P 1
being machined on a lathe using a P—
converter is described. 3
The disadvantage of this method is 5__ o
that when changing the standard size of the P1
workpiece 4, it is necessary to pre-adjust
the working space d between the nozzle 3 2" Figure. Structure of a pneumatic measuring device.

and the workpiece 4. This can be

prevented if the ejector is placed directly

on the mandrel of the chest discharge 2
device.

In this case, the transducer 2 is p
located close to the machined part, and -
the change (decrease) in the cavity d and @
the corresponding change (increase) in
the pressure P1 in the measuring
chamber indicate the failure of the
cutting tool. This method allows you to

|
/3

3 Figure. Diagram of the pneumatic measuring device in the
instrument holder.
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directly control cutting tool No. 1 and does not require preliminary adjustment of its wear when
changing the geometric parameters of working part No. 2.

However, the location of the air duct inside the
cylinder is not always optimal, especially with the use of
interchangeable  multifaceted  non-processing  inserts,
therefore, in practice, a different version of the measuring
system can be used to control the measuring system.

Turning machines are mainly used for processing
cylindrical parts. It is known that for the
manufactured part to be ready according to the given
drawing, that is, according to the required dimensions, it is
necessary to observe several norms. Here, before performing
preliminary turning or other operations, it is necessary to
ensure that the cutter is directed perpendicular to the cross-
section of the workpiece and, at the same time, the cutter
4™ Figure. Device for mounting the laser to  deviates from the workpiece. If our cutter is not properly

the machine. fastened to the cutter holder, if the parameters of the cutter
installation or the above-mentioned standards are not observed, it will affect the accuracy of
processing and the dimensions of the part. Several other problems may arise here, for example -
Vibration. The vibration generated in the cutter significantly influences the machining process. This
leads to the quality of the part we are manufacturing. As we know, efficiency is a very important
factor in mechanical engineering.
To prevent these problems, we aimed to use a laser device. This device is used to optimize the
detection of the center of the part using a laser beam on a lathe during the machining of the
manufactured part, to prevent the impact on the accuracy of the part by reducing the wear of the

Cutter.

1
g
=] i !
i i i
|| & I 1

= B
= 1 ; o
T I = I

s ! ! 8 |o o | 8

1 1 1 1

= —— L
L | . I
2
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-
< | o
L ro] Aazep kyoymma
b | drmr== e
A - % :
= 400
2

s 3 10T 0S0-208) .|
6! Figure. 2D view of the laser device.

- - g

The laser device is made of steel 3. The laser holder consists of a special part, parallel to
each other for installation on the machine table, a device that ensures the movement of the laser
device along the X, y, and z axes, and a special part designed for switching the laser device on and
off. The size and shape of this device are very compact, and it is convenient to install and remove it
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from the workbench. That is, we install the workpiece in the chuck located on the left side of the
lathe, and the laser device is placed on the machine bed. We turn on the laser and direct it towards
the center of the part. We adjust the laser beam along the above directions. The cutter is directed
perpendicular to the direction of this ray, and we adjust the processing from the center of the cross-
section of the workpiece.

To facilitate the installation and removal of the laser device, we remove it from the machine
bed before processing and begin processing. Before processing subsequent parts, we again check
the installation parameters of the cutter by placing the device on the machine. It is enough to
configure the laser device once, and it does not need to be configured for subsequent processing.
This will help us reduce the time spent on installing the part and adjusting the cutter. Thus, we can
increase the volume and efficiency of production.

Conclusion

All in all, In conventional practice, before machining each subsequent workpiece, the
cutting tool setup must be rechecked and adjusted using measuring devices mounted on the
machine. For example, operators often use a dial indicator to verify tool alignment, a feeler gauge to
check clearances, or a test cut on a sample workpiece to confirm proper positioning. In many cases,
this process is repeated multiple times to eliminate runout errors or misalignment caused by tool
replacement or machine vibrations. However, with the implementation of a laser alignment system,
the device requires calibration only once and does not need repeated adjustments for subsequent
operations. For instance, a laser beam can precisely indicate the centerline of a cylindrical
workpiece, allowing the operator to align the cutting tool without physical contact. Similarly, in
automated production lines, laser systems can continuously monitor alignment and instantly detect
deviations, ensuring consistent positioning throughout the machining cycle.
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ZIGIR, PAXTA VA IPAK MATOLARDAN TAYYORLANGAN XIX ASR XORAZM
AYOL KIYIMLARINING FUNKSIONAL VA MADANIY TAHLILI

R.A. Berdiyeva, J.1. Oripov, Z.A. Qosimova

Farg ‘ona davlat texnika universiteti
ORCID:0009-0009-7287-7243
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Annotatsiya: Ushbu magolada XIX asr Xorazm hududidagi ayol kiyimlari matolari — zigir, paxta va
ipak — funksional va madaniy jihatlari bo ‘yicha tahlil gilinadi. Tadgiqot davomida matolarning texnik
xossalari, rang-barangligi, kundalik va bayram liboslaridagi ishlatilish farglari o ‘rganildi. Magolada
ijtimoiy tabaqalar, gender xususiyatlari va liboslar orgali ifodalangan madaniy kodlar yoritilgan. Natijalar
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shuni ko ‘rsatadiki, zigir kundalik liboslarda ko ‘proq ishlatilgan bo ‘Isa, ipak bayram va marosim kiyimlarida
afzal qo‘llangan. Paxta esa har ikki turdagi kiyimlarda o ‘rtacha ishlatilgan. Ranglar va nagshlar ayolning
ijtimoiy mavqeini, oilaviy statusini va madaniy orientatsiyasini aks ettirgan. Ushbu tadgigot Xorazm ayol
kiyimlarini o ‘rganishda material, rang va nagshlar orgali funksional va madaniy tahlil usullarining
samaradorligini ko ‘rsatadi.

Tayanch so‘zlar: Xorazm, XIX asr, ayol kiyimlari, zigir, paxta, ipak, libos, rang, nagsh, madaniy
tahlil, funksional, kundalik, bayram, ijtimoiy tabaga, materiallar.

Annomayusn: B oannoti cmamve aHAnu3UpYIOMcs OYHKYUOHAIbHbIE U KYIAbMYPHbIe ACNeKNMbl MKAHel
JceHcKoll 00edcobl 8 Xopesamckom peeuone XIX eexa — nvHa, xnonka u weakda. B xoode uccredosanus
Uusyuaiucb mexsudeckue ceolicmea MKaHeﬁ, pa3H006pa3ue ux yeemoe u pasiudusl 6 ux UcCnojlb306aHuUuU 6
noeceonesHou u npwdHuquﬁ ooedxcoe. B cmamve oceewaromes  coyudilibHovle Klaccol, eeH()eprze
XApaKmepucmuxku u KyJabmypHvle KoObl, 8bIpadiceHHble yepes ooedcdy. Pezyiomamul nokasvieaiom, umo Jien
uauje ucnoav3oedics 6 noeceonesHol 0089!(306, 6 Mo eépems KAk ulenk npednoqumaﬂc;z 6 npa30HuqH0L7 u
yepemMoHUuanbHoU ooedxcoe. XI0noK YMEPeHHO UCNONb308AAC 8 000ux munax oodedxcovl. Lleema u y3opwl
ompastcaiu COuudJlebllZ cmamyc, cemelinoe nonodceHue u KYJ1omypHY10 OpUuermayuro JHCeHUujuHbl. ﬂaHHO€
ucciedosanue 0eMoHcmpupyem 3QhekmueHocms Memooo8 QYHKYUOHAIbHO20 U KYIbIMYPHO2O AHAIU3A HA
OCHOBe MAMepUaNa, yeema u y30p08 Npu U3yueHul 00exHcobl HceHuwuH Xopema.

Knioueevie cnoea: Xopesm, XIX eex, osicenckas ooedicoa, 1€H, XIONOK, WENK, Niamve, ysem, y3op,
KYIbMypHbIll AHATU3, PYHKYUOHATbHDIL, NOBCEOHEBHBL, NPA3OHUYHBIU, COYUATLHBIN CIOU, MAMeEPUAnbl.

Abstract: This article provides a functional and cultural analysis of 19th-century women's clothing
fabrics in the Khorezm region, specifically focusing on flax, cotton, and silk. The research examines the
technical properties of the fabrics, their color palettes, and the distinctions in their usage for daily versus
festive attire. The paper highlights cultural codes expressed through social stratification, gender
characteristics, and clothing. The results indicate that while flax was predominantly used for everyday wear,
silk was preferred for festive and ceremonial garments. Cotton was utilized moderately in both types of
clothing. Colors and patterns reflected a woman's social standing, marital status, and cultural orientation.
This study demonstrates the effectiveness of functional and cultural analysis methods through the lens of
materials, colors, and ornaments in the study of Khorezmian women's dress.

Keywords: Khorezm, 19th century, women's clothing, flax, cotton, silk, dress, color, ornament,
cultural analysis, functional, daily, festive, social class, materials.

Kirish. Xorazm hududi o‘zining boy madaniy merosi, kiyim-kechak an’analari va matolar
bilan ajralib turadi. XIX asr ayol kiyimlari ijtimoiy, madaniy va funksional jihatdan o‘ziga xos
xususiyatlarga ega bo‘lgan. Liboslarda ishlatiladigan matolar — zigir, paxta va ipak — o‘sha davrning
igtisodiy, ijtimoiy va estetik talablarini aks ettiradi.

Zigir — nisbatan arzon va kundalik kiyimlar uchun qulay mato bo‘lib, u yuqori havo
o‘tkazuvchanligi va chidamliligi bilan ajralib turadi. Paxta matosi esa kundalik va bayram
liboslarida o‘rtacha qo‘llanilgan, yumshoqligi va rang-barang naqshlarni qo‘llash imkoniyati bilan
ajralgan. Ipak matosi esa asosan bayram va marosim kiyimlarida ishlatilgan bo‘lib, uning yuqori
narxi, yumshoqgligi va yorgin ranglari ayolning ijtimoiy mavgeini aks ettirgan. Xorazm ayol
kiyimlaridagi ranglar va nagshlar orgali ijtimoiy tabaga, oilaviy status va madaniy orientatsiya
aniglanadi. Shu sababli, bu tadgigotda matolarni funksional va madaniy jihatdan tahlil gilishning
ahamiyati katta. Tadgigotning magsadi: Xorazm ayol kiyimlarida ishlatilgan zigir, paxta va ipak
matolarini funksional va madaniy jihatdan tahlil gilish.[1]

XIX asr Xorazm ayol kiyimlari va ularda qo‘llanilgan matolar masalasi O‘zbekiston va
Markaziy Osiyo kKiyim-kechak tarixi bilan shug‘ullangan bir qator tadqiqotchilar ishlarida gisman
yoritilgan. Tadgiqotlar asosan milliy liboslarning umumiy shakllanishi, bezak va nagsh
xususiyatlariga bag‘ishlangan bo‘lib, matolarning funksional va madaniy tahliliga yetarli darajada
kompleks yondashuv kam uchraydi. Abdurahmonov (2005) va Toshpulatov (2011) asarlarida
Xorazm hududiga xos ayol liboslarining tashqi ko‘rinishi, kiyim shakllari va bezak elementlari
tarixiy manbalar asosida tavsiflangan. Ushbu ishlarda ipak, paxta va zigir matolari tilga olingan
bo‘lsa-da, ularning kundalik va bayram liboslaridagi funksional farglari chuqur tahlil gilinmagan.
Sultonova (2010) va Saidov (2016) tadgiqotlarida ayol kiyimlarida rang va nagshlarning ijtimoiy
tabagani ifodalovchi vosita sifatidagi ahamiyati yoritilgan, biroq bu xulosalar asosan umumiy
estetik talgin bilan cheklanadi. Paxta va ipak matolarining tarixiy rivoji va texnologik xususiyatlari
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Karimov (2008) hamda Mirzaeva (2012) ishlarida ko‘rib chigilgan. Ushbu manbalarda matolarning
yumshoqligi, chidamliligi va rang gabul gilish xususiyatlari bayon etilgan bo‘lsa-da, ularning aniq
hududiy kiyimlarda, xususan Xorazm ayol liboslarida tutgan o‘rni yetarlicha tizimlashtirilmagan.
Egamberdiev (2014) va Akramov (2010) Markaziy Osiyo to‘qimachilik merosini xalqaro
kontekstda o‘rganib, ipak va paxta matolarining madaniy qiymatini ta’kidlaydi. Naqsh va
ranglarning ramziy ma’nosi masalasi Tursunov (2007) hamda Islomov (2015) tadqiqotlarida ochib
berilgan. Ushbu ishlarda geometrik va floral nagshlarning madaniy kod sifatidagi ahamiyati gayd
etilgan, ammo ular aniq tarixiy davr va hudud kesimida tahlil gilinmagan. Rakhmonov (2009) va
Jahongirov (2013) Xorazm kiyimlariga bag‘ishlangan ishlarida mahalliy an’analar va marosimlar
bilan bog‘liglikni ko‘rsatadi, biroq mato tanlovi va funksional jihatlar ikkinchi planda qolgan. Shu
bois, mavjud adabiyotlar tahlili shuni ko‘rsatadiki, XIX asr Xorazm ayol kiyimlarida ishlatilgan
zigir, paxta va ipak matolarini bir vaqtning o‘zida funksional va madaniy jihatdan kompleks tahlil
gilish dolzarb masala hisoblanadi. Mazkur maqola aynan shu ilmiy bo‘shligni to‘ldirishga
qaratilgan bo‘lib, matolarning xossalari, rang-barangligi hamda kundalik va bayram liboslaridagi
farglarni integratsiyalashgan holda o‘rganishni maqsad qiladi [2].

Diagramma 1.

XIX asr Xorazm ayol KUNDALIK liboslarida matolar ulushi
(%)

W Zig'ir
W Paxta

Ipak

Diagrammadan ko‘rinadiki, XIX asr Xorazm ayol kundalik liboslarida zigir matosi yetakchi
o‘rinni egallagan. Bu holat zigirning yuqori havo o‘tkazuvchanligi va chidamliligi bilan izohlanadi.
Paxta matosi o‘rtacha ulushni tashkil etgan bo‘lib, kundalik qulaylik va estetik ko‘rinishni
ta’minlagan. Ipak matosi kundalik kiyimlarda kam ishlatilgan [3].

Usullar

Tadqiqot metodologiyasi quyidagilardan iborat: Tarixiy manbalarni o‘rganish: XIX asr
Xorazm hududi kiyimlari haqidagi arxiv hujjatlari, foto va portretlar tahlili. Materiallarni o‘rganish:
Zigir, paxta va ipak matolarining texnik xossalari, qalinligi, yumshoqligi, havo o‘tkazuvchanligi
laboratoriyada o‘lchandi. Vizual tahlil: Kundalik va bayram liboslaridagi ranglar va naqgshlar grafik
va diagramma orqali tasniflandi. Madaniy tahlil: Liboslarning ijtimoiy tabaga va marosimlardagi
funksional roli folklor va tarixiy manbalar orqali o‘rganildi [4].

Jadval 1.
Matolarning asosiy xossalari (qalinlik, yumshoqlik, havo o‘tkazuvchanligi, rang-
baranglik).
o Kundalik/Bayram
Mato turi 82#3“9' Yumshoqligi ';"?1\(/2 chanlici llj:rr;%- liai libosida
zuvehantig gUat | ishlatilishi
Zigir 0.8-1.2 O‘rtacha Yugori Past Kundalik
Paxta 1.0-15 Yuqgori O‘rtacha O‘rta Kundalik va
Bayram
Ipak 0.5-0.7 Yuqgori Past Yugori Bayram
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Natijalar

Matolar va liboslar: Zigir kundalik liboslarda keng qo‘llanilgan, chunki u oson tozalanadi va
yugori havo o‘tkazuvchanligi tufayli issiq havoda qulaydir. Paxta kundalik va bayram liboslarida
o‘rtacha ishlatilgan; yumshoqgligi va rang-barang nagsh qo‘llash imkoniyati tufayli afzal. Ipak
asosan bayram va marosim kiyimlarida ishlatilgan; uning yumshogligi va yorqinligi ijtimoiy
mavgeni aks ettirgan [5].

Jadval 2.
Liboslar va matolarning asosiy funksional va madaniy xossalari
Libos turi Mqto Rang- .| Nagsh turi Funksional jihat Mada_my
turi baranglik ahamiyat
Kundalik Zigir | Past Geometrik Issiq havoga C_)ddly kundalik
sodda qulay libos
. . - Yumshoq va Ijtimoiy mavqge
Kundalik/Bayram | Paxta | O‘rta Chizigli/Floral ortacha chidamli | ko‘rsatadi
. Boylik va
Bayram/Marosim | Ipak | Yuqori Murakicab qushoq_, natfis, statusni aks
Floral shikoyatsiz ettiradi

Xorazm ayol kiyimlarida ishlatilgan matolar — zigir, paxta va ipak — o‘z davrining ijtimoiy,
igtisodiy va madaniy kontekstini aks ettiradi.

Zigir: Kundalik liboslarda keng qo‘llanilishi tufayli ijtimoiy tabaqaga bog‘liq bo‘lmagan,
qulay va amaliy mato sifatida gqadrlangan.[6]

Paxta: Kundalik va bayram liboslarida ishlatilgan, o‘rtacha rang-barangligi va naqgsh
kombinatsiyasi bilan ajralgan. Bu mato o‘rtacha boylikdagi oilalarda keng tarqalgan.[7]

Ipak: Bayram liboslarida ishlatilishi va murakkab nagshlar bilan boyitilganligi yugori ijtimoiy
mavge va boylikni aks ettirgan. Ranglar va nagshlar orgali ayolning oiladagi mavgeini, madaniy
orientatsiyasini va diniy-marosim faoliyatini aniglash mumkin. Kundalik liboslar funktsional
jihatdan qulay, bayram liboslari esa madaniy ramziy ma’noga ega. Natijalar shuni ko‘rsatadiki,
Xorazm ayol kiyimlari matolarining tanlovi va nagshlari nafagat amaliy, balki madaniy kodlar bilan
bog‘liq bo‘lgan. Bu tadqiqot kiyim-kechak tarixini material, rang va nagshlar orgali chuqur
o‘rganishga imkon beradi [9].

Diagramma 2.

XIX asr Xorazm ayol BAYRAM liboslarida matolar ulushi (%)
| Zig'ir
m Paxta

Ipak

Diagramma natijalariga ko‘ra, bayram va marosim liboslarida ipak matosi ustunlik qiladi.
Ipakning yorqin ranglari, nafisligi va ramziy ahamiyati bayram kiyimlarining asosiy talabi bo‘lgan.
Paxta matosi ikkilamchi rol o‘ynagan, zigir esa bayram liboslarida deyarli kam qo‘llangan.[12]

Xulosa
Ushbu magolada XIX asr Xorazm ayol kiyimlarida ishlatilgan zigir, paxta va ipak
matolarining funksional va madaniy jihatlari tahlil qilindi. Natijalar shuni ko‘rsatadiki, zigir
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kundalik liboslarda keng qo‘llanilgan, yuqori havo o‘tkazuvchanligi va chidamliligi bilan ajralib
turadi. Paxta kundalik va bayram liboslarida o‘rtacha ishlatilgan, uning yumshoqligi va naqgsh
qo‘llash imkoniyati tufayli afzal. Ipak esa asosan bayram va marosim Kkiyimlarida ishlatilgan;
yorqgin ranglar va murakkab nagshlar ayolning ijtimoiy mavgeini, oilaviy statusini aks ettirgan.
Ranglar va nagshlar orgali ijtimoiy tabaga, madaniy orientatsiya va diniy-marosim faoliyati
aniqlanadi. Tadqiqot shuni ko‘rsatdiki, matolarni funksional va madaniy jihatdan tahlil qilish
Xorazm ayol kiyimlari tarixini chuqur tushunishga yordam beradi. Ushbu yondashuv kiyim-kechak
tarixini o‘rganishda material, rang va naqshlarni integratsiyalashgan tarzda tahlil qilish imkonini
beradi. Natijalar amaliy va ilmiy jihatdan ahamiyatli bo‘lib, hududiy kiyim-kechak madaniyati
hagida yanada mukammal tasavvur hosil giladi.
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OCHOBHBIE METOAbI OHEHKHU 2@®EKTUBHOCTHU OBPABOTKHN
KOHTAKTHBIX IOBEPXHOCTEW MUKPOIIIAPUKAMM
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Annomauml: B oanwnoti cmamve paccmampuearonmcsi OCHO6Hble Memooono2uyecKue nooxoovl K
oyeHKe IPexmusHOCmMU  YNPOUHEHUS. KOHMAKMHBLIX — NOBEPXHOCMEU  MEMOOOM  MUKPOUAPUKOBOT
obpabomxku. [Iposeden cpasHUMENbHBLIL AHAIU3 IHEPLEMULECKUX, 0epOPMAYUOHHBIX U MEPMOOUHAMULECKUX
Kpumepues, npe()floofceHHbzx eedymwwu uccneoosamenimu 6 obaacmu nogepxnocmno—nﬂacmuquKoﬁ
oepopmayuu (I111]]). Ocoboe enumaHue yOeieHo 3a8UCUMOCU 2TYOUHbL HAKAENd U MUKPOMBEPOOCMU OMm
pesrcumos 06pa60m1<u, maxKux Kak CKopocmb nomoka u Ouafwemp MUKPOULAPUKOS. Pe3yfzbmambz anaiusa
no3eoJjiilom  cucmemamusuposaniv meopemudecKkue 3a6UucCumMocmu ons NpOCHO3UpPOBAHUA Kadecmed
NOBEPXHOCMHO20 CJI0A oemaJieti MauiuH.

Knioueevie cnosa: muxpouwiapuxoeas o006pabomxd, NOBEPXHOCMHO-NIACUYecKas oOegopmayus,
KOHMAaKmHas 6blIHOCIUB0CmMb, HAKIeEN, Mquomeepdocmb, 3H€p2€mull€CKulZ 6cmch, uiepoxoeamocms
nOBEPXHOCMU.

Annotatsiya: Ushbu maqgolada kontakt yuzalarni mikrosharchalar bilan mustahkamlash
samaradorligini baholashning asosiy metodologik yondashuvlari ko ‘rib chigilgan. Sirtqi plastik
deformatsiya (SPD) sohasidagi yetakchi tadgigotchilar tomonidan taklif etilgan energetik, deformatsion va
termodinamik mezonlarning giyosiy tahlili o ‘tkazilgan. Ishlov berish rejimlari, xususan, purkash tezligi va
mikrosharchalar diametrining naklyop (mustaxkamlangan gqatlam) chuqurligi hamda mikrotoblanish
darajasiga bog ‘ligligiga alohida e tibor garatilgan. Tahlil natijalari mashina detallari sirtqi gatlamining
sifatini oshirish uchun nazariy bog ‘liqliklarni tizimlashtirish imkonini beradi.
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Tayanch so‘zlar: mikrosharchalar bilan ishlov berish, sirt plastik deformatsiya, kontakt chidamliligi,
mustaxkamlangan qatlam, mikrotoblanish, energetik balans, sirt g ‘adir-budurligi.

Abstract: This article examines the primary methodological approaches for evaluating the
effectiveness of contact surface strengthening through micro-shot peening. A comparative analysis is
conducted on the energetic, deformation, and thermodynamic criteria proposed by prominent researchers in
the field of surface plastic deformation (SPD). Special emphasis is placed on the relationship between
processing parameters, such as flow velocity and micro-ball diameter, and their impact on work-hardening
depth and microhardness. The findings systematize theoretical dependencies necessary for predicting the
surface layer quality of machine components.

Keywords: micro-shot peening, surface plastic deformation, contact endurance, work hardening,
microhardness, energy balance, surface roughness.

1. BBenenne B panHoM pa3zzienie 0O0CHOBBIBA€TCS aKTyaJbHOCTb YIMPOYHEHHS] KOHTAKTHBIX
MOBEPXHOCTEH MHUKpoIIapuKaMu. PaccMaTpuBaroTCsi COBpEMEHHbIE MPOOJIEMBbl M3HOCOCTOWKOCTH
JeTalell MalluH W CTaBUTCS LeNlb HCCIENOBaHUS — CHUCTeMaTHU3alisi METOJIOB OLEHKU
s dexTuBHOCTH JaHHOH 00paboTku.M. JI. 'eHKMH B CBOMX MCCIIEJOBAaHUSAX 33 XapaKTEPUCTHKY
() PEKTUBHOCTH YMPOYHEHHUS MPUHUMAET KOHTAKTHYIO BBIHOCIMBOCTH [1]. ABTOp cuuTaer, yTo
YacTh IOJBOJUMON KHHETHYECKOM OSHEpPruu JpoOM IpeBpaliaeTcss B paboTy MIaCTHYECKON
nedopmaruu. Jlanaas paboTa mponopiroHaIbHa OABOIUMON YHEPTHUH.

OO00OIIEHHBIM KPUTEPUEM OLIEHKH PEXUMOB JPOOECTPYHHOrO YNPOUYHEHHS UM TPEAoKeHa

yAeNbHas KHHETUYeCKasi YHePTHsl.
_ @5V

Eys = (1)

EFS“

rae Qd - yIeapHBIN pacxo1 apoowu,
V4 - CKOpOCTh ApooH,

g - yCKOpeHHe CBOOOIHOTO MajCHUS,

Sn - o0mras romaas 06padaTeIBa€MO TTOBEPXHOCTH.

M.I. T'eHkuHBIM OBLIM  MPOBEACHBI  SKCICPUMEHTAJIbHBIC  HCCICIOBAHUS  BIIUSHHUS
NPOJIOJDKUTEIBHOCTH  O0pa0OTKM Ha KayeCTBO IMOBEPXHOCTH M MEXaHMYECKHE CBOWCTBA
YIPOYHSAEMBIX 00pa3IoB, KOTOPbIe MOKAa3ald, YTO MPH HEU3MEHHBIX MapaMeTpax YIpPOUYHSIOMICH
00paboTKK M3MEHEHUE BpeMeHU 00pabOTKM W, KaK CIIEICTBUE, SHEPTUH, TepeaBacMoil JeTally,
NPUBOJIUT K M3MEHCHUIO (PU3MKO-MEXaHHUSCKMX XapaKTePHCTHK YIPOYHEHHOTO ciiost . [Ipupoct
KOHTaKTHOH BBIHOCJIIMBOCTH 3aBUCHT OT BPEMCHHU YIPOYHEHHS, MOCJIE ONPEICICHHOrO 3HAYCHHS,
KoToporo ona magaet. OqHako B padore H.H. MabuHa npociexuBaeTcs 3aBUCUMOCTh KOHTAKTHOM
BBIHOCJIMBOCTH OT MUKPOTBEPOCTH OBEPXHOCTHOTO CIIOSI.

2. Meroanka HJKCIEPUMEHTAJIBHBIX HccjaeqoBaHmii. M3 aHamm3a 53KCHepUMEHTAIbHBIX
3aBucUMOcCTel [1] Taxke cneayeT, 4To HaKOIMJIEHHAs! HEPTUsSI C YBEIMUEHUEM MPOJOKUTEIbHOCTU
00pabOTKH COCTaBISAET BCE MEHBIINI MPOIIEHT OT BEMTUYHUHBI IOJBOIUMOI SHEPTUH.

B cBoeit padore A. II. babuueB [2] B kauecTBe 00OOIIEHHOTO IOKAa3aTeNisl Mpeajaract
yIETbHYIO0 paboTy TuIacTU4Ieckor nedopManuu A,, KOTopas 3aBUCUT OT CBOMCTB MaTepuaia JAeTalu
U paguyca o0pabaThIBAIOLIETO TENA.

A = fﬁh:Fz (v, 8,m,R,q,) dh, 2)

rae hy - riyOrHa MIacTHYECKOTo OTIeYaTKa,

F, = 2nRao;h, Harpyska npu miactuueckoit qeopmariim.

W3-3a Hammumst OOJBIIOTO KOJHYECTBA IMITMPHUECKUX KOI(DPHUIIMEHTOB NaHHYIO 3aBUCHMOCTb
CJIO’KHO MTPUMEHSTH Ha MPaKTHKE.

B pabGore B. B. IlerpocoBa mporiecc MOBEPXHOCTHO IUIACTUYECKOTO JAePOPMUPOBAHUS
paccMOTpeH ¢ MO3ULMI aHaIK3a ero 3HepreTuyeckoro 6ananca [3]:

Qy = Qm.a. + 3mp + ao/c + 96 + 9ynp, (3)
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rze O,- SHEprus yaapa;

Onn.0 — HaKOIIEHHAs HEPTUA TIACTUYECKOM nedopManuu;

Omp - pacxoyemMasi Ha TpEHHE YHEPI U,

Oye - DHEPTHUSA, pacxolyeMasl Ha IPeo0JIeHHIE KUAKOCTHOM MIICHKH;

D¢ - BOJIHOBAs YHEPI'US;

Oynp = BHEPTUS YIIPYTOTO BOCCTAHOBIICHUS.

HaHHBIﬁ IIoaxXod ABJISICTCA HanoOoJee YHHUBCPCAJIbHBIM JIs1 aHallu3a JUWHAMHUYCCKUX MCTOAOB
MIOBEPXHOCTHO IuIacTHUeckoro paedopmupoBanus. B  kadectBe kputepus 3¢ddexTuBHOCTH
WCTIONB3YIOTCS JHEPrusi W padoTa IUIaCTUYECKOW aedopMaluu, a MpeIoKeHHas MEeTOIUKa
JOCTaTOYHO y100HA /7Sl IPAKTHYECKOTO MPUMEHEHHSI.

PabGora, 3arpaumBaeMas Ha BHeIpeHHE O0OpalaThIBalOImMIEr0 Teila B 00pabaThIBaEMylO
MIOBEPXHOCTh, C TOUKH 3pEHHSI AUCIOKALMOHHON TEOPUH, MOXKET OBITh BBIYHMCIICHA IO CIEAYIOIIEH
dbopmyme:

A=262-10"% - njw,T, e;D* (4)

rne no — K03 puuueHT nponopuroHaIbHOCTH;

O 4 - IMOUPUYECKUI KO3PPUIMEHT, 3aBUCAIIUN OT KOHKPETHBIX YCIIOBUN 00pabOTKY;

D - nuametp 0O6pabaThIBaIOIIETO TENA;

T, -MuHMMaJIbHbIE KacaTeJIbHble HAPSKEHUS, TpeOyroLuecs A NepeMelIeHHs] TUCIOKaLU;
€ - UHTEHCUBHOCTH J1e(hOpMaIIHH.

TpyaHOCTB HCTIONB30BaHUS ITON (OPMYIIBI 3aKIIOYAETCSA B TOM, UTO

3
B. B. HCTPOCOB npeajaract 1mMpru BbIYUCIICHUN BCIIMYNHBI HE oy 6paTB

OKCIICPUMCHTAJIbHBIC 3HAYCHU A 3y, €o.

3 .
B pesynbrare 3HaueHue g * wy Kosiebnetcs B penenax 20 % st cranei B

3aBUCUMOCTH OT jauameTpa D wu ckopoctu coymapeHmii oOpabaThIBaloOIIEro Tena ¢
o0pabaTbIBaeMOil MOBEPXHOCTHIO Vy.

B paGore nmnpuBOAATCA OSKCIEPUMEHTAIbHBIE HUCCIEJOBAHMS, OIHAKO OTCYTCTBYIOT
TEOPETUYECKHE  3aBUCHUMOCTH. ABTOp  NpEeANoiaraer, 4YTO OCTaTOYHbIE  HaNpsIKECHUs,
chopMupoBaHHBIC B Tpoliecce 0OpabOTKH, SBISIOTCS CyMMOW HampsDKEHHH OT TUTACTMYECKOU H
TETUIOBOH JehopManuu.

B pa6ore B. B. IlerpocoBa wmccrmemoBanach TeMmreparypa B 30He nedopmainuu, a Takke
OCTaTOYHbIE HANPSHKEHUS, 00YCIOBJICHHBIE BO3ICHCTBUEM TeMIiepaTyphl. [Ipenmnonaraercs, 4To Bes
SHEPTHs ynapa IpoOu pacxoyeTcsl Ha HarpeB oOpabaTeiBaeMoi 30HEI. Ha mepBoM 3Ttare TeroBas
SHEPIus COCPEAOTOUYCHA B 30HE B3aUMOJICHCTBUSA 00pabaThIBAIOIIETO TeJIa U TTOBEPXHOCTH JCTANH.
OpHako TeopeTUYECKHEe 3HAUCHUSI TeMIIepaTyp He MOJATBEPKIAI0TCS dKCIIepUMeHTalbHO. B paboTe
HE YYMTHIBAC€TCS HAKOIUIGHHAs »HHeprus aedopmanuu, oOBEMBI MaTepHaja, IOJBEPTrHYThIC
nedopMaIuy TaKkKe SBISIOTCS HCTOYHUKOM TETJIOTHI, KaK M IIOBEPXHOCTHOE TPEHHUE.

B. M. Cwmensuckuit [4] paccmarpuBaeT MexaHu3M (OPMHUPOBAHMS MOBEPXHOCTHOTO CIIOS B
npouecce [I1/] ¢ mo3unuu MexaHuku CIUIOMIHBIX cped. CoraacHO TEOPHUH MEXaHUKH CIUIONIHBIX
cpe, MIacTHYecKoe TeueHne 00pabaThiBaeMOro MaTepuasa MPUBOIUT KaK K €ro yIPOYHEHHUIO, TaK
U CHIDKEHHUIO 3amaca IUIACTUYHOCTH M Pa3BUTHIO ero mnoBpexaaeMoctd. B.M. CwmensHckuit
npeJularaeT MOJEJb, OINHKCBHIBAIONIYI0 MPOIECC pa3pyLICHHs YacTHIBI MeTaljia Kak Ipolecce
HaKOIUIGHHUS TOBPEXACHHOCTH B Metamie. Jlepopmarusi, HaKOIUIEHHAas TakuM 0OO0Opa3oM,
MPUHUMAETCS 3a OCHOBHOM ToOKa3zarenb. CTemeHb HWCYEpHaHusi pecypca IUIACTUYHOCTH U
OCTAaTOYHBIX HaIpsDKeHW OyAeT ompenensThes Aedopmaneil, KoTopas SBISETCS OCHOBHBIM
nokazareneM. CTeneHb HCUEpIaHUs pecypca IUIACTUYHOCTH Yy OyJeT SBISATHCS KpPUTEPHEM
3 PEKTUBHOCTH YIPOUHEHUS:

V=, =1 (5)

o Ty
P
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IJI€ - CTENEHb UCUYEPIaHus pecypca IUIACTHYHOCTH;

I, - crenienp nedopMaliii CABUra, HAKOTIICHHAS MaTEPUAIOM K MOMEHTY pa3pyILlICHUS;

11 - mokazaTesb HAMPSHKEHHOTO COCTOSTHUS.

Ha ocHoBe creneHu ucuepmanus pecypca ruactudHoctd B.M. CmensHckuM pa3paboTaHa
METOAMKAa  pacyeTa  TEXHOJOTHMYECKHX  PEKUMOB  TPHU  MOBEPXHOCTHOIIACTHYECKOM
neOpMUPOBAHUHU,  OMHCAaH  MeXaHu3M  (OPMHUPOBAHUS  IMOBEPXHOCTHOTO  clos.  3a
dbyHIAMEHTANBHYIO XapaKTEPUCTUKY TPUHUMACTCS KpHUBas TMPEACIbHOW IIACTUYHOCTH, Kak
¢byakus I'p(ll). Opnako Bun ¢yakuuu [p(ll) 1 Kaxaoro marepualia yCTaHABIUBAIOT
AKCTIIEPUMEHTAJILHO, TIPOBOJSl OIBITHI 0 HATPYKEH OO0pa3loB NpPH Pa3IWYHBIX 3HAYEHUAX [1.
JlanHas MeToAMKa IPUMEHMMA TOJIBKO JJisi cTaTudeckux meroaos 1T,

B pabore M. C. Jlpo3ma HCHOIB3YETCS «yIPYroe» perieHue KOHTAKTHOM 3ajadd,
BO3HHMKAIOIIEW MpU BIABIMBAHUM Il1apa B IUIOCKYHO MOBEPXHOCTh IUTHL. Ilpu 3TOM
MpeArnojaraeTcsi, 4YTo Ha TIyOMHE, NPEBBIMIAOIICH 30HY TUIACTUYECKOTO AehOpPMHUPOBAHMS,
pacmpeselieHne HampspKeHU U gedopMmanuii  Takoe ke, KaKk MU OpU  YUCTO YIPYroM
nedopmupoBanun. [y npaKTHYECKUX pacyeToB NpuBoauTCs Gopmysa [5]:

—
h, = ‘Ji (6)

20e P - cuita BiaBiIuBaHus,

00,2 - mpeaen TeKy4ecTu MaTepuaa.

B numHamMpueckux mpoueccax, B KOTOPBIX O3KCIHEPUMEHTAJIBHOE OINpeleiIeHUue Cuibl P u
JMHAMUYECKOT0 MpeJesa TEeKy4yeCTH CBSI3aHO C ONPEAENCHHBIMH TPYIHOCTSIMH, HEOOXOIMMO
OTIPEJICNIUTh TIIYyOWHY TUIACTHYECKH N1e(OPMHUPOBAHHON 30HBI U€pe3 T€OMETPHUECKUE MapaMeTphI
OCTaTOYHOI'O OTIIEYaTKa.

Jlnst ciaydas CIUIOIIHOCTH YNPOYHEHMS, IIPU MHOTOKpaTHbIX yzaapax, W.B. Kynpssues naer
TaKO€ BbIpa)XXKEHUE JUIs ONpe/ieieHus TI1yOrHbI Hakiena [6]:

'IT’H = Kuﬂd! (7)
rae Kn ) — ko3 duiuenT, Ui cTaiu paBHBbIi 1,5.
P.kH ‘ B pabote A. Maprenca npuBoautcs rpaguk GyHKIUU
30 S| | 3/42f 1/ P(h), xapakTepu3yromuii 3aBUCUMOCTh MEKAY Harpy3Kou
Ha MHACHTOP M TNIyOMHOW OCTaTOYHOW BMATHHBL [ 'paduk
25 ¢byukuu P(h) mpoxomut uepe3 Havano KOOpOMHAT U B
HEKOTOPOM WHTepBaje TiIyOuH h mpexacraBinser coOoit
20 OpsSMYIO JIMHHUIO. 3aBHCUMOCTh JuaMeTpa otrnedatka d mpu
Harpys3ke P Ha map mpu ero BHEIPEHHH B TUIACTHYECKON H
15— ]/ / i ynpyroil oOnacTsx omnuchbiBaeTcs ypaBHeHueM [epua u
‘ Meiiepa:
10 L
P=———=d° (8)
5 / :u:n(‘ £ +_E_-__,|
0 o : ¥ P =ad", (1.13)
0,15 0,30 0,45 0,60  hmm riie D - auaMerp mapa,
Pucysok 1 -  3aBHCHMOCTb  CHIIBI U, p1 - koaddunuents [lyaccona mapa u matepuana,
BJlaBJIMBaHUA oT FHY6PIHLI
BOCCTAHOBICHHONO ommesaTka  mpH E, Et - Mogynmu ynpyroctu mapa u o0pabaTbiBaeMoro
D=10mm. [11]: Marepualia,
1 - Apmko - xene3o, 2 — Crams 10, a, n = 2 - KOHCTAHTHI INTACTUYHOCTH.
3 - Cran 45, B paGore [7] mNpUBEAECHBI CUCTEMATH3UPOBAHHBIE
g' f;ea;:’ AT, 5 - Crams 30XICA, SKCIIEPHMMEHTAIbHBIE JlaHHEIE, XapaKTePU3YIOIIe
7. .HaTyI-;L JTHMIKA, 8 - Bp OIIC5-5-5, 3apucumoctsh  P(h)  mis PasIMYHBIX  MaTepuanos -
9 - AJIOMUHMI 9HCTBIH YIJIEPOIUCTHIX W JIETHPOBAHHBIX CTaJlel, Ceporo 4yryHa, a
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TAaK)Ke HEKOTOPBIX LIBETHBIX METAJUIOB M CIUIaBOB. Mexay P u h HaOiromaeTcst 4eTKO BhIpaKCHHAsI
JMHEWHas 3aBUCUMOCTH (pUCYHKH 1, 2).

Taxke TPOBOAMINCH AaHAJIOTMYHBIE OKCIIEPUMEHTHI CO CTAISIMH TIPU  TOBBIIICHHBIX
Temneparypax. ['paduku CBUIETENBCTBYIOT, YTO JIMHEWHAS 3aBHCUMOCTh Mexkay P u h coxpansercs
Y TIPH TTOBBIIICHHBIX TEMIIEpaTypax.

Hano umers B Buay, YTO JMHEHHAas 3aBUCHUMOCTh CIpPAaBEJIMBAa B OTPAHUYEHHBIX Ipeenax
Harpys3okx.

P-P,,kH V&) P-Py kH 1 213 4
—200° ( t=600°C
t=300°C /s 19 Sl
12 —1 /S ’
8 L 7 8
4 4
0 0
0,04 0,08 0,12 h=hy,mm

Pucynok 2- Pa3HocTH TiIyOMH OTIIEYAaTKOB B 3aBHCHUMOCTH OT Pa3HOCTH CHII BJABIMBAHUS ITPH

MOBBIIEHHBIX Temneparypax [11], P1i= 98 H, cranu mapok: 1 - 12X1 M®, 2 - 40, 3 - 15XM,

4-20X, 5-20.

Ecan IIpyU BJAaBJIMBAHUHW 1Iapa NPUKIAAbIBATb HECKOJBKO pPa3 OAWMHAKOBYIO CTATHUYCCKYIO
Harpy3Ky Ha OOHO MW TOXKC MECTO, TO 3TO HE MNPHUBCACT K 3aMCTHOMY YBCIWYCHHIO pPasMepa
INIaCTHYECKOT'O OTIICYaTKa. HpI/I YAapHOM BJAaBJIMBAHWH IIapa, B OTJIMYHUEC OT CTATHYCCKOIro, IMpu

yBEJIMYEHUM Yucia yaapoB 1o 15—20 pasmep oTmedarka

s yBenmuuutess B 1,25—1,55 pasa mpu pasnuuHBIX YCIOBHSX
4,0 /—Tl 00pabotku (pucyHok 3). DTO yBenwueHHe OyneT MEHbIIE,
3.8 - 7| ecnu crane Gonee TBepAas, U IUAMETp IIapa, NMPH 3TOM, HE
/ OKa3bIBaeT 0COOOT0 BIMSIHHUSL.

3,6 S~ IIpu paBeHcTBE JUAMETPOB OTIEYATKOB IIyOWHA
34 %/ HakJIeaHHOW 30HBI, KOTOpas IMOJIy4eHa IpHU yAapHoM
/ BIABJIMBAaHUM Iapa, MOYTH paBHA TIJIyOMHE HaKJIEeaHHOU

3,2 30HBI, KOTOpas IOJyY€HA IIPU CTATHYECKOM OJHOKPATHOM
3,0 BIAaBIMBaHUM IIapa. Ha OCHOBaHMM BBINIE H3JI0KEHHOTO,
3aBUCHMOCTH TapaMeTpOB OT IIYOMHBI HAKJIEMaHHOIO CJIOs

2,8 OpU  YCIOBHUAX  CTAaTUYECKOTO  BIABIMBAHUS ~ MOXHO

0 2 4 6 8 10 12 14

R IIPUMEHUTH U IIPU YIAPHOM HATPYKECHHH.

Pucysok 3- U3MeHemws —muamerpa 3akioueHue. Hanpsoxenus U nedopmanu,
OoTIe4aTKka TIIpH YCIOBHHM YyBelIWdeHHH PA3BHBACMbIC npu ANMHAMHUYCCKOM KOHTAaKTHOM
uncia ypapos i cramn 35XM, mpr B3aMMOAEWCTBUM ApoOM ¢ 0OpabaThiBaeMOW MOBEPXHOCTHIO,
AMameTpe WapuKos: 1-10 mw, 2-8 MM. 3aBHUCST OT (JaKTOPOB, OTBETCTBEHHBIX 3a IapaMeTphbl NOTOKA
neGopMHUpYEMBIX T M CONPOTHBJIEHHE MeTajula YIPYrOIUIACTHUECKUM JedopMmanusM. OTH
negopManuy  BBI3BIBAIOT B 30HE KOHTAKTa HMHTEHCHMBHOE CMATHE MeETalla B PagualbHOM
HanpasieHuu [8]. JlepopMmalmoHHOE COCTOSIHME YNPOYHEHHOM 30HBI XapaKTepU3yeT CTENeHb
MOBEPXHOCTHOM JIe()OpMaIliH y, OLICHUBAEMYIO KaK OTHOIIICHHE AUameTpa otnedyarka d K tuaMeTpy
apoou D. B pabore M.M. Casepuna [9] mpuBomutcs crnenyrouiass ¢opmyia, yYUThIBArOIIas
BIIMSTHAE PEKUMOB 00paOOTKM M MEXaHUYECKUX CBOMCTB KOHTAKTHPYIOUIHNX TEI:

v= (20, ©)

EQHE_
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/i p - INIOTHOCTh MaTepuasa Apoou;

g - yCKOpeHHe CBOOOTHOTO Ta/IeHUS;

V - ckopocTh yaapa;

H, - nnHaMu4eckasi TBEpAOCTh YIPOYHAEMOI0 MaTepUaa;

no - TIOKa3aTelb JMHAMUYECKOTO YIIPOYHEHHUSL.

JanHas (¢opmyna NOpUMEHMMa JUIsl OIpEJEeNIEHUs] MOBEPXHOCTHOW JedopMmalvu IpH
JIOTYIIEHUH, YTO KaXKJIbIi Mocienyomui ynap 1poou menee 3¢ HeKTUBEH, YeM MEPBBIil.

Ilokazarens JMHAMMUYECKOTO YIPOYHEHHS AJIS Pa3IUYHBIX KOHCTPYKIMOHHBIX Ka4€CTBEHHBIX
ctanedt (crans 20, 25, 40) u nerupoBannbix cranei (40X, 30XI'CA, 30XHMA) pasen 2 [10].

A L. JxkypaeB momyums (opMyiy Ui pacdera CTENEHH MOBEPXHOCTHOHM nedopmauuu y/ B
3aBHUCHUMOCTH OT Macchl m, nuamerpa D, ckopoctu V u tBepaoctu HB nedopmupyromieil 4yacTUIbI
[10]:

4 mu®
]1'[’ =2 Ilﬁ-
W LTHBRD g

(10)

C yBenmnyeHHMeM TBEpPAOCTH o00pabaThIBAEMOro MaTepuana CTeNeHb [OBEPXHOCTHOM
nedopMaui y MOHOTOHHO yMeHbIaercs (puc. 4), mpuueM s OonbluX 3HaueHud D u Vv
aOCOJIIOTHOE 3HAUCHHE CTEIeHU AedopMaIiuu OOJbIIIe.

Y . v
N 0,40 N
0,35 N N
\2\ 0,35 AN
0,30 \S 4 _—
- S — 0,30 N T —
0,25 ~ N
\\ 0,25 S
0,20
Y100 200 300  HB 020 =160~ 200 300 HB
a) 0)

PucyHOK 4 - 3aBUCHMOCTb CTETICHH TIOBEPXHOCTHOMN IeOpMAIIMH OT TBEPIAOCTH MIPH Pa3THIHBIX
3HaYCHUsIX quametpa apodu D (a) u ckopoctu V (6) [10]: 1,2 -v=30wm/c, D=1wu 2 mm; 3,4 -0
=1wMMm,V=50u30 m/c.

C noBeimerneM ckopoct Apodu ot 10 go 70 m/c u3-3a Bo3pacTaHus KHHETUYECKOW SHEPTHH
3aMETHO YBEIMUYUBAETCS CTENEHb IOBEPXHOCTHOM JehopMalivu (pUCYHOK 5).

v "4
0,20 7
_— 035 —
0,15 _ ,/// //
// 0,25 S 37 A CE SR [ T
]// e
/2 s 4//
0,05 0,05

0 10 20 30 40 50 60v,mc
a)
Pucynok 5 - 3aBUCHMOCTH CTENEHHM NOBEPXHOCTHOH aedopManyy OT CKOPOCTH V TpHU
pa3nuYHBIX 3HaYeHUsX TBepaoctd HB (a) u muamerpa mpo6u D (6) [10]: 1,2 -D = 1 mm, 300HB u
S00HB; 3,4 - 300HB, D=1 u 2 mm.

0 10 20 306)40 50 60 v,m/c

CkopocTh MoToKa AeQOPMUPYIOIINX YACTHI] ONPEACTECHHON MacChl, KOTOpasi OMpeAeseT CUITy
yaapa W oOecrneuMBaeT 3aJlaHHYI0 CTENeHb TIOBEPXHOCTHOM aedopmannu B padote [10]
BBIYHCTISIETCS 110 hopMyIie:
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v= [———.

z |, z
= |L7THBrD"g
Py (11)

B pabore M.I'. UcynoBa mpuBomutTcs crnenytomas ¢dopMmyia s ONpeaesIeHuss CKOPOCTH

MOTOKA J1e(hOPMHUPYIOIIUX YACTHIL:

(12)

3 p.1
v = .i’wa ||;c_r—'3—
N2 T e D

rze x - K03 puuueHT mponopuroOHaTFHOCTH,
Cx - KO3 PUIMEHT COMPOTUBIICHUS,

P - IDIOTHOCTh MaTepuaia ae(GOopMHUPYIONINX YaCTHII,
P- - IOTHOCTb Ia30BOM CTPYH,
V.= CKOPOCTb ra30BOM CpebI,

| - muHa comia,
D - mnametp negopMHUPYIOIINX YACTHII.
Koaddunument conpotuBnenus cx (kK03 QPUIMEHT mapyCcHOCTH, T.K. CKOPOCTh YACTHI] BCETAa

MEHBIIIE CKOPOCTH ra30BOM cpenbl) A yactul guametpom 100 - 600 MKM IIpH CKOPOCTH ra30BOM
¢azer 100-300 m/c pasen 0,4.

[1].
2.

[3].
[4].
[5].
[6].

[7].
[8].
9.
[10].
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ORCID: 0009-0000-0247-1242
(Qabul qilindi 22.02.2026 v.)

Annotatsiya: Maqgolada polimer plyonkalarning sirt gatlamini tojli razryad bilan maxsus ishlov
berish orgali modifikatsiyalash jarayonlari asoslangan tahlillar keltirilgan. Yuzaga ishlov berishning asosiy
magsadi polimer plyonkalarning namlanish xususiyatini oshirish va bosma bo ‘yogni bosma nusxada
ishonchli mustahkamlash gobiliyatini yaxshilashdan iborat. Tojli razryadni tavsiflash termodinamik
yondashuv asosida olib borilishi lozim, chunki tojli razryad energetik o ‘zgarishlar bilan tavsiflanadi.
Polimerlar elementar bo ‘g ‘inning molekulyar massasidan tashqari, tojli razryadlovchi razryad
kuchlanishiga energetik ko ‘rsatkichlar faollanish energiyasi, polimer zanjirlarining uzilish energiyasi
hamda molekulalararo o ‘zaro ta’sir energiyasi ta’sir ko ‘rsatadi.

Tayanch so“zlar: polimer plyonka, aktivatsiya, adgeziya, korona razryadi, tuzilma, energiya,
kuchlanish, polietilen, polipropilen, polietilentereftalat.

Annomauuﬂ: B cmamuve npedcmaeﬂeHbz mamepuaibl, OCHosblearWuUecs Ha anaiuse Moduqbukauuu
NOBEPXHOCMHO20 CJI05L NOJIUMEDPHBIX MAMePUanos cCneyuaibHol 00pabomxoll 6 niame KOpoHHO20 pa3psaod ¢
yeavro  yeeiluveHus cocmadueaemocmu U CNOCOOHOCMU  HAOEHCHO ydepofcueamb neuyanmHyro KpackKy Ha
ommiucke. ycmaHOGJZEHO, umo onucaHue KOpoHHO2c0 pa3pﬂ()a OOJIJICHO COCMOAMb U3 mepMO()uHaMuquKozo
n00x00d, maxk KAk KOPOHHbUL paspsad Xapakmepuzyemcs Hepeemudeckumu npespaujenusimu.Kpomve
MANEeKyIAPHOU MACCHL INEMEHMAPHO20 36eHA NOIUMEPA HA HANPJICEHUe KOPOHUPYIOWe20 pas3psaoa iusiom
IHepeemudecKue xapakmepucmuxKu (SHepZM}l akmueayuu, sHepcusl paspovléd NOJIUMEPHBLLX ueneﬁ,aﬂepeuﬂ
MEANCMOTIEKVIAPHO20 83AUMOOCCIBUS).

Knioueevie cnosa: I[lonumepnas nienxa, axmugayus, aoeesusi, KOPOHHGLL pas3psd, CMpyKmypd,
IHEpcUs, HanpAasdCerue, noauImuilern, noJaunponuileH, nozmamu/zeﬂmepegbmaﬂam

Abstract: The article presents materials based on the analysis of the modification of the surface
layer of polymer materials by special treatment in corona discharge plasma in order to increase wettability
and the ability to reliably retain printing ink on the print. It has been established that the description of
corona discharge should be based on a thermodynamic approach, since corona discharge is characterized
by energy transformations. In addition to the molecular mass of the elementary unit of the polymer, the
voltage of the corona discharge is influenced by energy characteristics (activation energy, energy of polymer
chain rupture, and energy of intermolecular interaction).

Keywords: polymer film, activation, adhesion, corona discharge, structure, energy, voltage,
polyethylene, polypropylene, polyethylene terephthalate.

Kirish. Hozirgi vagtda matbaa sanoatida gadoglash materiallariga chop etish uchun
yo‘naltirilgan va yo‘naltirilmagan polimer materiallar yupqa plyonkalar ko‘rinishida keng
go‘llanilmoqda: polietilen (PE), polipropilen (PP), polietilentereftalat (PET) va boshqgalar. Bir yoki
ikki yo‘nalishda cho‘zilish orqali olinadigan yo‘naltirilgan polimer materiallar molekulalarning
yo‘nalganligi hisobiga yuqori mustahkamlik va elastiklik xususiyatlariga ega bo‘ladi. Shu bilan
birga, chop etiladigan material sifatida qo‘llaniladigan ushbu polimer materiallar shimmaydigan
materiallar turkumiga kiradi, bu esa chop etish jarayonida bo‘yoqni ko‘chishi uchun maxsus
texnologik yondashuvni talab giladi.

Polimer plyonkalarda chop etish jarayonidagi asosiy muammo — grafik va matnli axborotni
buzilishsiz, gradatsion va rang o‘tishining aniqligi bo‘yicha belgilangan talablarni saqlagan holda,
chop etiladigan material yuzasiga aniqg uzatish hisoblanadi. Shimmaydigan polimer plyonkalar past
sirt tarangligi, kimyoviy inertlik va g‘ovaksiz yuzaga ega bo‘lib, bu bosma bo‘yoqlar, adgezivlar va
yelimlar bilan kimyoviy va mexanik bog‘lanishlarning hosil bo‘lishini giyinlashtiradi.

Polimer materiallarning adgezion  xususiyatlarini yaxshilash magsadida ularning sirti
maxsus ishlov berish orgali modifikatsiya gilinadi [1,2], bu esa sirtni namlanishi va bosma
bo‘yoqni ushlab qolish  xususiyatini oshiradi. Adgeziya katta darajada polimer yuzasining
strukturasi va uning erkin energiyasiga bog‘liqdir. Polimer material yuzasining mikrogeometriyasi
ham adgeziya darajasiga sezilarli ta’sir ko‘rsatadi. Mexanik va kimyoviy ishlov berishdan tashqari,
polimer plyonkalarni ishlov berishda eng ko‘p qo‘llaniladigan usul — tojli razryadli ishlov berish
hisoblanadi [3,4].

Tojli razryad normal va yuqori bosimlarda kuzatiladigan gaz razryadlarining bir turiga
kiradi [5] hamda kuchli notekis elektr maydonida, ya’ni sirtining egrilik radiusi kichik bo‘lgan
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elektrodlar atrofidagi gazda yuzaga keladi. Tojli razryad paytida gazning ionlanishi va yorug‘lik
chiqishi faqat sirt egrilik radiusi kichik bo‘lgan razryadlovchi elektrodga tutashgan nisbatan kichik
sohada sodir bo‘ladi va bu soha tojli razryadlanuvchi gatlam deb ataladi.

Polimer plyonkalarni tojli razryad yordamida ishlov berish jarayonida zaryadlangan
zarrachalar elektr maydoni ta’sirida tezlanib, ishlov berilayotgan material yuzasiga tomon
harakatlanadi, zarbli o‘zaro ta’sirlarni amalga oshiradi va polimer makromolekulalari zanjirlarining
uzilishiga, kovalent bog‘lanishlarning buzilishiga olib keladi. Shu bilan birga, ko‘plab ochiq
bog‘lanishlar va erkin valentliklar hosil bo‘ladi. Mazkur holatlar yuqori reaktivlikka ega faol
markazlarning hosil bo‘lishi hisobiga adgeziya xossalarining oshishida asosiy omil hisoblanadi. Bu
faol markazlar esa, 0‘z navbatida, ishlov berilgan yuzaning mikroprofil geometrik parametrlariga
ham bog‘liqdir [6].

Ma’lumki, tojli razryadlovchi qurilmalar yetkazib beruvchi tomonidan odatda fagat bitta
turdagi material uchun sozlanadi. Uskunada tojli razryad bilan faollashtirishning hatto asosiy
parametrlarni sozlash imkoniyatining yo‘qligi jarayonni boshqarishni imkonsiz qiladi. Ushbu
holatlar chop etish jarayonini cheklaydi, hatto uni sekinlashtiradi va bu bevosita uning
samaradorligiga salbiy ta’sir ko‘rsatadi.

Tojli razryad qurilmasining noto‘g‘ri sozlanishi elektr energiyasining ortiqcha sarflanishiga
hamda atmosferaga ozon chiqishining ko‘payishiga olib keladi. Ozonning ruxsat etilgan chegaraviy
konsentratsiyasi 0,1 mg/m? bo‘lib, undan ortiqg miqdori nafaqat inson salomatligiga balki kuchli
korroziya xossalari sababli qurilmaning o‘ziga ham zarar yetkazadi. Shu bilan birga, ozon polimer
plyonkalar yuzasini faollashtirish jarayonida ishtirok etib, kislorod saglovchi qutbli guruhlarning
hosil giladi. Demak, rejimli parametrlarni, ayniqgsa razryadlovchi kuchlanish Uy ni chop etilayotgan
polimer materialning turi, uning tuzilishi va termodinamik xususiyatlariga bog‘liq holda tanlash
ilmiy va amaliy jihatdan muhim bo‘lib, u shimmatdigan bosma materiallarda yuqori sifatli bosma
nusxalarni olish imkonini beradi.

Tadgiqgot obyektlari va usullari. Ekstruziya usuli bilan olingan, yupga plyonka ko‘rinishidagi eng
ko‘p tarqalgan polimer materiallar tipik chiziqli polimerlar guruhiga mansub bo‘lib, ularning

kimyoviy tuzilishi (makromolekulaning umumiy formulasi) quyidagicha:

1) Polietilen - [-CH2—CHz2—]n;

-CH-CH,
2) Polipropilen - | X
CH, )
3) Polietilentereftalat - — —
~CO
COOCHZCHZO: I

Bu yerda n- polimerizatsiya darajasi.

Tadqiqot obyekti sifatida past zichlikdagi polietilen (PZP) hamda biaksial yo‘naltirilgan
polipropilen (BOPP) plyonkalar namunalaridan foydalanildi. Ushbu plyonkalar mos ravishda MChJ
“Maya-plast” va MChJ “Sirdaryo mega-lyuks” korxonalarida tekis tirqishli ekstruziya usuli bilan
ishlab chiqarilgan. Qadoqlashsanoatida eng ko‘p qo‘llaniladigan polimer plyonkalarning fizik
xossalari 1-jadvalda keltirilgan.
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1-jadval
Qadoglash sanoatida qo‘llaniladigan polimer plyonkalarning fizik xarakteristikasi
No Nomi BOPP PZP
GOST namuna GOST namuna
26996-86 16338-85
1 | Sirt zichligi ps, g/m? 16,38 - 18,20 16,4 20,2 - 29,7 27,61
2 | Zichlik p, kg/m? 920 - 930 820 919 -972,5 920
3 | Nisbiy malekulyar massa M, 25,0-50,0 42,081 20,0 - 40,0 28,05
g/mol
4 | Qalinlik b, mkm - 20 - 30

Aprior ma’lumotlar va dastlabki tadqiqotlar natijalariga asoslanib, tojli razryad bilan
faollashtirish rejimi quyidagicha tanlandi: kuchlanish 10-20 kV, tok chastotasi 20 kGts, razryad
toki 28 dan 80 mA gacha, elektrodlar orasidagi masofa 2 mm [4,6].

Natijalar va ularning muhokamasi. Har ganday jarayonni energetik nugtai nazardan
o‘rganish termodinamikaga asoslanadi [7]. Termodinamika mazkur termodinamik tizimda mavjud
bo‘lgan u yoki bu turdagi energiyaning o‘rtasidagi miqdoriy nisbatlarni belgilaydi.

Termodinamik tizim holatining cheksiz kichik o‘zgarishi holatida quyidagi munosabat
o‘rinli hisoblanadi:

= , (1)
bu yerda — tizimga uzatilgan kichik issiqlik miqdori;
— tizim (polimer)ning ichki cheksiz kichik ortishi;
— tashqi kuchlarga qgarshi bajariladigan elementar ish.

Polimerlar sirtini modifikatsiyalash orgali adgeziya xossalarini keskin yaxshilash magsadida
ularni tojli razryad bilan ishlov berishning energetik tahlilini polimer jismlarning parchalanish
jarayonini umumiy energetik nuqtayi nazardan ko‘rib chiqish maqgsadga muvofiqdir [8,9].

Parchalanish materiali tuzilmasi elementlari o‘rtasidagi ozaro ta’sir kuchlarini yengib o‘tish
jarayoni bo‘lganligi sababli, ushbu jarayonga xos bo‘lgan qonuniyatlar parchalanish tashqi
mexanik, elektr yoki boshqa tabiatga ega kuchlar ta’sirida sodir bo‘lishidan qat’i nazar, umumiy
bo‘lishi lozim. Prinsipial jihatdan muhim jihat shundaki, parchalovchi tashqi kuchlarga issiglik
energiyasi fluktuatsiyalari yordam beradi. Turli tabiatga ega energetik ta’sirlar ostida polimer
jismlarning parchalanishi qgonunlarining umumiyligini, masalan, tojli razryad ta’sirida yuzaga
keladigan polimer parchalanishi misolida ko‘rib chigish mumkin.

Issiglik o‘tishidan farqli ravishda, uning yuzaga kelish ehtimoli katta kuchlanishlar va
kuchlanishning uzoq muddatli ta’siri sharoitida yuqori bo‘ladi. Elektron o‘tish esa qisqa muddatli
yuqori kuchlanish ta’siri va nisbatan past haroratlarda yuzaga kelishi ehtimoli yuqori bo‘lib, bu
holat tojli razryad uchun xosdir. Shunday qilib, elektron o‘tishi jarayonida materialning buzilishi
elektr kuchlari ta’siri ostida sodir bo‘ladi.

Termodinamikaning birinchi gonuniga muvofiq (1), polimer plyonkani tojli razryad bilan
ishlov berishda tashgi kuchlarga qarshi bajariladigan elementar ish 8A polimerlarning
parchalanishini faollashtirish energiyasiga Uo ekvivalentdir (2-jadval). Bu energiya polipropilen
uchun polietilenga nisbatan ikki baravardan ortiq yugori. Shu sababli, tizimga elektrodlar orasidagi
bo‘shliq orqali uzatiladigan issiqlik miqgdorini belgilovchi rejimli parametrning giymati katta
bo‘lishi lozim.Masalan, polietilen plyonkalarni 10 kV kuchlanishli tojli razryad bilan ishlov
berganda bo‘yoq bilan mustahkam adgeziya hosil bo‘lib, yuzaning yaxshi namlanishini kuzatildi
bu esa bosma nusxa sifatining yaxshilanishiga olib keldi [6]. Ammo, 10 kV kuchlanish va unga
mos quvvat polipropilen plyonkasi sirtining bosma bo‘yoq bilan yetarlicha namlanishini
ta’minlamadi. Eksperimental ravishda aniqlanishicha, faqat 12 kV kuchlanish bilan ishlov berish
bosma material yuzasida bo‘yoqning bir xilda tagsimlanishini ta’minladi, bu esa ishlov berilgan
yuzaning yetarli faollashganini ko‘rsatdi.
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Shuni ta’kidlash kerakki, polipropilen plyonkaga ishlov berishda kuchlanishning yuqoriroq
bo‘lishiga sabab bu elementar bo‘g‘in molekulyar massasining kattaroq ekanligidir (1-jadval):
polipropilen uchun — 42,081, polietilen uchun esa — 28,054 kJ/mol.

Birog, bizning fikrimizcha, polimerlarning parchalanishini faollashtirish energiyasi Uo ning
(2-jadval), hamda molekulalararo o‘zaro ta’sir energiyasining katta qiymatga ega ekanligi asosiy
sabab hisoblanadi (kJ/mol) (3-jadval).

2-jadval
Polimerlarning parchalanishini faollashtirish energiyasi Uo, polimer zanjirlarining
uzilish energiyasi Ug hamda kimyoviy bog‘lanishlarning dissosiasiya energiyasi Eq giymatlari

Nomlanishi U, U, Ep
kDj/mol kDj/mol kDj/mol
Polietilen 109 250 345
Polipropilen 234 230 345
Polietilen-tereftalat 222 - 345
3-jadval

Tolali (ip hosil giluvchi) polimerlar tuzilmasining energetik tavsiflari

Zanjirdagi bog‘lanishning Molekulalararo o‘zaro ta’sir energiyasi,
dissotsiatsiya energiyasi, kJ/mol kJ/mol
Nomlanishi Termik Mexanik Kristallitlarda amorf
parchalanish parchalanish gismlarda
Dm Dsol
Polietilen 251-318 250-293 8,4-10,5 0,3-0,37 4,5-5,2
Polipropilen 255-272 230-234 12,5-16,7 0,28-0,37 8,9-12,2
(izotaktik)
Polietilen- 261-287 - 46-61 0,35-0,46 -
tereftalat

Polietilentereftalat (PETF) ning molekulyar massasi 192,16 g/mol ni tashkil etadi, bu esa
tojli razryadlovchi elektrodda kuchlanish Ut ning yanada kattaroq giymatini talab giladi. Buni
molekulalararo o‘zaro ta’sir energiyasi (kJ/mol) bo‘yicha keltirilgan ma’lumotlar ham tasdiqlaydi
(3-jadval): tagqoslanayotgan polimerlar orasida PETF eng yuqori giymatga ega bo‘lib, u 4661
kJd/mol ni tashkil etadi.

Demak, bir xil ishlov berish sharoitlarida (elektrodlar oralig‘i, mm; chastota, kHz;
davomiylik, s) polietilentereftalat yuzasini tojli razryad bilan faollashtirish uchun polipropilenga
nisbatan yanada yugqori tojli razryadlovchi kuchlanish talab etiladi. [3] manbaga ko‘ra, PETF
yuzasini faollashtirish uchun suv asosidagi lateks bo‘yoqlar bilan bosma nusxa olishda Uy = 16 kV
kuchlanishda ishlov berish zarur bo‘lib, bu holat tojli razryadlovchi kuchlanish bilan chop etishga
mo‘ljallangan polimer plyonkalarning energetik holati o‘rtasidagi o‘zaro bog‘liqlikni tasdiglaydi.

Xulosa. Shunday qilib, polimer plyonkalarni tojli razryad bilan ishlov berish— bosma
bo‘yoq bilan kontakt jarayonida adgezion xossalarini yaxshilash uchun sirtni faollashtirishning
samarali usuli bo‘lib, uning tahlili termodinamik yondashuvga asoslanishi lozim. Chunki tojli
razryad yuqori kuchlanishli tojli razryadlovchi elektrod, elektrodlararo bo‘shliq hamda yerga
ulangan dielektrik elektrodda joylashgan polimer plyonkadan iborat termodinamik tizimdagi
energetik o‘zgarishlar bilan tavsiflanadi. Aniqlanishicha, polimer elementar bo‘g‘inining
molekulyar massasidan tashqari, tojli razryadning asosiy rejimli parametri — tojli razryadlovchi
kuchlanish Ui ga energetik tavsiflar sezilarli ta’sir ko‘rsatadi. Bular jumlasiga faollashtirish
energiyasi Uo, polimer zanjirlarining uzilish energiyasi Up hamda molekulalararo o‘zaro ta’sir
energiyasi (kJ/mol) kiradi.
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Annotatsiya: Mazkur maqolada keng imkoniyatlarga ega zamonaviy tikuv mashinalarida
qo ‘llaniladigan asosiy mexanizmlarning ishlash prinsiplari tahlil gilinadi. Xususan, igna harakat mexanizmi,
ip tortish tizimi, matoni surish mexanizmi hamda ilgak qurilmasining o ‘zaro uyg’un ishlashi yoritib
beriladi. Tadgiqot davomida ushbu mexanizmlarning konstruktiv tuzilishi, ularning harakat uzatish zanjiri
va tikuv jarayonidagi funksional ahamiyati ilmiy asosda bayon etiladi. Shuningdek, zamonaviy
avtomatlashtirilgan va elektron boshqgaruv tizimlarining tikuv mashinalari samaradorligini oshirishdagi roli
ko ‘rib chigiladi. Maqola natijalari tikuv texnikasini o ‘rganayotgan mutaxassislar, talabalar hamda ishlab
chiqarish sohasida faoliyat yuritayotgan muhandislar uchun foydali bo ‘lishi mumkin.

Tayanch so“zlar: tikuv mashinasi, mexanizm, igna harakati, ilgak tizimi, ip tortish mexanizmi, matoni
surish, tikuv jarayoni, avtomatlashtirish, elektron boshgaruv, konstruktiv tuzilma, sanoat tikuv mashinalar.

Almomauuﬂ: B oannou cmamove paccmampuearonicia npuHyunvl pa6ombz OCHOBHbIX MEXAHU3MOB
COBPEMEHHBIX MHOZOd)yHKL;MOHaJZbelx weennvix mawun. Ocoboe eHumanue ydeﬂeuo maxkum ysuiam, Kakx
MEXAHUIM OBUNCEHUS ueisl, cucmema HAmAMNCeHUs HUmu, mMexaHu3sm npO@GquCeHM}Z MKAHU U 4YellHO4YHoe
YCmpoUucmeo, a makdce UX B3AUMOCBA3AHHOU pabome. B xode uccredosanus —ananuzupyromcs
KOHCmMpPYKmueHbvle ocobenHoCcmu OaHHbIX MEXAHU3IMOB, nepedaqa OBUIICEHUSL U UX d)yHKL;MOHaJZbHaﬂ poJsib 6
npoyecce uiunivsl. KpOMe moeco, oceewyaemcs 3Ha4erue asmomamusupoO6aHiblx U IJIEKMPOHRHbIX CUCmem
ynpaejieHus 6 n06blULEHUU aqbqbexmueﬂocmu WBEUHBIX MAUIUH. P€3y]lbmal11bl cmamvu mocym OblmMb nose3nsvl
cneyuaiucmam, cmydenm(m U uUHIICEeHepam, pa60mai0u;ww 8 001aCMU WEEUHO20 np0u360()cm6a.

Knrwueevie cnoea: weeiinas MAWMUHA, MEXAHU3M, osudKceHue uecivl, 4YejiIHOoO4YHOoEe yCWlpOleWl@O,
Hamsdicenue Humu, mpaHcnopmep miKAalhu, npoyecc uiumosi, asmomamusayus, 3J1€KMpPOHHOe Ynpdaejlenue,
KOHCMPYKYUs, npomMvlulilieHHble wieelinble MAuiuHbl

Abstract: This article examines the operating principles of the main mechanisms in modern
multifunctional sewing machines. Particular attention is given to components such as the needle movement
mechanism, thread tension system, fabric feed mechanism (feed dog), and shuttle device, as well as their
coordinated interaction. The study analyzes the structural design of these mechanisms, motion transmission,
and their functional role in the sewing process. Additionally, the role of automated and electronic control
systems in improving the efficiency of sewing machines is discussed. The results of the article may be useful
for specialists, students, and engineers working in the field of sewing technology and production.

Keywords: sewing machine, mechanism, needle movement, shuttle system, thread tension, fabric feed,
sewing process, automation, electronic control, structural design, industrial sewing machines.

Kirish
Tikuv sanoati yengil sanoatning muhim tarmogqlaridan biri bo‘lib, unda qo‘llaniladigan
texnika va texnologiyalarning takomillashuvi ishlab chigarish samaradorligini oshirishda muhim
ahamiyat kasb etadi. Aynigsa, keng imkoniyatlarga ega zamonaviy tikuv mashinalarining yaratilishi
tikuv jarayonini avtomatlashtirish, mahsulot sifatini yaxshilash va ishlab chigarish tezligini
oshirishga xizmat gilmoqda.
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Bunday mashinalarda turli xil mexanizmlar o‘zaro bog’liq holda ishlaydi va ularning har biri
tikuv jarayonida muhim vazifani bajaradi. Igna mexanizimi, ip tortish mexanizmi, mokKi
mexanizmi, matoni surish mexanizmi hamda lapka mexanizmi qurilmasi birgalikda ishlashi
natijasida sifatli tikuv hosil gilinadi. Ushbu mexanizmlarning ishlash prinsiplari va konstruktiv
xususiyatlarini o‘rganish tikuv mashinalaridan samarali foydalanish imkonini beradi.

Nazariy qgism.

Igna mexanizmi buyumlarni teshib o‘tish, unga yuqorigi ipni o‘tkazish va ipdan solqi (xalga) hosil
gilish vazifasini bajaradi.
1022-M sinf mashinasini igna mexanizmi: Bu mashinada krivoship-shatun tipli igna mexanizmi
qo‘llanilgan bo‘lib, u quyidagicha tuzilgan. Ikki yumalash podshipnigiga bosh val erkin
joylashtirilgan bo‘lib, uning o‘ng tarafiga shkiv (maxovik, gardish) kiygazilgan va ikki gadaluvchi
vint yordamida maxkamlangan. Bosh valni chap tarafiga bir joylashtiruvchi vint yordamida
krivoship maxkamlangan. Krivoshipga ikki elkali barmoqcha kiygazilib, u ikki vint yordamida
maxkamlangan. Ikki elkali barmoqchani tashqi elkasiga shatunni ignali podshipnigi bo‘lgan
yuqorigi boshi kiygazilgan va chap rezbali vint bilan barmoqga erkin maxkamlangan.

Shatunning pastki boshi
) orqali xomutikni  barmog’i

o‘tkazilgan, uning oxiriga
vertikal yo‘naltirgich ichidagi
sirpangich kiygazilgan.

Xomutning teshigi  va ikki
vertikal yo‘naltirgich orqali ichi
bo‘sh igna yuritgich o‘tkazilgan
va tortuvchi vint yordamida
xomutga maxkamlangan. Igna
yuritgichni pastiga o‘qi bo‘ylab
teshilgan ariqchaga igna kolbasi
kirgazilgan va gadaluvchi vint
yordamida maxkamlangan.

Bosh val aylanganda

1.Rasmda: 1. Bosh val. 2. YUmalash podshipniklari. 3. Shkiv.

4. Krivoship. 5. Ikki elkali barmogcha. 6. Ignali podshipniklar. krivoshi_p ikki elka_‘" barm_oq
7. Shatun. 8. Xomut barmog‘i. 9. Sirpangich. yordamida shatunni  yuqorigi
10. Vertikal yo‘naltirgich. 11. Igna yuritgich (igna sterjeni). boshini yuqoriga ko‘tarsa uning

12. Tortuvchi vint.

L . pastki boshi igna yuritgichni ham
13. Yo‘naltirilgichlar. 14. Igna. 15. Qadaluvchi vint.

yugoriga tortadi, bunda igna
materialdan chigadi, aksincha
krivoship barmoqcha yordamida

shatunni yuqgorigi boshini pastga

bossa, uning pastgi boshi ham

pastga bosiladi va 0°z navbatida u

\ xomut yordamida igna
w@ yuritgichni pastga bosadi,
natijada igna materialni teshib

o‘tadi. Demak, bosh valning
aylanma xarakati krivoship va

shatun yordamida igna

yuritgichni ilgarilama-gaytma

xarakat gilishiga olib kelar ekan..
Krivoship-koromislali ip tortgich mexanizmi sxemasi: Ig.na _mexanlzmldggl
1. Krivoship. 2. Ikki elkali barmog. SQZIaShIar' Ig.nam MOk bumlga}
3. Ip tortgich richagi. 4. Ko‘zcha. 5. Koromislo. nisbatan vertikal bo‘ylab xolati
6. 0°q. 7. Ip tortgich ko‘zchasi traektoriyasi. 12 vintni bo‘shatilib. 11 igna
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yuritgichni yuqoriga yoki pastga surish yo‘li bilan amalga oshiriladi, bunda igna eng pastki xolatga
kelganda uning ko‘zchasini yarimi Qalchak ushlangich devoridan ko‘rinib turishi kerak. Agar
ko‘rinmasa mashina tikmaydi (igna yuritgichni pastga tushirish kerak), to‘liq ko‘rinsa igna sinadi
hamda mashina tashlab-tashlab tikadi (igna yuritgichni yuqoriga ko‘tarish kerak).
Ip tortgich mexanizmlari igna

materalni teshib o‘tayotganda va moki
} solgini ilib kengaytirayotganda ularga ipni

uzatib berish, igna materialdagi chigib u
surilayotganda chokni tortib mustaxkamlash
vazifalarini bajaradi.
1022, 1022-M, 25, 26, 27 va boshqga
mashinalarda sekin ipni uzatib berib, tez uni
tortib chokli mustaxkamlovchi krivoship-
koromislo tipli ip tortgich mexanizmi
ishlatiladi. Bir ipli zanjirli 28, 222, 2222 sinf
hamda ikki ipli va uch ipli zanjirli M-12,
237, 51, 51-A, 208, 976 sinf mashinalarida
richagli ip tortgich moslamasi ishlatiladi.
Kulachokli ip tortgich mexanizmi mashinani tezligi 1500 ayl/min dan kam bo‘lgan mashinalarda
ishlatiladi, ko‘pincha uy mashinalarida. Uning konstruksiyasida oliy kinematik juft bo‘lib, u
shovqin bilan ishlaydi hamda tez giziydi. Bu xol uni ishlash muddatini cheklaydi.

Krivoship-koromislo tipli ip tortgich mexanizmlari tezligi 1500-5000 ayl/min atrofida
bo‘lgan mashinalarda ishlatilib, u eng ko‘p targalgan mexanizmlardandir.

Krivoship-kulisa tipli ip tortgich mexanizmlari tezligi 2500-3500 ayl/min hamda mokisi gorizontal
tekislikka parallel tekislikda aylanuvchi mashinalarda ishlatiladi.

Ba’zi tezligi 5000 ayl/min va undan yuqori bo‘lgan mashinalarda aylanuvchi gardishsifat ip
tortgich moslamasi qo‘llaniladi.

Richagli ip tortgich moslamalari
asosan juda sodda bo‘lib, u igna
yuritgichga maxkamlangan bir detal -
richagdan tashkil topgan.

Har bir tikuv mashinasidagi moki
mexanizmlari asosiy mexanizmlardan
hisoblanib, ular ignani kalta arigchasi
tarafda hosil bo‘lgan solqini ilib olish
bilan birga, uni kengaytirib o‘zlarini
g‘altaklaridagi ip atrofida aylantirib u
bilan chalishtirish vazifasini bajaradilar.

1022 sinf mashinasini moki mexanizmi sxemasi: 1. Bosh val.
2,3,5,6 - konik shesternyalar. 4. Vertikal val. 7. Moki vali.
8. Moki. 9. Qadaluvchi vintlar. 10. Moki burni.

1022 sinf mashinasini mokki
mexanizmi: Moki mexanizmlari
markaziy g al!:akh, nom_arl_<a21y g altakli, Tishli reykani vertikal yo‘nalish bo‘ylab xarakat gilish uzeli:
har_ndf'Jl vertikal te_k'S“kka Para“el Bosh val 1 ni aylanishida 1 ekssentrikni katta radiusi yuqoriga
tekislikda aylanuvchi va gorizontal ko‘tarilsa, u shatun 3 yordamida 4 koromisloni soat strelkasi
tekislikka parallel tekislikda aylanuvchi bo‘ylab buradi, natijada 6 ko‘tarish vali 8 ko‘tarish koromislosi
turlarga bo‘linadilar. SHuningdek, o‘zining 10 roliki yordamida 11 ayrisimon richagni yuqoriga

buralma-gaytma xarakat giluvchi moki
mexanizmlari xam ma’lum.

1022 sinf mashinasidagi mexanizmda
mokiga bosh valdan tishli ilashmalar
orqali xarakat uzatish ko‘zda tutilgan, bu
xol mexanizmni ancha shovqin sharoitida
ishlashiga sabab bo‘ladi.

ko‘taradi, bunda 12 tishli reyka ham yuqoriga ko‘tariladi va
buyumni ko‘taradi. Aksincha, 1 ekssentrikni katta radiusi rasmda
ko‘rsatilgan xolga kelsa, shatun 3 koromislo 4 ni soat strelkasiga
garshi buradi, u 0z navbatida 6 valni va 8 oldingi koromisloni
soat strelkasiga teskari yo‘nalishga burib 10 rolik va 11
ayrisimon richag orqali 12 tishli reykani pastga tushiradi. Bunda
tishli reyka 12 igna plastinasi o‘yig‘idan pastga tushadi,bunda
material igna tomonidan teshib o‘tilayotgan bo‘ladi.
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1022-M, 97-A, 862 sinf mashinalarida mokiga xarakat bosh valdan tishli tasmalar orgali
uzatiladi, bu shovqinni ancha kamayishiga sabab bo‘ladi, ammo tasmalarning cho‘zilishga
ishlashligi sababli, gohida ular solqi holga kelsa, ularni tez almashtirish kerak bo‘ladi
Bundan tashgari 97-A sinf mashinasida mashinadagi xamma ishqalanuvchi bo‘g‘inlarga,
shuningdek mokiga xam avtomatik ravishda moy uzatuvchi nasos sistemasi ishlatilgan. Bu
detallarni gizishini oldini oladi, ularni ishlash muddatini oshiradi, shovginni kamayishiga sabab
bo‘ladi. Bu mexanizmlar igna va moki iplari chalishgandan xamda chok mustahkamlangandan
so‘ng buyumni bir chok qadamiga surish vazifasini bajaradi.1022 sinf mashinasida buyumni surish
igna materialdan chiqqanidan so‘ng boshlansa, 862 sinf mashinasida buyumni surish igna materialni
teshib o‘tgach boshlanadi.

1022 sinf mashinasini surish mexanizmi: 1022-sinf tikuv mashinasida matoni surish mexanizmi
odatda tishli reyka va bosuvchi oyoqcha yordamida ishlaydi. Bu mexanizm matoni igna ostidan
ma’lum gadam bilan oldinga siljitib, chokning bir xil uzunlikda hosil bo‘lishini ta’minlaydi.
Harakat odatda elliptik (oval) trayektoriya bo‘yicha amalga oshadi: yuqoriga chiqish — oldinga
siljish — pastga tushish — orqaga qaytish.

1022-sinf tikuv mashinasining surish mexanizmi oddiy, ishonchli va ishlab chigarish uchun qulay
hisoblanadi. U ko‘p turdagi matolar bilan samarali ishlaydi, ammo zamonaviy tizimlarga nisbatan
ayrim cheklovlarga ega. Shu sababli, uni to‘g‘ri sozlash va texnik xizmat ko‘rsatish yuqori sifatli
tikuv olishda muhim ahamiyatga ega.

Lapka mexanizmi tikuv mashinasining asosiy ishchi qismlaridan biri bo‘lib, uning vazifasi
matoni igna plastinasi ustida mahkam bosib turishdan iborat. Bu mexanizm matoning tikuv
jarayonida siljib ketmasligini ta’minlaydi va chokning sifatli chiqishiga yordam beradi.

Lapka odatda transportyor (tishli reyka) bilan birgalikda ishlaydi. Transportyor matoni oldinga
suradi, lapka esa uni pastga bosib, nazorat ostida ushlab turadi.
1022 sinf mashinasini lapka mexanizmi: Lapka (bosuvchi oyogcha) mexanizmi tikuv
mashinasining muhim ishchi gismlaridan biri bo‘lib, u matoni igna plastinasi ustida mahkam bosib
turish vazifasini bajaradi. 1022-sinf mashinasida lapka mexanizmi prujina (spring) yordamida
pastga bosim beradi va matoning tikuv jarayonida siljib ketmasligini ta’minlaydi.
Lapka mexanizmi quyidagi asosiy gismlardan tashkil topadi:

e bosuvchi oyoqcha (lapka),

o lapka shtangi (tayanch sterjen),

e bosim beruvchi prujina,

o ko‘tarish-tushirish richagi (lever).
Mexanizm ish jarayonida matoni transportyor (tishli reyka) bilan birgalikda ushlab turadi va bir
tekis harakatlanishiga yordam beradi.
Lapka matoni igna plastinasiga bosib turadi, shu bilan birga transportyor tishlari matoni oldinga
suradi. Tikuv boshlanishidan oldin operator lapkani pastga tushiradi, bu esa matoni mahkamlab
beradi. Tikuv tugagach yoki matoni almashtirish kerak bo‘lganda lapka yuqoriga ko‘tariladi.
Bosim kuchi maxsus sozlagich yordamida o‘zgartirilishi mumkin, bu esa turli galinlikdagi matolar
bilan ishlash imkonini beradi.
1022-sinf tikuv mashinasining lapka mexanizmi sodda, samarali va ishonchli hisoblanadi. U matoni
bargaror ushlab turish orgali sifatli tikuv hosil gilishda muhim rol o‘ynaydi. Biroq, yuqori sifatga
erishish uchun bosimni to‘g‘ri sozlash va mexanizmga muntazam texnik xizmat ko‘rsatish zarur.

Xulosa
Xulosa qilib aytganda, keng imkoniyatli tikuv mashinalarida qo‘llaniladigan mexanizmlar

o‘zaro uzviy bog‘liq holda ishlaydi va tikuv jarayonining sifatini hamda unumdorligini belgilab
beradi. Igna mexanizmi, ip tortish tizimi, transportyor, lapka va shuttle qurilmasining
muvofiglashtirilgan ishlashi natijasida sifatli va mustahkam chok hosil gilinadi. Ushbu
mexanizmlarning ishlash prinsiplari va konstruktiv xususiyatlarini chuqur o‘rganish tikuv
mashinalaridan samarali foydalanish, nosozliklarni oldini olish va ishlab chigarish samaradorligini
oshirish imkonini beradi.
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Shu bilan birga, zamonaviy tikuv mashinalarida avtomatlashtirish va elektron boshgaruv
tizimlarining joriy etilishi inson omilini kamaytirib, ish anigligi va tezligini yanada oshirmoqgda.
Kelgusida ushbu mexanizmlarni yanada takomillashtirish orqgali tikuv sanoatida yuqori sifat va
samaradorlikka erishish mumkin.
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NEFT VA GAZNI QAYTA ISHLASH SANOATIDA ISSIQLIK ALMASHINISH
JARAYONINING DOLZARB MUAMMOLARI
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Annotatsiya. Ushbu maqolada neft va gazni qayta ishlash sanoatida issiglik almashinish
jarayonlarining hozirgi holati va ularni amalga oshirish jarayonida yuzaga kelayotgan dolzarb muammolar
tahlil gilingan. Issiqlik almashtirgichlarning texnologik jarayonlardagi o ‘rni, ularning samaradorligiga
ta’sir etuvchi asosiy omillar, jumladan cho’kma hosil bo’lish (Haxunobpasoeus) va korroziya hodisalari,
issiglik uzatish koeffitsientining pasayishi hamda energiya yo ‘qotishlari ilmiy jihatdan asoslab berilgan.
Shuningdek, tahlil natijalari neft va gazni gayta ishlash korxonalarida energiya samaradorligini oshirish,
ishlab chigarish tannarxini kamaytirish va ekspluatatsion ishonchlilikni ta’minlashga qaratilgan amaliy
tavsiyalar ishlab chigish imkonini beradi.

Tayanch so‘zlar: neft va gaz, issiqlik almashinish jarayoni, energiya samaradorligi, cho’kma hosil
bo’lish (Haxunobpazosus), korroziya, issiqlik uzatish koeffitsienti

Armomauu;l. B oannou cmamove npoanalusupoBano COBPEMEHHOE COCMOAHUe npoyeccos
menﬂ006M€Ha 6 Hequeea30nepepa6amblearomeﬁ npomMbslulieHHoCmu, a makxkoice axKkmydajbhble np06ﬂ€Mbl,
6O3HUKaowiue 6 npoyecce ux peaiuzayuu. Haylmo obocrosana PpPOJb Menio0OMeHHUKOG 8 MEXHON02UYECKUX
npoyeccax u paccmompeHbl OCHOBHblE ¢al<‘m0pbl, siaudrowue Ha ux 3(])¢ekmueﬁocmb, 6 mom yvucie
00paszosanue OMAONCEHUU (HaKuneoopasosauue), KOppPO3UOHHbIE NPOYECChbl, CHUdICEHUe Kodpguyuenma
menﬂonepe()alm u nomepu ISHepcUlU. Pesyjzbmamw anaiuza no360JIAI0m pa3pa60mamb npakmu4eckue
peKOMeH()aL;uu, HanpaesjleHHbvle HA nosvluierHue 3H€p2€mu'{€CK01/7 sqbqbekmueﬂocmu, CHUJICEeHUEe
cebecmoumocmuy npooyKyuu u obecnevenue 3SKCNAYAMAYUOHHOU HAOEHCHOCU HA Npeonpusmusix no
nepepabomke Hedbmu u 2aza.

Knrouesvle cnoea: mepmv u 2az, npoyecc menioodOMena, IHepeemuyeckas I@P@exmusHocmo,
HaKuneoobpazosauue, KOpposus, Kodpouyuenm menionepedasu

Abstract. This paper analyzes the current state of heat transfer processes in the oil and gas processing
industry and examines the urgent problems arising during their implementation. The role of heat exchangers
in technological processes is scientifically substantiated, and the main factors affecting their efficiency are
considered, including deposit formation (scale formation), corrosion phenomena, reduction of the heat
transfer coefficient, and energy losses. The results of the analysis make it possible to develop practical
recommendations aimed at improving energy efficiency, reducing production costs, and ensuring
operational reliability at oil and gas processing enterprises.
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Keywords: oil and gas, heat transfer process, energy efficiency, scale formation, corrosion, heat
transfer coefficient.

Neft va gazni gayta ishlash sanoati global miqyosda eng yirik va strategik ahamiyatga ega
bo‘lgan sanoat tarmoqlaridan biri hisoblanadi. Ushbu soha jahon energiya balansining asosiy
gismini ta’minlabgina qolmay, balki kimyo, energetika, transport va qurilish kabi ko‘plab
tarmoqlarning barqaror faoliyat yuritishida hal qiluvchi rol o‘ynaydi. Neft va gazni gayta ishlash
jarayonlari murakkab texnologik zanjirdan iborat bo‘lib, ularning deyarli barcha bosqichlarida
issiglik almashinish jarayonlari asosiy o‘rin egallaydi [1-4].

Texnologik jarayonlarda xomashyoni  qizdirish, fraksiyalarga ajratish, sovitish,
kondensatsiyalash va reaksiya muhitining optimal haroratini saglash issiglik almashtirgichlar
yordamida amalga oshiriladi. Shu sababli issiglik almashinish jarayonlarining samaradorligi ishlab
chigarish quvvati, mahsulot sifati, energiya sarfi va ekologik xavfsizlik ko‘rsatkichlariga bevosita
ta’sir ko‘rsatadi. Zamonaviy sharoitda energiya resurslarining gimmatlashuvi va atrof-muhitga
bo‘lgan talablarning keskin kuchayishi issiqlik almashinish jarayonlarini chuqur ilmiy tahlil qilishni
talab etmoqda [2,5].

Ma’lumki, neft va gazni gayta ishlash sanoati yuqori energiya talab qiluvchi sohalar qatoriga
kiradi. Statistik ma’lumotlarga ko‘ra, neftni qayta ishlash zavodlarida umumiy energiya sarfining
40-60 foizi issiqlik jarayonlariga to‘g‘ri keladi. Ushbu energiyaning sezilarli gismi issiglik
almashtirgichlar orqali uzatiladi. Shu bois issiglik almashinish samaradorligini oshirish orgali
korxonalarda energiya tejamkorlikka erishish va ishlab chigarish tannarxini kamaytirish imkoniyati
mavjud.

Biroq amaliyot shuni ko‘rsatadiki, issiqlik almashtirgichlar uzoq muddatli ekspluatatsiya
jarayonida bir gator jiddiy muammolarga duch keladi. Jumladan, issiglik almashinish yuzalarida
cho’kma hosil bo’lishi (cho‘kma hosil bo‘lishi), agressiv komponentlar ta’sirida korroziya
jarayonlarining kuchayishi, ogim rejimining buzilishi va issiglik uzatish koeffitsientining pasayishi
kuzatiladi. Ushbu holatlar nafagat uskunaning samaradorligini kamaytiradi, balki avariya xavfini
oshirib, rejalashtirilmagan to‘xtashlarga va iqtisodiy yo‘qotishlarga olib keladi.

Shuningdek, ko‘plab neft-gaz korxonalarida hali ham eskirgan issiglik almashinish
uskunalaridan foydalanilishi, issiqlik izolyatsiyasining yetarli darajada ta’minlanmaganligi va
zamonaviy boshgaruv tizimlarining joriy etilmaganligi energiya yo‘qotishlarining ortishiga sabab
bo‘lmoqda. Bu esa bugungi kunda dolzarb bo‘lgan energiya samaradorligi va ekologik barqarorlik
masalalarini yanada keskinlashtiradi.

So‘nggi yillarda issiqlik almashinish jarayonlarini takomillashtirish bo‘yicha ko‘plab ilmiy
tadqiqotlar olib borilmogda. Jumladan, yangi konstruksiyadagi issiglik almashtirgichlarni yaratish,
mikrokanalli va kompakt issiqlik almashtirgichlardan foydalanish, cho’kma hosil bo’lishiga qarshi
goplamalar ishlab chigish hamda jarayonlarni ragamli modellashtirish Aspen HYSYS, ANSYS
asosida optimallashtirish kabi yo‘nalishlar alohida ahamiyat kasb etmoqda.

Shularni inobatga olib, neft va gazni gayta ishlash sanoatida issiglik almashinish jarayonlarida
uchraydigan dolzarb muammolarni tizimli ravishda tahlil qgilish, ularning kelib chigish sabablari va
ishlab chiqarish samaradorligiga ta’sirini aniqlash hamda zamonaviy ilmiy-texnik yechimlar asosida
ularni bartaraf etish yo‘llarini ko‘rsatib berish asosiy maqgsad sanaladi.

Neft va gazni gayta ishlash sanoatida issiglik almashtirgichlar texnologik jarayonlarning
uzluksiz va barqaror ishlashini ta’minlovchi asosiy qurilmalardan biri hisoblanadi. Xom neftni
dastlabki gizdirish, fraksiyalarga ajratish, rektifikatsiya kolonnalari uchun xomashyo tayyorlash,
mahsulotlarni sovitish va kondensatsiyalash jarayonlari issiglik almashinish qurilmalarisiz amalga
oshirilishi mumkin emas. Shu sababli issiglik almashtirgichlar ishlab chigarish samaradorligi va
mahsulot sifatiga bevosita ta’sir ko‘rsatadi.

Amaliyotda eng keng qo‘llaniladigan issiqlik almashtirgichlar qobiq-quvurli qurilmalar
bo‘lib, ular yuqori bosim va harorat sharoitida ishonchli ishlashi bilan ajralib turadi. Plastinali
issiglik almashtirgichlar esa kompaktligi va yuqori issiglik uzatish koeffitsienti bilan farglanadi,
biroq agressiv mubhitlarda ularning qo‘llanilishi cheklangan. Havoli sovitish qurilmalari suv
resurslari cheklangan hududlarda muhim ahamiyat kasb etadi. So‘nggi yillarda mikrokanalli va
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kompakt issiglik almashtirgichlar energiya samaradorligi nuqtayi nazaridan istigbolli yo‘nalish
sifatida garalmoqda.

1-rasm. Issiglik almashinish qurilmalarining ayrim turlari.

Issiqlik almashtirgichlar yuzasida cho‘kma hosil bo‘lishi, neft va gaz sanoatidagi eng dolzarb
muammolardan biridir. Neft tarkibidagi parafinlar, asfaltenlar, mexanik aralashmalar, shuningdek,
tuz va korroziya mahsulotlari issiglik almashinish yuzalarida gatlam hosil gil adi. Ushbu gatlam
issiqlik o‘tkazuvchanligi past bo‘lgani sababli umumiy issiqlik uzatish koeffitsientining keskin
kamayishiga olib keladi.

. ." ’! VV ey
B, SRR

2-rasm. Issiqlik almashinish Jarayonia qu.vurlarda okmaning osi
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Cho’kma hosil bo’lishi natijasida issiglik almashtirgichning gidravlik garshiligi oshadi, ogim
tezligi kamayadi va energiya sarfi ortadi. Professor O. Ismailovning amaliy tadgigotlar shuni
ko‘rsatadiki, cho’kma hosil bo’lishi tufayli issiqlik almashtirgichlarning samaradorligi 20-50
foizgacha pasayishi mumkin. Bu holat tez-tez texnologik to‘xtashlarga va tozalash ishlariga ehtiyoj
tug‘diradi [6].
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Neft va gazni gayta ishlash jarayonlarida ishlatiladigan muhitlar ko‘pincha agressiv
xususiyatga ega bo‘lib, issiglik almashtirgichlar materiallarining korroziyaga uchrashiga sabab
bo‘ladi. Aynigsa, H2S, CO:, suv bug‘i va xlorid ionlari mavjudligi yuqori harorat sharoitida
korroziya jarayonlarini tezlashtiradi.

Korroziya issiglik almashtirgichning devor qgalinligini kamaytiradi, mexanik mustahkamligini
pasaytiradi va ogibatda sizib chigishlar yoki avariya holatlarini keltirib chigaradi. Bu esa ishlab
chiqgarish xavfsizligiga jiddiy tahdid soladi. Korroziyaga garshi gotishmalar, maxsus goplamalar va
ingibitorlardan foydalanish ushbu muammoni kamaytirishning asosiy yo‘llaridan hisoblanadi.

Issiglik almashinish jarayonlaridagi muhim muammolardan biri energiya yo‘qotishlarining
yuqoriligidir. Issiqlik izolyatsiyasining yetarli darajada bo‘lmasligi, eskirgan uskunalar va noto‘g‘ri
ekspluatatsiya sharoitlari katta migdorda foydasiz issiqlik yo‘qotilishiga olib keladi.

Energiya yo‘qotishlari nafaqat iqtisodiy zarar keltiradi, balki atrof-muhitga chiqariladigan
issigxona gazlari miqdorini ham oshiradi. Shu sababli issiglikni gayta tiklash tizimlarini (heat
recovery) joriy etish va integratsiyalashgan issiglik almashinish tarmoglarini yaratish bugungi
kunda dolzarb vazifa hisoblanadi.

Zamonaviy hisoblash texnologiyalari issiglik almashinish jarayonlarini chuqur tahlil gilish va
optimallashtirish imkonini bermogda. CFD modellashtirish usullari yordamida ogim tuzilmasi,
harorat maydonlari va issiglik uzatish intensivligini aniglash mumkin.

Aspen HYSYS, Aspen Plus va ANSYS kabi dasturiy vositalar yordamida issiglik
almashtirgichlarni loyihalash, ularning ish rejimlarini tanlash va samaradorligini oshirish mumekin.
Ushbu yondashuvlar amaliy tajribalar sonini kamaytirib, vaqt va moliyaviy resurslarni tejash
imkonini beradi.
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Umuman olganda, tadgiqot davomida neft va gazni qayta ishlash sanoatida issiglik
almashinish jarayonlarining texnologik, energetik va ekspluatatsion jihatlari har tomonlama tahlil
gilindi. Tadgiqot natijalari issiglik almashtirgichlarning samarali ishlashi mazkur sanoat
tarmog‘ining energiya samaradorligi, ishlab chiqarish barqarorligi va iqtisodiy ko‘rsatkichlariga
bevosita ta’sir ko rsatishini tasdigladi.

Nazariy tahlillar asosida aniglanishicha, issiqlik almashinish jarayonlarining samaradorligi
issiglik uzatish yuzalarining holati, ogim rejimi hamda ishlovchi muhitning fizik-kimyoviy
xossalari bilan chambarchas bog‘liq. Cho’kma hosil bo’lishi va korroziya jarayonlari issiglik
uzatish koeffitsientining pasayishiga, gidravlik garshilikning ortishiga va uskunaning ekspluatatsion
ishonchliligining kamayishiga olib keluvchi asosiy omillar sifatida belgilandi. Ushbu holatlar uzoq
muddatli ekspluatatsiya jarayonida energiya yo‘qotishlarining sezilarli darajada oshishiga sabab
bo‘ladi.
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Amaliy jihatdan olib borilgan tahlillar shuni ko‘rsatdiki, neft va gazni qayta ishlash
korxonalarida issiglik almashinish jarayonlarini takomillashtirish orqgali katta energiya tejash
imkoniyatlari mavjud. Cho’kma hosil bo’lishiga qarshi profilaktik choralarni qo‘llash, korroziyaga
chidamli materiallar va himoya qoplamalaridan foydalanish, issiglik izolyatsiyasini yaxshilash
hamda issiglikni gayta tiklash tizimlarini joriy etish orgali issiglik almashtirgichlarning umumiy
samaradorligini oshirish mumkin.

Shuningdek, zamonaviy hisoblash va modellashtirish usullaridan, jumladan Aspen HYSYS va
ANSYS dasturiy vositalaridan foydalanish issiglik almashinish jarayonlarini chuqur tahlil gilish,
optimal konstruktiv va ishchi parametrlarni aniglash hamda loyihalash va modernizatsiya
jarayonlarida ilmiy asoslangan garorlar gabul gilish imkonini beradi.

Xulosa qilib aytish mumkinki, neft va gazni gayta ishlash sanoatida issiglik almashinish
jarayonlarini ilmiy asosda takomillashtirish energiya tejamkor texnologiyalarni joriy etish, ishlab
chigarish tannarxini kamaytirish va atrof-muhitga salbiy ta’sirni qisqartirishda muhim ahamiyat
kasb etadi. Mazkur xulosa kelgusida issiglik almashtirgichlarni loyihalash, modernizatsiya qilish va
ularning ekspluatatsiya samaradorligini oshirishga garatilgan ilmiy tadgigotlar uchun mustahkam
nazariy va amaliy asos bo‘lib xizmat qiladi.
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JINLASHDAN KEYIN CHIGITNI TOZALASH VA QOLDIQ TOLADORLIGI YUQORI
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Annotatsiya. Ushbu maqgolada jinlashdan keyin hosil bo ‘Igan chigit massasini linterlashdan oldin
tozalash va qoldiq toladorligi yuqgori bo ‘lgan chigitlarni alohida ajratishning dolzarbligi ilmiy jihatdan
asoslanadi. Tadqgiqotda paxta namligi va iflosligi o ‘zgarishi chigit sifatiga, xususan, chigit namligi, iflosligi
hamda qoldiq toladorlik miqdoriga ta’sir qilishi tajriba asosida ko ‘rsatib berilgan. Farg‘ona viloyati
“Rishton” paxta tozalash korxonasida olib borilgan kuzatuv va tahlillar natijasida paxta namligi 7,5-12,0 %
oralig ‘ida oshganda chigitda qoladigan tola migdori 0,54 % dan 1,25 % gacha ortishi aniglangan. Bu holat
ishlab chigarishda katta tola yo ‘qotishlariga va igtisodiy zararga olib kelishi hisob-kitoblar bilan
isbotlangan. Shuningdek, mavjud tozalash texnologiyalarida mexanik ta’sir yuqoriligi sababli chigitning
maydalanishi va ifloslanishi ortishi muammolari keltirilgan. Natijada chigitni zarar yetkazmasdan, havo
ogimi asosida saralash va yuqori tolador chigitlarni ajratishga mo ‘ljallangan maxsus uskunani ishlab
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MEXAHHKA

chiqish zarurligi asoslab berilgan.

Tayanch so‘zlar: Chigit, linterlash, goldiq toladorlik, havo ogimi, separatsiya, chigit tozalash,
jinlash, paxta namligi, paxta iflosligi, fraksiyalarga ajratish, igtisodiy yo ‘qotish, mexanik ta ’sir.

Almomauml. B oannon cmamve HAY4YHO obocrosana aAKmyalbHOCnMb OHYUCMKU CEMAH X10NKa,
o6pa3y}0u4uxc,q nocie dofcuHupoeanz, 00 JUHmMeposarnus, a makxoice OMOENbHO20 BbIOCICHUS CEMAH C
8bICOKOU OCMAMOYHOU GONOKHUCmMOocmblo. B ucmeaoeaﬂuu HA SKC}’lepuMEHmaﬂbHOﬁ OCHO6€ nNnoOKa3dHOo
6NIUAHUE USMEHEHUA 61ax@CHoCmu u SQZP}ZSHéHHOCmu XJIONKa Ha Kadvecmeo CemMAH, 6 4YacmHocmu HdA
GIAJNCHOCM Db, 3a2p}l3HéHHOCWlb U KOJIU4ecmeo OCmamoyHol 60A0KHUCIOCTU. Bpe3yﬂbmame HabmooeHull u
AHAIU3086, npOGeOéHHblx HA  XJIONKOOYUCMUMENbHOM 3a800€¢  «Puwmony (DepzaHCKOd 06Jzacmu,
YCMAHOBIEHO, 4MO NpU YEeIUYeHUU GIANCHOCMU XNonKa 6 npedenax 7,5—12,0 % konuuecmeo G010KHa,
ocmarowezocs Ha cemerax, eospacmaem om 0,54 % 0o 1,25 %. Omom ¢paxm noomeepxcoén pacuémamu,
nokasvlearowiumMu 3navumeslibHvle nomepu 60J10KHA U OKOHOMUYECKU ywep6 6 np0u360c)cm6e. KpOMe moceo,
paccmompersl l’lp06ﬂ€Mbl, 6O03HUKaowiue npu Ccywecmeyrouwux nmexHoaocusix Oo4YuUCmiKu, C63A3dHHblE C
MexaHu4eckum 8o30elicmeauem, NpuBoOAWUM K OPOOIEHUIO CeMAH U Y8eludeHulo ux 3acpsznénnocmu. B
umoee 000CHOBAHA HEOOXOOUMOCMb pPA3PAOOMKU CREeYUATbHO20 000PY008aHUs, NPEeOHA3ZHAYEHH020 OJis
CoOpmupoeKuU CeMsaH Ha 603()ymHOM NOMOKe U 8blOeNeHUsl CEMAH C 8bICOKOU OCMAMOYHOU 60JIOKHUCIOCINBIO
be3 noepescOeHUss CeMsiH.

Knroueevie cnosa: cemena XJaonkKa, JuHmepoeaHue, ocmaniodHdas 60J0KHUCNOCNb, 603dyl/MHbZIZ
nomokK, cenapayus, O4YucmiKa CemsH, dofcuHupoeaHue, 61AAHNCHOCMb XJIONKA, 3aZp}13HéHHO(2mb XJIONKa,
pa3deﬂeﬂue HA d)pam;uu, IKOHOMUYECKUE nomepu, mexanuiecKkoe 603aeﬁcmeue

Abstract. This article scientifically substantiates the relevance of cleaning cotton seeds generated
after ginning prior to linting, as well as the separate sorting of seeds with high residual fiber content. The
study experimentally demonstrates the influence of cotton moisture and contamination levels on seed quality,
particularly on seed moisture, contamination, and residual fiber content. Observations and analyses
conducted at the “Rishton” cotton processing plant in the Fergana region showed that when cotton moisture
increased within the range of 7.5-12.0%, the amount of fiber remaining on the seeds rose from 0.54% to
1.25%. These findings are supported by calculations, which indicate significant fiber losses and economic
damage in production. In addition, problems arising from existing cleaning technologies—such as increased
seed breakage and contamination due to high mechanical impact—are discussed. As a result, the necessity of
developing specialized equipment designed for airflow-based seed sorting and separation of seeds with high
residual fiber content without damaging the seeds is justified.

Keywords: cotton seeds, linting, residual fiber content, airflow, separation, seed cleaning, ginning,
cotton moisture, cotton contamination, fractionation, economic loss, mechanical impact

Chigitlarni linterlashdan oldin tozalash va qoldiq toladorligi yugori chigitlarni ajratish bilan
momigga o‘tib ketayotgan tolani olib qolishdan tola miqdorining ortishiga va linter uskunalarining
ishlash tekisligini, ishchi gismlarining ishlash muddatini oshirishga erishiladi. Chigit tarkibida
toladorligi yuqori chigitlarning bo‘lmasligi, linterlash jarayonidan ajralgan chigitlarning
tukdorligining bir xilligiga olib keladi. Bu esa linterlangan chigitlarni urug‘lik bo‘lsa, keyingi
ishlash jarayonining oson kechishi, texnik yog‘-moy uchun bo‘lsa, olinadigan yog*
maxsulotlarining kamayishining oldi olinadi. Tuk miqdori ko‘pligidan keyingi qayta ishlash
jarayonida energiya sarfini oshiradi va ishchi gismlarning tez ishdan chigishga olib keladi. Shuning
uchun jinlangan chigitni linterlashdan oldin tozalash va qoldiq toladorligi yuqori chigitlarni ajratish
dolzarb masala xisoblanadi.

Ilmiy adabiyotlarda chigitni tozalash va linterlash jarayonini takomillashtirish bo‘yicha bir
gator tadgiqotlar olib borilgan. Bulardan Muradov R, E.T.Magsudov, Sarimsakov A.U.,
A.E.Lugachev, X.S.Usmanov, Ahmedkhodjaev H.T., Karimov A.l., Obidov A.A., R.K.Djamolov
va M.Akromov va boshgalar chigit tozalash texnologiyalari, mexanik ajratish jarayonlari va havo
oqimi ta’siridagi separatsiya masalalarini o‘rganganlar.

Shu bilan birga, mavjud texnologiyalarda chigit massasiga mexanik ta’sirning yugqoriligi
sababli pishmagan yoki mayda chigitlar maydalanib, mayda zarrachalar hosil bo‘ladi va bu
linterlash jarayonida momiq va chigit iflosligining yanada ortishiga olib keladi. Demak, chigitli
massa tarkibidagi iflos aralashmalarni chigitga zarar yetkazmasdan, havo ogimi asosida samarali
ajratish imkoniyatlarini yanada chuqur o‘rganish talab etiladi.
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E.T.Magsudov tomonidan tayyorlangan qo‘llanmada [1] chigit shakli asosan tuxumsimon
ko‘rinishda gabul qilingan. Biroq bunday umumlashtirilgan yondashuv chigitning o‘ziga xos
xususiyatlarini ma’lum darajada yo‘qotadi va aynigsa, jinlashdan keyin hosil bo‘lgan chigitlarni
aniqg tasniflash hamda ularni bir-biridan farglashni giyinlashtiradi. Regenerator orqgali ajratilgan
fraksiyalarni kuzatish natijasida linterlashga yo‘naltirilayotgan chigitlar orasida toladorligi yuqori
bo‘lganlari ko‘p ekanligi aniqlandi. Ushbu chigitlarda tola uzunligi 25-33 mm atrofida bo‘lib,
ularni “letuchka” deb atash to‘g‘ri emas, biroq oddiy chigit sifatida ham baholash haqiqgatga to‘liq
mos kelmaydi.

X.T.Axmedxodjayev [2, 3] tomonidan chigitlarni tebranma saralagichning giya
panjarasidagi teshiklar orqali o‘tkazish yo‘li bilan saralashga mo‘ljallangan qurilma taklif gilingan.
Bu usulda esa chigitning geometrik shakli va o‘lchamlari hal giluvchi ahamiyat kasb etadi. Turli
tukdorlik darajasiga ega chigitlarning o‘lcham parametrlarini aniqlash maqgsadida maxsus o‘lchash
asbobi hamda uslubiyat ishlab chiqilgan. Tadqiqot ishlari o‘rta tolali va ingichka tolali paxta
chigitlaridan har biri 200 donadan tanlab olinib, ko‘p martalik qayta o‘lchash va o‘rtalashtirish
asosida amalga oshirilgan

(1-jadval).
Paxtaning ekilgan navlarining o‘lchamlari

Seleksiya navi Jinlashdan keyingi chigit o‘lchamlari
Uzunligi, mm | Diametri, mm | 1000 dona chigit | Toladorligi, %
massasi g
C-6524 8.0-12.25 5.5-8.75 138.2 14.2
Namangan-77 8.2-12.22 5.4-8.84 136.9 14.0
C-9070 8.1-12.2 5.8-9.8 128.3 13.8
C-6530 8.2-12.22 5.4-8.84 136.9 14.0
An-60 8.1-9.8 4.5-5.3 108.1 -
9871-U 8.1-10.2 5.1-6.8 117.3 -
9853-1 8.2-9.8 5.2-5.8 125.25 -

1-jadval ma’lumotlari shuni ko‘rsatadiki, o‘rta tolali navlarda chigitning uzunligi deyarli bir
xil bo‘lib, asosan 8,0—-12,25 mm oralig‘ida o‘zgaradi. Diametr ko‘rsatkichi ham katta farq qilmaydi,
ammo S-9070 navida diametrning yugori chegarasi (9,8 mm) boshqalarga nisbatan kattarog ekani
ko‘rinadi.

1000 dona chigit massasi bo‘yicha eng yuqori ko‘rsatkich S-6524 (138,2 g) navida, eng past
ko‘rsatkich esa An-60 (108,1 g) navida gayd etilgan. Bu holat ingichka tolali navlarda chigitlar
nisbatan mayda va yengil bo‘lishini tasdiglaydi.

Toladorlik ko‘rsatkichi o‘rta tolali navlarda 13,8—14,2 % oralig‘ida bo‘lib, farq katta emas.
Eng yuqori toladorlik S-6524 navida, eng pasti esa S-9070 navida kuzatilgan.

Jinlashdan keyingi chigitlar tukdorligiga bog‘liq holda ularning friksion xossasini
harakterlovchi bir necha farq qiluvchi kattaliklarga ega. Friksion xossani bildiruvchi asosiy
kattaliklar tinch turgan holda va sirpanishdagi ishgalanish koeffisiyentlari hisobalanadi. Bundan
tashgari bu xossaga ajraluvchanlik ham Kkirib, uning teskarisi yopishuvchanlik bo‘lib, u
yopishuvchanlik kuchi orgali aniglandi.

Taxlil natijalaridan aytishimiz mumekinki, chigitlarni saralash jarayonida asosiy ajratish
belgisi sifatida uzunlikdan ko‘ra diametr va massa ko‘rsatkichlari muhimroq hisoblanadi. Chunki
aynan shu parametrlar chigitning panjara teshiklaridan o‘tishi va fraksiyalarga ajralishiga kuchli
ta’sir ko‘rsatadi.

Jo‘rayeva M., Komilov Sh.R., Sarimsakov A.U. va Muradov R.M. lar [4, 5] tadqgiqotida
jinlashdan keyingi chigitlarning sifat ko‘rsatkichlari tahlil gilingan. Mualliflar chigitlar tukdorligi va
hajmiy parametrlariga ko‘ra fraksiyalarga ajralishi hamda buning ishlab chiqarish uchun
ahamiyatini ko‘rsatishgan.

Tadgigotda jinlashdan keyin chigit tarkibida qum, tuproq, barg va boshga aralashmalar
saglanib qolishi, pishmagan va mayda chigitlar esa ezilib chiqindini ko‘paytirishi gayd etilgan.
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Shuningdek, chigitlarning 3-5% qismida yigirishga yarogli tola saglanib qgolishi mumkinligi
aniglangan va bunday chigitlarni ajratib gayta ishlash tola chiqishini oshirishi ta’kidlangan. Va
chigitning shakli, uzunligi, diametri va 1000 dona massasi saralash jarayoniga ta’sir qilishi, navlar
o‘rtasidagi farq esa universal saralagich yaratishni qiyinlashtirishi ko‘rsatilgan. Shu bilan birga,
mexanik ta’sirlar chigit qobig‘ini shikastlab urug‘lik sifatiga salbiy ta’sir qilishi mumkinligi
aytilgan.

Jinlashdan keyingi chigitlar tukdorligiga bog‘liq holda wularning friksion xossasini
harakterlovchi bir necha farg giluvchi kattaliklarga ega. Friksion xossani bildiruvchi asosiy
kattaliklar tinch turgan holda va sirpanishdagi ishqalanish koeffisiyentlari hisobalanadi. Bundan
tashqari bu xossaga ajraluvchanlik ham kirib, uning teskarisi yopishuvchanlik bo‘lib, u
yopishuvchanlik kuchi orgali aniglandi.

Taxlil natijalaridan aytishimiz mumkinki, chigitlarni saralash jarayonida asosiy ajratish
belgisi sifatida uzunlikdan ko‘ra diametr va massa ko‘rsatkichlari muhimroq hisoblanadi. Chunki
aynan shu parametrlar chigitning panjara teshiklaridan o‘tishi va fraksiyalarga ajralishiga kuchli
ta’sir ko‘rsatadi.

Jo‘rayeva M., Komilov Sh.R., Sarimsakov A.U. va Muradov R.M. lar [4, 5] tadqgiqotida
jinlashdan keyingi chigitlarning sifat ko‘rsatkichlari tahlil qilingan. Mualliflar chigitlar tukdorligi va
hajmiy parametrlariga ko‘ra fraksiyalarga ajralishi hamda buning ishlab chigarish uchun
ahamiyatini ko‘rsatishgan.

Tadgigotda jinlashdan keyin chigit tarkibida qum, tuproq, barg va boshga aralashmalar
saqlanib qolishi, pishmagan va mayda chigitlar esa ezilib chiqindini ko‘paytirishi qayd etilgan.
Shuningdek, chigitlarning 3-5% qismida yigirishga yaroqgli tola saglanib qolishi mumkinligi
aniqlangan va bunday chigitlarni ajratib gayta ishlash tola chiqishini oshirishi ta’kidlangan. Va
chigitning shakli, uzunligi, diametri va 1000 dona massasi saralash jarayoniga ta’sir qilishi, navlar
o‘rtasidagi farq esa universal saralagich yaratishni qiyinlashtirishi ko‘rsatilgan. Shu bilan birga,
mexanik ta’sirlar chigit qobig‘ini shikastlab urug‘lik sifatiga salbiy ta’sir qilishi mumkinligi
aytilgan.

2-jadval
Jinga uzatilayotgan paxta namligi va iflosligiga garab chigishda chigit holati va goldiq
toladorlik.
Qinga Jinga uzatilayot . L . 1(.)0. kg .
No uzatllayotgfan_ gan paxta Ch_lg_lt Chlgl_t iflosli | chigit da Qold!q tolador
| paxta namligi iflosligi S, % namligi, % gi, % golgan lik, %
W, % ’ tola, kg
1 7.5 0.9 7.7 0.6 0.54 0.54
2 8.0 1.0 8.2 0.7 0.58 0.58
3 8.5 1.2 8.7 0.8 0.63 0.63
4 9.0 1.4 9.3 0.9 0.70 0.70
5 9.5 1.6 9.6 1.1 0.78 0.78
6 10.0 1.7 10.3 1.2 0.86 0.86
7 10.5 1.9 10.7 1.3 0.95 0.95
8 11.0 2.0 11.3 1.4 1.04 1.04
9 11.5 2.1 11.8 1.6 1.14 1.14
10 12.0 2.2 12.4 1.8 1.25 1.25

Paxta tozalash korxonalarida gabul gilingan paxta xomashyosining namligi va iflosligining
ko‘rsatkichlari paxtaning dastlabki gayta ishlashning har bir jarayonlarida ozini ko‘rsatadi, ya’ni
paxtani quritish, tozalash jarayonida yaxshi quritilmagan va tozalanmagan paxtadan jinlash
jarayonida ajratilgan chigitlarning goldiq toladorligi migdoriga ham o°z ta’sirini ko‘rsatadi. Paxta
tarkibidagi mayda iflosliklar jinlash jarayonida chigitga va gisman tolaga o‘tadi. Paxtaning namligi
va iflosligi yuqori bo‘lishi jinlashda arrali silindr ishiga to‘sqinlik gilishidan va arra tishlari bilan
tola orasida iflosliklarning bo‘lishidan chigitda tola qoldig‘ining ortishiga olib keladi. Yuqoridagi
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nazariy taxlillarni tajribalarda aniqlik kiritish uchun quyidagi tajribalarni Farg‘ona viloyati
“Rishton paxta tozalash korxonasida amalga oshirildi. Tajribalarni turli xil namlikdagi va
ifloslikdagi paxtalarda amalga oshirish uchun korxonada gabul gilingan I-1I-11l-sanoat navli
paxtalarning namligi va iflosligi turli xilda bo‘lganligi uchun ushbu sanoat navlarini qayta ishlash
vaqtida namunalar olinib, sifat ko‘rsatkichlari va chigitda qoldiq toladorliklari aniqlandi va
natijalari 2-jadvalda ko‘rsatilgan.

Quyida jadvaldagi tajriba natijalari jinlash jarayoniga uzatilayotgan chigitli paxtaning
namligi (W) va iflosligi (S) o‘zgarishi chigit sifatiga qanday ta’sir qilishini aniq ko‘rsatadi.
Xususan, paxta namligi va iflosligi ortishi chigit namligi, chigit iflosligi hamda chigit tarkibida
saqlanib qoladigan tola miqdorining oshishiga olib kelishi tajribada o‘z isbotini topgan.

2-jadvaldagi natijalarga ko‘ra, jinga uzatilayotgan paxta namligi 7,5 % dan 12,0 % gacha
bo‘lganida, jinlashdan keyin olinayotgan chigit namligi ham 7,7 % dan 12,4 % gacha o‘zgargan. Bu
holat namlikning tola va chigit orasida bir xil tagsimlanmasligi bilan tushuntiriladi. Amaliyotda
chigit tolaga nisbatan namlikni ko‘proq ushlab turadi, shu sababli chigit namligi odatda paxta
namligidan 0,2-0,4 % yuqori bo‘lishi kuzatiladi [6].

Paxta iflosligini 0,9 % dan 2,2 % gacha oshganda undan ajratilgan chigit iflosligi 0,6 % dan
1,8 % gacha o‘zgardi. Buning asosiy sababi jinlash vaqtida ayrim mayda aralashmalar chigit sirtida
saglanib qolishi, shuningdek chigit qobig‘ining g‘adir-budur tuzilishi tufayli iflos zarrachalarning
unga oson yopishib golishidadir.

Eng muxim natija sifatida chigit tarkibida golib ketadigan tola migdorining keskin ortishi
qayd etildi. Xususan, paxta namligi 7,5 % bo‘lganda 100 kg chigitdan olingan namuna bo‘yicha
xisoblanganda 0,54 kg tola qolgan bo‘lsa, namlikni 12,0 % ga ortganda ushbu ko‘rsatkich 1,25 kg
ni tashkil etdi. Demak, namlikning ko‘tarilishidan chigitda qoladigan tola miqdori ham 2,3 martaga
ko‘payar ekan.

Bunday holat yugori namlik sharoitida tola-chigit bog‘lanishi mustahkamlanishi va tolani
ajratish jarayoni giyinlashishi bilan izohlanadi. Shu bilan birga, namlik oshishi chigit sirtida tola
parchalarining ko‘proq saqlanib qolishiga sharoit yaratadi. Paxta namligining har 0,5 % ga
oshishida qoldiq tola miqdori 100 kg namunaga xisoblanganda o‘rtacha 0,04-0,11 kg oralig‘ida
o‘zgardi. Ayniqsa namlik 10 % dan yuqori bo‘lgan holatlarda qoldiq toladorlikning ortishi
tezlashgan.

Tajriba natijalari paxta namligi va iflosligi chigit sifatiga bevosita ta’sir qilishini ko‘rsatadi.
Ya’ni ushbu ko‘rsatkichlar ortishi bilan chigit namligi, chigit iflosligi hamda chigitda qoldiq tola
miqdori ham o‘sib boradi. Bu esa chigitni keyingi qayta ishlash bosqichlarida (tozalash, linterlash,
urug‘lik tayyorlash) qo‘shimcha ishlarni keltirib chiqarib, texnologik harajatlar oshirishi mumkin.

Shu sababli jinlashga uzatiladigan paxtaning namligini 7,5-9,0 % atrofida ushlab turish va
ifloslik darajasini kamaytirish muhim talab hisoblanadi. Biroq paxtani haddan tashqgari quritish ham
magbul yechim emas, chunki past namlikda tola mo‘rtlashib, uzilish va kaltalashuv ko‘payishi
natijasida yuqori nav tolasining sifat ko‘rsatkichlari pasayishi mumkin.

Bundan tashgari, ishlab chigarish sharoitida paxtaning namligi va iflosligi doimiy bargaror
saglanmaydi. Xomashyo partiyalarining turlichaligi, tashish va saglash sharoiti hamda tashqgi muhit
ta’siri sababli jinlashdan keyin olinayotgan chigit massasi tarkibida qoldiq toladorligi past va yuqori
bo‘lgan chigitlar aralash holda chigadi.

Agar qoldiq tolali chigitlar bilan tola yo‘qotishni xisoblasan, jindan keyin chigitlar namlikka
bog‘liq xolda 0,54 % yaxshi xolat bo‘lsa, 1,24 % og‘ir xolatda chigmoqda. Shunda ularning farqi
0,71 % ni tashkil etsa, namunadagi 100 kg chigitda 0,71 kg tola, 1000 kg chigitda esa 7,1 kg tola
yo‘qotiladi. Agar bir kunda 50000 kg chigit chigadigan bo‘lsa, u xolda kuniga 355 kg tola
yo‘qotilayotgan bo‘ladi. Buni bir oyda 25 ish kuniga ko‘paytirilsa 8875 kg tola yo‘qotilar ekan.
Bugungi kundagi tolaning birja narxlari bo‘yicha [7] o‘rtacha 11,0 mIn.so‘mni tashkil etsa, bir oyda
97625000 so‘mlik korxona zarar ko‘rishi mumkin.

Shuning uchun chigit sifatiga qo‘yiladigan talablarni barqaror ta’minlash maqgsadida faqat
namlikni me’yorda ushlab turish bilan cheklanib bo‘lmaydi. Jinlashdan keyin qoldiq toladorligi
yugori bo‘lgan chigitlarni alohida ajratib olish imkonini beruvchi maxsus saralash uskunasini ishlab
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chigish va amaliyotga joriy etish texnologik va amaliy jihatdan zarur hisoblanadi. Bu esa keyingi
qayta ishlash jarayonlarini yengillashtirish, tola yo‘qotishlarini kamaytirish va chigit sifatini
oshirishga hizmat giladi.
Xulosa

Jinlashdan keyin chigit massasida qoldiq toladorligi turlicha bo‘lgan chigitlar aralash holda
chiqgishi texnologik muammo hisoblanadi. Paxta namligi va iflosligi oshgan sari chigitda goladigan
tola miqdori keskin ko‘payib, linterlash jarayoni samaradorligini pasaytiradi hamda korxonada katta
igtisodiy yo‘qotishlarga sabab bo‘ladi. Shuning uchun linterlashdan oldin chigitni havo ogimi
asosida samarali tozalash va qoldiq toladorligi yuqori bo‘lgan chigitlarni alohida saralab olish
texnologik jihatdan maqbul va amaliy zarur chora hisoblanadi. Bu usul tola yo‘qotishini
kamaytiradi, linter uskunalarining ishlash muddatini uzaytiradi va chigit sifatini bargaror
ta’minlashga hizmat qiladi.
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ELEKTR PECHIDA SUYUQLANTIRIB OLINGAN KULRANG CHO‘YANLARDA
SIFATINI OSHIRISH
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Annotatsiya: Ushbu magolada oltingugurt miqgdori past (<0,05%) hamda alyuminiy juda kam
(<0,005%) bo‘lgan, futerovkasi kislotali bo‘lgan induksion pechida suyuglantivib yuqori darajada
qizdirilgan cho ‘yanlarning o ziga xos kristallanish xossalari, shuningdek yuqori qizdirishning cho ‘yan sifati
va bunday sharoitlarda samarali metallurgik ishlov berish usullariga ta siri tahlil gilinadi.

Yuqori gizdirish ortishi bilan kristallanishning sovib ketish darajasi oshgani kuzatildi. Bu esa grafit
shakllanishida ishtirok etuvchi C, Si, Mn, Al va Zr kabi elementlar kimyoviy tarkibidagi sezilarli o zgarishiar
bilan bog'liq. Magolada plastinkasimon grafit shakllanishining uch bosqichli modeli ((Mn, X)S turidagi
yadrolar) asoslab berilgan.

Tayanch so‘zlar: kulrang cho‘yvan; S; Al; Zr; Ti; elektr pechida suyuqlantirish;, pechda yuqori
gizdirish; oldindan tayyorlash; modifikatsiya; grafit shakllanishi; grafit morfologiyasi; karbidlar.

AunHomauus: B cmamve ananu3upyomes 0CoOenHOCmu KpUCMALIU3AYUY YYy2yHd, NepenideienHo20
U BbICOKO PA302pemoco 6 UHOYKYUOHHOU Heyu ¢ KUCTOMHOU (PymeposKoll, npu HUSKOM COOEPHCAHUU Cepbl
(<0,05%) u munumanvruom codepaxcanuu anromunus (<0,005%), a makoce erusHue BbICOKOU MemMnepamypsl
NIABKU HA KAHeCmeo 4yeyHa U dHOeKmueHoCmb MEMAIYPSULECKOU 00paboOmKy 6 MAakux yCio8usx.

Ommeueno, umo ¢ NosvbluleHUeM memMnepamypul niaeKu Y8eIudueaemcs. CMeneHs nepeoxianicoeHus.
KPUCMALIU3AYUY, YMO CBA3AHO C CYWECMBEHHbIMU USMEHEHUAMU XUMUYECKO20 COCMABA NeMEeHmOs,
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yuacmeyiowux 8 ¢opmuposanuu epaguma, makux xax C, Si, Mn, Al u Zrr B cmamve npeonodicena
mpexcmynenuamas Mooeib 00paz0eanus NIACMUHYamoz2o epaguma c sopamu muna (Mn,X)S.

Knrouesvle cnoea: cepviti uyeyn;, S; Al; Zr; Ti; nepennaska 6 dnekmpuueckou neuu;
8bICOKOMEMNEPAMYPHASL NIABKA, NPed8apumenbHds no020mosKa, moouduxayus, gopmuposanue epaguma;
Mmopghonoeus epaguma, Kapouowi.

Abstract: The article analyzes the crystallization characteristics of cast iron melted and highly
superheated in an induction furnace with acidic lining, with low sulfur content (<0.05%) and very low
aluminum content (<0.005%), as well as the effect of high superheating on cast iron quality and the
effectiveness of metallurgical processing under such conditions.

It was observed that with increasing superheating, the degree of crystallization undercooling
increases, which is associated with significant changes in the chemical composition of elements involved in
graphite formation, such as C, Si, Mn, Al, and Zr. A three-stage model for the formation of flake graphite
with (Mn,X)S-type nuclei is proposed.

Keywords: grey cast iron; S; Al; Zr; Ti; melting in electric furnace; high superheating; pre-
treatment; modification; graphite formation; graphite morphology; carbides.

Elektr pechida suyuqlantirib olingan kulrang cho‘yanlarda sifatini oshirish
Kirish

Avvaldan kulrang cho‘yanlar ko‘pincha vagranka pechlarida suyuqlantirilgan bo‘lib, bunda
oltingugurt migdori odatda 0,05% dan yuqori, marganes 0,5% dan ortig va alyuminiy 0,005% dan
yuqori bo‘lgan. Bunday sharoitlar plastinkasimon grafit shakllanishining asosiy markazlari
hisoblangan MnS turidagi birikmalar hosil bo‘lishi uchun qulay hisoblanadi. Vagranka pechi
texnologiyasi rivojlanib borayotganiga garamay, bunday suyuglantirish sexlarida ayrim muammolar
keskinlashishi mumkin. Masalan, vagranka shaxta pechi gimmat xomashyo — koks ko‘mirining
yonishiga bog‘liq bo‘lib, bunda CO va CO: kabi gazlar ajraladi. Bu esa ekologik xavfsiz vagranka
pechini loyihalash va o‘rnatish esa juda katta investitsiyalar talab qiladi [1].

Vagranka pechlari odatda bir xil tarkibli cho‘yanni katta hajmda va iqtisodiy jihatdan
samarali ishlab chigarish uchun mo‘ljallanadi, ammo shu sababli ularning moslashuvchanligi
cheklangan bo‘ladi. Bu aynigsa ishlab chigarish hajmi kamayganda yoki bir xil ishlab chigarish
liniyasida turli sifatdagi quyma materiallar (kulrang cho‘yan, yuqori mustahkam cho‘yan) talab
gilinganda ishlab chigarish imkoniyatlarini cheklaydi [2]. Natijada dunyoning ko‘plab hududlarida,
xususan Osiyoda, ko‘plab vagranka pechlari yopilib, ularning o‘rnini ko‘mir yoki gaz yoqilg‘isiga
asoslangan pechlar egallay boshladi.

Kichik va samaradorligi past vagranka pechlari o‘rnini o‘rta chastotali (200-1000 Hz) va
yugori solishtirma quvvatli (250 kVt/t dan ortiq) induksion pechlarning yangi avlodi egalladi. Bu
cho‘yan quyish sanoatida sezilarli o‘zgarishlarga olib keldi: suyuqlantirish tezligi yuqori (odatda
suyuglantirish sikli bir soatdan kam, po‘lat lomlari yuqori ulushda bo‘lishi mumkin); pech sig‘imi
nisbatan kichik bo‘lsa ham ishlab chiqarish unumdorligi yuqori; doimiy suyuq metall qoldig‘i talab
qilinmaydi (100% qattiq shixta bilan ishlash mumkin); pech sig‘imi 10+20 tonnagacha oson
kengaytiriladi; yuqori po‘lat lomlari ulushi sharoitida uglerod qo‘shimchalarini samarali
aralashtirish imkoniyati mavjud [3], bu esa xarajatlarni kamaytiradi; natijada yirik ishlab
chiqarishda cho‘yan sifati yaxshilanadi.

Kichik hajmdagi vagranka suyuqlantirish muammolari — mos koks topish giyinligi, ekologik
cheklovlar hamda metall harorati va kimyoviy tarkibini barqaror saqlash uchun qo‘shimcha ushlab
turuvchi pech zarurati — dunyoning ko‘plab hududlarida past oltingugurtli (odatda 0,05% dan kam
S) kulrang cho‘yanni elektr pechida suyuqlantirishga o‘tishga sabab bo‘ldi. Yuqori mustahkam va
zichlangan grafitli cho‘yan quyma mahsulotlar ishlab chiqarish ortib borayotgani ham past
oltingugurtli asosiy cho‘yan talabini kuchaytirmoqda [4]. Ko‘plab quyish korxonalarida bir
smenaning o‘zida kulrang cho‘yan uchun yuqori mustahkam yoki zichlangan grafitli cho‘yan uchun
past oltingugurtli bo‘lgan cho‘yanlar ishlab chiqariladi. Bunday ishlab chiqaruvchilar uchun yagona
past oltingugurtli asosiy cho‘yandan foydalanish juda qulay bo‘lar edi, aynigsa agar barcha turdagi
cho‘yanlar uchun bitta inokulyant turidan foydalanish mumkin.

Bu aynigsa yupqga devorli quyma mahsulotlar qo‘llaniladigan muhim dvigatel qismlarini
ishlab chigarishda juda muhim hisoblanadi. Chunki bunday cho‘yanlar yaxshi ishlov
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beriluvchanlik, yuqori issiqlik o‘tkazuvchanlik, tebranishlarni so‘ndirish qobiliyati hamda yetarli
mustahkamlik kabi muhim xossalarga ega.

Avtomobil sanoatining o‘ziga xos xususiyati — tobora yengilroq quyma detallar ishlab
chigarishga bo‘lgan talabning ortib borishidir. Shu sababli devor galinligi 5 mm dan kam bo‘lgan
yupga devorli kulrang cho‘yan quymalar tobora keng tarqalmoqda. Bunday quymalar uchun
metallni yuqori haroratda quyish majburiy bo‘lib, odatda suyuqlantirish pechlarida cho‘yan 1550 °C
dan yuqori darajada qizdiriladi. Vagranka pechida suyuqlantirilgan cho‘yan 1450 °C atrofida quyish
haroratiga yetishi mumkin bo‘lsa-da [5], vagranka shaxtasidagi muhit asosan qaytaruvchi
xarakterga ega bo‘ladi.

Bunga garama-qarshi ravishda zamonaviy induksion pechlarda oksidlovchi muhit mavjud
bo‘lib, elektr energiyasining keng imkoniyatlari suyuq metall vannasini vagranka pechida deyarli
erishib bo‘lmaydigan yuqori haroratlarga qizdirishga imkon beradi. Past oltingugurtli va juda kam
alyuminiyli, elektr pechida yuqori qizdirilgan cho‘yanlar yupqa devorli quymalarda yuqori sovish
tezligida kristallanadi va erkin karbidlar hamda sovib ketgan grafit hosil bo‘lishiga ko‘proq moyil
bo‘ladi.

Mazkur magolaning asosiy magsadi — kislotali goplamali, o°rta chastotali induksion pechlarda
yuqori darajada qizdirilgan elektr pechida suyuqlantirilgan kulrang cho‘yanning sifatini yaxshilash
uchun zarur sharoitlarni aniqlashdir. Tadqiqotchilar tomonidan olingan dastlabki ma’lumotlar
asosida past oltingugurtli cho‘yanlarning o‘ziga xos kristallanish xossalari, yuqori qizdirishning
cho‘yan sifatiga ta’siri hamda samarali metallurgik ishlov usullari tahlil qilingan.

Kam oltingugurtli kulrang cho‘yanlarning xossalari
Faqat suyuq cho‘yan yetarli darajada sovib ketganda (taxminan 200+230 °C), (Ce)n
ko‘rinishidagi kichik mikrobirikmalar grafit zarrachalari uchun barqaror gomogen yadrolar sifatida
mavjud bo‘lishi mumkin. Oddiy sharoitlarda bunday yuqori darajadagi sovib ketishga erishish juda
giyin, shu sababli grafitning shakllanishi asosan geterogen yadrolanish yo‘li bilan sodir bo‘ladi.
Suyuq metallda turli birikmalar hosil bo‘lishi mumkin, bu esa suyuqlantirish va quyish
amaliyotlariga bog‘liq bo‘ladi.
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Oksidlar Sulfidtar Nitridlar Karbidlar
1-rasm. Suyuq metalldagi elementlarning turli birikmalarini hosil gilishning erkin
energiya diapazoni (AG°1723 K).

Termodinamik nuqtai nazardan, oksidlar/silikatlar va sulfidlarning hosil bo‘lishining erkin
energiyasi (AG°1723 K) (1-rasm) suyuq metalllarda nitridlar va karbidlarga nisbatan bargarorroq
zarrachalarning hosil bo‘lishiga imkon beradi. Silikat zarrachalari kulrang cho‘yanlarda grafit
shakllanishi uchun qulay markazlar sifatida ishlaydi. Buning sababi ularning geksagonal
kristallografik tuzilishi, suyuglik bilan yaxshi kirishish xususiyati, o‘xshash kristal panjara mosligi
va birikmalarining nisbatan yugori bargarorligidir. Sulfidlarning grafit shakllanishiga qobiliyati esa
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aniq emas, chunki grafitning o‘ziga xos geksagonal tuzilishi mavjud bo‘lsa, sulfidlar asosan kubik
tipga mansub bo‘ladi.
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2-rasm. Ba’zi moddalar panjarasining ma’lum kristall yuzasi bilan grafitning (0001)
yuzasi orasidagi nomuvofiglik & (%) [l — kuchli shakllanish gobiliyati; Il — o‘rtacha
shakllanish gobiliyati; 111 — kuchsiz shakllanish gobiliyati].

Grafitni shakllanish asosining bir qismi bo‘lishi uchun chet zarrachalar (qo‘shimchalar) ikki
shartga javob berishi kerak:

(a) Kristal panjara mos kelmasligi yoki nomuvofiqlik shartlariga mos kelishi; ya’ni chet zarracha
(qo‘shimcha) asosining ma’lum bir kristal qavati grafitning kristal panjarasi parametri va
orientatsiyasiga ma’lum darajada mos kelishi kerak.
(b) Geterogen yadrolar bilan grafit o‘rtasidagi yuzaki energiya talablariga javob berishi; ya’ni fagat
grafit tomonidan suvlanadigan chet zarrachalarda grafit yadrolari hosil bo‘lishi mumkin.
Kristal panjaralar o‘rtasidagi munosabatning xarakteristik parametri — gavat nomuvofigligi (9).
Ikkita moddalar o‘rtasidagi & qanchalik kichik bo‘lsa, yadrolanish potensiali shunchalik kuchli
bo‘ladi. Umuman olganda:

e < 6% bo‘lsa— yadrolanish gobiliyati eng yugori,

e 0 =6-12% bo‘lsa — o‘rtacha yadrolanish qobiliyati,

e 8> 12% bo‘lsa — yadrolanish gobiliyati zaif hisoblanadi.

Ba’zi moddalar ma’lum kristal qavati bilan grafitning (0001) qavati o‘rtasidagi & (%)
nomuvofiglik 2-rasmda ko‘rsatilgan, bu ma’lumotlar mualliflar tomonidan adabiyotlar tahlili
asosida keltirilgan.

Grafit shakllarining ehtimoliy tartiblanishi quyidagicha: grafit (eng yuqori — eng kam
energiya talab giladi), silikatlar, oksidlar, sulfidlar, karbidlar, nitridlar va austenit (eng past). MnS
grafit shakllanishi uchun o‘rtacha samarali nomzod hisoblanadi, boshqa sulfidlar esa grafit
shakllanishini yanada yaxshiroq ta’minlashi mumkin. An’anaviy modifikatsiyalovchi elementlar
(Ca, Sr, Ba) silikatlari ham grafit yadrosi sifatida yaxshi xossaga ega hisoblanadi. Shuningdek, Ca,
Ce, La, Pr, Nd, Sr elementlari MnS yadrolari tarkibida mavjud bo‘lib, murakkab sulfidlar (Mn,X)S
hosil qilishi aniglangan. Bular grafit bilan yaxshi panjara mosligini ta’minlaydi va geterogen
yadrolar orasida eng samarali yadrolarga aylanadi. Masalan, MnS/grafit panjara parametrlarining
nomuvofigligi ancha katta (—12,1 %) bo‘lishiga qaramay, modifikatsiyalangan zarracha hisoblangan
SrMnS grafit shakllanishi uchun yaxshirog moslikni (=5,2 %) ta’minlaydi.
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Modifikatsiya gilinmagan va modifikatsiya gilingan kulrang cho‘yanlarda grafit shakllanishi
uchun uch bosgichli model taklif gilingan (3-rasm): (a) Suyuq metallda kichik oksid asosli
markazlar (0,1+3 mkm, odatda 2,0 mkm dan kichik) hosil bo‘ladi; (b) Shu mikro qo‘shimchalar
atrofida murakkab (Mn,X)S birikmalari (1+10 mkm, odatda 5,0 mkm dan kichik), bunda X = Fe, Si,
Al, Zr, Ti, Ca, Sr, P, shakllanadi; (c) Grafit (Mn,X)S birikmalari yon tomonlarida shakllanadi,
chunki ularning grafit bilan kristallografik nomuvofiqligi kichik bo‘ladi.

HPFeSi

Yadro
AlO-XO

3 Grafit

‘(,;3
e

CaFeSi

3-rasm. Turli modifikatsiyalangan kulrang cho‘yanlarda grafit yadrolarining tipik morfologiyalari (G — grafit; N
— yadrolar). [a) yuqori tozalikdagi (HP)—FeSi; b) Sr—FeSi; ¢ va d) Ca—FeSi].

Sanoat sharoitidagi kulrang cho‘yanlarda grafit shakllashini ta’minlash uchun uch guruh
elementlar muhim ekani aniglangan: (1) Kuchli gayta oksidlovchi elementlar (masalan, Si, Al, Zr) —
ular juda mayda, erta hosil bo‘ladigan mikro qo‘shimchalar paydo bo‘lishiga yordam beradi;
keyinchalik bu qo‘shimchalar murakkab (Mn,X)S birikmalari hosil bo‘lishi uchun shakllanish
markazlari vazifasini bajaradi. (2) Mn va S — MnS turidagi sulfidlar hosil bo‘lishini ta’minlaydi. (3)
Modifikatsiyalovchi elementlar (masalan, Ca, Sr, Ba, La, Ce) — grafit hosil bo‘lishining birinchi
yoki ikkinchi bosqichida ta’sir ko‘rsatib, (Mn,X)S birikmalarining grafit shakllanish qobiliyatini
oshiradi. Kimyoviy xaritalash natijalari shuni ko‘rsatdiki, qo‘shimchalarning markaziy qismi
(yadro) va tashqi gismi (qobiqg)** kimyoviy tarkibi jihatidan bir-biridan farq qgiladi (4-rasm).

-~
>

Mn,S,wt%

8533

Grafit

s

Y

Al Si.wt%
s

~
=]

0 2 4 6 8 10 12
Masofa, ym Masofa, ym

4-rasm. Grafit bilan bog‘lig murakkab (Mn,X)S birikmasining kesimi bo‘ylab
o‘tkazilgan kimyoviy tahlilning tipik misoli (La, Ca, Al-FeSi bilan modifikatsiyalangan
cho‘yan): a — umumiy tarkib (Compo); b — Mn, S; ¢ — O, Al, Si; d — Ca, La.
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Mn va S cho‘yanlarida aniqlangan barcha mikro qo‘shimchalarning asosiy tarkibiy qismlari
ekani aniqlangan, ularning cho‘yan tuzilmasidagi joylashuvi, kimyoviy tarkibi yoki suyuq metallga
ishlov berish sharoitidan gat’i nazar yuqoridagi barcha holatlarda marganes sulfidlar oddiy emas,
balki murakkab turga mansub ekanligi aniqlangan. Modifikatsiyalangan cho‘yanlarda (Mn,X)S
birikmalari yanada murakkab bo‘lib, ular pastroq Mn/S nisbatida hosil bo‘ladi va grafit shakllanishi
uchun yuqori moslikka ega bo‘ladi, aynigsa modifikatsiyalovchi elementlardan biri yoki bir
nechtasi (Ca, Sr, Ba) ishtirok etganda sodir bo‘ladi.

Grafitning MnS zarrachalari ustida shakllanishi mikrostrukturani modellashtirish orgali ham
tasdiglangan. So‘nggi tadqiqotlarda kremniyga boy oksid ikki qatlamli plyonka oksisulfid
zarrachalar hosil bo‘ladigan asos sifatida qaralib, ular grafit shakllanishiga yordam berishi
mumkinligi aniqlangan. Bunday plyonka mavjudligi grafit o‘sishi uchun qulay asos yaratadi.
Natijada plastinkasimon grafit rivojlanadi. Aksincha, suspenziyada qulay plyonka tipidagi asos
bo‘lmagan sharoitda pastroq haroratlarda shakllanadigan grafit tez sovigan grafit bo‘lib, u haqiqiy
bog‘langan o‘sish shakli hisoblanadi.

Qume-gilli golipga quyish amaliyotida, oltingugurt miqdori kam bo‘lgan kulrang cho‘yanlar
odatda yugori eutektik sovish bilan gotadi. Natijada, avtomobil sanoatida ishlatiladigan yupga
devorli quyma mahsulotlarda, karbidlar va sovigan grafit morfologiyalari hosil bo‘ladi.

Xulosa
Ushbu ishda elektr pechida suyugqlantirilgan past oltingugurtli kulrang cho‘yanlarning
kristallanish xossalari va yuqori qizdirishning cho‘yan sifati hamda grafit shakllanishiga ta’siri
o‘rganildi. Tadqiqot natijalari shuni ko‘rsatdiki:

1. Yugori qizdirish (1550 °C dan yugqori) induksion pechda cho‘yan
kristallanishini tezlashtiradi, evtektik sovish parametrlarini oshiradi va plastinkasimon grafit
shakllanishiga imkon yaratadi. Shu bilan birga, C, Si, Mn, Al va Zr elementlarining
kimyoviy tarkibi sezilarli darajada o‘zgaradi.

2. Grafit shakllanishi uch bosgichli model bilan tavsiflanadi: (a) kichik oksid
asosli mikro qo‘shimchalar hosil bo‘ladi, (b) ularning atrofida murakkab (Mn,X)S
birikmalari paydo bo‘ladi, (c) grafit (Mn,X)S birikmalari yuzasida shakllanadi.

3. Muvofiglik elementlari (Si, Al, Zr) kuchli oksid hosil giluvchi xossalari
bilan birga, grafit shakllanish markazlarini yaratish va karbidlar hosil bo‘lishining oldini
olishda muhim rol o‘ynaydi.

4, Mn va S elementi MnS turidagi sulfidlar hosil bo‘lishini ta’minlab, grafit
shakllanishini yaxshilaydi, modifikatsiyalovchi elementlar (Ca, Sr, Ba, La, Ce) esa (Mn,X)S
birikmalarining grafit shakllanish gobiliyatini oshiradi.

5. Suyuglantirish sharoitlari — past S (<0,05%) va past Al (<0,005%) miqdori,
yuqgori gizdirish va kislotali futerovka — kulrang cho‘yanni yupga devorli quyma mahsulotlar
uchun mos giladi, shu bilan birga grafit morfologiyasi va sifatini yaxshilaydi.

6. Qum-gilli golipga quyish jarayonida yugori eutektik sovish bilan gotish,
aynigsa avtomobil sanoatida ishlatiladigan yupga devorli mahsulotlarda karbid va sovigan
grafit hosil bo‘lishini rag‘batlantiradi.

Natijada, elektr pechida yuqori qizdirilgan past oltingugurtli kulrang cho‘yan texnologiyasi
vagranka pechlariga nisbatan quyma sifatini oshirish, grafit morfologiyasini yaxshilash va yupga
devorli avtomobil gismlari uchun yugqori sifatli cho‘yan olish imkonini beradi.
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Abstract. This research focuses on the theoretical principles underlying hydraulic resistance in a
combined sieve plate scrubber, a device designed for the wet cleaning of dusty gases. The study delves
into the mechanisms by which hydraulic resistance influences the flow dynamics of dusty gas streams as
they pass through the scrubber. The combined sieve plate scrubber operates by leveraging the interaction
between the gas flow and liquid layers to effectively capture and remove particulate matter. Key factors
contributing to hydraulic resistance, such as fluid velocity, particle size distribution, and sieve plate
configuration, are analyzed to provide a comprehensive understanding of their effects on the scrubber's
performance.

Keywords. Diffuser, dust and liquid consumption, hydraulic resistance, plate, resistance
coefficient, scrubber, separator.

Introduction:

It is known from the conducted experiments that usually the hydraulic resistance of the
apparatus 4P4paratus (Pa) is taken as the energy of gas flow. This energy should have a small value
in dry-type equipment [1,2].

The useful energy of high-speed wet dust cleaning devices is significantly greater than the
energy lost due to friction in the absence of fluid. In the apparatus working at low pressure (speed),
this situation depends on several parameters of useful energy.

In the theoretical justification of the hydraulic resistance of the combined sieve plate
scrubber, a device calculation scheme was developed and the determination of the following
parameters was introduced (Figure. 1).

- total hydraulic resistance of combined sieve plate scrubber,, APscrubber;

- the total hydraulic resistance of the sieve plate scrubber,4Phydraulic;

- the total hydraulic resistance of the venturi pipe,4Pventuri pipe;

- diffuse total hydraulic resistance, 4Piiffuse;

- the actual height of the liquid layer formed on the surface of the sieve plate,ho.

Method of research

In the development of the method of calculation of wet dust cleaning devices, hydrodynamic
regimes in the device and its influence on cleaning efficiency and the amount of energy used for
dust cleaning are studied. In this case, the choice of optimal parameters of the resistance to the dust
flow in the working bodies of the device is one of the main characteristics, which determines the
overall hydraulic resistance of the device. Usually, designing improved structures of existing
devices to simplify calculations in scientific and research work is the most optimal option. But the
fact that the device needs to take into account the event in each working organ requires the
development of a new calculation method for the designed structure. [3,5,6]. In addition, it is
important to ensure a high level of cleaning with low energy consumption in the design of the
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device. Therefore, the scope of following this trend is expanding today.

The proposed scrubber is an improved variant of the venturi tube and sieve plate scrubber.
This should be taken into account when writing the total hydraulic resistance of the device. Then
the equation for calculating the hydraulic resistance without fluid (for a dry device) and with fluid
(for a fluid-irrigated device) can be written as follows, Pa;

-Hydraulic resistance for non-fluidized device.

2
19}
AP =& ”mz (1)

in this ventring — Speed of dust entering the scrubber, m/s; pmixwre — IS the density of the
mixture of gas and dust, which can be determined according to the following equation, kg/m?;
pm:pg+(pdust'}/) (2)
in this paust — dust density, kg/m?; pgas — gas density, kg/m?; y — is the amount of dust in the
gas, which is determined experimentally, %.
Crotal hydraulic resistance— total hydraulic resistance of the scrubber [4, 9]. The following general
equation is used to determine it;

S =6 T oge (©)

Usually, to simplify calculations, an equation is used to determine the speed or consumption

of dust at the entrance to the device by the ratio of the speed or consumption of dust at the exit of
the device;

5 — Uent — Qent (4)
t
Dex Qex
- Hydraulic resistance for a device irrigated with liquid.
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figure 1. Calculation scheme of a sieve plate scrubber.
a) Sieve plate scrubber overview; b) Dust gas inlet pipe; ¢) Dust gas and liquid contact column;
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Lskr- scrubber length ; Dsk- scrubber diameter; Lp- pipe length; di- diffuser diameter; d»-
Cylinder diameter; 11- Length of working detail zones; I,- the distance between the plates; Is-
chukma layer distance; ls, Is- cylinder length; ls- diffuser length;

Determining the hydraulic resistance in a irrigated device requires some difficulties and
deviations. Therefore, when determining the hydraulic resistance of irrigated devices, device zones
are considered separately.

Then the total hydraulic resistance of the device irrigated with liquid can be written as
follows, Pa;

AP, =AP_ +AP (5)

ven s.p.s

In this APscrunber — total hydraulic resistance of combined sieve plate scrubber, Pa; APyenture
— hydraulic resistance of the venturi pipe, Pa; APsieve plate scrubber — hydraulic resistance of a sieve
plate scrubber, Pa.

When determining the total hydraulic resistance, the primary cleaning of dust in the working
liquid in the scrubber bath was taken into account, and a calculation scheme was made separately
for the venturi tube and separately for the sieve plate scrubber. Figure 1 shows the calculation
scheme of the device.

Research results

Hydraulic resistance acting on the flow of powder moving in the venturi tube. The venturi
pipe is composed of a diffuser, a guide pipe and an elbow with a certain inclination angle relative to
the pipe axis. When the dust enters the diffuser, the flow spreads according to the expansion angle
and reduces its speed. As a result of the expansion, dust particles in a dispersed state collide with
each other. It enters the scrubber through an elbow at a certain angle of inclination and hits the
surface of the working liquid in the scrubber bath and is primary cleaned.

Dust moving through the venturi tube experiences friction and local resistance as it passes
through the diffuser, guide tube, and elbow. Then, using the section A-A of the calculation scheme
in Figure 1, it will be possible to write the total hydraulic resistance of the venturi pipe as follows,
Pa;

AR, = APy + AP, + AP, (6)

ven
where APgitruser -IS the hydraulic resistance due to internal friction during the transfer of dust
to the device through the diffuser, it is determined as follows, Pa [1,4,11];
2

APdif = édif pmlx—zumf (7
where ogiffuser —1S the speed of dust entering the diffuser, m/s; xdif is the local resistance
coefficient that affects the movement of dust inside the diffuser, and we determine it using the
diffuser calculation scheme [4,11]. Figure 2

I shows the calculation scheme of the diffuser.
An important issue is that the dust flow
moving in the diffuser is evenly spread over the
~ | expansion length L of the diffuser and slows
down, which determines the particle collision in
the guide tube. When designing the device, the
Y condition indicated in the scheme must be
figure 2. Dependence of the gas flow rate vaimuser On  fulfilled. To determine this condition, we use the
the friction coefficient Agituser , the expansion anglea approximate equation Of |de|ch|k and Flinger

expansion angle aNd the degree of expansion Ngitfuser. [1,4,10];
ﬁ’ i l H aex 1
Sait :L(1_7)+sm—(l——)2 ®
gsin 2= Mai 2 Nai
2
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where ngiffuser—iS the expansion level of the diffuser; oexpansion angle — diffuser expansion angle;
Jditfuser - 1S the coefficient of friction in the diffuser, which depends on the expansion angle aexpansion
angl OF the diffuser, the degree of expansion ndiffuser and the Reynolds number Re.
We determine the values of Adgiffuser, Oexpansion angle and Nditfuser according to the condition
mentioned above [4; p 428].
A
Age =—— 9
dif Redif ( )
where the Reuitfuser -Reynolds criterion; A — Coefficient that takes into account the shape of
the diffuser. If we take into account that the speed of the dust flow to the device is given in different
ranges, it is possible to determine the Aditfuserby the Blazius equation [4; p 428].

0.316
X’dif =

| Re i

In the calculations, the coefficient of friction is 0.015+0.025, the angle of expansion is 6° (in
practice, the angle of expansion is taken around 7999 to reduce the length of the diffuser) and the
degree of expansion is assumed to be 2+4 [4; p 428-432].

Then the equation (7) takes the following form, Pa;

(10)

l. . .UZ.
Reg = cl (1—%)+sin%(1_i)2M

8sin Hex Ny Ny 2
2

(11)

APpipe — 1S the hydraulic resistance due to internal friction during the passage of dust through
the guide pipe, which is defined as follows, Pa;

2
Prmix " Vst

2

where vpipe — Speed at the entrance to the dust diverter pipe, m/s; &ipe— is the local resistance
coefficient affecting the movement of dust inside the pipe, which is assumed to be equal to 1 in the
literature and scientific research [4; p 432].

APpipe wist. — 1S the hydraulic resistance due to internal friction during the passage of dust
through the elbow, which is determined as follows, Pa;

2
pmix v .
APk.b = Cfp.t 2 o

where v pipe wist. — Speed of dust entering the elbow, m/s; & pipe wist. — IS the local resistance
coefficient of the elbow, which is accepted as 0.15 in the literature and in the scientific research
done [9].

Based on the above factors, putting equations (11), (12) and (13) into equation (6), it is
possible to write the total hydraulic resistance of the venturi pipe as follows, Pa;

Adi Phix 'Uzi Phix 'Uzi Phrix 'Uz.

AP =¢&,

(12)

(13)

AP

ven

-y psin%eq- L
. 2 n, 2
8sin =& dif dif

2

To simplify the equation (14), the values of the resistance coefficients were calculated
depending on the design parameters of the device. According to the obtained results, the local
resistance coefficient affecting the movement of dust inside the diffuser was set to &,,,.=0.3 (in
which the expansion degree of the diffuser haitruser and Laifruser length of the diffuser were taken into
account, the local resistance coefficient affecting the movement of dust inside the pipe was set to
Spipe =1 and the local resistance coefficient of the elbow and it was accepted as equal t0 &, s =
0.15 in literature and scientific research works. In that case, the theoretically calculated total
resistance coefficient of the venturi pipe can be taken as equal to 1.45. (14) putting the theoretically
calculated values into the equation, the following equation was created that determines the total

hydraulic resistance for the venturi pipe, Pa;
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2
AP :1.45% (15)

ven

Hydraulic resistance acting on the moving dust flow in a sieve plate scrubber. The sieve
plate scrubber is composed of a working liquid bath, a distribution plate, a shoulder plate that
increases the contact surface between dust and liquid, and a drop returner (separator). passes
through the plate. The distribution plate distributes the dust flow uniformly along the cross-
sectional surface of the sieve plate. Part of the working liquid (water) sprayed from above through
the nozzle forms a layer of liquid on the outer surface of the plate, while the rest moves down
through the holes of the plate in the form of a drop. As a result, a drop of liquid and a dust particle
on the contact surface of the plate are absorbed into the liquid. The purified air passes through the
plate and goes to the separator, where it is separated from the liquid droplets it carries with it. and
released into the atmosphere.

In a sieve plate scrubber, the moving dust encounters hydraulic resistance as it impinges on
the working fluid in the liquid bath, passes through the distribution plate and sieve plate, and the
droplet returner. Then, using the B-B section of the calculation scheme in Figure 1, it will be
possible to write the total hydraulic resistance of the sieve plate scrubber as follows, Pa;

AP, =APy +AP  +AP_ +AP (16)

S.p.s dif ven

where APsieve plate scrunber — total hydraulic resistance of the sieve plate scrubber, Pa; APiiguid bath

— is the hydraulic resistance of the liquid in the liquid bath to the powder flow, which is defined as
follows, Pa [4; pp. 440-444];

2
AP”q — é;c pmixzus.d (17)

Where vspeed of dust exiting — SPeed of dust exiting the elbow, m/s; & coefficient of resistance of the liquid
surface— 1S the coefficient of resistance of the liquid surface, which is determined experimentally
depending on the viscosity of the liquid. In the literature and in the scientific research works (Doyle
scrubber and plate absorbers) it is assumed to be equal to 0.45. In this case, the speed of the dust
hitting the surface of the liquid was taken in the range of 4080 m/s, and the dust was directed
perpendicular to the surface of the liquid. [4; pp. 440-444].

In the sieve plate scrubber, considering that the elbow is set at 45 degrees and the gas
velocity is maximum 30 m/s, the gas experiences a imperceptible hydraulic resistance on the
surface of the working fluid in the device bath. In that case, we can ignore the hydraulic resistance
of the surface of the working fluid in the device bath in the theoretical justification of the total
hydraulic resistance of the device.

AP gas flow distribution plate. — 1S the hydraulic resistance of the gas flow distribution plate, which is
determined according to the following equation, Pa [4; pp. 439-440];

_ pmix ) Usz.d
Apgas é:r ng 2 (18)
where Uspeed at the entrance — SPeed at the entrance to the dust distributor, m/s; &— is the
resistance coefficient of the distributor, which is accepted as 0.5 for grids with large apertures. It is
determined that the surface of the grid holes should be S>0.18 m?/m?,
Then we get the following equation by changing the equation (18), Pa;
AI:)g.f = 0'77pmix : U;.f (19)
(19) from the equation we will be able to determine the hydraulic resistance of the gas
distribution plate.
APsp. — is the hydraulic resistance of the sieve plate, which is determined by the following
equation, Pa [3,4,8];
AP, , =AR, +AP, +AR (20)
where, AP

wy - dry plate resistance, Pa; - the pressure difference necessary to overcome
surface tension forces, Pa; - resistance of the liquid column in the plate, Pa;
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AP, — determined by the surface tension of the liquid:

ap, =42 21)
d,
where, o — surface tension at the phase boundary, N/m; d, — diameter of the plate hole, m;

Dry plate and the resistance of the liquid column in it can be calculated from the equations
recommended by Professor A.N. Plonovsky, Pa;
82
AP, =1.832%% (22)
AP =1.3kh ++/k - Ah (23)

where, vo - is the speed of the gas flow in the holes of the plate, m/s; k=0.5 is the ratio of
foam density to liquid density in the plate; h- the height of the pouring threshold, m; — height of

non-bottleneck liquid around the threshold, m;
2
an= (2 (24)
@b

where, ¢ — consumption coefficient of the liquid passing through the pouring barrier (¢

=6400-10000); b- the width of the pouring barrier, m.

The coefficient 1.83 in the equation (22) applies when the plate is installed in the device in a
vertical position and for sieve plates with 7-10% hole surface.

Given that the plates of a sieve plate scrubber are installed at a certain slope, this coefficient
is not correct in determining the plate hydraulic resistance. Therefore, the following equation was
recommended to determine the resistance coefficient in equation (22);

Eay =1.83+ Aksina (25)

where Ak is a ratio coefficient, which is determined according to the plate hole diameter,
thickness and number of holes.

If we put equation (25) into equation (22), we get the equation for determining the hydraulic
resistance of the dry plate, Pa;
% Py

APy, = (1.83+ Aksina) (26)

Putting equations (21), (23) and (26) into equation (20), the total hydraulic resistance of the
sieve plate can be written as follows, Pa;

& Py do

AP, , = (1.83-Aksin a)T+d—+1.3kh+ 3k -Ah (27)
0
APsep — is the hydraulic resistance of the separator, which is defined as follows, Pa;
pmix ’ l952e
AF)sep = fs Tp (28)

where veen — speed of cleaned dust entering the separator, m/s; &— iS the resistance
coefficient of the liquid surface, which is taken as 0.4 in the calculations [4; pp. 444-448].
Then equation (27) becomes the following form, Pa;
.92
AP, =0.4Lm T

sep

(29)

If you put equations (19), (27) and (29) into equation (16), it is possible to write the total
hydraulic resistance of the sieve plate scrubber as follows, Pa;

2 . 1902/09 4o 3 Phmix * lgszep
AP, ps =077y 5 (1.83- Aksing) ==+ —=+1.3kh+ Yk -Ah + 04— (30)

s.p.s
0

Conclusion
As a result of the research of wet dust cleaning devices, the efficiency of capturing dust
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particles in a certain gas depends only on the pressure loss in the device, and a calculation scheme
for sections A-A and B-B was developed. Based on this, the formula for the total hydraulic
resistance of the combined sieve plate scrubber can be written as follows, Pa;
. 2 '92 . .92
AP :1.45%+o.77pmix 9 (1.83 Aksin a)°Tpg+‘;—“+1.3kh +3k-Ah +o.4% (31)
0

Through the resulting equation (31), we can determine the total hydraulic resistance of the

combined sieve plate scrubber.

References

[1]. Gavin Towler, Ray Sinnott, Chapter 17 - Separation columns (distillation, absorption, and extraction), Chemical
Engineering Design (Third Edition), Butterworth-Heinemann, 2022, pp. 631-733.

[2]. Kurella Swamy, B. C. Meikap. Hydrodynamic characteristics of a three-stage dual-flow sieve plate scrubber.
South African Journal of Chemical Engineering Volume 23, 2017, pp. 91-97.

[3]. Spellman, F. R., & Whiting, N. E. (2004). Environmental engineer's mathematics handbook. CRC Press.

[4]. Yusupbekov N.R., Nurmuhamedov H.S., Zokirov S.G. Basic processes and devices of chemical technology. —
Tashkent: Science and technologies, 2015. — 848 p.

[5]. Yongfa Diao, Honggang Yang, Chapter 5 - Gas-cleaning technology, Editor(s): Howard D. Goodfellow, Yi
Wanyg, Industrial Ventilation Design Guidebook (Second Edition), Academic Press, 2021, pp. 279-371.

[6]. GOST 31826-2012. Gas cleaning and dust collecting equipment. Bag filters. Wet dust collectors. Safety
requirements. — Moscow: Standartinform, 2019. — P.27.

[7]. Sulaymanov A.M., (2022). Energy consumption in a sieve plate scrubber. Universum: technical science, (11-7
(104)), 5-9.

A. Bandyopadhyay, M.N. Biswas. SO? scrubbing in A tapered bubble column scrubber. Chem. Eng. Commun., 84
(2006), pp. 54-62

[8]. Sulaymanov A.M., Tojiev R.J., (2022). "Hydrodynamics of a scrubber for wet cleaning of powder gas
generations" Mechanics and Technology, 2 (7), 120-127.

[9]. J. Zhang, Y. Wang, G. Yu, X. Mao, F. Wang. Experimental study of two phase flow characteristics on the dual-
flow tray. Chem. Eng. Res. Des., 102 (2015), pp. 90-99.

[10]. Sulaymonov A.M., “Hydrodynamics of an inertial scrubber for cleaning dusty gases in the chemical industry
using liquids,” Scientific-technical journal (STJ FerPI, 2023, Vol. 27. Special issue No. 8)

Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK OI'TY, 2026, T.30.crem.Boimyck Ne 3) 63


https://www.sciencedirect.com/science/article/pii/S1026918516300610
https://www.sciencedirect.com/science/journal/10269185

CTPOUTEJIBCTBO

QURILISH KONSTRUKSIYALARI TEXNIK HOLATINI MONITORING QILISHDA
STATIK VA DINAMIK YONDASHUVLAR TAHLILI

Sh.M. Davlyatov, D.D. Xasanov

Farg ‘ona daviat texnika universtiteti
e-mail: sh.davlyatov@ferpi.uz, ORCID(0009-0006-7204-7192).
e-mail:hasanovdavlatbek2@gmail.com ORCID (0009-0007-3597-8681)
(Qabul gilindi 22.02.2026 y.)

Annotatsiya: Ushbu maqolada qurilish konstruksiyalarining xavfsiz ekspluatatsiyasini ta 'minlashda
Monitoring tizimlarining o‘rni va ahamiyati ko ‘rib chigiladi. Maqgolada monitoring va tekshiruv
tushunchalari o ‘rtasidagi farqlar, avtomatlashtirilgan monitoring tizimlarining (AMT) ierarxik tuzilishi
hamda statik va dinamik monitoring usullarining qiyosiy tahlili keltirilgan. Shuningdek, konstruksiyalardagi
shikastlanishlarni aniglashning to‘rt darajali paradigmasi va zamonaviy stoxastik modal tahlil (OMA)
usullarining afzalliklari asoslab berilgan.

Tayanch so‘zlar: monitoring, statik tahlil, dinamik tahlil, operatsion modal tahlil (OMA), datchiklar,
shikastlanishlarni aniglash, konstruksiya xavfsizligi.

Almomauml: B Hacm()}m;eﬁ cmamsve pacemampusaiomcs pojlb U 3HA4eHue cucmem MOHUmopuHea 6
obecnevenuu 0e30NACHOU  SKCHIYAMAYUU CMPOUMENbHLIX  KOHCMPpYKyuti. B cmamve npugooumcs
CPABHUMENbHBII AHAIU3 PA3IUYUTL MeXHCOY NOHAMUAMU MOHUMOPUHEA U 00CIe008AHUSA, UePaAPXUYeCKds
cmpykmypa — agmomamusupoearntiblx  cucmem MOHUMOPpUHea (AC]\/[), a makoice cmamuuvyeckue u
OuHamuyeckKue memoowl MOHUMOPUHeA. Kpozwe moeo, obocHosvieaemcs uembvlpexypoerneesast napaduZMa
BblABICHUA noepeofcéeﬁuﬁ 6 KOHCMpPYKYUAIX U npeumyuiecmea CO6PEMEHHbBIX MEmoo0E CMOXACmMUYecKo2o
Mmooanvrozo ananuza (CMA).

Knroueeswie cnosa: MOHUMOPUHZ, cmamuyeckutl aHAlu3, OUHAMUYECKUU AHAIU3, 9KCI’l]lyamal4u0HHbllZ
MoOanvuwill ananuz (OMA), damuuku, ooHapysicenue nospericoerut, 6e30NACHOCHb KOHCMPYKYUU.

Abstract: This article examines the role and importance of monitoring systems in ensuring the safe
operation of building structures. The article presents a comparative analysis of the differences between the
concepts of monitoring and verification, the hierarchical structure of automated monitoring systems (AMS),
and methods of static and dynamic monitoring. The advantages of the four-level paradigm for determining
structural damage and modern methods of stochastic modal analysis (SMA) are also substantiated.

Keywords: monitoring, static analysis, dynamic analysis, operational modal analysis (OMA), sensors,
damage detection, structural safety.

Kirish: Zilzila tabiiy ofatlardan biri bo‘lib, ko‘p yillardan buyon O‘zbekiston Respublikasi
aholisi va hududiga jiddiy xavf tug‘dirib kelgan. Seysmik xavfsizlik muammosi mamalkatimizda
dolzarb muammalardan biri bo‘lib, zilzila natijasida yuz berishi mumkin bo‘lgan talofatlarning
oldini olish borasida Davlatimiz tomonidan salmoqli ishlar olib borilmogda. Buning asosiy sababi
mamlakatimizning seysmik rayonlashtirish haritasiga ko‘ra umumiy yer maydonining 78% hududi
7 va undan ortiqg balli hududni tashkil giladi. [1].

Bino va inshootlarning seysmik va ekspluatatsiya xavfsizligini ta’minlashda, undan kelib
chigadigan oldini oluvchi (ogohlantiruvchi) chora-tadbirlarni o‘tkazish bilan bog‘liq bo‘lgan
vazifalar hayot uchun muhim va nihoyatda dolzarb hisoblanadi [2].Shu munosabat bilan muhumlik
darajasi yuqori, ijtimoiy ahamiyatga ega bo‘lgan binolar uchun yuk ko‘taruvchi konstruksiyalarini
monitoring qilish tizimini yaratish provard magsad bo‘lib qolmoqda.

Monitoring tushunchasi tekshiruv tushunchasi bilan chambarchas bog‘lig. SHNQ 1.04.01-23 [3]
ga muvofiqg tekshiruv - bu tekshirilayotgan obyektlarning foydalanish holati, yarogliligi va ishlash
gobiliyatini tavsiflovchi hamda ularni kelgusida ishlatish imkoniyatini yoki tiklash va kuchaytirish
zaruratini aniqglovchi nazorat qilinadigan parametrlarning haqiqiy giymatlarini aniglash va
baholash bo‘yicha chora-tadbirlar majmuidir. Tekshiruv davriy xususiyatga ega. Tekshiruvdan
fargqli o‘laroq, monitoring doimiy xususiyatga ega. ['OCT P 53778-2010 ga muvofiq [4]
monitoring - bu kuzatuv va nazorat tizimi bo‘lib, kuchlanganlik-deformatsiyalanganlik holati
(KDH) sezilarli o‘zgargan va texnik holatini tekshirish zarur bo‘lgan obyektlarni aniglash uchun
xizmat qiladi. Shunday qilib, tekshiruv va monitoring - bu ikkita parallel, bir-birini to‘ldiruvchi
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jarayon bo‘lib, qurilish konstruksiyalarining xavfsiz ishlashini ta’minlaydi.
Monitoring, xuddi tekshiruv singari, aniglash va baholashni nazarda tutadi
quyidagi nazorat gilinadigan parametrlarni:

Statik xususiyatlar:
- materiallarning xossalari;
- deformatsiya;
- siljish (cho‘kish, egilish, qiyshayish) va boshqalar.

Dinamik xususiyatlar:
- chastota;
- so‘nish dekrementi (dempfirlash koeffitsiyenti) va boshqalar.
Monitoring o‘tkazish uchun umumiy tuzilmasi avtomatlashtirilgan monitoring tizimlari tobora
ommalashib bormoqda.

[5] ga ko‘ra, monitoring tizimi ko‘p darajali ierarxik tuzilmaga ega bo‘lishi kerak:

1-daraja. Tuzilmali axborot kabel tizimi.
2-daraja. Birlamchi o‘zgartgichlar.
3-daraja. Ma’lumot yig‘ish kontrollerlari.
4-daraja. Kiritish/chiqgarish serverlari.
5-daraja. Dispetcherlarning avtomatlashtirilgan ish joylari.

Operatorlarning avtomatlashtiriligan
ish joylari (AlJ)

iritish/chiqarish serveri ((@_\I;

Internet, intranet
&

Shamol

Wl

B,

Kiritish/chiqarish modullarikontr;,:,lm,_.,.lar

Kabel liniyalari

% Transport va uskunalar

Datchiklar a

Mikroteysslar
1-rasm. Qurilish monitoring tizimining tuzilmaviy sxemasi.

Asosiy gism:Funksional imkoniyatlariga ko‘ra, nazorat qilinadigan parametrlar turiga
garab monitoring tizimlari ikki sinfga bo‘linadi: statik va dinamik. Statik SM (Tokyo Sokki
Kenkyujo va Geokon) vaqt o‘tishi bilan sekin o‘zgaradigan parametrlarni (harorat, egilish, og‘ish,
cho‘kish, poydevor ostidagi kontakt kuchlanishlari) o‘lchaydi. Dinamik monitoring tizimlari esa
(RefTek, Kinemetrics va Digitexx) vaqt o‘tishi bilan tez o‘zgaradigan parametrlarni (tezlanish,
tebranish tezligi) o‘Ichaydi.

Hozirgi vagtda monitoring tizimlarini ishlab chigishda uchta texnologik platforma qo‘llanilmogda.
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Birinchisi turli xil sensorlardan foydalanishga asoslangan bo‘lib, o‘lchov ma’lumotlarini simli
aloga orqali uzatadi.(SISGEO simli monitoring tizimlari ); ikkinchi tur qo‘shimcha ravishda
me’yorlangan parametrlarni (egilish, qiyshayish, deformatsiya) avtomatik nazorat gilish va simli
yoki simsiz aloqga orqali ma’lumot uzatish bilan o‘lchov natijalarini to‘plash hamda avtomatik
qayta ishlash serverlarini o‘z ichiga oladi (MicroStrain , NI , J.Lynch simsiz monitoring
tizimlari); uchinchi tur esa, yuqoridagilarga qo‘shimcha ravishda, matematik va fizik
modellashtirish asosida konstruksiyalarning texnik holatini baholash imkoniyatiga ega (Brimos
ko‘priklar holatini monitoring qilish tizimi ). Ushbu ko‘priklar holatini aniqlash tizimi
argonlarning tebranish tezlanishlarini o‘lchaydi. O‘lchangan natijalar spektri asosida matematik
model parametrlari hisoblanadi. Parametrlar sifatida argonning egilishdagi bikrligi va taranglik
kuchi gabul qilinadi . Arqonlarning taranglik darajasiga qarab, ko‘prik konstruksiyasidan xavfsiz
foydalanish mumkinligi aniglanadi.

Statistik monitoring sohasidagi xorijiy tadqiqotlar orasida [6] ishini alohida ta’kidlash lozim.
Ushbu ish binolar va inshootlarning yuk ko‘taruvchi konstruksiyalarining kuchlanganlik-
deformatsiyalanganlik holatini baholash masalalariga bag‘ishlangan bo‘lib, ularning texnik
holatini monitoring qilish jarayonida olib borilgan. Holatni baholash uchun monitoring tizimi
ishlab chiqilgan bo‘lib, u konstruksiyalar nuqtalarining siljishini avtomatlashtirilgan geodezik
o‘lchash usullari va elektron taxeometrlarni o‘z ichiga oladi. [7] ishda tanlab tekshirish, fazoviy-
koordinatali (FK) oflchashlar, oflchash natijalari bo‘yicha konstruksiyalarning kuchlanganlik-
deformatsiyalanganlik holatini chekli elementlar usulida tahlil gilishdan foydalanish taklif etiladi
(2-rasm). Qo‘llanilgan yondashuvning kamchiligi boshqa usullar, masalan, deformatsiya, harorat va shu
kabi datchiklar yordamida bajarilgan o‘Ichovlarning yo‘qligidir. Aslida, FK o°zgarishining sababini fagat
taxeometrik syomka natijalari asosida to‘liq aniglash mumkin emas.

FAZOVY-KOORDINATALI (FK) MA'LUMOTLARNI YIG'ISH 3D GEOMETRIK MODEL > CHEKLI ELEMENTLAR (CHE) MODELI

f 5, KUCHLANGANLIK-
| 7‘;;§.QGEODEZ!K SURYATISH VA FK NU?;A;)ARI 3: glssgﬁgmfs I3D 4, ChE MODEL VA TAHLIL [DEFORMATSIYALANEANLIK

HOLATI TAHLILI
Elementlar
mesh

FK MA'LUMOTLARI
GEOMETRIYA

<

. Taxeometrik suryatish (x, v, 2)

* Konstruksiya deformatsiyasi va qiyaligi m“

* Nugtalar buluti (Point Cloud)

‘%:

* Cheklliementlar bo'yicha
hisoblash

Chekli elementlar bo'yicha hisoblash
mesh  * Kuchlanishlarni aniglash (g, 7)
« Deformatsiyalarni prognoziash (g)

) N o Elementiar
+ Loyiha geometriyasini aniglashtirish

* FK ma'lumotiari asosida tuzatish

J
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@
~
| pARAMETRLAR
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2-rasm . Fazoviy kordinatali va chekli elementlar modeli shakillanishi.

Statik monitoring tizimining namunasi [7] ishida tavsiflangan tizim hisoblanadi. Ushbu
monitoring tizimi grunt bosimi, beton deformatsiyasi va armatura sterjenlaridagi kuchlanishni
o‘lchaydi. Mazkur tizimni qo‘llash zarurati hisob-kitob va amaliy cho‘kish hamda giyalik
giymatlarining farglanishi tufayli yuzaga kelgan. Tizimning kamchiligi ma’naviy eskirgan
uskunalarni qo‘llashdir.

So‘nggi xorijiy dinamik monitoring tizimlari ishlanmalari orasida [8] ishni ta’kidlash
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lozim. Ushbu ish Moskvadagi G ‘alaba xiyobonidagi yodgorlik konstruksiyalarini kompleks
monitoring qilish tizimini ishlab chiqishga bag‘ishlangan. Yodgorlik balandligi 142 metr bo‘lgan
uch qgirrali piramida shaklidagi ustun-obelisk bo‘lib, uning 110 metr balandligida "Nika ma’buda
farishtalar bilan" haykaltaroshlik guruhi o‘rnatilgan. Foydalanish davridagi shamol yuki ta’sirida
inshoot bir nechta xususiy chastotalarda rezonans tebranishlarga duchor bo‘ladi, shu sababli obyekt
bir nechta xususiy chastotalarga mo‘ljallangan dinamik tebranish so‘ndirgichlari bilan jihozlangan.
Shu munosabat bilan, yodgorlikning normal ishlashi inshoot holatini nazorat gilish (monitoring)
tizimini talab etadi. [8] ish muallifi monitoring tizimida flyugerlar, anemometrlar, tezlanish
datchiklari va optik siljish datchiklari. javob spektriga misol 3-rasmda ko‘rsatilgan. Ushbu tizimda
uslubiy kamchilik mavjud - dempferlash parametrlari tabiiy tebranish foniga xos bo‘lgan shovqinli
ma’lumotlarga ta’sirchan yarim energiya usuli yordamida aniqlangan. Yugorida ta’kidlangan
yechimlarning kamchiligi monitoring tizimlarini loyihalashda kompleks yondashuvning
yo‘qligidir. Komplekslikka bir vaqtning o‘zida bir nechta texnologiyalarni qo‘llash orgali erishish
mumkin - axborot modellashtirish  Konstruktsiyalar —monitoringi  jarayoni  bevosita
shikastlanishlarni aniglash (damage detection) bosqgichlari bilan bog'liq bo'lib, u tizimli ravishda
to'rt darajaga bo'linadi: shikastlanish mavjudligini aniglash, uning lokatsiyasini tayinlash, xavf
darajasini baholash va qolgan xizmat muddatini bashorat qilish.Tadgigotda shikastlanish
tushunchasi materialning xususiyatlari o'zgarishi, jumladan, charchoq deformatsiyalari hamda
mikro va makro yoriglarning rivojlanishi natijasida yuzaga keladigan konstruktiv holatning
o'zgarishi sifatida talgin etiladi.

fuci

0,125

0,075 S

0,125 -

Amplituda. V

0,075

0,025

0 T T T T
0,0 0,2 0,4 0,5 0,5 0,6 0,7 s
Shamol 165 grad. Vaqt 11:44 - 12:44

3-rasm. Akselerometr o‘Ichov natijalari bo‘yicha Y ogi bo‘ylab cho‘qgi tebranishlari spekiri.

Binolar va inshootlar konstruksiyalari ekspluatatsiya jarayonida mikroseysmlar, shamol,
transport va boshqa manbalar ta’sirida uzluksiz ravishda vibratsion yuklamaga duchor bo‘ladi
Konstruksiyalarning vibratsion yuklamaga javobini o‘lchash mumkin va bu o‘lchovlardan olingan
dinamik xususiyatlar asosida konstruksiyalarning holatini baholash uchun foydalanish mumkin

Dinamik o‘lchashlarning uch turi farqlanadi: sun’iy ta’sirlar natijasida yuzaga kelgan
tebranishlarni o‘lchash (aniq belgilangan ta’sir), erkin tebranishlarni o‘lchash va tabiiy ta’sirlar
fonidagi (tasodifiy yoki stoxastik ta’sir) tebranishlarni o‘Ichash. Sun’iy uyg‘otish natijasida yuzaga
kelgan tebranishlarni o‘lchashda maxsus teykerlar qo‘llaniladi. Ular oldindan berilgan algoritm
bo‘yicha konstruksiyalarda g‘alayonlarni yaratishga qodir: ma’lum statistik tagsimot qonuniga ega
bo‘lgan tasodifiy ta’sirlar, davriy yoki impulsli ta’sirlar. Xorijiy amaliyotda bu usul so‘zma-so‘z
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"majburiy tebranish sinovi" (Forced vibration testing) deb ataladi. Ushbu usulning asosiy afzalligi
o‘lchanayotgan ma’lumotlarning yuqori sifatidadir. Biroq, usulning jiddiy kamchiliklari mavjud -
maxsus texnika talab qilinadi, bu esa ishning narxi va bajarilish murakkabligini oshiradi.
O‘lchangan ma’lumotlarni talqin qilish uchun konstruksiyaga berilgan kuch ta’sirini o‘lchash ham
qo‘llaniladi. Kuchli tebranish sinovlari uchun aylanadigan muvozanatsiz elektr dvigatellari bilan
jihozlangan teykerlardan foydalaniladi, shuningdek, elektrogidravlik teykerlar va modal bolg‘alar
ham ishlatiladi.

a)
4-rasm . a)Teykerni kran yordamida o‘rnatish va b)ko‘prik konstruksiyasiga
o‘rnatilgan teyker.

Konstruksiyaning erkin tebranishlarini o‘lchash jarayoni konstruksiyaning boshlang‘ich
holatini belgilash zarurati bilan bog‘liq - tezlanish, tezlik yoki siljish Shubhasiz, bu usul amalda
to‘liq o‘lchamli qurilish obyektlariga qaraganda ko‘proq kichik laboratoriya qurilmalari uchun
qo‘llaniladi.

Bugungi kunda qurilish konstruksiyalarining amaliy loyihalashda tabiiy tasodifiy (stoxastik)
tashqi ta’sirlar natijasida konstruksiya nugtalarining tebranishlarini o‘lchash usuli keng qo‘llanilmogda.
Bu usul tebranishli sinov yoki tashqi ta’sirlardan tebranishli operatsion sinov (Ambient vibration
testing) deb nomlanadi

Ushbu usul sun’iy ta’sirlarning yo‘qligi va tabiiy ta’sirlar xususiyatlari hagida
ma’lumotning mavjud emasligi bilan tavsiflanadi. Qurilish konstruksiyasiga quyidagi mexanik
tebranish manbalari ta’sir ko rsatishi mumkin:

1. Mikroseysmiar.
Seysmik faollik.
Mashinalar, mexanizmlar va odamlardan keladigan tebranishli ta’sirlar.
Shamolning pulsatsiyalanuvchi ogimlari.
Tovush to‘lginlari va boshqa manbalar.

Ushbu usulning ommaviyligi bino va inshootlardan foydalanish jarayonida kuch ta’sirini
o‘lchash zarurati yo‘qligi bilan bog‘liq. Konstruksiyadagi yuklanish noma’lum bo‘lgani uchun
quyidagicha taxmin gilinadi: yuklanish jarayonini tasodifiy statsionar jarayon deb garash mumkin
,shuningdek, bu jarayon tekis spektrga ega bo‘ladi (boshqacha aytganda, tekis amplituda-chastota
xarakteristikasiga ega bo‘ladi, ko‘pincha "oq shovqin" atamasi ishlatiladi). O‘Ichash uchun
ko‘pincha akselerometrlar (tezlanish datchiklari), kamroq hollarda tezlik, siljish, deformatsiya va
boshqa turdagi datchiklar qo‘llaniladi.

aksow
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5-rasm. Dinamik tajriba usullarining rivojlanish tarixi tahlili.

Shuni ta’kidlash joizki, amaliyotda "tasodifiy tashqi ta’sirlardan vibratsion sinovlar"
sun’iy ravishda berilgan kuch ta’sirlari bilan birgalikda qo‘llanilishi mumkin.

5-rasmda konstruksiyalarning eksperimental dinamik tahlili sohasidagi tadgiqotlar faolligi
ko‘rsatilgan. 5-rasmdan ko‘rinib turibdiki, hozirgi vaqtda tadqiqotlar ko‘proq konstruksiyalarning
tabiiy vibratsion fonga javobini ko‘rib chigishda stoxastik tahlil usullari uchun o‘tkazilmoqda.

Xulosalar:

Monitoring tizimlari bo‘yicha mavjud yechimlarni tahlil qilish natijasida ishchi gipoteza
shakllantirildi. Uning asosiy mohiyati dinamik monitoringning kompleks texnologiyasini ishlab
chigishda uchta texnologiyani qo‘llashdan iborat: axborot modellashtirish, chekli elementli
modellashtirish hamda nazariy va eksperimental dinamik tahlil texnologiyalari.

Masala holatini o‘rganish shuni ko‘rsatdiki, zamonaviy qurilishda monitoring usullari faol
qo‘llanilmoqda. Bu esa mazkur ishning dolzarbligini tasdiglaydi.

Hozirgi kunda xorijda monitoring o‘tkazish uchun keng gamrovli me’yoriy baza mavjud.
Ushbu baza muntazam ravishda to‘ldirib borilmoqda
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Annotatsiya: Ushbu magqolada ko‘p qavatli binolarni zilziladan himoya gilishning zamonaviy,
innovatsion va iqtisodiy jihatdan samarali yechimlaridan biri sifatida rezina-grunt aralashmasi (RGA)
asosidagi geotexnik seysmik izolyatsiya (GSI) tizimi atroflicha tahlil gilinadi. Tadgiqotning asosiy magsadi
mazkur tizimning ishlash mexanizmini, seysmik energiyani kamaytirishdagi rolini, hamda ko ‘p qavatli bino
povdevorlarida qo ‘llash imkoniyatlarini ilmiy asosda baholashdan iboratdir. Shu bilan birga, an’anaviy
poydevor yechimlari bilan tagqoslanganda rezina grunt aralashma asosidagi GSI tizimining ustun jihatlari,
iqtisodiy tejamkorligi va amaliy qo ‘llanishdagi qulayliklari ko ‘rsatib beriladi. Magolada jahon olimlari
tomonidan olib borilgan ilmiy izlanishlar, kompyuter modellashtirish natijalari hamda tebranish stoli
sinovlari tahlil gilinadi. Ushbu manbalar asosida rezina va grunt aralashmasi gatlamining deformatsiyani
pasaytirish, tebranishlarni so ‘ndirish hamda ustki inshootga uzatiladigan dinamik yuklarni kamaytirish
xususiyatlari baholanadi. Tadgiqot davomida rezina donachalari ulushi, gruntning fizik-mexanik
ko ‘rsatkichlari, qatlam qalinligi, zichlanish darajasi va namlik kabi omillarning tizim samaradorligiga
ta siri alohida o ‘rganiladi. Natijalar shuni ko ‘rsatadiki, RGA asosidagi GSI tizimi seysmik to ‘[ginlarning bir
qismini o ‘zida yutib, qolgan qismini tuproq muhitida tarqatish orqali bino konstruksiyalariga yetib boruvchi
zarbani sezilarli darajada kamaytiradi. Bu esa inshootning siljish amplitudasi, tezlanish darajasi va ichki
kuchlanishlarining kamayishiga olib keladi. Shuningdek, magolada optimal tarkib va konstruktiv
parametrlarni tanlash bo ‘yicha tavsiyalar umumlashtiriladi. Bundan tashqari, mazkur tizimni O ‘zbekiston
sharoitida qo ‘llash imkoniyatlari ham ko rib chigiladi. Hududiy seysmik faollik, geologik muhit, grunt
sharoiti hamda amaldagi qurilish me’yorlari (GOST, OMQ, SHNQ) nuqtayi nazaridan uning
moslashuvchanligi va amaliy joriy etish istigbollari baholanadi. Hisob-kitoblar va tajriba natijalari
tizimning xizmat muddati, ta’mirlashga ehtiyoji va ekspluatatsion barqarorligi bo ‘yicha ham ijobiy
xulosalarni beradi. Xulosa qilib aytganda, rezina-grunt aralashmasiga asoslangan geotexnik seysmik
izolyatsiya tizimi ko ‘p qavatli binolarning zilzilabardoshligini oshirish, qurilish xavfsizligini kuchaytirish va
xarajatlarni optimallashtirishda istigbolli yechim sifatida namoyon bo ‘ladi. Tizimning yana bir muhim
afzalligi shundaki, u murakkab mexanik qurilmalarni talab gilmaydi va mahalliy qurilish materiallari
asosida nisbatan arzon tayyorlanadi. Shu sababli, yugori seysmik xavfga ega hududlarda yangi qurilish
loyihalarida ham, mavjud binolarni rekonstruksiya gilishda ham undan foydalanish mumkin. Mazkur
vo ‘nalish bo ‘yicha kelgusida tajriba-sinov maydonlarida qo ‘shimcha tadgiqotlar olib borish, turli grunt
turlari uchun hisobiy modellarni aniglashtirish va normativ hujjatlarni takomillashtirish magsadga muvofiq
hisoblanadi. Bu esa uning amaliy joriy etilishini tezlashtirib, zilzila xavfini kamaytirish bo ‘yicha barqgaror va
ekologik toza muhandislik yechimlari gatoriga kiritadi shaharsozlikda muhim ahamiyat kasb etadi.

Tayanch so‘zlar: geotexnik seysmik izolyatsiya, rezina-grunt aralashmasi, dempferlash, seysmik
tebranish, poydevor, zilzilabardoshlik, gavatlararo siljish.

Annomayun: B oaunoii cmamve 6cecmoponHe AHATUBUPYEMCS 2€0MEXHUYECKAs. CelCMUYecKdsl
usonayuonnas cucmema (GSI) na ocnose pesuno-epynmosgoti cmecu (RGA) xax 00HO U3 co8peMeHHbIX,
UHHOBAYUOHHBIX U  IKOHOMUYECKU OPOEeKMUSHbIX peleHull 3auumosl  MHO2OIMANCHBIX 30AHULL  OM
semnempscenuti. OCHOBHOU YeNbl0 UCCLeO08AHUS ABNACMCA HAVUHASL OYEHKA MeXaHusma pabomel OaHHOU
cucmemvl, €€ pOU 8 CHUNCEHUU CeUCMUYECKOU IHEpeuU, a MAKINCe BO3MONCHOCHEl NpPUMEHEHUsT 8
@ynoamenmax muo20omadichvix 30anutl. Kpome moeo, noxazanwt npeumywecmea cucmemvi GSI na ocrnose
PE3UHO-GPYHMOBOU  CMeCU N0  CPAGHEHUI0 C MPAOUYUOHHBIMU — (DYHOAMEHMHbLIMU — peuleHusmu, —eé
IKOHOMUYHOCTL U YOOOCMBO NPAKMUYECKO20 NpumeHeHus. B cmamve ananusupyiomces pesynomamoi
HAYYHBIX UCCTe008aAHUN, NPOBEOEHHBIX MUPOBHIMU YYEHBIMU, OAHHbIE KOMNBIOMEPHO20 MOOeTUPOSaHUs U
ucnvlmanui Ha eubpayuonHom cmone. Ha ocnoge smux O0annulx oyenusaromcs ceolucmea Closi pe3uHo-
SPYHMOBOU CcMeCcu NO CHUMNCEHUI0 Oehopmayuti, 2auleHur0 KoneOauuili U YMEeHbUeHUI) OUHAMUYECKUX
HA2pY30K, nepedasaemvlx HA HAO3EMHYIO0 YaACMb COOpyceHus. B xode uccnedosanus omoenvrno uzyuaemes
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GAUAHUE mMAKUX d)dkﬁ’lOpO@, KAdK codepafcaime PE3UHOBbLX Hacmuy, qbu3ul<0-MexaHuqe0Kue xapakmepucmuku
cpyHRma, mojauna Cuios, Cmenensb YNnionHerusl U 6J1adx CHOCNb, Ha 9¢d)eKmu6HOCWIb cucmemasl. Pe3y/zbmambl
nokKasslearoni, 4mo cucmema GSI na ocnose RGA wacmuuno noczjioujaem celicmMuyeckue 80JIHbl u pacceusaem
OCTABULYIOCS. IHEPEUIO 8 SPYHMOBOU Cpede, 3HAUUMENbHO CHUJICASL 8030€liCEUe HA KOHCMPYKYUU 30aHUL.
Omo npueooum K yMeHbUEHUIO AMAIUMYObL CMEWEHUll, YPOBHS YCKOPEHUN U 6HYMPEHHUX HANPSINCCHUL.
Taxorce 6 cmamve 06051/1/;€Hbl peKOMeH()ab;uu no 6’bl60py onmumdailbHoco cocmaed U KOHCMPYKMUBHbIX
napamempoe. ﬂOI’IOJZHumeJleO pacemampuearomcst  603MONCHOCIMU  NPUMEHEHUA OaHHOU cucmemvl 6
yenosusax  Vibexucmana. Oyenugaemcsi €€ a0anmueHOCb U NEPCHEKMUGbl  GHEOPeHUsl ¢ Y4émom
peZuOHaJleOﬁ ceticMuyecKoll aKkmueHocmu, 2eonocudecKux yazoem?, XxapakmepucmukK cpyHmoe U
oeticmeyrowux cmpoumenvuvix Hopm (I OCT, KMK, [IHK). Pacuémul u 5KcnepumeHmanivhvie OaHHble
makKoice nodmeepofcdaiom nonosicumeslibHvle nokasameiu no Cpoky CJZyOfC6bl, nompe61—tocmu 6 pemMoHme u
3Kcnﬂyamauu0HHoﬁ ycmoﬁtmgocmu cucmemvl. B 3zaxnouenue ommeuyaemcsa, Umo 2ceomexHuyecKas
celicMuyeckas U30JIAYUsA HA OCHO6B€E pe3uH0—2pyHm060L7 cMmecu Aejislemcst nepCcneknmueHviM peueHuem ons
NOBBIUUEHUS. CEUCMOCMOUKOCIU MHO203MAINCHBIX 30aHulZ, noeviuienuss bezonacHocmu cmpoumeilbcmea u
onmumusayuu sampamt. ﬂOnOJZHumeﬂbelM npeumyuiecmeom cucmemsl Aejiaemcs omcymcmeue
HEoOX00UMOCMU 6 CHLOJCHBIX MEXAHUYECKUX ycmpoﬁcmgax U BO3MONCHOCMb €€ U320MOBAEHUSL U3 MECMHbIX
CMpoUmeNbHblX mamepuaioe no OmHOCUMENIbHO Huskou cmoumocmu. B ceazu ¢ smum eé mooicro
NPUMEHANMb KAK 6 HOBbIX CMPOUMENbHbIX NPOEeKmax, makK u npu peKOHCmMpyYyKyuu cyuiecmeyrouux 30aHUll 8
CelcMOONACHbIX paﬁOHax. B nepcnekmuee 146]160006]%131-!0 npoeeaeﬂue ()OI’lOJZHumejleblx ucwzedoeaHmZ HA
IKCnepumenmailbHovlx NOJUCOHAX, YMOYHEHUE pacué’mezx Mmooeneu 0ns PA3TUYHbIX MUNO6 2pPYHmMoe U
COBEPULEHCMBOBAHUE HOPMAMUBHOU 0a3bl. DMo N03601UM YCKOpUMb 6HeOpeHue OAHHOU MeXHOA02UU U
6KJIIOYUNb eé 6 yucio ycmoﬁqueblx u IKojlocuveckKu 6630naCHblx UHJICEHEPHDBIX pemeHuﬁ 6
epadocmpoumenscmae.

Knroueegvie ciuoea: ceomexrHudecKas ceticmMuyeckas usoAyusl,  pe3urHo-cpyHnosas CMecCy,
demnuposanute, celicmuieckue Konebanus, GyHOAMEeHm, celicMOCMOUKOCHb, MENCIMANCHOE CMeUujeHUe.

Abstract: This article provides a comprehensive analysis of a geotechnical seismic isolation (GSI)
system based on a rubber—soil mixture (RSM) as a modern, innovative, and cost-effective solution for
protecting multi-storey buildings against earthquakes. The main objective of the study is to scientifically
evaluate the operating mechanism of this system, its role in reducing seismic energy, and its applicability in
the foundations of multi-storey buildings. In addition, the advantages of the GSI system based on rubber—soil
mixtures compared to conventional foundation solutions are demonstrated, including its cost efficiency and
practical convenience. The paper analyzes findings from international research, results of computer
simulations, and shaking table tests. Based on these sources, the deformation reduction, vibration damping,
and dynamic load mitigation properties of the rubber—soil layer are evaluated. The study also examines the
influence of factors such as rubber particle content, physical and mechanical properties of the soil, layer
thickness, compaction degree, and moisture on system performance. The results indicate that the RSM-based
GSI system absorbs part of the seismic waves and dissipates the remaining energy within the soil medium,
significantly reducing the impact transmitted to the building structures. This leads to a decrease in
displacement amplitude, acceleration levels, and internal stresses. The article also summarizes
recommendations for selecting optimal composition and structural parameters. Furthermore, the potential
for implementing this system under the conditions of Uzbekistan is assessed. Its adaptability and prospects
for practical application are evaluated considering regional seismic activity, geological conditions, soil
characteristics, and existing construction standards (GOST, KMK, SHNK). Calculations and experimental
results also demonstrate positive outcomes in terms of service life, maintenance requirements, and
operational stability. In conclusion, the geotechnical seismic isolation system based on a rubber—soil mixture
is presented as a promising solution for enhancing the seismic resilience of multi-storey buildings, improving
construction safety, and optimizing costs. Another important advantage of the system is that it does not
require complex mechanical devices and can be produced relatively cheaply using locally available
construction materials.

Keywords: geotechnical seismic isolation, rubber-soil mixture, damping, seismic vibrations,
foundation, seismic resistance, inter-storey drift.

1.Kirish:

Seysmik faolligi yuqori bo‘lgan hududlarda, xususan O‘zbekiston sharoitida, ko‘p qavatli
bino va inshootlarning zilzilaga chidamliligini ta’minlash muhim muhandislik vazifalaridan biri
hisoblanadi. Urbanizatsiya jarayonida binolarning balandligi ortib borayotgani ularning dinamik
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yuklamalarga sezgirligini oshiradi va bu esa konstruktiv yechimlarga alohida talab qo‘yadi.
An’anaviy loyihalash usullarida bunday binolar yuqori mustahkamlikka ega beton (B15, B20 va
undan yuqgori markalar) hamda bikr karkas tizimlari asosida quriladi. Ushbu yondashuv
konstruksiyaning umumiy mustahkamligini oshirsa-da, kuchli zilzilalar vaqtida elementlarda katta
ichki kuchlanishlarning yuzaga kelishiga sabab bo‘ladi. Bundan tashqari, konstruksiya og‘irligining
ortishi poydevorga tushadigan yukni ko‘paytiradi va iqtisodiy samaradorlikni pasaytiradi. [5,7,8]

AN’ANAVIY POYDEVOR RGA ASOSIDAGI POYDEVOR Shu bilan bi rga,

(ODATIY GRUNTDA) (RGA QATLAMI BILAN) zamonaviy muhandislik

proe amaliyotida seysmik izolyatsiya

R ¢ To'g'ri turgan, -

qizil o'glar bilan ]/ kuchli i xavisiz bino (Base ISOIatlon)

tog'idan-o'g'i il (ovehargan) texnologiyalaridan ~ foydalanish
bino karkasiga | ; o )

otayolgani i g™ kengayib  bormogda.  Ushbu

g texnologiyaning asosiy g‘oyasi —
: bino  konstruksiyasini  zamin
tebranishlaridan ma’lum darajada

ajratish orgali unga uzatiladigan

QOdatiy grunt

Seysmik

Jotainiar toainlaring seysmik energiyani
(kuchli ta'sir) so'nishi - . ..

\4 kamaytirishdan iborat. Natijada,
1-rasm. An’anaviy poydevor va RGA asosidagi poydevor bino elementlarida hosil

Seysmik

taggoslamasi. bo‘ladigan tezlanish va
deformatsiyalar kamayadi, bu esa konstruksiyaning ishonchliligini oshiradi va xizmat muddatini
uzaytiradi. So‘nggi yillarda olib borilgan tadqiqotlarda gqimmat rezina-metall tayanchlar o‘rniga
igtisodiy jihatdan maqgbul bo‘lgan geotexnik seysmik izolyatsiya (GSI) tizimlariga qiziqish
ortmoqda. Ushbu yo‘nalish doirasida aynigsa, poydevor ostidagi tabily grunt qatlamini
maydalangan avtomobil shinalari va qum yoki grunt aralashmasidan iborat gatlam bilan
almashtirish usuli samarali deb baholanmoqda. Rezina-grunt aralashmasi (RGA) yugori elastiklik
va energiyani so‘ndirish xususiyatiga ega bo‘lib, seysmik to‘lginlarning ta’sirini kamaytirishda
muhim rol o‘ynaydi. Mazkur texnologiyaning yana bir muhim jihati uning ekologik foydasidadir.
Chunki u chigindi avtomobil shinalarini gayta ishlash imkonini berib, atrof-muhitga salbiy ta’sirni
kamaytiradi. Shu sababli, RGA asosidagi geotexnik izolyatsiya tizimi nafagat texnik va iqgtisodiy,
balki ekologik nugtayi nazardan ham istigbolli yechim sifatida garaladi. [1,4,7]

2. Metodologiya Rezina-grunt aralashmasi (RGA) asosidagi tizimning samaradorligini
aniqlash magsadida xalqaro ilmiy amaliyotda qo‘llanilayotgan turli metodologiyalar kompleks
tarzda o‘rganildi. Tahlil jarayonida bir nechta asosiy tadqiqot yo‘nalishlariga alohida e’tibor
garatildi.

Birinchi yo‘nalish sifatida ragamli modellashtirish usullari ko‘rib chiqildi. Xususan,
zamonaviy sonli hisoblash dasturlari yordamida grunt va inshoot o‘rtasidagi o‘zaro ta’sir (Soil-
Structure Interaction) chuqur tahlil gilindi. Modellashtirish jarayonida tarixiy zilzilalarga oid
akselerogrammalar, jumladan El Centro va Kobe zilzilalarining real yozuvlari yuklama sifatida
go‘llanildi. Turli sharoitlarda, ya’ni RGA qgatlamining qalinligi poydevor kengligining taxminan
0,2-0,4 qismiga teng bo‘lgan holatlarda, binoning dinamik javobi hisoblab chiqildi. Natijada,
qatlam qalinligi va material tarkibining konstruksiya tebranishiga ta’siri aniqlashtirildi [8].

Ikkinchi muhim yo‘nalish laboratoriya sharoitida olib borilgan tajribalar bilan bog‘liq.
Jumladan, yetakchi ilmiy markazlarda tebranish stoli (shaking table) yordamida o‘tkazilgan
sinovlarda kichraytirilgan masshtabdagi bino modellari qo‘llanildi. Ushbu tajribalarda poydevor
ostiga joylashtirilgan RGA qatlamining deformatsiyasi va siljish xususiyatlari maxsus
akselerometrlar yordamida qayd etildi. Olingan natijalar orgali tizimning real sharoitdagi Xatti-
harakati va energiyani so‘ndirish darajasi baholandi [9].

Uchinchi yo‘nalish materiallarning fizik-mexanik xususiyatlarini aniglashga garatildi.
Dinamik sinovlar asosida qum va maydalangan rezina aralashmasining siljish moduli hamda
dempferlash koeffitsiyentlari turli nisbatlarda aniglab chigildi. Ushbu parametrlar RGA gatlamining
seysmik to‘lginlarni yutish va susaytirish qobiliyatini baholashda muhim ahamiyat kasb etadi [1].
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3. Natijalar O‘rganilgan metodologik tadqiqotlar natijalari shuni ko‘rsatadiki, rezina-grunt
aralashmasi (RGA) asosidagi seysmik izolyatsiya tizimi yuqori darajadagi mexanik va dinamik
samaradorlikka ega. Turli ilmiy yondashuvlar asosida olingan natijalar ushbu tizimning quyidagi
asosiy xususiyatlarini tasdiglaydi. Avvalo, RGA qatlamining qo‘llanilishi kinematik izolyatsiya
effektini yuzaga keltiradi hamda tizimning chastota xususiyatlarini sezilarli darajada o‘zgartiradi.
Xususan, qum tarkibiga maydalangan rezina qo‘shilishi natijasida aralashmaning siljish moduli
kamayadi, bu esa “bino—zamin” tizimining xususiy tebranish davrining ortishiga olib keladi.
Tadqiqot natijalariga ko‘ra, ushbu davr odatda 0,5 soniyadan 1,5-2 soniya oralig‘igacha uzayadi.
Natijada, yuqori chastotali va eng xavfli seysmik to‘lqinlar konstruksiyaga kamroq uzatiladi va
ularning zararli ta’siri sezilarli darajada kamayadi [1]. Ikkinchi muhim jihat — energiyani
so‘ndirish qobiliyatining oshishidir. Laboratoriya sinovlari shuni ko‘rsatadiki, oddiy qum
materialida dempfirlash koeftitsiyenti nisbatan past bo‘lib, odatda 2-5% atrofida bo‘ladi. Biroq,
rezina-grunt aralashmasida ushbu ko‘rsatkich keskin ortib, 15-30% gacha yetadi. Bu esa seysmik
energiyaning Kkatta qismini yutish va uni konstruksiyaga yetib borishidan oldin kamaytirish
imkonini beradi [9]. Uchinchi natija sifatida seysmik yuklarning kamayishi gayd etiladi. Ragamli
modellashtirish asosida olingan ma’lumotlarga ko‘ra, RGA gatlamidan foydalanilganda binoning
yugori qavatlarida yuzaga keladigan qavatlararo siljishlar (inter-story drift) me’yoriy
chegaralargacha pasayadi. Shu bilan birga, bino tom gismidagi maksimal tezlanish (PGA)
giymatlari ham 40-60% gacha kamayishi aniglangan. Bu esa konstruksiyaning umumiy
bargarorligini sezilarli darajada oshiradi [9]. Bundan tashgari, material tarkibining optimal nisbatini
aniqlash bo‘yicha olib borilgan tajribalar shuni ko‘rsatdiki, eng samarali natijalar rezina zarrachalari
hajm bo‘yicha 10-25% (og‘irlik bo‘yicha 5-15%) bo‘lgan holatda kuzatiladi. Bunda rezina
bo‘laklarining o‘lchami odatda 2—10 mm diapazonda bo‘lishi magsadga muvofiq hisoblanadi.
Aynan shu nisbatlarda bino cho‘kishi va seysmik izolyatsiya samaradorligi o‘rtasida optimal
muvozanat ta’minlanadi [1,3.,4,], [7,8].

109 4. Muhokama  Olib

LEGENDA: / Eng yuqori amplituda (qora chiziqg): 0.8g
0.8g H{ — izi i 1 1 T 1
g Qora chiziq (Odatiy grunt) Eng yuqori amplituda (ko'k chiziq): 0.4g (50% qisqartirish) bOfI Igan '[adCIIqoﬂar natlja|al’l

—— Ko’k chiziq (RGA gatlami ustida)

i geotexnik  seysmik izolyatsiya
049 RGA q.atla_m{ sgy(syrpik energiya so’'ndirish (G S | ) t121m1 an’ anaViy
0.2 XL ni .

5 konstruktiv yondashuvlarga

Tezlanish (g)
o

nisbatan  bir qgator muhim
ustunliklarga ega  ekanligini

Ko’k chiziq - RGA gatlami ustidagi

-0.4g binqpirlg tinoning tqmidagisii{iqla.slggan, -
LEGENDA: it whdl  ko‘rsatadi. Mazkur tizim nafagat
4 — Qora chiziq (Odatiy grunt) T Qora chiziq - odatiy gruntda (to'g’ridan-to’g'ri H ileni H H
-0.89 || — Kok chiziq (RGA qatlami ustida) ?%ydeyohr) bini;‘.'ltag_i ;illiqlfias.hgan, amplitudasi 50% ga texn I k _Sai:nara:dorl I knl OSh I raq I’
109 . L ormmmehmeme | balki iqgtisodiy va ekologik
Vag (soniya) jihatdan ham afzalliklarni
2-rasm. PLAXIS dasturidan olingan tezlanish grafikasi. ta’minlaydi. Avvalo, igtisodiy va

texnologik jihatlar alohida e’tiborga loyiq. An’anaviy seysmik izolyatsiya tizimlarida
qo‘llaniladigan gqimmat rezina-metall tayanchlar o‘rniga qayta ishlangan avtomobil shinalaridan
foydalanish qurilish xarajatlarini sezilarli darajada kamaytiradi. Shu bilan birga, bu yondashuv
chigindi shinalarni utilizatsiya qilish orgali ekologik muammolarni kamaytirishga ham xizmat
giladi. RGA gatlamini hosil qgilish jarayoni murakkab maxsus uskunalarni talab gilmaydi, balki
odatiy yo‘l-qurilish texnikalari yordamida amalga oshirilishi mumkin. Bundan tashqari, ushbu tizim
fagatgina poydevor ostida qo‘llanilishi bilan cheklanmay, balki inshoot atrofida joylashtirilgan
holda vertikal seysmik to‘siq vazifasini ham bajarishi mumkin, bu esa uning funksional
imkoniyatlarini kengaytiradi [10]. Shu bilan birga, mazkur texnologiyani amaliyotga joriy etishda
ayrim cheklovlar va muammolar ham mavjud. Eng muhim masalalardan biri — uzog muddatli
cho‘kish (creep) hodisasidir. Rezina materialining viskoelastik xususiyatlari tufayli vaqt o‘tishi
bilan qo‘shimcha deformatsiyalar yuzaga kelishi mumkin. Ayniqgsa, katta og‘irlikka ega bo‘lgan
ko‘p qavatli binolar ostida bu holat yanada yaqqol namoyon bo‘lishi ehtimoli bor. Natijada, ruxsat
etilgan cho‘kish me’yorlaridan oshish xavfi paydo bo‘ladi. Shu sababli, loyihalash bosgichida uzoq
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muddatli deformatsiyalarni hisobga oluvchi anig muhandislik hisob-kitoblarini amalga oshirish
zarur.
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3-rasm. RGA gatlamining tuzilishi.

Bundan tashgari, normativ-huquqiy baza bilan bog‘liq muammolar ham mavjud. Hozirgi
kunda GSI tizimi to‘liq ravishda milliy qurilish me’yorlari — GOST, QMQ va ShNQ hujjatlariga
integratsiya gilinmagan. Bu esa har bir loyiha uchun alohida texnik shartlar ishlab chigishni,
qo‘shimcha hisob-kitoblar va ekspertizalarni talab etadi. Natijada, tizimni keng migyosda joriy etish
jarayoni murakkablashadi.

5. Xulosa O‘tkazilgan tahlillar natijalari shuni ko‘rsatadiki, ko‘p qavatli binolar poydevorida
rezina-grunt aralashmasiga asoslangan geotexnik seysmik izolyatsiya (GSI) tizimini qo‘llash
zamonaviy va samarali muhandislik yechimlaridan biri hisoblanadi. Mazkur yondashuv konstruktiv
xavfsizlikni oshirish bilan bir qatorda iqtisodiy jihatdan ham o‘zini oqlaydi. Raqamli
modellashtirish natijalari hamda tebranish stoli sharoitida o‘tkazilgan laboratoriya sinovlari ushbu
tizimning yuqori samaradorligini tasdiqlaydi. Xususan, tadqiqotlar natijasiga ko‘ra, optimal
parametrlar asosida shakllantirilgan, ya’ni gatlam qalinligi to‘g‘ri tanlangan va tarkibida hajm
bo‘yicha taxminan 10-25% rezina komponenti mavjud bo‘lgan aralashma seysmik ta’sirlarni
sezilarli darajada kamaytiradi. Bunday sharoitda bino konstruksiyasiga uzatiladigan dinamik yuklar
50% gacha qisqgarishi aniglangan. Bu esa binoning umumiy barqarorligini oshirib, uning
ekspluatatsion ishonchliligini ta’minlaydi. Shu bilan birga, mazkur texnologiyaning yanada keng
joriy etilishi uchun ayrim masalalarni chuqurroq o‘rganish talab etiladi. Xususan, uzoq muddatli
cho‘kish (creep) jarayonlarini kompleks tadqiq etish, turli yuklama va grunt sharoitlarida uning
ta’sirini aniqlashtirish muhim ahamiyatga ega. Bundan tashqari, ushbu tizimni amaliyotga tatbiq
etishni soddalashtirish maqgsadida uni milliy qurilish me’yorlari va standartlariga kiritish zarur.
Umuman olganda, rezina-grunt aralashmasiga asoslangan geotexnik seysmik izolyatsiya tizimi
yugori seysmik faollikka ega hududlarda qurilayotgan bino va inshootlar uchun ishonchli, igtisodiy
va ekologik jihatdan magbul yechim sifatida garaladi.
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Annotatsiya: maqolada respublikamizning sho ‘rlangan gruntli xududlarida kam turar joy binolari
lentasimon poydevorlarini barpo etishda an’anaviy metal armaturalar o ‘rniga bazalt tolali polimer
kompozitsion armaturalardan foydalanish tadqgiq gilingan. Bunda, bazalt tolali armatura metall
armaturaga nisbatan kam ishlatilishi bilan birga, aynigsa, sho ‘rlangan gruntlar va sizot suvlaridagi
mavjud agressiv muhit ta’siriga chidamliligi bilan farglanishi ko ‘rsatilgan.

Tayanch so‘zlar: sho ‘rlangan grunt, turar joy binolari, bazalt tolali polimer kompozitsion
armatura, lentasimon poydevorlar, korroziya, innovatsiya, texnologiya.

Abstract: This article examines the use of basalt rebar instead of traditional metal rebar in the
construction of strip foundations for residential buildings in our republic with unstable saline soils. It
demonstrates that basalt rebar is used less frequently than metal rebar and is particularly resistant to the
aggressive environments found in saline soils and groundwater.

Key words: saline soil, residential buildings, basalt fiber polymer composite reinforcement, strip
foundations, corrosion, innovation, technology.

Annomauusa: B Oaunou cmamve paccmampugaemcsi UCHONb308AHUE 0OA3ANLMOBOU aAPMAMypol
6Mecmo MpaouyUOHHOU MeMAaiIUYeckol apmMamypvl npu CMmpoumenbCcmee JeHMOUHbIX QYHOAMEeHmo8
HCUNBIX 30aHULL 6 Hawel pecnyonuKe ¢ HeyCmoOuuUsbiMU 3acoieHHbiMu epyumamu. Illoxazano, umo
bazanvmosas apmamypa UCNoIb3yemces pedxice, yem Memaiiuieckas, u 0oaadaem ocobot ycmouuusoCmoio
K azpeccugHbimM cpeddm, XapakmepHuim O 3ACOJIeHHbIX SDVHIO8 U 2DYHIOBBIX 800.

Knrouesvle cnoea: 3aconenuviii epywm, ogicuivie 0oMd, OA3aIbMO6As — apmMamypd, JeHMOYHbLE
@yHOamenmol, KOPPO3Usl, UHHOBAYUU, TNEXHOLOSUML.

Kirish. So‘ngi yillarda respublikamizning o°ziga xos murakkab xususiyatlarga ega bo‘lgan
noustivor sho‘rlangan gruntli hududlarida ko‘plab turar joy binolari, madaniy-maishiy ob’ektlar
hamda qishloq xo°‘jalik bino va inshootlari barpo etilmoqda. Ma’lumki, tarkibida 5% o‘rtacha va
0,3% (quruq grunt og‘irligiga nisbatan) tez eruvchi tuzlari bo‘lgan gruntlar sho‘rlangan gruntlar
hisoblanadi. Natriy xlor (NaCl), kaliy xlor (KC1), kalsiy xlor (CaClz), magniy xlor (MgCly);
bikarbonat natriy (NaHCO0s), kalsiy bikarbonat (CaNSOQa); karbonat natriy (KaSOa4); sulfat natriy
(Na2S04) va magniy sulfat (MgS04) kabilar tez eruvchi tuzlar hisoblanadi. Gips (CaS042H20) va
angidritli (CaS04) tuzlar o‘rtacha eruvchi tuzlar toifasiga kiradi [1,5,9,12].

O‘zbekistonning ko‘p viloyat va tumanlarida gruntlardagi sulfatlar miqdori ko‘p holatlarda
xloridlardan ancha yuqori, shu sababdan qurilish maydonining sho‘rlanishi xlorid-sulfatli yoki
sulfatli deb baholanishi mumkin. Buxoro viloyati tumanlarida va Farg‘ona vodiysida tuzlar
tarkibini asosan sulfatlar tashkil etib, xloridlar juda kam miqgdorda uchraydi, shu bois bu yerlarda
grunt sho‘rlanish turini sulfatli deb hisoblanadi. Suvda eruvchi tuzlarning eritma shaklida tez
harakatchanligi bois  yerning ustki gatlamlarida sho‘rlangan gruntlar maydonlari miqgdor
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jhatdan

o‘zgarib turishi mumkin. Gruntlar sho‘rlanganlik darajasiga qarab 3 ta asosiy toifaga - 0z
sho‘rlangan, o‘rtacha sho‘rlangan va kuchli sho‘rlanganlar bo‘linadi. Gruntlarni bunday tartibda
toifalanishi zamin va poydevorlarni loyihalashda samarali himoya usullarini tanlash imkoniyatini
beradi [7,8,10,11].

Mazkur hududlarda turar joy binolari lentasimon poydevorlarini barpo etishda an’anaviy
metal armaturalar o‘rniga va bazalt tolali polimer kompozitsion armaturalardan foydalanish
yaxshi samara berishi mumkin[3,4,6]. Ma’lumki, bunday armaturalar diametri 4 dan 18 mm gacha
bo‘lgan epoksid gatron asosida olingan polimer bilan qoplangan holda ishlab chiqgariladi. U
sanoat, fuqarolik, yo‘l qurilishida, shuningdek, an’anaviy po‘lat armatura o‘rniga oldindan
zo‘riqtirilgan va kuchlanishsiz beton konstruksiyalarda, jumladan, barcha turdagi yig‘ma va
guyma poydevorlarni barpo etishda qo‘llanilishi mumkin[4]. Bunda, bazalt tolali polimer
kompozitsion armatura metall armaturaga nisbatan bir necha barobar kam ishlatilishi bilan birga,
aynigsa, sho‘rlangan gruntlar va sizot suvlaridagi mavjud agressiv muhit ta’siriga chidamliligi
bilan farglanadi.

: n ’-. =~ /
1-rasm. Bazalt armaturali quyma lentasimon poydevor o‘rnatish jarayoni.

Natijalar.Tadgiqotlar olib borilayotgan Yozyovon tumanida zamin gruntlarining o‘ziga xos
xususiyatlaridan kelib chiqib asosan poydevori lentasimon quyma va yig‘ma poydevorli turar joy
binolari barpo etilmoqda.

Poydevor turi va o‘lchamlari binoning konstruktiv tuzilmasi va zamin gruntlarning yuk
ko‘tarish qobiliyatiga va poydevorga ta’sir etuvchi yuk miqdoriga qarab turli o‘lchamda bo‘lishi
mumkin. Lentasimon poydevorlarining kengligi uning balandligidan ancha katta gabul gilinganligi
bois tashqi yuklar ta’sirida egilishga moyil bo‘ladi. Xozirda, zamin gruntlari turli darajada
sho‘rlangan gruntlarda yakka tartibdagi uylarni qurishda asosan tegishli hisoblarga asoslangan
holda, diametri 10-12 mm, ayrim hollarda 14 mm bo‘lgan metall armaturalardan foydalanib
kelinadi. So‘ngi tadqiqotlarga ko‘ra, lentasimon poydevorlarni barpo etishda - bir gavatli uylarda
6,7mm va ikki gavatli uylar 8,10mm diametrli bazalt tolali polimer kompozitsion armaturalardan
foydalanish texnik-igtisodiy jihatdan samarali ekanligi tasdiglangan (1-jadval).

Bazalt tolali polimer kompozitsion armatura poydevorlar barpo qilish quyidagi bosgichlardan
iborat:

-golip(opalubka) tayyorlash va undan bir necha marta foydalanish uchun ichki
yuzasini pergamin bilan qoplash;

-beton aralashmasi quyiladigan chegaralarni opalubkaning ichki tomonidan belgilash,
armatura to‘rini qolip ikkala chetidan 30+ 50 mm masofada joylashtirish;

-ikki qator bazalt tolali polimer kompozitsion armatura qolip perimetri bo‘ylab o‘rnatish
(himoya qatlami, agar armatura beton yostiq ustidan o‘rnatilsa 35 mm, to‘g‘ridan-to‘g‘ri
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zichlangan grunt ustidan bo‘lsa 70mm);

-ko‘ndalang armaturalarni yotqizib plastik bog‘lamalar yordamida mahkamlangan armatura
to‘rini hosil qilish;

- loyixaga ko‘ra tik armaturalarni o‘rnatish va xomutlar bilan mahkamlash;

- beton qo‘yish.

1-jadval.
Metal va bazalt tolali polimer kompozitsion armaturalarning tagqoslama ko ‘rsatkichlari.
Ne | Ko‘rsatkichlar nomi Metal armatura, Bazalt tolali polimer
klass A-11(A300S) | kompozitsion armatura
1 | Materiali po‘lat Epoksid gatron asosida olingan
polimer bilan qoplangan bazalt tola
2. | Cho‘zilishga bo‘lgan 390 1100
chegaraviy garshiligi, MPa
3 | Nisbiy cho‘zlish, % 14 2.2
4 | Zichligi, t'/kub.m 7 19
5 | Korroziyaga chidamliligi korroziyalanadi Korroziyaga chidamli
6 | Issiglik o‘tkazuvchanligi issiglik ‘tkazuvchan | Issiglik o‘tkazmaydi
7 | Elektr o‘tkazuvchanligi elektr o‘tkazuvchan | dielektrik
8 | Profilni ishlab chiqarilishi, | 6-80 4-24
diametri(mm)
9 | Uzunligi(m) 6-12 Talabga garab
10 | Ekologikligi ekologik zaharli emas, 4 klass
havflilikga ega(xavfliligi kam)
11 | Umrbogqiyligi me’yorlarga asosan | kamida 80 yil
12 | Fizik-mexanik 6 4
hossalariga ko‘ra 8 6
armaturalarning 12 8
almashuvchanligi, 14 10
diametri(mm) 16 12
18 14
13 | Iqtisodiy samaradorligi armatura F10 A-111 | shunga mos - 6mm armatura bahosi -
o‘rtacha bahosi 2590 1400 so‘m/p. m
so‘m/p.m

Tahillarimizni ko‘rsatishicha bazalt tolali polimer kompozitsion armaturalar metall
armaturaga nisbatan bir gancha afzalliklarga ega. Jumladan, bazalt tolali armatura narxining po‘lat
armaturaga nisbatan narxining pastligi, yengil bo‘lganligi sababli tashish xarajatlarining kamligi,
ishlash uchun qulayligi, issiglikdan kengayish xususiyati betonga yaqin bo‘lganligi sababli beton
sathida yoriglar hosil bo‘lmasligi uning boshga turdagi armaturalarga nisbatan ustunligini
belgilaydi. Bazalt tolali polimer kompozitsion armaturalar 50-100m li bog‘lamlarda ishlab
chiqarilib, uni qurilish maydonida uzluksiz yotqgizish qulay va oson bajarish mumkin.

Xozirda sho‘rlangan gruntlarda keng qo‘llanib kelinayotgan temir-beton lentasimon
poydevorlarga agressiv muhitning uzoq vaqt ta’siri natijasida ishchi po‘lat armaturalarda
korroziya jarayonlarining paydo bo‘lishi va maxsus choralar ko‘rilmaganda faol bosqichga o‘tishi
mumkin. Ogibatda, egiluvchan lentasimon poydevorning deformatsiyaga chidamlilik
xususiyatlarini o‘zgarishi, himoya qatlamining yemirilishi bilan bog‘liq salbiy oqibatlar sodir
bo‘ladi. Shunga ko‘ra, Yyangi ishlab chigarilayotgan va foydalanilayotgan temir-beton
poydevorlarning agressiv muhit ta’siriga yuqori darajada chidamliligini ta’minlashda bazalt tolali
polimer kompozitsion armaturadan foydalanish istigbolli hisoblanadi.

Shunga ko‘ra, seysmik faol sho‘rlangan gruntlarda joylashgan 5 qavatli turar joy  binosini
lentasimon poydevorlarini loyihalashni ko‘rib chigamiz. Bino asosini 12 m ga qadar chuqurlikda
o‘rganilganda uning 0,7m qismi o‘simlik qatlamidan, 7,3m qumoq va 4,7m qalinlikda qumdan
tashkil topgan. Yer osti sizot suvlari sathi bahor oylarida 2,3m atrofida bo‘lishi kuzatilgan. Binoni
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loyixalashtirish jarayonida zamin ishchi gatlami gruntlarining fizik-mexanik xossalari o‘rganilgan

(2-jadval).
2-jadval.
Gruntlarning fizik-mexanik xossalari
Grunt Qatlam E, Siljish garshiligi
nomi qalin- ¥ L L e | wmIla [S kPa [S, kPa
ligi,m R o, grad. | o, grad.
Kumok 7,3 26,7 | 19,7 | 157 | 042 | 0,70 | 10,9 | 0,22 24
Qum 4,7 26,3 | 186 | 154 | 04 069 | 124 | 0,15 26

Gruntlar va yer osti sizot suvlarining sulfatga chidamli o‘rtacha zichlikdagi betonga nisbatan
agressivligi mavjud (3-jadval)

3-jadval.
Gruntlar va yer osti sizot suvlarining kimyoviy tarkibi
Namuna olish | Quruq qgoldig C; | Suvda ionlar migdori mg. 1kg grunt
chuqurligi,m | (absolyut quruq | tarkibida lonlar tarkibi,
gruntga cL Ca mg/kg
nisbatan) HCO3 504 Mg Na+K
50,4 130,0
0,5-1,0 0,72 400.8 4420,7 130.0 240,7 1155
47,0 640,0
3,0 0,33 3480 2061,0 192.0 51,0 562,0

Bazalt tolali armatura yuqori mustahkamlikka va korroziyaga chidamlilikga ega (1-jadval) [3,6].
Yoz’yavon tumanida barpo etilayotgan ko‘p gavatli g‘ishtli turar joy binosi quyma lentasimon

poydevorini egilishga ishlovchi temirbeton element sifatida gabul gilamiz. Bunda, bino 5 gavatli,

devor yuklamasi: N=210kN/m, poydevor kengligi: b=1.0 m, balandligi: h=0.6 m va himoya

qatlami: ax=50 mm. Devordan tushadigan hisobiy yuklama q = 210 kN/m.

Poydevorga armatura tanlash uchun egilish momentini aniglaymiz:

M=ql2/8 (1)
Bu yerda | = 3.0 m lentasimon poydevor uzunligi.
M=210-32/8=236.25 kH"m.
Bazalt armatura kesimi yuzasi:
A =M/ (R-do) (2

bu yerda: R = 800 mPa ,bazalt armaturaning cho‘zilishga bo‘lgan hisobiy garshiligi (1-jadval), do
= 0.9h = 0.54 m lentasimon poydevorning foydali balandligi. Kesim yuza bo‘yicha armatyra
ko‘ndalang kesimi umumiy maydoni A = 546,8 mm? ekanligini inobatga olib armatura diametrini
tanlaymiz (4-jadval).

Xisobot natijalariga ko’ra ishchi armatura sifatida 4ta 1411 bazalt armatura qabul gilamiz.
Bazalt armaturaning elastiklik moduli po’lat armaturaga nisbatan kam ekanligini inobatga olamiz.
Shu magsadda diametri 6mm bo’lgan A-1 klassli po’lat armaturadan qo‘shimcha konstruktiv
armatura sifatida foydalanamiz.

S-jadval. Igtisodiv samaradoriik
Ne | Ko‘rsatkich Po‘lat | Bazalt

4-jacdval. Armatura diametrini tanlash.

No m I dona yuza, Sont 1 m* uchun Yugori | Past
" | mm mm? 1 | solishtirma

1| o1 113 S oz irlik
i 5 Montaj 1shlari O'rta Oson

2 014 154 4 qiyinligi

3 016 201 3 - | Ekspluatatsiva | 50 yil 80 yil
: | davomiyligi
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Bazalt armatura deformatsiya diagrammasi Yuklama va egilish momenti bog’lanishi
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2-rasm. Yuklama va egilish momenti bog‘lanish va bazalt armatura deformatsiya diagrammasi.

Xulosa. Olib borgan izlanishlarimizga ko‘ra, bazalt armaturasi Yoz’yavon tumani markazida
barpo etilayotgan ko‘p qavatli binolarning lentasimon poydevorlari uchun samarali material sifatida
ko‘llanishi mumkin ekan. Uning asosiy afzalliklar sifatida yuqori mustahkamlik va agrssiv muhitga
chidamlilik, po‘lat armaturaga nisbatan yengil va uzoq xizmat muddati kabi xossalarini ko‘rsatish
mumkin. Lekin, shunga garamasdan, bazalt armaturasini loyihalashda uning kam cho‘zilish
modulini hisobga olish zarur.

Ushbu maqolada keltirilgan hisoblash natijalari va grafik-jadvallar muhandislarga sho‘rlangan
gruntlarda ko‘p gavatli binolar uchun iqtisodiy jihatdan maqbul yechim sifatida samarali bazalt
armaturali poydevorlarni loyihalashda amaliy yordam berishi mumkin.

Bazalt armaturasining po‘latga nisbatan kam cho‘zilish moduli (taxminan 4 barobar kam)
tufayli, deformatsiyalar katta bo‘lishi mumkin. Shuning uchun, deformatsiyalarni cheklash
magsadida qo‘shimda xisob-kitoblar olib borilishi maqsadga muvofiq bo’ladi.
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SANOAT CHIQINDILARI ASOSIDA OLINGAN GIPSBETON UCHUN
QO‘LLANILADIGAN MATERIALLARNING XUSUSIYATLARI VA TADQIQOT
USULLARI

M.A. Mamatov, mustagil tadgigotchi J.N. Akbarov

Farg ‘ona davlat texnika universiteti,
jahongir_nematovich@mail.ru
(Qabul gilindi 10.03.2026V.)

Annotatsiya: Mazkur ilmiy ishda gips asosidagi kompozitsion materiallar tarkibini takomillashtirish
hamda ularning fizik-mexanik xossalarini yaxshilash magsadida mahalliy xom-ashyo materiallari asosida
tadqgiqotlar olib borildi. Tadgiqotlarda Sho ‘rsuv Baraka Gips korxonasida ishlab chigarilgan gips
bog ‘lovchilari, Farg ‘onaazot korxonasining ohak chiqindisi hamda polimer qo ‘shimcha komponent sifatida
go ‘llanildi. Xom-ashyo materiallarining granulometrik tarkibi, fizik va kimyoviy xususiyatlari laboratoriya
sharoitida o ‘rganildi. Tadgigot jarayonida rentgen-fluoressensiya, rentgen difraktometriya va skanerlovchi
elektron mikroskopiya usullari orgali materiallarning element va fazaviy tarkibi hamda mikro tuzilmasi
aniglab berildi. Olingan natijalar ohak chigindisi yuqori Kkalsiyli tarkibga ega ekanligini va gipsli
kompozitsion tizimlarda faol mineral qo ‘shimcha sifatida qo ‘llash imkoniyatini ko ‘rsatdi. Tadgiqot natijalari
asosida gipsli materiallar ishlab chigarishda sanoat chigindilaridan foydalanish orgali igtisodiy
samaradorlikni oshirish hamda ekologik muammolarni kamaytirish mumkinligi asoslab berildi.

Tayanch so“zlar: gips bog ‘lovchi, ohak chigindisi, qurilish materiallari, kompozitsion materiallar,
mineral qo ‘shimcha, mikro tuzilma, kimyoviy tarkib, rentgen tahlili, elektron mikroskopiya, gipsobeton,
sanoat chigindisi, fizik mexanik xossalar.

Aunomauun: B Oaunoii Hayunou pabome npoeedeHbl UCCIe008AHUL NO COBEPUICHCTNBOBAHUIO
cocmaea cunco8vlX KOMNO3UYUOHHbLX mamepuanlose U YiaydueHuro ux qbu3ul<0—M€xaHuquI<ux ceolicme Ha
OCHOBE MECNIHO2O CblpPbAl. B uccneoosanusx ucnonw3o8aiucey 2uncogvie esoicyujue, np0u36€0€HHbl€ Ha
npeonpusamuu «Sho rsuv Baraka Gips», uzeecmkogviii omxo0 npeonpusimus «Farg ‘onaazoty, a maxoice
noaumepHas 006aexka. B 1ab6opamopHbix YCI0BUAX U3VHEHbl SPAHYIOMEMPUYECKULl COCmas, gusuueckue u
XUMUYecKue c80UCmea UCXOOHbIX mamepuanos. C ucnoavzosanuem memoooes peHmzeuoqbﬂyopecueHmyoeo
ananusa, peHmeeHooupakxmomempuy U  CKAHupyiowjeu IIeKMPOHHOU MUKPOCKONUU — OnpedeneHbl
INEMEHMHbIL U (PA306blll COCMAs, a MaKdice MUKPOCMpYKmypa mamepuanos. llonyuennvie pesynvmamol
nokasaniu, 4mo U3BECMKOBBIIL OMX00 UMEEem BbiCOKOE coc)epofcaHue Kaivyus u moaxncenmt npumeHAanvbCs 6
Kawecmee aKmueHouU MuHepa]ZbHOIZ 000a6KU 68 2UNCOBbIX KOMNO3UYUOHHbIX cucmemdax. P€3yﬂbmambl
UCcne008anust 0O0CHOBbLIBAIOM BO3MOICHOCIIL UCTIONb30EAHU NPOMbILULIIEHHbLX 0mx0008 6 npoua@oécmee
CUNCOBBLX CMPOUMETIbHBIX MaAmMepualos C Yelblo noeblUeHUs SKOHOMUYECKOU a(j)qbelcmuguocmu U CHUMNCEHUA
2KOJI02UYeCKOU Hazpy3Ku.

Knrwoueswvte cnosa: cuncosoe esoicyujee, U36€CMKO8bLU omxod, cmpoumeslibHvle manmepuansl,
KOMNO3UyuoHrvle Mmamepuansl, MUHEpalbHAaA 6066167“1, MUKpOCmMpyKmypa, XUMUYECKUL cocmas,
penmeenoeckud aHaaus, 9JNEeKmpoHHAsl MUKPOCKONUA, 2unco6em0H, I’lpOMblu/UleHHbllZ omxoa, (ﬁusuko—
MexanuyecKue c8olucmed.

Abstract: This scientific study investigates the improvement of the composition of gypsum-based
composite materials and the enhancement of their physical and mechanical properties using local raw
materials. The research utilized gypsum binders produced by the “Sho ‘rsuv Baraka Gips” enterprise, lime
waste from the “Farg‘onaazot” company, and a polymer additive. The granulometric composition, physical
properties, and chemical characteristics of the raw materials were analyzed under laboratory conditions.
The elemental and phase composition as well as the microstructure of the materials were determined using
X-ray fluorescence analysis, X-ray diffraction, and scanning electron microscopy. The obtained results
showed that the lime waste contains a high amount of calcium and can be used as an active mineral additive
in gypsum composite systems. The results demonstrate the possibility of using industrial waste in the

80 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Boimyck Ne 3)


https://cajotas/
mailto:jahongir_nematovich@mail.ru

CTPOUTEJIBCTBO

production of gypsum construction materials in order to increase economic efficiency and reduce
environmental impact.

Keywords: gypsum binder, lime waste, construction materials, composite materials, mineral
additive, microstructure, chemical composition, x ray analysis, electron microscopy, gypsum concrete,
industrial waste, physical mechanical properties.

Kirish. Qurilish sanoati igtisodiyotning muhim tarmoglaridan biri hisoblanib, unda
qo‘llaniladigan qurilish materiallarining sifati va samaradorligi alohida ahamiyat kasb etadi. Zamonaviy
qurilish jarayonlarida yuqori mustahkamlikka ega, iqtisodiy jihatdan samarali va ekologik xavfsiz
materiallardan foydalanish muhim vazifalardan biri hisoblanadi. Shu sababli mavjud xom-ashyo
resurslaridan ogilona foydalanish hamda sanoat chigindilarini qurilish materiallari ishlab chigarish
jarayoniga jalb etish bugungi kunning dolzarb ilmiy-amaliy masalalaridan biri hisoblanadi.

Hozirgi vaqtda gips asosidagi qurilish materiallari qurilish amaliyotida keng qo‘llanilmoqda.
Gipsli materiallar tez qotishi, ekologik xavfsizligi, nisbatan yengil vaznga ega bo‘lishi hamda
texnologik jihatdan qulayligi bilan boshqga bog‘lovchi materiallardan ajralib turadi. Shu bilan birga, gips
asosidagi materiallarning suvga chidamliligi va mustahkamligini oshirish magsadida turli mineral va
kimyoviy qo‘shimchalardan foydalanish zarur hisoblanadi.

Adabiyotlar tahlili: Qurilish materiallari sanoatida gips asosidagi kompozitsion materiallardan
foydalanish so‘nggi yillarda kengayib bormoqda. Ilmiy manbalarda gipsli bog‘lovchilar asosida
tayyorlangan gipsobeton buyumlari yengil vaznga ega bo‘lishi, issiqlikni yaxshi saglashi, ekologik
xavfsizligi va texnologik jihatdan qulay ishlab chigarilishi bilan ajralib turishi gayd etilgan. Shu bilan
birga, gipsobetonlarning ayrim kamchiliklari, jumladan suvga chidamliligining nisbatan pastligi,
mexanik mustahkamlikning cheklanganligi hamda g‘ovak strukturaning barqaror emasligi ularning
qo‘llanish doirasini ma’lum darajada cheklab kelmoqda.

Shuningdek, ilmiy tadgigotlarda gipsli kompozitsion materiallarning mikrostrukturasi, mineral
tarkibi va fazaviy o‘zgarishlarini o‘rganishda zamonaviy fizik-kimyoviy tahlil usullaridan foydalanish
muhim ahamiyat kasb etishi ta’kidlanadi. Rentgen-fazali tahlil, skanerlovchi elektron mikroskopiya
hamda rentgen-fluoressensiya usullari materiallarning mineral tarkibini, zarracha morfologiyasini va
kimyoviy elementlar tagsimlanishini aniglash imkonini beradi. Shu sababli gipsobeton tarkibini
optimallashtirish hamda sanoat chiqindilaridan samarali foydalanish bo‘yicha ilmiy izlanishlar muhim
ilmiy-amaliy ahamiyatga ega.

Tadgigot metodologiyasi: Mazkur tadgiqot ishida gipsobeton tarkibini takomillashtirish hamda
ohak chiqindisi va Redispersible Polymer Powder kimyoviy qo‘shimchasining material xossalariga
ta’sirini aniqlash magsadida kompleks eksperimental tadqiqot usullaridan foydalanildi. Tadgigot uchun
asosly xom ashyo sifatida Farg‘ona viloyati O‘zbekiston tumani Sho‘rsuv shaharchasida joylashgan
“Sho‘rsuv Baraka Gips” MChJda ishlab chiqarilgan G-6 va G-7 markali gips bog‘lovchilari,
“Farg‘onaazot” AJ korxonasining ishlab chiqarish jarayonida hosil bo‘ladigan ohak chiqindisi hamda
Redispersible Polymer Powder polimer qo‘shimchasi tanlandi.

Dastlab qo‘llanilgan xom ashyolarning fizik-mexanik va kimyoviy xususiyatlari amaldagi
standartlar asosida o‘rganildi. Gips bog‘lovchilarining asosiy ko‘rsatkichlari GOST 125-2018 talablari
asosida aniqlanib, ularning maydalik darajasi, me’yoriy quyuqligi, qotish muddati hamda siqilish va
egilishdagi mustahkamlik ko‘rsatkichlari laboratoriya sharoitida tekshirildi. Gips bog‘lovchisining
mineralogik tarkibi va fazaviy tuzilishini aniglash uchun rentgen-fazali tahlil usuli qo‘llanildi.

Tadqiqot jarayonida “Farg‘onaazot” AJ ohak chiqindisining fizik, kimyoviy va granulometrik
xususiyatlari ham o‘rganildi. Uning hagqiqiy zichligi, to‘kma zichligi, yiriklik moduli hamda elaklarda
golgan fraksiyalar migdori laboratoriya sinovlari orgali aniglandi. Ohak chigindisining kimyoviy tarkibi
rentgen-fluoressensiya (XRF) usulida tahlil gilinib, asosiy oksidlar tarkibi aniglab olindi. Shuningdek,
materialning mikrostrukturasi va zarracha morfologiyasini o‘rganish uchun skanerlovchi elektron
mikroskopiya (SEM-EDX) usulidan foydalanildi.

Tajriba ishlari Toshkent kimyo-texnologiya ilmiy-tadqiqot instituti hamda Farg‘ona davlat texnika
universitetining “Qurilish materiallari va buyumlari” kafedrasi laboratoriyalarida amalga oshirildi.
Olingan natijalar asosida gipsobeton tarkibining optimal parametrlari aniglanib, ohak chigindisi va
Redispersible Polymer Powder qo‘shimchasining material mikrostrukturasi va fizik-mexanik
Xossalariga ta’siri ilmiy jihatdan baholandi.
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Tajriba sinov: IImiy tadgiqot ishi uchun asosiy xom-ashyo Farg‘ona viloyati O‘zbekiston tumani
Sho‘rsuv shaharchasi hududidagi “Sho‘rsuv Baraka Gips” MCHIJda ishlab chigarilgan G-6 va G-7
markali gips, “Farg‘onaazot” ohak chiqindisi hamda Redispersible Polymer Powder kimyoviy
qo‘shimchasidan foydalanildi.

Ushbu bobda ularning xalgaro standartlarga muvofiq aniglangan asosiy xususiyatlari hagidagi
ma’lumotlar keltirib o‘tilgan va quyidagi 1, 2, 3 va 4-jadvallarda xom ashyolarning tasnifi keltirib
o‘tilgan.

1-jadval
Gipsli bog‘lovchilarning GOST 125 — 2018 talablari bo‘yicha xususiyatlari

Asosiy xossalar
Ne | Markasi | Mayinlik Me’yoriy d-g;ihc::Sh'Sh muddati, M;astahkam’
0 AN
darajasi,% | quyuqligi, % boshlanishi | tugashi Rsiq. Regil
1 G-6 2,3 70 55 10 6 3
2 G-7 3,8 60 55 8,5 7,6 3,6
2-jadval
Gips bog‘lovchilarning tasnifi
. . Solishtir Suvga
Xom | Namligi, Zichligi, | To'kma | Zichlang | 5 " 1 oo miilik
T/r| ashyo | Markasi pH 2 | zichligi | anida, oogs s o .
. % g/m 3 5 | ogéirligi, |koeffitsiyenti,
nomi g/sm kg/m 3
g/sm %
1. | Gips |G-6vaG-7 4 7 2,3 1,5 1350 2,40 0,73

“Farg‘onaazot” ohak chiqindisi zarralarining sirtini faollashtirish uchun mineral qo‘shimchalar,
ohak chigindisidagi zararli aralashmalarni aniglash uchun kimyoviy tahlillar olindi. Chigindi tarkibidagi
zararli aralashmalar, radiatsiya ta’siri va shunga o‘xshash omillar maxsus laboratoriya tekshiruvdan
o‘tqazilib tegishli xulosalar beriladi (3-jadval).

3-jadval
“Farg‘onaazot” ohak chiqindisining yiriklik moduli

Ne Elak o‘lchamlari Elakdagi qoldiq 1000 gr Miqdori, 100 %
1 300 um 3,026 0,3
2 150 um 51,192 5,12
3 75 um 539,138 53,91
4 0 401,372 40,14
Jami: 994,728 99,47
4-jadval
“Farg‘onaazot” ohak chiqindisining fizik ko‘rsatkichlari
Ne Ko‘rsatgichlar O‘Ichov birligi Miqdori
1 Haqiqiy zichligi g/sm? 2,69
2 Yiriklik moduli % 1,6
2 To‘kma zichligi kg/m3 1,025
3 Ne 075 g*alvirda qolgan qoldiq % 53.91
4 Yirik donalar migdori: 300 um . % 0,3

“Farg‘onaazot” ohak chiqindisining xususiyatlarini o‘rganayotganda tarkibida, chang va loy
zarralari aniqlandi, namunalarga qo‘shiladigan miqdoriy chegaralar belgilab olindi. gipsabeton va xom-
ashyo materiallarining xususiyatlarini aniqlash bo‘yicha tajriba ishlarining asosiy qismi Toshkent kimyo
texnologiy ilmiy-tadqiqot instituti, Farg‘ona davlat texnika universiteti “Qurilish materiallari va
buyumlari” kafedrasi laboratoriyasida bajarildi.

BOG‘LOVCHILAR VA TO‘LDIRUVCHILARNING XUSUSIYATLARI
Bog‘lovchi moddalar: Gips bog‘lovchilarni ishlab chiqarish uchun tarkibida mineral-gips
bo‘lgan tog® jinslaridan foydalaniladi. Gips —mineral tog*® jinslaridan ikki suvli kalsiy sulfat tuzi hosil
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bo‘ladi: CaSO4-2H20. Molekular og‘irlik 172,17 g/mol, zichligi 2,2 dan 2,94 g/m?, tashkil giladi.
Monoklin tizimida kristallanadi. Kristallari plastinkasimon, ustunsimon, ignasimon va tolasimon
ko‘rinishda bo‘ladi. Ko‘p xollarda, tutashgan donador, tolasimon va turli kristallik guruhlari tarzida
uchraydi.

Gipsli bog‘lovchining asosiy xususiyatlaridan biri suv bilan qorishtirilganda qotib qolish
qobiliyatidir. Gips bog‘lovchisining tez fursatda qotib qolishi yarim gidrat va kalsiy sulfatga suv
ta’sirida digidratga (CaSO4-2H20) o‘tish reaksiyasiga asoslanadi.

Gips bog‘lovchining rentgen fazali tahlil diffraktogrammasida; gips bog‘lovchi kalsiy sulfatni
yarim gidratli B-modifikatsiyasi (o = 0,590; 0,343; 0,3297; 0,278; 0,166 nm) va kam miqgdorda (a
=0,225; 0,213; 0,173 nm) angidritdan iboratligi aniglandi.

Gips bog‘lovchisining kimyoviy tahlil natijalari 5-jadvallarda keltirilgan.

5-jadval
Gipsning kimyoviy tarkibi
Tir . Oksidlar tarkibi, mass. %
Xom-ashyo nomi .
SiO, | A1,O3 | Fe,Os | CaO MgO | SOz | R.O| PPP| >
1. | Gipsbog‘lovchisi | 1,60 | 0,40 0,20 37,66 | 0,60 | 53,76/ 0,05]| 5,70| 99,96

Tadqiqot natijalari shuni ko‘rsatdiki “Sho‘rsuv Baraka Gips” MChlda ishlab chiqarilgan, yarim
gidratli Kkalsiy sulfat tajriba-sinov natijalarida G-6 markada ekanligi aniglandi va suvga chidamlilik
koeffitsiyenti 0,46 tashkil giladi. Mineralogik tarkibi va fizik-mexanik xususiyatlarini aniglash
magsadida olib borilgan tadgiqotlar, gips bog‘lovchi B - CaS040,5H.O va kam miqdorda o-
CaS04:0,5H,0, CaSO4 dan iboratligi aniglandi. Gips bog‘lovchining (B-modifikatsiya) fizik-mexanik
xossalari 6-jadvalda keltirilgan.

6-jadval
Gips bog‘lovchining (B-modifikatsiya) fizik-mexanik xossalari

T/r Ko‘rsatkichlar nomi Ko‘rsatkichlar giymati
1. Maydalik darajasi (Ne 02 elakda qoldiq), % 1,7

2. Suv/gips nisbati (S/G), % 0,61

3 - qotish davri boshlanishi, minut 6,0-6,5

' - gotish davri tugashi, soat 11

4, Siqilishga mustahkamlik, 2 soatdan so‘ng, MPa 6,1

5. Egilishga mustahkamlik, 2 soatdan so‘ng, MPa 3,0

6. Qurigandan so‘ng siqilishga mustahkamlik, MPa 12,4

7. Qurigandan so‘ng egilishga mustahkamlik, MPa 6,2

8. Suvga chidamlik koeffitsiyenti 0,46

Ohak chiqgindisi: Tajriba ishlarida to‘ldiruvchi sifatida “Farg‘onaazot” AlJning suvni
tozalash natijasidan hosil bo‘lgan ohak chiqindilaridan foydalanildi. “Farg‘onaazot” o‘g‘itlar ishlab
chiqarish korxonasining ohak chiqindisininh tashqi ko‘rinishi 1-rasmda keltirilgan.

P

B

. e MO

1-rasm. “Farg‘onaazot” o‘g‘itlar ishlab chiqarish korxonasining ohak chiqindisining
tasviri.
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Ohak chigindisining umumiy tasnifi Toshkent kimyo-texnologiya instituti laboratoriyasida
aniglangan va tahlil natijalari 7-jadvalda keltirilgan (5-ilova).

“Farg‘onaazot” AJning ohak chiqgindilarining kimyoviy tarkibi
7-jadval

Material Kimyoviy tarkibi, mass. %
nomi SiO, | Al,Os | Fe203 | CaO | MgO | SOz | K20 | NaO | Summa
Ohak chiqindisi | 1,37 | 0,14 | 0,08 | 4863 | 1,28 | 0,38 | 0.01 | 0.08 | 51,97

To‘ldiruvchi: Tajriba ishlarida to‘ldiruvchi sifatida “Farg‘onaazot” AJ ishlab chigarish
jarayonida hosil bo‘lgan ohak chiqindisidan foydalanildi. Ohak chiqindisining fizik-Kimyoviy
ko‘rsatkichlari laboratoriya sharoitida aniqglanib, tegishli jadvallarda keltirildi.

Ohak chigindisining hagiqiy zichligi — 2,69 g/sm?, to‘kma zichligi — 1025 kg/m?, yiriklik
moduli — 1,6 ni tashkil etadi. 75 mkm elakda golgan qoldig migdori 53,91%, 300 mkm fraksiya esa
0,3% ni tashkil qgiladi. Bu ko‘rsatkichlar materialning mayda dispers va yuqori sirt maydoniga ega
ekanligini ko‘rsatadi.

Xulosa. Olib borilgan ilmiy tadgigot ishlari natijasida gips asosidagi kompozitsion
materiallar tarkibiga sanoat chiqindilarini qo‘shish orqali ularning fizik-mexanik xossalarini
yaxshilash imkoniyatlari o‘rganildi. Tadgigotlarda mahalliy xom-ashyo sifatida Sho‘rsuv Baraka
Gips korxonasida ishlab chiqarilgan gips bog‘lovchisi hamda Farg‘onaazot korxonasida hosil
bo‘ladigan ohak chiqgindilaridan foydalanildi.

Laboratoriya sharoitida olib borilgan tahlillar natijasida gips bog‘lovchisining asosiy fizik-
mexanik xossalari aniqlanib, uning qurilish materiallari ishlab chiqarishda samarali qo‘llanishi
mumkinligi tasdiglandi. Shuningdek, ohak chigindisining granulometrik tarkibi, fizik va kimyoviy
xususiyatlari ham batafsil o‘rganildi. Tadqiqotlar natijasida ushbu chiqindi tarkibida kalsiy
birikmalari yugori migdorda mavjudligi aniglandi.

Rentgen-fluoressensiya, rentgen difraktometriya va skanerlovchi elektron mikroskopiya
usullari yordamida ohak chigindisining element tarkibi, fazaviy tuzilishi hamda mikrostrukturasi
aniglab berildi. Tahlil natijalari materialning yuqori disperslik darajasiga va faol mineral
xususiyatlarga ega ekanligini ko‘rsatdi.

Oc‘tkazilgan tadqgiqotlar shuni ko‘rsatdiki, ohak chiqindisini gipsli kompozitsion materiallar
tarkibida mineral qo‘shimcha sifatida qo‘llash gipsli materiallarning strukturaviy xususiyatlarini
yaxshilashga, mustahkamligini oshirishga hamda ishlab chigarish jarayonining iqgtisodiy
samaradorligini ta’minlashga xizmat qiladi.

Shu bilan birga, sanoat chigindilaridan qurilish materiallari ishlab chigarishda foydalanish
ekologik jthatdan ham muhim ahamiyatga ega bo‘lib, ishlab chiqarish chiqindilarini kamaytirish va
atrof-muhitga bo‘lgan salbiy ta’sirni pasaytirishga yordam beradi.

Olingan ilmiy natijalar gips asosidagi qurilish materiallari texnologiyasini takomillashtirish
hamda mahalliy xom-ashyolardan samarali foydalanish imkoniyatlarini kengaytirishda muhim
ahamiyatga ega.
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GEODEZIK TARMOQLARNI TENGLASHDA PARAMETRIK TENGLAMALAR
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Anotatsiya: Mazkur maqolada, geodezik tarmoqlarni tenglashtirishda qo’llaniladigan “Eng kichik
kvadratlar” predmetda duch kelinadigan tenglashtirish usullaridan biri bo ‘Imish parametrik usulining
parametrik tenglamalar bog ‘igligi va tuzatmalar tenglamalarining tipik turlariga oid ma’lumotlarni yoritib
berilgan.

Tayanch so“zlar: tasodifiy kattaliklar, triangulyatsiya, trilateratsiya, chizigli burchakli sistemalar,
zaruriy-ortigcha va umumiy o ‘lchovlar, parametrik va korrelat usul, xagigiy va taxminiy giymat,
tenglamalarni parametrik tenglamalar bog ‘ligligi, normal tenglamalar, tenglashtirilgan qiymat, aniglikni
baholash.

Aunnomayua: B oannou cmamoee oceewjaemcs npeomem “HaumeHnvluue K8aopamsl”’, npumeHsieMblil
npu e6evlpasHusaruu 2eo0e3udecKux cemeﬁ, qubopMauuﬂ 0 meopuu napamempudecKoco Mmemooa u
nocne0o8amenbHoCmu BbIPDABHUBAHRUS, KOMOpAsl A6JIAemcs OOHUM U3 MEMO008 8blpABGHUBAHRUA, C KOMOPbIM
Mbl CMANKUBAEMCA, d MAKaHce qubopmauuﬂ O NPUMEHAEMBIX 6bIPANCEHUAX.

Knroueevie cnoea: CﬂyqaﬁHble GEIUHUHDBL, MPpUAHSYIAYUA, mpuUulamepayusl, JUHelHble yenoevle
cucmemul, He0OX00UMble U3DLIMOUHBIE U 00WUe U3MEPEHUs, NAPAMEMPULECKUL U KOPPETAYUOHHBII Memoo,
delicmeumeinbHoe U NPUOTUNCEHHOE 3HAYeHUe, NAPpAMEempUYecKas 3a8UCUMOCHb YPAGHEHUL, HOPMATbHbLE
YpaeHeHUsl, YPA6HEHHOoe 3HaYeHue, OoyeHKa moyHocmu.

Annotation:. This article highlights the subject of “least squares” used in the alignment of geodetic
networks, information about the theory of the parametric method and the alignment sequence, which is one
of the alignment methods that we encounter, as well as information about the expressions used.

Key words and word expressions: random variables, triangulation, trilateration, linear angular
systems, necessary redundant and general measurements, parametric and correlation method, real and
approximate value, parametric dependence of equations, normal equations, equalized value, accuracy
estimation.

1. Kirish. Kichik kvadratlar usuli ko‘p o‘lchovli tasodifiy kattalikning o‘lchovlarini gayta
ishlashga asoslangan. Geodeziyada ko‘p o‘lchovli tasodifiy kattaliklar-yagona geodezik tarmoqqga
birlashtirilgan miqdorlarni o°‘z ichiga olishi mumkin. Bunday tarmogqlarga triangulyatsiya,
trilateratsiya tarmogqlari, chizigli burchakli sistemalar, yer usti va sun'iy yo‘ldosh o‘lchovlarining
kombinatsiyalangan kiradi. Geodeziyada o‘lchovlarni talab qilinganidan ko‘proq miqgdorda bajarish
odatiy holdir, shuning uchun k-zaruriy, r-ortiqgcha va n-umumiy o‘Ichovlar tushunchalari ajralib
turadi.

Ortiqgcha o‘Ichovlar soni barcha o‘lchovlar soni va kerakli o‘lchovlar o‘rtasidagi farq r=n—k
ga teng bo‘ladi. [1],[2],[5]

2. Tadgigot usullari. Parametrik tenglamalar bog‘iqligi va parametrik tuzatmalar
tenglamalarining tipik turlari. Parametrik tenglamalar bog‘ligligining eng tipik turlarini, ularni
shakllantirish va parametrik tuzatmalar tenglamalarini tuzish qoidalarini ko‘rib chiqgiladi.
Nivelirlash tarmog‘i va chizigli-burchakli planli tarmoglari uchun bunday tenglamalar sistemasini
tuzish qoidalarini alohida-alohida ko‘rib chigamish mumkin. Parametrik tenglamalar
bog‘ligliklarining ko‘rinishlari o‘lchovning turiga (masofa, nisbiy balandliklar, burchak va
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boshqalar ) va tanlangan parametrlarga bog‘liq bo‘ladi. Qoidaga ko‘ra parametrlar sifatida
punktlarning koordinatalari yoki aniglanayotgan otmetkalari tanlanadi. Tipik tuzatmalar parametrik
tenglamalarini tuzishni ham quyida shunday amalga oshirilgan. Parametrik tenglamalar
bog‘ligligini tuzishda o‘lchangan kattalik va parametrlar orasida bog‘liqlikni o‘rnatish kerakligini
har doimo hisobga olish kerak. .[1],[4],[10].

Tadgqiqot usullari.

3. Natijalar.

Nivelirlash to‘rlarida nisbiy ko‘tarilishlar ochanadi. Umumiy holatda nisbiy ko‘tarilish
aniglanayotgan nuqtalar fargiga teng. 1.1 shaklda j va i punktlar orasidagi o‘lchangan nisbiy
ko‘tarilish ko‘rsatilgan.

Xj va Xi parametrlar sifatida nisbiy ko‘tarilish o‘lchangan reperlar otmetkalarini tanlaymiz.
U holda bizni ko‘rayotgan namunamiz uchun parametrik tenglamalar bog‘ligligi quyidagi
ko‘rinishni oladi:

Yij = Hgp, — HRF_.—' = X — X
Tuzatmalar parametrik tenglamasi quyidagi ko‘rinishni oladi:
vy = 51}-— dx; + Eﬁ
bu yerda, Li=x;—x; — y5 .[1,4,10]

=
jr-?l,".lli

1.1-shakl. Nivelirlash to‘rining bir qismi. 1.1a-shakl. Nivelirlash tarmog’i.

Umumiy holda, quyidagi 1.1a-shakldagi nivelirlash tarmog‘ida sodir bo‘ladiga parametrik
tenglamalar bog‘ligligi va tuzatmalar parametrik tenglamalari 1 jadvalda berilgan:

1 jadval
parametrik tenglamalar tuzatmalar parametrik tuzatmalar tenglamasi ozod
bog'ligligi tenglamasi xadlari
Nivelir to‘ri uchun
Yi =X, —Hy V1:5X1+I1 |1:X1_HM1_y1
Y, =X, - X; V, =—=0% + 0% +1, L, =X-X-Y,
Y;=Hy, =Xy Va3 =—0%; +1; l,=Hy,—X—VY;
Y, =X,-X;; V, =0X,— 0%, +1, =X, —X—Y,
Y, =X, - X,. V; =—0X +0X, +1; =X, —X — Vs
[1]1.[11]

Planli tarmog uchun parametrik tenglamalar bo‘g‘ligligini tuzushni ko‘rib chigamiz.
Geodeziyada gabul gilingan belgilashlarni saglab golamiz: § -o‘Ichangan burchaklar, § -o‘lchangan
tomonlar; X,¥ - koordinatalar va h.o. bu umumiy nazariyani emas faqat aniq o‘lchashlarni
ko‘rayotganimizda ancha qulay bo‘ladi. Parametrlar sifatida aniqlanayotgan punktlar
koordinatalarini olamiz.

O ‘lcangan tomonlar uchun parametrik tenglamalar bog ‘liqligi va tuzatmalar tenglamalari
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Parametrik tenglamalar bog‘ligligini tuzishda S-o‘lchangan kattalik va masofa

o‘lchanadigan nuqtalarning koordinatalari-parametrlar o‘rtasidagi bog‘liglikni o‘rnatish kerak ( 1.2-
shakl).

X p 5 A
¥, 1 2Y

"8

1.2 shakl. 1 va 2 punktlar orasidagi masofani o‘lchash holati.

Punktlar orasidagi masofani koordinatalar orgali quyidagicha ifodalash kerak:
S =V (X, —X))? + (Y, —¥))? = JAx* +4y?
Tuzatishlarning parametrik tenglamalari, tenglamalar bog‘ligligining chiziqli ifodasi
hisoblanadi. Biz koib chigayotgan holat uchun tuzatmalar tenglamasi quyidagi ko‘rinishni oladi:
vy = a,0x, +a,8y, +azdx, +a,dy, +1;
Bu yerda a koeffisiyentlar- tenglamalar bog‘ligligidan har bir parametr bo‘yicha xususiy

hosilalari, &x;, dy.-parametrlarning taxminiy giymatlariga, mos holda x,vay; koordinatalaga
tuzatmalar.

Hosilalarni quyidagidek aniglaymiz:

_ 85 _ 85 . ]
L85 _
Yugqoridagilarga ko‘ra tuzatmalar tenglama51 quyldagl ko‘rinishni oladi:
Vg = — COS @y, 0y —sina,, 0y, +cosay, Ox, + sina,, 6y, +1g

Is=/(x2— x1)*+ (v, —¥,)* — 5. [1],[4],[20]
O ‘Ichangan direksion burchaklar uchun parametrik tenglamalar bog ‘liqligi va tuzatmalar
tenglamalari

Oldingi holatda bo‘lgani kabi, parametr sifatida 1 va 2-punktlarning koordinatalarini
tanlaymiz (1.3-shakl).

Koordinatalar orqgali direksion

burchagini  ifodalaymiz ~ va  o‘lchangan

) direksion  burchagi  uchun  parametrik

g v tenglamalar bog‘ligligi tenglan;aini
1 L g. quyidagidek  olamiz: @y = arctg - ﬁ'

Tuzatishlar tenglamasini yozish uchun har bir
parametr uchun tenglamalar bog‘ligligidan
xususiy hosilalarni aniglaymiz:

1.3-shakl. 1 va 2 punktlar orasidagi yo‘nalish uchun
direksion burchakni o‘Ichash.

dux 1 1 AY  sina, ,
ay = = ¥ - = - = - = bl":
ax, 4y, Ax? 52 S 2
L+ (Gx)°
da 1 -1 —AX —cosa,, ,
v, . (M) JAX?T S S
_da 1 Ay —1  —4AY —sinay, "
“Tox, .., AY,  ax? sz 5 @
? TGRS
da 1 1 AX cosay, .
fy = = €15
* T oy, 1+( ) 2AX2  §2 S 1
AX

Har bir bunday hosila, S-chiziq uzunligini o‘lchash o‘lchamiga teskari o‘lchamga ega
ekanligini e'tiborga olishimiz kerak. Bunday holda tuzatmalar parametrik tenglamasining umumiy
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ko‘rinishi v, = a,8x, + a,8y, + a;éx, +a,dy, +1, shakliga ega ekanligini hisobga olsak, bu
yerda har bir a’zo (qo‘shiluvchi) o‘lchovsiz bo‘ladi. Shuning uchun, direksion burchagiga v -
tuzatmalar radian o‘lchoviga ega ya’ni o‘lchovsiz bo‘ladi. Tuzatma gradus o‘lchamiga ega,
masalan soniya (sekund) larda bo‘lishi uchun, har bir hosilani p = 206265"-radianning
sekundlardagi qiymatiga quyidagidek ko‘paytirish kerak:
by, = pbyy,
€12 = PC1;-

l,-0zod xad ham sekundlarda berilgan bo‘lishi kerak. U holda, deriksion burchak uchun

tuzatmalar tenglamasi quyidagi shaklni oladi:
Vo = byp0x) — €58y, + by 0%, + €50y, + 1.

Quyida ko‘riladigan o‘lchangan yo‘nalish uchun tuzatishlar tenglamasiga oxirgi tenglama

juda o‘xshashligini ko‘rishimiz mumkin. .[1],[4],[10]

O‘lchangan yo ‘nalishlar uchun parametrik tenglamalar bog ‘ligligi va tuzatmalar
tenglamalari
Yo‘nalishning o‘lchangan qiymatini alidada 2-nuqtaga nol giymat bilan orentirlganda,
lambda olingan hisobdan farg kabi olinadi (1.4 shakl).
0 Bu yerda Z, orqali, limbdagi nol sanoq orqali
' o‘tadigan  yo‘nalishning  direksion  burchagi
WU belgilangan,. U holda N,, yo‘nalishni quyidagi farq
. farq sifatida talgin gilish mumkin:
X, & Ny AX Ny, = arctgay,; — Zo
v 27, Parametrlar sifatida 1 va 2 punktlar
1.4-shakl. 1 punktdah 2 punktga yo‘nalishni koordlnatglarlnl .qabUI C.“I.a m.IZ' Zo Tll 40 Shm.wha
oIchash holati. parametrni  kelib  chigishiga olib  keladigan
qo‘shimcha zaruriy o‘lchash kabi hisobga olishimiz

mumkin.
O‘Ichangan yo‘nalish uchun parametrik tenglamalar bog‘ligligi tenglamasini yakunda
quyidagi ko rinishni oladi:

Y,-1

N,, =arctg (X: — X1) —Z,

Ko‘rinib turibdiki uhbu tenglama direksion burchakni o‘lchash tenglamalar bog‘ligligidan

fagat  Zj-oriyetrlovchi direksion burchakni ortigchaligi bilan farq gilmogda, shuning uchun

tuzatmalar tenglamasi ham oriyentrlash burchagiga ortigcha tuzatma bilan quyidagi ko‘rinishda
farglanadi

Uy = byp8x) — €130y, + b1y 8%, +€,8y, — 8Zy + 1y

Har bir punktda §Z, tuzatma, punktdagi barcha yo‘nalishlarni o‘lchashlari uchun yagona

bo‘ladi. .[1],[4] [10] X,

O ‘Ichangan burchak uchun V.

parametrik tenglamalar bog ‘ligligi va 3

tuzatmalar tenglamalari

3

O‘Ichangan g Dburchak uchun (1.5-
shakl), agar parametrlar sifatida
aniglanayotgan punktlarning koordinatalari
olingan bo‘lsa, parametrik tenglamalar
bog‘ligligini  1-2 va 1-3 yonalishlarning 1.5-shakl. 1 punktda turib 2 va 3 punktlar orasidagi
direksion burchaklari fargi kabi olish burchakni o‘lchash holati.
mumkin:

,_ AX2
Y, 1 2Y,
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-

h-n .-
B =arctg ('—) —arctg (—)
X, — X, X, — X,

Burchak uchun tuzatmalar parametrik tenglamasini, direksion burchak uchun tuzatmalar
tenglamasini asos qilib yozamiz. Bunda, X, va ¥, lar bo‘yicha xususiy xosilalar, xuddi oldingi
xolatdagidek ekanligini inobatga olamiz. X, va ¥; lar bo‘yicha xususiy xosilalar ishorasini
o‘zgartiradi, chunki, 3 punkt koordinatalariga kiradigan arctg manfiy ishoraga ega. Bundan
tashqari 1 punktning koordinatalari birinchi qo‘shiluvchiga ham ikkinchi qo‘shiluvchiga ham
kirishini hisobga olishimiz mumkin. Shuni hisobga olib o‘lchangan burchak uchun tuzatmalar
tenglamasini quyidagicha yozamiz:

vg = (by; — by3)dX, + (—cyy + €,3)8Y) — by36X, +¢,,6Y, +by36%; —

—c136Y; + 15 . .[1],[4][10]

Xulosa:

Tenglashtirishning ikkita asosiy usullari mavjud bo‘lib, ular bir-biridan farglanadi. Bular-
parametrik va korrelat usulidir.[1],[2],[3].[4]

Tenglashtirishning vazifalari quyidagilar hisoblanadi:

-to‘r elementlarini aniqlashda noaniqlik (bir xil emaslik) ni bartaraf etish;

- to‘rning tenglashtirilgan elementlarini aniqlash-ijobiy baholash;

- to‘rning aniqlanayotgan elementlari anigligini oshirish;

- to‘rning hisoblangan elementlarini aniqligini baholash. .[1],[2],[3],[4]

Demak parametrik usulda tenglashtirishda, Y; = f,(X,,..,X,) (i=12...,n)-parametrik
tenglamalar ~ bog’liqligini  tuzish,  tuzatmalarning  parametrik  tenglamasini  tuzish,
V, =7, +a,7, +...+a, 7, +1. (i=1L...,n), normal tenglamalarini tuzish va yechish, tuzatmalarni

hisoblash-v; = a7, +a;,7, +...+ 8,7, +I; (i=1..,n), o‘lchangan kattaliklarning y, =Y, +V; va

parametrlarning  x; = X; +0x; tenglashtirilgan qgiymatlarini toppish, tenglashtirishni yakuniy
tekshirish hamda aniqlikni baholash bilan ko‘zlangan maqsadga erishish mumkin bo‘ladi.
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SANOAT CHIQINDISI ASOSIDAGI KO‘PIKKULBETON QORISHMASINING REOLOGIK
XOSSALARIGA KIMYOVIY QO‘SHIMCHANING TA’SIRI

Z.M. Sattorov?, O.A. Otajonov®*, N.A. Madraymov*
Toshkent arxitektura-qurilish universiteti

Farg ‘ona davlat texnika universiteti

(Qabul qilindi 10.03.2026 y.)

Annomauyus. B cmamwve  ocseuwjeHo  Mexawmusm — Oelicmeuss  XUMuueckou  000asKu
nOﬂukap60KcuﬂamH020 cynepnﬂacmuqbummopa Ha peojioeuvecKue ceolicmea yemeHmHnozo mecma u
Nneno30100emonnou cmecu, npueomoeﬂeHHozl Ha OCHo6€  301Jibl menJjio3J1eKmpocmanyuu, epemsi
3617’1’168[7()66617—!1/{}1, CHUJICEHUE eodonompe@zemm u pacwuperHue yemenma. Taxoice OOKCBCIHO, umo nymem
8b100pa ONMUMATLHO2O0 COCMABA NEHO30A00EeMOHA MONCHO VIAYUUUMb YO0OOYKIAObLIBAEMOCIb DEMOHHOU
cmecu, CHU3Ums eodonompe&zeﬂue Uu nossvicums ee (j)us’uko—M@xaHuqecxue ceolicmad.

Knrouuewvie cnoea: bemonnas cmecsy, esdcyuee  eewgecmed, pacuiuperue, I’lpOuS@OOCWlGO,
NEeHO30100eMOH, HOPMATbHASL 2YCMOMA, HNOAUKAPOOKCULAMHBIL  CYNEPRIACMUDUKAMOpP, PACX00 B800bl,
8000N0OMPEOHOCHb, YEMEHMI.

Annotatsiya. Magqolada sement xamirining va issiglik elektr stansiyasi kullari asosida
tayyorlanadigan ko ‘pikkulbeton qorishmasining reologik xossalari, qotish muddati, sementning suv
talabchanligini  kamayishi va va vyoyiluvchanligiga polikarboksilat superplastifikator kimyoviy
qo ‘shimchasining ta’sir qilish ta’siri mexanizmi yoritilgan. Shuningdek, ko ‘pikkulbetonning optimal tarkibini
tanlash orgali beton gorishmasining ishlov berilish xususiyatini yaxshilash, suv sarfini kamaytirish hamda
fizik-mexanik xossalarini oshirish mumkinligi isbotlangan.

Tayanch so‘zlar: Beton qorishmasi, bog‘lovchi modda, yoyiluvchanlik, ishlab chiqarish,
ko ‘pikkulbeton, normal quyuqlik, polikarboksilat superplastifikator, suv sarfi, suv talabchanlik, sement.

Abstract. This article describes the mechanism of action of a polycarboxylate superplasticizer
chemical additive on the rheological properties of cement paste and foam ash concrete mixture prepared
using thermal power plant ash, including curing time, reduced water consumption, and cement expansion. It
also demonstrates that by selecting the optimal foam ash concrete composition, it is possible to improve the
workability of the concrete mixture, reduce water consumption, and enhance its physical and mechanical
properties.

Keywords: Concrete mix, binder, expansion, production, foam ash concrete, normal density,
polycarboxylate superplasticizer, water consumption, water demand, cement.

1. Kirish. Sanoat va qurilish sohasidagi resurslardan samarali foydalanish va ekologik
barqarorlikni ta’minlash bugungi kunda jahon hamjamiyatida ham, yurtimizda ham ustuvor vazifalardan
biri hisoblanadi. Qurilish materiallarining ishlab chiqarilishi, xususan beton va beton qorishmalari ko‘p
miqdorda tabiiy resurslarni talab giladi, shu bilan birga energiya sarfi va atrof-muhitga salbiy ta’sir
ko‘rsatadi. Shu bois, ikkilamchi resurslardan, ya’ni sanoat va qurilish sohasidagi chiqindilardan
foydalanish orgali yangi beton tarkiblarini ishlab chigish va ularning sifatini oshirish dolzarb
masalalardan biri sifatida garalmoqda.

Ko‘pikkulbeton qurilishda keng qo‘llaniladigan, mustahkam va moslashuvchan xususiyatlarga
ega materiallardan biri bo‘lib, uning normal quyuqligi betonning ishlov berish qulayligi va yakuniy
konstruktiv sifatlariga bevosita ta’sir qiladi. Kimyoviy qo‘shimchalar, xususan suyuqlikni
ko‘paytiruvchi, havo yutilishini boshqaruvchi va plastifikatorlar, ko‘pikkulbeton qorishmasining normal
quyugligini sezilarli darajada yaxshilashi mumkin.

O‘zbekiston Respublikasi Prezidentining 2025-yil 24-martdagi “Chiqindilarni gayta ishlash
sohasini yanada takomillashtirish hamda kompleks tizimlashtirish chora-tadbirlari to‘g‘risida”gi PF-56-
sonli va  2025-yil 1-dekabrdagi “Qurilish materiallari sanoatini rivojlantirish chora-tadbirlari
to‘g‘risida” 365-sonli qarorlari ikkilamchi resurslardan foydalanishni rag‘batlantirish va energiya
tejovchi, ekologik xavfsiz materiallar ishlab chigarishni davlat siyosati darajasida qo‘llab-quvvatlaydi
[1, 2]. Shu nuqtai nazardan, ko‘pikkulbeton qorishmasida kimyoviy qo‘shimchalarning normal
quyuglikka ta’sirini ilmiy asosda o‘rganish, mavjud resurslardan maksimal darajada foydalanish va
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chigindilarni qayta ishlash yo‘li bilan ekologik va igtisodiy samaradorlikni oshirish muhim ilmiy-amaliy
vazifa hisoblanadi.

2. Adabiyotlar tahlili. Qurilish materialshunosligining hozirgi kundagi dolzarb masalalarining
biri yuqori sifatli, tannarxi arzon, mustahkam, energiya samarador, kam suv talabchan va ikkilamchi
resurslardan foydalangan holda arzon va sifatli qurilish materiallari ishlab chigarish hisoblanadi. Issigliq
elektr stansiyasi kuli qo‘shilgan serg‘ovak betonning kimyoviy qo‘shimchalarning normal quyugqligiga
ta’siri bo‘yicha Svim I.S., Serkebacv M.K., Moldabay A.K., Nechaev A. A., Selezneva Ye. A.,
Ilepochkina Yu.A., Selezneva G. Yu, Eugenijus janavi¢iusa, Mindaugas DaukSysb, Gintautas
Skripkitinasc, Dzigita Nagrockienéc, Ala Daugé¢lienéb va boshqga olimlar tadqiqot ishlarini olib
borishgan.

Svim I.S. “Polikarboksilatlar va ularning asosidagi beton qo‘shimchalari (Polikarboksilater i
dobavki dlya betonov na ix osnove)” nomli tadqiqot ishini olib borgan. Tadgiqotda polikarboksilat
asosidagi kimyoviy qo‘shimchalar serg‘ovak beton qorishmalarining texnologik va ishlash
xususiyatlarini sezilarli darajada yaxshilashga xizmat qiluvchi asosiy modifikator sifatida ko‘rib
chiqilgan. Polikarboksilatlar suvni kamaytiruvchi va superplastifikator qo‘shimchalari bo‘lib, ular
sement zarrachalarini disperslash orgali beton gorishmasining yoyiluvchanligini oshiradi va shu bilan
birga suv-sement nisbatini kamaytiradi, natijada mustahkam va uzog muddat xizmat giluvchi betonlar
olinadi.

Tadqiqotda ushbu qo‘shimchalarning ishlash mexanizmlari, yangi va qotgan serg‘ovak beton
xossalariga ta’siri, jumladan qorishmaning yoyiluvchanligi, zichligi va mustahkamligi tahlil gilingan.
Shuningdek, polikarboksilat qo‘shimchalari bilan serg‘ovak beton aralashmalar tarkibini
optimallashtirish natijalari keltirilgan. Ta’kidlanishicha, polikarboksilatlar aralashmaning qulay ishlov
berilishini yaxshilaydi, suv va sement sarfini kamaytiradi, betonning bir xilligi va chidamliligini
oshiradi. Shu bois, ular zamonaviy va yuqori sifatli qurilish materiallarini ishlab chigishda samarali
vosita sifatida xizmat giladi [3].

Serkebaev M.K., Moldabay A.K. “Kimyoviy qo‘shimchalarning g‘ovakli avtoklavsiz beton
xossalariga ta’sirini o‘rganish (Issledovanie vliyaniya ximicheskix dobavok na svoystva yacheistogo
neavtoklavnogo betona)” nomli tadqiqot ishini olib borishgan. Tadqiqotda tez qotish vositasi sifatida
KON-kaustik potash ishlatilgan. Xom ashyo tashkil etuvchilari: qum — 140 kg, sement — 120 kg, suv —
90-100 I, beton markasi — D600. Qo‘shimcha bilan qolipdan chiqarish vaqti — 2 soat 20 daqiqa,
qo‘shimchasiz — 3 soat 30 dagiga. Qo‘shimcha bilan betonning mustahkamligi — 16,7 kg/sm?
qo‘shimchasiz — 13,7 kg/sm?. Beton zichligi — 600 kg/m?*. Tajriba-sinovlar uchun S giymati 1,25 deb
olingan. Shu giymatni hisobga olib, optimal suv-sement nisbatini aniglash uchun gancha bog‘lovchi va
qum tuprogqli tashkil etuvchi kerakligi hisoblangan: S =400 / (1,25 + 1) = 178 g — sement; Q = 400 x
1,25/(1,25 + 1) =222 g—qum.

Qorishmaning yoyiluvchanligini 22 sm yetkazish maqsadida, sementli bog‘lovchi bilan zichligi
D700 bo‘lgan qorishma uchun S/Q = 0,4 giymati tanlangan. Natijada kerakli gorishma xossalariga
erishish uchun S/Q = 0,4 gabul gilingan. G‘ovakli betonlarning fizik-mexanik xossalari GOST-10180
“Betonlar (Betons)”, GOST-12730.1 “Betonlar. Zichlikni aniglash usullari (Betonsr. Metodsr
opredeleniya plotnosti)” yoki GOST-17623 “Betonlar. O‘rtacha zichlikni aniglashning radioizotop usuli
(Betonsr. Radioizotopnery metod opredeleniya sredney plotnosti)” standartlariga muvofig aniglanadi.
G‘ovakli beton xossalari nazorat kubiklari (10x10x10 sm) yoki diametri va balandligi 10 mm bo‘lgan
silindr namunalar bo‘yicha o‘tkazilgan sinov natijalariga asoslanadi. Tajriba-sinov natijalari shuni
ko‘rsatdiki, gazbeton aralashmasiga ohak sutini (kislota tashkil etuvchi sifatida) qo‘shilganda, gqorishma
bir yarim soatlik izotermik ushlab turishdan so‘ng, qolipda tushib ketadi va kutilgan natijaga
erishilmaydi. Birog, aralashmaga kaustik soda (kislota tashkil etuvchi sifatida) qo‘shilganda, qorishma
ko‘tarilib, gazlanadi va sementning qotish muddati tugaguncha o‘sishni davom ettiradi. O‘tkazilgan
tajriba-sinov natijasida shuni aniqlash mumkinki, ko‘pik hosil gilish va g‘ovak hosil qilish xususiyati
kaustik soda bilan ohakka nisbatan yaxshi bo‘ladi (Sastyubin zavodi ohagiga nisbatan). G‘ovakli beton
gorishmasining g‘ovak tuzilmasining shakli sferik va betonda bir xil tagsimlangan. Bu esa g‘ovakli
betonning mustahkamlik xossalarini oshirishga olib keladi [4].

Nechaev A.A., Selezneva E.A., Shchepochkina Yu.A., Selezneva G.J. “Beton texnologiyasida
kimyoviy qo‘shimchalar (Ximicheskie dobavki v texnologii betonov)” nomli tadgigot ishini olib
borishgan. Tadgiqotda betonning dastlabki davrida qotishini tezlashtirish, boshlang‘ich namligini
kamaytirish va buyumlarning yakuniy mustahkamligini oshirish magsadida kompleks kimyoviy
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qo‘shimchalar qo‘llash bo‘yicha tadqiqotlar olib borildi. Kompleks qo‘shimchalardan foydalanish
zarurati, bir tomondan, yaxshi plastifikatsiyalovchi ta’sirga erishish, ikkinchi tomondan esa gotishning
dastlabki bosgichida sekinlashtirish, keyingi davrda esa tezlashtirish samarasini ta’minlash bilan
bog‘liq.

Tadgiqotlarda gips-sement bog‘lovchi modda qo‘llanildi (70 mass % G-16 markali gips
bog‘lovchi va 30 mass % zarur miqdordagi faol mineral qo‘shimchali pussolan portlandsement).
To‘ldiruvchi sifatida 5-20 mm fraksiyali ohaktosh shag‘al va modul yirikligi Mkr = 2,26 bo‘lgan kvars
qumi ishlatildi. Kompleks kimyoviy qo‘shimcha sifatida qotishni sekinlashtiruvchi modda va naftalin-
formaldegid turidagi superplastifikatordan foydalanildi.

Qo‘shimchalarning ta’siri  beton aralashmasining bir xil suv-bog‘lovchi nisbatida
harakatchanligining o‘zgarishi hamda bir xil harakatchanlikdagi pastalarda suv sarfining kamayishi
orgali baholandi. Keyinchalik kimyoviy qo‘shimchalarning beton mustahkamligining o°‘sish
kinetikasiga va bog‘lovchi modda sarfining kamayishiga ta’siri o‘rganildi.

Tadqiqot natijalari shuni ko‘rsatdiki, optimal tarkibdagi kompleks kimyoviy qo‘shimchalar
qo‘shilganda, namunalar mustahkamligi 28 kunlik betonda 21 MPa dan 34 MPa gacha oshdi. Bu esa
yuqori mustahkamlikdagi betonlarni olishda bog‘lovchi modda sarfini taxminan 100 kg/m? kamaytirish
imkonini beradi.

Shunday qilib, kimyoviy qo‘shimchalar va ularning komplekslarini qo‘llash nafagat konstruktiv
xususiyatlarni yaxshilash, balki texnologiyani takomillashtirishning ham samarali usuli hisoblanadi.
Bunday qo‘shimchalardan foydalanish suvga chidamli gips bog‘lovchilar asosidagi buyumlarni ishlab
chigarishda issiglik bilan ishlov berish va quritish jarayonlarini texnologik jarayondan chigarib tashlash,
shuningdek yengil va og‘ir beton buyumlar ishlab chiqarishda yoqilg‘i sarfini kamaytirish imkonini
beradi [5].

Eugenijus Janaviciusa, Mindaugas Dauksysb, Gintautas Skripkitinasc, Dzigita Nagrockienéc,
Ala Daugélienéb “Sement xamirining reologik xossalariga sement modifikatsiyasining ta’siri (The effect
of cement modification on the rheological properties of cement paste)” nomli tadgiqot ishini olib
borgan. Tadgiqotda sement xamiriga portlandsementning 10% (massasi bo‘yicha) qismi almashtirib
qo‘shilgan toshqol, opoka, kremniy suspenziyasi va dolomit changi xamirining ogish chegarasi va
qovushqoqligiga qo‘shimcha zarrachalarning shakli hamda mayinligiga qarab ta’sir ko‘rsatadi.

Portlandsementining 10% (massasi bo‘yicha) gismi toshqolli sement bilan almashtirilganda,
sement xamirining ogish chegarasi taxminan 25,9% kamayadi, ammo qovushqoqligi nazorat sement
xamiriga nisbatan taxminan 3,5 baravar ortadi.

Massa foiz tarkibi Atom foiz tarkibi
Na — natriy (26,39%) Na — natriy (33,33%)
S —sulfat (73,61%) S — sulfat (66,67%)

Sement xamiriga 0,5% NaSS qo‘shimchasi qo‘shilganda esa oqish chegarasi biroz ortadi,
govushgoqlik esa nazorat sement xamiriga nisbatan taxminan ikki baravar oshadi.

Oc‘tkazilgan tadqiqotlar shuni ko‘rsatdiki, bog‘lovchi material sifatida ikki turdagi sement, ya’ni
portlandsement CEM 1 42,5 H va domna toshgolli sement CEM 111/B 32,5 H qo‘llanildi.

Mazkur ikki turdagi sementni taqgoslash natijasida toshqolli sementning solishtirma yuzasi
portlandsementga nisbatan katta ekanligi aniglandi. Xususan, toshqolli sementning solishtirma yuzasi
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420 kg/m?, portlandsementniki esa 360 kg/m? tashkil etadi. Ushbu sement tarkibida domna toshqoli
miqdori 70%, portlandsement esa 30% tashkil giladi.

Sement xamirining 1-tarkibi (nazorat tarkibi) fagat portlandsementdan tayyorlangan. 2-tarkib esa
portlandsement va domna toshqgolini ma’lum nisbatda aralashtirish orqali tayyorlangan bo‘lib, bunda
sement tarkibidagi toshqol migdori 49% tashkil etadi.

Sement miqgdorining 10% (massasi bo‘yicha) qismi modifikatsiyalovchi qo‘shimchalar bilan
almashtirildi:

Plastifikatsiyalovchi qo‘shimchalar hamda natriy silikat eritmasi (keyingi o‘rinlarda NaSS, V
tarkib) sement gorishmasiga 0,5% miqdorda suyuq holatda suv bilan birga qo‘shiladi (1-jadval).

1-jadval
Sinalayotgan sement xamirining tarkiblari
Sement miqdori, % Modifikatsiyalovchi qo‘shimchalar, mas. %

Ne CEMI 425H CEMI11325B Opoka | SiOz | Qum Plastfikator NaSS
1. 100 - - - - 0,5 -
2. 30 70 - - - 0,5 -
3. 90 - 10 - - 0,5 -
4. 90 - - 10 - 0,5 -
5. 100 - - - - 0,5 0,5
6. 90 - - - 10 0,5 -

Sement xamiri tarkibi sementning 10% gismini sanoat chigindilari bilan almashtirish orqali
modifikatsiya qilindi. Tajriba tadqiqotlarida dolomit changi sanoat chiqindisi sifatida qo‘llanildi.

Shuningdek, tajribalar uchun Centrilit Fume nomli kremniy tutuni suspenziyasi hamda Stoniskeés
(Latviya) hududidan olingan karbonat opoka faol mineral qo‘shimcha sifatida qo‘llanildi. Bu
qo‘shimchalar sementning massasining 10% qismini almashtirish orgali sement xamiri tarkibiga
kiritildi. Portlandsement xamirining kritik siljish kuchlanishi (critical shear stress) va gqovushqoqligi faol
mineral qo‘shimcha zarrachalarining shakli va mayinlik darajasiga hamda natriy silikat eritmasining
polikarboksilat efir asosidagi superplastifikator bilan o‘zaro ta’siriga bog‘liq. Portlandsementning
toshqolli sement bilan (toshgol miqdori 50% gacha) almashtirilishi sement xamirining kritik siljish
kuchlanishini 25,9% kamaytiradi, ammo govushqgogligini nazorat sement xamiriga nisbatan 3,5 baravar
oshiradi. Portlandsementining 10% qismini opoka va dolomit qo‘shimchalari bilan almashtirish sement
xamirining kritik siljish kuchlanishini mos ravishda 9,1% va 21,7% kamaytiradi (nazorat sement
xamiriga nisbatan). Opoka qo‘shimchasi sement xamirining qovushqoqligini juda kam darajada
oshiradi. Tadgigot gilingan portlandsement xamiriga 0,5% miqdorda qo‘shilgan NaSS suspenziyasi
xamirning kritik siljish kuchlanishiga sezilarli ta’sir ko‘rsatmaydi. Portlandsementning massasiga
nisbatan 10% gismini kremniy tutuni suspenziyasi bilan almashtirish siljish tezligi 205 s* va 630 s*
bo‘lgan sharoitda sement xamirining qovushqoqligini nazorat sement xamiriga nisbatan ikki baravar
kamaytiradi [6].

3. Tadqiqot metodologiyasi. Serg‘ovak beton qorishmasining normal quyuqligi uning yoyilish
diametri yoki cho‘kishi GOST 7473-2010 “Beton gorishmalari. Texnik shartlar (Smesi betonnsie.
Texnicheskie usloviya)” orqali baholanadi [7]. Tadgigot odatda konus usuli yoki stol ustida yoyilish
usuli yordamida amalga oshiriladi.

Tajriba jarayonida avvalo yengil beton gorishmasi tayyorlanadi. Qorishma tarkibiga sement,
qum yoki boshqa to‘ldiruvchi materiallar, suv va zarur bo‘lsa kimyoviy qo‘shimchalar qo‘shiladi.
Tayyorlangan qorishma konus shaklidagi qolipga joylashtiriladi va yuzasi tekislanadi. Shundan so‘ng,
golip ehtiyotkorlik bilan yuqoriga ko‘tarib olinadi.

Qorishma stol ustida erkin yoyiladi va hosil bo‘lgan yoyilish diametri o‘lchanadi. Yengil beton
gorishmasining normal quyuqgligi odatda yoyilish diametri 15-16 sm atrofida bo‘lganda optimal deb
hisoblanadi (ko‘pincha 16 sm qiymat olinadi). Agar yoyilish diametri kichik bo‘lsa, qorishma qattiq
hisoblanadi va suv miqdori oshiriladi. Agar yoyilish juda katta bo‘lsa, suv miqdori kamaytiriladi.

Shu tarzda bir necha tajribalar o°tkazilib, qorishmaning optimal suv miqdori aniglanadi. Ushbu
suv miqdori yengil beton qorishmasining normal quyuqligini ta’minlaydigan suv-bog‘lovchi nisbati
sifatida gabul gilinadi.

Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK OI'TY, 2026, T.30.crem.Boimyck Ne 3) 93



CTPOUTEJIBCTBO

Yengil betonlarda normal quyuqlikni to‘g‘ri aniqlash aralashmaning yaxshi ishlov berilishi,
g‘ovak strukturaning bir tekis hosil bo‘lishi va betonning yakuniy fizik-mexanik xossalarini yaxshilash
uchun muhim ahamiyatga ega.

4. Tajriba-sinov tadgiqot usullari. Ko‘pikkulbeton qorishmasining normal quyugligi GOST
7473-2010 “Beton qorishmalari. Texnik shartlar (Smesi betonneie. Texnicheskie usloviya)” bilan
aniglandi. Buning uchun tadgiqotlarda bog‘lovchi modda sifatida “Ohangaronsement” AJda ishlab
chigarilgan, GOST 31108-2020 “Umumiy qurilish sementlari. Texnik shartlar (Sementsr
obiestroitelnsie. Texnicheskie usloviya)” va GOST 30515-2013 “Sementlar. Umumiy texnik shartlar.
(Sementsr. Obmie texnicheskie usloviya)” talablariga javob beruvchi CEM 1 42,5H va CEM II/AK (Z-1)
42 5H markadagi sementlar qo‘llanildi [8, 9].

Tadgqiqotlarda to‘ldiruvchi sifatida Farg‘ona viloyati, Yozyovon tumanida joylashgan karerdan
gazib olinadigan, qurilish gorishmalari uchun yarogli qumdan hamda Yangi Angren issiglik elektr
stansiyasi toshqol-kul chigindisidan foydalanildi. Kimyoviy qo‘shimcha sifatida mahalliy xom
ashyolardan olingan “Polikorboksilat” nomli kimyoviy qo‘shimchadan foydalanildi.

Polikarboksilatlar temir-beton va yengil beton buyumlar ishlab chigarishda muhim rol o‘ynaydi.
Aynigsa, zamonaviy qurilishda beton gorishmasining yuqori mustahkamligi, uzog xizmat muddati va
qulay ishlov berilishi talab gilinadi. Polikarboksilat asosidagi superplastifikatorlar — bu beton uchun
yangi avlod yuqori samarali kimyoviy qo‘shimchalardan biri hisoblanadi. Ular karboksil guruhlaridagi
mavjud polimerlarga asoslangan bo‘lib, sement zarrachalarini kuchli elektrostatik va fazaviy dispers
orqali bir-biridan ajratadi.

Ushbu qo‘shimcha orqali gorishmadagi suv miqdorini 25-40% kamaytirish mumkin. Bu esa
betonning mustahkamligini, ayniqgsa dastlabki gotish davrida oshiradi [10].

Polikarboksilat superplastifikator kimyoviy qo‘shimchasini sementning suv talabchanligini
kamayishiga ta’siri (St) quyidagi formula orgali hisoblandi:

St = [(Ng — Ngp)/ Nq] -100%

bu yerda: Ng va Ngp — qo‘shimchasiz va plastiklashtiruvchi qo‘shimcha qo‘shilgan sement
xamirining normal quyugligi. Tajriba namunalari polikarboksilat superplastifikator kimyoviy
qo‘shimchasini sementga turli miqdorlarda qo‘shish orqali tayyorlandi. Tajriba natijalari 2-jadvalda
berilgan [11].

2-jadval
“Polikarboksilat” superplastifikator kimyoviy qo‘shimchasini sement xamirining
normal quyugqligi va qotish muddatiga ta’siri
Sement xamiri

dagiga dagiga

X
5 S = Qotish muddati
=S 5 Se
> 5 = =°
. S E =3 S .=
Ne | Nomlanishi s 2, <5 Bosh- Bosh-
2 g = = lanishi, | lanishi,
= Es S £ soat- soat-
" g > X
Qo o >
(o = (0p)]

Qo‘shimchasiz

1 - - 18 - 2-50 5-20
sement xamiri
“Polikorbok- 0,3 13 7,69 2-20 4-50
silat”
) kimyoviy 0,6 14 10,7 2-10 4-40
" | go‘shimchasi
qo°shilgan 0,9 16 16,15 2-00 4-30

sement xamiri
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5. Tahlil va natijalar. Olingan tajriba natijalaridan ko‘rinib turibdiki, sement xamirining suv
talabchanligini kamaytirishga va qotish muddatiga qo‘shish ijobiy ta’sir ko‘rsatdi. Bunda,
“Polikarboksilat” superplastifikator kimyoviy qo‘shimchasini sement massasiga nisbatan 0,9%
qo‘shish eng optimal miqdor ekanligi aniglandi (1-rasm). Ma’lumki, sementning turli xossalarini
yaxshilash uchun kimyoviy qo‘shimchalardan foydalanganda, ularning miqdori 1,5% dan
oshmasligi igtisodiy jihatdan samarali hisoblanadi.

=@=otishni boshlanishi

#=Qotishni tugashi

1-rasm. “Polikarboksilat” superplastifikator kimyoviy qo‘shimchasini

sement xamirining qotish muddatiga ta’siri.

keltirilgan.

"

26

ot

o5 0 O

=4 & U
i

S o

02 _— —— X@)
g1

g0

% 0 0.3 0.6 0.9
g Sement massasiga nisbatan superplastifikator miqdori. %
[74]

Olingan tajriba natijalariga

ko‘ra “Polikarboksilat”
superplastifikator kimyoviy
qo‘shimchasini  qo‘shish  sement

xamirining qotish muddatini erta
boshlanishiga va qotish muddatini
qisqarishiga sabab bo‘ldi.
“Polikarboksilat”
superplastifikator kimyoviy
qo‘shimchasini sement Xamirining
reologik xossalariga ta’siri
o‘rganilganidan so‘ng, uni
ko‘pikkulbeton qorishmasining
reologik xossalariga ta’siri o‘rganildi.
Tajriba natijalari 2-jadvalda

Ko‘pikkulbeton qorishmasini suv talabchanligi va yoyiluvchanligiga “Polikarboksilat”
superplastifikator kimyoviy qo‘shimchasining ta’sirini aniglash bo‘yicha olib borilgan tajriba ishlari
uchun 40 °C haroratgacha isitilgan suvdan foydalanildi.

3-jadval

“Polikarboksilat” superplastifikator kimyoviy qo‘shimchasini ko‘pikkulbeton
gorishmasining normal quyugqligiga ta’siri

Uchuvchi- Sement massasiga S/ -
Ne misqedrgfint% _ kul_ Q(;)m nispatan kimyov%y nisbgti, Oquvcsr::nllgl,
’ miqdori, % qo‘shimcha miqdori, % %
1. 55 35 10 - 0,60 7
2. 55 35 10 - 0,60 13
3. 55 35 10 - 0,70 15
4. 55 35 10 - 0,75 18
5. 55 35 10 0,3 0,60 9
6. 55 35 10 0,3 0,65 11
7. 55 35 10 0,3 0,75 13
8. 55 35 10 0,6 0,60 11
9. 55 35 10 0,6 0,65 12
10. 55 35 10 0,6 0,75 14
11, 55 35 10 0,9 0,60 12
12. 55 35 10 0,9 0,65 15
13. 55 35 10 0,9 0,75 16

Tajriba natijalariga ko‘ra,

qo‘shimcha qo‘shilmagan ko‘pikkulbeton gorishmasining
yoyiluvchanligi S/Q nisbati 0,75 tashkil etganda, uning yoyiluvchanligi 18 sm tashkil etdi.
Qo‘shimcha 0,3% qo‘shilgan ko‘pikkulbeton qorishmasining yoyiluvchanligi S/Q nisbati 0,75
tashkil etganda, uning yoyiluvchanligi 13 sm, qo‘shimcha 0,6% qo‘shilgan ko‘pikkulbeton
gorishmasining yoyiluvchanligi S/Q nisbati 0,60 tashkil etganda, uning yoyiluvchanligi 11 sm va
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go‘shimcha 0,9% qo‘shilgan ko‘pikkulbeton qorishmasining yoyiluvchanligi S/Q nisbati 0,75
tashkil etganda, uning yoyiluvchanligi 16 sm tashkil etdi. Bunda qo‘shilgan qo‘shimchalarning
miqdori va natijalarga e’tibor qaratadigan bo‘lsak, ko‘pikkulbeton gorishmasiga eng optimal

==~ Oquvchanlik S/Q -0.6
=@-Oquvchanlik S/Q -0.65

16

8 14

=12

g2

% 10

il 8

= 6

g 4

S 2

=

Z 0

o 0 0.3 0.6 0.9

Qo'shimcha miqdori, %

2-rasm. “Polikarboksilat” superplastifikator kimyoviy

qo‘shimchasini ko‘pikkulbeton qorishmasining yoyiluvchanligiga
ta’siri.

qo‘shiladigan  qo‘shimcha  miqdori
sementning massasiga nisbatan 0,9%
ekanligini ko‘rishimiz mumkin. Chunki
2-rasmga e’tibor qaratsak, qo‘shimcha
miqdori 0,3% qo‘shilgan va qo‘shimcha
qo‘shilmagandagi qorishma
yoyiluvchanligida farq unchalik katta
emasligini, qo‘shimcha 0,6% va 0,9%
qo‘shilgandagi natijalar ham farqi S/Q —
0,6 da 1 sm tashkil etmoqgda.

Ushbu olib borilgan tadgigot
bo‘yicha qo‘shimcha  qo‘shilmagan,
0,3%, 0,9% qo‘shilgan namunalarning
tajriba jarayonlari quyida ko‘rsatilgan.

A0 ko‘pikkulbeton kimyoviy
qo‘shimcha qo‘shilmagan namunaning

tarkibida sement, uchuvchi kul, qum, suv bor edi va normal quyuqligi yoyiluvchan diametri 18 sm

atrofida bo‘ldi, suvga talabchanligi kamaymadi.
a)
-

a — kimyoviy qo‘shimcha qo‘shilgan ko‘pikkulbeton namunasining yoyiluvchanlik

i

jarayoni; b — ko‘pikkulbeton namunasining quygandan keyingi holati. 3-rasm. Al
ko‘pikkulbeton kimyoviy qo‘shimcha qo‘shilgan namunasi.

A1 ko‘pikkulbeton namunaning tarkibida sement, uchuvchi kul, qum, suv bor edi va normal
quyugqligi yoyiluvchan diametri 13 sm atrofida bo‘ldi, suvga talabchanligi kamayishi 7,69% tashkil
etdi. Lekin ko‘pikkulbeton quygandan keyin ushbu qorishma kutilgan natijani bermadi (3-rasm).

N

|

a — kimyoviy qo‘shimcha qo‘shilgan ko‘pikkulbeton namunasining yoyiluvchanlik jarayoni;

b — ko‘pikkulbeton namunasining quygandan keyingi holati. 4-rasm. A3 ko‘pikkulbeton
kimyoviy qo‘shimcha qo‘shilgan namunasi.
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A3 ko‘pikkulbeton namunaning tarkibida sement, uchuvchi kul, qum, suv bor edi va normal
quyugligi yoyiluvchan diametri 16 sm atrofida bo‘ldi, suvga talabchanligi kamayishi 16,15% tashkil
etdi, lekin ko‘pikkulbeton quygandan keyin ushbu qorishma kutilgan natijani bermadi (4-rasm).

6. Xulosa. O‘tkazilgan tajriba-sinov tadqiqotlari natijasida ko‘pikkulbeton qorishmasining
normal quyuqligi yoyiluvchan diametri orqgali aniglandi. Tadgigotlar GOST 7473-2010 “Beton
aralashmalari. Texnik shartlar (Smesi betonnsie. Texnicheskie usloviya)” talablari asosida konus
usuli yordamida amalga oshirildi. Tajribalarda bog‘lovchi modda sifatida “Ohangaronsement” AJ
tomonidan ishlab chigarilgan CEM 1 42,5 N va CEM II/A-K (Z-1) 42,5 N markali sementlardan,
to‘ldiruvchi sifatida Yozyovon koni qumidan hamda Yangi Angren IES uchuvchi kul chigindisidan
foydalanildi. Shuningdek, beton qorishmasining texnologik xossalarini yaxshilash magsadida
polikarboksilat asosidagi superplastifikator qo‘shimchasi qo‘llanildi.

Tadqiqot natijalariga ko‘ra, kimyoviy qo‘shimchasiz A0 ko‘pikkulbeton namunada
gorishmaning yoyiluvchan diametri 18 sm tashkil etdi va suvga talabchanlik kamayishi kuzatilmadi.
Polikarboksilat asosidagi kimyoviy qo‘shimcha qo‘shilgan Al, A2 va A3 ko‘pikkulbeton
namunalarda esa sement xamirining suvga talabchanligi ma’lum darajada kamayganligi kuzatildi.
Xususan, Al ko‘pikkulbeton namunada suvga talabchanlik 7,69%, A2 ko‘pikkulbeton namunada
10,7%, A3 ko‘pikkulbeton namunada esa 16,15% kamaydi.

Umuman olganda, o‘tkazilgan tadqiqotlar natijasida ko‘pikkulbeton gorishmasining normal
quyuqligi va suvga talabchanligiga kimyoviy qo‘shimchalarning sezilarli ta’siri mavjudligi
aniglandi. Optimal tarkibni tanlash orgali beton qorishmasining ishlov berilish xususiyatini
yaxshilash, suv sarfini kamaytirish hamda yakuniy ko‘pikkulbetonning fizik-mexanik xossalarini
oshirish mumkinligi isbotlandi. Ushbu natijalar ko‘pikkulbeton ishlab chigarishda mahalliy xom
ashyo va zamonaviy kimyoviy qo‘shimchalardan samarali foydalanish imkoniyatini ko‘rsatadi.
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Annotatsiya: Ushbu maqolada zamonaviy issiglik izolyatsiya materiallaridan biri hisoblangan
penaizolning fizik-mexanik xossalari, ekologik xavfsizligi va qurilishda qo ‘llanish imkoniyatlari yoritilgan.
Eksperimental ma’lumotlar asosida penaizolning issiqlik o ‘tkazuvchanlik koeffitsiyenti, zichligi, namlikka
chidamliligi hamda yong ‘inga qarshilik darajasi tahlil gilingan.

Tayanch so‘zlar: penaizol, issiqlik izolyatsiyasi, qurilish materiali, ekologik xavfsizlik, yong ‘inga
chidamlilik

AHHomauu;l: B cmamve pacemampuearomcst d)u3uK0—MexaHuquKue ceoﬁcmea, JKoJlocudecka
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mamepuana.
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Abstract: This article examines the physical and mechanical properties, environmental safety, and
construction applications of penaizol as a modern thermal insulation material. Thermal conductivity,
density, moisture resistance, and fire resistance were analyzed.

Keywords: penaizol, thermal insulation, construction material, environmental safety, fire resistance

Kirish. So‘nggi yillarda energiya tejamkor qurilish texnologiyalariga bo‘lgan talab ortib
bormoqda. Shu bilan birga, issiqlik izolyatsiyasi materiallariga qo‘yiladigan talablar ham o‘zgarib,
ularning ekologik xavfsizligi, yong‘inga chidamliligi va uzoq muddat xizmat qilishi muhim
ahamiyat kasb etmoqda. Ushbu talablarga javob bera oladigan materiallardan biri — penaizol
hisoblanadi. Zamonaviy qurilish sanoatida energiya tejamkorligi, ekologik xavfsizlik va igtisodiy
samaradorlik asosiy ustuvor yo‘nalishlardan biri hisoblanadi. Shu munosabat bilan qurilish
materiallariga qo‘yilayotgan talablar tobora ortib bormogda. Bugungi kunda issiglik izolyatsiyasi
yugori bo‘lgan, ekologik toza, yengil, uzoq muddatli foydalanish imkoniyatiga ega bo‘lgan qurilish
materiallariga bo‘lgan ehtiyoj yanada kuchaymogqda. Ushbu talablarni qondirishda Penaizol kabi
zamonaviy issiglik izolyatsiyalovchi materiallar muhim ahamiyat kasb etmoqda [1].

Penaizol — bu ko‘pik shaklidagi polimerli material bo‘lib, u asosan formaldegidli smolalar
asosida tayyorlanadi. U qurilishda devorlar, tomlar, pollar, sandwich-panel va boshqga
elementlarning issiqlik izolyatsiyasini ta’minlashda keng qo‘llaniladi [2]. Penaizolning asosiy
afzalliklari ko‘p jumladan, yengilligi, issiqlik o‘tkazuvchanlik koeffitsientining pastligi, arzonligi,
ekologik xavfsizligi va o‘rnatishning soddaligidir [3]. Material quyi zichlikka ega bo‘lib, beton,
g‘isht, yog‘och kabi turli asoslarga osongina qo‘llaniladi. Shuningdek, u yong‘inga nisbatan
nisbatan chidamli va mog‘or yoki zararli mikroorganizmlarga bardoshli [4].

Penaizol materialining qo‘llanilishi O‘zbekiston kabi iqlimi keskin kontinental bo‘lgan
hududlar uchun aynigsa dolzarb hisoblanadi. Mamlakatimizda gish oylarida sovug, yozda esa issiq
harorat kuzatiladi, bu esa binolarning energiya samaradorligiga alohida e’tibor qaratishni talab
etadi. Afsuski, O°zbekistonda mavjud uy-joy fondining katta gismi sovet davrida qurilgan bo‘lib,
ular energiya samaradorligi nuqtai nazaridan zamonaviy talablarni gondirmaydi. Shu sababli,
binolarni rekonstruksiya qilishda yoki yangi qurilishlarda zamonaviy issiglik izolyatsiya
materiallaridan foydalanish zarurati kun tartibiga chigmoqda [5].

Bundan tashqari, O‘zbekistonda 2023-yildan boshlab energiya tejamkor texnologiyalarni
joriy etish davlat siyosati darajasiga ko‘tarildi. Prezident qarorlari asosida qurilish sohasida “yashil
texnologiyalar”, ya’ni ekologik xavfsiz va kam energiya talab qiluvchi usullarni joriy qilish
belgilandi. Aynan shu nuqtai nazardan Penaizol kabi izolyatsion materiallar O‘zbekiston bozorida
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keng istigbolga ega. U nafaqat issiglikni ushlab qoladi, balki energiya sarfini kamaytirib, iglim
o‘zgarishiga qarshi kurashda ham muhim rol o‘ynaydi [6].

Ammo, shu bilan birga, Penaizol materialining foydalanishda ayrim muammoli jihatlari ham
mavjud. Jumladan, ba’zi hollarda materialning formaldegid moddasiga asoslanganligi sog‘liq uchun
salbiy ta’sir ko‘rsatishi mumkinligi haqida fikrlar mavjud. Bu masalada esa zamonaviy
texnologiyalar yordamida =zararli gazlarning chigishini cheklash yoki ekologik toza
modifikatsiyalangan smolalardan foydalanish orgali yechimlar taklif etilmogda. Shuningdek,
Penaizolning suv yutuvchanligi nisbatan yuqori bo‘lishi mumkin, bu esa uzoq muddatli
foydalanishda muayyan xavflarni yuzaga keltiradi. Bunday holatlarda materialni gidroizolyatsion
qatlamlar bilan birga qo‘llash tavsiya etiladi [7].

Ilmiy adabiyotlar tahlili shuni ko‘rsatadiki, Penaizolning issiqlik o‘tkazuvchanlik
koeffitsienti 0.031-0.041 Vt/m'K oralig‘ida bo‘lib, bu uni ko‘p hollarda penopolistrol, mineral
paxta va boshqa alternativ materiallar bilan tenglashishiga olib keladi. Shu bilan birga, u qulay narxi
va ishlov berishdagi soddaligi sababli igtisodiy jihatdan ham foydaliroq sanaladi. Eng muhimi — u
yerli sharoitda, mahalliy xom ashyolar asosida ishlab chigarilishi mumkin, bu esa importga
garamlikni kamaytirish, yangi ish o‘rinlari yaratish va qurilish materiallari sanoatini rivojlantirish
imkonini beradi [8].

Tadgigotning asosiy magsadi penaizol materialining fizik-mexanik, issiglik va ekologik
xossalarini chuqur tahlil gilish hamda uning qurilish jarayonlarida optimal qo‘llanilish uslublarini
aniglashdan iborat. Bundan tashgari, mazkur tadgiqot orgali Penaizolning boshga izolyatsion
materiallarga nisbatan afzalliklari va kamchiliklari aniqlanib, uni O‘zbekiston qurilish sohasida
keng joriy qilish bo‘yicha takliflar ishlab chigiladi.

Tadgigotimizda amaliy jihatdan ham nihoyatda dolzarb hisoblanadi. Chunki aholining
turmush darajasini oshirish, energiya tejamkorligini ta’minlash, uy-joylarning sifatini yaxshilash va
ekologik xavfsiz muhit yaratish kabi masalalar bevosita ushbu materialning qo‘llanilish darajasiga
bog‘lig bo‘ladi. Bundan tashgari, Penaizol materialini mahalliy sharoitda ishlab chiqarish
imkoniyatlari mavjudligi sababli, u iqtisodiy bargarorlikka ham xizmat qilishi mumkin. Shu
jihatdan olib garalganda, bu tadgiqot O‘zbekiston uchun nafaqat ilmiy, balki strategik ahamiyatga
ham ega.

So‘nggi yillarda energiya tejamkor qurilish texnologiyalariga bo‘lgan talab ortib bormoqda.
Shu bilan birga, issiqlik izolyatsiyasi materiallariga qo‘yiladigan talablar ham o‘zgarib, ularning
ekologik xavfsizligi, yong‘inga chidamliligi va uzoq muddat xizmat qilishi muhim ahamiyat kasb
etmogda. Ushbu talablarga javob bera oladigan materiallardan biri — penaizol hisoblanadi.
Zamonaviy qurilish sanoatida energiya tejamkorligi, ekologik xavfsizlik va igtisodiy samaradorlik
asosiy ustuvor yo‘nalishlardan biri hisoblanadi. Shu munosabat bilan qurilish materiallariga
go‘yilayotgan talablar tobora ortib bormoqda. Bugungi kunda issiqlik izolyatsiyasi yuqori bo‘lgan,
ekologik toza, yengil, uzoq muddatli foydalanish imkoniyatiga ega bo‘lgan qurilish materiallariga
bo‘lgan ehtiyoj yanada kuchaymoqgda. Ushbu talablarni qondirishda Penaizol kabi zamonaviy
issiglik izolyatsiyalovchi materiallar muhim ahamiyat kasb etmoqda [1].

Penaizol — bu ko‘pik shaklidagi polimerli material bo‘lib, u asosan formaldegidli smolalar
asosida tayyorlanadi. U qurilishda devorlar, tomlar, pollar, sandwich-panel va boshga
elementlarning issiqlik izolyatsiyasini ta’minlashda keng qo‘llaniladi [2]. Penaizolning asosiy
afzalliklari ko‘p jumladan, yengilligi, issiqlik o‘tkazuvchanlik koeffitsientining pastligi, arzonligi,
ekologik xavfsizligi va o‘rnatishning soddaligidir [3]. Material quyi zichlikka ega bo‘lib, beton,
g‘isht, yog‘och kabi turli asoslarga osongina qo‘llaniladi. Shuningdek, u yong‘inga nisbatan
nisbatan chidamli va mog‘or yoki zararli mikroorganizmlarga bardoshli [4].

Penaizol materialining qo‘llanilishi O‘zbekiston kabi iqlimi keskin kontinental bo‘lgan
hududlar uchun aynigsa dolzarb hisoblanadi. Mamlakatimizda gish oylarida sovuq, yozda esa issiq
harorat kuzatiladi, bu esa binolarning energiya samaradorligiga alohida e’tibor qaratishni talab
etadi. Afsuski, O‘zbekistonda mavjud uy-joy fondining katta qismi sovet davrida qurilgan bo‘lib,
ular energiya samaradorligi nuqtai nazaridan zamonaviy talablarni gondirmaydi. Shu sababli,
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binolarni rekonstruksiya qilishda yoki yangi qurilishlarda zamonaviy issiglik izolyatsiya
materiallaridan foydalanish zarurati kun tartibiga chigmoqda [5].

Bundan tashgari, O°‘zbekistonda 2023-yildan boshlab energiya tejamkor texnologiyalarni
joriy etish davlat siyosati darajasiga ko‘tarildi. Prezident qarorlari asosida qurilish sohasida “yashil
texnologiyalar”, ya'ni ekologik xavfsiz va kam energiya talab qiluvchi usullarni joriy qilish
belgilandi. Aynan shu nuqtai nazardan Penaizol kabi izolyatsion materiallar O‘zbekiston bozorida
keng istigbolga ega. U nafaqat issiglikni ushlab qoladi, balki energiya sarfini kamaytirib, iglim
o‘zgarishiga qarshi kurashda ham muhim rol o‘ynaydi [6].

Ammo, shu bilan birga, Penaizol materialining foydalanishda ayrim muammoli jihatlari ham
mavjud. Jumladan, ba’zi hollarda materialning formaldegid moddasiga asoslanganligi sog‘liq uchun
salbiy ta’sir ko‘rsatishi mumkinligi haqida fikrlar mavjud. Bu masalada esa zamonaviy
texnologiyalar yordamida =zararli gazlarning chigishini cheklash yoki ekologik toza
modifikatsiyalangan smolalardan foydalanish orgali yechimlar taklif etilmogda. Shuningdek,
Penaizolning suv yutuvchanligi nisbatan yuqori bo‘lishi mumkin, bu esa uzoq muddatli
foydalanishda muayyan xavflarni yuzaga keltiradi. Bunday holatlarda materialni gidroizolyatsion
gatlamlar bilan birga qo‘llash tavsiya etiladi [7].

Adabiyotlar tahlili. Penaizolning issiqlik o‘tkazuvchanlik koeffitsienti 0.031-0.041 Vt/m-K
oralig‘ida bo‘lib, bu uni ko‘p hollarda penopolistrol, mineral paxta va boshqa alternativ materiallar
bilan tenglashishiga olib keladi. Shu bilan birga, u qulay narxi va ishlov berishdagi soddaligi
sababli igtisodiy jihatdan ham foydaliroq sanaladi. Eng muhimi — u yerli sharoitda, mahalliy xom
ashyolar asosida ishlab chigarilishi mumkin, bu esa importga garamlikni kamaytirish, yangi ish
o‘rinlari yaratish va qurilish materiallari sanoatini rivojlantirish imkonini beradi [8].

Tadqgigotning magqgsadi. Penaizol materialining fizik-mexanik, issiglik va ekologik
xossalarini chuqur tahlil qilish hamda uning qurilish jarayonlarida optimal qo‘llanilish uslublarini
aniglashdan iborat. Bundan tashqgari, mazkur tadgiqot orqgali Penaizolning boshga izolyatsion
materiallarga nisbatan afzalliklari va kamchiliklari aniglanib, uni O‘zbekiston qurilish sohasida
keng joriy qilish bo‘yicha takliflar ishlab chiqiladi.

Tadgigotimizda amaliy jihatdan ham nihoyatda dolzarb hisoblanadi. Chunki aholining
turmush darajasini oshirish, energiya tejamkorligini ta’minlash, uy-joylarning sifatini yaxshilash va
ekologik xavfsiz muhit yaratish kabi masalalar bevosita ushbu materialning qo‘llanilish darajasiga
bog‘liq bo‘ladi. Bundan tashqari, Penaizol materialini mahalliy sharoitda ishlab chigarish
imkoniyatlari mavjudligi sababli, u iqgtisodiy bargarorlikka ham xizmat qilishi mumkin. Shu
jihatdan olib garalganda, bu tadqiqot O‘zbekiston uchun nafaqat ilmiy, balki strategik ahamiyatga
ham ega.

Tadgigot metodologiyasi. Penaizolning tarkibi, qo‘llanishi va ishlab chiqarilishi penaizol
bu uretan formaldegid smolalari asosida olinadigan ko‘pikli plastmassa bo‘lib, u asosan quyidagi
komponentlardan iborat:

Karbamid-formaldegid gatroni:

Karbamid-formaldegid gatroni (KF gatroni) — bu karbamid (mochevina) va formaldegidning
kondensatsiyalanish reaktsiyasi natijasida hosil bo‘ladigan sintetik polimer birikma bo‘lib, u turli
sanoat tarmogqlarida, aynigsa, qurilish va mebelsozlikda keng qo‘llaniladi. Karbamid (NH.CONH)
va formaldegid (HCHO) ishqoriy yoki kislotali muhitda kondensatsiyalanib, polikondensatsiya
yo‘li bilan KF qatronini hosil qiladi.Qatron hosil bo’lish ikki bosqichda: monomerlash va
polikondensatsiya jarayoni orgali amalga oshiriladi. Karbamid-formaldegid gatroni (KF gatroni)
quyidagi xossalarga ega:

Tashqi ko‘rinishi: Odatda rangsiz yoki och sarg‘ish, yopishqoq suyuqlik yoki gattiq modda
(quritilganda).

Erituvchanligi: Suvda gisman eriydi (shakliga garab).

pH: Ishgoriy muhitda (sintez paytida) yoki neytralga yaqin.

Issiglikka chidamliligi: Quritgandan so‘ng yaxshi mexanik mustahkamlikka ega, ammo
yugori haroratda (200°C dan yuqori) yemiriladi.
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Formaldegid ajralishi: Qatronlar sekin-asta formaldegid ajratishi mumkin, bu esa ekologik
va sanitariya jihatdan muhim omil hisoblanadi

Puflovchi reagentlar (povidon yoki boshga sirt faol moddalar):

Puflovchi reagentlar, aynigsa sirt faol moddalar (SFM) toifasiga kiruvchi moddalar,
kimyo va farmatsevtika sanoatida muhim rol o‘ynaydi. Ular eritmalar, qattiq modda dispersiyalari
yoki ko‘piklar hosil qilish va barqarorlashtirish uchun ishlatiladi. Sirt faol moddalar — bu moddalar
bo‘lib, ular suyuqliklarning sirt tarangligini pasaytiradi va ikki faza (masalan, suv-havo, suv-yog®)
orasidagi interfeysda faoliyat ko‘rsatadi. Ular amfifil tuzilishga ega, ya'ni:

Gidrofil (suvni sevuvchi) gism

Gidrofob (suvni itaruvchi / yog‘ni sevuvchi) gism

Qattiglash.tiruvchi vosita (kislota)

Natija va muhokama.

Penaizol tarkibidagi gattiglashtiruvchi vosita — bu kislota xossasiga ega reagent bo‘lib, u
karbamid va formaldegid o‘rtasidagi kondensatsiya reaksiyasini tezlashtiradi, ya’ni
polimerizatsiya jarayonini boshlab, qattiqlashishni (polimer to‘r hosil bo‘lishini) ta’minlaydi.

1-jadval
Qattiglashtiruvchi vosita sifatida asosan quyidagi kislotalar ishlatiladi
Kislota nomi Kimyoviy formulasi Tavsifi va vazifasi
Formalinsulfokislota CLLSOH Eng keng targalgan. Kuchli kislota,
(metansulfokislota) O tez qattiglashtiradi, kam hidli.
Sulfat kislota LSO Kamdan-kam ishlatiladi, juda kuchli,
(suyultirilgan) 2o ehtiyotkorlik bilan ishlatiladi.
Oksalat Kislota HOOCCOOH Yengilroq ta’_sir qilad‘i, qa}ttiqlashish
sekinroq bo‘ladi.

Qattiglashtiruvchi vosita sifatida ishlatiladigan kislotalar quyidagi tartibda ishlaydi:

a) Kondensatsiyani faollashtiradi:

Karbamid va formaldegid kislotali muhitda kondensatsiyalanadi.

Reaksiya natijasida metilen (-CH:-) yoki metilen-efir (-CH:-O-CH:-) bog‘lari hosil
bo‘ladi.

b).Polimer to‘r tuzilishini hosil qiladi:

- Bu bosqichda penaizol o‘z qattiq, ko‘pikli tuzilmasiga ega bo‘ladi.

c). Qattiglashish tezligini belgilaydi:

-Kislota miqgdori ko‘p bo‘lsa — gattiglashish tezroqg.

- Kam bo‘lsa — sekinroq, lekin ko‘proq nazorat qilinadi.

4.Suv

Penaizol maxsus uskunalar yordamida ob'ekt joyida tayyorlanadi. U suyuq holda devorlar
orasiga quyiladi va 20-30 daqiga ichida ko‘pikka aylanadi.

2-jadval
Penaizolning asosiy texnik ko‘rsatkichlari

Ne Ko‘rsatkich Miqgdori
1. Zichlik (kg/m?) 10-20
2. Issiqlik o‘tkazuvchanlik (W/m-K) 0.030-0.040
3. Suv yutuvchanlik (%) 10-15
4. Yong‘inga chidamlilik sinfi G1 (kam yonuvchi)
5. Ishlash harorati (°C) -60 dan +80 gacha
6. Ko‘rsatkich Miqdori
7. Zichlik (kg/m?) 10-20
Ushbu parametrlar penaizolni ko‘p holatlarda an’anaviy materiallar — mineral paxta,

penopolistirol va poliuretan bilan teng yoki ustun qo‘yadi.
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W g —-_
1-rasm. Qurulish jarayonida uylarni penoizol bilan issigdan himoyalash.

Qurilishda qo‘llanilishi

Penoizolning asosiy  xususiyatlari - tayyor materialning zichligi va issiglik
o‘tkazuvchanligining past ko‘rsatkichlaridir. U ko‘pincha bokslar, angarlar yoki yopiq inshootlar
kabi past balandlikdagi binolarni qurishda ishlatiladi. Shuningdek, karbamid-formaldegid
ko‘pikplast (KFK) garajlar, dala hovlilar va omborxonalarni yaxshi izolyatsiya qiladi, turli xildagi
uylarni kapital ta’mirlashda ham keng qo‘llaniladi.

Penoizol quyidagi inshootlarda eng samarali hisoblanadi:

Yog‘ochdan yasalgan panel uylarning tashqi devorlari va to‘siqlari;

Ko‘p marta o‘rnatilishi va demontaj qilinishi kerak bo‘lgan binolar;

Tovush izolyatsiyali orayopmalar;

Yog‘och yoki metall karkasli devor va tom panellari;

Kapital inshootlarning to‘siq choklarini to‘ldirish;

Temir-beton pardevor va devorlar.

Penoizolning asosiy afzalliklari

Uzoq muddat xizmat qilishi. Penoizol uch qatlamli binolarning o‘rta gqismida joylashganda,
50 yil va undan ortiq vaqt davomida o‘z vazifasini to‘liq bajara oladi. Material binodan foydalanish
xarakterining o‘zgarishiga bardosh beradi, har qanday harorat tebranishlariga chidamli, ko‘p marta
muzlashi va asl holatiga gaytishi mumkin.

Issiglik inersionligi. Penoizol bilan izolyatsiyalangan uyni gattiq sovugda ham gisqa muddat
isitish mumkin, isitish o‘chirilganda esa issiglik yana 8-10 soat saglanib qoladi.

Oddiy va tez ishlab chiqgarish. Uyni izolyatsiyalash jarayoni ko‘p mehnat talab qilmaydi va
atigi 1-3 kun davom etadi.

A’lo darajadagi fizik-mexanik xususiyatlar. Issiqlik xossalari bo‘yicha penopolistirol va
mineral paxtadan ancha ustun turadi.

Yonuvchanlik darajasi past. O‘z-o0‘zidan yonishni davom ettirmaydi.

Ekologik toza. Penopolistiroldan farqli o‘laroq, zaharli moddalar ajratmaydi, shuning uchun
bino ichida ishlatish uchun xavfsiz.

Biologik chidamliligi. Bakteriyalar va mog‘or ta’siriga berilmaydi. Kemiruvchilar
tomonidan iste’mol qilinmaydi.

Choksizligi. Plita va rulonli izolyatorlarga xos bo‘lgan sovuqlik ko‘prikchalari mavjud
emas.

Oquvchanligi. Kirish qiyin bo‘lgan bo‘shliq va kavaklarni osongina to‘ldiradi.

Penoizol ishlab chigarish arayoni esa quyidagicha:

Karbamid ko‘pikplastini ishlab chiqarish uchun dastlabki xomashyo to‘liq mahalliy bo‘lib,
uni olish texnologiyasi chiqindisiz. Penoizolni quyish narxi issiglik o‘tkazuvchanlik ko‘rsatkichlari
unga o°‘xshash bo‘lgan mineral paxta va shisha tolali izolyatorlarni o‘rnatish narxidan 10 baravar
arzon.

Zamonaviy KFK dan foydalangan holda binolarni tashqi izolyatsiyalash tizimlarining ishlab
chigilgan konstruksiyalari yuqori texnologiyaga asoslangan. Bundan tashqari, ob-havo sharoitlariga
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garab, qoplama ostiga komponentlar aralashmasini quyishga asoslangan texnologiyani yoki tayyor
bloklarni goplash ortiga joylashtirish texnologiyasini tanlash mumkin. Har ikki holatda ham
goplama izolyatsiya gatlamini himoya giluvchi gatlam uchun asos vazifasini bajaradi. 1zolyatsiyani
mexanik shikastlanish va atrof-mubhit ta’siridan himoya gqilishdan tashqari, himoya qoplamasi
binolarning yong‘in xavfsizligini ta’minlash uchun zarur. Shuni ta’kidlash kerakki, penoizol G2
yonuvchanlik guruhiga kiradi.

Materialni ishlab chigarish va quyish maxsus PENA-3000 qurilmalarida amalga oshiriladi.

Penaizol quyidagi yo‘nalishlarda keng qo‘llaniladi:

Ikkita devor orasini to‘ldirish (gorizontal va vertikal bo‘shliglar)

Sovug shiferni izolyatsiyalash

Yerto‘la va shiftlar uchun izolyatsiya

Sovug omborlar va sanoat binolarida issiglik saglash

e P
Lo e y
3 o

2-rasm.

Qrilish maydonida suyuq ko‘pikplastik quyish.

Ko‘pik izolni quyish usullari

Qurilgan binoda tashgi va ichki devor orasidagi bo‘shligga. Buning uchun tashqi devorda
diametri 32 mm bo‘lgan teshiklar shaxmat tartibida ochiladi. Ular orasidagi masofa 1,5-2 metr
atrofida bo‘lishi lozim.

Qurilayotgan bino devorlari orasiga. Ko‘pik izol 3 santimetr qalinlikdagi bir necha gatlam
qilib quyiladi. Qalinlikni oshirish mumkin, biroq bunda bo‘shliglar hosil bo‘lishining oldini olish
Zarur.

Ichki to‘siq va shifer orasiga.

Yog‘och pollar ostiga.

Gipsokarton va devor orasidagi bo‘shliqqa teshiklar orqali moddani kiritish.

Plastik siding panellari ortiga.

Karbamid ko‘pikplastining dunyodagi o‘xshashlari:

Mofoterm (Chexiya, Slovakiya, Sloveniya);

Flotofoam (Buyuk Britaniya);

Animoterm (Germaniya);

Izolej (Fransiya);

Insulsprey (Kanada);

Iporka (Yaponiya).

Penaizolning suyuq holatda quyilishi uni notekis yuzalarga moslashtirish imkonini beradi,
bu esa issiqlik yo‘qotilishini kamaytiradi. Penaizol ekologik xavfsiz material hisoblanadi. U
formaldegid ajratishi bo‘yicha Evropa Ittifoqi standartlariga javob beradi (E1 sinf). Mahalliy ishlab
chiqaruvchilar tomonidan ishlab chiqarilishi uning iqtisodiy jihatdan arzon bo‘lishiga olib keladi.

Xulosa

Tadqiqotlar shuni ko‘rsatadiki, penaizol qurilishda yuqori samaradorlikka ega issiqlik

izolyatsiyasi materiali sifatida qo‘llanishi mumkin. Uning yengilligi, yugori izolyatsiya xossalari,
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yong‘inga chidamliligi va ekologik xavfsizligi uni boshqa materiallar bilan raqobatbardosh qiladi.
Shu bois, penaizoldan foydalanishni yanada kengaytirish magsadga muvofiqdir.

[1].
[2].
[3].
[4].
[5]-
[6].

[71.

(8].
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“UCHKURGAN TEXTILE” MCHJ KORXONASIDA ENERGETIK TEKSHIRUVNI
O‘TKAZISH, YOQILG‘I-ENERGETIK RESURSLARIDAN SAMARALI FOYDALANISH
VA ENERGIYA TEJASH IMKONIYATLARINI BAHOLASH

A.A. Badalov, D.A. Badalova, K.B. Yembergenova, F.T. Auezbaeva, R.A. Erkinov

Islom Karimov nomidagi Toshket davlat texnika universiteti
Mas 'ul muallif, e-mail: fauezbaeva@gmail.com
(Qabul gilindi 22.02.2026 v.)

Annotatsiya: Mazkur maqolada Namangan viloyatida joylashgan “UCHKURGAN TEXTILE” MChJ
ip-kalava ishlab chigarish korxonasida o ‘thazilgan energetik tekshiruv natijalari batafsil yoritilgan.
Tadgiqot jarayonida korxonada elektr energiyasi hamda yoqilg ‘i-energetika resurslaridan foydalanishning
amaldagi holati texnik, tashkiliy va iqtisodiy jihatdan kompleks tahlil gilindi. FElektr ta’minoti tizimining
tuzilishi, transformator podstansiyalarining quvvati, ishlab chigarish uskunalarining energiya sig ‘imi va
ularning yuklanish darajasi o ‘rganildi. Shuningdek, reaktiv quvvatni kompensatsiya qilish qurilmalarining
samaradorligi, elektr energiyasi sifati ko ‘rsatkichlari hamda elektr tarmoqlaridagi yo ‘qotishlarga ta’siri
baholandi. Tadgiqot davomida korxonada gayta tiklanuvchi energiya manbalarini, xususan, quyosh
fotoelektr stansiyalarini joriy etish imkoniyatlari tahlil gilindi. Energiya tejamkor texnologiyalarni qo ‘llash,
elektr dvigatellarni modernizatsiya gilish, chastotani tartibga soluvchi uzatmalarni joriy etish va energiya
hisobini takomillashtirish orgali energiya samaradorligini oshirishga garatilgan amaliy tavsiyalar ishlab
chiqildi. Olingan natijalar sanoat korxonalarida energiya tejamkorligini ta’minlash va ishlab chiqarish
tannarxini kamaytirishda muhim ahamiyat kasb etadi.

Tayanch so“zlar: energetik tekshiruv, energiya samaradorligi, elektr energiyasi, reaktiv quvvat, gayta
tiklanuvchi energiya manbalari, ip-kalava ishlab chigarish, sanoat energetikasi.

Annomayua: B cmamve noopobHo npedcmasieHvl pe3yibmamsl IHePeemuieckoco 00Cied08anis,

nposedénnoco Ha npsourvHom npeonpusmuu 000 «UCHKURGAN TEXTILE», pacnonoowcennom 6
Hamanzanckou obracmu. B xo00e uccie0o8anus 6binoaHeH KOMIAEKCHbIU aHAAU3 UCHOIb308AHUS
9NeKMPUYECKOU dHepuu U MONIUGHO-IHEPSEMUYECKUX DPecypco8 C MeXHUYECKOU, OpeaHu3ayuoHHOU U
9KOHOMUYECKOU mouek 3peHus. Paccmompenvl cmpykmypa cucmemsl 91eKmMpOCHAdICeHUs NPeonpusmusl,
MOWHOCMb  MPAHCHOPMAMOPHBLIX NOOCMAHYUL, IHEPLOEMKOCTb NPOUIBOOCHEEHHO20 000PY008aAHUS U
CmeneHsb eco 3a2py3Ku.
Ocoboe enumanue ydeﬂeﬂo aHaiusy cucmem KomneHcayuu peakmusnoﬁ MOWHOCMU, nokaszamerei
Kavyecmea 3Jzei<mput¢e(:i<0ﬁ OHepcUU U UX 6IUAHUA HA nomepu 6 IJNEeKmpU4YeCKUx cenix. Taxowce U3y4€ensbl
BO3MOINCHOCMU 8H€dp€l—lu}l 60300HOGISEMbIX UCMOYHUKOB IHepcUu, 6 yacmHocmu COJIHEYHbIX
gomosnekmpuueckux cmanyuil, OJis1 NOKPbIMUs COOCMEEHHbIX HYcO npeonpusmus. Ilo pesynemamam
IHepeemu4ecKozco obcnedosanus pa3pa6omanbz npakmudeckKue peKOMeHdauuu, HanpaesjleHHvle Ha
nosevluierHue 3Hep203qbqbei<mueﬁocmu, CHUJICEHUE nompe6ﬂeﬂuﬂ INEKMPOIHepeUuu, ONMUMUIAYUIO DEHCUMOE
pabomul 060py008aHUs U YMeHbUleHUue cebecmoumocmu npooykyuu. Ilonyuennvie pesyrbmamel mMo2ym
ObIMb UCNOTL308AHBL NPU PA3PAOOMKE NPOSPAMM IHEP2OCOEPENCEHUS. HA NPOMBIULICHHBIX NPEONPUSINUSIX.

Knrwueevie cnosa: IHepeemu4decKkoe 050]16006[11—!116, 3H€p203¢d)€Kmu6HOCWIb, JleKmpu4ecKkas
JdHepcusd, peaxkmuenas MOUIHOCNb, 80300HOGIACMbIE UCTMOYHUKU IHepcUu, npﬂduﬂbHOe np0u360()cm60,
NPOMbBIULTIEHHASL DHEPCEMUKA.

Annotation: This article presents an in-depth analysis of the results of an energy audit conducted at
the spinning enterprise “UCHKURGAN TEXTILE” LLC located in the Namangan region. The study
provides a comprehensive technical, organizational, and economic assessment of electricity and fuel-energy
resource consumption at the enterprise. The structure of the power supply system, transformer substation
capacities, energy intensity of production equipment, and their operating load conditions were thoroughly
analyzed. Special attention was paid to the evaluation of reactive power compensation systems, electric
power quality indicators, and their impact on losses in electrical networks. In addition, the potential for
integrating renewable energy sources, particularly solar photovoltaic systems, was examined. Based on the
audit results, practical recommendations aimed at improving energy efficiency, reducing electricity
consumption, modernizing electric drives, implementing variable frequency drives, and optimizing energy
management systems were developed. The obtained results are of significant importance for enhancing
energy efficiency and reducing production costs in industrial enterprises.
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Keywords: energy audit, energy efficiency, electric power, reactive power, renewable energy sources,
spinning production, industrial power engineering.

1.Kirish. Sanoat korxonalarida yoqilg‘i-energetika resurslaridan ogilona va samarali
foydalanish masalasi bugungi kunda dolzarb muammolardan biri hisoblanadi. Energiya narxlarining
oshib borishi, ishlab chigarish tannarxini kamaytirish zarurati hamda ekologik bargarorlik
talablarining kuchayishi energetik tekshiruvlarni muhim boshqaruv vositasiga aylantirmoqda.

O‘zbekiston Respublikasida energiya samaradorligini oshirish bo‘yicha qator qonunlar va
qarorlar gabul qilingan bo‘lib, ular sanoat korxonalarida energetik auditlarni majburiy tarzda
o‘tkazishni nazarda tutadi. Ushbu maqola “UCHKURGAN TEXTILE” MChJda 2024 yilda amalga
oshirilgan energetik tekshiruv materiallari asosida tayyorlandi [1,2].

“UCHKURGAN TEXTILE” MChJ 2013 yilda tashkil etilgan bo‘lib, ip-kalava ishlab
chigarishga ixtisoslashgan vyirik sanoat korxonasidir. Korxonaning ishlab chigarish obyektlari
Namangan viloyatining Uchqo‘rg‘on va Uychi tumanlarida joylashgan.

Korxonada ishlab chiqarish jarayoni uzluksiz bo‘lib, 3 smenali (24 soatlik) ish rejimi asosida tashkil
etilgan. Jami xodimlar soni 734 nafarni tashkil etadi.

Energiya iste’moliga ta’sir qiluvchi muhim omillardan biri iglim sharoitidir. Uchqo‘rg‘on
tumanida:

» yillik o‘rtacha havo harorati — 15,9 °C;
» mutlaq maksimal harorat — 41,8 °C;

* quyoshli kunlar soni — 262 kun;

« yillik yog‘ingarchilik — 324 mm.

Bu ko‘rsatkichlar ishlab chiqarish binolarini sovitish va shamollatish tizimlarida elektr
energiyasi sarfining yuqori bo‘lishiga olib keladi. Shu bilan birga, hudud quyosh energetikasini
rivojlantirish uchun qulay hisoblanadi [2].

“UCHKURGAN TEXTILE” MChlning asosiy ishlab chiqarish yo‘nalishi paxta tolasidan ip-
kalava ishlab chiqarish bo’lib, korxona tarkibiga quyidagi asosiy ishlab chiqarish va yordamchi
obyektlar kiradi:

* Uchqo‘rg‘on tumanida joylashgan ip-kalava ishlab chigarish bo‘limi;
» Uychi paxta tozalash zavodi,
* “Guliston” paxta qabul qilish punkti.

Korxonada ishlab chigarish jarayoni uzluksiz bo‘lib, 24 soat davomida uch smenali ish rejimi
asosida tashkil etilgan. Ishlab chigarish sexlarida asosiy va yordamchi texnologik uskunalarning
uzluksiz ishlashi yuqori energiya sarfini talab etadi. Korxonada jami 734 nafar xodim faoliyat
yuritadi, shundan 433 nafari ishlab chiqarish va texnik xizmat ko‘rsatish xodimlari hisoblanadi.
Qolgan xodimlar yordamchi bo‘limlar, ma’muriy-boshgaruv va xizmat ko‘rsatish sohalarida band
[3,4].

2. Ishlab chigarish faoliyati va texnologik jarayonlar hagida. Korxonaning asosiy faoliyati
ip-kalava ishlab chiqarishdan iborat bo‘lib, yillik ishlab chiqarish quvvati 9 360 tonnani tashkil
etadi. Texnologik jarayon quyidagi asosiy bosqichlarni o‘z ichiga oladi:

1. paxta tolasini gabul gilish va saglash;
. bo‘shatish va tozalash;
. kardlash jarayoni;
. tarashlash (grebenli) jarayoni;
. rovnik tayyorlash;
. yigirish;
. qayta o‘rash va burash;
. tayyor mahsulotni gadoglash va omborga topshirish.
Mazkur jarayonlarda RIETER rusumli yuqori unumli uskunalar qo‘llanilishi energiya
samaradorligini nisbatan yuqori darajada saglash imkonini beradi [4,6].
Ip-kalava ishlab chiqarish bo‘limida ish jarayoni quyidagi smenalar asosida amalga oshiriladi:
* [ smena: 08:00 — 16:00;

OO0 01T~ Wi
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* II smena: 16:00 — 24:00;

* [IT smena: 00:00 — 08:00.

Boshgaruv va muhandis-texnik xodimlar uchun ish vaqgti 08:00 dan 17:00 gacha belgilangan.
Korxonaning ishlab chigarish uskunalari yil davomida deyarli uzluksiz ishlaydi, bu esa elektr
energiyasi va boshga YERIlarga bo‘lgan yuqori talabni shakllantiradi.

Korxonaning yillik ishlab chigarish quvvati 9 360 tonna ip-kalavani tashkil etadi. Ushbu hajmdagi
mahsulot ishlab chigarish uchun yiliga o‘rtacha 10 580 tonna paxta tolasi sarflanadi [5,6].

2.2. Elektr energiyasi bilan ta’minlash tizimi haqida. Korxona elektr energiyasi bilan 10
kVIi tashqi elektr tarmoqlari orqali ta’minlanadi. Elektr ta’minoti bir nechta transformator
podstansiyalari orgali amalga oshiriladi. Transformatorlar ishlab chigarish sexlari va yordamchi
obyektlarni barqaror elektr energiyasi bilan ta’minlash uchun mo‘ljallangan. Transformatorlarning
umumiy quvvati 20 MVAdan ortigni tashkil etadi. Energetik tekshiruv ob’ekti tarkibida asosiy
ishlab chiqarish uskunalari bilan bir qatorda yordamchi bo‘limlar, jumladan, ventilyatsiya tizimlari,
yoritish qurilmalari, suv ta’minoti nasoslari, ma’muriy-maishiy binolar va laboratoriyalar mavjud.
Ushbu obyektlar ham umumiy energiya balansida sezilarli ulushga ega [6,7].

Elektr energiyasi iste’moli bo‘yicha shartnomalarda:

* shartnomaviy aktiv quvvat;

* reaktiv quvvat;

« tarif guruhlari;

* cho‘qqi va yarim cho‘qqi yuklanish soatlari belgilangan [8].
Korxonani energiya iste’moli tarkibi 1 — rasmda keltirilgan.

Energiya iste'moli tarkibi
Dizel yoqilg‘i

Tabiiy gaz

Elektr energiyasi Issiglik energiyasi

1 — rasm. Korxonani energiya iste’moli tarkibi.

Reaktiv quvvatni kompensatsiya gilish holati
Korxonada umumiy quvvati 4 890 kVAr bo‘lgan avtomatlashtirilgan reaktiv quvvatni

kompensatsiya gilish qurilmalari o‘rnatilgan. Ushbu qurilmalar:
» elektr energiyasi sifati yaxshilanishiga;
* kuchlanish yo‘qotishlarining kamayishiga;
» elektr tarmoqlarida faol energiya yo‘qotilishining pasayishiga xizmat qiladi.
Tekshiruv davomida ayrim shartnoma va amaldagi qurilmalar soni o‘rtasida nomuvofiqliklar
aniglangan [8,9].

2.3. Zaxira va qayta tiklanuvchi energiya manbalari hagida. Korxonada elektr
ta’minotining uzluksizligini ta’minlash maqsadida:
* dizel generatorlar;
* 72 kVt quvvatga ega fotoelektr stansiya mavjud.
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Quyosh panellari tomonidan ishlab chiqarilayotgan elektr energiyasi korxonaning o‘z ehtiyojlari
uchun sarflanadi va umumiy elektr energiyasi iste’molini qisqartirishga xizmat qiladi[10].
3. Energetik tekshiruv natijalari va energiya tejash imkoniyatlari
Energetik tekshiruv natijasida quyidagi asosiy yo‘nalishlar bo‘yicha energiya tejash imkoniyatlari
aniglandi:
» elektr dvigatellarni yuqori samaradorlikka ega modellarga almashtirish;
* chastotani tartibga soluvchi uzatmalarni (ChTSU) keng joriy etish;
« yoritish tizimlarini LED texnologiyasiga to‘liq o‘tkazish;
* reaktiv quvvatni optimal darajada ushlab turish;
* quyosh energetikasidan foydalanishni kengaytirish [10,11].

4. Xulosa. Namangan viloyatida joylashgan “UCHKURGAN TEXTILE” MChJ ip-kalava
ishlab chiqarish korxonasida o‘tkazilgan energetik tekshiruv natijalari korxonada yoqilg‘i-
energetika resurslaridan foydalanish darajasi nisbatan bargaror ekanligini, birog energiya
samaradorligini yanada oshirish uchun sezilarli imkoniyatlar mavjudligini ko‘rsatdi. Tekshiruv
davomida elektr energiyasi va boshga energiya resurslaridan foydalanishning amaldagi holati
texnik, tashkiliy va iqtisodiy jihatdan kompleks baholandi. O‘tkazilgan tahlillar korxonada elektr
ta’minoti tizimi ishonchli tashkil etilganini, ishlab chiqgarish jarayonlarining uzluksiz ishlashi uchun
zarur bo‘lgan quvvat zaxiralari mavjudligini tasdigladi. Shu bilan birga, ayrim texnologik
uskunalarning yuqori energiya sig‘imiga egaligi, elektr dvigatellarning yuklanish rejimlarining
optimal emasligi hamda energiyani hisobga olish va nazorat qilish tizimlarida takomillashtirish
talab etiladigan jihatlar aniglandi. Reaktiv quvvatni kompensatsiya gilish qurilmalarining
mavjudligi elektr energiyasi sifati va tarmoqdagi yo‘qotishlarni kamaytirishda muhim ahamiyatga
ega bo‘lsa-da, ularning shartnomaviy talablar bilan to‘liq moslashuvi va ishlash rejimlarini
optimallashtirish zarurligi aniqlanib, ushbu yo‘nalishda qo‘shimcha texnik va tashkiliy chora-
tadbirlar ko‘rish maqsadga muvofiqligi belgilandi. Energetik tekshiruv natijalari shuni ko‘rsatdiki,
energiya tejamkor texnologiyalarni joriy etish, elektr dvigatellarni zamonaviy yuqori
samaradorlikka ega modellar bilan almashtirish, chastotani tartibga soluvchi uzatmalarni keng
go‘llash hamda yoritish tizimlarini modernizatsiya qilish orqali elektr energiyasi iste’molini sezilarli
darajada kamaytirish mumkin. Bundan tashgari, korxonada mavjud quyosh fotoelektr
stansiyalarining quvvatini oshirish va ularni energiya boshgaruv tizimiga integratsiya gilish gayta
tiklanuvchi energiya manbalaridan foydalanish samaradorligini yanada oshirishga xizmat giladi.
Umuman olganda, “UCHKURGAN TEXTILE” MChJda o‘tkazilgan energetik tekshiruv natijalari
asosida ishlab chigilgan amaliy tavsiyalarni bosgichma-bosgich amalga oshirish korxonada
energiya sarfini  optimallashtirish, ishlab chigarish  tannarxini  pasaytirish, mahsulot
raqobatbardoshligini oshirish hamda ekologik barqarorlikni ta’minlash imkonini beradi. Tadqiqot
natijalari sanoat korxonalarida energiya samaradorligini oshirish bo‘yicha dasturlarni ishlab
chigishda amaliy ahamiyatga ega bo‘lib, kelgusida shunga o‘xshash energetik tekshiruvlarni
o‘tkazish uchun metodik asos sifatida xizmat qilishi mumkin.
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Annotatsiya. Ushbu magola ekspluatatsiyadagi moyli kuch transformatorlarda yuzaga keladigan
issiglik tarqalish jarayonlarini raqamli modellashtirish orqali tahlil qilishga bag ‘ishlangan. Tadgiqot
COMSOL Multiphysics dasturi asosida olib borildi va issiglik targalishining asosiy manbalari, sovutish
samaradorligi, maksimal harorat zonalari aniglanib, ularning grafik va matematik modellar asosida
baholanishi keltirildi. Ushbu yondashuv transformator ishonchliligini oshirishda muhim rol o ‘ynaydi.

Tayanch so‘zlar: Issiglik targalishi, transformator, COMSOL, matematik modellashtirish, sovutish,
termik tahlil.

AHHomauu;l. ﬂaHHa}l cmambsvs noceAwyena anaiu3y npoyeccos menﬂoomdauu, npoucxod}m;ux 6
MACHAHBIX CUTIOBbLIX mpancqbopmamopax 6 JKcniyamayuu, nocpe()cmeom YUCTIEHHO20 Modeﬂupoeanu;z.
Hccneoosanue nposoounoce na ocrose npocpammvl COMSOL Multiphysics u onpedenensvt 0CHO8HbIE
UCMOYHUKU pacnpoCmpaHnerusl menida, Bd)d)EKI’HMGHOCWIb OXJZLZJfC‘aEHM}l, MAKCUMAIbHblIE memnepamypHble
30HbI U UX OYEHKA HA OCHOBE 2paduuecKux u Mamemamudeckux mooenel. Imom nooxo0 uzpaem 6adcHyio
POJIb 8 NOBLIULEHUU HAOEIHCHOCMU MPAHCHOpMamopa.

Knroueswie cnosa: Tennoomoaua, mparcghopmamop, COMSOL, mamemamuueckoe mooeruposanue,
OXJZCIJfC()eHue, mepmuqecmd AHAIU3.

Abstract. This article is devoted to the analysis of heat transfer processes occurring in oil power
transformers in operation through digital modeling. The research was conducted based on the COMSOL
Multiphysics program, and the main sources of heat dissipation, cooling efficiency, maximum temperature
zones were determined, and their assessment based on graphical and mathematical models was presented.
This approach plays an important role in increasing the reliability of the transformer.

Keywords: Heat dissipation, transformer, COMSOL, mathematical modeling, cooling, thermal
analysis.

Kirish

Transformatorlar elektr energiyasini ishlab chigarish, uzatish va tagsimlash tizimlarida
asosiy rol o‘ynovchi statik qurilmalar hisoblanadi[1-5]. Ular kuchlanishni kerakli darajaga tushirish
yoki ko‘tarish orqali energiya uzatish samaradorligini oshiradi. Bugungi kunda sanoatda
qo‘llanilayotgan kuch transformatorlarining katta qismi moyli sovitish tizimiga ega bo‘lib, bu tizim
ularning uzoq muddat ishlashi uchun muhim hisoblanadi[6-7]. Statistik ma’lumotlarga ko‘ra,
transformatorlarning 30% dan ortig‘i sovutish tizimining yetarlicha ishlamasligi tufayli ishdan
chigadi (IEC 60076-2:2011)[1-4]. Transformatorning o‘rta qismida joylashgan yuqori kuchlanishli
o‘ramlarda hosil bo‘ladigan issiqlik energiyasi 70% gacha umumiy yo‘qotishlarni tashkil etadi,
qolgan 30% magnit o‘zak va mexanik yo‘qotishlarga to‘g‘ri keladi[7-11].

Ushbu issiqlik to‘g‘ri yo‘naltirilmasa, izolyatsion materiallar (kraft qog‘oz, epoksi qatron va
boshqalar) harorat ta’sirida degradatsiyaga uchraydi. Tadqiqotlar shuni ko‘rsatmoqdaki,

Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 3) 109


mailto:mrmuhammadyusuf0013@gmail.com
https://scholar.google.com/citations?view_op=search_authors&hl=ru&mauthors=label:orcid_0000_0001_6252_6460

SHEPI'ETUKA, JIEKTPOTEXHHUKA

izolyatsiyaning haroratga chidamliligi chegarasi 105°C dan 120°C gacha bo‘lib, bu qiymat ortganda
uning mexanik va dielektrik xossalari 50% gacha kamayadi (Hossain et al., IEEE, 2019). Moyning
harorati 80°C dan yuqorilaganda viskoziteti keskin kamayadi, bu esa sovutish samaradorligini
pasaytiradi[8-9]. Issiglik targalishini modellashtirish orgali bu kabi muammolarni aniglash va
ularning oldini olish mumkin.

Zamonaviy kompyuterli fizik modellashtirish dasturlari, jumladan COMSOL Multiphysics,
bu sohada keng qo‘llanilib, murakkab geometrik va termik sharoitlarni ragamli ko‘rinishda
ifodalaydi. Bu yordamida transformator ichidagi harorat tagsimoti, issiqlik oqimining yo‘nalishi,
sovutish effektlari kabi omillar bashorat gilinadi. Ushbu magolada aynan shunday metodlar asosida
1000 kKVA moyli kuch transformatorining issiglik targalish jarayoni ragamli modellashtiriladi va
natijalar tahlil gilinadi.

Tadgigot materiali va usullari

Tadgiqot jarayonida quvvati 1000 kVA bo‘lgan transformator modelidan foydalanildi.
Ushbu transformatorning konstruktiv tuzilishi real ekspluatatsiya sharoitlariga mos tarzda tanlab
olindi. Model yaratishda COMSOL Multiphysics dasturidan foydalanildi, chunki u murakkab
geometriyalar va ko‘p fizikali muhitlarni bir vaqtning o‘zida modellashtirish imkonini beradi.
Geometrik model quyidagi asosiy komponentlardan tashkil topdi: magnit o‘zak (U/I shakldagi
laminatsiyalangan silikonli po‘lat), yuqori kuchlanishli (YK) va past kuchlanishli (PK) o‘ramlar,
radiatorli sovitish tizimi, kengaytiruvchi bak va transformator moyi havzasi.

Material xossalari quyidagicha belgilandi:

- Transformator moyi zichligi: 880 kg/m?,

- Moy issiqlik sig‘imi: 1900 J/kg K,

- Issiglik o‘tkazuvchanligi: 0.13 W/m-K,

- Moyning haroratga bog‘liq viskoziteti ham modellashga kiritildi.

Shuningdek, o‘ramlarda hosil bo‘ladigan issiqlik manbai sifatida I?R (johil qarshilik
yo‘qotishlari) va o‘zakda eddy tok hamda gisterezis yo‘qotishlari modellashtirildi.

Matematik modellashtirishda issiqlik tarqalishining Fourier tenglamasi (p-c-0T/ot = V-(kVT)
+ Q) asos qilib olindi. Modellash vaqt oralig‘i 0-1800 soniya (30 dagiga) gilib tanlandi va harorat
o‘zgarishlari dinamikasi tahlil qilindi. Chegaraviy shartlar sifatida:

- Tashqi sirtlar konvektiv sovutishga ega (h = 15 W/m?*-K),

- Radiator yuzalari — tabiiy havo ogimi ostida,

- Moy aylanishi esa soddalashtirilgan Navye-Stoks formulalari yordamida tavsiflandi.

Model tarmoglanishi uchun 3D geometriya 0.002 m gadam bilan diskretlashtirildi. Har bir
zona uchun maxsus parametrlar belgilandi: mis o‘ramlar, po‘lat yadro, dielektrik izolyatsiya va moy
qatlami. Natijjalar vizual ko‘rinishda COMSOL interfeysida kesimlar, izotermal gradientlar va
harorat tagsimoti orgali tahlil gilindi.

Issiglik targalishining matematik modeli

Issiglik targalish jarayoni matematik modellashtirishda asosiy differensial tenglama sifatida
Fourier tenglamasidan foydalaniladi. Bu tenglama haroratning vaqt va fazoga bog‘ligligini
tavsiflab, issiqlik oqimining yo‘nalishi va zichligini aniglash imkonini beradi.

Umumiy issiqlik o‘tkazuvchanlik tenglamasi quyidagicha yoziladi:

p-c:(0T/ot) =V-(kVT) + Q 1)

bu yerda:

p — transformator moyining zichligi [kg/m?],

¢ —issiqlik sig‘imi [J/kg K],

k — issiqlik o‘tkazuvchanlik koeffitsiyenti [W/m-K],

T — harorat [K],

t—vaqt [s],

Q — hajmiy issiqlik manbai (odatda I°R yo‘qotishlari va o‘zakdagi yo‘qotishlar) [W/m?].

Modelda harorat tagsimoti 3D fazoda o‘zgarmas haroratli sirtlar, konvektiv sirtlar va issiqlik
manbalar hisobga olingan holda hisoblandi. Ehtiyot choralari sifatida moyning haroratga bog‘liq
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xossalari (viskozitet, issiqlik sig‘imi) harorat gradientlariga qarab o‘zgartirildi. Tashqi sirtlardagi
issiglik ogimi konvektiv model:
q=n(Ts—Tw), )
ko‘rinishida ifodalandi, bu yerda:
h — sirt konvektiv issiqlik uzatish koeffitsiyenti [W/m?-K],
Ts —sirt harorati, T — atrof muhit harorati.
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1-rasm. Transformator kesimidagi 3D harorat tagsimoti.

Ragamli yechim olish uchun vaqt bo‘yicha diskretlashtirishda Crank-Nicolson sxemasi
qo‘llanildi, fazoda esa tugunlar soni 250 mingdan ortiq uchburchakli elementlar orqali tashkil etildi.
COMSOL interfeysida yuqori aniglikda vizual tasvirlar — izotermal sirtlar, grafigi va kesimlar
orgali natijalar baholandi.

Olingan natijalar va ularning tahlili

Modellashtirish natijalari shuni ko‘rsatdiki, transformator ichida maksimal harorat yuqori
kuchlanishli o‘ram (YK o‘ram) yaqinida 92°C darajaga yetadi. Bu zona eng ko‘p issiglik
ajraladigan qism bo‘lib, uni to‘g‘ri sovutish ishonchlilik uchun muhimdir. Radiatorlar orqali
harakatlanayotgan moy sirkulyatsiyasi pastki zonalarda samarali bo‘lib, bu yerda harorat 65-70°C
atrofida ushlab turiladi. Bu issiqlik farqi o‘ramlarda termik stresslarni keltirib chigarishi mumkin.

COMSOL Multiphysics orgali olingan izotermal harorat sirtlari kesimida harorat tagsimoti
vizual tarzda ko‘rsatildi. Vaqt bo‘yicha harorat o‘zgarishi grafigi asosida 0 dan 1800 sekundgacha
bo‘lgan jarayonda maksimal harorat keskin ko‘tarilib, barqarorlashgan. Radiator yuzasidagi
konveksiya effekti tufayli 20 daqiqadan so‘ng ichki harorat sezilarli darajada kamaydi.

Moy aylanish tezligi 10% ga oshirilganda maksimal harorat 6-8°C ga pasayishi
modellashtirish orgali tasdiglandi. Bu, o‘z navbatida, izolyatsiya materiallarining xizmat muddatini
25-30% ga oshirishga olib keladi (Hossain et al., 2019). Bundan tashgari, olingan natijalarga
asoslangan holda radiator o‘lchamlarini 12% ga kengaytirish haroratni qo‘shimcha 3-4°C ga
kamaytirishi mumkinligi aniglandi.

Model orqali transformator ichidagi kritik zonalar aniglanib, ularning 3D ko‘rinishdagi
grafigi ishlab chiqildi. Bu grafiglarda harorat gradienti, oqim yo‘nalishi va sirt sovutish
ko‘rsatkichlari taqdim etildi. Ushbu natijalar asosida transformator sovitish tizimining konstruktiv
o‘zgarishlariga texnik tavsiyalar ishlab chiqildi.

Xulosa

Moyli kuch transformatorlardagi issiglik targalish jarayonlarini ragamli modellashtirish
ularning termik holatini aniglashda va ishonchliligini baholashda juda muhim vosita hisoblanadi.
Tadgigqot davomida olinadigan natijalarga asoslanib quyidagi asosiy xulosalarga kelindi:

1. COMSOL Multiphysics yordamida 1000 kVA quvvatli transformatorning issiqlik
tagsimoti aniglandi. Harorat eng yuqori darajaga yuqori kuchlanishli o‘ram zonalarida (92°C) yetdi,
bu transformator ichidagi eng xavfli sohalarni ko‘rsatdi.
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2. Sovutish tizimining samaradorligi yuqori bo‘lib, pastki qismlarda harorat 65-70°C
oralig‘ida saqlanmoqda. Radiatorlarning o‘lchamlarini va moy aylanish tezligini oshirish orqali
maksimal harorat 6-8°C ga kamaytirish mumkin.

3. Modellashtirish natijalariga asoslanib sovutish tizimi dizaynini optimallashtirish bo‘yicha
aniq texnik tavsiyalar ishlab chigildi. Shuningdek, sovutish elementlari konstruksiyasini
takomillashtirish hisobiga issiglik stresslarini kamaytirish mumkin.

4. Ragamli modellashtirish natijalari asosida real vaqtli monitoring tizimlarini ishlab chigish
hamda harorat sensorlari va 10T qurilmalar orgali masofadan nazorat gilish imkoniyatlari
yaratilmoqda. Bu esa ekspluatatsiyada xavfsizlik va xizmat muddati uzayishiga olib keladi.
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YONGF‘INNING ERTA ANIQLANISH TEXNOLOGIYALARI VA DUNYO TAJRIBASI
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(Qabul gilindi 22.02.2026 v.)

Annotatsiya: So ‘nggi yillarda yong ‘inlar bilan bog liq favqulodda holatlar sonining ortib borishi
yong ‘inni  erta aniqlash texnologiyalarini takomillashtirishga bo ‘lgan ehtiyojni kuchaytirmogda.
Yong ‘inning dastlabki bosqichlarida aniqlanishi uning tez tarqalishini oldini olish, inson hayoti va moddiy
boyliklarni saqlab qolish imkonini beradi. Ushbu maqolada yong ‘inning erta aniqlanishiga oid zamonaviy
texnologiyalar va dunyo tajribasi tahlil gilinadi. Xususan, infragizil kamera tizimlarining fizik ishlash
prinsiplari, hotspot detection yondashuviari hamda sanoat darajasida qo llanilayotgan FireDos,
PYROsmart va PYROVIEW kabi monitoring tizimlarining funksional imkoniyatlari ko ‘rib chiqgiladi.
Shuningdek, noto‘g‘ri signallarni kamaytirishga qaratilgan algoritmik yondashuvlar, kamera asosidagi
avtomatik monitoring tizimlari arxitekturasi va sun’iy intellekt texnologiyalarining ushbu sohadagi roli
muhokama qilinadi. Iimiy adabiyotlar tahlili asosida yong ‘inni erta aniglash tizimlarining afzallikliari va
mavjud cheklovlari aniglanib, ularni takomillashtirish yo ‘nalishlari belgilab beriladi. Mazkur ish yong ‘in
xavfsizligi sohasida olib borilayotgan ilmiy tadqigotlar uchun nazariy asos bo‘lib xizmat qgilishi hamda
amaliy tizimlarni loyihalashda foydali bo ‘lishi kutilmogda.
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Tayanch so‘zlar: yong ‘inni erta aniqlash, infraqizil kamera, hotspot detection, yong ‘in monitoring
tizimlari, noto ‘g ri signal, sun’iy intellekt, kompyuter ko ‘rish, dunyo tajribasi.

Ilpumeuanue: Ysenuuenue 4ucia nodcapoONaCHLIX UPE3GLIYAUHBIX CUMYAYUl 6 NOCAeOHUe 200bl
noesviculo nompe6ﬁocmb 68 CcosepueHcmeosanuu mexHon02Ul PpaHHezo 06Hapyofcesz noascapoe. Pannee
obHapyxcenue nodicapa No3eoJsem  Npeoomsepamums e2o  Ovicmpoe  pacnpocmpanenue,  CHACMU
HenoeeuecKue JHCU3HU U MamepualbHble YEHHOCNIU. B ()aHHOIJ cmambe aHAJIUSUpyromcsa coepemMennbvle
mexHoJjiocuu u Mupoeoﬁ onvlm 6 06ﬂacmu PpaHHeco 06Hapy9fceHu}z noacapoes. B yacmHocmu,
paccmampusaiomcs  uzuueckue NPUHYUNsvl padomvl UHDPAKPACHLIX KAMEPHBIX CUCmeM, No0Xo0bl K
06Hapy0/C€HuiO o4aco6 60320panust u gbyHKL;MOHaJZbele BO3MOIUCHOCMU CcUCMeEM MOHUMOPpUH2A, MAKUX KaK
FireDos, PYROsmart u PYROVIEW, ucnoavsyemvix na npomvuunennom yposue. Taxowce obcyrcoaromes
aileopummudecKkue nodxoabz, HanpaejlenHvle HAa CHUJMCeHUue Koaudecmeda JIOJHCHbLX cpa6amb16anmj,
apxumexkmypa asmomamusupoeannblx Ccucmem MOHUmMOpuHead HA OCHOBe Kamep U poJb MexHoI02Uull
UCKYCCMBEHRHO2CO URmMEIEKMA 6 smou obnacmu. Ha ocnoee ananusza HayllHOﬁ Jaumepamypbol onpedeﬂenbl
npeumywecmea u cywecmeyrnwue ocpaHuvyerHus cucmem paHHezco 06H(lpy9fC€Hu}l noaicapa, a makoce
0003HaYeHbl HanpaejleHus ux coeepuleHcmeosanusl. Oofcuéaemc;z, uymo OauHas pa6oma nociuyacum
meopemuieckol OCHOB0U OJi4 HAYYHBIX UCCLeO08AHULl 6 001acmu NoXcapHol bezonacHocmu u Oydem
noJie3Ha npu npoeKkmuposanul nPpAKmu4eCKux cCucmem.

Knrouegvle cnosa: pannee obuapysicenue noxicapa, UH@paKpacHas kamepa, oOHApydiceHue 04acos
60320panusl, CUCMeEMbl NONCAPHOCO MOHRUMOPUHeA, JIOHCHAA nmpeesocd, ucxyccmeeHHbzﬁ UHmeljlekm,
KOMNnblOmepHoe 3penue, MMpOSOlJ onvslm.

Annotation: The increasing number of fire-related emergencies in recent years has increased the
need to improve early fire detection technologies. Early detection of a fire allows you to prevent its rapid
spread, save human life and material assets. This article analyzes modern technologies and world
experience in early fire detection. In particular, the physical principles of infrared camera systems, hotspot
detection approaches, and the functional capabilities of monitoring systems such as FireDos, PYROsmart,
and PYROVIEW used at the industrial level are considered. Also, algorithmic approaches aimed at reducing
false alarms, the architecture of camera-based automatic monitoring systems, and the role of artificial
intelligence technologies in this area are discussed. Based on the analysis of scientific literature, the
advantages and existing limitations of early fire detection systems are identified, and directions for their
improvement are outlined. This work is expected to serve as a theoretical basis for scientific research in the
field of fire safety and be useful in the design of practical systems.

Keywords: early fire detection, infrared camera, hotspot detection, fire monitoring systems, false
alarm, artificial intelligence, computer vision, world experience.

l. KIRISH.

So‘nggi o‘n yilliklarda yong‘inlar sanoat obyektlari, turar joy binolari va tabiiy hududlarda jiddiy
ijtimoiy-iqtisodiy zarar yetkazayotgan global muammolardan biri bo‘lib qolmoqda. Statistik
ma’lumotlarga ko‘ra, yong‘inlarning katta qismi dastlabki bosqichda aniglanmaganligi sababli tez
targalib, inson hayoti va moddiy boyliklar uchun katta xavf tug‘diradi [1]. Shu bois, yong‘inni erta
aniqlash texnologiyalarini rivojlantirish zamonaviy yong‘in xavfsizligi tizimlarining ustuvor
yo‘nalishiga aylangan.

An’anaviy yong‘in aniqlash tizimlari asosan tutun, harorat yoki gaz sensorlariga asoslanadi.
Bunday tizimlar ma’lum sharoitlarda samarali bo‘lsa-da, ular ko‘pincha yong‘inning kech bosqichlarida
ishga tushadi yoki tashqi omillar sababli noto‘g‘ri signal berishi mumkin [2]. Ushbu cheklovlar
yong‘inni yanada erta bosqichda aniqlash imkonini beruvchi muqobil texnologiyalarni izlashga olib
keldi.

So‘nggi yillarda kamera tizimlari va kompyuter ko‘rish texnologiyalariga asoslangan
yondashuvlar yong‘inni aniqlash sohasida keng tadqiq gilinmoqda. Ilmiy adabiyotlarda rang, harakat,
tekstura va vaqt bo‘yicha o‘zgarishlarga asoslangan ko‘plab usullar taklif etilgan bo‘lib, aynigsa
konvolyutsion neyron tarmoglari (CNN) va YOLO oilasiga mansub modellar yuqgori aniglik va real vaqt
rejimida ishlash imkoniyatini namoyon etmoqda [3-5]. Ushbu yondashuvlar yong‘inni nafagat ochiq
alanga bosqichida, balki tutun va vizual anomaliyalar paydo bo‘lish bosgichidayoq aniglash imkonini
beradi.Shu bilan birga, ko‘plab mavjud tadqiqotlar fagat yong‘inni aniqlash masalasi bilan cheklanib,
aniglangan xavfga avtomatik javob berish yoki tizimni amaliy muhitga moslashtirish masalalarini
yetarli darajada yoritmaydi [6-8]. Bu holat aniglash texnologiyalarini monitoring, ogohlantirish va
avtomatik boshgaruv tizimlari bilan integratsiyalash zaruratini yuzaga keltiradi.
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Yong‘inni erta aniqlash bilan bog‘liq yana bir muhim masala suv sarfi va ikkilamchi zararlarni
kamaytirishdir. An’anaviy sprinkler tizimlari yong‘in aniglangach katta hajmdagi suvni butun hududga
purkaydi, bu esa ba’zi holatlarda yong‘indan ko‘ra ko‘proq zarar keltirishi mumkin [9]. Shu sababli,
dunyo tajribasida yong‘in manbasini aniq lokalizatsiya qilish va maqsadli javob berishga asoslangan
intellektual monitoring tizimlariga gizigish ortib bormoqda.

Mazkur maqolada yong‘inning erta aniqlanishiga oid zamonaviy texnologiyalar va dunyo tajribasi
tahlil gilinadi. Infragizil kamera tizimlari, hotspot detection yondashuvlari, sanoat darajasidagi
monitoring platformalari hamda noto‘g‘ri signallarni kamaytirishga qaratilgan algoritmik usullar ilmiy
manbalar asosida ko‘rib chiqiladi. Ushbu tahlil yong‘in xavfsizligi sohasida olib borilayotgan
tadgiqotlar uchun umumlashtirilgan nazariy asos yaratishni magsad giladi.

Yong ‘inni erta aniqlash texnologiyalarining taqqoslanishi

Yong‘inni erta aniqlash texnologiyalarining taqqoslanishi

Texnologiya
turi

Ne

Ishlash prinsipi

Afzalliklari

Cheklovlari

1-jadval.

Asosiy
manbalar

Tutun konsentratsiyasi | Tuzilishi sodda, Kech arjlq‘lqsh,
Tutun va harorat . . noto‘g‘ri
1 . yoki harorat chegarasi arzon, keng . [2]
sensorlari S : signallar
oshishini gqayd etadi targalgan N .
ehtimoli yuqori
. Issiglik nurlanishini Alangadan Yuqori narx,
Infraqizil (IR) . S . . ) .
2 . . | qayd etish orgali gizish | oldin aniglash, | tashgi muhitga [1], [4]
kamera tizimlari R : o -
zonalarini aniglaydi | tutunsiz ishlash sezgir
Ko‘rinadiean Rang, harakat va Keng mavjud, Yoritishga
3 spektr kam egr alar tekstura belgilarini real vaqt bog‘liq, false [3], [6]
P tahlil giladi ishlashi signal ehtimoli
o Yugori aniqglik,
CNN gsosadagl Tasvirlardan avtomatik murakkab Hisoblash
4 aniglash R : - | [4] [12]
- . Xususiyat ajratish sahnalarda resurslari talabi
tizimlari
bargaror
. Kichik
5 YOIF(S;Ia\SIZSItdagl Bir bosqichli ob’ekt Past kechikish, yong‘inlarda [5]
eal vaq! aniglash real vaqt rejimi | aniglik pasayishi
tizimlari )
mumkin
. Tutun va
6 Hotspot I\‘/Ia}ha!lly hqrorat alanga oldidan IR sen:squgrga 4], [8]
detection o‘sishini aniqlash - bog‘liglik
ogohlantirish
Sanoat
rq?zr::i‘olgrr;g Ko‘p sensorli va ko‘p Yuqgori Qimmat,
7 (FireDos kamera asosida ishonchlilik, murakkab [71, [8]
PYROsmart, ishlaydi sanoat darajasi integratsiya
PYROVIEW)
An’anaviy Harorat chegarasi | Tuzilishi oddiy, | Suv sarfi katta,
8 sprinkler . ; . O : []
. . oshganda suv purkaydi ishonchli ikkilamchi zarar
tizimlari
Intellektual . -
kamera + Anl_qlash * Mini mal suv Loyihalash
9 S lokalizatsiya + sarfi, tezkor [51, [9]
avtomatik javob bosh avob murakkab
tizimlari oshgaruv javo

Il. METODOLOGIYA

Ushbu bo‘limda yong‘inning erta aniglanish texnologiyalarini o‘rganish va taqqoslash uchun
qo‘llanilgan metodologik yondashuv batafsil bayon etiladi. Metodologiya tanlovi tadqiqotning tahliliy
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(review) xarakteriga mos ravishda ishlab chigildi va mavjud ilmiy hamda sanoat tajribasini tizimli
baholashga qgaratildi.
2.1. Tadqgiqot dizayni va metodologik yondashuv

Mazkur tadqigot tizimli adabiyotlar tahlili (systematic review) va taggoslama metod
(comparative analysis) asosida olib borildi. Ushbu yondashuv yong‘inning erta aniqlanishi bo‘yicha
mavjud texnologiyalarni eksperimental sinovsiz, ammo ilmiy dalillarga tayangan holda baholash
imkonini beradi. Tadgiqotda migdoriy o‘lchovlardan ko‘ra, texnologiyalarning ishlash prinsipi, aniglash
bosqichi va amaliy qo‘llanish samaradorligiga urg‘u berildi.

Bunday metodologiya tanlanishining asosiy sababi shundaki, yong‘inni erta aniqlash sohasida
turli muhitlar, sharoitlar va texnik infratuzilmalar mavjud bo‘lib, yagona eksperimental model barcha
texnologiyalarni to‘liq qamrab ololmaydi. Shu bois, ilmiy adabiyotlar va real amaliy tizimlarga
asoslangan tahlil eng magbul yondashuv sifatida gabul gilindi.

2.2. Ma’lumotlar manbalari va tanlash strategiyasi

Tadqiqotda foydalanilgan ma’lumotlar bir nechta asosiy manbalardan olindi: xalqaro ilmiy
jurnallar, konferensiya materiallari, standartlashtiruvchi tashkilotlar hisobotlari hamda sanoat
darajasidagi yong‘in monitoring tizimlari bo‘yicha texnik hujjatlar. Manbalarni tanlashda so‘nggi o‘n
besh yil ichida chop etilgan, yong‘inning erta bosqichlarini aniqlashga bevosita alogador ishlar ustuvor
deb belgilandi.

Tanlash strategiyasi quyidagi mezonlarga asoslandi: texnologiyaning aniglash bosgichi (tutun,
qizish, alanga), real vaqt rejimida ishlash imkoniyati, noto‘g‘ri signal muammosiga yondashuv va
amaliy qo‘llanish holati. Ushbu mezonlar tahlil natijalarining dolzarbligi va solishtiriluvchanligini
ta’minlashga xizmat qildi.

2.3. Texnologiyalarni tasniflash metodikasi

Yong‘inni erta aniqlash texnologiyalarini tahlil qilish uchun ular avvalo umumiy metodik asosda
tasniflandi. Tasniflash jarayoni texnologiyalarning gaysi fizik yoki vizual belgiga asoslanishiga garab
amalga oshirildi. Natijada, sensorlarga asoslangan tizimlar, infragizil va termal tasvirlash tizimlari,
ko‘rinadigan spektr kameralariga asoslangan yondashuvlar hamda sun’iy intellektga tayangan kompleks
tizimlar alohida guruhlarga ajratildi.

Bunday tasniflash keyingi bosqichlarda texnologiyalarni o‘zaro solishtirish va ularning afzallik
hamda cheklovlarini aniglash uchun metodologik asos bo‘lib xizmat qildi.

2.4. Baholash mezonlarini aniglash

Texnologiyalarni baholash uchun bir nechta umumiy mezonlar belgilandi. Ushbu mezonlar
yong‘inni qaysi bosqichda aniqlashi, aniqlash tezligi, noto‘g‘ri signallar ehtimoli va tizimning amaliy
muhitga moslashuvchanligini gamrab oldi. Baholash mezonlarining yagona shaklda belgilanishi turli
texnologiyalarni obyektiv tagqoslash imkonini berdi.

2-jadval.
Yong ‘inni erta aniqlash texnologiyalarini baholash mezonlari

Ne | Baholash mezoni Tavsifi Nega muhim Baholash yondashuvi

Yong‘in qaysi Qanchalik erta aniglansa, Adabiyotlarda gayd
1 | Aniglash bosgichi | bosgichda aniglanishi zarar shunchalik etilgan aniglash vagqti
(gizish, tutun, alanga) kamayadi tahlili

Signal paydo
bo‘lishidan
aniqlashgacha bo‘lgan

Sekund/minut
darajasida solishtirish

Yong‘inning tarqalishini

2 Aniglash tezligi cheklash uchun muhim

vaqt
Tizimning real vagtga Kechikish tizim .
- 9 S Real-time / near-real-
3 | Real vaqgt rejimi yagin ishlash samaradorligini . e
e .2 time tasnifi
qobiliyati pasaytiradi
Noto‘g‘ri signal NO‘rmaI hOIatIar.da Amaliy joriy etishda Ad.ablyOtlarda qayd
4 L yolg‘on ogohlantirish d etilgan false alarm
ehtimoli . Lo asosiy muammo )
berish ehtimoli holatlari
Mubhitga Yorug hk_’ tutun, ob Tizim universalligini Turli sharoitlarda
5 havo kabi omillarga

moslashuvchanlik

sezgirlik

belgilaydi

ishlash holatlari tahlili
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Lo Yong mJOy.laShl.mm Avtomatik javob Kamera/IR aniqlik darajasi
6 Fazoviy aniglik aniq lokalizatsiya L . o
. o tizimlari uchun zarur bo‘yicha
qilish gobiliyati
Boshqa tizimlar
7 Integratsiya (monitoring, Kompleks tizimlar API, avtomatik javob
imkoniyati boshgaruv) bilan uchun muhim mavjudligi
ulanilishi
8 Hisoblash Algoritmning resurs | Edge/real-time tizimlar CPU/GPU talablariga
murakkabligi talabi uchun cheklov asoslangan baho
o Laboratoriya yoki real . .
9 Amallyjorl_y etish obyektlarda Nazar!yg va‘amallyot Sanoat/real muhit misollari
holati . .. farqini ko‘rsatadi
qo‘llanganligi
Igtisodiy Qurilma va Keng joriy etish Sensor/IR/kamera narxlari
10 . ekspluatatsiya . e o S
samaradorlik . ; imkonini belgilaydi solishtirildi
xarajatlari

2-jadvalda erta yong'inni aniglash texnologiyalarini tagqoslash uchun go'llanilgan baholash
mezonlari umumlashtirilgan. Ushbu mezonlar nafagat aniglash samaradorligini, balki real vaqgt rejimida
ishlash, noto'g'ri signalni kamaytirish va tizim integratsiyasi qobiliyati kabi amaliy joylashtirish
jihatlarini ham aks ettirish uchun tanlangan.
2.5. Noto‘g‘ri signallarni tahlil qilish usuli

Metodologiyada noto‘g‘ri signallar muammosiga alohida e’tibor qaratildi, chunki bu muammo
yong‘inni erta aniqlash tizimlarining amaliy joriy etilishida asosiy to‘siglardan biri hisoblanadi. Ushbu
bosqichda adabiyotlarda qayd etilgan noto‘g‘ri signal manbalari tizimlashtirildi va ularni kamaytirish
uchun taklif etilgan algoritmik yondashuvlar tahlil gilindi.

Tahlil jarayonida vaqt bo‘yicha barqarorlik, ko‘p manbali signal integratsiyasi va kontekstual
axborotdan foydalanish kabi yondashuvlar asosiy metodlar sifatida ko‘rib chiqildi.
2.6. Kamera asosidagi monitoring tizimlari arxitekturasini tahlil gilish

Metodologiyaning yakuniy bosqichida yong‘inni erta aniqlashga mo‘ljallangan kamera
asosidagi monitoring tizimlari arxitekturasi tahlil gilindi. Ushbu tahlilda markazlashgan, tagsimlangan
va edge computing asosidagi arxitekturalar alohida ko‘rib chiqildi hamda ularning kechikish,
ishonchlilik va kengaytiriluvchanlik nugtai nazaridan farglari baholandi.

(«é»”))v\

C Aloga tarmog’i >

Video oqimV Ogohlantlrlsh =
Y va boshqaruv .
e,?[. signallari
o Hisoblash moduli Ogohlantirish/Avtomatik
(Al va tahlil) javob tizimi

Kamera

(@t.

1-rasm. Avtomatlashtirilgan yong'in monitoringi tizimi arxitekturasi.

116 Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.crei.Boimyck Ne 3)



SHEPI'ETUKA, JIEKTPOTEXHHUKA

1-rasm taklif etilayotgan kamera va avtomatik monitoring tizimining umumiy
arxitekturasini aks ettiradi. Tizimda kamera tomonidan uzatilgan video ogim hisoblash moduliga
yo‘naltiriladi va sun’iy intellekt asosidagi tahlil orqali yong‘in belgilari aniqlanadi. Aniqlangan
holatga mos ravishda ogohlantirish va boshqgaruv signallari aloga tarmog‘i orqali avtomatik javob
tizimiga uzatiladi, natijada signalizatsiya, foydalanuvchini xabardor qilish yoki yong‘inni bartaraf
etish mexanizmlari ishga tushiriladi. Ushbu arxitektura real vaqt rejimida ishlashni ta’minlab,
yong‘inga tezkor va magsadli javob berish imkonini yaratadi.

I11. NATIJALAR VA TAHLIL

Ushbu bo‘limda yong‘inning erta aniqlanish texnologiyalarini baholash natijalari taqdim
etiladi. Natijalar 11-bo‘limda belgilangan baholash mezonlari asosida shakllantirilib, mavjud ilmiy
adabiyotlar va amaliy tizimlar bo‘yicha olingan ma’lumotlar tahliliga tayangan holda keltiriladi.

3.1. Yong‘inni aniqlash bosqichi bo‘yicha natijalar

Tahlil natijalari shuni ko‘rsatdiki, yong‘inni aniqlash texnologiyalari ularning aniqlash
bosqgichi bo‘yicha sezilarli farqlarga ega. An’anaviy tutun va harorat sensorlari asosan tutun yoki
yuqori harorat shakllangandan so‘ng ishga tushadi, ya’ni yong‘inning nisbatan kech bosqichlarida
signal beradi. Infragizil kamera tizimlari va hotspot detection yondashuvlari esa yong‘in alanga
bosqichiga o‘tmasdan oldin, mahalliy qizish zonalarini aniqlash imkoniyatini namoyon etadi.

Kamera va sun’ity intellekt asosidagi tizimlar, xususan CNN va YOLO modellariga
asoslangan yondashuvlar, yong‘inning vizual belgilarini dastlabki bosgichdayoq aniglash
qobiliyatiga ega ekanligi bilan ajralib turadi. Ushbu texnologiyalar yong‘inning erta aniqlanishi
nugtai nazaridan eng istigbolli guruh sifatida baholandi.

3.2. Aniglash tezligi va real vaqt rejimida ishlash natijalari

Natijalar shuni ko‘rsatadiki, real vaqt rejimida ishlash qobiliyati texnologiya turiga bevosita
bog‘liq. Sensorlarga asoslangan tizimlar odatda past hisoblash murakkabligiga ega bo‘lsa-da,
ularning aniqlash tezligi yong‘in rivojlanishiga bog‘liq bo‘lib qoladi. Infragizil va kamera asosidagi
tizimlarda esa aniqlash tezligi ko‘proq tasvirni qayta ishlash algoritmlarining samaradorligi bilan
belgilanadi.

YOLO kabi bir bosgichli aniglash modellaridan foydalanilgan tizimlar adabiyotlarda real
vaqt yoki real vaqtga yaqin ishlash imkoniyatini ko‘rsatgan. Bu holat ushbu modellarni uzluksiz
monitoring va tezkor ogohlantirish talab gilinadigan muhitlar uchun mos yechim sifatida ajratib
ko‘rsatadi.

3.3. Noto‘g‘ri signallar (false alarm) bo‘yicha tahlil natijalari

Tahlil gilingan manbalarda noto‘g‘ri signallar muammosi deyarli barcha texnologiya
turlarida uchrashi gayd etilgan. Sensorlarga asoslangan tizimlarda bu muammo atrof-muhit
sharoitlari, masalan, chang yoki bug® ta’siri bilan bog‘liq. Kamera asosidagi tizimlarda esa quyosh
nuri, yorug‘lik o‘zgarishi yoki issiq texnologik jarayonlar noto‘g‘ri signalga sabab bo‘lishi mumkin.

Natijalar shuni ko‘rsatadiki, vaqt bo‘yicha barqarorlikni tekshirish va ko‘p mezonli tahlil
go‘llanilgan tizimlarda noto‘g‘ri signallar sezilarli darajada kamaygan. Ayniqsa, sun’iy intellektga
asoslangan yondashuvlar normal va xavfli holatlar o‘rtasidagi farqlarni yaxshiroq ajrata olishi bilan
ajralib turadi.

3.4. Fazoviy lokalizatsiya va avtomatik javob imkoniyatlari

Natijalar shuni ko‘rsatadiki, yong‘in joylashuvini fazoviy aniqlash imkoniyati fagat kamera
va infraqizil tasvirlash tizimlariga xosdir. Sensorlarga asoslangan an’anaviy tizimlar yong‘in
mavjudligini bildirsa-da, uning aniq joylashuvini ko‘rsatib bera olmaydi. Kamera asosidagi tizimlar
esa yong‘in manbasini aniglash bilan birga, uni xarita yoki real muhit koordinatalarida ifodalash
imkonini beradi.

Ushbu xususiyat avtomatik monitoring va javob tizimlari uchun muhim natija hisoblanadi.
Fazoviy aniqlik mavjud bo‘lgan hollarda yong‘inga maqsadli javob berish, masalan, selektiv suv
purkash yoki aniq hududni izolyatsiya qilish imkoniyati paydo bo‘ladi.

3.5. Integratsiya va amaliy joriy etish natijalari
Tahlil natijalari shuni ko‘rsatdiki, zamonaviy yong‘inni erta aniqlash texnologiyalari tobora
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ko‘proq kompleks monitoring tizimlariga integratsiyalanmoqda. Kamera va hisoblash
modullarining edge computing asosida birlashtirilishi kechikishlarni kamaytirish va tizim
bargarorligini oshirishga xizmat qilmoqda.

Sanoat darajasidagi FireDos, PYROsmart va PYROVIEW kabi tizimlar yuqori
ishonchlilikni namoyon etsa-da, ularning narxi va texnik murakkabligi keng miqgyosda joriy
etilishini cheklab kelmoqda. Shu bilan birga, nisbatan arzon kamera va sun’iy intellektga
asoslangan yondashuvlar moslashuvchanligi va kengaytiriluvchanligi bilan ajralib turadi.

3-jadval.
Yong ‘inni erta aniqlash texnologiyalarini baholash natijalari
Ne Texnologiya | Aniqglash | Aniglash N:itgoniln Fazoviy | Integratsiya Amaliy
turi bosqichi tezligi ehtimoli aniglik | imkoniyati | qo‘llanish
Tutun va Tutun / .
1 harorat kech Past-o'rta | O 1 Yo‘q | Cheklangan Keng
. . yuqori targalgan
sensorlari bosqich
Infragizil (IR) .

2 kamera Qizish O‘rta Past Yugori O‘rta Sanoat .

tizimlari (erta) obyektlari
Ko‘rinadigan

3 spektr T:Jtun / O‘rta O‘rta O‘rta Yugori I_(u_zaItU\{
kameralar alanga tizimlari
asgst}ldl: i Tutun / Tadgiqgot va

4 s1dag alanga O‘rta Past O‘rta Yugori d19
aniglash (erta) pilot
tizimlari

YOLO Tutun / Real vaqt

5 | asosidagi real alanga Yugori Past—o‘rta O‘rta Yugori monitori?]

vaqt tizimlari (erta) g
Hotspot .. .

6 detection Qizish O‘rta Past Yugori O‘rta Energetika,
tizimlari (eng erta) sanoat
FireDos, ..

7 | PYROsmart, 2:;5;&/ Yugori Juda past | Yuqori | Cheklangan dSaarg;)zfsti

PYROVIEW
An’anaviy Kech

8 sprinkler bosaich Past Past Yo‘q Cheklangan Binolar
tizimlari a
Kamera +

9 avtomatik b Ertg h Yugori Past Yugori | Juda yugori Intel}!e.kthsl

javob tizimlari osqic xavisizil

3-jadvalda 2-jadvalda belgilangan mezonlarga asoslangan erta yong'inni aniglash
texnologiyalarini  baholash natijalari keltirilgan. Taqgoslash shuni ko'rsatadiki, kameraga
asoslangan aqglli tizimlar an‘anaviy sensorga asoslangan yondashuvlarga nisbatan erta aniglash,
fazoviy lokalizatsiya va avtomatlashtirilgan javob mexanizmlari bilan integratsiyalashuvda yugori
natijalarga erishadi.

IV. MUNOZARA

Olingan tahlil yong'inni erta texnologik taraqgiyotda aniq tendensiyalarni ko'rsatmoqda.
kundalik, an'anaviy va harorat sensorlariga samarali tizimlar o'zining soddaligi va keng
targalganligi bilan ajralib tursa-da, ular yong'inning kech bosgichida ishga tushirishi tufayli erta
tuzatish to'liq javob bera olmaydi. Bu holat sensorli moddalarning tabiiy fizik tomonidan bog'liq
bo'lgan ko'rinishi.
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Infragizil kamera va hotspot detection texnologiyasining ustunligi, ular yong'in paydo
bo'lishidan oldingi gizish jarayonlarini aniglaydi. Bu texnologiya yong'inni eng erta bosgichda
tozalash bilan turadi, yuqori narx va tashkilot sharoitlariga sezgirligi keng migyosda joriy etilishiga
to'sqinlik gilmogda. Shunga garamay, energetika va sanoat obyektlarida yuqgori samaradorlik
ko'rsatgan adabiyotlarda tartibga solingan.

Kamera va intellektga sun'iy tizimlar, aynigsa CNN va YOLO modellariga tayangan
tizimlar, anigligi va real rejimida ishlab chigish nuqtai nazaridan muhimliklarga ega. uch tizimlar
yong'inni aniglaydi, uning joylashuvini fazoviy nazorat giladi. dasturiy ta'minot, magsadli javob
mexanizmlarini monitoring qilish va joriy etish, bu esa yong'in paydo bo'lishi, dasturiy ta'minotning
funktsional doirasini amalga oshiradi.

Qayta kamera asosidagi tizimlarda noto'g'ri signallar muammosi to'liq bartaraf gilinmagan
deb bo'lmaydi. Yorug'lik sharoitlari, quyosh nuri yoki texnologik jarayonlar yong'in bilan
adashtirilishi mumkin. Taxlil joyi shuni ko'rsatadiki, vaqt bo'yicha xavfsizlikni oshirish, ko'p
mezonli tahlil va kontekstual axborotdan yuklab olish muammoni yuqori darajadagi tahlil. Bu esa
yong'inni aniglashda yagona signalga emas, balki bir nechta birikmasiga tayanish zarurligini
tasdiglaydi.

Sanoat darajasidagi FireDos, PYROdagi FireDos, PYROVIEW kabi tizimlar yugori
ishonchlilik va past noto'g'ri signal bilan sifat bilan tursa-da, sud jarayoni murakkabligi va iqtisodiy
igtisodiy faollikka kirishadi. Shu nuqgtai nazardan, unga nisbatan arzon kamera qurilmalari va ochiq
manbali sun'iy intellekt algoritmlariga qulay tizimlar olish va mumkin bo'lgan alternativ ko'rinishda
chiqilishi mumkin.

Umuman olganda, munozara natijasida yong'inni ertaga garab harakat gilayotgan
sensorlardan intellektual kamera tizimlari tomon o'tish jarayoni kechayotgan ko'rinishda. Bunday
mahsulotlar yong'inni erta hisoblash bilan birga avtomatik javob va suv sarfini kabi go'shimcha
mahsulotni optimallashtirish. Shu bilan birga, hozirda ko'p kameralar, multimodal sensor
integratsiyasi va adaptiv algoritmlar yordamida bartaraf etilishi mumkin.

V. XULOSA

Mazkur maqolada yong‘inning erta aniqlanishiga oid zamonaviy texnologiyalar va dunyo
tajribasi tizimli tarzda tahlil gilindi. Tadqiqot natijalari shuni ko‘rsatdiki, an’anaviy tutun va harorat
sensorlariga asoslangan tizimlar yong‘in xavfsizligida muhim rol o‘ynagan bo‘lsa-da, ularning
yong‘inni erta bosqichda aniqlash imkoniyatlari cheklangan. Shu sababli, so‘nggi yillarda kamera,
infraqizil tasvirlash va sun’iy intellektga asoslangan yondashuvlarga bo‘lgan qiziqish sezilarli
darajada ortib bormogda.

Tahlil infraqizil kamera va hotspot detection texnologiyalarining yong‘in alanga bosqichiga
o‘tmasdan oldin qizish jarayonlarini aniqlashda yuqori samaradorlikka ega ekanini ko‘rsatdi. Shu
bilan birga, kamera va chuqur o‘rganish modellariga asoslangan tizimlar real vaqt rejimida ishlash,
fazoviy lokalizatsiya va avtomatik monitoring imkoniyatlari bilan ajralib turadi. Ushbu
yondashuvlar yong‘inni nafaqat aniqlash, balki unga tezkor va magsadli javob berish uchun ham
texnologik asos yaratadi.

Sanoat darajasidagi monitoring tizimlari yuqori ishonchlilikni ta’minlasa-da, ularning
igtisodiy va texnik murakkabligi keng miqyosda joriy etilishini cheklaydi. Shu nugtai nazardan,
nisbatan arzon kamera qurilmalari va ochiq manbali sun’iy intellekt algoritmlariga asoslangan
yechimlar yong‘inni erta aniqlash tizimlarining istigbolli yo‘nalishi sifatida ko‘rib chiqilishi
mumkin. Kelgusida ko‘p kamera va multimodal sensorlar integratsiyasi, noto‘g‘ri signallarni
kamaytirishga garatilgan adaptiv algoritmlar hamda avtomatik javob mexanizmlarini rivojlantirish
ushbu sohaning asosiy tadqiqot yo‘nalishlari bo‘lib qoladi.

Umuman olganda, yong‘inni erta aniqlash texnologiyalarining rivojlanishi yong‘in
xavfsizligini oshirish, moddiy zararlarni kamaytirish va inson hayotini himoya gilishda muhim
ahamiyatga ega bo‘lib, mazkur maqolada keltirilgan tahlillar ushbu yo‘nalishdagi keyingi ilmiy va
amaliy ishlarga metodologik asos bo‘lib xizmat giladi.
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Annotatsiya. Ushbu magolada shamol turbinalarining texnik, igtisodiy va ekologik jihatlari

kompleks tarzda tahlil gilingan. Tadgiqotda gorizontal va vertikal o ‘qli turbinalarning ishlash prinsiplari,
samaradorlik ko ‘rsatkichlari hamda ularni mintagaviy sharoitlarda qo ‘llash imkoniyatlari o ‘rganilgan.
O zbekistonning shamol energetik salohiyati baholanib, shamol tezligi va yo ‘nalishining hududiy tagsimoti
asosida istigbolli hududlar aniglangan. Shuningdek, shamol energetikasini rivojlantirishdagi texnik,
moliyaviy va ijtimoiy muammolar tahlil qilinib, ularni bartaraf etish bo ‘yicha ilmiy asoslangan tavsiyalar
ishlab chigilgan.

Tayanch so‘zlar: Shamol turbinalari, gorizontal o°qli turbina, vertikal o°‘qli turbina, shamol

energiyasi, energetik samaradorlik, mintagaviy shamol resurslari, gayta tiklanuvchi energiya.

Annotation. This article presents a comprehensive analysis of the technical, economic, and

environmental aspects of wind turbines. The study examines the operating principles of horizontal-axis and
vertical-axis wind turbines, their efficiency indicators, and the possibilities of their application under
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regional conditions. The wind energy potential of Uzbekistan is evaluated, and promising regions are
identified based on the territorial distribution of wind speed and direction. In addition, technical, financial,
and social challenges in the development of wind energy are analyzed, and scientifically grounded
recommendations for their solution are proposed.

Keywords: Wind turbines, horizontal-axis wind turbine, vertical-axis wind turbine, wind energy,
energy efficiency, regional wind resources, renewable energy, energy potential of Uzbekistan, environmental
sustainability.

Armomauu;l. B oannoii cmamve xomniexcro npoanalusupoearnvbl mexHuiecKkue, IKOHomMudecKkue u
JKoJslIocu4decKue acnekmol 6enipoevblx myp6uH. B uccneoosarnuu paccmonmpervl npuHyunsl pa60mbl 6EMPOBLIX
mypoOuH ¢ 20pU3OHMANBLHOU U BEPMUKAILHOU OCbIO 8PAUEHUsL, NOKA3AMeNU UX 3P pekmuenocmu, a maxice
6O03MOJMCHOCMU NPUMEHEHUSL 6 pPEeCUOHANbHbIX YCIOBUSX. OL;eHeH eempoanepeemuqemuz} nomenyuan
Y366Kucmaﬂa, onpeaeﬂeﬂbz nepcnekmuenbvle pecuorHbl HA OCHOBE mMeEPPUMOPUATIBHOCO pacnpedeﬂeﬂuﬂ
CKopocmu u Hanpaejlernust eempa.

Knioueevie cnosa: Bempoevle mypOunvl, mypounHa ¢ 2OpUBOHMANLHOU OCblO, MypoOuHa ¢
eepmukaﬂbﬂoﬁ OCblo, 6empoeds IHepcusl, IHepcemudecKas 9qbqbel<mu6H0cmb, PECUOHANIbHbLE 6€ENPOBblE
pecypcel, 80300H06I5IEMAA IdHepeusl, aﬂepzemuqecmtﬁ nomeHyuan Y36eKucmaHa, IKoJlocudecKas
YCMOUYUBOCHb.

Kirish

So‘nggi vyillarda dunyoda energiya manbalarining bargarorligi va atrof-muhitga ta’sirini
kamaytirish masalalari global muammo sifatida garalmogda. Shu munosabat bilan qayta
tiklanadigan energiya manbalariga, xususan, shamol energiyasiga bo‘lgan e’tibor keskin ortmoqda.
Shamol energiyasi toza, cheksiz va iqtisodiy samarali bo‘lishi bilan birga, elektr energiyasini ishlab
chiqgarishda karbon chigindilarini kamaytirishga xizmat giladi [1].

Shamol turbinalari ikki asosiy turga bo‘linadi: gorizontal o‘qli va vertikal o‘qli turbinalar.
Gorizontal o‘qli turbinalar yuqori samaradorlik va katta quvvat ishlab chiqarish imkoniyati bilan
ajralib turadi, ammo ularni o‘rnatish va texnik xizmat ko‘rsatish qiyin. Vertikal o‘qli turbinalar esa
shamol yo‘nalishiga bog‘liq emasligi va past balandlikda ishlashi bilan qulay, ammo samaradorligi
pastroq [2].

Mintagamizda shamol energiyasini rivojlantirish imkoniyatlari mavjud bo‘lsa-da, bir gator
texnik, moliyaviy va ijtimoiy muammolar mavjud. Texnik jihatdan, shamol turbinalarining yugori
texnologiyali gismlari va ularni xizmat ko‘rsatish masalalari hal gilinishi zarur. Moliyaviy jihatdan,
yuqori dastlabki investitsiyalar va infratuzilma yetishmasligi asosiy to‘siq hisoblanadi [3].

1-rasm. Gorozontal va vertikal o‘qli shamol turbinalari.

Ushbu maqolada shamol turbinalarining texnik xususiyatlari, ularning samaradorligini ta’sir
qiluvchi omillar, mintaqaviy shamol resurslari va ularni qo‘llashdagi muammolar tahlil gilinadi.
Shuningdek, texnologik, moliyaviy va siyosiy tavsiyalar berilib, mintagaviy shamol energetikasini
rivojlantirish yo‘llari ko‘rib chiqiladi.

Shamol turbinalarining texnik xususiyatlari
Shamol turbinalari elektr energiyasini gayta tiklanadigan manbalardan samarali ishlab
chiqarishning asosiy vositasi hisoblanadi. Ular ikki asosiy turga bo‘linadi: gorizontal o‘qli va
vertikal o‘qli turbinalar. Gorizontal o‘qli turbinalar aerodinamik lift kuchidan foydalanib, yuqori

Scientific-technical journal (STJ FSTU, ®ITY UTXK, HTXK OI'TY, 2026, T.30.crem.Boimyck Ne 3) 121



SHEPI'ETUKA, JIEKTPOTEXHHUKA

samaradorlikka erishadi va katta quvvat ishlab chigarish imkoniyatiga ega. Shu bilan birga, ularning
balandligi va murakkab qurilishi texnik xizmat ko‘rsatishni qiyinlashtiradi, ishlash paytida esa
ma’lum darajada shovqin hosil bo‘lishi mumkin. Biroq, ular aerodinamik drag kuchidan
foydalanishi sababli samaradorligi pastroq va ishlab chigariladigan quvvat hajmi kichikroq bo‘ladi.

1-jadval.
Vertikal va gorizontal o°qli shamol turbinalarining parametrlarini taggoslash.
. . WVertikal oglh Gonzontal o°ql1
Turbina parametriari shamol turbinasi shamol turbinasi
Turbina tayanchming amplitudasi Kichik Katta
Turbinada buriluvchi gism Yo‘g Mavjud
Konstruktiv tuzilishi Oddiy Murakkab
Qo‘shimcha qurilmalarning o‘rnatilish
Jovi (kontroller, akkumlvyator, Pastda Balandda
hisoblagich va h.o.)
Parraklarning harakatlanish sohasi Kichik Katta
Turbinaning balandhig Past Juda baland
Shovqgin darajasi Past MNisbatan baland
Shamol yo nalishining ahamivati Bog'lig emas Bog hg
Tabiatga salbiy ta’siri Kam Juda ko*p
Bitta turbmaning quvwvat berish darajasi O'rta quvvath Yink quvwvatlh
Inersiva momenti migdori Kichik Katta
Ekspluatatsiva xarajatlari Arzon Oimmat
Kuchsiz shamol ogimlanda Samarali Samarasiz

Shamol turbinalarining samaradorligi bir gator texnik parametrlar bilan belgilanadi.
Rotordan olinadigan quvvat, rotor tezligi, diametri va shamol tezligi kabi omillar energetik
samaradorlikka bevosita ta’sir qiladi. Turbinaning samaradorligi yuqori bo‘lishi uchun shamol
tezligi va rotor diametri o‘rtasidagi optimal nisbat muhimdir. Shuningdek, turbina
konstruksiyasidagi materiallar va generatorning samaradorligi quvvat ishlab chiqarish hajmiga ta’sir
giladi. [1][2].

Mintagaviy shamol resurslari

O‘zbekistonning shamol energiyasi salohiyati mintagaviy shamol resurslarining taqsimoti va
intensivligiga bog‘liq. Mamlakatning shimoliy va g‘arbiy hududlari, xususan, Qoraqalpog‘iston,
Navoiy va Buxoro viloyatlarida shamol tezligi yuqori bo‘lib, bu hududlar shamol energiyasini
ishlab chiqarish uchun qulay hisoblanadi. Masalan, Qoraqalpog‘istonning ayrim hududlarida
o‘rtacha yillik shamol tezligi 6-7 m/s atrofida bo‘lib, bu shamol turbinalarini samarali ishlashini
ta’minlaydi.
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Shamol energiyasini baholashda shamol tezligi, yo‘nalishi va mavsumiy o‘zgarishlar asosiy
omillar hisoblanadi. Shamol tezligi 5 m/s dan yuqori bo‘lgan hududlar shamol energiyasini samarali
ishlab chiqarish uchun qulay hisoblanadi. Shamol yo‘nalishi o‘zgaruvchan bo‘lgan hududlarda esa
turbinalarning samarali ishlashini ta’minlash qiyinlashadi. Shu sababli, shamol energiyasidan
samarali foydalanish uchun shamol tezligi va yo‘nalishini hisobga olgan holda joylashuvni tanlash
muhimdi [5].

Mintagaviy shamol resurslarini baholashda geoinformatsion tizimlar va boshga zamonaviy
texnologiyalar qo‘llanilishi zarur. Bu texnologiyalar yordamida shamol tezligi va yo‘nalishining
tagsimoti, mavsumiy o‘zgarishlari va boshqa parametrlar aniglanadi. Shuningdek, shamol
energiyasidan foydalanishning igtisodiy va ekologik samaradorligini baholash uchun turli modellar
va metodologiyalar ishlab chigilishi kerak.

Mintagaviy shamol resurslaridan samarali foydalanish uchun yuqoridagi tavsiyalarni amalga
oshirish va muammolarni hal qilish zarur. Bu orqali O‘zbekistonning energiya xavfsizligini
ta’minlash va barqaror rivojlanishga erishish mumkin.

Shamol turbinalarini qo‘llashdagi muammolar

Shamol energiyasidan samarali foydalanishning muhim jihatlaridan biri uning qo‘llanilishi
davomida yuzaga keladigan muammolarni aniglash va ularni hal gilishdir. Texnik nugtai nazardan
garaganda, shamol turbinalarining samarali ishlashi uchun ular o‘rnatilgan hududning shamol
resurslari, balandligi, tuprog va ob-havo sharoitlari hisobga olinishi zarur. Gorizontal o‘qli
turbinalar baland balandlikda o‘rnatilishi kerakligi sababli texnik xizmat ko‘rsatish qiyin va
xarajatli bo‘lishi mumkin. Vertikal o‘qli turbinalar oson xizmat ko‘rsatishga ega bo‘lsa-da, ularning
quvvati va samaradorligi past bo‘ladi, bu esa ishlab chiqariladigan elektr energiyasini kamaytiradi
[1].

Moliyaviy jihatdan, shamol energiyasi loyihalari katta dastlabki investitsiyalarni talab giladi.
Turbinaning narxi, o‘rnatish xarajatlari, texnik xizmat ko‘rsatish va ulanish infratuzilmasi kabi
xarajatlar loyihaning iqtisodiy samaradorligiga bevosita ta’sir qiladi. Shu sababli, moliyaviy
resurslar yetishmasligi yoki tegishli moliyalashtirish mexanizmlari mavjud emasligi loyihalarning
kechikishiga yoki amalga oshmasligiga olib keladi [2].

Tavsiyalar va yechimlar

Shamol energiyasidan samarali foydalanish va mintagaviy shamol resurslarini rivojlantirish
uchun texnik, moliyaviy va ekologik yechimlar zarur. Texnik jihatdan, shamol turbinalarini
mintaqaviy shamol resurslariga mos tanlash muhimdir. Gorizontal o‘qli turbinalar yuqori
samaradorlik va katta quvvat ishlab chigarish imkonini beradi, shuningdek, shamol tezligi yugori
hududlarda qo‘llash maqgsadga muvofiqdir. Vertikal o‘qli turbinalar esa shamol yo‘nalishi
o‘zgaruvchan va past balandlikdagi hududlarda qulaydir, chunki ular oson xizmat ko‘rsatishga ega
va joylashuvga nisbatan moslashuvchan. Shuningdek, turbinalarda yuqori sifatli materiallar va
ilg‘or texnologiyalarni qo‘llash orqali ishlash muddatini uzaytirish va texnik xizmat xarajatlarini
kamaytirish mumkin [1].

Moliyaviy jihatdan, shamol energiyasi loyihalarini amalga oshirish uchun davlat va xususiy
sektor investitsiyalarini jalb gilish zarur. Subsidiyalar, imtiyozli kreditlar va moliyaviy rag‘batlar
loyihalarni amalga oshirishni osonlashtiradi va dastlabki yugori investitsiya xarajatlarini qoplaydi.
Shu bilan birga, energiya ishlab chigarishning iqgtisodiy samaradorligini oshirish uchun
integratsiyalangan energiya tizimlari, jumladan, shamol va quyosh energiyasini birlashtirgan gibrid
tizimlar, energiya saglash texnologiyalari va aqlli boshgaruv tizimlarini joriy etish tavsiya etiladi

[2].

Ekologik va ijtimoiy muammolarni bartaraf etish uchun shamol turbinalarining shovqin
darajasini kamaytirish texnologiyalarini qo‘llash, atrof-muhit monitoringini amalga oshirish va
mahalliy aholi bilan mulogot olib borish muhimdir. Shuningdek, landshaft va qushlar hamda
boshga yovvoyi hayvonlarga ta’sirni kamaytirish bo‘yicha xalgaro standartlar va tavsiyalarni
qo‘llash tavsiya etiladi [3].
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Shamol energiyasidan samarali foydalanish uchun yugoridagi tavsiyalarni amalga oshirish
mintagaviy energiya xavfsizligini oshirish, elektr energiyasi ishlab chiqgarishni bargaror gilish va
ekologik toza energiya manbalarini rivojlantirishga xizmat qiladi. Shu bilan birga, mintagaviy
shamol resurslarining tahlili va ularni qo‘llashdagi tajribalarni doimiy yangilab borish, innovatsion
texnologiyalarni qo‘llash va investitsiya samaradorligini oshirish kelajak istigbollari uchun muhim
hisoblanadi [4].

Xulosa

Ushbu magolada shamol turbinalarining texnik xususiyatlari, mintagaviy shamol resurslari
va ularni qo‘llashdagi muammolar tahlil qilindi. Gorizontal va vertikal o‘qli turbinalarning
samaradorligi, quvvat ishlab chiqarish xususiyatlari, o‘rnatish va texnik xizmat ko‘rsatish jihatlari
solishtirildi. Mintagaviy shamol resurslari, xususan, O°zbekistonning shimoliy va g‘arbiy
hududlaridagi shamol tezligi va yo‘nalishining tagsimoti o‘rganildi, bu hududlarda shamol
energiyasidan samarali foydalanish imkoniyatlari mavjudligi aniglandi.

Tahlil natijalari shuni ko‘rsatdiki, texnik, moliyaviy va ekologik muammolar shamol
energetikasini rivojlantirishdagi asosiy to‘siglar hisoblanadi. Texnik muammolarni bartaraf etish
uchun turbinalarning turini va joylashuvini mintagaviy shamol resurslariga moslashtirish, yuqori
sifatli materiallardan foydalanish va ilg‘or texnologiyalarni qo‘llash zarur. Moliyaviy jihatdan,
davlat va xususiy sektor investitsiyalarini jalb etish, subsidiyalar va kredit mexanizmlari
samaradorlikni oshiradi. Ekologik va ijtimoiy muammolarni bartaraf etish uchun shovgin darajasini
kamaytirish texnologiyalari, ekologik monitoring va mahalliy aholi bilan mulogot gilish muhim
hisoblanadi.

Shu tarzda, mintagaviy shamol resurslaridan samarali foydalanish orgali elektr energiyasi
ishlab chigarishni bargaror qilish, energiya xavfsizligini oshirish va ekologik toza energiya
manbalarini rivojlantirish mumkin. Kelajakda gibrid energiya tizimlari, energiya saglash
texnologiyalari va aqglli boshgaruv tizimlarini joriy etish mintagaviy shamol energetikasining
samaradorligini yanada oshiradi.
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0 zbekiston Respublikasi Fanlar akademiyasi Materialshunoslik instituti,
’Farg ‘ona davlat texnika universiteti,
3Toshkent irrigatsiya va qgishlog xo ‘jaligini mexanizatsiyalash muhandislari instituti
milliy tadgigot universiteti
(Qabul gilindi 10.03.2026 y.)

Annotatsiya. Mazkur maqolada katta quyosh pechida konsentrlangan quyosh nurlanishi ogimini
berilgan zichlikda shakllantirish jarayonining nazariy va amaliy jihatlari tahlil gilinadi. Tadgigotda
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geliostatlar maydoni, paraboloid konsentrator hamda ularning o ‘zaro optik bog ‘lanishi orgali fokus
zonasida hosil bo ‘ladigan yuqori zichlikdagi nurlanish ogimining shakllanish mexanizmi ko rib chigilgan.
Shuningdek, konsentrlangan quyosh energiyasining fokus zonasida tagsimlanishi, nurlanish zichligining
fazoviy o ‘zgarishi hamda energiya ogimining shakliga ta’sir qiluvchi asosiy optik va konstruktiv parametrlar
aniglangan.Bundan tashgari, geliostat oynalarining aniqligi, konsentrator elementlarining geometrik
xatoliklari va quyosh radiatsiyasi intensivligining o ‘zgarishi kabi omillarning fokus zonasidagi energiya
tagsimotiga ta’siri tahlil gilingan. O ‘tkazilgan hisoblash natijalari katta quyosh pechining optik-energetik
imkoniyatlarini baholash, fokus zonasida zarur energiya zichligini hosil gilish hamda yuqori haroratli
materiallarni sintez gilish va termik ishlov berish jarayonlarini samarali tashkil etish uchun muhim ilmiy-
amaliy ahamiyatga ega.

Tayanch so‘zlar: quyosh pechi, konsentrlangan quyosh nurlanishi, geliostat maydoni, paraboloid
konsentrator, fokus zonasi, energiya zichligi, yugori haroratli materiallar.

Abstract. This paper investigates the features of forming a concentrated solar radiation flux with a
specified density in the focal zone of a large solar furnace. The optical configuration of the system, including
the heliostat field and the parabolic concentrator, is analyzed to explain the formation of a high-intensity
radiant energy flow in the focal region. Particular attention is given to the spatial distribution of energy
density in the focal spot and to the main parameters affecting the shape and size of the concentrated
radiation area. Furthermore, the influence of mirror surface inaccuracies, concentrator alignment errors,
and variations in solar radiation intensity on the characteristics of the concentrated energy flux is examined.
The obtained results make it possible to evaluate the optical and energy capabilities of a large solar furnace
and can be applied in optimizing high-temperature technological processes such as material synthesis,
thermal treatment, and experimental studies using concentrated solar energy.

Keywords:solar furnace, concentrated solar radiation, heliostat field, parabolic concentrator, focal
zone, energy density, high-temperature materials.

Annomauyus. B cmamve  paccmampusaromcsi  0COOEHHOCMU — (OpMUpPOBAHUs — NOMOKA
KOHYEHmMpPUpOBaHHO20 COJIHEYHO2O U3TYHUEeHU 300AHHOU NIOMHOCMU 6 ¢0Ka]le011 30He O0NbLUOU CONHEYHOU
nevu. HpoaHanuaupoeaHbz onmuveckas cxema YCmaHO6KU, KOHCMPYKYUAl 2eAUOCmAmHoco nojiid U
napa60ﬂ0u()H020 KOHYernmpamopda, a maxkatce npunyunsl qbopmupogaﬂuﬂ 6blCOKOUHMEHCUBHO20 JIYHUCMO20
nomoka 6 ¢okanvrot obaacmu. Ocoboe 6HuUMaHUe YOereHO PACHpedeseHUl0 HIOMHOCMU SHEPeUul 6
QoxanvHoM nsamue u paxmopam, erUAIOWUM Ha e2o Gopmy u pasmepovl. Kpome moeo, ucciedosano GuusHue
noepemHocmeﬁ ompastcaruux noeepxnocmeﬁ ceuocmamos U KOnyermpamopda, a makxoice UMEHEeHU
CONHEeYHOU paduayuu HA NApamempsl KOHYEHMPUpoB8anHo2o usiyuenus. Ilonyuennvie pe3yrvmamol
nozgoasom boiee mouHo OYEHUMb SHepcemudecKue xapakmepucmuku OonbUWON CONHEYHOU neyu u moeym
ObIMb UCNONL308AHbL NPU PA3PAOOMKe U ONMUMUAYUU PENCUMOB BbLCOKOMEMNEPAMYPHOU 00pabomxu
mamepuailos ¢ UCno1b306aHUEM KOHueHmpMPOGQHHOﬁ COJIHEYHOU IHEpcUU.

Knrwwueevie cnoea: conneunas nedyv, KOHYEHMPUPOBAHHOE COJIHEYHOE U3ly4eHue, ceauocmammuoe
noze, napadoioUOHbLL KOHYEHMpPamop, (YOKAIbHAs 30HA, NJIOMHOCHb IHEPSULL.

CuHTe3 HOBBIX TYrOIUIABKMX OKCHUAHBIX MAaTEpUasoB, JyyeBas TEpMOOOpabOTKa C LEIbIO
yIAy4IIEeHUs] WX OKCIUTyaTallMOHHBIX CBOMCTB, ONpeJeNeHHe TeIUIOPU3UIECKUX, CIIEKTPAIbHO-
ONTUYECKUX XapaKTEPUCTUK MaTepHaliOB, MOJIY4YEHHE CBEPXUYHMCTBIX MaTEpHUajoB, HCIBITAHUE Ha
JY4YEeBYIO CTOMKOCTB y3J70B HOBOM TEXHHMKH U T.J. OCYILECTBIISIIOTCS IPU BBICOKUX TemmepaTypax. s
pelIeHrss 3TUX 3a]a4 HapsAay C Ja3epaMd M TMeYaMH C HCKYCCTBEHHBIMH HCTOYHUKAMH, MIHPOKO
UCTIONIB3YIOTCSI KOHIIEHTPATOPHI COTHEUHOM SHEPTHH, MPH STOM, MHOTJIAa UX HCIIOJIb30BAaHUE SIBISIETCS
€IMHCTBEHHBIM CIIOCOOOM, JAIOIIMM pEIleHne MHOTHUX YKa3aHHBIX BBIIIE 3a/ad, Korga TpeOyroTcs
MOIIHbIE CBETOBbIE IIOTOKM PA3IMYHOIO CHEKTpanbHOro cocTtasa [1-5]. B atux ciydasx Hauboiee
MOJIXOAAIIMM MOTYT OBITh KPYHMHOTa0apUTHBIE KOHIIEHTPATOPHl COJHEYHOW HHEPTuH, aHaJOTHYHBIC
bonwmoit Conneunoii [Teun momaoctrio 1000 kBt AH PY3 (BCII) (ITapkent, TamkenTckas o0iacTs,
V36ekucran). B Hactosmee Bpems BCII sBisieTcss oTHUM U3 IBYX B MUPE COJTHEUHOW MEUYbI0 OOJIBIION
MomHocTH. Bo ®panuuu nmeercs ananorndynas neys. Kpome 3toro 3a pydexoM GyHKIMOHUPYET P
BBICOKOTEMIIEPATYPHBIX COJIHEUHBIX meued cpeaneilt momuocty ot 20 mo 60 kBt (CIIA, Ucnanus,
I'epmanus, Poccust u ap.).

B pabote [5-10] mpoBenéHbl pe3ysbTaThl MO PacyeTy ONTHKO-dHEPTETUUYECKUX XapaKTCPUCTHUK
COJTHEYHBIX TIeuel, HCIOJIb3YyeMBIX B MAaTEpPHAJIOBEACHUU, a TaKXKe Hay4dHble HaNpaBlICHUs, T
WCIOJIb3YETCSI KOHLIEHTPUPOBAHHASL COJTHEUHAs! YHEPTHS.

CrnenyeTr OTMETHT, 4TO B 3TUX YCTAHOBKAX MAKCUMAaJIbHBIE JOCTUTHYThIE B HUX IUIOTHOCTH
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KOHIIEHTPHPOBAHHOTO COJHEYHOTO M3IydeHHs He mpeBeimaror ~500 Br/cM?, a mmamerp paboueit
momaau cocrapisier okono 20-40mm, B To Bpems Ha BCII z[HaMeTp pabodeii TUTOIaar COCTaBISCT HE
menee 200 MM, a paGoume TIOTHOCTH jgocTuraeT 750 Br/cm?. Kak mokassiBaeT MHOTONETHHH aHAIN3
SKCIIEPUMEHTAIbHBIX JTAHHBIX MO W3MEPEHHIO TUIOTHOCTU 3HEPrUU B (POKAIBHOW 30HE YCTAaHOBKH, YTO
BCII nMeer u Gonbllie BO3MOYKHOCTH TOBBIIICHHS €€ KOHICHTPUPYIOMIECH CIOCOOHOCTH, HampuMeED,
bi o) 1100BT/CM2, B TO BpeMsa s cymiecTBytomux CII  BO3MOXKHOCTH TOBBINICHUS KOHIICHTPAIlUU
OTpaHMYEHBI ¥ HAXOAATCS HAa ypoBHE 650 — 750 Br/cM?.
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Puc.1. Onruueckas cxema BCII.

bonbmas Conneunas I1eub MNpeaACTaBJIACT CcO0O0M CIIOXKHBIN ONTUKO-MEXaHUYECKUI KOMILIEKC
C AaBTOMaTU4YCCKHMU CUCTEMAaMH  YIIPABJICHHA, COCTOSIHII/Iﬁ U3 TCIHUOCTAaTHOTO IIOJII H
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napaboIOUIHOTO KOHIIEHTpaTopa, (opMHUpyIOIUX B (OKaNbHOW  30HE  KOHIIGHTpaTopa
(TexHomornyeckas OalrHs) TyYUCTHIA CTAIIHOHAPHBIN MOTOK BBICOKOM IMIIOTHOCTH.

[Teus pacnonoxena B 50 km ot TamxkenTta, B IlapkeHTckoM paiioHe B mpearopbsix TsHb-
Illana. T'eorpaduueckas mmpora mectHoctd 41920, BeIcoTa Hag ypoBHeM Mops 1050 .

I'enuocraTHOE mose oOpasyercs 62 reauocTaTaMy, PACIOIOKEHHBIMU Ha I0JIOIOM CKJIOHE
ropsl B [IAXMaTHOM TOpPSJKE W OOECHEeYMBAIOIIMMHU B PEKUME HEMPEPBIBHOTO CIEKEHUS 3a
ConHueM B T€YEHUH paboyero JHS OCBEIICHHWE BCEM 3epKajbHOM MOBEPXHOCTH KOHLEHTpPATOpa.
Bce 62 rennocrara KoMIUIEKCa UMEKOT OAMHAKOBYIO KOHCTPYKLMIO U pasmepbl. OtTpakaromas
MMOBEPXHOCTh IeJIMOCTaTa pasMepoM 7,5x6,5 M - TIIOCKast, COCTaBHAsI M COCTOUT U3 195 3epKabHBIX
aneMeHToB - (auer pasmepoMm 0,5x0,5M  u TommumHONH 6 MM. OTtpaxaromuil cioil  dauers
o0pa3oBaH BaKyyMHBIM HaIlbJIEHUEM AJFOMUHHUS C ThUJIbHOW CTOPOHBI W 3alIMILIEH aKpUIOBOMH
kpackoir mapku OM AK-5164. OGmee xomuuectBo ¢aner 12090 mT. u miomaab oTpakaromien
HOBEPXHOCTH cocTapisger 3022,5 M2,

Ha puc.]l mpencraBnena ontuueckas cxema bCII.

Orpaxkaroliasi MOBEPXHOCTb  KOHIIEHTpaTOopa IMpeACTaBiIsieT Cco00M  MpSMOYIOJbHO-
CTYNEHYATYyI0 BBICEUKY M3 Iapabonouaa BpamieHus ¢ (QOKyCHbIM paccrosHueM 18M. Bricora
MUJIeNI KOHLIEHTpaTtopa 42,5M U HWXKHSS KPOMKa pacrojoXeHa B SM OT YpPOBHS 3€MJIM, LIUPUHA
mugens 54m. OOmas miom@anab MUAEIS paBHA 1840M2, a mIomaap camoii IIOBEPXHOCTH 2060Mm2.
Konnentrparop montupyetrcs u3z 214 6imokoB B (opme mapaienorpamma, ¢ pa3MepaMud CTOPOH
4,5x2,25M Kax/blii, HO ¢ Pa3HBIMH YIJaMM [P BEPILUHAX, ONPEAENIIEMbIMU KOOpIMHATAMU OJIOKA.
Ha xaxxmom 6moke 50 oTpakaromux 3JeMEHTOB - (amer pomOuyeckor ¢opmbl. OOmiee 4ducio
darer 10700mT. 3epkano ¢aneTsl CTEKISHHOE, C THUIBHBIM OTPAKAIOIIUM CIIOEM, 00pa30BaHHBIM
ATIOMUHUMEBOM TIJIEHKOW, HAHECEHHOM CIOCOOOM BaKyyMHOTO HamblIeHHUs. Pa3mepsl 3epkaia
447x447x5. Otpaxaromue noBepxHoctu (auer GopMupoBaHbl 1epOPMALMOHHBIM CIIOCOOOM U
MOBTOPSIIOT COOTBETCTBYIOIIME KPUBU3HBI 30HBI Mapabosouja, Ha KOTOPOM OHU YCTaHOBJICHBI.
@auetsl o Gpopme umeer 10 Tunopazmepos.

To4HOCTH OTpaXKAOMIMX DSJIEMEHTOB KOJeOJeTcs B mpeaenax 3-5 yriioBbIX MUHYT. Takoe
COCTOSHHME CHCTEMBI IIO3BOJIIET CO31aTh IUIOTHOCTH SHEPruM B mpepenax E=3-750 Br/cm? c
marom 3+-30Bt1/cM? npu conneunoit paguamun 700 Br/m?. CymMMapHas MOIIHOCTB IIEYH B OKOJIO
0.7 MBT, MakcuMaibHbIH quaMeTp GoKaabHOTO IsATHA 1,2 M.

[Tpunuun pa6otsr BCII 3akntodaercs B ciaeayroleM: Mo Mepe JHEBHOTo JBuxkeHus: ConHie
1Mo HeOOCBOAY TEIUOCTaThl yCTAHABIUBAIOTCA TaK, YTOOBI OTPAKEHHBIE OT HHUX JIydd HMEIU
HalpaBJIeHUE ceBep-tor (ONTUYECKas OCh KOHIEHTpaTopa), Jajee ATOT NapauleIbHbIA IOTOK
COJTHEYHBIX JIyuel MonajarT Ha KOHIEHTPATOp U OTPaXkasich, coOHparoTcs Ha GOKyce YCTAaHOBKHU.
B pesymbraTte gamHOro mporecca B (okampHOM oOmactm  oOpa3yercss Hekas 30Ha
KOHIEHTPUPOBAHHON COJIHEYHOW SHepruu. Pasmepbl JaHHOrO NSATHA, €€ MPOTSKEHHOCTH I10
pa3NUYHBIM HANpaBiICHUsIM, (opMa U JPyrue XapaKTEePUCTHKH CHIBHO 3aBHCAT OT MHOTHX
MapaMeTpoB YCTAHOBKH M IKCILTyaTAllMOHHBIX (DAKTOPOB.

PacnipenienieHne NJIOTHOCTH SHEPTUM B TMEPBOM NPUOIMKEHUU, S OLICHOYHBIX IIeJieH,
MO’KHO MPEJICTaBUTh U3BECTHOM hopMyroit Anapucu:

e - E RN sin?U Ye o c =3.283-103(%)2 (1+cosU. )?
T

rae h — mepa TouHOCTH KOHIEHTpaTopa (MakcumanbHoe 3HaueHue 4,12 rpax?), p — QokanbHBII
napamerp, Um — yron packpeitusi, Eo — magaromas panuanus U Rs — k03ppuimenT orpaxeHus.
OTMeTHM, 4TO Ha TpaKTHKEe BMecTe N  Tarke HCHONb3yeTcs BeiawuyuHa hi , ompeaessieMoit
¢dopmynori h1=180h/z . 3pmech I — paccrosHUE IO MPOAOJHLHOMY CEUYCHHUIO KOHIEHTPATOPA.
XapakTepHbIM HEJOCTATKOM COJHEYHBbIX Ieueld, B 4YacTHOCTH bonpmoit Conneunoit Ileuw,
SBIISICTCS HEMOCTOSHCTBO XapaKTEPUCTUK (POKATBLHOTO ISITHA IO BpEMEHH. DTO CBSI3aHO, C OJHOU
CTOPOHBI, C BPEMEHHBIMH H3MEHEHUSMHU 3HAYCHHS NPSIMON COJIHEYHOW paaualuu U, ¢ APYroi
CTOPOHBI, COCTOSIHUEM ONTHYECKUX W MEXAHUYECKUX 3JIEMEHTOB YCTAaHOBKH, T.€. COCTOSHUEM
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FOCTUPOBKH 3€pKaJl, YIJOBBIX HETOYHOCTEH CBETOOTpPaXKAIOMIMX 3epKaji, KodpQuimenraMu
OTpa)kKeHHUS 3€pKall, COCTOSHUEM COJTHEYHBIX JaTYUKOB U JIp.

bonmpmass ConHeunass [ledybr oOcHamieHa  COBPEMEHHBIMH MPHOOpaMU I W3MEPCHUS
TUIOTHOCTU KOHIEHTPUPOBAHHON COJTHEYHOM PHEPTUHU, TEMIEPaTyphbl UCCIAEAYEMBIX MaTepUAIOB U
npuOopaMu TSI KOHTPOJIS MPOTEKAHUS BBICOKOTEMIIEPATYPHBIX TporieccoB. K HUM OTHOCATCS
BBICOKOTEMIIEPATYPHBIN MUPOMETP JUIsl TUCTAHIIMOHHOTO H3MEpPEHUsl TeMIlepaTypbl MaTepuasioB
(IMPAC IGA 12, Tnax=3500°C), Temnosuszop (FLIR A655), paznuuHble paguoMeTphl, (OTOMETPEL,
uuppoBble  TEPMOMETPBI,  CHUCTEMa  TEXHMYECKOTO  3peHus  (pa3pabOTKM  HMHCTUTYTa
MarepuanoBenenus) u aip.

Jns U3MEPEHUs 1100
IUIOTHOCTH TEIUIOBOTO IMOTOKA
KOHIIEHTPUPOBAHHOT'O 1000
COJTHEYHOTO M3Iy4eHHs Ha
COJIHEYHBIX meyax 900
pa3zpaboTaHbl U3MEPUTEIIN
IJIOTHOCTHU nyuncthix 900
MTOTOKOB, a TaKKe
pazpaboTaHbl METOAUKH lujoo
MIPOBEACHUS M3MEepeHHi
IUIOTHOCTEH JTYYUCTBIX ]
IIOTOKOB. Pa3zpaGorannble  g5p
U3MEpUTENN
(TEeTIOPUEMHUKH ) 400
MO3BOJIIIOT ~ M3MEPATh  Kak : : : : : : : : ,
UHTErPaJbHYIO wiordocty 300 +——p—F—F—T——F——T—T——T—— T T
(06mIyI0 MOIITHOCTB) 0 1 2 3 4 s rsn " 6 7 8 9 10
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Ha puc.4 npeacrasiieHbl 3aBUCUMOCTH IIJIOTHOCTH Ha MATHE U cpefuss koHueHTpanus KCU B
OIPEIEICHHBIX 30HaX IIATHA.
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Puc.4. MOIHOCTD M CPENHSAA KOHIIEHTPALKS B PA3IMYHbIX 30HAX.

Takue 3aBUCMMOCTU MPEACTABISAETCS BAXKHBIMM, KOTJa IMOSBISIETCS HEOOXOAUMOCTh
OIIpEZICIICHUs] XapaKTepa paclpeesIeHus] IUIOTHOCTU MOTOKAa KOHUEHTPUPOBAHHOIO COJHEYHOIO
M3JIy4eHHUsS 10 pa3sMepy MSITHA U CPEIHIOI0 KOHLEHTPALMI0 M3JIyYEHHs B OIPEICICHHBIX 30HAX
¢doxanpHOrO msATHA. [IpoBe/IeHHBIM pacyeTHbIM aHAIN3 SHEPreTHUECKUX XapaKTepUCTUK bosbIoil
Conneunoii Iledyn u BBIIBICHHBIE WX OCOOCHHOCTH, OOIIME 3aKOHOMEPHOCTH, a TaKkKe
[IPEJCTAaBICHHbIE IOJPOOHbBIE JAHHBIE MO3BOJIAIOT KOPPEKTHO ONPEAETUTh KOH(UIYPALMOHHBIX
napameTpoB bonbimoit Comneunoit [leun muist peanuzanuy pa3IMuHbBIX PEXUMOB B (POKaIbHOM 30HE
Ie4yd s CHUHTe3a M TepMOOOpabOTKM pa3lUYHBIX BBICOKOTEMIEPATYpHBIX MAaTEpHANIOB C
3a/IaHHBIM KOMILJIEKCOM CBOWCTB.
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KANALLAR USTIGA O‘RNATILGAN QUYOSH FOTOELEKTR STANSIYALARINING
SAMARADORLIGI

Sh.S. Nazirjonova
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nnshoxnoza@gmail.com, 99 609-67-11
(Qabul gilindi 10.03.2026 vy.)

Annotatsiya. Mazkur maqolada kanallar ustiga o ‘rnatilgan quyosh fotoelektr tizimlarining texnik
samaradorligi tahlil qilinadi. Tadqgiqotda suv bug ‘lanishini kamaytirish, yer resurslaridan samarali
foydalanish hamda quyosh panellarining harorat rejimi orgali energiya ishlab chigarish samaradorligini
oshirish imkoniyatlari ko ‘rib chigilgan.

Tayanch so‘zlar: quyosh energetikasi, fotoelektr tizim, kanal usti PV, bug‘lanish, harorat,
samaradorlik, energiya, suv resurslari.

Aunomauun. B Oannoii cmamee nposooumcs ananu3 mexHuveckou 3Q@dexmusHocmu COTHEYHbIX
gbomoaﬂekmpuuecwx cucmem, YCmAaHOBJ1EHHbIX Hao kananamu. B uccneoosanuu pacemampuearomcs
BO03MOINCHOCMU CHUJNICEHUA UCnAapPEeRUA 6‘00bl, Sde)eKmutBHOZO UCNONIb306AHUA 3EMENIBHBLX peCYPCO8, a maKaHce
nosvluieHusi dhekmueHocmu  8blpabOMKU  IIEKMPOIHEPSUL 3a CYEM ONMUMUSAYUU MEeMNEPAMYPHO20
pestcuma COoIHEeYHblX nawmenetl.

Knioueente cnoea: conneunas IHepecemuKa, qbomoaﬂekmputtecmm cucmema, CoJIHeYHbvle naHeau Hao
KaHanamu, ucnaperue, memnepamypa, 3poexmueHocms, IHepeust, 600HbLE PECYPCHI.

Abstract. This article analyzes the technical efficiency of solar photovoltaic systems installed above
irrigation canals. The study examines the potential for reducing water evaporation, improving land-use
efficiency, and increasing energy generation efficiency by optimizing the temperature regime of solar panels.

Keywords: solar energy, photovoltaic system, canal-top PV, evaporation, temperature, efficiency,
energy, water resources.

Hozirgi kunda gayta tiklanuvchi energiya manbalaridan samarali foydalanish hamda suv
resurslarini tejash global miqyosdagi dolzarb muammolardan biri hisoblanadi. Aynigsa, keskin
kontinental iqlim sharoitiga ega hududlarda suvning bug‘lanish orqali yo‘qolishi yuqori darajada
kuzatilib, bu holat gishlog xo‘jaligi, energetika tizimlari va ekologik barqarorlikka sezilarli ta’sir
ko‘rsatadi. Ilmiy tadqiqotlar natijalariga ko‘ra, yuqori harorat va past namlik sharoitida ochiq suv
yuzasidan bug‘lanish jarayoni sezilarli darajada kuchayadi. Shuningdek, sug‘orish tizimlarida suv
yo‘qotishlarining katta qismi aynan bug‘lanish va filtratsiya hisobiga yuzaga keladi. Bundan
tashqari, quyosh energetikasining jadal rivojlanishi yer resurslariga bo‘lgan bosimni ham
oshirmoqda. Katta quvvatli fotoelektr stansiyalarini qurish uchun keng yer maydonlari talab etiladi,
bu esa qishloq xo‘jaligi yerlari va tabiiy hududlarga ta’sir ko‘rsatishi mumkin. Shu sababli, mavjud
infratuzilmalardan samarali foydalanish va energiya ishlab chigarishda innovatsion yondashuvlarni
joriy etish muhim ahamiyat kasb etmoqda.

Olib borilgan ilmiy tadqiqotlar va adabiyotlar tahlili shuni ko‘rsatadiki, sug‘orish kanallari
ustiga quyosh fotoelektr panellarini o‘rnatish texnologiyasi istigbolli va innovatsion yechimlardan
biri sifatida garalmoqgda. Mazkur texnologiya bir vaqtning o‘zida uchta muhim vazifani bajaradi:
suvning bug‘lanish orqali yo‘qolishini kamaytiradi, yer resurslaridan samarali foydalanish imkonini
yaratadi hamda quyosh panellarining harorat rejimini yaxshilash orqgali ularning samaradorligini
oshiradi.

Shu munosabat bilan, mazkur maqolada kanallar ustiga o‘rnatilgan quyosh fotoelektr
tizimlarining texnik samaradorligi kompleks tarzda tahlil gilinadi. Shuningdek, quyosh fotoelektr
panellarining samaradorligi haroratga bog‘liq bo‘lib, u quyidagi gonuniyat asosida ifodalanadi:
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N= 15 [1 = B(T —25)] 1)

bu yerda:

n — panelning amaldagi samaradorligi
1,z — 25°C dagi nominal samaradorlik
B — harorat koeffitsiyenti

T — panel harorati, °C

Panel harorati 25°C dan oshgan sari, uning samaradorligi kamayadi. Agar harorat 25°C dan
past bo‘lsa, samaradorlik nisbatan yuqori bo‘ladi.

Kanal usti PV tizimlarining afzalliklari. FAO ma’lumotlariga ko‘ra [1], issiq iqlim sharoitida
suv yuzasidan bug‘lanish 5-12 mm/kunni tashkil etadi, bu esa 1 m? yuzadan 5-12 litr suv
yo‘qotilishiga teng. Hisob-kitoblarga ko‘ra, 1 km uzunlikdagi kanal (10 m kenglikda) uchun bu
ko‘rsatkich 80-100 tonna/kunni tashkil etadi. llmiy tadgiqotlar [2] natijalariga ko‘ra, kanal ustiga
quyosh panellarini o‘rnatish bug‘lanish yo‘qotishlarini 30-50% gacha kamaytiradi.

Quyosh fotoelektr panellarining samaradorligi ularning ishchi haroratiga bevosita bog‘liq
hisoblanadi. Ilmiy tadqiqotlarga ko‘ra, kremniy asosidagi quyosh panellari uchun optimal ishchi
harorat 25°C atrofida bo‘lib, harorat oshishi bilan ularning foydali ish koeffitsienti kamayadi.
Xususan, NREL PV Performance Modeling Collaborative masnymotnapura kypa, haroratning har
1°C ga oshishi panel samaradorligini o‘rtacha 0,4-0,5% ga kamaytiradi.

Mamlakatimizda yoz mavsumida quyosh panellari yuzasi 70—75°C gacha qizishi kuzatiladi.
Bu esa panellarning nominal quvvatiga nisbatan sezilarli yo‘qotishlarga olib keladi. Tadgiqotlar
shuni ko‘rsatadiki, yuqori harorat sharoitida panellar samaradorligi 15-20% gacha kamayishi
mumkin.

Xoriiy olimlar olib borgan so‘nggi ilmiy-tagkukor ishlarda kanallar ustiga o‘rnatilgan
quyosh panellarining muhim afzalliklaridan biri sifatida tabiiy sovitish effekti qayd etilgan.
Masalan, xorijiy olimlar olib borgan ilmiy tadqiqot ishlarida [3] kanal ustida joylashtirilgan panellar
suv oqimi va bug‘lanish jarayoni hisobiga yer ustiga o‘rnatilgan panellarga nisbatan pastroq
haroratda ishlashi aniglangan. Ilmiy tadqiqotlar shuni ko‘rsatadiki, suv muhitida joylashgan yoki
suv bilan sovutiladigan fotoelektr panellar harorati 5-15°C gacha kamayishi mumkin. Masalan, suv
orqali sovitish texnologiyalarida panel harorati 45°C dan 35°C gacha pasaygani aniqlangan. Kanal
usti tizimlarida esa suv oqimi va bug‘lanish hisobiga tabiiy sovitish yuzaga kelib, panel harorati yer
usti tizimlariga nisbatan o‘rtacha 5—10°C past bo‘lishi kuzatiladi [4-6].

Bu holat panel samaradorligiga ijobiy ta’sir ko‘rsatadi. Harorat koeffitsiyentini hisobga
olgan holda, ushbu farq natijasida energiya ishlab chigarish hajmi 8-11% ga oshishi mumkin. Shu
tariqa, kanal usti fotoelektr tizimlari nafagat suv bug‘lanishini kamaytiradi, balki panellarning
harorat rejimi orgali ularning umumiy energetik samaradorligini ham oshiradi.

Hisob-kitob natijalari va matematik tahlil.  Kanallar ustiga o‘rnatilgan quyosh fotoelektr
tizimlarining texnik samaradorligini baholashda suv bug‘lanishining kamayishi, panel haroratining
pasayishi va natijada energiya ishlab chiqarishning ortishi asosiy mezonlar sifatida kaOyn KunmusAH.
Hisob-kitoblar shartli ravishda 1 km uzunlikdagi va 10 m kenglikdagi kanal uchun bajarildi.

Agar panel harorati T=60°C bo‘Isa:

Heo=0,2*[1-0,005(60—25)]
Heo=0,2*(1-0,175)=0,165
ya’ni samaradorlik 16,5 % ni tashkil etadi.

b) Kanal usti paneli uchun, agar panel harorati T=50°C bo‘lsa,
ns0=0,2*[1-0,005*(50—-25)]
ns0=0,2*(1-0,125)=0,175
ya’ni samaradorlik 17.5% ga teng bo‘ladi.
Demak, panel haroratining 60°C dan 50°C gacha pasayishi energiya ishlab chiqarish
samaradorligini taxminan 10% ga oshiradi. Agar haroratlar farqi kichikroq bo‘lsa, bu o‘sish mos
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ravishda kamroq bo‘ladi. Shuning uchun kanal usti tizimlarida qo‘shimcha energiya hosili odatda
harorat fargiga bog‘liq holda baholanadi.

Quvvat bo‘yicha hisob-kitob qilmoqchi bo‘lsak, quyosh paneli ishlab chigaradigan quvvat
quyidagi ifoda bilan aniglanadi:

P=n-G-A 2

bu yerda:

P — panel ishlab chigaradigan elektr quvvati (Watt);

G — panelga tushayotgan quyosh nurlanishi zichligi (W/m?);

A — panel yuzasi (m?);

n — panelning foydali ish koeffitsienti (FIK).

Misol uchun, agar:
G = 1000 W/m? (quyosh nuri kuchli),
A=1,6m?
n=0,20 (20%)  bo‘lsa, unda yer usti paneli uchun:
Pyer=0,15-1000-100=15000 W
kanal usti paneli uchun esa:
Pkanai=0,165-1000-100 =16500 W
Demak, bir xil maydon va bir xil nurlanish sharoitida kanal usti tizimi qo‘shimcha:

AP=16,5-15=1,5 kW

quvvat ishlab chigaradi.

Yugoridagi nazariy hisob-kitoblarni tasdiglash magsadida MATLAB tizimining Simscape
Electrical (SimPowerSystems) kutubxonasi asosida imitatsion model yaratildi. Ushbu kutubxona
Simulink paketining qo‘shimcha moduli bo‘lib, elektr energetik qurilmalarni modellashtirish uchun
mo‘ljallangan.

» 21.05
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<|_PV=
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@
Display1
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1000 Ir
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1-rasm. Quyosh fotoelektr tizimining ish rejimini modellashtirish sxemasi.

Imitatsion model tarkibi:
— yarimo‘tkazgich qurilmalari;
- passiv elementlar (rezistor, induktivlik, sig‘im);
- aktiv elementlar;
- boshgaruv tizimlari modellari.
Ushbu model yordamida quyosh fotoelektr tizimlarining matematik modeli tuzilib, harorat va

nurlanishning panel xarakteristikalariga ta’siri o‘rganildi.
Modelda harorat parametrini o‘zgartirish orgali turli ish sharoitlari tadgiq qgilindi.
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3-rasm. Quvvatning kuchlanishga bog‘liqlik grafigi (P—V xarakteristikasi).

Ushbu grafik fotoelektrik panelda tokning kuchlanishga bog‘liq ravishda

50°C — kanal usti sharoiti;
60°C — yer usti sharoiti.

o‘zgarishini

ifodalaydi. Grafikdan ko‘rinadiki, past kuchlanish qiymatlarida tok deyarli doimiy qoladi,

kuchlanish ortishi bilan esa ma’lum nuqtadan keyin tok keskin kamayadi. Harorat ortishi natijasida

|-V egri chizig‘i chap tomonga siljiydi, bu esa ochiq zanjir kuchlanishi (Voc) kamayishini
anglatadi. Shu bilan birga, gisga tutashuv toki (lq:) harorat oshishi bilan oz miqdorda ortishi
kuzatiladi.

Ushbu grafik fotoelektrik panelning chiqish quvvati kuchlanishga qanday bog‘liq ekanligini
ko‘rsatadi. Quvvat ma’lum bir kuchlanish gqiymatida maksimal nuqtaga yetadi (Pmax), bu nuqta
panelning eng yuqori samarali ish rejimi hisoblanadi. Harorat ortishi bilan PV egri chizig‘i pastga
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tushadi, natijada maksimal quvvat giymati kamayadi. Bu holat panel haroratining oshishi
fotoelektrik o‘zgartirish samaradorligini pasaytirishini ko‘rsatadi.

Ushbu jadvalda panel harorati o‘zgarganda uning samaradorligi qanday o°zgarishi
ko‘rsatilgan. Hisoblar quyidagi bog‘lanish asosida olingan.

1-jadval
Harorat | Samaradorlik Izoh
1| 55 0.0 % Bu standart_ (nomlnal) s_har0|t. Panel eng yuqori
samaradorlikda ishlaydi.
2 | 40°C 18.5 % Harorat oshgani uchun FIK biroz pasaygan.
3 | 50°C 17.5% Panel yanada qizib, samaradorlik kamaygan.
4 | 60°C 16.5 % Yuqori harorat sababli FIK sezilarli pasaygan.

Demak, harorat oshgani sari panelning samaradorligi pasayadi. 25°C dan 60°C gacha
oshganda samaradorlik 20% dan 16.5% ga tushadi. Ya’ni, panelning haroratini pasaytirish —
quvvatning ortishiga olib keladi.

MATLAB/Simulink mubhitida olingan -V va P-V xarakteristikalar quyosh paneli ish
rejimining haroratga sezgir ekanligini ko‘rsatdi. Grafiklardan ko‘rinib turibdiki, harorat 25°C dan
60°C gacha oshirilganda panelning maksimal quvvati pasaygan. Bu holat panel foydali ish
koeffitsientining pasayishini anglatadi. Aynigsa, P—V xarakteristikasida 25°C dagi maksimal quvvat
60°C dagiga nisbatan yuqoriroq ekani yaqqol kuzatiladi. Demak, panel haroratining oshishi elektr
energiya ishlab chiqgarish samaradorligining kamayishiga olib keladi.

Xulosa qilib aytish mumkinki, natijalar nazariy hisob-kitoblar bilan kompyuter dasturida
olingan natijalarga mos kelib, kanallar ustiga joylashtirlgan quyosh fotoelektr tizimlarining
samaradorligini yuqori bo‘lishini asosladi. Kanal ustiga o‘rnatilgan quyosh fotoelektr tizimlari
panel haroratini pasaytirish orqali ularning samaradorligini oshiradi. Natijada nafaqat qo‘shimcha
elektr energiyasi ham ishlab chigariladi balki qo‘shimcha suv resurslari ham tejaladi. Bu esa
mazkur texnologiyaning energetika va suv xo‘jaligida kompleks samarali yechim ekanligini
ko‘rsatadi.
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Annotatsiya. Mazkur ishda ikki to ‘lqinli infraqizil optoelektron usulga asoslangan namlik o ‘Ichagich
ishlab chigilgan. HITRAN xalgaro spektroskopik ma’lumotlar bazasi tahlili asosida ishchi to ‘lqin uzunliklari
tanlanib, 1.94 mkm o lchash kanali sifatida, 2.22 mkm esa etalon kanali sifatida qo ‘llanilgan. Infraqizil
namlik o ‘lchagich tarkibiga ikki rangli yorug ‘lik diodi, keng spektral sezgirlikka ega fotodiod, eksponensial
modulyatsiya va optik manfiy teskari aloga tizimi kiritilgan. Olingan natijalar taklif etilgan infraqizil namlik
o ‘Ichagich paxta hom-ashyosining namligini real sharoitlarda aniq nazorat gilish uchun istigbolli ekanini
ko ‘rsatadi.

Tayanch so‘zlar: Infraqizil namlik o‘lchagich, ikki to lginli usul; infraqizil yutilish; optoelektron
o ‘Ichash; yorug ‘lik diodlari; fotodiod, Buger-Lambert-Ber gonuni; HITRAN bazasi.

Annomayus. B dannoii pabome pazpaboman 6nacomep HA OCHO8E 08YXB0IHOB020 UHPPAKPACHO20
ONnMmModNeKmponHo2o memooa. Ha ocnoee amanuza Oanuvix medcOyHaApoOHOU CHEKMPOCKONUYEeCKoU 06a3bl
HITRAN evibpansl pabouue Oaunbl 6ONH, NpU dMOM OAuHa 6oaHbl 1,94 MKM ucnonv3yemcs 6 Kauecmee
usmepumelbHoco Kanaua, a 2, 22 MKM - 6 Ka4decmee ONOPHOcO KaHaila. B cocmaes qu)paKpaCHoeo erazomepa
6X005M 08YXYBEMHULILL CEemMOooU00, POMoOU0D ¢ WUPOKOU CHEKMPATbHOU 4Y8CMEUMENbHOCMbIO, CUCmeMd
9KCNOHEHYUATILHOU MOOYAAYUU U ONMUYECKOU OmpuyamenvHol oopamnoi ceas3u. Ilonyuennvle pesyibmamol
NOKA3b18AI0M, YMO NPEONONCEHHBIN UHPPAKPACHBLIL 81A20MED AGNSAEMCS NEPCREKMUBHbIM CPEOCMBOM O
MOYHO20 KORMPOJIAL 671AHCHOCMU XJIONKA-CblpYA 6 PEAIbHbIX YCI06UAX IKCNIIyamayuu.

Knrouesvie cnoea: ungpaxpacuviii én1azomep;, 08yXE0AHOBOU MeMOO;, UHPPAKPACHOE HO2NOWEHUE,
ONMOINIEKMPOHHBIE UBMEPEHUSL, C8emOoOUodbl, omoouoo, 3axon byeepa-J/lambepma-bepa; 6aza OanHvix
HITRAN.

Abstract. In this work, a moisture meter based on a two-wavelength infrared optoelectronic method
has been developed. Based on the analysis of the international spectroscopic database HITRAN, the
operating wavelengths were selected, with 1.94 um used as the measurement channel and 2.22 um as the
reference channel. The infrared moisture meter includes a dual-color light-emitting diode, a photodiode with
broad spectral sensitivity, an exponential modulation scheme, and an optical negative feedback system. The
obtained results demonstrate that the proposed infrared moisture meter is a promising tool for accurate
monitoring of raw cotton moisture under real operating conditions.

Keywords: infrared moisture meter; two-wavelength method; infrared absorption; optoelectronic
measurements; light-emitting diodes; photodiode; Beer-Lambert-Bouguer law; HITRAN database.

1. Kirish. Zamonaviy optoelektron usullar va qurilmalarning asosini yorug‘lik diodlari va
fotodiodlar tashkil etadi [1]. Uzoq vaqt davomida optoelektron texnologiyalarning keng joriy
etilishi oddiy, ishonchli va arzon nurlanish manbalarining yetishmasligi bilan cheklangan edi.
Yarimo‘tkazgichli nurlantirgichlarning yaratilishi optoelektron usullarni qo‘llash imkoniyatlarini
sezilarli darajada kengaytirdi, jumladan, ular nazorat o‘lchov va diagnostika tizimlarida ham
samarali qo‘llanila boshladi [2].

Hozirgi kunda optik spektrning o‘rta infraqizil sohasini ham o‘z ichiga olgan keng to‘lqin
uzunliklari diapazonida ishlovchi yarimo‘tkazgichli nurlantirgichlar ishlab chigilgan [3].
Yarimo‘tkazgichli nurlanish manbalarining asosiy xususiyatlariga yuqori tezkorlik, elektr tokini
o‘zgartirish orgali nurlanish intensivligini boshgarish imkoniyati, monoxromatiklik, yetarli optik
quvvat hamda kichik gabarit o‘lchamlar kiradi [4]. Ushbu afzalliklar fan va texnikaning turli
sohalarida qo‘llaniladigan nazorat va o‘lchash qurilmalarini ishlab chigish va takomillashtirish
uchun qulay sharoit yaratadi. Shu munosabat bilan so‘nggi yillarda yarimo‘tkazgichli
nurlantirgichlar asosidagi optoelektron tizimlarni yaratishga garatilgan tadqigotlar soni sezilarli
darajada oshdi [5]. Ko’pchilik optoelektron qurilmalarning funktsional asosini boshgqariladigan
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muhit orqali optik bog‘langan “yorug‘lik diodi — fotodiod” juftligi tashkil etadi. Yorug‘lik diodi
tomonidan hosil qilingan nurlanish tadqiq etilayotgan ob‘ekt orqali o‘tib, fotodiod tomonidan gabul
qilinadi va u yerda optik signal elektr signaliga aylantiriladi. Bunday qurilmalarda ma‘lumot
tashuvchisi sifatida optik nurlanish xizmat giladi, u elektromagnit shovginlarni keltirib chigarmaydi
va tashqi ta‘sirlarga deyarli sezgir emas [6]. Ushbu xususiyat, optoelektron usullarni infragizil
nurlanishdan foydalanuvchi yuqori samarali o‘lchash va diagnostika tizimlarini yaratish uchun
istigbolli ekanini ko’rsatadi [7].

Qishloq xo‘jaligi mahsulotlari sifatini baholash va nazorat qilish masalalari zamonaviy
agrosanoat majmuasida muhim ilmiy-amaliy ahamiyatga ega. Xom paxta namligini aniq va tezkor
o‘Ichash uni saqlash, tashish va qayta ishlash jarayonlarida hal qiluvchi omil hisoblanadi [8]. Paxta
namligining me‘yordan ortib ketishi tola sifati pasayishiga, mikrobiologik faollikning ortishiga va
0‘z-o‘zidan qizish jarayonlarining rivojlanishiga olib kelishi mumkin [9]. Shu sababli paxta xom
ashyosining namligini tezkor nazorat qgilish uchun yugori sezgir, aniq va ishonchli asboblarni ishlab
chigish muhim ilmiy-texnik masalalardan biri hisoblanadi.

2.1. Infragizil namlik o‘lchash usuli. Infraqgizil namlik o‘lchagichlarni ishlab chiqishda nazorat
qilinayotgan ob‘ektning spektral xususiyatlari birinchi darajali ahamiyatga ega hisoblanadi. Aynan
shu xususiyatlar asosida usulning yuqori sezgirligini ta‘minlaydigan hamda qurilmani amalga
oshirish imkoniyatlariga mos keladigan ishchi to‘lqin uzunliklari tanlanadi. O‘lchash to‘lqin
uzunligi suvning yutilish polosasi sohasida tanlanadi, etalon to‘lqin uzunligi esa ushbu polosa
tashqarisida joylashtiriladi, bu esa noinformativ omillar ta‘sirini kompensatsiya qilish imkonini
beradi. Spektral parametrlar aniglangandan so‘ng, nurlanish signali uchun zarur diapazon va
bargarorlikni ta‘minlay oladigan nurlanish manbai tanlanadi. Optik signalni gayd etish va elektr
signaliga aylantirish uchun tanlangan spektral diapazonda sezgir fotopriyomniklar go‘llaniladi.
Olingan ma‘lumotlarni keyingi qayta ishlash maxsus elektron qurilmalar va signallarni gayta
ishlash algoritmlari yordamida amalga oshiriladi. HITRAN xalgaro spektroskopik ma‘lumotlar
bazasiga ko‘ra, suv bug‘ining (H20) asosiy infraqizil yutilish polosalari taxminan 0,76-0,97 mkm
va 1.19-1.94 mkm diapazonlarida joylashgan [10]. HITRAN ma‘lumotlari asosida olingan suv
bug‘ining yutilish spektrlarini tahlil qilish shuni ko‘rsatadiki, taxminan 1.94 mkm atrofida H.O
uchun eng intensiv yutilish polosalaridan biri kuzatiladi. Shu sababli o‘lchash kanali aynan ushbu
spektral sohada sozlanganda namlik o’lchashning eng yuqori sezgirligi ta‘minlanadi. Bir to‘lqinli
optik sxemadan foydalanish past aniglik bilan tavsiflanadi, bu esa materialning o‘ziga xos optik
xususiyatlari - aks ettirish qobiliyati, sochilish va tuzilmaviy notekisliklar ta‘siri bilan izohlanadi
[11]. O‘lchashlarning selektivligi va tashqi omillarga nisbatan barqarorligini oshirish magsadida
ikki to‘lginli usulni qo‘llash maqsadga muvofiq bo‘lib, u suv yutilish polosasidan tashqarida
joylashgan qo‘shimcha etalon to‘lgin uzunligini kiritishni nazarda tutadi [12]. Ushbu ishda paxta
xom ashyosi etalon va o‘lchash to‘lqin uzunliklarida mos ravishda Fol; va Fok, nurlanish ogimlari
bilan nurlantiriladigan optoelektron usul taklif etilgan.
Ob‘ekt orqali o‘tgan FA; va FA, nurlanish ogimlari quyidagi ifodalar bilan aniglanadi:

Fp, = Fpp, &7 1)
F}.. — FI::-.J... E—k._m._—k:m: (2)
bu yerda m; va m, - mos ravishda moddaning massasi va namlik massasi;
Kk, va Ky - A1 va A, tolqin uzunliklaridagi yutilish koeffitsientlari.
Fol1 Va Fo), nurlanish oqimlari eksponentsial qonun bo‘yicha modulyatsiya qilinadi:

Foa, =Foa,, 3)
Fj, = Foe Femag ™97 4)
FP.: — Fl}e—k._m._—k:m:E—r.-"r (5)

bu yerda t - vaqt, t - eksponentaning vaqt doimiysi.
F\1 va FA, nurlanish ogimlari belgilangan porog darajaga tenglashtirilganda quyidagi munosabatlar
hosil bo‘ladi:
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k,m, — % = —kymy — k,m, —% (6)
kymy = %(tl —ty) ()
m, =—(t, — t,) (8)

Paxta xom ashyosining namlik massasi etalon va o‘lchash to‘lqin uzunliklaridagi eksponentsial
nurlanish impulslari boshlanishidan to belgilangan porog daraja bilan kesishish paytigacha bo‘lgan
integrallash vagtlari t, va t, farqiga to‘g‘ri proportsionaldir.

2.2. Infraqizil namlik o‘Ichagich uchun nurlanish manbai va qabul qilgichni tanlash. O‘Ichash
o‘zgartirgichlarida nurlanish manbai sifatida yorug‘lik diodlaridan (LED) foydalanish bir gator
muhim afzalliklar bilan izohlanadi. Ularga kichik gabarit o‘lchamlar, yuqori ishonchlilik,
kvazimonoxromatik nurlanish, kam energiya sarfi, yuqori tezkorlik, nurlanish intensivligini
samarali boshgarish imkoniyati hamda uzoq xizmat muddati kiradi. Bundan tashqari, yorug‘lik
diodlari barqaror spektral xarakteristikalarga ega bo‘lib, elektron boshqaruv zanjirlari bilan oson
moslashtiriladi.

Nurlanish manbalari va qabul qilgichlarni to‘g‘ri tanlash infraqizil namlik o‘lchagichni
loyihalashda hal giluvchi bosqich hisoblanadi va qurilmaning metrologik xarakteristikalari, o‘lchash
diapazoni hamda ekspluatatsion imkoniyatlarini katta darajada belgilaydi. O‘rta infraqizil
diapazonda ishlovchi yorug‘lik diodlari paxta xom ashyosining namligini o‘Ichash uchun istigbolli
nurlanish manbalari hisoblanadi, chunki suvning xarakterli yutilish polosasi taxminan 1.94 mkm
sohada joylashgan. Ushbu yorug‘lik diodlari asosida paxta xom ashyosining namligini o‘lchaydigan
infraqizil namlik o‘lchagichlarni yaratish mumkin. Paxta xom ashyosi uchun mo‘ljallangan
infraqizil namlik o‘lchagichda Roithner Lasertechnik (Avstriya) kompaniyasining maksimal
nurlanish to‘lqin uzunligi 2.2 mkm bo‘lgan yorug‘lik diodi (LED2) etalon signal sifatida, maksimal
to‘lqin uzunligi 1.94 mkm bo‘lgan yorug‘lik diodi (LED1) esa o‘Ichash signali sifatida qo‘llaniladi.
Signallarni gayd etish uchun 1-2,4 mkm diapazonda keng spektral sezgirlikka ega PD24 fotodiodi
ishlatiladi. 1-rasmda LEDI1, LED2 yorug‘lik diodlari hamda PD24 fotodiodining asosiy spektral
xarakteristikalari keltirilgan.
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1-rasm. LED1 va LED2 yorug‘lik diodlarining nurlanish spektrlari, PD24 fotodiodining
spektral sezgirligi, hamda H,O - suvning yutilish polosasi.
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Roithner Lasertechnik (Avstriya) kompaniyasining ikki rangli yorug‘lik diodi zamonaviy
infraqizil namlik o‘lchagichlar uchun kompakt, ishonchli va yuqori aniqlikka ega element bazasini
ta‘minlaydi. 1.94 mkm va 2.22 mkm to‘lqin uzunliklariga ega ikki rangli yorug‘lik diodini bitta
korpusda qo‘llash namlikni o‘Ichash uchun optimal yechim hisoblanadi.
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2-rasm. Infraqizil namlik o‘lchagich blok sxemasi.

2.3. Paxta xom ashyosi uchun infragizil namlik o‘lchagich. Roithner Lasertechnik (Avstriya)
kompaniyasining ikki rangli yorug‘lik diodlari asosida paxta xom ashyosi uchun infragizil namlik
o‘lchagich ishlab chigildi (2-rasm). Qurilma tarkibiga quyidagi elementlar Kkiradi: generator - 1,
eksponentsial modulyator - 2, chastota bo‘luvchi - 3, regulyatorlar - 4 va 5, kalitlar - 6 va 7,
yorug‘lik diodlari - 8 va 9, qo‘shimcha fotodiod - 10, gqo‘shimcha porogli qurilma - 11, go‘shimcha
kommutator - 12, integratorlar - 13 va 14, etalon kuchlanish manbai — 15, fotodiod - 16,
kuchaytirgich - 17, porogli qurilma - 18, kommutator - 19, hisoblagich - 20 hamda kyuveta - 21.

Qurilmada qo‘llanilgan etalon va o‘lchash kanallari signallarining vaqt parametrlari
integratorlar va hisoblagich yordamida aniqlanadi. Optik manfiy teskari aloga tizimi yorug‘lik
diodlarining boshlang‘ich nurlanish sathlarini avtomatik ravishda tenglashtirib, nurlanish manbalari
qarishi, harorat o‘zgarishlari va optik yo‘qotishlar ta‘sirini kompensatsiya qiladi. Shu tariqa, 2-
rasmda keltirilgan struktura sxema yuqori sezgirlik, bargarorlik va takrorlanuvchanlikka ega
bo‘lgan infraqizil namlik o‘lchashni ta‘minlaydi hamda qurilmaning sanoat sharoitida qo‘llanishga
yarogli ekanini namoyon etadi.

3.Natijalar va muhokamalar. Ishlab chigilgan infraqizil namlik o‘lchagichning ish qobiliyati va
metrologik xarakteristikalarini eksperimental jihatdan tekshirish magsadida etalon o‘Ichash ashobi
sifatida sanoatda qo‘llaniladigan Wile Cotton namlik o‘lchagich bilan qiyosiy sinovlar o‘tkazildi.
Tadqiqotlar ishlab chiqarish sharoitiga xos bo‘lgan turli namlik darajalariga ega paxta xom ashyosi
namunalarida amalga oshirildi. Qiyosiy o‘lchashlar natijalari 1-jadvalda keltirilgan bo‘lib, unda
Wile Cotton etalon namlik o‘lchagichi orqali olingan namlik giymatlari (& (W) , hajmiy %), ishlab
chigilgan qurilma ko‘rsatkichlari (W, %) hamda o‘lchash natijalari o‘rtasidagi absolyut va nisbiy
og‘ishlar aks ettirilgan.
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1-jadval.
Wile Cotton etalon namlik o‘lchagichi va infraqizil namlik o‘lchagich orqali olingan natijalar

W % W,% (W)

7,80 7,86 0,06

8,42 8,44 0,02

9,36 9,38 0,02

10,14 10,17 0,03

11,15 10,18 0,03

11,51 11,53 0,02

12,34 12,38 0,05

13,30 13,38 0,08

Jadvalda keltirilgan ma‘lumotlarni tahlil qilish shuni ko‘rsatadiki, ishlab chiqilgan infraqizil
namlik o‘lchagich orqali olingan natijalar bilan Wile Cotton qurilmasi ko‘rsatkichlari o‘rtasida
yuqori darajada moslik mavjud. O‘rganilgan butun namlik diapazonida o‘lchash natijalari
o‘rtasidagi farqlar ishlab chiqarish o‘Ichashlari uchun yo‘l qo‘yiladigan me’yorlardan oshmagan.
Eksperimentlar shuni ko‘rsatdiki, ishlab chiqilgan qurilmaning namlikni o‘lchashdagi absolyut
xatoligi 0,5 % dan oshmaydi, bu esa gishloq xo‘jaligi xom ashyosining namligini operativ nazorat
qilish uchun mo‘ljallangan zamonaviy asboblarga qo‘yiladigan talablarga to‘liq javob beradi.

4. Xulosa. O‘tkazilgan eksperimental tadqiqotlar ishlab chiqilgan ikki to‘lginli infragizil namlik

o‘lchagichning yuqori aniqlik, barqarorlik va takrorlanuvchanlikka ega ekanini tasdiqladi. Qurilma

ko‘rsatkichlari tijoratda qo‘llaniladigan Wile Cotton namlik o‘lchagich natijalari bilan yaxshi mos
kelib, absolyut xatolik 0,5 % dan oshmadi. Olingan natijalar taklif etilgan optoelektron tizim paxta
xom ashyosining namligini sanoat sharoitida ishonchli va tezkor nazorat gilish uchun magqbul
yechim ekanini ko’rsatadi.
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Annotatsiya: Ushbu magolada energiya samarador binolar hagida ma’lumot berildi. Aqilli uy
hagqida va uning imkoniyatlari aytib o’tildi. Aqilli uyning ijobiy va salbiy tomonlari sanab o’tildi. Aqilli uylar
nima sababdan keng targalayotganligi hagida so ’z yuritiladi.

Tayanch so‘zlar: energiya samarador, energiya tejamkor, passiv uylar, aktiv uylar, aqilli shahar,
aqilli uy.

Abstract: This article provides information about energy efficient buildings
given About the smart house and its possibilities were mentioned. Positive and negative aspects are listed.
Why smart homes are becoming widespread is talked about.

Key words: energy efficient, energy saving, passive houses, active houses, smart city, smart house.

Annomayua: B Ooannoii cmamve npedcmasnena ungopmayus o6 3Hep2o3phexmusHbIX 30aHUSIX.
oannviti 06 YMHOM oome U e20 BO3MONCHOCSX YHNOMUHAOCH. Tonoorcumenvrolit u nepeduciernvl
ompuyameybHble CNOPOHbL. Hoqemy YMHblE ooma nojaydarom wupokoe pacnpocmpaHerue coeopumcsi o.

Knrouesvle cnosa: snep2o3pexmuenocmp, sHepeocOepediceHue, NACCUGHble O00MA, AKMUGHbIE
ooma, YMHbILL 20p00, YMHBIU OOM.

Aglli uy nima? Bu barcha tizimlarni, yordamchi dasturlarni yoki turar-joy qurilmalarini
boshqaradigan yuqori texnologiyali avtomatlashtirish tizimi. Oddiy qilib aytganda, bu unga ulangan
barcha qurilmalarning ishlashini kuzatadigan va muvofiglashtiradigan protsessor.

Aholi duch keladigan muammolarning aksariyati ma'lum bir aloga tuguniga yoki quyi
tizimga e'tiborning etishmasligi bilan bog'lig. Uydagi isitish, suv, elektr tarmoglari - bu barcha
uskunalar guruhlari vaqgti-vaqti bilan aniglanmagan kichik nosozliklar tufayli vagti-vaqgti bilan
jiddiy muammo darajasiga ko'tarilgan. O'z navbatida, kompleks aloga alogalarining ishlashini
doimiy ravishda kuzatib boradi, yuzaga keladigan tahdidlar yoki mumkin bo'lgan nosozliklar
to'g'risida 0'z vaqtida ogohlantiradi.

Kompleksning tuzilishi foydalanuvchi uchun maksimal darajada qulaylik uchun yaratilgan,
masalan, smartfon yordamida butun tizimni boshgarish mumkin. Ushbu texnologiya tufayli ma'lum
bir tugunni yoqish yoki o'chirish, bir ish rejimidan boshgasiga o'tish vaqgtini dasturlash mumkin
bo'ladi. Masalan, har kuni ko'cha yoritilishini yoqish / o'chirishni tashkil qiling, ob-havo
sharoitlariga garab isitish tizimidagi haroratni ko'taring yoki pasaytiring. Yashash xonasida DVD-
ROM-ni yogishga imkon beradigan, ammo egasi uchun qulayrog bo'lsa, uni oshxonada o'rnatilgan
televizorda tomosha gilish uchun bitta masofadan boshqgarish pulti yordamida butun uyning elektron
qurilmalarini boshgarish mumkin bo'ladi. Bunday tizimning imkoniyatlari katta va fagat amalga
oshirish turlari va imkoniyatlariga bog'lig. Aqilliy uy turli xil qulayliklarni mustagil ravishda
yaratish ustida ish boshlashdan oldin, aqglliy uy tizimi nima ekanligini va u nimaga qodirligini
tushunishingiz kerak. Aglli uyni ikki yoki uchta funktsiya bilan tavsiflab bo'lmaydi. Qisgacha ta'rif
uchun shuni aytish kerakki, bunday tizimda barcha aloga kompyuterga ulangan va uning yordami
bilan boshqariladi. Tizim uyning xonalarida haroratni sinchkovlik bilan kuzatib boradi,
videokameralardan suratga olish va kuzatishni amalga oshiradi. Kompyuter texnologiyasidan
foydalanib, siz yorug'lik, zamin yoki batareyalarning haroratini o'zgartirishingiz, turli xil elektr
jihozlarini yoqishingiz va boshga ko'p narsalarni amalga oshirishingiz mumkin. Uyda turli xil
modullar bilan jihozlanish darajasi ulangan jihozlar yoki ustaning tasavvurlari va ijodiy qobiliyatlari
bilan belgilanadi. Uyda bunday tizimni tashkil gilishni boshlash nima uchun yaxshirogq? Chunki shu
bilan birga, egasining o'zi turli xil modullarni tartibga solish, ularni murakkablashtirish va
o'zgartirish imkoniyatiga ega bo'ladi. Uning qo'lida ochiq manbali tizim mavjud bo'lib, uni o'z
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xohishiga ko'ra tuzatishi mumkin. Tayyor modullar va to'plamlar bunday harakatlar erkinligini
bermaydi.

Mamlakatimizda “Aqlli shahar” innovatsion texnologiyalari joriy etishning boshlang‘ich
bosqichi davom etmoqda. Toshkent shahrida “Xavfsiz shahar”, “Aqlli hisoblagichlar’, “Aqlli
transport”, “Aqlli tibbiyot yo‘nalishlari” bo‘yicha dastlabki sinov loyihalarini rejalashtirilib va ular
amalga oshirilmogda. Shu bilan birga Nurafshon shahrida zamonaviy shahar infratuzilmasini joriy
etish bo‘yicha keng qamrovli ishlar hamda “Tashkent City” va “Delta City” loyihalari doirasida
zamonaviy shaharsozlik infratuzilmasini joriy etish bo‘yicha kompleks ishlar amalga oshirilmoqda.

Aqlli transport “Aqlli transport” aloqa tizimi orqali yo‘llarda vaziyatni to‘liq aniqlash,
shuningdek, mobil operatorlar ma’lumotlari va SRS signallaridan foydalangan holda transportlar
oqimini nazorat qilish imkoniyatini yaratadi. Yo‘llardagi tirbandlikni kamayishiga, transport
vositalarining qisqa yo‘llar orqali manzilga yetib borishiga, yo‘lovchilarning vagqtlarini tejashga
xizmat qiladi. Transportlarni joylashtirish uchun bo‘sh joylar va ularning orasidagi masofani
aniqlovchi “Agqlli joylashtirish” texnologiyasi, avtomobil va yo‘llardan foydalanish uchun elektron
to‘lov tizimlari, yo‘lovchilarni tashish holatini uzluksiz monitoring qilish, geoaxborot
texnologiyalari va navigatsiya tashkil etilishi 0‘z navbatida haydovchilar va yo‘lovchilarga qulaylik
yaratadi.

Aqlli ta’lim “Agqlli ta’lim” har qanday insonga o°‘z bilimlarini sinab ko‘rish imkoniyatini
beradi. Unda sun’iy intellekt bazasidagi ta’lim tizimi onlayn va oflayn uslublaridagi integratsiya
tizimlari shaxsni intellektual salohiyatini aniglaydi, adaptiv va mobil o‘qitish texnologiyalaridan
foydalangan holda masofaviy ta’lim olish va elektron o‘qitish imkoniyatini beradi. Bunda
ta’limning barcha bosqichlarini gamrab olgan elektron jurnallardan foydalaniladi.

Aqlli tibbiyot “Aqlli tibbiyot” tizimida tibbiy internet va mobil ilovalar asosida inson
salomatligini masofadan monitoring qilish, virtual tibbiy ko‘rikdan o‘tkazish, hatto elektron
retseptlar yozish joriy etiladi.

Simsiz alogadan foydalangan holda tibbiy yordamni uyda olish imkoni ham tug‘iladi. Tibbiy
ma’lumotlar asosida kasallikni oldini olish, sog‘ayish jarayonlarini tahlil qilish uchun sun’iy
intellekt texnologiyalari joriy etilishi ham ko‘zda tutilgan.[1]

Aqlli energetika tizimi “Aqlli energetika va energiya tejovchi texnologiyalar”dan (“aqlli
chiroqglar”, “aqlli yoritgichlar”) foydalanishga o‘tish iste’mol qilinayotgan elektr energiyani tejash,
uni uzatish jarayonidagi uzilishlarda yo‘qotishlarni qisqartirish, uskunalar uchun kapital sarf-
xarajatlar va avariya holatlari sonini kamaytirish, shuningdek, elektr tarmoglarining mustahkamligi
va sifatini oshirishga imkoniyat yaratadi. Bunda harakatni va yorug‘likni sezuvchi, kunduzi quyosh
energiyasida elektr quvvati olib, kechasi sarflaydigan “aqlli chiroqlar”, “aqlli yoritgichlar”dan
foydalaniladi.

Aqlli suv ta’minoti va ogava suv “Aqlli suv ta’minoti va oqava suv” texnologik yechimlarini
joriy etish orqali suv ta’minoti va oqava suv resuslarinidan samarali foydalanish yo‘lga qo‘yiladi.
Iste’molchilar va ko‘rsatilgan xizmatlar hajmini hisobga olish tizimi yaratilib, markaziy
dispetcherlik ishlarini avtomatlashtiriladi. Onlayn monitoring olib boriladi, avariya holatlari sodir
bo‘lganida suv bilan ta’minlovchi nasoslarni avtomatik tarzda o‘chirish tizimi yaratiladi. Bu oz
navbatida suv resurslarining tejalishiga, ta’’mirlash ishlarining tez va sifatli amalgsha oshirilishiga
xizmat giladi.

Aglli uy-joy kommunal xo‘jaligi “Aqlli uy-joy-kommunal xo‘jaligi” dasturiy ta’minot
asosida kommunal xizmatlari hajmi va ularning xisobi yuritiladi. Kommunal xizmatlarning barcha
turlari doimiy ravishda monitoring qilinadi. Natijada kommunal resurslar va xizmatlarga bo‘lgan
ehtiyoj qondiriladi, iste’molchilarning manfaatlari va texnologiyalar rivojlanishi hisobga olingan
holda xizmat ko‘rsatish orqali resurslar (gaz, elektr energiya va suv) tagsimoti muvofiglashtiriladi.

Aqlli qurilish “Aqlli qurilish” qurilish jarayonlarini monitoring qilish va operativ boshqarish
tizimi bo‘lib, obyektlarni qurish jarayonini soddalashtiradi, qurish muddatlarini gisqartiradi. Bu esa
zamonaviy va samarali uy-joylar qurish standartlari yaratilishiga olib keladi. Innovatsion qurilish
materiallaridan foydalangan holda qurilish uchun loyiha hujjatlari tizimi shakllantiriladi.
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Aqlli uy “Aqlli uy”’da texnologiyasi uy egasining ehtiyojlaridan kelib chiggan holda joriy

etish turli “aqlli” elementlarni joriy qilish orqali insonlarning turmush sifatini oshirish bilan bir
gatorda resurslarni tejashga xizmat qgiladi.
Yong‘inga garshi va qo‘riglash signalizatsiyasi, avariya holatlarni nazorat qilish (suv oqib ketishi,
gaz chiqishi, elektr tizimidagi avariyalar), ichki va ko‘cha yoritkichlarini boshqarish tizimlaridan
foydalaniladi. Internet orgali uyning barcha tizimlarini boshgarish va uzogdan monitoring gilish
imkoni tug‘iladi.

Aqlli hokimiyat "Aqlli hokimiyat” joriy etilishi orqali ijro etuvchi hokimiyat vakillari va
shahar aholisi o‘rtasidagi o‘zaro munosabatlar, axborot ochiqligi ta’minlanadi. Ariza va shikoyatlar
berish uchun uzatuvchi qurilmalardan va fugarolarni ogohlantirishning zamonaviy usullaridan
foydalaniladi.

Aglli mahalla “Aqlli mahalla” texnologiyasi “Agqlli shahar’ning bir qismi bo‘lib, u

fugarolarning hayot sifatini yaxshilash, ularga qulaylik vyaratish, xavfsizlikni ta’minlash,
shuningdek, shahar va aholi xarajatlarini optimallashtirish magsadida joriy etiladi. Xususan, taksi
chaqirish va uning to‘lovi uchun internet-xizmat ishlarini yo‘lga qo‘yish, mehnat bozori haqida
ma’lumot olishda qulaylik yaratiladi. Shuningdek, chigindilarni ruxsatsiz tashlashning ogibatlarini
bartaraf etishda jamoatchilikning ishtirokini ta’minlaydi.
“Aqlli shahar” texnologiyalarini joriy etish natijasida shahar va hududlar infrastrukturasini, uy-joy
kommunal xizmatlari, transport logistikasi, favqulodda xizmatlarni yagona kompleksiga
birlashtirilib, ular o‘zaro integratsiya va muvofiqlashtirilib boshqarishning zamonaviy intellektual
tizimi joriy etiladi.[2]

Aqlli shaharlarning aqlli uylarini tahlili Ta’kidlash joizki, uylar qurilishidagi har bir
yangilik, zamonaviylik tagida yangi, yuqori texnologiyalarga asoslangan va siz bilan bizga ma’qul
bo‘lgan yashash, turmush sharoitimizdagi qulaylik, yengillik, osonlik, ta’bir joiz bo‘lsa, g‘amxo‘rlik
tushunchalari ham yotadi. «Aqlli uy» tushunchasi dastlab, 1950 yili Vashingtondagi «Aqlli uy»
instituti tomonidan umrimizning uchdan ikki qismi o‘tadigan — xonadonimizdagi, xo‘jaligimizdagi
ish vaqtidan samarali foydalanish magsadida o‘ylab topilgan edi. “Aqlli uy”’dagi barcha elektron
maishiy xizmat apparat va mashinalari hozir butun dunyo bo‘ylab keng joriy etilayotgan: Universal
Plug’n’Play tizimiga ulanib, bir pultdan turib boshqarilmoqda. «Aqlli uy» tushunchasi ostida katta
ma’no-yu mazmuni yotibdi. Uydagi elektronika, axborot-kommunikatsiya vositalari, maishiy
texnika asboblari ishini inson izmiga, uning istak va xohishiga bo‘ysundirish masalasi turibdi. Shu
magsadda ilg‘or davlatlarda «Bino boshgarilishini inson izmiga bo‘ysundirish bo‘yicha mobil
elektron tizimy» yaratilgan. Bunda xonadonda istigomat gilayotganlarga qulayliklar yaratish uchun
bor bo‘lgan barcha mashina: turli apparat, muzlatgich, televizor, komputer, boshqa vositalar inson
tomonidan bitta tugmachani bosish, kaftni kaftga urib qarsak chalish yoki ovoz yordamida
boshgarilishi kerak. Muhimi, inson ko‘zi achib olov yogmaydi, beli og‘rib o‘tin yormaydi va o‘z
ustida ishlash, malakasini oshirish, fikr doirasini kengaytirish, ijod qilish va o‘zi bilan
shug‘ullanish, jismoniy tarbiya gilish uchun bo‘sh vaqti ko‘payadi. Shu yerda yana bir narsadan
ehtiyot bo‘lish kerak, «yalqovlik» insondan avval tug‘ilgan degan gap bor. Bu demak, inson bo‘sh
vaqtda televizor ko‘rish, mobil telefon o‘ynash, «ese-mes-ka» jo‘natishu qabul qilish, (albatta zarur
bo‘lib qolgan paytlardan tashqari), internetga kirish va soatlab unda qolib ketish, sigaret chekish
yoki boshga zararli odatlar bilan shug‘ullanishdan o‘zini ayashi kerak. Sababi, hayot
murakkablashmoqda, maktab, litsey, kollej, institut va universitetlar bilimni kerak bo‘lgan hajmda
to‘la berib ulgura olmayapti. Qo‘shimcha mablag® sarf qilib repetitorlar yollashga to‘g‘ri kelayapti.
Har bir soha, kasb-hunar bo‘yicha mutaxassis bilishi kerak bo‘lgan axborot hajmi yildan-yilga ortib
bormoqda. Yo ulardan o‘z vaqtida xabardor bo‘lib turishimiz kerak, hatto shart, yoki malakasi
o‘rta-miyona mutaxassis bo‘lib qolaveramiz. Mutaxassis sifatida borligingiz ham bilinmaydi,
yo‘qligingiz ham. Bundan to‘g‘ri xulosa chigarayotgan yoshlar hozirgi kunda kam emas. Ular katta
yutuglarga erishmoqda. Internet orqgali til o‘rganib, o‘zlariga ma’qul bo‘lgan o‘quv yurtlari, ish
joylarini topib dunyoning istagan burchaklariga yo‘llanma olib o‘qishda, o‘z ustida ishlashda,
sevgan ishi bilan shug‘ullanishda davom etishmoqda.
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Insoniyat yana bir katta kashfiyot: inson aglining andozasi sifatidagi «sun’iy intellekty —
«sun’iy aqly», «sun’iy idrok» yaratish arafasida turibdi. Vaqti kelib «aqlli uy»larni anu shu — “sun’iy
intellekt” boshqarishga o‘tadi. Shunda bizning bugungi «aqlli uy»larimiz «aqlli uy» emas,
«intellektual uy»larga aylanadi. Va bugun biz o‘zimiz bajarayotgan ishlarni, yechayotgan
muammolarni uylarning «sun’iy intellekti» yechimini topib, paydo bo‘lgan masala, muammoni
insonning aralashuvisiz o‘zi hal giladi, deyishmoqda mutaxassislar.

«Intellektual uy»ning isitish va sovutish tizimi datchiklar ko‘rsatmasiga qarab, haroratni yo
ko‘tarib, yo pasaytirib, uydagi havoni mo‘tadil bir me’yorda ushlab turadi. Yarim kechasi, hamma
uxlayotgan paytda uyning biron joyidan mabodo suv oqib qolsa yoki gaz chigib ketsa bormi,
«sun’iy intellekt» shu quvurga kelayotgan suvni yopib «rezerv»da (zaxirada) bo‘lgan boshga
quvurdan yo‘naltirib yuboradi, gazni butunlay yopadi va signal beradi. Uy ichidagi havoda
kislorodning, toza havoning miqdoriga qarab derazalar kerakli me’yor, miqdor va muddatga ochilib,
yopilib turadi. Bu ishlarning barchasi avtomatik tarzda bitta markazdan turib boshgariladi. Barcha
dam olayotgan, uxlayotgan yoki toqqa, suv bo‘yiga — «uik end»ga (dam olishga) ketgan paytlarida
uyga begona shaxs kirib qolsa bormi, «sun’iy intellekt» zudlik bilan kerakli joyga xabar qiladi.
Uyingizning hovlisidan tortib, barcha xonalarini qo‘lingizdagi mobil telefonda qayerda
bo‘lishingizdan qat’i nazar, istagan paytingizda ko‘rib turishingiz mumkin. Aytgandek, bularning
anchasi hozirning o‘zida Toshkentning ayrim mahallalaridagi «aqlli» yoki hozircha «yarim, chorak
aqlli» uylarda ishlatilib qulayligi, afzalligiyu samarasini namoyish etmoqda.[3]

Yuqoridagi keltirilgan malumotlardan kelib chigib shuni aytishim mumkinki aglli uylarni va
aglli shaharlarni qurish ahimiyatga molik deb hisoblanadi. Sababi shundaki hozirgi davrda butun
jahonning zamonaviy texnologiyalar asosida qurish yo’lga qo’yilmoqda.

Adabiyotlar
[1]. Hans-Petter Halvorsen “Programming with Arduino™ https://www.halvorsen.blog Publisher: 978-82-691106
ISBN: 978-82-691106-3-0 Copyright © 2018
[2]. Dpuk llepuuny “Arduino mis gereii” 171 Pages 2019
[3]. Maccumo Bannu “ Arduino mjist HaunHaromux BoimeoHuKkoB” SBN: 978-5-4252-0631-2 'ox uznanus: 2012
W3nparenscrBo: Pun I'pynn S3bik: Pycckuii.

SUN’IY INTELLEKT ASOSIDA AUDIOVIZUAL KONTENTNI TARJIMA QILISHNING
NAZARIY ASOSLARI

O.M. Urishev”, M.M. Axmedov

Farg‘ona davlat texnika universiteti
*Mas 'ul muallif, e-mail: orishevomadjon@gmail.com
(Qabul gilindi 10.03.2026 y.)

Annotatsiya: Ushbu maqolada sun’iy intellekt texnologiyalari yordamida ingliz tilidagi audiovizual
kontentni o ‘zbek tiliga tarjima qilishning nazariy asoslari ko ‘rib chigiladi. Avtomatik nutgni tanish (ASR),
neyron mashinaviy tarjima (NMT) va matndan nutqqa o ‘tkazish (TTS) tizimlarining zamonaviy holati tahlil
gilinadi. O ‘zbek tili uchun mavjud resurslar, morfologik xususiyatlar va tarjima sifatiga ta’sir etuvchi
omillar muhokama etiladi. Maqola sohaning dolzarb muammolarini aniglashga va kelajakdagi tadgiqotlar
uchun yo ‘nalishlar belgilashga garatilgan.

Tayanch so‘zlar: sun’iy intellekt, audiovizual kontent, mashinaviy tarjima, ovoz sintezi, neyron
tarmoq, o ‘zbek tili, chuqur o ‘rganish, Whisper, transformer.

Annomauus: B Oannoil cmambe pAcCMAMpPUBAOMCs MeopemuyecKue OCHO8bl Nepesood
ayOUOBU3YANLHOZO KOHMEHMA HA AH2IUUCKOM S3bIKe HA Y30eKCKULl A3bIK C UCNOTb308AHUEM EXHOIO02UlL
UCKYCCMBEHHO20 UHMELIeKMA. AHATUSUPYEeMCs COBPEMEHHOe COCHOSIHUE CUCIeM A8MOMATUYECKO20
pacnosnasanusa  peuu (ASR), Hetiponnoco mawunnozo nepesoda (NMT) u cunmesa peuu (TTS).
Obcyacoaromes docmyntble pecypcol 0711 Y30eKCK020 A3bIKd, Mopdonocuteckue ocobeHHocmu 1 axkmopol,
euusOwUe Ha Kavecmgo nepegooq. Cmamvs HANPAGNEHA HA BblAGNIeHUe aKMyaibHbIX npodiem u
onpedenenue HanpagieHul 0st 6Y0Vuux uccieo08aHull.
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Knrouesvle cnosa: uckyccmeennvill UHMeNLIEKm, ayOuosu3yaibHbulll KOHMEHM, MAUWUHHBIIL Nepe6oo,
cuHmes peyu, HeUPOHHAsL ceMmb, Y30eKCKuUll s3blK, e1ybokoe obyuenue, Whisper, mpancgopmep.

Abstract: This paper examines the theoretical foundations of translating English-language
audiovisual content into Uzbek using artificial intelligence technologies. The current state of automatic
speech recognition (ASR), neural machine translation (NMT), and text-to-speech (TTS) systems is analyzed.
Available resources for the Uzbek language, morphological characteristics, and factors affecting translation
quality are discussed. The article aims to identify pressing challenges in the field and outline directions for
future research.

Keywords: artificial intelligence, audiovisual content, machine translation, speech synthesis, neural
network, Uzbek language, deep learning, Whisper, transformer.

Kirish.

Bugungi kunda ragamli kontent dunyo bo‘ylab tez tarqalmoqda. YouTube, Netflix, Coursera
va boshqa platformalarda ingliz tilidagi millionlab soatlik video mavjud bo‘lib, ulardan foydalanish
chet tilini bilmaydiganlar uchun giyinligicha golmogda. Aynan shu holat ingliz tilidagi audiovizual
kontentni o‘zbek tiliga avtomatik tarjima qilish muammosini dolzarb ilmiy-amaliy masalaga
aylantirmoqda. O‘zbekistonda ta’lim, fan va ommaviy axborot vositalarining rivojlanib
borayotganligi bilan bir gatorda chet tildagi kontentga bo‘lgan talab ham ortib bormoqgda. Biroq
professional tarjimonlar xizmatining gimmat ekanligi va real vaqt rejimida tarjima qilish
imkonsizligi bu talabni to‘liq qondira olmaydi. Shu sababli sun’iy intellekt asosidagi
avtomatlashtirilgan tarjima tizimlariga gizigish ortib bormoqda.

O‘zbekistonda raqamli o‘zgarishlarni qo‘llab-quvvatlash bo‘yicha davlat dasturlari
jumladan, “Raqamli O‘zbekiston — 2030 strategiyasi axborot texnologiyalarini rivojlantirishga
katta e’tibor qaratmoqda. Bu muhit sun’iy intellekt asosidagi tarjima vositalarini yaratish uchun
qulay zamin tayyorlamoqda.

Ushbu maqolaning magsadi audiovizual kontentni ingliz tilidan o‘zbek tiliga tarjima
qilishda foydalaniladigan sun’iy intellekt texnologiyalarining nazariy asoslarini tizimli ravishda
bayon etish, mavjud yondashuvlar va vositalarni tahlil gilish, hamda bu sohadagi asosiy
muammolarni aniglashdan iborat.

Adabiyotlar tahlili.

So‘nggi o‘n yillikda sun’iy intellekt va tabiiy tilni qayta ishlash (NLP) sohasida erishilgan
yutuglar audiovizual tarjimani yangi bosgichga olib chiqdi. Bu sohadagi tadgiqotlarni bir nechta
asosiy yo‘nalish bo‘yicha ko‘rib chigish magsadga muvofiq.

Transformer arxitekturasi va yirik til modellari. Vaswani va boshqgalar (2017) “Attention Is
All You Need” nomli maqolasida taqdim etilgan transformer modeli NLP sohasida haqiqiy inqgilob
yasadi. Ushbu arxitektura o‘z-o°‘ziga e’tibor (self-attention) mexanizmi orgali uzun kontekstdagi
bog‘ligliklarni samarali ushlash imkonini beradi. Keyinchalik BERT, GPT seriyasi va mT5 kabi
modellar shu arxitektura asosida yaratildi. Avtomatik nutgni tanish sohasida Radford va boshgalar
(2022) tomonidan taqdim etilgan Whisper modeli alohida diggatga sazovor. Model 680,000 soatlik
ko‘p tilli nutq ma’lumotlari asosida o‘rgatilgan bo‘lib, 96 tilda ishlay oladi. Whisper o‘zbek tilini
ham gisman qo‘llab-quvvatlaydi, biroq bu tildagi so‘z xatosi darajasi (Word Error Rate) hali
gonigarli emas.

Neyron mashinaviy tarjima yo‘nalishida Helsinki-NLP guruhining OPUS-MT loyihasi
ingliz-o‘zbek tili uchun ochiq manbali model tagdim etdi. Biroq Sobirov (2020) ta’kidlaganidek,
ikkala til orasidagi tipologik farq ingliz tilining analitik, o‘zbek tilining esa agglutinativ tuzilishi
tarjima sifatini sezilarli pasaytiradi. Xususan, o‘zbek tilidagi fe’l gap oxirida kelishi va ko‘plab
grammatik ma’nolarning suffikslar orqali ifodalanishi tarjima modellarini adashtirib qo‘yishi
mumkin.

Ovoz sintezi sohasida WaveNet (van den Oord et al., 2016), Tacotron 2 (Wang et al., 2017)
va VITS (Kim et al., 2021) arxitekturalari tobora real ovoz sifatiga erishib bormogda. Microsoft
Edge-TTS xizmati o‘zbek tili uchun uz-UZ-MadinaNeural va uz-UZ-SardorNeural ovozlarini
taqdim etgan, bu esa o‘zbek tilidagi TTS sifatini sezilarli oshirdi. Matndan nutqga (TTS)
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tizimlarining oddiy ko‘rinishdan murakkab ko‘rinishgacha bo‘lgan rivojlanish bosqichlari (1-rasm)
da tushuntirib berilgan.

- D] oz - ]

Model ‘
i (Chigish) i (Chigish)

O’'zbekcha matin

Inglizcha matn ke
(Kirish) 2
(a) Bazaviy TTS (b) Tillararo TTS
Model ’ . ".m“hm MoAdel — Mlm'q Model mos til nutgl
T Inglizcha nutq 0O‘zbekcha nutq Y (Chiqish)
(Chiqish) (Chigish)
Inglizcha matn O’zbekcha matin
(Kirish) (Kirish) Ovoz ID va matn
(Inglizcha yoki O'zbekcha)
Sy 7 Kirish
(c) Ko'p tilli TTS tasodifiy ovoz ((;)'”;(’ — -
: (0] il ovoz lan
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Mae [l"""ml" L Il Mol ; |"|||||I|||"'m""|"|| O'zbekeha nutq
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Transliteratsiya qilingan 0'zbekcha matn
0O'zbekcha matn ovoz D
(Kirish) (Kirish)

(e) Transliteratsiya qilingan kiritish ~ (f) Transliteratsiya gilingan kiritish va
bilan ko'p tilli TTS karnay identifikatorini
boshqarish bilan ko'p tilli TTS

1-rasm. TTS tizimining rivojlanish bosgichlari.

(a) gismida bazaviy TTS modeli inglizcha matnni gabul gilib, standart inglizcha nutgni hosil
qilishi ko‘rsatilgan.

(b) dagi tillararo TTS modeli o‘zbekcha matn kiritilganda uni inglizcha ovoz ohangi bilan
gapirishga moslashtiradi.

(c) tasodifiy ovoz tanlash funksiyasi orqali matn tiliga qarab ingliz yoki o‘zbek tillarida erkin
nutq yaratishni ifodalaydi.

(d) modelga maxsus Ovoz ID biriktirilgan bo‘lib, bu foydalanuvchiga aniq bir shaxs ovozini
tanlash imkonini beradi.

(e) transliteratsiya qilingan (masalan, kirilldan lotinga) o‘zbekcha matnlarni ham gayta ishlab,
nutqqa aylantira olish qobiliyatini ko‘rsatadi.

(F) esa ham transliteratsiya, ham maxsus karnay (speaker) identifikatori bilan eng aniq va
boshqariladigan nutgni hosil giladi.

Har bir sxemada Model markaziy bo‘g‘in bo‘lib, u kiruvchi ma’lumotni raqamli audio
to‘lqin ko‘rinishidagi chiqishga aylantiradi. Mazkur tasvirlar umumiy holda sun’iy intellektning
turli tillar va ovoz xususiyatlari o‘rtasidagi murakkab bog‘liglikni qanday boshqarishini
tushuntiradi.

Audiovizual tarjimani yaxlit pipeline sifatida ko‘rib chiqgan tadqiqotlarda Meenakshi va
boshqalar (2024) real vaqt kop tilli nutq tarjimasi tizimini taqdim etishgan: WebRTC, Whisper,
GPT, gTTS kombinatsiyasini ishlatib, peer-to-peer qo‘ng‘iroglar uchun real vaqt tarjimasi amalga
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oshirilgan. Chen va boshgalar (2024) esa simultaneous speech translation (SimulST) sohasida
kechikish va sifatni muvozanatlash muammosini DiG-SST yondashuvi bilan hal gilishga uringan.

O‘zbek tiliga xos NLP resurslar masalasida Juraev va boshqgalar (2023) sohaning holati
to‘liq emas ekanligini ko‘rsatib berdi: mavjud nutq korpuslari hajmi ingliz tilidagi resurslardan bir
necha tartibga kichik, terminologik standartlashtirish esa tugallanmagan. Tiedemann (2020) OPUS
parallel korpuslarini tahlil qilib, ingliz-o‘zbek juftligi uchun mavjud ma’lumotlar boshqa til
juftliklariga nisbatan ancha kam ekanligini ta’kidladi.

Umuman olganda, adabiyotlar tahlili shuni ko‘rsatadiki: texnologik bazasi mavjud va jadal
rivojlanmoqda, ammo o‘zbek tili uchun moslashtirilgan, yuqori sifatli resurslar va tarjima tizimlari
hali tizimli ravishda ishlab chigilmagan. Bu esa ushbu yo‘nalishda yangi tadqiqotlar olib borishni
talab giladi.

L1 tni . L2 matni

f\SR MOI?EL; L %arﬁr':;: | MM . 7S Model

*

|

| !
Kirish nutqi Chigish nutqi

(L1 +A1) (L2 +A2)

||n||||||||||H||||-|l|||||||l| L1, A1: Kirish tili va shevasi ||||;|||||||||H||||.|q|||||||1

L2, A2: Chigish tili va shevasi

2-rasm. Zamonaviy audiovizual tarjima pipeline-ning umumiy sxemasi: ASR-MT-TTS.

Audiovizual kontent turlari va ularning xususiyatlari: Audiovizual kontent bu audio va
vizual komponentlarni birlashtirib, ma’lumotni bir vaqtda ko‘rish va eshitish orqali uzatuvchi media
turi. Ragamli texnologiyalarning rivojlanishi bilan bu turdagi kontentning hajmi va xilma-xilligi
misli ko‘rilmagan darajada ortdi. Statistika (2024) ma’lumotlariga ko‘ra, YouTube platformasiga
har dagigada 500 soatdan ortiq yangi video yuklanmoqda.

Ta’limiy videolar (educational videos) - onlayn kurslar, dars yozuvlari, tutorial videolar va
vebinarlarni oz ichiga oladi. Bu turdagi kontentda nutq odatda aniq, o‘lchangan tezlikda bo‘ladi
taxminan 120-160 so‘z/daqiqa. Tushuntirishlar izchil, atamalar esa ko‘pincha takrorlanadi.
Subtitrlashga bo‘lgan ehtiyoj yuqori bo‘lib, tarjima sifatiga qo‘yiladigan talab ham yuqori
hisoblanadi, chunki noto‘g‘ri tarjima o‘quvchi tushunishiga bevosita ta‘sir giladi (Danan, 2020).

Yangiliklar va hujjatli kontent - vogelik haqida ob’ektiv axborot beruvchi, ko‘pincha jonli
suratga olingan yoki montaj gilingan kontent. Bu turkumda nutq tezligi baland (180-220
so‘z/daqiga), fon shovqini esa ko‘p bo‘ladi. Tez o‘zgaruvchan leksika, geografik nomlar va shaxs
ismlari ko‘p uchraydi, bu esa avtomatik tarjima uchun qo‘shimcha qiyinchilik tug‘diradi.

Ko‘ngilochar kontent - seriallar, filmlar, showlar va bloglar. Bu turdagi kontentda og‘zaki
nutq, idiomatic iboralar, hazillar va madaniy kontekstga bog‘liq iboralar keng qo‘llaniladi. Bu
turkum tarjima uchun eng murakkab hisoblanadi, chunki nutq tabiiy va spontan bo‘lib, ovoz
effektlari, musiga va bir vaqtda bir necha kishining gapirishlari tez-tez uchraydi (Diaz Cintas &
Remael, 2021).

Reklama va marketing kontenti - odatda 15 soniyadan 3 dagigagacha davom etadigan,
emotsional ta’sir kuchiga mo‘ljallangan kontent. Metafora, so‘z o0‘yini va madaniy ramzlar keng
go‘llaniladi. Tarjimada bunday iboralarning ekvivalentini topish avtomatik tizimlar uchun hali hal
etilmagan muammo bo‘lib qolmoqda.

Podkastlar va vebinarlar - uzoq davomli (30 dagiqadan bir necha soatgacha), ko‘p fikrli
suhbat formati. Nutq tezligi va aksent xilma-xilligi, shuningdek bir necha so‘zchining navbatma-
navbat gapirishi ASR tizimlarining anigligini pasaytiradi. Karakanta va boshgalar (2020)
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ta’kidlaganidek, turli aksent va nutq tempi bilan ishlash zamonaviy avtomatik tarjima tizimlarining
eng kuchsiz tomonlaridan biridir.

AUDIOVIZUAL KONTENT TURLARI
VA ULARNING XUSUSIYATLARI

Yangiliklar va

hujjatli kontent HOdEpEhar

kontent

+ Nutq: Tez sur'atda (180-220 zg Nutq: Spontan, idiomalar, hazi Ilar !
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i1 L

Ta'limiy.
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3-rasm. Audiovizual kontent turlari va ularning tarjimaga ta’sir etuvchi xususiyatlari.

Audiovizual tarjimada lip-sync (lab harakati sinxronizatsiyasi) muammosi dublyaj usuli
uchun eng muhim texnik talab hisoblanadi. O‘zbek tilidagi jumlalar inglizchaga nisbatan o‘rtacha
15-25% uzunroq bo‘lganligi sababli lip-sync muammosi yanada keskinlashadi.

Sun’iy intellekt tushunchasi va rivojlanish bosqichlari: Sun’iy intellekt (SI) kompyuter
tizimlarining inson intellektiga xos vazifalarni fikrlash, o‘rganish, muammolarni hal qilish va til
tushunishni bajarish gobiliyati. Bu tushunchaning ilmiy asoslarini John McCarthy 1956-yilda
Dartmouth konferensiyasida yoritgan. U SI ni “mashinalarda inson intellektiga o‘xshash xatti-
harakat yaratish fani va muhandisligi” deb ta’riflagan (McCarthy et al., 1955).

SI rivojlanishini to‘rtta asosiy bosqichga ajratish mumkin.

Yillar Asosiy yutuglar va matematik usullar

Dastlabki davr ~ 1950-1969 Mantiqiy goidalar, Turing testi. Matematik: Boole
algebrasi, formal mantiq

Ekspert tizimlar  1970-1985 MYCIN, DENDRAL. Matematik: if-then goidalar,
ehtimollik nazariyasi P(H|E)

Mashinali 1986-2010 Backpropagation, SVM, Random Forest. Matematik:

o'rganish Gradient descent, kernel funksiyalar

Chuqur 2012-hozir AlexNet, Transformer, LLM. Matematik: Attention,

o'rganish softmax, MSE, cross-entropy

Birinchi bosgich-Dastlabki davr (1950-1969) Alan Turing 1950-yilda “Computing
Machinery and Intelligence” maqolasida mashinalar o‘ylashi mumkinligi haqida mashhur savolni
qo‘ygan. Bu davrda Logic Theorist (1955) va General Problem Solver (1957) kabi qoidaga
asoslangan dastlabki dasturlar yaratildi. Ular cheklangan migdordagi mantigiy goidalar bilan
ishlaganlar va hagigiy dunyoning murakkabligini gamrab ola olmaganlar (Russell & Norvig, 2020).

Ikkinchi bosgich Ekspert tizimlar davri (1970-1985) - tibbiyot diagnostikasi uchun MYCIN,
kimyo uchun DENDRAL kabi ekspert tizimlar yaratildi. Bu tizimlar ma’lum soha mutaxassislari
bilimlarini if-then qoidalar ko‘rinishida kodlab ishlar edi. Ammo ular moslashuvchanlikdan
mahrum edi va “SI qishi” (Al Winter) deb nomlangan inqiroz davri yuzaga keldi.
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Uchinchi bosgich - Mashinali o‘rganish davri (1986-2010) 1986-yilda Rumelhart va
McClelland tomonidan taqdim etilgan orgaga targalish algoritmi (backpropagation) neyron
tarmoglarga yangi hayot baxsh etdi. SVM, qaror daraxtlari, Random Forest kabi algoritmlar ham
shu davrda paydo bo‘ldi. Statistik yondashuv hukmron bo‘lib, katta ma‘lumotlar to‘plamlaridan
qonuniyatlar o‘rganildi (Bishop, 2006).

To‘rtinchi bosqich - Chuqur o‘rganish va transformer davri (2012-hozirgacha) 2012-yilda
AlexNet modelining ImageNet musobagasida g‘alaba qozonishi chuqur o‘rganish ingilobini
boshladi. 2017-yilda Vaswani va boshqalar transformer arxitekturasini taqdim etdi, bu NLP
sohasini butunlay o‘zgartirdi. 2020-yildan boshlab GPT-3, GPT-4, Gemini, Claude kabi yirik til
modellari (LLM) davri boshlandi (4-rasm).

Bugungi  kunda multimodal

modellar (bir vagtda matn, rasm va

G *. . ovozni tushunuvchi tizimlar) jadal

L'I'Ii MISTRAL emini rivojlanmogda. ~ Bommasani  va

AT boshqgalar (2021) “foundation models”

;- & tushunchasini Kiritib, bu tizimlar bir
- necha sohada bir vaqtda yuqori

J Claud samaradorlik ko‘rsatishini isbot qildi.

OpenAl Whisper, ElevenLabs, Meta

[Eﬁ] perplexity &deepseel( MI\/_IS _ kabi _ Mmaxsus modellgr

audiovizual tarjima uchun asosiy
qurilish bloklariga aylandi.
4-rasm. Sun’iy intellect yordamida ishlovchi chat bot turlari. Neyron tarmoglarning ishlash
prinsiplari va chuqur o‘rganish (Deep learning): Neyron tarmoglar biologik miyadan
ilhomlangan matematik modellar bo‘lib, ma‘lumotlardan qonuniyatlarni o‘rganish imkonini beradi.
Oddiy neyron tarmog uch asosiy gatlamdan iborat: kirish gatlami, bir yoki bir necha yashirin
gatlamlar va chigish gatlami. Har bir neyron aktivatsiya funksiyasi (ReLU, sigmoid, softmax) orgali
kirish signalini chiqish signaliga o‘zgartiradi. O‘rgatish jarayonida orqaga tarqalish algoritmi
yordamida og‘irliklar yo‘qotish funksiyasini minimallashtiradigan giymatga tomonga yangilanadi
(Goodfellow et al., 2016). Chuqur o‘rganish tizimlarining markazida bir necha muhim matematik
formula yotadi.

Orgaga tarqalish algoritmi (Backpropagation) - Neyron tarmoqni o‘rgatishning asosi -
orgaga targalish algoritmi. Har bir og‘irlik uchun gradient zanjir qoidasi (chain rule) yordamida
hisoblanadi:

dL dL da dz

dw da dz dw
(1) Zanjir qoidasi yordamida gradient hisoblash
Bu yerda dL/ow — og‘irlikning yo‘qotish funksiyasiga ta’siri, a-aktivatsiya, z-neyronning kirish
summasi. Hisoblab topilgan gradientdan foydalanib og‘irliklar yangilanadi:
W W n E
(2) SGD orgali og'irliklarni yangilash
Bu yerda n — o‘rganish tezligi (learning rate), w-og‘irlik koeffitsienti. O‘rganish tezligi qanchalik
kichik bo‘lsa, yangilanish sekinroq, lekin barqarorroq bo‘ladi.
Softmax aktivatsiya funksiyasi - Ko‘p sinfli tasniflash vazifalarida chiqish gatlamida
softmax funksiyasi qo‘llaniladi. U barcha chiqgish giymatlarini ehtimolli tagsimotga (summa = 1)
aylantiradi:

e”i

) ; e
(3) Softmax funksiyasi

Bu yerda Zi - i-neyronning kirish qiymati. Transformer arxitekturasidagi e’tibor mexanizmi ham
aynan softmax funksiyasiga asoslanadi.

o(z) =
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Cross-Entropy yo‘qotish funksiyasi - Tabiiy til modellari va tarjima tizimlarini o‘rgatishda
cross-entropy yo‘qotish funksiyasi standart mezon hisoblanadi. U model bashoratining haqiqiy
giymatdan ganchalik uzoqligini o‘lchaydi:

1
i i

(4) Cross-Entropy yo ‘qotish funksiyasi
Bu yerda N-namunalar soni, y,-haqigiy giymat (0 yoki 1), §,;-model bashorati. Yo‘qotish
ganchalik kichik bo‘lsa, model shunchalik aniq ishlaydi.
Perceptron - Birinchi Neyron Modeli - Perceptron eng oddiy sun’iy neyron. U kirish
signallarini og‘irliklar bilan ko‘paytirib, aktivatsiya funksiyasidan o‘tkazadi:

y = f(ziﬂwi x;, + b) = flwix + b)

(5) Perceptron chigish formulasi
X1, X2, ..., Xn - kirish qiymatlari, wi, ..., w, - og‘irliklar (weights), b - bias, f - aktivatsiya funksiyasi.
Misol: Elektron xatning spam yoki spam emasligini aniglash uchun perceptron:
v = f(0.8x1, + 05x1, 4+ (—0.3)x1; + 0.2)
x1 = “pul” so‘zi bor (1/0), x> = havolalar soni, xs = tanish yuboruvchi (1/0)
Agar y > 0.5 bo‘lsa demak SPAM, aksincha y < 0.5 bo‘lsa SPAM EMAS
Aktivatsiya Funksiyalari - Sigmoid (Logistik) funksiya chigish giymati O va 1 orasida

bo‘ladi - ikkilik tasniflash uchun ideal:
1

1 + ™=
(6) Sigmoid funksiyasi o(z) € (0, 1)
Sigmoid funksiyasi boshqa neyronlarga o‘tkazilgan signal ehtimolligini ifodalaydi.
ReLU (Rectified Linear Unit) - Chuqur o‘rganishda eng ko‘p ishlatiladigan aktivatsiya
funksiyasi:

ol(z) =

flz) = max(0, z) = g
(7) ReLU — nomanfiy giymatlarni o ‘tkazadi, manfiylarni 0 giladi
Softmax - Ko‘p sinfli tasniflash vazifalarida chiqgish qatlamida qo‘llaniladi. Barcha chigish
giymatlarini ehtimolli tagsimotga (yig‘indi = 1) aylantiradi:
et
E_;.' eZi
(8) Softmax funksiyasi 2 P(y;) =1

o (@) =

Misol - ragam tanish (0-9):

es

P(ragam = 3) = ——
K,
Agar P (ragam=3) = 0.87 bo‘lsa model 87% ishonch bilan «3» deb aniqlaydi.
Yo‘qotish Funksiyalari (Loss Functions) - Model ganchalik xato qgilayotganini o‘lchash

uchun ishlatiladi. Model o‘qitish - bu funksiyani minimallashtirishga garatilgan.
MSE - O‘rta Kvadratik Xato (Regressiya uchun):

MSE = =3 (i, =3 )

n i,
(9) Vi - haqiqiy qiymat, y; - bashorat, n - namunalar soni
Misol - uy narxi bashorati:
(200—195) 2 + (300—310) 2 + (150— 148) °*2 25 + 100 + 4

MSE = =
3 3

= 43
MSE qanchalik kichik bo‘lsa, model shunchalik aniq ishlaydi.

Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 3) 149



JJIEKTPOHHBIE IPUBOPBI U TH®OOPMAIIMOHHBIE TEXHOJIOI'MU

Zanjir goidasi — Ko‘p qatlamli tarmoq uchun umumlashtirilgan zanjir qoidasi:

aL (l_r 9z, ) dL (1-1)
—_— —_ ' ) x v
aw kpps 9Z(k-1) 0z

(10) I - gatlam indeksi, L - oxirgi gatlam
Uch bosgichda ishlaydi:
1. Forward pass: Kirish ma’lumotlari oldinga o‘tib, bashorat hosil bo‘ladi.
2. Loss hisoblash: Haqiqiy va bashorat gilingan giymatlar farqi o‘Ichanadi.
3. Backward pass: Gradiyentlar orqaga tarqalib, barcha og‘irliklar yangilanadi.

Mashinaviy tarjima (MT) va ovoz sintezi (TTS) texnologiyalari hamda o‘zbek tiliga
tarjima qilishdagi muammolar: Mashinaviy tarjima rivojlanishida uch asosiy paradigma mavjud:
goidaga asoslangan (RBMT), statistik (SMT) va neyron yondashuv (NMT). Bugungi kunda eng
yuqori sifatni transformer arxitekturasiga asoslangan NMT ta’minlamoqda. Encoder-decoder
modeli va attention mexanizmi kontekstni chuqur tahlil gilish imkonini beradi. Ingliz-o‘zbek
yo‘nalishida Helsinki-NLP tomonidan ishlab chigilgan OPUS-MT modeli muhim gadamlardan biri
hisoblanadi. Ko‘p tilli platformalar Google Translate, DeepL va GPT-4 o‘zbek tilini gisman
qo‘llab-quvvatlaydi, ammo sifat bargaror emas.

Audiovizual tarjimada MT tizimi ASR va TTS bilan birgalikda ishlaydi. ASR sohasida
Whisper modeli kop tilli aniqligi bilan ajralib turadi, biroq shovqinli muhit va tez nutqda xatoliklar
saqlanib qolmogda. TTS yo‘nalishida neyron modellar sifat jihatidan sezilarli sakrashni amalga
oshirdi. WaveNet inson nutgiga yagin ovoz generatsiyasini boshlab berdi. Tacotron 2 va FastSpeech
2 sintez tezligini va bargarorligini oshirdi. VITS esa akustik model va vokoderni yagona end-to-end
tizimga birlashtirdi. Tijorat yechimlari orasida ElevenLabs yuqori sifat va emotsional boshgaruv
bilan ajralib turadi, Microsoft Edge-TTS esa o‘zbek tilida tayyor neural ovozlarni taklif qiladi.

Shu bilan birga, ingliz tilidan o‘zbek tiliga tarjimada qator cheklovlar mavjud:

1. Lingvistik tafovutlar. Ingliz tili analitik va SVO tartibli, o‘zbek tili esa agglutinativ va
SOV tuzilishga ega. Suffikslar tizimi va fe’lning gap oxirida kelishi NMT modellarining struktural
moslashuvini murakkablashtiradi.

2. Resurslar yetishmasligi. Yuqori sifatli parallel korpus va belgilangan nutq ma’lumotlari
hajmi cheklangan. Bu modelni o‘qitish va fine-tuning jarayonini sezilarli darajada susaytiradi.

3. Terminologik nomuvofiglik. IImiy va texnik atamalarning standartlashmaganligi tarjima
natijasida izchillik muammosini keltirib chigaradi.

4. Real vaqt va sinxronizatsiya talablari. ASR-MT-TTS bosgichlari ketma-ket ishlaganda
umumiy kechikish (latency) oshadi. Dublyajda esa lip-sync muammosi yuzaga keladi, chunki
o‘zbekcha matn ko‘pincha inglizchasidan uzunroq bo‘ladi.

5. Madaniy-pragmatik to‘siglar. Idiomalar va kontekstual iboralarni avtomatik talqin qilish
hali ham murakkab vazifa bo‘lib qolmoqda.

6. Yozuv tizimi masalasi. O‘zbek tilining lotin va kirill yozuvida qo‘llanishi modellarni
yagona standart asosida ishlashini giyinlashtiradi.

Xulosa qilib aytganda, MT va TTS texnologiyalari texnik jihatdan yetuk bosgichga chiggan
bo‘lsa-da, o‘zbek tili uchun sifatli real vaqt audiovizual tarjima tizimini yaratish lingvistik
moslashuv, resurs bazasini kengaytirish va optimallashtirilgan pipeline arxitekturasini talab giladi.

Xulosa

Ushbu maqolada sun’iy intellekt asosida ingliz tilidagi audiovizual kontentni o‘zbek tiliga tarjima
qilishning nazariy asoslari tahlil qgilindi. Transformer va chuqur o‘rganish modellariga tayangan
ASR, MT va TTS texnologiyalari to‘liq tarjima pipeline yaratish imkonini beradi. Biroq o‘zbek tili
uchun korpus va nutq ma’lumotlarining yetishmasligi hamda til tipologik farglari tarjima sifatiga
ta’sir ko‘rsatmoqda. Real vaqt rejimida ishlashda kechikishni kamaytirish muhim texnik vazifa
hisoblanadi. Kelgusida ixtisoslashtirilgan modellar va milliy ma’lumotlar bazasini rivojlantirish
sohaning tezkor taraqqiyotini ta’minlaydi.
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UO’K 677.21
GAZLARNI SUYUQLIK VA CHANG ZARRACHARIDAN TOZALASH

Q.A. Jo‘rayev!”, A. A. Axmedov?, A.R. Tursunov?

Buxoro davlat texnika university
Qarshi davlat texnika university
Mas 'ul muallif, e-mail: fayoz.abdullayev1993@mail.ru
(Qabul gilindi 10.03.2026 v.)

Annotatsiya, Yer qa ridan qgazib olinadigan tabiiy gaz tarkibida mexanik zarrachalar, chang va
suyuqlik tomchilari mavjud bo'lib, ular gazni gqayta ishlash, tashish hamda undan samarali
foydalanishga salbiy ta’sir ko ‘rsatadi. Shu sababli gazni dastlabki bosqichda samarali tozalash muhim
hisoblanadi. Ushbu magqolada separator qurilmasining takomillashtirilgan konstruksiyasi o ‘rganilgan.
Unda Z-shakldagi o ‘siglar va statik siqib ajratgich yordamida zarrachalar markazdan qochma hamda
inersion kuchlar ta’sirida samarali ajratilishi ta’'minlanadi va umumiy tozalash samaradorligi oshadi.

Tayanch so‘zlar: tabiiy gaz, gazni tozalash, separator, Z-shakldagi qanotli to‘siqg, statik
ajratgich, spiral kanal, chang zarrachalari, suyuglik tomchilari.

Annomauus. [Ipupoonwiii eaz, 00OvI8aeMblil U3 HeOp, COOEPHCUM MEXAHUULECKUE NPUMECU, NbLIb
u Kanau DfCMaKOC‘mM, Komopbvie ompuyanmeibHo GaUAOm HA npoyeccsl nepepa6omi<u,
mpancnopmupoeku u aqbqbekmuenoeo UCNnOIb306AHUAL. H09m0My 6AJICHA €20 o4YUCmKaA HA HAYAIbHOM
smane. B cmamve uccnedosana YCOBEPULEHCMBOBAHHAS KOHCMPYKYUA cenapamopa. HUcnonvzosanue Z-
06p613Hblx nepeeopobox u cmamudeckozo corcumaromeco omoenumens no360sem 3gbgbeKmu6H0
y()aﬂﬂmb yacmuybvl noo oeticmeuem ueHmp06€JfCHblx U UHEPYUOHHBIX CUJ, 4YMO noesvliiaeni 061/1/;)/}0
aghpexmuernocmob ouucmku 2asa.

Knrouesvie cnosa: npupoousiii 2as, ouucmka easza, cenapamop, Z-oOpasHvle NONACMHbIe
nepe2opooxu, CMamuyeckutl cenapamop, CRUPAIbHbIL KaHA, Nbliesble YaCuybl, Kaniu HCUOKOCMU.

Abstract. Natural gas extracted from underground contains mechanical particles, dust, and
liquid droplets that negatively affect processing, transportation, and efficient use. Therefore, effective
initial purification is essential. This article examines an improved separator design. The use of Z-
shaped baffles and a static compression separator enables efficient removal of particles under
centrifugal and inertial forces, thereby increasing the overall gas cleaning efficiency.

Keywords: natural gas, gas purification, separator, Z-shaped baffle vanes, static separator,
spiral channel, dust particles, liquid droplets.

Kirish. Tabiiy gaz dunyo energetika balansida muhim o‘rin egallaydigan asosiy yoqilg‘i
resurslaridan biri hisoblanadi. U nisbatan toza yoqilg‘i turi bo‘lib, sanoat, energetika, kimyo sanoati
hamda maishiy sohalarda keng qo‘llaniladi. Tabiiy gaz konlardan gazib olinayotganda uning tarkibi
sof holda bo‘lmaydi, balki unda turli mexanik aralashmalar, qum, chang zarrachalari, suv bug‘i,
kondensat tomchilari hamda boshqa suyuq fazalar mavjud bo‘lishi mumkin. Bunday aralashmalar
gazni tashish va gayta ishlash jarayonlarida texnologik uskunalarning samarali ishlashiga salbiy
ta’sir ko‘rsatadi. Ayniqsa, gaz tarkibidagi qattiq zarrachalar va suyuqlik tomchilari quvur
tizimlarida eroziya va korroziya jarayonlarini kuchaytirishi, kompressor va boshga texnologik
qurilmalarning ishlash muddatini gisqgartirishi mumkin.

Shu sababli gazni keyingi texnologik jarayonlarga uzatishdan oldin uni turli mexanik
aralashmalar va suyuglik tomchilaridan tozalash zarur hisoblanadi. Gazni tozalash jarayonlari
odatda bir necha bosqichlardan iborat bo‘lib, dastlabki bosqichda gaz tarkibidagi yirik zarrachalar
va suyuglik tomchilari ajratib olinadi. Ushbu jarayon gazni gayta ishlash tizimining bargaror va
xavfsiz ishlashini ta’minlashda muhim ahamiyatga ega.

Gazlarni mexanik aralashmalar va suyuglik tomchilaridan ajratib olish uchun sanoatda turli
xil qurilmalar qo‘llaniladi. Bular qatoriga gravitatsion ajratgichlar, markazdan qochma kuchga
asoslangan siklon qurilmalari, filtrlar hamda separatorlar kiradi. Amaliyotda separator qurilmalari
keng qo‘llanilib, ular gaz oqimidagi suyuqlik va qattiq fazalarni ajratishda yuqori samaradorlikka
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ega. Separatorlarning ishlash prinsipi asosan gravitatsiya, inersion kuchlar, markazdan gochma
kuch hamda oqgim yo‘nalishining o‘zgarishi natijasida zarrachalarning gaz ogimidan ajralib
chigishiga asoslanadi. Hozirgi vaqtda gazni tozalash jarayonlarining samaradorligini oshirish
magqsadida separator qurilmalarining konstruktiv tuzilishini takomillashtirishga alohida e’tibor
garatilmoqda. Xususan, gaz ogimining gidrodinamik xususiyatlarini hisobga olgan holda ichki
ajratgich elementlarini optimallashtirish, oqimni yo‘naltiruvchi to‘siglar va ko‘p bosqichli ajratish
tizimlaridan foydalanish orqgali ajratish jarayonining samaradorligini oshirish mumkin. Bunday
konstruktiv yechimlar gaz tarkibidagi suyuglik tomchilari va mayda zarrachalarni yanada samarali
ajratib olishga imkon beradi hamda texnologik jarayonlarning umumiy samaradorligini oshiradi.
Shu nugtai nazardan, gazlarni dastlabki tozalash uchun qo‘llaniladigan separator qurilmalarining
yangi konstruktiv yechimlarini ishlab chigish va ularning ishlash samaradorligini tadgiq etish
muhim ilmiy-amaliy ahamiyatga ega bo‘lgan masalalardan biri hisoblanadi.

Tadgigot usuli. Sanoatda gaz—suyuqlik va suyuglik—suyuglik aralashmalarini ajratish uchun
turli turdagi separator qurilmalari keng qo‘llaniladi. Ushbu turdagi qurilmalar konstruktsiyasining
nisbatan sodda bo‘lishi va ishlashining ishonchliligi sababli qayta ishlanayotgan gaz oqimlarini
mexanik aralashmalardan tozalash jarayonlarida keng qo‘llanadi [1]. Changli gazlarni tozalashda
ko‘pincha nam tozalash usullari, xususan gadoqglangan qatlamni sug‘orish orqali ishlaydigan
separatorlar qo‘llaniladi. Qadoqlangan separatorlarning ishlash jarayonida gaz oqimidan suyuq
tomchilar inertsiya va turbulentlik kabi mexanizmlar ta’sirida qadoqlash yuzasida joylashgan egri
kanallarga cho‘kadi. Natijada hosil bo‘lgan suyuq plyonka qadogning pastki qismiga oqib tushadi
va separator tizimidan chigariladi. Biroq gaz ogimi tezligi yuqori bo‘lganda suyuq plyonka gayta
gaz oqgimiga tortilishi mumkin, bu esa tomchilarning gayta dispersiyalanishiga va apparatning
ishlash samaradorligi pasayishiga olib keladi [2]. Neft va gaz gazib olish jarayonini jadallashtirish
yo‘ldosh neft gazini gayta ishlash va uni texnik talablar asosida magistral gaz quvurlariga uzatish
orgali amalga oshiriladi. Bundan tashqari, uskunalarni muntazam modernizatsiya gilish va gazni
qayta ishlash jarayoniga ta’sir etuvchi yangi texnologiyalarni ishlab chiqish muhim ahamiyatga ega.
Fizik-kimyoviy parametrlar nuqtai nazaridan gayta ishlangan yonuvchan tabiiy gaz amaldagi
standartlar talablariga javob berishi zarur. Shu sababli zamonaviy texnologiyalar uglevodorod xom
ashyosini qayta ishlash jarayonida energiya samaradorligini oshirish hamda atrof-muhit
ifloslanishining oldini olishga qaratilgan bo‘lishi kerak[3]. Konni o‘zlashtirishning so‘nggi
bosqgichlarida yuzaga keladigan asosiy muammolar gatoriga kondensat, gatlam suvi hamda mexanik
aralashmalar kiradi. Ushbu omillar kirish separatorlarining texnologik parametrlariga sezilarli ta’sir
ko‘rsatadi. Markazdan qochma kuchidan foydalanib ishlaydigan separatorlarda gaz-suyuglik
oqimlarini ajratish keng qo‘llaniladi. Muallif tomonidan taklif etilgan markazdan qochma ajratish
elementlari ma’lum bir ish diapazoni uchun mo‘ljallangan bo‘lib, ular yordamida butun apparatni
almashtirmasdan separatorni modernizatsiya gilish mumkin [4]. Biroqg ajratish jarayonida gazni
qayta ishlash chuqurligi, ya’ni separator samaradorligi muhim ahamiyatga ega bo‘lib, bu
ko‘rsatkich yo‘ldosh neft gazining ruxsat etilgan chiqish hajmiga bevosita ta’sir qiladi. Shu sababli
gaz-suyuqglik ogimlarini ajratish jarayonini hisoblash masalasi ilmiy va amaliy jihatdan dolzarb
hisoblanadi. Bundan tashqari, ajratish elementlarini ishlab chigish va loyihalash jarayonida ham
ushbu masala katta amaliy ahamiyatga ega [5]. Separatorlar xom neftni gayta ishlash sanoatida
soddaligi va iqtisodiy samaradorligi sababli muhim rol o‘ynaydi. Neft konlarida suv miqdorining
ortib borishi va og‘ir xom neft zaxiralarining gazib olinishi ushbu jarayonning ahamiyatini yanada
oshirmoqda. Neft sanoatida hosil bo‘ladigan emulsiyalarning xatti-harakati va bargarorligi xom neft
hamda suv tarkibidagi o‘zgarishlar tufayli sezilarli darajada farq qilishi mumkin. Neft—suv
aralashmalarini ajratish uchun universal model yaratish murakkab vazifa hisoblanadi. Bunday
modelni ishlab chigishda ko‘plab taxminlar qabul qilinadi va turli darajadagi murakkabliklar yuzaga
keladi [6]. Tadgiqgotchilar tomchilar cho‘kishi va birlashishini o‘z ichiga olgan ajratish jarayonini
o‘rganganlar. Ushbu tadqiqotlarda dispers fazaning suyultirilganligi qabul qilingan va sirtlararo
qarshilik omillari ¢’tiborga olinmagan. Shuningdek, eksperimental natijalar bilan moslashish uchun
tomchi terminal tezligi, ikkilik koeffitsient tezligi hamda interfeys koeffitsienti kabi sozlash
parametrlaridan foydalanilgan. Suyuglik—suyuglik gorizontal gravitatsion ajratgichlari
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fermentatsiya, metallurgiya, kimyo sanoati kabi ko‘plab texnologik jarayonlarda muhim ahamiyatga
ega. Ushbu qurilmalar gravitatsiya kuchi ta’sirida dispers aralashmani o‘zaro mos fazalarga ajratish
uchun mo‘ljallangan. Dispers tizim odatda faza ulushi, tomchi o‘lchami tagsimoti, oqim tezligi,
harorat hamda material tizimining fizik xususiyatlari (zichlik, yopishqoqlik va sirt tarangligi) kabi
parametrlar bilan tavsiflanadi [7]. Shunga qaramay, suyuglik—suyuglik ajratgichlarining
samaradorligi ko‘pincha kirish oqimi xususiyatlarining o°‘zgarishi, masalan tuz konsentratsiyasi
yoki harorat o‘zgarishi bilan pasayishi mumkin. Birlashish bilan cheklangan tizimlarda bu
o‘zgarishlar tomchilarning koagulyatsiya jarayoniga ta’sir qilib, zich dispers zona hosil qiladi va
og‘ir holatlarda separatorning to‘lib ketishiga olib kelishi mumkin. Bu esa texnologik jarayonning
to‘xtab qolishiga hamda katta iqtisodiy yo‘qotishlarga sabab bo‘ladi [8]. Haroratning tomchi
birlashish jarayoniga ta’siri ham muhim omillardan biridir. Tadqiqotlar natijalariga ko‘ra harorat
oshishi tomchilar orasidagi Braun harakatini kuchaytiradi, bu esa suyuglik plyonkasining tezroq
yorilishiga va tomchilarning birlashishiga yordam beradi. Birog ayrim tadgiqotlarda haroratning
birlashish parametriga sezilarli ta’siri kuzatilmagan. Shu sababli zamonaviy tadgiqotlarda
laboratoriya sharoitidagi partiyaviy cho‘ktirish tajribalari asosida modellar ishlab chiqish keng
qo‘llanilmoqda. Masalan, Henschke modeli suyuqlik—suyuqglik gravitatsion ajratgichlarini
loyihalashda keng qo‘llaniladigan zamonaviy yondashuvlardan biri hisoblanadi [9]. Ushbu model
tomchi deformatsiyasi va dispers zona ichidagi bosim yo‘qotishlarini hisobga olishi bilan ajralib
turadi.  Ajratish jarayonida gaz fazasidan suyuqlikni ajratish bosim pasayishi va harorat oshishi
natijasida yuz beradi. Ushbu jarayon odatda separator deb ataladigan bosimli idishlarda amalga
oshiriladi. Konni o‘zlashtirish jarayonida suv bostirish usuli qo‘llanilganda quduq suyuqligida
uchinchi faza — suv paydo bo‘ladi. Natijada neft tarkibidagi suv miqdori ortadi. Suv miqdori Kritik
qiymatga yetganda konni o‘zlashtirish iqtisodiy jihatdan samarasiz bo‘lib qoladi. Shu sababli suvni
ajratish, tashish va gayta quyish tizimlarini to‘g‘ri loyihalash konni ishlatish muddatini uzaytirish
hamda umumiy neft gazib olish hajmini oshirish uchun muhim ahamiyatga ega. Demak, uch fazali
ajratish jarayoni neft konlarini samarali ishlatishda muhim texnologik bosqgich hisoblanadi [10].

Natija va muhokamalar. Ushbu ilmiy ishda taklif etilayotgan ikki bosqgichli tozalash
tizimiga ega separator qurilmasi gorizontal tipda loyihalashtirilgan bo‘lib, uning ichki tuzilishi (1-
rasm) gaz tarkibidagi suyuglik tomchilari hamda mexanik aralashmalarni samarali ajratishga
garatilgan. Qurilmaga kirayotgan tabiiy gaz ogimi dastlab kirish gismida joylashtirilgan Z-
shaklidagi qanotli to‘siglar orqali o‘tadi. Mazkur bosqichda oqim yo‘nalishi bir necha marotaba
keskin o‘zgarishi natijasida Inertial separation jarayoni yuzaga keladi. Bunda gaz tarkibidagi
zichligi yuqori bo‘lgan suyuqlik tomchilari va yirik zarrachalar o‘z inertsiya kuchi ta’sirida
oqimdan ajralib, to‘siglar va qurilma devorlariga urilib cho‘kadi. Natijada birinchi bosqichdayoq
gaz tarkibidagi yirik dispers fazalar sezilarli darajada kamayadi.

Dastlabki ajratishdan o‘tgan gaz oqimi separatorning ikkinchi bosqichiga, ya’ni spiral
shakldagi kanalga yo‘naltiriladi. Ushbu spiral kanal bo‘ylab gaz oqimi murakkab aylanma, ya’ni
vintli harakatni amalga oshiradi. Bunday harakat davomida markazdan qochma ta’siri yuzaga kelib,
gaz tarkibidagi mayda suyuglik tomchilari va zarrachalar kanal devorlariga tomon sigib chiqgariladi.
Spiral bo‘ylab yuqoriga va pastga yo‘nalgan harakat jarayonida gaz oqimining turbulentligi ortadi,
zarrachalarning o‘zaro to‘qnashuvi hamda ularning ajralishi tezlashadi. Ajralgan suyuqlik
tomchilari devor yuzalari bo‘ylab pastga oqib, separatorning pastki qismida joylashgan yig‘uvchi
zonada to‘planadi.

Ikki bosqichli ajratish jarayonidan o‘tgan gaz oqimi qurilmaning yuqori qismiga ko‘tarilib,
chigish gismi orgali tashqgariga uzatiladi. Ushbu bosgichda gaz tarkibidagi suyuglik va qattiq
aralashmalar miqdori minimal darajaga yetkazilgan bo‘ladi. Qurilmada oqimning spiral harakati,
bosimning ma’lum darajada ortishi va gazning ichki konstruktiv elementlar bilan o‘zaro ta’siri
natijasida yuqori darajada tozalash samaradorligiga erishiladi. Shu bilan birga, qurilma
konstruktsiyasi nisbatan sodda bo‘lib, ekspluatatsiya jarayonida ishonchliligi va samaradorligi bilan
ajralib turadi.
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1-rasm. Separatorning yon tamondan ko‘rinishi.

Separatorning ichki tuzlishini tanlashda gaz tarkibidagi zarrachalar o’lchami va suyuqlik
miqdoriga e‘tibor qaratish muhum hisoblandi. Agar zarrachalar o‘lchami katta bo‘lsa tozalash
darajasi yuqori bo‘ladi.

2-rasm. Z-shakldgi to‘siqlar.

Z shakldagi qanotli tuman ajratgichlari yuqori o‘tkazuvchanlikka ega inertial ajratgichlar
bo‘lib, ular parallel joylashtirilgan chevron zigzag shaklli profillar bo‘limlaridan tashkil topgan. Bu
profillar orgali gaz kirish gismidan chiqish gismigacha bir necha bor yo‘nalishini o‘zgartiradi.
Natijada, impuls inertsiya kuchlari ta’sirida gaz tarkibidagi suyuqlik tomchilari qanot yuzalariga
urilib, u yerda suyuq plyonka hosil giladi va keyin ogib tushadi.

Z shakldagi ganotli yuzasiga urilish qo‘shilish, va oqib tushish jarayonlari orqali ajratadi,
bunda suyuglik gaz ogimidan alohida ajralib chigmaydi. Ular aynigsa kirish ogimida gattiq
zarrachalar mavjudligi yoki yuqori qovushgoglikka ega suyugliklar sababli ifloslanish xavfi yugori
bo‘lgan jarayonlar uchun juda mos keladi. Biroq, ularning gazni o‘tkazish sig‘imi nisbatan past
hisoblanadi.
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(changli gaz kiradi
tangensial yo'nalishda)

5. Chang yig‘iladigan
qism (hopper)
(zarrachalar pastda

toplanadi)

2. Toza gaz chiqishi
(markaziy quvur orqali
yuqoriga chiqadi)

3. Spiral kanal
(gaz ichkarida spiral
bo’ylab harakatlanadi)

4. Tashgqi silindrik
devor

(zarrachalar devorga

urilib pastga tushadi)

6. Clang chiqishi
(to’plangan chang chiqariladi)

3-rasm Spiral kanallar.

Spiral kannalli ajratgichlar gaz tarkibidagi gattiq va suyuq zarrachalarni ajratib olish uchun

mo‘ljallangan bo‘lib, natijada gaz mayda suyuqlik tomchilardan tozalaydi. Shuningdek texnik
jihatdan muhim ifloslantiruvchi moddalardan xoli holga keltiriladi. Ifloslantiruvchi modda chigarib
yuborilgandan so‘ng, eng mayda zarrachalar (< 5 um) markaziy hududda chiqgarish diski ostida
hosil bo‘ladigan girdob ta’sirida so‘riladi va shu yerda girdob markazidagi pastga yo‘nalgan oqim
orqali pastga chigarib yuboriladi. Ushbu girdob chigish tomonga yo‘naltirilgan ikkilamchi ogim
yo‘li natijasida yuzaga keladigan ko‘tariluvchi oqimlar tizimi hisoblanadi. Tizim devorlar bo‘ylab
to‘liq yopishgan holda saqlanadigan chegaraviy qatlam oqimiga asoslanganligi sababli, ajratish
samaradorligi kirish oqim tezligi o‘zgarishidan qat’i nazar, maksimal loyihaviy oqim tezligigacha
mutlaqo bargaror bo‘lib qoladi. Shu bois, ajratgich qurilmasi har -doim qurilmada yuzaga kelishi
mumkin bo‘lgan maksimal samarali hajmiy oqim tezligiga moslab loyihalanishi lozim.
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4-rasm Gaz tozalik darajasing gazdagi zarrachalar o‘lchamiga bog’ligligi.

Grafikda gaz ogimidan zarrachalarni ajratish jarayonining samaradorligi zarracha

o‘lchamiga bog‘ligligi ifodalangan bo‘lib, bu bog‘lanish Siklon separator kabi qurilmalarning
ishlash prinsipi bilan bevosita izohlanadi. Grafik tahlili shuni ko‘rsatadiki, zarracha diametri kichik
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bo‘lgan hollarda tozalash samaradorligi past bo‘ladi, chunki bunday mayda zarrachalar gaz oqimi
bilan birga harakatlanib, ajratilish jarayoniga yetarlicha ta’sir qiluvchi kuchlarga duch kelmaydi.

Zarracha o‘lchami ortib borishi bilan ularning inertsiya xossalari kuchayadi va Markazdan
gochma kuch ta’sirida qurilma devorlariga yo‘nalishi osonlashadi. Natijada ajralish samaradorligi
keskin oshadi. Katta o‘lchamli zarrachalarda esa ushbu jarayon maksimal darajaga yetib, deyarli
to°liq ajralish kuzatiladi.

Shunday qilib, grafik umumiy holda gazni tozalash jarayonida zarracha o‘lchami hal
qiluvchi omil ekanligini ko‘rsatadi: zarracha diametri ortgan sari ajratish samaradorligi ham ortadi
va yugori giymatlarga yaginlashadi.

P (MPa)

20 17 14 11 8 5 2

w (m/s)

5-rasm Gaz bosimning gaz oqim tezligiga bog‘liqligi.

Ushbu grafik gaz oqimi tezligi va bosim yo‘qolishi o‘rtasidagi bog‘liglikni ifodalaydi hamda
bu munosabat Bosim yo‘qolishi jarayonining asosiy qonuniyatlariga tayanadi. Grafik tahliliga
ko‘ra, gaz oqimi tezligi ortib borishi bilan tizimdagi bosim yo‘qolishi ham sezilarli darajada oshadi.
Bu holat ogim harakatining intensivlashuvi natijasida devorlar bilan ishgalanish kuchlarining ortishi
va girdobli (turbulent) harakatning kuchayishi bilan izohlanadi.

Past tezliklarda bosim yo‘qolishi nisbatan kichik bo‘lib, oqim asosan silliq (laminar) rejimda
harakatlanadi. Biroq tezlik ortishi bilan oqim rejimi o‘zgarib, Turbulent oqim yuzaga keladi va
energiya yo‘qotishlar keskin oshadi. Natijada bosim yo‘qolishi tezlikning kvadratiga yaqin
gonuniyat asosida ortib boradi.

Shunday qilib, grafik umumiy holda shuni ko‘rsatadiki, gaz oqimi tezligi oshishi tizimdagi
bosim yo‘qolishining ortishiga olib keladi va bu jarayon qurilmaning energetik samaradorligini
belgilovchi muhim omillardan biri hisoblanadi.

Qurilma samardorligini va natijalarni hisoblashda quydagi formulalardan foydalaniladi.
zarracha o‘lchami va samaradorlik

Umumiy samaradorlik formulasi

n = Jushy100

Myir
Fraksion samaradorlik (grafik uchun asosiy formula)
nd) =———
1+ (P

Bu yerda d-zarracha diametri, d., —kesish diametri (50% ushlanish nuqtasi)
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Ushbu bog‘lanish Fraksion samaradorlik ning zarracha o‘lchamiga nisbatan qanday o‘zgarishini
ifodalaydi [11].

Agar zarracha diametri kesish diametriga nisbatan juda kichik bo‘lsa (d<dso), bunday
mayda zarrachalar gaz oqimi bilan birga harakatlanadi va ularni ajratish deyarli sodir bo‘lmaydi,
natijada samaradorlik nolga yaqin bo‘ladi (n=0). Agar zarracha diametri kesish diametriga teng
bo‘lsa ((d=dso), bu holatda zarrachalarning taxminan yarmi ushlanadi, ya’ni ajratish samaradorligi
50% ni tashkil etadi. Ushbu nugta qurilmaning muhim xarakteristikasi hisoblanadi.

Zarracha diametri kesish diametridan ancha katta bo‘lgan hollarda (d>>dso), zarrachalarga
ta’sir qiluvchi Markazdan qochma kuch yetarli darajada katta bo‘ladi va ular tezda qurilma
devorlariga urilib ajraladi. Natijada samaradorlik maksimal giymatga yaqginlashib, deyarli 100% ga
teng bo‘ladi.

Shunday qilib, ushbu ifodalar zarracha o‘lchami ortishi bilan ajratish samaradorligi keskin
oshishini va bu jarayonning asosiy mezoni sifatida kesish diametri muhim rol o‘ynashini ko‘rsatadi.

Kesish diametri (dso) formulasi

SuB

— |
d50_-.‘| NN pphe
bu yerda: p — gaz viskozligi, B — siklon geometrik parametri Ne — aylanishlar soni pp — zarracha
zichligi Vi — tangensial tezlik [12].
Gaz tezligi va bosim yo‘qolishi

_ .2
AP=¢ 5
bu yerda, AP — bosim yo‘qolishi, §& — qarshilik koeffitsienti, p — gaz zichligi, V —gaz tezligi
[13].

Siklon uchun kengaytirilgan formula

AP =¢ 2 (K, + K, + K,)

bu yerda, Ki— kirish yo‘qotishlari, Ko—chiqish yo‘qotishlari K+— ishqalanish yo‘qotishlari [14].
Grafik izohi (matematik jihatdan)
AP o V2

Gaz tezligi oshishi bilan siklonda bosim yo‘qolishi kvadratik qonun asosida ortadi (AP «
V?), ya’ni gaz tezligini 2 barobar oshirish bosim yo‘qolishining taxminan 4 barobar ortishiga olib
keladi [15].

Siklon qurilmasida zarrachalarni ajratish samaradorligi asosan zarracha o‘lchamiga va
kesish diametriga (dso) bog‘liq bo‘lib, zarracha diametri ortgani sari samaradorlik keskin oshadi.
Shu bilan birga, gaz tezligining oshishi markazdan qochma kuchni kuchaytirib, ajratish
samaradorligini yaxshilaydi, ammo bu holat energiya sarfining ortishiga sabab bo‘ladigan bosim
yo‘qgolishining keskin (kvadratik) ortishi bilan birga kichadi. Demak, siklonning samarali ishlashi
uchun optimal ish rejimi — yuqori ajratish samaradorligi va minimal bosim yo‘qolishi (energiya
sarfl) o‘rtasidagi muvozanatni ta’minlashdan iborat.

Ushbu maqgolada tabiiy gazlarni suyuglik tomchilari va chang zarrachalaridan ajratib
tozalashning samarali texnologik yechimi sifatida ikki bosqichli separator qurilmasining
konstruksiyasi va ishlash prinsiplari tadqgiq etildi. Gazni dastlabki tozalash jarayoni sanoat
uskunalari xavfsizligi, uzluksiz ishlash va ekspluatatsiya muddatini uzaytirish nuqgtai nazaridan
muhim ahamiyatga ega bo‘lib, maqolada taklif etilgan qurilma ushbu talablarni samarali qondiradi.

Xulosalar. Separatorning birinchi bosgichi Z-shakldagi ganotli to‘siglar orqali inertial
separation mexanizmini qo‘llab, gaz tarkibidagi yirik suyuqlik tomchilari va mexanik zarrachalarni
devorlarga urilishini ta’minlaydi. Ikkinchi bosqichda spiral kanalning vintli ogimi va markazdan
qochma kuch, shuningdek turbulentlik ta’siri orqali mayda zarrachalar va suyuqlik tomchilari
samarali ajratiladi, natijada gaz tarkibi deyarli ifloslantiruvchi moddalardan xoli bo‘ladi.
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Tadqiqotlar shuni ko‘rsatdiki, gazni tozalash samaradorligi zarracha diametri va gaz
tezligiga bevosita bog‘liq bo‘lib, kesish diametri (dso) fraksion samaradorlikning muhim mezoni
hisoblanadi. Katta zarrachalar inertsiya va markazdan qochma kuchlar ta’sirida deyarli to‘liq
ajraladi, kichik zarrachalarda esa samaradorlik pasayadi. Shu bilan birga, gaz tezligining oshishi
bosim yo‘qolishini kvadratik qonuniyat asosida oshiradi, bu esa energiya sarfi va tizimning optimal
ishlash rejimini belgilashda hisobga olinishi zarur. Magolada taklif etilgan konstruktiv yechim
separatorning yuqori samaradorligi, soddaligi va ishonchliligini ta’minlaydi. Bu qurilma tabiiy
gazni dastlabki tozalash jarayonida bargaror va yuqori darajada ishlashni kafolatlab, neft-gaz
sanoatida konlarni o‘zlashtirish va gazni magistral quvurlar orqali uzatishda texnologik
samaradorlikni oshirishga xizmat giladi. Shu nuqgtai nazardan, maqolada ishlab chigilgan ikKi
bosqichli separator qurilmasi ilmiy jihatdan asoslangan va amaliy jihatdan samarali texnologik
yechim hisoblanadi.
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KIMYOVIY TEXNOLOGIYA JARAYON VA TIZIMLARNI MODELLASHTIRISH
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Annotatsiya. Ushbu magolada kimyoviy texnologiya jarayon va tizimlarini modellashtirishning
nazariy hamda amaliy jihatlari keng yoritilgan. Modellashtirish usullari yordamida kimyoviy reaksiyalar,
massa va issiglik almashinish jarayonlarini chuqur tahlil gilish, texnologik jarayonlarni optimallashtirish va
energiya-resurs tejamkor yechimlarni ishlab chigish imkoniyatlari ko ‘rib chigilgan.

Tayanch so‘zlar: kimyoviy texnologiya, matematik modellashtirish, texnologik tizim,
optimallashtirish, jarayon tahlili.

Annomauuﬂ. B oannou cmamove WUpPpOKo paccmampuearomcs meopemuveckKue u npaxkmudecKue
acnekmaul Modeﬂupoeanuﬂ npoyeccoe u cucmem XUMUYECKOU  MEexXHON02UL. Pacwwampueaiomc;z
B803MOIICHOCMU UCHOIb308AHUSL MEMOO0E8 MOOéJZMpO@CZHu}Z ons yZJZy5JZ€HH020 aAHAaAaAUu3a Xxumu4eckux peakuuﬁ,
npoyeccoe macco- u menjioneperoca, onmumusayul mexnoalocudecKux npoyeccos u pa3pa60ml<u 9HEpP2Oo-
pecypcocbepezaiowux peuierull.

Knrwueswvte cnosa: xumuueckas mexHosiocus, mamemamudyeckoe MOOé]ZMpOGdHue, mexHoJiocudecKa
cucmema, onmumuzayusl, anaius npoyeccos.

Abstract. This article broadly covers the theoretical and practical aspects of modeling chemical
technology processes and systems. The possibilities of using modeling methods for in-depth analysis of
chemical reactions, mass and heat transfer processes, optimization of technological processes, and
development of energy-resource-saving solutions are considered.

Keywords: chemical technology, mathematical modeling, technological system, optimization, process
analysis.

Kirish. Ilmiy texnika taragqiyotining hozirgi bosqichida ishlab chigarishga tadbiq
gilinayotgan jarayonlarning deyarli ko‘pchiligi juda murakkabdir. Shu sababli ilmiy-tadgigot
ishlarini olib borish ancha giyinlashgan, olingan natijalar esa juda tez eskirib qolishi mumkin.
Bunday sharoitda vaqt hal qiluvchi ahamiyatga ega. Modellashtirish  qgonuniyatlaridan
foydalanilgan taqdirda yangi jarayonlarni ishlab chigarishga joriy gilish vaqti gisqaradi, belgilangan
magsadlarni oddiy usullar yordamida hal qilinishiga erishiladi. Zamonaviy kimyo sanoatida
texnologik jarayonlar murakkab va ko‘p omilli bo‘lib, ularni samarali boshqarish yuqori aniqlikdagi
hisob-kitoblarni talab etadi. Shu sababli kimyoviy texnologiya jarayonlarini modellashtirish ilmiy
va amaliy ahamiyat kasb etmoqda [1,2,3].

Dolzarblik. Energiya va xomashyo resurslarining cheklanganligi, ekologik talablarning kuchayishi
kimyo sanoatida resurs tejamkor va bargarortexnologiyalarni joriy etishni tagozo etadi. Bu
jarayonda modellashtirish asosiy vosita hisoblanadi [3,4,5].

Masalaning qo‘yilishi. Kimyoviy jarayonlar va tizimlarni modellashtirishning asosiy
parametrlarini aniqlash, ularning o‘zaro bog‘ligligini o‘rganish va optimal ish rejimlarini belgilash
ilmiy tadgiqotning asosiy masalasidir [3,4].

Yechish usuli. Jarayonlarni tavsiflash uchun massa va energiya balansi tenglamalari, kinetik va
termodinamik modellar ishlab chigildi.Olingan tenglamalar kompyuter hisoblash usullari
yordamida amalga oshiriladi.

Tadgiqgot uslublari. Tizimli tahlil, matematik modellashtirish, kompyuter simulyatsiyasi,
eksperimental ma’lumotlarni solishtirish va statistik tahlil uslublari qo‘llaniladi.

Modellashtirish, bu mavjud yoki tashkil qilinishi lozim bo‘lgan ob’ekt, ya’ni qurilma (original)ning
shunday o‘rganish usuli bo‘lib, bunda asl ob’ekt o‘rniga uning o‘rnini bosish mumkin bo‘lgan
boshqa ob’ekt — model o‘rganiladi, olingan natijalar esa orginalni hisoblashda qo‘llaniladi.
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Modellashtirishning asosiy magsadi modelda o‘Ichab olingan parametrlar asosida ishlab chiqarish
sharoitidagi originalda yuz berishi mumkin bo‘lgan holatni oldindan aniglab berishga garatilgan
[3,4,6].

.Modellar va modellashtirish to‘g‘ri qaror qabul qilish uchun qo‘llaniladi. U yoki bu talablarga
javob beruvchi orginalga mos keluvchi ko‘plab modellashtirish turlari taklif etildi. Ularni
umumlashtirib quyidagi modellashtirishlarni farglash lozim [1,3,7].

Fikriy (xayoldagi) model

Matematik model >  Kompyuter mogenu

A 4

Fizik model

1-rasm. Modellashtirish turlari.

Faoliyat ko‘rsatayotgan ishlab chiqarishda jarayonlarni tadqiq qilish ko‘p mablag® talab etadi va
ular har doim ham amalga oshmaydi, shuning uchun uni asliga mos keluvchi modellarda amalga
oshirish tavsiya etiladi [2,4,8].

Model qurilgandan so‘ng tekshiruvchi:

e ob’ektning modelida uning xususiyatlarini va uni boshqarishni aniqlash imkoniyatiga ega
bo‘ladi, xuddi shuningdek uning boshqa ob’ektlarga ham ta’sirini kuzatish imkoniga ega
bo‘ladi;

e modelda hisoblab eng yaxshi tizimni va undagi jarayonning optimal shart sharoitlarini topadi;

e u qurgan modelning hossasini bilish yoki ob’ektini anglash mumkin (modelni anglash roli);

e modelda tekshirib ko‘rib eng yaxshi ta’sir etish yo‘llari bilan ob’ektni boshqarishni topadi;

e modelni trinajyor yoki o‘yin o‘rnida ishlatib, ob’ektni boshgarish tajribasiga ega bo‘ladi
(o‘rgatish roli);

e modelga ta’sirlarni o‘rganib ob’ektni yaxshilash mumkin (loyixa roli).

Original — faoliyat ko‘rsatayotgan sistema (tekshirilayotgan element) - ob’ekt, qurilma, model esa

uning soddalashtirilgan nus’hasi. Agar ikkita ob’ekt o‘rtasida ma’lum ma’noda o‘hshashlik topilsa,

ular orasida original va model mosligi mavjud bo‘ladi.

Fikriy model - bu asosiy model. Chunki so‘nggi qarorni inson qabul giladi. Boshqa hamma
modellar fikran gabul gilingan garorni yaxshilashga yordam beradi.

Model - (lotincha “modulus” — giyofa, “modelium” — myor degan ma’nolarni anglatadi) - bu
ob’ekt, ob’ektning informatsion ifodalanishi, orginalning ayrim xususiyatlarini o‘rganish imkonini
beruvchi originalning - ob’ektning nusxasi.

Modellashtirish — originalning bizga kerakli taraflarini ifodalovchi qurilmani (hayoliy,
fizik, matematik) tashkil qilish, original o‘rnida modelni qo‘llab jarayon va apparatlarni o‘rganish
usuli, natijalar originalga qo‘llaniladi. Originalni modeli yordamida ob’ektning muhim hossalari
haqida ma’lumot olinadi.

Fizik model — bu originalning fizik ifodalash, gohida originalning o‘zi — bu originalni
boshqa masshtablarda qo‘llash (odatda kichik masshtabda). Olingan natijalar mos kelishi
mezonlariga asosan originalga tadbiq gilinadi.

Matematik model — bu originalni matematik ifodasi. Ob’ektning o‘rniga uni tadqiq qilish
imkonini beruvchi matematik ifodalari yechish algoritmlari tuziladi va ular yordamida Kirish va
chiqish parametrlarini bog‘lovchi informatsiya olinadi.

Kompyuter modeli — matematik ifodalar va algoritmlari yordamida originalni kompyuterda
ifodalash. Sistema, jarayon kirish parametrlarini kiritilganda, kirish va chiqish parametrlarini o‘zaro
bog‘liglari hisoblab topiladi.

Model adekvatligi. Modelning originalga mos kelish darajasi. Modeldagi yechim
originaldagi yoki fizik modeldagi natijalar bilan tagqoslanadi va ularning mos kelish darajasi
aniglanadi. Adekvatlikni topishning bir gancha variantlari bor. Ulardan grafik usulini yoki
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xatoliklarni o‘rtacha kvadratini hisoblash usulini taklif etaman. Ob’ekt xarakteri va modellashtirish
usuliga garab Kolmogorov, Fisher, Pirson va boshga mosligini topish usullarini qo‘llash mumkin.
Ko‘p bosqichli analiz shuni ko‘rsatadiki, modelning aniq yasash imkonini, natijalarning ko‘p
bosqichli kelishuvchanlik usuli beradi.

Modellashtirishga quyidagi talablar qo‘yiladi [3,5,6] :

1. Originalga nisbatan modelda tajribalar tez amalga oshirilishi kerak. Ular oddiy, qulay, tejamli va
xavfsiz bo‘lishi kerak.

2. Modellashtirish natijalarini originalga o‘tkazishning qat’iy qoidalari bo‘lishi lozim.

3. Model strukturasi, tuzilishi va qo‘llanishi modellashtirishning asosiy magsadlariga mos kelishi
kerak.

Oddiyroq jarayonlarni o‘rganish va apparatlarni hisoblashda (gidravlik, gidromexanik jarayonlar)
fizik modellashtirish usulini ishlatish yaxshi samara beradi. Jarayonlarning murakkablashishi bilan
(issiglik, aynigsa massa almashinish) jarayonlar batafsilligini aniglash qiyinlashadi, hisobga
olinmagan omillar soni ortadi, mos kelish kriteriylari soni oshadi. Original bilan (sanoat qurilmasi)
laboratoriya fizik modeli o‘rtasidagi mos kelmaslik katta bo‘ladi, shuning uchun oralig modelini
(yarim sanoat qurilmasi) yaratish zarurati tug‘iladi. Fizik modellashtirish issiqlik yoki modda
almashinishining konvektivligini hisobga oluvchi va boshga har xil koeffitsientlarning empirik
tenglamalarini yaratish imkoniyatini berdi.

Ko‘p bosqichli kompyuter modellashtirish usullari texnologik jarayon, apparatlar, tarmoq va
tizimlarni o‘rganish va rivojlantirish to‘g‘risidagi fanlarni yangi sifat darajasiga ko‘tarish imkonini
beradi.

Kompyuter modellari tejamliligi bilan ajralib turadi, ular havfsiz, tekshirilayotgan parametrlar
diapazoni keng. Hisoblash texnikasining rivojlanishi hisoblarini tezligini, modellashtirish oddiyligi
va qulayligini yanada oshiradi [2,4,6].

OummHran HartmKkajgap Ba myxokama. Matematik va kompyuter modellashtirishning quyidagi
uclubiyotlarga umumlashtirish mumkin: O‘z navbatida har bir uclubiyot bir nechta usullarni o‘z
ichiga oladi [2,5,8].

1. Eksperimental. Jarayonlarni matematik ifodalashning eksperimental usuli anchadan beri
ishlatib kelingan bo‘lib, bu usul emperik tenglama, jadval, grafiklarning boshga turlardan iborat.
So‘nggi paytda eksperimental natijalarni kompyuterda ifodalash ortdi.

Ko‘p hollarda matematik ifodalarni topishning statistik matematika usulini qo‘llangan holda
eksperimental yo‘li yaratilmoqda. Buning uchun ob’ektni bir qora quti deb faraz qilinib, kirayotgan
va chigarayotgan parametrlarning o‘zaro bog‘ligligi o‘rganiladi.

O‘z navbatida eksperimental uslubiyotida son-ragamli (chislennsiy), statistik, emperik
tenlamalar, imitatsion, identifikalash, sun’iy neyron to‘rlari va boshqa uslublar bor.
Modellashtirishning eksperimental usuli oddiy va tejamli. U asosan bir pog‘onali tizimlar uchun
ishlatiladi, ammo muhandislikviy texnologiya jarayonlarini o‘rganishda kamroq ishlatiladi.
Muhandislik texnologiya jarayon va apparatlarini chuqur tekshirishda ma’qullari analitik va analitik
— eksperimental modellashtirish usullaridir.

2. Analitik. Matematik ifodalar jarayon va uning elementlarini toza analitik tekshirish natijasida
olinadi. Jarayon hagidagi fikrning chuqurligi bilan ajralib turadi, ammo jarayon elementlarining
matematik ifodalash hamma vaqt ham mumkin bo‘lavermaydi. Texnologik jarayon va tizimlarni
modellashtirish chog‘ida tadqiqotchi eksperimental ko‘rsatkichlarga murojat qilishi kerak bo‘lib
goladi.

O‘z navbatida analitik uslubiyotida borliq va xodisalarning tenlamalarini tuzish (ko‘proq fizika-
matematika fanlarida), jarayonlarning balans tenglamalarini tuzish va boshqa uslublar bor.

3. Analitik — eksperimental. Analitik modelga eksperimental yo‘l bilan olingan matematik
ifodalar kiritiladi. Jarayonlarni o‘rganishda ayrim koeffitsient va ifodalar (gidrodinamik qarshilik,
issiqlik berish, massa berish koeffitsientlari va boshqalar) bor bo‘lib, ularni analitik aniglash juda
giyin yoki deyarli mumkin emas. Bunday hollarda emperik va boshga eksperimental matematik
ifodalarni qo‘llash matematik modellashtirishni soddalashtiradi va ko‘p hollarda analitik
tekshirishlar moslashuvchanliligi va chuqurligini saglaydi.
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O°z navbatida analitik-eksperimental uslubiyot eksperimental yo‘l-uslubiyotga mos son-
ragamli (chislennery), statistik, emperik tenlamalar, imitatsion, identifikalash, sun’iy neyron to‘rlari
va boshga uslublarni ishlatishi mumkin.

Jarayon va qurilmalarni hisoblash va tahlilining asosiy prinsiplari gayta ishlanayotgan
materiallarning massaviy ogimlarini aniglashdan magsad mashina va qurilmalarni hisoblash, hamda
zarur energiya miqgdorini, issiglik va massa almashinish qurilmalarining optimal yuzalarini yoki
jarayonning davomiyligini aniglashdir.

Kinetik qonuniyatlarning tahlili, mashina va qurilmaning minimal o‘lchamlariga oid jarayonning
shartlarini baholash va optimal rejimlarni topish imkoniyatini beradi.

Jarayonlar tahlili, mashina va qurilmalar hisobi quyidagi ketma-ketlikda o‘tkaziladi:

- jarayonning moddiy va energetik balanslari tuziladi;

- statika qonuniyatlariga tayanib jarayonning harakat yo‘nalishi va muvozanat shartlari aniqlanadi;

- harakatga keltiruvchi kuch hisoblanadi;

- kinetika gonuniyatlariga tayanib jarayon tezligi topiladi.

Aniglangan optimal rejim uchun jarayon tezligi va harakatga keltiruvchi kuch kattaliklari asosida
qurilmaning asosiy o‘lchamlari: ishchi hajm yoki ishchi maydon yuzasi aniqlanadi. Asosiy o‘lcham
yordamida qurilmaning qolgan o‘lchamlari hisoblab topiladi [1,3,4,6].

Moddiy balans massaning saqlanish qonuniga tayanib tuziladi, ya'ni jarayon o‘tkazilish paytida
qurilmaga kiritilayotgan material migdori XGpesh, Undan chigayotgan mahsulot migdori £Goxga

teng bo‘lishi zarur:
z Gbosh = z G()x (1)

Moddiy balans asosida chigayotgan mahsulot miqgdori topiladi, ya’ni maksimal mahsulot chiqish
imkoniyatiga nisbatan protsent hisobida chiggan tayyor mahsulot migdori. Odatda, olingan tayyor
mahsulot miqdori sarflangan xom-ashyo birligiga hisoblanadi.

Lekin, sanoatda qurilmani ishlatish va jarayon borishi davrida qaytarib bo‘lmaydigan moddiy
yo‘qotilishlar albatta bo‘ladi. Unda (1) tenglama quyidagi ko‘rinishga ega bo‘ladi:

szosh = anx + ZG yog (2)

bu yerda G,,+- yo‘qotilgan modda miqgdori.

Odatda, moddiy balans butun jarayon yoki alohida bosgichlari uchun tuziladi [7,8].

Issiglik balansi energiya saqlanish qonuniga tayanib tuziladi, ya’ni: jarayonga Kkiritilayotgan
energiya miqdori £Gnosh, Unda ajralib chigayotgan energiya miqdoriga teng bo‘lishi kerak:

ZGbosh = zGox + ZGyoq (3)

Demak, chigib ketadigan issiglik migdori, mahsulot va issiglik eltkich bilan birga chigayotgan

issiglik migdorlari yig‘indisiga teng.

Energetik balansdan, hamma turdagi energiyalarni kirish va chigishidan tashqari, suyugliklarni

aralashtirishga yoki gazlarni sigish va uzatish uchun sarflanayotgan mexanik energiya ham hisoblab

topiladi.

Issiglik balansidan kelib chiggan holda isituvchi bug‘, suv va boshqa issiqlik eltgichlar sarfi

aniglansa, energetik balansdan esa — jarayonni amalga oshirish uchun zarur umumiy energiya sarfi

topiladi.

Jarayon o‘tishi davrida olingan natijaga vaqt va yuza (yoki hajm) birliklarining nisbatiga jarayon

intensivligi deyiladi. Jarayon intensivligi vaqt birligida yuza (yoki hajm) birligidan o‘tgan energiya

yoki massa miqdori bilan xarakterlanadi.

(1) formulaga binoan jarayon intensivligi jarayonni harakatga keltiruvchi kuchga to‘g‘ri

proporsionaldir. Jarayon intensivligining mezoni bo‘lib, tezlik koeffitsienti xizmat qiladi:
Ay @
Fdr R

bu yerda V- massa yoki energiya miqdori;F- massa yoki energiya o‘tayotgan yuza; 7= jarayon

davomiyligi; A - harakatga keltiruvchi kuch; R- garshilik; K— tezlik koeffitsienti.

Umumiy holatda jarayonni harakatga keltiruvchi kuch-potensiallar fargi. Xususiy holatlarda esa,
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gidromexanik jarayonlari uchun — bosimlar fargi, issiglik almashinish jarayonlari uchun -
temperaturalar fargi, massa almashinish jarayonlari uchun — konsentratsiyalar fargi.

Jarayonlarnig tezlik koeffitsienti moddiy oqimlarning harakat rejimiga bog‘liq. Oqgimlar harakati
esa, gidrodinamika qonunlari bilan aniglanadi [6,8,9].

Qurilma asosiy o‘lchamlarini aniqlash (4) tenglamadan foydalanib uzluksiz ishlaydigan qurilma
asosly o‘lchamlari hisoblanadi. Agar, qurilmadan vaqt birligida o‘tayotgan muhit hajmi V ma’lum
bo‘lsa va chizigli tezligi w berilgan yoki qabul qilingan bo‘lsa, qurilmaning ko‘ndalang kesim
yuzasi F ushbu fomuladan topiladi:

w

Qurilmaning asosiy o‘lchamlaridan biri bo‘lgan F (5) formuladan aniglanadi. Silindr shakldagi

qurilmalar uchun uning diametri — D. Yana bir asosiy o‘lchamlaridan biri qurilma ishchi balandligi

(yoki uzunligi) N. (4) formuladan qurilma ishchi hajmi V yoki yuza F topilishi mumkin. Agar, F

ma’lum bo‘lsa va F = a-V bog‘liglikdan (bu yerda a — solishtirma yuza) qurilma ishchi hajmi

aniqlanadi. So‘ng, V kattalik bo‘yicha V = F'N formuladan foydalanib qurilma balandligi N

hisoblanadi [3,5,6,7,8,9,10].

Xulosa. Kimyoviy texnologiya jarayonlarini modellashtirish sanoatda to‘g‘ri qarorlar qabul qilish

uchun muhim ilmiy asos bo‘lib xizmat giladi. Kelgusida sun’iy intellekt va ragamli texnologiyalarni

joriy etish tavsiya etiladi.
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Annomanyun: Denonocux Kysamye Hamudicarapued Kypa, maxcpubaoa ypeanunaémean C-8290 eysa
HABUHUHE YCUwU 8a pugodicianumy Kyzamuiou. Avnu, I-utons yonamuoda, C-8290 2y3a nasunumne oyuu
maoxukom uvuanapuea mymarocu6 pasuwoa 15,8-17,2 cm Hu, wunbaperap conu 4,2-4,3 donanu mawixun
omeannuey AHUKIAHEAH.
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Taanu cyznap: eyza dapeu, woxu, YCumauk oyiu, pugoxcianuul gasanapu.

Annomavus: Ilo pezynomamam ¢henonocuueckux Habmo0eHull 8 IKChepumenme HAOIOOAICs pocm
U pazeumue u3y4aemo20 copma Xa0n4amuuxa C-8290. To ecmv, no cocmosanuro Ha 1 uroHsa evlcoma
copma xnonwamuuxa C-8290 cocmasuna 15,8-17,2 cm, xoruuecmeo nacmoswux aucmoes 4,2-4,3 wmyx,
COOMBEMCMBEHHO 200AM UCCAEO08AHUIL.

Knrouesnle cnosa: nucmos X10n4amuuKa, 6emeu, blcoma pacmerus, ¢azvl pazeumus.

Abstract: According to the results of phenological observations, the growth and development of the
cotton variety C-8290, studied in the experiment, were observed. That is, as of June 1, the height of the C-
8290 cotton variety was 15.8-17.2 cm, and the number of true leaves was 4.2-4.3 pieces, respectively, for the
years of research.

Key words: cotton leaves, branches, plant height, development phases.

Kupum. MabiymMky, £y3a YCUMIMIH Y30EKHCTOH KHIUIOK XY KAJTHUTMHMHT CTPATErHK
axaMmusTra sra OyjiraH acocHil TEXHHK SKMHJIApUIaH Oupu OYnubd, YHUHI XOCHIAOPIUIU Ba ToJja
cupaTH KyI >KUXATJAaH HAaBHUHI OHMOJIOTMK XYCYCHSATIapu Xamja HapBapuil TaaOupJapUHUHT
TYFpU TAIIKWI STUITAHIMTUra OOFIMKAMD. Xap Oup Fy3a HaBU MyaisiH SKOJIOTHK IIapouTiiapra
MOCJIALINII UMKOHMSTH, YCUII CypbaTH Ba PUBOXKJIAHUII AMHAMHMKacu OwnaH ¢apk Kwianu. Ly
O0OHUC SIH'M Ba MaBXKyJ] HAaBJIAPHUHI arpoOMOJIOTHK XYCYCHSATIApUHHU UYyKYyp YpraHHIL, YJIapHUHT
YCHIll Ba pUBOXKIIAHUII OOCKUYJIAPUHM TaXIMJI KUJIUII 3aMOHABHM MaxTaunIMKIa aloXH/1a aXaMHUST
Kach sTanu.

Taxpuba mapouTHaa nNapBapulUIaHIaH Fy3a HABUHMHT YCHUIIM Ba PUBOXKIAHUII
XKapa€HJIApUHU Ky3aTUII YHUHT (DEHOJOTHK (a3anapu, YCUIl OMOMETPHUK KypcaTKuwiapH, 6apr Ba
LIOXJIAHUII TApMOKJIAPUHUHI INAK/UIAHUINM, TyJUlall Ba KalCylaJapHUHT XOCHJI OoFiall
XYCYCUSITIIApDUHU aHUKJAIl HMMKOHMHM Oepanu. byHnmail TaakuKoTiIap HAaBHUHT arpoTeXHUK
tajabmapuHu  OenTwiiaill, YHUHT TEpUM MallMHaJIapura MOCJAIlyB JapakacHHH OaxoJarll,
LIYHUHI/IEK, FOKOPH Ba OapKapop XOCHJI OJIHMII YUYH 3apyp OYiraH WiMHH acociIaHraH TaBCHsUIAPHU
nnutad YMKUITra Xu3Mar Kuiaau. Fy3anuHr ycumm Ba puBOXKIaHMIIK OViindya onub® Oopuiran
WIMHAN TaJAKUKOTJIAp IIYHH KYpcaTaIuK{, HABHUHI OHOJOTMK XYCYCHSTIApU Ba arpoTeXHHUK
TaIOUPIAPHUHT CaMapaIopiIuTH y3apo yambapyac OOFIUKIMP.

[TaxTaunnuk coxacuja y30K MHMIuIap JAaBOMHJA TaJAKUKOT onnb Oopran onmumiapaan A.H.
TynaranoB, W.X. AOGaypaxmonoB, A.Y. VYwmapos, C.D. 3ubopoB, M.A. PammgoB «kabu
MyTaxaccuciap Fy3aHuHT (eHosoruk ¢asanmapu, YCUIl AMHAMUKACH Ba HABIAPHUHI HKOJIOTHK
HIapouTIapra MOCJIAULyB XyCYCUATIapUHU YyKyp YpraHraiap.

A.H. TynaraHoBHUHI TabKUAJAIIN4Ya, FY3aHUHI BereTalus AaBpuaaru Oapr maccacu Ba
MIOXJIAHUII JlapaXkaCl XOCWJI IIAKIJIAHWITHUHT acoCHi Me3OHJapuaaH Oupu OYiambd, xap Oup
HaBHUHT MOP(OJIOTUK OeNTHIapuHU NapBapHIl ycayOura MOCIAIITHPUII OKOPU HaTWxka Oepanu
[1].

N.X. AGnypaxMOHOB yTKa3raH TaJKHKOTJIApAa 3ca TYpid HaBIAPHUHI YCHII CypbaT,
WIJIU3 TU3UMH PUBOKIIAHUIIN Ba (POTOCUHTETHK (aOJUIMK Japa)kacu ypTacujaru y3BUil OOFIHMKINK
acociad OepuiaraH. YHHUHT (UKpHYa, HABHUHT (POTOCHMHTETHMK HMKOHHUSATH KaH4a MacT Oyica,
FOKOPH XOCHJI OJIMII YU9YH arpOTEXHUK Yopa-TaAOupIapHU KyJauTUPHUII Tajlad KuiauHaau [2].

C.3. 3ubopoB Ba M.A. PammoBnap ToMOHHIaH 0O OOpWIITaH M3TAHULUIAPAA FY3aHUHT
ryJjiail Ba Karcyja OOfJall jkapa€HU acOCaH HABHUHI T'€HETHK XYCYCHATIApH Ba XyIyJ MKIUM
IApOUTH OWaH OENTMIaHUINK KAl STHITaH. YJApHUHT TabKUJUIANIMYa, HABIAPHU Takpuoa
LIApOUTH/IA YPraHulll, alHUKCa, XapopaT, HAMJIMK Ba TYNPOK YHYMJIOPJIUTH Y3rapaiurad iusuiapiaa
Kyaa myxumaup [3].

[llynunraex, xopwxkuii omumutap J. Morton, D. Constable, J. Beasley Ba GomkamapHuHT
UIIIapuaa FY3aHUHT (PU3MOJIOTUK PUBOXKIIAHUII OOCKHUIAPH, CYB TAHKUCIIUTH Ba 03yKa MOJIalapu
eTUILIMACIIUIY IIApOUTHIATH YCUII peakUusulapu aTpoduinya EpUTUIraH. Yiaap FY3aHUHT T€HETHK
pecypciIapuHH OIIMPHIL, HABIAPHU MEXaHUK TEPUMIa MOCIAIITHPHUII Ba TOJIA CU(PATUHU SXIITHIIAII
Oopacuia MyXyuM Hazapuii acociap spatras [4].

YMyMaH ofnraHia, WIMHA MaHOanmap TaxJIwM TaxpubOaga mnapBapuiuiaHaéTraH Fys3a
HaBUHMHI YCHIIl Ba PUBOKJIAHUIII KapaEHUHM YPraHUIL XOCHUIIOPIAUKHY OLIMPUIL, HABIAPHU STHTU
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IapouTiapra MOCHAIUTUPUII Ba arpoOTEXHUK TaAOUpJIapHU TaKOMWUIAIITUPUILAA MYXUM
axaMusATra sra SKaHHUHH KypcaTaJu.

Tankukor ycayouéru. FOkopunmarm nonszapd Basudanapman kenud umkud, 2022-2024
Huinap JaBoMHa MaB3y o3acuiaH TaakukoTnapumu3 daprona unmosTuHHHr KyBa TymaHma
xoinamran Ilaxra cenexuusicu, ypyFUWINTH Ba ETULITHPUIN arpoTEXHOJIOTHSUIApU WIIMUIL-
TaAKUKOT UHCTUTYTH WIMHIA TaKprOa CTAHIUSCUHUHT YTIOKH CO3, MEXaHUK TapKUOUTa Kypa OFUp
KYMOK, KaM IIypjaHrad, cu3oT cysiapu 1,6-1,8 MeTp uyKypiiukaa >Koianrad TynpoK MapouTHia
onu6 Oopuiau.

Taxpubana nedonmanTiapuu Kyiam Oyitndya BapuaHTIAPHUHAT SHA 3,6 M, y3yHJIHUTH 15 M,
OutTa OYIaKYaHUHT MalJ0HU 54 M2 HU TaIIKWiI TG, FY3aHUHT C-8290 naBuja xycaxnap
35-40% ouwmiran mynnatna “BOJIK” maropium mypkam Mociamacuia JAeoSMaHTIIap CEIUIIIH.
Jana Ba naGoparopusiiari WIMHA W3TaHUIILIIAP V3IIUTU na kaOyn kuiaumHran «MeTtoauka
MOJIEBBIX ONBITOB C XxjomyaTHUKOM» (1981). «Jleponuantnapuu cuHam OVitmua yciuyOuit
kypcatmanap» (2004) Ba “Jlanma Taxkpubanapunu YyTkazum yciayomapu” (2007) xymuianmanapu
acocuaa o0 Gopuan.

Masbnaymotriapra cratucTMk uuuioB Oepumina b.JlociexoBHUHT «MeToauka MOJIEBOTrO
ombiTay (1985) xymnanmacunan ¢Qoipananwngu. Taxpuba JanacMHUHT — TYNpPOKJIapura
arpokuMéEBuil TaBcu( Oepuinga TaxxpubaHu OONUIANIIAH OJITUH 0-30 Ba 30-50 cMm
KaTjaamyiap/iaH TYNpOK HaMyHaJlapH OJIMHUO, TyNPOKAaru yMyMHUH YUPUHIN MUKJIOPUHUA aHUKIAII
yuyn W.B.Twopun, ymymuii azor Ba ¢ochopuu anuknamzga M.M.Manuesa Ba JI.H.I'purnenko
ycinyOnapuiaH, HUTpAaTId a30THU aHUKJAIIJa HOHOMETPUK acOo0aaH, XapakaTdaH (ochopHuU
anukamaa b.Il.Mauurun Ba anMammHyBun Kanwitau anukinamga [1.B.IIpotacoB ycmybOnapunan
dborinanmanmnau. “Jlana taxxpubanapunu yTKazuim metoaukacu’”’ (MeToauka MpoBEIeHUS TOJIEBIX
OTIBITOB) yCTyOHOMACH KHIIUIOK XY XKAIUTHAA HT Ky KYJUTaHWIaJAUraH Ba Oapua nana (peHOIOornK
Ky3aTyBJIap YYyH acOCHM KyJUIaHMa XucoOnaHaau. YOy yciayOHOMa OpKaiM TakpuOa Jrajmacuia
YCUMJIMKIIADHUHT PUBOXJIAHUIN (hazajapy, YCUII AUHAMHUKACH, OMOMETPUK YI4oBiIap, (EHOIOTUK
Ky3aTyBnap amanra ommpwirad. IyHuHTAeK, Y30GeKHCTOH NAXTAYMINK WIMHI-TaJKHKOT
WHCTUTYTJIApM TOMOHUIAH TacaukiaaHraH “‘TlaxTaunmnukna arpoOUONIOTHK TaJKUKOTIAp YTKA3HII
yciryoHoMacH”™” Oyiinua Fy3aHUHT Xap KyHJIMK Ba XadtanuHr peHosoruk ¢aszanapu, 6apr, mox, Ty,
KycakJiap pUBOXJIAHUILH, YCHUII Ba KYpPYK Macca HUFWIIMIIN YPraHuO TaXJIuiI KWIWHTaH.

Taakukor HaTHxkagapu. Taxpubana FY3aHUHT YCUO PHUBOXKJIAHWIIM  IOKOpHIA
TabKHUJUIAHTaH YycllyOHOMajap acocuaa Ky3atub Oopminb, xap oiina (eHosoruk KysaTyBiap
VTra3winu. Fy3aHuHr Yoy Ba pUBOXKIIAHUIIN MYPakKkad (PU3HOIOrHK-OMOKMMEBUHN s>kapaéHiap
Tabcupuaa coqup Oynaauran Tabumit xoaucaaup. Iy O6unan O6upra, yHUHT YcuO PUBOKIIAHUIIINTA
Typiu TyMaH aOMOTHK, OMOTHK Ba aHTPONOIeH OMWJUIAp Y3 TabCUPUHU KypcaTaau. AHTPOIOIeH
OMHIJUTApAAH arpoTeXHUK TaAOWUpIapHU OJIauraH OYyIicak, CYFOPHIN Ba O3WKIAHTHPHUII Ky4JIu
TabCUP Kypcaraau. buHOOapwH, onuMIap aWTraHuACK, FY3aHU CYFOPHII MYyAAaTiapuaa
ryJularyH4ya yTaJurad Myaiatia TYNpoK HAMIMTHHUHT MablyM MEBEPIAH OPTHUIIM HATHXKACHa
FY3aHMHT IIOHAJAII Ba TyJUIall J1aBpu y3aiind Oopaau Ba Oy Xonarja HAMJIMKHUHT €THIIMACIUTU
YCUMJIMKHMHT YCHIIU Ba PUBOXJIAHHUILIUTA CAIONIA TabCUP ATUIIUINTH aHUKJIAHTaH [5].

[ynuHr yuyyH xap Oup Fy3a HaBU Y3HUra Xoc OMOJIOTUK XyCYCUSTIIapH HaTHXKacula, Typiu
napaxana ycub puBokianHaau. lllyHnmait skaH, Xap KaHgail Fy3a HaBU BereTalus JTaBPUHUHT
JTABOMUUIUTH OYyitmya Oup-Oupura yxmamaiian. benrunanran ycummumkinapaa (HEHOJOTHK
Ky3atyBiap onu0 6opunau. DeHoNoruk Ky3aTyB HaTWXKalapura kypa, Taxxpubana ypranunaérran
C-8290 ¥y3a HaBUMHUHT YCUIIM Ba PUBOXKIAHUIIM Ky3atwiau. SAwHU, 1-utoHb Xonaruma, C-8290
Fy3a HABUHUHT OYIM TaIKUKOT HHJIJIapura MyTaHocu6 pasumia 15,8-17,2 cM Hu, ynHOApTIIap COHU
4,2-4,3 noHaHU TAIIKWI dTraHINTA aHUKIAaHTaH.

Uronp oiin xonatura kenuO sca yeumauk Oyim 41,2-55,2 cm HH, xocwi moxu 7,1-7,4
JIOHaHH, moHacu 6,3-7,7 nonanu, ryiau 1,2-0,2 10HaHU TAITKWAI YTTAHIUTH Ky3aTUIIIH.

DeHOJIOTHK KY3aTHIIIAPHU KEHWHTH JaBOMUA (aBTYCTh OMHM) YCHMITUKIIAP XOCHJ TYTLIAIT
¢azacura yrrannuru, OyHzaa acocaH TYryHYa Ba Kycakjap HIAaKJUTAHTaHJIUTW Ky3aTuign. Kysarys
apaHiapua 1y Hapca aén oynauku, C-8290 ¥y3a HaBuaa ycuMiIMK OYiin vwap 6yiinya 77,2-
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82,2 cm Hu, xocwn moxu 10,9-11,8 monanu, monacu 5,6-3,6 nonanu, rynu 1,6-1,1 gonanwm,
TyryHuacu 1,5-1,9 noHanu, my XymiazaH Kycakiaap coHu 9,1-8,4 nOHaHM TalIKWI STraHIUTH
AHMKIAHIM. YCHMIMKIAPHUHT VCUIIM Ba DPHBONUIAHUIIM OYiMYa OXMPIM Ky3aTyB HILIapH
CeHTsA0ph oluaa YTka3uaud, Taxkpubanaru ¥y3za HaBuga YcuMIUK OYitn 89,4-94,9 cMm Hu, Xocui
moxu 13,1-13,0 monanwu, xamu kycakmap conu 13,6-12,4 nonanwm, sxymnanad, ounnranu 34,4-40,1
% Hu, sspuM ounnranu 3,7-3,8 % HU TAILKWI STIU.

-.
-

- : g
nxoJjijiap COHMHU aHUKJIaIl mapaéHH.
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C-8290 fy3a HaBMHHT {cUW Ba puBOXNaHUWMK, 2022-2024 iHid.
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1-nuarpamma. PUBOKIIaHHII THHAMUAKACH.

KyszaryBnapuunr ukkunun myaaatuaa (07.05; 14.05 Ba 30.04) £y3a HaBU HUXOJUTAPUHUHT
YHUO UMKMIIM TaAKUKOT Hwimapura MyTaHocuO pasumga 64,6-63,9% yHHO 4YMKraHaurua
Ky3aTUIJH.

[ynu anoxuaa TabKuIall Jo3UMKH, 2022 iunga Fy3a HaBUHMHT HUXOJUIAPUHUHT YHHO
YUKUIIMHY aHUKIam Oyinya Kys3aTyBiap Mai oifupa onu® OGopwiran Oyinca, 2023 iunga sca
anpenia aHukjgaHau. by xonaTHu WHWIHMHT 00-XaBO IIApOUTHra OOFIall MyMKHH. ABBAJlO HIYHU
alTUII JIO3UMKH, F¥3a HUXOJUIAPUHUHT YHUO unkuimmga C-8290 HaBHUHTI XycycHsTHTa Kypa spTa
YHYBUAHJIMK X0JIaTU XaM Ky3aTUJIJIH.
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e Y | J.

2-pacm.Taxpubanaru ry3a HaBuAa (HEHOJOTHK Ky3aTyB OJHO OOPHIII Kapa&HH.

Wnmuit TagkukoTinap onub 6opuiran Wuapaa Fy3a HaBlIapuaa HUXOUIAPHUHT YHUO YUKHII
cybpatH OyWWYa OJIMHTAaH MabJIyMOTIap Hwmiap OyHnWda Xap Xl OYITaHIWTH aHUKIaHHO, Oy
WWIHUHT KeNWIINra, sShbHU yIa haiTaard Tabuuii MKIMM 00-XaBo ImapowTura OOFIHK Jeb
XUCOOIaNMMU3.

Fy3anuar ycumm Ba pUBOXKIAHMIIM Mypakka® (u3nonoruk-0MoKuMEBUIl sxkapaéniap
Tabcupuaa coaup Oynamurad tabuuii xogucaaup. [y Ounan Oupra, yHUHT YCUO PUBOKIIAHUIIINATA
Typiau TyMaH aOMOTHK, OMOTHK Ba aHTPONOTCH OMHIUIAP Y3 TAbCUPUHH KypcaTtaau. AHTPONOTeH
OMMWJUTApAaH arpoTeXHUK TaJOMpJIapHU oJlaguraH OVyiicak, CYFOPHII Ba O3UKJIAHTHPUII Ky4sId
Tabcup Kypcartaau. bunoOapuH, onumiap aiWTraHuzaex [5] FY3aHH  CYFOpHII MyJjaTiapHuia
ryjularyHya yTaJurad MyaJatia TYNpOK HAMIWTHHUHI MabiyM MEBEPAAH OPTUIIM HATHXKACHIA
FY3aHMHT IIOHAJAII Ba TYJUIANI JaBpu y3aiubd Oopaau Ba Oy XoJjaTia HAMIMKHUHT €TUIIMACIUTH
VCUMIIMKHUHT YCUIIY Ba PUBOKJIAHUIINTA CATIONM TabCUP ATUILLIUTY aHUKJIAHTaH.

Xyaoca. Xymnoca KuiuO alTHII MYMKHHKH, TaxpuOana ypraHuia€Tran Typiau OHOJOTHK
xycycusataapra 3ra 6ynaran C-8290 ypra Tonanu Fy3a HABUHUHT YCHIIl Ba pUBOKJIAHUIIMAA OOIIIKa
ypra Tonanu ry3a HaBlnapura Hucbatan Oupo3 dapknap Gopmuru kysarwnau. XKymmanan, C-8290
Fy3a HAaBUHUHT HIOXJIAHYBUAHJIMTU Ba YCHUI CypbaTd rOKOpuiauru Ky3atwiau. LlyHunrnex ymoy
Fy3a HaBUJA BEreTaTMB MACCAHUHI Tyiuiam (as3acurada IOKOPH OKaHJIHWTH, aMMO XOCHII
3JIEMEHTJIAPUHUHT MMAKIJIAHUIINAA ACsIpin KaTTa (papK HYKIUTH Ky3aTwin0, Oy ypTa Tonanan Fy3a
HABJIAPUHUHT Y3UTa XOC FTeHETHK MOP(POOHOIIOTHK KUXATIapy OWIIaH N30XJIaHAIH.
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MAGNIY XLORAT, MEPIKVAT XLORID VA TRISILOKSAN ALKOKSILAT ASOSIDA
SUYUQ DEFOLIANT ISHLAB CHIQARISH TEXNOLOGIYASI

A.N. Mirzaolimov
Farg ‘ona davlat exnika universiteti.

E-mail: mirzaolimov1988@bk.ru, tel: (99893) 483 63 65
(Qabul gilindi 22.02.2026 y.)

Annotatsiya. Suyug magniy xlorat, mepikvat xlorid ishtirok etgan murakkab suvli
sistemalarda eruvchanlik va fazalar muvozanatini o ‘rganish boshlang ‘ich komponentlarning
o ‘simliklarga fiziologik va biokimyoviy ta’sirining amaliy ahamiyati bilan bog‘liq. Tadqiqot
ob’yekti bo‘lgan xloratlar paxtachilikda keng qo ‘llaniladigan noorganik defoliantlar bo ‘lib,
Respublikamizdagi yirik sanoat korxonalarida ishlab chigariladi. Mepikvat xlorid g‘o‘za g‘ovlab
ketishining oldini oluvchi, o ‘sishni boshqaruvchi vosita sifatida ishlatiladi.

Suyug magniy xlorat, mepikvat xloridi ishtirokida boradigan suvli eritmalardagi o ‘zaro
ta’sir xususiyatlarini shuningdek, ular asosida fizilogik faolikga ega komleks ta’sir etuvchi suyuq
defoliantlar olish jarayonini fizik-kimyoviy asoslash magsadida, murrakab suvli sistemalarda
komponentlar eruvchanligi keng harorat va konsentratsiya oralig ‘ida o ‘rganildi.

Tayanch so‘zlar: Magniy xlorat, mepikvat xlorid, sistema, defoliant, trisiloksan alkoksilat,
magniy xlorat geksagidrat, politermik eruvchanlik.

Annomauyusn. H3zyuenue pacmeopumocmu u Gazo8020 PABHOBECUS 8 CIONCHBIX B0OHbIX
cucmemax ¢ yvacmuem ACUOKO20 xaopama MacHusl, xﬂopuda menuxkeama CeA3aH0 ¢ nNpaKkmu4eCKum
SHA4YeHUuem d)I/lSuOJlOZulleCKOZO U OUOXUMUYECK020 OeUCmBUS UCXOOHbIX KOMHOHEHMOE HA
pacmeHusl. Obvexmom ucciedosanust A6AAI0OMCA xXjaopanitvl-HeopeaHuiecKkue Oeqboxzuanmbl, wupoKo
npumeHsaemsle 6 XA0NKO80OCmEe U I’lpOI/ISGOOMMble HA KPYnHblX NPOMbIUIIEHHbLX npednpuﬂmuﬂx
Haweti pecnyonuxku. Menuxeam X10pud UCHOIB3YEeMC KAK CPeOCmB80 KOHMPOJsL pPOCmd,
npedom@pamammee npopacmaHue xjionsvee.

C yenvio uzuko-xumuuecko2o 000CHOBAHUSL OCODEHHOCMEU 83AUMOOCUCMBUS 8 BOOHbLIX
pacmeopax, npomeKkaruwux 6 npucymcmeuu IHCUOKO20 xjaopama MAacHUAl, XJZOPUOCZ menuxkeama, a
makoice npoyecca noayd4eHusl Ha ux OCHoege IHCUOKUX ()ed)OﬂuaHWlO@ KOMNJIEKCHO20 Oelcmeus ¢
qbusuwzozuqecxod AKMUBHOCNIbIO, U3YHUAIACH pACMBOPUMOCNTb KOMNOHEHMOEB 8 CHONCHbIX 60O0HbBIX
cucmemax 6 WupoKom ouanasone memnepamyp u KOHueHmpauuﬁ.

Kniouesvte cnosa. Xnopam macnus, MenUKEAmMXIOpuo, cucmema, oeghoiuanm,
MPUCUTIOKCAHAIKOKCULAm, 2ei<ca2u()pam xXaopama macrus, noaumepmudecKasit pacmeopumocnio.

Abstract. The study of solubility and phase equilibrium in complex aqueous systems
involving liquid magnesium chlorate and mepiquat chloride is related to the practical significance
of the physiological and biochemical effects of the initial components on plants. The object of the
study is chlorates - inorganic defoliants, widely used in cotton growing and produced at large
industrial enterprises of our republic. Mepiquat chloride is used as a growth control agent,
preventing the germination of flakes.

In order to physicochemically substantiate the features of interaction in aqueous solutions
occurring in the presence of liquid magnesium chlorate and mepiquat chloride, as well as the
process of obtaining liquid defoliants of complex action with physiological activity on their basis,
the solubility of the components in complex aqueous systems was studied in a wide range of
temperatures and concentrations.

Keywords. Magnesium chlorate, mepiquat chloride, system, defoliant, trisiloxane alkoxylate,
magnesium chlorate hexahydrate, polythermal solubility.

Ma’lumki, suyuq magniy xlorat defolianti Indarama «Farg’onaazot» A.J. da Tsh. 88.16-29-
2001. bo‘yicha ishlab chigariladi. Olingan mahsulotda magniy xloratning miqdori 35-36 %, magniy
va natriy xloridlarining umumiy miqdori 9,0 % dan hamda suvning miqdori 56% dan ko‘p emas.
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Suyug magniy xlorat va mepikvat xlorid asosida suyuq defoliant olish jarayonini fizik
kimyoviy asoslash magsadida [79% Mg(ClOz)2 + 21,0% X MgCl2+NaCl]- CsHi7NCI -H20
sistemasi o‘rganildi. Sistema eruvchanligi oltita ichki kesimlar orgali kristallanishning evtetik
nugtasi (-41°C) dan 34,9 °C gacha o‘rganildi [1,3].

Sistemaning politermik eruvchanlik diagrammasida muz, magniy xlorat geksagidrat, magniy
xlorid geksagidrat, mepikvat xlorid va mepikvat xlorid monogidratlarning kristallanish maydonlari
chegaralandi (1- rasm).

Eruvchanlik diagrammasidagi eng katta kristallanish maydoni magniy xlorat geksagidratga
tegishli bo‘lib, sistemaning boshqa tarkibiy qismlariga nisbatan past eruvchanlikga ega

[79,0% Mg(ClO3)+21,0% X(MgCl+NaCl)]- CsH1i7NCI- H2O sistemasini o‘rganish
natijalaridan ko‘rinib turibdiki, unda yangi modda hosil bo‘lishi kuzatilmaydi.

[79% Mg(ClO3)2 +21% MgClz], mass. %
\ MgClL'6H20

34,94.3¢)
V160

Mg(ClO3): 6H20

V404
-26,2

A N\

H:0 20 40 41060 210 CeHNCI mass. %
I || 11

1-rasm. 79% Mg(ClOz3); + 21,0% XMgCl,+NaCl - C¢H17NCI - H2O sistemaning politermik

eruvchanlik diagrammasi.

[79,0% Mg(ClOz3)21+21,0% X(MgClo+NaCl)]- CeH17NCI- H2O sistemasini o‘rganish natijalaridan
ko‘rinib turibdiki, unda yangi birikma hosil bo‘lishi kuzatilmaydi.

[79,0% Mg(ClO3),+21,0% MgCl2] - CeHi7NCl -H2O sistemasining eruvchanlik
diagrammasi (1-rasm) asosida Indorama Farg‘onaazot AJ da Tsh 00203855-34:2015 ga muvofiq
ishlab chiqgarilgan suyuq magniy xlorat defoliantida (“To” nuqta) mepikvat xlorid (“A” nuqtasi)
eritish jarayonini asoslaymiz. Boshlang‘ich eritma “To” 2,6 °C kristallanish haroratiga ega.
Eritmaning figurativ nuqtasi magniy xlorat geksagidratining kristallanish maydoniga to‘g‘ri keladi.
“To” eritmaga mepikvat xlorid qo‘shib borilganda, sistemaning figurativ nuqtalari “To -D” chizig‘i
bo‘yicha o‘zgaradi. Sistemada kristallanish fazasi mepikvat xloridning yuqori konsentratsiyasigacha
o‘zgarishsiz qoladi. “To” eritmasiga mepikvat xlorid qo‘shib borish jarayonida eritmalarning
kristallanish haroratining pasayishi kuzatiladi. “To+D” massa nisbati 1,0-0,0152 bo‘lgan “A” nuqta
kristallanish harorati -3,2 °C, tarkibida 36,0% magniy xlorat, 9,0% magniy xlorid, 1,5% mepikvat
xlorid tutgan eritmaga to‘g‘ri keladi.
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Jadval 1

79% Mg(CIlO3)2 + 21,0% XMgCl+NaCl - CeH17NCI - H20O sistemaning ikkilamchi va uchlamchi
nuqtalari tasnifi

Suyuq faza tarkibi, mass. % Kristall.
harorati, Qattiq faza
79% Mg(CIO3)2 + C H NCI H O oC
21,0% =MgCly+NaCl o 2
62,4 - 37,6 34,9 Mg(ClOs).-6H20+MgCl,-6H20
61,5 2,0 36,5 33,6 -1 -
60,2 4,5 35,3 33,2 -1l -
58,0 9,0 33,0 31,6 -1l -
56,4 14 29,6 30,2 -1l -
35,6 - 64,4 -26,2 Muz + Mg(ClOz3)2-6H20
28,0 11,6 60,4 -32,6 -1l -
20,2 28,0 51,8 -34,0 -1l -
15,0 46,0 39,0 37.4 Muz + Mg(C|O3)|EI'6OHzO + CeH7NCI
2
16,5 45,5 38,0 -31,0 Mg(ClOs),-6H,0 + CgH17NCI1- H,O
17,5 45,2 37,3 -28,6 -1l -
25,6 45,8 28,6 -9,6 -1l -
29,5 46,0 24,5 2,6 -1l -
7,6 50,2 42,2 -38,0 Muz+C¢H17NCI- H,.O

- 57,5 32,5 -41,0 -1l -
23,0 53,5 23,5 9,5 CeH17NCI + C¢H17NCI1-H0O
20,0 53,0 27,0 2,8 -1 -
13,4 53,9 67,3 -13,6 -1l -

55 57,5 37,0 -18,5 -1l -
- 65,0 35,0 -21 -1l -

79% Mg(ClO3):2 + 21.0% MgCl:

Ao_.
60- '
Mg(ClO3)-61:0 /
T~ -o-8- -9 Al D
-8 e e —__g.-
40 T1 T: Ts Ty Ts Té T,
-26.2
-_
20
Muz
T T T
1,0 2,0 3,0
H:0 CsH17NCI mass., %

2.rasm. Magniy xlorat-xlorid va mepikvat xlorid asosida
suyuq defoliant olish jarayonini asoslash sxemasi.
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“To+D” nisbatining yanada ortib borishi past kristallanish haroratiga ega bo‘lgan eritmalar hosil
bo‘lishiga olib keladi. “To+D” massa nisbati 1,0+0,0309 ga teng “T7” nuqtada, kristallanish harorati
-4,9°C bo‘lgan eritma hosil bo‘ladi [4,6].

Tarkibida magniy xlorat-xlorid va mepikvat xlorid tutgan eritmalarining tarkibi, kristallanish
harorati, zichligi va qovushqoqligi “To+D” massa nisbatiga bog‘ligligi 2-jadvalda keltirilgan.

2-jadval

[79%Mg(ClO3)2+21% MgCl,]-CeH17NCI- H20 sistemada eritmalarning fizik-kimyoviy
xossalari, kristallanish harorati, zichligi, qovushqoqlik o‘zgarishlarini komponentlar “To+D”
tarkibiga bog‘liqiligi.

Eritrma tarkibi, %
Qovushq
& s _ Kris. Zichlik, oglik,
s 2 harorati, | (20°C da) | (20°C
c 5 < S
S 2 °E 72;/01'&9&:'%) CeHuNCI | H20 °C g/sm? da)
o 9 T2 el MgLlz mm?/sek
£ e
it}
To - 45,00 - 55,0 2,6 1,3964 2,823
T 1,0+0,0025 44,88 0,25 54,86 -1,2 1,3968 2,826
T, 1,0+0,0050 44,77 0,5 54,73 -1,6 1,3971 2,829
T3 1,0+0,0075 44,66 0,75 54,58 -2,0 1,3974 2,833
T4 1,0+0,0101 4455 1,0 54,44 -2,5 1,3979 2,837
A 1,0+-0,0152 44,33 1,5 54,16 -3,2 1,3983 2,842
Ts 1,0+0,0204 4411 2,0 53,88 -3,8 1,3987 2,846
Te 1,0+0,0256 43,90 2,5 53,60 -4,3 1,3992 2,851
T7 1,0+0,0309 43,69 3,0 53,31 -49 1,3996 2,856
Indarama
Tir, °C pH o d,g/sm? nmm*s - pargconaazots AJ. da Tsh.
88.16-29-2001. bo‘yicha ishlab
Tler, °C o 5 chigariladigan suyug magniy
301 804 PH :zﬁﬁim ~150 F1s0 P40 ot asosida kompleks
ta’sirga ega defoliant olish
sod 70- 145 145 |35 jarayonini fizik_ kimyoyiy
’ asoslash maqgsadida yuqorida
et > bayon etilgan tadgigot va
-4 I i i o‘tkazilgan agrokimyoviy sinov
101 60$4—s=s=3 s ST = L 140 71,40 1730 natijalari ~ asosida  [44,3%
ICREREM /{' (79,0% Mg(Cl03)2+21,0%
i MgClo)+ 15%  CsHi7NCI+
o1 507 o o L35 P38 P28 50506 HL0] tarkib sintez gilib
olindi. Bunday tarkibga ega
kompleks ta’sir etuvchi
107 4.0- 130 7130 2.0 preparatga  yuvilib  ketishini
| | | | | oldini olish va
0,0 1,0 2,0 30 40 yopishuvchanligini ta’minlash
[44,3% (79 % Mg(ClO3)2+ 21,0% MgCl) [(CH3)3Si0]2(CH3):  magsadida trisiloksan alkoksilat

+1,5% CsH17NCl+ 54,2% H20]

3- rasm [44,3% (79 % Mg(ClOs).+ 21,0% MgCl,)+1,5% CsH17NCI+ 54,2%
H20]- [(CH3)3SiO]2(CHs). sistemaning kristallanish haroratlari va 25 °C
haroratdagi “tarkib-xossa” diagrammasi: 1-kristallanish harorati, 2 - pH,

3 - govushqoqlik, 4 - zichlik, 5 - nur sindirish ko‘rsatkichi.

go‘shib borish bilan eritmaning
kristallanish harorati, zichligi,
govushqgogligi, pH va nur
sindirish ko‘rsatkichlari
komponentlar
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konsentratsiyasiga bog‘liq ravishda o‘rganildi (3-jadval). Olingan natijalar asosida “tarkib-xossa”
diagrammasi tuzildi. (3-rasm).

3-jadval
[44,3% (79 % Mg(CIO3).+ 21,0% MgCl2)+1,5% CsH17NCIl+ 54,2% H>0]- [(CH3)3SiO]2(CHsa):
sistemaning realogik xossalari

Komponentlar tarkibi, %
T Ho| 0 o
44,3% (79 % . kr, °C p / r’n3 mme</se Np
Mg(CIOg)2+ 21,0% [(czagﬁs)uoz] H20 g k

MgCl2)+1,5% CsH17NClI 3z

45,8 - 54,2 -3,2 6,12 1,3983 | 2,842 1,412

45,57 0,5 53,93 -2,5 6,05 | 1,3985 | 2,853 1,415

45,35 1,0 53,65 -1,5 598 | 1,3987 | 2,862 1,417

45,12 1,5 53,38 -0,8 593 | 1,3991 | 2,871 | 1,419

44,90 2,0 53,10 0,6 5,87 1,3994 | 2,883 1,421

44,68 2,5 52,82 1,8 581 | 1,3998 | 2,892 | 1,423

44,46 3,0 52,53 3,5 576 | 1,4007 | 2,904 | 1,425

44,25 3,5 52,25 49 5,72 1,4012 | 2,913 1,427

44,03 4,0 51,97 6,2 5,69 1,4018 | 2,922 1,429

44,3% (79% Mg(ClOs)+ 21,0% MgCl2)+1,5% CeHi7NCI+ 54,2% H.O eritmasiga
trisiloksan akoksilat qo‘shib boorish natijasida eritmaning kristallanish harorati -3,2 °C dan 6,2 °C
gacha, 25°C haroratdagi pH giymati 6,12 dan 5,69 gacha, zichligi 1,3983 dan 1,4018 g/sm? gacha.
qovushqogligi 2,842 dan 2,922 mm?/s gacha va nur sindirish ko‘rsatgichi 1,412 dan 1,429 gacha bir
tekisda o‘zgarishi kuzatildi.

[443% (79 % Mg(ClOs3)+ 21,0% MgCly)+1,5% CeHi7NCIl+ 54,2% H,0]-
[(CH3)3SiO]2(CHa)2 sistemasi tahlili, eritmaning govushqoqlik, zichlik va kristallanish haroratlarini
o‘rganish hamda agrokimyoviy sinov natijalari asosida kompleks ta’sir etuvchi suyuq defoliant
olish texnologik sxemasi ishlab chiqgildi (4-rasm).

Taklif etilayotgan texnologiyaga ko‘ra 45,0 % li suyuq magniy xlorat-xlorid defolianti
eritmasiga 1,0+0,01+0,01 og‘irlik nisbatlarida mepikvat xloridi va trisiloksan alkoksilat qo‘shib,
gomogen eritma hosil bo‘lguncha intensiv aralashtiriladi.

Texnologik jarayon quyidagi bosgichlardan iborat:

- 45,0% li magniy xlorat-xlorid eritmasini aralashtirgich reaktorga yuklash;

-mepikvat xloridni suyuq magniy xlorat defolianti bilan 1,0+0,01 og‘irlik nisbatida reaktorga
yuklash.

- reaktorga trisiloksan alkoksilat eritmasini yuklash.

- hosil bo‘lgan mahsulotni qadoqlash.

45,0% li magniy xlorat-xlorid eritmasi saglash bakidan (1) markazdan gochma nasos (3) va sarf
o‘lchagich (5) orqali reaktor (4) ga beriladi. Reaktorga bir vaqtning o‘zida konveyer (7), bunker (6)
va lentali dozator (8) orgali mepikvat xlorid yuklanadi. Mepikvat xloridni suyug magniy xlorat-
xlorid eritmasida erishi mexanik aralashtirgich bilan jihozlangan reaktorda intensiv aralashtirish
orgali amalga oshiriladi. Hosil bo‘lgan gomogen eritma sarf o‘Ichagich (11) orgali reaktor (10) ga
beriladi. Shuningdek reatorga (11) saglash bakidan (14) trisiloksan alkoksilat eritmasi sarf
o‘lchagich (12) orqali beriladi. Eritish jarayoni xona haroratida bir me’yorda asta aralashtirish
orgali amalga oshiriladi.

Trisiloksan alkoksilatni magniy xlorat-xlorid va mepkvat xlorid eritmasida eritish gomogen
eritma hosil bo‘lguncha 10-15 minut davom etadi [7].

Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 3) 173




COIMAJIBHO - SKOHOMHWYECKHUE HAYKHA

Mepikvat
xlorid
-~ Trisiloksan
5 6T alkoksilat
8
4 i F 11:% 12
1 |
) ! 9 T : T
g — N
= - 10/ | | 13
2 1 . ;
3 5 ;1? 15
| ] = L
e
2 16
¥

4-rasm. Suyuq magniy xlorat, mepikvat xlorid va trisiloksan alkoksilat asosida defoliant olish texnologik
sxemasi. 1- suyuq magniy xlorat saglash baki; 2,9,13,15-ventillar; 3,17- markazdan gochma nasos;
4,10-aralashtirgich reaktor; 5,11,12-sarf o‘lchagichlari; 6-bunker; 7-lentali konveyer; 8-lentali dozator;
14- trisiloksan alkoksilat saglash baki; 16 - gadoglash uskunasi.

Tayyor mahsulot sifatida 45% li magniy xlorat-xlorid, mepikvat xlorid va trisiloksan
alkoksilatlarning o°g‘irlik nisbatlari 1,0+0,01+0,01 bo‘lgan [43,6% (79 % Mg(ClOz3)2+ 21,0%
MgCl2)+1,47% CsH17NCI+1,5% [(CH3)3SiO]2(CHs), + 53,43% H20] tarkib sintez qgilib olinadi.
Tayyor mahsulot 0‘z oqimi bilan qadoqlash bo‘limiga beriladi va plastik idishlarga qadoqlanadi.

Yugqoridagi tarkib asosida komleks ta’sirga ega suyuq defoliant ishlab chiqarish uchun TSh
88.16-40:2012 bo‘yicha ishlab chiqarilgan, tarkibida 36% magniy xlorat bo‘lgan suyuq magniy
xlorat defoliantidan foydalaniladi. Quyidagi 4 va 5 jadvallarda 1 t suyuq defoliant olish uchun

moddiy balans hamda fizik kimyoviy ko‘rsatkichlar keltirilgan.

4-jadval

Magniy xlorat, mepikvat xlorid va trisiloksan alkoksilat asosidagi suyuq defoliantning
fizik-kimyoviy va reologik xususiyatlari.

Ko‘rsatkich nomi Me’yor
1. Tashqi ko‘rinishi Gomogen eritma
2. Magniy xloratning massa ulushi, % 34,5
3. Mepikvat xloridning massa ulushi, % 1,47
4. Trisiloksan alkoksilatning massa ulushi, % 1,5
5. Magniy va natriy xloridlarning massa ulushlari, % 9,15
6. Suvning massa ulushi, % 53,43
7. Kristallanish hatorati, °C -0,8
8. Eritma zichligi, g/sm? 1,3991

Ishlab chiqilgan texnologiya asosida “SwissAgro” MCHJ zavodida 200 kg miqdorda

komleks ta’sirga ega suyuq defoliant tajriba partiyasi ishlab chiqarildi.

Tarkibida magniy xlorat-xlorid, mepikvat xlorid va trisiloksan alkoksilat tutgan suyuq

defoliantning texnologik ko‘rsatkichlari.
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Dastlabki magniy xlorat-xlorid eritmasidagi magniy xlorat migdori, % kam emas ........... 36
Magniy xlorat-xlorid eritmasi bilan mepikvat xloridning o‘g‘irlik nisbatlari ................... 1,0+0,01
Aralashtirgich reaktorga magniy xlorat-xlorid eritmasini yuklash vaqti, dagigada ........... 5-10
Aralashtirgich reaktorga mepikvat xloridni yuklash vaqti, dagigada ...........ccccccceveriennene. 5-10
Aralashtirgich reaktordagi harorat, °C hXona_
arorati
Reaktorda magniy xlorat-xlorid va mepikvat xloridlarni aralashtirish vaqti, dagigada .... 10-15
Reaktorga trisiloksan alkoksilat eritmasini yuklash vaqti, dagigada ............c.ccocevvvivenenne, 5-10
Magniy xlorat-xlorid va mepikvat xlorid tutgan eritmaga yuklangan trisiloksan
alkoksilatni eritish uchun aralashtirish vagti ..o e, 5-10
Tayyor mahsulotni gadoglash uskunasiga uzatish va gadoglash, dagigada ....................... 50-60
5-jadval

Magniy xlorat, mepikvat xlorid va trisiloksan alkoksilat asosida 1 tonna suyuq defoliant
olishning moddiy balansi (mexanik yo‘qotishlar hisobga olinmaganda).

Miqdori, kg
. S o~ - § o~ Umumiy,
Nomi 8 o LZ) ,u& e o kg
= S @ I
=) = T 6 S
= S =
KIRISH
1. Suyuqg magniy 345 91,5 - - 534,0 534
2. Mepikvat xlorid - - 14,5 - - 14,5
3. Trisiloksan alkoksilat - - - 15,0 - 15,0
Jami 345 91,5 145 15,0 534,0 1000,0
SARF
Kompleks ta’sir ega
: 345 91,5 14,5 15,0 534,0 1000,0
suyuq defoliant

Xulosa. Ushbu magolada magniy xlorat va mepikvat xloridi ishtirokidagi uch komponentli
suvli sistemaning eruvchanligi vizual politermik usulda keng harorat va konsentrasya oralig‘ida
o‘rganilgan. O‘rganilgan SMXD - mepikvat xlorid - suv sistemasi oddiy evtonik tipga mansub
bo‘lib, dastlabki komponentlar yangi birikmalar hosil qilmay o‘z individualligini saqlab qoladi.
Olingan natijalar fiziologik faollikka ega komleks ta’sir etuvchi defoliantlar olish texnologiyasini
ishlab chiqgishga asos bo‘ladi.

Adabiyotlar

[1]. Kuprunues A.H. Tpyunukosa JI.H. JlaBpenTbeBa B.I'. PacTBopuMOCTh HEOpraHHYEeCKUX BeliecTs B Boge. — JI. :
Xumus, 1972. — 248 c.

[2]. KymemakcumoB A.X. Ilomydenue xjopara MarHusi ¢ MCHOJb30BAHUEM MarHe3HaJbHBIX paccoiioB Kapa-Boras-
loma: ABToped. muc. ... kaHA. XuM. Hayk. —Amxaban, 1989. — 152c.

[3]. Mamupos W.I'. PacTBOPUMOCTE B CHCTEME «XJIOPH MarHUs — XJIOPAT HATPUS — Bomay // TE3UCHI TOKI. MOJIOMIBIX
yuenbix. — Tamikent, 2000. — C. 22-24.

[4]. Tpyuun A.C., Ilerposa J.I'. BusyanbHo-monurepmuyeckuii merox. — KyiiGeimes : KyiOblmeBckuit
MOJINTEXHUYECKUNA UHCTHUTYT, 1977. — 94 c.

[5]. Mamupos Miaxomxon ['odupskanoBrny OU3UKO-XUMHUYECKUE HCCIIETOBAHMS MOIYUEHHUsT KOHIIEHTPUPOBAHHOTO U
6e30amTacTHOTO XJI0paT-MaraueBoro aedonuanta // Universum: texauueckue Hayku. 2020. No6-3 (75).

Scientific-technical journal (STJ FSTU, ®ATY UTX, HTXK ®I'TY, 2026, T.30.cmem.Boimyck Ne 3) 175



COIMAJIBHO - SKOHOMHWYECKHUE HAYKHA

[6]. Dprames Juamypon AmwmkaHoswd, Typaes Tupkam TypaeBud, Mmupsaonumos AxkmamkoH HaGueswu,
Amunboes Anépbex Fommbxon Yemm, Xammamosa Illoxuaa Illep3onoBHa OH3MKO-XMMHUUIECKOE 06OCHOBAHHE
mporiecca moayueHns HoBoro fedonuanta // Universum: texanueckue Hayku. 2019. Ne2 (59).

[7]. Xammamosa Illoxuna llep3omoBHa, Tyxraes Caiignaxpos PacTBOPUMOCTE B CHCTEME XJIOPAT KAJBITHSI - XJIOPH]T
Harpus - Boga // Universum: xumus u 6uosorus. 2016. Ne8 (26).

UDK 66.061.5(088.8)
BARBOTAJLI EKSTRAKTORLARNI QARAMA-QARSHI OQIMLI VA UZLUKSIZ
JARAYONLARNI AMALGA OSHIRISHDA GAZ MIQDORINI O‘ZGARTIRISH ORQALI
SOZLASH TAHLILI

B.A. Alimatov, B.J. Xursanov

Farg ‘ona davlat texnika universiteti
e-mail: xursanovboygozi@gmail.com., boyguzi.xursanov@fstu.uz,
ORCID: 0000-0002-2326-4047
e-mail: alimatov49@mail.ru.,bahodirjon.alimatov@fstu.uz
ORCID: 0009-0003-5028-4398
(Qabul gilindi 22.02.2026 v.)

Annotatsiya: Magolada barbotajli ekstraktorlarda garama-garshi ogimli va uzluksiz jarayonlarni
amalga oshirishda gaz sarfini o‘zgartirish orqali ekstraksiya jarayonini boshqarish masalalari tahlil
gilingan. Gaz miqgdorining fazalar aloga vaqti, massa almashinish intensivligi va energiya sarfiga ta’siri
tahlillarga ko ‘ra ilmiy asoslangan.

Tayanch so‘zlar: barbotajli ekstraktor, garama-garshi ogim, gaz sarfi, massa almashinish, uzluksiz
jarayon.

Annomayusn: B cmamve ananuzupyiomcs 6onpocvl YHpAGIeHUs NPOYeccoM SKCMPAaKyuu nymem
USMEHEHUA pacxoaa 2asa 6 npomueonio4YHblX U HENPepPLIBHbIX npoyeccax 6 6ap60ma9fcnbzx IKCmpakmopax.
Ha ocnose HAYy4YHO20 aHaluza paccmampueaemcs 6lusHue Kojauvecmeda 2casa Ha epemi KOHmaxkma gba3,
UHMEHCUBHOCMb Macconeperoca u 9Hep20n0mpe6ﬂeﬂue.

Knrouesvle cnoea: OapbomadicHulil 3KCMpaxmop, NPOMUGOMOUHBIU, pACXod 2a3d, MaccooOMeH,
HenpepvlHblll Npoyecc.

Abstract: The article analyzes the issues of controlling the extraction process by changing the gas
consumption in counterflow and continuous processes in bubble extractors. The effect of gas amount on
phase contact time, mass transfer intensity and energy consumption is based on scientific analysis.

Key words: bubble extractor, counter flow, gas consumption, mass exchange, continuous process.

Kirish. Bugungi kunda kimyo, neftni gayta ishlash, ozig-ovgat, gidrometallurgiya,
farmasevtika va ishlab chigarishning boshga tarmoqlarida suyuqlik ekstraksiyasi jarayonlari keng
targalgan. Suyuqlik ekstraksiyasi mexanizmini chuqur o‘rganish bilan bir gatorda yuqori samarali
ekstraksion apparatlar yaratish va ishlab chiqishga katta e’tibor berilmoqda. Ushbu apparatlarda gaz
va suyuqlik fazalari o‘rtasida intensiv massa almashinish ta’minlanadi. Bu ishlar bugungi kunda
ikki yo‘nalish bo‘yicha olib borilmoqda [1]:

- katta birlamchi quvvatli jadallashtirilgan apparatlarni yaratish va ishlab chigish;
- kam energiya sarfli tejamkor ekstraksion apparatlarni va yordamchi jihozlarni yaratish.

Suyuglik-suyuglik sistemalarini ekstraksiyalashda birinchi jarayon sifatida fazalarning aloga
yuzalarini hosil qilish magsadida bitta suyuqlikni ikkinchisida tomchilarga bo‘lib tagsimlashdir.
Fazalararo aloga yuzasini oshirishning sanoatda qo‘llaniladigan yagona usuli - bu suyugliklardan
birini tomchilarga parchalash usuli bo‘ladi [2]. Ekstraksiya jarayonlarini amalga oshirish uchun
tashqi energiya berishning turli usullari mavjud: mexanik aralashtirgichlar qo‘llash [3],
suyugliklarga pulsatsiya [4] va vibratsiya berish [5], gazlar ogimini bosim ostida berib aralashtirish
[6], ultra-tovush qo‘llash [7,8] va hokazo. Suyugliklarga tashqi energiya berishning umumiy
qoidalari asosida [9] ekstraktorlarning turli xil ko‘rinishdagi konstruksiyalari yaratilgan bo‘lib,
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ularni o‘ziga yarasha afzalliklari va kamchiliklari mavjud.

Suyuqlik ekstraksiyasi jarayonlarini jadallashtirishning samarali yo‘llaridan biri - bu gayta
ishlanayotgan suyuqlikka nisbatan inert bo‘lgan siqilgan gaz energiyasidan foydalanish. Bu usul
pnevmoaralashtirish nomi bilan tanish va u ko‘pgina kimyo-texnologik jarayonlarni
jadallashtirishda muvaffaqiyatli qo‘llanmoqda, lekin suyuqlik ekstraksiyasi jarayonlarini amalga
oshirishda yetarli darajada qo‘llangani yo‘q.

Barbotajli ekstraktorlarning asosiy afzalligi — ularning tuzilishining soddaligi va
apparat ichida qo‘zg‘aluvchi mexanik qismlari yo‘qligi tufayli, uning ishlatilishidagi
ishonchliligidir. Birinchisi apparatni ishlab chigarish korxonalari sharoitida mexanik sexlarda
tayyorlashga imkon bersa, ikkinchisi kimyoviy zaxarli va xavfli ishlab chigarish sharoitlarida asosiy
shart bo‘lib xizmat qiladi. Bundan tashqari, gabarit o‘lchamlarining kichikligi ularni tayyorlashga
ishlatiladigan kamyob zanglamas po‘latlarni ko‘p miqdorda tejashga imkon yaratadi.

Dolzarblik. Zamonaviy ishlab chigarishda energiya va resurs tejamkor texnologiyalarni joriy
etish muhim ahamiyat kasb etmoqgda. Gaz sarfini optimallashtirish orgali jarayon samaradorligini
oshirish dolzarb masaladir.

Masalaning qo‘yilishi. Barbotajli ekstraktorlarda gaz miqdorini o‘zgartirish orqali qarama-
garshi ogimli va uzluksiz jarayonlar uchun optimal ish rejimlarini aniglash asosiy masala
hisoblanadi.

Barbotajli ekstraktorlarni ko‘p tonnali qarama-qarshi oqimli va to‘htamaydigan jarayonlarni
amalga oshirishda berilayotgan gaz miqdorini oddiy o‘zgartirish orqali sozlash mumkin bo‘lganligi
sababli ularni ishlatish muammosi hozirda juda ham dolzarb.

Lekin, barbotajli ekstraktorning afzalliklariga garamay, konstruksiyalash asoslarining ilmiy-
texnik rivojlanishi, shuningdek keng klassdagi ishlab chigarish ekstraksion tizimlarini gayta
ishlashga qo‘llanadigan shunday apparatlarni hisoblash va loyihalashning ishonchli injenerlik
usullarini yaratish uchung kerak bo‘lgan gidrodinamik va massalmashinuv tavsiflarini nazariy va
tajribaviy izlanishlari yetishmasligi tufayli ularni ishlatish cheklanib kelmokda.

Tadgigot obyektlari va usullari. Bugungi kunda ma’lum bo‘lgan barbotajli ekstraktorlar
tuzilmalari t.f.d.professor B.A.Alimatov, t.f.d.professor 1.T.Karimov va boshga olimlar tomonidan
chuqur tahlil gilingan, ularning tasnifi ishlab chigilgan.

Barbotajli ekstraktorlar tuzilmalarining ko‘pligini shu bilan izohlash mumkinki, sanoatda
amalga oshirilayotgan ekstraksiya jarayonlari juda ham ko‘p, shuning uchun barcha jarayonlar
uchun mos keladigan universal apparat yaratish mushkil. Tasnif barbotajli ekstraktorning
afzalliklari va kamchiliklarini xar tomonlama tahlil gilishga va ularni u yoki bu sanoat ekstraksiya
jarayonlarida qo‘llash bo‘yicha asoslangan tavsiyalar berishga imkon beradi. Tasnifga ko‘ra
apparatlarning turli sinflarga «suyuqlik-suyuqlik» sistemalarini aralashtiruvchi moslamalar,
gorizontal yoki qutisimon barbotajli ekstraktorlar va ustunsimon (kolonnasimon) barbotajli
ekstraktorlar kirgan.

Tuzilishi bo‘yicha eng sodda bo‘lgan «suyuqlik - suyuqlik» sistemalari aralashtirgichlarga
erliftli, barbotajli va kombinatsiyalangan uskunalar kiradi. Bizning analizimiz natijasida bunday
uskunalar faqat bir pog‘onali jarayonlar sharoitida ishlatilishi mumkinligi aniglandi.

Gorizontal yoki qutisimon suyuglik ekstraktorlarga erliftli, barbotajli va suyuglik plyonkasi
ko‘tariladigan apparatlar kiradi. Bularning har biri o‘z navbatida bir pog‘onali va ko‘p
pog‘onalilarga ajraydi.

Ustunsimon yoki kolonnali barbotajli ekstraktorlarga uzluksiz (differensial) alogali va
aralashtirgich-tindirgich usulda ishlaydigan apparatlar kiradi.

Qimmatbaho rangli, noyob va targalgan kimyoviy elementlarini iloji boricha hom-ashyodan
tyliq ajratib olish O°zbekiston Respublikasi igtisodiyoti uchun muhim masala bylib qolgan. Bunday
elementlarning katta zahiralari bugungi kunda nafaqat tog‘ massivlarida, balki tog‘-metallurgiya
korhonalari chigindixonalarida ham mavjud. Masalan, Olmaliq tog‘-metallurgiya kombinati
chigindixonalarida osmiy, reniy, selen, molibden va boshga elementlar bor [13]. Bunday
elementlarni ajratishning amaliy usullaridan biri bu suyuglik ekstraksiya va keyin elektroliz
gilishdir. Shu sababli bugungi kunda ekstraksion apparatlar mukammalligiga katta talablar
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qyyilmoqgda va bu talablarning asosiysi sifatida elektr energiyani minimal sarflashdir.

Suyuqlik ekstraksiyasi jarayonini kypchilik olimlar tomonidan chuqur va sistemali tadqiq
gilish natijasida, qayta ishlanayotgan suyugliklar ogimlariga energiyani berishning umumiy
qoidalari asosida, suyuqlik ekstraktorlarining juda kyp tuzilmalari yaratilgan va ular yzlarining
afzaliklari va kamchiliklariga kyra bir sharoitlarda ishlatilsa, ikkinchi sharoitlarda ishlata
olinmaydilar, chunki barcha sharoitlar uchun tyg‘ri keladigan universal apparat yaratish mumkin
emas. Lekin suyuklik ekstraktorlarini yaratishning asosiy yyli bu apparat ichiga fazalar aro aloqa
yuzasini oshirish maqsadida qyshimcha energiya kiritishdir.

Tashqi energiyani ekstraksion apparatga kiritishning asosiy usullari quyidagilar: turli mexanik
aralashtirgichlar qyllash, vibro-aralashtirish, suyugliklarga pulsatsiyalar berish, ultratovushni
qyllash, markazdan qochma usulda aralashtirish va tindirish, elektr maydonidan foydalanish va
boshqgalar.

Barbotajli ekstraktorlar yaratish tarixi XX asrning 50-chi yillariga borib tagaladi. Usha
vaqtlarda yadro energetikasi uchun bir necha gorizontal va vertikal tipdagi apparatlar yaratilgan edi.
Bu apparatlar ichida gaz va suyugliklar harakatlari yaxshi tashkil etilmaganligi, katta ishlab
chiqarish maydonlarini egallaganliklari sababli, ular keyinchalik kyp yillar mobaynida sababsiz
etibordan tushib golgan va fagat keyingi yillarda biotexnologiya rivojlanishi bilan, farmasevtika,
gidrometallurgiya va yana ayrim sohalar ehtiyojlarini gondirish uchun barbotajli ekstraktorlarga
qgizigish ortishi sezilmoqda.

Amaliyot uchun eng Kkatta gizigishga aralashtirish-tindirish usulida uzluksiz ishlovchi
barbotajli ekstraktorlar ega, chunki ularni hisoblashda va loyihalashda oddiy va ishonchli usullardan
foydalanish mumkin va tajriba-sanoat uskunalardagi minimal tajribalar natijalarini sanoat
miqyosidagi apparatlarga qyllash mumkin.

Natijalar va ularning muhokamasi. Nazariy va amaliy tadgigotlar natijasida barbotajli
ekstraktorlarning kypgina tuzilmalari yaratilgan [1,2] va ular amaliyotda muvaffaqgiyatli ishlatilib
kelinmogda yoki ishlatishga mutaxassislar tomonidan tavsiya etilgan ( «Farg‘onaazot» da sirka
kislotasini regeneratsiya qilish jarayonida, Farg‘ona neftni qayta ishlash zavodida chiqindi suvlarni
fenollardan tozalashda va boshq.).

Tadgiqotlar natijasida barbotajli ekstraktorlar bilan jihozlangan ekstraksion uskunalarda energiya
sarfi mexanik aralashtirgichlar bilan jihozlangan apparatlarga nisbatan 3,5-4 marotaba kamligi
isbotlangan [10]. Bu narsa Olmaliq tog® - metallurgiya kombinati mutaxassislarini juda gizigtirgan.
Shu munosabat bilan yuqorida nomi keltirilgan korxona sharoitida ishlatishga myljallangan
barbotajli ekstraktorning yangi tuzilmasi va laboratoriya modellari yaratildi. Bu uskunalarda
ytkazilgan dastlabki (asosan apparatlar va uskunalar ishchi qobiliyatini aniqlashga qaratilgan)
tajribalar barbotajli ekstraktorlarni Olmaliq tog‘-metallurgiya kombinati chigindixonalaridagi
targalgan metallarni ajratish uchun istigbolligini kyrsatdi. Barbotajli ekstraktorining bitta
laboratoriya modeli korxona sharoitida real mubhitlarda tajribalar ytkazish uchun u yerga
yetkazilgan.

Reniy, tellur, osmiy va boshqa elementlarni ajratib olishda qyllanadigan suyugqliklar fizik-kimyoviy
hossalari bunday jarayonlarni barbotajli ekstraktorlarda uzluksiz kyp tonnajli miqdorda ishlab
chigarish uchun qyyiladigan talablarga tyliq javob beradi, apparatlar tuzilmalari esa kerakli
chegaralanmagan unumdorlikka va pog‘onalarga ega ekstraksion uskunalar yaratishga qulay
ekanligi dastlab isbotlangan.

Barbotajli ekstraktorlarni loyihalash va hisoblashning nazariy asoslari ishlab chiqildi. Suyuqlik
ekstraksiyasi moddalarni ajratishda va tozalashda eng zamonaviy jarayonlardan hisoblanadi.
Organik sintez sanoatida suyuqlik ekstraksiyasining rivojlanishi neftni gayta ishlash sanoati
yutuqlari bilan bog‘liq, natijada katta masshtabli ishlab chigarishlar paydo bo‘lgan (kaprolaktam,
sirka kislotasi va boshga moddalarni ishlab chigarish).

Noorganik moddalar texnologiyasi sanoatida suyugqlik ekstraksiyasi usullarini keng qo‘llash uran
sanoati rivojlanishi bilan bog‘liq.

Ekstraksion usullar qolgan cho‘ktirish, sorbsion va boshga usullarga nisbatan bir qator afzalliklarga
ega: yuqori unumdorlikka ega, avtomatizatsiyaga mos, jarayonlarni uzluksiz gilib amalga
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oshirishga imkon yaratiladi. Yangi ekstragentlarni sintez gilish natijasida suyuglik ekstraksiyasi
jarayonlari gidrometallurgiyaga keng kirib kelgan, hatto mis yetishtirishda suyuqglik ekstraksiya
bilan olinayotgan mahsulot ulushi 50 va undan ortik %-ni tashkil etadi.

Tarqalgan va nodir metallar texnologiyasida suyugqlik ekstraksiyasi hossalari yaqin bo‘lgan sirkoniy
va gafniyni, tantal va niobiyni ajratishda, lantan, seriy, samariy, neodim, prazeodim, terbiy itterbiy
va boshqga elementlarni olishda keng qo‘llaniladi [13].

Olmalik tog‘-metallurgiya kombinatida targalgan va nodir metallarni kompleks ekstraksiya
gilganda, elementlar chigindihonalarda quyidagi migdorda elementlar borligi aniglangan: molibden
-05-2¢9g/l;mis-05-3,0 g/l;o0smiy-do10 g/I; temir-0,5-3,0 g/1;selen-0,5 g/
I; aralashma zichligi 1,08 — 1,4 g/l ni tashkil etgan.

Molibden og‘ir eriydigan metallar qatoriga kiradi. Uni qoldiqlardan ajratish uchun quyidagi usullar
ishlatiladi: soda bilan kuydirish, avtoklavlarda soda aralashmalari bilan ajratish yoki kislotalar
yordamida parchalash.

Soda bilan kuydirish usulida nam chigindilar soda bilan aralashtiriladi va olingan massa pechda
700-750 °S haroratda 6-8 soat mobaynida gizdiriladi. Molibdenning barcha qo‘shilmalari natriy
molibdatiga o‘tadi. Olingan suyuqlikdan temir molibdati temir xloridi yordamida ajratiladi. Cho‘kib
golgan suyuqlik tarkibida Fe;Os va MoOs

bo‘ladi va kerakli Feo (M0Os)s ga javob bermaydi. Filtrpressda presslangandan so‘ng kekga
ammiak suvi bilan ishlov beriladi:

Fe2 (M00O4)s + 6 NHsOH — 3 (NH4)2M00s + 2 Fe (OH)3 1)

Avtoklavlarda soda aralashmalari bilan ajratish usulida barcha molibdatlar molibdat kislotasigacha
parchalanadi va kislotada yaxshi eriydi. Aralashmaga temir, kalsiy, mis va boshqalar o‘tadi.
Neytralizatsiya qilish jarayonida ammiak suv bilan birga temir molibdati cho‘kadi. Aralashmada
kalsiy, temirning bir miqdori, mis qoladi. Filtrashdan so‘ng koldiq 580-600 °S da kuydiriladi.
Yugoridagi usullar yordamida molibdenning 93-95 % ajratiladi. Misni ekstraksiya gilish uchun
birinchi ekstragentlar sifatida gidrooksimlar taklif etilgan. Bu elementlar yordamida misni
ekstraksiya qilish xelat ko‘rinishida chekadi. Bu «ekstraksiya-elektroliz»  usulda mis ishlab
chigarish zavodining eng yirigi Zambiyada joylashgan. U yerda sutkasiga 20 ming tonna ruda sulfat
Kislotasi yordamida ajratiladi. Ekstraksiya 4-ta texnologik chiziqda o‘tkaziladi va ularning har
birida ekstraksiya uchun 3 ta aralashtirgich-tindirgich va reekstraksiya uchun ikkita aralashtirgich-
tindirgich ishlatiladi. Bu usul yordamida hom-ashyodan 90 % mis ajratib olinadi.
1-jadvalda qo‘llaniladigan aralashtirgich-tindirgich tipidagi apparatlar parametrlari keltirilgan.

1 -jadval
Parametrlar Ekstraksiya uchun Reekstraksiya uchun
Avralashtirgich
-kengligi , m 59 4,0
-balandligi, m 3,7 3,2
Aralashtirgich diametri, m 2,7 2,3
Aylanish tezligi, ayl/min 30-60 30-60
Tindirgich 12,2 12,2
-kengligi, m 36,5 26,2
-uzunligi, m 0,76 0,76
-balandligi, m

Ekstraksiya jarayonida suyugliklarni pnevmo usulida aralashtirishda suyugliklarga nisbatan
inert bo‘lgan gaz suyugqliklar ustuni bo‘ylab haydaladi [12,14].

Barbotajli ekstraktor bilan jihozlangan ekstraksion uskunada kompressor yordamida
sigilayotgan gaz quvvati yanada unumliroq ishlatilishi mumkin. 1-rasmda barbotajli ekstraktor bilan
jihozlangan ekstraksion uskuna sxemasi keltirilgan.
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P — Bu vyerda sigilgan gazning E: qismi
bevosita barbotajli  ekstraktor ichidagi
suyugliklarni  aralashtirishga  sarflansa,
ikkinchi E> qismi esa uskunada og‘ir va
yengil suyugliklarni ekstraktorga
haydashga sarflanishi mumkin, yani og‘ir
va yengil suyuqliklar uchun sig‘imlar

|
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o‘tkazgan tadqiqotlarimiz natijasida
¢ [1,2,12,14] aniglangan edi-ki, balandligi 10
r-' m va diametri 1 m ustunsimon ekstraktorda
suyugliklarni pnevmousulda aralashtirish
uchun 4,23 kVt elektr energiyasi
sarflanadi, huddi shunday o‘lchamlarga ega
bo‘lgan va ko‘p pog‘onali kurakchali
v i aralashtirgich bilan jihozlangan apparatda
1-rasm. Barbotajli ekstraktor bilan jihozlangan ekstraksion €Sa bu energiya 12,55 kVt ni tashkil etadi,
uskunasi sxemasi. 1-barbotajli ekstraktor; 2,5-yengil va og‘ir ya’ni bu holda energiya sarfi tahminan 3
suyuqgliklar uchun sig‘imlar  (montejyu);3,6,10-boshgarish marotaba ko‘p. Undan tashqari biz
ventillar;  4,7-yengil va ogir  suyugliklar uchun tomondan barbotajli ekstraktorlarning yana
sarfo‘lchag1chlar;8—kompressor; O-resiver;  11-gaz sarfini bitta muhim hususiyati inobatga olinmagan
o‘lchovchi asbob. . . L0 . . . .
edi, yani apparat ichidagi gazning miqdori
¢. Ko*pchilik tadgigotchilar, shu jumladan bizning, izlanishlarimiz natijasida shu narsa aniqlangan-
ki, gazning pufakchalik rejimida barbotaj bo‘lishida apparat ichidagi gazning miqdori ¢ = 0,25+0,3
ni tashkil etadi, shuning uchun 10 m balandlikka ega bo‘lgan apparatda amalda 7+7,5 m ustun
suyuqliklar bo‘ladi. Bu esa energiya sarfini yana ¢ - ga kamayishiga olib keladi (25-30% -ga).Ya’ni
ekstraksion uskunaning statsionar rejimda ishlayotganida pnevmoaralashtirishga sarflanayotgan
energiya sarfi 4,23 - (1 —0,3) = 2,96 kVt ni tashkil etadi[12,14].
Xulosa . Tadqiqot natijalari gaz sarfini belgilangan chegaralarda o‘zgartirish orqali ekstraksiya
samaradorligini oshirish va energiya iste’molini kamaytirish mumkinligini ko‘rsatdi. Barbotajli
ekstraktorlarda gaz miqgdorini boshgarish garama-garshi ogimli va uzluksiz jarayonlarni
optimallashtirishda samarali usul hisoblanadi. Kelgusida avtomatlashtirilgan boshgaruv tizimlarini
joriy etish tavsiya etiladi.
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MAKKAJO‘XORI URUG‘INI MAYDALOVCHI DRABILKA PARAMETRLARI
BILAN TANISHISH VA UNING QO‘Y-ECHKILAR MAHSULDORLIGIGA TA’SIRINI
BAHOLASH
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Annotatsiya: Ushbu magolada chorvachilik, xususan, mayda shoxli mollar (qo‘y va echkilar) uchun
ozuqa tayyorlash jarayonida makkajo ‘xori donini maydalash texnologiyasi va drabilka parametriari (rotor
aylanish tezligi, g‘alvir teshiklari o‘lchami) chuqur tahlil gilingan. Tadgiqotda muallifning energiya
tejamkorligi va ishchilar salomatligi bo ‘yicha oldingi ilmiy izlanishlariga tayanilgan holda, turli
o ‘Ichamdagi yem fraktsiyalarining hayvonlar hazm qilish tizimi va vazn orttirish ko ‘rsatkichlariga ta’siri
o ‘rganilgan. Natijalar shuni ko ‘rsatadiki, o ‘rtacha (2-4 mm) fraktsiya qo‘y va echkilar uchun eng maqgbul
variant hisoblanadi. Maqgolada energiya samaradorligini oshirish va changlanishni kamaytirish bo ‘yicha
ilmiy asoslangan tavsiyalar ishlab chigilgan.

Tayanch so‘zlar: Makkajo ‘xori, bolg‘achali maydalagich (drabilka), parametrlar, maydalash
darajasi, qo 'y va echkilar, hazm bo ‘lish, energiya samaradorligi, mehnat muhofazasi.

Annomauun: B Oannoli cmamve 2nyOOKO NPOAHATUUPOBAHBI MEXHOLO2US USMENbYEHUST 3ePHd
KYKYpY3bl U napamempuvl OpoOUIKU (CKOpOCmb 8paujeHusi pomopa, pamep omeepcmuil cuma) 6 npoyecce
NPUCOMOBNIEHUSI KOPMOB Ol MeAK020 pozamoeo ckoma (osey u xo3). OCHO8b18AsACL HA NPedvblOyujux
HAYYHBIX UCCIEO08AHUIX ABMOPA NO IHEP2OCOEPENHCeHUI0 U OXPaHe 300P06bsi pahOYUX, UZYUEHO GIUSHUE
@Ppaxyuti KopmMa paziuyHo20 pasmepa Ha RUWEeSAPUMENbHYIO CUCIEMY U ROKA3Amenu NPusecd JCUBONHbIX.
Pesynvmamut noxazviearom, umo cpedunsas gpaxyus (2-4 mm) senaemcs Haubosee ONMUMATLHOU 015 06ey U
K03. B cmamve  paspabomamvl  HAYYHO  ODOCHOBAHHbBIE  DEKOMEHOAyuu  NO  NOBLIULEHUIO
SHEP203PHEKMUBHOCTIU U CHUINCEHUIO NbLIEOOPAZ08AHUSL.

Knoueswvie cnosa: Kyxypyza, Moromkogasi Opobuixa, Iapamempol, Cmenensv uzmenvuenus, Osyvl u
Ko3vl, [lepesapusaemocms, Snepeoaghexmusnocmov, Oxpana mpyoa.

Annotation: This article provides an in-depth analysis of corn grain grinding technology and crusher
parameters (rotor speed, screen hole size) in the feed preparation process for small ruminants (sheep and
goats). Based on the author's previous scientific studies on energy saving and worker health, the effect of
different feed fraction sizes on the digestive system and weight gain indicators of animals was studied. The
results indicate that the medium fraction (2-4 mm) is the most optimal for sheep and goats. The article
develops scientifically grounded recommendations for increasing energy efficiency and reducing dust
formation.

Keywords: Maize (Corn), Hammer mill, Parameters, Grinding degree (Fineness of grind), Sheep and
goats, Digestibility, Energy efficiency, Occupational safety and health.

1. KIRISH

1.1. Mavzuning dolzarbligi

O‘zbekiston qishloq xo‘jaligida chorvachilikni rivojlantirish, aholini arzon va sifatli go‘sht
mahsulotlari bilan ta’minlash bugungi kunning eng dolzarb vazifalaridan biridir. Sh.K.Nurmatov
ta’kidlaganidek, chorvachilik fermalarini mexanizatsiyalashtirish jarayonida asosiy e’tibor resurs
tejamkor texnologiyalarga qaratilishi lozim [6]. Chorva mollari, xususan, tez ko‘payuvchi qo‘y va
echkilarning mahsuldorligi bevosita ozuqa bazasiga va ozugani tayyorlash texnologiyasiga bog‘liq.
Makkajo‘xori doni yuqori energetik qiymatga ega bo‘lsa-da, uni noto‘g‘ri qayta ishlash (juda yirik
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yoki juda mayda maydalash) ozuganing o‘zlashtirilishini pasaytiradi va iqtisodiy zararga olib keladi

[8].

Shu o‘rinda, makkajo‘xori urug‘ini maydalovchi drabilka parametrlari bilan yaqindan
tanishish va ularni optimallashtirish masalasi yuzaga chigadi. Bu masala Sh.Xudoyberdiyevning
"Makkajo‘xori urug‘ini maydalovchi drabilka parametrlari bilan tanishish" nomli ishida dastlabki
texnik tahlil gilingan [1].

1.2. Muammo qo‘yilishi

Zamonaviy fermer xo‘jaliklarida foydalanilayotgan ko‘plab maydalagichlar ilmiy
asoslanmagan rejimlarda ishlaydi. Bu esa quyidagi muammolarni keltirib chigaradi:

1. Energiya isrofi: Keragidan ortigcha maydalash elektr energiyasi sarfini oshiradi. K.Koch
(2002) oz tadqiqotlarida maydalagichlarning samarasiz ishlashi energiya sarfini 20-30% ga
oshirishini ko‘rsatib o‘tgan [15]. Bu haqda muallifning "Makkajo‘xori urug‘ini maydalovchi
drabilkalarning samaradorligi va energiya tejamkorligi" maqolasida ham batafsil to‘xtalib
o‘tilgan [4].

2. Ekologik va tibbiy muammolar: Jarayonda hosil bo‘ladigan ortiqcha chang va shovqin
nafagat atrof-muhitga, balki ishchilar salomatligiga ham salbiy ta’sir ko‘rsatadi [5].

3. Biologik samarasizlik: O‘ta mayda (unsimon) yem kavsh qaytaruvchi hayvonlarda
oshqgozon-ichak kasalliklarini keltirib chigaradi.

1.3. Magsad va vazifalar

Tadgigotning magsadi — drabilka ishchi parametrlarini (tezlik va g‘alvir o‘lchami)
o‘zgartirish orqali olinadigan turli fraktsiyalarning qo‘y va echkilar mahsuldorligiga ta’sirini
aniglash hamda eng magbul texnologik rejimni tavsiya etishdan iborat.

2. ASOSIY QISM (Adabiyotlar sharhi)

Ozuqa tayyorlash texnologiyalari bo‘yicha olib borilgan tadqgiqotlar shuni ko‘rsatadiki, donli
ekinlarni maydalash darajasi hayvon organizmidagi fiziologik jarayonlarga bevosita ta’sir giladi.
B.A.Xudoyarova o‘zining o‘quv qo‘llanmasida mahalliy sharoitda ozuqa tayyorlash
mashinalarining ishchi organlarini to‘g‘ri sozlash muhimligini alohida qayd etgan [7].

Mahalliy olimlardan Sh.Xudoyberdiyev o‘zining "Makkajo‘xori donini maydalash
jarayonida zarracha o‘lchamining hayvon oziqlanishiga ta’siri" [3] asarida ta’kidlaganidek, zarracha
o‘lchami gancha kichik bo‘lsa, uning yuzasi shuncha katta bo‘ladi va oshqozon shirasi bilan
reaksiyaga kirishish tezlashadi. Biroq, bu tezlashish me’yordan oshsa, qorinda kislotalilik (pH)
muvozanati buziladi.

Xorijiy olimlar, jumladan D.R.Mertens (1997) [10] va E.R.Orskov (1986) [13] ham mayda
shoxli mollar uchun "strukturali ozuqa" muhimligini ta’kidlashadi. Ularning fikricha, ozuqa
zarrachalari kamida 1-2 mm bo‘lishi kerak, shunda hayvon kavsh qaytarish instinktini yo‘qotmaydi.

Shuningdek, texnologik jarayonda inson omilini ham unutmaslik kerak. "Makkajo‘xori
urug‘larini maydalashda chang va shovqinning ishchilar salomatligiga ta’siri" [5] mavzusidagi
tadqiqotlarda ko‘rsatilishicha, noto‘g‘ri tanlangan parametrlar (masalan, o‘ta yuqori aylanish
tezligi) sexdagi chang miqdorini sanitar me’yordan 2-3 barobar oshirib yuboradi.

3. NAZARIY TAHLIL (llmiy asoslash)

Drabilka parametrlari va samaradorlik o‘rtasidagi bog‘liglikni tushunish uchun jarayonni
matematik modellashtirish lozim. Klassik mexanizatsiyalash nazariyasi bo‘yicha S.V.Melnikov [9]
bolg‘achali maydalagichning samaradorligini quyidagi asosiy ko‘rsatkichlar bilan bog‘laydi:

1. Rotorning burchak tezligi ® va aylanma tezligi v:

m-D-n

60
Bu yerda D — rotor diametri, n — aylanishlar soni (ayl/min).

2. Energiya sarfi (E):

V=

Rittinger qonuniga ko‘ra, maydalash ishi yangi hosil bo‘lgan sirt yuzasiga proportsionaldir.
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A=K-AS

Don gancha mayda maydalansa (d —0), sarflanadigan energiya va vaqt shuncha ortadi. Bu
nazariya V.l.Sirovotka [11] ishlarida ham tasdiglangan bo'lib, donni haddan tashgari maydalash
energiya sarfini geometrik progressiyada oshirishi isbotlangan.
1-Rasm. Quyida bolg ‘achali

! 1-Don uzatishbunkeri  mavdalagichning ichki tuzilishi va
! ishchi organlari sxemasi keltirilgan.
|

2-Aylanuvchi rotor va Bizning "Makkajo‘xori
heig.achalar urug‘ini maydalovchi
drabilkalarning samaradorligi va
3-Almashtiriladigan energiya tejamkorligi” [4] nomli
galvir (elak) maqolamizdagi hisob-kitoblar shuni
ko‘rsatdiki, aylanma tezlikni 70 m/s
dan 50 m/s gacha tushirish, elektr
4-Maydalangan mstsolot energiy_asi_ sarfini_ 25-30% ga
chigishi kamaytiradi, shu bilan birga hosil
bo‘layotgan mahsulot fraktsiyasi
l-rasm. Bolg'achali makkajo'xori maydalagichning (drabilka) 90y Vva echkilar uchun yanada
texnologik ishchi sxemasi. 1-Don uzatish bunkeri; 2-Aylanuvchi rotor magbulroq bo‘ladi.
va bolg‘achalar; 3-Almashtiriladigan g‘alvir (elak); 4-Maydalangan
mahsulot chigishi.
4. TADQIQOT NATIJALARI
Tadqiqotlar Qashgadaryo viloyatidagi naslchilik fermer xo‘jaligida amaliy tarzda o‘tkazildi.
Tajriba ikki bosgichda olib borildi: texnik (drabilka sozlamalari) va biologik (hayvonlarni
oziglantirish).
4.1. Texnik tajriba natijalari
Drabilkada uch xil rejim of‘rnatildi va makkajo‘xori doni maydalandi. Jarayonda
K.Kochning [15] elakli tahlil metodikasidan foydalanildi:
. 1-rejim (Mayda): G‘alvir d=3 mm, Rotor tezligi 70 m/s. (Natija: ko‘p chang, unsimon
massa).

. 2-rejim (O‘rtacha): Galvir d=5 mm, Rotor tezligi 55 m/s. (Natija: bir xil donador massa, 2-
4 mm).

. 3-rejim (Yirik): G‘alvir d=8 mm, Rotor tezligi 40 m/s. (Natija: yirik yorilgan donlar).

2-Rasm. Tadgqiqot davomida olingan makkajo xori ozugasining turli fraktsiyadagi namunalari.

| i
1
I

2-rasm. Drabiikaning turli ish rejimlarida blingan makkajo*xori ozugasi namunalari.
a) Mayda fraktsiya (unsimon); b) O‘rtacha fraktsiya (optimal donadorlik); v) Yirik fraktsiya.
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4.2. Biologik tajriba natijalari
Sh.Xudoyberdiyevning "Makkajo‘xori doni maydalash darajasining qo‘y va echkilarda
hazm bo‘lish ko‘rsatkichlariga ta’siri" [2] maqolasida keltirilgan metodika va O‘zbekiston Qishloq

xo‘jaligi vazirligi tavsiyalari [8] asosida 3 guruhga bo‘lingan hayvonlar (jami 60 bosh) 90 kun
davomida oziglantirildi.

3-Rasm. Tajriba jarayonida qo ‘y va echkilarning oziglantirilishi.

<5 5 5

3-rasm. Tajriba guruhidagi hayvonlarning optimal fraktsiyali makkajo‘xori bilan oziglanish jarayoni.

1-jadval.
Qo‘y va echkilarning vazn orttirish ko‘rsatkichlari
Guruhlar Ozuga turi Boshlang‘ich Yakuniy vazn Kunlik semirish
(Fraktsiya) vazn (kg) (kg) (9)
| INazorat |  Yirik (46 mm) | 350 | 475 | 138 |
| 1l Tajriba | O‘rtacha 2-4 mm) || 35.2 | 518 | 184 |
| 11l Tajriba | Mayda(<1mm) | 348 | 49.2 | 160 |

Tahlil va Grafik tasvir:

Jadvaldan ko‘rinib turibdiki, II guruh (o‘rtacha maydalash) eng yuqori natijani qayd etdi.

Kunlik semirish | guruhga nisbatan 33% ga, 11l guruhga nisbatan 15% ga yuqori bo‘ldi. Quyidagi
diagrammada ushbu natijalar yaqqol ko‘rsatilgan.

4-Rasm. Tajriba yakunidagi o ‘rtacha vazn ko ‘rsatkichlari diagrammasi.

70 -
58.4

(o))
S
1

50.1

(=}
1

452

Oc‘rtacha tirik vazn (kg)
IV S VN
S S S

oy
S
1

O T T T
Nazorat guruhi Mayda (d=3mm) Of‘rtacha (d&=Smm)  Yirik (d=8mm)
Tajriba guruhlari (Ozuga fraktsiyalari)

4-rasm. Turli fraktsiyali ozugalar bilan bogilgan hayvonlarning 90 kunlik tajriba oxiridagi
o‘rtacha tirik vazni ko‘rsatkichlari.
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Bu shundan dalolat beradiki, drabilka parametrlari to‘g‘ri tanlanganda, ozuqaning hazm
bo‘lish koeffitsienti 75-78% gacha yetadi (bu haqda [2] manbada batafsil yoritilgan). Mayda ozuga
(111 guruh) garchi yaxshi hazm bo‘lsa-da, uning bir qismi chang sifatida yo‘qotildi va hayvonlarda
vagti-vaqti bilan ishtaha pasayishi kuzatildi.

5. TAKLIF VA TAVSIYALAR

Olib borilgan kompleks tadgigotlar va Sh.Xudoyberdiyevning 2025-yilda chop etilgan
turkum magolalari [1-5] hamda mavjud adabiyotlar [6, 8, 11] tahlili asosida quyidagi amaliy
tavsiyalar beriladi:

1. Optimal Parametrlar: Qo‘y va echkilar uchun makkajo‘xori donini maydalashda
drabilkaning g¢alvir teshiklari diametri 4-5 mm bo‘lishi va rotorning aylanma tezligi 50-
55 m/s oralig‘ida sozlanishi magsadga muvofiq.

2. Energiya Tejamkorligi: Yuqori tezlikda (70 m/s va undan yuqori) ishlash nafagat energiya
sarfini oshiradi, balki "foydasiz chang" fraktsiyasini ko‘paytiradi. Shuning uchun o‘rtacha
tezlik rejimiga o‘tish tavsiya etiladi [4, 15].

3. Ishchilar Xavfsizligi: Chang va shovgin darajasini kamaytirish uchun drabilka bunkerlari
germetik yopilishi va siklonlar (chang tutgichlar) albatta o‘rnatilishi shart. Bu ishchilar
salomatligi uchun o‘ta muhim [5].

4. Namlik Nazorati: Donning namligi 14-15% dan oshmasligi kerak. Nam don drabilka
g‘alvirlarini tez to‘sib qo‘yadi va dvigatelga ortigcha yuklama beradi [7].

6. XULOSA

Ushbu maqolada makkajo‘xori urug‘ini maydalovchi drabilka parametrlari va ularning
biologik samaradorligi o‘rtasidagi uzviy bog‘liglik ochib berildi. Drabilka bilan "tanishish"
shunchaki uning tuzilishini bilish emas, balki uni ganday sozlashni ilmiy asosda tushunishdir.

Tadqiqotlarimiz tasdigladiki, o‘rtacha darajada maydalangan (2-4 mm) makkajo‘xori doni
qo‘y va echkilar uchun eng samarali ozuga hisoblanadi. Bu rejim fermerga uch tomonlama foyda
keltiradi:

o Elektr energiyasi tejaladi.

o Ishchilar salomatligi himoyalanadi (kamroq chang).

e Go‘sht mahsuldorligi eng yuqori darajaga chiqadi.
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Abstract: The rapid development of Edge Al has required deep convergence of machine learning
(ML) and digital signal processing (DSP) within the strict constraints of embedded environments. This study
presents a systematic analysis of research trends from 2018 to 2026, reflecting the transition from isolated
algorithmic blocks to integrated “Learnable DSP” architectures. We evaluate two key paradigms. the use of
DSP for low-power ML feature extraction (TinyML) and the deployment of neural networks for adaptive
signal processing tasks such as interpretable FIR filtering (FIRNet) and selective active noise cancellation
(SFANC). The main contribution of this work is a detailed analysis of co-designing hardware and software,
a comparative analysis of modern FPGA-based accelerators (AMD Versal, Intel Agilex) with heterogeneous
systems on chip (SoC) with dedicated neural processors (NPU). The data shows that, although FPGAs excel
in microsecond latency and deterministic processing (achieving up to 63.48 GOPS/W efficiency),
heterogeneous SoCs offer superior versatility for multimodal AloT applications, achieving real-time output
latency of up to 7 ms for complex audio tasks. The review identifies critical bottlenecks in training,
considering quantization and off-chip memory bandwidth, and concludes with a strategic roadmap for
creating explainable and energy-efficient next-generation smart metering systems.

Keywords: Digital Signal Processing (DSP), Machine Learning (ML), Edge Al, Embedded Systems,
FPGA, Heterogeneous Computing, TinyML, Hardware Acceleration, HW/SW Co-Design.

Annomayusn: Cmpemumenvroe pazeumue mexnonoeuti Edge Al npuseno k enyborou konsepeenyuu
Mawunnozo obyyenus (ML) u yugposoii obpabomxu cuenanos (DSP) 6 ycnosusx scecmrux oepanuqenul
6CmMpoenHblX cped. B OamHom uccredosanuu npeocmasier CUCMeMAMUYecKull aHamus meHOeHyull
uccredosanuti 3a nepuoo c¢ 2018 no 2026 200, ompadxcarowuii nepexo0 Om U30IUPOBAHHBIX
aneopummuyeckux OI0K08 K UHMESPUPOBAHHBIM apXUmexkmypam «odyuaemon yuppogou o0obpabomxu
cuenanosy (Learnable DSP). Mui oyenusaem 0ge xmiouesvie napaduemvl. ucnoavsosanue DSP  ons
manomowno2o usenewenus npusuaxos ¢ ML (TinyML) u passepmuieanue netiponnvix cemeii 0is
aoanmueHelx 3a0a4 obpabomku cueHanos, maxux kax unmepnpemupyemas FIR-gunempayus (FIRNet) u
cenexkmuenoe axmusnoe uymonooasienue (SFANC). Ocnosuvim 6xnadom Oannotl pabomvi s615emcs
0emanvbHblll AHAIU3 COBMECIHO20 npoeKmupoeanusl annapamnoco u npocpammHozo 06€CVZ€1{€HU}1, 6
Komopom cospemennvie yckopumenu na 6aze IIVIHC (AMD Versal, Intel Agilex) npomusonocmasnsiiomes
2emepozennvim cucmemam Ha kpucmaine (SOC) ¢ ewvidenennvimu netponnvimu npoyeccopamu (NPU).
Jannvie noxasvisarom, umo 6 mo epemsa kaxk IIJIUC npesocxodsm KOHKYPEHMO8 NO 3d0epiicKe Ha
MUKPOCEKYHOHOM YPOGHE U OemepMUHUPOBaHHou obpabomke (0ocmueas 63,48 I'pronc/Bm), cemepozcennuie
SoC obecneyusarom npesocx0OHy0 YHUBEPCATLHOCIb 015 MyAbmMUMoOoanvrblix npuiodcenuti AloT. B ob63ope
6bLAI6/IEHbl Kpumu4deckKue y3Kkue mecma 6 O6y‘{€Huu C y4eniom KeaHmoearnust u l’lpOl’lyCKHOﬁ cnocobrHocmu
eHeunell namsamu, a 6 3dK1nndeHuu npe()cmaeﬂeua cmpamezcudecKas OOPODfCHa}Z Kapma onsa
URmMENNEeKMYAIbHbLX USMEPUNENbHBIX CUCEM C]l€()yl0u4€20 NOKOJIeHUA.

Knroueswie cnosa: yugpposas obpabomra cuenanros (DSP), mawunnoe obyuenue (ML), Edge Al,
scmpoennwvie cucmemvl, IIVIUC, cemepozenuvie sviuucaenus, TiINYML, annapamnoe ycxkopenue.

Annotatsiya: Chegaraviy sun'iy intellektning (Edge Al) tez rivojlanishi o'rnatilgan muhitlarning
gat'iy cheklovlari ostida Mashina o'rganishi (ML) va Ragamli signalni gayta ishlash (DSP) sohalarining
chuqur uyg'unlashuvini zarur qildi. Ushbu tadgigot 2018 vyildan 2026 yilgacha bo'lgan tadgigot
tendentsiyalarining tizimli tahlilini tagdim etadi va alohida algoritmik bloklardan integratsiyalashgan
"o'rganiladigan DSP" arxitekturalariga o'tishni xaritalaydi. Biz ikkita muhim paradigma — DSPni kam
guvvatli ML xususiyatlarini ajratib olish (TinyML) uchun qo'llash va interpretatsiya gilinadigan FIR
filtrlash (FIRNet) hamda selektiv faol shovginni boshqgarish (SFANC) kabi moslashuvchan signalni gayta
ishlash vazifalari uchun neyron tarmoglarini joriy etishni baholaymiz. Ushbu ishning asosiy hissasi
zamonaviy FPGA-ga asoslangan akseleratorlarni (AMD Versal, Intel Agilex) maxsus Neyron Protsessor
Bloklariga (NPU) ega heterogen Mikrochip ustidagi tizimlar (SoC) bilan solishtirish bo'yicha batafsil
apparat-dasturiy hamkorlik dizayni tahlilidir. Dalillar shuni ko'rsatadiki, FPGAlar mikrosekund

186 Scientific-technical journal (STJ FSTU, ®ATY UTXK, HTXK ®I'TY, 2026, T.30.cnem.Boimyck Ne 3)


mailto:akmaljon9790011@gmail.com

COIMAJIBHO - SKOHOMHWYECKHUE HAYKH

darajasidagi kechikish va deterministik ishlashda (63,48 GOPS/Vgacha samaradorlikka erishadi) ustun
bo'lsa-da, geterogen SoClar ko'p modal AloT ilovalari uchun afzallik beruvchi moslashuvchanlikni taqdim
etadi, murakkab audio vazifalar uchun esa real vagtli inferensiya kechikishi atigi 7 msgacha bo'ladi. Sharh
kvantizatsiyani hisobga olgan o'gitish va chip tashqgarisidagi xotira o'tkazuvchanligidagi muhim bo'g'lovchi
nugtalarni aniglaydi hamda keyingi avlod, tushuntiriladigan va energiya tejamkor aglli o'lchov tizimlari
uchun strategik yo'l xaritasini taklif etadi.

Tayanch so‘zlar: raqamli signallarga ishlov berish (DSP), mashinali o‘qitish (ML), Edge Al
o ‘rnatilgan tizimlar, FPGA, geterogen hisoblashlar, TinyML, apparat tezlatish.

I. INTRODUCTION

The paradigm shift from centralized cloud computing to distributed Edge Intelligence has
fundamentally redefined the requirements for embedded systems [1]. Modern intelligent devices in
industrial monitoring, autonomous vehicles, and wearable healthcare must process high-frequency
sensor data with minimal latency and strictly bounded energy budgets [2]. Historically, Digital
Signal Processing (DSP) and Machine Learning (ML) operated as distinct disciplines: the former
emphasizing deterministic, mathematically rigorous transforms (FFT, FIR filtering), and the latter
focusing on stochastic pattern recognition via deep neural networks [3].

However, the "Intelligence of Things™ (AloT) era has catalyzed a convergence. Traditional DSP is
no longer sufficient for non-stationary, complex signal environments, while "pure" Deep Learning
often proves too computationally expensive for resource-constrained microcontrollers [4]. This
study reviews the state-of-the-art in this convergence, focusing on how hybrid architectures
leverage the strengths of both fields to create "Learnable DSP" systems.

II. RECENT LITERATURE TRENDS (2023-2026)

The evolution of processing paradigms, transitioning from isolated DSP blocks to synergistically
integrated "Learnable DSP" architectures, is illustrated in Figure 1. In this stage, traditional signal
processing blocks, such as FIR and IIR filters, are transformed into differentiable layers. This
allows for the joint optimization of filter coefficients and neural network weights, minimizing
computational overhead while maintaining high signal fidelity.

Architectural Evolution of ML and DSP
Integration in Embedded Systems
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Figure 1: Architectural Evolution of ML-DSP Integration.
The evolution of processing paradigms, transitioning from isolated DSP blocks to synergistically

integrated "Learnable DSP" architectures, is illustrated in Figure 1.
Recent breakthroughs underscore a move toward interpretable and hardware-efficient fusion:
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o Interpretable Neural Filtering: Rui et al. (2024) introduced FIRNet, which embeds analytically
designed Finite Impulse Response (FIR) layers into deep learning backbones. By making
filter parameters (center frequency, bandwidth) learnable, the system maintains DSP
interpretability while achieving high diagnostic accuracy on edge devices [7].

o Edge-Optimized Classifiers: Recent research on GNSS interference shows that summarizing
signal transforms (STFT) with statistical descriptors before ML inference significantly
reduces model footprint without sacrificing robustness [2].

o Explainable ANC: Luo et al. (2024) demonstrated a CNN-based selective fixed-filter Active
Noise Control (ANC) system. This hybrid approach uses a neural network as a high-level
"selector" for traditional fixed filters, ensuring delayless operation and human-readable
control logic [5].

I1l. THE CONVERGENCE PARADIGM

The synergy manifests in two directions:

1.  DSP for ML: Utilizing DSP techniques like Mel-Frequency Cepstral Coefficients (MFCC) or
Discrete Wavelet Transforms (DWT) for dimensionality reduction. This allows complex
speech recognition models to run on "TinyML" platforms with less than 256KB of RAM [10].

2. ML for DSP: Replacing or augmenting traditional filters with neural architectures to handle
non-linear distortions. For instance, neural digital predistortion (DPD) in RF chains now
utilizes hardware-accelerated NNs to linearize power amplifiers more effectively than
classical Volterra series models [4].

HW/SW Co-Design Workflow for Edge Al (2024-2026)

HARDWARE TARGETING

( ALGORITHM DEVELOPMENT

= Edge FPGA with 3
DSP Slices g

Deeply Integrated Meta-learning 3 (@)

Learnable DSP SFANC NPU Accelerators
. A R
- )

PERFORMANCE VERIFICATION OPTIMIZATION LOOPS

Energy: pJlinference % oam
¢ Latency: ms ( &)ES -
Memory Footprint: KB 3,777‘::" Post-training  Sparsity-aware Memory-efficient
Quantization Pruning Pipelining

Figure 2: HW/SW Co-Design Workflow for Edge Al..

The proposed hardware-software co-design methodology, emphasizing iterative optimization loops
for energy and latency, is detailed in Figure 2. Key stages include algorithm pruning and
quantization-aware training (QAT), synchronized with hardware-level mapping to DSP slices. This
cycle ensures that high-level ML models are effectively compressed to fit the tight memory
constraints of embedded platforms, such as the ARM Cortex-M55/M85 series.

IV. HARDWARE-SOFTWARE CO-DESIGN ANALYSIS
The integration of ML and DSP imposes diverse computational loads. Our analysis identifies three
dominant hardware paths:
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Platform Type Primary Advantage Typical PPA Metric Key Technologies
EPGA / ACAP Determinism & Low ~60-70 GOPS/W AMD Ve_rsal, Intel
Latency Agilex
Heterogeneous SoC Versatility & Software Scalable Power (mW ARM Cortex-A +
g Ease to W) NPU
Ultra-Low Power - ARM Cortex-M,
MCU Energy Efficiency Sub-10 mW RISC-V

FPGAs continue to dominate in scenarios requiring microsecond-scale responsiveness. Recent
implementations of 1D-CNNs for ECG analysis on Intel Cyclone V achieved 63.48 GOPS/W, while
recurrent neural network (RNN) accelerators on Lattice iCE40 platforms demonstrated real-time
inference at just 17 mW [4], [6]. Conversely, the emergence of dedicated Neural Processing Units
(NPUs) within mobile SoCs has streamlined the deployment of vision-based signal tasks, though
off-chip memory bandwidth remains a bottleneck for transformer-like models [8].

Performance Trade-off Analysis: TinyML and Learnable DSP on Edge Devices
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Figure 3: Performance Trade-off Analysis (LMU vs. CNN vs. Hybrid).

Quantitative analysis, visualized in Figure 3, reveals critical performance trade-offs. Evaluation on
the MLCommons Tiny Audio benchmark shows that Legendre Memory Units (LMU) achieve a
high SISDR of 8.613 with an inference latency of 7 ms on standard microcontrollers, while
maintaining a compact memory footprint of 627 KiB. In contrast, traditional DSP implementations
face scaling issues; for instance, a 51st-order FIR filter can consume up to 76% of the SRAM ina 2
KB budget, necessitating the use of the hybrid ML-DSP approaches proposed in this study.

V. CHALLENGES AND FUTURE DIRECTIONS

1. Quantization-Aware Training (QAT): Bridging the gap between 32-bit floating-point

research models and 8-bit integer edge hardware remains critical.

2. Interpretable Al (XAI): Moving away from "black box" models toward parametric layers

where weights correspond to physical signal properties.

3. Automated HW/SW Partitioning: Developing compilers that automatically distribute tasks
between DSP slices, CPU cores, and NPUs based on real-time PPA constraints.
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Figure 4: SFANC Pipeline with ResNet Classifier.

The implementation of the Selective Fixed-filter Active Noise Control (SFANC) pipeline, shown in
Figure 4, utilizes a ResNet-based classifier to identify noise environments. By dynamically
selecting the optimal pre-trained FIR filter, this meta-learning approach ensures faster convergence
and superior steady-state noise reduction compared to conventional adaptive ANC algorithms.

VI. CONCLUSION

The convergence of ML and DSP is transitioning from experimental hybridity to a standard
engineering paradigm for intelligent embedded systems. By integrating learnable parameters into
classical signal processing blocks, researchers are achieving the ideal balance of interpretability,
performance, and efficiency. Future developments will likely focus on unified hardware-software
co-design tools that enable "plug-and-play" deployment of explainable AloT systems.
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NMHHOBAIIMOHHBIE TOAXO/bI K YIIPABJIEHNIO OBECITEYEHUEM
N MAPKETHUHI'OM ITPEAITPUATUUN KEPAMHWYECKHUX U3JEJINU B
YCJIOBUAX TPAHCO®OPMAILIMU PBIHKA TPYJIA
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Annomayua: B ycnosusix axmuenoi mpancgopmayuu polHka mpyoa npeonpusimust Kepamuyeckou
NPOMbLULIEHHOCMU CMAIKUBAIOMCA C Heobx00UMOCbIO nepecmompa 1n00x00086 Kk obecneyeruio pecypcamu
u opearnuzayuu Mapkemquoeoﬁ oeamenvrocmu. Hsmenenus 6 CMPYKmMype 3aHAmocmu, pocm cnpoca Ha
yughposvle KOMNemeHyuu U ycuienue KOHKypeHyuu mpeoyiom eHeopeHUst UHHOBAYUOHHBIX UHCMPYMEHMOS,
CHOCOOHBIX NOBLICUMb yCWZOﬁHu@OCI’I’lb U a0anmueHoCmb I’lpOuB@O()CWmeHHO-C6blm06blx npoyeccoe.

Knrwueswvie cnosa: UHHOBAYUOHHbIE }’loaXO()bl, PBIHOK mpy()a, Kepamudeckas npomMblUUIEeHHOCMDb,
obecneuenue npednpuamusi, Mapkemute, yugposuzayus, mpanchopmayus 6uHec-npoyeccos, ynpasierue
CHCZ69!C€HM€M, cmpamezuu npodeuwceﬁwz, KIUEHMOPUEHMUPOBAHHbIE MEXHOI0CUU

Annotatsiya: Tez o ‘zgarib borayotgan mehnat bozori sharoitida keramika sanoati kompaniyalari
resurslarni jalb qilish va marketing faoliyatiga yondashuvlarini qayta ko ‘rib chigish zarurati bilan duch
kelmogdalar. Bandlik tuzilmasidagi o ‘zgarishlar, ragamli ko ‘nikmalarga talabning ortishi va raqobatning
kuchayishi ishlab chigarish va sotish jarayonlarining bargarorligi va moslashuvchanligini oshirishga godir
innovatsion vositalarni joriy etishni talab giladi.

Tayanch so‘zlar: innovatsion yondashuvlar, mehnat bozori, keramika sanoati, korxona ta ‘minoti,
marketing, ragamlashtirish, biznes jarayonlarini o zgartirish, ta ‘minotni boshqarish, reklama strategiyalari,
mijozlarga yo ‘naltirilgan texnologiyalar

Abstract: In the context of the rapidly transforming labor market, ceramic industry companies are
faced with the need to rethink their approaches to resourcing and marketing activities. Changes in the
employment structure, growing demand for digital skills, and increased competition require the
implementation of innovative tools that can enhance the resilience and adaptability of production and sales
processes.

Key words: innovative approaches, labor market, ceramic industry, enterprise supply, marketing,
digitalization, business process transformation, supply management, promotion strategies, customer-
oriented technologies.

|.BBenenne: CoBpeMEHHOE pa3BUTHE IPOMBIIUIEHHOCTH XapaKTepu3yeTcss OBICTPhIM
OOHOBJICHHEM TEXHOJIOTHH, HU(pOBU3AIME MPOU3BOACTBEHHBIX MPOLIECCOB U HEOOXOAUMOCTHIO
MOCTOSIHHOM ~ajanTalMy NpeAnpusITHl K U3MEHEHUsIM Ha pblHKe Tpyna. Kepamuueckas
MIPOMBIIIJIEHHOCTh ¥Y30€KHCTaHa, SIBJSSCh OJHOM U3 BaKHBIX OTpacieil CTPOUTEIHLHOTO KOMILIEKCa,
TaK)Ke€ CTAJKUBACTCS C HOBBIMH BBI30BAMM, CBSI3aHHBIMH C YCIIO)KHEHMEM TpeOOBaHMMN
norpedureneil, pocToOM KOHKYPEHIIMM M MEPEX0JI0M K MHHOBALMOHHBIM MOJENSAM yrpaBieHus. B
TaKUX YCJIOBUSIX 0CO00€ 3HAYCHHE INPHOOPETaeT COBEPLICHCTBOBAHME CUCTEM OOECTeYEeHUs U
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MapKeTHHra, KOTOpbIE JIOJDKHBI O0€CleurBaTh YCTOWYMBOCTb MPEANPUATUS, POCT MPOAAX U
MOBBIIIEHUE ONepallMOHHOM 3(ppeKTHBHOCTH.

Tpancopmanusi pelHKAa TpyAa MNPUBOAMT K M3MEHEHUSM B CTPYKTYpPE KaJpOBOTO
MOTEHIIMAaJa, MOSIBICHUIO HOBBIX Mpodeccuii, He00X0AUMOCTH pa3BUTUS U(POBBIX KOMIETECHIIMH
Y BHEJIPEHMSI HOBBIX METOJIOB OPraHU3alMK TPyla. DTU MPOLIECCHl OKA3bIBAIOT MPSIMOE BIHUSHUE Ha
(YHKIMOHMPOBAHUE MPEINPUATHH KepaMMYeCKMX MW3JeIMi, T[Ae YCIellHas KOoMMepuecKas
NeSITeNIbHOCTh BCE OOJIBIIE 3aBUCUT OT BHEIPEHHS] MHHOBALMOHHBIX TEXHOJIOTMH, HHCTPYMEHTOB
aHAJIUTUKKU CIPOCA, LUQPPOBBIX KaHAJIOB MPOABWKEHHS M THUOKUX JIOTUCTUYECKHX PEIICHHH.
VYpasnenue odecriedeHUEM — BKJIIOUYasi CHA0KEHUE ChIPhEM, ONITHMHU3ALNIO CKIIA/ICKUX 3al1acoB U
B3aMMOJICHCTBHE C IIOCTaBIIMKAMU — TaKkXke TpeOyeT MOJEpPHHU3ALUU C YYETOM MPHUHIUIIOB
YCTOHYMBOIO Pa3BUTHUS U pecypcHOU 3(h(HEeKTUBHOCTH.

HecMoTpsi Ha HaKOIJIEHHBIN NPAKTUYECKUI OIBIT, B OTEUECTBEHHON HAyYHOW JIMTEpAType
[I0OKa HEJAOCTAaTOYHO MCCIIEI0BAaHUM, pacCMAaTPUBAIONINX KOMILJIEKCHbIE MHHOBALMOHHBIE MOJIXO/IbI
K yIpaBJIeHHIO o0ecrieueHneM U MapKeTHHIOM UMEHHO B KepaMHUYeCKOH OTpaciiv, OTIUYaroLencs
BBICOKOW MaTepUalOEMKOCThI0O M HEOOXOIMMOCTBbIO TOYHOM KOOPJIMHALUHU IPOMU3BOJICTBEHHBIX
IIPOLIECCOB. JTO ONPENEINAET aKTyaJbHOCTb M3YyUEHUS COBPEMEHHBIX MHCTPYMEHTOB YIIPaBIICHHUS,
HaIpaBJICHHBIX HAa TOBBIIIEHHE KOHKYPEHTOCHOCOOHOCTH  MPEANPUSATUH, ONTUMHU3ALUIO
(MHAHCOBBIX U JIOTUCTUYECKUX MOTOKOB, a TAKXKE PacIIUPEHUE PHIHOYHBIX BO3MOXKHOCTEH.[1]

Hacrosmas cratbs HampaBiieHa HAa aHAJIW3 WHHOBAI[MOHHBIX MOJXOJ0B, MPUMEHHUMBIX B
yIpaBJIeHUM o00ecreueHueM W MAapKeTUHIOM MpPEINpUSATHH KepaMHUYeCKUX U3IeNuil, U Ha
000CHOBaHHE IPAKTUYECKUX PEKOMEHAAIMH 110 UX BHEAPEHUIO B YCIOBUAX TpaHC(HOpPMALIUHU PhIHKA
TpyAa. Pe3ynpTaTsl HcCiieOBaHMs MO3BOJIAT BBIIBUTH KIIIOUEBBIE HAIIPABJIECHUS MOJECPHU3ALUU
YIPaBJIEHYECKUX MIPOLECCOB, CIIOCOOCTBYIOIME YCTOMYUBOMY Pa3BUTHIO NPEANPUATHHA OTpACIH U
MOBBILIEHUIO UX PHIHOYHOM aKTUBHOCTH.

Il.Metogosiorusi  uccjeqoBaHusi: Merojonorus  ucciaeAoBaHus — Oasupyercs  Ha
KOMIUIEKCHOM COYETaHUM TEOPETUYECKUX U SMIMPUYECKMX METOJO0B, IO3BOJISIIOIIMX H3YyYUTh
COBPEMEHHBIE IIOJAXOAbl K YIPABICHUIO OOECIEYEeHHEM M MApKETHMHIOM HPEANpHUITHH
KepaMU4ECKON IPOMBIIIIEHHOCTH € YY€TOM M3MEHEHUI Ha phIHKE TpyAa. MccinenoBanue cTpouTcs
Ha MpPUHLUIAX CHCTEMHOIO, (YHKIMOHAJIBHOIO M CpPaBHUTEIBHOIO aHajiu3a, a Takke Ha
MIPUMEHEHUH COBPEMEHHBIX HHCTPYMEHTOB LU(POBOI aHAIIUTHUKHU U SKCIIEPTHBIX OLICHOK.

CucteMHBli  NOOXOA  HPUMEHSUICA AN PAacCMOTPEHHUs]  NPOLECCOB  YIPABICHMS
o0ecrieyeHneM M MapKEeTHHIOM KaK B3aUMOCBS3aHHBIX 3JIEMEHTOB €IMHON IMPOU3BOACTBEHHO-
KOMMEPYECKOH CUCTEMBL. DTO MO3BOJMIO BBISIBUTH B3aUMOJCHCTBUE MEXY CHA0)KEHHUEM CBIPbEM,
MIPOU3BOJICTBEHHBIMH ITUKIAMU M KaHalaMu COBITA, @ TAK)KE OLEHHUTH BIMSAHUE MHHOBALMOHHBIX
petieHuit Ha YPHEKTUBHOCTH paOOTHI MIPEATIPUSITHS.

Ananu3 (UHAHCOBO-?KOHOMHUYECKUX M ONEpAIMOHHBIX MOKa3aTejel BKIYal HM3y4YeHUE
JVMHAMUKU PacXoJlOB Ha 3aKyIKy ChIpbs, YPOBHS 3alacoB, C€OECTOMMOCTH HMPOAYKLUH, 00BEMOB
peanu3ay U peHTadeIbHOCTH MPOJaK. DTOT METO]] O3BOIMI OLEHUTH 3()(HEKTUBHOCTH TEKYITUX
IIPOLIECCOB YIPABJICHUS 00ECIIEYEHUEM U MAPKETHUHIOM M BBISIBUTH y3KHE MECTA B JIOTUCTHYECKHX
1 COBITOBBIX LIEMOYKAX.

QOyHKIMOHAIBHO-CTPYKTYPHBII  aHAIN3 HCHOJB30BAJCS JJI H3Y4EHUS OpraHU3aluu
MIPOIIECCOB CHAOXKEHUS, TNTAHMPOBAHUS TPOM3BOJICTBA M MAPKETHHIOBBIX onepauuid. Takoi moaxon
MO3BOJMII OLIGHUTh I(PPEKTUBHOCTh pACHpPEAETICHHUsS PECYpCOB, OPraHU3alMI0 pabOThl OTIENOB
3aKyINOK M TpOJaX, a TaKXKe BbIIBUTh BO3MOXXHOCTH JJIsl BHEJPEHUS MHHOBALIMOHHBIX
MHCTPYMEHTOB yIpaBiieHus.[2]

CpaBHUTENIbHBIA aHAJIM3 MPOBOJIMIICA C UCIOJIB30BAHUEM JAHHBIX MPEANPUATHI-aHAIOTOB
OTpaciid, 4YTO IO3BOJIMJIO OIpPENEIUTh JIyYIIME NPAKTUKH U KOHKYPEHTHBIE IPEUMYIIECTBA
BeAyIIUX opraHusauuii B cdepe kepammueckux wuzgenuil. Ocoboe BHUMaHHE YIENAIOCh
MpUMEHEHHIO U POBBIX TexHonorni, CRM-cucTeM U HHCTPYMEHTOB ITPOTHO3UPOBAHUS CIIPOCA.

DKcnepTHas OLleHKa BKJIIOYAJla OMPOChl PYKOBOAMUTENEH U CIIELUATUCTOB OT/IENIOB 3aKYIOK,
MIPOU3BOJICTBA M MapkeTuHTa. Llenpio ObUIO BBISABICHHE pPEANbHBIX MPOOJIEeM M MOTEHIMATbHBIX
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BO3MOKHOCTEH BHEAPEHHS WHHOBAIMA B TIPOLIECC YIPABICHUS PECypcaMd M TPOJBHIKCHHUS
MIPOTYKITHH.

Hcnonp3oBanne 1HUQPPOBBIX HMHCTPYMEHTOB AHAJIUTUKM IO3BOJMIO CMOJEJINPOBATH
CIIEHapUU CIpPOCca, ONTUMHU3UPOBATH 3amachl U OLUEHUTh (PPEKTUBHOCTH pPa3NUYHBIX CTPATETHil
MapKeTuHTa U obecrniedeHus. [IpuMeHsUIHCh METOABI TIPOTHO3MPOBAHUS, MOACITUPOBAHHS LIETIOYECK
MOCTaBOK U aHAJIN3a KIMEHTCKUX JaHHBIX.

KoMOuHMpOBaHHOE  NMPUMCHEHHE  KOJWYCCTBCHHBIX WM KAaYECTBCHHBIX  METO/OB
WCCIIEeIOBaHMsT 00ECIeYNBAET BCECTOPOHHUIN aHaIW3 M MO3BOJSET MPEATOKUTh MPAKTUYECKUE
PEKOMEHJALMK 110 BHEIPEHHUIO WHHOBAIIMOHHBIX IOJXOJIOB K YIPaBJICHHUIO OOECNEeYeHUEM H
MapKeTHHIOM Ha NPEINpHUITHIX KEepPaMHUECKUX H3Aenuil ¢ yd€TtoMm TpaHchopmamuu phIHKA
Tpyna.[3]

I11.Pe3ynbTarel ucciaenoBaHusi: B pesynbrate NpoOBEAEHHOTO aHAIM3a BBISBICHBI
KITFOYEBbIC TEHACHIIMH, MPOOJIEMbl M BO3MOXXHOCTH BHEAPEHUS HWHHOBAIMOHHBIX ITOAXOJ0B K
yIpaBICHUIO 00ECIICYCHUEM U MApKETHHIOM Ha MPEANPUATHUIX KEPAMUYECKOW MPOMBIIIEHHOCTH
B YCJIOBUSX TpaHC(HOpPMAIMH PBIHKA TPYa.

@OyHKIIMOHUPOBAHUE CUCTEMBI OOECHEUeHHs: U3YUYECHUE MPOLIECCOB CHAOXKEHMs IOKa3allo,
YTO TPaJUIMOHHBIC METOJIbI YIIPABICHUS 3alacaMy U 3aKyITKaMU Ha TIPEAIPUATHIX KepaMUICCKIX
U3JIeNU 4acTO XapaKTepU3YITCsl BbICOKOW MHEPLMOHHOCTBIO U HEJOCTATOUYHOW MPO3PavyHOCTHIO.
3HAYUTENIbHAS YacTh OINEpAIUi BBHITIOIHACTCS BPYYHYIO, YTO TPHUBOAWT K HECBOCBPEMECHHOMN
MOCTAaBKE CHIPhSl M YBEITUYCHHUIO CKIIAJCKUX 3amacoB. [Ipu 3ToM BHenpeHHEe aBTOMATHU3WPOBAHHBIX
CHCTEM TUIAHHPOBAHUS U MHU(POBBIX IUIATGOPM TTO3BOJISIET COKPATUTH M3ACPKKH HA JIOTUCTHKY,
ONTUMHU3HPOBATH 00BEMBI 3aKYIIOK M YIYUIIUTh KOHTPOJIb HAJ JBHKEHHUEM MaTEPHAIIOB.

O} PexkTUBHOCTP MaPKETUHTOBBIX MPOLIECCOB: aHAIU3 MPAKTUKU MPOJIBUKEHHS MPOAYKLIHUN
MOKa3ajl OrPaHUYCHHOE HCIIOJIb30BaHUE ITU(POBHIX KAHAJIOB U aHAIMTHYECKUX MHCTPYMEHTOB JJIS
MIPOrHO3UPOBAHUs cIipoca. MHorue mNpeanpusaTHs OPUEHTUPYIOTCS Ha TPAIUIMOHHBIE METOIbI
peKiIamMbl U TPSMBIC MPOJAXKH, YTO CHIDKAET UX CIOCOOHOCTH OINEpaTHBHO pearupoBaTh Ha
W3MEHEHUs TpeanouTeHuid norpedureneii. Mcnonp3oBanue CRM-cuctem, murardgopm s aHaimu3a
KIIMEHTCKUX JaHHBIX 1 MHOTOKAHAJIBHBIX CTPATeTUil MPOBUKEHUS MO3BOJISECT MOBLICUTh TOYHOCTh
TUTAHUPOBAHUSI POJIAXK U YBEIMUUTh JIOSUIBHOCTh KIIMEHTOB.

Bnusinue Tpancopmarnmu phlHKAa TpyJda: HCCIEIOBAaHUE IIOKA3ajo, YTO HM3MEHEHHUS B
CTPYKTyp€ TPYIOBBIX PECypCOB, IOSIBJICHHE HOBBIX Mpodeccuii U ycuiaeHue TpeOoBaHUM K
IU(GPOBBIM  KOMIETCHLUSM  CO3MAI0T  BBI3OBBHI  JUJISI  MPEANPHUSATHH. Henocratox
KBaTM(UIIMPOBAHHOTO TepcoHaia B cdepe mupoBON aHATUTUKH, JIOTHCTHKA M MapKETHHTA
OTPAaHUYUBAET BO3ZMOKHOCTH BHEJPECHUS MHHOBALIMOHHBIX MHCTPYMEHTOB M 3aMEJIACT aJanTaIiio
K PHIHOYHBIM U3MEHECHUSIM. [4 ]

[IpuMeHeHHe WHHOBAIMOHHBIX HMHCTPYMEHTOB: aHajiW3 I[OKa3al, 4YTO HHTerpanus
MHTEJJIEKTYaJbHBIX CUCTEM IJIAHWPOBAHUS, aBTOMATH3AI[MH 3aKYIIOK U IIU(PPOBBIX MaPKETUHTOBBIX
w1aThopM CrocoOCTBYET MOBBILICHUIO MPO3PAYHOCTH U YIIPABIIIEMOCTH IIporieccoB. B wacTHOCTH,
MPEeANpHUsATHsI, BHEAPUBIINE aAHAIUTUYECKUE IUIAT(GOPMBI ISl MPOTHO3MPOBAHUS CIOpoca U
ONTHMH3ALIMHY 3aI1acoB, IEMOHCTPUPYIOT CHIDKEHHUE u3aepxkek Ha 10—-15% u yBenuueHue ckopoctu
peakiuu Ha U3MEHEHUS PhIHKA.

KommniekcHoe B3anMoieiiCTBHE 00ECTIeYeHHEM U MAapKETUHTOM: PE3yJbTaThl UCCIIEIOBAHUS
MOATBEPAUIN, YTO 3(PGEKTUBHOCTh MPEANPHUATHS 3HAUUTENIBHO TOBBIIIAETCS MPU HHTETpaluu
MIPOLIECCOB CHAOXKeHUs U MapkeTuHTra. CHHXpOHHM3AIMS 3aKyNOK, TPOU3BOACTBA U MPOJABIKEHUS
MPOAYKIIMM TO3BOJISIET OBICTpEE aJanTHPOBATHCS K KOJEOAaHUSIM CHpOCa, CHUXKATh M3ICPKKU U
MOBBIIIATH KOHKYPEHTOCIIOCOOHOCTh Ha PHIHKE KEPAMUYECKUX U3ACTUH.

Taxum 00pazom, pe3yIbTaThl UCCIEAOBAHMS TIOKA3bIBAIOT, YTO BHEIPEHNE WHHOBAIMOHHBIX
MOAXOJIOB K YIPAaBIECHUIO OOECHeUYEeHHEM M MApPKETHHIOM SBIIAETCS HEOOXOAMMBIM YCIOBHEM
YCTOHYHMBOTO  Pa3BUTHS  TMPEANPUATANH  KEPAMHUYECKOW  IMPOMBINICHHOCTH B YCJIOBHSIX
Tpancopmanu peiHka Tpyda. [Ipu sTom Hambonbmmid 3¢ ekt AoCcTUTaeTcs MpU KOMILJIEKCHOM
WHTETpay UGPOBBIX TEXHOJIOTHH, aBTOMATH3aIllMU IPOIECCOB U TIOBHINICHUS KBaTU(UKAIIUN
nepcoHana.[5]
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IV.O6cy:xnenne: Pe3ynabTarhl  HcCClIEeOBaHUS  CBHUJETENBCTBYIOT O  TOM,  4YTO
TpaHcopMalus pbIHKa TPYyAa OKa3bIBAeT KOMIUIEKCHOE BIIMSHHE Ha IPOLECCHl YNpPaBICHUS
oOecrieyeHHEeM ¥ MAapKETUHTOM Ha TPEANPHATHAX KEpaMHUYECKUX U3Aenuid. l3meHeHus B
KBaJIM(HUKAIIMOHHOM COCTaBe KaJpoB, pocT TpeOOBaHMH K LU(POBBIM HABBIKAM U MOSBICHHE
HOBBIX Tpodeccuil co3Jal0T Kak BO3MOXKHOCTH, TaK W BBI30BBl i 3(P(HEKTHBHOIO
(YHKIIMOHMPOBAHUS MPEANPHUITUN OTPACIH.

AHnanu3 (UHAHCOBO-JIOTUCTHYECKUX TIPOIECCOB TIOKa3aj, YTO TPATUIIMOHHBIE METOMIBI
yIIpaBJIeHUs] CHA0)KEHUEM HE CLIOCOOHBI 00ECIIEUYUTh BHICOKYIO CKOPOCTh U THOKOCTh PearupoBaHus
Ha pBIHOYHBIE HM3MEHEHHUS. PydHOEe IUTaHMpOBaHMWE 3aKyNMOK M HEJOCTAaTOYHAs IPO3PavyHOCTh
LIEMOYEK MOCTABOK YBEIMYMBAIOT U3/IEPKKU U CO3/1aI0T PUCK Ae(UIIMNTA WX U30BITOUYHBIX 3al1acOB.
Brenpenne nudpoBbX MIATPOPM JUIS aBTOMATH3AIlMH 3aKy[IOK, MOHHTOPWUHTA OCTaTKOB W
MIPOTHO3UPOBAHUSA IOTPEOHOCTEH IMO3BOJSET COKPATUTh PACXOAbl U MOBBICUTH TOYHOCTH
TUTAHUPOBAHMS, YTO COTIIACYETCS C TEHACHIUSIMH HU(PPOBOH TpaHC(HOPMAIMU B TIPOMBIIIIIICHHOCTH.

MapkeTHHroBbI€ MPOLIECCH MPEANPUIATUN KEepaMUUECKUX H3JeNUi TpeOyroT mnepexoja OT
TPAJIUIMOHHBIX METOJOB TPOJBIKCHHS K HWHTETPUPOBAHHBIM IM(PPOBBIM  CTPATETHSM.
Hcnonp3oBaHue aHaIUTUYECKUX HHCTpyMeHTOB, CRM-cucteM M MHOTOKaHaJbHBIX MoJeNen
B3aMMOJICHCTBHS C KIMEGHTAMH IIOBBIIIAET TOYHOCTh IPOTHO3MPOBAHMS CIIPOCA, YIIydlIaeT
KJIMEHTCKUH CEPBUC U CIIOCOOCTBYET POCTY JIOSUIBHOCTH. DTO OCOOCHHO Ba)XHO B YCIIOBHSIX
W3MCHEHHSI TOTPEOUTEILCKHIX MPEANIOYTCHUI U YCUIICHHS KOHKYPEHIIMU Ha phIHKE.[6]

KommnekcHoe B3auMoneicTBHE oOecreueHHsi U MapKeTHHIa WIPAeT KIIOYEBYIO pOJb B
MOBBIICHUN dPPeKTHBHOCTH mpennpuatus. CHUHXpOHU3AIMS 3aKyNOK, TPOU3BOJICTBEHHBIX
MIPOIIECCOB M CTpaTerHil MPOJBMKEHUS NPOAYKIMM TI03BOJIIET ObICTpee aJanTHpOBaThCS K
KoJIE0aHUsAM CIIPOCa, CHUXKATh ONEpAllMOHHBIE W3JAEPKKU U ITOBBILIATh YCTOWYMBOCTH OHM3HECA.
Pe3ynbTaThl HCCe0BaHMS TOATBEPKIAIOT, YTO MPEANPHUATHS, UHTETPUPOBABIINE 3TU MPOLECCHI C
[IOMOIIIbI0 MHHOBALIMOHHBIX TEXHOJIOIMH, IEMOHCTPUPYIOT 3HAUUTEIBHOE YIyUIllIeHUE M0Ka3aTesnen
(uHAHCOBON YCTOWYMBOCTH U KOHKYPEHTOCIIOCOOHOCTH.

Kpome TOro, uccienoBaHus INOKa3blBalOT, YTO BHEIAPEHHE HMHHOBALMOHHBIX IIOJXO/0B
TpeOyeT MmapajuleJIbHOIO Pa3BUTHUS UYEIOBEUYECKOro KamuTana. HemoctaTok KBaau(HIMPOBAHHOTO
nepcoHana B cepe HUPpPOBON aHATUTUKHU, MAPKETHHra U JIOTMCTUKU OrpaHMYMBACT MOTEHLUAI
aBTOMAaTH3allM{ U MHHOBAIIMOHHOH TpaHc(opMaru. DT0 yKa3bIlBaeT Ha HEOOXOJUMOCTb POrpaMM
oOydeHusi, mepeKBaTu(UKAIIMM W  BHEAPCHHS  KOPIOPATUBHBIX  CTaHIAPTOB  IU(POBOMA
KOMIIETEHTHOCTH.

Takum 00pa3oM, 0OCyKIEHHE Pe3ysIbTaTOB HCCIEIOBAHUS IMOATBEPXKIAET, YTO YCIEUIHOE
ylpaBiieHHe oOecreueHHeM U MapKeTHMHIOM B YCIOBHSX TpaHC(OpMaluu pbIHKA Tpyaa
HEBO3MOXHO 0€3 KOMIUIEKCHOTO IOJXOJAd, BKJIIOYAIOIIEro LHU(POBU3ALUIO  IPOLECCOB,
MHTErpaluio OusHec-GyHKUMH M pa3BUTHE KaJIpOBOrO IMOTEHIHMana. TONbKO COYETaHHE ITHX
JIEMEHTOB I103BOJIET MPEANPUATHIM KEPAMUYECKON NPOMBIIUIEHHOCTH MOBBICUTH alallTUBHOCTb,
3¢ (EKTUBHOCTh U YCTOWYMBOCTh HA KOHKYPEHTHOM DPBIHKE.

V.BeiBobl M npennoxkenusi: lccinenoBaHue mokasano, 4TO TpPaJULMOHHBIE METOMbI
IUTAHUPOBAHMS 3aKyIOK, VIPaBJIEHUS 3amacaMd W NPOJABIKEHHS MPOAYKLIUH CTAaHOBSTCS
HE/I0CTaTOYHBIMU B YCJIOBUSX TpaHc(hOpMalMM pblHKA Tpyna. [lnd moBsleHus 3QpQPeKTUBHOCTH
NPEINPUATHIA KePaMUIECKON MPOMBIIUIEHHOCTH TpeOyeTcsl BHEAPEHHE IIU(PPOBBIX HHCTPYMEHTOB,
aBTOMaTHU3allM1 IPOLIECCOB U AaHATTMTUYECKUX CUCTEM.

BnusiHue peiHKa TpyJa Ha ympaBieHUeCKue mpouecchl: Mi3MeHeHne CTpyKTyphl 3aHITOCTH,
poct TpeOoBaHMH K HU(POBBIM KOMIIETCHIMSAM M TOSBICHHE HOBBIX Mpodeccuil co3maT Kak
BO3MOXHOCTH, TaKk U orpannuyeHus. Komnanuu, cnocoOHbIe ajanTupoBaTh MPOLECCHl 00eCeueHUs
Y MapKeTHHTa 110/1 HOBBIE TPeOOBAHNUS PhIHKA TPYAA, OIYYal0T KOHKYPEHTHOE MPEUMYIIECTBO.

CunxpoHu3anusi CHaO0XEHUs, MPOM3BOJCTBA M MAapKETHHIa CIIOCOOCTBYET COKPALIEHUIO
U3JICPKEK, TOBBIIICHUIO CKOPOCTH pEaKIMM Ha KoJeOaHWs crpoca W YIy4IICHHIO KadyecTBa
oOciy>)kuBaHus KIMEeHTOB. KoMIUleKCHBIH Moaxoj oOecrneyuBaeT yCTOMYMBOCTh M IOBBILIAET
KOHKYPEHTOCTIOCOOHOCTH MPEATPUSATHH.

D¢ (HekTUBHOCTh MHHOBAIIMOHHBIX METO/I0B HANPSIMYIO 3aBUCHUT OT KBAJTU(PHUKALIUU
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nepcoHana. HenocTaTrok KOMIETEHTHBIX CIEUUANIMCTOB B 00JacTH LU(PPOBON aHAIUTUKH,
JIOTMCTUKU M MapKETUHIa OTPaHUYMBAET BO3MOXKHOCTH BHEJIPEHUSI MHHOBALUH.

Brenpenne CRM-cucTteM, HHTEIUIEKTYaIbHBIX TUIAT(GOPM IJIAHUPOBAHUS ¥ HHCTPYMEHTOB
MIPOrHO3UPOBAHMS CIIPOCa MO3BOJISIET ONTUMU3UPOBATH PECYPCHI, YIYUIIUTh YIIPaBICHUE 3allacaMu
1 IIOBBICUTH TOYHOCTb MApKCTHUHIT'OBBIX CTpaTeFHﬁ.

[TudpoBuzanus mporeccoB 0OecrneyeHus:

-BHCAPUTb ABTOMATHU3WUPOBAHHBLIC CHCTEMbI IIJIAHUPOBAHUA 3aKYIIOK W YIPaBJICHUSA
3aracamys;

-co3/1ath mwiaTGopmy M1 MOHUTOPUHTA TIOCTABOK M MPOTHO3UPOBAHKS TTOTPEOHOCTENH;

-ONTUMHU3HUPOBATH JIOTUCTUYECKHE LIETIOYKH C UCTIOIb30BAHUEM LIU(POBBIX HHCTPYMEHTOB.

-MHTErPUPOBATh MHOTOKAHAJIbHBIE CTPATETUU NMPOABUKEHUS, BKIIOYAsl OHJIaMH- U odiaiiH-
KaHaJbl;

-ucnoab3oBath CRM-cucreMsl AJid aHalin3a KIMCHTCKUX JAaHHBIX W IMPOTrHO3WMPOBAHHA
CcIpoca;

-BHEAPATh UU(POBBIE  HHCTPYMEHTHl ~AHAJIUTUKU JJI  OUEHKU I(PPEKTUBHOCTH
MapKETUHIOBBbIX KaMIIaHUH.

-IPOBOJIUTh  pEeryjsipHoe oOOydyeHue MepcoHaja IUPPOBBIM U  AHATUTUYECKUM
KOMIIETEHIIMSIM;

-pa3BUBaTh MPOTPaMMBbI MEPEKBUTMPUKAINKA V1T CIEIUATUCTOB B 00JIACTH MapKETHHTa U
JIOTUCTHKH;

-opMHpPOBATH KOPIIOPATUBHBIC CTAHAAPTHI ITU(DPOBOIT KOMIIETEHTHOCTH.

Peanuzanus MpEIIOKEHHBIX Mep IIO3BOJIUT NPEeAIPUATUAM KepaMHYECKOU
IPOMBIIUICHHOCTH 3()()EKTUBHO alanTHpPOBATBCA K M3MEHEHUSM pbIHKA TpyJda, IOBBICUTh
YCTOMYMBOCTH OM3HEC-TIPOLIECCOB, ONTUMHU3UPOBATH PECYPCHl M YKPETIUTh MO3UIIUN HA PhIHKE.
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COBEPUHIEHCTBOBAHMUE YIIPABJIEHUSA ®UHAHCOBBIMHU ITIOTOKAMMU U
OBECIIEYHEHUEM ITPOJIAK B YCJIOBUSAX UHHOBAIIMOHHOI'O PA3BBUTHUASA
(na npumepe npeonpusimusi EKokerama 6 2. ®@epeana)

3.T. 30kupoBa

Depeanckuili 20Cy0apCcmeeH bl MeXHUYeCKUll YHUsepcumem
(llonyuena 22.02.2026 2.)

Anunomayua: B ycnogusx — yCKopaoOwe20cs — UHHOBAYUOHHO2O0 — pazeumus U yupposou
mpancghopmayuu OMEYeCMBEHHbIX — NPeOnpusimuil 0c06y10 AKMYyanbHOCHb npuobpemaem
COBEPUEHCMBOBAHIE YNPAGLCHUS (DUHAHCOBLIMU NOMOKAMU KAK KIIOYE8020 UHCMPYMEHMA YCMOUYUBO20
OKOHOMUYECKO20 pocma. B cmamve paccmampusaromesi  coépemenHvie nOOX00bl K ONMUMUZAYUU
(PUHAHCOBBIX NOMOKO8 U NOBLIUEHUI) IPPekmusHocmu cucmemvl 06ecnedeHus npooadc Ha npumepe
npeonpusamus Ekokerama ¢ 2. @epeana.
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Knioueevie cnoea: c¢punancosvle nomoxu, ynpasienue Qunancamu, obecneuerue npPoOaA;C,
UHHOBAYUOHHOE — pazeumue, Yu@dposas mpancpopmayus, ONMUMUZAYUS — pecypcos,  QuHancosas
ycmoﬁl{ueocmb, covimosas cmpamecust

Annotatsiya: Innovatsion rivojlanishni jadallashtirish va mahalliy korxonalarning ragamli
transformatsiyasi sharoitida barqaror iqtisodiy o ‘sishning asosiy vositasi sifatida moliyaviy ogimlarni
boshqarishni takomillashtirish aynigsa dolzarbdir. Ushbu maqolada Farg ‘onadagi Ekokerama misolida
moliyaviy ogimlarni optimallashtirish va savdoni go ‘llab-quvvatlash tizimining samaradorligini oshirishning
zamonaviy yondashuvlari ko ‘rib chigiladi.

Tayanch so‘zlar: moliyaviy ogimlar, moliyaviy boshqaruv, savdoni go ‘llab-quvvatlash, innovatsion
rivojlanish, ragamli transformatsiya, resurslarni optimallashtirish, moliyaviy bargarorlik, savdo strategiyasi

Abstract: In the context of accelerating innovative development and digital transformation of
domestic enterprises, improving financial flow management as a key tool for sustainable economic growth is
particularly relevant. This article examines modern approaches to optimizing financial flows and increasing
the efficiency of the sales support system, using the example of Ekokerama in Fergana.

Key words: financial flows, financial management, sales support, innovative development, digital
transformation, resource optimization, financial stability, sales strategy.

|.BBenenne: CoOBpeMEHHBIC YCJIOBUS HHHOBAIIMOHHOTO Pa3BUTUS M YCKOPEHHOM
TEXHOJIOTUYECKOH TpaHchopManuy TPEAbSIBISIOT TOBBIIICHHbIE TPeOOBaHUS K (UHAHCOBOU
YCTOMYMBOCTH H 3(P(HEKTUBHOCTH COBITOBOM JEATENHOCTH TPEANPHIATHN PEaNbHOT0 CeKTopa
HKOHOMHUKH. YTpaBieHHe (DPUHAHCOBBHIMH IMOTOKAMH YK€ HE OIpaHMYMBACTCS TPAAUIHOHHBIMH
(GYHKIMSMU TUTAHUPOBAHUS, pACIpeNeeHuss M KOHTPOJS, a CTAHOBHUTCS CTPATETHUYECKUM
WHCTPYMEHTOM, MO3BOJSIOIIMM  ONTHUMH3MPOBATh  MCIOJIB30BAaHME PECYPCOB,  IOBBIIIAThH
PEHTa0ETBFHOCTh U 00ECTIeYnBaTh YCTOHUNBOE MOJIOKEHHUE IPEIIPUATHS Ha phIHKE. OJHOBPEMEHHO
C 3TUM COBEpILICHCTBOBAaHME CHUCTEMbI OOecreueHHs mpojaax MpuoOpeTaeT pellaroliee 3HaYeHue,
MOCKOJIBKY CKOPOCTh PEaKIMK Ha M3MEHEHHUE CIIPOca, TMOKOCTh KaHAJOB pPeau3allii U KayeCcTBO
CEpBUCHBIX MPOIIECCOB HETTOCPEICTBEHHO OIPEEIIAIOT KOHKYPEHTOCIIOCOOHOCTh OpraHnu3anuu. [ 1]

[Mpennpustus, QyHKIHOHUpPYIOMKE B cepe MPOU3BOJICTBA CTPOUTEIBHBIX U OTIEIIOYHBIX
MaTepHaioB, CTAIKMBAIOTCS ¢ HEOOXOIMMOCTBIO Al TAllMM K pacTyllieil KOHKYpPEeHIIUH, BHEIPEHUS
WHHOBAIMI, W3MEHEHHSM B TOTPEOMTEIHCKUX MPEATIOYTEHUSIX M YCIOKHEHHIO JIOTUCTHYECKHX
nporeccoB. B 3THX ycnoBHAX 0cOObIi HMHTEpec MpeACTaBIseT HCCIelOBaHUE IMPAKTHYECKUX
MEXaHU3MOB COBEPIIEHCTBOBAHMS (PMHAHCOBBIX MOTOKOB M TOBBIMEHHUS 3()(PEKTUBHOCTH MPOIaxK
Ha KOHKPETHBIX MNpeanpusaTHsIX oTpaciu. OZHUM M3 TakuX OOBEKTOB SIBISETCA MpEANpHUATHE
Ekokerama B ropone ®@eprana, KOTopoe aKTHBHO MOJIEPHU3UPYET MPOU3BOJICTBEHHBIE TPOIIECCH U
pacupsieT acCOPTUMEHT MPOAYKLMH, OJHAKO CTAJIKMBAETCS C PAJOM IpoOJieM, CBSI3aHHBIX C
HEMPO3PaYHOCThIO (DMHAHCOBBIX ITOTOKOB, HENOCTATOYHOW HHTETpanueil nu(poBBIX CEPBHUCOB,
OTPaHUYEHHON aHaJUTUYECKOM MOAJIEPKKOM yNpaBIeHYECKUX pEIIeHUH W NOTpPeOHOCThIO B
ONITUMH3AIMU COBITOBOM JIESITETHHOCTH.

AKTyalmbHOCTh HCCIIEIOBaHHUs O0YCJIOBJIEHAa HEOOXOAMMOCTBIO Pa3pabOTKH COBPEMEHHBIX
MOJIXO/I0B K YNpaBJIeHHIO (UHAHCOBHIMH IOTOKaMHU B YCIOBHSX HMHHOBAIIMOHHOTO DPa3BUTHS U
MOUCKOM 3((EKTUBHBIX WHCTPYMEHTOB, OOECIEUMBAIOUIMX TIOBBIIICHHE KauecTBa MNpPOAAX U
YCTOWYMBOCTH TPEANIPHUITHS. AHAIN3 COCTOSHUS (PMHAHCOBBIX OTEpAIMid U CHCTEMBI pPeaH3aiuu
npoaykuun Ha npumepe Ekokerama mo3BonuT BBISBUTH KIIIOYEBBIE MPOOJIEMBI U OMNPEAETUTH
HaTPaBJICHUS] COBEPIICHCTBOBAHMS, MOTCHIMAIBHO NPUMEHUMBIE W JUISl JPYTUX TPEATNPHUSITHN
oTpaciu.[2]

Llenbto craTbu siBIsieTCss OOOCHOBaHME M pa3pabOTKa MPAKTHMYECKUX PEKOMEHJAIUH 110
COBEpIICHCTBOBAHUIO YIpaBJIeHUS (UHAHCOBBIMH MOTOKAaMH W MOBBILECHHIO 3(dexTuBHOCTH
obecrieyenuss npoaax Ha npeanpusitun Ekokerama. Jlns nocTmkeHuss NOCTaBIEHHOW IIeNTU
paccMaTpHUBaIOTCS TEOPETUYECKUE ACTIEKThI (PMHAHCOBOTO MEHEPKMEHTA, aHATM3UPYETCs TEKyIee
COCTOSIHME (DMHAHCOBBIX IMOTOKOB W CHUCTEMbI MPOAAX MPENNpPUATHS, a TaKXKe MpeiaraloTcs
MHHOBAIIMOHHBIC PEIICHNUS, ODUCHTUPOBAHHBIC HA MTOBHIIICHHE SKOHOMHYECKOH PEe3yIbTaTHBHOCTH.

I1.MeTtonoJiorus ucciaegoBanusi: Merooornyeckas OCHOBa HCCIEIOBAHUS OIUPAETCS Ha
COBOKYIHOCTh COBPEMEHHBIX HAYYHBIX ITOJIX0/IOB U AHAJTUTUYECKUX MHCTPYMEHTOB, TTO3BOJISFOIIIX
KOMIIIEKCHO M3YYUTh OCOOCHHOCTH yTpaBiieHUs] (PMHAHCOBBIMHU IMOTOKAMHU M CUCTEMY 00eCTIedeHuUs
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NpoAaX TPEANPHUITAS B YCIOBHAX WHHOBAIIMOHHOTO pa3BUTHS. B pamkax wuccienoBaHus
MIPUMEHEHbI METO/Ibl SKOHOMHMUYECKOTO aHAJIN3a, CPABHUTEIBHOTO MCCIEOBAHUS, CTATUCTUYECKON
00pabOTKH TaHHBIX, @ TAK)KE HHCTPYMEHTBI CTPATErMYECKOro U (PyHKIIMOHAIBHOTO aHAJIN3A.

Bo-nepBbIX, HCHONB30BAH CUCTEMHBIH MOJIXOJA, KOTOPBIA MO3BOJISIET paccMaTpUBaTh
(UHAHCOBBIE TIOTOKH W TPOLECCHl pPEANTH3alUd TMPOAYKIWHA KaK B3aWMOCBS3aHHBIC AJIEMEHTHI
€/IMHOW YNPaBIEHYECKOH CHUCTEMBI MPENNpPUATHS. DTO Ja€T BO3MOKHOCTh BBISIBUTH CTPYKTYpPHbBIE
IUCcOaNIaHChl, ONPEACIUTh Yy3KWE MeCTa B PACIpPEIeIeHHH pPECYpCOB W OLEHHUTH BIHSHUC
MHHOBAIIMOHHBIX U3MEHEHHH Ha 3()(PEeKTUBHOCTH COBITOBOM AEATEIBHOCTH.

Bo-BTOphIX, TpUMEHEH aHaNM3 (PUHAHCOBO-PKOHOMHUYECKHX TOKa3aTelel MpeInpusTHs
Ekokerama, Bxmrouaromuii M3yd4eHHE JMHAMUKU JIOXOJOB, pPAacXoJlOB, PEHTA0EIbHOCTH,
000opaunBaeMOCTH OOOPOTHBIX CPEACTB, NEOMTOPCKOM M KPEAUTOPCKOHN 3aA0KEeHHOCTH. JlaHHBIE
[OKa3aTeal HCMONb3YIOTCS [UIsl OLIEHKH COCTOSHHSI (DMHAHCOBBIX ITOTOKOB M CTENEHH HX
ONITUMH3AIIHH.

B-tpetbux, mnpoBeAéH (YHKIMOHAIBHO-CTPYKTYPHBIM aHalM3 MpOLEcCOB obOecredeHus
MpOAaX, BKIIOYAIONINA H3yYCHHE JIOTHCTUYECKHX OIepanni, KaHAJIOB COBITa, MEXaHU3MOB
B3aUMOJICHCTBHUA C KIMEHTaMH M MApKETHHIOBBIX HMHCTPYMEHTOB. TakoW MOIXOA IO3BOJISET
ompenenuth 3()PEeKTHBHOCTE TEKylled MOJeNd TPONAX W BBIABHTH HampaBieHUs ¢
COBepILeHCTBOBaHUSA[ 3 ]

B-ueTBEpTHIX, NPUMEHEH CPABHUTEIBHBIM aHAIM3 C UCIIOJB30BAHUEM IOKa3aTenen
OTpAaCJEBBIX MPEANPUATUI-AHATIOTOB. JTO MO3BOJISET YCTAHOBUTh KOHKYPEHTHbBIC IIPEUMYIIIECTBA U
cnabeie cropoHsl Ekokerama, a Takke ompenesnuTh Jy4llIM€ MPAKTUKU, KOTOpPbIE MOTYT ObITh
a/IalITUPOBAHBI [T MOBBIIEHUS () ()EKTUBHOCTH YIIPABICHUS MIPEAIPUITHEM.

B-naThIX, HMCHOIB30BaHbI METOABI SKCHEPTHOM OIIEHKH, OCHOBAaHHBIE HA MHTEPBBIO C
PYKOBOJIUTENSIMU U CHELUAIUCTAMHM OTIENIOB (PUHAHCOB, MApKETHHIa U MPOJAX HPEANPUATHA.
OKclepTHbIE JJaHHbIE MO3BOJSIOT MHOJIY4YMTh Oojiee TIiTyOOKO€ IpEJICTAaBIECHHE O BHYTPEHHMX
mporeccax, pealbHbIX Mpo0IeMax U NOTEHIMAIbHBIX BO3MOXKHOCTSIX BHEIPCHUSI MHHOBALIHIA.

Kpome Toro, ans ananusa BIMSHHMA MHHOBALIMOHHBIX (DAaKTOPOB Ha yIpaBJICHUE
(UHAHCOBBIMU TIOTOKaMHU TNPUMEHEHBI JJIEMEHTbl MHCTPYMEHTapus IH(PPOBON aHAIUTUKH,
BKJIIOYAIOIIME OLIEHKY YPOBHS aBTOMAaTH3allUM YYETHBIX OIEpaldii, UCIOIb30BaHUS LHU(POBHIX
w1athopM 1 HHPOPMALIMOHHBIX CHCTEM.

ITomy4yeHHbIe pe3ysbTaThl aHAIN3UPYIOTCS ¢ UCIOJIb30BAHHEM KOMOMHUPOBAHHOIO METO/a,
OOBEIUHSIOMIEI0  KOJMYECTBEHHBIE pacuy€Thl W  KAueCTBEHHYIO HHTepnperanuioo. Takoi
KOMIUIEKCHBIN IOJX0/ 00ecreunBacT 0ObEKTUBHOCTh BBIBOJOB U MO3BOJIAET pa3paboTaTh HAydHO
000CHOBAaHHBIE PEKOMEHJAINU 110 COBEPIICHCTBOBAHUIO YIpPaBJICHUS (PMHAHCOBBIMU IOTOKAMHU U
cucTeMOi obecreueHus npoaax Ha npeanpustud Ekokerama.[4]

I11.Pe3yabrarel  ucciaenoBanus: [IpoBenéHHblii aHain3 (UHAHCOBO-XO3SHCTBEHHON
nestenpHOCTH Tipeanpustus Ekokerama BBISIBHI psiJi KIIOYEBBIX OCOOCHHOCTEW W TpoOIIeM,
BIMSIOIUX Ha 3(()EKTUBHOCTh YHPABICHUS (PMHAHCOBBIMHM MOTOKAMH M CHCTEMON OoOecredeHus
IIPOJAX B YCIOBHUSX MHHOBAILIMOHHOTO Pa3BUTHSL.

W3yuenne nuHaMHKU (UHAHCOBBIX TIOTOKOB IIOKA3al0 HalIW4Me JucOaimaHca MexIy
IPUTOKOM U OTTOKOM JIEHEXHBIX CpPEICTB BCIEICTBUE HEPUTMUYHOCTH IOCTAaBOK CBIPbS,
KonebaHui cmpoca M HEJOCTAaTOYHOM  HMHTerpanud  (PUHAHCOBOTO  IUIAHMPOBAHUS  C
IIPOU3BOJICTBEHHBIMU poreccaMu. Ananus CTPYKTYPbI 000pOTHOTO KarnuTana
IIPOAEMOHCTPUPOBA]  TMOBBIIEHHYIO JOMI0 JI€OMTOPCKOM  3aJ0JKEHHOCTH, YTO  CHHXKAeT
JMKBUIHOCTH M OTPAHMYMBAET BO3MOXXHOCTH OTIEPATUBHOTO YIPABJICHUS IEHE)KHBIMU PECYPCAMHU.

BeisBreHo, uTo neicTByromas cucTeMa KOHTPOJIs (PMHAHCOBBIX ONepaluii Ha NpeapusITul
0a3upyeTcsi MPEeUMYIIECTBEHHO Ha TPAAUIMOHHBIX OyXTalTepPCKUX MHCTPYMEHTAX, YTO YCIIOKHSET
ONEPATUBHBI MOHMTOPUHI [JEHEKHBIX IIOTOKOB U MPEMATCTBYET HPUHATHIO CBOEBPEMEHHBIX
YIPaBJICHYECKUX PEIICHUHA. YPOBEHb AaBTOMATH3ALMM WH(GOpPMAIMKA O JABIKEHHH JCHEKHBIX
CPEACTB OCTA€TCsl HEJOCTATOUYHBIM, a CYLIECTBYIOIINE HU(POBbIE HHCTPYMEHTHI HE 00€CIIeUnBaOT
MOJTHOW MPO3PAaYHOCTH (PUHAHCOBBIX OTIEPALIHIA.
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HccnenoBanue mporeccoB o0ecredeHns mpoaax mokasano, uto Ekokerama nemoncTpupyet
CTaOWIBHBIA CHOPOC HAa OCHOBHYIO MPOAYKIHUIO, OJHAKO 3(PPEKTUBHOCTH KOMMEPYECKOH
JESITETbHOCTH ~ CICPKUBACTCS HECKOJIBKUMH  (DaKTOpaMu: OTpaHUYEHHOW JUBEepCUHUKAIHEH
KaHaJIOB COBITa, HEAOCTATOYHON aHATMTUYECKON MOAAEPIKKOM MPOTHO3UPOBAHUS CIIpoca U cnaboi
MHTETpaneil MapKeTUHTOBBIX U COBITOBBIX (DyHKIMH. OTMEUEHO, YTO MPOLIECCHl B3aUMOIEUCTBUS
C KIIMEHTaMH U MapTHEPAMU B 3HAYUTEIHHOW CTETIEHU OCYIIECTBIISIIOTCS BPYUYHYIO, YTO CHHKAET
OIICPAaTUBHOCTDH BBINTOJIHCHHUA 3aKa30B U IMMOBLIIIACT BEPOATHOCTD OIINOOK.

CpaBHUTENBHBIN aHATHN3 C MPEANPUATHIMU-AHATIOTAMU BBISBHIII, YTO PHIHKY KepaMHUYeCKOU
u OT)IGHO‘IHOﬁ npoayKOouu CBOMCTBEHHA BLICOKAs YYBCTBUTCIIbHOCTh K MHHOBAllUsIM B oOiactu
nu3aiiHa, TOTUCTUKU U U(poBeIX cepBucoB. Ekokerama mo psay mapameTpoB ycTymaeT auaepam
pBIHKa, MpeXJe BCEro B 4YacTu LU(POBHU3AIMM IMpOLEeccOB Mpojax, BHeapeHus CRM-cucrewm,
ABTOMATHU3HPOBAHHOTO Y4€Ta MPOAYKIIMU U aHATUTUKU KITMEHTCKOTO MOBEACHHUSL.[S]

Pesynprarel OKCIIEPTHBIX OIIPOCOB COTPYIHUKOB NPENIPUATHASL IOKa3aiau
3aMHTEPECOBAHHOCTH CIIEIUANNCTOB B MOJEPHU3ANNN (PUHAHCOBOU U COBITOBOI CHCTEMBI, OJTHAKO
BBISIBUJIM OTCYTCTBUE €IMHBIX METOJUYECKUX UHCTPYMEHTOB, PETJIAMEHTOB U U(POBBIX PELICHUH,
00ecrevnBarOIIUX CKBO3HYIO MHTETpAIio0 (PMHAHCOBBIX M KOMMEPUYECKHX MPOIECCOB. DKCIEPTHI
yKa3aJid, 4TO BHEIAPECHHE WHHOBAIIMOHHBIX MOAXOJ0B TPEOYyeT MpeaBapUTEIHLHOTO IMEePecMOTpa
OpPTraHMU3AIMOHHON CTPYKTYPHI U MOBBIIICHUS KBaTU(UKAINH ITePCOHANA.

B 1menom pe3ynbTarhl HCCIENOBAHUS TOATBEPKIAIOT HEOOXOJAMMOCTh KOMILJIEKCHON
MOJICpPHU3AIIMU CHCTEMbI YIpaBieHUs (PUHAHCOBBIMU MOTOKAMH W TPOAAKU MPOAYKIMH Ha
OpeaAlpuUsATUA Ekokerama. YCTaHOBJ'IeHO, YTO KIOYCBBIMH HaIPaBJICHUAMU Pa3BUTHA OOJIKHBI
cTath UuGpoBU3anUsl (UHAHCOBBIX OIEpaluii, BHEIPEHUE HHTEIUICKTYaJbHBIX HHCTPYMEHTOB
aHaJIM3a MpOoJax, ONTUMHU3ALUS JEeOUTOPCKON MOJUTUKU, PA3BUTHE MHOTOKAHAJIBbHON CHCTEMBI
C6LITa W UHTCrpaliid HTHHOBAIITMOHHBIX pCLHeHI/Iﬁ B KOHTPOJIbHO-aHAJIUTHUYCCKUC MTPOLCCCHI.

IV.O6cy:xnenue: IlomydyeHHBbICE B X0Ji€ MCCIICIOBAHMS PE3YJIbTAThl IMO3BOJSIOT TITyOXKe
MOHATH XapakTep Mpo0diieM, CBI3aHHBIX C YIpPaBIeHUEM (PUHAHCOBBIMU ITOTOKAMHU U 00eCTIeYeHHEM
npogaxx Ha npeanpustun Ekokerama, a Takke omnpeaenuTs HampaBieHUs, B KOTOPBIX
HWHHOBAITUOHHLBIC PCIICHUA MOI'YT OKa3aTb HaHGOHBIHeC BIINSTHUC. I/ICCHC,Z[OBaHI/IC II0Ka3ajao, 4TO
(uHaHCOBBIE U COBITOBBIE MPOLIECCHI MPEANPUATHS (YHKIMOHUPYIOT Pa3pO3HEHHO, YTO CHUYKAET
3¢ (HEKTUBHOCTD BCEH CHCTEMBI YIIPABICHUS U CIEP>KUBAET BO3ZMOKHOCTH JUISl TUHAMUYHOTO POCTA.

AHanu3 (UHAHCOBBIX MOTOKOB IMPOJIEMOHCTPUPOBAJ, YTO KIIOUEBOW MPOOJIEMOM SIBISETCS
HCAOCTATOYHAA CHHXPOHU3ALUA IIJIAHUPOBAHUA HOOXOJAOB H PpPacXoAOB C IMPOU3BOACTBCHHBIMU
LUUKJIAMU U JOTUCTHYECKUMHU OINepanusiMu. DTO MPUBOAMUT K 00pa30BaHUIO KAaCCOBBIX Pa3pbIBOB,
CHMXKCHUK JIMKBUJHOCTHU HW 3aBHCAHHUIO 3HAYUTCIIbHBIX O6’BéMOB ACHCKHBIX CpPCACTB B
NeOUTOPCKON  33J0JDKEHHOCTH. B yCJIOBHMSIX MHHOBAallMOHHOTO pa3BUTHUS Takue MpoOIeMbl
OrpaHUYMUBAIOT IMOTCHLMUAT MPCANPUATHA 110 BHCAPCHHUIO HOBBIX TGXHOHOFI/II\/'I, pacCcInpCHUIO
acCOpTHUMEHTa M MOJepHU3auuu obopynoBanus. CrenoBaTelbHO, YIpaBJICHUE [EHEKHBIMU
MOTOKaMH JIOJDKHO paccMaTpUBaTbhCs KakK cTpaTeruueckas (yHKuus, TpeOyromas HHTErpanuu
1M(POBBIX UHCTPYMEHTOB MOHUTOPUHTA, IPOTHO3UPOBAHUS U aBTOMATU3UPOBAHHOTO KOHTPOJIS.[6]

BakHbIM acmieKTOM OOCYXIIEHUSI SIBISIETCS COCTOSHHUE CHUCTEMBI O0ECTEYCHHS MPOJIaK.
[IpoBen€HubIil aHaMN3 BBIABWII, YTO, HECMOTPSI Ha YCTOMUMBBIN cripoc Ha mpoaykuuto Ekokerama,
OpeaAnpuiATUC CTAJIKUBACTCA C OTPAHUYCHHBIMU BO3MOKHOCTAMUA MaCI_HTa6I/IpOBaHI/IH nmpoaaxx nu3-3a
HEJIOCTAaTOYHOW  ITM(POBU3AIMKM  TPOIECCOB, CHab0NW  aHATUTUYECKONW  TOMJNCPKKA H
(parMeHTapHOCTH KaHaJoB cObITa. OTH pe3yiabTaThl COMVIACYIOTCS C  TEHACHLUAMH,
Ha0JII0TaeMBIMH B OTPACIIEBBIX HCCIICIOBAHUSAX, T1¢ TTOIEPKUBACTCS HEOOXOIUMOCTh TIEpeXo/ia OT
TPaIUIIMOHHBIX METOJOB MPOJAaX K MHOTOKaHAJIbHBIM MOJEJNSM, OCHOBAaHHBIM Ha HHTETPallUU
OHJIAMH- M 0(IaliH-KOHTAKTOB, NCTIOIb30BaHUU CRM-CcHCTEM M MHTEIUIEKTYaJIbHBIX HHCTPYMEHTOB
aHaJIM3a KIMEHTCKOTO MOBEICHUSI.

VMHHOBaIIMOHHOE pa3BUTHE AHAJIM3UPYEMOTO HPEANPHUATHS TPEOyeT HE TOJBKO BHEIPEHUS
COBPEMEHHBIX TEXHOJOTHI, HO ¥ U3MEHEHUS] OpTraHU3alMOHHBIX MOIXOI0B. JlaHHBIE SKCHEPTHBIX
OIICHOK TMTOJITBEPKIAIOT, YTO COTPYAHUKU OCO3HAIOT MOTPEOHOCThH B ONITUMHU3AIINN YIIPABICHISCKIX
MPOLIECCOB, OJHAKO OTCYTCTBHE HOPMATHUBHO 3aKPEIUIEHHBIX MPOIENyp, CUCTEMbl MOTHUBALUU U
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KOPIIOPATHBHBIX CTAHJAPTOB WHHOBAIIMOHHOW JEATEIHHOCTH CO3MaéT Oapbephl JJIsl BHEIAPCHUS
u3MeHeHud. TakuM 00pa3oMm, OOCYXJCHHE pe3yJbTaTOB YKa3blBACT HA BAXKHOCTh CO3IaHUS
KOMIUIEKCHOW MOJIeTH TpaHc(opMaluy, BKIOYaronied nmudpoBusanuio, oOyueHne mepcoHaia U
(hopMHUpOBaHKE KYJIbTYPhl HHHOBAIIMOHHOTO MEHEDKMEHTA.

Oco0oe 3HaueHHWE WUMEET W BHEINHUN KOHTEKCT. CpaBHHUTEIBHBIA aHAIM3 ITOKA3all, 4TO
BEIyIME NPEANPUITUS OTPacid AaKTUBHO HCHOJB3YIOT aBTOMATHU3HPOBaHHBIE IUIAT(HOPMBI
yrpaBieHUs (PUHAHCAMH, CHCTEMBI JICKTPOHHOTO JOKYMEHTOO0OOPOTa ¥ MHCTPYMEHTHI aHAJTUTHKU
mpoJax. OTO TMOATBEpPXkAAaeT HEOOXOIMMOCTh aJanTaliy JYyYIIdX NPaKTHK i1 YCJIOBUN
Ekokerama, oco0eHHO B 4YacTH ympaBieHHS JIeOMTOPCKON 3aJ0DKEHHOCTBIO, ONTUMHU3AINHU
JOTUCTMKHM ¥  BHEIPEHHs  CEPBUCHBIX WHHOBAIIMi, HANpPaBIECHHBIX HA  TIOBBIIICHUE
yJIOBJIETBOPEHHOCTH KIIMEHTOB.

Takum  o0pa3oM, O0OCyXJE€HHE pe3ylIbTaTOB HCCIEAOBAaHUS MOAYEPKUBAET, UTO
COBEPIIICHCTBOBAHNE YIpPaBIeHUS (DMHAHCOBBIMH IOTOKAMH M OOECIICYCHHEM IPOJaX IOHKHO
OCYIIECTBIISATECS KOMILJIEKCHO — uepe3 Lu(dpoBy0 TpaHCHOpPMAILMIO, CTPATETHUYECKYIO
WHTETpaIio GUHAHCOBBIX H KOMMEPUYECKHX MPOIECCOB, BHEAPECHUE AHATTUTHYCCKHX HHCTPYMEHTOB
U pa3BUTHE BHYTPEHHUX KOMIIETEHIMH. TONBKO TpH COUYETAHMH BCEX JTHUX DJIEMEHTOB
MIPEAIIPUATHE CMOXET TOBBICUTH CBOKO (DMHAHCOBYIO YCTOMYUBOCTH, KOHKYPEHTOCIIOCOOHOCTh U
CIIOCOOHOCTH aJIalITUPOBATHCS K TPeOOBaHUSIM HHHOBAIIMOHHON YKOHOMUKHU.

V.BbIBOaBI U NpeAoxkeHusi: [IpoBe¢HHOE UCCIICIOBAaHKE TIO3BOJIMIIO BBISIBUTH KITFOUEBEIC
OCOOCHHOCTH yMpaBlieHUs (PUHAHCOBBIMU IMOTOKAaMH M TIpoIecCaMH OOecredyeHus] MpoJax Ha
npennpusaTan Ekokerama B ycIOBHSX MHHOBAIMOHHOTO pa3BHUTHsA. Ha OCHOBe aHanmm3a MOXKHO
CAENaTh CIEAYIONIUE BBIBOIBI:

CTpyKTypa (MHAHCOBBIX IIOTOKOB WPEANPHUATHS XapaKTEPU3yeTCs HU3KAM YpPOBHEM
CUHXPOHU3AIMH MEXIY ONEPallMOHHOW, HMHBECTULMOHHOW M COBITOBOW AESITETHHOCTHIO, YTO
MPHUBOJAUT K BO3HMKHOBEHHUIO KACCOBBIX pPa3pbIBOB M CHW)KCHHUIO JIMKBHIHOCTH. 3HAUUTEIHHBIC
00BEMBI TEOUTOPCKON 3aJJOKEHHOCTH OTPAHMYUBAIOT (PUHAHCOBYIO YCTOWYMBOCTHh M 3aMEJISIFOT
000poT KanuTaIa.

CYIIECTBYIOIIAsl cucTeMa (PMHAHCOBOTO KOHTPOJIS M TUIAHUPOBAHUS OCTAETCSI HEOCTATOYHO
IU(PPOBU3UPOBAHHOM, YTO HE TO3BOJISIET OCYIIECTBISATH ONEPATHBHBI MOHHTOPHHT JICHEKHBIX
CPEICTB U MPOTHO3UPOBAHHE (DUHAHCOBBIX PE3YJIBTATOB C BBICOKOW TOYHOCTHIO. Vcmonb3yembie
WHCTPYMEHTHI HE 00ECTICUMBAIOT ITPO3PAYHOCTH JIBHKCHHS JCHEKHBIX TTIOTOKOB.

MpoIecChl OOecreYeHus] Mpoaax TpPeOyIT MOACPHU3ALNU, MOCKOJIbKY MPEaNpUsTHe
WCTIOJIB3yeT OrpaHMYCHHBIN HA0Op KaHAJIOB cOBITA M HEOCTATOYHO OMUPACTCS HA aHATMTHYCCKUE
JaHHBIE TIPH TNIAHUPOBAHUU 00BEMOB peanu3anuu U paboTe ¢ kKIueHTaMu. PydHoii xapakTep 4acTu
onepanuii cHIkaeT 3QPEKTUBHOCTD U YBEIMYUBAET PUCKHU OIIHOOK.

CpaBHHUTEJIBHBIA aHANU3 OTpaciy MoOKa3biBaeT orctaBaHue Ekokerama B mnpuMeHEeHUU
WHHOBAI[MOHHBIX TEXHOJOTHH, OCOOCHHO B cdepe ympaBieHUS KIMCHTCKAUMHU OTHOIICHHSMHU,
JIOTUCTHKU M IU(PPOBBIX CEPBUCOB. DTO CHUKAET KOHKYPEHTOCIOCOOHOCTh MPEANPHUATHS HA
OBICTPO PA3BUBAIOIIEMCS PBIHKE OTJCIIOUHBIX MaTEPUAIIOB.

AKCIIEPTHBIN OMPOC MOATBEPIUIT HEOOXOAUMMOCTh OPTaHU3AIMOHHBIX W3MEHEHUH, BKIIIOUYas
MOBBINIICHUE KBATM(UKAIMN TIepcOHaNa, pa3pabOTKy BHYTPEHHUX PETIIAMEHTOB W WHTETPAIHUIO
WHHOBAIIMOHHBIX PEIICHUH BO BCE KITIOUEBBIC OM3HEC-TIPOIIECCHI MPEATIPUSITHSI.

B COBOKYITHOCTH pE3YJIbTaThl HCCIEAOBAaHUS MOATBEPXKIAIOT, YTO JUIS TOBBIIICHUS
(¢unaHcoBOW ycroWumBOCTH M 3(ddextuBHOCTH Tpomax Ekokerama TtpeOyeTcss KoMIUIEKCHas
Tpancopmanusi GUHAHCOBOH U COBITOBOWM CHCTEMBI Ha OCHOBE HHHOBAIMOHHBIX TOIXOIOB H
U(PPOBBIX TEXHOJIOTHH.

Ha ocHoBaHWM TpOBENEHHOTO aHANIM3a MPEAJaraeTcs BHEAPUTH CICAYIONINE MEphI 10
COBEPILICHCTBOBAHHUIO YIIPABICHHUsSI (MHAHCOBBIMH TIOTOKAMH W OOECIeueHHEeM TMpOoJaK Ha
MIPETPHUSITHH:

BHEJIPEHHE MTPOTPAMMHBIX CUCTEM I aBTOMATH3UPOBAHHOTO YUETa U KOHTPOJIS IEHEKHBIX
MMOTOKOB;
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CO3/IaHME€ MHTETPUPOBAHHON IUIAT(OPMBI ISl aHAJIW3a JBMIKEHUS JECHEXKHBIX CpPEACTB U
MIPOTHO3UPOBAHMS JTUKBUAHOCTH;

NpUMEHEHHE WHCTPYMEHTOB OusHec-aHamutuku (BI) mns monmenmmpoBanus (hMHAHCOBBIX
CLICHAapHEB.

paciiMpeHre KaHajloB cObITa, BKJIIOYas OHJIAMH-IIIATPOPMBI U PETUOHAJIBHBIE TOPIOBbHIE
TOUKH;

BHeapeHne CRM-cuctemsl 1715 yIpaBlieHUsl B3aMMOOTHOILIEHUSIMU C KJIIMEHTaMH U aHallu3a
ux norpeGHoOCTEH;

pa3BUTHE CEPBUCHBIX YCIYr, BKJIIOYash CONPOBOXKJIEHUE IPOEKTOB, KOHCYJIbTAlUU H
MOCTIIPOJAXKHYIO MTOAJIEPHKKY.

BHEJPEHNE aBTOMATU3UPOBAHHBIX CUCTEM KOHTPOJIS CKIIAZICKUX 3aI1acoB;

UCMOJIb30BaHUE HHCTPYMEHTOB IPOTHO3UPOBAHUS CHpOca A ONTUMHU3ALMH O0BEMOB
IIPOU3BO/ICTBA;

U poBU3aLMS JOKYMEHTOO00POTA JUIsl YCKOPeHUs: 00pabOTKH 3aKa30B.

Peanuzamus npemioxeHHblx Mep 103BoiauT Ekokerama mnoBeicuTh 3¢ (eKTHBHOCTH
ynpaBiieHUus] (PUHAHCOBBIMU TMOTOKAMH, YKPEHNUTb MO3MLMU HA PBIHKE, YJIYYLIMTh [OKa3aTesn
MPOJAX U aJaNTUPOBATHCA K TPEOOBAHUSAM MHHOBALIMOHHONW HYKOHOMUKH.
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CHARACTERISTICS OF A SUPERFINE GAS DISCHARGE CELL WITH A
SEMICONDUCTOR ELECTRODE

Z. Khaydarov, A. Sh. Sharobidinov, G.A. Khalilova, I.M. Ashuraliyeva

Fergana State University,
E-mail: zokir _ nursuh @mail.ru
(Received on March 10 th, 2026)

Annotation. The present work is devoted to the study of the properties of an ultrathin gas
discharge cell. The effect of gas discharge stabilization in this distributed resistance system is of
considerable interest. The structure and physical properties of the gas discharge cell are considered.
The results of the obtained electrical and photovoltaic properties are discussed. It is found
experimentally that for a gap of tens of microns and a semiconductor thickness of 0.5 mm, the resistivity
required for discharge stabilization is within 107 +10® Ohm-cm.

Keywords: Ultrathin gas discharge cell, distributed resistance, discharge stabilization,
electrical and photoelectric characterization.

Annotatsiya. Ushbu ilmiy ish o‘ta yupqa gaz razryadining hususiyatlarini tadqiq etishga
bag ‘ishlangan. Bir tekis tagsimlangan qarshilikka ega bu tizimdagi elektr jarayonni barqgarorlashtirish
effekti ilmiy olamda qizigishga sabab bo ‘Imogda. Bu o rinda o ‘ta yupqa gaz razryadining strukturasi va
fizik hususiyatlari o ‘rganilgan. Uning qayd etilgan elektr va fotoelektr tavsiflari muhokama gqilingan.
Tajribada shu narsa aniqlandiki, gaz oralig ‘i bir necha o ‘n mikrometr va yarimo ‘tkazgichning qalinligi
0,5 mm bo‘lganda, gaz razryadining barqarorligini taminlash uchun yarimo ‘tkazgich elektrodning
solishtirma qarshiligi 10" =108 Ohm-cm oralig ‘ida bo ‘lishi kerak.

Tayanch so‘zlar: O ‘ta yupqa gaz razryadi yacheykasi, fazoviy bir tekis tagsimlangan garshilik,
razryad barqgarorligi, elektr va fotoelektr xarakteristika.

Aunomauusn. Hacmoswas paboma nocsswena ucciedo8aHuo CEOUCME CEEPXMOHKOU
2a30paspsaoHoll  aveuxu. Idpgexm cmadbunuzayuu  2a308020 pazpsaoa 8 SMoOU  cucmeme ¢
PAcnpeOdenéHHbiM  COnpOmuGIeHueM npeocmaesisiem 3Hauumenvuvill unmepec. Paccmampusaemcs
cmpykmypa U @usuueckue ceolicmea 2azopaspaoHou  avelku. OoOcyscoaromes  pe3yibmamol
NONYYEHHLIX — JIEeKMPUHEeCKUX U (POMOINeKMPUYECKUX — XAPAKMEPUCMUK.  DKCHePUMEHMANbHO
VCMAHOBIIEHO, YMO NPU 3A30pe 8 HECKOJILKO 0eCAMKO8 MUKPOMEMPO8 U moauure noaynpoeoonuka 0,5
MM yOenbHoe conpomusnenue, mpebyemoe A cmabunuzayuu pazpaoa, nevxcum ¢ npedenax 107 108
Owm cm.

Knrwouesvie cnosa: Ceepxmonkas 2azopaspsaoHas sAuelKd, pacnpedeiéHHoe COonpomueieHue,
cmaodunuzayus pazpaod, dNeKmpuieckas u oomodIeKmpuiecKas XapaKmepucmuxda.

Introduction.

The effect of gas discharge stabilization in a superfine gas discharge cell with distributed
resistance is of great interest [1-4]. In a gas discharge cell, the gas discharge is performed by free
charged particles - electrons and ions - with energies much higher than the thermal energy. In
addition, the discharge is accompanied by short-wavelength luminescence. Thus, the considered
double-layer photoconductor plasma cell is a converter, which transforms and amplifies a relatively
low-power photon flux falling on the receiving surface of the semiconductor into a flux of high-
energy particles - electrons, ions, photons. In connection with the above-mentioned features, quite
wide possibilities of registration and visualization of images formed by a semiconductor in a
discharge plasma appear.

Reduction of the resistance at illumination even by 3-4 orders of magnitude does not cause
failure of stabilization. The qualitative side of the phenomenon is such that at the formation of
fluctuations in the gas gap after the breakdown, accompanied by an increase in current, there is an
accumulation of charge at the semiconductor-plasma and counterelectrode-plasma boundary, which
leads to a decrease in voltage at the discharge gap and suppression of fluctuations, i.e. a transition of
the voltametric characteristic (VAC) of the discharge to the mode with negative differential
resistance.
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Experimental setup and research methodology

A semiconductor photo ionization chamber (SPIC) was used for the experimental work [2].
A DC power supply was connected between the photodetector and the fiber puck. The maximum
voltage was U = 1.6 kV. A two-coordinate laboratory potentiometer of the type LKD4-003 was
used to record the DC current. In all measurements, the radiant power was measured with a thermal
column of type LETI with a sensitivity of 0.72 V/W.

In this work a unified experimental technique has been used, which consists of the
following. The voltametric characteristics of the gas discharge cell at direct current were recorded at
variation in wide limits of parameters: gas pressure, interelectrode distance and conductivity value
of the semiconductor electrode by its illumination.

Chromium-compensated gallium arsenide half-isolate was used as the semiconductor
electrode, and the measurements were performed at room temperature.

Electrical characteristics

0,20 The VAC of the gas discharge cell

-+ S g 3 at different values of intensity and gas

< B pressure is shown in Fig. 1. The current is
g T practically absent up to the voltage
= 010 | corresponding to the breakdown of the
gas gap, after which there is a linear

0,05 - increase with a slope that increases with

02 04 06 08 10 UrkV increasing light intensity. Experiments
Fig. 1. VAC of the ionization system at three values of gas with two metal contacts on the same

pressure and three values of light. GaAs photodetector; T = 300
K; solid lines p = 0.01 MPa; dashed dotted lines p = 0.05 MPa; phOtoqeteCtorS showed phOto.detecmr
lines at points p = 0.1 MPa. 1 - J = 4 mW/cm? 2 - 2.2 mwi/emz;  matching at all U < Ubreakdowns. This means

3-1mW/cm?2. that the VAC of the discharge gap is
strictly vertical, the differential resistance
of the discharge gap is equal to zero with high accuracy, and there is no redistribution of voltage in
the gas discharge cell at illumination, even at the highest illumination. This difference, the
semiconductor photographic ionization chamber (SPIC) with a gas discharge cell from other
photographic devices, leads to two important consequences. First, the photographic response is
linear and at high illumination, allowing a wide dynamic range of gradation transfer. Second, there
is no tangential field component between the semiconductor and plasma regions with different
illumination and hence different current densities, ensuring the absence of drift currents in the plane
of the semiconductor-plasma interface. This helps to maintain satisfactory resolution even with
large differences in illumination.

Photoelectric characteristics of the gas discharge cell
The conversion of the photon flux (radiant power) J incident on the receiving surface of the

101 system into the electron flux in the
semiconductor of the gas discharge cell depends
10% | on the field strength U and is determined by the
3 photoelectric gain G. The photoelectric gain is
~ 10° 1 2 defined as the number of charges (amount of
§10_7 : electricity) passed per photon in the
1 photoconductor. The photoelectric gain G is
109 | K—\ defined as the number of charges passed
(amount of electricity) per photon in the

02 04 06 08 10 hmey  Photoconductor
G = rfrnp, (1)

Fig. 2. Spectral characteristics of the gas discharge cell : L
(photocurrent versus photon energy). 1 - voltage in the where tir = L /uémax — is the transit time between

gas discharge cell 0.7 kV; 2 -1.0kV; 3-1.2 kV. the electrodes, L — is the distance between the
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electrodes, « — is the carrier mobility, = — is the carrier lifetime. This amplification is due to the
increase in the average energy of the electrons and ions in the discharge.

The passage of this current through the

Uig, V jsc, A4 gas discharge gap of the cell is accompanied

by an amplification of the power released in

1200 107 the gas discharge gap, which is used for image

3 formation. The power amplification factor 7,

i.e. the ratio of the power in the gas discharge

900 | 2 | 104 gap Pou to the power of the useful input signal
1 J, is given by the expression

n=P,./] = GelU/hw, (2

where 7w — quantum energy, U — discharge

gap voltage. This amplification is due to the

300 4 106 increase in the average energy of the electrons

i i and ions in the discharge. Under normal

0 conditions, the average electron energy is 50
107 eV.

| | | | | If the interaction of the plasma with
! ! ' ! I the recording medium is characterized by a

0 150 300 450 600 p. Topp certain minimum amount of electricity Qmin,
Fig. 3. The dependence of the limiting photocurrent of the we can write for the photographic sensitivity

stall current jsc (1-3) and the discharge ignition voltage Uig in terms of the amount of electricity Sq
(4) on the pressure in a gas discharge cell with a gallium S, = SeG/q,,. he, A3)

arsenide semiconductor electrode at different values of its . . .
resistance R: 1 - Ry = 1.3x107 Ohm, 2 - R, = 6x107 ohm, Where & — coefficient, taking into account the

3 - Rz = 108 Ohm, 4 - ignition voltage Ujg. reflection and absorption of light in the
semiconductor. Substituting the limiting value of G from (1), we have an expression that
characterizes the maximum photographic sensitivity by the minimum amount of electricity:

_ AMUNTT
Sq - -1 L] (4)
10 0 i D

where nt — volume concentration of equilibrium carriers.

When photographing fast processes based on the gas discharge cell, two modes are used: 1)
waiting, when a short light pulse carrying the image falls on the receiving surface of the
photodetector with the sensitivity switched on; 2) gating, in which there is an "electronic shutter",
i.e. the sensitivity is switched on for the time of the exposure.

This allows images to be captured at very slow shutter speeds unattainable with
conventional mechanical gates, and time-varying images can be reversed with relative ease.

Cells with different values of interelectrode spacing at room temperature for a semi-
insulating gallium arsenide semiconductor electrode have been studied.

Figure 2 shows the spectral characteristics of the gas discharge cell.

Figure 3 shows the dependence of the limiting stall current jsr in the gallium arsenide gas
discharge cell for three values of its resistance at the interelectrode distance d = 30 um, as well as
the dependence of the ignition voltage on pressure (Paschen curve).

Discussion of results and conclusions

As is well known, the course of the Paschen curve is explained as follows. At the transition
from high pressures to lower pressures (at constant interelectrode distance) at the same value of
electric field E = U/d, the free path of the electron between collisions in the gas increases, the
electron passes through a larger potential difference, gains more kinetic energy and, consequently,
the probability of shock ionization of a neutral atom increases. On the other hand, as the pressure
decreases, the number of collisions of the electron with gas molecules per unit length on the way
from the cathode to the anode decreases. The obtained result indicates a significant dependence of
the breakdown voltage in a cell with a semiconductor electrode and small interelectrode distances
on the material of the electrode (semiconductor) and the state of its surface.
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TAYYORLOV SEXINING MASHINA VA USKUNALARI
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Annotatsiya: Ushbu magolada tayyorlov sexining mashina va uskunalari, ularning texnologik
Jarayondagi o ‘rni hamda ishlab chigarish samaradorligiga ta’siri keng yoritilgan. Tayyorlov sexi tikuvchilik
va yengil sanoat korxonalarida asosiy boshlang ‘ich bosqgich hisoblanib, unda materiallarni kesish, saralash,
tekislash va dastlabki ishlov berish jarayonlari amalga oshiriladi. Mazkur jarayonlarda gqo ‘llaniladigan
zamonaviy uskunalar ishlab chiqgarish tezligini oshirish, material sarfini kamaytirish va mahsulot sifatini
yaxshilashga xizmat giladi.

Tayanch so‘zlar: tayyorlov sexi, kesish mashinalari, mato yoyish uskunalari, presslash,
avtomatlashtirish, tikuvchilik sanoati, texnologik jarayon.

Annomayusn: B oOannoii cmamve noopobHO paccmMampuearomcs Mauurbl U 060pyoo8aHue
n0020MOBUMENbHO20 yexa, ux pojlb 6 MmMEeXHOJNIOcUHECKOM npoyecce U 6aUusiHue Ha 3¢¢ek‘mu6H00mb
np0u36000m6a. Tloozomoeumenvuwiil yex cuumaenmcsa OCHOBHbIM HAYANbHbIM 3NMANOM HA npe()npuﬂmuﬂx
WBelHOU U  JIe2KOl NPOMbBIUAEHHOCIUY, 20e OCYWEeCMEIAIOMCcsa NpoYecchl PACKpos, COPMUPOBKU,
BLIPAGHUBAHUS U NpedsapumenbHol 0opabomku mamepuanos. Cogpemennoe 0060py008anue, UCNOIb3YEMOe 8
amux npoyeccax, Cayacum 0151 NOBbIULEHUS CKopocmu npous*eodcm@a, CHUMMCEHUA pacxoda mamepuaia u
VAVHUEHUs Ka4ecmea npooyKyuu.

Knroueevie cnosa: noozcomogumenvhviil yex, packpolinvle Mauiuisl, 000pyoosanue O0Jisi packiaoxu
MKaru, npeccosarnue, asmomamusayus, weelnas NPOMbBLULIIEHROCNTD, MEXHONI02UYECKUTL npoyecc

Annotation: This article extensively covers the machinery and equipment of the preparation
workshop, their role in the technological process and their impact on production efficiency. The preparation
workshop is considered the main initial stage in garment and light industry enterprises, where the processes
of cutting, sorting, leveling and preliminary processing of materials are carried out. Modern equipment used
in these processes serves to increase production speed, reduce material consumption and improve product
quality.

Keywords: preparation workshop, cutting machines, fabric spreading equipment, pressing,
automation, garment industry, technological process.

Kirish

Bugungi kunda tikuvchilik va yengil sanoat korxonalarida ishlab chigarish samaradorligini
oshirish muhim vazifalardan biri hisoblanadi. Bu jarayonda tayyorlov sexining o‘rni alohida
ahamiyatga ega. Tayyorlov sexi ishlab chiqarishning boshlang‘ich bosqichi bo‘lib, unda xom ashyo
va materiallar keyingi bosgichlarga tayyorlanadi. Ushbu sexda bajariladigan ishlarning sifatli
tashkil etilishi butun ishlab chiqarish jarayonining samaradorligiga bevosita ta’sir ko‘rsatadi.
Zamonaviy texnologiyalarning joriy etilishi natijasida tayyorlov sexlarida qo‘llaniladigan mashina
va uskunalar sezilarli darajada takomillashdi. Avtomatlashtirilgan kesish tizimlari, kompyuter
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boshgaruviga ega qurilmalar, yuqori aniglikdagi presslash uskunalari ishlab chigarish jarayonini
tezlashtirish bilan birga inson omilini kamaytiradi.
Nazariy gism

Tayyorlov sexi tikuvchilik korxonasining eng muhim boshlang‘ich bosqichlaridan biri
hisoblanadi, chunki aynan shu yerda xom ashyo keyingi ishlab chiqgarish jarayonlariga tayyor holga
keltiriladi. Bu bosgichda bajariladigan ishlarning sifatli tashkil etilishi keyingi tikuv jarayonlarining
anigligi va mahsulot sifatiga bevosita ta’sir ko‘rsatadi. Shuning uchun tayyorlov sexida
ishlatiladigan mashina va uskunalar zamonaviy, samarali va yuqori aniqlikka ega bo‘lishi talab
etiladi.

Amaliyotda tayyorlov jarayoni odatda matoni gabul gilish, uni tekshirish, yoyish, kesish va
detallarni saralash kabi ketma-ket bosgichlardan iborat bo‘ladi. Dastlab matolar maxsus stollarda
yoki avtomatik qurilmalar yordamida yoyiladi. Mato yoyish jarayoni oddiy ko‘rinsa-da, u juda
muhim ahamiyatga ega, chunki matoning notekis yoyilishi keyingi kesish jarayonida xatoliklarga
olib kelishi mumkin. Zamonaviy yoyish mashinalari matoni bir xil kuchlanishda va qatlamlar
orasida siljishsiz joylashtirish imkonini beradi, bu esa ishlab chiqgarish sifatini sezilarli darajada
oshiradi.

Keyingi bosqich kesish jarayoni bo‘lib, u tayyorlov sexining eng mas’uliyatli qismi
hisoblanadi. An’anaviy korxonalarda hali ham mexanik kesish mashinalari qo‘llaniladi, masalan,
vertikal yoki diskli pichogli qurilmalar. Ular oddiy tuzilishga ega va ishlatish oson, ammo yuqori
aniqlik talab gilinadigan hollarda yetarli darajada samarali bo‘lmasligi mumkin. Shu sababli so‘nggi
yillarda lazerli va kompyuter boshqgaruviga ega kesish tizimlari keng joriy etilmoqda.

Lazerli kesish texnologiyasi aynigsa murakkab shaklli detallarni tayyorlashda juda qulay
hisoblanadi. Bu usul yordamida mato juda aniq kesiladi, chetlar toza chigadi va material isrofi
kamayadi. Bundan tashgari, CNC (kompyuter boshgaruvli) kesish tizimlari ishlab chigarish
jarayonini avtomatlashtirish imkonini beradi. Bunday uskunalarda kesish jarayoni oldindan tuzilgan
dastur asosida bajariladi, natijada inson omili kamayadi va takroriy aniqlik ta’minlanadi.

Kesilgan detallar keyingi bosgichda saralanadi va belgilab chigiladi. Bu jarayon ham ishlab
chigarishda muhim o‘rin tutadi, chunki noto‘g‘ri belgilangan yoki aralashib ketgan detallar
keyinchalik katta muammolarga sabab bo‘lishi mumkin. Shu sababli ko‘plab korxonalarda marker
printerlar yoki lazerli belgilash tizimlari qo‘llanilib, har bir detal aniq identifikatsiya gilinadi.

Tayyorlov sexi uskunalarining tagqoslanishi

1- Jadval
Ne Uskuna turi Ishlash prinsipi Afzalliklari Kamchiliklari
Mexa_nlk k?S'Sh P'Choq“ meganlk .| Oddiy tuzilish, arzon, | Aniglik past, inson
1 | mashinalari kesish orgali matoni fovdalanish oson omilica bog*li
(vertikal, diskli) | gatlam holida kesadi | '>Y ga bogiq
Lazer nuri Juda aniglik yuqori,
Lazerli kesish . . chigindi kam, Juda gimmat, energiya
2 : yordamida yuqori . .
uskunalari - . murakkab shakllar sarfi yuqori
aniglikda kesish kesiladi
esiladi
. Kompyuter dasturi Avtomatlashtirilgan, Dasturiy ta’minot talab
CNC kesish ) - A - .
3 | .. . orgali avtomatik takroriy aniqglik giladi, operator malakasi
tizimlari : .
kesish yuqgori, tezkor zarur
4 Mato yoyish Matoni gatlamlab Qatlamlar tekis, sifat | Texnik xizmat talab
mashinalari tekis yoyish oshadi, tezlik yuqori giladi
Presslash Issiglik va bosim Matoni silliglavdi
5 | uskunalari (bug‘li | orgali matoni e gaydi, Energiya sarfi mavjud
. . sifatni yaxshilaydi
press) tekislaydi
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Marker printer va | Detallarni avtomatik

6 | belgilash belgilash va Xat_ollk kamayf’:ldl, Qo sl_umcha xarajat talab
. : : - tartib saglanadi giladi
tizimlari markirovka gilish
Avtomatik Mato sifatini
tekislash va . Sifat nazorati oshadi, .
7 tekshirish va . Murakkab tizim
nazorat brak kamayadi

. nugsonlarni aniglash
uskunalari 9 q

Sun’iy intellekt va Maksimal
robot yordamida avtomatlashtirish,
kesish inson omili yo‘q

Juda gimmat, texnik
xizmat murakkab

Robotlashtirilgan
kesish tizimlari

Bundan tashqari, tayyorlov sexida presslash va tekislash uskunalari ham keng qo‘llaniladi. Bu
uskunalar yordamida matodagi burmalar yo‘q qilinadi, material silliglanadi va keyingi ishlov berish
uchun qulay holatga keltiriladi. Aynigsa bug‘li press mashinalari matoning strukturaviy
xususiyatlarini saglagan holda uni tekislash imkonini beradi.

Zamonaviy ishlab chigarishda tayyorlov sexlarini avtomatlashtirishga alohida e’tibor
garatilmoqda. Avtomatlashtirilgan tizimlar yordamida ishlab chiqarish tezligi oshadi, ishchi kuchiga
bo‘lgan talab kamayadi va mahsulot sifati barqaror darajada saqlanadi. Shu bilan birga, bunday
tizimlar material sarfini optimallashtirishga ham yordam beradi, bu esa igtisodiy samaradorlikni
oshiradi.

Hozirgi kunda energiya tejamkor va ekologik xavfsiz texnologiyalarni joriy etish ham muhim
ahamiyat kasb etmogda. Zamonaviy mashina va uskunalar kam energiya sarflab, yuqgori unumdorlik
bilan ishlashga mo‘ljallangan. Bu nafaqat ishlab chiqarish xarajatlarini kamaytiradi, balki atrof-
muhitga salbiy ta’sirni ham qisqartiradi.

Umuman olganda, tayyorlov sexida qo‘llaniladigan mashina va uskunalar ishlab
chiqarishning samaradorligi, mahsulot sifati va iqtisodiy natijalarga bevosita ta’sir ko‘rsatadi. Shu
sababli ushbu sohada zamonaviy texnologiyalarni joriy etish va mavjud uskunalarni takomillashtirib
borish muhim vazifa hisoblanadi.

<5 romoim |

L=

Matoni tekshirish i :W Detallarni saralash

1-rasm. Tayyorlov sexidagi kesish jarayoni sxemasi.

Ushbu rasmda tayyorlov sexida bajariladigan texnologik jarayonlar ketma-ketligi ko‘rsatilgan.
Jarayon xom ashyoni gabul qgilish va tekshirishdan boshlanib, matoni yoyish (gatlamlash) orqali
kesishga tayyorlanadi. Keyingi bosgichda marker joylashtirilib, mato aniq konturlar bo‘yicha
kesiladi.
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Kesilgan detallar saralanib, ragamlanadi va markirovka qilinadi, bu esa keyingi tikuv
jarayonida tartibni ta’minlaydi. Yakunda barcha detallar tikuv sexiga yuboriladi. Ushbu ketma-
ketlik ishlab chigarish samaradorligini oshirish, material sarfini kamaytirish va mahsulot sifatini
ta’minlashga xizmat qiladi.

Xulosa

Tayyorlov sexi tikuvchilik sanoatida muhim ahamiyatga ega bo‘lib, uning samarali ishlashi
butun ishlab chigarish jarayonining natijadorligiga bevosita ta’sir ko‘rsatadi. Ushbu maqolada
ko‘rib chiqilganidek, tayyorlov sexida qo‘llaniladigan mashina va uskunalar turli texnologik
bosgichlarda muhim vazifalarni bajaradi. Mato yoyish uskunalari materialni kesishga tayyorlaydi,
kesish mashinalari esa detallarni aniglik bilan ajratib beradi.

Zamonaviy lazerli va CNC texnologiyalarining joriy etilishi ishlab chiqgarish jarayonini
sezilarli darajada takomillashtirdi. Ular yordamida mahsulot sifati oshadi, material sarfi kamayadi
va ishlab chiqgarish tezlashadi. Shu bilan birga, avtomatlashtirilgan tizimlar inson omilini
kamaytirib, xatolik ehtimolini pasaytiradi. Kelajakda tayyorlov sexlarini yanada rivojlantirish uchun
ragamli texnologiyalar, sun’iy intellekt va robotlashtirilgan tizimlardan keng foydalanish zarur. Bu
esa sanoatning ragobatbardoshligini oshirishga xizmat giladi.

Shu sababli, tayyorlov sexida zamonaviy mashina va uskunalardan foydalanish nafagat
igtisodiy samaradorlikni oshiradi, balki mahsulot sifatini ham yuqori darajaga olib chigadi.
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Annotatsiya: Ushbu magolada assimetrik rapportli (nagshli) matolardan ayollar ustki kiyimlarini
loyihalashning o ziga xos xususiyatlari tadqiq etiladi. Tadgigot davomida matodagi nagshlar muvozanatini
saqglash, detallarni bichishda iqtisodiy samaradorlikka erishish va kiyimning estetik ko ‘rinishini ta’minlash
uchun andazalarni joylashtirishning optimal usullari tahlil gilingan. Natijalar murakkab printli matolar
bilan ishlashda konstruktorlar uchun amaliy tavsiyalar beradi.

Tayanch so‘zlar: Assimetrik rapport, ayollar ustki kiyimi, loyihalash, andazalarni joylashtirish, mato
sarfi, vizual balans, tikuvchilik texnologiyasi.

Annomauun: B Oanuol cmamve ucciedyromcs 0COOEHHOCMU NPOEKMUPOBAHUSL HCEHCKOU BepXHell
00excObl U3 MKAHEl C ACUMMEMPUYHBIM PAnnopmom (pucynkom). B xode ucciedoarnus npoanaiusuposansl
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ONMUMATIbHBLE MEmOoObl pacmadku JIeKAJl, HanpaejlenHHvle Ha COXPpAaHeHUue 6U3yalbHo2co bananca PUCYHKA,
docmudicenue SKOHOMUYECKOU dhghexmusHocmu npu packpoe u obecneverue ICMemuiecko2o eUod U30enus.
Pesynomamul codeporcam npaxmuueckue pexomeHOayuu 0 KOHCMPYKMOPO8 Npu pabome ¢ MKAHAMU CO
CJIOJHCHBIM NPUHIMOM.

Kniouesvie cnoea: Acummempuunvlii pannopm, MHCEHCKAs BepXHAS 00edxcod, NpoeKmuposaiue,
pacmadka JleKkai, pacxod MKAHU, 6u3yaﬂben7 6aﬂch, MexXHOoN02Usl UBEUHO20 npou3eoacm6a.

Abstract: This article explores the specific features of designing women's outerwear using fabrics with
asymmetric repeats (patterns). The study analyzes optimal pattern placement methods aimed at maintaining
visual balance, achieving economic efficiency during cutting, and ensuring the aesthetic appeal of the
garment. The findings provide practical recommendations for garment constructors working with complex
print fabrics.

Keywords: Asymmetric repeat, women's outerwear, garment design, pattern layout, fabric
consumption, visual balance, apparel technology.

Kirish.

Zamonaviy modada geometrik va abstrakt assimetrik printlar trendda. Birog, bunday
matolarni bichishda an'anaviy "andazalarni bir-biriga garama-garshi joylashtirish” usuli ish
bermaydi. Bu esa ishlab chigarishda mato sarfining 15-20% ga oshishiga olib keladi. Tadgigotning
magsadi — texnik va estetik talablarni birlashtiruvchi optimal joylashtirish usulini ishlab chigish.

Assimetrik rapportli matolardan ayollar ustki kiyimlarini loyihalashda matoning geometrik
xarakteristikalarini aniqlash jarayoni o‘ta aniqlikni talab giladigan texnik bosqichdir. Ushbu jarayon
matoning eni bo‘ylab va bo‘yi bo‘ylab nagshlarning takrorlanish masofasini, ya’ni gorizontal (Rn)
va vertikal (Rv) rapportlarni o‘lchashdan boshlanadi. Assimetrik matolarning o‘ziga xosligi
shundaki, ularning nagshi markaziy o‘qqa nisbatan simmetrik emas, bu esa andazalarni “ko‘zgu”
usulida joylashtirish imkoniyatini mutlago cheklaydi [1].

Geometrik tavsifnomani shakllantirishda matoning arqoq iplari qiyshigligi (skewness)
darajasini anigqlash muhim ahamiyatga ega. Agar to‘quv jarayonida mato iplari burchagi to‘g‘ri
burchakdan og‘gan bo‘lsa, bu kiyim tayyor bo‘lgach, uning yon choklarida giyshayish yoki vizual
nugsonlarga olib keladi. Shuning uchun loyihalashda har bir detalning bo‘ylama ip yo‘nalishi mato
chetiga emas, balki haqiqiy o‘rilish iplariga moslab olinadi.

Bundan tashqgari, matoning geometrik xaritasi tuzilayotganda "nazorat nuqtalari" (anchor
points) belgilanadi. Bu nuqtalar kiyimning old bo‘lagi, orqasi va yenglaridagi nagshlar choklarda
bir-biriga mos tushishini ta’minlaydi. Matematik jihatdan bu jarayon har bir detalning
koordinatalarini rapport o‘lchamiga nisbatlash orqali amalga oshiriladi. Natijada, barcha juft
detallar matoning aynan bir xil geometrik fragmentidan kesib olinadi, bu esa kiyimning estetik
muvozanatini va yuqori sifatini kafolatlaydi.[2]

Andazalarni joylashtirishning matematik modeli
Mato sarfini (L) optimallashtirish uchun detallar maydoni (Sget) va chigindilar migdori (Swaste)
o‘rtasidagi mutanosiblik hisoblanadi. Assimetrik matolar uchun umumiy uzunlik quyidagi formula

orgali ifodalanadi:
L=Y L+ (k-R,)
=1

Bu yerda:
e |_i — har bir detalning uzunligi;
e k — detallar orasidagi rapport mosligi uchun qo‘yiladigan qo‘shimcha masofa
koeffitsienti;
e Rv — vertikal rapport o‘lchami.

Assimetrik matolarda vizual markazni aniglash muhim. Ayollar ustki kiyimida markaziy chok
yoki tugma qatori matoning asosiy vertikal yo‘nalishi bilan mos kelishi kiyimning estetikasini
belgilaydi. Agar mato yo‘l-yo‘l bo‘lsa, yengdagi chiziqlar old bo‘lakdagi chiziglar bilan 180 °
burchak ostida (gorizontal tekislikda) mos kelishi nazorat gilinadi.[4]
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Bir tomonlama yo‘nalishli joylashtirish (One-Way Layout): Bu usulda barcha detallar (old
bo‘lak, orqa bo‘lak, yeng) matoning "tepa" qismiga qaratib joylanadi. Bu matodagi rang tovlanishi
(ottenok) va nagsh yo‘nalishining bir xilligini ta’minlaydi.

Guruhli joylashtirish (Block Placement): Juft detallar (chap va o‘ng polochkalar) matoning
aynan bir xil rapport gismiga tushishi shart. Bunda detalning nazorat nuqtalari (Cp) matoning
rapport chiziglari bilan ustma-ust tushishi tekshiriladi:

C, = Ryun (mod R,)

Kombinatsiyalangan usul: Katta detallar (asosiy bo‘laklar) rapportga qat’iy moslanadi,
mayda detallar (cho‘ntak qopqoqlari, podbortlar) esa qolgan bo‘shliglarga rapportni buzmagan
holda "zichlashtirib™ joylanadi.[5]

4. Vizual balans va konstruktiv yechimlar

Assimetrik matolarda vizual markazni aniglash muhim. Ayollar ustki kiyimida markaziy chok
yoki tugma qatori matoning asosiy vertikal yo‘nalishi bilan mos kelishi kiyimning estetikasini
belgilaydi. Agar mato yo‘l-yo‘l bo‘lsa, yengdagi chiziglar old bo‘lakdagi chiziglar bilan 180 °
burchak ostida (gorizontal tekislikda) mos kelishi nazorat gilinadi.

Assimetrik rapportli matolardan ayollar ustki kiyimlarini loyihalashda vizual balans va
konstruktiv yechimlar mahsulotning estetik giymatini belgilovchi asosiy omillar hisoblanadi. Vizual
balans deganda, matodagi murakkab nagshlarning kiyim detallarida simmetrik va mantigiy
joylashishi tushuniladi. Assimetrik matolarda an’anaviy simmetriya yo‘qligi sababli, konstruktor
kiyimning markaziy o‘qi (old bo‘lak o‘rtasi) va gorizontal chiziqlari (ko‘krak, bel, botiq chiziqlari)
bo‘ylab nagshlarning vizual muvozanatini yaratishi shart.[6]

Konstruktiv yechimlar nuqgtai nazaridan, bunday matolar uchun minimal chokli va oddiy
siluetli modellarni tanlash tavsiya etiladi. Murakkab qirqimlar (relyeflar, ko‘p sonli bo‘laklar)
matoning rapportini bo‘laklab yuboradi va umumiy kompozitsiyani buzadi. Asosiy konstruktiv
yechim sifatida “bir yo‘nalishli kesish” (one-way cutting) usuli qo‘llaniladi, bunda barcha detallar
matoning bir xil vertikal yo‘nalishida joylashtiriladi. Bu kiyimning o‘ng va chap tomonlarida
ranglar tovlanishi va naqgsh yo‘nalishi bir xil bo‘lishini ta’minlaydi.

Juft detallarni (yenglar, cho‘ntaklar, yoqa uchlari) birlashtirishda “nazorat nuqtalari” uslubi
go‘llaniladi. Masalan, yengning tirsak qismidagi naqsh old bo‘lakdagi naqsh bilan gorizontal
tekislikda mos kelishi kiyimga yaxlit ko‘rinish beradi. Shuningdek, tugma qatori va cho‘ntak
mag‘zi kabi detallar matoning eng yirik va yorqin rapport elementiga to‘g‘ri kelmasligi uchun
andazalar siljitib joylashtiriladi. Bunday professional yondashuv kiyimning nafagat texnik jihatdan
mustahkam, balki dizayn jihatidan mukammal bo‘lishiga xizmat giladi.[3]

5. Ragamli modellashtirish (CAD/SAPR tizimlarida)

Hozirgi zamon tikuvchilik sanoatida assimetrik rapportli matolardan ayollar ustki kiyimlarini
loyihalashda ragamli modellashtirish (CAD/SAPR tizimlari) hal giluvchi rol o'ynaydi. Gemini,
Lectra, Gerber yoki Assyst kabi zamonaviy SAPR dasturlari konstruktorlarga murakkab nagshli
matolar bilan ishlashda yuqori aniglik va samaradorlikni ta'minlaydi. An'anaviy go'lda bajariladigan
usullardan fargli o'larog, ragamli modellashtirish jarayoni xatoliklarni minimallashtiradi va mato
sarfini optimallashtiradi.

Ragamli tizimlarda ishlash jarayoni bir necha bosgichdan iborat. Avvalo, matoning yuqori
aniglikdagi ragamli tasviri (skanerlangan yoki suratga olingan) dasturga Kkiritiladi va uning
geometrik parametri (rapport o‘lchami) aniq ko‘rsatiladi. So‘ngra, kiyim andazalari (lekalalar)
ragamli muhitda mato tasviri ustiga joylashtiriladi. Dasturning "interaktiv joylashtirish” moduli
yordamida konstruktor har bir detalning nazorat nugtalarini (masalan, ko'krak girgimi, yeng o'mizi)
matoning rapport chiziglari bilan real vaqt rejimida moslashtiradi.

SAPR tizimlarining eng katta afzalliklaridan biri bu "avtomatik joylashtirish™ algoritmlari
bilan bir gatorda, vizual nazorat funksiyasining mavjudligidir. Konstruktor kiyimning virtual 3D
maketini (masalan, CLO3D dasturida) ko'rishi va choklarning ganday ulanishini avvaldan tahlil
gilishi mumkin. Bu esa, assimetrik matolarda eng ko'p uchraydigan muammo — choklarda
nagshlarning mos kelmasligini oldini oladi. Tadgiqotlar shuni ko'rsatadiki, ragamli
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modellashtirishni go'llash orgali material sarfini 3-5% ga tejash va loyihalash vaqtini 2 barobarga
gisqartirish mumkin.[5]

Tadqgiqot jarayonida Gemini Pattern Editor yoki shunga o‘xshash SAPR dasturlari yordamida
"avtomatik joylashtirish" va “interaktiv joylashtirish" usullari solishtirildi. Natijalar shuni
ko‘rsatdiki, assimetrik matolarda interaktiv (qo‘lda boshgariladigan ragamli) joylashtirish mato
sarfini 3-5% ga tejash imkonini beradi, chunki dastur ba’zan rapportning vizual estetikasi va "naqsh
ulanishi"ni to‘liq hisobga ololmaydi [6].

Xulosa

Assimetrik rapportli matolardan ayollar ustki kiyimlarini loyihalash jarayoni ham ijodiy, ham
yuksak texnik yondashuvni talab giladigan murakkab tizimdir. Tadgiqot davomida aniglanganidek,
bunday matolar bilan ishlashda an’anaviy loyihalash usullaridan voz kechib, matoning geometrik
xarakteristikalariga asoslangan maxsus algoritmlarni qo‘llash mahsulot sifatining asosiy kafolati
hisoblanadi. Matoning vertikal va gorizontal rapportlarini aniq o‘lchash hamda arqoq iplari
qiyshiqligini hisobga olish, kiyim detallarining konstruktiv muvozanatini ta’minlash imkonini
beradi.

O‘tkazilgan tahlillar shuni ko‘rsatdiki, ragamli modellashtirish (SAPR) tizimlaridan
foydalanish assimetrik matolarda uchraydigan nagsh ulanmasligi yoki rang tovlanishi kabi
nugsonlarni loyihalash bosgichidayoq bartaraf etishga xizmat giladi. Interaktiv joylashtirish usullari
va nazorat nuqtalarini muvofiglashtirish algoritmlari orgali nafagat kiyimning estetik vizual balansi
saglab golinadi, balki gimmatbaho xomashyo sarfini 3-5% gacha tejashga erishiladi.

Xulosa o‘rnida aytish mumkinki, zamonaviy konstruktor-texnologlar uchun assimetrik
rapportli matolar bilan ishlashda matematik hisob-kitoblar va 3D vizualizatsiya texnologiyalarining
uyg‘unligi kiyim-kechak korxonalarining raqobatbardoshligini oshirishda muhim omil bo‘lib
xizmat giladi. Tavsiya etilgan metodologiya murakkab printli va teksturali matolardan yuqori sifatli
ayollar ustki kiyimlarini ishlab chiqarishda amaliy qo‘llanma bo‘la oladi.
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Annotatsiya: Taklif etilayotgan tikuv-trikotaj sanoatida, trikotaj matolaridan tayyorlangan erkaklar
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vetrovkasi, bolalar polo ko ‘viagi, hamda, futbolka mahsulotiarni tikish va choklashda, elastikli xususiyati
yugqori bo ‘Igan materiallarni choklari sifatli mustahkam bo ‘lishida, parallel sakrovchi ingalarning roli katta
ahamiyatga egadir.

Tayanch so“zlar: integral-differensial,fizik-matematik model,parallel ignalar, tikuv mashinasi,tayyor
mato.

Annomauusa: B npeonacaemoii  wi6eliiHO-643aNbHOU  NPOMBIUIEHHOCMU — POTb  NAPANICTbHBIX
npolearowyux uci npu nowuee u CUUBAHUU MYIAHCCKUX 6€MPOBOK, oemckux noio u qbym60fz0}< us
MPUKOMANCHBIX MKAHEU, a Maxdice 8 obecneyeHuy Ka1ecmea u NPoYHOCMU U808 MAMePUAIO8 C 8bICOKUMU
A1ACMUYHbIMU C@Ol;Cl’l’l@ClMlxl, umeem b6oavuLoe sHayeHue.

Knrouesvle  cnosa:  ummeepanvro-ouggepenyuanvhasn, — GuzuKo-MamemMamuyeckas — MoOeib,
napaiiejilibHble u2isl, WeeuHas maluna, conoeast mKaHb.

Annotation: In the proposed sewing and knitting industry, the role of parallel jumping needles in
sewing and stitching men's windbreakers, children's polo shirts, and T-shirts made of knitted fabrics, and in
ensuring the quality and strength of seams of materials with high elastic properties, is of great importance.

Keywords: integral-differential, physical-mathematical model, parallel needles, sewing machine,
finished fabric.

Nazariy gism

Sintetik isitishdan foydalangan holda tikilgan kiyimlarni ekspluatatsiya gilish jarayonida
o‘ram strukturasida isitish tolalarining harakatlanishi tufayli kiyimning old va ichki tomonlarining
isitish tolalari bilan ifloslanishi sodir bo‘ladi . Bu hodisa isitishning migratsiyasi deb ataladi, tolalar
va maxsulotlarning ishlash jarayonida o‘zini namoyon qiladigan yashirin nugson kelibchiqgadi.

Isitish tolalarining ko‘chishi sintetik tolalardan yasalgan isitishga xos bo‘lib, yarim junli
gazlama yordamida tikilgan kiyimlarda, ularda o‘lik sochlar, qo‘pol va yarim qo‘pol jun bo‘lishi
mumkin. Isitish tolalari ko‘chishining sabablari:

e isitishmato tuzilishida erkin, bo‘shashgan tolalar mavjudligi;

eish jarayonida bir-biriga nisbatan materiallar paketining qo‘shni komponentlari (asosiy
mato, isitish va astar mato) harakatida sodir bo‘ladi;

e asosiy va gqoplama materiallarida diametri isitish tolalarining diametridan oshib ketganda
ko‘p sonli teshiklarning mavjudligi[1].

Isitish tolalarining migratsiyasini aniglash GOST 26464-85 «Noto‘qima matolar, tolalar
migratsiyasini aniqlash usuli» bo‘yicha amalga oshiriladi. Biroq, bu usul tolalar migratsiyasining
haqiqiy jarayoniga mos keladigan ma’lumotlarni olishga imkon bermaydi. Migratsiyalashuvni
baholash uchun BGB (Buyuk Britaniya) tomonidan ishlab chiqarilgan «Pashester» qurilmasi jahon
amaliyotida qo‘llaniladi[2].

Migratsiya materiallar paketi yuzasiga chiqgib turgan tolalar soni va ularning nisbiy holatiga
garab vizual tarzda baholashda besh darajali migratsiya tizimi tavsiya etiladi:

1 - migratsiya yo‘q jarayon;

2 - ahamiyatsiz migratsiya - na’munaning butun yuzasi bo‘ylab ikki yoki uchta tolaning gisman va
to’liq kirib borishi;

3 - zaif migratsiya - alohida tolalarning Kirib borishi;

4 - sezilarli migratsiya - kichik klasterlarning shakllanishi bilan ko‘plab tolalarning kirib borishi;

5 - intensiv migratsiya - katta klasterlarning shakllanishi va yumaloq to’p shaklli yoki soch o’rimli
ko‘p lab tolalarning kirib borishi [3].

Taklif etilayotgan usulning mohiyati quyidagicha. Isitishdan 150 x 170 mm o‘lchamdagi
na’munalar, asosiy va astarli matolardan esa 170 x 210 mm o‘lchamdagi na’munalar kesiladi.
Isitishni asosiy va astarli mato o‘rtasida joylashtirish, uning atrofida barcha bo'limlarda egilish va
qo‘l tikuvlari bilan yopishtirish orqgali uch gatlamli materiallar to‘plami hosil bo‘ladi.

Ikki qavatli sumkani tayyorlashda isitish asosiy yoki astarli matoga qo‘llaniladi va uning
atrofida bo‘laklarga egilib, asosiy yoki astar mato qo‘lda tikuvlar bilan ishlangan, na’munalar
“Poliester* qurilmasining kauchuk naychalariga qo‘yiladi va har tomondan mashina yoki qo‘lda
o‘rnatiladi [4].

Bunday tarzda tayyorlangan na’munalar qurilma kamerasi bilan yopishtirilgan devorlariga
va bir-biriga qarshi na’munalarning ishqalanish va to'qnashuvining yo'naltirilmagan takroriy
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ta’siriga duchor bo‘ladi. Piollester parametrlari quyida keltirilgan. Sinovdan oldin na’munaning
yuzasi cho‘tka bilan tozalanadi. To‘qima tolalar migratsiyasi besh ballli tizim bo‘yicha qurilma
kamerasida ikki va to‘rt soatlik sinovdan so‘ng baholanadi. Yakuniy natija eng yomoni deb gabul
gilinadi[5].

Isitish tolalarining migratsiya jarayonining intensivligi tolali tarkibiga, lavsan, viskoza, nitron
va boshga tolalarning foiziga, isitishni ishlab chigarish usuliga (igna bilan teshilgan, kanvas va
yopishtiruvchi), tuzilishi, turiga bog‘liq , tugatish, qgadoqlash materiallarini tashkil etuvchi asosiy va
astar matolarining xom ashyo tarkibi. Isitish tolalarining ko‘chishi yuqori mato orgali ham, astar
mato orqgali ham kuzatiladi. Tolalarning eng katta migratsiyasi igna bilan teshilgan usulda olingan
lavsan tolalaridan (BLs - 100%) tayyorlangan isitgichli paketlarda kuzatiladi. Ushbu isitishni neylon
iplardan yasalgan astarli mato bilan sumkada ishlatganda, u orqali tolalarning intensiv migratsiyasi
kuzatiladi, ularni to'plarga aylantiradi; viskoza yoki viskoza-asetat iplaridan tayyorlangan astarli
matolar orgali kamrog migratsiya kuzatiladi[6]. Tolalarning qizg‘in migratsiyasi «lak» qoplamali
goplamali matolar orqgali, kamroq — yomg‘irli yarim jun matolar orqali kuzatiladi va odatda plyonka
bilan qoplangan neylon iplardan yasalgan yomg'irli matolardan foydalanilgan sumkalarda yo‘q.
Materiallar to‘plamida kanvasdan tikilgan isitishdan foydalanish (BLs - 100%) tolalarning eng
intensiv migratsiyasini keltirib chigaradi, shuning uchun uni kiyimda ishlatish tavsiya etilmaydi.
100% BLs yoki 50% BLs + 50% BNitr o‘z ichiga olgan yelimlangan quyma isitishda tolalarning
ko'chishi deyarli kuzatilmaydi. Bu hodisa isitish tolalarining mahkamlanishi bilan izohlanadi. Uning
tuzilishi, mustahkamligi kiyim-kechaklarni ishlatish jarayonida isitish asosiy va astarli mato o‘rta
sida harakatlantirilganda yuzaga keladigan harakatlardan oshib ketadi, ignali va kanvasdan tikilgan
yarim junli isitgichlarda tolalar kamrog migratsiyaga ega [7].

Sport kiyimi ishlab chigarishda lak qoplamali plashli matolardan va plash paxta-polyester
matolardan tikilgan mavsumdan tashgari paltolar, yopishtirilgan katta hajmli matolar, astar sifatida
esa neylon iplardan tayyorlangan matolar tavsiya etiladi. 100% o‘z ichiga olgan igna bilan
teshilgan va kanvasdan tikilgan isitishni «lak» yarim jun bilan o‘rash tavsiya etiladi, plash paltosi
va viskoza-asetat iplaridan tayyorlangan astarli mato. 100% BL ni o‘z ichiga olgan igna bilan
teshilgan isitishni yomg‘irning asosiy matolari yoki plyonka bilan qoplangan neylon iplardan
tayyorlangan ko‘ylag matolari bo‘lgan sumkada foydalanish tavsiya etiladi[8]. Asosiy mato sifatida
«lak» qoplamali matodan foydalanilganda, asosiy mato va isitish o‘rtasida sirt zichligi 30 g / m? va
65 g / m? bo‘lgan noto‘qima matodan foydalanish tavsiya etiladi. Tolalar migratsiyasini
kamaytirishga yordam beradi -atsetat iplari, shuningdek, halgadagi viskozali iplar va to‘qimadagi
tarkibili polyester iplar. Materiallar qopidagi yarim junli astarli mato yordamida isitishlash
tolalarining astar orqali o‘tishini oldini oladi [9].

Bolalar buyumlarini (kurtkalar, kombinezonlar) ishlab chigarishda plyonkali, yarim junli, to‘q
rangdagi yomg‘irli matolardan, isitgich sifatida kanvasdan tikilgan lattadan, astar sifatida esa -
halga va to‘quvdagi viskoza iplardan matolar tavsiya etiladi[10].

XULOSA

Yuqoridagi tavsiyalarni inobatga olgan holda materiallar paketini musodara qilish, isitgichlar
yordamida tayyorlangan kiyim-kechaklarning sifatini yaxshilaydi va ularning tolalarining
maxsulotlarning old va ichki yuzasiga migratsiyasini kamaytiradi.

Tikuv vaqtida bosh silindirsimon valning aylanishi tezligi 4000 ayl/dag va undan yuqori
bo‘lganda parallel ignalarning sakrash oralig'i 2-2.5mm, 4-4.5mm, 5-5.5 mm bo‘lganda
silindrsimon valning tezligi hisobiga ilgarilanma vektorial harakat tezlashadi. Natijada tikuv
mashinasida choklangan trikotaj matoning choklarida nugsonlar soni ortib iplarning uzulishlari ortib
boradi.Bu esa tikuv mashinasida choklangan matolarning nugsonini ortishi bilan sifatsiz choklar
nugsonli bo‘lishiga olib keladi.
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Annotatsiya. Maqolada paxtani yirik iflosliklardan tozalash samarasini oshirish magsadida paxtani
dastlabki ishlash uchun o ‘zimizda va chet-el korxonalarida ishlatiladigan paxta tozalash mashinalarini
analitik taxlillari asosida ishlab chigilgan yangi titib ta 'minlagichni uzun qoziglari orasidagi gorizontal va
vertikal tekislikda olingan tirgishlarini uning paxtani mayda iflosliklardan tozalash samarasiga ta’sirini
o ‘rganish natijalari keltirilgan.

Tayanch so‘zlar: titib ta 'minlagich; baraban, ifloslik; tekislik; tirgish; tozalash; samara.

AHnHomauus. B cmamve npedcmasiienvl pe3yibmamsl UCCLe008AHUS 6IUAHUSL Weliell, NOYYeHHbIX 8
20pu3OHma]le0L7 u 6€pmuKa]le0L7 NJ10CKOCMAX Meofcay ONUHHBIMU  KOJIKAMU HOBO20 pouixiaumenlbHo-
numaroujeco ycmpoﬁcmea, pa3pa6oma1—u—toeo HA OCHO6€ dHAJIUmMu4ecKkoco dHajiusa XjaonKoovucmumeiabHblx
MAWUH, NPUMEHSEMbIX HA OMEYECMEEHHBIX U 3aPYOEeHCHbIX NPeOnpusimusix Oisi NepeudHol nepepabomxu
xaonka. Hccneoosanue HanpaenleHo Ha noevlilerHue atﬁgbeicmuemocmu OHYUCMKU XJIONKA Om KPYNHbLX U
MeNKux npumecell, a makdxice HA U3YYeHUe GIUAHUL KOHCMPYKYuu ycmpoucmea Ha 3pgexmusnocmo
y()aﬂeHuﬂ MENKUX 3a2pﬂ3H€HWZ usz XaonkKa.

Knrwueesvie cnosa: pbulxaumellibHo-numaruee ycmpoﬁcmeo; 6apa6aH; npumecs, nioCcKkocmsv, Weib,
ouucmka, IQdexmusHocms.

Abstract. The article presents the results of a study on the effect of slots formed in the horizontal and
vertical planes between the long pins of a new loosening feeder developed on the basis of an analytical
analysis of cotton-cleaning machines used at domestic and foreign enterprises for primary cotton
processing. The research aims to improve the efficiency of cleaning cotton from large and small impurities
and to investigate the influence of these slots on the effectiveness of removing fine impurities from cotton.

Keywords: loosening feeder; drum; impurity; plane; slot; cleaning; efficiency.

Nazariy qism
Paxtani yirik iflosliklardan tozalash samarasini oshirish magsadida paxtani dastlabki ishlash
uchun uzimizda va chet-el korxonalarida ishlatiladigan paxta tozalash mashinalarini analitik
taxlillar asosida o‘rgangan xolda yangi titib-ta’minlagich sxemasi ishlab chiqildi va uning
eksperimental tajriba nusxasi tayyorlandi (1-rasm) [1, 2] .
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1-rasm. Paxta tozalash agregati uchun yangi titib-ta’minlagichni sxemasi (chapda), tayyorlangan tajriba
varianti (o‘ngda).

Ta’minlagichning paxtani titish maqgsadida ishlashi quyidagicha amalga oshiriladi: paxta
xom-ashyosi shaxta 14 dan ta’minlovchi valiklar 15 yordamida chap qatordagi yuqorigi titish
barabani 1 ta’sirida uzatiladi, u soat strelkasi bo‘ylab aylanib, uni to‘rli yuza 3 bo‘ylab o‘tib uning
ostida joylashgan titish barabani 2 ga yo‘naltiradi, u ham soat strelkasi bo‘ylab aylanib, chigitli
paxtani to‘rli yuza 4 bo‘ylab yo‘naltiriladi, so‘ngra uni soat strelkasi bo‘ylab aylanadigan o‘ng
qatordagi pastki titish barabani 6 ta’siriga yo‘naltiradi. To‘rli yuzalar 3 va 4 orqali ajratilgan iflos
aralashmalar titib-ta’minlagich-tagida joylashgan tozalagich 17 ga tushadi, u yerda aralashadi va
chigindilar bilan birga tozalagichdan tashqgariga chigariladi.

O‘ng qatorning pastki yumshatish barabani 6 paxta xomashyosini yuqoriga uzatadi, shundan
so‘ng u ikkala gatorning yuqori barabanlari 1 va 5 ta’siriga tushadi, ular paxta bo‘laklari va paxta
bo‘laklarini bir-biriga va yuqoriga yo‘naltirgich 11 ga qaytaradi, shundan so‘ng paxta xomashyosi
o‘ng qator barabanlari 5 va 6 bilan ularni o‘rab turgan to‘siqlar 7 va 8 bo‘ylab ularning ichki
yuzalariga burchaklar 9 va chiviglar 10 mahkamlangan holda chigish teshigiga tashiladi, undan
paxta xomashyosi yo‘naltirgich 12 bo‘ylab tozalagich 17 ning arrachalibarabani 16 ga uzatiladi. 1-
rasmdagi sxemadagi 4-ta qozigli barabanlarni diametrlari o‘zgarmas bir xil diametrda (400 mm)
tayyorlangan, tajribalar davomida ularni aylanish tezliklari xam o‘zgarmas (450 ayl/daq.) qabul
qilingan. Tajribalarda paxta xom ashyosini faqat 4 dona uzun qozigli barabandan o‘tkazish
natijasida tozalash samaradorligi aniglangan. Bunda amaldagi metodik qo‘llanmalarga asosan
paxtani tarkibidagi mayda iflosliklar namunalar olish yo‘li bilan tozalashdan avvalgi va keyingi
iflosliklarni migdori LKM laboratoriya uskunasidan foydalanib aniglandi. [3]

Tajribalarni o‘tkazishdan magsad — uzun qoziqgli barabanlarni orasidagi gorizontal va vertikal
tekislikdagi tirqishlarni uning paxtani mayda iflosliklardan tozalash samarasiga ta’sirini
o‘rganishdan iborat edi. Tajribalarni o‘tkazish vaqtida S-6524 seleksion navli 2-sanoat navli paxta
xom ashyosidan foydalanildi. Dastlabki paxtaning namligi 8,4 % ni iflosligi 6,2 % ni tashkil etdi.
Titkich ta’minlagichning uzun qoziqli barabanlari orasidagi gorizontal va vertikal tekislikdagi
tirgishlarni 5 mm dan 20 mm gacha 5 mm interval bilan o°zgartirilib, to‘rtta variantda tajribalar
o‘tkazildi.

Tajribalarni  o‘tkazish vaqtida titkich ta’minlagichning ish unumdorligi, separator-
tozalagichning ish unumdorligiga mutanosib bo‘lishi uchun 8 t/soat tanlab olindi. Tajribalar vaqtida
titkich ta’minlagichning paxtani mayda iflosliklardan tozalash samaradorligi ko‘rsatkichlari
aniglandi. Aloxida tajribalarda uzun qoziqli barabanlarni gorizontal va vertikal tekislikdagi
tirqishlari o‘zgartirildi. Bunda o‘rganilmaydigan tirqishlar tanlab olingan baza miqdor 10 mm ga
o‘rnatildi. Tajribalarni natijalari 2-rasmda grafiklar ko‘rinishida keltirilgan. 2-rasmda Keltirilgan
grafiklardan ko‘rinib turibdiki, titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal,
xamda vertikal tekislikdagi tirgishlarni kattalashib borishi bilan titkich ta’minlagichning paxtani
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mayda iflosliklardan tozalash samaradorligi kamayib borishi kuzatildi. Titkich ta’minlagichni uzun
gozigli barabanlari orasidagi gorizontal, xamda vertikal tekislikdagi tirgishlarni 5 mm dan 10mm
gacha Kkattalashishida uning mayda iflosliklardan tozalash samaradorligi nisbatan kamroq
giymatlarda kamayishi 2-rasmdagi grafiklardan ko‘rinib turibdi.

Masalan, titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, xamda vertikal
tekislikdagi tirgishlarni 5 mm ga teng bo‘lganida uning paxtani mayda iflosliklardan tozalash
samaradorligi mos ravishda 13,95 % va 10,2 % ni tashkil etgan bo‘lsa, tirqishlarni 10 mm gacha
kattalashganida bu ko‘rsatkichlar mos xolda 13,8 va 10,1% ni tashkil etdi.
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2-rasm. Titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal va vertikal
tekislikdagi tirgishlarni paxtani mayda iflosliklardan tozalash samaradorligiga ta’siri.

Lekin, titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, xamda vertikal
tekislikdagi tirgishlarni 10 mm dan kattalashishi bilan uning paxtani mayda iflosliklardan tozalash
samaradorligi keskin kamayib ketishi aniqlandi. Masalan, titkich ta’minlagichni uzun qoziqli
barabanlari orasidagi gorizontal, xamda vertikal tekislikdagi tirgishlarni 15 mm ga kattalashishi
bilan titkich ta’minlagichning paxtani mayda iflosliklardan tozalash samaradorligi mos ravishda
12,0 va 8,3% ni, titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, xamda vertikal
tekislikdagi tirgishlarni 20 mm ga kattalashishi bilan titkich ta’minlagichning paxtani mayda
iflosliklardan tozalash samaradorligi mos ravishda 10,1 va 7,8 % gacha keskin kamayganligini 2-
rasmdagi grafiklardan ko‘rish mumkin. 2-rasmdagi grafiklarni taxlilidan yana shuni ta’kidlash
mumkinki, titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal tekislikdagi
tirgishlardan ko‘ra vertikal tekislikdagi tirgishlar paxtani mayda iflosliklardan tozalanishiga ko‘proq
ijjobiy ta’sir etar ekan.

Demak titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, hamda vertikal
tekislikdagi tirqishlarni miqdorlari uning paxtani mayda iflosliklardan tozalanishiga ta’sir etar ekan.

Titkich ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, xamda vertikal
tekislikdagi tirqishlarni eng kam 5 mm ga teng masofaga o‘rnatilganida titkich ta’minlagichni
yugori ish unumdorligida paxtani tigilish xolati yuz berishi kuzatildi. Shu sababli uning paxtani
mayda iflosliklardan tozalash samarasini deyarli kamaymasligini e’tiborga olib, titkich
ta’minlagichni uzun qoziqli barabanlari orasidagi gorizontal, xamda vertikal tekislikdagi tirqishlarni
10 mm ga teng o‘rnatilgani maqgsadga muvofiq bo‘ladi deb xulosa qilindi. Bunda titkich
ta’minlagichni paxtani tozalash agregati majmuasida qo‘llanilishi paxta xom ashyosini mayda
iflosliklardan tozalash samaradorligini 10-14 % gacha oshirilishini ta’minlashi kutilmoqda.
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TABIIY IPAKDAN YUPQA GAZLAMA ISHLAB CHIQARISHDA TO‘QUYV IPLARINI
TAYYORLASH

D.B. Yuldasheva

Farg‘ona davlat texnika universiteti
dildorayuldasheva78@gmail.com
(Qabul gilindi 22.02.2026 y.)

Anatatsiya. Dunyo ipakchiligi sanoatida ipak ishlab chigarish uchun resurs tejamkor texnologiyalar,
texnika vositalarining yangi turlarini ishlab chiqish, Iplarni to ‘quvga tayyorlash jarayonida asosan tanda va
arqoq iplaring ahamiyati va tabiiy ipakdan yupqa gazlama ishlab chigarishda to ‘quv iplarini tayyorlash.

Tayanch so‘zlar: gazlama, ipak, arqoq, tanda, gaz, pilla.

Annomanyusa. Paspabomka pecypcocOepezarowyux mexnono2uil, Hosble 8U0bl MEXHUYECKUX CPeocma
npouseodcmea ueika 6 Mupoeoﬁ WeNKoBoU npombvluliieHHocmu, 3Ha4enue Humell OCHO8bl U ymka 6 npoyecce
n0020Mo6KYU HUMell K mKadecmee, a makxkotce I’lOdZOl’I’lOGKa mKaykux Humeu npu npouseodcmee MOHKOU mapiu
U3 HamypajlbHOo2c0 ulejiKa.

Knroueevie cnosa: MKAaHob, WEJK, YNOK, OCHO8A, 2d3, KOKOH.

Abstract. The development of resource-saving technologies, new types of technical means of silk
production in the global silk industry, the importance of warp and weft threads in the process of preparing
threads for weaving, as well as the preparation of weaving threads in the production of fine gauze from
natural silk.

Keywords: fabric, silk, weft, warp, gas, cocoon.

Jahon bozorida gimmatbaho to‘gimachilik xom-ashyosi xisoblangan tabiiy ipakka bo‘lgan
extiyoj yildan-yilga ortib bormoqda. Jaxon ipakchiligida sifatli pilla yetishtirish, yetishtirilgan
pillalardan samarali foydalanish, xom ipak sifatini yaxshilash va ipakli mahsulotlar assortimentlarini
kengaytirishga katta e’tibor berilmoqda. Tabiiy ipak dunyoning Xitoy, Hindiston, O‘zbekiston,
Braziliya, Yaponiya, Koreya, Tailand, Vyetnam, Eron singari ko‘plab mamlakatlarida ishlab chiqariladi
va gayta ishlanadi. Jaxon ipakchilik sanoatida tabiiy ipak ishlab chigarish geografiyasi yildan yilga
kengayib bormoqda, uning to‘qimachilik balansida ulushining (0,2% - dan kam) juda kichik bo‘lishiga
garamasdan uni ishlab chigarish bilan dunyoning 60 ga yagin mamlakati shug‘ullanadi. Shuning uchun
dunyo ipakchiligi sanoatida ipak ishlab chigarish uchun resurs tejamkor texnologiyalar, texnika
vositalarining yangi turlarini ishlab chigishga yo‘naltirilgan keng gamrovli ilmiy-tadqiqot ishlari olib
borilmoqda. Gaz, eksselsior singari yupqa gazlamalar ishlab chigarish uchun mo‘jallangan xom
ipakning chiziqli zichligi bo‘yicha notekisligi yuqori sifat ko‘rsatkichlariga ega bo‘lishi kerak.
Ma’lumki xom ipak bir nechta pilla iplarini qo‘shib chuvish orqali tayyorlanadi, demak xom ipakning
notekisligi pilla iplarini notekisligiga, aniqrog‘i pilla iplarini ingichkalab borish koeffitsiyentiga ko‘p
jixatdan bog‘liq bo‘ladi. Xorij urug‘idan tayyorlangan pilla iplarining ingichkalab borish koeffitsiyenti
1,4-1,6ni, maxalliy urug‘lardan tayyorlangan pillalarniki esa 3,2-3,5ni tashkil etadi. Shuning uchun
yupga gazlamalarni ishlab chigarishga mo‘jallangan xom ipakni iloji boricha xorij urug‘idan
tayyorlangan pillalardan olish magsadga muvofiq bo‘ladi. Bundan tashqari xorij pillalari iplarining
0,250-0,270 teks chizigli zichlikka ega bo‘ladi, maxalliy pilla iplarining chiziqli zichligi esa 0,350-
0,420 teksni tashkil etmoqda. Bu esa xom ipakning uzuvchi kuchi va uzilishdagi cho‘zilishi
ko‘rsatkichlariga katta ta’sir o‘tkazadi. Ishlab chigarilgan xom ipaklarni laboratoriya sinovlarini amalga
oshirish uchun xom ipak partiyasidan amaldagi standart talablari asosida namunalar olinadi. Olingan
xom ipaklaridan laboratoriya sinovlarini amalga oshirish uchun xom ipak kalavadan ikki gardishli
g‘altaklarga ipakni qayta o‘rash dastgoxida o‘rab olinadi. Ishlab chigarilgan xom ipak namunalarini
ikki gardishli g‘altaklarda amaldagi davlat standarti talablari asosida kompleks laboratoriya sinovlaridan
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o‘tkazish uchun dastlab maxsus iqlim sharoitida 24 soat davomida saglanadi. Bunda amaldagi standart
talablariga binoan xavoning nisbiy namligi 65 %ni xarorati esa 22°Sni tashkil etadi. Xom ipak
namunalarini sinov tadqiqotlari xam xuddi shunday iqlim sharoitida o‘tkaziladi. To‘qimachilik
amaliyotida iplarni to‘qishga tayyorlash jarayonlari eng ma’sulyatli jarayonlardan xisoblanadi. Iplarni
to‘quvga tayyorlash jarayonida asosan tanda va arqoq iplari tayyorlab olinadi. Tabiiy ipakdan ipakli
gazlamalar ishlab chiqarishda tanda iplari ko‘p xolatlada eshilmagan ipak iplaridan tayyorlanadi. Milliy
assortimentdagi abrli gazlamalar uchun tanda iplari maxsus “davra” deb ataladigan tanda tayyorlash
dastgoxlarida tayyorlab olinadi, boshqa ipakli gazlamalarni to‘qish uchun esa tanda iplari maxsus
tandalash dastgoxlarida tayyorlanadi. Arqoq iplari esa asosan eshilgan ipak iplaridan “Xakoba”, UA-
300-3MSHL singari arqoq o‘rash avtomatlarida tayyorlab olinadi. Tanda iplarini to‘quv dastgoxining
jixozlaridan o‘tkazish to‘gilayotgan gazlama assortimentiga qayta taxtlashda, yangi gazlama
assortimentini to‘qishda yoki jixozlarni almashtirishda qo‘llaniladi. Tanda iplarini to‘quv dastgoxining
jixozlaridan o‘tkazib tandalarni to‘quv dastgoxiga taxtlashda maxsus taxtlash dastgoxlaridan (misol
uchun PSM 175 rusumli taxtlash dastgoxi) foydalaniladi.
Quyidagi jadvalda ip o‘tkazish dastgoxining ba’zi bir texnologik ko‘rsatkichlari keltirilgan.

T/r Ko‘rsatkichlarning nomlanish O‘Ichov birligi Sonli ko‘rsatgich
1 Ip o‘tkazish dastgoxining rusumi - [ICM-175
2 Dastgoxning ishchi kengligi Sm 175
3 Remizlar joylashish sig‘imi dona 12gacha
4 Lamel reykalari soni dona 6gacha
5 Ip o‘tkazish tezligi ip/daq. 28
6 Tig* ragamlari oralig‘i - 25-180

Eshilgan bir qavatli xom ipak iplaridan yangi assortimentdagi ipakli gazlamalar to‘qish uchun
tanda iplardan tashqari to‘qimachilik naychalariga o‘rash yo‘li bilan arqoq iplari xam tayyorlab olinadi.
Arqoq iplarini o‘rash uchun xizmat qiladigan naychalar asosan yog‘ochdan yoki xozirgi kunda
plastmassadan ko‘p xollarda 172, 185, 210 mm uzunlikda tayyorlanadi. Mexanik to‘quv dastgoxlarda
ishlatiladigan naychalarni ichini g‘ovak qilib tayyorlashadi, chunki bu naychalar to‘quv dastgoxi
mokkisi tilchasiga kiydirilib qo‘yiladi. Arqoq naychasiga arqoq iplari silindrsimon o‘ram shaklida
o‘raladi, lekin naychadan ip chiqishini yengillashtirish maqsadida o‘ramni ikki uchi kesik konus
shaklida o‘raladi. Arqoq naychalari silliq, mustaxkam bo‘lishi kerak, shu magsatda naychalar bug‘ va
namlikka chidamli bo‘lgan lak bilan laklangan bo‘lishi kerak. Naychalarga ipni kesik konus shaklida
o‘rash vaqtida o‘ramning konuslik burchagi tabiiy kompleks ipak iplari uchun 8°dan ortiq bo‘Imasligi
kerak. Arqoq naychalariga arqoq iplari arqoq o‘rash avtomatlarida o‘raladi. Jadvalda keltirilgan
ko‘rsatkichlarning taxlilidan shuni ko‘rish mumkinki o‘tkazish dastgoxlarida yangi tanda iplari
o‘tkaziladi. Yuqorida keltirilgan xolatlardan boshga xollarda (85-90 %) yangi tanda iplari uchlari
dastgoxda oldindan ishlatilgan va tugagan tanda iplari uchlariga bog‘lanadi. Tanda iplarini bog‘lash UP
tizimidagi ko‘chma, US tizimidagi statsionar yoki UPS tizimidagi universal bog‘lash dastgoxlarida
amalga oshiriladi.

To‘quv g‘altagidagi tanda iplari to‘quv dastgoxiga ulash uchun yuboriladi. Agar tandaning
fagtgina 10 %igina yangitdan taxtlanayotgan bo‘lsa tanda iplari to‘quv dastgoxiga qo‘lda ip o‘tkazish
usulida joylanadi, ya’ni zapravka qilinadi, qolgan 90 % iplar esa oldindan shu gazlama ishlayotgan
dastgoxlarga tanda iplarini ulash dastgoxlari yordamida ulab chigiladi. Eshilgan bir gavatli xom ipak
iplaridan yangi assortimentdagi ipakli gazlamalar to‘qish uchun tanda iplardan tashqari to‘qimachilik
naychalariga o‘rash yo‘li bilan arqoq iplari xam tayyorlab olinadi. Arqoq iplarini o‘rash uchun xizmat
qgiladigan naychalar asosan yog‘ochdan yoki xozirgi kunda plastmassadan ko‘p xollarda 172, 185, 210
mm uzunlikda tayyorlanadi. Mexanik to‘quv dastgoxlarda ishlatiladigan naychalarni ichini g‘ovak qilib
tayyorlashadi, chunki bu naychalar to‘quv dastgoxi mokkisi tilchasiga (shpreinkaga) kiydirilib qo‘yiladi.
Arqoq naychasiga arqoq iplari silindrsimon o‘ram shaklida o‘raladi, lekin naychadan ip chiqishini
yengillashtirish magsadida o‘ramni ikki uchi kesik konus shaklida o‘raladi. Arqoq naychalari silliq,
mustaxkam bo‘lishi kerak, shu maqsatda naychalar bug® va namlikka chidamli bo‘lgan lak bilan
laklangan bo‘lishi kerak. Naychalarga ipni kesik konus shaklida o‘rash vaqtida o‘ramning konuslik
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burchagi tabiiy kompleks ipak iplari uchun 8°dan ortiq bo‘lmasligi kerak. Arqoq naychalariga arqoq
iplari arqog o‘rash avtomatlarida o‘raladi.
Adabiyotlar
[1]. Oc‘zbekiston Respublikasi Prezidentining 2022 yil 28 yanvardagi “2022-2026 yillarga mo‘ljallangan Yangi
O‘zbekistonning taraqqiyot strategiyasi to‘g‘risida” gi PF-60-sonli Farmoni.
[2]. Oripov J.I. — Tabiiy ipakdan iplarni to‘gishga tayyorlash texnolo-giyasini takomillashtirish//Diss......t.f.f.d.,
Namangan, NamMT], 2022, 120 s.
[3]. Xomidov V.O. — Tabiiy ipak iplarini tandalash jarayoning tadqiq gilish va takomillashtirish//Diss....t.f.f.d.,
Namangan, NamMT], 2021, 111 s.
[4]. Turdiyev M. — Ipak to‘qimalari ishlab chiqarishda tanda iplarini to‘qishga tayyorlash texnologiyasini
takomillashtirish//Tagdimnoma........t.f.f.d., Namangan, NamMT]I, 2023, 45 s.
[5]. Patent UZ Ne IAP 06419 — Tabiiy ipak tanda iplarini to‘quvchilikka tayyorlash usuli/G*.N.Valiyev, J.I.Oripov,
M.Mirzaxonov, O.A.Axunbabayev, M.Turdiyev//

EFFECT OF HYDRAULIC RESISTANCE OF A WET GAS SCRUBBER ON THE
CLEANING EFFICIENCY
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Annotation. In the article, the effect of hydraulic resistance on the cleaning efficiency of a scrubber
with a spherical plate that cleans dusty gases by wet method is studied. In conducting experiments, using
superphosphate fertilizer dust as a sample dust, the effect of hydraulic resistance on the cleaning efficiency
of the device was studied in different parameters of the variable factor.lt was determined that the cleaning
efficiency of the scrubber is 59.9% at minimum hydraulic resistance and fluid consumption, and 99.92% at
maximum hydraulic resistance and fluid consumption.

Keywords: scrubber, sample dust, median size, superphosphate dust, abrasive plate, degree of
cleaning, hydraulic resistance.

On the basis of many scientific researches
conducted on the constructions of dust gas cleaning and
neutralization devices in the wet method, the study of their
achievements and shortcomings, as well as the systematic
analysis in the MatLab program [1,2,3,4], an improved
structural scheme of the spherical plate scrubber was
developed and the laboratory device was
created (Fig. 1) [5].

Depending on the change of various parameters in the
device, the coefficient of resistance of the working bodies,
hydraulic resistance and energy consumption were
determined theoretically and experimentally. The obtained
results were compared and error coefficients were
determined by processing in EXM.

Introduction
The purpose of this research work was to study the
effect of the parameters defined above on the cleaning efficiency of the device.

Figure 1. Overview of the laboratory model.

Research results

The cleaning efficiency of dust gas cleaning devices in the wet method is determined by the
energy used to carry out the process. It is known from the research work of KTSemrau [2,5] that the
cleaning efficiency depends on the hydraulic resistance of the device and does not depend on the
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size and construction of the device. In this case, the total energy consumption should be spent on
the cleaning of dusty gases with the help of liquid [5].

The energy consumption of the rotary disk scrubber also includes the energy spent on the
dust gas inlet and outlet of the device, the nozzles, the cleaning of the dust gas using the liquid, and
the friction in the pumps and fans. This method of calculation gives an error of £10% when applied
to wet scrubbers of different constructions and operating principles. In that case, the relationship
between cleaning efficiency and energy consumption in the scrubber with a spherical plate can be
expressed as follows, %[3,6,7,8,11];

BK?KP
Nexp =1—e (1)
where Kckr is the amount of energy used to clean 1000 m2 of gas in the scrubber, W; B and x
are constant numbers, which are determined experimentally based on the dispersed composition of
dust [2,10,11,12]. It was determined in the experiments that the median size of superphosphate dust
is 9.7 um, B=0.00009 and x=118 in the object we are investigating.
To determine the exact value of the cleaning efficiency, nckr is expressed by the number of
substance transfer. The number of substance transfers is determined according to the following
equation [5,9]:

N, =In( )
Mexp 2)
When the numerical value obtained in the equation is in the range of 0,5+10 the determined

value is compared according to Table 1 and the cleaning efficiency of the device is determined.
1- table

Determining the efficiency of cleaning depending on the number
of substance transfers

Number of transfers | Cleaning efficiency | Number of transfers | Cleaning efficiency
Nm NCKR Nm NCKR
0.5 39.35 4.0 98.17
1.0 63.21 6.0 99,752
2.0 86,47 10.0 99.9953

Using the results of the experiment to determine the hydraulic resistance and energy
consumption of the scrubber, the cleaning efficiency of the device was calculated based on the
above equations (1), (2) and Table 1, and comparison graphs were constructed (Figures 2, 3 and 4.
The multifactoriality of the conducted experiments should be taken into account Graphical
correlations on extraction efficiency built for lower and higher loads.
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Figure 2. Hydraulic resistance (APgas) of cleaning efficiency (nckr) dependence graph.(The angle of installation of the
spherical plate to the device =15 degrees const)
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Figure 4. Hydraulic resistance (APgas) of cleaning efficiency (nckr) dependence graph.
(The angle of installation of the spherical plate to the device =45 degrees const)

2, 3 and 4 graphical dependences using the method of least squaresempirical formulas were
obtained.
When gas speed vgss =7.4 m/s and angle g =15 degrees const;

y = 6.0504¢0-0075x R?=10.9993 (3)
y = 8.1953¢00072x R?=0.9981 4)
y = 8.7255g0:0073x R2=0.9981 (1)
When gas speed vgas=7.4 m/s and angle S =30 degrees const;
y = 5.6747¢00105 R?=0.9993 (5)
y = 7.3781g00103x R?=0.9987 (6)
y = 8.0349¢00102x R?=0.9985 )
When gas speed vgas =7.4 m/s and angle 5 =45 degrees const;
y = 5.696g00116x R?=0.9991 (8)
y = 6.801e00119x R?=0.9985 9)
y = 7.288g00119x R?=10.9985 (10)
When gas speed vgs =28.8 m/s and angle $ =15 degrees const;
y = 22.348g0-0003x R2=0.9949 (11)
y = 26.063¢0-0003 R?=0.9975 (12)
y = 26.826¢0-0003x R2=0.9972 (13)
When gas speed vgs =28.8 m/s and angle p =30 degrees const;
y = 21.822¢0:0004x R2=10.9975 (14)
y = 23.953¢0:0004 R?=10.9926 (15)
y = 24.841¢0:0004 R2=10.9926 (16)

When gas velocity vgas =28.8 m/s and angle S =45 degrees const;
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y = 20.24260.0004x R> = 0.9934 (17)
y = 22.50660.0004x R2=0.9873 (18)
y = 23.374g00004x R>=0.9873 (19)

From the graphical relationships presented in Figures 2, 3 and 4, it can be seen that the
scrubber has a cleaning rate of more than 99% at low hydraulic resistance and high liquid
consumption. But it has a negative impact on the performance of the device. On the other hand,
even with high hydraulic resistance, the cleaning efficiency is high, which, in turn, leads to the
accumulation of dusty gas in the technological line and, as a result, process disruption.

Conclusion

It can be seen from the correlations that the cleaning efficiency in the minimum hydraulic
resistance and liquid consumption of the scrubber was 59.9%, while the maximum hydraulic
resistance and liquid consumption was 99.92%. In conclusion, it can be said that a high level of
purification can be achieved with low energy consumption in the device. It is recommended to take
into account the median size of dust emitted from industrial enterprises.
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Annotatsiya. Ushbu magolada havoli sovitish qurilmalarining konstruktiv va texnologik xususiyatlari
tahlil qilingan. Qurilmalar turli klassifikatsiya mezonlari asosida tizimlashtirilib, ularning issiglik
almashinuvi samaradorligiga ta’sir etuvchi asosiy omillar aniglangan. Tadgqiqot natijasida turli qurilmalar
o ‘rtasida qiyosiy baholash amalga oshirilib, optimal ishlash sharoitlari belgilangan.
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Tayanch so‘zlar: havoli sovitish qurilmasi, issiglik almashinuvi, qovurg’ali quvurlar, issiqlik berish
koeffitsienti, samaradorlik.

Atmomamm. B oanmon cmamve npoaralusupoBadrnbl KOHCMPYKMUBHbIE U NMEXHOJI02UYECKUE
ocobennocmu  8o30ywHbIx  oxnadumeneti. Obopyoosanue  CUCMEMAMUZUPOBAHO  HO  PA3TUYHLIM
maccuqbumuuor-mbm npusHakam, a makokce onpeaeﬂeubz OCHOBHblE gbakmopbl, sauArouwue Ha
aghpexmusnocms  mennoobmena. B pesynbmame uccredosanus nposedena CPASHUMENbHASL OYEHKA
Pa3mUUHbIX MUnoe ycmpoﬁcme u onpe()ejzeHbl ONMUMAJbHbLE YCNO0BUA UX IKCNTIyamAayuu.

Knrouesvle cnoea: 6030ywinblll oxXaAa0umensb, menioobmen, opedpéunvie mpyovl, KodIp@uyuenm
mennioomoauu, 3QhekmueHocmo.

Abstract. This article analyzes the structural and technological features of air-cooled heat
exchangers. The equipment is systematized based on various classification criteria, and the main factors
affecting heat transfer efficiency are identified. As a result of the study, a comparative evaluation of different
types of devices is carried out and optimal operating conditions are determined.

Keywords: air-cooled heat exchanger, heat transfer, finned tubes, heat transfer coefficient, efficiency.

Sanoat korxonalarida issiglik almashinuvi jarayonlari texnologik siklning ajralmas gismi
hisoblanadi. Aynigsa, neft-gaz, kimyo va energetika sanoatlarida yuqori haroratli ishchi muhitlarni
sovitish, kondensatsiyalash va qayta ishlash jarayonlarida samarali sovitish tizimlarini qo‘llash
muhim ahamiyat kasb etadi. An’anaviy sovitish tizimlari, asosan, suvdan foydalanishga asoslangan
bo‘lib, ular katta hajmdagi suv resurslarini talab giladi. Biroq, bugungi kunda global miqyosda suv
resurslarining cheklanishi va ekologik talablarning kuchayishi havoli sovitish qurilmalariga bo‘lgan
ehtiyojni keskin oshirmoqda.

1-rasm. Havoli sovitish qurilmasining umumiy ko’rinishi.

Havoli sovitish qurilmalari issiglikni atmosfera havosi yordamida olib chigishga asoslangan
bo‘lib, ularning ishlash prinsipi konvektiv issiqlik almashinuvi jarayoniga tayangan. Bu
qurilmalarda issiq ishchi muhit quvurlar ichidan oqib o‘tadi, tashqi tomondan esa havo oqimi orgali
sovitiladi. Jarayon samaradorligi ko‘p jihatdan havo tezligi, issiqlik almashinuvi yuzasi va
qurilmaning konstruktiv yechimlariga bog‘liq bo‘ladi (1-rasm).

Zamonaviy muhandislikda havoli sovitish qurilmalarini turli belgilar asosida klassifikatsiya
qilish ilmiy va amaliy jihatdan muhim vazifa hisoblanadi. Chunki to‘g‘ri tanlangan qurilma nafaqat
energiya samaradorligini oshiradi, balki ekspluatatsiya xarajatlarini kamaytiradi va tizimning
ishonchliligini ta’minlaydi. Shu sababli, ushbu maqolada havoli sovitish qurilmalarining
klassifikatsiyasi tizimli ravishda ko‘rib chiqilib, ularning o‘zaro qiyosiy tahlili amalga oshiriladi.

Ushbu tadgigot analitik va tagqoslash usullariga asoslanadi. Turli tipdagi havoli sovitish
qurilmalarining ishlash prinsiplari, issiqlik almashinuvi intensivligi hamda energiya sarfi o‘zaro
solishtirildi. Tahlil davomida issiglik berish koeffitsienti, havo tezligi, yuzaning rivojlanganlik
darajasi va konstruktiv murakkablik kabi omillar asosiy mezon sifatida gabul gilindi.

Havoli sovitish qurilmalarini klassifikatsiya qilishda asosiy e’tibor issiqlik almashinuvi
jarayonining tashkil etilishiga qgaratiladi. Eng muhim omillardan biri bu havo ogimining harakat
usulidir. Tabiiy tortishli qurilmalarda havo harakati zichlik fargi natijasida yuzaga keladi, bu esa
energiya sarqovurg’ai kamaytiradi, biroq issiqlik almashinuvi intensivligini cheklaydi.
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Majburiy tortishli qurilmalarda esa ventilyator yordamida havo oqimi sun’iy ravishda
tezlashtiriladi. Bu esa issiglik uzatish koeffitsientining sezilarli darajada oshishiga olib keladi.
Induktsion tizimlarda esa havo ogimi yugori samaradorlik bilan boshqariladi va issiglik almashinuvi
jarayoni barqaror holatda kechadi.

1-jadval
Havoli sovitish qurilmalarining umumiy klassifikatsiyasi
Klassifikatsiya belgisi Qurilma turlari Tavsifi
Havo harakati bo‘yicha Tabiiy tortishli Havo zichlik fargi hisobiga harakatlanadi

Majburiy tortishli Ventilyator yordamida havo uzatiladi
Induktsion tortishli | Havo yugoridan tortib chiqgariladi

Konstruktiv tuzilishi | Gorizontal Oddiy joylashuv, xizmat ko‘rsatish qulay
bo‘yicha

Vertikal Kam joy egallaydi

A-shaklli Katta yuzaga ega, yuqori samarador
Issiglik almashinuvi yuzasi | Sillig quvurlar Oddiy, lekin samaradorlik past
bo‘yicha

Qovurg’ali quvurlar | Yuzasi kengaytirilgan, yugori samarador

Konstruktiv jihatdan garalganda, A-shaklli qurilmalar issiglik almashinuvi yuzasini maksimal
darajada oshirish imkonini beradi. Bu esa aynigsa katta quvvatli sanoat qurilmalarida muhim
ahamiyat kasb etadi.

1-jadvalda keltirilgan klassifikatsiya havoli sovitish qurilmalarini tizimli ravishda tushunishga
imkon beradi. Havo harakati bo‘yicha ajratish eng muhim mezonlardan biri hisoblanadi, chunki
aynan havo ogimining intensivligi issiglik almashinuvi tezligini belgilaydi. Masalan, tabiiy tortishli
qurilmalarda energiya sarfi deyarli nolga teng bo‘lsa-da, issiglik uzatish intensivligi past bo‘ladi.

Majburiy tortishli tizimlarda ventilyator yordamida havo tezligi oshiriladi va natijada issiglik
berish koeffitsienti ortadi. Induktsion tizimlar esa aerodinamik jihatdan mukammal bo‘lib, issiqlik
almashinuvi jarayonini yanada bargaror giladi.

Konstruktiv shakl ham katta ahamiyatga ega. Aynigsa, A-shaklli qurilmalar sanoatda keng
qo‘llanilib, ular issiglik almashinuvi yuzasini maksimal darajada oshirish imkonini beradi.

Quvurlar yuzasining rivojlanganligi issiqlik uzatishda asosiy omillardan biridir. Qovurg’ali
(girrali) quvurlar qo‘llanilganda, issiqlik almashinuvi yuzasi bir necha barobar ortadi. Natijada, bir
xil hajmdagi qurilmada ko‘proq issiqlik uzatiladi.

Quyidagi jadvalda turli konstruksiyalarning qiyosiy ko‘rsatkichlari keltirilgan:

2-jadval
Havoli sovitish qurilmalarining giyosiy tahlili
Qurilma turi Issiglik samaradorligi Energiya sarfi Ishonchlilik
Tabiiy sovitish Past Juda past Yugori
Majburiy sovitish Yuqgori O‘rta Yugori
Induktsion sovitish Juda yuqori O‘rta Juda yuqori

2-jadvalda turli havoli sovitish qurilmalarining samaradorligi, energiya sarfi va ishonchliligi
o‘zaro solishtirilgan.

Mazkur jadvaldan ko‘rinib turibdiki, tabiiy tortishli qurilmalar konstruktiv jihatdan sodda va
energiya sarfi juda past bo‘lishiga qaramay, ularning issiqlik almashinuvi samaradorligi yetarli
darajada yugori emas. Shu sababli ular kichik quvvatli yoki yordamchi tizimlarda qo‘llaniladi.

Majburiy tortishli qurilmalar esa sanoatda eng keng tarqalgan bo‘lib, ular issiglik almashinuvi
intensivligini sezilarli darajada oshiradi. Biroq, ventilyator ishlashi sababli energiya sarfi mavjud.

Induktsion tortishli qurilmalar esa eng yuqori samaradorlik va ishonchlilikni ta’minlaydi.
Ular, aynigsa, neft-gaz va kimyo sanoatida katta quvvatli qurilmalarda qo‘llaniladi. Shu bilan birga,
ularning konstruksiyasi murakkabroq va boshlang‘ich qiymati yuqoriroq bo‘ladi.
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Olingan natijalar shuni ko‘rsatadiki, havoli sovitish qurilmasining samaradorligi ko‘plab
omillarga bog‘liq bo‘lib, ularning ichida eng muhimlari havo oqimining tashkil etilishi va issiqlik
almashinuvi yuzasining rivojlanganligidir. Aynigsa, qovurg’ali quvurlar qo‘llanilganda qurilmaning
samaradorligi keskin oshadi.

Shu bilan birga, energiya sarfi va ekspluatatsiya xarajatlarini ham hisobga olish zarur. Yugori
samaradorlikka ega tizimlar ko‘pincha ko‘proq energiya talab giladi, bu esa iqgtisodiy tahlilni ham
muhim giladi.

Xulosa qilib aytganda, havoli sovitish qurilmalarini ilmiy asosda klassifikatsiya qilish
ularning optimal turini tanlash imkonini beradi. Tadqiqot natijalari shuni ko‘rsatadiki, sanoatda
yuqori samaradorlikka erishish uchun qovurg’ali quvurlarga ega majburiy yoki induktsion tortishli
qurilmalar eng magbul hisoblanadi.
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MICROSTRUCTURE OF MOISTURE-RESISTANT AUTOCLAVED AERATED
CONCRETE AND ITS EFFECT ON MOISTURE RESISTANCE
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Abstract This article presents the results of a detailed study of the microstructure of moisture-
resistant autoclaved aerated concrete (AAC) using Scanning Electron Microscopy (SEM). The research
analyzes the porous structure of AAC, the effect of hydrophobic additives (silane-silicone based) on water
absorption indicators, mechanical strength, thermal insulation properties, and resistance to freeze-thaw
cycles. The results show that the addition of hydrophobic agents reduces water absorption by 65-72%,
increases compressive strength by 18-22%, keeps thermal conductivity almost unchanged, and nearly
doubles the resistance to freeze-thaw cycles. Microstructural analysis confirmed the formation of closed
pores, the blocking of capillary water flow, and the stabilization of tobermorite crystals. These findings have
significant practical importance for the production of moisture-resistant AAC in the construction materials
industry, especially in high-humidity regions of Uzbekistan (Tashkent, Fergana Valley), and directly
correspond to the dissertation topic “Structure and Technology of Moisture-Resistant Autoclaved Aerated
Concrete”.

Keywords: autoclaved aerated concrete, microstructure, moisture resistance, hydrophobic additives,
water absorption, tobermorite.

Introduction: Autoclaved aerated concrete (AAC) is one of the most effective lightweight
materials in the modern construction industry. Its density typically ranges from 400—800 kg/m?. Due
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to its high thermal and sound insulation properties, fire resistance, and seismic load-bearing
capacity, it is widely used in wall blocks, panels, and filling structures. In the Republic of
Uzbekistan, AAC production has developed rapidly over the past 10-15 years, with several large
enterprises operating successfully.

However, the high porosity of AAC (up to 70-85%) is its main drawback. Ordinary aerated
concrete rapidly absorbs moisture, which reduces the mechanical strength of the material, causes
cracking during freeze-thaw cycles, leads to tissue corrosion, and shortens the service life of
buildings by 20-30%. This problem is particularly acute in Uzbekistan’s continental climate (cold
and humid winters, hot summers).

The effective way to solve the moisture resistance problem is the use of hydrophobic
additives (silane, silicone emulsions, stearates). This study is aimed at a detailed investigation of the
microstructure of AAC and identifying the mechanism for improving moisture resistance. The
research results form the theoretical and experimental basis of the dissertation work and open
opportunities for implementing new technologies on an industrial scale. Although similar
approaches have been successfully applied in international practice (NIST reports, ASTM
standards), optimization based on local raw materials (Ohangaron cement, Fergana quartz sand) and
climatic conditions is necessary.

Materials and methods: The following raw materials were used in the study: Portland
cement CEM 1 42.5N (Ohangaron cement plant), quartz sand (fraction 0.1-0.5 mm), lime (CaO >
85%), aluminum powder (0.05-0.1% by mass), and hydrophobic additive — silane-silicone emulsion
(0.5-1.5%). The target density of the samples was 500 + 20 kg/m?. Mixing speed was 300 rpm, gas
generation temperature 4045 °C, duration 2 hours. Autoclaving regime: temperature 190 °C,
pressure 1.2 MPa, duration 8 hours.

The microstructure was studied using a Hitachi S-3400N SEM microscope at 500—5000%
magnification. Samples were pre-coated with gold. Water absorption was determined according to
ASTM C642 (24 and 48 hours immersion), compressive strength according to GOST 10180, and
freeze-thaw resistance according to GOST 10060. For each test, 6-8 parallel samples were used.
Statistical analysis was performed using Microsoft Excel and ANOVA method (95% confidence
level).

Results: SEM images clearly showed that the porous structure of moisture-resistant AAC is
more closed and uniform. The hydrophobic layer covers the pore walls with a thin film, closing
open capillary channels and stabilizing the growth of tobermorite crystals.

Standard AAC Moisture-
Resistant AAC
Standard AAC Hydrophobic layer

2000x Tobermorite
crystals

Picture 1. SEM microstructure of autoclaved aerated concrete (2000x).
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Table 1.
Physical and mechanical properties of AAC (mean value + standard deviation, n=6)
. Compressive Water Thermal Freeze-thaw
Density, . ..
Sample type Ke/m® strength, absorption, | conductivity, cycles
& MPa % (24 h) W/(m-K) (resistance)

Standard AAC | 505+ 8 3.8+£0.2 224+ 1.1 0.12+0.01 25+3
Moisture-
resistant AAC | 498 +7 4.6+0.3 72+0.5 0.11 +0.01 48 + 4
(1% silane)

Water Absorption Rate of Moisture-Resistant AAC
vs Standard AAC
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Picture 2. Water absorption dynamics of moisture-resistant and standard AAC (48-hour test).

Discussion: Hydrophobic additives cover the pore walls and block capillary water flow,
thereby preventing moisture from penetrating the internal structure. As a result, strength is
maintained, thermal insulation is improved, and resistance to freeze-thaw cycles increases
significantly. The results are fully consistent with international studies (Mathey R.G., NIST, 1988;
Alaei M. et al., 2025; Rafiza A.R. et al., 2022). In Uzbek conditions, such material can increase the
durability of wall structures by 35-45% and contribute to energy savings. From a practical point of
view, the technology allows saving raw materials and reducing production costs.

Conclusion: The microstructure of moisture-resistant AAC has closed porosity due to the
hydrophobic layer, which significantly improves moisture resistance. The research results form the
core of the dissertation and create a scientific and practical basis for industrial implementation. In

the future, it is planned to test other types of hydrophobic agents (stearate-based) and conduct
industrial-scale trials.
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INCREASING MOISTURE RESISTANCE OF AUTOCLAVED AERATED CONCRETE
THROUGH THE USE OF HYDROPHOBIC AGENTS IN PRODUCTION TECHNOLOGY
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Abstract The article examines in detail the methods of increasing moisture resistance by optimizing
the production technology of autoclaved aerated concrete (AAC). The effect of adding silane and stearate-
based hydrophobic agents in various amounts (0.5-2%) was studied. The results show that at the optimal 1%
hydrophobic additive, water absorption decreases by 60-65%, compressive strength increases by 20-25%,
thermal conductivity remains unchanged, and overall service life is extended. The technological scheme,
economic efficiency (cost reduction by 12-18%), and possibilities for implementation at Uzbek enterprises
are calculated. This approach offers a new technological solution for the local construction industry in
accordance with the dissertation topic.

Keywords: autoclaved aerated concrete technology, hydrophobic agents, moisture resistance,
autoclaving, construction materials industry, economic efficiency.

Introduction: AAC production in Uzbekistan has been rapidly developing in recent years.
However, in high-humidity conditions (annual average 60-75%), ordinary AAC walls quickly
become saturated with moisture, lose thermal insulation properties, require frequent repairs, and
increase energy consumption. Improving the technological process by adding hydrophobic agents
makes it possible to obtain moisture-resistant AAC. This work is directly related to the dissertation
topic and is intended for industrial-scale application based on local raw materials.

Materials and methods: Raw material composition: Portland cement 48-52%, quartz sand
33-37%, lime 10-14%, aluminum powder 0.08%, water 40-45%. Hydrophobic agent — silane
emulsion (0.5-2%). Mixing at 300 rpm, gas generation for 2 hours, autoclaving at 185-195 °C, 1.0—
1.4 MPa, 6-10 hours. Tests were carried out according to standard methods (GOST, ASTM, ISO).

Results The technological scheme was improved as follows.

Production Process of
Moisture-Resistant AAC (GGB)

! H-ydrophoblzmg agent e Aatoclaving
!f¥ ] Lime (1%) l (1900(:)

=

Mix raw Add Ready
moisture-
resistant

AAC (GGB)

Autoclaving

materials hydrophobizing (190°C)

(sand, cement, agent

lime, gypsum, (1% lime)
water)

Picture 1. Technological scheme for the production of moisture-resistant AAC.
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Table 1.
Properties depending on the amount of hydrophobic agent (mean value, n=6)
Hydrophobic | Water absorption, | Compressive Ther”?af' Freeze-thaw
agent, % % (24 h) strength, MPa conductivity, cycles
’ ' W/(m-K)
0 (standard) 23.1 3.5 0.12 25
0.5 14.2 4.1 0.12 35
1.0 8.9 4.4 0.11 48
15 6.5 4.2 0.12 50
2.0 6.2 3.9 0.13 45

Compressive Strength of AAC
Based on Hydrophobi=zing
Agent Percentage

N
0

B 7 Hydrophobizing Agent (26)

0

)

0

Compressive Strengtk (VPa)

o o.5 1 1 =

Hydrophobizing Agent (25)

Picture 2. Change in compressive strength depending on the amount of hydrophobic agent.

Discussion: Hydrophobic agents do not affect the gas generation process but hydrophobize
the pore walls, cutting off the contact of moisture with the internal structure. The best results are
observed at an optimal dosage of 1%. This technology is suitable for enterprises such as “BS
Gazobeton” and “SamGazo” and saves 5-10% of raw materials. Economic calculations show that
the cost of 1 m* of AAC decreases by 12-18%.

Conclusion: The proposed technology ensures the production of moisture-resistant AAC by
adding hydrophobic agents. The results can be fully applied in dissertation experiments,
implemented in industry, and serve as a basis for updating construction standards in Uzbekistan. In
the future, pilot line tests and long-term monitoring are planned.
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Annotatsiya. Beton qurilish sanoatida eng keng tarqalgan konstruktiv materiallardan biri bo ‘lib,
mustahkamligi va uzoq xizmat muddati bilan ajralib turadi. Shu bilan birga, an’anaviy betonning egilishga
nisbatan mo ‘rtligi uning funksional imkoniyatlarini cheklaydi. Mazkur muammoni bartaraf etish magsadida
kompozit asosdagi egiluvchan beton texnologiyasi ishlab chigilgan. Ushbu material tarkibiga kiritilgan
mikro tolalar beton ichida kuchlanishlarning qayta tagsimlanishini ta’minlab, yorilishga chidamlilik va
deformatsiyaga moslashuvchanlikni oshiradi. Maqolada egiluvchan betonning tarkibiy tuzilishi, ishlab
chiqarish texnologiyasi, asosiy fizik-mexanik ko ‘rsatkichlari hamda qurilish amaliyotidagi qo ‘llanish
vo ‘nalishlari ilmiy tahlil gilinadi.

Tayanch so‘zlar: egiluvchan beton, mikro tolalar, polimer kompozitlar, elastiklik, mustahkamlik,
innovatsion materiallar.

AHHOmMayuA. B cospemeHHbIX YCA08USAX pA3GUMUSL CIMPOUMENbHOU UHOYCMPUU 0cob0e SHUMAHUE
yoensaemcsa CO30aHUI0  MAMepudnog ¢ NOBbIUEHHOU MPewuUHOCMOUKOCMbI0 U 0ehOpMAYUOHHOU
yCWlOl:lllugOCWlblO. Tpa()uuuonnble bemonnble Komnosuyuu, Hecmomps HA  6blCOKYIHO  NPOYHOCNIb,
XApaKkmepuzyiomcs XpynKum paspyueHuem U 0SPaHudeHHOU CnoCOOHOCMbI0 GOCHPUHUMAMb uzeubarouue
HAZcpY3KU. Hepcnekmueﬂbm HanpaejleHuem noebluleHUsl JIKCniyamayuOHHblX nokazamenei s615emcs
npumeHeHue 2UOK020 6em0Ha, apmupoeaHHoco MUKPOBOJOKHAMU. Hanuuue ()ucnepCHoeo apmupoearnus
CI’lOCO6CI716y€m nepepacnpedeﬂenwo GHYMPEHHUX HanpﬂofceHmZ, CHUMCEHUIO UHMEHCUBHOCMU 05]961306611—!14}1
MUKpOmMPpEWUH U YBEIUYECHUIO NAACMUYHOCMU L!eMEHWIHOﬁ mampuybl. B cmamuve I’lpe()CWZCZGJZEH AHAAUu3
cocmaea, mexHojocuyecKux ocobennocmeu U320MOBJIEHUA, gbu3u}<0-MexaHuquKux xapakmepucmuk u
obnacmeil npakmu4eckozo npumeHerus 2ubKo20 bemona 6 cmpoumenvcmee.

Knroueevite cnosa: cudbxuil 6€m0H, MUKPOBOJIOKHA, NOJUMEPHbLE KOMNo3umsl, NPOYHOCHIb,
21ACMU4YHOCms, UKHOBAYUOHHbLE MAmMepPUalbl

Abstract. Concrete remains a fundamental construction material due to its durability, availability, and
economic efficiency. Nevertheless, conventional concrete exhibits limited tensile capacity and brittle failure
behavior, which restrict its structural performance. To overcome these limitations, flexible cement-based
composites reinforced with microfibers have been developed. The presence of microfibers enhances crack
control, improves energy absorption capacity, and increases deformation resistance. This paper presents an
analytical review of the material composition, manufacturing principles, mechanical performance, and
practical application prospects of flexible concrete in modern construction engineering.

Keywords: flexible concrete, microfibers, polymer composites, strength, elasticity, innovative
materials.
Kirish

So‘nggi o‘n yilliklarda qurilish sanoatida yuqori mustahkamlik va uzoq xizmat muddatiga ega
materiallarga bo‘lgan talab ortib bormoqda. Ushbu talablarni qondiruvchi asosiy materiallardan biri
beton hisoblanadi. Biroq an’anaviy betonning past cho‘ziluvchanligi va mo‘rt buzilish xususiyati
murakkab yuklama sharoitlarida uning ishonchliligini cheklaydi. Betonning eng asosiy kamchiligi-
mo‘rtligi va deformatsiyaga chidamsizligi hisoblanadi. Oddiy beton katta bosim yoki egilish kuchi
ostida yorilib ketadi. Bu holat, ayniqsa, ko‘priklar, yo‘l plitalari va yer osti inshootlari uchun jiddiy
muammo tug‘diradi.

So‘nggi yillarda dunyo miqyosida, xususan Rossiya, Kanada, AQSh va Singapurda betonning
yangi turlarini ishlab chiqish bo‘yicha ilmiy tadqiqotlar olib borilmoqda. Ushbu izlanishlar
natijasida egiluvchan beton (Flexible Concrete, ECC-Engineered Cementitious Composite) deb
nomlangan yangi avlod materiallari yaratildi. Bu materiallar an’anaviy betonning mustahkamligini
saglab golgan holda, unga plastiklik va egiluvchanlik xususiyatlarini beradi.[1]
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Egiluvchan betonning nazariy asoslari

Egiluvchan betonning nazariy asoslari:

Egiluvchan beton-bu tolalar bilan dispers mustahkamlangan kompozit material bo‘lib,
an’anaviy beton tarkibiga nisbatan yaxshilangan deformatsion xususiyatlarga ega. Uning tarkibida
asosily bog‘lovchi sifatida tsement, mayda to‘ldirgichlar, suv hamda polimer yoki metall asosli
mikro tolalar qo‘llaniladi. Mikro tolalar beton matritsasi ichida hosil bo‘ladigan ichki
kuchlanishlarni muvozanatlashtirib, mikroyoriglarning nazorat ostida rivojlanishini ta’minlaydi.

Tolalarning mikroskopik o‘lchamlari tufayli yoriglar bir nuqtada jamlanib qolmay, butun
hajm bo‘ylab tarqaladi. Natijada material yuklama ta’sirida sinib ketmasdan, ma’lum darajada
egilib, o‘z yaxlitligini saqlab qoladi. Ushbu mexanizm egiluvchan betonning zarba bardoshliligi,
cho‘ziluvchanligi va uzoq muddatli ishlash bargarorligini ta’minlaydi. [2]

Tarkibi va ishlab chigish texnologiyasi

Rossiya Federatsiyasida olib borilgan tadqiqotlar natijalariga ko‘ra (Far East Federal
University Research Center, 2023), bog‘lovchi komponentlar ma’lum nisbatlarda aralashtirilishi
orgali materialning elastikligi oshirilgan. Ushbu bog‘lovchi komponent quyidagi moddalardan
iborat:

ohaktosh va kvarts qumi maydalangan chigindilari;

sholipoya (guruch poyasi) kulidan olingan mineral qo‘shimchalar;

polimer mikro tolalar (polipropilen yoki aramid asosida).

Bu kombinatsiya betonni nafagat mustahkam, balki rezinaga o‘xshash elastik xususiyatga ega
giladi. Beton quyish jarayonida o‘zi zichlashadi, bu esa qo‘shimcha tebranish (vibratsiya)
jarayoniga ehtiyojni kamaytiradi.

Egiluvchan betonning afzalliklari

Egiluvchan beton an’anaviy beton bilan solishtirilganda bir gator muhim ustunliklarga ega:

deformatsiyaga moslashuvchanlik darajasi sezilarli yuqori bo‘lib, material yuklama ostida
yorilmasdan ishlash imkonini beradi;

mikroyoriglar kengayishi cheklanganligi sababli konstruksiyaning xizmat muddati uzayadi;

konstruktiv elementlar qalinligini kamaytirish hisobiga umumiy og‘irlik pasayadi;

sanoat chigindilaridan foydalanish ekologik samaradorlikni oshiradi;

ekspluatatsiya va ta’mirlash xarajatlari qisqaradi. [3]

Egiluvchan betonning amaliy qo‘llanilishi

Egiluvchan beton bugungi kunda quyidagi yo‘nalishlarda qo‘llanilishi maqsadga muvofiq deb
topilmoqda:

Yol va ko‘prik plitalari- egiluvchanlik va zarbaga bardoshlilik tufayli.

Yer osti inshootlari-bosim ta’sirida yorilmasdan deformatsiyalanish qobiliyati mavjudligi
uchun.

Bunkerlar va harbiy inshootlar-portlash zarbalarini yutish gobiliyati sababli.

Seysmik faol hududlar-zilzilalar paytida material elastik deformasiyaga uchraydi, ammo
uvalanmaydi.

Arxitektura elementlari-egiluvchanlik tufayli murakkab shaklli konstruksiyalarni tayyorlash
imkonini beradi.[4]

Xulosa

Egiluvchan beton-qurilish materiallari sohasidagi muhim innovatsiyalardan biridir. U oddiy
betonning mustahkamlik xususiyatlarini saqlagan holda, unga egiluvchanlik, cho‘ziluvchanlik va
zarbani yutish xususiyatlarini qo‘shadi. Shuningdek, ekologik toza va iqtisodiy jihatdan samarali
material sifatida uning ishlab chiqarish tannarxi past bo‘lib, uzoq muddatli ekspluatatsiyani
ta’minlaydi. Kelajakda egiluvchan beton texnologiyasi nafaqat yo‘l va sanoat inshootlarida, balki
fugaro qurilishi, transport infratuzilmasi va ekologik xavfsiz konstruktsiyalarda ham keng
qo‘llanishi kutilmoqda.
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Abstract. Agrobots are technological innovations that raise agricultural processes to a completely
new level of development. In agriculture, robotic units replace the labor of many work teams, facilitate,
accelerate and simplify the process of harvesting fruits, spraying soil and crops, delivering feed and
transporting crops. Keywords: robots, agro-industrial complex, productivity, digitalization, mechanization,
crop production, green agriculture.

Keywords: Robots, agro-industrial complex, productivity, digitalization, mechanization, crop
production, green agriculture, artificial intelligence, precision agriculture, automation, resource
conservation, environmental impact, technological innovations.

Armomauu}l. A2p0p0601’l’Ibl — amo mexHoJjliocudveckKue UHHOBAYUU, Komopbslie 6‘b160()}1m
CeNbCKOXO3AUCEEHHbIE npoyeccobl HA COBEPULEHHO HOBbIU YPOB€EHb pa36UMuUAl. B cenvckom xosaticmee
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MPAHCROPMUPOBKU CENIbCKOXO3AUCMBEHHOU npodykyuu. Knrouesvie ciosa: pobomol, azponpomviulieHHbll
KOMMNJEKC, np0u3600umeﬂbﬁocmb, L;ugbpoeus’auuﬂ, mexaHusayust, pacmeHueeodcmeo, 3€/l1eHoe cellbCcKoe
X0351CmE0.
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UHme1ekm, movHoe 3€MJZ€()€JZU€, asmomamuszayus, pecypcoc6epeofceﬁue, gozoeticmeue Ha OKpyaHcaroyyio
cpe()y, mexHojiocudecKkue uHHoeayuu.

Annotatsiya. Agrobotlar gishlog xo‘jaligi jarayonlarini butunlay yangi rivojlanish darajasiga
ko ‘taradigan texnologik innovatsiyalardir. Qishloq xo ‘jaligida robot birliklari ko ‘plab ishchi jamoalarning
mehnatini o ‘rnini bosadi, meva yig ishini, tuproq va ekinlarni purkashni, ozuga yetkazib berishni va hosilni
tashishni osonlashtiradi, tezlashtiradi va soddalashtiradi. Tasnu cyzaap: robotlar, agro-sanoat kompleksi,
hosildorlik, ragamlashtirish, mexanizatsiyalashtirish, o ‘simlikchilik, yashil gishlog xo jaligi.

Tayanch  so‘zlar: Robotlar, agro-sanoat  kompleksi, hosildorlik, ragamlashtirish,
mexanizatsiyalashtirish, o ‘simlikchilik, yashil gishlog xo fjaligi, sun’iy intellekt, aniglikdagi gishlog xo ‘jaligi,
avtomatizatsiya, resurslarni tejash, atrof-muhitga ta 'sir, texnologik innovatsiyalar.

Kirish. Qishloq xo‘jaligida robotlashtirish bugungi kunning gishloq xo‘jaligi sektorida
hosildorlik va bargarorlikni oshiradigan zamonaviy yechimdir. Yangi robot texnologiyalarini joriy
etish orqali ko‘plab afzalliklarga erishish mumkin. Bularga vazifalarni aniqligini oshirish,
ishchilarning jismoniy zo‘riqishini kamaytirish, resurslarni optimallashtirish, vazifalarni tezroq
bajarish va atrof-muhitga ta’sirini kamaytirish kiradi[10]. Qishloq xo‘jaligida qo‘llaniladigan
robototexnika misollariga bemalol traktorlar va kombaynlar, meva va sabzavotlarni avtomatik
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yig’ish va qadoqlash, o‘simliklarga g’amxo‘rlik qilish vazifalari, masalan, kesish, begona o‘tlarni
tozalash va sug’orish, shuningdek, sigirlarni sog’ish va yaylovlarni kuzatish kiradi. Robotlashtirish
muammolari: texnologiyalar va robotlarni turli xil tuproq turlari va iglimiy omillarga moslashtirish
zarurati; mashinalarni samarali boshgarish va avtomatlashtirilgan tizimlarni saglashga qodir
malakali kadrlarning yetishmasligi[11].

Agro-sanoat kompleksi robotlashtirishi bugungi tez rivojlanayotgan texnologik muhitda
juda dolzarbdir. Robototexnika va avtomatizatsiyani gishloq xo‘jaligiga joriy etish orqali
samaradorlik, hosildorlik va barqarorlikni oshirish uchun katta salohiyat mavjud. Robotlar urug’
ekish, begona o‘tlarni tozalash, hosil yig’ish va hatto ekinlar salomatligini kuzatish kabi vazifalarni
aniglik va bashorat bilan bajarishi mumkin. Bu tabiiy resurslarni optimallashtirishga, mehnat
xarajatlarini kamaytirishga va suv va o‘g’itlar kabi resurslarni maqsadli qo‘llash orqali atrof-
muhitga ta’sirini minimallashtirishga yordam beradi.

Qishloq xo‘jaligida robotlashtirish rivojlanishida bir necha muammo mavjud. Bularga robot
texnologiyalarini sotib olish va joriy etishning yuqori dastlabki xarajatlari, bu tizimlarni boshgarish
va saqlash uchun maxsus o‘qitish zarurati va qishloq joylarida inson mehnatini potentsial ravishda
o‘rnini bosish kiradi. Bundan tashqari, qishloq xo‘jaligida raqamli texnologiyalarni ko‘payishi bilan
ma’lumotlar xavfsizligi va maxfiyligi masalalari haqida xavotirlar mavjud[9].

Robototexnikaning qishloq xo‘jaligida muhim foydalari bo‘lsa-da, ushbu muammolarni hal
qilish va robototexnikani qishloq xo‘jaligiga muvaffaqiyatli va barqaror integratsiya qilishni
ta’minlash uchun ehtiyotkorlik bilan ko‘rib chiqish kerak.

Qishloq xo‘jaligida robotlashtirish urug’ ekish, ekinlar salomatligini kuzatish, hosil yig’ish
va an’anaviy ravishda odamlar tomonidan bajariladigan boshqa vazifalar uchun robotlardan
foydalanishni o‘z ichiga oladi. Biroq, gishloq xo‘jaligi sektorida robotlashtirishni muvaffaqiyatli
joriy etish ehtiyotkorlik bilan rejalashtirishni, texnologiyaga sarmoya Kiritishni va qishlog
jamoalariga potentsial ijtimoiy-iqtisodiy ta’sirini ko‘rib chiqishni talab qiladi[8].

Umumiy xususiyatlar. Robototexnikadan foydalanish orqali fermerlar urug’ ekish, begona
o‘tlarni tozalash va hosil yig’ish kabi vazifalarni avtomatlashtirishi mumkin, bu o‘z navbatida
samaradorlik va hosildorlikni oshirishga olib keladi. Sensorlar va sun’iy intellekt algoritmlari bilan
jihozlangan robotlar ekinlar salomatligini kuzatishga, resurslardan foydalanishni optimallashtirishga
va kimyoviy moddalarga bo‘lgan ehtiyojni kamaytirishga yordam beradi. Umuman olganda,
robototexnikani qishloq xo‘jaligiga integratsiya qilish dehqonchilik amaliyotlarini inqilob qilish
salohiyatiga ega bo‘lib, ularni barqarorroq va atrof-muhitga do‘stona giladi.

Sun’ity intellekt (AI) qishloq xo‘jaligida tobora ko‘proq uchraydi va sanoatni turli yo‘llar
bilan ingilob gilmoqda[6].

Aniqlikdagi qishloq xo‘jaligi: Al aniqlikdagi qishloq xo‘jaligi uchun ishlatiladi, bu
navigatsiya texnologiyalari orgali dala darajasida nazoratni optimallashtirishni o‘z ichiga oladi.
Bunga dronlar, sensorlar va Al algoritmlaridan foydalangan holda ekinlar salomatligini, tuproq
sharoitlarini va hosildorlikni optimallashtirishni monitoring qilish kiradi[1].

Bashoratli tahlil: Al algoritmlari ob-havo sharoitlari, tuproq sifati va vagtinchalik
ma’lumotlar kabi turli ma’lumot nugqtalarini tahlil qilishi mumkin, bu ma’lumotlar va kelajak
bashoratlarini taqdim etadi. Bu fermerlarga urug’ ekish, hosil yig’ish va zararkunandalarga garshi
kurash bo‘yicha xabardor garorlar gabul qilishga yordam beradi.

Ekinlarni monitoring va boshgarish: AI vositalari dronlar yoki sun’iy yo‘ldoshlar
yordamida dala tasvirlarini tahlil gilish orgali ekinlarni monitoring va boshgarishi mumkin.
Zararkunandalarning tarqalishi yoki suv stressi kabi ko‘proq e’tibor talab qiladigan joylarni
aniqlash orqali fermerlar tezda tuzatish choralarini ko‘rishi mumkin[5].

Begona o‘tlar va zararkunandalarga qarshi kurash: AI begona o‘tlar va
zararkunandalarni samarali aniglashga yordam beradi va shu orqali zararli gerbitsidlar va
pestitsidlardan foydalanishni kamaytiradi. Mashina o‘rganish modellari ekinlar va istalmagan
o‘simliklarni farqlashi mumkin, maqsadli davolashni ta’minlaydi.

Ta’minot zanjirini optimallashtirish. Bashoratli tahlil gishloq xo‘jaligi mahsulotlarini
yaxshiroq rejalashtirish va tagsimlashga yordam beradi.
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Robototexnika va avtomatizatsiya: Robotlar va Al-ga asoslangan avtomatizatsiya
vositalari urug’ ekish, hosil yig’ish va ozig-ovqatlarni saralash kabi turli vazifalar uchun ishlatiladi.
Bu zarur bo‘lgan qo‘lda mehnatni kamaytiradi va samaradorlikni oshiradi[2].

Iqlim ofzgarishiga moslashish: Al fermerlarga o‘zgaruvchan iqlim sharoitlariga
moslashishga yordam beradi, ma’lumotlar va tavsiyalar taqdim etadi. Bunga bashorat gilingan ob-
havo sharoitlariga asoslangan urug’ ekish jadvallarini, sug’orish amaliyotlarini va ekin navlarini
sozlash kiradi.

Al ni qishloq xo‘jaligida qo‘llash fermerlarga hosildorlikni oshirishga, xarajatlarni
kamaytirishga va bargarorrog va atrof-muhitga do‘stona qarorlar gqabul qilishga yordam bermoqda.
U qishloq xo‘jaligining kelajagini shakllantirishda va o‘sib borayotgan jahon aholisi uchun ozig-
ovqat xavfsizligini ta’minlashda muhim rol o‘ynaydi[4].

Qishloq xo°‘jaligi bozorida robotlardan foydalanish texnologiya rivojlanishi va bargaror va
samarali dehqonchilik amaliyotlariga talab ortishi bilan o‘sishda davom etishi kutilmoqda.

Ecorobotix robot begona o‘t tozalagich - Qatorli ekinlar, o‘tloq ekinlari va qopqoq
ekinlarini samarali tozalashga qodir avtonom mashina bo‘lib, barcha atrof-muhit talablariga javob
beradi. Og’irligi atigi 130 kg bo‘lganligi sababli, u quyosh nurida 12 soat davomida inson
aralashuvisiz ishlashi mumkin. Avtonom dron engil GPS treker va bortdagi bir nechta sensorlardan
foydalanadi. Magsadni aniqlash uchun robot tanasiga o‘rnatilgan murakkab kameralardan
foydalanadi. Mikro-in’eksiyalar gerbitsid iste’molini 90% ga kamaytirishi mumkin, shu bilan birga
ular an’anaviy ishlov berish usullariga qaraganda 30 foiz arzonroq. Mashina kuniga uch
gektargacha erlarni ishlov berishga godir. Robotning yuqori gismida fotogalogen quyosh panellari
mavjud bo‘lib, ular barqaror quvvat ta’minotini ta’minlaydi[3].

Robot oddiy va intuitiv boshgaruv interfeysi bilan jihozlangan bo‘lib, bu uning
foydalanishini hatto malakasiz xodimlar uchun ham qulay giladi. Bundan tashgari, u avtonom
ravishda bog’da harakatlanishi va mevalarni yig’ishi mumkin. Robot sitrus yig’uvchidan
foydalanish an’anaviy qo‘lda yig’ish bilan bog’liq xavflarni kamaytirishga yordam beradi, masalan,
ishchilarning jarohatlanishi, zinapoyadan yiqilishi yoki daraxtlarga zarar yetkazish. Robot
o‘simliklarga ehtiyotkorlik bilan muomala qiladi va ularga zarar yetkazmaydi. Yuqori hosildorlik,
igtisodiy samaradorlik va xavfsizlik tufayli sitrus yig’uvchi robot sitrus sanoatida tobora
ommalashib bormoqda. U fermerlarga hosil yig’ish jarayonini optimallashtirishga, xarajatlarni
kamaytirishga va o‘z biznesining rentabelligini oshirishga imkon beradi[7].

Innovatsion Rubion Robot yuqori samarali qulupnay yig’ish uchun Belrobotics, progressiv
Belgiya robototexnika kompaniyasi, Rubion deb nomlangan inqilobiy to‘lig avtonom qulupnay
yig’uvchi robotni taqdim etadi. Ushbu yangi mexanizm hosil yig’ishni optimallashtirish va mehnat
etishmasligi bilan bog’lig muammolarni bartaraf etish va qulupnay sifatini izchil ta’minlash uchun
mo‘ljallangan. Avtonom navigatsiya va aniq aniqlash Rubion issigxonalarda va qishloq xo‘jaligi
tunnellarida avtonom ravishda harakatlana oladi.

Xulosa. Qishloq xo‘jaligida robot texnologiyalarini joriy etish hosildorlikni oshirish, mehnat
xarajatlarini kamaytirish va barqarorlikni ta’minlash uchun zamonaviy yechim hisoblanadi.
Robotlar urug’ ekish, begona o‘tlarni tozalash, hosil yig’ish va ekinlar salomatligini kuzatish kabi
vazifalarni aniglik bilan bajarib, tabiiy resurslarni tejashga va atrof-muhitga ta’sirni kamaytirishga
yordam beradi. Sun’iy intellekt va sensor texnologiyalari, masalan, dronlar va GPS, aniqlikdagi
qishloq xo°jaligini rivojlantirishda muhim rol o‘ynaydi. Biroq, robotlashtirishning yuqori dastlabki
xarajatlari, malakali kadrlar yetishmasligi, ma’lumotlar xavfsizligi muammolari va qishloq
aholisining ijtimoiy-iqtisodiy ta’siri kabi muammolar mavjud. Ushbu muammolarni hal qilish va
texnologiyalarni turli tuprog va iglim sharoitlariga moslashtirish orqgali robotlashtirishni
muvaffaqiyatli integratsiya qilish mumkin. Kelajakda robototexnika qishloq xo‘jaligini inqilob
gilib, ozig-ovqat xavfsizligini ta’minlash va barqaror dehqonchilikni rivojlantirishda katta
imkoniyatlar ochadi.
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BLOKCHEYN ORQALI QAYTA TIKLANUVCHI ENERGIYA INVESTITSIYALARINI
RAG‘BATLANTIRISH MEXANIZMLARI.
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Annotatsiya: Mazkur maqgolada blokcheyn texnologiyasining gayta tiklanuvchi energiya sohasida
investitsiyalarni jalb etish va ularni samarali boshqarishdagi o ‘rni tahlil gilinadi. Unda blokcheyn asosidagi
energiya savdosi, shaffoflik, tranzaksiyalar xavfsizligi va mikroinvestitsiyalar imkoniyatlari ko ‘rib chigiladi.
Shuningdek, energiya ishlab chiqaruvchilar va iste’molchilar o rtasidagi raqamli ishonch tizimlari,
tokenizatsiya va aqlli shartnomalar orqali sarmoyadorlar uchun yangi rag ‘batlantiruvchi mexanizmlar taklif
etiladi. Tadqiqot natijalariga ko ‘ra, blokcheyn texnologiyasi qayta tiklanuvchi energiya loyihalarini
moliyalashtirishda shaffoflik va likvidlikni ta’minlab, energetika bozorida ishonch muhitini mustahkamlash
imkonini beradi.

Tayanch so “zlar: aglli shartnoma, blokcheyn, gayta tiklanuvchi elektr energiya, tokenizatsiya, ragamli
igtisodiyot investitsiya, energiya bozori.

Aunomauusn: B OaunHoll cmamve aHAIUUPYEMCS POdb MEXHOAo2UU ONOKYeliH 6 NpueiedeHul
unsecmuyutl 8 cghepy B60300HOGAAEMOU dHEP2eMUKU U NOBbIUeHUU SDdeKmusHocmuy ux YnpaeieHusl.
Pacwwampuearomc;z makue acneknivl, KAK nmopeoeJii 3Hep2ueﬁ HA OCHoee 5JZOK‘H€IZHCZ, obecnevenue
npo3pavrocnu, 66307’[(16‘HO0Wlb mpawam;uﬁ U 603MOINCHOCMU MUKPOUHBECMUPOBAHUAL. KpOM@ moceo,
npeaﬂazaiomc;z Hogble cmumyaupyrouwiue mexanusmovl OJZ}Z UHeeCmopos, OCHOBAHHbLE HA I/;u¢p06blx cucmemax
()oeepuﬂ Meofcdy npous'eodumeﬂ;mu u nompe6umeﬂ;mu IHepcUuU, a maKdHce Ha UCnolb306aHUU MmoKerusayuu
u emapm-KOHmMmpaKkmaoe. Pe3yﬂbmambl UCcne008anus nokKasvslearom, 4mo mexHoJI02cUA OnoKkueln cnocobHa
obecneuusams NPO3PAYHOCHb U TUKBUOHOCb NPU (PUHAHCUPOBAHUU NPOEKMO8 8 0OAACMU 80300HOBIAEMOU
SHEpeemuKU, a maxdice CnocooCmayem YKpenieHuo 008epUMelbHOlU CPedbl Ha IHEPLeMUYeCKOM PbIHKe.

Kniwoueevie cnosa: cmapm-KOHmpaKkm, 6/10K1£€L7H, 80300H065eMAas JJIEKMpO-9Hepeusl, MOKEeHU3ayusl,
UHBECMUYUU 8 YUDPOBYIO FIKOHOMUKY, IHEPLEMUYECKUL PHIHOK.

Abstract: This article examines the role of blockchain technology in attracting investments to the
renewable energy sector and enhancing the efficiency of their management. It explores key aspects such as
blockchain-based energy trading, transparency, transaction security, and opportunities for micro-
investments. Furthermore, the study proposes novel incentive mechanisms for investors through the
implementation of digital trust systems between energy producers and consumers, as well as through
tokenization and smart contracts. The findings indicate that blockchain technology can ensure transparency
and liquidity in financing renewable energy projects while strengthening trust within the energy market.

Keywords: smart contract, blockchain, renewable electricity, tokenization, digital economy
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investment, energy market.

Kirish. So‘nggi yillarda global miqyosda energiya sohasida yuz berayotgan o‘zgarishlar,
xususan, qayta tiklanuvchi manbalarga o‘tish jarayoni investitsiya mexanizmlarini tubdan
o‘zgartirmoqda. Quyosh, shamol, biogaz va geotermal energiya kabi manbalar bargaror iqtisodiy
rivojlanishning muhim omiliga aylanmoqgda. Shu bilan birga, ushbu sohada investitsiyalarni jalb
etish jarayonida shaffoflik, ishonch va moliyaviy xavfsizlik muammolari saglanib golmoqda.

Blokcheyn texnologiyasi ushbu muammolarga zamonaviy yechim sifatida e’tirof etilmoqda.
U markazlashmagan ma’lumotlar bazasi sifatida har bir tranzaksiyani shaffof, tekshiriladigan va
o‘zgartirib bo‘lmaydigan tarzda saqlash imkonini beradi. Natijada, energiya ishlab chiqgarish va
iste’mol qilish jarayonlari hamda ular bilan bog‘liq moliyaviy operatsiyalarni to‘liq raqamlashtirish
imkoniyati paydo bo‘lmoqda.

Bundan tashqari, blokcheyn texnologiyasi investorlar, ishlab chigaruvchilar va iste’molchilar
o‘rtasida ishonchli ragamli muhitni shakllantiradi. Shu orqali energiya loyihalariga kichik
investorlar ham osonlik bilan qo‘shila oladi, bu esa qayta tiklanuvchi energiya sektorida yangi
igtisodiy imkoniyatlarni yaratadi.

O‘zbekistonda esa blokcheyn texnologiyasi asosan moliya va to‘lov tizimlarida sinov
tariqasida qo‘llanilmoqda. Biroq gqayta tiklanuvchi energiya sohasida bu texnologiyaning
imkoniyatlari hali yetarlicha o‘rganilmagan. Shuning uchun ushbu yo‘nalishda ilmiy izlanishlar olib
borish va amaliy mexanizmlar ishlab chigish dolzarb ahamiyat kasb etadi.

Blokcheyn texnologiyasi gayta tiklanuvchi energiya sohasida investitsiyalarni boshgarish va
ularga ishonchni mustahkamlashda muhim o‘rin tutadi. Ushbu texnologiyaning asosiy afzalligi
ma’lumotlarning markazlashmagan shaklda saglanishi va har bir operatsiyaning o‘zgartirib bo‘lmas
tarzda yozib borilishidadir. Bu yondashuv investitsiya jarayonida shaffoflikni ta’minlaydi,
firibgarlik holatlarining oldini oladi hamda barcha ishtirokchilar o‘rtasida o‘zaro ishonch muhitini
yaratadi. Masalan, blokcheyn asosida faoliyat yurituvchi “Power Ledger” platformasi orqali
iste’molchilar ortigcha ishlab chigargan elektr energiyasini bevosita boshqga foydalanuvchilarga
sotish imkoniyatiga ega bo‘lib, shu orqali kichik ishlab chigaruvchilarning igtisodiy manfaatdorligi
ortmoqda.

Aglli kontraktlar texnologiyasi blokcheynning energiya tizimidagi eng muhim jihatlaridan
biridir. Ular inson aralashuvisiz avtomatik ravishda bajariladigan shartnomalar bo‘lib, energiya
ishlab chiqaruvchi va iste’molchi o‘rtasidagi hisob-kitoblarni tez va xavfsiz tarzda amalga oshiradi.
Masalan, iste’molchi quyosh paneli orqali ishlab chiqilgan energiyani sotib olganida, kontrakt
shartlari bajarilgach, to‘lov avtomatik tarzda amalga oshadi. Bu jarayon vaqtni tejaydi,
vositachilarga ehtiyojni kamaytiradi va tizimning samaradorligini oshiradi. Shuningdek, aglli
kontraktlar yordamida xalgaro energiya savdosini avtomatlashtirish va vyirik transchegaraviy
bitimlarni soddalashtirish imkoniyati yaratiladi.

Blokcheyn texnologiyasi qayta tiklanuvchi energiya manbalarini tokenlash orgali
investitsiyalarni ko‘proq jalb etish imkonini beradi. Tokenlash — bu ma’lum bir energiya birligi
yoki loyiha hissasini raqamli token ko‘rinishida ifodalash jarayonidir. Investor ushbu tokenni sotib
olib, loyihadan ulushdor sifatida foyda olish huqugiga ega bo‘ladi. Bu usul kichik sarmoyadorlar
uchun katta loyihalarda ishtirok etish imkoniyatini ochadi, chunki tokenlar katta mablag® talab
gilmaydi. Natijada, gayta tiklanuvchi energiya sektori fagat yirik investorlar emas, balki oddiy
fugarolar ishtirokida ham rivojlanadi va igtisodiyotda inklyuzivlik kuchayadi.

Shuningdek, blokcheyn texnologiyasi uglerod kreditlari savdosini ragamlashtirishda ham
samarali vosita sifatida e’tirof etilmoqda. Uglerod kreditlari orgali ishlab chigaruvchilar yoki
kompaniyalar o‘zlarining ekologik majburiyatlarini bajarish bilan bir qatorda, tejab qolingan karbon
miqdorini bozorda sotish imkoniyatiga ega bo‘ladi. Blokcheynda har bir uglerod birligi o‘zgartirib
bo‘lmas ragamli yozuv sifatida saqlangani sababli bu jarayon shaffof, ishonchli va kuzatuvchan
bo‘ladi. Natijada, ekologik loyihalar uchun investitsion oqim ortadi, yashil iqtisodiyotning
rivojlanishiga yangi turtki beriladi.

Yana bir muhim jihat shundaki, blokcheyn texnologiyasi yordamida mikroinvestitsiyalar va
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jamoaviy moliyalashtirish tizimlarini yaratish mumkin. Bu orqgali har bir fugaro, kichik korxona
yoki mabhalliy jamiyat o‘z mablag‘ining oz qismini qayta tiklanuvchi energiya loyihalariga
yo‘naltirib, foyda olish imkoniyatiga ega bo‘ladi. Bunday yondashuv aholining iqtisodiy faolligini
oshiradi, energiya ishlab chigarishni demokratlashtiradi hamda markazlashmagan energetika
modelini shakllantiradi. Shu bilan birga, davlat organlari bunday tizimlar orqgali investitsiyalarni
real vaqt rejimida nazorat gila oladi, bu esa sohada shaffoflikni yanada kuchaytiradi va korrupsion
xavflarni kamaytiradi.

Natijalar. Tadqiqot natijalari shuni ko‘rsatadiki, blokcheyn texnologiyasi qayta tiklanuvchi
energiya sohasida investitsiya jarayonlarini soddalashtiradi, xavfsiz va shaffof muhit yaratadi.
Energiya ishlab chiqaruvchilar, investorlar va iste’molchilar o‘rtasida vositachilarsiz o‘zaro
ishonchli hamkorlik tizimi shakllanadi.

Shuningdek, tokenlash va aqglli kontraktlardan foydalanish energiya bozorida likvidlikni
oshiradi hamda kichik investorlarning ishtirokini rag‘batlantiradi. Bu esa energetika sektorida
inklyuziv iqgtisodiy o‘sishni ta’minlaydi.

Natijada, blokcheyn asosida gayta tiklanuvchi energiya investitsiyalarini boshgarish nafagat
iqtisodiy, balki ekologik barqgarorlikni ham kuchaytiradi. Bu texnologiya orqali “yashil” energetika
loyihalarini xalgaro miqyosda moliyalashtirishning yangi bosgichi boshlanmoqda.

Xulosa. Blokcheyn texnologiyasi qayta tiklanuvchi  energiya investitsiyalarini
rag‘batlantirishda muhim innovatsion vosita sifatida namoyon bo‘lmoqda. U nafagat moliyaviy
jarayonlarni soddalashtiradi, balki energiya ishlab chiqarish, tagsimlash va iste’mol qilish tizimida
shaffoflik va ishonchlilikni ta’minlaydi.

Kelgusida O‘zbekiston sharoitida ushbu texnologiyani qayta tiklanuvchi energiya bozoriga
integratsiya qgilish, milliy energiya siyosatiga mos normativ-huquqiy asoslar yaratish zarur. Shu yo‘l
bilan mamlakatimizda ekologik toza energiya ishlab chigarish va unga investitsiya kiritish yanada
jadal rivojlanadi.
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Annotatsiya. Mazkur magqolada o ‘zbek raqamli mediasida (ijtimoiy tarmogqlar, messenjyerlar,
onlayn nashrlar va video-platformalar) tildan foydalanishning zamonaviy tendensiyalari lingvistik hamda
lingvopragmatik nugtai nazardan yoritiladi. Tadgiqot doirasida internet-mulogotga xos ixchamlashuv
(lingvistik igtisod), yangi so ‘zlar (neologizmlar), o ‘zlashmalar, kod-almashuv, mem, emoji va xeshteglarning
kommunikativ vazifalari, shuningdek, multimodal vositalarning matn mazmunini tashkil etishdagi roli tahlil
qilinadi. Natijalar ragamli muhit til birliklarining ekspressiviashuvini kuchaytirishi, yozma nutqning og ‘zaki
nutqga yaqginlashuvi hamda diskursning polilogik (ko ‘p ishtirokchili) xususiyatga o ‘tishini ko ‘rsatadi.

Tayanch so ‘zlar: ragqamli media diskursi, internet tili, neologizm, qisqartma, o ‘zlashma, kod-
almashuv, xeshteg, emoji, mem, multimodallik, lingvopragmatika.
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Abstract. This article examines modern trends in language use in Uzbek digital media (social
networks, messengers, online news portals, and video platforms) from linguistic and pragmalinguistic
perspectives. The study focuses on linguistic economy (brevity and compression), neologisms, borrowings,
code-switching, and the communicative functions of memes, emojis, and hashtags, as well as the role of
multimodal elements in meaning-making. The findings show that the digital environment intensifies
expressiveness, brings written communication closer to spoken interaction, and transforms discourse into a
more interactive and polylogical form.

Key words and expressions: Uzbek digital media discourse, Internet language, neologism,
abbreviation, borrowing, code-switching, hashtag, emoji, meme, multimodality, pragmalinguistics.

Almomamm. B cmampve pacemampuearomcs CoepemMeHHble mem)ermuu UCNOJIb30BAHUA A3bIKA 6
V30eKcKux yugposvix meoua (coyuanvHvle cemu, mecceHOxucepul, oHaaun-CMHU u eudeonramgpopmul) c
JUHSBUCTNUYECKOU U npaemaxzuneeucmuueczmd MOY4€eK 3PEeHUAL. AHafzu3upyr0mc;z S16AEeHUSL S3bIKOGOU YKOHOMUU
(cofcamue u KpLZWZKOCn’Zb), HeOoJlo2u3mbl, 3AUMCmME0O6AHUA, K00080€ nepexKiioderue, a makoice
KOMMYHUKamMueHvle qbyHKL;uu MeMoes, IMOO3U U XOUMe208 U POoJib My]lbmuMOO(l]leblx cpeacme 6
Gopmuposanuu cmoicna. Pesyromamol nokaswviearom, umo yugposas cpeda ycuiugaem KCHPecCU8HOCHLb
peuu, coOnudicaem NUCOMEHHYI0 KOMMYHUKAYUIO ¢ YCMHOU U Oendaem OUCKypc Ooliee UHMepaKmueHbiM U
nojauiocu4ecKum.

Knioueevie cnosa u eviparxcenusn: yugposou meouUadUCKypc, UHMEPHEeM-A3bIK, HeOL02U3M,
CoKpawernue, szaumcmeosanue, K00060¢€ nepexkivderue, xouimee, 3M003u, mem, MlebmuMO()aJZbHOCWlb,
npacmaiunceuCmuKa.

Kirish. Ragamli texnologiyalar jadal rivojlanishi natijasida kommunikatsiya shakllari keskin
o‘zgardi: axborot almashinuvi tezlashdi, auditoriya kengaydi, matn ishlab chiqarish va gabul qilish
jarayonlari yangi platformalarga ko‘chdi. O‘zbek internet makonida Telegram, Instagram,
Facebook, YouTube, TikTok kabi platformalarda muloqotning o‘ziga xos uslubi shakllanib, u
tilning leksik, grammatik va pragmatik qatlamlariga bevosita ta’sir ko‘rsatmoqda.

Ragamli media tili an’anaviy yozma nutqdan farqli ravishda tezkorlik, ixchamlik, emotsional-
ekspressivlik va interaktivlikni talab giladi. Shu sababli ragamli muhitda gisgartmalar, inglizcha
o‘zlashmalar, gibrid birliklar, emoji/xeshteg/mem kabi semiotik elementlar ko‘payadi; mazmun
ko‘p hollarda multimodal (matn + rasm + audio + video) shaklda uzatiladi. Mazkur maqolaning
magsadi — o‘zbek ragamli mediasida tildan foydalanishning zamonaviy tendensiyalarini aniglash
va ularning funksional (kommunikativ-pragmatik) imkoniyatlarini ilmiy asosda yoritishdir.
Adabiyotlar tahlili va metodologiya. Ragamli kommunikatsiya va internet tili masalalari

jahon tilshunosligida “computer-mediated communication (CMC)”, “internet linguistics”, “digital
discourse” kabi yo‘nalishlar doirasida tadqiq etiladi. Xususan, internet tilining o‘ziga xosligi,
yozma—og‘zaki nutq chegaralarining o‘zgarishi, multimodallik va vizual belgilar orqali ma’no
yaratish, kod-almashuvning kuchayishi hamda ragamli etiketa (netiquette) masalalari ko‘plab
izlanishlarda yoritilgan.
Ushbu tadgigotda metodologik asos sifatida:

o diskurs tahlili (post, komment, chat nutqining kontekst bilan bog‘ligligini ochish);

e lingvopragmatik tahlil (nutq magsadi, ta’sirchanlik, baholash va munosabatni aniqglash);

o kontekstual-semantik tahlil (birliklarning real kontekstdagi ma’nosi);

o tasniflash va qiyosiy tahlil (an’anaviy va raqamli nutq farqlari)qo‘llandi.

Empirik material sifatida o‘zbek segmentidagi Telegram kanallari, Instagram postlari va YouTube
izohlaridan olingan namunalar (reklama matnlari, yangilik sarlavhalari, kommentlar, kundalik
chatlar) asosida kuzatishlar olib borildi.
Natija va muhokama.

1) Lingvistik iqgtisod (ixchamlashuv) va gisgartmalar
Ragamli muhitda tez yozish va tez anglash ehtiyoji tilning igtisodiylashuvini kuchaytiradi. Shuning
uchun:

e so‘zlar gisqartiriladi: “rax” (rahmat), “togr” (to‘g‘ri), “mn” (men), “sv” (savol);

e gap tuzilmalari soddalashadi: “Kelasanmi?” — “kelsan?”, “Qayerdasan?” — “qayerd?”;

¢ 9 <

o og‘zaki nutqqa xos qisqa replikalar ko‘payadi: “ha”, “yo‘q”, “xo‘p”, “bo‘ldi”.
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Bu holat yozma nutqning og‘zaki nutqqa yaqinlashuvi va dialogik shaklning kuchayishi bilan
izohlanadi.
2) Neologizmlar, o‘zlashmalar va gibrid birliklar
Ragamli media yangi realiyalarni tez nomlashni talab giladi. Natijada inglizcha birliklar va gibrid
shakllar faol ishlatiladi:

e trend, story, live, bloger, kontent, challenge, pranking, update;

e o°‘zbekcha qo‘shimchalar bilan moslashuv: “post qildim”, “layk bosdim”, “reelsga chiqdi”,

“bloklab qo‘ydi”.

Bu jarayon bir tomondan leksik boyishni ta’minlasa, ikkinchi tomondan me’yoriylik va uslubiy
moslik masalasini ham dolzarblashtiradi.
3) Kod-almashuv (code-switching)
Raqgamli diskursda o‘zbekcha gap ichida inglizcha yoki ruscha birliklarning qo‘shilishi kuzatiladi:
e “Bugun meeting bor, keyin yozaman.”
e “Deadline yagqin, tezroq topshiring.”
e “Srochno yuboring, admin kutyapti.”
Kod-almashuv ko‘pincha kasbiy muloqot (IT, marketing, SMM), prestij, tezkorlik va terminlarning
qulayligi bilan bog‘liq bo‘ladi.
4) Emoji, sticker, gif va xeshteglarning pragmatik vazifasi
Ragamli mediasozlashuvda emoji va stickerlar:
« emotsiyani bildiradi (95 ®);
o kinoya yoki yumorni kuchaytiradi;
« baholashni ixcham ifodalaydi (w<¥ ¥);
« mulogot ohangini belgilaydi.
Xeshteglar esa:
« matnni indekslaydi (#yangilik #dolzarb #kunmavzusi);
o auditoriyani jalb giladi;
« reklamaviy va algoritmik targatish vazifasini bajaradi.
Demak, emoji va xeshteglar “bezash” vositasi emas, balki ma’no yaratishning semiotik mexanizmi
sifatida namoyon bo‘ladi.
5) Multimodallik va polilogik diskurs
Ragamli media matni ko‘pincha bitta kod bilan cheklanmaydi: matn rasm, video, audio, musiqiy
fon, animatsiya bilan birlashadi. Ma’no aynan shu kodlarning uyg‘unligi orqali yaratiladi.
Kommentlar, repost, reaksiya va “reply”lar esa muloqotni polilogik shaklga olib chiqib, diskursning
interaktiv tabiatini kuchaytiradi.

Xulosa. O‘zbek ragamli mediasida tildan foydalanish zamonaviy kommunikativ ehtiyojlar
asosida yangi funksional yo‘nalishlar kasb etmoqda. Asosiy tendensiyalar sifatida lingvistik iqtisod
(ixchamlashuv), neologizmlar va o‘zlashmalar faollashuvi, kod-almashuv,
emoji/xeshteg/memlarning pragmatik-semiotik funksiyasi hamda multimodallikning kuchayishini
ko‘rsatish mumkin. Bu jarayonlar yozma nutqni og‘zaki nutqqa yaqinlashtiradi, ekspressivlikni
oshiradi va ragamli diskursni yangi tipdagi til hodisasi sifatida talgin etish zaruratini yuzaga

keltiradi.
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Abstract This study examines the use of emotional vocabulary in digital communication, focusing on
the expression of emotions through text messages and emojis. With the increasing prevalence of social media
platforms and messaging applications, emotional expression has shifted from predominantly face-to-face
interaction to digitally mediated forms. The research aims to identify the linguistic and visual means used to
convey emotions in online communication and to analyze their frequency and functional characteristics. A
mixed-methods approach was employed, combining qualitative content analysis and quantitative statistical
analysis. Data were collected from social networking sites and messaging platforms and processed using
NVivo and SPSS software. The findings indicate that positive emotions prevail in digital texts, while emojis
play a significant role in reinforcing and complementing emotional meaning. The study highlights the
growing importance of multimodal emotional expression in digital discourse and underscores the need for
further research into cultural and contextual variations in emoji use.

Keywords: emotional vocabulary; digital communication; emojis; multimodality; online discourse;
qualitative analysis; quantitative analysis; social media communication

Annotatsiya Mazkur maqolada ragamli mulogotda emotsional leksikaning qo ‘llanilishi, xususan,
matnli xabarlar va emojilar orqali his-tuyg ‘ularni ifodalash masalasi tahlil gilinadi. Ijtimoiy tarmoglar va
messenjeriarning keng tarqalishi natijasida emotsiyalarni ifodalash usullari sezilarli darajada o ‘zgardi va
asosan og zaki mulogotdan raqamli muhitga ko ‘chdi. Tadgiqotning asosiy magsadi — onlayn mulogotda
qo ‘llaniladigan til va vizual vositalarni aniqlash hamda ularning chastotasi va funksional xususiyatlarini
tahlil qilishdir. Tadgiqotda sifat va migdoriy tahlil usullari uyg ‘unlashtirilgan. Ma lumotlar ijtimoiy
tarmoqlar va messenjerlardan yig ilib, NVivo hamda SPSS dasturlari yordamida qayta ishlangan. Natijalar
shuni ko ‘rsatadiki, ragamli matnlarda ijobiy emotsiyalar ustunlik giladi va emojilar xabarning emotsional
mazmunini kuchaytirishda muhim rol o‘ynaydi. Tadqgiqot raqamli diskursda multimodal emotsional
ifodaning ahamiyatini ta’kidlaydi hamda emojilardan foydalanishning madaniy va kontekstual jihatlarini
yanada chuqurroq o ‘rganish zarurligini ko ‘rsatadi.

Tayanch so“zlar: emotsional leksika; ragamli mulogot; emoji; multimodallik; onlayn diskurs; sifat
tahlili; migdoriy tahlil; ijtimoiy tarmoglar

Aunomauml B cmamve pacemampueaentcia uCnojlib306aHue QMOZ/;MOHaJZbHOZZ JIeKCUKU 6 Lﬂld)pOGOM
06meHuu C AKYeHmom Ha evlpasiceHue BMOZ/IMIZ uepes meKcmosvle COO6W€HM}Z u 2mo03u. B YClao8uUsAx
AKMU6HO2O pas3eumusl COYUuadibHblx cemell u MECCEHODK‘epOS cnocobvl nepedaltu BMOL;ML? cyulecneerHo
MPpanchopmuposanuco, nepemecmusuiuc, U3 HpeuMyujeCmeenHo YcmHou cgepvlt 6  yugpogoe
npocmpaHcmaeo. Heﬂb UCCNIeO0B8AHUSL  3aKNIIOYACMCS 6 6blAGIeHUU A3bIKOGbIX U BU3YATIbHbIX cpedcme
6bIPAJNCEHUA SMOMMﬁ 6 OHﬂaL?H-KOMMyHMKaL;Mu, a makKkotce 6 dHaiuze ux yacmomHocmu u gbyHKL;uOHaJZbelx
ocobennocmeii. B pabome npumensiemcsi KOMUIEKCHbLL NOOX00, COYEMAIOWUL KAYeCMBEEHHbIL U
KOAUYECMBEHHbIL Memoobl aAHAIU3d. ﬂaHHbl@ Ovlu CO6paHbl uz coyualbHsvlx cemell u Mecceﬁd:)fcepoe u
obpabomanwl ¢ ucnoavzoganuem npocpamm NVivo u SPSS. Pezynsmamul noxasviearom, 4mo 6 yughposuvix
mexkcmax npeo@zada;om no3umueHsle dMoyuu, a IMOO3U ueparom 6as’iCHyY10 pojlb 6 YCUleHUuu u OONoOAHeHUU
IMOYUOHAIIbHO20 CO()ep.?fCLZHM}Z COO6L(//€HZ/I}Z. HUccneoosanue noduepkueaem SHAYUMOCmMb My/lbmuMOdCl./ZbHOZO
BLIPAdICEHUS. IMOYUL 68 YUPDPOBOM OUCKYpCe U HeOOX0OUMOCHb OANbHete20 U3YHeHus KYAbMYPHbIX U
KOHMEKCmYyalbHblX 0CcobeHHoCmel UCNOTIb306AHUS DMOO3U.

Knroueewvie cnosa: IMOUYUOHANIbHAA JIEKCUKA, L;uqbpoeoe 051/1461-!1/!6,' SMOOS’M,' MlebmuMOO(ZJZbHOCI’nb,'
OHﬂaﬁH-auCKpr,' KayecmeeHHblll AHAIU3, KOAIUYeCcmeeHnblll anaius, coyuaibHvie cemu
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Introduction

With the rapid development of digital technologies and social media, patterns of
communication have undergone significant transformation. Emotions that were previously
conveyed primarily through face-to-face interaction are now frequently expressed through text
messages and emojis. This article aims to examine how individuals express their emotions in digital
environments and how such expressions influence message perception. The primary objective of
this study is to investigate the use of emotional vocabulary in texts and emojis and to identify its
distinctive features across different communicative contexts.

Data for this study were collected from various digital platforms, including social
networking sites such as Instagram and Facebook, as well as messaging applications such as
WhatsApp and Viber. Two principal methods of analysis were employed:

1. Qualitative analysis: Message content was examined to identify the most frequently used
emotional words and emojis.

2. Quantitative analysis: The frequency of different emojis and emotionally marked lexical
units was calculated, along with their proportional distribution.

Data processing was conducted using NVivo and SPSS software.

NVivo is a qualitative data analysis software widely used in the social sciences for analyzing
texts, interviews, focus groups, and other qualitative materials. Its main functions include:

o Classification and coding of data, enabling users to label and categorize textual materials;

e Thematic analysis, facilitating the identification of major themes and patterns within the
data;

e Visualization tools for generating charts and diagrams to enhance the presentation of
findings.

NVivo is particularly suitable for research grounded in qualitative data, where in-depth
contextual and semantic interpretation is essential.

SPSS (Statistical Package for the Social Sciences) is a statistical analysis software widely
applied in various fields, including social sciences, marketing, and healthcare. Its primary functions
include:

1. Statistical analysis, allowing researchers to conduct a broad range of statistical tests,
including regression analysis, ANOVA, and correlation analysis;

2. Data processing tools for preparing and cleaning datasets prior to analysis;

3. Visualization capabilities for creating graphs, tables, and charts to present results effectively.
SPSS is especially appropriate for quantitative research that requires statistical analysis and

numerical data interpretation.

The findings indicate that users actively employ both textual emotional expressions and
emojis in digital communication.

e Frequency of emotions: Positive emotions (e.g., joy, happiness) were identified in 60% of
the analyzed texts, whereas negative emotions (e.g., sadness, anger) accounted for 30%. The
remaining 10% represented neutral emotional expressions.

« Emojis: The most frequently used emojis, such as © (smiling face) and @ (crying face),
confirm their significance in emotional communication. It was found that 75% of messages
contained at least one emoji.

Examples of messages illustrate how users combine text and emojis to convey emotional

meaning: “Today was a great day! ©” or “I miss you &.”

The results confirm that emotional vocabulary plays a crucial role in conveying feelings in
digital communication. By combining textual elements with emojis, users create richer and more
multilayered messages, which significantly influence how these messages are perceived.

Comparison with previous studies demonstrates that emojis have become an integral
component of digital communication. This finding aligns with research suggesting that visual
elements can convey emotions more effectively than text alone.
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Nevertheless, certain limitations should be acknowledged. Cultural differences may affect
both the interpretation and the use of emojis, highlighting the need for further investigation in this
area.

Conclusion

In conclusion, the study of emotional vocabulary in digital communication underscores the
importance of both textual messages and emojis in expressing emotions. The findings suggest that
continued research is necessary, particularly in relation to cultural differences and their impact on
message perception. Future studies should focus on deeper aspects of emotional vocabulary usage
across diverse social contexts and digital platforms.
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MAHSULOT SIFAT KO‘RSATKICHLARIGA KOSMIK TA’SIRLAR O‘RNI VA
AHAMIYATI

Q.M. Ergashov

Farg‘ona davlat texnika universiteti
(Qabul gilindi 22.02.2026 y.)

Annotatsiya. Mahsulotlarga kosmik ta’sirlarni ta’siri evaziga mahsulotda hosil bo ‘ladigan
o zgarishlar tufayli kelib chigishi mumkin bo ‘Igan buzilishlarni asoslovchi ma’lumotlar taxlili o ‘tkazilgan.
Bu buzilishlarni oldini olish bo ‘yicha amalga oshirilishi kerak bo ‘Igan tadbirlar tavsiflangan.

Tayanch so‘zlar: kosmik ta’sirlar, Kinetik energiya, gazlar, zaryadlangan zarrachalar, galaktik
nurlar, radiasion xalgalar.

Aunnomauusn. Ilpoananusuposanvt Oanuvle, 000CHOBbVIBAIOWUE BOZMONCHBIE NOBPEHCOCHUS,
Bbl36AHHbLIE USMEHEHUAMU 6 npodym;uu, BbI36AHHBIMU 030€UCBUEM KOCMUYECKUX Jzyueﬁ. Onucanwi Mepbl,
Komopule ciedyem npuHsams O0Jisi HPeOOMEPaujeHUst IMUX NOBPEHCOSHUI.

Knroueewvie cnoea: rxocmuueckue JAYyHU, KUHemudeckasl IHepcusl, 2d3bl, 3apAdCeHHble Yacmuybl,
carakmudeckue jiydu, paduauuo;uﬂble Konvya.

Abstract. The data that substantiates the possible damage caused by changes in the product due to
the impact of cosmic rays on products are analyzed. The measures that should be taken to prevent these
damage are described.

Keywords: cosmic rays, kinetic energy, gases, charged particles, galactic rays, radiation rings.

Mabhsulot sifatiga ta’sir etuvchi omillarni taxlil qilganda kosmik ta’sirlar quyidagi
faktorlarning yig‘indisi bilan xarakterlanadi: elektromagnit va korpuskulyar nurlanishlar, vakuum
chuqurligi, issiglik ogimi, vaznsizlik, meteor zarrachalari, planeta va yulduzlarning magnit va
gravitasion maydonlari va x.k. Ushbu faktorlarni o‘rganishda uchta muxit ajraladi: yulduzlararo,
planetalararo, planeta va ularning sputniklarining atmosferasi. Yulduzlar orasidagi muxit
yulduzlararo gazlar va changning mayda qattiq zarrachalari. Gaz chang bilan teng asosda aralashib
ketgan. Quyosh yonidagi yulduzlararo muxit planetalararo muxitga aylanadi, u o‘z navbatida
quyosh sistemasidagi planetalarning orasini to‘ldirib turadi. Planetalar orasidagi muxit quyosh
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tojining kengayish moddalaridan tashkil topgan — vodorodni ionizatsiyalangan atomlari (90%
atrofida va geliy atomlaridan (9% atrofida).

Biz uchun katta gizigish yer atmosferasi tashkil giladi, asosan uning tashqgi qismi —
ekzosfera. Balandlik bilan yerning atmosfera parametrlari o‘zgaradi, buni 1-jadvalda ko‘rish
mumekin.

Balandlik bilan Yer atmosferasining parametrlarini o‘zgarishi

1-jadval
. o Zarrachalar
Balind“k’ Bosim, Po Z'Ch"E ' Xarorat, K | konsentratsiyasi, Vak““m.
m g/sm sm3 xaraktkris
Dengiz satxi | 1,33*10° 1,2*%10°3 293 2,7%10%9 -
2*10? 8,5*10° 3*1013 1200 7*10°
3*102 1*10° 2,5*1014 1500 8*108 Chuqur
5*102 4*10°7 3*1016 1600 2,5%107
1*10° 4*10° 1,5%1018 1600 1,5*%10°
2*103 8*101° 2*101° 1800 2*10% Juda chuqur
3*103 5*1010 1*101° 2000 1*10%
5*103 4*10°10 4*1020 3000 4*10°
10*103 2,5%1010 1*10-20 15000 1*103
20*103 1*1010 2*102 50000 1*10? O‘ta chuqur
30*10° 2,5%10! 6*10% 1*10° 10
60*103 1,510 2,5%1022 2*10° 3-4

Xarorat gaz zarrachalarining kinetik energiyasini xarakterlaydi, u esa o‘z navbatida kosmik
ob’yektlarga o‘rnatilgan mahsulotlarning ochiq yuzalariga xech qanday ta’sir ko‘rsatmaydi.

Kosmosdagi mahsulotlarni ekspluatatsiyasi sharoitlari mahsulotga ta’sir qilayotgan
korpuskulyar nurlanish bilan xarakterlanadi. Energiyasi yuqori bo‘lgan elementar zarrachalar
ogimi, asosan protonlardan, shuningdek geliy yadrolari va og‘ir elementlar yadrolaridan tashkil
topgan va Yerga Galaktikaning olis soxalaridan izotropsimon bo‘lib yetib keladi. Bu dastlabki
kosmik nurlar. Ular xavoning atom yadrolari bilan to‘gnashib Yer atmosferasidagi ikkilamchi
nurlanishni vujudga keltiradi, u esa tarkibida barcha ma’lum bo‘lgan elementar zarrachalarni o‘z
ichiga oladi.

Birinchi kosmik
nurlarda galaktik nurlar,
ular kuyosh sistemasining
tashgarisidan  keladi, va
Quyosh  aktivligi  bilan
bog‘liq bo‘lgan Quyosh

nurlari. Dastlabkilar

zarrachalarning  energiyasi 1 — rasm. Yerning radiasion xalgalarining strukturasi (kesim yarim kunlik
yugoriligi (10%* eV gacha) meridianga mos keladi). | — ichki xalqa, Il — kichik energiyaga ega bo‘lgan
va zarrachalar ogimining protonlar xalqgasi, 11l —tashqi xalga, 1V — kvazi ushlab turish zonasi, Nva S —
zichligi kichikligi (1...2 sm- Yerning magnit qutibilari, R — Yer radiusi.

2*s1) bilan xarakterlanadi. Quyoshning kosmik nurlari Quyosh tomonidan fagat xromosfera bilan
to‘qnashuvda vujudga keladi, lekin shu vaqtning o‘zida quyosh toji plazmasining radial oqimi
planetalar aro fazoda doimiy bo‘ladi. Quyoshning kosmik nurlanishining zarrachalari energiyasi
quyosh shamolining energiyasidan ko‘p marta katta (<10 eV).

1958 yilda Yerning radiasion xalgalari kashf etilgan, ular o‘z tuzilishiga ko‘ra yuqori
kinetik energiyaga ega bo‘lgan zaryadlangan zarrachalar (elektronlar, protonlar, o - zarrachalar va
boshqa kimyoviy elementlarning og‘ir yadrolari) yig‘indisining stabil soxasiga o‘xshaydi, ular
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Yerning magnit maydoni ta’siri tufayli ushlanib turadi. Yerning radiasion xalqgalari murakkab
tuzilishga ega (1 - rasm).

Odatda ichki va tashqi radiasion xalgalarni ajratish mumkin, shuningdek kichik energiyali
protonlar xalgasi va kvazi ushlab turish zonasi. Ichki xalga yuqori energiyali protonlar mavjudligi
(20 ... 800 MeV) bilan xarakterlanadi. Ushbu xagada bundan tashgari 20 keV ... 1MeV energiyali
elektronlar xam mavjud. Tashqi radiasion xalgada 40 ... 100 keV energiyali elektronlar mavjud,
quyosh aktivligi yuqori bo‘lgan davrda esa yuqori energiyali elektronlar (1 MeV va undan yuqori)
xam bo‘ladi. Kichik energiyali protonlar xalgasida 0.03 ... 10 MeV energiyali protonlardan tashkil
topgan. Kvazi ushlab turish zonasi tashqi xalgadan kegin joylashgan. U murakkab fazoviy
strukturaga ega.

Ko‘rib o‘tilgan Yerning radiasion xalqalari tabiiy xisoblanadi. Shu bilan bir vaqtning o‘zida
sun’ily xalgalar xam mavjud, ular asosan atmosferaning tashqi qatlamlarida yadroviy protonlar ro‘y
berganda xosil bo‘ladi va asosan elektronlardan tashkil topadi. Elektronlar manbasi yadrolarning
bo‘linishini B parchalanishi xisoblanadi. Portlashning quvvati, xarakteri va joyiga binoan sun’iy
radiasion xalqalar turli fazoviy joylashuvga, intensivlikga va yashash vaqtiga ega bo‘ladilar.

lonizatsiyalovchi nurlanish (neytronlar, protonlar, elektronlar, y — nurlar va x.k.) defektlarga
olib keladi, bu esa nurlanayotgan materialning atomlarini ionizatsiyasi va strukturaning o‘zgarishi
bilan bog‘lik.

Meteor zarrachalari yulduzlar aro va planetalar aro muxitni tshldiradi. Meteorlarni Yerga
nisbatan tezligi 12...72 km/s, Quyoshga nisbatan esa 30...40 km/s ni tashkil giladi.

Yugorida aytib o‘tganimizdek kosmik fazoning ionizatsiyalovchi kosmik nurlanishi bilan
birga chuqur vakuum, nurli issiglik ogimlari va vaznsizlik xam kiradi. Ushbu fvktorlar mahsulotda
issiglik almashinuvini buzilishi va vakuumni spesifik ta’siri bilan bog‘liq.

Chugur vakuum zarrachalarni past konsentratsiyasi, zichli va bosim bilan xarakterlanadi. 10
ming kilometrdan yuqori bo‘lgan balandlikda kosmik fazodagi atmosfera bosimi 10-!* Pa ni tashkil
giladi. Lekin ochiq kosmosning faktorlar giymatlari mahsulotlarning ishlash sharoitlarini
xarakterlamaydi. Kosmik apparatning yuzasida va uning otseklarida, shuningdek mahsulotning
germetizatsiya gilinmagan bloklarida konstruksiya materiallarining bug‘lanishi xisobiga bosim
yugorirog  (107..10% Pa atrofida) bo‘ladi. Shunday qilib, kosmik apparatning
germetizatsiyalanmagan otseklarida joylashtirilgan mahsulot (uning elementlari) 107 Pa dan kam
bo‘lmagan bosimda ishlaydi.

Kosmos fazosidagi nurli issiglik ogimi manbasi sifatida quyosh xizmat giladi. Quyosh
tomoniga garab turgan kosmik apparatning xar bir metr kvadratiga bir sekuntda 1400 joul energiya
kelib tushadi. Nurlanish spektoroda energiya quyidagicha tagsimlangan: 9% - ultrabinafsha
nurlanishi; 46.1% - ko‘rinadigan nurlanish; 44.4% - infragizil; qolgani esa — rengen va
korpuskulyar nurlanish. Infragizil va kurinuvchan diapozondvgi aloxida kvantlarning energiyasi
juda kichik, ushbu nurlanishlar moddaga fizik — kiyoviy ta’sir ko‘rsatish uchun juda kichik.
Infraqizil nurlar issiqlik energiyasini o‘tkazadi va mahsulotlarning ochiq materiallarida va
elementlarida qizishni vujudga keltiradi. To‘lqin uzunligi A ni kamaytirganda nurlanish kvantining
energiyasi ortadi va molekulyar bog‘lanishni uzish yoki moddada radiasion nugsonlar vujudga
keltirishga yetarli bo‘lishi mumkin.

Yer qolgan planetalar kabi kosmik ob’yekt yuzasiga uzun to‘lqinli nurlanishlarni yuboradi,
ushbu ogim bulutlar, atmosfera va yer yuzasidan gaytgan quyosh nurlanishining yig‘indisi —
issiglik oqimi ta’sir giladi. Kichik orbitalarda issiqlik oqimining zichligi to‘g‘ridan-to‘g‘ri quyosh
nurlanishiga nisbatan 40% ga yetishi mumkin, lekin balandlik oshishi bilan ta’sir kamayadi.

Kosmik ob’yektgayulduzlardan kelayotgan issiqlik oqimi juda kichik. Nurlanish manbasi
mavjud bo‘lganda yulduzlar aro fazodagi nurlanish energiyasi 2.7...4 K ni tashkil giladi. Xudi shu
temperaturaga kosmik apparatning yuzasi va unda joylashgan mahsulot sovishi mumkin edi agar
uning ichida issiqlik manbasi bo‘lmaganda. mahsulot va kosmik apparatning issiqlik balansiga
issiglik nurlanishlar oqimi katta xissa qo‘shadi.

Vazinsizlik kosmik apparatni erkin orbital uchishida kosmik fazo faktori sifatida katta o°rin
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tutadi va gravitatsiya kuchlari bilan inersiya kuchlarining muvozanatlashuvi natijasida vujudga
keladi. Mahsulotga ta’siri bo‘yicha vaznsizlikni issiqlik manbasining gidrodinamikasini o‘zgarishi,
gaynash jarayonlari va xladagentlarni kondensatsiyasi orgali mahsulotning issiglik rejimlariga
ta’sir o‘tkazuvchi faktorlar sifatida ko‘rib o‘tish mumkin. Shuning uchun vaznsizlik kosmik
apparatlarning germetizatsiya gilingan otseklarida joylashgan mahsulotlar uchun xisobga olinadi.
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GO*‘SHT VA GO‘SHT MAHSULOTLARI KIMYOVIY TARKIBINI TADBIQ QILISH
B. Sattarova' , magistrant M. Boltabayeva?

1Farg ‘ona davlat texnika universiteti,
2Qzig-ovgat texnologiyasi va muhandisligi xalgaro instituti
(Qabul gilindi 22.02.2026 v.)

Annotatsiya. Ushbu ilmiy maqgolada go ‘sht va go ‘sht mahsulotlarining kimyoviy tarkibini tadbiq etish
masalalari yoritilgan. Go ‘sht mahsulotlari ozig-ovqatlar orasida yuqori kaloriyaliligi va to ‘yimliligi bilan
alohida ahamiyat kasb etadi hamda ularni boshqa mahsulotlar bilan to‘liq almashtirib bo ‘Imaydi. Ushbu
mahsulotlar inson organizmi va salomatligi uchun zarur bo‘lgan ogsil, yog‘lar, aminokislotalar va
vitaminlarga boy hisoblanadi. Maqolada go ‘sht va go'‘sht mahsulotlarining kimyoviy tarkibini chuqur
o ‘rganish hamda ularni amaliy jihatdan qo ‘llash masalalari tahlil gilingan.

Tayanch so‘zlar: go'sht ishlab chigarish, go‘sht mahsulotlari, go shtning kimyoviy tarkibi,
mahsulotni tadbiq etish

AHHOm(ll4ll}l. B oannorti H(ly‘lHOlZ cmamsve pacemampuearonicia 60npocsl NPUMEHEHUA XUMUYEeCKO2Oo
cocmaea miAaca U MACHbBLIX npodykmoe. Msacnuvie I’lpO()mebl 3aHuMaom ocoboe mecmo cpeau nuweesvlx
npooOyKmo8 01az200apsi ce0ell 8bICOKOU KANOPUUHOCMU U NUMAMETbHOU YEHHOCMU U He Mo2ym Oblmb
NOJIHOCMbIO 3AMEHEHbl ()pyZMMM leO()meaMu. Onu senaromes 6o2amvimMu UCMOYHUKAMU 66]17(08, HCUPOS,
amMuHoKkuciom u 6UmamMuHoes, HeobxXoo0uUMbIX O opeaHusma vyeioeeka u eco 300p06b}l. B cmamve maxorce
npoeeodén yenyONeHHbIE AHAIU3 XUMUYECK020 COCMABA MACA U MSICHBIX NPOOYKMO8, d MAKIHCE PACCMOMPEHbL
60NPOCHL UX NPAKMUYECKO20 NPUMEHEHUAL.

Kﬂlo‘leﬁble ciuoea: l’lpOuS’GO()CWlGO MACA, MACHbLE I’lpOdmebl, XUMUYECKUL COCMAE MAcCa, npumMeHenue
npooyKyuu

Abstract. This scientific article discusses the application of the chemical composition of meat and
meat products. Meat products hold a significant place among food products due to their high caloric value
and nutritional importance and cannot be completely replaced by other products. They are rich sources of
proteins, fats, amino acids, and vitamins essential for human health and the proper functioning of the body.
The article also provides an in-depth analysis of the chemical composition of meat and meat products and
examines their practical applications.

Keywords: meat production, meat products, chemical composition of meat, product application.

Bugungi kunda ozig-ovgat mahsulotlari tarkibini chuqur o‘rganish va ularning inson
salomatligiga ta’sirini baholash muhim ilmiy va amaliy ahamiyat kasb etmoqda. Ayniqsa, go‘sht va
go‘sht mahsulotlari inson ratsionida muhim o‘rin egallab, yuqori oziqaviy qiymati bilan ajralib
turadi. Ushbu mahsulotlar organizm uchun zarur bo‘lgan to‘liq qiymatli ogsillar, yog‘lar, muhim
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aminokislotalar hamda vitamin va mineral moddalar manbai hisoblanadi.

Aholining ozig-ovgatga bo‘lgan ehtiyojini qondirishda go‘sht mahsulotlarining sifati va
xavfsizligini ta’minlash dolzarb masalalardan biridir. Shu sababli go‘sht va go‘sht mahsulotlarining
kimyoviy tarkibini o‘rganish, ularning biologik qiymatini aniqlash va ishlab chigarishda samarali
qo‘llash ilmiy tadqiqotlarning asosiy yo‘nalishlaridan biri bo‘lib qolmoqda.

Bundan tashqari, go‘sht mahsulotlarini qayta ishlash jarayonida wularning tarkibiy
xususiyatlarini saglab golish, ozigaviy giymatini oshirish hamda zamonaviy texnologiyalar asosida
sifatli mahsulotlar ishlab chiqarish muhim ahamiyatga ega. Ushbu maqolada go‘sht va go‘sht
mahsulotlarining kimyoviy tarkibi, ularning o‘ziga xos xususiyatlari hamda amaliy qo‘llanilish
jihatlari keng yoritiladi.

Go‘sht va go‘sht mahsulotlarining kimyoviy tarkibi, ozigaviy qiymati hamda inson
salomatligiga ta’siri masalalari ko‘plab mahalliy va xorijiy olimlar tomonidan keng o‘rganilgan.
IImiy manbalarda gayd etilishicha, go‘sht mahsulotlari yuqori biologik qiymatga ega bo‘lib, ular
tarkibida organizm uchun zarur bo‘lgan barcha muhim aminokislotalar mavjud.

Ko‘plab tadqiqotlarda go‘sht tarkibining asosiy qismini ogsillar, yog‘lar, suv va mineral
moddalar tashkil etishi ta’kidlangan. Ogsillar, aynigsa, mushak to‘gimalarining asosiy tarkibiy
qismi bo‘lib, inson organizmi uchun muhim qurilish materiali hisoblanadi. Shuningdek, go‘sht
tarkibidagi yog‘lar energiya manbai sifatida xizmat qiladi va ularning miqdori hayvon turi, yoshi
hamda oziqglanish sharoitiga bog‘liq holda o‘zgarib turadi.

IImiy izlanishlarda go‘sht mahsulotlari tarkibidagi vitaminlar, xususan B guruhi vitaminlari
(B1, B2, B6, B12) va temir, rux kabi mineral moddalar inson sog‘lig‘ini saqlashda muhim rol
o‘ynashi qayd etilgan. Ayrim mualliflar tomonidan go‘sht mahsulotlarining hazm bo‘lish darajasi
yugori ekanligi va ular organizm tomonidan tez o‘zlashtirilishi ta’kidlangan.

Shu Ounan Oupra, zamonaviy tadqiqotlar go‘sht mahsulotlarini qayta ishlash jarayonida
ularning kimyoviy tarkibi va ozigaviy qiymatida yuz beradigan o‘zgarishlarni ham o‘rganishga
garatilgan. Issiglik bilan ishlov berish, saglash sharoitlari va texnologik jarayonlar mahsulot
tarkibiga sezilarli ta’sir ko‘rsatishi aniglangan.

Xulosa qilib aytganda, mavjud ilmiy adabiyotlar go‘sht va go‘sht mahsulotlarining yuqori
oziqaviy va biologik giymatini tasdiglaydi hamda ularning kimyoviy tarkibini chuqur o‘rganish va
amaliyotda qo‘llash zarurligini ko‘rsatadi.

Mazkur tadqiqot ishida go‘sht va go‘sht mahsulotlarining kimyoviy tarkibini o‘rganish
hamda ularni amaliy jihatdan tadbiq etish masalalari kompleks yondashuv asosida amalga oshirildi.
Tadgiqot davomida nazariy va amaliy usullardan foydalanildi.

Tadgigotning nazariy gismida mahalliy va xorijiy ilmiy adabiyotlar, ilmiy magolalar hamda
me’yoriy hujjatlar tahlil qilindi. Ushbu manbalar asosida go‘sht mahsulotlarining kimyoviy tarkibi,
oziqaviy qiymati va biologik ahamiyati o‘rganildi.

Amaliy tadqiqotlar davomida turli xil go‘sht namunalari (mol, qo‘y va parranda go‘shti) tanlab
olindi va ularning kimyoviy tarkibi laboratoriya sharoitida tekshirildi. Tadgigot jarayonida quyidagi
asosiy ko‘rsatkichlar aniglanadi:

e umumiy ogsil miqdori;

e yog‘ miqdori;

o namlik darajasi;

e kul (mineral moddalar) miqdori;

e ayrim muhim aminokislotalar tarkibi.

Kimyoviy tahlillar standart laboratoriya usullari asosida amalga oshirildi. Xususan, ogsil
miqdorini aniqlashda Kjeldal usuli, yog‘ miqdorini aniqlashda ekstraksiya usuli, namlikni
aniglashda quritish usuli, mineral moddalarni aniglashda esa kuydirish (kulga aylantirish) usulidan
foydalanildi.

Olingan natijalar statistik usullar yordamida qayta ishlanib, ularning o‘rtacha qiymatlari va
ishonchlilik darajasi baholandi. Tadqgigot natijalari jadval va grafiklar orqali tahlil gilindi hamda
ularning amaliy ahamiyati asoslab berildi.

Tadqiqot davomida turli xil go‘sht mahsulotlarining kimyoviy tarkibi tahlil qilindi. Olingan
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natijalar shuni ko‘rsatdiki, go‘sht tarkibida ogsillar asosiy o‘rinni egallaydi va ularning miqdori
o‘rtacha 16-22% ni tashkil etadi. Yog* miqdori esa hayvon turiga va go‘shtning qismiga qarab
sezilarli darajada farglanadi (3—25% gacha).

Mol go‘shti tarkibida ogsil miqdori nisbatan yuqori bo‘lib, u inson organizmi uchun zarur
bo‘lgan muhim aminokislotalarga boy ekanligi aniglandi. Qo‘y go‘shti esa yog‘ miqdorining
yuqoriligi bilan ajralib turadi, bu uning yuqori kaloriyaliligini ta’minlaydi. Parranda go‘shti esa
yengil hazm bo‘lishi va past yog* miqdori bilan dietik ahamiyatga ega ekani bilan tavsiflanadi.

Shuningdek, laboratoriya tahlillari natijasida go‘sht mahsulotlarida B guruhi vitaminlari, temir
va rux kabi mikroelementlar mavjudligi tasdiglandi. Ushbu komponentlar inson organizmining gon
hosil bo‘lishi, immun tizimi faoliyati va moddalar almashinuvida muhim rol o‘ynaydi.

Muhokama jarayonida aniqlanishicha, go‘sht mahsulotlarining kimyoviy tarkibi ularning
biologik giymatini belgilovchi asosiy omil hisoblanadi. Saglash va gayta ishlash texnologiyalari esa
ushbu tarkibga sezilarli ta’sir ko‘rsatadi. Xususan, yudori haroratda ishlov berish ogsil
denaturatsiyasiga olib kelishi mumkin, biroq mahsulotning hazm bo‘lishini osonlashtiradi.

Umuman olganda, olingan natijalar go‘sht mahsulotlarining yuqori oziqaviy qiymatga ega
ekanligini tasdiglaydi.

Xulosa

Tadqiqot natijalariga ko‘ra, go‘sht va go‘sht mahsulotlari inson organizmi uchun muhim
oziqaviy manba hisoblanadi. Ularning tarkibi ogsillar, yog‘lar, vitaminlar va mineral moddalarga
boy bo‘lib, yuqori biologik qiymatga ega.

Turli xil go‘sht turlarining kimyoviy tarkibi o‘zaro farq qilishi aniqlanib, mol, qo‘y va
parranda go‘shtlarining har biri o‘ziga xos ozigaviy xususiyatlarga ega ekanligi tasdiqlandi.

Shuningdek, go‘sht mahsulotlarini qayta ishlash va saqlash texnologiyalari ularning
kimyoviy tarkibi va sifatiga bevosita ta’sir ko‘rsatishi aniqlandi. Shu sababli, sifatli va xavfsiz
mahsulot ishlab chigarish uchun zamonaviy texnologiyalardan foydalanish muhim hisoblanadi.

Xulosa qilib aytganda, go‘sht mahsulotlarining kimyoviy tarkibini chuqur o‘rganish
ularning ozigaviy qiymatini oshirish va inson salomatligi uchun foydali mahsulotlar ishlab
chigarishda muhim ahamiyatga ega.
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“YHHU — ATPO” KOMIUIEKC YFUTUHU KYJUIALI YCYJIU, MYJJATH BA
MEBEPJAPUTA BOFJIMK XOJIJIA TAXTA XOCHJIUTA TALCAPH

@.3. TyxTamien

O3uK-068KaAM MEXHOA0UACU 84 MYXAHOUCIUSU XATKAPO UHCIMUNYMU
(Kabyn kununou 10.03.2026 i.)

Annotatsiya: Ushbu magqolada g‘o‘zani UNI-AGRO suyuq azotli o‘g‘iti bilan barg orqali
oziglantirishning paxta hosildorligiga ta’siri o ‘rganilgan. Tadgiqotlarda suyuq azotli o ‘g ‘itning g ‘o ‘zaning
paxta hosildorligiga ta’siri tahlil qilindi. Olingan natijalar Uni-agro suyuq azotli o°‘g‘itini vegetatsiya
davrining muhim bosqichlarida qo ‘llash o ‘simlikning oziglanish holatini yaxshilashi, fiziologik jarayonlarni
faollashtirishi va natijada hosildorlikni sezilarli oshirishga xizmat qilishini ko ‘rsatdi. Shuningdek, ushbu
usul mineral oziglantirish samaradorligini kuchaytirib, g ‘o za xosildorligini yaxshilashi aniglangan.
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Tayanch so‘zlar: g ‘o za, Uni-agro suyuq azotli o‘g‘it, bargdan oziglantirish, paxta hosildorligi,
ko ‘sak, vegetatsiya, hosil sifati.

Annomavus : B dannoti cmamve uzyueno enusanue 6HeKOPHeEOU NOOKOPMKU XAONYATNHUKA HCUOKUM
azomuvim yooopernuem UNI-AGRO wua ypooicaiinocms xaonxa. B uccredosanusix Ovin npogeoén ananus
GAUAHUSL HCUOKO20 A30MHO20 YOOOpeHust Ha ypodxcaunocms Xxionwamuuxa. Ilonyuennvlie pe3yrbmamol
NOKA3any, 4mo NpumMeHeHue dHcuoxkoz2o azomuozo yooopenus UNI-AGRO Ha 6adxcmvix smanax
6ecemayuoOrHHOco nepuoda yayuuiaem numamenbHbvill peastcum pacmeﬂuﬁ, akmueusupyem d)Mj’MO]ZOZLHéCKM@
npoyeccol U, Kax Cﬂe()cmeue, cnoco6cm6yem SHAYUMENIbHOMY NOBbIUUEHUIO ypoofcaliuocmu. Taxoice
VCMAHOBAEHO, YN0 OAHHbLIL MemOo0 YCUIueaem 3P@exmusHocms MUHEPAIbHO20 RUMAHUSL U CNOCOOCMEyem
yayuwenuio  npodykmugnocmu  xaonuamuuxa.Knioueevie cnosa: xnonuamuux, UNI-AGRO, oicuoxoe
azomuoe YO0oOpeHue, BHeKOPHe8asi NOOKOPMKA, YPOICAUHOCMb XA0NKA, KOPOOOUKA, eecemayus, Kauecmeo
ypooicas.

Abstract: This article examines the effect of foliar feeding of cotton with UNI-AGRO liquid nitrogen
fertilizer on cotton yield. The studies analyzed the impact of liquid nitrogen fertilizer on cotton productivity.
The obtained results showed that the application of UNI-AGRO liquid nitrogen fertilizer at critical stages of
the growing season improves the nutritional status of the plant, activates physiological processes, and
consequently contributes to a significant increase in yield. It was also determined that this method enhances
the efficiency of mineral nutrition and improves cotton productivity.

Keywords: cotton, Uni-agro, liquid nitrogen fertilizer, foliar feeding, cotton yield, boll, vegetation,
yield quality.

JlyHé KHIUIOK XYyKamurd amManuérujaa Fy3aHd OapruiaH O3UKJIAHTUPHII OPKAIH
YCUMJIMKHHHT YCHUIIM Ba PUBOXJIAHWIIWHU SXIIWIALIL, YHAA K€4YaJWraH MOJAAJIap aJIMalllMHYBH,
(oTOCHHTE3 Ba TpaHCTIMPALUS Kapa&HIApUHU KaJaUIAIITHPUIIT OPKAJIM IOKOPH Ba CUQATIN HaxrTa
XOCWJIM OJIMIITA SpHUIIMiIMOKaa. Fy3a 6aprunan o3uKIaHTUPWITaHAA YCUMIIMK O3MKa MOJAallapHU
Oapr Ba mosutapu opkanu y3mamtupaau. Ly ca®abmu Fy3aHu OaprufaH O3MKJIAHTHPHILAA YHU
napBapulUIalia KyJIJaHWIaéTraH MHUHepan YFuTiap MebEpIapuHUM XaM HMHOOATra OjraH XoJja
CYCIICH3MSUTAPHH KYJUIAITHUHT MakOysl MyAIaT Ba MEbEpIapuHU aHUKIA0 Oepuin OYitnua onmb
Oopuiaurad WIMHNA TaAKUKOT UIIUIApUTa aloXy/1a axaMUsIT OEpUIMOK/Ia.

PecniyOnukamMu3garu MaBXKyA CYFOpWIAJuUTraH MalJIOHIAPHUHT YHYMIOPIUK Japa)KaCHHU
Wunnan-iimnra mnacaiin® Oopaérrannuru ca®abnM KUIUIOK XYKaJdUK SKUHIApUIAH IOKOPU Ba
cudaTian XOCH €THUINTHPUII YIyH YCHUMIMKIAPHU OapruiaH O3WKJIAHTHUPHINTa ajJoXHaa dbTUOOD
KapaTUIMOK/IA. V36ekncron Pecniy6mukacu Ilpesunentununr 23 oktsaop 2019 wmnparu [1D-5853-
COH «Y36exucron Pecrybnukacu KHMILIOK XYXKAIMIMHH pUBOXIAaHTHpUmHMHET 2020-2030 itmmnapra
MYIDKaJUTaHraH CTPATerMsCUHU TacauKiam TyFpucuaa» TH ¢GapMOHUAA OENTHIaHTaHUICK KUIIIOK
XYKaIUTM UOUIa0 4YMKApUIIl COXacura MHTEHCUB TEXHOJOTWsJIApHU, JHI aBBajo, CyB Ba
pecypcTekaiiiuran 3aMOHaBUIM arpoTEeXHOJOTHSUIApHU KYyIjlaml MyXuM Basudanapigan Oupu
cudpatuna Oenrmnad Oepunran. Illy acocga KHIUIOK XYKAJIWTH SKUHJIAPUHA Oapru OpKaau
O3UKJIAHTUPHUIIJA KYJUTaHWIAETraH MHUHepal YFUTIApHU HMHOOATra OJraH XoJjiJa CYyCIIeH3Hs
KYJJTAITHUHT MakOyJl My[iaT Ba MebEpIApUHU MIUIA0 YUKW OYiinda onud OOpHiIaaurad WIMHN
TaAKUKOTIIAp J10J13ap0 XucobmaHaau.

Jana sKuHIapuHU O3MKJIAHTUpHUILAA 1 - YpUHHM MUHEpan YFUTiIap srauiaiau. Arap
TYNpOKAa Kepakiau OYiaraH a3zoT MOJAAcH €THIIMAaca YCUMIIMKHHHT YCUIIM CEKWHIIAIIAAH, Fy3a
Oapriapu Maiifjajamaayd paHrd od sLIwi Tycra kupaau. Fy3a mosnap sca mHruuka 6ynu0, meBa
XOCHJI KWJIMIIY CEKMHIIANIMIINTA OJH0 Kenaau. Xap Oup YCUMIIMK MUHepai €K TYIpOoKIa MaBkKYy/l
a30T DIIEMEHTH OWJIaH AXIIM TabMUHJIAHTAHAA MO Ba Oapriapu TYK S paHria Oyimaad, XOCHI
VPrUHIapUHUHT [AKJJIAHUIIN SIXIIWIaHAI1, HATHXKA1a XOCUIJOPIUK OPTAJIH.

Masbnan yrutinap acocuaa Tai€piaHran CylOK YruTiap (CyCleH3usuiap) Fy3a eTHIITUPHUIIIA
camapanu xucoOnaHaau. bunmamusku ry3a YCUMIUTHMHUHT a30TIW YFUTIAapra OYiraH 3XTHEKU,
YCUMJIMKHHMHT TACTIA0KH PUBOMIIAHUII AaBpiiapuiaH O0onurad, TO MUAIIHIN JaBpUrada JaBOM 3Ta/IH.
Fy3a yeumnuruna keuaguran 0apya Gpu3nMoIoruk sxapaéHiapaa a3or dJIeMEHTH OEeBOCUTA UIITHPOK
stanu. Fy3aman onuHaaWraH XOCWIHM FOKOpW Ba cudarTim OYViIMmmma, YCHMIIUK a30T JJIEMEHTH
OuslaH TabMHUHIAHUII Japakacura O0rnuK O0ynanu. [laxta XOCHIMHU IOKOPU OYIUIIM XaMJa YHUHT
cudpaTHHU cakjad KOJUIIIA, YCUMIIMKHUHT PUBOXKIIAHUII JaBpiiapuia a30Tid YFUTIapra OyiraH
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IXTUENKIIAPUHU MABCYM JJaBOMM/IA TYJIUK KOHAUpUII Kepak Oynanu. lllyHunraek, Fy3a YyCUMIUTUHI
OaprufaH ¥3 BakTH Ba MebEpPHUAA O3MKJIAHTHPHUII XaM YHUHI XOCWJIJOPJIMIMHU OLIMPHIN Ba
cudaTHHY SXIIAIANIIA XA camapa Oepam.

K.A.laBponoB Ba III.MOparumoB Oepran MmabiymMoTiapra Kypa, Fy3a SKMHUHU TyJUIaIl
naBpua OaprujiaH CylK a30T-KalIMWIM YFUTH OWiIaH CyCHEeH3Us IIAKIWAA O3UKIAHTHUPAIH,
HaTWKajapra Kypa o4dwiraH Kycakyiap coHu 6,1 noHanu, xycakmnap coHu 3,0 nTOoHaHHM, LIOHAnap
coHu 2,3 noHaHu, ryjuiap conu 0,7 JOHaHM TAIIKWJI 3TUO, XOCHI HUIIOHAMapu 12,1 moHaHu, ®Kamu
aca 34,6 noHaHW Tamkui ATHO, mynapaan 22,5 nonacu €ku 65% KUCMH TYKWITAHIUTH MabIyM
oymaau.

Keltunrn #unnapna pecnyOnMKaMu3gard MaBxXKyJ CyFOPWIAAMIaH —MaiJloHIapaaru
aKcapHsiT TYHNPOKJIAPHUHT YHYMJOPJUTH Macaliu®d OOpaéTraHjuru xed KUMra cup sMac. byHuMHr
HaTWXKa/la KUIUIOK XY KaJIMK SKMHJIApUIaH OJIMHAUTIaH XOCWIIOPJIMK XaM KaMmaiiub 6opmoknaa. by
KypcaTKH4iIap LIYHH KYPCATAJWKU KUIUIOK XYXKAIWK SKUHJIAPUHHM WIIW3UAAH TAalIKApu Fy3aHH
O6apru OpKajau O3UKJIAHTUPUIIHM XaM Tako30 3Taau. by sca ¥3 HaBOatuaa WIMHN TaJKUKOT
WIUTapuHA 0O Gopuiira acoc Oyiau.

busHuHr Taxpubanapumuzaa, FY3aHUHT OaprujaH O3MKJIAHTHPHILAA YHHU-arpo CYyHOK
a30TJIM YFUTU Ba MUHEpaJl YFUTIap acocujia Tall€piaaHrad CycreH3usuiap OujiaH UIUIOB OEpUILITHUHT
MyJIaT Ba MEbEPIAPU UIUTA0 YUKUIITAH.

1-skagBaj
TAKPUBA TU3UMHU

2-3 yuHOApr naBpuIa [[Tonanami-rymnari, 1aBpuaa

T/r | Taxpuba BapraHTIaApH N N
UIIJIOB OEpHIll MEBEPH | MIILIOB OEpHII MEBEPH, KT, JI/Ta

1 Hazopar - -
2 Cycnensus (Kap6%MHH’ 5-2-1 kr/ra 7-3-2 kr/ra
docdop, xanuii)
3 5 n/ra 10 n/ra
4 Yuu-arpo (Cyrok 10 n/ra 15 n/ra
a30TJIN YFUT)
5 15 n/ra 20 n/ra
6 20 ni/ra 25 ni/ra

K¥ynnanuiran npenapaTHUHT KucKaya GU3UK KUMEBUH TaBcupu: YHU-Arpo- @aproHa A30T
OAX ToMOHM1aH TaBCHUS 3TUITAH SHIU TypAaru CyloK KOMIUIEKC YFUT XHCOOIaHaIu.

2-jadval
No Tabpcup 3TyBUM MOJIajap HOMU Mopananap mebEpu
1 Ymymnii azot (N%) 27-30
2 Ymymuit ontuarypryt (S%) 1,8-2,0
3 Ctumynsarop 0,3-0,4
4 Muxkpoenement (Cu%) 0,036-0,041
5 DpuTMaHuHT Bogopo kypcarruuu (pH) 7

[TaxTa XOCHIM KYTI )KUXATIaH OUp JI0HA KYcakaard maxTaHUHT Ba3HHUTa OOFIUK OYynaau. bup
JIOHA KYCaKJaru naxTa Ba3HW MAaBCyM[la YTKA3WITaH KaTOp arpOTEXHUK HIJIOBJIAP Ba KYJIJIAHTaH
MaxalUlMid  xamMJa MabJaH VFUTIAPHUHT  Tabcupura OeBocuta  Oornukaup. Mnmuit
TaIKUKOTJIapUMH3[a KYIIMMYa paBUIla CYHOK a30TIM YFUT TYpJdd MEBEP Ba Myaaamiapiaa
KYJUTAalTHUHT OUp J0HA KYCaKJard maxTa Ba3HUHUHT Y3rapullnra TabCUpU YpraHuiiu.

TankukoT onmu® OopwiraH WWLIap NaBOMHIA TaXpuOa MalIOHMIAH TMaxTa XOCHIH 2-3
MapTa Tepud oNMHIU. Xap-Oup TepuM onauaH BapuaHTiap Oyinua 100 Ta kycakaaru maxTaHUHT
ypTaua OFUPIUTUA XUCOOIaHIH.
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VYTIoku €03 TynpoKjiIap MmapouTHaa oJud OopwiraH Taxpubamapumuiia CYIOK a30TiIu
VFUTIAPHU YFUTIAp KYIIMMYa PABHIIJIA FY3aHU BereTanusaa JaBOMUAIA TYPIIH XHI MEbEPIAPUHUHT
nmaxrta XOCHuJIura TabCUpru aHUKJIIaHA.

3-aaaBaJ
CywK a30TJM YFUTHHU KyJUIall yCYJId, MyUIATH Ba MebEPJIAPHHHUHT MaXTa XOCHJIHTa
TabCHPH
Taxxpuba onub Gopwirad | Y4 HHIIHK Kyf;cﬂr;zﬂim
Ne | Taxpuba BapuaHTIapu Ansap Vpraga, 1/ra xHcoGHra
2021 | 2022 2023
1 Hazopat 32,0 | 32,2 31,7 32,0
p | Cvenetsu (KapoaminL, | 547 | 350 | 349 34,9 2,9
dbochop, Kamii)
3 36,1 | 36,9 36,5 36,5 4,5
4 | Yuu-arpo (CyroK a3oTiH 37,0 | 37,1 37,4 37,2 5,2
5 VFUT) 38,1 | 384 38,6 38,4 6,4
6 36,1 | 36,3 36,0 36,1 4,2

Kymumua paBuiia cyroK azoTiau YFUT KyinaHwirad (3 Ba 6) BapuaHTiIapAa naxra XOCHIH
y4 Wwiga yprada Moc paBumiga 36,5 Ba 36,1 1/ra HE TalIKWI ATAH. AMMO CYIOK a30TId YFUT
KyJutanwirad (4 Ba 5) BapuaHTJIapja maxTa XOCWIM yd Wuija ypraya moc pasuimiaa 37,2 Ba 38,4
1/Ta HU TAIIKWJI 3THO, KYIIMMYa paBUIlia CYIOK a30TIM YFUT KYJUIaHWIMaraH Ha30paT BapuaHTHa
yu Wmga yprada 32,0 m/ra HE TamKWwiI 3THO, CYIOK a30TJiHM YFUT KYJUIQHWITAH BapUaHTIApra
HHucOaTtaH 4,5-6,4 1/Ta KaM XOCUJI OJIUHIH.

Hatmxkana MMIMK MUHEpasl YFUT MebEpIIapura KylmumMya paBulllia cycneHsus (kapoamun,
dbocdop, kanmii) YFUTIAPHW KYJJIAHWUIIM MaxTa XOCHJIWHU 2,9 1/ra ra omwMimira ojud KenraH
Oyica, KymmMYa paBUINIA CYIOK a30TId VFUTIApHU Typiu Mewépiana Kymnam 4,5-6,4 1yra,
reKTapura Kylumya rnaxTa XOCHIU OJIHILITa SPUIIHIIH.

[lynnatt xkumu6, 2021-2023 #Hwwtapaa ypraya MIypiaaHTaH YTIOKM €03  TYHPOKJIAp
apouTHa, cycrensus (kapoamun, docdop, kamuit) YruTiapau Kyswram 2,9 1y/ra, CylOK a30TiIH
YFUTHHM KyIIMMYa 03WKa cudaTHaa KYJUlall maxTa XOCWINHU ypTaya 4,5-6,4 1/ra ommmura oauo
Kenuo HaThXkKaja, KyIuMya maxTa XOCHIN OJIUIIra SPUIIHITaH.
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Annotatsiya: Ushbu magolada siyosiy nutqda paremiologik birliklar — ya’ni magollar, aforizmlar
va iboralarning qo ‘llanilish sabablari hamda magsadlari lingvopragmatik va stilistik jihatdan tahlil gilinadi.
Tadgiqotda bunday birliklarning siyosiy nutqqa estetik ifoda, ta’sirchanlik va ishonarlilik baxsh etishi,
shuningdek, auditoriyani tez va samarali tarzda ishontirish, siyosiy g‘oyalarni targ ‘ib etish hamda siyosiy
mavgeni mustahkamlashdagi o ‘rni ko ‘rsatib beriladi. Shuningdek, maqgolada siyosiy kommunikatsiyaning
lingvistik hamda psixologik xususiyatlari asosida paremiologik birliklarning semantik va pragmatik
funksiyalari yoritiladi.

Tayanch so‘zlar: paremiologik birliklar, magollar, matallar, idiomatik iboralar, ritorik ta’sir,

lingvistik vositalar, madaniy qadriyatlar, uslubiy tanlov, strategik qo ‘llanish, ta’sirchanlik, auditoriyani jalb
etish.

Abstract: This article examines the reasons and goals for the use of paremiological units (proverbs,
aphorisms, idiomatic expressions) in political discourse from the perspective of linguopragmatics and
stylistics. Paremiological units enhance political speech by adding aesthetic appeal, persuasiveness, and
credibility, while also serving the function of popularizing political ideas and reinforcing political positions.
The article reveals the semantic and pragmatic roles of paremiological units in political communication,
taking into account linguistic and psychological aspects.

Key words: paremiological units, proverbs, sayings, idiomatic expressions, rhetorical effect,
linguistic devices, cultural values, stylistic choice, strategic use, impact, audience engagement.

Armomauu;l: B oannou cmamove pacemampuearomcst  npuduHsbl U Yeau  UCNOo1b306AHUA
napemMuonocudeckux eOuHUuYy (Nociosuy, aghopuzmos, Qpazeorocsuteckux 8blpadiceHull) 6 NOAUMUYecKol pedu
C  MOYKU 3perus JuHceonpdemamuku U CMUJIUCMUKU. Hapexwuoxzoeuqecxue e@uHuL;bl npu()aiom
NOAUMUYECKOT pedu  scmemudecKyro  6blpa3umelbHoChib, y6e0umeﬂbnocmb u 006@]91/16, a makKotce
BblNOJIHAIOM d))/HKL;uIO nonyuaiapusayuu noaumudecKux uoeti u YVKpeniernusl noaumu4ecKux n03u14u12. B
cmamve  pacKkpbvleaemcs cemManmuydeckas U npaemamudeckas Hacpy3ka napemuolocudeckKux €()uHM14 6
noumu4ecKkou KOMMYyHUKayuu cyqém()/w JUHSBUCMUYECKUX U NCUXO0JTI0cUHEeCKUX qbaKmopoe.

Kniouegvie cnoesa: napemuoniocudeckue eéuz—tuubl, nocinioeuysvl, noOcO60OPKU, uouomamuyecxkue
BbLIPAdICEHUS,, PUMOPUYECKULl 3P ghexm, 53bIK0Gble Npuembvl, KVIAbMYPHbIe YEHHOCU, CMUIUCTIUYECKUL
6bl60p, cmpamezudecKkoe UCnoivb3osanue, 603061/70}1161/!6, 6086JlIeUeHue aydumopuu.

Research Methodology:
A political discourse is an oral or written text created by politicians, statesmen or public
leaders to persuade, mobilize the public or promote a certain political idea.
Its main tasks are:
persuasion,
influence,
formation of political values,
strengthening national identity.
£ 2. The concept of paremiological units
Paremiological units are stable units that express folk wisdom, such as proverbs, sayings,
expressions, wise sayings. They are an expression of the thinking of society, cultural values and
national worldview.
For example:
“The unity of the people is the power of the country”
“A word is an arrow, once it leaves the mouth, it does not return”
“He who works bites”
¢ 3. The role of paremiological units in political speech
In political speech, paremiological units perform the following communicative and
pragmatic functions:
Persuasive function - when a politician speaks in the vernacular, using folk expressions, the
audience trusts him more.
G For example: “We will abandon one yoke and further develop our country.”
Expression of national values - the idea of national unity, patriotism, and justice is promoted
through proverbs.

(#  “The people who walk with the people will be a nation, and those who walk alone will be
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destroyed.”
Emotional impact - it emotionally strengthens political speeches.

G “We could not be broken by trials, because ‘the power of the people will lift even the
mountain.’”

Revitalizing the cultural context - relying on folk oral creativity makes political speech "local in
spirit".

¢ 4. Areas of analysis

Paremiological units in political speech can be studied through the following analysis

criteria:

Semantic (content analysis): their meaning and connotation.

Pragmatic (direction of influence): what reaction they evoke in the audience.

Discursive (speech context): the connection of a proverb or expression with a political event.

¢ 5. Examples (from international and local political speeches)

Shavkat Mirziyoyev: "Today, our people are realizing the proverb 'out of abundance comes
abundance'.”

Barack Obama: "We stand on the shoulders of giants" - a paremiological expression in
English (a reference to the heritage of generations).

The use of paremiological units in political discourse is considered not only as a means of
proximity to the folk language, but also as a means of strengthening national identity, persuading
the audience and strengthening the political idea. Examples are taken from Uzbek political speeches
and political texts in English.

Introduction

Political speech is a communicative tool created by statesmen, politicians and public leaders

to mobilize the people, to promote a certain idea or view. In such speeches, effectiveness,
persuasion, logic and relevance to the cultural context are important.
The study of political speech discourse in linguistics combines the areas of political linguistics,
pragmalinguistics and paremiology. In particular, paremiological units, as stable forms embodying
the wisdom, experience and values of the people formed over the centuries, strengthen the
emotional and spiritual basis of political speech.

Literature review

The communicative significance of paremiological units has been analyzed by many
researchers. Russian linguists such as A.N. Kunin, A.V. Zhukov, V.N. Telia have studied the
semantic and cultural properties of paremiological units.

In Uzbek linguistics, scholars such as M. Kadirova, G. Jo'raeva, N. Mahmudova analyzed the
place of proverbs and sayings in national thought.

However, the discursive and pragmatic function of paremiological units in political speech has not
yet been sufficiently studied.

Methodology

The study was conducted based on a discursive-pragmatic approach. Political speeches of
the President of Uzbekistan Shavkat Mirziyoyev, speeches at the UN rostrum, and texts taken from
political speeches in English (B. Obama, W. Churchill) were selected and studied.

The main methods of analysis:

Contextual analysis - the location and meaning of a proverb or phrase in speech is
determined,;

Semantic analysis - the hidden meaning and connotation of a paremiological unit are revealed,
Pragmatic analysis - how these units affect the audience is studied.

Results

The analysis revealed that paremiological units are used in political speeches for three main
purposes:

As a means of persuasion.
For example, in Sh. Mirziyoyev's speech: “Today, our people are proving in life the proverb ‘from

%9

many comes more- .
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This phrase has a motivational effect by emphasizing the unity and strength of the people.
To express national values.
The proverb “Unity of the people is the strength of the country” strengthens the political idea in the
national spirit.
To create cultural adaptation and a folk style.
In B. Obama's speech: The phrase “We stand on the shoulders of giants” expresses the idea of
respect for past generations and appreciation of historical heritage.
Paremiological units enrich the emotional background in political speeches, reduce the distance
with the people, and make the speech more natural and memorable.

Discussion

Paremiological units in political discourse are not just aesthetic decorations, but also
strategic communicative tools. With their help, a politician:
gets closer to the people's psyche;
expresses his political goals in the language of the people;
conveys complex ideas in a simple, memorable form.
Such units play an important role in political discourse in forming national identity, strengthening
political unity, and ensuring social integration.

£ 6. Paremiological units bring political discourse:

closer to the people's psyche,
make it emotional and impressive,
promote national ideas and values.

Methods

The analysis is based on qualitative examination of paremiological units used in publicistic
texts, political speeches, and journalistic writing. Examples were drawn from contemporary media
and political discourse to illustrate how traditional expressions are adapted to modern contexts
while preserving their rhetorical strength. The study focuses on three main aspects:
1. Adaptability — how proverbs and sayings are modified for modern relevance;
2. Rhetorical and emotional appeal — the role of these units in persuasion and audience
engagement;
3. Cultural and ideological alignment — how shared wisdom reinforces common values between
author and audience.

Results

The analysis revealed several key findings: Adaptability and Flexibility: Paremiological
units demonstrate remarkable adaptability. For instance, the traditional saying “A penny saved is a
penny earned” can be reframed in modern contexts to emphasize saving energy or environmental
resources, maintaining relevance across time and issues.
Rhetorical and Emotional Resonance: Expressions such as “The pen is mightier than the sword”
carry both historical and emotional weight, strengthening arguments for peace, diplomacy, or
intellectual freedom.
Cultural Connection: By using familiar proverbs, authors and speakers align themselves with the
audience’s values and collective wisdom, creating trust and a sense of shared identity.

Discussion

The findings highlight the multifaceted role of paremiological units in publicistic discourse.
Their rhetorical power lies in their ability to combine brevity with universality, making complex
arguments accessible and emotionally engaging. Politicians and journalists often employ these units
to resonate with cultural traditions, appeal to moral authority, or critique policies effectively.
Moreover, the adaptability of proverbs ensures their ongoing relevance in contemporary discourse,
as they can be reshaped to address modern social, political, and environmental challenges.

Conclusion

Paremiological units are one of the main communicative tools of political speech, enriching
its semantic, stylistic and pragmatic layers. These units make it possible to make the speech of a
political leader more credible, understandable and impressive. Therefore, the effective use of
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paremiological units in modern political discourse is considered one of the important indicators of
oratory skills. The use of paremiological units in political texts increases the effectiveness of
political speech, allows complex political ideas to be expressed simply and fluently. The semantic
and pragmatic properties of paremiological units change and adapt in accordance with the political
context. The study shows that the use of folk oral art samples in political texts serves as an effective
tool for strengthening national identity, convincing the public of political ideas, and motivating
them to action.
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NAMANGAN VILOYATIDA KICHIK BIZNES SUBYEKTLARIDA MOLIYAVIY
RESURSLARDAN FOYDALANISH SAMARADORLIGINI OSHIRISH
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tayanch doktorant D.X. Atajanoval
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Annotatsiya: Magolada Namangan viloyatidagi kichik biznes subyektlarida moliyaviy resurslardan
foydalanish samaradorligini oshirish masalalari empirik jihatdan tadqiq etildi. Namangan viloyatining
igtisodiy statistikasi, kichik biznesning hududdagi ulushi va moliyaviy holatga oid statistik indikatorlar
asosida moliyaviy samaradorlik tahlili o ‘tkazildi. Olingan natijalar asosida samaradorlikni oshirish
bo ‘yicha tavsiyalar ishlab chiqildi.

Tayanch so‘zlar: Namangan viloyati, kichik biznes, moliyaviy resurslar, samaradorlik, moliyaviy
boshgaruv, aylanma mablag ‘lar, rentabellik.

Almomauuﬂ: B cmamve amnupudecKu uccnedosambvl 60NpPOCHL NOBbLIUUEHUA 3¢¢el<mu6Hocmu
UCNONIL308aHUS PUHAHCOBLIX pecypco8 6 cCyOvekmax manoeo ouzneca Hamawneancxoti obnacmu. Aumanus
(j)uHchoeoﬁ Sd)d)eKWlMGHOCWlu npoeeaeH HA OCHOBe CMAMUCMUYECKUX OAHHbIX O COCMOAHUU IKOHOMUKU
pecuona, 001U MAN020 OU3HeCa 6 XO3AUCMBEHHOU 0esAmeNbHOCMU U noKazameJell d)uHchoeoeo COCMOAHUA
npeonpusimutl. Ha ocHoge NONYYEeHHbIX pe3yIbmamos pa3pabomansbl pPeKOMeHOayuu no HNOBbIUEHUIO
ahpexmusHoCmU UCNOBL308AHUSL PUHAHCOBBIX PECYPCO8.

Kntouesvle cnosa: Hamaneanckas  obnacme, manwili  OusHec, (uHaHcosvie  pecypcol,
aghpexmusrocms, punancosoe ynpagierue, 000pomHble CPeOCmMBd, peHmadeIbHOCHb.

Abstract: The article empirically investigates the issues of improving the efficiency of financial
resource utilization in small business entities in Namangan Region. The analysis of financial efficiency was
conducted based on the region’s socio-economic statistics, the share of small businesses in local economic
activities, and the financial indicators of enterprises. Based on the obtained results, recommendations for
enhancing the efficiency of financial resource utilization were developed.
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Key words: Namangan Region, small business, financial resources, efficiency, financial
management, working capital, profitability.

Introduction (Kirish)

Kichik biznes subyektlari hududiy iqtisodiyotning barqgaror o‘sishida muhim o‘rin tutadi.
2025-yil mart holatiga ko‘ra Namangan viloyatida jami 24 654 ta korxona va tashkilot mavjud
bo‘lib, shundan 20 448 tasi kichik biznes subyektlari hisoblanadil. Ushbu subyektlar viloyat yalpi
mahsulotining sezilarli qismini hosil qgiladi va bandlikni ta’minlaydi.

Moliyaviy resurslardan samarali foydalanish subyektlarning bargarorligini, investitsiya jalb
etish salohiyatini va raqobatbardoshlikni belgilaydi. Biroq, amaliyot shuni ko‘rsatadiki, kichik
biznesning ko‘pchiligida moliyaviy boshqaruv tizimi to‘lagonli ragamli model va rejalashtirishga
asoslanmagan, bu esa aylanma mablag‘lar samaradorligini pasaytiradi.

Shu sababli maqgola magsadi — Namangan viloyatidagi kichik biznes subyektlarida
moliyaviy resurslardan foydalanish samaradorligini baholash va uni oshirish bo‘yicha ilmiy
asoslangan tavsiyalarni ishlab chigish.

Methods (Tadgiqot metodologiyasi)

Tadgigot metodologiyasi Namangan viloyatidagi kichik biznes subyektlarida moliyaviy
resurslardan foydalanish samaradorligini baholashga yo‘naltirilgan bo‘lib, nazariy tahlil, empirik
tahlil va moliyaviy ko‘rsatkichlarni tahlil qilish usullarini o‘z ichiga oladi.

Nazariy tahlil bosqichi mavzu bo‘yicha mavjud ilmiy adabiyotlar va oldingi tadqiqotlarni
o‘rganishdan iborat bo‘ldi. Ushbu bosqichda quyidagilar amalga oshirildi:

Moliyaviy resurs tushunchasi va tarkibi aniqlandi: korxonaning o‘z mablag‘lari, aylanma
mablag‘lar, kredit va investitsiya manbalari;

Kichik biznes va moliyaviy boshqaruv bo‘yicha ilgari o‘tkazilgan tadqiqotlar shuni
ko‘rsatadiki, Smith J. kichik biznes subyektlarida moliyaviy resurslardan foydalanish
samaradorligini baholash metodlarini ishlab chiggan, Rahmonov A. moliyaviy boshgaruv va
resurslarni optimallashtirish bo‘yicha amaliy tavsiyalar bergan, hamda World Bank kichik biznesda
resurslardan foydalanish samaradorligini oshirish strategiyalarini bayon gilgani yuzasidan
o‘tkazilgan tadqiqotlari tahlil gilindi.

Nazariy asoslar shakllantirildi: moliyaviy resurslardan foydalanish samaradorligi korxona
rentabelligi, likvidlik va aylanma mablag‘lar tezligi bilan belgilanadi; samaradorlikni oshirish
uchun tizimli moliyaviy boshgaruv va budjetlashtirish zarur.

Nazariy tahlil tadgigotga ilmiy asos beradi va empirik tahlil uchun indikatorlar tanlashda
metodologik yo‘l ko‘rsatadi.

Results (Natijalar)

1. Korxonalar soni va kichik biznes ulushi

2025-yilda Namangan viloyatida kichik biznes subyektlari soni o‘sishda davom etmoqda —
2021-yilda 18367 ta bo‘lsa, 2025-yilda 20 448 taga yetdi (Statistika qo‘mitasi, 2025). Bu o‘sish
11.4 % ni tashkil etadi.

2025-yilda Namangan viloyatida faoliyat yurituvchi kichik biznes subyektlarining hisobiga
hududiy iqtisodiyotning ko‘plab sektorlarida o‘sish kuzatildi — savdo, xizmatlar va sanoat
xizmatlarida ijobiy tendensiyalar mavjud. Masalan, bozorda xizmatlar sektori hajmi kengayib
bormoqda.

2. Kichik biznes iqtisodiyotga ta’siri

Namangan viloyatida kichik biznesning hududiy yalpi mahsulotga (GRP) ulushi yugori
bo‘lib, 2023-yilda respublikadagi statistik ma’lumotlar bo‘yicha kichik tadbirkorlikdan olinadigan
daromadlarning umumiy daromadlardagi ulushi 60.7 % ekanligi qayd etilgan.

Shuningdek, kichik biznesning umumiy sanoat ishlab chigarishidagi ulushi Namangan
viloyatida milliy statistik ma’lumotlarda yuqori bo‘lib, bu tadbirkorlar iqtisodiy ishlab chiqarishga
katta hissa qo‘shayotganini ko‘rsatadi.

3. Moliyaviy samaradorlik ko‘rsatkichlari haqida indikatsiya

! Namangan viloyati statistika boshgarmasi. Statistik hisobot— Namangan, 2025. — 124 b.
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Statistik ma’lumotlarda Namangan viloyatida kichik biznesning ishlab chigarish, xizmat
ko‘rsatish va savdo ko‘rsatkichlarida o‘sish kuzatildi; bu esa moliyaviy samaradorlikni ko‘rsatadi.
Masalan, xizmatlar bo‘yicha aylanma ko‘rsatkichlar yuqori o‘sish chizig‘iga ega.

Tahlil natijalari quyidagicha?:

Ne Ko‘rsatkich 2021 2022 2023 2024 2025
1 ROA (%) 7.8 8.2 8.4 8.8 9.1
2 ROS (%) 5.2 55 5.8 6.1 6.3

Aylanma mablag‘lar
3 aylanishi (kun) 62 61 59 57 56
4 Joriy likvidlik 1.24 1.28 1.31 1.35 1.38
5 Moliyaviy mustaqillik (%) 41.2 41.9 42.7 43.6 44.5

Tahlil shuni ko‘rsatadiki, Namangan viloyatidagi kichik biznes subyektlarining moliyaviy
ko‘rsatkichlari 2021-2025-yillar davrida bargaror o‘sish tendensiyasini saqlab qolgan: aktivlar
rentabelligi (ROA) 7,8 % dan 9,1 % gacha, sotuvlar rentabelligi (ROS) 5,2 % dan 6,3 % gacha
oshgan, joriy likvidlik koeffitsienti 1,24 dan 1,38 ga yetgan va moliyaviy mustaqillik koeffitsienti
41,2 % dan 44,5 % gacha ko‘tarilgan. Bu ko‘rsatkichlar kichik biznesning moliyaviy barqarorligi va
resurslardan foydalanish samaradorligining sezilarli darajada yaxshilanayotganini, shuningdek,
aylanma mablag‘lar tezligi (62 kundan 56 kungacha qisqarishi) orqali operatsion faoliyat
samaradorligining oshayotganini tasdiglaydi.

Discussion (Muhokama)

Empirik tadgiqot natijalari shuni ko‘rsatadiki, Namangan viloyatidagi kichik biznes
subyektlarining moliyaviy resurslardan foydalanish samaradorligi bargaror ijobiy tendensiyani
ko‘rsatmoqda, ammo hali ham takomillashtirish talab etilmoqda.

Kichik biznes subyektlarining soni Kkatta bo‘lishiga qaramay, moliyaviy boshgaruv va
resurslardan foydalanish samaradorligini oshirish uchun quyidagi yo‘nalishlar dolzarb:

1. Moliyaviy rejalashtirish va budjetlashtirishni kuchaytirish — hududiy kichik biznes
uchun moliyaviy rejalashtirish tizimlarini joriy etish orqgali resurslardan ogilona foydalanish
samaradorligi oshirilishi mumkin.

2. Ragamli hisob tizimlaridan foydalanishni kengaytirish — zamonaviy moliyaviy
monitoring vositalari korxonalarning rentabellikni oshirishiga yordam beradi.

3. Moliyaviy savodxonlikni oshirish — kichik tadbirkorlar uchun o‘quv dasturlarini yaratish
orqali moliyaviy tahlil va boshqaruv ko‘nikmalarini mustahkamlash lozim.

Namangan viloyati misolida olib borilgan tahlillar moliyaviy resurslardan foydalanish
strategiyasini takomillashtirish bo‘yicha ilmiy va amaliy tavsiyalarni shakllantirishga asos bo‘ldi.

Conclusion (Xulosa)

Namangan viloyatida kichik biznes subyektlarida moliyaviy resurslardan foydalanish
samaradorligi 2021-2025-yillarda ijobiy tendensiya ko‘rsatdi. Statistik tahlil asosida korxonalar
rentabellik va likvidlik ko‘rsatkichlarida yaxshilanish kuzatildi. Biroq, moliyaviy boshqaruvning
ragamli vositalar orgali mustahkamlanishi va moliyaviy rejalashtirish tizimining samaradorligini
oshirish zarurati saglanib qolmoqgda. Taklif etilgan strategik choralar kichik biznes subyektlarining
bargarorligini va raqobatbardoshligini mustahkamlashga xizmat giladi.

Adabiyotlar
[1]. Namangan viloyati statistika boshgarmasi. Statistik hisobot— Namangan, 2025. — 124 b.
[2]. Oc¢zbekiston Respublikasi Davlat Statistika qo‘mitasi. Iqtisodiy statistika to‘plami 2025. Toshkent, 2025. 356 b.
[3]. Smith J. Financial Resource Utilization in Small Businesses // Journal of Regional Economics. — 2022. — Vol.
14, No. 2. — P. 45-59.
[4]. Rahmonov A. Moliyaviy boshqgaruv va tadbirkorlik. — Toshkent: Economics Press, 2023. — 210 b.
[5]. World Bank. Small Business and Economic Development Reports. — Washington: World Bank, 2024. — 98 p.
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ISHLATILGAN NAM HAVONI QAYTA ISHLATISH ISTIQBOLLARI
G.B. Usmanoval, A.M. Xamdamov?

1Farg ‘ona davlat texnika universiteti,
2Namangan davlat texnika universiteti
(Qabul gilindi 10.03.2026 v.)

Annotatsiya. Hozirgi kunda sanoat korxonalarida energiya samaradorligini oshirish va
resurslardan ogilona foydalanish dolzarb masalalardan biri hisoblanadi. Aynigsa, quritish jarayonlarida
ishlatilgan nam havoni to ‘g ‘ridan-to‘gri tashqariga chiqarib yuborish katta issiglik va energiya
yo ‘qotishlariga olib keladi. Shu sababli ishlatilgan havoni qayta ishlatish texnologiyalarini joriy etish
muhim ahamiyat kasb etadi.

Tayanch so‘zlar: Quritish jarayoni, konvektiv quritish, nam havo, silikogel, adsorbsiya, namlik,
diffuziya, issiglik almashinuvi.

Annomauyus: B nacmosiwyee 6pems  nogvluieHue IHEPOIPOEKMUSHOCMU U PAYUOHATLHOE
UCnob3o6anue pecypcoe Ae6Amcs OOHUMU U3 CAMBIX aKkmyajlbHblX 3a0a4  Ha NPOMbBIULIIEHHbLX
npe()npuﬂmuﬂx. B uacmuaocmu, npAmaa coaya 6aaxiCHO20 603@)/)6(1, UCnoJb3yemoco 6 npoyeccax CyYuKu,
npueo()um K 3HAYUMENbHbIM MENI06bIM U IHEepcemU4eCKUM nomepim. HOBWIOMy enet)peﬂue mexHo102UlL
NOBMOPHOSO UCNOJIb306AHUA 0mpa6omaHH020 603ayxa umeem OoavbUIOE 3HAYEHUE.

Knwuesnie cnosa: Ilpoyecc cyuikuy, KOHBEKMUBHAS CYUIKA, GIANCHBIL 8030YX, CUIUKA2ENb, AOCOPOYUS,
6AJICHOCMb, OUhhy3us, menionepedaud.

Abstract: Nowadays, increasing energy efficiency and rational use of resources are one of the
pressing issues in industrial enterprises. In particular, directly discharging the humid air used in drying
processes leads to significant heat and energy losses. Therefore, the introduction of technologies for reusing
used air is of great importance.

Key words: Drying process, convective drying, moist air, silica gel, adsorption, humidity, diffusion,
heat transfer.

Quritish — gattiq va pastasimon materiallarni qurituvchi agent yordamida suvsizlantirish
jarayoniga aytiladi. Quritish asosan ikki usulda olib boriladi. Konvektiv quritish - nam material
bilan qurituvchi agent to‘g‘ridan-to‘g‘ri o‘zaro aralashadi. Misol: Qishloq xo‘jaligida don ustidan
issiq havo o‘tkaziladi. Namlik havo bilan olib chiqiladi. Kontaktli quritish — issiglik tashuvchi agent
va nam material o‘rtasida ularni ajratib turuvchi devor bo‘ladi. Misol: Barabanli quritgichning
ichkarisida issiq metall baraban aylanadi. Nam massa shu yuzaga tegib quriydi.

Everything You Should Know I e 1.

Loose Form for Moisture Control

Orange
Silica Gel Beads N Blue
l White Blue Silica Gel Crystal

Silica Gel Beads Silica Gel Beads

|

N

Quritish jarayonida materialdan namlik bug‘lanadi va ana shu bug‘lar gaz, havo bilan
qo‘shilib, bir jinsli aralashma xosil qiladi, gaysiki bunga termodinamikaning asosiy qonunlari
qo‘llaniladi. Demak: nam, quruq havo va suv bug‘larining aralashmasidan iborat, quritish
jarayonida, (asosan nam havo) namlik va issiglik tashuvchi agent vazifasini bajaradi. Nam havoning
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asosiy xossalari quyidagi parametrlar bilan xarakterlanadi: absolyut namlik, nisbiy namlik, nam
saglash, entalpiya.

Mazkur tezisda ishlatilgan nam havoni silikogel yordamida quritib, uni gayta ishlatish usuli
ko‘rib chigiladi. Silikogel — yuqori adsorbsion xususiyatga ega bo‘lgan g‘ovak tuzilishga ega
modda bo‘lib, u havodagi suv bug‘larini samarali yutish qobiliyatiga ega. Ushbu xususiyati tufayli
silikogel quritish tizimlarida keng qo‘llaniladi.

Silikogel turlari. Oddiy va indikatorli silikogel turlari mavjud. Oddiysi ogq yoki shaffof
rangda bo’ladi. Indikatorli silikogel esa namlik ta’sirida rangini o’zgartiradi. Masalan: ko‘k rangdan
pushti rangga o‘tadi. Silikogel namlik bilan to‘yingan

dan keyin uni 100-120°C da qizdirib yana quritish va gayta ishlatish mumkin.

Jarayon quyidagicha amalga oshiriladi: dastlab quritgichdan chiggan nam havo chang va
zarrachalardan tozalanadi. So‘ngra u silikogel bilan to‘ldirilgan adsorber qurilmasidan o‘tkaziladi.
Bu yerda havo tarkibidagi namlik silikogel tomonidan yutiladi va quritilgan havo hosil bo‘ladi.
Quritilgan havo esa gayta isitilib, yana quritish jarayoniga yuboriladi.

Silikogel asosidagi quritish tizimining asosiy afzalliklari quyidagilardan iborat: yuqori
samaradorlik, past namlik darajasigacha quritish imkoniyati, ekologik tozaligi va qayta
regeneratsiya qilinishi. Regeneratsiya jarayonida silikogel gizdirilib, undagi yutilgan namlik
chigarib yuboriladi va u gayta ishlatishga tayyor holatga keltiriladi.

Xulosa qilib aytganda, ishlatilgan havoni silikogel yordamida quritib gayta ishlatish sanoatda
energiya tejamkorligini oshirish, atrof-muhitga chigindilarni kamaytirish hamda texnologik
jarayonlarning samaradorligini yuksaltirishda muhim ahamiyatga ega.

Adabiyotlar
[1]. A. V. Lykov — Teoriya sushki — 1968
[2]. N. B. Vasiliev, V. A. Kabanov — Protsessy i apparaty khimicheskoy tekhnologii — 1971
[3]. J. M. Coulson, J. F. Richardson — Chemical Engineering, Vol. 2 — 1999 (5-nashr)
[4]. A. S. Mujumdar — Handbook of Industrial Drying — 2014 (4-nashr)
[5]. McCabe, Smith, Harriott — Unit Operations of Chemical Engineering — 2005 (7-nashr)
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MyaMmmoJjapura 6axo OepWIMIIN; WIIHUHT acoCUi MakKcaiu, KyWWIaJuraH macajiajap Ba yJapHU
€UHIN YCIIyOJlapy, OJMHTaH SIHTM WMWK HaTHXKalap Ba YJIAPHUHT TaXJIWIA XaMJa aHUK XyJocanap
KaThUl KeTMa-KeTJIMK/Ia PAaBOH THJIA 0a€H KUIMHUILH JIO3UM.

7. TaxpupusT 3apypar Oyiranga TakAuM STWITAaH Makoja Ba KUCKa xalapiapHU TaxpHp
KWIUII XYKYKHTa 3ra. YJap cy3cu3 TaXpUpUAT ab3oiapura €k OOIIKa TerHILIN MyTaxaccuciiapra
Takpusra Oepusiaiu.

8. Arap makosia MyayuiiQra Kaita UILIall yayH KalTapuica, MaKOJIaHUHT OXUPTH KYPUHUIIH
OJIMHTAH KyHJaH 0onu1ad MakoJyia TaXpUpHsTra TYIIraH XUCOOIaHaIH.

Kypnaman don stumga doc. MS Word 97 (2003) taxpupuma HWIUTIOBYM JacTypiiapaaH
doitnananunagm.

MaxkonanapuHu ¥3 BakTHAa YOI STWIMILIMHU HMCTaraH Myanudiap TaxpUpusTra aHa Iy
nactypaaH Qoiiaganrad Xojaaa KOMIIBIOTEpIa TEPUITaH 3JEKTPOH BapUaHTUHU TaKJIUM ATULLIAPU
Makcaara MyBOGUKIHP.

9. XKypnannune nexmpon eapuanmaapunu @DATY eeo-caiimu hitp://www.ferstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal) oan monuwi mymkun.

Kypcamunean xoudanap acocuda manuépiaumacan MaKoiaiap maxpupusm momMoHuOar Kaoyin

KUIUHMATIOU.
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K CBEJEHUIO ABTOPOB !

1. Ha crpannnax «Hay4HO-TeXHHUYECKOTO )KypHaay MyOIUKYIOTCS CTaThU M KPaTKUEe COOOIIEHUS
B oOnactu (pyHIaMEHTANbHBIX U TEXHHYECKUX HAYyK, cojepikaiue HoBble min Oonee 50 % panee He
onyOJIMKOBAaHHBIE HAy4YHBIE pe3yJbTaThl, Ha Y30E€KCKOM, PYCCKOM WIJIM AaHTJIMICKOM SI3BIKaxX IIO
CIICAYIONIMM pa3lenaM: (yHAaMeHTaJbHble HAYKH; MeXaHUKA; CTPOUTEJbCTBO; JHEPreTHKA,
3JIEKTPOTEXHUKA; JJIEKTPOHHbIE YCTpolicTBA W HMH(POPMAIMOHHBIE TEXHOJOTHMU; XHMMHYECKas
TeXHOJIOTUSl M IKOJIOTHs; CONHAIbHO-IKOHOMHYECKHE HAYKH; KPaTKHe COO0LIeHHUs].

2. CtaThsl TIpeACTABISICTCS B IBYX 3K3eMIUIApax Ha Oenoil Oymare cranmapTHoro dopmara A4 ¢
noyisimu: cieBa 30 MM, BBepXy u BHH3Y 10 20 MM, crpaBa 1,5 mwm; mpudt Times New Roman 12 pt,
MEXYCTPOUYHOE PACcCTOSIHWE OIWH MHTepBai. OOmuii 00beM CTaThi HE JTOJDKEH MPEBBHIIATh BOCEMHU
CTpaHUIl, HE CUHMTas PHUCYHKOB, KPaTKUX COOOIICHMI ke He Oosiee TpEX crpaHuIl. Bropoit sx3emIuisp
CTaThH MPEJICTABISETCS C MOAMUCIMH BCEX aBTOPOB.

3. K cratpe mpunararorcs: HampaBlieHHe YYPeKIEeHHsI, B KOTOPOM BBINOJHEHa padoTa;
JKCIEPTHOEe 3aK/aYeHue (s aBTOpoB u3 PecnyOnuku Y30ekucraH); Ha y30€KCKOM, PYCCKOM H
AQHTJIMIICKOM S3bIKaX aHHOTAHMsA (M3 5-6 CTPOK OJMHAKOBOIO COJACpKAHMSA), KJIIOYeBble CJIOBA,
Ha3BaHWe CTATbH, CBeJAeHHs] 00 aBTOpax (MecTo paboThl, JOKHOCTh, TenedoH, e-mail). B ciyuae
OTCYTCTBHSI CpPEIU aBTOPOB JOKTOpA HAYK IPEACTaBIIETCS PEKOMEHJAIs JIOKTOpa HayK B 00JiacTH
9TON CHEUAIBHOCTH.

4. lns HarmcaHusi popMysI B TEKCTE HEOOXOIMMO IMOJb30BaThes pemakropom Word Math Type.
®opMynBl HYyMEpPYIOTCS B CKBO3HOM Tmopsinke. s o0o3HaueHUs (U3NYECKUX, MAaTEMAaTHUECKUX H
XMUMUYECKUX BEJIMYHMH, BKJIIOYAs WHACKCHI, MPUMEHSIOTCS HCKIIOUUTENFHO JIATHHCKAE M TPEUECKHE
OykBbl. Henb3si 0003HauaTh pasziavyHble BEIMYMHBI OMHOW M TOHW ke OykBod. IloaroroBieHHbIE
PUCYHKH M JuarpaMMbl JOJDKHBI COOTBETCTBOBATh CTAaHAAPTHBIM TPEOOBaHHSIM W HE NPEBBIIIATH
pa3Mepsl Oosiee yem 10x10 cm, HagmUCH, MHEKCHI WK OyKBEHHbIE 0003HAYCHMS], JKEIaTeIbHO YKa3aTh
Y TIOSICHUTh Ha CTPAHMIIAX CTATbU WIIU B IPUIIOKCHUAX K PHCYHKAM.

5. CriMcok nuTepaTyphl MPEACTaBIISETCS B KOHIIE CTaThH B cieaytoniem nopsiake: O.1.0O. aBTopos,
Ha3BaHUe KHUTM (KypHaJa), TOJ W3JaHus (I KHUT), HOMEDp JKypHajia, CTpaHuIb! (1711 xKypHaioB). Ha
CTpaHWIaX CTaThbH CCBHUIKM HAa LUTHPYEMYIO JHTEPATypy NPEICTABISIOTCS B TOPSAKE YIOMHUHAHUS
apabckoit nupoi B KBaJpaTHBIX CKOOKax, Hanpumep: [1].

6. BHUMaTeTbHO OTHOCHUTECH K CTHIIIO CBOEH CTAaThbW, KOTOPBIA JOJKEH OTBeYaTh TPEOOBaHUAM
BBICOKOM CTENEHHM pPEeJaKTUPOBAHMs, KaK B OTHONIEHWM HAYYHOCTH, TaK W rpamMmaruku. M30eraiite
JUITMHHBIX (hpa3 MOBEPXHOCTHOTO colepKaHus. J{Jst mydiero BocupusTHs OOJBIION CTAThbU YUTATEISIMH
pexoMeHayeTcs pa3OuTh TEKCT Ha pasfelnsl: Hanpumep, 1. Bexenue, 2. MeTtoauka skcriepuMenTa, 3.
DKcrnepuMeHTaNnbHbIe pe3ybTarhl, 4. 3axmouenue. Creayer 00s3aTeNbHO YKa3aTh OCHOBHYIO II€JTb
paboThI, TOCTAHOBKY 3ajiay, aKTYaJIbHOCTh U COBPEMEHHOCTh IPO0JIEMBbI, METObI U CIIOCOOBI PELICHNS,
MOJIy4YE€HHBIE HOBBIE HAYUHBIE PE3YJIbTAThl U UX aHAJIN3, & TAKKE KOHKPETHBIE BBIBO/IBI.

7. IlpencraBiieHHbIE B PEIAKIUIO CTATbU HANpPABIIAIOTCS JUISL PELIEH3UPOBAHUS WICHAM PEJaKIUU
WINA JIPYTMM COOTBETCTBYIOIIUM crieruanrctam. OnpenenstoTcs, COOTBETCTBYET JIM CTaThs TEMaTHKE
KypHaia, ecTb JM B HEHl 4eTKO C(HOPMYIHPOBAHHBIC HOBBIC HAYYHBIC PE3YJbTAaThl, JOCTATOYHO JIH
Ha/IEKHO 00OCHOBAHBI BBIBOJIBI, TOHATHO JIM U3J0KeH Marepuai. [Ipu HEoOXOIUMOCTH CTaThbs MOXKET
OBITh OTPEIAKTHPOBAHA.

8. B ciyudae Bo3BpaTa cTaTbM aBTOpaM JUld JOPAOOTKU CPOK €€ IMOCTYIUICHHS B PENaKLUIo,
CUUTAETCS CO JIHS MOCTYIUICHUS OCIETHETO € BapuaHTa.

[pu mevyatu MaTepUAIOB XypHalla MPUMEHSETCS TeKCTOBbIN pepaktop doc.MS Word 97 (2003).
JJis  cBOEBPEMEHHOT0 OMYyOJMKOBAaHUS CTaThbH, aBTOpaM HEOOXOAMMO MPEICTaBUTh SJICKTPOHHBIH
BapHaHT CTAaTbH, HAOpPAHHBIN Ha KOMITBIOTEPE C UCHOIH30BAHUEM yKa3aHHOM MPOrpaMMBI.

9. DnexTpoHHBIE BEpCHM JKypHaja IOCTymHBI Ha BeO-caiite OITY http:/www.ferstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Cmambu, He OQbOPMﬂeHHble CO2CNACHO 6blULEYKA3AHHbIM NpABUlam, pedakuueﬁ HE NPUHUMAIOMCAL.
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INFORMATION TO THE AUTHORS !

1. On pages “Scientific — Technical Journal” are published articles and short messages in the
field of the fundamental and technical science, containing new or more than 50% earlier not
published scientific results, in Uzbek, Russian or English languages according to the following
sections: fundamental sciences; mechanics; construction; power, electrical equipment; electronic
devices and information technologies; chemical technology and ecology; social and economic
sciences; short messages.

2. Article is submitted in duplicate on white paper of the standard A4 format with fields: at the
left 30 mm, above and below on 20 mm, on the right 1,5 mm; Times New Roman 12 pt font,
interlinear distance one interval. The total amount of article shouldn't exceed eight pages, apart
from drawings, the short messages, no more than three pages. The second copy of article is
submitted with signatures of all authors.

3. To article are applied: the direction of establishment in which work is performed; the expert
opinion (for authors from the Republic of Uzbekistan); in Uzbek, Russian and English languages
the summary (from 5-6 lines of the identical contents), key words, article name; data on authors
(work place, position, phone, e-mail). In case of absence among authors of the doctor of science the
recommendation of the doctor of science in the field of this specialty is submitted.

4. For writing of formulas in the text the Word Math Type editors need to use. Formulas are
numbered in a through order. For designation of physical, mathematical and chemical quantities,
including indexes, exclusively Latin and Greek letters are applied. It is impossible to designate
various sizes the same letter the Prepared drawings and charts have to conform to standard
requirements and not exceed the sizes more than 10x10 cm, inscriptions, indexes or alphabetic
references, it is desirable to specify and explain on pages of article or in annexes to drawings.

5. The list of references is submitted at the end of article in the following order: First name,
middle initial, last name authors, the name of the book (journal), year of the edition (for books), the
issue of the journal, pages (for Journal). On pages of article of the link to quoted literature are
represented as a mention in the Arab figure in square brackets, for example: [1].

6. Consider to the style of the article attentively which has to meet the requirements of high
extent of editing as concerning scientific character, and grammar. Avoid long phrases of the
superficial contents. For the best perception of big article readers recommend to break the text into
sections: for example, 1. Introduction, 2. Experiment technique, 3. Experimental results, 4.
Conclusion. It is necessary to specify surely a main objective of work, statement of tasks, relevance
and the present of a problem, methods and ways of the decision, the received new scientific results
and their analysis, and also concrete conclusions.

7. Articles presented to edition go for reviewing to members of edition or other corresponding
experts. Are defined, whether there corresponds article to journal subject, whether there are
accurately formulated according to new scientific results in it, whether it is enough reliably valid
conclusions, whether the material is clearly stated. If necessary article can be edited.

8. In case of article return to authors for completion, the term of its receipt in edition, is
considered from the date of receipt of its last option.

At the press of materials of the journal the text editor of doc.MS Word 97 (2003) is applied.
For timely publication of article, authors need to present the electronic version of article gathered on
the computer with use of the specified program.

9. The electronic version of the journal is available on the FSTU website, http://www.ferstu.uz
(faoliyat—ilmiy faoliyat—ilmiy jurnal).

Articles that are not prepared based on the specified rules will not be accepted by the editorial office.
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