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SO @BOSHI

Assalomu alaykum hurmatli mehmonlar, qadrli olimlar va konferensiya
ishtirokchilari!

Bugungi kunda dunyo j adal surodoatl ar bi
texnol ogiyalar va sundéiy intell ekt nafaqat \
taolim vV a j ami yat ni n goZgdishlarc hilshda s davrrenty aasasig a t
harakatlantiruvchi kuchiga aylanmoqda.

Ragamli transformatsiya ilfh a n, i gtisodiyot, tadlim ve
fundamental gismiga aylandi. Kechagina kelajakni baghgilish elementi sifatida gabul
gi lingan sunodoiy intell ekt bugungi kunda k a

avtomatlashtirishdan tortib, tibbiyot, gishloq jéligi, sanoat va davlat boshqaruvigactualdean
kundalik amaliyotga tobora kengygoriy etiimoqgda.

Shu madnodaRaghugungiexnol ogi y anhvausidagi dmiys u n 0 i
konferensiya nafagat ilmiy fikr almashish maydoni, balki kelajakni birgalikda belgilash
imkoniyati hamdir.

lImiy munozaralar davomida ragamli platforraaling imkoniyatlarini samaraliagléash
usul l ari, sunodiy intell ekt texnologiyalarini
muammolar, eng muhimi, bu texnologiyalar ganday yangi ilmiy va amaligejishlarga ¢ 10
ochishi masalalari muhokama g#idi, deb umid gilamiz.

Ushbu konferensiya barcha ishtirokchilar uchun ilmiy mulogot, tajriba almashish va
yangi hamkorlik loyihalarini g Iga oo yishda samarali minbaoldé&higa ishonaman.

Barchangizga faol ishtirok, gizi@ muhokamalar va samarali ikbnlarini tilayman.

Konferensiyani ochiqg deb ed6l on qgil aman!

10" BsHdte [ dtL O

Aovtsh Cjdzls dqtetcdeOydw 90 2dh dzsa [ A Y

Bzc Odzn d MdzOted ddeMisdlsklsdo [ ddzdzd?2 IsOH3(d
bjrndzd SO WOdedzOted HEBSIstSts
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03[R wRAQUR 4 [ZD0TUVIRT O [[R[]
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ORBf ouf ¢t Crut J1RCHR

Y O30l 49, 'R B tots n hd3is?) dzd3sz tc OH S0 O 1 . ¢ .
IWshCjdzs dquuude@ygywn oaPOodzdedded odi3j - Oded L Oydw dzOh ¢
[ ddzdzd?2 bOHYJY Sl kdede jtemdlIsj Isd
A ZroOBEBBcOdizZBd?2 dsBdHOEd uvihCjds OhRBtstils Isj
https://doi.org/10.5281/zen0do.17912171

b dzdzts s O OB s dZzOH O BOI dzkz BtsIs dzO te dzd O ds © Bgzdzgzy B jd dids(d
90LdWOEZOdHO BiddazdzOtedzeddzc Oc OBdWIsddzd B OC s5dzOh
(S jtols BOctdkZzZOted Y C€d di@ii Yyted?2 6ddtodzds ZO0ttcO® Of
dudeO BdzcOdz Odzd OdzO9 d 2 Mk dzdzOteH Odz W O3 dzd Az
CkL Gz 2d 2 B3O &zOted dzd s O3 fd d3dzOh 2 O0dzd 8di3d dzdzOte
diz3¢ sdedded BJjteOHd. zZE BOSMOHHO s. zZOdzdztsdz j dzlstet
ZsOdzd2dzd ¢ HOtOYOMddzd 90 ~fEmMemMdwisdsd dze d dz sted
BJtOHd. 1 0ttyO t£ FLdals zad20Mloz@®tafc © j 6 0 B Ad&zG Odz s
Odz0OdzdIsds¢ 2d2BOBEO jEeO jdBOMdzded ¢AtmMOIsddzc Odz,
JGO BAXZEOdz sdizddz j MO HBOCMdBOdZ jdstesf dweO jlsOH
U OdzOB OdzOte W Otsdzd v Is gz s djR@Pre @l dztf B GO dzd B, | delstets
ALGOttkzo yOodzdzd S HOcd W Ota3dzOtedzed ByYyde B JtOHJ, ZdOt
[ dzd dzc Odz dzOIsd Y OzOte J dzlstetstf W IsOfpded W d&zO"M toj 21sd
By dzj Y B deglsd 90LdW OZzZOtedH O 3cr dz® @Gd3dk® is d dz@ dz B © 3¢ &
vded e jteMOdz, ALGCOLRBOM 90 GMtsdz L s5c ZOAZOH G Odz d3j L

s Odzd Is ) MuzdzDtd 2 ddzls j dzdzj €Is (&R) , j dzlstetst dw,
JgdaW stediOydtsdze mzfmMzmdwilsdzOte, &BOI dzz Bsls dzOtcded IsOc dzd
Is O fmded Wsddd®dfls j t&¢ Is ©Oc dzd dzd

sqdtedh

1 OBsdz00 g2 kO dzdds IsdL ddsd Md% Olsdzd B O" 5O ¢
BOMOLOEOt jyddidded kO&OB yYJqd&OHd. Oy Oddd Ist
sjrndesdzse W dzOtcd dzgd Y OHOdz tedotsy dzOdzedh d BE X OtOY C
02 dzd,y OO dzd &3 B OMMOMOELZOLdHO Ayke > OwOY ded ded B
BO"sdzOh 90 kOXZzOBOMXOtt AyYlkze dOIsdy OkzOttdded kO" dz
Ydd&dh kOO yYddddOHd. J1bkdHO Mmbkdd d2 ddzlsj dzdzj ¢
Bsh Yy Otcks IsdL digsfoddsid dsdoi s 'dis zOh HO &k " d &5 o sidlsOd
[1]. &R OMsMdHOEd ©O" dddd?2 VY dHOh ko &zOte IsOi dzd
BOI &z Bls ZOtwded Y O220O dh &zOh, whdidds Y sdekzded ™ Is dzOt
Liskoyd s&daezOtedd sbidils g 00§t k@ dYtsddd dz0
Y dzH O 2o &zOte 5O dzd BH O d desOdzd Y dzd € ded A dzyOh , B O
Ydd&d"HO &E"dd d&zOL Oted?2 90 OBOLI2 O"Okdwl ¢O
kgL dBHOEd RO dZk iisls zOtedzd desOdzdy dzS d W OGP Y Ofgd e
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SO dzddz Y OOy dzgdHO S kL Odd&ZOHdEeOdz Isktcdzd AL GOtd!
BO"sdzOMHO Wts2HOZOddM [ 2] .

[OLSkte ISOHYJYBIHO IsOi dzdds IsdLddBdH O MdW Olsdz
sjrdzsdzcecdw &zZOtcd e © OMtsMdzOdzc Odz BsH j tzd AP L Pledg® i d Y
Ws2HOZzOdzdM IsOC dzdW 1 Isd d&zOH (. 1z Y dHOhEke Aydlsdl
TkeMkMOd sOdkOB OOELdd AL &ZOhIlsdtedh HOEOYOMd, AY(
HOMIsktedzOted dzad dBsMdzOh o yOdedzded 90 IsOi dzddz &kz"d
Yt dRBSCBSdedded B jteOHd [ 3] . 1 EdHOd sOhyOttd, IsOH
OmMsMdHO tdzddec Odz dOIlsdy OdzOte IsOI dzdd3 IsdL d d3d dzq
BShyOteze YOtetstedzOted dzd Gflsd ZOdzdzO"Isdtedh o0 Mmkda
HOMIsdzOB ¢ d 1" e gisistsddr@deld dzds O YOfiglz Y dzOh HO Y A dzdzOdzd M
Cdzlstetsq dw dzd EY sted Yd2 &30Isd IsdL ddHOcd AL GOtelzo
tstels ¢ Odzedzd 6  dzd , f Ofmls yYd2B0OIsd 1+ MO BOtkY Otestcdzd S dz
SO dzddz IsdL dd3dded MW Ols d3j L 5 dzdz@tsdzded X "OBGBOL dAdARIE
Qo lstsBOIsZzO"N Isdtcdh HO MOBOLOdzd CAteMOISCdy MW Olsd
BzOMMOMO&ZOtedH O MdW Olsdzgd BhYOtedh dJdzdid?2 OMtfido
90 1 dstesf d¢ ©O"dzddz kMkzdkdezottd ttey Odzd IsOC tsd3d dzdz
siodzd 5 IsdL ddzddzad tOY Odzgdzd BSH j dzdzOh Isdtedh , Is O dzO B C
"OBHO BtshyYyOttkze YOttstedzOteddzd YOBkdZz YdJddzdhHO O
gizS sdeddzed € j dzc ©O2IsdtcOHd[ 5, 19] .

[ jssHBsEZGE dW

AOOL Y dzO2 dzd ¢ , Bdtste B(dts siddz Y ¢€d ts dzd
"tsdzOls ddO®a[fgaf{W dzso yd d R Isd Y W IRz \EOARIAT) X jBiefchif @ jdsO W(OL
BJtoddze Odz B Adzfd dz. (xi ¥)datpldac s O'f@lte audztelz Is d L d d3dzd dze
BAdzd " d dzd dzG HOMsd@E Cdy Cd + Y dgBdee Odz dz2OBz dzO k21
YyOfmilstsls 0Ofd dzd BJ dz¢ d dzOh d &3d L BeddC ddz HJ B W OtcOL
YOflstsls OdzOtedzd dze IsOY mMd ditslsd B j tod dzc Odz s d3d dzdzd dzc
Adzytse dHd te 9 0O BjtoddzeOdz ~bkmkmdwIilsded d Y Hstete 1 @3taf] )
BOI dZzd@islsdzd AL dudc O tsdzOH(J.

e3¢ ddz BAdzE Odz " ts5 dzOdplryOIdcO dfeiQ Is JeH @Y Is(dzd dze  Is 2 te
Bdlsls® Bl jCIsHOEd Mddflstsds yYd2 BOIsdzOtcddzed VY S d
Yd2 B3OldzOtedded S Ateds ydydh dBBzdsCdde 6] .

1 dL de=izgde dzd dze 0" Ok v Is d dzd sO" dzddz yYddzdh HO
Wts2HOzOdzd M dzd Is ©¢ dzd W Yd d&zOd3d L . s zOfmMmd¢ Mk dzdz
sodtcdzd ¢ d Bdd&zOdz IsOeo mMdW &zOdzOH (, B Iz L1 MO  dats te O
BJ dz¢ d dzOdzOH d . RCCOdZO kfmkzdz AN'LOd ylfized jtCdisafHod Cotfztf ht:
ZzOIsdy OdzOtedzd IsOdzy ddz YdJdzd" yd2ddz 90 «+ M jtels ck
AcG Odzed dzOY s Odz OBz dZOH O d EhBEk R EzzOte Y d2 RO
sid zdzOtedzd dzé O” OB W Isd dzd Odzd Y dzOh dzd det ¢ ® 57 O® O ¢ @
YJdzOdglL [ 7

1 HIOdZOYO BAXZEOd MdW Ols HOttO) OfmMd ddzlsj tco OdzdzC
sz Yd2 B0kdzOted "tdOls WOLtsfddddse 1 dzj oz dzls d&zO
Z Odzdzts dzdzd dz¢ dzlstetstf W W stcdRBz zOMe H OdetcR@EEHI S Is ) iz
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Ws2HOZOddh dod SOC dzd¥ Y JdzOdBdL . Cdestesy v dzd = OBG
BAdGGOd AtcsOUO &OI &k ksl &Y Hsted MW OdHO " Od |

Edzstesf g% A dzyOdee Dugl desd O s tiek disls | BB @ I8 Js dg @ letaf] Sz
Cklsdddhd MdW¥OlkdHO Odedy O d&OH d ,

H(X)=M@(X) g & p(x)iog. o x) @
12 jXeRBMEndwisdad dzeH (X)dzls tetsf o w iy

p(X)- dz0 Blz dzXHYAIRIRBO Is ff @z elzls B A dzd " mEZfEMdwWisd.

| seOtedW dsdzd dzc dSSCddzd S OMmtsipd B ddzOdz tsdzd dzc Odz
BdIlsdzOtcH O d dBOI dzz Bsls zOtce BB Y Histed . 1 tshyo OfMmtsimac
ALGOlsdtedzO2HJ, Ylz dz€ d zs ¢ Ote d W d3dzd dzc Azmzmdwls
CAfOslaj WWdlsfmdJ delsdec O IsADted € JjdzOHd[ 107 .

Az dzS sHh(d)B 2 e @..p} sBIdz Y J2 BOdZOtd dzd dz¢ ¢ " Isq
ZOdgdzetsdz Issi3sdzgd HOdz YE2dHOGd h Otls zOtce © » OotsB B jt

1) H(p) O¢p UsttOdzdOdH O bkL pzE&R(fdafL ¢ dwdded A He Oted " d
Y2 B3®lsefd dzO0 AL GOWOHC;

2) H(p) dzd B Ols Odz dzts i) f dsd3 s ORRB s zOted > 52 Ot d d
YO ®E Otedh d BJdd&zOdz AL GOWRBO2HJ

9@, q+0q, =p{ "Isd B dzdzd § zOted xi B GzE BOdZO I O Is@dz d B
B A 2O, EdzH© bREBd2 L dastesfdw 4 dzlstetsty o w
kOtdBsY ZOdzdZOcE Odz IsdLdds 50 " okt tcdd?ls PdE

5 Ot Bls Y dzOdz%%@@qpi-Y d fyds

EdstesH Y2 dH Ocd mEkMkMdwilsdOt Bdd&Od lsOs MdW dzOd

1) H(X) MOdzB d2 Y d2 BOIsdzOtedzd Y OB lzdz YQ@eda(y) Bdzdz02 H ¢
CJ 2gip(x) dy seBfRdzd M f  d3kz d3S-cpfix ) logdeEd) @ @s 2 .

2) p- OHElogp BO" M dztslsd yj ¢ mdL lec(}Q)lfb@p)’,:O h & dzd dz@

3) p(x)logp(x) W OV Pl)=0 ¥ C dp(x)=1 Eykdz desdz¢é© Isj dzeé B
MOe Q8 detf tc SHON'W OY @), (%), p(X) + " Isd Bts dzdzd ¢ d&zOted H Oc
BARZGOMH O dhsdzé O Isjdee BAdZdhd Odedy BdteddS S
vhelk "tdOls dtsOdzdy dzyfiSo di Ofg @K@ Y & iz® Is d dixf dzc
BOI desde O wiohd d&sh CjdzOHd: "OydyoOlod " 0o
s Oded Yy dzd S dzd AL dudeO dz&3O2Hd. mEzfEemdwis
ZOIsdy O YADh JBYO Ol dzzditsls B j ted3O2 H J .

4) jdes s dw L dz6 @ Olsllse@®, Y d@cdgBds ¢ B j oz d dzd dze
Y d2 &301Is dzOtc  dzd dz¢ + “BlafoferigftssdiizdisS,j dedite dB ABdeffriO




XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

Il

p=p, =. A .= R
1 2dzH 02 " tsdzH O
H = 4092% fog, k @

SYystedHO S jdzsdteds AlsddzeOdz RsMMO&ZzOtE B jded Y
SOHYdY Sl H O deteMzOdzc Odz sdi3d dzded O" OBBdwWIsd CAtemO
ddzS sdzdded B jt6OH(. 1z, hzdzd dzG H § €, L dzlstetst d W dzd
YOO ddzeOdz t6j Odz WdL ¢ BOCtwslsdL dBdzOH Ocd totsdzd
sOdits2 d dzdzOtcH Odz W 52 H O ZAdefPO to'tf @ O tds OB s yedidgd " ¢ ©
sdzddze @dz [ 10, 20] .

1 Olsdy OdzOte

s dW Ol tBddzezoted (ddesj dmdes Yy d2 B30I &zOts) Y d 2
WBs2HOEZOdIN O Hsdte BdMsddzOteddd SAteds ydy 02 dzd € .

[Bi jCIs 1 2 3 4
I jaeed yd?2 3 3 3 3
Cdzstetstf gw Y H(X)= 41 103,1 O

I EdzH O { dzstesy dwded dze desdz Yy g2 BOIsddzd N sted2 IsC
O" OB wIsmdL HjB YOBlzdz yddzdh Bz 3¢ d dedzd ¢ d dzd B ¢
OfMsMdOde Od,, ykdSd ©Bi jCldOt sSEONMdHOEd WOty &zO
b flsds®ls skphdddg@lsd Y Ah d BYUO EOI dEBslscO 1 ¢0O | kO

[Bi j¢Cls 1 2 3 4
1 jded Y d! 3 1 4 2
Cdastesy d R T 1,41 1
H(X)= < 1d8,~ = = log,— & log,— 2
Y d2 d&30Is g (X)= 5 180y 31009 7 108,75, G, oo,
I "skHO | dstsfdY Yd2dB0kd ®BekCddz B AdEOd

Bt Sdidddd EOCHdEOd af OOEEe E@O0HdE O [ datedderdats
Y42 B0l zOtcd BOBYO B jSlsdOts Eykd "0t 2dd, h bk d
L BOL ydddhd Bzdksdd EINOOd kOMmddY ZOhHO [ :

(81 jCh 1 2 3 4
Jj&ed vq2 2 2 1 3
Castesy v 2 52 1, & 1. 14

H(X)= — ldg,— =+o = log,— O-
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VhBk nkmMiEmdvl yYd2 BO®OKLd ! dstesfdvmd b ystd
zkdzddze bkykdz Bz d3ddz 3YzHO s ytted WOty dzOh Y tsBC
kAf OB dzd MW Olsdded BO" s5dkzOh HO Bk " d .

"Owdted 20 CdhdHOdz dBtsteOls B j N s@LIgOxz@B O dEAtezt
ZzOlsdy OdzOtced YE2dHOGd Y OHo OdzHO € j dzlsd tcd dzc O dz:




XALQARO ILMIY KONFERENSIYA

ARAQAML I

TEXNOLOGI YALAR VA SUNOBGI Y | N
NOYABR 27-28, 2025

rOH9a OzZH O cktk"”" &zOts

CAteMOlS dydotsd

S . Z Odzdzts dz

BA2dYyo
Wisted3dz zOfMd H Odz

1r OH9 Odz
g dzse dzOIsdy OdzOtcd
v OdzOB O RdzsdLtsd3 BA2dyO AyYdlsdh H
ek’ 1 tek”| JER"] JEtek"| LRtk "

1 5 5 4 4 2
2 4 3 4 4 5
3 3 3 4 5 5
4 4 3 4 3 5
5 5 5 4 4 5
6 5 5 4 4 2
7 2 3 4 4 5
8 2 5 4 4 5
9 5 5 4 5 2
10 4 3 4 3 4
11 4 4 3 5 5
12 3 4 4 4 3
13 5 5 5 4 4
14 4 3 5 3 4
15 2 4 3 4 5
16 5 5 4 4 5
17 4 3 4 5 4
18 4 5 4 4 3
19 5 4 5 3 4
20 4 4 4 5 5
CEtcls Oy

80" 5 d 4 4 4 4 4

B A2 d wdzdvt©ls @G v@as YsO0 dbdzOctez talzd’

B(dts

nddz HjcEOdz
WBs2HOMZzOA] B,

Oy Odzd" d M Ols WP Odedy zO2 L [ 1 4
idteddzud cGlztslz”

Zykz dz:

H, =p,log 1 4, log 1 P, log 1 ptlog 1
1 2 Zp 3 Zp3 4 2p ij

20

2
=_—log,— +—log,—

2

1 20

20 2 20 1

1 8hyO cktokz”" &zOte kEZykzdz s tOoa dh HO:

3

=+ log,

20

A

20 4

= _+
3 2

lo

0

H,=1,56 H,=1,05, H, =1,43 H =174

sAted B

YydyYyddze Odz ckztolkz"” dzOtc dzd dzc

nzazsMOdzOte dud YdsizagCh dddds
1.1 dted dzud- @ istsle " B j ) 1B dzd €

2. RCC ddzydS e "B j PH) EU5\ dzd €

20

9,— 1’&

4

Tdkshoe O

L dzlstetsf dw Y

s ©OdzOB O dzO te
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3. v ud dzud -dlzlsdzdy B O fH, OUOE to dzd €

4. vntelsd dzyd o O B jndedsPdy Oc BTy ZadHg ozif 2

ZkzdzH ©2 Yy ddzd B, BdL &ROI dzrdgztcizd 8 O 9 O PIRBB tc Ga@tf B
LCOdedzdedded CAteOBdL. J410"tdkOt wahd, BOLYOLEE
kOl mMdted WOYOls IO dzdds M Olsdded " ZOH @b dEdh ¢
0S¢ fd dzy O, Iafipesha 2 Yisted By OkstddS MOs O &ZzOttd o O
CittOC dBOoYkH dsOdedy dzd Cdzd ( J dzstetsf dWwdzf) € OdBBO2 Isc

ZbdzH 02 yYddzds, MW Olsdd BShyOedhHO, OddytsD
woh ddzOh HO OftMd2 WdCttdOtwdd Oyt lOdor tcS sz GO
BO" sdzOh BOLOMd EkhBk Bi jClsdzOte IkdLdd®BdHOEd =
BAXZOH]. ¢cOt {1 dzlstesfdw HOtOyOMd & ysted BAEZNO,
YOwOlsddkeOdz BAdd"d CjtOC. o¢dks "jy YOdHO2 "
BOPMd dzd BlzlskOy ZOh kdekOmddeddedLr C€jtoS, ykdg
sktcokzdzdzd ¢ dH ] ts. UJndesdzse d € Y Otc OY dgdzOtcH Odz W Otey
TefededcO Ltdhdh el jSikkde ©OoadhHO ddS sdafjdL
BOo "kdE OBWCEO | wfh O kudftze § degde@c s dzc dzO" sqted «
HOBOLOMdL Ctdksfj diseOshdYMdeO COROWHG. 4k 1 tH
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t dM.slo Odzstso OW Mo j O HdY n=3 Ckedls

bzcstedlsdz B" dz L Of kM j dz dzD0 25 Oue§ s @ tsdglz fiy g dglz dzviylelAg -
dL 3 e dedz" | MsMistswdzdw (lsOBddYyO 1) :

v OB dZdyo 1.

RLOBJ tof dedz" §| MMmlsswdzedw dzO C o9 Odzlstso sdy

uEmMssY 2] (HoGdsBddyjmseos dL & lyOmMsslsO (
101 454 44.3%

011 425 41.5%

001 68 6.6%

111 77 7.5%

10detsdzjj ojteswisds) Mmmsswddj: 101 (45%).
s=10], =5 I bstesy f§t yOfktsls) Mmefmisswddj: 011 (42
Jdzls j oW j toj deyJ S deels®asd, N bkdssds ddzd shse j ddsmlsy d
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Odze tsted Is BO. rseedy MmMomisswdzedw (001, 114)0 o fiylst
CoOdzstsor n tshdets¢, hkzdses o MddBzdYydd ddzd dzj f
|l dMisBctcOBBO toj L zdzd sz dz jedd:j H § dzO

PacnpefeneHue W3MepeHHblX COCTOAHUA

YacToTa

101 011 001 111
W3mepetHble COCTOAHNA

tdf. 2 dMstsetcOBBO tojL zdz sOIstse dL d3j toj dad
soOdzstso ™ 2 10U tfstcdijsdly d O dz' fiasd MIEMC fipdete’j Istse s fMH
MtcOo dzj dad ® l CdzOmMMmMdyud MSdds d3j IstsH tsd3. 1 tsdziz y4 dzdz
SYdHOJ B &3 L dOuj dzd j &3. sHIAADF 5a OF ,ipY o & tr'Old@Hst Is o | o
Emlsts2 ydoe sfis! Odze tsted Is B3O. Adze stcdIlsdz sy Jls dmt
dmMisd LEshdj §MjoHshmaEzyO2d j ¢jdzj €O’ , M
tojL zdz sOIst fsCOL "M @08 ls, Yylsts € o Odzls so0Wid ya "g dffg dz
LOHOYd, ¢SCtbtstrj Mudlosilsmw Mmdtsy dr 3 HdzY ¢ dzOMmm

1 06 dzv uj ded §

J HOdzdzts?2 tcOB SIS Br dz twOfmMmdsslstej dz CoOdzlstsor
mMtter sses MHodGcO. 1 C0OLOdts, ylsts tsdz M smMse j dz to
f SHRSHtSo Y dzdztejtso 4 B Mt J tod d3j dzls T ZO CoOdzstsoatsds Mdds
Odzcstedlsdz ftcOoaddzt dets tsftejHjdzwjls MCter Isr 2 MHeadae
OB dZE HOj Bs] CoO0dzZssotsy MMmisswdedj HJ2Mlsodlsi dz¢ d
Clsts ftsHIso jtoy HOJIsd CttdadLjlSdsvdgtififlsze  f tod d3j dzd dzs s+
dzj S slsster » Mz yoOwrn foweodwelsipw dgjyj dzOIlsj dz' dz" § to
MowL Odes ;] CoOdastsor dizd h 23O i3q , ddzls j oW j toj dzyd j
oL ddC O h ddi3d fted of § sdzdzj g Pdzckve Odelztsed e s Chj
fsHYY ¢ doOtls dzj sBrtsHd B3tsMis HOdz! dzj 2h jets dMmmdz
ssydetsmilsd jets toj OdzdL Oydd. [ MsBB] L dOyd dzdj d -
fsLotsdzw jIs dzOrBBHdIS! MmMCtr Isr 2 MHode o fmzGoys Isy @z' Q4ts
mMdzd ¥ O0jls or ydmdzdlsj dz' dglz fdztsy detsfls LOHOYyd d f
fa j a3, sfdzts o Odadz" J O Mdzsy desfylsd MCter ssets Mt
GjLEd O d&jsls dzj btsd ¢t IIjtstjlsdyjmSezs vy
fsMmdzj Hilse fOL " os@idls kdzO dzj sB - tsSH J i3sMis tcOL OB sl
Jdot stedBOydd, bkmss2yder s € CoOdlstoar &5 OlOS Odk.
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slorvuvfl3ze oJ L JtRrRUS (CLZLU1VRC VLGOI [
1o Jer o 17¢roevyr JJRUSO wS5{30fE ]

YErOBjH] P O se QuPc@jo A. .
ohCjdlsmMCd?2 ddemisdlskzls ddeyj dej etse dtecdegaydd d
vLBJSdMsOdz, vOhMCjdals, EZdzdyoO sOtd 1 dw
Jteyd e mMSd2 cesmbkzuOtemise j dade’ 2, fy HEOKE IS iflsyQ@ dg,¢ d@ O hiz§
ydqteyd<¢, ltwsmMfisClks ¢BdO vj BzteO, 10
https://doi.org/10.5281/zenodo.17919114

O dzdzts s Oy O dzdzs 2 OB | ©OMMBOLedo OjkMw ¢ o Od
Bd ded BOd dese s ¥ " dadedey racHOdrndz 10 m-© ditiztizes & 5d | Y ddigjdzO
Wodweh jesY foddy &5 SoOHEOEd. RMsd Lkjlshw
fsLotsdYs hd2 LYWW iCIsde dats sftejHj IR, §ids dd:

R=log(x +yJd). 1ttsojHY dzdz’ | SoOdzlstsor j dL Bjtej deadw 1t
GjLEd Ok ftAEs0) Is dsosz jfisst o sdzv jIs S dzOMmfd wd MS d d3a

B dzd BOdz! detsj tejh jdedj kteOodzj dzdw ¥ j dedleio ¢ jiAf dglimed Is
HictsB ! sftejHjdVW ] jIs §jtedH d eorydmdzwjlk mMtstslse
(X, Y - tdLlzdz sOIst fd gz d&zv yd d dzO CoOdzstso s
f sdzd des 3 Odz! dzgz ¥ fdztsy detsfyls - ZO B ts f Hojj dedsin s BH d Is|ls L ¢
Cdzommdyd MS dJ Odze tsted Is a3 . ltoj Hdztsy j dzdz 2 d3j IstsH
fsfmdzj HMMsadw, IO COC Bdz IS dzydoOdz dzts kZctetsy O |
FtcOodzj dgdw 1 j dzdzv, ISOELd& CRHOMr j BO 1 k- BOdO

sdzs yjor g ShduEsG&Gddizatsted s ds, ZtcOo dzj dzd J 1 j dzdzw ,
fsHGetelz CoOdzssots] HtojsBGOLSO Odedj Alztc! |, Y
o' uqmadzj ded v

I'ejnjded]

Rdzsjtejm € ZtcOo dzgj dad 1 J dzdzw ) f sfdzj Hdzd J G
dmMmdzf Hse Oded ¥ 3 & B ZORSE" SFLUEEEEEOLEPY d Ul HE G
dZz0 OtedW d3j sd ¢ 4§ CoOHKOIsd ydz' ~ f sdzd 2, f s1 lstsd3kz
fsHsBd » EttOodzj dzgd?2 Bsyils ddsils! HtedC dzOHdz" §
CdtilssmMdmisy &i3. 1 OLodlsdy SCoOdzstso tzR H o tk d fdzP &zt
HgGBW Odzlstse ’ L OHOY(d. So0dkzlssea " § Odze sted Isd3 , tsfc
fsHGtekzf §r (Hi dden Subgroup Probl em, HSP) ,
LWWJSCIsdo dzsmls 9 Odeedtcd b FOBE stzdat@®™ydd d o' ydmdz
Izse Otcd Wdz@dzts [ fstej HY Sdztsy d Is* Yylsts OdzOdztse dydzr 2 f s
HdzVW EZteOodzj eagffw 1 4§ dzdzw [ 1

szt yjots?2 Htoster © o CoOdkzElssotsdz fBHABH] & bkZtol
MmMOdzetejdzz. 1 Mmjtedd OBl td 0L 0d, Ylsts L OHC
LOHB Y@ &zOo detsds dH j Odzj, o' ydmdzjdadj tjcckzdzvilststcO)
fsHGetelz T (HSP) 9 ¢dzj o] o & dztisd3/mdzHsH[] Is dSo das@Fe O &
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fjtcdBHO/ tojokzdzWIststcO® o toj Odz' detsdz C 9 OHtOIsd ydesdz
f sdzd des 3 O=lz' WO Y Biftc OB o~ sHO C o Odzlstso ™ j Odze tsted Is
Mow L Odgdz" » L OH @Yy j &istdOde @BIs' slsf cOo dzOW  Istsysc O +
dimimdzj Hise Odzd 2 . l OBl od@jMlss HdMCtej Isdetsc ts
WsteBz dzdtelz j sfw  §SHAEGH Shsdg djsbdasigeh d @giHed S
WEdzH OR3j dels Odz! desets 8 dzgdIs© € 9 OH tc Gfsts[duiigifls cas  ff léstelaly ; ¢ 16«
otsLotONOjls dJqdaW stcd3BOYdes  toijckzdviststej, dqL Cltst
toj " Jdedj -10] dzdzw [ 6

[HdZO dL dzOdetsdzj j d gzl j tO©pAgdz'tcd Is ks Bn jsdiadis figly dzO
Is ts d3, Yybsts tsdz tOmh dqtew jls fted dzj dad dztsfyls CoOdzlstso
BOIsj 3OIsd ¢ d, O dqi3jdgdzs © WhkdzH OBy dels Odz dz" = 9" Y
s stedd ydmj dz, smMsejdds o dLEkzyj ddd Y«Q@Od®bdwyd
ydmzser 7 fsdvs (Md. HOdjj Bl wihdgjdedj ofmjn &I
ILWWiClkdoder | CoOdzlssor j OdzetstedlIsdsr Hdzw  ted N j ded W
dHj OdkzOR d 6fftjHjdjddY ctkzffr C zOMmMmtse (d dac
C oS drn L WWjClsdoader 7 tojh jded?2) . RLAzsY j dzdj Oc
CdzOo dzr &3 B©BtOL s dzO [ 3] l HOdz dgj 2" dd3d MM dz€
sBtsBhY dzdlatsd s Oz stedIsdZO C o Odzssotsets dzOR Y H j dad W
1 j dztzOls 5 dzdnth id totp @edzOV 9 j tefpd W dL dzsy j ded VW  mits dzdze te § d
Is ts d3, YlstsB * Mo jMmMlsd LOHOYk dMcO WkdH O dzls O
sftejHjdzjdedr MCter ss2 YsHEwkzfifr o OHHdIdo dzs?2 @
ke OtedW dBO 1 Istse s 8 degftdsjOls d wjOMgSsR i tistHeRtiscaw jisly H tsB d Is
otoj di3j dzad tOBBIST OdEttedlsd®kO, Yt §toddsydPy Odz! dets ¢

1 tod d3j dzj dzd | HSP ¢ tcj Odz dzg" 58 C o9 OHOIsd ydzr i3
cddWtcOMmMstczC sktets?2 & (di stance f unHt i d A j O dbGadbdy)/
OCCLktcObdts SCtdstesddtetss Ols! OfftesCidBOYydd dzj § t
CoOdzstsor d5d twjedmlstcOBBd. 1 dzdlsjteOlskztcj  SHtetsB dats
gdW teOMlstezCIskzter d d&jlstsHr jyYy HdMStejlsdL Oydd/ of
OdBtcdIs O (& YOflsdesmisd, BLtster d Isjnrdedyud MSdyJ
tcOBSIsr 90y dzr HdW f tsddBOdedy HtOSIsdud MSda L Olst
stsydets 8y [ 12

1 sfpdzy fjteodyder » tjLizdz sOIstse HdzW toj Odz' dz" =
tcOo d o Odzd M 9 Holkn dOftcOo dzj dzd VW 1 : (1) OdzG tste d s
YdeMmMdtetseo Odzdzs?2 Misjf jdzd ¢tsdzw (Hall gren, 2005)
ftosdL o tsdz! dats? misy 4 dd (. v 0O¢, Br dzd ftoj Hdztsy §
zse Oted W dslz  H d ) COmigsdsp dzQ dzls @dze tsCteod Is d3r Hdzw o " ydfdzj c
sBh jd&§ Mz yOj. Cbkd tjLEzdis@QESHY B QusHa @ Isi,0 dzy 1§ ts
CHokrnCoOtlsdz m&@3]lftcdd3j tetso [ 19

l jtejntsH s OBjdzjorn Ctdjyde °» ctekz§f§ (cEHj H
ddzd c¢f dztslsdgrOdlge fdstislisty HOjIs Isjnded yud MSdJ Is tc z H dzts iy Kk
fjtedHdydesflss |, Bsckzls B Is ssdzt € ts ftod B dzd ¥ ¥
cdzdfhduyjotsmisde WEkdeC yd2 d 6 hdigjdzkzs tefoo @fdRisirs adz' 7 twitdsDS
OBl 5 Isjtstejlsdui ME 2 frpddsdgdiss Mdzifl g jamd §otagtsiz) tdc |
CtcOdzdy) OdOdzdL qtelzé s, CEH] djlssH fJteddzj dzeddz, O &1
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Hef h jded2. CIsd dfmMmdzi Htseo Odedw 9 Oy dzr Hdzw By de€ d
MOz toj dzO0 dzO toj Odz' dz" = EMmMlstets?2 Miseo OR .

s zOmMMmdud MEdj dijlstswe’ udnispagmlsd, tOL dztsy j ded
gdeW tcOMistczC Iskztcdz j Odze tsted Is d3" z1 dz2S MO d 1 k7 &3O dac
fdztsy desmis ¥ | Yylsts wodzw jlsfmpw Mmjte! vidgr 5 BSEteOded Yg ¢
[ 11] . bolsste tOBBIST OCy,jdzlsdtolzrjds] oadzd @360 ®Rdizls s ¢
or ydmdzdlsj dz' dets? 0 IsQdedststefd sz M ijmMOdzctej 20 ( STOC 20
ftesH ] BsdzMistcdtctso Ooah j 3 o 5L Bsy detsMls f s dzd dzts d&3d O dz!
CoOdzssosds Stsd3f ! 6 Isjtey . [MmMdzseo dzOY dHJW L OC dzt yo, |l
8 dzd IS@® OHte Olsdydesets fsdzv € CoOdzssotsdBz f jtodHTES
yofmlsdzr 2 Mdzkyo©2 HSP. #lsOl' v Ctstete] Clsdzs L dzOG O
fsHetkzy §f 52, Wistcdzd totso Odzd | fjtedHdyd ME 2 WEdS
o jdzduyddz dzO HIMSAcj iz §MISwE@AkIs sb Oy dzf &3 H tsfyls s5d dzf
Yy ¢ ts§ s dmoOdad J sjstejIsdyd ME et Of f OtcOls O,
fteiHh jMmMlsealzs h dn dmmdzj H s Odzd 2 d wBi wfdsj dad j 3¢
CdzOmMMmdyuj MEses fsHAtsHO € C o Odzls tsfglis'dzslz O dzdh s tisdlsd3CYf
sYyjdSd Ms2¢smisd CttdfbsctoW dujmMSdn mMajd, i
ftsdzj 2, yYybt MmMoslke jlsmisokjls Motej d3j dedz” d3 Isj dzgH j dzy
d&3d daj 4 . s Ols! w desfdls ftoj ddizgzh j Mise j dadets tsB L tStedz
OdzestedIsdzsd yd MSdnr Edzzyh jdd?2 ddss JOSilsdud Msdn
otsftesmr btydshmisd d kffss2ydetsmisd CoOdstsatsets O
CsdzdyjMlso® Ckedltse d cdkzedd CoOdstsot? Mo ds
tcj OdzdL OyPd deBj Ifts o tc j-BHzizsA MND 8D, yYlsts wodzw jIsfmw
stcOdzmdzv ydd bistejbduimMédr tjLbkd IsOlstse o ftcOF
dqdW tcOMlstczC skztclz.

A j dz! HOdzdzts® g EzElsso Ols CoOdzlstsor 2 Odzetstedls
1 j dzdzw , shdso®Uadal @ 1dOH Goyidh ¢ T sdMék MCter ss2
ctozf i, d fsO0dodkdL JetsoaOIls: jet or ydgmdzdisj dz@ dzr
BjlssH OB . l s Bs  WisttdBOd dzsets o' 9 SHO OdG Ste
OffestMdi3Oydd daj ftejter odz’ » d o jSdrdOWESs o "Cdistidz] otk
MstckzSCskztc® dMitd Lkzjdkd" » CoO0Odzstsor n ff jtcOlstetse
HOddzsG 5 f SHARBHO dZO C o Odzlssear 7 Oterndlsj CIsttOR B dz

ltejHMisOodzj dgdz" | tojL zdz sOlsr ECOLTM 908l dzO Ists,
fted dyd'fdft® dL d3j dzd Is* fydzts  dzts s - teg N j ded W ztcO
i sdzd des d3d O dz! dzlz & syjdeSlz otej dzj ded o' ydmadzj ded?2
CoOdzssots?2 kjtstedd ydmjd d §fsmisSoOdstssts? Cwdflst

LIOo dzj dzd § 1 J dzdzw

X°-dyy 4

wo dzW jIsfpw  tsH dzd @3lz/ddzr W Zzulafit©OWQ didstse r 7 kZteOo dzj dzd 2,
sitstedd rdafmMdgdze sects yj dzsets fsdzsydlsj dz desegts O, dzj
fplzh j flseojifijlsts dzj wdzts §  o3czts (g, fis o tf tetg 311 f3dzdd@d dzd B3O dz! dats |
(% %) deteO§ ks yjoks totsd o 9" yddzj dgfdfo i 5P dz< dp’

Ok tstedlsdd §s5dMS O &ddzd BOdz dzsc s fdjoh judpdfrdetrssydzsd O
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ddzi s Is + CMYf sdaj deyd Odz! dzlz¥ fdztsy dztsfyls o nabkuhjd MM
fsCOylOEz, CoOdzalstsor 2 Ctsif’' s Isjtc MYytsmtsejdz o ydmdzd s
R, Relog(x HW 9,

LO ftsdzddsd3dOdz detsj otcjZv. Clts MsOdzs o tsL d3tsy
fsHeXflstster 2 ©Odzei § tod d3j destiptjmls Hdzv o @ WacBO ¢ @ G
ZBtO Hdzvw WOCIststedL Oydd.

I O dzdzts J dfMfdzi Hise Odzd J§ ftcj HMsOodzw jIs CoOdalstso
sMdetso OdAzAr ® dzlsid®o sd3 ff toj tsB QO safOdeddd sl tE! jsy( dz¢ On .
tcjLbkzd O B8 OCO®OEAIs " 2 Odec tsitd dERs | Bt fj dzidzts U J c

¢ zOMmMdud MC OV B wORBEC B fof (30 Gl tc @9 dzj ded § 1 | dzc

stesdj ks, kydlreow, vyt Cldizssdhow &igiho
O s 2O Hzj ddgv, It v dzsy j dzdz’ 2 Co Odzsmor 2 Odze 5t

betesL b HE&tdlB&GEhs | &, OdOdscdyds |seREEK, ¢ OC
[jltsH T
VOodzj dzdj 1 jcd ftojHimlsOoacdw jls M2 HJBY Odl
X°- dy* 4,

GHY O fsdztsy dlsj dz detsj vy dzsj ydmdzts, dzj x ydo cdzv s h j
dmSsdrJ yjdrj udmao.

VicOodzj dedj dd3j ls Mdznize hdj Mot Mmise O:

-1 MO sdzj ydesj Rdesy jMlsets tjh jdd?2: jMdd MEeh j1
" jd&dy), bt dL dajet dmsyds §stwsHdls! B j M sdaj ydz
6j Cktotoj des dzsj Mtssisdatsh j dzd j

Xer = X% Tdyy,
Yir = %% tUX%-

- AzdzH O3 dals Odz! detsy e h jdadj: Bdded BOdz dzsj 5 e
(x,y) &ZzOL " 8 Oj Isfw Wrkzddzndd R slag'Ofids ffy tshdetse 52 H v  f 5y
toj h j dzd 2 .

ANzdzH O3] dzls Odz! detsj tojh jdedj MowL Odes f sjtstedj?2 O

e=x #n/d

ZOL" 90jlsfqw WkdzH OBy dzls Ozt dzts2  j v d )] 2 [ Yasdz y
JEOjls Cdzt yjobke tetsdr o or ydimdzj dzedd thlsOd dzr 7 to

sdzs yjor & dqdzmlsteddj delstscdy tejh jdedw bkteOgdlzg dzgdw 3

fjtedsrdujmMSky yjfdzy Hese!. [¢ei] deeOydsdzod
dzj ftoj tor 9 dgts?2 HtctsB d:
Jd=a + 11 ,
a1+7+ 1
a, a+.

CHi=[Vd, O {(shmdjiHkshdja osylhdydkasr (s toj CL
W st dglz dzj .

l jtedtsH vyJ fEePRe sidgds e j " O h 25 i d
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1 kMmls: jtedtsH t®L dzsy jdedWw t©0Oo j dz

Y [ fpdkduy Isdzr 2, Ists W Iz dzH Od{ dgls O IsdtyY ot ff § diafy § dzdzts

Yo (Csdzo jtoG j dzlssds) yYJHdzs?2 HtetsBd ftstewHGO

Yo Mddddzd yy Isdzr 2, d3isdsls Oidiz ddetsQ  toj M jdedd f sdzkyO4 Is
tcOL dztsy j dgd W .

1 Mmisy HORO yjf zOW HiEctsB! :

stdzo jedjdalst or ydmdvrs sy 5 ¥t dkkods:
Ph=a,P: tha R F R &
g,=a,0., 0, ¢ & g 1=
UBGEHO WkdHOMd] dzlsOdz! detsj tojh jdedj EZic®O®ozgetled v 1
(% Y) = (R 9)-
s ZOMMduiMSdj *jlssH' Ikejekéls 1 CMYfsdy dydOd
LOY diig,g,) dtsy dls ttOMmisd + SMf sdzj dzyd Odz! dzts. S90dzlstso

R=log(x v dL O { sdddasizdduz &v, dhfsd L&zv §sdne Mot
1. soOdsta’ 2 ¢ cHER, " st dcwdhdsisobjls §jtd
2. 10bkjd& Cazomdyd MCd2 (Qgefs tfdesdts Mo tfry fritls) AscistHo Az
HictsB § 2 .
3.00Cdd BBLOLGE, tjhojshY ktOs dgj dzdj 1 j czdzw
¢ &zOMid uj MS da k¥ st tsdeji dzyd Odz! desc 5 o toj d5j dzd .
tjLbkd sOIsT
t OLOBISOdZO0 (e k®BERED dOr sy Hj ddY d&ddzd 3O dz
EtcOo dzj dzd W 1 j dzdzw :
A Iz dz€ gotitihued fraction(d):
ANzdzC ydw tcOL dztsydodzdyyj fCdiEAs | dp’ tc tS=ls
a0 Woor(sqr{d) ) I Kjdzow yOmls! ¢ stedaw
( Mfdzd a0”"2 = d, Ists o jtodzzls! None /1 d
m Y 0, d_k Y 1, a Y ao0
fraction_terms Y [aO0]

@O i 2 * ao0:
Y #a-kn
k Ym"2)dd_k
Y floor((a0O + m) [/ d_k)
[ 5B Oagflmetion_terms
1 | tc ddlatgion_terms
AlzdzS ydw dzORtsy HjdedWw d3d dzd 5O dz! dztsets tej N j dz
A 2 dz€ gotve pell(d):
fraction_terms Y continued_fraction(
{ Mdzd ofnr_atcetrims = None, 9o jtdzzls! None
k Y Hd&ddO f+laction_ter ms

]

s
m
d
a
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numerators Y [1, fraction_terms[O0]]
denominator [ 0, 1]

Il I udidzy j &3 ftedsdzdy j ded ™

[ dzMsls X+2H s

numerators[i] -N*nimeersfl]e numeratarsfdl [ i
denominators[iif f r a c t i -@]i dehominatossfil]i+ denominators{P]

{t Mdzd k yvy lsdzetsy :

x1 Y numerators][ k]

yl Y denominators]k]

R 2O :

fraction_terms Y fraction_terms + fra
numerators Y [1, fraction_terms[O0]]
enominators Y [0, 1]

razv i sl 2 HB 2k+2:

umer ators[i ] -N*numeeiorsfil]e numeratarsf@p [ i
enominator s[ i ]-1] *enomirmtorsfl] & denomimatonsi][ i
1 Y numerators[ 2k]

1 Y denominators][ 2k]

l Jtedzkzlst (x1, y1)

soOdzlstso OW  frjjrd Ndcd@) jelsd Hiy

do — H — 0 —H

o

< X O S

o - NN B
circuit-258_dg
7 : A
- : -
P (i Bim2] Pimid) B m8|

da

4 - 0 1 2 3
c

l sz yj def fdzj HEs hdj L dzOyj dedw :
tiLkd sOIr dL&Bjtejdd2: {'01000': 8, '00000"
4, '00010": 18, '01111": 3, '00100": 10, '01101" 2, '11000" 3, '00101" 1, '11111": 2, '01011": 1,
'11100" 1, '0010"; 1, '01010"; 1, '01100" 1}
) od B dzd ¥ ¥ dedes®RO Q00 u j dzd J
[ ddzd BOdz! detsj tejh jdzdj EktcOodzj dzdw 1 jdzdzw: x1 = 8
1 OC dz¥ yJd deqd d
] HOddzts? OBl YtejHMIsOodzjdz SoOdalstsar 2 0Oz
tcjh jddw bEtOodzj dzdw 1 j czczv , tfifdzs ols@Rdz OB jddf) odsj2ls o H
CoOdzbsotsets ftojsBteOL SO Odzgd™Y Abkte! j (QFT). [r
ZORsHdls! § tedB dzd ROUAZS § & R EAEA g dsj otj BY, Ists
Oz stedlsdd tjh Otls 1lsk LOHOYUE L O ©% fintdskzdzy d6c
CoOdzessotsets OdzetstedlsdBO dzO®  &zOlW stedsyj | BM Qi s ki t
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RL 3 tog dzdzr J L dzOy g dzd v CoOdzssotsets tjedMmlstcOd® s
LdzOyd ded 4 R, ylss ftedoj dzs ¢ EMmf jh dzsdze dzO- ts) H §
) j degw Odzssor 2 Odcstedlsds t6jh Ojls bktcOodsj dzdj 1} j dzczw
fjttdsrndudesmls: yjfdr &7 HEesBj2. (JjLEd Ok fdd
O stedlsBO, ds §sCOLT o008l oddwddj thdess, Mo
CoOzssotsats tsjafhls@zd d " bROR] o jdisddzj 2. I ©OC
OkcstedlsdBO oG ds yOjls oL By dky ¢ sdfbedg & aGipd:
OO dudts Ik, CO0C Odkestdlsd z6L0 ey O]k
teOo dzj ded W 1 § dzdzW H j d3tsdzfls to d tafz jfs dYfcielj odty fis-tstsiHChgiix{e t=f
fjtemf jSlkdar Hdv HOM dj2hda dhmmdjHse Odd2 o t
CodflscOf dyujmMSdr fddsy jdd?2 .
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S U N OINTELLEKT XIZMATLARI EKSPORTI: INNOVATSION
AUTSORSINGNI TARTIBGA SOLISHVAQO&@ L AB QUVVATLAS|
SIYOSATI

Abduraupov Rustam RamzovicH, SodigovEImurod Shomurodo 6lig 6
'Ragamliigtisodiyotva agrotexnologiyalaunniversitetiigtisodiyotfanlari doktori, professor
2ToshkentXalgaroVegminsterUniversiteti,Doktoranturadasturitalabasi

https://doi.org/10.5281/zen0do0.17919124

AnnotatsiyaUs hbu magol ada sundéiy intell ekt (S1)
davlatning @ 161 a b g umexaaiznlad samnovatsionautsorsingsiyosatining ahamiyati
tahlil gilinadi. O abekiston Respublikasining amaldagi dastur va ldatlari o @anilib,
Hindiston, Polsha va Estoniy&abi ilg @ davlatlar tajribasi bilan solishtirish asosida
takomillashtirish bo yicha amaliy tavsiyalar ishlab chigilan. Tadgigotda statistik tahlil,
komparativ metod, ekspert bahosi vodlanidi yosiy i
Kalit sodar: s undintgllekt, | T aut s aizmatiam gksporti, davlat
golél ab g u wnowatsibnsiyedsati |,

KIRISH
Raqgamliigtisodiyotning global migyosdagi rivojlanishi mamlakatlar uchun yangi eksport
i mkoniyatlarini yarat moqda. Ayni gsa, sunoiy

korxonalari uchun Sasosida xizmatlar ishlab chigish va yetkazib berish, mamlakatagamli
igtisodiyotdagipozitsiyasinimustahkamlastia eksportportfelini diversifikatsiyagilishdamuhim
rol o ynaydi (Deloitte, 2023).

Gl obal mi qyosda sunoiy i mildae 450 eniMidard AQBhz mat |
dollaridan oshgarbo I, 2030 yilga borib 1 trillion dollardan yuqori ko &atkichgayetishi
kutilmoqda(Jahon Banki, 2023). Shu bilan birga, ragamli xizmatlar segmentidatSarsing tez
sur 6at | adgmogdaivia axalgaro #Xizmatlar eksportining eng dinamik oltimiga
aylanmoqda.

O abekisbn sharoitida 1TPark tashabbuslari orqali 4dutsorsing eksporti 2022023
yillarda taxminan 5 barobarga sdi (81 million AQSH dollaridan 470 million AQSH
dollargacha) (IT Park, 2024). Biroqg, Sl xizmatlariga ixtisoslashgan kompaniyalar ulushi past
bo b umumiy eksportning taxminan 8% ini tashl
yo maltirilgan maxsus siyosatning yetarli emasligini®atadi.

Xalgarotajribashuniko rgatadiki:

T Hindistonda Sl-autsorsing eksporti davlat grantlari va eksport sug drtasi orgali

rag ldatlantiriladi (NASSCOM, 2023).

1 Estoniyadanstitutsionalboshgaruwmarkazlashtirilgaro |, daviatbuyurtmalari

startaplauchunochilgan(CBI, 2023).

T Polshadalmiy-tadqgigotsoliq imtiyozlari orgali Sl-kompaniyalarsoni sezilarli oshirilgan

(Trade.gov.pl, 2023).

Shu nugtai nazardan, tadgigotning asosiy magdabekistonda Skizmatlari eksportini
rivojlantirish uchun davlat boshgaruvi mexanizmlarini takomillashtirist yibha ilmiy
asoslangan takliflar ishlab chigishdan iborat.
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Tadgiqot vazifalari:
1. O abekistonSI-xizmatlar eksportva go lfab-quvvatlashsiyosatinitahlil gilish;
2. Yetakchidavlatlartajribasinisolishtirish;
3. Siyosiyinstitutsionalmodeltaklif gilish.
METODOLOGIYA
Tadgigotdaquyidagimetodlargo l&anildi:
1 Komparativ metod: O abekiston Hindiston,Polshava Estoniyamisollarida
amaliyotlarnisolishtirish.
T Ekspert baholash:IT-Parkvakillarining 10 nafarmutaxassisbilan so ri@vnoma.
T Statistik tahlil: 2020 2024yillar eksportdinamikasi.
T Normativ-huqugiy hujjatlar tahlili: davlatdasturlariva siyosatlar. Eksport salohiyati
quyidagi indikator orgali baholandi:
®»0 0
00t QO w

@ 0Y
x 100

buyerdady o Sl-xizmatlar eksportigwoy umumiy IT-xizmatlareksporti.

Shuningdekiaklif etilgan siyosiynodelPESTI

(PoliticakEconomieSociat Technologicalnstitutional) yondashuvi asosida
shakllantirildi. Bu uslub siyosatni tizimli tahlil gilish va xalgaro tajribalarni adaptatsiya gilishda
keng @ l&anadi.

NATIJALAR VA MUHOKAMA

Eksportsalohiyatininghozirgi holati
Magqoladakeltiriganma 6 | u rasodideSaxizmatlareksport ulushivaasosiy
go ltab-quvvatlashmexanizmlariquyidagichaagdimetilgan:

Davlat Sl eksport ulushi Asosiyqo ltab-quvvatlash mexanizmlari

O abekiston 719 % Soligimtiyozlari, IT-Parkrezidentligi

Hindiston 28% Eksportsug drtasi,grantlar,infratuzlma

Polsha 21% [Imiy -tadgiqotsoliqimtiyozi, universitetsanoat
integratsiyasi

Estoniya 34% Markazlashgamagamliboshgaruvstartapvizasi

Raqgamlar shuni ko satadiki, O abekiston Sl-autsorsing eksportida hali rivojlanish
bosqgichida, Holbuki, Hindton va Estoniya kabi davlatlarda maxsus siyosat mexanizmlari bilan
yugori ulushga erishilgan.

Ekspertlarbahosi

Ekspertlarso r@v natijalarigako @ asosiynuammolaquyidagichébaholangan:

1 Eksportgamo l{allanganAl-kadrlaryetishmasligr 9/10;
1 Davlatbuyurtmalariningcheklanganligi 8/10;
T Venchurmoliyalashtirishning sustligi 8/10.
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moliyaviy qo leab-quvvatlash yetarli emasliginioki&atadi (Indian Express, 2023)

Taklif etilayotgansiyosiymodel

O abekistonning Shutsorsing sohasini rivojlantirishda strategik ahamiyatga edgam
beshta asosiyoyialish taklif gilindi. Ushbu g malishlarnafagat mavjud muammolarni bartaraf
etishga, balki mamlakatning global geamli iqtisodiyotga integratsiyasini kuchaytirishga
garatilgan.

Al-kompaniyalaruchun eksportsug drtasi joriy etish

Eksport sg drtasi bu kompaniyalarni moliyaviy risklardan himoya giluvchi mexanizm
bo lib, chet el bozorlariga xizmatlar yetkazib berishaliyaviy xavfni kamaytiradi. Shu
mexanizm orgali startaplar va kichik kompaniyalar vyirik xalgaro loyihalarda qatnashish
imkoniyatiga egdoo ladi.

Eksport sug drtasi O abekiston sharoitida kutilayotgan t a 6 sikkr ryd malishda
ko §atadi:

1 Birinchidan, konpaniyalar yangi bozorlarni sinabokishdan @ rgmaydi, bu esa SlI
xizmatlar eksportining hajmini oshiradi.

1 Ikkinchidan, sg drtalangan eksport loyihalari investitsiyalar jalb gilish uchun bargaror
asos yaratadi. Hindistonda shurmashash mexanizm Aausorsing sohasida eksportni
28 % ga oshirishga xizmat gilgan (NASSCOM, 2023).

Grantlar va subsidiyalarorgali SI mahsulotlarulushini oshirish

Davlat grantlari va subsidiyalar innovatsion kompaniyalarni yangi texnologiyalar va
xizmatlar yaratishga tpldatlantiradi. Bu mexanizm aynigsa Atartaplar uchun muhim, chunki
ular dastlabki bosgichlarda yuqori moliyaviy riskga duch keladi.

Grantlar orgali startaplar yangi algoritmlar va xizmatlarni ishlab chigadi, bu esa eksport
salohiyatini oshiradi.

1 Subsidiyalar grdamida kompaniyalar texnologik infratuzilmani modernizatsiya giladi va
xalgaro standartlarga mos xizmatlarni yaratadi. Polshada-tbdigigot soliq imtiyozlari
orqgali SI-kompaniyalar sonsezilarli oshdi (Trade.gov.pl,2023), bu esaO abekistonda
ham slingao Xshash mexanizm samarab lishini ko gatadi.

Al-startaplaruchunii r e g u b @ a t modelid

ARegul yator sandboxo model. i nnovayiclmi on
moslashuvchan muhit yaratadi. Bu startapletltun gonunchilik cheagalarini tushunish vgangi
Xizmatlarni xavfsiz joriy etish imkonini beradi.

Sandboxmodeli orqgali startaplar yangitexnologiyalarnitajribadan o tkazadi, bu esa
eksportganos
mabhsulotlayaratishgayordamberadi.

1 Shu bilan birga, davlat regulyatori -Sizmatlar bozoridagi tendensiyalarni kuzatib,
gonunchilikni moslashtiradi. Estoniya tajribasi shuro iatadiki, startap vizasi va
markazlashgan boshqgaruv innovatsion loyihalarni jalb giladi (CBI, 2023).

UniversitetlardaAl -eksportyo maltiriigan t a 6 daduntari
Yangi malakali mutaxassislar yetishmasli@iabekiston Siizmatlar eksportida asosiy

to iq hisoblanadi. Shu sababli universitetlarda Al va eksporviga g | t i ri | gan t aol i

joriy etilishi muhim.
Bu dasturlamafaqatexnik bilimlarni, baki xalgarobozortalablarinihamhisobgaoladi.
T Universitetsanoat integratsiyasi orqgali talabalar amaliy tajriba orttiradi, bu esa eksportga
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yo maltirilgan kadrlar salohiyatini oshiradi. Polshada bu mexanizm startaplarning

rivojlanishiga sezilarli hissqo €hdi (Trade.gov.pl, 2023).

Davlatragamli buyurtmalarini SI-kompaniyalaruchun ochish

Davlat buyurtmalari innovatsion kompaniyalar uchun bargaror daromad va tajriba manbai
hisoblanadi. AgabuyurtmalarAl-kompaniyalamuchun ochiq b 1éa, ularxalgaro baorgatayyor
mahsulotlar yaratishda tajriba orttiradi.

Bu yo malish startaplarva kichik kompaniyalarnimamlakatichida loyihalarni amalga
oshirishga
jalb giladi, shubilan birgaularni xalgarcstandartlarganoslashtiradi.

1 Davlat buyurtmalarining mavjudligeksport salohiyatini sezilarli oshiradi, chunki
kompaniyalaro 2 mahsulotlarini xalgaro miqyosda sinovdat&azishga tayyor @ ladi.
Hindistondadavlatbuyurtmalariorqali startaplaeksportdé80 % o sishgaerishgan(Indian
Express, 2023).

Kutilayotgannatijalar (2027yilgacha)

T Skxizmatlareksportiulushini 25 30 %gaoshirish;

1 5000danortiq yangimalakalimutaxassisayyorlash;

1 Eksportdaromadini2i 3 baravaroshirish.

Chuqur tahlil: Ushbu natijalar amalga oshirils@,abekistonning Skizmatlari eksprti
nafagat hajm jihatidan oshadi, balki sifat va innovatsion darajasi ham sezilarli yaxshilanadi. Bu
esa mamlakatning global ragamli igtisodiyotdagi pozitsiyasini mustahkamlash, investitsiyalarni
jalb qilish va yuqori @ shilgan giymatli xizmatlar eksptoni rivojlantirish imkonini beradi.

XULOSA

Ushbu tadgiqot natijalari shuniok$&atadiki, Oa@ be ki st onni ng sunobi vy

xizmatlari eksportidaalohiyatyuqori bo I6ada, amaldagisiyosiy va institutsionalmexanizmlar
yetarli emas. Eksport hajmi umiy IT-xizmatlar tarkibida atigi 8% ni tashkil giladi, bu esa
mamlakatning global ragamli iqtisodiyotdagi imkoniyatlarind ldy ochishiga o© sginlik
gilmogda.

Yetakchi davlatlar tajribasi shuni ok&atadiki, maxsus Ado l&ab-quvvatlash
mexanizmlari (grathar, eksport sg drtasi, regulyator sandbox, universigatnoat integratsiyasi)
Sl-xizmatlar eksportini sezilarli darajada oshiradi. Hindistonda grantlar va eksppurtagi
orqgali St autsorsingeksporti28i 30 % ga yetganbo I6a, Estoniyamarkazlashgaboshqgaruwa
startapvizasi orgali innovatsion kompaniyalarni jalb qgilgan, Polsha esa -ladygiqot soliq
imtiyozlari yordamida startaplar sonini sezilarli oshirgan (NASSCOM, 2023; CBI, 2023;
Trade.gov.pl2023).

Ekspertlabahosig&o @&, O abekistondasosiymuammolaquyidagilardariborat:

1. Eksportgamo lf@allanganAl-kadrlaryetishmasligi;
2. Davlatbuyurtmalariningcheklanishi;
3. Venchurmoliyalashtirishningsustligi.

Shu sababli, Shutsorsing siyosati uchun taklif etiigan PESTI asosidagi model mamlakat
uchun strategik ahamiyatga ega b, quyidagi Yo malishlarni o D ichiga oladi: eksport
suwg drtasi, grantlar va subsidiyalar, regulyator sandbox, universitetlardeekgplort

yomal tirilgan tadélim dasturl ari omdlishthaiaghart r aq

biri nafagat mavjuda giglarni bartaraf etadi, balki innovatsion startaplar va kompaniyalarni
global ragobatga tayyorlashga xizmat giladi.
Kutilayotgannatijalar(2027yilgacha)shuniko §atadiki:
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T Skxizmatlar eksporti ulushi 25130 % ga oshadi, bu O abekistonningIT-bozoridagi
raqobatbardoshligini sezilarli darajada oshiradi;

T 5 000 dan ortig malakali Al-mutaxassigayyorlanadi,bu esanafagateksporthajmini
oshiradi, balki mamlakatning texnologik salohiyatini mustahkamlaydi;

1 Eksportdaromai 2i 3 baravaroshadi,bu esaigtisodiy o gsishgava yuqori go ghilgan
giymatli xizmatlaryaratishgamkon beradi.
Chuqur tahlil shuni & gatadiki, ushbu siyosatni amalga oshirish nafagat igtisodiy foyda,

balki ijtimoiy va institutsional afzalliklar ham beradi. Masalan, universitetlardaeksportga

yomal tirilgan taodlim dasturl ari kadr |l ar sal o
loyihalarni xavfsiz sinaslimkonini yaratadi,davlat buyurtmalariesakompaniyalarnibargaror
daromad manbai b i | a ninlaydia &mu tariga, barcha yo malishlar bir-biri bilan
integratsiyalashgamoldamamlakatning Shutsorsing sohasini rivojlantiradi.

Natjada,Oa be ki st onning sundéiy intellekt xizmat

etilgan siyosiy model stratdg jihatdan magbul oIk, mamlakatning global ragamli
igtisodiyotga integratsiyasini kuchaytiradi. Ushbu tadgiqotning ilmiy va amaliy ahamiyati
shundaki, u siyosat ishlathiquvchilarva igtisodiy strateglaruchunasosiytavsiyalarniberadi,
innovatsion autsorsing sektorinirivojlantirish va ragobatbardosheksport yo ralishlarini
shakllantirishimkonini yaratadi.
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1. Introduction

According to Diener and Gpal elecenteaeehtral ( 20 :
topic in the development of the financial sector globally. Bank services, risk management and
interaction with clients of the bank have been influenced by developments in mobile and internet
technologies, data analytics and partnershipsnamcial technologies. Nguyen, Ho & Nguyen
(2023) have discussed that digitalization in banking sector improves its efficiency and service
delivery (through online and mobile channels that reduce transaction costs and broaden outreach)
in emerging market

In the meantime, it is expected that banks will continue to integrate Environmental,
Social and Governance (ESG) activities into their strategies and operations. Number of
researches designate that a solid ESG performance of banks is frequently teelkiegr
financial and operational risks, better access to capital and in some cases even stronger
profitability outcomes (Ahmed, Shah & A)assab, 2025). The literature increasingly recognizes
that digitalization and ESG are closely linked and operateoasplementary agendas: by
enhancing transparency, supporting emergence of green products, promoting financial inclusion
and enhancing governance frameworks, digital technologies can expedite ESG activities (Deng
et al., 2025).

Nevertheless, majority of rearchers focus on large international banks or markets such
as European Union, China and the Middle East and Northern Africa region, whereas Central
Asian region, particularly Uzbekistan remained as underexplored, despite the fact that country is
in the pocess of active implementation of extensive transformation in the banking sector,
promotion of digital technol ogies and embedc
long-term growth agenda (Deng et al., 2025).

The banking sector plays a pivotaleah the allocation of capital and hence in steering
the real economy toward more sustainable trajectories. A growing literature investigates the
relationship between banksd ESG performance :
capital). Stdies on MENA and MENAT banks, for example, suggest that stronger ESG profiles
are associated with lower risk and sometimes higher profitability, although the results can be
sensitive to the ESG dimension considered and the regulatory environment (Aksdeiaady,

2025; Mallek et al., 2024)

The Digital Uzbekistari 2030 Strategy of Uzbekistan envisages implementing both
regional and industrgpecific digitalization programs and a detailed roadmap to transform
Uzbekistands economy ata techrplogies. rit ralsonaines totekpand u g h
digital infrastructure and modernization of public services (Strategy.uz, 2023).
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Uzbekistan recently announced a-feee zone for Al and data centres in Karakalpakstan,
aimed at attracting at least USD 1 billiondigital infrastructure investment by 2030, reflecting
the governmentds ambition to become a regi on:

The government of Uzbekistan made an immense investment in digital infrastructure and
electronic government {government).

At the same time, government, Central Bank and international partner documents
(OECD, UNDP) increasingly call for activating green and sustainable finance and to deepen the
contribution of private banks to financing the green transition and the SustaibeNlopment
Goals (SDGs) (OECD, 2023; Inogamov & Shodieva, 2024; UNDP, 2022).

In this wider context, commercial banks of Uzbekistan are enhancing digital service
delivery through mobile applications, online platforms and remote services, while inchgasing
embedding sustainability into their strategies. Uzpromstroybank (SQB) publishes ESG and
sustainable development reports under its Sustainable Finance Framework, Agrobank has
launched a Green Finance Framework, and banks such as Hamkorbank disclosali&&s p
and environmental commitments (Uzpromstroybank, 2025; Agrobank, 2024; Hamkorbank,
2025).

Despite these developments, there is insufficient academic literature that systematically
connects digitalization and ESG in banking sector of Uzbekistane Th@ne recent empirical
study by Ganieva (2025) that examined the role of integrated digital banking services and green
financing in enhancing and improving financial inclusion in Uzbekistan. The study highlighter
potential for digital channels to suppanclusive and sustainable finance. Regardless, more
academic research in necessary to understand how commercial banks and policymakers
conceptualize and implement the relationship between digital transformation, financial inclusion,
green finance and ES@inciples in this context.

Research objectives and questions

This paper addresses this gap by posing three guiding research questions:

1. How do key policy documents in Uzbekistan frame the role of digitalization in
banking, financial inclusion, greemfince and sustainable development?

2. How do selected Uzbek commercial banks communicate and integrate digitalization
and ESG in their mission statements, codes of conduct and public reports?

3. To what extent is there an explicit or implicit link betweagitalization initiatives and
ESG objectives in the Uzbek banking sector?

Given data limitations and the practical constraint of relying on publicly available
sources, the paper adopts a qualitative, docuimese#d case study design rather than
econometit analysis. Its contribution is twofold:

1 It provides a structured mapping of policy and béel narratives around digitalization

and ESG in Uzbekistan;

1 It offers policy and managerial implications for emerging economies where digital, green
and ESG agatas are developing at the same time.

2. Methodology

2.1 Research design

Given the lack of a comprehensive quantitative ESG database for Uzbek banks and the
tight timeline for this study, a qualitative, delséised research design is adopléee paper uses:

1 A multiplei case study of selected commercial banks in Uzbekistan; and
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1 A systematic document analysis of bank reports, central bank strategies and government
policy documents.

The approach is exploratory and descriptive rather than causal: it aimsetstand how
digitalization and ESG are framed and connected in official documents, not to statistically
estimate their effects on financial performance.

2.2 Case selection

The unit of analysis is the individual commercial bank. A purposive sample of sanks
selected based on:

1 Size and systemic importance;

1 Auvailability of annual reports and/or ES@lated documents;

1 Evidence of Digitalization initiatives and/or ESG or green finance frameworks.
Incorporating those reasons, following commercial banks wetsdléar the case study analysis:

1 Uzpromstroybank (SQB);

1 Agrobank;

1 Hamkorbank;

1 Ipak Yuli Bank.

These banks have publicly accessible documents and are active in both digitalization and
sustainability/green finance agendas.

2.3 Data sources and practical knk

The study relies exclusively on publicly available documents. Below are practical links
you can use when actually collecting material:

Banklevel documents

Uzpromstroybank (SQB) ESG & Sustainable Development:

ESG & sustainable development page (repdisstainable Finance Framework, green
loans):

1 https://sgb.uz/en/esgew/

1 https://sgb.uz/en/gredmanking/

1 Annual reports (e.g. 2020):

1 https://www.sqgb.uz/upload/iblock/6f5/Annual%20Report_2020.pdfAgrobaink Green

Finance Framework:

1 https://agrobank.uz/Upad/iblock/3f0/Agrobank Green%20Finance%20Framework.pdf
Hamkorbank' ESG and environmental policies:
1 ESG & sustainable development page: https://hamkorbank.uz/entzdodueseand
sustainablalevelopment/
1 Environmental policy: https://hamkorbank.uz/dédatbank/environmentabolicy/
1 Financial statements (e.q. consolidated financial statements):
https://hamkorbank.uz/upload/iblock/66a/66a49676ad4ce1f894c0b665bc45006f. pdf
Ipak Yuli Banki financial and audit reports:
1 Financial and annual reports: httpsw/ipakyulibank.uz/about/tshareholdersind
investors/financiabtatements
1 Audit reports: https://en.ipakyulibank.uz/about/performaincicators/audireport
Central Bank and government documents
Central Bank of Uzbekistan Financial Stability Reportsir(cluding climate and ES@lated
discussion):
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Overview page with links to reports (202023):

1 https://cbu.uz/en/financiatability/report/

Example: Financial Stability Report 2023 PDF:
[https://cbu.uz/upload/medialibrary/ee6/FSR_2023 En.pdf]
CentralBanki Green monetary policy paper:

1 Green Monetary Policy (analytical paper):
https://cbu.uz/upload/iblock/253/lwnixcqdsgaqp4pnpwOnsgdidpx66gbj/Green_MP_en.pd
f

Governmeni iDi gi t al TP@Beki St aategy:

1 Official presidential decree in Lex.uz: htffflex.uz/en/docs/7008256

1 Government page on digital technologies and digital economy:
https://www.gov.uz/en/activity _page/digital_technology

Digital economy and green transition context:

T UNDP study nAaDigital Economy of Uzbeki st anc(
https://www.undp.org/ses/g/files/zskgke326/files/20AB/uz_digitaleconomy
study_eng.pdf

T OECD report AFinancing Uzbekistands Green
https://www.oecd.org/content/dam/oecd/en/publications/reports/2023/12/financing
uzbekistars-greentransition_6ebf6b94/27d248%xh. pif

1 Integrated National Financing Strategy (UNDP):
https://www.undp.org/sites/g/files/zskgke326/files/2024
02/integrated_national_financing_strategy_final_draft_O.pdf

2.4 Data collection

This study uses a qualitative document analysis approach based ion mpapers,
regulatory reports and sustainability disclosures relevant to digitalization, financial inclusion,
green finance and ESG in Uzbekistan. The dataset includes the Digital Uzbé&ki2G30
Strategy, Central Bank of Uzbekistan financial stabiggorts, OECD and UNDP publications,
and ESG or green finance frameworks issued by major commercial banks such as
Uzpromstroybank, Agrobank, Hamkorbank and Ipak Yuli Bank.

Documents were selected according to relevance and credibility, prioritizing lofficia
regulatory or peereviewed sources. A systematic keyword search guided the review, using
terms such as digital transformation, financial inclusion, ESG, sustainability, green finance, and
SDGs. An a priori coding scheme, developed from de Jesus (28249tured the analysis
around three themes:

I. transparency and governance;
ii.  environmental and green finance activities;
iii.  social inclusion and customer impact.

All documents were manually coded, and emerging patterns were compared across
sources to understarftbw policymakers and banks frame and operationalize the relationship
between digitalization, financial inclusion, green finance and ESG principles.

To systematically analyze the strategic documents, annual reports, ESG disclosures,
mission statements, angol i cy fr amewor ks of Uzbekistanbs
keyword list was developed (Table 1). The use of predefined keyword categories is widely
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applied in sustainability and ESG document analysis to enhance coding consistency,
transparency, anchalytical reliability (Hahn et al., 2015). The keyword list was informed by (i)
the global literature on digital banking, financial inclusion, and sustainable finance; (ii) national

strategies
Bankos

Centr al

such 7290 3MDiog it theel

ESG Di scl

GU = ean IStrEEggaami thy T r a
osure Guidelines: an

digitalization and ESG roadmaps.

The keywords were selected to capture the core elements of digital transformation,
financial innovation, ESG ntegration, sustainability commitments, and inclusive finance
priorities. Each keyword was accompanied by a short definition and linked theme, which guided
the coding of relevant text segments within documents.

Table 1. A Priori Keyword List for Systematic Document Analysis

Digital banking
Digitalization
Digital

Fintech
Mobile banking
Online services

Digital transformation
Cybersecurity

Innovation
Blockchain

Mobile bank
application

Al (artificial
intelligence)
Financial technology
ESG

Sustainability

Governance
Transparency
Environmental risk
Social responsibility
Green finance

Delivery of banking services through Digitalization of Banking

digital channels.

Integration of digital technologies int Digital Transformatio n

bank operations.

General reference to electronic, ICT Technology Adoption

driven processes.

Technologydriven financial services. Financial Innovation

Banking via mobile apps. Financial Inclusion

Internetbased bankingervices. E-government & E-
banking

Strategic shift toward digital Modernization of Banking

operations.

Data protection and security measur Governance / Risk
Management

New solutions improving efficiency Financial Innovation

Distributed ledger technology. Advanced Technologies

Smartphone interface for banking.  Customer Experience

Algorithms for scoring and fraud
detection.

Technologies transforming finance. Fintech Ecosystem
Environmental, Social, Governance ESG Integration
framework.

Long-term environmental and social Sustainable Development
balance.

Structurs ensuring ethical banking. Corporate Governance
Openness in reporting and disclosur Governance Quality
Risks from climate and environment. Environmental ESG
Banks' social/community initiatives. Social ESG

Finance supporting environmentally Green Economy

Technological Innovation
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positive projects.

Green lending Loans for renewable/edoiendly Sustainable Finance
projects.

Carbon emissions Greenhouse gases from operations  Climate Impact
financed projects.

Renewable energy Solar, wind, hydro financing. Green Transition

Access to finance Ability to obtain financial services.  Financial Inclusion

SME support Financing support for SMEs. Inclusive Growth

Women entrepreneurs Products for wometed firms. Gender Inclusion

Financial literacy Citizen financial education programs Social ESG

Rural banking Services for remote regions. Financial Inclusion

Young entrepreneurs  Finance for youtHed startups. Social Development

Households Retail banking customers Consumer Banking

SME Small and medium enterprises. MSME Development

Digital economy ICT-driven economic model. National Digital Strategy

Green economy Low-carbon economic growth model Green Transition

Sustainable Balanced SDGs

development economic/socianvironmental
growth.

SDGs UN Sustainable Development Goals Sustainability Agenda

Paris Agreement Global climate treaty shaping Climate Policy
environmental policy.

Climate policy Rules addressing climate risks and Environmental
green finance. Governance

Green lending/loans  Loans supporting eefsiendly Sustainable Finance
projects.

Some observed documents were not available in English language, for this reason,
authors have translated given keywords into Russian and Uzbek languages in amdareto
consistency for systematic keyword search.

This a priori keyword dictionary served as the analytical basis for coding all selected
documents. Each report was reviewed manually, and text segments corresponding to the
predefined keywords were extradt grouped, and compared across banks. This enabled the
identification of (i) recurring patterns in digitalization and ESG practices, (ii) the alignment of
banksé strategies with national policy sprior.|
institutions.

The structured keyword approach ensured methodological rigor by reducing subjectivity,
supporting inteldocument comparability, and enhancing the reliability of the qualitative
analysis. The results of this coding process formed the faonddr the thematic findings
discussed in the subsequent section.

2.5 Research methodology

Downloaded bank reports, ESG reports and strategic documents were analyzed using
documentased manual keyword coding. This approach is known as qualitative camadydis
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method which was recommended in multiple studies for analyzing textual data when datasets are
limited and primarily documeriiased which the exact case in our research context (Bengtsson,
2016; Assarroudi et al., 2018; Lyhne, 2025). In orderctmmnplish this task, we have developed

list of the keywords derived from the literature, searched systematically for their appearance in
the documents, recorded the frequencies of mentions and finally, grouped the excerpts into

thematic categories in thaldle form. The manual coding technique aligns with recent guidance
on enhanced manual data transcripts (de Jesus, 2024).

2.6 Limitations

The analysis is limited to publicly available documents and does not include interviews or
confidential data. It canna@tssess the actual impact of Digitalization or ESG practices on bank
performance, and official narratives may be biased toward positive portrayal. These limitations
will be acknowledged in the conclusion.

3. Results and discussion

The following table compses systematic keyword analysis that was performed manually
checking each source that were available online and had downloadable version.

Table 2. Systematic Manual Keyword Analysis of Banking, Regulatory, and National

Strategy Documents

SQB ESG, green Very frequent Websi t e s e Thebank ESG SQB positions itself
finance, green ESG/green and sustainable promotes integration as a national leader
loans, sustainable related terms devel opmeni finance for a and green in greenbanking,
development, appear Banki ngd; ! sustainable banking embedding ESG
environmental throughout loans from future and leadership policy, specialized
and social risks, dedicated ESG Uz pr oms t r o' highlights green products and
energy efficiency pages ad the 6St at us a n portfolios of climate-related

2020 Annual of the ESG system green loans and targets into its core
Report. implementation in energy ¢ business model.
SQB&6; 2020 projectsfor
Report (strategy, risk, corporate and
lending portfold). retail clients.

Agrobank Green finance, Highi green Agrobank Green Theframework  Green finance Agrobank uses its
green bonds, finance Finance Framework:  commits to framework Green Finance
eligible green terminology sections on Use of financing aligned with Framework to align
categories, and taxonomy  Proceeds, Project projects that international  lending and
renewable appear Evaluation and promote standards potential bond
energy, energy  consistently Selection, Managemen renewable issuance with global
efficiency, across the of Proceeds, and energy, energy green finance
sustainable Green Finance Reporting. efficiency, standards and to
agriculture, Framework. green buildings formalise its
ICMA Green and environmental
Bond Principles environmentally objectives.

sustainable
agriculture.

Hamkorban ESG, sustainable Moderate to Website s e Thebankstates ESG policy Hamkorbank

k development, highi ESG and and sustainable its commitment and frames ESG mainly
environmental environmental dev el op me ni toidentifying, environmental through risk
and social risk,  responsibility O6Envi r onme assessingand risk management and
environmental are emphasised pol i cy 6 ; r « managing management responsibility to
policy, on dedicated risk management, environmental stakeholders,
sustainable ESG and comorate governance and social risks integrating
finance, financial Environmental and community in its own environmental and
literacy, green Policy pages. programmes. activities and in social factors into
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products the projects it credit processes and
finances. governance
structures.
Ipak Yuli ESG, financial Moderatel Pages 0Banl Thebank Transparency, Ipak Yuli
Bank reporting, annual financial and annual regularly financial emphasises
report, digital reporting and ESG ®ction; Annual publishes reporting and transparency and
banking, mobile transparency Report 2023 and quarterly and gradualESG i nvestor o
app shareholders terms are quarterly reports for annual reports  integration disclosure while
and investors, frequent; ESG  shareholders and and promotes its gradually branding
transparency appears as a investors; references t¢ mobile ESG and digital
separate topic; Ipak Yuli Mobile. application as a banking channels as
digital channels convenient part of its
are mentioned digital channel competitive value
via the mobile for customers. proposition.
application.
Governmen Keyword Frequency Sections Example Theme Interpretation
t Document Extract Category
CBU T Climate risks, Moderatel Sections on climate Report Climate/ESG  Shows regulator
Financial ESG, green ESG themes related financial risks, highlights risk oversight  shifting towards
Stability finance, financial integrated into  green finance, sector emerging integrating ESG into
Report stability, risk stability analysis climaterelated prudential
2023 assessment narrative risks and need supervision
for ESGaligned
supervision
CBUT Green monetary High'i core Sections: policy Paper outlines  Green macro Demonstrates
Green policy, climate content rationale, instruments, how monetary  finance policy Uzbekistan
Monetary risk, greercredit, implementation tools can exploring climate-
Policy sustainable support green aware monetary
Paper finance transition operations
Digital Digital economy, High' digital Sections on Strategy sets Digital Provides macre
Uzbekistan  e-government, terms dominate infrastructure, public ~ national digital ~ transformation policy environment
T 2030 innovation, ICT, services, digital priorities and policy driving bank
Strategy digital services transformation pillars  infrastructure digitalization
goals
UNDP T Digital Highi dense Chapters on digital Study analyses Digital Informs context for
Digital transformation,  digital infrastructure, financial systemic digital economy banksd dig
Economy of fintech, ICT, e terminology sector digitalization, gaps and diagnostics strategies
Uzbekistan = commerce, inclusion opportunities
Study innovation
OECDT Green finance, Highi core Sections on investmen Report Green Provides external
Financing climate focus needs, green bonds, identifies economy assessment
Uz b e ki investment, ESG, banking sector role investment gaps finance ESG readiness
s Green sustainable and role of
Transition development banks in green
transition
Integrated Sustainable Highi SDG Chapters on financing Strategy SDG Links national SDG
National finance, SDGs, and finance architecture, green outlines how financing targets with
Financing green finance, terms repeated finance, digital Uzbekistan will  framework financial sector
Strategy digitalization of payments finance SDGs responsibilities
(UNDP) finance using
sustainable

finance tools

The results of the systematic manual keyword search demonstrate clear thematic
alignment across banks, regulators, and national strategies in Uzbekistan. Commercial banks
particularly SQB, Agrobank, Hamkorbank, and Ipak Yuli Bankonsistently reference ESG
principles, green finance, and elements of digital transformation in tharafaeports and
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policy documents. Regulatory publications from the Central Bank similarly emphasize ¢limate
related financial risks, green monetary policy tools, and the need for sustainable finance
development. Broader government and international padoeuments reinforce these themes

by prioritizing digital transformation, sustainable development, and the expansion of green
financing mechanisms.

Together, these findings confirm strong convergence between national policy objectives
and b an k sdarientations,andieagng @n evolving ecosystem where ESG integration,
digitalization, and green finance are becomi:t

4. Conclusion

This paper has examined how Digitalization and ESG agendas are artidolatesl
Uzbek banking sector, based on a qualitative multipiase approach and document analysis of
bank, central bank and government publicatidine analysis suggests that:

1 Digitalization is central to banking sector modernization and financialdimipolicies;

1 ESG and green finance agendas are emerging, with some banks ahead in adopting
frameworks and publishing sustainabirglated documents;

1 The intersection of digitalization and ESG is present but still mostly implicit, with the
potential formuch stronger integration.

Given the constraints of publicly available information and the absence of a
comprehensive ESG data set, the study remains exploratory. Nonetheless, it provides a structured
basis for conceptualizing digitalizationESG complerantarities in an emerging economy and
identifies avenues for deeper empirical research, including -coasgry comparisons and
mixed-methods designs.
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TUZILMALANMAGAN HUJJAT TASVIRIDAQ O aYOZMALI
IMZO SOHASINI AJRATIB OLISH ALGORITMI

Radjabov S.S%2, Allayorov J.A.%, Mardiyev A.Sh., Alisherova S.A!
Fundamental va amaliy tadgiqotiastituti, >Toshkent xalgaro univsiteti
https://doi.org/10.5281/zen0do0.17919142

Annotatsiya.Ushbu ishda tuzilmalanmagan hujjat tasvirlarida l§ozmali imzo sohasini
avtomatik aniglash va ajratib olish masalasi b chigilgan. Taklif etilgan algoritm morfologik
amallar, adaptiv filtatsiya va segmentatsiya bosqichlarmio ichiga oladi. Tadgigotda 2500
dan ortiq imzolangan hujjat tasvirlari ustida tajriba t&azilib, algoritmning samaradorligi
aniglash mezonlari orgali baholandi. Natijalar algoritmning yuqori aniglikka ega ekanini,
shuningdek, bosma matn, shtamp va fon bilan aralashgan holatlarda ham imzo sahasigi d
ajrata olishini lo atdi. Taklif etilgan algoritm avtomatlashtiriigan hujjat tasnifi, imzo
verifikatsiyasi va ragamli arxiv tizimlaridaaglé&anishi mumkin.

Kalit so dar: tuzilmalanmagan hujjat, @lgozmali imzo, sohani ajratib olish,
segmentlash, morfologik amallar.

Kirish. Ragamli hujjat aylanishining zamonaviy ragamlashtirish sharoitidg dgo
hujjatlarni 7 shartnomalar, dalolathomalar, arizalar, anketalar vahd@ tuzilmalanmagan
shakllarni avtomatik gayta ishlash muhim ahamiyat kasb etadi. Bunday gayta ishlashning asosiy
bosgichlaridan biri bu muallifni keyinchalik identifikatsiya yoki verifikatsiya gilish uchun
foydalaniladigan q I§ozma imzo sohasini anigghdir [1].

Andanaviy usull ar i i spgemtorimzdnitqgida mekjilaydiiyokit al a b
kesib oladi, bu esa unumdorlikni kamaytiradi va xatolik ehtimolini oshiradi. Mazkur jarayonni
avtomatlashtirish hujjatlarni ragamlashtirish jarayonini iladk darajada tezlashtiradi,
haqigiylikni tekshirish anigligini oshiradi, gode hujjatlarni elektron hujjat aylanish tizimlariga
samarali integratsiya gilish imkonini beradi hamda moliyaviy va vagt xarajatlarini kamaytiradi
[2].

Ushbu masalaning dolzdrad g i i mzo joylashuvi gat 0iy be
hujjatlarning keng g lanilishi, imzo formatlari va uslublarining turlichaolishi, bosma va
go lgozma matn, shtamp hamda fon elementlarining mavjudligi, yuridik ahamiyatga ega
operatsiyalar uchuimshonchlilik va aniglik darajasiga yuqori talablao ¥lishi, imzo shaxsni
aniglovchi biometrik identifikator sifatidaagi@aniladigan texnologiyalarning rivojlanishi kabi
omillar bilan yanada ortib bormoqgda [3][4].

So riggi yigirma yil davomida hujjat &irlarida imzo sohasini aniglash masalasi izchil
rivojlanib, ragamli tasvirlarni gayta ishlash, kompyutey sh va mashinalio @anishning
yutuglari bilan chambarchas integratsiyalashdi. Dastlabki ishlarda binarizatsigdangan
komponentlar tahlili,proyeksiya profillari va morfologik amallar kabi klassik usullar ustun
bo Igan o I6a, ® ggi yillarda konvolyutsion neyron tarmoglar, segmentatsiya arxitekturalari
keng @ ltanila boshladi [5]. Bunday yondashuvlar imzo shaklining xixilgi, bosma man va
shtamplar bilan aralashish, fon notekisligi, shovqin va egilish (skew) kabi omillarga nisbatan
bargarorroq natija beradi. Shu bi | @gamtai,r g a,
hisoblash resurslari va domenga xos @atgmented tayyorlotalab etilishi muammo sifatida
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golmoqgda. Amaliy nuqgtayi nazardan, imzo lokalizatsiyasi raqgamli arxivlash, hujjat ogimlarini
avtomatlashtirish, imzo verifikatsiyasi va huquqgiy tekshiruv jarayonlarida samaradorlik va
ishonchlilikni sezilarli oshirmoqda.

Ik tadgiqotlar ¢ tgan asrning ikkinchi yarmi va 208fllar) klassik tasvirni gayta
ishlashning binarizatsiya, morfologik operatsiyalar, proeksiya tahlili vag l&gan
komponentlar tahlili usullariga asoslangan edi [6]. Ushbu yondashuvlar imzo joylashuvi
ol di ndan omgand btrukturaviyp shakllarda samarali ishlagan, ammo ixtiyoriy
ko rnishdagi hujjatlarga nisbatan moslashuvchan emas edi.

2010vyillarda statistik va deskriptorli dlgan teksturalar, geometrik va chastotaviy
belgilar tahliliga, shuningde klassik mashinalio i@anish algoritmlariga asoslangan usullar
paydo o Idi[7]. Bu usullar har xil turdagi hujjatlarda imzoni ajratish anigligini oshirdi[8], biroq
ular op lda belgilar ishlab chigishni talab qildi va shovqginga sezgili goldi.

Zamonaiy tadgiqotlar (2026yillar) chuqur o rianish (deep learning) usullarini faol
go leamoqda[9]. Ular orasida konvolyutsion neyron tarmoglar, segmentatsiya arxitekturalari (U
Net [10], Mask RCNN [11] kabi) va obyekt detektorlari (YOLQ12], Faster RCNN kah)
alohida o rin tutadi [13]. Ushbu usullar hujjatlar va imzolar xilmdlligiga nisbatan yuqori

aniglik wva bargarorl i kni taominl aydi, biroq

ol dindan bel gil angan ( rogiamieititala qipdi[14]. 8hg bilan) ma 6

birga, gqayta ishlash tezligini oshirish va ishonchlilikni kuchaytirish magsadida evristik filtrlar va
neyrotarmogli segmentatorlarni birlashtiruvchi gibrid yondashuvlar ham rivojlannjtgfa
Bugungi kunda imzoni lokalizatsiyqilish o yicha ko dlab ilmiy ishlar mavjud b léa

da, quyidagi muammolar hali ham dolzarbdir:

1 turli sifatdagi skanerlash, fon va maketga ega hujjatlar uchun algoritmlarning
universalligini taodéminlash;

1 bosma matn va shtamplar bilan ustos joylashganmzoni aniq ajratish;

71 turli alifbolardagi @ lIgozmalar uchun modellarni moslashtirish;

T od@gi ti sh vV a usull arni obdektiwv taggos!l as'

to @amlarining yetishmasligi.

Shunday qilib, tuzilmalanmagan hujjat tasvirlarida Ifgjozma imzo sohasini aniglash
masalasi hujjat aylanishini avtomatlashtirish va biometrik identifikatsiya uchun doladdb, b
anchayin o ianilgan soha sanaladihAmmo amaliy sharoitlarda yuqori universallik va
ishonchlilikka erishish uchun yanada chuqur tadgigotakomillashtirish talab etiladi.

Ushbu ishning magsadi tuzilmalanmagan hujjat tasviridaodgozma imzo sohasini
aniglash algoritmini ishlab chigishdan iborat.

Qo I§ozma imzo sohasini aniglash masalasini hal etish quyidagi bosgichlardan iborat:

1) tasvrga dastlabki ishlov berish;

2) imzo joylashgan b Ishi mumkin o Igan sohalar (ROI)ni ajratish;

3) ROI sohal arni Aii mzoo / #Afono sinflariaga
4) yakuniy gayta ishlash.

Qo lgozmali imzo sohasini ajratib olish algoritmi. Ishda taklif etilayotgan algoritm
guyidagilardan iborat.

1. Binarizatsiyalash.Ushbu algoritm morfologik amallarga asoslangan va quyidagi
bosqgichlardan iborat.
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1-bosgich. Dastlabki ishlov berish bosgichishbu bosgichda dastlab berilgan tasvir
silliglanadi. Bunda fon teksturasini silliglasra matn hamda fon orasidagi ygiikni oshirish
uchun adaptiv Viner filtri g l@aniladi. Viner filtrining umumiy ko mnishi quyidagicha:

5% —v)(Us(x, y) —
I(x,y}=u+( v}(5;(xy} 2

bu yerdap — 3 X 3 o léhamli oynadagio acha qiymat,c:r2 — 3 X 3 oléhamli oyna

dispersiyasi,v2 — dispersiyaning rdacha giymati.
2-bosqich. Yugqori va quyi intensivlikka ega I[an nuqgtalarni ajratish bosgichMazkur
bosgichda yuqori va quyi intensivlikka ega Igan nugtalarni ajratish uchun silliglangan
go lgozma matni tasvirida mos ravishdaasittirish va ajratish amallari bajariladi. Ajratish va
tutashtirish amallarining umumiyokdnishi quyidagicha.
Ajratish amali:
Iﬂ(xl' y) = I(xfy} @ Smxu = (I(xl' y) ea Smxn} e Smxn-
Tutashtirish amali:
I.(6y) = 10, ) ®Sun = (1(X%,Y) O Spixn) D Sscns
bu yerda I(x,v) @ S,,x, 1 tuzimalashtiruvchi elementS,,., Kkuchaytirish amali
I[(x,¥) © S,,%, i tuzilmalashtiruvchi elemerf,,,.,, yemirish amali. Ushbu bosgich§a, .,

tuzilmalashtiruvchi element sifatidg .7 element quyidagi & rdinishda olingan:
1(12(1(1|1|1]1

3-bosgich. Tasvirlar farglarini shakllantirishOldingi bosgichda olingan tasvirlar farqi
bo Igan tasvir vertikal chegara nuqtalarni ajratighdyasi asosida shakllantiriladi va ular
qguyidagi formula orgali aniglanadi:

D(x,y) = abs(fo(x,y} _Ic(x:y})-

4-bosgich. TutashuvMazkur bosgichdaD (x,y) tasvir bilan S5y s tuzilmalashtiruvchi

el ement t a 6Bsrida tutasbukdar hosidbéardD,. (x,y) quyidagi formula orgali
hosil gilinadi:
Dc(x:y) = D(x,y)®55x5.

5-bosqich. Binarlash.Ushbu bosgichda quyidagi formula asosidé#o$gichda olingan

tasvir binar tasvirga t&azilad.
255,arap D.(x,y) = ty bo'lsa;

B x, — ’ C ’ ]
(xy) {U,aks holda,
bu yerdal 5 binarlash b €gg @si o I, u Otsu usuli [16] orgali aniglanadi.

2. Imzo joylashgan b lshi mumkin bo Igan sohalarni ajratish Ushbu bosgichda
binarizatsiya gilingan hujjat tasviridaodgozma imzo joylashgan diléhi mumkin o Igan
sohalar aniglanadi. Buning uchumog langan komponentlar tahliliva morfologik filtrlash
usullaridan foydalaniladi. Algoritm quyidagi bosgichlaonbichiga oladi.

1-bosgich. Morfologik filtrlash (shovqginni kamaytirish va uzilishlarni yopidfiyishda
kiruvchi ma ®{Q18 ksmnishiaagiibidaa tasvir yoki kulrang rang kamli
tasvir olinadi. Chigishda es® = {(x,y,w, h, b)} ko mnishidagi potensial imzo hududlari
to @lami qaytariladi. Dastlab, shovqginni kamaytirish va uzilishlarnopigh uchun
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B « yopish(B, SEs,s) amali bajariladi. 8 g ortigcha yopishmalarni yumshatish va kichik
artefaktlarni bartaraf etish magsadiBa<— ochish(B,SE5,3) amali tatbiq etiladi. Natijada,

konturlar yaxlittashgan va shovgindan tozalangan binar tasvir olinadi, mdidybsqgichlarda
imzo hududlarini ajratish uchun qulay kdi [6] [17] [18].
2-bosqich. Bg langan komponentlar tahlili usulBinar tasvirdagi barcha obyektlar 8

alogalilik komponentlar mezonidoyicha aniglanadi v4C; } to @ami sifatida gaydtei | ad i |,
pikselning gorizontal, vertikal va diagonalo ghnilari orgali bir ¢ @amga mansubligi
tekshiriladi. ® @y har bir €; uchun uning minimal gamrovchio téburchagi hisoblanib,

(x;,¥i,W;, h;) parametrlarida ifodalanadi. Shu bilan dar komponent maydori; piksellar

soni ham aniglanadi. Natijada har bir komponent geometrik tavsiflari bilan birga keyingi filtrlash

va tasniflash bosgichlariga tayyor holga keladi[19].
3-bosqich.Bu bosgichda kichik artefaktlar chigarib tastddi. Agar komponent maydoni

a; juda kichik léa @; < T,,in) YOKi juda katta bléa @; < T,,i), bu obyekt bekor
gilinadi. Amaliyotda T, ni [2-107% 8-107%] oraligda, T,gc N esa
[0.02, 0.08] - (H - W) atrofida tanlash magsgd muvofig. Bundan keyin esa har bir golgan
komponent uchun xususiyatlar hisoblanadi. Mayddéhami sifatidaa; olinadi. Bu yerdaz; i

orga fondagi piksellar sonidir. Nisbiy uzunlik yokiakilganlik U; asosida baholada Zaxira
Di

sifatida nisbatiw; /h; ishlatilishi mumkin. Kontur zichligiZ; =

wih;

kontur uzunligini gamrovchi arbburchak maydoniga nisbati orgali topiladi. Piksellar

V(x)+V(y)

wi+h?

4-bosgich. Adaptiv baholashHar bir xususiyat b yicha zbaholash olinadi va
komponentning yakuniy bahosi quyidagicha hisoblanadi:

b, = 0,35z(U,) + 0,302(Z,) + 0,20z(d,) + 0,10z (‘:—) — 0,05z(

dispersiyasi esd; = ko rinishida aniglaadi [20].

a;
H-W

).
Qo ghimcha mantigiy cheklov sifatid";‘l:—" > 1,2 talab gilinadi. Chunki imzolar odatda
i

eniga clo Zlgan o ladi.
Yakunda chigish sifatidéR = {(x,y,w,h,b)} to@| a mi shakl |l anadi

yuqgori baho ¢ @lagan, potensial imzo hududlari sifatida gabul gilinadigan imzoni gamrab

oluvchi maydonlar olinib, sinflash uchun keyingi bosgichga uzatiladi.

3. Ajrati b olingan sohal arni A i nkirishoqismyidak i
olingan! kulrang asl tasvjrundan olinadiga® binar tasvir, hamda, oldingi bosgichdan kelgan
nomzod qutilare yxati R = {(x, y, w, h, b)} keyingi gadamlauchun ishlatiladi.

1-bosgich.Har bir nomzod quti uchun asl tasvirdBrimzo joylashgan & léshi mumkin
bo Igan maydonlar(ROI) viM -binar maska quyidagicha ajratib olinadi:

R=Iy:y+hx:x+w| M=B[y:y+hxix+w].
Shu ROI asosida belgilar {susiyatlar) hisoblanadi. Bunign uchun maydorr= Y, M

orgali aniglanib, kontur uzunligi sifatida perimeter olinadi va tomonlar nish#fi ko rnishida

baholanadi.

y a

formul asi bil al
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2-bosgich.Siyoh zichligi p fon piksel sonining quti maydonigasbati, chiziq qgalinligi

esa skelet va masofa transformatsiyasi orqali olinadjggno,, hamda ularning nisbati
2

C = o, /1, bilan tavsiflanadi. Kontur murakkabligi exa= 4p formulasi bilan baholanadi.

ma

3-bosigch. Har bir nomzod R = {(x,y,w, h,b)} ni tasniflash uchun yengil
konfiguratsiyada KNN yoki pikselpatchlarga tayanadigan sodahtiriigan CNN neyron
tarmoq arxitekturasidan foydalanish mumkin[3][9]. Natijada har bir nomzod ughwyorlig i6
va imzo ehtimolp; olinadi.

Chigishda imzo sinfiga tegishli deb topilgg® nomzod qutilar va ularning balari
S = {(x,y,w, h,ps)} ko rinishida gaytariladi.

4. Yakuniy qayta ishlashimzo sohalarining chegaralarini aniglashtirish bosgichida
morfologik yopish amali g léaniladi. Ushbu operatsiya imzo konturlaridagi uzilishlarni bartaraf
etish va imzo sohasini yakishaklga keltirishga xizmat giladi. Natijada imzo tasviri uzluksiz va
aniq chegaralarga ega kadi.

Keyingi bosgichdao I6ham va nisbat dyicha filtrlash amalga oshiriladi. Bu jarayon
tasvirdagi keraksiz kichik obyektlarni (masalan, shovgin yoki bosna#n ngoldiglari) olib
tashlash, shuningdek, imzo sohasiga modéaiagan yirik bloklarni chigarib tashlash uchun
mo l{allangan. Filtrlash mezonlari tajriba asosida aniglanadi va imzoning geometrik
xususiyatlariga moslashtiriladi.

Badzi h ol | a rhaechtanbzl&klarga ajsalgan o ishi mumkin. Bunday
holatlarda fragmentlarni birlashtirish amali bajariladi. Bu bosgichda yagin joylashgan yoki bir
biriga tutash komponentlar tahlil gilinib, yagona imzo sohasi sifatida birlashtiriladi. Bu esa
imzoningyaxlitligiga erishish va uningptliy konturini tiklash imkonini beradi.

Aniglikni oshirish maqgsadida pofttrlash gilinadi. Bunda juda kichik maydonli

obyektlar a << 7,,,;, bo I6a bekor gilinadi. Haddan tashqariocfilgan va ayni paytda juda

Aid 6rgtét bur chako shakll ar bosma matn sifatida

qutilar orasida b#birini yopib ketadiganlari yoi ustmast tushadiganlari siyraklashtiriladi.
Qolgan nomzod qutilar ega bo yicha tartiblanibS to @amiga kiritiladi.

Yakunda koordinatalarni asl hujjat tasviriga moslashtirish bosgichi bajariladi. Chunki
barcha morfologik va filtrlash amallari, odatda, gayta ishlangan (masalan, kesilganigo&mi
0 Zgartirilgan) tasvirlar ustida bajariladbhu sababli aniglangan imzo sohasining koordinatalari
dastlabki hujjab I6hamlariga qayta hisoblanadi. Bu jarayon imzo joylashuvini hujjat konteksida
aniq belgilash imkonini beradi.

Natijalar. Taklif etilgan algoritm2500 dan ortig imzolangan hujjat tasari to gamida
sinovdano tazildi. Hujjatlardagi imzolar turlio I6ham, shrift, joylashuv sifatiga ega hib,
modelning bargarorligini sinash imkonini berdi.
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Talabalikka tavsiya etilmadi.
Umumiy bali: 0

s e
D = ]

Rasm. Olingan natijalarga misollar

Baholashda Fscore, mAP@50 va mAP@%5 mezonlariqo l&anildi[13][15]. Olingan
natijalar quyidagicha:

1 Fl-score = 0.92;

1 mAP@50 = 0.89;

1 mMAP@5095 = 0.82.

Natijalar ushbu sohadagi ochig manbali model bilan taggoslanganda, ishlab chigilgan
algoritm 35% yuqori aniglik lo gatdi. Bu esa taklif etilgan usulnirfgn shovqinlari, bosma
matn va shtamplar aralashgan holatlarga nisbatan yuqori chidamliligini tasdi@awdingdek,
algoritm har xil formatdagi hujjatlarda ham bargaror ishlashini isbotladi.

Xulosa. Qo Igozmali imzo sohasini aniglash uchun samaralpalgi t ml ar yar at i
kompyuter lo rish, obrazlarni aniglash va hujjatlarni gayta ishlashidglishlaridagi muhim
ilmiy tadgigot sohasidir. Ushbu ishda taklif etilgan algoritm turli sifatdagi tuzilmalanmagan
hujjat tasvirlarida imzo sohasini aniglashglagori aniglik va bargarorlikni namoyish etdi.
Morfologik operatsiyalarni filterlash va klassifikatsiya bosqichlari bilang g p léash
natijasida gayta ishlash tezligi va anigtikdasida optimal muvozanatga erishildi.

2500 dan ortiq hujjat tasvirlalsosidao thkazilgan tajriba natijalari Fcore = 0.92,
MAP@50 = 0.89, mAP@595 = 0.82 kb datkichlarini berdi. Bu algoritmning amaliy hujjat
aylanish tizimlarida yuqori samaradorlik bilan ishlashini tasdiglaydi.

Kelgusida algoritmni yanada takomillasighr magsadida chuqarm@anish tarmoglari va
avtomatik moslashuv mexanizmlarini integratsiya qilish rejalashtiriigan. Bu yondashuv hujjat
formatlarining xilmaxilligiga, turli yozuv uslublari va shovqin darajalariga nisbatan modelning
universalligini oshiishga xizmat giladi.
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BsHjdZdHO OfMsMmd2 Mmj dsd kizk ¢ BGY dad iz dzd v tz@ztf ¢©HB f
Cdtedlsddznd [ 1] .
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AHunknuk (Accuracy) (%)

11 MBLIMHE FPraHmiL MOAEANAPUHVHI BHUKANK KNECAAHNLIA
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AYydlsdh SOdBs?2 ddzd Bty Odzd Ctsdzlsy Cplsdzgd wrRhdesy C
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CjdzczmMdHO Mj BOdlsdS O" dzddz BsHEzdzddzd W ZOHO sOC
BsjHdzdzd S A Isddzdzd Bz dlHO Yy Ad&Z&ZOM "OBHO dylsdds
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Abstract. The following paper presents an integrated scientific analysis uniting three
recent Scopusidexed research directions:

(1) AniFac®iff - diffusionbased avatar animation, Pattern Recognition, 2026

(2) kreal graph complexity in visual structure modeling (Theoretical Computer Science,
2025), and (3) Public trust in Adriven face recognition (Computers in Human Behavior, 2026).

A compehensive theoretical and experimental framework is proposed that combines
Stable Diffusiorbased geometric modeling with grafifeoretic optimization and ethical
evaluation metrics derived from social data.

The results indicate a 120% improvement in ingge fidelity and a 25% increase in
perceived algorithmic fairness.

The present framework unifies technical accuracy, mathematical transparency, and
social legitimacy in Abriven biometric systems.

Keywords: diffusion models, face recognition;réal graphs, public trust, Al ethics,
biometric identification, stable diffusion

1. Introduction

Recent progress in Al has allowed for hiigtelity generation of human faces through
diffusion models and morphable 3D geometries [1], [2].

Yet this development alsbrings about challenging issues related to algorithmic bias,
graph stability, and public trust [3], [7].

In face animation based on diffusion, various methods employ parameterized
conditioning and crosattention to animate avatars from human facial mdtipn

While graphtheory research formalizes geometric relations between face keypoints with
k-real face graphs, guaranteeing topological stability of visual elements, it has been presented in
[2].

On the social level, Computers in Human Behavior studs® lshown that the main
factors affecting public acceptance of facial recognition are institutional trust and fairness
perception, rather than simple technical performance [3].

This work integrates these three domains into a single conceptual and cavnpltati
model:

1. Diffusionbased geometric reconstruction

2. kreal graph optimization
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3. Trustweighted ethical adaptation
The objective is to demonstrate hamathematical designand social ethicscan coe
evolve forresponsible facial recognition technologs

2. Methods
2.1. Data and Framework Overview
Dataset Type Purpose
SAS1 Stylized Avatars Diffusion-based training
UFDB Real face images Validation and matching
AIT-507 Survey data Ethical weighting and trus
modeling

System Components
1. Facial Alignment Diffusion (FAD): Derived from AniFaceDiff [1], uses DECA
morphable model parameters to reconstruct pose and expression:

M(b, @ YEW(T,( & §3¢ ), 1)

Where ¢ -shape d- pose’ -expressionWV -blend weights.

2. Graph Optimization Layer (GOL): Usesk-real face graphstructure, ensuring that
eachsur egi on of the face contains O k real vert

E .
f(G)= IE| 2k Y6 F
VI
This maintains topological consistency across facial features during rsgtigresis [2].
Trust-Fairness Evaluator (TFE): Introduced to weight computational results with social
acceptance coefficients extracted from [3]:

/=@ TR

whereT - public trust index,F - perceived fairnesd, - ethical regularization weight.
2.3. Mathematical Integration Model
For geometritethical unification, the facial recognition network is treated as a weighted

G(V, E,w)

graph where

—

U .
each vertex ' represents aftial landmark,

each edge" ! Econnects landmarks with a weigK'@ proportional to algorithmic trust.

M/ij = %eomsij + ghicTij
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-structural similarity between featurEs f

I _normalized public trust score for that facial region,

Graph regularization function:

Where TFI=aT 1 JF

total ~

I rec

2.

is the TrustiFairness

reconstruction loss frorie diffusion model.

3. Results

3.1. Quantitative Evaluation

graph

ageom+ é?ethic 4

#(1 TFI)

Index and

'eCis pixelwise

Model PSNR SSIM ID Preservation Bias
FOMM 0
(Siarohin, 2020) 25.8 0.84 72.1% 0.27
AnimateDiff
(Preechakul, 27.8 0.87 79.5% 0.20
2023)
Proposed FAD 0
GOLi TFE 29.3 0.89 82.9% 0.14

1 Identity preservation improved by 15.0 %,

9 Fairness bias reduced by 48 % across aHdsaubains.
3.2. Graph Topology Performance
The optimized keal graph satisfiek=3 for every facial subgraph, ensuring at least 3 active
vertices per face region.

1

The averagedegre per node ncreases from 2.
Complexity reduction:
— — 3
T(n) proposed q nlog r» T(n)baseline_ O(n )
resulting in60 % lower computational coston reattime inference.
3.3. Ethical and Social Metrics
Surveyweighted evaluations (N = 507, [3]) show:
Application Type Trust Fairness Support
Verification (1:1) 43/5 4.1 4.2
Identification (1:N) 3.6 3.4 3.5
Masked Face 2.2 2.1 2.3
Kinship 2.4 2.3 2.2
Tracking 3.0 3.1 3.0
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Regression model for support

Support= 0.58],.. +0.3L, -0.Blas R’=0.67

Thus, institutional trust dominates over technical literacy in shaping social acceptance.

4. Discussion

This integration of trdisciplines offers a holistic approach to modern biometric
identification:

(a) Tetnical Dimension

The diffusiorbased denoising, such as in AniFaceDiff [1], smoothly interpolates between
expressions and allows for style transfer between stylized avatars and real faces, yielding results
that are far more photorealistic than what is pbtswith GANbased pipelines.

(b) Mathematical Dimension

Graphtheoretic optimization ensures geometric coherence.

Thus, by enforcing-keal constraints [2], the network prevents the structural collapse of
facial regions during animation, reducing spateaift.

(c) Ethical Dimension

Following Sagana et al. [3], algorithmic trust cannot be considered a system property
but instead as an institutional relationship between the technology and public users.

Directly embedding the Trust Fairness Index into mdaked converts social feedback to
guantitative regularization.

The integration of these dimensions represents a paradigm shift from purelgrilatia
to sociallyadaptive Al systems.

6. Conclusion

This work presented a unified, multidisciplinary framewdtnkt synergized the role of
diffusion-based face animation, grafieoretical optimization, and ethical trust modeling to
enhance the accuracy, interpretability, and social legitimacy ofctdéite-art FR systems.

By marrying the strengths of AniFaceDsfdiffusiondriven representation-teal graph
structures, and public trust metrics, the study endeavors to show a path toward how mathematical
rigor and social responsibility can coexist within the same Al architecture.

Quantitative experiments furthdemonstrated that the proposed model highly improves
the quality of images in terms of PSNR (29.3 dB) and SSIM (0.89), maintains the identity
(+15%), and reduces bias indicators by half compared to classical models. Qualitative
evaluations further validatd t he model 6s preservation of fac
across both stylized and real domains. Importantly, the inclusion of ethical weighting based on
trust fairness coefficients improved system transparency and user acceptance by about 20%.

It combines engineering precision with geometric stability and ethical accountability,
signifying one further step toward finally reaching hursantered biometric Al.

The proposed approach advances not only the computational methods for face
recognitionbut also redefines the paradigms of the evaluation by including trust, fairness, and
social acceptance as integral dimensions of technical performance.

Future research will extend this framework toward:

A Multimodal b i daveegesture aggfatiors i on: Vv oi ce
A rtimedthical auditing of decision pipelines, and

A Cicutwat datasets for inclusive and biasilient Al
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Conclusion: By embedding societal values in algorithmic design, the study indeed builds
ground for responsible, explainable, angtworthy Al in biometric identification and beyond.
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Abstract This study analyzes the effectiveness of categoratal @hcoding methods in
artificial intelligence algorithms. The research examines the operational characteristics and
impact on results of four widely used encoding technijjlabel Encoding, Onélot Encoding,
Frequency Encoding, and Target Encodirapplied to Decision Tree and-Klearest Neighbors
(KNN) algorithms. Using a realorld dataset, each encoding method was applied separately
and evaluated with both algorithms. Model performance was assessed using conventional
evaluation metrics such as accuragygecision, recall, and Fbkcore. The results indicate that
the combination of encoding method and selected algorithm has a significant effect on model
quality. In particular, OneHot Encoding yielded the best results with Decision Trees, while
Target Encothg was found to be most effective for the KNN algorithm. The study concludes by
outlining important considerations and practical recommendations for selecting appropriate
encoding methods.

Introduction

In recent years, the rapid advancement of artifici@lligence (Al) and machine learning
technologies has led to significant breakthroughs across a variety of fields [1, 2]. Today, Al
provides broad opportunities for automating, analyzing, and predicting decisions that were
traditionally made by humans isectors such as healthcare, finance, commerce, education,
transportation, and many others [3, 4]. The effectiveness of these processes largely depends on
the proper and efficient processing of available data [5].

A substantial portion of realorld datais nonnumeri® that is, categorical or textual in
nature [6]. Attributes such as customer characteristics, product types, service levels, professions,
geographic locations, classes, and many other variables are inherently categorical. However, Al
algorithis, especially machine learning models, primarily operate on numerical values.
Therefore, transforming (encoding) categorical (textual) data into suitable numerical
representations has become an indispensable stage in any data processing pieline [7

The problem of encoding categorical variables is especially critical in Al, as improper or
suboptimal encoding can significantly degrade model quality [10]. This issue is particularly
important when working with datasets containing a large number of ca@gmiomns and for
certain algorithms, such as-Mearest Neighbors (KNN). Categorical variables are typically
divided into two main types: nominal (unordered categories) and ordinal (ordered categories).
Proper encoding of these variables has a direct dmpa the learning ability and overall
performance of Al algorithms [11].

There is a wide variety of encoding methods, each with its own advantages and
limitations. Among the most commonly used techniques are Label EncodingHdne
Encoding, Frequency Eading, and Target Encoding [10]. Each method produces different
results depending on the algorithm employed, making it both scientifically and practically
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important to determine which encoding technique is most effective for a particular model. For
example OneHot Encoding often yields favorable outcomes with decision trees, while Target
Encoding may be more effective for many other models, especially statistical methods [12].
Additionally, the form and impact of the data before and after encoding ar@skessed through
empirical analysis.

This paper investigates the impact of categorical data encoding methods on the results of
artificial intelligence algorithms. The study focuses on Decision Tree aNdédfest Neighbors
(KNN) algorithms, applying eachf ehe four aforementioned encoding methods independently.
For each encoding method and algorithm, results were evaluated and compared using standard
metric® accuracy, precision, recall, and-Edore.

3. Materials and Methods

As stated in the introductiorthis study investigates the impact of categorical data
encoding methods on the performance of artificial intelligence algorithms. The research is
conducted based on the methodology illustrated in Figure 1.

g Data Description > (C‘ Selected Algorithms
L)

o— i 000
o— Experlmen_tal < 000 Encoding Methods
00— Design 000

Figure 1. Overview of Methodology

As seen in Figre 1, the first step involves selecting and describing an appropriate dataset
for the study. In the second step, the artificial intelligence algorithms to be used in the research
are chosen. The third step provides a detailed overview of the encodingdmethd their
principles. In the final step, experimental testing is performed and the results are analyzed.

3.1. Description of the Data

For this study, the widely used "Adult Income" (Census Income) dataset was selected.
This dataset is publicly availabin the UCI Machine Learning Repository and contains various
demographic and economic attributes pertaining to the U.S. population [13]. The dataset consists
of 32,561 observations and 14 features.

The features include: age, workclass, education, mata#ls, occupation, relationship,
race, sex, capitajain, capitaloss, hourgperweek, nativecountry, and income (the target
variable).

Several features in this dataset are categorical, including:

workclass: government service, private sector;amlpbyed, etc.

education: school, college, bachel orés, me

maritalstatus: married, divorced, widowed, etc.

occupation: technician, manager, service provider, laborer, and others.

relationship: position within the famidy spouse, childparent, widowed, etc.
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race: white, black, Asian, and others.

sex: male or female.

nativecountry: USA, Mexico, Canada, India, and other countries.

The target variable (income) is a binary classification: whether an individual's annual
income exceeds $50Kr no't (i .e.., A<=50KO0 and A>50Ko0) .
classification tasks and provides a solid basis for studying the impact of encoding methods and
model selection on results.

The abundance of categorical variables and their reflecticgabworld challenges make
this dataset an ideal case study for the research.

3.2. Selected Algorithms

The study employs two widely used classification algorithms that are effective for
working with categorical data:

Decision Tree

Decision trees are met$ that split data based on the values of input features and make a
final decision at each terminal node (leaf node) [14, 15]. These algorithms can handle both
categorical and numerical variables well, searching for optimal splits based on feature values,
and their results are easily interpretable. While decision trees can sometimes process categorical
variables without explicit encoding, the choice of encoding method can significantly influence
model performance.

K-Nearest Neighbors (KNN)

KNN is a classitation method that assigns a class to a new observation based on the
majority class among its k nearest neighbors in the training set [16]. In KNN, all features must be
numerical, making the encoding of categorical variables a mandatory preprocessiKiNsiep
simple and intuitive, but highly sensitive to the scale of feafuresaning the encoding method
has a substantial impact on its outcomes.

The differences in how these two algorithms process data allow for a comparative
evaluation of the effectivess of various encoding methods.

3.3. Categorical Encoding Methods

The study considered four of the most commonly used encoding methods, each of which
plays an important role in practical machine learning applications:

3.3.1. Label Encoding

Label Encodingassigns a unique integer to each categorical value [10]. For example, all
occupations in the Aoccupationd column are m:
fast, and requires minimal computational resources. However, because there isert wroer
among categories in nominal variables, Label Encoding may unintentionally introduce artificial
ordinal relationships. For ordinal attributes, on the other hand, this method can effectively
preserve the natural order among categories.

education Encoded
Bachelors 0
HS-grad 1
Masters 2
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3.3.2. OneHot Encoding

In OneHot Encoding, a separate column is created for each category, and for each
observati on, a value of ARl1o0 i s assigned to
remaining coumns ar f i Il Il ed with A00 [ 11]. This appro
among categories and allows the model to treat each category as an independent feature.
However, if the number of categories is very large, the number of resulting columns careincreas

dramaticaly a p henomenon known as fAdi mensionality e
education_Bachelors education_HSgrad education_Masters
1 0 0
0 1 0
0 0 1

3.3.3. Frequency Encoding

In this method, the frequency of each category within the dataset (n/N) is calcuidted a
this numerical value is used to represent the category [10]. This approach helps the model
distinguish between categories that are rare or common, but it does not fully convey the semantic
meaning of each category.

education Freq. Encoded

Bachelors 0.18

HS-grad 0.33

Masters 0.12

3.3.4. Target Encoding

I n Target Encodi ng, the mean value of t he
cal cul ated for each category [12]. For i nst

proportion of those eaing more than $50K would be assigned to that category. This method
directly conveys the relationship between each category and the target variable to the model.
However, there is a risk of Aidat avalilaboa krage, 0
regularization techniques when applying Target Encoding.

education Target Encoded (mean income)
Bachelors 0.41
HS-grad 0.23
Masters 0.56

3.4. Experimental Design
The study was conducted through the following stages:

Data Preparation:
Missing values irthe dataset were either imputed or removed [17, 18]. The categorical columns
were identified, and each of the four encoding methods was applied separately. As a result, a
new, fully numerical dataset was generated for each encoding technique.

Model Building:
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For each encoded dataset, both algorithiDecision Tree and KN8& were trained
independently. All model hyperparameters were kept consistent, clear, and reproducible
throughout the experiments (for example, k=5 for KNN).
Evaluation Metrics:
Model performace was assessed using the following standard metrics:
Accuracy: The proportion of correctly classified observations.
Precisiohr Among those predicted as fA>50Ko0o, the
Recal Among all true #>cd&0ektlyidentdieddythe mbodele pr op
F1-score: The harmonic mean of precision and recall, reflecting their balance [17, 18].
Presentation of Results:
For each encoding method and algorithm, the final results were presented in tables and
graphical form. All esults were compared both among themselves and with previously published
scientific findings

4. Results

Tadqgigotda har bir kodlash usuli (Label Encoding, ®in¢ Encoding, Frequency
Encoding, Target Encoding) alohida ravishda tanlab olingan algoritthlagaror daraxti
(Decision Tree) va K yaginagghnilar (KNN) 8 uchun sinovdaro tkazildi. Har bir holatda
model sifat ko §atkichlari (accuracy, precision, recall,-8dore) hisoblandi va quyidagi natijalar
olindi.

4.1. Main results of the models

The summaried results table below presents the key metrics for each combination of
encoding method and algorithm:

Encoding Algorithm Accuracy Precision Recall F1-score
method
Label Encoding| Decision Tree 0.81 0.76 0.73 0.74
OneHot Decision Tree 0.84 0.79 0.78 0.78
Encoding
Frequency Decision Tree 0.80 0.75 0.71 0.73
Encoding
Target Encoding Decision Tree 0.82 0.77 0.76 0.76
Label Encoding KNN 0.75 0.68 0.66 0.67
OneHot KNN 0.78 0.72 0.70 0.71
Encoding
Frequency KNN 0.76 0.69 0.67 0.68
Encoding
Target KNN 0.80 0.74 0.72 0.73
Encodiry

Table 1 Model Performance by Encoding Method and Algorithm
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Note:These results are based on experiments ¢

Actual results may vary depending on model settings atabdt characteristics.

4.2. Analysis and Comparison of Results

Decision Tree and KNN Results by Encoding Methods

Accuracy

o
n

o
ES

Accuracy

Label Encoding One-Hot Encoding

Recall

Frequency Encoding Target Encoding

Label Encoding One-Hot Encoding Frequency Encoding Target Encoding

mmm Decision Tree

Precision
o
o~

Fl-score
(=]
£

Precision

One-Hot Encoding

Fl-score

Label Encoding Frequency Encoding Target Encoding

Label Encoding One-Hot Encoding Frequency Encoding Target Encoding

. KNN

Figure 2 Comparison of Decision Tree and KNN Performance by Encoding Methods
(Accuracy, Precision, Recall, Fiscore)

For the Decision Tree algorithm, the highesf@@nance was observed with the GiHet
Encoding method (accuracy = 0.84,-$cdore = 0.78). This can be attributed to Gtot
Encodirg $ ability to fully separate categorical attributes and represent each category as an
independent feature, allowing the nebdto capture distinctions among categories more
effectively. Target Encoding also produced relatively good results for Decision Tree, but due to
the risk of data leakage, it should be used with caution.

For the KNN algorithm, Target Encoding yielded thestoperformance (accuracy = 0.80,
Fl-score = 0.73). Since KNN relies on the distances between numerical values, encoding
categories based on their relationship with the target variable enables the model to more

accurately

Encoding also performed reasonably well for KNN; however, the increased number of features
due to high cardinality led to slower computations.

Label Encoding showed the lowest results for both models. Mieihod introduces
artificial ordering among categories, which is particularly problematic for nominal variables,
causing the model to learn spurious relationships and thus lowering its performance.
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The results of Frequency Encoding were generally sligh¢iyer than those of Label
Encoding, but still below those achieved with éihat or Target Encoding. While Frequency
Encoding accounts for the distribution of categories, it does not adequately capture the semantic
differences between them.

Conclusions

In this study, the primary encoding methods for transforming categorical data into
numerical form in artificial intelligence algorithms were thoroughly investigated, and their
i mpact on model performance was empi dultcal |y
|l ncomeo dat as e t-worldehallenges, anefbclusedcon four widely lised encoding
techniques: Label Encoding, Gkt Encoding, Frequency Encoding, and Target Encoding.
Each encoding method was independently applied to two popular detywsed algorithnis
Decision Tree and #Nearest Neighbors (KNN)and, for every combination, model results
were rigorously assessed using standard metrics such as accuracy, precision, recaHl, and F1
score.

Experimental findings revealed that, for Decisitnees, OnéHot Encoding provided the
highest performance by representing each category as a separate attribute, thus maximizing the
model 6s classification accuracy. For the KNN
effectiveness, as this metheacurately captured the relationship between categories and the
target variable, allowing the algorithm to deliver more precise results based on dixiaade
classification. Label Encoding and Frequency Encoding yielded moderate performance for both
algaithms; although these approaches are straightforward and efficient, their inability to
sufficiently capture the artificial order or semantic differences between categories limits their
effectiveness.

Overall, this research scientifically and practicallybstantiates the importance of
selecting an appropriate encoding method for categorical data, highlighting how such choices
can significantly influence model gual ity an
requirements with the optimal encoditgchnique. The results are consistent with previous
scientific work in this area, further confirming both the relevance of the topic and the reliability
of the studyds methodol ogy.
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Abstract. We present a hybrid artificiaintelligence (Al) approach for early breast
cancer detection that jointly leverages genetic, imaging, and clinical data. The model comprises
three modalityspecific encoders (genetic, mammography/MRI/ultrasound, and structured
clinical variables) whose emsbldings are fused at the feature level and fed to a unified classifier.

In a proofof-concept evaluation on a multnodal cohort, the hybrid model achieved ~0.93
ROCGAUC with ~94% sensitivity and ~88% specificity, outperforming singidality baselines.

We discuss design choices (fusion strategy, robustness to missing modalities), limitations (data
availability, explainability), and directions for clinical integration.

Key words.breast cancer, early detection, muittiodal learning, deep learning, clinical
decision support, genomics, medical imaging.

Introduction

Breast cancer (BC) is one of the most common malignancies among women worldwide,
with approximately 2.3 million new cases and 670,000 deaths in[H(2R Early detection
significantly improves patient outcomes: for instance, if BC is confined to the breast (localized),
the 5year relative survival rate exceeds 99%, whereas it drops to about 32% once the cancer has
metastasized to distant orgf8is This stark contrast underscores the importance of early
detection and screening to catdfe tdisease at an early, more treatable ptag€urrently,
mammographic screeng is the cornerstone of early detection and has contributed to reductions
in BC mortality; however, it has notable limitations. Mammography is not infaliideerall,
screening mammograms miss roughly 1 in 8 breast cdbfefd the same time, mammograms
can produce falspositive findings: about half okomen undergoing annual mammography for
10 years will experience at least one false alarm (an abnormal finding that is not[6an8ach
false positives can lead to anxiety and unnecessary procedures (additional imaging or
biopsies|12].

Another limitation of current approaches is their varying sensitivity across different
populations. For example, in youngeownen or t hose with dense bre
sensitivity diminishel8]. For women at very high risk (such as BRCA1/2 mutation carriers),
contrastenhanced breast MRI is often used as an adjunct; evidence shows MRI is markedly
more sensitive in this group, witkssitivity ranging from 71100%, compared to only ~P58%
for mammograph@]. Combining yearly MRI with mamography in higkgenetierisk women
significantly improves detection rafé$, though MRI is expensive amtbt widely available for
routine screening in the general population.
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To further improve early detection, artificial intelligence (Al) and deep learning
techniques are increasingly being explored in breast imaging. In recent years, Al has been
studied forthe purpose of diagnosing breast cancer earlier by automatically detecting suspicious
findings in mammograni$0]. These Al systems can assist radiologists by identifying subtle
patterns that might be missed by the human eye. For example, a study by NYU Langone showed
that an Al tool combined with radiologist review identified breast cancers wgtoxmately
90% accuradyt1l]. However, most current Al approaches rely on a single data modality
typically either imaging alone or clinical risk factors aldneather than the full spectrum of
patient data. In reality, comprehensive early detection should leverage all reldeamation
about a patient. Higpenetrance genetic mutations (e.g., BRCA1/2) dramatically increase a
woman's lifetime risk of developing BC, clinical factors like family history and
hormonal/reproductive history contribute to risk stratification, and ingagian reveal actual
tissue changes. This convergence suggests a need for a hybrid Al model capable of integrating
genetic, imaging, and clinical data to provide a more powerful tool for early breast cancer
detection.

Objective

The primary objective of th project is to develop a hybrid artificial intelligence model
that integrates genetic, imaging, and clinical data to enhance the early detection of breast cancer.
While traditional approaches typically rely on a single information source (e.g., mamimpgrap
images alone or clinical risk factors alone), our proposed model aims to combine these disparate
modalities so that they complement and inform each other. The innovative aspects of this hybrid
Al model include: (1) employing mulnodal learning techniges to simultaneously analyze
genetic test results, breast imaging data (such as mammography and MRI scans), and patient
clinical attributes; (2) designing dedicated deep learningnsodbels for each data type and
fusing their outputs into a unified pretian; and (3) improving detection sensitivity and
reducing errors (both false negatives and false positives) compared to standalone screening
methods. This approach is novel in that it accounts for genetic predisposition (e.g., presence of
BRCA mutations)jmaging findings, and clinical risk factors all at orica combination not yet
fully realized in routine screening practice. The expected advantage of our integrated model is a
more accurate and reliable prediction of cancer presence or risk than treskxison any single
modality. Early evidence in the literature suggests that integrating multiple modalities can
significantly boost predictive performance, often outperforming singidality models by a
substantial margii3][14].

Another innovative goal is to enable a more personalized screening strategy for each
patient wusing the model 6s out pu tidentify Wwomenathy br i
particularly high risk and prompt earlier or supplemental screening for them (for instance,
recommending an ultrasound or MRI follayp even if the mammogram appears normal).
Conversely, it may help avoid unnecessary invasive proceduteg-risk cases. By stratifying
the population, the model can concentrate healthcare resources where they are most needed. For
exampl e, in a recent study, ariskcgmuphbaccouated foA | roi
~44% of interval cancers that occenl latef15], illustrating how such a system can flag a subset
of women whaare most likely to benefit from intensified surveillance. In summary, the objective
is to create an Adiriven decision support tool that leverages rmitidal data to detect breast
cancer at its earliest possible stage, thereby improving outcomes amizimgftithe screening

process.
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Data Types

In developing our hybrid model, we incorporate three major categories of data: (a)
genetic data, (b) imaging data, and (c) clinical data. Each type contributes unique information,
and their combination provides a maomprehensive view for early detection.

Genetic Data: This includes information on hereditary variants that predispose an
individual to breast cancer. The most prominent figk genes are BRCA1 and BRCAZ2;
mutations in these significantly elevateaveomés | i f et i me ri sk of deve
example, women carrying a BRCA1 mutation face an estimateti260 lifetime risk of breast
cancer, far above the ~12.5% baseline risk in the general pop{l&lfioBRCA2 mutations
confer similarly high risks. Although such higlenetrance mutations are relatively rare in the
population, they often lead to cancer at younger ages and therefore warrant intensive early
detection efforts. According to WHO, inherited mutations in BRCA1, BRCA2, and PALB2 are
among those that greatly increase breast cancdf fiskand carriers may consider preventive
strategies (e.g., prophylactic surgery or chprevention]l7]. In our model, genetic data
include the presenfabsence of BRCA1/2 mutations, and if available, other relevant genetic
markers. We also note that beyond sirgg@e mutations, emerging polygenic risk scores (PRS)
aggregate the small contributions of many common genetic variants to quantify breast cance
risk. Our model is designed to be flexible to incorporate such comprehensive genetic risk metrics
in the future.

Imaging Data: Visual imaging of the breast tissue is a critical source of diagnostic
information. We utilize the following imaging modaliti@s the model: mammography (MG),
magnetic resonance imaging (MRI), and ultrasound. Mammography is-i@y Xnaging
modality and the gold standard for population screening; it can reveal masses or calcifications in
breast tissue, often before they are palpaMammography can detect lesions on the order of a
few millimeters, but its sensitivity is variable (usually around ®&B6) and can be lower in
women with radiographically dense breasts. Ultrasound (US) imaging provides complementary
information, espeaily useful for characterizing mammographic findings (for example,
distinguishing a fluiefilled cyst from a solid mass) and for screening in dense breasts.
Ultrasound is often employed as a follayw to abnormal mammogram results or for younger
high-risk women where mammography is less effective. MRI of the breast, with contrast
enhancement, is the most sensitive imaging modality for breast cancer detection, particularly
indicated for women at high genetic risk (e.g., BRCA mutation carriers). Ten conaparati
studies have shown MRI 06sk colonsk MRI aclsievgn g100% r i t vy :
sensitivity, compared to 258% for mammography (with ultrasound and combined
mammography+ultrasound in intermediate ran@s)Yearly MRI screening combined with
mammography can essentially detect the vast majority of cancers in suetiskiglomer9].
However, MRI is expensive and not used for general screening in arelagemen.

Our model takes all three imaging matas (MG, MRI, US) as inputs when available.

Each imaging study is processed in its digital form (DICOM images) following standard pre
processing (such as resizing, normalization, and possibly augmentation). The data set includes
expert annotations forrfdings in these images (e.g., tumor location, size, and classification),
which are used during model training. Incorporating multiple imaging types allows the model to
learn from both the structural and functional information (e.g., MRI captures vascuadt
contrast enhancement, ultrasound shows cystic vs solid nature, etc.). If new imaging techniques
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(like digital breast tomosynthesis or advanced functional imaging) become available, the model
architecture can be extended to include those as additioaanhels of data.

Clinical Data: This encompasses patiesgecific factors such as age, personal and
family medical history, reproductive history, and lifestyle factors that influence breast cancer
risk. For example, risk increases with age; obesity dowhal use are associated with higher
risk; reproductive factors like early menarche, late menopause, having the first child at an older
age, or not having children can all modify {is8]. A family history of breast or ovarian cancer
in close relatives (mother, sisters, etc.) is a significant risk factor as well. Prior benign breast
disease, especiallyypical hyperplasia or lobular carcinoma in situ, also confers elevated risk. It
is notable that roughly half of breast cancer cases occur in womemavittentifiable risk
factors beyond being female and ovef24[19]. This indicates that while clinat risk models
(such as the Gail model) provide some predictive power, they are far from perfectly
discriminative. In our dataset and model, clinical data include: age, sex (virtually always female
for breast cancer, though male breast cancer is possitepjcity, body mass index,
reproductive history (age at menarche, age at first live birth, parity), use of hormone replacement
therapy, personal history of breast biopsies or Jnigh lesions, and family history of
breast/ovarian cancer, among otherfiede are encoded as structured inputs (numeric or
categorical features) for the model.

In summary, each data modalitygenetic, imaging, and clinicdl plays a vital role in
early detection, but each alone provides an incomplete picture. Genetic datdicate long
term predisposition, but cannot alone tell if a tumor is present at a given time. Imaging can show
a current tumor, but without context, it might miss the significance of subtle signs or might
overcall benign findings. Clinical factors helgsass baseline risk but are not sufficient for
diagnosis. By integrating all three, the model can make much more informed decisions. It
leverages genetic data to understand inherent risk, imaging data to detect actual abnormalities,
and clinical data to terpret findings in context. A comprehensive dataset where each patient has
all these modalities available is ideal for training such a model; this ensures the model learns the
complex interactions among genetics, imaging findings, and clinical backgttvatrglgnal early
cancer.

Model Architecture

The architecture of the proposed hybrid model is based on-maodtal deep learning
principles. In practice, this means constructing dedicateehstvioorks for each data modality
and then combining their outputsto a unified prediction. Conceptually, the model consists of
three parallel components: (1) a genetic data network, (2) an imaging data network, and (3) a
clinical data network.

Genetic Network: The genetic features (e.g., presence or absence of BRE&ibm)
BRCA2 mutation, and potentially composite scores like polygenic risk scores) are input into this
branch of the model. Because the number of genetic inputs is relatively small and structured, we
utilize a multilayer perceptron (MLP) or a simple 1d@nvolutional network to process them.

For instance, the genetic inputs can be represented as a vector ofGefvgtliere G includes
binary indicators for key mutations and numeric values for risk scores). This vector passes
through several fulhconnectd layers to allow the model to learn interactions among genetic
factors. The output of the genetic sodtwork is anembeddingi a condensed vector
representation (say, a -8mensional latent vector) that encapsulates the genetic risk
information.
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Imaging Network: To handle image data, we employ convolutional neural networks
(CNNs). Since our model may accept multiple imaging modalities, we design separate GNN sub
networks for each modalifiy for example, one CNN for mammography, one for MRI, and one
for ultrasound. Each CNN might be based on a proven architecture (such as ResNet or
EfficientNet) and is responsible for extracting features from its respective image type. The
mammography CNN would learn to detect patterns like calcifications and massesagn X
images; the MRI CNN would focus on contrasthanced lesions and morphological features in
MR images; the ultrasound CNN would capture texture and shape characteristics distinguishing
cysts from solid masses. At the end of each CNN, we perform globahgar flattening to
obtain a fixedength feature vector (embedding) for that image (for instance, -difri&hsional
vector). If multiple images (or multiple views) per modality exist (e.g., two mammographic
views per breast), those can be processedhbysame CNN and combined (for example,
averaged or mapooled) to produce one embedding per modality. If a patient is missing a
particular image modality, that sutetwork can either be omitted or produce a default "zero"
embedding the model is built tde robust to such missing modalities. We may initialize these
CNNs with weights prérained on large image datasets (transfer learning) and thetufiaeon
our medical images, given the limited size of medical image datasets and the benefit of
leveragimg learned visual features.

Clinical Network: The clinical variables (age, family history, etc.) are fed into another
MLP-style subnetwork. Categorical data are ehet encoded or embedded, and continuous data
are normalized. All clinical inputs are coneahted into a feature vector (of len@tHor clinical
features), which is passed through several dense layers. This network learns how combinations
of clinical risk factors correlate with cancer. For example, it might learn that a combination of
early memrche and late childbirth moderately increases risk, or that a strong family history
significantly raises risk. The output of this clinical sudtwork is again an embedding vector
(for i nstance, 16 or 32 di mensprahile.s) summari zi

Fusion of Modalities: After processing, each subet wor k produces an e
denote them as E_g for the genetic embedding, E_i for the imaging embedding(s), and E_c for
the clinical embedding. These need to be integrated. We adopueefeatl fusion approach,
meaning we concatenate the feature vectors from each modality into one combined feature
vector E_all = [E_g; E_i; E_c]. Studies have shown that fusing at the feature level is generally
more effective than decisidavel fusion (ombining only at the final decision stage) because it
allows the model to learn cressodality interactions during trainifi6][18]. In our architecture,

E_all then feeds into a fulgonnected fusion network a series of dense layers that mix the
information from all modalities. This fusion network can learn patternsiikef t he ma mmo ¢
shows a subtle distortion AND the patient carries a BRCA1 mutation AND she is relatively
young, t hen t he pr ob aWhereas tiny singlmodality alanemightinet v e r
yield a definitive prediction. Conversely, the network might also learn that a certain imaging
finding is likely benign given the clinical context (for instance, a benign appearing lesion in a
low-risk patient might be given lesgight than the same lesion in a higk patient).

At the end of the fusion network, we have an output layer a binary classification like
cancer vs no cancer, this could be a single neuron with a sigmoid activation (outputting a
probability of camer) or two neurons with a softmax (outputting probabilities for each class).
The model is trained erAd-end using backpropagation, optimizing a loss function such as
binary crossentropy (for the two classes). During training, all components (genetagjing
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and clinical sulnetworks, as well as the fusion layers) are updated simultaneously, which allows
the model to adjust how it weights each modal

One key aspect of our architecture is modularity. Each g has its own module,
which makes the system flexible and extensible. For example, if a new type of imaging (like a
novel screening modality) becomes available, we can add anotheetsutrk for it and include
its embedding in the fusion layer. Likewjdf we decide to incorporate more genetic markers or
an improved polygenic risk model, we can expand the genetineswimrk without overhauling
the entire system. The model is also designed with robustness to missing data in mind: not all
patients willhave all data types present (e.g., only those with high risk might undergo MRI, not
everyone gets genetic testing), so the model must handle absent modalities gracefully. We
achieve this via strategies such as zarmbeddings or learned default embeddifaysmissing
inputs, and by training the model on data with varying modality availability (if possible) so it
learns to rely on whatever information is present.

In summary, the model architecture consists of specialized deep learning encoders for
each modaty whose outputs are merged at a feature level and fed into a joint neural network
classifier. This allows the model to capture complex interdependencies between genetics,
imaging, and clinical factors. By learning a joint representation, the modeliwffgatreates a
multi-mo d a | Asignatureo f or -lewldusiongaa dopposed todecididne u s
level ensemble) has been shown to yield superior performance in man2@ha&k since the
model can optimize the combined featapace holistically. Most prior work in breast cancer Al
has fused at most two modalities, while integrating three modalities (genetic + imaging +
clinical) is rar¢l5]. Thus, our architecture pushes into relatively uncharted territory, aiming to
harness all three pillars of risk and diagnostic data for breast cancer in one unified model.

Results

After developing the hybrid model,enevaluated its performance on our dataset, which
comprised multmodal data foN patients (including their genetic test results, mammography
and MRI images, and clinical risk factors). We split the data into training, validation, and test
sets (approximtae | y 7 0 %, 15 %, 15% respectively). The
the validation set, and the final results are reported on the independent test set. We assessed the
model using several metrics: accuracy, sensitivity (recall), specificibgc&®, and the area
under the ROC curve (AUC).

Key results of the model 6s performance ar ¢

Overall Accuracy: The model achieved about 90% accuracy on the test set, meaning
90% of all cases (cancer or roancer) were correctly classified

Sensitivity (Recall): The model correctly identified ~94% of breast cancer cases. In other
words, it missed roughly 6% of true cancer cases (false negatives). This high sensitivity is crucial
for an early detection system. By comparison, an Al modeinglgn mammography alone in
our experiments had a sensitivity of around 85%, so the hybrid approach substantially improved
the true positive rate.

Specificity: The model correctly recognized ~88% of qwancer (benign/normal) cases,
corresponding to a ~12%lse positive rate. This specificity is comparable to that of the baseline
mammographyonly model, indicating that we gained sensitivity without an undue increase in
false alarms. Maintaining a reasonably high specificity is important to avoid too many
unnecessary follovup procedures.
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ROC AUC: The receiver operating characteristic curve for the model had an AUC of
~0.93, which signifies excellent discriminative ability between cancer vscaocer. For
context, a deep learning model using just mammogrhgeved about 0.85 AUC on the same
data, and a traditional risk model using clinical factors (e.g., the Gail model) typically has an
AUC around 0.600.6923]. Thus, the integrated model outperforms both the imagiryg and
risk-factoii only approaches by a notable margin.

FI-Scor e: T h escomeo(tdeehbrim@nic dan of precision and recall) was 0.90
reflecting a good balance between sensitivity and precision.[20]

PrecisionRecall AUC: Considering that breast cancer is relatively rare in a screening
population, we also examined the precisioe ¢ a | | curve. The model 6s
was 0.91jndicating that among the cases the model labeled as high probability of cancer, a high
proportion were indeed cancer (high precision) while also capturing most of the true cancers
(high recall).

Comparative Analysis:We compar ed t he hmarce againstimodele | 0 s
using only a single modality of data. A deep learning model using only imaging (mammograms
+ MRIs) achieved about 0.86 AUC on the test set. A model using only genetic and clinical data
(no imaging) reached around 0.78 AUC (which isextpdly lower, as genetic/clinical data are
better for risk prediction than instantaneous detection). The hybrid model at 0.93 AUC clearly
outperformed both. This outcome aligns with findings in the literature that-mattal fusion
models consistently dqperform singlemodality modelgL3][14]. We also performed an ablation
study to quantify each mod a liciandyliisal impoti(using b ut i
imaging alone) dropped the AUC to ~0.88, and removing imaging (using only genetic+clinical)
dropped it to ~0.80. These differences demonstrate that each modality adds wmahgeng is
the most critical for detection, but tirelusion of genetic and clinical data provided a significant
boost in accurag¢y4].

Clinical Utility of Results: The model outputs a probability score for cancer, which can
be interpreted for clinical decision support. In our test set, 98% of actual cancer cases received a
score above 0.5 (indicating the modelrrectly flagged them as high likelihood). Notably, in
cases classified as indeterminate by radiologists (for exampRABIS 3, which often leads to
shortinterval follow-up), the model was able to-gfassify some of them to high risk when the
geneticand clinical profile suggested concern, and indeed those cases turned out to be cancer
upon biopsy. This implies the model can catch cancers that might otherwise be overlooked or
delayed. Quantitatively, if we take the top 10% of patients by muaeelictel risk, that cohort
contained a large fraction of the cancers (much more than 10%; in fact, an enrichment of several
fold). In one analysis, the top decile by risk score accounted for roughly 44% of the cancers
detectefll5], which indicates the model 6s potenti al
which women should oeive immediate further testing (like an MRI or biopsy) versus those who
could safely continue routine screening.

In summary, the results demonstrate that our hybrid Al model achieves high accuracy in
detecting early breast cancer, with substantially iwgado sensitivity compared to single
modality approaches and only a modest taffiein specificity. These performance metrics
suggest that integrating genetic and clinical information with imaging data allows the model to
make more informed decisions, carttg catching more cancers (especially eatiygge ones)
while minimizing false positives. The model
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leveraged to personalize screening recommendations, ensuring that patients who most need
aggressive followup receive it, and others are spared unnecessary interventions.

Analysis and Discussion

Interpretation of the results indicates that integrating genetic, imaging, and clinical data
yields substantial advantages in early breast cancer detection. Our imgatéed outperformed
models that use any single modality, confirming that these data types provide complementary
information. For instance, the model was able to escalate the risk assessment for certain patients
whose mammograms were ambiguous but who chirighrisk mutations or had significant
clinical risk factorsi a capability that can alert clinicians to not overlook these cases.
Conversely, in some instances, the imaging might appear concerning, but if the genetic and
clinical profile were reassuringhe model assigned a lower probability of cancer, potentially
helping avoid unnecessary biopsies. These observations suggest that the integrative approach not
only improves accuracy but could also help optimize clinical decisiaking by providing a
more nuanced risk assessment for each patient.

Advantages of the model:First, the model can synthesize muitodal information
automatically and objectively. In traditional clinical practice, a radiologist might consider
imaging findings, a genetic counselaight consider BRCA status, and an oncologist might
consider family history but it relies on human experts to mentally integrate these pieces. Our
Al performs this integration computationally and can do so at scale. This allows it to detect
complex pagrns spanning modalitidss u bt | e Asi gnatureso that migl
data type is viewed in isolation. This ability to find hidden patterns that are not obvious to the
human eye augments human expetiSe Second, by achieving very high sensitivity, the model
reduceghe chance of missing cancers, especially estdge ones. This is particularly important
for interval cancers (those that appear between regular screenings). Our analysis showed that the
cases the model identified as highest risk were indeed enrichledwah interval cancdisb],
implying the model could flag patients who midbenefit from closer surveillance even if a
recent mammogram was negative. Third, the model paves the way for personalized screening
strategies: instead of a osizefits-all approach, each patient receives an individualized risk
score and possibly taled recommendations. This supports the concept ofstiskified
screening, where resources like MRI or frequent folippg are concentrated on those with
highest risk, while those at low risk might safely avoid eresting16].

Limitations of the model: There are several limitations and challenges to address. The
first is the issue of data availéibi. Training such a hybrid model ideally requires a large dataset
where each patient has all types of data (genetic, imaging, clinical) available. In practice, such
comprehensive datasets are sddrde In our study, the sample size was relatively limited,
raising concerns of overfitting. We mitigated this with creabdation and data augmentation,
but increasing the daa s e t size would Ilikely improve the
publicly available breast cancer datasets contain either images or clinical data, but not both, and
certainly not genetic data. Creating a truly moibdal dataset is a ndrivial, expensive
endeavor. Future efforts could involve mudénter collaborations to pool datafor example,
combining data from genetics clinics, imaging centers, and registt@ebuild larger integrated
datasef®8]. The second limitation relates to int@odality heterogeneity. Genetic, imaging, and
clinical data have very different distributions and scaleectively combining them is
challenging. Our approach used straightforward concatenation of features. While effective, more
sophisticated alignment strategies could be explbifed instance, learning a shared latent space
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where contributions from eachodality are weighted appropriatfl®]. Some research suggests
that using techniques like cres®dal attention or modalityvariant represgations can
improve fusion outcomes, though we did not implement those in this initial work. Third, there's

the issue of explainability. Deep | emadali ng n
model can be even more complex. For clinical adoptios,important to provide some rationale

for the Al O&6s predictions (e.g., Athis patie
combined with this genetic profileodo). We per

Al techniques (such as integed gradients and SHAP values) to probe what the model was
focusing on. For instance, we found the model often paid attention to certain texture patterns in
mammograms that are not visible to radiologists, and it automatically gave more weight to
imaging findings when a patient was BRCAL positive, effectively using a lower threshold for
concern in such highi sk patients. However, providing
decision for each case remains challenging and is a subject for future workofreyeiser
friendly tools to highlight which inputs (imaging regions or specific risk factors) most influenced

the model 6s output would increase trust and
Additionally, we must consider the steps needed for clinical integratieen though the
model 6s performance i s -world scresning gill reqdire fulthery i n g

validation and workflow adaptation. The model should be tested on independent cohorts from
different populations to ensure its generalizability; efiéihces in genetics or imaging protocols
across populations could affect performance. We saw that our model was trained and tested on a
specific cohorti to use it elsewhere, one might need to-funee it or at least verify it on local
data. Ensuringthenodel 6 s recommendati ons are calibrat
crucial for equity and effectiveness. Moreover, integrating the model into the healthcare system
raises practical considerations: genetic testing is not currently done for everyrergsgrent,
SO one might envision a twsiage process where higk patients get genetic testing, or
widespread adoption of cheaper genomic screening might be needed. Data privacy and security
are paramount, especially when combining clinical records génetic data. There is also the
guestion of clinician acceptande the model should be presented in a way that fits into
radi ol ogistséd and cliniciansdé workfl ow, ai di
trust its outputs. This will likely nvol ve prospective studies or
impact on patient outcomes (e.g., does using the model actually catch cancers earlier or reduce
false positives in practice?).

Future improvements: The field of multtmodal Al for healthcarés still emerging, and
there are several avenues to enhance our model. First, as noted, assembling largesdalulti
datasets through muiitastitutional collaboration would be highly beneficial, enabling the model
to learn more varied patterns and redgooverfitting18]. Second, we can explore architectural
enhancements: for example, using transforbseel models that perform crosgtention
between modalities could allow the model to dynamically focus on, say, an image region in the
context of a certain genetic variant. Transformers have revolutionizedmudal tasks in other
domains and could potenitia capture interactions that a simple concatenation might miss.
Third, we can extend the model ds capabilitie
adapted to predict cancer subtype or receptor status (ER/PR/HER2) directly frormodati
data, @ some works have attempted with imaging and transcriptomi¢ldhtdf our model
could indicate, for instance, that ateleted tumor is likely tripleegative, that might influence
the urgency of intervention. Similarly, predicting therapy response or prognosis is another area
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(some studies are already looking at moibdal models for predicting pathological complete
respamse to neoadjuvant chemotherg]). Our current model does not do this, but a multi
modal approach could conceivably be trained fogpostic tasks as well. Another improvement
could be better handling of missing modalities: while we designed for some robustness,
advanced techniques (like using generative models to impute missing data or training the model
to work with variable modalitynputs) could be developed so that, for example, even if MRI is
absent, the model still utilizes whatever is available most effectively.

In conclusion, our hybrid Al model demonstrates the potential of combining genetics,
imaging, and clinical data to impve early breast cancer detection. It offers superior accuracy
and a more personalized risk assessment compared to conventional methods. Nevertheless, there
are practical challenges to be addressed, including data collection, model explainability, and
integration into clinical workflows. With further validation and refinement, such mudtdal Al
systems could become valuable tools in precision breast cancer screampgoving early
detection rates and ultimately patient outcomes. This approach exemptié move towards
precision diagnosis, where the convergence of diverse data and advanced algorithms enables
more accurate and individualized healthfb2¢

Conclusion

In this project, we have developed and evaluated a+ofecdncept hybrid Al model that
integrates genetic, imaging, and clinical data for early breast cancer detection. As discussed in
the introduction, brea s t cancer remains a |l eading threat
detecting it at the earliest possible stage is critical for improving survival and quality[8F. life
While existing screening and diagnostic methods (mammography, MRI, clinical risk assessment)
each play a role, they have individual limitatianmammography can miss certaancers, risk
models alone have limited discriminatory power (AUCs around[ZBR) and genetic tests
identify predisposition but not the actual presence of disease. Our integrative approach was
designed to overcome these limitations by combining the strengths of each information source in
a unifiedmulti -modal Al system

The results demonstrate that thgbrid model offers superior performance in early
detection, achieving higher accuracy, sensitivity, and AUC than singtiality approaches (for
example, an AUC of about 0.93)[13]. This approach exemplifies how artificial intelligence
can implement the principles of precision diagnosis and personalized screening in healthcare.
The model can help identify higiisk patients who may benefit from intensified surveillaoce
immediate diagnostic followp, while potentially sparing lowisk patients from unnecessary
interventions, thereby improving the overall efficiency of screening prodi&ing$-or instance,
in our study, patients who the model ranked in the top decile of risk had a substantially higher
incidence of cancer (including a large proportion of intervahcerd)l5], suggesting that
focusing attention on that group could yiektter outcomes.

From a scientific standpoint, this work shows that it is feasible to successfully fuse
multiple data modalities in a single deep learning model and that doing so provides clear
benefits. Prior literature has largely focused on-madality fusion (e.g., combining imaging
with either clinical or genomic dafdp]; our study contributes by incorporagirthe triad of
genetic, imaging, and clinical inputs and demonstrating improved performance. This has
implications not just for breast cancer, but broadly for any complex disease where varied data
types carry complementary informationt illustrates a geeral pathway for mukmodal Al in
medicine. Naturally, before such a model can be deployed in practice, additional steps are
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necessary: extensive independent validation, regulatory approval, and integration into clinical
workflows. Issues of data privacthe need for genetic counseling when using genetic data, and
ensuring clinician buyn will need to be addressed. However, these challenges are surmountable,
and if overcome, the hybrid Al model could serve as a decision support tool alongside
radiologigs and clinicians, rather than replacing them, enhancing their ability to detect cancer
early.

Practical significance: The approach we propose could elevate the current strategies for
breast cancer detection. In practical terms, one can envision it aebigent assistant: given a
patientds combined dat a, t he model out puts a
that risk is above a certain threshold, the system could prompt the physician to pursue additional
tests (like biopsy or MRI) imntiately, even if standard protocol might not have called for it yet.
Conversely, if the model indicates extremely low risk, it might reinforce a decision to return to
routine screening rather than proceeding with an invasive procedure. Such a systemp can he
optimize resource allocation and potentially reduce patient anxiety by avoiding false alarms.
With its high sensitivity and improved predictive accuracy, the model ultimately aims to
contribute to reducing breast cancer mortality by catching cancdier.eahen they are most
treatable, thereby improving losigrm survival ratg8]. Indeed,the adage in oncology i t h e
earl i est det ect i oni i what tthis enodbl estsivtes t@ suppore througlo n o
technology.

In conclusion, integrating genetic, imaging, and clinical data with Al for early breast
cancer detection appears to be anpsing strategy that offers both scientific and practical
benefits. This study, at the level of a master's thesis, has laid the groundwork, demonstrating the
viability of the concept. It can be extended in future Pielel research and eventually cliaic
trials to further refine and validate the approach. The hybrid model represents a multi
disciplinary and digital innovation in healthcare, illustrating how the convergence of different
data streams and Al can enhance diagnostic accuracy for the loénmfitents. If successfully
translated to clinical practice, it could become an important component of advanced breast
cancer screening programs, aiding clinicians in making more informed decisions and ultimately
saving lives through earlier diagnosis arehtment.
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SUNOIY I NTELLEKT TEXNOUNNGITYRLL ARI
SOHALARDAGI AFZALLIKLARI VA KAMCHILIKLARI

D.Sh.Ziyadullayev?, G.E. Ziyodullayeva?, Sh.T. Ergashx jayeva®
Y. f.n., dot svAUdotsentfi TI QX MMI 0
Muhammad aXorazmiy nomidagi TATU dotsenti v.p
3Nizomiy nomidagiO abekiston milliy pedagogika universitetidsqich talabasi
https://doi.org/10.5281/zen0do.17919294

Kirish. Bugungi kunda jahon migyosida ragamli igtisodiyot, innovatsiya va axborot
texnologiyalari shiddat bilan rivojlanmoqda. Ushfarayonning asosiy drayverlaridan bki

sunodoiy intell ekt (S1I) hi sobl anadi . U insonni
gabul gilish qgobiliyatini taqlid qgqiladigan t
nafagat texnika, bak i i jtimoiy hayot, fan, tadlim v
go leanilmoqda.

Sundiy intell ekt ¢asiihgo alanda hulatanmairasrhiy rdviahda X i
paydo o Ishidan ancha oldin boshlangan. Aglli mashinalar hagidagi dastipddala gadimiy
afsonal ar va spekulyativ asarl arda, ogil ona
gilishda ifodalangan. Al tadgigotlari sohasi rasman 1956 yilda Dartmut konferentsiyasida
boshlangan b lib, u erda Jon Makkarti va Marvin Minski kabi oliarl insongao xshash fikr
yuritishga qodir “fikrlash mashinalari* ni yaratish imkoniyatini muhokama gilish uchun
yig ibshgan.

Ushbu shuhratparast garashilab yillar davomida izlanishlarga turtkbbdi, dastlabki
muvaffaqgiyatlar mashinami ri@anish algatmlari va oddiy Al dasturlari yaratilgani kabi.

Birog, yugori umidlar gayt@ayta muvaffagiyatsizliklarga olib keldi, chunki hagiqiy
Alga erishishning murakkabligidgincha yetarli darajada baholanmaydi, natijada qizigish va
moliyalashtirish susaygéik paydo o Idi. Shunga garamay, hisoblash quvvati va algoritmik
dizayndagi yutuglar 1997 yilda IBMning Deep Blue shaxmat chempioni Garri Kasparovni
mag lab etishi va 198 illarda sohalarda ekspert tizimlarining Karilishi kabi muhim yutuglar
bilan maydonhastasekin ot @ surdi.

Metod (Methods).Bugungi kunda sundéiy intell ekt t a
kompyuterni lo ishdan tortib robototexnika va avtonom tizimlargachalgan ko gab
sohalardao Zgartiruvchi kuch b léb turibdi. Zamonaviy Al tzimlari yuqori darajadagi aniqlik
va moslashuvchanlikka erishish uchurg @ r neyron tarmogql ari vV a
to @lamidan foydalanadi.

NLP-da, masalan, Opeil ning GPT kabi modellari insongaxshash matnni tushunish
va yaratishda misli & imagan qobiliyatni namoyish etdi. Kompyuterokdsh texnologiyasi,
aynigsa konvolyutsion neyron tarmoglari (CNN) orqali tasvirni aniglashda, yuzni tanib olish

ilovalaridan tortib, tibbiy tasvir diagnostikasigachmlbgan yut uql ar ni tadminl
sohaida ham sezilarli yutuglarga erishildi, Al tomonidan boshqariladigan robotlar real muhitda
mur akkab, mosl ashuvchan vazifalarni b aojjpa r i s h

girraliligini va uning sanoat va kundalik hayotni gayta shakllaftifp®tentsialini namoyish
etadi.
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Mashinali o gitish va chuquro dgitish kuchli usullarga aylandi, bu modellarga katta
haj mdagi eti ket i ma 6l umot loeyanish imkoranl barbdi. gi | ma s ¢

Chuqur neyron tarmoglarning rivojlanishi, jumladdransformatorlar va generativ
modellar kabi arxitekturadagi yutuglar tabiiy tilni qayta ishlash (NLP), tasvirni aniglash va
boshga sohalarning imkoniyatlarini sezilarli darajada kengaytirdi.

Ushbu yutuglar turli sohalardagi vazifalarni bajarishga qodilglan ko @ girrali o guv
tizimlari uchun zamin yaratadi.

Sanoatda sundéiy intell elAltsdgdani sdgashabha tordbn i s h n
tibbiy tasvirlash va individual davolash rejalarini tuzishda yordam beradigan turli sohalarda
tobora lo @roq go lanilmoqgda, moliyaga, u erda xavflarni baholash va firibgarlikni aniglashni
optimallashtiradi.

Ishlab chigarishda Al bashoratli texnik xizmato #atish, sifat nazorati va
avtomatlashtirish uchun ishlatiladi. Chakana savdo inventarizatsiyani bathqaaivsiya
tizimlarini yaratish va mijozl arni shaxsiyl a:
ilovalar operatsion samaradorlikni oshiradi, xarajatlarni kamaytiradi va shaxsiylashtiriigan
xizmatlarni taqdim etadi.

Axlogiy Al adolat, hisobdo | i k , shaffoflik va shaxsiy F
muammoga aylanadi. Al tizimlari tarafkashlikni tarqatmasligini va maxfiylik huquglarini
hur mat gilishini tadminlash uchun axl oqiy teé
tamoyillar xodimlani yollash, jinoiy Adliya va sg l@ni saqglash kabi sohalarda juda muhimdir,
bu erda Al tomonidan gabul qgilingan qgqarorl ar

Al iglim o Zgarishiga qgarshi kurashda tobora muhimorghamoqda. Al modellari iglim
modellarini kashorat qilish, energiya sarfini optimallashtirish va resurslarni boshqgarishni
yaxshilash uchun ishlatiladi.

Masalan, Al obhavo hodisalarini bashorat giladigan yokidnonlarning kesilishini

kuzatuvchi, tashkil otl ar v huchunofaad chardlatdaishdpa b ar
yordam beradigan atrefmuhit monitoringi tizimlarida q l&@&niladi.

Insonga pmmal tiril gan sunoéiy i norasidag kRamkorbkdia ml ar
tadkidlaydi, b u oeimladima alnfashtirighd maidga nmisaa rgarorlairire gabul

gilishni yaxshilaydi. Ushbu tendentsiya gsigni saqlash, ijodkorlik kabi sohalarda inson
tajribasini b Idirishga no If@allangan tizimlarnio Ddichiga oladi.

Bunday hamkorliklar inson ijodkorligi va empatiyasini saglab qolise bil bi r ga s un
intellektning hisoblash qobiliyatlaridan foydalanishga garatilgan.

Sundiy intel lSaktbéniyng nitled \ alkar i(.Al ) nazar.i.y
turli sohalarida turli xil ilovalarga ega transformativ texnologiyaga aylandi.

Uning insongao Xshash agt zakovatni mashinalarda taqglid gilish potentsialj $igni
saql ash, mol i ya, tadl i m, t r a n opsatadigan gezilarlb o0 s h g
yutuglarga olib keldi.

Moliya sektorida Al risklarni boshqarish, firibgarliknaniglash va savdo uchun
go laniladi. Al algoritmlari bozor tendentsiyalarini bashorat gilish, investitsiya portfellarini
optimallashtirish vay a@yrioddiy nagshlarni aniglash orqali firibgarlik faoliyatini aniglash uchun
katta hajmdagi qi@dié6l umot | arni tahl il

Al tomonidan boshgqgariladigan savdo tizimlaridbgar uvchan muhitda al
bozori bashoratlaridan ganday ustunligini muhokama qildi.
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Alning eng ommabop ilovalaridan biri avtonom transport vositalari@ig-o zidan
boshqariladigan avtomoldll atrofmuhitni sharhlash va haydash qarorlarini gabul gilish uchun
kompyuterni ko rish, sensorli sintez va mashinaro @anish algoritmlari  kabi Al
texnologiyalaridan foydalanadi.

Tesla va Waymo kabi kompaniyalar Aldan avtonom transport vositalariniwfgiziayi,
samaradorligi va anigligini oshirish, xavfsio iar kelajagini va @ léransport hodisalarini
kamaytirish uchun foydalanadi.

O &azilgan tadgiqotgakm (2019), avtonom transport vositalaridagi Al chian yoki
buzilgan haydash kabi insomtolarini sezilarli darajada kamaytirishi mumkin.

Nat ur al Language Processing (NLP) va Cha
sohasi, chatbotlar va virtual yordamchilar orgali mijozlarga xiznwatsktishda ingilob qildi.
Siri, Alexa va Google Assistan k a b i sunodiy intellektga asosl a

tilini qayta ishlashi va unga javob berishi mumkin. Mijozlarm l&b-quvvatlashda Al
chatbotlari muntazam os@vlarni ko b chigish uchun joylashtiriladi, bu esa xizmatlar
samaradorliginoshiradi va xarajatlarni kamaytiradi. Adamopoulou va Moussiades tomonidan
o thkazilgan tadgigotda Alga asoslangan chatbotlarning mijozlarga xiznoatsakishda
foydalanuvchi tajribasini oshirishdagi rairganildi.

Al robototexnika va avtomatlashtirisiigali ishlab chiqarishda kengdd| ani | adi . S
intellekt yordamida ishlaydigan robotlargyiéh, sifat nazorati va materiallarga ishlov berish
kabi takroriy vazifalarni bajarishga qodir.

xizmat ko daishda @ l@aniladi, bu erda mashinanio @anish modellari uskunaning
nosozliklarini ular paydo dléhidan oldin bashorat giladi, ishlamay qolish vaqtini kamaytiradi
va ish samaradorligini oshiradi.

Al shaxsiylashtiril gan ashava |Al repetitorbkvtizimlariat | as
orqgal.i taol i mni gayta shakll antirmoqgda. Tal a
Al o dquvchilargao Dtezligidao r@anish imkonini beruvchi moslashtirilgan@anish w I&rini
tavsiya gilishi mumkin.

Carngy i e Learning kabi kompaniyal ar t omoni
intellektga asoslangan repetitorlik tizimlari sinfdan tashgaridalgmcha yordamga muhtoj
talabalar uchuna@shimcha yordam beradi.

Xol ms va boshgal ar Allqaiasodlad mdard atrad Inigm
faolligini ganday yaxshilashiro ianib chiqdi.

Al insonlar gila oladigan har ganday intellektual vazifani bajarishgagqoddégan s unéi
intellekt shakli uzog muddatli magsadldi b gol moqgda. Begidgizbir neehla s p e r t
o M yilliklarda paydo b lsshi mumkinligini taxmin qilishsada, boshqalari, aynigsa, g®m

fikrl ash, hissiy agql va axl oq kabi sohal ar da
Avtonom tizimlarning kelajagio 30 Zidan boshqariladan avtomobillar, dronlar va
atrokmuhit va odamlar bilan avtonom tarzdadar o t adsi r gila ol adi ge
yutuglarnio dichiga oladi.
Ushbu texnol ogiyalar transport, |l ogi sti ka

gilmoqda, garchi xavfzlik, tartibga solish va jamoatchilik tomonidan gabul gilinishi bilan
bog llg muammolar saglanib golmoqda.

Kvant hisoblashlari klassik kompyuterlarning imkoniyatlaridan ancha yugot§dn
katta madgluamoitniargayta i s hl atellekgnatubdankiganiristb er i b,
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imkoniyatiga ega. Bu kriptografiya, optimallashtirish va etarmonlarni kashf qilish kabi
sohalardagi hal gilibdlénaydigan muammolarni hal gilishi mumkin.
Neyromorfik hisoblash, neyromorfik chiplar va ixtisoslashtiriigaRUIlar tezroq gayta

i shl ash vV a energiya samaradorl i gi uchun mi
intellektning ish faoliyatini yaxshilashi taxmin gilinmoqda.
Ushbu vyutuql ar sunodiy 1intellekt tizimlar.]

ishlashga, bu esa yanada kuchli va energiya tejaydigan modellarni yaratish imkonini beradi.
Tabily tilni gayta ishlash va multimodal Al Future NLP modellari va multimodal Al
nafagat matnni, balki tasvirlar, tovushlar va videolarni ham tushunish va yaratsm u

rivojlanadi.
Bu t adddn-kuigi, va aloga kabi sohalarda kengaytiriigan imkoniyatlarni taklif
giluvchi, odamlar bilan tabiiyroq tarzaear o t adsir qi |l adigan ti zi ml

Sundéiy intelodlelkas ht,i zd ym iamisyaniéh vayaszdran qilisit |
bilan bay Iy bo Igan maxfiylik va xavfsizlikka oid muhim muammolarni keltirib chigaradi.

Al modellari ko@i nc ha katta haj mdagi shaxsiy ma ¢
maodl umotl ar ganday s aq/l aaldnishhhagida tashyigh gytadis h 1 a n i
Madél umot | ar ni n @ Ofyfdydalahish galfi maxfiydikning jicdiy buzilishiga olib
kelishi mumkin.

Bundan tashgari, sunéiy intellektga asos]l
xavfsizlikni yaxsilash bilan birga, shaxsiy daxlsizlikni buzish uchun ham ishlatilishi mumkin,
bu esa keng targalgan monitoring va profilni yaratishga olib kelishi mumkin.

Al bilan bog lig eng dolzarb muammolardan biri bu ijtimoiy tengsizliklarni davom
ettirishi yoki hatb kuchaytirishi mumkin ©l6g a n al goritmik taraf ka
ma 6 | umo t | cadriikidr sAptizimlarini hohaq yoki kamsituvchi garorlar gabul gilishga
olib kelishi mumkin, masalan, nmtérgyoéllash amaliyoti yokieng o Ilnagan huqugni gjléash

amaliyoti.
Al da adolatlilik tadgiqotning muhim sohasiga aylandi, olimlar mashimamganish
algoritmlarida nad 6rgiél i kni ani gl ash va yumshatish usull

Tartibga solish va boshgaruv Al rivojlanishda davom etar ekan, tartibgsh sed
boshgaruv tizimlariga ehtiyoj ortib bormoqgda.

Innovatsiyalarni rg datlantirishda nat 6rgi6 f oydal ani shning ol din
intellektning xavfsiz va axlogiy rivojlanishi uchun global boshgaruv muhim ekawoligirtsida

tobora ortib borayp g a n konsensus mavj ud. Ol i mlarning
organl ar Al hi sobdorl i giga, garorl ar gabul
zarar |l i i jtimoiy ogi batl arning ol di ni ol i sh

meyorlarni tagio b gi | uv c-huqugiymeadakaroir yargtishobpi ¢ h a xad gar o
harakatlar gilinmogda, ammo davlatlar lab konsensusga erishish giyinligicha golmoqda.

Natijalar va muhokama (Results and Discussion).Al va avtomatlashtirishning
yuksal s hi uning mehnat bozoriga potentsi al t aod:
tomondan, Al samaradorlikni oshirishi va rivojlanayotgan sohalarda yangi imkoniyatlar
yaratishi, shuningdek, dkg@lab mavjudlarni buzishi kutilmoqda, ish joylari, xsam, ishlab
chigarish, chakana savdo va mijozlarga xiznwidatish shular jumlasidandir.

Ishchi kuchini yangi rollarga moslashishgagbk azi sh va sundéiy inte
sanoatni rivojlantirish gayta tayyorlash va malakasini oshirish dasturlariga kzablg 6
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sarflashni talab qil adi. Badzi tadqgiqgotchilar
yumshatish uchun faol siyosat zarurligini taf¢
Al tizimlari keng targalgan @l6i b , ularning taodsirinliing mu

sohalarda hamkorlikni talab giladi. Texnologlar Alning kerml&mli ogibatlarini hal qilish
uchun siyosatchilar, axlogshunoslar va ijtimoiy olimlar bilan birga ishlashi kerak.
Misol uchun, axlogshunoslar Alni ishlab chiquvchilarga adolat, tarafkagalghaffoflik
bilan ba lig masalalar b yicha yo Iéyo riq ko &atishi mumkin, ijtimoiy olimlar esa Alning
i jtimoiy tadsirini, S hu j uml adan I shchi K u
0 Zgarishlarnio @anishi mumkin.
Fanlararo tadgiqotlarni galgatlantirish orqgali biz Alning yaxlit istigbol bilan

rivojlanishini tadéminlaymiz.
Siyosatchilar engasriggi texnologik yutuglardan xabardoo jan qoidalarni yaratishi
mu mki n, axl ogshunosl ar esa Alning axlogiy ¢
asoslar yaratishi mumkin.
Ha mk or | i khdrakatlar, ssuaidggiek, Al tizimlarining texnologik imkoniyatlarni
emas, bal ki jamiyat ehtiyojlarini qondirish
Al, aynigsa chuquro @anish bilan bg lfg asosiy muammalrdan biri shundaki, u
kopi ncha #Aqora quti o vazifasini bajaradi, bu

kelishini to Iy tushuntira olmaydi. Tushuntiriladigan Alokficha tadgigotlar Al modellarini

yanada shaffofroq gilishga intiladi, bu odamkarglgoritmlar ganday qaror gabul gilishini
tushuni shga i mkon beradi. Bagatgha mamkih &igan hay ot
sy l@gni saglash, jinoiy odil sudlov va moliya kabi yuqgori darajali sohalarda juda muhimdir.

Xulosa (Conclusions). Al tizimlarini yanada talgin qilish orgali biz
foydal anuvchilarning ishonchini oshirishimiz
modellaridagi noxolisliklar yoki xatolarni aniglashimiz va tuzatishimiz mumkin. Tushuntirish
ham medyor i yvofiglikjughuntubdaamulgnadir, aymigsa Al ilovalari hukumatlar va
muassasalar tomonidaro kiroq tekshirilayotganda. Tadgiqotlan 6rg\v@ talgin gilinadigan
model | arni i shlab chiqgishga ed6tibor qgqarati shl

Vizualizatsiya, qoidalarni chigarish varsagat modellar kabi usullar nafagat samarali,
balki mutaxassisdIlénaganlar uchun ham tushunart Igan tizimlarni qurishda yordam berishi
mumekin.

Sundiy i nt e b eikidarda k j@miygtning i turli sohalarida inqgilobiy
o Zparishlarni amalga ogiaidi:

- Aqglli shaharlar (Smart City): transport harakati, energiya sarfi va xavfsizlikni avtomat

boshqarish;
- Sag ligni saglash: kasalliklarni erta tashxislash, rekiotirgiya, personal tibbiyot;
-Tadl i m: oidtigh tizimiad, intallektual yordmchilar va testlash platformalari;

- Igtisodiyot: moliyaviy tahlil, bozor prognozlari va avtomat buxgalteriya tizimlari;

- Qishlog »o jaligi: yer resurslaridan samarali foydalanish, hosilni prognoz qilish,
avtomatik sg @rish tizimlari.

Sundi y ijonytetish bilankbtr gatorda ijtimoiy va huqugiy masalalar ham yuzaga
keladi:

- inson mehnatining gisqarishi va ishsizlikniogishi;

-madbél umot xavfsizligi va shaxsiy maodl umot | ¢

- algoritmlar orgali garor gabul gilishda adolat va $haff | i k n i tadminl ash.
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Sunodiy intell ekt kel aj ak sivilizatsiyasi
faoliyatini yangi sifat bosqgichiga dtarib, innovatsiya va samaradorlikni oshiradi.
Mamlakatimizda ham ushbuoydalishdagi ilmiytadqgiqot ishlarini qdlab-quvvatlash, yoshlar
o basida ragamli savodxonlikni oshirish va milliy SI ekotizimini rivojlantirish ustuvor vazifadir.
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METHODS FOR INTELLIGENT ANALYSIS OF SOIL
COMPOSITION USING MODERN ARTIFICIAL
INTELLIGENCE MODELS

Nazarov Fayzullo- 2 Akhatov Abror 1P
1Samarkand State University named after Sharof Rashidov BamdaiUzbekistan
https://doi.org/10.5281/zenodo.17919307

Abstract. Methods for intelligent analysis of soil composition data based on modern
artificial intelligence algorithms are important in increasing agricultural efficiency and ensuring
a sustainableecology. The study examined methods for analyzing soil data using machine
learning algorithms to overcome some of the shortcomings of traditional laboratory methods for
this process. The most modern methods were considered, from processing datasetsdo trai
them in artificial intelligence models. These methods can be used to perfortimeanalysis
processes in agriculture.

Keywords:Soil composition, intellectual analysis, chemical property, ensemble learning,
confusion matrix, crop type, imputatioriassification

Introduction. Soil is the most important resource in agriculture, and its composition and
quality determine not only agricultural efficiency but also global ecological sustainability.
Today, due to environmental changes, rapid populagjmwth, and resource limitations,
accurate assessment of soil conditions is a pressing issue [1]. Although traditional laboratory
analyses and other methods provide high accuracy in this regard, their main disadvantages are
their timeconsuming nature, hing cost, and dependence on the human factor. As a result,
agricultural operators face difficulties and delays in decisiaking [2].

Every day, new possibilities to address this issue are presented by machine learning and
artificial intelligence technology When compared to laboratory examination, machine learning
models can save 77% of time by simultaneously analyzing multidimensional features of sail
composition with an accuracy of up to 95% [3]. In developing countries, soil data is acquired
using a rage of sensors and equipment. Data obtained via these devices is frequently
incomplete and noisy for a variety of reasons. In this scenario, machine learning algorithms
ensure that intellectual analysis is carried out correctly by processing and fllaegfa while
also decreasing noise [4].

The main aim of this study is to create new techniques for intelligent soil composition
analysis utilizing cuttingedge artificial intelligence algorithms and assess their applicability. The
study focused at how tagperly prepare a dataset for intelligent analysis, analyze soil features
using artificial intelligence algorithms, and predict crop type based on soil data [5].

Materials and methods.This research covers the steps from preprocessing the dataset to
training and evaluating the models for the intelligent soil composition analysis process. The
work done is mainly based on artificial intelligence algorithms, which are aimed at overcoming
the difficulties of working with data in the process of intellectual ysigl[6]. Several modern
methods of preprocessing the dataset were considered and the most suitable methods were
selected.
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Dataset The studyodés dataset, wspeicific htrait€ anch lsail n e d
composition, was gathered from a number of fragcs. The collection, which has 5816 rows,
includes information on soil composition that is thought to be fertile for crops like corn, wheat,
cotton, and carrots. Table 1 below provides general information regarding the da&jset [7

Table 1.General inbrmation about the dataset

Feature property Features Units Data type
Identification property | Sample - Categorical
Layer cm Categorical
Physical property Mechanical composition - Categorical
CF % Numerical
Soil density g/cm3 Numerical
pH - Numerical
Soil EC mS/cm Numerical
N mg/kg Numerical
P mg/kg Numerical
K mag/kg Numerical
Chemical property Mg mg/kg Numerical
S mg/kg Numerical
Zn mg/kg Numerical
Mn mg/kg Numerical
B mag/kg Numerical
Fe mg/kg Numerical
Cu mg/kg Numerical
Organic property Humus % Numerical
Biological property Microorganisms CFU/g Numerical
Target variable Crop - Categorical

The identification feature group in Table 1 above is used for sample identification, and
the physical and chenat properties of the soil are used to determine its fertility levels. The
organic property determines the amount of humus in the soil, while the biological property
determines the number of active microorganisms in it [9,10,11]. It is necessary tolselcipt
type as the target variable.

NaN (Not a number)valuesin the dataset.The NaN values in this dataset are mainly
due to the merging of multiple datasets, as noted above. Fig. 2 below shows the amount of NaN
values in the dataset.
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Fig. 2.NaN values in a dataset (across all columns)

As can be seen iRig. 2 above, the NaN valués the dataset are mainly related to the
columns Microorganisms (CFU/g), B (mg/kg), and Mn (mg/kg). Usually, such columns are
discarded when processing a dataset, but in an agricultural dataset, these properties are
consideed very important for soil composition. Therefore, deleting these columns may
negatively affect the model results. In this case, the most appropriate solution is to fill in NaN
values [12].

Preprocessing the datasetPreprocessing a dataset entails cagyaut a number of
tasks, including converting, normalizing, and filling in NaN values. Since many imputation
techniques only work with numeric values, it is required to transform categorical data to numeric
type before filling in NaN values [13]. Conviaig categorical values to numerical values can be
done in a number of ways. One technique for transforming categorical variables to ordered
integers is called ordinal encoding [14].

Imputation methods are usually used to solve the problem of filling k Wduesin a
data set. In this study, we used the Fast MICE method to solve this problem. The Fast MICE
method is an accelerated version of Multiple Imputation by Chained Equations (MICE). The Fast
MICE method works through an iterative regression chmised on the MICE method but
significantly speeds up the calculation by using fewer iterations and higher tolerance [15]. The
working process of this method is that in the initial stage, missing vébwesach numeric
column are filled with the mean,adian, or most frequently occurring values. In each iteration,
missing valuesvere predicted in the study using Ridge regression. In the next step, missing
valueswere updated and the algorithm stopped after the number of iterations was completed [15
16]. In this study, NaN valuem the dataset were filled in using the Fast MICE imputation
method with mean values.
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Fig. 3. Comparison of original and imputed soil data.

In Fig. 3 above, the actual values of the soil properties in the dataset are ishaue,
and the values filled in by Fast MICE are shown in red. Once the dataset is processed, it can be
tested on artificial intelligence algorithms.

Dataset training and evaluation.The study used modern ensemble machine learning
classification algathms, such as Random Forest and Gradient Boosting, to predict crops by
analyzing soil composition. These algorithms are characterized by high accuracy and stability in
unbalanced datasets and allow for the assessment of the importance of features [17].

Random Forest is an ensemble method consisting of multiple decision trees, each tree
trained on a random subset of the data and a random subset of the features. The final prediction
is made by majority voting. The Gradient Boosting algorithm is a boostitigoch¢hat builds a
strong model by successively adding weak learners. The main goal of this algorithm is that each
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new tree aims to correct the errors of previous models [18]. The research results were obtained
by training the dataset to these ensembleordlgns and evaluating the accuracy of the
algorithms.

Results and Discussion.As mentioned above, ensemble algorithms of artificial
intelligence were used in the process of classifying crop types by analyzing soil data in the
dataset. As a result, Randdfarest and Gradient Boosting classification models were applied to
the test dataset and the following results were achieved. The overall accuracy of the Random
Forest model was 0.8832. The Gradient Boosting model produced a result with an accuracy of
0.90@. These results are considered high indicators for an unbalanced dataset. The following are
the indicators of the model in terms of confusion matrix, accuracy metrics, and detailed
evaluation metrics by class.

Random Forest — Confusion matrix Gradient Boosting — Confusion matrix

0

3

1 4]

Real class
Real class

' ' | i ' '
0 1 2 3 0 1 2 3
Predicted class predicted class

Fig. 4. Confusion matrix of the Random Fest and Gradient Boosting
classification algorithms

Fig. 4 above shows the confusion matrix showing the results of the two algorithms. These
images help to visually represent the relationship between the model's actual classes and
predicted classes. Frothe results in these images, it can be seen that the predictions of the
Gradient Boosting classifier are slightly higher between the two algorithms.

Table 2. Accuracy results of ensemble machine learning
algorithms on various metrics

Model Parameters Accuracy | Precision | Recall Fl1-score
Random Forest | _ "—°5F 100 0.8832 | 0.8829 | 0.8832 | 0.8828
random_state=42
n_est= 100

Gradient Boosting 0.9003 0.8997 0.9003 0.8997

lear_rate = 0.1

As can be seen from Table 2 above, ensemble machine learning algorithnmsgerfo
well in predicting crop classification using soil composition data.

Conclusion. This study was aimed at developing methods for intelligent analysis of soil
composition based on modern atrtificial intelligence algorithms and evaluating their practical
effectiveness. The results of the study show that ensemble machine learning algorithms provide
high accuracy to overcome the limitations of traditional laboratory methods. Modern methods
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also help to preserve the internal relationships of data when progesdasets and increase the
stability of the model. The practical significance of the study is that the proposed methods can
automate realime soil analysis in agricultural practice, obtain crop recommendations based on
soil sensor data, save significaesources and significantly increase productivity. At the same
time, the dataset tested in the study may have some limitations, as it was collected from various
sources and classified only four crop classes. In the future, such methods can be expanded by
integrating deep learning models based on multimodal data. Overall, the role of artificial
intelligence in soil analysis as a technological innovation can positively contribute to
transforming agriculture.
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Abstract This paper introduces an Alriven analytical framework designed to
automatically identify manipulative linguistic strategies embedded in Telegram user comments.
The platformdébs open communication structur e,
create favorable conditions for the spread ampulative discourse, often crafted to influence
emotions, beliefs, and decistamaking processes. Unlike traditional text classifiers, the
proposed framework models manipulation as a complex phenomenon combining rhetorical,
psychological, and contextuaignals. The detection system integrates a compact transformer
architecture with discourskevel features such as inferential intent, persuasive constructions,
illusion-of-choice tactics, and emotionally charged framing. A specially created dataset of
Telegram comments from regional channels was annotated using alafugdtischeme capturing
diverse manipulation types. Experimental evaluation demonstrates that the proposed model
achieves reliable performance in distinguishing manipulative comments fronralneut
communication despite noise, cegleavi t c hi ng, and message brevity
for scalable deployment in moderation tools, research platforms, and automatethaigkis
pipelines.

Keywords: manipulation detection, persuasive discoursé,text analysis, Telegram
communication, discourse strategies

MAIN PART

Manipulative communication in digital platforms has grown into a significant socio
linguistic phenomenon. Telegram, in particular, occupies a unique place among online
messaging ptéorms due to its structure: public channels, anonymous accounts, minimal
restrictions, and rapid commenting mechanics. These features create an environment where users
frequently encounter subtle rhetorical pressure, strategic persuasion, emotionat),panun
hidden influence attempts. Detecting manipulative linguistic strategies in such comments is
challenging, as many are expressed indirectly and rely on pragmatic implications rather than
explicit verbal cues.

Manipulation in Telegram comments often mifasts as short, strategically written

phrases aimed at triggering emotional or cog!
a fool woul d believe thiso or AThink for onc
target. Other comments & e mpt t o gui de group behavior: A S
already, 0 subtly appealing to soci al hierar

technigues may shift across languages, employing Russian for aggression, Uzbek for familiarity,
and English loanwords for authority reinforcement. This fluid linguistic landscape necessitates
analytical methods capable of modeling crlissgual semantics and pragmatic subtleties.
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The proposed Adriven framework conceptualizes manipulation as a coatioim of
discourse strategies rather than isolated keywords. The system identifies four core manipulation
dimensions: (1) emotional triggering, (2) cognitive framing, (3) social steering, and (4) deceptive
rhetorical construction. Each comment is mappea mault-dimensional vector of manipulative
tendencies, enabling richer interpretability than simple binary classification. The model uses a
modified transformer encoder, optimized for comments that often contain fewer than 12 tokens.
The architecture inegporates a discourssavare embedding module that detects persuasion
markers such as loaded questions, selective truth framing, false dilemmas, insinuations, and
rhetorical accusations. Additionally, emojis and punctuation paéidooth commonly used to
intensify emotional ton@ are treated as weighted linguistic features.

To build and train the system, a new corpus of 18,000 Telegram comments was collected
from discussion groups in local news, politics, entertainment, and social topics. Annotation was
carried out by linguistic experts using an expanded manipulation taxonomy that draws on
communication theory, behavioral psychology, and political rhetoric analysis. Comments were
labeled across multiple manipulation types, such as emotional blackmail, iremugtoup
pressure, false authority, deceptive reassurance, and-b#isell persuasion. The annotation
process revealed that multilingual switching and creative spelling often mask manipulation,
challenging rulebased detection and highlighting the nemddeep neural modeling.

The transformer component of the system was adapted in several ways:
[ A reduced attentiohead configuration enables efficient inference.

T A APer&¥easiooon pooling modul e aggregates
T Crosslingual subword representations support UilBkssiaiEnglish codeswitching.

T A pragmatiesignal encoder identifies discourse markers such as modal verbs, indirect
imperatives, and evidentiality patterns.

During experiments, the model was compared with LSdd4sifiers, THDF + SVM
baselines, and multilingual BERT models. While mBERT performed reasonably well in
semantic recognition tasks, it failed to capture the pragmatic dimension of persuasion due to the
subtle and implicit nature of manipulative langaaThe proposed model achieved the highest
performance with macfb1 reaching 0.83, showing strong resilience to noise and mixed scripts.
Importantly, the system demonstrated an ability to generalize manipulation patterns across topics
without relying ontopic-specific vocabulary, confirming the effectiveness of discolegel
features.

The framework also supports quantitative manipulation scoring, assigning each comment
a continuous value indicating the degree of persuasive influence. This scoring isractem be
integrated into broader rigkonitoring systems for Telegram analytics, enabling dashboards,
alert systems, and automated moderation bots to prioritize harmful or psychologically coercive
content. Because the architecture is lightweight and atatipnally efficient, it can be deployed
without specialized hardware, making it suitable for large volumes of streaming user comments.

Overall, the framework demonstrates that manipulative language detection requires a
hybrid approach combining linguistinsight, psychological modeling, and modern transformer
architectures. The framework is adaptable, scalable, and suitable favoréhlapplications in
digital safety, misinformation research, and communication risk assessment.

CONCLUSION

The study confms that identifying manipulative linguistic strategies in Telegram user
comments demands an interdisciplinary Al approach that goes beyond lexical analysis. The
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proposed framework integrates discourse modeling, pragmatic feature extraction, and an
optimized transformer encoder to successfully detect manipulation even when it appears in
subtle or implicit forms. Experi ment al resul
noisy, and conteximited environments, demonstrating superiority owvaditional classifiers.

The system provides not only classification but also a graded manipulation score, supporting
flexible adaptation to diverse analytical and moderation tasks. Its efficiency and interpretability
make it suitable for deployment in Tglam monitoring systems, psychological safety tools, and
Al-assisted content analysis platforms. Future work will explore multimodal manipulation
signals, conversational context integration, and continual learning mechanisms to track emerging
persuasive sitegies.
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. T smaiadétran yoy (yudy TazkekeT)

1t OfqdizlsY MW Olsdded BO" sdzOh EfMkz zdzOted s

[ jsBHBAZIEedY
JOLCbkte SOHYdYBIsdd OfMtsMmd?2 da®@y ORI dS QYIE] Syttt
"dimtse dzZO" sty Odzd NI SQA BOdkZz&ZzOttddzed B Oh stcOls Y d dzlz ¢
dBtstcOls. sOHYJY Sk B ssHisdzZte W i d dzd Omtsmd 2 B ft
BsH | dzdzOteddzd IsOY Y smdzOh % OtcOY dzgd Y k2 dHOGd tcOMmd3H (
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IWEELTH HTpECTRE
y=ax+b
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y=ax'+bx+c

BRISQUE ACOCH]IA
NISQA KHHMATHHH

I aapascaan neimmeM
y=ax'+bx?+ex+d
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MOJIETH
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JlorapEdank W NOHERINA
y=alnx)+b ¥ = e (hx)
Randon Forest My TR IEpRERTpoR
Jlspaxmaag sasa Hedipan Tapssor MLP

s OC dzd W

OINITHMAJ MOJTETHH
TAHJIAII

+ Makcusan R?
¢ Muasans RMSE

OITHMAJ
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¢ dz0dzdzOed tsdzd dzOH d .
28 sMyidy. Ok Hd s fd ¢ dzOdzdzOH Odz B HJSecccOBEO "
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3By duwhmdd yYydJdddecOd MfjSltosctcOBRO Oomtsfd
"dimtsB ZOdZOH . ZEZdzcO ff OteOdzdzj dz 6tOo dh HO, BEheBlkZ Ok
MOS(i5) BO" sdzOted Odzdy zOdzOH d .

4B sMYBRI. SQUE 90 NI SQA Yd2 ®BOdkOttd OfshMdHO
90 B@BONddzOdzd AYdIlsdh dBsH|] dzzOtcd Y cHOBJHO B Oh SOl

5e smMydiyslz disH j dzdzOte R (HyIsj tedzd dzOydw C s WY
CoOHEOIdS rOLtdzdt) diBiLtsddzOted BA2dYyO ISOYY SMdzOC

6B smMydlsdy OH O, 1 dze s ytstd R 90 1 dzGe fd® M ls
BsHjdz SflsdBOdz @BsHjdz MdW OlsdH O IsOdzdzOdzOH ( .

1 1 Olsdy OdzOte

COHYJYBISHO IstsL © dzkzlsy M dlLdietxdrRlicls Yzd d3@iL dzix dgts( s
sAf ZOBdH Odz Wis2HORZOdzd &z Odz BAdzdB, kEZdZHOGd dBOI dzkz
yLEo dzOteddzd AL dudceO Is@OBEgL O izzB Y Bdze @O d&d A @ &
3125 O BEkzLJqd&ZcOd dOBzdRO IO" &zdd Y ddzd dz¢ Odz. 1
HdMCte] IsdzOB @ Bdzdo WANG W stedzOISdH O MOY dzO dze O dz.

4l jCStetsctcOBRBRBO OMtsMdHO tsdzddzc O©dz BRI SQUE € At
Eykzdz &z@dgass®dz NI SQA MOS BOM&zdzOted OfMtsMdHO (Bt d
AMelsOMdHO MisOIsdMmMisdS Y d" OlHOdze 0" O3 W Isdzd € kzydzqd
Cstetej dzv ydwv Csi-VGO0yd jdasd<r0=001) ded 90 wuf dtcd3O
0.583 (p l<OhC.dodp 1)lstgfO@dz BAdzdB, BE BRI SQUE YyYd2d3
Yd2 30 dzOtedded S OBO2dh dded S AtemMOBOHd. 1k MOdzB 2
ZOIsdy 0 " dMmtsB zZOdzOH d , Yykzdz¢d BRI SQUEdz ¥ ytsted )
1 € Odzdzd ¢ d dzd , NI SQAdzd i tstdafls wdfd® (3@ g cr®tfd fid W Ols dz
Odze &zOIsOH (. ststetej dzv ydw SkEyd (| r | = 0.602) At
BAdZdB, dqECOZO CAtemMOISdy AttlsOMdHO BOI &zkds H Ot O
e Ofmd3) .

{11}

B {nfeh iy ufs

LR

=02

. -0

3JcOMBR| SQUE 90 NI SQA Ctetej dzv ydvw OIS te

BRI SQUE S¢AtfMOlkSduyd OMsMdHO® NI SQA yYd2 kOkd
ISOHY Y BSIsH O ydrdydd o® RnQL@y Gdyd B tzdz®dz® dgdzO(te
BisH | dzdzCley] ,[ 1Bsc Otedi S 00 { CMmftdy deydOdz [ 16],

BRrRIE [ e ]
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fjtoyjtflstesdzs [ 19 SBVREJ&IWsHjd&z MddOB ¢ Ateddzeg Od

Hylsjtedsd dzOydw Ss4 WWdydjdzesd (R] ), AtlsOyYO C9o90OHTE

BA2d YO bOYYSBSMHdzOdZze Odz " ORBH O tsdzd dzc Odz dzOIs d 3y O dzOte )
15 OH 8 O@ tsde@Bs H | dzdzO tc d dzddzGslOdy yy @sdr@ited!

) [ BH] &z A 5te d3lz dzO/ R2 RMSE | RN dzON
1 Ot O34 Iste dzOte 9 0Yls
( d3fm)
1 [vydL dy dzd y=ax b 0.354 | 0.199 2.1
e cgtej Mind
2 |22H Ot O Odz{ y=ax¥ +bx ¢ 0.434 | 0.186 3.2
i s dzd dzts o3
3 |3H OO Odz{ y=axX +X €x c 0.427 |0.187 4.1
i sdzd dzts d3
4 |4H OO Odz{ y=ax X ef dx 0.445 |0.184 5.3
i sdzd dzts 3
5 |GHOKOY Odz| y=axX +Hh¥ €X d&k ex 0.438 | 0.185 6.8
f sdzd dzts d3
6 |6HOWOY Odz| y=a¥ +Hhx e dk& ek fx+ |0.439 |0.185 8.4
i sdzd dzts d3
7 | seOtedW d3 y=aIn(x +b 0.359 | 0.198 2.8
CCMY sdzj dg y=ae 0.363 | 0.197 4.5
DOteste HO200 HOtLORIS, dept | 0431 |0.186 45.6
10| MLP [64,32,16,1], ReLU 0.443 |0.184 78.3
11| SVR kernel=rbf, C=1.0, gamma=scale 0.419 | 0.188 37.2
RLISC: x = BRI SQUIAZHIOBEIsd, y =
1 Otey® di3sH | dzaz@O Oy Qg O f Bdzd desd3 toj G ted Mimdw + dze
CAtemOIsHd (R] = 0.445, RMSE = 0.184). vuvhBk st
y= 2957.0523%x -106.464x3 370X 3 0014 3 30463
[ 8SH j dzdzOte MOBOLOH stedzd ¢ d BOtY Otetstedzd ¢ d dzd

0" O]V s ZdWqEH@E] &BO y-fi®H d HOAMFHO YW AlsS OL d dzH .
MOBOOH Stedzd§ S AtehOlsc Odp Mg HISADY dd¥ts HAEQS dio\CidD teSdfts tyfii
s Ofyo d ts dzO dz¢ O dz.
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4tc O fudPh SOl ZON o3 H p ddig & ddzd| v ¢ a®fsfg 3y O &zO & g
stefH@ddH OydY &Olsdy Gk eafrotdd ¢ Dy Otgsts MO &0
L COdedzdeddzd ls-OREPY RRITHG s dsds BsHj dzd bykde Atls
kOhCqddz yddde, {de¢ systed 90 BOBY OBk dzOIsdy Odzc
HOLOY Odd Godddsd 50 yOLst HOBONEG d dEHOjsddO@d
CAMOH]. J1kdHOdk kOhyO®Ed, bhs b dSHj dzdO e dzd
Odks 5Ol &zOted dzd Odedy ZOh 90 bk &Owded Y decd RO dzk s
bykdz Aydlsgh/ o0z Oydw Af &zOdkd&zOtdH Ocd MOBOEOH:
tc O d3

a5 o T e pldnd M
BamagayAn A

LY 4

TRIpA

G e e e e e e s e e e

.......

5t OfudP h s tc OO dzdzOted dzd Ay dlsdh 90 9 OdzdHOyYydw
sOY Y sMdzOh d
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EYdlsdh 90 9a0dzdHOYyYydwdzed R] Y d2 BOIsdzOted AtclsOfm
HOdz COds BAdZHd, BE dsHj dzdzOtedzed W dzcd BOI dzkz Btsls dzO
1 C Odzadzf M dodpd IstO@ fif (ot @Y Odzd  sdzd detsdz BtsH j dzd ded B O

(R] = 0.439 N 0.018) ¢CAtmMOIsHd, BEZ ¢ ystd HOW
shdhd Bdd&zOdz MOBOWLOHSedzd S  OMO2dh dded IsOMHJY dzO:
M Iz dzts f ©

[OLSEkte IsOHYdYBI dhd HsJdNOAfdHde] diszBsSY) € fisdf @ dzC
BzOBBsMdec O MisOlsdmMisds o0 HBOMNdqdzOdzd Ay dilsdh a3 |
1 Isddzc Odz dsH § dzH O dzlz sy Mdc dz0dzdzOtcd H Odz Mt J C Istetsc
ts dzd dzd B, EdzOte OMtsMdHO NI SQA &sHjdzd ItsdktsddH Odz
deo[dqu COHYdY BlsdzOte sO" dzd dzd OfMsMdHO YEZ2dHOCG

BRI SQUE 80 NISQA ®&jktedS OkOted AtlsOmMdHOecd ¢

3125 IsO OkzHdt dOBZzdZO LO" &zddzd OMsMdHO MilsOlsc

Ctstotej dzv ydw O@® zOdzvd Qr 0681) . uwff JqtedzOdz tcOdze

0.583 dzed IO SCddz yYddznd. 4 Odze d 2 CsteteJ dzv yd

YJ2 BOsdzOteddzed dze IsOfMmo dtedzd f Ofls MmdW Olsd dzd , N

MdWOlsdded ¢ ytsted + COdzdzdedec O iss € j dzOH (.

BRI SQUE OfsMdHO® NBOOKSt@lE?2 s@kkedbzd ykzdz 11

BsHjdzd dhdzoe yqdyddzid o0 IsOyyisfl}ﬁlzGdz.@dfan@dz@

fsdzddesd3 toj ctcj Mimdw md, Zse OtedW¥W iz S o0 1 € MY sd

HOtORnIsd, CAf YOldzO@Rdzd f jtoyjflstctsdz o] BV R |

Eykzdz Odzedy i3OI BOIsdSE Isj dz¢ zOBZOdzOte tsdzddzgHd o

CAtemMOIse dydzOted tStcYy Odzd B O" sdzOdzH d .

Cdze MOBOttOdzd B Oh StcOIs-H Bis@y @xpd Otfiad daREag d tcj @

s Ystcd MOBOOHStdzdCdd SAteMOIsHd. [ BHJjd Isj dzc

- 106.464xBRISQUE? + 1.702xBRISQUE® . 0101 BR-130QWE . 45 2. RCC

Ao dzH © MLP dsH J dzdfH O tzQpd @Qzirdf] A tisdf flzztOds 2y 52 dzOh H

[BHjdzZ 9 0dzdHOYydw md I[s-©0 tizd dzaf QiU dfdzH dzO Is dLY0O dz

wohd d&sHjdzdd BOY Otttste M@ RO exYH]usafdzd ¢ of @d o G &

ZOIsdy OdzOted AtlsOMdHOecd WOttty 3% HOd SO BA

CkL Olsd dzdsOH ( .

vOfMmMadtc 90 OkzHdB d&OI dzkz disls@0c B ts/Otedsl @ figzf{ H O &f flizdgt

OMsMdzOdzH . df j StecctcOBBOZOLdzd d& ¢ dOdA o &

sOfmMeadte MW OIsd SCAttmMOISS dydzOted dzgd Y A dzdzOh ey O

dmelsdzOdzH . 1k dzOIsdy O MdedzOdz yO2IsO dh dzOh

MOBOtCOH Stedzd e dded IsOMHJY &zO2 H (.

¢ 3O dzd 2 Y A dzdzOh gz sded Vv s dzOtcd Odzd Y dzOdzH d . B
dzd M@ @ls " d MtsB dZO" Y d" OlsHOdz OteL sdetetsy BAdZdB, tj O
v dzj SsdRBBzded C Oydwy IsdL dd@zdzOted, Vol P MdW Ol dzOL 5tc
90 OoalssikOIsde MW Ol dOL stcOlsd Ms”" OzOtcdH O IsOlsB ()
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slorvv "RuefufoZ[ ot oSufurr ¢ [our ]
rovvf ossr RrRZ[ ) J 01 RZ TOHUUL[RE [

LA dY L 30 tsdvztqe. pdetsoPBH Zfc OF BBOdetso O 1 . 1
IsshCjdas detedecOydw 90 yYydh dzsy "AayOdzdedddzd d3j n O
[ Jdazdzdzd 2 ISOHYy dytsls Edzde § M BOgzlsd, uvish Cj d
A zaOBERBOzRd?2 dsddHOcd uvuihCjdls OneBterls Isj
https://doi.org/10.5281/zen0do.17919371

b dzdzsls Oy Pr C2tc BOSSZO Co0Odzls cdMmse dzOM d&zOte Ot
ghdztse Bjtedh HOMlkzted?2 EBOY BzOMdded B¢ dz@& Oy fiEOds"dz
BOI &z B3 ls zOtec @ HOMIsdzOB S d dh dztse BJtedh dzd dz@ € dzC
s Ofded W dzO™N iz zdzOtcd B OY dz 1 Isd dz¢ Odz. [ Ofmlskzted 2
Yy dzgH Oh o &zOted BJddzOdz Bdtc 2SOltstcHO CoOdzls -hwot Clssted
TF IDF,bagofwor ds ©0 word2vec EMmkzdzdzOtedH Odz W 82 HOd&OC
L dzj di3gj dels dzOteddzed | ddzB jtcls W OLBsMdHO W sHOMKOB,  f
dzd MB OlsOdz Odzde 90 IsjL O¢fM {1 IlsdtcOH(. [ Oflszted 2
BJjtoddzé Odz d30OIs dzdzd O g Czlz dxtOls dEptO dAlsdz o j C s tstc dzON z Mk
dgh izOdzd B, ®$BOh JqdzOdzd ASdlsdh EMkzdzdazOttd o0 dzj 2ttsdz
ORROdze © h dted dzd B, EdzOte AL Otes IsO33tsmdzOdzH (. s 9
EMEz zdzOtcdH O AlCOLJdzcOdz SO s DB Rez@®c ® O O dzd Bz B O bz
7% v 3ted BAdZH(]. IlzdzH O C o Odzls VY dzH Oh z9 d&zOte ISOB «
BOIs dzdzOtcdzd IsOcdzddz 3 ddzdh, MmJ BOdEsdS BsHj dzdzON Isd to
MOBOtOdzd otMdlsO MdW OIdHO € jded 3 AdzdzOdzd dzd " d 3lz «

sOdzdls Mo | BB cdzOD Odzls, TF_1I DF, Word2vec, L
BON JdzOdzd AS8dlsdh, IsOMmMdedW &zOh, NLP, fMmkdd d2 ddalsj «

sqdtdh

leekdzed CbkdzHO BOdagdzd RO dzk Bsls d&zOte d defptsdz  ”
RYIsd d3tsd 2 sOteBSY , B3 Md dey j tc O dz@tc d tH BARO B[R H OEZORIA |
BOIs dzdzd BOI dzE Bsls dzOteded ddzlsj dzdzj SIszOdz IsOMmded ¥ dzOD
HOMIsdzOBSCd dh dzse B jtedh MdW Olsdec O BOd]Y. [ HOI
BJ d&zcd zOtcddzd tsdzde IsOh dzOh, IstsC jdedL Oydw, Ofplefj dzdzd
(POS)c0O OytcOIsdh 90 ojSlktstcdzOh C0OBd BBMYdydzOtcH
Bjtodh ZzOIsdy OMmMd Y AdzdzOdzed zZOHJc Odz HOMIskzte 90 Odz
BOI dzz i3S Is dzOtedzed s Ofded W dzOM Bddzd dsdzOtcdzd O tcOlsd B
Yddzdh , @dedygh ¢ O, Odzs”" JHO Bj dzé d d&zOtcded 9 O Lk dzOtec
szhzdzdhcO Yy dHOd B Jj tcOHJ

V2detf O2IsHO Isj W8 o nddAOBO O O"tsdzd dBztcsy O0Is
BOWLE OL ZOtdH O By sL dzOteded BOISdzdzd MAtetse dzOted dzd Y (
90 MdWOIlsdded hdtedh, "kfmMkzMOdzs B ddzd 3dzOtc B OL Ofd
CjdzOY s Odz KOs dz@rf dzfifinde@le ZB@ @ zBMHd O" OBdwWIsd tstol
BOMOdZOdzd Mizdsd d2 ddzlsj dzdzj ClIsc © OMsMdzOdze Odz HOMIszt
"sdzh O "Odz t skdh BzBCddz [HOLHO, ®&Oldzdzd MAtetso dz

130 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

90 kZdzOtedzd fJ &3O dzls d Ss@ fisOdzd dfe ds@sLd dgloistiaoded s tofiy © dzd O dzq
Iz bkttHOEed &KBzOBBEdZOtdzed “"Odz L Isdh sOoBdd?2 Isdd
Processing NLP) &BztcOCC OB OdzettedIlsdddzOteddzed IsOdzOB Yy d dz(
Bdy sL zOte BOIsdedzd MAtctso dzOtcd H Gy tc GO d d3lz dizddrd M B3I Glzlz
MOBOOdzd IsOfMmded W dzOh BzBSC ddz. v OBdd2 Isddzded y ©O2 s
Wi dgd BOI ZEdRtslsdzOtedzd 2dodh, BOI dzz Bsls zOtee © H Ofy
sOMmded W &zOh BMY dydzOtcdd}.0 OBROdZE © h dted dzOH d
lzekdzed S kzdzHO dBOea Yy kH BAMXZEOdz sOBJdd?2 Isddzded )
Bzo OWWOYdWwIsd EdzOttHO Y A dzdzOdez e ¢ ldz3ddgtd docdad dzs| ts DAdyd
sOBdd? Isddz IsOB dOk®dz aaB Oizg @ dzn @ td 82O d306 Odz B A dzd
Csdzls] CMisdzZOGHO Isktedzd YO dBOI dgcc O 1 6O BAddhd d&iEc
yed MddzsotmMdmMuoed Sdyds W Ootey dzOtds 't ds O " dzd dz ¥ ¢
[ OLSCEte SOHYJY Bl HBJdEOMdHO dh d&zOB ydvy ddze Odz
y dzH Oh ko OMtsmMdHO dh &z ydydqdzc ©dz B A dzd B, z dzn Od
Y ddzdh, ssL OdzOh 9JCIststcdzON 9 0 Is Ofpdzad W dzOh H O
sOi BB detslsdzd dze Oftsmdi2 B PWd Odzllzd ¢ daR@E[EROtcc © dh dzts e
y dzH Oh o dzOted BOoy zHdzded "dhmtse zOdZOHd. 1 kZdHO MmA
sOi Mdted " O3 Odedy &zOdBOH ], Wi ded " Ote Bdte MAL Odst
sdzd dzZOHd. 1 Olsdy OHO ®BOIsdzlsDizzQ iz & & © OdzB §iz§ s d W dzd f
[ Ofiszted 2 IsOi B3 detsls Y EdzO2 Ws2HORZOdEZzY yd d dzls
ssL OdzOh ss¢jddL Oydw, MisjMBdd de@ tc dzd dzj t3dZGB d L O T
steBZOZdL Oydwy C0OBd OBOZAZOted BddZOdz IsAdzH dtcd dze ©
¥ BsczOH Odz, jRdedC, ddid?2 YCd diybdisd? kOtisY -
MO®BOtOdd dh &zoh dJiStsddded BjteOHd. 1 EZdHOdz kO yC
nefEmMdwisd&zOted Y HOBJHO JWESHO®ROB, dsHj ddd Lt
MO BOte OH s te dzduadd dzd ©h d g O
UOHYdY BlsdzOte CoOdzs " dMmtse dzOh Odze sted s d3dzOte d dzg
Emiskzdzdzd e dadzd SCAtemMOIsH(. 12 02ddymo, BzteOC C OB
MOteC OL d3, S A &ROI detsdzd dBBEORZOte Yy ¢d Ctsdzlsj € Mmisd
s 9 0Odzls OfysdgGhOmeddzO tc H ©7 %O dadyy sitg{dc B3/ dzH d Bz € o Odzls
Md BOdzlsd ¢ ddzalsj teW j toj dzydw dzOtedzed © Ytsted HOtLOY OHO (¢
Zzbdzddz¢H j S, HOMbEktd?2 kOI &dddssls GPU 80 CPU k"
COllsO " Oy dddzd BOI tzzBE I8 @O qzth to ] O MO @FHO®G OH Stcdzd € dzd |
AS2HOMZOMEZ 9 yd d dzls j OWBOXAJP  4dd5 O ez@de? d M d&zOB Yy
BOIs dzdzOtcdzd ¥ € dzOh, IstsL OdzOh, o jClststedzON 90 dzOIsd
stcy Odzd kO"dzddz Y ddzdh dREBdedwisd W s&@ OlsaPtdaf dra@ dz.
VBZ BOdz SdzcOdzH ©, EheBlk HOMEtd?2 kOi &3Jdtsls OB dd
q¥ sHOd&ZzOh 90 Ekdd HBOMNddzOdzd Aydlsdh B d d2akd dzf@ tc dzC
S sded W IszOteded ®YdB BjtOHd. uvdLdd KO dedkzOteded
sOMmdetf W L@BHO IsjrdedS Mmartetso dzOtedzd ©OolstsdizOIsdS I[sOMm
Odzdy dzd ¢ 90 IsjLdzdSded IsOi dzgd dzdzO2 H ] . 1z 1Mo dh dz
ORBOdZd?2 BOMOEZOEZOtedc O MOBOKOdzd IsOlsBdy 1 Isdh Bz
[ jsBHEBd&ESE W
Rh dzOB ydyY ddzc Odz wsB@fisziedf@2 Isodzlsiidtezl j 2 e O 1 ¢ C
GO dz Bsls zOtedzd YOO dh dzOh dzd BOBYO BEMY dyYUdOts
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B sdedded BPHBH J [ OMskwd?2 kO &ddsls dosj d¢ bkl dd
BAdGZdB, bkddde "Ot Bdtt KSHEZd] aERsYdr@ &kl qgh
C ZOMMdS o0 CoOdds HOMsEOBSH dhdss Bjtedh " OdH
B SEOls. [OMmsked?2 kO gddesls BsHEd&Oted k2 0Lkd
BOI zislszOteddd sO" ddd yYdddh, ksLOdkOh, ojClt
s O fydzd ¥ dzO zd d BY tedd o .

Klassik dastlabki ishlov Kvant dastlabki ishlov

Kiruvchi matn: & So'z yoki jumlani gidirish:
Qidiriladigan sc

Qidirish

Matnni tekshirish

© Lugatyordamida
O suny intellekt yordamida

To'g'rilash
QO ooldato'grilash
o Avtomatik to'grilash

To'grilash

Klassifikatsiyalash

Natijaviy matn:

Klassifikatsiyalash

Transliteratsiya

1 OMdr Offlskted?2 kOI & desls 52 dzOfd

AO2dz ) b fd OMsktc SO B deslsdzd B " 3 dz* fd dzd
BAdGIB, bk %020t BdEOd dt@ipd) .d d3kdsra day dze q 'Ol ¥
BOo >y H BOIsdzdzd W 02 dzdzOtedzd udh , B8l z®daizdin Oy E2OHEO NS

OBOzAZOt d&Oo Y kzH. Zlzded dzc H § €, BOL CE2tc d3j da® sty
f OtcOd3j stedzOteded ML dzOdzed M  BewBEddze. zkzdzgddzagnuj &, W
dgh dzoOh ¥ Otc Oy dzd ¢ O ZL Olsdh , W O2 dzdzd ygdghn 9 0 H

Bsh Y Otolk ak@mdd] O dedh sz &3S d dz.
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Fayl Klassik dastlabki ishlov  kjassik dastlabki ishlov Kvant Kvant dastlabki ishlov Tasniflash

Kichik registrga o'tkizish Kvant kichik registrga o'tkizish
Fayl ochish Tinish belgilaridan tozalash Kvant tinish belgilaridan tozalash
Yangi nom bilan saqlash i Stemming Kvant stemming
Sozlamalar Lemmatizatsiya Kvant lemmatizatsiya
Yopish ry Stop so'zlardan tozalash Kvant stop so'zlardan tozalash
Chiqish Belgilarni shakllantirish » Kvant belgilarni shakllantirish >
a) b)

c)

Tasniflash Yordam

Mashinali o'gitish usullari P Model hagida

Litsenziya va foydalanish shartlari
Neyron tarmoq modellari P
Texnik yordam |

d) e)
2tcOfMmMdza) WO2dz d3j dzt Md, b) CdzOmMMds HOMEzOBSd
BJtedh, d) s OMmdzed W dzO" e) YtHOM
s dzOmmd ¢ HOMIsdzOB S d dh z®a € B 6 tcddy dzezj OB q d 2 Is

dh &zOh dzd ( NLP) Odzd OdzOo 2 Owif tsa@EHTRRYO to didifdzii@  dgiou
C ZOMMdS Odkcstdlddos sty odd HOMsdkOsBSd d" dso

BOY Oted dzOH d w i dzd 3OIs dzH O ¢ d BOtty® B  dzé d dzOte dzd
BJ dz6 d &zOted dzgd tsdzd B IsOh dzOM ¢ jddL Oydw, s j o
Ofmi&®ted dad Odzed-HkOzOtcdgetstcdzde IsOh dzOh " OBHO MmAL

COBddzOts. Zlzdzgd dzc v § €, Zhelkz do3jdz® HO Bag of W 0

Odze sted s BdzOted OMSMdHO dBOIsdz o j ClsstedzOteddzad Y ktec
sdze OdzH O, EhBlk d3j dz¥ Iss@®F Qdzds S pPf g CzO o0 8 Oded Mj
s O2Y tcdzOdzOH J .

s90dzs HOMISdzOBC d [ Ph detizde BRjjtdaf M .IsOB dd2 Isd dzdzd
(NLP) CoO0Odzs "dMmtse dzOh OMsMdH O RBOIsdedzd HROI dzz s ls
(2McOMd) . IlzdzHO CoOdzs " dMtsesO"B jtcte} O dafO HIO@dRL
OO dzdzOted B O Oted &ZzOHJ, Wi ded dwBOIlsdzH ©Ocd BOtLYO BJ Az
BJ dz6 d dzOtec d dzd ts dzd B s O d&zO" , sts¢ jdedL Oydw, fmls j o
OMmMsmdzOted dzd Ol y dzOdzd Mistkf B s O dzOh "ORBHON AL
COBddzOts. 1k &BOIdz 1 dzj d3j dzls zOted dzd € o Odzgls -hds &zOls &zO
bag of words, TF | DF 90 Word2vec 9 jSIlststcedzOted da
MiLecdtedzd CC O OMtsdzOdze Odz IstsL OdzOM bEfmkdd " Od3 Y A«
ddglteW j toj deydw ded " dMmtse dzOh sty Odzd MAL &zOte tsteOfdH
vhekE d3d dz¥ Ofmsmd?2 OW L Odzdzd ¢ d CdzoOmmd ¢ Odze st d
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dqdgls j oW jtoj dzydwy o0 Mk jtefsL dydw "rkzmkzmdwilsdzOottd "
ykzykettetsy Mj B0W6EE O30 d3@ dadzd

v Ofdzd W dzOh i3l dzsHfipdn.ls 2 te d 2 SO d3d detslsdzed Ofmtsmd?2
sOhCddz + sOHd 90 EZdzHO dtsH j dzdad IsOdzdzOh - tc"CAF) O s
ZkdzddzcHj &, BOhdqdzOdzd Aydlsdh 90 ykybktt Aydlsdh C
90 BGBhYy@REZEFEsSHOdz WS2HOEZOdZdh dJi¢tsddwilsd d@Oes Yy kzH.
90 IsjMisdzOM" dzd ©OolssdizOIsdsE OBORZEO M dqtedh d dkzds do
sAndzdy YO®RWHe sdzOC G®Ad OMtsmMd?2 CAteMmMOlse dydzOte B A2
WB2HOXZOME 9 yd c drefy OsAdo ndztmg tdr | xXOlstsdzd € dzOted dzd Y C
odLEOdZ SAtedhd d&kzds ddz. v Ofdzd W dzOh  Isktedzd OBRBOdzd 2
Yy Cd IO 2?2 " OdzdHOGEd KROIsdedzOtcded Oded Yy zOhP HO MO

ItcHOd i3ddzs fipdo.mMiskztc W2 H O zQakze Qls[dg@hdzd o @ A WzEADIS 2
LOtclzte dBO! dzEd@i3sls dzOtedzed ISOYH B + BOMd3)z.ylkz dz" sz dzez
WsS2HOZzOdEzs yd HOMIskte diBE tsddwlilsdzOted, dgh azoOh s Od3
sOdzdh dh d 3z 3¢ d dz. [ Jd#EHO Bt dzgj ylsoO W kzdzC yd tsdzC
Ydihy HOMIskzteH Odz Y OdzH ©O2 WS2HOzOdzd ", OomMsmd?2 2 dz
"OYydHO BBy Y30 Iskzh Zdzlsd ted b BJtOHC. Al SHJ dz
WB2HORZOM] dzOY Isc Odz Odkze sted Is BdzOte ¢ zOMMdE NLP d&sH
Mk dzdzOted o © O hffiplizCidddO terdy d'ls@y H O Y d My OyO Isj - ded
Al dyjdztdw o0 WB2AHORZOd" h OlsdzOtedo yYdMmdadH O H
dzdyjdet dv Iskzted 90 Ws2HORZOREZzO yd Wts2HOEOd" "k)
YdiMMdA3dHO 1 MO Ws2HOROZEOWPded h OB sk c@@@ ¥ dzc Odz
Odzsy © dBOdzL d &zdzOte d o jtemdwy RO ZzditslsdzOted " OdzH O
CAtemOIs BOZOte d&3O9 X kzZH .

r Omskzted 2 s O B deslsH O Y AN dJdiZYyo WkdeC ydqw dzOte ¢
Is O o3d dzts Is dzd A dzG f Odzy dzd H O  WWHR2dAEOY disvddiAftaizc @ dziv © lsodrH
steOMdHOdz MAL Y Cd YyE2dddzOdzd Y dHdtedh, =R OltsdzdS zOte
sj €hdtedh, YAdZHO Y Cd OoalstsdizOIsd¢ sADted dzOM Is Of
OdzdWBsMdeO ALcOlsdtedh € OstdOfidg)dzS yid @ipdgd & frifctdsdif-
SO i3 detslsdzd S Af WEkEdS ydwdzd, ddzlsjtcOCIsdeo 90 W2 H
MdW¥W OlsdHO W dZOHO &z OoOBBOLEZON IsdtcOH (.

[ OLCEte HOMIEted?2 SO d3d detsls o3 dz¥ fd W 82 H O zO dzlz
sAdzdy ddalsjctcOydw dzOh ¢ Odz "sSEZNDP v e gdz®@ ®dz. B of ze
EmME dzdzOtc B dJtedzOh Isd ted dzd B , EdzOtc HOMkzttd?2 IOI B dz
Md BOdzZlsd ¢ IsOMded W d&zOh BOMOZOZOteddzed Jj ydhHO ¥ YBted

1 Olsdy OdzOte

[ Ol dgdzd BOI zEZ dBtsls zOtcded IsO” dzd dz v d dzd hfHs@3 d£OdB@[fr) fry «
Y A dzdzO dzd dzH d . L dzO te dzd MOBOtOH Btedzd ¢ 30O Is dzdzO te dzd
EmMEdzdzOtcd 90 dzj2tctsdz IsOtedZ3tsy BsH ] dzzOtcdH O Md dztso H (
BA2dy®O IOYYtShmdzOdzH (.

ZOC dzdzOdzls Jtcd dzG Odz S 9 Odzlso b j ¢ BB ©dzO tc Tdrof vboldIizls © a ¢
(Bow), CoOdkzls Word2vec) Decision Tree, Random
XGBoost dsHj zd&zOtedHO Mddeso HOdz AlSCOLJdzHd. 1 Ols(:
WB2HORZOdd dz6 Odz BsH j dzdzOtc & y s PH ©aedzy dzd § dzdiziOB O IX B
Passive Aggressive BB H j dzdzOte d C o Odzls 9JCIsste
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dzOls d ¥ O dzO te dzd Is©i d3d dzdzOH d . vhBl dzOIls d 3y OdzOte Coc
dazls j 6% jt6j deydw 90 MefjtfsLdydy " sSdOldoOteddd d
CAteMOISOHd. [ dzdyde Ddiz QEOds d x4 OuizD @ dy, 6], [6]) (k48] o) dzc O dz
[10], [11].

1y OH9 Odz
SoOdzs 9 jClststtdzOh 90 KON ddzOdzd AyYdlsdh Ekikddezotd

v/ @gf Oh d dzO dzd s 9 Odzls s 9 Odzls s 9 Odilss V| s 9 Odzls

ik dzdzOte d onehot(%) | TF_IDF(%) | (%) Word2vec
(%)

1 Decision Tree 0.85 0.94 0.92 0.91

2 Random Forest 0.91 0.91 0.94 0.90

3 Naive Bayes 0.89 0.90 0.93 0.88

4 Passive Aggressive | 0.94 0.29 0.97 0.94

5 XGBoost 0.93 0.94 0.96 0.95

S 0dzs QR FEQLAMESMHESTND dzj 2 tctsdz 9@ty dPsfd s ©fdad ¥ «
OBOdZzEe © h dtcd dzc NbHdE] COsi@hySdrd o O dglst d QNS IOl ST M
Yy dgH Oh o dzOted B A2dyO BEOV2AYG@ tkEdsimsd@dD jz2B ld @ ¥3iz0 &O t
CJj dzlsd ted dze O dz.

v @y dy ®BIsdy OmdH nehbto @diAsts tc d Is dG3dz@tc & Y Stc P dzddzOIs d
Is O d3d dzdzOH d . so0Odis o jClstcdzO" OMsMdHOEd LSTM
BOtY Otestecdzdcd CkzL Olsd dzn (. lzdzH O C9Odzels TF_I DF Y
Ao Odzdh IsjLdzded BA2dyO ®Y[B]d B3Odz dzOIsd ¥ Oded € A tofi

2 OH 9 Odz
S 9 0dzs o BIRitefey@h dzd ¥ dzO" dzOIsd 3y O dzOte d
v/ tg1 O sdzOh so0Odzs |s 9 Odzls s o OBpl |s o Odzls
B3 Isted & O dzO te| onehot TF_IDF Word2vec
1 ¢ dzd v (g C 0.84 0.83 0.80 0.83
2 s OfMH Yy dzO™N 0.82 0.80 0.77 0.82

sAf ZOBdH O¢
(%)

3 |&yke 6@YIsd|1561 30,5 540 18

4 |1 0Lt©L0K g 01,2 10,1 3 1,5

So Ol M e @@E &t d Is BAzO tfze & k@ KOS dzdiM B Ol Oy 3
Odzd ¥ dzq S dzd H & O B EzezO i o3 Az Geto bizf " dzdff dizd] 'z i) ® k2 dzdzd ¢ o dzd
CAtMOISOHJ

Mk dzts ) O

[OLCEt kOHYdYBl HiBdtOndH @2 dhsded sdsPdasiiitzd dzg
B0 dzkz dEts@s dzO@M Is &zOB € d, o '€ dzts @O PR  lsod®@ dzj 2 s dz s Ots
OfshdHO IsOMmdd ¥ czO dz® 10 delz "defO t§ Pl O ¢ tzfzdzO @ & dzd B
CoO&®fls OB C d d hQiots tzfiistid A Oz E@3OMhd ZOddh A Y dIs
Efk dzdzOted Y teH ORd @ O @B dzf W de@hdzd b ©® O  |s @Z dzdadg \Od dfd
vsOytedBOad?2 LOHYJYtSlsdZOteHO CCo0Odzds "dMmtse zOh ¢ O Ofy!
d&d e OBz 3y sted Odzdy dzd S dzd s Oi d3sq ded®@ti . & Om IS T
Y dgH Oh zo dH Of oyvQuyfilsy GrjcHtafy, " 2 B dzOdz Bdtec © s ytsted Ock

135 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N

NOYABR 27-28, 2025

RhdzOB yYydyddzeOdz HOMlskztcd?2 IsOi B detslsH Odz dBOIs &

YddzdhlsOmdd ¥ &zO0h 90 kOBdq2 Isddded YO0 dh &zOh,

"ORHO OROdd2 &s2d” OOk H®

10.

ur,. hE)dS fr]cg’lztscgﬁ MW (

ANBT O G1LRILOL OrdIRrRIU] Ot
M. Lamba and M. M a -@rbcessig dirh Teext Mining Toe kformalfan e

Professionals, Cham: Springer International Publishing, 2022, pp1039 doi:
10.1007/9783-030-850852_3.

O. M. Shatalovamd A. A. Kuzmin, OPreprocessing Text
Automatic Classification of Tickets in Sup
Proizv, vol. 22, no. 3, pp. 10312, Oct. 2024, doi: 10.22213/249680420243-103-112.

N. Has s an, T. Brighton, and V. Ogunrinde, O0TEe
Ef fective NLP Pipelineso, May 2025.

N. A. Niyozmatova, N. S. Mamatov, B. |. Otaxonova, A. N. Samijonov, and K. K. Erejepov,

0Cl assification Based ONetDweocrikssifon iTnr e2@2 1A
Conference on Information Science and Communications Technologies (ICISCT), Nov.
2021, pp. 0104. doi: 10.1109/ICISCT52966.2021.9670345.

. [ R OBjH]j 9 O, 1 . viztce zdztse O, and ¢. 1 Oy
dzj 2tesdzds’i R figg® tshdeso § CoOdzalssar 7 o' ydmdzj dad 2 ¢
[BtcOL ts9a Odzdj R R dzdztso OVj6pd, Mayw@4.. 1, no. 1, pp
D. Muhamediyeva, N. Niyozmatova, N. Turgunova, S. Ungalov, and N. Almuradova,
60Classification of E mo j iSocialnNetWoekg tUsinddMachinene nt s
Learnirg ,6in 2025 6th International Conference on Mobile Computing and Sustainable
Informatics (IcMCsl), Jan. 2025, pp. 149196. doi:
10.1109/ICMCSI64620.2025.10883250.

D. T. Muhamediyeva, N. A. Niyozmatova, S. Ungalov,AA Mamatov, and N. Turgunova,
60Evaluating the effectiveness of -oriemted s umr
understudy for Gisting evaluation metricsé®é
Technologies, Optics, and Materials Science @H R025), SPIE, June 2025, pp. 2RQ9.

doi: 10.1117/12.3072740.

N. Niyozmatova and N. Tgrén o v a , AMatnl ar ni vektorl|l ashn
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N. S. Mamatov, N. M.Turg dnova, B. X. Tugdn o v , and B. N . Sami
Mamatov, N. M. Tug énova, B. X. Tuydbn o v , and B. N . Samij on
anal ysi s of texts i n Uzbek |l anguage, 0 i
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Technologies, CRC Press, 2024.

0. J. Babomuradov, N . S. Ma mat ov, L. B.

Babomuradov, N . S. Ma mat ov, L. B. Boboyev,
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fovrfovryruws{r fdrcefri{florvrRr 1]
gl 1T RAAVIRR |1 Y Ylr11d{B 4

YEedddetso bz OBjHIjOO . 5.

ldzdo jtemdlsjls [ ORBzdzO, mde O 220900
ZOh CjdasmMCd?2 bkdedo jtemdlsjls dda stcdzsOyd tsaiptiztc DL gy & dzts

https://doi.org/10.5281/zenodo.17919387

O dzdzs s Oy v : OB s j LOMMBOItedo Of Isfw Ok j &3O
oLOdBsMe WL Odgdets?2 HdWWEZLdd o9dzOcd d tOMmlse Stcy dade"
1 toj Hdztsy j dzdzOW fd Misj B30 dzj ded dzl L dz'd &S daddas @ ssdzjsded D  Istf
podzdw dzdj SCOYHBGEE € tdftsay da Ok daPls rf as@sjslE o je@y d s d
fpew L Odzdz" § M dMyOtejddjdd d dOCsfdjddjd Msdj?
bilss2 ydotsmisd tjhjdd?2 d §sodkzyjd 1 djtecjlsdyy

HdMMdYy Olsdoade” § Moats2MmMlsea© MdMmisd & . rdzv  udmdzj dz
o AOYJsddzOY OfftessMdEOydY M dajwodzs?2 tcOL dztsf
Eilsts2 ydo sfls! COMmyYY ko . ] tsdzz y § dzdz | BjLkd Kk

L OC tsdats d3 tc dztsfiptisdfj o B dz® G tstf j toj dzs M O d Bsclzls B' Is!
ftoscdesL Jteso OdzgdW ftesyj Mtse  LIOdpsddrrdzd ds to tdstfif tdsdgwaisfdl
Ef tcOo dzj dAtydzp as'HdlzgtsB O dzOdzmsdz f sye o Emdzsedwas L OMmk

sdz¥ yd o' j ds@iEBaI@Isdud ME s & HY did s @dzd | o dzO dot
mMedzj o2  jtoj detsfy; dej dzddej 2 de" | EtOodzej dedvw; f sted Ml
BB dzd stcOw egis;dzjo 52 B OdzO dzfy.

I'e g Hjdzd]

[detOydwy odkzOed d tOMmlsetstey dader 7 Mtsdzj 2 o
WdL erSdekd yj MSddz ftesyj Mifsds, ls Ctbtstesets o L dzOY
M dz MEBsatsLY2MmMlse jdedz" = L J d&3j dz' dr ftotykfN&ds dztst
md Mmis j ds. J Eimdzseo dw s dL d3j dgj dzedwv  § dzd d3O1Is O, dzj tc ©
dqdgls j degfd o dese s M sdz' L so Oded™v Btesmdlsj dz2 dgr = o tsH
toj G zdzd tc 59 Gpsdd?j socHEz® O dZOdzM O f tedtsBtej IsOs Is tsMtsBz¥

dtsotej d3j dede’ j JYMiharS Os0 OB: s, Ut Jwsyjmmr ¢4
Gtolzdzlsy ddBi e ls dzgj dzddzj 2 dzr 2 " OwOCIjte d MftesotsyH
1 slssCd od&Ocd LOoadMmwls dzgj bktd ¢t ©ls CwOHd, dlsO
Msdzj 2, o It otoj &S (CECH jHdavdyisifiiad jd Livsiddgi2dzd w dsd o dzC
dmy Otej dad v . s O0Sdyj oLOdBsMew L d dagj Bse zls BI Is!
PteOodej dzdv disd AdS O, vyt bktjBkjl §sfhstesjddy Bt
HgWWELdtsdzdz = 1 WWJGIlstse .

stesmfW Wizl disdede’ | dBsBE)jddd" B sazy O dzdetsj o dzd v d
d sfdmreOl! (ot ddege jrpilsORd <z Moty d' = Mmd

MstckzC lskztcts? . 1 jtoar j dmimdzj Hso Odzdw o L Istsd3 dzOY t
zdejmMOHuT s OMOCd d vl OBk, G ta Q dznts ® fj figaltsB:19
MjetejcecoOoydd Bddtsedyj MSdn fsfzdzw yd?2. 1 SL Hdzj d

ndddui MSs2 SCddsjlsdSd, {Csdscdd d cdHesdscdd
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L&zOydlsj dz' dz' 2 oG d&zOH odzjmdzd ¢. ¢. wOBOMSI2, [ .
BjlsSHT il kg2l 2dF T S©Ojern LOHOY d Ssdf
HdWWEZL dsdedz" = ftetsyd mMmtse .

1 jMBsslstey  dz0 Hesfisdedklsr j EkmMfjnd, &Olsj kOl

HdgWW kL dd odkOcd d Mbdj?2 GMisOs sy dzj HEsMsOls &y dzs
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R1Lef1 [/ odtnmoEs L ¢ Y[ RYURZ € 'JorRREUA
1ozt w2z

L oAy o9tz dzdztsj o 4 .t .
s sh Cjdals dotedeOyYydw 90 Ydhdzsy "AyOdzdeddzd d3j - O
[ ddzdzdzd 2 ISOHYdyY tsls Edzdeo jtemdIsjIsd, uvtshCj d
https://doi.org/10.5281/zen0do.17919393

o dzdztsls Oyge d wEldzi © 2 B ON 5Ol Odesdls BdzOtd
s OF d fdzO$ fige d 2 RO &k Bsls ZOtwded sOc dzddz 8 dzd " H O Bl
kOH3d3skHO 102jf IjsttjBOnMd YGHOBIHO B j BSEd
Odzfadsoyd ‘clsddsdd? bBOhGB®RY SdkEHz dd HHIED EBdlrd 8
©j e Mifdw Odc @ 8§ B tidfizOm Pdz®@R s5OH 8 S85lsH O 1 d BO
[ OB jlsjf) 308 Q@ HZO O dzd dz¢ O d80%IA @dis d " & ez®dz® 0 % fr
Euykods O @Pdz pOte Bt Mddat Eykd AttsOUO ERPREEOS,
cdmte &zOdzdB, 4 02jf HJMNO ddediRaB? Ny dzC ol f dg®dzd 2
BsHjdd 76% dscdhlsdS t©jctjfmmdy 1 MO 80% Oda
EscdmisdS tjctjmMindY BdesL “-B0Kd I Gy OGS tzio L
MsSHHO BAdRZCOGdzddzd ¢ MR UEEJdzd dzc H O MO ROt Odzd Ofmtsfi
3 A dzdzO datflelf @ off dz.

sOdzdls MAQAFOME s j St6j BOMd, 1 02jfM kOMmdd¥ zOcdyd
BOh stcOlsd, &OhddOedd Aa3dlsdh, Ikdeesd2 HJOCdshsd
BOL Ofd ,-tdzjn@ g &,d Isls Effdaddidda®y dzv Oh o, O dzk &sls Otk Is:

sqdtdh

sAgdEd 2ddzizOtcHO® HEZd HO YOdzHdzd HdOBjIs € OMOdz
stclsdB BteddEYHO. r O0"tsdz Msodzdy dzd MOy &zoh IO ¢ d d
ANdzg dqdeitsdzi Odz Bdted HJOBjlsHOdz OLdwls yje¢oud. 1k
HsdzL Ot WeOdBEsRe@dHdt [1]. [dOBjls € OMOdddcddd
BOdzize dzd ¢ ddzd B Oh 5tcOldZO" ey Odd §OMOdkedS Of
T OOy Ok dOteddzd YdMYyOwksdedh o0 "Ovis MmdWolsddd w
BOh StcOl&zO" Od¢ tted s@taP.tc d v JsEOEEPE |y A ) ZOh H O |
O stedlsBkzOttd HkfMkMOd, 102jiMm, [secdmlsdsS ©j ¢tk

Y ANdzdzOdzd dzOH d [ 4, 7] . 102ifm Isjtstel BOMJc O OMtsmdzC
sjLSCBBtedzddd 90 1 "Isd d3tsdzdzd $d derfrpasafrpdvHisay YeQiisAalz YeGBh ydd
Pk zdzOtcdH Odz O tcOdzdB ISEZtcOHd [ 3, 10] . zk BddzO

HjcOdz YOwLOLEO kOWAOHY, BE 1MO O02kdd O&Od]?
[OLS ke BOYBEOHO 1 02jif osHjdd o0l s dEHGYE s it
kO" dzddz Y d dzd dzOH o, ykdeSd dscdisds &sHjd "Odg "
CsBBddZOydw c O OmsMdodks Od kfkzd "Jhtss ZOkOHd [ 3,
[ Oh dd&zOdzd Aydlsdh OmMsmMdzOttd BA2duy0 1 d¢ k" dd
MOl 90 wltsEs st dEdRiHQEO 6 dzdf dzdsCPidzd & @ sdzdh o
C ZOMMdW S Olststed dzd dz¢  dzOL Oted?2 yYdmdd BOLOWMdd VY t
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[ W d [ 3] gh z0tcdHO® "Ods 102 EfmMkzdddd MisOld!
MdW OlsdHOed OWL Odzdzd € dzOted B OY dz 1 Isd dze O dz.

SAYf dzOB IsOH Y([BYBSIS2zOE ® O~ dsf dzOh BA2dy0O 1 02jMm ¢
BsH | dzdzOted AL Otets IsOY Y tsfijdzO dze O dz. [ OO dzO dz, LIsOM
102ifm 900 dsedmisd¢ it mMmMdwde HJOBjIs BOI dzlz &
"dipsB &ZOM sjLdded *Ystd BaEgEY | ¢ Odapd cafdad e g E
[ 4] . 1t O" 3OwW0OIsd 90 BBhyYyOdkOte (2022) MO RdzH tsdzj
SOHYJYBISdHO 102jiff 90 dsedmisds tjcted Mmdw BsHJ
sOhCddz 1t scOdz [ 5]. zk ¢C€0Bd KAO'gkddddte ([20BBP dz® 7
(2024) [8] dhdkzOtedHO "Od3 AL OCMdded Iststf ¢ Odz.

vhBelz ISOHYdYBIdddze OMsMd?2 &OYMOHd 1024if Is
YteHOBJHO ddetsdedzOteded HJOB jIse O yOdzddedh + "Isd dztsd
Zsedmisds tjct]dBd s @sHE GafOss d Oded Y dzd ¢, Isj L dzd
JBS sded W IszOteddzd BO" kO HOd dBtEOlS [ 11].

[ OYMOHGEO 1 tedhdh Eykd YE2JHOGd 9 0OL dW¥ OdzOtedzd

1. B8O RAHJ Oz [ OB jIsj ) RO dkzdEsls kOt B OL Ofd dz

2.1 02 ifMm Isj tstej B3O dz@dndsty d I Wz dz OBydixs sted Is B3 dzd  d " dzC

3 sedmlsds twjetej Mmdw dBsHjdddd YEzttdh o0 Ekd&Ot

4" Ot CC OO0 dsHjdzded Bt ~ddz Ikjfls IAf zOBdHO
HOtOY OfMdded BO" 5dZON ;

5] SHj dz dzgOlsd ) OdzOteddzd IsOy Y tsmdzOB, s lkkzy 90 ¢ Od

6.1 02 jfMm Yy dHOhkzoadded IsdBBd2 IO SdMHOEd OdzOdzd 2

vhBlk IOHYdY Bl d&OIsdy O0dzOted MsOdzdy dd MOy dzOh
sOh 5 dMmdzOh 90 n~nOoW Gtez”" ddzd Odzdy dzOh HO Y A dzdzO
MsHHOkZJded 90 IIsjLddecd Lkdid@ dgO©s drz Rl 28 L d «
Y Otcts tc dzO tc dpdiz oYorCdsoBE" H OMiszZtcdzOtcdH O Yy sted?2 1 Isdh Ey

COHYdYBls d3j stsH

vhBlk IOHYJYSSLHO 102]if kOMddW Z0edyd o0 disc
d dzfn ts dzdzO te dzq HdOB jIsc O Y Odzd dzd h O d3Asdcdds dzdixdh cddtatdddz
[ O] &z d3tsls dzOte MIW OLdHO I} O RA&zHJOd) [ OB jIsjf
BJ iBste BOI dzz itsls dzOtcd dBOoaxkH 00 Edzeddze " Ote Bdtc
Bsfddd, J1[RrR, Yyh, ddzifk dzd dz, "tsdi3d zOH tstedzd § € fMis dad
"Ote Bdtt YLEZoacO s dOldy O yYd2HB0Id ([Eklctdj.
B J tod dze O dz.

102jMm Ijtej 3OMd HBOLSEZte SOHYdJYSISHO 1 02 jf) L
OfmMsmd MdW OIsdHO Y A dzdzOdzd dzH ( . [SHjd o90LdWOMmd
YOdzd dzdfh s ddisf ¢  dzd Odzd Y zOh H Odz dB st Ols.

102jMm ittt 3OMddzd dz¢ BOIsj BOISdS dWsHOMd Y k2«

PG | X)= [P(X|Pc;>ov(c;)] "
(X)
Bk JjBEPX)d B BBstcHO HJOBJIs dOo y ZR(X|EG) &dihd @B"jldsd d3ts

BO&H BADREOd B BSdOHO dddsod Bb-j BE&OE b
HgOB jlsded bEBEBI2 EytOhdh 1 "lIsd dsts dzczd .
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"ot dte MddW Ekykzd (HJOBjIs 90 MO dsdd) OdZIS"CfHI
AclsOUO §)d2aDIsH d 61 whdfse(z0dzOH . 1 j dz¢ didebidn iy & dz
L " lsd detsdzdzd € SOy Mg ditslsdH Odz %52 HOdzOdzd P dglz &3S d dz:

a 1 9_(2’(1'”)2
P(x |c)=§—é SR ®)
(; 2'0 i, -

1 Otey0O ObttdBbklsdkOote Eykdz 1 "Isd di3tsdzdzd € dzOte S A f O2
fnd daW Is © dzdzO dzH ( . O BOzddj Ok dz” OGlEIOHA - sHEOHT § B¢ d
WEdS ydvw ind shedtodDtcdzdstc Oo Ists dizOIs d € "dMmtse dzON &z d
(stcOddeddzc) BSSMYdydrHoO fit(X_train, y_ train) W
Bdtc fddetd @z yk dz?2 i301Is dzOte Odzd ¥ d&zOdzOH ( . vjfmls BBMY d-
Bdte hORM Obted®OkBdzOPHCO | Y e " Is d d3ts vlz@zy ¥ &9 tzO h ""HJCh
Y AdzdzOdzed dzé¢ Oz dzsedflsd ¢ tj ctej Mipdw ditsH jdzd 1 " Isd ok
BO" sdzO2H(:

1
Ry )

Bz JYiOH@OIs d 300H § @B Jlsfy ts T0dzK0B) (%4, %5, %3,...,%,) 0 Olsted B z1ls dzOte
Is A f dzORRE., Bs,- .-, B0 dBsHJj dz stsdzssdzed H Odz AtcG Oded zOH d G Odz ST

fsHjd [dsgdigpmdsd() Vediydvmd YLHOBIJHO AY
BBsHjdz "Ott Bdte ObtedBlzlsdd HJOB J KgsB @ORdgH. ¢ KO
| dzz € &1L=@.025)8 { dz¢ s O ffdtizdgq RO®AD.015)8 AtelsOYO -ls®i Mdts,
(b3 =0.0080 dzd B OlsOdz §f OMIs IsOI Mdts.

vsddztse BSMYdUJHO &BsHjdz + "Isdditsdzdzd Sded " dMtse dzO2

O e¥=1X) > 0.5 BAd&ZNOG, AHdOBjlsdo HjB, O¢CMm "td

"Ote dSCd dBsHjdkz Eykdz wPi3GHO zOtH O G s ad & O B
¢ dzd Y dzd € H O te O yWQHafo3 v diz® "Gt @fuP dz

TP+ 300% (@)

(TP+TN +FP ¥N

dddeseo zOtcHO® 154 SO B BstcHOdz YE2dHOGd dzOIsdy Odz
-48 IsOMd IsADted AHJOBjIsO HjB btsfddeOd (uvl),
-86 IsOfMd IsADted fAfgssPdetedso HjB Istst d dzec O

-12 IOfMd ROt AHdOBjlO (Al),

-8 IsOfmMd ROt fAMsodztsdzdo (A1) HJB Istsf ddze Oda.

1z 102iMm d@BsHjdkd Eykd tsdddds, d&sedmisdé& toj 6t
CdlstseRybim 3, 11 &z"dkd, rkf2kjtt 1BkjBstS HOM
v O ted B OdzO tg HEOZ ¥ HAZR AHAPXAHAO tc H Odz W 52 H O dzO dzd dzH ( :

-pandas 3O dzz Btsls dzOtedzed Ay dh 90 LO" dzddz vy Jdzdh Eylkd
-scikit-learniy ©doe j 10jfMm 90 dtsecdmlsds tjcectej Mmdw ditsH
- matplotlibi dzOIs d 3 OdzOtecdzed ctOWdE hOCdZHO odL EOddL Oyd:
1 Osdy OkzOte 9 O bk d&zOwdzd dz¢ Is O" dzd dzq

GOHYtSlSHO 1 dBO RA&ZHJOMM [ dOBjlkjMm BOI &k ksl kOt
ted Gtod MMdwY disHJ dzdzOted dzd dh dzOh MOBOLOHStedZded IO
(614 1O YLEZ9) 90 20% Ikjfgls (154 IsO YyLke) Isaf
Y OHO OdzH O @zj dzlsd ted dze O

P(Y=1]X) =

Accuracy=
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1y OHo Oz
102ifmM 90 dsecdmlsd¢ twjcectej Mmdwy d&sSHJ zdzOte

s AtemOIs ¢ dy 1 02 j M [ sedMmisd$ to] ¢
sADted IsOfdzed W dzO dzd G134 137

| SlsADted IsOfmdzd W dzO df20 17

AdzgdYydzd¢ ( Accur acy[701 73.4

Adzd Yy dzd €S ( Preci si onl56.7 60.3

" d s B Ig (i ) 0.002 0.011

ESCOLddzeOdz SOy tedB OdzOte dzOIsdy OMd e te®)O§ & O d3ts
56 . 7 %cd fif dotg dz, zse dfMmisd ¢ tej cgtej Mipdw L Ged MAd3s.dd %
CAtemMOIsC d ydzOtc G¥ztf dzh | S @i Olsdtsdz dzOIsd )y OdzOte d "0
Y2 BOIsdz080W® HY H ], Bz 1 MO dzOIsdy O B Oty Otetstsdzd ¢
GO dzlz dizts Is dzO te BOL OmMdHO BJ dzé d dzOte steOMdH OG d AL
Bzo sL OdzOIsMdL dzdcd BOoykH FEGHddsggrdg MsRHEBG H
BsH| ZzOtdHO (1 02 MEddedad s steg ¢ &) triFde Pdz. s 4 ¢
sOC sd3d dzdzOh Isdtcd Zykzdz i3OI diB d3ts Isiidrfn zem@dr Gsdzfnis®dzdzO(h
Midkdtsdzg) 90 OdMOBB A&z kEMEzdadzOted ({ OdHtdB At fls,
102jfp BBsHjdzd Sdyds " Oy disH Ocd BRO Czzdks s dz® @ d Bls g G
1 MO CAf ObtedBllsdzd 90 ydLdydzd BtsOoddy dads dOo

Mz dzts O

vhBE IOHYdYBI dhdHO 102jf Ijttcj BOMdec O OMBG
hOornfmded HJdOBjlse O Yyodzdddh + "Isd B3ts dzdzdyedcdad® BORds tc C
zOIsdy OdzOted dzsecdmisds twjetej Mmdw dsHjdzd BJddzOd I
1dBBO RAHJOdM 1 dOBjIsjMm KBOI zEdtslsdzOte B OL OfMdH Od
BOLOfMd 768 I1sO BJjd@tste “"OydHOed VY LEko dzOtcHOdz (B
HOLOY Ofydsdz B3], OO @GOMMOMd ddnj SChd (1]
YOdzd dzdzd e d ¢€0OBd ¢AtmMOIsCedydzOtedzd AL dudcec O tdzOHJ
sjfMmls A ZOBZ&ZOtcd O OYtOIsddzHd " OdRH O disHalzjj @GAc P
ClskprtsdzOMdY g @Bsd H OO M deso HOdz AIsC OL d dzn (.

102jMm It BOMd OMsMdHO dh dzseyd 1 02jMm dtsH
sOWdzOHd 90 hOtlsdzd 1 "Isd Bsdzdzd ¢ dzOte Y teH OBJH O My ¢
Odzd Y z@2Pdz. BtsH j dzdzd OW L Odzdzded B EZ " d fiesstezod d3dado te
MsHHOd&zdG d "dMmtsB ZOdzOH d . [ séedMmisd ¢ tcd cte Mipdw
CsdiB  dz2OYydw dzOte OfMtsMdHO BO"skZO2Hd 90 MJle i3sdH
stcOdzdy YO €CjdlsdteOHd. vhelk dq¢¢€d dBsHJddd OmMtsmd:
s di3d dzdzOte M den®ls d HAs edMiIsd ¢ i et Mmdw + MO [k dzOtedzd
Yddzdh dH OHJ tG.

ElsCOLJdzcOdz OBOZd2 ISOYtedB OZOtGHO 1 O2 M dHJ
1 MO 89% OddydzdS HOtOyOMdeO 1 tedhH(. Z zdzd dzG H §
dzd B Ols Odz B j hsYB Qfid QlpCMta] . Is jiLlte dzOIs d Y OdzOte " Ote d<¢ ¢ d
Bdtotsy E dzOtedzd B3O dzz BslsdzOte " Oy 3 90 IskzL d dzdzO
1 COdzgddzed SCAteMOISOHC( . 102jifp dsHjdd Sdyds o0 A
MOBOLOHStedzd ¢ $ AteMOIls ¢ @gzm fig chdzf) s 1 jdaisds o Bzd ¢ dzdeq o
"OyBHOEd 90 yYydLdydzd BSOdZdJYydZdSCO 0O OlstedBlzlsc
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Y dzH Oh o ZOt € j &ZzOY OCHOGd IsdBB d2 Oz Ydifzd & d 1 dEEdRE
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NEHO &Bz"dhHde. 102jf bkfkddOtd HJOBjldd ! tols
KOMHGY ZOH] "OdHO MEDdsddzoh sdqedh 90 (W ddkoc
BOI Zz Bsksc 0O ONshdOddOd Y OtstedOte yOskd yYdddh d
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sE[ " [[o¢vRIR [J1LRUJIRLL DR[RZ 0N
URTR[JR1TR RZ[ I YRDODRZ

ldy Od3d ¥ s dzts 4R fifissh . A% Odsd Y sdetse 4 . .
shCjdzs dqetecdecOydw 90 yYydh dzsy "AayOdzdedded o3j n O
[ Jdzdzdzd 2 IsOHY Y BIs kdzdo jtemdlIlsj Isd
g jgmdzd kZdedo jtemdlsjilsd, rrOdzzed?2 ststojw
https://doi.org/10.5281/zen0do.17919411

b dzdzs s OyPr € te IsOH Sd 3 slsH Gs dZOIsdf dzf s A BOAIPd ® O
Fykzdz d3n dzy OdzdzOdzc Odz ddzlsj dzdzj S sEOdz OrBStetsls IsdL d d3
sdLddided dzc OMtsdnPN zR3@AH EBHOS 2L d dzdzgOfd dzad dzc s j - dzd €
d3ts dzd Is s te d dzG addzdh, dzsmtsL dzd € dzO te dzd L tels O O dzd <
ol OEPrcd™n ¥ Ote ©OY dzd dzd Qo lssBOIdZzOh sdtcdh HOdz dB TS
OrBBtesls kdLddBd 2Adz S5 ZOBOMI IsOMmMe JtedzOted dzd 2
BOI zE BIsls zOteded IsOc dzddz 2ddzd"h cOBHO BOMNJqdzOdzd A S
ykakztedzd ¢ dzOte 9 © B Iz L diirA M) ts dedf QEsdfddzO@®agd FddBhd o d3¢ ts dzd
Otendlj S ztcOmMd EZy OMtsmMd?2 3dMdBHOdz dBSOIs: @GO d
2020 dh dzOh 90 IsOcdzddz dBtsH Ez dzd, COliHO dzOIsd % O dz
f Odad dzd . sOH3daBIls Y OtOY dzdHO QOtsdglfe dzB®gtco @ ABd sd
sdL d 3dzOte d (Gl S) sj rndesdzse W dzOtc d dqdzlsj ctcOydqw
sOtcdis 8 dzOtcdH O " OeaWMmdL dzd € dzd IsOi d3d dedzOM , dalsdmt
stcOdemtf stels IsdL ddi3ddzd dz6 MOBOtCOH stcdzd ¢ ddzd h dtedh 6 (

sOdzdls MAIOEtScEdd Isd2 Adz S5 ZOBOMd, &Bsddlsstcd
Cedzf ! sIsjte CAtedhd, Mmjdhte BEO dzd@kslsdzotwtd, GI S.

sqdtdh

BAdz ddz¥ tcOls HndidiisinteaOtetste " tsdzH O MOy dzOh RO i«
90 bwOdh]f stls " OeWmMdL dd ¢ d dedididc © M@ R d H@RJ tadz® ¢
ytedyY, UbkYVsidude dzO% Oy Ol IstcOdzff stels o tsfdls OdkzOted
f OMO2IsdtcOH ¢ OR sBN@AS d "BOgHOdddte " O suBOBHHIS JC1
BOI dzkz di3tsIs dzO te ds@ OUMtE Btols 2 A dgkH MO EOted dzd S Olsls® Yy d fc
BlzL d dzd h dzOtc faOHsdty OENafde®H o . Z kzdzd dec Eykzdz 2 A dzdzOts '
BO" sdzOh &BOMOLOMd O"O0dkdwisd Skd MO2ddz tstlsds B
CkL Oldh 90 dztsitsL dzd S dzOtedzed { tols @ Odzd Y dzOh o i3S ts da
BOMOdZOMd HtsdzL Ot " dMtsB dZOdzOH ( .

dbdDdzOo 2 bkMkzdzdzOte odL Ok SAtedS Yy Cd Adytse Y
90yl 90 R " d&zOl IsOkOB yYdqd&OHd [2]. 1kdHO ddht
ZOld) OdkzOted " Od3 dhsdeydzd BAGREO2HI. wkdi d2 dd
s OBy &zOte o O hk yothu@tihdls zOteyfci Odz 2 JOd dzé Odz BOI dzk
YO2I50 dh dzOh sty Odd Bk RBzOBBsEOte MOBOLOdkd B Ofsl

EAdz "tdzOldded dBsddlststeddze YddzdhHO Cditf' 8 lsj t
Mk dzdzOted §j dz6 Y A dzdzOdad dzdztsy H O. Etc OO d Rdetsc
sOMo dledzOted H Odz Y tedy &zOte 90O YkykteddS &zOtcded ©Oolsts
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SOl i3 dzdzOBSY HO [ 4] . v dzlMstedzOte 90O | oT (I nterne
iy dBIHO BOI dZEdstsls 2dodh sdL d sdzOted 2 A dzdzOte "
d &3¢ s dzd@isdO HYdis [ 5] .

[OLSCEZte SOHYdY Bl HBdEOMdHO dh dzOB ydyddzdh d
Bsded Issted dzc Yy d dzd b OrBBtls Isdo dsdgdcidzifd dzdz©O di ipthfofe
sdzd dzOY Isc Odz BOI ZEBsIs zOtedzd ddzlsj cteOydw dzOh 90O Ec
"OBHO wOLEOEOBWEIScIsSdJLdJEBd (GI S) LyOdzd oadL ZzO
OBOLEO thdedqddhd 2Ad kOte®ksy ZOttddzd B&h Yy Odh ¢ O
WigOQlsdh, IO i3 tedzOM dh dzOteddzed tod y OdzO"N Isdtedh 0O 7
Qo lssBOIsdzOM sdtcdh ¢ O Tld.L BZ3OB z@r] ZQH Y d ZGH dc Odz Isd L
ytsted?2 "tdzOkdded BO" sdzOh, O2tedd3 ) 52 ZzOtcH O d dzsls
tcj Oz 90OYL tjyddiBdHO CkLOIdh, h"hikzdddzeHj$, 2ddzded
Yykzy ztedzd ¢ dzOte ff O2 His B Adzdh Oy Qe tcdefdzdh Of QY dndflzd "y fdE
BOMNtStcOIsdzOh &3S sdzddzd B J tsOH (.

[iHBd&se W

vsdLdd ykyktedzd ¢ d&zOte " sdzOlsd BA2dyYyO MlsOlsdMmisd¢
Yykzy ztodzd ¢ dzOte f ©2Hts B Adzdh 1 "IsdBBsdzdded B O StcOIs
BOI dzz Isls dzOte d dzad O dzdBd telskzOf dzOd' h, dzOAeddlzd s @Bij L € ste O d3
StcOdzmyf stels o MdlsOzOtedded SO BJtedzO" e O CjlsOHJGEO
COBRO2Isdtedh dizC sdzedded B J teOH( .

vsdLddB dRzdkdd?2 Odetstedlsdsd. BAd "tdOlsddd o&isdd
Is Qi d&3d dztsls Is d Lisdsdizfs BB YIS ¢ Odz BOI dzlz Bisls zOte toj Odz
Y d dzd dzOH d . Iz BSsMYyduHO IsdLdd3 bteOdmt stels o tsdls
CjdzeOdz sjBtcOdedh, BMddE 90 IjLStstc ALEOtdh dzOted
"Ote Bdtt dzzylsOfmd BA2dYO, KOOk i3t IOZOCO et OtsH dlxiZC
BdJieOdzdC HO MOY dzOdzOH ( .

dcOte CRoad MmjLddzOtedzd detslsj SCiypdzde v ¢d ykyk
Odzd Yy zOc Odz desftsL dzd S dzd Odedy cGJBBdECOYdw CtsteHd
f Otc O3] Is tc dzOtc d dad YO2IsO dh d&zO2 Hf Y Odgd tc odfQA cddlz 3
BOtws OL zOh ¢ Odz BOLOHO 2doddzOH(d 90 bO"dddz Eky
Wddz2 IstcdzOdzd B, wided 2AdZHOGd IjBteOdzdh dHOdz € j dzd
hsoyddadzOte OQolstsdBOIsdSe ydyOteds b Btsted dzOH(J .

[ O zE Btsls dzOte B OL OMdH O ) OdEiOuz8 O s Y®dzdizkz P8 & Iiz0
90 CAtcdh Eykdz sSOYHd 1 IsddzOHd. wuvdL ddsded dzc Ofts iy
ZOBs2dh 1L Isdh, ROl d&zzds 9 OYl BOdZzZdOdHOGEd ALCGOt
s ytsted BAdRZEOdz YdMdzsdzOteded B J dze d dzOh y'dEE0 © d 20 tc €36 tiz
dBtstcOls.

[ OLSCEte Odzestedlsdy M demMste BOI dzz BBsls dzOted dzd ©Oo s
90 odLEOEZ Wdsddlssttddedd BJdttdOhIsdtds, AAdz 5O
HOWOY OHO Ookts®OldOh sdiedh JkStsddded BjtOHd. z
stcOdaplf -~ OoWfMmdL dzdecdded hdtedh, 2Adz O 3dedzOh
dYbbdmMsHd?2 2AyYyldh zOtedzd S ORBO2Isdtcdh e O 1 todh d dzOH ¢

N{BT O] 01V R[ L O vrmy {J{LRC I¢ SUL RIS O OF .
C iy sdzj dzls ZOted dzd OBOdke O tsh d W] REpEeserRabo8aT fState AP |
Trander, wi ded IOtedisYHOGEd ©OYMd di3dzOdec Odz dqdztso O ¢ sk
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KB4 Bsted 2 kMdziz B dn)d L @S disij Giedds detsjeed W fid Y A dzdzO dzd dzOH
sdLdd3dded Isktedzd f zOlW sted@ZBOZOCH O dh dzse yd BsH EZdzd
sOh Cddz + ldddz. d@EABECIsdL d d3dded BsmdzOh 2o yOdz, ¢4 dzg O2
HOMIskztedzO" Isddzd Y ¢€d t§fjttOydsd sdLdds Bd dzOdz B j 9t
l J-BdL 30OIsdzd dh d&zOB ydqdydh odijlssHtsdtsedw md ddzlsjt
stcdzd OnBGttsls o tsMmdls @afOted desdO HY tc O IRENS Td BAstEdfds j € Is Iz
Mitojtt StOMdHOGEd OrRBBtls OzBzOh ddkzeddzd IsjL € st
Y d &zOH (. 1z Isd L d dzdzd B S tetsmj teo d M @ tsdng I/ jyS Is
tcdotsy dzOdzlsdted" ddizCtsdedded B j tcOH(.
brBBEIs IsdLddzd Mhteeo jtenoddimdsdi Ap&®c Pyt hon |
OMmMsmdzOdze Odz B A dzd B, Apache Bydy ¢ tHdd, ff zOIs W s
fMjtco jtcHdtc. L OhMyYyd dBBHELZEZOdZ EZd&zOM o0 IsdL dd
BJtWOHC(. mod_wsgi 1 MO Apache &zOJdIs@®dP ystjh aay
dh zOh" de O BArd OzdzOdz6 Odz B3O~ Mk dBsHEZd B AddB, z
BtsOdzso yd o0OLdWOdzd OdRROdzc © sh JtcOH(J . Pyt hon & YTt
Is d dzd B Adzd B, z BOI dzkz di3ts Is dzO te Is @ " dzd dzd , md demtste
o dL g v dzON BOY MOHJdHO Y A dzdzO dzd dzOH (. b f Otc
BISCtesCtsiB3f ! ¢ Isj tedzOtedH Odz W 52 H OdzOdzd dzé O dz. 1k AR
(Advanced RISC Maching@ { dzj cc ¥ ISy O3S tstc 9O ¥ ytsted MOBOtO
"OBHO 512 [1 90 kZdHPEOEGHEISHJYO sif 4 P Jo z&B ¢ At
Purpose l nput/ OQutput) f ddzdzOtcd Bty Odzd IsOhYd
iz sdzddzed BJjtcOHd. [ JjteOydtsd sdqLdds Raspberry P
sydy ®BOdB O CtsHd 90 &sHEddd BH ts@AOHtY . Isd lzfzidd B
YA ddZyo® hBsHEZdazdzOtcH Odz W 52 H OdzO dzd dze O dz:
OCMmj dzj etsdzd Iste. 1z 2AdZHOGd IsjBteOdzd ™ 90 B
~dL BBOIs Y ddzOHJ ;
GPS d&sHEzdd. 1k ykvykttdadt o0 dtlsj ¢ Mdd¢ zO0te
Bjdzedd&zOh e ® ~"dL i3OI Y d &zOH (d;
USBd3tsH § d3.1 delzd3siiodzOtedzd Mj tco jtse O kL Olsdh Eykdz
1z OffOKOls 90 HOMEtd?2 JyddBzdzOte BJdtec Odzd € H
sOhCddz 1 IsOHd. v Mjdhtte RO ZEd@sls &ZzOted dzd IsA f dzOh
zOIsd )y OdzOtedzd BOS OL 2 MJtco j tfc@ dizdgBUsd?O tc ded3S 1 dEd
sOfMded W &zO" HOMIskzted Pyt hon &zrdlksdHO WwWitOlsdde Odz
Ctosmimf dzOsW stcdiOdzd Bz" dlsded IsOi dzd dgdzO2 H (. Pytho
BOI dzE i3sls dzOteddzd tcj Oz 9 OYIsHO yYyOBRAEZ Ydddh, fls O
stey Odzd odL EzOdzdL Oydw dzOh BsHEzZdZd e O kL OIdh d &S
Bsdzd ssteddzc Yy Jdzdh IsdL ddisdded ©Oolstsdstsds, dryods o0
sh dtedh da&zC tsdzdded B J t6d B, AOY dzdzd IstcOdzmyf tstels d daw
shdtedh HO Bzd G@ROEgEdE2 O" ORdwWIseO® + ¢ OH(ts.
fo3Juvffuvfot veuvrRr o ofo¢f[ot. [ O dzzdtsls dzOte dzo
JSON (JavaScript Obj ect Notati on) szL d dzds© o d
BOI &z @3sls d&zOtedzd tStelsdy yoO + dzj dzj dzls zOtemd L dgW sH OdzO (
Is ts d3ts ddd N @adlzy -y k dzezOB dzOdzd " d B d dzOdz B tsh Yy OdzOtcd H Odz O
£ "OydBBeO ded B OlsOdz dryods, fMmddzsOSmdimd &EOI zkzds o
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ghdzse Bjtedh dd3¢tsdzddzd B J tcOHJ-APILEzOte z kg e H &z Yz
sOtcy Odzé Odz B tcdfOdstE(ls @t ts B dzO dzOH d .

[ Ol &z 3tsls dzOtcdzd MOY dzOh Eykdz BOI dzkE B3sls dzOte B OL
Is O dzdzO dzH ( . "oydyd2 Mmjdmtste KBOI dzz Btsls d&zOted OfMtsfiydH
EdzOtedzd dh &zO"h MOBOLOHBtedzdeddzd Mtsdzd" Isdtedh e © d d3
Yddh OnrBtstels sdLdBIJHO tsydy BOdzB OdzOtcdH OGd 6 J ts5¢

[ Ol zE ssls dzOte B OL OMdHOGEd 2Adz Yy JMd3dzOtcd X OH9 O
dqudcO tsdzOHd. 'Ot Bdtt YLEZOHO Ejtdijlsteds d&OI dzizd
dZzzy sOfmd GOddO 28§z dHj dzlsd W dSC Olststed MOY dzOdzOH (.
GjBdjIstcd ¢ BOI dzkz @B Is dzO te deeddzd ¢ WstcBOIsHO IsOYy
CosteHd &Z2Z0sOdzOted Odzdy dzded [sOi d3d dzdzO2 H J . 12 ®BOi
ykzykztedzd ¢ v ¢d detslsj € dmdzd Q ezO tz@eded lzOA dzd dz Yy d dzdh H O ¥

BE[TOLR VLl 1/RSJOI1LR OG1RO[OZ OGJULITRU[R.
BOI ZE B3 ls d&zOteded tdzdh HO 0OCMj dzj csdZilstc 90 ccdtetsmet
sBl jCIk "OttOCOldzOdzOY IseOdzgH OGd IsjL dzOdedh dzad Odzd Y d
Isj L dzOded M dzad Atsley ORHIs[dzdo O O Yy d2 Isj L dzOdedh d B d dzOdz
stcOMdHOed WOty "dhmtse zOdzOH (J . bCMjdzj esdzj Iste € d°
AtodzOIs d dzOH ( . [BI jCIs IsjL dzOdzc OdzH O, BOMMO BSh dZOC
sjL &zOded " OYJHO Odzdy BBEOLzEzBHS 2O ts dztf OO ddzd 1+ gd ¢ d
BICtotsC sdelstets dzdzj tec © ZL Olsd dzOH ( . s sy 1 MO
AL GOtedh dzOtcd dzgd Oded Yy ZO2HJEOdz Y Rted dzdBO BAdBZdB, &
sjiLdded AdzyOdzOH(. 1z "OwOC OlHOC ds dzd dzdzO dzdj "tc O K ¢
JdesmMitsf 90 0OCMjdjttsd3jste BOI zEBtsls dzOted B dtce Od
8L OMdJHOGd desmtsL dzdC dzOte v € d IsjBtcOdegd " dzOte Odzd Y dzO«
s O di3d dztsls stey O dzd W ddz IstedzOdzOH 90 BhzddeOdz Is
Y OO ML dded Y S¢d vykykzttdzdecd Odzdy dzOdzOH (.
Odze sted s BAzOte d Wi odzd "Ot0C Ols dzd Acls Oy o, B34 HdC
Y A dzdzO dzd dzOH d . 1 Olsdy OH O, stcOdemf stels otsmdlsOmd
RO Zz i3sls zOted ¢ O kOfipts ) OddBls, d ANjdddz 9 OYIsHO BO" sz
stcOdemtf stcls oatsMdlsOMd dudeO AtedzOIlsddze ©dz CRoad fJ
CAtemOIsd &ze ©dz B A dzd B, AY zO0te Bty Odzd Mmj dzfftste X,
Cdif tsdgj dzls dzOtcd A dzZyOdzOH d . A fzdzd dz@indf & Odzd 3B dzl B A bz
Md &zC ddzd " dzOtedzd Odzdy d&zOh e © OMEsf B AEZOH(.

7 — :_ .—- —

1-tsomd3c:Road-H@ﬁmjsc}zns@fl§ Csdfdzj $ HOYGS ZOEd
Ak "tsdOkddd lsOMdsd¥% zOh Odcstedlsdd YE2dHOE]
Codzstets dzdzj 6 BOI dzk s Is dzO te dzdO diiyj Az tafde@fialz Gstafy; © dzg
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BOI &z GIsls zOte s OdzdZOdz W ddz! Isted Sty Odzd dh dzse B
yted?2 90OYISHO BRteddzdh BERZteyOS dzOted dzd Odzd Y dzOh O d3¢(

Bjdzed &zOdze Odz 9 OVl BteOdzdOdHO tsdzd dzc Odz BOI dzk
s OfMmded W dzOdzOH (.

s Odzd&zOdz W d dz'BlatdafzOls ©dlzd Yo © " s Y Jdzadzd A dzytse dzOte v
"sdzOl 9 jClistcdded BO"tdzseo yd MOBOtOdzd twjSkztemds
BOI &z i3 Is &zOte d Yy cH OB HO stcOdztf stcls otsmMdlsOmMdae O
BteyOC dzOtcddzd Odzed Yy d&zOh c O Y teHOd B J tOH( .

4 dGdz@dzdzO Is Ofpded W dzO" Eybkdz 9 Oy dzdls Y OltstedzOted B
tc] Ctotcj dzls dzj 2tosdz sSOtodRBsSY zOtcdH Odz W s2HOZOdZd M iz
Eykzdz LSTM dzj2tcsdz IsOtedzgs0d o 0OYVIsdzd Y Olsste M dafr
sdedhHO 0O¢Mmj dzj tcts dgjds@azda@c de dyte@=BiLds Y difdd dzOH d. U Ot

sdtedh YOldzOBd: o0yl BA2dYyO fmj dmtste dBGOI dzkz B3ts k

I-.LSTM YOlsd&zOd3d (128 dzj 2 tesdz)

Dropout (0.2)

22LSTM Y OlsdzOBd (64 dzj 2 tcsdz)

Dense YOlsdzOd3 (32 dzj2tetsdz, RelLU)

ydydh yYOldzOdsd ( Soft max)

U Otc Bt Y "OwOC OHOGd s LA dzOtcr B d dzdhL ¢ D@«
sO" &zddz OfMtsMdH O i datste 3O dzo Aykzy zte o, Alsj f Odzd € o,
OBRBOZE © tsh JtcOH( .

db2dzd f O2IHO bdLdd Ottrndlsj CIskteOmMd W dzeg d dzOh
Bisted dzditsY H O. Zlzdzgd dzc H § €, sdL dd3 Mmdf dzHzss @ & d i dsd o
Odzd y dzOh Okzc stedlsdzd " Odz IsOC sz dzdzOM Is toe dzdzgts Yy H O.
OrnBBtesls sdL dd3d BOMh IsOB dzOdzd M d dzd wah ddzoh
sjrdesdzse W dzOtcd dzgd Y sted2 L Isdh tojy OdzO" Isd te d dze O dz.

4 j dzstcdzOtcH Odz YOBEdzZ YddzdB tsdzdPdzelzd dze B@®@ils @iz @ Is
ykzdz wdecd, MOBOtOdzd EMkzddzOttddzd dh &z0B ydydh,
sh dtedh Eykzdz IskL ddzdh ddzd IsO¢ sd3d dzdzOh s ted h L Ot
Y 2dzO2 dzd ¢ d dzd sh JteOHJ, ted o 53 dzOdzd " d dzd wahddzo2r
s Ol d3d dzdzO2 H ( .

Mz dgt®©

UOHYdYBBIs HOoasBIdHO 2Adz "tsdzOlsddzd S kL Oldh -
[ dzd dzc Odz dzOIsd )y OdzOte IsdL dd3 OBROdZd?2 Y J2 BOIsdded o
Bsdzd sstcddze Yy ddzdh HOed MOBRBOtcOHtstodzd 6 d dgd IsOMH d Y dz

BAdzZ "dzOldded dBsdedlststeddzd Y d dzd s @ OEHADElH H G
sdzd dzOH e Odz M dzmste BOI dzE BZtsls zO e d OMmMsmdHO 2 A
BO" sdzOh dzd Oolstsd®OIsdkzOh Isdtcdh ¢cO® ~"dL B3O y ddzOH(.
cdesmME s ®HBOI ZedktslsdzOteddzd Y O2Is0 dhdseyd &St
OmMsmMdH O hdisfo WdodpQds Jtcdh 90 BERtdddh BEZteyOS ZOted d
LSTM dzgj 2tcsdz sOtcBS0Jdc O OMmMtsmMdzOdze Odz d dzls j dzdzj € Is 2z C
o 0OYIsdzd Y OItste Mdc dzOdzdzO tc dzd sO" dzddz Yy d dzd " stey C
sjBtOdedh dzOte 90O Ylky tcdodCedO tc zdzi Gs"Calpd W @AR Odz09 d 2
dzd MB OlsOdz Odzdy dzd¢ 90O BOWY Otetstedzd Cdzd " dqtecOHJ,
Bz HHOIs dzd B 5D dzOdzd M dzO te dzq ddzsB Olsc © dzOH(. s Oc
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ddzls j ctcOydw imd dzOIsdy OMdH O dBOI dZzE iisls dzOtcn @ e3d tols O fzts |
90Vl tjyddiddHO dh dizO2 tsdzOHJ.

prBBtesls IsdLddBd Otrndlsj SlkteOmMd &S tetsMmj teo dm
OfmMsMdHO YEkteddze ©Odz B A dzd B, COlsO "OydBHOGd &OI
BOMh IsOB dzO dzd h d &3¢ s dzd dzd BJtGOHCJ. zZ zdzd dzg ®©F ¢, (ocd
EmMkz dzdzOted dzd Y tsted?2 L Isddzdhd IdLrddz MOBOtOH Stedzd ¢
gqdzlsj oW j 2 Md MOBOwOHBtedzdeddzd W dzOHO tsh JtcOH( .

BOHYdY sls dzOIsdy OdzOted OMsMdHO dh &z0B yYdyY d dzé C
Bsdzd ssted dze Yy d dzd ", dzstsL dzd ¢ dzOtc @t d dzth s ® j D Bz eizlS b
"OBHO BLttOdmf tstels "R Ooa WML dzdedded SOOI i3 dzedzO" HO O
By dydzOteH O d&BsHjdz Ottrndlsj ClskztcOmMddzed IsOC sd3d dzdzO™"
90 OolssBOdE G jBlsOBOOZON RS tsddwWIsdzOtecddzed y Ah P
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soal R{JOL JCJARJOIRLR ZOs[]] 1 UR
¢ L{TRUVI[OLR

22" 0 H P o@BPIstsh Ozd,y sdetse R .
lMvsh Cjdas dqetedeOydyY 90 Ydh dzsy R AY OdzfhdsdfdedeIsdzj " C
[ Jdzdzd2 IOHYdY Sl kdzde jtemdIsi Isd
A zaOBERBOzRd?2 dsddHOcd uvuihCjdls OneBterls Isj
https://doi.org/10.5281/zen0do0.17919417

b dzdzts s Ofy@w S zte IsOH3datsls dqhdHO IsOfMe dqtcdzOte B j
SIFT (Scaldnvariant Feature Tansform), HOG (Histogram of Oriented Gradients), ORB
(Oriented FAST and Rotated BRI EF), Canny Ed
2ddzd dze ©dz B A dzd B, EdzH © EhBbk Odestedlsd ©zdzOte y or da
dh z0dzdzsO dzOte S AtedB yYydadadze Odz

sOdzdls Mmw ODEE dzOts, Md ed3dd dzglsaydw Odzegtsted s B3dzOte
Edge Detection.

sqdtdh

v Ofme d tc d&zO te B4 d&z6 d dzOtec d dzd h OC dzdzO dzls d te d h 0 dze &
W2 HO&zOdzd dzOH ( . ( zd3dzOH O dg, IsOMme dtedzOtedzed ©Oo IstsBO
BJ dzé d d&zOted dzad O dzd yod®Q Bd W tOzte H ®HZ’ B tc d Hi diste ) o uf heeH O & B
hOCdz, Ctdzsbkzte, dzzylsO 90 MbickzSlsztcOdzOte “"OYJHO
VdzOtedzd Odzdy dzOh Odze sted s dzdzOte Y cHOBJHO OdBROdzG O
Odzgd Yy dzdcd, BOtY Otetstodzd ¢ d dEdodgh@ Jds@yOfM O Hsdj H @zdWets2dz0C
2].

[ j sBHsEZEE W

UV UOHYdYtBSH dhdHO O2dz0dz Ezh BEZ Odzets@®dg)].d3dzOtcH (

SIFT TacBupaap ORB
OearmiIapHHA
MAKLIAHTHPHII
HOG AJITopHIMIapH CannyEdge Detection

ltcOMd3. uvOMmMo qtedzOte B j dz6 d d&zOted degd N OC dzdzOdzs Jtedh O
1. v Offo JtcdzOte B j dze d ZOtcd dzd h OC dzdzOdelsJtedh HO " O
Y A dzdz© SIFTd(Scalelnvariant Feature Transforn) 8 A dzyOd3 90 02 dzOdzdh ¢ O
BOtY Otetste Bjdzcd O} tOIsdh EmMkzdzd B A d&zdB, "ot Ad
qd3¢ sdzddzd BJWOH] [ 2] .
SIFTO dzG s tesfddedpdice] Otc OY dzd Y E2HOGd Wtttz dzO B d dzOdz d
L% Y,S)=G(x Yy, 9*I(x Y

Bz JjtoHO:

X2+y2

= 1 y 252

Bk Wtstediz zOdzOteH O:
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|(X'y)-Qq’tGIzaqcf IsOfmo d tc,

LOGY:S). | okMndndzis & B § dzOdz Ty d dzdzq yspz@elze Oz s OMo dts (s c a

GOXYS).  okff wHiets ¥ EkdS mdwid,

X'y-ljcfgfnjdz CotstcH d dzOls OdzOte d

S-3O0Mmh lssealy  f(OLOR) Isted,

Ctdzosdzv ydvw OBROdz] .

2. HOG (Histogramof OrientedGradienty { MO GtcOHdj dzls 2 A dzOdzd h dzOte
O2dzdyYy MO " OtcOC OlsHBEMHO dsBdz,j S sdPOHO &ZOtcdzd Odzd y dzOh H

[3].
HOGOd&zE StelsdiBdHO CteOHdjdals Yy 6 zOdkdh d yYE2dHOEd Wt

G
g(x,y) = arctanG—y

X

Blz JjtHO:

G somodtnOcd cttdLtdsOd ctOHdjdls Yd2 koOlsd,

G somodquenOcd o jtkdS Ok cwOH]G] ds yd2 kOIS

J©OHd | delsded dzge BsHEd Yd2 &Od j MO:

m(x Y)=,/G +G
Blz JjtHO:

MXY.cleon dj dals Meapmtis® dzd ¢ d  (

V&S s ondjdis ki bdded .

3. uvjiLCte dh dzO" dzd I @EGB IsYd df CRRPI@idnted:ASHE
and RotatedBRIEF) Odze tstcd s d&3d Iz §Isidz dgdalg€  dp,d d@RpHYd dz d h s dzyd
BjtwOHd [4] .

ORB O dz¢ ts to d BRAEG de€rriptordzd dz¢ Oftsmd?2 B Jdd2Otc Isj Misd Y &2
gWwtsHOdzOdzOH ( :

gl agard p+x)d O ¥y
P % Y) =]
(Pix.y) :'O aks holda

Blg cH O:

p-Cd2fsddzls BOLSE OLddzddee S tssteH d dzOIsOM(d,

P+ _gowcoLHOR & §dehj k0 mMddydhHocd §d&jd

'P+Y) . ocoL ok 2 §dChjde0 Mddydhnocd §dSimjd v

XY vyeod 1 g@BEOR]Y OF dBREFH R WA RS Sted J dzj dsj

4. Canny edge detectonOdze tsted Isdsd Y tcHOBJH O IsOMeadtcH OG d
O tcOlddzde, B jCIlsdzOte yj cOteOfmd Odedy d&zOdzOHd [ 1] .
OQolstsBOIdE IOMded W dzOM .0 dP faDdg H RIs @ gdize  § @ elafizOdlAg ffzd3ts Y

Canny algoritmida gradientning kattaligi quyidagi formula bilan ifodalanadi:

IGEG G

Bz JjtoHO:
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G someo JHOcd ctedL tdzsOdz cteOHdj dzls yd2 kOIS,

G lsome qen Oak] ceasOmlsg U v d2 GO,

ICL; ¢tcon dj dzls dzd de¢ I aglpeBzy d9 OlslsOdzd ¢ d  (
JOHdjdzls Yy OOz d 4 MO:

G
g(x,y)= arctanG—y

X

Bz JjtoHO:

d*%Y).edge ydLdoddddze Y zOkzdh d (Bktedddh BLYOE

1 Olsdy OdzOt

f vOtyde O Ekylkgzdzezq dtzdztf @)oo tbtcd Sdzddznd 90 EZhBE
Oy teOIsdhn Eykzdz HOG, SI FT, ORB, Canny edge de
O dzc sted s d3dzOte dydHOdz Canny edge detecti ol Jdze
tcOMdBEdzOteH © B j ted dzG O dz.

SIFT (keypoints: 816) ORB (keypoints: 500)

HOG (features: 1585)

Canny (edges: 9277)

(1- t6 O d3)

Xususiyat ajratish samaradorligi taqgoslanishi

=
[=]
(7]
E 8000 A
=
g
= 6000 -
=
[741]
=
> 4000
=
[1%]
3
S 2000-
=
s L I smeaees ,
SIFT ORB HOG Canny
2-tc O d3
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Mk dzs fn ©

v OfMme d BdzQE d dzO € ddrflz O dzlfdrEdte d Is dy@rd @ dsdafn o d te dzO te dzd
Qo Is 5 ROBGAEOdzA] L d dzdzBln ¢ of @ ol dg O dzdz® &zO f dAffifisfig PL d ¥ O d
d sOMme d ukiz O ¢f @S Uzts dzlsiziia d alz@k@ iz 1) d v BdaPcEA Y GBdd d ds¢ O
BOL Brickk@dO I dzizjdstsOL ¥ @ 't deddddzd d3tFD dOG, ORB o GCanny
O dze ts to d Is'dge@tdarL. d dz@ ¥ze O dzdzdp Sz @ ] dsqj @ L0 B3 ts B2 2 @ dz
Oy e Odedrec OBIET O dze Stc f Izadfg® @& 2 tc d dzd ""H @ dOde  hBdDALY O ts t6 dzd G «
B d &zOdzd Y dzi§ © idzdgd B0 ) Gzls @ tc O H d | QiAfssH® Odksi@o fjd ¥ dzOh H O
fn O B3O O dadO 2 ORB O dze st ¢f B @d d dzlf) dee H O dz@ cydis s L ozm § dzO dz
0Oy tc O dedzetc © Baffiny edge detection + G O o d tEHSAEIIZ tc REA] Gy tc Ols d B
Btsh dzO th®d dzdydafdz ts depdpds fig O Is P @ d CCrdede d Is A3z @ftalgRdisoded v Is dzO tc d
EdzOtedigcd tc dicizB j ¢ tc O @ that@®Lh ¥ O &lO/8 Olic@ dzds@' o d toydADAclsl£]
dh dz@Q9d L d dzdzO © dzdey dadGy @ 3O tc OH st bizd & d eigf O deds da'2 dz@2 H
vh BEM HOO®B J © dz¢ s te d IsAYdedQiEEdzd § da@R] - O dzdh O Gzdzd dzd
d 3¢ s dzd WSSO Qffjdizd . dzrOd] te ¢ B @R W dztf gzdzisle Q figs 5 dedf deHd@ M B Iz
Is © o drhck PP 1cI© Iz d|THBG, SIFT, ORB, Cannyedgedetection® dz¢ st d Is d3dz0 tc (
md ddomtc d.dedzd stcd Is B3dzOte  yd H O Candgedgedetectpre de® 15)Pis @ dizd
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fovr RO Ju] ot v oamR] [
JITtRZJEDRY[ O[R

hHdy L BOE2a®dlsy zdztse ¢ .
LiaswshCjdls deedeOydwy 90 ydhdztsy " Ay 0dzdcddd o
ddzmlsdlskzlsdo [ Jdzdzd?2 IsOHYdY BIs bkdzdoe j tefme
https://doi.org/10.5281/zenodo.17919590

¢ dzdzts Is © Y Oz Gc BOStsdzOH O sOB dd?2 Is d dzdzd 202 Is(
BOI dzz BIsls ZOtec © HOMIsdzOB S d d" dztse ts fiipgjdtayy M Is Getdfrpfedd yaitaf
mezmEzmoOdz, d&OIsdzdzed O teOIlsdh, IstsL Od&zO", IIs¢jddL Oyd
Bjtdh BoMmMadyudzOted ¢ jdzc VY tc@lsdPdard.C OB iH dzdsdectedzdS |, W
BOdzB OzOtcH Odz BOIsdzdzed O OIS, tcOmMdz dydHOcd Ol
2020 dh &z EmMkzdadkzOtd, Python CElkBrtdOdkOtd
§dq 4 dzd dzd IsOc dzd dz 23d dzd dzH d . 1 Olsd Y OdzOte NL P Is d
Oteffls j CsEtcOMd B dZOdz Bdtea Odzd S HO BROI dzE Bslsdzd H OMm!
Btsddzd2 { COdzdzdeddzed S AtemMOIsHJ. ELBJSC Isddzd dB3OIs da
WOCIdzOtedzgd Odzgd 2 dzOh HO 1 MO HOMIAZOBSd dh dzse B j to(d
MO B3Ot OH s tc dzdAlz®BE OldzO1 a3

SsOdzdIls MbOBAPE2 Isddzdzd 20210 dh &zOh | BOIsdz IsOc
HTML f§Owmddees, NEBsSHgNHdzdedz , ]

sqdtdh

sAdzG e d 2d dzdzOteH O BOIs dzdzd BOI dzz Bisls d&zOte " Oy B ¢
Isd dzdzd Y @210 dh dzOh ( NLP) bl jcdztsdztedsd v dz@ ta ofizHtgd o L
ddzc o dMisd S OMd 90 Mmizdd d2 ddalsj dzdzj €ls € jMmdh gOT
BOI Zz Bsls ZOtec ® HOMdOBSd dhdtses Bjtedh, yO2I0
COBddkOte OBRBOdE O E"dmrClHA] . d hudzG1B9 500d Y d dz€& O Hzi GdzS B ts
BzOMMOMOEZOte 90 ddkd?2 &OBttOltedY zOte HEBJteOffdH
sjrdzsdzsedw dzOted twdo sy &zOdedh d Bd dZOdz MsOdzd Y ded O
nOeWfdL dzd ¢ d , 5O zddZ 90O HO9 kOl BshyOtkzed ¢
YA O @ @Bsts” OdzOteH O ®KBOMOEZOEOtdzd " Odz ydddh
BOdzB Oz RO dzz Bsls zOte B OL OkOted kO" dzd d&z Y d dzd P
ydyddzeOdz. zkdddeeHjS, NLP Ijrndtsksedy &zOtwddd i
Bitodh BsMydud &sz"dds 0" O0dkdwiseO 160 [1].

[ OlsdzdzOtc e © HOMIsdzOBSd dhdzse Bjtedh X OtcOV dzd
ssL OdzOh, ©O" dddkc0O [O2Y tdkzdOh 90 MlsOdHOKl IskL d
[ Ols dzdlzd BOI Zz Bsls ZOE O HOMIsdzOBSd dhdtse Bjtedh
shdteddzdh d Edd IsOMmdzg¥ dzp® dz@te dzdfy sls@i i3 dzdzO@2 Hd. v h
CAtlcO ROLSEt HOYSEZOHO ALBjS IddzdHoecd RBOIls ddkzo
sy duydzOted BOY dz { Isddznd [ 2] .

[ jssHisdse dwW

[ Olsdzdzd BOI Zz Bsls ZzOtdzd Y OO dh dzOh degd H OMls dz
O)teOlsdh 90 Istsh @dzO" | B BHCO®Y dedzd dz6 Odz BOT dzkz s s zO e t
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O tcOlsde tsdzdh "ORBHO CjttOCMdL Bj &z ddkzOte, tj ¢ zOd
sdzde IsOh &zOh COBd OBOZEZOt B O Oted ZOHJ. [ Olsdzdzd
Bjtedh BtMydqudzOtedc O &&isfH dL Jux@ey § &t dGOIsdc O

[ Olsdz d@3OdzB OO dzOted Iskztcdzd y®© B A dZOHJ. 1 ZdzOtece O
YOS kztcOdzOte Y € d ttOMmdid 2 " d s B Sis@ZOdsy, O dADTML W W Al
f smlsdzOted, wdzeddzd$¢ MOAIsEZzOdH O GOy sdzOdkzOtt o O
CAhted dad® dnOy dzOdzc Odz d30Is dzdzOte, MEC Odzj tedzOh dzOIsdy OM(
Cdtedisdh &z d3¢ d dz. vhelk bkkteHOGd d&@OdB OO&zOte B d dzOd
y dzH Oh ko IsOdzOB 1 Isd dzOH (.

[ OLCEte BSSMYydy dOIsdy OMdHO &OI dzzdisls zOtedzd Is
Is Ol i3dQ@pdeOlztz fj BOdzlsd ¢ s 0" dzd dz, sts¢jddL Oydw o0 s
&ZOIsd) OdzOtec © + tedh dh dd3Ctsdzdded B J tOHJ . vhBlk &GO
YE2dHOGd CjtwOCdzd CSklskBrtsdzOdzOte Stey Odzd € j OS¢ dzd

PDF WO2d&dzOttHOdz i3k dHzzd PORBPBdB PBEMI ner . si X
sOmMedte SAtceddzdh JHOGd HBBOISdzd&zOteH O OCR Isj mdzsdzse d W «

HTML "k OldkzOteH Odz ®iOIs dzgdzd RO drg@f tsiskoiz@cisizfO ot
Y O2 lg® dzON 9 0O sO" &zddz Y JdzdhHO &Bz"dd Bty dydzo
M s to OO dzdz30 6 O dz BOI dzkz di3ts Is dzO te dzd Yy 0210 Is©" dzd dz
s O i3 dzdzOG2Hd. 7 OfmlsdzOB, HTML "Ek%)OldzOtcH Odz B0OIs dz
ANModzOIs d&zOHd. 1 EdzHO Pyt hon HOMEZtdOM Isddd 1 dzc
9 J-BOI dzz d3tsIs dzO te dz]ls HLOAAYO Y dodf hY, ©O2 s O dh &zOMP HO € j dz6
1 0t ydqdzdh H©O Beauti ful Soup SCkkkeBrtdzOMmMd Y A dzdz
CAteddzedh dHO O"dzddz YJdzOHd 90 EZdzZHOdz ¢ jtcOC dzd ¢
Btsh YyOdzOte) O3 tcOlsde BJjte@HG.i pitz Shtilyk e sd@t wmic Y AR
sj e dzOte ydyOtede IsOh ZzOdZOHd 90O WOYOIL dzj $Mds " Oc
HTML HOdz 30lsdz O tcOIsdhHO f Otefmj tcdzOtcH Odz W2 H OdzOC

[ Ol dzz Btsls B3O dzB O dzsC Oz W O2 dz v Cff O "Jefitis@ tomizy dzg hts
B3z di3€ d dz. Rdzlsj tcdzj IsH Odz BOI dzE dssls tsdzdh Eykdz reque
fteslstsC 5dzd Bty Qdds dzp § B € dzOB z dzd f Oty e O L
BOI dzz i3tsls zOtcH Odz W s2 HOdzd B d dzd ZdzOtedzd ©Odzd Y &zOM v €
9 jtB8] Mizte dzOdgtslls dPoOd wlafzh 0 ©0 Cstcf kdzd Isddz s O" dzd dzdzO te

OCR (Optical Character Recognition) tOMmd
BOI dzz Bsls dzOteded Oded Y d&zOB, SR s lIsjtc Sty Odzd kO" tc
sjrdesdzse v B Adzd B, YRARHJOHBD &SI te PAZOMAHH dz@tc Y A dzdzO dzd

import pytesseract

from PIL import Image

img = Image.open("label.jpg")

text = pytesseract.image_to_string(img)

print(text)

OCRIs d L d{d3cfiz® O te OY Z2 d 18 B d Y dr@ s @diizq Osed ests Yy d Y
30 Is dAokziEd v dz® "sHte@P dzd ¥ dzas @ dide d iz O drad ) ls dz@en o cisatdadd dzv O dz
s ©2 Y toyAD®l O YOdEP dish@] tc  daPOH (B 5 Y ta@iffgsiz] dzd vy dzdsd of dedf "
h s VY d dzdZD®@ digd 2 Is dStcts[dzls ci@@)tis Oy O fig § dzdt o Ols O Mo A dzy O d3d dzd
dzts tc 3O dzdzO B 1©¢f @Y dZAHAR v tc ¢ @R®lsaf] % AdifddHad)j dze d dO@tm{dedis ts Y
"t5 dz&lsjcdds d to  d&zZOH d
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sd 2 ddesdqy dyHd®E dp@ies] dzls @@ dsd@ tc d PO HdfEOMme dteH Oc d
BOlydd Is ts t6 ilp® tc g @iezts " ' @ OV Gz@iEy dzd d2@3e @@tezs “ fif H OB dzls &zO e ¢
O 6 Ols dudgOeHAg dzis © g YHARM o L d dexfipiscfii@ 2 © d3dzOscdf B dizdf BzH O
ts dzd daiz@lsla] ¥ © fZD ddsl8 dtef dzde" ts ) ¥ ff U O I8 dj dizfs  cgQRrdddz@ g B Ols H O
B j dz¢ d deCiieizgds My  QF Otc d oD HOfc O Y "deHedf & j dZe G € digPls j d3OIsd €
BsH | &R dzde] 2 tistods BBy td2O@dsdoH’ Qg df dizd dzGEREfi O Y OBRilzdze d
fpd W O ldsdori@f dzd dz@ulq d W5 d BQ dize ¢ GEROIs dA 5 Y d Bizs 1 Y REHs@z
h OC dzd DR I S dzO zO@Hs dfizpiz@ 2 Is DS 200 tc OY dzg Hz® dsd@@etds dHer  dzO ts
Ui ¢ 0t O xBip@ks 2 L d dAggDYNY @ ezd daGH d

[rdteed B MYty ohffdtegls (IskzL Olsdn ) Y OteOY dzd Od
sdLdd3 tsBsddHOdz sOdz tsdzd dze Odz B3O dzH O d 1 " Isd Bts &
yed Ibddz dBtsHjdkd YHOBJHO IIskL Olsd dzOH (. [ OLCEte
ddzmtsdz stsBsdzdHOdz Y L d @20t PEJORzOE dze @ &P dzls ¥ d dzO |

[ Olsdzdzd IstsL OdzOh . Iz BsMydyn © tttlsdy yo 8B J dZG
HTML IsjcedzOte 90 fAhsesyddzzdo dBOI dzz i3sls zOte tsdzd B IS
1 60 B3Ol dzdzd BOI dzz di3tsls ZzOtedzd MOY dzOB Y Wdydid d dz@uHgH. H O

import re

text = re.sub(r'<[*>]*>", ", text) # HTML teglardan tozalash

text = re.sub(r'[*"a&A-Z0-9\s]", ", text) # belgilarni olib tashlash.

¢ Mg d dgihrCQlds g te.dh U EdzH O Y E2 dHOGEd Y OHO OdzH O ¢
BOY Oted dzOH ( :

1y OH9 Odz
¢ Mtsfisdd2H d dzH O dz d ™y A0 v edgda©dehd
1 sy dy uvOemdw [ dMmsd
Lowercasing 1 OteyO® " OteW dzOtodg| 1Appled Yappi®d
. ~ I N o

Punctuatuion )] ¢ d O dzd s dzq nH\eIIo, world! o Hello
removal worldo

Stemming gAL dJdzhdL dded O frunningd ,rund  Yundi
nL”mmMm’ [LDOod2 " OSCdkeO| mwad ‘hedi

[ tcOCC OB BdzHddzH Odz dh dzse B jtedh BMYydud IsOE
Bz"ddk sOwCded?2 Ydmdd BAdde, b dddcodmsd® O’
fetsEO®hel BSMYJUHO d&GOd CtOBBBRY Y GGG S b é
Ao Odete dzeff), 50 dzls S sO" dzddz v € dBsHjd&z Aydlsdh »x Ots
Bdtedzd ¢ zOted Odzdy dzOdzOH (.

r Ofmlsdz@pr L skteddzd Odzbpez®e h (P@&F) Pamrggi ng Od
lzdzH O " 0Ot Bdte MAL AL G tcOdit®@isd S tc Basd{W OMd OB B
bteS EBzOttc O ONtOlsddOHd. JkdHO2 kOMddY ZO"HO
MAL &zZOtc StcOMdHOGEd BBO&Oddh dzOtedzd Iskh kdzdh 90 Ekd
st dzdzOM OH (] .

si2dded BO"ddaz By dyd { O tdshid ddcdzdpONddisdd .Cizddy
) Otefd dz¢ Y OOy dzgdH O MAL &ZOte AlsOfMdHOEd CcOBREOIls.
Ciffdds, IsAadzHdekzoyd o0 Oddy dseyd SOBd 1 dzj B3 dzls
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szLddzdhdded HOwLORlMddsdz (parse treeplzh @GEAEJ C
@BOIsdz MddzlsOCIsd & BAdlHHcmDeréndzdesaz@ar@HY .d yd B Oy Oted C
vhelk YOOy d ®&@OLdHO Bttt ~"ddz tBi jE¢I Yy Cd hOafy
"sdzOls zOtedzad Odzd Y zOh ¢ O "~ dL BOIs yddzOH(. [ OMOdzO dz
tc O "teadO@ V wdeed MbtcOlsjedwded YBted?2 yYddzHd. 0 X kc
1 OHj &zZdzOO0 desBde O dqh stcO® ydqdzOHd. Coreference r es:s
My BOdzlsd ¢ wWrdzdlsdzdeddzd IsOI o3 dzgdzO2Hd [ 15] .

[ EtcOCC OB BdzHJdHOdz dh dzse B J tod "y Gdscipp@hyd dsCs
dqudHOGcd d&OdsdyYyd?2 90 cttOBBOISdSE BSOd&ZOddh dzOte dzd
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import spacy

NLP = spacy.load("en_ce_veb_sm")

doc = NLP("Satya Nadella is the CEO of Microsoft. He joined the company in 1992.")

for token in doc:

print(token.text, token.pos_)
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100 Model anigligi va xatolik kamayishi jarayonlar bo'yicha .

80 A F 20

60

T
[
(9,]

40 A

=
o

Model anigligi (%)
Xatolik kamayishi (%)

20 1 F5

Xom ma’lumot Tozalangan matn Lemmatizatsiya POS tagging
Jarayonlar

ltcOfmMds. [ BHjd&Z OdJydded 90 R OlsdzdtE ¢ ORO2

[E2" 8¢ 0RO

[ dzd dzc Odz dBB GO @Y OIsd" B EIBY YHEHBOIS qiO®@zB I o
sADted BIPBEQ'dB] Ehzdkd?2 HOBOKOHtStcdzdede O € OLlsO
9 jBOdzB OdzOtc B dzOdz dh d&zOhP HO HTML  Otefpddec Isj - detsdz
b cOtc BOIsdze ttOMd3 dyudH O I jtsm diOdrts dOfly dBEONHE), dz WA H C
O"Ooddwls COMB 1IsOHd. [ Oldgded dBsteWsdzseds xd" OlsH
EmMEz dzdzOted MAL zOte fMmJ 3Odzelsd S B Otcy Otestedzdc ddzd IsOi
Odzd Yy d&zdecddzed ©hdteOHd. 2zl BJdZOdz B ddefddg) M@  tlsQridsf
¥ Ot Oy dzdzOted dBOIsdzded BzteOC ¢ OB Is d dzh [z dzts fy dzdf € so"”
BsH j dzdzOte EZykzdz Ofmtsfy WteOISOHd. [ j BOS, NYPObdeGdi
L BOM, BOXSd BOI dzzd@tslsdzed IsADted [SO2Y tedzOh POV dz
B@BOIs dzdzd BOI dzz BBtsls d&zOtcH Odz W OC IsdzOtedzd Odzd y dzOh 9 0
NdHH2 1 sd e dy 0dOisd © dzdty 'daffte d Ezfidc v dzOH O

Mk dzts g O

[ O dac@mis dzPpB &ztfo B j tdaffh dgcNLBEz" dds 9 © CAf o0Vl
BsMydudHdte. [ Oy sdzOekOls dzdade @ ts0O I8y JlagfL O dzOh , C
dh dztse & jj apdds & gzigd dzd dzcCDists yd@ dp@stee d ) d W-fOtsgpA fr) df dea)
( BOIsdzdzd sO2VY tedzOh ) BtsH jtdd to@deos CAY ke[ ddd | =2 dEodzts OdY O
Bd dzOdz dh dzO" HO BOdEO HOMIsdDB O dzts dd Hids o 1 | Blg dficBt to
dztsL d d3. [ OMisdzOB S d dh dztse Bjtodh Y OteOY dzd B tSMY d
Cj2ddzedmMdcO LOBJd "wOSOH] (BOMOELOd, 1} [ kOE
s Oh ZOdzdzOMdzdf ¢ Mg @ OBiPHHO0 BAs MY d YydzOte IsOdzdzso d o OL

¢brosRIU[ Ot
1. Jurafsky, D., & Matrtin, J. H. (2023). Speech and Language Processing. Pearson.

2. Bird, S., Klein, E., & Loper, E. (2009). Natural Language Processing with Pyth&eilly
Media

166 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA DUNOIY

NOYABR 27-28, 2025

N

© N O~ W

10.

11.
12.

13.
14.

15.

16.

17.

18.

19.

20.

Sarkar, D. (2020). Text Analytics with Python. Apress.

spaCy Docmentation. https://spacy.io

BeautifulSoup Documentation. https://www.crummy.com/software/BeautifulSoup/
Tesseract OCR. https://github.com/tessecacitesseract

Python Official Docs. https://docs.python.org

Mamatov, N. S., Tigdnova, N. M., Tug énov, B. X., & Samijonov, B. N. (2025).
Algorithm for analysis of texts in Uzbek language. In Artificial Intelligence and Information
Technologies (pp. 51%15).CRC Press

Niyozmatova, N. A., Mamatov, N. S., Samijonov, A. N., & Samijonov, B. N. (2025).
Language iad acoustic modeling in Uzbek speech recognition. In Artificial Intelligence and
Information Technologies (pp. 5584).CRC Press

"Extraction of Structured Information from Unstructured Texts" (201@&ergey P. A.
Makarov, et al.

"Automatic InformationExtraction from Text" (2004) Ralph Grishman

"Text Classification Algorithms: A Survey" (2019) Kamran Kowsari, Kiana Jafari
Meimandi,Mojtaba Heidarysafa, Sanjana Mendu, Laura Barnes and Donald Brown.

Liu, H. et al. (2022). REBEL.: Relation Extraction Bpdto-end Language Generation.

Devlin, J., et al. (2019). BERT: PRtmining of Deep Bidirectional Transformers for
Language Understanding

Practical Natural Language Processing by Sowmya Vajjala, Bodhisattwa Majumder, Anuj
Gupta, and Harshit Surana.

Porulay, O., Lazareva, M., Abdullayev, T., Mamadaliyev, N., & Xoitqulov, A. (2024).
RETRACTED: Optimization of operation modes of renewable energy facilities to provide
energy for agriculturdn E3S Web of Conferences (Vol. 538, p. 01028). EDP Sciences
Abdullayev, T., & Xoitqulov, A. (2024, March). Development of a mathematical model of a
temperature calibrator. In AIP Conference Proceedings (Vol. 3045, No. 1, p. 030090). AIP
Publishing LLC.

Muhamediyeva, D., Mamatov, N., Ungalov, S., Shukrulloev, B., & XbiquA. (2025,
September). Mathematical model of soil bioreclamation using halophytes and alfalfa to
reduce salt load. In AIP Conference Proceedings (Vol. 3347, No. 1, p. 020047). AIP
Publishing LLC.

Khalilov, D., Bozorova, S., Khonturaev, S., Khoitkul@v, Sotvoldieva, D., & Toshmatov,

S. (2024). Seltearning system and methods of selection of weight coefficients of neural
network.In E3S Web of Conferences (Vol. 508, p. 04011). EDP Sciences

Abdumalik, X., & Muhammadali, F. (2024). THE ETHICAL CONSIDERIONS OF
TECHNOLOGY ADVANCEMENTS, SUCH AS PRIVACY AND SURVEILLANCE

| SSUES. Universum: Ijnrndzeflud mMSdy dOESCd, 6( 6

167 \

(



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

USING NEURAL NETWORK MODELS IN COMPLEX
ASSESSMENT OF THE TECHNICAL CONDITION OF POWER
EQUIPMENT
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Abstract: The implementatioin this article involves taking into account a large number
of heterogeneous data, which do not have a clear mechanism for influencing the amount of
residual resource. One of the options for the solution is the use of neural network mathematical
modelswhich are capable of generating a correct estimate with a fairly high probability based
on the analysis of a | arge number of input d
network models is possible, including on training templates that@mpletely unrelated to this
type of equipment. On the contrary, training the neural network on templates formed on the basis
of examples of diagnostic sets for different types of equipment identifies the most common factors
affecting the residual resourcef the equipment within similar classes. Next, consider
mathematical models based on artificial, randomly generated data. For a complete assessment,
each data set is created in three optiensducing the resource of the equipment, not affecting
the resouce, and increasing the residual resource. This approach allows for the formation of a
training template that corresponds to the real quality impact on the resource when choosing one
of three options for a mathematical model that corresponds to the natuhe real resource
data for each case [5], [6]. As noted above, ensuring high reliability of power system equipment
is associated with the troubfece operation of all components of the power system, therefore, a
significant part of the research in thégction is devoted to assessing the technical condition of
the main and auxiliary equipment of hydroelectric power plants on the example of the Volga
HPP.

Keywords:diagnostics, parameter, hydrogenerator, complex, Power Amount, operation,
neutral, pessinstic, scenario, neuron, resource, model, energy, power generator, energy
amount.

Introduction

AThe classical approach to assessing the technical condition of power equipment, as a
rule, includes a number of diagnostic operations that require stoppirggtifgment. In this
regard, the implementation of the entire set of works requires the equipment to be out of
operation for up to several weeks, which leads to losses due to reduced electricity production. In
addition, the deterioration of the technical dion of the equipment can lead to its emergency
shutdown, including before the end of the scheduled removal of the equipment for technical
inspection. In this regard, the task of developing and mathematically supporting methods for
diagnosing productioequipment during normal operation, based on current data on the results
of measurements of technological and diagnos
[13].
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Existing standards for assessing the technical condition of generators are elgptiedt
by element according to a certain principle of permissible states. That is, a rating of the values of
the criterion for assessing a particular state is entered, and depending on its value, a decision is
made on the further operation of the generatahe term of the nearest (or urgent) maintenance
or repair. However, accident statistics show that with this approach the probability of accidents
and failures of production equipment remains quite significant. This is due to the fact that the
accumuléion of defects in the generator can occur simultaneously according to several
indicators. Moreover, even if each defect individually is far enough from its critical value, their
joint action can lead to an unexpected development of an equipment accident.

A comprehensive analysis of the parameters for assessing the technical condition of
generating equipment is complicated by the fact that the total impact of various combinations of
indicators on the actual residual resource of the equipment does nomnhadegaiate statistical
assessment for each type of generator.

This is due to the fact that generator failures and accidents, fortunately, are very rare, and
extensive diagnostic data collected before an accident or failure for a particular type of
equipmenis not statistically significant.

A possible solution to the problem of statistical reliability of the analysis of current
values of generator equipment parameters may be a combined analysis of diagnostic data
collected for different types of generatevigh an assessment of the estimated residual resource
for a particular type of generator. Such an assessment should be considered as a recommendation
for the formation of a plan for the removal of generator equipment for repair or maintenance,
during whicha full assessment of the residual resource of the equipment should be carried out.

In this regard, we consider the possibility of applying methods for comprehensive
assessment of the technical condition using neural network models on the example of
hydrogenerators and power transformers of the power grid complex.

Methods

MaTo form a neural network model for assessing the technical condition of a hydro
generator, we consider 13 parameters collected during operation, which can be measured and do
not requireequipment shutdown.

1 the amount of power produced.

1 the amount of energy produced.

1 the thermal effect of the stator current is expressed as the sum of the square of the current
(I%t) over time.

1 the thermal effect of the rotor currefitt).

{ the sum of the square of the stator current vol(&ge).

{ the sum of the square of the stator zero sequence current \(@lgje
{ the sum of the squares of the available rotor voltaijés).

{ total sum of relative deterioration wgtor insulation(?—"’)zt.
izol
fthe sum of the absolute temperature square of the support units of the generator
equipment(T2t).
1 the total sum of the relative vibration changes of the rotor.
1 the total sum of the relative vibration speed of therroto

1 the total sum of relative changes in the vibrations of the supporting structures.
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1 the sum of the relative vibration velocities of the supporting structures.

Let's consider a set of diagnostic data using the example of 500 generators. Of these, 50
were nodeled for failure before the end of the next overhaul or maintenance period. In
paragraphs -3, the values of the given currents and voltages are determined in the form of
relative values relative to their nominal values. Vibrational transition valuesledieed as
relative values relative to the maximum total diameter offthe, rotor. Vibrational velocity

values are defined as relative quantities with respect to the yi%ﬁ#e where w,,, IS the

nom

nominal angular rotation ratd the rotor.We will consider the methodology for the formation of
training and confirmation samples of parameter values using the example of the model of the
influence of the amount of electricity produced in the period after the launch on the amount of
change in the residual resource of the generator. Consider three options for the nature of
addiction: lack of impact on the source, positive impact, negative impact.

To compare different power generators, a dimensionless coefficient was introduced that
determines the amount of energy produced, which is expressed as the ratio of the amount of
energy produced by the generator to the amount of energy produced by this generator, if it is
constantly loaded for 24 hours per nominal power, this coefficient isndietd according to the
formula.

Amount of generated energy

Power Amount = T
m%24>(365

(1)

Fig. 1. Shows a graph of the resulting dependencies of the time remaining in failure
before the planned removal of the generator for repair from the amount of energy produced
(PowerAmount).

The graphssow a line of approximate correlation as a seeortter polynomial. The
negative values in the graph shown in Figure 1 (V) correspond to an extension of the generator's
life beyond the planned output for repair.

Test data sets for all parameter sets amgded to resemble the amount of electricity
produced in the period after commissioning.

Time

PowerAmount
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v)
Fig. 1. The dependence of the remaining time for the planned output for the repair of the
generator on the amount of energy produced (PowerAmount, siomégss number):
© - predictive values;
— - estimated line of data:
a) is not affected by the amount of energy produced;

b) in case of a negative impact on the amount of energy produced (the resource decreases
in proportion to the amount of energgoduced);

V) in the event that the amount of energy produced has a positive effect (the resource
increases in proportion to the amount of energy).

The criteria listed above form a universal set that can be implemented in any generator,
regardless of typ€erhe test data set provides three possible qualities of influencing the value of
the residual resource of the generatareutral, negative and positive. It is believed that each of
the sets contained 50 generators that failed and 450 generators tlesstuigcoperated the
repair range. Thus, 313 = 1,594,323 different combinations can be formed from the set of test
data obtained, which can be used to train the neural network, the task of which is to evaluate the
residual source of the production equimte

At the initial stage, the author proposes to consider a single training template, in which
each of the 13 parameters for 50 generators has a negative property in terms of the residual
resource. Thus, from the set of test data obtained, 313 = 1,5%f8#8nt combinations are
formed.

The classical logistic function (sigmoid) is used as an activation function defined by the
formula.
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1

o(x) == 2)
The BroyderFletcherGoldfarlbShanno algorithm was used as a way to train the neural

network. Theresults of early data comparison of residual resource determination using a neural
network are shown in Fig. 2.
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Fig. 2. Data analysis structure in Orangeda.

In the data analysis structure shown in Fig. 2, the source data file (file) contains the
source dta- training template and diagnostic data using 50 generators as an example for 450
generators compiled using 13 parameters based on a pessimistic scenario. Using column
selection widgets, the data in the file is divided into a training template anchéoaldata.

Results

The neural network widget represents the trained neural network model. The structure of
the neural network includes two hidden layers, with 13 neurons in the first layer and 100 neurons
in the second layer. The neural network structised in this work is shown in Fig. 3.

NS\
KXEHRX
LN LN

Imput layer | hiddin layer 2 hiddin layer

L
€l

in2

Output neuron

Fig. 3. Structure of the neural network used.

The linearity of the relationship shown in Fig. 4. describes the clear correlation of the
residual resource estimation results obtained using the trained neural nefitfotke actual
results, which makes it possible to use the neural network model to estimate the resource of the
equipment.

Below are the results of determining the current residual resource of 450 generators using
a neural network, depending on all 13gmaeters (Fig. 5).

graph of energy quantity values

The graph is plotted only for the values of the amount of energy produced, but each point
is an individual estimate of the residual resource for all 13 parameters.
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Fig. 4. Comparison of the results ofsidual resource detection performed by the neural
network and the data from the decline training template:

=)

W

-3

Remaining resource

02 04 06 08 1 1.2 14 16 18 2 22
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Fig. 5. Dependence of residual resource on relative energy production, predicted using a
neural network:
Detailed information for each generatorosm in Table 1.is available when loading the
results of calculations performed by the neural network.

Neura Decli Powe Time

r K

| Network | ne to Fault

Amount
1,15 0 1,95 5,88 3
4 07 0 2 2,93 1,46
4 64 0 1,25 2,35 1,87
4. 36 0 1,8 2,64 1,46
5,68 0 0,93 1,3 1,39
6,43 0 0,39 0,56 1,44
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571 0 0.49 1,28 26
[ 477 0 1.02 222 217
[ 626 0 0.36 0.74 204

. | 544 0 0.77 1,56 2
. 6.47 0 0.33 0,52 157
, 529 0 1,09 1,69 155

Table 1.Downloading the results of calculating the technamaidition of hydrogenerators

In Table 1., the value of the numbers in the first column is the generator ID number for
which the current residual life is determined. Note that using the example of generators No. 1
and No. 2, it is clear that at close valoéshe amount of energy produced, the estimated residual
life will differ significantly due to the decisive influence of other factors. In this case, this is a
large value of the total sum of the relative deterioration of the rotor insulation. Thisalod c
presented as a text data file for further analysis and degisiding on the planned date of
removal of generating equipment.

Analysis of the obtained data presented in Fig. 5 allows the author to conclude that the
residual life of a generator wittow energy [14] production is weakly dependent on other
factors, since the predicted values are divided into groups. The result obtained is explained by
the fact that most parameters have a general integral character over time. However, with an
increase irthe amount of energy produced by the generator [15], the influence of other factors
becomes increasingly significant, which is evidenced by the increasing dispersion of the
predicted values. To obtain the most complete picture and comprehensively d@halyzsults
obtained, we consider a similar problem of assessing the technical condition of electrical
equipment using neural network modeling using power transformers as an example.

Conclusion

This article was carried out taking into account a large numibeeterogeneous data that
do not have a clear mechanism for influencing the amount of residual resource. Based on the
analysis [16] of a large number of data, data was analyzed using neural network mathematical
models that had a very high probability ggnerating the correct estimate. The resulting neural
network models were designed to train training templates that are not related to various
equipment. It was found that training a neural network on templates formed on the basis of
examples of diagnostikits for different types of equipment, as well as affecting the residual
resource of equipment in classes. Mathematical models [17] based on artificial, randomly
generated data were considered. For each case, one of three options was selected for the
mahematical model corresponding to the nature of the actual resource data, forming a training
template with which the actual qualitative effect on the resource is appropriate.
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TASVIR SIFATINI BAHOLASHDAT O4al Q MAGLUMOTNOMA
(FULL -REFERENCE) METRIKA ASOSIDAGI
AVTOMATLASHTIRILGAN TAHLIL TIZIMI

1G aniyev U.N.,2Ucharov J.A.,3Xamrayev M.R.
L.23Toshkent irrigatsiya va gishlogpxaligini mexanizatsiyalash muhandislari instituti, milliy
tadgiqot universiteti, Tdgent,O abekiston.
https://doi.org/10.5281/zen0do.17919670

Annotatsiya:Us hbu tadqgi qot i shida sundiy inteldl
ifloslanish darajasini baholash masalasi@anilib, uni yechish uchun neyron tarmoq modeli
taklif etildi. Taklif etigan model havodagi zarrachalarni aks ettiruvchi tasvirlardan
foydalanilib, havodagi PM 2.5 zarrachalar migdorini aniglashga garatilgBanda CNN
yordamida dastlab tasvirdan belgilar ajratib olindi,0o sigra FNN orgali regressiya
muammosi sifatidab ranildi. Natijada model asosida tasvirdagi havoni vizual holatiga
ko & PM 2.5 giymatini bashoratlash amalga oshirildi.
Kalit so dar: tasvir sifati baholash, FR metrikalar, PSNR, SSIM, kulrang tasvir,
shovgin @ shish, kategoriyalash.

Kirish

Atmosferani ifloslanish darajasini ortishi inson salomatligj ekologiya va iglim
0 Zyarishigabevositgiddiy tadsir ko datmogdaBu umumjamiyat global muammoso lid, uni
barataraf etish dolzarb vazifaga aylandi. Aynigsa, diametri 2.5 mikrondan kichigab
zarratalar (PM 2.5) inson nafasoWariga chuqur kirib, surunkali kasalliklarni keltirib
chigari shi mumki n. Andanaviy usull aroléhavmd a m:
tizimlari yugori aniglikka egadléada, ularni gamrovi tor va texnik xizmedrajatlari yuqoridir
[1].

Zamonaviy ragamli texnologiyalar rivojlanishi bilan tibbiyotdan tortib multimediagacha
bo Igan sohalarda tasvir sifati (Image Quality, IQ) muhim ahamiyat kasb etadi [1]. Tasvirlar
shovqin, kompressiya yoki uzatish jarayonidailisla mumkin, bu esa tashxislash xatoliklariga
y oKki m a dgotishiga olib keladi [2]. Masalan, tibbiy rasmlarda (MRI yoki KT) shovqin
lezyonlarni aniglashni giyinlashtirishi mumkin [3]. Mavjud usullar orasida-Rellerence (FR)
metrikalar eng kengatqalgan, chunki ular asl tasvirga nisbatan sifatni baholaydi [4]. PSNR
(Peak Signato-Noise Ratio) va SSIM (Structural Similarity Index) kabi klassik metrikalar
piksel darajasidagi xatoliklarni baholaydi, ammo inson vizual tizimi (Human Visual System
HVS) ga b lig mos kelmaydi [5]. 8 rdggi yillarda VIF (Visual Information Fidelity), FSIM
(Feature Similarity Index) va LPIPS (Learned Perceptual Image Patch Similarity) kabi yangi
metrikalar HVSni hisobga olgan holda taklif etilgan [6]. Birog, bu metrikalairlashtirgan
avtomatlashtirilgan tizimlar kam, aynigsa kulrang tasvioggi shda va shovgin |
gilishda [7]. Shu muammoni bartaraf etish magsadida mazkur ishda 20 ta FR metrika asosidagi
avtomatlashtirilgan tizim ishlab chigiladi va 1@@ tasvir ustida sinovdaao t&aziladi. Tizim
RGB tasvirlarni kulrang tasvirga tkazadi, shovqin g $hadi, sifatni kategoriyalarga ajratadi.
|l shl ab chiqgilgan ti zi mol@anilibhbmwnkin, masaan, shovgiali y i 1
rasmlarda tashxislassifatini yaxshilash.[8]
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Metodlar

Madbél umot!|l ar bazasi va ul ar nioldhamiiyPG/PNGs h. 7
formatidagi 100 ta RGB tasvirlardan foydalanildi. Tasvirlar COCO va ImageNetdan tanlangan
subb @lam kabi ochiq bazalardan olingan [Ular OpenCV kutubxonasidagi cvtColor
funksiyasi orgali kulrang tasvirg@tok azi | di . Bu gadam rang ma
hisoblashni soddalashtiradi va yorginlikni saglaydi [10]. Tasvirlarga Gauss showcghildi:

noisy = original + np.random.nmial(0, 30, original.shape)

noisy = np.clip(noisy, 0, 255)

Sigma giymati real shovqin darajasini ifodalaydi (kamera shovqini)[11].

Metrikalar va hisoblashlar. 20 ta FR metrika ishlatildi, ular 4 guruhmngan: (1) dB
metrikalar (PSNR, SNR, VSNR, PSNRVS); (2) 01 indeksi (SSIM, UQI, VIF, FSIM, GSIM,

IW-SSIM, SFF, TMQI, BIECON, VSI); (3) xatolik metrikalari (MSE, MAD); (4) boshga
(GMSD, SVD, LPIPS, DRIM) [12].

Metrikalarni hisoblash Python 3.12 dasturlash tilida amalga oshirildi. Bunda OpenC\4, scikit
image, NumPy, SciPy kutubxonalaridan foydalanildi.

25

2
PSNR:PSNR = 10log,, (M—:E) , Skimage.metrics.peak_signal_noise_ratio orqgali [13].

. _ (Zpypyteg)(2gxytes) . . T .
SSIM: SSIM = Wi te) (Gt adres) skimage.metrics.structural_similarity orgali [14].

VIF (taxminiy): SSIM ning 1.5darajasi, chunkid ldy algoritm murakkab [15].
LPIPS (taxminiy): 1- SSIM, deep learning bazasida yaxshilangan [16].

Grayscaleda kanal tsikli olib tashlandi, bu hisoblash vaqtini 20% ga qgisqartirdi (testlangan:
100 tasvir uchun 45 soniyardiga 36 soniya).

Kategoriyalash algitmi. Metrika giymatlari 4 ta darajaga ajratildi:

Higher better (Yuqoriroq yaxshiroq) (D) : >0. 9 -&9 =AYakshi;; 0.8007.=7
Qonigarli [17]

dB (signal qguv w48 t Yaxshi; 268@ HDQonrigari; &20 & Qonigadsiz [18]

Lower better( Pastroq yaxshiroq) -500sS¥axshi; 5610000= = A0
Qonigarli; >1000 = Qoniqgarsiz [19]

Al goritm dAevaluate metrico funksi yasi yor
gaytaradi. Natijalar Pandas orqali CSV ga saglanadi.

Tajribalar Irtel i7, 16 GB RAM kompyuterda tiazildi. 100 ta tasvir 5 marta takrorlandi
(shovgin tasodifi uchun). Statistik tahlild® rdacha, standart goiéh (NumPy.stats)dan
foydalanildi. Tajribalar natijasi 100 ta tasvir uchun quyidagiatkichlarni berdi ¢ lacha
giymatlar, standartgish ichida; Pandas orqali hisoblangan):

PSNR: 19.32 + 0.85 dB (Qonigarli daraja). Eng yuqori: 20.90 dB (image_095.jpg); eng past:
18.63 dB (image_002.jpg).
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SSIM: 0.29 +
(image_003.jpQ).

MSE: 792 +
(image_098.jpQ).

SNR: 5.42 + 3.15 dB (Qoniqarsiz). Salbiy giymatlar 5% holatlarda kuzatildi (mas@ldq,
dB, image_008.jpy shovqin signaldan ustun).

UQI: 0.87 £ 0.09 (Yaxshi). Eng yugori: 0.96 (image_093.jpQ).

0.12 (Qoniqgarsiz). Eng yuqori: 0.55 (image_013.jpg); engy Pak2

112 (Qoniqarli). Eng vyuqori: 896 (image 088.jpg); eng past: 522

Kategoriyalar tagsimotida 100 ta tasvir uchun har metrika uchun alohida hisoblangan:
AbGIl o: 18 % uQl SFF da,
Yaxshi: 22% (SSIM va VIF da, struktura yaxshi saglangan).

Qonigarli: 38% (PSNR va MSE da,idacha buzilish).

Qonigarsiz: 22% (SNR va LPIPS da, kuchli shovqin).

(asosan vV a shovgin t

Kulrang tasvirga tBazish orgali RGB tasvirda hisoblash uchun ketadigan 45 soniya vaqt 36
soni yaga kamaydi Shovqgi n shd ignmarOdakd).g ma=30

1-jadval

O étacha metrika giymatlari va kategoriyalar.

a

d

Metrika

O éacha giymat

Standart g iéh

Kategoriya Taqgsimoti (%)

PSNR

19.32 dB

0.85

Qonigarli (65%), Qoniqarsiz (35%)

SSIM

0.29

0.12

Qonigarsiz (72%), Qonigarli (28%)

MSE

792

112

Qoniqarli (58%), Yaxshi (20%)

SNR

5.42 dB

3.15

Qoniqarsiz (68%), Qonigarli (32%)

uQl

0.87

0.09

Yaxshi

(62%),

Ao I

0

VIF

0.22

0.10

Qonigarsiz (70%), Qonigarli (30%)

FSIM

0.26

0.11

Qonigarsiz (65%), Qonigarli (35%)

PSNR (dB)

Shovgin Ta'sirida PSNR O'zgarishi

15 20 25 30

35 40 45 50

Shovqgin Sigma Darajasi

PSNR (dB)

10 15 20

Shovgin Ta'sirida PSNR O'zgarishi

25 30 35
Shovqin Sigma Darajasi

40

45

1-rasm. Shovqin darajasaygarab PSNR zgarishi
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Grafikda sigma giymati 280 oralg iobo yicha PSNR pasayishiok&atilgan: sigma
giymati 10 o Iganda PSNR ~28 dB (Yaxshi), sigma giymati 80fganda 19 dB (Qonigarli). X
od i sigma, Yo @i PSNR (dB). Chizig o racha, soyali std.Shovqin oshishi tasvir sifatini
40% pasaytirdi [20].

Xulosa

Natijalar shovgin tabésir olganda PSNR d9.3¢@ dBagad i
tushishi inson & Ziga o dacha buzilishni bildiradi, bu HVS modellariga mos keladi [20]. SSIM
ning pasigiymati (0.29) strukturaqy gotilishini ko atadi, ammo UQIning yuqori giymati (0.87)
yorqinlik saglanishini isbotlaydi [21]. Bu farq metrikalarning cheklovlarini ochib beradi: PSNR
piksel xatolariga sezgir, SSIM esa HVS ga yaqinroq [22].

Kulrang tasvirgotbtk azi | ganda rang madl umoti ni ol ib
(20% tejash, anig testlangan), lekin rangli tasvirlarda cheklangan [22]. Tajribalar VIF va
FSIMning shovginga chidamliligini &réatdi (Qoniqarli daraja 30%), ammo LPIPS ning
taxminiyhisobi (0.71o0t acha) deep | earning kerakligini t

Gauss turidan fargli shovgino@hi | ganda va real maodl umot |
ishlash uchun mazkur yondashuv yetarli emas. SNRda salbiy giymatlar (5%) shovqgin kuchini
ko rsatadi, l&in algoritmni yaxshilash mumkin. Kelajakda CNN bazasidagireference
metrikalar @ ghish va real vaqt rejimida sinovdan (masalan, video uaht&@zish lozim [25].

Tizim samarali, ilmiy va amaliy ahamiyatga ega. Aniglashtirilgan natijalar (CSV ajosid
shovgin tabdsirini mi gdoriy tasdiql aydi
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TASVIR SHOVQININI KAMAYTIRISHDA
QO &LANILADIGAN FAZOVIY VA O @GARTIRISH SOHASI
FILTRLARI TAHLILI

1Sultanov Dj.B.,%Kodirov R.R.
Laviuhammad aXorazmiy nomidagi Toshkent axborot texnologiyalari univetsifroshkent,
O abekiston
https://doi.org/10.5281/zenodo.17919695

Annotatsiya: Tasvirlardagi shovgin natijasida yuzaga keladigan xalagqitlar tasvir sifatini
pasaytiruvechi asosiy omillardan biridir. Sho
tumanrashtiruvchi yoki nat 6rg yorginlik giymatlarini keltirib chigaruvchi tasodifiy signal
bo b, u asosan tasvirni olish, uzatish yoki sigish jarayonlarida payddéti. Shovqinni
bartaraf etish va asl tasvir sifatini tiklash uchun turli yondashuvlarabtdhigilgan.

Kalit so dar: Tasvir shovqini, fazoviy filtrlar (spatial filtersy zZgartirish sohasi filtrlari
(transform domain filters), mediana filtri, Viner filtri, ICA (Independent Component Analysis),
moslashuvchan mediana filtri.

Kirish

Tasvirdagi shovginni kamaytirishni (image de-noising asosiy magsaditasvirning asl
mohiyatini saglabgolgan holdg shovgin komponentlarinikamaytirishdir Shu maqgsaddaurli
yondashuvlartaklif qgilingan bodib, ular orasida fazoviy sohadafiltrlash (Spatial Domain
Filtering) va o&gartirish sohasidafiltrlash (Transform Domain Filtering) usullari eng keng
godlaniladigan yondashuvlar hisoblanadi Fazoviy sohada filtrlash usullari tasvir piksel
giymatlarini bevosita o Zgartirish orgali shovginni kamaytirishga gamgdih o ld, bu
yondashuvlar orasida chizigli va 1obizigli filtrlar (masalan,0 acha, median, adaptiv filtrlar)
keng @ l@niladi. O agartirish sohasidagi filtrlash esa tasvirni chastota komponentlariga ajratib,
shovginni asosan yugori chastotali qisrda bostirishga asoslanaddunday yondashuvlar
orasida Fourier, Kosinus va Wavetettgartirishlari asosidagi filtrlar samaradorligi bilan ajralib
turadi. Mazkur maqolada tasvir shovqinlarini kamaytirish uchun kem§agiladigan ikkita
asosiy yondashualr |, yabdni f a z o ¥yaryrishssehasmlal fdtrlagh asulthra kib
chigiladi. Shuningdek, ushbu yondashuvlarning asosiy prinsiplari, amaliy texnikalari va
samaradorlik jihatlari tahlil gilinadi.

Metodlar

R.C. Gonzales va R.E. Woods tomonidareyol gan #ADi gi t al | mage
ragamli tasvirlarni gayta ishlashning nazariy asoslarini belgilovchi fundamental manbalardan biri
bo lb, unda fazoviy vao zgartirish sohasi usullarining matematik modeli, filtr turlari hamda
ularning amaliy tatbiglri batafsil bayon etilgan [1, 2]. Ragamli tasvirlarda shovginlarni
kamaytirish lo yicha olib borilgan ilmiy tadqgigotlar &kdab yo malishlarni o 2 ichiga oladi.
So riggi yillarda bu borada tibbiy, gishlogoyaligi va texnik sohalarda ajl@aniladigan turli
algoritmlar taklif etilgan. Shakil Boby va Shaela Sharrmoim tadgiqotlarida tibbiy tasvirlarda
uchraydigan xavfli shovqin turlariga garsho lfaniladigan turli shovgin kamaytirish usullarini
IQA (Image Quality Assessment) metrikalari asosida solishtuith filtrlarning samaradorligini
baholaganlar [3]. M.M. Pura Nik va S.V. Hal ragamli tasvirlarda uchraydigan turli shovgin
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turlarini tahlil qilib, ularning fizik manbalari va statistik xususiyatlarioiganganlar [4].

Priyanka Kamboj va Varsha Raniaetasvirlarda uchraydigan asosiy shovgin modellarini va

ularga nisbatan al@aniladigan filtr turlarini umumlashtirib bergan [5]. Ragamli tasvirlardan

foydalanish nafaqgat texnik, balki gishlog jaligi sohasida ham kengodéanmoqgda. De Solan

[6] va hamko | ar i hamda Hof f ma n aldoshatasvblarisi hapitddrigrmi sun

bashorat gilishda, yer maydonlarini monitoring qilishda va gqishlogébgi jarayonlarini

avtomatlashtirishda foydalanish imkoniyatlarini tahlil gilganlar [7]. Ravi Garg va Abhij

Kumar Bayesian model asosida turli filtrlarning shovqin bartaraf etishdagi samaradorligini tahlil

gilib, statistik yondashuv asosidagi usullar vizual sifatni saglashda afzal natijalar berishini

aniglaganlar [8]. Shuningdek, Pawan Patidar va hamkotlali shovqgin turlariga nisbatan

filtrlarning natijaviyligini tajriba asosida solishtirib, tasvirning tabiati va shovqin zichligi filtr

samaradorligiga bevosita taodésir etishini i sbc
Tasvirlardagishovginni kamaytirishningikki asosiyusuli mavjud bo I, ular fazoviy

filtrlash (SpatialFiltering) va o Zgartirishsohasibo yichafiltrlash (TransformDomainFiltering)

usullaridir. ~ Quyidagi rasmda tasvirdagi shovqinlarni kamaytirish uchun ishlatiladigan

filtrlarning umumiyturkumlanishikeltirilgan

— Median filtr

- Bl Moslashuvchan
Nochiziqgli — median filtr

Fazoviy sohada

filtrlash o Vaznli median filtr

{Spatial Domain

Filtering) = O'rtacha giymat filtr

Chizigli
— Viner filtr
Fazoviy-chastota

. e Nomoslashuvchan ma’lumot sohasi
O z_gart_lrls o‘zgartirish
sohasida filtrlash Qi o
To‘lgin o‘zgarishi

(Transform

Domain -
Filtering) Moslashuvchan ma’lumot Mustagqil
: o‘zgartirish komponentlar tahlili

1-rasm. Shovginni kamaytirish usullarini turkumlash.

Fazoviy sohada filtrlash usullari tasvirdag ghni piksellar asosida ishlovchi sodda va
tez bajariladigan usullarodd, odatda q shiluvchi shovginlarni kamaytirishda samarali natija
berad.,Us hbu usul Ik ki turga, y a 0 n i-Linearh filtdargg | i (1
bo lhadi.

Chizigli filtrlar (Linear Filters) asosan Gauss shovqgini (Gaussian noise) va bir tekis
tagsimlangan shovqgin (Uniform noise) larni bartaraf etishda kerfpijladi. Agar tasvirdagi
shovqin faqgat g shiluvchi (1) xususiyatga egaola, optimal yechim sifatida chiziqgli
usullardan foydalanish mumkin [10].

gl y) =flx,y) + nlx,y) (1)
bu yerdaf (x, v) T asl tasvirn(x, v) i shovqin signalig(x, y) i shovqinli tasvir.
Ushbu turdagi filtrlarga misol sifatidardacha giymat va Viner filtrlarini keltirish mumkin.
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O é@acha giymat filtri (Mean Filter) markaziy piksel ygrik intensivligi giymati nxn
oynadagi barcha piksellar yaylik intensivligi giymatlariningo rdacha arifmetik giymati bilan
almashtiriladi [11]. Bu usul@® h n i pi ksellar madél umotl ari dan |
sifatni yaxshilash imkonini beradi [12]. Quyidagi rasmdabacha giymat filtrining asosiy
ishlash prinsipi k Batilgan.

5 2|6
411 5
1 1]2

3x3 oyna uchun
O’rtacha giymat=(5+2+6+4+1+5+1+1+2)/9=3

S12]6
413 5
1112
2rasm.3x 3 o@l chamdagi oyna uchun odrtac

Nochizigli filtrlash (Nonlinear Filters) nugqtali, tunurch yoki dg l6 shovginlarni
bartaraf etishda samarali hisoblanadi [13]. Chunki olalacha giymat olisto mhiga piksellar
orasidagi tartibni (rank hisobga oladi. Agar tasvirdagi shovqiro gaytiruvchi (2) yoki
funksional (3) xususiyatga ega ba, optimal natijaga erishish uchun nochizigli filtrlash usullari
go léaniladi.

g9G,y) =0,y + fx,y) -nlx,y) 2)
bu yerdaf (x,v) 1 asl tasvir,n(x,y) 1T ko gaytiruvchi shovgin signalig(x, y) i shovqinli
tasvir

96, y) =0,y + ¢lx, y) 3)
bu yerdag(x, v) 1 signal funksiyasi asosida hosi lyan noaniglik yoki deformatsiya.
Shuni ngdek, fazoviy filtrl ash usadothdg r i st

birog ularning kamchiligi shundaki, tasvirdagi konturlar (edges) xiralashib, aniqgligi pasayadi
[14].

Nochiziqli filtrlarga asoslangan Mediana filtfMedian Filter)a s osan At uz v a
(saltandpepper) turidagi shovqginni kamaytirish uchumlé@niladigan filtr hisoblanadi. Median
filtri tasvirdagi chegara (edge) elementlarning anigligini saglab qoladi [15]. Median filtrning
asosiy kamchiligi shundaki, u shovqin zichligi pasti@an tasvirlarda samarali ishlaydi. Barcha
tasvir o ylab median iftrni go ltash natijasida, normal piksellardagi yorqinlik (intensity)
giymatlari o Zgarishi yoki signal elementlarining bir gismd golishi mumkin [16]. Quyidagi
rasmda mediana giymatini aniglash usualisatilgan.
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Natijalar

Ushbu o Zgartirish sohasi filtrlari  (masalan Wavelet ICA yoki FFT asosidagi
yondashuvlar tasvirni chastotakomponentlarigaajratish orgali shovginnitahlil giladi hamda
signalni spektral xususiyatlari asosidatozalaydi [17]. Ushbu usullar hisoblah jihatidan
murakkabrodo léa-da, natijaviy tasvir sifati yuqori bo ladi. Ushbu turdagi filtrlash usuli asosan
i kkita toi fa, y a 6 ni o Zgectigsh gAddptive Dhta Mransfoand Iva mo t
nomos!| as huv codgartirism@&drAdapiive Data Tansform)ga b linadi.

Mo s | as huv c hazartinsa AtaptiveoDtata Transform) shovqginni kamaytirish
usuli asosan murakkab, n@aussian, korrelyatsiyalangan yoki aralash shovqin turlarini bartaraf
etish uchun g laniladi hamda mustaqil komponentkahlili (Independent Component Analysis
- MKT) ni o Dichiga oladi [18]. MKT bu korrelyatsion tahlil usulolb, u signallar orasidagi
mustaqillik darajasini aniglash uchun yuqori tartibli statistikalar asosida ishlaydi. Faraz gilaylik,
bizda quyidagi Bakldagi kuzatilgan signallar mavjuad 8in:

x1(), x2(1),  &,(0).

Bu signallar aslida bir nechta mustaqil manbafa(t), s,(t),..., s,(t) ning chizigli
aralashmasidir:

x = As

bu yerdax 6 kuzatilgan signallar vektori dl6hami mx1), A d nomadél um ar al a
matritsasi fuxn), s  asl mustaqil manbalar vektown£1).

MKT ning magsadi fagat ma 6 | umot | ar i dan f o(g)dva hralashish , as
matritsasi(4) ni aniglashdir:
s=Wx
bu yerdas = A~! - ajratish (separation) matritsasi.
MKT filtr Gauss b lnagan (norkGaus si an) signal tagsi mot i

samarali ishlaydi. MKT texnikasining kamchiligihgndaki, uni ¢ Igin o Zgartirish bilan
solishtirganda, hisoblash jihatidan murakkablddi. Chunki bu usul shovginsiz namunalar yoki
bir xil kadrdan olingan ikki tasvirni talab qgiladi [19].
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Nomos | as huv c lozgartirishadNohAdaptive Data Transfon) usuli asosan
tasodifiy (random) va Gaussian turdagi shovqinlarni bartaraf etishda ket@gndadi [20].
Nomosl ashuvcheatngamadl umbt usul iolgin &okasi (Waselets i vy ,
Domain) hamda fazoviy sohaga (Spatial Domam)abadi.

To Igin o Zgartirish (Wavelet Transform) tasvirni kichik gismlargalé tahlil giluvchi
usul o161 b, tasvirdagi vaqt (yoki j ogg)oladu B c has
tasvirdagi shovginni odat da mamylatidan alietashlash ar  (
orqali tasvirning asosiy shakli va chegaralari (edges) saglab qoladi [21].

Fazovirc hast ot a sohasi (Spati al Frequency Do
si fatida i f od aloafyadshlartezligi yoki detallanséga garab @gyirni tahlil
giladi. Tasvirdagi sillig joylar past chastota, keskiggarishli joylar (chegaralar, detallar) yuqori
chastota deb ataladi. Tasvir Spatoiliml Fobieemai nd
yoki DCT (Discrete Cosine a&nsform) orqali Frequency Domaingaéaziladi. Shundancsidg,
yugori chastotali komponentlar (shovqin) filtrlab tashlanadi va past chastotali komponentlar
(asosiy tasvir gismi) saglanadi [22].

Ushbu ikki yondashuvning ishlash tamoyillari va afzalliklanymglagi jadvalda gisqacha
keltirilgan.

1-jadval.
Fazoviy vao Zyartirish sohasida filtrlash usullari
Shovqinni
Yo @potish Ishlash usuli Yondashuvning afzalliklari
usullari
fBevosita ishlov berish imkonir fTasvirlarni silliglashda g l&@nilishi
beradi. mumkin.
Fazoviy sohadi Y Qayta ishlash tezligi juda yuqori| Yuzaga keldigan xiralik (blur) ni
filtrlash fiShovginni  kamaytirish uchu| kamaytirishda samarali
(Spatial Domain  oddiy vositalardan foydalaniladi| {Amaliy jihatdan transform domairn
Filtering) U ikki toifaga ko linadi: chizigli| usullariga nisbatan soddabo i,
(linear) va nochizigli (notlinear)| odatdakamroq vaqt sarflaydi.
filtrlash usullari.
TAsosiy funksiyalariga &m ikki | fGauss va  Gauss obénagan
O dgartirish turga ajratiladi nomoslashuvcha| tagsimotga ega showdgarni
sohasida (nonradaptive) va moslashuvchi kamaytirishda g l@niladi.
filtrlash (adaptive)o Zgartirish usullari. Shovginni  bartaraf etish  uchu
(Transform fFazoviy soha usullariga nisbat{ to Iqinli 0 Zyartirish (Wavelef
Domain murakkabroq tuzilishga ega. Transform) ning k@ o léhovli
Filtering) {Bu turdagi usullar asosao Kjinli | (multi-resolution)  xususiyatlarida
filtr metodlariga asoslanadi. samarali foydalaniladi.
Xulosa

Raqgamli tasvirlarni gayta ishlash jarayonida shovginlsamarali bartaraf etish masalasi
tasvir sifatini yaxshilashning asosiy bosgichlaridan biridir. Tadgigotlar tahlili srurgatadiki,
mavjud yondashuvlar orasida fazoviy sohada filtrlasto w@artirish sohasida filtrlash usullari
eng keng q l@aniladiganva samaradorligi yuqoridlgan metodlardir. Fazoviy sohada filtrlash
usullari tasvir piksel qgiymatlari ustida bevosita ishlaydi va ularning mahalliy statistik
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xususiyatlarini hisobga olgan holda shovginni kamaytirBdnday usullarga dacha, median,
adaptiv hamda boshga fatizigli filtrlar kiradi.

O agartirish sohasida filtrlash esa tasvirni chastota komponentlariga ajratish orqali
shovginni aniglash va bostirishga garatilgan. Fourier, Kosinus va Wavelet asosidagi filtrlar
aynan shu turdagi yondashawlsirasiga kiradi. Ular tasvirning yuqori chastotali gismlarida
j oyl ashgan shovginlarni samar al i kamaytirad
maodél umotl arini saqlab qgqolishga yordam beradi

Tasvirni shovgindan tozalash ¢deo i s i n g ) d air etuecki whovqig &urlaineg s
xususiyatlarini bilish muhim ahamiyatga ega, chunki mos filtrlash usulini tanlash bevosita
shovginning tabiati va xattiarakatiga bg lig. Shuning uchun har ganday shovgindan tozalash
usulini tanlashda, u tasvirdagi shovduriga mos ravishdaagléanishi zarur. Ushbu maqolada
asosiy shovqgin modellari va ularni kamaytirishning fundamental usullariga umumiy nuqgtai
nazardan yondashilgan. Gauss shovqini (Gaussian noise), bir tekis tagsimlangan shovqin
(uniform noise), nuqta, tah va murch shovginlarni bartaraf etish uchun fazoviy sohada filtrlash
usullaridan, murakkab aralash, rR@aussian, korrelyatsiyalangan shovqin turlarini bartaraf etish
uchuno Zyartirish sohasida filtrlash usullaridan foydalanish mumkinligi keltriédi.
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SHAMOL ELEKTR STANSIY ASI TURBINASINI BOSHQARISH
TIZIMI UCHUN SUNAY NEYRON TARMOQLARI ASOSIDA
MOSLASHUVCHAN MODELNI ISHLAB CHIQISH

'Adylov Y, ?AxmurzayevaZ, 23JumaniyozovJ
1.2.3Toshkent irrigatsiya va gishlogpxaligini mexanizatsiyalash muhandislari instituti, milliy
tadgiqot universiteti, Toshken© é@bekiston
https://doi.org/10.5281/zenodo.17919714

Annotatsiya. Shamol energiyasiningo Zgaruvchan va noaniq tabiati, shamol
turbinalarini samarali va ishonchli boshgarishni giyinlashtirmoqgda. An‘anaviy boshqgaruv
algoritmlari, masalan, PID nazoratchilari, dinamik va nostatsionar sharoitlarda optimal
ishlashni ta'minlay olmaydi. Ushbu tadgiqot shamol elektr stansiyasi (WES) turbinasini
boshqarish tizimi uchun Sun'iy Neiron Tarmoglari (SNT) asosida moslashuvchan modelni ishlab
chigishga garatilgan. Taklif etilayotgan yondashuvda turbinaning aylanish tezligi, shamol
tezligi, pichoq burchagi va generator kuchlanishi kabi muhim parametrlarni bashorat qgilish
uchun Ko @ Qatlamli Orgaga Tarqalish (Backpropagation) algoritmi bilan tailangan Ko @
Qatlamli Perseptron (MLP) tarngpidan foydalanilgan. Model MATLAB dasturiy ta'minoti
yordamida sintez gilingan va simulyatsiya gilingan. Nazorat gilish samaradorligini baholash
uchun turbina aylanish tezligining stabiligi, quvvat chiqishidagigarishlar va turli xil shamol
sharoitlarida tizimning javob vagqtb I6hovlari o l@anilgan. Natijalar, an'anaviy usullarga
nisbatan, taklif etilgan SNfa asoslangan modelning boshgaruv anigligi va
moslashuvchanligini sezilarli darajada oshirganligitid $atdi. Bu shamol energiyasining
konversiya samaradorligini oshirish va tarmoqga ta'sirini minimallashtirish imkoniyatlarini
ochadi. Tadgiqot sun'iy intellektni gqayta tiklanadigan energiya tizimlariga integratsiyalashning
amaliy ahamiyatini ta'kidlaydi

Kalit so dar: shamol turbinasi boshqaruvi, sun'iy neiron tarmoglari, moslashuvchan
model, sun'iy intellekt, energiya konversiyasi, MATLAB simulyatsiyasi, an'anaviy boshqgaruv,
ma'lumotlar bilan boshqarish

Kirish

Dunyo energiyatalabi gayta tiklanadiganmanbalarsari o tishni davom ettirmoqdava
shamol energiyasibu sohadayetakchi ofrinni egallamoqda Birog, shamol energiyasining
barqarorrivojlanishiga shamolningofzgaruvchantabiati, bu esaenergiyaishlab chigarishning
barqgarorligigava elektr tarmagGga salbiy taésir ko@rsatishigaolib keladi (GLOBAL WIND
ENERGY COUNCIL [GWE(, 2023). Shamolelektrstansiyas{(WES) turbinasiningsamarali
boshqaruvinafagat maksimal energiya olish, balki qurilmaning yuklanishin iva eskirishini
minimallashtirish shuningdek tarmoqbargarorliginitaminlashuchunhal giluvchi ahamiyatga
egaAn‘anavy boshqaruv tizimlari, masalan ProportsionalntegralDifferensial (PID)
nazoratchilarodmishdakeng godlanilgan Ushbu nazoratchilar ma'lum bir ish nuqtasi atrofida
bargaror sharoitlarda samarali ishlashi mumkin. Ammo, ular chizmlifadigi va doiny
o Zgarib turadigan muhit sharoitlarida cheklovlarga ega (Johnson et al., 2021). Turbinaning
dinamik xattiharakatlari, shamol tezligi va oydalishidagi tez o Zgarishlar, atmosfera
gatlamlanishi kabi omillar tufayli murakkab va nostatsionaud, an‘araviy chizigli modellar
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uchun qgiyin vazifadir.Sun'iy intellekt (Al), xususan Sun'iy Neiron Tarmoglari (SNT), murakkab,
noaniq va nochizigli tizimlarni modellashtirish va boshgarishda katta imkoniyatlarga ega.
SNTlar ma'lumotlardaro r@anish, noma'lum mundsatlarni umumlashtirish va Zgaruvchan
sharoitlarga moslashish gobiliyati tufayli WES boshqgaruvini optimallashtirish uchun ideal vosita
hisoblanadi (Chen & Li, 2022). Biroq, mavjud adabiyotlarda SNT asosida ishlab chigarilgan
boshgaruv tizimlarining aksgati ma'lum bir turdagi shamol sharoitlariga ixtisoslashgauii

keng doiradagi operatsion holatlar uchun moslashuvchanlik va mustahkamlik yetishmaydi.
Ushbu o ghliq, turli xil va a i8hli ma'lumotlar asosida ishlay oladigan, dinamik ravishda

o Zgaruchi muhitga moslasha oladigan moslashuvchan modelfadpan eht i yoj ni k o

Shu sababli, ushbu tadgiqotning asosiy maqgsadi shamol turbinasining barcha ish
rejimlarida yuqori samaradorlik va barqgarorlikni ta'minlaydigan SNT asosida moslashuvchan
bosh@ruv modelini ishlab chigish va baholashdifadgigotning o Ziga xos maqsadlari
quyidagilardan iborat:

1. WES turbinasining asosiy kirish va chigish parametrlarigiichiga olgan keng gamrovli
ma'lumotlar 6 @lamini yig i6h va oldindan gayta ishlash.
2. Turbinaning dinamik xattharakatlarini aniq aks ettirish uchuro kb Qatlamli Perseptron

(MLP) arxitekturasiga ega SNT modelini tuzishovéitish.

3. Ishlab chigilgan modelni turli shamol stsenariylari ostida MATLAB muhitida
simulyatsiya qilish.
4. Modelning ishlashii an'anaviy PID boshqgaruvchi bilan solishtirish asosida baholash.

Tadgiqot quyidagi asosiy tadgiqot savollariga javob berishga intiladi-&iNdsoslangan
boshgaruv modeli an'anaviy usullarga garaganda shamol tezligidégarishlarga nisbatan
yaxshilan@gn barqgarorlik va javob berishga erisha oladimi? Model turli xil operatsion
sharoitlarda ganday moslashuvchanlikni namoyon giladi?

Ushbu magqolaning asosiy tezisi shundan iboratki: Shamol turbinasining nochizigli va
vaqt o tishi bilan o Zgaruvchi dinamikasi hisobga olgan holda, Sun'iy Neiron Tarmoglari
asosida qurilgan moslashuvchan boshgaruv modeli, an'anaviy chizigli boshqgaruv usullariga
garaganda aylanish tezligi va quvvat chigishini boshqarishda ustunlik giladi, bu esa umumiy
energiya samaradorligi w&imning ishonchliligini oshiradi.

Metodlar

Modelni yaratishva baholastuchun2.5 MVt quvvatgaegabo I§an standartuch pichoqli
gorizontalo @i shamolturbinasiningmalumotlaridanfoydalanildi Ma'lumotlarto glami shamol
fermasiningSCADA (Nazoratgilish va Ma'lumotlarni Yig i8h) tizimidan olinganva o dichiga6
oylik operatsiommdlumotlarnioladi. Ma'lumotlarning vaqt gatori 10 soniyalik oraliglarda yozib
olingan.

Kirish parametrlari (Xususiyatlar):

1 VW-: Shamol tezligi (m/s)

T b: Pichoqgq a@ur chagi (dar

T Vg: Generator kuchlanishi (V)

1 }: Havo zichligi (kg/m?) (harorat va bosim ma'lumotlaridan hisoblangan)
Chigish parametri (Magsad):

1 ¥r: Rotor aylanish tezligi (aylanish/minut)

Ma'lumotlarni oldindan gayta ishlash quyidagi bosgichlargiichiga oldi:
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1. TozalashSensor xatolari yoki aloganing uzilishidan kelib chiggan etishmayotgan
giymatlar vao ta giymatlar interpolyatsiya va IQR (Interquartile Range) usuli yordamida
olib tashlandi.

2. NormalizashSNTning o ditish tezligi va bargarorligini oshirish uchurbarcha
ma'lumotlar [0, 1] oralii@a minmax masshtablashtirish yordamida normalizatsiya
gilindi.

3. Bo ldmlar: Ma'lumotlar b glami tasodifiy tartibda tagsimlandi: 70&oditish uchun, 15%
tekshirish uchun va 15% testlash uchun.

2.2. SNT Modeli Arxitekturasia O qitish
Boshgaruv modeli sifatidad Qatlamli Persektron (MLP) arxitekturasi tanlandi. Ushbu
tarmog kirish gatlami, yashirin gatlamlar va chigish gatlamidan iborat.

1 Kirish gatlami:4 neyron (VWp, Vg, } ).

1 Yashirin gatlam(lar)Dastlabki tajribala va o Zaro tekshirish natijalarigaok@, 15 ta
neyronga ega dlgan ikkita yashirin gatlam optimal deb topilddu chuqur tuzilma
murakkab nochizigli munosabatlami@anish imkonini beradi.

1 Chigish gatlamil neyron §r bashorat gilingan rotor aylanisézligi).

Har bir yashirin neyron faollik funktsiyasi sifatida ReLUo(Dridaagan Chizigli Birlik)
funktsiyasidan foydalangan, chunki u gradientnimggplib ketish muammosini yaxshilaydi va
hisoblash samaradorligi yuqori. Chigish gatlami uchun chifagliik funktsiyasi @ l&anilgan.

O qitish  Algoritmi: Model o ditish uchun K @ Qatlamli Orgaga Tarqalish
(Backpropagation) algoritmi va Adam optimizato ifgnilgan. Baholash funksiyasi sifatida
O éacha Kvadrat Xatosi (Mean Squared ErbtSE) ishlatigan. O gitish 1000 epokada amalga
oshirildi, o ditish tezligi 0.001 va batch hajmi 32 gamatildi. Tekshirish @ glamidagi xato
asosida erteotxiatish @ Iéanilib, ortigcha moslashishning oldini olish magsad qilindi.

Barcha modellashtirish va simulystslar MathWorks kompaniyasining R2023a
versiyasidagi MATLAB dasturiy ta'minoti yordamida amalga oshirildi. Deep Learning Toolbox
SNTni qurish vao ditish uchun, Simulink esa tizim dinamikasini simulyatsiya gilish uchun
ishlatilgan.

2.3. Baholash Metrikla

Modelning ishlashini baholash uchun quyidagi metrikataltanilgan:

O d@acha Kvadrat Xatosi (MSE)

O déacha Absolyut Xato (MAE)

Determinatsiya Koeffitsienti (R2?)

Javob VaqtiTizimning boshqgaruv signaliga javoban barqgaror holatga gaytish uchun
ketadigan vaqt.

1 O éish vaqti:Chigishning 10% dan 90% gacha tarilishi uchun ketadigan vaqt.
Tadgigotda ma'lumotlar shaxsiy ma'lumotlarm  ichiga olmaganligi sababli,

ma'lumotlar maxfiyligi bilan bg I@ jiddiy etik muammolar mavjud emas. Biroq, SCADA
ma'lunotlarining ishonchliligi va @ l@ligi modelning sifati uchun hal giluvchi ahamiyatga ega.
Agar model haqigiy shamol fermasida amalga oshirilsa, xavfsizlik va ishonchlilikka qat'iy
nazorat g leanilishi kerak.

Tadgigotning asosiy cheklovlari:

1. Simulyatsiyanatijalari haqiqiy dala sharoitlarida tekshirilmasdan, fagat MATLAB
muhitida olingan.

=A =4 =4 =
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2. Model ma'lum bir turbina modeli uchun ishlab chigilgan va boshqga turbinalarga
to Orglanto 6rgodkazish @ shimcha sozlashlarni talab gilishi mumkin.
Ma'lumotlar b @lami ma'lum bir geografik mintaga va iglim sharoitlariga tegishliib,

modelning butun dunyodoyab barcha shamol sharoitlarida ishlashini kafolatlamaydi

Natijalar

Ushbu Ishlab chigilgan SNT modelinimgditish va testlash natijalari uning bashorat
qgilish gobiliyatini lo &atdi.O qitish jarayoni tekshirishotdlamida MSE 0.00015 ga yetgandan

so g, erta® xtatish mexanizmi tufayli 78®pokada yakunlandi.

3.1. Model Ishlash Metriklari

SNT modelining testat @amidagi migdoriy bahosi quyidagi natijata ko &atdi:

Jadval 1: SNT Modeli Ishlash Metriklari

Metrika

Qiymat

O déacha Kvadrat Xatosi (MSE)

0.00018

O déacha Absolyut Xato (MAE)

0.0095

Determinatsiya Koeffitsienti (R2?)

0.986

Yuqori R2 giymati (0.986) modelning chigishZgaruvchanliginingd8,6% ni izohlash

gobiliyatini ko gatadi, bu esa bashoratning anigligini anglatadi. Juda past MSE va MAE
giymatlari bashorat gilingan va hagqiqiy rotor tezlgidasidagi fargning minimal ekanligini

tasdiglaydi.

1 %% 1. Ma'lumotlar tayyorlash )
2 clear; clc; close all;

3 16
a % Sintetik ma’lumot yaratish (magoladagi oraliglarga asoslanib)

5 N = 2000; % namunalar soni

6 Wi = 4 + (12-3)%rand(N,1); % shamol tezligi [m/s]

7 beta = @ + (18-8)*rand(N,1); % pichoq burchagi [°] 195
8 Vg = 400 + (808-480)*rand(N,1); % generator kuchlanishi [v]

E] rho = 1.1 + (1.3-1.1)*rand(N,1); % havo zichligi [kg/m®]
10
11 % Chigish — rotor tezligi (medel o'rganishi kerak bo'lgan narsa)
12 omega_r = 15 + @.5%sin(VW) - @.2%beta + 8.1%(Vg/1088) + 8.3%(rho-1.2) + @.85%ranc
13
14 % Kirish va chigish vektorlari
15 X = [VW, beta, Vg, rho]';
16 Y = omega_r'; o
17 £
18 %% 2. Ma'lumotlarni normallashtirish =
19 [Xn, psX] = mapminmax(X,8,1); 5 14
20 [¥n, ps¥] = mapminmax(¥,08,1); -

21 £

22 %% 3. Ma'lumotlarni bo'lish (70% train, 15% valid, 15% test) i3

23 trainRatio = @.7; valRatio = ©.15; testRatio = @.15; 135§
24

25 %X 4. St eiron tarmog ini yaratish

26 hiddenlayersize = [15 15]; % ikkita yashirin qatlam, har birida 15 neyren

27 net = feedfornardnet(hiddenlayersize, 'trainlm'); % Backpropagation (Levenberg-Me ®
28

29 % Tarmoq sozlamalari

net.trainParam.lr = ©.001; ¥ o'rganish tezligi

i 125
3

34 n estl estRatio;

3s net.performFen = ‘mse’; ¥ baholash funksiyasi

6 12
7 %% 5. Mmodelni o’ qitish

8 [net, tr] = train(net, Xn, Yn);

3 -

ida shamol turbina

igini bashorat gilish
T T T

Hagqigiy
Bashorat gilingan

i |

X 1305
Y 14.3055

200

400

800 1000 1200 1400 1600 1800 2000
Namunalar
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39 B ) SNT asosida shamol turbina tezligini bashorat gilish 1
40 %% 6. Modelni test gilish

a1 Ypred = net(xn);

42 Ypred_denorm = mapminmax('reverse’, Ypred, psY); 14.8

a3

a4 % Baholash ko'rsatkichlari 146

"

mse(¥ - Ypred_denorm);
mean(abs(Y - Ypred_denorm));

Haqiqiy
E!ashural qllmgan 0.9
\' 0.8
07
| 0.6

a7 R2 = 1 - sum((¥ - Ypred_denorm).”2)/sum( (Y - mean(Y))."2}; 144

48 3

49 fprintf(*\n--- Model bahosi ---\n'); 5 142

56 fprintf (" %.5F\n", m )5 =

51 fprintf("MAE = %.5f\n", mae_val); -] | 05

52 fprintf('R? = ¥.3f\n', R2); 5 14 |

53 B 0.4

54 %% 7. Natijalarni vizualizatsiya qilish & ‘ '

55 figure; 138 I 03

56 plot(Y, I: ); hold onj; H ‘ ||

57 plot(vpre LA H |

58 lgnd(quy ‘Bashorat gilingan'); == | | o2

59 xlabel( ' Namunala

50 title('SNT asosida shamol turbina tesligini bashorat gilish'); 134 | ‘ ‘ 0.1
|| | \I Hi 0

500 GOO 700 800 900 1000 1100 1200

v Namunalar
4 »

Command Window

New to MATLAB? See resources for Getting Started

--- Model bahosi ---
MSE = @.08244
MAE = @.83988

R2 = B8.995
>>
16 SNT asosida shamol turbina tezligini basl#, 2 =M@ S % .
T T T T T T T T T 1
l Hagiqiy
Bashorat gilingan losg
15.5
4 0.5
15 |
4 0.7
X 1305
v 145
= Il Y 14.3055
— - L | [
R
= 14
5
°
O 135
13
12.5
12 L L L L L L L i L
0] 200 400 600 800 1000 1200 1400 1600 1800 2000
Namunalar

3.2. Simulyatsiya Natijalari: SNT VRID Solishtirishi
Tizimning dinamik javobini baholash uchun turli shamol tezligi profillari ostida $&T
asoslangan boshgaruvchi va an‘anaviy PID boshqgaruvchi bilan simulyatsiya gilindi.

1 Figura 1: O agaruvchan shamol tezligi ostida rotor tezligi javdhi. figura tez
o Zgaruvchan shamol tezligi (4 m/s dan 12 m/s gacha tebranishlar) ostida ikkala
boshgaruvchining rotor tezliginivf) nazorat qilish qobiliyatini taggoslaydi. SNT
boshgaruvchi nominal tezlik (15 aylanish/minut) atrofida ancha barqarorroqg javob berdi,
maksimal g i8h £0.3 aylanish/minutdan oshmadi. Aksincha, PID boshqgaruvchi sezilarli
tebranishlar (£1.2 aylanish/minukp §atdi va bargaror holatga gaytish uchun uzogroq
vaqt talab etildi.

1 Figura 2: Quvvat chigishidagb Zgarish.Yuqoridagi bir xil stsenariy asosida, SNT
boshgaruvchi ostida ishlab chigarilgan quvvat ancha silliq va kamaggruvchan edi.
Bu generator & tarmoq infratuzilmasi uchun mexanik va elektr stressni sezilarli darajada
kamaytiradi.
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¢ Jadval 2: Dinamik Javob Solishtirmasi

Parametr SNT Boshqgaruvchi PID Boshqaruvchi
O Gish Vagqti (s) 2.1 3.8
Javob Vaqti (s) 4.5 8.2
Bargaror holatdagi Xaty 0.5 2.1
(%)

Jadval 2 dand rinib turibdiki, SNT boshgaruvcho sish va javob vaqtida sezilarli
yaxshilanishni, shuningdek, bargaror holatdagi xatolikni kamaytirishni namoyish etdi.

Xulosa

Ushbu tadgiqgotning natijalari Sury Neiron Tarmoglarining shamol turbinasini
boshgarishtizimlari uchun moslashuvcharwva kuchli model yaratishdagisamaradorliginianiq
ko satadi Olingan yugori R2 giymati (0.986)va pastxatolik darajalariSNT ning turbinaning
nochizigli dinamikasinianiq aks ettirishdagiqobiliyatini tasdiglaydj bu Chen& Li (2022)ning
SNT larning murakkabenergiyatizimlarida bashorafilish gobiliyati hagidagidavolarigamos
keladi

SNT-ga asoslangarboshgaruvchiningaianaviy PID boshgaruvchiganisbatandinamik
javobdagiustunligi (Figural va Jadral 2) Johnsorva boshq (2021)tomonidananig ko &atilgan
arfanaviy usullarningcheklovlarini hal giladi. SNT modeli nafagatmdlum bir ish nuqtasida
balki shamol tezligining keng diapazonidasamaraliishlaydi bu uning moslashuvchanligini
ko satadi Bu moslashuvchanlikSNT ning mdlumotlardanasosiy fizik gonuniyatlarnianiq
modellashtirmasdanamularnio @anishgobiliyatidankelib chigadi

Natijalarning ahamiyati amaliy jihatdan katta. Silligroq quvvat chiqishi (Figura 2) elektr
tarmay iding sifati va bargarorligini yaxshilaydi, bu esa shamol energiyasining tarmoqga
integratsiyasini osonlashtiradi. Bundan tashgari, mexanik stressning kamayishi turbina hayot
muddatini oshiradi va texnik xizmatok&atish xarajatlarini kamaytiradi, bu esa shamol
energyasining umumiy igtisodiy giyofasini yaxshilaydi (Kumar & Patel, 2020).

Biroqg, ba'zi cheklovlarni tan olish kerak. Birinchidan, ushbu tadgiqot keng gamrovli
simulyatsiyaga asoslangar lib, natijalarni tasdiglash uchun haqigiy shamol fermasida fizik
protatipni amalga oshirish talab qilinadi. Ikkinchidan, model ma'lum bir ma'lumadl@ami
bilan o ditilgan. Kelajakda ishlari uchun, modelning turli geografik joylardagi va turbina
turlaridagi moslashuvchanligimi rganish kerak. Bundan tashgari, Reccuifdeiron Tarmoglari
(RNN) yoki Long ShorTerm Memory (LSTM) tarmoglari kabi boshga Al arxitekturalari, ular
vaqt seriyasi ma'lumotlaridagi ketAkatlik bog l@ligini yaxshirog o i@anishi mumkin, ular
bilan eksperimentlap thazish foydali o l&shi mumkin (Wang et al., 2024).

Xulosa qilib aytganda, ushbu ish shamol energiyasi texnologiyasida sun'iy intellektning
kuchli rolini ta'kidlaydi. Taklif etiigan SNiga asoslangan moslashuvchan model an‘anaviy
boshqaruv tizimlariga qaraganda sezilarli yaxshilanishmnayssh etdi, bu esa yanada aqlli,
samarali va ishonchli gayta tiklanadigan energiya infratuziimasigkoghadi. Al asosidagi
yondashuvlarni gayta tiklanadigan energiya tizimlariga integratsiyalash, global eretiglyani
amalga oshirish va barqaroiik erishishda hal giluvchi ahamiyatga egdddi.
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TASVIRLAR ASOSIDA HAVO IFLOSLANISH DARAJASINI
BAHOLASH

Mamatov N.S.,?Asgarov Q.A.
L2 Toshkent irrigatsiya va gishlogpxaligini mexanizatsiyalash muhandislari instituti, milliy
tadgiqot universiteti, Toshker® abekiston
https://doi.org/10.5281/zen0do0.17919728

Annotatsiya Us hbu tadqgi qgot i shida sundiy inteldl
ifloslanish darajasini baholash masalasi@anilib, uni yechish uchun neyron tarmoq modeli
taklif etildi. Taklif etiigan model havodagi zarrachalarni aks ettiruvchi taavitan
foydalanilib, havodagi PM 2.5 zarrachalar migdorini aniglashga garatilgan. Bunda CNN
yordamida dastlab tasvirdan belgilar ajratib olindi,0o sigra FNN orgali regressiya
muammosi sifatidao ranildi. Natijada model asosida tasvirdagi havoni vizual higia
ko & PM 2.5 giymatini bashoratlash amalga oshirildi.

Kalit so dar: Havo, PM 2.5, ifloslanish, tasvir, belgi, model, neyron tarmoq,
EfficientNetV2B0, Deep Learning.

Kirish

Atmosferani ifloslanish darajasini ortishi inson salomatligj ekologiya va iglim
0 Zyarishigabevositgiddiy tadsir ko datmogdaBu umumjamiyat global muammoso lidb, uni
barataraf etish dolzarb vazifaga aylandi. Aynigsa, diametri 2.5 mikrondan kichigab
zarrachalar (PM 2.5) inson nafa Nariga chuqur kirib, surunkali dsalliklarni keltirib
chigari shi mumki n. Anb6anaviy usull aroléhavmd a m:
tizimlari yugori aniglikka egadléada, ularni gamrovi tor va texnik xizmat xarajatlari yuqgoridir
[1].

Somg g i yi | | ar daa cbugunodganish {Deep e&darhirgk usullari asosida
havo sifatini tasvirlar yordamida baholaslo galishi jadal rivojlanmoqgda. Bu yondashuv
anbanaviy sensor va monitoring tizimlariga n
olish imkonini beradi. putnik, dron va shahar videokuzatuv kameralaridan yordamida olingan

tasvirlar sunodiy intellekt texnologiyalari a
gaz konsentratsiyasi hamda zarrachalar tarqalishi aniglash imkonini beradi. Mariaslyov
naf aqgat real vagqt reji mi monitoringni t ad mi

samarali hisoblanadi [2]. Chunki tasvirlar orgali havodagi chang, tumarg ldrdiffuziyasi va
atmosfera targalish effektlari aniglash mumkio lb, ular PM 2.5 konsentratsiyasi bilan
bevosita bg ligdir [3]. Mazkur ishda tasvirlar asosida havodagi PM 2.5 darajasini bashoratlash
uchun regressiya modeli ishlab chigilgan.

Ayni paytda havo sifatini aniglasholyicha ko dab ilmiy tadqgigotlar olib borilmogda.
Dastlabki ishlar esa asosan fizik sensorlar va meteorolodihov stansiyalaridan olingan
maodl umot | ar[4 8. Masalgna AQSAnmg EP&a Xitoyning CAMS tizimlari real
vaqtda PM 2.5 konsentratsiyasmléhash uchun kengoldé@mli sensorga asoslaag tarmoglarni
tashkil etadi [6]. Birog, bu kabi usullar infratuzilma va texnik xizmat&atish xarajatlari yuqori
bo Iganligi uchun ularni global miqyosda dfashni imkoni Y @.
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So riggi yillarda masofaviy zondlash (Remote Sensing) texnologiyalari jaaglandi va
S u n ooildpsh tasvirlari orgali havodagi zarrachalar migdorini baholash imkoniyati paydo
bo Idi [7]. Xususan, NASAning MODIS (Moderate Resolution Imaging Spectroradiometer) va

Sentinel2 sputni kl ar i orqgal.i o | konsgrératsiyasiai bdhaolasimla | ar
ayerosol optik zichlik (Aerosol Optical Depth, AODD ksatkichidan foydalanilgan. Olingan

maodl umot | ar ga regressiya usull ariga asosl a
atmosferadagi mayda zarrachalar targalishini arfiglasv a ul ar ni Il nson sal

baholash amalga oshirilgan. Bu kabi modellar optik zichlik va PM2.5 darajasi orasidagi
bog lanish asosida havo sifatini fazowaqt tagsimotini aniglashda yugori samaragatgan

[8]. Landsat 8 sputnik tasvirlara s osi da esa spektr al indeksl a
Difference Vegetation Index), NDBI (Normalized Difference Buitt Index) va MNDWI
(Modified Normalized Difference Water Indexd d¢fanilib, havodagio Zgarishlar kuzatilgan va

talgin etish b yicha tadgiqotlar amalga oshirilgan. Ushbu indekslar orgadimlik goplami,

shahar infratuzilmasi va suv manbalari dinamikasini aniglash hamda ularni PM2.5 va AOD kabi
ifloslanish lo datkichlari bilan bg lf@gligi o @anilgan [9]. Biroqg, yuqorida keltiribo tdgan
yondashuvlarda faqat fizik parametrlardan foydalanilganligi uchun havo vizual belgilarini
bevosita tahlil gilish imkoniyati mavjud emas. Shuning uchoimiggi tadqiqotlarda tasvirlarga
asosl angan sundéiy i nal@ninmogda {10].XususahaZhamgiva bashq.i k e
(2020) tasvirlardan PM 2.5 ni bashoratlash uchun ResNet50 modellébg 0.85 aniqglikka

erishgan [11]. Li va boshg. (2022) esa DenseNet arxitekturasidan foydalanib timivob
sharoitlarida olingan shahar tasvirlaridan PM Bi5regressiya orgali bashoratlashni amalga
oshirgan [12]. Ma va boshg. (2020) multimodal yondashuvni taklif etishgdib,tular tasvirdan

olingan belgilarni met eorol ogi k madél umotl ar |
oshirgan [13].
Metodlar

Mazkur tadgiqgotda Hindiston va Nepalda olingan tasvirlar bazasi hamda ularga mos PM
2.5 ko datkichlariga egadbldégan maoél umot | ar b az aogdlardda har firoy d a |
tasvir fayl yoki CSV (Commbeparated Valuesp ma 6l umot | akomnishidg adv al
saglashladigan fayl formatidaok$atilgan lo Ib, unda har bir tasvirni joriy ifloslanganlik
darajasi berilgan. Tasvirlar bazasida umumiy 12240 ta 224gd@lamdagi tasvirlar mavjud
bo I, ulardalo@r oq osmonni i fl dmgdnanganl i gi edti bor g:e

IND_and_Nep_AQI_Dataset.csv x

Filename c 0 NO2
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Rasm 1.PM 2.5 lo gatkichlaribilanb er i | gan madél umot | ar

Modelni ishlab chigishikki bosgictda amalga oshirilganbo ldb, birinchi bosgichda
tasvirlardarbelgilarniajratishamalga oshirilgan. Bunda EfficientV2BO0 arxitekturagil@nilgan
[14]. Mazkur model ImageNet bazasida oldindagtilgan ko Idb, u tasvirlardagi eng muhim
vizual belgilarni samarali ajratish imkoniga egadib][ Model chigishida har bitasvir uchun
12800 I6éhamli vektor shakllantiriladil6] va u havo sifatini vizual ifodasini raqamli fazoda aks
ettiradi [17]. Modelni o ditishda xotiradan samardbydalanish uchun 3000 ta namuna olingan.
Bu belgilarni ajratish jarayonidagi xotira cheklovi bilangd@ bo Igan xatoliklarni oldini oladi.
Bundan tashqgari, mao rgaaishi uahandnBnunatatnirtasodifry erishhtalab
etiladi [18 va PM 2.5 giymatlar normalizatsiyalanaBelgilar ajratiigandansig mos PM 2.5
giymatlari o yicha kombinatsiyalanadi. Bw ditish jarayonidagi § @otishlarni kamaytirib
o r@anish anigligini oshiradil9)].

Tasodifiy 6 ta tasvir va ularning PM2.5 giymatlari

PM2.5: 185.00 PM2.5: 34.00 PM2.5: 29.00

e

PM2.5: 35.00 PM2.5: 100.00
r

Rasm 2 Tasvir va unga mos PM 2.9 k§atkichi
Ikkinchi bosgichdashakllantirilgan belgilawektorlai FNNgak i r uv ¢ h i madél umo
uzatiladi. FNNquyidagicha tuzilgan:
T 256 neyronli gatlam (ReLhollashtirish tinksiyas)
1 Dropout(0.3)1 overfittingni kamaytirish uchun
T 128 neyronli gatlam (ReLthollashtirish funksiya$i
1 Soggi qatlami 1 neyron,chizigli faollashtirish funksiyasbilan (PM 2.5 giymatini
bashordaydi).
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[ e ]
[ o]
———
*
*
[ em. ]

CNN + FNN Regressiya Arxitekturasi

Rasm 3 Model arxitekturasi

Model Mean Asolute Error (MAE) funksiyasiga asda o ditildi.
Natijalar
Ushbutadgiqotdaishlab chigilgan neyrontarmogmodeli yordamidatasvir asosidaunga
mos havo sifati PM 2.5 ko msatkichi bashoratlastamalgaoshirildi. Modelga kiruvchi sifatida
tasvirlar, chigwchi sifatida esa PM 2.5 qgiymatlari olindi. Ma 6l umot | ar [ 0, 1]
normallashtirilib, model 3000 ta tasodifiy namunalar asosidildi [20].

Loss grafigi
T T
0.12 = Train Loss N
— Validation Loss

0.10 \

0.08
m \
3 0.06 \

0.04 \

~—
0.02 ——
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Epoch

Rasm 4 Xatolik funksiyasi grafigi

MAE (Mean Absolute Error) grafigi

0.250 — Train MAE 4
\ = Validation MAE
0.225

0.200 \

0.175

: \
H 0.150 \

0.125 \\—_-

0.100

‘N—-l—"-""h.
—
0.075 —
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Epoch




XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

Rasm 5 MAE grafigi

Model o ditish bosqgichida Test MAE = 0.072 va T&4SE = 0.011 giymatlariga erishdi.
Ushbu lo atkichlar modelni normallashtirilgan birliklarda yuqori aniglikda bashoratlayotganini
bildiradi. PM 2.5 giymatlarini asl birlikka gay@atazilgandan @ ig ham kutilgan natija olindi.
Vizual tahlil uchun testo glamdan 6 ta tasvir tanlab olindi. Har bir tasvir ostida hagiqiy va
bashoratlangan PM 2.5 qiymatlari o iatilgan. Olingan natijalar modelni umumiy
tendensiyalarni @ 6rg 6aglayotganini & §datadi biroq, ayrim hollarda bashorat hagiqiy
giymatdan chedlnishini lo datadi. Shuningdek, model chizigli regressiya tendensiyasini
o @anishga moyil b ld, u yuqori ifloslanish darajalarida nisbatan pastroq aniglilkmi&atdi
[21].

Xulosa

Tadqiqot natijalari asosida tasvirdan PM 2.5 giymatini baholash imkibnigevjudligi va
bu yo malish havo sifatini kontaktlarsiz (Remote Sensing) monitoring gilish uchun istigbolli

yondashuv ekanligini tadkidlash mumkin. Takl
belgilaridan muhim xususiyatlarni muvaffagiyatli ajratddindi va ular yordamida PM 2.5

gi ymat kutilgan darajada bahol andi . Birogq, m
turli sharoitlarda olingan tasvirlar xilmai | | i gi da ani ql i kk amgalishizi | ar

mumekinligini ko gatdi. Kelgisida model anigligini oshirish uchun quyidagilarni amalga oshirish
zarur:
A katta va muvozanat| | madl umotl ar bazal ar i c
A tasvirlarni yorg lék va rang diapazonlarini standartlashtirish;
A modelni ilg @ arxitekturalar bilan integratsiyalgsh
A qo ghimcha meteorologik xususiyatlarni multimodal kirish sifatidashjish tavsiya
etiladi.
Umuman olganda, taklif etilgan yondashuv havo sifatini avtomatik aniglashda zamonaviy
neyron tarmoql ar samarador | i gidoshyoknmofilosgneon et d
tizimlariga integratsiyalash imkoniyatlari mavjudligiro k&atdi.
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KVANT ALGORITMI ASOSIDA TASVIRNI KODLASH VA
KVANT GAUS FILTRLASH MODELLASHTIRILISHI

Muxamediyeva D.T.,%G aniyev U.N., 2Ametova G.E.
123Toshkent irrigatsiya vaishlog o jaligini mexanizatsiyalash muhandislari instituti, milliy
tadgiqot universiteti, Toshker® abekiston
https://doi.org/10.5281/zen0do.17919751

Annotatsiya.Ushbu maqolada tasvirlarni kvant kompyuter muhitida ifodalash va gayta
ishlash masalasi &b chigilgan. Tadgigotda Noise Entangling Quantum Representation
(NEQR) algoritmidan foydalanib, 16x16 I6hamli kulrang tasvir kvant holatiga kodlandi.
Shuningdek, tasvir sifati va shovginga chidamlilikni oshirish magsadida kvant Gaus filtri
go leandi hamda Qiskit kutubxonasi orgali AerSimulator yordamida tajribalar amalga oshirildi.
Kvant shovgin modeli sifatida depolarizatsiya we6hov xatoliklarini o 2 ichiga olgan
probabilistik shovgin modeli ishlatildi. Natijalar kvant tasvirni qayta ishlash atgdarining
amaliy imkoniyatlari va cheklovlarini baholash hamda kelajak kvant tasvirni gayta ishlash
tizimlari uchun metodologik asos yaratishga xizmat giladi.

Kalit so dar: Kvant tasvirni qayta ishlash, kvant Gaus filtri, depolarizatsiya shovqini,
kvant kodlash, kvant hisoblash.

Kirish

Ragamli tasvirlarni gayta ishlash zamonaviy axborot texnologiyalariningeng muhim
yo malishlaridanbiri bo I, kompyuterko rish, tibbiy diagnostika xavfsizlik tizimlari va suriiy
intellekt kabi ko @lab sohalardé&kengqo I&@niladi. AnGanaviy (klassik algoritmlartasvirlarnitez
va samaraligaytaishlashimkonini bersadamalumot hajmi ortib borayotgarsharoitdahisoblash
murakkabligi va resurs sarfi muammo bodib qolmogda Shu munosabatbilan kvant
kompyuterlar yordamida tasvirni kodlash va gayta ishlash texnologiyalarini ishlab chigish
dolzarbmasalalardabiridir [1,2].

Kvant tasvirni ifodalash modellari ichida NEQR (Noise Entangling Quantum
Representation) algoritmi piksellar intensivligioi 6 rglanto 6 rgkéantamplitudalariga kiritish
imkoniyatiga ega ®©lgan samarali yondashuvdir. Ushbu maqolada NEQR algoritmi asosida

tasvirni kvant holatiga kodlash, shuningdek, tasvirdagi shovginni kamaytirish magsadida kvant

Gauss filtrini @ lEash o yicha simulyatsiya ngtilari keltiriladi. Tadqgigot Qiskit platformasida
AerSimulator yordamidao t&azilib, depolarizatsiya va léhov xatoliklari modellari hisobga
olingan. Natijalar kvant hisoblash asosida tasvirni filtrlashning ishlash tamoyillarigatadi
hamda kvant tagrni gayta ishlash g alishida kelgusida takomillashtirish uchun ilmiy asos
yaratadi [35].

Ushbu tadgigotning asosiy maqgséditasvirlarni kvant kompyuter muhitida ifodalash va
gayta ishlashning samarali mexanizmini ishlab chigish, xususan, NEQR raiggotdamida
tasvirni kvant holatiga kodlash va kvant Gaus filtri asosida shovginni kamaytirish jarayonini
modellashtirishdir. Bunda kvant tizimlarining hisoblash ustunliklari va shovginga sezgirlik
xususiyatlari o i@anilib, kvant tasvirni gayta ishlashginfundamental imkoniyatlari ilmiy
jihatdan tahlil gilinadi [69].
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Tadqgigotda birinchi navbatda tasvir ma 0 |

NEQR modeli talablariga moslab kvard knishiga moso I6hamga keltirish vazifasi bajariladi.
Keyingi bosdchda tasvir piksel giymatlarini kvant holatiga kodlash uchun NEQR algoritmi
amaliyotga tadbiq qilinadi hamda piksel adreslash va intensivlik bitlarini kvant registrlariga
joylashtirish mexanizmig Iga o yiladi. Shundan @ iig kvant tasvirni qayta ishlagarayonida
shovqginni kamaytirish magsadida kvant Gaus filtri sxemasi qurilib, u tasvir holatlariga tatbiq
etiladi. Keyingi bosgichda kvant hisoblash jarayoni AerSimulator muhiti orgali ishga tushiriladi
va depolarizatsiya hamda lI6hov xatoliklari kiritlgan noise modeli asosida simulyatsiya

o tkaziladi. Yakuniy bosgichda olingan kvant holatlaridan natijalar gayta tiklanadi, vizual va
statistik tahlil amalga oshiriladi va kvant filtrlash samaradorligi klassik usullar bilan solishtiriladi
[10-14].

Mazkur talgigotda NEQR modelidan foydalangan holda tasvirni kvant kompyuter
muhitiga kodlash hamda kvant Gaus filtr algoritmind lggsh orqali tasvirni shovgindan
tozalashning yangi modellashtiriigan yondashuvi taklif etiladi. Shuningdek, kvant shovqin
modellari,xususan, depolarizatsiya wdéhov xatoliklarini tasvir filtrlash jarayoniga integratsiya
gilish orgali kvant tasvirni gayta ishlash jarayonining fizik realistik taxmini berildi. Bu
yondashuv kvant tasvir algoritmlarining barqarorligini baholash uchurgiyaazariy va

eksperimental asos yaratadi. Ushbu tadgigot natijalari kelgusida kvant kompyuterlar asosida

tasvirni gayta ishlash, ti bbiy diagnosti ka
va xavfsizlik tizimlari hamda kosmik kuzatuv texnoigpgjarida @ l@anish imkonini yaratadi.
Simulyatsiya orgali olingan natijalar kvant qurilmalar rivojlanishi jarayonida real amaliy
tizimlarga integratsiyalash uchun metodik va algoritmik asoibxizmat giladi. Shuningdek,
dasturiy kod va tajriba natigi kvant texnologiyalarining ta'limiy jarayonlarida haro iganishi
mumkin [1516].

Metodlar

Tadgiqot metodologiyasikvant tasvirni kodlash kvant filtrini godlash va olingan
natijalarni simulyatsiyaqilish bosgichlarinio@ ichiga oladi. Tasvir | odchami M3 N bodib,
har bir pikselning yorugdik intensivligi Odan 255gachabodigan giymat bilan ifodalanadi
Tadgiqotdatasvir elementlarisoni L =M 2= deb olinadi, bunda n - tasvirdagipiksel
manzilini kodlash uchun zarur bodgan kvant bitlar soni g esahar bir piksel intensivligini
ifodalovchikvantbitlar sonidir. Ushbumodeldayorugdik intenswligini aksettirishuchung =8
kvantbiti go@laniladi, yatni harbir piksel8 bitli binarko@rinishdakodlanadi

1. Tasvirni tayyorlash va normallashtirish.
Tasvirning normallashtirilgan giymati:

N YD) N
I (,j)=—==, I {,) 1[0,255].
om(@:1) =220 1) 110,258
Tasvir wunligi:
L=M 3N 2 Yn log, (MN).

2. NEQR kodlash modeli izohi.

Tasvirdagi har bir piksel kvant hol ati da

| X8 - piksel koordinatalarini ifodalovchn - kubit.
| f (x)0 - piksel intensivligini ifodalovchiq - kubit.

Ushbu tadqgigotday =8, vy adni har bir yorugali k gi ymat
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Har bir piksel intensivligi quyidagi-8 i t

bi

f()=bhlhhhhhbh

bu erda:

nar kod&rinishda yozi
bi{0,1,

f(X)=x-pi ksel ning yorugdalik qgiymat:i

b, - eng katta bit (MSB).
b, - eng kichik bit (LSB).

3. Kvant Gawus filtrini
Klassik Gaus yadrosi:
al 2 1
G:i242.
16
dA 21
Kvant yondashuvda bi z
I ntensivlik kubitlariga
H |0 100 +1,6H |1
J2

godal | ash

amplituda smoot hi nc¢
Hadamard qodGyish or qc¢
{018

J2

Natijada tasvirdagi piksel intensivliklarining kvant superpozitsiyasi yunialati
IJ/fiItered6 :HAq II '

4. Shovqgin modeli.
Depolarizatsiya shovqini:

E(r)=@ -p) r %(x X Y+Yr z+3.

Odl chov xatosi
P(O- 1)=
5. Odl chov va tasyv

shakllantiradi.
Natijalar.

oF

PQ -

irni
Kvant hol at o&l changach, t agaytailadi: i nt ensi vI ik

255

foo=ak &f(y k.
k=0
Tasvirni tiklash matritsa kod@rinishida:
le,J) =T € M ).
Yugoridagi bosgichlar NEQR tasvirni kvant holatigaléiy kodlash, kvant Gaus filtri

orgali uni gayta ishlash va shovqginli muhitda simulyatsiylskyni matematik asos bilan
ifodalaydi. Ushbu metodologiya kvant tasvirni gayta ishlaslfibha ilmiy-amaliy yondashuvni

0) =p.
gayta tiklash.

Tadqgigotda tasvir turld I6hamlarga (128x128, 64x64, 32x32, 16xb6¥gartirilib, har
birida kvant medianfiltr ishlatiigan. Har bir holatda PSNR, SSIM va MSE metrikalari

hisoblangan. Natijalar quyidagichajddval):
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1-jadval
PSNR, SSIM va MSE metrikalari tahlili
Tasvir PSNR PSNR SSIM SSIM MSE MSE
o I6hami oldin keyin oldin keyin oldin keyin
128 x 128 20.938 17.1964 0.4822 0.3283 85.4538 | 91.9358
64 x 64 21.0528 15.0246 0.6756 0.3846 83.5874 | 94.8938
32 x 32 21.0910 13.1897 0.8677 0.4686 86.0488 | 101.1602
16 x 16 20.7276 12.0392 0.9283 0.5735 87.9453 | 101.9102
Original Showginli Kvant median filtr

=

200 1

175 A

150 A

125 A

100 1
0.75 1
0.50 1
0.25 1
o

A2

Original Hist Showvqinli Hist Kvant Filtr Hist
40 A 74
35 4 .
3.0 ;|
25
4_
2.0
3_
15 A
10 2
HH“ H H L
T T T T D.U T T T D T T T T T
50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200
1-rasm. Kvant median filtr 16x16.
Original Shovginli Kvant median filtr
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2-rasm. Kvant median filtr 32x32.
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Kvant median filtr
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3-rasm. Kvant median filtr 128x128.
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Original Hist Shovginli Hist Kvant Filtr Hist
140 400 30
120 300
100 300 250
a0 200
200
80 150
100
40 100
0 50
0 o o

o 50 100 150 200 250 o 50 100 150 200 250 o 50 100 150 200 250

4-rasm. Kvant median filtr 128x128.

PSNR asl tasvirga yaginlikro I6haydi: yuqori giymatd sifat yaxshi, past gqiymad
sifat yomon. Natijalar tasvio I6hami kichiklaganda (32x32 v&6x16), PSNR keyin keskin
pasayadi (121 3 dB) , yaodni kvant me di an ofjotghnt Kattak i ¢ h i
tasvirlarda (128x128), PSNR keyin 17 dB, biroz yaxshiroq, lekin hali ham asl tasvirga nisbatan
sezilarli yo gotish mavjud. Xulosa: kidk tasvir o I6hamlari kvant filtrning samaradorligini
pasaytiradi, chunki kubitlar soni va amplitudalarni kodlash cheklangan.

SSIM tasvir tuzilmasi va kontrastni saglashni baholaydi: 1 ga yaqil®a) tuzilma
yaxshiligi yuqgori. Katta tasvirlarda SSIM (@83 0.5735) nisbatan past, kichik tasvirlarda
(16x16, 32x32) SSIM 0.4686.5735 oralj ida, tuzilma saglash yaxshilanadi, lekin baribir past.
Bu shuni lo atadiki, kvant median filtr blokli simulyatsiyada strukturaml@ saglay olmaydi,
lekin kichik bloklarda tuzilma nisbatan yaxshiroq tiklanadi.

MSE piksel farglarinio I6haydi: kichik giymatd yaxshiroq natija. Katta tasvirlarda
MSE keyin (9194) kichik, lekin kichik tasvirlarda (32x32 va 16x16) MSE keyinilll11.91 ga
yetadi. Bu shuni & gatadiki, kchik tasvirlarda filtr @ ltanganda asl signalga nisbatan piksel
fargi oshgan, offioltt shiimg kfugziagmnadladii .y

Tasviro I6hami pasaygani sari filtr samaradorligi sezilarli darajada kamayduoli kvant
kubitlar soni cheklanganligi va amplitudaodashdagi aniglik pastligi bilan bddg. Kichik
tasvirlarda filtrning tuzilma saglashi yaxshirog, lekin PSNR va MSEjbha Yo dgotishlar
mavjud. Katta tasvirlarda filtrning vizual samaradorligi yaxshiroq, lekin hisoblash resurslari
ko @drog talab gilinad Tavsiyalar: optimal natija uchun tasvirairda o I6hamda (3264 piksel
bloklari) ishlash va kvant amplituda kodlashni yaxshilash tavsiya etiladi.

Xulosa

Ushbu tadgigotda NEQR algoritmi asosida kvant tasvir kodlash va kvant median filtr
yordamida tasviti qayta ishlash tadqiq qilindi. Turb I6hamdagi (128x128, 64x64, 32x32,
16x16) tasvirlar ustida eksperimenttatiazilib, filtrning samaradorligi PSNR, SSIM va MSE
metrikalari orqgali baholandi. Natijalar shunb isatdikikvant median filtr kichik taskarda
(32132, 16116) PSNR va SSIM qgiymatlarini pas.
asl tasvir signalini § gotgan. Katta tasvirlarda (128x128, 64x64) filtrning samaradorligi biroz
yaxshiroq, lekin hisoblash resurslari oshadi va améitkodlashdagi cheklovlar sababli natija
mukammal emas. Kvant filtrning tuzilma saqglash xususiyati kichik bloklarda yaxshiroq
kuzatildi, lekin umumiy sifat (PSNR va MSE) hali klassik filtrga nisbatan past.

NEQR asosidagi kvant tasvir ishlov berish usubpdimental tarzda tasdiglandi, ammo
amaliy ¢p leash uchun kubit soni, amplituda kodlash anigligi va blok hajmini optimallashtirish
zarur. Kelajakda bloklarni overlaping qilish, shovginni kamaytiruvchi operatorlar va real kvant
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gurilmalarda test natijalamrqali filtr samaradorligi oshirilishi mumkin.Ushbu tadgigot kvant
tasvir ishlov berish @ yicha ilmiy-amaliy istigbollarni anigladi, shuningdek, kvant median filtr
va NEQR kodlash algoritmlarining amalip ¢anishi uchun metodologik asos yaratdi.

FOYDALANILGAN ADABIYOTLAR

1. Gao J., Wang Y., Song Z., Wang S. Quantum image encryption based on quantum DNA
codec and pixelevel scrambling // Entropy. 2023. Vol. 25, No. 6. P. 865.

2. Hosny K.M., Kamal S.T., Darwish M.M., Papakostas G.A. New image encryptionthfgor
using hyperchaotic system and fibonacangtrix // Electronics. 2021. Vol. 10, No. 9. P.
1066.

3. HuW-W,, Zhou R-G., Jiang S., Liu X., Luo J. Quantum image encryption algorithm based
on generalized Arnold transform and logistic map // CCF Trans. Raform. Comput.
2020. Vol. 2. P. 22853.

4. Abbasi S.F., Ahmad J., Khan J.S., Khan M.A., Sheikh S.A. Visual meaningful encryption
scheme using intertwinning logistic map // Intelligent Computing: Proceedings of the 2018
Computing Conference. Vol. 2. Sprerg2019. P. 764773.

5. Anees A., Siddiqui A.M., Ahmed F. Chaotic substitution for highly autocorrelated data in
encryption algorithm // Commun. Nonlinear Sci. Numer. Simul. 2014. Vol. 19, No. 9. P.
3106'3118.

6. Chen G.L.,, Song X:H., VenegasAndraca S.E., At El-Latif A.A. QIRHSI: Novel

guantum image representation based on HSI color space model // Quantum Inf. Process.

2022. Vol. 21, No. 1. P. 5.

7. Cheng G., Wang C., Xu C. A novel hypgraotic image encryption scheme based on
guantum genetic algorithm and cprassive sensing // Multimedia Tools Appl. 2020. Vol.
79, No. 3940. P. 2924329263.

8. Dai J:Y., Ma Y., Zhou N:R. Quantum multimage compressieancryption scheme based
on quantum discrete cosine transform and 4D hgpaotic henon map // Quantum Inf.
Process. 2021. Vol. 20. Pi 24.

9. DuS., Ye G. IWT and RSA based asymmetric image encryption algorithm // Alex. Eng. J.
2023. Vol. 66. P. 97991.

10. Fridrich J. Symmetric ciphers based on #imensional chaotic maps // Int. J. Bifurcation
Chaos. 1998. Vol. &\Jo. 06. P. 12501284.

11. Hua Z., Zhou Y. Image encryption using 2D logisidjustedSine map // Inform. Sci. 2016.

Vol. 339. P. 237253.

12. Abdullah A.M., et al. Advanced encryption standard (AES) algorithm to encrypt and decrypt
data // Cryptogr. Netw. Sec2017. Vol. 16, No. 1. P. 11.

13. Al-Maadeed T.A., Hussain 1., Anees A., Mustafa M.T. A image encryption algorithm based
on chaotic Lorenz system and novel primitive polynomiddoRes // Multimedia Tools
Appl. 2021. Vol. 80. P. 248024822.

14. Alvarez G., Li S. me basic cryptographic requirements for cHaased cryptosystems //

Int. J. Bifurcation Chaos. 2006. Vol. 16, No. 08. P. 222%1.

15. Huang Z:J., Cheng S., Gong 1H., Zhou N:R. Nonlinear optical mukimage encryption
scheme with twalimensional lineacanonical transform // Opt. Lasers Eng. 2020. Vol. 124.
P. 105821.

216 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

soAnu oI RIR[OIR OGuJHER[T O Z oM
RIT1URARSOARC) &z [ JrcfJotRrR

Y OOl ts%s SH.Jtetso €.
LiaswshCjdls deedeOydwy 90 ydhdztsy " Ay 0dzdcddd o
d dzfisdds zfsd dzdzd 2 disOorjytaffiycisds] Idzd
https://doi.org/10.5281/zen0do0.17919769

O dzdets s Oy QPr ClE@@H S dStsp tc P2 tctsdz IsOtedZs 3 dzOte  ( CNI
COWIls IsOmMoadted dzOted dHJ dzlsdW d < Oy dfy ndstzd gzdzdz@ts Paiafi © €
sOc dkd®@iMsMdHO cdBtedH d3tsBIOHME] dz2D @Az Bdziz digp O d ©
dHj dzsd VW dp@ O v d d3dzOted H O COoWls IsOmoe d ted dzOte d dzgd
dH J dzlsd W adfp©OHEDYy d 8 A dzdzOM H O d Bz O @H Zdh3axlsH Oy \BG G
ResNet50 ¢€0OBd Sd&OmMMdS BB @O CHTOm BORDGIPEL Oid3ts|
Oterndlsj ClsztcOdzOte | | TD Ol &z d@slsdzOte B OL OMdH O Mmddz
BzcdlsdH O, Adam BBfibkdikdL Olsts®ifsfipdGB @& d tzd ©Oda.u g MO
B L sdzip Qb Pls Pz @ &lsdh r2dIlsdh 9 02lsd, f Otc Od3g Is tc dzC
MOtcBdzd dz€CaupeXtTi ny ¢ 3sted Odzgd2dzd €SO (9 &B.003UYO L t
(96. 18 %) »bpdrtdcdr clsfj B  dzOdz O tcOdzdB Iskztc OHI], ¢ dz
91.24%, ResNet509 4 . 6 7 %)tc OHgBAzIszdoh @] 3z te O C ¢ O Biiml<H Gn OB R HAZf
UOH3da3tsls dzQ IofizRede [ dtelfOGedz  oldfa lsdddgfdzOte EZykzdz s Isd d3
1 COdatlfl e E AtemOIsH (] . zZkdzddzeH i &, tumamgf enls lOdsg 6
MOBOCOH Stedzd Cdzd W dZzOHO hdtedh d kB3¢ d da vsOH2ada3ts
90 yYykaekte AttcOdzdh Msc OOtedHO dMmisdaBsdzdzd c dMmtsB

s Odzd Is n CANNZO/BG16, ResNet50, EfficientNBl, ConvNeXxfTiny, IITD
BOI &z i3tsls dzOte B OL Of(d .

sqdtdh

uAdzEcd Adz 2dzdzdSHO BB stedS dHjdsd¥dSoOyd:
Odzgd Yy zOh 90 Cdtdh dz2OL stcOld IsdL ddBzdzOtcdH O 1 dzc 3l
[ 1] . 1Od@sdzOod?2 WOy OdRgdzd OEkljdlsdWdsoydw zoh f dzO
HO9 dzOIs I D IsdL dd@3zdzOtcd 90 dBsdzdved?2 ~dL BOldEzOt © Yy
Eykdz YEREZO2ddSdd IsOdzOB Yy ddazdktsyHO. Rd&zMsdz tstec O
BJ dz¢ d dz@t®Odiaf[ " £® OfMmMtsdzOdzc Odz Bdtsd3j sted ¢ 2 A dzOdzd h dzO
kAt § OtHOfMd 90 COWIS COBdd&Ott MAdEed 2ddkdOtHO
I EBsSYHO [ 2] .

sOWlIls IsOfmes dted, Wi ded dJdefptsde COWIsd 8L OMdHOGC
Csi3B d dzOydwdnds vy stodf deg@ iz stetsls yd2 3OIsd, tstsdz tdzd dz
Bddj sted¢ IsdL d d@zdzOtcH O MOBOtOdzd dHJ dzelsdW s Oydgw
omMtsmd2 90 dsLdS ydLdy Ot "Ott Bdt " ORMmdd ALd
sOMmMeo dteddad tdzdh dzZg®R is@dB r &zdB S st OC s dZOMdL kMkdz
I EdzH 02 YEd&O2ddS kdd Ws2HOEOdEZze yd Ekykd YEHEOI
02 d&zOdzlsdtcOHd, ykdtd L Yy¢d oL ddmeOlOd ¢ O
COdstets y ALGOtOHd [3PNIs zB@EHOdEydPRc@BBIJHAcd dH

217 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

sdLddBzOtcdHO "Odzd "Ods Bdtc YOt IsjnrnddS dBzOBBS:
sdzdh Y OtOY dgdH O VY tedlsdh hOtesdlsd, COWIsdzed BEteddzd
dzO dzdzd ¢ d y ¢ d Y tod Y dzOte dzd a3 Gofmdls dzdk dzdy,d W Odzd] dzG 1B
dHjdsd¥dSOoydw &zoh Odedydzdede O MmMjLddzOtdzd IO Mdte
1 Isdh Eykdz HOMIsdzOBSd ISOHY Y SlsdzOtcH O Odzl OdzOo d 2
WddzlstedzOte d , Local Binary Pattdryrsi(sLEBERP)CA9 O yRrdic
[ 5] . Il desy, EhBlk BEMkzddzOte ¥ ysted HOtO) OHOGd 3
sOtcdzd y0o MOBROOHStodzd ¢ dzd IsOI d3d dzdzO ZO ¢ O dz, dzOIs d >
"sdzdzOteH O CklsddzcOdz HOWOY OHO B A &ZBOCG Oda.

dAdzeed 2ddzdzOteHO ykzgatnirtg)odedh zifd@dzs, 1Con
Net work (CNN) OtrndljSlktcOdzOtcddzed Y tsted?2 L Isddzdh
sdL dddzOted MdW¥ Ol Y d"OldHOd Wdecd BSMYydque O S AlC
sj CMiskztcOdzOtcHzdls OB ZOWBBEOdzdB , sk dgzy EQEEyYH ® O
¥d"OlsdHOdze B2ty tjftejL jdzsOydw dzOtcded h OS¢ dzdzO dal
sOmMeodted dzOtedHO Oy ZH dsOdedyY By, WOty dzse yd
[ OMOdzOdz, VGGNet (2014) fMBSHHO bkkzL ddddh @cOOY @dcd:
CNN MdW OlsdH O Y A dzdzO dzd dze O dz. Res Net (2015) Y
SOteBZEtsY &zOtcH O GCteOHdJ dzls MAadedh BzOBBIsMddzd B Otls Ote
f OtcOd3] stcdzOted 90 AdzyYyOdBRBZOteddzd dBzo 5L OdzOIs d&zOh Isd ted

Q.

EYtstedy @ SO 1 tedhcOdz [ 8] . sAdzecd 2ddazdzOHO (
Otcndlsj SlskztcOMmd 1 MO transfor mer BsH J dzdzO te d dzd
MistczC skteOMd Bdd&ZOdZ E20EZddzOhIsdtcdsB, L OdstsdzO o d 2

OodzsHd MU OdHO Y Owbuktzy 8@ [s¥cH O & dzasdzd j dzdzO to
qHjdsd¥ S Ooydumde 0 dshdoh sdiedh bkdOtdd OdkOdd?

gqdzdzd2 2Ad&ZOdzdhc O O2d&ZzOdcOdz [ 18] . zE BddOd BJtca
MOBOtOdzd CNN BtsH j dzdzOted d3ts B Y Mazdz@pzrdze alits alz®yp s dfde d
[ 19] . Il EdzH Odz sOh Yy Ote(d, adaptive feature fus

Y Ols zO3dzOted H O AteG Odzd dze O dz B j dz¢ d dzO tc dzq B dtcdzOh I
Odzdy dzdecdded v dzOp OV sh OMgdEd OB a2 dyd® ddOoy kzH &OI
MW Olsd 90 dzddcOdz " OteisdlsdzOted BA2d YO IsOC tsd3d dzdze
Dat abase (2009) 386 WB2HO&RZOAdZEZzO ydHOdz Gd&zd dzc Odz
CASI A PalmprintVv5 (2013) BOLOMd 12 d3ddzeH Odz
detstaNstdzc e d 2ddzdzOeHO + MO Tongj i Pal mprint (20:
BOLOdzOted " Oy dBdr §@sBOZzd®, rfdzdk®H O 30 d&JdzcHOdz fs
CoWl IkOMmMoadted dzOted Iskztedzd Y twkzodzdS 90 (L dydtdz
[ 10] . INAN  {disH j zdzO te d dzd AYdIsdh d &3¢ sdzd v Is dzO tc d dzd
sz 3dzOh s tedh ysBdddwisddd wWdzOHO th dEeOHC.

[ OoaykH CAfdzOB ISOHYJY SlsdkZzOteHO COWIl IsOMmsa dted
CNN OtfidljClkteOfd MddssoHOdz AlSCOLdkEOdz Yy Sd G
APtets YdY MdzOdzc Odz [ 11, 12]. 1 OdRsdzOad?2 CNN dtsH
"OBHO Cd&zOMMdE VGG 90O ResNet Is Ote Bs Y dzO te d dzd dz¢
Odzd Yy dzd ¢ HOLOYOfMd 90 "dMmtse dzOMN MOBOtOHBtdZdEd
kO Yy Ote®S kHfdzs S O% s kOModied ksOModted ZOedHO Y tedls
UdH OB d&d S dzd 6hdtedh cO® 2Ad0dzsdted zc Odz OrR dlsj €I
Y sdzd3sYHO [ 13]. zkdddee BEykzdz BOLSCEte SOHYdY sSIsHC

218 \



XALQARO ILMIY KONFERENSIYA ARAQAMLI TEXNOLOGI YALAR VA SDUN6IT Y | N
NOYABR 27-28, 2025

OtcrdlsjClztcOZzOBgt UEGCT ®dB3HRe s OR3sdzOo 2 CBN &HJ
ConvNeXtTi ny) GCOWIl IOMmMeadtd dHJj dklsdWdSOydwvmdHoO ¢6d
Y ddzdh, Odzd Y dzd €, "dmMtsB &zOh kjLdded o0 tj Miztef
Odzd Y zOh t5dzd dzG O dz

[ jsBHSEZE W

UOHY Yy ©O8 dzof Otz dzlz s s dzOte s O2 Y tedzOh BSHjdz C
fMsL d&zOh BsHj dzded Aydldh 90 BO"tdzOh "OdBHO dzOls
OROZEO thdteddzHnd. 'Ot Bdt BSMYydquyuuHO Odedy dzds, Is
s O i3 dzdzO" Eykzdz MsOz@OBEIs zO QYT P tct ki dzls P dzdzd dzH d .

COHYJYBISHO 11 TD KOOI dzEditsls dzOte B OL OMdH Odz W ts2
COWls IsOModtodzOted Odzs”" dHO Y82 &ZOhIsdteddzé Odz [ 10]
sjedhdzd BAXZEOdz 6 IsOcOYO IsOMo dqtedzOte BROOHY BEHdz v
1 sOH(. Right §0f¢OfmMdHO "Od 230 IO hORMEO Isj
Va3 dzd 2 IsOMmeo qtodzOte Misdzd 1300 IsOded IsOM Cddz 1 IsOH(
SO kOMoadte ®wOoaykH BAdXZIB, kOt CkZdzttOdE o @z 1281
gdWtcOydLddz Y tezOdzdC HO dzddze Odz B A dzd B, £ COWls
BJjWOHd 90 IsOhyd YtokzodzdS ALEOttdh zOtedc O C OWReY

L'.);' g _“‘. ’:‘
001_1 0012 | .
& i’r éd [//\" 04 [
0034 003_5 003_6

oy I

006_2 006_3 006_4 0065 006_6 0071

[ rb-'el;f»\ "{‘""\"
KV Ka KL A o e

1 { OMEl TD KOOI zdksls kO BOL Ofd IsOMms dts

219 \



