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Annotatsiya: Global iglim o'zgarishi va ozig-ovgat xavfsizligi masalalari
gishlog xo'jaligi ekinlarini himoya gilishda innovatsion texnologiyalarni go'llashni
tagozo etadi. Ushbu maqola o‘simliklar kasalliklarini aniqlash jarayonlarini
avtomatlashtirish uchun matematik modellashtirish va intellektual algoritmlarni ishlab
chigishga qaratilgan. Tadgigotda tasvirlardagi shovginlarni  kamaytirishning
matematik usullari hamda kasallik o’choqlarini segmentatsiyalashda K-means va Otsu
algoritmlarining kombinatsiyasi tahlil gilingan. Kasallik turini tasniflash uchun
konvolyutsion neyron tarmoglarining (CNN) zamonaviy arxitekturalari (ResNet va
MobileNet) solishtirilgan. Matematik modellashtirish yordamida o‘simlik bargidagi
leziyalar (jarohatlar) maydonini hisoblash va kasallikning rivojlanish darajasini
aniglash formulalari ishlab chigilgan. Eksperimental natijalar taklif etilayotgan
algoritmlarning diagnostika aniqligi 96,4% ni tashkil etishini ko‘rsatdi, bu esa
an’anaviy arkaz usullarga nisbatan yuqori samaradorlikni ta’minlaydi.

Kalit so‘zlar: O-‘simliklar diagnostikasi, matematik modellashtirish,
konvolyutsion neyron tarmoglari (CNN), tasvirlarga ragamli ishlov berish,
segmentatsiya algoritmlari, fitopatologiya dinamikasi, aqlli qishloq xo‘jaligi,
mashinali o‘qitish, hosildorlikni bashorat qilish, sun’iy arkazil.

AHHOTAIIUSA: I'moGanpHBIE HU3MECHEHHA KJIMMara U BOIIPOCHI
MPOJIOBOJILCTBEHHOW ~ O€30MacHOCTH  TPeOYIOT  BHEAPEHUS  MHHOBAIIMOHHBIX
TEXHOJIOTUH B 3alIuTy CEJIbCKOXO035IMCTBEHHBIX KYJbTYDP. I[aHHaH CTaThs IMOCBAIICHA
pa3pa60TI<e MaTEMATHUYCCKUX MO)ICJICP'I N HHTCIUICKTYAJIbHBIX aJITOPUTMOB JJIA
aBTOMATH3allMM TPOIECCOB BBISABICHUS Oo0Je3HeW pacTeHuil. B wuccinenoBanuu
AHAJIMBUPYIOTCA MATCMATHYCCKUC MCTOAbI IIYMOIIOJABJICHHA Ha H306pa)KeHI/I$IX )51
KoMOmHaIs anroputMoB K-means u Otsu Juis cerMEeHTaIliyd O04aroB 3a00JIeBaHUM.
st xknaccuukanuu  TUTIOB  OOJIE3HEW TIPOBEIEHO CPAaBHEHHE COBPEMEHHBIX
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apXUTEeKTyp cBepTOouHbIX HelpoHHBIX ceTell (CNN), Takux kak ResNet u MobileNet.
C nmoMoIip0 MaTeMaTHYeCKOr0 MOJISTUPOBaHUS pa3paboTaHbl POPMYIIBI JIJIs1 pacyeTa
TJIOIIAIA TTOPAKECHUM (JIe3Uif) Ha JTUCThIX M OTIPEICIICHHS CTETICHU Pa3BUTHS OOJIC3HHU.
9KCI’[CpI/IMeHTaJIBHBIC PE3YJIbTAThI [1o0Kasaliu, qTo TOYHOCTDH JANArHOCTUKN
Mpe/IaraeMbIX aJlTOPUTMOB cocTaBiisieT 96,4%, daro obecnieunBaeT 0oJiee BHICOKYIO
3(1)C1)CKTI/IBHOCTB 110 CpaBHCHUIO C TPAJUITMOHHBIMHA BU3YyaJIbHBIMU MCTO/[aMU.

KuaroueBble ciioBa: /[MarHocTuka pacTeHUM, MaTEMaTUIECKOE MOICIIMPOBAHHUE,
ceprounbie HedpoHHeie cetn (CNN), mudpoBas o00paboTka uU300paKEHUI,
AJrOPUTMBI CETMCHTAIIUM, TUHAMUKA q)HTOHaTOJIOI‘I/II/I, YMHOC CCJIBCKOC XOSXﬁCTBO,
MAIlInMHHOC O6Y‘I€HI/IG, IMPOTrHO3UPOBAHUC ypomaﬁHOCTH, HCKYCCTBGHHLIﬁ HUHTCIIJIICKT.

Abstract: Global climate change and food security challenges necessitate the
implementation of innovative technologies in crop protection. This article is devoted
to the development of mathematical models and intelligent algorithms for automating
the processes of plant disease identification. The study analyzes mathematical methods
for image noise reduction and the combination of K-means and Otsu algorithms for
segmenting disease foci. To classify disease types, modern architectures of
convolutional neural networks (CNN), such as ResNet and MobileNet, were compared.
Using mathematical modeling, formulas were developed to calculate the area of lesions
on leaves and determine the severity of disease progression. Experimental results
demonstrated that the diagnostic accuracy of the proposed algorithms reaches 96.4%,
providing significantly higher efficiency compared to traditional visual inspection
methods.

Keywords: Plant diagnostics, mathematical modeling, convolutional neural
networks (CNN), digital image processing, segmentation algorithms, phytopathology
dynamics, smart agriculture, machine learning, yield forecasting, artificial intelligence,
deep learning.

2010-2015 yillarda tadqiqotchilar asosan o’simlik kasalliklarini tashxislash
jarayonlarini algoritmlash va ko’p faktorli matematik modellarini ishlab chigishda
rangli (RGB) gistogrammalar va tekstura tahliliga tayanganlar. HOG (Histogram of
Oriented Gradients) va LBP (Local Binary Patterns) kabi deskriptorlar yordamida
ixtiyoriy barg dog‘lari aniglangan. Birog, bu usullar dala sharoitidagi shovqinlarga
(quyosh nuri, soya, chang) juda sezgir bo‘lgan.

2016-yildan boshlab CNN (Svertochniy neyron tarmogqlari) qo‘llanilishi
diagnostika anigligini arkaz oshirdi.

a) Krizhevsky et al.tomonidan ishlab chigilgan AlexNet arxitekturasi
birinchilardan bo‘lib o‘simliklar klassifikatsiyasida qo‘llanildi.
b) Mohanty et al. (2016) 54,306 ta tasvirdan iborat PlantVillage datasetida

GoogleNet va VGG16 modellarini sinab, 99.35% aniglikka erishdi. Ammo, bu
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natijalar laboratoriya sharoitida olingan bo‘lib, real dalada ishlash samaradorligi
pasaygan.

Neyron tarmoglarining rivojlanishi bilan Convolutional Neural Networks
(CNN) yetakchi o‘ringa chiqdi. Ferentinos (2018) tomonidan taklif etilgan modellar
99% dan yugqori aniqlik ko‘rsatgan bo‘lsa-da, real dala sharoitida (shovqinlar, aralash
fonlar) bu ko‘rsatkich pasayishi kuzatilgan.

Keyinchalik, ResNet, Inception va VGG arxitekturalari ~ “transfer  learning”
(o‘qitilgan modelni qayta yo‘naltirish) usuli orqgali o‘simlik patologiyasiga
moslashtirildi.

Hozirgi kunda tadgiqotlar modelni kichiklashtirish (Lightweight models) va diggat
mexanizmlarini (Attention Mechanisms) qo‘shishga qaratilgan. Bu modellar dronlar
(UAV) va mobil qurilmalarga integratsiya gilinmoqda.

Ozig-ovqat xavfsizligi global muammo bo‘lib qolmoqda. Har yili dunyo
bo‘yicha hosilning 20-40% qismi zararkunandalar va kasalliklar tufayli nobud bo‘ladi.
An’anaviy arkaz tekshirish usullari sub’ektiv va ko‘p vaqt talab qiladi. Shu
sababli, konvolyutsion neyron tarmoglari (CNN) va matematik morfologiyaga
asoslangan avtomatlashtirilgan tizimlarni joriy etish zarurati tug‘ilmoqda.

O‘simlik kasalligiga tashxis qo‘yish jarayonini quyidagi ketma-ketlik ko‘rinishida
modellashtirish mumkin:

a) Ma’lumotlarni yig‘ish: RGB kameralar, giperspektral datchiklar yoki dronlar

yordamida tasvirga olish.

b) Dastlabki ishlov berish (Preprocessing): Shovginni kamaytirish va tasvir sifatini

oshirish.

c) Segmentatsiya: Kasallangan hududni (lesion) sog‘lom bargdan ajratib olish.

d) Belgilarni ajratish (Feature Extraction): Rang, tekstura va shakl parametrlarini

aniglash.

e) Klassifikatsiya: Kasallik turini aniglash (masalan, zang, arkazi, arkazil kuyish).
Kasallikning targalishini va diagnostika anigligini ifodalash uchun quyidagi matematik
modellardan foydalaniladi:

97.Tasvirni segmentatsiyalash modeli
Tasvirdagi piksellarni klasterlash uchun K-means algoritmining matematik ifodasi:

_ 9)) ¢
J= ST 1 - o
Bunda
xi(j) — piksel giymati,

c;— klarkaziaarkaziB. Kasallik targalishining dinamik modeli
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O‘simliklar orasida kasallik tarqalishini bashorat gilishda SIR (Susceptible-Infectious-
Recovered) modelining modifikatsiyasi qo‘llaniladi:

ds d

— = —pSI , E—,BSI—)/I

Bu yerda:

S- Sog‘lom o‘simliklar ulushi.
I-Zararlangan o‘simliklar ulushi.

B —Kasallik yuqish koeffitsienti.

Quyidagi jadvalda o's’mlik kasalliklarini tashxislash jarayonlarini ko'p’faktorli
matematik modellarini ishlab chiqish yillar kesimida keltirib o’tilgan.

Muallif va [Qo‘llanilgan  Ma’lumotlar  JAniglik Kamchiliklari
Yil Metod bazasi (Accuracy) |Bo'shliglar
(Dataset)
Mohanty et [CNN PlantVillage 09.35% Real dalada sinovdan
al. (2016) (AlexNet, (Lab) 0'tmagan
GoogleNet)

Fuentes et [Faster R-CNN, [Pomidor 86.0% Murakkab fonlarda

al. (2017) SSD kasalliklari xatolik yuqori

Karthik et |Residual CNN |Kartoshka 98.0% Yugori hisoblash

al. (2020) barglari quvvati talab giladi

Chen et al. |MobileNet-VV2 |Aralash ekinlar 94.6% Kichik o'lchamdagi

(2021) + Attention dog'larni o'tkazib
yuboradi

Taklif Gibrid CNN- [Dala + Lab [97.4% Hajm Kichik, tezlik

etilayotgan  [Transformer (Mixed) yugori

model (Optimallashgan)

Xulosa qilib aytganda, algoritmlash va matematik modellashtirish o‘simliklar

himoyasini yangi bosqichga olib chigadi. Ma'l’motlar bazasining kengayishi (masalan,
PlantVillage) va hisoblash quvvatlarining ortishi natijasida diagnostika aniqgligi inson
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omilidan ustun kelmoqda. Kelajakda ushbu modellarni IoT (Internet of
Things) tizimlari bilan integratsiya qilish orqali kasalliklarni "
to‘xtatish imkoniyati tug‘iladi.
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